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(a) Liapunov » second method (CX A% ( #D#%® Liapunov
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REEEILICERTOINR ) o
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g, £, P % scalar & L+ vector, matrix @ transpose Iy

He vt w %o tHb+ LT,

dx

= Ax + bg
dt
(1) dE - 4(0)
dt
\ c =c'x - p& .
% el
dX_ - ax + be
dt
g = ¢(o)
(2)
o = c'x

THRHEINS dynamic process %2 EEFT ho @E (1) OH4E in-
direct control, (2) @®%AEW direct control &FEENAI DT,
direct control ¢ indirect control (& technical ZAfFKET
%“H B amplifier, servo-motor OHEELEGH HET HHICLS
control system DFBICE Led DT, HFEKE . indirect
control - % direct control 2 particular case & LTE b
F3CEBTE B,

¢ (o) X control system x> 5 characteristic function



riEnhs vTCO o WHLT@E#I N, piecewise continuous,

$(0) = 0 > additional condition %%z 43 D& ?"{50 T

FEHO D |
(i) (o) @FFNTO o HLT continuous Tr 6(0) = 0

& L. additional condition & LT, »wAWAAEHBEEELLNS,

k: finite positive number T 7&Id infinity,

k== orzidcokfid 0<% 22 co() 2 0 cEbINI,

7% FF® rral number kl, kZ (k1<k2) T3 LT

k < (j)((}'_)_( k
K1 £ 55 = %
) ¢4 (o) .
PHEAES 0y(0) = 0(0) - kyo EFRMEL 02— g kpoky LR

h (i) DBAWKE Do

¥

% 7288 5% additional condition & LT

(ii1i) -o¢{c) > O for o # 0, ‘}’ $(c)de = ,f( ${c)do =
0 0 |

BEZHIN D,
wE  (2) KT A matrix A @ characteristic root DO—D%
0 THhHE¥ A

nonsingular linear transformation gkt b (2) &

dz_ Al*z + s&, & = ¢(c), o = c*¥'z
dt

@ transform ZIN b, CCT A¥ F&8E n FloEEFZSNT 0 OFF
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FITHbo

10002

=4 = Zn—l =-O’
solution

cn*‘#o ZbiL
Y, S, €

x (n-1) matrix

A= ay o+ se(o)
dt
(3)
do -~ ety - p400)
dt
& transform JA N b, (3) @/Fﬁbéfix

-vector

du

dt
dg
(4)
dt
&)
vhabL (1)

N

Z, =‘const,

% (n-1)-vector, p %

c* O n HHO®E  c *

=

g o & z1

LT () &

& L differential equation

Alu + s¢g
¢ (o)
e'u - p¢

DHEDDIDEZEL Ao

ro

scalar, A1

(4)

B0 DEHEIE z DES

2.1 $TCIAFSH system H@Ebh, CO system (I zy

5EAAMOES S By zero

9% asymptotically stable T#%hwh bR 4 OMEIIC % 5o

yere, 2 TEDINDD L,

% (n-1)

LElE u & (n-1)

T nT, (U,E)-—)[Y;C’)



»5 &< (3) & transform I Nb, 3 L
A= Al S # 0
e’ -p

LI (3) & (4) & equivalent Td b, L L 4 #0 F(3)

AT ¢(c) = ho, ( h#0 ) DEEL TAEDD

dy - Ajy + sha
dt

(5)
do e'y - pho
dt

D y=0, o =20 05 asymptotically stable T 5 72 O RELEE
T‘&éo' A =0 D&EIH asymptotic stabality 2T LAWVWD D .
KADHEENMNCTE So

* % det Al 0 mbT (4Y & nonsingular transformation

y = Aju+sg, £ =¢

Xy
= Ay + se(e)
dt
(6) HE = 4(0)
dt
g = f'y - y& f:(n-1)-vector, y:scalar
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[c transform  Tndo LsoT. L F 0, det A £0 o (),
(A4),’(:6) @g‘*&“{ equivalent T3 5,
(3), (4), (6) @ linear ferm . lt®+ 2 characteristic
equatvion & | |

A det(AE - Ay) = 0
L2 T, det A1 #0 b, det(aE - Al) = 0 T zéro root
PEEOCELTERR, £ DT (6) @ 1linear term X3 3
characteristic equation X simple zero root % 3d Do

CoXs>LTs 3L AD characteristic root ®—2% 0 % b
X~ system (2) T (3) %7kl (4) @ transform BN b,
X5 ¢ zero root gy simple zeor root ZHiE (2) o (6)
¢ transform Jdh b,

A @©  characteristic root 33X T negative real part 3
DEE, A @ stable THHEEHIL. DO LI AHARIL system I
principal case Fabhb, A ®©F@ characteristic root 3
real part BETHEAHE E system (& par;cicular case & &
ol N ic‘_ ORI REASE LT zero root %3 %, {f1® characteristic
root X negative real part %?#Oi%é&d: (3) F7=iT (4)

cx

&

discuss INbo TD zero root B simple root ODHE
HEk (6) ZHHBEITLHCERTESL.

A1 @ -characteristic. root , L+ negative real part
B3 OBAE EROW L (3), (4), (6) WIRCHET, cOBA A
# indirect contr‘oi‘vb, O system. & LiENnAHIDTH 5,

system (1), (2) & (i), (ii) FhiE @), ({ii) 22 k5
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characteristic function ¢(o) @ <class [T+ % absolute
stability CDWTEL TH b & &lT

5ibhk k HLT. (1), (i1) % 4%2+TEBFO o(0) KFL
T (2) @ zero solution & globally‘evtsymptotically‘stable
THhHE E. system (2) @  class (% absolutely stable T»
HEBEbNhbo

(i1) CH T B58HE 0 < ﬁgil <k @ principal case (¥

TORAEERBED DL, EE particular case FHWwT. ¢(o) = 0 &
O&EEE R T COHE zero solution X asymptotically

stable T7%hw, L7&WM 2T particular case Zxw»TE

A
e

(7) 0 < #Lo) (o # 0)
A P
(7") € < ¢(§U) < k (6 # 0), € : arbitrary small>0.

=iy “kj;gg; LT, nbwd Alzerman's conjecture 23db b, v4aHD
4+~ C® linear characteristic function ¢(o) = ho, (0<hi<k)
é‘iiﬂ‘@“é ‘system (2) @ asymptotic stability @& 5. system
@ absolute stability WESLNARWVR, TP X 5% conjecture &
LI E LS Bc ki@ Pliss X b1958ELCRAINR,
ccTCAhHLEERNRcERRLAN A EL 19 4 448 Lur'e &EPostnikov |
B k= OBACOBTEA BTy x CHF32K0BRE 4(0)
D& F M4 7O Liapunov function % Hwke Lur'e FIH I

resolving equation & XN AH#MI7HFFKN%F L. Liapunov func-



tion RASAEAZFEFELIETT ERPCDWTEE L, #

D AEEIC Yakubovitch (T2 D FHEEWHW A indirect control (€
BN TYEEA Lks 195 1% Malkin (3 direct control % indirect
control @ particular case & LT, direct control system

5 b Lur'e

D EENT

O TD

Sylvester criteria

Ny

22 Rozenvasser

DHFIRDD D

W#E % % L 5 7% Liapunov function @ system

derivative . negative definite 7% 5 %K%
EHBEFARTACER LI RDR LHL19460

[ Malkin DZ%{%(d indirect control D&

‘r

direct control WWHLTHERGARAWT & & EE

7

Liza ZX T EFE L aFEL, Kalman, Yakubovitch @i T, Fhn
% Lur'e @ resolving equation ®JF k& Popov @ frequency

DHFEOH O

BARIDTH A,

FE AN T IO EHICE

Liapunov @ second method % T absolute stability %
AT ADTHEHRITHE ADOERIT AR5 Barbaskin-Krasovski DEEEE
REs i+ A Liapunov D EZHETH A,

Theorem 1.

(8)

T F (X)

G R A
BHo TR
1° V(
2° ax
3° &

autonomous system

dx  _ F(x)

dt

ToUXN< CHEIE, O F(0)= 0. Tty
scalar function V(x) %% jIXW< » THEESTDILES
X) | positive definite
i—e Dk & V(x)—> =
= 8V F(x) < -cCixi), c(r): positive definite

X
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roEx  (8) @ zero solution |f globally asymptotically
stable (asymptotically stable in the large) T3 3% .

—#T P % nxn matrix, P = P! 5 AHLEZRIER x"Px @
positive definite 7AbLiE P> 0 THFbd, F7 nxn matrix Q
»FXC @ characteristic root g negative real part %%
k., Q (T stable THhHALwnbinsb,

Theorem 2. A% nxn stable matrix o©&x. f£Z® nxn
symmetric matrix C & L. B = B', A'B + BA = - C 7 Anxn
matrix B P—EHWKHFET S, LI C>0 %AbE B>0 Th

%o

ZCTIr4l M © determinant WK2WwTO. »AHBER% lemma
ELTAXNTEL

Lemma 1. M % (n+1) x (n+l1) matrix & L.

M = ( N p >
q' o«
+ 5%, it N ¥ nonsingular nxn matrix, p, q {* n-vector,

o & scalar £ 3§50 T A&

det M = (a-q'N_lp)det N

I LTER I S0

&
3
“r
U
(i
3
b
3



vl N py= u-q’N‘lp
0 1 q' o
-1 -1 1
N 0] = det N = .
dot N THHBD
0 1

det M = (a—q'N'lp)det N

Kb N A, COWAE N, R %##n#En nxn, sxs matrix, P, Q

% nxs matrix, N /& nonsingular o& %

N P| = det(R-Q'N IP) det N

Q" R

T4 system (2) @ particular case <%bH indirect control

du

= Au + bg
dt
(9) _,3.%__. = ¢(o) A: stable, ¢(o)iE (1), (iii) 2%+
o =c'u - pf

iCD2ATEL Do system (4) 2w THhRX IS lCEH
(10) x = Au + bg, o =c'u - pg

TEY (u,g) LY (x,0) KEHRSDHE
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= Ax + b¢ (o)
dt
(11)
do c'x - p¢(a)
dt

A b |40 & 4(0) =ho, (h#0)
c' o« -p

D & & D asymptotic stability OHREERHEF, nlabinFZ# (10)

F LB~ IHSIC. A=

9 nonsingular TH» ADORETHEHBTD 5, @i@%% AT

stable T 250b det A £ 0. DT Lemma 1 OFERICLDY

e o # -c'a’l

b

(12) Z x =0, =20 N (11) DM —DD c‘ritiCal po'int‘
ThIhDDOBETHEHETD b,

£%o C>0 [@FLTs A & stable 7#gb Theorem 2 € X
by A'B+BA=-C &»> B>0 %% matrix B @FHET L, D

B LT

(13) V(x,0) = x'Bx + j0¢(0)do
0

*#Z4%5E. Vit x,0 B LT positive definite, jjxj + |o|l—=

Hoid Ve, (11) ok >To derivative & +h it

(14) Vo= x'Cx + p6%(0) + 26(0)d'x,

d = -(Bb + 1c)

Lz#>T V # negative definite 7% & (¥ Theorem 1 (Ck b

X =0, 0=0 {Z globally asymptotically stable (T4 5, -V
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mpasxtwefdefmxte Va3 57’32@ DAL EH SR Sylvester inequal-
ity kv C> 70.» THEDL

c d >0

' o
det C > 0 ThbHhb Lemma 1 DKL b

(15) p > (Bb+ =) c i+ Lo
2 2
L72:2T € >0, (12), (15) BHE YT THE  absolute stability

4

BERIN B, L L—#IE LaSalle LU

A % stable, C > 0 %t@Edcld,s -c'alp

VGHEOIEDCERREIN L, 2T ¢ > 0 & (15) ZHER  (12)
(dbleingE o> -c'AM ) gy o, roT.

Theorem 3. system (9) Y
. | I
(16) cC>o0, o> (Bb + = cny'c iy + L c),
2 2

A'B + BA = -C
% b absolutely stable 3 7,
—7% Yacubovich (3 (14) g positive definjte T BB ON

£ vt 3 S g

C - gg"' >0 %% real vector g = BHEET A

4
Vo

THAHTE%R Lk TREEME (16) LRERETS 3,

%72 Theorem 3 DEHEDTFTTHE ¢(0) © e & (111) e

=T integral # divergent T3 A4&ME% L T. Thb bR ek
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o¢p(c) >0 for - o # 0

% % 723 characteristic function (Kﬁ'{,}c absolute stability
DERTEHZ LW LaSalle m;b%éﬂtméo

B

V)“i_f:ijicl:fﬁ]lllﬁ n#ZE %% derect control (2) ThbbH

dX_ - Ax + be(o0) |
dt _ A: stable,

(17) ‘ :
_ | ¢(o) & (1), (iil) %3k

do_ - crax o+ c'bé (o)
dt .

Y LTHFDO2TA b & LTE system (11) @ U T%h A, Liapunov
function (13) %#%Ex25&¢. W2 O0HAEE (14) oftbic

(18) -V = x'Cx - 2(Bb + £ A'¢)' x6(0) - c'bo?(0)
2

L2 T (15) K43 4530E

—e'b > (Bb + L ateyrc @b + L are)
2 2

>

LaxbLochid LaSaile @‘inequality Xy -c'b > -¢c'b iy
FEEECTOLBRORCIOR RS, ChEV |

(19) 7 = (2Bx + ¢(0)c)"' (Ax + b (0))
LyEFHHL Vg positive definite TR IBbBDIL. T
® X % direct control % indirect control O#HHAEFELT.
indirect control WX T I2HEFEXZ0TE@HABTHEMBAREC Bo

system (2) X LT absolute stability WD £D 7B
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HAEGHE—D>? critical point TAS TEARDL RV, 745

Ax + b¢(c) = Ax + bg(c'x) =0
i+ OE x =0 AT THRLTHEDL ARV, 2 TROZEEZRET
Ao
(a) Ax + be(c'x) = 0 @EFXTD admissible function ¢(g) &
HLT x=0 O2rRBLCHED,
;(b) 5 C>0 KALT, -c'b=(Bb+-§-A'c)'c"l(Bb»%A'c)

+%& -V (& positive semi-definite T, x, ¢ ® n + 1K

RO —RTEEAREICEATDOE V=0 Thho AALENE

S ‘_ﬁ = (x B C‘mldq))'C(x . c_ldq)), d"=b Bb-l- ; A,'C
; ' ; 2

THEML x - Clde = OggtLe V=0. —x (19 ry
Ax +be =0 DEE Y=0 ThBEhH. Ax +bp = 00EEZLT
z0rz0s V=0 LR#DTHEE (a), (0) &b -7 & x ©CH
LT positive definite (€% 5o, X DT absolute stability  gi#%

BT E Do &fF (a) & c'Alp > 0 & equivalent %A A, #nld

B

1

DEDLSRLTAREND, ¢(0) = hath > 0) KHLTS x =0

ODLBBTH LML (A +hbc'Ix = 0L h3_TDO h >0 gl T

A + hbc' ¥ nonsingular T%LTHEH%ELZEG, #ICFXTO h > 0
& LT A + hbc'ss nonsingular ¢34, b5 Xg X LT,
Axg + b (c'xg) = 0 £Fh0  0< LI (op0) THEBL B2

o

h, >0 E/ALT ¢(c'x0) = hoc'x0 ThRbE (A + hobc“')x0 =0

0
LT XO = 0 ﬁffgrﬁﬂ%o CoCEds&it (a) L A+ hbc' g4~

TO h >0 LT nonsingular T& 5 &(d equivalent T3
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BHekERLTnAe —H (E + hbc'A1)A = A « hbc', det (E + hbe'A

=1 + hC'A—l

I>oT

b

det (A + hbc') = (1 + he'A lb) det A
s det AF0rp A 20 0rzzorsoaFTo h o> 0
LT det (A + hbc')A0 THHT EWbhb, LABEDTEHE (a)
r Al 5 0 @ equivalent TH AT LBbH B UEDT EdbD.

Theorem 4. %M (b) HIK c'AMb > 0 BEDILO%E DI
sysfem, (17) (% absolutely stable T3 5,

% 7= Aizerman, Gamtmacher I3 (lé) DHEAL  acod(c) (a > 0)

ML T BT

V= {x'Cx - 2(Bb + X A'c + L ac)'x4(0)
2 2

- c'bs?(6)} + acé (o)

PE s . CnB X, ¢ ICE LT positive definite (€% BMUEF 4%
% (15) 2HBhrEREBICLT

(20) ~eb > @+ Lare s Laoyrc s« Lae Loy
. 2 2 2 2
8o
2 ¥ |z system (2) +%b%D

__d.E_. = Ax ¥ b¢(0’)

dt A: stable,
(21) . N

o =c'x ‘ ¢(0) i (1), (A1) 227+

- 15 -
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¥#%4% %o ¢ T Liapunov function & L

el s to .
(22) V(x,0) = x'Bx + 8 J ¢ (o)dao B>10, 820
' P o 0.

$%2%0 C>0 IHLT B @& A'B + BA ~-C 2 HRTIDET o
'§ é$b5é‘ ,W ; . P |
7vtzé)‘”?j:;?xfck7} tébe"¥ éé?A)x$($j:¥ sc'be? (o)
T x, ¢ VC“)V:'C positive 'definite Kb Endld
i = (2%'B #84(o)c' Y (AX + b4 (o))

Ivbhbdo 22T (o - $Ly4(0) » 0 ZMRLT
k SR
7= -50x,6(0)) - (o - i}fﬂ)ﬂo)

S5(x,8(0)) = -V - (o - i}-ﬁ—"—)—w(o)

a

= X'Cx - (2b'B + BC'A + c')x¢(o) + 9% (o) (2-8c'b}
X

{Rozenvasser d k=o OB 2ELho COHEAR o¢(c) %
mETIhiELw. o Led>2T. 3L S(x,4) & positive definite
b v < -S(x,4) T Theorem 10&H%E 47T,

o' = b'B + }—BC'A + -l-C', r = l -gc'b, y = ¢(0)

2 2

o

Ek L

B{xyy) = x'Cx - 2d'xy + ryzA

- 16 -
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Lo ciEix SGY) & Xy ;}-Co‘@(vpositive defrini‘te e
+ AT ELK Do

negative definite ®© derivative % §}D positive definite
@ Liapunov function V #18AH ERDFEE S-method & Fbhbn b,
r>20 DL &G Sylvester inequality (@ Xk b (15) | PNk
C -a

FERIC LT | >0 v r>acle EBbLNB, EDT,

~a' T
r>20 @)&% S(x,4(c)) ¥ positive definite Kﬁ%fcb@%

ol

(25) o'C 1y + ge'b < 1
X

r>0 OBAERAEFEELTROFERS o SX,y) @ %7

(26)  S(x,y) = r(y - fa'x)? + x'cx - Lax)?
T T

tEFT Ao TNI VDB ABLSIC S(x,y) B positive definite [T%
BRbOUEFHEER |
(279 x'Cx - La'x)% = x'(C - Loat)x = x'Qx
b o T

% positive definite (C%ZC & Thbo C-laa' =Q I
. - |

(28) C=Q+ laa’

T
Theorem 2 (ckF 5 C % Q &I oo’ 2 LABAREL BTN
tznzn DF t+h.+hEDD

A'D + DA = -Q, A'F + FA = -aa’

- 17 -
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A'B + BA=-C ThHamb (28) kb D=38LFmEbni,

r B
Db = Bb - LFb, Bb = o - Lsa'c - ic
r 22
THEDL D
i _'{29) " "',_:d ‘-_-b,lFb ‘+’-_1_~5A'c + .l.c Db

T 2 2
3 L Q»>“O % (29) @& real solution o = (ag5eees a)) %
CHOLSCELECERTEDE. C % (28) WCIbEAFAL teo

: ; T
id positive semi-definite T AHHhb C >0, CchicHLT B %

-gc'b > 0% 5 8 Kxf¥ A Liapunov

EHT Do THE 820, 1=

i L

func‘tion (22) & syétehi (21) @ ébsdlufe stability %> %%
%o
T=20 Q&éx%f:b‘ﬂ’p'i'BC'b=0®&§d¢’
S(x,y) = x'Cx - 2a'xy
i x,y {@D»T positive definite i bAwe LL o =0

bl x DWT positive definite KAV 5 b, 2O % (T
S(,y) = x'Cx, ¥ o= -x'Cx - (o - £y,
| k

COHBEdIN T L EARK L»'C’ u = ‘(ul,‘. ""‘un) A
C=0Q+ uul,’b Q> 0 ‘
“A'B + BA = -C, A'D + DA = 'Q’ A'F + FA = -uu'

E¥nE B=D+F Lew>T (29) RHE%T230E

(30) b+ Lgarc s do v b =0
, AR 2 :

--18 -
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riho (29), (30) Ea=/Tu EFnE—D0OR

f?u=Fb+—l-B§'c+lc+Db
2 2 '

tHEbIhbo TP Lur'e © resolving equation & XiEh 33
ODTH5bo
HERRAZCERZREDDE

Theorem 5. resolving equation ¢ real solution %D

51 8 FELRCENTESLL. system (’21)'6'33'(\]L LT
i %)
V= x'Bx + B f ¢ (o)do, B8 >0, "B>0
I |

O ¥ @ Liapunov function WBEFEL. LD system - (21) (%«
absolutely stable TH %,

CC THRD HAERE

Theorem 6. (Pliss)

g

V= x'Bx + 8 I ¢(c)d0‘, B > 0, g > 0 given
"0 ;

% system (21) c%f<$ 2 Liapunov function Th AL, EFO

linear characteristic ¢(o) = ho (0 < h < k) LT v &

1. V IZ x DwT positive definite

2’ Xl DEE Vo e

oV
ax

3° v o= (Ax + b¢ (o)) < -c(lxgjj, c(r): positive

- definite
PARFCEBBETH D, 3 LENLORFNTNTO linear

characteristic ¢(c) = ho (0 < h < k) ' M L TR IN L7256,

- 19 -
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N bDOFEFE T RMEED nonlinear characteristic ¢ (o) (0;4’ (0);1()

(¢}

LT #RINDs COCEE k== DEEIRD 7D,
(23) o b BT ia @ ‘définiteness Iz linear characteristic

DATEBDLNAERE D R e ZhiE ¢(0) OEFom 0 < 28 <«

o .
b ¢(0) =hgo (0 £hy 2k} THEhb, COFELLD EDE
FGHR D EDCE BB D, |
D EC Popoif kj; z,'freQuenéy method CoWwTHLANRTS {0

system (2) +4%b%b

( dx=A}(+b€

dt | ~ A: stable, ’
G e e’ @), GDERRT
' L o = c'x

$%% 50 E % unit matrix ¢ L, matrix AE - A % A, T%

HTo operator% p TEbLTE (31) &
t

px - Ax = bg, c'x - o =0

p AN —2® number & LT
[ (PE - A)x
(32) '

c'x = ¢ =10

bg

b -0 Mo A, Ol_ = det AP'C%Zoxﬁsfppﬁi Apcharacteristic

root T7Zkwe %_ttc‘ :

det Ap £ 0, SARSE
| | A b}
s
det A
€t B



33

det A_ T p ® n B [A bl & p © m(m<n) &

p p
DHEHATH Do ¢t 0
A b
p

Li,_ii=lwm ExE -0 = W(p)e

t A
de P

W(p) (I system @ linear part .. ® transfer function & X

A, b

HNhbo w¥ real number, i = /=1 &LT W(iw) = [Tiw /
c' Olidet Aiw
ik system @ lenear part ® frequency response *l\abilbg

A % stable T& %0b det A; # 0. Lemma 1 DEBERIC I D

A. b] = (-c'Ail b) det A.
1w 1w 1w
c! 0
Thhnb
R |
(33) W(ie) = -c'Al b.

S system (1) oW TEE +5, Atstable ¢, ¢()
@ (1), (i) ®3EFEFTD. det A 0THAHHL (1) & (6)
DR IN Do X ERBEMLTEBRIN RS

, [ dX . ax +;b¢£(g)
dt v 4 ;
A: stable, _
dg , ;
(34 -y 7T el (o) @ (1), (ii1) #an+
L o =c¢'x - yg

&+ hHo vy =0 o©&x(L direct control 7% LHbL v # 0 &

Tho (12) RMlAkEEIELEET v > 0 FRERETHLIEL
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34

BbhBe oy > 0ThBhL (34) @GERE
X = X, o = ¢'x - yE

€ I'b equivalent system

[ 94X _ ax + bo(o)
dt |
4 - A: stable, .
(35) —j‘;— = c'AX - 04(0) ¢(0) g (1), (1ii) g azns
p =y - c'b

€ transform 3INb, TOE&F

A b Al b
P
v :
_ ctA ‘p W(iw) = c'A p»
p-det A iw-det A,
s o iw
iwE-A b = iwE-A 0 . + | 1wE-A b
c'A Ym%, ctA Y c'A -¢c'b
= y det Aiw + 1 iwE-A bl
iwc? 0

R s -1
= .y det.Aim + ( 1mc'Aiw b)det Aiw
L7zd>2T -

(36) W(ie) = -c'A]l b+ X
S iw

frequency response BERROLSCLTEHRINS, system
' ~dx | o At

@ linear part  $AhAbs — = Ax cb‘fundamentalumatrix e
dt - : :

LT
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At

v(t) = c'e b~

r L~ v(t) © Fourier transform

L ‘in t
F(v) = N(iw) = -c' J e Y dt - b
0
PEZLAE
N(iw) = -c'A-l['e- 1“’t]m b= -c'AIl B
iw 0 iw

roT W(iw) = N.Cim)+ii—v TEHIN D,
¢ T Popov @@@gﬁ&fﬁ<o
>The0rem 7. system (31) ‘@ absolute stability X5 5+
GpEMEE. TRTO 0 20 ERLT I
(37) Re (1 + iwg)W(iw) + i >0
BB DD finite real number WHEET AL ETH 5,
k = o OHEE DD q 20 a¢&%® m;d kﬁL
| (38) Re(l + iwq)W(iw) > O Lot

I,

lim 1w W(iw) # 0

W

% b system (31) (& absolutely stable TH b,

Theo>rem 8. system (34} ® absolute stabiiity‘ 5t < é-{“ﬁ;\
Sk, Y20 T.®s q20 HBIEFRTO real ¢ EH LTy
(39) Re(l + iwq)W(iw) > 0 :

BEDEDCETH Do

Popov % 7% system (2) [©&nT. A %250 zero character-

- 2% .



istic root %3 DHABSRHOH L%xEH Lize £/ Popov @ FHikid
functional-differential equation !¢ Halanay (X b3 M 3N %o

»IDho#4Td Popov @ method (X Fourier transformation
BHADLN SR IZE KD elementary ThBo

kA HEH (39) OBAFENEREDEOLS Th b,

C'Ailwb + __.L__ = Sl(m) + iwsz(m)
1w

Ex{Es W) & p © rational function THEHbH s;(w),
s, (w) X w o real rational function T3 %, +5& (39) &
: sl(m) - qwsz(w) >0
real xy-plane = EFT. E#L : x-qy =0 %Ezx 5, +5& (39)
i curve @ x=s (u), y=us,(u) WEM L OFEHHCLERLT
n b,
##|C Liapunov function & Popov DEBEDODATRRTE o
E&l Pop‘ov‘ @‘(ﬁ(@ﬁ@%?ﬁ L7o
Theorem 9. 3 L system (34) @ absolute stability %% x, vg
@ quadratic form & B jgcb(o)do @Lﬁl@%@ Livapunov function
v(x,0) RIDEDLNBELEN (39 EARFLIE q 20
HIET Do . |
% % system (3L)Cxt L_"C RoEOZ EB@PIND, _
Theorem 10.  Popov  psid (37) & S-method ic x b5

TERTED,

. e
Y= x"Bx + B J‘ ¢:(a)do
0 .
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%o Liapunov function WIEEFT S O A

AT ERETE B
70T T Kalman, Yacubovich O uf BT D THANTH { s &

s 5 system & (35) T3 5, Liapunov function & L T

(40) ¥(x, 0} = xX'Bx *+ oo - C'K}Z * 5 chb(e}da
i

Yt

rELBE V!
(41) -{r= x¥*Cx + 39({;2(5} + Zdéxé(c} + 2ay0¢{0}

dg = -Bb - (EﬁA‘c + ayc)

2
Popov @ inequality (39)  Kalman XD DEOD L 5 modify
Ahiceo TdD | B
(42) P(agrw) = 6y + RO{(2ay + iwg) (-c'A; DY > 0O

for all feal w and some pair g, g8 such that

0,820, a+8>0

[+

v

Sale af 0 LRHLTE (39) ;&fﬁtéfzo&%? quivaggm_ B,
A % stable matrix, D >0 % symmetrlc ﬁatr;x, b#¢0, k &
vector, =0, e>0 % scalar &3 nif. system

(43) A'B + BA = -qq' ‘,53’ -Bb - k =V¥7 g
@ solution B > 0, q(vector) HEET LHRDOLETHEFE & 2
FRRE LT |

(44) t'+ 2Re(-k'A[.b) > 0
s To real o EHLTHARINHTETH S,
k = -Bb - dg = ;-BA'C + ayc &L (44‘) DEIT, t=8p=8{y-c’b}

2

3. & L
L &
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38

(45) ’+2Re{-(%sc'A+ayc')A;£b} = t+2Re(-k'ALb)

(_}-Sc"A-i-oc*{c')A;tb = lBC’(i‘“E"Aiw)Aitb”‘YC'A;tb’ p=y -c'b

2 2

THEHD

1

W

(46) T+ ZRe(Qk'Ai b) = P(q, 8, )

BmEL B,

T AIOEDEENKD LD
 Theorem 11.  (40), (41) © VEIK -V ik yLF<TO
: ‘X’,G 2 & admissible 4 &é,‘ﬁ“[‘,f positive definite T3 371
DUEFHEER (1) BIK
(a) >0, 82

v
(e
-
Q
+
w
v
o

(47) . '
p (b} v >0 or t=0,d,=20, a>0

B b‘iZO TETH B C 2’L 5 @"ﬁgﬁiﬁc DI DE kL system (34) i

absolutely stable f%éo k . i , |
C@Fﬁéé%‘iéké’sﬁs —*"ﬁif%%f%*} c&mbLic. pair (A,b) cH

95 complete controllability ‘& pair (c¢',A) [&xf4 % complete

observability #EELTLw, complete controllability |zx¢

i

B RE RN

+

Z. FRTOt BHLT uelth = 0 ©% 3 vector u
Hou=0 REACZETHE

éomple,te controllability @%?“ﬁ*ﬁ"%@ii bbb L >y com-
plete controllability & transfor function W(p) &(BETF 3

C LT E D complgte observability W LTRIRBETH A,
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