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11.

12.

13.

gogd

.gboboooboboboobooboobg

goboboobobooboboo
goboooobobooon

0000000000000 (COoooOUoOooUoooooon)

.vVSSoooooo

.gboboobobooboobooobobobobooboobo

00ooooooo
0000000000000

000000000000 (VIMOOODODOO0000)
000D (0DDoooo0)

0000 (ANNOOO)

0000

000000000000 (00000000 ooooon)
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Lagrange OO OO OO0OO0O0OOO

1.0.1 Lagrange 0000000 O0OOODO
0000 ¢q, 0000000000 70000 LagrangeO0OODOOO0OOODOO
D(g)§ + Clg,9)q + Glg) = 7 (1.1)

00000000 D(g)§00000 C(q,g)¢00000000000 G(¢)00000000 (000000000
0000000000000000)
000000000000000000000000000

00000 D(g0D0oooo

00000 D(q)D0O00O000DD0D0O0O00OD0OO00ND0N0N0N0D0N0D00NO0ON00Do0oooonoOnog A, Am
gooood

0 < M, < AD(q)) (1.2)

A(D(q)) < My < oo (1.3)

0000 AMM)ODOO MOOOODODOO AM)O0OOD0D00000

00000 Cq,¢)0 ¢0000000000

[1C(q, DIl < Culldll (1.4)

00000 C(g,-)0000000000
Clg,z)y = Clg,y)x (1.5)
Clg,z+ay) = C(g,z) + aC(q,y) (1.6)

00000 K:=D(q)—2C(¢,¢) 00000000

K+ K" =o000 2Kz =0 forVz (1.7)

00000 OO0 GO0 ¢g00ooooooooo

00000 U000O00000000 e0O0DODODODOOO (1) 0D0OLOODDODOODDODODOODOYO
al0000O0OO0OODOOOODODOO

Y(g,¢;4)a = 7 (1.8)
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1.0.2 0OOO0OODOOOOO

goboooboobuoobob gbooboooboobooboobbobOboobooboobLDbobDbOon
goooobooobooobooboooboooboobooobooboobo0obo0obDoobDbObobobOooo
goboobooboooboobbooboobooobobbooboobbooboobooboobboOoon
gobooboobooboobbooboobboobooboobbooobooboobooboobboonon
goboobooboboboobobooboboobobooboboobobooo

00000000000 ¢000000 20000000 (D0DOO)0O0OO

z = f(q) (1.9)

0000000000000 0000000 fO00000O0O0OO0(ODO0O0O0DO0OO0O0OO0)00000000
gobooooboboobon

) )
b= i Jwi I =5 (1.10)
i = J(q)i+Jg (1.11)
000000000000 00000000000000
g = [ =) (1.12)
g = J g (1.13)
i = J‘l(i——JJ‘1¢> (1.14)
000000000000 (1L1)000000
DL NI E + (O @), 1) = D @) D) T + G ) = ¢ (115)

0000000000000 00000000000 ¢0000000000000000000000000 0
00000000000 00000000000000000000000 70000600 ¢00000000
0000O0oOoO 6W O
W =116q (1.16)
000000 -000000000000000000O0Oé2000000000000000
b =Jbq — 6q=J ‘éx (1.17)
00000000000000000OOOOOOOOOO
T
W =r1l8qg=7"T 16z =(J11) 6z (1.18)
0000000000000000000000000 f0000
f=J""r (1.19)

000000000000000000000 (1.15)0000 J-TO0oooO0OoO0oO0O0O000000000000
goooboboobob

JIID(f M x) T % + J—T(cxf—lﬁo,J—li)—.D(f—lwg)j)J‘li + JTG(f~ (=) = JTr (1.20)
good
My(z) = JITD(fY(z))J?
Colw,) = JT(CU (@), J "a) = D(f (@) ) T
J7TG(f (=)

Q
8
8
~—
|

DDDDDDDDDDDDDDDDDDDDDDDDD(l.l)DDDDDDDDDDDDDD
M ()i + Culz,i)d + Gu(z) = f (1.21)

0000000000000 000000D00000LD0D00O0U0 D000 DO0JO0OL00D00 (OooOo
00000000 [ooojooooooo)



1.0.3 0000000 (DODOOOOOOOODOOOOOn)

goooobooboooooobobooboobboobooboobDooobobobooboobobobbOoo
gobooobooobobooboooboobooboobbobobooboobDbobobo0boobDbOoobobOooo
goboobooboobooboobbooboobooobooobooboobboobooboobbobboOoon
goboobooboobooobbooboobbooboobbooboobbobobooboobbobboonn
gobooboooboboobobooobo
goooboob

00000000 ¢,¢(q1 € R™, g e R™) 00000
fla1,42) =0, f:R™ x R™ — R" (1.22)

goboboobobooboboobobooboboobobooo

g2 = f'(q1) (1.23)
000000000000000
—f(@1) +¢=0
00000000000 (1.22)00000000 (1.22)000000000000
of . of .
L — =0 1.24
oq @ g2 © ( )

0000000000000000000000000000000000
Jog=0 (1.25)

goood

9q1  Oqo

o= |3

0000 (0000000000 (1,¢2)0000000000000000D000O0O0O0DOOOOOOOOOO0O0
Ooooooooon)

goboooobon

00¢O00000000000D0000000000000000000000000 (1.1)000000000
00000000000000000000000 (423)0000000000000000 (4.23)000000
00000000 rs0000000OD0OODODOOOOOOUOODODOUODODOODODOOOOOOUOOOO FeODOO
goboboooboboobon

D(q)§ + C(q,9)¢ + G(qg) = 7—F. (1.26)

000000 F,00000000000000D0000D00DO0000000000OD000ODO0O0O0O000oOn
O F. 000000
W = Flésq (1.27)

0000000000000000000000000000000000 (4.23)0 J.O

Jo=| - (1.28)
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ooooo
" A1
Fo=) chi=JIN A= - (1.29)
=1 )\T
oJoooooU0do ;000000000000D0O0 Jg=000000000000 F,O0000000000
oooo

DDDDDDDDDDDDDD(q,Q)D 0000000000000 00000O00000O00O000O0000000
Joo0ooodoodoooodooUoodoDdD gO000000DO0000D0OD0ODO0OD0D0 goODODODOODOO
M(q)l]DDDDDDDDDDDDDDDDDDDDD AUO0000000O0000DOO000bOO0OOOOOooDOOa
DDDDD((j,)\)DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
OO0o00o0o0oo0oooooooooono

Jeij = —Jeq (1.31)

000000 ¢00O00000000DO0O0000O000DO0000O000DODO000DODO00O0DODOoOoO0ooOOg
0000 (AN 000000000000000

D(q) JT q _ —C(q,4)g —G(q) + 7 (1.32)
Jo 0 A —J.q '
gooobooo
D Jr
rank [ 7 OC ] =mi+mg+r (1.33)

gooobobbobooboboobo

goboboobob

ooo0OoO00O0 AO0DOO0OOOO0O0O0DU0OU0OOC0OC0OO0ODO AOOOODODOOOOOOODODODOOOOOOOO
goboboooboboobobooboboobobobobogr=m0O0OOOO

Jo=[L Jo] (1.34)

000000 rankJ, =r000000000 (¢1,000000000000D0O00OOOOOOOODOOOOO
00)0o00o0o0Oo J,0OOoOUOOooOoOoooOoooD J.ooOoo J2_1DDDDD

Jy M =110 L] = [ L] (1.35)

0000000oOon J.000o000o0ooooooooooon

D(q)i + C(q,9)q¢ + G(g) = 7—JIX (1.36)
oooo
Xi=J;7TA
0000000 J.00D00000 (4.23)00
G=-D1q1 (1.37)
00000000000000000 ¢0
I, | . . I,
] = 2 =Jq, J:= ! 1.38
q [_Jllql ¢ [_JI] (1.38)

000000000000 0O00000D00ODU0ODD (136)0 o DO000DO0D0DODODOLOOOODOOOO

w(t) =0~ [ Hi(ir (1.39)



0000000000000
0ooo (1.37)00
G=Ji + Jqu (1.40)

0000000DOO0Oo (1.36)000ooooon J'oooooo

| Jr _
P (1 T [ ; ] T =0 (L)
Oooooooooon
JI'DJG + JY(CT +DN)g +JTG = JT'r (1.42)
oooooooao
D, = J'DJ
¢, = JY(CJT+DJ)
G, = J'a
n o= Jir

gooboboo mpobooboon
Digi+Cin +Gr =1 (1.43)

goboboboooboboobobooboboobobbobobobobooboboobo

g2 = f'(q1) (1.44)

000000000000000000000 Di(q)0000D0 ¢ 0000000000000000000 (00
0000000 ¢ =f(¢)0000000000000DO0O0ODOOOOOOO)

goooboooboobooo

gooboobooboobbooboobooboobbooooobooboobbooboobuoobbobbOoo
goooooobobobobboooooobbbobooooboobobobobbboooooooooobobbbbooooooaann
goooo0ooUoOooUopooUOooUOoOoUOoOoU0oUd0ooUdOoOoUoDUOOUOOOUODOUODO ¢g-ODOOO
00000 ¢ 00000000 0oooooOO000OO0UUUooooooOOOOOODODUoUoooDoOoODOO
RN

Je(q)q+ =0 (1.45)

DDDDDDDDDDDDDDDDDDDDDDD(O,,OJF)DDDDDDDDDDDDDDDDDDDDDDDD
F.=J'\s(t), A € R (1.46)
gooooooo XI]EIEIEII:II]EIEIEII]EIEIEII:II]DDDDDDDDDDDDDDDDDDDDDDDD
D(q)i + Clq,9)d + G(q) = 7 —JIAs(t)

0000000000000 (bU0OD)00 é0000D0L0ODOLUODOOOODOUODODO_OD0OLOODODOOD

/ "DW@i + Cladi + Gla)dt = / "(r— JTAS(1))dt (1.47)

goooooo 02 - 0,00 00000 ¢gO0ODODOOUO0OOOOOODOOOOODOOUOODOOOUODOODOOO ¢
gooobobobooboobobooo

D(q)gs — D(q)g— = —J A (1.48)
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00000 (1.45)00 (1.48) 000000

D(q) JI || d+ | _ | D(a)d- (1.49)
J. 0 A 0 '

0000000000000 D00000000000000000000000000AOODOOOO
A= (DI g (1.50)
0000000000 ¢4 O
4y = Pg_, P:=(I,-D'JI(J.D7'I")71],) (1.51)

000000PO¢. 0 ¢, 00000000000000000000000 (PP=PO0000000O00O0
oo)



(127y2)

mg

(z1,91)

mg

0 11: 000000000

1.04 O

gbobooboboobobooboboobob

ooo0oo0ooOoUo0ooOoO0o0 U lo400000000U0OOODMUOO0ODCOOOOOOOOOOOIODOOOOO
gooooobobooobooobboboboooobooobboobbooobboobbbooobooobo

good
mi; =0 (1.52)
mij; = —mg (1.53)
goooooog
mis =0 (1.54)
mis = —mg (1.55)

0ooobooooooobooooooboboooooooo
(21 —22)? + (1 —2)? = 1° (1.56)

gboooboobooboobooobobooboboobobooboboobono

2
U1
2(71 —22) 2(y1 — y2) —2(z1 —22) —2(y1 —2)] | =0 (1.57)
Z2
U2
go00ooo0ooo0ooooooonoooono
m Al 0 2(xy — x2)
} oy —
" ol me o | 2nme) gy (1.58)
m Ty 0 —2(z1 — x2)
m 12 mg —2(y1 — v2)]
0000D0D0DO000Oooooo X ANODDOOOoOoooo
.’.Il,‘l 0 (ZEl —.’172)
; _ 5 3
A e N O B (1.59)
Zo 0 m —(fI,'l —IL'Q)
2 —g —(v1 — y2)]
2y
1 . . . .
(w1 — ) (yr —y2) — (w1 —wa) — (v =)l | & | =—2{(@1 —43) + (5} —93)} (1.60)

T2

U2
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gooooo
m . ) P
)\:@{(ﬁ—ﬂ%)ﬂ%?ﬁ—y%)} (1.61)
gooo
Joo00d0oo0dDbD ODo0o0oU0oDU0DOO0bO00000Ud0DU0DOD0ODOUdODD yoODODOOODUOODODODODOODOOD
v~y A0000000000000000000

1

Y2 = (w1 = z2)@1 + (y1 — y2)91 — (w1 — x2)E2) (1.62)
Y1 — Y2
ogoOoooooao
T .
. T
=Tl (1.63)
T2 .
. T2
Y2
oooo
1
1
J = , A=y — s (1.64)

1
(x1 —z2) /A (y1 —y2)/A —(z1 —22)/A
goooooooooooooooooo

1 (21 — 2)/A " - ! )
1 (y1 —y2)/A m 1
1 —(ZEI — IQ)/A
m | | (z1—22)/A (y1 —y2)/A —(z1—32)/A
jjl 1 (331 —xz)/A | o :{EQ
mJTJ | g | =2 1 (91 — y2)/A _(yl s e

iy 1 —(z —22)/A .

—(yl —1/2)

gbooobooboobobooboboo

1+ (901;9202)2 ($1*$2A)(2’!/1*’!/2) _(901;9202)2 i (m;xz)mg
m 14l _mwlmmes) g7 | g |+ | (14 252 )mg |(566)
% 1+ (z1;§2)~ jj2 _(zlgzz)mg

(1.67)

gobooooooboobooboooooboobbooboooooboobbooDooDO0b0d yy—y2 =00
0Oz, 0000000000000 0000DODOO0O00ODODODOOO0O0OODOODOOO0

gooobooboobobooboboobo booooobobobobbboooooooobbooooooooobobo
goboooboooooobooboooboboobbooboboooboobobbooobboobboobon
0000000000000000000000O0 U0 ODODOOOOOOOO

Yo = U1 +lcosb 1.71

x9 =x1 + lcosf (1.68)
Y2 =y + Isind (1.69)
iy =) — Isinf (1.70)

(1.71)

Ty
Y1
To

(1.65)
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obooooobooooboooo

T 1 .
, 1 T
Y1 .
= 1.72
To 1 —lsin@ yl ( )
U2 1 lcosf
Joooboooooboboooooooooooa
2 —Isinf I —lcos B8 0
m 2 lcos i | +m —Isinff | + 2myg =0 (1.73)
—lsinf lcos@ 12 6 lcosOmg

00000000000 0000000000000D0000000 (24,9, 000000

l
T = asg—gcosﬁ (1.74)

l
Yy = yg—gsinO (1.75)

goo0o0o0ooooo0ooooooooo0ooobooo0oooooooOoooooobooboooooooboobooooo
O NewtonODOODOOOD EulerOOODOODOODO

2 #, 0
m 2 Jg | +| 2mg | =0 (1.76)
L é 0

000000 (0oooo0)

000000000000 O0000000000000000000000000000000000000O0
0000000000000000000 (21,4)000000000000000000000 (1.73)00
00000000000000000000000000000000 (z,%)0000000000000
000000 (é14,914,04)00000000000000

ro o)ty (1.77)
010 LA '
6.+

0o0ooooooooo (6,9:,,0) 000000000000 (A,X)00000000000000

ggd
2m 0 —mlsin @ T4 2m 0 —mlsin @ Ti_ 1 0
0 2m ml cos 6 it | = 0 2m ml cos 6 h- |+ 0 1
—mlsinf mlcosf mi? é+ —mlsinf mlcosf mi? 6 0 0
(1.78)

000000000000 00DO0OOoDOOooO (A,A)0000D00OO

]

gobooboboooboooboooboboobooobboobbooobbooobboooboboobo
gboobooboobobooobobooboboobobooboobo

(1.79)

1+ cos?6 sinfcosh Ti_
sinfcosf 1+ sin?6 U1

lcos@ ML 4
—mlsin @iy +ml cos 09y . +mi?0, =[0 0 1] | Isinf | x my1+ | = —mlsinfi_+mlcos O3 _+ml26_
0 0

(1.80)
0000 (z1,9) 00000000000000000000000



12

0O 10 LAGRANGEODOOOOODOOOO



0 20

Jooooobodouogon

goooobooboboobooboobooboboobooboobDbooboobo0obboobDbobobOooo
goboobooboobooboobooboobobooboobboobbooobobobobboboobboobboOoon
goboobooboobooobooboobboobobbooboobboboboobooboobboon
gooooboobobooboobooobbooboobobobooboOobDboboboobboobDbOoobobooo
goboobooboboobobooboboobo
goboobooboboobobooboboobobooboboobon

z = f(z), =(0)==xg (2.1)

ugbboez. 000000
flz)=0 (2.2)
gooobooo
gobooboobooboboooboobooobobooboobooboobboobboobbobbobboo
gobobooboobooboboobobooob
[Lyapunov 0000000 (OO)]
00000000O000O000 2.0 LyapunovO0 000000000 (O 2.100)

Ve > 0,36(€) > 0, ||z0 — x| < 6 — ||z(t) — x| < € (2.3)

Lyapunov 0000000000000 0000 2() 00000000 2. 0000000000000000O0OD0O
[DO0O0oOoO]
00000 LyapunovO OO OO OOO

35 > 0,]|mo — x| < 6 — tlim ||z(t) — z]| =0 (2.4)

gobobob ez, 0000000DOO0OOODOO
goboooboboooboobotbo . 0DbO0bO0OO0bOOODbObLDbDODOODDODODOOD z.O0DOODODO
gooooboobooobooobuoobooboboobooboobDoobbobobooboobDbOobobOooo
goooboboobob
[ooooo)
gooooooo
Ja > 0,¢> 0 — ||lz(t) — z.|| < ce™||zo — 2| (2.5)

gobobooobboooz,0000b0bb0o0obboooobboobobbboobobooobboobboon
gobooooobo
gooobooobobooboboobobooboboooboboobobboobOobboobobobobOon
[Lyapunov OO0 O 0O]
(21) 0000000000000 0O0O0LOOUDOOOO0DOOOOOV(z)0 2z, 0000O0O0LOOOO 2. 000
gooooooo
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o)

4o

021000000

1. V(z) >0,V(ze) =0
2. V(z)00D0D0O00000000 V(z) <0 (z#z.)

00000000000 V(z)O LyapunovO0 000000 0DO0OD0O0OO0OOO0OOODOOOOOOOOOODOOOO
00000D000000000 LyapunovO0 O0OO0OO0OO0ODOODOOOO
gobobobobooboobobooboboob

z = —ksin(z), k>0 (2.6)

ooooooooooooUdD 2z, =00000000000000000000000000O0ODOOO0O0O Lya-

punovU OO OOOOOOO
1
Viz) = 5:1:2 (2.7)

000000000 V(z)>0(—r<z<mz#0)0000000
V(z) = zi = —kzsin(z) <0 (—m <z <mz#0) (2.8)

goboobooboboobobooboboobo
000000 Lyapunov0 000000000 D0OO0O00O0ODOOOO0O0ODOODODOOO0OODODOOOOOOOO
goboobooboobooboooboobobboboobobobooboboboobobooboboob

mi+ct+kr=0 (2.9)
goooboboboobobooobon
ms? +cs+k=0 (2.10)
0000000000 RouthD HurwitzO OO OO ODOODODOOUOOOOOODOOOOOOODOOOOOOOOOO
000 m,c, k0000000000000 U0OO0OO0ODOOOOOUOOOOOOOUOOOUOOOOOODOOOOOOD
0000000000000 000000000000 LyapunovO0 0000000000000 OOOOOOCOO
00000000000 000000000D00000 LyapunovOD OO0 O00O0D0ODOOO0OODODODOOO

1 1
Viz) = §md:2 + ika:2 (2.11)

00000D000000000 ¢ =[z,47,00000 2. =[0,07 00000000 V(z)>0(z#.)0000
00000000000 V(x)0000000000000

V(z) = émi + kxi
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00000 (210)0000000000
V(z) = i(—ci — kz) + kzi = —ci® < 0 (2.12)

000000002 =[2,070000000000000 V(z)=00000 V(z)<0 (z#2,)000000
0000000000 0000000000000 LyapunovOOOO0O0O LyapunovO OO OOOOOOO0OOO
0000000 LyapunovO0 0000000000000 D0OO0OCOOO0O0OO0OOOCOOO0OO LyapunovOdOOOOOO
O LaSalleOOOOOO

[LaSalle 0 O O]

(2.1)DDDDDDDDDDDDDDDDDDDDDDDDDDDD V(:B)D r. 0000000 ze 0000
gooooooa

1. V(z) >0,V(z.) =0
2. V(z)00OO000000000 V(2)<0(z # z.)
3. V(z)=0000000000000000 «(t)=2 000000

00000 Lyapunov0 0000000000 OOOOO V(w)l]l]l]DDDDDDDDDDDDDDDDDDD
goooboooboboooboboobobooboboobobboobobboboboboboobobooo

#(t) =0 (2.13)
goooood

#(t) =0 (2.14)
goo0oooOooooooo (2.10)[|[|[|[|D

kz =0 (2.15)

000000k >0000002=00000V =0000000000 z(t) =2, 000000000000
000000 LaSalle0 0000 z, OOOO0OO0OO0OOOOOOOOOO

21 0ODO00OO0ODDOOOOObOO

2.1.1 LyapunovO OGO QOO

goobobobobooboobobooobobooboboobobooboboobo
z = f(z,t), z(0)=xq (2.16)

good
F(ze,t) =0 (2.17)

0000000000000000000000000000000000000000000000
[00D0KOO]
RTO0O R'0D0000D00 «00000000000000 «0000KOODOOOODOOODO

1. a(0)=0

2. a(p)>0V p >0

3.a00O00O0OO

0000000000 00O00DOD0OO LyapunovOO0ODOOOOOOOOOOODOOOO
[Lyapunov 00000 (DOOOOO)]
00000000000000000000 2z, =00 (00)000000O0O0OOO
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1.00000KDOO «,00000 V(z,t)0000000000
a(lll) < V(z,t) < B(l=l) (2.18)

2. 00000KOO~000000 V(e,t)0000000000
V(z,t) < =y([l«]) (2.19)

000000000000 KOODOUoooooooooDooODOOtoOoODODooDoooooooooo
0000 LyapunovO0 O 0000000000000 00OOOO0ODOOOODODOODOOOODOOOODOOOO
googboboooboooon

2.1.2 Barbalet(OOOO)OOO

LyapunovO0 0000000000000 0O0O0D0OO LyapunovO0 OO 0O0O0O0O000O0OO0O0ODODOOOOO
0000000000000 000000d LyapunovO0 000000000000 OO0OOOOOOOOOOOOO
gooboobooboobooboobbooboobooboboobbooboobbobboobooboobboOoon
0000000000000 00 Barhalet 000 0000000000000 0O0OO0OODOOOOOOOOOODOO
gobooobooobobooboobobuooboobboobooboobDoooboobo0oboobDoobLDboOoo
g

0000000000000000000000000000 f(¢)00000000000D0

1. f>0% f0t=00000000000ft) =logt000
2. f0t=0000000 % f—00000 f(t) = exp(—at)cos(exp(bt))(b> a > 0).
3. ft)000000 f<0=f0t=co0000D0DO

Barbalet 000 0000000000000 00000000000000000

[Dooooooo)

00 f¢)00000000000000000000000

VR>0,3n(R) >0ty >0,t5 >0, [ty —to] <n=[f(t1) — f(t2)| < R

000000000000 RO+000000000000000000 exp(t)00000000000000
0000000000000 Barbalet 0000000000000000

[Barbalet 0 O O]

00 f0000000t=000000 f0000000000 f— 0(t— c0)O
00000000000000000000000

[D] .- .

00 f0000000t=000000 f00000000 f— 0(t — c0)O
00000000000000000000000000000000
000000000000000000000000000000000000000000000000000
ooooooooo

L (0, ={f( |ess sup|f(t)| < cofor t € (0,00)} (2.21)

(7)Pdr < oo} (2.20)

0000000 Lebesgue(DODOO0)00D00O0O0O0D0OU0OOOD esssup0 00000000 0OOODOOOO sup
00oooopoobboood0 supO0000OOD00O0O0O0O0O0ODODODOOO0O0O0O0OO0O0ODODOOODOOOO0OOO
00 H(s)DODOOOOODOO0OO0O0000000000 strictly stable(D0000)0000000 H(oo) =
00000 strictly proper(0000000)00000O0OO
O000o00ooooobOooooooobobooooooon
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[0oO]
000000000000000000 H(s)OODOO u€ Ly(0,00) 00000

Y(s) = H(s)U(s) (2.22)

0000 y000000 y€ Ly(0,00) N Loo(0,00) 0000 ¢ € Ly(0, 00)0
000000000000000 Barbalet 00000000000000000000000
[0oo]
00 fO f€Ly(0,00) 000000 feL,, 00ODDD0 fO000O00O0 f(t) — 0(t — o00)0
D000 g(t) = f,|f(r)?r00000000000000000000000000000000000000
0000000 feL, 000000000000 Barbalet 0000000 ¢g— 0000000000
00000000000D000000 f()00000000000000000000000000000000
0oooo
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goboboooboboobobooboboobooboboobobooboboobobboobOon
1. PTP(Point To Point) O O
2. CP (Continuous Path) 0 O

o000 PTPOOOOODOOOCOOOOOUUUUOODODOODOOOOOOOOOUUOODUUDODODODODODODODOO
gooooOoOoQoOoOoOoOoOoOoo cCcPUOCbOOOOOOUOOOUOOOOCOOOOUUOOODOODODODOODODOO
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Jo0o00ooooDoDoO0o0ooooooooDO0:.—10000.00000000¢:—100000000000000
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NTy = T; (3.3)
00000000000 (3.1)000000 ¢ 00000000
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T =—Kaq(t) — Kp(q(t) — qa) + G(q) (3.10)
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0000 (3.100)00000000000000000000
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Vooooooooooo

. 1 .
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. 1 .
'V:55%D@+q@—20@+qmaﬁ—eTKﬂ (3.16)

00000 D(e+qq) —2C(e+qq,é) = D(q) —2C(¢,¢) 00 000000000000000000000000
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V=-eTKie<0 (3.17)

0000000 LaSalle 00000000000000000000O0O0000000000O0O0OOOOOO000
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zs + 6z = f(qs) + J(q)bq, J::a—q (3.23)
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00 ¢=¢,000000000
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o000 e:=z—x4 0000
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D(q)§ + C(q,9)q + G(q) = D(q)v + C(q,9)q + G(q) (3.32)
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E+ Kué+ Kpe =0 (3.36)
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V:§e e+ 3¢ Kpe (3.37)
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— | D@ [T |D@i+Cle,di+Glg)=T

C(q,)q + G(a)
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Ky =diag(kqr,- -, kan), K, = diag(kpr, -, kpn) (3.38)
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7= D(q)v + C(g,@)q + G(q) (3.40)
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z = f(g) (3.43)
i = Jgq (3.44)
i o= Ji+Jg (3.45)
00000 J(¢)000000D00000000
g = J (3.46)
i = J7N(i—Jq) (3.47)
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gooooooooboooooao
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goooboboobob

D,(z) = JTD(q)J! (3.49)
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G.(z) = J TG(q) (3.51)
. = J T (3.52)
gooobobooobo
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gobooboobobooboboobobooboboobobooboboobobDoobUob zqbOO
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goooboboobob
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A > sup A(M(q)) (3.57)

A < inf A(M(q)) (3.58)

0000 A)0D0DODO0ODOODOODOOOoOoOn
goboboooboboobon

7 =C(q,4)d + G(q) — k(q,4,d2)Sgn(S) (3.59)
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sy~ d msm lISI#0
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C(z)=0 (4.11)
00000 000000000

oC .

=0 (4.12)
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goooobooboobooboobooboobooobooboobooboobDbooboobbobbOoo
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ggooobboroobbbboooboo
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0=E;JD™"JTE] (uz — X) (4.29)
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