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Abstract

Compared with the fractional derivative, the kernel function of memory dependent
derivative can be selected according to the actual situation, and it has more flexibility.
The existence and uniqueness of solutions for second order memory dependent differ-
ential equations are discussed in this paper. The integral number is processed first,
then the interval of the variable is segmented, and the vector series is uniformly con-
verged by constructing pickup iterative sequence, which proves that when the delay
is small enough, the solution of the equations of the second order differentiable kernel
function exists and is unique. Then it is proved that the initial value problem has a
display solution when the kernel function takes a special case. Finally, the change of

the solution of the initial value problem is observed according to the image.
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1. 5|5

Iy B T HOR B U — AN EE S S S H O E T R EE =ME R Grunwald-
LetnikoviE X, Rieman-LiouvilefE X FlCauptoi® . 1H 7 #5200 E N H 75 A7 75 A 2 2 b,
Wang & Li [1] ZHCupto 7 Er FHERH 1810 S5 —— K 8 S 4.

EMX 1 Wm—NIEE, Mm-S (6).

Dy () = / K(t— s) ™ (s)ds. (1)

WREAmMIICIZ R FH (7 > 0)- I, BARICIZHAMI Bk, BEK (L — s)2—
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AmPrE SR EL
ECaputo M Fbr SEAHLL, HAZ R ERT DARYE SLPrIG ok, Bl [(s —t)/7+ 1], [(s —
)7+ 1%, [(s —t) /7 + 1]5,sin[(7 4+ 5 — )7 /27), (t — 5 +7)(s — t +7) /7% FEEREH R0t 2= 1
RIFLE. FTLA[(s —t) /7 +1],[(s — t) /7 + 1], [(s — t) /7 + 1] s KT RE IS A, S0 130 B i B
BHAEs =t —7 K =0 MfEs = thb K = 1. BRIz Ah, iCAZHOM ) X A FEARH T — 4> € s
S MBI IXTE], A2l I A 3G RT3 K.
N T AR T S S B B IR R A — 3 Sun & Wang [2]7€ X T #T IS 124
P FHL
X 20 WmB—EEL Rm- KRR (1)
1 t
Drft)y=4 | K- s)f™ (s)ds. (2)
PR AmMPTCAZ R 2, (7 > 0) M, EARICIZHOBI BOm KR, E KK (- s)2
— M m BB X EW .
R = K(t — s)ds.
/t_T (t — s)ds

St —s=r, WFH

R= /OT K(r)dr.

Sun & Wang [3]F18& 1 L2 UL i Bkt 205 REAIAE MR 1) TR0, R T2 AR 2R 3 0 5] AR 2
P IIRE, DLRGZIRBIIRE. WHE T HCR B i e BUE R . Wang & LifE [4] 5] 4
WAL A FH 5] N LogisticBil, #ul 72, X HEFEBIF KM, Liu & Wang [6]1fi8 T —
ricIZ MR i o) T RE AL AR I AFAEVEME— 8, SR B T 2% R Bk 2 T S, — B kPR ag 12
o T AL HERR R IR 5 W 0 7 R LI AT FL. iR S A — 4R it 51 k 1
B ] Aha 8 1) 2 k0, Kant, Shaw S8 AAE (7] (8] [9] [10] 7R Hiz FIAET SCRIHCRE 5% 75 THI

Wang & Li [11JUER] 1 — B ARt — B 2k PR iCIZ OB Y i 70 T3 FE MR A AEME— 1k, B4 —Bir
ARLEPEACAZ ML 0 T RE AR T3 A AE ELE— DR 2 S5 FLRR A7 A HLME— SCRE TS R 2 FLAE w7

2. TFrEME—IE
ARSI T F RO 10 B i AL OB 4 7 BRI T AE P e — P

D3y aD,u(t) = F(t,u(t)),0 <,
{ 2u(t) + aD,u(t) = F(t,u(t)),0 < t < 5

u(t) = u*(t), —1 <t <0,

S BB (g (1) 26 X 1 [—7, 0] b AN SR8, %t — s € [0, 7], BEMEK( — )= W TS,
F(t, u(t) #if Lipschitz %1, EFERKL > 0, {7

[F'(t,ua(t) = F(t,ua(D)] < Llua(t) — ua (2)].
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M TS 2R S R Tl AR R, ARAEAR R, R EA TR E (1)K E AT

e
t 2 t
D2u(t) +aDu(t) = = [ K- Tlas+ 2 [ K- 52ds
T Jt—r 0s? t—1 0s
! t t
) el Ly ke 0 [ ok u(s)ds
T T T Jier 0s T Jier
1 — 0;K(0 OsK(1)
== ’(t)+a7(>u(t)+4~u (t—1)
T T T
+ 1/ (02K — a0, K) - u(s)ds,
T Jt—r
XL . -
2 = — —_
0K = 5a2 0. K 95"

R Hoiis NAME 9 FBURT AAS 3

u'(t) = (0:K(0) — a)u(t) — O, K (T)u*(t — )

: (4)
+/t_ n-u(s)ds + T7F(t,u(t)).
XHEIIn = a0, K — 0°K.
2 2 () FIL IR L
Mﬂz/K&Kw)aW@)HF@m@D&KUM%£7N%
O (5)
+/O /_ n - u(s)dsd€.
FEREIME € (0, 7ML — 7 € (=7, 0. 5 (5) AT S Ay
u(t) = / (0.5 (0) — ayu(€) + TF(€, ul€)) — DK (r)u* (€ — 7)dé

(6)

//n u(s dsd§+//Tn u*(s)dsdE.

DU AR ARy T AR (6) A R HOR 2 WM IR L (3) F ik
KRR K (t —s) = [(s —t)/7 + 1]"(n = 18n > 2), WH

ad, K — 3S2K = <an$n_1 _ n(n—l)xn_Q).
-

7—2
ZHEMz=(s—t)/7+1, WAz €[0,1). Hr<(n—2)/a, WKz e [0,1],

an -1 TL(TL — 1)xn—2

T T2

< 0.
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HAHERKE

n(n’_'l) gﬁﬁ

M:

72 T
IR 1: WHRF(t,u(t)) FFu(t)if /2 Lipschiz2k 4, HEREK (t — s)TEXH0, 7] L2 =M,
HEK(1) =0, K(0) =1. HA>a(n—-2), (—a(n—2)+A)/AL <7 < (n—2)/a; A <a(n-2)
B, 0<7<(n—2)/a WIHHMER () FAEME—KME, EXTXE0 <t <7 ko XHEK

A =/a2(n —2)2 +8Ln(n — 3).

WEBR: R IRIE T FE AR AT AE 1
HFIH (6)#ait fz R &R T -
uo(t) = u*(0),t € (0,7]

un(t) = /0 (0K (0) = a)un—1() + TF (& up—1(£)) — DK (1)u” (€ — 7))]dE

+/0t/0§77~un1(s)dsd£+/Ot/177-u*(s)dsd£

BRI A YE, E 20D BORUE W] B BT Bllu, (), £ X [0, 7] B — B0l s, X5 TIEW] H 51
T3 P — Bk -

uo(t) + Y [ur(t) — up_1(t),0 <t < 7 (7)
k=1
HFug ()72 Huo (t) 8 X, SMOMAEE N > 0, 143 |ui(t) — ue(t)| < N.
MR Lipschiz2& 14«

|us(t) = ur ()]

< /O [(10.K(0) — al - [ux (&) — uo(§)]) + TIF(t, ua(t)) — F(t, ua(t))|] dé
t rg
+M/O/O |ug(s) — uo(s)|dsdé
t t rg
< /0 M, - s (€) — wolE)|dE + M /O /0 Jur (5) — o (3)] dsde

2
< MiNt+ MN%
ZKEMIM, = |a — 0,K(0)] + L.
EEF e [0,7], BTl R EE PR Jug(t) — ui ()] < 2M Nt ¥ En = ki,

tk71

|ug(t) — up—1(t)] < kalem~ (8)
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HAEIER M0 = k + 19RO, i,
U1 () — ur(t)]

t t g
< [ M€ = w6 [ [ (o) = wca (ol

el tk tk+1
th
k [
< (k+1)M; N(k)'
M EHECFAONELED < t < 7k, MMERIEEHN A
n—1 tnil < Mnle Tn71 9
[tn (8) — Up_1(t)] < nMj Nm < nMj Ik (9)
KT
o0 = 1
(1) + > [uw(t) — up—1 (1)) < uo(t —|—ZnM" IN T : (10)
k=1 k=1 (n =1t

VE R IE B — BUREL, MR Weierstrass & B AT DLAIIE pA B0 B th — B0l s 0 FEAR PR A7
15, FERBER D TRE6)FHE(t, u(t))ih 2 Lipschiz2 4, E—EULSU &R T, PR H ] PLATT
I E AT W TR B E H A PR il 2 B A
%

lim w,(t) = u(t).

P& T ORAE B ME— 1%,
Bew () WA TR (6) 5 LT (0, 7] EHIIELEE.

w(t) = /0 [(0u(0) — a)uw(€) + 7 (€, w(€)) — DI (r)u* (€ — 7)) de

[ [ weasie s [ [ e syasac

X EAEAE—ANERN, 55 uo(t) — w(t)] < N7.
HRYE FRECE HAE AT A, S S IR

k

Jun(t) = w(t)| < (k+ 1)MFN o

EEF 2k — ool i

k'—>0

FRAEHEIREME—VERT S0, SRR € (0, 7] 3 u(t) = w(t) TiE

(k+ 1)MINZT
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3. ZMrE& MRS IRIBIZIR B M 2 IR RRE

R AIE 1 I i A2 05 /N, e iZ AR o D R K A A2 HLofE—, BB RS RE 75 4k 21
FHERAAR? 58U R AR

D2u(t) + aDu(t) = f(t),t € (0, 7], 12)
u(t) = u*(t),t € [-7,0].
CRID?u(t) = DD u(t), 2 Ew(t) = Dou(t), W EIRYIE A EAE N
{v’(t) +av(t) = £(t),t € (0,7], .
v(0) = D,u*(0),t € [-7,0].
KA ERYIE H R, 453
t
v(t) =e ™ (/ f(s)e**ds + DTu*(O)) .
0
D) B SR A i gl T DA A ) R i
{DTu(t) —o(t),0<t<T, "
u(t) = D,u*(t),t € [—1,0].
AR E (1) AT A
D, u(t) = 1 /t K(t—s)u'(s)ds
T t—1 \ (15)
= ult) 1 0K - u(s)ds.
T T Jt—r
H#(15)1EN(14) t
u(t) — / 0K -u(s)ds = Tv(t).
t—1
MZREK (t—s) =[(s —t)/7 + 1],
u(t) — » / " uls)ds = ro(t) (16)
T Jt—r
K4 (16) PRI A XK«
1 1 )
u'(t) = ;u(t) - ;u*(t —7)+1V(1),

DR SR AR 3R e Dy RE AU PT LA 21, k% R B2 Mk R B, B3R e 2 g i T R AR X
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8] (0, 7] FITHERF A -
u(t) = et/™ (/Ot(ﬂ/(s) - %u*(s —7))e */"ds + u*(O)) )

SR (E— ) = [(s— £)/7 + 1]"(n > 2)f, 7T LBSURAR.
B R R B TR — S U 7 FR AL M A

D?u(t) + 2D u(t) + u(t) = 0,0 < t < T, an
u(t) =t,—1 <t <0
HRAE 7 SC(1) X 5 R«
D2u(t) + 2D, u(t) + u(t)
k-9 P+ 2 [ k= 9P s+t
=7/ ( —3)@ s+ = - ( —5)£ s +u(t)
:ul (t) n (2—0,K(0) + T)u(t) n OsK(7) - u(t — )
T T T
1 T
+- /t_T(agK —20,K) - u(s)ds.
YIMBRBK(t—s) = [(s—t)/7 + 1]i, BN
i (t) + 21+ 72— Du(t) +ult —7) — 2 /t u(s)ds = 0. (18)
H 55 X (18) W i1 [ X3k 5:45
Tu’ (8) + (27 + 7% — D/ (8) + [u(t — 7)) — 2u(t) 4 2u(t — 1) = 0. (19)

K EREM D TR, ST B RS R K (t — s) = [(t — s)/7 + 1B, BIE 7] #(19) ) fiF
u(t) = creht + cpedt +t 4+ 72/2.

XEK

dy=((1—2r—7)+/(I—2r— )2+ 87-) J2r.

dy = ((1 — 27 — 7'2) — \/(1 — 21 —72)2 + 87’) /27
a=[(T?/2)(1 - e_d”)]/ (e_d” — e_d”) .

[(T2/2)(e™ 2T = 1)]/ (e="7 — e 7).
MRLBRBK (t — 5) = [(s — t)/7 + 1]"(n > 2)BF, BRI REER 7208 E A B AL B () in B
Ay TR, RIEZFE D TR T A B U R B (t — s) = ((s — t) /7 + 1)"(n > 2)BF, FAER
R (17) [Pk
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A E, EeR

BN R L T R

u”(t) +2u'(t) +u(t) =0,0<t <7
u(0) = 0,4/ (0) = 1.
KRB ZHED TR u(t) =te
B A AR B B T R BORARS H I D7 AR AR EAT LR, F B RN AR B RS,

TEPIR:
2 :
- - =W IR
.8 e =1 1
=1.5
1.6 —_—1=2
14F
02 -7 7
00 0.5 1.5 2

1
I 1]

Figure 1. when 7 = 1,1.5,2 , image of the solution of the
second order memory dependent differential equation and
the solution of the ordinary differential equation

B 1. L =1,1.5, 20, B ic 2 miink o 5 FEma A i
43 7 FEfR IS

MR 1, w] LU I £ AT S AZ MR R A 20 5 R AR RIS K, (LB 6 I [a] fX) 389 i X Ao
SOMATEIRSS. TR0 05 J7 FERI MR 520, 24t € [0,0.6) » B AMAZ OB T J7 R S5
W TR IR ZEER RN, 2t € 0.6,1.6), MIEFAH K.

4. &g

ARSI R S RHAT AL, AR JE AL R I X IR BEAT 20, A IE B2 R IEAUF SR IE ) B 2
B Sl ATTIEN] 7 2Lk 2 08/, A% R B F w] I e 2 AR AR B O R I A A
HME—. BRIbZ MRS 1% & OB 2 T 30 — e 2 AR 7y 7 R AE X 1] _E R e Al )
R 5 AN i A R T 30 A2 AR RS 2R Al 53 5 2 P A AN 5 10 20 FR IR I R, R IR i e i A2 A it 2
Ty 7 R R S T 4 B N 8] B AR AR T AR AL, X 3 Bl 7 7 A B AR TS 5 T
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