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t
g + (—A) u+up + (—A) uy = / (t —8) " |ulPds, t>0, zeR", )
0 .

u(z,0) = ug, w(x,0)=uy, x € R",

Hro > 1 WBHL v € (0,1), p> 1, (A)7f = FHIEP7F()(E), E€R™, €] = (& +-+
£2)3, F Nfl B As i,

UTAESg, 0 T4 A BB UK o- &7 R TG ) f O A IR 2 BF 7. % 8 s B SR A, X
[1-4) ST BELJR I w, B RLEATHE 7, 45 B0k P IR SRR PRI BE A, R SR A7 1k L LR
UL, HAHMBT (—A) u, (8 > 0) FIFFFILSE [5-7), HA5E] T 2% a8 F 56 Tl 1 5
WA T DA B AR AE S 58

P WL o- RIEFRE, 24 0 = 1, 3 [8] H & FE K

(1.2)

Utt*AU‘l’Ut*AUt:O, t>0,x€R",
u(z,0) = up, u(z,0)=1uy, x € R".

HYMEJE TR LY A [, AEE AR TR (1.2) IR L2 206 N e, 4t — 00
iF, 47 u(t,x) ~ (Po + P1)Gy(2), b Py o= [o, uj(z)dz(j = 0,1), Gy(z) := (\/4—#)”67% A
TR R R, 5 R BRE SR A T A (R A T A5 R LA, RIS BELJE T, PRI REI
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X4 A RUE 8 BA K A S At T ) 2 Ze ki 5 g A
{utt—Au—l—ut—Aut:F(u,ut,Vu), t>0,zeR"

u(z,0) = ug, w(x,0)=uy, r eR",

(1.3)

Hp F(u) = 0j02ulP(i, 5 = 0,1). 3 [9] T, AEFGR S M4EH n > 10, W@ (1.3) Zetk i)
R ZEIRAG T, FERI A S A BAE R 7 8 (1.3) A5 i = JE AR 2R Mk I /N i) A
FR I RARAEAENE, fRAEARAFAE S 13 BT R p (VG 23 3 A

2 2 2
1+E<p<l+—,1<p<ﬁ,p>l+

n—2 n+1"

H F(u) = |ul? I, 3C[10] IEM 729 R4ERE n < 4 I /INMEL IR U () SR AR LA AE 1 DL S AR
W, A3 Em TG perie = 1+ 2, X5 Fujita SR80 #LAN, ST 1] HFFE T 198 (1.3) HIME )
IENPERREL p BVHEREZIAMRR. 3 n > 1, m € [1,2), s1, so NIESEEL, HYMERA M

= D
i) (o, ur) € (H™ N L™) x (L2 N L™

(
(ii) 51 > 82 > g (uo, ) € (H* N L™) x (H* N L™);
(iii) so < 51 < g (uo, ) € (H* N L™) x (H N L™);
VR 3 A4S B AH RIS T /INIE e 23 ) B AR A A 1
Yo > 10, 3C[12) WHFE 7 a0 A R RSt o- RIETTHE
{ Uy + (—A)7u + uy + (=A)7uy = F(u), t>0,z€R",

(1.4)
u(z,0) = ug, u(z,0) =uy, x € R".

EETHE 724 F(u) = |ul? BRETE, f20H (1.4) XFRL Lo 1m) Ui 1 s Ab v, e 1/
AL 7] IR () BEARAFAENE LSRR, 13BN FHREL perir = 1 4 22 WAL, 2 F(u) = [uf? B, 17
R (1.4) P2 IS T HO A e AR (0 S s At th— 2, IR H DI el ok

R JTREHACIL IS . X1 R ) it

t
Uge — Au + up = / (t — s)77|ulPds, t>0,zeR",
0 (1.5)

u(z,0) = ug, w(x,0) =uy, r e R”,

Hrpry € (0,1), p> 1. 3CA3] WFFL 1 A2 0 LERL n < 5 W, NIME R AR SR A AEE. 3C
[14] BG4 n < 3 R REARAAAENE DL AT B A I 4RSS M RO, 19

2(2—-17)

cri =1 Y
Perit = A oA =)

XF A0 i)

t
upy — Au+ p(—A)%u = / (t —s) " ulPds, t>0,zeR",
0 (1.6)

u(z,0) = ug, w(x,0) =uy, xz € R",
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Ht > 0,7 € (0,1),p > 1,0 € (0,1). 424 n > 1 HFHEHL [, (ur+p(—A)7uo)da >
0 FF, 3 [15] 133 W82 (1.6) MBEmEEE R, SC [16]) R SRAES n > 2, 0 = L 15, 538
@&¢Wﬁ@ﬁ?%ﬂﬁ%ﬁmm—mw{u- @_

n— 2+77 Y

TE QA ST J7 R A I A FH e T 5212 U Al e b, K2 % &R JE 5 %, xtT- XL
FEIBTE AR R 450D, HAticIZ i &, & i H 30 AT BE T A ) — Le b Jod 7 AL 5o . 52 211X
—Ja K, ASCAESC [12] TAEMZEAE B, FEXBHJE R T, 2@ (1.1) 5 iciZ DU x5 41 p
(R0 B DA SR A T IR RE R, 45 2 AR (R R AR LA S A s T B 5 At o, SO g5 an ) : S5
g AR T, FEEIRAE S =T et SR DUATAS R B AR A AE R, BRI DA KA A e
FEASTHIERT.

2 RS

AW TIL S

(1) f S g BARFE—NFEE ¢ > 01815 f < cg;

(2) LP(0 < p < 00) &7~ Lebesgue Z¥[H];

(3) H>P(R™) FR7R{EFF IR Sobolev 3], R

oY) = {1 € PR | lleoeny = |10+ 620 ey < 0, 52 0

(4) f € AC|0,T) &~ f1E [0, T] NALXTIESE.

e B BN R A B SR — S R, L [17, 18] %5 f € LY(0,T), T > 0, a €
(0,1), ] o By Riemann-Liouville 435 F #3532 X an F

Jot f(t) F<1a)/ (t —s)* "t f(s)ds, t>0,

Ter (1) = ﬁ%y[(s—ﬂalﬂ) <,

HAr T(s) N Gamma PREL.
# fe AC[0,T], T >0, a € (0,1), N a B Riemann-Liouville 245> 2 T4 e L+
o R 11—« _ 1 ! _ —a
DRI = 0 ) = gm0 [ (4= f()ds e
) 1 ’ _
Dt|Tf<t) = 8tJt\T (t) = —mat/t (s —t)"*f(s)ds, t<T.

%Xﬂ-ﬂ:te[OvT]aa€<071)vfagEC[ ]ﬁDO\tf() t\TgQ)ﬁE Qd; )HIJEEﬁilK

AR
/(D&f o(t)dt = /'f Do)t

EXSFAEREN f e AC™H[0,T), LA HHin > 0,6 (—1)"0p Dy f = Dyt £, 3k AC™1[0,T] =
{f:0,T) =R, 32 € AC[0,T]}, 9 KT 1 n W F¥. Bedb, W FHIHI 1 < g < o0,
Dg\t‘]0|t Iqu (0,7) e [OaT} LA AL T

T 46 4 AR ) SE A
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SIER 2.1 2 [ (1.1) XL PE R L W R (LY N L2 — L) it

n a

107 (=A)Eult, )22 < (1+8) 4 =% I (|fuollprnme + luall g priosag-na+ ), (2.1)

HAra>0,n>1, [|f =max{0,-}, j=0,1.
T2 HY LR B 5]
513 2.2 19 1 < g < oo, 0 > 0. WXTTAEREN y € HO(RY), HU0 R 5 G-N A%
X
1Yl aen) S II(—A)%yIIGL%(Rn)IIyIIZfﬁn)v (2.2)
Hr 0, =2(3 —7) €[0,1].
513 2.3 FacR, B>1,ve(0,1), 1

. . (14+t)77, a>1,
/ (I+t— s)_o‘/ (s—7) (1 +7)Pdrds S (1+t)7log(2+1), a=1,

0 0
1+, a< 1.

5|38 2.407 4T >0 B¥w:[0,T] - REXMF

t
w@{“T% te0,T],
0, t>1T.

FHo<a<l B>1, m>0, WA te[0,T),

T(3+1
D%“wﬂﬂ=wxﬂ+?j%3_aﬂ““””w&“”W®~ (2.3)

T I H g5 A E X

EX 21 4 p>1,T>0.% (up,us) € L? x L?, w € LP([0,T], L?>) n L*([0, T], L?) H.
WAL E MRS o(t, z) € C([0,T], L) nCY([0,T], H* N L*) N C([0,T], H*?), #(T,-) =
0, ¢¢(T,-) = 0, A FEABLL

r@ [ [ ot [ un@)o0.0 + (a7 60.2) - 6(0.0)ds

+ /Rn up(2)p(0, x)dx = /0 /Rn w(pp(t,x) — (—A) P (t,x) + (—A)P(t, x) — Pu(t, x))dxdt,

TR w S (1.1) BRI 25 T = oo, WFR u SZIEE (1.1) fIRABEA7. Y
3 FELHIR
NS A SR T AR
EIE 31 Yo>oh, Hye(l-2,1),
p>1+—202=7) (3.1)

n—20(1-7)
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MIAFAEH R e > 0 HAESHTRE/IMIME (uo,ur) € A= (L*NH)x (L'NL3), ||(uo,u1)|la < &,
W (1.1) #AFAE—PME— AR u € C([0,00), HT) N C*([0, 00), L?) Hiili & Pkt

lullze S 1+ )7 7Y (ug, ur)| 4, (3.2)
(1+)73 72| (ug, ) 4y, 0 >

11D ul| 2 < )
(1+1)"log(2 + 8| (uo, wr) ||, 0 =

[0vullz2 < (L4 1)"7[|(uo, ur) | a- (3.4)
EIE 3.2 BEWME uo =0, uy € L' N L? B

n
2
. (3.3)
2

/u1($)dx>0. (3.5)
R’n
fo>2 ye(l—21),
20(2 —7)
1 <1 3.6
sP= —’—n—?a(l—q/)7 (3.6)

DU R (1.1) AFAEREAR M. HW TAER/MHE e > 0, HYME uo = 0, wy 2N euy I, AT1R
PSR T

1

T, < Ce™*,

=

HepC >0,
(2-=79)p 20+n
p—1 20
E 3.1 FHELE F(tu) = F(l—v)Jélfﬂu\p), lim, 1 T(1—=~)F(t,u) = |[uP, BIY v — 1
I, AT RAAS B AF A 02 S T AR AR T (A 58 R ZEE e B 3.1 Mg HE 3.2, Al 1924
o> ye(l-2 1)K

k= > 0.

20(2 — )
n—20(1—7)’

By LT o — 1+ 22, 3R 153 [12] theA e A FE VT A BIR S8 — B

€ | max 1—i2—2—0—g_2_%n+g_2_%2+1%n §—£
7 o' n A 8n 16 9 4 )

DPerit = 14

g

2

o 402 n
n o <P < ; (3.7)
Z—U—‘,—fy— _8722 n— 20

Fo="2 y=2L1p=2 NIFEEFEH c > 0 EEFEEHNMME (uo,w1) € A= (L' N
H) x (L' N L?), [[(uo,u1)||la < e, W (1.1) #AELE—ANME— 1R w € C([0,00), H) N
C ([0, 00), L?) Hi# Ll F At
A+ = g u)las o€ (. 5),
ullze < (3.8)
(L+1)""log(2+t)[[(uo, u1)l[a; o=

)

=S 3
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ID17ullzz < (1 + )7 (uo, ur) | 4, (3.9)

1Ovullz < (1 +8) 77 [ (uo, ua) | a- (3.10)

4 EIERYIERA

AT AEUEBH 2 B2 1T, B Se g HAd i 308 3K DL S AE VIR B ) B AR A7 e Ve I R o i R
fif 2 [|) 1 o X
FIH Duhamel JFEE, FJ75 8 (1.1) Ffg, QR

u(t,x) = u™(t,z) + u"(t, x), (4.1)

y
|

ul™(t, ) = Ko %4 uo(x) + Ky 4 up(2),

", x) / Ki(t—T,x) / (r— 5)_7|u(s,x)|p)dsd7,

Ki(i=0,1) K€ X5 [12) 3. A TIERE R 3.1 Mg 3.3, SIS X (¢). WAL K
t >0, LA n> 0,750 X(t) & XamF

X(t) = {ulue (0,4, H) N C'([0,], L?), ullx@ <n}- (4.2)
EXET N:ue X(t) — Nu, Hr
Nu(t,z) = u"(t,z) + u™(t,x). (4.3)

A (1.1) PRI ST N BB L B, 9 720 X () A A 4 Jm A7 AR 1t A
— P, X TFAERM u, v € X(t) T BUEA LU RIS

[Nullx) < (o, ua)lla + lull’ (4.4)

INu = Nollxe S llu—vllxe (ulliq + lolkq)- (4.5)

FERH Banach ANzl e BE, T3/ IR In) #RAR 1) 4 SR AP AE PR 45
MEPAETE 3.1 Mo = 2 I, & UGN

Julxio = sup ((1+7)~4 ur, = + (1 7)7Dog ™2+ D) |DIu(r. )
1+ )0, ) 1e).
Ho > g I, AR

lullxe) = sup (1+7) % lu(r, )| L2+ (14+7) 3 772 ||| DI7u(r, ) || 2 +(1+7) | Ocu(T, ) || £2).-
0<r<t

FHE LD o > & 1, 0 = 2 IE 52 0,
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AT, A
a1y = sup (1477 u (7, Y2 4+ (U 1) B |D]u 7, ) s
<7<t
+ (14 7)7[0u™ (7, )l 2) (4.6)
S, )| 4.

N TUEME (4.4), 2 KAEW]

(8,2 xS el (.7)
H 5 3 2.1 afEan MMt
t T
||u"l||Lz§/ (1—1—15—7)_‘{:7/ (1 — s) |uP (7, )||Lrnp2dsdT, (4.8)
0 0
t L T
DIz < / (14— 7y / (r— &) NP (7 Y angedsdr,  (49)
0 0
t T
||atunl||L2,§/ (1+t—7)m1/ (7 — 8) WP (7, )| anradsdr. (4.10)
0 0

H1 31 2.2 7 G-N ARZ AT DU T 6%
al® S Ilull S5 P (—A) Fu| %
<(1+ T)(f%fw+%)9p||u||§?(t)<1 + T)(fﬁfwn(pfep)||u||gzg(ft)9p)

o (p— Ly (=
S (147) P90 1)p||u||’)’((t),

Hs=1,2.0€0,1] H
1

NIES:

[wPllzraze Slullze + [lulzs

— 2 (p—1)—(y— —n (p—Ly_(y— (411)
<14 7)" 2P0 1)p||u||§((t)+(1+7) 25 (P—2)—(v 1)p||u||§{(t)_

% By(n,0,p) = g=(p— 1)+ (v = p, 5, (n,0,p) := 3= (p— 3) + (v — Dp, #3X (4.11) RARK
(4.8) (4.9) F1 (4.10) 5

t T
Jlu™| 2 ,S/ <1+t—7)ﬁ/ (7= 8) (L4 8)" PP dsdrful%
0 0 (4.12)

t T
+/ (1+t—7)" 3 / (Tf5)77(1+S)’5w("*"’p)dsd7'||u|\§((t).
0 0

=

t T
1Dz < / (L4 t—r) - / (r = )7 (1+ )"0 dsdr [l
0 0

(4.13)

=

t T
+/(1+t7)‘%‘ /(T5)_”(1+s)_ﬁw(""”p)dsd7||u|’)’((t).
0 0
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t T
8™ || 2 5/ (1+t—7) d ! / (1 =)V (1+ 5)" 2P dsdr ul% )
0 0 (414)

t T
+/<1+t—T)%1/ (7= )7 (1 + ) oD dsdrfully .
0 0

L, 9 B, (n,0,p) > 1, B, (n,0,p) > 1, v € (1— 45, 1) B, W4 p > 14 255200 et iz ]
B3 2.3 T[15
w2 < (1 +t)1‘V‘ﬁ||u||§’<(t),

DI w2 S (L +)2 774

||3tunl||L2 (1+t)” ’YHUHX(t

NI}

L+ )7 w2 S Jlullk

(L+8) =74 || ID[7u™ | 22 S [lull% ),
L+ 22 S Mlull% -
HIESEE]
lu™ ey S lull - (4.15)

g5 (4.6) (4.15) 15

[Nullx@ < (o, ua)lla + llull’ - (4.16)

FHAUEAR (4.5). TR u, ve X(t), A
Nu— Nv=u™ — o™,

ol 21 A
t T
Ju™ — o™ |2 S / (1+t—7)" 3 / (7 =) ulr, )P = |v(r, )P rpedsdr,  (4.17)
0 0

t T
1D — |DI7w™ 12 < / (14t 7y / (r — ) lulr, I — fo(r, )P | angedsdr,
0 0
(4.18)
t T
10 — 8™ |1 < / L4ty / (r — &) llulr, I — fo(r, Y uaniedsdr.
0 0
(4.19)
i Holder A5, 2 r > 1 A
laCr, P = o APl < el )] = o0, Yl (lalr, L + fotr, D).
5 2.2 1 G-N A&
leatr, )P = fo(rs P lonze < = ol (a5t + [ol25) + = oll oo (252 + o]250)
< (14 7)" B0 D000y o (ul52 + el

+ (1+7) 7= D072y — o] e (Jull5e sy + oll)-
(4.20)
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$ (4.20) N (4.17), (4.18) BLIK (4.19) H1, % B, (n,0,p) > 1, B,(n,0,p) > 1, y € (1— 2, 1),
FIH 5 FE 2.3 7715

INu = Nollxe S llw=vllxe (lullieg, + lol5)- (4.21)
2 b, BHIERS (4.4) 5 (4.5), fHiz IAS) RUE B PTERRTE o > 25T AR (1.1) BT
FEAEE—E, AT R 384t
lull 2 S (1487377 (g, wa)| 4,
I1DI7ull L2 < (1+1) 7% 75| (ug, ua)|a,
10l S (1+4) 7 (g, )4
5 ESREBIZEML, BT o = 2 BRI 17 00— PERISER A T
lull 22 S (1) (uo, )l 4,
I1DI7ull2 S (1+14) " log(2 + 8)]| (uo, ua)|4,
10l S (1+) 7 (g, )4

N o > 2 I i R R

ERREIR 3.2 Bl w M (1.1) MAEARMR. & U e C(R™) NERXTFRER L, 2
(1) supp¥ = By,

(2) 0< W <1, HXTHEREM 2 € By, ¥(z) =1,

(3) # |o1| < |wof, W W(2q) > ‘I’(wz), Ho Br = {x e R": |z| < R}.

w(t) EXWF .
w(t){lT’ te[0,T7],

0, t>T,
HH suppw = [0, T), X FAEEM 8>k > 0, wP(t) € C*([0,00)).
MAEER R > 1, & Ug(z) = U(%), Pr(t,z) = °(t)Vg(zx), SINKE ot 2) =
DﬁTq)R(tax) = DﬁTwﬁ(t)\IjR('r)a I)_I\IJ Supp¢ - [07T] X BR-
La:=1—7, 3> (a+2)p, Hp & p R3L5esas. ol 24 15
Dijr®r(t,z) = \I/R(:v)Df‘“Twﬁ( ) = OWg(x)T~ WP~ (t),
O Dfir®r(t,x) = —Wr(z) Dy W’ (1) = —CWR(x)T~ w71 (1),
;D ®g(t,x) = Wg(z) Dy 2w’ (t) = CUR(x)T* 20~ 72(1),
Hp O ER. BT o BB A (-A)7Ug(x) = R (-A)7U(%).
HH SR E X (2.4) 17

@) /OT /BR Jg‘lt(|u”)¢(t,x)dxdt+/BR u1(2)9(0, x)dx

_ / /B (G (t,2) — (— AV du(t 2) + (—A) () — by (1, 2))dardt.

Zl&
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2 Ig =T (a fo fBR 0|t (|u")o(t, z)dzdt = T'(a) foT fBR [ul?®pdzdt. T HZEAT A

T L.
/ / Ud)ttdlvdt :/ / U@};%@de)ttdxdt
0 Br 0 Br
T T e )
e/ / up¢>Rd$dt+C€/ / Q7" @F dadt
0 Br 0 Br

T 1 , ,
<elp+CT (0427 / / WP ()W 7 R PP () dad
Br

< elp+ COT (@t2p'+1pn,

T T L
/ / u(—A) pdrdt = / / u®r® " (—A) pdrdt
0 BR 0 BR

T
—ap’ —20p’, B—ap’ z —r1
<elp+CT™°" /O /BRR Pl (1) (¥ () (4.23)

x ((—A)U{/(%))p/dxdt

(4.22)

< elp+ CT VTR

T
— / / u(—A)° pdadt = / / UD;T;%Rdxdt
0 Br

:/ / 7¢L<1>1ﬁ,4<1>;E (—A)7DyT @) dadt
Br

T
S 6[R+CET(Q+1)p,R20p,/ / wﬁ*(aJrl)p/(t)(\Ij(%))_%
Br
X ((-A)G@(%))P’d:pdt
S EIR + CTI—(a+1)p/Rn—2Up/.
(4.24)
T T
/ / u(btdmdt:/ / qu‘;qu’Rdmdt
0 Br 0 R
(4.25)

T 1
< elg+ C.T~HDV / / w(ﬁ*“*”p/(t)(\I!(%))p,@;ﬁd:vdt
Br
<elp+ CT'-(e+r' pr
25 (4.22), (4.23), (4.24), (4.25)

In+ / w1 (2)6(0, 2)dx < delp + TP R*(T-2 1+ R=27" 4 7~¥ R=200 | T~} (4.26)
Br

e (0,1), (B ULOST <1, 15
In ST =" RYT% + R 4 TP R 1 77,

W R="T3, 1%
Ip < TV (ot p'+a5
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HEL, B0 > 200,y >1- 20, 1 (a+1)p' + £ <0 HHNY p < 1+ 25570 1
Beppo Levi HRFSEEE, T T — oo, @ o — 1 At

lim I =0

T—o00

KI5 w = 0, X5 (3.5) FJE.
FEpi=1+ 22 g FAEK, A R=T=K 2, K> 1. | (4.26) &

n—20(1—7)

(1 —4e) / / |u|P® rdxdt < C_’Kfﬁ(Tfﬁ/ + KPP + TP KP4 1).

L
20

B, 2 T — oo, AT HL C(K) > 0H

/ / |ulPdzdt = hm / / ulP®, o o dedt < C(K). (4.27)

L1
20

T?E%B’Jﬁi%ﬁ 0,4 |z| < § (=AY UR(z) = 0. HIEIG FAE AR KL, 24
R=T % = B,

T T
/ / u¢ttd$dt§e/ / WP pdadt + C.K 2T (4.28)
0 Rn 0 Rn
T T
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GLOBAL EXISTENCE AND BLOW UP OF SOLUTIONS FOR A
CLASS OF DOUBLE DAMPED ¢-EVOLUTION EQUATIONS WITH
MEMORY TERM

LIU Mei, HE Xin-hai, YANG Han
(School of Mathematics, Southwest Jiaotong University, Chengdu 611756, China)

Abstract: The purpose of this paper is to study the Cauchy problem for a class of double
damped o-evolution equations with memory term. With the help of the decay estimates of the
corresponding linear problem, the global existence of the solution of the small initial value problem
is obtained by using the contraction mapping principle. Moreover, when the integral of initial value
is positive, the blow up of the solution and the upper bound of the lifespan are obtained by using
the test function method. The conclusion on the sigma- evolution equation with double damping
term is generalized.
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