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THEM DIEU KIEN BE XAY RA BANG THlTC NANG Ll/ONG CHO PHl/ONG 

TRINH NAVIER - STOKES 

Ngo Van Giang* —Nguyen Thi Minh Nggc 

Dgi hgc Ky ihugl Cong nghiep - Dgi hpc Thdi Nguyen 

Tom tat 

Dang thiic nang lugng 

l|u(t)||i-^fWllirfT = l̂|Uo||i 
JQ ' 

la mpt van dl md cho phuong trinh Navier - Stokes. C6 nhieu nha khoa hpc trong va ngoai nude 

quan tam va nghien cuu ve van de nay. Chiing ta biet rang dang thiic nang lugng se xay ra ddi vai 

nghiem manh ciia phuang trinh Navier - Stokes. Tuy nhien, vdi nghiem yeu thi dieu dd lai la van de 

md. Muc tieu ciia bai bio nay la nghiln ciiu them nhiing dilu kien dl xay ra dang thiic nang lupng. 

Bing each sii dung dmh ly ndi suy va cac bit dang thiic thdng dung,-chung toi chiing minh dugc 

i^ng: neu thim dieu kiln nghiem ylu u thudc ldp ham 

thi ding thuc nang lugng se xay ra. Day ciing la kit qua cai thien so vdi cac ket qua vl nghilm ylu 

thupc Idp Serrin vdi chi so Serrin bang 5/4. 

Tw khoa: phuang trinh Navier - Stokes, nghiem yeu, dang thiic nang lugng, bit dang thiic nang 

lugng, chi so Serrin. 

1. Gidithieu U G L ' " ( 0 , 7 ' ; UO.)) n L^{0.T; ^(Xl)) 

Chung ta xet he phuang trinh Navier - Stokes ^u^rc gpi la nghiem yiu cua phirong trinh 

vdi diiu kiln ban diu UQ va ngoai lyc / = 0. Navier - Stokes niu ddng thirc 

f.^-l,u+(.u-V)u = 0trongn"- = (0,T) xn -(«• " ' ' ' ^ r + CVu,Vw\r -(u-u.Vw)„ 
1 at 

tliviu) = 0 trong fl'' 
= (llo."'(0))„ 

1. u(0,;c)=«„Wtrongn Mng^aimoihamthiv, eC^{a,T: f„m). 

trong dd n la mien bj chgn trong M .̂ 
Trong dinh nghTa niy, (• ,• )n cd nghTa la tich 

Bay gidr, chiing ta nhic lai khai niem nghiem ^~ ^^^^ ĵ ^̂ „g ̂  -^^^ ,̂  
yeu cua phuang trinh Navier - Stokes 
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a . 5 ) n . T - f f f-adxdt 

Leray[3] va Hopf [2] chi ra su tdn tai nghilm. 

yeu ciia phuang trinh Navier - Stokes thda mSn 

bit dang thiic nang lugng 

^ l l u ( t ) | | i - h f III 

vdi mpi t E [ 0, T) 

Tuy nhiln, dang thiic nang lugng cho nghipm 

ylu li van de md. 

Serrin [5] chi ra rang niu mgt nghilm yeu w 

thugc vao ldp Z.* (0,7; l(n)) ,q > 3 , s > 4 v d i 

3 2 
- - i - - < l 
q s 

thi dang thiic nang lugng xay ra. Chung ta da 

bilt rang nghilm yeu 

u £ l ^ ( H i ) c l 2 ( t ' ) , - + 5 = | + ? = i , 5 , 
p q 2 6 

lap Ithong gian nay rpng hon ldp Ichong gian 

ciia Serrin. 

Shinbrot [6] chi ra r^ng neu nghiem yeu 

ueL»(o,r; l(.n)},s>2,q >4 

voi - + - < 1 thi dang thuc xay ra. 

Sau do, Sohr[7] chung minh dugc neu 

u6L*(o,r; ten)), 1 + 1 = 1 + 1^1 
' p q 4 ^ i 

thi cung xay ra dang thuc nang lugng. 

Trong bai bao nay, chung toi chung minh dirge 

rang dSng thuc nang lugng van xay ra neu ta 

them di6u kien u £ tf (H''^) n L*(H»'=). 

(3 day, u e tf (H^-^), chi s6 Serrin la 

2 3 5 
S.—^+-^--^•2 = 1.3 >-^ 

va u 6 L*(H°-"), chi s6 Serrin la 

2 3 5 
S 2 = - + - - 0 . 6 5 =1 .35 >. 

4 2 4 

2. Ket qua chinh 

2.1. Bd ai: Cho uePiH') vo u^'f 

tfCH"^'*). Khi lid ta co u e L(0,T; t} »o 

^ | u p = 2(u',u>. 

Day la he qua tryc tiep tir Djnh ly 3.1 cia 

L.Lions va E.Magenes, vdi X = H^,Y = 

fj-2£.s^ xem [4]. Trong dd, {u',u) nghia ia sy 

tic dpng ciia u' len u. 

2.2. Binh ly:' Cho ft c K^ /o mpt miin, u Id 

mpt nghiem ciia phiamg irinh Navier - Stokes. 

Gid sif 

uei,2(H^-2)nLHH''-^^) 

ihi la cd ue 0(0,7"; !J va ddng thirc ndng 

lieangxdy ra 

;l|u(0|li + \'wu\\lclT = \\M\l 

v&i moi t £ [ 0, T) 

Chirng minh: Tir phuang trinh 

du 

dt 
- Au + (u • V)u = 0 

thuc hien phep bien doi Fourier hai ve ta dugc 
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TU(T) = AflW - „ • VU(T) ^ ll>rT«||^-., < llullj., 

J 4 _1 J. 
=>T 2 • fl(T) = z' 2Afl(T) -T' 2U . 7u(i) Tit gia thiet u £ fCH"'^) 

(1) 

Xet 

+C, 
r+oo 2(l+a) 

: i j_ ||u-Vu(T)||^»«/,<ir ( a > 0 ) 

Sî  dung dinh ly nhiing, bat dang thiic Holder ta c 

n 1 _ 2.4£ 

l | i i 'Vu lLp< | |u |U- | | u | l i , 

/•I _ J _ 1 _ 1 2.4£ 

llullii., < Hull 
Pi 2 

1 S 
> — = — + 0 . 4 £ 

P2 12 

> IJVull, , < l|uiU'.» S Hull 

^ ||u"^u||„^,, < llullS. 

Cho £ -> i = 0.5 

z(l+a) 
a+2t ^ j 

TacdueL2(H^-2) 

=>Au6L^(//-<'-8)cI,2(W-i-2) 

Doddtii(l)tasuy ra 

r '4ii(T)eL2(//-»2). 

Ap dyng Bo dl 2.1 vdi s = 1.2; £ - 0.5ta co 

u€C(0,T: B-

Biy gid nhin hai ve ciia phuang trinh diu ciia 

he phuang trinh Navier - Stokes vdi u, sau dd 

sir dung Bd de 2.1 ta dugc 

jlluWIli -f'||Vu||idT = i||u„|li 
Jo ^ 

Djnh ly dugc chiing minh. 

Ldi cam OTI: Nghiln ciiu niy dugc tii trg bdi 

trudng Dai hpc Ky thu^t Cdng nghiep trong di 

tai ma so T2016-72. 
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ON THE REGUARTTY OF THE WEAK SOLUTION FOR THE NAVIER- STOKES 
EQUATIONS EVOLVING GRADIENT OF VELOCITY COPONENT. 

Ngo Van Giang*-Nguyen Thi Minh Ngoc 

Thai Nguyen University of Technology 

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

equations in space R^. The energy equality 

i||uCt)lli + jllVu|lidT = i||u„|li 

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 

ueL2(H^'2)nLHH'^") 

This is also the resuh ofthe improvement ofthe 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. 
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