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LOI MO DPAU

Diéu khién tu dong co lich su phat trién tie trude Céong nguyén, bat dau ti
déng hd nudc c¢é phao didu chinh ciia Ktesibios 6 Hy Lap. Hé didu chinh nhiét
doé dau tién do Cornelis Drebbel (1572-1633) nguti Ha Lan sdang ché Hé didu
chinh mitc dau tién la clia Polzumov nguoi Nga (1765). Hé diéu chinh téc dé
duoc ung dung trong céng nghiép dau tién la Jame Watt (1769).

Thoi ky truée nam 1868 13 thoi ky ché tao nhitng hé tu dong theo truc
gide. Cac céng trinh nghién ciu ly thuyét bat dau tit Maxwell, dé cap dén dnh
hudng cia théng s6 déi voi chat luong cia hé, 1. A. Vysnhegrodskii voi céng
trinh toan hoc vé cae bé didu chinh.

Thé chién lan thu Hai doi héi sy phat trién vé ly thuyét va ung dung dé
c6 nhizng may bay ldi tu déng, nhing hé diéu khién ui tri cia cde loqi phéo,
didu khién ti dong cac rada v.v... Nhitng nam 1950, cdac phuong phdp toan hoc
va phan tich dd phdt trién va dua vao iung dung nhanh chéng. O My thinh
hanh huéng nghién cuu trong mién tan s6 vdi cdc céng trinh ung dung ciia
Bode, Nyquist va Black 6 cac trung tam thu nghiém dién tin. Trong kht Gy, d
Lién X6 (cii) ngu tri linh vyc ly thuyét didu khién va ung dung trong mién thon
gian.

Tit nhitng nam 1980, may tinh s6 bdt déu duoc su dung réng rdi, cho
phép diéu khién véi do chinh xdc cao cde déi tuong khic nhau.

Voi su ra doi cia vé tinh, thoi dai vit tru bat déu, cée hé didu khién ngay
cang phuc tap hon va dot héi chat luong cao hon. Cac phuong phap ciia Liapunov,
Minorsky cang nhu ly thuyér diéu khién t6i vu hién dai ciia L.S. Pontryagin
(Lién X6 ci), ciia R.Belman (My) ¢6 y nghia rdt lon. Céae nguyén tde diéu khién
thich nghi, didu khién bén vitng, didu khién mo, cac "hé thong minh” vuv... ra
doi va duge dp dung ¢6 hiéu qud vao thuc tién.

R& rang la trong viéc phan tich va tdng hop cdc hé didu khién hién nay,
viée su dung ddng thoi mién tin s6 va mién thol gian la can thiét [22].

O Viét Nam, tic nhiing nam 1960, Ddng va Nha nuée ta da quan tém dén
viée dao tao can b6 va nghién ciu khoa hoc trong linh vuc nay.

Hién nay cong nghé tu déng la mot trong nhang hudng phat trién cong
nghé mii nhon cia ddt nudc trong thé ky 21. Nghi quyét 27 CP ctia Chinh phit
vé Chuong trinh Tu déng héa Quéc gia da khdng dinh vai tro quan trong cua
nganh céng nghé nay.



Nhirzng céng trinh cong nghiép lon va trong diém hién nay déu duoc tu
doéng héa 6 muc do tuong déi cao va chu yéu do nuée ngoai dam nhiém. Dé
lam chu dugc cac cdng nghé mol nay, can bo ky thudt khéng nhitng phdi cé
khd nang su dung t6t ma phdi cé kién thic can thiét va chuyén lam nghién
clu, ung dung dé c6 thé theo kip nhip diéu phdt trién chung ctia thé gidi.

Mang Internet ngay cang duoge stz dung réng rdi cho viéc phé bién nhing
kién thiuce méi, cho viéc hoc tdp, nghién ciu. Tuy nhién khong phdi bdt ci ai,
0 dau cang <6 thé su dung ¢6 hidu qud, rnhét la viéc hoc tap, nghién cuu nhing
kién thilc co s6 mot cach cé6 hé thong.

Cong cu dé didu khién tu dong khéng nging doi méi va hoan thién, nhung
nguyén ly co bdn vdn khong thay doi dang ké. Tuy nhién cho dén nay, cac tai
lidu vé nhing vén dé da néu vén con it, nhitng diéu trén da thic bach tac gid
hién soan b3 sich nay. Bé sach gdm bén quyén : Quyén 1 - "Ly thuyét diéu khié'n
tur dong - Hé tuyén tinkh" dé xudt bdn nam 2001 ; Quyén 2 —"Ly thuyét ditu khién
ur déng thong thuirng va hién dai — Hé xung s6™ xudt ban 2003 ; Quyén 4 —"Hé t5i
uu, Hé thich nghi - c6 tén 1a "Ly thuyét digu khién tu dong hién dai” dd tai bdn nam
2000. Day la quyén 3 — "Hé phi tuyén, Hé ngau nhién". N6i dung sach gdm hai
phan :

Phan A - H¢ phi tuyén : Néu cic ddc diém cia hé phi tuyén, su dung cdc
cong cu khdo sat va téng hop 6 hé tuyén tinh néu lén cac phuong phép thich
ung vdi tinh phic tep cia ching. Cac hé xung phi tuyén, téng hop céc hé phi
tuyén trong khéng gian trang thdi v.v... cing duoc dé cgp 6 day.

Phan B - Hé nglu nhién : Néu moét s6 ddc tinh thuong gap o tin hiéu
ngbu nhién, dé cap dén viéc phén tich va téng hop cdc hé ngdu nhién tuyén
tinh va phi tuyén, hé ho va hé kin.

Trong mdi phdn clia cudn sach déu c6 huong dbn su dung méy tinh dé
mé phong, dua ra cée vi du ung dung va nhidu bai tap ¢é chi dén can thiét
dé di dén daép an.

Sach d& cap nhidu vén d& néu nhidu vi du thuc té, nhigu bai tap véi dap
an day di va duoc diung lam tai liéu hoc tip, tham khdo cho sinh vién, nghién
cuu sinh va can b6 khoa hoc ky thuat. Séch mdi in lan déu chdc khéng tranh
khot sai s6t, mong ban doc gop y kién dé€ lan tdi bdn sau duoc hoan thién hon.

Tdc gid chan thanh cém on céc ban dong nghiép, cac can bo thuéc
Nha xudt bin Khoa hoc va Ky thu@t dda giup do thiét thuc dé hoan thanh
duoc bo sdach nay.

Téc gia.
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Phin A )
HE PHI TUYEN

Chuong 1
KHAI NIEM CHUNG

1.1. PAC PIEM CUA HE PHI TUYEN

Cac hé tuyén tinh da duge khao sat tinh chdt va dac di€m cia ching
truéc day, néi mot cach chinh xac, 14 nhung mé hinh ly tudng cua nhiing
hé ty dong trong thuc t& Hé tuyén tinh nhu "nhung hon 4o nhd giva
dai duong khong bo bén" cua cac hé phi tuydn.

Khi khdo sat cac hé tuyén tinh, do dai da s6 phdn tit cia nd la
phdn ti tuyén tinh, cho nén viéc phan tich vid téng hop theo phuong
phdp tuyén tinh chi dung trong nhiing diéu kién nh4t dinh. Chi cin moét
phdn ti trong ca hé la phi tuyén thi hé phai duge xem la phi tuyén. He
phi tuyén tén tai dudi hai hinh thde. Mot 1a cic khau phi tuyén cd sin
trong hé diéu khién da duoc xem )a tuyén tinh. M6t khuéch dai dién td
hay ban din dugc xem la phin ti tuyén tinh vln ¢d ving kém nhay va
bdo hoa cha nén xét cho cung cing la4 moét phdn td phi tuyén. Hai la
cac khau phi tuyén duge ngudi thiét k€ dua vao nhim dat duge mot ché
d6 hay chdt luong mong mudn.

Vi vay cdn thiét phai biét tinh dé&n 4nh hudng cta nhitng phidn td
phi tuyén d6i véi hé, bist dén dic di€ém, tinh chat cia hé phi tuyén ndi
chung cGng nhu cdc phfn td cla nd ndi rieng d€ c¢6 duge mot he didu
khién mong mudn.

Piac diém quan trong cia hé tuyén tinh 12 nguyén ly xép chong (xép
chéng nguyén nhan va hiu qua). O hé phi tuyén nguyén ly nay khong
ton tai : Khi ¢c6 mot tdc dong phic tap ddi véi hé, thi qua trinh ctia ha
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khong thé dugc xem nhu téng hop cta nhitng qua trinh ti cac thanh
phan riéng 1é cta tdc ddong phdc tap dy tao nén. Diéu nay cling han ché
kha niang 4p dung nhitng cdng cu toan hoc quan trong vao cdc hé phi
tuyén nhu bién ddi Laplace va Fourier.

Hé phi tuyén da dang va phdc tap hon nhiéu so v6i hé tuyén tinh.

Né&u & hé tuyén tinh, hé khong &n dinh, ¢d bién d6 ngiy cing tang
la khong thé chdp nhan dugc thi ¢ hé phi tuyén, vdn dé 6n dinh dugc
dat ra theo cdch khac. M6t s6 hé phi tuyén ma ché d6 tu dao dong (dao
déng vdi bien do khong dé8i) lai 1A ché d6 binh thuong cia ha.

O hé tuyén tinh, 6n dinh la trd vé trang thai can bing ban diu Khi
méat tac dong kich thich td bén ngoai. On dinh nhu th& la én dinh tiem
cgn hay én dinh tai moét diém, cd thé thich hop ddi vdi ca hé phi tuyén.
¢} hé phi tuyén thudng ding khai niém 6n dinh ¢ mo6t vung, déc trung
cho sy trd vé mdt vung dinh trudc nao do cia hé, khi tdc dong tir ngoai
viao gidm dan dén khong.

Khi dénh gia vé ca hai dang 6n dinh néi trén, ngudi ta dung on
dinh trong pham vi bé, pham vi ldn va trong toan bé. Nhitng khai niém
vé 6n dinh khdc nhau & hé phi tuyén sé dude ldn lugt dé cap dén & cic
chuong sau.

Cong cu todn hoc d& phan tich c¢ic hé phi tuyén cing mang tinh
chdt ca biét, vi nhitng hé phi tuyén khac nhau duge mé tA bang nhiing
phuong trinh dang khac nhau. Do d9 sy phic tap trong viéc dan gian
cac phuong trinh vi phan phi tuyén 14 & ché tim ra nhiung phuong phép
gin dung d€ danh gia vé tinh chit cia qua trinh xay ra trong hé ; trong
d6 cdc dac tinh phi tuyén cia cac phéan tu thuc duge thay thé bang céc
dac tinh phi tuydn gdn nhu ly tudng, bdi tinh chit cda cdc phan td phi
tuyén ciing nhu bdi phuong phdap phan tich hé la phuong phap gén duing.

Nhu vay viéc phan tich cdc qud trinh & hé thuc cd hai budc xdp xi :
buéc mot la lap cdc phuong trinh vi phan phi tuyén d6 mé tid gan ding
hé va buéc hai la gidl gin ding cac phuong trinh &y,

Néu d budc mét tim duge nghiém chinh xdc cia cic phuong trinh
xdp xi thi dugc goi 1A cach gidi chinh xde bai ton, con n&u ci hai budc
déu 13 gidn ding thi &6 13 ciach gidi gan ding bai fodn.

DE giai cdc phuong trinh phi tuyén, ngoai cdc phudng phap giii tich
vA d8 thi, ngay cang phd bién phuong phiap diing may tinh s§ dé mé
hinh hda va tim ddp s6 cia bai toan dua vio cdAc phin mém ngly cang
hoan thién nhu MATLAB.
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1.2. Vi DU VE HE PHI TUYEN

1.2.1 HE TU PONG ON DINH DIEN AP MAY PHAT MOT CHIEU

O hé tuyén tinh {19], nhiéu d6i tuong diéu chinh nhu mdy phat,
dong co, cac thiét bi bay vv. di dugc xem nhuy mét hé tuyén tinh néu
cic hé 4y lam viéc & lan can ché do dinh mic. O cdc hé co hoe, cic
hién tugng phi tuyén tinh chd y&u nhu ma sdt, Anh hudng clia cic khe
hd, d6 nghén, géi ti trong chuydn dong cia hé déu khong tinh dén. Nhung
néu tic déng ciia nhidu la ddang k€ hoac khi cdn nghién cdu chi tiét cac
qué trinh xdy ra trong hé thi cdn tinh dén nhitng ddc tinh phi tuyé&n &y.
Ta hay xét mét hé dn dinh dién 4p mdy phat dién moét chiéu lam vi du.

I

Néu tinh dén tinh chat — e TN 1R,
*
phi tuy&n cia may phat va w, ¢ 7@6 ‘J"r “
khuéch dai (KD) thi phuong r "7 a4

trinh cia hé tuong Wng véi

hinh 1.1a vid qudn tinh cta
khu&h dai KD sé& cd dang
sau :

du,
ke = u Ty

g = g () ;

dd)k
Uy = rk.ldk+ wk—-dt
de,
= rpg + Tkﬁi
ey = b =epnip);
do;
ey = Tdg + wa
def
= rflk + T[E,

er = a®r = eflrdy);
U = e — Ty

X = EO - ku( Ill'all




ma T, = wy/a, Ty = wya; Cac ky hiéu i- dong dién, u- dién 4ap,
x- chénh léch dién‘ép, e- sic dién dong, &- tu thong, r- dién trg,
T- hang s6 thai gian, w— s6 vong day ; a, k- hé s6 ty l&é ; cac ky tu Kk,
f, y, t tuong Ung véi cac dai lugng vé kich t, may phat, khuéch dai,
tdi. O hé phuong trinh nay, cdc méi quan hé phi tuyén ug(uy), ey (rig),
edrd,) dugc mé ta bing d6 thi (hinh 1.1b,c,d). O day ti du cta may
phat cang khong tinh dén nén cdc dic tinh phi tuyén déu don tri. So d6
cfu trac nhu & hinh l.le va so d6 graph nhu 4 hinh 1.1f.

Todn td bién d8i cdc quan hé tuyén tirh th€ hién dudi dang ham
truyén dat, con cic quan hé phi tuyén tinh - bing mét ham nhu @ hinh
1.1f. D€ md tA cac qua trinh trong hé, ngudi ta dung cdc so dd khdi
cing nhu so d6 graph tin hiéu.

1.2.2 HIEU CHINH PHI TUYEN CAC HE LIEN TUC

Nhu da néu, viéc diung cdc phin td phi tuyén trong cdc hé diéu
khién cho phép nang cao chét lugng cua hé. Vi du 8 ciac khau ki€u role,
cic bo bin d8i chic nang nhidu diu vao, & may tinh véi cac bé big&n
d8i tudng tu-s6, s6-tuong tu v.v.. Ta hay khao sat tdc dung cia khau
phi tuyén lam chdc ndng hiéu chinh d6i véi hé lién tuc théng qua viéc
dianh gid ham qud d6 d6i vdi hai hé s6 khuéch dai khdc nhau.

Khi hé s6 khuéch dai (K) 16n, quia trinh mang tinh chit dao déng,
lugng qui didu chinh A h

lén nhung thdi gian m
dip dng t, bé (dudng 1) _

h; & hinh 1.2a). Nguoc
lai, khi (K) bé, qua
trinh mang tinh chit
phi chu ky, lugng qua
diéu chinh bing khong
nhung thai gian dép
uing 16n (dudng h,).
Khi sai léch 14n,
diung hé s khuéch dai

lon saw do gidm dan Hinh 1.2.

b)
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khi gidm sai léch x = 1(t) ~ h(t), ham qua dd nhu duong h’. Nhu vay
dung khau khué&ch dai cd hée s6 khuéch dai thay ddi nhu & hinh 1.2b sé
o6 chit lugng t6t han.

1.2.3 HE TUY PONG DUNG MAY TiNH DIEU KHIEN

Sg d8 chic nang cua hé tuy déng dung mdy tinh d€ didu khién nhu
¢ hinh 1.3a ma nguyén tic hoat dong da néu & §I1-2 [20].

So dé khéi tuong duong nhu ¢ hinh 1.3b ma d hinh 1.3a 1a so d6
chite nang. May tinh & day lam nhiém wvu so sanh tin hiéu vao x va héi
tip y. D/A va A/D 1a cic bd bién déi sb-tuong tu via tuong tu-s5. Co
cdu bién ddi tuong tu-sd bién ddi tin hiéu vao x thanh s8 x(k) cho nén
PT, xudt hién 8 ddu vao cla so d6 khéi & hinh 1.3b, K- khuéch dai, DC-
dong co chip hanh, BT- bién téc.

Khi néi vé& hé xung, tin hiéu gidn doan y(k) va e(k) di duge lugng
td hda theo thai gian va hé vdn la tuyén tinh, nhung n&u dé cap dén
lugng ti hda theo muc d€ ¢ nhitng dai lugng r&i rac ma bd biégn dbi
A/D thuc hién thi d6 12 hé phi tuyén. Dic tinh tinh cda phdn ti nay 6
dang bac thang nhu & hinh 1.3¢c trong dé q tuong dng vii mét lugng ti
cha tin hiéu ra y cta hé. Tin hiéu dua vao mdy tinh x(k) e6 th€ xem
la k&t qua cda sy bién d6i tin hiéu vao lién tuc x(t) qua phdn td bién

~ ¥
c
xCk) eck) T\,_UT

T MT %[ u . 7 |2,
A A K ” BT !

T ac ]

a) i :
i' T ;

T
]

c) PR A
659 15q 259 35q 459
Hinh 1.3.
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d6i A/D ¢6 dang bac thang, nén 4 so d6 tuong duang cia hé tuy doéng
dung may tinh diéu khién od hai khau phi tuyén : PT, va PT,. Phin
tuyén tinh cta hé, ngoai déng co con phai tinh dén cd cdu dinh hinh va
phidn td xung. Trong hé thuc, khuéch dai KD con ¢6 chuc nang han ché,
con bd bién téc cd d8 "rd" nhit dinh do khe hd taoc nén. $ hinh 1.3b
cdon cd hai khau phi tuyén PT; va PT,, do do hé tuy dong dung mady
tinh diéu khi€n la mot vi du vé hé xung phi tuyén.

Céac vi du trén cho thiy hé phi tuyén tén tai duéi hai hinh thde :
tinh phi tuyén c6 sdn & mot s6 phdn td cha "hé tuyén tinh” hodc do
ngudi thiét k& dua vao dé€ naAng cao chét lugng diéu khi€n. O cic hé tsi
uu va thich nghi [18] thudng khong thé thi€u cac phidn ti phi tuyén.

13. CAC KHAU PHI TUYEN DIEN HINH

Cédc khau phi tuyén thudng gap rit da dang. Dung ham z = z(x) 4€
m8 tA méi quan hé bié€n diu ra z 14 ham clia mét bi€n ddu vao x, cd
dac tinh phi tuyén ma bién d4u ra z phu thufc nhiéu bién ddu vio x.
Trong trudng hop nay dung phuong phap bién d6i so d6 khéi d€ dua vé
dang théng thudng : mét vao mét ra.

Khau phi tuy&n co thé phén loai theo :

1. Tinh déi xing

Dac tinh phi tuyén 13 ddi xing néu :

z(X) = z(-x) (1-2)
Dac tinh phi tuy&n la khéng d&i xdng néu :
z(x) = -z (-x) (1-3)

2. Tinh tron

Bdt cd diém nao clia dic tinh z(x) ciing tuong Wng véi mot dao ham
dz/dx thi dic tinh duge goi 1A tran. Nguge lai néu c6 di€m gay khic, dao
ham dz/dx sé gian doan vi dic tinh 4y khéng: tron. Trong thuc t&€ thudng
gip nhing dac tinh tuyén tinh ting doan, hodc dac tinh phi tuyén tron
nhung duge tuyén tinh hda ting doan d€ don gian khi khao sat.

3. Tinh don tri

Né&u mét dai luong cha x dng v6i mdt dai lugng cda z, dic tinh la

16



don tri nguge lai moét dai lugng cia x dng vdi hai hodc nhiéu hon dai
lugng cia z, dac tinh Ay la da tri.

Hay xét mot s6 khau dién hinh thudng gip.

1.3.1. NHUNG KHAU CO PAC TINH PON TRl VA LIEN TUC

1.3.1.1. Khiu co vang kém nhay

Cac mach khué&ch dai
dien td, t, thdy luc khi tin
hiéu vao nhé s& cé vung
kém nhay nhit dinh.

Mé& hinh co hoc gian
don cuia khau kém nhay nhu
d hinh 1.4b. Hai truc néi
nhau ¢ 10 xo trd truc bi
din v& vi tri trung tinh véi
truyén doéng cd khe hd co do
rong 2x,.

Dac tinh tinh coa khau
duge mé ta bing phuong
trinh sau :

0, x| < x, ;
z =4 k(x-x), x > x, ; (1-4)
k(x+ x), x < x,
1.3.1.2. Khau han ché

(bdo hoa)

Diac tinh khau han
ch€ nhu & hinh 1.5a. Hiu
hé&t cic khau khuéch dai
dién td, dién tu, thay luc,
khi nén déu ¢ han ché&
vé mat cong suft khi tin

hiéu vao 16n.

z
4 \r
RN -
R
\"4_ (

Y
/T)
i

b

Hinh 1.4.

b)

Hinh 1.5.



Mé hinh ¢ hoc cia khAdu han ché nhu & hinh 15b, la méi lien he
hai truc bang 16 xo @ dau vao va vung han ché hay diém rtya & van bi
din. Dae tinh cua khau duge mod td4 bang phuong trinh sau -

[k, . x| = 2

Czpsingx, x| > x,

7

1.3.1.3. Khidu han ché co ving kém nhay
Khau mnay la k& hop cua hal dang phi tuyén ndil teén nhu ¢ hinh
1.6a. Mé hinh cta phian ti nay 1a bién ap nhu & hinh 1.6b, Dac tinh
cua khau han ché cd ving kém nhay nhu sau :
E 0, x| = x, ;

e = %), % =% ==X (1-6)

=
Il

kix + x,),-%, < x < —x

a1 ?

zsignx, x| = x

b //E'_
- 7 | A%
b
I a)

Hinh 1.8

1.32. NHUNG KHAU CO DAC TINH PON TRI VA GIAN DPOAN

1.3.2.1. Khau ki€u role hai vi tri

Khi madun cia tin hiéu vao |x] < xp, rale hd mach (nhu & hinh
1.7a) nén khong thé ndi gi vé dién ap d diau ra z va khong ¢d méi lién
hé g gita ddu ra va dau vao. Khi [x| 2 x;, dai lugng z sé co tri s6
+z, hay -z, tuy thude vio diu cta x. Do dd :

]' z, signx, x| = xy ;

a I Khong tén tai khi |x| < x,

2

EENS

Nhiéu khi rale hai vi trl dudec xem nhu ro le 1y tudng vdi didu kién
%y — 0 nhu & hinh 1.7c



o

[— zs?m— 1
V<

b, —z*f:} o
AZ

2‘&.

1 x
S .

Hinh 1.7

1.3.2.2. Khiu kifu role bu vi tri
Dac tinh role ba vi tri khong k€ dén ti du cla nd nhu & hinh 1.3a.
Dac tinh duge mé td bdi

zpsignx, || = = ;
7 = 0, x| = x, ; (1-8)
Khong tén tai, x, < |x| <x,
z
2, s _
1 X
T + 1 + 2 L
T PO b/
—_— - |_gb

¢)

Hinh 1.8
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Mé hinh ¢ta bién ap nhu & hinh 1.8b tuong ng véi dac tinh trén
Trong khi khAo sat, role ba vi trl duge m6 td nhu d hinh 1.8¢ tuong

tng vai hinh 1.8a vai x, = x;.

1.3.2.3, Khan bién déi A-D

Thude logi nay o6 dac ’_J
linh cda bd bién d6i tuong =

- - - - s |——-: ;
tu—s6 cua phin o luong t ' =

tiin Lheo mde Dac tinh mo
14 ¢ hinh 1932 Khi do di

chuyén x cia con trugt la

lien tue thi dau ra cuaa bién

ap o nhimg dal lugng gian

tduan dng vl sy chuyén dai

dien ap mdl vong day nhu &

Hinh 1.8

Bink 1.9h.

1.3.3. CAC KHAU CO PAC TINH LUONG TR]

I.A4.0. Khau kiéu ro le hai vi (ri co (ré

Trong thuc té& thudng thi dai lugng dién 4p vao lam cho dién d4p ra
cun rodle déi dau 1A khae nhau Déi véi role hai vi trd, didu chinh d6i
xiing, khi dong tiép diém theo mot hudng chuyén doéong nhit dinh cang
nhi khi déi chiéu chuyén dong thi dién ap vao va ra déu cung ddi diu.
Dac tinh cua role hai vi tn cd tré nhu & hinh 1.10a vA o mé ta toan
hne nhu sau

"+z, khi x, < x < =
7= {1-9)

-3, khi = < x < +x,

Trong khoang -x, < x < x,, z ¢d hai tri s6 +z, vA —z, tuy thude
vao dai lugng cha x trude dd. Chuyén ddi cda x ta nhanh dudi lén duoe
mo ta bd : x = x, z = -z, dx/dt > 0 ; con khi chuyén d8i cia x tu
= 2, dwdt < 0.

dar
nhanh trén xudng.: x = =x,,

Rdle hai vi tri ed héi tiép ducong duge thuc hién bang khuéch dai ca
han ché nhu & hinh 1.10b. Trong khodng -x, < x < x, duong chuyén

ddi -z, < z < z, cd do nghiéng va thudong khéng 6n dinh. Do dd mac
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dia khi ~x, < x < x,, méi tri s6 cla x tuong dng v4i ba tri s6 cua z
nhung chi ¢6 hai tri s§ +z, va -z, tuong Ung véi trang thai 6n dinh
nén diac tinh & hinh 1.10b cing dugc xem nhu ¢ hinh 1.10a. Su tuong
duong &y duge st dung d€ phan tich cdc hé role.

z

rZ,
A

X

1

4 X
T =
Via

]

X

I
—

Xb L9

AZ

+Z,
S I’ S

B

Hinh t1.10

1.3.3.2. Khiu role ba vi tri c6 wré

Khi tinh dén sy khdc nhau cba dién ap vao, dac tinh
vi tri c¢d tinh ch&t khie nhau. Vi du n&u chuyén dfi tu
z = 2z, xay ra khi x = x, thi khi tr8 vé lai xay ra khi x

hinh 1.10d.

ciia rdle ba
z = 0 dén

= x,, nhu ¢

(1-10)

& khodng x, <|x| < x,, z od hai tri s6. Néu role dugc mac héi ti€p bdi
khuéch dai ¢é ving kém nhay vA bao-hda (nhu & hinh 1.6a, thi dac tinh
nhu ¢ hinh 1.10e. D€ ¢ dac tinh nhu & hinh 1.10d cd thé dung so do
dién nhu & hinh 1.10c gém hai role dién tt R; va R, ddu qua hai chinh
lvu By va D, Cédc ti€p di€m cla role va R, va R, déng mach gia ngudn
dién 4p E, sao cho dién dp z cd tri s6 -z, (-Ey) bing khéng hay +z,

(+Ep tuy thuoc vao tri s6 clia x nhu & hinh 1.10d.

2]



1.3.4. CAC KHAU CO PAC TINH PA TRI

1.3.4.1. Khiu kiéu khe hé

Dang phi tuyén thudng gip d cdc hé truyén déng co khi 1a khe ha.
O hinh 1.4 véi khau cd vung kém nhay n&u khéng cé 16 xo d€ tra vé
vi tri khong s chi cdn don thudn la khau kifu khe hd nhu & hinh 1.11.

\F,
A z z
(o |
I e o
q . 2%
' /(— I —kx, < v £ kx, ! 3
oL oo
- 7 t— X by vk
‘."/
J
— 7
b) c)
Ma .saf khs
P z —_—— -

Hinh 1.11

Méi lién hé gita vi tri truc din x va truc bi din z khong don tri.
Mé&i vi tri cia x tudng Ung voi nhiéu vi tri cla z ndm trong gi6i han
kix - x)) € z < k(x + x,) tuy thudc vdo vi tri cyc dai hay cuc ti€u

=

cta z trudc dg.
Dic tinh khau khe hd duge mé tAd nhu sau :

) khi;{>0vav=kxa;
kx .
khi x < 0 vd v = -kx, ;
z= ]
khi x > 0 vd -kx, € v < kx, ; (1-11)
0{khix'<0va—kxa<v\kxa
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Cac hé co khi ¢d ma sit khd cing cd dang dac tinh ki€u khe hd
nhu & hinh 1.11d.

Moémen M dugc cidn biang bdi mdé men cia 16 x0 az (a— hé s6 1y 16)
vad moémen ma sit khoé *x, ma ddu tuy thudc vao z. O he nay lugng
vio 14 mémen quay x = M va luogng ra 2z la gdc quay cta truc :

x =M= az * x,
v8i k = Va
z = k(x £ x,) (1-12)
twong Wng v6i hinh 1.11b va hé phuong trinh (1.11). O day :
dz/[dx = 0 khi |x - az| <x, (1-13)

Néu ding khau phi tuyén ¢(x, v} dé bién ddi tin hiéu x va v thanh
z thi khau ki€u khe hd cd so d6 khéi nhu & hinh l.lle.

1.3.4.2. Khiu kifu goi ti

Néu thay 10 xo & khau han ch& (hinh 1.5b) bing bd ly hop ma sait
trugt (hinh 1.12a) thi cd khau ki€u géi ti. Trong hé co khi thudng co
nhitng bd phin ma chuyén dong bi gidi han cad hai hudéng khi b6 phan
dan dong chuyén dong khong gidi han. O hinh 1.12a khi bi gi6i han bai
g6i ti thi chuyén dong cia x van tiép tuc do ch& do trugt & bo ly hgp
T khi mémen vugt qua gidi ban ma sdt. N&u thay d8i hudng chuyén
dong ctia truc chit dao, bo ly hgp T lai lam viéc va hai truc lién két co
hoc v8i nhau.

Mé&i vi tri cla truc din x tuong Ung véi nhiéu vi tri cta truc bi
din trong gi6i han -z, < z < z, va dic tinh cta khau ki€u gdi ti eo
dang :

-~ khi%)OVé—zb$z<zb;
5 = khi x < 0 vd -zb < z < zb ;
‘O{khig>0va z = zb (1-14)
khi x < 0 va z = b

Méi lien hé z va x theo (1-14) nhu d hinh 1.12¢. So d6 cdu truc
nhu ¢ hinh 1.124.

Cé th€ xem mé hinh cia dong co lai cd ti€p di€m hanh trinh ¢
mach phdn dng nhu 3 hinh 1.12e 12 md hinh cia khau ki€u géi ti. Khi
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/X

'y

e) Hinh 1.12

dong mach phan dng clia dong co bdi céng tic hanh trinh HT, va dist
D), téc do dong co z ty 1& vdi dién ap u, nghia 1a z = ku. Khi truc
dong co quay dén difm ty, ti€p diém HT, md va z = 0. Néu dong co
ditng chinh xac thi cdc méi quan hé U = x va z (hinh 1.2¢) vA hé &
(hinh 1.2e) mé tA khAu phi tuyén ki€u gdi ti.

So sanh dac tuysn cic khau kiu khe hé va gdi ti ta déu thdy rdng
khi thay d8i ¢d chu ky bign d8i x sé d4n dén bién d8i cd chu ky cia z
vA trén dac tinh z(x), m6i quan hé 4y 1a dudng khép kin. CS diéu la dac
tinh ki€u khe hd (hinh 1.11b) cing nhu dac tinh role ¢6 tré (hinh 1.10a)
thi duong cong ngudc chiéu kim déng hé, ing véi :

$adx < 0, (1-15)
con dic tinh ki€u gdi ti (hinh 1.12b) cung chiéu kim déng hé, dng voi
$ax > 0. (1-16)
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Vi cad hai dang dac tinh nay, khi hé s6 khu&h dai 16n thi dic tinh
cang gidn vdi dang hinh chié nhéat
1.3.4.3. Khau ki€u tic tré

Khi khao sat cdc bo nhé tir tinh, ta thdy la tré ¢ dang nhitng dudng
cong tuyén tinh ting doan va khép kin nhu & hinh 1.13a. D#c tinh co
thd duge mé td bdi hé phuong trinh :

Z = ux + ¢

¢/;§f” i v
= N

>  a

(1-17)

a) b)

Hlnh 1.13

ma -z, < ¢ < z, cdn uy, u, la cdc hé s6 hang. Bén trong la tr, tuy
thudée didu kien ddu, z cd th€ cd nhiéu tri s8 khac nhau trong mién tir
z = pox — 2z, d6n z = px + zy. Khi yy = = va u, ~—» 0 l4 tré 6 dang

Z z
; f T
X / 7 X
X
Hinh 1.14 Hinh 115 Hinh 1.16
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chit nhat nhu &6 hinh 1.13b. Dac tinh nay khdc voi dac tinh ki€u khe ho
khi k — = la gidéi han coa z tit -z, dén +z,

Trén diay chi 12 nhiing khau dién hinh véi dac tinh phi tuyén dang
tuy&n tinh hay dudc tuyén tinh hda tling doan thuan tién cho viéec khio
sat. Trong thuc t€ thudng gap nhing khiu nhu khuéch dai phi tuyé&n
(hinh 1.14), khau la tré (hinh 1.15), hay dang bit ky (nhu dac tinh co
cia déng cd xoay chidu & hinh 1.16) vAd nhing dang phi tuyén khic.

1.4. BIEN DOI SO PO CAU TRUC HE PHI TUYEN

Trude tién ta hiy xét tinh chdt khéng tuan theo nguyén ly x&p chéng
o hé phi tuyén biang vi dy sau : Khau phi tuyén c6 ving kém nhay
x, = + 1,2 V va hé s6 khuéch dai k = 1. Khau tuy&n tinh c6 ham
)
s+ 1 A

truyén dat W(s) =

Khi dat khau tuyén tinh trudc khau phi tuyén, ta cd dap iing d6i
vai tin hiéu vao bic thang don vi 1 V nhu & hinh 1.17a. Nguoc lai néu
dat khau phi tuyén truée khau tuy&n tinh, bién d6 tin hidu vao 1 V la
quia bé chua vugt duge ngudng cua khau phi tuyén x, = *12 V d€ 6
tin hiéu ra nén cA hai khau déu khéng cho dip dng. Nhu viy & hé phi
tuyén khéng thé hodan vi khau phi tuyén tinh vdi khau tuyén tinh déng
hoc. Ngoai 1é 1a trudng hgp khau tuy&n tinh la khau tré.

¥4¢d AYCE)

4,8

b) x(t) -1,2 5

Hinh 117
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Tuy nhién d€ don gidn khi khdo sdt, phan tich, vAn tén tai nhing
quy tac nhit dinh. _

Khi khdo sat tinh cic hé phi tuyén, cic tin hidu x, z khéng phu
thudc thai gian con khau tuyén tinh dugec xem nhu khau ty le W(9). Khi
khao sat, cdc khau déu dugc dinh hudng va viéc n8i ching vdi nhau
khéng lam thay d8i tinh chit cua ching.

1.4.1. NOI TIEP CAC KHAU PHI TUYEN

Cing nhu ciac khau tuyén tinh, khi ndéi tiép, ddu ra cia khau nay
la ddu vao cia khau sau (hinh 1.18) :

Xitr = % (1-18)
Vi z = f(x) nén :
X = fi(x) (1-19)
Nhu vay gidi n phuong trinh dang (1-19) ta ¢d ham phi tuyén
z(x) = z,(x)) cia n khau néi tiép.
X = X f;(*g) Z,:Xz [2(&) Z‘—-_y
Hinh 1.18
Xay dung dé thi
f15(x;) cda hai khau phi
tuyén fi(x,) va f,(x,) nhu p 14—‘-&
S N - Z,
6 hinh 1.19. Khi xay /‘;(xl)r_ﬁf_____ _____ AT £ (x)
dung, diung phén ti thd k :
ba lam trung gian bing - 4
duong thing z,(z,), sé % l *}\_—'—_—'::.— i
don gidn héa vidc chuyén < . ! N
NN |

tit truc z, & dac tinh
2,(x,) sang dac tinh

z,(x,). Bang cach dd, sau z, <§4___:::}7'

n lidn ta cd dac tinh

f,,(x,)

12

dmdea e ==
I

R DR S
1
1
1
|
>

z(x)) = f,(x)). Trong
thuc t€ ngusi ta di dén Hinh 1.19



k&t luian 1A trong nhidu trudng hgp dic tinh cudi ciung sé thay d8i nhiéu
vA cd khi trd nén don gian : Hai khau nghich diao nhau ndi tiép nhau
sé tuong duong voi mét khau tuyén tinh ¢6 hé s6 khuéch dai bang 1 :
Cllfxp] = x, (1-20)
Trudng hodp nay cd thé hodn vi ching véi nhau va chi ding khi dic
tinh phi tuyén clia mdi khau la doan diéu va khéong c6 doan thing nam
ngang hay thang ding.

1.4.2. NOI SONG SONG CAC KHAU PHI TUYEN
Néu ndi song song n khau vdi nhau thi tin hiéu vao :
X = X = X = .. = X, (1-21)

con tin hiéu ra :

z = fx) = D, fi(x) (1-22)
1=1

Y
X %
a)l 6) £,
/?zzz,qrzz
X tz
i X
c) J Koo Xaz
z=2 -2,
X + z
- |
! x
a/) Xor Xaz \
Hinh 1.20

28



Nhu vay dic tinh cia n khau
phi tuyén nédi song song c¢dé dudc
bang cich cong toa do cdc dac tinh
phi tuyén thanh phan. O hinh
1.20,a,b la dac tinh phi tuyén cua
hai khau z,(x;) va 2,(x,) con hinh
1.20,c,d 13 s0 d6 khéi vA dac tinh
tuong dng. Khi néi song song hai

khau phi tuyén, co thé co két qua la

Hinh 1.21
moét khau tuyén tinh vai hé sé
khuéch dai bang 1 goi 1a khéu b6 sung cho nhau :
fi(x) + fH(x) = x (1-23)
X xX
hay fi0) - o =5 — 6H(x). (1-24)

2 2

O hinh 1.21, diéu kién (1-24) ¢6 duge néu a = b. D6 la diéu kién
dang cdch theo tryc z déi véi dudng thang z = x/2.

1.4.3. MAC NGUOC CAC KHAU PHI TUYEN

Ttrudng hop hai khau phi tuyén mac nguoc nhau nhu & hinh 1.22
phuong trinh ddng mach ¢ dang :

X, = x (%) z (1-25)

ddu (-) dng vdi héi tip am. Vi : Z z
z = 2, = X (1-26)

nén ti hai phuong trinh trén : %
X = fl_l(z) () f(z) (1-27)

O bigu thic (1-27) ddu (+)
Ung v4i hoi tiép am. Hinh 1.22

Né&u dac tinh f(x;) va f,(x,) nhu & hinh 1.23,a, b, dé cd z(a) can
xay dung f|(x; = zx)), fz_l(zz) = z(z,), sau do cdng dai sé theo hoanh
cdc dai lugng &y v4i nhau nhu ¢ hinh 1.23c.
Vi du I-1.

Dac tinh phi tuyén z; = f)(x;) cd dang la mot khau han ch& c6 ving
kém nhay v4i hoi tiép am (hinh 124a) vA duong (hinh 1.25a) bing hé s8

khuéch dai k, Hay vé dac tioh cia hé cho bhai truong hop trén.
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z/ e/

Z,

IT Z fl(ll) }; (Z‘_,)
H | 1 ‘—l‘)
| 70x) 5 i1

£(%) Y
X
% £ A=ar%
z Z,, X, X
a) b) c) o
Hinh 1.23

Diac tinh héi tigp la
tuyén tinh z, = Kkgx, hay
Xy = z2/k0. Trong truong hap
héi tiép am, dac tinh phi

tuyén chung la don tri, co

han ché€ va viung kém nhay,
pham vi tuyén tinh duge md
réong tu x,, - x, dén x,; - x

a

voi xp; = X, + zpky. Truong ST % Ky
hop thd hai (hinh 1.25a), pd
dac tinh chung véi b) 7

Hinh 1.24

kyz, > x, — x, 56 da tri va
gibng voi dac tinh caa role

=2,/
Xy =24
4 / %
- /
’
7/
5 Z Z /
2 b r
V :,, f (x)
=X 2l i X
~ y; -
'/ // bzxa 5
/
Ve
/
’
a) b)

Hinh 1.2%

30



Chuong 2
TUYEN TINH HOA

2.1. PHUONG TRINH HE PHI TUYEN

Hé déng hoc la nhing hé vat ly ma hanh vi cia ching theo thaoi
gian duge mé tiA bing cac phuong trinh vi phan :

ey 5 dyydt 5. dly /At y, ;s dyyde ;. diyg/dt” /
;o 5 yp s dydt 5oy dPyatP gy = 0 (2-1)

!
—

He =2 vy L 1 siep :((tf)) Hé ‘3
(> v khiéh :T O TE e dianhicn (5t I ]
P -

-

y o) 5)

Hinh 2.1

Hé diéu khién tu dong cd thé xem nhu d6i tuong (hinh 2.1a) ma
bin duge diéu khién y,. y, .., y, lién hé véi tac dong tU ngoai — cic
tin hiéu diéu khién u = (u; .., u,) va nhiéu kiém soat duge (tai) z
(zy, .., z,) va Khong ki€m socat dugc f = (f;, .., f) béi hé phuong trinh
vi phan bac n. Vi tac doéng tu ngoai u, z va f 13 xac dinh trong nhung
truong hgp cu thé, hé diéu khién théa min hé phuong trinh (2-1). Noi
chung hé cd théng s6 rai cing cod thé dua vé dang trén nén (2-1) 1a he
phuong trinh t8ng quat.

Hé phuong trinh (2-1) co thé dua vé dang vi phan biac mét tuong
duong :

pidy/dt 5y 5y 23 ¥ ) =05 ) =1 2..n (2-2)

ma s6 phuong trinh n = r + s + .. + p bang téng cda bac cdc phuong
trinh n bién duge didu khi€n Khai niém nay dune thé hién tuong ing
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véi hinh 2.1b. Hé phuong trinh (2-2) ¢d thé cd duge tx mé ta toan hoc
cac phan tU trong hé tudng dng vdi so d6 cdu trdc.

Hé phuong trinh (2-2) thusng dua vé dang Cauchy :
yy = dyydt = fly; 5y 55 9 s V5 b (2-3)
Vi du 2-1

DE 6n dinh hudng lai tau thuy. ngu 16i hay thiét bj bay nguai ta
dung hé diéu khién ty dong lai git cho hudng khéng thay déi. So do
gian don nhu 8 hinh 2.2a. D61 tugng la thu thiy I ¢6 truc tac thanh
géc o so véi hudng o, do con quay 2 xdc dinh chénh léch vé hudng
a, — a, tic dong vao khuéch dai cla la ban con quay dén thiét bi diéu
khién ldi 3 dé quay lai 4 mot goc 8.

f s
s(1+sT) -

d 4
|
L
J
d)
Hinh 2.2

O hinh 22b 6 so do truyén dong thiét bi khi nén diéu khién luu
lugng khong khi vao xilanh biang cich quay nidp mét gdc y tao nén su
sut ap va chuyén dong y cua pitténg ; chuyén déng cia pittdng dude gidi
han bdi u han ch& vi tri -y, < y < y,. Téc d6 chuyén dong cia pittong
v = dy/dt va vi tri cia nidp diy y ¢6 quan hé nhu & hinh 2.2c. Dic tinh
phi tuyén la khiau ¢d ving kém nhay va biao hasa (dang hinh 1.6a), tuy
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nhién khi cham vio u han ché, pittong ding, du y c¢d tiép tuc tang thi
téc d6 cing s& bang khoéng Nhu vay, téc do chuyén dong cua pittong la
ham hai bién v(y, y) vd mé ta bai :

khi -y, < y < yy , véi y > 0
‘p(y){khi—yh<y<yb, véi y < 0
v= . . (2-4)
khi y = +y, , véi vy > 0 ;
O{khiy=—yb, véi y < O

Chuyén déi td dudng cong ¢(y) sang dudng thing v = 0 xdy ra ngay
tdc khiac khi y = 2y, ung véi dudng nét dut & hinh 2.2c. Trén hinh
2.2d con c6 dac tinh phi tuyén ki€u khe ho vai banh lai. D6i tugng la
mét khau ¢ qudn tinh va tich phan con khuéch dai con quay 2 va héi
ti€p vi tri 5 132 hai kh&u khuéch dai k, va ki Hal khau phi tuyén trong
hé la 4 va 3, Nhiéu ngau nhién quy vé géc quay cua banh lai ky hiéu
la f(t). Td phudng trinh vi phan clia cic phdn td tuy&n tinh va phi tuyén
ta c6 hé phuong trinh :

da,
Pat y, = a; 5 ¥y, = a; = G oY Phuong trinh cda dé6i tugng :
dzal da,
T + = = Kk |f(t) + & .
1 dt2 dt l[ ( ) (Y)]

Xuit phat tit so d6 khéi ¢ hinh 2.2d, ta cd

dy,
3¢ = b s
dy2 . -
Tt = B2y Y (2-5)
cly3
dac - £y, ¥, 1) -
X 1 ]
ma fily)) = y2 s fz(yb vy B = ‘,i?]‘ {_Yz + k; [ f(t) + 4 (Y_OJ | .

falyy, y3, B = V{“kz [Y1 _ao(t)} - kyyy, Y:a} yno= 3.
Vi du 2-2.

Thay vi dung y, ding bi&n trang thai x va biéh didu khién u déi
voi hai phuong trinh sau :
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X1=X2;

. 9_
X, = —25;'? ~15%xx, + u (2-6)
Dua vé dang téng quat
. 0 1 0
= = = 2 + . 2-7)
X Ax bu o~ 15x, 0 X Lje e @7

Cac hé¢ phuong trinh
tuong dng vai so d6 khaoi
nhu & hinh 2.3, Nhu &
phuong trinh (2-7). ¢

dang phudng trinh trang

thai, néu mot vai thay tat

ca) cdc ma tran A, B, C,

D ¢6 chya ham caa trang

thdai theo thoi gian cua
tin hiéu ra vathay ctia tin Hinh 2.3
hiéu vio, hé trd nén phi

tuyén.

2.2. TUYEN TINH HOA

Tuyén tinh hoa la phuang phdp x4p xi nhiing phudng trinh vi phan
khéng tuyén tinh bing nhitng phuong trinh tuyén tinh. Vi cdc phuang
phap téng hop va phan tich cdc hé tuyén tinh rdt phong phu nén bién
phiap diu tién d& tong hop vA phan tich hé phi tuyén ]la bién nd thanh
tuyén {inh. Nhu ngudi ta thudng ndi : "Néu chi cd mét cong cu duy nhit
la cai bda, hdy laim cho moi bai toan giéng nhu nhing cai dinh"

Diéu kién dat ra khi tuyén tinh hda 13 mo hinh tuyén tinh Ay lam
viee 6 lAn can "di€ém lam viéc" hay “trang thai can bang”. Myc d6 thay
ddi quanh diém lam viéc cla cdc bién tuy th!:lf)c vao hai yéu t6 : mot
la ban chat cda tinh phi tuyén (mdc do chénh léch so véi dac tinh tuyén
tinh) va hai la d6 chinh xic tuong d6i ma ta mong muén d8i véi mod

hinh v8i d&i tugng that.
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Tuy nhién viéc dung mo hinh tuyén tinh chinh xic trong pham vi
thay doi nhé cia cdac bién cd y nghia thuc t& Nguyén nhan 1a nhiéu he
diéu khi€n tu dong thuc t€ duge thiét k& d€ duy tri mdt trang thal can
bing mong mudn. Ly do khdc la ngay d cdac hé phi tuyén rd rét, nhiung
nhiéu loan bé lam chéch khéi nghiém cua phudng trinh phi tuy&n thuéng
c6 thé dudc méd ta bang moé hinh tuyén tinh.

Chuéi Taylor duge vist dudi dang chénh léch quanh diém lam viéc
va gébm cd mot chudi v6 tadn nhitng thanh phidn tuyén tinh, biac hai.
bac ba v.v.. D& thuc hién tuyén tinh héa, cac thanh phan tu bac hai
trd lén dude xem nhu khong dang k& Vay, néu f(x, y) la ham cua
hai bién thi chudi Taylor sé gobm céc thanh phan la dao ham riéng cua
f theo x va y :

i y) = £z + of ( N 0%f (x = %4)”
X,y)=1(x - X — X,) — —
RO "‘0)’0 Ot 2t
X0.¥0
3

o f (x — x¢) N 4 _i')f . _Z_)Zf y—w)
ox’ 3! Wy ‘m.yo(y Yo oy” 2!

%0.Yo X050

3
o (y = Yo) \
- 3 + {2-8)
X0Yo
Trang thai can bang cia hé dude xac dinh béi cac bisén x, vy,
Thanh phin thd nhiat cta v€ phai 14 dai lugng cia f tai diém lam
viéc (xq, ¥o) nén la dai lugng hang ; con cic dao ham riéng dng vai tang

Né&u chi tinh dén thanh phin bac mot thi :

of of
[f (x,y) ~ f(x()>Y())] = |  (x—xy+

— — . (2-9)
o 1xg v oy xo,vo(y Yo) /

Vi du 2-3.

Mét qua lic nhu & hinh 24, ¢ thé chiu anh hudng cta hai loai
nhiéu tac déong - dé6 lac do gdc léch ban ddu cua day treo | va téc do
goc ban diu g, vdi g = 9,81 ms> 1A téc do trong trudng, m la trong khoi.
Dinh luit Newton thd hai duge mé ta bang phuong trinh

a6 , ,
J— = -m.glsinfd {(2-10)
dt-




O day J = ml® la momen qudn tinh. Do d6 :

6 .
m— +—Esins = 0. (2-11)
dt L
Thanh phéan sind 12 phi tuy&n, dudc tuyé&n
tinh hda véi gid thiét 1a chénh léch quanh di€ém
1Am viéc bé. N&u chon di€m cén bing 12 8 = 0

rad thi chudi Taylor cd dang : Hinh 2.4
: ¢ &
sin@ = 6 - 3T 51 2-12)

Véi chénh léch bé, sinf = 6, ¢d nghia 1a v6i gdc  bé duge do biang
radian, thi sin cia chinh nd cing bAng né ; diéu dé c thé kiém tra
bing cich do chinh xdc. Md hinh nay cho sai s8 khodng 10% tinh vé
thdi gian ma pdc # dat tri s6 = =«

Nhu viy, mé hinh hé (2-11) duge tuyén tinh héa 1a :

a%
= +55~0. (2-13)
dt 1

Trong itrudng hop hé duwge mo td bang phuong trinh trang thai va

hai bi€n 12 x va u nhu & vi du 2-2 :
x = f(x, u). (2-14)

Di€m lam viéc duoe xdc dinh bdi vectd trang thai x, vd vecto diu
vao u,. Chui y radng diém lam viéc co th€ la moét di€m trong khong gian
trang thdi, con u, 1a khéng d6i d cdc hé diéu chinh, hay déi khi 1a quy
dao chudn x.(t) va u(t) bién d6i theo t & cdc hé tuy dong.

Trong truong hop hé (2-14) c¢6 n bién trang thai va r bién ddu vao,
mé6 hinh cda hé sé 1a :

. . of, of,
X — Xpg = Kl|x0,u0(xl — Xt .- 7 BTn xosuo(xn — X)) T
afy of,
+ -EE; xo‘uo(ul —ut ...+ a_u, ,‘Obuo(ur —Uug)
. of af, L (2-15)
Xy = Xp9 = S — (X =X} + ...+ — (%n — Xpg) +
x4 |"0,‘-‘ 0 ) & %o Up
of, ofy
a_ul xO,Mo(ul —ug)t+ ...+ 8—ur xo‘uo(ur —uyg) ;
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o o of,
X, — X 0= T X —xpt ..+t (x, ~ x) +
T i nleug
RELTR WAL T )
- u, —u .. - u —u y
1 10 ‘ - )
P | Welxguy

Ding diu "*" d€ chi chénh léch quanh tri s6 dinh mudc
viéc)
i _ N M R * _ . ¥ -
X =X T X5 X TX T X, U =W T U,
con dao ham riéng quanh tri s6 dinh nwic la :
of, ofy
— 0 = — vVv...

{T)Xl Z)Xl I Xo Yo

Thay thé (2-16) va (2-17) vao (2-15) ta co :

ot of, of, of,
——,——OXI'F...+_—0x;+—'—0u;'+.,.+,—0u:;
%, 0X,, o, ou,
oty ofy of, ofy
X;=7—0xz+...+, Ox;+~—0u;+...+—0u;;
%y 0%, auy Ju,
of, of, of, of
L * * L *
xn=,——0xl+_.,+, Oxn+—0ul+“.+_—0ur.
Xy X, au, Ju,

(di€m lam

(2-16)

2-17)

(2-18)

Nhu vay, cd th€ dung ma tran Jacobian J, va J, ma cac phan tu

cua chung 1A hang :

of,  of of, | af,  of of,
-0 _—0...—o0 —0—o0...—0
ox; 0%, X, du;  du, ou,
— 0 —— O .. —0 _— o...—0
de = | 0x; 0%, ). ; 4y = lou;  2uy ou,
of . of, N of,, . of, of, . ﬁo
[ SHEND of Xy du;  Ju, ou,

Cuéi cung (2-18) cd dang :

' = JxT+ I

:

D (2-19)

(2 -20)
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Phuong trink {2-20) 14 mo hinh trang thai tuyén tinh cia hé phi

tuyén (2- 14) x = f(x, u v6i chénh léch bé (x* va u”) quanh di€m lam
vide (x, gl
Phuong trinh ddu ra v = Cx + Du néu la tuyén tinh (khi méi tin

hiéu ra don gian 1a bién trang thai cia hé) thi cd th& dung tryc tiép,
con néu la phi tuyén thi tuyén tinh hda nhu phuong phip da ndi trén.
Vi du 2 -4
Tuyén tinh hoa phuong trinh (2-7) & vi du 2-2 :
Xp = filx), %o W) = x5
X, = Hixy, x5 w) = —2x? - LIdxx, + u.

Diung ma tran Jacobian (2-19) ta cd

0% %, 0 1
I = = > 2-21
X sz (’)fz —6XTO - 1,5}(20 _]\5)(]0 ’ ( )
a —o L
?)xl F)xz
- oof,
PS>
5o ou 0
v of, 1
--"o
ou

Néu dua digu kién dau (x, ;10) vao (2-21) thi cdc ma trin trén sé
12 moé hinh tuyén tinh cua hé nhu (2-20) vai diéu kién 1a chénh léch khoi
di&m lam viée bé. Néu mo hinh héa theo so d6 khéi & hinh 2.2 theo moét
phuong phdap nao d6 (dung SIMULINK kém theo MATLAB, TUTSIM hay
WINFACT) ta c¢d duge mé hinh phi tuyén tinh. O muc 3-6 sé dé cap dén
van dé nay.

Bay gi@ cdn xic dinh diém lam viéc ctta hé phi tuyén trén. o} mach
thuan cua hinh 2.3 o6 hai khau tich phan. O diém lam viéc cua trang
thai xdc lap, ddu viao cua cdc khau tich phan bang khong. Vai diéu kién
dy, mach héi ti€p (1.5x,x,) bing khéng (vi x, phai bang khong). Véi u = 1,
trang thai xac lap ¢ ddu ra tudng ung voi di€ém lam viéc la x;, = 0,7937
d€ dau vao cua khau tich phan thd nhAt bang khong.

Nhu vay x, = [0,7937 0]' va u, = [0 1]. Ung vi (2-20) va (2-21)

ta ¢c6 moé hinh tuyén tinh nhu sau -
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J8 ~ T - = '_:_!
Xy phi fuyén ! .
L R ek A e -
‘
'
e e e L |

Xy tuyénfiah vd phi tayén
0l = ]

o
Ay tuyén /‘/ﬂ,f

[ 7N S

05 -0.2 A
4 ; 10 a 5 ] 19
a) Thai gian, sec b) Thai gion, sec
0.8 19—l Fuyén {,;41 L

A fuyé;) Yk va phi tuyéh
H 1

1 | :
| ! 0,6 ===~ FomTTr T =
7273 il :’ ______________ '
) 1
: ! b et mmmemeimacheamm——a— e — - =
1'1 : 0% i’
e O ]

[ X, phi tuyéh

. R }u_ye}—; ?I'Aﬁ vd ﬂ_/y?h % fuyén Y
J"'iy"‘—‘—‘J'—"‘ - ""%"ﬁ—mﬂ’l
5

10

[ £ S
Q

] 10 o
c) Thot gian, sec d) Tha gian, sec
Hinh 2.5
Pk 0 1 - 0 -

= =929
x -378 -119| ¥ 1| ¢ (2-22)

O hinh 2.5a la dip dng cta hé mo phéng theo hinh 2.3 véi didu
kien dau bang khéng vd u = 1. Tri s6 xdac lap cia hé phi tuyén nhu
da xét trén.

O hinh 24b c¢d truosng hop bac thang bing -0,1 cho mé hinh tuyén
tinh hoa (2-20) véi J, va J, tuong ¥ng. so sdnh v8i moé hinh phi tuyén
¢ bac thang ciing bang —0,1 va didu kien dau [0,7937 0)'. Dsap tng x,
gibng nhau con x; od diéu kién lam viée khdc nhau.

D€ so sanh truc tigp, difm lam viéc phai duge céng vao dap tng
cia mé hinh tuyén tinh nhu 8 hinh 2.5¢. Hai dap ung ;‘1 va x; hau nhu
xdp xi nhau (mac di néu dung thang do rong hon, sé € su sai khac).

Viéc chon diém lam viée cang sai khac trudc, do éhinh Xac cia mo

hinh tuyén tinh cang giam. Vi du, & hinh 2.5d dung bac thang +0,5 thi
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cac dac tinh x, va %, ¢ hai m6 hinh déu khdc nhau. Viéc st dung MAT-
ILAB d& mé hinh hoa rat tién lgi. Vi du néu dung bac thang am ciang
xa diém lam viée thi chit lugng mé hinh tuyén tinh cang kém bac thang
duong, cdon néu bd hdi ti€p x| x, thi hé mit dn dinh vaA mang nhiéu tinh

dac trung cia hé phi tuyén.

2.3. TUYEN TINH HOA RUNG

Mot trong nhitng phuong phip gidn don d€ truyén tinh hda mot s6
khau phi tuyén nhu ving kém nhay, ¢d khe héd la dua vao ddu vao khau
phi tuyén tin hiéu nhiéu c6
chu ky va loc nhidu nay &
dau ra nhu & hinh 2.6.

Vi du ¢ dau vao x, X, 70x)
———————

Ei o
x
N
]
A
+
Na

ngoai thanh phan bién déi

cham x, thanh phan bié&n
d6i nhanh % c¢6 chu ky sé Hinh 2.8
tao 8 ddu ra khau phi tuyén

thanh phan bién ddi cham Z; va thanh phdn bién d8i nhanh Z. Vi nguyén
tic x&p chong khong ton tai & khau phi tuyén cho nén ?( anh hudng dén
quan hé gita x, va Z, Tac dong cua tin hidu cd chu ky tuy thudc vao

hinh dang ctia nd.

2.3.1. TRUONG HOP KHAU PHI TUYEN CO VUNG KEM NHAY

5 O hinh 2.7a <6 ddc tinh phi tuyén Z(x), trung v@i Z,(x,) khi
x = 0.

Khi tang %, Zy(x)) thay d8i va bién d6 A cang 16n thi Zy(x,) cang
gdn v6i dudng thang. Khi A — «, Z(x,) tién dén dudng thing qua géc
toa do.

Véi thanh phan bién ddi ¢6 dang ch® nhat nhu 6 hinh 2.7b, khi bién
d6 n lan 16n hon nita ving kém nhay thi thanh phan mot chiéu ¢ déu

ra s& tuydn tinh vdi d6 rong bang n- vung kém nhay.
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b)

Hinh 2.7
2.3.2. TRUONG HQP KHAL PHI TUYEN DANG KHE HO

Déi voi khau phi tuyén dang khe hd, néu dung tin higu dang rang
cua thay chu nhat) khi bién do cua ching ldn hon nia khe hd thi tuyén
tinh hda dude bao dam.

O hinh 28a cd giai thich anh hudng cta bien do dao déng dang
rang cua doi vdi dac tinh phi tuyfn c¢d khe hd va hinh 2.8b la dac tinh
Z,(xy} voi cde bién dé khiac nhau Tu phan tich trén ta thay thanh phan
bién ddi cua tin hiéu vao lam giam 4nh hudng cta tinh phi tuyén & khau
co vung kém nhay va dang khe hd, etn vii bién do vao tuong déi lon
cé thé bign thanh khau tuyén tinh - phuong phdap nay gol la tuvén tinh
héa rung. D6l vai khau phi tuyén dang bao hoa va gii 41, phuung phap
tuyén tinh hoa rung lam tang pham vi tuyén tinh déng thoi lam giam
hé si khuéch dai trong ving 4y, Phuong phap nay co idng dung tot 6
cac hé o tu dao déng bé. Dao déng &n dinh vdi bién do bé trong hé
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phi tuyén nang cao chidt lugng cua qua trinh quia doé va trung hdoa nhing
anh huéng khong mong mudén cia mot s6 dang phi tuyén.

§
ZA Y U\o\ zZ4

a

== 2———.__1_'457_ A=7
; B s

7 2 U 7
0 1
P |
= |
Ié/ > A:,_-A § |
a) |
Za 4 Zﬂ - zo}

> P s

—

b) -~

Hinh 2.8

BAl TAP CHUONG 2

Bdi tigp 2-1. Theo dinh luat Bernoulli (Bécnuli) luu luong qua van q (m>sec™)
liten hé véi ap sudt h (m) bdi phuong trinh :

q = Cyv (2gh)

ma g la gia tdc trong trudng, Cd(mz) laA hé ¢6 x4 Xsdc dinh quan hé
tuyén tinh hoa gita q va h.

DPdp dn : D6i vdi q, chudi Taylor quanh diém lam viéc h, la :

0q g g
qlhzQIh0+£|h0(h—‘h())=Q]hU+ [Cd V 2}‘0] (h = hy)
N 1’ g _ _

Vay q= [Cd oh. ]h . (Ah =0, Aq=0),

Bai tap 2-2 Tuyén tinh hoa moét tich ¢d hai bign :

£, y) = xy.
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bdp dn Xy = Xg¥y T Yox - %y + x40y - xp).
Bai tgp 2-3 Hé diéu khién phi tuyén cd so d6 khoi nhu & hinh 2.9 co
méi lién hé vao ra cda khau phi tuyén bao hoa la :
u(t) = (1 — e K101y signy, (t)
) +1 x(8) > 0
voi signx (t) [_1 x,(t) < 0

va phuong trinh trang thai :

k(1) = x5 (2-23) % ' LI_)}:AHBU %

%,(t) = ult). (2-24) i ]

Ddp dn :
Hinh 2.8
o (t) "
xi = X] =Xy = oo (X — X)) = X5
! Ix,(t) © ¢
ofy(t)
* M M * K| D+
X=X — X = 0%, (t) ()~ xpp) = Ke 01 X
., 0 1 .
va X = - b's
1y Ke K|x0]| 0
Khi xy, = 0 : a = Re Kol — K vy XE = K:lxl.

Néu x,; lén, di€fm lam viéc nam trén vung bdo hoa.

Bai wip 2—4 VOi bai tap 2-3 nhung hé phuong trinh (2-23) va (2-24) cg

dang sau :

. -1

t) = : (2-25)
Xl() X%(t)
X,(t) = u(t) x(t). (2-26)

Hay tuyén tinh hoda quanh quy dao dinh mue [x(,(t), xy(0)] vdi diéu
kién dau x(0) = x,(0) = 1 va u(t) = 0.

Bdp dn :
L&y tich phan theo t phudng trinh (2-25) va (2-26) theo diéu kién

dau da cho, co :
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X2(t) = X2(0) =1,

x{t) = -t + 1
Vay quy dao dinh mic ung v8i (2-25) va (2-26) la -
x(t) = -t + 1,
X)) = 1.
) afy(t) 2 (D) ay(t)
ox,(t) ;@:x_%;m‘j:u(t);m:xl(t).
va : B {(()) (ﬂ : + [124 u'(t) - (2-27)

Nhu vay tuy&n tinh hda hé phi tuyén cd thé dan dén hé tuyén tinh

c6 hé s6 bién ddi theo thdi gian. “ /””””””’E: e~ +
) <Q> R L e
Bai tgp 2-5. Hé didu khién vi tri cua P °
vién bi sit dung nam cham nhu & .
hinh 2.10. y e
Hé phuong trinh vi phan cd Y —
dang :
nE mg Hinh 2.10
d%y(t i(t
m YO g—L (2-28)
dt* y(t)
di (t
e(t) = Rit) + £—— () (2-80)

véi y(t) 1a vi tri vién bi, i 1a dong dién qua cudén day. Hay tuyén tinh
hda hé trén.

Ddp dn :
Dung bién trang thai
x () = y(t) ; x,(t) = dy/dt ; xz(6) = i(t)

dx,(t)
T X,(t) (2-31)
dxy(t 2
2(1) . 1 x3(t) ; (2-32)
dt m x,(t)
dx;(t) R 1
I *fx3(t) +pe(t) ; (2-33)
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Chon difm lam viéc yy4) = x, = const

dxm(t)
xplt) = —g— = 0 (2-84)
2
M = 0. (2-85)
dt>

Tri s6 dinh mic cia i(t) cé duge bing cach thay (2-35) vao (2-28):

iHt) = %) = ¥ mgxy -

Vay, dng v8i (2-20) co :

0 1 0
0 1 0
Jo = Xﬁ3 —2x03 - 0 -9 g
¥ mgl mXg, Xo1 My,
0o 0 L o 0 _R/L (2-36)
0
J,= |0
VL

Bai tap 2-6. He qua lic nhu § hinh 2.11 nhung tin hiéu vao 1A mémen
Min. Hé duge moé ta bai :

w = £,06,0,M,) = -bo - Q%ind +

ml
0 = L,6,0,M) = o (2-37)
v3i b la hé s ma siat ;
Q= J?/T tin s6 dao dong v M
véi diéu kién ddu 6 = 0. o G
St
Hay tuyén tinh hda he
trén voi gia thiét rang goc 9 la
do duge, muc tiéu la git cho _ﬂ/’
con lac thing ddng trong khi
diém quay phu thudc viao gia
téc ngang do mémen M;, tao
nén. Trang thdi lam viéc dinh
muc gian v8i gdc quay va téc
d6 gdc bang khong.

[
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Ddp dn :

Chon trang thai :

-l

O lan can diém lam viéc (w,, 6, ta cd :

dw T TP g =L
of| , of,
U—QZ—QCOSQO;W=O;
M, 2 oM, -0
b Q“coso L
Vay :  x" = [ | 0°° Ol x* + | mi2| M, ; (2-38)
0
y = [0 1] x.

Vsi cic thong s6 mI° = 1, b = 025 Q% = 100, wy = 0, 6, = 0
va chon thdi gian ldy mAu T = 100 msec, ta ¢ phudng trinh gian doan
dang :

« _ 10,9925 -0,9971 - 0,01 .
*x+1 = | 0,00100 0,9950 | & 0,00 | in >
y = [0 1] x .

Bai tiap 2-7. Hé diéu khién & dia lazer nhu d hinh 2.11. Mémen tong ddi
vOl tal cd qudan tinh la

M, = Min - Md

n
voi
M (w) = ko + ksigno + k signup(w) (289)
v6i M, 12 momen dat vao (N.m) ; M, ]2 mémen ma sit (Nm) M, la
moémen tao gia téc (N.m) ; k, 13 hé s6 tuong hd cua phu tii quén tinh
(sec”z/N.m), ky la hé s6 dung cu do, k,; la hé s6 ma sat (N.m.sec.rad "),
k.cla momen ma sit Coulomb (N.m), ky; la moémen ma sit tinh (radsec_l),

w/a|

plw) = e

Ham sign dugc xdc dinh béi :
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+1, 6 >
sign6 = 1 0, 6 =0

Hay tuyén tinh hda y—#H N )
hé diéu khién t8c d6 ndi y i i__________?il_/ _J

trén & diém lam viéc .
0 < wpp S © S Opy M. M, | k, @ ky | #
(2-40) [ ° ] s

Bdp dn :
Die¢m lam viéc khéng Hinh 2.12
the tai w = 0 vi dao

ham riéng cta ham sign tai diém khong sé khong ton tai.
Theo diéu kién di cho :
w = {16, o, My = k! —Myw) + M) ;
é = £,6, v, M) = kw

-'()7_, = - kcu Ow + 0 = - kl()kvf )
of, of, of,
S — k=5 =0, =
dw Rl AL o
of, at,
= k =0 . (D] o
oM, ¢ M, S ke (T
5
O day khéng cd méi lién
hé véi diém lam viéc. Mo Hiah 2.13

hinh trang thai sé la

L (e e

My.s = —ksigno.

So dé khéi hé tuyén tinh nhu & hinh 2.13. Néu (2-41) duge dung dé
moé hinh hcoa thi mémen chéch sé bidng khong khi w = 0. No6i chung nén
dong md hinh phi tuyén, lgi ich cua viéc tuyén tinh hoa trong truang
hogp nay chu y&u la dé& phan tich va téneg hop.
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Bai tip 2-8. Tuyén tinh hda f(x) = 5cosx d lan cin x =

o f s

Ddp dn

A f(x)
5

Ung véi (2-9) :

f(x) — f(xy) = P xo(x - Xq) ;

Vay o6f(x) = -54(x) nhu 6
hinh 2.14.

Hinh 2.14
Bai tdp 2-9. Tuyén tinh hda :
dx | pdx, =0
10 gy tcosx=
8 x = /4.
Ddp dn :
2 x T
—— +_
d(6x+4) ) 4%« ' d(dx 4) _ abx
dt? Coatt dt T odt
Tuyén tinh héa cosx & lan can x = % theo (2-9) :
x4 7 T dcosx 5 AN
cos(6x 4) cos(4)_ & |, _= X = sm(4)x,
0 4
T 7 . V2 V2
cos(6x+4)—005(4)—511'1(4)61( = 251{,
A d%x déx V2 V2
Vay : dt2+2¥_26x__2 .

Bai tiap 2-10. Xac dinh ham truyén Uj(s)/U(s) cho mach dién ¢ hinh 2.15,
dién tré R 1a phi tuyén véi :
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i = 91U
vd u it) 1a nguén dién ap bé.
1
Pdp dn : u = IOInEir.
Theo Kirchhoff :
di

1
— + —i-20= .
dt 10In 5 1 20 = u(t)

Hinh 2.15

Xac dinh diém lam viéc :

ut) = 0 ; w® = L.di/dt = 0 ; u, = 20 von ;
ip = i = 14,78 ampe.
L—df— + 1011)5 (i + 8i) — 20 = u(t) ;

. 1
Tuyén tinh hda lnE(i(, + &i) theo (2-9) :

1.
n2(10 i) nzly= di iul_i iu“_in i
h 1l iy +0i) =1 i~0+l6’~
ay nz(lo 1)—n2 iol,

L9 o v Lsiy 20 = ug
dt (ng s, o0 - 20=ud.

L =1, 1 = 14,78 ampe :

Ol 067781 = ut
dt ) {0y = u ‘) 3
Ui (s) s

UG) s+ 0677
Bai tap 2-11. O hinh 2.16b c6 con tré (md hinh cia chan robét & hinh

2.16a) vai m, la trong lugng; M la mémen theo hudng 9, 1 la chiéu dai

1 ,
con trd. Gia thiét trong khai dat tai tam 5| Hay tuyén tinh hda phuong

trinh trang thai quanh di€m can bang.
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. Sing
-3
: N
e e Q722
M\"]\ -,\{1} ‘$|\ b #
AN WMot Y
\ \ A LA
|6 \\\f_- l_—’\: r‘;.
p AT g L= Ak
VAN \ W
| -'?75 \ L "A : \.3
S |
m stk
&) ) )
Hinh 2.16
Bdp an :
Thiea hinh 2.16d ¢6 phuong trinh méamen
d mgl -
J— +T.-_:|nH: M. (2-42
de- -
[at 1}, = %Xy , (x; = £
. mgl M
= ';37':—.”1-\' + "i‘
Viti difm can bang @ x; = 0. x, = 0, ung vai (2 -9)
df=nx,)
= - et sEy L - ‘u;
SINX| sinl) = rlxl ":|—nhh1 aX
Tli lII':I |5x| —; -\;.(_.I L
: mgl 5 M (2 43)
PRI o YRT |
Bai tdp 2-12. Binh chua ed hé phuong trinh
ot Evh o= rin.w) (2-44)
i = f(h. . D4
dt A A

val h la bién trang thai, F la bién dau vac, f va A la cdce thong so

Tuvén tinh hda o didm xae lap,

o



Ddp dn :
Dung chudi Taylor
f(h,F)= {—-ﬁr} [F F]—ﬁ%[h—hs}.

Thanh phdn thu nhidt v& phai bdng khéng vi tuyén tinh hda & lan
can trang thai can bang :

dh Fy
I
d(h — hy)
—ﬁ—[ b]+x [F-R]
dt 2A A
Vi h' = h - h, v = F - F_:
dh’ B 1
a - T 2AvE, M tR

Diu () dng vdi 46 chénh léch, ¢6 thé bd qua, vay :

dx i 1

—— = - +_ -

dt 2AVh, * T A" 1

dx ] (2-45)
— = ax + hu .

dt

Bai tap 2—-13. He dugec mo ta bai :
. dx,
X = a0 T fi(xp, %2, 1) 5

.y (2-46)
=g = hEx,ws

y = g(x. X, u).

Tuyén tinh héa & diém xac lap.

Ddp dn :
O diem xac lap :
f‘1(){157 o6 us] = f2(xls> Xow us) =0

va g(xlr\“ X3¢ us) = Y

Vay



[ of, of, |
d(xl_XIS) DT X1 oy UX5 | X|gXagd
T _ [ | *Ms"28"s 2| *lst2sts X, = X .
d(x; — x) of, of, X3 ~ X3¢
dt e -
0X [ xyxols  0X3 | Xye%ody
of, )
+ ou
—u] -
of, [“ a} ’
Ju Xs%2sHs
g g T 1% — %6 .
VTS T o, 0% Ixq g Xy T Xy
X1X2sMs
Jg
% | B0
U Iy oy
Mé hinh trang thii cé dang :
x = Ax’ + Bu ;
(2-47
y = €x’ + Du . )



Chuong 3
PONG HOC CAC HE PHI TUYEN

3.1. MAT PHANG PHA VA TINH CHAT

Truée tién hiay ndi dén mét sé dac diém cia phuong phap nay :

e Mat phang pha la phuong phdp dung mién thoi gian nén két qua
cia nd duge quan sat dé dang.

e Phian tuyén tinh cia hé gidi han & bac hai vi & bac cao han
(khéng gian pha) tinh truc quan bi han ché&

e Phuong phap duge dp dung véi hé dung (théong s6 khong thay ddi
theo thoi gian).

o Phuong phdp duge 4p dung thuan tién voi hé gébm mot phdn phi
tuyén va mot phidn tuyén tinh nhu 8 hinh 1.2b ma phuong phdp ghép
ndi cdc khau tuyén tinh (I1.3 tl [19]) va phi tuy&n tinh (1.4) ed thé don
gian hda cdu trdc cua hé phi tuyén.

Truong hop cac khau phi tuyén ndm rdi rac gita cdc khau tuyén
tinh thi dung phuagng phap mé hinh hda trén mdy tinh la thuan tién.

Miac di hién nay véi ky thuat may tinh phat trién, cd thé ding cidc
phuong phdp khic d€ mé hinh hda hé phi tuyén nhung phudng phdp mat
phiang pha cho phép quan sdt hanh vi cda hé, nhanh chong danh gia két
qua, con khi khong ¢d mdy tinh thli wu viet cta phuong phdp 12 hién
nhién.

3.1.1 Vi DU VE QUY PAO PHA TREN MAT PHANG
Vi du 3~1. O hinh 3.1 ¢ so d6 khdi ctia hé tuyén tinh, bac hai vai

xq4 = 0 la ch& d6 trugt vé gdc truc. Tuang d@ng véi hé phuong trinh vi
phén
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==
dx (3-1)
» 2
X, =0 X X y=X
o 2 2 / z / 1
s 3 S -
Hinh 3.1

Chia hai phudng trinh cho nhau ta cd :

x,dx, = —u)(z)x]dxl.

Gidi hé phuong trinh trén & duge :

x5 X
5 Twpg =C. (3-2)
Vi du véi diéu kién ddu x,(0) = 0, x(0) = A
A2
C = 5 va (3-2) la phuong trinh ‘
ellip : V2 =%

W, A

E+w0—:*—') (3*‘3) )A

Xy

Khi wy; = 1 ¢ phuong trinh dudng \\

tron ; khi oy > 1 thi truc tung 1a truc
lén cda ellip va ngudc lai.

Vi du 3-2. Mot trong khéi m dude treo
trén 10 xo. Néu kéo trong khdi xudng

Hinh 3.2

mot khodng cich lm ching han va thi ra. C6 thé quan sat qua trinh
dao dong cua m nhu ¢ hinh 34 (duong x,) va téc dé dich chuyén m

dx,
duge xic dinh bdi dao ham cda né nhu & dudng x, (xz = E—]
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::iu::/

%

v m

Hinh 3.3 Hinh 3.4

Hé trén co thé mé td bdl phuong trinh :

. dx,

X =X = 40

. k B dx, ‘

= T (3-4)
Véi m = 1,9 kg ; hé s6 ma sdt cia 16 xo k = 3 Nm'' va he s6 giam
xéc B = 1,2 N/msec). Vay (3-4) 6 dang :

. d'xl

X = E = X5 ; l

(3-5)
. dx,

He phuong trinh trén oo th€ mé td dudi dang ma tran :

_ 0 1 )
X = {—1,581 —0,63] x . (36

v3i y 1A hé s6 gde : 9.5
dx, Ax, 2
dx; Axy 0
- 1 - 0,63 x,
_ 1,581 x, 63x; (3-7)
X+ ’ -0,5
-1,581 3-8) )
X) = o X . (3 - _ X !
x + 0,63 e 0 o5 10
voi x,(t) la téc d6 bien ddi cua x,(t) ’
mdi quan hé dy dugc md td trén mat Hinh 3.5

phang pha x,(x;) nhu & hinh 3.5.
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Cac duvng cong 0 hinh 3.2 hay 35 la quy dao pha, md ta chuyén
déng cua he ti didu kién ban ddu, con ddu mai tén tudng dng vai hudng

chuyén doéng cua quy dao pha.

3.1.2. PAC PIEM CUA QUY PAO PHA

1. O cac hé diéu khi€n, thong thuong x, moé ta trang thii & diu ra
cia hé, con x, la téc d6 bién d6i clia x,. Trong trudng hop hai bién trang

thai, ung vdi dang Cauchy (2-3) ta 6 :

dx,
4 = bEL %) = x5
dx, (3-9)
5 = D, x) .
dxl Axl
Vay TS A TR ma At luén duong (bién d8i thuan cta thoi gian)

nén Ax, ¢d ddu tuy thudc vae ddu cua x, : Phia trén cta fruc hoanh
(xo > 0), quy dao pha di tic irdi sang phdi (Ax, > 0), con J phia dudi
truc hoanh (x, < 0) quy dao pha di tit phdi sang trai (Ax;, < 0).

2. Chia hai phuong trinh & (3-9) cho nhau ta cd :

dx,  f(xy,%p)

= —— = (3-10)
dx, f(x), Xp) *

Vi moét diém nhat dinh trong mat phdng pha, xac dinh bsi x; va

X,, thed (3-10) chi c¢d mot hé sd goc y xac dinh tiép tuyén cia huéng

dx.,
chuyén dong chia quy dao pha : y = = const cho nén : ¢ nhang
1
diém binh thuong quy dago pha khong cdt nhau.
dx,
Voi tri s6 y; = ey cho trudc, cd thé ve
(

Xp =Xy 5 X =X
cac dubng cong trong mat phang pha nhu véi bén tri s6 & hinh 3.6. Do
12 cac duong dang ta. D& tang d6 chinh xdc, chon s6 lugng dudng dang
ta v8i dé chénh léch gita chung :

10° < Aa < 30°
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17 4]

Hinh 3.8

Khi vé xong cic dudng dang tid (8 hinh 36 13 cac dudng cong co
chng tri s o, ¥ X2 X3, t¥ modt di€m xuidt phat trén dudng dang ta
(M,) vé dudng phan giac cia goc «, - «; (xac dinh béi hai dudng dang
td dau tién) cho dén khi gap duong dang ta thd hai (M) ; tlit diém thu
hai lai vé duong phan gidc cla géc a; — a; dén giao di€ém M, v.v.. Cudi
ciing ndi cac di€ém M, M,;, M, ., M; v4i nhau bing mét dudong tron, do
la quy dao pha cdn tim xay dung theo phuong phdap duong déng ta.

3.0 nhitng diém dac biét, toa d6 cia ching duge xdc dinh bsi

3-11 x,
f0¢, xp) = 0. [ 271D

UL
A trang thdi cAn bing cua / N
he. 7
Khi x, la téc d6 bien %
2 A
d6i ctna x; va : s e
’
dx, ?
& = fix, x) =% =0 7 ///
4
thi di€m dac biét nam trén 2 Z
7 Z

ol

/,"/'/,%/,’7 7
truc hoanh va cit dudng 92022 70
ding tA cd ti€p tuyén song

song x; nhu d hinh 3.7. Hinh 2.7



4. Tu (3-10) : Khi x; = 0 thi x = «, nghia la : Quy dao pha luén

cGt vuéng goc vdi truc hoarh.

3.2. CHENH LECH BE KHOI TRANG THAI CAN BANG

Néu f, va f, ¢ (3-10) la nhitng ham don tri, lién tuc va kha vi theo
ca hai bién x; va x, thi hé sé lam viéc khi ¢S chénh léch bé & lan can
m vi tri can bang nhu hé tuyén tinh haa.

Ding chudi Taylor d lan can cdc vi tri can bing d6i voi hé bac hai :

dx,
I = Ruxe o okpx
dx- (3-12)
dt‘— = kyx; + kooxy
B of, of,
Vo K= 5 s K12 T 0| g
of, oty
kyy = — ;oK = 7
0X | XwX2s 0Xo | X]gX2g

V6i hé duge mo ta basi (3-9) ta co ky; = 0 va k|, = 1. Bién déi
Laplace cta (3-12) & thoi difm t; = t - t, 0, toa do pha co tri s6
xjityp) = Xo VA Xp(ty) = xp la :

sX,8) - xqy = k(X8 + kpX6) ]
SXo(8) - Xy = kpX(9) + kyXy(s). |

I

X1b

Hinh 3.8
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hay s = kX3 - kXo6) = %y ; }

—Elxl(s) + (S - kz:)Xz(S) = le)'
Tu do rdt ra hai phtong trinh
\:SZ - (kg + kyds (kg - kukzl)}Xl(S) = (s - koo)xyy — kypxy;

[52 - (ky + ks + (kyky - k12k21)}x2(s) = (s = Kyxy — kyyxyq

tuong dng vai moét phuong trinh vi phan bac hai déng nhat

e . T (3-13)
dt2 Gdt X = . )
kll klZ
21 22
Anh cia nghiém hé phuong trinh (3-12) ¢d dang
%5 (s = kyp) Xy + kypxyy
s) = R
! (=3 (s— sy
X, ky 0 + (5 = Ky ) %y (3-14)
S -
2(8) (s—8y)(s—sy)
véi sy, s, la nghiém cua phuong trinh dac trung
ss-6s+ A =0 . (3-15)
s+Voc—an (k) + kyo) =V (k| = k) + 4 kpky,
. P 2
Ty anh (3-14) trd vé ham géc vdi nghiém phic s,;, = -a * jo;
6 1 .
a = -—55w=3 V4A —6° ta c6 phuong trinh cia quy dao pha
_ axyy + Xy
x| = e a(t- (())[xm cosw(t — ty) + —w—sinw (t - tO)il N
- Axyy + Xy (3-17)
x, = e to)[x20 cosw(t — ty) + > sinw (t ~ ty)| 5

O hé phi tuyén, cic phuong trinh trén phan anh chuyén déng cua
quy dao pha trong pham vi bé khi chénh léch khai trang thai can bing.
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O he tuyén tinh cdc phuong trinh dy sé dung trén toan bd mat phing
pha khi phan tich cdc hé tuyén tinh ting doan & muc 3.4.
Tinh 8n dinh va chdt lugng cua hé trong pham vi bé tuy thuodc

nghiém cua phudng trinh dic trung, duge x4c dinh bdi cac hé s6 6
va A.

Chia mat phing cic hé s6 6 va A thanh ting vung tudng ung véi
nhitng hanh trang khac nhau cia hé nhu & hinh 3.9.

Hinh 3.9

1. Trudmg hop A = Xk k), — k;5ky; > O tuong tUng véi phia phai clia
truc tung.

Véi A = w02 ; 6 = o, ta ¢ phuong trinh cda khau dac doéng :

d d .2

dt? + 2@(1}0& + wgx =0
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Khau dao ddng iing voi ty s6 tat dan 0 < £ < 1. O day khao sat
nghiém cdia phuong trinh vdi - < §{ < e.

Ding dai luong tuong d6i T = wyt, ti do :

d2"+2°d—x+ =0 (3-18)
a2 | dr T T

Dung bién pha la chénh léch bé x; va téc dd bién d6i khong thd
nguyén x, = dx,/drT.

d’x, dx, dx, dx, dx,
Pl Pl ] e

Thay dao ham bidc hai vao (3-18) :

dx,

xzd—x] + 2%Ax;, + x; = 0
dx,

Tu dg : - = — (2%, + x,)/%, ; (3-19)
dx, <
dx,

va Frie % ;

dx, (3-20)
i S 20x, .

12 hé phuong trinh (3-9) da dé cap & trén, cd nghiém cta phuong trinh
dac trung :

1
2 i v X wEr s
p°+ 2p + 1 =0 ;p = —Os phu thuéc ty sd tat dan &

Trong mat phing thong s8 6(A) ¢6 cac ving.

Viang 1. Ung v6i £ > 1 & 6 phdn tu thd tu dudi dudng cong
5% = 4A, ¢6 hai nghiém thue am :

1
= 2
= - + - = .
p] < E 1 (U()T]_’
. 1
= mt - VNP1 = =
0+2

pipy = 1.
twong dUng v8i hai khau qudn tinh vdi hing s§ thdi gian T, T,.
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Khi ¢ = 1,75, T, I6n hon T, muoi lan nén hé tuong duong mot
khau quan tinh. Phan bd nghiém dinh tinh vad quy dao pha mé ta & hinh
3.9 trong vung 1.

Viing 1 tuong ing véi vi tri céan bang 6n dinh vdi qud trinh qua
dé ¢6 dao déng. Diéem ddac biét nay mang tén la diém nul.

Quy dao pha quanh diém cd théng s6 théa min diéu kién 6 = -2uw,
= —Z\IX, nghia A trén dudng cong gidi han cda ving 1 vA 2 tuong dng
v8i { = 1, p; = p, = -1 1a quy dao pha hdéi tu cia hai khau quan tinh
cing hang s6 thoi gian ndéi ti€p nhau

Ving 2. Tuong dng v8i 1 > § > 0 cia khau dao dong & 6 phin
tu thd tu phia trén dudng cong 6° = 4A, c6 nghiém :

pp = ¢+ jQ;
P2='§‘jQA

Q:\Jl¥§2:wt/wn, w, = wp¥ 1 -8 la tan s6 goc cia dao
dong tat dan.

Dang quy dao pha la dang xodn 6c quanh tiéu cu (x; = x, = 0).
Viing 2 tuong iung véi vi tri can bdng on dinh ¢6 qué trinh dao dong.
Diém dac biét nhu vay goi la tiéu cu.

Trén phan phai cua truc hodnh ty s6 suy giam { = 0, nghiém cua
phuong trinh dac trung la thudn 40 : p; = j ; p, = 3§ va hé 1a mach
dao dong ly tudng, mo phong bang hai khau tich phan khép kin bai héi
tifp Am. Quy dao pha & dudng tron ban kinh tuy thuéc vao diéu kién
ddu tuong dng vai vi tri cAn bing trung tinh. Nhu vay nia phdi clia
truc hoanh ituong ung vdi diém dgc biét goi la tam.

Qua cac phan tich trén cho thdy, khong thé danh gid tinh én dinh
va hanh trang cda hé phi tuyén bing phuong trinh tuyén tinh hda don
thuan (3-12). Thanh phan phi tuyén tinh dong vai trd quan trong trong
viec phan tich ham fj(x;, x,) va f,(%x;, X,) ma nguoi ta con goi la anh
hudng cia cac théng s6 nho.

Vitng 3. Ty s6 suy giam c6 gid tri am ({ < 0). Phian thuc cda hai
nghiém phic déu duong :

pp = a + jQ;
P, = o - JQ;
l >a=-f > 0.



Quy dao pha la ho cac dudng xodn &¢c va phan ky. Vi tri can bang la
khéng 6n dinh. Diém dge biét ma 6 va A thudc ving 3 got la héu cu
khong on dinh.

Quy dac pha quanh diém c¢d théng s6 théa méan didu kién 0 < 6 =
2w, = 2VA. nghia 1a trén dudng cong giséi han vung 3 va vung 4 tuong
ing véi { = -1, p;, = p, = 1 la quy doo pha cia nit khéng oén
dinh ndy sinh.

Viing 4. Hé s6 suy gidm cd gid tri am -1 > { > -, nghiém déu

thue va dudng :

b= a-VE-T ;
pp = a+ yEr-1;
a = —¢ > 0.

Quy dao pha lA hinh anh d6i xing vdéi quy dac pha trong mién 1
qua truc x; nhung diu chuyén déng ngugc lai. Quy dao pha la nit khéng
on dinh.

2. Truong hop A = kyky — k)ky; < 0 tuong dng véi phia trai cua
truc tung.

Voi -A = cuﬁ > 0, thay vi (3-18) c6 phuong trinh vi phan :

d%x, dx,

drz E_,’ E + X = 0 ) (8-21)

vad hai nghiém cda phuong trinh dac trung la :

p}=_§+\'é"+1 >0;p2="§—W'§2+1 < 0. (3-22)

déu la nghiém thuc, khong phu thudc vao 6 va ddu khac nhau.

Viing 5. Vi tri can bing (x;, = 0, x5 = 0) luén khéng on dinh. Quy
dao pha ¢6 dang yén nguae va phan ky. Hai quy dao pha dac biét la hai
duong thing qua géc truc :

X; = Pi¥X = (X VA X = PoXp = 00X (3-23)

Cac dudng dang ta la tigp tuyén nim ngang va thiang ding déu nim
g hai phia khdc nhau déi véi dudsng dang ta (3-23). Quy dao pha co dang
hinh deo ndi va diém dac biét khéng on dinh nay duge goi la diém yén

ngua.
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O hinh 39 c6 quy dao pha cGa ba trudng hgp khac nhau cua §
(hay ©6).

Quy dao pha quanh di€m dac biét ¢ thong s6 A = 0 dng vai cac
difm ndm trén truc tung. Phuong trinh (3-12) ¢6 dang :

dx _ & 3-24)
®la| =9 (3~

dt?

Hé tuong duong véi hai khadu quan tinh va tich phan né&i tiép nhau.
dx

Véixlzx;xzzagtacci:

dx, |
Sen |
dx,
Frl

(3-25)

Tu dd, cd truc hoanh (x, = 0) la nhing diém dac biét. Vi
cta phuong trinh dac trung la : '
pp =05 p, =6
Phuong trinh quy dao pha cd dang :

1 _
X, =Xyt 5 xm[l R tO)} ;l
(3-26)
X2 = X20 eu([—‘ [O) . J
Xac dinh ti phuong trinh thd hai ¢’t "' = X,/%5; va thay vao

phuong trinh ddu ta ¢S méi lien hé gita cac bién pha dang tuyén tinh :
Khi 6 < 0, di€m bi€u dién cia quy dao pha tién dén truc hoanh va
1 . . .
ding § diém x = x;p + (7)%y (hinh 3.9). Nhu vay diém dac biét lo
vi tri can bang on dinh cia heé.

Khi 6 > 0, toa d§ pha tang dén v6 han. Diém ddc biét trén truc
hoanh la vi tri can bdng khong on dinh.



3.3. HANH TRANG CUA HE KHI CO CHENH LECH LON.
TU DAO DONG

Sau khi xic dinh cdc diém dac biét va khao sit tinh chiat cua cic
qud trinh & lan cAn vi tri can bang (trong pham vi bé), cd thé tién dén
khao sdt ca hé phi tuyén, bao gém :

Ngoai cde trang thdi cAn bing, cin xdac dinh cac qua trinh xdc lap
co thé khac, cing nhu cic didu kién bido didm cho hé lam viéc & nhiing
ché do 4y. Do 1a cdc ché do6 dao dong c6 chu ky ma trén mat phang
pha 12 nhilng quy dao khép kin, goi la chu Ry gigi han 6n dins. Cin
lam r6 nhitng ving cing v8i toa do cua di€m bigu dién ma trong mai
vung ¢ mot trong cac ché d6 xdac lap cta hé. Gidi han cla nhing ving
dy dugc goi 1a ving hdp dan cbia ciac ch€ do lam viéc tuong dng. duge
hinh thanh bdi cac quy dao pha dac biét, khéng én dinh goi la chu k¥
gigi han khéng On dinh va cic ving yén ngua phan ly.

Viéc x4y dung quy dac pha trong trudng hop chung kha phde tap
néu khong dung dén may tinh. Phuong phap giai tich duge dng dung
déi vai hé tuyén tinh héa tung doan (3 -4). Ngoai phuong phap gian
don nhu phudng phdp dudng ding ta (3 -2), cic phuong phap khic cd
thé tham khao & cdc tai lieu [2, 12, 13]. O diy chu yéu dung cac
phuong phdap d6 thi va phuong phdp s6 trén cd sé diang may tinh va
chuong trinh MATLAB dé€ giai va mé hinh hda.

Xac dinh thoi gian chuyén dong cia diém bicu dién

Mé6i lién hé gitta su thay déi toa d6 di€m bi€u dién va thsi gian
chuyén d6éng cta nd ndéi chung duge xac dinh theo hé phuong trinh (3-9.
Néu dung mdy tinh, d6 chinh xac cia phuong phap d6 thi dudgc ning cao
r6 rét. Noi dung tong qudt nhu sau :

vdxl— en 38— L 14 tich phan th ta oo
1 dt = X2 nan dxl = x2 . ay 1C p an eo X] .a €O
1
t = [—ax, .
X5

Digu d6 c¢d nghia 12 thyi gian dén mét diém nio trén quy dac pha
1

14 khodng cdch phu thuéc vao diém 6 dudng cong - thong qua x; Cho
2

nén theo truc x, chia thanh nhing cung du nhé dé€ thé hién hanh trang
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cia x5, dai luong x, tuong Ung véi méi cung cd thé do duge, bién déi

1
thanh - va tdng cia ching dude xac dinh, tit d6 xac dinh théi gian
2

tudng 1ng.

Vi du 3-3 V6i vi du 3-2 va quj dao pha nhu & hinh 35, xiy dung bang

két quad nhu sau : Hai ¢t dau ldy tt hinh vé quy dao pha, cot thd tu
1

1a -~ Vi x, d6i khi bang khéng, dé tranh truong hop khong xidc dinh @
2

cot ba, dung d6 chénh léch cia Ax,.

Bang 3-1
Gia tri cua méi Bién dd 1
x ‘s 3p %, I PR Thasi gian
X2 ~

10 0 - - - -
09 -0.54 027 a7 037 037
08 068 061 164 016 053
07 079 074 135 014 067
06 084 082 122 012 079
05 -086 -085 118 012 091
04 -090 -0,38 114 ot 102
03 -090 -090 11 o 13
02 -086 -088 114 ot 124
0. -084 -085 118 012 136
0 -079 082 122 012 148
-01 072 075 133 013 161
02 -062 -067 149 015 176
03 048 055 182 018 194

| -04 -025 -037 270 027 221

1
Cot thd nam la khoang ciach cta dudng cong P thong qua x, (chu
2

¥ la d6 rong méi cung déu nhu nhau va bang 0,1). Cot thit sdu la thai
gian gbm téng cua thdi gian dudc xdc dinh tu cot thd nam. Ket qua cd
th€ so sanh v6i cdc duong cong & hinh 3.4. Vi du thoi diém x, bang
khong theo khoadng 3-1 la t = 148 sec con & dudng cong 1a t = 2,21 sec.

Cang gidam nho x,, két qua xdc dinh cang chinh xac hon.
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Vi du 3-4. M5 hinh héa hé én dinh hudng 1ai & vi du 2-1. Muc dich 1a
khao siat anh hudng hé s6 héi tiép do thay dai r. Diac tinh khuéch dai
z,(1,) nhu @ hinh 3.10b va khéi phi tuyén z,(u,) nhu & hinh 3.10c (khai
FT). Do khuéch dai thuit todn bfo hoa |z | < 100 V nén quy dao pha
gigi han ¢ 6 vusng (hinh 3.11).
it
‘M 0

IMKF y IMKF

7
a<
]

a)

7, [V]

1007

—

-0 1,0

b)

Hinh 3.1D

Trén doan tuyén tinh cdaa z;,, hé s8 khuéch dai I1dn.
lk|= 10° >>1 mnén o6 the ding khuéch dai d€ tich phan cdc phuong
trinh vi phan (mo6 hinh hdéa khau dong hoe).

So d6 mé6 hinh & hinh 3.10 nham muc dich giai phuong trinh vi
phan :

d’y, dn) il L 1M
a2 2| dt g V1T

e
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dy,

voi diéu kién dau y; = yj5 5 Y2 = TR

Néu di€m bidu dién cit dusng dang ta theo ti6p tuyén ngang som
hon (hay chiam hon) so v8i truc tung, y, = O thi chénh léch cua di€m
bi€u dién so voi gbc toa dé gidm (hay tang) dugc md td bang vung [
(hay II) trén hinh 3.11.

100 [ { \

>~ —, _
7 ==
-100
d)
Hinh 3.11
* Khi r l6n, dudng thing z = -ky, chi cat z,(y,) 8 gdc toa dé.
Dudng ding ta theo tifp tuyén ngang y, = ky, - Z,(y;) nam tron

trong 6 thd hai vid thu tu

Hinh 3.11a 14 quy dao pha véi k= 0,75; r=1,34M khi z tiép xiic véi
dudng cong z, (vi tri a ¢ hinh 3.10c). Trudng hop nay chi ¢ nt trang
thii can bang y,, = yy; = 0.

Phudang trinh ciua hé :
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1(dz,
E=-—- + k| =

1
— (2,5 — 0,75) = 0,875 < 1 .
2|dy, ¥1=0

2

*V6i k = 1, r = 1M ung véi dudng b (hinh 3.10). Dudng ding ta
vl tiép tuyén ngang cdt nhiéu ldn truc tung cia mat phing pha. Ngoai
trang thai can bang 6n dinh y; = y5 = 0, ¢ thé cd dao dong khong
tit ma bién do6 va tdn s6 khong phu thudc diéu kién ban ddu néu diéu
kién 4y nidm trong mién hdp din cia chu ky téi han 1. DS la ché do
tu dao dong. Tu dao dong s& khong tén tai néu khdéng tao nén chénh
léch ban diu da dat dén chu ky giéi han 2.

* Khi ti€p tuc gidm r, dudng thing z = -ky, quay theo chiéu kim
déng hé. Duong ding ta véi tiép tuyédn ngang ndm 3 géc phan tu s6 mor
vi s6 ba. Bién d¢ cua chu ky t6i han 6n dinh 1 va khéong 6n dinh 2
tang dan khi dudng thing z = -ky, trd thanh tiép tuyén z = ydz/dy,
dudng ding th y = 0 vuot qua truc tung va vi tri cin bang 6n dinh khéng
edbn nita. Quy dao pha nhu 8 hinh 3.1lc dng v6i k = 5 ; r = 0,2M.

Néu dung tac dong kich thich mém (d8i ddu cia y,y) :

dy; . dy,

de | Tl dt Y1

thi duong dang ta y, = -F(y,) d8i ddu dng véi quy dao pha ¢ hinh 3.11d.
Do 1a trudng hgp r = 1M ; k = 1. Diém dac bist 1a tiéu cu khong on
dinh. Dudng cong I 14 chu ky tdi han én dinh, con dudng cong 2 - khéng
dn dinh.

34. TUYEN TINH HOA TUNG DOAN

e} phuong phdp tuyén tinh hda, tai nhing di€m lam viée, dac tinh
13 tuyén tinh ; do dd vdi nhing di€ém lam viéc khac nhau cd thé bign
d6i dac tinh phi tuyén thanh tuyén tinh ting doan ma giao di€m cuia
nhitng duong thidng xdc dinh cho pham vi tuyén tinh trong moét gigi han
nhat dinh.

Khi thyc hién phuong phap xdp xi ndy cén chi y dén anh hudng
cia nd dbi v8i k&t qua phan tich chit lugng hé. NGi cich khac 1a so
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lucug va ching loai cic di€sy diac biét, ranh gigi cia cde vung hip dan
cia quy dao pha, cdc chu kjy t6i han va tinh 6n dinh khong thay déi
khi dong phuong phdp xip xi dé tuyén tinh hda. Phudng tién dé€ kiém
tra 12 so sdnh vdi k&t qua mé hinh hda hé so khai.

Diéu rdt quan trong d&i vdi hé phi tuyén ld mo td todn hoc xudt

phat tdt ban chdt vat ly cua phdn td phi tuyén, vi du ciac khe hg, gdi
ti, role, khda, trigg v.v...

Trudc tién hay xét anh hudng ciua dang didc tinh phi tuyén tinh ting
doan anh hudng dén quy dao pha nhu th& n3o. M6i doan tuyén tinh cia
dac tinh z(x)) va z(x;) cta cdc phin ti trong hé ma khéng bi gian doan
hay gay khic sé tudng dng vii mdt vung riéng biét (k = a, b, c..), trong
ving &y v&€ phai cia hé phuong trinh vi phan la tuyén tinh theo cA hai
bién pha.

Nhu vay, ta cd thé viét :

dx/dt = ko + kyxp + kyxp s

dx,/dt = kyy + kyX, + kypx, (3-28)
Voi kg = fi{x; = 05 %y = 0) = f;(0) va ky, = f5(0).
Toa d6 cuia di€m dac biét dx,/dt = dx,/dt = 0 :
—kjoky + Kyokyp
s T kjjkyy = Kppkyy ;
(3-29)

k10k21 - kzoku
X = .
% kiky, — kygky,

Di€m dac biét thudng khong phai la trang thai can bing cua heé.

Theo (3-28) ; kyy = — (kyxys + kppxpg) va kyg = — (kyxyg + kooxyy),
phuong trinh vi phian cia quy dao pha dng vai (3-12) nhu sau :
dx, .
a6 = kG mxg T kp (e oxg
ax, (3-30)

Fr ko () — X)) + kpp (x5 = x3) -

So sanh (3-30) véi (3-12) thdy rang, su khic nhau duy nhdt gita
ching la sy dich chuyén di€m dic biét tU géc toa d6 dén di€m cd toa
d6 (3-29). Nhu vay, mol phan tich ¢ 3-3 dé&u cod thé ap dung cho hé
tuyén tinh ting doan.
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Truong hop dac biét 1a khi A

- x2s) }

dx,/dt

X3

s} (X.2
khic voi (3-25) la c6 thanh phin ky = £,(0) =

0, nhit 1a véi :

(3-31)

_GXZS .

Phuong trinh clia cic dudng cong tich phan ¢6 dang :

Dudng diang ta la duong
(5) O
hoanh truc nhu & hinh 3.12
va dudng dang ta v4i tiép tuyén

thing x, song song

vii
song song vai truc hoanh déng
thoi la gidi han cia quy dao pha
cua ha.

Quy dao pha cho truang hgp
6 < 0 va 6 > 0 nhut 8 hinh 312a
va 3.12b tuong Ung.

V4i diéu kién 6 = 0, (3-31)
¢6 dang :

dx,/dt Xy l
deyat = ¢ | O7)

Quy dao pha nhu 4 hinh 3.13
tuong duong voi hai khau tich

phan ndi tiép.

Co hai dang chuyén déi
dac tinh phi tuyén tinh ting
doan :

1. Chuyén d6i ma van giu
tinh lién tuc cdia vé& phai
phugng trinh vi phan (3 -30),
nghia 13 van gitt tinh lién tuc
cua téc do pha, dac trung cho
ciac hé tuyén tinh ting dean
lién tuc.

XZ_

Xos

X2

SAN\\

(3-32)

(¢

NN

A%

i

‘\\\\\\\

b)

7777

//

/)

Hinh 3.12

/////H

AN

Hinh 3.13

-

1



2. Chuyén d&i véi t6c d6 pha gian doan nhung quy dao pha lién tuc,
dac trung cho hé tuyén tinh ting doan e6 chuyén doi.
3.4.1. HE TUYEN TINH TUNG DOAN LIEN TUC

Vi cic ham fi(x), x,) va f5(x;, x,) bién ddi nhung vin gid tinh lén
tuc nén dudng diang ta cia hé (3-28) cing lién tuc va la nhing dudng
giay khic. Quy dao pha khéng giy khie.

Vi du 3-5 Heé tuy doéng c¢d so dé khéi nhu & hinh 3.14,

4 3 48 i' A _/l|/_ 4

u/(
A
K 4
~ 1+ s/,
Hinh 3.14
bat x;, = 6, - 6, ; x, = dx,/dt, ¢ hé phuong trinh :
dx,
T fi(x)) ;
dx,
Tl -f,(2sinx{) - x,

1] <1
Khau phi tuyén thd nhdt la dic tinh cta xenxin :
fi(x)) = U,sinA8 = U sinx,
Khau phi tuyén thd hai 14 khuéch dai ¢d bao hoa. Khau phi tuyén
thy ba la dic tinh ki€u khe hd chua bé gidm tdc.

Mat phing pha dugc mé td bang bén ving (t6) khdc nhau nhu &
hinh 3.15.

T3 (ving) a. La vung tuyén tinh khi cd chénh léch gde bé :
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. dSinXl
lzsmxl( < 1; dx,

> 0

Bién gi6i cia ving nay la cdc dudng thing ding :

Xy = amsin(—%) = —% ;

N . 2
va Xy = arcsm(+—) = g

Trong pham vi gy : dx,/dr = X ;

|

d.Xz/dT = —xl = XZ i [

Hinh 3.1%
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DJ 1a phuong trinh ciua quy dao pha hudng vao tiéu cu & gbc toa do —
diém dac biét x;, = x5, = 0. Dao ddong o6 ty s6 tat dan bang 0,5.

Ts (ving) b. DS 1A viang bdo hoa duong £, = 1 cd gidi han #/6 <

X < T E = SJI
N A
dxl/dt = X2 5
dx,/dt = —x, -1
nhu ¢ hé phuong trinh (3-31) véi 6 = -1 ; x5, = -1, Quy dao pha trong

ving bio hoa duong cia khuéch dai va khi phdn tuyén tinh cua hé cd
tic dong vao khéng d8i tuong vng véi téc d6 quay déu ctia dong ca sé
tién dén duong thang dac biét : x, = -1 = const.

To (vieng) ¢. Vung bao hoa am :

5 T
22=—1,—gn < x4 <E.
va dx,[d7 = x, ;
dx,/d7 = ~x, + 1. J
Ty dé6 6 = -1 ; x,, = 1 Ung véi dusng ding ta x, = —(1- ! nhu &

hinh 3.15. Quy dao pha vung ¢ d6i xing vai ving b.
To fviing) d. Vung tuyén tinh cva gdéc quay quanh tri s6 z.

dsinx;

[2sinx;|] < 1 ; <0

dx,
Bién gidi ctia vung la ciac dudng thang ddng :

aresin e T B esin [ — A\ = gt T o= L
X, = aresing =z g—gnvaxl-arcsm( 2)—n s = 6"

Trong ving tuyén tinh &y, x;, cd thé dugc tinh gian ding : sinx;, =

7 - x(, do dd :

dx,dT = x5 ;
dx,/dt = x; - % + 7 . }
Di€m dac biét x;, = 7z ; x5, = 0 la di€fm yén ngua.

Tinh lién tuc ctia quj dao pha ti vilng nay sang ving khac va tinh

liéen tuc cua cdc dudng ddng ta nhu J hinh 3.15
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3.4.2. HE TUYEN TINH TUNG DPOAN VOI PAC TINH PHI TUYEN
GIAN POAN - HE ROLE

Hé role 12 hé thuang gip va dac trung cho loai thd hai cua tinh
chdt tuyén tinh titng doan.

3.4.2.1. Hé role voi dic tinh role hai vi tri

O hinh 3.16 cd so d5 khéi cia hé ro le ma khau phi tuyén la rdle
hai vi trd (role ly tudng nhu & hinh 1.7¢) diéu khién d6i tugng la hai
khau tich phan. D&i tugng nay cd th€ la dong co modt chiéu kich tu doc
lap nhu & hinh 2.3 tai liéu [18]). Trong thuc t€ hay dung role d€ diéu

khién goc quay cia dong co mot chiéu, chang han (x; = ).
X=0 e K X ] Xy ’ X,
s S5 S
Hinh 3.18

Theo hinh 3.16 ta ¢ thé cd hé phuong trinh sau :
dxy/dt =y, ;

dx,/dt = + K. (3-34)
Chia hai phuong trinh nay cho nhau ta co :
E = X L3 (3-35)
dx, T ya
Tu do : x,dx, ¥+ Kdx, = 0
Quy dao pha cd dang parabon véi phuong trinh :
5 ¥ Kx, = C (3~36)

Tuy thuoc vao diéu kién diu ma quy dao pha la ho nhitng dudng
parabon khép kin nhu & hinh 3.17a. Dd 1a ch& do tu dao dong & hé phi
tuyén - dao dong vdi bién d¢ khéng thay d8i. Duang chuyén déi 1a truc
X, tuong ung véi x; = 0. Vi khi x;, = £ > 0 thi e = -¢ < 0 va quy
dao pha ing véi -K ; con khi x; = € < 0 thi e = = > 0, quy dao pha
ing vdi +K, rdle phai chuyén d&i vi tri td -K sang vi tri +K.
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Xb Xa—
K c) K
Hinh 3.17

Ban doc hay giai thich vi sac khi rdle ¢d ving kém nhay (hay role
ba vi tri nhu & hinh 18b) qu§ dao pha cing la dudng cong khép kin
(ch€ do tu dao déong), nhung & ving kém nhay (* x,) thi quy dao pha
song song v6i truc hoanh, con khi role hai vi tri cd tré (hinh 1.10c) thi
quy dao pha phan ky va hé khong 6n dinh.

Ca ba trutng hgp trén déu khéong thé su dung hé role nhu vay dé
diéu khién vi tri vi hé luén dao dong hoac khéng 8n dinh. Do d6 cén
6n dinh hé béing héi tidp cuc bs.

3.4.2.2. 6n dinh héa hé rv le

O hinh 3.18 c¢6 so d6 khéi cia hé role nhu & hinh 3.16 nhung cd
dung héi tisp am téc do bing khau ty 1é a.

" 2 ‘e ! %
-K s s
o
Hinh 3.18

Trong trudng hop nay, dudng chuyén ddi khong con 1a truc x, ma la
dudng thing di qua géc truc nhu & hinh 3.19. Khi e =-(x,+ax,) =0 1a
duong chuyén ddi thi vé hai phia cda né la quy dao pha ung véi +K
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va ~K nhu & hinh 3.19.
Quy dao pha héi tu,
qud trinh la dao dong
tit dan va ti&n dén
trang thai can bang d
goc toa do (véi x4y = 0).

N
N&u quan sat ky \

quy dao pha véi hé s6
phdn ho6i 1lon, ta thay

cd mdt doan thing AB . N
e dut huvén dai BJJHJ? 1y érn JIol
cia dudng chuyén déi, e w-lx rax) =0

trong pham vi nay

chuyén dong sé dugc Hinh 3.1
thuc hién theo ché do
trugt, nghia la theo A%

dudng chuyén déi ma
khoéng theo quy dao
pha.

O hé role thuc (cd
ving kém nhay nhat

dinh) chuyén doéng sé
theo dudng gay khic
nhuy & hinh 3.20.

3 ché& doé trugt,
hé ¢ hanh vi nhu mot
hé tuyén tinh va chit
lugng cda hé dugce
nang cao. D6 1a moét dang cia nhing hé cd ciu tric bién ddi.

Hinh 3.20

Mac diu hé ¢d nhitng uu di€m quan trong (tinh bén ving khi thong
s6 bién d8i) nhung viéc dng dung trong thuc t€ cd nhiing han ché& nhu :
cd ciu lam viéc & ch& d6 rung nang né va khi bac cao phai dung mot
s6 khau vi phan.

Tuy nhién, thay vi role lam viéc 8 ch€ d6 nang nhoc, nhitng co ciu
dién td nhu cic bé rung cho phép lam viéc vdi tdn s6 cao da khac phue
dugec nhuge di€m ndi trén.
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3.4.2.3. Ché do t5i wu tdc dong nhanh

Quan sit dudng chuyén d6i & ché d6 trugt c6 thé nghi ngay rang,
néu duong chuyén déi khéng cd dang dudng thing ma cing cd dang
parabon nhu quy dao pha thi role chi d8i d4du mot 1an dé di dén trang
thai can bang va khong ¢d ch& do trugt. So dé dugc thuc hién bang cich
ding khau phi tuyén tinh & héi ti€p euc b6 nhu & hinh 3.21. Do la y
nghia clia vide diung cic khau phi tuyén d€ nang cao chit lugng cia hé
nhu di néu & phdn ddu. Cd thé€ ¢ nhiéu ciach d€ thuc hién mach héi

ti€p phi tuyén ndi trén (xem I1.1.4 tai lieu [18]).

Hinh 3.21

Bay gis dudng chuyén d6i cd dang :
x3
e = —(x] + —sig'nx2> =0 (3-37)

2
hay :
x|
) =0

O tai litu {18] ¢6 ching minh hé noi trén la tdi uvu tac dong nhanh.

e

3.4.2.4. Hé c6 cdu triic bién dii

O vi du 3-1 ¢6 quy dao pha ctia hé tuyén tinh bac hai (hinh 3.2).

Tuy thudc vao gia tri cia w, 16n hay bé hon 1 ma hinh dang cua elip
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(2]
Ca\ /
> ~
~
M-

ST
P orns
(=

Hinh 3.22

mé td qufy dao pha cta hé khac nhau. O hinh 3.23 ¢6 quy dao pha cho

hai trutng hgp néi trén. Néu lan lugt thay d8i cac gida tri o, sao cho

quy dao pha cia hé ngiy ciang xody vao g6c toa d0, ta sé c¢é dao dong

tit din nhu & hinh 3.24a.
Luu y rdng d phan tu thd nhat
va thi ba, tich cia x3x, > 0
con 6 & phan tu thd hai va
thi tu, tich cda x;x, < 0.
Diéu 4y dugc thuc hién theo
sd d6 khéi nhu ¢ hinh 3.24b.
Khi dong dién qua cudn
day role duong (x;x, > 0)
ti€p di€m role déng vé phia
a con dong dién qua cudn
diy am (x;x; < 0) tiép

di€ém role doéng vé phia 6.

Mot ldn nita ta thay y

A%
@A
a, >/
ay, A
@, <7
) Xyl
A
-x,
Hinh 3.23

nghia cta viéc thém khau phi tuyén vao hé diéu khi€n d€ cai thién ché

doé lam viéc cua né.
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3.5. DAO DONG HON LOAN TRONG HE PHI TUYEN

3.5.1. TINH HOI TU CUA CAC PHUONG PHAP LAP
Bat dau bing mot vi du. Short L. (1992) da khao sat hanh vi cia
mét qui trinh lap sau day :
Xoa = f(xy = = 0,5(x; — 6x, + 9x, — 6), r=0,1,2,... (388
d8 giadi phuong trinh (x-1) x-2) x-3) = 0.

Phuong trinh trén c6 cdc dac tinh sau :

£(1) = 0 va (1) # 0,
2y = 0.
£(3) = 0 va °(3) = 0.

Vin dé chinh 1a xac dinh pham vi xap xi ban ddu d€ héi tu vé cdc
nghiém khic nhau. D& gian don, vé dudng thang y = x va y = f(x) cd
do nghiéng bing 1. Phan tich d6 thi cho thdy, néu diém xudt phit nim
trong pham vi tit 1 dén 1,43 (gin ddng) thi cdc diém 4y hoi tu vé nghiém
bing 1 ; con trong pham vi tit 2,57 (gian ding) dén 3 thi hoi tu vé
nghiém bang 3. Short L. cing khdo sit nhiéu pham vi khic mia mét sb
diéu kidn ban ddu da din dén dao dong hén loan & qud trinh lap. O
hinh 3.25 ¢d vi du cho trudng hop trén.
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Voi  diegm  xudat
phat x,, = 4236067963
thi didm hai tu la
nghiém x = 3 (ecac

digm 0. 1, 2, .., 9 co

i

mone

ddu "o". Néu lay diém
xuat phat khac truace
khong dang ké, nghia
la : x, = 4.236067970 .
thi diém hoi tu lai la & - \ o
nghiem x = 1 (cac ¢y ‘\v
diéem 0, 1, 2, ... 9 co , . . .
dau +" Nhu vay mot | | _ L LR

su thay doi nhd cua 7 g 2 23 3 15 & ;5

diégu kién dau cong Hinh .28
din dén dap udng rit

khac nhau 14 finh Adn loan cia hé (tinh nhay cam vai diéu kicn dan

352, MO HINH PHAT TRIEN DAN 80O

Trude diy nmhiéu nhit khoa hee cho ring mé hinh gian don thi dap
ung gian don va hanh vi etda hé ecung gian don Tuy nhien khoang ba
mudi nam trude, mot =6 nha khoa hoe va ky su da khiam pha ra ring
nhing mo hinh gian don cho phép doan trude dude hanh vi cia no trong
mot thoi gian ngan nhung tinh nhay cam vdi diéu kién dau khong cho
phép du doan duce hanh vi cua nd che thdr gian dai. DS la wuong hop
cua mo hinh du bao thoi tiét cia Lorenz (19637 hay o hinh phat trien
dan =0 cioa May (1976)

(na thigt rang dan =5 trong mdt chu ky thii gian nao dd la ham
cta chu ky thoi gian trede dd. Mo hinh toian hee od dang -

n,, = n + b -d RERDT
trong dd n, -dan s6 d dau chu ki k :
b, - =0 ngudi duce sinh ra @ chu ky k
d, - =0 nguoi chét & chu ky k
Gia thidt 1a s6 nguin sinh wva t0 & chu ky k (¥ e v dan =0 4 dau

chu ky

bk = aphy {3—40

=l



d = agn, , (3-41)

a, va a4 déu la hing. Vay :

N = 0 +oawn, - oagng (3-42)
hay : N, = (1 + vin, = anp . (3 -43)
mir =g, -agp a=1+71r=1+ a —a,

Déi véi hé thyc thi « > 0. Nghiem giai tich cta (3-43) la :
ng = an, . (3-44)
ma n, la diéu kién dau.

Khao sit cho thiy :

a < 1 thi dan s8 gidam & méi chu ky thai gian (héi tu dén
khéng) ;
@ > 1 thi dan s6 ting & mdi chu ky thdi gian (— =) ;
a = 1 thi dan s8 khéng thay déi.

Két qua duge thé hiégn & hinh 3.26. K& qua nay la hop ly ung veéi
ba truong hogp : sinh < ti, sinh = t& va sinh > td. Mé hinh clia Malthus
d th& ky 19 du bdo ting dan sd (¢ > 1) theo ham mid. Tuy nhién viéc
ting dan s6 dén vé cing la khong thuc t€ vi trong thuc t& ludn cd nhing

han ch& cia dan s6 cue dai.

30
25 1
+
\ - +
S 20 &=1s .7
&
N 45 | +
Q + 7
i+ Tt X =7
i
05 >
X =09
a 1 { I {
0 2 4 6 8 10
Chu kg t
Hinh 3.28
Vi vay thay vi (3-39) ding mé hinh sau :
X = ax(l = x) (3 -45)

Vi (3-45) la phuong trinh dong hoc gidn doan, c6 thé€ xac dinh trang
théi xdc 1ap bing cich tim nghiém khi k — . T (3-45) ta c6
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Xyp| = aXy ~ axﬁ . (3-46)

0 trang thai xdac lap x.,| = x; nén :
X, = ax, - ax’ , (3-47)
hay : axg —(e-Dx, = 0. (3+48)

Viy nghiém la :

Ca=—1
x, = 0 va —

(3-49)

Tu (3-45) thdy rAng, néu dan sé ban diu bang O thi sau dd van la

0, con néu diéu kién diu khdc 0, dan s6 sé hoi tu dén (o -1)/a (xdc lap).

Tuy nhién viéc xac dinh dan sd trong thoi gian dai (xac lap) cing kha

phdc tap. 0 bang 3-1 cd néu bdn trudng hop cda thong s o khiac nhau

va

trang thai xac lip khdc 0 theo (3-49).

Méi trudng hop 8 bang 3- 1 nay tuong dng véi trang thai déng hoc

khéc nhau. Vi du truong hop I wng vdi trang thai 6n dinh tiém can,

truong hop 2, 3 14 dao déng o6 chu ky codn trang thal 4 la dao dong

hén loan.
0é : , , : ; ———— Bang 3-1
Dirn 6
i \/\/V\/\/\MANV\AW Trudng
/ [A4 Xs
hop
o6 1
1 295 0B610 |
osr 2 320 06875 |
3 350 07143 |
bar 1 4 a7s 07333
03 i
02 i
Chuky t
0‘1 i 1 1 1 i 1 L 1 1
1] 5 10 15 20 25 3z 35 40 45 £’

Hinh 3.27

Vi du & trudng hop thd nhit, (3-45) o dang :
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X1 = 2,99x (1 -xp).

O bang 3-2 cd cic thong s6 tinh toan véi didu kien ddu x, = 0,1,
con ¢ hinh 3.27 13 dao dong cia dan s6 trude khi hoi tu dén trang thai
xdc lap, tuong dng voi x = 0,6610.

!

Bang 3-2
a9t
Bude k X X
o3t X e+ 1
07 o] 0,1 0.2655
6 1 0,2655 0,5753
’ 2 05753 | 07208
A%y h 3 07208 05937
04 J 4 05937 07116
S 07116 06054
3.3 R
a2t 4 @ 0,6610 06610
23 -
Chu ky t
o N G i 1 1
75 50 s 30 55 100
Hinh 3.28

() hinh 3.28 1a trudng hop thy tu véi « = 3,75. Day lai la trudng
hop dao dong hdon loan va véi diéu kién ddu khac nhau khong dang ké :
x, = 0,100 va 0,101.

3.5.3. PHUONG TRINH LORENZ

Niam 1961, gido su khi tuong hoc Edward Lorenz khao sat mé hinh
khi quyén da don gian hoa gém 12 phuong trinh. Do 13 quan hé giita
nhiét do, 4p suat, tdec d6 va hudéng gié v.v.. C)ng thuc hién mé hinh theo
phuong phip sé va xdc dinh dugc hanh vi cia cdc bién nhung khang bac
gigd két qua dy lap lai nhu trudec. Mot hém éng quyét dinh khao sit trong
thoi gian dai hon truéc. Thay vi bat dau lai tu ddu, 6ng dung cac diéu
kién ddu sin cS. Mot thdi gian sau 6ng tré lai, 6ng ngac nhién thdy hé
khong con héi tu nita. Sau khi khang dinh dé chinh xdc cia mdy tinh,
ong khidm pha ra tinh chdt quan trong cia mot s6 hé phi tuyén la rat
nhay cAm véi didu kién dau. \

DE rit ra dic di€m cha loai hé phi tuyén dy mot cach don gian
hon, 6ng ding mé hinh khi quy&n véi ba phusng trinh co ban sau :
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Xy
X
A

X3

= 5(x2 — Xl) ; (3-50)
X - X — X|X3 ; {3-51)
= XXy - bx.‘; . (3_52)

Tuyén tinh hda cdc phuong trinh trén & lan can trang thai xdc lap
ta ¢6 ma tran Jacobian (2-19) :

-0 6 0
Jy Xy 1l oy (3-53)
X2 X1s —b
b&i v6i nghiém : x; = x,, = X3 = 0, ma trdn Jacobian c¢o
dang :
(-6 6 0
Je = jr -1 0 (3-54)
0 0 -b

Diéu kién 6n dinh duge xac dinh tU nghiém cia det A1 - J)

Trong trudng hgp nghiém khéng thi diéu kién 6n dinh tuong ung vdi

det I - J,) = 0 ma :

Al— d, =

X

= 0.

A+6 —6 0
X3—y ATl % (3-55)
—X5 "Xy A+b

Hinh 3.29
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Trong trudng hop dao doéng hén loan, mé hinh hda duge thuc hién
véi r = 126,52 (tri s6 gigi han én dinh duge tinh bang r, = 24,74).
(G hinh 3.29a ¢6 quy dao pha x(x;) va & hinh 3.29b cd dac tinh
X, (1), x,5(t), x3(t) v6i cdc thong s6 sau : 6 = 10 ; b = 83 ; x5, =-7,69
Xy, == 1561 ; x4 = 90,39 ; thoi gian thuc hién 1a 8 sec ; dé chinh xdc
bang 0,000005.

3.6. DUNG MAY TiNH DPE KHAO SAT HE DIEU KHIEN
TU DPONG

Mat s6 vi du dng dung.
Vi du 3-6. Gidi phuogng trinh phi tuyén (3-38) :

Xy = fx) = ~05x> -6x2 + 9x, - 6), r =0 1,2 .
bang phuong phap lap.
Dung chuong trinh MATLAB sau :

>> x= 75 : 1 : 45 ; f= -057(x. A3 -6%x. A2+ 9"x-6) ;

>> plot(x,f) ; axis ([.75,4.5,1,4]) ;

>> hold on ; plot(xx) ;

>> xlabel(’x’) ; ylabel(’f(x)’) ; grid on ;

>> ch=[0+’'] ; ty=0 ;

>> num= [0, D, 2, '8, 4, ’F, ’6, T, '8, 9] ;

>> for x1={4.236067970 4.236067968]

ty=ty+1 ;
for 1=1:19
x2= - 0.5*(x1A3-6*x1A2+ 9*x1-6) ;
if i==10

text (4.25, — .2, °0) ;

elseif 1>10

text (x1, x2+.1, num (i-9) );

end,

plot (x1x2.ch(ty)) ; x1=x2 ;
end ;

end ;

Y

>> hold off
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Chuong trinh trén cho k&t qua nhu & hinh vé& 3.25. Su khic nhau
rdt bé ¢ diéu kién dau x, da dan dén cac di€m héi tu khac nhau. D6
la dac diém ctia hé phi tuyén tinh.

Vi du 3-7. M6 hinh phat trién dan s6 (3-45) :

Nhu & bang 3-1, khi « = 2,95 thi hé 6n dinh va két qud md hinh
héa nhu & hinh 3.27. V6i chuong trinh trén, khi o = 3,75 c¢6 dao dong
hén loan. O hinh 3.28 6 diac tinh cua x véi diéu kién didu khac
nhau : 0,1 va 0,101.

>> % Mo hinh phat trien dan so
>> % mn-thoi gian cua chu ky
>> n = 50

>> alpha= 295 ;

>> % xinit-Dan so ban dau
>> xinit=0.1
>> x(1) = xinit ;
>> time(l) = 0 ;
>> for k = 2 :n+1 ;

time(k) = k4 ;

x(k) =alpha’x(k-1)*(1- x(k-1)) ;

end
>> plot (timex)

Vi du 3-8 Phuong trinh Lorenz (3-50, 3-51, 3-52). D€ gian don,
duing chuong trinh con sau khi mé "M-file" cho hé phuong trinh cu
thé sau

%, = 10(x, - x) ;
X, = 126,52x; - x, — x;%3 ; (3-56)

8

X3 = XX ©

Hé phuong trinh trén tuong dng vdi truong hop dao déng hén loan.
function fv=1505(tx)
global r
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fr=zeros(3. 10 fvlll=107x(2- x1n
=1 st D=t 2-xi Do v =x(17x12) -8 x(31/3

Vi dicu kicn diu x = [.69 1561 90.39]". ta lap chuong trinh sau :

»>= 0 Gind phuong tmnh Lorenz

=» global r

>> r=126H2

> simtime=8

> > ace=0.000005 ;

== initx=[-7 6% - 1561 90.39]

>> tspan- [0 simtime| |,

» > oplions=odesel"RelTol acel

== ‘% Gol oded4d de giai p.trinh

>> [t x]=0de45(’f505" tspan,initx,options)

>> figuretl) ; plobitx) ;

> xlabel'thor gian’) ; ylabel(’x")

== figurem2) ;o plotixis, Dixt: 30

> xlabel'xl o viabel('x3

Ruy dao pha va dac tinh thoi gian nhu ¢ hinh 329, b. Mo hinh
phi tuyén thay hé didu khidn ndi chung) ed thé thue hién gian don bang
rach dung SIMULINK (xem Phu luct hay TUTSIM [18]

: ;
i ‘1___#-""| T
5 J
= i i t

- & -4 i

g) u
)
Hinh 3.30

fota)



Phudng trinh (3-56) duge thue hién theo so dd khai nhu & hinh 3.30a
va quy dao pha nhu ¢ hinh 3.30b.

O hinh 331 con co quy dao pha nai trén duoc mé hinh hda theo
TUTSIM.

Fi du 3-9 O vi du 2-2 c6 hé phuong trinh phi tuyén (2-6)

}'E]. = X\ , l
; . % IR
¥, = =2xd =185+ u [

Sau khi xde dinh diéu kien ddu b
= (07937 0)' va u, = [0 1], ' "
ta ¢d hé phuong trinh tuvén tinh ;
hia (2- 22) -

. [ o 1 5 P‘J ;
R A S B L] R O

L

Xll

Két  hop MATLAB  val

SIMULINK cho phép don gian hia O o
viec so sdnh hé phi tuyén va ———
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Bigm lam viée c¢d thé dude xdc dinh theo phuong phdap dung
SIMULINK la phuong phap dung so dé khéi 6 chuong trinh MATLAB

¢ Sau khi dung lénh SIMULINK3. cd thé ding cac khal «f sin
trong chudng trinh dé thuc hién viée mé hinh hda theo hinh PPL2. Khau
phi tuyén x' duge thue hién bang khai "Fen" chua ham md us3. So da
khd1 nhu ¢ hinh 3.32
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e Luu lai chuong trinh v8i tén nimod, ching han & "M-file". Trong
chuong trinh 6 cdc lénh trim va linmod ; ¢6 thé dung help trim va help
limod d€ biét noi dung lénh.

e Dung MATLAB thuc hién cdc lénh sau :

>> % xac dinh diem lam viec

>> [xo,u0,yo,dx]=trim{’nlmed’,[11°],1,1.[ ]?1.[ D

>> 7 xac dinh mo hinh khong gian trang thai tai diem lam
viec tu dieu kien dau xo va uo

>>{jxju,c,d}=linmod('nlmod’,xo0,uo}

O léenh trim, [1 1'1 13 gia dinh ban ddu cia x,, s 1 ddu tién la
dai lugng u, va s6 1 tiép theo la gia dinh ban dau cta y, (tin hiéu ra
4 di€m lam viéc xsac lap). Ba thanh phan con lai @ [1,1,[] ¢6 hai ma
tran rong cho phép angoérit bién d6i dai luong x, va y, trong qua trinh
xdc dinh di€m lam viéc xdc lap, con s6 1 ung véi u, duge xac dinh bang
mot.

Vi du 3-10. Bién dang ctia modé hinh theo khong gian trang thai.

Chuyén déng cua modt angten duoge mé ta bdi :

x = Ax + bu ; }

y = ¢cx + du.

0 1 0 0
véi A=|0-11|:b = 0;c=[100];d:O
0 0 -5 5
poe — Lo ——= %=X (nguyén thiy)
17 po- -~ ~— Y =Y (ot
DS PR P |
—%=Xg (ITIV/)
- =y =K Cmoi)
Voo
X &k x
O [;a 28 1,2]
Hinh 3.33

Hé c6 moét vaio mot ra, d6 ]a mach thuan nhu & hinh 3.33. Né&u
dung bién a, b, ¢, d d€ mé td A, b, ¢, d theo MATLAB, cdc lénh :
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> a={010;0-11;00 -5];
> b =[0;0;5] ;e ={100];d=20;
>> step (a,b,c,d) ; grid
sé chi cho dic tinh ddu ra cha hé, do 1a goc quay ctua angten (rad). Né&u
cdn cd cdc ddp Ung trang that khic nhu tdc d6 va gia toc angten, dung
cac énh :
>> [yx,t] = step (a,b,c,d) ;
>> plot (t,x) ; grid
Khi can quan sit tin hiéu vio (bac thang don vi) dung tin hiéu ra
thit hai. Bay gid ¢ vd d mo6 tA phuong trinh tin hiéu ra :
y =cx + du =[100]x = x
Hé phuong trinh mdi sé la :
yi = Ix; + Ox; + 0xy + Ou
vy, = Ox; + Ox, + 0x; + 1u.~

hay dang ma tran : y = cx + du.

L. 4T N B N U ‘d—O
vai y = V4 =10 o ol Y2d= 1"

Bién dang cia mé hinh theo MATLAB bay gis la :
>> ¢ = [c; 0 00] ; % thém hang 0 vao ¢
>>d = [d; 1] ; % hang mé&i bang 1 dugc thém vao d, néi tin
hiéu vao véi tin hidu ra thd hai
>> step (abyed) ;
hoic >> [yxt] = step (abed)
>> plot (ty) ; grid.

D& thém bign trang thai vao tin hiéu ra moi, mét hang 0 duge thém
vao ma trdn D cho méi tin hiéu ra va 6 ma tran C mdt hang mdi duge
thém vao v8i tri s6 bang 1 4 bién trang thdi tuong dng (nhitng tri s6
khic bang 0).

Lénh "augstate" sé tu dong bién moi trang thai thanh tin hiéu ra
mdi nhung thudng khéng cdn thi€t. Trong vi du trén d& cd da bon tin
hiéu ra, ta dung :
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vad =

oo S -
o O O
- O O O
oo = O

Dung lénh :
>>c¢c=[c;010;001] ;d=1[0d;0;0];
>> [yxt] = step (abcd ;
>> plot (ty) ; grid.

Trong trudng hgp hé kin, vi du, 6 hé trén dung vecto héi tiép
k [10 2.8 1.2] d5i vai cac bién trang thal x;, x,, %3 (hay y;, y3, yi),
dung lénh : .

>> [acbe,ce,de} = feedback (ab,ed,{]1.[],[1],
[10 2.8 1.2]),-1, {1 3 4} ;
>> [yx,t] = step (ac, be, ce, do) ;
>> plot (ty) ; grid
Dac tinh cia hé angten 3 vi du 3-10 nhu & hinh 3.34. O feedback
a, b, ¢, d 1a khéng gian trang thai cta mé hinh (1, [3, [], [10 2.8 1.2]
la m6 hinh trang thai ctia héi ti€p, -1 13 hoi ti€p am con vects [1 3 4]
1o tin hiéu ra & mach thuan.
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Hinh 3.34
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Vi du 3—-11. Véi hé tuyén tinh hda ¢ vi du 2-2 va 3-9 mod ta bdi phuong
trinh (2-22), tin hiéu vao u, = -0,1, ding cac lénh sau :

>>a=1{01, -3.78 = 1.19] ; b=[0 ; -0.1] ;

>> ¢ = [1 0]; d=0 ;

> >[y,x,t]=step(a,b,e,d) ;

>> plot(t,x) ; grid

Dac tinh x; va x, nhu & hinh 3.35 va gi6ng nhu két qud mé hinh

hoa & hinh 2.4b.

Vi du 342. Xac dinh ddap dng cia hé od diéu kién ddu cho truse :

X1 o 1 X 0O |2
x|  |-10 - | (%0 " | 1]

hay : x = Ax, x(0) = x

o

Oap ung cia 4é fuyén tink hod theo (2 22)
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Hinh 3.3%

Xac dinh ddp 1ing cda hé tuong dng vdi gidi hé phuong trinh sau :
z = Az + Bu ;
x = Az + Bu
ma B = x(0u = 1(t)

Dung cdac lénh sau :
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>>A=[01 —-10 -3);

>> B=[2;1] ;

>> [x,z2,t]=step(A.BAB) :
>> x1=[1 0]'%’
>> x2=[0 17'x’
>> plot{t,x) ; grid

y

b

>> title"Dap ung doi voi dieu kien dau’)
>> xlabel ('t sec’)
>> ylabel ('x1,x2")

Ddp dng x, vA x, d vi du trén nhu hinh 3.36.

Dol ung I8 voi 41l kién di
1 ! .
X,=2 : l

2 St de bbbl b bbbl R At L b b

Hinh 3.36
BAI TAP CHUONG 3
Bai tap 3-1. Cho hé phuong trinh :
% = x,
)'(2 = —4x,.
Diem can bing c6 8n dinh khéng ?
Ddp dn :
Nghiém cta hé phudng trinh trén la :
() = %2t
X(t) = xppe
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Do 1a hé 6n dinh v4i moi diéu kién dau cd quy dao pha nhu & hinh
337

S T T | T r T
L -
i \
L -
|
!,_ pu
¢
| :
0« -
L 4
L -
5L | 1 [ I | I !
0 5
Hinh 3.37

Bai tip 3-2 Cho hé phuong trinh :
"‘1 = X
)‘(2 = 4X2

Di€m can bing ¢ dn dinh khong ?

Ddp dn :
Nghiém ctia hé phuong trinh trén la :
() = xe’;
x,(t) = xzoed't ;

D6 1a he khong dn dinh trit trudng hgp x, = 0 nhu & hinh 3.38.
Bai tap 3-3 Cho hé phuong trinh sau :
)}1 = 2% + x5 ;

3(2 = 2X; - X,

~

. 2
hayszxvéiAz[2

1
_1} Hé c6 6n dinh khéong ?



DPdp dn :
Gid tri riéng dudc xac dinh bdi

i-2 -1
det [Z, 7 L, | =Gd-a+n-2=0.

1, = -1,5616 ; i, = 25616

Vectd riéng tuong ung la :

. _[oz2m31 _  [os719
51 = | —0,9628 by = 0,4896

* ] v T l’ I

—J

2

o

.
f/ |

_5£5 I ] L [ g | | ! | J

Hinh 3.38

- 1

A

1~

1

Vi vai A; < 0, & la khong gian con 6n dinh ; con véi 1, > 0, &,
la khéng gian con khéng 8n dinh. Vecto riéng xac dinh dusng phan cach
trang thai dac trung cha quy dao pha. O hinh 3.39 ¢¢ quy dao pha dang
yén ngua.

Bai tdp 3—4 Cho hé phuong trinh :

X, = x; + 2%, ;

).cz=—2xl+x2.

. 1 2
hay x = Ax véi A = 9 1]
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Hé o6 én dinh khéng ?
Ddp dn :

Gia tri riéng
A = 1%x2j. Hé khong 6n
dinh vi phan thyc cua

nghiém phic dudng. Quy
dao pha dang tiéu cuy
khéng 8n dinh nhu &
hinh 3.40.

Bai tdép 3-5 Cho hé \
phudng trinh sau :

— _ . Hinh 3.39
X = X T X,

. -1 -1
hay x = Ax vdi A = [4 1]. Vé quy dao pha citia hé trén.
Ddp dn :

Gia tri rieng A = 0 + 1,7321j. Qud trinh 1a dao dong vdi bien do
khéng déi vi o6 phdn thuc & gia tri riéng bang 0. Diém cin bang la tam
nhu & hinh 3.41. '

o
Chii y : Cac bai tap \
tdt 3-1 dén 3-5 nham

khio sdt quy dao pha cia '

he tuyé&n tinh hay da ;
tuyén tinh héa khi c6 !
chénh léch bé khoi trang

thai can bang (3.2). Cac

quy dao pha khac nhau

tuy thudc vi tri phan bd

nghiém nhu 3 hinh 3.9.

Bai tap 3-6 Cho hé

Hinh 3.40
phuong trinh sau :

dx

1
el X,(x+ 1) {3 -57)
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dX2
— =X+ D (359
Phan tich én dinh cua céac +

trang thai cin bing.

Ddp dn :
Tuyén tinh hda (3-57) va X
(3-68) ta c¢d ma tran Jacobian
sau ;
XZS xls -+ 1_
JX: XZ<+3 Xis .
Truong hgp tam thuong (diém T
can bang 1) :
Hinh 3.41
X = X = 0:
0 1
-
Gid tri riéng A, = —ﬁ, Ay = V3. D6 la truong hgp quy dao pha

dang yén nguya nhu & hinh 3.42.

-0,5
Veetd riéng on dinh la : £ = [o 8&6] ’

0,5
Vecto riéng khong on dinh la : &, = \: ; ] .

Truong hop khong tam thuong (diém cén béng 2) :

X = 71, % = -3
-3 0
-
GiA tri niéng A, = -3, 4, =-1.

D6 la truong hop quy dao pha dang

nit 8n dinh, cad hai gid tri riéng déu
thuc va am. O hinh 3.43a la quy dao

pha cla hé tuyén tinh hda quanh

di€m can bang "*".

Hinh 3.42
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Quj dao pha cia hé phi tuyén nhu & hinh 3.43b. Ngoai phin phia
phai cia diém yén ngua, cac quy dao pha duge “hdp dan’ vé di€m can
bing dn dinh.

/

—— w\:\%\,(/

Hinh 3.43

Bai tp 3-7 Phudng trinh mé td 16 phdn dng vi sinh hoc nhu sau :

dx,
i w -Dx; (8 -59)
dx, Hx; \
Tl Gp - x)D - (3-60)
o Hma2 (3-61)
"= k, +x, )
ma Amax = 0,83 5 k, = 0,12 ;

Y =04 ; 5 = 4
x, la néng d6 cia thanh phdn vi sinh, x, 14 néng d6 thanh phin co ban.
Cé hai trang thai can bang :
Diém can bang 1 (tam thuing)
Xio = 05 x5, = 4
Tuyén tinh hda (3-59) va (3-60) ta ¢ ma tran Jacobian sau :
#s—Dg  xsug

Jx = Hq HXig| = {

Do — -1,286408  —0,4
Y STy

0,114563 0 }

Gia tri riéng 4, = 0,114563 va i, = —0,4. Trang thdi can bang la
khong 6n dinh (di€m yén ngua).
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Vecto riéng khéng 6n
. 0,3714
dinh = &, = {—0,9285} ’

Vecto riéng 6n dinh :

. 0
52 = 11 -

Diém can béng 2 (khéng
tam thuong)

x;, = 1,4623 ; x,, = 0,3692.
o= 0 3,215929
T -1 —8,439832
Gia tri rieng A, = 04 ;
A, = -8,0398.

Trang thai xdc lap 1a di€m

nit 8n dinh.

Vectd riéng 8n dinh
" A " b 039924
cham® : & = | _g11234| -
Vectd riéng 6n dinh:
. - _ 0,3714
nhanh" : &, = [0,9285]

Quy dao pha nhu & hinh
3.44a. Quy dao pha roi di€m 1
(0,4) khéng &6n dinh va tién
dén diem 2 8n dinh (1.4523,
0.3692). O hinh 3.44b 6 quy
dao pha ¢ lan can di€ém khong
én dinh (0,4), con & hinh 3.44c
can diém &8n dinh

(1.4523, 0.3692).

d lan

Bai tip 3-8 So sanh quy dao

pha vA ddap dng cia hé phi

100

&l
X2
39
0.0 4 0,05
b)
04
*2
a3
1,4 ) x, 1.5
c Hinh 3.44



tuyén cd dac tinh bao hoa vA hé tuyén tinh ¢d cing diéu kidn nhu &

hinh 3.45a.

Ddp dn :

Trong truong hop khong bae hoa, ham truyén ctia hé hg la

2
2s+ 1)s

X,(s)
E(s)

W (s)

O hinh 3.45b la dap dng thoi gian va 3.45¢ 1a quy dao pha (ky hiéu
1 cho trudng hgp tuyén tinh va 2 cho trudng hgp hé phi tuyén tinh).

¥

(25+1)s

Hinh 3.45
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Bai tap 3-9. Dap ung cua hé phi tuyén cd vung kém nhay x, = *= 08
va X, = 0, cd so d6 khdi nhu & hinh 3.46a. Hiy so sanh ching.

Ddp dn :

nhu nhau

n

Trong truong hgp khéng cd ving kém nhay,

(hinh 3.46b).

Bai tip 3~10 Phuong trinh Lorenz

X3 = XX; — bxy ;

L2

-
>
—

s
L= .
" Yy —TA| .
| ‘L

¢4

iser 717

L’©4|sf4
T— -

—

78

steuses]

| Bt

15 Ty
1 1 {

a)

35

Hinh 3.48
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Vi qui dao pha xy(x,) vai cimg difu kicn t = 0 : 10 s, x5 = [-20 10 10]
nhimg v khac nhau r = 100 var = 20 am, & = 10, b = &§3),
flap an :

Vii 0 = 10, b = 83 va r = 100 (r > r, = 2474) ta co trudng
hap dav dong hoén loan nhu & hinh 347

Hinh 3.47

Cing viti nhing thang 6 trén nhung néu chon v = 20, (r < r, = 2474
thi qua trinh s& co dao déng én dinh nhu ¢ hinh 3.48
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Hinh 3.48

104



Chuong 4
TUYEN TINH HOA PIEU HOA

4.1. TINH CHAT CHUNG

Phuong phdp tuyén tinh héa diédu hoa (hay can bang didu hoa) la
phuong phap phd bi&n d€ khao sit ciac hé phi tuyén bac cao (n > 2) su
dyng mién tidn di duge phat trién tit ly thuyét hé tuyén tinh Phuong
phap da duge L. S. Golfarb (Nga) nam 1940 va R. J. Kochenburger (My)
nam 1950 dé xuat.

Phuong phap tuyén tinh hda diéu hda cho phép st dung cic cdng cu
khdo sit cua hé tuyén tinh déng thai k&t hop vdi phudgng phap mit phing
pha d€ khao sat ch&€ d6 tu dao dong. N&i dung cha phuong phap nhu
sau

Mst hé phi tuyén oténém (khéng cd tic déng vao) va kin, gém co
mét khau phi tuyén va thanh phan tuyén tinh 6n dinh hay trung tinh
nél ti€p nhau nhu & hinh 4.1a.

o= al Z(X)—l-—z S MQ(S) >
y
a)
x = Xpsinawl z y
2(x) W, (jw)
b) T y= Y, sin(wl+ )
Hinh 4.1

D& danh gia kha nang t6n tai cia cdc song diéu hoa khong tat dén,
dat & dau vao khau phi tuyén tin hiéu diéu hoa x(t) = X sinwt
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(hinh 4.1b). O diu ra khau phi tuyén sé& c¢d tin hiéu z(t) = 2[x (t)] gébm
cS phd cua sdng diéu hodoa vai bién do z,,, z.,5 2.3 V.v... VO cac tdn
s6 w, 2w, 3w v.v.. Giad thiét rang tin hiéu z(t) di qua phin tuyén
tinh W, (o) s€ ducc loc cac song bac cao va chi con lai séng bac mot :
yit) = Y sin(wt + ¢). (4-1)

Gia thiét dy goi la gia thiét loe, 1a diéu kién cén thiét déi v4i phuong
phiap tuyén tinh hda diéu hoa.

Digu kién d€ cdc hinh 4.1a va 4.1b tuong duong nhau la :

x(t) + y(t) = 0. (4-2)

Khi théa man diéu kién cua gid thiét loc (4-1), y(t) = Y, sin(wt + ¢)
va phuong trinh (4 -2), diéu kién 4y tudong duong véi :

Xn = Yo (4-3)
p =T . (4-4)

Phuong trinh (4-3) va (4-4) 1a phuong trinh can bing diéu hoa tuong
ing vdi cin bdng bién d6 va can bing pha cia dao déng diéu hoa.

D& dianh gia khA nang thyc hién gia thiét loc, ta khio sdat phd tin
cla cic tin hidu x(t), z{t) va y(t) 6 hé hd (hinh 4.1b). N&u x(t) la song
biac mét hinh sin thi phd cia z(t) va y(t), ngoai bac mét Z, va Y., cdn
cd song diéu hdoa bac cao Z,, va Y., c6 bién d6 tuy thudc dang phi
tuyén Z, Né&u phan tuyén tinh cd tinh chdt cta bs loc ha tan thi ty
trong clia séng bac cao cua y(t) bé hon cua z(t). Do chinh xdc caa gia
thiét loc tuy thudc vao dac tinh cia phan tuyén tinh Wl(ja))‘ Khi cac séng
di qua, ngoai sdng bac mot, cdc thanh phin khdic sé giam thi€u dén mde
khéng con ddang ké nita. Dinh ludng diéu kién &y la :

Zyi | W(kw)

Zoy | WiGo)

<< 1. (4-5)
Zml

vdi k la s6 thd tu bac cia song di qua.

Ndi chung, diéu kién (4-5) dudc théa man vdi moi k = 2. Khi khao
sit cdc song dé8i xing, & tin hieu y(t) khong ¢d song bac chdn va diéu
kién dy dng véi k = 3.

Dé tinh gdn ding (4-5) co thé xét do nghiéng dac tinh tin s6 logarit
phdn tuyén tinh it nhit 1a -20 dén -40 db/dec.

Vai dé nghiéng - 20 db/dec :
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W, (120 1 W, (j3w) B l

Wioy| ~ 2 Y | Wi | T 3
Véi d6 nghiéng - 40 db/dec :

W, (2w 1 W, (j3w) 1

Wgo)| 4 0 | W(e) | 9

Tuy thudc vao dao dong c6 d6i xing hay khéong d6i xdng ma viéc
khio sit ch&é do tu dao déng khdc nhau. O che dd ty dao dong khong
déi xdng, thanh phan khong déi trong hé c¢6 vai trd quan trong. Khi dac
tinh phi tuyén khong chan va khéng cé tac déng t¥ ngoai vao (x4 = 0),
vide khdo sdt tu dao dong déi xung co nhiéu y nghia.

Diéu kién cua gia thiét loc (4-5) khéng phai la diéu kién nghiem tdc
nhung phuong phap tuyén tinh héa diéu hoa lam don gian hda viée khao
sat cac bai toan thuc t€ va cho ta khai niém gin duing vé cic qui trinh
trong hé thuc. Khi diéu kién cia gia thiét loc khéong théa man thi két
qua c6 duge can dugc ki€m tra lai bang thuc nghiém hay bing ly thuyét
trén moé hinh toan hoc hay mé hinh vat ly.

42. HE SO KHUECH DAl PHUC CUA KHAU PHI TUYEN

Khi ¢6 tin hi¢u diéu hoa d ddu vao, khau phi tuyén cd thé duge mo
tA bang hé s6 khuéch dai phuc (hay hé s6 truyén) phu thudc bien do cua
tin hidu vac. Dac tinh khau phi tuy&n Ay ducc goi 14 ham mo td.

Tz(x) Az
i
I
F,r ﬂ 270, a) !\

b)

Hinh 4.2
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Hay xét khau phi tuyén khéng cd quan tinh v8i dic tinh Z = Z(x)
(hinh 4.2a). Néu tin hiéu & dau vao x = X sinwt = [ X J°t thi tin hiéu
¢d chu ky & dau ra cua khau phi tuyén &y Z(t) cd thé dugc md td biang
chudi Fourier :

Uty = Zo + 2 Zpsinkot + Y Zcoskot (4-6)
k=1 k=1

ma cdc hé s6 Zp, va Zg, duge xdc Qinh theo :

27
1
Zp, = 7 | ZX sinot) sinkot d(wt) ; (4-7)
0
1 2T
Zok = 7 | Z(Xpsinwticoskwtd(wt) (4-8)

0

Khi dac tinh phi tuyén Z(x) la khéng chan thi Z, = 0. Vai gia thiét
loc néi trén, chi tinh dén thanh phan bic mét :

Z(t) = Zpisinwt + Zg,.coswt (4-9)

hay duéi dang phidc :
Z@®) =~ 1,(Zp + Zgpe™ (4-10)
" 1 \
véi - —:{J-(Xmsmwt) sinwt d(wt) (4-11)

0
j Z(Xmsmwt) coswt d(wt) (4-12)

0

H¢ 56 khuéch dai phiuc cua khéu phi tuyén la ty s6 cua sdng cd
ban cua tin hiéu ra va tin hiéu vao th€ hién & dang phuc :

Zpy Zq
WiK) = Pi(Xp) + Q%) = 5=+

(4-13)
voi
7 Zr
P(X,) = X—Pl = ;— _[ Z(X,sinwt) sinwt d(wt) , (4-14)
m I
Z 2t
QX)) = X01 _ X jZ(Xm51nwt coswt d(wt) , (4-15)
m
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Q1
|W| = —o— = —w——; py=arctg5— .  (4-16)

Nhu vay hé s6 khuéch dai phde cta khau phi tuyén khéng o6 quan
tinh giéng nhu hé s§ khu&ch dai phdc cia khau tuyén tinh nhung khong
phu thuéc tdn s6 nhu & khau tuyén tinh ma chi phu thudc bién d6 cta
tin hiéu vao X .

Cac thanh phan ciia hé sé khuéch dai phic PyX,) va QX)) la A¢
s6 khuéch dai tuyén tinh héa diéu hoa.

C6 thé ching minh riang tin hieu diéu hoa s& dich pha khi di qua
khau phi tuyén c6 dac tinh khong don tri.

Phan &o cua V(/}(Xm) ¢d dang :

2T
1 .
QX)) = ;}2;({ Z(X sinwt)coswt d(wt) =
1 1 0 (4-17)
= —_[ Z(X_sinot) d(X sinot) = —f Z(x) dx)
ﬂxszn 0 ” " anzn 0

O hinh 4.3 cd dac tinh t¥ tré khong don tri va dugc mé ta
hudng ldy tich phan ngudc chiéu kim déng hé. Tich phan duge
ldy t¥ x = 0, (t = 0) dén x = X, (t = o) sau dé t x = X,
dén x = Xt = T vatrx = Xy dén x = 0,(t = 270). Kt qua
ldy tich phan duoc xdc dinh boi dién tich S coa 14 tré véi ddu am (ddu
dugc xdc dinh bdi hudng chuyén
dong cba dudng cong). Nhu vay : Z(x)

XX, = -S/(aX3)  (4-18)

Trong truong hgp dac tinh
phi tuyén la don tri thi thanh X
phan nay bang khong.

Vi du 4-1 Xac dinh hé s6 khuéch
dai phic clia khau role ba vi tn
o6 tré nhd & hinh 4.4a. Khau role
co thong sd tac dong la x,, tin hiéu

ra cia role khi lam viéc 1a + Z,. Hinh 4.3
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z(x ) Az

Xy =X X ~ .7'.:/“) zfr/w_x

J_ Xb
— i-z,

—

b)

ty
d) Hinh 4.4

Khi X, < x,, tin hiéu ra bang khong cho nén W¢(X_ ) = 0. Khi X
> x,, tin hiéu ra c¢d dang chit nhat nhu d hinh 4.4b. Thoi diém tac dong
cia role t, duge xac dinh boi didu kién :

X sinot, = x, (4-19)
xa
hay sinwt, = +— (4-20)
XlTl
Thoi di€m role nha dugc xac dinh béi :
X, sinw [%— tbj = x, (4-21)
X
hay sin (T — wty) = 35— (4-22)
Xm

Theo bi€u thdc (4 -14) vA dang dic tinh phi tuyén, co phan thuc :

o
2
PiXp) = [ z.sinwt dt) =

m a
2z,
T oaX

[coswtﬂ — cosa)th:l (4-23)
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Trén co sd (4-20) va (4-~22) ta co :

coswt, = \/1 - (%)2 ,
m
coswty, = —\ 1-— (;h)z

Do do :

(4-24)

(4-25)

2z

P = [V 1 (3 + Y 1= (1)

Xy 2

J . (4-26)

Cing bing phuong phap tugng tu, xdc dinh thanh phidn o :

2z, (x, —

Qf<Xm) = -

>
aXZ

Xp)
. “4-27)

Nhu vay hé s6 khuéch dai phic ctia khau role ndi trén co dang :

2z

{A}I(Xm) =

zz?i(xﬂ - X

-]
nXﬁ1

O hinh 4.52 c6 dac tinh P; va @
phu thuéc bién do X_. Dac tinh ¢ tri

s6 gian doan d X, = x,.

Trudng hop dac tinh role don tri,
nghia 1a x, = x,, Q¢X,) = 0 vi hé s6
khuéch dai phuc biang phan thuc cua hé
s6 tuyén tinh hda diéu hoa :

~ 4z,
WelXm) =%

Dang dac tinh VC’;-(Xm) trong trudng
hop nay nhu & dudng 1 hinh 4.5¢. Khi
dac tinh role 14 hai vi trl (x, = 0) thi
(4-29) ¢6 dang

1 - (%"—) . (4-29)

m

4z,
X,

nhu dudng 2 trén hinh 4.5¢.

WX, ) = (4 -30)

ey (2] -

n

0 (4-28)
M5
I A,
a) ).G
\af £, Ko
IE/.
b) '
oy
1
At 2 Xm

Hinh 4.5
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Trong nhiéu trudng hop nguoi ta ding cic dac tinh chuin hay dac

tinh nghich dio. O bang 4-1 cho dac tinh cia mot s8 khau phi tuyén
thuong gap.

Bang 4-1
Khiu Dang phl tuyén Wi (A) = P;(A) + jQ(A) Bigu d8
P ] 20 + sin2«a v v WM
, PEIT T 1= ¥
Kém Qf = 0
nhay . 1
sing = Y ~7 7 -
A~ OO A=] Ao
z
20 + sin2ax

l o -
ot nae ; ¥
Bao hoa -, i;“a Q = A->oo

A=1 \ A=,—

A -0

o
x
@
I
|- O
3
L

i
Q\

\ N
. ET
V.\

o
o
1]
a M=
9 I
(7]
R RIR
|
24
v g
R
=
=2

Khe hd Q = -1 ol|A</ 4
x X ' T .
a
i = = -
Sii A 1
- Asg/
z . v -
1 oz o _ 1, a_ tsin2a Y% A W
/ f 2 2 271 ‘--Y,,,:m f
Géi ti by /; cos’a >
7 X ¢ = T '.E ,
7 &5° . z ,LQ -
S
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Tiép bang 41

v ~
P =0 4 \ Mé
Ma sét +I’ L 4 X,,-,‘—.oo
kho Q = —a Ay =0
A v X f X, 1
| 0 i
-2, Xm=a{ y e
0
Rdle hai AZ 4z, 4 W,
[ COSx
vi tri ¢ +2, TAx,
Y 4z A=
tre - % 4 X Q = Ax Sirlex ) —
¢ X, ’ ) a 4o
i —_ -]
~Zg Siha = At
As/f
pZ 4z v 1 w
= 2 /3
f COSa
Rdle ba Za o TAX, '
Vi tri X re 01 A0 ]}i‘\m
. -
0 sine = — —
J fa g ‘ A Ast e |
-Zq
2z - ~ 4
AZ _ a ~
Rdle ba Pe = TAx, (cosa, + coswy) \;, w{
) z
vi trf c6 {,|—+ a
A X, X, 1 22 R ) A=00
tré Xo =X, L x Q = 7‘A:a (sinz, — sinay) ~
‘ " 6 s 1 5 =00 AN
Z sine, = —, sina, = z i,
- A’ 2 A =
1 Xb A=/
a
|
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43. PHAN TicH CHE PO TU DAO DONG POI XUNG O
CAC HE PHI TUYEN

Nhu da néu trén, diéu kién cd tu dao dong la sy cAn bing diéu hoa
cua song d dau viao khau phi tuyén va 8 diu ra khau so sanh. Diéu kién
ay con co thé viet

WHAW,(w) = -1 (4-31)

§) day »ét truong hgp tu dao dong d61 xiung va khong cd thanh phan
kliong 61 véi A la bién dd dao dong.

Phugnyg trinh trén cd thé viét dusi dang :

W (jw) = "_wl_.l(ﬁ) = V(A) . (4-32)
O hinh 4.6 la dac tinh tdn caa phan tuyén tinh W, (jw) va dic tinh
nghich duo v6i dadu am chda hé
6 tuyén tinh hda diéu hoa
{;[-(A). ITai dwonyg cong cit nhau
d didm 1 va 2 xdc dinh ch& db Y AW Gw)
tu doo dong can tim. Tén s6 f/;(/‘)

. N * « & - -
va bién do w),A],w;,A; la

0
thong 26 cla ché dd tu dao

dong dige xdc¢ dinh trén dudng

cong fudny Wng.

Hé dianh gida vé tinh 6n

dinh cta ch& do iy dao dong,
ta xem V(A nhu théng s6 W (w)
phuc ¢ phuong phap chia mién

Hinh 4.8

D {chia wién 6n dinh & muc
4-4 (191 Phuung trinh (4 -32) _
ed the aem nhd diéu kién dé bi€u d6 Vi(A) thude vé ving nao trén mat
phéaug mién D :

ViA) = W(w) = X + jY (4-33)

Sau khi gach soc mat phing W (jw) theo théng s phic \7f(A), ta sé
khido sdt khong phal chi cic tri sé cia truc thuc nhu & (4-4 [19]) ma
cd mat phang XY. Néu toan bd bi€u dé Vi (A) ndm trong mién D(0), hé
khong co tu dao dong. Né&u tdt cA cdc bidu db \7f(A) nam trong mién
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D(m) (m = 1) thi hé sé khong &n dinh va chi c6 qua trinh tang dan
dén vo cing. Con ndu V(A) cit bién giéi duong D(0) thi hé c6 thé co
ch€ d6 ty dao dong diéu hoa va cd thé tiép tuc khao sit vé tinh on
dinh cua ch€ d6 ay.

Vi du, xét diém I la giao diém cua V{(A) va W(w) & hinh 46 Gia
st vi ly do gi ma bién do tu dao dong tang. Ta sé& dich chuyén i}f(A)
theo hudng ting cia mii tén tit di€m 1 chuyén dén vang D(1). Vi 6
nghiém cd phan thuc duong nén bién d6 lai tiép tue tang va chuyén dong
cang xa di€ém I. Nguge lai n&u bién do tu dao dong giam, ta sé& di chuyén
theo bi€u d8 vao ving D(0), nhu vay moi dao dong sé tit va bién do
gidAm, chuyén déng ciing ngay cang xa di€m 1.

Nhu vay khi bién do dao dong & diém 1 thay d8i, qua trinh ngay
cang ting hodc cang giam bién d6 va tu dao dong nhu vay sé khong én
dinh (diém 1). Phan tich tuong tu ta cd ch& d6 tu dao doéng én dinh &
diém 2 vi khi c6 chénh léch cua ché d6 tu dao dong khi A tang, dich
chuyén s& vao vang D(0) la viing s6 lam A tiép tuc gidm, con khi chénh
lech din dén giam A, dich chuyén sé vac viang D(1) la vung s& lam A
tiép tuc tang. Nhu vay, diém 2 tuong dng vdi ché d6 tu daoc dong én
dinh.

Ty dac déng la 4n dinh
(o)
néu chuyén dong theo dac

VA) vy W)
tinh phi tuy&n véi hudng W, Cpe) 7oA
{
tang bién d6, dich chuyén tu

mién khéng 6n dinh vao 2

mién 8n dinh cua ving D. % X
Co thé cd tu dao déng \@ @ @ @)

khong 8n dinh vé mét phia,

vi du khi tang biégn d6 thi

ché€ d6 tu dao dong bi anh Hinh 4.7

hudng con khi gidm bién dé

tht ch€ do tu dao dong khéng bi a4nh hudng (nhu di€m 3 4 hinh 4.7)
hay ngude lai (nhu diém 4).

Vi du 4-2 Hay xac dinh thong s6 ciia ch€ do tu dao dong d6i xing cua
hé tiy dong cd so d6 khsi nhu & hinh 4.8, v8i nhing théng sé sau :
ky = 1 V/dd la hé s6 khuéch dai cua dung cu do ; x, = 0,1 V la dién
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dp tdc doéng cua role ; z, = 6 V 13 dién ap ra cia role ; ky = 5 va

Ty = 0,2 sec 1a hé s6 khuéch dai va hing s6 thoi gian cua khuéch dai ;
ky = 300%(sec.V), Ty = 2 sec 1a hé s6 khuéch dai (theo téc dd) va hing

s6 thai gian cia dong cd ; i = 7500 la ti s6 truyén cua bd giam téc.
_Z o
U -x
[2 X 7+57 { (7+57)
S, "
—_ - .._ -é\ —
Lo
Hinh 4.8
Dac tinh tdn cia phdn tuyén tinh cd dang :
. k
W (w) = (4-34)

jo(l+joTy (I +jeTy
ma k = kkgks(14) = 0,2 l/sec 12 hé 6 khuéch dai cia hé tuy dong.
Dung hé s6 chuin héa N = z,/x, = 60.
Tich cia NW,(jw) véi théng s cha nd :

_ 12
NWiGo) = = T+ 020) (1 +j2w) (4-35)

O hinh 4.9a c6 bidu dé NW (w) va V?(A), Bi€u d6 ¢d hai giao diém
véi cing mot tdn s6 @, = ©; = »° vA dudc xdc dinh t¥ diéu kién :
argW,(o") = -
hay :

g + arctg 0,20 + arctg20® = x (4-36)

tt d6 w® = 1,58 sec |
Hai tri s6 bien d6 tu dao dong A{ va A} duge xsc dinh theo bi€u

d6 Vﬁo(A) nhu & hinh 4.9b, bing cich vé dudng thang song song véi truc
1

hoanh & gia tri —————
|Nwl(.|w ) l

= 0,458 tuong dng vdi diéu kién tu dao
déng
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o~ 1
Wi = ~ LW Y w) . (4-37
Bién d¢ bé A7 = 1.10
Z g PR N W)
tucgng uUng vei ché do ty dao -,

Ve, (4)
dong khong én dinh, con o T T T | v—{ .

o 4
. L . fi e ’
hien do lom A = 2,50 ing =1 n '?" ¥ Y
- - - ~2. =i
vil tu dao dong én dinh, L _"‘,,-f 4. ._I.:
S - J &-’.
Néuw chuyén doi sang dai lug e :} noh - ‘l'*’
1 . { ) y
ng bién do tinh theo do thi ek S a0
) l A A IO
5 0.1 o
A =289 -—— =0339 -
-k 1 AL
| e
fio
Néu ¢ thai diém ban . P RN
oY I 1 \ v . =
ddu he khong ed e dao /-\\\‘ ]
dong (x = 0}, muén hé lam g. I .\-\BT\_“;:_A e '----—i-m-_ s
. R ; . o - . e b —) /
viec 9 ché dé tu dan dong y ! g . :
Y, . - . - e =~
can dua vao mot xung ban gt _ e ow oo
dau ldn hon hién do be :\?, 6! ,_IL . - -
chi sau ddé mdi cé ché do tu :L L 2“ R e
4 La & A R | L 45 D
dan dong nn dinh AT Ax :

o~

Be kiém tra lai gia
thidt loc, xac dinh hé s6 loc pinh 4.8
cia khau tuydn tinh theo )
tan s6 khong chan vi dac Linh rule doi xung khong chan. Sau khi thay
w = w = 1,58 sec”! vao (4-34) o6 -

Wlide s 1 [+ 02 1,581 [1 + (2. 1,68)° _
—_ ol = 0,09

W, (") : T3 Vb (0,6 158711+ (6 1.5%)°

Vay gia thigt loc duge thoa man.
44. PHAN TICH CHE DO TU DAO DONG KHONG POI
XUNG O CAC HE PHI TUYEN

Tu dao dong khong déi xing la két qua cua thanh phan khang dai
coa tin hicu vao cang nhu tinh khong déi xung cua dac tinh phi tuyén.
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Vi du, néu & diu vao cta dac tinh phi tuyén c6 tin hitu x = X, +
X Sinwt, va néu gia thiét loc duge théa mén, thi tin hiéu 8 ddu ra cod
dang

2ty = Zy + Zsinwt + ¢) = Zy + Zpsinwt + Zgcoswt  (4-38)
hay 4 dang phic :
Z(t) = Zy + L (Zp + jZy)e" (4-39)
1 2zt
ma : Zy = 5= [ 2%y + Xpsinot) dwt), (4-40)
0
1 pA4
Zp = = [ Z(X, + X,sinot) sinwt dwt), (4-41)
0
1 25t
Zo = = [ 2(X, + Xsinoticoswt dwt). (4-42)
0

Trong truong hop nay, d6i vdi phan ti phi tuyén c¢d thé co hai hé
s6 khuéch dai :

D4l vai thanh phan khong déi -

ky = Z¢/X, (4-43)
Con dé6i vdi thanh phan diéu hoa :
Wl' = “X—— = |‘Nr|€}v”)i . (4_44)
m

Truong hop ddac tinh phi tuyén da tri
Cac thong s6 con phu thude thanh phian khéng déi :
ky = koXpXp) .

_ W, = WX, X (4-45)
Phuong trinh déng mach dng véi hinh 4.10a :
X, = Xy - ZyXp X)W, (0) (4-46)
X, = X WX, X)W, Gw) (4-47)

Viéc phan tich ra cdc thanh phan khac nhau dé6i vai thanh phan
khong dai va thanh phan diéu hoa, tuong ung v8i viée tich khau phi
tuyén ra thanh hai khau song song tuong duong nhu & hinh 4.10b vai
hé s6 truyén k,(X, X, va WX, X,). Viéc giai hé phuong trinh (4-46)
va (4-47) duge thuc hién gian don bang d6 thi nhu & hinh 4.10c theo
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I
|

BENLIC . -
5 Ko (3°) K a7} Koos g

Hinh 4.10

ZyX,) v6i cac tri s6 X khdc nhau. Phuong phap «iy ditng nov ¢ 'dng
nhu & phudng phap tuyén tinh hda rung (mue 2.3) Giio dicm o dae
tinh nay v8i dudng thang :

x4 — Xy

%o = Wo)

cho méi quan hé Xy(X,) cdn tim.

Miat khic néu vé ho cic dac tinh Vi(X,, X)) = -W (X, X, voi X,
khéc nhau (hinh 4.10d) cho ta méi quan hé X, = X, (X, Tdng hep hai
phuong trinh X, = X (X, va X, = XX, cho ta thons =0 1y dao dong
cdn tim X, = X," va X = X_" nhu & hinh 4.10d!

Truong hop ddc tinh phi tuyén don tri

Can vé d6 thi —\‘7; = W[_l phu thude X véi cic doi Jugne ¥, lhic

My

nhau nhu 6 hinh 4.10g va theo giac diém cdc dudng cnre Ay v lifing
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thaing W' = -W(w,) = C ma xdac dinh X_(X,) nhu & hinh 4.10e. Tdn
6 tu dao dong w' xac dinh theo giao di€m cia W, (o) véi toan d6 VX,
X cho diém X, = X,". Véi dac tinh phi tuyén don tri tin s6 tu dao
dong la w,.

Viéc xac dinh d6 6n dinh cia tu dao dong dude thuc hién nhu &
trutng hogp tu dao dong dai xing.

4.5. NANG CAO PO CHINH XAC CUA PHUONG PHAP
TUYEN TINH HOA PIEU HOA

Phudng phap tuyén tinh hda diéu hoa la phuong phap gin ding vi
v(i giA thiét loc chi tén tai song bac mét. Do d6 mudén chinh xdc thi
phai tinh dén séng bic cao hon mét. Trong trudng hgp 4y hé s8 khuéch
dai phdc ciua khau tuyén tinh hda khéng chi phu thuéc bién do tin hiéa
vao X, ma con phu thude tan sé.
Nhu vay phuong trinh can bang diéu hdoa (4 -31) bay gis ¢6 dang :
W (i, AW, (o) = -1 (4-48)
hay W) = -W %w, A = Vo, A) (4-49)
Dang ctia dic tinh Vi(jw,A) phu thuoc khong nhitng dac tinh tinh cua
khau phi tuyén ma con J dic tinh tin ciua phdn tuyén tinh. Viéc xdc
dinh WN, va VI d6i véi nhitng dang phi tuyén dién hinh trd nén phuc tap.
Bang phuong phap tuyén tinh héa ting doan dac tinh phi tuyén, o6 thé
diung may tinh dé€ gidi bai toan trén. Trudng hgp gidn don, dic tinh phi
tuyén la role ly tudng, co thé dung phuong phap chinh xdc sau [23]) :

Gia thiét la ché d6 tu dao déng déi xing cd thdi khodng nita chu
ky dudng vi Am bing nhau va bing = Céc cung ¢S chu ky &y & ddu

vao cia phin tuyén tinh (xung diau tién 1a duong}) ¢6 th€ mod tid theo
chuéi Fourier :

e T ,
) = — El o =1 SinZk-Dwt (4~50)
Néu phan tuyén tinh c6 dac tinh tan :
W(uw) = |Wiw) | ™ = Plw) + jQw) (4-51)



thi tin hiéu dau ra cha hé cd dang :

4z, § | W\G (2k — 1)} |
yt) = — — sin {2k-Dot+ ¢ [} Ck-Dw |l (4-52)
T 2k ~ 1 { : ]}

Tin hiéu sai léch x(t) chi déi ddu y(t) nhu & hinh 4.11. Diédu kién
d8 co td dao dong 1a su can bing pha cha y(t) va x(t), ¢6 thé md ta
bdi hé phuong trinh sau :

JT
y [5] = 0, (4-53)

y(%) > 0 . (4-54)

Diéu kién (4-53) bado dam role tic dong & thai diem t = g-, cdn diéu
kien (4-54) bdo dam rdle tac dong dung hudng

Tu {4-52) ta cd :
B E |Wl[j(2k—1)w |
y(a> =—— > ok — 1 sin<pt[(2k—1)w]:

Lay dao ham theo t :

. 4z, =
yty=o — 2
k=1

X

Wl[j(Qk— 1)@

xcos[(2k - Dot + <p1|:(2k -~ l)w] } .

i

KhitZE:

4z, > (4=55)
cosgp[[(Zk— 1)w] = -0 — 2 Pl[(zk— l)w] [
k=1

DE dam bao ché d6 tu dao dong theo didu kién (4-53), (4-54), ding
dac tinh rdle :

Pis

W) = - 5y(2) -w(Z) . (4-56)
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Dac tinh role phu thude tdn s6 nhu 6 hinh 4.12. Ché dd tu dao déng

Ung vdi tdn s6 o = o, Vi :

, T =

<)

AN

d) \—-—\/

Hinh 4.11

Bigt duge tAn =6 tu dao dong, cd thé xic dinh duoc dang séng y(t)
theo (4-52). Can ki€m tra lai trong nda chu ky 4y role ¢d tdc dong khong.
Néu dac tinh tdn cia phdn tuyén tinh chi tinh dén tdn sé bac moét :

4z,

y(t) = — |Wlow)

sin ( wt + (pl(m)} . (4-57)

thi dic tinh role trong truong hdp nay bing :
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- 4z,
W) =7 W{jw),
oon tin sb ty dao dong w = w, va bién do6 tu dao dong ung véi (4-57) la :

4z, _
X =T \ W(w;)

Pai luong nay trung voi két qud tinh todn & vi du 4-1.

: (4-58)

Nhu vay, néu tinh dén tin
khac bic mot, vai cung mot
hé s6 khuéch dai cua hé, bién
d6 tu dao dong thyc té sé& lén
hon tinh todn, cdon tian sé tu
dao dong sé bi€n ddéi va bé hon
tri 6 tdn s3 bac mdt. Cang oy 0
ting hé s4 khuéch dai cta hé,
sy sai khdc pay cang giam vi
khi Ay t4n s6 tu dao dong tang '\‘"
va kha nang loc cia hé cing
taing. Do do cd khi tinh todn
cho thdy hé khong od tu dao
déng nhung thue t€ thi nguge
lai vi kg trong thuc t& nho

&
hon trong tinh todn chi véi tdn sé6 bac mot.

O

S W, (w)

Hinh 4.12

BAl TAP CHUONG 4

Bai tip 4-1 Hay xAc dinh thong s6 tu dao dong cho hé ¢d cdu tric khong
6n dinh v6 sai bic hai vol dac tinh phi tuyén dang g6i ti nhu & hinh
4.13.

Phan tuyén tinh ¢6 dac tinh :

k
(Gw)* (1 +joT)) (1 +jwTy)
, T, =T, = 02 sec.

W (w) =

(4-59)

véi k = 0,35 sec ’
Ddp dn

Sau khi vé dac tinh tan W (jw) (theo 4-59) va Vi(A) (theo bang 4-1),
xic dinh giao di€m cua chung véi A" = 1,25z, o* = 0,55 sec’! la théng
s6 cdn tim ma 2z, 12 khoang trong giva hai diém tua. Cac dac tinh tan
¢S thé vé theo MATLAB. )
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Bai tip 4-2 Xac dinh hé s6 khuéch dai
giéi han cua phin tuyén tinh W(s) =
k/Ts(1 + sT) néu khau phi tuyén cd
dang khe hd.

bdp dn :

. Bang cach vé diac tinh phi tuyén
V{(A) cho khau phi tuyén dang khe ho
(theo bang 4-1) va dac tinh W (o) véi
nhing tri s6 k khac nhau. Hé s6
khuéch dai k khi W(w) ti€p xic véi
V{A) 1a théng s6 can tim : k = ky = 35.

o

Hinh 4.13

Néu dung phuong phidp mat phang pha cing xic dinh dudc k,, = 3,04.

Do tinh chit loc cia phudng phap tuyén tinh hoa diéu hoa ma l-:gl > k..

Bii tip 4-3. He s6 khu&ch dai phic cia khau bido hoa nhu ¢ hinh 4.14.

S>>
X
A /)
‘k Iﬁ_ | e e ( ——-L____‘——__—
g8k % e el .
a6k | - i
|
|
2.4k — —
/ Z
02k -1 - - .
a 5 10 15 - 20
X"T/Xa
Hinh 4.14 Hinh 4.15
Bdp dn
7,
Zp) 2k X,
P (X,) = X7 <cuta + —- cosa)tay

m
k 12 do nghiéng cla dac tinh phi tuyén.
hay :
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1

Xrn 2k ( =1 1 1= (X xa)2
¢(|l7— | =5 | sin + —_— (4-60)

JT /.
Xy Xm/ Xy Xm/ Xy

Dac tinh nhu ¢ hinh 4-15 khi X, = x,, hé s6 khuéch dai phuc bang
k. Khi X tang thi hé s6 khuéch dai phdc giam.
Bai 1gp 4-4 Hé s6 khuéch dai
phic cta khau kém nhay (co \ Z
vung chét) nhu & hinh 4.16. 4
Ddp dn :

Hé s6 khuéch dai phdc cha X
téng cidc ham phi tuyén bing
téng cia hé s4 khuéch dai phic

cic ham phi tuyén riéng ré.
Nhu vay hé s6 khuéch dai phic Hinh 4.18

bang k tru di hé s khuéch dai )

phic khau biaoc hoa (4-60). Diac tinh Ay nhu dudng nét dit & hinh 4.15.

Bai tap 4-5. Hé didu khién angten c¢6 khuéch dai phi tuyén. Khao sidt hé
trén hinh 4.17a. Phan tuyén tinh ¢ hé s6 khuéch dai biang 10. Khau phi
tuyén cd d6 nghiéng k; = 1 vad k, = 0,5
Pdp dn :

Tra bang hay dung phuong phdp tuong tu nhu & bai tap 4-3, ta xac
dinh hé s6 khuéch dai phuc :

o1 12 2 4
PXy = §+E(Sln §+X_m 1_;(|—n2—)
Néu X, < 2, phuong trinh trén vé nghia (vi x, = 2) va -P; = -1

s .~ - - - 7 = ~ 1 S~
véi X, gilta 2 va o, cic dac tinh -WiA) = -P«(X,) va WG o) duge vé
d hinh 4.17b vi, theo (4-81) con co thé viét :

~ 1

-WA) = — . (4-61)

i W, (jw)

Néu dudng Nyquist nghich ddo hoan toan nim phia trdi cia ham mé
ta ~-Wi(A) thi hé 6n dinh ; ¢ day hai dudng cit nhau tai A = X = 14.
Ngay ca khi khong cd tin hiéu vado ma cd diéu kién dd4u bé cing sé cd
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dao dong va bién dé sé tang dén X, = 14. O difm nay hé 6n dinh va
dao dong gidAm. Cd thé lap lai qua trinh va cuéi cing la ché d6 tu dao
dong vai .

A" =X =+ 14 va tin s6 w = o' = 2,2 rad sec’"

Co thé dung MATLAB, SIMULINK dé€ khao sat hé trén.

a5
Xd x /\w z *7 50 Y
/l z JW(S +jw)(11pw)

a)

Hinh 4.17

Néu dudng Nyquist nghich ddo ciat phan do cda truc thuc bén trai
cia di€m (-1, jo) thi hé s& 8n dinh vé didu kién. Muén thé& cin "tang"
hé s6 khuéch dai mét dai lugng 1/0,6 = 1,67 va vi la dudng Nyquist
nghich diao nén hé s6 khué&ch dai phai nhd hon 50/1,67 = 30.

Bai tdp 4-6 Khao sat hé angten cd dac tinh ki€u khe hd nhu & hinh 4.18.
Khau phi tuyén co do nghiéng la 0,3 va khe hé bang 0,1 (vi y, = = 0,05).

X, =0 e 50 Y ~0,05/* ; z

/'w(5 +v('a))(l+jw) 595

1 4

Hinh 4.18
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Ddp dn

Duing cong Nyquist nghich dao va ham mé ta -W({X_} nhu & hinh
4,19

Ky =0,0563

rmrg_.ﬁ'\f

Hinh 4.18

O hinh 4.20a la su d6 khéi moé hinh hoa theo SIMULINK

Hinh 4.20b la dac tinh khe hd. Véi tin hicu vae x; = 0 va diéu
kién dau y, = 0,06, qua trinh |2 dac dong tdng dan nhu & hinh 4.21a,
2 la dan déng tit dan nhu ¢ hinh 4.21b.

R
I [ i

con v, =

= re

a) a.z,—— ) o 1
Zo5
g

< —

e e 4

7} — |

-33&.\ : s _]" 1

| ]

b) '”_‘%% a , 0.5

Hinh 4.20
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Chuong §
TINH ON DINH CUA HE PHI TUYEN

5.1. KHAI NIEM VE ON DPINH O HE PHI TUYEN

o} hé tuyén tinh {19] qua trinh quia do cd thé dugc xem nhu gém
hai thanh phan : thanh phan cudng bic va thanh phan tu do. Hé tuyén
tinh duge xem la 8n dinh néu thanh phan ty do (hay thanh phdn qua
do) tién dén 0 khi t — .

O he phi tuyén, nguyén ly x&p chéng khong thé€ dng dung duge va
qua trinh khong th€ tach biét thanh phdn quda d6 va thanh phan cudng
buc. Khae vdai hé tuydn tinh, hé phi tuyén cd nhiéu khai niém vé 8n dinh
tiy thude viao mdic d6 chénh léch khdi trang thai cAn bing v tly thude
vao tdc dong tu mgoai d6i vdi heé.

Hé khong cd tac dong ti ngoai hoac tac dong ngoai khong thay déi
trong qua trinh lam viéc goi 1a hé otoném. O hé khéng otonom tdc déng
tl ngoai vao thay déi theo thoi gian.

Déi v8i hé o6toném co hai khdi niém khidc nhau vé 8n dinh : 6n dinh
cia trang thdi cén bang via on dinh ctia ché d6 ti dao dong. Déi vai
hé khéng 6tondm cd khai niém vé én dinh cia qud trinh cudng buc.

Trang thii cAn bing, qui trinh cudng bdic hay ch& d6 tu dao dong
chi tén tai trong thuc t&€ n&u chding 8n dinh. Tinh én dinh cia ching
dugc danh gia theo tinh chat cta su bién d&i cic chénh léch khi dat vao
hé thong nhing tdc déng nhat dinh.

DE st dung cdc phuong phap tuyén tinh cho hé phi tuyén, dung khai
niém vé chuyén dong khong bi kich thich va chuyén dong bi kich thich.

Cé thé xem mbdt trong cic chuyén doéng da duge tinh tosn dai véi
hé ¢ nhitng diéu kién didu nhdt dinh va tic déng tU ngoai cho truge la
chuyén dong khong bi kich thich. Moi chuyén déng khac la chuyén déng
bi kich thich khi e tic dong ngdn han cia nhifu duge dat vao hé &
thoi di€m t = 0. Nhu vay, trang thai cin bing va ch€ dé6 tu dao dong
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on dinh ¢d thé duge xem nhu trutmg hop riéng va quan trong cua chuyén

dong khong bi kich thich cia hé &tonom.

Hay khao sat chuyén dong cia mot hé lien tue trong khong gian pha
cla vectd X = (x;, x;, .. x,. Chuy€n dong khong bi kich thich duogc ma
ti bang vects ham X'(t) hay t0 hop cia n ham x.it). Moi chuyén dong
bi kich thich dude méd ta bang vects ham x(t) hay t6 hgp cia n ham
x,it) Chénh léch cia qua trinh duge mo ta bang vecto y(t) hay td hop
n ham g (t) Vay

gity = x{t) — x"t)
iy Bt = xlt) = x(t)

Dé danh gia vé on dinh cda chuyén dong. Liapunov da dung khai
niém sau

Chuyen ding la on dink néuw vol mot ving € cho trudge, nhd bao
nhiéu tiuy y cue nhung chénh lich cho phép n so var n, = 0. ta cd theé
chon dwoc ving diéw kicn ban diu 3(&) nam bén trong ving € va cd tinh
chat la khong ed chuyeén dong
he kich thich nao bat dau fi
bén trong cing & lqu co thé
dén duge bién giol cia ving €
Néu nhing wvung nhu thé
khéng ton tai thi chuvén dong
la khong on dinh.

Cdc viung £, 4 trén mat
phitng 5. 1> dude mé ta ¢ hinh

51 Ngoal cdac ving & ¢ nhu
da néu. con co ¥ la ving cua
cac tri s6 dn dinh cua chénh
léch gita chuvén dong bi kich
thich va khéng bi kich thich

Hinh 5.7

Khi t s>
th-1)
neEy
Dang cua y tuy thude vao ving chénh léch ban dauw & va noi chung
cd kich thude bang bac cua hé (n). Co hai truong hop quan trong thuimg
gap trong thuc t& nhu sau

a v = 0 nghia 1a limgit) = 0 (5-2}

T
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Chuyén dong nhu vay la én dinh tiém can. Vai didu kién (5-2), néu
viing diéu kién ddu & tuong d6i bé, goi 1a dn dinh tiém cgn trong pham
vi bé. Néu viung 0 cd kich thuéc nhat dinh, ta goi la én dinh fiém can
trong pham vi Idén, cdn néu phuong trinh (5-2) théa man véi moi diéu
kién dau goi 14 é6n dinh #ém cdn toan b6. Khi hé 8n dinh tiém can toan
bd vdi dac tinh phi tuyén nhat dinh, goi la dn dinh tuyét doi.

b) vy # 0, vi du nhu y la mot doan trén 7, nghia la (5~2) khong
théa méan khi cd chénh léch khéi trang thdi cin bang nhé bao nhiéu tuy
¥, trong trudng hop nay 8n dinh la khéng tiem cén.

Nhitng khdi niém vé 8n dinh noi trén c¢d th€ 4p dung cho trang thai
cAn bang, ch€ d6 tu dao déng va qud trinh cudng bdc.

D& vai ché d6 tu daoc dong, ta dung khai niém vé én dinh cia quy
dao.

Chuyén doéng ¢ chu ky (tu dao dong) trong khdéng gian trang thai
duge mo6 td biang dudng cong khép kin G. Néu khodng cich ngan nhat
dén dudng cong G tU mit cla vectd chuyén dong x(t) la p[x(t),G] ta
co

Chuyén dong la don dinh tiém cgn theo quy dago cia hé 6tondém néu :

lim PLx(t),G] = 0 . (5-3)

t— oo

Nhu vay, déi vé#i chuyén dong &n dinh cla hé tuyén tinh (khi tat
cA cac nghiém caa phuong trinh dac trung c6 phan thuc 4m) thi én dinh
1A tiém can trong todn bs. N&u mot nghiém cia phuong trinh dac trung
bing 0 thi chuy&n déng cia hé la 6n dink theo Liapunov nhung khong
tiém can. Vung hdp din 7 la mot doan thing trén truc z,.

Phuong phap Liapunov dua vao quan di€ém vé niang lugng va quan
hé gita ning lugng tich luy va
tinh 8n dinh ctia hé théng.

]
. . Z =
Hay xét vi du vé mét hé gom  Z
b xo K, trong khéi M va giam 4 X
. STy y—
chian B nhu & hinh 5.2, duge mo 7
. Z M=1
tA bdi : 2 |5
e . “
X, + Bx, + Ky, = 0 Z
bat: x;, = x, ;
. (54
x, = Kx; - Bx, ) Hinh 5.2
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Tai mot thoi difm ndo dd nang lugng V cla hé gém cd dong nang
do chuyén dong cia trong khdi va thé& nang tich liy & I %o, ta cd :

P
Vix, 2 = 5x 5K,

2
mai Vix) > 0 khi x # 0,
V() = 0.

Nhu vay ¢ nghia la téng nang ludgng la duong dén khi nao hé &
trang thai can bing, nghia la x = 0. Téc d¢ bign d8i cia nang lugng
la

d ov dx gy dx; 5
il = — 4 ——. = -
a Ve = T g w Bxz .

dav
Nhumy'aséémémoidiémtn‘itmbnghqpxz =0 (4 do dV/dt = 0)
va nang luong cia hé khong thé tang. Tu (54), khi x, = 0 thi #, =-Kx,.
Nhu viay hé khong th&€ & trang thai khong can bang véi x, = 0 cho nén
nang lugng khéng thé khong bién d6i ngoai trit diém cin bang & 1d nang
lugng béang 0.

A

%
%
L, "
/XZ
“, d) A)
Hinh B.3
Néu mét mat cong duge mo td boi :
1 1
2 2
V = 51{2 + EKXI .

nhu @ hinh 53a v6i cic dusng déng mic V. Tu diéu kién ban dau
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(x?,x9) néu vé quy dao trén mat cong, diém bi€u dién x(t) cit cic duon
10 %2 quy g g

déng muc va chuyén dong dén diém thdp nhdt la di€m can bang. O hinh
53b cd hinh chiu ctia quy dao 4y trén mat phing x,, x,. Cd thé so
sanh tong nang luong cia hé ma ta muén khio sit vé 6n dinh cia trang
thai can biang voi vi du vé chuyén dong cta diém x(t) trén mat cong noi
trén vé di€m cidn bang. V4i nhitng ham vé hudng khong am ndi trén,
Liapunov di dua ra khai niém vé 8n dinh.

5.2. PHUONG PHAP LIAPUNOV TRUC TIEP

Liapunov A. M. da dé ra phuong phap cho phép xac dinh diéu kien
di d€ hé diéu khién ty dong phi tuyén 6n dinh (con goi la phuong phap
thit hai cie Liopunov).

Vi du chuyén déng cia hé phi tuyén oténom, dugec mo ta bai :

dx,
Ft_ = fl(xl’ X0, ’ Xn) ’ ‘
.......... 5-5)
dx,,
Tl foxy, %o, .., %)
dx, -
hay e f(x;, X5 .., Xp) ;1 = Ln (b-6)
hodc duéi dang vecta : x(t) = f(x) {(5-7)

vdi X la vectd trang thai. f, 14 ham da cho trong khdng gian trang thai
Trang thai cin bang dugc xac dinh bai :
T fx) = 0. (5-8)
DéE gidn don, ta cho ring hé phuong trinh (5-8) ¢ mot nghiém duy

nhat & géc toa do x = 0 (x;, = 0, x;, = 0 x, = 0).

3 e n

Theo phuong phdp Liapunov, dung ham V(x) duge cho trong khéng
gian pha cé nhing tinh chit sau :

i- Ham V(x) cung voi dao ham riéng bac mot theo moi x la lién
tuc trong mét mién hd nio do k& ca goéc toa db.

2- 0O géc toa d§, ham V(x) cd tri s6 bang 0.
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3- Trong mién 4y, néu ngoai gbc toa d6, ham V(x) khic 0 va cung
diu thi ta goi 1a ham c¢6 ddu xdc dinh. N&u ngoai goc toa do, con co
nhitng diém khic trong mién cd tri s6 bing 0, ngoai ra ham vAn khong
déi ddu goi la ham ¢6 ddu khéng ddi.

Liapunov di ching minh diéu kién 6n dinh sau :

V6i phuong trinh chuyén déng (5-8) cha hé, néu tim dugc mot ham
V(x|, . ., X,) c6 ddu xac dinh ma dao ham cia nd dVidt la moét ham
c6 ddu khong ddi, nguge dfu véi V hoac biang khéng thi trang thai can
bang d goc toa do la on dinh.

Néu daoc ham dV/dt 1a him ¢S ddu xdc dinh, nguge diu vai V thi
trang thai can bing & géc toa do 1a on dinh tiém cén.

On dinh (hay 68n dinh tiém cdn) cua trang thai cin bang thoa man
cac diéu kién cua dinh ly Liapunov 14 déi véi ham V c¢6 nhitng tinh chit
néu trén, ¢6 thé xay dung trong mién gin goéc toa d0 nhing mat déng
muyc khép kin mé td bdi phuong trinh :

Vixy, .., x) = C (5-9)
va chua cA gdc toa do.
s o<l i<l

Bing cich giam |C |, A
cic mit phang &y sé tién i
dén géc toa do (hinh 5.4). '
O hinh 54 c¢6 ba dang
quy dao pha : & quy dao
1, dao ham dV/dt co dau

xac¢ dinh, nguoc diu vdi

V. Néu moi quy dao pha

¢6 dang nhu quy dao I,
vi tri can bang sé 6n
dinh tiém can. Hinh 5.4

Quy dao pha 2 tuong
Ung voi dao ham dV/dt c6 ddu khong d6i nén s& 8n dinh theo Liapunov
nhung khéng tiém can. Khi dV/dt = 0, quy dao pha ¢S thé "dinh” vao
bé mat vai V = C nhu & hinh 5.4. Bing cach chon diém xuit phat phi
hgp ¢d th€ lam cho diém t8i han hay quy dao pha nam trong mién cho

trude cla vi tri caAn bang.
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Quy dao 3 tuang ing voi 8n dinh tiém can clia vi tri cAn bing mac
du khong phu hgp véi diéu kién Liapunov. Tu dd thiy rang diéu kién
Liapunov khéng phai la diéu kién can dé hé diéu khi€n tu déng 6n dinh.
Diéu kién 6n dinh cta vi tri can bing theo Liapunov ma ham V tén tai
12 diéu kién du d€ hé é6n dinh trong pham vi nhé. N&u chon dugc ham
V théa maAn nhing didu kién trén thi hé 6n dinh tiém can, nhung néu
khong chon duge ham V nhu thé thi khéng thé ké&t luan hé khéng én
dinh tiém can.

Khi ham V da dugc chon, d€ xac dinh d&u cta dao ham, khéng can
gial phuong trinh (6-6). Thuc vay, Vi :

n

dv ov dx; Doy

R _— — = _ R ) 5-10)
dt D) ox, dt 1§1 0% fo (. %) (5-10)

Khd khan cta viée chon ham V di han ch€ dng dung cia phuong
phdp Liapunov. Chua c¢d nhung phuong phap doan tri nao dé€ xay dung
nhilng ham V nhu vidy ma chi ¢ nhitng phudng phdp trg gidp.

5.2.1. PHUONG PHAP LIAPUNOV TRUC TIEP VA HE LIEN TUC
TUYEN TINH OTONOM

Viée dung phuong phdp truc ti6p cta Liapunov cho phép ma réng
khdai niém vé 6n dinh cua hé phi tuy&n. Ngoai ra ham Liapunov cho ta
nhimg chi tiéu chit lugng vd s6 lugng dé téng hgp hé.

Hé tuyén tinh 6t6ném dude mé td bang phuong trinh trang thai :
X = AX . (5-11)
ma A 1A ma trdn n x n hdng va thuc.

Hé trén sé 8n dinh tiém can todn bd d gdc tea dé néu va chi néu
vli ma tran Q doéi xing xdc dinh duong cho trude, ¢d moét ma tran doi
xing xac dinh dugng P thdéa man phuong trinh :

AP + PA = -Q . (5-12)
Ching minh diéu kién da : .
Né&u ding ham vo hudng dang binh phuong :
ViX) = X'PX .

vOi gid thigt rang ma tran P déi xing va xdc dinh duong la nghiém duy
nhit cua phuong trinh (5-12).



Cha y rang VX) > 0 d51 vsi X = 0
V) = 0. khi X = 0
LAy dao ham cua V theo thdi gian
V(X) = X’PX + X’PX .
Ké&t hop véi (5-11) ta cd
V(X) = X'APX + X’PAX
= X' (AP + PAYX
= —XQX .

Vi Q xdc dinh duong, V(X) xdc dinh 4m. Chudn cta vects X duoc
xac dinh bai :

I
[1X]] = (XPX)2

khi P xac dinh duong. Vi vay :
VX = [IX]]*
V(X) - = thi ||X||* > «

Nhu vay, theo dinh Iy Liapunov, hé s& 6n dinh tiém cin toan bo @
goc toa do.

Voi P la nghiém duy nhidt cda (5-12) cd thé ching minh diéu kién
da (7.

Néu (5-11) 1a 8n dinh tiém can, v8i ma tran Q nao dd, tén tai ma
tran P thoa man (5-12).

Néu Q xac dinh duong thi P cing xac dinh duong.
Vi du 5§-1 Xéac dinh tinh 6n dinh cda hé :
X = AX .
-1 -2
-
Trude tién giai phuong trinh (5-12) d€ xic dinh P vdi ma tran Q

cho trudc {14 ma tran déi xing xdc dinh duong hay bian xdc dinh duong)
vi du chon Q@ = 1 ta 3 :

vai

AP + PA = -T.

-1 1]|Pn P12 Py Piz|[-1 -2 [—1 0
+ = . (5-13)
[_2 —4} P> P2 P12 P2 [ 1 _4j| 0 ‘1}

hay :
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Ma tran P 1A ma tran déi xing xdc dinh duong déi voi hé 6n dinh.
Tu (5-13), ta cd :

2p;; + 2p, = -1
2p;; = O9p;2 + pn =0
~4p;; - 8pyp = -1

Giai hé phuong trinh trén ta cd :

23 7
P11 Piz 60 60

P = =
P12 P22 _ a 1
60 60

Ma tran P la xdac dinh duong vi theo dinh ly Silvester p,; > 0,
PPy — p%z > 0. Hée s6 8n dinh tiém cdn trong pham vi lén. Q duac
chon mot cach tuy y, vi du :

Q=[g }

thi hé trén cing 6n dinh tiém can nhu véi Q = 1

5.2.2. PHUONG PHAP KRASOVSKI
Hé phi tuyén dude mé ta boi :
X = £(X); f0) = 0 . (5-14)

Gia thiét f cd dao hAm riéng bac mét lien tuc va J (X) la dinh thic
Jacobi :

of,  of, of, |

X, X, X
JX) = 9@ = | X X X 5-15
oX ! 2 o \ ’

of,  of of

Z)Xl Z)XZ e (’)X.n

Hé phi tuyén (5-14) lIa 6n dinh tiém can & géc toa dé6 néu tén tai
ma tran P doi xding, xidc dinh duong sao cho ma tran :

FXy = JX) + PJX) . (5-16)
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la xac dinh am v6i moi X. Tu do
VX) = {Pf. (6-17)
Chung minh :

Tit (5-17) ta cd v
it € 3

f2(X) PE(X) + £(X) P(X)
(X
N [ ).4 X
£(X) I'(X) PEX) + £(X) PIX) £(X)
£ (X) [J’(X)P + PJ(X)] £(X)

£(X) F(X) £X)

* P{X) + £(X) PI(X) £(X)

it

i

av
Vi F(X) la xdc dinh 4m theo gia thiét, I la xdc dinh am. Tu (5-17)

thay” rang V(0) = 0, VXX) > 0 cho moi X = 0, tru phi f(X) = 0 véi
mot s8 X = 0, nghia 1a trit phi ¢ nhing trang thal cAn bang khac.
Bay gis ta s& ching minh rang néu F(X) la xac dinh am thi (5-14)
khéng 6 di€m can bang ndo khiac ngeai goc toa dé.
f(aX)  of(aX)

Diung vects ——— = o X. Ldy tich phan hai v& tt o = 0 dén

a = 1 ta co ;

1.
£(X) = [ % Xda
0

Néu vects X = 0 ma f(X) = O thi :

XP{X) = 0 = [ XP
0

N~

| X'F(aX) Xda
Q
Vi F(@X) 134 x4c dinh am cho moi «, tich phan trén 1A am va khéng

thé bing 0 vi do la diéu mau thuidn. Vay diéu kién d& cd 8n dinh tiém
can theo Liapunov dd duge ching minh.

Vi du 5-2 Cho hé phi tuyén nhu & hinh 55 véi phuong trinh phi tuyén
dang :

7 = f(x)

va x4y = 0,y = x vay Kz = x - —x.
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Hinh 5.5
Dat X, = X ; X, = dx,/dt, ta ¢d phuong trinh trang thai -
X, = fix) = x,
Di€ém cin bing nam d géc toa do néu ((0) = 0.
Bay gis ta co :
[of,  of,
x| | :
I R G B df(x
J(x) = o, of,| = |-k D nE (5-18)
N J— dXz
9%y 0%,
b p
vei p=|" . (5-19)
Lpn P2
d€ ma tran P xdc dinh duong :
py > 0 (5-20a)
PiP2 -~ Pi2 > O (5-20b)
Ma tran F(x) = J'(@P + PJx)
df(x)) 0 1
_ K Pii Pr2 + Pun P2 _de(xl) »
! 1 Pz P2 P12 P22 dx,
df(xl) df(x,)
—2p, K P~ P2~ PnK dx,
df(x,) (5-21)
- P nK—— 2(Py2 — P22
127 dx, (P12 = P22)

hé 6n dinh tiém can, - F(x) phai xdc dinh dudong, nghia la :
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df(x;)
oK m >0, (5-22)

df(x)) df(xl) 2
—4p2 K dx, (P12 = P22 — (Pu — Pz~ PnK dx, ) >0,

df(x,) df(x)) 2
hoac : 4p;, K—E (P22 = P12) > (Pn — P12~ P22 KE‘I‘“) - (5-23)

Gia thist K > O va chon pj > 0. Tir bat phuong trinh (5-23) rat

ra diéu kién :
df(x,)
dx,

> 0. (5-24)

Chon p;; = py; va py; = fBp); voi f > 1. Tu bat phuang trinh (5-23)
rut ra :

4 1) 200 (5-25)
B > Kg &, 5
Bat phucng trinh (5-24) va (5-25) xdac dinh diéu kién én dinh tiém
can cia hé, Vi du néu lidy f(x|) = x%, dac tinh phi tuyén déi xung &
phan tu thd nhit va thd ba. Vay : P
A
af(x,) ) ‘
= 3XI > O . Sy, /
dxl g// /I/ /,I:]{
Diéu kién (65— 25) cho ta : 2/ ! //j
v o, /}
4 (1 1 7 oA
2 z
X <R‘[73“_2J' LA
Khi 8 = 2, x, cuc dai, do SR A
do : __’ .&//// 4 !
X‘l' < jﬁ 3 B .

1 1
hoac : —+— < x| < —"
' V3K ' {3k
Mién o6n dinh tiém can la
mién gach soc nhu &6 hinh 5.6.

RN

AN AN
\*Tq_ e
‘\\ .

;L.LA a2 a N

Hinh 5.6
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5.2.3. PHUONG PHAP LURIE

Trong trudng hgp hé phi tuyén nhu & hinh 5.5 véi ddc tinh phi tuyén

théa man diéu kién xZ(x) > 0, Z(0) = 0O, nghia 12 nim J§ gdc phin tu
thd nhiat va thd ba, hAm V theo Lurie ¢d thé ecd dang :
X
V(g %y - Xy = L(x, Xy %) + [ Z(E) dE (5-26)
0
ma L(x| X, ...,x,) dang binh phudng cida toa dé pha :
n n
Ly, X3 o X) = E 2 (5-27)
a; va f la hé s6 hing va a; = g

ij ji-
Cdé thé ching minh ring mat cong déng muc Liapunov chia géc toa
d6 va c¢d nhiing tri s6 cang xa géc toa dd cang tang theo tri s6 tuyét
d6i. Mat cong &y vai @, B tudng dng cd thé diung dé dianh gia tinh on
dinh ctia trang thai cin bing trong toan bé he.

Vi du 5-3 Xac dinh diéu kign 8n dinh ctia trang thai cin bing ctiia hé
phi tuyén co phan tuyén tinh 13 khau qudn tinh :

k
W) = To o7 (5-28)
Phudng trinh chuyén dong cda hé :
dy
Ta+y=kz(x);x=xd—y (5-29)
Véi x4y = 0 ; y = -x, ta c6
& __x_k, 5-30
T O ¢ )
Chon ham Liapunov dang :
1 X
= 2 _
V= ox +£ Z(£) dt . (5-31)
Pao ham cta V :
dv 4V dx dx
yri il [x+Z(x)] i [x+Z(x)] [—+-—Z(x)]
= g + _}izz + ﬂ Z
STt nf® T Ty XX
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Véi xZ{x) > 0, dao ham trén s& am & ca khong gian pha néu k > 0.
Nhu vay diéu kién du dé én dinh tiém can trong toan bd cia hé bac
moét vél khau qudn tinh la hé sé khuéch dai cia phan tuyén tinh la
duong, cdon dic tinh phi tuyén nam trong pham vi gdc phdn tu thd nhit
va thd ba.

53. ON DINH TUYET bOI CUA TRANG THAI CAN BANG

On dinh tuyét déi 1a 8n dinh tiém can cia trang thai can bing trong
toan bd d6i v8i ho dac tinh phi tuyén nhst dinh.

Théng thuong ho dac tinh phi tuyén nim trong géc phan tu thu
nhit va thd ba, xic dinh bdi dudng thang Z = kX vAa Z = rX (r < k)
nhu & hinh 5.7a. Dac tinh phi tuyén nhu vay goi la dac tinh nidm trong
hinh quat [r, kl. Nhing vi du cda hé dn dinh tuyét déi vdi dac tinh phi
tuyén gida géc [0, =], nghia la & toan bd gde phdn tu thd nhat va thd
ba da dugc xét d phuong phdp truc ti€p cua Liapunov. Thuc ra tiéu chudn
6n dinh tuyét d6i xuit hién trén co s& ing dung phuong phdp Liapunov.

53.1. TIEU CHUAN ON BINH TUYET BOI POPOV

Nam 1959 nha todn hoc Rumani Popov V. M. da dé ra tiéu chuidn
on dinh tuyét 48i trong mién tdn dbi voi cac hé diéu khién ty dong. Tisu
chuidn phat bi€u nhu sau :

1- Truong hop phiin tuyén tinh 6n dinh

Néu hé kin c6 phin tuyén tinh W(s) 6n dinh, con dac tinh phi tuyén
Z(x) ndm trong géc 0 < Zx)x < k (hinh quat {0, k]) thi diéu kién du
dé hé dn dinh la :

1
Re[ (1 +jqu)WGw)] +1 >0, (5-32)
vdi q la 86 thuc bat ky.
Luu ¢ Ja k < «© va lim W(w) = 0. D6 la diéu kién tinh dén thong
g6 nhdé phi tuyén tinh. Vc’;f) :

W) = Plw) + jQu) (5- 33)
bat dang thdc (6-32) cd dang :



1
Pw) = quQw) + 1 > 0. (5-34)

Né&u dung diac tinh tuyén tinh bién dang :
W(w) = Plo) + joQ ). (5-35)
va vé dac tinh W (jw) cung dudng thang (dudng thang Popov) :
-1
P(w) = 5=+ quQ) . (5-36)

thi diéu kién théa man bit phuong trinh (5-32) la todan do WM’[(ja)) (dudng
cong Popov) ndm bén phdi duvsng thing Popouv. (hinh 5.7¢). D6 con goi
la tiéu chudn duong thing.

AZ kx

Hinh 5.7

Dac tinh tuyén tinh W (jw) va dac tinh tuyén tinh bién dang W, (jw)
cd phan thuc nhd nhaue nén cung cit truc hoanh ¢ chung mot di€m cing
nhu 3 tdn s6 @ = 1. Dac tinh tuyén tinh bién dang W,(o) khong déi
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xing qua truc thuc nhu dac tinh tuyén tinh W (jw) 8 nhing tdn sé khac
diu nhau.

Néu dic tinh W, (jw) la
dudng cong 16i thi tiéu

g 2 . R o g<o
chuan 6n dinh tuyét déi
trung v@i tiéu chuan Nyquist

A
(xem muc 3.3.1 [19]) khi -//,-r\ \/——)

thay dic tinh phi tuyén bang
dusng thidng Z = kX Trong

trudng hop dy diéu kién i

khong bao vay di€m c¢od toa

do (-1, jo) cha kW (jw) tring Hinh 5.8

véi diéu kién 6n dinh tuyét

dsi. Hée phi tuyén nhu vay 1a hé 6n dinh v3i gdc Hurwitz (goc hinh thanh

bdi duong thang Z = kx vad hoanh truc ma k, id tri s§ gi6i han dusi

cia hé s6 khuéch dai phan tuyén tinh). O hinh 5.7 dudng Popov c¢6 tri

s6 @ > 0 va § hinh 5.8 dusng Popov ¢ q < 0. ‘
Néu dac tinh \i(iw) 13 dudng cong cd hinh dang phic tap thi tigu

chuidn 8n dinh tuyét d6i chat ché hon tidu chuin Nyquist (hinh 5.8). Tri

s6 gigi han theo Nyquist (i) bé hon tri s6 gigi han theo Popov

kgl

1 ) = ;
(kg2). Nhu vay k,; > kg DPac tinh W (o) 16i khi cdc khau quan tinh

va dao déng ndi tiép nhau vd ¢ khong nhiéu hon mot khau tich phan.

k
(1 +T)) (1 +5T,) (1 +5sTy)
x4dc dinh kg ma dic tinh phi tuyén cua hé l1a don tri va b4t ky, nam
trong gée [0, 1], 1a &n dinh tuyét d&i. Dac tinh phi tuyén trong trudng
hop nay ed thé 1a khau gidi han (duong 1 & hinh 59a), khau kém nhay
(dudng 2) hay role ba vi tri (dudng 3) hodc mét ki€u phi tuyén don tri
nao khac.

Vi du 5-4 Phdn tuyén tinh : W(s) = Hay

Vi Wi(w) la dudng cong 16i (hinh 59b) cho nén c¢d thé dung tiéu
chudn Nyquist. Digu kién 8n dinh tuong dng véi bat ding thic -W,(o,)
= -Pyw,) < 1. Tu d6 xac dinh dugc :
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Z
—7/ a)

2. Khi phin tuyén tinh la trung tinh hay khéng én dinh (cé6 nghiém trén
truc do hay nghiém phai).

Hinh 5.8

Trong trudng hop nay tidu chudn 6n dinh tuyét d6i khong thé su
dung ngay ma phai qua mét phép bién déi. D€ phan tuyén tinh trd nén
dn dinh, ding héi ti€p aAm nhu & hinh 5.10b. D€ ¢d so d6 tuong duong
véi hinh 5.10a, cdn mic khau song song v8i khau phi tuyén. Nhu vay,
phdn tuyén tinh tuong duong bay gio la :

W(s) \
Wy(s) = W : (5-37)
= == Z=Chker)x
X =0 X Ir- V4 Y
i- >§>-» Z(x) W, (s) “
- . Z2srx
a) ‘
X =0 g
c)
b)

Hinh 5.10
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Con dac tinh phi tuyén

tuong duong la :

Za(x) = Z(x) - X . (5-38)

 Zu(x)  Z(x)
b =

- r nén dic tinh phi tuyén thyc bay gio phai nim

trong gdéc [r, k+r] nhu & hinh 5.10c.

Tiéu chuidn Popov bay gid tugng dng véi :

Re(1l + qjw) W 4(w) +

Theo (5-33) :

k—r>0' (5-89)

P (w) + Q,(») 1

Re(l + qjw) 1+ rPl(U))+j rQQ (o) i k—r

> 0.

Sau mot vai phép bi&n ddi ta cd phan thuc :

11
PX(w) + =+ E} P(w) -

Phuong trinh :

5 1 1
Pi@) + [T+ 1| Puo) -

11 R 1
_ 1| Q@) + Q@) + = > 0. (5-40)

1.1 F Qs = 0. (5
r x| 9@ Q@) F Qw) +o = 0. (5-4D)

trén mat phing dac tinh tuyén tinh bién dang W,(jw) la dudng parabon

di qua hai diém - T va X trén truc hoanh ti&p tuyén tai di€fm &y co

1 1
dd nghiéng - E va E VA gap
nhau 8 diém a nhu & hinh
5.11.

Dac tinh phi tuyén
tuong duong nam trong gdc
[0, k—r] tuong dng v3i dac
tinh phi tuyén thyc nam
trong goc [r, ktrl. Vay hé
phi tuyén on dinh tuyét déi
4 trang thai can bang néu
dac tinh phi tuyén Z(x) nim

trong gdc [r, k+r], con toan
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dé W (jw) khong cit parabén

/C\)t(w)

{q, k, r) nhu truong hop a
hinh 512. Do ddé tiéu chufn
nay cobn o6 tén la #Héu chuan
parabon. Khi r — 0 thi
parabon bién thanh dudng

thang va tiéu chuin parabon
14 trudng hop riéng cua tiéu
chuidn dusng thing. Chu y

ring tiéu chuidn parabén st

dung cho hé trung tinh hoac
khong én dinh cua phéan i

tuyén tinh vd4i s6 luogng Hinh 5.12

nghiém khéng qud hai va s6

lugng nghiém phai khéng qua moét, néu khong, parabon (q, k, r) sé cat
dudng cong Popov.

5.3.2. TIEU CHUAN ON PINH TUYET POl CUA TRANG THAI CAN
BANG VOI PAC TINH PHI TUYEN KHONG DUNG

Trong truong hgp nay dac tinh phi tuyén khéng diing :
Z = 2(kx t) (5-42)

nhu & hinh 5.13. Gid thiét la diac tinh dy théa man diéu kién Z(x, t)
nim trong mién (r, k) véi

moi thot diém t : Z{x,t) kx s
Z0, t) = 0 ;
Z(x, t
r<% < k . (5-43)

Trong trudng hop dac
tinh phi tuyén la khong
ding, & bdt ding thdc tén
s8, dat ¢ = 0 (diéu kién 6n
dinh tuyét d6i cia qud trinh
cudng bdc [23 - tr 268)]. Tu
(5 -40) c6 dang :

Hinh 5.13



/

., 1 1 , 1 ,
P;’(w) + ; + E) Pl(w) + Q( (w) + E > 0. (5—44)

va (5-41) véi q = 0 c6 dan
Pw) + |-+ 1] P (w) + QR + — =0 (5-45)
(@) r Kk (@) + Q@) ke O~20)
Vay hé phi tuyén sé& on dinh tuyét d6i d trang thdi can bang véi
dic tinh phi tuyén 14 khong diung Z(x, t) vdi moi t, nam trong géc f{r. k]

néu phan tuyén tinh la dn dinh va duong cong Nyquist khéng cAt duong
tron (k, ry (hinh 5.14a).

a) o)
Hinh 8.14
Néu phdn tuyén tinh 1a khong 6n dinh thi dudng cong Nyquist khéng
cat dugng tron (k, r) va vay ldy no % lan theo chiéu duogng, vdi 1 la so

nghiém phai cia phuong trinh dac trung (hinh 5.14b). D6 la tiéu chuan
dudng trén. Tiéu chudn Zames [12] dung cho dic tinh Nyquist théng
thuong va cho dac tinh phi tuyén la dung hay khéng diung Khi r < 0
thi diéu kién 6n dinh la dudng cong Nyquist nim trong duong tron r, k
nhu & hinh 5.15b. O hinh 5.15a la trudng hop r > 0 va k > 0.

Vi du 5-5 Khao sit hé c6 ham truyén cla phin tuyén tinh :
16

Wis) = 3 :
s(s + 1) (s“ + 0,455 + 16)
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Alm
W ()
- Y C It Re
_ - / —_
(k]7)
b)

Hinh 5,15

Dac tinh tuyén tinh bidn dang :

16(w? —~ 16,45)
(1+w6|}16—w52+(Q4&®1

W) =

‘] 16(1,45w* - 16)
(1+w%|}16—w62+(q4&@1
nhu ¢ hinh 5.16. Hé sé khué&ch dai tdi han cda hé tuyén tinh hoa :
k, = : = 333.
2= 03 *

Néu vé dudng thang tiép xic voi dac tinh tuyén tinh bién dang theo
titu chuin dudng thing, ta xdc dinh hé s6 khuéch dai téi han (hay heé
s6 tuyén tinh hoa tinh k") :

k, = L = 1,3
g 077 T T

Nhu viay trang thai can bang

cia hé phi tuyén sé 6n dinh tuyét

doéi néu

0 < ki(x) = < k, = 1,3

@)
X g

Mién 6n dinh cta hé phi

tuyén bé hon mién ‘6n dinh cia

Hinh 5.18

hé tuyén tinh.
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Vi du 5—6 Phan tuyén tinh cua hé c¢d ham truyén :
1
Tis* + 26Ts + 1 L Re

Im

W) =

véi T: = a, 25T = b. Dac tinh tdn nhu &
hinh 5.17. Dac tinh tuyén tinh bién dang
tuong dng bing :

-

1 — aw® . bw*

WN .(D = o Ny 2
G (1- awz)2 + bw? ! (1 — aw)* + bw” Hinh 5.17

WMI(ja)) khiac voi W(w) 8 chd ty 1& xich cua truc tung ting lén w lan.
Vi o = 0 nén khi thay d6i W(w) luén cd thé vé qua géc truc moét dudng
thAng ma dac tinh tdn &y nim bén phai cda nd. Nhu vy trang thdi can
bing cua hé phi tuyén s6 8n dinh tuyét d&i v8i moi dac tinh phi tuyén

nim trong 6 thd nhit va thu ba.

5.4. ON DINH TUYET POI CUA QUA TRINH

On dinh tuyét déi clia trang thai can bang trong nhidu truong hogp
chua di d& bao dam hé tu dong didu khién phi tuyén tinh van hanh
binh thuong khi ¢é nhitng tac déng ddu vao hay nhiéu khac nhau. Trong
hé, 6n dinh tiém cin cia qua trinh ]a trang thiai ma sau khi mat kich
thich hé trd lai v6i qud trinh nhu khi chua c6 nhiéu tdc doéng modt cach
tiém can. Hé 8n dinh tuyét d46i néu qud trinh 6n dinh tiém can véi ho
dac tinh phi tuyén nhit dinh.

Naumov B. N. va Tsipkin Ya. Z. da tim ra diéu kién dda dé qua
trinh dn dinh tuyét dsi khi cd tac dong vao cd gidi han. Trong trudng
hgp chung, khi phdn tuyén tinh khoéng 8n cimh, diéu kién dy la :

W, (o) |
1+ rWI(jw) * k-1t

> 0 . (5-46)

vii r 1A hé s6 hbéi ti€p d€ bio dam phan tuyén tinh &n dinh.
Trong trudng hgp 4y dao ham cia dac tinh phi tuyén Z’(x) hay hé

56 tuyén tinh héa dao ham kx) nam trong mién :
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r < ko = 2@ < k . (5-47)
CS thé xac dinh tri s6 t6i han cua r va k theo tiéu chudn dudng
tron va dédc tinh tadn ctia phin tuyén tinh théng thudng nhu sau :
Bang cach vé dudng tron (r, k) tiép xic vdi ddc tinh tan (hinh 5.18a,
b, ¢), xdc dinh cdc tri s8 t6i han r, va k, sao cho véi :
ry < K@ = 2@ < ky
thi qua trinh la 8n dinh tuyst d6i. O day k%x) )a hé s6 tuyén tinh hoa
dZ(x)

dao ham va Z'(x) =
dx

Khi r — 0 thi dudng tron (r, k) bién thanh duong thang ding tiép
xic véi dac tinh tan (hinh 5.18a): dugng trdon cd ban kinh vé ciung 16n.

A Im
Im

@0 AN N weo ke

l[
=1/ ) =00 Rea o) =00
“keh K\/ |

|

|l W, {w)

a) b)

Hinh 5.18
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Théng thudng ki < ki, nghia la: ving én dinh tuyét d6i cua qua trinh hep
hon vang 8n dinh tuydt d6i cia trang thai can bang. Néu di€m tiép xdc
nidm trén truc thuc (hinh 5.18a,¢) thi ky, = kg; trong trutng hgp 4y tiéu
chuin dugng tron la diéu kién can va di. Tr s5 k;, o thé€ 16n hon k, khi
k%x) = Z'(x) thay d6i khong dang

ké. nghia 1a dac tinh phi tuyén Z(x)

rdt gin vdi dic tinh tuyén tinh. Adm

Vi du 5-7 Véi vi du 5-5, dac tinh
tdn cua phdn tuyén tinh W (o)
nhu & hinh 5.19 (dudng nét dam).

Bang cich vé dugng tron tiép
xic v6i dac tinh t4n ta xdc dinh Vil jur)
duge k;, = 1,9 va r, = 0,67

O vi du 5-5, k, = 1,3 nhg
hon tri s6 tdi han k, = 1,9. Tuy W
nhién gidi han bién d8i cta dac
; . . . » . Hinh 5.19
tinh phi tuyén bi han ché dang

k€.

5.5. ON PINH TUYET DOI CUA HE XUNG

béi v6i hé xung phi tuyén ma khau phi tuyén Z(x) nam trudc phan
tt xung (hinh 5.20a), c6 thé hinh thanh diéu kién én dinh (diéu kién dud)
trén co sd phudng phip tryc ti€p cua Liapunov cing nhu tiéu chuidn 6n
dinh tuyét d61 Popov, thong dung la dang ddc tinh tan.

Céng trinh d4u tién vé dé tai nay la cia Tsipkin Ya. Z., 6ng da
ching minh rang diéu kién di d& hé xung voi dic tinh phi tuyén nam
trong goc [0, kI 8n dinh tuyét déi phai théa man bit ding thuc :

ReW, (jw) + % > 0. (5-48)

véi Wi (jw) la dac tinh tdn cia phan xung tuyén tinh caa hé véi git thiét
2 Wi(jw) 8n dinh. Dac tink phi tuyén nim trong goc [0, k] cd thé gidn
doan, da tri hoac khéng dung.
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Theo tiéu chudn ndy, hé sé 8n dinh tuyét d6i néu dac tinh tan

W/ (jw) nAm hoan toan & phia phai cia dudng thiang ding di qua digm
1
(—E) (hinh 5.20b). Diéu kién nay khong nhing la du ma con la can

thist khi dac tinh tin W{(jw) ¢6 cuc ti€u & giao diém véi truc thuc (hinh
5.20c). Trong truéng hgp nay tri s6 gidi han cla k & hé tuyén tinh ma
khau phi tuyén dugc thay thé bang tuyén tinh, v6i hé s8 khuéch dai
k duge xdc dinh theo tiédu chudn Nyquist sé& trung véi gidéi han eta gdc
[0, k] dugec xac dinh theo Tsipkin.

Trudng hop via néu it gip ; nhiéu khi tiéu chuin (5-48) r~6 yéu
cdu tuong d6i cao déi voi thong s6 cia hé. Do 1a dudng thang phai thang

ding ma dac tinh tin W (jw) ndm bén phai nd. Chui y ring & hé lién
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. S |
tuc, dudng thang Popov di qua difém co toa do (—I{-) 6 dé nghiéng

bat ky. Dé thiy rang tri s6 gidi han cta k d6i vdi bién gidi trén cla
géc [0, k1 s& lén hon so vdi dudng thing ding Popov.

Ps6i véi hé cd diac tinh phi tuyén don diéu thi tiéu chuidn 6n dinh
tuyét déi tuong dng véi bat dang thuc :

. 1
Re[1+q(1—e W)] Wi (jw) + >0 (5-49)

vdi q 1a s6 duong bat ky.

Toan tot 1 - ePT tuong dng v8i sai phin bic moét, tuong tu nhu
nhan t jw & bat ding thuc Popov cho hé lién tuc. Néu dung dac tinh
tAn bi€n dang c9a thanh phan xung tuyén tinh :

W (jw) = ReW!(i(@) + {Re [e_Jva\W:(jw)} ~ Rch(Jw)} . (5-50)

thi tiéu chudn (5-49) gidng nhu tiéu chuian Popov thong thuosng déi véi
hée lién tuc. Hé xung phi tuyén én dinh khi phdn xung tuyén tinh &n

1 X
dinh va qua di€ém c6 toa do (— E) c6 thé vé duong thang vdi dd nghiéng

1
duong q tuy ¥ sao cho bi€u d6 W/(jw) ndm bén phai ng.
Trong trudng hop phin xung tuy&n tinh trung tinh hay khéng 6n
dinh, cdch bién ddi so dé cdu tric tuong duong giéng nhu & hé lién tuc.
DE qua trinh 4 hé xung phi tuyén 8n dinh tuyét d6i, Tsipkin Ya. Z.
néu lén di€u kién dd giéng nhu didu kién khi phan tuyén tinh la trung
tinh hay khéong 6n dinh cta trang thai cin béng hay cia qud trinh & hé
lién tuc :
Wie) 1
¢ 1+ rW:(ja)) k—r

> 0 (5-51)

véi diéa kién vé dao ham cia dac tinh phi tuyén :
r < k%) = dZx)dx < k (5-62)

khac v8i trddng hgp lién tuc 1a diac tinh nay o thé khong dung.
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5.6. SO SANH CAC PHUONG PHAP PHAN TiCH ON DINH
CUA HE PHI TUYEN

Tt cic phuong phdap phan tich 8n dinh cia hé phi tuyén da khao
sat, chi ¢6 phuong phap mat phang pha (hay khéng gian pha ndi chung)
cho phép xdc dinh diéu kién can va du d€ hé 6n dinh. V6i dé chinh xdc
cia mé hinh theo hé phuong trinh di cho ma diéu kién cidn va du dé
hé én dinh duge xdac dinh nhd vao mé hinh hda todn hoc.

Tiéu chuidn 6n dinh tuyét d&i tin s6 cho diéu kién di nhung khéng
phai 1a diéu kién can, trong khi dé phuong phap truc ti€p ciua Liapunov
v6i dang ham V nhit dinh co thé cho viing én dinh hep hon tidu chuén
6n dinh tuyét déi cia Popov. Tuy nhién cia hai phugng phip nay déu bao
dam tinh 6n dinh trong ving da cho.

Phuong phap tuyén tinh hda diéu hoa tuy thudée vao mdc do théa
méan cua giad thiét loc ma cho ta
trl s6 gan didng cua mién 6n dinh,
nhung lai khong bdo dam tinh &n
dinh trong mién nay vi mién da
xdc dinh theo phuong phap tuyén
tinh hda diéu hoa cé thé vugt ra
khdi giéi han mién 8n dinh. Trong
mién nay d6i khi cd tu dao dong
da tdn.

Mién 6n dinh xac dinh theo
cac phuang phap khde nhau duge
md td dinh tinh nhu & hinh 5.21. Hinh 5.21

O day a, va a, la thong sé téng
quidt cda hé phi tuyén da cho.
Phia duge gach soc tuong Wng vd4i mién 6n dinh. Néu duong 1 1a gidi
han mién 6n dinh thuc ctia hé thi dudng 2 1a giéi han 8n dinh theo tiéu
chudn 6n dinh tuyét d6i Popov. Duong 3 la giéi han 8n dinh theo phuong
phdap truc ti€p cua Liapunov véi nhiing ham V- khic nhau.

Phuong phdp tuyén tinh hoa didu hoéa dng véi dudng 4 ma ¢d noi
vugt ra ngoai gidi han thuc cia mién 6n dinh.

Vi du 5-8 Dung tidu chuin 8n dinh tuyét d6i ctia trang thdi cin bang
dé€ xac dinh hé s8 khuéch dai gisi han (Nk)g cia hé tuy déng raole nhu
6 vi du 4-2 va so sianh vdi hé s6 khuéch dai gigi han xdc dinh theo
phuong phdp tuyén tinh hda diéu hoa.
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Phan tuyén tinh cia hé ¢ ham truyén :

k
s(l +0,28) (1 + 28)

W, is) (5-53)

Tan s8 cat caa dac tinh tdn W (jo) véi phdn am cia truc thuc da
duge xdac dinh theo vi du 4-2 bang 1,58 sec’. O tan sb nay, moédun cuia
dac tinh tdn W, (juw™) = 0,182k. Dac tinh role (bing 4-1) nidm trong goc
{r, N} ma r la tri s6 duong v6 cung bé. con N = Z /x, 14 hé s6 chuin
héa. Do dac tinh tin W{jw) cd dang 16i, theo tiéu chudn &n dinh tuyét
dai

0,182k < 1/N,
tit do : (Nk), = 1/0,182 = 55 sec

O vi du 4-2, theo phuong phdp tuyén tinh hda diéu hoa, tan s5 tu
dao dong khong thay dai khi thay déi hé s6 khuéch dai cua phdn tuyén
tinh, tuy nhién trong thuc t& tan s6 ay thay dai.

Sai s8 cia phudng phap tuyén tinh hoa diéu hoa dugec mé ta & hinh
5.22a, b, voi két qua tinh toan (dudng ndt lién) va két qua mod hinh hoa
trén mady tinh (cic di€m). Difm tan cing bén trai cia tinh toan va thuc
nghiém tuong dng vai tri s6 gidi han (Nk)g cia ché do tu dao déng :

1 va theo thue nghiém bang 6,3 sec |

theo tinh todn bing 8.6 sec
T4t ca cac s6 liéu noi trén phu hgp véi théng s6 a;, trén hinh 5.21.
Két qui tinh toan cho tri s6 (Nk), ldn hon, cd nghia 12 § hé théng
cs tu dao déng, mac dau theo phuang‘ phiap tuyén tinh hda thi khong.
Theo hinh 5.22, khi tang Nk thi bién dé va tian s6 tu dao dyng tang va
chénh léch gitta tri s6 tinh toan va thuc t& cia A', w" gidm 16 rét.

-7
W sec
], 75Ir_"’__""'-- ' .[ I 1|— - ‘| —J
S— | TT 5o

» o] ) H
1,25 ko] q ? . . - . .
| S T SR R b ‘
5§ 7 3 3 10 i 1234

N, seo

5)

Hinh 5.22
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BAl TAP CHUONG §

Bai tap 5-1 Phuang trinh chuyén dong cia hé con trd gian don (hinh
7.20 [19]) nhu sau :
A% mg

— + —Z sin®d = 0 .
at> L

m

Néu tinh dén ma sit cta khéng khi thi :

, &’ do )
mL~ T + B — + mglsind = 0 . (5-54)
dt dt
Phan tich vé tinh &n dinh cla con trd theo tiéu chuidn Liapunov truc
tiép.
Ddp dn :

Nang lugng cua hé gom cd dong nang va thé nang :
1 1 .
V(®) = mgh + 5 mv’ = mgL — mgLcosd + 3 mL*®? . (5-55)

Dao ham cua (5-55) theo thai gian :

‘:’(@) = n1gL<i>sinf11 + mLid & = CD ( mglsind + ITle(B)

Thay (5-54) vac phuong trinh trén ta duge :

V(@) = — Bo? (5-56)

Phuong trinh (5-55) (ham V) khéng thé am, bang O khi cosd = 1 va
& = 0 Trong trdong hop dy @ = +n2z (n = 0, 1 ,2,.) ta co trang
thdi 6n dinh t6i han. D4u cha (5-56) luén am c6 nghia la nang lugng
chi giam va trang thii &n dinh la tiém can. Vai trd cia B la tiéu tdn
nang lugng. Néu B = 0, hé sé& khong 6n dinh tiém can nhung 6n dinh
theo Liapunov.

Néu chon x, = ® va x, = ®, ham V@) la xdc dinh duong trong
mién R vi n6 ¢6 dao him riéng ludon dudng ngoai di€ém V() = 0. Néu
V(x) khong bé hon O nhung bing 0 vdi moét s6 dai lugng khic 0 cua x
trong mién R thi V(x) 1 ban xic dinh duong.

Néu V(x) la xac dinh duong, \'7(1() 1A ban xiac dinh am, V(x) la ham
Liapunov va hé 1a én dinh theo Liapunov. Néu V(x) 14 xdc dinh am, he

6n dinh tiém cian. Néu V(x) la xdc dinh duong, goc tea do la diém khong
én dinh tdi han.



Bai tgp 5-2 Vai bai tap 5-1, xdc dinh tinh 8n dinh cia hé phu thudc
diéu kién dau khac nhau.

Ddp dn :

V4i bién trang thdi x, (6-55) cd dang :
1 5 N
V(x) = mgL — mgLcosx, + EmL‘x‘z' . (5-57)

D& 6n dinh tiém can, V(x) phai xdc dinh duong va V(x) xdc dinh
am. Mot trong nhitng yéu ciu d& V(x;) xdc dinh dudng la @& dugc gidi
han trong mién -2 < & < ;. Tai cdc tri s6 +xn, x, = 0. Thay cac gia
tri gidi han vao (5-57) ta cd V(x) = 2mgL. Véi trj s6 hing cia V{x),

(6-57) cho :
2g(1 + cosx,) 2g X4
“ENTTL T NL e

Véi dai lugng nhdt dinh cia L ¢6 dang dudng cong nhit dinh nhu
¢ hinh 523 va dang cac quy dao pha nhu ¢ hinh 5.24.

Hinh 5.23

Hinh S.24

Bai tip 5-3 Kifm tra 6n dinh cia hé phi tuyén véi tin hiéu vao u; = vy = 0.
Heé phueng trinh dudge mé tad bdi :
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Dap dn :

Mé hinh héa theo SIMULINK vdi so d6 khéi nhu & hinh 5.25a cac
dap dng nhu & hinh 5.25b. Khao sdt cho thdy hé khong dn dinh nhit 1a
khi x;, > O thi x, nhanh chong trd thanh dudng thang dung.

Bai tap 5—-4 Hé gdm 1o xo, trong kh&i va gidm chin nhu ¢ hinh 52. Gia
thiét luc cia 16 xo tao dich chuyén x; nhu & hinh 524. Lyc gidm chin
ty le véi téc dd tdc thoi x, = x,. Vay (5-4) bay gid o6 dang :

X1=x

< (5—59)
Xy = — (%) — xx) Fix)
Néu dung ham V 1A tdng nang
lugng :
X1
1 2 X
Vixy, %) =§x2+ff1(x )dx . (5-60) L
0
thi hé c6 6n dinh thec Liapunov
khéng ?
Ddp dn :
Theo (5= 60) : Hinh 5.28
V) >0, x =2 0 ;
V) = 0.
dv
a0 = hE)x tx [ - fi(xy) - xzfz(x1):| (5-61)
=~ x?z_ f5(x) .
dv i dv
Néu f,(x;) > 0, T la ban xac dinh am. Fralie 0 khong thoa man

(6-59) ngoai trirx x = 0. Hé phi tuyén trén 8n dinh tiém can.

X fle) ‘ K y
o e -/||/; | -
4‘ (s+o)s |
S | I SR
|
Hinh 5.27
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Bii tap 5-5 Hé didu khién déng cd xéevd nhu 6 hinh 5-27. V4i ham
Vix), X)) = pyxi 4 Po¥s - (5-62)
voi pyy > 0, pyp >0
Ki€m tra 8n dinh theo Liapunov khi hé la tuyén tinh hoa, khi f,(e)
cé dang nhu 3 hinh 5-24 va khi ham V la tdng nang lugng.
Ddp dn
Véi Xg = 0 : e+ae+Kfj(e)=0 (5-63)

a) Hé tuyén tinh hoa : file) = e

Dung bién trang thii e = x;, e = x,
)’(1 = X5 3
. (5-64)

av

dv

It la ban xic dinh am néu p;; ~ ppK = 0, pypya > 0 (p 124 ma tran

hé s8 (5-19)). N&u chon p;; = Kpy, vdi K > 0, « > 0 thl didu kién du
dé€ hé 6n dinh la théa man. Tuy nhién v4i hé tuyén tinh, d6 con 13 diéu
kién ciAn va du.

b) Trudng hop f(x;) nhu & hinh 5.26, hé phuong trinh (5-64) bay
gis 1a

X, = X, ;
e (5-65)
X, = — Kfi(x)) —ax,
A
at 2p) X%,

—2p, Ky (xpx;
ol
Vi fi(x;) la phi tuyén, khéng c6 diéu kién p;; > 0, pp, > 0 d€ it

dv )
nhit 13 E bin xdc dinh am.

Bai toin khéng gidi duge.

¢} Ham V dang nang lugng :
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X1

1 >
Vixy,x) =5x+ K,[ fi(xy) dx;
0
K > 0 thi V la xac dinh duong :
v 2
- KhG)x tx [_Kf1(x1) ‘C"Xz] =-ax;.
Hé 6n dinh tiém can.

Bai 1gp 5—6 Véi hé phi tuyén d hinh 5.27 nhung phan tuyén tinh ¢6 ham
truyén :

K
W=
fe) = e .
He phuong trinh (5-64) bay gia la :
1T R (5-66)
itz = —(K+a2)x1 .
av

T = 2P~ 2ppK +ad)xpx;

av
Néu chon p;; = pp(K + o) thi 3 = O va hé én dinh.

So sanh két quA ctia phuang phdp Liapunov véi cach gidi truc tigp
hé phuong trinh trén.

Déi vdi hé (5-66) vai diéu kisn diu x° cé nghiém :
(o]
X2
Q 2
xjcosVk + o t + ——
X(t) = J K+a
VK + o2 x{ sin VK + o2 t + x5 cos K+a? t

Chudn ctia vectd x(t) 1a :

sin VK + o* t

_ xS

2 —
x(t = |x%cos K+a2t+—-sindK+a2t +
Il ()|| 1 mz’
+‘—dk+a2 x?sindk+a2t+xgcode+a2t|
| =3 |
<[]+ v | VRS (|35 + [
|\}K+a2l
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s(1+__i__

|'df('+ azl
S S
<( | VK + o]

£

IR+ ) (18] + |5])
+ [VE+a® )11

Nhu vay vdi € da cho, ¢6 thé chon :

o) =
1

1
+—
| VK + azl

dé théa man didu kién 8n dinh.

Bai tdp 5-7 Dung tiéu chudn 8n dinh
tuyét d6i Popov d€ ki€m tra 8n dinh
cia hé cd sd d6 khéi d hinh 4.17a
(bai tap 4-5).

Phin td phi tuyén nim trong
mién gidi han nhu & hinh 5.28 vdi r
la tri s6 duong bé, con k = 1.

Ddp dn :

Chi y la phdn tuyén tinh cuia

hé dn dinh (nhung khéng tiém cin

Hinh

+ |q K+ o&r|

Lo

>

Hinh 5.28
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vi ¢6 nghiém ¢ g6c truc, diéu d6 chdp nhan duge vi r > 0) va tiéu
chudn Popov e6 thé ap dung dugec cho hé nay.

O hinh 529a o6 dac tinh tuyén tinh bién dang W,(w) va dudng

s 1 1
thang Popov di qua di€m <— Ejo) = (— 1 Jo) c0 dd nghiéng a = 1.

Khéng thé vé dudng Popov nhu vay ma khéng cidt dic tinh tuyén

tinh bien dang W,(jo) : khong thé k&t luan la hé 6n dinh tiém can va
cing khong thé k&t luan 1a hé khéng 8n dinh.

Bay gig thay ddi k = 0,6 va q = 1,2 chang han. Do 1a trudng hop

nhu & hinh 5.29b. Hé sé trd nén 6n dinh tiém can védi moi k < 0,6

So sanh vdi phuong phap tuyén tinh hoa diéu hoa 6 bai tip 4-5, ta
k&t luan ring hé sé 8n dinh v6 diéu kién n&u hé s§ khuéch dai cua phan

tuyén tinh giam di moét dai lugng 0,6 (3 hinh 4.17b dac tinh la

W ()
dac tinh nghich dao cta phin tuyé&n tinh) thi & bai tip nay dudng thang
1
Popov di qua di€ém ('E) véi k = 06.

Im ﬁ\]m alm

'//k _1 _'Z :\ ¥
-1/, | A
’\f\/ Re / e \‘K \/ Fe

Wlw) | k>r>0 Wp(}'w) r=0 X‘&t%d’

2 5 o)

Hinh 5.30

Bai wip 5-8 Véi bai tap (4-5) va (5-7) hay xac dinh k theo tiéu chuin
dudng tron (hinh 5-4 chang han).

Ddp dn :
3 hinh 5-30 c6 ba trudng hgp khac nhau cua tiéu chudn dudng tron
tuy thuoc gid tri t6i han cia k va r d dac tinh phi tuyén Z(x).
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O vi du nay, néu gia thiét r = 0 ta cd trudng hgp & hinh 5.30b

. 1 . .
va duong thang ding tai % - -1 sé cat dudng cong Nyquist (hinh
5.3la). Néu vé dudng thang ditng nhu vay ma khong cit W (o) thi phai

1
vé qua diém L= 12 tuong ung voi k = 0,08.

Im 20— I : e :
| ! 1 ! - LIS g
a____;____i_____. 'I 6,2
! 1 ! [ e b —
- - L |
20 [ R “edeo-ao-
Gaw) o ; ,
7, 0 B - S R N e - |f--3= N ST
! ) I i . 0.5, ‘ : ) i
Lo M- : SO S
B R R | !
! ' ! i . -7 1
T W=l raqs '
: vl 1 ! | p
wo L h L
-2 - -8 -§ -4 -2 0 4 -1.5 -1 =05 g
Re Re
a) b)
Hilnh 5.31

Phuong phdp ham mé ta va phuong phdp Popov déu cho két qua
bang 0,6.

Néu khong gia thiét didu kién r = 0, ta dung trudng hgp nhu &
hinh 5.30a.

Theo dac tinh phi tuyén & bai tap 4-5 ta cd k; = 1, k, = 0,5. Vay
dé dudng thing c6 dd nghiéng r khéng cit diac tinh phi tuyén véi moi

1 1 s
tri s6 cda x, ta chon — TS 05> 2. Theo dudng cong Nyquist & hinh
531b chon k = 0,55 va dudng tron nhu & hinh vé& trén v8i tdn s6 tai
diém tidp xic bing o' = 2,1 radsec .

Bai tip 5-9 Mot hé lo xo, trong khéi, gidm xdc ma luc giam xoc ty lé
v4i ham bac ba cia téc d6 va dugc mé td bai :

‘3; + 0,53/'3 +y=0.
Kidm tra én dinh theo Liapunov v4i ham V :
V=xf+x%méxlsy;x2=}‘r.

Ddp dn :



Tu cdc phuong trinh trén ta rit ra :

T % (5-67)
i2 = - 0,5X% - xl .

va V= 2%.%, ~ xg - 2XXy = — xg :
V 1a bén xéc dinh am, hé 8n dinh theo Liapunov. Tuy nhién vi truc
xi(x; = 0) khong phai 13 quy dao, hé con la 6n dinh tiém can.

Bai tigp 5-10 V6i hé phi tuyén nhu
¢ hinh 5-27 va co cfu diéu khién

c6 diac tinh nhu hinh 5.32 va N fle) /
phdn tuyén tinh : 2
7
A% //
= G3 s /
Ham V dugc chon : // ¢ nghieng 1
V = a“x% + 2a.,x%, + 322):% /)
. Z e
vii ¥ = e, X, = e . >
Ki€m tra 8n dinh véi f(e) Hinh §.32
duge tuyén tinh hda va khong
tuy&n tinh hoa.
bdp dn :
a) Véi f(x))/x; = 1 ta ¢ hé tuyén tinh :
’21 = %5
X, = —Xy — X | " (5-68)
va V = —2a12x% +2(a); —ap —an)xxE, t

2
Muén cd V = 2}(% + 2}(%, cdn chon :
ay = -3 ;2= "1;ap = -2
va V= —Sx% - 2xx, - ZX% :

Theo dinh ly Sylvester (xem Phu luc A) thi V xdc dinh 4am va hé
tuyén tinh én dinh tiém can.
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b) Véi f(x;) 1a phi tuyén :
Véi ham V 12 xiac dinh am thi :
V = 2x {(x() + 4x,f(x,) — 4x;x, + 2x3

f(x1) f(xy)

2 2
=2 x1+4(—)ﬁ——1)x1x2+2x2,

Xy

~ D€ V xic dinh duong, theo dinh ly Sylvester ta ¢S cdc didu kién
sau :
f(x))

k>0;k-(k—1>=-k*+3k—1>0; -
1

=k

Theo nghiém k> - 3k + 1 = 0, diéu kién d& hé phi tuy&n dn dinh
tiém can la :
f(x))
0,38 <

< 2,62.
X

Bai tap 5-11 Véi bai tap 5-3, dung phuong phdp Liapunov xic dinh ma
tran héi tiép K d€ hé dn dinh.

Ddp dn :
Diung ham Liapunov dang : V(x) = ax; +bx3 + cx3, ham V(x) > 0
né&u a, b, ¢ déu duong
\./(x) = 2axl);:1 + 2bx21::2 + 20x3§3
= - Sax% - Za.x%xg + 2(a + ¢) X;x4 + 2bx X, — be% :
Chon K ddi voi u; va u, :

b kyy ki kyg —kx; — kigxp - kysxg
= — kx = — X =
u, ky Ky Ky

—kyx; = kp¥p — kysxg
T d6 : %, =— @+ k)5 — % — kpox, + (1= Kjg) X3 5
Xy = (1= kyp) %) = X5 = Kpy%; — kpsxs
X3 = x,.
Bay gig ta co :
V() = - 2a(4 + kyp) %] — 2axxd ~ (2ak;; = (1 - k) xpx,

+ (2a(1 — kyy) + 2¢) x)x3 = 2bx3 — 2b kyyx2 — 2bkysx, .
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bé V(x) bin xac dinh am, chon :

ky = ki = ky3 = 0

Hinh 5.33

o5 f——mme e

Hinh 8.34
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V(x) = ~ 8ax% - 2axfx% + (Zb(l - k21)) XX,

+ (2a (L~ ky3) + 2¢) x;%, = 2bx3 ~ 2bkyyx]
kyy = 1 i kg =1+ ca;a=D>b=c=1;ky=10;
0 0 2
1 10 0

V() = — SX% - ZX%X% - ZX% - 20x§.

K:

So d6 hé kin nhu & hinh 5.33 va cac dac tinh thsi gian cia x nhu
4 hinh 5.34.

So sinh cdc diac tinh & hinh 534 va 525 ta thiy, sau khi dang
héi tiép trang thdai hé trd nén 6n dinh, k,, cang 16n, d6 du tri én dinh
cang cao.

Cung va8i ham Liapunov V(x) trén, c¢d thé chon cac hé s6 cha K khac
nhau ; Ham Liapunov cing c6 thé chon khdc vdi ham da néu, do la dac

diém cuia phudng phap Liapunov.
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Chuong 6
CHAT LUONG CUA QUA TRINH DIEU KHIEN
TRONG HE PHI TUYEN

Nhiém vu cdn dat dugc d mot qua trinh cé chat lugng can thiét &
cic hé phi tuyén ciing nhu & hé tuyén tinh la rdt quan trong. D& danh
gia chidt lugng & hé phi tuyén, cing dung cic chi tiéu nhu & hé tuyén
~tinh (xem muc 5 [19]).

Viéc phan tich chit lugng cia qua trinh diéu khién & hé phi tuyén
cs khe khan hon so vdi hé tuyén tinh. Mat khiac hé phi tuyén lai c6
nhiéu khia nang d€ dat duge chat luong cao hon nhu c¢6 thé dat duge
ché dd tdi uu tic déng nhanh, cic qud trinh diéu khi€n t6i wu khic v.v..

Cang nhu 8 hé tuyén tinh, phuong phap phan tich chat lugng hé
diéu khién tu déng phi tuyén tinh ¢ th€ duge chia lam hai loai, phuong
phap truc tiép va phuong phap giin tiép. Phuong phdp truc tiép co sd
trén qud trinh duge nghién citu. Phuong phap gidn tiép cg sd trén nhing
chi tiéu danh gid giin tiép lien quan t8i qua trinh. Do cdng nghé may
tinh phat trién nhanh chéng, viéc st dung cdc phuong phap truc tiép
ngdy cang chiém uu th& vi né nhanh chdng va chinh xac.

Thanh cong trong xay dung cac phuong phap phan tich chat lugng
hé phi tuyén gin lién voi tén tudi cdc tdc gid nhu Popov E. P. Paltov
I. P, Ya. Z. Naymov B. N., Bachkirov D. A., Bacharin A. V. cing nhu
Bokcep, Taler va nhiing ngusi khic.

6.1. CAC PHUONG PHAP SAI PHAN DPE XAY DUNG
QUA TRINH QUA PO TRONG HE PHI TUYEN

Noi dung cd ban cia phuong phap sai phan la thay th€ phuong trinh
vi phan phi tuyén tinh bing phuong trinh sai phan ma ban thin no la
nhitng phép tinh lap, xdc dinh qua trinh mot cdch tudn ty, ting diém.
Phuong phap tinh nay duge thyc hién trén mady tinh, nhit la v6i nhiing
chudng trinh mau. Dang don gian nhit la phuong phip Euler.
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6.1.1. PHUONG PHAP EULER
Vi du vdi phudang trinh vi phan :
¢o hai phuong phap Euler dé xdp xi dao ham trén : phuong phap Euler
hién va phuong phip Euler &n.
6.1.1.1. Phuong phdp Euler hién

Néu dung phuong phap x4p xi sai phan tién déi v8i dao ham & (6-1)

ta cd :
dx  x(k +1) —x(k)
dt — t(k + 1) — t(k)

(6-2)

v6i k md td budc gian doan thd k cia tich phan.

Gia thigt f(x) duge dianh gid tai x(k) va ham 4y la f(x(k)). Vay (6-1) va

(6-2) c6 thé duge viét dusi dang
x(k+ 1) —x(k)
t(k + 1) — t(k)

f(x(k)) A (6-3)
Théng thuong gia s6 cua thoi gian 1a At =t(k+ 1) - t(k) va (6-3) co
dang :

k+ 1) — x(k
x( A)t x® _ £(x(k). (6-4)

Phudang trinh Euler hign la :
x(k + 1) = x(k) + Atf(x(k)) (6-5)

Co thé xem (6-5) la du bdo cia x tai k+ 1 dua trén dai lugng x
tai k va d6 nghiéng tai k
nhu & hinh 6.1.

Phuong trinh (6-5) la x(ker)
phuong trinh Euler hién cho 3 .
tueng £k
truong hop don bién. Trong x (k) 9o ngeng k)
truong hgp da bién :
x(k+1) = x(k) + Atf(x(k)) ’ .
k ket
(6-6) ¢
voi x(k) la vecto bién trang
thdi tai budc k, con f(x(k)) Hinh 8.1
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la vecta ham tai buée k. Cac phuong trinh (6-5) va (6-6) la hién vi bién
trang thdai tai budc k+ 1 la ham cia bién &y tai busc k. Phuong phsp
nay rdt don gidn trong lap trinh nhung dé tinh toan duge chinh xac can
diing budc tinh bé nén it duge ding trong thuc té&

6.1.12. ‘thmg phdp Euler dn

Phuong phiap Euler 4n dung x4p xi sai phan lai d6i v0i dao ham &
(6-1). Ham (hay vectd ham) dugec xac dinh tai budc k+1 thay vi k :

k+ 1) — x(k .
x( A)t X( ) — f(x(k+1)). (6—7)

Do d6 phuong trinh Euler dn sé& 1a :
x(k+ 1) = x(k) + Atf(x(k+ 1)). (6-8)

Phuong trinh (6-8) la 4d4n vi dai lugng x(k+1) can bi€t d& tinh
x(k+ 1). Do dd, ndi chung 14 phai dung dén cac phucng phap dai s& phi
tuyén tinh nhu phuong phap Newton d€ giai. Déi véi hé tuyén tinh,
phudng trinh (6-8) ¢ thé dua vé dang :

x(k+1) = g(x(k) .
6.1.1.3. Vin dé on dinh cua hai phwong phdap Euler
D€ so sanh, dung phuong trinh mé td hé :

dx_

1
ST x = Ax = f(x). (6-9)
Nghiém giai tich cia phuong trinh trén la :
x(t) = x(0)e VT = xOye'" (6-10)

O phuong phip Euler hién, ham f(x) & budc k la :

f(x(k)) = —%x(k) .

Bién trang thai & budc ti€p theo la :

x(k + 1) = x(k) + <- érf x(k)) = (1 —%) x(k) . (6-11)

Dusi dang didu kién dau :

x(k+1) = (1 —%)“'x(O) .
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Diéu kién dé&

12

én dinh la [1- =] < 1. K& qua vin nhu vay néu
diung cdch moé ta khic

At
x(k+1) = g(x(®) = (1-7)x(k).

Diéu kién én dinh 1a |g'| < 1, phuong trinh Euler hién sé 6n dinh

=]

t
—I<l——i,—<l

va s€ dao dong néu :

At
-1 <1l-% <0

Chi tidu nay din dén diéu kién én dinh d6i véi phuong phiap Euler hién
la :
0 < At < 2t
trong khi nghiém sé dac ddng 6n dinh néu :
T < At < 21
va 6n dinh phi chu ky néu :

0 < At < T

O phuong phap Euler dn ham f(x) & buse k+1 la :
1
f'(x(k + 1)) = - Zx(k +1)
va bién trang thdi & bude k+1 la :
At
x(k + 1) = x(k) + (—7 x(k + 1)) A (6-12)

O bai toan tuyén tinh khong cén ding dén phuong trinh dai sé phi
tuyén tinh déi vai (6-12). Tit phudng trinh trén cd thé viét :

x(k+1) = At (k) , (6-13)
1+ K
v3i diéu kién diu x (0) cd thé viet :
1 k+1
xtk+1) = At x(0) .
1+ K



At
Nghiém sé én dinh néu |1/(1 +T)|< 1. Néu dung cich mo ta
khac, ta co :

x(k+1) = g(x(k)) = x(k) .

At
1+

va didu kien 6n dinh 1a |g| < L.

Chid y ring phuong phap Euler 4n 8n dinh v8i moi At (néu ddu cua
At 1a ding) vad sé khong dao dong.

Vi du 6-1. V&i x(0) = 4, T = 5 At = 1, & bang 6-1 cd két qua

cia nghiém chinh xic (6~10) d€ so sanh véi phuong phiap Euler hién (6-11)
va phuong phap Euler 4n (6-13).

Bang 6-1

t x ehinh xfe x Eulsar hidn sai a8 ¥ Euler &n asl a8

0 40000 4,000 4,0000

1 3,2748 32000 —23% 33333 18%

2 26813 2,5600 —45% 27778 3,6%

3 21952 20480 —6,7% 23148 54%

4 17879 16384 —8,9% 19290 7.3%

5 14715 13107 —109% 16075 9.2%

Két qua & bang 6-1 duge mé tad bang ba dudng cong nhu & hinh
6-2 (duong ! dng v8i Euler hién, dudng 2 dng v6i Euler £n).

Theo bi€u thic (6-11), néu At = 7 thi x = 0 v48i moi thdi diém.
Nghiém sé dao dong néu At > 7.

O bang 6-2 c6 két qua tinh todn cho trudng hop d vi du 6-1 véi
At = 6.

Bing 62
t x ehinh xée x Euler hidn x Euler &n
0 40000 4,0000 4,0000
6 12048 —0,8000 18182
12 0,3629 0,1600 08264
18 0,1093 =0,0320 03757
24 0,0329 0.0064 0,1708
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O hinh 6.3 cc cac 4

dugng cong cua ba trdong X

hop nhu & bang 6-2. Nhuy [

vay phuong phip Euler 4n Py

¢6 d6 chinh xdc cao, khong ¢

dao dong va cd thé ding vai I'r ’

buée tich phan At 16n. Cac P , ) !
vi du 6-1 va 6-2 la trudng S 10 75 20
hop heé tuyén tinh. O vi du Winh 6.2

ti€p theo dung cho trudng
hop hé phi tuyén va phuong phdp Euler 4n ddi héi diung phuong phap
lap & moéi budc thoi gian.

4 X
3|
2 -
2l
’ L
0 + ——
!
..’ —l 1 1 1 1 f
5 10 I3 20 25 30
Hinh 6.3
Vi du 6-2
Phuong trinh vi phin cia hé c6 dang :
dx
el avx . (6-14)
Nghiém giai tich la :
x(t) = [Vx(©0) - at/2]° (6-15)
Phuong phdp Euler hién ¢ phuong trinh sau :
x(k+ 1) = x(k) - AtavVx(k) . (6-16)
Phuong phap Euler 4n c¢é phuong trinh :
xk+ 1) = x(k) - Ata\lx(k-rl) . (6-17)
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Khi hé 13 tuyén tinh nhu & vi du 6-1, phuong trinh da dugc viét lai
dé tinh bién trang thai & budc tiép theo. O day khong thé lam nhu vay
dugc. Dua (6-17) vé dang :

x(k+1) + Ata\lx(k +1) -x(k = 0. (6-18)

Ta thiy (6-18) ddi héi phuong phap lap dé giai. O busc k + 1 phai
dung phudng phip s6 dé giai phuong trinh dai s6 phi tuyén tinh, co thé
ding phuong phdp Newton dé gidi. N&u dung y la dai lugng cua x &
budc k+ 1 ma ta can tim nghiém, phuong trinh (6- 18) bay gio ¢d dang :

y-by —¢ = 0 (6-19)

voi y = x(k+1) ; b = Ata ; ¢ = x(k). Ding phuong phap Newton [2]
ta co thé viét :

g(y M) = yi) + bVy@) — c. (6-20)
voi i 12 chi s6 chi buéc lap thi i theo phuong phap Newton :
g(y()
yi+ 1) =yl ———= (6-21)
g (v(®)
b
t do y(@) = 1+ . (6-22)
rong do gy ( N0
Ta co thé viét (6-20), (6-21) va (6-22) nhu sau :
15 + by(i) — "
ya+1) = yi) - y(D) y(i) — eVy() C (6-23)

- b
V() + 3
Phuang trinh (6-23) sé lap va hdi tu.
Béng cich cong tich phan & budc k+ 1, cd thé diung phuong phap
lap dé tim dai lugng x & bude k+1

Nhu vay (6-23) dugc giai bang phuong phap lap dé€ tim x(k+1) &
bigu thuc (6-18).

6.1.2. PHUONG PHAP RUNGE - KUTTA

Phuong phdp Runge -Kutta la phuong phip md rong ctia Euler. Dao
ham cia bude k dude dung dé du bio nghiém 3§ budc k+ 1. Phuong phap
Runge-Kutta dung phuong phiap Euler dé du bio dai lugng x ¢ nhing
buée trung gian, sau dd ding trung binh cla nhing dé nghiéng & cic
bude trung gian d€ du bio chung k€& tu lde bat dau cua bude thoi gian.
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6.1.2.1. Phuong phdip Runge — Kutta bac hai

Phuong phdp nay con duge xem nhu la phuong phap dung diém giua
cia Euler.

X(k+/)

173 n‘yh/é'n_q ban dou

X()é) ___—7‘/_"“_—'_ f(t}(lxk)
46 ﬂiflﬂéﬂg qiva
—+ { —t—
[/( [K¢l
L t o+ AL 1.+ At

Hinh 8.4

Phuong phap Fuler trudc hét dung d€ du bdo trang thdi d At/2. Dao
ham duge xdc dinh ¢ di€ém gita va duge ding d€ du bdo x & cudi budc
At nhu & hinh 64. Dung m; dé mo6 td dé nghiéng ¢ di€m ban diau va
m, la dé nghiéeng (dx/dt) o diém gida :

m, = f(t(k) , x(k)), (6-24)
At At
m, = f(t(k) 5 xR 5 my) (6-25)
x(k+ 1) = x(k) + myAt (6-26)
Doi voi hé otondm, oo thé loai trdt t va ta ¢d hé phuong trinh tuong
dng
m, = f((k)) ; (6-27)
At
m, = f(x(k)+-§ m1> ; (6-28)
At
hay m, = f| x(k) + 5 f(x(k)) . (6-29)

Phuong trinh (6 -26) cd thé dua vé dang :

At
x(k + 1) = x(k) + Atf[ f(x(k) + ?f<x(k)) ] (6 -30)



hay x(kk+1) = g(x(k)> .

Can ndi ring phuong phap Runge -Kutta bac hai 13 chinh xac véi
biac cna Atz, con phuong phdp Euler hién chi chinh xéc v8i bAc clha At.

Vi du 6-3 Vé&i vi du 6-1 he (6-9) dung phuong phip Runge-Kutta.

Phuong trinh cia qua trinh bac mot :

dx 1

T fx) = -3 x; (6-31)
m, = f(x(k)) = <—% x(k)) = _Tl x(k) (6-32)
m, ( (k) + lmlAt) = _71[(;:(1() - %x(k))] . (6-33)

vei At = 1 ; 7 = 5 va x(0) = 4,0 ;
- -4
m; = — x(0) 5
m, = :5~1—(1—1—10) x(0) = %(1—0,1) 4 = :—? ‘

Theo (6-30) : x(1) = x(0) + myAtL
= 4,0 - 0,72 = 3,2800

So sinh vdi k&t qua ciia phuong phap giai tich 4e'S = 32749 s
sai s6 la 0,16%. Phuong phdp Euler tit bang 6-1 c6 sal s -2,3%. Cung
mét bude thdi gian nhu nhau, phuong phdp Runge-Kutta chinh xdc hon
phuong phap Euler chufn.

6.1.2.2. Phuwong phdp Runge — Kutta bdc bén

Phuong phap Runge — Kutta bac bon c¢6 dd chinh xdc cao hon phuong
phap Euler hién hay Runge - Kutta bac hai. No6i dung la st dung do
nghiéng ban diu (m;) tao nén gid dinh thd nhit cho bién trang thai &
diém gita cla buéc 1dy tich phan. Dung giA dinh thd nhiat 88 tim dé
nghiéng & dim gita (m,). D6 nghiéng "hiéu chinh' cda di€m gita (m;)
dugc xdc dinh dua theo m, D& nghiéng cudi ciung (m,) dugc xic dinh
dua vao my. Trong s6 trung binh cta cic d6 nghiéng dugc dung dé€ tinh
tich phan. Angdrit nhu sau :

m, = (t(k),x(k)) ; (6-34)

1 1
m, = f(t(k) + 50, x(k) + 5 mlAt) ; (6-35)
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1 1
my = £(t(k) + 5 A, x(k) + —;- maAt) ; (6-36)

m, = f(t(k) + At , x(k) + m3At) ; (6-37)
Inl mz M3 my
X+ 1) = x(R) + |+ 5+ 5+ | A, (6-38)

O cusi chuong, muc 64 s& dé cap dén cic chuong trinh st dung MAT-
LAB.

6.1.3. PHUONG PHAP DUNG O HE XUNG

Phuong phap bién d&i phuong trinh vi phan phi tuyén thanh phuong
trinh sai phan phi tuyén c¢d thé dude thuc hién bing cach thay thé& hé
diéu khién phi tuyén lién tuc bang hé xung. Hé phi tuyén xung dugec méb
td nhu 3 hinh 6.5, khau phi tuyén véi dac tinh Z(x) dat trude phdn ti
xung ly tudng (XLT). Phdn lién tuc quy d6i c¢d ham truyén Wy(s) tuong
ing vai ham truyén gian doan :

Y‘(S) _ bmemﬂ + bm_le(m_l) S+ o+ b,

W (s)=

Z*(S) - anen<(+ a_n_le(n—l)sl + +a0
W¥(s ) y*
1
XLT o
X, X F4 z*
Z(X) I M/lt(«s) =y
Hinh 8.5

Dung sai phan (theo I1.7 [20]) tuong dng vdi :
any[(l + n) T] + an_ly[(l +n-1) T] + ...ty (T) =

=b_z [(l + m) ’I‘] + bm_]z[(l +m— 1) T] + ... byz(IT) {6 —-39)

chuyén sang dang phudng trinh lap :

179



y[(+n) T) = ai {bmz[ (1+m) T} + ...+ byz(T) — (6-40)

—a .y [(l+n—1) T} - ... —ay(T) .
véi Z(T) = 2 [x(iT)} =7 [xd(iT) -y (iT)} . (6 -41)

Cic bi€u thuc (6-40) va (6-41) cho phép tinh cdc tri tdi rac clia qua
trinh & hé xung phi tuyén véi tin hiéu vao bat ky x,0T) bat dau tir
1 = —n cling nhu & hé xung tuyén tinh. Khiac nhau duy nhat la &
phuong trinh (6-40) c6 quan hé phi tuyén tinh.

Phuong phap thd hai dé xay dung qua trinh qua d0 trong cdac hé
phi tuyén xung la dung ham trong lugng cua phén lién tuc quy d6i w)(t).
-1
y(T) = X7 [xdﬁT) - y(iT)] wi [ A=) T] - (6-42)
i=0
Chuéi tri s6 i rac y(IT) dugc tinh bat dau tt 1 = 1 vi w;,(0) = 0
(khi m < n). Cing v6i ly do trén, caAn trén cha téng dugc ldy biang 1-1.
Néu khong ¢ ham trong lugng wy(t), cé thé tim nd bang cich xac dinh
dap uUng cda phan lién tuc quy d6i véi tin hiéu xung don vi hoac dua
viao ham truyén W (s). Cac bi€u thic (6-40) .. (6-42) c6 th€ dugc ding
d€ lap trinh trén may tinh (v8i thai gian tinh T bé).

Z,Y
x Jy
C a Z(X) z M/t(5> y
z
a) > !
zZ 7z" b)
W,*(s)
5) 71_ 1” 4 4 1 F===n
|
| -
— 1
————d

f .
A, X
E P = 1 S TI) >

d)

Hinh a.s8
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Bay gio ndi dén cic phudng pbap chuyén déi gdn dung hé lién tuc
sang hé =xung. O hinh 66a c6 so d8 khéi hé xung phi tuyén gém phéan
t phi tuyén va phdn td lién tuc. Vai tin hiéu vio x4 cd cdc dip ung
z(t) va y(t) nhu & hinh 6.6b. Thay th& tin hiéu lién tuc & diu ra cta
phdn td phi tuyén z (t) bing chubi xung cd chu ky, sao cho y(t) khéng
thay d6i. Dién tich mdi xung bing tri s6 z(t) tai thoi di€m xung 4y tac
dong nhan véi chu ky T. Khi T bé, dién tich cua cic xung dét bién gin
nhu bang dién tich cde xung ¢d hinh dang bién d8i ma thdi difm ldy
mAu da phan chia. 3 hinh 6.6c 6 gach doc mot dién tich & thoi dieém
18y mdu (IT). T bé la diéu d€ cd tic dong nhu nhau d6i vdi phin tuyén
tinh cia hé théng d6i véi xung thuc va xung dot bién sao cho y(t) hiu
nhu khéng thay déi. T cang bé, mic do6 xdp xi cang chinh xic.

Thay thé& tin hiéu lién tuc bing mot chudi xung tide thoi da diéu
bién tuang duong véi viéc chuyén tu hé lién tuc sang hé xung (hinh 6.6d).
O sa dé6 nay Z'(s) = % Z(s) , phdn lién tuc quy d6i cd ham truyén W (s)
= TW,(s), vay T ddng vai tro ham truyén cia co cdu dinh hinh, T cd
cung don vi vdi moi hang s6 thoi gian trong hé. Dé xdc dinh W' (s) tuong
ung voi TW(s), co thé diing cic phuang phap da néu & [20]. Sau ds, dé

tinh toidn qua trinh qud do & hé xung phi tuyén 6 thé diung mat trong
cac phuong phdp néu trén.

Vi du 6-4 Xac dinh ham truyén W~ (s) va phuong trinh lap cua y(t) ma
phdn tuyén tinh lién tuc cd dang :

k

Wi = Siveryy

Theo bang 2—-2 [20] ta ed :

kT(L — e Y1y eT

w [('S) = (esT - 1) ( esT — e_T/rl )

kT (1 - My ) oSt (6-43)

el — (1 +e” T > T + o7 71

hay theo bién d6i z :
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kT(1-e T E
(z=1) (2= e‘T”‘H)
kT<1 —e T/rl) z
7= (1+ e_'ml> z+e VT

Phucng trinh sai phian tuong iing c6 dang

W,(z)

y [(1+2) T] - (1 te "71'1) y [(1+1) T] +e Ty (T) = (6-44)
= kT (1—e_T”T1) 2 [(I+I)T] :

Ta do :

y [(l+2)T] = kT(l~e_W‘>Z [(1+1)T} + <1+e—'1‘/rl>x
y| A+ DT -e_Pr]y(lT); (6-45)

z[(l+1)T} =z{xd[(]+1)’1‘} —y[(|+1)T] . (6-46)
Ham trong lugng cua phdn lién tuc quy d6i cd thé cod duge dudi

dang cac tri roi rac cia dap dng phan tuyén tinh TW(s) d6i vdi tic dong
xung don vi. Tuong tu nhu (6 ~43), ta xic dinh dugc :

w(IT) = KT (1~ e_mrl) : (6-47)
bat (6 -47) vao (6-42) -
-1
y(aT) = X [xd(iT) “Y(i'I‘)] KT [1 _ o b ] 4

Viéc thay thé& tin hiéu thuc z(t) bang mot chudi xung tde thdi la hgp
ly néu bac ctia miu s6 ham truyén W,(s) 1on hon bic cia t s6 it nhat
la 2. Trong trudng hgp ngude lai miu va ti s6 chia Wt'(s) bang nhau
(m = n). Diéu d6 ¢6 nghia la v€ phai cta (6-40) tin hiéu z va y g
cing thai di€m va bi€u thdc lip bién thanh phuong trinh phi tuyén tinh.

Trong trudng hgp 4y, bi€u thuc (6-42) cGng tré nén phic tap vi
w,(0) # 0 khi m = n.

Thay vi dung xung tie thai khi thay th& tin hiéu lién tuc, ¢ thé
dung xung ¢6 hinh dang phidc tap d€ bdo dam d¢ chinh xdc cta phuong
phip xdp xi. O hinh 6.7a 6 truong hop xung tic thdi ducc thay thé
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bang xung bic thang (phan td ldy mAu vad xung duy tri bac khong -
ZOH) va khau dinh hinh ¢6 ham truyén :

1—e 5T
Win(s) = s
W, Cs)
) R
a l Ly
L
L1
X4 X z z* Jr- st R
Z(x) _T_ 5 W(s) y
)
Hinh 8.7
Nhu vay phdn lién tuc quy d8i cha hé xung :
_ e—sT
Wie) = ——— W) - (6-49)

Vi du 65 Xac dinh ham truyén W~ (s) va phuong trinh lap cda y(t) & vi
du 6-4 vé4i phuong phip xdp xi dang bac thang.

Phidn lién tuc quy déi :

W = 1o k (6-50)
e
Ham truyén W' (s) dudc xac dinh :
~Tr . -UT - ur
[T—Tl(l—e ‘)J T (1-e ‘) -Te !
Wis) =k

T Ty -Tr
e2°1—<1+e 1>e“T+2e !
(6-51)

hay theo bién dé6i z :
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[T—Tl(l—e_lmﬂl)j‘ z+Tl<l—e‘T/rl> —".[*e_’m‘1
Wiz) = k T Y I
l zz—(/1+e TTl)z-FZe T

y[(l+2)T] =k[T-Tl(1--e" T'Tlﬂ z[(1+1)T:l +

+k[Ty(1- e T ) - Te T/"l] z(1T) + (6-52)

<1+e_'l/[-l>y[(l+ 1)T] ~e_wly(lT) .

z (1T) xdc dinh tu (6-41).

r:“’;f%L e

Ol ]
T
- |
a) L= ,

_:;E,f—]f” )|L4LJL Y J,::---'_ { __g

b)

S

1

————
>
¥

Hinh 6.8

Bay gid hdy so sanh phuong phdp chuyén déi tit phuong trinh vi
phén sang phuong trinh sai phan phi tuy&n tinh cua Euler v8i phuodng
phap thay th& gin ding hé lién tuc bang hé xung. Dang chuin cta
phusng trinh chuyén dong cia hé theo Euler (2-3) :

dyi ) -
Tl f 5y, ¥» -« Yoo t) 51 = 1,n - 16~-53)
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tuong uWng vai so d6 cAdu trdc gdém cac khAu tich phan ndi véi khau phi
tuyén nhiédu dau vao, lién hé chéo va tin hidu vio nhu & hinh 6.8a.
Dang lap cua (6~53) 1a :
yi[(l+ l)T] = yl(lT)+fi[y1(lT) Ly, (AT), .. ,yn(lT)] T. (6-54)
voi T duge thay th&é cho At.
Bi€u thuc (6-54) tuong dUng vdi khau phin ti xung va co cfu dinh
hinh dudec mic thém vao hé nhu & hinh 6.8b.

Nhu vay, phuong phdp Euler dudge xem nhu tdng quit hda cta
phuong phap dudec khao sdat & vi du 6-4, cho truong hop cd ciu tric phdc
tap hon.

Vi du 6—6 Vé dac tinh qud d6 cho hé tuy déng role nhu & hinh 6.9a
vdi phan tuyén tinh :

k

WO = saeety

véi k = 4 sec T, = 1 sec. Dac tinh phi tuyén nhu & hinh 6.9b. Tin
hieu vao c6 dang x; = 10.1(t). Khi tinh toan dung cA hai dang xung
(tdc thoi va chit nhat) dé so sanh.

Dé xic dinh bi€u thdc lap ding két qua & vi du 6-4 va vi du 6-5.
Dung T = 0,1T, = 0,1 sec, déi voi he cd xung tic thoi, theo (6-45) va
(6 -46) ta co :

y [(1+2)T} =0,03808z[(]+ I)TJ +

( 6-55)
+ 1,9048y[(l + 1)T} — 10,9048y (IT) ,

A+ DT =zlx, ] 1+ 1)HT| -y[ 1+ DT]) =
Josnt)sufoenr] oy -

=z{1o.1o[(1+1)'r]—y[(l+1)’1‘”.
b6 vdi hé co xung chid nhat v6i T = 0,1 sec, tit (6-52) ta cd :
y [(1+2)T] =0,0192 z [(1+ l)T] +0,01888 z (IT) +

(6 -57)
+1,9048 y [(1 +1) T] — 0,9048 y (1T)
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ma 2 (iT) = z [xd(iT) - y(iT)] =z [10 13T - y(iT)] : (6 -58)

G =11+1
AZ
[ ] G
% ! Z( k
jvJ: — o e -05
% |._|l_ I screst) | 1| 0’-5 X
S B N
” b)
¢y T~ |77 T
[ | | i
Wb ——— : - . | -
. Al \ ; ! |
2 S | TS

H \\. :
R Y AV
[ T -
. [ \ LU
- D A T

J 7 2 3 4 S 6 7 48 £ 1w 74
) !, sec

Hinh 6.9

3 hinh 69c c6 cic dic tinh qud d6 (doan ddu tuong dng véi hé
khdi dong, khong duge moéd td) thuc hién trén mdy tinh. Dudng dam nét
la didc tinh chinh xAc e¢d cling didu kién, dudng nét nhat 1a dic tinh qua
d6 vai xung tudc thdi con dudng nét dit la vai xung chit nhat. Diac tinh
vai xung tdc thoi, vugt trude cac dac tinh khac vi chubi xung tdc thai
(hinh 6.6c) tac d6ng ngay khi xuft hién xung thuc z(t). DE gidam sai léch

. 21
gita ching, ta dich chuyén ham qua d6 nay bang d6 tré ET' Qua trinh
vai xung chit nhat va quda trinh chinh xac tring nhau trong ving 9,5 <
y < 105,

Su gia tang sai léch theo thoi gian gita qu4 trinh thuc vA tnh toan
theo thoi gian xac minh cho sai s6 tich ldy, dac trung cho cdc phudng
phép sai phan. D& tang do chinh xdc c4n gidm thdi gian ldy miu T. Viéc
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chon chu ky lugng td hda thich hgp xem & [20]. D€ cho cic so dé khdi
6 hinh 6.6a va 6.6d tuong ducng nhau, cdn chu y dén dinh ly Kachenicov
(I1.6, (20] :

CUC + Wey < (UO =

27
T (6-59)
v8i w, ]a tdn s6 gigi han phd z(jw) cua tin hiéu lien tuc z(t) va o, 1a
gi6i han dai théng tdn cda dac tinh tdn phén lién tuc quy d6i W (jw).

DéE khoi phai phan tich phd ctia z(t) (noi chung la bai toan phuc
tap) va xay dung dac tinh tin W,(w), ¢d thé dung phuong phip sau :
Xay dung cdec qua trinh véi chu ky lugng tit héa T bé hon gdp nhiéu
lan (vi du 10 lian) hang s6 thai glan 16n nhit trong hé. Sau dd xay dung
lai cac qud trinh v8i T bing moét nida gid tri ban ddu. N&éu cdc qua trinh
4y gan giéng nhau thi viéc chon T 1a ding.

6.2. PANH GIA ANH HUONG CUA TINH CHAT PHI
TUYEN POl VOI QUA TRINH QUA PO CUA HE

o) chuong nay sé khao sit phuong phdp xdc dinh ude luogng gidi han
trén cua chénh léch gita qud trinh qui d6 6 hé phi tuyén va & hé tuyén
tinh tuong dudng. Phuong phap nay co thé ap dung cho hé lién tuc cing
nhu hé xung. So dé6 khéi duge dung d€ khao sat nhu & hinh 6.10a la
dang tuong d6i téng quat. Khau phi tuyén Z(y) dugc mic gilta hai khau
tuyén tinh W (s) va Wy(s), con tin hiéu ra khong phai dugc truc tiép so
sanh vdi tin hiéu dat x, ma thong qua khau Wi(s). Dac tinh phi tuyén
d hinh 6.10b ducc thay th& bing hai khau néi song song : khau tuyén
tinh z(y) = ky (hinh 6.10b) va khau phi tuyén v8i dic tinh 1a sai léch
za(y) = z(y) - kg (hinh 6.10c). Sai léch cuc dai (theo tri s6 tuyét dai)
la z,,. Déac tinh tuyén tinh duge chon sao cho sai léch cuc dai z,...
la nhé nhit.

O hinh 6.11a ¢d so d6 néi song song hai khau ndi trén va hinh 6.11,
b 12 mét phidn cua hé ma lién hé phi~tuyén gitta y va z, da cat dit,
nhu thé c6 nghia 1a sau d¢ sé khong quan tam dén diac tinh thyc cua
tin hiéu z,(t) bién d8i theo thoi gian, va xem nhu tin hiéu dy vé tri s
tuyét d6i luén nho hon z,, ..

Nhu vay co thé dua so d6 ¢ hinh 6.1la vé dang tuong duong nhu
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4 hinh 6.11c. D6 1a hé tuyén tinh mad ngoai tin hiéu vao x4 (t) con co
tin hiéu phu S, (t) phan anh 4nh huéng cia khau phi tuyén z(y) dén qua
trinh dong hoc cia hé. Anh hudng 4y duge dianh gid bing thanh phan
Sp (t) cta tin hidu ra do tdc dong cta tin hiéu phu z, (t), dua vao nguyén
ly x6p chéng. Danh gid ddy da thanh phan nay la khong thé duge vi
tinh chat bién ddi cua S, (t) 1a khong bist, nhung c6 thé danh gia nd
theo dai lugng tuyét déi vi nd lA dap dng clia tin hiéu vio duge gisi han
theo dai luong tuyét d6i. DS 1a bai toin tich ldy eia Bulgakov B. V.

% A 1% [ - Z S
=S Wy *'*T 200 Wy (s) >

o) W és)

Zamar
V<

|
3

5) ¢)

Hinh 8&.10

Cho ring x, = 0 (nguyén ly x&p chéng) vA hé cd diéu kién dau bang

0. Cing cho rang hé tuyén tinh én dinh thi 4nh cua tin hiéu ra c6 dang :

SA() = Wia(s) Za(s) (6-60)

i s 66
val WKA(S) = 1+7\N(S) y ( 1)
W) = kW, (s) Wys) Wy(s). (6-62)

Theo (6-60) cé thé xdc dinh ham g6c theo dinh ly cudén :
1
sa(t) = [ wga(®) 24t — D) dT . (6-63)
O
trong dd wga(@ la ham trong luong hay ham géc cia Wi,(s).
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——e ol > — /<,. B >
2.0 4 ~ fa
a) 4 b)
z,

ﬂ?—) Wis) —= & > W (s) S
| |
— yg(s) - )

c)
Hinh 6.11

L4y tri tuyét d6i cia (6-63) & cA hai vé& ta cd bat ding thice :

<

1
|satt)| = | [ wga(® zalt — 7y dr

t (6-64)
<[ Iwa® | - |24t =D | dT < 25 | wia®]dr .

Q o
Thay th€ ham trong lugng wy,(T) bing dao ham cia ham qui do
hga(r) 8 (6-64) :

dhy(T)
dz

ZArrmx_[ ‘ WKA(T) | dr = ZArme. dr . (6 -65)

Néu khéng e¢6 ddu tri s6 tuyst d6i dudi tich phan thi & méi thoi
diém nd bang hyga(t). Do d6 (6-65) cin dugc tach ra tiung doan cd ddu
khong d6i cua dao ham (v — 0 ; hinh 6.12a) :

dhmm } dhKA(T) 1 dhys(m)
f _[ - I dr +
dr
2 dhya(0)
KA
+ [ & 97— - = Bg ~ (hy=hy) + (hy-hy) -

4

Trong trudng hop chung, tich phan (6-65) dugc mé ta bdi hiéu nhing
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cuc tri canh nhau cida hy,(t) :

f dhKA(T)
0 dr

|hy = hy| +...+ |hea(t) = b, | . .

1

dt= |hy| + |hy—hy| +

(6-66)

voi h. la cuc tri cudi clla ham quda do & thai diém khao sat t.
Nhu vay & moi thdi di€m ¢, anh hudng cta tinh phi tuyén khong
vugt qua tri tuyét d6i cia udc luong :
J(t):ZAmax[ |ho| + by —hy| + [hy;=hy | +
+ .+ |hm(t)—h,|]
D4 thi cha (6-67) nhu ¢ hinh 6.12b. DS thi tang ddn moét cich don
dieu ; diéu dd ¢d nghia 14 anh hudng phi tuyén tinh cd thé duge tich

ldy theo thoi gian va tién dén gidi han 6 14 udéec lugng gidi han trén o
bdt ky thoi diém nao :

(6-67)

Sy = ZAman [ Ih()] + lhi_ hi—ll] . (6-68)
t=1

Do dé bai todn mang tén la
bai toan tich luy. Uéc luong 4., AA
c0 th& xdc dinh theo d6 thi cua
ham qua dé hg,(t) nhu & hinh
6.12a) bang cach coéng tri tuyét
ddi cta cdac hiéu cuc tri. Trong
mét s6 trudng hop ude luong duge
thé hién théng qua théng s& cua

hé duéi dang khép kin.

Phuong phdp néu trén cho
phép dinh gia sai léch giwa qua
trinh dong hoc cia hé phi tuyén

va hé tuyén tinh hda bang cach

thay th& dac tinh phi tuyén bang h,

dac tinh tuyén tinh. Néu sai léch '
bé thi co thé dung cic phuong f ; Z«L {‘

phiap tuyén tinh d€ khao sat hé b) y L

di dugc tuyén tinh hda. Hinh .12
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Uéc luong xdc dinh theo (6-67), (6-68) la bé trong trudng hap z,,.,,
bé, nghia 1a dac tinh phi tuyén khong khdac ddc tinh tuyén tinh. Dd la
cic dac tinh ki€u khe hd, ti du, bién ap cd diy quin hay ciac bo bién
déi tuong tu (hinh 1.9, 1.11, 1.13). Tri s6 cta téng & (6-67), (6-68) phu
thuée vao lugng qui diéu chinh va mic dé dao dong cia he.

Vi du 67 Dinh gia anh hudng clia khe hé & qua trinh qua do cia hé
tuy déng nhu & hinh 6.13a. O hinh 6.13b ¢6 so d6 tuong duang sau
khi thay th& khau phi tuy&n biang khau khué&ch dai k; = 1 véi tin hiéu
zp = Yy, theo dac tinh phi tuyén z(y). Ham truyén dat theo (6-61) va
(6 -62) c6 dang :

1 s(1 + sT))
WKA(S)=1 N k - s(1+sT)+k -
s(1+ sT))
. 1 (6-69)
1 + l + E 2
WSt s
Ham qua dé theo (2-52) [19] co dang :
1
P v 4T, — 1 1 ) ) O _
hgalt) = e [cos 2T t+ = sin T om t} (6-70)
1 \J nEIl T 1
45°

A X k Y |y, ’22 2 -
s(1+sT) VO
a)
“a
Xo X h Y z N

s(7+s7;)

6)
Hinh 6.13

O hinh 6.14a c6 dac tinh qua do cia hya(t) véi k = 14,14 sec,
T, = 0,1 sec. O hinh 6.14b ¢6 ham qud do6 cta hé tuy dong co thong
s6 trén vdi tin hiéu vao bdc thang x; = 5 va diéu kién dau bang 0. khe
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hd 2y, = 05 buong ! ¢ hinh 6.14b la dac tinh xdAp xi va duéng 2 la
ham qua d6 hé thyc ichinh xac) © hinh 6 14c c6 chénh léch cia duiing
2 va I (nghia l& z,it) va ude lugng &b va =& (1) duge say dung theo
6.14a vai Zy,.. = v, = 0,25

Nhu vay &it) d vi du nay cho phép danh gid chinh xac duyc chénh
lech cuc dai theo tri tuydt doi do phan ta phi tuyén tao nién

Dai lugng 9, cd the dude xde dinh ¢ vi du nay dudi dang khép kin.
baoi voi ham qua do (6-70), cde thai didm cd cwe tri t,, t., ty.. tudng

21T, 44T, 6T,

V4kT, =1 "y 4kT, -1 "J[4kT, -1
quda dd bang 1, eic cye tn la

ung vdi Tri s6 ban ddu cia ham

I =i I | a I
hy =-e = — exp {——r_,;——l l t
vy 4kT - T
— 1321 . 2T )
hy, = ¢ = exp TUAT =T )' i
1
" — 1327, |'J am ]
. == ‘=—exp |- — .
) | 4T, - T

£

s AT T

1]

.__111:

Hinh &.14
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Modun cia ching tao nén chuéi cdp s6 nhan giam din véi thanh

phin d4u tién 1A 1 vA mAu s6 14 exp (— ﬁ)
-

Uéc lugng cue tai §,. tuong dng véi (6-68):
8y = zAm[h“ (hy = hy) + (b, — h)) + (hy — hy) + } =

oc

= 225, & |h] - (6-71)
=0

Uéc lugng cuc dai dugc tinh theo tng cdc thanh phan cta cdp s6:

80 = 225 (6-72)

véi k = 14,14 sec_l, T, = 0,1 sec, zp5.x = 0,25 ta co

8. = 0,67 = 268 y,.
s nghia 1A anh hudéng tuong d6i cha khe hd duge xic dinh bai hé =6
2,68 1a khong l16n 1am.

Phuong phdap danh gid nay cho phép cho mot s6 k&t luan vé tinh
chdt ctia hé phi tuyén otoném (khoéng ed tac dong tu ngoai) véi diac tinh
gin nhu ftuygn tinh. Né&u hé tuyén tinh tuong dng la 6n dinh, didu d¢
c6 nghia 1a 6 hé phi tuyén khéng c6 qua trinh phan ky. Néu trong hé
¢ tu dao déng thi bién d6 khéng wvuot quda .

Bay gid hay khao sat hé xung phi tuyén nhu & hinh 6.15a. O day
khau phi tuyén ding ngay sau co ciu so sanh va trude phdn tit xung.
Nhitng trdong hgp khac nén dung phép bién d6i d€ dua vé so d5 khoi
nhu trén d& thuan tién hon trong phan tich khdo sdt hé. Sau khi thay
khau phi tuyén bang hé s6 tuyén tinh héa k, va tin hiéu nhiéu z,, ta
¢6 s0 d6 khdéi nhu d hinh 6.15b. Danh gia anh hudng cua tin hiéu phu
(tdc 4nh hudng phi tuyén tinh) duge thuc hién theo so d6 tuong duong
(hinh 6.15c) ma x; = 0, phan tU xung ly tudng dugc dua dén diu vao
va & mach héi tiép, ngoai ra cd phan ti xung hiéu dung (dudng nét dut)

4 mach dau ra.

Ham truyén hé xung tuyén tinh kin (hinh 6.15d) :
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a) wfﬂﬂ’l‘ il s
ZT T
Hinh B8.15
W'(s)

Wikals) = m . (6-73)

Ham trong luogng tuong ung wyg,(It) dudec xac dinh theo mét trong
cdc pbuong phip dd néu ¢ (11.5[20]). DA cd ham trong ldgag wy,dt), tin
hiéu ra cha hé (hinh 6.15d) vai diéu kién ddu bang O trén co sd nguyén
Iy xép chéng :

1

ya(IT) = 2 wiea(T) z4 [ (1= DT] -

i=1

Udc lugng cha tin hiéu ra theo gid tri tuyét déi 6 dang chudi bat
diang thic :
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!
yaID)| = |2 wialiD zp[ (1-D T] | <
=0

szo wia(iT) zA[(l— i)T:H (6-75)
1
< Zam 2 wKA(iT)\ = &(1T)

i=o
Biéu thuc cudi cing tuong tu véi (6 -64) d6i vai hé lién tuc vi rang :
1
2 wia(GT) = h (IT) .

i=1

nén, nhu truong hop hé lien tuc, ubc lugng 3(T) cd thé duge thé hién
qua cuc tri ctia ham qua do hé kin (hinh 6.15d) :

5(1t)=ZAmax[ |hg| + [hy—hy| + |hy —hy|
+.‘.+|hKA(lT)—hr\:|

h, 1a cyc tri cudi cung ¢ thoi gian ldy miu IT.

(6-76)

Cho | —» & ta ¢6 udc lugng gidi han trén voi moi thai di€m :

5oo=ZAmax2[|ho|+|hi_hi—1|J ‘ (6-77)
i=1
Udc luong nay dé dang 6 duge theo d6 thi cia ham quda do hé kin
(hinh 6.15¢), mat khac co th€ xac dinh h; theo mét trong nhitng phuong
phdp dia néu ¢ (III, [20]).

Cac chd thich khi dung phuong phdp uéc lugng cho hé phi tuy&n vaoi

tin hiéu vao lién tuc déu dung d6i v6i hé xung phi tuyén.

Vi du 6—8 Hay dinh gia aAnh hudng cua lugng td hda theo midc dai véi
qua trinh qua d6 cta hé tuy dong s6 (hinh 6.16a). Phin lién tuc la mot
khau tich phan, con dang xung 14 chit nhat ¢d hé s6 lAp day y = 1.

Ham truyén cua phdn lién tuc quy d6i :

1-e T g
Wils) = —— —,

s )

¢ dang gidn doan :
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Diac tinh phi tuyén dac trung cho co cdu bién ddi AD & mdy tinh
s6 ¢6 dang bac thang nhu & hinh 6.16b. Do d6 lugng td hda theo muc
cé th€ xem nhu tdng cta dac tinh tuyén tinh y va phin dac tinh phi
tuyén o6 gi6i han y, (hinh 6.16c) :

Yo =Y t ¥a
¥a
O sd dé6 tuong duong (hinh 6.16d) khau phi tuyén da duogc
thay th& bai khau khuéch dai k, = 1 va nhidu luong ti hda y,(t) vdi
Yamax = 0,5y, Ham truyén déi vdi nhiéu dau vao :
W (s) kT

Wia(®) = = Wils) = -7 We - Foliim o ™

Ham trong luong wg,(IT) = —wy(lt) dugc xac dinh theo phuong (IIL
{20]). Phuang trinh dac trung ctia hé ¢6 mot nghiém xiac dinh bdi phuong
trinh :

ST = 1 - kT (6-80)
Cho nén : wia(lT) =—[kT(1 —kT)H] : (6-81)
Tri s6 tuyét déi cla wy,(lt) tao nén chudi cdp s6 v6i 1 = 1, 2, 3

. la
KT , kT |1 —KkT| , kT|1—-KkT|*,...
Téng cua chung la :
kT
= Yams [ [1-®T]
Voi yamax = 0,5y, KT = 1,5 (tri s6 kT < 2 riat ra tit diéu kién 6n
dinh cta h8), ta cd d, = 1,6y,. O hé thuc, gid tri luong td y, rit bé

nén anh hudng cha lugng tit hdéa theo mic d&i v4i qua trinh dong hoc
la khéng ding k&.

S, (6-82)

63. PANH GIA MUC PO TAC DONG NHANH CUA HE
PHI TUYEN BANG CHI TIEU ON DINH TUYET DOI

VAn dé &n dinh & hé phi tuyén duge dinh gia bing su chuyén déi
td mot trang thdi ban dau nio dé dé&n trang thai can bing hay ch& do
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cudng bidc 6n dinh. Dsi vai hé tuyén tinh, dinh gia 4y la chinh xac. O
hé phi tuyén chi c¢d thé xiac dinh dude gisi han cua cdc ude lugng.

Ude lugng v8& mue do tdc déng nhanh hay muc dé on dinh cia he
phi tuyén la khong kém hon mot dai luong cho trudc 4, :
lim 7 (t) €' = 0, (6-83)
t— x
n 1a chénh léch gita qua trinh khong bi kich thich va bi kich thich hay
gita trang thai ban ddu va trang thii cAn bing hoic moét ch& do cudng
bic 6n dinh nao do. Bi€u thic (6-83) c6 nghia 1a 7(t) theo thdi gian giam
A

nhanh hoan ham ma e oY

Nhan voi ham gdc mot dai lugng etot

cé nghia 14 chuyén dich toan
td s § anh cia né mot dai luong -4, cho nén viéc tim didu kién dn
dinh tuyét d6i c¢6 mic d6 8n dinh 1, thuc chdt la diung dic tinh tan
chuyén dich W(jo — 1) thay vi W (jw) cia phin tuyén tinh. Néu ndi dén
vi tri can bang thi diéu kién du d€ cho hé mé td & hinh 5.9a (x4 = 0)
c6 mic d6 6n dinh A, }a théa man bit ding thdc :

1
Re(l + jgo)W(w ~ i) + - > 0. (6~84)

Néu dung dac tinh tdn dich chuyén bién dang :

Wiw - 1) = Pw - A) + joQiw ~ ). (6-85)
thi ta ¢ tiéu chudn tac déng nhanh dang dudong thang : Hé phi tuyén
c¢d phan tuyén tinh 6n dinh va dac tinh phi tuyén ndm trong géc [0, k]
¢6 d6 tac dong nhanh khong kém hon A, néu dic tinh tdn dich chuyén
bién dang ';’JVI (jw — Ay) khong cit dudng thang (g, k).

Tiéu chudn téc dong rnhanh dang parabon

Heé phi tuyén cd phdn tuyén tinh trung tinh hay khéng én dinh va
dac tinh phi tuyén nam trong goc (r, k] cd d6 tdc dong nhanh khong
kém hon A, néu dac tinh tdn dich chuyén bién dang W,(jw — i) khong
cat parabon (g, k, ).

Nhu viay khdo sdt d6 tac dong nhanh cia hé phi tuyén dian dén viéce
dung tiéu chuan 8n dinh tuyét déi cha trang thai can bing ma diac tinh
tdn bién dang dugc thay th& bing dic tinh tdn dich chuyén bién dang.
Luu ¥ ring dac tinh phi tuyén z(x) nam trong goc [r, k], nghia la hé s6
tuyén tinh hoa tinh :
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2(x)
X

K'(x) =

nim trong mién [r, kJ.

Néu duong thang ,(q, k) hay parabén (g, k, 1) dude vé sao cho tiép
xic v8i dic tinh tdn dich chuyén bién dang W[(jw - Ap) tai di€ém cat véi
truc thue va Wt(jw — Ay) ndm & bén phai thi dd tac dong nhanh va bién
gigi 6n dinh cua hé phi tuyén da bién ddi vA trung vdi hé tuyén tinh
hoa, nghia 1a hé phi tuyén c6 d6 tac dong nhanh A, nhu & hé tuyén tinh
hoa.

Nhu vay do6 tiac dong nhanh cua hé phi tuyén khéng vugt qua d6

tic dong nhanh cuc dai cia hé tuyén tinh hoa.

Dé xdc dinh mdc d6 6n dinh cda mét hé phi tuyén nao do cin xay
dung ho dac tinh W,(jw - A;) v6i nhitng gid tri 1, khac nhau. mic do dn
dinh duge xac dinh bdi dac tinh cAt tit cA moi dudng thing hay parabén
khic ngoai tri né ¢ mo6t hay vai di€m tiép xdc. Bai todn cd thé dude
dat nguge lai : X4c dinh cic théng s6 cia hé bdo dam muc dd 8n dinh
khéng kém hon tri s6 cho trudc.

Vi du 6-8 Hay xac dinh ving ¢ mic dé 8n dinh khéng kém hon tri so-
cho trude trong mién thong s6 cua hé v6i ham truyén :

k(1 + sTy)

W.(s) = —
(1 +sT,)

t (6-86)

Pidc tinh phi tuyén cd dang khe hd.

Sau khi vé dac tinh tuyén tinh bién dang W (o), ta xac dinh dugc
diéu kién 6n dinh tuyét d&i cia hé phi tuyén cd dac tinh kidu khe hd
la :

R&’_W[(j w) + 1] >0 . (6-87)
Nhu vay diéu kién d8i vai dac tinh dich chuyén la :
ReW,(jo - Ap)) > -1. (6-88)
Thay th€ s = jw — A, v8i T, = 1 sec, ta xdc dinh phan thuyc cia
(6-86) :
k[cuz(Z’l"1 - T — 1) — Tl,lg] + k{iﬁ(ZTl +1) = A2+ T) + 1]
ReW (jo — 4y) =

[a -4 +o?] (6-89)
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Can bang khong dao ham cua (6-89) theo @, ta xdc dinh dude w,
ma (6-89) cuc tiéu :
TAS — 342+ (6 — 3T)) 4, — 3 + 2T,

2 _ (6-
“o 2T, — Ty — | ' 6-90)

Thay (6-90) vao (6-89) sau d6 vao (6-88) ta cd diéu kién :

8(dg — 1)2 a-Ty
k < , (6-91)

2
[T1(2 —4p) — 1]
O hinh 6.17b ¢S nhitng ving bao dam mitc d6 8n dinh khéc nhau

vdi nhitng tri s6 khdc nhau cua T, % W, (jw - 2,)
Déi véi hé phi tuyén cd dic tinh ’
phi tuyén khong ding z(x, t) nhu & -1
hinh 5.14 cd tiéu chuén tac déng nhanh o >
dang duong tron. Ay | Aar > 422 g
Do tdc déng nhanh cua hé phi 2/1”2
o/

tuyén cd phin ti phi tuyén khong ding

15
K

z(x, t) ndm trong goc [r, k) voi moi t o)

sé khong nho hon A, néu dac tinh tan P o
] . ) ) A . wg JalsecJz0a1 03 05 07 43
dich chuyén W(w -~ 1) khong cat s ERE e e
dudng tron (k, r) va bao vay liy nd mig //h/’ /"
1 © . // /,
+~ lan trong dé 1 1a s6 nghiém phai cua E 1
2 /A
phéan lién tuc. 20 /7 ./ |
Vi du 6~9 V6i hé co ham truyén phan P //- 7 y |
. J 7
tuyén tinh : 7i vabh 1
1 D e
W » 4 7
&) = B D (541 (055 + 1) s+ : f/, ]gf
2 /
va d6 tic dong nhanh 1, = 0,5. Dac 7
tinh tdn dich chuyén s€ la : ! < |
b) 0 0102 03 a4 as a6 ar 08
7., sec
Hinh 6.17
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1
2jw (o + 0,5) (0,5jw + 0,75)

W(w - 0,5) =

Dac tinh tdn dich chuyén bién dang nhu § hinh 6.18 :

1 . 0375 — 0,507
—-J
0,5w* + 1,25w°% + 0,28 0,50* + 1,250° + 0,28

Ww - 0,5) = —

Vé tigp tuyén vdi W (jw - 0,5) xac dinh :

2®

() = =
0 < K7 X g = 066

= 1,52.

Diéu kién di d€ cd do 6n dinh ctia qua trinh trong hé phi tuyén

vdi dac tinh phi tuyén ¢ dao ham nidm trong mién [r, k] la :

Wl(.ia’ - '10) 1

+ = . -
T+ Wiw 4y k-t > ° (6-92)
Khi t8ng hop co ciu
hiéu chinh tuyé&n tinh
Im

theo diéu kién (6 -B4) va

(6-92), c6 thé diung dac |

tinh tan logarit.

Phuong phap danh o Re
ag7

gia chdt lugng cta qua

trinh ndi trén co thé

=05

dung cho hé xung phi ~
. . . . . W (jw-05)
tuyén. Diéu kién du dé

danh gia midc d6 én dinh
theo (5-48) va (5-49) c6
dang :

Minh 8&.18

1
ReW' G = 4g) + 7 > 0 (6-93)

. 1
Re[l + q(l — e(Jw —/1()) T)] W:Ou) - AU) + E > 0. (6~94)

Tiéu chudn én dinh tuyét d6i tdn s6 ¢d thé duge ding d€ danh gia

chit lugng hé diéu khi&n lién tuc va xung theo chi tiéu chat lugng tich

phan [23].
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64. DUNG MAY TINH PE KHAO SAT CHAT LUONG
CAC HE DIEU KHIEN TU DPONG

6.4.1. KHAI NIEM

D& lam vi dy, mé hinh cia gua trinh lam ngudi mét vat duge mo
td bing phuong trinh vi phan sau :

X K -9 6-95
a. xS (6-95)

voi x 14 nhiét d6 & thai diém t, s la nhiét d6 cia mbi trusng va K la
hing s6 am d6i voi qua trinh lam ngudi. Nhiét d6 ban d4u cia vat la
x) 0 thoi diém t = 0. Dd la dang phuong trmh vi phan bac mét ma
dai lugng ban ddu dude cho trudc d8i véi bién x d thai diém t = 0 nén
goi la bai todn voi dai luong ban daou .

Nghiém cta (6-95) c6 thé xic dinh dé& dang theo phuong phap giai
tich. Tuy nhién cd nhidu phuong trinh vi phan khéng th€ dung phuong
phdp gidi tich hay khéng th& hién r6 méi quan hé gitta x va t. Trong
truong hop 4y phai dung dén phuong phap s6.

100 O v T T T

90 4
801. 4
70 - J

60 | o -

50+ _

G/IIE' "/-.l'- X

40

30 + .l

20 F p

10 1 I 1 ° ) O_A_O_o

o 10 20 30 40 50 60
Thsi gt

Hinh 8.1%
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DE giadi phuong trinh vi phan dang théng thudng trén, ding cic ham
chudn cia MATLAB, ode 23 hay ode 45 (ordinary differential equation)
véi dd chinh xiac vdi bac 2, 3 hay 4, 5).

Diung ode 23 ching han dé giai phuong trinh vi phan (6-95) bit dau
bing xic dinh ham 501 theo MATLAB sau khi md M- file :

function xprime=f 501 (t,x)

xprime= -0.1" (x-10) ;
O vi du nay dung :

K=-01;s=10; x, = 100

o
Ham trén xdc dinh v& phai cia phuong trinh (6-95). Ode 23 doi hoi
ky tu f501 ; thdi gian bat ddu va két thuc cta t[ 0 va 60] d dang vecto
hang; gida tri ban ddu cia x 14 100 vA dung sai tuong d6i la 0,5.
>> options=odeset ('RelTol’, 0.5) ;
>> [t x]=o0de23 ('f501’, [0 60], 100, options);
>> plot(t,x,”*");
>> xlabel (‘thoi gian’); ylabel (‘gia tri x');
>> hold on;
>> plot(t,90%exp(-0.17t)+ 10,’0");
>> hold off
3 hinh 6.19 ¢S csc gid tri cia x theo t Wng vdi (6-95) ndi trén. Diu
" (@ng véi gia tri duge xac dinh theo ode 23 con diu "o" \ng vdi cac

gia tri chinh xdc xdc dinh theo phuong phdp giai tich.

6.42. PHUONG PHAP EULER

Véi phuong trinh vi phan dang :
dx/dt = f(t,x). (6-96)
Phuong phap xép xi dé xic dinh nghiém 13 phuong phip Euler dya
trén chubi Taylor véi hai s6 hang dau. Dang chudi Taylor sau day co sd
hang thd ba 14 phdn du, nd mé ta tit cA cdc s6 hang da loai ra khoi
chudi Taylor :
x(ty + h) = x(t) + ¥(t,)h + x”Bh¥2. (6-97)
véi 6 ndm trong khoang (t, t;).
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V6i h bé c6 thé b6 qua s6 hang h® va thay t, = t, + h & (6-97)
ta co :

x = x, + hx'y .
/o) day, ddu “,” la dao ham theo thoi gian va x’; = x’(t). Ndi chung,
cé thé viét :
Xppy = X, + hx’p n=20 1 2.
hay X1 = X, + hf(t, x) ; n=20 1 2. (6-98)
D€ co tinh tdng quat, At & (6-5) dugc thay th& bing h & (6-98).
O hinh 620 ¢6 mé t3 hinh hoc phuong phap Euler.

Tu (6-97) thdy rang sai D
s6 do bd bét sd hang, nghia X ,kk
/4
la sai s6 cia méi buse la , ¥
IS S > 2 IS;: ) 0/0
thanh phidn cia h“. ST .
w0t 59 ang p

Phuong phap duge thuc
hién don gian véi ham
MATLAB feuler nhu sau :

Dung ham nay véi
phuong trinh (6-95) va K=1,
s = 20 ta cd dude hinh 6.21
mé td anh hudng cia bude
tinh h d6i vdi do chinh xac
cia phép tinh.

Hinh e.20
Dudng cong chinb xac
xac dinh theo phuong phap
gidi tich la dudng dam nét trén hinh vé. D& nhan thdy rdng, ddu phuong
phip Euler r4t gidAn don nhung mudn c6 do6 chinh xdc cdn thiét thi bude
tinh h cAn phai rdt bé. Sai s6 & méi budc tinh c6 thé dude tich ldy, cd
th€ theo mét hudng nao dé khéng du bao trude dugc.
Function [tvals,xvals]=feuler(f,tspan startval step)
% Phuong phdp Euler d€ gidi phudng trinh vi phﬁ.I‘l
% bac mot dx/dt=f(t,x),
P
% Goi: [tvalsxvals] =feuler(f,tspan,startval,step)
% Thei diém bit didu va k8t thiae cla t:tspan=[start
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% finish],

% Gid tri ban d4au clia x: startval va budc tinh: step.

% Ham f(t,x) do ngudi dung xac diﬁh,

%

steps=(tspan(2)-tspan(1l))/step+ 1);

x=starval, t=tspan(l),

xvals=startval; tvals=tspan(l);

fori =2:steps
x1=x+ steps”fevals(f,t,x); t1=t+ step;
% chon gia tri cho dau ra
tvals=[tvals,t1]; xvals=[xvalsxl];
t=tl; x=xI;

end

Hinh 6.21

6.4.3. VAN DE ON DINH

D€ bio dam cho sai s6 khong tich ldy, phuong phap giai phuong
trinh vi phan phai 8n dinh. O phuong phap Euler, sai s6 d méi bude tinh
ing v6i bac h% sai s6 4y 1a sai s6 cuc bd do bo cdc 6 hang bac cao,
né chi ndi lén dé chinh xic cia mét bude tinh, khéng phai 1a sai s6 &
mdt chudi buéc tinh. Sai s6 6 moét chudi bude tinh khd xdc diah vi sai
s6 clia mét budc tinh tdc déng dén do chinh xdc cua budc tiép theo mot
cdch phuc tap. Do d6 ta ciAn phan biét khai niém &8n dinh tuyét déi va
dn dinh tuong d8i.



Vi du phuang trinh vi phan :

dx
e Kx (6-99)
Phuong phdp Euler cd dang :
Xp41 = X, + Kxp ;n =0, 1, 2. (6-100)

Nhu vay diung phép dé quy lap vdi gia thiét 14 khéng cd sai s6 khi
tinh ta c6 :

X4 = (1 + kK™% ;n =0, 1, 2. (6-101)
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Véi bude tinh h di nhd, dai ludng nay sé x4p xi vdi dai lugng chinh

XAC eKl.

D& biét duge dién bién cua cic sai s6 theo phuong phiap Euler nhu
th& nao, ta gia thiét rdng x, thay d6i va ky hiéu nd la xj ma xj =
(xg — &) va ey la sai s6. Nhu vay (6~101) cd th€ viét nhu sau :

x3,0= 1+ WK™ = 1+ K™ (x5 - ) = %, — A+hK" e,

D€ sai s6 ban ddu tang din thi |1+ hK| > 1. Sau nhidu buéc, sai
s6 nay sé tang va vugt qua nghiéem. Do la dac diém coa tinh khong 6n
dinh va trong trudng hop nay, phuong phdp Euler la khéng 8n dinh. Néu
|1+hK|< 1 thi sai s6 s& giam dan va phuong phdp 12 6n dinh tuyét
dét. Vay diéu kién dé€ &n dinh tuyét déi la :

-2 < hK < 0. (6-102)

Diéu kién nay qua khat khe va ta c¢6 thé théa min véi diéu kién
la sai s6 khong tang ty lé v8i x. Do la 8n dinh tuong d6i. Chu y rang
phuong phap Euler khong 8n dinh tuyét dé6i véi moi K duong.

Diéu kién 6n dinh tuyét d6i co thé duge téng quat hdéa déi vai
phuong trinh vi phan thong thudng dang (6-96) la :

of

-2 < ha< 0. (6-103)

Vih > 0 nén dé c6 8n dinh tuyét dsi thi affox < 0. O hinh 6.22a
va 6.22b ¢6 so sdnh sai s6 tuyét déi va sai s6 tuong ddi véi h = 0,1
cho phuong trinh vi phan dx/dt = x v6i x = 1 khi t = 0. O hinh 6.22a
sai s6 tang rat nhanh mac da buéc tinh nhé. O hinh 6.22b sai s ty le
v8i nghiém va sai s8 tudng déi tang tuyén tinh. Phuong phiap khong 6n
dinh tuong d&i cung khong 8n dinh tuyét d6i d6i vdi bai todn da cho.

Phuong phiap Euler co thé khong on dinh v8i mot s6 tri s6 cua h.
Vi du néu K = -100 thi phudng phap Euler chi 6n dinh vdi 0 < h < 0,02.
Nhu vay, muén giai phuong trinh vi phan trong thsi khodng td 0 dén
10, c4n cd 500 buéde tinh.

6.4.4. CAC PHUONG PHAP RUNGE - KUTTA

Phuong phdp Runge — Kutta thudng dung nhit 14 phuong phiap c6

di€n, ¢6 dang sau day d6i vdi mdi buée n = 0, 1, 2.
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k, = hf(tn,xn) ; ‘

h k) i
k, = hf(tn+—§,xn+?) J (6-104)
h k,
k3 = hf(tn+§’xn+?)
ky = hf(trl + h, x, + k3).
va Xpey = X, + <k1 + 2k, + 2k, + k4> /6 (6-105)

Sai s6 chung cd bac h*. O 6.1.2, cic bidu thdc (6-34) .. (6-38) cG
m; (i = 1,4) thay cho k, A, thay cho h.

Dang téng quat cua cidc phuong phap Runge - Kutta cho mdi bude
n = 0, 1, 2,... nhu sau :

k, = hf(t, xn) ;
=1
ki = h(t, + hd; ; x, + X cgk) (6-106)
j=1
P
va X1 = X, + 2 bk . (6-107)
j=1

Phuong phdp téng quat nay cd bac p.

D61 véi phuong phap Runge - Kuta bac bon : (6-104 va 6~105), diéu
kién én dinh la :

of
-278 < h— < 0.
ox

Theo (6-106) va (6-107) cin xac dinh cac vecto d, b cing nhu ma

trdn c;. Néu dai luong dugc tinh kj tao thanh vects k, ham dugc tao

thanh d€ x4c dinh x nhu sau :
k(1)=feval(’f’ t,x);
for i=1:p
k(i) =step feval C{",t+ step*d(i),x+ c(i, 1:i- 1T k(1:i—1));
end
x=x+b’k;
Ham cta MATLAB, rkgen dugc cho nmhu sau : Vi ¢ va d dé thay

ddi, moi dang cia phuong phiap Runge —Kutta cd thé dude thuc hién theo
ham nay. Mot s8 dang thudng giap nhu :
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1. Phuong phap Runge — Kutta — Merson cd sai s6 & s8 hang bac
h’ ngoai ra cho phép danh gid sai s6 do bd s§ hang d moéi budc.
2. Phuong phap Ralston — Runge — Kutta cho phép chon cdc hé so
mot cach dé dang sao cho sai léch do bd s6 hang la cuc ti€u.
3. Phuong phdap Butcher — Rungge - Kuitta cho phép c¢6 do chinh xac
cao d méi bude, sai s6 ¢ thanh phdn bac he.
Function [tvals,xvals]=rkgen(f,tspan,startval step,method)
% Phuong phap Runge Kutta d€ gidi phuong trinh vi phan
% bac mot dx/dt=f(t,x),
%
% Goi: [tvalsxvals]=rkgen(f,tspan,startval,step,method)
% Thoi diém biat ddu vA két thuc clla t: tspan=[start finish]
% Gia tri ban d4u clia x: startval va budc tinh step,
% Ham f(t,x) do ngudi diung xdc dinh,
% Phuong phip (1,2,3) dng vdi phuong phip cd dién,
% Butcher hay Merson R. K. do ngudi dung chon,
%
b={); c=[L d=[1;
if method <1 method>3

disp (Method number unknown so using Classical’) ;

method=1;
end ;
if method==
order=4;

b=[1/6 1/3 1/3 1/6], d=[0 .5 .5 1];
c=[0 000, 05000,00500 001 0)
disp(’Classical method selected’);

elseif method==
order=6;
b=[0.0777777778 0 0.355555556 0,13333333
0.355555556 0.0777777778];

d=[0 25 25 5 .75 1)
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c(1:4,:)=[0 0 0 G0 0 0; 025 0 0 O 0 0, 0.125.
0.125 0 0 0 0, 0 -05 1 0 O 0]
e(5,:)=[.1875 0 0 0.5625 0 O0];
c(6,:)=[-4285714 0.2857143 1.714286 —1.714286
1.1428571 0];
disp(Butcher method selected’);
else
order=>5;
b=[1/6 0 0 2/3 1/6]; d=[0 1/3 1/3 1/2 1,
c=[0 00 0O0; 1/30000; 1/6 1/6 0 0 O; 1/8 0 3/8
00, 1/2 0 -32 O
disp(Merson method selected”)
end;
steps=(tspan(2)—-tspan(1))/step+ 1;
x=startval; t=tspan(l);
xvals=startval; tvals=tspan(l);
for j=2:steps
k(1) =step”feval(f,t,x);
for i=2:order
k(i) =step”feval(f,t+ stepd(i),x+ c(i,1:i1) " k(1:i-1)’;
end;
x(1)=x+b"k’; tl=t+step;
% chon gia tri cho dau ra
tvals=[tvals, tl]; xvals=[xvals, x1];
t=tl; x=xl;
end;
Cd thé dung phuong phdp chon thich nghi cdc budc tinh. Khi ham
tron, c6 thé chon budc tinh 16n. Khi trong mién ¢é su bién d8i nhanh
cla x, cdn budc tinh bé. Ngoai ra véi cdc ham ma cd hai mién bién dai
nhanh va chm cing tén tai, t6t nh4t la cing dung buéc tinh bé. Phuang
phdp tu thich nghi thay d8i budc tinh la can thiét. Phuong phip nay
khong dé cap & day va cd thé xem & cac phuong phiap Runge - Kutta
d ham MATLAB ode 23 va ode 45.
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G hinh 6.23 6 sai sd FECRS : —
fuong dai tuong dng vai M:L_ !
phuong trinh vi phan dxjdt "L?- o f
= -x theo phuung phap c8 o .
dign (d8u "o, phuang phip S a
Merson (dau "+ va phuong i"”“ .
phap Butcher (ddu "*") theo = 7| G 1
chuong trinh MATLAB sau : ‘:j;_f__i_.i_ x « c ¥ = ;_ﬂ:_;t

Char=['a’ ™ *+7] ; ~ ’ = 5 : -

For meth=1:3 Hink 8.2

[t.z] =rkgen {"fB02' [D 3],1,.25,meth);
re=(z-rxpl-L)./exp(-t);
plotit,re.char(meth)),
axis([ 0 3 0 1.5e-4]}
xlabel('t"); ylabel(’relative error’)
hold on;
end;
hold off
Ifam 502 dugce dinh nghia nhu sau .
function xprime={302(t.x)
Xprime=-y;
Nhu vay phuong phap Butcher la t6t nhat va cd hai phuong phdp
Butcher va Merson 1a tuong déi chinh xac hon phuong phap 6 dién

BAl TAP CHUONG 6

Bai tap 6 -1 Gidi phuong trinh vi phan sau :

Pdp dn
Sau khi md M-file, tao ham xpriml va luu giu, dung ode 23 d& giail,
ta ¢d dac tinh nhu hinh & 624
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|
0.5 - 9
| |
|
0"4 | L 1 i L g
7] az G4 0.6 o4 !

Tasi qwan =0, PR !

Hinh &6.24

Bai tip 6 -2 Gial phuong trinh vi phdn sau
S
"x0 = 1.
Biip dn

Nhu & bai tdp 6-1 nhung & ham xprim2, ching han ddu dung trudc
x* 14 ddu "+" Két qua nhu & hinh 625

Bii tap 6 -3 Giai phuong trinh vi phan :

x = x"
x( = -1
Dap an :
Khac v4i bai tap 6-2, & bai tip 6-3 diéu kién dau x(0) = -1 Két

qua md phéng nhu & hinh 6.26.

Bai tip 6 -4 Giai hé phuong trinh sau :
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= = x, - 01xx, + 001t ;
x5 = —x» + 002 xx, + 0,04t
x, (0 = 30 :

- x,( = 20

Dap dn :
Theo hé phuong trinh da cho, ham xprim3 m duge mé td nhu sau :
function xprim =xprim3itx)
xprim( L=x(1)-0.I"x(1)*x(2H+ 0.01"t;
xprim(2)=-x(2+ 0.0Zx(1)"x(2)+ 0. 04't;

2-":-'|—--— —— A e T T T s |

(MG A, XB)

’
I
r
i o
T

Eat-— - R = el j
t‘:l‘ W . & — ki BRI, & 1 %
0 4.z g4 0.4 a4 !
Thur gian 5,=0, (=095
Hinh 6.25

O hinh 627 ¢ cac ham x,(t} va x,(t) véi diéu kién cia bal todn.
Trong trugng hop dung quy dao pha ta cd lénh vé nhu sauw
>>plot (X6 2), X6 1k
com quy dao pha nhu ¢ hinh 6.28
Bdi twp 6-5 Vai hai twoan 6-4 dung, SIMULINK dé md phdéng hé thdng

va xdc dinh x(t). x,(t} véi diéu kién trén, déng thai vié quy dao pha
x,0)



o3 r = f T 1
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-0 ¢ /
| A
try : ~
. =07 -~ :
-
. e
T 1
|

i y E:

wf V L 1 L l__J
g 8.2 0.4 22 adq !

Thar quan =0, {,=1
Hinh 8.28

Biip dn :

So do khdi duge vé theo SIMULINK nhu & hinh 6.29. Dac tinh x (1)

va x.it) nhu & hinh 630, con quy dao pha x.(x;) nhu & hinh 6.31

So sanh cac dac tinh & bai 1ap 6-4 va 6-5 ta thidy chung gin
nhau.
Bar wap 6—6 (Giai bai toan bién ¢ phuung trinh vi phan dang :
y'o= fix, ¥y = sinll0x)y, a < x < b ;
ya) =y, = 03
yibh = v, = 4
Pap an :
Xdp x1 ¥ bang sai phan hiu han

Y Xi-p) 2y (x) v x_)

y' o= ,
ha.
(b —a)

vai h = N

nhu
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t, =7, =0
Hinh 6.27
T do rut ra -
—2 — 0,25%in 2,5 ] 0
i ¥ 0
1 —2 - 025"sin 2,5 1 y2 | = 0
0 1 —2 — 025%in 2,5 | [¥3 —
22 5 e =y
28 e
. /A\ ~.
Vai [a, b] = [01] va N = wo o
100. ta cd chuong trinh sau : ok ,"{./ /\ . \\
1 ;o \
> > x=linspace(0,1); "
nspace(0, 1! | ” '{ /\ \
>> h=1/100; 2| " |
>> a“=ones(1,2'99); oo k_ )
>> b=zeros(100, 1); % L / ‘
. -
== hi(100)=-4, o
y -
>> for i=1:100 e

* - L] . ‘a
alii)=-2-10h"sini 10 x1i)):
uli)=i; wli}=i,

end;

?

>> for i=1:99

0 0 20 S8 63 J0 s3I 180

Hinh &.28

-

uli+ 100) =1 v(i+ 1001=i+ 1;
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uii+ 199) =i+ 1;
end,
> a=f[al a2];
>> A=sparselu, v, a)
>> y=A\b,

>> plotix, y);

vii+ 199)=i;

>> title('y(x) giai y™"=sini10x)"y"),

Hinh B6.30

1
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if’ff \\\
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Chuong trinh nhim tao
neén cac ma tran A va vectd
b cua phuong trinh . A, = b
Vay -

y = At

Hinh 6.32 la dap an
cua bai toan bién noi trén.
Bai tép 6-7 Su sanh ode
23 va ode 45 vé dé chinh
xie, dung bai tap 6 -3 vdi
thii glan mé phong : {, = 0,
t, = 5.

bdp dn

@l

Ham xprim khong co
Chuong trinh nhu sau

>> [txl=odeZ3¢ xprim2’ [0,5].-1)

L

o da

Hinh B.32

thay dai, chi thay déi dai lugng t, = 5

>> plott,x); xlabel('thai gian t,=0, tt=5"); ylubel(gia tri x(0)=-1")

=>> hold on;

>> [t, x]=odedd'xprim2’,[0, 5],- 1);

> plotitx), xlabel('thoi gian

=>> hold off ;

Hai truang hgp dung
aode 23 va ode 45 nhu o
hinh 6.33

Theo hinh 688, cd sy
khéac nhau vt do chinh =xac
nhung su khac nhau khong

Idn lam d bai toan nay.

t,=0, tt=5") vlabel (gia tri x(0)=-1")

2! "
1

g2

_93.

(i Hro Af0)=

04-

G-

(]
Lay
o —

Minh 6.33

1

1
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Chuong 7
TONG HOP HE PHI TUYEN

7.1. DPAC DIEM CUA VIEC TONG HOP HE DIEU KHIEN
TU PONG PHI TUYEN

Noi chung, d€ téng hgp cdc hé diéu khién ty dong phi tuyén nhim
théa man nhing chi s6 chidt lugng cho trudc, co thé diung cac phuong
phdp sau :

1- Téng hop cac khau hiéu chinh 3 phan tuyén tinh cda hé nhim
théa man nhing chi tiéu chit lugng nao dd nhu chi s6 dao déng M hay
mic d6 on dinh i, Phuong phap mnay gidng nhu phuong phap téng
hop khau hidu chinh & hé tuyén tinh (xem muc 6.2 [19]) nhung co tinh
dén cic dac diém ma phan ti phi tuyén da tao nén nhu d& néu 4 muc
6.2 va 6.3.

Sau khi da chon so d6 va théng s6 cia khau hiéu chinh, cin kiém
tra lai chat lugng cua hé bing phudng phap trdc tiép nhu phuong phap
mo6 hinh hoéa. Viéc nay cang can thidt d6i voi hé phi tuyén vi cdc phuong
phdp phan tich chit lugng d6i véi ching chi la gan dung hay dua trén
¢6 8 cua diéu kién du.

2- Téng hop cac co cdu hiéu chinh phi tuyén nham lam gidm anh
hudng cla cdc dac tinh phi tuyén c¢d hai trong hé théng hoac dua vao
nhitng khau phi tuyén cd ich nham cai thién chit lugng ctia hé. Bu trd
Anh hudng cha cdc dac tinh phi tuyén o6 thé dugc thuc hién bing héi
ti€p am o6 chia khau phi tuyén.

Cac khau phi tuyén dugc Wng dung réng riai trong viéc téng hogp
hé didu khi€n phi tuyén nhu & cac hé c6 cdu tric bién ddi, & viéc
tao nén cdc luat diédu khié€n phi tuyé&n, nhit la & cdc hé diéu khién
téi wu 18]
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7.2. PHUONG PHAP PHI TUYEN NGHICH DPAO

Phuong phdap don gidn nhit dé dua dac tinh phi tuyén vao co cidu
tdng hgp la phuong phap phi tuyén nghich dao. Vi du dé6i tugng cd tin
hitdu ra do dugc bang cd ciu cAm bién quang hoc cd diu ra ty 1& véi
binh phuong ctia tin hiéu dugc do y = le va trang thai x, dugc hinh
thanh & ph4n tuyén tinh ciia hé. Mot bd didu chinh duge thist k& co dd
chinh xdc can thigt voi gia thiét 13 bién do dugdc sé dao déng trong pham
vi nhé (gid thidt x, khong d&i ddu) bang cach diung phudng phap tuyén
tinh hda. Dai lugng dit cua co cAu secvo d6i vai hé théng sé gay cho
nguoi thigét k& nhitng khé khan do tinh ch&t phi tuyén cia nd. Mét
phuong phap htu ich 1a tao nén dac tinh phi tuyén ngay & bo diéu khién,
nghia 1a didu khién Vy thay cho y. Mét trong nhitng wu viét cia mdy
tinh 13 co th€ d& dang tao duge nhiéu ham khiac nhau nhu ham bac hai
8 truong hgp nay.

Vi du 7-1 Qua trinh trung tinh hda nudc cd axit t¥ mét xi nghiép ching
han dugc mé phong nhu & hinh 7.1. DE trung tinh hda pH ngudi ta trén
viao nudc cd axit dung dich bazo. M6 hinh cta vi du nay la cha Mc-Avoy,

Hsu, Lowenthal (1972) cGng nhu Goodwin va Sim (1984).

g t Nvoc axrt

Bién khién w |

’ 7,
‘ Nugc Frang his

Hinh 7.1
Tin hiéu ra cia hé théng :
y = [H'] - [OH] (7-1)
la chénh léch néng d§ & trang thai trung tinh. Muc dich 1a dieu khién
tin hiéu ra y v8i di€ém dat dinh mic x; = y = 0 3 trang thai xac lap.

Dai lugng do duge 1la d6 pH = p. M6i quan hé gita dai lugng do duge
p(t) va bién y mi ta cdn didu khién la :
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y = 1077 - 10K, (7-2)

K, 12 hé s6 can bang cia nuése (= 10 gion/).

Phuong trinh (7.2) ¢6 thé duge rit ra tit msi quan he [OHT] [H']
= K, va p = -log{H'l. Uu viét caa diéu khi€n s6 12 nhanh chong bién
Iugng ra pH(p) thanh bién diéu khién y ; dd 1a dng dung cia phuong
phap phi tuyén tinh nghich dao.

Mé hinh cua qua trinh duge xic dinh la :

Vy = F@a-y -ubd + y. (7-3)
vdi V - dung tich cua binh tron [I}

F - téc d6 cua dong axit [l/sec],

a - nong d6 cua axit [gion/l],

b ~ néng dd cia bazo [g.ion/],

u - téc do6 cta dong bazo (bién diéu khi&n [l/sec].

GiA thiét la tdt cA cdc thong sb6 déu c6 dinh va da biét. Nhiem wvu
dau tién la xay dung bo diéu chinh gian doan cho hé (7-3). Trudc khi
néu ciu tric difu khi€n, cadn nghién ciu mé hinh vd xdc dinh nhing
chit lugng co ban. Hé (7-3) la tuyén tinh kép, c¢d tin hiéu ra nhan vai
tin hiéu vao

Vy = Fa - Fy - ub - uy. (7-4)
O busc dau tién, tuyén tinh hoa hé théng quanh diém lam viec dinh
mudc :
Pdm = 7.00 (trung tinh) — y = 0,
y =0
Ta 6 thé tinh tin hiéu vao (tin hiéu diéu khi€n) dinh muc hay o

a .

trang thai xac lap a6 y = O va y = 0 @ 7-3) r6i xac dinh u, u = Fe

Liay dac ham riéng & diém lam viéc ta cg :

Vy = Fa - (F+ F%) v - bu. (7-5)

M6 hinh tuyén tinh héa nay rdt gian don, bac mot, v8i tin hiéu vao
F% vh hé s5 khudch dai am. Tinh khong xdc dinh & chénh léch dau vio
co th€ loai trit bAng mach thuan & ddu vao s& dAn dén sai léch tinh cta

bs diéu chinh. Do d6 cdn dén bé diéu chinh tich phan. Chat lugng ca
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ban 14 thdi gian qud dod cia hé théng sao cho két thuic trong khoing 200
sec chang han. Nhu vay ta cd thé chon chu ky lugng ti héa T = 10
sec. D& dé danh gia ta dung cac théng s6 cho 6 bang 7-1 :

Bang 7-1
Thong ud Dai lrong Dan v
a Q0,001 mol/l
b 0,001 mol/l
F 0,100 I/sec
\% 2.00 |
T 100 sec

Véi cac thong s8 4y, ta cd phuong trinh dang gidn doan cua hé trén :
Visy = 0,3679 y, — 0,00315 u, + 3,161.107%4,, (7-6)
ma dy la nhiéu dau vao vai dai lugng dinh mdc 1la mét (1.0) cd cung
don vi véi Fa. Néu diung bs diéu chinh tich phan, ta thém mét bac cho
hé véi trang thdi mdi w
Tin hiéu diéu khién dudgec dua vao qud trinh cia hé kin d€ diéu
khién. Mé hinh cta d6i tugng hé gian doan bay gio la :

Yi+1 [0,3679 o] [ ¥« . |—0.00315 N
win| | 71001 Sk

] (7-8)
3,161.10° 0
+ L 0 W dk,+ |:10:| xd(k) 5

theo d6 cd thé€ xac dinh luat diéu khién.

Cho rang hé théng d4a dugc tuyén tinh hdéa, ding phuong phip quy
dao nghiém s6 d€ xdc dinh hé s6 héi ti6p K. Véi thai gian qud do tg,
= 200 sec, hé s6 tat ddn khodng { = 0,7, chon nghiém cuc :

_|0,93706 + 0,06034 j (7-9)
Zr = 10,93706 — 0,06034j | °
dung cac mdi quan hé :
r = % ; 6 = wdT‘J_l—ﬁC_

- < . P +|
ma z, duge xdc dinh bai re*”.

Wy = I’S/tqd 5
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Dung econg thie Ackerman, hé sd phan hal duge xae dinh bang -
K = [160,70 0.24133] (7-10)

Ti trang thai cAn hang v = 0,0001 dap dng cia bd diéu khifn tuyén
tinh voi mé hinh dd6i tuong tuyfn tinh héa (duting @) cing nhu déi tucng
khong tuyén tinh (duong 6) cho d hinh 7-2. Chu ¥ rang dap udng bac
thung cia hé thuye (mé hinh d6i tuong phi tuvén tinh) cd tée dé cham
hon. O vi du trén. phuung phap phi tuyén tinh nghich dio duce ding dé
biu cho tinh phi tuvén cia cd cdu do thong qua (7 -2) déi voi p dé cd tin
hicu ra y. Thue chit 1a da bu tinh phi tuyén & dau ra cua dung cu do.

PE el
12 § A
| ¥
10 P
: .‘a
g+
| AY
-t L)
gk v ]
| [
| £ |
Bk !
|
- l"-_ 1
2+ ""-{J__ J
e
q 2 -“_".h\-‘— .
& e m'______.,_.......,.'.:'.'.,_....:.::.'.'.::3
-i’i 7, sec _J

g 0 26 J00 <00 50 s too Bed s raeo

al r //.7___‘_‘_"_'"‘__——— F
—N"_"-_M
! r'f _,_ﬂ-"'"'-'-ﬂ |
8635 - ‘7,;{
| >y
! 4
I 3
0.09 T f
f rr‘ iy |
| S
6,085 + Py
J 7 f
I |
L/ :
608 E MiE = S T i s e i L ey i [

[y ol 2080 366 440 500 00 wo  foo S00 rdod

Hinh 7.2



Van didu khién dong bazo la khaun phi tuyén ed luu luung cue dai
la 2 lizec. Do do -
J 0, Kx, < 0
“Kx, 0 < Ky, <2 (7-11)

ug =
l 2, Kx, > 2.

Bay gio dung phuong phap tuyén tinh hdéa dé loai tri tinh phi tuyén
cua doi tuong. Co nhiéu phuong dn, & diy chi néu mot. Mo ta trang thai
cia hé co thé dua vé dang :

Vy = -F(1 + uly - ub + Fa
ma (1 + u) xem nhu hé 36 bifn doi d phuong trinh vi phan tuyén tinh,
He ¢d thé duoe gian doan hoa déi vdi nhitng dai lugng u khac nhau o
hé 36 dy vi gita cac thal gian ldy miu u khong déi. Do dd cd thé ma
tad chinh xac hanh trang cia hé td thai gian ldy mAu nay dén thai gian
lay mau k& tiép bang cdch dung md hinh gian doan, no & ham cia diéu
khien duvce dung. Phuong phdp nay la phuong phdp hicu chinh bic mét
do1 voi déi tugng phi tuyén tinh nén didu khi€n co tré duge dung dén
vit lam cho angdrit thue té hon. Thue chat digu khien phi tuyén nghich
ddo lam cho ma tran

Be = Pyw - T Klu)
la hang

2087

Hinh 7.3

Khi tinh phi tuyén cia doi tugng lam cho @ ,(u) thay d6i cung vdi
u hé sd K(u) cung thay d8i theo angdrit didu khi€n phi tuyén tinh va
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lam cho &, khong thay d6i Phuong phdp thuc hién tuong d6i giin don
Ma tran chuyv&n ti€p duge tinh toian cho cic digm [0, 2] cdaa u, hé s6
khuéch dai héi tigp dude tinh theo hinh 73 va Juu git theo dd hée so
khuéch dai hién tai la ngoai suy két qua cla qua trinh van hanh.

O hinh 74 ¢ dac tinh cia ddp wng y cang nhu didu khi€n u cho
trung hop doi tugng la tuyén tinh hda, diéu khién tuyén tinh (dutng a)
cing nhu d6i tugng la phi tuyén tinh (dudng 6) didu khién phi tuyén
tinh nghich dio. Diéu khién phi tuyén tinh nghich dio cho két qua gin
vl muc tiéu thiét ké hon.
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Do tinh chdt quan trong cta bd diéu khi€n phi tuyén nghich dao,
hay xét mot vi du khic ¢ dung phuong phdap phi tuyén nghich diao &
bo diéu khién va bd udc luong trang thai. Du vi du nay khong phai la
nguoi may ophung cdc nguyén ly dng dung cing tuong tu nhung gian don.

Vi du 7-2 O hinh 7.6 ¢S so d6 khdi cua dong co chdp hanh ¢6 moémen
truyén déng bing ngudn dong, gid thiét ring dong bi gidi han ¢ bién do
ra nhung luén la nguén dong (dién 4p khéng bi biao hoa). Chi y la diéu
khi€én u, td bo chuyén déi D/A va dua dén mach phidn-dng cua déng
co. Diéu khi€én u, la k&t qua cha angoérit phi tuy&n tinh ctia bo diéu
khi€n phi tuyén nghich dao, déng & mach phaAn \dng tac nén momen
M, = u,K® ma hé s6 mémen K@) la :

Ki®) = Kum(Kyp + Kjcosd) (7-11)
do mat dé tu trudng qua cdc khe hd & déng co.

K,(6)

Hinh 7.8

Bang 7-2 cho théng s6 dinh muc cha dong co theo hinh 7.6 con K,(6)
duge dinh nghia theo (7-11). Thigt k& tuyén tinh bat dau tu gid thiét
K, = Kym Ko + Kcos,)
la hang s6 & lan can gdc
vAn hanh dinh mvc 8.
Theo bang 7.2, hé s6 momen
thay d6i 16% gdc quay cla

Tmax
5 di ié e (k
déng co, do do duang diéu y(k) Ky g Uy (k)
khién phi tuyén nghich déo K, (8) ;
va dung udc lugng la uu 7
viét,
Budc dau tién 12 loai Hinh 7.7
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trit st bién déi cila mémen 8 (7-11) vA ¢d so d8 khéi nhu & hinh 7.7.

Bang 72
Thong &8 Dai lugng bon vj

|0 | <02 rad
| un | €30 ampe

Kio -7.00

Kus 8,00
Kidm 03 Nm.ampe”

Jy 0,00012 Nm.ampe™

Ky 1000 mradrad™

K 0,001 N.sec

Chd y rang diéu khién ¢d gidi han u < ug, = I .. 1a mé hinh caa
khuyé&ch dai coéng suit. Nhu vay diéu khi€n s& bdo hda sdém § angorit
diéu khién trudc khi duge dua dén khué&ch dai cong sudt thong qua DAC.

Diéu khi€n d€ tuyén tinh hda ddi tugng cd dang :

u K‘tdm
b = et | TR )

(7-12)

u
=1  sat

max> [Imax %4 (6)]
vl "sat” la ky hiéu cho trang thai bao hoa, va 1{(6) = Ky + K;cosb.

Digu khi€n u duge dinh nghia theo nghia thong thudng cia héi tiép
trang thai véi tin hiéu diéu khién chuin & dau vao u = Kl - %).

Piéu khién phi tuyén u,; dugc tinh voi thanh phin bién d6i cia K6),
nghia 12 hé s6 mémen dinh mic K, vAn cd hiéu luc trong mach.
- Bing cach dung tinh phi tuyén (vi nguén dong khéng bao hea) cho
d6i tuong, t8 hop sé ¢6 hanh vi nhu d6i tugng tuyén tinh vdi tin hiéu
vao u. Trudc khi hinh thanh tin hieu diéu khi€n u, hay uéc lugng cac
trang thai khéng do duge.

T6c d6 va nhiéu ddu vao M, déu khéng do ducc nén cdn udc lugng.
Vi chinh u s& dugc dung d€ by hiéu dng cia nhiu My, nén ta udc lugng
d6 chéch moémen va ky hiéu la uy, goi 12 nhiéu didu khi€n. Cudi cing
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can udc lugng y dé loai trit nhiéu & tdn s6 cao. Vay trang thai cua udc
lugng 1a

x) =[5 ﬁd]"' .

Né&u ngudén dong khéng biao hoda thi mé hinh d6i tugng la tuyén tinh
véi tin hiéu vao 1a u (e hé s md men K ). Khi nguén dong bdo hoa,
mé hinh d6i tuong sé& chda dyng sy bién d8i cia hé s6 momen udc lugng
K,(3Ky). Nhu vay & hinh 7.8 c6 so d6 téng quit véi bo wdc luong c6 tin
hiéu vao u, va ¢6 hé s6 bién ddi cia moémen, mé hinh déi tugng bac
hai, mé hinh bd uéc ludgng bac ba. Tin hiéu vao u, khéng didu khién
duge, dugc md hinh héa nha mét trang thai & bd wée luong sao cho higdu
Ung cia tin hidu vao dude tinh dén trong mo hinh.

Vi uy la khong didu khi€n dugec nén khong dua vao mé hinh cta déi
tuong.

“
A kz Ima|| 41 06 tuong Ry B =Y
s T —_— K(ﬁ)—)-/ 20 4k >
k, K.(5) ¥ uyén Yin
¢
_[m{‘{ F G C
4
: 85 ] el
. @ wae luong
A 4? Yy /rqnj thai -ym %
X -)‘-ef
Hinh 7.8
o X,
A = ; (7-13)
0 —Kf/Ja]
B = [0 me/Ja} R (7-14)
C = [1 o] , (7-15)

voi trang thai cha d&6i tugng [y w]*. Ms hinh gian doan cla d&i tuong

la :
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1 0,0002
F=| , : } , (7-16)

G [o,oooos 0,1726]T : (7-17)
vgi T = 0,0001 sec.

s 2oz ~ P ' s AN ~ ~ ~ T .
D6i véi b ude lugng trang thai véi X = [y ) ud:\ ta ¢d :

o 0,0002  0,00003
F.=| 0 1 0,1726 , (7-18)
0 0 1,0
G, = [0,00003 01726 o]T ; (7-19)
C, = [1 0 0] : (7-20)

Vi uy la am hay mot héng, héi ti€p am &, hinh thanh khau tich
phan. O day ddu ra khau tich phan bdo hoa & phdn mém trude khi trd
thanh dau vao cta DAC.

Chu y rang nhing bidu thdc sau 1a & trang thai xic lap
M{ y - 9} =0
ta doc M{(-)} 12 "Ky vong toan hoc cua ()"
M(B) =0 va M{u} =-u,.
Do dd M{kl(xd -y) - kza} =0,
cho nén : M {x4 -y} = 0.
Vi |uy| <up, nén sai s6 vi tri bi cudng bdc tang dén dai luang
bing khéong biat k€ 1a u; nhu thé€ nao !

Dung uéc luong hién trang (V.6.2 [20]) d& cuc ti€u hoa d6 tré diéu
khi€n, ta e¢d hé phuong trinh sau :

%1 = F& + Gag + Loyewy — LCoxyy
= F& + Guy, + Ly, - LC. FX, - LCG.u
= (F, ~LCFI% + (G, - LCGux + Loy
Ky hiéu & = & - Ly, Ty, = C/, M = (I - L,C,), va diéu khién :
u = K(I'yrxd - ﬁ) Cé thé rit ra :
Ey = MEF. - 6KE + MEFLC - GKLOx, + MGXKTx,; (7-21)
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déi v6i bd udc lugng trang thai va phuong trinh trang thai cia déi tugng
la :

X = (F - GKLOC)x, - GKE + GEMx (k). (7-22)

Dinh nghia x;r = [xT 5'1, hé kin tdng thé béi phuong trinh trang
thai :

x(kt 1) = Fx(k) + Gxyk), (7-23)
vi ddu ra cua hé :

y = Cxq, (7-24)
ma C, = [1 000 0]. Nhu vay hé téng thé 1a bac nam con ma trdn
cia hé la :

F — GKL.C -GK
Fg = M , (7-25)
(FJLLC - GKLC)  M(F, - GK)
. GHlyr

Néu tri tin hiéu va do dugc cia hé y véi tin hiéu vao chuidn cua

déi tudng y.o :
Ym Y 7 Yeer
tin hiéu vao udc lugng vi tri 13 y, thay vi y. Tin hiéu vao chuén y,
86 tac dong vao phuong trinh trang thai cua hé théng qua ma trAn vao
Gref cOng vao bi€u thde (7-23) mét thanh phan :
GKL,
Cyret Yref = M(GK — F,) L. Vref - (1-27)

Tinh todn theo ham phat phi tuyén tinh [trang 629 ~ tl 5] cho
két qua :
K = [11,80 3,23 1], (7-28)
L

va

= [0,728 1,848 0,493]T (7-29)

O hinh 7.9 la chénh léch bé cha dap dng (véi uy = 0) gdn 6 = 0 va
8 = 0,20 rad vai bé diéu khién tuyén tinh, con & hinh 7.10 c¢d cung diéu
kiéen nhung bd diéu khign 1a phi tuyén tinh nghich dio. Trudng hop (a)
ung véi x, = O va truong hop (b) dng véi %y = 199 (I, = 1. O bo
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didu khién tuyén tinh, dap ung ¢ ddu ra cua hé cd dac tinh voi chac
lugng kém hon do hé s6 momem thay ddi theo gdc qmay, con @ bé diéu
khién phi tuyén tinh nghich dic thi tin hiéu ra khong thay d8i. mac du
h: s mémem thay ddi. [Dung diéu khi€n phi tuyén nghich ddo & hinh
7.10, dip dng cua tin hiéu bac thang & hai muic d0 khac nhau déu khong

khac nhau (30 sanh truimg hop a va b)

aiy : . s 198,25 — - v ke
‘J’ 1 : H —l ﬁ ; : H
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DE cai thién uéc lugng trang thai, thiét k& phi tuyén nghich dao

chinh dinh cho luat diéu khién, tinh d&n sy thay d8i ctia hé sé khuéch
dai déi tuong do thay d6i hé s6 moémem. Két qua la dap dng chung sé
khong phu thude vi trl trong mién thoi gian va tit nhién 1A ham truyén

cia hé kin sé khong thay d8i. D6 chéch cha nhifu moémem cd ton tai

cing khong giy nén sai léech tinh nhu ¢ hinh 7.11. O hinh 7.11a’c¢é dap
Ung diau ra, con hinh 7.11b 12 cic tin hidu nhifu bac thang, nhiéu udc

lugng va tin hiéu diéu khién cia doéng co servo d6i vdi nhiéu bac thang.

0,0.3'—:———'5——"' o T
yoo : |
; | Lo
. |
- : b |
, I I . 1
0,01}- - 1 i RTI i
. ! 1 / )
. I ‘ v‘\_:‘_ !
ol_ v ¢ " T
g 0.5 15 4 4,5 v
, $C¢ xtu™
L e S s S
bt T
[ a- . - : ; : T -
: :[ | ! , : ) NniEd bdc thany
| 5 : i ' - - ar '
S : '_l: SR A ‘I Tt 12 Digy khién
. : . I ) :
. "-'"')‘“[\2" l . : 4 ;
' . ' . ' , !
% < : 1 . : I Y
4 7%} Y L5 2 25 3 i:‘{ LA
\ , sec 1’0_3
b) Hinh 7.11 *

O hinh 7.12 6 dép ung cia hé (theo phan tram thang do) khi thay
dsi tin hiéu dat x4 voi L[, = 1 Khi ting bién d6 tin hiéu dat thi chédt
lugng gidm do thdi gian qua do va lugng gqua diéu chinh ting r6 rét.
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Hinh 7.13

73. TOI UU TAC PONG NHANH

O he t6i uu [19] da dé cAp dén phuong phdp tdng hgp hé nay dua
theo quy dao pha cia nd, & diy sé khao sidt hé t8i wu tidc dong nhanh
theo mot gée d6 khaec d6i véi cdc hé dung dong co servo lam ed céu

chdp hanh, vi du nhu & cdac tay mdy, hodc ¢ cdc may vé.

Diéu khién td6i uu tiec dong nhanh giin doan khd thye hién trong
thye t€ Md rong cia hé téi uu tdc dong nhanh lién tyuc sang cdc bo
diéu khidn gian doan gan t6i uu dugce st dung trong cong nghiép. Trude
tién hay nhic lai cdu tric cta diéu khi€n t6i wu tdc déng nhanh dai vai
déi tugng gém hai khau tich phan.

7-3-1. HE TOI UU TAC PONG NHANH LIEN TUC

O hinh 7.13 6 so dbé ctia hé téi uu tdc dong nhanh véi déi tugng
12 hai khau tich phan duge diéu khién bai khéi bio hoa hay khéi gisi
han. Luat diéu khién t6i uu la ham phi tuyén déi vai khoadng cach va
t6c d6. O hinh 7.13, ham phi tuyén duge mo6 ta bdi f,,(-). Phuong trinh
md ta& hé nhu sau :

y = v; (7-30)
= a sign(fy(yo) - V) (7-31)
1
foye) = sign(y)(2a|y.{)? ; (7-32)
ma Ye = Y4V (7-33)

Dung L 1a dai lugng sai léch vi tri & thai di€m dat tin hiéu vao bac thang
yd(to) :
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L = yalty) ~ yty = ylty. (7-34)

Luat diéu khién duge cho bdi (7-31 dén 7-33) nhu & hinh 7.13. Nhiéu
khong dang k& & qua trinh hay 6 dung cu do cing lam cho diéu khién
co dao dong giva dai ludgng cuc dai vai cuc ti€u. Sai léch 8 mé hinh d6i
tugng cing giy nén dao dong c6 chu ky t4i han (nhdt la khi a khong
tinh ding).

Trong nhiéu trudng hgp diéu khi€n ki€u dong md, vung chét hay tu
tré duge dung dén d& gidm thi€u dao dong.

7.3.2. HE XAP Xi TOI UU TAC PONG NHANH LIEN TUC

Hinh 7.14

Heé x4ap xi t6i wu tac dong nhanh nhu ¢ hinh 7.14. Ham {(-) la x4p
xi hitu han d6 nghiéng cta ham f, () & phuong trinh (7-32). Ham (7-31)
dugc thay thé€ bing ham bdo hoa cing voi tri s5 k, tac nén xdp xi hiu
han d6 nghiéng. Phuong trinh ctia hé nhu sau :
y = v ; (7-35)
v = a satk, (f(y,) -v). (7-36)
Ham f() co dang :
kl/kZ(YC) ’ voi !ycl <%
f(ye) = i (7-37)
Sigﬂ(&’c)[ (23a|yC|> 2 - <1/k2):| , voi |y.| >y

ma a 14 hé s8 hiéu chinh gia téc : 0 < a < 1.

Bing cach hiéu chinh gia téc tif a dén aa, cho phép tuong thich tinh
bdt dinh cia hé s6 gia tdée. Thuc hién (7-37) cho két qua gdn nhu ham
téi uu tic dong nhanh thue f,, véi moét vang dac tinh cd d6 nghiéng
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hiru han tuyén tinh qua gée true cia mat phing pha va hé sd hiéu chinh
gia tic « chinh dinh dugde. Néi cac mién phi tuyén cua f() sao cho f ()
va ' () vlin ]a lién tue, ta cd han ché lién hé cac hé s6 khu&ch da k|
k, vfii kich thudc cia mién tuvén tinh y, béi :

2k, . 4
k, = LY 7 -38)
* . crAa

: (7391
¥ = 5 .
1 kl

i du 7-3 Cho trudc cdc théng s sau déi véi ham () - k, = 10 ; a =
0.8 a = 100.

Theo (7 -38) xdc dinh

20 -
ke = ( 00,12

2 L gog) — 08

Ving tuydn tinh duge xdc dinh bai y, = 0.10 va f() duge xac dinh
bai

D (160.0) [y | o z.u}. véi |y,| > 0.10 [

&g | il
Uf(e) B
40— - » Jf“_.i
e 1— = }',‘4" -
P D A
L
-zg | ‘:/ . —_——
q k==
&g g + ol
o ; | e
-84 | -
-12 5 a 5 Ta
&)
Hinh 7.15

Ham trén vai hai mién tri s0 khac nhau eda y(e) nhu & hinh 715
Dutng nét dam ing voi f, con dudng diil nét la ham x4dp xi. Bang cich
x4p xi thii gian xdc dinh vi tri 1a thoi gian d€ sai s6 vé vi tri nam
trong mién tuyén tinh, cd thé xic dinh 46 tang theo phdn tram P cia
thoi gian ddp dng cta hé xdp xi téi uu :
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2

\
P khéong phu thuéc vao bién d6 tin hiéu vao (sai léch vi tri L) nhung
sai léch vi tri phai 16n hon ving tuyén tinh y,. Thuc t& la ving tuyén
. 1
tinh y, = I khong phai dugc chon tu do ma lién quan dén khoang cdch
1
ma cd cdu chidp hanh trong thuc t€ chuyén dong mot cach t6i uvu tic
dong nhanh vdi dai théong tdn mong muén. Mac dau nhitng tri s6
hgp ly cia o la a6[0.65 0.901 nhung st phu thuéc cia P vao a nhu
& hinh 7-16.

Tt hinh vé thdy ring hé xdp xi t6i uvu tic déng nhanh dung f()

1 1
P = IOO%I— {J—T— 1 . (7-40)

xdc dinh & vi du 7-3 chuyén dong cham hon hé t6i wu tiac déng nhanh

xdp xi 6%.
25 4
P
20 \ 3
1) \_\ - i -
70 I do ..
5
'\
~Joass
10
05 0.6 07 08 09

Hinh 7.16

M6 phong ciia bs diéu khién cd thdi gian cuc ti€u (dudng 1) va heé
x4p xi t6i wu tdc déng nhanh (duong 2) khi da biét a cia d8i tugng nhu
& hinh 7.17. Dé&i véi truong hop trém, hé xdp xi t6i wu tdc dong nhanh
cham hon d6 1,3% nhung hanh trang ctia hé trong qui trinh didu khién
tét hon. Cdn ndéi thém ring hé xdp xi t6i wu tic dong nhanh o6 tinh
bén ving t6t hon khi ¢6 su bién d8i nhé cua a, khi ¢6 nhidu do ludng,

nhiéu tdc dong vao d6i tugng.
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7.3.3. HE XAP Xi TOl UU TAC DONG NHANH GIAN POAN

O hinh 7.18 1a so dé khéi cd bo chuyén ddi khda A/D hay bo lay
mau va duy tri bac khong. Nhu d hé lién tue, trang thai duge chon la
vi tri va toc do. Gia thiét 1a do tré khong diang k& ta <6 cde phuong
trinh sau :

(7-41)

Hinh 7.17

Luat diéu khién la gidn doan ldy tit luat didu khién hé xdp xi téi

tu tAc dong nhanh voli mot vai difu kign khae coa ham [0



u(k) = sark, {f(y-i,(k)"] - v(k)} . (7-43)
ma dinh nghia coa v, cung Ja cia tru’fJnrg hup lién tuc
Lugng tir hda @ cdc bd chuyén dai A/D va D/A xem nhu khéng ding
k€ va ddu ra uik) 14 ddu vao cla ddi tugng thong qua bd chuyén déi
khéa A c6 cung ham trong luong vai bo duy tri bac khong.
Hinh 7.18 thé€ hién hoan toan gidng nhu hé xdp xi tAi uu tac dong
nhanh vdi héi tiép c¢d bo ldy mau va duy tri biac khéng.

'ﬂ_u" ’»-5'1 Irti")l__- _.,,t—”h
L

T"l|

J

|
1A S
/o
yrk) -
- R —E‘/D ,1‘ —
Hinh 7.1B

Vi du 7-4 Ap dung hé xip xl t8i uvu tac déng nhanh cho cd ciu chip
hanh diéu khifn vi tri gdc quay & vi du 7-2. Gia thi€t hé s6 momen K
la hdng vai trl s6 dinh muc Ky, khong phai la ham cua goc quay ¢,
va hé s6 ma sat K; = 0 Thay thé hé s6 k/k, d hinh 7.8 bang ham
phi tuyén f{) va KA = 1 Vay hé s6 gia téc cia co cdu chdp hanh la -

K, (0.0)
o = 3 = 25000

—
90' ;'dtv;g ff& =y
> fuyen finh — % >

FG.C

Ud’ 5
- . thor
\* o w voc ligrg | T
% 7 trang tha |
i £ j”f
Hinh 7,189



D6 du triv cia diéu khign cuz trang thar bac hoa duge chon bai hé
s6 higéu chinh gia téc « bang 0,84, vi tri s8 thip nhat ma K, bdo dam
la 16% nhé hon dinh muc @ vi tr1 cudi cung cia A Nhu vay, dung k.
ti didu kisén

oa

Bi€u thde (7-44) cing co thé dude dung nhu gitgi han tinh toan theo
ham phat phi tuyén [5] d€ c¢d tri sé t6t nhdt k, vA cac hé s6 udc lugng :
K = [11,80 3.3523 1] ;
va L =[07280 1848 0,4933]1'
Ham diéu khién téc dd bang :
35200y, . . ... L vai Iy,__li- 0,0847 ;
f(ye) = | (7-45)
sign(y,) [ (4.2 v.| )i - 0,2983] , véi |y.| > 0847

duge dung a hinh 7.19

20— T ca B o - a r :
: i i . t ' 4 : ‘
¥ ' : 1 i : : ' : ‘
) Leas : ': i ! ;i :
| : 1 ! ' 4 ' :
ngl.—, .,-u:v * < i ¥ L ‘,,n-l' 2
' Woicie L& Lo g S . ;
L= e L= log. T 2 )
| b . r ' : :
B A e PR R B CEER ._.‘L_...-a.-.._.
:

& L |

g2

N )

T bt ' o : ; ;
S T L N G
621 g T'"'".""" l.-_-r ; :
||I ; ¥ ; 4{‘ i
- T T T |
'If NN T S SR A T
D o . B e L
. ia " g ' 3
it o o ! * { . !
i N B B | L sec
a . i . P i i 5 i

g o0gr 0002 0003 000+ Qoo 2008 a.z;a! a.vlﬂa a.:;a? aa
Hinh 7.20
O hinh 720 cd dap ing cta hé xdp xi t6i vu tic dong nhanh voi
nhing dai lugng khac nhau cia L : Néu so sanh vai didu khién tuyén
tinh nhu & hinh 7.12 thi diéu khién phi tuyén tinh cho chat luong tét
hon : diéu khién gin cue tidu
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Phin B
HE NGAU NHIEN

Chuong 8
KHAI NIEM CHUNG

8-1 TINH CHAT CHUNG CUA TIN HIEU NGAU NHIEN
TRONG CAC HE DIEU KHIEN

Cho dén nay, moi tin hi¢u tic déng vao hé thong déu duov
xem la #én dinh, Jduoc mo ta bdng nhomg ham cho Huoc  theo  thor
gian. Trong thuc 6 con gap nhung tc dong mang tmh chit ngdu
nhieén khong xac dinh truoe dugc. Nhimg tac déng nhu vay nhe phu
tar ¢ cac hé nang luong 1¢ thuoc vao cac ho Heéu tha ¢é tinh (hat ngu
nhién. Tac déng cha gié vao mdy bay lam viée g ché do tr dong cing
mang tinh ngau nhién. O cac h¢ kinh t& tac dong cua nhu can thi truong
la ngdu nhiéen.

Tac dong ngdu nhién ¢6 thé ¢6 ich hodc khéng mong mudn. O ca
hé tuy dong cua rada, tac dong ¢ ddu vio ctia né mang tinh chat ngau
nhién la do tinh ngdu nhién cua tin hidu 6 ich (xac dinh vi tri cua mac
tidu) ciing nhu thanh phin ¢6 hai cta nhidu (ké ca nhidu tich cud).

’

Trong h¢ didu chinh kin nhe ¢ hinh 81, fin hieu nhiéu f), -
cing nhu sy thay déi thong <5 cda ho  didu  chinh (BDPC) 8K, va cua
dai tuong didu chinh (PTDC) 8K, déu la dai lugng mngau nhién
khong theé mo ta bang cac ham xac dinh theo t.

Dé khao sat cac hé co nhidu ngau nhién tac déng, vé nguvén tac ¢o
thé dua vao chénh [&ch ca dai luong duge diéu chinh so v@i tri <6 da
cho trong truong hop xau nhat, nghia la trong truong hop nhiéu cuce da
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Tuy nhién xic sudt xuat hién nhidu cuc dai khong lon nén nhu vay la
ta da dit ra nhirng diéu kien quad khac nghiét hon thuc t&€ Cho nén
nhiing phuong phip tinh dén ban chit cd tinh théng ké cia nhiéu dac
trung cho hanh trang trung binh cia hé khi ¢ nhiéu tac dong la phuong
phdp din dén két qua tét nhdt va dé thue hién nhit.

[ LT A A
' |

- -

%J‘ggc}%; PTAC |—o >
L _ L |
T

Hinh d.1

Qud trinh ngdu nhién la qui trinh co dang cu th€ nhung khéng xdc
dinh trude duge. DE khao sdat hé khi ¢ tiac dong ngdu nhién, nguoi ta
khio sat mot tap hop duge ghi lai cla méi tac dong dudi dang ham cta
thoi gian trong thoi khoang 2T goi 1a tdp hop cdc thuc hién ciua tic dong
ngiu nhién. Tap hop cla cac thue hién dy mé td quan hé trung binh cd
tinh théng ké nao d6 dic trung cho mot ham ngiu nhién ma ban than
mo6i quan hé lai la nhitng méi quan hé khong ngiu nhién.

Co hai phuong phip mé ta cac tin hiéu ngiu nhién :

1- Phuong phap ldy trung binh theo tap hop cd s6 trén viéc khao
siat déng thai sy phan b6 khiac nhau cba cic dai luong ngiu nhién trong
nhitng khoing thoi gian nhit dinh. Trong truong hop nay tap hop cua
cic qua trinh duge dac trung bdi dai lugng trung binh theo tap hgp co
thé la nhilng ham theo thai gian.

2- Phuong phdp ldy trung binh theo thoi gian co sd trén viéc XAc
dinh nhing dang khic nhau cia cac dai lugng thémw< ké trung binh, dé
cd duge uwdce lugng clia cac ham tuong quan va mat dé phan b6 caa qua
trizh theo mét thyc hién trong mat thoi gian tuong d6i dai. Déi voi heé
tuyén tinh, cdc phudng phdp 1dy trung binh theo thsi gian thuong dugc
dang hon, cdn & hé phi tuyén thi phé cap cic phuong phap ldy trung
binh theo tap hop.

Viéc phat tri€n cdc phuong phap xdc sudt va thdng ké cing nhu ung
dung cta ching vao ly thuyét diéu khi€n dugc thé hién 3§ cdc cong trinh
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ena Kolmagorov A. N.. Pugatchev B. V., Solodovnicov v.v., Kazakov 1. E.
v.v.. @ Lién X6 ed, Winer N. ¢ My, Pelegrena A. M. ¢ Phap v.v..

Dé gidn don, ta ky hiéu mét qua trinh ngiu nhién cling nhu thuc
hién cua qua trinh dy la x(t). Xac sudt d€ ham x(t) nhan dugc & thoi
di€m c6 dinh t; nhing gid tri nam trong khodng (x, x + dx) phu thude
vao gid tri cua x, thoi di€ém da cho t; va ty lé vdi dx bang :

pi(x, t)dx.

Xae sudt d€ ham x(t) nhan duge 6 thai di€m t; nhung gia tri nidm
trong khodng (x,, x, +dx), con & thoi di€m t, nhiing gia tri nam trong
khoang (x,, x, + dx,) phu thudc 8 cdc gid tri x; va x, cac thoi di€m
t, t, va ty 1& vdi dx,, dx, bang :

p(xy, t) 5 Xs, t)dxdx,.

Cac ham p;(x, t)), py(x;, t; ; x, t;) Ja mat do phan b6 don va kép
cia qua trinh ngiu nhién x(t). Biang cich tudng tu nhu th€ cd thé xac
dinh mat d6 phan bd bac cao hon. Bac cang cao cho phép khao sdt qua
trinh ngiu nhién cang chi ti€t han. Tuy nhién trong thyc t& chi gigi han
& mat do6 phan bd biac mét va hai vi mat d6 phan bd xac sudt bac cao
hon phu thuéc vao hai dang mat d6 phan bé co ban nay.

Néu mat do phan bé xdc sudt khong phu thude vao viéc chon thai
diém t, thi qua trinh ngdu nhién nhu vay 1a qud frinh ngdu nhién ditng.
Qua trinh ngdu nhién ding cé tinh chidt 14 dac tinh cia né khéng phu
thude vao viéc chon géc toa do hay thai difm quan sat. Vi qud trinh
ngidu nhién ding, xdc sudt dé x nam trong khodng (x, x + dx) bing :

p;(x)dx,

Con xdc sudt ma hai tri s6 cda x ndm trong khoang (x,, x;, + dx;)

va (x,, X, + dx,) bang :
pa(xy, Xp, Ddxdx,, 7 = ¢ - t,.

Qua trinh ma trung binh theo thdi gian va trung binh theo tap hop
nhu nhau goi la qud trinh écgédic.

Mac dit trong thuc t& cic qud trinh ngAu nhién déu khong ding
nhung khi khio sat cic hé diéu khién, d&€ gidn don, gia thiét rang ‘rong
thoi gian khao sit, dac tinh théng ké cua tin hiéu khéng thay d&i va

xem nhu qua trinh ngAu nhién la ding
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Vé co ban ta quan tim dén cic qua trinh cudng bde, chinh xdc hon
la qua trinh xac 14p do cic tic dung ngiu nhién ding gay nén. Ciac qua
trinh xac lap nay cing la qud trinh ngiu nhién nhung ndi chung con co
nhitng dac tinh théng ké khac.

Céac phuong phdap mé td ham ngiu nhién theo thai gian déu cd dé
cip dén d chuong trinh todn hoc. Qua trinh ngiu nhién vi cdc dac tinh
théng ké cta tin hiéu ngiu nhién va phuong phap nhan dang chung co
dé cap & [15, 18). O day chi gidi han 8 viéc khao sat cic phuong phdp
toan hoc khic nhau dé€ mé td nhiung tin hiéu dic trung mang tinh chat
ngiu nhién.

Dac trung cho tin hidu x, ta dang cac ham saw : mat d6 phan bé

don p;(x), ham tuong quan theo tap hop K, (7) hay theo thoi gian R,(7)
va mat do6 phd S, (@)

8.2. Vi DU VE TIN HIEU -NGAU NHIEN VA DAC TINH
THONG KE CUA CHUNG

$.2.1. TIN HIEU HINH SIN VOI PHA NGAU NHIEN

x = X sin(wpt + @) (8-1)
ma pha @ cia tin hiéu ¢ phan bs déu :

1
— v6i 0 € a < 27,
pi(a) = 2 (8-2)
0 vl a > 2.

Theo d6 thi & hinh 8- 2a, xac sudt dé x nAdm trong khoang dx la :

duw,t

pdx = —— - (8-3)
Tt (8- 1) ta cd :

wet = arcsin [i’;w]— . (8-4)

Sau khi l4y tich phan (8-4) va dua vao (8-3), ta ¢d mat do phan bé
theo x :

1
px) = —— - (8-5)

n‘Jsz —x?
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Ham tuong quan theo thoi gian duge xac dinh theo tich phan -
1 T
R(1 = lim o J X sin (’w,-,t + a) sin[m”(t. +17)+ af] df =
_"I' ¢

xﬂ:} (8-6)
= —— coswyl .

2

R,(7) khong phu thudc dai lugng ngau nhién = nén trung binh theo
tip hop cia nd khong thay déi. Ham tuong quan theo tap hop K (1) dai
vlii phan bd « da cho tring hgp vai ham tuong quan theo thai gian R (7),
cho nén tin hidu diung duge khioc sit ndi trén la écgadic.

glj.*' & .*, 4' % g)

Hinh B.2

Dé xdc dinh mat do phan bo, ta tim bién déi Fourier cua R (D)

= X ) G S-S
Xy _ m —_— . T =g T 5
Slw) = J- ‘—I Cus, L e M = — I [e Yt e = (8=
2 4
i =
x
vi fe_'””dr = 218w nén (8- 7) cd dang :
=®=



(.n:}{;“ |
o

o

{&-8]

! [(S[w +w,) + Sw = wn}]

Sle) =

]

Dé thi pi(x), R va S,w) nhu & hinh 82h. ¢, d tuong wng

NGAU NHIEN t,
Xung x = a{l:_l. —ty) - Lt =T, - tn)}

cd ludt phadn bd déu vai thoi diém t, trong khodng —T <t < T - T, . nghia

(8-0)

la :
piity) = 142T - T, (8-10
Mat do phan bd p,(x) chi khdac 0 ¢ hai difm vai x = 0 va x =a .

Ty Ty _
p(x) = (l_ﬁ)"("}*?ﬁ?‘”“_a) : (8-11)
xic suat cia x # 0 va x = a la mat

nhu & hinh 83b vai T, << T,
dai lugng rat bé Ty2T =& tién dén bang 0 khn T — =

Hinh B.3
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D€ xiac dinh ham tuong quan ding phuong phap liy trung binh theo
thai gian trong khoang tit -T dén +T cua tich x(t)x(t +7) nhu § hinh
8.3a. Tich nay chi khac 0 khi |7|<T,.

al 2ATo= | 7] khi 7] < Ty
= — + = — —
R(®) 2”1‘_."(“‘)"(t Ddt =57 10 khi || > T, (8-12)
Bién d6i thanh Fourier cua (8-12) :
Sty a’T? STy wTy\? -1
@ = oy | / 2

Tu cde bi€u thde (8-11), (8-12) va (8—1‘3) thdy ring, dai luong ngiu
nhién t, khong cé & day, nhu vay cac ham p,(x), R(T) v S () la cac
ham khéng ngiu nhién ctia tin hiéu ngiu nhién.

8.2.3. XUNG LY TUONG

1
Trong trudng hgp trén, néu a = T, khi T, — 0, ta cd xung don vi
0
tac dong vao thoi diém ngau nhién t, :
x = 8t -ty (8-14)
Khi T, — 0, tu (8-12) va (8-13) ta co :
1
( = — -
R(1) oT (1) , (8-15)
. 1
Sx(w) = ﬁ . (8-16)
R(T) AS, (w)
=
7 2r
379
T w
— ..._._._.__.___ﬁ
a) 5)
Hinh 6.4

D6 thi Ry(z) va S(w) nhu & hinh 84a, b tuong ing, vi mat do phé
khong phu thuéc tdn s6 nén tin hiéu nhu vay tuong Wng véi on tring
ma nang luong duge phan bé déu cho moi tan sb.
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8.2.4. ON TRANG LUONG TRI NGAU NHIEN GIA

Tin hitu 6n tring thuong dung trong nghién citu hé ngiu nhién. Viéc
tao nén ngudn tin hiéu nhu vay ¢d nhidu han ché. Ngudn tin hiéu tién
dinh Iugng tri dude thuc hién don gidn nhung vé tinh chat lai rdt gan
vidi tin hidu &n trang luimg tri. Nhing mady phat tin hiéu nhu vay lam
viée theo mach vong ghi quay voi khau cong theo modun 2 nhu & hinh
85a edc 6 : 1, 2,.. k.., n la phan to ghi quay duue ghi 0 hay 1 va sau
mdi nhip Ty, tel w6 ghi d 6 i duoe chuyén sang o (1 + 10

A e et -~ :
= J -4 - _‘I
A +
5‘) — -— — — _\\‘+ N e __j
2
| [ I N .1 o
[rang thge & tho Ll i,
s | | | 1=K [ I T -I
) Lo 0 213 4 5'e &5
—_ 1 i u i ! ol 1 | a oo
"~ i g d -
S 2 b a I 1 1 u ; | o
o . | . -
| £ § ¢+ 1 ) glaoie p
I .‘;:_ ._ = ] 1 -
7 L ‘ 2,06 0 1 6| g0
o 1 | | B | | !
AX
4
= a i = e
-_— et S s s = - - .
—_— d i . 1 Y — _{_,,..
> - -
iﬂ? A <y _"'u iy <y ,u':, prifes 6?‘;
; |—5" L _____ — _J
) |
Hinh 8.5

Mach vong duge khép kin d bo cong theo mod 2 va ghi "0" néu 6
k va n cd cung gida tri (0 va O hay 1 va 1r ; ghi "I" néu o k va n co
gia tri khac nhau (0 va 1 hav 1 v O Jdau ra, o bé bién dai tuyén
tinh R kigdu rule hai vi too o bidn dai tin hieu vao y theo quy luat

x = 2y - 1.



Hay khao sat truong hdp gidn don : n = 3 va k = 2. Gia s lac
dau cdc & déu ghi trang thdai 1, 6 6 cong sé thuc hién phép ciéng mod
2 va ghi 0. Sau nhip T, s6 0 dudc chuyén vao 6 1 con d 6 céng mod
2 lai xudt hién s6 0 nhu 14 téng cha hai s6 1 ghi d 8 2 va 6 3. Cu
th€, sau méi nhip T, cdc 6 nhd ghi tri s6 mdi va & 6 1 xudt hién két
qua cong mod 2 cta cdc tri s6 ghi 6 2 va 6 3. O bang ghi (hinh 8-5b)
6 chc tri s6 dudc ghi & cac 6 1, 2, 3 va 2.4 cic thdi diEém 0, T,
2T,, 3T,.. Theo bang ghi va hinh 85c ta thdy rang, sau thoi gian 7T,
thi qua trinh lap lai.

Chu ky T ctia cdc xung ndi tiép dugc xac dinh béi :

T = NT, =T, @' - 1) (8-17)
v3i n la s6 lugng cic 6 nhd.

S6 lugng & nhd cang 16n, chu ky cing tang va tin hiéu x cang gan

vl 6n trang ludng tri. O vi du trén ¢

Khi n=23tacs T = Ty2-1) = 7T,
n = 4 T = Ty2*-1) = 15T,
n =5 T = T,2-1) = 31T,
n =6 T = Ty2°-1) = 63T,
n =7 T = Ty2'-1) = 1257,

Trong mét chu ky, s6 luong xung duong bing :
n, = (N + 1)/2 ; con xung am : n_ = (N - 1)/2.
Do do tri sd trung binh la :
T n, —n_ a

1
T{ x(tydt = ————a = - (8 -18)

Ham tuong quan cua tin hiéu ludng tri ngdu nhiéen giA co dang
nhing xung tam giac déi xing qua truc tung cdch nhau mot chu ky T
nhu & hinh 8.6a.

Trong khodng |7| < T/2 :
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1. )
i“ﬁ){‘"ﬁrﬂ)_ﬁ
Bftyal voi ‘Ti“| €13 (8-19)
1 r,_ N
__I'\I voi 1< |:[Tl']|<?

Sau khi phan tich thanh chudi Fourier theo kw, voi w; = 21/T ta cg .

ul | k .
R (D = C;J « =1+ [ 1 +—] 2 {c;m——fﬂ ) CUbk&JU‘[ (8 -20)
A R ()
= -7 = - g't |

i, i \_'_?_: —a-| 3 "-)‘5
N A S, ()
-]\'\'\ _FELSE N el
| e
=T I | ya i 12 I "TTI]T:-E.-___*.;:.
&) fey i
Hinh B.8

Sau khi xac dinh mat do phd cua mai thanh phan cda ham Lwung
quan, k& ci thanh phan khong déi ta cd .

q( -E: ,‘1+ { u.l[“ iy, :1‘ 1 ]. \ y 8 ,)1)
o) = s S ST ad == 1) —
e N I { N ) [ sin 3 / > ) (0r) ( N :{ IR
o ‘)
trong do 1w = E Mw — kw) ; I:I;{ =T,
e UJ"
i{_hl. N = Tr"T” e e ] ]. :
b a‘IT“ ] wly T 1, 1
‘ 1 (w) — cS(m}J- . (8-22)

S lw} = T l Em—-/ 2
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Biéu thuc (8-22) la phé gian doan clda cong suat vdi dudng bao nhu
mat dé phd cda xung dun vi, d0 rong Ty va «, = 22/NT,), vidi dai thong
tin tudng ing wvii thanh phan khong dai (khi k = 0 hai ham 4 trong
diu ém bu cho nhau) ; khi T < 1 mat do phé cda tin hidu nhu viy
vdi dn chinh xac can thigt (3% tuong duong vai on tring.

8.3. THOI GIAN TUONG QUAN TRUNG BINH VA DAl TAN
TRUNG BINH CUA TiN HIEU NGAU NHIEN

D6l voi nhung dac tinh gAn dung ecta tin hidu ngau nhién, dai khi
diung dac tinh tuong duong dang chu nhat dé xic dinh gian dang ham
tuong quan va mat da phd O trudng hop dy. trong khoang |®] =y,
Rgyn = R0 va khi |1] >7, ., Rym = 0 tuong tu nhu viy dé voi
mét do phé . Slw) = S0 khi |w|<w, va S w) = 0 khi
|w | > w,. Dai lwong 7, w, thé bigu thi qua tri s6 da bist R va SO

P
R0y = 9 x.[xsm(wldeS{U) % % (8=20
S101 = [ Rymydr= R() 21, . (8-24
AR T) AS, (e}

Hinh B.7

T cac bidu thie teén ta ed
T, = S()2R000 (8 -25
wyy = aRIOVS(0), (8 -260
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véi Tywy = 7/2 = const. (8-27)

Tu (8-27) thdy ring, néu ham tuong quan cang réng va thoai thoai
thi nguge lai dudng cong cia mat do ph8 cang hep va cang nhon (va
ngudc lai).

Dé la mdi quan hé tuong hd gita ciac dudng cong theo bién d6i thuan
va nghich cta Fourier. Truang hop diac trung nhu ¢ hinh 8.4.

Vi du 8-1 Xac dinh w, va 7; cia tin hiéu x(t)

c6 R(1) = ae *I7}
2ca
Sfw) = =
X & + wt

9
Trong trusng hop nay R(0) = a va S(0) = — . Theo (8-25) va 8-26):

1 R
T, = ; vawy = na/2. D6 thi R(T), Ry(® va S,(w), Sy(») nhu & hinh

8.4. HAM TUONG QUAN TUONG HO VA MAT PO PHO
CUA TIN HIEU NGAU NHIEN

Khi ¢d hai hay nhiéu tin hiéu ngiu nhién, can biét méi quan hé lan
nhau gilta ching. DS a4 mat dé phan b6 hén hop p,, = px), t; ; y,
t;), ham tuong quan tuong hé ny(t) va mat do phé“tuong quan tuong
hd 8,(w).

Né&u ham tuong quan tuong hé cia hai tin hiéu ngiu nhién bang O,
cac tin hiéu dy khéong tudng quan nhau. Mdc d6 khéng tuong quan cua
tin hidu la chi s6 vé su khac nhau cua ban chdt sy xuit hién va thudng

ching minh cho su déc lap theo tinh théng ké thé hién nhu sau :
paAxy, t; 5 ya t) = px), ty) py(yz, t). (8-28)
v8i tin hiéu ngiu nhién diung :
X = x(t) 5y, =yt + 0. (3-29)

Ham tuong quan tuong hé xic dinh theo trung binh tap hgp theo
mat ¢4 phan b6 hén hgp cd dang :
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Ky@ = I dxlI X1y2P2(X1 5 ¥2) dyz - (8-30)

Ham tugng quan tuong hé xdc dinh theo trung binh theo thai gian
déi véi cdc tin hiéu ngiu nhién ding %, y 1a :
-

m 1 x(tyy(t + D) dt . (8-31)

R,®m =1
’ T 2T 4

i
Déi v8i cae qua trinh écgodic, (8-30) va (8-31) cho cing ké&t qua :
R (1) = Ky
Vi du 82 Tin hieu ngiu nhién dung x(t) cla qua trinh écgodic duge ghi
trén bang tit vd dugc phuc héi lai sau thdi gian t;. Tin hiéu phuc héi
dy la y(t) = x(t - t)). Hay khdo sat mot vai tinh chit cua ham tuong
quan tudng hd cda cdc tin hidu x(t) va y(t).
Theo (8-31) :

T
Ry = lim % Xyt +T—t)dt=RT—t) . (8-32)
T— -T

x

Ham tuong quan tuong hd cing la ham tu tuong quan duge dich
sang phai mét dai lugng t;. Vi ham ty tuong quan co cuc dai & gbc truc,
ham tuong quan tuong hé cd cuc dai 6 T = t,.

Né&u thay d8i vi tri cac ham x va y, ta co :

1
RD = Tle 5T x(t—ty) x (t+7)dt =
=° -T
LT
= lim ST x(t) x(t + 7+ ty)dt = R(T + t) = R (-7) (8-83)
T “p ' o
Ham tuong quan tuong hé R, (7) 14 ham ty tuong quan duge dich
sang trai moét dai luong t, va cuc dai cia no 6 T = -t,. Nhu vay :
Ry(@® # Ry(®.
Mat d6 phé cia ching tuong dng vdi :
Syliw) = e 1?0 S(w) ;
_ . (8 -34)
Sny‘U) = &0 S (w)
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Vi du 8-3 Khao sat hai tin hidu didu hda v6i gia tri ban ddu cia pha
12 ngAu nhién vdi cac tdn s8 khac nhau

x = X sinlot + ),
y = Y sinlw,t + f).
Theo (8-31) ta cd :
R = Ry =0,
Sylw) = Su(w) = 0.
Didu 4y c6 nghia 1a hai tin hiéu hinh sin véi tdn s8 khac nhau
khéong tuong quan nhau.

Né&u bift ham tuong quan tuong hdé va ham tu tuong quan cua hai
tin hiéu x va y, cd thé xac dinh dugc ham tuong quan cia téng hay
hiéu cdia cdc tin hiéu ay.

Néu : z(t) = x(t} = y(t). (8 —35)
thi sau mot vai bién ddi ta cd
R@®m = R® + R}.(l') + Ry(@ * R,(D ; (8 -36)

S,(w) = Sgw) + Syw) * Sy(w) + S,(w)

= S + Syw) = 2RS(w) (8 -37)

8.5. DUNG MAY TINH PE PHAN TiCH TIN HIEU VA XU
LY SO LIEU

Phan tich Fourier 1A t6i cdn trong viéc phan tich tin hiéu vi nd cd
thé bién tin hiéu bat ky thanh tin hiéu diéu hoa vai tdn sé khac nhau.
Véi vécto cua s6 lidu ldy mdau, phan tich Fourier ¢d dudc bing cich dung
bién déi Fourier gian doan (DFT).

Bién d6i Fourier nhanh (FFT) la angorit hiéu dung dé tinh moét chuéi
bién d8i Fourier gidn doan khong phai lA nhing bign d8i riéng biét, dac
biét c¢d ich & cac qua trinh dung tin hiéu va hinh anh, khi dung dén loc,
chap, phan tich tdn, uéc lugng phs..

Cic ham MATLAB dung cho phép bién d6i Fourier cho 4 Phu lue
D-3.

Vi du cin tim & tin hiéu y nao dJ theo thdi gian nhing thanh phan
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o6 tin s5 nhit dinh da bi nhifu che khuat (vi du f, = 50 Hz va f, = 120
Hz, nhiéu 14 ngiu nhién ¢ ky vong toan bing 0).
Trong truong hgp 4y ta dung chuong trinh sau :
>> 1£=0:0.001:0.6;
>> x=sin(2°pi 50"t)+sin(2 pi*120°t);
>> y=x+ 2"randn(], length(t));
>> plot(y(1:50))

] L ] 1 |

10 20 30 40 50

Hinh 8.8

Theo hinh 8.8 rdt khd nhdn ra duge nhitng thanh phdn cd tdn sd
néi trén theo tin hidu nay. Chuyén d8i sang mién tidn sd bing cach dung
bién d3i Fourier gidn doan tin hiéu ¢ nhidu y vdi 512 di€m cua bién
ddi Fourier nhanh :

>> Y=fft(y, 512);

>> Pyy=Y."conj(¥)/512;
>> =1000°(0:255)/512;
>> plot(f,Pyy(1:256))

Mat do phd, thudc do cia nang lugng tin hidu & nhitng tan s8 khac
nhas dugec mé td nhu & hinh 8.9.
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Vi du 8-4 Khi phan tich vé

sy thay déi cua tic déng I
nhing vét den 8 Mat Troi, 70 ¢ 1
ngudi ta da di dén ket luan |
1A tic déng dy cd chu ky la
11 nam. Hiy dung nhing s6 50 ¢
liéu dy (s6 litu Wolfer) cta il )
cic nha thién van hoc trong
300 nam d& rut ra két luan 0
nay. 20 +

>> load sunspot . dat 19

>> year=sunspot (:,1);

>> wolfer=sunspot (;,2); 00 mlo 200 300 400 500

>> plot(year,wolfer)

. Hinh 8.9.
>> title(’So lieu vet

o mat troi’)
56 héu vér o Mat troi
200 T ” R

150

| .
ALl

1700 1800 1900 2000

Hinh 8.10

S6 lieu Wolfer da dudc nap s&n va dugc vé nhu 38 hinh 8.10.

Bay gis dung phép bi&n d6i Fourier nhanh (FFT) déi vai s lieu Wolfer
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vA vé dic tinh cia coéng suat phu thudc tin s8 theo chuodng trinh duéi
day ; O hinh 811 1a bi€u d6 mo6 tA chu ky vét Mat Troi

707 Chu ky vé} Mgt tror r1a”
2 : \ .
2 } i ; : ) g : : !
| | ‘ 1 : i ! 1] '
V! ' i . I v : ' |
iy ' ! ! ! : | i !
. I { ' | i | L | i ,
T | ' 1 ! 1
1S [mm o oplemmme- bemeas e e . 3o —mem Fosmn e
A | | : :
1 ! ] | ' 1 ‘I |
! ' . ! . : ! '
L 9 | | |
T N T NS | T N
! : ; D ! '
! L} 1] lu 1] :
i ; | = 5 I
- ' : ’ : !
0,5 |1—--~ E"""*"----%---“ ______ L e
| ] . :
, i | :
| |
% : |
AAL: Aol Lo
0 0J 0,2 a3

20 Ja 40

Chu ky /ndm Chu ki ( Nom [/ chu k)

Hinh 8.1 Hinh 8.12

>> Y=fft (wo lfer);

>> N=length(Y);

>> Y()=[];

>> power=abs(Y(1:N/2))/\2;

>> nyquist=1/2;

>> freq=(1:N/2)/(N/2)"nyquist;

>> plot(freq, power), grid on

>> xlabel ('Chu ky/mam’)

>> title CChu ky vet Mat Troi’)

DE thuan tién hon, dung s6 lugng niam/chu ky va md tid nang

ldugng/chu ky nhu & hinh 8.12.

>> period=1/freq ;

>> plot (period,power),

>> axis ([0 40 0 2e7]), grid on

>> xlabel ("Chu ky (Nam/Chu ky)’)
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>> ylabel (’Nang luong’)
Dé xdc dinh chu ky mot cich chinh xac, ding lénh :
>> [mp index] = max (power) ;
>> period (index)
ans =

11.0769

BAI TAP CHUONG 8

Bai tip 8—-1 Tim mat d6 phd cta tdng hai tin hiéu dich nhau mét dai
luong to(x (t) va y(t) = x (t + ty)) néu bist S (w).
Ddp dan :
Theo (8-37) va tinh dén (8 -34) ta c¢d duge :
o I?l & o0ty

S,() = 25,(w) [ 1+ 5

] = 2Sx(cu)[1 + coswt(,]

Bai tgp 8-2 Tim ham tuong quan cia téng hai tin hiéu khéng tuong quan
nhau x(t) = acos(wyt + «) va y(t) véi ham tuong quan Ry(t) =
ble P71
Ddp dn :
Theo (8-36) va tinh dén (8-6) ta cd dudc :
2

R = R,m + Ry(l') = %cosa)ur + bZBl7I

T bi€u thdc nay ta thdy, khi T ting, thanh phadn thd hai gidm con
bién d6 dao dong cua thanh phan thd nhit khéng d8i. Néu x(t) 1a tin
hiéu e¢6 ich cdn y(t) 1A nhiéu, ¢ thé thiy ridng bang cich thay d8i ham
tuong quan cua tng Z v4i T 16n cd th€ lam xudt hién tin hiéu cd ich
X trén nén cta nhidu ¢ cuong d6 lon y.

Bai 1gp 8-3 Xac dinh phé cia mét chubi 512 diEm ldy trong 2,56 sec
td ham :

y = 0,2cos(2xft) + 0,35sin(2fz,t) + 0,3sin(27fst) + nhiéu ngdu nhién

vai f; = 20 Hz, f, = 50 Hz va f; = 70 Hz. Nhiéu ngiu nhién cé phan
b6 chuln vdi d6 léch chudn 0,5 va tri sd trung binh bang 0.
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fuip dn
=> =20 f,=50; f;=70: nt=512; T=2;, dt=T/nt; df=1/T,
>> fmax=(nt/2)'df: t=0:dt:nt'dt; tt=0:dt/25:nt"dt/50;
>> y=02%0s(2"pi" ")+ 0.35 sin(2 pi"F2711+ 0.3 5in(2 pi " 137t
>> yy=02"cosi2'pi" 0'tt1+ 0.35"sin(2"pi " 12 to+ 0.3 sini 2" pi 3" tt);
> > y=y+ 0.5 randn(size(t)); yy=yy+ 05 randnisize(tt)},
>> {=0:df-(nt/2-1}"df;
> > figurelly,
> > subplot(211), plotitt yy}
>> axis ([0 0.04 - 3 3D
>> xlabel(’thoi gian sec’); ylabeli'y’)
> yi={ftiv); yp=zerostl.(nt/21);
>> yp(l:nt/2)=(2/nt) yfil:nt/2);
>> subplot(212), plotifabs{yph
>> axis ([0 fmax 0 0.5]D
>> xlabel(’tan so Hz'): vlabel ('tri tuyet doi (DFT)');

O hinh 8 13b, cac tan sa 20, 50 va 70 Hz da duge lam ra, mac dau
co nhiéu ngAu nhién, kbac voi tin hiéu gic & hinh 8 13a
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Bai tip 8 -4 Xac dinh DFT cua mét chuim gom 64 digm da duge luong
ti haa 10 tin hidu co chu ky 1a 8 sec. Bién do cua tin hidu bang 1 va
sau 0.5 sec nd bang 0.
Dap an :
(} hinh 814 ta thay phd tAn la lién tuc va tri s6 cue dai J gin goe
truc vai tAn s6 bang 0.
>> y=[onesi1,5) zerast] H91];
>> nt=b6b4; T=§
»>> dt=T/nt: df=1/T;
> > fmax—{nt/2)"df,
>> =00 “(nt/2-117df;
= > yi=fft(yy; yp=zeros(lnt/2);
>> ypll:int/2)={2/mt) yfi1:nt/2);
> > figurei1); barifabs(yp))
>> axis ([0 fmax (0 02])
>> xlabel('tan so Haz",
> > ylabel('tri tuyet doi (DFT,
Vi tin hiéu la bac thang khang chu ki nén bhién do cia DI'T phu
thude chu ky lugng tif 1so sanh voi hinh 83 ¢ tin hiéu xung chu nhat
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Hinh @14
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Chuong 9
HE TUYEN TINH VOI TAC PONG
NGAU NHIEN DUNG

9.1. TIN HIEU NGAU NHIEN QUA KHAU TUYEN TINH

Néu biét x(t) 8 ddu vao chia mot khau tuyén tinh ¢6 ham trong lugng
w(t) thi tin hiéu ra dugec xem nhu dap dUng ciua khiu &y véi tdng hop
céc xung x(t - T;) cd do rong dz; nhu d hinh 9.1a, b. Nhu vay tin hiéu
d ddu ra kbau tuyén tinh 13 :

og

y®) = [ wEx(t — 7,) dr. (9-1)

o

x () | Wpa) | (1) \"”‘—\
w(t) (t) A ﬁ \/\/\ /

R.(T)

V. 4

Y

s T r I3 -
5,(T) RXJ(T) 5, (co) v \/\/

sx 'y (/ “')
a) )

Ninh 8.1

~

Phd cta tin hiéu 6 ddu ra :
Y(iow) = W({w) X(w) (9-2)
vdi X(w) va Y(jw) la bién ddi Fourier cia x{t) va y(t).
Né&u ¢ ddu vao cla hé cd tin hjdu nglu nhisn ding tic déng ma
dac tinh théng ké cua ching R(7) va S(w) da biét thi, theo (9~1) va
(9-2) cd thé€ tinh dac tinh théng ké cia tin hiéu & ddu ra.
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9.1.1. BIEN bOI HAM TUONG QUAN

Ham tu tuong quan cia tin hiéu ngidu nhién ditng ¢ ddu ra cta
khau tuyén tinh duge xic dinh bai :

T
o1
R/ = T‘L’E T _Ty(t) y(t + 7)dt.
Thay y(t) tu (9-1) :
1 " ®
R/ = Tlim > { wE) xt — 1) dry [ wiry) x(t — 7, + 1) drydt
— _T o

) © (9_3)
= J w(Ty) dtlJ. W(T) R(T + 1) — T} d1; .

o) day Ry (T + 7, - 7,) 12 ham ty tuong quan cia tin hiéu dau vao :
1 T
R(T+ T, — 1) :Tlim o7 ) Xt— ) x(t+T-1)dt. (9-4)
—0 -T

Ham tuong quan tudng hé cia x(t) va y(t) duge xac dinh tuong tu:

T .
1
Ry® = lim ox | x(v)de fwryxt+T-1)dr, =
=T o

* 9-5
Ry(D = J.w(rl)R,((r—r]) dr - -5

Bi€u thic (9-5) ¢6 y nghia thyc té€ rit quan trong : Néu d dau vao
cia khau tuy&n tinh cd tin hiéu 1A én trdng don vi thi hAm tuang quan
tuong hé R, (7) s& bing ham trong lugng cia khau tuyén tinh ay. Thuc
vay, vi néu x(t) 1a 6n trdng, nghia la R(T — 7)) = & ~ T, va ti (9-5)
ta ca :

“Ry(T) = w(r). (9-6)

Vi du 9+ Tim Ry(7) va R, (7) & dau ra cia khau qudn tinh véi :

1 -
J e it 0
w o= TO
l 0 khi t < O
néu & ddu vao la on trang v8i R,(7) = a%3(7).
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Trong truong hop nay. theo (9-3) :

2 x 1 x
a — VT -7
R(@) = —2_[ e ”drl_[ e " 0%t+1 —1,)dr, =
Tl) a o
Cr4r
P T Yo néu t7+7, =20
== je ° . dr, =
Ty o 0 néu r+71, <0
=Tt
s e dr, khi 7> 0
_ 4 o _
T2 * __tr]_ - -
O |Je ®  dr khi v< 0
=T
—Tr-
/] 2
a’ [e O néut > Ol a = 171y |
= L (9-7)

= — T/A =
2T, 19 fo néu 7 < OJ 2T,

Theo (9-5) hay (9-6). xdc dinh ham tuong quan tuong hé R (D

)

3 2
a” -Tyr a” -y
- — 0 — - — o -
Ro® = 3 j e NeE-mydn =qoe 0. (98)
[§]
Dac unh  6(r +17, -1 A
va w(7;) cho trudng hop ' T e
N ‘wit: A o~ .
T+7, > 0vat1+ 7, < 0 RS N e )
nhu 3 hinh 9.2a, b. Nhu vay [ ) T -
. | —_ 2
do ham tuong quan cda tin y iy - —
o, /
"hiéu d dau vao va ra cda |
R Iy o, e ey A
@au tuyetn tinh k‘hl dat _U HTrT-T) "D Tl <o
dau vao tin hiéu gin voi 6n $ e
trang cd thé xac dinh ducge - \_ %
ham trong lugng cua khau o) i “'}
ay. Hinh 8.2

9.1.2. BIEN POl MAT PO PHO

Khau tuyén tinh cd dic tinh tdn W(w) va tin hiéu diu vao a(t), cd
ham ty tuyong quan va mat d6 phs R(T) va S(w) Hay xdc dinh mat do
phd Syw) va S, ().
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Bi€u thic dé tan cta tin hidu x(t) dugec xdc dinh bdi :
R,(0) = D, + m].
voi m, la tri s trung binh (ky vong toan), cia x.

Gia thiét m, = 0 ta cd :
1 x
D = R(O = 5 [ S (w)dw. (9-9)

Trong thuc t€, ham x(t) dang huu han :
o = x(t) , khi [t|< T;
XM =90, khi (t] > T
Véi X (Gw) la phé cua xp(t) :

=} o0

Xrie) = [ ™ xptydt=[ e x(tydt .

— oo — 0

Theo cong thic Parceval :

£

_J’ x3(t) dt =_[ x3(t) dt = %.L | Xpiw) | 2do

Sau khi chia cha 2T va taing T — «, ta cd :
T

lim — tht—ijml' L% 6wl (9-10)
im 2T_Tx() = %) TE?C ZTl o | dw

1—>=x

V& trai cua (9-10) tung véi d6 tan D, khi m; = 0 nén :

1~ 1 2
D, = o _[ lim ﬁlX—r(Jdew =

L
PSS | o,
= :I"’]]E)nmﬁ|xl(’|w| dw .
So sanh :—-10) va (9-9) ta co :
. 1 2w 1 . .
Silw) = lim o7 | X102y | = Jim o X)Xy (=je) . -1

Nhu vay mat dé phé xic dinh cong suat ctia qua trinh ngiu nhién.

Mat d6 phd R, (jw) tuong dng véi (9-11).

1
Sxy(jcu) = lim -

lim o Yo X (o).
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Sau khi diang phuang phap bién d8i gian don ta c6 :

Syye) = lim 216 ! | XrGo |2, (9-12)
T X7(®) o 2T
Yr(w)
m g
Theo (9-11) va (9-12) ta co :
Soliw) = W(o)S(w). (9-13)

Mat d6 ph8 tuong quan cua tin hidu viao ra d6i voi hé tuyén tinh
bing tich cia mat do phd tin hiéu vao vdi dac tinh tdn cia he.

Tudgng dUng voi (9-11) c6 thé viét :

Sy(@) =T13: %'me'z : (9-14)
Sau khi dung mot s6 bién déi gidn don ta co :

S, () = lim T —X(=jw) Yr(w) . (9-15)

; o Xp(—jo) 2T

So sanh (9-12) va (9-15) ta cg :
Sylw) = W (=) S, (jw). (9-16)
Mit d6 phS cia tin hiéu ra ctia hé tuyén tinh bang tich cia mat
d6 phd tuong quan véi dac tinh tdn phde hop cua hé.
T (9-11) va (9-16) néu loai S, (jw) ta ¢ quan hé gita mat do phé
cia tin hiéu vaoc va ra :
Sy(w) = | W(jo» | 28, (@). (9-17)
Mat d6 phé chda tin hiéu ra cia hé tuyén tinh bing tich cda mat
do phd cua tin hiéu vao vdi binh phuong cia médun dac tinh tidn phan
tuyén tinh cta hé.
Cac bigu thic (9-13), (9-16) va nhat 1a (9-17) ¢6 vai trdo rat quan
trong khi khao sit cic qua trinh ngiu nhién trong cdc hé tu déng.
Cong suit trung binh cia tin hiéu ¢ ddu vao va ddu ra cia khau
tuyén tinh duge xac dinh badi

xAt) = R(0) = f S(w)dw = %j S(w)dw ; (9-18)

- o
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_, 1
yAt) = Ry0) = gf S,(@) dw =

—x

Lo (9-19)
= = [ [ Wiw) | %Syw) dw .

Bi€u thuc (9-19) dung dé€ tinh sai s6 quin phuong d cdc hé tu dong,
trong trudng hgp nay W (w) la dac tinh tdn tao lién hé gilta tin hiéu
vao va tin hidu sai léch cta hé.

Vi du 9-2 Xac dinh S (w) va S, (w) & dadu ra cia khau quan tinh o6

ham truyén dat W(w) = néu 4 dau viao la 6n tring v4i mat

1 + juT,
46 phds Sy w) = a’. Theo (9-17) vA (9-13) ta c6 :
a? , a’
Sy(w) = ‘+—w—2¥(2;, Sxy(]a)) = 1+—Jw’l‘z (9—20)

Dung bién ddi nguge cia Fourier d6i voi (9-20) ta cd két qua nhu
(9-7) va (9-8). DE xic dinh cong sudt cda tin hiéu, ta dung (9-18) va
(9-19) :

xX(t) = R(0) = a%(0) — =

2

2“)__ (O_i_
yu = R0 = oF

(9-21)

Tt d6 nhan thdy ring coéng sudt cia 6n trang ly tudng 1A vo clung
l6n, vi rang 6n trang véi ham tuong quan la ham &, 14 khai niém toan
hoc tritu tugng chi it nhidu gidn véi cdc tin hidu thuc. Tuy nhién céng
sudt cla tin hiéu sau khi cho 6n tring di qua khiu quan tinh cing nhu
dai tdn trung binh cia nd 1A h@u han va tuong dng vdi cdc tin hiéu
thue t&€ quan sat duge.

9.1.3. BIEN POI LUAT PHAN BO

Khi tin hiéu ngdu nhién di qua khau dong hoc tuyén tinh, khong
nhitng phé cia tin hiéu ngdu nhién thay ddi ma mat dé phan bé cua
ching cling thay ddi. Viéc xac lap lust phan bd xdc suit tin hiéu ra khi
biét dac tinh théng ké cua tin hiéu vao ndi chung rit kho khan.

Chi c6 hai trudng hop riéng, quan trong va thuong gap 1a cd dap
an gian don :
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1- Néu x(t) ¢ phan bs chuin, bién ddi tuyén tinh cua no cing co
phan b6 chudn. Thong sé trong truong hgp dy la momen bac mot M{y(t)}
duoc xdic dinh bang cach nhin moémen bidc mot cua tin hiéu vao M{x(t)}
vdi hé s6 khuéch dai cia khau tuyén tinh ma nd di qua, con mémen bac
hai M{y*(t)} theo bi€u thdc (9-19).

2- Né&u x(t) 1 tin hiéu diéu hda c6 pha ngdu nhién. Tin hiéu ra y(t)
cing 1A tin hiéu diéu hoa, nghia 13 dang cua mat d6 phian bs khéng déi
nhung chi thay d6i bien do :

Ym = | W(je | Xm» (9-22)
trong d6 w la tdn s6 cua tin hidu diéu hoa c¢6 pha ngadu nhién W(w) la
hée s6 khuéch dai phtic cia khau tuyén tinh ; X la bién d6 cua tin hiéu
vao.

M6t dac diém quan trong cda bién d8i tuyén tinh 1i

Dinh ly cudén (2-11 {19]) cd dang :

x

yt) = _[ w(T) x(t — 1) d7 .

0

Tich phan trén duge chia ra tung khoang nhé (0, 7)., (T}, T3),..,
(Ty. Tpyy)s..- Dung dinh ly lay trung binh ta c6 :

= Tk+1

x
yiy = 2 x(t—1) > w@mdt = ) &, (9-23)
k=0 Tk k=0
Tk+ 1
ma £ = x(t—r;)J w(T) dr, (9-24)
k
T, < Ty < Tpyyy T, = 0.

Phian dudi ddu tich phan dudec chon sao cho dai lugng ngdu nhién
x(t = 7)) cing nhu £, khong phu thuéc nhau. Khi dé y(t) la tdng cua
mét s6 v6 cung 1dn nhitng dai lugng ngiu nhién doc lap theo tinh théng
ka.

T (9-23) cd thé khing dinh ring, néu x(t) cd phan bd chudn thi
qua trinh y(t) cing chuidn vi téng cia cac dai lugng ngiu nhién cing sé
¢ phan b8 chuin.

Han nta, dinh ly trung tidm t4i han (dinh ly Liapunov) khing dinh
rang phan bé cia t8ng mat sé lon cdc dai lugng ngiu nhién khong tuong
quan nhau sé gin v0i phan b3 chudn., ngay cd khi phian bé eua ting dai
lugng khéng chuin.
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Didu kién d& dinh ly trén dung la cac dai lugng tong o6 phan bo
gin nhu nhau, nghia 14 d6 tdn cua bit cd thanh phan nao cting khong
vugt qua mot cach ding ké do tdn cha cde thanh phan khac. Diéu kién
do thuc hién duge néu chon duge mét sé6 khoang N tuong d6i 16n khong
phu thudc cd tinh théng ké véi nhau (A7, = 17,,, - 7), sao cho thai
khodng tu 0 dén 7y ham trong lugng khong gidm qua nhanh.

N6i cach khac, khi tin hiéu cod phan bs bat ky p,(x) di qua khau
tuyén tinh thi s xay ra qud trinh chudn héa phan b3 cha tin hiéu ra
p,(y), nghia 1a p,(y) tién dén phan bs chudn néu ham trong luong cua
d6i tuong w(T) gidm cham, con ham tuong quan cua tin hidu ra R(T)
nguge lai, giam nhanh. )

Vi du 9-3

, 1
Khiu quan tinh : W) = - (9-25)

¢o tin hiéu vao la 6n trang luong tri, co bién dé6 a va dd réng cua
xung nhip la T, Néu T, = 0 thi mAt dé phan b6 cia tin hiéu ra py)
12 hai ham delta (nhu & hinh 9-3a) vi trong trugng hop ay yit) = x(t).
Néu (9-25) c6 Ty = 0 thi y(t) sé di qua cac gid tri trong khoang (-a,
a). Phan b3 p,(y) trong khoang -a < y < a khiac 0 va co thé khao sat

bing mo hinh trén may tinh,

O hinh 9.3b ¢ mat do phan b6 caa y(t) khi T, = T, Phan bd cdn
thist con xa vdl phan bd chudn, vi thanh phan & con bé bal w(r) tat
nhanh. Khi 7 = T,, cdc dai lugng on trang ludng tn x(t) vd x(t - 7)
khong tuong quan nhau va truc T duge chia ra thanh cac khoang AT = 0.
Cac trj s6 x(t — 1)), x(t = T,)... cia tin hiéu vAao nhan véi dién tich S|,

S,... trong khoang tudng dng :

&

(8, = | w(mar)

Tk—1
tao nén thanh phan &), £,.. cha tong (9-23).

O hinh 93¢ chi c6 ba thanh phdan &,, &, £; vi médun cha nhing
thanh phan khdc bé hon thanh phan thd nhat hon 20 lan.
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O hinh 9.3d c6 p\(y) véi T, = 4T, ; phan bs gin nhu phan bs déu,
86 luong & 1a 12 ; £§; bé hon 5% cua &;.

Khi T, = 8T,, phan bé p,(y) nhu & hinh 9.3f. O hinh vé c6 tri s6
6y xic dinh theo (9-19) theo hé s6 khué&h dai phdc da cho (9-25) va mat
d6 ph8 cua 8n tring luong tri (8-22) :

2 2
o =] |Tviom, | ¥ Tl 5/ 5) 4 =
2
aZn Ty (9 -26)
= 2Z -1 (1-e Y],
Véi T, = 8T, theo (9-26) tinh duge
6y = 043 a. (9 -27)

O hinh 9.3f dudng nét dit cd phan b6 chudn. Nhu vay, d€ chusgn
hda mat do phian bs clia tin hidu qua khau tuyén tinh, thi cic dai lugng
. 6 (9-24) phai mang tinh ch&t ngiu nhién. O vi du trén, tin hiéu ngiu
nhién gia ludng tri sau khi qua khau quan tinh v8i hang sé thdi gian
T, > 8T, cd thé cd tin hiéu ra v8i phan b8 chuin.

9.2. CAC BAI TOAN KHAO SAT VA TONG ROP HE
TUYEN TINH VOI TAC DPONG NGAU NHIEN DUNG

Khao siat mot hé tuyén
tinh (hinh 9.4) véi ham

truyén W(s), ddu vao la tin 1)

hiéu x(t) gébm cd hai thanh

phan : u(t) la tin hicu lam u(t)

viec co ban cia hé va f(t) x (1) W(s) Y(t)

12 nhidu. O ddu ra cia hé
oo tin hiéu y(t). Dai v8i mot
hé phu vay c6 th& c6 hai Hinh 9.4

bai toian duge dat ra nhu dudi day.
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9.2.1. NHAN DANG DOI TUONG TUYEN TINH THEQ PHUONG PHAP
TUONG QUAN

Nhian dang la xdc dinh mo hinh toan hoc ¢ia hé nham danh ga cac
dac tinh Linh va dong coa hé. Trong trugng hop nhan dang cac dac tinh
dong cia dai tudng, nhifm vu bai toan la theo flt) da cho va y(t), xic
dinh Wiz Khi nhan dang, "nhiéu” f(t) lai 12 tin hiéu cn ich con tin hiéu
lam wvi¢e uintl fan nén sal s6 trong viée xdc dinh thong s6 cia hé, cho
nén khi nhan dang cang giim Anh hudng cua tin hidu lam viéc u cang
1ot

Co nhiéu phuing phap nhan dang déi tugng tuyén tinh [15]). & day
chi d¢ cAp dén phuong phap tuong quan, cd =3 trén bidu thie 19-6) Nhiéu
thi#t bi nhan dang duge thuce hién theo hai nguyén tac dudi day

9.2.1.1. Xdc dinh trice ticp ham trong licong cua did fueong

Theo phuong phdp nay, néu dua vao hi tin hieu én trang thi ham
fuong quan tuong hd cua tin hiéu vao va ra tring voi ham trong lugng
cia hé, Nhu wvay. 0 phuvng phiap nay dung bo tuong quan nhu 9 hinh
9.5 De loai trd anh hudng con uitd dai vai két qua =xdc dinh Wit didu
kiem can la on tring [t} khong tuong quan wvéi tin hiéu lam viee uit
Difu do eo thd thue hien duge vai fity la tin hiéu ngau nhicn gia ludng

tri =21 chudng S).

£Ci) l
free

PSSR
a7
N £ { WO
{ R f Pw T
e’ > |—EJ.—1J""— S
[ N e

Lﬁ._ "

T Iu -.l

Hinh 9.5

270



Truong hgp nay fii) hay fit - 1) cho hai gid tri £a nén cd cau nhan
d ho tuong quan kha gian don va dude thue hien dudi dang role déi cuc
cia tim hiéu yitr, D6 tré coa tin higu lufing trn 7 = kT, od thé thue
hien duge bang cach lay tin hifu tit mdl cia n - | diu ra caa phan tud
tré d bd ghi quay t(hinh 85an

9.2.1.2. Xdc dinh ham trong heong cuag déi twong theo heé si
cia hdm truc giao

Bé eco ham trong lugng phan tich theo cde thinh phan trte giao,
truge hét cian xac dinh dang cla cie ham tric gino g, Néu chon cace
ham nhu vay thi khi ding cac khau Gyts) va dua véo diu vao nhing
tin hifu xung, co thé ty dong xac dinh cac hé s6 €, cia w(t) theo ham
truc giao ay nhu 0 hinh 96 Trudng hop nay ity ¢ingz la on trdng ngiu
nhién gia va tich phan duge thue hien trong ¢4 chu ky 2T = NT,

) VoA .
f - = __"!.-\' ¢ ¥ ‘,."-1
F. A ; i
== - x - ~ o E
s ).I.( 'J II_J'—* ".«J-.;'
{ -
| r - __}
Sl
— >Q% L P d
= |
—— 4
Hinh 9.8

Khi nhan dang cic dar tudng cd dac tinh la coe khio quan tinh,
him true giao duge chon 14 cac ham Laguerre. Ham  aguerre bac k
Lty duge mé td nhu sau

k ok | |
s - ¥ k”_]- s )
ltyt) = 7 }_, - — -},— 674 L (9-28)
S TETl= B C
izt = ¢ woi k = 0, Livth = e ' [2 - 11 voi k 1

=

i day 3 1a hé so6 ty lé xich.

CAc ham Laguerre vdi k = 0. 1, 2. 3 nhu & hinh 9.7a, md ta qua
trinh phi chu ky wii cic nghiém thue va lap ; khi t — « chuing tién
dén 0 ¢ ving cac tri s0 duong. cdn 56 lan ddi ddu bing k ; chung true

giao nhau va tuyét dai kha vi

Bign ddi Fourier cia cdc ham Laguerre (9 -28) cho

| v

Tl



Ly(€) = Lk(]?_,:] = | Liyte "' dt =

. Lk

i —1w) . 1 : s :
= W = | L) | expy(Zk+1) x jarg Lo(jQ) } (9-29)
tuong wng vdi khiu quan tinh pha khong cuc tigu bac (k + 1). Bidu dé
L2 = | Ly(fR) |expi(2k+ l)xjargL,-,(_iQ)} khi 0 < © < o nhu d hinh

9.7b

5)

+«

Hinh 8.7



O hinh 986 vai Gi(s) 1a cdc khau ham Laguerre c6 ham truyén L, (shy)
thi & ddu ra sé nhan dugec cic hé s6 phan tich ham trong lugng theo
cdc ham Laguerre. Gid st ham truyén cua d6i tuong chua bigt dang :

m

Wis) = D CLy(s/y). (9-30)
k=0

va ham trong luong tuong ung :

m
w(t) = > Cl (). (9-31)
k=0
Gia thiét f(yt) la xung don vi, khéng tuong quan vdi u(t) thi thanh
phan cta y(t) 14 dap dUng cta x(t) cing khéng tuong quan véi u(t) va
duge mé ta bai (9-31), trong khi 4y tit Gi(s) ¢d tin hiéu I (yt) dugc dua
dén bé nhin.

Do tinh truc giao clla ham Laguerre ta cd :
®
2] wiylotyde = C, . (9-32)
0

va do do voi thoi gian ldy trung binh 16n thi tin hiéu tit bé nhan ty lé
véi hé sd C, tuong ung.

Néu tin hiéu f(t) 12 mot tap hop xung véi mat do phd Syw) = a’
nhu 6n tridng ludng tri thi tin hiéu |4y tU b6 nhan sau khi lay tich phan
ty 1& voi azck. Nhu vidy néu cd m khiu tuong dng vdi k tri sa khac
nhau cua ham Laguerre, ta ¢6 thé nhan dudc sau khi ldy tich phan m
hé s6 C, cia bam trong higng phan tich theo ham Laguerre.

So sdnh hai phuung phiap nhan dang ¢(hinh 9.5 va 9.6) ta thay ca
hai déu cho phép xidc dinh dac tinh dong hoc cua d6i tugng trong diéu
kién hé vin lam viée binh thudng voi dai lugng chu&n u(t). Phuong phap
thid nhdt cho mot chubi toa d6 ham trong ldong voi nhung tri s6 T khac
nhau, con phudng phdp thd hai 14 cdc hé s6 C; cda ham trong ludng
dugc phan tich theo ham Laguerre. Phuong phdp nay thuin tién d6i vai
mo hinh d6i tuong duge md tid bang (9-30) khi da xac dinh duge cac he
s6 Cy.

9.2.2. LOC NHIEU VA BIEN POI TIN HIEU

O bai toan loc nhifu va bién d8i tin hiéu lam viée, nhiém vu la chon

théng s6 khau tuyén tinh sao cho tin hiéu ra y(t) it sai khdc nhat so
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vii tin hiéu lam viéc da duge bién déi theo diéu kién bai todn. Vai phd
cha tin hiéu lam viée T'(w), dinh luat bién d6i cd thé duge viét dudi
dang :
Zijw) = W (jwI1Ujw)
trong dé Z(ju) 12 phd cda tin hitu cdn cd & ddu ra, con W () la dac
tinh tdn cta mau cho trude,
Néu bai toan chi la loc don thudn, khéng bién ddi tin hiéu thi

W (jer = 1. N&u cdn cd dao ham cha tin hiéu ra thi W (w) = jw. Néu
cdn ¢ bicn ¢di tich phan : W tjw) = P, Df tin hitu ra vugt trude duge
L

tin hiéu vao mot thai gian 7, thi W (juw) = &7

W, Jea) ¢d thé thuc hién

theo nhidu dinh Juat hifn fet)

ddi khac nhau (IN.4.3.4 (18 ol

A
O hinh 98a cd sd do

khdi ma nhanh trén 134 hé

thong can phan tich Wi(a),

didu vao la x(t) gébm co tin a;

hiéu cd ich u(t) va nhiéu 1)

— =

dudgi 1a mdé hinh mau vl = £,
dau wvao ult} chi & tin hiéu witll ]
6 fch Sa d6 khéi & hinh -

9.8 la so dé ly tudng vi b}

W

cin loe f(ti. edn & nhanh D Wis)
W -

v(t)

trong thuc t& tin hiéu co ich

uwit) khong thé tach khoi

Hinh 9.8
nhiéu f(t) tngudc lai néu
tach duge uft) khoéi f(t) thi da khong cdn dat ra bai toan loc !)
0 chuong V phin tuyén tinh [19] dd khado sat trudng hop nhiéu f(t)
via tin higu cd ich uft) Ja tién dinh O day ching mang tinh chit ngiu

nhién, chi biét dugc diac tinh théng ké cta ching. Cd hai cach dat bai

toan tuy thude d mudc do xdic dinh cia dac tinh d6i tugng W(s).
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9.2.2.1. Trubng hop d6i urgng da biet

Theo mdé hinh mau W _(s) va diac tinh thdng ké cia tin hidu u(t) va
f(t), xac dinh cac théng sd cha d6i tugng W(s) sao cho sai léch quan

phuong £(t) 1a cuc tidu. Trudng hop nay lién quan v6i bai toan phan
tich.

Sai léch cha hé théng &(t) (hinh 9.8a) c6 thé vigt dudi dang todn
ta - '
£s) = Z() - Y(s) = W (&)U(s) ~ W(s) [U(s) + F(s)] =

[Wm(s) - W(s>] U) - W(s) F(s). (9 -33)
Phuong trinh (9-33) tuong wng véi hinh 9.8b. Xem phd cta tin hiéu
£(jw) (theo 9-33) nhu hiéu cia ph§ V(w) = [Wm(ja)) - W(iw)] UGw) va
E(jow) = W({w)F(jo) tuong dng vai (8§-37), ta cd :
Ss(w) = Sy w) + S.(w) —A2Resve(ia)). (9-34)
Ap dung (9-13), (9-16) va (9-17) vao (9~ 33) ta tinh duoc :

Syw) = | WGw) — W) | 28, (w) + | W(w) | *S(w) -

~2Re [Wm(jw) —W(jw)}W(—jw)Sfu(jw) : (9-3%)
Né&u u(t) va f(t) khéng tudng quan nhau (Sy(w) = 0) thi :
S,(w) = 8,(@) | W) = W(iw) | 2 + S(w) | W(w) | % (9 ~36)

Thanh phan thid nhat la sy sai khic cta tin hiéu bdi khau W(e) so
v6i m6 hinh miu W_(jw), con thanh phin thd hai 1a do nhiéu.

Bi€u thdc (9-35) va (9-36) cho phép tinh chinh xdc tri s6 quan
phuong cia sai léch cho bai toin bién d8i va loc nhiéu :

- 1 =
E3t) = ~2—7I——_[°Sx(w)dw . (9 -37)

Tich phan (9-87) dudc tinh bing ciach xdc dinh tdng cua cac tich
phan dang :

1 I“ b(s) b(—s)

T = 25 1 amace)

ds (9 -38)
~joo
cho 8 Phu luec B [19].

Vi du 9-4 Xic dinh sai o6 quan phuong £%(t) khi nhidu of phd Sfw) = al,
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1

tin hiéu ¢6 ich §,(w) = 5 va hé co dac tinh tin W(e) =
l+tw
K 16 hinh miu W (&) = 1 v6i diéu kién S () = O
1+ joT, mé hinh mau W_(w) = véi diéu kién S; Ge) = 0.
Theo (9-36) :
Sy@) = —— | 1-—— |2+ a? :
Rl = 1+w2| 1+ja)T1‘ 2 1+ joT, -

| 0-RreTIa-w-Rry
= [+ o) (LTI [(L - jw) (1 — jwT))] )

a’k?

(1 +joT) (1 —joT)

Thanh phdn thd nhidt 14 tich cta hai phan s6 phic hgp vai mau sd
bac hai :
ayjw)? + aju + ay = Ty(w) + (T, + bjo + 1
con td s6 cua thanh phdn thd nhéat :
bjw + by = Ty + (1 - k)
Tich phan (9-88) cha thanh phan thd nhat :

blag + bja, T+ (1—k*T, T, +(1-k)?

Too = oaaa, . 2T(T,¥0)  © T, + 1) (9-40)

Thanh phin thd hai cta (9 -39) tuong dUng véi :

2
5, = b _ ek (9-41)
02 2aga; 2T,
Nhu vay
T, +(1 -k 522
do = Jdo + dpp = : (9-42)

+
2(T, + 1) 2T,
Thanh phadn thd nhit la sai s8 do quan tinh cia hé ma tin s6 cao
khéng qua duge, con thanh phdn thd hai 14 do nhiéu.
Vi du 9-5 Véi diéu kién cua vi du 9-4, xdc dinh T, va k tuong wng vdi
gai s6 quan phuong (9-42) 1A nhd nhat.

Vi voi k < 1, khi tang k thanh ph&n thd nhat cia (9-42) giam con
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thanh phan thd hai lai tang, cho nén ton tai tri s6 t6i uu cttla k ma sai

s6 nhd nhat.

Tri s6 t6i wu k™ xac dinh tiu (9 -42) :

e o 1-k ak (043
k  1-T1, T, )
Tl
vy : k = k¥ = . (9-44)
Y af(1+T)+ T,
Tri 6 Ty = T", cing xac dinh nhu trén :
EX(t) _ k@2-k _ a’k? o (0-45)
oT, 2(1+T)*  2T¢
ak
vay T, = T, = . (9-46)

k@B —ak
K&t hop (9-44) va (9-46) va sau mot vai hién déi ta co
ka = 1 - T*l M

9-47) "
a

\11+a“ -

Trudng hgp riéng, khi cusng do nhiéu vi tin hi¢u ¢ ich nhu nhau
nghia 124 khi a = 1, ta ed :

ma ™, =

s 1 1 . 1
K =l-m erp =y
Khi khong cd nhitu, a = D .

tuong ung voi trudng hop hé la mot khau khuéch dai véi hé s6 biang 1.
9.2.2.2. Truong hop dii twong W(s} chicu biét

Day 1a bai toan tdng hgp t6i uu thee dé chinh xdc khi tae dong la
ngiu nhién ding.

e} trudng hgp thd nhat, cdu tric cua hé dd biét, nhiém vy la xdc
dinh théong s6 (k vA T) tdi uvu. Trong trudng hdp nay cdu tric cia hé
tuyén tinh khéng cho truéc nén la bai todn tdng quat.

Bai toan nay dudc Kolmogorov A. N. va Winer N. dit ra, sau dd
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Bode G. Shanon K., Pougatsov V. C, Solodovnhicov v.v., Felbaum A. A
phat tri€n va dua vio dng dung.

Hay khiao siat hé didu khign theo hinh 9.8a d6i voi phS £(jw). Theo
(9-33) ta co :

£(w) = W_(o) UGo) - W({e)X{w). (9-48)
chuyén sang mat dé phd, tuong tu nhu & (9-35) ta c6 :

Sp(w) = | W(iw) | *Sy(w) - 2ReWp,(w)W(—j w) S8¢,( @) +
o (9-49)
+ | Wpo) | “Sy(w) -
Bing c4dch thém va bét & bigu thic trén thanh phin sau :
w2 1 Sl |2
[ m(.lw)l Se(w)
Sau khi bién d6i, ta cd :
S W W) S0 2s +
2((1)) - OCU) - SX(U)) x(w)
| St | (9-50)

+ iwmdwlz[l - m] Su(@)-

D& cuc ti€u héa S;(w) cing nhu T%t), cdn xdc dinh W(w) sao cho
thanh phan thd nhdt & vé phai cia (9-50) la cuc tiéu. Thanh phan thu
hai thuc va duong,. khong phu thuje W(w) nén viéc chon W(w) khang
anh hudng dén thanh phan nay.

Vi thanh phan thd nhit ]1a mot dai lugng thuc va duong nén diéu
kién cuc ti€u 1a thanh phan nay bang 0 ; tit d6 rit ra diéu kién t&i
uu
W) Sy, (o)

Sy(w)
Néu nhiéu va tin hidu c6 ich khong tudng quan nhau va Sy (w) = 0

thi S, (o) = Sy va Syw) = S (@) + Sw). Trong didu kién &y, (9-51)
c6 dang :

Wio) = W(o) = (9-51)

W) Sy(@)

W = Tl = s @+ S

(9-52)
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Nhu vay, n&u khéng cd diéu kién rang budc nao dat ra thi he W(w)
s€ t6i uvu theo cuc ti€u ctia sai léch quian phuong va bifu thdc (9-51)
hay (9-52) cho phép xac dinh W, (jw). Tuy nhién ddp an todn hoe & day
lai mAau thudn véi diéu kién thuc hién.

Vi du 9-6 Hay xdc dinh ham truyén téi uu W (w) néu :

WiGw) = 1; Sylw) = ——— ;5 Slw) = 15 Sg(w) = 0
+ w
Theo (9-52) ta co :

1 1
T2 4+ 0?2 (V2 + jw) (V2 - jw)

Bigu thic nay tdong dng vdi hai khau quin tinh néi tiép, mét trong

Wilio)

(9-53)

hai khau 1a khéng 8n dinh vi & cac thiét by thuc t§ khong thuc hién
duge. Kha nang khong thuc hién duge cia (9-53) thé hién ro khi chuyén

tt W, (w) sang ham trong luong cha nd :

_ 17 1 it 1 —{t]|¥2
W (t) = g_jx Y=g . (9-54)

D6 thi cua dap dng

y(t) =W, (t) ddi véi xung 4){

don vi x(t) = d(t) nhu &

hinh 9.9a, b. Nhu & hinh ) 1

9.9b d€ thuc hién ham trong 'L

lugng nhu vay, tin hiéu & ” _i

ddu ra phai xuiat hién kha
lau truée khi dat tin hiéu - .

xung 3 diu vao. Nhu vay b%

hau qua co trudc nguyén ¢
nhan 1a diéu khéng thé& thuc P) -
hién duge.

AW, (1)=y(t)

Diéu kién thuc hién duoc
cua W, (w)

Hinh 8.8

D& tim gia tri t6i uwu cua W, (jw) c6 tinh dén diéu kién thuc hién
dugc, ngudi ta dung phuong phdp xuit phat tit ly thuyét Kolmogorav-
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Winer. N6i dung cua phuong phiap nay la tach W, (w) ra lam hai thanh
phian : thanh phan thuc hién duge va thanh phian khéng thuc hién duoge.

Sau day sé dé cap dén phuong phdp nay ma khéng chung minh.
Néu bict W, (w) theo 9-51, con S{w) xem nhu tich cia hai ham lén
hgp W(jw) va W(-) ma thanh phan thit nhit ¢ dai tdn & nua mat
phing trén, con thanh phin thd hai & nda mat phang dudi :
Sw) = Y(a)W(-). (9-55)

Ham W(w) tuong dng vdi khau tuyén tinh 6n dinh thuc hién duge,
bién d6i on trang & tin hidu x(t) & d4u vao cua hé tuyén tinh can téng
hop. Ham W(-j») tuong dng vdi thanh phan khong thuec hién dude.

Qua trinh bign S (w) thanh mot tich Y(jw)W(-j») va lam ndi bat nhan
td W(w) goi la nhan tu héa.

Nhu vay :
1 W .Go) Sg,(jw)

Wigo) = W(jus) W(—jw) (9-56)
1
Lam néi bat nhan t¥ W) tuogng dng vdi viéc quy d8i 8n tring vé

dau vao va khao sat tac dong cta on trang doi vl khau khéng thuc hién
W (o) S,,,(w)
C W)
Buée thd hai Ja phan cdch héa, nghia |3 phan ham W({w)W (jw)

dugc ¢ dac tinh

thanh bai thanh phidn R(o) va N(-jw) ¢d cdc nam phia trén va phia duéi
cia nia mit phang :
_ W, Gw) S, (Gw) ‘
Y)W, (o) = —F—7— = R(Qw) + N{(-jw). (9-57)
Thanh phan thd nhdt tuong dng véi ham truyén thuc hién duge va
phan thd hai tuong dng v6i ham truyén khong thuc hién duge. Bang cach
loai bé thanh phdn khéng thuc hién duge ta ¢d dac tinh thuc hién duge
cida hé
W m- (@) = R{o)(w). (9-58)
Céng thuc nay la cong thic Kolmogorov-Winer dung d€ xac dinh hé
{61 du véi sai léech quan phuong cuc ti€u. Néu W(w) dugc chon theo
(9 - 58) thi mat do phd theo (9-50) cd dang :
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N(-jw) K ) ) | Sq,Gev) | 2 , \
W) \ Sw) + [ Wy | [Su(w) - —— . (9-59

Sx(w) = S (w)

Vi du 9-7 Xac dinh W, (o) tit vi du 9-6 cd tinh dén diéu kién thuc hién
duce

Theo (9-55) thuc hién budc nhan tu hoa :

S(w) = Sy + S = 2 -
X " : 1+
[ﬁ +.jw \ ( V2 —jw ] W) Wi (9-60)
1+ jw 1 - jw
Theo (9-57) thuc hién buéc phan cich héa :
Wi,0 @) Sg,(jw) (1 = jw) 1
W(—jo) T 1+ (V2 —juy (1 +ie) (V2 - jw)
= R(w) + N(—jw) = A. - — . (9-61)
T+ju V2 ~jw
D& xdc dinh A va B, gidi phuong trimh
ANWZ - jw + Bl + jw) =1 (9-62)
Tt d6 : A = B = — vad R(o) = ! — .
1-V2 (1+V2) (1 + jw)
Cudi cing theo (9-58) ta co :
W (o) = - — = ! . (9-63)
V)2 +je) 2 +¥3) (1 +jg5)
So sdnh vai két qua ¢ vi du 9-5 v4i a = 1, ta s& cd sy trung hgp

hoan toan. Nhu vay & vi du 9-8, ciu tric da duge gia thiét (khiu quan
tinh) 1a t8i wu d&i vai vi du nay. ’

9.3. DUNG MAY TiNH PE TONG HOP HE

9.3.1. BO PIEU CHINH LQG

Muyc dich diéu chinh 1a duy td tin hiéu ra & lan can tri s khong
(chénh léch khéi tri s6 mong muén thé hién & ché khéng dua vao tin
hiéu dat nhu thudng dung). Dé6i tugng duge diéu khién bdi nhiéu w cia
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qud trinh va diéu khi€n u bo diéu chinh dva vao nhiéu do duce y, =
y + v dé€ tao nén tin hiéu didu khién. Phuong trinh trang thai cua hé :
x = Ax + Bu + Gw ;

yo = Cx + Du + Hw + v,
w, v 1a nhidu dang 6n tring. Bo didu chinh LQG (Tuyén tinh -Binh
phuong — Gauss) gdm c¢6 hé s6 héi tiép t6i uu K va b udc lugng trang
thai Kalman.

Ham tén thit dang :

J(u) = j {x¥Qx + 2x’Nu + uRu)dt.

)
Q, N, R la cdc ma tran trong s8 do ngusi thiét k& xic dinh theo chi
tieu chit lugng va yéu ciu didu khién.
O budc thd nh&t luat héi tip u = -Kx cyc ti€u hda ham t6n thét
J(u). Ma tran K duge xac dinh theo phuong trinh Riceati (11-2-4 [18]) :
Bo uvdc lugng trang thai (VII.5.4 [19], V.6 [20]) :
x = Ax + Bu + L(y, - Cx - Du).
Ham tuong quan cta nhiéu :
M{ww’} = Q. M{vv’} = R, ; M{wv’} = N,
xac dinh L qua phuong trinh Riceati.
Bo loc Kalman 13 bo uéc lugng t6i uu véi nhiéu la én trdng phan
b6 Gauss. B& loc Kalman cue ti€u hda :
lim M{(x -x)(x— x)’} ‘
Tm

—

W ] y

D07 TUGNG

88 déychink LQG

5

Hinh B.10
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Bb diéu chinh LQG hinh thanh bang cich nsi b6 loc Kalman vdi ma
trdn t6i wu binh phuong tuy&n tinh K nhu & hinh 9.10.

[A—Lc - (B —LD)K};; + Ly, ;
u = -Kx. vAi n

Céng cu téng hop LQG theo MATLAB nhu 4 Phu luc D-5.

A
X

Vi du 9-8 M6 hinh qua trinh cdn thép va nhiéu.

O hinh 9.11a cd hinh vé phéi va hai truc can. O hinh 9.11b ¢d hinh
vE c3d bd truc cin gém hai truc can cho hudng x va hai tryc cho hudng
y. Do day cia phoi & dau ra duge xac dinh boi :

e Bién d8i cua db day/do cting &6 dau vao phdi.

e Do léch tdm cta truc.

Didu khi€n véi hdi tip dung d€ gidm anh hudng clda cde nhiu ndi
trén. Vi khe hd & truc cin khong do tryc ti€p & mdy cdn nén dung luc
cia tryc thay cho héi tiép. Nhiéu vao d6i véi dé day dugc mo hinh nhu

Hinh 8.11
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bo loc ha tdn cd 6n trdng tac dong. Nhiéu léch truc hau nhu c¢6 chu ky
va tan s6 1a ham cda tdc do truc cian. So d8 khdi duge md tA nhu &

hinh 9.12.
Uo- )‘ }_‘,.(’5)\ ',_ ..
- 1

Cooldsmashiimm »% {5’ :| >4
W, - J /j e
C

"
_1
MS furint G 3m
% /:‘ ]7 - |

M3 1i5ier 1100, 83 vde

Lo 20 xie o

Hinh 8.12. u - diéu khién : & - db day ; f - Mc ting & truc cén;
W, w, - 8n trdng déi véi mé hinh cla nhiu.

Mé hinh 6 truc x

H. () 2,4.10°
s) = - ;
‘ st + 7% + 90°

T s 40,05
3.10%
Fus) = — 5
s+ 0,125s + 6°
g = 10°.
M6 hinh G truc y
H. () 7.8 .10
s) = —————————
‘ s* + Tls + 88°
Ry = 210
vy = 57005 °
F(s) 10°s
s) = ;
< s + 0,19s + 9,42
g, = 05. 107"

Budc dau tién bd qua cic litn hé chéo gita truc x va y ; xét doc
lap theo tung truc.
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9.3.1.1. Tong hop LQG theo truc x
Cé thé dung phuong phip quy dao nghiém s6 hay phuong phap phan
b6 nghiém (IV.3 {19]) va ding cac lénh tuong dng & MATLAB “rlocus"
hay "place” d&€ xac dinh ma tran héi tiép K o) day xac dinh ma tran
trang thai hoi tiép theo LQ t6i uu (cac lénh "dlqr", va ‘lqry”), xac dinh
b6 loc Kalman ("Kalman®) vd hgp thanh bd difu chinh LQG ('lggreg").
Muc tiéu la gidm bién ddi vé do day S, va 5, do léch tam truc va nhiéu
thuéc d6 day diu vao cta phoi.
Trudc tién lap cdc moé hinh 6 truc x theo so d6 khsi ¢ hinh 9.12.
Cé thé kifm tra lai cdc ddu vao ra theo lénh sau :
% Mo hinh theo truc x
Hx=tf(2,4e8,(1 72 90 2] inputaname’,’u-x");
Fix=tf(le4,[1 0.05],’inputn’’w-ix’);
Fex=tf[3ed 0],[1 0.125 6 2]; ’inputn’,'w—ex’);
gx=1e-6;
% /O tit cac ddu vao dén hic fl va 2
Px=append([ss(Hx) Fex], Fix);
% Dua hé s6 gx tu f1,f2 dén dau ra "x~gap" va "x-force”
Px=[-gx gxi[l 1I'Px;
% Dat tén cho ddu ra
set(Px,’outputn’, "x—gap’ 'x-force’});
% Kiém tra lai
Px inputname
ans=
S
‘'w—ex’
=i
Px,outputname
ans=
'x-gap’

x—force’



Tiép dén, trén co sd cuc ti€u héa chi tiéu chat lugng :

@

Juy = | {asg + rug] dt

[e]

ma xdc dinh K. B loc ha tdn duge dung la bd loc duge chon. Pac tinh
tan Bode dude mé tid 3 hinh 9.13 :

% Dung bo loc ha tdn 30/(s + 30) déi vdi chi tidu chat luong
binh phuong tuyén tinh LQ

Ipf=t£(30,[1 30]);

% NO6i b6 loc v6i dau vao thit nhdt ciua Px
Pxdes=append(Ipf,1) ‘Px;
Set(Pxdes,’outputn’,{x—gap’ ’force’});

% Xac dinh K ding LQRY véi q=1, r=1e-4
kx=Ilqry(Pxdes(1,1), 1,1e-4);

% T6éng hgp bd ude lugng Kalman, vdéi nhiéu c6 cudng dé bangl,
tan s6 gigi han dén 1000

estx=kalman(Pxdes(2,:),eye(2),1000);

% N&i K véi bo ude lugng d€ < bs d/cLQG
Regx=Ilqgreg(estx, kx},

% Xem dap dng tian Bode;w=0,1-1000rad/sec

bode(Regx,{0.1 1000})

Khi d6 day ddu vao tang, nhidu tdn s§ thdp sé nang luc & dau ra,
ldc cian sé chéng lai su tang dé6 day. Dao déng léch tryc lam thay doi
khe hé truc cian. Khi khe hd cuc ti€u, lyc truc cdn ting va d6 day dau
ra gidm. Lyc nén cla cog ciu thuy luc sé& giam d€ gii 46 day dau ra
mong mudn. DS 1a tinh nang cia bs diéu chinh LQG & ving ¢ = 180°
(6 rad/sec) 1a vung tdn s8 riéng cha nhiéu léch truc.

Dé so sinh dap dng tdn cua hé hd va kin t nhidu dén dé day dau
ra, ta ki€m tra lai cic mdéi lién hé vao - ra gita d6i tugng Px va b6
diéu chinh Regx.

Dac tinh Bode cua hé kin nhiéu & hinh 9.14.

% Ki€m tra lai ciac diu vao, ra

Px.inputname
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ans=

> 3

u-x

‘w—ex’

" w—ix’
Reg.outputname
ans=

u—x’

Px.outputname

ans=
| — >
X—gap
"x—force’
Regx,inputname
ans=
'x—force’

% No6i diu vao

- 80 ——
N
M -
,g 20
-30
R
S -0
=110
-120 - -
0
-50
)
~ -i50
R
U x40,
300
IS0
40
107! 70" 107 0

Idrr 56" (rad/sec)

Hinph 9.13

va ddu ra 2 cia Px véi bo diéu chinh

clx=feedback(Px,Regx,1,2,+ 1)
% So sanh hé hd va kin theo
bode(Px(1,2:3),"-’,elx(1,2:3),’-,(0,1100))

Biél J& Bode

Y w-ex Mow—ix

Bién 45 [JB]
%
L%

Rl ]

) e
.

Pho £°]

76n sé8° (rad/sec)

Hinh 8.14
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Buong nét dirt la dap wng cua he he. Bién do cud dai cua dap dng
léch true va bién do6 ha tiAn ena dap dng vé do day phoi dude gidm di
khoang 20 db.

Cudi cing diung "lsim" d¢ mé phang dap dng thoi gian cua hée hd va
hé kin déi voi nhiéu la én trang w., vd w,. Chon dt = 0,01 la thoi gian
lay mau.

dL=0,01,

t=0:dt-50;

% Tao nhiéu wx=[w-ex;w-ix]

% Phuong sal gian doan tuong duong : L/dt
wx=sqrt(1/dt) randni2 length(t)):

[sim(Px(1.2:3)," elxi1,2:3)." =" wx.t)

2 el vum iy phrng hayen bt

ThE an faar]
Hinh B.15

O hinh 9.15 dudng nét dil tuong ing vdi dap ung cua hé hd Be
diéu chinh LQG da giam bien déi cuc dai cua dé day 4 lan

9.3.1.2. Ting hop LOG theo fruc y

Viéc téng hop theo truc y hoan toan gidng nhu & truc x. O day chi
néu lén nhing chuong trinh chinh va két gquid mé phdng nhu & hinh 916
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Kl oum mn phong hrpen nk thas beek

oA i e L T P S—
1 [ 1 x n - n 1 =
Thet gar |arc?
Hinh 9.18

Hy=tfi7.8e8,(1 71 8 2] inputn’, u-y'):
Fiy=t{(2e4, [1 0.05].'inputn’.’w-iy"),
Fey=tfi[led 0], [1 0.19 9»1/\2];'iﬂpur,n‘,'w—L'-}");
Gy=0.5e-6;

Py=append([sstHy) Fey] Fiy):

Py=[-gv & 1 11'Py,
Set{Py,'outputn’,{’y—-gap’ 'y—-force’) );
Pydes=appendilpf,1)*Py;

Set(Pydes,’ outputn’,{"y-gap’ ‘y-force’}):
Ky=Igry(Pydes(1,1),1,1e—4);
Esty=kalman(Pydes(Z :) eve(2).1e3);
Regy=lggregiesty, kyJ;
Cly=feeback(Py,Regy, 1,2+ 1:

dt=0.01;

t=0:dt:50;

wy =sqrt{ 1/dt) 'randn(2 Jength(t)),
Isim(Py(1,2:3)." " cly(1.2,3), =" wy,t)



9.3.1. Nii chéo giita hai truc

Heé didu chinh d6 day x/y 14 hé MIMO (nhiéu ddu vao ddu ra) Viéc
téng hgp hé riéng ré nhu trén c6 th& chdp nhan. Tuy nhién ¢ mdy cin
con thé hién anh hudng cba mach chéo. Khi tang 46 nén thuy lyc & truc
X, phoi cdn bi nén sé& ting phan luc 1&n truc cdn y, két qua la do day
theo truc y tang va sdc nén thuy lue tuong d6i & truc y gidm. So d6
néi chéo nhu & hinh 9.17.

4, 5’7 * Iy
e SN - b
Wer MO HINH | 9
Wie TRuc x L f |
— | X _
+ fl‘
G (5]
4 fy ¥ £
Zy . z Y
Wey MO HINH g
C AN =6
+
g,y L 5 G = 04
Hinh 9.17

bo day va luc truc (4, (5y va f, fy) lién hé véi tin hiéu ra
(BX,TX,EV,T),) cia md hinh truc x va y nhu sau :

Sy 1 0 0 S8 | | O
Sy 0 1 BBy 0|3
£l |0 0 1 — 8 i
£, o o0 g 1||E

N6i hai moé hinh Px va Py va sip xép ddu vao ddu ra sao cho céac
diéu khi€n va do day ddu ra cia phdi xuét hién, trudc tién ta dung lénh :
P=append(Px,Py);
P=P{[1 3 2 4],[1 4 2 3 5 6}),

P.outputname
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ans=
x-gap’
y-gap’
'x—force’
'y—{orce’
% N6i ma trdn chéo vai gddu ra;
cho trutc: gxy=01 va gyx=04
gxy=01: gyx=04;
CCmat=[eye(2)[0 gyx gx,exy*gy 0],
czerost2) [ —gyw;-gxy 1]
Pe=C(mat'P;
Pc.outputname= P.outputname
% Nai kin mach va md phong dap ing
feedin=1:2; feedout=23:4:
cl=(feedback(Pe,appendi{Regx, Regy), ...
feedin. feedout, +1)
wxy = [wx;wyl;
lsim(Pe(1:2,3:6);"",cl(1:2,3:6)," =" wxy,t

[ 'near Sur-ulzhien Flesile

o x gog

Bien A

Ta o qag

Hinh 8.18

201



Chat lugng cia hé theo truc x di gidm r6 rét (bién d6i vé ds day
6 ddu ra cha phét cd gia tri cyc dai khoang bdn lan lén hon khi chua
néi mach chéo). Do dS can tinh dén lién hé chéo khi thiét ké hé thong
va dung phuong phip d6i vdi hée nhidu chiéu (MIMO) dé o6 chit lugng
cao, hon la tdng hop riéng ré ting mach va néi chéo ching lai v6i nhau
nhu da lam.

4- Téng hop MIMO LOG

Bat ddu td mo hinh trang thai t6ng th& cua hé hai truc P, da xac
dinh trén v3di diu vao va ra nhu sau :

O hinh 9.19 c6 dap ung chinh cia he.

Gia i dor
~50

-70 }

-§0+

B77)8
=110

~120

Gua v dor (d8)

-130 -

250}

-150 |

-160

JR— v b - S I
1077 10° ' 102 03 04 10%

______ T —

Tdn 56" (ra2/. )

Hinh 9.19

Pc.inputname

ans—
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o

-

Poutputname
ans=

'x-gap'

'ygap’

'x—force'

'y-force’
Pdes=appendilpf,ipf,eye(2))" Pe;
Pdes.outputn=Pc.outputn;
K=lqry(Pdesi1:2,1:2}rye(2),4" -feye(2)),
Est=kalman(Pdes(3-4 1) eveid),led aye(2));
RegMIMO =logregtest k),

RegMIMO inputname
ans=

x—force’

‘v-force’

linaar Sempaton Mps ®e

| ! - semsames

“ LI i "-J Mx ‘MMM

,‘__‘“L Iirl-'. i i ”
e e R

g..l._ e ————— e .

¥ W Il gl igg,.|
fuw lri '

i IF

—— T (SN R ST S ! | > Sy e | e

a 3 o 15 20 25 3u £ 49 45 &0

Tirra fgue |

Hinh 8.20



RegMIMO.outputname
ans=
—
-
sigma(RegMIMO)
% Lap mé hinh hé kin
cl=feedback(Pc,RegMIMO,1:2 3:4,+ 1);
% Mo phéng voi cung nhiéu ngiu nhién ¢ ddu vao
lsim(Pe(1:2,3:6),",cl(1:2,3:6), '~ wxy,t)
O hinh 920 c6 dac tinh mé phong & hai truc x va y. R rang la

chit luong téng hop theo MIMO cao hon so v4i SISO riéng ré nhu &
phan truéec.

9.3.2. BO LOC KALMAN
Vi du ¢d d&i tugng mé ta bing phuong trinh trang thai gidn doan :
x[n + 1} = Ax[n] + B <u [n] + w|:n]> - phuong trinh trang thai.
y[n] = Cx ‘:n] - phuong trinh do.
v6i nhiéu Gauss w[n] & dau viao cung véi u[n].

Cho trugsc : A = [1,1269 -0,4940 0,1129

1,0000 0 0
0 1,0000 o] :
B = [—0,3832
0,5919
0,5191} ;

C

[100};

Muc tiéu la xdc dinh bd loc Kalman dé€ udc lugng y [n] ma ddu vio
la uln] ; 8 ddu do con ¢d nhiéu v[n] la 6n tring Gauss :

yy[n]l = Cx[n] + v[n].
Qu4 trinh téng hop bd loc duge thuc hién theo cdc bude sau .

Xdc dinh mé hinh d6i tugng (ddu - 1 & thai gian ldy miu chvng té
mé hinh & gian doan).
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Plant=ss(A,[BB],C,0,-1,’inputname’,...
{’'u’ ’w’},’outputname’,’y’);
% Gia thist Q=R=1, xic dinh bd loc

Kalman giin doan

Q=1; R=1,

[kalmf,L,P,M]=kalman(Plan,Q,R);

M

M=
3.7980e-01 v ST Ty
8.1732e-02 y Kalmf | i)
-2,5704e~01 T

M la hé s8 sai s6 dude chon Hinh 9.21

sao cho phudng sai trang
thai ding cia sai s6 udc luogng 1a nhé nhit.
Q = M{(w(n) w(n)’} :
R = M{v(n) v(n)’}‘
Diu vao cia b6 loc Kalmf 1A u va y,, con dau ra la ddu ra cua
dai tugng va udc lugng trang thai :
Ve = §(m|n) va Xx(|n) .
Vi udc lugng ddu ra y,. 14 cdn quan tim nén chi git mét dau ra
cta kalmf va duang lénh :
kalmf=kalmf(1,:);

kalmf
a=
x1_ e x2_e x3_e
xI_e 0.76830 -0.49400 0.11290
x2_e 0.62020 0 0
x3_e -0.08173 1.00000 0
b=
u y
xl_e -0.38320 0.35860
x2_e 059190 0.37980
x3_e 0.51910 0.08173
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x1_e X2_e x3_e
y-e 0.62020 0 0
d=
y
y—e 0 0.37980

D& quan sit bd loc lam viée, dua vao dau vao tin hiéu u va nhiéu
ngau nhién dé€ so sanh ddp dng di loc va dip dng thuc. So dé thuc hién
nhu & hinh 9.22.

—>1 D
80tioc . 5 Y,

-, ! e
Y bé/ | Y J, B
TUoNG T;(*);ﬁ K "‘_L MAN |
| INKED carm biéh
NAIES cul q:/d/)‘r/';i/; _ Y
Hinh 9.22

Mé hinh trang thai trén cd thé thuc hién bang cAch néi song song
hay ndi ti€p. Trude tién xdy dung mod hinh téng th€ vdi ddu vao u, w,
v con diu ra la y va y,, sau dé dung cich ndi song song nhu d hinh
9.23.

Hinh 8.23
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a=A;

b=[B B 0’B];
c=[C;C];

d=[0 0 0;0 0 1];

.0

P=ss(a,b,c,d,~-1,’inputname’, {’u’w’v’},...
‘outputname’, {’y’ 'yv’});
sys=parallel(P, kalmf,1,1,[ 1.{ 1);

N& kin mach cAm bién bang cich néi y, cha d6i tuong (8 déu ra)
dén y, bo loc (ddu vao) bang héi tiép dudng. Tao tin hidu vao dang sin
dua vao d6i tugng va bd loc cing nhu dua nhidu cia qud trinh va nhiéu
do lWong (w vad v) vao hé cubi cung, c6 thé vé va so sanh tin Hiéu ra
cing nhu sai léch khi khong c¢d va cé bé loc.

% N6i didu vao #4 véi dau ra #2
SimModel =feedback(sys,1,4,2,1);

% Loal yv khoi I/O
SimModel=SimModel([t 3], [1 2 3]);
SimModel.input

ans=

SimModel.output
ans=

'y e’
t=[0:100];
u=sin(t/5);
n=length(t);
randn('seed’,0);
w=sqrt(Q) randn(n,1);
v=sqrt(R) ‘randn(n,1);

[out,x]=Isim(SimModel,{w,v,ul};
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y=out(;,1); % dip dng thuc

ye=out(:,2); % dap dng da loc

yv=y+v; % dédp uing do dudgc

subplot(21 1),plot(t,y,'——",t,ye,’="),

xlabel(’S6 luong chu ky lugng ti),

ylabel("Tin hidu ra’), Title (Dap dng cia bd loc Kalman’)
subplot(212),phot(t,y——yv, =, t,y—-ye,’=")

xlabel('S6 luong chu ky lugng ti),

ylabel(’Sai s67)

B4 g cd'a 08 loc Kaiman
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A '!*;.,"Vx *.’l WELEET | ) ,'v,']
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o) v w oz 3 4w s & 70 40 0 00

§5 ligrg cha ky \ong br

Hinh 8.24

O hinh 9.24a dudng nét ddt ing véi dap ung thue y, con dudng dam
nét la tin hiéu ra d4 qua bo loc. O hinh 9.24b la dic tinh sai s§. Cac
dac tinh trén cho thdy nhiu di duge gidam diang ké. CS thé xic dinh
két luan nay bing cach tinh phuong sai trudc va sau khi loc,

MeasErr=y-yv;
MeasErrCov=sum(MeasErr. " MeasErr)/length(MeasErr);
EstErr=y-ye;

EstErrCov=sum(EstErr. 'EstErr)/length(EstErr);
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% Phuong sai trudc khi loc (sai s6 do) :
MeasErrCov
MeasErrCov=

1.1138
% Phuong sai sau khi loc (sai s6 udc lugng):
EstErrCov
EstErrCov=

0.2722.

BAl TAP CHUONG 9

Bai tip 9~1 Xac dinh R,(7) cua tin hiéu & ddu ra khau qudn tinh véi
ham trong lugng :
ae” ™ khi t > 0 ;

t) = ’
Wt =1 khi t < O.

néu & diu vao, tin hiéu ed R(D) = fbe AITI
Ddp dn :
Theo (9-3) cho truang hgp 7 > O

RV(.L.) — ﬁbaZI e’_ml dle. e‘“mz e_ﬁ | T+71 - 12| d‘[z
’ o o
San mot s& bién ddi ta co :
ba? [ g _
R = o [ - L]

az—ﬂ
Truong hop 7 < 0 :

24

R ~ fb_azz[e—mr( _ée—am]_
Dac tinh R (7+7;%,) la ham cia 7, v4i 7 + 7; > 0 nhu 8 hinh 9.25.
Khi 8 — =, nghia la khi R,(7) — 5D :
R = abe “!™! nhu biu thic (9-7) & vi du 9-1.
Bai tdp 9—2 Hé tuy déng co W,(s) = ky/s va W,y(s) = k, Hay xdc dinh tri
1

1+a)2

s6 t6i wu k" va k', dé cuc ti€u hda T(t) néu bict S w) = va
Siw) = a*.
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Vi

Hinh 9.25%

Ddp dn :

X " . k
Ham tuyén hé kin Wy(s) = [+sT,

vi du 96, Tu dg :

s Véi k = 1/1(2, T} = ]‘/klk2 6

k; = Ik = | +a2+ay 1 +a?
K= YTi= (VI+a7ra)~1

Khia=1:% =V2-1;Kk, =2+ V2,
Khia =0:%k' >« ; k', = L
Bai wip 9-3 He tuy dong véi
Ky L £(2)
OSSO = —
R e e T S
Xac dinh ki tir diéu kién x(t) —d )
cuc ti€u cia E4(t) néu bist --—A-M‘/E,(s)J ;([)
Si(w) = a® va téc do bien dsi
cua u JCt) L 2(t)
v = du/dt va S, w) = — >EV_”_(5 )]' N
= o (a® + w?)
SpGw) = 0 Hinh 9.26
Bdp dn :
a*(1 + 0T a’kt
S,:((l)) = =

(a2 + a)z) [(k1 — le2)2 + a)z:l
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X1 + jwT)) (1 - jwT,)
@ tie) [ = Ted) +jo| (@ o) [ (g - Te®) —jo
azk%

[(k1 - T + jw:| [(k1 — T — jw]

-+

FO1) 7 (—)3
— N W (s ) C e —
L B
.V_”i. SL ,—u-({i-] \i;ﬂ,/(( 5)\—- -
Hinh 85.26

Theo bang tinh J, & Phu luc Bl19), dua vé dang (9-38) ta co :
a[l +a Ty(1 +k1'1‘1)] alk,

=2
£°(t) = +
© 2k1[a2T1 +a+ kl} 2

Luu y v(t) va u(t) ¢ hinh 9.26. O hinh 927 £2 1a sai s6 do tac
dong diéu khién sé tang khi k, gidm, £7 la sai s6 do nhiu sé tang khi
k, tang. Khi @ = 1, T, = 2k’, xdc dinh theo hinh vé& gian don hon

o’

theo didu kién K, = 0. 2 P

1)

Bai tap 9-4 Hé tiuy dong co
s0 d6 khéi nhu 3 hinh 9.28. = 7

O ddu vao 6 tin hiéu dang

=\

xung chit nhat ! I__

s(t) = D, dy 1(t - t) , T Uk
k=1 2 4 3

thoi khoang t, — T,_; la bién Hinh 9.27
doc lap ngdu nhién od cung

S v FCD) R R
hs el | (s+1)s | |

b — . L R e o
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mat d6 phan b3 cta d,. Mat do6 phd cia dao ham s la Si(w) = A. Nhiéu
f(t) 12 qua trinh ngAu nhién dung (6n trang) : SHw) = B- gia thiét
S;jw) = 0. Hay xac dinh k; t6i uu cta co cfu higu chinh theo trung
binh binh phuong nhé nhidt cta sai léch.

Ddp dn :

Dién 4p ra cua co ciu hiéu chinh dude x4c dinh bdi :

T du + = ky(e(t) + f(t
g Fou o= k(e® + )
Phuong trinh chuyén déng cbia dong co :

d’y dy
- + .
J ky at

J 1a téng clia mémen quan tinh dong co va tai; k, 1a hé s sic dién
déng phan khang hay hé s6 ma sit ; ky 14 hé s6 moémen, u la dién ap
vao. Trudng hop loc nhiéu t6t thi Z(t) = s(t).

Néu ding T» = J/k,, loai trit u td cic phuong trinh trén ta cd :

st d%s(t ds(t kiky
——Sg) +ompTy 0 SO
dt’ dt? at k,

V& trai chi ¢d nhifu va dao ham cta tin hiéu viao nén mat d6 phd
cia dao ham tin hiéu vao co ich thay th€ mat d6 phd cua tin hiéu vao

ndi chung, do do (so vdi 9-36) :

Sy(w) = |1 - Wy(w) | *Se(w) + | Wx(w) | *Sdw) ,
kiks
TR
WiGo) = :

k‘lk3
Tsz(jw)3 + (T, +T,) (0)? + jo + T
2
Dung ky hiéu :
T=T +T,;, & = oT ;

kikq T,T,
a = TTz— , B = e

va theo (9-38), (9-37) ta cd :
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co

- fzt + _ =2 _
Jo = € = j o _+ Ao’ T 1 orras +
< [ﬁ(jZ)3+ 05)2+j5+a}
J. = 2T dw .
“o [,805)3 +iw) +jo + a]h
Dung bang tinh dugc :

+ L
2

1+ a(l —p) +ya

2 _ _

= AT A —ap
_ B

X = 2AT

Liy dao ham £° theo «, cAn bing khéong va chi ldy nghiém thuc ta

1 .
@’ = —————— tit d6 o6 k',

B+ N B+y
va Jomin:§<ﬁ+zdﬂ+x+l)

Bai tgp 9-5 Mat d6 phd cha tin hiéu cd ich 12 S(w) = 5, con nhiéu
w

la 6n trang : S{w) = 1. Hay xay dung hé diéu khién cd chuic nang loc

va ldy dao ham cda tin hiéu vao.

Ddp dn

Theo nhiém vy, md hinh mAu phai la :

W (w) = jo
D& chon hé t6i wu, dung (9-56) va thuc hién budc nhan ti hda :
S0) + Sie) L1 2 2 e Wi
w (43 = = = 173] —\w
s f 1+ w? 1+ w? )

Sau dé thuc hién budc phan cach hda. Theo (9-57) véi Si(jw) = 0 :

Wm(jw) Ss(a)) _ jow B
W(—jw) (I +jo)y( V2 ~juw)
1 jw 1 jw

+
V2 +1 14+jo  VZ2+1 V2 —jo
Hé t6i uu thuc hién duge theo (9-58) :
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R Lo
wanl®) = 357 V2+jo T+l
i ke - 7L
vl Sz vz T2

Bai tap -6 Xic dinh ham truyén ciia hé xung c6 chuc nang loc v8i mat

do phd cia tin hiéu ¢6 ich va nhiéu :
—2a

o _ _ 1_
St(w) = 3 Aealmlgmpm = A, °

————— ; S{@) = B ;
m= —oo ‘:ejw _ e—a:]

va Sg(w) = 0
Ddp dn :
Nhiém wvu 1a loc don thuin nén Wi(w) = 1

Thuc hién budc nhan td hda cua téng S;(w) + Sf(w), ta e duge :

1 —e ™. e—ja)

*(jw) = C .
o) 1-e @ e’
N l;* ’ 1 _ e—t!l . e—_]u)
SRR TN
a; va C xac dinh tU cac phuong trinh sau -
A 2 - -
cha, = B sha + chae ; Ce "I = Be

Sau do thuc hién budc phan cich hoa {(theo 9-57):

S:(w) B A (1 _ e—24z)
W) C(1 =TT (1T eD?)

/

Ty d6 dac tinh tdn cia hé xung t8i uwu thuc hién dugc la :

i (1_e—2a)eja)
c? (l_e—(a+al)) (ejw_e-al)

W'tu,thﬁw) =
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Chuong 10
HE PHI TUYEN
vOI TAC DONG NGAU NHIEN DUNG

10.1. TIN HIEU NGAU NHIEN QUA KHAU PHI TUYEN TINH

Khi khao sdt tin hiéu ngdu nhién di qua khau tuyén tinh, cic phuong
phap 14y trung binh theo tap hdp vA theo thdi gian (ham tuong quan va
mat d6 ph8) déu dugc dung dén. Tuy nhién déi véi cdc khau phi tuyén
chi ding dugc cdc phuong phdp ldy trung binh theo tiap hgp (luat phan
bé).

Cac phuong phdp khio sat tin hiéu ngiu nhién di qua khau phi tuyén
rdt khic véi cac phuong phdp khéo sdt & hé tuyén tinh : do chuing phue
tap vd da dang hon.

Do tinh chit phic tap ma cac phuong phap gan dung duge dung phd
bién. Tiuy thuéc vao diac tinh phi tuyén la don tri hay da trii hé khéng
¢6 qudn tinh hay c6 qudn tinh, hé hd hay kin ma c6 cdc phuong phip
rat khdc nhau. Phuong phdp khéo sat tin hiéu nghu nhién qua khau phi
tuyén véi dac tinh don tri khéng ¢6 quan tinh 14 phuong phap duge
nghién citu ddy du nhidt, Trudc tién ta khao siat sy thay ddi luat phan
b6 cua tin hiéu ngiu nhién & thoi di€m c6 dinh va cung véi né 1a ky
vong todn va phuong sai (mémen bac mét vaA bac hai). Sau d6 khao sat
sy bign d8i cia ham tuong quan va mat do phd, dng dung nhitng ket
qud gy d€ tinh gan ding cic qua trinh trong hé digu khi€n tu dong.

10.1.1. BIEN POI MAT PO PHAN BO

Ta khao sat mot khau phi tuyén khong cé qudn tinh nhu & hinh
10.1a, c6 dac tinh nhu & hinh 10.1b. O diu vao c6 tin hiéu x(t) véi tap
hop 1, 2, 3,., n dude xac dinh & thoi diém t; bit ky, c6 mat dé phan
b6 p;(x) nhu & hinh 10.1c. O hinh 10.1d 6 mat d6 phan bs p(z) caa
z(t) § ddu ra cing v6i tap hop 1, 2, 3..n cing tai thoi di€m t;.
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Hinh 10.1

Mat da phan bé pjiz) ¢d th€ tinh theo didu kifn bing nhau cha xac

suAt cua tin hiéu vAo trong mién x;, < x < x. + dx va cia tin hiéu m

trong mién z; < z < z; + dz ma z, = zix|) va dz = (dz/dx)dx ; ti do :
p,x)dx = pizidz, {10-1)
via piz) = (dx/dzi p,lx(z)]). (10-2)

Bifu thdc trén cho phép xac dinh pyiz) néu biét p(x) va zix). khi
zix) tang dun diéu nhu & hinh 10.1b

Vi du 10—-1 Tin hiéu x cd phan bé chuan :

‘ 1 (x = my*
pilx) = Exm exp [— T] (10-3)
nhu & hinh 10.2a, di qua khau phi tuyén dang bao hoa nhu & hinh 102b.
[ x, khi | %] = 25 = 2
7] xpsignx | khi |x| >x, = z,

Hay xac dinh p(z1,

Trong miér |z | < x, theo (10-2) xdc dinh -

1 Al mx}:
pilz) = — T exp[—f——il {(10-4)
I O'x 2 ZO_;
Khi |z| = x, dz/dx = 0 nén p|(z) — =. Nhu vav & difm z =xz,



mat dd phan bé duge tué hién bang cac ham xung S5z - zb) nhu
hinh 10.2¢c.

AN
5d7z-2,)
S,8{z+2,)
. }'_'_-_ ey i Ty i
z) % 2 " Z
Hinh 10.2

Dai luong S, va 8, duge xac dinh theo diféu kién

]

8, = J- pi(x) dx ;
“h
i (10-5)
va 5, = I pi(xpdx .

xudt phat ti (10-1) sau khi lay tich phan.

8, va S, la xac sudt d€ z bang +z, va -z, va bang dién tich cac
mat phang gigi han bdi dudng cong p,fx) va cac doan thing -= < x < -x,
vi X, < X < = (hinh 10.2a). D& v4i luat phan bé chuan (10 -4)

iy

[ P dx = Imm(dex =5
J Y

b | =
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xdc sudt Ay tudng dng voi

g WE ] W 1 X = my
S, =;—I pln(x}d:(:;—j p“,(_x]dng—tb(io );
oy - o ‘ &
. (10-6)
X [}
{ o F 1 B E 1 Xy
S; =, ‘_J; Pio(x} dx = 5 - | protxydx= 3~ ® (=, ) «
b o
: x) ! ) (10 -7)
ma Pix) = —F=— ex et ks -
o0 e ()
% X
L2 ( o, ) = _[ Pio(x) dx (10 -8)

ki

1 5 -t ;
Tich phan &(t) = f’_'r-[ o dt. la tich phin xac suat duge cho @
e (&

ciac bang tra cdu. O hinh
10.3 c6 dé thi @it) phu

1 ¢ sopd
. B E '\'-'-":"f)f;.:;? _;:..-,rp{—‘,,—"/-l.:r'_— )
th‘ll(_)(_. L = 6x a5 T ‘ T [ | I I;’_II__J,__—;-::-:_!
) . . = . —
Vi du I7=2 Vii tin higu x(t) Co B
nhu @ vi du 10-1 di qua -3.3':—- : -
khau phi tuyén cd dic tinh e - ‘ "
role - ’ Ij /‘f . Cwom ow omem e
) . 7
2 = zsignx. (10-9) ZZA
Trong truong hop nay P :js_J__zf.? i
p/'z) = 0 khi |z] = =z, con t=m, /6,
khi |z| = z, mat d¢ phan Hinh 10.3
bo p,(z) dugc mo ti bdi ham
xung Sidz - z,) va 5.3z + z) ma
R 1 Rt
5 = _[p|(x}dx=g+¢{6—x); k
: | (10-10)

= 1 Ty
5, = __L p(x)dx = 5~ h , .‘} : [

Bbd thi pi(x), z{x) va p;fz) nhu & hinh 10.4a, b, c
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Hinh 10.4

Khi dac tinh phi tuyén khong don tri, viéc xdc dinh mat do phan
b6 cua tin higdu ra phic tap hon nhiédu. Vi du nhu dac tinh phi tuvén
cua role hal vi tri co tré, mat dé phan bd cia tin hiéu d dau ra khong
nhing phu thude vao méat dé phin bé cia tin hidu & ddu vio ma von
phu thude vao dac tinh cua xde suit dao ham theo thai gian.

10.1.2. BIEN POl TRI SO TRUNG BINH (KY VONG TOAN HAY MOMEN

BAC MOT)

Khi biet duge mat do phan bé cua tin hifu ¢ dau ra cua khau phi
tuyén co thé dé dang xac dinh ki vong toan cia nd

m, = M{z(t)l =I zp (z)dz =I z(%) p,(x) dx . (10-11)

v =% =

va bigt duge ky vong toan cia tin hiéu vao :
m, = Mx(t)} = J- xpy(x) dx (10-12)

tit do eo thd xac dinh duge bién déi momen bac mot bdi khau phi tuyén
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Méi lien hé gita k¥ vong todn ¢ dau vao va diu ra cida khau phi
tuyén la khong dun tri vA phu thude vao tinh chat cia ham phan bé coa
lin hiéu vao.

Bai toan thuong gap Ja khio sat sy bién déi un hiéu voi phan bo
chudn 110-3) Trong truimg hop dv luat bién ddi ky vong toan chi phu
thude dac tinh phi tuyén zix) va o, nhu théng s6 cha no

m, = mym, 06, (10-13)

Cac dai luung nay oo thé phu thude thai gian t hay khéng phu thude
thisi gian t 1d qua trinh dimg)

Vi du I ~3 Tim luat bién déi ky vong tosan d6i vdi khau phi tuyén kiéu
bao hoa vai tin hiéu vao cd phan b8 chudn

Dung két qua & vi du 10-2 cho bidu thuc (10-11) ta cd

H

1 _z-my
m, = - zexp | — ———— dz + 2, (8, — 5.) ] , (10-14)
f Ox ___5;{ _'[h p \- 2@: b . —
X, *m, Cxy, —my)
ma - 8 =8 =0 [—= I = i 4 {10 =15
1 2 [ Cr‘ ) X G?( ’}

Sau khi Jay tich phan va bién d6i ta ¢6 -

(=8 (x, + m‘]: . (X, — m)” l
m, = -5 exp[— ‘—:—J—‘exp[— — }-+
- 20 200 ]
| ey | | — (10 -16)
+ (%, +m) b ( 5 ] - [\xh — mKJ i ( a, )
vii dwr lugng tuong doi, (10-161 co
dang chung : I
/ L oy g P g Wl
m, m, d A ,i"?-’? e T s
L T . S (10 -17) P il
ga- G0 -
- - m, R e
O hinh 10.5 c6 dac tinh W ( ~) = B e e
LKy SR A __.-’" _ =
vdi cdc dai lugng 6%, khic nhau Theo 4-/!’/’ - .J“’—‘]
do thi. khi thanh phin ngiu nhién the _éf;!l -.' o ]
hien qua g, tang thi tinh chdt phi tuyén N i ad m fe
ban dau w6, = 0) nhu duge san bing
vA ving ftuyén tinh duge md rang Hinh 10.5
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Trong khi dd he s6 khudch dai theo thanh phdAn khéng bi€n doi trén doan
tuyén tinh k; = m,/m, giim khi 6, tang.

Vai tré cua thanh phan ngiu nhién gidng nhu vai trd cua thanh
phdn bién ddi & phuong phap tuyén tinh héa rung (xem muc 3.3).

10.1.3. BIEN POI BO TAN (MOMEN BAC HAI

Mamen bac hai cua tin hidu vdo vil ra cta khaun phi tuyén tinh duge
xdc dinh hdi .

M{zztt]} =_J‘.xz:p|(z_] dz = J-xz:pl(x} dx {10-18)
va M-{xﬂt]‘- = J‘Ix“p]lx_)dx . . {10-19
Do tan cia tin hiéu & dau vao va didu ra la

D, = M{[x - mx}::P =x‘- mf : l

{ (10 -201

Bi¢n déi do tan cua tin hiéu qua

khau phi tuyén phu thuée m, va tinh

chdt cia ham phan bé tin hiéu x.

Néu phan bo cda tin hiéu vao la
chuian 110 -3), luat bién déi momen

| 1
~ + - LY -‘r-' . .
bae har phu thuée m, va o, nhu v‘-T %/-..\\ )
! -

: . . g o 725
théng =6 cua ndg a“, N S W
) | ey ' = '
- — == lio 15 .
D..r = 0, _1 D.'ID:-:’ m = | A ":J‘T“\_—{-. -4 =
= D-"G_K' lﬂx} {IU—EII 9 ¢ é Z * = "L-"’ﬁ?r
Tat c4 cac dal ldong nay co thi Mint 108

phu thuée thai gian hay la hang

Fi du 100 —4 Xac dinh luat nen ddi do tdn theo diéu kign cia vi du 10 2
va 10-3.
Ding k&t qua cua vi du 102 cho bigu thie (10 -18) ta cd

—Y - l "I. ' r (Z - ]n_‘{.): 1
z-=1,+m; = ﬂﬂr 5 J zexp t - ——0;—— :‘dz + 2, (5, + 85).

(10-22)
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DI e ()

Viéc tinh cdc tich phidn nay khia phdc tap. Tuy nhién cd thé dung
cdc d6 thi v& méi quan hé (10-22) 6 don vi tuanz d6i :
Xp My

6,/6, = wz(-a—x , x_b> (10-23)

ma Sl+82=¢(

D6 thi quan hé (10-22) nhu & hinh 10.6.

10.1.4. BIEN POI HAM TUONG QUAN

Xét truong hop chung (hinh 10.7) ¢6 hai tin hieu x(t|) va y(t,) dugc
bién d6i bsi hai khau phi tuyén don tri z(x) va z,(y). Mat do phan bs
kép cla hai tin hiéu 1a p,(x, y). Ham tuong quan tuong hd cua z, va z,
0 ddu ra la :

K?.x]y(tl y tz) = M{Zx(tl) Zv(t'Z)} =

=

= J- I 2,(x) z,(¥) P-(x . y)dx dy

—x

(10-24)

Bang cach xac dinh ham tuong quan tuong hé cua tin hiéu ¢ dau

Ko(tyotz) = M{X(tl) Y(tz)} =

: (10-25)
= f Xyp,(x ; y)dxdy

—o —&

ta c6 th€ tim luat bién d8i cta ham tuong quan béi cac khau phi tuyén.

SN el =)
X ! Z, L
A )—|[__‘ NS
/D(X)') L |
2t = -
’ r A
N ) r KZXZ) ‘ri%2)
At sei T 1z,
/ J ) ! 27
KJ ! z) . P4 >'rzy<Jj __ Y - J
-2 4
Hinh 10.7
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Trong truong hop riéng, khi x(t) = y(t) va z(x) = z_v(y) = z{x), biéu
thic (10-24) va (10-25) cho ham ty tuong quan cda tin hidu d diu ra
va dau vao cua khau phi tuyén z(x).

Khi x va y déu cd phan b3 chudn :

(x,9) = { L pEom’
X,y)= ex
PAX, Y znaxay,[ 1 _7; P 201 - xy) [ 03
v - m)*  Pgx - mx) (v — my) ] (10-26)
-

ma P, 1a ham tuong quan tuong hé dinh tim chuan cia tin hiéu vao x
va y :

M{(x - my) (v — my)}

1 0
ny(tl s tZ) = @\ Kx_\(tl b)) = 6,0, (10-27)

DG&i v6i qua trinh ding, m, m, 6, va 6, khong phu thuéc thai gian,

chi cd thanh phdn ngiu nhién cia ky vong toin m, ¢ thé la ham cha
thaoi gian. Trong trudng hop nay :
m, = nlx(t’l)’ m-): = my(tZ)
D€ tinh toan gidn don bi€u thdic (10-24), c6 thé phan tich p,x, y)
theo chudi Tsebishev - Ermit. Trong trudng hop dy (10-26) c6 dang :

1 if(x— mg\?
O i | e

—m N\ = - - 10-28
’ 5:11)} glt’f’nxy H, - mex H, : vay] ; ( )
A n=0 : )
ma H (t) 12 da thdc dudc xac dinh boi :
H () = (=1)"exp (t°/2) (@"/dt") exp (—t2/2) . (10-29)
Dé xdc dinh H (t) c6 thé dung bi€u thdc lap :
H,. () = tH () - nH__(t) (10-30)

voi Ho) = 1 ; Hit) = ¢
Da thuc Tsebishev -Ermit H_(t) co tinh truc giao véi nhan exp (—t2/2)
trén dudng thang - o < t < o, nghia la :
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= t2 27 1n! khi m =
L Hy® Hy®exp( - 5) = {‘IO_” Mt (10-3D)

Vi 1a tryc giao nén khi thay (10-28) vao (10-24) ta cd bifu thidc don

gidn d€ xdc dinh ham tuong quan tuong hé cia z, va z, :

20

Koot t) = 2 Poddyn (10-82)
n=0
1 > x -
ma Ay, = a,m(m,(, GX) = 7[——-2;—[—11-'- “J‘w Z(X) Hn _—O_x X
L (x-m )2 (10-33)

He s0 a,, dugc xdc dinh tuong tu nhu (10-33) bang cdch thay x
bang y. Cic hé s6 a,, va a,, ngdy cang gidm khi n tang, nén trong tinh
toan ham tuong quan, chi cAn dung mot vai thanh phan cta (10-32).

Khi tinh ham tuong quan cta qui trinh ding x = y, z, = zy,
Po = Po my = mg va a, = a, = a, bi€u thic (10-32) cd dang :

@

K, = > f°al.

n=0
Vi Hyt) = 1 va Pox = 1 nén thanh phan thid nhat cia chubi (10-34)
la binh phuong cta ky vong toin ¢ ddau ra cua khau phi tuyén
(10 -35)

(10 -34)

2 _ .2

Trong trudng hop 4y ham tuong quan dinh tam la :

%0

0
K ) = K@) - m? = > plal (10-36)
n=1
Biét dac tinh cua khau phi tuyén va ham phan b3 cia tin hiéu vao,
theo (10-32) ... (10-36), c6 thé xac dinh mdi quan hé gita cic ham tuong
quan cua cdc tin hiéu & ddu vao vd dau ra cia khau phi tuyén.

Bidu thie (10-36) cho phép xac dinh d6 tAn & diu ra cda khau phi

tuyén
2 (10 -37)
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Vi du 10-5 Xac dinh ham tuong quan cia tin hiéu dau ra cda khau
phi tuvén z = z.signx khi phian bo la chudn theo (10-26) va ham tuong

quan
K(1)
prl = ot = el
X
Bigt Hyt) = 1 va H;it) = t, theo (10-30) xac dinh cde tri s6 sau

day cua da thuc Tscbishev - Ermit

Hatt) = t° — 1, Hytr = t* = 3t, Hyt = t' - 65 + 3

Hinh 10.8

Dua cde tri s trén vao (10-33), sau khi ldv tich phan ta <6 -

a, = 2, (m, 6, ; (10 -38)
1 (me) ]
8 = zh\f 20 oxp !V—- 5 (‘j s (10-3%)
L X
m,
as —— (10 =40}
2 sN2 "l
a; = 1.-4"5 [ Ir"m{"ﬁ‘c‘ls = IJ ap (10 =41}
\ /

Da thi ay/z (m 5.} xay dung theo (10-38) . (10-41) nhu & hinh 10 8a
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10.1.5. HAM TUONG QUAN TUONG HO CUA TIN HIEU RA VA VAO
pOI VOI KHAU PHI TUYEN

Nhu & hinh 109, trong trudng hgp nay bién d8i phi tuyén chi thuc
hién d&i vdi y, nghia 1a z(x) = x = x(t) con zy) = zly) = z(ty) =

Hinh 10.9

Theo (10-32) v6i phan b8 chuin x va y, ta cd :

Kolty t) = 2 Ayanmay, (10-42)

n={Q

x = my 1(x-m |’
‘ImTI oo | | 3 dx . (10~43)

con a,, thi dung bi€u thdc (10-33) sau khi thay x bang y.

Céc hé s6 a,, trong trusng hgp nay néu tinh dén :
X — m, X — My
e, | = XMy

6)(
c6 nhing gid tri sau : a4 = my, a,, = 6, va a,, = 0 khi n = 2
Nhu vay (1042) cd dang :

K, it t) = m.ay, + Jxay‘ j’xy (10-44)
vi theo (10~ 35) ay = m,, nén :

K:u(tl ) = Koty ty) —mam, = axayrlox_v =
0
= (a,1/6,) Kq(t; , t) (10 —45)
o yI7 7y T
hay ny(tl » ) = (6,/8y) Kot ts) - (10 ~-46)

Hy
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Bigu thic trén cd ¥ nghia lon trong thuc t& vi khi xac dinh ham
tuong quan tuong hé coa hai tin hiéu cd phan b& chudn thi bdt cd bién
ddi phi tuyén don tri nio ctia mot trong hai tin hiéu déu khéng lam thay
dSi dang cia ham tuong quan tuong hé va chi thay dai he s6. Do 1a co
sd dé tao ciac bo tuong quan ditng role ¢d so dd cAu tric nhu & hinh
10 10.

Hinh 10.10

Vi du 100—-6 Ham tuong quan Luong hd gita hai tin hiéu vao va ra cia

khau phi tuyén co dac tinh z = zsignx 6 dang K, |T| = Be 17l vai

B va « la hang

Hay xdc dinh ham tu tuong quan cva tin higu vio néu biét phan
bé cua no la chuan.

Theo (10-39) hé s6 a,, = a; va dua vao (10-46) ddi vdi y = x ta

co

Ki7) = ax{Br’zh]{ n/2 exp [11’2[m,_.f6x')1 exp(—a|T|) {10-47)

10.2. TUYEN TINH HOA THONG KE CAC KHAU PHI TUYEN

O he phi tuyén tién dinh, khau phi tuyén dude thay thé bang khau
tuyén tinh tuong duvng & phuong phap tuyén tinh hoa didu hoa voi diéu
kién cia gid thigt loc. Trén co s§ Ay cde phuong phap tuyén tinh duge
ap dung dé khao sit gin dung cac hé phi tuyén.

Tu tudng ay duge phat trién & phuang phap ‘fuyén tinh hoa thong
ké cac khau phi tuyén cia cac tar gia Kazakov 1. K., Pervozanski A. A.
(Litn X& cu), Buton R., Esby D). (Myi, Savaghi I, Sugai N. Sunakhor L
{Nhat Ban) vv
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No6i dung cua phuong phap tuyén tinh héa théng ké la thay khau
phi tuyén bing khAu tuyén tinh sao cho mét sd dac tinh théng ké cua
tin hiéu ra khong thay déi. Cdc dic tinh thudng dung la tri s trung
binh va do tdn. Déi khi chi tiéu chit lugng tuong dudng 1a cuc ti€u cua
sai léch quan phuong ma khi tinh ngudi ta cho trudc luat phan bé tin
hiéu ¢ dduv vao khau phi tuyén. Luat phan bo 4y thuong la phan bg
chuan. Dai khi, syt thuc la phan b6 khdc chuin nén tinh toan chi la gin
duang.

Théng s6 cua khau di tuyén tinh hda phu thudc vao dac tinh xac
sudt cua tin hiéu vao va dac tinh phi tuy&n cla khau ay.

Vi du khau phi tuyén cd dac tinh :

z = z(x) (10-48)
va 6 ddu vdo cd tin hidu :
x(t) = m, + x(t) (10-49)
o
ma m, trong truong hgp chung phu thude vado thai gian con, x la thanh
phin dinh tam cua né (¢ ky vong toan bang khéng)
0

DE tuyén tinh héa dac tinh phi tuyén, gid thiét m, va x(t) di qua
hai kénh khac nhau (hinh 10.11) véi hé s6 khuéch dai k, va k; tuong
Ung, con tin hiéu ra la téng cua hai tin hiéu dd dugc bién ddi :

vy = kom, + kx(b) (10-50)

Dé xac dinh k, va k, cia cdc khau tuyén tinh tuong duong dung,
hai diéu kién sau :

Trusng hop thd nhit chi tiéu tuong duong la :

m, = kgm, = m, D, = kKD, = k%65, = D, (10 -57)

Trudng hgp thd hai, diéu kién tuong duong la cyc ti€u cta sai léch
quan phuong :

9E%/aky = 0 va ok = 0 (10-52)
vdi £ = z - y.

Khi chon k, k; ngusi ta con ding tri s trung binh tinh theo hai
truong hop trén.

Vi du 10-7 Hay xic dinh k, va k, cia kbau phi tuyén z = zsignx néu
tin hiéu 4 dau vao x cd phan b3 chuin :
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Cdach thu nhdt :

Véi k&t qua cua vi dg 10-3 va dac tinh rdle dang z - z.signx, sau
khi thay k&t qud & vi du 10-2 vao (10-11) ta co :

My
m, = 2z, ® 5, ;
(10-53)
va D, = 72 [1 ~ 42 (mx/dx):l ‘
Theo (10-61) ta xac dinh :
ky = m,/m, =2z /m_ &dmis,) ; (10 -54)
k, = {D/D, = 2,/6, \[ 1-4dXmy/06) . (10-55)
Céch thi hai :
Vi €=12z2-y = (m—kym)+ z—klgi)zngrEO,nén:
g2 = mg + Dy,
i o 0 5
vai m, = m, -~ ksm, , D, = M{(z - kx) }

= D, + kD, - 2k M z‘%}

Tt cdc phudng trinh (10-51) c6 ky, = m,/m, va trj s6 Ay tring vdi

(10-54), con :
Mrc’}
kl — 77X

X
Dé xac dinh M{(z)?{} diing bigu thic (10-45) vdi t, = t, va x = y,
00 9
M{zx} = K(0) = 6,80P(0) = Sy
Véi dac tinhk phi tuyen da cho, theo (10-39) :
a, = zh\l 2/m exp [— I/Z(mx/dx)z] ;
do dd : k, = z,/6,{ 2/ exp [— 1/2(m,/ax)2] ; (10 -56)
T két qua & (10-55) va (10-56) ta thdy, cach thd hai cho k; bé hon
ciach thd nhat.
Mot phuong phip khac d€ xdc dinh hé s6 tuyén tinh hda ngau nhién
(tuyén tinh hda théng ké), gian don d&i v6i dac tinh phi tuyén don tri
nhu sau [23]:
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Khau phi tuyén cd dac tinh z = f(x) ma x(f) va z(t) la nhitng qua
trinh ding, hé s6 tuyén tinh hda ngiu nhién dugc dinh nghia nhu sau :

2(t) = kK"%(t)

tit didu kién M{[z(t) -Q(t)]z} - ﬂlllng ,
hay M{[f(x(t)) - k““x(t)] 2} — I?:nr}] ,
Lady dao ham v€& trai theo k™ vA can bang 0 ta cd :

M{[f(x(t)) -~ k““x(t)] x(t)} =0.

Biét rang : M{f(x(t)) x(t)} = R,(0) =_j: f(x) x p(x) dx ,

o

M{x*(t)} = Ry0) = | **p(x)dx = 6% .

1 R
| fxyxp(x)ax

nén : k™ = k"(62) = >

Voi qua trinh écgodic :
N
o1
R, (0) = lim == f(x(t)) x(t) dt ;

e 2T
1 T
R(0) = lim 57 XA(tydt = 6f ;
—> g
T
1 1
TY 46 :  k™M=k™(6H) =— lLim == [ f(x®) x(t)dt.
X7 62 1o 2T (x(®)

O bang 10-1 cho mat s6 dac tinh phi tuyén va hé s6 tuyén tinh hoa
tinh k'(x), dao ham kY%x), diéu hoa k™™(x) va ngiu nhién k"(x) d€ thuan
tién trong viéc khao sat cdc hé phi tuyén.

Vi du trong trudng hgp riéng x(t) = Asin(wt + ¢) ma ¢ 12 pha ngiu
nhién thi :

A? 1"
= =3 - B> = i — i +
R(0) 67, 5 va Ry (0) T!‘—Tm 2T J_ f(Asm(cut qp)) X
Asin(wt + p) dt = k™(A) 62 ¢6 nghia 1a :

X"6) = kM(A)
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> . { df X R
O bang 10.1 k(x) = t(:? k(x) = d(x) nhu & muc 5.4

k% (A) Ia h¢ s6 khuéch dai wyén tinh hod dién hoa nhu
0 muc 4.2

Vi du 10-8 Véi mdt dé phan b6 Gauss ( chudn) :

S
i x“w
p(X) = === exp
(i ™| )
hé s luyén tinh hoda ngau nhién :
I o
k6) = = [ % f0 plx) dx .
O, ~e X=m+¥X
con hé ¢& (uyén tirh nod dao ham
df(x) o
KI(x) =
) = l
ching lién hé véi nhan bai Hinh 10.11
- =]
ko) = [ k) poo dx

Biéu (hic nay ciing cho phép xdc dinh k (x) theo k (x)

10.3. TUYEN TINH HOA THONG KE HE PHI TUYEN CO
HOI TIEP

Dé khao sat hé diéu khién phi tuyén tinh. ta xét hé cé hoi ti€p ma
ngoai khau phi tuyén don thudn con cé cdc khau dong hoc tuyén tinh
nhir khau quan tinh chang han.

So d& cau trdc nhu & hinh 10.12a tuong tng vdéi hé tuy dong c6
khau phi tuyén va phian tuyén tinh W(s). Dau vao cta hé cé tin hiéu
lam viéc u(t) va nhiéu f(t). Tin hiéu lam viéc (hinh 10-12b) la tién dinh
vi bién doi cham [u(t) = my(1)].

Nhiéu (hinh) 10.12¢) khong ¢4 thanh phdn khong bign d6i (my; = 0)
va bién ddi nhanh theo thoi gian !A dai luong ngdu nhién dimg cé ham
wong quan Ki(3), mat d6 phé Siu3) va phin bd chuan.

Nhu vay, tin hiéu vdo hé ty déng x(t) = u(t) + f(t) cd phan bo
chudn vi ky vong toan mu I3 hdm cho trude.
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a)
"“1_\ lja/‘»/;«"‘ M
P = I _I‘\\
l r LA \a.’ ,(’A )
— s W N -
a) : .
[
Hinh 10,12

Dung phuang phap tuvén tinh hoa théng ké ta cd so dé khéi tuung
dugng nhu d hinh 1013

—_—

) - {} = W{s)
2 L. !“':, i —

le
-

—-

Hinh 10.13

O day khau phi tuyén tuong dng hai khau tuong ducong vai hé a0
truvén k, va k; phu thuéc vao dac tinh xdc suidt cia tin hidu x = v -
f — y. Thea kénh thi nhAt ¢d thanh phAn bién d6i chim di qua va theo
kénh thd hai o¢ thanh phin bién déi nhanh

Diéu kién can la tin hiéu x vac khau tuyén tinh cd phan be chuin
Tin hiéu 4y lai la hién cia tin hiéu u + { ¢ phan ba chudn vdi ho
tigép vit). Tin hiéu héi tiép y(t) co phan bé chuin hay khéng la tuy thude
& dac tinh tidn cia khau tuyén tinh Wis). O cac hé thue, bac cia mau
s0 lén hon & t0 s6 dn viy phan tuyén tinh Wis) cd dac tinh ciaa bo loc
ha tdn. Diau ¢ dau vao coa phan ifuyén tinh tin hiéu c6 phan bé khong
chudn thi tin hiéu ra yit) cing cd phan bd gin chudn
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Ta chi khdo sat cho trudng hop W(s) tuong dng vai gia thigt loc ndi
trén. Nhu vay x(t) 14 hiéu ctia hai tin hiéu cé phan bé chudn «ciing co
phan bé chuin.

Ta xét cic phuodng trinh cha cic kénh c¢6 tdn s6 thdp, tién dinh va
tin s6 cao theo phudng phip tuyén tinh hda théng ké.

Kénh thd nhdt chuyén tin hiéu tién dinh :

U(s)

X©) = UnW® = 777 W)

(10-57)

véi U(s) 1a anh ctia u(t) vA Wiy(s) 1A ham truyén cia hé kin theo kénh
thd nhat.

Theo dinh ly tdi han (2-9) [19]), tri s6 xdc lap m,(t) khi t — = la:

sU(s)

mx(oo) = liInSX(S) = lim W

T—0 0
vi W(s) thddng c¢6 khau tich phan nén W(s) — « khi s — 0 nén co thé

bé tr1 s6 1 4 maAu 86 vA 4 qud trinh dung co thé viét :

(10-58)

Kénh hai chuyén tin hiéu ngiu nhién c¢6 phuong trinh cia mat do

pha :

Dw) = Sy(w) WK‘“‘”|2 (10-59)

3 day 2 va S; Ia mat do phd cia tin hiéu ngdu nhién x va f, con
1

Wil® = T W)

12 ham truyén hé kin theo kénh hai.

D6 tdn cia x duge xidc dinh theo mat dé phd

1 o
D, =& = %_L S (w) do (10-60)
Nhu vay, tid hai phuong trinh (10 -58) va (10-60) ta mit ra :
my = k)’ (10 -61)
Gx = Jx(kl)

Trong (10-61) ¢ bén dai lugng chua biét : m, 6, kj, k; cho nén
dé gidi né con can thém hai phuong trinh khac. Cac phudng trinh Ay rut
ra tit didu kién tin hiéu x c¢6 phian bd chuidn qua khau phi tuyén. Dinng
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mot trong hai phuong an tuyén tinh hoa théng k& (10-51) hay (10 -52)
ta co :

ko = kolmy, &) (10 -62)
Giai hé phuong trinh (10-61) va (10-62) ta ¢ m, va 6, thé hién dac
tinh x4c sudt cla sai s6 & hé tuy dong.
Vi nhiéu f khéng cd thanh phdn khéng d6i (m; = 0) nén m, 1a sai
lech 3 trang thai x4ac lap cua hé tity dong khi o6 nhidu f(t).
Thanh phdn sai s6 ngiu nhién duge xic dinh tuong tu, theo mat dé
phé cia thanh phidn tin hiéu 3 ddu ra do nhiéu giy nén.
.2
Sg(w) = sr(w)‘w_v»fg w)‘ (10-63)
. k,W(s)
Wils) = T3
Theo tich phan (10-60) tinh D, = 63 sau d6 tim sai s6 quan phuong
caa hé :
EXt) = m + & (10-64)
Biéu thitc (10-64) ndi lén rang sai s6 cua hé tuy déng do tin hidu
tién dinh ¢d ich giy nén va do nhiéu c6 ky vong todn bang O cd thé
tuong tu nhu bi€u thic (9-42) vA gom cd hai thanh phan : thanh phan
do tin higdu c¢d ich u(t) vA thanh phdn cia y do nhiéu f(t)

Vi du 10-9 Xac dinh sai s6 xdc lap cia hé tity déng £X(t) véi cac didu
kién sau :

Siw) = 26%wy(@* + i) ;

z = z8ignx

W) = kis.
Tin hiéu f(t) ¢d phan b3 chuin va

wo/k = 1 ; Bikzy) = 0,5 ; 67z, = 2.
Theo (10-58) vai U(s) = Bf* :

lim — B (10-65)
m, = lim = — -
s—0 2 k"_k kol

S
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Theo (10 -59) :

(iw)/Gw + kk))| -

Sor = [y ? + ]

Thay vao (10-60) va ldy tich phan ta co :
D, = 6% = (6 wollwy + kkp) 5

6y

6, = T/— 0 - (10 -66)
1
\‘ 1+w—0

Hai phuong trinh (10-62) trung hgp voi két qua & vi du 10-7. Bang
cich dung cdach tinh thd nhét, theo (10-54) va (10-55) ta 4 :

2z my,
K, = — @ | =] ; (10 -67)
m, | %
Zp , Wy
k=5 1- 40 (—5—) : (10 -68)
Tu (10 -65) :
- B __ B
T kok 2z My »
m (5 )k
” M, B
véi o ( 5x) alTe (10 -69)

Thay k, tu (10-68) vao (10-66) ta cd :

L ?
X kk, - kz, B
1+— 1+ —= 1 -4 — 5
0 0x 4k*22
of
- 2.2 2
1+ k°z; - B s
(UJOO_X )- (_U)(JO_K )
- 1 k zb - BL
hay : G| lve @ | =0f,
ay x [ Ox Wy f
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Do dg : 6, = a2 + V 6% + (ar2)® ; (10 -70)
" 2.2 2

ma a =
@y

Tit (10-69) theo d6 thi ¢ hinh 10-3 ta xac dinh :

B = mys,, (10-71)
va theo 6, dd bigt tu (10-70) tinh :
m, = B6 (10-72)

Theo (10-63) ;
Syw) = R(w) | (k) (o + ki k1| =

. 10-73
= (26twe)/ (@® + wdy x| k)/jo + kK |2 ( )
Sau khi thay Q;(w) vao (10 -60) va ldy tich phan ta cd :
D, = 67 = (6{ kk)/(w, + kky) ; (10 -74)
va £5t) = mZ + o . (10 -75)

Tu (10-70) ta xac dinh :

alzy, = Vv 1-025 = 0,866 ;

Oz, = —l(22,) + Y (6/2,)" + (a/22,)" = 16 ;

my B _
®|—1 = — 0,25.
< 2k z,,

Theo a6 thi 3 hinh 10.3 ta xic dinh :
B = mfs, = 0,71 ; myzy = 86z, = 1.136
Theo (10-68) va (10-74) :

1 o
k, = 16\]1—0,25:0,54:*::1,4.
] ZB

Sai s§ quan phuong tudng d&i la

£2ty/zd = 1,136° + 1,4 = 2,69

o trang thai xac lap, ¢ ddu ra cia role ¢6 thanh phan khéng dai
m, = B/k. D€ duy tri dai lugng nay ngay ca khi khong e¢d nhiéu, role
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vAn & trang thai déng md theo chu ky. Nhiéu lam phdc tap thém qua
trinh. Tuy nhién phuong phap tinh gin ddng nhu trén cho phép danh gia

tinh chit clia cic mdéi quan hé ndi trén.

BAI TAP CHUONG 10

Bai tap 10-1 Xac dinh hé s6 tuyén tinh hda ngdu nhién :
nn 1 =
k™) = | x(fx) px) dx

cia khau rale :

|-k, x > 0,

fx) = 10, x=0;
1—1{, x < 0.

véi ciac mat dé phan bd sau :
a) phidn b6 déu :
1

p(x)=J2\[§6’ x| s\[56’;

lO R Ix| >\f§6.

b) phan bd rang cua (tam gidc) :
1 + r—l V66 < < 0 ;
> X 6 3 0 € X € ;

p(x) = 1 1
1—Qx+m, OSXS%O';

¢) phan b6 chuin :

p(x) = sz e <t
d) phan bs Laplace :
. - Izl T
PX) = Y55 € -
Ddp dn
a) k") = ﬁ% = 087 % ;
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’2 k k
b) KMe) =\ 37 = 082 5 ;
’2 k k
o k"6 =\ 5 5 = 080 5 ;
1k
d) K" = 72 5= 0,71 5

Bai tgp 10-2 Hé phi tuyén co dac tinh role ly tudng :

k, x>0,
=f(x) = ksignx =1 0 , x = 0, (10-75)
-k, x <0,
va phin tuyén tinh cd dac tinh tan :
ky
Wio) = ———— . -
(w) o (T + 1) (10-76)

O ddu vao cla hé cd tin hieu ngidu nhién diing véi mat do phd :

Sy So \
S((w) = - = = (10-77)
|1+ Tjw | 1+ Tiw

Hay xdc dinh d6 tan citia tin hiéu ra cua hé 0‘25,

Ddp dn
D6 tadn cua tin hiéu vaa theo (9-18) :
=L (s % jx do 2 wom
P — o L) w — - - - = T =
f 277_“. t n “x 1 +T?w2 Tf o

Thay (10-78) vao (10-77)

T
Sew) = T (10 ~79)
|1+ Tjw | ?

D& tim 67, trusc hét phai xic dinh k"6 véi phan bs chudn :

nn k .

k) = — J- x signx p(x) dx =
6F u
2x

(10-80)
k e —-X/
= — I 200 dx
6: { 21 6,
X2
Dung bién mdi u = —— ta ¢d :
26,
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nn - .= -u -

K™6) = s Gx'(l;e du . (10-81)
€

vi: Ie Y du =

1,
[2 X
nén : k"6) =\ = 5 (10 -82)
X

f g e, o
! L ! A

' !
Ao|2a0 (?)
‘)@“*\!‘f 5 > W./wJUy—‘

Hinh 10-14

Bi€u thic (10-82) la ddp &n cua bai tap 10~lc. O hinh 10.14a c6 so

d6 khéi cua hé phi tuyén da cho, cdn hinh 10.14b 1a so d6 tuong duong.
Bac tinh tdn d6i voi sai léch x :

. 1 Jo(Tyw + 1)
W w, 6) = — = - - - (10 ~-83)
1+ k™(6) W(iw)  jw(Tjo + 1) + k"(6,) k,
Theo (9-19) vdi (10-83) va (10-79) ta cd :
1 @ jo(T jw + 1) 2 T,62
63 = — - 2 dw
21 25 |jo (Tjw + D) + kM6 k| |1+ Ty |
hay :
v v z
5 1 = T ogw + TleLGfU"U)z
6‘{ = g J‘ dw

S | KMok + (14 TE™(6) ky)jw + (Ty + Ty) (@)° = T i)’

Dung Phu lue B[19] d€ tinh tich phan trén v8i n = 3 va mét vai
bign d&i gidn don, ta 6
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T, T¢
1 + Th + klk“n(ax) T_
. ! L. (10-84)
+— —
1 T, k,k"(6,) ( T )

s

Phuong trinh (10-84) ding v6i moi dac tinh phi tuyén. V&i khau role
ly tudng cén thay the k" (5,) tiu (10-82) vao (10-84).
T

{ N
Quan he gita 6? va 6, véi ?1 c6 dinh va kjk khac nhau cho & hinh

10.15. V&i 65 da bist, vé dudng

song song truc hoanh, xac dinh i
duoc 6,. Véi kk bé o, = 6, tuong o
ing v6i ch& dbd lam vidc xau. Khi f
kk — o, tuong quan nay sé tién
dén gisi han -
i N
Lt 0
o %
D6 tAn cida tin hiéu ra Gf Hinh 10.18
can tim duge xac dinh tu (10-84)
va bang :
B 1+ E k,k™(6,
) 7, (1+7,) k™6
62 =
y PRL T S
Tl <Tl ) 1% ( x)

Trong trudng hop hé role :

Ty Ty ,fz
2= 6 DA & (10-85)
o T szk'\’z
(1+7) ot (g ) Kk 3

Quan hé nay xac dinh hiéu qua lam giam nhiéu & diu ra ciua hé
rale.
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PHU LUC

A Dinh ly Sylvester

n n
Vidu Q = XAX = ¥ Y axx (a5 = ay) (A-1)

i=1 j=1

[ ]
a4y - an
a1 ap

A =
an)| am

Pinh ly Sylvester phat ‘bigu nhu sau :
Q x4c dinh duong néu va chi néu moi dinh thdic con cia dinh thie
|A| déu duong :
)y a2

) 3
Néu mot dinh thic con bing 0, @ ban xac dinh. Ma tran A dude

a; > 0, s e |A] >0 (A-2)

xem la xac dinh duong néu dang binh phuong tuong ung la xac dinh
duong con -A la xic dinh am.

Vida A1 Q = x*) + 2% + &3 + 2xx; + 4xxs + 6xyxg Tir (A-1)

hé s6 cua xx; v6i i = j 1a ay + a; = 2a, do dd :
ay = 158, =2 ;a3 =9;2a,;=1; a3 = 2; a); = 3
a; 4 a
3
a4 1 T L1z
a;=1>0, = >0, |31 a» 23| =1 2 3] =4>0
Ay 8y 1 2 2 3 9
3] dzy ax

Vay Q xac dinh duong.
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Vi du 4-2 1) V ix. % = x%, + x5 la xac dinh duung
2) V (x;, x2) = % + x» la khong xac dinh
3) Vo txy, x5, X3) = *x"] = x:: la ban xac dinh am v no
bang 0 theo truc x,

B. Cdc khdi va so dbd khéi mé phong theo winfFACT

iz

Bz
%

bt

-k

2 ]
Sl f=C

‘F:I-\-
L)

1‘ \ F

Syslew / U '1"(:5 U selekbed (=10 0.1 WinkALT 30 ©1494 In genit |,

100

Hinh PL-1
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C. Cac kh6i o thu vién SimulinK (MATLAB)

hva
. Yo N /M
[~ SN ‘n‘_‘_ + = VA D F]
B s e 7 L s bojy-hew| 7Yy s Cae
FON R ) - ! ! 5 4
1 . L 1 | L
S3_rce Sinake Zarupuoos Dz ete Nzt FLNZiSNs herinea Seons .
& Tadies & SvsteTe
SlCvRT S Suie Soze Lintens 3C l .
Too DArES Copvnizre iz 19974865 o Tne MathWorke 1n: . SEE
—_ ]
McE cemmien usel Dioce @
cz oanl ( 3 Mo 1 >,
cc 3 J Der ux 1 )lly = - VO
o 1 p - - T¢ Wormssacs 4 Sazabe
B e 2 fer Fow Grapt
a- e ;
) . Gty | ° b f‘vC?l
,{:‘ sy N <
Rus |- . ? -
. Do Sor- -Ln W | J
EERRY sy Lo Trans @t Fe” ¥\ aray
Otner commy 1, UsET Dot
I e |« = As=5y i ' " sb vt
. RAEN - A1e o . T
»2aT P 4 TR b ﬁ vz Zy-Tw > - ® ’...._ H P
e ant e R L g I 3e1¥- Weld .
JETIVAT Yy —Zer-:—:;o-»: G pre-snere n oo g 0T WOIRApACE
— ~ P T wan = T
oo BT B
St 10U Ziozr Sine wdve Fiocua LU U Telvi Sdla:ahd’ Cu.oislzn
» =V > >: NaTi BB ¥ sveem b 5—\49 )’_:_;-7—‘9
I P unshinr -, S i I
EEE— SAurRcLor —— rate i me’
Transpor Dewv NMATLAL =cr =-tunete Swict e
R L
> 70 5) 4 >. R 1z )
; 7703 ‘ ! ' LT r'IU"I _B”-’ ‘
Thy Feer-—u L .
-
5. nunny
Hinh PL-2
D. M6t s3 ham thudng- ding cila MATLAB
D-1. Céac ham todn
Béng D-1
Tan ham Ngi dung
abs Tri tuyét ddi
e -
sign Dau ctia ham
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Bang D-1

Tén ham

Ndi dung

sgrt

pow2

exp

log, Iogz‘ leg 10
sin, cos. tan, cot, sec, csc.
asin, acos, atan2
atan, acot, asec
acsc

sinh, cosh, tanh,
coth, asinh, acosh
atanh, acoth, sech,
csch, asech, acsch

Can quén phuong

Luy thua bac hai

Ham md

Céc ham logarit

Céc ham lugng giac

Céic ham Ilugng gidc ngudc.

C4c hamn hyperbol
va nghich dac cua ching

D-2. Vécto va ma trén

Bing D-2
Tén ham N$i dung

linspace, logspace Tao vectd

eye Déng nhat thic ma tran
ones, zeros Ma tran mét va khdng

rand. randn Ma trfin ngdu nhign

diag Ma tran chéo

triy, tril Ma trdn tam giac

\ Chia tréi, nghiém coa toan tu
detrank Dinh thic va sé hang

inv Nghich dao cia ma trén
norm, normest chudn cua ma tradn

eig, polyeig Dai lugng rieng va vectd rigng
poly Pa thuc dac trung

trace vét clla ma tran

D-3. Xz ly 86 liéu va cde ham thong ké
Bang D-3
Tén ham N@i dung

corrcoef Hé s& tuong quan

cov Hiép phudng sai

cumprod Tich tich luy

cumsum Téng tich luy

gradient {z, dx, dy) Gradient xap xi

mean Tri s6 trung binh
L. - . - .-
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Bang D-3

Tan ham Ndi dung

median Median
rand $6 nghu nhién phan bd déu
randn S8 ngéu nhién phan ba chuan
e, it Bién d&i Pourier nhanh, nguge
1112, ittt2 2DFFT va 2DFFT ngudc
conv Tleh chap
length D6 dai cta chudi

D-4. Phuong trinh va gidi phuang trinh

Bang D-4

Tan ham N&i dung
pelyfit Da thde xdp xi
legendre. N ;
bessel, bessely Céc ham tryc giao
roots Diém khéng cia da thdc
fzero Diém khong cua ham
fmin, fmins Cuc tiéu cia ham
trapz. quad ‘“h teh .
quads Tich tich phan hdu han
ode 23, ode 45 Ly \ . \
ode 23p Dung cu giai phudng trinh vi phén thong thudng (ODE)
broyden Giai hé phugng trinh phi tuyén bing phudng phap Broyden
diffgen L&y dao ham dén bac bfn mét ham
eiginv X4c dinh dai Wigng riéng (véctd rigng) bing phudng phép 13p nghich daa
eigit X4ac dinh dai lugng riéng (v.:écto riéng) thi nh&t bing phdong phap lap
eulertp Giai phudng trinh vi phan bing phuong phap hinh thang
feuler Gidi phuong tonh vi phén bing phudng phép Euler
foauss Ude udng mdt tich phan ding phudng phap Gauss
thamming Gidgi phudng trinh vi phan ding phudng phap Hamming
fhermite Gidi phudng trinh vi phan bing phusng phip Hermite
fnewton Giai phudng trinh dan bign bing phudng phap Newten
newtonmv Giai h& phudng trnh phi tuy&n bing phudng phap Newton
golden Xéc dinh cye ti€u ham don bién
rkgen Gidi phudng trinh vi phan bing phudng phdp Runge-Rutta
romE Udc fugng tich phdn bing phudng phip Romberg
ror: ngx Gidi phuong trinh vi phén bing phuong phap Romberg
sct roder Gidi phudng trinh don bign da nghiém theo Schroder
saiveq Gidi phudng trinh bac hai
twapoint Gidi bai todn bd bac hai ding sai phan hiu han.




D-5. M6 hinh hoa va téng hop LQG

Bang D-5
Tén ham Nai dung
minreal Tich md hioh t8i gidn (loai trd nghidm khéng/nghiém cyc)
sminreal Tinh m8 hioh c&u trdc ddn gian
canon Thye hién md hinh khéng gian trang th chinh tic
damp Tinh tan s8 riegng va ty s6 Yat dan
degain Tinh hé s8 khuéch dai ha tan
covar Tinh hiép phudng sai cua dép Ung déi vdi 6n trdng
pzmap Vé phén b8 nghigm khong va nghidm cuc ctia md hinh tuyén tinh (LTI)
append Ndi md hinh trong khéi cdu hinh chéo
augstate Tang dau ra bing cach thém trang théi

drmodel, drss
ord2
rmodel, rss
filter
gensig
initial
Istim
acker
place
estim
reg

Iqr

digr
lqry
Igrd
kalman
kalmd
lggreg
care
dare
lyap
diyap

Tao mé hinh ngdu nhién, gidn doan

Tao md hinh béc hai

Tao m8 hinh ngéu nhién, fién tuc

Mbd phdng bd lpc gian doan SISO

Tao ti hidu vao

Didu kign dau clua dép dng

M3 phdng dap (ng coa md hinh LTI véi ddu vao tly y

Téng hop theo quy dao nghiém SISO

Téng hop theo phan bd nghigm MIMO

Tao bd udc lugng trang théi theo hé sé udc luong

Tao b diéu chinh theo hé sé héi tiép trang thai va udc Iludng
Xac dinh hg s€ khuéch dai t6i uu theo LQ cho mé hinh lign tuc
X4c dinh hd s8 khuéch dai t6i W theo LQ cho ma hinh gidn doan
X4&c dinh hé s8 khufch dai t8i wu theo LQ vdi tin higu ra

Xac dinh hé s& khuéch dai gidn doan theo LQ cho m6 hinh fign tuc
Tinh b8 udc lugng Kalman

Tinh b udc Iudng Kalman gian doan cho md hinh lign tuc

Tao b8 diéu chinh LQG theo hé s8 khuéch dai LQ va bd lgc Kalman
Gidi phudng trinh Riccati lién tuc

Gidi phudng trinh Riccati gian doan

Giai phudng trinh Liapunov lién tuc

Gidl phudng trinh Liapunov gian doan.
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