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Existence of solutions for fractional differential equation
boundary value problems at resonance
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Abstract ; By defining appropriate Banach space and norm, giving the appropriate projectors , using the coincidence degree
theory due to Mawhin and the properties of fractional derivative and integral, the existence of solutions for fractional (n—1,1)
conjugate boundary value problems with the Riemann-Stieltjes integral boundary condition at resnonce is investigagted, where
the nonlinear term contains fractional-order derivative and may be noncontinuous . An example is given to illustrate the

main results.
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PR 23 B (n— 1, 1) S50 1 F Ja) 43 -

De2(p) = (2,20, D 2(8)), a>1, ae z€ [0,1],
X D
22 =0, 0<j<j—2, (1 =j 2(DAAD

L]

RRMAENE, Hf A® BL0,1] EMBAERTZRE L n BRTHEF T « MEB/PNER
BT & RAL:
COf:[0,1]XR* > REFL?[0,1],1 < p <+ oo jfE S-Carathéodory &/, B :
1) Xfae € [0,1],f(, ) FE R &%
2) MHER z € R, f(+,2) &[0,1] £/ Lebesgue A #ll 5l ;
DXMER > 0, FEFERER o € L?[0,1] f#45:
|f(3!u!'0) |<§Dr(3)sa-e- 36[0s1:|9 |u|<r, |U|<ru

1
CO A A = 1, Lt"dA(t) =1,

2 WEFAIR

A TIRBHEMGS S, BAGH LM ESNEF BB FEERE, WX 10].

% X,Y BAC Banach ZH],L:dom L C C— Y EHEHANFEH FredholmBF,P. X > XHFAQ:Y>Y £
EEREET . HHE ImP=Ker LLKerQ=ImL,X=Ker L@ Ker P,Y=Im L @ Im Q. T H
L:dom L | Ker P—Im L ZA#K, H K, R-BERH.

EX1 BOAHXWARFFE, Hdm LN Q= BEFN: X>Y, MEAQND FH#, H
K,(J—QNW@ REW, MK NEQ LR L- BN,

EE 1M R L ERBHAZEN Fredholm BEF,NEQ LR L- BH BB T KMHERL:

DLz # ANz , 3 HE (2,2 € [(dom L\Ker L) N 32] X (0,1);

2)Nz & Im L, H{EE = € Ker L ) 90;

3deg (QN |gers2 ) Ker L,0) £ 0,

W Lz = Nz fEdom L N 8 LEVE 1 M.

PAF & X A5 S WacER[11] fiscER(12].,

EX2 B y:[0,1]>RW« BraBHRaEXN

('3 — 1 ¢ _ a1
I (D P—(Q)L(z 9L y(s)ds, @

KA o> 0, AmB AR, 1] KEZERAR.
EX3 R y:[0,1]> RE e BrakbrREE Y

— 1 i ¢ _ a1
D y(2) = Tor—o ar c.(at DT y(s)ds, 3

Hf o > 0, AMBHEHEL, 1] KAZRARBET R n = [a] + 1.
511 ®fe€L'[0,1],¢g=2p>0,g>1,MDLIE f() = IEF (D

F(A + 1) i(zﬁ)—g)
'n+i—e+1 d” ’

glﬂz ﬁa>0;l>—lgﬁﬂD§+tz=

HEF n BRTFRET « WE/NEES.

BIE3 Diu@® =04HMYu@® =t o+t HF nRRTFTRE T« WE/DEER,
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B E&M CO &M C) Har.
PR X =C0,1]={z| z,Di'z € C[0,1]},BHEXH |z | =max{ |z, | DF || -}, H
Hlzl. = max | () | BXHER[13] H0,(X, | « || ) & Banach = [H, R Y = L?[0,1], BEE LA

I3, =C[ 15 17475 3k p R .

EXEMEF L:dom LC X—>YWTF:
Lx = D{. x,

S,

dom L= {2 € X | D5z € L2[0,11,2%(0) = 0,0 <j < n—2,2(D) = ﬁx(z)dA(t)},

EXELXHEF N:X>YWTF:

Nx = f(sz(z)ngIlI(z))s t e [0!1]’

WMEFHRE Lxr = Nz,z € dom L BB A AERE) K&,

B[E5 BERECHOFAEHLEC) B, M L:domLC X—>Y B AZEN FredholmBEF . HBEETF
QY—>YEEFL:domLNKer P>ImLKBHEETFK, BFH

Q — W[Ji a— s)rly(s)ds—m:(z—s)rly(s)dsdA(z)],

1 T
K,y = mjo(z— D ty(s)ds,

B BHKer L= {a= | cC R .EXET P:X—> X % Pz = D2 s sp st warsa

I'(a)
Plr=Pr,2€ X, HIm P=Ker L,X = Ker L@ Ker P,
Bl Le =y, € dom L] y HE:
_[1(1 _ s)rlycs)ds—ﬂr (t— 97 y()dsdA) = 0. )
i) 0J0

R, 2 yEREXW, K20 = ﬁj (t— D y(Hds+a yc € R,
BiIEx € dom L, H Lr = y. \TiA]$5:
mL={y€Y| ﬂ (1— s)rly(s)ds—m:(z—s)rly(s)dsdA(z) =0},

BAKerQ=Im L, BERAHRIHBEANR Fy=Q,yc€Y,

ERycY,Hy=G— Q@ +QQHAY=ImL+ImQBMycImLNImnQHAyc ImQBy=Qy,
HyeImL=KerQBEQy=0,Ay=0.UBEY=ImLAP Im QAW dim Ker L = dim Y/Im L =
1,80 . L BHEEBAHZER Fredholm BEF.

WMyeImL,AZHKIEK,y €dom LN Ker PHLK,y = y.R2Z,%& € dom L (] Ker P,
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B x,K,Lx € dom L | Ker P,AJf ¢, = ¢ = *» = ¢, = 0. M\TiH K,Lx = x . B}
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Bl EB6 ROEREXWARFFE.HdomLNQ#AJI MNEL LEL- B,

EH HOARFEER >0 .88 |« <rzc0,FEHCO . FERR . € V.15

| fGz(@®, Dz < @, (D x €D, a.e. t€[0,1],

Bxe QWA

| QNz |= | +[I (A — D f(s,z(s) s DT 2(s))ds —
1—j #dA@ °°
0

ﬂ_[: (t— ) f(s,2(s) Dt x(s))dsdA(D)] | <<
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a 1 . — 1 1 o — .
| —— I[| A—9"g(Dds+ , || G—"dA®D | . ()ds]: =

I—Lt"dA(z) ’
M, <4 oo,
HONW BR, THIEH K,I— QN REN . A€ 0, 5:

1
7

1
[QNz ||, = | QNx | < M,, | Nz |, = (L | £tz , Dtz (2) |f‘dz) <ol ,e 5
B (5 UK Holder AR A[45 .

[[a—9m - @Nzas o I, +M,
i)

Mo [(e—Dg+1]%

| K,(I—QNz | = ,x € 0,

1
F(a)| <

| DFIK,(I—QNzx |= “:(I—Q)Nx(s)ds

< ||§Dr ||,+Mu,xéﬁ,

Hfg5p ﬂﬁ,ﬁn=%+% —1.FUK,(d—QN@ AR,

HBzeR,0< <t, <1, (5),Holder FZ AL X513 4 15
| K,(I—Q@Nz(z;) —K,(I—QNzx(z) | =
1
I'(e)

L | r‘ [t — 9" — (6 — DT (T— Q)Nx(s>ds+f’ (2, — (I — Q@ Nz ()ds
I'(a) |Jo 4

j? (4, — 9= (I — Q Nz (s)ds — L (t — 9= (I — Q Nz (s)ds

<

INe L L QN L ([ — 9 — = 92 Joas) " ([ = 020s) | <

1

([} e omas) ") =

Il eru(;;;l- M, { (-El [(f — s)De— (g, — S)(rl)q]ds);
|| ©r || » + M,
I'@[(a—Dg+17]%
P f e #E[0,1] ER—BEEHTE K,(J—-QNW) BREEEEN.
| DE'K, (I— Q@ Nx () — D' K,(I— @ Nz(z) |=

|r’ (I— Q)Nx(s)ds—ﬁ (I— Q@ Nz(s)ds

1 1
{ [zg"‘”‘ﬁl _ I;Erl)qﬂ _ (32 _ zl)(l—l)#l ] 2 _|_ (32 _ Il)rH—ﬂ } .

fz (I— QNz(9ds| <

[* M, + g0 ds.
B

WHhe € YCL'[0,1], BSR4 ESEHTHE DL K, (- QN REEESEMN . A Arzela-Ascoli
FHAK,J—-QNW —REM.

BE2 BEMHCO MEMH C) BoL, F BT EKMRL:

H) FEEBEM> 00BNz X, | DF'z() |>M, Ve [0,1]8,QNx # 0.

H,) FEFEREE a(),6(),c() € L'[0,1] f#if5:

| FGuso |[<<a@+6@ |ul+c@® |v]|, £€[0,1], u,v€&€ R,

Hef el <, el <@ — el

Ho) BEERM >0,ME | c | > M ,BATHIAERZ —HAL:

DQN () >0,

2) QN (=) < 0,

WHERBAQ #Edom L N Q@ LEDE 14ME.

RIEB %4 ie B RIEB I T 351,

517 BEREH HO ME&HF H) B, W TRESHER:

0, ={zxz|x€ domI\Ker L, A€ (0,1), Lx = ANz},

iRl Bz <€ O, WE Lz = ANz, A\Ti Nz € Im L = Ker Q.14 H)) A, F# 1, € [0,1],

#% | D'z ) <M. XH Lz = ANz 1§:



522 waddE K E2R 2014 £

20 = A (1= 97 fGs12( D () ds
BHK «— 1 B FHLE:
D 2(® = 2 fCs12(), D () ds + . )
RAL=1,15:
D 2(te) = A|* £(5,2(9) . D 2 ds + (@) )

(6 AR WA D 2(0) = D et +2| fCs,2(9), Dt a(s)ds.
ZEI | D) | < MAEMHE H) A5 “

| D'z <M+ lalls+ el lzllc+llcll: | DEFxll s € [0,1],
LA 45 .

1
IIDﬁlx||m<m(M+ lall:+lell: =zl (8

HTFz@ =IgDi'z+ar* + ot + -+ et B2 (0 =0,0< i< n—2, B o =
Ca :"’:Cn_]_:OgEI]

2(t) = I Difte = ﬁjo(z—s)rzDﬁlx(s)ds,
HA
1 f e Nez —1
| x(2) |< mj‘o(t s) ds || Du+ x || oo <
1
P(a)(l— || C|| 1)(M+ || a || 1+ || b” 1 || I” oo)o

INEIE S
1
Izl < r@a=Tero=ToT,

(8 FX(D H 0, FHH.
5128 REMHO R MER D ={(z€Ker L| Nt € ImL} HH.
R HrxcO TAHz=c HQNz=0.M%FM H) A | Dz |=T'@ | c < MBTUH

| Dzl e <Moo < e 1< 2 i 0 B SR

S E9 &%#Hl)ﬂ%ﬂ:l{s)&ismﬂ%’%ﬂs:{IEKerLlRﬂJ-’ﬁ"‘(l—l)QNx:Osle[Oslj}
1, R &4 H) D BaL,
] 1) = ] R,8 =
FRAR @D = e €RO={ ) mg Ho 2> R
R HEWRzc Q. Mrz=ac BEEMI (aHD+A—-DQAN(a@) =0 MEI=1,Mc=0;MWFE

A=0, QN(a“) = 0,H 5|3 8 KL HEETE | cI<F( 53 ;IR A € 0,D, A

Me=—A—DQN(z" "),
BB | ¢ |> M, B1%&M4 Hy) A2’ =— A —DEQN (a) <0,
SEAFEEE | cI<M B0 AR.
EH 2 BiEH .
BAERFEL0DG UL UG U0} . h5138 7 M3 8 745
DLz # ANz , 3 HE (2,2 € [(dom L\Ker L) N 32] X (0,1);
2)Nz & Im L, H{EE = € Ker L ) 90;
T HEEH deg(QN g2 N Ker L,0) # 0,
4 H(x,)) = MJz+Q—DQNz HF | 94 H(z,2) # 0,z € Ker L N 3Q. HER FEAZHATE:

M+ lald. €D
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He AQp) = %z,f(z,u,v) -

deg(QN |geer s N Ker L,0) = deg(H(+,0),02 (| Ker L,0) =
deg(H(+,1),2 N Ker L,0) =
deg(8] »02 N Ker L,0) £ 0,
HMEHE 1,Le = Nz fEdom L N @ EEDH 1 AME, B R R (D BI##.
Bl  FEOTAEH L TEBENFES:

Dz z() = f(t,2(®),Df. (), a.e. z€ [0,1],

, ! (10)
2(0) = 2(0) = 0,2(1) = Lx(t)dA(z),

£ +tsinu, t € [O,%],
4o, 1€ (5,10,

it B (D sa = %,QNx = %E s(1—97% f(s,2() , Dg. () ds B o, (&) = £ +14+7°a() =2 +1,

b(®) = 0,c(®) =7 ,M=M" =45 BLHWHTEAERBA0) #HEEH 2 WIrg &4, B ILHE R 00)
EOH 1NME.
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