Tep ¢hico Foe t&p XI, 1989 $6 2 (treng 1 —9)

'BAI TOAN CHUYEN BONG DUNG CUA
CHAT LONG VI CUC

TA NGOG CAU
Tmng bii nay chtng toi cl*frng minh ring %é phuong trinh and b chaydn déng

= dgng cda chdt Idng vi cye ludn ton iai nghidm suy rdng, va chi ra didn kién 40 d2
nghiém 4o 1a doy nh4t-

§1. PAT BAI TOAN

Chuyén &ong ding cla chidt 190g vi cyc trong trudng nhigt Juge ma td héi he
phuong trinh sau 1] ¢

(p- + WAV — (v“i?)v - gxadP ~ BTY + krot W + 14{x) =0 (1-13
agrad divW — orotrolW = 1.{v7)W + kroly — 21 W = g (1-2)
'XAT-—-V\7T+f(\)““’ﬂ _ : (1-3)

dive =0 _ (1-4)

G4 str mién chua chat 1éng O (4 dong, hom han véi bign ¢wns S hai Iin kha
vi lién tuce. Ta xéL bii F.CE.I& véi cac ditu Z'Jén Lién

vls=0, Wio=0, 1 = Telx). (1-5)

é dﬁy v = vin téc chat I(}nf W — veéro o Eoay vi mo- T —ch’ &1 Gy p mit

36 chit 16ng, Jo — mo men quin tich vims, Yo —he sé truybp rké 51— h sé nhe

@, ¢ - hi s nhét vi mﬁ, f = héews né Lkké trong qui trinh ding &p, k — hi ng sé
duoug-

Ta s& .chtng minh dinh 1f t&n (of nrh'éw sny réng cia hé pruong trinh
{181) = (1-4) véi Qitu kién bién (1-5) va chi ra didu kigén €% nghién do la duy nhit;

§2. CAC KHONG GIAN HAM VA PHUONG TRINH TOAN TO

Ta XA v dung mbdt sb 'khénc rizn cén 1hiét cho vi¢c nghién etru L& I-1) =~ (1=5), -
Goi ?fl(Q) 1a donc cta (4p hop cdie veée to ham x6léndit tron
bién § fheo chuin sinh ra t& tich v6 hudng: :

és

is ;2)%1 = j rotvy « retysd(
Q

lrigt tidu trén

(2<1)



-

%z(ﬂ) ia déng cua mc ham tion, (ridf tida trén bién S theo chofn sinh ra t#
nuosng

Yy = | . Tzl | (2D
{P1s e, jq\?m_ V92

Cheo {2] ta x4y dung kbéng gian ¥6:(0) 13 déng cha che vée to bam trom
Zea t1rén S v&i chuln nhkin duge tir tich v6 hudng.
(W1, {’?2}%3- == j divﬁhdiﬁﬁzdﬂ"k J\rot“_;i -rotﬁ;dﬂ (2.3)
Q2
~roeng [2]. [8] ching mlnh Iang chc khbng gian Y6102 %Z(Q), 63y chinh

cix:Ong gian xdholep WZEQ}, WZ(Q.},'WZ(Q) va che chudn tuong tng la twong

&2 o WHQ) = Wi (@) A WA | R
<> i %z(g) 1a dong clia t4p hop cic vee to ham trom triét tiéu irén S. theo
Cr =2 'VVZ(Q) cadn % (9} Iz ddng clia tip hop cée véc to ham Xélénblt. tron trlgt‘
+ biémn theo chulin cia WD

=2 QGwa vao tich D& — cic

B o) = FEUQ) X TUD X WA X L4 (2-5)

T2 LIVE 1a Lbéng gisn.ma piin tf cba nd 1a 1ép cic phﬁn tu tr W, (Q)
& 33 suy 1éng bic 1 nhw nkaun (7]

™

= Phﬁn Lt caa HoEd) co dgang = (-‘;: V;: u; pl

. =t .
raxd s tromg RzE2) duge xéc dinh nhw sant

2 , = ' 2
How i~ R R +ilui‘ . Tipll. (2-6)
7 i Fa E_ZQQ) L %2 %2 z !P in). | R
£ 3 cﬁ.ng to ﬁ;nh nglia hii khong gian
L2002 = =L (D X LD X Le@ X Ly @7y
LA =140 xTud X LA X |6 | e

L % Traenge rian r:acl‘t(c to témw Tl:hrttangklahcb,Lg(Q) ktdng gian
3w b 1 broong LA dfeh, | U phidn (b kibng trong Ly
3 :
fz

=Ar Ao(x) €& W,2 (S) khi &6 theo dinh 1y v& vét (4] dn tai thic tridn

mZCEL2> cifia T(x) vizo £2. WAl bhic theo gid thiét bién S hai Iin khd vi lién -
y T T2l day cfc ham «e#t®» U(x, 8 hai 18n khd . vi licn tuc bing 1 lai cac
= Eing 0 1ai céc d.2m cach S mdt khedrg lom hon & va | §(x, 8) | < ¢o
- mrarg cho td1l cd cae 8¢ (0, & 5] Ap dung phép thé Tix) = uix) + ¢x)
(=D - Z(x, 8)) vao Lé phuong {rinh (1-1) &+ (I-5) ta dugce . ,

— 1 - — —
—{ + KAV = — ; Tp =~ (vWv = gfuy + krotW 4 Filx) - (2-9)

—&graddiv W+ O‘mtrolw‘;—a w3 (v TIW + krolv —_ﬂkﬁ (2-16)
—XAN = v n — v + Fysl (2-11)



div v = 0 - | . (%

Tl =0, Wl=0 ufe=g¢ - (-3
Fi(x) = (00 = ¢Bey o (2-14
Faoix) = Ta(x) Xdqplx) ' ' Co{aas
H¢ phwong trinh (2-10) = (2-12) treng kténg gian Ko@) ¢6 122 vidt nhu sas
AN = Gy + £ (2716
viri : '
1y
Ay .00 o =Bt kB —gBDiz 0
kBzt - —IBz 0 0
6 A, 0 O 2
d‘i = £ 3 {B = .
0 0 A, 0 { o —Dha; 0
o & o -0 0 0 0 0
v = — ek AV, A, W = = agraddiv W + orofrot W, Asn = — KAn;

By v o= (;V);:'Blz.ﬁ =rotW, Bigu=nur, By v = rol v,
By W = J,(y9) W+ 2k W, Basu = vyu+ vvp;
£ = (Fi(x), 0. Fa{x o) .

‘ Ta goipkin tikn &< B, 1a nghitm suy rong etic hé (1.1) =~ (1.5} néu no thoa
min (216) vei Fi(x) € L2 ), Fux) < Ly(E2) :

§3. MOT 50 BD DE BO TRY

B& dé 1. Toin % tayén tinh <% tic dong tx R.(Q) vao 2o gi¢i noi va (héa
mén bgt ding thie y

O day Cy 1a king sé duong, khoéng phu thude vio 7 .

Chirng minh. D& thdy ring bd d& nhy dvec suy ra trye 1i€p ti b3 d& 1 trong
[6] v& bb a8 sau:

. "B6 d8 2. Véi moei vée to hz‘im,‘\i} &= (’jii{Q) chuin IT"W - va eLndn

_ _ W)
| xgraddiv W — orotrat W ll s ld twong duong.
(Ky hicu [ 1l o 12 chulin trong Ly () hoge LgQ)).
Chirng minh: Ta ching minh khing dich trén cho cic véc to ham b gia

compact sau ¢6 chuygn gua gi¢i han & dwoe két gqui cho mei W & Jfffﬁﬂ) ’

Ta c6 | &graddiv‘-& — orotrot W | 5 =

e v 82w . 92w o7 2
= el po b do Lt @~ o)t t (@ —q) a0 4
‘ oz} . oxd 233 . 0x; 02 : 73, 7x3

~

22



£ st | . 3 ptws |7
+J‘]a 9" Wy 4+ Al +a 3“?2 + g - &) W, +(u,.o)wm!dn+_

axs ¥ 9x§ 93,013 , 9x, 833
QO ‘ o .
1 twWs 2w BV W, W, 2
+ e - A ,j + (z — 6) Lok (g - 8) 2| 40,
EPE 2x2 331 9z, 0xg 9z.0x3 |
[+] ) - (349)

T# d&ng thde irén dé théy réng 180 tai Liog s6 dt.ong C; 560 cho || W {j— 2(g)>

> Cz i @gar ddivW - 5’roli~oi \\' lo . (3.3}
Thco chc kéL qud (O didn (‘Ha Agmfnn Douglist-Nirenberg ["t] ta e the ching mink

vérg véu W= (wi, Wy, W3 € WA o gib cemy et trong £ thi

iR Y

AT Ay, (2 7w, 2 hFal 2 2w 2 ey, fe N
? 2! i I 21 ’\ i +i i & ‘ i { dQQ
ux gx’ gxZ dx,y 03, %, 0x3 dx,0x3 ‘
L Call g uddiv\-;’ — arotrot W |} & | 3.4

Voii=nt, 2,5, Cs 15 ?ﬁng s8¢ duong.
' Myt kbdc theo bat ddng thie Ladujenskaia [5] v bt ding thac Phridriketa co

j u¥(x)dLd & const jﬂ grad®udd,
0o : Q '
f grad?udld :‘é comnst ; (Bu)2d, Yau € Wikh N WZ(Q‘)
Q -

do @6 . j. (02 grad®u)dQ < const J.('An)zdﬁ (3B
Q o 9
Ti cde bit ding ihuc (8.4} wa (3.5 suy ra tén tai hing sé dwang Cq sz0 cho
vhi moQl W L]on, c¢b gid ccngic Liomg £ ral ddrg thic sau lusn dang
W ll 20 < Co fl agraddivW — or mrotW % : (3.8)

Chuy’%n qua giéi hav ta dvgc bit 8&ng thwe (3.6) dung véi wmei W & 5{ (Q)
Pitn iy corg batl ddng thie (3.2) chtrg 16 khing dinh cla b dd

Bé d& 3. Neu 7, & B 1a vghiém suy rong cda hé phuong trinh (1.1} -+
1,53 ki _ ‘
S .
fvil }Q+HWH AQ)+“““W1§1<C5 (3.7‘)‘
Trong db Cs5 14 hing s6 duong chi pho thude vio i k, % Gy Yy Jon Fl(x), Fa(x)
vh mitn L2,
" Chirng minh; T4 cédc phuong h‘lnh (2-9)9,(2-‘10), (2.11) ta ¢o

(e +k)“vl% B lulNvle + klroiv I Wi + 7, Ul v, (g

L[| W g, << kil vobv 1o I Wilo =26 §WIG (39



(3.10)
g, < | Iy I!uh% ol + I Ell ulfo

(Z = min(=, o))

Ty bat ding thire (3.9), (3.10), bft @ing the: Honder va dinh Iy nhing xdbslew
ta sny ra {Ta quy wéde tie day v& sau che hé 56 xudt hién do 4p dyng dinh ly nhting
d%n k¥ hiéu bing chd C) )
{3.11)

rot v o

 fuligg, <wied qailm g + XN B e (3.12)
Tu (38, (3.11), (3.12) nhin dueoe

(e 5 - et ol ) v ligp, < cimer Al + CHF D

Theo cdch xay dung bam 85 9(x) ta co th? gid thist riny G¥gdN-1}| ?HL4< w2 khi

‘aolly "%’1 < Cr | (3.13)
voi Cy =(2CIF, .+ cqBU-1[ 5, 1| M) + X) (3.14)
T (3.9) va d.i-n‘1 1¥ vhing ta nhan doge

Wl gy, SECKV gy Eoy Wl <c¢,

véi Cw = RN R, + Bl rall i} Ko + X . {r.15]
" bat d&ng thtre (3.12) va (3.14) ta ¢6

fla II% o (2a17)

voi Cu = [[20%=11] ‘?1] (l] Fill, + cgBtll e I/ e+ ) + X2 R I, (3.18)
Cudi cling ta cb

Ivh=  +0Wl=, +lull, < Os {3.10)
. Wgligd Wala) Wilal ‘
viri Cs = Cr + Cw + Cu =
2C -1 =1 - ! N ~f -1
ey (14 %X+ X2 N MO TFalle + CBXHI By flo) + CX* [ Fa f e

B @& 4. Toan th B tic dung tr BAQ) vio £,(Q) 14 hoan toan lién tyc.
Chirng mich : Gid st diy I'r;n} € R, hei 1u véu (he t. y) déﬁ phin tur
e & Rg(ﬂ) Ta cdn chtng minh diy { Bva | hoi tu manh @én 37, 6 ...Z\Q)

hetey
Vi _ T = (Vn: Wm Uay Pn) > % (Vo! \vos Yoy Po) frong BQ(Q)
o h- t. y - = e h' te y —_
nén ¥a ——— v, lrong 962(9); Wi ———> W, trong %S(Q)
i N ) e te y ~q .
va ta = n, trong Wo(Q2.

khOng kho khin ta ¢t thd tinh duegc
Il B — B, | £y =1 = raVva + (7oWiva + krot(Wa ~ W) ~ ghun ~ uo¥ [lo +
+ Il krot (va — vo) ~ [To(vaVIWa = JoivoV)W, + 2(Wa = Wl Il +
+ 1l (v~ voVP Ilo + I| vaVua ~ voPu, llos




Qua mot 36 bifn a&i ta” nhan drge
| B — By 15 S | FaTdvn ~ (votvo i, + k I zeli\Vn - W, ol +
4 g8l m—us o -+l rot(va — Vollls 4 o VaVyFa = (7y)W, Lo + 2k || Wa = W, Il +

C e = a lle 0 G~ vovg lle 1 {ve = TIVea llo (5.20)
Ta a8 o lugt danh gid ting 4 bang cda in@u thae tréne Su dyng bat déng this
Hénder va dinh i¥ niing ta 26 ¢

o frn-“”(r PRt s —*; ° —E.E _o] . -—n—— | (3"21)
.“w Vi SO% volle <l va DIEL4 v 'lw§+“-v .lL4 v VE”Wi

DT G Wa lle S live = ol Wl A llvellp e = el

: (3.22)

il :;o Aluy — uo) a0l :o nL4 ol e = ug Wi §3-23)

1! (V - Vo) Vun i < ” :7:11 - ;o [i v lluu v\vz' . (3-24)

Hra = vd Ve o live = Vol <Pl (a2
4

$& hang | tot\\'n o VQ) Hlo ta dinh gid nhw sant-

l rotlva — v 112 = { yol vot (va — vo)(va — 7o)dfd

| Q
- 5‘/-:: J‘ IA(;n - :;o)
&

St dung b6 d8 2 ta él'o'c

Ve = v A2 K H AT =T, Ml vm = voll o s

WA = o ol ve = vo llo < Cllva = vo nw 3q, " Ve =V g
Nhu viy '_‘ - _ _ B _ -
' | rotive = v 1o << Gl vn = v, 125 L 15 = v, lee (8:26)
W ‘ ‘

Cusi cing con !aiss hang |} I‘O}Ji__\‘_\;n - W llo. D3 thiy ring
ot (Wo = Wo lls < kg l] Wa — W, )
mi

f

Il Wa = W, 1002 < Ky i { [div2(Wa = Wo) + rot? (Wa — W,)] dQ )

P,

O
\<, k(A (Wa = W (Wa — Wo))y < ks IAz(Wn —~ W I, . i Wa .Wo e

Bét hcp i b3 d8 2 ta Guge : V\?_n' - W H\ k4 H Wa \VQ ‘}Wl Wy = W, -

Nhw vy @ 1} Loz(wn - WD |l K ksl Wa \?f" !I Wa - W, [I312 (3.27)

(O‘ day ki, k2, k3, k4, kg la cac hlL 5% dwong nao do)
S duig tink hoan todnm lign tuc cia. toin th nhing khong glan W;;(Q) Wz(Q) VAo
che kkong gian Ly (1< p<T 6 vi cdc bit dlog thie (3.20) - (3 27) ta suy ra:

- W Bta— Brll gy ——>0 . -~ - (33)

n—roev

Pidn nay chirng td toan t& B 1a hodn toin liém.tyc. -



§4. DJNH LY TON TAl VA DIEU KIEN DUY NHAT NGHIEM

The{) bd d2 1 tr4n t® dg H ﬁ]\’Q)——} ﬁ!(Q\ cd toan tfrrngpqg giﬁi ndi ,34"1', vl
v47 ta c6 1h® viét phuong trinh (213} & dang tuvn duony ndar san i

n= A 1T+ ATE (t1)

v6i totn i SAVA 1 Ra(Q) -» Ry(Q) 1A hoan toan Fén tuc.
— 1
Dinh 1y 15 Vei moi f1(x) € L), £4x) € Lol Tolx) € Wiz (S) tdn tai (¢
nhit mot nﬂhiém suy romg clia bal toin (1.1} =+ (1.5)
Chirng mink: b2 chung mizh din2 1y nay ta st dung nguyén If Lére-

Sauder (9}
Xét phuong trinh N = AA1B0 + A, vai 2 € [0, 1) (4.2)

Ta ching minh 1fing tdt cd céc nghiém cé thd o6 eta phuong trinh (4.1) d3u giél noéi

theo chelin cda khaong gian I;Z(Q)
Ta danh gia v€ phdi cia phwont trinh (4.2} _
b gy < DA LEGOIW o+ DlrotT 1, + 81T flo + Kl oty i, +
+ I IGEVW e + 2 i W I, + [ vvally + Ivop ot BE 1L (4.3)
S 1 » ~ 1 *
au mot vai bign ddi ta co: [ ml R S L -4 HL [H v HL4 Il Wk%-

+ J‘\o el - WVl cabllullggut e W+ cllvll ol + 08 1]

(4.4)
Ap dung bdt din7 thie da nhin tinh cho cic khong gian W4f§l\ W), La(Q) va st
dung bit ddng thie (3.19) ta co

Ilnll"'(m< A= g, - SV I S IGTT + WG, « UW I+

2

+ llullwz . Hu[l Ty o lws+ TEI.] . (45)

& @4y 7 12 hing s8 dwony théa min 0 <{ 7 < L
Mot Lan nﬁ'a stt dung b#t ding thu-c (3.19) ta duge

% i~ gc(lln!! t llq:H + NE M) (4.6)

. &2(Q2)
BAt ding thitc nay chﬁnﬂ td tinh Glf‘fl nyi d3u cda 10’1 7iii phwsa trinh (4 95
" Nhu vay theo nzuyén 1§ Lere-Sauder phuonz triah (4 l} ¢d it nhdt 1 nzhi¢gm. Binh
1y chirng minh xong
Bay gi¢ ta_tim digu ki¢n 43 loi gidi phuong trinh {4.1) 13 duy nhit.
Gid st m(3i, Wis wy, p1) va 7, v, Was U pz) 14 cac nghi¢m cha phuwong: trinh (4.1)-

Fain Wt S i T
Ta dat (v, w, u, p) = Nt — T2 _ (4.7
Vi, M 14 nghidm cde {41) nén ta df dang nhan duge

—(p 4+ k)A(;l —2) = — ~;—V(p1 — p} — [TVt — (72¥)v2} — [

, e oot (W - W) @)
—egraddiv (Wi — W2) + orotrot (W1 — W2) = — L[(vw V)W — (v27)W,] +

+ krot(vt — va) — (W, — Wa) ' (4.9)

—XA(y — uz) = — (nvu — v2vu2) — (v — v2) Vo (4.10)

. :



N

P T N

Lin Iwot nﬁm ch hai v cfie {£.9), {£.3), (4.19) v6i v . W.u vi 14y tich phin trén
todn mistn §2 ta duroc

(b 4+ W) 0V lidg, = — f (v9)vs - vad = g3 j‘ RSP £ roty . Wal

| 3 ' 5 ‘
g (4e11)
all divW 12 o [ cot W fi2 = Jaf (v9)Wz. WaQ + k j" rotr - WdQ — 2k J' w0
| o 0 Q
_ ' (£.12)

L 3 -~ L i e U ifi o

XEl-u-H%a:-—- J vVuz - udl} — 5 vvo . udd - (4;-13)

J Y 0

Qua mét vai dinh gid don man ta nhin dige

(w+ )0 v ”%1"‘ Il va e, - v ilqﬁl + g3l u H% . ”:\!r%x +
RN W g, - Y 2 - (4-14)

XU, <00 [T lgg, - 1T, 1 g, + k07 Tgg, - N 1l, — 211 W 12
_ ‘ (4.15)

-
\D

LTI, < uellgg, » 17 gy, - 15 tgg,+ Holl,, - 17 lgg, - 13 lgy, (010

(Ef diy ta hé qua cic hé s xuit hida do ph'p nhiang ching)
pit € = minle + h, X, %) sk dung bLdt ding ihwe (3 19)
Ty (4.14) ~~ {4.18) ta nhan dwogc:

BT g + 1 g, + 13 1) < s 15 N, + 22 11T g, +

2

g3 K o2 L IR ISR
- Uvigy, + =~ IW g, +— v gy, + 3G v i-%;_*’

+-‘=1-Jc n‘f\?l!? +-15— Il?ifr" X “%7“2 +Le I]f;llz" 4
, B ey T 7 T Fos T G B P61

A L~ 0 ..Ad : ~ ) L
i ulgg, t T lelly, - IV g + el Ml (1.17)
(hﬁng s6 Cs 14 v& phii eida hit ding thie (3-19))'.
Ti (4.17) ta nhin duge
3
[C@ —L It + b+ ol ) (I iy FUWligg, + 1 g, <

. ‘ (4.18)
‘ | , B
Nhi véy néa €-db lén a8 € — ~§; ((3+3)cs+uB+2k+ Dol ) >0

~ N

~ 9 ~ ~ 9 - S - -~
thi llv g, + B Wligg, + Hu lg, = 0 &ay twong dwong voi v=0, W =0, u = 0.

b



Bitu nay choang td :1=:?2, Wi=W;, u1=uz vi P1, P2 chi sai khac nhau mot
hing sé. -
Ta co dinh 1y nhea sau:
Binh Iy 2. Néu cie hé =6 (@ + k), & o, ¥ ad 1(‘!11 va cde him t1(x), £2 (x) &4
nho sao cho:

min{(¢ + k), %, g, x) > T (34 J)Cs + B+ 2k + flo g ,] C(4.:9)

& day : ‘ . 7 ‘
Fy{x) = fi(x) — ¢f97,  Falx) = £(x) + XAg(x)

hi nghiém suy romg cla bai fcan (i-l)-%(f-ﬁ) la duy nhat

NEAN XET

Mic di cd'bal vé bdt dng toe (4.9} dtu chira cac he s k. X 11hmw ta b
th} d& dang chi ra mién nufng g 4 iri efa fe ky o o, % 4% bt déng thwe (4197 din_

Vi du kii min (g, @ o £) di ién con'k dG naé. o

Téc gid ckan t-anh cdm on Tién st Ngo Huy Cin 4% cho nibng chi din qui
bau vi thao ledn cac hét gud cha bar way. '

Pia chi ' Nhan ngiy 25221087
Traing Dai hoe Téng hop, Hé ngi.
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" SUMMARY
ON THE STEADY OF HEATED MICROPOLAR FLUID

In this paper tle steady miotion of heated mie: opjldl iIuld is, o Sld(ﬂed Th:
1aeopem of tue existence of solution is proved and the contditisns of ifs wiiguEness
are 1nd1cated



