43 K% 2 M B K FF R CAARRF R 2021 4 2 A
Vol. 43 No. 2 Journal of Southwest University (Natural Science Edition) Feb. 2021

DOI: 10. 13718/j. cnki. xdzk. 2021. 02. 014

SENMRABEHRENERE

RO, R EfE

bk B R, KR 030051

WE: ALTrBEAmBARARN DG I LT, SAFELS IS MASEMARBHE R AH 65, 4
AP REMIEN T R 5 BRI REIR S H R EIZA AR R A, H—FIER T A A 5 B e B R A
B AL R R B I A A S R RGBT SRR 51, SRAT ST A B R T 5
5 4 B A B MR R R A K R, B — FAEU T S AL A HE R B B 5 AU A A AR B B 6 LA B RUR K

2 m A AR HE B B 7
X 8B O B IRHEA SRR i BAmEA R FT; AR R
FESES: 029 XEktRERL: A XEHES: 1673 -9868(2021)02 - 0103 — 07

SCHRLL] )™ T OWAE SR 30 e 0, A 200 1 AU DM AR J) 300 o 50 B AR S P . 3R 22 19 A O [ S 3 oo
7 R A IS B R S B0 R O L SCIRC 10T 44 M T ORUMIAS DA ABE S 0 bR AR A L i — 2B T Bl B
PR B Tk o o0 5 AR A A . ARSI IS A B — AP 0 S R L o B DR A JEL U eR K o BOIASU D AL A 0
BREC G 43 BOSUIAC DY ME S35 pR ORI A g B2 1h - SC TRy B B TR T R 2 I TR R
(¥ A 2 Xt 3 BEOSUINAS A HE S 391 bR ) B 9T 0 HE S, F2 A 28T 43 BOSUINAS B 8 JE 9 bR 0P &2 45 5 B, L
Lo BUI AR P B T 381 bR 555 WU A O HE J 39 P 31 22 1) ) 5 R

1 53 B XUhnAS 4 45 72 5 o 25
BLAE A 21 5 BOA D E 00 B B ME. 2  UE U AR A (s R——> (0, o)) U]

7(S, o) :Jigp(z‘)dt

S
U = €U infu) >0, limJ p(dr = oo
tER S

S—»cod —

UB:{/! EU:,’J GU«A,s Sup/l(t)<00}

/1(5 +lr D
L))

TR ok B B N SCHR[2 ] rh o Sy A R B AR DG BT, 7R KRS RS IR. X T pv € U, S >0, f €
PC, (R, X), X

U(}—{pGU oo,vreR}

Yo H . 2020 - 04 - 07
HEWH . 7EE HFFERE MRS TH (201901D211275).
EHER A R W6, -, PEOE, 3222\ AR R S A 5T



104 B KFFHRCA R F R http://xbbjb. swu. edu. cn % 43 A

1

A3 BeXRUIMALHE [ %5 [8) PPAPG (X . p» v) il PPAPS(Q. X, p-v), HUITFEX:
PPAPY (X, p,v) ={f € PC1(R, X): lim W(S, [, p, v) =0}
S—>co

S
‘/}(Sy f9 (09 U): J7‘|f(f)“U(t)dt

PPAPY (X . p. v) 78 LB FEHCT & Banach 23 (8], 40 BEXUINA AR & 30 06 50 2s 6]
PPAP (X, o, v) ={f=f"+f" € PC;(R, X): f* € AP, (R, X), f* € PPAP} (X, p, v)}
PPAP(Q, X, 0, 0) = {f = [ +f° € PC:(RXQ, X): f* € AP (RX Q2. X), [ € PPAP} (2, X, p. v)}
EE1 4 f€ PPAP,(Q. X.p-v) Hh € PPAP(Q, p»v). B F A5

(S, v) (S, v)
H 0 U’.fﬂi’ , s HADs U
(HD p €Urv €U inf g5 >0 Hlim "5

(Hy) fG, O X Ve e REGMARTEQ L RE—BUELMN, WX Ve >0 MIAREK CQ, F1F
8 >0, flifgYr.y e KH o—yll <oWl, [ fG,a)—fG, | <eXt Ve BT
(Hy) f(R.K)={fGt.,2):tE€R., 2 € K} WHENMTARTHEK € Q ZHRMW.
#HRUWD) CK. B4 . h(1)) € PPAP (X, ps v).
iE Al f € PPAP, (2, X, p,v), h € PPAP(Q, p,v), Tl f=f"+f Hh=h"+nr". N
BREL £ Cow h (o)) AT LUBCINR fY 0 M -
LG RGO =FCCoy R () 4 floy (o)) — [P oy R (2)) =
FOCoy R+ fCou h (o)) — [(ou R () A+ f7Cos B (4))
MT R X ERFMXER, W Ve € R, £, ) fERGY) FR—BUESEMN. tCk[11] & 5
3.1 BHGEH £, h" () € AP+ (R, X). FHuEH
Sy R () — fCoy B () + fCoy B (+)) € PPAPS (X, ps v)
TR AW Lo, A () — f(o, k" (+)) € PPAPS (X, p» v).
AK€ Q AR, 18 R .RMLY) C K. M&MHEMH,), 77 M > 0 fiifg
[ fCuh(o) —fCGuh” G| <M ViER
W, fA&E(H) , SFFe >0, F7E0 >0, Y s,y e KH o —yll <omt, A

H

| fts2)— fs )| <% ViER
Hh he € PPAPY(Q, p,v), WEHKMAH), H
. 1 J -
llfn ;L(S, p) M(S.s./,“)U([)dt =0

Horp
M(S, 8, h')={t €[S, ST]: ||| =0}
BT M.S, >0, ffifs4 S > S, i, &

mJM(M“)U(r)dz <o /’;‘527:;3
NN
[n@) —hrr@ | =Ilhr @l <o t € Qs/M(S, &, k)
Jir LA

| fCos () — FCos B (o)) | <2iM [ € Q/M(S, 6. h*)



%2 ROM, F B AR AR R R B A R 105

HISERAYERI R, XS > S, A7

| fCos RC)) — FCoy R (o)) | v()dt =

Qs

(S,

#(S . | fCos RC))— FCoy R o)) v (e)de +

(S, p)JQ s H FCoy () — fCoy (o)) | v(H)de <

u(t)dtvti;J v()dr <
/x(S p) M(S. 8.0 ZM,u(S, #) Qg/M(S. 8. h)

= e p(S,v) 7+7:

2M ' onp p(S, e 2M  apm

FH2 WEH £, k() € PPAPT(X, ps v).
Wl f= o475, HYer e REF, [, ) TERMY) FR—FESMW. M2 b &0 H) ol 5,

f sy x2)= fUsa)— [, 2) XTtHEx €ERMNY) FRE—FELEN. X T e >0, f£756 >0,
B Y .,y ERG) BH [[2—y| <o, H

oGy a)—f Gl <e t €R
HﬂR(hu/))EXJ:%*HXd‘L‘%E(J’ IJ_IJJW“E >09 ﬂu*{zguﬁﬁﬁn/l\ul1 s XL g9 s, GR(hM))y‘jEFt‘I:)E(Ja:FIER()/v

i R (h) C,,Ql 0, H

s

| FoCea)— f oz |l <% 2 €0, 1 ER k=1,2,

St Bo= (1 € R A () € O,) IFHY. JFAR=U B, 4
r—1
E, =B, E =B,/ U B,
WA i+ j.1<ij<nItHR=UE#.E NE =0.

HA f ey 2,) € PPAPS(Q. X,y p» v), FTLAFAE S, > 0, f#if5

1 S
j 15 e od < 5 S=S..1<k<n
7(S. o) s
HEF S >S,, A
¥r 1 £y () [l o(de =
p(S. o) s v -
-
. s b <
5, p)g e, | £ ) v de

1 n J. . o . J . }
— , — , X 3 Y Xy, <
2(Ss o > [ : has | fCs R ) — [ ) [To@)de + . | 7y ) || v(e)de

k=1 Qg

—¢€

€ 1 u J ) .
2 L (S. ) ‘ . . <7
2+;¢(S,p)2 : 1 G loode 1n

S
r=1" E,NQg 2 2n

W feCey R (+)) € PPAPY (X, ps v).

2 XA pa Rk B e 5

LV AFEININEDe: Z— (0, +00) WES. ¥ TFeoe V. HT € 2., %



106 B KFFHRCA R F R http://xbbjb. swu. edu. cn % 43 A

T

2 (T.o)= > s(n)

n= —T

V..={c €V, }im p, (T, ) =00}
Ve=1{c €V, .0 AR, Eigam >0}

EX1 Lo9€ V., FiHa)): Z— X ZAHFMHWE

Z |2 | 9(n) =0

hm oy (T 0),5

I (x ()} BeFR K o, 9-PAP, J¥F, FATH PAP,S(X, o, 9 FKbric.
KMLTSCwk[12] Hg 38 2. 1 AIERA . AT LIS 20 R e 5 B .
1 40V, IE

E 9(i)

lim =" < oo

T 2 o(i)

i=n

Ms. (x)={n€[—=S,SINZ: [z || =¢} p (Mg (). 9= >, 90
n€Mg ()

peMs (x)s 9)

i x € PAP,S(X. 0. 9) BT B /2 lim ; —
pn.(n,o
E L
$<j>:J" p(Odi ém:J” v (1) de jez
B2
A Noa N N
p (N, oY= >, o(n) = EJ” p(t)dtzJ p(t)dt
n=—N n=—N""1p1 LN
n A s
2 9 () J v ()de
o G)LOG) B LT i lim = < oo Wy B2 Lim — < oo
I ]

K F ek 12] 5B 2. 6 %ﬂm}% 2.5 LR,
5132 4 u € PPAPY (X, p,v). 4

Fo X EL LD T B

1 4
lim ————— [w) [[v@de =0
(s o) e

5133 J¥dl{a,},e. € PAP,S(X, 6. ) WP MISMR: 17/ a € PPAP} (X, s v) N

UPC(R, X), ffiff a(t,) =a,. n € Z. i#—, PAP,S(X, 5, 9) AR,

FE2 4(1.(x)) € PAPS(X. 6. 9.z € 0. % u(R) C Q W, u € PPAP,(X, p, v)

UPC, (R, X). WnH &M mor .
(HD{I,(w):n € Z, u € K} BN FEKSQ LRAER;

(H) Yie zZuf, I,(w) fFu € Qhb—E0ES:

M2, (w1, € PAPS(X . 6. 9).



% 2 8 ROM, F B AR AR R R B A R 107

iE BT cEkC12] a3 7 AEW, BSIEW (u (t,)) € APS(X). 4, 5l 3 T

(" (1)} € PAP,S(X, 6+ 9, Fill{u(t,)} € PAPS(X). HIESCHR[13] M3IB 3, % v, .y, € Q B,
£
[Ty =TI Gy I < TG — 1,y |l
GELAME(H) ATiE, M € Zmf, 19 (w) Xk T u € Q —FEgn, H I Gw) tRE—FELEN. & X
PG =T u" (1)) P, =1, (uCt;)) — I " () i€z
[
I,(u(t,) =P, G)+P,G) i €2

HOSCER(11] 052 H 3. 4, A5 B I{P, (1)) € APS(X). Fill Fifi REEIEH (P, ()} € PAP,S(X. 6. 0).
EEI wG)) Mu’ ) BARWN. 2K CQ AR, 8 ), u’G,) CK, i € 2 H%MH
(Hy), % Ye >0, fE1E 6, > 0 flif5

I T, CuCe)) — I, Cu (2,)) || <% lwCe) |l <6, i€z
BROEH K, = {u’@,):i € Z) ZAXMNER. HAY: € 2, I fFu € K, b E—F0ELR. I8axte >0, fF

EO<6 <max{81s %} /fﬁ’fgf%,l Vi1Y2 S K1 H Hyl — Y2 H <6 HTJ‘, ﬁ

115y — 15y |l <% i€ Z

Ehﬂ: K] ZEIL:*HX#L‘%E/‘J’ )”\Uﬁ*f Tt , 6 K] ﬁﬁﬁ%‘xd‘%/rl’ ﬁ
| u ;) —=x, || <& 1<k <m

| I () — I || < %
FRUAE ([T | <o, B4
I F < I o) =i |+ [ e |l <%+a<%
F, R | wGHll <o H [5G | <8, k=12, m, B4
1P, )l < I TGy — 1, o |+ 1T e |l <%+%=e i€z
WA, XF S >0, FH
M. (P) C U My (I () U Mo (a (2))

B a1 )T (x,)) € PAP,S(X s 60 800 b =1, HSCER[13] 05150 1 LI 3 1, a8

My G0 0) L (M, (), D)

lim A =[im A /3:1,2,"',7}1
o p(ny o) S PRCTED)
A
. e (Mg, (u (1)) 9) 4 D) e (Mg, (I5(2,)) s )
1. #»\(MSvE(PZ), L9) <1 E=1 0
im <lim =
o v (s c/;) S p(ny 9)

JiLh P, € PAP,S(X. 6. D).



108

B KFFHRCA R F R http://xbbjb. swu. edu. cn % 43 A

S E 3k

[1]

2]

[3]

[4]

(5]

[6]
(7]

[8]

[9]

(10]

[11]

(12]

[13]
[14]

[15]

(16]

[17]

[18]

[19]

[20]

[21]

[22]

DIAGANA T. Weighted Pseudo Almost Periodic Functions and Applications [ J]. Comp Rend Math, 2006, 343(10):
643-646.

ZHANG L L, LT H X. Weighted Pseudo Almost Periodic Solutions of Second-Order Neutral-Delay Differential Equations
with Piecewise Constant Argument [J]. Comput Math Appl, 2011, 62(12): 4362-4376.

NADIRA B H, EZZINBI K. Weighted Pseudo Almost Periodic Solutions for Some Partial Functional Differential Equa-
tions [JJ. Nonlinear Anal, 2009, 71(3): 3612-3621.

CUEVAS C, PINTO M. Existence and Uniqueness of Pseudo-Almost Periodic Solutions of Semilinear Cauchy Problem
with Non Dense Domain [J]. Nonlinear Anal, 2001, 45(1); 73-83.

AGARWAL R P, ANDRADE B, CUEVAS C. Weighted Pseudo Almost Periodic Solutions of a Class of Semilinear
Fractional Differential Equations [J]. Nonlinear Anal Real World Appl, 2010, 11(5): 3532-3554.

DIAGANA T. Pseudo Almost Periodic Functions in Banach Spaces [M]. New York: Nova Science Publishers, 2007.
ZHANG L L, LT H X. Weighted Pseudo-Almost Periodic Solutions for Some Abstract Differential Equations with Uni-
form Continuity [J]. Bull Aust Math Soc, 2010, 82(3): 424-436.

ZHANG L L, LI H X. Weighted Pseudo Almost Periodic Solutions of Second Order Neutral Differential Equations with
Piecewise Constant Argument [ J]. Nonlinear Anal, 2011, 74(2): 6770-6780.

SHAIR A, GANI T S. On Almost Periodic Processes in Impulsive Competitive Systems with Delay and Impulsive Per-
turbations [J]. Nonlinear Anal Real World Appl, 2009, 10(5);: 2857-2863.

DIAGANA T. Doubly-Weighted Pseudo-Almost Periodic Functions [J/OL]. African Diaspora Journal of Mathematics
New, 2010, 14: 1-17. [2020-03-05]. https: //arxiv. org/abs/1012. 3043.

LIU J W, ZHANG C Y. Composition of Piecewise Pseudo Almost Periodic Functions and Applications to Abstract Im-
pulsive Differential Equations [J]. Advance Differential Equation, 2013, 2013; 1-11.

SONG N, LT H X, CHEN C H. Piecewise Weighted Pseudo Almost Periodic Functions and Applications to Impulsive
Differential Equations [J]. Math Slovaca, 2016, 66(5); 1-18.

SOETE, K. Bt as Oh AR JE A eR SR HL o e — 4 [T, BeA Sk 50, 2019, 49(24) ¢ 231-236.
EDUARDO H M, MARCO R, HERNAN R H. Existence of Solutions for Impulsive Partial Neutral Functional Differ-
ential Equations [J]. J Math Anal Appl, 2007, 331(2): 1135-1158.

LIANG J, XIAO T J, ZHANG ]. Decomposition of Weighted Pseudo-Almost Periodic Functions [J]. Nonlinear Anal,
2010, 73(10): 3456-3461.

DIAGANA T. Existence of Doubly-Weighted Pseudo Almost Periodic Solutions to Non-Autonomous Differential Equa-
tions [JJ. Electron J Diff Equ, 2011, 28; 1-15.

LIU J] W, ZHANG C Y. Existence and Stability of Almost Periodic Solutions for Impulsive Differential Equations []J].
Advance Differential Equation, 2012, 2012. 1-34.

STAMOV G T. On the Existence of Almost Periodic Solutions for the Impulsive Lasota-Wazewska Model [J]. Appl
Math Lett, 2009, 22(4) . 516-520.

STAMOV G T, ALZABUT J O. Almost Periodic Solutions for Abstract Impulsive Differential Equations [J]. Nonlinear
Anal, 2010, 72(5): 2457-2464.

CUEVAS C, HERNANDEZM E, RABELO M. The Existence of Solutions for Impulsive Neutral Functional Differential
Equations [J]. Comput Math Appl, 2009, 58(4): 744-757.

SONG N, XIA Z D. Almost Periodic Solutions for Impulsive Lasota-Wazewska Model with Discontinuous Coefficients
[J]. International Mathematical Forum, 2017, 12(17): 841-852.

SONG N, XIA Z D, HOU Q. The Study of Piecewise Weighted Pseudo Almost Periodic Solutions for Implusive Lasota-



% 2 8 ROM, F B AR AR R R B A R 109

Wazewska Model with Discontinuous Coefficients [ J]. Mathematica Slovaca, 2020, 70(2): 343-360.

(23] Weweiti, Fh4. —JEA kAR R K Lotla-Volterra A /E RS 4 A IERE R WIMR [J]. PERIIN G K220 CH KRB
20, 2016, 41(11): 7-14

[24] FEHAE, BAY. ZARH Volterra M) ) REMARRENE [J]. PIHIRF2MCARBIZEMD . 2019, 41(7) : 62-69.

[25] HERNAN R H, ANDRADE B D, RABELO M. Existence of Almost Periodic Solutions for a Class of Abstract Impul-
sive Differential Equations [J]. ISRN Math, 2011, 2011;: 1-21.

The Compound Theorem for Piecewise

Double-Weighted Pseudo-almost Periodic Functions

SONG Na, XIA Zheng-de

School of Science of NUC, North University of China, Taiyuan 030051, China

Abstract: In order to study the composition theorem of the piecewise double-weighted pseudo-almost periodic
function, the composite functionis decomposed into the sum of the piecewise almost periodic function and the
remaining part of it, and it is proved by translation invariancethat the remaining part after removing the piece-
wise almost periodic part should be a double weighted function. The composition theorem is further proved
that the compounding of the two piecewise double weighted pseudo-almost periodic functions remains a piece-
wise double weighted pseudo-almost periodic function. The double-weighted pseudo-almost periodic sequence
is introduced again, and the relationship between the double-weighted pseudo-almost periodic sequence and the
piecewise double-weighted pseudo-almost periodic function is studied. Further, it is proved that the composite
function of the double-weighted pseudo-almost periodic function and the double-weighted pseudo-almost peri-
odic sequence is the double weighted pseudo-almost periodic sequence.

Key words: piecewise double-weighted pseudo-almost periodic function; double-weighted pseudo-almost

periodic sequence; composition theorem
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