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Abstract

This paper employs the classical Picard iteration method in the theory of ordinary differential equa-
tions to study the existence and uniqueness of continuous solutions to the initial value problem for
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a class of conformable fractional differential equations. Using the basic properties of the conforma-
ble fractional derivative, we show that any continuous solution to the corresponding integral equa-
tion must be a continuous solution to the initial value problem of the conformable fractional differ-
ential equation. On this basis, the Picard iterative sequence is constructed via the integral equation.
By proving that the iterative sequence converges uniformly on a given interval, we establish the
existence and uniqueness of continuous solutions to the initial value problem of the conformable
fractional differential equation.
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1. 5|8

1E 2014 £, Khalil [1]ZE AR T conformable 735 541, WAL SHH BRI . BEkRE
X7 AUTF
WO<a<l, #HERHx(r)7E(0,+0) EAEN, NI conformable 7l FHUE LN
(D”x)(t)zlim x(t+gt )—x(t)’ t>0,

£—0" &

1E ¢t =0 &1 FHCE SUN
D,f(0)=tim (D,£)(s).

Xy W[, A
Dx (1) =1"x'(1).

ITAER,  conformable 43 #UBN i3 77 FRAE 73 B 801 71 RGEHE F2 b 32 B 2 KT [2]-[4]. ZESCRR[S ],
fEE I MRS BRiE AR 151838 T —38 conformable 73 E0 M 7 5 R 10 8 I A I AR A e (1) 77
PERISE 1R, fESCHR[6]H, 1EFIE AN AU EIRIUE T —28 conformable 73 £ i 73 J7 #2177 H Riemann-
Stieltjes #5312 5 5% A B TAE 1] BRAGIRAFAE PR 2518 . IXELEE R FH T conformable 73 EU [ sy 77 B (1 B 18
TSR, AR E R T 2% .

S —J7 T, FEE S JT AR R ERE B R, Picard S5 AE R UE I WIME A AR AE ME— PR B 2T R 7]-[9].
BT R T 25 FE ) T R A OSSN AR 2 D7 2, IR A 7 JT RIS Picard 4051, JFH.
R O3 M T e W2 SUAE 45 5E X 8] i — S0 8ot kA3 2R 70 7 REAFAE A ME— i, AT AR 21 2% 18
BRI 53 77 R 1 T R ) A RO A AE ME— 1 4518 o Picard iR IAAE T 705 W SM i, HBess i Bk
EITFFA, & W J7 R B b e AR A A RURE ] Bz —

a2, conformable 7 ¥ 345 4 $11) Riemann-Liouville F4{f1 Caputo ‘FEAEA T F2
AR o J5 W B 78 SUHAST 70 A7y, T conformable 52 #5002 — 2 Jy A Y G4
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FE

YT AT 4L, conformable 7 FUM i o3 75 #%
D7x(0)= 1 (1x(1)
A LA I3 A0 R R T e
X (1) =1 f(£,x(1))
HF UL E RSN AR, ASCGEH Picard 1EUEITE—3E conformable 73 EUM w43 75 FEWIAE )
5
D”x(t)zf(t,x(t)), 0<t<T, x(O)zxo,
Hrp FEWHRIXIF0<t<T,xe R WESIFRTH AN L Lipschitz 2. AT H 3 FFE[10]
SB[ 206 TR I 0R, INRAE 440 e, 153 7 T 2R B i o0 5 FEATIME. 1n) E BE AR I A7 AE
ME— e
2. FELER

REH: WAL S (1x(1)) (0<r <1) FERRKIL0<r <T, xe R WHELLH T v AL Lipschitz 0¥, EIX
R 0<t<T, x,x,e RIFIEHHL>0, 3

¢t |f(t, x(1))-f(t.x, (t))| < L|x1 (1)—x, (t)|
| conformable 43 £ M 143 73 FEHIME 7]

Dx(t)=f(t.x(¢)), 0<t<T, 0<a<l, 1
x(0)=x, M
FEO<t<T bBAFFEME—HESHH x=x(1), 0<t<T.
WERH: A BRAE B 43 20 R 5E .
F—F: IEWRY TR
x(t)=x, +J‘(;s“’1f(s,x(s))ds, 0<t<T. )

FOSELEAR x = x(1). 1t € [0.T] RS F7 REHIAEL I R e B AR
SHESE x=x(1), 0<i<T, REHFRQMM, WL

x(t) =X, +I;sa'1f(s,x(s))ds, 0<¢t<T.
f EAWILRT,
xX(t)=1"f(t,x()), 0<t<T.
By
7x'(t) = f (tx(1)), 0<t<T.
MR conformable %47 Hiir T H I FEAANEE 3, A
D“x(t) = t"ax'(t) = f(t,x(t)), 0<t<T.

B () W6 S 00 2) O 507 R
b T 5 (R B H = x () E1 07 (£,0(1)) FORESEE I, FELEREEEM > 0, BEARREFTATI0 0 < <T
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¢ f(6x(2)| <M.
U AR 0<t<T , 1
J.(; s“'lf(s,x(s))ds‘ < MJ.; s rds = it“"

a-—r

M= O, A x(0) =5+ 0= v o Hx(e) WAL B M) WD A
gi b, BUPTIRRQNIELMF x = x(1),0< e < T, NYMEIE)RIELLAF, 25— PIHIE.
HY x, (t)=x,> }4Ji& Pichard 3& 518 I B E0UF F1I 00 R

{xo(t)zxo, 0<t<T,

fe! (3)
%, (1) =x,+ [ 5" f (5.3, (s))ds, 0<e<T(n=1,2,).

B AR, Q) E LM x, () TE0<t <T bATE CHIESE.
o f (6 () EESEERT, (FEREM, >0, MPTHIO<<T , WL
|1 (tx,)| < M.
HUn=1K, B
My

a-—r

L:sa’lf(s,xo (s))ds‘ < M1J.; s ds =
B0 m, G s 0#x, () 7 £ =0 A E LIS
—-r

MERER 1,6, €(0,7], A

Mlta r
[24

|x1 (t) - X, (to )| =

Ml
< —
a-—-r

HI " BBESEVERL x, (¢) 15 1 WA € LHIES: BIL, Zn=11, B8 x (1) EXBO0<:<T BAHE

L; s"”lf(s,x0 (s))ds‘

=1

XHIESE.

W= kB, B, (1) FE0S ST LA URIESE, AT n=k+10,
xk+1(t)=x0+J‘;s“71f<s,xk(s))ds, 0<t<T.

Hx (0) &t f (e, (1) EE0<e<T EROESE, B EHEMUTETE, x,, () fE0<<T A E L HE

o FTEL, B RINERN A n, B¥lx, (1) E0<t<T EAEXHES:, %Pk,

B EIEEOES {x, (1)) EXIT0< < T b5k,
TR x, (1) X 0<r < T Fi—SOlegir, 1 s S

xoé[xk(l)-xk,] (1)],0<e<T

fE0<t<T E—Bulsk.
MR AXAE R IEE S, PrER0<<T, H
X, (t)—x,k1 (t)| <

M]Ln—l tn(a—r)

(a—r)" n!
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FE

J®AL
HR)WH, Mk=18, MIEMO<:<T, H
|x1 (t) - X, (t)| = L; s”’_lf(s,x0 (s))ds‘
<[5 s

_Mlta—r
oa—r '

Hh=20f, MPAMO<:<T, H

e ()= ()] =
FIAR#E Lipschitz 24, w13

s (1) = (1) < [ 5

f(s,)c1 (s))—f(s,xo (s))|ds

f(s,x1 (s))—f(s,x0 (s))|ds
< LI; s Hx () - x, (S)|dS
:ﬂj‘; S2(a—r)—1ds

a-r
_ ML)

2 (a—r)"

FE, k=30, F

|x3 (t)-x, (t)| < L.[;s”’”’l x,(s)—x, (s)|ds

2
< MlL . J'(:S3(a—r)—lds
2(a—r)

_ M
3a-r)
BB IERE n=k, MIAERO<:<T I, HFAEK

MLk—l tk(afr)
|xk(t)—xk71(t)|ﬁ(a1_r)k 0

oL, Wn=k+10, BHE)RN. EREE& L Lipschitz 444, XrEK0<:<T i, w45

X (1) x, (t)| < LL: s (8) = x, (s)|ds
M IE e
C(a—r)" (k1)

FECEAGNETT R, SHEREMIERE S n, IERO0<t<T, H
|xn (t) -X, (t)| <

Man—l tn(a—r)

(a-r) 1!

© n=1n(a-r)
W, R e R s S I T s, s

=1 nl(a—r

n
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xo+g[xk (t)—xk_l(t):|, 0<¢<T

fE0<t<T E—Hulksh.
BB A {x, (1)} FE0< < T E—Fulesl, #H=sb1l.

w

hmx (t)=x(r), 0<t<T

W x()fE0<t<T L3S,
SBUL: UEW x(¢) (0<e<T) R RIS -
H ERAE I AT {x, ()} R 0< e <T E—BOOT x(r), FiE S (6,x(0)) ELENE, T4
{tf (tx, (1)} TEO<t<T b ST ¢ f (6x(1)) o HITT, SH)PSECHRIR, 773
lim x, (t)=x,+ lim _[(: s f (5.3, (s))ds
=x0+rlimsa71f(sx (s))ds

—x0+.[ s 1lm;s f( (s))ds

=X, +I0sa_'f(s,x(s))ds
By

Hx (1) A T RQE AL 0 <1 < T L IIFELER.

BRI WP x(r), 0<t<T, ZRSTEQ)IIME—

By (1) BB TTRQMS AR, W
y(t):xo+j;s“_1f(s,y(s))ds,OStST.

BHEW x (1) = y(¢),0<r< T, RFAEY p(r) BRREITH {x, (1)} B9—BOSIIRIAL . BLH iR K
51 {x, (¢)} HohE—T5

x(t) =X, +I;s“_1f(s,x(s))ds,0StST
f

SN
figt

x,(1)=xy, 0<t<T

x, (1) =x, +J.(:s“’1f(s,xn4 (s))ds, 0<t<T(n=12,)

y(f)Zxo+L:S“’1f(s,y(s))ds, 0<¢<T
BT . B N ORI FAL R B8 En, WHTHMO0<t<T, H
x, (1)-y(1)|<

Man t(n+1)(a7r)
(a-r)"" (n+1)!

T2 LSRR A p (1), S (y(0)) MIESNER, FERKM, >0, EEMIIARO<<T,

A

[ f (6,0(0))| < M.
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a—r

%, (£) =y (1) < M, [} 5 ds =

|x, | I s s X (s f(s,y(s))|ds

SLL)S |x0 s —y(s)|ds

_ ML £
(a-r) 2! ’
|)c2 | .[ s s x (s f(s,y(s))|ds

SL-[OS[Z 1|x, s —y(s)|ds
MZLZ t}(a—r)
(a-r) 317

Wln=k-1K, WHERO<t<T, A
|xk_, (1) —y(t)| <
Mn=ki, XMEAMO<t<T, H

b () =0 ()] = o™ (s (5)) = (s (s) s
tsa—r—l . MQLk—l Sk(a—r)

Msz—l tk(a—r)
(a—r)k k!’

=_JK£2_Jg“mwﬂH$
(a—r) k1

Mszt(k+1)(a—r)
(a@—r)" (k+1)!

BN ER 5, ST AEERNLESESR ., MERN<t<T, B
|xn (t)—y(t)| <

Man t(n+1)(a7r)

(og_r)"+l (n+l)! '

jj%l*ﬁb&%lﬁ’] e, 24 n— oo

M, e
(a_r)rwl (l’l )
0<t<T E—BURST y(r), BERAGE—E, AT15
x(t)zy(t), 0<¢t<T,

Hx(1)(0< 0 <T) AR I BRQUNIME—SE AR . 35 13
L3 LA, x(1)(0 < < T) WO I FRAMH LRI A AEME— IO HELERR x(1) (0 <0 <), SEELARHE.
FAEH, H0<a<IB, BERH " s >0 FRITESTK, T

Fifi

|—>0 Eﬂl{ ()}E

t t
J. s lds=—<o
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TR TAE £ = 0 W 3R B SLI, DA BIRORR (1) 76 [0.7] _EUhRiELE,
BT, SR

xX(t)=1""f(1,x(1)).

REWEL - 0" WHRK T H X () I RERTE 1. I, R AARAE ¢ = 0 4L, (HHLSHA—
TEA T, X5 B AR B BT R T R B IE R BLR AN IR AL —VEZS IR K BROL

3. IR E MR EM
AEAEME—VEE FEIE WIS E T MRIAAAEME—E, JF HAEUEWI A I A2 o R H 0 @ vt e ok
IR ) — 7%, BRI AR TP A 3
Man t(n+|)(a—r)
|xn (l()_y(l‘)|S (a_r)nﬂ (71+1)' :

HLTT A A 8 0 YOOI MR , (1) 5 FCIEAR 3 (1) TEO <1 <Tox e R X — WK MR 2544 £ .
T AT SRR

-1/4 1+x _3 _
f(tx)=t . _4,T 1
A L AR ME— e B E AR TR IX I 0 < r < L,xe R . &1L 5(0,0) MIRENET 1 KRR E

£,
E$M?$,a:%,ummm%#¢%rﬂ%i,ﬂme:

va 1/41+x1 ,1/41+x2| |1+x1 1+x2|

| ()= f (txy)| =t —t = -

2 2 21"
1+x; 1+x2| |1-i—x1 1+x2|

4 g(x) = RN g (x) 7 R WL Lipschitz &%, i

1+x
, 1-2x—x*
g (x)= BV
(1+x )
AlH, L ATHUA
L= sup|g | 5+2\/§
xXeR

MR £ (x,6) TEO<t<1,xe R W2
r |f(t,x1 (t))—f(t,x2 (t))| SL|xl (6)-x, (t)|
HEF (D) AT R, JTREAAAEME— i, Horb M, =1, 2

RAEMETE, H
M Ln T(n+l)(a—r)
2 <

(a—r)" (n+1)t

X, (t) —x(t)| <
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A
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x (1)~ 20" +2t—gt3/2 _28p2 322, 2056 5 18416 5 7216, 108256 o

315 45 315 35 189
x4(t)~2t‘/2+2t—it3/2—§t2—£t5/2+1928t3+6752t7/2—2872t4—9432321"’/2.
3 5 45 63 21 945
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4
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