BT I RFFRMARMFER.FH 39 5.5 6 H.2018 F 11 A
Journal of Zhejiang Sci-Tech University (Natural Sciences)

Vol. 39, No. 6, Nov. 2018

DOI:10. 3969/j. issn. 1673-3851(n). 2018. 06. 017

FEEEIER Camassa-Holm AN GFAEE—&

W, A

2]
(i T RFEFHE. 4N 310018)

W E. @15 E4) Camassa-Holm F AR MR dlu, K T HMBO A LT ,ER T H AL EDN KT
] L fgey A AECE— 0, &, it Sobolev AT Holder RE XA MM 2ot T E 3 THELEERGMEH; LR, b

EUA RIEIEN T M RN AEE M KGR T HIER T B A AR,

% %%&E}‘]:ﬁ' T E U

€ L (R), #£#45 E 49 Camassa-Holm F A £ = C(L0.T]:L* (R) N L* (0. T): H* (R)) A f& " — 4 By 3 i ; 3 —
W 3 F AR w, € H (R) L #6345 B 49 Camassa-Holm # #Z £ =18 C(L0, T]:L*(R)) N L* (0, T): H* (R)) A & %4k

#

X8 . 15 E 8 Camassa-Holm 7 42 ; 4 £ M ;7 — M R 45 me 4

FESEES: 0211.63

0 3l &

AR F E % B A& IE 1Y Camassa-Holm J5 7 1Y
Cauchy [A] 85 , 12 [n] 85 a] DA IR A .
m, Fau,m+bum,=0, >0, rER @)
ulx,0)=u,(x),xE€R (2)
Hbia, o WIEHE m=A"u=1—9)"u,kEN;
u(a s FRIRTE ¢ B ZTE 25 (B 5 1a) = 09 3t 40 32 5 o
KRV ZI B3 BE s m, »m, R R m KT ¢ Ml
x (R 5K
B IE K Camassa-Holm J7 f2 2 W A2 1) H
25 () P B[] SR Y 3 £ 7 B2, 1 Constantin
S M a=2,0=1,k=0 3 1 B}, F D
5 A KAV 5 # F1 Camassa-Holm 7 #2, H
Camassa-Holm T FEHTE N
U, — Uy T 3uu, = 2uu . T un,.,., (3)
B E B Fokas 5 #2 H, BB Camassa 55 4%
FAE R BRI A BN B 5T . 5 A2 (3) B I 5E
DL V8 22 NERTE OC T8 M3 2 M J7 IS s 1 BTk

YR BT 2018 —05—24 9 2% R H 1. 2018—09—07

XHEEARERD: A

XEHS: 1673-3851 (2018) 11-0759-06

540, Constantin™™ ,Constantin 27 L & Misiolek ™ 43
BT T s=4,s=3 Ml s >3/2 W} X T W E 7%
H'(S).S=[0,2x] b )5y &1 5 Pk 78 4 J8 1%
T LSRN TRIMELE H (R) (s=>3/2) L fif ¥ )
T 2 M, & F B IER Camassa-Holm 7 # (1),
Malachlan %5 B 58 7 i 04 35 5 1 DA 2 59 A 0 77
fEE, Ml AT E ] T A 1 A9 Cauchy ] B8 78 =5 [A)
H (s>7/2) b2 R ilid e 1y, I B 35 Se 408 T4
GRME; 7 JE R RS LT, Mu SV B R T MR TE
H* (R) (s>>7/2) 75 [A] 1Y Jay 0 & 7 P 7] &, JF HL Ik W]
TIRMKAR FF SO TR IR (. Fu SRR T
(DAY Cauchy &I HUEM T #4E H (R (s>7/2)
25 AN —BUEZE

KB IE R Camassa-Holm J5 # , Escher ZEH%
T T —4 ZJnBIER Camassa-Holm Jy 24 .

m, tau,m+um, =au, —kpp, s t>0,2€R

o tuo. +(a—Du,p=0, t>0,2€R

u(x,0) =uo(x),0(x,0)=p, (), z€R
€]

HEWH. BEARBFESTHE (11401532) ; #7104 AARF % H 435 H (LY010027)
TEZ R MR EE (1993 —) , L, Hl B mg A B AR 58 2E 35 52 2 BE DL I B 3 T 48 T i A9 BT 5

WEVEE . BAIE . E-mail: youngchen329@126. com



760 i

oM Tk o o R

2018 4F % 39 %

He.m=0—)u,r=1;a€ER;a HEH;LER,
M p=0 B}, I FE (4) FIEIE M Camassa-Holm J5 2,
XTIt IE B Camassa-Holm 75 (4), Chen
SV ST T HAE Besov &5 [0 B, X B!

(1<p,q<+00,s>max{2r+%,2r+1*%}jiﬁ§:
WIAFAEME — 2, 2 r=2 B, He ZY #5777 2
(1) 7E Besov %5 ] B;., X B;.) (1<p,r<+oo,s>

max{3+ 2,4—f})iﬁﬁéﬁﬁfﬂﬁ £, Zhang

SEL ST T R () E Besov %5 [A] By, X By, (qm>

maX{SﬁL%’%’ZL*%} ’1<r<+oo7ﬁ% (]m:i

1<p<2,r:1)tﬁ%él§l‘]7(¥ﬁﬂ‘%é

P E#FgE R, e 28 IE Y Camassa-Holm
FEE, A ZIutB IE A Camassa-Holm HFEZH ., Y4
=2 W H M e ] H (ROFRER s=>7/2, AL
813 X HE IE B9 Camassa-Holm J7 B2 75 i #& #C0, )
FHAERE M BT AR LM AL T 4 i 560 D 2 % RE & A 31
WO T A YA B 3 A ST T AR A O U P s
[F1) v fige ) A7 EME— M

1 FEFEE

A% B A& TE Y Camassa-Holm J5 FE L€ % 1E |
P23 8] i I AEAEME — Pk A EWIE wo € L7 (R) L 2
AL N (5D i B0 FEHUE IE 1Y Camassa-Holm B9 3&
JE P IF] R

{m, +edim+taum+bum, =0, =>0,xER

(5)
ulx,0)=u,(x), xER

MEp=2 0t m=Au=1—9)u, TR ILH

du+ediu=f(u),t>0, x€ER )
{u(l‘,O)ZuO(I), xER

Hrr,

f(u):*buﬁju*a,(lfaf)*z[a 282G

(a—56) (0.1 (Du) — “*5[’

zmc%;%tha@i%i%ﬁﬁw:

ETE1 WT w €L*(R)FELE T>0, T (6)
FEAEME— R w W6 2

u€ CLO.T]:L*(R)NL* (0, T): H*(R)).

FE2 WT u €H (R ,HEEMR T>0,Ya

77)]

=2,b=1 B J5#E O FFAEMR w T 2
wu€CLO,T]:L*(R)NL*C0,T): H*(R)).
Ja AR W LY (RO ZS[RFT HY (R™) 25 [8] )
FE S R HAEOE KL ik p AR SR N E )
Sobolev Z5[a] L (R«

L' (R") = {f(x) | f(x) fE R F A oH

J” ‘f(x)‘”dx<<>©},
R
[ F(x) BIEEH .
. Ve
Ity = ([ 1o |ar)
R
B s MAEGUSLEL, W 5E X Sobolev

H®R) = [f € L'RY | A+ [6[D7]@ €

L*(R") &5
75 H'(R") M.

L?(R”)},
H' (R") 250 f(x) WEECh .
I £l = 114 [E]D2F O | iz
2 eI

IR 6) Br g w)E 7]
AN

Wz ) = S(Du, +J's<z—s>f<u)ds 7
0

AL e

XHLS() = e
Hanr g H,
B | fG e < Culy ) (8)
B Go FRE S5 G Soboley it A
SER A

lfGo]: = H—bua w—3a,(1—a92)7? [a u’ +

CHTIHEFHEM 1 5EM2, &5y

665 2405 0% 4 (a—56) (D) (Pu) —

a+5b

C( H wi |12+ Huz HL,, + iz +

[0, 1 =07 ) 2 + | 2D <
o Tl 4 Beelle Deelle 4+ Joer o e ez +
[0 =07 ) |12+ [ad [12) <

2 el Tl 4 ol fu e +
2.1 =3 G |12 + e |12
Forp A7 35 DU IR A Ak R
[0, (1 —92) 20, (%) |2 =
| FLo, (1 =) (0,u) (2}




% 6 #

W0 S 4 FE B IE 1Y Camassa-Holm 77 72 i 08 7 76 ME— 1 761

Ee (1 -+ F[ou]l*Flu] =
JR(JR(E « (1 + &7 — pFlulc — p -

773F[u](r;>d77)2ds<
J(J(g A& —pFlale—ply—gl
vZF[u]m;)dy,)de
JR(JR(S C A )T — pFLu]E — g

2
7]2F[u](7])d7]) dé <

[ @2 12+ [ Qa0 () |12 < Juelfie
e, FLeJ ZORXF « A Lok 25 46t 7 - Holder A
HXA

| rGo ] < 24 Julw).
kD) J's<t—s>f<u>ds < e+
e 72 (9)
IERH 456 51¥ 1 BRI UERH 5 #E 2 AST .
SIEE 3 FHEL T
dw =—edw
(10)
{w(I,O) = Wy

FAE B w, € L2(R) . FTFE0) AR o i 2

iz < ol iz RED

WA A WilFIE o 77 R X«

tJr

d

PRIt e 0 2 T FA 4 nl 45 .

J (w(x,T))de—J (w(x,0))*dx =
R R

— 2€JTJR (w)*dxdt,
AT 48 A

T
J j (2w)?drdt < ij widr,
0J R 28 R

RIGER] 15128 3,

-
2y’ < (J J ‘r')Js(Z)uo ‘dedt)l'/z <9
* 0JR

| sCo)u,

(12)
ERA A {wi ) C H2(R), H ul 78 L 25 RICSL

%IJ u()!E[] n—> o, HMG
o8 3 15,
L’ZHf < H5<t)(u8

— Ug Hlf —- 0,

—u) |z s |22 =
T 1/2
(J J \afs(z‘)(ugfuo)\zdxdt) +

0 R

T 1/2
(J J 2w |Pdedt) <

0J R

1 n P
W H Uy — Up H L -+

.
(J J ‘ (’)E-S (t)ug ‘ zdl‘d[)l” <
0J R

ey T T i P
(13
X Vo> 0.N€ NJEEMN n > N A
Eﬁﬂm—mqgg,
T > 0,4 n=>NH
T [ | e <%,

gi Lrik 4 Vo =>0,3T > 0,.ffit
[s@u |2 < 0.
Jr R (T By AEZ MR 4 B9 A Ty
v =u—su, N v Al LLFAEE T #IE R
RO % S
dov+ediv = f(u)
(14
{"U(I,O) =0
JRE14) MARRTTE AR N

vum):J'su—z’)f(u)(x,z’)dz’ (15)

15 Jofe < C(fullize + lulliz: )
(16)

af-v H L7 < 1z ( H u HffIf + H u H ijf ) (17)
MR SR (16) Wiz,

Hﬁs(t—t/)f(u)(x,t/)dt’

[ 11z e =
ol B 2 Al (16) oL,
A A KUY .

QJ _
de g =

W [E s XF ¢ N0 B T FU4p Al 45

%J o (T) dx—%J . (O)dx+€J J (20)drdr
R

, <

H"UHI i =
t T 2
LLY

eJ (9%v)idx JrJ vf dx,
R R



762 W M T

S+
g3
B3

it 2018 4F % 39 %

T
J J of dxde,
0J R

WIXHERE R e > 0.6
T T
GJ J (affu)zdxdt<J J vf dedt <<

A :
[Trobe it as< [ dlrteozas,
A
Jatoliee < G Clullize: + llu
Pt BT
S 6 %] <o+ G (ul e +

2
LiH® ).

el 202 (18)
iERR Ea5IE 2 —5.f

102l 2 < [9,s a2z +
ef“"ij;s(t—t’)f(x,t’)dt’ e S
o+ izl rlis <
o+ (ki + lullizu ).
3 EEM

M P s 206 ke S5 D BEIE B it ) A A E — L dn it

é\
XTI = {u € C0,TT:L2(R)) N L*((0.T):

H R | [l = laelloz + fuliyn: < a}

(19)
E gt @ X —> X7,

D(u) = s(Duy —O—J[s(z‘*z‘/)f(u)dt’ 20

W @ X — XTI i R 48 e st , AT 45 21 fif 19 J)
HR A E P .
THE1MIER Sue X EFEXAD A
H@ull= |@ulii: + [@uliw (2D
W5 2 K5I 6,15

| Pu H1,17 = HJ s—1tD) fGo(xaHde' || , =<
0 L/ L;
C(a + Jato 12 ) (22)

| | LH: =

st —1uy, +3§_J s(t—1) fCusd,u)
0

/ /
(x,t)dt o <
Tt

1955 Ct —tDuo | 1202 +
Of.Jzs(t—z’)f(u,Jz.u)(x,l’)dz' <
0 L/ H
C 2 2,
C
a+€ﬁH\u\H (23)
Bear 2 (22)—(23) , 15 5
[ u = Pufiyrz + 1 Pullizee <
H (7%.8 (t — t,)uo H L, Lf +
af.fs(t—/)f<u,al,u><x,/)d/ , =<
0 L H
84 Cla+ |luo |12 +€%\u\><
- 2
o+ Clat lunlz + )
ﬁﬁﬁ%ﬁ"] é\vaaTﬁ
I @u| | < a.
AT LU 3 .
|@w) — @) | [<C | Ju—w|]| (24

W@ X! — X WEgHS . XH C = C'(T.a,e,
PEBOE M o, T 5 0 << C" << 1, 4 Wi S B
1545 B (6) A7 7F ME— i fiFt
u € CLO.TI]:LX(R)) N L*((0,T): H*(R)).
Zr LRV 3 1 KT
TEBHE B 2, oA R A T

BIB7 XXNT w € H, S HHG) Fa=2,0
HUHZZ < Huo H2 (25)

W Ya=2,0=10,506) K.
du +edtu =— wdu—3,(1—092)" [uz + Qu)? +
3(0,1) (9%u) —%(aw] (26)

4R (26) W RIBRA F (1 —92)* {5
(1—32)?2 u +e(I—32)2u =

— (= udu =3, [u’ + Q) +
3(3‘,u)(9‘3,.u>*%(33u)2] 27

PR u IFTE R X = FL4 Al 15
J u (1*a3>29,ud1”+sj u(l—9)29udx =
R R

J {— (1—9*)*u*d,u — ud, [uz + (du)® +
R

N 92,)2
300,00 (9u) — 5 () ]}dx,



W0 S 4 FE B IE 1Y Camassa-Holm 77 72 i 08 7 76 ME— 1 763

i H? sPlERH
J {— (1— )% ud,u — ud, [u + (D) +

30,00 () —%(a‘w] Jde =o.
WAy
Ju(l — )Za,udx—l—eju(l —2)?2%udr = 0,
Al Ay
d

Ju(l ) udr — % a(Juz F o+ (ajf.u>2dx) ,

sJu(l — ) udx :*sjuafu — 2ud®u + udtudxr < 0,

Fir 1A
1 d 2 2 N2 _ 1 6
5 a(ju +,u+ () dx) = *Ejual.u*Zualqu
udbudx < 0.
MITIERR T 513 7 pliar
GEEE 1 RS H 7 RER, gnl DAAS 2 O R

(26) FErE 2R, WEH T 23 2,
4 B

AR SCHE N AFE O e b, FERIAE T 7R
By 35 B4 52 0, DA T 56 3IF T 18 1F #Y Camassa-Holm J7
PR AE AR T J0) 2 6] b fige i a5 2 P 4R T R Y A
FEZS ] GEBY T FE AN [/ W E 25 1 F , HTE H® &8
(] I fige %) 0 £ A ME — P TE Z S BRI ST, AT LA
JEAE AN AFE B A A5 LT o BE A5 15 2 28 LAY 4
R

S E 30

[1] Constantin A, Kolev B. Geodesic flow on the diffeomorphism
group of the circle [ J]. Commentarii Mathematici
Helvetici,2003,78(4) . 787-804.

[2] Constantin A, Kolev B. Integrability of invariant metrics on
the diffeomorphism group of the circle[ J]. Journal of
Nonlinear Science,2006,16(2):109-122.

[3] Fokas A, Strauss W. Stability of peakons[]]. Communications
on Pure and Applied Mathematics, 2000, 53 (5): 603-
610.

[4] Camassa R, Holm D. An integrable shallow water
equations with peaked solutions[J]. Physical Review

Letters,1993,71(11) :1661-1664.

[5] Constantin A. On the Cauchy problem for the periodic
Camassa-Holm equation[J]. Journal of Differential
Equations,1997,141(2) . 218-235.

[6] Constantin A, Escher J. Global weak solutions for a
shallow water equation [ J ]. Indiana University
Mathematics Journal,1998,47(4) :1527-1545.

[7] Misiolek G. Classical solutions of the periodic Camassa-
Holm equation[ J ]. Geometric and Functional Analysis
Gafa,2002,12(5):1080-1104.

[8] Li Y, Olver P J. Well-posedness and blow-up solutions
for an integrable nonlinearly dispersive model wave
equation[J]. Journal of Differential Equations,2000,162
(1):27-63.

[9] Mclachlan R, Zhang X. Well-posedness of modified
Camassa-Holm equation[J]. Journal of Differential
Equations,2009,246(8) :3241-3259.

[10] Mu C L, Zhou S,Zeng R. Well-posedness and blow-up

phenomena for a higher-order shallow water equation
[J]. Journal of Differential Equations,2011,251(12):
3488-3499.

[11] Fu Y G, Liu Z R, Tang H. Non-uniform dependence
on initial data for the modified Camassa-Holm equation
on the line[J]. Acta Mathematica Scientia, 2014, 34B
(6):1781-1794.

[12] Escher J, Henry D, Kolev B. Two-component equations
modelling water waves with constant vorticity[J].
Annali di Matematica Pura ed Applicata,2016,195(1):
249-271.

[13] Chen R, Zhou S M. Well-posedness and persistence
properties for two-component higher-order Camassa-
Holm system with fractional inertia operator [ ] J.
Nonlinear Analysis,2017,33:121-138.

[14] He H J, Yin Z Y. On the cauchy problem for a
ceneralized two-component shallow water wave system
with fractional higher-order inertia operators [ ] ].
Discrete and Continuous Dynamical System, 2017, 37
(3):1509-1537.

[15] Zhang L, Li X T. The local well-posedness, blow-up
criteria and gevrey regularity of solutions for a two-
component higher-order Camassa-Holm system [ ] .
Nonlinear Analysis,2017,35:414-440.

[16] EAR. Sobolev %5 8] 5 fw i 43 Jr B 51 E [M]. Jbut . Bl %
AR At - 2009:102-106.



764 /A N | S N N - S 2018 4F %5 39 &

Existence and uniqueness of solution to the dissipation

modified Camassa-Holm equation
RAN Lixias CHEN Yong
(School of Sciences, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: By adding a dissipative term to the modified Camassa-Holm equation, the existence space of
its solution is improved, and the existence and uniqueness of the solution in the low regularity space are
proven. Firstly, by Sobolev embedding theorem, Holder inequality and Fourier transform are used to
estimate the nonlinear term. Secondly, the local existence and uniqueness of the solution are proven by the
contraction mapping principle. Finally, the existence of the global solution is proven by estimating the
energy of the solution. The results show that there is a unique local solution to the modified Camassa-
Holm equation in space C([0,T]:L*(R)) N L*((0,T):H*(R)) for the initial value u, € L* (R), and further,
for the initial value u, € H*(R) , there is a global solution in space C([0,T]:L*(R)) NL*((0,T):H*(R)).

Key words: modified Camassa-Holm equation; existence; uniqueness; contraction mapping
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