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Abstract 

Stability and practical stability comparison criteria of impulsive 
integro-differential systems with fixed moments of impulse effects are 
established by cone-Lyapunov functions through comparing with 
impulsive ordinary differential equations. 

1. Introduction 

Impulsive integro-differential systems which are an important 
embranchment of nonlinear impulsive differential systems [3], arise from 
extensive applications in nature-science such as mathematic models of circuit 
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simulation in physics and neuronal networks in biology. Consequently, there 
are some results about stability of such systems by vector Lyapunov 
functions coupled with Razumikhin techniques [4, 5]. However, it is difficult 
to choose a right vector Lyapunov function because of the restrictive 
conditions. At the same time, the method of cone-valued Lyapunov functions 
is well known to be advantageous in applications [2]. Hence, the stability 
results for impulsive integro-differential systems could be improved via the 
method of cone-valued Lyapunov functions. 

In [1], the author considered the comparison principle by cone-valued 
Lyapunov functions for a class of integro-differential systems without 
impulses. But it was not proved and also cannot be applied to impulsive 
integro-differential systems. In this paper, we shall firstly prove the 
comparison principle. Then, by employing cone-valued Lyapunov functions, 
a new comparison principle for impulsive integro-differential systems with 
fixed moments of impulse effects is established, which is compared with 
impulsive differential systems whose stability is relatively easy to solve. 
Finally, the relevant new comparison criteria of stability and practically 
stability [6] of impulsive integro-differential systems are obtained too. 

The remainder of this paper is organized as follows. In Section 2, we 
describe impulsive integro-differential systems and introduce some notions 
and concepts. In Section 3, we get some comparison results of stability and 
practically stability of the impulsive integro-differential systems with fixed 
moments of impulse effects by using the method of cone-Lyapunov 
functions. 

2. Preliminaries 

Consider the following impulsive integro-differential systems of the 
form: 

 

( )

( ) ( ( ))

( )⎪
⎩

⎪
⎨

⎧

=

∈=

≠=′

+

−

,

,,

,,,,

00 xtx

NktxJtx

ttTxxtfx

kkk

k

 (1) 



Stability and Practical Stability of Impulsive Integro-differential ... 95 

where N is the set of all positive integers, "" <<<<< kttt 210  and 

( ).∞→∞→ ktk  ([ ) ( ) ) ( ),,, 1 NkRRSttCf nn
kk ∈×ρ×∈ +  ( ) ,00,0, ≡tf  

where ( ) { }.,: nRxxxS ∈ρ<=ρ  ( )( )∫=
t
t

dssxstKTx
0

,,,  where ∈K  

([ ) [ ) ( ) ) ( ) .00,,,,,, 11 ≡ρ×× ++ ttKRSttttC n
kkkk  ( ) ( ) ,: n

k RSxJ →ρ  ( )0kJ  

( )Nk ∈∀≡ 0  and there exists ρ≤ρ<ρ 11 0:  such that ( )1ρ∈ Sx  implies 

that ( ) ( )ρ∈ SxJk  for all .Nk ∈  

In addition, we always assume that kJf ,  satisfy certain conditions such 

that the solution of system (1) exists on [ ]∞+,0t  and is unique. We denote 

by ( ) ( )00,, xttxtx =  the solution of system (1) with initial value ( )., 00 xt  

Since ( ) ( ) ,,00,00,0, NkJtf k ∈==  ( ) 0=tx  is a solution of (1), which 

is called the trivial solution. Note that the solutions ( )tx  of (1) are right 

continuous, satisfying ( ) ( ) ( ( )).−+ == kkkk txJtxtx  

Let .00 =t  Then the following sets are introduced: 

{( ) ( ) } ∪
∞

=
−+ =<<ρ×∈=

1
1 .,:,

k
kkkk GGtttSRxtG  

For convenience, we define the following classes of functions: 

{ [ ] :, ++∈= RRCaK  strictly increasing and ( ) },00 =a  

{ [ ] :,2
++∈= RRCaCK  for every ( ) },,, KstaRt ∈∈ +  

( ) {( ) ( ) }.,:,, ρ<×∈=ρ + xthRRxthS n  

In addition, we introduce some definitions as follows: 

Definition 1. Let nRZ ⊆  be a cone, that is, Z is closed, convex with 

,ZZ ⊂λ  0≥λ  and ( ) { }0=−ZZ ∩  with interior .0 ∅≠Z  For any yx,  

,nR∈  we let yx ≤  if Zxy ∈−  and for any functions ,:, nRRvu →+  
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vu ≤  if ( ) ( )tvtu ≤  on .+R  Also, let { ( ) ,0, ≥ϕ∈ϕ=∗ xRZ n  for all 

}Zx ∈  and { },00 −= ∗∗ ZZ  where ( ) ∑
=
ϕ=ϕ

n

i
iixx

1
.  

Definition 2. A function nn RRF →:  is said to be quasi-monotone 

nondecreasing relative to the cone nRZ ⊆  if yx ≤  and ( ) 0=−ϕ xy  for 

all ∗∈ϕ 0Z  implies ( ) ( )( ) .0≥−ϕ xFyF  

Definition 3. We shall say that the function ZRRV n →×+:0  belongs 

to the class of cone-Lyapunov if: (i) 0VV ∈  is continuous on n
k RG ×  and 

the following limit exists 
( ) ( )

( ) ;,,lim
,,

NkytV
xtyt k

∈
−→

 (ii) ( ) 0, VxtV ∈  is 

locally Lipschitz in x relative to Z. 

Derivative of ( ) 0, VxtV ∈  along system (1) is defined: 

( )( ) ( ) ( ) ( )( )( ) ( )( )[ ].,,,,1suplim,
0

txtVtTxtxthftxhtVhtxtVD
h

−++=
−→

−  

Definition 4. The trivial solution of (1) is said to be: 

  (i) stable, if for any ,0>ε  every ,0 +∈ Rt  there exists a ( )εδ=δ ,0t  

0>  such that δ<0x  implies ( ) ε≤00,, xttx  for all ;0tt ≥  

 (ii) uniformly stable, if δ  in (i) is independent of ;0t  

(iii) uniformly asymptotically stable, if it is uniformly stable, and there 
exists a 0>δ  such that for any 0>ε  and every +∈ Rt0  there is a =T  

( ) 0>εT  such that δ<0x  implies ( ) ε≤00,, xttx  for all .0 Ttt +≥  

Definition 5. The trivial solution of (1) is said to be: 

 (i) practically stable, if for given number pair ( )A,λ  with ,0 A<λ<  

we have λ<0x  implies ( ) 0, ttAtx ≥<  for some ;0 +∈ Rt  
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 (ii) uniformly practically stable, if (i) holds for every ;0 +∈ Rt  

 (iii) practically quasi-stable, if for given number ( ) 0,, >λ TB  and 

some ,0 +∈ Rt  we have λ<0x  implies ( ) Btx <  for ≥t  ;0 Tt +  

 (iv) uniformly practically quasi-stable, if (iii) holds for every ;0 +∈ Rt  

 (v) strongly practically stable, if (i) and (iii) hold together; 

 (vi) strongly uniformly practically stable, if (ii) and (iv) hold together. 

We also consider the comparison differential system: 

 

( )

( ) ( ( ))

( )⎪
⎩

⎪
⎨

⎧

=

∈Ψ=

≠=′

+

−

,
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,,,

00 utu

Nktutu

ttutgu

kkk

k

 (2) 

where ([ ) ) .,,, 1 NkRZttCg n
kk ∈×∈ +  

In addition, we always assume that kg Ψ,  satisfy certain conditions such 

that the solution of system (2) exists on [ ]∞+,0t  and is unique. We denote 

by ( ) ( )00,, uttutu =  the solution of system (2) with initial value ( )., 00 ut  

Note that the solutions ( )tu  of (2) are right continuous, satisfying ( ) =+
ktu  

( ) ( ( )).−Ψ= kkk txtu  

Definition 6. The trivial solution of (2) is said to be: 

 (i) 0φ -stable, if for any ,0>ε  every ,0 +∈ Rt  there exists a =δ  

( ) 0,0 >εδ t  such that ( ) δ<φ 00, u  implies ( )( ) ,,0 ε<φ tu  for all ,0tt ≥  

where ;00
∗∈φ Z  

 (ii) 0φ -uniformly stable, if δ in (i) is independent of ;0t  

 (iii) 0φ -attractive, if for any ,0>ε  every ,0 +∈ Rt  there exists a =δ  

( ) ,00 >δ t  ( ) ,0,0 >ε= tTT  such that ( ) δ<φ 00, u  implies ( )( ) ,,0 ε<φ tu  

for all ,0 Ttt +≥  where ;00
∗∈φ Z  
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 (iv) 0φ -uniformly attractive, if T,δ  in (iii) are independent of ;0t  

 (v) 0φ -asymptotically stable, if (i) and (iii) hold together; 

 (vi) 0φ -uniformly asymptotically stable, if (ii) and (iv) hold together. 

Definition 7. The trivial solution of (2) is said to be: 

 (i) 0φ -practically stable, if for given number pair ( )A,λ  with λ<0  

,A<  we have ( ) λ<φ 00, u  implies ( )( ) ,,0 Atu <φ  0tt ≥  for some ,0 +∈ Rt  

,00
∗∈φ Z  where ;00

∗∈φ Z  

 (ii) 0φ -uniformly practically stable, if (i) holds for every ;0 +∈ Rt  

 (iii) 0φ -practically quasi-stable, if for given number ( ) 0,, >λ TB  and 

some ,0 +∈ Rt  ,00
∗∈φ Z  we have ( ) λ<φ 00, u  implies ( )( ) ,,0 Btu <φ  for 

all ;0 Ttt +≥  

 (iv) 0φ -uniformly practically quasi-stable, if (iii) holds for every 

;0 +∈ Rt  

 (v) 0φ -strongly practically stable, if (i) and (iii) hold together; 

 (vi) 0φ -strongly uniformly practically stable, if (ii) and (iv) hold 

together. 

3. Main Results 

Lemma 1. Assume that 

 (i) [ ] ( )utgRZRCg N ,,, ++ ×∈  is quasi-monotone nondecreasing in u 

for each fixed t on Z and ( )00,, uttr  is the maximal solution of the system 

( ) ( )
( )⎩

⎨
⎧

=
=′

;
,,

00 utu
utgtu
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(ii) [ ],, ZRRCV n×∈ +  ( )xtV ,  is locally Lipschitz in x relative to the 

cone Z and ( )( ) ( )( )( ) ( )0,,, tttxtVtgtxtVD Z ≥≤−  for any solution ( ) =tx  

( )00,, xttx  of 
( )

( )⎩
⎨
⎧

=
=′

.
,,,

00 xtx
Txxtfx

 

Then ( ) 000, uxtV Z≤  implies ( )( ) ( ) .,,,, 000 ttuttrtxtV Z ≥≤  

Proof. Let ( ) ( )00,, xttxtx =  be any solution of system in (ii), satisfying 

( ) ., 000 uxtV Z≤  

Set ( ) ( )( ),, txtVtm =  for small enough ,0<h  from (ii), ( )xtV ,  is 

locally Lipschitz in x relative to the cone Z, therefore, ( ) ( )tmhtm −+  

( ) ( ) ( ) ( )( ) ( )( ),,,,,,, txtVTxxthfxhtVTxxthftxhtxLZ −+++−−+≤  

when 0→h  we have ( ) ( )( ),, txtVDtmD Z
−− ≤  ( ) ( )( )., tmtgtmD Z≤

−  

For small enough ,0>ε∀  consider system 
( ) ( )
( )⎩

⎨
⎧

∈=
εη+=′

+ ,,
,,

000 Rtutu
utgtu

 where 

.Z∈η  

The solution of it is ( ) ( ),,,,, 00 ε=ε uttutu  then we have ( )ε
→ε

,lim
0

tu  

( ).,, 00 uttr=  

To prove the conclusion, we only need to prove 

 ( ) ( ) .,, 0tttutm Z ≥ε≤  (3.1) 

If it is not true, then there exists 01 tt >  such that ( ) ( ) ,, 11 Ztmtu ∂∈−ε  

and ( ) ( ) [ ).,,, 10
0 tttZtmtu ∈∈−ε  

From (i), ( )utg ,  is quasi-monotone nondecreasing in u for each fixed t 

on Z, so there exists ,0
∗∈ϕ Z  such that 

( ) ( )( ) 0, 11 =−εϕ tmtu   and  ( )( ) ( )( )( ) .0,,, 1111 ≥−εϕ tmtgtutg  
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Set ( ) ( ) ( )( ) [ ].,,, 10 ttttmtutu ∈−εϕ=  Obviously, 

( ) [ )10,,0 ttttu ∈>   and  ( ) .01 =tu  

Therefore, ( ) .01 <− tuD  

But 

( ) ( ( ) ( ))111 , tmDtuDtuD −−− −εϕ=  

( )( ) ( )( )( )1111 ,,, tmtgtutg −εη+εϕ>  

( )( ) ( )( )( )1111 ,,, tmtgtutg −εϕ>  

,0≥  

a contradiction. So (3.1) holds, thus, Lemma 1 holds. ~ 

Lemma 2. Assume that 

 (i) [[ ) ],,, 1
n

kk RZttCg ++ ×∈  ,Nk ∈  ( )utg ,  is quasi-monotone 

nondecreasing in u for each fixed t on the cone Z and ( ) ( )00,, uttrtr =  is 

the maximal solution of system (2) on Z; 

 (ii) ( )NkZZk ∈→Ψ :  is strictly increasing on Z; 

 (iii) for any solution ( ) ( )00,, xttxtx =  of system (1) and ,0VV ∈  

( )( ) ( )( )( ) ;,,,,, NktttxtVtgtxtVD kZ ∈≠≤−  

 (iv) ( ( ( ))) ( ( )).,, xtVtxJtV kkZkkk
−− Ψ≤  

Then ( ) 000, uxtV Z≤  implies ( )( ) ( ) .,,,, 000 ttuttrtxtV Z ≥≤  

Proof. For any ,0 +∈ Rt  and [ ),, 10 +∈ kk ttt  for some ,1≥k  we designate 

,iki tt +=  ...,,2,1=i  for convenience, then for [ )10, ttt ∈  from Lemma 1, 

we have ( )( ) ( ),,,, 001 uttrtxtV Z≤  where ( )001 ,, uttr  is the maximal solution 

of system (2) on [ )10, tt  such that ( ) .,, 00001 uuttr =+  
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So ( ) ( ).,,, 00111 uttrxtV Z
−− ≤  

Thus, from (iii), we have 

( )( ) ( ( ( )))−= 1110011 ,,,, txJtVxttxtV  

( ( ))xtVZ ,11
−Ψ≤  

( ( ))00111 ,, uttrZ
−Ψ≤  

( ) .,, 10011 ruttr ==  

Again, from Lemma 1, for [ ),, 21 ttt ∈  ( )( ) ( ),,,,,, 11200 rttrxttxtV Z≤  

where ( )112 ,, rttr  is the maximal solution of system (2) on [ )21, tt  such that 

( ) .,, 11112 rrttr =+  

Therefore, we have 

( )( ) ( ),,,,,, 1100 −−≤ kkkZ rttrxttxtV  

where ( )11,, −− kkk rttr  is the maximal solution of system (2) on [ )kk tt ,1−  

such that ( ) .,, 1111 −−−
+
− = kkkkk rrttr  

So, if we define 

( )

( ) [ )

( ) [ )

( ) [ )⎪
⎪
⎪

⎩

⎪
⎪
⎪

⎨

⎧

=∈

∈

∈

=

=

−−−

∗

...,,4,3,,,,,

.....

,,,,,

,,,,,

,,

111

21112

10001

00

ktttrttr

tttrttr

tttuttr

ttu

tu

kkkkk

 

then ( )tu∗  is the solution of system (2), and ( )( ) ( ),, tutxtV Z
∗≤  since 

( )00,, uttr  is the maximal solution of system (2) on Z, we get immediately 

 ( )( ) ( ) .,,,, 000 ttuttrtxtV Z ≥≤  ~ 
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Theorem 1. Assume that Kba ∈∃ ,  such that 

 (i) ( ) ( )( ) ( ) ( );,,,0 ρ∈≤φ≤ SxxaxtVxb  

 (ii) [[ ) ],,, 1
n

kk RZttCg ++ ×∈  ,Nk ∈  ( )utg ,  is quasi-monotone 

nondecreasing in u for each fixed t on the cone Z and ( ) ,00, ≡tg  ( ) =tr  

( )00,, uttr  is the maximal solution of system (2) on Z; 

 (iii) ( )NkZZk ∈→Ψ :  is strictly increasing on ( ) ;00, ≡ΨkZ  

 (iv) for any solution ( ) ( ) ( )ρ∈= Sxttxtx 00,,  of system (1) and 

,0VV ∈  we have 

( )( ) ( )( )( ) ;,,,,, NktttxtVtgtxtVD kZ ∈≠≤−  

 (v) ( ( ( ))) ( ( )) ( ).,,, 1ρ∈Ψ≤ −− SxxtVtxJtV kkZkkk  

Then the 0φ -stability properties of the trivial solution of system (2) imply the 

corresponding stability properties of the trivial solution of system (1). 

Proof. For any ,0: 1ρ<ε<ε  every ,0 +∈ Rt  set ( ) ( )( )., txtVtV =  

Let the trivial solution of system (2) be 0φ -stable. Then, for ( ) ,0>εb  

every ,0 +∈ Rt  there exists ( )εδ=δ ,011 t  such that ( ) 100,0 δ<φ≤ u  implies 

( )( ) ( ) .,,,, 0000 ttbuttu ≥ε<φ  

Set ( )εδ=δ 22  satisfying ( ) .12 δ<δa  

We define { }.,min 21 δδ=δ  

Next, we claim that δ<0x  implies 

 ( ) ., 0tttx ≥ε<  (3.2) 

If it is not true, then there exists a solution ( )tx  of system (1) such that 

( ) 0000 ,, xxttx =  with ,0 δ<x  then there exists 0tt >∗  such that ∗≤ ttk  

( )Nktk ∈< +1  satisfying ( ) ε≥∗tx  and ( ) ., 0 kttttx <≤ε<  
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From ,0 1ρ<ε<  we have ( ) ( ( )) ,ρ<= −
kkk txJtx  then there exists 

[ ]∗∈ ttt k ,  satisfying ( ) .ρ<≤ε tx  

From (iv), we have ( ) ( )( ) [ ].,,, 0 ttttVtgtVD Z ∈≤−  

Set ( ),00 tVu =  thus, from Lemma 2, we get that [ ]ttt ,0∈  implies 

( ) ( ),,, 00 uttrtV Z≤  

where ( )00,, uttr  is the maximal solution of system (2) such that 

( ) .,, 0000 uuttu =  

And, from (i), ( ) ( )( ) ( ) ( ) ,,, 100000 δ<δ<≤φ=φ axatVu  so from the 

0φ -stability of the trivial solution of system (2), we have ( )( )000 ,,, uttrφ  

( ) ., 0ttb ≥ε<  

Therefore, ( ) ( ( ) ) ( ( )) ( ( )) ( ),,,,, 0000 ε<φ<φ≤≤ε buttrtVtxbb  a 

contradiction. 

Then (3.2) holds, thus, the trivial solution of system (1) is stable. 

If the trivial solution of system (2) is 0φ -uniformly stable, then it is clear 

that δ will be independent of 0t  and thus we get the uniform stability of the 

trivial solution of system (1). 

Assume that the trivial solution of system (2) is 0φ -asymptotically 

stable, consequently, we get that the trivial solution of system (1) is stable, 

then, for ,1ρ=ε  there exists ( )100 , ρδ=δ∗ t  such that ∗δ< 00x  implies 

( ) ., 01 tttx ≥ρ<  

From (iv), we have ( ) ( )( ) .,, 0tttVtgtVD Z ≥≤−  

For any ,0: 1ρ<ε<ε  every ,0 +∈ Rt  from the 0φ -attractivity of the 

trivial solution of system (2), we can get that for ( ) ,0>εb  every ,0 +∈ Rt  

there exists ( ) 001010 >δ=δ t  and ( ) 0,0 >ε= tTT  such that ( )00,0 uφ≤  
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10δ<  implies 

( )( ) ( ) .,,,, 0000 Tttbuttu +≥ε<φ  

Set { ( )}.,min 10
1

00 δδ=δ −∗ a  

For ,00 δ<x  set ( ),00 tVu =  then, from Lemma 2, we have ( ) ZtV ≤  

( ) .,,, 000 ttuttr ≥  

And, from (i), ( ) ( )( ) ( ) ( ) ,,, 10000000 δ<δ<≤φ=φ axatVu  so from 

the 0φ -attractivity of the trivial solution of system (2), we get that 

( )( ) ( ),,,, 000 ε<φ buttr  ,0 Ttt +≥  therefore, ( )( ) ( )( ) ≤φ≤ tVtxb ,0  

( )( ) ( ),,,, 000 ε<φ buttr  ,0 Ttt +≥  thus, ( ) ,ε<tx  ,0 Ttt +≥  so the 

trivial solution of system (1) is attractive. 

Then the trivial solution of system (1) is asymptotically stable. 

If the trivial solution of system (2) is 0φ -uniformly asymptotically 

stable, then it is clear that T,0δ  will be independent of ,0t  and thus we get 

the uniform asymptotically stability of the trivial solution of system (1). ~ 

Theorem 2. Assume that Theorem 1 (i)-(v) hold and we have: 

(vi) for given 10 ρ≤<λ< A  with ( ) ( ).Aba <λ  

Then the 0φ -practical stability properties of the trivial solution of system (2) 

with respect to ( ) ( )( )Aba ,λ  imply the corresponding practical stability 

properties of the trivial solution of system (1) with respect to ( )., Aλ  

Proof. Set ( ) ( )( ),, txtVtV =  suppose that the trivial solution of system 

(2) is 0φ -practically stable with respect to ( ) ( )( ),, Aba λ  then there exists 

+∈ Rt0  such that ( ) ( )λ<φ≤ au00,0  implies 

( )( ) ( ) .,,,, 0000 ttAbuttu ≥<φ  

For above ,0 +∈ Rt  next we will prove that λ<0x  implies 

 ( ) ., 0ttAtx ≥<  (3.3) 
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If it is not true, then there exists a solution ( )tx  of system (1) such that 

( ) 0,, 000 =xttx  with ,0 δ<x  then there exists 0tt >∗  such that ∗≤ ttk  

( )Nktk ∈< +1  satisfying ( ) Atx ≥∗  and ( ) ., 0 ktttAtx <≤<  

Since ,0 1ρ<< A  we have ( ) ( ( )) ,ρ<= −
kkk txJtx  then there exists 

[ ]∗∈ ttt k ,  satisfying ( ) .ρ<≤ txA  

From (iv), we have ( ) ( )( ) [ ].,,, 0 ttttVtgtVD Z ∈≤−  

Set ( ),00 tVu =  then from Lemma 2, we get that [ ]ttt ,0∈  implies 

( ) ( ),,, 00 uttrtV Z≤  

where ( )00,, uttr  is the maximal solution of system (2) such that 

( ) .,, 0000 uuttu =  

And, from (i), ( ) ( )( ) ( ) ( ),,, 00000 λ<≤φ=φ axatVu  so from the         

0φ -practical stability, we have ( )( ) ( ) .,,,, 0000 ttAbuttr ≥<φ  

Then ( ) ( ( ) ) ( ( )) ( ( )) ( ),,,,, 0000 AbuttrtVtxbAb <φ<φ≤≤  a 

contradiction, thus, (3.3) holds, so the trivial solution of system (1) is 
practically stable. 

Suppose that the trivial solution of system (2) is 0φ -uniformly 

practically stable with respect to ( ) ( )( ),, Aba λ  then it is clear that λ will be 

independent of ,0t  and thus we get the trivial solution of system (1) is 

uniformly practically stable with respect to ( )., Aλ  

Suppose that the trivial solution of system (2) is 0φ -strongly practically 

stable with respect to ( ) ( ) ( )( ),,,, TBbAba λ  consequently, we get that the 

trivial solution of system (1) is practically stable with respect to ( ),, Aλ  then 

there exists +∈ Rt0  such that λ<0x  implies 

( ) ., 0ttAtx ≥ρ≤<  
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From (iv), ( ) ( )( ) .,, 0tttVtgtVD Z ≥≤−  

And since the trivial solution of system (2) is 0φ -practically quasi-stable 

with respect to ( ) ( )( ),,, TBba λ  we have that ( ) ( )λ<φ≤ au00,0  implies 

( )( ) ( ) .,,,, 0000 TttBbuttu +≥<φ  

For ,0 λ<x  set ( ),00 tVu =  then, from Lemma 2, we get ( ) ZtV ≤  

( ) .,,, 000 ttuttr ≥  

And, from (i), ( ) ( )( ) ( ) ( ),,, 00000 λ<≤φ=φ axatVu  so from the   

0φ -practically quasi-stability of the trivial solution of system (2), we        

have ( )( ) ( ),,,, 000 Bbuttr <φ  ,0 Ttt +≥  then ( )( ) ( )( ) ≤φ≤ tVtxb ,0  

( )( ) ( ),,,, 000 Bbuttr <φ  ,0 Ttt +≥  thus ( ) ,Btx <  ,0 Ttt +≥  so the 

trivial solution of system (1) is practically quasi-stable with respect to 
( ).,, TBλ  

Therefore, the trivial solution of system (1) is strongly practically stable 
with respect to ( ).,,, TBAλ  

If the trivial solution of system (2) is 0φ -strongly uniformly practically 

stable with respect to ( ),,,, TBAλ  then it is clear that the above proof 

establishes for every ,0t  therefore, we get the trivial solution of system (1) is 

strongly uniformly practically stable with respect to ( ).,,, TBAλ  ~ 
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