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Abstract

This paper is concerned with the synchronization of the delayed chaotic neural net-

works, it has a new adaptive feedback controller which includes state coupling control
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and delayed state coupling control. We study the case where the system is a variable

coe�cient. Also we discuss the stability conditions of synchronization by constructing

a new Lyapunov functional. Example and numerical simulation are given to illustrate

the e�ectiveness of the results.
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1. Ì��.Úý��£

ÓÚ´�ØÓL§3�mþ���½�'"kéõØÓ�ÓÚa.X·bÓÚ [1, 2]!� Ó

Ú [3]Ú8+ÓÚ [4]"AO´duÙ3Nõ+��d3A^"CA�c5§��5·bÓÚÄåX

Ú��
2��ïÄ"ÓÚy�3Nõ+���
2��ïÄÚA^"Ïd§éïÄÓÚ�nØ

ÚA^ké��,� [5{9]"

3ÓÚ�¡§Æö�©OïÄ
g·A���ØÓ�·bÓÚ�Y [2]§�"�� [1, 2, 10, 11]§

�½�� [2,12] ��" [13]�Ä�E,�XÚ§^aq�{ïÄCXê�¹"3¢SA^¥§du

DÑ�Ýk��ÏP×§&ED4  ¢�"ò�mò´Ú\ ²XÚ§´¢S�OÚA^�

7�^�"3ù�©Ù¥§·��Ä
d±eG�½Â�äk�Cò´� ²�ä�§µ

_xi(t) = �cixi(t) +
nX

j=1

aijfj(xj(t)) +
nX

j=1

bijfj(xj(t� �(t))) + I (1)

,�«/ª�

_x(t) = �Cx(t) +Af(x(t)) +Bf(x(t� �(t))) + I (2)

ùpx(t) = [x1(t); x2(t); � � � ; xn(t)]
T 2 Rn �L ²��G��þ¶C = diag(c1; c2; � � � ; cn) > 0

(����é�Ý
)§A = (aij)n�nÚB = (bij)n�n©O��´ë��Ý
Úò´ë�Ý
¶I =

(I1; I2; � � � ; In)
T 2 Rn ´��ëY�	ÜÑ\¶�(t) � 0 ´DÑ�¢; f(x(t)) = f1(x1(t)); f2(x2(t));

� � � ; fn(xn(t))
T 2 Rn �L ²��-¹¼ê"
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_yi(t) = �ci(t)yi(t) +
nX

j=1

aij(t)fj(yj(t)) +
nX

j=1

bij(t)fj(yj(t� �(t))) + I + Ui(t) (3)

,�«/ª�

_y(t) = �C(t)y(t) +A(t)f(y(t)) +B(t)f(y(t� �(t))) + I + U(t) (4)

ùpU(t) = [u1(t); u2(t); � � � ; un(t)]
T ´��ì"-e(t) = y(t) +mx(t)§¿�g·A�"��ì�

O�U(t) = L(y(t) � x(t)) + K(y(t � �(t)) � x(t � �(t)))§ùp�Ý
L = diag (l1; l2; � � � ; ln) >

0;K = diag (k1; k2; � � � ; kn) > 0",�§ÓÚ�Ø�XÚ�±�¤µ

_ei(t) =� ciei(t)� (ci(t)� ci)yi(t) +
nX

j=1

aijgj(ej(t)) +
nX

j=1

(aij(t)� aij)fj(yj(t))

+
nX

j=1

bijgj(ej(t� �(t))) +
nX

j=1

(bij(t)� bij)fj(yj(t� �(t))) + li(t)ei(t) + ki(t)ei(t� �(t));

(5)

,�«/ª�§

_e(t) = �Ce(t)� (C(t)� C)y(t) +A(t)g(e(t)) + (A(t)�A)f(y(t)) +Bg(e(t� �(t)))

+ (B(t)�B)f(y(t� �(t))) + Le(t) +K(e(t� �(t))); (6)

ùp g(e(t)) = f(x(t) + e(t))� f(x(t))"

0B��©Ù§·�kXeü�b�µ

(H1): b�-¹¼êfi(x); i = 1; 2; � � � ; n:÷vXe�^�µ�3~êki > 0§¦�éu?¿

�x1; x2 2 R; k

jfi(x1)� fi(x2)j 6 kijx1 � x2j; i = 1; 2; � � � ; n:

(H2): �(t) > 0 ´���©¼ê§�éu¤k�t§k0 6 _�(t) 6 � < 1"

½Â1.1 XÚ(1) Ú(3) ´3g·A��ìe´�ÛÓÚ�§XJ

lim
t!1

kxi(t)� yi(t)k = 0; i = 1; 2; � � � ; n:

ùpk�k �LRn þ�îAp��ê"

Ún1.1 é?Û�þa; b 2 Rn§Ø�ª

�2aTXb 6 aTXa+ bTXb

÷v§Ù¥X ´?ÛÝ
§Ù¥X > 0"
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2. Ì�(J

�Ä±þ��.§3nØy²±�§·��±��±e(Ø"

½n2.1 4ci(t); aij(t); bij(t); li(t); ki(t)(i; j = 1; 2; � � � ; n) ÷vµ

_ci(t) = iei(t)yi(t)exp(�t)

_aij(t) = ��ijei(t)fj(yj(t))exp(�t)

_bij(t) = ��ijei(t)fi(yj(t� �(t)))exp(�t)

_li(t) = �"2i e
2
i (t)exp(�t);

_ki(t) = ��2i ei(t� �(t))ei(t)exp(�t)

(7)

ùpei(t) = yi(t)� xi(t)(i = 1; 2; � � � ; n); � > 0 ´���~ê§¿�i; �ij ; �ij ; �ij Ñ´�¿��~

ê§�

l = �max(�C) + �max(
�

2
E) + �max(

1

2
AAT) + �max(

1

2
BBT) +

1

2
h+

h

2(1� �)
e��

+

:

ùp�max(M) L«é¡Ý
M���A��§�+ L«�(t) �þ(."XJb�(H1) Ú(H2) ÷v§

¿�l < 0;KlXÚ(2)�ÌXÚ(1)´�ÛÓÚ�§¿�

lim
t!1

(ci(t)� ci) = lim
t!1

(aij(t)� aij) = lim
t!1

(bij(t)� bij) = 0; i; j = 1; 2; � � � ; n:

y² �EXeoäÊìÅ�¼

V (t) =
1

2
eT(t)e(t)exp(�t) +

1

2

nX
i=1

1

i
(ci(t)� ci)

2 +
1

2

nX
i=1

nX
j=1

1

�ij
(aij(t)� aij)

2

+
1

2

nX
i=1

nX
j=1

1

�ij
(bij(t)� bij)

2 +
1

2

nX
i=1

l2i (t)

"2i
+

1

2

nX
i=1

k2i (t)

�2i

+

Z t

t��(t)

1

2(1� �)
gT[e(�)]g[e(�)]exp f�[� + �(t)]g d�

(8)

O�(8) ��ê§¿�\Ø�XÚ(6),

_V (t) = eT(t) _e(t)exp(�t) +
�

2
eT(t)e(t)exp(�t) +

nX
i=1

1

i
(ci(t)� ci) _ci(t) +

nX
i=1

nX
j=1

1

�ij
(aij(t)� aij) _aij(t)

+
nX
i=1

nX
j=1

1

�ij
(bij(t)� bij)_bij(t) +

nX
i=1

li(t)

"2i

_li(t) +
nX
i=1

ki(t)

�2i

_ki(t) +
1

2(1� �)
gT[e(t)]g[e(t)]exp(�t)

� exp(��(t))�
1� _�(t)

2(1� �)
gT fe[t� �(t)]g g fe[t� �(t)]g exp(�t)
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5¿�½n3.1¥�b�Ú�§(5)§·���

_V (t) = exp(�t)
n
� eT(t)Ce(t) +

�

2
eT(t)e(t) + eT(t)Ag[e(t)] + eT(t)Bg[e(t� �(t))]

+
1

2(1� �)
gT[e(t)]g[e(t)]exp(��(t))�

1� _�(t)

2(1� �)
gT fe[t� �(t)]g g fe[t� �(t)]g

o

5¿�b�(H2):0 6 _�(t) 6 � < 1 ,·��±���[ (1� _�(t))
(1��)

] 6 �1.

ÏLÚn1.1§òX^ü Ý
O�§·�k

_V (t) 6 exp(�t)
n
� eT(t)Ce(t) +

�

2
eT(t)e(t) +

1

2
eT(t)AATe(t)

+
1

2
gT[e(t)] � g[e(t)] +

1

2
eT(t)BBTe(t) +

1

2
gT fe[t� �(t)]g � g fe[t� �(t)]g

+
1

2(1� �)
gT[e(t)]g[e(t)]exp[��(t)]�

1� _�(t)

2(1� �)
gT fe[t� �(t)]g � g fe[t� �(t)]g

o

6 exp(�t)
n
� eT(t)Ce(t) +

�

2
eT(t)e(t) +

1

2
eT(t)AATe(t) +

1

2
gT[e(t)] � g[e(t)]

+
1

2
eT(t)BBTe(t) +

1

2(1� �)
gT[e(t)]g[e(t)]exp[��(t)]

o
(9)

5¿�b�(H1)§·�kXe�Ø�ª:

jfi[ei(t)]j 6 hijei(t)j; i = 1; 2; � � � ; n:

,�§·��±��µ

gT[e(t)] � g[e(t)] =
nX
i=1

g2i [ei(t)] 6
nX
i=1

h2i e
2
i (t) 6 heT(t)e(t); (10)

ùph = max fh2i ji = 1; 2; � � � ; ng :

òØ�ª(10)�\Ø�ª(9)�m>,

_V (t) 6 exp(�t)
n
� eT(t)Ce(t) +

�

2
eT(t)e(t) +

1

2
eT(t)AATe(t) +

1

2
heT(t)e(t)

+
1

2
eT(t)BBTe(t) +

h

2(1� �)
eT(t)e(t)exp[��(t)]

o

6 exp(�t)eT(t)
n
�max(�C) +

�

2
+ �max(

1

2
AAT) +

1

2
h+ �max(

1

2
BBT) +

h

2(1� �)
e��

+
o
� e(t);

��§·���

_V (t) 6 0

ÏLoäÊìÅ½5nØ§·��±��lXÚ(2)�ÌXÚ(4)´�ÛÓÚ�"�dÓ�§CX

êaij(t); ci(t); bij(t) ò¬ÓÚuaij ; ci; bij ; i; j = 1; 2; � � � ; n: ¤±§·��¤
y²"

DOI: 10.12677/aam.2022.118642 6103 A^êÆ?Ð

https://doi.org/10.12677/aam.2022.118642


4�)§H#�

3. ê��[

e¡·�òÏL��~f��y½n2.1�k�5"

~f3.1 �Ä�k�C�¢�ÍÜ ²�ä§^e��§£ã:

_x(t) = �Cx(t) +Af(x(t)) +Bf(x(t� �(t))) + I (11)

Ù¥

C =

 
1 0

0 1

!
; A =

 
2:0 �0:11

�5:0 3:2

!

B =

 
�1:6 �0:1

�0:18 �2:4

!
; I =

 
0

0

!

��(t) = et

1+et
; f(t) = tanh(t)" ²�ä(11)�Ð©��x1(s) = �1:8; x2(s) = 0:2; s 2 [�1; 0]"

��lXÚ�:

_y(t) = �C(t)y(t) +A(t)f(y(t)) +B(t)f(y(t� �(t))) + I + U(t) (12)

Ù¥§·��(½l�ëêa11(t); a22(t); b11(t); b22(t); l1(t); l2(t); k1(t); k2(t)"�Bå�§·�

ò©OP�a1; a2; b1; b2; l1; l2; k1; k2",�§·�7L�ïXe�"rÝ�#5ÆÚëêg·A5

Æµ

_a1 = �9:2 (y3 � y1) tanh (y3) exp(0:5);

_a2 = �0:6 (y4 � y2) tanh (y4) exp(0:5);

_b1 = �9:0 (y3 � y1) tanh (y3(t� �(t))) exp(0:5);

_b2 = �0:8 (y4 � y2) tanh (y4(t� �(t))) exp(0:5);

_l1 = �5� 5y(5)y(5) exp(0:5);

_l1 = �0:5� 0:5y(6)y(6) exp(0:5);

_k1 = �3� 3 (e1(t� �(t))) y(5) exp(0:5);

_k1 = �0:3� 0:3 (e2(t� �(t))) y(6) exp(0:5);

��Ð©�Xe¤«,

a1(0) = �1:2; a2(0) = 5:8; y1 = 2:8; y2 = �0:2;

b1(0) = �0:2; b2(0) = 4:6; l1(0) = 5; l2(0) = 5;

k1(0) = 3; k2(0) = 3;

ã 1Ð«
Ø��þe1(t); e2(t) ª�u0¶ã 2 `²
�X�m?1§CXêªu~ê"
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Figure 1. Evolution of synchronization errors e1(t); e2(t),
asymptotically achieve to 0

ã 1. ÓÚØ�e1(t); e2(t)ªu0

Figure 2. Variable coe�cient b1; b2, asymptotically
achieve to �1.6, �2.4

ã 2. CXêb1; b2©Oª�u�1.6, �2.4
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