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1. Introduction

Fractional differential equations describe many phenomena in several
fields of engineering and scientific disciplines such as physics, biophysics,
chemistry, biology (for example, the primary infection with HIV), economics,
control theory, signal and image processing, thermoelasticity, aerodynamics,
viscoelasticity, electromagnetics and rheology (Arafa et al., 2012; Baleanu et
al., 2012; Cole, 1993; Das, 2008; Ding and Ye, 2009; Djordjevic et al., 2003;
Ge and Ou, 2008; Kilbas et al., 2006; Klafter et al., 2011; Metzler and Klafter,
2000; Ostoja-Starzewski, 2007; Podlubny, 1999; Povstenko, 2015; Sabatier et
al., 2007; Samko et al., 1993; Sokolov et al., 2002). Fractional differential
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equations are also regarded as a better tool for the description of hereditary
properties of various materials and processes than the corresponding integer
order differential equations.

We consider the system of nonlinear ordinary fractional differential

equations
{D3‘+u(t) + f(tu@®,v(®)) =0, te(01),

S
® DE v(t) + g(t,u(®), v(t)) =0, t € (0,1),
with the multi-point boundary conditions

N

u?(0)=0, j=0,..,n—2; Dlu(t)|;=y = Z a;Ddtu(t)|,¢,,
(BC) l;l
v =0, j =0, =2 DEVOlct = ) BDEVOlimy,
where a,FER, a € (n—1,n], Be(m—1,m], nmeN, n,m = 3,p1,py,
91,92 ER,p; € [1,7’1 - 2]' p; € [1,7’71 - 2]' 4 € [0,p1], q; € [0, pZ]' $i,a; €

R for all i=1,..,.N(NEN), 0<&<--<é& <1,n,b;eR for all
i=1,. M(MeEN),O<n <---<ny<1,and D(’)‘+ denotes the Riemann-
Liouville derivative of order k (for k = a, 8,01, P2, 91, 42).

Under sufficient conditions on the nonnegative and nonsingular
functions fand g, we study the existence and multiplicity of positive solutions
of problem (S)-(BC). We use some theorems from the fixed point index theory
(Amann, 1976; Zhou and Xu, 2006). By a positive solution of problem (S)-(BC)
we mean a pair of functions (u, v) € (€([0,1], [0, 0)))? satisfying (S) and (BC)
with u(t) > 0 forall t € (0,1] or v(t) > 0 forall t € (0,1].

The system (S) with some positive parameters, subject to the boundary
conditions (BC) was investigated in (Henderson et al., 2017). The system (S)
with £(t,u,v) = f(t,v), g(t,u,v) = §(t,u) has been studied in (Henderson
and Luca, 2017c). In this last paper, the authors use some different operators
and different assumptions than those we use in this paper. The existence of
positive solutions of the system (S) with the coupled multi-point boundary
conditions

(50) {u@(O) =0, j=0,..,n—2; Dlu(®)|=1 = Xy a;D{Ev(0) o=,

v(0)=0, j=0,..,m—2; D2v(t)|;=1 = XiLy biDF2u(®) =y, ,
was studied in (Henderson and Luca, 2017b). For other papers which
investigate the existence, nonexistence and multiplicity of positive solutions for
systems of fractional differential equations with nonnegative or sign-changing
nonlinearities, subject to various nonlocal boundary conditions we mention
(Henderson and Luca, 2014a, b; Luca and Tudorache, 2014; Henderson and
Luca, 2015; Henderson et al., 2015; Henderson and Luca, 2016a, b).

The paper is organized as follows. In Section 2, we present some
auxiliary results which investigate a nonlocal boundary value problem for
fractional differential equations, and we give the properties of the Green
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functions associated to our problem. Section 3 contains the existence and
multiplicity results for the positive solutions of problem (S)-(BC).

2. Auxiliary Results

We present here some auxiliary results from (Henderson and Luca,
2017a) that will be used to prove our main results.
We consider the fractional differential equation

Df,u(t) +x(t) =0, 0<t<1, (1)
with the multi-point boundary conditions
uP© =0, j=0,..,n=2; DGju®)l=1 = L1 aDGu®li=, ()
where a €e(n—1,n,n€Nn>3,q; {; ER,i=1,..,N(N €N),
0<& <<év<1p,q€R p €[LLn-2] q, €[0,p;] and

x € €(0,1) N L1(0,1). We denote by A= - (i(_“;l) - (Z(fjl)zﬁ‘;l q; &1

Lemma 1. If 4; # 0, then the function u € C[0,1] given by
u(®) = f, Gy (t,$)x(s)ds, t € [0,1], €)
is solution of problem (1)-(2), where
a—1
Gl (t' S) = gl (t' S) + tA_lzgv=1 aigz (Eiis): v (t! S) € [0'1] X [0!1]! (4)
and

91(t,s) = )

92(t,s)
_ 1 {tfl—fh—l(l —s)e Tl _(t—s) 7l 0<s<t<1,
" T(a—qq) tr (1 —s)* P17l 0<t<s<1.

Lemma 2. The functions g; and g, given by (5) have the properties:
a) g1(t,s) < hy(s) forallt,s € [0,1], where

1
hi(s) = )

b) g1(t,s) = t*1hy(s) forallt,s € [0,1];
a—1
0) g:1(ts) str(—a) forallt,s € [0,1];

d) g,(t,s) =t*91-1h,(s) forallt,s € [0,1], where
hy(s) = =—= (1 =s)* P11 - (1 —s)P179),  se[01];
I'(a—q1)

1
ta 411 forall t,s € [0,1];
I'(a—q1) [0.1]

L{t“—lu —s) Pl (-5l 0<s<t<1,
I'(a) t*1(1—-s5)*P71 0<t<s<1,

(1-s5)*P171(1 = (1 —s)P2), s €[0,1];

e) g2(ts) <
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f) The functions g, and g, are continuous on [0,1] x [0,1]; g;(¢t,s) = 0,
g>(t,s) =0 for all t,s €[0,1] ; g:1(t,s) >0, g,(t,s) >0 for all
t,s € (0,1).

Lemma 3. Assume that a; >0 for all i=1,..,N and A; > 0. Then the
function G; given by (4) is a nonnegative continuous function on [0,1] x [0,1]
and satisfies the inequalities:

a) Gy(t,s) <Ji(s) foralltg, s € [0,1], where

Ji(s) = hi(s) + - Z =1:92($i,8), s €[0,1];

b) Gi(t,s) =t* 1, (s) for aII t,s € [0,1];

C) Gy(t,s) <oyt* 1, forallt,s € [0,1], where
1 1 N a—q1—-1

o4 =—+—)>: . a:é&;
1= @ T Bty 2=t %

Lemma 4. Assume that ¢; >0 for all i=1,..,N, Ay >0, x€ C(0,1)N
L'(0,1) and x(t) = 0 for all t € (0,1). Then the solution u of problem (1)-(2)
given by (3) satisfies the inequlity u(t) > t*~tu(t ) forall t,t € [0,1].

We can also formulate similar results as Lemmas 1-4 for the fractional
boundary value problem
DE v(t) +y(t) =0, 0<t<1, (6)
'U(])(O) = 0' ] = 0" 2 Dpzv(t)lt 1= 1b D v(t)lt =n;’ (7)
where ﬁE(m—l,m],mEN,mZS,bl,r)lER,l 1,.., M(MEN)
0<771<"'<77MS1, pZ'qZER' pZE[l'm_Z]! qZE[O'pZ]
and y € €(0,1) n L'(0,1).
We denote by A,,gs,94,Gy, h3,hy,J, and o, the corresponding
constants and functions for problem (6)-(7) defined in a similar manner as
A1, 91, 92,G1, hy, hy,J1 and oy, respectively. More precisely, we have

A,= r') r'8) M B—q2-1

FG—pn)  TG-qp 2i=1 DM ’
1 (11 —-s)f P2l —(t—s)f 1, 0<s<t<1,
g3(t,s) = ——< -1 —py—1
r'(B) tP-11—s)f P27l 0<t<s<1,
g4(t,s)
1 {tﬁ—%—lu —s)f Pl _(t—s5)f 271 0<s<t<1,

“TB-q) tf’—‘h—l(l —s)f 7l o<t<s<1,
6a(t,5) = g3, s)+—2 bigs(1i5), ¥ (65) €[01] x [0,1],

hs(s) = (1=s) Pl 1-Q1-5)P2), se[o1],

F(ﬁ')
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ha(s) =1 (1=s)f P71 (1- 1 -s)P2"%), se01],

_1

B —q2)
1 M

Jo() = ha(8) + - ) biga(n,s), s € [01],

1,1 ZM A a—
oy = N .
27T T 8B — qp) Luims

The inequalities from Lemmas 3 and 4 for the functions G, and v are
the following G, (t,s) < J,(s), G(t,s) = tF~1],(s), Gy(t,s) < o,tP~1, for
all t,s €[0,1], and v(t) = tF=1v(t") forall t,t € [0,1].

Remark 1. Under the assumptions of Lemma 4, and of the corresponding

lemma for problem (6)-(7), for ¢ € (0,1), the solutions u, v of problems (1)-(2)
and (6)-(7), respectively, satisfy the inequalities

mingepeq) u(t) = ¢t max, ¢ u(t)),
minepe,1) V() = ch-1 max,'co ) v(t).

The proofs of our results are based on the following fixed point index
theorems. Let E be a real Banach space, P C E a cone, “<” the partial ordering
defined by P and 6 the zero element in E. For ¢ > 0, let B,={u € E, |lu|| < ¢}
be the open ball of radius ¢ centered at 6, and its boundary 0B, =
{u € E, |lull = o}.

Theorem 1. (Amann, 1976) Let A:EQDP — P be a completely continuous
operator which has no fixed point on dB,NP. If ||Au|| < |lu]| for all u €
dB,NP, then i(4,B,NP,P) = 1.

Theorem 2. (Amann, 1976) Let A:B,NP — P be a completely continuous
operator. If there exists u, € P \ { 8} such that u — Au # Aug, for all A > 0 and
u € 0B,NP, then i(4,B,NP,P) = 0.
Theorem 3. (Zhou and Xu, 2006) Let A:B,NP — P be a completely
continuous operator which has no fixed point on 0B, NP. If there exists a linear
operator L: P - P and ug € P \ { 8} such that

) up < Lugy, ii) Lu < Au, Yu € 9B,NP,
then i(4,B,NP,P) = 0.

3. Main Results
In this section we investigate the existence and multiplicity of positive

solutions for problem (S)-(BC) under various assumptions on the functions f
and g.
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We present the assumptions that we shall use in the sequel.

(Hl) a,BER, ae(n—1,n], e(m—-1,m], nnmeN, n,m >3,

P1,P2,q1,92 ERpy €[L,n—2],p; €[L,m —2], q1 € [0,p1], 92 € [0,p;],
§ER, ;>0 for all i=1,..,N(NEN), 0<¢ <--<éy <1 €ER,
by =0 for all i=1,..,M(MEN),0<n, < <ny <1, A1=%—

—P1
r@ wn a—qi1—1 __ ') __IB) M 4 . B-q2-1
Fa—qn 21=1 9i5i >0 8= r oy T Ty 2=t T > 0.

(H2) The functions f,g:[0,1] x [0,00) X [0,0) — [0,00) are

continuous.

By using Lemma 2, a solution of the following nonlinear system of
integral equations

1
(o) = f G1(6,9)f (s,u(s),v(s)) ds, t € [0,1]
0

1
{kV(t) = .’; G,(t, s)g(s,u(s),v(s)) ds, t €[0,1]

is solution of problem (S)-(BC).

We consider the Banach space X = C[0,1] with supremum norm ||-|| and
the Banach space Y = X x X with the norm ||(u, v) ||y = |[ull + ||v]|. We define
theconePcYbyP ={(u,v) €Y, u(t) =0, v(t) =0forallt € [0,1]}.

We introduce the operators Q;,Q,:Y — X and Q:Y — Y defined by

Q1w v)(®) = [ Gy (&,)f (5, u(s), v(s)) ds, ¢t € [0,1],

Q2w v)(1) = [ G2 (t,5)g(s,u(s),v(s)) ds, t € [0,1],
and Q(u' 17) = ( Ql (u, 17), QZ (u' 17)), (u, 17) ey.
Under the assumptions (H1) and (H2), it is easy to see that operator
Q: P — P is completely continuous. It is obvious that if (u,v) is a fixed point of
operator Q, then (u,v) is a solution of problem (S)-(BC). Therefore, we will
study the existence and multiplicity of fixed points of operator Q.

Theorem 4. Assume that (H1) and (H2) hold. If the functions f and g also
satisfy the conditions
(H3) There exist p = 1 and g = 1 such that

s _ 1s fuv) _
fO = llmuu-ljz—bo sup te[0,1] —(u+li)p = and
) g(tu,w)
gg = llmuu-l-;];)o Supte[oll] —(u+y)q = 0;
(H4) There exists ¢ € (0,1) such that
foo = liMusvow infrepe,qy f(lff:) = and
géo = limu+v—>5>o infte[c,l] gtwv) = 00,

utv

then problem (S)-(BC) has at least one positive solution (u(t), v(t)), t € [0,1].
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Proof. For c given in (H4) we define the cone

_ i u(®) = o1 i o(©)> ool
Py {(u.V)EP. trer[lgg]u(t)_c [lull, trer%gfll]v(t)_c 1icd

From our assumptions and Remark 1, for any (u,v) € P, we deduce that
Q(u,v) = (Q1(u,v),Q,(u,v)) € Py, thatis Q(P) c P,.

We consider the functions ug, vy: [0,1] — R defined by

uy(t) = fol G, (t,s)ds, vy(t) = fol G,(t,s)ds, te€[0,1],
that is (ug, vg) is solution of problem (1)-(2) with x(t) = xy(t), y(t) = yo(t),
xO(t) = 1, yo(t) =1forallt e [0,1] Hence (uo,vo) = Q(xO,yo) € Po.

We define the set
M ={(u,v) €P,
there exists A = 0 such that (u,v) = Q(u,v) + A(ugy, vy)}.

We will show that ¥ < Py and M is a bounded set of Y. If (u,v) € M,

then there exists A > 0 such that (u, v) = Q(u, v) + A(uy, vy) or equivalently
u(t) = fol G1(t, )(f(s,u(s),v(s)) + 1) ds, te[01],

v(t) = fol G,(t,5)(g(s,uls),v(s)) + 1) ds, t€[01].
By Remark 1, we obtain (u,v) € Py, so M c P, and
1 . 1 . —
lull < == mingepeq u®), vl < = mingeeqyv(e), V(w,v) €M. (8)

From (H4) we have f\ = oo and g, = oo. Then for €; = —Ca_zlm >0,
1
2

2= o > 0, there exist C; > 0, C, > 0 such that
2
f(t'u'v) 2 61(u+v) - Cll g(t'ulv) Z 62(u+7.7) _CZ' (9)
Y (t,u,v) € [c, 1] X [0,) X [0, ),
where m; = fclji (s)ds and J;, i = 1,2 are defined in Lemma 3.

For (u,v) € Mandt € [c, 1], by using Lemma 3 and relations (9), we
obtain

u(t)1= Q1 (u, v)(0) + Aup(t) = Q4 (111, v)(t)
= fo G (t, s)f(s,u(s),v(s))ds > fc t“_ljl(s)f(s,u(s),v(s))ds
> co1 fcljl (s)[ €1 (u(s) +v(s)) — C1] ds
> lg fcljl (u(s)ds — c*'m, ¢y
>clemy mingep 17 u(s) — c*myCy
= 2mingepq u(s) — C3, C3 = c“Im,Cy,
and
v(t) = Q2(u, v)(t) + vy (t) = Q2 (u, v)(t)
= fol G,(t, s)g(s,u(s), v(s))ds > fcl tF=1y, (s)g(s,u(s),v(s))ds
> A [ ()€ (uls) +v(s)) — Gl ds
> cf g, fcljz (s)v(s)ds — cF~Im,C,

€
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> cFleym, mingec11v(s) — cP1m,C,
> 2 minse[cll] U(S) - C4, C4_ = Cﬁ_lmzcz.
Therefore, we deduce

mineepe 1) u(t) < C3, mingee 1 v(t) < Cy, V¥ (u,v) € M. (10)
Now from relations (8) and (10), we obtain
C
3 4
llull < pray lvll < BT
c c
1w vlly = llull + 1]l < 25 + =5 = Cs,

forall (u,v) € M, thatis M is a bounded set of Y.
Besides, there exists a sufficiently large R; > 1 such that
(w,v) # Q(w,v) + A(ug,vo), V (u,v) €IBg, NP, V A1=0.
From (Amann, 1976), we deduce that the fixed point index of operator
Q over Bg, N P with respect to P is

i(Q,Bg,NP,P) = 0. (11)
Next, from assumption (H3), we conclude that for e; = 4171 > 0 and

€4 = ﬁ > 0, there exists r; € (0,1] such that
ftu,v) < es(u+v)P, gt,u,v) < e,(u+v)d, (12)

vte[01], u,v=0, u+v<rn
where M; = [ Ji(s)ds, i =12.
By using (12), we deduce that for all (u,v) € B, NP and t € [0,1]
Q@ v)(®) < f) 1 (5) e3(uls) +v(s)) ds

1
< &Ml )iy’ < 1wy,

Q2w v)(®) < [ J2(s) ea(uls) +v(s))"ds
1
< eMll(u, v)lly? < Z”(u' v)|ly.
These imply that
1@l < Il 1@ )l <71 )lly,
1w v)lly = 1Q1 @Il + 10w W) < 5@ Wy, ¥ (w,v) € 3B, NP.

From (Amann, 1976), we conclude that the fixed point index of
operator Q over B, N P with respect to P is

i(Q,B,,NP,P) = 1. (13)
Combining (11) and (13) we obtain

i(Q,(Bg, \ B,,) nP,P) =i(Q,Bg,NP,P) — i(Q,B,,NP,P) = —1.
We deduce that Q has at least one fixed point (u, v) € (Bg, \ B;,) N P,
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that isry < [|(w,v)|ly < Ry orry < |lull + |lv]l < R;. By Lemma 4, we obtain
that u(t) > 0 for all t € (0,1] or v(t) > 0 for all t € (0,1]. The proof is
completed. n

Theorem 5. Assume that (H1) and (H2) hold. If the functions f and g also
satisfy the conditions
f(tuvw)

(H5) f0§ = llmu;zzgo sup te[0,1] wto =0 and
L gtuy) _ o
ggo = llmquzgo Supte[oll] o 0;
(H6) There exist ¢ € (0,1), p € (0,1] and g € (0,1] such that
fol = limu+vﬁoo inftE[C,l] M = 00 and

(u+17)?7

; . . tu,v)
L= limu+v—o in CICLIL) N
gO uutl;zo ftE[C,l] (u+y)q

then problem (S)-(BC) has at least one positive solution (u(t), v(t)), t € [0,1].

)’

Proof. From the assumption (H5), we deduce that for es =ﬁ> 0 and
1

€6 = ﬁ > 0, there exist C¢ > 0, C; > 0 such that
2
ftuv) < es(u+v)+Cq, gt,uv) < egu+v)+0Cy, (14)
V (t,u,v) € [0,1] X [0, ) X [0, o).
Hence for (u,v) € P, by using (14), we obtain
1
Q1w v)(t) < [, J1(s)(es(uls) + v(s)) + Cg)ds
< es(llull + vl f; J1(s)ds + Co [ J1(s)ds
= esll(w, v)llyMy+CeM;y = %Il(u, v)|ly + CeM;, Vte([01],
Q2w v)(®) < [ 2(5) (€6 (uls) + v(s)) + C7)ds
1 1
< es(llull + V1) f, Jo(s)ds + C; [ Jo(s)ds
= €6ll(u, )|y My+C7 M, = %Il(u, v)ly + C;M,, Vte[01],
and so
1w, W)lly = 1@ (w, VIl + 1@ (w, V)| < %Il(ur V)|ly + (CeMy + C7M5)
=@ w)lly + Cs, Cg = CMy+ C7M,.
Then there exists a sufficiently large R, = max{4Cg, 1} such that
||Q(u, U)lly S %”(U,U)”y, v (U,U) € P, ”(u' U)HY 2 RZ'

Hence [|Q(u,V)lly < |l(w,v)lly for all (w,v) € dBg, NP and from
(Amann, 1976) we have

i(Q,Bg,NP,P) = 1. (15)
On the other hand, from (H6) we deduce that for e; = ﬁ >0,
1
€g = ﬁ > 0, there exists r, € (0,1) such that
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ftu,v) > e;(u+v), glt,u,v) > eg(u+v)d, (16)
vVte[cl], u,v=0 u+v <.
From (16), we deduce that for any (u,v) € B,, N P

Q1w v)(®) = [ 61t )f (5, uls), v(s))ds
> fcl €7G1(t, s)(u(s) + v(s))? ds
> e [ Gy (t,)(u(s) + v(s)) ds =: L, (w,v)(), Vtel01],
Q,(w,v)(t) = fcl G, (t,5)g(s,u(s), v(s))ds
> fcl €3G, (t, s)(u(s) + v(s))9 ds
> €5 [ Gy (t,5)(uls) +v(s)) ds =:L(u, v)(t), Ve [0,1].
Hence
Q(w,v) = L(w,v), V(u,v)€EIB,NP, (17)
where the linear operator L: P — P is defined by L(u, v) = (L1 (w,v), L, (u, v)).
For (fiy, Ug) € P \ {(0,0)} defined by
() = [ Gy (t,5)ds, To(t) = [, G,(t,s)ds, Vte[01]
we have L(fig, Uy) = (L1 (Tig, Dy), Lo (Tig, Tp)) With
Ly ({1, 5)(8) = € [ G1(t,5)([. G1(5,7) dr + [ Gy(s,7) d) ds
> e fcl Gy(t,s) (fcl G1(s,7) dr) ds
€7 fcl G,(t,s) (fcl 1, (1) dr) ds
= e7,¢“Imy [} Gy (t,5)ds = [ Gy (t,5)ds =1(8), V¢ € [0,1],
Ly (g, Do) () = €3 fcl Gy (¢, S)(fcl Gi(s,T) dt + fcl Gy(s,7) dr) ds
€g fcl G,(t,s) (fcl G,(s,7) dr) ds
€g fcl Gy (t,s) (fcl 1, (0) dT) ds
= egchf~m, fcl G,(t,s)ds = fcl G,(t,s)ds = y(t), YVt €[0,1].
So

v

\Y

v

L(p, Do) = (To, D). (18)
We may suppose that Q has no fixed point on dB,, N P (otherwise the
proof is finished). From (17), (18) and (Zhou and Xu, 2006, Lemma 3), we
conclude that
i(Q,B,,NP,P) = 0. (19)
Therefore, from (15) and (19), we have
i(Q,(Bg, \ B,,) N P,P) =i(Q,Bg,NP,P) — i(Q,B,,NP,P) = 1.
Then Q has at least one fixed point in (Bg, \ B,,) N P, that is r, <

||(w, v)|ly < R,. Thus problem (S)-(BC) has at least one positive solution
(u,v) € P. This completes the proof. ]
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Theorem 6. Assume that (H1), (H2), (H4) and (H6) hold. If the functions f and
g also satisfy the condition

(H7) For each t € [0,1], f(t,u,v) and g(t,u,v) are nondecreasing with respect to
u and v, and there exists a constant N, > 0 such that

N, N,
f (&, No, No) < ﬁ. g(t, Ny, No) < ﬁ, vt e[011],

where mg = max(M,, i = 1,2}, (M; = [} Ji(s)ds, i = 12),
then problem (S)-(BC) has at least two positive solutions (u (t), v1 (¢)),
(uZ (t)' L) (t))l te [Oll]

Proof. By using (H7), for any (u,v) € By, N P, we obtain
URICE [ Gy (t,5)f (s, No, No)ds < [\ J1 (s)f (s, No, No)ds
T [y Ji(s)ds = St < B v e [0,1],

Q2 (u DO < ly Gz(t s)g(s No,No)ds < J J2(s)g (s, No, No)ds
N° fo Jo(s)ds = M <M vtelon]
Then we deduce
R, W)ly = 1Q1 (w, V)|l + 1Q2(w, V)|l < Np, V (u,v) € 9By, N P.
By (Amann, 1976) we conclude that
i(Q,By,NP,P) = 1. (20)

On the other hand, from (H4) and (H6) and the proofs of Theorem 4 and
Theorem 5, we know that there exists a sufficiently large R; > Ny and a
sufficiently small r, € (0, Ny) such that

i(Q,Bg,NP,P) =0, i(Q,B,NP,P)=0, (21)

From the relations (20) and (21), we obtain

i(Q,(Bg, \ By,) N P,P) = i(Q,Bg,NP,P) — i(Q,By,NP,P) = —1,
i(Q,(By, \ B;,) nP,P) = i(Q,By,NP,P) — i(Q,B,,NP, P) =L1.

Then Q has at least one fixed point (uq,v;) € (BR1 \ ENO) N P and has
at least one fixed point (u,,v;) € (By, \ B,,) N P. If in Theorem 5, the
operator Q has at least one fixed point on dB,, N P, then by using the first
relation from formula above, we deduce that Q has at least one fixed point
(u1,v1) € (Bg, \ By,) N P and has at least one fixed point (up,v;) € 9B, N
P. Therefore, problem (S)-(BC) has two distinct positive solutions (uq, v;),
(uy,v,). The proof is completed. [ |
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EXISTENTA SOLUTIILOR POZITIVE PENTRU O
PROBLEMA LA LIMITA FRACTIONARA

(Rezumat)

Studiem existenta si multiplicitatea solutiilor pozitive pentru sistemul de
ecuatii diferentiale fractionare Riemann-Liouville (S) cu neliniaritati nenegative si
nesingulare, cu conditiile la limita (BC) cu mai multe puncte care contin derivate
fractionare.
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