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Abstract

A new impulsive sequential multi-orders fractional differential equation is studied. The existence and
uniqueness results are obtained for a nonlinear problem with fractional integral boundary conditions
applying standard fixed point theorems. An example for the illustration of the main result is given.

1 Introduction

Nowadays, fractional differential equations have attracted a lot of attention due to its wide range of
applications in many practical problems such as in physics, engineering, economics, and so on; see [1-5].
Impulsive sequential differential equations have extensively been studied in the past two decades. Indeed
impulsive differential equations are used to describe the dynamics of processes in which sudden,
discontinuous jumps occur. Such processes are naturally seen in harvesting, earthquakes, diseases,

and so forth. Recently, fractional impulsive differential equations have attracted the attention of many
researchers. For the general theory and applications of such equations we refer the interested reader

to see [6] and [7-18] and the references therein. Based on previous studies, in this topic we concentrate
on the existence results of solutions of the following problem:

(°DF + )\Cfo_l)x(t) = f(t,a(t), 1< B, <2,k=0,1,..qte ], (1)
Ax(ty) = Vi(z(te)), Az’ (te) = Vi (2(te), k=1, ... q,
q
z(0) = Z )\}CI?:I“.’B (i) ,2'(0) = 0.
k=0 )

where CDf ' is the Caputo fractional derivative of order g, € (1,2] and Iffis fractional Riemann-Liouville

k k
integral of order ay, > 0, f € (J X R,R) ¢, ¥r € C(RXR), Ay e RAERY, J=[0,7],J" = J\{t1,..., 14},
0=ty <t; < <tpo <tg <ty =T, Ax(ty) = (tf) — 2z (t;) and Az’ (t,) = 2" (f) — 2’ (t; ) . Here,
respectively, the right and the left limits of z(¢) at t = ¢ are represented by x(t;) and ().

2 Basic materials

We introduce throughout this section preliminary facts that will be used in this paper. We fix Jy = [0, 1], Jx—1 =
(tk—1,tk], and k =1,2,...,q + 1 with t;41; = T and define the Banach space

PC(J)={z:J—>R|zeC(J),and z(t]),z(t;) exist, and z(t;) = z(t),1 < k < ¢},

with the norm ||z|| p, = sup {|z(t)| : t € J}.

Definition 1 The fractional integral of order 8 with the lower limit zero for a function f : [z,00) — R is
defined as

s *L t —8)P 71 f(s)ds

provided the right side is point-wise defined on [x,00), where T'(-) is the gamma function.

Definition 2 The Caputo fractional derivative of order B > 0, of a function f : [x,00) — R can be written as

D§+f(t) = ﬁ <jt>n/:(t—s)"‘ﬂ_lf(s)ds,t>O,n—l <pB<n.

where n = [8] + 1(the notation [(] stands for the largest integer not greater than 3 ).



Lemma 3 For a given h € PC[0,T] a function z € PC (J,R) is a solution of the impulsive sequential fractional

differential equation

(Cfo + )\cDéf_l)u(t) =h(t),1<B,<2,k=0,1,2,..qte,

Ax(te) =y (ate)), A’ (te) = Yr(a(te)), k =1,...q,

with boundary condition
Z ATyt () 2'(0) = 0,

if and only if
Jy e ML R(s)ds + p,t € Jo;
fttk —A(t= S)IB"_lh(s)ds

+Ej o= A(t—t;) j; (f;—s)I'fi'*l_lh(s)ds
j—1
B._1—1 *
1) - 1) <x<tj>>}

1 -1 *
F L (R Th) +el) + 305a(s)
+pat € Jkak - 1; -~ 4,

where

£33 e
k=0 j=1

th At

/t"' ML= () ds _111 g, )—fw (2(t;))

J—

+ZZ A ( nk - Blf () + () + %1/’?(%(%))

Proof. Assume that x is a solution of (1). For any ¢ € Jy, we have

¢

z(t) = / e_’\(t_s)lg?r_lh(s)ds +e May + ag, t € Jy,

0

where a; and az € R. Differentiating the obtained linear equation (6) on Jy, leads to
t
2 (t) = —A/O e AT B (s)ds + 100 A(t) — Ae May.

If t € Ji, then

t
x(t) = / e_A(t_S)Iflj_lh(s)ds + e Mty 4o,

ty

t
z'(t) = *A/ efA(tfs)Ifjflh(s)ds + Ifjflh(t) _ )\eﬁx(tﬂtl)bl7
1 1

t1

for some by, by € R. Thus,
ty
z(ty) = / e”\(tl’S)Igflh(s)ds + e May + ay,
0

@ (7 :—/\/ e ML h(s)ds + 1007 h(ty) — AeMray,

z(t7) = by + ba,
l’l(tf) = —)\bl.



Now, by the following impulsive conditions
Ax(ty) = z(tf) — z(ty) = ¥y (x(tr)),

we can get that
h N 1.5 1,
/ e A=A (s)ds — Xlgﬂl "h(ty) + e My — T¥i(a(t)

b, =
0
_ 180 L
by = TIp2 h(ta) + ¥ (2(ta)) + 1 91(2(t)) + az.
Consequently,
t1
[ / e MBI p(s)ds
0

t
z(t) = / e_/\(t_s)Iffflh(s)ds + e Mt—t)

t1
1 5 1 1 5
— Tt 1h<t1)—A¢i(x(t1)>] + [Alﬁz "h(t1)

Fina(t) + JUIG(0)] + Vo +an e

If t € J3, then
t
x(t) = / e_’\(t_s)Iff_lh(s)ds +e M)y 4oey,

to

t
)\ / e”\(t’s)lff_lh(s)ds+If;i_lh(t) —de AMtmt2) ey

ta

2/ (t) =

for some cj,co € R. Thus,
to .

w@dz/ e M= (s)ds + e M2 by + by,
t 1

ta
Jf/(tQ_) = —)\/ ef)\(tZ*S)Ififlh(S)dS + Itﬁ_&ilh(tQ) _ Ae*k(tzftl)bl
t1 1 1
x(ty) = 1 + e,
a'(ty) = —Aer

Now, by the following impulsive conditions
Ax(te) = x(t
Az (ty) = /(¢

3) —a(ty) = ¥y(x(t2)),
3) —a'(ty) = v3(a(t2)),

we can get that

tz 1

¢ = / e NI h(s)ds — ST h(t) + e Ny
t1 ! !
L (a(t2))
b\ 2(Z\12)),
145 1,

e2 = {T T h(t2) + Wp(a(t2)) + {03 ((t2)) + bo.

(11)

(13)

(15)



Consequently,
t
z(t) = / e—Mt—S)Ifflh(s)ds+e—A<H2> (16)
t
_ 1
X [/ e Mt S)IB1 1h(s)ds—XIf+1 h(ty)
1
A

ilolta)) | + 1 hltn) + 0(a(t2)

* xﬂ%(x(tz)) + e My 4 by

t
= efA(tfs)Iﬁf_lh(s)ds + e Mt—t2)
to t2
2 (taes)phael 1.g,—1
e I h(s)ds — I} "h(te)
tl t A tl

~ublolta) | + T bl + vala(t)) + J¥3 ()

t
_ _ ! — —s 0~ 0 1 X
+ e~ AMt—t) {/ e~ Mt )Ing 1h( )ds — XIng 'n h(t1) — Xzﬁl(x(h))

0

1 ., _
Axgg h h(t1) + o (2(tn) + o (2 (tn) + e May + ag,t € Jp.

Repeating the process in this way, we get

() = / T h(s)ds (17)

tk

+ Z )
j=1

tv
T At —s) Bl j—1—1 L.
X [/t e~ )Itjr h(s)ds — XItJ ) h(t;) — ij (:c(tg))]

i1 it
k

+Z[1 1 hlE) + () + 303 )] + e+ an
te Jk=1,2,...q.

Taking (6), (7) and (17) to the boundary conditions,

Z )\]fIter 77k (0) = 0)
implies a; = 0. For t € Ji, we have

I 2(t) = 1% / e MO (5)ds ) (#)
t) t 0 t)

k
k
£y me
k
j=1

x V e NG (s ds *xltf h )xw( ¥ ))]

. j—1
G- J

+Z (t—tg)™™ {/I\Itﬁj 1 1h(tj)+1/1j(x(tj))+;w;(m(tj))}

(o +1
(t—tk)o"“ as
I (Ozk + 1) ’



> tizston) = S ([ X i) o (18
q k
+ZZ>\]€I = Ak —t;)

k=0 j=1
K “A(tj—s)yPi-1—1 11
| [ eI s = {1 ) - S5 Ge()
L& A (17, — )™
+

k=0
and
— [ zq: (e =)™\ (19)
42 = T (Oék + 1)
k=0
q T
X ZAkIf‘f </ e M=) Pk 1h(:s)cls) (1)
k=0 kot
q k
D) S
k=0 j=1
t.
J _ s /3],7 —1 1 i 1 1 «
X [/ e Mt ‘)Iﬁ Y h(s)ds — XI ! (tj)—)\i/)j(x(tj))]
tj—1 Jj—1 j—1

+ ;}Z Akrngk = Bliglllh(tj) +;(x(ty)) + }\w;f(x(tj))}

Jj=1

Substituting the value of a; (j =1,2) in (6) and (17), we obtain (5) . Conversely, assume that z is a solution
of the impulsive sequential fractional integral equation (5) ; then by a direct computation, it follows that the
solution given by (5) satisfies (4). This completes the proof. m

We presented some estimations that used in the forthcoming theorems.

Theorem 4 For any h € PC ([0, T],R) with ||h]| = sup,co 7 |k ()], we have

(2)
e AT ()ds ) (1) < Tk | [ e M S)Iﬁk Yn(s)ds| (t)
tk th tk tk th
(nk — k)almLBkil ||hH )
I' (o) T (B) re
(i)
/t e*)\(tfs)]:ﬁk—lh(s) ds| < (t - tk)ﬂk_l (1 _ efA(tftk)) ”hH
tr tz— - F (/Bk:) Pe:
(431
/tj e*/\(trs)lﬁj’lilh(S) ds| < (t; — tjfl)B];lil (1 - e*’\(tj*tj—l)) Rl
tj1 t;ll — A (ﬁjfl) PC >
(iv)

tj (t - S)ﬁj 1—2 (tj o tj—l)ﬁjilil
S h(s)d h
/tjl r (6j71 _ 1) (5) s| < T (ﬂj,l) || ||PC?




Nk _ _t )Bk+ak_1 4
_)\(nk—s)IBk-i-ak lh ds| < (nk k 1— _A(nk_tk) B
(& S)as (&
/| T (s ds| < e ( ) Il ec
(vi)
/nk e_k(le_s)Mh (S) ds| < 4(77k — tk)ak ||hH
tr - T (Oék + 1) PC-

[ (o)

Proof. Obviously

1o ( / e“”)lff‘lh(s)ds) (7%)
k tr k

< I%
= t;:

/ efA(T*S)Iff_lh(s)ds

ty

(k)

7] ap—1
< /'k (mp, — )"
- tr F(Oék)

d

/1t o= Ar—3) ( /t 7(; EBZ . 1_) h (u) du) ds

(N — tr

)ﬁk 2

)

(=)™

<

Br—1 Nk
r wz) </

=A(n,—T)
F(Oék) € d’/‘) ||h‘||PC

(m, — )™~ (g — 1) ( / " A )
< e M=) dr ) ||

P
I (ag) T (B) re:
t t s Br—2
e A=D1y (6) ds| = / e Mt=s) / (-w ~ h(u)du | ds
/tk. t (#) tr o T (Br—1) ()
(t —t)" (/t A(t—s) )
<~ e Sds | ||k
<t ([ Il o
(t— tk)BFl _ = A(t—ty)
< ray (e )Hh||Pc,hePc<J7R>.

g 7)\(t]‘75)118j—171h d
e 4 (s)ds| =
ti—1

. j—1
G- J

I

Alts—9) ( / 1_)2;1 (u) du) ds

ti—tj_q)Pir CA(t—s)
< “ (/ A s>||h||pc

_ 11
. (t; tj 1) (1 A(tj—t;— 1)> 8]l pee s b € PC (J,R).
Bj-
_ ti (4. _ g)Pi-172 . Bt
1 ()| = / wh(s)ds < G e e PO (IR,
tj1 tj—1 F(B_}—l_l) F(B]—l)

M
/ e*AW*S)Ifﬁ“k*lh(s)ds
tr

k

Mk S — e
A=) [ [T W)
»/tk ‘ </tk r (ﬂk + o — 1) " (U) du) s

)BkJraA 2

(g — tn) T ( / A >
< e M=) ds ) ||
F(ﬂk+ak) ” || ||PC

(g, — te) T —A(m,—t

< 1-— e —tk) h e PC (J,R).

< F g (e ) lallpe o1 € PC (JR)
arp—1

1% e~ —ts) | = /nk ) (e — )" h(s)ds

tk th F(ak)

S(77

The proofs is completed. m

k
T (g —l—l)

||h||pc»h € PC(J;R).

(iii)



3 Main results

This section deals with the existence and uniqueness of solutions for the problem (1). Before stating and proving
the main results, we introduce the following hypotheses.

(H;) there exist a nonnegative function a(t) € L (0,7") such that
[f(t,2)] < a(t) +£z|” 0 >0,
where (are nonnegative constant.
(H;) there exists a constants Ly, and Ly such that

ij(x” < va |1/J;;(:L')| < Lw*at €J, reRk=12 .,q

(Hj3) the function f:J x R — R is jointly continuous
(H4) there exists a constant L; > 0 such that

If (t,z) = f(t,y)| < Lgle—y|, teld, z,yeR.

(Hs) there exist a positive constants Ly, Ly~ such that |¢,(z) — ¥, (y)| < Ly |z —y|, [Wr(z) —¢r(y)] <
Ly~ |z —yl.

Define an operator F : PC (J) — PC (J) b,

Fx(t) = /t e_)‘(t_s)Iff_lf(&w (s))ds (20)

tk

+Ze_/\(t ti) [/ _A(ti—S)Ifi—l_lf(ng(S))ds

t] 1 -1

1 Bi1—1
S e ) - e

k
+ Z_; [/1\121'11—11"(%,96 (t;)) +;(z(ty)) + %w;“-(w(tj))
o -1
q A _t k
! (1 - ZM)

4 k
X {Z)\klf‘f | e_A("k_s)Ifkf Yf(s,x (s))ds

q
an  — CA(ti—s) 811
+ZZAW Ao >V MEZIT 1 f (s, (s)ds

k=0 j=1 i it

j—1 -1
T G ) - 5 e

+ZZ Ak (m — [iliilllf(tj,x (tj)) +;(x(t;)) + %w;(w(tj)) ;

I'(a
k=0 j—=1 ’“+

For convenience, we will give some notations:

k=0
Al _ q+1 (tj — tjil)ﬁjf1 1 A2 _ zq: (t] _ tj*1)5J7171A3 _ 2‘1: )\k (nk _ tk)ak+ﬁk71
= AN(B) T o AD(B) 2T Tl (By)
Ay = Eq: A (1 — 1) ™ (8 = tJfl)ijlil As = Eq: Ak (g, — )™
0 A (Oék + 1) T (B]—l) ’ o I (Oék + 1) ’



1 1

A A A

T 1
) =W ull + (L Adaaly + (45 + (5 +7) M) aLo

Theorem 5 Suppose that (Hs), (Hy) and (Hs) hold. If
Lr<1
then the equation (1) has a unique solution on J.

Proof. Show that F : PC (J) — PC (J) is a completely continuous operator

t
|Fz (t)] S/ e_’\(t_s)Iff_l |f(s,x(s))|ds

ty
k tj B, -1
+Y et / eI T (s 0 (s)) ds
j=1 tj—1 o
1.8, ,-1 1 *
+15 It;i_l1 |f(t5, 2 ()] + ‘A‘ Wj(f’:(tj))@
k 1.5 1 1
(|3 1w m a1+ e+ 3] e
j=1
e (=)™ |
k k — Uk
+|1—
,;O I(ar+1)
q Nk
AT [T o s+ 3> Lpem X
k=0 ko Jty k=0 j=1

j—1

q k A
A — ) [|1
N k (M), — t) H

T(ap+1) [[A

k=0 j=1

) l [ e e s+ m Lo )] + m |w§<fc<tj>>|]

1 e )+ o] + |5 )] } ,

Fa(t)] < Lf%
+jz:e A(t—t;) [Lf (t ;;j(—ﬂlj)i)l_l v L (t; ;;j(—ﬂlj)f)l_l N Lw*i]
+§1 1 ;th(ﬁlj)ﬁi)ll +Ly+ Lw*% + A{ i io A nk(ak; )‘(‘”?" '
PSSR [ g ]
M |




|F (t)|<L(t_thk 1+LZ—>\(t o (=t )
TETTR G X, )
At—ty) i — tj— 1)&71_1 RS —A(t—t;)
L - - Ly-
i fze )\F(ﬂj,l) Az:: v
t )ﬂj7171 1 k
e O S S
Bij- Z =
4q Otk-,+5 1
Ak (M) — t) b
+ A< L
{ f,;J T (o) T (By)
q k g B._1—1 B._1—1 g
Ak (g =)™ | (G —tj—1) 7 (tj —tj—1)" 1 Ak (g — tr)
+ Li+ L + - Ly~
23 Tty | WG YTH NG TR Tt
q k o Bi_1—1
Mg (g —t)™" | (t — 1) 1
+ Ly+Ly+ <Ly| o,
kz:()j 1 I (e +1) Ar(ﬂjfl) ! PN

Bj_1—1 /37‘_1— /37_1_1

|Fx (t) sz (t; _tf ) A +TLfZ i '1) +TLfZ B '1)

- tk)akJrﬂk 1

I (ex) T (By)

Ak (M — )™ (5 — tj_q) 27" A (g, = 1) ™ (5 — tj—1)" 7"
L § :E : ‘ L § :E :
o AL ( ak+1)r(ﬁj_1) o AT (o, + DT (B,_,)

T )\k n
+ TLw* +qLy + AL¢* +A {sz

k=0 j=1 k=0 j=1
Ak (g, — Ak (g, — te) ™ (5 — tj—1)" !
+ 5 ZZ wazz
k‘()j 1 Fa’f—i_l k=0 j—1 AT ( O‘k+1)r(ﬁjfl)

T
SLf{(1+Q)A1+qTA2+qTA2}+q7LW +qu+%L¢*

+A {LfA3 +qLfAs+ qLpAs + %A5L¢* +qLfAs + qAsLy + %A5Lw*} ;

< Ly {((1+q) A1 +2qTAz) + A (As + 3gA4)}

T 1 11
+ (14 AA5) gLy + <A+A+ <A+/\> AAS) gLy

which implies

T 1 1 1
\.77:13 (t)| < WLy + (1 + AAs) qLy + <)\ + 3 + ()\ + )\> AA5) qLy.

which implies that Fz € B. Thus B C B. On the other hand, for any t € J;,0 < k < ¢, we have

S)ﬁk—Q

|(Fa) (5] < A / PO (s, s) s + [ U= 7 fs, (5))) ds

tr F(ﬂk_l)
t.
i Bl
/ M= (s, 5 ()| ds
tj—1

) j—1
J—

“rX/t ) F(ﬁj_lfl) |f(5,l'(8))|d8+‘)\'¢j( (Q))H7

j—



t Br—2
t—s)°k
<AL P 5)Iﬂk lis + I, / (7(1
= f/tk ) TG

s 1Y (t;—s)fi7? 1
L M= p g +L7/ s+ Ly
f/ < o NS, T, - AT

)

S (=)

(t; — ;) ((1 - e*)‘(tj*tjfl)> + 1)

L.«
T (8,) T

Hence, for 71,79 € Ji with 71 < 79 and 0 < k < ¢, we have

T2

(Fz) () — (F) (7)) g/ |(Fa) (s)) ds < £ (ra — 71).

T1

This implies that Fx is equicontinuous on all Ji, k = 0,1, ..., q. Consequently, Arzela-Ascoli theorem ensures the
operator F : PC (J,R) — PC (J,R) is a completely continuous operator. Next show that the operator F maps

B into B. For that, let us choose R > max {2,u, (2La)ﬁ} and define a ball B = {z € PC (J,R) : ||z|| < R}.

For any = € B, by the conditions (H;) and (Hz), we have

Fa ()] < / NI (o(s) + € |z (5)]7) ds

ty

_ _ P j—l_l g
+Z€“”V Me=9T17 g(s) 4 £ o ()| ds
ti_1

J—

1

A

EH

e (m — )"
Z F(I)ik+1)

1

P )+ el e + H

|t

“Halty) + € e E)]0) + | (@ -))|+‘i‘|¢§(fﬂ(tj))|]

-1
q Nk
. {Z NI [ AL a(s) + o (5) ds
k=0 th

k=0

q k 4
P e V I (o) + € o (5)) ds

k=0 j=1 tij—1 j—1

1].5,_,—
| ) + et @+ [ 3] s ot @

g A (g = 1) ™ 11 g, 1
+ZEF1<7a+1>HAI Hatts) + €l ()] + [ '))|+‘)\‘|¢j($(ty))

10



,Bk 1
P (1)) < flall + € o) L t’“

+Ze—x(t t;)

: 1
(t; — tjfl)ﬁ]“

llall + €l Cllal 4 e e Bl L
AT (B-1) AL (8;-1) AT
k B, -1
oy (b —tj—1)" 1
+ +£ + Ly + = Ly-
;:1 (lall + & [1z]|"] AT (5,3) vty Ly

q ap+B,—1 q k ag
Akﬂ —lf)’c b Ak (Mg — tr)
+ A llall + & ll1D k +Y Y e

k=0 Bk) k=0 j=1 F(ak + 1)
o (i —ti Bij_1—1 oo (b —ti B;_1—1 1
lall + € ol ) 2 Arj(é,) S e+ el (J Arﬂ(ﬁl? Sk ke
J— j—
q k Qg 8. -1
Ak (1, = t) ™ o (G — 1) 1
+§g Flarr el + €1l =Sf Gy + Bt 3| 1

T 1 1 1
< e 7 - - *

+.0¢ ||lz1”

< () + ¢ |||

Thus,

R R
[Fa ()] < pla) + ¥ 2]|” < 5 + 5 = R

This implies F : B — B. Hence, we conclude that 7 : B — B is completely continuous. it is follows from the
Schauder fixed point theorem that the operator F has at least one fixed point. That is problem (1) has at least
one solution in B.

Theorem 6 Assume that there exist a nonnegative function W € C (J,RT) Jand nonnegative constants M, Z
such that

If(t,z) = ft,y)| <W () |z —yl, ted zyeR,

() =Y ()] < Mz —yl, [Wrp(@) —Yry)] < Zlz - yl,

forte Jz,y e R and k = 1,2,..,q. furthermore, the assumption p (W) < 1 holds. then the equation (1) has
a unique solution on J.

11



Proof. For z,y € B and for each ¢t € J, we have

(F) (@)= (F0) (O] < [ eI f(s,(5) = Flo.y ()] ds

ty

+2}%@fﬂ[' e ML (s, () — fsy (5))] ds

J
1
Y

2[5l

+

i—1

1 ) = S 6]+ 5| 1956 - v 6]

.711

[ty () = fti,y D]+ [ ((t)) — w5 (y(ty))]

] 1

;m@»—wwwm}

R

{}jmr”/kekmkﬁﬁ51U@x@»f@y@»ds
q k t;

+§j§puﬁeW%HW/ e NI f (s, (s)) — f(s,9(5)] ds
k=0

ﬁl”uwww»—ﬂmy@m+Hﬂﬁuw»—@@@m}

ﬂ%mw»—%@wm+ﬁﬁwuw»—@@mmﬂ,

T 1 1 1
< {\I/ (W + (14 AAs) gLy + <>\ + Y + ()\ + A) AAg,) qu*} 2 —yll.

=pW)llz—yl.

As (W) <1, we have |(Fz) (t) — (Fy) (t)| < ||z — y|| . Therefore, F is a contraction mapping on PC(J,R) due
to condition (21). By applying the well-known Banach’s contraction mapping we see that the operator F has a
unique fixed point on PC(J,R) . Therefore, the problem (1) has a unique solution. This completes the proof.
]

Example 7 consider the impulsive sequential fractional deferential equation

e’ sin [395 (t) + e(%)w(t)} cos (2t +5)

3
("Dt + XD Na(t) = (@7, 0<t<Lt# T k=01,

2+ 24 (t) 3+ 22 (t)
(22)
5N s )
Ax(l) = 1lsin’z (4) Az (1) B m7

1
a 1
(0) = Y Aelpta (my) + 5,2'(0) = 0.
k=0

S [071] let ﬁo_% 6 :laﬂ: %,O&OZ %7041 :gm)‘oz %a)\l = %3771 :%7772:%' Observe that

elsin |3z (t) + 6(%)96(”} cos (2t +5)

2+ 24 (t) 3+ a2 (t) l=®F

\(t,x,y)| =

et 1
+ —|z|o

<
=5 /3
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Clearly, a (t) = %t,f = %va =11, Ly = %, and the conditions of Theorem 4 hold. Thus, by Theorem,
the impulsive sequential multi-orders fractional boundary value problem (22) has at least one solution.
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