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Abstract
In this paper, the problem of time periodic solutions for the Boussinesq equation with
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strong damping is studied. When the periodic external force has some small property,
the existence and uniqueness of the time-periodic solutions for the Boussinesq equation
with Strong damping are proved by spectral analysis of the solution operator and the
principle of compression mapping. Moreover, the period of the solution is the same

as that of the external force term.
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1. 515
ASCHIESE 140 T 5 s P JE i Boussinesq J5 R AE/NN A F T IS 1) Jol 9148 (47 A2 ME— 1k
U — Au+ A% — Auy = Af(u) + Ap(z,t), 2 € R" 1 >0, (1.1)

Hfu=wu(z,t) BRFEE, Hu— 0B, f(u) =0(ul?), o =2 &N, —Au, 2&5mFHET,
SR (o, t) Ty T s 1) J& 3 oR .

1834 £, JL[HIEMT LA Russel [1] & P RIMACLIILER, €l — ML RRLRE T REW R fr
PG ANPOREAAL KK, AP NIRRT, B ATTRE 0% AR 2% 125 4 15 5 R 1 38k T A FE
Russel 5§ ML B R T IZ SN ) — MM, (HMRA NELS F45 HHIEY]. 1872 48, EEHFX
Boussinesq [2] fEWF 7L KIS APA B HI AR VEAL SR, (REE T #0 R E T A AIE S, B 1R
FEACT T, FRIRBEE K TR B RS, s (R 7KCP 5 R B Ok FRKIR I L B E T )
WS RIREEM R R, HEFH T WT R

Ut — Ugy + QUgpgre = B(ug)m:m T < Ra (12)

XH o, B AR U AR R AT R R MR T B K K. e id it — 2B 70 i, Boussinesq & B 17
FE(1.2) BATRF IR AT B (RDANSL 37 ), XS ANL IR ) T REA IR, Ja R AT RE(1.2) 4

Boussinesq 7 .

AR, 2B TAE# X Boussinesq J7#% Cauchy [0 & 79T, KT B R S A7 A
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MERWETE, AR LS WSCHR [3-5]. Bona A1 Sach [3] 7E H*(s > L) Z[a] s iiF B A 1) J=5 0 47 76 ke
Farah [4] £ H* (s > —%) 2 AR TR R 87 7E . Kishimoto Ml Tsugawa [5] £ H*(s > —31)
A3 (8] R B 7 A R JR B S e KT INKIE A ) BEAR A AE R ORI AT, FRATT AT BA S WSCHR [3,6-9).
Bana M Sach [3] fEJISL TS 2) 7% 7 8K M. Linares [6] Stk Bana Al Sach (3] 4%
NHIGER, FE/NME AT TR 727 R A AR A7 AE . Tsutsumi Ml Matahasi [7] 4 i @2 4t
NAEZAE Schrodinger 77 18 R GEAE/NYME S AF T @ESL T 207 AR BEAR M. Liu [8] FFH 77 RE ) (UL
LIRS 1E LE ANBIE S A R UE T 7207 AR I B AR AE £, Cho FlOzawa (9] F I 75 F8 (1) € K
RN Besove 7 [R5 ARAE/INYME 25 A T UE BT 1 1277 12 B A ) B ARAAAE e 6 T R WIAE e 10 o s
FUEARLFAEVERIREFC, BRATAT LS STk [10-12]0 X T 598 B ARAFAEERT 78, FRATTAT BAS WX
Wk [12,13].

Boussinesq 77 12 & #iA 7R EICRTR A SCIBN 77 18, T B St 5 v Jae 44 7 P 98 1) JBE 452 )
ANATEEG IR, Varlamov [14] 7E1994 A2 4758 FHJE ) Boussinesq 77 1%

Ut — Uga + QUggry — VUtze = B(f(u))mm WS Rz (13)

;H\:EF‘ '7 > 0 Z%*ljj‘ri/%iﬁr _’Yutzz %gﬁﬁﬁ}ﬁlﬁo

7 58 B JE 1) Boussinesq /77 Cauchy [ [FFEIR 5] T K& I EE TAEZ . Varlam-
ov [14] UEBH T & FE MR RS E . Wang [15] F - EIE UL Fourier =5 (A1 HH I RE = AbvH A
YRR T /INYE AR 0 A RO e ME AT E] 47 8. Liu Al Wang [16] FIH Green &R RE AL 1H 77k
WEBA 1 /NWIAE A 1 B AR 5 P AR Sl The i, Liufll Wang [17] 752088 5 FE I FE RN 1B TE T
AR 75 R B € BSO8R BH 17 /N A P 2 A 1 AN TE RS A B Liu A Wang [18] FH 7 F2 1 €4
BRI AE B A RUNEIE B T /INFIAE i 1 A4S s 1 AT [B1AT M. X, Luo, Shen #1 Huang [19] HEHH
T RAME R BHANVRR IR S A1 T A ) B A4 5 12k

I 160 Ji) 00 o 1) A7 A D R AR 2k J 7 RE T 9T T B R A HL R A 1) . Rilt, Wang
Li [20] WFFT 1 40 K47 55 P JE ) Beam J5 7%

Uy — Au+ A% —uy = Af(u) + Ap(z,t),z € Rt >0, (1.4)

Horb—u, ZIGIEIRN, AFLLNET f(u) = O(u?), u — 0. MATE SN T B AT RPN ERTUE I 13207
RIS [ J& S A AR e — PEANARE 1, O HLAZ et 18] & 393 55 PR3 A 0 R AT AR R FE 0. 20 H AR
1k, x5 BH e i) Boussinesq I [7] fi B (104746 1 i) R AR AIF T34 7 25 1 1

5% Wang M Li [20] HJE K, ACHRE T 5 5RFHJE i) Boussinesq J5 R [A] IR 1)@,  JATTH:
783 HI 5 R b s BELJE U7 AR A BSOS AE Fourier 7% 8] H g SZAS AR BBV B s il T, AT A5 2
ST AE L2 MESE R ST I R) OS2 0 ME S 5 Ja ) P I i W i B 3 ST 32 5 R A /N A A T T 1)
JE SR R A7 AE ME—

KRIC G AN BRGS0, FENAREP RS AP RBUR. 5 R
AR, EEA ARSI RF S A LSRR, 28 =5 ATIH IS AR o8 B AE Fourier 22 18] (1)
3B A T S AR ST BT e S DU BRATIA R e e SR BEAIE B 1 9 FHJE Boussinesq J5 R
[ SR AR AEAEME— e B8 LT R A S 1.
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2. Fi&ER

FEARTCH, R RSB, Z FonBBEE, Z, Fon IR, R £ox n 4ERJ LS TE. C £
ANEHL, EAEAFBHITBUEAR. A S BFRRA<KCB, Az BFRA>CB. 0 FRKIFHET, A
FoRLaplace BT

EX 2.1, [21] KL g 1) Fourier 24 € L1~

n

3(6) = Fg(€) = / o(x)e= " ds.
B2 g 1) Fourier WA g X an

f(z) = Flg(x) = (2m) " / §(E)e"S .

n

EX 2.2, [21] Wk € Zy,1 < p< oo, & LEEIREL Sobolev ]

WHEP(R™) = {u € LP(R") : 0%u € LP(R"),V|a| < k},

o<k

1
( 2 |3°“U||’£p> ,L<p <o,
[wllwss ey =
max ||0%u|| g, p = o0.

|l <K

R, 2 p =2 B, WH2(R™) 22 Hilbert 5[0, AT HE(R™).
5132 2.1. [21] (Plancherel EE)

SHERE g € LYR™) N L2(R™), W g € L*(R™), 3 Hii L
191122 = llgllzz-

532 2.2. (Hausdorff-Young 7~%=R))

W1<p<2 i+l =1 %ge PR, WHge LY (RY) B FHAR%R

p
910 < llgllze-

513 2.3. [21](FE Young F~FR)
1< p,gm<ooli/E %%—% =1+, WX FAEEM v e LP(R™),v € LY(R™), Huxv € L™(R™),
I Hs 2

[[w s vl pm < lullze 0] za-
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3138 2.4. [21] (Holder ~ER)
FHL<pg<ooliig J 4+, =1L IR ue LP, ve L9, WhHuw € L', Al EAERR

[uvllzr < flullze o] -

S138 2.5. [201%F f = f(u) R MHERHHFHL f(u) = O(u)*T*),u — 0, K a>14#
—AEH we L™ HilR ullie < Mo, XH My 22— NEREH, %1 < pgr<oo Hili
r =5t o ke Zy, WEAME R flivh

o5 f (e < Cllullzollogull pallullz="-
B, BATETEE
107 (f (ur) = f(u2)) ][z < C{(||3§U1HLP + (1072 2o ) lur — ua| 2o

-1

+ (lunllzo + lJuzll o) 105 (ur — W)Hm} (lurllzoe + fluzllze)®
T EATRSE Duhamel BRI FE(1.1) KB FRIEK, XI5 (1.1) 8 Fourier 22 #em] £3
o + €170 + [€] 1 + (€ = —I€2(F(u) + @), (2.1)
FLERAE R 73X B R RFAIE 5 R

A4 [EPA+ €1 + 1€t =0, (2.2)

1 3
A€l = —§|§|2 Eaw((E]),  wlle]) = [€ly/1+ 1€ (2.3)
A Duhamel J& B AT %]

u(t) = G(z,t — s) *u(s) + H(z,t — s) xu(s) + / Gz, t — 1)« A(f(u) + @)dr,t > s, (2.4)

XH
AL (Ot _ A (&)1
() e — 2.5
WG (29
A 1y = MO =AM (26)

AL (©) = A-(9)
(2.5)F1(2.6) X A B ¢ RS, BRATGH
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_ Ay (§) Ay ()t A-(§) A_(6)t
0,G +&r , 2.7
D= o ©" INGESNGE 27
2 _ ApA_(§) A_ (Ot Ap (&)t
 H (€, — et . 2.8
3. MEFHZEEMGIT
B NSRS T IR A . BRATBIN AR T R, 4
) Ll <,
X&) = { 0,l¢] > 2r,
Ho<r<1R—AEH. BT
fr=x(©)F&), fn = 1 — x(6)F(€).
4
fi=xD)f(x), fr = (1 = x(D))f(x),
HAHET x(D) = F 1 x(9)].
SI3E 3.1. M G 1), ,G(E,t), H(E,t), DH (&, t), FAH W F it
Gl < cé'e-cfzﬂ Gl )] < cgze-c'ﬁ'za (3.1)
18,G(€,1)] < Ce Kt 10,G(€,1)| < Ce I, (3.2)
[Hy(€,8)] < Ce 1™ |, (¢, )] < Ce™, (3.3)
10, (€,)] < Clele™@€1™ 10,y (¢, 1)] < ClefPe e, (3.4)
JERR 416 < r < 1B, H1(2.3)3 ALK Taylor JEFFAR, FA1/55)
3
w(|¢]) = [¢] 1+1|£|2= €|+ O(€). (3.5)
3 R
w(l¢))~ = <|£| 1+ 4|€I2> =T glél + O([¢P). (3.6)
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1 1 1,1 3

M) = AZ(€)  2iw(le]) 27@ =3l +0(EP) (3.7)

A€ =5l 1 ) l o
A=A () sz(|g|) = A€l (w(l€])

1

= 5~ 3leP (g — g+ o)
= 5 — 76l + 0P, (38)

O ) L L
NO-A @ 2w 2w D

1 1, ., 1

= —5 — P — glél+ o)

= 3 — (el + 0. (39)

MA(E) e+ (w(g))?
OO T 2iw(E)

((Ifl +O() + Jlel'( - 3161+ Ol >>)

= 27. (Il +0(gl)) - (3.10)

- <w<|£|>> 4 1|€I4(w(|£|))‘1>

51| > e, H1(2.3)5080 % Taylor REIFAS, Hefl1435)

() = ey 1+ 21 = Yiep (144 L) = P o

37eP L) (3.11)

w<|£>1—<“fs|2 +“> S L (1rs) =R o @)

31¢P 3¢l 31¢[? 3¢ &1
L _ 1 1(2v3 1 1
ME)—A(6)  2iw(e])  2i ( TR +O(|£|4)> : (3.13)
A(©) _ —aleP+aw(iE]) L Liep gy
A(6) = A_(&) 2iw(]€]) = 4i|€| (w(|€]))
1 23 1 1
=3~ 47|€| (T@ +0(|£|4))
11,23
2 47( 3 +O(‘§|2)) (3.14)
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A(O) =kl —dw(ie] L Ly
@ - © - awae) 2 mlreED)
__1_7 li 1
= IEI( 3 |£|2+0(|£|4))
11,23 1
=5~ 47(7 + O(@)). (3.15)

AA(©) e+ (w(igh)?
MO © T 2iw(E)

— 5 (wtiehy + Fler*coiehy)

1/,V3 f
= 55 (IR + 5 + 0
1 2\F 1 43 1 1
- Ve - 2V 4 Oo(—
+ 36 T O
7 2V/3 2, 2v/3
- 22( €* + == +O(|€|2)>. (3.16)
FRAE AR HSTLE S, FRATAE ST Green BMIE AT, 24 |6 <r < 10, FRATAE
Cue, ) ‘/\ 1 w0 (MO _ r-(@)ry
N T =111t itw(l€]) _ L —itw(|€])
\21.(@ Slel + Oef) ) e e (et i)
1 2
< C—e ™t 3.17
SOg° (3.17)
A+ (§) A+ _ A= (§) A_(6)t
0Gil6 01 = |35 =g WG

=] (5 - g1+ 0ty ) tircrvte

— (5 - gl + Oty ) ettt

< Ceelelt, (3.18)
A . A (€) A _ A (&) (Ot
O P e MGESN(N

=] (5 556l + 00 ) emtieemwte

~ (5 - gl + oty ) it

< Ce el (3.19)
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0. Hi (& 1)] = M (X0 — A0t

- ‘27 €] + O(€[?)) e 1Pt (eitwlleh _ g=itwle) ‘

< C|¢leclel’t, (3.20)
el > e i, AT
|Gh(&,0)] ’)\ 1 S © (eM+ (O _ A= (O)t)
_ L &L L) o tiee itwiien _—itw(e)
_‘22'( 3 |€’2—|—O(|€|4)>e (e e )
1 .
< C——eclElt, 3.21
< Clee (3:21)
A B A (€) A (O A (&) A (6)
BGu(E, 1)l = ‘M(E) - uff A+<s> O ©°

_ <_1 _ L(L\/g + 0(1))> o lEl2t gituw(le)

2 4i 3 1€]?
< Ce ol (3.22)
2 _ A (§) A_(O)t A (§) A+
H B o Y Bk VY ¥
&0l = ‘M 2 ©° Ne-r 0
_‘ 1 2\f O(—1 ) | e=bleteitu(ie)
€12
< Ceelel’t, (3.23)
A+ (A= () A—(Ot _ A+ (O
(0] = [T (07— o)
_ ’Z <2f|§|2 n 2\({ +0(@ ) eI (gilED _ ginu(ieh) ‘
< C|¢fPeelelt, (3.24)
gi bpnk, 51EE 3.1 BOL. O
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NHFRATR T 5B 3.1 FEST AR T A T
SI38 3.2, W1<p<2, k,j,l NIEEERL, 0< i<k, k+1-2>0, WETIHLTT

11
n(i-4-1

105G (1) % fllzr < C(1L+ 1)~ =0 fll o + Ce 52 o (3.25)
1050,G, 1) = flliz < C(1+ 8 =52 fll o + CeOE o (3.26)
108 E (2, 1) % e < CL+ 8 =52 |04 1 + Gt 04+ f] 1o (3:27)
080 (e, 6) 5 fll2 < C0L+ 6 55231l 4+ e b +241 . (32)
105G, 1) Afllie < OO+ 8 200 fl o + Ce |5 o (3.29)
1050,G 1)  Afllzs < OO+ 5 =500 f 10 4 Ce A2 fa. (3.30)

JUEBR X T 0%G(x,t) * f, H Plancherel & A] %1

105G (2, 1) = fI|7> = / [€1%%(Ga (&, 1) | f12d€ + / €12 G (€, 8))2] fI2de
R™ R™

=1+ L. (3.31)
ML, 2 1<p<2, % + z% =1, ]% + % =1, H(3.1), Holder A% LK Hausdorff-Young A5
F 41
~ ~ 1 2,12 A
L[ lePGenPIiPdE <O [ (e g
lgl<2r |€|<2r \§|
<c ( [ flepmree ng) (|| ae
[§]<2r l1<2r
<O+ t)~G=H=D=t=0) 50 712 (3.32)
StF I, H(3.1) A 13
N ~ 1 2,12 A
L<C €1 IGR(E P IfPde < C €1 | e~ | f|Pde
[E1=>r |€|=>r |§‘
<C €[22l fI2de < © |€[2*=2) || el £2de
|| =r [&1=>r
S C/ €D 20 < Gt 9FH 2. (3.33)
[€]=r
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FH(3.32)#1(3.33) " 15

n(%— )—1

105G, 1) % flle < CO+) "2 5 9] fllus + Ce |05 f] 1. (3.34)

=

HARZNEY SRR, KRAHER, Fit5 232857 0

4. B8] B AR P EME—1E

EB 4.1, Wn>3Mm > 2 HAEE, e C(0,T);LY) NC(0,T); H™) IR T Hi
IR, 4
Eo= sup ([l + lelmn),

MAATE DR NAIEFEE S > 0, ¥ Ey < & B, T (1.1) 7775 M — i 18] & B R urer €
C([0,T); H™)n C* ([0, T); H™=2), I Hili &

sup ([[u?" ()| g + [[uf" (8)[| zrm—2) < CEp.

Itx

WERR E—%, BERTREO)FEM M urer € O([0,T); H™) N CYH([0,T); H™2), BATHUERA
uPer gl N A I FRATTE ST TR AR T R

uPeT(t) = G(t — ) % ul (s) + H(t — 5) * uP" (s) + [ G(t — 1) * Alf(uP") + ¢](r)dr.  (4.1)
Horb o R T H 1A ek H. g AR 7 Rk a0(2.4) AT, (4.1) R T5 R (1.1) KWME %A+
t=s:up=uP"(s),u; = ul” (s) (4.2)
HifR. 4 (4.1)%s = —kT,k € N, 4
uPer (1) = G(t + kT) % ul" (—kT) + H(t + kT) % uP*" (—kT)

t

+ Gt — 1) * A[f(uP") + ¢|(T)dT. (4.3)

—kT

n > 30, 451320 (3.25)K: p=1,7=0,0=0, BATTHE
IG(t + KT) = gl < C(L+t+ kD)5 (gl + llgln)- (4.4)
RN L2N LY 78 L2 FF%, Mk — oo i), SHMIR ge H™, H (4.4) Al 15
G+ KT) * gl zm — 0. (4.5)

RN, Hn>10, 251HE3203.2N)R: p=1,=0,1=0, 115

DOI: 10.12677/pm.2023.135122 1183 HibHF


https://doi.org/10.12677/pm.2023.135122

T i

[H(t +kT) * gllm < C(L+t+ kD)7 (gl + llgllmm) - (4.6)
RN L2 N LY AR L2 s, SHMEE ge H™, Mk — oo B, H (4.6) °A[1§
IH(t + kT) % g|| g — 0. (4.7)
B (4.5)F(4.7) 0 %K1, 24 k — oo Bf, X (4.3)HUKBR 7T 15
() = / ; Gt —7) = ALf (") + o (7)dr. (4.8)
FATRIE U I A BRI -
N(uP*"(t)) = /_ ; G(t —7) % A[f(u"*") + ] (7)d. (4.9)

B N AFEME— BN A Wb (1), WA N @B (t) = ub" (1), & ub™ (t) = ub" (t +T), H(4.9)LA
Koot +T) = p(t) ATHl

W (t) = W+ T) = N (4 7))

t+T

= Gt+T—(r+T))« A[f(u]") + )(T + T)dr.
/ G(t —7) % A[f(ub") + ] (T)dr
= N(uZ)(b). (4.10)
HI (A 10) WAL ug(t) MG N BN A, AN R ME— ]
WP (1) = ubT(t) = W (t + T), (4.11)

DAL " (¢) A2 JA N T f B 1) o 34 e 2
F, AR A H Fig st i BEGE B 58 % Boussinesq 772 (1.1) fF(EME—fE wPem € C([0, T); H™)N
CH([0,T); H™2). FAisesE X

Ey = Sup (el + llllmm) -
PRI — M 24 0 P B 2
X ={u" e C((0,T; H™)nC' ([0, T); H™™?) : " || x < p},
Hrp 2—MIEHHE, 51

I llx = sup P e+ g™ zrm—2)
0

SIS
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ENER d = [|[uf”" — ub || x, AARHEMTNEAT A (X, d) 58 &R TR, SRR [17].

BRI TR (LARI TR, R (4.0) W N 7L X o7 dEne—3)
Mo EEL .
N@ @)= [ G- Sl + gl (4.12)

BATERIEW N : X - X, WHEZEw ¢ X, # km ZBHHBL0 <k < m, 25
#3.291(3.29)50: p = 1,5 = 0,1 = 0, B3I #2.5LL [Z sobolev IR AEH H™ — L>(m > %), &
(NS

t

105 N (uP" (£))] 2 </ 105Gt — 7) + ALf (") + @](7) | 227

— 00

t t
<c / (L4t — 1) 82| (@) | adr + C / e[k f (u?")|| o
- t 41 - t
e / (L4t — 1) 3P|l pdr + C / 0|0k g dr

t
< C/ (Lt —=7) 7 (L @)l + 105 f (") 12) d

— 00

t
_n_kt1
e / (Lt =) 25 (gl + 108 pllze) dr

t
e AR e (e A e PR e e T

t
_n_kt1
+c/ (b= 1) 25 (gl + 108 pllze) dr

t
_n__kt1

<C(lur I+ sup (ol +lelam)) [ (@4t-n) -t Far

0<t<T

— 00

< Ol ||% + CEy. (4.13)

KA, WHERE wrer € X, Wk, m EBHEWHE 0 <k <m—2, 251 3.201(3.30)R: p=1,j=
0,0 =0, H15132.5PL f sobolev (kR NEH H™ «— L>(m > %), TATW 15

t

1050, N (P (1)) 2 < / 1050, (t — ) % ALf (uP") + @](7) | 2dr

— 00

n

t _ t .
<C [ @aton U@ wdr € [ 0 e
- ¢ k42 ) ¢ 7
e / (L4t —7) 2 gl pdr + C / e | o2 || padir
ﬁ

<O [ et (U e+ 0F )12 dr

t - ~
+C [ at=n I (ol + 105 le) dr
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t ~
e R e (L e PR P A P

—00

t ~ ~
40 [ at=n (ol + 105 2l0e) dr
t

_n_k+2
<Ol + sup (el + llelan)) [ (=)=t Far
o<t<T

— o0

< Cllu”*"||% + CEo. (4.14)
1 (4.13)F1(4.14) 7] 15
| N (uP)||x < OuP"||% + CEy. (4.15)
KN o > 2, BATH p = 4CE,, 24 Ey 743/, WA
N (uPe")||x < ClluP"||% + CEy < 2CE, < p. (4.16)

H(4.16)AT A, N : X — X.
BRJGRANER N REAFS, SHEE o], ub™ € X, H(4.9)n

N (") — N(ub)](t) = / Gt — ) % A[F () — F(l)](r)dr (4.17)

Wh,m BB HBL 0 < k< m, £51H3.29(3.29) :: p=1,j = 0,0 =0, HE[F2.5 DAL
sobolev R ATEHL H™ < L>(m > §), FA A3

1OF [N (uf") = N (us)](t)]] 2

<f ; 105Gt —7) * AL () = f ()] (7)]| edr
<0/t (Lt =) 5 ) = F@)] (1)
+C / e O [F () = FOh)] (7)llsad
0/ (Ut t =)L) — S+ 19E[FRT) — £ ()22 Jebr

7ﬁfi er er er er er er
<C/ (I+t—7)"1 {(IIU” oo+ g™ )72 (22 + lup™ [|z2) uf — w2

+ (| oo + b [ )7 [(Hak ul || ze + 105 U8 | o) ™" — b [

(e + g )OS = w2 | fr

k+1

t
C (laf llx + b )7 luf™” — p”llx/ (I+t—7) 2" =dr

per per

O (luf llx + [l )7 ™ — a5 | x. (4.18)
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KN, B kom RBEHEWBEO0< k< m—2 25/8329(330) R: p=1,j =0, =0, H17l
2 54 f sobolev (R NEH H™ «— L>®(m > %) A Al

|05 N (u2°T) = N ()] (1|2

< / 10RO, Gt — 7) % ALF@E™) — F(u)] () | pedr
<c/ (14t =74 [f@d) = FEB)] ()| dr

v [ R ) - el

C ([l | x + B [1x)7 " ud®" — b x. (4.19)
HH (4.18) Fl(4.19) AT 15
1IN (@) = N (b)) (#)llx < C (Jad [1x + s [1x)” ™ [ — b |
< Cp” M — uf . (4.20)

ERER o > 2, p=4CEy, 34 Ey 7850/, H(4.20) 713
[N (uy®") = N(up™)](8)||x < f\lup” —uy | x- (4.21)

PITEL N 52 X R R AR, 2 W s IR BT, WG N AR AEME— A A wrem e X, BT BAJT

FE (1) AZAEME— i [B) JE BAAR e € C([0,T; H™) N CH([0,T); H™2). KkE #4157, O
5L

AICHETE 1 At 95 BH JE Y] Boussinesq 75 FEAE /N J 41 J 1 F T I 18] i S8 ) A AE ME— 1%, 3RAT
FRIBIE 7 75 25 2 BRI 1 5 FELJE T SR (I FE RSO, 25 3R AL Green B ALIZ Al Th, ML 51
FE L2 HESE T RIZEmAG T, IR0 S a0l v 2 S2 I 1) RS A A7 AE ME— 1k, I EL I 1) S0 45 /N
JAA ) B MFEIRI . FATERES], 58PHJE Boussinesq /7 ik BAG BN, EUELANTE LP
HEZR N 27 AL ) 3 . DA BRATTA B 0T LAAE LP HEZE T [R] I 25 R FE HICHON. 5 €0 BSOS Y I 1)
TEPR,  ANTITAS Z 357 AR IS T Jo] SO e A A M — 1k

&% 3k
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