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Abstract

In this paper, We consider the stability of the equalibrium x=0 of

composite system
x=h{(x,t) ‘ “(8)
with decomposition ' '
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under suitable assumptions for f; and gi using the method of scalar
Lyapunov function, we obtain the conditions under which the equilibriumw

x=0 of Eq (3) is asymptotically stable or is unstable respectively, .

By making use of the method of vector Lyépunov functon, we
have studied the asymptotical stable problems of fhe zero solution

for the non=—autonomous and nonlinear composite system

) =g (x, 1) (1)
with decomposition
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,xi:gi (xz”? ) + 2 A;;(i} Xi <i219°°=9 T} (25
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where

{ia e (1)

x;=col (X150, 5‘57\11))3 g2: (X5 1) 3501<g§”(x§”3°”9 gt 15 RLE
g"%’(%é‘g?g o0y ?C’f;);, 7,
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Pmlyey vyt tn=n, AT =(x,0, 27)y 5 ER ", 1€] =(ty, +00)
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In what follows, we always assume that gi(x;,t) =0 for all ¢, <1<
+oo if and only if %;=0. The term A;(i) is a mXn; matrix, and all
elements of 4;(1) are coatinuous and bounded. If its element is (1),
then we have ,

la:8) | <B, ( Biy>0 is a counstant ).

In this paper, we shall make use of the method of scalar Lyap-

unov function to investigate the stability and instability of the zero

solution for the composite system

x=h{x, 1) (3)
with decomposition
xi:gi(xis i}’i“fs(ﬁi”'”;xw f}‘ <i219M€9 r) (47
where

fil# ey &5 1) = col(F{7 (w10 x,é;)?w, T R TR

. ‘ " Wy X it 7, #;
fu (1 g oney ‘9(’1§1179”'9 X7 geeny X5 1)), fis RP TR VX e XRT X > R

Iy
and gi(x;, 1) as above. Suppose that,
(1) there exists a domain Ds 1=, {¥F |<H,s=1,, m; k=1,
oo v such that the following inequality

O PR P D e g U B F A0 E R N E NG SRR AN D

i::{?“gQ'n}s {5)

is satisfied in this domain, where 4,20 (k=1,-, r) being coustants.

(2) In this domain, the function fi(x, o5 %, 1) (=1, 207) is
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yo.?
//;;n’tinuous and satisflies some conditions which guarantee the exis
pence and the uniqueness of the solutioﬁ of the equation (4) with
any initial value in this one.
Therefore we obtain the following conclusiouns:
Theorem 1 Suppose that gi(x;, i) is differentiatle with respect

to %, and the Jacobi matrix

8g1(i*; 5;8.,1(?;
Ox " éx;,:’
gix!(xis )= versecesetiatrsenenes
é‘g;:’ é’g;:?
ax(P &zcn‘ }
. i

is continuous. We denote by uix;, 1) the largest eigenvalue of matrix
gy, (Hiy 1) ~lﬂg§xg(x,-, 1), if there exists >0, such that pil#, )= - 2p<<0

for-alt (g 1) ERGXT (i=1,,7) and satisflies the following inequality
nd;+ <2~ 5 (1= 1000570
Y
where ¢= E md; and &>0 may be chosen arbitrarily small, then
=1
the zero solution of (3) is asymptotically stable.

Proof Consider v isolated sulsystems
PEglas ) (=100, 1) (8)
For the system (6), We coustruct Lyapunov fuuction
vi(x;) = x]x;

It is evident that »(x;) is a positive definite function, tut

® @
B “—:.'X"-A x;+x; Xi :—"gl (x;s i}?{;—Px; g;(xg, i)e ( 7 )‘
108) ’
! F I L : N ° see oo E ° g9 3
because the function gi(x;, 1) is differentiable with repsect to xi, and

5

the Jacobi matrix gjy,(%, t) is continuous in the procuct space Rux 7T,

thﬁ.refofe T P
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a ) ’ s T . =
70 & 0% 1) = gy (O, D
besides, because &0, t)=0, hence

1 .
gi{i,1) = ( [ 2y (Ox;, thB)xi
N o 0 ¢

substituting it into (7), we obtain

i

d%‘(%’)

. T3
dt gz'xi(gx,‘g i)d6+ ( J‘Gg.z.xi((?x;,i)df?) §'xs'

]

[

(8>

1 ) 1 i
:x,?(j MOz, z)d@)x,- =j (T M, 12,346
0 s ¢
‘ =sz11/f;(§x;9 Z‘)?C,'S[z[;(?j, i)xfx,-Sw Zy;xfx,- . (8 )
where we introduce the symmetrical matrix M(y, z‘):gm(yg t)+g;?x“(y,z)‘

- . S : o dv; (x; g‘
The@ne(’}uality (8) shows that'w—“—ij-af

7 | is & negative defimjte
[
REE D

function, but owing to the function v; (%) in itself being positive
definite, hence the zero solution of isolated subsys;tem (6) is
asymptotically stable,

In regard to the system (4), we construct Lyapunov function

as follows
T T
v(x) = E Vi (%) = E X x,
i=1 1=1 '

It is evident that v (x) is positive definite

but
) | T , |
av (x) | av; (x;) {
e e ~4 e
di dt
(3 i=1 1(3)
‘-;
= E <gaT (3‘,-, 2‘) + 7T (xls‘“”s L2 f) ) X; o+ 5€1T <gz (X;p i‘)+f§ <2%19“°9 2‘,9 i) )
i=1
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secording to the assumptions of theorem, we know ndi+¢<C 2y~ 0
(=1 3T>; W@ obtam

i’ll My

i’%l(_:f_?, 5‘"@1295(“ -3, zx;z) P ?ximz_
€3y t=1 i=1 , i=1

dv{x)

pecause §>0(i=1,-,r), therefore T

is a negative delinite
(33
function, but V(x) in itself is positive definite, it follows from here
that the zero solution of the system ( 4)is asymptotically stable.
Theorem 2 Suppose that g (x,,1) is ciffernetiable with respect to x;
and the Jacobi matrix

\
2 (8 8 G
08, - dgi
dxih Sy
1 s
gixi(xw t) =
Ao (Y 3 (i)
Jgr .
gni g?’l;
dx " gxH
\ o

is continttous. We deunote by p:i*(xi,¢) the least eigenvalue of matrix
gi,n-(x“ 1) +g§x,-(x“ 1) I
if there exists #*>0, such that
w* Cxipt) 220*>0  forall (xiyt) €R™ xT (i=1,00,7)
and satisfies the followinv inequality |
nd; + <2 =~ 8F (d=1,00,7)

4

where ¢= E n; A;, but 8F>0 may be chosen arbitrarily small, then

o

the zero solution of the system ( 4)is unstable.

Proof Consider r isolated subsystems
2= g ( Xy 8) T PRLUN . (8)

la regard to the system (6 ), we construct Lyapunov function
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v (x) = xlx;,

It is evident that vi (%) is a positive definite funétioﬁ. but

- dvi(x)
dt

=gl (iy OXi+2Tgi Cuyy by 7))
{81y :

by the same means as theorem I, we obtajn

d ] i) o .
,‘Z&S“Q =x{ M{(Ex;, tyx; > By, £)aT x,
i (8> - ' : : ‘
2ouf . (9
: e dV;(X’i)" . . . . . .
It has been shown that 7 1s a positive definite function with

respect fo x{" .., x;’ but the function vi(x;) in itself is a positive
, .

definite function, too. Therefore the zero solution of system (6 ) is
unstable.

In regard to system (4), we construct Lyapunov function as
follows

T ro
v(x)= El’i () = Ex{x;@
i=1 i=1

It is evident that v(x) is a pesitive definite {unction with respect to
x; but

‘ s
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let. ¢= E 7idi, then We obtain

i=1

7, #y

2

2 o\ 2
= (opf—~nd, «f)z x0T+ (205 = nd, = o) E PR

P

. Z;J. ) izi

e

. X 3
ovso (2%?30_7114;1‘“6) ’:i{ Xi(ﬂz -

i=1

by the assumption of theorem 2, we have ndite < 2pf—~08F, that is

Ui —nd; = ¢ > &F Gi=1,

sey 7Y, we obtain

dv(x) | . 2
_— ] >6% E /“’ vo o O x"
dr | : :g:
R i=1 i=1

because 8F >0 (i=1,., r), hence

iunction, but the » (x) in

dv (_x)
bA

is a positive definite
(4 .
itself is a positive deﬂmte functiou, mo It

follows that the zero solution of the system(4) is unstable, This completes

the proof of the theorem,
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