MHRCF M II5,50 39 & o5 2 Applied Mathematics and Mechanics
2018 4F 2 H 15 H Vol.39,No.2,Feb.15,2018

X E 42 :1000-0887(2018)02-0239-10 © N FHECEEFN 124025 2, ISSN 1000-0887

— R E TIZ PR 2% 53 E Wi B ik 760 22 0 288 /Y

JLE/ =11~
BIEFEE T
kEH', BT, ENMER, wiE’

(1. ZRIME K BF SRR 2B, B PR 246133,
2. TRORE BBl ag2E e, AR 230039,
3. TR R BUAAABE, L 210096)

E . TSR G  4 22  4 (O AT e — R R S RS 1 R TAZ B #5535
B st R 28 O 255 A8 TE B LA 2 i SO o AN A X, AR 3 1 SE B 8- B sh R AL 3k A5 A
A FEIT IR A SR T AR B BAT — BV E AR R B BRI T 73 A Rk

X 8 W oM ETICHESMEMY;  mHE, BIERRRED

RESES: 04155 XHFRERG: A DOI: 10.21656/1000-0887.370359

5 H

IR S R B AL BRAE TR B R AR Y, HAFSEE AT 300 4R by sty TR 2
PR Z S BRI TS S R B8 R L AR A SRR R WU R T BN AR S e
/B I S/ I R R0 3 Iy (A G R S B i S € 0 A5 = W S R TR VAR 1 i £ AR L
—BEVEF G ARG R BRI 28 M B0 K i 28 I 245, B2 B i i ik o 200
P ZE PSR

(A R, R 43 AR T 2 AT B T 1 20 5B ol 2 T 245 1 AR 7 SRR R 5T
Hh LS AR D R A 7 S, S ECR AR, I o R A A TR
EYIRGE . TRRGEMATMZR L JF g5 R R GRS AATETT, I
SHEARGHAEZ I 1A 8 R, BFFE I R B EE R A 3L

G35, M Pecora( B R ) FAE 1990 AEHF T TR MG AL LUG , 625 B B i 2 0
ZRISZ A % 1 — A AR BB EL B B4 1 22 R B [R] 25 B 5, B dn e 4 [ 40 i )i () 48
TS BRI 7 SRS, Tl LR A 77 B AW B2 AERZ B RL il T

« UWFSEHE. 2016-11-18; {EITHHEE: 2017-01-24
E&WH: EEARPAESE(11571016) s ZHE A AR 4 (11040606M12; 1608085MA 14 ) ; %
AR B A 2R B SRR AR ST B S T H (KJ2015A152) 3 U8 A A SRR 41 58— il
(AQKJ2014B012)

c SRFERHEI(1982—) 3 PR B GEIRAVER . E-mail: wwzhahu@ aliyun.com) ;
MR e (1975—) , 5 EI#E% , i+ ( E-mail : aqnul23@ 163.com) ;
SR (1971—) 3B # 8% 1+ 114 S 00 ( E-mail ; rew@ ahu.edu.cn) ;
B (1963—) , 5, #oz WL A S0 BN B 2EBEBE 1 (E-mail ; jdcao@ seu. edu.

cn).

T
=\

EEE

239



240 ik HOE B & ot S | [

B R —E B LU BRI, RERAF R A AR, L, BRI RO BA B2 0 #ie
FINFHEL Bl , B3R H%Eﬁ%‘%fﬁ%f{zﬁﬁ”ﬂ“

R —BEAER BT T 3BT I i 1 22 19 2 1 e PR R) A5 IR R (B, G TR T
BRI i et 22 1 25 AT SR 2 ST CPE B9 RRAEL 1971 4F, Chua 15 5542 H T 12 B A% A HE
AT BTGB F 0 2 D 48 S — A R 14 1 2 0 45 ALy A B 7 A AL F g
AEEERMEA], HAERNHE 07 MR A9 S RE , M2 S0 s BHLAR AN RESEBLICIC I AR, HOC T AT
TLBELER P2 W25 (¥ 3l 2 43 TR 2D © W5 | T 1R 2P s 2 (Bt A SOk, 3‘%%
BT RE #5350 e b 22 000 2 18 35 [ 20 IR AR /D BEIE 5 0 S T, A SC R IR
L RELAR S BT I 1o 22 I 28 O LE B [, 455 - B s A2, 133 T BRIIE 3230 %EZKJJ
ARG W T A5 A

1 & AR

KT HE AR 1 A 282X, % A Riemann-Liouville 73445 20 F1 Caputo 43
B, DB S5m0 Laplace(?\l Tffﬁﬁ) ARt iR E Caputo RE S AAE T4 R 1)
FOUE fif 25 Ay R S BB SR a2, Rt ZEASCH ) Bk FH Y22 Caputo 434
B 45

EX 1M B x (1) 1 o B Caputo FEUE XAIF .

Dx(1) = _a>j (1= 7)"=x" (r)dr, (1)
Hrp n-1<a<nel,
EX 2 SRS Mlttag -Leffler BRECH NI IEZ .

P

0= X gy @

Hfa>0,>0,ze C.HB=1/, E(2) =K, (2), ﬁﬁﬂ_El,l(Z) =€,
AR SBT3 TAZ B 280 B I el 22 W 2% RGN FEh R 4
D%(»——mww-+2a<xu»fu<w>+2M<xu»fu<ww»>+1 (3)
Hri=1, 2, n,t=0, nmﬁié’xl—]é%$1_£ﬁﬁ§&ﬁ x(t) (o, (1), xy(t), = yx (0)) ", x,(2)
oK I iiF2 mE’MkPS/Eg-E ¢, MIERIHEL, 1, AN w5, f.(- )EEIE% VE PR AL, T

LR TR, a,(5(0) 5 by(x, (1)) ArBUR AP RV AL B RCE, HORE X
e

a;, la()l>T,
a, (x(l>) {é[j’ | xj(I) | < T/-,
b () | > T,

b (x; =y
(2 (1)) = {bij’ | x(t) | < T,

Hay( £T,)=a, Wa,, b,( £T)) = b ij,, i,j=1,2, - -,n,ﬁ*‘@]?ﬁ%ﬁﬁ]}>0,*ﬂ&wéﬁ,
by, b #HR ’%&fifh%?ﬁﬁﬁﬂﬂ_l:.

DY) == e(0) + 3 a,(n(0)((0) +

3 b, 5= ) + 1+ o), (@)
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o u,(0) BRI RE, i=1,2, -, n, 1=0.

TEASCH, BT ay(x(1)), b(x,(1)) BORAESN, B LA, 3805 BT A i % S8 o) J5 7
B J12EAT R T O AN RIS AR SCH T RS EERTE Filippov & X FALHL R 151 A Fil-
1ppov i ML,

EX 3P M THAELERS de/dt =f(t, x), f: R, x R" — R", HAEGMEE LK

F(e,x)=n #@:O&)[f(t,B(x,S)/N) 1,

Hr o[ E] FmES E MMM, B(x,8) =y : |y —x | <8&,u(N) J& N [ Lebesgue il .

EX A R x (1) AR R G XAEARRLIXH] T C R A —> Filippov ff, #5
PR x (¢) FEX ] AR E T IXIAI [, ¢, ] FRAEXESR, I HH R AR de/de e F(1,
x), JLPAbE: e 1.

TR SRS (3) M(4) [ Filippov i, B A (E L A

a;, Lo (t) 1 > T,
colay(x(1))] = cota;,a;}, | x (1) 1=T,
a;, L a(2) | < T,
l;ij, o (e) 1> T,
colby(x(1))] =4colb,,b,}, 1x(t)I=T,
b, | (1) | < T,
a;, Ly () 1 > T,
colay(y,(t))] =1cola;,a;}, Ly, () 1 =T,
a;, Ly () | < T,
b,, Ly ()1 > T,
colby(y())] =qeo{by, by}, 1 y(1) =T,
b, |y () | < T,.

EX 5P Frek$ x (o), y(t) SR RS (3) M (4) % LAEXE [0, T) LAY Filippov
i, HPRE x(r), y(r) FEXEI[0, T) BAEE T XIERXESER, JF Hi 2

D, (1) € - e (1) + 2co£aéf<x_f<t>>]ﬁ<xj<t>> +

D col by(x,(1)) 1fi(x,(t = 7)) +1, (5)

j=1

Al
DY(1) ey + 3 cola,(r() (1)) +

Y colb,(v,(1) 1 (3t = 7)) + 1, +u(1) (6)

0 <a<1,120,i=1,2, « n, colu,v] ZRMIH . v RBIHME u, v EHIY
ML,
AN, XTI e e [0, T), i, j=1,2, -, n, fF1E
pi(x(1)) € cola;(x(1)) ], v;(y,(1)) € cola;(y,(1))],
a(x,(t)) € colby(x,(t)) ], B,(y,(1)) € colb(y,(1))],
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i
D (1) = = e (1) + p, () (x(0) +
2ai,-<x,-<t>>ﬁ<x,<t S+ 7)
i

DYy.(1) = - ey(e) + iv,--<y,-<t>>f<y,-<t>> +

Zﬁ SOy (e =7)) + 1 +u(1) . (8)

LLL}ﬂM(/\@a*ﬂ%{E@%ET%F}Elb FY:(3) M (4)7E Filippov B SUF, &M T80 o
FERG(5)HI(6).

J T ARG FE B RGN R G E ERE A, A T a0 M RS E SRS B

BRi& 1 IZIffo (Wj/@hpschltz ZAF, EUXT{fiEI’Ju v, € R, ff.%%ﬁL >0, ﬁﬁ%|ﬁ(uj)
—f) I sLilu-vl,j= e, on 0T

EX 6 %ﬁﬁﬁﬁiﬂ@’ﬁ( w,(t) MAEZEX M EBIMEE @ ¢ R 13 T 5 455
lim_, [ y(t) =Ox(t) || =0 WL, WIFRIPECG I T30 REGE(4) RN RS (5) 2B ERER
.

SIE AP B V() [0, + o) ERY—DELERE B D V() <-AV(e), W V(r)
S V(ty) E,(=A(t —1)), Hfa e (0,1), A BIEHHL

1 2% B <2, BREEIE, ma/2 <p <min{mw, wma},CE—HE, Hif5
THNAF T

I E, ;(2) | <

o<l arg(z) |l =, [ z1 > 0,
Tr M g(z2)

5133 & h(r) e C'([0, +» |,R) B—PELEA FHRE, ¥ T EEa e (0,1),
HFIIAZER T D1 h(t) | < sgn(h(t))D*h(t) .
SIE 4 MR 1O, MR f(£T) =0, =N,
I eolay(y, (1)) 1f(y,(2)) = colay(x,(0)) Ifi(x)(1)) | < @yl 1y (1) —x(2) 1,
leolb,(y,(1)) 1f(y (1)) = colby(x(1)) 1f(x,(1)) | S b, L1 y, (1) —x(2) 1.
RIS E
pi(x,(1)) € colay(x(1)) ], v(y,(1)) € colay(y,(1))],
a;(x,(1)) € colby(x(1)) ], By(y,(1)) € colby(y,(1))],
A T AR .
Ly (i () [y (1)) = pyCa () ) fi(x,(0) ) 1< ayly |y (1) = () 1,
LBy (ODf(y (1)) = (o () fi(x(8) ) | < byl 1y (1) = x(1) |,
Hop a =max {1 ayl, 1 ayl} by =max{l b1, 15,1},
R AT RS .
@Y1 a0, 1y > T 0, A
I colay(y,(1)) 1fi(y, (1)) = colay(x(2)) Ifi(x,(1)) | =
afi(y,()) = afi(x (1)) I < @yl |y (1) —x(0) 1,
ol by(y, () 1f(y (1)) = colby(w,(2)) Ifi(x,(2)) | =
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| b f(y (1)) = byfi(x,(D)) T < byL |y (1) = (1) 1.
@Y1 a 0,1yl <T W, A
I colay(y; (1)) 1fi(y(1)) = colay(x;(2)) 1fi(x,(1)) | =
L agfi(y(0)) = afi(x(0)) | < a1y, (1) —x(2) I,
eolby(y,(0)) 1f(x; (1)) = colby(x;(2)) 1fi(x;(2)) | =
| by ()) = bfi(x()) 1 < bL | y(1) —x(0) | .
3 4 le < T].Sl yjl B yjl $T,.$| le B AN | le $T,.$| yjl s %yj < —T,-,
g
I eolay(y; (1)) 1fi(y(1)) = colay(x;(1)) 1fi(x,(2)) | =
L agfi(yi (1)) = afi(x(0)) L <Uag 1l fi(y(£)) =fi(=T) 1+
a1 f(=T) = f(x(0)) 1 < ayl, | y,(8) = x,(0) |,
I eola,(y;(1)) 1fi(y (1)) = colay(x;(1)) 1fi(x,(2)) | =
L bfi(5,(6)) = bfi(w()) V< by 11 £y (1) =f(=T) 1+
by 1 (=T = fa(0)) 1 < byl |y (1) —x;(0) |
oy, > T, WA
I colay(y; (1)) 1fi(y(1)) = colay(x;(1)) 1fi(x,(1)) | =
agfi(yi (1)) = afi(x()) <l a; Il f(y,(t)) =f,(T) |+
Ly 1T = fi(x(0)) 1< @l |y (0) = x,(0) 1
I colay(y;(1)) 1fi(y(1)) = colay(x;(1)) 1fi(x,(1)) | =
L bf(y (1)) = byfi(w () V<UD, 11 £y () =f(T) | +
Lo, 11 (T = f () 1 < DL y(0) —x(0) 1.
XTIy I < T <1 | 5B, AT RUHIER].

2 BIEBSRIL—BOE

ARG JEEETIC R AR 5 BB iy 22 P 4% A TE R R 20 32 B 2 it — 15
(A4 Tl 2 A1 75 S g 2R 498 N 3 3l R e A5 21 [F) 2D
TESFARIE : e(1) =y,(1) = 0.x,(1) .
VEREAE T PR w, () 40T .
u,(t)=v,(t) +w,(t), (9)
Hrp

0= X a0 [0(x(0) ~£(Bx(1))] +
3 6,La,(5(0)) = a,((0) 1 (1)) +
S b, () [0/t = 7)) = (B = 7)) ]

iej[bi,(x,-m) by () (=) + (0, - DI,

wi(t) ==d;[y,(t) —0x,(1)] - g,ﬁ[}’,;(t -7) =0x(t-7)],
d,, dARVERIFEL 0, B RAL
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B4 RSE(5) FI(6) , RFIE R 4
De(1) & ~ee(r) + 3 (eola,(3(0) 1(3,(1) = cola,(x,(1) 1(B,5,(0)) +

i (colby(y;(£)) 1fi(y,(t = 7)) = colby(y,(£)) Ifi(0x,(t =7))) -

4Ly (1) ~0x()] —d[y(t-7) Ot -1)]. (10)
SN TR,

D%;(1) == cie,(1) + i[n(yj(w)ﬁ(yj(t)) —pi(a (1)) £(0x,(1)) ] +

i By () ) fi(yi(t = 7)) = ay(x () fi(Ox(t = 7)) ] -

dly(t) —0x(t)] —d[y(t-7) —0x(t —7)]. (11)

1 (RS SR, T SRR w, (1) W (9) RS (3) Fl(4) AT
154 SR I 16 IE R )2
iR ARYESIFE 3, A

D* 1 e;(t) | < sgn(e;(t))D%;(t). (12)
Fa1& Lyapunov PR%L .
V(t) = 2 e (t) 1. (13)

FRLARE 3 4 FIR (12) , 95
DUV(1) = iDH e (1)<
g%%nwxw>{_cﬁﬂw'*é%h@@ﬂ”lﬂYKU)_PA%U)XﬂQWKU)}+
;HBAxU)MKnU—T>)—a4%0>ﬁxﬂwt—fﬂ]—
(D) = 0] =Ly (1-7) —6x(1-7)]} <
i {cle+ idi-bl e(1) 1+

l_)Lle(t—T)l—dle(t)ld|e(t—7’)|

f -
Z{c+d—ZaL}|e(t)|—Z{ Z Lite(i-m)1.

1 -

f=all \.

PEBEAIE Y H N T%L'@Zd ‘Hiﬁgrd > ZaL -¢ (i 'Lj.ia

i

Ay { —Zdi}.j},)\2=min{(z— ,.].LJ.},
j=1

j=1

<11 1l

D*V(t) s—)\li I e(t) | —/\QEH, le(t—7) I s—/\li le(t)l==A,V(t).
j=1 i=1 j=1
S H 1 A5 B 2 FETIZRHAS - B B df ph 22 M 4% (4) 2 RBEIEBE R T RS (3).
1 MO =1, R5(3) M(4) FAEREITTE R, HAEH E 5w (1) Bkl
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u() = X Lag(x(0) = ag(y () Ifi(a(0) + X [by(x(0) = by(y(0) It = 7)) =
ALy () =] = dly(t=7) =x(-1)]. (14)
B2 %6 =1 RA(3) M) BHERALRAFS SHEHEL w(0) F
w0 == X La( (0= 5(0) = (A0 ] = X b, =5t = 7)) -

by (O fi(x(t = 7)) ] =21 = d,[y,(1) +x,(0)] - d, [d(z—r) +x(t-71)]. (15)
HE3 MO XML ERC KA, W RS (3) Fl(4) BB R A,
4 hTREARTTR G ITE T RS, HHERESE RS W R A 12478, R IR R

A A BN N IRINT, SCHR [ 6-7 ] W58 B S AN A ) Pl 22 ) 26 B R ) A0, AR SCHE T 17 B 28 SRR 7Y
g:l:

3 fE B
BT ARSI R AR TALAL O BN W 22 2 R

S

D*x(t) == Cx(t) + A(x(2) )f(x(t)) + B(x(t) ) f(x(t -7)) +1, (16)
Hor
x(t):('xl<t>7 x2<t))9 (X:O.98, C:dlag(17 1)7
Sf(x(2)) = (sin(l x,(¢) I = 1) ;tanh(l x,(2) | = 1)),
L=L,=1,7=05,1=(0,0)",
1 alz(%) bll<xl) bl2(x2)
A(x(1)) = , B(x(1)) = ,
aZI(xl) 1.8 bz](x1> b22<xz)
I x, | <1, 0.8, lx, | <1,
‘2(%)_ Ll > 1, an(x) = x> 1,
; - 1.5, lx, | <1, ; 1.0, I x,1 <1,
() =10, x> 1, e(%) =108, x> 1,
) x| <1, ) 14,  laxl<l1,
n(x) = s, I e s,
3 2.0
g 2 g
o s 1O
- I
S S 05
: :
8 0 8 9
g g
S 3
£ £ -10
£ 5 -1l
-3 ‘ -2.0 1
0 5 10 15 20 25 0 5 10 15 20 25
time /s time /s
B b, B2 [LiREe.,

Fig. 1 ~Synchronization error e, Fig. 2 Synchronization error e,
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synchronization trajectories 2x,, y,

synchronization trajectories 2x., y.

Wd =14,d,=14, d, =12, d, = 14 @A FRIFENTH 4 > Y al —c ,d, >

0 . . . .
. 15 0 5 10 . 15 20 25
time #/s time ¢ /s
B3 WRELE x, y, WEDPLE B4 RELHR x,, y, WFREHE
Fig. 3 Synchronization trajectories of x, , ¥, Fig. 4 Synchronization trajectories of x, , ¥,

2 byl
j=1

i=1

i= 1,2 RE 0, =0, =2, WIAE x,(0)=1,x,(0)=2, v,(0) =5, y,(0) =6, 3KTFF
AR nE 1 RE 2, A EGE N E 3 R 4.

4 2k
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PUIESE T B A B R A7k,
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Modified Projective Synchronization of Memristor-Based
Fractional-Order Delayed Neural Networks

ZHANG Weiwei', CHEN Dingyuan', WU Ranchao®’, CAO Jinde’
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Anging, Anhui 246133, P.R.China;
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Abstract: The discussion of fractional-order memristor-based neural networks with time delay
is a hot topic. The modified projective synchronization of fractional-order memristor-based neu-
ral networks with time delay was investigated. By means of the fractional-order inequality, suf-
ficient conditions for the modified projective synchronization of drive-response systems were a-
chieved. The results obtained here are more general. The corresponding numerical simulations
show the feasibility of the theoretical results.

Key words; fractional order; memristor-based neural network; time delay; modified projective
synchronization
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