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N6i dung chucng 9
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Khai niém
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Khai niém

Kh4i niém vé hé phi tuyén
* Hé phi tuyén 13 hé thong trong d6 quan hé vao — ra khong thé mo
td bing phuong trinh vi phan/sai phan tuy€n tinh.

* Phan 16n cdc doi tugng di€u khién trong ty nhién mang tinh phi
tuyén. C4c hé thong:

A Hé thong thiy khi (TD: bon chita chat 16ng,...),

A Hé thong nhiét ddng hoc (TD: 10 nhiét,...),

A Hé thong cd khi (TD: cdnh tay mdys,....),

A Hé thong dién —tr (TD: dOng cd, mach khuéch dai,...)
A Heé thong vatly ¢6 cau tric hon hop,...

déu c6 tinh phi tuyén.
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Khai niém

Tinh chat cua hé phi tuyén
* Hé phi tuyén khong théa mian nguyén 1y x&p chong.

/ /{) ° Pal ° /\, Val Vay \ /\, /
x Tinh O6n dinh cua hé phi tuyén khong chi phu thudc vao cau tric,
thong s6 ctia hé thong ma con phu thudc vao tin hiéu vao.
* N&u tin hi€u vao hé phi tuy€n Ia tin hiéu hinh sin thi tin hiéu ra
ngoai thanh phan tan s6 c¢d ban (bing tan s tin hiéu vao) con cd
cic thanh phan hai bic cao (12 bdi sd clia tan s6 tin hiéu vao).

* Hé phi tuyén c6 thé xdy ra hién tugng dao dong tu kich.
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Khai niém

Mo ta toan hoc hé phi tuyén dung phuong trinh vi phan

* Tuy theo dang tin hiéu bén trong hé thong ma hé phi tuyén cé thé
chia lam hai loai:
A Heé phi tuyén lién tuc
A Hé phi tuyén rdi rac.
No6i dung mon hoc chi dé ciAp dén hé phi tuyén lién tuc.

* Tong quit, quan hé vao — ra clia hé phi tuyén lién tuc cé thé bi€u
dién duGi dang phuong trinh vi phan phi tuyén bic n:

dy(® _ (A0 | dy® gy 4@ | du(t)
D ( | dt ’y(t)’ | dt ,U(t)]

dt" dt"t dt™t

trong do: u(¢) 1a tin hi€u vao,
y(¢) 1a tin hi€u ra,
g(.) 12 ham phi tuyén
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Khai niém

Mo ta toan hoc hé phi tuyén dung phuwong trinh trang thai

* Hé phi tuyén lién tuc c6 thé mo td bing phuong trinh trang thdi:

{X(t) = T(x(t),u(t))
y(t) = h(x(t),u(t))

trong do: u(¢) 1a tin hi€u vao,
y(¢) 1a tin hi€u ra,
x(t) la vector trang thai, x(¢) = [x,(?), x,(t),...,.x,(O)]"
(), h(.)1a cdc ham phi tuyén
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Khai ni€ém

Céc khau phi tuyén c¢ ban

Khau relay 2 vi tri Khau relay 3 vi tri
ty ty
Ym Ym ............ p——
U D D U
_Ym N I— _Ym

y =Y, sgn(u) y:{YmSQ”ﬁJ) (néuluf> D)

0 (n€u|ul< D)
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Khai niém

Cac khau phi tuyén cd ban (tt)

Khau khuéch dai bdo hoa Khau khuéch dai c6 mién chét
1y 1Yy

~[Y,sgn(u) (néu|u|>D) y— K(u-Dsgn(u)) (néul|ul>D)
/= Ku (n€u|u|< D) 0 (n€u|u|< D)
(K =Y. /D)
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Khai niém

Cac khau phi tuyén cd ban (tt)

Khau relay 2 vi tri c6 tré Khau relay 3 vi tri c6 tré
ty ty

~[Yysgn(u)  (néu|ul= D)
V= —-Y_sgn() (n€u|ul< D)
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Khai niém

Cac khau phi tuyén co ban (tt)

Khau khuéch dai
bao hoa cé tré
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Khai niém

Mot sd vi du déi tugng phi tuyén

* Hé bon chita chit 16ng

(1)

16 July 2005

l'—’l"m

'—Tﬂur

—-

h(t): 0 cao muc chit 16ng trong bon chita
u(t): dién 4p diéu khién may bom

A: ti€t dién ngang bon chita

a: tiét dién van x4

k: hé sO ti 1& v6i cong sudt mdy bom

© H. T. Hoang - BHBK TPHCM
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,50\ Khai niém

Mot sd vi du ddi tugng phi tuyén (tt)

* Hé bon chita chat 10ng ndi ti€p

(.

lﬂm

1(r)

[;,1@ Ihg(r) Gout

-

.0 = (u® - a,29 (0,0 -, )
R, () =5 (320 (h, O~ P, 0) - 2,200, 0
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Khai niém

Mot sd vi du ddi tugng phi tuyén (tt)
x Hé con lic ngudgc

) x
feoz6 J
/|
Fe| s

Chii thich:

M : trong luong xe [Kg] m : trong lugng con ldc [Kg]
[ : chidu dai con ldc [m] u: lue tdc dong vao xe [N]

g oia 16¢ trong trugng [m/s7] Xovi ot e [m)

@: soc giiia con ldc va phuons thang dung [rad]
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Khai niém
Mot sd vi du ddi tugng phi tuyén (tt)
* Hé con lic ngudgc (tt)

o _ F+mi(sin 8)6° —mg cosésinf
M +m —m(cos8)?

. Fcos@—(M +m)g(sind) + ml(cosGsin §)

7 ml(cos@)® — (M +m)l
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Khai niém

Cac phuong phap khao sat hé phi tuyén

* Khong cé phuong phdp nio cé thé 4p dung hiéu qud cho moi hé
phi tuyén.

* Mon hoc dé cAp dé€n mot s6 phudng phdp thudng dung sau day:
A Phuong phdp tuyén tinh héa
A Phuong phap ham md ta
A Phuong phap Lyapunov

16 July 2005 © H. T. Hoang - BHBK TPHCM 17




Phuong phap tuyén tinh héa
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g .
Phuong phap tuyén tinh hoa

Phuong phap

x Xét hé phi tuyén md td bGi phuong trinh trang thai.

{X(t) = T(x(t),u(t))
y(t) = h(x(t),u(t))

* Khai tri€n Taylor xung quanh diém lam viéc tinh
md t4 hé thong bing phuong trinh trang th4i tuyén tinh:

trong do:

16 July 2005

X(t) = AX(t) + BU ()

y(t) = CX(t) + DU (t)

X(t) = x(t) - X

G(t)=u(t)-u

yt)=yt)-y  (y=h(x,0))

(X,U}a c6 thé

(*)
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Phuong phép tuyén tinh héa

Phuong phap (tt)
* C4c ma tran trang thdi cia hé t.tinh gan ding dudc tinh nhu sau:
o oy ] ofy
0% OX, OX ou
o, o, My o,
A=|ox, X, ox,, B=1au
A o i ai,
X, X, O%n Jzan | OU J(xa)
c_[an ih} D:[a_h}
| 0% OX, X, (x0) U s

* C6 thé 4p dung cdc phuong phdp khdo sit hé tuyén tinh d€ phan
tich, thi€t k&€ hé thong phi tuyén xung quanh di€ém tinh ding md
hinh tuy€n tinh (*).
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(Phuong phép tuyén tinh héa diéu hoa)

16 July 2005

Phuong phédp ham mo ts
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Phuong phap ham mé ta

Khai niém

* Phuong phdp hAim m6 td md rong gan ding ham truyén dat cia hé
tuy€n tinh sang hé phi tuyén.

* Phuong phdp hAm mo td 12 phuong phdp khdo sdt trong mién tan
sO ¢6 thé 4p dung cho cac hé phi tuyén bac cao (n>2) do dé thuc
hi€n va tudng doi gidng tieu chuan Nyquist.

* Chi 4p dung dudc d€ khdo sit ch€ do dao ddong trong hé phi tuyén
gdm cO khau phi tuyén nd1 ti€p vGi1 khiu tuyén tinh theo sé do

khoi nhu sau:

rsi

x(7)

[ d
u(r)

N(X) = G(s)

16 July 2005
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g >
Phuong phap ham mb ta

Phuong trinh cin bing diéu hoa

e(t) = M sin(wt)

u(t) =u (t) +u,(t) +...

|

N(M)

—

(7(5)

y(t) = Y;sin(wt + @)

>

* D& kh3o khd ning ton tai dao dong tudn hoan khong tit trong hé,
& dau vao khau phi tuyén ta cho tdc dong séng di€u hoa:

e(t) = M sin(at)

16 July 2005
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g >
Phuong phap ham mb ta

Phuong trinh cAn bing diéu hoa (tt)

* Tin hi€u ra khau phi tuyén khong phdi 1a tin hi€u hinh sin. Phin
tich Fourier ta thdy u(f) chta thanh phan tan s6 cd bdn @ va cic
thanh phan hai bic cao 2w, 3w...

u(t) = % + > [A sin(ket) + B, cos(kat)]
k=1

Cac hé s6 Fourier xdc dinh theo cdc cOng thic sau:

A= Jut)d (at)
T

A =L ]Zu(t)sin(ka)t)d(a)t)
T

B, =% ][u(t) cos(nat)d (at)
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Phuong phap ham mé ta

Phuong trinh cin biing diéu hoa (tt)

* Gid thi€t G(s) 12 bd loc thong thdp, cdc thanh phan hai bic cao &
ngd ra cia khau tuyén tinh khong ddng k€ so vdi thanh phan tin s6
co ban, khi d6 tin hiéu ra cda khau tuyén tinh gan ding bing:

y(t) = Y, sin(wt + @)
* Diéu kién d€ trong hé c¢6 dao dong On dinh véi tan sd wla:
M sin(at) = e(t) =-y(t) = -Y;sin(at + ¢)
* Suy ra:
{Yl —M  Phuong trinh ciAn bing bién do

¢ =7  Phuong trinh cAn biang pha
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Phuong phap ham mé ta

Ham mo ta

. =Msti t
* Xét khiu phi tuyén : e(f) M N(e) _”(2

* Do khi tin hiéu vao ctia khau phi tuyén 12 tin hiéu hinh sin:
e(t) = M sin(wt)
tin hiéu ra u(f) xap xi thanh phan tan s6 cd ban (do ta bd qua cic
thanh phin hai bic cao) wu(t) = u,(t) = A sin(at) + B, cos(wt)

nén ta cé thé coi khau phi tuyén nhu 13 mot khau khuéch dai c6 hé
sO khuéch dai la: N(M) = A + jB,
M
* Tong quit N(M) 12 mot ham phifc nén ta goi 13 hé s khué&ch dai
phttc ciia khau phi tuy€n. Vi quan hé vao ra cia khau phi tuyén c6
thé mo t3 gin ding bing hé sd khuéch dai phitc N(M) nén N(M)
con dudc goi 12 ham mo ta cua khau phi tuyén.
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g >
Phuong phap ham mb ta

Ham mo ta

* Dinh nghia: Him mo t4 (hay con goi 1a hé sd khuéch dai phiic) 1a
ti sO gitta thanh phan séng hai co ban cla tin hiéu ra ctia khau phi
tuyén va tin hiéu vao hinh sin.

N(M):ALKAJBl

A = ] ]Zu(t)Sin(CO'[)OI (at) B, = 1 ][u(t)cos(a)t)d (wt)
T T

x Trong cdc cong thic trén u(¢) 12 tin hiéu ra ctia khiu phi tuy€n khi
tin hiéu vao 12 Msin(@t). Néu u(f) 12 ham 1é thi:

A = ETu(t)sin(a)t)d(a)t) B =0
o
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g >
Phuong phap ham mb ta

Ham mo ta cua cac khau phi tuyén c¢ ban

* Khau relay 2 vi tri:

A fle) Au(=F @)
Ve Vi
0 “i T 2 iﬂf
i
~V, S 74—
] M€
| =
\ Ham md ta:
47
N S =
d Msin( @)
2T
L i
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g >
Phuong phap ham mb ta

Ham mo ta cua cac khau phi tuyén c¢ ban
* Khiu relay 2 vi tri (tt)
Do u(t) 1a ham 1€ nén:

2V cos(mt) _ WV
a ot=0 4

A = ETu(t)sin(a)t)d (wt) = ETVm sin(awt)d (at) =
an 0

B, =0
Do @6 ham md ta cua khau relay 2 vi tri la:

+ 1B, 4V
N(M):AlMJ 1:7Z|\/rln
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g >
Phuong phap ham mb ta

Ham mo ta cua cac khau phi tuyén c¢ ban

* Khau relay 3 vi tri:

16 July 2005

A fe) 4 w()=f at)
Vb o= - - — Vo -
D & _;:'IT 2;??' Py
-3 0 > 0| @ m—a —
V., . £

b s

Ham ms ta:

2
L N(M):Wm - -
Pty A2

MSiﬂ( ax) (I = D0

2T

Yo

© H. T. Hoang - BHBK TPHCM
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g >
Phuong phap ham mb ta

Ham mo ta cua cac khau phi tuyén c¢ ban
* Khiu relay 3 vi tri (tt)
Do u(t) Ia ham 1€ nén B, =0

T—x

4\/
=—"cosa

T

A = E]Tu(t)sin(a)t)d (at) = Eﬁﬁlm sin(wt)d (at) = 2V cos(at)
T 0 7T o T

ot=ca

2
Theo do thita c6: D=Msina =sina :%:cosa :1/1—%

2
— Al:4vm 1_D_

T M 2

Do d6 ham mo ta cua khau relay 3 vi tri la:

+iB, 4V D?
N(M):ALI\/Ijlzle\;ln Mz

16 July 2005 © H. T. Hoang - BHBK TPHCM 31




g >
Phuong phap ham mb ta

Ham mo ta cua cac khau phi tuyén c¢ ban

x Khau khué&ch dai bao hoa:
F 1

n
Ml )=y o
oy o Lofle)
o ! AR
[ > | —3 L
D e o @ma\: ]
1 | |
: RT3 PR i i
; M e
T~ > Ham md ta:
1N I .
e N(M}z—’”[zr:t:+s1n(2e:ﬁ)]
biv il
- . D
Msin( at) SIH{I=E, (3 = IO
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g >
Phuong phap ham mb6 ta

Ham mo ta cua cac khau phi tuyén c¢ ban

* Khau khuéch dai bao hoa (tt)
Do u(t) la ham Ié nén B; =0

7[/2

-l j u(t)sin(wt)d (wt) = — j u(t)sin(wt)d (wt)

4 0! m . 9 72'/2 )

— V_sin(awt)d (wt

=l j n Sin(at)d ( )}

B i o 7?2

_ 4 VM a)t—sm(za)t)) ~V_cos(at)d (et) }

7Z'_ 2D wt=0 ot=a

4\ VM a_SIn(Za)jJer CoS« :M[V—m(2a+sin(2a))}
r| 2D 2 7| D

Do d6 ham mo ta cua khau khué’ch dai bao hoa la:

N(M)= A&;\FAJB [2a+sm(2a)] (sinazl\[ﬂ)j
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g >
Phuong phap ham mb ta

Ham mo ta cua cac khau phi tuyén c¢ ban

* Khau khué€ch dai c6 ving chét:

4 fle) & ul(=1T
___KM-Dol

0 / R A
I -
I [
I -
I [
I P!
0 M
T U Ham md ta:
! 'y 2o+ sin 2
Tt o — - Ny = f:[l— J
: \ 4
I i sl I:-::Eﬂrj n
v o sina=—, (M =D
b AT

25T

¥ oo
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g >
Phuong phap ham mb ta

Ham mo ta cua cac khau phi tuyén c¢ ban
* Khau khuéch dai c6 ving chét (tt)

Do u(t) 1a ham 1é nén B; =0

zl2

A = gTu(’[)sin(a)’[)d (o) = 4 _[K[M sin(awt) — D]sin(awt)d (wt)
Ty T

= 4KMKa)t — sin(Zwt)j + DCOS(a)t)}
2 M

wl?2

_ KM (1_ 2c +Sin(2a)j

o

Do d6 ham mo t4 ctia khau khuéch dai c6 ving chét 1a:

N(M)= Ai;\r/IJBl = K(l— 2a+sm2aj (sina =|\[/)|j

T
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g >
Phuong phap ham mb ta

Ham mo ta cua cac khau phi tuyén c¢ ban

* Khau relay 2 vi tri c6 tré:

16 July 2005

A fle) s ult)=fla)
.‘_
Vi Vo
[ J—
0 & T+ 2w &
I > SIE T :
|
|V, —V,, H S
I
|
|
I
: Mo«
— ! N Ham mé ta:
: |
|
|

4157 .
N = — (cosa — 7sin e
() H_M( J )

| D
% Msin{ ar) sinar=— A > DY

2T

¥ o

© H. T. Hoang - BHBK TPHCM
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g >
Phuong phap ham mb ta

Ham mo ta cua cac khau phi tuyén c¢ ban
* Khau relay 2 vi tri c6 tré (tt)

Ta co:

27+ ﬂ+a \/

Ai_l j u(t)sm(a)t)d(a)t)—— jv sin(wt)d (wt) =
7T

2ﬁ+a ﬁ+a

= j u(t)cos(a)t)d(a)t)—— jv cos(awt)d (at) =

T

/ N A al ° / / I() N\
Do @6 ham md ta cua khau relay 2 vi tri ¢6 tré 1a:

N(M):'A'1+J|'D’1:4Vm (cosa — jsina) (sina:Dj
M i\l M

16 July 2005 © H. T. Hoang - BHBK TPHCM
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Phuong phap ham mé ta

Khao siat ch& d§ dao dong déu hoa trong hé phi tuyén

* Xét hé phi tuyén c6 so do nhu sau:

r=0 N u:ﬂf’) 1" G(s) v .
N(M)

x Phuong trinh dic trung cia hé thong 1a:
: 1
1+ N(M)G(jo)=0 < G(jo)=-——— .
(M)G(Jjw) (Jo) N(M) (*)
* Phuong trinh trén dudc goi 12 phuong trinh cAn bing di€u hoa.
Phuong trinh ndy sé& dugc dung dé xdc dinh bién dd va tan so clia
dao dong di€u hoa trong hé phi tuyén.

* Néu (M*, w*) 1a nghiém cua phuong trinh (*) thi trong hé phi
tuyén c¢6 dao ddng vé6i tan s6 w* , bién do M*.
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Phuong phap ham mé ta

Khao sat ch& d§ dao dong déu hoa trong hé phi tuyé&n (tt)
* Vé mit hinh hoc, nghiém (M*, »*) 12 nghiém clia phuong trinh (*)
chinh 13 giao di€m clia dudng cong Nyquist G(jw) clia khau tuyén
tinh va dudng dic tinh —1/N(M) cua khau phi tuyén.

4 Im
A A ° G .

* Dao dong trong hé phi U2l
tuyén 1a On dinh néu di . —
theo chi€u ting cla dic g0~
tinh — 1I/N(M) cua khdu  paodsng (4, a RG
phi tuyén, chuyén tir  ¢ndinb " !

\ Pal /\9 . — B
vung k{long. on d%nh sang .._1_--—--53 ?
vung on dinh cua khau “an Dao d6ng(A, @)
tuyén tinh G(jw) . khéng ¢n dinh
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Phuong phap ham mé ta

Trinh ty khao sat ché d dao dong trong hé phi tuyén
Bl: Xdc dinh hAm mo tad ctia khidu phi tuyén (n€u khau phi tuyén
khong phai la cac khau cd ban).
B2: Piéu kién ton tai dao dong trong hé: dudng cong Nyquist G(j @)
va dudng dic tinh —1/N(M) phai cit nhau.

B3: Bién do, tan sd dao dong (n€u c6) 12 nghiém cltia phuong trinh:

. 1
G(jw)=—-—— (*)

) N(M)
Néu N(M) la ham thuc thi:
e Tan sd dao dong chinh 12 tan s& cdt pha w__ cta khiu tuyén

tinh G(j w). G(Jo_,)=—7
e Bién do dao dong la nghiém ctua phuong trinh:
1 :
———=[G(jo_,)
N(M)
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Phuong phap ham mé ta

Thidu 1

* Xét hé phi tuyén c6é so dd nhu sau:

fL(T); — ‘o, G(s)

Ham truyén cia khiu tuyén tinh 12

Khau phi tuyén 12 khau relay 2
vitrico V,=6.

Hay xdc dinh bién do va tan sd dao

5(s) - 10 y fle)

s(0.2s+1)(2s+1) %

dong ty kich trong hé (n€u cé).

16 July 2005
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Phuong phap ham mé ta

Thi du 1: Lai giai

* Ham mo td cia khdurelay 2 vitrila:  N(M)= j;(A—m
A
I
* Do dudng cong Nyquist ..m" >
G(Gw) va dudng dic tinh 1 0 Re
—1/N(M) ludn ludn cit nhau N
(xem hinh v€) nén trong hé G jar)

phi tuyén ludn ludn ¢6 dao

dong.

16 July 2005
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g >
Phuong phap ham mb6 ta

Thi du 1: L&i giai (tt)
* Tan s6 dao ddng 1a tan s6 cit pha clia G(jw)
£G(jo_,) = argf

10
=—7
jo_(02jo_, +D)2jeo., +1)}
= —% —arctan(0.2w) —arctan(2w) = -7 < arctan(0.2w) + arctan(2w) = %

(020 )+ Qo) _
1-(020.,).Q2m_,)

© <1-(020_,).(20w_,)=0 < ®_, =1.58 (rad/sec)

* Bién d0 dao dong la nghi€m ctia phuong trinh:

N(M) 1.58y/1+ (0.2x1.58)% /1+ (2x1.58)2
M

:>—:182 M =1 .
Y, = 3.90

m

* K&t luin: Trong hé phi tuyén c6 dao dong y(t) =13.90sin(1.58t)
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Phuong phap ham mé ta

Thi du 2
* Xét hé phi tuyén cé so do nhu sau:

"L(T.c_‘ j%li, G -

Ham truyén cia khau tuyén tinh 12 y fle)
10
G(s) = V|
s(0.2s+1)(2s+1)
Khau phi tuy€n 1a khau relay 3 vi tri. —D
1. Hay tim diéu kién dé€ trong hé D
phi tuyén c6 dao dong. — eV

2. Hiy x4c dinh bién do va tan sd
dao dong khi V_ =6, D=0.1.
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Phuong phap ham mb ta

Thi du 2: Lai giai
\ A2 A s 4V
* Ham mo ta cua khdurelay 3vitrila: N(M)=—"

* Diéu kién dé€ trong hé thdng O

D2

1— —

A

M2

Im

c6 dao dong la dudng cong 7 3
Nyquist Gjw) va dudng dac -

tinh —1/N(M) phai cit nhau. V)
DPiéu nay x4y ra khi: G(jow)

"Ny S eUe)

0
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Phuong phap ham mb ta

Thi du 2: L&i giai (tt)
* Tan so cit pha clia G(jw) (xem cédch tinh & thi du 1)
@__ =158 (rad/sec)

* D& dao dong x4y ra ta phdi cé diéu kién:

— < ‘G(Ja)_”)‘ — 10 =1.82
N (M) 1.58,/1+ (0.2x1.58) \/1+ (2 x1.58)?
= N(M) >0.55 (*)
* Theo bat ding thitc Cauchy
B 2
2 4 2
)= Yo D72, (Dj+ L 0|2
M M 7D [\ M M 7D
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Phuong phap ham mb ta

Thi du 2: L&i giai (tt)
* Do d6 diéu kién (¥) dugc thda man khi:

2V >0.55 < Vin > 0.864
7D D

. 2 Vv
* Viy dieu ki€n dé trong hé c6 dao dong tu kich Ia: Em >0.864

* Bién d0 dao dong la nghi€m ctuia phuong trinh:

1 4V D?
——1=1.82 < N(M)=0.55 m 1-— =0.55
N(M) (M) = M?

* Khi V=6, D=0.1, giai phuong trinh trén ta dugc: M =13.90

* Vay dao dong trong hé 1a: y(t) =13.90sin(1.58t)
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Phuong phap Lyapunov
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Phuong phap Lyapunov

Gidi thiéu

* Phuong phdp Lyapunov cung cap diéu kién di dé€ ddnh gid tinh 6n
dinh cia hé phi tuyén.

* C6 thé 4p dung cho hé phi tuyén bic cao bat ky.

* C6 thé dung phuong phdp Lyapunov dé€ thiét k& cdc bd diéu khién
phi tuyén.

x Hién nay phuong phdap Lyapunov la phuong phdp dugc st dung
rong rai nhat d€ phan tich va thi€t k& hé phi tuyén.
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Phuong phap Lyapunov

Mét sé dinh nghia

x Xét hé phi tuyén md td bdi phuong trinh trang thai sau:
X = f(x,u)

* Dinh nghia: Mot diém trang thdi x* dugc goi 1a diém cin bing néu
nhu khi dang & di€m trang thdi x* va khong c6 tic dong nio tif bén
ngoai thi hé s& ndm nguyén tai dé.

Dé tha'y diém can bing phai la nghiém cla phuong trinh:

x = f(X,u),o=0
Hé phi tuyén c6 thé c6 nhiéu diém can bing hoidc khong cé diém
ciAn bing nao. Pi€u ndy hoan toan khic so v4i hé tuyén tinh , hé
tuyén tinh ludén ludn c6 1 di€m cin bing 1a x*= 0.
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Phuong phap Lyapunov

Mot sé dinh nghia (tt)

* Dinh nghia: Mot hé thdng dudc goi 1a On dinh (tiém cin) tai diém
can bing x* n€u nhu ¢6 mot tdc dong tic thdi danh bat hé ra khdi
x* va dua dén di€m dugc x, thudc 14n can nao d6 cla x* thi sau d6
hé c6 kha ning ty quay dudc vé diém cin bing x* ban dau.

Chd y: tinh 6n dinh clia hé phi tuyén chi c¢6 nghia khi di cling véi
diém cin bing. C6 thé hé On dinh tai di€m cin bing nay nhung
khong 6n dinh tai di€m cin bing khic.

S
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Phuong phap Lyapunov

Mot sé dinh nghia (tt)
* Dinh nghia: Cho hé phi tuyén khong kich thich md td bdi phuong
trinh trang thai: % = (x|, (1)

Gid st hé thong cé di€m cin bing x* = 0.

* Hé thong dudc goi 1a 6n dinh Lyapunov tai diém cin bing 0 néu
vdi &> 0 bat ky bao gid ciing tOn tai 6 phu thudc & sao cho nghiém
x(¢) cia phuong trinh (1) v6i diéu kién dau x(0) thda man:

xO)<6 = [xt)]<evt=0

* Hé thong dudc goi 13 6n dinh tiém cin Lyapunov tai di€m cin
bing 0 n€u v4i € > 0 bat ky bao gid ciling ton tai § phu thudc & sao
cho nghiém x(¢) cia phuong trinh (1) v4i di€u kién dau x(0) thda
man: limx(t)=0

t—oo
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Phuong phap Lyapunov

Phuong phap tuyén tinh héa Lyapunov

* Cho hé phi tuyén phuong trinh trang thai:
X = f (X, U) (1)
Gid st xung quanh di€ém can bing x*, hé thong (1) c6 thé tuyén
tinh héa vé dang: .
X =AX+BU 2)
% Dinh Iy:
A Né&u hé thong tuyén tinh héa (2) 6n dinh thi hé phi tuyén (1) 6n
dinh tiém cén tai diém cin bing x*.
& Né&u hé thong tuyén tinh héa (2) khong 6n dinh thi hé phi tuyén
(1) khong 6n dinh tai diém cin bing x* .
& Né&u hé thdng tuyén tinh héa (2) § bién gidi 6n dinh thi khong
k&t luan dugc gi vé tinh 6n dinh cda hé phi tuyén tai diém can
bang x*
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Phuong phap Lyapunov

Phuong phap truc ti€p Lyapunov

* Dinh 1y: Cho hé phi tuyén khong kich thich mo ta bdi phuong trinh

trang thai: %= £ (xU)|,, (1)

Gid st hé thong c6 di€m cin bing x*= 0.
Néu ton tai ham V(x) sao cho:
H V(0)=0
i) V(X)>0, ¥Vx=0
iii) V(x)<0, Vx=0
Thi hé thong (1) 6n dinh Lyapunov tai di€m O.

Chi y: Ham V(x) thudng dugc chon 12 ham toan phuong theo bién
trang thai.
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