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Abstract

In this paper, we consider the following multi-point boundary value problem of fractional diffe-
rential equation on the infinite interval

Dy,u(t)= f(t,u(t), Dg’+‘lu(t)), teJ:=(0,0), n-1<a<n,
u(0) = D&2u(0) = D& u(0) = ---= D& "Mu(0) =0, D& u(e0)= iai D& u(&)

By using Leray-Schauder Nonlinear Alternative theorem and Banach fixed point theorem, some
results on the existence and uniqueness of solutions can be established.
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Dg,u(t)= f(t,u(t),Dg‘;lu(t)), teJ:=(0,0), n-1l<a<n,

u(0)=D&?u(0)= D& *u(0) =---= D& " u(0)= 0, D& 'u()= ;ai D& 'u(g)
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1. 518

I B SE AR AN R B PO A JE 7 B S T RE S R K R A A OO B . HL R BN
Wik 1% PREEHI RS, MBI, ise. B Fisohse. e IRMAF s m. o8t
SRR ARy . AR T RE BRI TT R A R B

(B 73 BB oy T R AR )RR BT LR Ak TR R B, JEIHR T 93 IX 18] 20 Bl il o D5 RS AL )
AN Z W AEUAERZS SR, 22 UN R E SRR [, AR T 55 X H A
pax Clpuliealy

Du(t)+ f(tu(t))=0, te(0,»), ae(L2),
u(0)=0, limDgu(t) = Au(£),

He, 0<&<w, DE f& Riemann-Liouvill 73 %fh 547 .
[2]%, Nieto #5701 BL R4 4E 7] @

Dyu(t)+ f(tu(t))=0, te[0.1], n-1<a<nneN,

4(0)=u'(0)=u"(0)=---=u™2(0) =0, u(l)=r§aiu(ni),

e, n22,8>0,0<n <ng, <<, <L feC([01]xR,R). D Dy 55l Riemann-Liouvill 5%t
- S50/ Caputo 73 EU S5

SRTMT, HEAEF TR, B H RTIE B SCERET 78 LR JE 55 X ] _F 1R 43 HUB A i)
Dy.u(t)=f(t.u(t), D5 u(t)), te J:=(0,0), n-1<a<n, (1.1)
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u(0)=D&%u(0)= D& u(0)=---= D "Yu(0)=0, D u(w0)= iai D¢ tu(&) 1.2)

Hfn-l<a<nneN,n>20<¢ <& < <& <+0,¢,>0,i=12,--,m. f eC(IxRxR,R). D, Fl g,
23 99152 Riemann-Liouvill 7> ¥ S 508173 B FR 23

Zo=nhf, FLL) (1.2)5E n M MlE i, 18%L ek oot wise, wn[s] 4] [5] [6]

ASC B FH AR 2R M 5 e BEAN Banach i 4 A A% JiR BEAIF 58020 A8 1n) (L. 1) (L1.2) PO AR P A 70 1k e — o

AR 5 A I SR TR AR s 58 =305 45 Tt 9 el i (1.1) (1.2) AR A7 A
PERIRE—1: e fEae 7 U B R AT E A .

2. MEFIR
B 2.1 ([T y :(0,+%0) — R ] « B Riemann-Liouville 73 ¥ #1734

I(ﬁy(t):%ﬁ(t—s)my(s)ds, t>0,

(@)
Hra>0, I()H gamma L
B 2.2 ([T])ER#y :(0,+%0) — R ] o B Riemann-Liouville 73 ¥ 0
’ 1 (d) ()
Dry(t)=—— | — | [, g,
ey (1) F(n—a)(dtj Io(t—s)"‘”+1 °
Hrrg >0, I'(-) % gamma %, n=[a]+1.
S[E 2.1 ([7])% f eC[0,1],=p=0, W
Dy lg. f(t)= 15,7 f(t).
FIE 22 ([7)E a>0, MoHFr i 72 Dy u(t)=0 2 HAX S
u(t)=ct* +ct“ %+ +c,t*",
Hrfc eR,i=12,---,n, HfnZ&RTET o RHEPDELH.
512 2.3 ([8])# a >0,ueC(0,1)NL(0,1), °Dgu(t)eC(0,1)NL(0,1), fFfEc,i=12, -, N fif3
I&Dgu(t)=u(t)+ et  +ct“? +- 4 t*™,

Hrie eRi=012-,N-1, N=[a]+1.

JE X7 [H]
_ . |U(t)| a-1 a-1
X = u(t)eC(J,R).sup1 = <+o0,Dg"u(t)eC(J,R),sup|Dyg; u(t)|<+oo
ted + ted
u(t
*ﬁ?‘aﬂu”:max{sup | (Q)Jl ,sup|D¢u (t)|} .
ted 1+t ted

EH 2.1 ([9])¥% X &2 Banach %], Q& X THAERIFTHE, 0eQF:Q— X f&—Maigst
. M3Ixeo,A>Lst.F(x)=Ax, BFERHX eQ.

512 2.4 ([9]) (X,|}]) 2 Banach %[l

B B {u, ) A0 (X, [+]) Fi0 Cauchy 5251, WX Ve>0,IN>0, st.Xvted, nm>N, A

() Ut

1+teh 14get

a-1 1 + ta—l

& M {%} oo 2 mu@yex . R {DgN,)T BT Ve X

n=1
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I H. sup|v (t)] <+
ted

B RIUEHv=D{ .
|u |:%, )”HXT?%%Z ©50,teJ,aN>0, st.Hn>NIK, &

() u) |

1+t*t 1+t

/\
sup
ted 1+

2 .

t
: u”()JsMn 1,2, TN
ted 1+t% 1+t*

Vtel,n-1l<a<n, H

t
2 M, sup|u()|,i=1,2,~-,N, M =max{M,,i=12,N}, %’%'

u()|ds

[[(t=s) " (145" Ve

=M [t"’“ J.;(l— z’)n_l_’Z dr+ t"’lj.;(l— r)n_l_a % Z']

= M t" + B(a,n—a)Mt"'l,
n—-o

<Mj t—s nl“(1+s“‘1)ds

Hrr, B(a,n-a) 2 Beta ¥ R4 {Dg’;lun (t)}:):1 () — Bl Stk & Lebesgue U SICEFE, A4S

V()= fim D5, (1) = fim —— (i]“f;(t_s)““(usal) (5) g

Nt e [ (n—a)\ dt 1+s
1 d n t n-l-a 1 U(S)
- =1 [t- 145" d
Fala) b s ) e
=Dg u(t).
%l a=n ﬁ’ ﬁ
n-1
v(t) = lim ™ (t):(%j lim u, () =™ ).
FTLh,  (X.[+) 2 Banach i

FEE T Arzela-Ascoli EFANGEIESSR]) X FRAEH, Nk, SINPLUT SOGHR) S R bR i
BB 25([10]) WZcY RAEME, Ba, B FREMHWMILE, Z 7EY M ER:

0 rvumyez. 2O gpgiu( o e s,

)
(i) HFHEMe>0, IHHMT=T()>0, stAvt,t,2T,u(t)ez, H
u(t) u(t) |

&, |Dgtu(t,)— Dy tu(t, )| <e.

1+4%7 1+t,7
3. EEHLR
i“i
4 A=| 1 |[7((2+5")a(s)+b(s))ds + —2 2 ((2+5)a(s)+b(s))d
F(a)[l—iz_llai] F(a)(l—izl:a,j
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24
B=|1+ ! - [Te(s)ds+ L ch(s)ds
F(a)[l—Za,j F(a)(l—Za,j
TRBELAT % #Fﬁfcj
(HO)TFAEAE S B 8 a (), b (1) c(t) < L(3), st
|f(t,x,y)| (t)]x|+b(t)|y|+c(t) I ((1+t“‘1)a(t)+b(t))dt<F(a), _[;wc(t)dt<+oo.
(Ho) B Zm:ai <1, A<l.
G2 3.1 RBL(Hy) (Ho) oz 1 (1.1) (1.2)% M T A 5 %
u(t ):—)J' (t—s)" f(s,u(s),Dg'u(s))ds
+—m[iaijj' f(s,u(s),Dg'u(s))ds
F(a)(l—Zaij =

‘f:)f(S’U(S)ﬁD&?U(S))dth“4_
WERA: 2R (HY),
1 (000050t <ol (1) b0 ) <

AT LAB.1)5E A = e
RS # 2.3,

u(t)= Lj (t-s) " f (s,u(s), Dg’;lu(s))ds+clta’1+czt"’2 +oee toN

F(a)
& H(L2), T

C =

F(a)(l—iai
1(3.9) BAHAGB2), 1

u(t) :—J';(t—s)“'1 f(s,u(s), D 'u(s))ds
1 (¢ ~
+—————| 2], f(su(s), D u(s))ds
F(a)(llzl:aj['l

-, f (5*“(5)’Di'lU(S))dth“‘l_

EMXRDHTT X > X

(3.1)

(3.2)

(3.3)

(3.4)

(3.5)
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Tu(t)=—— [ (t-s)"" f(s,u(s),Dg u(s))ds

m[z [ 509,05 (s

i=1

—[7f(s.u(s), Dg’fu(s))ds}t“’l
5B 3L UEBE T T A s 2 1 /E(1.1) (1.2) [
51 3.2 B(HY) (HY)MAr. WT: Q- X —8Est. K Q={ueX,|u|<R},

Rsi, A<l
1-A

PEEA: H—b EMT Qo X AT SR
HEREN, fExX—2%, id

! Zm:aijji f(s,u(s),Dg"u(s))ds—[" f(s,u(s),Dg 'u(s))ds

r(a)(l_iaij

=1

BV ZQPITE, 1cI B NEXE, t,telt<t,, WXvu(t)ev, &
|Tu(tz)_Tu(tl)|<|

1 t, (tz —S)ail o 1 t (tz —S)ml
> f ) 1D+ d - _
|1+t§”l 1+t F(a)-[o 1+t (S u(s). B u(s)) * 1“(05)-[0 1+t

- (s,u(s),Dg'u(s))ds + 1 f;l(tz_s)fai f(s.u(s),Ds'u(s))ds

[(a)” 1+t°
1op(t-s)” t 4
_r(a)j‘] (1+tf‘)l f(su(s). Di-"u(s))ds G- 1t 1yt
1 o(t,—s)" o 1 |t —s)"
F(a)Ll 1+t f(s,u(s),D0+ u(s))‘dHF(a)I" 1+t
( ) a-1 tdil tial
o f(s.u(s), D5 u(s)) ds + G- |
HA
D5 Tu(t,) - D5 Tu(t)| < || ). D5u(s))|ds.
ERF vu(t)eV, A f(Lu(t),Dglu(t)) 71 F g
s U pgemu(e) e 1 s
e FORAEWIN vu(t) eV, A f(tu(t), Dy u(t)) 251 HE 2.5 FIZ ().

HRAEAE PE(HY).
o] (Lu(®), D u (o)) de<ulf; (2 +t7)a(t) +b(1))dt+ ["c(t)dt < Alu] + B<R,

TR, MVe>0, FFAEHEHL>0, 15

(3.6)
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J7]f (tu(), D ()| di < 3.7)

tal

A5, I7'j||m

t—>+0

—=1, 3T, >0,st.vt,t,>T,, A

| tzafl B tiafl |<1_
|1+t2“‘l 1+t1“‘1|_

t;zfl | ~ tlal | 38
1+t§‘1|+‘1 1+t1“‘1|<8' (38)

a-1
FAl, Ijjnm( L) =1, #3T,>L>0,stVt,t,>T,0<s<L, &

t—o+o0 + t

=9 (=) _| (t-9)] | (b-9)"
‘ 1+t 1+t |_ 1+t | 1+t | 39)
a-1 a-1 '
<pes L)l ol L)fl <e.
1+t | 1+t |

AT >max{T,T,}, Wxfvt,t,>T, R4E3.7)~(3.9), A&

1+t 1+t ‘

f(s,u(s), ng‘lu(s))‘ds

- (t1 - S)W1 s
+l"(a)v[L 1+tla—l ‘f(S,U(S),Dm U(S))‘ds
Loelt=s)” a1y ot
+F(a)IL 1+t£1_1 f(S,U(S)vD0+ ( ))‘dS-l—G 1+t0‘—1 1+t1—l
s 80 g o
< 1"( ‘ 1+ta1 - 1+t1a1 |
I ‘ s u(s),Dg'u (s))‘
ay, “'l t1 a-l
I ‘ S u(s), Dy 'u (S))‘ds+G e T
maX\f( u(s). D) g
< r(a) L8+r(a)+Gg
I'(a) I'(a)

HA

Dy 'Tu(t,)— Dy Tu(t,

WRIEGIFE 2.5 41, TV X EN.
F 2 IFHT Q> X 4L,
Bu,ueQn=12, H¥n->+ofif, Hu,-u|—>0, Nl
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IIilgtz—let(t)lis r(la)_[;‘f(s u, (s) D§+_1Un(s))‘ds+r(la)f ‘f(s u(s),Dg 1u(s))‘ds
Sa, Sa,
+ e f f(s u,(s), Dy "u (s))‘ds+ e j ‘ (s,u(s),D u( ))‘ds
r(a)(l_;aj (a)(l—;aj
F(la)-[;‘f s,u, (s),Dg'u (s))‘ds+r(a).|' ‘f(s u(s),Dg 1u(s))‘ds
2Rt a1 2
< F(a)jO((:H )a(s)+b(s))ds+F(a)foc(s)ds m
ZRZO‘i 22%
+ Lo J'ji((l+s" Ya( )+b(s))ds+ 2 ["c(s)ds
r(a)(l_zlaij F(a)(l—iz_llaj
2 o 2R o
+ . J'O c(s)ds+ - J'O ((1+ s“’l)a(s)+b(s))ds
r(a)(l_gaij F(a)(l—gaj
2R 2
sr(a)A+F(a)B<+oo
HAH
I:It(? th(a)l _ZRI ((1+s" 1) (s)+b(s))ds+2ﬁc(s)ds

—ZRizr‘nl:ai (145 + S+ ia ‘e(s
+F(a)(l—izrl:aijj()((l alsyeni)ess (1 ilajf

2 o 2
+F(a)(1—§:aijj.o ((l )a(s)+b(s )d (1 iajjo
<2RA+2B < 4.

R4 Lebesgue MU SIuE £, T 4L,
il T AaiEs.
EH 3.1 B(Hy), (Hy)or, MEIAERSELL) L2206 Miue X .
HEB: Q53 3.2 FE . Wueo,A>1Lst.Tu=Au, N
|Tu | 1

141t —F ||”||I ((1+5 “)a(s)+b(s ))d3+r(a)ﬁc(s)ds

;u +s*)a(s)+b(s s+;wcss
r<a>[1-§aij" If; ((2+5)a(s)+b(s))d r(a)(l_:ajfo (s)d
+i—a||u||j "((1+5°)a(s)+b(s ))ds+iﬁc(s)ds
I(a )(l—gaj r(a)(l_gaJ i
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1—_70:
Sa
[l [ ((+57)a(s) +b(s))ds
T
Zm:“‘ 1 1 .
+ L Fc(s)ds+ + - J'Oc(s)ds
I (a )( Sa j {F(“) r(a)(l_ig_l;a]
SAR+BSA% +B=R,
HA
|D§+’1Tu(t)|s||u||.[;((1+s“l) (s)+b(s )ds+_f
+—||u||j ((1+s ) s)+b(s ))ds+;m'[:c(s)ds
F(a)(l Iz_:a) F(a)(l_iz_;aij
> Sa
+—||u||f ((1+s Ya(s)+b(s ))ds+‘=l—mj'o'c(s)ds
F(a)(l—lzlla) F(a)(l—izllaij
< 1+;m ||u||j;°<(1+s“’l)a(s)+b(s))ds
{ F(a)(l—zllaij
Sa
s Ul (1 57 )a(s) +b(s) )as
-5
iai
+ e J'f (s)ds+| 1+ ! I:c(s)ds
F(a)(l—zlla) F(a)(l—;a]
<AR+B=R
il
AR = A|u]|=|Tu] = max{sup| (t)| ,sup D“Tu(t)|} R.

BREA<L XS A>1FE. WIS 11, Q TEE - DIAF) . e 811 L2)7E X hEDbH—
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MMt
R 3.2 B(HY), (Ho)AJ FIEHI(H) oL, ML (L) (L) A fRue X .
(H) TFESR SN (1)1, (1) e () e

|f(t,X1,y1)— (t X1 Y2 | |X1 X2|+| |y1_YZ|
K
[ max{(1+t )1 (1), 1, (D dt < T (), [ max{(1+ 7)1, (1), (1)) dit < 4,
k=2P[ " max {(1+10 )1, (1), 1, (1)} dt+ 2Q max {(1+ )1, (1), 1, (1) dt <1,
2 > a,
Wi, Hedp-—L 2 +1,Q= Zl:

HEA: X vu,u,eX, A

[Tuy ~Tu,|

[Tu, = Tu, | < supf+ sup

H 5,U; (5), D5 uy () - f(s,uz(s),ngluz(s))‘ds

Dg+_lTul - D(¢)1+_1Tu2 |

L] (

u,(s), Dg;lul(s)) f(s,u2(s),nglu2(s )‘ds
<P[” \ 5., (s), D5 uy (s)) - f (

- (s,uz(s),Dgflu2
+QI7 [ (s.u,(5). D5 uy (5)) - 1
< 2P Ju, -, | max{(L+t )L, (1), 1, t}dt
<2Q||u1—u2||j max{(1+t‘“)llt 1, (t }
_{2Pj0 maxc{(1+t°7 )1, (1), 1, (£)} dt+ 2Q " ma {1+ 7)1, (1), (t)}dt}"ul—uzu
=ku, —uy|.
IRk <1, BrUAT Wi AR¥E Banach Aa st R, wAFT A Ashal. MOLMEMA1) (1L.2)F
ME—fiff o
4. MR
Bl 4.1 2 EIAAE IF 8
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3

s u(t)Dguf(t)
Du(t) =, ted=(0:x),
de

12

3

u(0)= Déu(o) =0, Doéu(oo) :iZ::aiDc%U(fi),

3
u(t)DZuf(t)
e, azg,f(t,x,y)z 5
4e"?
KN
|f(t,x,y)|s X +—=1y],
8e'” 8e'”
SBURYIL oA - ATIESIR
3
[ st o282t 222
0 RN I R 2 ) 4 \2) 4
8e 8e

WOE B 3.1 B RAL. Fr AR A #(1.1) (1.2) /0 FH — M

EHEWH

LR HARRFERE G I H SCHF(KI2016A071); K & T AR T H 3 H5(2016x]jyxm04) .
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