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THEM PIEU KIEN PE XAY RA PANG THUC NANG LUQNG CHO PHUGNG
TRINH NAVIER — STOKES

Ngé Viin Giang™ — Nguyén Thi Minh Ngoc
BPai hoc K7 thudt Cdng nghiép —Dai hoc Thai Nguyén

Tom tit

Ding thic niing hrong

1 ' 1
FI@E + | Wvaldr =3 oo

12 mét van dé m& cho phuong trinh Navier — Stokes. C6 nhiéu nha khoa hoc trong va ngoai nwéc
quan tAm va nghién ciru vé van dé nay. Chiing ta biét ring dang thic ning hrong s& xay ra déi véi
nghiém manh ciia phurong trinh Navier - Stokes. Tuy nhién, véi nghiém yéu thi didu d6 lai 13 van dé
mé&. Muc tidu ciia bai bao nay 13 nghién ciiu thém nhitng diéu kién dé xay ra ding thic ning hrong,
Bing cich st dung dinh 1y néi suy va cic bit ding thie thong dung, ching t6i ching minh dwoc

rang: néu thém diéu kién nghiém yéu u thude 16p ham
LZ (Hl.Z) n L4 (H0.65)

thi dang thirc ning lwong sé& xiy ra. Day cling 13 két qua cai thién so v6i cac két qua vé nghiém yéu

thude 16p Serrin véi chi s6 Serrin bang 5/4.

Tir khoa: phuong trinh Navier — Stokes, nghiém véu, dang thic ning hrong, bat ding thirc ning

lwrong, chi s6 Serrin.
1. Gi6i thiéu we l”(0,1T; 2)n120,7; A()

v6i dicu kién ban dau u, va ngoai e £ = 0. Navier — Stokes néu dang thiec

% — Au + (u . V)u = 0 trong ﬂT — (0’ T) X ﬂ _(ul Wt)ﬂ,T + (Vul VW)Q,T - (u’ " U, VW)Q,T

it ~
div(u) = 0 trong 07 - (UO’W(O))Q
u(0,x) = uy(x) trong [}
(0,%) = (x) trong diing vt moi him thiw € G (0,T; €, ().
trong dé €1 1a mién bi chin trong R*,
) Trong dinh nghia nay, (-, ) c6 nghia 13 tich
Biy git, ching ta nhic lai khai niém nghiém v6 hudng trong {1, Tire 1
yéu cita phuong trinh Navier — Stokes

Dinh nghia: Mot trieomg vecto (f,9)q = L frgdx
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va

(f, Par = forfnf'ngdt

Leray[3] va Hopf [2] chi ra sy ton tai nghiém
yéu ciia phwrong trinh Navier — Stokes théa min

bat dang thirc ning lugng

1 ¥ 1
SICOI3 + [ 173 <5
0

véimeit €[ 0,T)

Tuy nhién, ding thic ning lwong cho nghiém

veu 1a van dé mé.

Serrin [5] chi ra ring néu mét nghiém yéu u
thude vao 16p L5(0,T; £()),q > 3,5 > 4véi

3 2

-+-=<1

q s
thi ding thic ning hrong xay ra. Chiing ta di
biét ring nghiém yéu

=15,

S oW

2 3 2
uelF(H) c 2(18),—+—==+
p q 2

16p khong gian nay rong hon 16p khong gian
clia Serrin.
Shinbrot [6] chi ra ring néu nghiém yéu
w€L5(0,T; L(),s>2,q =4
Vei § + % < 1 thi diing thirc xay ra.
Sau dé, Sohr[7] ching minh dwge néu
wu € I2,.00,T; E(Q),

2+3_2
p q 4

ol

we I*(0,T; £Q), +% -

4

thi cling xay ra ding thirc ning luong.
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Trong bai bao nay, chung t6i chirng minh dugc
ring ding thitc ning lwong vin xay ra néu ta
thém diéu kién u € L2(H"?) n I*(H"5%).

O day, u € I2(H'2), chi s6 Serrin 1

5—2+3 12—13>5
179t T Ty

va u € L*(H"%5), chisd Serrin 1

5—2+3 065—135>5-
2T T T

2. Két qua chinh
> ~ 1

21.  Bb d: Cho uel2(HS) va uzt%e
I2(H™%6%), Khi db ta co we L(0,T; [ va
L1012 = 20y

— |ul® = 2{u’, uk.

Diy 13 hé qua trwe tiép tir Dinh 1y 3.1 cia
X=HSY=

H_ZE'S, xem [4] Trong d(), (ur, u) nghfa 12‘1 s

LLions wva EMagenes, v

tac dong cia u' 1én wu.
2.2, Dinh lj: Cho O € R? o mdt mién, u la
mdt nghiém ctia phuong trinh Navier — Stokes.
Gid st

u € [2(H2) n LHH"55)

thi ta ¢o w€ C(0,T; IJ va ding thic ning
hegng xdy ra

1 2 [ 2 1 2
7 @z + ' IVulzdr = = lluoll;

voimoit €[ 0,T)
Ching minh: Tu phuong trinh

ou

at—Au+(u-V)u=0

thue hign phép bién dbi Fourier hai vé ta duoe
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(1) = Ad(r) — u - Vulr)

1 1 1
=1 °72 - (r) = 8 A1) — v 2 Vu(r)

(1)
Xét
+o .
[ T e
to L
- J_OO |T|1—25' ”u'vu(f)Hz_g_%dI
e dr

< Co J_OO |7]i+a

to 2(1+a)
+C f Hu‘-__vqu(f)”;_'g_zfg dr (G, > 0)

Sir dung dinh 1y nhing, bt ding thitc Holder ta ¢6
Tilip 2 570 (=745
Il Vull o = Jfu- V|| . (E—E‘l'T
e - Fullpe < llulles - e

(1_1+1_1+2.4
P p P2 2 3

1 1 %—1.25
1 < _—=
e <l g, | 5 =505
= L + 0.4
Pz_ T £
= [[Vull ez < llullyrr < IIuIIW;ﬂ_ZEJZ

=l 2.

> 7 <

Cho€—>%=0.5

= [V < lulldoss

Tir gia thiét u € L*(H"¢5)

) 2(1+a)
S [ el a

—00

+oo 5
:f T dr <00
oo

1 ——
(TE Zu-Vu e I? (H‘l'z))

Tacéu € [2(H?)
SAu € L2(H-0%) c [2(H-12)

Do d6 tir (1) ta suy ra

1
Y 24(1) € IA(H12),

Ap dung B& d& 2.1 véi s = 1.2; &= 0.5ta ¢6
w€C(,T; B

Bay git nhin hai vé cia phuong trinh dau ciia
hé phuong trinh Navier — Stokes véi u, sau dé
st dung B6 d& 2.1 ta duoc

1 2 ' 2 1 2
S I@IE— | 17ulidr =5 ol
0

Dinh 1y duge chitng minh.

L&i cam on: Nghién ciru nay duge tai tro boi
trwomg Dai hoe K§ thuit Cong nghiép trong dé
tai ma s6 T2016-72.
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ON THE REGUARITY OF THE WEAK SOLUTION FOR THE NAVIER- STOKES
EQUATIONS INVOLVING GRADIENT OF VELOCITY COPONENT.

ABSTRACT

Ngo Van Giang™ — Nguyen Thi Minh Ngoc
Thai Nguven University of Technology

In this paper, we consider the classical three — dimensional incompressible Navier — Stokes

equations in space R®. The energy equality

1 ' 1
5 @13 +f IVall3dz = 5 lluoll3
0

is an open problem for the Navier-Stokes equations. We know that the energy equality holds

with the strong solution. However, with weak solutions, it is open . Here, we demonstrate that the

energy equation happens if we add conditions

u e F(H") n L*(H"%)

This is also the result of the improvement of the energy equilibrium condition compared with the

Serrin class solution with the serrin index equal to 5/4

Keywords: Navier — Stokes equations, , weak solution, energy equality, energy inequality, Serrin

index.

Ngay nhdgn bai: 07/8/2017; Ngay phdn bién: 07/9/2017; Ngay duyét ding: 30/11/2017

192



