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TIEU CHUAN ON PINH MU TOAN CUC CUA MANG NORON TE BAO
CO XUNG VA TRE BIEN THIEN

Ping Thi Thu Hién", Nguyé&n Thi Nhan, Nguyén Thi Hién
Truong Pai hoc Hoa Lu, Ninh Binh

TOM TAT
Trong bai béo nay, ching toi nghién citu md hinh mang noron té bao c6 xung va tré bién thién, 1a
maé rong cua md hinh trong [1], [2]. Dya trén viéc xay dung ham Lyapunov va st dung mot sé ki
thuat giai tich nhu: tinh chat caa ham lién tuc trén mot doan, tinh chat cua Inf va sup,... chang
t6i s& xay dung tiéu chuan 6n dinh mii toan cuc mai cho diém can bang cua mang néi trén. Ngoai
ra, chiing t6i cling 14y vi du minh hoa cho két qua dat dugc.
Tiur khoa: On dinh mii todn cuc, Mang noron té bao , Xung, Tré, Ham Lyapunov.
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GLOBAL EXPONENTIAL STABILITY CRITERIA FOR IMPULSIVE
CELLULAR NEURAL NETWORKS WITH TIME - VARYING DELAYS
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ABSTRACT
In this paper, we study the model of impulsive cellular neural networks with time — varying delays,
which is an extension of the model in [1], [2]. Based on the construction of the Lyapunov function
and the use of some analytical techniques such as the properties of continuous functions on a

segment, the properties of inf, sup,, and... we will build new global exponential stability criteria

for the equilibrium point of the networks mentioned above. In addition, we also take example to
illustrate the results achieved.
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GIGI THIEU

Trong nhimg nim gan day mang noron té bao
c6 xung va tré bién thién da thu hat duoc sy
guan tdm nghién ctru sdu rong va manh mé
cua khip cac nha khoa hoc trén thé gigi vi cac
ng dung lién quan dén xur i tin hiéu va hinh
anh, lién két bo nhé, phén loai mau... Pa ¢
nhiéu két qua cong bd vé sy 6n dinh mi toan
cuc cho diém can bang cia mang. Két qua
trong [4], [7] cho thay su phu thudc cua do tré
7Vvao cac thoi diém xung, cu thé yéu cau
<t —t _,,Vk>1 dugc dit ra, do d6 két
qua chi c6 gi4 tri ddi véi su cham tré& nho nén
khong ¢o ¥ nghia ddi véi mot s6 tng dung
thuc t&. Két qua trong [2], [3] doi hoi
D*v(t) <0, nghia 1a mang ban dau (khéng
xung) can duoc 6n dinh.

|:~. (t)=—cx, (t)+">—a

jel i=1

|_"-.}.(t)—:~.(t) —x,(t)=P(x,(t,)) k=12,

trong do
i=1,2,...,n,n>21as6 noron ciia mang,

Két qua trong [1] cua Bo wu, Yang Liu,
Jianquan Lu dat dugc ma khéng cin diéu
kien D*v(t) <0, tac la mang ban dau khéng
¢ tac dong cua xung cd thé khong 6n dinh,
diéu nay cho thdy xung dong vai trd quan
trong trong viéc 1am cho diém can bang cua
mang 6n dinh mi toan cuc.

Trong bai b&o nay, ching téi m¢ rong md
hinh trong [1], [2], cu thé s& nghién ctu md
hinh (1.1) du6i day. Chang t6i s& xay dung
tiéu chuan 6n dinh mi toan cuc cho diém can
bang cua mang (1.1). Két qua cua ching toi
c6 loi thé so voi mot sé két qua da cong b,
cu thé: d6 tré 7 1a bi chan tuy y va diéu kién

D*v(t) <0 khdng can dit ra.

(x.(t))+‘§*b;ig.[x.(t—Ti(t))_1+15=t =t .t =1,

1)

T;(Dlasy truyén tré doc theo soi truc ciia cac noron thir j va thoa man 0 < rj(t) <r,

0<t,<t <t, <.., Il(imtk

=0, t, 1 thoi diém ban dau, t,,t,,

., 1a cac thoi diém xung,

= {q) :[-7,0] > 0", ¢(t) lién tyc trir ra tai hitu han céc diém t ma tai do ton tai

o(),0()va o) =o(d].
={¢ e PC: ¢ bi chan trén[—

Piém X = (X, X eny

0=-CX; +ZaIJ (X )+Zbug (X)) +1,

=1

0=P(x))

Ki higu x(t) = X(t, t,, ¢) 12 nghiém ctia h¢ (1) thoa man diéu ki¢n ban dau x,_

7,0]}, véi ¢ € BC ta xac dinh [[¢]. = sup [[¢(s)].
Se[—t,O]

X )T ell" dugc goi 1a diém can bang cua hé (1.1) néu

i=12,..,n 2

=¢, tacla

X, (8) = X(t, +5) = ¢(s),s € [—7,0]. Gia sir nghiém cua (1) lién tuc khap noi trir tai cac thoi

diém xung t, ma tai d6 nghiém lién tuc trai va ton tai gioi han phai.

96

http://jst.tnu.edu.vn; Email: jst@tnu.edu.vn



Ding Thi Thu Hién va Drg Tap chi KHOA HOC & CONG NGHE DHTN 195(02): 95 - 102

Ta s€ nghién cu mo hinh (1) vai cac gia st sau
A,) Ton tai cac hang sé L, >0, N, >0,i =1,2,...,n théa man
I, (¢) —F,06)| < Ly 1% =X, 1|9 (%) =9, (%) < N X, =X, |, vx,, X, €0,i =1,2,...,n.
A,) Cacham P, liéntuctrén [, p (x(t,)) =—o, (X (t,)-X; ).1-d, <o, <1+d,,
trongdo 0<d, <1,1=12,...,nk=12,..,
A,) Ton tai duy nhat diém can bang théa man (2).
MOT SO DINH NGHIA
Pinh nghia 1. Ham V:[] " x[1 " —[J *duoc goi la thuge 16p V, néu
(i) V lién tuc trén mdi tap (t, ,,t, ]x0 ", k=212,...,va V(t,0)=0,Vt>t,,
(if) V(t,x) 1a Lipschitz dia phuong theo X,
(iii) Voi mdi k=1,2,..tontai gisi han  lim  V/(t,y) = (L}, X).

(L)~ (t X)
Pinh nghia 2. Cho ham V eV, . V¢i (t,X) e[t, ,,t.)x0", k=12,..., dao ham trén bén phai
cua V e V, di vai hé (1) duoc xac dinh boi:
— V(t+h,x(t+h))=V(t,x(t
D*V(t,x(t))= lim ( (t+h)-V( ()).

h—0* h

Pinh nghia 3. Diém can bang X = (X;,X,...,X;,)" ciia hé (1) dugc goi 1 6n dinh mil toan

cuc néu Ja. > 0,3M >1sao cho: Hx(t,to,d)) —X*H <M H(I)—X*

—a(t-tg)
e Vit

Pt y,(t) =X, ()= X ,i=12,...,nthi hé (1) tro thanh:

yi(t) =—ciyi(t>+iau [f,-(yj(t)+x;f)—fj(x;)]+ibij L9, (vi(t=5,®) +x7)-9,6)) |

*

AY (8) =P (Y (t)+X), i=12,..n, k=12,..

e . 11 a” b
Bat dang thirc Yuong: Cho a,b>0va p,q >1théaman —+—=1. Khido: ab<—+—.
P qQ P qQ
KET QUA CHINH
Trong muc nay, chiing t6i xay dung tiéu chuan 6n dinh mi toan cuc cho diém can bang cia mang
noron té bao ¢ xung va tré bién thién (1).

Pinhli 1. Giast p>1,0,,0,,.., 0, >0va cac diéu kien A, — A, dugc théa min. Dit:
n Qo n P P n Q;
— 1 _ _J_ _ -1 -1 — 2
k, =min| pc Li;ai (p 1)JZ=1: L [ag [P + Ny by | | k, =max N L.

[

Giasi: k, >0va 36 >0,A>0:
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AT

k,e
(i) -k, + dz" <o-Ak=12,..,wi0<d, <1 d,dugcchotrongA,,
k-1
(i) pInd, , <—(c+A)(t, —t ). k=12,...
Khi dé, diém can bang cua hé (1) 1a 6n dinh mii toan cuc.
Chéng minh. bat o, = max{a,,a,,....a, o, =min{o,,o,,....a,}.

1

Ta x4c dinh ham Lyapunov v(t) = V/(t,y(t)) Za lv; (O vaxét |y(t)] = (Z|y )| j

Vi t>t,va t=t,k=12,..taco: D v(t) = ;aip|yi ® " sgn(y; () Y, (t) . Do do:
D)= > etply, 0 *son(y, (t)){—ciyi O+ 2221, (y,0+))-1,6)
+:Zlbi,- (9, (y,-(t—r,-(t»+x;f)—g,-(x]f))}
< gaip{—ci ly, 0" +:Zle gl [y: O]y, (t)\+jnZlN 3o v, Oy, (t—rj(t))@.

Ap dung bt dang thirc Yuong véi p >1,q= tha co:
p —

) \y,( )‘

(jv5€0))(fal v, o B2y o (k)

(v, (== ) (b0 < ‘y"(t“"“))‘ By o (i

p

Do dé D*v(t) S—Zn:{pci —Lizn:ﬁ—(p—1)zn:[Lj 2, \p LN [y [p 1}}% ly, () +
i=1 =1 O j=1

t—1<s<t k>1

Suy ra, D*v(t) <—k, v(t)+k, sup v(s). Daty_sup{d1 }
k-1

Tur gia thiét A,) 3 OAHK ks1my<SAHK

= L=k, +k,e"y <o
dy k,e™ ke
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, 1 _ _
Theo A,)tacé y> 7> eleMt) 51 Do do, IM >1: V) < M < ™, ©)
k-1
. =P *|IP aclti-to) *|IP oA (ti—to)
Suy ra: Hq)—x < Hd)—x e < MH(I)—X e :
T T T

Tiép theo ta di chtng minh: v(t) < ot . Mjp—X"

e M) e (t,,t,].

D¢ lam diéu nay, ta chi can ching minh: v(t) <o, M Hq)— X"

p e M) it ¢ (to,t,]. @

Vi v(t) lién tyc tréi tai t, nén dé chang minh (4) ta chi can ching minh:

P _

V() S0, M[o—X | e Ve (t,t,). (5)

Gid sir (5) khong dung. Khi d6 tan tai t € (t,,t,) sao cho

V(1) > 0 Mj0— X"

i’ g ) S g Hd)_x*Hf > v(t, +8), Vs e[-1,0]. (6)

Dit { =inf {t:v(t) ST ] Ty

et te(t,, E)} .

v(t)=o, M Hq)— X
v(t) <v(t), teft,—.t]

P e*x(trto)
T .

D& thy, te (t,,t) va { @)

~ [P A N !"i.'('EJ =0, ||Eb—x‘|r
T=sup{t:v(t) = 1 telt,, ) 3 a= P X L
V6i Vs e[—1,0], Vte[t, 1] thi t+se[t—1,t]<[t, — 1, t]. Do d6 tir (3), (7), (8) ta co:

=P _ _
V(t+5) <a M[o-x e <a,, ye
T

d— x*Hp = ve**v(t) < ye**v(t).
Suy ra D*V(t) < —k,v(t) + K,y V() = (=K .1k, 7)V(t) < (6 —A)V(t), Y t [L.1].
Do d6 ham u(t) = v(t)e “*nghich bién trén [t,t]. Do do:

v(t) <v(De 0 =a, [o-x* P golite)

P o(o-2)(E-1) *
€ < Ol Hd) - X

T

<y, M=%

P aMu—to) _ v(t) (Vo Iy) = (5) dung

Tiép theo ta di ching minh: v(t) <o, M H(I)— X"

e M) e (t,,t ], Vk=1,

Gia sir V() S ot M| X e e (t, .t ], k=1,2,...m. 9)

Ta s& chang minh: vit) <a, M Hq)—x*

e e (t, t, ] (10)
Vi v(t) lién tuc trai tai t_, nén dé ching (10) ta chi can chiang minh :

v(t) < ocmaxMucb—x*

P (-
T e to)’vt S (tm!tm+1)' (11)
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Gia str (11) khong dang. Ta xéc dinh t=inf {t e(t,t

P ex(tto)}.
T

Ta cb: v(t;)=2ai\yi<tm)+Pi(yi(tm)+x?)\p=Zai <
i=1 i=1
Sia P V(t,) < A% o, MJo—x[ e ) <
i=1
(dp }"(tm+1 —tm )) —7~(t ty) A (t- to)
Turdé t> t_. Turtinh lién tuc cua v(t) va tinh chat caa inf ta co:
[ =oMfo-x [ e
VO e Mp—x [ e Ve, 12)

bat: t" —SUD{HV(t) dp Atma—tm)

_}L(t to) tE(tm,t)}

x(tmﬂ_t )e_)"(t to)

Déthay t e (t,, t) va thoa man v(t") =d°.

Véi Vtelt, 1], Vse[-1,0] taco t+se(t, —7t Jhodc t+se(t,,t)hoge t+s=t.
T (6), (9), (12) ta co:
p e—x(?—to)ex(?—t)exr

T

v(t+s) <

*||P A (t+s—ty) *
—x| e <o M| —x

) 0
3P et ghthata)gie — v(t)e™
T d®
m

M

*\ AAT
= sup v(s)s%: D*v(t)s( K, 2 g

t—t<s<t

]v(t) < (c—M)V(t), vt e[t 1.

m m

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

= * _ *||P _ (- ) (Tt*
V(t) < V(t )e(c (-t =d’a _ At tm)e At to)e(cr MN-t)

mmax

<e —(o+M)(tmaa—t )MOL M(tma—tm )e—%(t to)e(c 2)(t- to)e(G (t-t)

e—c(tmﬂ—tm)e—x(?—to)e -t

P e ) Z vty (o Iy).

u,_,31||¢ x”

|7 —.'-.:|—|-_} e i
Viy ta di chimg minh duoc: * (t)= : Vte(t .t V2l (13)

Hién nhién (13) ding khi t=t,. Do d6: V(t) < ot M| —x"[ €7, vt > 1,

w22 s

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

—Z(t-t,
p( o)

Vi V() 2 o, [y

V>t

0
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Trong Pinh li 1, choo, =1, Vi=12,...,n taco h¢ qua sau:

Hé qua 2: Gia str p >1va céac diéu kien A, — A, duoc thda min. Dit:

1<i<n

k, = LrD_in {pci -nL,—(p —1)ZH:[Lj ‘aij‘ﬁ +N;, ‘bu‘ﬁﬁlﬂ k, =maxnN,.
1<n =L

Giasua: k, >0va 36 >0,A > 0:
At

k
@ -k, + dzf <o-Ak=12,..wi0<d, <lvad, ducchotrong A,,

k-1
(i) pInd, , <—(G+A)(t, —t, ) k=12,..
Khi d6, diém can bang cua hé (1.1) 1a 6n dinh mii toan cuyc.
ViDU
Sau day chung toi 1y vi du minh hoa cho két qua dat dugc.
Vi du 1. Xét mang noron té bao c6 xung va tré sau:

X, (t) = —Cixi(t)+22:aijfj (xj(t))+ibijgj (x;(t=7;(1))+1;, t#t,,t>1t,, trongdo

fi(xi):%(|xi+14—|xi =), g,(x) =(|x; +1=|x;-1) (i=12),t,=0,t,—t,, =0.08,

fo1 01 [-1 02]._ . . _ _
A_[o_z 0.1},8_[_0_3 0_2},c1_c2_3,l1_3.4181818,I2—0.3545456,

| 1.8181818—x,(t,)

0<t,(t)=1,(t)=sin’*(t)<t=1 %t +0) 2
=== =T=4 10606064 — x,,(t,) 'K =12+
Xz(tk+0)=
6
Dé thay f,g, thoa man diéu kién A véi L, =1, N, =2, i=1,2. Tatinh duoc k, =1.9,k, =4,
N =g,02k =%,k=1,2,...ChQn d, =0.8,k=0,12,..,6=4.7,A=0.01,p = 2, ta thiy

cac diéu kién A,, A, va ciia Hg qua 2 déu dugc thoa man. Vay diém can bang duy nhat
X" =(0.6060606,0.1515152) " cia mang la 6n dinh mii toan cuc.
Vi du 2 . Xét mang noron té bao c6 xung va tré sau:

X (t) :—cixi(t)quzzlaijfj (xj(t))+_§2:bugj (%;(t=1;(t))+ 1, t =, t >ty trong do

- a2 e, 19

c,=¢,=4,1,=1.31379308, |, =1.05517244,t, =0,t, —t, , =0.11,
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1
0<t,(t)=1,(t)=—cos’t<t=—,
T,(1) =1,(t) 10 T

Dé thay f,g,thoa man diéu kien A, voi
L, =N, =1i=12. Tatinh dugc

K, =1.2045,k, =2 5, =§’sz =g,k=1,2,...

Chon
d,=09k=012,..06=13A=01p=15
dé thay gia sir A,,A,va cac diéu kién cua
Hé qua 2 déu duoc thoa man. Vay diém can
bang duy nhat

X" =(0.60344827,-0.08620689)" cua
mang 1a 6n dinh mii toan cuc.

KET LUAN

Néug, = f,,1<i<n thi md hinh (1.1) chinh
1a m6 hinh trong [1], [2]. Nhu véy két qua cua
chiing t6i vira gop phan xay dung thém tiéu
chuan 6n dinh mii toan cuc cho diém can
bang cia md hinh trong [1], [2] vira gop phan
mo rong két qua & md hinh tong quat hon.
Véi két qua cua chung toi, diéu kién rang
bugc trén cac tham sé cua mang 1a doc lap véi
d6 tré 7 ; hon nita, két qua ciing cho thay
xung dong vai tro quan trong trong viéc lam
cho diém can bang cua mang 6n dinh mii toan
cuc ngay ca khi mang ban dau khéng xung c6
thé khong 6n dinh, diéu nay dic biét co y
nghia d6i voi cac Gng dung trong k¥ thuat va
cdng nghé.

X, (t, +0)=

X, (t,+0)=

~1.81034481+2x,(t,)

5 _
~ —0.43103445 + 3x, (t,)’ k=12,..

8
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