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D¢, (r(t)DS yu(w, t)) + p(t) DS yu(w, t) = a(t)h(u)Au(w,t)

+ Zle a;(t)h;(u(z,t — 1)) Au(z, t — 1) — m(x, t,u(z, t) — q(z, t) F(u(z,t)), tF# g,

DY yu(x,t)) — DS ju(x, ty) = ap DS yu(x, ty,), k=1,2,3,--- ,(2,t) e A x Ry = E,

uw(z, th) —u(z,t;) = Bru(z, ty), k=1,2,3,--- ,(z,t) e x Ry = F,

(1.1)
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ou(x,t
8(N ) _ 0, (z,0)€dUxR,, t#t, (1.2)
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b o€ (0,1), A NEERHE T, Q £ R WA FIK, 00 785060, Q@ =0Uo0, N
OO WHAANERIE, 0 <t < - <t; < - Eﬁﬁt_+m'

IR AT A AR

(H1) a(t),p(t),a;(t) € C(Ry;Ry), r(t) € C*(Ry;Ry) Hry >0 EH, i e I, =
{1,2 ,j}, ap > —1, Bk > —1.

(H2) q(z,t) € C(E;Ry), q(t) = minq(x t); W (u), h;(u), F(u) € C(R; R), XF z # 0,

z€Q

AAAE— IR o, 15 x)>c>0 u# 0, uh/(u) >0, uh;(u) > 0.

(H3) m € C(F x R; R),

>0 0
m(x,t,n):{ - ) 776( ,-'-OO)’

<0, ne€(-00,0).

(H4) u(z,t) FERDTEE FE DY ju(x,t) R BOESREL ¢t =tk =1,2,3,--- N
— 2RI RL, HAE t = ¢ AAESE, B DY u(x,ty,) = DY yu(w, ty), u(z, b)) = u(z, tk)
EX 1108 f: R, — R, Bﬁéﬁjﬂ a > 0 ] Riemann-Liouville 7243 #f 3 53 € LR

I et
o )/(t—v) f(v)dv. (1.3)

ERTE Ry 2B E XM, T /& gamma pREL.
EX 1.2 19 {Z1E 51 Riemann-Liouville 4 #¥ S 480w L+

{ Dy () = sy ik [ (£ — )7 (£(&) — £(0))dE, 0 < a <1,
Deft)=(f"t)" ", 1<n<a<n+l.

(Lo4.f)(t) =

(1.4)

THAEET o & IE)E ) Riemann-Liouville 20 B S8 — e+ H A 2
ayr _ F(1+a> r—o
D = ra—at
D (f(OA(1) = h(®DFF(t) + F()DFhD),
D fIh()]

FDERE) = D AR ()"
Je—BEAE A ST IR B o 2 2 e S
_ _ o [(PQ) __ ~o
00 = [wein. RO =13 (U0, €= e TO =10,

BE) =p(t), (&) =q(t), ¥(E) =v(t), R(E)=R({).

2 EZELRMIERMR
EIR 2.1 WA T AR B s AR

Dy, [r(t)D ,U(t)] +p(t) DS, U(t) < —cq(t)U(t)
DS UtT) =(1+a)Dy,U(t), k=123, (2.1)
Utt) = 1+ B)U(1), k=1,2,3,---
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BT R MR, HR Ak o B o AR
DY, [r(t)Ds U(t)] + p(t) DS U (t) > —cq(t)U(t)
D$ U(t) = (1+ o) DS, U (), k=1,2,3---, (2.2)
UtT) = (1+ B)U(1), k=1,2,3,---
BAT AR, IBATTRE (11) R (1.2) IAREANET FUR w(o,t) 76 E WEEIRSNH.
WE W u(z, t) 27 (1.1) A1 (1.2) ’I— N EEIRSIAE. AWTRAFELE to > 0, 1815 u(z,t) > 0,

u(x, t —1;) >0, (z,t) € QX [tg, +00).
Mt £ty BT (1) BT RT o /£ Q WS, 155

DiJ/Q (r(t)DS yu(, t)) dz + p(t / DY ju(z, t)d

=a(t) /Q h(u)Au(z, t)dx + Z a;(t) /Q hi(u(z,t — 7)) Au(z, t — 7;)dx

- / m(z,t,u(x,t))dr — / q(z,t)F(u(x,t))dx. (2.3)
Q
H Green A3 WEKMF (1.2) KM (H2), B 5153
/Qh(u)Au(x,t)dx = /aQ h(u) 8(I ) s — /Q "(u) | grad u |? dz
= —/ h'(u) | grad u |* dz <0, t > to, (2.4)
Q
/ hi(u(z,t — 7)) Au(z, t — 7;)dx
Q
= —/ R (u(x,t — 7)) | grad u(x,t —7;) |* doz <0, t > to, (2.5)
K
/ m(z,t,u(x,t))dx > 0, t > to, (2.6)
Q
/ q(z,t)F(u(x,t))de > / cq()u(z, t)dr > cq(t)U(t), t > to. (2.7)
Q Q
i (2.3)-(2.7) R, 53
D¢, [r(t)DS U )] + p(t) DS U(t) < —cq(t)U (1), t > to. (2.8)

Bt =t 2RI (1.1) 5 AR TR =TT o £ Q A, 193]

DS, U(t)) = Di’t/ u(z, ) )de = (1 + o) DS, | w(x,ty)de = (1+ o) DS U (ty),
Q Q

k=1,2,3,---. (2.9)
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UtH) = /Qu(x,tz)dx =1+ ﬂk)/ u(z, ty)de = (14 Bp)U(tr), k=1,2,3,---. (2.10)

1 (2.8)(2.10) 3K, U(t) = [, u(x, t)de BRI B A% (2.1) MR LMW, X5
BTG .

Fou(x, t) &Rk B o AR (1.1) A (1.2) ME & fR. AR 8515
BU®) = [,ulz, t)de IR EE o A% (2.2) FR&NE, Z5REOPE. €85
k.

5138 2.2 8] 35 G(t fo (t —v)~*U(v)dv, « € (0,1), t > 0, Il G'(t) = T(1 —
a)(DLU)(t), o€ (0,1), t>0

51 2.3 HO0<a<l, W (DY f)(z) = f(z).
W HEX 1.1 f1.2 /45

(D15, f)(a) = ml_a) 2 s [ R - o)
et e f)l

1 a—1
:7F( T a) d:L‘/ fs)ds/s (x —t)"*(t —s)* "dt.

%t = s+ p(x — s), FIH Beta BREHE LS

JCEUREE N )y = Blos 1~ a),
D) = it [ s = 1),
513 2.4 29 1% w € PC'[R,, R],
w'(t) < gwt) +g2(t),  t#th, t=to,

EP 91,92 € C[Ry,R], 6, &AL, PC'[Ry,R] = {x(t) : Ry — R, s(O)TEFR t = ty,k =
- CUSNI SOESE T, (8], (), 2/ (6), @/ (6 TP EE, B 2(te) = a(ty, ), @/ (8) = 2/ (8)}.
)E“J

w(t) <w(t) [] (1+5k)exp(/ g1(s)ds)

to<tp<t to

+/:H

0 s<tp<t

(1+6x) exp(/ g1(o)do)ga(s)ds, t>to.
I 2.5 BT >0,

o 1
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A
13
. 1+ B ~
1 s)ds = 400, 2.12
i [TT it (2.12)

Frh g (s) = ceROG(s). MATTE (1.1)-(1.2) AT AR u(z, t) £ E WIRZD.

WE A RAEE. AR U(t) 2Rk BN s A% (2.1) WaAERSIR. Ak — etk &
WU (t) BB M A5 (2.1) FIREIEMR, FE e >0, #B7 UEr) >0,Ut—m7) >
0,G(t) >0, ¢t >t H (2.1) A& H 2.3, FH

D% [ (t)DYU(t)] = e* DY [r(t)DSU(t)] +r(t)DIU(t)De
= ™MD [r(t)DSU ()] + r(t) DDLU (t)e™ W DS Ig, (TEED
= DY [r(t)DLU(t)] + ™ p(t) DSU (1)
= ettt [Dam U(t)] +p(t) DU (1)]

< —ceDqt)U(t) < 0. (2.13)

B LA eBOr() DU () fE ¢ > ¢ FRBERE. AWk DYU(t) > 0, t € [t*,00). B, 7

TET € [t*, 00), ffif3 DIU(T) < 0, efOrt)DU(t) < D (T)DIU(T) = ¢ < 0, HHi ¢
fEt e [T,00) &M RIETIH 2.2, H

G'(t)

C1

1 - «) =DiU) < RO (t) (2.14)
St EIRARESRM T 2 ¢ By, 13
bGa(s) "o
fo mime s [, e (218)
|
Gt)<GT)+TI(1- a)CI/T R (s) ds. (2.16)
Mt — +oo, Jim G(t) < —o0, X5 G@E)>0FE. Bk DIU@) >0,t>T.
/Q\‘\
w(t) = eR(t)W’
M w(t) >0, # (2.1) X513 2.3, K555
o (0 paTODIUR), | r(ODIU) o r.
Dew(t) = RO D U(;) ]+ U<+t> DS ef'®
_ or DErMDIU@]  FOrDIUMDIUE) | pl1),
u(t) U?(t ) r(t)
ry —PO)DLU) —cq()U(E)  w(t) | p(t)
=M = Fr@ * o

< —cef®q(t) — ﬂw(t) ;Uj(t) p() w(t)
r(t) efr(t) =~ r(t

< —ceffWq(t). (2.17)

)
)
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-~

il
DSw(t) < —y(t), (2.18)

For () = cePfWq(t). R (HL) A w(t) e L, A% (2.1) 128 A7 =10
TR

1+ ap
1+ b

2 &= miy @(€) = w(t), P(€) = $(t), W B(€) > 0, AT LIFH]

w(t)) = w(ty), k=1,2,3,---. (2.19)
Diw(t) = DS w(§) = w'(§) D5 (§) = w'(€), (2.20)
) (2.18) AR
w'(€) < (&) (2.21)
H (2.19)-(2.21) X, HH1E 3

{ef(&) < —PE),  E#&, £t 099
w(gh) = }i;’; w(&), k=1,2,3,---.
ARSI 2.4, 15
~ ~ 1 +Oék 1 —|—ak
(e) < at”) /
t <£ <¢ 1+ By * <15_I<§
1 —+ oy ~ /
W(s)ds| <0, (2.23)
t*g<§1+ﬁk L t<§<€

X5 @(€) > 0 T, EE 2.5 M5 TEAELE.

Ut RAER (2.2) —NERSIE. AWk U(t) Rk H s A %R (2.2) 10
AR, W G(t) < 0,t € [t*,00). FARMITIE, HHBE DIUR) <0, t > t*. L w(t) =
— MO MO i) < 0. KRR (2.2) K, WLMEE] DYw(t) > ceROq(t) = (1) Ml w(tf) =

Trw(ty), k=1,2,3,--- . HI

{M&) >P(E),  E#&, £t (.20
{D(glj) = iig: (516) k= 152)37"'
#5(6) = —(¢) o
{v/(&) <€),  E#&, £t 2.35)
D) = Heu(g), k=123,
HoH 2.4, 15
B(€) < o(tY) ! + O"“ /t I1 1 igl’: (2.26)

t* <§ <E s<€R<E



234 g4 =2 7 & Vol. 40
Il
~ e 14 ag 1+ Clk
w0 [1 s [F [
t*<§k<f k s<€r<E
1+ Ozk 1+ ﬁk
= s)ds] > 0, 2.27
H 1+ ﬁk /t; H 1+ lek S] ( )

t*<€p<f t*<Erp<s

XH®R w(§) <0 FJE. EH 2.5 IEHE.
3
Bl 1 ER8anF A

D%t[e_t et D2 su(z,t)] + %te_t_#ﬁDitu(m,t)
= elu?Au(x,t) —|—tsAu(x t—%)— lft(zifjg — (2% + Pu(x, t), t#t, (3.1)
D_% u(z, ) — D+7tu(ar,t;) = Ditu(q:,tk),k: =1,23,---, (z,t) e QxR =F .
w(z, tf) —u(z, ;) = u(z, ty), k=1,2,3,--, (,t) EQXx Ry = F
A FFA R
t
aua(fv’ )0, (@) edOx R, tih, (3.2)

I 7E(3.1) R, r(t) = e UTIAY p(t) = Lte TIAY a(t) = et ai(t) =t
3¢,
71115(2”_;22, h(u) = u?, hi(u) = 1, q(z,t) = 2% + 1%, q(t) = min(z? + t?) = 3, F(u) = u, w >
c=1,j=1,a,=03,=1 4

R =14 ) =5 [ (=0 (G = s [ ot -0t = 2

7d — d = Sd =
/t* r(s)eR(S) 5 /t* —5— 3\2/;5% is% 5 /t'* €as +ooy

y

3 —_— § 3 3 3 3 .
lim [ ef®qg(s)ds = glilrn ev7"" 2ds = lim [y/msiesv="" |X —/ eives" /rds?]
g o0 t

ey oy Jin *
2 3T 3
—oe b 2
‘ 3r [¢ 3
= lim [ymszesv="" |1 —/ desv7""]
3 3 s »
= lim [Vagtenint! - Teret!  frterttn! - Mestme])
§—o0 2
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3
: 1+ Bk =
1 ds = .
i [ T1 o ids = o

*

t*<&r<s

Wy E R 2.5 AN, A (3.1) A1 (3.2) HIMFASE RSN
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OSCILLATION FOR A CLASS OF IMPULSIVE FRACTIONAL
PARTIAL DIFFERENTIAL EQUATIONS

FENG Qian, MA Qing-xia, LIU An-ping
(School of Mathematics and Physics, China University of Geosciences, Wuhan 430074, China)

Abstract: In this paper, we study the oscillation criteria for a class of impulsive fractional
partial differential equations with Neumann boundary condition. By using the properties of the
modified Riemann-Liouville fractional partial differential equations and a generalized Riccati
technique and the differential inequality methods, some sufficient conditions for the oscillatory
behavior of the solution are obtained. As an application, the relevant example is given to illustrate
the main conclusions, which generalize the results in [12].

Keywords: impulsive; fractional partial differential equations; modified Riemann-Liouville
fractional partial derivative; oscillation
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