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Abstract

This paper primarily studies the decay of higher-order derivatives of the solution to the Cauchy

problem on the compressible micropolar fluid system in R’. The L2 norm decay rates have been
investigated by Liu and Zhang [1]. We show that the decay rate of the first order spatial derivatives

of solutionis (1+ t)_% by applying the Fourier splitting method and have generalized the result of
the paper [1].
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1. A1
WA I R RG0S NI
p, +div(pu)=0,
(pu), +div(pu®u)+Vp(p)=(u+¢)Au+(p+A—C)Vdiv u+2LV x o, (1.1)
(po), +div(pu® 0)+4lw = Ao+ (' + 2"\ Vdiv @ +2(V xu.

ik

IR p=p(x,0)20, u=u(x,1)eR’, o=0(x,t) e R p(p) S HFRESE, HEE, HAHKE
BERUEE J1, 3P (1x) e (O400) xRS . 3580 g i, 208 2 PR B — B RV B8, I ELWRJE >0 «
QAN 20 450 2443 S0RE >0

HIgaE N

(P, @)(0,x) =(pysttg, @, ) (x),x € R’ (1.2)

FETL Tkt
(p.u,0)(t,x)—>(1,0,0) |x| > 00,020 (1.3)

XA RGMEFR A AL, ] DL AR S48 ] R AR ORI R 1328 3l [ 2] 54 $L1Y Navier-Stokes 77
FEAHEL, XAMERGIN T —ME R EY, BRI AR Y. 8 b, XM v R
B LOF A MEE b, SRR TT REAR R BB AN T A BN L BEALE [ (BRI R T2
Wk, TEXFATH, KRB RH RN, ZI0EIFR. SRR A2 X A A

TR AR RGERCF DB EE M, AR 2 0GR T e IS . AR RS
nis, WEE p NEEL, Vou=0, FATTLAZECER[3] [4] [5].

X T AT 48 AR A 77 7, Mujakovié 76— 48 25 [A] BLEAT BRI 1 = 42 a1 H, 6B A 1) J3 350
FEAEE . AR IE A 7 — RBIRIBT T [6]-[12]. HAhAEE, GORR[131IER 1 HIA6H U2 1 — 4k
RO e R B AR A AEE o AE = BRI T, Bk B SK{T41UERT 1 05 il R e (R R e U o R fR aK[15]
fi o T B S MRS UAE AR 59 . Mujakovié A& 1F % Drazi¢ 7 1 Al IR 46 I ER XK
TV KRR R SRR AR RS, T IR ALY A ATT 43 1 S S R A T SR U SR AR TR R R AT
ek, AR, KERAT AR ME—PE[16] [17] [18] [19].

B, XIFISK[ 1R B T 2% 2 G 00 P A e R A e MR B L e DA oh, R A R R .
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Lo =15, 0], <, (1.4)
T2 R F G 14 1 1. 1)~(1.3) 5 P — (AR AR [ o (£ x) e (2.x) oo (1, x) | A2
[o)-tute. 0@ + [ we(s), ¥uts)f, +[vols) ||N)dssco || p-taall, 0.9
JH, f77ES >0,C, {13
PRSI PR I a6
W[ p(tx),u(t,x),e(t,x) |# 2
llp-Lul|<c (1+0)* o] < (141)* (1.7)
L1 AEARSCH, BAMRK N =4, BALESIE 11 F, 455 1.4)M(1.5)0 LG 2
[o()-1u(0),0()],

<C,5 (1.8)

K HIRATF C,02 e /Mt &2 .
SRR I MRS RO, ARSI B T AR B S T RGUR I — skl .
{0 B R IR B,
EH 11 BRI [ o, — Ly, @, | € H*» I ELIRR(L)~(1L3) P ITE I, 5 4 BB R
9T R S AR — 1, 0) T2 ZERS TV SE IR A -

"ﬂplu@"coﬂf (1.9)

s-feerlas(i)]

Sy EFRATHUER AR 2] 1 HE 5 EEAMER, & nl AR B 3RAT T8 A F AR 3 25 S g 15 21 = B 4k
FIZEIASTE, 7] LLSE Navier-Stokes £ 4:[20] [21]. AXH XM T EE RN SE R ZZ0AL .

W12 AR, BATH B (RY)(seR) R ERIEH 5 M Sobolev 7% 1] i1 5 4 ||, A1
r (R3)(1SpSOO) KFRBH BT L A |, » BAilE X

v:{éf

e, JATHESIAREER S, BBEE,

vllal=ki=1,2,3},v=(v,v,,v,)

NG RIE R, NS FHEARRAZER.
SIE12: ¥ feH' (R'), MABNTE FAIA%R,
OF v PEe 177 PR
1], <Cll,2<pss (110
©] v el 7] Wy
5# 1.3: (Moser-type BRI AER)# s 2 2L, MAHE
) XT f,geH'NLIFHm<s,
(

|Wm(@)ﬁﬁ
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) WTF feH", Vfel”, ge H"'NL* }Hm<s,
[v" (7e)-1v"s]|, < (|71l
2. WBRERZHZMK
o) B EE %8

RS IR R G LI, B p=Lu=0,0=0. & n=p-1.
AU =[n,u, o)L

Vm—lg me

2 ) (1.12)

2 *lel

n, +divu =S, 2.1
u,+Wn—(pu+¢)Au—(u+A-C)Vdivu-2{Vxw=S5,, (2.2)
o, +4w— Ao — (' + A"\ Vdiva - 2{V xu = S,. 2.3)

S, (1=1,2,3) 551
S, =—ndivu—u-Vn,
S2:—u-Vu—f(n)[(,u+§)Au+(,u+/1—é')Vdivu+2§an)}—h(n)Vn, (2.4)
S, =—u~Va)—f(n)[y'Aa)+(//+/1')Vdiv a)—4§’a)+2gV><u].

b
+H

AU Ry A U A0
n+l1 n+l1 1

WILH1E N
(m.1,0)(,0) = (m.1uy @, ) ().
3. JEEAEEE 1.1
FIH 3.0 7E(L.D~(13)RMFM T, FATH

%”V(\/;n,u,a))

B 4f(2.1), (2.2), 2.3)RPLEALFAFN T 2R m(m=1,234) Brasim S48, 55 5L,
V', V"u, V"0 » SRJGIER® ERVY, BATA LA H
1d

2 dt
1d

2dr

3
G| 2 * +Clval, ol G.1)

2 2
G Ve
H H

2
,<Csg, ”V n

H

Vol (V. V" Vdiv u) = (v"n, V")),

"V’”u ; +y<V’”u,V”’Vn> —(u+ §)<Vmu,V'"Au>

—(u+ A=)V u,V"Vdiv u) =24 (V'u, V"V x 0)=(V"u,V"S, ), (32)

ALV )~ i (V" 0.V A0) ~ (i + A1) (V" 0,V "Vdiv u)

L dgng
2 dt

—24 (V"0,V"Vxu)=(V"0,V"S,).

RIEH 7(3.2),,(3:2), M(3.2), KA, FATATLAFF

DOI: 10.12677/pm.2019.91010 74 IS H 2


https://doi.org/10.12677/pm.2019.91010

T,

XFHH

vl ;)+ (u+¢ ||vmw 2
+Hu+2-¢) ”V”’divu B () (3.3)
:4§<V'”a),V'”V><u>+;/<V'"n,V"’S1> <V"’u,V S,)+(V"0,V"S >
MR AR AT P A, AT AE
4 (V"0 V"V xu) < LV, (34)
%%O%ﬁ@@ AT LA 2
T4 (7"V”’ . )—i—y"V'"Vu (kA= )|V dival] o
T+ +A) <y (VS ) (Y VS, )+ (V. v7S,)
B AL <V'"n v"s >JX T,
1) Hm=18f, RS EHRSEMGIEA), AT P2
<V(ndivu),Vn>:—<ndivu,V n> ||n||L3 ||levu|| ||Vn|| <¢g, "V2 "V2 (3.6)
FAY, FRATATLAAS 2
(V(u-Vn), V) =~(u-Vn.V?n) <&, |V, 3.7)
45453.6)/1(3.7), AILITEE]
(vS,.Vny <& [Vnf , +6 [V, (3.8)
2) Y m=2,34F, FF Holder NEAABHE1.1)~53H1.3), ﬁzﬂ‘]ﬂu%ﬁ
<V’" (ndivu),V’"n> < C”V’" (ndivu)| , 2 <Cg | V"™l +Ce, "V"’n ; (3.9)
DO R e
<V"’ (u- Vn),V"’n> = <V'" (u-Vn)—u -V'"Vn,V'"n>+<u . V’"Vn,V'"n> (3.10)
=l +1,
A A FTPEASE NG B (L.)~FE#.3), &AITH
I <C
el : : ' (3.11)
<Csg, "V’"n ,+Cs, "V"’u P
FI R 43 3 AR 33 F0 Holder N2, AT LATSF
Iz—<u,5V|V"’n| > - —<v.u,%|vmn|2> <& |Vl (3.12)
BTk, 256(3.11)RI(3.12), AILATSE]
(V" (u-Vn).V"n) < Cey [V}, + Cey |77, (3.13)
Z4(3.9F(3.13), Fi1A
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(v"s,,v"n)<Cé, ||vm |v*"+1 +Cs, ||v ull,.(m=2,3,4) (3.14)
(VS V") om =18 m=4RH, FEG.8)F3.14), T LGS
4 2 2
Z(vmsl,vmn}s Cey|V2n| . & (3.15)
B B PRI (V' VS, ) KT
1) Hm=18, FATE
Vu VS < u- Vu > <V(nAu),Vu>—<V(anivu),Vu>
~(V(nV x@),Vu)~(V(nVn),Vu) (3.16)
Zjll_
=1
R4 0%, Holder A% XI5 B 1.1)~513#(1.3), AT LIS
I = <u ~Vu,V2u> <Cg, ||V2u ;
I, <nAu,V2u> <Csg, "Vzu ;
1, = (nVdiv u,Vu) < Ce, [V, (3.17)
I,= <nV x w,V2u> <Cg, ||V2u jz ||V2a) iz
1o = (nVn, V2u) < Ce, [V2ul], + Ce, [V,
BHGADKRAGB16)F, A1 LIS E
(Vu.VS,) < Ce, [V2u[[, + e, [V, (3.18)
2) ¥2<m<Amf. HARMHAMAAEAMGEA)~F3A.3), TLISEH]
<V'" (u-Vu),Vmu>SC(||u e 2 Vu| , 2 "u L2) 5.19)
<Cg, "V'"u 2 "V"”lu 2
[, AT A2
(V" (nV x 0),V"u) < Cé, "V”’u " 4 Ce, ||V'"+‘ i "V:’n " 20
(V" (nVn),V"u) < Ce, ||v n|, +cCs, ||vm . [V,
AT, RATTH LI (V" (nAu),V"u) Ko FIR S EBE, TGS
<V”’ (nAu),V'"u> = <V'” [V(n -divu)—Vn- divu} ,V'"u> 321)
=<Vm [V(n . divu)] ,Vmu> —<V'” [Vn . divu],V'"u>=I1 +1,
PR A PEASEL, Holder AT XA EE(1.1)~FF1.3), FATH L5715 2
[ < C("n ° V" 2 " LZ) " 2
< Ce, [v"ulf, + Ce, |7,
g - (3.22)
I < C(| n LZ) 2
<yl +caloif, +ca ol
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#GE22RARIB2D)H, 153

(V" (naw) . V"u) < Ce, ||vm + ||v*" [v7n i (3.23)
7 B DA £
V" (nVdivu),V"u) < Ce, [V" ||, + Ce, |V u| , +Ce, ||V"n (3.24)
(V" (¥dive) V") < Cey [0, + Coo [V, +Cei |97,
(Vi vS, ) om =150 m =4 RH, HIFEG.18), (3.19), (320), (3.23), (3.24)155]
i(v"’u,V"’Sz) < Ce, |[Vul, k& (3.25)
m=1
F=H: BRRIRAIE (V" 0, V"8, ) X1,
1) Hm=11f, &A1
(Vo,VS8,)=~(V(u-Vo),Vo)-(V(nAo),Vo)-(V (nVdive),V o)
~(V(nw),Vo)—(V(nV xu),Vo) (3.26)
:ZSIL
i=l
FKF3.17), FA1H
I < u 5 |, <Cg
2
2 =Cs ||V2w
I, <||n L <Cq Vo, (3.27)
2~ "Vz if‘
ol <Caluf. +ca e,
H(3.27)RNH(3.26)F 15 2
(Vo.VS,) < Ce, |V, +Ce,[Va iy (3.28)
2) Y2<m<Ant. FIAFPEALER . Holder AR AT BE(1.1)~F] B (1.3), A LAEH
<V’" (qu),V'”w> < C("u uf , ) 5.29)
<Ce, |vull, + e, ||vm o, '
[EEEHEINYEE £ B
(7)) sl s, s -
(V" (n).V"0) < Cé, [V}, + Ce, |[V"ao] '

HF (V" (nAw), V" o) BT, Hfi156H SI BB MR b2
(V" (nAw), V"0 >—<V"’(nAa))—nV'”Aa) Vo) + <nV Ao, V" o)

o] JIve

"an )

sC(|

L+ (V" A0V e) (331

<Cs, "V’" ol B
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[ FRATT ] DA 2
(V" (nVdive). V") < Ce, [V e[, + C&, [V, + Ce, [V, (3.32)
$4 (V"o V"S, ) om =18 m= 43R, fRH5(3.28)~(3.32), 3%
24:<V'”a),V”’S3>S Ce, ||vzn j{ ||v2u ; . (3.33)
BB BESHRAELPLNm=1Fm=4KFM, HWIE3.15). (3.25)f(3.33), H
Sl (nwolf, v vl 1. [l <ca vl +lvaf, ol
513 3.2: 7E(L.D~(1.3)ABIZAE T, AT LIS H]
&[S vuvva) e[l <couf, v, (334
W fEJ7RE(2.2)3 0, A A PRIL R B m B G2, AR5 R Ll ViV (k=1,2,3) , 133
(Vu, V')t y [V49nf, = (u+ ) (VEVRV D)+ (p+ A= &) VPV, VEdiv ) 535
+2§<V"Vn,V"V><a)>+<V"Vn,VkS2>
9T HEEE (VA VAVR) 35—, AT B MR 2. 1)
(V'u,, v* w) <Vku vV Vn)=(V'u, V'V, )
(3.36)
<Vku VIVn) =(Viu, VIV S, )+ (Vi VA Vdiv )
$(3.36) RN (3.35)F 154 2]
%<Vku,VkVn>+)/”VkVn ; = jz (VA VA8 )+ (e + € )(VEVR, V)
+(u+ A=) VIV VIVdiv u) +2£ (VR V'V x ) (3.37)

+<VkVn,VkS>
5% ?ﬂéﬂ‘]ﬁ%%&&t@(vku,vkvspz#lﬁ k=10, FIHSERIMEMF RSN, 155

(Vu, VV§, > =— (levu, VS1> = <levdlvu, S, >

= <Vdivdivu, ndivu> + <Vdivdl'vu, an>
(3.38)

s |12
<Cg, ”V u

Nk=2,30, RIS EANGEA.)~5EA3)E
<Vku vViVs >——<V divi,V S>

2 2 |I?
, +Cs, "V n|

, +C¢, ||V3u

=- <deivu, v* (na’ivu)> - <deivu, V*(u- Vn)>

)

<C (vl [v*] . vH

[v*n

Vk

2

k
"Vu 5
L

(3.39)

+C(||Vu||H1 |74, +

AV

+Cg, "Vk | 2

2 .12
< Ce,|[VHu , ||v‘n -
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K (V4u, VAVS, ) e =150k =3 3R, AR4R(3.38)F1(3.39)13 51

i(vku,v’fv&} <Cey|[Vu

2 2
,+Cey|[VPn

H

k=1

(3.40)

2
H2

N AT AR A Holder 255, 53]

(V*Au, V' V) <|V*Aul| , [V Va] , <[V Vn ; +C|v*u

2
,+C
L

2
2

Vivn| . <elVivn vy

J

L <e|[vivn

(V'Vdiv u,v'Vn) <|V*Vdiv u (3.41)

2
12

2

V'V x,V'Vn) <|V'V xa] , [V Vn L+ v,
L L

LZ
w4 <VkVn,VkSz> KT, Hk=11F, HEBITF(3.38)r LAE 3
VY,V (uVu)) = —(Vdivn,uVu) < Ce, [Vu

2 3 |1
P Ce, "V n|l»

nAu)> <Cg, ||V3u iz +Cég, ||V3n

2
2

anivu)> <Csg, ||V3u iz +Cs, ||V3n (3.45)

2
2

uVv x a))> <Cg, "Vzw ; +Csg, ||V3n

2
L2

—_~ A~ ~

nVn)) < Ce, ||V2n ; +Cg, ||V3n

2
12

Y k=230, FATE
(V'Vn,V* (uvu)) < |v'Vn

V* (uVu)

2 )

<, [V Véul , )IVivn

2 vl

)

k+1
|V+n

12

< Ce, [V, +Ce, [Vu, + Cs, . (3.46)

(V9. (nau)) < Ce, [V*2ul[, + Ce, [V, +Ce, [Vn

2
2

(V'Y V* (nVdivu)) < Ce, V2], +Ce, [V49[, +Ce, [Vn

2
2

<V"Vn,V" (nV x a))> <Cg, "V"”a) ; +Cg, ”V"Vn S+ Cs, "an

2
I I

(V'Y V* (17n)) < Ce, [V*'n][, + Ce, [V*n

2
2

$ (VIVn, VS, ) e =181k =3 R, ARAR3.45)F1(3.46), 1351

3 2
> (VIR VIVS,) < Cs, |VPu| | +Ca, [Vr],, + C5,y [V (3.47)
k=1

2
HZ

2
H

B= BGR3NAAELAWIMN k=15 k=3 KM, RIE3.40). (3.41)F1(3.47), A
d

a T 1|2
(;(v u,V Vn>J+7/ ||v n

2 2

<clvuf,, +clve

H? T

H*'

dr
EHRE 11: (3397 255 i 3., 5
Y

2
Vil | +|Ve

v, )= clval e (3.48)

2
H

%N(t)+C5 (||V2n
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Hrp
N(t)=|V (nuo), +&4,‘9°§3:<v"u,vkw>
Vo k=

WRIEPT AN ), WG EIR S0 5 R

c,” ||V(nuco)||il3 <N (1)< C|[V (nu, a))||H3 (3.49)
HHEG48)3k, T LA
d
a VO (v o) <clval Jof: 350
3 R AT B S A TR S,
1
3 2
smfoerfoe( )]
WIRRATA
.[]R | IR3/S |§| |u| dé:
1+,IR1|5| il dé - ( j fs0|§| |if* d& (3.51)
R
>1_ | de - (_) J.]R3 |
Hup
2
[voulf, Zi”w : _(ij [Vl (3.52)
T 1+t oo\ +t L
A
2
[Vl Zi"v“a) : _(ij Vol (3.53)
Eoo1+t oo\ +t L
T R
2 R
A A T
R
o = ol (2 W (.54
off 5 R
ool = Ao () o,
HUEG 50)FIG.54), FITBIE L1 e, 35
d C R 2 2 2 P 2
N+ T (9l 15 + 190l ) o] |
<C(1+0)" (Il + el +helr )+ vl ol 555
<Ol (1+1) 2+ C(1+1) 2 (1+1) 2
<C(1+1)
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AFHT RGN, A2 R-1, WSt B
i||v2n <[l (3.56)
1+¢ " "
K (3.56)RN(3.55) 1, 733
d C,R 2 2 2 -%
TN+ (1+I)(||w||ﬁ3 +|vull, + Vel )< c(1+0) (3.57)
MRAE S5 5% 2 (3.49) 7] LA 21
d C,R &
8C,
1E(3.58) A, HLR =76, S
SN+ N()sc(14) (3.59)
dt 1+1 B
fEG.59RA, FATPILFRMTEL (1+0) . PR E[0,0] LISy, T A F
N()<c(1+2)* {N(O)+C(1+t)z} (3.60)
FrEL, AT EAfS £
N(f)<C(141) > (3.61)

RIEF KRR, MRS

[Vals +[Vu + IV el <c(+1)

SHTERIt>T, =8C,C;' 1. Ak, AT T EE 1.1 FIIEY.

B W

JEUHF T AR T FAR SR T 77 [ 8 (48 S Ve S RERE s 35 B BT Fe 15 21 E 25X B /R

S 4 (No. 115012171 748 H AR BLF3E 4x(No. 2016A030310416) F1 3 H o

SE
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