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= A+ flug) = ;a%ioi(uxin g(u)

B

Hi(Q)  Wo'(Q) , : [ 6]
I(uo) 20.J(uo)= d
(1)
u(%,0) = wo(x), w(x,0) = ui(x), x € Q (2)
w(x,t) =0, x€0Q ¢t 20 (3)
, QCR" sak> 0(1 <k K1), pe(1 <k <1)
I< p=pi< p2< < p= g< o n= 1,2,
(H) 1< p=pi< pa< < pi=qS(n+2)/(n-2), n 23.
o1, e e lpcey el (uo)= | gods.
1
(1) (3,

1
. . 1
J(u) = ln.qiw_ 25 Sl e,
1
I(u)= Il.=ul1?= EQAHuHQb

Is(u) = &I1.7u lI>= E}knunﬁﬁ, 5> 0.

1 w CHHQ), Il “ull Z0.
(1) lim/ (M) =0, LimJ( )=~ oo

(i) 0< A<+ oo A= Mu)
d%J( Au) lra=r= 0
(i) J( ) O0SASA ., AS A<+ o0 ., A= A ;
(ivy  0< A< A I(M) >0, A< A<+ o0 I( M) < 0, I( M) = 0.
2 0< Il-"ull< r(8) (Kr(8)), Is(u)> 0( 20). . 0< Il
< (1 (<r(1)), I(u)> 0( 20), r(6)
Zak )k+1r = &
G(1S<k<1)  HyQ IM'Y(Q
3 Is(u) < 0, Iwll > r(§). , I(u)< 0, I w > r(1).
4  Is(u)=0 I.-ull 2o, 7wl 2r(6). ., I(u) =0
w20, w20 ().
d= il J(u.

NE {u EHONQ I I(u)= 0, Il “ull ¢(}.
d(8) = inf J(u), 6> 0,
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= {u CH(Q I Is(u)= 0, Il ~ull ;to}, §> 0.
5 § ,d( )
(i) 0< 8< (p+ 1)/2a(8) = 1/2= &8/(p+ 1), d(8 > a(8)r*(§);
(i) limd( 8 = 0 b (p+ 1)/2< b< (q+ 1)/2 d(b)=0 d(5)
>0, 0< 6< b;
(i) d(6) 0<6<1 , 1<68<Kh ., 8= 1
d=d(1).

W= {uEH(l)(Q)II(u)> 0. J(u)< d}u @,
Wo= {u €HY Q1 I(u)> 0.J(u) < d( 8y U{Q}, 0< b< b.

V= {u EHN QI I(u)<0,J(u)< d},
Vaz{u CEHO(Q) | Is(u)< 0, J(u) < d(&)}, 0< 8< b.

2 (1) (3)

(1) (3) ,
E(1)= 20w 1P Tu ;pk‘f = i 124 ().
[4]

6  wo(x) EHO Q) ui(x) ELY Q). 0< e< d, §i< & d(s)

= e .
(i) I(uo)>0 7wl =0 (1) (3) E(0) = e
Ws, 6 < 6< 6.
(ii)  I(uo) < O, (1) (3) E(0)= e Vs, 8 < 6<

5.

6 5

7 6 E(0) = e 0< E(0) e, 6 :

8 w(x) (i= 0,1),e &(i=1,2) 6 . 0< E(0) <e,

§E (&, &), Ws Vs,
Wss, = 51<Ls£ SZWS, Vs 5, = 51<Ls£52V5
(1) (3) :
w(t) (1) (3) 0< E(0) Se< d LT u(t)
L2 - 0 <
> w7+ Ju) = E(0) < d(8), Si< 8< &0 <i< T,
0< E(0) Se< d, §E€ (8, &), u €5

(1) (3) 0< E(0) Ke< d

Ue= Jss,= 6<L6J<§Q///é'= u € H(l)( Q) Il "wll Z0, Is(u)= 0,86 < &< 52}

(1 (3) U . U e
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Uo= My = U 5= {u EHNQ 1 7w ll 20, Is(u) = 0, 0< < b}
9 (1) (3) E(0)= 0
Bf _{ EHO(QH w2 rop,
ro d(r)= k;pk(-ll-k lelfﬂrP'»_l: %
u(t) (1) (3) E(0)= 0 T u(e)

Ww, 12724 J(u) =E(0)= 0
J(u) <0, 0<:< T.

1 !
Tl < ,;:pkik Sl I < Zpk‘f LS et =
ol ) lhwll?, 0<e< T.
lwll=0  Iwll 2. I uoll=0, Il.-ull=0 0<t<TT.
, t0€ (0, 7T) 0< Iu(eg) Il < ro. g Il 2
ro Il >ro, O0<t< T.
10 wo(x) EHN @, ui(x) EL( Q. E0)< 0 E0) =0 Il ul #
0. (1) (3) Vs, 0< 8< (p+ 1)/2.
w(t) (1) (3) E(0)< 0 E(0)=0, Il uoll 20 ,
T u(t) . 0< &< (p+ 1)/2
2 1P a( ) 1wl pi () < llu 1P () = E(0). (4)
(4) , E(0) < 0, Is(u)< 0,J(u)< 0< d(8), 0< 8< (p+ 1)/2,
w(t) € Vs, 0< &< (p+ 1)/20<t< T. E(0)= 0 Il “upll 20, 9
lwll 2r0, 0<it< T. Is(u) < 0,J(u) < 0< d(§), u(t) € Vs,

0< &< (p+ 1)/20<:< T.

3 (1) (3)

1 wo(x) EHY Q), ui(x) ELY Q). 0< E(0)< d, I(uo)> 0 Il "ull
= 0. (1) (3) u(t) € L7(0, 00;HO(Q)), wi(t) € L7(0, oo;
L Q). u(t) €W, V0O Ki1< oo
[4] ) (1) (3) tm( %, 1)
m 0S<t< o
lwm 1772+ J(um) = En(0)< d, 0S<t< oo (5)
un € W. . (5

. +l
J(un) 250w 1= b IZM e 1751 =

1 1 > p=-1 - 2
[2_p+1] Il u, 112 +p+ ll(um) /2(])"' 1 o, 117,

m

%uu,m 124 —(P+—)|| Cum P< d. 0<1< oo (6)
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(6)
I 117 < 2—@1)—1]) -+ 11 d, 0<1< oo (7)
lum 1201 S CE I 1P< € Z&f’—fld, 1 <E<L0<i< o (8)
lum 1< 2d, 0<t< oo. (9)
(7 (9 11.
11 6
12 11 I(u))> 0 Is(u)> O, (1) (3)
w(t) ELT(0, 00 Ho( Q) ), w(t) € LZ(0, ;L% Q) u(t) € Wi, Si< 8<
6,0 <1< oo S < & d(8) = E(0)
13 12 “I(ug) > 0 I ugll = 00 ll7ugll <
r(8)”, (1) (3) u(t) € L=(0, 0:Ho( Q)), ui(t) € LT(0, oo;
L’ Q)
R <aﬁ(%, e 12 < 2E(0);0 i< oo, (10)
I uoll < r( &) 2 ]52(uo) > 0 Il"uoll = 0. 12
(1) (3) u(t) €LT(0, o Ho( Q)), ui(t) € L7(0, 0 L7( Q)

u(t) EWs, 8 < 8< & 0<i< oo
% N 124 a(8) 7w 124 —L—r50u) <% w124 J(u) = E(0)

R p+ 1
57 &, (10)
14 wo(x) EHY( Q),w(x) EL(Q. E0) < d,I{w)< 0. (1)
(3) :
u(t) (1) (3) E(0)< d, I(uo)< O LT u(t)
T < oo , T=+ o,  F(t)= llu(e) 1. Bft)= 2(u,
u),
Fre)= 20w P+ 2w, u)= 211w IP= 2I(u). (11)
Fre) 220w 1P 2017w P+ 2p+ 1) Em‘f AR
(p+3) w12+ (p= D I"wll?P= 2(p+ DE(0) 2
(p+ 3) lw P+ (p= YNF(1)- 2(p+ 1)E(0), (12)
N> 0 AP+ ANP= 0, Ploe= 0 .
(i) 0< E(0) < d, 6 u(t) €Vs, 8i< 8< &, 1> 0, Si< &
d(8)= E(0) Is(u) < 0 ( U wll > r(8), 1< 8<
&, t> 0. I(u) SO 7wl 2r(82),10> 0. (11)

F() 22(8- 1) 15w lP= 205 (u) 22( 8- 1)r7(8) > 0, t 20,

(1) 22( 8- 1)r &)1+ F0), t 20,
Lo >0
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(1) 2”1t0) > 0,

F(t) 2P(to)(t—- to)+ F(to), t 2o
t (p- UNF(t)> 2(p+ 1)E(0)

F(t)> (p+ 3) llu lI%

(13)
(13) ( [2]293)
F(t)F(t)- p—(F>(t)) Z(p+ 3)( Null* w17 (u, w)?) 20, (14)
(F (1)) = ce+2( )(F(t)F(t)— (a+ 1)(Ft))°) <O, a= p_Tl-
t, FF%t)> 0, F %(t) T:> 0
limF~%(t)= 0, limF(1)=+ oo
T=+ o
(i)  E(0) <0, (12) (13) . I(w)< 0 Il "wo Il 20,
10 u(t) € Vs, 0< 8< (p+ 1)/2. (i) “l1< 8§< & “l< 8<
(p+ 1)/2". (i)
4 I(uo) 20, E(0) = d (1) (3)
15 wo(x) EHNQ), ui(x) EL( Q.  E(0) = d,I(uo) 20. (1)
(3) u(t) € L7(0, o Ho( Q) ), w(t) € L(0, ;L% Q) (1) €
W= wUow, VO i< oo.
(i) (i)
(1) Il uo Il Z0.
M= 1= 1/m, uom(x) = Mwo(x), m= 2,3, -
u(%,0) = wom(x), w(x,0)= w(x) (15)
(1) (15) (3).  I(uog) 20 1 A= Mug) 21
I(wom) > O,
T(uow) 2511 uon 112 Zm Il om 1551 =
[%_ Ifl] 1 wom ||2 J> 0

0< En(0) = %ll w 17+ J(um) < L Nui 1P+ J(uo) = E(0) = d.

11 m, (1) (15) (3) um(t) € L7(0,
o Hi( Q)), thm EL (0, 0 L*(Q)), um(t) € W,0<t < oo

(ume, v) + J’o( um, 0)dT= J.(f(um) v)dT+ (u1,v),

v EHN Q),0<t< o (16)

W 12724 J(um) = En(0)< d. (17)
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(17)

1

1 1 2, 1 =1 2
T( tm) >[2_p+1] T e >2(p+ TR

I 1P <AL,
172
i Mt < G Il | <Ck[2§‘)n_+—ll)'d} . 1<E<L0<i< o
e 11”7 <24, 0<it< oo.
11
(i) I uo Il = 0.
w0 ll = 0 J(uo)= 0 luwiI’72= E(0) = d. D= 1- Vm, uin(x) =
Mui(x ), m= 2,3, ...

0<t< oo

u(x,0) = wo(x), w(x,0) = uin(x) (18)
(1) (18) (3). Il wo Il = 0,
0< En(0) = lNuim 1772+ J(uo) = Il Mt 1?72< E(0)= d
1 , m (1) (18) (3) un(t) € L(0, oo;
Ho(Q)), un(t) € LZ(0, 0 L7(Q))  un(t) € W,0<1< oo (16)  (17)
(1)
5
(HEUF04012)
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Wave Equations With Several Nonlinear
Source Terms

LIU Ya-cheng, XU Rur-zhang, YU Tao
(College of Science , Harbin Engineering University , Harbin 150001, P. R . China)

Abstract: The initial boundary value problem of nonlinear wave equations with several nonlinear
source terms in a bounded domain is studied by potential well method. The structure of potential wells
and some properties of depth function of potential well are given. The invariance of some sets under
the flow of these problens and the vacuum isolating of solutions are obtained by introdudng a family
of potential wells, which indicates that if initial value of the problem belongs to potential well or its
outside, al the solutions for the problem are in the same potential well or its outside respectively in
any time. At the same time, there exists a region, in which there are no any solutions. Then the
threshold result of global existence and nonexistence of solutions are given. Finally the problems with

critical initial conditions are discussed.

Key words: wave equation; potential well; global existence; nonexistence



