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XAY DUNG TIEU CHUAN ON PINH MU TOAN CUC CHO PIEM CAN BANG
CUA MANG NORON TE BAO CO XUNG VA TRE BIEN THIEN

Dang Thi Thu Hién va Dinh Bich Hao
Khoa Ty nhién, Truong Pai hoc Hoa Lu

Tom tit: Bai bao nghién ctu tiéu chuan 6n dinh mii toan cyc cho diém can bing cia mang
noron té bao c6 xung va tré bién thién. Dya trén viéc xay dung ham Lyapunov, sir dung bt
ddng thirc Young va mot sb ki thuat cua giai tich nhu: tinh chét cua ham sé lién tuc trén mot
doan, tinh chat cua inf va sup, ching ti s& xay dyng tiéu chuan 6n dinh mi toan cuc mgi cho
diém can bang cua mang néi trén. Ngoai ra, ching t6i ldy vi du minh hoa cho két qua dat duoc.

Tir kh6a: On dinh mii toan cuc, mang noron té bao, xung, tré, ham Lyapunov.

1. Mé dau

Trong nhitng nam gin ddy mang noron té bao c6 xung va tré bién thién di thu hut duoc sy
quan tam nghién ctru su rong va manh mé cua cac nha khoa hoc trén thé gidi vi cac tng dung
lién quan dén xu Ii tin hiéu va hinh anh, nhan dang mau hinh, lién két bo nhd,... Pa c6 nhiéu két
qua céng bo vé su 6n dinh mil toan cuc cho diém can bang cua mang cé dang sau:

X (t) =—¢,x (t)JrZa,J (X (t))+2b” J(Xj(t—tj(t)))Jrli,t;ttk,t>t0 (11)
AX (1) =X (t)) - x(t ) =P (% (t, )) k=12,..,

Két qua trong [1, 2] cho thdy su phu thudc cia d6 tré 7 vao céc thoi diém xung, cu thé yéu
cau 7 <t —t,_,,Vk >1 dugc dit ra, do d6 két qua chi c6 gia tri d6i v6i su cham tré nho nén
khong c6 ¥ nghia d6i véi mot s6 ting dung thyc té. Két qua trong [3, 4] doi hoi k >k, , nhu vay
mang ban dau khong cé tac déng cua xung can duoc on dinh. Két qua trong [5] cia Bo wu, Yang
Liu, Jianquan Lu dat dugc ma khong dit ra yéu cau k ;> K, , véi két qua nay mang ban dau khong
c6 tac dong ciia xung co thé khong on dinh, diéu ndy cho thiy xung déng vai trd quan trong trong
viéc lam cho diém cén bang cua mang 6n dinh mi toan cuc.

Trong bai bao nay, ching t6i mo rong md hinh (1.1) sang md hinh (1.2) du6i day. Chung t6i
s& xay dung tiéu chuin 6n dinh mi toan cuc cho dlem can bang cia mang (1 2). Két qua cua

chang téi vira gop phan xay dyng thém tiéu chuan on dinh mii toan cuc cho diém can bang cua
mang (1.1) vira gép phan ma rong két qua & md hinh tong quat hon.
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Xay dyng tiéu chudn én dinh mii todn cuc cho diém can bang ciia mang novon té bao cé xung va tré bién thién

X, (t) =—Cixi(t)+zn:aijfj(xj(t))+Zn:bijgj(xj(t—tj(t)))+ L t#t,,t>t,
A%, (6) = X, (6) =X, (6,) =P, (%,(t) ) k =1.2,..,

trong d6 i =1,2,...,n,n > 21a s6 noron cta mang; t J.(t) 1a s truyén tré doc theo soi truc cua cac

(1.2)

noron thir j va thoa man0<t,(t)<t; 0<t, <t, <t, <.., limt, =covéit, la thoi diém ban
k—o0
dau,t,,t,,..., 1a cac thoi diém xung; PC = {d) :[~7,0] > R", ¢(t) lién tuc hau khép noi trir ra tai
hitu han cac didm t ma tai d6 tn tai o(t ), d(t )va ¢t ) =¢(E)} ;BC={pePC:¢bi chan
trén[—1,0]}, voi ¢ € BC ta xac dinh||¢]_ = sup [¢(s)].
Se[—r,O]

Ki higux(t) = X(t, t,, ¢) 1a nghiém cua hé (1.2) thoa man diu kién ban dau x, = ¢, tirc Ia
X, (8)=X(t, +5) = ¢(s),s € [—,0]. Gia s nghiém cua (1.2) lién tuc khp noi trir tai céc thoi
diém xung t, ma tai 6 nghiém lién tuc trai va ton tai gioi han phai.
Piém X" = (X;,X;,..,X ) € R" duoc goi 1a diém can bing cia hé (1.2) néu
O=—-—cx + > af(xX)+> bg (x)+1 .
[ | ; 1j j( J) ; IJgJ( J) I ’|:1'2'.“,n (13)
0=P,(x;)
Ta s& nghién cau mé hinh (1.2) vai cac gia sir sau:
A,) Ton tai cac hang sé L, >0, N, >0,i =1 2,...,n théa man

I, (¢) —F,06,)| < L 1% =X, ]9 () =9, (6,)| < Ny X, =X, |, vX, X, e R,i=12,...,n.
A,) P (x(t))=—o, (x(t)-x])1-d, <o, <1+d,,trongdo 0<d, <1, i=12,..,n,
k=12,..,
A,) Ton tai duy nhat diém can bang théa man (1.3).

2. N@i dung nghién cau

2.1. Mot so dinh nghia

Pinh nghia 2.1. Ham V 1 R* x R" — R* duoc goi la thuge 16p V, néu
(i) V lién tuc trén moi tap (t,_,,t, ]xR", k=12,...,va V(t,0)=0,Vt>t,,
(if) V(t,X) la Lipschitz dia phwong theo X,
(iii) Véi méi k =1,2,...ton tai gisi han  lim  V(t,y) = V(t;,X).

(t,y)>(ty . x)
Pinh nghia 2.2. Cho ham V e V,. Vi (t,x) €[t, ,,t,)xR",k=1,2,..., deo ham trén bén phdi
cua V eV, doi véi hé (1.2) duoc xac d@inh boi:
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DV(t () = Tim V(t+h,x(t+h))- (t,x(t))'

h—0* h

Pinh nghia 2.3. Diém can bang X = (X, X5,...,X. )" cua hé (1.2) duoc goi 1a 6n dinh mii toan
e ) >t

cuc néu Jou> 0,3

1 L0

bat y,(t) =x,(t)—x;,i=12,...,nthi h¢ (1.2) tro thanh:

y(t)——cy(t)+2a.,[ (0 +x7)=F,05) |+ Dby g, (v, (t—7,0) ;) -9,(x)) |
i :
Ay, (t,) =P (y;(t, )+x 1) =120, k=12,..
1 1 a® b
Bo dé 2.1 (Bat dang thirc Young ) Choa,b>0va p,q>1: B+__1 Khi d6: ab < —+—.
p q
2.2. Két qua chinh

Trong muc nay, ching tdi xay dung tiéu chuan 6n dinh mii toan cuc cho diém can bang cua
mang noron t€ bao ¢ xung va tré bién thién (1.2).
Pinh Ii 2.1 Gia sir p>1,01,,0,,...,a, >0va cdc diéukiegn A, — A, duoc théa man. Dat:

n o n n oL
k= EI‘.L?{IOC L2l g -0 (L )} k—mgﬁ(Ni;\bji\pﬂ.

Giasit: k;, >0va 36 >0,A>0:

AT

k
@ -k, + dze <o-Mk=12,..,vi0<d, <1, d,dupcchotrongA,,

k-1
(i) Ind,_, <—(c+A)(t, -t ). k=12,..

Khi @6, diém can bang cua hé (1.2) 1& én dinh mii toan cuc.

Ching minh. bat o, =max{a,,a,,....,a, o, =min{a,a,,..,o,} Ta xac dinh ham

Lyapunov V() =V (t,y(t)) Zoc lv: () va xet||y(t)||_(2|y [ j

Véi t>t va t=t, k=12,..taco: D*v(t) = Zaip|yi ©F " sgn(y, (1)) y; () . Do do:
Dv()) =Y aply O *san(y, (t)){—ciyia)iau (F; (v, +7)—-F,0)) +

+ibij (g] (yj(t_Tj(t))+x?)_gj(x?))j|
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Xay dyng tiéu chudn én dinh mii todn cuc cho diém can bang ciia mang novon té bao cé xung va tré bién thién
\ PN P \ Pt
< 2ep| =y OF + 2L v, OF v, O+ 2N oy by o) ;i (t=1,0)| | 2.1
i= J= 1=

+ Truong hop p >1. Ap dung bat ding thuc Young véi p>1,q= tha co:
p —

p-1 ‘aij‘p yj(t)‘p
(kb o) vcor ) < =2

\bij\" y;(t-7,0)
p

-1
L2y P,
p

(‘btuj (t_Tj(t))‘)(h’i (t)|pfl) - + p:Iyi ).

Do doé D*v(t) < —Zn:[pci - Lizn:‘aji‘p %—(p—l)zn:(Lj + Nj) oy, (1) +
i=L =L i =L

t—t<s<t

+Zn:(NiZn:‘bji‘p%Jai ‘yi(t—ri(t))‘p}g—klv(t)+k2 sup V(s).
i=1 =1 i

I<i<n 1<i<n

+ Truong hop p=1.Khi do: k, = min{ci —Lizn:‘aji‘ﬁ}, k, = max(NiZn:‘bji‘ﬁ].
j=1 Q4 j=1 Q4
Tu (2.1) ta co:

D*v(t) < —Zn:{ci - Lii‘aji‘%}xi ly, (t)] +Zn:(NiZn:‘bji‘%Jai ly: (t-, (t))@.

<—k, v(t)+k, sup v(s)

t—t<s<t
Vay ta ching minh duoc: Dv(t) <—k, v(t)+k, sup v(s)
t—t<s<t
o 1 e 1 -A+k
Tiép theo, ta dat v =sUp{ —— . Tirgia thiét A,;) — <2~ 7L vk >1
k>1 kel dk7l kze '
-A+k
=>7y< ° o L=k, +k,e"y<o-A
2
Tu A,)taco:
1
y>— > 51 Do s, IM=1: elHET <M < yel, 2.2)
k-1
Suy ra: H(I)— x| < H(])— x| e” ) <M H(I)— x| e,

Tiép theo ta chiang minh: v(t) <o, M H(I) XL e wte(t,,t,].

Ta quy vé chirng minh:
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V(D) <o

et vte(t,,t,]. (2.3)
Vi v(t) lién tuc tréi tai t, nén dé chang minh (2.3) ta chi can chang minh

v(t) <a,,

e vt e (t,,1,). (2.4)
Gia sir (2.4) khong dung. Khi do ton tai te (' tl) sao cho

P e Mt S o

[0=X[ = v(t, +5), ¥s €[ 7,0]. (2.5)

max‘

DatE:inf{ : i fe“‘lt"),te(to,f)}
- - —K(trto)
Dé thdy, te(t,,t) va { (2.6)
v(t) < V(t) teft, -, t]
p
bat: f:sup{t:v(t)zoc te[to,t)} :>te[t t) {V(t) % max Hd) X H . (2.7)
v(t) > v(t), telt, t]

V6i Vse[-1,0],Vte[tt] thi t+se[t—1,t]c[t,—1,t]. Do do tir (2.2), (2.6), (2.7) ta cb:

*||P A (t,—ty) T
€ VS o, YE

o= =y (D) <vev(t).
Suy ra DV(t) < —k,v(t) + K,y V(t) = (—k ,+K,e“7)V(t) < (o - A)V(t), V't e[E, 1]
Do d6 ham u(t) = v(t)e ' nghich bién trén [t,t]. Do do:

~ ~ o D o )
v(t) < V(t)e(c M _ plo=)(t-t) o H¢—X H eoli-to)
T T

*||P e Mtto) V(E) (v6 ly) = (2.4) dung

Tiép theo ta di chung minh: v(t) <o

e vie(t, ,,t,.], Vk=1.

Giasi: V() <o, e, vte (b, ] k=1,2,...m. 2.8)
Tasé chung minh: v(t) <o, . f e vte(t, t,.] - (2.9)
Vi v(t) lién tuc trai tai t_ ., nén dé ching (2.9) ta chi can ching minh :

vy <o, e, Vet ty.). (2.10)

Gia sir (2.10) khong dung. Ta xé4c dinh: t=inf {t e(t,t

*||P ) }
T

Theo gia thiét: Ind, , <—(c+A)(t, —t, ;). k=12,..
=0<d,<1=df, <d,,,Vp=21Vvk=>1

Taco: V(t') =iai i (t) +P (v (t) + )| = iai
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Xay dyng tiéu chudn én dinh mii todn cuc cho diém can bang ciia mang novon té bao cé xung va tré bién thién

p_ —
e 7‘(tm t0) <
T

P=dPy(t )<d vt )<d a

MH(I)—X*

max

<> ad [« (t,) - x;
i=1

<(dp€ )0t M H(l) -X e <o M H(l) —x"|| e,

p
T

p
T

Tirdo t> t_. Tirtinh lién tuc cua v(t) va tinh chat caa inf ta co:

ORI e @11

v(t) <o, M Hd)— X[ et e (tm,f). .
pit: t' = sup{t |v(t)=d ex(tmﬂ—tm)amaxM Hd)_x* P e*?»(f[fto)’t elt,, {)}_
D& théy t e (t,,t) vathéaminv(t) =d_o_ M [o—x P g (tnatn)g i)
Véi Vte[t', 1], Vse[-1,0] taco t+se(t, —tt, Jhoic t+se(t, 1.
Do d6 tir (2.5), (2.8), (2.11) ta co:

V(t -l-S) < OLmaXM H(I)_X* p e—h(t+s—to) < G‘maxM Hq)_x* P e—?»(f—tg)ek(f—t)exr <
- *\ QAT
< OlpeM Hd)—x* P e )gh(tnatn)ght — _v(td)e .
v(th)e" . e .
= sup v(s) < 4 = D v(t) <| -k, +k, 'R V(t) < (c—-A)Vv(t), Vte[t ,t].
t—1<s<t m m

Tir d6 ham u(t) = v(t)e " nghich bién trén [t",t]. Didundy din dén:

= * AV (1—t* =||P _ ot ) (f—t”
V(t) S V(t )e(G A(t-t) — dmamaXM Hq)_x ek(tmﬂ tm)e A(t to)e(c A)(t-t)
T

_ _ *||P _ (i )t (-t
<e (o+2)(tmia—tm) Mamax Hd) —X e}"(tmﬂ tm)e At t())e(G A)(t t())e(U A)(t-t)
T

=P _ _ (- Tt *  (t— = ~ 4
<ocmaXMH¢—x e oltma~tn)g=Ht-t)go(t=t) <ocmaxMH¢—x e M) —y(t) (vo ly).

p
T

Viy ta da chimg minh duoc: V(t) < ., Mo —X" "o et ] VK21 (2.12)

Hién nhién, (2.12) ciing dting khi t =t,. Do d6: v(t) <o M Hq)— X

P (-
e M >t
T

1
1 p . —
:||y(t)||sMP(—Zm§Xj [o-xe” " vixt,

T

Vi V(1) 2 ay, YO = Xt t, ) =X

min

Do d6, diém can bang ciia hé (1.1) 1a 6n dinh mii toan cyc.

Trong Binh li 2.1, chop=1 o, =1 Vi=12,...,n taco hé qua sau:
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Hé qua 2.1. Gia st cac diéu kien A, — A, duoc théa man.
n n
pat: k, =min| ¢, - L, ;‘aji‘ k, =max Ni;‘bji‘ .

Giast k, >0va 3o > 0, A > 0sao cho:

AT

(i) —k, + I;ze <o-Ak=12,..,wi0<d, <1 d,duocchotrongA,,

k-1
(i) Ind,_, <—(c+A)(t, -t ) k=12,...
Khi d6, diém can bang cua hé (1.2) 1 6n dinh mii toan cuyc.
Pinh 1§ 2.2. Giasir cac diéu kign A, — A, dugc thoa man. Dat:
n n
K, mm{Zc -~ 1( Jag]+ L g+ N ‘buD} k _T%(Ni;‘bi“]'
Giasu: k, >0va 36 >0,A>0:

AT

@—M+§e
k-1
(ii) Ind,_, <—(c+A)(t, —t,_,), k=12,...
Khi d6, diém can bang cua hé (1.2) 1 6n dinh mii toan cuyc.
Chizng minh.

<o-Mk=12,..,vi0<d, <1 d,dugcchotrongA,,

1

Ta xdc dinh ham Lyapunov v(t) = V(t,y(t)) Z|y (t)| va xét|y(t)] —(z]yI )| j

Voi t>t,va t=t,,k=12,..taco: D"v(t) = Zz|yi (t)|sgn(y; (1)) y, (1) . Do dé:
D'v(®) = 32y, 0fsan(y (t)){—ciyia)éau (F, (s +x7)=F,0) ) +
+i bij (g] (yj (t _Tj(t)) + Xj)_gj(xj))j|

<> 2|~y + 2L [y v, Oy, O+ XN by v 0y, (t—r,-(t))@.

Y. f \vm )| MOF | yt-s®f
2 2

Taco: |y, (1)]]y; (t)| < -

Y@y t-7 )| <
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Do ds Dw(t)g_i[zCi_ (L o] Ly oy ‘b“‘)}|y,(t)| .
=1

i=1

t—t<s<t

+Z[N Z‘bu‘] (t-7,®) }s—klv<t)+k2 sup V(s).

Ta co:

Iy () +P (1) ) =D -0,

< Zn:dfn
i=1

Do d6 dinh li chimg minh twong ty DBinh li 2.1.

= d2v(t,) <d, v(t,)

2.3. Vidu

Vi du 2.1. Xét mang noron té bao ¢ xung va tré sau:

2
X (t) = c,x,(t)+2au J(%,(0)+Xbyg; (x;(t—7;(1)) + 1, t = 1, t >, , trong do
j=1
fi(xi):§(|xi +1 =[x, 1), 9;0x) =(|x; +1 =[x, -1]) (=12),t,=0t, —t,, =0.1,
04 -01 -1 02
A= [0_2 0_2}, B =[_0_3 0.2}‘31 =c, =31 ,=2.7424242,1, = 0.60606072.

(1, +0)= 18181818 -X,(t)

X, (t, +0) =

0<t(t) =1,(t) =sin*(t) <=1, k=12,..

2
1.0606064 -, (t, )
6
Day {t }..,1ap thanh cip s6 cong, t, =0.1k, k>1.Do d6 t, — o0,k —> o0
Dé thay f,,g,thoa man diéu kién A véi L, =1, N, =2, i=1,2. Ta tinh dugc
k _mln[c -, Z‘aji@ 2.4, k, _max(NiZ‘bjiU:ZG, G :g’(’?k :%,kzl,Z,...
=1 -1

I<i<n 1<i<n

Chond, =0.8,k=0,1,2,...,6=1.4,A =0.1ta thiy cic diéu kién A,,A,va cia Hé qua 2.1 déu

duogc thoéa man. Vay diém can bang duy nhat x™ = (0.6060606,0.1515152)" cua mang la 6n
dinh mii toan cuc.
Vi du 2.2. Xét mang noron té bao ¢ xung va tré sau:

X, (t) =—c.x (t)+Za”J(Xj(t))+ibijgj(Xj(t—rj(t)))+li,t¢tk,t>t0,trongd(’)
fi(xi):5(|xi +1 =[x, —1), g(x;) =sinx,(i=12),t,=0,t, —t,, =0.15,
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H 1 ]a [-1 15]. . ., _ _
A= [—0.6 0.8] B= [0.3 1 },Cl =c,=4,1,=2.777046158, 1, =0.613983916.
1.8262806 + x, (t
0<x(f)= t—1'2t< 1 X, (t, +0) = 3 1(t)
X, (t, +0) =
4
Day {t }.., 1ap thanh cip s6 cong, t, =0.15k,k>1. Do d6 t, —> o0,k —> o0
Dé thay f,,g,thoa man diéu kien A, voi L, =1, N, =1, i=12.
Ta tinh duoc:
- mm{z@ Sl \auhmj\bu\)}lg, K, =@%[Nizl\bﬁ\]=z.5,
= J=
2 3
Oy =§,62k =Z,k=1,2,...

Chond, =0.5,k=0,1,2,...,6=3.6,AL =0.1ta thay cac diéu ki¢n A,,A, va ctia Dinh Iy 2.2
déu duoc thoa man. Vay diém can bang duy nhat x™ = (0.9131403,0.0222717)" cua mang la 6n
dinh mii toan cuc.

Nhan xét 2.1. Néu g; = f,, V1< j<n thi m6 hinh (1.2) tro thanh m6 hinh (1.1) va Hé qua 2.1
khi d6 chinh 12 mot két qua trong [5].

Nhan xét 2.2. Trong Vi du 2.1, Vi du 2.2 caa chidng tdi nham minh hoa cho két qua dat dugc, ta
thdy 7>t —t _,,Vk>1va k <k,. Do d6 két qua caa ching toi cai thién so véi mot sé két qua
da dat duoc, chang han trong [1-4].

3. Kétluan

Néug, = f,1<i<n thi md hinh (1.2) chinh Ia mé hinh (1.1). Nhu vay két qua cua ching
t6i s& gop phan xay dung thém tiéu chuan 6n dinh mi toan cuc cho diém can bang caa md hinh
(1.1). Ngoai ra, két qua dugc mé rong & md hinh tong quat hon. Két qua caa chung toi dat dugc
ngay ca khi mang ban diu khong co tac déng cua xung c6 thé khdng 6n dinh, didu nay dic biét co
¥ nghia ddi voi cac tng dung trong k¥ thuat va céng nghé; hon nita, d6 tré z 1a bi chan tuy y. Do
12 loi thé vé két qua caa ching toi so vai mot sb két qua da duoc cong bb.
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ABSTRACT

The building global exponential stability criteria for the equilibrium point
of impulsive cellular neural networks with time — varying delays

Dang Thi Thu Hien and Dinh Bich Hao

Faculty of Natural Science, Hoa Lu University, Ninh Binh

In this paper, the global exponential stability criteria for the equilibrium point of impulsive

cellular neural networks with time - varying delays is studied. Based on the construction of the

Lyapunov function, using Young inequality and some analytical techniques such as the properties

of continuous functions on a segment, the properties of inf, sup, we will build new global

exponential stability criteria for the equilibrium point of the networks mentioned above.
In addition, we take some examples that illustrate our results.

Keywords: Global exponential stability, cellular neural networks, impulsive, delay, Lyapunov function.
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