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对“具有非线性参数振动的线性系统的时滞相关鲁棒稳定性”一文的评论 
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摘蔓：最近有一论文根据非负矩阵谱半径性质 ，给出了系统鲁棒稳定的一个充分条件，这一结果看起来十分有 

效，但事实上是不可靠的．本文指出了这一结果证明过程中的话误，并给出了修正后的结论． 

关麓词：鲁棒性 ；稳定性；时滞微分方程 

1 Background and remarks 

In a recentp印 “(Xu andLiu．1998)，the authors 

prolx~ d a suttieie~t condition in tea'ms of a bound 011 

the spectralllldius of apresenl~ed nonnegativematrix by 

delay integral~ quality．An example was given to 

demonstrate the validity of their results．which wcfe 

much lme oowert．1 than those obtained in[2—5]． 
Unfortunatelytheir resultsmaybeincorrect．Inthispaper 

" aa,gue dlat bothTheolem1 and1tl。c m 2in[1]may 

beincorrect，、 also 蝴 。 flawsinlheir palJer． 

The sysmn considea'edin[1]is de~-ibed aS 

r (I)=A0x(t)+Al (I—h1(I))+△Ao(1， ( ))+ 

{ △Al(I， (I—h2(I)))， 

tx(I)= (t)，I∈[Io—r，10]． 

(1) 

I△Ao(I． (I)l≤Ao J (1)J， 

l△Al(I， (I—h2(I)))l≤A1 l (I—h2(I))I． 

(2) 

r1iIe n a see【1 J． 

We now p0iⅡt 0Ilt 孤 b dI葛mldflawsinmeir 

paper血f。I】gh山e f0Ⅱ0 Ⅱg marb ．For convenien~ ， 

a [ (0)] =0，which d0es n0tlose 鲫 ． 

erality． 

R删柚田=I【1 In r Dofof．I1 0姗 1，the锄坩 Is 

clai111~ lhm oIlc d0es obtain~ ality(9)丘∞ in· 

equality(8)．We 6戚 point out吐Iat it is impossible． 

See吐lis example： 

Let (t)：1．5sin(x—r)，by choosing al~ Nate 

I．r，、 

[ (I)] =0．5，y( )=sup[ (I)] =1．5， 

岫d曩i∞ 岫 ：锄Pp嘣。d竹 n o啮l m工呵 sd∞ 岫d日6∞ (699 4∞) 
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itis 0 0 sthattheinequality 

[ (￡)] ≤O．5y(‘) 

holds，i．e．thatinequa~ty(8)( ／／=0．5)holds， 

while thefollowing inequality 

y(f)≤0．5y(t) 

does not hold，i．e．thai inequality(9)in[1]does 

not holds．Sotheir吼atelnent“letY(￡)= sup [ 
⋯ 。‘ 

(5)] ，then[ (5)] ≤Y(f)and”should be“]etY( ) 

= s

⋯

up [ (s)] ，then[ ( )] ≤ (f)if”(see 

also Remark 5)． 

Remark 2 ĥm l aⅡtheI s山括il1【I JⅥ 0b— 

rained from the in。q曲 (9)， think that the al|一 

thors’T~oreln I conlradicts its prclTlis~．In fact p(u) 

≥1ifthe inequality(9)in[1]holds．Let’s use the 

contradictionto give abriefproofofthis~ cition． 

Assume the mequaUty(9)holds，it follows imnledi- 

ately thai 

(，一Ⅱ)y( )≤0， (3) 

sinceY(‘)≥0，for all￡，then 

J一Ⅱ ≤ 0； 

and if 

p(Ⅱ)<1， 

then 

(I一Ⅱ) ≥0， 

it leads to 

一 (I一Ⅱ)(1一Ⅱ) ≥0， 

i．e． 

J≤0． (4) 

It contradicts 1≥0，so P(／／)≥1．This completes 

our a,~scifion． Q．E．D． 

So we a that the results obtained in[I]may be 

inconrect． 

Remark3 As notedinRemarkI，theirT~ o1"ffln 2 

may be 如Oo|1ect either，in addition，Lhc method does 

not蛔  d佃 n Dns．As shown by Example 2 in 

[1]，fbrthetwo 2×2 composite systems，compu~fions 

a圮 IequjIed to a 4×4 matrix，such a证c i he】 

litlleto decrease the computational difficulty． 

Remark 4 [而]：and[xf]玉in equation(6)in 

[1]seems to be[Is]：and[x ]玉respec~vely． 

Remark 5 The statement “Let Y(‘) = 

su p
，

[ (s)]+t’8嘲B to bey(t)= 
一  

[ (5) 
’n一 ‘JE’ 一 ‘ ⋯  

2 A correction result 

Our GOIT~On ofthe resultin【1]is asfollows 

Let T∈ be noⅡs ，which Iransfcrs T (A0 

+A1)T=J and Jisthe Jordan canonicalformofA0+ 

A1．Conskicrthe variableWansfonnation 

z(￡)=rx(￡)． (5) 

Substituting(5)into(4)in[1]，then z(‘)satisfies 

(￡)= 

血(t)+ 0(￡，T z(￡))+ 

l(‘，T一 z(￡一h2))一 

TA1I [AoT一 z(5)+AlT一‘z(5一h1)+ 
I一 ^- 

△ (s，T-‘z(s))+△Al(s，T- z(s～h2(‘)))] ， 

z(‘)=砷(‘)，t∈[一r，0]． (6) 

Theorem Let Ao+Al be stable，system (1)is 

asymptotically stableifthetestmatrix 

P =Re(J)4-I T I(J+r I B 1)(Ao+̂ 1)I T～I+ 

r(I TA JA0T I+I烈}r I) (7) 

is stable． 

Tim proof of this tll。0 ∞ can be mfermd to 廿1e印一 

p∞di】【． 

3 Illustrative example 

E】 唧lle (Su andHttmg1992；Xu1994；Yongm 

Gu 1998，Xu and Liu，1998)．Consider the following 

syslem descfil~lby system (1)whea~ 

【 【：： 
㈤ = 。

．  ；】， 
∽㈤ =【。。 。

． )]I 
By the Theorem the asymplofic st￡岫 delay bound 

is r<0．2030，the代飘db画Ⅷ in l2—5 J weIe r< 

0．1614，r < 0．1575，r < 0．1583，r < 0．1575 respec- 

dvely．This shows ourmethodis valid．Theresult ob— 

rainedin[1]was r<0．6，but aswehave noted above， 

this resultmay beincorrect． 

[1] mdLiuXira~．1~oustdeaay—dcp t smbilityh l 

systemwith nodine~p目衄r蝴 pcrn1rb出啪 [1j Control1b曲fy 

∞d̂ p蹦cam ．1998，J5“)：卯l一506 
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l2J SlIT J endfh鞋 cO．Retest幽龇  0fde jcp：l】蛔 {for1in- 

Ⅷ 岫  m [J_ 啦  Al ‘． ，1992 37 

(10)：1656—1659 

l3 J GIlY咂 u，w柚g铀Dl岫 B，Li Qi *喀，et al On dday—d甲∞一 

㈣ stability衄 d d。 tstinla~ for∞c systems m tlme-vats'- 

ng del [副．̂ ]m口a ，1998， (8)：1o35—1{]o9 

【4J xu BIl罾衄g D山 dc 删 sui~lity for linear帅c自r【a 6rr 蛐  

system[J]．0 D11b∞Iy∞d 【f●_瞄ticm，1996．13(4)：426— 

431(inQ ) 

L5J Xa B end Y An缸驴删 R虹I加五 哆pe出∞衄  its叩一 

plic_i∞ 【J]．啜 1h ．Al蛐 ‘a呲 ，1994．39(4)：839一 

斟1 

6J J ．血 Y衄啦 Ⅲ s岫 Ji~jing R曲Ils【 血日lyz一 

幛of．1inear e 啪  mtime dd s end珥叫 g of ge c 

l刀 Ⅵ q end App1i枷 ．1998，15(2)：179～ 

183 

~ pendix 

Proof "rm u~ 出evgliglionof pamm formula， canob一 

出e solutioa of equati∞ (6)as 

z( )： 

p(JI)c(0)+J。唧(J( )){mAo( ，r c( ))+ 

(s,T-Iz( 一k))一r̂ [山 r】：(n)一 

1T一 c(Ⅱ一 )+△A0(Ⅱ，T一 c(u))一 

AA】(Ⅱ，T c(u—h2))]du}ds． (8) 

陆  
． 

】 =(一r)， (t)_
．∈ Ⅲ

I z(t+ )I，then 

，(‘)≥I z(t)I， cm oNain出efo0ow~ inequality by ap- 

IyiⅡg出 ma~larⅢ 蚰础 to(8) 

I c(t)I≤exp(Re(J)t)y(0)+ 

r 

I ％ Re(J)(‘一5))(P—Re(J))，(5) ． 

(9) 

The rig址ballof(8)is the soluti~ ofthe di位帕吐试 eq 

，(‘)=毋(t)． (10) 

Let (t)∈Ⅱ denotelbe nummum solut~ of di l锄dal e． 

quatioa(10)，byI．xam~a3in[6]0∞getsI=(‘)I《 )．If 

P defined by(7)is s【龇 ，n I any solufio~of (10)win be 

asymt~ ally№b1e．ItiⅡIpⅡ％lim I=(t)I=0，$43 syst~ns(6) 

and(1)aIe asy工叩幻dcaⅡy satb】e．Since the asyI呼枷 c~ablcness 

of 咖m(1)is valeIlttothatof sy蛐 (6)． 船 n(1)is 

拈 幻咖 y啦龇 ． Q E．D． 
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