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Existence of infinite positive solutions and oscillation of connected component
of positive solutions for a class of periodic boundary value
problems of first order difference equation
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Abstract: In this paper,we study the existence of infinite positive solutions and oscillation of connected

component of positive solutions for the periodic boundary value problems of the first order difference e-
quation —Ax () +q(Dax(t) =Aa(Dx(t) + [, xa () x (1)t € T, 2(0) =2(T), where A >0 is a parame-

ter, T2 is a integer, T:={0,1,T—1} ,q:T*[O, ) ya: T—>(0, ) s f: T XR—R is continuous and f
(t,0) =0 satisfies some conditions. The proof of the main results is based on the Rabinowitz global bifur-
cation theorems.

Keywords: Difference equation; Positive solution; Connected component; Oscillation; Global bifurcation
theorem

(2010 MSC 26A33)

1
, —Ax(t) = ft,x(t+1)),€{0,1,+,T},
L6 x2(0) =2(T+1)
,Sl.ll'lim ’ T>2 9][:{0’15°'°9T} X
: 2019-03-30
(11671322)

(1995—), , s . E-mail: suxiaoxia02856@163. com



232 ) 57
[O,(x))—»R . ’ Cl‘ (D
’ (D . [z | :Szj—19j>19 A<
v [ 7 S (P S = D p
4 mzza(s)
’ /+'}7;ll +y .
MZZa(s)
1.3 (H1) ~(H5)
Ci el xX . CY .C/
@ +qx(® Wx () +fGx()x(t) t , ret
—Ax(t) Fq@ax (@) =Aa(®)x () + f(t,2(¢ 1),
R res AT QA.x) €CY.
teT, x(0) =x(T) (@)
) 2
A=0 ’T>2 7T ={0’17 = T:z{O’la"'Til},?:={0919"'T}.
1}.

(HD) q:T—>[0,00);
(H2) a:T—(0,);

(H3) f:TXR—>R F(£,0) =0
(H4) y Lyt —y <
T8 i (o e T xR,
a(t)
(H5) y Lyt E.j=1,
2’... N ] Sj <%€j+1’
teT
4 f(hf) m
Y < a(t) ’56(M52_/*l’$2/*1)9
A CY)) m
—y > me e
Yy = (D) aEE(Mgz]aSz])a
M.,m D
M o
I]:=/++77++’T+7 )
Mzza(s) mzza(s)

m ‘ M .
I := A T1 A 71 +7 .
i M? Ea(s) mt Za(s)

X={x ‘x;{O,l,'“,T}%R‘I(O.) =2(T))

|z | =max| () | Banach
€T
L1 (HD) ~(H4$ . (1

I, <X ,Ci eI, XX,

X={z|x: YN“%R‘I(O) =x(D)}

Iz I =
max |z (1) | Banach Y = {=x
e T
‘I:T"R} [z 1y = max | (1) |

teT
Banach
2.1 (Krein-Rutman )L E
Banach ,KCE K'#(). FeL
(E) . r(F)>0,r(F) F
v€EK® ,
F .
2. 2 (Rabinowitz )
E  Banach
x=puLx +N(u,2),p R, x€E (2)
(AD) L.E—~E ;
(A2) o L E ,
x (o) ,
% (o) =dim{ U ker((I—poL)") ) 3
(A3) N:RXE—FE )
hr{} | NH(g;,ﬁ) | —o.
Cluo) (2)
(o 50D ,
(1) Cuo) ;
(i) Clpy) (1s0)s Mo
2.3 (HI)~(H3) hey,



233

—Ar(D) +q(Dx() =h (D)t €T, 2(0) =2(T)

(3
+T—1 R
() = DGt €T o))
+T—1
TT a +q6n
G(t,s) = 4 d<s<t+T-—1

IT a +qG» —1

(5)
, (3 x(t+1) =1+
g x() —h(). G =1+q.

g Wx ) —h().

x(t+1)=

—1

Il 7'xc+D =[] 7 D) —

t

Il 7 'onw .

t—1 t

t+T—1 —1
Il 7'z +D — [[ 7D =
N HT—1 s C
— >[I 7 hre.
+T—1 t++T—1+T—1
2OA = [ @) == > ] 7Wh.
i=t s=t i=st1

+T—1

() = DG € T.
PCcX P={xeX|x()=0,2()=

]% la | ,e€ T}, A, :P—>X

+T—1

A (1) = EG(t,s)Da(s)x(s) +

fGaax(Nz( ] € T.
2.4 (H1) ~(H3)
P A,.P—>P
P , x€bP,
Az | = max|Ax() ]| =

€T
+T—1
max >, G(t,9)[a()x(s) +

eT =t

A (P)C

fG,x(sNa(s)] <
+T—1

M > [Aa()x(s) + fssa(s)a(s)].

++T—1

A () = DG (Dxs) +
Flssx(sNal(s)] =

t++T—1

m > [Aa()a(s) + flsaa(sNals)] =

+T—1

Z%ZIM Z:; [Aa(Dx(s) + f(s,2(s))x(s)] =

i Al
A,(P) € P. . X Ay
P—P
A1
— Az (D) +q(Dx(D) =pa(Dz () €T, )
x(0) =x(T)
o1 A
2.5 (H1)~ (H2)
(6) A >0,
¢ €X

Py={xeX|x()=0,t€ T},

P, . ,

X=P,—P,, P G(t,5) >0,
t<s<t+T—1,

+T—1

Fe () =226 a()a(s)t € T

. erlntPO,ATGPO\{O}.

2.1, r(F) >0 o1 €X,01 >0
Fo,=r(F)e. A =0G(F) !
(6)
3
L:X—=>Y,Lx=—Ax(t) Tq(Dx (D), x €
X, X , L '.X—>X
x=0
Lx—da(Dx=f({t,2)x D)
D)
HT—1

() = D GU.D[Aa (s +

FGax()a(s) ]:==QL "[a()x ()] +
L' fCo,xCeoa(o) D).

Ne =L '[f(e,x(+Da()]@) =



234
+T—1 -
ZG(t,s)f(z‘,I(s))x(s) , —Ap1 (D) tq(D 1 (1) =2al) g (D), €T
= v 01 (0) =, (T)
+T—1
F G(tys) f,x(s))x(s) ey -
INe | e 2,6 f Gzl nats _ o (D =2 D GUag ()t €T,
X x| - o
71
Cm (t,x(s)) |, R,
,QX,Z,; S| a1 ZaW =0 > "a la® .
C ) (H3)  f(£,0) =0, o
teT . = X 0 L IL'[fCe,x
ne—M M L (o
CeNaCHJWD | =oCllx ). 7722 (5 122 ()
7 a\ls 7 als
RXX (@D =t =t
Rabinowitz 2.5 ’
H+T—1
: 1. 0) D 2@ | <@ =MAYa® la® |
Cfr CRXX» ClJr (/1190) s=t
UCy.
M
L1 A = z\lml = 11 _7++ (1)
+T—1 MZ ( ) 2 ()
x(1) = EG(I,S)[M(S)J?(S) +fGa(Na(s)] = Za * " Z;a '
! 8 (D
+T—1
. ) fCs,x(s))
\Z:;G(z‘,s)[/\ + S el = P —) e J\f T
AHT—1 M? Za(s) m? Ea(s)
DimQ—y Dalaxls) = = =
ey (10) (1D
+T—1
o m
;m(}{ -7 )a(s)M [ 2Cs) Il n e [—2 — 5y, ,\’M +y .
Hl‘(t) ” >‘T(t) > M720(3‘> 7}’1220(5)
t+T—1
m =y Dals) 22 Il
Z; M LCrel XX,
1.2 (A,2) (1)
m* £ =1 lal =¢ | 2(0)
o Y . = N —G2j—1- A
=7y >Z,a<5>,
” >l(t) Hx(t) H MSZ] 1\l(f) <Ez] 1.
M o - .
A<~ +7 (8 (H5) W}y',te'ﬂ
m* Za(s) ¢
s=t T-1

b

LT <2 <
MHl(t) [ <ax() <

+T—1

DIMQ +7as) x|l

+HT—1

A—Z <MQ+y™) Z;a(s),

P e €D

+T—1

M*? Ea(s)

x(1) = ZG(z‘,,s)Da(s)x(s) + fGaa(sNa(s)] =

+T—1
Smla + LD G005 =

+T—1 9

m- + . -
2 M(A +yals) s |.

s=t

+T—1

>2mﬁzu+

s=t

[ x() | = x()

yHHals) [z I,



235

M +

AS —mr—— 7Y (12)
m? Za(s)
[} (A,l’) (1) )
]219 HI H :52,‘
m
— : < <
M [l 2Ce) |l x (1)
+T—1
DIMQA =y als) x|,
o +T—1
1\% <MQ —7) \Z;au),
A ety (13)
M? >als)
(10) (1D
/ M _
€ [—m— 7 +r
M*? Za(s) m? Za(s)
12) ) [l =&5-1,57=1, 1<
- M ay P
m? Ea(s)
izl A>—at
M? Za(s)
1.3 1.1,
]229 (/ljsl‘j) GCI‘ H X;
[ =&;. (/‘1Jr (Aj’Ij) (Aj»o)y 1.
29 /1»,'6129 (/Iyl)ECf

Ej*lg H X H géj-
(Ayl‘)ecr.

[1] Wang H Y. Positive solutions of functional differen-

tial equations [ J]. J Differ Equations, 2004,

202 354.

, 2020, 57. 231.

[2]

(3]

[4]

(5]

(6]

[7]

(8]

(9]

(10]

[11]

[12]

[13]

[14]

: Su X X. Existence of infinite positive solutions and oscillation of connected component of positive solutions for

Jin Z,Wang H Y. A note on positive periodic solu-
tions of delayed differential equations [ J]. Appl
Math Lett, 2010, 23: 581.

Ma R Y,Chen R P,Chen T L. Existence positive pe-
riodic solutions of nonlinear first order delayed dif-
ferential equations [J]. J Math Anal Appl, 2011,
384. 527.

Graef J] R,Kong L J. Existence of multiple periodic
solutions of first order functional differential equa-
tions [ J]. Math Compt, 2011, 54: 2962.

Hai D D, Qian C. On positive periodic solutions for
nonlinear delayed differential equations [J]. Mediterr
J Math, 2016, 13. 1641.

Sun J P. Positive solutions for first-order discrete
periodic boundary value problem [J]. Appl Math
Lett, 2006, 19.: 1244.

Ma R Y,Gao C H,Xu J. Existence of positive solu-
tions for first order discrete periodic boundary value
problems with delay [ J]. Nonlinear Anal Theor,
2011, 74. 4186.

Deimling K. Nonlinear functional analysis [ M]. New
York: Spring-Verlag, 1985.

Zeidler E. Nonlinear functional analysis and its ap-
plications [M]. New York: Spring-Verlag, 1986.
Ma R Y, Thompson B. Nodal solutions for nonlinear
eigenvalue problems [ J]. Nonlinear Anal Theor,

2004, 59. 707.

s . Neumann
[Jl. : , 2017,
54, 1136.
(1. : , 2018, 55: 260.
LJ]. : , 2018, 55. 452,
[M].
. 2004,

[Jl.

e

ja class of periodic boundary value problems of first order difference equation [J]. J Sichuan Univ: Nat Sci Ed, 2020, }

}57: 231

+

S S S S R SO S



