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Abstract

In this paper, we study a class of special non-instantaneous impulsive differential equations with
left and right fractional derivatives and delays. The equations have cross delays and nonlinear
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boundary conditions. Based on the upper and lower solution method, we obtain the existence
theorems of multiple positive solutions.
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iDru(t) = f(Lu(t)u(t+n)), tefoe],

ADlu(t)=f(tu(t)u(t-7,)), te(£],
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a < B <a,<p,,
HA:[a,p,] > EREELE T, HNEHE T,
a1<Aa1’ Aﬁl<ﬂ1’ a2<Aa2’ Aﬂzjﬂz'
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(DIu(t)=h(t), te(0,¢),

~Dlu(t)=y(t).te(£),
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Horp
g,(t,s), 0<s<t<¢&
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B 1 nn, (1-&)*” on _
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ftA:
u(t)=12h(t)+c, +ot :ng(s—t)a_lh(s)ds+co +ct,

I(a)”
[F(s=t)""n(s)ds+a,,

1
I'(a-1)

u'(t)=-

{02 (t) = [ h(s)ds (e -0
,“Dlu(t) = y(t) R y:

1o t—s ’Hy s)ds+c, +c,t,
£ 2 3

T(p)*
u'(t)= - E(t—s)ﬂ’zy(s)dsmg,

DI u(t)=[ly(s)ds+ (i

C3
r(-4)
WEAEME AU(E)=1,Au"(£)=Q 7
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C,—C =1-Q¢,
¢, -¢ =Q.
FEH A mu(0)+nu(1) =7y, myDIu(0)+n, D/ u(l)=7, W
1 [ m .y nm, 1 LN,
Cy = m1+nl{I°[F(a)s N ]h ds+n1j [F,B (1-s)”" AJy(S)dS
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Cl_A_l[mz-[Oh ds+njy ds+ (3 ) ;/1],
_ 1 s ms*™t nm, 1 (1—s)ﬂ'1_n_2
c, = m1+n1(jo(r(a)+ A Jh(s)ds+n1j§[ t) A y(s)ds

nn, (1-6)" ) n
—mll+[ml§+n1+ AT (3= f) ]Q Al?’l 7’0}

_i 4 1 sz 2-a
cs_Al(mzjoh(s)ds+n2j§y(s)ds+—r(3_ﬁ)§ 7/1}.

I, ite[o,£]H,
u(t):rL)f(s_t)“h(s)ds_ : l[jj[rml s“+n1m2jh(s)ds

(a m, +n (a) A,
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4t e (£1]H,
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a-1
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Gy (t:5)=g:(t5)=—— [ml SH+nlmz}t&'agl(t's)=&>o;
m +n (I'(a) A, A, ot A,
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H0<s<t<ERY, Elﬂ?Gl(t,s)zgl(t,s)+r(a)(s_t) 1
2
G (ts) 1 (S_t)a72+ﬂla Gl(zt,s): a-2 (s—1)"* <0,
ot I'(a-1) A ot I'(a-1)

e, )Mo it 6 () kT RS, B
1

G,(0,5)<G,(t,5)<G,(&,5).

G,(0,5)=0,(0,5)+ L gen___1 (ml s“1+n1m2]+ LI

_ 1 N e M, _ n, -1 . &
B ml+nl(r(a)s v A J> m1+n1(1"(a)§ +A1J>O,
M0<G,(0,5)<G,(t,5)<G,(&,5) L.

2) WFte[£l], BE<t<s<1nf,

G, (t.s)=g,(ts)=—— 2 (L(l_s)ﬂu“_z}tﬁmzn_zw
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HESsLStLLR,
_ 1 oyt Go(ts) n, 1 Y=
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G,(£,5)<G,(t,5)<G,(Ls).
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It, 0<G,(&,5)<G,(t,5)<G, (1) KL
iEEE
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(Du(t)=0, te(0,8),
~Du(t)=0, te(£),
Au(&)=1, AU'(£)=Q
mu(0)+nu(1)<0, m CD“1 (0)+nzéth”‘1u(1)20,

(4)

Wu(t)=0, te[0,1].
UEW]: HHERheC([0.€].R"), yeC((&ALRY), MT 1 <0, 7, <ONHHL. HHELN I M

(Dru(t)=h(t), tefoc],
D u(t)=y(t), te(&],
Au(g)=1, Au'(¢)=Q.
mu(0)+nu(1) =y, m,;DIu(0)+n, D/ u(l)=7.

I ATEC!

j L (t,s)h(s ds+j 9,(t,s)y(s)ds+A, +Al(% le,te[O,f],

u(t)=

[1G. (t:s)y(s)ds+ [ g, (t.s)h(s)ds+ A, +L( gmzﬁ)fz'“—yl],te(f,l].

48 Qn, (1_5)2—/3 _ sznga /8
H(HL) "1, A,A,,A;>0, —F(S—ﬁ) 7n>0, 1"(3—/)’)_7/1>0’ te[0,1]. W5 3 W3

u(t)=0, tef01] AL,
EER
3. FPHMNAHREN L TRAZE
NITAERGER, FATMBRCS ST 2 LA i
(H2) MR U <u, v, <v,, f(tu,v)<f(tu,v,).te[0,&],
g(tu,v)<g(tu,y,) te(£1], H(u)<1(uy),Q(u)<Q(u,),t[0,1].
FHER U <u,, v <V, F(tu,v) < f(tu,v,),tel0,],
g(tu,v)<g(tu,v,),te(&1], 1(u)<1(u,),Q(u)<Q(uy),t[0,1].
(H3) #H(HLAAL, Hox, %, Y, Y, eR, Hx <X,y <y,
hy (%o ¥2) = ho (X0, Y1) < =my (% =% ) =y (Y, = Vi)
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WP={ucE:u(t)=0,te[01]}, B P E P IER M. HF u(t) <v(t), te[01], Mu=<veP.
XHEREue P, FEWFAE -

DL u(t)=f(tx(t) x(t+7)), te(0.8),
ADlu(t)=f, (Lx(1). x(t-7,)), te(S1),
Au(g)=1(¢.x(8)). Au'(§)=Q(&:x(¢)),

5)
mu(0)+nu (1) = hy (x(0), x(1)) + mx(0) + X (L) = 7 (),
mZtD 'u(0)+n Df”l u(1)
hl( D'x(0), ,*D{ (1)) + m, D2 x(0) + 1, DI x(1)i= 74 ().

1512 2 J1, S AE 1) (5) A HE— i

[ 61 (1) (5x(5), x(5+ 1))+ [ g, (1) , (s,x(s) x(5 7))
+A;+Atl{‘?( (()) e 9 —71<x>].te[o,§1,
M 1) e85 [0 (05) (e
A +%[—Q(§’(§(_§;))m2 £ -, (x)], te(£)
Hrp
e b [nl. (g,x((;>>+n{1_§+%Jo(ax(g))—z—llmm—m<x>}
o (e me e g 22 o) B0
EXHF
Jy G (18) (5.x(s). x(s+ 7)) ds + [L0, (6:5) T, (5.X(8) x(5 - 7,)) s
+A;+AL1[Q(§’X(5()£2§)_§)Z_ﬂ —71(X)J, tef0.s],
(1) =

162 (t,5) f (5:X(s). X(s=7,))ds+ [ 0 (t,5) i (s, X(5), X(5+7,)) s

sty
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BIHE 5: F(HLMAL, W T HAESH T,

WEBH: 5| 3, 5[E 45, MEZExeP, é’{te[o,l]ﬂq‘, TX >0 SR .

Bk, T:P—>PREHEXW.

BTk, BA1 PIBEY:

g TRESLHET.

BOER X, € P, n=12, fFExe P #3250 >0 I, ||x, - x| > 0. WFELE M, >0, 3 |x, | < M,,
<My ST, £, 45 1,QeC(RR), Hyp(x),5(x)e R U]

Iim(f1 (t %, (1), %, (t+7,)) - fi(t, x(t),x(t+rl))) =0,

n—oo

lim ( f, (t.%, (t), %, (t=7,)) - £, (t.x(t),x(t-7,))) =0,

n—oo

lim|1(x, (1)) 1(x(1))[=0, lim|Q(x, (1)) -Q(x(1))| =0,

fim (o (%) =70 (%)) = 0. lim (3, (%, )= 7:.(x)) =0,
HAFEHHM, >0, 1%?%(tigiA|fl(t,u,v)|sMl, (t‘sugiB“Z(t'u’v)FMl’ Hrh
A=[0,E]x[ My, My x[ My, M, |, B = [£,1]x[ Mo, M, <[ My, M, .
PRSI 3 W4, Hte[0,&]R,
[T () =T (x)
J; G (6s)(fu(s%, (5). %, (s+7,)) = (s x(1) x(5+5,)) s

+Eg2 (t.5)(£,(5.% (5). %, (7)) = £, (5.X(5), X(s—7,)) ) ds
t[(Q(g’xn(5))_Q(§’X(§)))n2(1_5) _(71(Xn)_7/1(x))J‘

+(A§" —A§)+A—1

T (%) =T (%)
ijl (t,s)( £ (5%, (3). %, (5+7,)) = f, (s, %(t), x(s+rl)))ds

+J§92 (t,s)(f2 (S’Xn (S),Xn (S_Tz))_ f, (S’X(S)*X(S_Tz)))ds

(o _A;)%{(Q(axn(f))—crzg,_xg)))nz - (n(Xn)—n(X))J‘

1

I H Lebesgue 2 il st $4 e B w1, lm”Tun —Tu||[0’¢] =0. A4, ler;”Tun —TU"w] =0,

B, TR te[0.1]. 4 lim|[Tu, ~Tu| =0, WSLT T &L T
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LQcPHHRE, Bf, f,, |, Q MIESEMA, F/EM, >0, FHENEREte[0,£], uve,

B (Luv) <M, s SHERte(81], uve H |G (Luv)<M,, [I|<M,, [Q<M,, [ (x)|<M,,

|71(X)|£M20
Iy
\ 1 ,(1-&)"+r(3-5)) |-
al=— nl[n{z—gu e j 1J|\/|2
oo b (em1yen |14 TB-8) 4 lg
st
tiﬁ@]hu(tﬂg j:Gl(f,s) fl(s,x(s),x(s+rl))ds+j;g2(1,5) f,(s,x(s),x(s—7,))ds

VI {Q(éx(é))nz (1-¢)” _h(x)J

A r(3-45)

S[JfGl(rf,S)dHEgz(1,S)ds—mlinl(n{Z—& " (1_5;(2:;()3‘@}_1]
J:G2 (15) Ty (s.x(s) x(5=r,))ds+ [} 0, (£,5) fu (s.x(s), X(s+ 7)) s
A +A£[Q(f,x((:>>mz ae, WJ

A T(3-8)
n, -I'(3-5)
{ml (5—1)4‘ nl (1+m}-1}

T <
tz(Liﬂ]| U (t)| =

< [J';Gz (1s)ds +Jf g, (&,5)ds— — !

+i[ mys” —1DI\WZ.
A (T (3-5)

Kk, HFT(Q)—EhH 7
TG, (t,s), 9,(t,s)fE[0,&]x[0,&] LH#ESE, FILAG,(t,s), 0,(t,s)fE[0,&]x[0,&] £—Briksk.

=

X EZ e>0, fFfE0<5, < 272A1F(3_ﬁ) —, Ay -t <o, A
2|n,(1-&)"" =T (3= B)(1-n,)| M,
G, (t,8) =Gy (t,.5)| <\ [0, (t,8) = 9, (. 5)| < e o B, AHERLAIL, L, €[0,6] [ty ~t,|<6,> ueQ
4M, 4M,

f
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[£(6:(6:5) 6, (1,9) T (su(s).u(s+7,)) s

#1292 (4:5) =95 (6:9)) o (s.u(s) . u(s—7,)) ds

t—-t, [ Q(&x(£))m, (1-¢)
+ A, [ F(3—,B) _7’1()()]

|Tu (tz ) —Tu (ti )| =

<M, (Ij|Gl (t,5)-G, (tz,s)|ds+.f;|g2 (t,s)-9, (tz,s)|ds)

In,(1-¢)"" -T(3- B)(1-n,)M,
AT (3-5)

+t -t
<é.
NHTG,(t,8), g,(t,s) fE[,1]x[&,1] EiEEL, FrLAG,(t,s), g, (t,s)fE[&1]x[&,1] L—Euks:

2 5A1F(3_ﬁ) ’ %|t3_t4|<5zlﬁ’ &l
2|m, &> —(m, +1)[ (3= B)|

|G2(t3ls)_Gz(t4,S)|<ﬁ, |gl(t3's)_gl(t4,s)|<4—:‘z20

kXt bk e >0, fFE0< S, <

B, SHERMIG,L, (£, tb-t]<s,, ueQ, A

[Tu(ty)-Tu(t,)| =

.C(Gz (t.5)= Gy (t,.5)) f,(s,u(s),u(s—7,))ds

+jj(gl(t3,s)— 9:(4.8)) fy(s,u(s),u(s+z,))ds
+t3 _t4 (Q(f,x(f))mz é;z-a _71()()]

A r3-zs)
§M2(£|Gz(t3,s (t,8 |ds+j |9, (t,5)— 0, (.5 |ds)

m,&> —(m, +1)r(3-8)| _
MZ
AT (3-5)

+[t, —t,]
<é&.

[A T(Q)E[o,g],(g,l]i%}#i@ » B Mt e[0 1] I, XHER & >0, FF7ES, >0, Kty —t;| < &,
I [Tu(ty)-Tu(t)| <2 » BHBE, T(Q) RHREELM.
1 Arzela-Ascoli ZFLAIT (Q) X FIK . XPFONE T TR2IESE T, U1 T2 aEs:m.
HEEE
SIE6: T imMHE 1.
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