NMABEMNE, F14EE 5 H1993%E 5 H) NHBERMNERBER
Applied Mathematics and Mechanics ERKHB K HEK

EHRRLOE RAES
EMRENRNXEY

w B &

(UERT DB H 5B, 19904E11 H12 AL %))

I

*X%HﬂB‘Jﬂlié%’fé“ﬁi’ﬁ?f“ﬁﬂg%%&ﬁ%Zﬁ?ﬁﬂ?ﬁﬁﬁﬁﬁﬁiiﬁiﬁﬂu. BEFSEt T X118
AIBIBIEN, RASENNFHTELOWNRESGE, RsREsH%#tTX,2,3,414
FRiB BN it .

XM BBARYL FERRHRYE BPHE EREN AR

—. 51

FHER R AL E AR
i=Ax+eo
} | (1.1)
6 =p"x—po—rf(o) |
ﬁs:q:’x1=(xn"';xﬂ)} ﬁr=(ﬂ1”"’ﬂn)’ eT=(1,"',1),A=diag(—pl,"-,—-p..), >0,
B'y‘j;%{(i"‘l,""”)’ p>0, r>05 f(o)¥sE, WRS(0)=0; of(0)>0(0%0),
THIR L EHLARLE ) HE R DR
Iy=— 3%+ 0 (1'=1,2,3,4)
L (1.2)
&= Puxi—rp,o—f(o)
i=1
Hip 00, BiyE#(1=1,2,3,4),rp:>0,f(0)ik4:, HRF(0)=05 of(0)>0(0+0),
1Y RAQ.DEABERNRBEN—TBELGR

p- L Ae>0 - | 1.3
=l

EIEZ‘” ﬁﬂ%ﬁ:?\?fﬁ(l.l)qﬂi :B‘#’O(i=1’"’,m), ﬂ1=0(j=m+1,""”! 1<m<n),
W2 RS DEBENRERSTARE LMK ETRELSE.

* FEEE.
445




446 F& B R

Ey= — pXit+ O (ps=>0,i=1,..-,m) }

=3 Bxi—po—rf(o)  (p>0, r>0)
=1

T AT 1 E R ARG BRI B 60, o0, K>0; BE(1.1) 8 ERTa KV B
mF,

Ve=xTGx+a(fTA x—0)+ Ko*+ 2¢ af(o)do (1.4)
0
Hip A’G+GA=-18,

/TZ’\.P1=P—2’"€1 s aT=KpT+ap,fTA ' +6"Gy uT=efT"+rafT A
=1 !

2er ar+Kr+ep —ul | L F(o) ,
R=| ar+ Kr+ep 2(ap+Kp) —aT J, h=1\~g-* (0#0)
— Uy — U, B 0 ) (020)’
2erh*+2(ar+ Kr+ep)h+2(ap,+Kp) —hul—ul
Qi =( . )
“'huz'—ul B
HHEE. :
f(o) \» , f(0) o 7 o
—Vian=| @ R o = Qh)
(1.1 ( i J ( ; ) (x) (x)

20 R( | Jam MGk R disk 9 BT RSB BRI TSR, WA
detQ(m=HdetR( 5 )+2ndetR( ; )+detR( ] )
33 RGO FSURBERRE RIS SR T &30 k.

(1) detR({)=det(2(ap'+Kp) Bu{)>0 , (1.5)
.. u,

(2) detR(§)=det(i€; —;z )>o ‘ | (1.6)

(3) detR(§)=det(ar+Kr+£p -Bu,r)>0 (1.7
Cu

. F R

AU 1T BLARESO=1,n), BLARLEAL. D IFAMABNRBENZE £LHL.
by =20 2.0

HERLQ. DHA/ES, RE—RETELEHBRN T OBEF.
ng>0"",ﬂs’>0! ﬁa+1<0,"'9ﬁm<03
Bap==Pa=0 (I<s<m<n) j

B IT MBERKQ DG, B BRE (2.2) IRUKEE pi==pn HLEG

(2.2)



BHRARLHE _IRDENRENB AR

(L DFARENRENTS FHR:
p>0
EERL( . D, BRFQ.2DFRNFE.

4 A={Ali=Ch, i, o BiE TP+ D<o
-1 P Pj

8

Jf ‘
fy= 3 — L
4 ,};{'PZ(PVFMP;) bt sz+ﬂtpj

P11 pﬂlzﬁx
,‘V—?‘ (it iipy)? b Q=BT Z‘

. Ca
1 &

bos ﬁ: + Z pj'a'lﬁt

. gy=—2psa
P 0 4 P3G0;53

Z ,.Hl _legl,

t=1 tmi

] )%

< |81l

CJ-'-_-Z
imy zp'

By=q;b,;4+b%;3 Ci=q;c5+ 805053
f;j=AJEQj(]-+tlj) -C;1s

1= ‘(t ) A
213 =q3\t2s— M o1 it

Nog=A;[A;—2q;(t15—135) 13 Ay=(A3B;—C%)(A;BsA—
o= (W A,B; —Co2w 4,B, Bos = (W 4;B, +Cti1]

" -

tyy—85— Z: ‘%’"" '\/all[alf z(fzj"‘ts.i)]’ —)i—,'aﬂf:.olwl

1=1

tii+n/ A , o
2. q"‘:’(“A"w Hay <0, 1;<—Cin/ A5 B
ABitys—Cstis+n A,j
qj-AJBJ

M= { (VN 4;B; C)(Aoj—tz.)
2q}(t1.f N/.Aij H) ’

1J 2

(l\/ A;B; _Cl)(AoJ

ZqJ(m A/A,B,m) ’

A47

(2.3)

ti1)s

Ways <0, —Cyn/ Dgy <113 < (W 4By +C')’”i AT

Wag,<0,t,<K0, 115> L{QBJTAQ&’_";‘E/_E&LM



448 B OB K

§001<0,t;1>0, 2 ng

o~ AiB; (Bostt:})
235

(A/ AjB_f Cl)tzl

QJI\/ A;B;
Hrtph j=s+1,.,m

=y % 0y<0,1;520,t ;> B

=t =Gy i), OB R T B P o,

I=g+1 p
m m
‘ b LB
t = —=- ty= — U i il B
& l§1P1(0t+ﬂtP«) PRTT & (ot mon) !
e id tpsBi
ty= — s Q=L+ ——3
¢ E;, (ot p)* 7 ° ,?,:“ o

bs Bipibs
by==—+ =200
of 01 lgl p? s 4 P1Cots

"
cla=Z ﬂ'l 3 Ai=qiai+a5e

By=qb e+ biss Ci=qicii+ aoibys
f;«=A¢[q{(1+fxc)+C¢]s t1e=qutu— Aiy
Ap=Ai(Ai—2qsts)s A= (ABi—C{)(ABsAp—t11)s

Azi"(»\/ .AgB‘ _CG)[Z/\/ A;Bg Aoi"‘(/\/ A;B; +Cl)f

(30— 81i+ N Gye(Gre— 2tss) » Y ag =0t
MR >0, Hi<—Cin/ By
AByt3i~Cot{s+n Ay Au
q¢A:By

)_iéaoi>0"'cil\/ Ao( <txl\*(iéB‘ + C‘)t“tﬁ/‘éz"‘“ﬂ‘j

(;\/ AlB‘ "'CC)(Aol"'t“)
2qs(ts—n ABy ti0) ’

Ny,

(v AiB, + C‘)t;.+~/_A;B¢

Yayu >0, 1530, 4> 3

jM .AgB: ""Cl)(Au""f“L_
2q¢(t]s—n AB; ti0) ’

(W A;B; +Cpils +M Ay <1t < ~ A;B; CWESHD) B



| BHRGS SRR NRE N BN M9

—— ' o Vs
%00'>0) t;(>0, ('\/.Ach"‘Cl;tzl’l‘ J\/ Az{ <t;£< '\/ A‘B{Zt('?of'l'tg ] H‘j‘
[}

(/\/ .A‘B( _"C‘)tz'l ' ' /\/ .AtBl_(AM'l't;:) .
Q|;\/ A;B{ ’ %aut>03 tz£>0’ tli\" 2{';. H—j‘
iq:l i=1,...,3. ] X
BN MBERLZA. DS, LEFQ2FMRNTS, Ho(i=1,,m) R&HE,

WATHF FBz—RLH, (LDEFRLENEXNTEE.

(i) P> min min My, 2.9
st+1<j<m A€d;

(ii) p,> min minNy, (2.5
1<i<s u€M;

MTFA, MdRh/REs%, BRREERAN A, Bl%o, 6 pR5eel, FAHEN
FHBT R C.HOMR.ERBHFEE,
X2IE B ARG DFEABEI T RIS KR
p= 3B g0 | | (2.6)
L1148 M RGE (L. 1) Y- FLIR A R sy S 50 e 3 «
1° YUAREER, (L.1FLBENIEEHRE KR

—y B .
p=2imp >0 (2.7)

2° WAEBEHEHK(2.ONFEN, WATARAEZ—RELA, (1.1)8PLRyE
R, -

L]

. . . Bips
i — min min —— - >0 2.8
(1) # s+1<j<m A€y i;l (Pt Asps)* 2.8

L4 m
s B . : u;B3(2p4+ ps)
n ~ Y = —min min } -0 >0 2.9
( > b ful P 1<KIi<s u€M; jmgr1 (p‘+ PJ)Z ( )

53] Mu<§:"°u" 2 %"' Naysla s~ 20t —135) ]

=l

&

. . "
B e =B pfr
<ty5— 05 1;1 on s (f25—ta3) = § p:+§ (or+hipy)? ?

Nou<tas—aa+ A ay(a,¢— 2t55)

‘ - — = b = w25t pr) B
Eu—0oputau—ty= z§1Pt+;:‘,:‘:1 ok o)

FRARMeM I, 1, De&fks: T XINARENATEES B TX(2]H
XF QDR PRLBENTE QTR (2.6),
BAT RN BN AT WARZHHRE (1.2), B2 AR B FREN B




450 -2 = B

e — SRR

R ek, Fffﬁ%tﬁ@a#&:ﬁ]’)‘c[I}MWEﬂzﬂaﬁuBﬁﬂiT)‘c[Z 3,41 RF (1.2) W4
MiEgEN,

%‘EE)’C[IHJBQWJ?': ﬁ1=5, =9, =4, p,=8; fy=—2, p;=6; ﬁ4=_3’ Pe=
15, % rp,<0.7770138 Bty 3X01,2,3,4109 3B NIy &, MAAAXKHBNEWE (n=
4, p=rp)BHREYABAEMIE TS £ R =1,0=(1,1))rp,>>0.523054740, F3|
L4 W0 R ST U ABR MR RE 1) P Rer £, <<47/90=0.52,

A ENHAASHLARBUTRGE HEHTHEVNRS HEH

=~ HB fER KL

W E GERR . RIBE5IEL, ROABELm=ntf MR, BilEtm=n,
(1) HQE.ORLH, REHE

min minM;,,=minM,,=M.;

s+I< <n A4, 264,
B A€t HBKESIFERMEI=2=h, 40, B
(2p:ﬁx (.) 0 (.] (P +:Pn)91n \
6 eor 2PsfBs 0 g (p.ji-Pn)Qm
B= O 0 ZP.culﬁaHl . : 0
6 oo 0 6 ZP;-1|ﬁn-1| 0
\(pl+ Pr)gin (Ps+Pn)gu 0 see 0 2041 B4l /
_ 207 Bipi(Balon i 1.2, e I
ﬁi g“={ (Pt ps) (%i=1,2, ,SH'j')
] (Yi=s5+1,,nf})
O HEHMR Y 011,
i=l

4T 200l Bul = 1 (P2 0le — 20, 1,11 01 ) 0MBTER.

1° a"<o.mg‘_&fi%‘?£%€“]p' (l’—l, ©5S)s EUZ Z?‘bgllp;‘<1

s C:’=anln+aonbon=Qul-Z (12;‘)ﬂ‘ + }_j '2’2 ]>o, WHE a>0,
fmy =g+l

= ‘1,1}9&‘1,->0, K=_9',Pl‘_'_+Aq£l:i;1_>o F(1.O~A. D RTINS &G REES0

T &R,
(AnBu—Ct)pia*—2p[t{a—Catiat+ qsCapyla
_'(anl"'t;n)z"l‘ A“<O (3. 1)



 BHFASNETRERSHBEOBRRN

Capi@+ gap—1t;4>0
(v AuB, —Cr)a<gn
(AaBa=C2)pat— (] s—Cut 1+ 29uCrp ) a— qu(qupr—1;4)<0
HFo(i=1,,n)R4HE%E, FFURNTE.
AnBy—C? =g} (81ab1a—¢1a) + Ga(n/ a1 |bonl — |G0aln/ b, )*
+2@n( ' Gonbonl »\/m —CyaGonbon) >0
Apw=Aa[ As—2q(t1a—134) ]

_ Gin_ 1Bi] | s (Pe—hipa)Be
q"A"[ +fz,;,1 20¢ +,2, 2p¢( et Mpu)? ]>0

111 Ay —q2[((20,0 — o Y50 (L=Adpi+ Aol
n 0 qn[(zal On )E p‘(p‘+ A‘p')z ﬂl

(-G |

i=1

lﬁi . Gom (I—A")p‘i_’!"e"_
:Z.‘il pi Pn )‘,:“ Ps(Pi+ Aipa)* <0

HEFEEa=0f (3, 1)~ B )R WL KRBT H &AL,
(1) p>0 '

.' nBu ;n“cn 1'11 Aa
Pl{ >{1' d Hat o/ Ain (%]} <SAnBalAonli})

(2) Qn-Aan
>0 (4¢] 2> AaBaloulit)
AuBatin—Cotiatn/ Agu T ra
( 3 ) P1>{ o 2q,.A B"*—s—‘ (ﬁtx n<.A1lBﬂtz- Htj-)
0 (%¢t!2>AaBat ) 1)

An ﬁtgn Cnh’n
(4 ) P1>max ’*‘*ﬂA B ’ 0}

((ZA Ba~Ci)t;a—Catln

STy S € AN )

(5) pi>( AeBiliemCatis (%t >Caltial B
\%f (4t 2< —Calt)ul s
t1a—Calin |

(6) p>) 2qu/ A,  (HHeSV 4B tiab)
o (% t{ s>/ AuBa tiel})

.2)
.3)
A)



52 " B R
tl" _C”tz," N ' (/\/EB;'*'Cn)t;n'i' /\/KT
qﬂ’\/ A"B (é t1n< 2 27B¢)
(1) P20 B =Co) (Aunmt ) ( AB +COt at B
nDp — “n 0B 2: .AnB,, +Ca t;n+ A"
2anCtia— ) AB. 1) (11> 2 )
(A/.AB —Cn)tzn
8 —_ RER
( ) pl qm\/ A"
tzﬂ+ n \ [
——7—:‘/—9&— (Yt <—Con/ A,y B
(9) p> Coat g |
Sz il (> = Con/ B, B
Cbbatlie (4]~ Catla)
(10) p>
%”L (l:'ét;n<—cnt;nﬂj‘)

ﬂqﬂ Aaﬂ (A-Bs C:)(Aant“"tl':)
(1) H1/<—Cod/ Apn B}y, T 4a=0,

(1) HB=Can/ A <1

(W 4By + Ctint VB e e

f',.—Ct',, ' ,
(v AB. —Cu)t;, 2o/ AuBs (% t1a>n AaBa tial})
nlézn nln
T gan A,,B,. - ApBat!a—Catlnt N Bin o
l< q,.A,,]ls' A CRIS SN 1))
f;n Cntrz!,_ C"f;"__h , ,
AnB't;n'—Cnf;"+,\/—AT;> qiu\/ ARB" >0> zqncn (.é_%fl ..>C,.t”ﬂvj)
anan R C,, v“_t . ¢! . Cnt .
R0 ey (AHSCatlaRD)
11a=Calzn_ , ' ,
(3 dod A g (Hia<SORH2Catzn )
IBn '”—Cntl'ﬂ Y. "';" tll 1" R ' -, , ,
A nzq : Ba+~/ Bun (€ i (% ! OE N AB, tin<t! n<Cul } uB)
n "i;,,— ,.t",. N , , .,
\A,QQ;QTBC;:—— (:151 1zn>0ﬂi‘n<,\/ A"B" tznﬂ‘j')
AnBatin—Catintn/ Agn -
(24:Bs—Ci)t;a—Citis < “saudB. - (HaasSOED
ZQH-AlBﬂ .A B B 1, -—Cf ) '
» ”q""AziBn nfin (Y If{,]gc,t;”a’.j‘)

(> b B OOt Aun e oy

2

At VN NBle S T



R E IR RSN RE RN 453

“A-B. L atin _n— 7:"'C» tin
fl'n>maX{Cnf;n’ ~ .AnB,. t;n}; 4 B"t:A'BC' t&< (’\/ A.B ) 3

qﬂ/\/-AgB,.
(24,Ba—C)t)a—Ciatla A,.B,.t,,. Cat!{at s/ As[ ,
2q¢sAs B < anA;B;,—\"" + <0 (Y4t; a<SOH})s

(& AsBy —Ca)tia - .

1 2 "____ - )§Zt:ﬁtl’ﬂ<’\/ .Aan (A 1l+tz:
) ("/ Aan —Cﬁ)(Aon_t;:) q"’\/ An 0
20a(tia =~ ABatin) 7| AuButia=Catlntn/Bin
’ Qn.AﬂBn étlugAﬁB Aolﬂ‘j‘

2° MR don=0, F2, f—ﬁﬁ',”;——l, HTAREE 2 NE. R, =15

'\/ﬂlpllﬂn‘pl

EUBALLL ¢ (0 >0 B3 A1 0= AN BiolBalpn (i p 3. 5), xBE

'ﬂnl P1

q‘=2p,.l/3,.l(1—-h-i1 97)=2p.]ﬁ,.|el( ZJfbfiif.lp. )>0

Sa=e=0, MBFLEK>0#E(1.5), (1.6), (1.7) RAMNRINTES £ERTABHRRK

by
_ ﬁx]ﬂnlpn 2 '\/ﬂlpxlﬂu“’n
Al—[qam—l- 1t e (p fon = P1(01+ Ps) )
zlﬂnlpm\/ﬂlp Iﬁ..lp. N ﬁlp. ﬁllﬁllpn 2
e ok o) (A/mm e )] +[ome+ B
[~ (aoin+BdEel ot Yy 2o (10— ti0—ewBimr BuT ou 2018,
B Balpen+ Lo Pelee, )
2 1Bal PafN Bipa - '\/ﬁlpllﬁﬁlpn
e Px+p-(~/|ﬂ.|p, )(
N Baloa(n Bipn _, )
p1+P»(I/’|‘B:'|}>'; “ »]>°
om0 T
'ﬂﬁ,pﬂ‘\/ﬁlpllﬂﬂlpn ’\/ Blpﬁ — A
T (it o) (A/|/3..|pl “ )+“/A‘>°
EE:F lin[l)—si‘“‘=(P-th)z‘l‘zaln(p"'tsn)
].1_1"1(1)~£ =p+aln_‘t2n+'\/ (P“_tzu)z+2aln(p—t3”)

_ - lﬂl (pl A’lpl) ﬁl
01s—2(1za fsu)—'?:'ﬂ 204 +lzl 201 pst+ Aips)? =0



e & B K

HE.2°HRYC. OB, REC. DHYFRBERDE.
(i) %2.5)RBIM, RE—RET&

min minN,,=min¥N,,=N,,
i<s péM; u€M,

ﬁgﬁ‘:(#tﬂy'"’f‘n)EMl- EXG=(QU)E'EP gﬂ=|ﬂi|(i=19"',”)9 g9n=gy=

TENBLIBIO (oot 1w, KRG AR, MES TR RO,

1° Wa,>O0R, e,=w“,’ﬁ(€§‘r’—‘;’_ﬂf’pf (j=s+1,,m)y
PO;

2° Mau=08f, RYFFua=1, #Hw,=r‘f’“’ﬁ/§p’;j"’3’—"pf (f=s+1,-,n—1),

6, =“/f»@!g;-ﬁ'f@"-ez(ez>oafwd\>. 52 405 TR AT R P AE IR R T, (2. 5) K T By

BREREEK >0, a>0, e20V|.,<0, AFHEEQ. DWFERBIBITFRE.
Hifi RYSMREBHBOREES

$ F x MW

[1] REW.FHE,BRHRASEZRERR ST E N, 5B #ER %, 1(9)(1986), 785—789,
BT, XTHHAZWETREIEEN, NAKEMAE, 3(2)(1982),235—247,

[3]) ERHHK RBEHESEREZI A, BEFR, 18(2)(1975), 107—122,

{41 Michel, A, N, , Siability analysis of interconnected systems, Siam_  J 6 Conirol,
12(8)(1874), 554—579.

{5] Letov, A, M_, Stability of Nonlineer Controls, 1st ed, Princeton Univ_ Press,
Princeton, New -Jersey, (1961),

[6]1 Zhao Su-xia, On absolute stabilily of control system with several executive
elements, Secientic (Series A), (8)(1987), 785782

[7] BERE EHNAGEZANERNEXREESREN, WRERT WERER, 9(3) (1990),308—313,

Explicit Criteria of Absolute Stability for the
Real Second Canonical Form of Control System

Gao Guo-cheng
(Ji'nan Branch of Shandong Min,k Inst , Ji'nan)
Abstract

In this paper, some expliclt criterions of absolute stability for the trivial
solution of the real second canonical form of non-linear control system are given,
which include and improve the criterions in paper[1]. By applying these criterions
to the well-known equation of the longitudinal motion of aircraft, some results are

obtained, which include and improve the corresponding results in papers [1,2,3,4].

Key words autonomous system; non-linear control system; equation of motion,

positive definite function; absolute stability



