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LOI NOI DAU

Ly thuyét diéu khién tu dong (D.K.T.D) la phan chi yéu cua
ly thuyét diéu khién. Ly thuyét D.K.T.D la kién thic co s cua
cac nganh ky thudt tu déng trong linh vuc dién tu, dién dong
luc, co khi, hang hdi va quéc phong. Tit hoi nghi lan thu I nam
1960 cua Lién doan diéu khién tu dong quoc té€ (ILF.AC) dén
nay, ly thuyét D.K.T.D dda phadt trién khéng nging va tich thanh
nhiénw huong nghién cuu sdu va rong.

Nhitnz nan. 1970 vé trudc, céong cu dé nghién cuu ly thuyét
D.KT.D con don so. Tu 1970 dd c6 mét su phat triégn moi, ddc
biét trong linh vuc diéu khién va tru, céng nghiép va quoc phong.
Nhung sang thap ky 80 khi ky thudat vi xu ly va may tinh duoc
ung dung rong rdi trong nghién cuu khoa hoc va trong cdac nganh
kinh té, ky thudt thi hudng nghién cuu va ung dung cta Uy
thuyét D.K.T.D lai chuyén qua mot cuéc cach mang mdi. Do la
huong ung dung diéu khién cé6 mady tinh, tic cic hé théng on-line
dén cic hé thong diéu khién phan cdp c6 may vi tinh diéu khién.

Ly thuyét D.K.T.D la mon hoc duoc giang day ngay tit khi
thanh lap cdac truong Dai hoc ky thudat ¢ Viéet Nam. Cuén sdch
nay la su duc két nhing bai giang ma tdc gid cung cdac dong
nghiép da lién tuc gidng day gan 30 nam qua 3 cac truong Dai
hoc Bdch khoa Ha N6i, Bach khoa thanh phé Ho Chi Minh, Hoc
vien Ky thuat Quan su va cdac truong Dai hoc ky thudt Rhac.

No6i dung cuén sach viét theo chuong trinh dao tao cua Bé
Gido duc va Dao tao thudéc Chuong trinh Nha nudc KC-01-13 do
Gido su Nguyén Dinh Tri chi tri.

Khi xday dung dé cuong, tac gid da dugc su cong tac qui
bau cuia dong nghiép Lé Dinh Anh, nguoi dad va 'dang giang day
Ly thuyét D.K.T.D ti 7 nam nay J Algerie.



Dé dat duoc hai muc dich

- Hé théng héa qud trinh phdt trién Ly thuyét D.K.T.D chia
dung nhitng nguyén ly co bdn cia Diéu khién Tu dong.

— Néu lén nhitng huong moi cua Ly thuyét DKTD hién dai,
tac gia da tham Rhdo nhitng tai lieu moi nhGt vé Ly thuyét
DKTD gidng day d cdac truong Dai hoc cua cdac nudc Phuong
Tay.

Léan ta: bdn nay cé b6 sung cac chuong trinh tinh quad trinh
qua dé bang ngén ngit C va cdc bai t4p lon vé ly thuyét hé
tuyén tinh lién tuc va hé xung s6  t6i uu nham hé théng hoa
kién thitc cho sinh vién lam quen vdi viéc tinh todh va thiét ké
hé thong.

Cuén sdach hoan thanh duoc som la do c6 sy giup do, c6
vii cia gido su Nguyén Dinh Tri, gidgo su Phan Anh, ddc biét
su guip do nhiét tinh cia Ban bién tap sach Nha xudt bdn Khoa
hoc va Ky thuat. Tac gia xin bay té6 sy biét on sdau sac déi vdi
su guup dé qui bau do. Do thoi gian va khd nang co6 han, chic
rang cubn sach khong tranh khoéi con sai sot. Tac gid mong' nhén
duoc su goép y cua ban doc va dong nghiép. Thu gop y xin gui
vé B6 mén Tu dong diéu khién, truong Dai hoc Bdach khoa Ha
Noi, hay Nha xudt ban Khoa hoc va Ky thuat, 70 Tran Hung
Dao, Ha Not.

Tac gia
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Chuaong 1

MO TA TOAN HOC HE THONG
DIEU KHIEN TU DONG

1-1. CAC KHAI NIEM CO BAN

1-1.1. Cac phan td co ban cua hé thong diéu khién
tu dong

Hé thong diéu khién tu dong 1a hé théng duge xay dung tu ba bd
phan chu yéu:

— Thiét bi diéu khién C iController)

— Doi tugng diéu khién O (Object)

— Thiét bi do luong M (Measuring Device)

Do la moét hé théng co phan hoi (feedback) hay c¢o lién hé nguoc
So d6 khoi vé hé thong diéu khién tu dong (DKTD) vé trén hinh
1-1.

L/ % C X O J

ML‘

Hinh 1-1.
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Cac tin hiéu tac dong trong hé théng:

u : Tin hiéu vao (input),

y - Tin hiéu ra (output),

x : Tin hiéu diéu khién tiac dong lén d6i tugng O,

e : Sai lech diéu khién,

z : Tin hiéu phan hdi (phdn hdi am ky hiéu bang dfu (-) khi z
ngudc dau vai tin hiéu u)

So dé hinh 1—1 la so d6 kh6i don gian nhdt va t6ng quat nhit.
VEé sau ta sé xét t6i cac hé théng phdc tap hon.

Sau day ta xét vai vi du vé hé théng didu khi€n tu déng.

Dau tién ta xét hé théng dieu chinh tu dong tdc d6 quay cua
tuabin hoi nudc. So dd6 nguyén ly vé trén hinh 1-2.

Déi chiéu voi so d6 chdc nang vé & hinh 1-1 ta thdy: Déi tuong
dieu khién (DTDK) la tuabin hoi nudc; Thiét bi didu khi€n la van
diéu chinh luong hai vao; Thiét Li do ludng 14 co cdu ly tAm.

Hé thong dieu khién tu dong nay nham duy tri cho t6c d6 tuabin
git n dinh. Né&u t6c dé n tang lén do nguyén nhan nao dd thi
thong qua co cdu ly tdm, can trugt sé bi kéo lén trén (kéo ca dau A
cia canh tay don AB) va dau B sé bi 4n xydng lam cho van bi dong

A2,

;:W Tue bin e
e L hoi VAR
7424

0dcav g/ Fom
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bdt dé giam ludong hoi cdp vao tuabin. Khi do téc do quay cua tuabin
sé bl gidm xuoéng Tuong tu khi téc d6 quay cua tuabin vi mét nguyén
nh4n nao dd bi gidm xuéng thi cinh tay don AB thong qua co cdu ly
tam sé ha dau A xudng va nang dau B lén dé md cia van cho ludng
hoi vao mday nhiéu hon va lam tang téc dé quay cua tuabin.

)r-rf

<1

ol
Ukr FL 4

KT

LNy |

-

CA2
i

Hinh 1-3.

Mot vi du khac vé hé théng digu chinh tu dong dién ap may phat
dién mot chidu vé trén hinh 1-3.

Trong so dd gdm co cac phan tu:

— Khuéch dai vao, 1a thiét bi cong tin hiéu u  (dién ap dat tu
chiét ap (CA,|) va u, (dién 4p phén hbéi qua chiét ap CA, ldy tu dién
ap ra u; cua mdy phat F.)

Day 1a mot mach khuéch dai thuat toan (Operational Amplifier).
Cac dién tré R, R, tu C tao thanh khau quan tinh cdp 1.

— Mach khuéch dai dong cong sudt gom hai tranzito T, va T,

— Déi tugng dieu khi€n 12 may phat dién mét chiéu F cd dién ap
Ta ug cAn giu én dinh.

— Chiét ap CA, va dién trd R, lam mach phan ap, dua dién ap
may phat ug thanh dién ap phan héi u, vé dau vao va so sanh vdi
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u_ (u, va u, nguoc ddu nhau dé tao thanh phan hdi am).

Chttc nang cua hé thdng la can git dién dp ra up 8n dinh. Gia su
do mdt nguyén nhan nao dd lam up gidm xuéng thi so db cd chic
nang tu dong lam tang u; vé gia tri dat ban diu nhu sau. Ta thdy
tin hiéu dat vao b6 khuéch dai KD la hiéu dién apu, —u, = A u
Vi u, = const nén khi u, gidm thi A u tang lén, do d6 u, la dién ap
ra sau bo khuéch dai cing tang lén. Khi d6 qua bo khuéch dai dong
T, - T,, dong dién kich ti qua cuon day kich tit KT ciing tang lén
va dién Zp may phat up cling tang lén, nghia la hé thong da gid
duoc dién 4p cia may phat dn dinh.

1-1.2. Cac nguyén tic diéu khi€n co ban

Bat ky hé théng DKTD nao cing bi tac ddng cua nhiéu va gay ra
sai s6. Hién nay c¢6 ba nguyén tac diéu khién co ban:

~ Nguyén tac diéu khién theo sai léch

— Nguyén tac diéu khi€n theo phuong phap bu nhiéu

— Nguyén tac dieu khién hén hop theo sai léch va bu nhiéu.

Trén hinh 1-4 vé so d6 hé thdng dieu khién theo nguyén tic
hén hop. Trong hé thdng tin hiéu y(t) 1a tin hiéu ra; f(t) 1a nhiéu
tac déng vao d8i tuang dieu khién.

K e

M e

Hinh 1-4.
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Nhiéu fit) tac dong lén déi tuong diéu khién vi du theo chiéu
hudng lam tang tin hiéu ra y(t). Trong hé c¢6 dua vao moét thiét bi
bu K co tac dung ngudc ddu véi f |, nghia 1a v tdc dung bu vé phia
trudec TBDK C d€ lam tin hiéu E giam bdét. Néu f tac dung lén
DTDK O dé lam giam tin hiéu ra y thi thiét bi bu K lai tao ra tin
hiéu bu v lam tang E nham cudéi cung lam tang y.

Hé théng diéu khién theo nguyén tac hén hgp duge dung rong
rai trong thuc te.

Doi vdi nguyén tac sai léch da trinh bay qua hai vi du trong so
do nguyén ly hinh 1-2 va hinh 1-3.

Ngoai cac nguyén tac diéu khién co ban da noi & trén nguci ta
con néu ra nguyén tac khac nhu: ), —

) ‘ . . ,\ I

— Nguyén tac diéu khién theo chudng trinh \/J /f
— Nguyén tac didu khién thich nghi. A

Gan day do su phat trién nhanh chdng cua ky thuat vi xu ly va
vi tinh ngudi ta da tdng hgp ra cac hé thong dieu khién rat phuc
tap trong do thiét bi didu khién (Controller) chinh la mét may vi
tinh ¢ thém cdc thiét bi ghép phoéi Tuong tu — S6 (Analogue —
Digital) va S6 — Tuong tu (Digital — Analogue). Cac thuat toan
dicu khién dudc tinh tvan theo cdc bai toan téi wu va thich nghi
dugc viét bang chuong trinh ngdn nglt may hoac ngdédn ngu C dé
diéu khién d6i tuong cong nghé bén ngoai.

Rl . a o2 -
1-1.3. Phan loai cac hé thong diéu khién tu dong
Viéc phan loai hé thong DKTD co thé thuc hién theo nhiéu

phuong phap khac nhau. O day ta nghién cdu cdc loai hé théng
DKTD dién hinh va hién co sau day:

1— Hé thong DKTD tuyén tinh
2~ Heé théng phi tuyén tinh

3— Hé thong lién tuc: Cac tin hiéu tdc dong trong hé la cac ham
lién tuc theo thoi gian.
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41— Hé thong rai rac hay hé théng xung-s6 (Hé thong gian doan):
Trong do chi can ¢ moét tin hiéu la mét ham roi rac theo thoi gian.

5— He thong tién dinh: La hé théng trong do tat ca cac tin hiéu
truyén dat la cac ham theo thoi gian xac dinh (khong co tin hiéu

ngau nhién)

6— Heé thong ngau nhién: La hé thong trong do chi cin cd mot

tin hiéu la moét ham ngau nhién.

7— Hé thong t6i vu: La mot hé thong diéu khién phuc tap, trong
do thiét bi diéu khién co chuc nang tong hgp dude mot tin hiéu diéu
khién utt) tac dong 1én doi tuong nham chuyén trang thai DKTD tu
trang thai dau dén trang thai cudi vdi khoang thoi gian ngan nhat
(bai toan té1 uu tac déng nhanh) hoac lam cho hé théng dat duge do
chinh xdc diéu khién cao nhat.

8— Hé thong thich nghi (hay con goi 1a hé théng tu chinh) la hé
théng co kha nang thich ung moét cach tu dong nhung bién déi cua
diéu kién moi truong va dac tinh caa déi tugng diéu khién bang
cach thay déi tham s6 va cdu truc so d6 cua thiét bi diéu khién.

Hién nay hé thong thich nghi thuong st dung cac thiét bi tinh,
ky thuat s6. Cdc hé thich nghi phé bién Ung dung trong c6ng nghiép
la hé thong co ghép ndi vai cdc vi xu ly va mdy vi tinh.

Viéc phan loai cac hé théng DKTD trén day cing chi 18 mot
cach Tuy nhién gita cac loai hé théng nay lai ¢d lién quan mat
thiét vai nhau. Vi du néu ta chia hé théng DKTD thanh hai loai: He
ngau nhién va hé khong ngiu nhién (Hé tién dinh); thi trong mot
l6p hé ngau nhién lai co thé phan thanh hé tuyén tinh hoac phi
tuyén; Ti€p dén ngay chi trong hé tuyén tinh lai cd thé c¢d heé lién
tuc; rdi rac v v...

Do vay co thé noi viéc phan loai hé théng DKTD tuy thude muc
dich phan loai.
1-1.4. Nhi¢m vu phan tich va thiét ké hé thong

Noi dung co ban cta ly thuyét diéu khién tu déng 1a bai toan
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phan tich hé thong va bai todn téng hop hé thong thay thiét ké hé
thong).

Trong thuc té c6 nhing hé théng dang van hanh nhung khi xay
ra su c6 hoac lau ngay can diéu chinh lai tham sé. Lic d6 ching ta
can gidi quyét ba: todn phan tich hé théng, nghia la phai danh gid
lai cac chi tiéu chat lugng hé théng. Muén lam duge viéc do, ching
ta phai xac dinh dugec mé td  toan hoc cua tung phan tu trong hé
thong (hay 14 m6 hinh toan hoc hé thong) Khi da ¢6 duge mé hinh
toan hoc toan hé thong, ta can dua vao do dé xem xét hé cd lam
viéc 6n dinh khong va cac chi tiéu chat luong khdac nhu thai gian
diéu khién nhanh hay cham, cdc thong s6 diéu khién va dai luong
duge diéu khién cd 6 trong gidi han yéu cau cho phép hay khéng.
Chi mét bai toan phan tich hé théng nhung phai dung nhiéu cong
cu toan hoc khac nhau déi vt titng loai hé théng khic nhau. Bai
toan phan tich hé théng trong truong hop don gian cd thé tinh
bang giai tich va dai s6 thong thuong nhung co truong hgp can phai
su dung dén may vi tinh dé€ giai quyét.

Thiét ké hé thong la xac dinh tham s6 va cdu tric dua vao cac
yéu cau thiét ké nhu d6 chinh xdc diéu khién, do tac dong nhanh
cia hé thong hoac nang luong tiéu hao trong hé thong cuc tiéu.
Thiét ké hay téng,hop hé thong thuong di kem bai toan phan tich
hé théng. Co khi mot hé thong da thiét ké so bé nhung can phai cai
thién chat lugng hé thdong t6t hon. Dua vao moét cdu truc mdi vao
mot hé théng (vi du nhu bo diéu khién Ty 1é — Tich phan — Vi
phan PID) sé lam thay d/()’i/ﬁén dac tinh cua hé thong. Do dé van dé
téng Hop hé thong DKTD la mét bai todn hét sic quan trong va
phtc t;_;p.

1-2. PHEP BIEN DOI LAPLACE

Phép bién ddi Laplace duoc dng dung rat cé hiéu qua trong viéc
giai cdac bai toan ly thuyét mach dién, dién tu, cd hoc va didc biét
trong ly thuyét Diéu khién tu dong.
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Néu c¢d mot ham f(t) co d6i s6 theo thai gian thi &nh Laplace cua
ham s6 ky hiéu la F(p) dugc tinh theo cong thuec:

F(p) = [ f(t)e P. dt (1-1)
Q

trong do p la bién toan tu Laplace; F(p) la &nh; f(t) 1a goc.
Quan hé gita goc f(t) va dnh F(p) con viét theo ky hiéu sau:
fit) » Fip) = L {f(t)} (1-2)
Vi du 1-1. Tim anh Laplace cac ham sau day:

1) f(t) = C = hang s6;

x e-pt ~ C
_ _ -pt 4y _
F(p) =L{C}=/Ce Pdt=C.— | =— (1-3)
a p ~ p
2) £(t) = e
- e—(P‘a)1 - 1
F(p) = L{e?' } = e e Pldt - | = (1—-4)
o —(p—a) r p — a
3) f(t) = e 3.
- e—(p+a)t - 1
F(p) =L{e™ } =/ e ®e™dt= — —— | - (1-5)
a —(p+a) a p+a
4) f(t) =t ;
x 1 - x 1
F(p) =L{t} = fte Pdt=t.— | - | — e Pta (1-6)
o -p - o —Pp

1
F(p) = _pz . (Tinh theo céng thic f udv = uv — [ vdu).

— Anh Laplace ciua dao ham céac cdp cia ham sé f(t). C6 ham
ftt), Anh cua no la F(p).

Dao ham cua f(t) 1a f'(t) = dfit)/dt cd anh la:
L{f'(t)} = pF(p) — flox
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L{f"t)} = p"Fip) — pfio) — fo). (1-8)
Dao ham dén cdp n caa ham fit) 1a £ty
d"fit)
L{f"it)) = L{ b=
dt"
=p"Fpr — p" " flo) - pP"TIf0) — .. ~ " Vo). (1-9)
Khi diéu kién dau triét tiéu, tuc la:
flo) = f'lo) = f7(0) = ... = " Yio) = 0 thi
L{f(t)} = pF(p)
L{f(t)} = p~.F(p) (1-10)
L{f"(t)} = p" F(p)
— Anh Laplace cua tich phan ham sé:
Néu f(t) cd anh la F(p) thi
t F(p)
L{ [ f(z)dr } =—— (1-11)
0 P
— Anh Laplace cia ham tré mot khoang thai gian T:
f(t) - F(p) thi:
L{f(t — T)} = e PTL{f(t)} = e PL F(p) (1-12)
— Anh Laplace ctua phép tich chap f|(t) f,(t):
Tich chap duoc dinh nghia:
l
f(t) = £5(t) = [ {(T).fi(t — TH.dT
{
L{ [ f(t - T).f,(T).dT } = F\(p).F,(p) (1-13)
- L{f,it) + f5(t)} = L{f(t)} + L{f5(t)} = F(p) + F,(p) (1-14)

M. €y -1 JFReY — Ir KM

(1-15)
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— L{e ".fity} = F(p + a) (1-16)
t .
— L{ft— )} = aF(a.p) (1-17)
p- + a”
p
— T{cos(at)} = . , (1-19)
(p + a)” + k-
_ k |
— L{e " sintkt)} = - - (1-20)
(p + a)” + k*
_ pt+a .
— L{e . costkt)} = . _ (1-21)
(p + a) + k-
e—n[.tn—l 1
- L{ b= (1-22)
(n — 1! (p )

— lim pF(p) = lim f(t) = f(o) ; lim pF(p) = lim f(t) = ftee) (1-23)

p—)'x { = O p—)U [ » x

— Co6ng thuc bién doi Laplace ngudgc.
Néu biét anh F(p) cia mot ham goc f(t) thi ta tinh duogce fit) theo
F(p) qua cong thuc:
1 (}+J3C

fity = — | Fipeldp=L"" {Fip)}. (1-—24)
2] o-—jx

Théong thuong tinh ham f(t) theo céng thuc bién déi ngugc
(1-24) co nhiéu kho khan. Do dd néu biét ham F(p), ta thudng
phan tich thanh cdc phan thic don gidn va st dung cic céong thic
bién db6i co ban ¢ trén.

~ Ung dung bién do6i Laplace dé giai phuong trinh vi phan.

Vi du 1-2. Cé mach dién R—C, phuong trinh mé ta nhu sau:

uy = IR + u,

1f|dt | cdu2
U, = — [ ldt=1=C—=
2 C dt
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— s ——

Hay: R
LSRG du, /——{:I yd
IERERPTER b o T %
F— -
Dat RC = T. ta co
dU2 flinh 1-5.
T " r Us(t) = Uty  (1-25)

Tu phuong trinh (20) ta viét bién déi Laplace cua cac sé hang
Us(t) = us(p) L{u,(t)}

du, du,(t)
— = puy(p) ==L (1-26)
ar  DHeP dt
uy(t) = uy(p) = L{u()}.
Thé cac sb hang tu (1-26) vao (1-25) ta co:
Tpus(p)  uy(p) = uy(p) (2-27)
1
U = U (1—28)
»(p) 1( Tp + 1
, Kk
Néu u,(t) = k = const = uy(p) = —
P
u,(p) — - +

:Tp+_1'p Tp +1 P

Ta tim duoc a, = —T.k va a, = tk.

—-T 1 —1 1
Hay: u2(p):Tp+1 +—p= : +p
p+ T
Mat khac ta da biét:
k 1
k> — vac "' -

p p+ 2
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Vay uy(t) = ke VT 4 k= k(1 — e Ty,
hay: uy(t) = k(1 — e (1-29)

1-3. CAC PHEP TINH MA TRAN CO BAN

Phép tinh ma tran dugc dung d€ giai cac bai toan diéu khién
trong khong gian trang thai.

Ma tran la moét bang lap thanh tu m hang va n c6t. Ky hiéu A la
ma tran, vi du gom 2 hang va 2 cot sau:

A= = = {a } .
1,5 sint a,; a4

trong do: a, la cac phan td cia ma tran A (m x n).

Hai ma tran A va B bang nhau néu cac phan ti tuong dng bang

nhau: a, = le

1. Ma tran chuyén vi cia ma tran A la A’ (hay A') néu hoan vi
cOt cua ma tran A thanh hang cia ma tran A’

A = {aij} th1 A’ = {aU} :

2. Ma trgn d9i xung 1a ma trdan ma A = A’, la ma tran vudng:

a, = a, i, = 1, ..,n)

3. Cong hai ma tran: C = A + B

ClJ = a, + b|j (1-30)
Vi du:
2 4 2 -2 4 2
+ =
-3 1 3 0 0 1
Tinh chat: A+B=B+ A
A+ B+ C = (A
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Trumatran D =A -B. hayla d =a - b
4. Tich hai ma tran: ¢ = A.B

n
C!J = ¥ alk.bkJ (1-31)
h=1
Vi du: 1 —1 1 2 1 1]
AB = = :
2 2 0 1 2 6
1 1T [1 ~1l [5 3
BA = = AB (1-32)
0 1 2 2 2 2
— Néu co: ! 11 (-1 1T [0 0
AB = =
2 2 1 -1 0 0
. J - L.

Qua vi du nay ta thdy A # 0 va B # 0 nhung tich s6 A.B = {0}.
— M6t ma tran nhan vdoi mot dai luong vé hudng thi méi mot
phan tu cua ma tran déu nhan véi lugng vé6 hudng do.

kA = {kaU} TENW@A&{A T“%@GHM
1 e 5 —10 r} {JO vlr \\j
2 = 3 VIUON
4 7 8 144 -

— Chuyén vi cua tich hai ma tran bang chuyén vi cia ma tran
sau nhan vadi chuyén vi cia ma tran trudc:
(AB)Y = B A’ (1-34)
— Tich ma tran A v4i ma tran duong chéo D =
0 d

[
[ ]
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(Ma tran duong chéo la ma tran ma cac phan td nam trén dudng
chéo chinh khac khong con tat ca cac phan tu ngoai duong chéo déu
bang khong).

Néu ma tran dudng chéo ¢ bén phai th1 két qua phép nhan sé la
tich cia 1 phan ti trén ma tran duong chéo vdi mét cot tuong ung

cua ma tran A

ap ap d, 0 a;d, a;5ds,

Con ma tran duong chéo & bén trai ma tran A thi1 két qua cua
phép nhan sé 14 tich cia mot phan td trén ma tran dusng chéo vai
hang tuogng ung cua ma tran A.

0 dy ) A4 ay)d;, CARRLER
5. Ma tran khong la ma tran ma tat ca cac phan td cua no déu
bang khéng.
— Ma tran don vi la ma tran ma tat ca cdac phan td nam trén
dudng chéo chinh déu bang 1 con tat ca cdac phan ti khac déu bang
khong Ky hiéu ma tran don vi la [. Vi du ma tran don vi cap 3 x 3

la; |
1 0 0
I = 0 1 0 Al =T1TA =A (1-35)
0 0 1
— Ma trgn hang la ma tran chi ¢d cdac phan ti nam trén mot
hang: Aim x n) véim =1, = 2
Vi du Allx4) = [ 5 2 4 3 ]

— Ma tran cot la ma tran chi co
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——————

Afm x n) véim = 2, =1
2]
Vi du: A3 = | 1
L ! i
Néu viét dang ma tran chuyén vi ta co: A’ = [2 1 7] th1 ma tran

cot chuyén thanh ma tran hang. Hoac chuyén vi cia ma tran hang
sé thanh ma tran cot.

6. Vét cia ma tran: (Trace): la tdng tdt ca cac phan tu trén
duong chéo chinh cua ma tran vuong:

TrA= Ya (1-36)

1=1

7. Dinh thuc cua ma trégn vudéng An x n) la téng dai so6 cta n!
s6 hang lap nén cac phan ti cua ma tran.
Ay a)>
Vidu ma tran A = , dinh thuc ctia nd la det(A)
a4
hay ||A ||, (det(A): viét tat tu Determinant)
ary a2
det(A) = |A| = = a,;.dy — dy .4,
ann a2
8. Phan phu dai s6. Néu dinh thuc A, ta bo di hang thu i va bo
di cot thu j va git lai (n—1) hang va (n—1) cot va lay dau bang
(—1)""), do 1a phan phu dai s6 cua phan tu a,

A,

| cua ma tran A ky hiéu

ay  app;  apy ]

Vi du: A= a, a) ayn ;

“

a3l d3> 433

Ta tinh cac phan phu dai s6 cho cac phan tu ma tran A:
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ay> A3
A= (=1 = dyy.dyy — djjdog
a3 @33
o [ax @3]
142 — -
Ap =(=D — —(a,)a33 — a3.853)
a a
3] 33
(a5 8]
A —(—1)1+3 = d5,.4,, — a,;.4
13 = = 21232 31-822
a3, Aaz)
. (2, a3
e —_ - . —_—
A, = (=1 = —(ajyas3 — az;a3)
| 332 333
143 a7 aAp
a d
21 22

9. Ma trgn phu hop 'Adjugate matrix)

Ma tran phu hgp cia ma tran A 1 ma tran lap thanh bdi cac
phan phu dai s6 va sau dd 1dy chuyén vi. Ky hiéu ma tran phu hgp
la: adj A

Ay Ay, A13 ’
As As; Ass
L
[ 1 0 1
Vi du: Cho ma tran A = 2 3 1
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-~

3 1 2 1 |2 3
14—04} 01‘
adj A = 0 1 11 10‘
14 0 0 1 -8 2| [n 1 =3
14 - -8 4 1
01\ }1 1\ ‘10‘ 1 8
- 31 2 -1 3
3 1 2 1 2 3] L L |

1

10. Ma ¢tran nghich dao Inverse Matrix).

Co ma tran vudéng A(n x n). Nghich ddo cia ma tran A ky hiéu
1a inv(A) hay A™! Tich cia A va A™! l1a ma tran don vi.

AAT ' =ATTA =1 (1-38)
Cong thuc tinh ma tran nghich dao:
. Adj(A)
ATV 7 (1-39)
det(A)

Vi du 1-3. Tim ma tran nghich dao cua ma tran A,

A a2 A3 0 1 2
a1 A22 23 2 1.0
a3 d32 433 3 1.0

Khi ta tinh duoc phan phu dai s6 A; ta co thé tinh dudc dinh
tndc nho cong thdc Laplace, khai trién theo hang:
fA] = apnAy + BipAp + 8i3Ag =
= Ap1Ag t A Ay * 8p3A03 = (1—40)
= ag1Agy + agpAgp + A33Ag3 -
Khi khai trién theo c6t ta co:
[A] = anAn+ 8y An + 831Ag¢ =
= apAp + 8 Ax t 83As (1—-41)

= ai3.A3 + 8x3.Az3 + A33A53 -
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Theo s6 liéu ma tran A da cho ta tinh dudc:

2 1 0 2 0 2
det(A) = |A] =1 - 0. +o.| = —1
1 3 1 2 1
0 0 =1 0 1 —1]
Adj(A) = |1 -3 6 0 -3 2
-1 2 -4 -1 6 -4
0 —1 1]
. _, Adj(A)
vVay inv(A) = A - 0 3 -2
det(A)
1 -6 4|
— Tich hai ma irin nghich dao: C = A.B thi:
C'=B'A"! (1—42)
1 - 1 -1 -3 -3
AB = =
0 2 2 1 4 2
2 3
. Adj(A) -4 -3
(AB) ! = =
det(AB) 6
{‘2 2} { 1 1 ]
0 1 -2 1
Con A_l = ; B_l =
2 3
{1 1] 9 9 2 3
B‘IA“‘=_2 1 0 1 _ —4 -3
3 2 6

R6 rang (AB)™!' = B! A™!
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— Chuyén v1 cua ma tran nghich dao va nghich d4o ctia nghich
dao:

A=A (1-43)
(A7 = (Al (1-44)
11. Tri riéng va vecto riéng (Eigenvalues . Eigenvectores).
Ta xet phuong trinh vecto:
y = Ax (1—-45)
vii x va y la cac vectg co6t, con A la ma tran vuéng. Y nghia cua
phuong trinh nay la co mot vets x, qua phép bién d6i ma tran A nd
sé thanh vecto y cd cung mét hudng vdi vectd x. Néu tén tai mot
vecto x nhu vay thi ta noiy ty lé vdi x hay la quan hé cua y va x la
mot phép ty l1é tuyén tinh vai hé s6 A Lic do ta co thé viét:
y = Ax = Ax (1-46)
vdi A la mot dai lugng voé hudng, la hé so ty lé.

Day chinh la bai toan vé tri riéng (eigenvalue) hay la sé ddc
trung cua ma tran A ma vdi gia tri cia 4 vi du A4 dé cho phuong
trinh y = Ax co nghiém x, # 0. Vecto nghiém x, # 0 duogc goi la
vecto riéng (eigenvector) hay la vectg dac trung.

Tacoy = Ax = Ax Hay la . Ax = i

(A - ADx =0 (1-47)
Phuong trinh nay cd nghiém khong tam thuong chi khi

det(A — AI) = 0. (1—48)
Phuong trinh (1—-48) goi la phuong trinh dac trung

Vi du 1-4. Cho ma tran

3 4
A = . Hay tim tri riéng cua A.
1 3

Ta giai phuong trinh dang (1-46)
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3 4 X4 X4

I
}_.

1 3 X2 X2

Hay theo dang (1-47) ta co:

3 4 ] 1 0 X, 0
- A
13 0 X, 0
Hoac

Phuong trinh dac trung (1-48) sé la:

3 - A 4
det(A — Al) = det =0
1 3 -4
Rut ra: (3 —-—A)@B -4 —-4=0
¥ - 61+5=0
Tinh duoc: AM=1va i, =5

Dinh thuc det(A — AI) goi la da thudc dac trung.

Tuong Ung vai moi mot tri rieng A cua ma tran A(n x n) la mot
nghiém vecto x, cua phuong trinh tri riéng: AX, = AXx.

Vecto nghiém nay dugc goi la vecto riéng.
Ung voi ma tran A da cho ta tim dugc A =1va A, = 5.
Gia sU xét vai tri riéng 4, = 1, ta sé tim duoc vecto riéng nhu sau:

3 4 X4 X4

=[1].

1 3 Xy X5



Chuong 1. MO TA TOAN HOC 25

Hay la: 2 4 X, 0

il

1 2 X4 0

L

2%y + 4%, 0
Xy + 2%, 0

e , =2
TuU day ta rut ra: x; = —2x,. Do do vecto riéng x,1a x4 = { ] X5
VGi X, 1a mjt s8 bat ky:
12— Dang toan phuong (Quadratic Forms)

Dang toan phuong la mot tong cua cac s6 hang cdp hai:

n
Qx) = Y laij.xlxJ (1-49)
1=
n n n
Q= x, ;E ax + X, Elazj £+ 4 anEIaanJ
= J= =

Né&u vecto x chi cd 2 toa dd X, Va x, thi:
2 2

e X a)) 4y
Néu dats X = A= thi:
X3 a;,  4n
a;;  ap | X apx; + apx,
AX = =
2y ay | [% 87X) + 89).X)

a,x; + a,,x,
ay1X; + 85X,

2

—_ 2
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Né&u A la ma tran d6i xding, sé c6 a,, = a,,, ta viét:
Q=X AX. (1-50)
Céng thuc (1-50) la dang téng quat cua dang toan phuong.

1-4. PHUONG TRINH TRANG THAIL KHONG
GIAN TRANG THAL KHAO SAT HE
THONG TRONG MIEN THOI GIAN

1-4.1. Phuong trinh trang thai dang téng quat

Ta xét moét vi du veé
mach dién gom ba phan tu:

R [
dién trd R, dién cAm L va tu
Y, z l [ == U, dién C.

—

Dién ap dat vao mach la
u,. Phuong trinh mé tad mach
d trang thai dong (dynamic):

Hinh 1-6. u; =up +uy + 4,

| di
Hoac uy = iR+ L — + u,,
dt

1
trong d6, u, = u, = C J idt.

Trang thai cia mach dugc quyét dinh bdi dién ap ra u, va dong
dién i. Ta goi u; va i 14 c4c bién trang thai. Ta viét lai hé phuong
trinh n&u dat:

u, = x, la bién trang thai thy nh4t

i = x, la bién trang thadi thy haj. (1-51)
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du |
1 = C. 2 X1r= — x2
dt C
=
di R 1 1 / 1 R 1
— = - —1—- —u, + —u X, = — —X, ——X;, +-U
dt L L % L " 2 L' Lt L
Dang chinh tac hé trén dugce viét lai nhu sau:
. 1
x, = 0x, + Exz + O.u,;
(1-52)
. 1 R
X, = — Exl — fxz +,_1/'u1'
L
Hé (1-52) dugc viét dang vecto ma trén
. 1 - -
X 0 c X, 0
= + . uy (1-958)
. 1 R y
e S T 7 B A B
[ x, I X, ] 0 1/C [ 0]
Ky hieu x = X = ;A= B =
X5 x5 —1/LL —R/L /L
N 4 L ] R
Khi'do hé (1-53) viét gon hon:
X = AX + Bu (1-54)

Phuong trinh (1—54) duoc goi la phuong trinh trang théi.

Khéng gian hai chiéu gdm trang thai dong dién i = x, va dién 4p
trén tu C la u, = x, dudc goi la khong gian trang thé:.
Vi gita a, va x, ¢ mé6i lién hé: x, = Cx, va khéng gian ¢d hai

toa d6 x,, x, cing la x, va 5(1 (bién x, va t8c do bién thién cua x, la
x,) dugc goi la khéng gian pha.

Khai niém vé trang thai va pha khong nh4t thiét phai trung
nhau.
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Dang tong quat cua phuong trinh trang thai va phuong trinh 1a
(cac ham f va g la phi tuyén bat ky)

x = f(x. u, t) (1-55)

§ y = g'x, u, t) (1-56)
Sog doé khoi
tuong dng voi hé

(1-55), (1-56) .

vé trén hinh 1-7, ] It U

trong d6 a, x f 4y { X 1 X Y
= N u = ! ()dE g0t =

la cac vecto f(X.U,{) TD
chiéu wu: vecto r

chidu y, g: vecto X T{-
m chiéu. W

Trong truong
hop hé théng Hinh 1-7.
tuyén tinh thi hé
(1-55), (1-56) viét dang ma tran (vdi cdc ma tran hé sé thay dai
theo thoi gian):

x = A(t) X + B(t).u (1-57)
y = C(t)X + D(t).u (1-58)
= B2,
/ + X X + +

S
oo

aff)df = [

A =

Hinh I1-&
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Khi hé théng tuyén tinh 12 ding, tdc cac ma tran hé s6 A, B, C, D
khong thay ddi theo thoi gian thi ta cd hé phuong trinh trang thai:

x =AX + Bu (1-59)
y =CX+ Du (1-60)
So do cdu tric Ung vai (1-59), (1-60) vé trén hinh 1-8, trong
do:
(a2 a) Ain (b, by, b,
A= 421 A2 42n ’ B =1 by 22 by
Lan—l “n—2 “nn_ _bnl bn2 bnr.‘
i ‘12 “In 1 dpp d,
Cea €2n D= dy dy dyy
_Cn—I “n-2 “an _dnl dn2 dnru
Vi du 1-5. Viét hé
phudng trinh trang thai .
déng co dién mét chidu #
vai tin hiéu vao la dién ap I } N 5‘
dat vao phan dng, tin hiéu 7, .,_ T
ra la goc quay 6 va toc /6
dd goc 6 trén tryc dong ~ T7777777 7T
cd. Kich tU cho dong co la o .
kich tU déc lap co tu
thong @ - const. V@i cac ¢=Cansf
hang sé: J l1a phy tai quan
tinh: B: hé s6 ma sat; R: dién
trd phan uUng; L: dién cam -
phan dng; e, suc phan Hinh 1.9
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dién dong cua dong co;
k. Hé sé ty 1&6 mémen
ko: HE sO ty I& voi suc phan dién dong:
ey = Kg.8 VOI k, = const.
So d6 vé 0 hinh 1-9.
Phu tai c6 quan tinh J dugc dong co kéo trén bé mat cod hé sé
ma sat B.

Phuong trinh can bang mémen dién ap phan Ung:

di

u=IlR+L—+e 1-61)
a7 (

= K

e 6

m e

Phuong trinh can bdng mémen (Dinh luat 2 cua Newton):

J ae” B % K| (1-62)
—==-B—+ A 1-62
dt? dat "
Hoac viét cach khac:
d%e B do k.
_—— = = — + | 1"’63
e~ J dt (1-63)
di R ke db 1
dt L L dt L
Ky hiéu: a;= —-B/M; a5 = k,/J; az = —k,/L;
a,~ - RIL; C =1/L.
Dat cac bién trang thai:
X, =6 ' goc quay trén tryc dong co ;
X, = 0 téc d§ goc cua truc déng co ;

Xy =i dong dién di qua phan Ung dong ¢
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Hé (1-63) viét theo bién trang thai:
Xy = X,
Xp = @Xy + pXg (1-65)
X3 = @3Xy + @4X3 + C.u(t).

Gia thi€t tham s do dugc & dau ra déng co la dong dién phin
Ung va géc quay 6 trén truc déng co thi ta c6 thé viét phudng trinh
ra: -

1 0 0l X
y(t) = (1-66)
0 0 1 Xy

Phuong trinh trang thai (1-59) cé dang:

[ X, (0 1 0] [x] [0
X, [= |0 dfa, x| +| 0] .u( (1-67)
[ X3} |90 a3 a4 | Xg | C
Hay:
x = A.X + B.u
y=CX
(0 1 0] [ o 1 0 0]
voi A = 0 a, a,| . B=[0]; C=
0 a; a, C 0o 0 1

Can luu y, viéc chon bién trang thai khong phai chi theo mot
cAch duy nh4t. Chdng han tit hé phuong trinh ( 1-63), (1-64) ta cé
th€ vi€t thanh mot phuong trinh sau:

d J - B . J - B . :
L—(——68 +—8) + R( — . +—.9)+kc.9=u.
LJ .. LB+ RJ .. RB + k_ .k
Hoac — 6 + .0 + 0.6 =u.

K ko ko,
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LB + RJ RB + k_ k k
6 = — 6 + 26 +—u
LJ LJ
Dat cac hé s6:  a;; = — (LB + RD/AL.J);
a;; = — (RB + k. k) / (LJ);

Chon cac bién trang thai:
x, =6 : goc quay
X, =6: t6cdod goc

(1-68)

Xq= 9 : gia t6c (ba‘y thAnh phan ty 1& v6i mdomen)

Lic d6 ta c6 hé phuong trinh:

- —~ b - = = =

X, 1 0 X, 0
X, | = 0o 1 x,| + | 0
.x% a2 8y ! C

- x, T

yt) =[10 0] X,

X3

Hay x = AX 4+ Bu
'y = CX

u(t) (1-69)

(1-69)

So sdnh hé (1-66) va (1-67) va hé(1-69)ta thiy cac ma tran A

va C khdc hdn nhau Vi do cdach chon hifn tranc thai i

| SNUEQUEE W
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1-4.2. Phuong trinh trang thai bi€u dién bing so do cAu
tric theo dang toan tu Laplace
Véi mach dién R—-L-C (Hinh 1-6: ta da co phuong trinh

(1-52)
: 1
xl = —C-.xz
ﬁ . 1 R u,
Qua phép dai La})lace ta viét lai hé nay nhu sau:
[ 1
px,(p) = c X,(p)
{ (1-70)
1 R u,(p)
_ _ = _ = I
px,(p) = L.xl(p) L.xz(p) + [
Hay
(p) L (p)
X == —X
"PPT e p TP (1-71)
1 (u,q 1 R
- - p) _ = _ =
X,(p) . [_IL_ L.Ml(p) L.xz(p)]

Trén hinh 1-10 ta vé so do phia phai dng v3i phuong trinh
(1—-70) va so dd phia trai Ung vdi phuong trinh (1-71). Cdc tin hiéu
a(p) va x,(p) d ca hai phia so d6 nhu nhau, do dd ta néi bang
duong didt nét sé tao thanh mét so dd cdu tric mo td cho cd hé
phuong trinh (1-70), (1-71).

Cach khac, ta thé x,(p) = pC.x,(p) tu (1-70) vao vé& trdi phuong
trinh ¢1—-71) va ta cé phuong trinh dang sau:

"1l (p) 1 R
pCx,(p) = g( jT - E.xl(p) - f.xz(p) )
hay 12 1 1 1 1 R
11l u(py 1 _n .
x,(p) = > C § (—1—L - *1(P) T %2(P)) (1-72)
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Tu phuong trinh (1-72) ta cd thé xay dung so dd c4u truc bang

1 1 1
3 khau néi tiép nhau E T T va noi ti€p vai khau céng tin hiéu
gdm 3 thanh phan u (p); —1/L x,(p) va —R/Lx,(p). Cubi cung ta

cing c6 so do nhu da vé trén hinh 1-10.

U, (p)
- ,(+)' AR _XZ_O.?. 71 1 X'>)
=] Z P [ T [ p [T
2= | !
' |
R Xz(/’)J |
L .'
t
N P2 _
L
Hinh 1-10.

Ti phuong trinh (1-72) ta bién ddi thanh:

1 R 1
W xl(p) B —2 . Cxl(p)

11
(P = ¢ o2 wie) = e LC

Hoéac:
(T, T,p* + Typ + Dxy(p) = kou,(p).
trong do dat: le_ﬁ , T, =RC ;k =1L.
Dat ty s6;
x,(p) k
= W(p). (1-73)

u,(p) T]T2p2 + Top + 1

Wip) duoc goi la ham truyén dat cua mach
Vay ta cd dinh nghia  Ham truyén dat cia hé thong la ty s6 cuu
tin hiéu ra vii tin hiéu vio cia hé théng di bi€u dién theo bién 43’ Lapluce

voi diéu kién dau triét ticu.
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Qua biéu thuc (1-73), ham truyén dat cua hé théng la mét phan
thuic géom tu s6, trong truong hgp téng quat la mot da thuc bac m
cua bi€n toan tu p, con mau s la mdt da thic bac n cia p. Trong
thuc té théng thuong bac m <

Ham truyén dat co thé cé nhidu dang, nhung t8ng quat ta viét
dugc:

Wip) = bp™ + bp™ '+ . +b__,p+b _ B (1—74)
a,p’ + alpn_l + .. +a _,p+a, A(p)

Trong biéu thuic (1-74), néu tinh dudc cac nghiém cua da thuc
3(p) o tu s6, ta goi cac nghiém do la diém khéng (zero), con cac
nghiém cua da thuc A(p) & mau sé ta goi 1a cac diém cuc (poles ).

1. Khai tri€én thanh cac thita sé don gian

Khi W(p) co dang tich s6 cac phan thic bac nhdt p & mau s6:

n 1 Y (p)
W) = [[ ——— = (1-T5)
i=1 p — P, u(p)

Sa do trang thai biéu dién ham truyé&n dat (1-75) vé trén hinh
1--11, tuong Ung vdi phuong trinh trang thai sau:

X, = p;x; + 1 p, . 00
X, = Py.Xy + X, 1 p,
. voi A=| " 1
X, = Pn-X, + X, _, 0 1 p,
1 [0 ]
0
B=0 ;. C = 3 ; x = Ax + B.u.
|0 | 1




36 Chuong 1° MO TA TOAN HOC

1
5
]‘
I
«

P-A P -

ND
Ay
)

Hinh 1-11.
2. Khai trién thanh t6ng ciac phan thic dan gian

Ham truyén dat hé théng cd dang:

1 n Cl Y(p)
Wp) =— =3 = (1-76)
Al(p) =1 p - p u(p)
Hay
n u(p)
S (c.- ) = y(p)
=1 -
Dat: | PR
1
x,(p) = u(p) (1-77)
P — P
n
y(p) = _21 C,.x,(p) (1-78)
i =
Ham truyén
: 1 Xy
cia hé mo ta >  a—— C y
theo biéu thuc P-h ’ !
(1-77) vé trén
hinh 1-12.
Trong do cac U,, . 4 X"_ A J
bi€n trang thai Pk < g,
: , N l
Ay Xy, . A, CON
cac bién ra la
y]) y2’ ) yn 1 Xf) c
Tu (1-77) ta > Cn
-F
viét dang phuong £ yn

trinh géc x (t) va
u (t): Hinh 1.1?
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Hay:
Dang v6 hudng:

pX,(p) — pX,(p) = u(p)
x.{t) — p,x(t) = u(t).

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

P

x,(t) = p;x,(t) + u(t)
X,(t) = p,.x,(t) + u(t)

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

(1-79)

(1-80)

Tu (1-80) ta vié’t ra cic ma trdin A va B con tu phuong trinh
(1-78) doi ve dang g6c y,(t) va x (t) cd

yt) = S: yi(t) = Zn C.x(t)
i=1 i=1

Ta xac dinh dugc ma tran ra C:

p, O

0 p;
A=

0

0 1
0 1

, B= :
Py :

(1-81)

(1-82)

Hé phuong trinh trang thai co dang sau vdi A, B, C tu (1-82):

Vi du 1-6. Cho hé théng mé ta bdi ham truyén dat:

1

{X=AX+Bu
Y =CX

‘ Y(p)

W(p) = =

A(p)

(p — P)°(p - py)

u(p)

(1-83)
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Ta phan tich thanh tong:

C C C Y
W(p) = 1 ot 2, . - () (1—84)
(P —py° (P — Py p-p, u(p

trong do: Cy=1(py — pPo); Cy = =V(py — p2)2 ; Cy= = Co.

‘TU c6ng thdc (1-84), ta vé so dé khéi cho sé hang thi nhat 13
mach gida trén hinh 1-13. S6 hang thd hai la khau thd nhat cla
mach gida va khau hé s6 C,; sé hang thu ba la mach dudi.

e %2
7 7 Xy /[ 'yf Y
P W ; —_—
P-A X, | -4
X
. 7 I > ( ——
72 y
J
Hinh I-13.

Bay gio ta viét phuong trinh trang thai t biéu thic (1-84).
Biéu thuc (1—84) dugc viét lai:
1 1 1 1

Y(p) = c,. A — U(p) + c,. — U(p) + cs. . pz.U(p)-
(1-85)

Dat:  X,(p) = _1 o U(p) = pX,(p) = pXa(p) + U(p).
hay  X,(t) = pyux,(t) + u(t) (1—-85')
X3(p) L U(p) = p.X3(p) = p».X5(p) + U(p) . (1-86)

P2



Chuong 1: MO TA TOAN HOC 39

Hay X3(t) = pox4(t) + uf(t) (1—86’)
S6 hang thd nhat trong (1-85) la:
1 1 1

P—Py P~ P P~ Py
Dat tiép:
1
Xo(p) = X4(p) =
P — Py
pXy(p) = pXi(p) + X, (p)
Hay: )'(,(t) = P X4(t) + X, (1) (1—-87)

Gop ba phuong trinh (1—-85’), (1-86’) va (1—87) vao mét hé:
X{(t) = PyX4(t) + X, (t)

%, (1) P, (1) + ul) (1— 88)
X3 (t) + PoX4(t) + u(t)
Hay viét duoi dang ma tran
M) et o] [xm] o)
X5(1) 0 py O} [x(t) |+ | 1 u(t) (1—89)
%] |00 by [l ] |t
TU s0 do trén hinh 1—=13 ta O y(ty = yy(t) + yo(1) + ys(t)
Hay y(t) = Coxq(t) + Coxp(t) + Caxa(t) (1—90)

Phuong trinh ra y = C'x
C =[C, C, C, ] 1a ma tran chuyén vi cua C.

3. Sit dung mé hinh céac tich phén ca ban
Vi dy 1-7. Hé thong mo ta boi hdm truyén dat:
k Y{(p)

W(p) = = — -- 1-91
P) p3 + a,p2 + a,p + a, q(p) ( )
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Chuyén (i—91) vé phuong trinh vi phan cdp cao:
p°Y(p) + ap°Y(p) + apY(p) + az.Y(p) = k.u(p)
y +ay + ay + @y + agy = k.u
Dat x1:y;x2=>'<1;x3=i<2:3<'1th\|:
y= X =X = X3
Xq = —@zX; — 82X, — aX5 + ku .
Vay ta co hé:

X1=X2

Hoac

"X "0 0 1% 0]

).(2 0 0 1 X2 + 0 . u
i3J —83 "’82 —81 X3 k {

(1-92)

(1-93)

(1—94)

(1-99)

Sg d6 cdu tric tuong Ung dugc vé trén hinh 1—14 theo phudng

trinh (1-93).

Ham truyén (1-91), hé sé cta p> ludn bing 1ta co thé xay dung
s0 do c&u tric nhu trén hinh 1—15 bang cach ndi tiép 3 khau tich
phan. bao boc mbi mét khdu tich phan tl phai qua trai 1a cac hé

s6 a, a,, a; theo bac cua p giam dan.
Tu so do ta co:

r

L Xg = KU — asx,
Phuong trinh trang thai:

X =AX +Bu

(1—96)
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Trong do cac ma tran A, B theo (1-96) la

—ay 1 0 0
A = -a, 0 1 ; B = 0 ; C = 0
-a, O 0 k
u (+) : _ .
it Z Xy p Xye X, ; XX [ X, =y .
P P P -

03

Hinh 1-14.

Cach hiéu dién so d6 trang thai nhu hinh 1-14 va phuong trinh
(1- 63, :a dang chinh tAc dé xay dung va dugc su dung tién 1gi nhit,

A e ARERARENIn A
S (L [
,
3
- 3, k<
Hinh 1-15.

4. So do cfu tric va phuang trinh trang thai dang t8ng quat
Hé thong cd ham truyén dang tdng quit sau (vl du vdi bAe m = 3

va o = 3):

B(p)  b,p® + bp’ + bop + b Y(p)
Wp) = — =—— : 2 ER (1-97)

A(p) p’ + a|p2 + ap + a, u(p)

Trong bidu thic (1-97), mau s6 A(p) ¢o hé sé cia p” bang 1 con
v 4 oA e ed haem < 4 Néu m = n thi sa do cau tric mé
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tA ham truy®en dat (1-97) vé trén hinh 1-16 bao gom 3 khau tich
phAn, cic hé s6 a|, 4,, u; nAm Jd cac kh6i phan hdi am phia duéi, con
cdc h¢ s6.b_, b;, by, b; hdm & cdc khdi bu, chi s6 cia ca hai loai hé s6
a va b d&u tang tu phai qua trii Néu ti s6 vd mau s6 khong bang
nhau ta sé vé du s0 dd nhu m = . nhung hé s§ nao bang khéng thi
khau bu khéng c6 trong so d. VI du m = 2 con n = 3 thi hé s6 b,
= 0 va mach bu tif t{n hiéu u véi x, 1a kh6éng cd. Tv so d6 ta co thé
viét phuong trinh trang thdi nhu sau (bi6t y = x; + b_.u):

X, = X3 + bzu —ay = x4 + bzu ~ 8,X; — azbou
X, = b3u — 8,y = b3u — 84X, — a3b0u.

Hoac:
%, ~a, 1 0)(x] b, — a;b,]

= [-a, 0 1||=x,| + [b, —ab | u  (1-98)
Li3. —a; 0 0| |x; | by — asb,

Phuong trinh ra Y, =-xl + b_u. ‘

Hoac dang vecta:
y=Cx+b,vai C=[1 0 0]

bo

Hinh 1-16.
6. H¢ théng c6 nhitu tin hiéu vao va tin hiéu ra

Vi dy 1-8. C6 hé théng digu khién vdi hai tin hiéu vao U; U, va
3 tin hiu vy, vy, y; dudc vé trén hinh 1—17, gom 4 khéi W, W, Wy,
W4 va m6t khdi khuéch dai W,  k__Hai Lh&i W 03 W Ak A~n=
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phan thuc don
gian (b&dc mot cua
bién p) nén theo
biéu thuc (1-77)
(1-78) ta chon
bién trang thai
cung la z, va 2,
(h1-12). Con hai
khGi W, va Wy déu
la khdi bac 2 gém
tich hai thanh
ph&n nén ta chon
bién trang thai
nhu biéu thic
(1-75) (h.1=11).
Hoac chon theo
dang khai trién:

K, K,
W\(p) = = 5
(P + pd(P + P2) P+ (Pyt P2).P + PP
Xy = —PyPoXy = (Py+ P2)Xp + Kyl
g Ky z,(p)
— Khéi thd hai:  W,(p) = =
P+pP3  up)
Bién trang thai x4 = 2, thi:
P . Kk Zz (p)
~ Khdi thi ba: Wy(p) = ———— = —>
p+ps Uyp)

Bién trang thai: x, = z5, ta c6 phuang trinh:

Xq = —PaXq + K3.Up

2,(p)

uy(p)
(1—99)
(1—100)

(1-101)
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- Khdi thu 4 co:
k 2
W p)s—— 28
p(p + Ps) Uy
1 ke B
gdm hai khéi tich ph&n — va ndi ti8p nhau va ta chon bién
trang thai xg = 2, P P+Ps
XG = *5 = é4

Ph8i hop cac phuang trinh (1~99), (1-100), (1-101) va (1-102) ta
c6
( Xy = X,
Xy = —PiP2-Xy — (Py + P2) Xy + Kyl
X3 = —P3.X3 + Koy
X4 = “PgaXq t+ KgUy (1-103)

Xg = Xg

| Xg = —Pg:Xg + Kg.Up.
Phuong trinh trang thai c6 dang x = Ax + Bu . trong dé A 1a
ma trdn 6 x 6:

0 1 0 0 0 0 0 0
—pPo —(PitP2) 0 0 0 0 K, 0
0 0 _p3 0 0] 0 k2 0
A=| 0 0 0 -pg 0 0| B=] 0 ki
0 0 0 0 0 1 0 0
| 0 0 0 0 0 ~ Py | 0 Ka,
1 0 0 | 0 0
C- |0 0 k¢ O 0 0
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1-4.3. So d0 cau tric va graph tin hi¢u dé bi€n do6i don
gian hoa hé¢ thong phuc tap
Trong phan 1-4.2 ta thdy tu cac phuong trinh ham truyén dat
dang tdng quat:
B(p)  bp™ + bp™ '+ .. +b__p+b,  Y(p)

W(p) = —— = : __ , = (1-104)
Alp) a,p’ + ap + .. +a_p+1 u(p)

ta xay dung dugc sg do clu tric trang thai va viét dugc phuong
trinh trang thai.

Ngugc lai co thé c¢d nhing so d8 c4du tric rat phic tap gdm
nhigu khéi don gidn ndi vdi nhau theo cac kiéu song song, néi tiép,
lién hé nguoc chieu, dan chéo nhau. Viéc bién d8i dé don gian hda
sd do cdu triuc nham muc dich sau:

1. Tu so dd don gidn cudi cung, ta sé tim dugc ham truygn dat
dang (1—104) va dé dang nhan biét dugc phuong trinh dac trung
ciaa hé thong la mAu s6 cua ham truyén dat dé bang khong.

ap"+ap’ '+ .. +a_p+1=0 (1-105)

Phuong trinh dac tinh (1-105) v& sau 86 dugc si dung d€ khao
sat 6n dinh va phan tich hé théng.

2. Tu moét sg do phuc tap néu ta lap phuong trinh trang théai tu
d6, cé khi khong hop-'ly va ta phai bién d8i.cho thich hop hoac co
khi ta phai tim vé dang ham truy®&n dat (1-104) rdi xay dung trd
lai mot cdu truc bién trang thai phu hop.

Déi vai graph tin hiéu cing la mdt cach bi€u dién so d& khac di
ciia cdu truc so do. Tuy nhién cdch bi€u dién theo graph sé don gian
hon va cé moét eéng thuc (cong thic Meson) d€ tim truyen dat cua
hé théng tdng quat va nhanh chong.

A. Cac quy tic bién doi so d0 khoi

1. N6i tiép cac khédi
C6 .. khéi néi ti€p nhau (hinh 1-18) tuong #ng véi ham truy®n
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dat W, W,, ., W thi ham truyén dat tuong duong sé bang tich
cua o hamr truyén dat thanh phan.
x—*w,tii-wz-i‘... W, 4 — N W, W, W 4
Hinh 1-18.
That vay tu hinh 1-18 ta co:
w, =X,/ X v
W, = X,/X1'W, = X
W= Y()'(“_I
R6 rang c6 ngay: W, W, .. W_= ] W, =W, (1-106)

2. N61 song song cac khdi

Co n khdi néi song song (hinh 1-19) th1 ham truyén dat tuong
dudgng sé bang t6ng cua cac ham truyén dat thanh phan

X LW y
X Z+ - Y — X b4
_""*—'7"\'\/2 \ — T W, sl
...... Tn
Wh
Hinh I-19.
That vay tu hinh 1-19 ta co:
Y, = WX Trong do
n Y, = WX . Y=Y +Y,+..+Y,
Y, = WX

Y+ Y, + . +Y, =W, +W, + _ + W)X

Vay: W =YX =W, +W,+  +W = i W

1=1

i (1-107)
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3. Hat khot né1 nguoc chiéu (phan héu)
— Xét vai hé th6ng ¢ phan hdi

am, trén hinh 1-20 cd.d4u trir.

X ¢ i W4 ; Y
2| =X -2
W T Y = W,
Hinkh 1-20. Z=W,Y
Y B W, \
(1-108)

Giai ra co Wl = Y’ | + W W
Hé théng ¢d phan hodi duong thi . = X + Z
Y W,
W =— = (1-109)
X 1 - WW,

4. Chuyén tin hiéu vao ti trudc ra sau mot khéi
Dieu kién bién déi cfu tric la tin hiéu truyén dat khéng bién déi.

Trén hinh 1-21 phai ¢ X, Z, va Y khong d8i.

T L P v 2
Z a) b)

Hinh 1-21.

Ti hinh 1-21a ta co:
Y=(X+Z2W=WX+ WZ.

Tu hinh 1-21b ta co:
Y=Y, +Y,= WX+ WZ
R6 rang tin hiéu z chuyén tu trudc ra sau mét khau, tin hiéu do

phai di qua mét khau mdi, ding bang khau do.
5. Chuyén tin hiéu vao tit sau ra trudc mot khéau
X
4 W

T T L

Hinlh 1-22

Y
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i

6. Chuyén tin hiéu ra tit sau ra trudc mét khoi

X T Y — X w Y
Iy | —
Hinh 1-23.

7. Chuyén tin hiéu ra tit truéc ra sau moét khoi

Y X Y

) ¢
T'W—->- — —> W
X X_J_t:l
AV V4

Hinh 1-24.

8. Hoén vi hai tin hiéu vao (hodc hai tin hiéu ra) véi nhau thi so
dd khong he thay ddi (hinh 1-25)

X
+ +
Z, Z,

Hinh 1-25.

B Vi du ung dung cac quy tic bién d6i so do khoi
Vi du 1-19. Xét hé théng cé sg db cdu tric nhd trén hinh 1-26:

Mu6n don gian so do cdu truc hinh 1-26 ta phai dich chuyén tin
hiéu ra gida hai kh6i W; — W, ra trudc khdi W, (hinh 1-27)

Hai tin hiéu ra tU A va B c6 thé hoan vi cho nhau, khi do mach
vong W, — W, — Wg c6 thé tinh dugc W,, phan hdi dudng):

W2

W

t1:
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Do doé ta ¢ so d6 cau triuc madi trén hinh 1-28.

We I ]

- Wi

Hinh 1-28.
TU so dB hinh 1—28 ta tinh duge kh6i tudng duong cua mach
vong W, — Wy, — Wy (phan hai 4m) c6 ham truydn dat W,,

Wi, =
1+ W,W, W,




50 Chuong 1. MO TA TOAN HOC

Tiép tyc ta lai c6 so d6 c8u truc madi trén hinh 1-29.

X

)-—W{Z = W; — W+

Hinh 1-29.
Cudi cung ta c6 thé tinh duoc ham truyén dat tuong duong cla
ca hé thong la:
W, W W,

Wtd =

1-4.4. Graph tin hiéu d€ xac dinh ham truyén dat hé
thong diéu khién

1. Cac dinh nghia co bdn.

— Graph la mdt do hinh gom ciac nhanh va cac nut.

— MGi mot nut cua graph dugc bi€u dién bang moét diém va ghi
tén mot dai luong hao dJ trong hé thong digu khién. Nut géc la
lugng vao, nut ngon 1a Mong ra cia mot khau nao do.

— M4t nhanh ndi nut géc va nuat
ngon c6 muai tén, trén do ghi gia tri X
ham truyén dat tuong dng vai mot Wii (1) 7
khiau nao do, vi du mé6t nhanh cd hai
nit vé trén hinh 1-30. X; (4)

Ham truyén dat cua mot nhanh Hinh [-30.
bang ty s6 clia gia tri nat ngon va gia
tri nat goc: WIJ = xj/xl. X

1
ar - i ,: o
Tuong td nhu so db ciu tric, su U
liéen két cua cac nhanh riéng 1é tao
W

thanh mét graph tin hiéu cho maot hé
thong dieéu khién. Theo so dd cdu trac
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St

hinh 1-20 ta c6 graph vé trén hinh 1-31.
Day goi la graph tin hiéu co ban.

2. Quy tdc bién doi cua graph
— Cac nhéanh ndi tiép:

X¢ X_Z Xy — Ef _XJ

o r ~- < —_ -

W W, W, W,

Hinh 1-32.

— Cac nhanh song song

@ = Mo

Hinh 1-33.

— Phan hdi duong (hoac Am)

W,
A
"

Hinh 1-34.

— Khu nhanh tao vong kin;

" W,
Xl W’ - ’:% .XJ : X.i , - Wl XJ
XZ

’r—>r

Hinh 1-35.
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3. Su tuong ung gila so
dd cdu tric va graph tin
hiéu cua hé théng diéu
khién.

— Gia s cd gr..ph veé
trén hinh 1-35a. Tu d6 ta
viét dugc phuong trinh

X, = WX, + W, X,
X, = WX,

(1-110)
Hoac bi&n d6i 1-35b sé ca:

X, = X,W, .

X, = W,X,.

X, X; X
—> Wf‘ ‘ W, *—-)J-
W, |
Hinh I-36.
1
1 - W
: (1-111)
W =
| We C o X
A w; W, -4
Wj
W, ;
W - Wio |
T Wy Wiy [—
, G
—
o |
Y/
Hinh 1-37. 2

Cac phuong trinh nay tuong dng vdi so do cdu tric hinh 1-36.

— Dé6i véi graph phic tap hon vé trén hinh 1-37a ta sé co so do
cdu tric tuong Ung vé trén hinh 1-37b

Né&u theo so dd cdu tric hinh 1-37b, muén tim ham truyén dat
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tuong duong gita luong ra X, va luong vao X, ta phai bién déi cau
tric riat phuc tap, dé nham lan. Nhung néu thong qua graph hinh
1-34a bang mot phép tinh téng quat sé gioi thiéu sau day ta dé
dang tim duge ham truyén dat tuong duong

4. Céng thic téng qudt Meson d€ tim toan ti ciia graph tin hiéu:

Co mot graph tin hiéu daﬁg

tdng quat vé trén hinh 1-38 X A
> ——>—0 7
Meson da dé& ra mot cong thic
tong quat d€ xac dinh todn tu
(hay la ham truyén dat) cua graph
tin hieu: Hinh 1-38.
1

trong do:
A=1-3 L +3LL-SLLL +..
1 1) 1,),k

— > L,: la tdng s6 tdt cd cdc ham truyén dat cta cac vong kin co
trong graph (vong kin la mét duong khép kin bao gdm cdac nhanh
lién tiép c6 cung moét huong ma tin hiéu di gua moét niut cia mot
nhdanh nao dd chi duge mét lan).

- 2 LLla tong s6 cac -tich ham truy®gn dat cua hai vong kin
khong dinh vao nhau & trong graph.

- 2 LLLy 12 tdng s6 cac tich ham truyén dat cua ba vong kin
khéng dinh vao nhau ¢ trong graph.

- P (XY) la ham truyén dat cua dudng dong thi k hudng tu X
dén Y (duong dong la moét duong lién tuc bao gdobm cac nhanh co
cung moé6t hudng tu X dén Y ma khi tin hiéu truyén dat qua mot nut
ciia no ti géc dén ngon chi duge mot lan).

— A, la dinh thic con cua Graph suy ta tU A bang cach bo di cac
vong kin. L ¢é dinh véi duong dong thu k.

Vi du 1-10. Tim ham truyén dat tuong duong cua graph vé trén
hinh 1—-39
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— Tinh ham truyén dat
cac duong dong:

P,=ab.c.7
P, =ad.e.c.1
P, = a.d.g.h
— Cac vong kin co:
L, =dghnrpl
L, = gt
Ly =decnrpl Hink 139
Ly, = b.cnrpl
Lg = c.n.rm
Lg = q.rp

LLL, =0,
%'kl 1"k
Khi dé:

; ¥ ik

Ay=1- (L, + Lg) + Lokg (Vi Ly, Ly Ly Lg cO dinh voi Py,
PiAy + PoAs, + p3Ag

A

va =
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Chuong 2

DAC TIiNH Df)NG HOC cOA CAC KHAU VA
CUA HE THONG DIEU KHIEN TU DONG KHAO
SAT TRONG MIEN TAN sO

2-1. KHAI NIEM CHUNG

Ngoai phuong phap nghién ciu hé théng DKTD bang giai tich, ta
con dung dén phuong phap do6 thi hoac do thi gidi tich. Chang han,
trong cac chuong vé sau khi xét 6n dinh theo cac tiéu chuin tan sé
Nyquist, Mikhailév; trong viéc tdng hgp hé thong va danh gia chat
luong v.v .. déu dung phuong phap do thi. D€ thuan loi cho viéc su
dung vé sau, ¢ day sé xét 2 van dé:

— Lam thé& nao d& xay dung dugec dac tinh dong hoc cua ticng
khau trong hé théng DKTD?

— Cach xay dung dac tinh dong hoc (cu thé la dac tinh tan sé)
cua cd hé thong DKTD nhu thé nao?

O chuong 1, da trinh bay mé ta toan hoc cuia ting phan ti Qua
dc rat ta nhan xét: cac thiét bi nhu khuéch dai tu, may phat dién
moét chiéu, dong co dién khéng déng bé hai pha, v v.. déu ¢6 mot mé
td toan hoc nhu nhau, do la:

k
Wip) = ——— 2-1
P Tp + 1 ( )

Do do nay ra moé6t van dé la co thé sap xép nhung phan tu nao
c6 mo ta todn hoc chung nhau vao mot loai, ta thuong goi 1a khau-
dong hoc. Nhu thé€, khai niém khau déng hoc ¢ day dugc xét ve
phuong dién mo hinh toan hoc. Mot khau dong hoc ¢6 thé dac trung
bang mot phln tu vat ly nao do nhu bi€u thic (2-1) Cuang cd khau
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chi phan loai theo tinh chat toan hoc thuan tiy ma khéong ¢ mot
phan tu vat ly nao tuang ung ca, vi du khau dao ham (Tp + 1) hay
(Tp -~ 1). Khau ¢ong hoc con dugc goi la thua s6 dong hoc. Trudc
khi gidi quyét van dé chinh, ta can xét mo6t sé khdai niém va dinh
nghia.

2-2. TIN HIELU TAC DONG VAO PHAN
UNG CUA KHAU (HAY HE THONG)
TUYEN TINH

2-2.1. Tin hiéu tac dong vao cia mot khau (hay hé thong)

Déi véi mot khau (hay hé théng) thuong co hai loai tin hiéu tac
dong vao: tin hiéu tién dinh va tin hiéu ngau nhién. Hé thong cd tin
hiéu ngau nhién tac déng vao sé dugc xét ¢ phan sau.

B4t ¢ mot tin hiéu phdc tap nao cung co thé phan tich thanh
cac tin hiéu don gidn. Sau day ta sé néu mét sé tin hiéu don gian
dién hinh

1) Tin hiéu bac thang don vi.

0 véit <O
1(t) = _ (2-2)
1 wvait >0

a loai tin hiéu thuong dung trong cac né théng diéu khién tu déng.

2) Tin hiéu xung don vt ham d(t)

d 0 wvait =20
a(t) = — 1(t) = (2—-3)
dt 00 viit = 0
Ham 4&(t) co tinh chat:
S oot)dt =1 (2—4)

— oC

3) Tin hiéu didu hoa:
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sin(wt + ¢) hay la: gt *¢) (2-5)

4) Tin hiéu cé dang bat ky: M6 ta bdi hAm x(t) cd thé€ bi€u dién
theo tin hiéu 1(t) hoac &(t)

— Biéu dién x(t) qua 1(t): Phan tich ham x(t) theo tich phan

Duyamen

t dx(1)

x(t) = x(a).1(t) + | At — 1) dr (2-6)
khia » 0 ° ’
— Biéu dién x(t) qua 4(t):
x(t) = [f : x(1).0(t — 1)dr (2-7)

khi a = 0.

That vay, theo tinh chat (2—-4) ma:
(5(t — T) = 0 vai t = ¢

Khi do x(t) = x(z). Nhu vay thi ham x(r) & trong tich phan (2-7)
cd th€ th& bang ham x(t) ldy tai gia tai t = 7. lic dd ham x(t) dugc
dua ra ngoai ddu tich phén:

ffa X(T)(S(t — T).d‘[’ ::t}a x(t)é(t _ T)dT -

a

= x(t) [ 8t ~ ).dr = x(t).1 = x(¢).

a

Né&u ham x(t) xdc dinh va lién tuc v4i moi tri cia t thi:

x(t) = fm x(1).0(t — 1).d7 (2—8)

— Phuong phdap biéu dién gan dung tin hiéu x(t) qua 1(t)

x(t) =k 1(t) + 3 aft — t(t —t) (2-9)
1=0



58 Chuong 2. DAC TINH DONG HOC

Vi du 2-1. Phan tich
ham x(t) cho bing dd thi LA
trén hinh 2—1thanh cac k, !
ham 1(t). A |

Dau tién ta tiém céan RS
héa duong cong lién tyc '
x(t) thanh cac doan g fr tZ tf
thang gay khuc : ABCDE.
Tu dé co6 thé viét duoc
ham mo6 ta cho dudng
thang gay khic dé:

x(t) = k i(t) + a ti(t) — ay(t — )it — t,) — ax(t — )t — ty)
bodg(t = t3) 0t — tg).

8, (-1 )IE4INNG, (-4) 1(#-L,)

Hinh 2-1.

2-2.2. Phan dng ciua mot khau (hay hé thong)
M6t khau (hodc mot heé

théng) thuong dugec mo ta bang X(p) Y(p)
mo6t mé hinh toan nhu trén hinh ———> W(/O) —
2—2 No6i dung trong mé hinh @) y({)
do dudgc biéu dién qua ham

truyeén dat W(p). Thuc chat xét Hinh 2.2,

phan dng cia moét khau khi co

mo6t tin hiéu tdc dong vao x(t) chinh la xét tac dung bi€n déi tin
hiéu cua khau ddé. Phan dng caa khau sé thay déi khi ¢6 cac tin
hieu vao khdc nhau hoac ciu tric va tham s6 cua khau thay ddi.
Phan dung cia mét khau khi cd tin hiéu vao xac dinh cing chinh la
dac tinh qua do hay dac tinh thoi gian cua khau d6. Dai véi cac tin
hidu vao khéc nhau, ta c¢é cac dac tinh thoi gian khac nhau.

1) Ham qud d6 cua moét khau: la phan dng cia khau dd khi tin
hiéu tac dong vao l& mot ham bac thang don vi 1(t). Ky hiéu ham
qué do 1a h(t).

1
Néu x(t) = 1(t) —» —l; thi:
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1
h(t) - H(p) = Y(p) = W(p).g (2-10)

2) Ham trong luong (hay la ham qué d¢ xung cua moét khau la
phan ung cua khAu do khi tin hiéu tac déng vao 12 ham xung don
vi d(t) Ky hiéu ham trong lugng la w(t)

Né&u x(t) = d(t) » 1. thi:
w(t) = Y(p) = W(p).1 = W(p) (2-11)

Qua (2—-11) ching to rang, ham trong luong w(t) 1a géc cia ham
truyén dat cia moét khau.

Qua biéu thuc (2-10) va (2—-11) ta thiy:

Wi(p)
h(t) —» 7

p

w(t) - W(p).
Nhu vay thi gita ham h(t) v w(t) c6 mot méi lién hé:

h(t) = [ w(t) dt . (2-12)
Hoac la:
dh(t)
w(t) = (2—-13)
dt

3) Phdn ung ciia mét khau khi tin hiéu tdc déng ddu vao la mot
ham x(t) bat ky

Tuy thudc vao cach biu dién ham x(t) qua 1(t) hoiac qua 4(t) ma
phan dng cua khau cing cd thé bi€u dién qua ham qué do h(t) hay
ham trong luong w(t).

Khi xét tac dung bién déi tin hiéu vao x(t) thanh tin higu ra y(t)
cia mot khau bi€u dién bang mot todn tu A ,ta ky hiéu:

y(t) = A {x(t)} (2-14)

Noi rieng, déi woi tin hiéu vab 1(t) sé co:

h(t) = A {1(t)} (2-15)
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va tin hiéu 4(t) sé ca:
w(t) = A{o(t)) (2-16)
- K;li x(t) bidu dién qua 1(t): (tich phan Duyamel):
Phéi hop (2—-6) va (2-14) ta co:

t dx(z)
yit) = A{x(t)} = A {x(a) 1(t) + [ 1t —). dr } =
0 dT a - 0
' dx(z)
= x(o).A‘{lgt)} + f A{1(t - 1} 4 dr
o T
Vi: A {1(t)} = h(t) vda A{1(t -~ 7} = h(t — 1) nén:
| dx(t)
y(t) = x(o)h(t) + [ h(t — 1). p dr (2-17)
o) T

— Khi x(t) biéu dién qua o(¢):

Tuong tu nhu truong hop ham x(t) bi€u dién qua 1(t), 3 day phéi
hop (2—7) va (2—16) ta co;

t
y(t) = h(o).x(t) + [ w(t — 7).x(v).dr (2—18)

2-3. DAC TINH TAN SO CUA MOT KHAU

2-3.1. Dic tinh tan s6 bién - pha

Dac tinh tan s6 la quan hé gita lugng ra va lugng vao ctia mot
khau & trang thai xac l14p khi luong vao bién déi theo quy luat dieu
hoa: x = X_sinwt.

Luong ra cta khau dd sé cé dang: y = YmSinlwt + ¢).

Néu m6t khau don giadn dugec mé ta bdi phuong trinh vi phan bac
hai:

d%y dy d%x dx

ao_d;2+ alF + 32y = bo_d-t_:z_ + bl':i—t'— + b2X (2—19)
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— D61 voi luong vao x(t) va cac dao ham elia nd c6 thé bi€u dién
bang cac phuc s6: .

x(t) = ._sinwt —» xme’wl

dx . a . w1
Tt = x.w.sin(wt + 5) - Jw X, .€]
(2—20)
d’x '
—7 = xpelsin(t + 2 5 ) () x, e
— D61 v3i luong ra y(t):
y(t) = y_sin(wt + ¢) - ym_e_l(wl t )}
dy b4
. - wl
—dt = ywsinlwt + ¢ + 9 [ Jw.ym.e’( ")
, (2-21)
d%y ) . 5 I 2y @)
_d7 = y,@ sin(wt + ¢ + 2. 2 ) = (Jw) Ym:

Bay gio thé cdc s6 hang cua (2—20) va (2-21) vao (2—19) sé co:

[a,w)® + a,(w) + a, ly, €9 " #) = [b (w)? + by(w) + b, Ix, &

: y
Ky hiéu W(w) = —T e la ham truyén dat tan sé(hay la
"™ ham truyén dat phic) thi:
b (jw)® + b (jw) + b
W(iw) =27 o =0~ 1- 2 (2-22)
X a,Qw)” + a,(jw) + a,

Néu xét phuong trinh vi phan ctia khau (2-19) duge biéu dién
theo dang ham truyén dat sé co:

O Y(p) b,p° + b,p + b,
Wip) = - = 2 (2—-23)
X(p) a,p” + ap + a,

RG rang mudn tim ham truyén dat tﬁp $0, ta chi viéc thé bien p = ju
cho ham truyén dat ctia mot khdu. Viéc thay thé mét cach rat hinh
thdc nay, da duge gidi thich ré vé mat vat ly o trén.



62 Chuong 2: DAC TINH DONG HOC

— Néu ham truyén dat phic W(jw) viét 6 dang médun — pha thi:
W(jw) = Alw).e¥®@) (2-24)

trong do A(w) 14 bién d6 cua W(jw) con ¢(w) la pha cua W(jw). Né&u
W(w) cd dang (2-22) thi:

Vb, - bw?)? + (bjw)*

Alw) = e , (2-25
vV (a, - a0’ + (a,0)°
b,w aw
plw) = arctg , — arctg 5 (2-26)
b, — bw a, — a w
— Néu WGw) viét § dang phian thuc va 4o thi:
W(w) = P(w) + jQw), (2-27)
trong do: P(w): phan thuc cia W(w); ‘jﬂ(w)
Q(w): phAn 40 cia W(jw). |~ I~ w<l
/
Ham truyén dat tdn s6 W(jw) " \\.‘
dugc xay dung thanh mét duong 3 \
- 3 . . \ b P(C(J)
cong trén mat phang phuec, ta goi 2
la ddc tinh tdn s6 bién pha (viét 0 W=0
tdt 1a D.T.B.P) khi « bi&n d8i tu —
o dén +oo.
Dac tinh thn s6 biéen — pha gom Ry

hai nhanh d6i xing qua truc hoanh. Hinh 2.2
Thong thuong ta chi xét D.T.B.P
ing véi w > 0.

Trén hinh 2—-3.a va 2-3.b xay dung ddc tinh tan sé bién do
A(w) va dac tinh tin $6 pha ¢(w). Trén hinh 2-3.c va 2—-3.d xay
dung ddc tinh tan s6 phdn thuc va phln do Plw);, Q(w).

Vi A(w) va P(w) la ham chan nén dac tinh d6i xding qua truc
tung con p(w) va Q(w) 12 ham 1é nén dac tinh ddi xing qua géc toa
do.

Né&u biét dac tinh P(w) va Q(w) ta sé xac dinh duoc dac tinh A(w)
va plw):
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Aw) = V Pw) + Q%(w) (2—28)
() g ) (2-29)
w) = arc -
4 € Plw)
} Aw) } Yw) } P }aw)

Hinh 2-3.

2-3.2. Dic tinh tAn s6 logarit
Dua vao d&c tinh tAn bién pha W(w) = A(w).¢*®) néu ldy
l6garit ca hai v& sé cd:
InW(w) = InA(w) + jp(w). (2—-30)

Ré rang InA(w) vA ¢p(w) 12 cdc ham thuc cia bién w, do chinh la
dac tinh tAn s6 bién do ldgarit va dac tinh tan s8 pha légarit.

1) D61 véi dge tinh tan s6 bién doé loégarit thuong do theo don vi
Deéxiben (Déxiben bang mét phan mudi ben), viét tat la db (decibel).

Ben la don vi do logarit thap phan cia hé sé6 khuéch dai cong
sudt cia tin hiéu, tuc la, 1 ben dng véi hé s6 khuéch dai 10 lan, 2
ben Ung vdi hé s khuéch dai 100 lan v.v... Vi cbng sudt cua tin hiéu
ty 1& vai binh phuong bién dé nén.

] bel - lg A* = 2lg A. (2-31)

Khi tinh theo don vi do la db: (1 bel = 10 db):

10.21gA = 20lgA - (db).

Do vay néu biét bién do A(w), ta sé xay dung duge dac tinh tan
<4 bién d¢ légarit L(w):

L(w) = 201gA(w) (2—-32)
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Truc tung dat L(w) do theo don vi db, con truc hoanh thuén loi
nhét la do theo lg(w). Nhu vay thi don vi do tin s6 w tinh theo
décad viét tat 12 dec (decade), tuc la loégarit cua d6 tang tin s6 10

1An:
IO.wl

1 dec = 1g = 1gl0.

W

Né&u ghi trén truc hoanh la lgw thi ¢ thé chia déu nhung ghi w
thi vi trl gitta c4ac tAn s6 sé khéng déu nhau. Vidu: w = 1 » lgl =
0; w=2->1g2=03w =23 ->1g3 = 0,48 Trén hinh 2—4 vé dac
tinh tin s bién d6 logarit truc tung ghi A(w) va 20igA(w) con truc
hoanh ghi w va lgw.

AW L) = 20/ A w)

70000
1000 59
700 #
10 20
4 2 |3 |4 15 |s]718lslw 20 |30 |#0]s0lsalroadsd s00 - o
0 1 234356784 10 lyw
fo—————— /decode i J
b~ 100/ —ofe t0ct Hinh 2-4.

Cd khi don vi do trén truc hoanh ngudi ta con dung Octave tuc
la 16garit cua do tang tdn s6 hai lan; viét tat la Oct:
2w

loct = lg —L = 0,3.
Wy

2) D6i vai dac tinh tan s6 pha légarit thudng do don vi ¢ la do
con déi s6 (hoanh d¢) la lgw, gidng nhu dae tinh L(w). S& di nhu
vay la vl néu c6 nhigu khau déng hoc ndi ti€p nhau thi bién do A,
bang tich s6 cac bién d6 A thanh phin nén ldy 20IgA (w) sé la téng
cia bién dp logarit; con dac tinh p(w) cia nhigu khau néi ti&p
duong nhién la téng cda cac ¢ (w) thanh phin, ma néu 14y theo
logarit cia tdng cdc s6 hang do khéng thé phan tich dugc-nita,
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nghia la xem.tong ¢ (w) la téi gién roi.

2-4. PHAN LOAI CAC KHAU DONG HOC
DIEN HINH

Dua vao dac diém cua phuong trinh vi phan, ta phan cic khau
dong hoc thanh ba loai: khau bac 1, bac 2, khau vi phan va khau
tich phan.

2-4.1. Cac khau bic 1, bac 2

Khau bac 1, bac 2 1a khau déng hoc ma & ché& d6 xac lap luong
ra y(t) ty 1é vai luong vao x(t).

Cac khau nguyén ham dién hinh duoc xét sau day:
1) Khau khuéch dai (ty lé) ¢c6 ham truyén dat W(p) = K.

K
Tp + 1
K .
Tp? + 26Tp + 1
k
Tp - 1

2) Khau quan tinh bac mot: W(p) =

3) Khau dao déng: Wi(p) =

4) Khau khong 6n dinh bac mot: W(p) =

2-4.2. Khdu vi phan

Khau vi phan 14 khau déng hoc ma d ché dé xac lap lugng ra y(t)
ty 1é v6i dao ham luong vao dx/dt

1) Khau vi phan ly tudng: W(p) = kp.
9) Khau vi phan 1a mot thia sé dong hoc thuan tdy bac mot:
W(p) = Tp+ ].VéW(p) = Tp— 1

2-4.3. Khau tich phan

Khau tich phan 12 khau déng hoc ma & ché d6 xac lap, lugng ra
y(t) ty l&é véi tich phan cua lugng vao: [ x(t).dt.
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Khau tich phan di€n hinh nh4t la khau tich phin ly tudng co
W(p) = k/p.

Sau diy ta sé lAn lugt xét dac tinh tAn sé va dac tinh thoi gian
cua tung loai khau dong hoc da néu ra. p

2-5. DAC TINH DONG HOC CUA CAC
KHAU BAC 1, BAC 2

2-5.1. Khau khuéch dai
Ham truy&n dat: Wip) = k.

Cac phan td cd ham truyén dat la khau khuéch dai nhu: cae
phin tu do ludng (xenxin, bi€n trd, bé phat tin hiéu cAm ing,... ),
phan ti khuéch ¢ai (b0 khuéch dai dién td, ban dan, ion v.v..).

1. Ddc tinh tdn sé
a) Ddc tinh tdn s6 bién pha
W(w) = k la mot di€ém trén truc hoanh (xem hinh 2-5a).

b 70 w) Lew) "
[(w) = 20/\?/(
- k
7 j’]: pf) : o
w w
Fwy =0
q) ~Pw) ),

Hinh 2-5.
b) Dac tinh tan sé logarit
~ Dac tinh tan s6 bién do légarit (D.T.B.L)

L(w) = 20lgA(w) = 20lgk la mot dudng thing nam ngang vé trén
hinh 2-5b.
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— Dac tinh tan sé pha logarit (D.T.P.L)
Qlw)

(w)

= 0 chinh la truc hoanh trén hinh 2-5b.

plw) = ar‘ct'g

2. Ddc tinh thoi gian
Phuong trinh dong hoc cta khau khuéch dai la:
y(t) = kx(t) (2—-32)
a) Ham qua d¢6: khi x(t) = 1(t) thi
het) = k.1(t) (vé trén hinh 2-6a) (2-33)
b) Ham trong lugng: theo biéu thdc (2-13):
dh(t) d.1(t)

w(t) = k. = k.A(t)
dt dt

WYY 21C2
« P kSCt)
L) =1¢FH)

0 <) 0 b)

Hinh 2-6.

2-5.2. Khau quan tinh bac mét
Ham truyén dat cta kh&u quén tinh bac mét:
k

Tp + 1 ( 4)

Wi(p) =

Cac phan tu thu6c khau quédn tinh b4c mot nhu: khuéch dai ti,
may phat dién mot chidu; mach dién R-C, L-R, 1o dien trd, dong
co dién khéng ddng bo hai pha va ba pha né&u lugng ra la téc deo

quay, v.v...
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1. Pdc tinh tdn s6
a) Ddac tinh tan sé bién - pha

k
W(w) =——— = p(w) + jQ(w) = Alw) &Y™
" T + 1 ]
k
Bién do: A(w) = 5 (2--35)
v 1+ (wT)
Qlw)
Pha: ¢(w) = arctg —— = — arctgwT (2-36)
P(w) v
. JAw)
Tit bi€u thic (2-35) va AXw) =
PAw) + QXw) gidi ra ta co: ~——k
k : k N A
[P(w) - 51> + Q%w) = (3)° W= oo i /)
2 2 0 A\ YPw) 1 w=0
Day la phuong trinh chinkh tic cua :
|
moét vong tron ban kinh: 5 va tadm 8
0,(5, 0). duoc vé trén hinh 2-7. w=—f’-
1 1 V2
Tai w =7 thi: A(‘,I—,) =5 k Hinh 2-7.
1 7T
sp(T) = —arctgl = — 4
- 1
Di€m bifu dién w =7 chinh 14 di€m B trén hinh 2-7
b) Ddc tinh tdn sé légarit
— D.TB.L:
L(w) = 20lgA(w) = 201 X
w) = gA(w) =
V1T @T)?
= 20lgk — 20lg V1 + (@T)% (2-37)

Tinh L(w) véi w = 0 + o tir (2-37) ta sé vé duoc dac tinh L(w)
trén hinh 2-8.
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Vé DT B.L tiém cén gAn dung:
Dudng tiém can khi‘w - 0: (dudng ab trén hinh 2-8):
L,(w) = 20lgk khi 0 < & <1/T.
(vi lim 20lgv 1 + (wT)“ = 20lg 1= 0 .

w -0

Duong tiém cAn khi w +» « (dudng bc trén hinh 2-8)
L,(w) = 20lgk — 20lgwT khi w 2 1/T.
(Vi w > o nén T > 1, gan ding 1Ay v 1 + (@T)* = oT)

Vay dac tinh chinh xac L(w) da dugc thay th€ bang dac tinh tiém
can:

it

20lgk khi 0 < w < 1/T

L{w) = (2—-38)
lw) 20lgk — 20lgwT khi w = 1/T.
db "y '
//(‘”)I b '
g ”&
4 T Avflz‘j b ' Vi dec
¥
Y L,w)
U R
1
“ T w
0 [0T—LZ g3 04 |08([ |1 2 3 43567 2 3 |5 190
/A
¥ | \4/ V(‘U)
_ I . [
Ty ) L . ]
- Y Hinh 2-8.

Hai dac tinh L,(@) va Ly(w) cat nhau tai diém b. Tai dd, tan s6
gay v, duac tinh nhu sau:

Ll(wg) = Lz(wg) -»
20lgk = 20lgk — 201gwg.T
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Rut ra: w. = — -

Sai léch bién dé logarit AL(w_) cia dudng tiém can va dac tinh
chinh xac:

Alwy) = Ly(w,) — L(w,) = 20igk — 20lgk + 20lg v TX(1/T)? + 1 =
- 20lg V2 # 3db.

Xac dinh d6 nghiéng cua dac tinh tiém can.
Duong L,(w) = ab song song vdi truc hoanh - dé nghiéng bang 0

Duong L,(w) = bc nghiéng vdi truc hoanh co dé nghiéng:

L{w,) — L(w))
tga = -
lgw, — lgw,
, 2
Néu ldy w, = 10w, thi : lgw, - Ig o = lgl0 = 1 dec.
Do do:
L(w,) = L(w;) L(10w,) - L({w))
tga = = = 20lgk - 201gl0w T -
lgw, — lgw, 1
~ 201gk + 20lgw,T
10w, T 8 &1
tga = —20lg = —20 db/dec.
w,T
— D TPL:
Theo (2-36) da c6: ¢(w) = — arctg T.w.
Vai w, = 1/T - tp(wg) = —n/4

w = > 9@ = —na/2
Dac tinh p(w) vé trén hinh 2-8.
2. Ddc tinh thoi gian
a) Ham qua do6:
1

k
h(t) = L™! = k(l — e YTy -
{Tp+l . } e V) 1t) (2-39)
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b) Ham trong luong

dhty ko |
wit) =—— = — e Vi 1@1) {2—40)
dt T
LAG
Trén hinh A |
2-9a vé do thi |~/ - —==—=

ham qua do
h(t) va ham
trong luang ' t
w(t) ducc vé é‘)

trén hinh 2-9b.

Hinh 2-9.

2-5.3. Khau dao dong
Ham truyén dat ctua khau dao dong vdi dieu kién £ < 1:
k

W(p) =
P sz‘2 + 2&Tp + 1

(2—-41)

Cac phan tu thuéc khau dao déng nhu: mach dién R— L-C;
dong co dién mot chiéu kich tu doc lap luong vao va dién ap phén
ung, luong ra la téc do6 quay, hé co hoc dan hoi, con quay hoi
chuyén trong bo phan lai may bay v.v...

l. Ddc tinh tan sé

a) Dac tinh tan sé bién-pha

k
Wiw) = 53
—Tw™ + 28T jw + 1

A k
Bién do: A(w) = = 2-42
' S = W THE + 480°T? ( !

28w T
Pha plw) = —arctg 5 (2—43)
1 w'T*

(U(_hf
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k
(w.,) =
Aoy, VI =

og = T VI1- 2 (2—45)
Khi £ > 0 thi A_(w_) » .

Dac tinh tAn s@ bién pha vé
trén hinh 2-10.

1

Tai tAn s6 w = T thi:
Al/T) = x
2
b) Dac tinh t&n s6 logarit
- D.TB.L:
L(w) = 20lgA(w) = Hinh 2-10.
= 20lgk —.20lg v (1 — w®T?) + 4£20°T? (2-46)

Dac tinh thuc L(w) vé trén hinh 2-11.
Vé D.T.B.L tiém cAn:
Khi w » O:

1
L) = L,(@) = 20lgk v6i 0 < o = .

(Doan ab trén hinh 2-11).
Khi w - oo:

L) = Lyw) = 20igk — 40lgoT véi w =

(Dos_u; bc trén hinh 2-11)
D¢ nghiéng doan déc tinh (ab) L (w) 12 — 40db/dec

1
Sai léch bién d¢ logarit & tAn s§ W, =T
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1

Tt w
O

San
AL

AL

Ro

lech bién do ¢ w, -

20lgk — 201g2t — 20lgk = 20

T tu (2-44) bo qua s6 hang £ ta co:
L((uch) = 20lgk

201g2¢

L(wch) - Ll(w) >

rang & cang lon thi AL cang bé

Yéu cau thuc hién tiém can hda néu sai léch bién dé6 AL < 3db

\ 1
Néu & = 0,1 thi. AL = 20lg—— = 14db

(b 20,1
Pham vi cho 20
phép gia tri & dé 1 i
thuc hién tiém can.
hoa dugc la: 10 ?:M‘S
.
0,38 < ¢ = 0,71 //;,
Khi £ nam ngoai P 2% \
1108 |
pham vi do ta phai 0 J i __D,Zﬁ/ 2 " ¢ =18
xay dung dac tinh %QR:SQQ Q’\\\ «
L{w) theo tung di€m a 4 \\\\
hoac la tra do6 th) Y, ~ N \j\j T A w) |
_Ac" AN l
chuan vdi cac gia tri # N | \\ bl
& khac nhau /3 ANV Q\\ N
— b1TrPL 20 \\\\
-yr I
Theo biéu thuc 25 P (w) \\ h
(2—43) ta xay dung - \ 2 \\‘% |
dugc dac tinh ¢p(w) s 3 R\";\\ |\L\ |
trén hinh 2-11 voi’ TR \\ \'::‘:;
cdc gia tri &£ khac |M \ \\\ ™
nhau. \ 95 NS
-44 || a8s_ ==t 11
-78 ! -
Hinh 2-11.

wr
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2. Ddc tinh thoi gian
a) Ham quad dé
Phuong trinh dac tinh cia khau dao dong :
T?p? + 2tTp+ 1 =0,
phuong trinh cd hai nghiem phuc lién hop:

e, V1-¢8 s
= -~ —* = —a
P12 T T J
i k 1
h(t) =L~ {—=— ) =
Tp" + 2, Tp+1 p
a
= k.1(t).[1 — “_a‘(cosﬁt + — sinfit)] , (2—-47)
B
1
trong do: azgwo;ﬂz\/l—.’jz.wo;w():E-
b) Ham trong luong:
dh(t) ko’ .
wi(t) =—dt— = 5 1(t).e “'sinf (2-48)

D5 thi dac tinh h(t) va w(t) vé trén hinh 2-12.

A w({)
\\
A, \A\ 7\
0 ~ / \/_-
T -
&) N
;7-—/7;—, b)

Hinh 2-12.
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Tu do thi h(t) ta xac dinh dugc cac tham s6: k, A;; A, va T. Tu
do tinh ra:

( 21
)
P 1ﬁl (2—49)
< T, A,
cuo=a/,62+042=l
T
L £ =aT

2-5.4. Khau khong 6n dinh bac moét
Ham truyén dat cta khau khéng 6n dinh bac mot la:
k

Wp) =——— (2—-50)
Tp — 1

Cac phan tud thudc khiu nay nhu: dong co diézen khoéng cd phu
tai quat gicd; dong co dién khdng ddong bd vdi phu tai la mdédmen xung
khong dé6i v v..

1. Dac tinh tan s6

a) Dac'tinh tan s6 bién — pha

W(w) = k $ 1Q¢w)
JoT — 1 ———— ko

Cing tuong tu khau =4 : fo‘ s
quén tinh bac mot, ta dé | 6 £Y/4 w
dang ching minh dudgc w\ : 4
dac tinh tan sé bién -
pha la m6t nua vong tron Bw=_'!_
nam J géc phan tu tha ba T

co ban kinh k/2 va tAm 0,
(—k/2, 0) Vi P(w) < O0; Hinh 2-13.
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Qlw) 0 nén
plw) = arctgwT — ... (2-51)
b, Dac tinh tan sé logarit

Vi1 bién d6 cua khau (2-50)

N k b Lw)
(w) =
\/(UJT)T-{'- 1 ;
hoan toan giong bién "E,, L _opeb
d6 cua khau quan P 2

tinh bac mét nén:

— D T.B.LL cing
hoan toan giéng
D. T B.L khadu quan
tinh bac mot (Hinh
2—-14)

— D T P.L: theo ¢_()pr)
(2-51) ta xay dung
dugc ¢(w) trén hinh
2—14, ¢6 diém udn tai w = 1/T.

Hinh 2-14.

2. Ddc tinh thoi gian
a) Ham quad dé:
k

h(t) = L™ { b= kT = 1) 1(t) _
yra—_ (2-52)

D5 thi h(t) vé trén hinh
2-15 1 he)

b) Ham trong luoﬁg: h

pr e e e e —

dh(t

k T
— At
m T e’ . 1(t)

- -

(2-53)
Hinh 2-15.
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2-6. DAC TINH DONG HOC CUA CAC
KHAU VI PHAN

2-6.1. Khau vi phan ly tudng
Ham truy®n dat cua khfu vi phan ly tudng la:
W(p) = kp (2-54)
Cac phan tu thubc loai khau Vi phan ly tudng nhu may phat téc
d6 co lugng vao la goc quay ¢ con lugng ra 1a suc dién dong.
1. Ddc tinh tan sé
a) Dgc tinh tan s6 bién — pha
W(w) = kjw. o = o0
Khi w -+ o thi | W(w)| - .
D.T.B.P l1a mét nia truc do duong vé

18w)

trén hinh 2—16. w =l -
b) Ddc tinh tan s6 légarit P(w)
~ DTBL
Hinh 2.-16.
L(w) = 201gA(w) = 20lgkw.
L(w) = 20lgw , + 27

do la dudng 1 trén hinh
2—17a cat truc hoanh

tai tan s6 w_ = 1. {p@*

Néu k > 1 ta cd dac ) e
tinh L(w) = 20lgkw la “=1 2) “
duong sd 2. 1+g(w)

— D.TP.L. Vi phan s e =4+ T
thuc caa W(jw) bang 2
khong nén: w

0 e
Q(w) b)
arctg =

P(w) Hinh 2-17,
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Do do:
p(w) = arctgoo

D.TP.L dugc vé trén hinh 2-17.

2. Ddc tinh thoi gian
a) Haom qua dé

d1(t)
h(t) = k —— = k.4(b)
dt

b) Ham trong luong
dh(t) dd(t)
= k

w(t) = .
dt dt

2-6.2. Khau vi phan bac mdt

i
2

Ham truy@n dat cta kh&u vi phan bac mot:

W(p) = k(Tp + D).

(2-55)

(2-56)

(2-57

Trong thuc t€ mudén co khau (2-57) ta néi song song khau
khuéch dai co W,(p) = k va khau vi phan ly tudng kTp.

1. Ddc tinh tin sé
a) Ddc tinh tdn s6 bién — pha
W(w) = k(T + 1),
w=0-> |Wjw| =k
w=oo> |Wiuw| = «

D T.B.P la mét nita duong thang
song song vdi truc 4o vé trén hinh

2-18.
b) Ddc tinh tan s6 légarit
- DTBL:

} 18 (w)

F"——k——v

——
w=0  pew)

Hinh 2-18.

L(w) = 20lgA(w) = 20lgk + 20lg V (wT)% + 1

Dac tinh tiém can:
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L(w) =

T ﬁ Lw)
20lgk+20lgw T véi w= —

1
{Q,Olgk vai 0 < w s —
T Lw)

D.T.B.L dugc vé trén
hinh 2-19. = 20—

- D TPL. 20[7/(

¢(w) = arctgwT .

Dac tinh p(w) vé trén
hinh 2-19.

2. Ddc tinh thoi gian

a) Ham qua dé6.
Ty phuong trinh:
dx Hinh 2-19.

= kx + kT —
d dt

vai x(t) = 1(t):

d1(t)
h(t) = k1(t) + kT.
dt

= k.1(t) + kT.A(t). (2—-58)

b) Ham trong luong

dh(t) dd(t)
w(t) =—— = ko(t) + kT.
dt dt

(2-59)

2-7. DAC TINH DONG HOC CUA KHAU
TICH PHAN LY TUONG

Ham truyén dat cua khau tich phan ly tudng la:

k
W(p) = ; (2-60)

Cac phan ti thuc t€ 13 khdu tich phan ly tudng nhu: co cfu can
bang thuy luc véi lugng vao la luc F dat lén pittdng. Hoac la déng
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co dién ndi chung vdi lugng vao la
dién ap con luong ra la goc quay néu
boé qua cdc hdng s6 thai gian dién tu

va dién co.
1. Ddc tinh tdn s6

a) Ddc tinh t&n s6 bién — pha

k
W(iw) = —) —

w

e

w =00

]1A m6t nia truc 4o am vé trén

hinh 2-20.
b) Dac tinh t&n s6 logarit
- D TBL

0

WY~

w =0

Hinh 2-20.

L(w) = 201gA(w) = 20Igk - 20lgw.

Dac tinh vé trén hinh 2-21
(dudng 1).

Né&u k = 1 ta c¢é L(w) ung
v8i dudng 2 luén di qua tan sé
w = 1 trén truc hoanh va co doé
nghiéng la —20 db/dec.

- b.TPL

Q(UJ) }
p(w) = arctg —— = arctg(—=) =
P(w)

= - n/2
Dac tinh vé trén hinh 2-21.

2. Ddc tinh thoi gian
a) Him qua dé
Tu phuong trinh:

?L(w)
@ \@ Zﬂlgkw
ol b
. e
0 w=1 \J.:U

'f Wew)

Y - Pw)

Hinh 2-21.
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t

= k. dt néu x(t) = 1(t) thi:
y {)x néu x ) ) ﬁ 70 /
¢ 7
h(t) = k.t.1(t). ) w(f)
b) ham trong luong h(#)
dh(t) d ol ;_
w(t) = —— = k.1(t).
dt Hinh 2-22.

2-8. DAC TINH DONG HOC CUA KHAU
CHAM TRE

Khau cham tré la khAu déng hoc ma sau mo6t khodng thoi gian
xac dinh, luong ra lap lai lugng vao khéng bi méo tin hiéu.

Phuong trinh cia kh&u cham tré co dang:
y(t) = x(t — 1) (2-61)

Phan td thuéc khau chfm tré nhu: bang tai; dudng éng din
nhiét néu bd qua ton that,

Ham truyén dat cta khéu cham tré la;

W(p) = e P (2—62)
1. Piic tinh tan sé A4
a) Ddc tinh tan s6 bién — pha
W(w) = - ™
Bién d6 A(w) = 1; pha ¢lw) = Y
0 1 +

- Tw.
Dac tinh W(jw) la mét vong tron
bén kinh bAng 1, tam la géc O.
b) Dac tinh tan sé légarit
— DTBL: Vi Alw} = 1 nén
L(w) = O Hinh 2-23.
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Dac tinh L(w) trung truc L) b
hoanh v trén hinh 2-24 } Vs L@

- D.TP.L: ] Zgw
%w = - GU.

pelw) = —Tw.

.

Dac tinh vé trén hinh -2-24,

J,_ P(w)

Hinh 2-24.

2. Pdc tinh thoi gian
a) Ham qua do:
Tu phuong trinh (2-61) ta cd: ﬁy({)

_ S(4-
hit) = 1(t — 7). }""(0' 5¢¢-6)
b) Ham trong luong: I - —— -
dh(t) d
w(t) = = 1t — 1) =
dt dt 7

1
t
|
|
l

\

h(H)=7(¢-&)

|

‘Dac tinh h(t) va w(t) vé trén Hinh 2-25.
hinh 2-25. ‘

2-9. DAC TINH TAN SO CUA HE THONG
D.K.T.D

Sau khi da xay dung duoc dac tinh dong hoc cua cac khau dién
hinh, ta tién hanh xay dung dac tinh tan s8 cua ca hé théng
DKTD.

Dang tong qudt ham truyén dat cua hé théng ha:

=

m
k. [L(T,p+ 1)
1=1 1=1
W, (p) = (2-63)
n n
p' Il (Typ + . T (Ty%p? + 26Typ + 1)

=1
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do la mdt tich s6 cua nhigu thira s déng-hoc.

Néu thé p = jw vao (2-63) ta sé c6 dac tinh tin sd bién — pha
cua hé théng ha

Khi d6 (2-63) dugc vi&t thanh

) 2 pi(w)
n 1=

Wh(jw) =[] A.l(a)).e (2—-64)

i=1

trong do:

Bién d6: A @) =[] Aw) (2-65)°

i=1
Pha: pplw) = nz P, (w). (2—-66)

1=1

Hoac (2—-64) co thé viét dudi dang khac:
W, (jo) = P(w) + jQ(w) . (2-67)

— V4i cac gia tri o khéac nhau o6 thé€ tinh ra A (w) va ¢ (w)} (hoac
P(w) va Q(w)) d€ xay dung nén dac tinh tin s6 bién — pha.

— Tu (2-65) ta ¢d thé€ tim ra dic tinh tin s8 bién d6 légarit cua
hé théng hd.

n ' n
L, (w) = 20lgA,(w) = 3 20lgA (@) = 3 L.(@). (2-68)
‘ 1=1 1=1

Nhu vy D.T.B.L ciia cd hé théng hd sé bdng téng cua cdc
D.T.B.L cua cdc khbu thanh phdn (cua cdc thita s dong hoc).

— Tu (2-66) co th€ xdy dung D.T P.L cia hé théng hd bing t6ng
cia D.T.P.L cua cdc khau thanh phan.

Vi dy 2-2. Xay dyng D.TB.L va D.T.PL cua hé théng hd cé ham
truyén dat sau day:
kK.(T, +1)

p.(Typ + 1).(Tap + 1)2.(T42p2 t28T,4p +1)

W, (p) = (2-69)
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Giai. Giasuk >, T,>T,>T; >T,038 <& <071
TU (2-69) viét tach thanh cac khau riéng:

k 1 1 1
Wh(p)= — (Top + 1)
p T +1

= W1(p).W2(p).W3(p) W,4(p).Wg(p)
DGi vai W,(p); .. : Ws(p) 1a cac khau dién hinh c6 dac tinh tan sé
da biét trong cac tiét truoc.

(TP :)2 T42p2 + 2ET,p + 1

+ Theo (2—68) ta co dac tinh tan s6 bién do logarit:
Ly (w) = Ly(w) + Lo{w) + LS(“)) + Lalw) + Lg(w). (2—-70)
Trén hinh 2—-26 xay dung duoc cac dac tinh L, riéng ré va cong
do thi theo (2—70) ta c6 dac tinh Ly (w) cua hé théng ho.
H ()

g

9

Hinh 2-26.

Qua dac tinh L (w) ta thay: khi chuyén qua doan dac tinh cﬁa
mot khau W (p) thi dé nghiéng cua D.T.BL cua hé thdng bang do
nghiéng cua L (w) cdng vdi dé nghiéng cua doan dac tinh bién dé
|6garit cla hé thong Ung voi khau W, ,(p). Cu thé véi hinh 2—26 ta
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co  ab ung vdk khau tich phan Iy tudng k/p c6 dé nghiéng —20
db/dec, doan bc co dd nghiéng bang dé nghiéng dac tinh L,(w)
cua khau Wy(p) 1/T,p 1 (tuc la - 20db/dec) cbng voi dd
nghiéng doan dac tinh ab trudc do la — 20db/dec, tlc la bc c6 do
nghiéng — 40 db/dec: Tudng td doan cd cd dé nghiéng la —40
db/dec cdng voi do nghiéng cua khau W,(p) T.,p + 1 la
+20db/dec tdc la (—40 +20) = —20 db/dec; Doan de c6 dé nghiéng
~20 db/dec céng vai dé nghiéng cla khau quan tinh bac hai
W,(p) 1/ (Tap + 1)° (hai khau quan tinh bac mot /T,p + 1 tiép
nhau), la —40 db/dec, tuc la —60 db/dec. Doan ef co d6 nghiéng
-60 db/dec cdng voi dé nghiéng cua khau dao déng la —-40
db/dec tUc la —60 + (—40) —100 db/dec. Cac diém chuyén doi
doan dac tinh cé cac do nghiéng khac nhau chinh 1a cac tan sé
gay w, = /T, clua cac khau thanh phan chi ré trén hinh 2-26.

+ Theo (2—66) ta co B.TP.L:
o (w) 2, (w) + po{w) + palw) + palw) + pglw).
2fwT,

Ynlw) = —% — arctgTw + arctgTw — 2arctglw — arctg1 Z 72
2 - w? T2

(2-71)

V@i cac gia tri w khac nhau ta tinh cac ¢,(w) thanh phén va qua
biéu thic (2~71) ta xay dung duoc DT PL ¢, (w) cla hé thdng hd.

Vi du 2-3. Xay dung D.TB.L va DT.P.L cua hé th6ng c6 ham
truyén dat sau day:

K(Tp + ) (Tap + 1)° .
P2 (Top + )°(T,%p% + 2ET,p + 1)

W (p) =

Gidi. Giasuk >t T,>T,>T,>T,,038 <¢ <071,
— Xac dinh cac tan s6 gay:

w = UTiwy = VT wy = T3 w, = 1T,
Trén hinh 2-27 déc tinh Ly (w) bao gém cac doan:

ab tuong Ung voi khau W(p) k/p® (-40 db/dec)
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r bc tuong Ung vdi khdu W, (p) T, +1(+20 db/dec)
1
cd tuong dng vi khau W, (p) = (—40 db/dec)
{ ’ (T,p + 1)
" de tuong Ung vdi khau  W,(p) = (T4p + 1)° (+60 db/dec)

1
5 (—40 db/dec)
T, p° + 2§T,p + 1

- ef tuong dng vai khau W (p) =

Hinh 2-27.

DIPL p(@) = ¢4(@) + po(@) + p3(@) + p4(w) + pglw).
[ pw) = —2.7/2.

po(w) = + arctg Tyw.

< palw) = — 2arctg Tw.

pal(w) = + 3arctg Taw.

pelw) = — arctg
L S 1 - szi
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Chuong 3

ON DINH CUA HE THONG
DIEU KHIEN TU DONG

3-1. KHAI NIEM CHUNG

Cac chuong 1 va 2 da trinh bay mo ta toan hoc va dac tinh tan
s6 cua hé théng D. K. T.D. Trong chuong nay sé st dung cac tu liéu
cbua hai chuong do dé€ giai-quyét nhiém vu dau tién khi phan tich hé
théng DKTD la xdc dinh tinh 6n dinh cia nd.

Thuc ra néi mot hé théng 6n dinh nghia 1a ndi mét sé dai lugng
duogc diéu khién nao do n dinh.

Mot hée thong DKTD thuong bi€u dién bdi mot phuong trinh vi
phan tong quat:

dy  d"7ly d™x S L

" + e a, +.. +ay-= bo s + bl E‘t—m_—l +...+ me,(3-—-1)

(&

0]

sé bao gobm hai (.1ué trinh: qua trinh xdc lap va qua trinh qua do,
dac trung bang nghiém:
¥(t) = yo(t) + y q4(t), (3-2)
trong dd: — y_(t) la nghiém riéng cua (.‘3:'—1) co v& phai, dac trung
cho qua trinh xac lap.
-~ yqd(t) la nghiém tong quat cua (3—1) khdéng c6 v& phaij,
dac trung cho qua trinh qua dé.
Qua trinh xac lap 1a mét qua trinh dn dinh. Van d& chi con xét
qua trinh qua do yq,(t).
Dang nghiém téng quat y 4(t) la:

yqq(t) = ~§] Clepll, (3_3)
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Trong dd: p, la nghiém cta phugng trinh dac tinh:
+ .. +a, =0, (3-4)

ri n-—1
a,p + ap

p, co thé la nghiém thuc cing cd thé la nghiém phuc lién hop.

Mot hé théng dwoc goi la én dinh néu qud trinh qud dé tdt din theo
thoi gian. Hé thé'ng khong 6n dinh néu qud trinh qud d6 ting din theo
thoi gian. Hé tho'ng & bién gici 6n dinh néu qud trinh qud d6 khéng d6'i
hodc dao dérg khéng tat dan.

Cach bi€u dién toan hoc dinh nghia hé théng n dinh (hinh
3-1.a):

n

m  y4(t) = lim S CePi' =0, (3—-5)

1+ © { +» 1=1
va hé théng khong 8n dinh (hinh 3—1b):
im y4 (t) = . (3—-6)

t = oo
Heé thong DKTD dugc xét 1a hé ding, tic 13 cac hé s6 a, trong
(83—4) khong bién d6i theo thai gian.

M‘i" 191"
/ v
(D (2)[\
—_ N\ - v—/“" "o
’ b)\/ t ! U =) ‘
Hinh 3-1.

Trong (3-5) va (3—-6) vi C, = const :
— Khi p, 1a cdc nghiém thue: p = q,
0 néu a; < 0 (Hé 6n dinh)
lim CePt' =lim Ce™' = { C néuq; =0 (Heé 4 bién gisi n dinh)
T e ® néu a, > 0 (Hé khong 6n dinh)

(Duang (1) trén hinh 3—1b cd «, > 0; Duang (1) trén hinh 3-1a
cda]<.0X
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~ Khi p 1a cac cap nghiém phic lién hop:

Cle(a, +)B)N + C,He(a‘ “B0 ZAleal‘_ cos (ﬂ]t + gol).

0 néu a, < 0 (6n dinh)
lim eP' = lim 2Ae™' . cos (Bt+¢) = Khong xac dinh néu a;=0
e b (bién gisi)
© néu a > 0 (khéng 6n dinh)
(Duong (2) trén hinh 3~1 b co a, > 0; Duong (2) trén hinh 3—1 —a
co a, < 0).

Qua day ta rat ra ba két lugn quan trong:

1) Hé théng 6n dinh néu tdt cd nghiém cua phuong trinh dac
tinh (3—4) c6 phén thuc &m: (Cac nghiém & nua trai mat phang
phic)

Re{p} < 0. (=12 .., n

2) Hé théng sé khong 6n dinh néu chi can ¢6 moét nghiém co
phéan thuc duong: (C6 mot nghiém ¢ nta phai mat phing phuc)

Re{p} > 0.1 =1)

3) Hé théng J gioi han 6n dinh néu chi can ¢é mot nghiém co
phan thuc bdng khéng con cac nghiém con lai ¢ phan thuc am (Co
moét nghiém & trén truc 4o va cac nghiém con lai nia trai mat
phang phuc).

Re{p,} = 0 (i = 1)
Re{p} <0.(G=2,3, ., n).

Nhadn xeét:

Mudn xét 6n dinh cia moét hé théng, ta phai tim nghiém phuong
trinh vi phan (3 — 1) rdi |4y gidi han theo (3 — 5). Thuc ra vigc giai
phuong trinh vi phan (3 — 1) rit khod khan, nén viéc xét 8n dinh
duoc thay thé& bang cach tim nghiém p, cia phuong trinh dac tinh
(3—4), 1a phuong trinh dai s6. Néu th€ cang chua phaij la don gian
trong tinh toan (chang han khi cdc phuong trinh dai s6 c6 bac 4 trg
lén); cho nén ta phai tim mét phuong phap gian ti€p khac, don gian
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hon d€é danh gia tinh 6n dinh cua hé th6ng Cac phuong phap gian
tiép do la su ra doi cua cac fiéu chudn O6n dinh ta sé xét sau day

Cac tiéu chuéin 6n dinh chia thanh hai loai:

— Tiéu chudn dai sé6: Tim ditu kién rang bubdc gitta cdc hé s6 cta
phuong trinh dac tinh dé hé théng 8n dinh Do 1a tidu chuin 6n
dinh Routh — Hurwitz.

— Tiéu chuidn 6n dinh tan sé: Thong qua dac tinh tan s6 cia hé
théng d€ xét 6n dinh.

Do 1a tiéu chuén &n dinh Mikhailév, tiéu chufn Nyquyst

Mu6n xét 6n dinh cia hé théng khi c6 mdot théng s6 bi&n ddi
trong mdt pham vi nao do ta phai dung dén phuong phap chia mi&n
dn dinh hoac phuong phdap quy dao nghiém sé.

Néi dung chinh cia chuong nay 14 trinh,bay hai véin d& co ban:

— Xét 8n dinh cta hé th6ng D K. T.D theo cac tiéu chufin dai s6
va tiéu chufn tan sd.

— Tim mign xdc dinh cia thong s6 bién d6i dé hé théng DKTD
on dinh.

3-2. TIEU CHUAN ONDINH DAI SO
ROUTH-HURWITZ

3-2-1. Diéu kién 6n dinh cAn thiét ciia hé thong DKTD

Trudc khi xét cac tiéu chufin 6n dinh, ta can tim mot d4w hiéu
nao do that dé dang va don gidn dé phan doan tinh 6n dinh cta hé
théng. D&u hiéu dd chinh la diéu kién 6n dinh can thiét.

Phdt bié'u:

"Diéu kién 6n dinh cin thi€t cia hé théng DKTD tuyén
tinh la cdc hé s6 cua phuong trinh dac tinh duong’.

(Thuc ra tdng quat phai noi hé s6 cua phuong trinh dac tinh
cung ddu dai sd nhung vi ddu &m sé chuyén vé ddu duong khi nhan
phuong trinh véi s6 (— 1))

Ta c¢d thé kiém chung lai diéu kién trén néu gia su hé théng &n
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dinh. Nhu thé thi nghiém cta phuong trinh dac tinh sé la:
Py = —a, P3=—ayjfh s 5 py = - a,
trong do a>0@G=12 ,n
Khi d6 liéu cdc hé sd cua phuong trinh dac tinh ¢6 duong hay
khong ?

Qua vay né€u phuong trinh dac tinh

ap’ + a’lp”_1 + . +a =0 (3—-4)

co n nghiém, cd thé bi€u dién thanh:
B, (p - pl)(p - pz)- (p — pn) =0
Hoac la theo gia thiét cua ta sé cg:
a p+ a)pt+a;, — ) p+a,+)f) . (p+a)=0
agpta)llp+a):+89. (p+ta) =0 (3-7)
Tiép tuc khai #ri€n va sap xép vé dang (3—-4) sé co:
a' p" + a’lpn—1 +..+a =0
Cac hé s6 a’_; a’|; ..; a’, luon luén duong vi cdc s6 hang trong
(3—7) la s6 duong va phép tinh chi cd phép céng va binh phuong.
Vi thé khi hé th6ng on dinh bat budc ciac hé s6 cua phuong trinh
dac tinh phai dugng.
Vi du 3-1. Hé th6ng DKTD c6 phuong trinh dac tinh:
0,04p> + 04p°+p + 500
co cac hé s6 a > 0 nén cé thé én dinh (vi chua co diéu kién du
nén chua qua quyét két qua!).
Vi du 3-2. Hé théng DKTD cé phuong trinh dac tinh.
p* +2p> — 05p%+3p +20=0

khang dinh 1a khéng én dinh vi co hésé a, = =05 < 0 nén khong
thoa man diéu kién on dinh can thiét.

3.2.2. Tiéu chuan Routh (khong ching minh)

]. Phdt bi€u:

"Didu kién cdn va du dé cho hé thong tuyén tinh dn dinh la tét
cd cac s6 hang trong cot thu nhdt cua bdng Routh duong".
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2. Cdch lap bdng Routh
Gia st vai phuong-trinh dac tinh bac 5:
a0p5 + u1p4 + a2p3 + a-3p2 +a,p+a;=0

Hai hang dau clia bang Rao chi gbm cac hé s6 cia phuong trinh
dac tinh sAp x&p theo miii tén:

a, a, /a4 ag
{ 51/33 & A,
bo b2 b4
b, bs bs (3-8)
{ “o C2
| €3
L
d
Cac hang sau cd ciac s6 hang tinh theo bi€u thuc:
|3 & _ “1 u'3l
oy = a; a3 _ aj3; —ag, b, b,
o bl = -
a ! b, ’
a, 34‘ a) Qg
{ b, = 8) & | _ 2184 T 8435 Ty — ‘bob4| '
Z al al 3= bo )
a, a4 R
a; a, a;a, — a.a, | b, 0 l
a, a, b, ’
r
oo
— }bo b2 - CO CZ‘
L b, b, b,b, — b b, 4 = 1930
Q bl bl 0 C3 ’
4
by by €163
c, = bl bS =b1b4 bobS l do 0
o
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Nhan xét rur ra tinh quy luat lap bang Routh

Mo6i mo6t s6 hang trong mét hang cia bang Routh 1a mot thuong
30 ¢O:

— Tu s6. la mot dinh thuc hang hai mang ddu am vdi cot thua
nhat cua no cing la ¢t thu nhat cua hai hang dung sat trén hang
co s6 hang dang tinh, con cot thu hai cua dinh thdc chinh la cot
ding sat bén phai s6 hang dang tinh cang cua hai hang trén

— Mau s6: trong tdt ca cac s6 hang cua moét hang co chung mau
s6 chinh 14 s6 hang dung ¢ cot thu nhdt va 0 hang sat ngay trén
hang dang tinh

Vi du 3-3. Cho phudng trinh dac tinh cua hé théng:
p4+2p3+8p2+4p+3=0

Lap bang Routh 1 213 3
|
2,/ 4 /
6 3
3
3

Hé théng 6n dinh vi tat ca s6 hang trong c6t thd nhat duong.
Vi du 3-4. Cho phuong trinh dac tinh cua hé thong
p5+p4+3p3+4p2+p+2:0

1 3 1
L
1

-1

Lap bang Routh:

P 2

3, 2.

(
-1/3
2

Hé théng khéng én dinh vi cac s6 hang trong c6t thd nhat
khéng cung d&u dai s6. Trong c6t thd nhat co 4 ian dao ddu (+1)
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- (=1 = (+3) = (=1/3) = (+2) cho nén c6 4 nghiém c6 phan thuc
duong (Tinh ch&t nay khédng chdng minh).

3. Cdc tinh chdt cua bdng Routh va cdc dié€m chu y

a) Co thé nhan hoac chia tdt ca cac s6 hang trong cung mét
hang cia bang Routh vdi mot s6 duong, két qua tinh todn vidn khéng
thay déi.

b) S6 lan d6i dAu cua cac s6 hang trong c6t thd nhat cua bang
Routh bang s6 nghiém cu2 phuong trinh dac tinh c¢d phan thuc
duang.

¢) Né&u trong c¢odt thd nh&t cé mot hé sé6 bang khong thi hé thdng
cing khéng én dinh.

d) Tu c6t thd nhdt cua bang Routh ta ¢d thé€ tinh duge gia tri téi
han cia moét tham s6 bién déi nao dJ trong hé théng, nhu hé so
khuyéch dai chang han.

Vi du 3-5. Cho hé thong gdém ba khau quan tinh n6i ti€p co
phuong trinh dac tinh:

(TP + )(Top + N(Tap + 1) + Kk
Khai trién ra sé co:
T1T2T3F)3 F(TyT + ToTg + T1T3)F’2 + (Ty+ T+ Ta)p+1+ k=0

I

0 (3—10)

(a,) (ay) (a,) (33)
Bang Routh
a4 dp
< EL/‘ 813
(@@, — doag)— (3-1)
dy
dg

Diéu kién 6n dinh la: a, > 0;a, > 0; a5 > O
va: aa, — asa; > 0

tc ta;
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(T1T2- + T2T3 + T3T1)(T1 + T, + T3) > T1T2T3(1 + k)

1 1 1
K< (=+—+=)T,+T,+T,) — 1=Kk,
(T1 T2 T3)(1+ 2+ 3) ih

e) Néu trong hé théng c6 mot khau chAm tré voi ham truyen dat
e P2 Vi du cho heé théng vé trén hinh 3-2:

S ke PT2 | —3d
(—) Tip+1 - p(Typ + 1)

Hinh 3-2.

Phuong trinh dac tinh hé thong kin:
T,Typ’ + (T + Typ- + p +hkke P2 =0  (3-12)

thi muén su dung tiéu chuidn dn dinh Routh ta phai bién phuong
trinh dac tinh (3—-12) vé dang phuong trinh da: sé tuyén tinh.
Muén vay ta phai dung céng thuc khai trién Taylo gan dung ham
e P, 5 3
~7PT = +_pT + (o) +‘(_pT) +... (3-13)
I 2! 3!

Liy hai s6 hang dau ta duac:
e PP~ 1.—pT (3—14)
Khi do (3—12) co dang:
T, T.p> + (T, + Typ* + (1 — kkkyT)p + kikyky = 0. (3-15)
Tit phuong trinh dai s6 tuyén tinh (3-15) ta lap bing Routh dé

xét 6n dinh. Vi khai trién (3—14) la gan dung. cho nén xét 6n dinh
cua hé théng cé khau cham tré e P! bang tiéu chuan dai s6 it chinh
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xac hoan toan. Tuy nhiénytrong moét chitng muc nao dg, déi vdi céc
hé théng it doi héi do chinh x4c tuyét d6i, van ap dung dugc.

g) Tiéu chuidn Routh 4p dung cho hé théng cd phuong trinh dac
tinh cdp bit ky.
3-2.3. Tiéu chuan 6n dinh Hurwitz

1. Phdt bi¢u:

"Didu kién can va di d€ cho hé théng tuyén tinh 6n dinh la hé
s6 ag > 0 va cac dinh thuc Hurwitz duong".
2. Cdch ldp dinh thitrc Hurwitz

Vi du 3-6. Cho hé théng c6 phuong trinh dic tinh bac ba:

3 2
a,p”+ap - +a,pt+az=0

a, a, 0

Ay = ao\az 0 (3—16)
0 a, \a

(Téng quat A, c6 n cbt.vd n hang. Budng chéo chinh cua A,
bat ddu tU a, lién tiép_dén a,. Cac sG hang trong cung mdt cot trén
dudng chéo chinh c6 chi s§ ting dan, con dudi dudng chéo chinh
co chi s6 giam dan. Cac s6 hang c6 chi s6 cao hon n va bé hon 0
déu ghi s6 0). D8i vdi hé thdng bac 1 va 2, diéu kién can, cac hé
s6 a,, a, a, duong ciing chinh la digu kién du.

D6i vai hé th6ng bac 3 diéu kién can va du dé 6n dinh la:

a, > 0 Ay=a,> 0;

3

A3 = as.A?_ > 0

(Viag > 0 va A, > 0 nén A, khdng cén tinh).
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-

3. Chii y:

a) Tiéu chudn 8n dinh Hurwitz chi la mo6t dang bi€u dién khac
cua tiéu chuidn Routh (Déc giad cd thé =o sanh A, trong tiéu chuan
Hurwitz vdi hé s6 b_ trong tiéu chudn Routh chi khac nhau 1 hé s6
dy 0 mau so).

b) Tiéu chuan Hurwitz thuong dung véi hé théng c¢d phuong trinh
dac tinh bac thdp (dudi bac 4). Ca tiéu chuidn Routh va Hurwitz déu
dung dé€ xét dn dinh cho c4 hé théng hd va hé thong kin.

c) Tuong tu tiéu chuidn Routh cd thé dung tiéu chudn Hurwitz
dé tim k,

3-3. TIEU CHUAN ON DINH TAN SO
NYQUIST MIKHAILOV

3-3.1. Tiéu chuan Nyquist theo dic tinh tin s6 bién pha
1. Phdt biéu:
"Didu kién can va du dé hé thong kin 6n dinh:

— Khi hé hd 6n dinh (hodc ¢ gioi han 6n dinh) la ddc tinh tan
sé bién - pha cua hé ho W, (jw) khong bao diém (-1, jO).

— Khi hé ho khéng én dinh la ddc tinh tan s6 bién - pha cia hé
hd bao diém (-1, jO) m/2 vong kin néu w bién ddi tit 0 dén = (trong
dé m la s6 nghiém cua phuong trinh ddc tinh cia hé hd c6 phién
thuc duong)”

2. Chitng minh: Xét cho hé thdng mét vong co so do cdu tric co

5 inh 3-3. X
ban vé trén hinh - ) DB(C,';) i
D€ tién ching minh tiéu
chudn Nyquist ta xét hai nguyén
ly co ban sau: Hinh 3-3.

a) Nguyén ly bao va khoéong bao:
— Né&u mot diém M khéng roi vao trong mét dudsng cong kin |, ta
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noi rang dudng cong !

khéng bao diém M A A
1
(hinh 3—4.a). Tu M, )
ké hai ti€p tuyén vao m ()

duong cong 1. Tu A| »

A, theo mii tén, véc M

to MA quay | goc la — @) A, b)
¢ con tu A, - A, theo
muai tén, véc ta MA
quay 1 goc la +¢. Do do ddu mut A cua véc to MA trugt trén ca
duong cong kin 1 theo chiu mui tén thi géc quay téng cia MA la

Hinh 3-4.

- ¢ + ¢ =0

— Né&u mét diém M roi vao trong mot duong cong |, ta ndi rang
duong cong kin | bao diém M (hinh 3—4, b)

Néu véc to MA c6 dau mut chay trén ca dudong cong | theo chiéu
mui tén thi géc quay téng cua MA la 2n

Néu duong cong | bao M hai lan thi gdoc quay tong caa MA la 4n
(hai vong kin) (hinh 3-5).

b) Nguyén ly goc quay :

Ddi vai phuong trinh dac tinh:

ap" + alp"_1 + .. +a =0 (3—-17)

co n nghiém, néu thay p = jw ta co: Hinh 3-5.

a,Jw - pPQw = py) . (w —-p) =0 (3-18)

Gia su trong (3—17) ¢ m nghiém ¢o phan thuc duong con (n -
m) nghiém co phan thuc &m tuong dng cic nghiém phan b8 d bén
phai va bén trai truc 4o (hinh 3-6).

Néu nghiém p ¢ bén trai truc do; ddi vai véc to MX = w — p)
Khi w chay tit — o« dén + =:
Aarg Jw —p)=+7 (3-19)

— <w < o
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Con P, ¢ bén phai truc ao, déi vai | f W=+ OV
, 9 i
vec to NX = (Jw -~ p) ' '
_ o '\+IT
Khi w chay tu — o« dén +o: M - /N
. g
Aarg  (w - p) = —x.  (3-20) .
—oC X u
Phuong trinh (3—18) co thé viét: (j'w_/p’.) b g 1@ - p)
n—m m X j'w = -y
ag[[Qw — p) HQw—pJ) = 0. (3—-21)
1=1 1=1 Hinh 3-6.
Khi do:
n—m
Aarg [l (w-p) =+ (n—m)x. (3—22)
—oc < gy < o™© 1=1
m
Aarg I1 Qo — pJ) = — mru. . (3—-23)
- < gy < X *j
— Khi hé hd 6n dinh: Xét
ic to MA trén hinh 3-7 cd: ‘
véc rén hin co M(159) o
MA =1+ 0A =1+ W, (w) : 0 -
Vi theo hinh 3-3: Wi (1)
B(p)
D(p) A
B(p)
MA = +—p— =
D(p) Hinh 3-7.

D(p) + B(p) A(p)

— —

D(p) D(p)

trong do bac cua B(p) < bac cua D(p).
D(p) = 0 la phuong trinh dac tinh hé hd ¢6 bac n.

W, (p) B(p)  B(p)

1 + W, (p) D(p) + B(p) Alp)
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A(p) = D(p) + B(p) = 0 la phuong trinh dac tinh hé kin ciing ¢6 béc n.
—  A(p) Da thuc dac tinh hé kin bac n

Do do: MA = =
D(p)  Da thuc dac tinh hé hd bac n

(3—24)

Véc to MA néi diém M(-1, jO) vai 1 diém A chay trén dudng
cong W, (jw), cd lién hé véi hé kin va hé hd qua bi€u thic (3-24).
Néu dac tinh W, (jw) khéng bao diém M(-1, jO) tuc la

A arg MA = 0.

— o <w< w

Khi hé hé 6n dinh, phuong trinh D(p) = 0 ¢ n nghiém ¢ bén
trai truc ao, theo (3—19) va (3-22);

A  argDQw) = )5 A arg jw ~*p,) = + nxn

—oC < ™ 1=] —w<w< o
Hé thong kin muén én dinh, phuong trinh A(p) = 0 ¢c6 n nghiém
d bén trai truc 4o nén:

A argA(jw) = + nn

—woC @ < ™®
Tinh goc quay cia MA theo (3-24):
A argMA= A argAQw) - A argD(w)

< w < o < < ® —o<w< ®
=nr —nr =0
Vay khi hé hg 6n dinh, hé kin muén 6n dinh, dac tinh cia W_(jw)
phai khong bao di€m co toa do (-1, jO).
— Kht hé ho khéng on dinh:

Trong phuong trinh dac tinh D(p) = 0 ¢c6 m nghiém bén phai
truc 4o va (n—m) nghiém & bén trai truc do. Khi do theo (3-21);
(3-22); (3-23) ta co:

A arg D(w) = (n — Z2m)n. (3—-26)

- < < o©

Hé kin muén dn dinh thi A arg Ajw) = + nn.

— X < gy < X
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Do do theo (3—24) thi:
A arg MA = n1 - (n - 2miz = m.2n1.

- X < (u<oo

Vi dac tinh W, (jw) d6i xing qua truc hoanh dgi véi nhanh co w

= 0 - %« va nhanh co w = = » = 0 cho nén
1

A arg MA = - m2n = m/2 vong tron.
0<w< o

Ditu nay ching to dac tinh W, (jw) bao diém M(-1,j0) m/2 vong
kin khi w chay tut 0 dén «

— Kht hé ho d bién giot 6n dinh,

Ta xét truong hop don gian khi D(p) = 0 c6 mét nghiém p, = 0
va (n—1) nghiém & bén trai truc 4o, tdc la trong cdu trac cua hé
théng co mot khau tich phan

n-—1
Dip) =ap [[(p~p) =0 (3—27)
t=1
Hoac:
B(p)
Wi (p) = ———
p.D,(p)
pD,(p) + B(p) A(p)
Xét véc to: MA =1 + W (p) = 1 S ——p. (3—-28)
pD,(p) pD,(p)
Dé tranh diém gian doan w = 0 1
trong (3-28), ta ubn cong truc ao £
bing mot nia vong tron, ban kinh g AL
rdt bé Khi do co: p = pe¥; f’\\
- p=jw;, —© <w < —p. (Doan AB) ~
p = Jw P 2y, —

¢ = Aarg jw = 0.
. . Py -fﬂ
——p=_}w;—p<w<+pvap=const +
A

con ¢ bién d8i tit —n/2 dén + n/2
(BCD)

p = Aarg jo = + T
Hinh 3-8.
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- p=jw, p<w «© (Doan DE) cd A arg jw = 0,
Vay ® Zw < +w thl Aargjw = +.

Qua hinh 3-8 ta thdy nghiém p = 0 bay gio da nam & bén trai
truc 4o jw vua udn cong, cho nén hé kin sé 6n dinh vi

Harg MA =fargljw D,(w) + B(w)] fAargljw D, (jw)] = n7 — nx = 0
—x<w<® - W< o - X <Cw<w

Va bay gio chuyén vé gidi han khi p - 0 thi hé hé tir 6n dinh sé tro
vé bién gidgi 6n dinh. Luc do thé p = p? ta co:

pe¥D, (p” + B(e)

MA = 1 + W, (jw) =

pel? D (pe!f)
. _ p D (p¥) + B(p¥) A(D)
lim MA = lim ~ = R
p—=>0 p =0 pe¥ D (%) e’ D0
Vay: lim MA = Re ¥ (3—29)
p =0
A(0)
trong do R = - o khi p> 0
p D (0)
¥
Khi p = const va ¢ bién w=-0 A=~
d8i tit —m/2 dén + /2 thi P
dau mut véc to MA truot _,"‘ \
trén duong cong co ban . yad \
kinh R vd cung lon va goc 0 *

quay bién d6i tu +n/2 dén
—n/2. Noi cach khac khi
bién ddi jw theo duang
ABCDE trén hinh 3-8 thi
dac tinh W, (jw) bién d&i w={
lién tuc theo duong
OACDEO trén hinh 3-9
cd chidu quay nguoc nhau. Ly gigi han theo (3-29) thi dusng cong

W, (jw) vdan chay theo dudng OACDEO trén hinh 3-9. Disy do
chUng td dac tinh W, (o) khéng bac digm Mi_1 101 khi —0 < 1, <

Hinh 3-9.
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+ = Va nhu vay, theo két qua da ching minh truong hop dau tién,

chung to hé thong kin la 6n dinh.
: B(p)
Tong quat trong truong hap. W, (p) :__’_p_

Vor . = 2. 3. | . cang dung phuong phap tuong'tu
3. Nhan xét

~ Trudge khi dung tiéu chuan Nyquist,can phai xet xem hé hdo co
dn dinh hay khong (co thé su dung cac tiéu chudn dai sé dé xét he
ha)

— Dac tinh tan s0 W, (jw', thuong la duong cong khong khép kin
vi e chy xet tu 0 dén = cho ndn nhan dang viéc bao cia no d61 vdi
mOot diém trong truong hop phuc tap rat kho khan Dé dé dang 1o
chuven sang mot cach biéu dién khac Hinh 3-10 la truong hop hé
on dinh nou hé hd én dinh Ta thdy dac tinh tan W, (jw) khong bao

diem M(—1, j0)» néu giao die¢m cua W (jw) vdi truc thuc trong

g t—=», —1) khong co hoac 1a 36 giao diém chuyén dai duang

Atdc la di tu Am sang duong) bang sb giao diém chuyén déi am
C \ytuc la di tu duong sang am theo chiéu tang cia tan s6 w) Hay
1 dieu kién khong bao cua W gw) vai Mi—1, j0»:

C. = C,.

( +

| (3-30)

Néu khong thoa man diéu kién (3-30) thi dac tinh tan s6 W, (jw)
bac die¢m M(—1, j0) thinh 3—-11) cd Ciy=3 ;€)= 1duong 2

(=)
44

-1 w= +

'\ » 073
/w

Khong baoc M Ccé bao M
Hinh 3-10 . Hinh 3-11.
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3-3.2. Tiéu chuan Nyquist - Theo dic tinh tan s6 logarit

Vi Lw) = 20 I1gA(w) néu A(w) = 1 thi L(w) = 0 Tai cac giao
di€m chuyén doi thi Aarg W, (jw) = — n. Dua vdo két qua da xét
cua tiéu chuan Nyquist theo dac tinh tan s6 bién—pha, ta cin xét
pham vi A(w) & trong khodng (-, —1), khi hé hd 6n dinh néu
C(+) = C(_) thi hé ‘kin 6n dinh.

(Doc gia tu suy luan trudong hogp hé hd khong 6n dinh vi thuc té
hé hd thuong dn dinh hoac & gigi han 6n dinh). Qua hinh 3-12 d6i
chiéu dac tinh tAn sd bién pha vdi diac tinh tAn s6 logarit ¢é chu
thich trang th4i én dinh (hinh 3-12 a, b) va khong én dinh (hinh

3—12 c, d) cua hé thong.

. Liw)
b —

L{w)

W (Jjw)

Hinh 3-12
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Trén dac tinh tan logarit, cac di€m chuyén déi la giao diém cua
ples) voi duong thang —7. (ky hiéula C ).

Quy woc: diém chuyén do6i duong (ky hiéu la C“)l la giao diém
cua dac tinh ¢, vdi duong thang —m, khi w tang thi ¢(w) cat ti trén
xuéng dudi duong thing —nx con diém chuyén d6i am (ky hiéu la
C(_) la giao diém cua ¢(w) voi dudng thang —x khi w tang th p(w)
cat ti dudi lén trén duong thang —x

Phdt bié¢u:

"Diéu kién can va di dé hé tnong kin én dinh khi hé théng ho
on dinh la s6 giao diém chuyén déi duong bang sé giao diém
chuyén doéi am cua ddc tinh o/w) vér duong thang —n trong pham
vi tan s6 w dé Liw) > 0"

Tiéu chuidn Nyquist theo dac tinh tan logarit rat don gian va dé
dang nén dugc st dung réong rai véi cac hé thong mot vong.

Vi du 3-7. Xét 6n dinh cho hé thdng co cdu tric vé trén hinh
3—13.

x kf kl k_’ Y
—=- —3 - _— .
| TPt Lp+1 hhp +1

Hinh 3-13.
Trong do: k = kikoky = 180; ¢ £ ”

T;=15;T,=01s; T, =003 s. 40 PR

= wz
Gidi. Xay dung dac tinh 20 \wy\“

tan bién doé — pha légarit ol T NGl

clia ham truyén dat mach hd ~ | | e

W, (jw) trén hinh 3—13! Vidac | || ‘\N I N o

tinh ¢(w) cat duong thang ! \‘N ? 30"

—7 0 tan s6 ma L(w) > 0 % N T 120"

nén hé théng kin khong on i | '50

. ~60 AN 180

d|nh L] {] i "




106 Chiong 3+ ON DINH CUA HE THONG

3-3.3. Tiéu chuan Nyquist theo dic tinh bién-pha ¢o
khau cham tré

Tuong tu nhu hé théng hinh 3-2, ta sé néu téng quat cho hé
théng cd khau cham tré vdi ham truyén dat mach hd cé dang:

W, (p) = W (p)e I (3—31)
Dac tinh tan bién—pha mach ha:
W, () = W (jw).e (3—32)
trong do:
mod{W, (jw)} = mod{W_(jou)} (3—33)

arg W (Jw) = arg W (ju) — wrt.

Viéc xay dung dac tinh tan W, (jw) dudc minh hoa trén hinh
3—14.

Quay véc ta W _(juw,) = 0A
mot goc ¢ = —w 1 (cung chiéu
kim déng ho) ta dugc véc tdg
W, (jw,). Lay nhiéu diém o ta
sé vé duoc ca dac tinh W, (jw).
Qua hinh 3-14, n&u hé thong
c6 thém khau cham tré thi do

dn dinh cta hé théng sé giam
di, noi cach khac la d6 du tru Hinh 3-14.
on dinh cda hé thong giam.

3-3.4 Tiéu chuan 6n dinh Mikhailov
1. Phdt biéu :

"Diéu kién can va du dé hé théng tuyén tinh én dinh la biéu do
vécto da thilc dac tinh A(jw) xudt phat tit truc thyc duong quay 1
goc phan tu nguoc chiéu kim dong ho khi w tang tit 0 dén « (vdi n
la bac cua p.huang tinh dac tinh)".

2. Chung minh

Gia st hé thong cd phuong tri-* *2~ +i=h ok w wohism:
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Alp) = aup” + alp"_l

+...+a, =0

Hay: a,'p—pp—p, - p—p, = 0.

Hé thong 6n dinh néu tadt cA n nghiém déu & bén trai truc ao.
theo biéu thuc t3—-19) cia nguyén ly géc quay

Aarg A(jw) = nx.

- X <X

Vi A(jw) va A(—jw) lién hgp nhau nén:

Aarg A(jw) = Aarg A(jw).

—x < <) N<w< o

=

b1
Vay: Aarg AQ(w) = n. — (tucla A(jw) quay n . — khi w tang tu
D<w< > 2 2
0 dén «).
Hinh 3-15,a tuong ding vai hé thong 6n dinh, 3—15,b : khéng én
dinh.

AJQGQ %ja@v

3. Nhan xét
a) Xay dung biéu d6 A(jw) bang cach thay p = jw vao phuong
trinh dac tinh rdi tach phan thuc va phan 4o A(jw) = P(w) + jQ(w).
b) Tiéu chudn Mikhailév c¢d thé dung dé xét on dinh cho ca hé
théng hd va hé théng kin.
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3-4. PHUONG PHAP CHIA MIEN D

Cé thé dung cdc tiéu chudn 6n dinh dé tim pham vi bién déi cua
moét thong sé nao do trong hé thdng ma kha nang 8n dinh van
khong thay déi. Nhung diéu do khong phai don gidn va dé dang doi
vGi nhitng hé thong phuc tap. Va lai nhu thé cing khong bi€u hién
ré rang su phu thuédc tinh 6n dinh d6i véi théong.s6 bién thién do.
Dé c¢6 moét phuong phdp xac dinh téng quat tinh 6n dinh cta hé
thong phu thudéc vao tham sé bién d6i, 1948 Neimark da dé ra
phuong phdp chia mién D. Sau day sé trinh bay néi dung.

1. Mdt gioi han

Cho phuong trinh dac tinh cta hé théng digu khién:

1

Ajp) =ap"+ap"  + .. +a =0 (3—4)

tong quat co m nghiém d bén phai va (n—m) nghiém & bén trai truc
d0. Ung v6i mot tap hop xac dinh cac hé sé a, ap, .., 4, ta sé cd
mét tap hop cdc nghiém p,, p,, .., p, xdc dinh. Khi cac hé s6 a, bign
thién, vi tri cac nghiém p, cé th€ dich chuyén trén mat phang phie
phai qua trai hoac ngugc lai. Chang han xét khong gian 3 he sé a,
a,, a; bi&€n thién (hinh 3-16). Phuong trinh dac tinh (3-4) co
nghiém p = jw, thi hé théng & gidi han 6n dinh. Khi d6 trong khong
gian (a, a5, a;) c0 mét mat S nao do chia khong gian thanh cac
mién. Trén mat phang nghiém truc 40 p = jw chia mat phang thanh
hai mién bén trai 6n dinh va bén phai khéng 6n dinh thi trong
khong gian (a,, a,, a;) mat cong S cing chia thanh cic mién én
dinh va khéng 6n dinh. Trén hinh 3-16 gia st chia thanh 2 mién .
trong mat cong S va ngoai mat cong S. GiA st trong mat S 1a én
dinh va ngoai mat S la khong 6n dinh. Phuong trinh mat gigi han
S néu p = jw:

. _ . NN . n—1
A(w) = a,(w)” + a;(w)’ " + . +a =0, (3—34)
R6 rang lf{ mi:é\‘n inc d?nh cdc thong s6 bién ddi a, a,, a; d trong
mat cong S 13 mién on dinh va mién ngoai mat cong S sé xac dinh
cdc thong s6 a,, a,, a; d& hé thong khong 8n dinh. Khi cac hé s a.
Ve — — — : 1
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bién doi tu ngoai vao trong S G?Jf S
hoac nguac lai tuc 1a dng véi cac
nghiém chay tu bén phai qua

[
| |
bén trai mat phang nghiém ol ! |
‘hinh 3-17) (hoac nguoc lai). 4, | 9
Mat S chia khong gian thanh cac @
mién ky hiéu la D, , (n bac -
phuong trinh dac tinh; m: sé Hinh 3-16.

nghiém & bén phai truc do). Khi
m = 0. hé thong cé thé 6n dinh, tuong ung vai mién D
2. Chia mién D theo mét thong s6 bién do'i tuvén tinh
Gid su c6 mot thong s6 bién déi tuyén tinh 4 trong phuong trinh
dac tinh:
A(p) = N(p) + AM(p} = 0. (3—-35)
Phuong trinh duong cong gidi han cac mién néu thay p = jw:
Ajw) = Ngw) + AMGw) = 0 .
— N(w)

A=—-— = Ulw) + jViw) . (3—36)
M(jw

Thong s6 bién doi 4 la mot thong -6 phuc A(jw). Khi cho
bién déi tu —« dén +o ta vé duge dudng cong S gidi han
gia s c¢6 dang trén hinh 3—18 chin mat phang thanh 3 mién.

[. II, III. Néutién hanh gach socbhén trai trucdotu —=++ootrén

14
W=+ 00 44 (UJ)
Y I And . -,
] mrr s,
e g‘ﬁ”@%
o— o= . DI
---—-.% 5 s
- L Q“v DJ
7 @4&1 @ t\ ,,/
Pieq

w = - 00

Hinh 3-17. Hinh 3-18.
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mat phang nghiém s6 thi mién bén trai dugc gach soc la mién 6n
dinh Nhu vay co thé gach soc duong cong gidi han S phia trai tu
w = —«x dén w = +«. Khéng ching minh nhung co thé thay tuong
Ung rang. mién ducce gach soc nhiéu lan nhit c¢d thé la mién on
dinh. Trén hinh 3-18 mién IIl ¢6 thé la mién én dinh. Khi dich

chuyén tu mién dugc gach chéo D sang moét mién khong gach

n—m
chéo thi tuong dng co mot nghiém chay tu trai qua phai mat phang
n—1 Trén hinh 3-18 gia su tir mién III la

D; chay sang mién II la D;_, = D,; tu mién Il sang mién [ (mui

nghiém, do la mien D__

tén (21 ta c6 mién D, | = D|.

Sau khi da tim dugc mién D  trén hinh vé, ta sé ldy mot diém
bat ky ¢ trong D dé xac dinh tri s6 4 Sau do lay 1 4y dem thé vao
phuong trinh dac tinh (3—35) réi dung moét tiéu chuan 6n dinh dé
xét Ung véi A dé hé théng co thuc la 6n dinh khong Néu xét A do
ma hé thong on dinh thi ¢6 thé két luan cd mién D la mién &n
dinh

Vi du 3-8. Cho phuong trinh dac tinh cua hé théng:

Atp) = (T,p +1)(T,p+1)(T,p+1) + k = 0,

trong do T, T, T4 ¢6 dinh con k bién doi. Hay tim mién xac dinh k
dé hé théng 6n dinh, tU do tim gia tri toi han kg,

Giai.
Chuyén vé dang co ban: A(p) = N(p) + AM(p).
Ta co: A= ki M(p) =1, N(p) = (T;p+1)(T,p+1) (Tap+1).

Phudng trinh dudng cong gidi han cac mién:
Ajw) = = (Tyjw + 1) (Tojuw +1) (T5jw) +1)

= (TT,Taw® = T=To=Ty)jw + (T,T,+ ToTs + TT)w? — 1

= [V(w) + Ufw)

trong d6: Ulw)= (T,T, + T\T; + T,Tyw’ - 1
V(w) = 0T T,Ta0® = T= Ty — Ty).
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St ua me

Lay w 0 - =~ ta ve

MmOt nua duong cong gidi ﬁ 1V(w)

han S va soi anh qua We e
truc hoanh vdi w» - =

0. Tién hanh gach chéo i /

bén trai dudng cong khi D3 Oy ?/-C‘U)
w chay td — o dén +oo,

Mién D, la mién duoc D, \

gach soc hai lan. W = -0

That vay 13y A=k = 0 Hinh 3-19.

(diém goc O). Ta sé ¢o
phuong trinh dac tinh:

A(p) = (Tp + 1) (Top + )(T3p + 1) = 0.
Co6 ba nghiém thuc am:  py= =T po= = VT, py= —1/T;
nén hé thong 6n dinh. Vay mién D, dung la mién 6n dinh.
Tim k,, néu tinh: V(w,) = 0.
\/ T, +T,+ T,
T, 75T,

UJO =

Do d6: Ky = Ulwy) = = 1+ (TT,+ TT3 + T,Ty)

—

+ +

- WT 4+ Ty + Ty) — 1

1 1
T1 T2 T3
3. Chia mién D theo hai thong sé bién doi tuyén tinh

Gia su hé thong cd hai thong s6 A va o bién déi tuyén tinh. Khi
dé phuong trinh dac tinh co dang:

A(p) = oN(p) + AM(p) + R(p) = 0. (3-37)
Phuong trinh cdac dudng cong gidi han mién D la:
A(jw) = oN(jw) + MGw) + R(jw) (3-38)

Cac da thuc viét dang phuc:
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‘Njw) = Njtw) + jNsw)
MQw) = M(w) + JM;(w) (3—39)
Rijw) = Ry(w) + jR,(w)
Phuong trinh (3—38) khi tach thanh 2 phuong trinh bién thuc:
{aNl(w) + M (w) + R(w) = 0

(3-40)
O’NZ(UJ) + ﬂszcu) + RZ(UJ) =0
Nghiém hé phuong trinh (3-40):
A; A
i=2 o= 2 (3—41)
A A
trong do:
M (w) N(w) — Rl(w) Nl(w) Ml(w) - Rl(w) ‘
A = ; AU = : A/‘ =

— Khi bién déi w tit —o dén + = néu val cac trl w maA = 0 ta
sé tim dudgc cac dudng cong chia mién D;

— Néu véi cac tri o ma A = 0; A, = 0; A, # 0 thi hé phuong
trinh (3—40) vd nghiém tdc 1a hai duong thang song song véi nhau.
Khi d6 duong cong gidi han én dinh S sé tién dén xa v6 cung.

_ KhiA = A, = 0 hay A = A, = 0 khi d6 hai duong thang
(3—40) trung khit 1én nhau. Nhu vay thi dng vdi moét tri «w ma cdc
dinh thuc do triét tiéu, duong cong gidi han khéng phai xac dinh bdi
mot diém xdc dinh ma la mét duong thang xac dinh. Ta goi d6 la
dudng thang dac biét hay la dudng thang boé sung.

Vi A, A, A; la cac ham 18 cda v cho nén co thé viét dugc:

“IM, -R “|I-R. N
2 T v
1= : o= 2 (3—42)
Ml N] Ml Nl
w w
MZ N2 M‘) N-)
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Vdiw = 0 va o = = th1 1 va o cd dang 0 — Cho nén do la

cac tan s6 dac biét dé tao ra.cac duong thang dac biét. Bay gio ta
phai tim phuong trinh cac duong thang do.

Ung véi w = 0 thi A va ¢ cd dang - 0
Phuong trinh dac tinh:

Alpy = a p" + alpn_' + . +a =20

Néu co a, = 0 sé trd thanh:

5

—1 -2
Atpr = plap" " +ap’ T+ + A, = 0
Hay la:
Atjo) = jola jo" ! + a o) T+ .+ an_l' = 0.

Nhu vay thi hé s6 a, = 0 trong phuong trinh dac tinh cung giéng
nhu tan s6 v = 0 trong phuong trinh duong cong gidgi han S Vay
phuong trinh duong thang béd sung vai tan s6 w = 0 la:

a =0 (3-43)

’ .. . . . [0 @)
Ung v6i w = o thi 2 va o co dang —

Phuong trinh dac tinh duge viét ¢ dang khac:
al aw (£ Y

Ajw) =a,+ — +——+ . +—— =0
Ju Qo)™ (Jo)

Khi &» = <« thi chinh la bat buéc a, = 0
Vay phuong trinh duong thang bo sung thu hai la:

a, =0 (3—44)
Quy tac gach chéo

1- Trén mat phang (4 o), truc hoanh la A duong cong gidi han
S gach chéo bén trai néu A > 0 va gach chéo bén phai néu A < 0
theo chiéu tang cua w.

Vi A la ham 1é cia w nén voi w > 0 va tang tu v, dén w, (w, >
w ) th1 A > 0 Con vdi w < 0 va w chay tu — 5 dén —uw thi A< 0,
Do do dudng cong gidi han S luén luén duoc gach chéo ca hai lan
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cung mot phia

Hinh 3-20,a co
W > chiéu tang
+w co At4+w) > 0,
gach chéo bén trai
Con tu o dén oF la
chiéu tang wivi w <
0) co A < 0,

{—aws)

Ao
O W)l Wi

S

A B0
A AL
- r
Q) a b)
Hinh 3-20.

gach chéo bén phai. Ca hai lan gach chéo déu trung nhau. Tuong tu

khi « tang ¢6 A (+w) < 0 ta gach chéo bén phai dudng cong gidi han.

Thuc té& vi A va o l1a cac ham chan cua « nén khi vé dudng cong
Ato) chy can ldy w tu 0 dén +o. N&u A(+w) > 0, theo chiéu tang w
ta gach chéo bén trai hai lan va A(+w)< 0 theo chiéu tang v ta

gach chéo bén phai hai lan.

2— Ung véi w, =
0 (hoac w, == o),
duong thang dac
biét duge gach chéo
mot lan cung phia
vdi duong cong giai
han da gach chéo,
con ¢ nua con lai
cua no sé duge gach

AG

chéo ¢ phia kia (hinh 3-21,a).

Hinh 3-21.

3— Ung vdi w, # 0 (hoac # «) néu dudng cong gidi han cat qua
dudng thang dac biét ma dinh thdc A khong d6i ddu thi dusng
thang dac biét sé khang gach chéo; néu dinh thitc A d&i dau thi
duong thang dac biét duoc gach chéo mébi nua cung phia gach soc

vai duong cong gidi han (hinh 3-21,b).,

Tom tat cdc buoc chia mién D hai thong sé bién déi tuyén tinh:

] — Xac dinh dudng cong giéi han chia mién D

Tinh A, A;, A, va A4 0 Chow = 0 + « vé dudng cong Ao) theo
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« da tinh
2— Vé cac duong thang dac biét co phuong trinha, = Ovaa, = 0.

3— Gach chéo cac duong cong gidi han va dudng thang dac biét
theo quy tac da trinh bay.

4— Xac dinh mién 6n dinh la mién duoc gach chéo toan bd va
nhiéu lan nhat.

Thu lai bang cach ldy mét di€m trong mién do roi xét 6n dinh va
di dén két luan cho ca mién.

Vi du 3—9. Cho phuong trinh dac tinh cda mot hé thang:

p3+lp2+op+1=0.

Hay xac dinh mién én dinh khi i va o bién doi

Giai.

1— Phuong trinh duéng cong gidi han:

— jo® = A+ jwo+1=0.

Tach phan thuc va ao:

M(w) = —w? My(w) =0 A= —wS
Ny(w) =0 ; No(w) = w | A= — w
Ry(w) =1 R, (w) = —w? ; A, - —w°

Do dé tinh A va o theo (3-41):;

A=—p
)

g = w

R6 rang Ao = 1 la duong cong gidi han chia mién D, dJ la mot
duong hypacbol (hinh 3-22).

2 pusng thang dac biét: khéng covia, =1= 0vaa, =1= 0,
3— Gach chéo theo quy tac o trén:

ViA=—w < 0khiw >0 dodé phai gach chéo bén phai dusng
cong /6=1 hai lan.
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4 — Nghiém lai mién 6n dinh Ds. (vi AG

‘- . a ,. w=Xoco
phuong trinh dac biét bac 3). Theo CD)
tiéu chuan on dinh Hurwitz dé hé G, 5
thong on dinh can co diéu kién: a, > s) 2w <0
0(i=012 3) va: c N _ACw
! B w=p
A, = a@, — a,az= 4o — 1> 0, i
Tai diém B trén dusng cong S, c6 &
Hinh 3-22.

Aoy = 1. nén A, - 0 (6 gidi han on
dinh'). Néu lay diém A cd ngay o, >
o, tUc 4o, > 0 nén A, > 0 va A 0 trong D5 6n dinh, vay D, 1a mién 6n
dinh.

Vi du 3-10. Cho hé théng diéu khién gém ba khau quan tinh
co phuong trinh dac tinh.

T, T 4 (T T, + TT+ TT)p2 + (T, + T+ To)p+1+ k=0

Hay xac dinh mién én dinh khi c6 hé sd khuyéch dai k va hang
s6 thoi gian T, bién doi. Cho T, =1s; T, =10 s

Giai.
1— Phuong trinh dusng cong gidi han:
10A(jw)® = (14 +10)w? + (11 + Djw + o = 0;

trong do: A= Tyvao=1+Kk
Hoac la: =1 + j(=100° + w)] + o = 10w° + fljw = 0.
Rut ra:
Mi(w) = — Tlw® ; My(w) = — 100° + w
Ny(w) =1 Np(w) =0

Ry(@) = — 100° ; Ry(w) = tw
A = w(10w? —1)

A, = flw.

A, =100.0° + 210°

vay:
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Tw 11

A= -
w (10w — 1) 10.0° — 1

w(100w” + 1210°) 100.0% + 1210°

w(10.w® = 1) 10w — 1
VOi w = 0 + o« vé duoc duong cong A(o) trén hinh 3—-23.

g =

2- DUong thang dac biét:

~ a, =0, tUc la o = 0 do la hoanh truc.

— &, =0, tdc la A= 0 do la truc tung.

Vay hai duong thang bd sung la 2 truc toa do.

3— Gach chéo theo quy tac:

— Khiw t1 0 dén 0.1cd A < 0 nén nhanh (1) gach bén phai hai lan,

— Khiw t4 0,1d8n «» cd A > 0 nén nhanh (2) gach bén trai hai lan.

Dusng dac biat 6] yw=es w=\p,1
o =0 Ung voi w = 0, 7 i
h ché un /7 |
gach cheo cung a
phia véi duong g Dy, |
Cong {g'OI han va i arar /77//77_,! //[/LL//LL//////J//II’ »
dao phia gach chéo, g Lowal/l !
khi cat qua dudng / /
), / /
cong gioil han. J /w § Dz. ,
pusng dac biét ) g y
A=0Ung vBiw é d
duoc gach chéo mot ~~_ __ -7
phfa CUng vai du0ng Hinh 3-23.

cong gidi han.

4~ Nghiém lai mién 6n dinh D,

Ta xét mién cd6 1 > 0 va o> 0 vi hé s6 khuéch dai va hang sb
thai gian la cac s6 duong.

Lay gia tri tai o = 1 thi k = 0 nén phuong trinh dac tinh sé la:
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A(p) = (Typ = H(T,p =~ )(Tgp = 1) = 0 c6 ba nghiém thdc am nén he
thong on dinh. Vay D5 la mién on dinh,

3.5. PHUONG PHAP QUY DAO NGHIEM SO

3-5.1. Dat van dé

Tuong tu nhu phuong phap chia mién D, déi véi moét hé thong
diéu khi€n, khi co mé6t thong s6 bién d6i (nhu hé s6 khuéch dai,
hang s6 thoi gian v.v..) tu O dén «, ta can phai xac dinh trong
pham vi nao cua thong sé bién déi do thi hé théng sé 6n dinh. Ung
vGi mot gia tri cé dinh cua thong sé bién doi, hé théng co mot trang
thai 6n dinh nao do. Ta c¢d thé bi€u dién trang thai 6n dinh cta hé
théng bang vi tr1 nghiém s6 phuong trinh dac tinh hé kin trén mat
phang phdc. Khi zia tri théng s6 bién déi thi vi tri nghiém phuong
trinh dac tinh trén mat phang phuc cting thay d6i. Do su thay daéi
do ma vi tri cac nghiém sé phuong trinh ddc tinh sé tao nén mot sé
quy dao nao do trong mat phang phuc

Co thé thay ré rang dng vdi nhitng doan quy dao nghiém sé nao
d bén trai truc do th1 hé théng sé 6n dinh; giao diém cua quy dao
nghiém s6 véi truc do th1 hé thong d gidgi han 6n dinh va nhing
doan quy dao nghiém s6 & bén phai truc do thi hé thong sé khong
on dinh.

Phuong phap quy dao nghiém s6 thuong dung cho hé théng cd
mot thong s6 bién doi tuyén tinh (théng thuong 1a hé sé khuéch dai
cua hé thong).

3-5.2. Phuong phap xay dung quy dao nghiém so

Xét hé thong D K.'T.D co phuong trinh dac tinh bac n:
A(p) =ap"+ap" '+ . +a =0 (3—45)
Néu trong hé théng cd mot thong s6 A bién déi thi phuong trinh
dac tinh sé co dang :

Alp) = N(p) + AM(p) = 0, (3—46)
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trong do:
Nip) la da thuc toan tu cd bac n
Mi(p! la da thuc toan tu co bac m
Thuc té cac hé thong D K. T.D thuong co: m = .

Tu (3—46) co: |
— Nip)
A= — (3—47)
M(p)

| (j =1, 2, .., m) la cac nghiém cua phuong trinh M(p) = 0.
p’, i = 1,2, .., n)la cac nghiém cua phuong trinh Nip) = 0
p, i =1, 2, .., n)la cadc nghiém cia phuong trinh A(p) = 0

Ta co thé biéu dién M(p);N(p) va A(p) qua dang tich cua cac

thua so:
m
M(p) = [] fp — p”) (da thic bac m)
=1

Nip) = [] (p — p’» (da thic bac n)

1=1

A(p) = ﬂn (p — p,) (da thuc bac n)

1=1

Khi do (3—-46) sé la:

n m
Ap)=[[(p -pp + Allp-p7p=0 (3—-48)
1= =1
Dé xay dung duge quy dao nghiém s6, ta can phai xac dinh :
diém xudt phat va di€m két thic cia quy dao nghiém so6; s6 lugng
quy dao trén mat phang nghiém, cac duong thang tiém can ctia quy
dao; hudng dich chuyén cua quy dao va cac diém dac biét.

1) Xdc dinh diém xudt phdt cua quy dao nghiém so

Gia tri ban dau A = 0 sé ung voi cac di€m xudt phat cua quy
dao. Khi 4 = 0 theo (3-48), thi cdc nghiém p, cua phuong trinh
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dac tinh Arp) = 0 cing chinh la cac nghiém p’ cua phuong trinh
Nip) = 0. Vi1 bac cua A(p) va cua N(p) déu bang n, cho nén quy
dao nghiém s6 sé co n diém xuat phdt tu p’ (p’ la nghiém cta
Nipr = 0y,

Vay: Ung vor gia tri A = 0, quy dao nghiém so sé xudt phdt tit n
nghitém p’ cua phuong trinh Nip; = 0.

£y

Xdc dinh dié€m két thiic cua quy dao nghiém s¢
Cac diém két thuc cta quy dao nghiém sé ung vdi gid tri A = .

Phuong trinh dac tinh (3—48) cd thé viét:

—=

m
Ap) = (p—-p)+ (- p”J) =0 (3—49)

1
A =1 j=1

I

Khi 4 = « theo (3—49) thi cac nghiém p, cua phuong trinh dac
tinh A(p) = 0 cing chinh 13 cdac nghiém p’', cia phuong trinh
M(p) = 0.

Vay: Ung véi gid tri A= o, quy dao nghiém s sé két thic ¢ m
diém biéu dién nghiém p’’ ciua phuong trinh M(p) = 0.

3) Xdc dinh 56 lwong quy dao trén mdt phing nghiém

— Phucng trinh dac tinh A(p) = 0 ¢6 . nghiém dugc bi€u dién
bang n vi trl mat phang nghiém dUng vdi mot gia tri A xdc dinh. Khi
A bién dgi tu 0 dén «, gid tri cdc nghiém p cua A(p) = 0 sé bién
déi, do d6 vi tri cia n nghiém sé vach nén n duong trén mat phang
nghiém sb.

— Néu m < n thi quy dao nghiém s6 c6 m duong khodi dau tit m
nghiém p’, va két thic 6 m nghiém p’'|. Vi quy dao nghiém s6 co tat
ca duong, do do sé con lai (n — m) duong khoi dau ti (n — m)
nghiém p’J va tién ra xa vo cung.

— Vi cdc nghiém ciua A(p) = 0 cd thé co cac nghiém phuc lién
hop nén cac quy dao nghiém s6 sé ddi xung qua truc thuc.
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4) Xuc dinh cdc duiong thing t1iém can

Ta biét rang néu quy dao nghiém s6 ¢6 (n—m) dudng tién ra
Xxa vocung khi 4 - «, do do ta can phai tim cac dudng thang tiém
can cho (n-m) duong do

Tu (3—48) ta co thé vist:

n n —l
[T(p-p") pt —- (Y popt 4.

m

[Tp—p") p" = (3Ip)p™ '+
1 J J

= J=

Thuc hién chia da thuc tu s6 va mau s6 cua vé& phai (3—50) sau
do chi ldy gan dung hai s6 hang dau ta cg:

_ /1 — pn—m _ ( leal _ lenj)"pn—m—l (3_51)
): J__‘
Hoac la:
0 ¥ o )
2p, = 2p"
h—m 1=1 J=1
— A::p 1 — , -
p
S - Sy 1
T 2P ‘
o =L S R (3-52)
(=" 7 = p.

Thiua s6 thd hai 0 vé phai cta (3-52) co dang mét nhi thuc
Newton, néu khai tri€n ra va chi lay gln dung hai s6 hang dau
ohai xét vai | p| - =), ta cd:

n. m
l Ebl-_ Ep i
n—m 1 1=1 =1
(= A =p(|l - .
n—m p
n ) m )
2P, — 2p
=1 j=1
= p
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Vay:

1

n—m
p= (=4) + R, (3—53)

trong do:
1 n m .
R, = - (2p,— > p”J) (3—54)
n-m =] J=1

= const.

Tit (3-53), khi A » ® thi p - . 1
n-m

Co thé viét (3—53) d dang khac : (Khai trién sé phuc (— 1) )

p=Aa +R | (k=01 ;n-m—-1) (3-55)

0O

Phuong trinh (3-55) la phuong trinh cac duong thang tiém can
cia (n—m) quy dao tién ra xa vd cung |

Theo (3—-55) ung véi 4 = 0 thi p = R, = const, tic la (n—m)
dudng thdng tiém can déu di qua 1 diém (tam) trén truc hoanh co
hoanh dé la R, Cac duong thdng tiém cAn nay tao thanh mét hinh
sao gom (n—m) tia. M8i mot tia cua hinh sao tao vdi truc hoanh
mo6t goc nghiéng la:

2k + |
a =———— 1 (k=01 :n—-m-1) (3—-56)
n—m

Vi du 3-11.
— NEu (n—m) = 1thitd (3-56) ta cob.

DUong thang tiém can chinh la moét nda truc hoanh tién ra xa
v cung trén hinh 3-24a.

— Néu (n—m) - 2 ta co hai duong théng tiem can (hinh 3-24b)

o = — (k = 0)
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2x1 + 1 3
ay= ———— 1 = ——

2 2

— Néu (n—m) = 3 ta c6 3 duong thang tiém can: (hinh 3-24, ¢)

aozzig (k = 0)
2x1 + 1
CZ1 = o = (k = 1)
3
2x2 + 1 5n
a2 = o =— (k = 2)
3 3
\
A j 1/(: 00‘ j 4 j
m Kw
A= oo T / + AL =0 T
<L . N2 r J D_:
R, 0 \ { R,y
31T
° 5T \
T A=
a) b) £)
(n—m=1) (n—m=2) (n—m=3)
Hinh 3-24.,

5) Xdc dinh hudng dich chuyén cua quy dao nghiém
Tu phuong trinh dac tinh (3-46) ta viét thanh:

N(p)
—-A=—— = f(p) (3-57)
M(p)

Gia thié€t p la sé thuc, ta xay dung do thi cua ham f(p) =
Nip)/M(p). Giao diém cua dudng cong f(p) v4i duong thang -1 sé
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xdac dinh cac nghiém p cua A(pr = 0 dng v6i tr1 s0 4 xac dinh.
df(p)
— Cac diém cuc tri. = 0 hay la.
dp
dN(p) dM(p)
M(p — N(p) =0 (3—58)
dp dp

sé xac dinh cac di€m tach khoi truc thuc cta mat phang nghiém.

— Tu do thi f(p) va duorg thang — A tuy thudc su bién déi cua A
ma ta xac dinh duge hudng dich chuyén cua quy dao.

Vi du 8-12. Ham f(p) vé trén hinh 3-25. Dudng thang -4 = 0
chinh 1a truc hoanh p, dusng cong f(p) cat truc hoanh & ba diém
Py P, va p3 chinh 14 ba ﬁf@)
nghiém cua phudng trinh
dac tinh. Khi tang dan A cac
diém p, va p', sé co dan lai

i —

va khi A = )o thi py= P, = P, 4/f(ﬁ):—/(:0.;

(diem s& 4 trén hinh 3-25), y £ =-4

A > A, trén tryc thuc chi con Fep)=—Aq
Fem = -4,

mot nghiém p'5 va tang 4 -
w nghiém p’; sé tién dén
nghiém p",. Hinh 3-25.

6) Xdc dinh cdc giao diém cua quy dao nghiém sé voi truc do cua mdt
phing nghiém
Nghiém nam trén truc 4o ¢d gia tri p = jw_, khi dé phuong trinh
dac tinh ¢d dang:
Ajw) = Prlw ) + jJQ(w ) = 0 (3—-59)

Trong (3-59) con théng s6 A chua biét nén phéi hop giai hai
huong trinh:
P P, wd) -0

(3—-60)
Qlw,, A) =0,

P
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ta se xac dinh duoc gia tri tan s6 w_va A 0 giao diém quy dao
nghiém s6 va truc ao

3-5.3. Trinh ty xay dung quy dao nghiém so va vi du
ap dung
1) Xdc dinh cdc di€m dédu va cud't cua quy dao
— Viét phuong trinh dac tinh dang:
N(p) + M(p) = 0.
— Diém dau cua quy dao dng vdéi n nghiém cua N(p) = 0
— Diém cudi cua quy dao ding vdi m nghiém cua M(p) = 0.
2) Xdc dinh cdc duong thdng tiém cén cua (n—m) quy dao ti€n ra xa vé
cung
— Tam hinh sao cua cac tia tiém can cd hoanh do:
1 n m o
R,=—(Xp, - 2p" )
n—-m =1 =1
— Godc tao bdi cac tia cua hinh sao va truc hoanh:

2k + 1

nk=01,.. n—m-1)

a, =
n—m
3) Xdc dinh di€m tdch khéi truc thuc va hudong dich chuyén cua quy dao

— Vé do thi ham dé tim hudng dich chuyén cua quy dao:

Np) )
f(p) =—— (khi pla sé thuc —o < p < +w)
Mi(p)

— Tinh dao ham:

df(p) . i
e = 0 dé tim diém tach khoi truc thuc
p

Né&u c6 nhigu diém cuc dai, ta phai chon diém cd 1 < 0 dé phu
hop vdi phuong trinh (3—-57).
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4) Xdc dinh giao diém cuu truc do va quy dao nghiém
Giai cac phuong trinh (3—-60) co tu (3—-59) dé tim ra : w_va 4

Vi du 3-13. Xay dung quy dao nghiém s6 ddi véi hé théng co
ham truyén dat trang thai ho:

k
p(Tp+1)(T,p+1)

Wh(p) =

khi hé s6 khuéch dai k bién doi tu 0 dén «, cho biét T, = 01s; T,
002 ..

Giai.
1) Ta tim duoc phuong trinh dac tinh hé théng kin:
| 1 1 k
A(p) = p(p + 71)(0 ¥ —Tz) M 0

D6i var dang N(p) + AM(p) = 0.

ta co A=—— 1 N(p) = p(p+10)(p+50); M(p) =
T1T2

- Diém dau quy dao:

N(p) = p(p + 10)(p + 50) = 0 ta dudc ba diém dau cua quy dao
nghiém sé la. p’,= 0; pp,= -0 s ;p3=— 50 s

— Diém cudi cua quy dao:

ViM(p) =1 # 0 nén quy dao khong co diém két thuc ¢d dinh p" y
ma quy dao nghiém sb c6 3 dudng déu tién ra xa vd cung khi

A= o

2) Vin—m 3 nén hinh sao goém ba tia xac dinh ba dudng tiém
can cua quy dao chay ra xa vo cung.

Tam cla hinh sao c6 hoanh dé tinh theo céng thic (3—-54):
1
. — (—10 —-50-0)=-20s",
Hunh s$ao ba tla co dang nhu hinh (3—-24.c) da vé o trén.
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3) Vé db thi ham t(p):

t(p) =

—— =p(p +10)(p + 50)

N(p)
M(p)

Khi p bién dai tu — o dén += (hinh 3-25,a)

Qua do thi f(p)

ta thdy n6 cét truc hoanh 4 ba diém, xac dinh

ba nghiém cua N(p) =0 la py=0; p’, = ~ 10; p'3 = — 50.

— Khi 4 tang thi hai nghiém p’, va p’, co lai gdn nhau va dng

vai f(p) = A, thic

hung chép lai voi nhau thanh p’,. Diém p’; la

diém cuc dai cua ham f(p) = A

Quy dao
nghiém sd vé trén
hinh 3—-25 b bt
bugc p’y dich
sang trai con p,
dich sang phai.

Tai diém chéap
p'o NEU A > A, thi
duong thang -4
va duong cong
f(p) chi cdt nhau
d mot diém p'y
nghia.la phuong
trinh dac tinh
A(p) 0 luc do
chi co mot
nghiém thyc p’,
(vi ham f(p) la
ham thyc) va phai
cd hai nghiém
phuc lién hop do
14 p'y va p'p. Digu
do chdng 1o tu

Hinh 3-26.
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diém chap P, quy dao ngﬁiém sO tach khoi truc thuc va chay
thanh hai duong déi xiing nhau qua truc thuc trén mat phang
nghiém .

~ Hoanh do6 diém chap p, (diém tach khoi truc thuc cua quy
dao) tinh theo: '

df(p) 2
—— =3p°+120.p + 500 =0
dp
Giai ra: p,=—20+v 4= 500/3= — 55

Gia tri 4, Ung vai p', la:
Ay = = PPy + 10)(p'y + 50) = 125,

— Khi 4 > 4, chi co mét giao diém cua f(p) voi duong thang A
(diém p';) cho nén quy dao nghiém p'; sé hudng vé nda trai truc
thyc (— ).

Quy dao nghiém p', p'5, p'3 V€ trén hinh 3-25 —b.

4) Giao diém cua truc ao va quy dao nghiém sé:

Thé p = jw. vao phuong trinh dac tinh A(p) = 0 ta co:
A(jw)c) = jweljwg +10).(p+50) + 4. =0

Hay la:
A — . 2(10 + 50) = 0
/1
cuc:tj\/ — =% 224
10.50

Vay tai giao diém cua quy dao nghiém sé va truc ao tinh duoc
w, - *j 224
J. = 3.10°
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Chuang 4

PHAN TiICH CHAT LUONG
HE THONG DIEU KHIEN

Chdt lugng cua hé thdng didu khién tu d6ng duogc d4nh gid qua
chi tiéu tinh 8n dinh va cac chi tiéu chA4t luong khdc ciia qué trinh
xdc l4p va qué trinh qua do.

Vin d& 6n dinh cia hé duge xét § chuong 3 Trong chuong nay
ta sé xét tui cac ndi dung -
— Danh gi4d chat luong hé thdng & trang thai xac 14p.

— Tinh qué trinh qud d6 cua hé théng vA phan tich cdc chi tiéu
chat lugng.

— Danh gia chidt luong hé théng qua tiéu chufin tich phan dé&
tinh sai s6 cia hé.

4-1. TINH SAI SO CUA HE THONG
O TRANG THAI XAC LAP

Trang thai xédc 1ap la trang thai khi hé th6ng co tac déng dau
vao u(t) va sau khi hét qua trinh quéa d6 (hay la qua trinh chuyén
trang thai) thi hé théng sé thi6t lap mot trang thai 6n dinh mai. O
trang thai xdac lap mdi nay hé théng sé cd mét sai s6 nao dd tuy
thudc vao tham s8 va

. , E Y
» %
c8u truc cua hé. Wh(P) 7
Xét hé théng vé trén =)
hinh 4-1, trong do

W, (p) la ham truyén
dat Cl'la hé khl Chu'a co Hinh 4-1.



130 Chuong 4: PHAN TICH CHAT LUONG

phan ho6i hay la d trang thai ho.
Tong quat W, (p) co thé cd dang :

k bp"” +bp™ !+ . +1 Yip)
Wylp) =— - (4-1)

p ap’ ' +ap o+ .+ 1 E(p)

Ham truyen dat cta hé théng kin, khi co cd mach phan héi am,
tu hinh 4—1 ta duogc
Y(p) W, (p)

W, (p) = (4-2)
u(p) 1 + W, (p

Ta tinh sai léch E(p) cia hé khi biét U(p)
Tu (4—1) rat ra :

Y(p) = W, (p).E(p) (4-3)
Thé (4-3) vao (4-2) ta co :
W, (p) E(p) W, (p)
ML Sl h'P (4—4)
u(p) 1 + W, (p)
1
Hay la : E(p) = U(p) (4-5)
1 + W, (p)

Sai s6 & trang thai xac lap, ky hieu S, :

S, = lim e(t),

t+ @®

Véi e(t) 1a ham goc sai s6 Wng vdi anh Laplace cua nd la E(p)
theo cong thdc (4-5).

Mat khac dua vao dinh ly tién dén gidi han cuia 4nh va géc trong
bién d6i Laplace

lim e(t) = lim pE(p) (4-6)

L+ p—>0

Vi thé€ sai s6 S, sé la :

. . P
S, = lim &(t) = lim U(p) (4-17)
1+ p>Q 1+ Wim
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Tu cong thic (4—1) va (4-7), thay r6 sai lech 8, phu thude vao
tin hiéu vao U(p) va cdu tric cua hé théng (bi€u thi qua ham
truyén dat W, (p)) |

Ovait <O
I - Khi tin hiéu vao U(p) = 1 (t) =
1 véit 20
Vi du vdi hé cap 4 sau day -
U E [ & N k, 1 Y
— | Pt LpTp+1 P
W, W, Ws

Hinh 4-2.

Tinh ham truyén dat & trang thai ho W, (p)
W, (p) = W,(p)W,(p)W;(p)
klkz

3 (4-8)
p(Tp + I(T,p” + Typ + 1)

W, (p) =

Tin klxiéu vao u(t) = 1(t) la ham don vi thi Anh Laplace cta nd la
Ul(p) =; - Dem thé& W, (p) va u(p) vua tinh vao c6ng thdc (4-7) ta

duagc :
p 1
S, = lim 5 (4-9)
p(T,p + D(T,p° + T,p + 1)
S = lim 1 - > =0 (4—10)

' p=0  p(T;p + I(T,p* + Typ + 1) + kk,

Dé6i voi hé thong nhu hinh 4-2, cdc ham truyén W,(p) va W,(p)
la cac khau quan tinh va dao dong nhung vi ¢c6 thém khau tich
phan W, (p) = 5 dan dén sai s6 @ trang thai xac lap bang 0, tdc
S, = 0. Hé théng cd S, = 0 tuc co thém khau tich phan duge goi la
hé vd sar cap 1 (Astatic).
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Cing véi vi du hinh 4—2 nhung néu ta bo di khau tich phan
trong hé théng, lic d6 ham truyén dat hé ho sé la

k, k,

W, (p) = 5 (4-11)
(Typ + I(Typ” + Typ + 1)
Sai léch S, trong truong hop nay sé la :
1 1
S, = lim P = lim
p=0 1 + Wh(p) P p~0 1 + Wh(p)
1
S, =———— (4-12)
1 + kk,

Tu (4-12) ta thdy sai léch ¢ trang thai xac lap cua hé thong phu
thuée vao hé s6 khuéch dai k, va k, cua hé thong. Né&u ta tang k,
hoac k, thi S, sé gidm nhung sé lam tinh 6n dinh ctia hé giam di.

2- Tin hiéu vao la ham u(t) = k_t

k
U(p) =—= la anh ciia ham u(t) = k.t (4-13)

i

D
— Khi co khau tich phan, W (p) tinh theo (4-8)

P p k
S, = lim Utp! = lim 0
p=0 1 + W, (p) p~0 1 + Woipr  p°

p k

= lim _
p~0 1 + k ky/lptT,p + INT,p"+ Typ+ )] p-

= lim ppip 1)(T2p2 vt D l& — k (4—-14)
p~0 p(T,p + l)(T)dp2 + Tap + 1) + k k, p2 k k,

trong do k_ la bién d6 tin hiéu vao

Khi tang k|, k, th1 S sé gilAm. Do dd khi tin hiéu vao la ham
tuyén tinh cia thoi gian thi du cd khau tich phan trong hé thdng,
hé do van ton tai sai léch S, = 0
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v

4-2, TINH QUA TRINH QUA DO HE THONG

M6t hé théng digu khién tu déng goi la 6n dinh khi tin hiéu ra
cua hé théng sé tat dan theo thaoi gian

lim yg, (t) =0 (4-15)

{—+

hay la tin hiéu ra cua hé khi tin hiéu vao u(t) 1a ham don vi
u(t) = 1(t) sé tién dén mot gia tri 6n dinh hang s6.

A f/(i‘) Trén hinh 4-3 vé
G J”'V” mot dang db thi tin
: L)
[ 7/ - - - = - - - hiéu ra cua hé théng
_ i
e o A

J'/.yw

yao

Duong cong y(t)

co th& dao dong

quanh gia tri y_.
Tmaex t  Phia trén va dudi

——

cua gia tri y ta lay
9% y, vé thanh mot
bang. Néu dudng
cong y(t) lot vao trong bang +5% y_, gia su cat bang nay & diém K.
Tai K ta xac dinh T_,, 1a thoi gian qua trinh qua d6 16n nhét cua

|
I
I
|
I
i

Hinh 4-3.

hé théong.

Gia tri lon nhdt cua y(t) la y_. (t). D6 qua didu chinh ctia heé :
Tax = Ymax — Y- S0 1an dao ddng n xung quanh gia tri y,. Ba chi

tiéu cbat lugng cua qua trinh qua d6 o, T __ va n sé do cac yéu
ciu thiét ké dat ra. Gia tri cia chung cang nho, thi chat luong hé

théng cang cao. Gia tri cia n thong thusng doi héi < 3.

Cac chi tiéu chdt lugng ctia hé théng con lién quan chat ché vai
cac bai toan t6i vu (Optimal) sau nay.

Viéc tinh qua trinh qua do hé théng 1a tim nghiém phuong trinh
vi phan hoac sai phan Cd nhiéu phuong phap dé€ tinh nghiém
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— Cac phuong phap s6 giai gan dung trén may tinh.
— Cac phuong phap giai tich nhu toan tu Laplace.

4-2.1. Phuong phap so Runge - Kutta

Day la mot phuong phap s6 co dé chinh xac cao nhung thai gian
tinh toan:sé dai néu hé théng co cap cang cao.

Sau day ta khdo sat cong thic tinh toan dén 4 s6 hang, chang
han néu cong thdc cho hé thong cdp 2. Gia su ¢d hai phuang trinh
vi phan cdp 1 sau day

dy1
— = f , Vo) (4—-16)
dt Yy
dy,

= f , Y5) (4-17)
dt 2y Y2

Chon budc tinh h, ta chuyén hé phuong trinh vi phan (4—-16) va
(4—17) vé hé phuong trinh sai phan sau

ylk + 1] = y,[k] + (k;; + 2 *ky + 2% ky + ky /6
yolk + 1] = yolkl + (k) + 2% kyy + 27 kyy + ky))/6;

(4—-18)

trong dd :
[ k,, = hf(y,[k], y,[k]);

11
, = hfy(y, k], y,lKD;

1
o = hfi(y, [k + Ky, ylk) + Kppp);

1
2 = h.f,(y,[k] + ky;, y Lkl + k0 (4-19)

k
k
k
ey, = h £,y (K] + Ky volk] + kypp);
k
k
k

("]

= h fz(yl[k] + k21/2a yZ[k] + kzz/‘z);
= h.f (y [k] + kyj,5 yo[K] + kg5 /00
[

32

s

F N

o2 = b Oy k] + kg, yolk] + kyy o)
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Vi du 4-1. Cho hé thdng diéu khién trén hinh 4-4.

U
Y14 1 ; e
T, =

Hinh 4-4.

TU so dd cdu truc ta xac dinh duoc ham truyén dat va phuong
trinh vi phan :

Y(p) Kq
W(p) = ——= > (4-20)
u(p) T Tp™ + Top +1
d2y dy
—7 - ( — Tz—dT — y(t) + k. u)/(T,Ty). (4-21)

TU (4—21) ta chuyén vé hé phuong trinh vi phan cdp 1sau :

s _ v, - f (4—22)
dt 2 1

dy,

& = (ke =y = Toy)(TyTo) = 6 (4-23)

Sau day ta viét dugc chuong trinh tinh nghiém y,(t) va y,(t)
bang ngdn ngd Pascal (Gia su c6 thé cho so liéu k, = 30; T, =1 T,
= 0.5: budc tinh h = 0.02).

PROGRAM Rukut Cap_2
Uses crt, graph;

Const u =1
Var T1,T2 KO, Kil, K12 K21, K22 : real;
K31, K32, K41, K42, h, m : real;
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gd, gm, k : Integer ;
yl, y2 : array[0..640] of real,;
BEGIN
Clrscr ;
Write ('Hé s6 khuéch dai Ko = '); ReadIn (Ko);
Write ('H&ng s6 thai gian T1="); ReadIn (T1);
Write (‘Hing s6 thoi gian T2 =°); ReadIn (T2);
Write ('Chon budc tinh h = '); Readin (h);
m:=T1«T2
yio] = 0; y2[o] = O;
FOR k := 0 to 639 do
Begin
Kl = h » y2[k]
k12 :=h « (kO »u — T2 = y2[k] — yi[k])/m;
k21:= h = (y2[K] + k12/2);
k22 = h « (kO » u — T2 » (y2[k] + k12/2) — (yi[K] + ki/2))/m;
k31:= h = (y2[K] + k22/2);
k32 := h « (kO » u — T2 « (y2[k] + k22/2) — (yI[K] + k21/2))/m:
kd1:= h = (y2[K] + k32/2);
k42 = h » (kO = u — T2 = (y2[k] + k32/2) — (yi[k] + k31/2))/m:
yi[k + 1] := yi[k] + (k11 + 2 « k21 + 2 » k31 + k41)/6;
y2[k + 1] := y2[k] + (k12 + 2 » k22 + 2 « k32 + k42)/6;
Writeln ('k =", k:4, 'y1I[', k, '] =", yi[k]: 6 : 2,
oyl ko 1= y2[k) 6 2);
delay (200);

end;
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{Ve do thi y1(1) va y2(1)}
gd = detect;
Initgraph (gd, gm, 'C :\TP\BGI');
setbkcolor (cyan);
setlin'éstyle (0.0.,3);
setcolor (Red);
rectangle (2.2,637.477);
Outtextxy (240,40, 'FFRunge — Kutta Hé théng cap 2');
moveto (2, 240);
for k .= 2 to 635 do

begin

lineto (k, 240 — Round (2 « y1[K]});

end;
outtextxy (400, 230 — Round(2 = y{k]). 'yi(t)');
setcolor (Blue);
moveto (2, 240);
For k := 2 to 635 do

Begin

lineto (k, 240 — Round (2 = y2[k]));

end,
outtextxy (400, 230 — Round (2 = y2[k]}), 'y2(t)’);
outtextxy (10, 250, '0');
Repeat Until Keypressed;
Closegraph;

END.
Sau khi cho chay chuong trinh trén mdy vi tinh voi ngon
ngu Pascal version 6.0, két qud in ra man hinh cac s6 liéu

Yo
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Phuong phap Runghe  Kutta ditoc viét theo ngbn ngit C theo
list cia chuong trinh sau:

/tt*t*tttlttttttt#####*#t**tt#tt#t#tt*t*#***#**t*tt##*t#****/

/** PP RUNGHE-KUTTA MO HINH HOA HE CAP II *¥/
/** NGON NGU C ++ %

/***tl*#**#t*lt"##**t##‘*‘#****#**#***###*#*#**###***#****/

#include<graphics.h>
#include <stdio.h>
#include<math.h>
#include<conio.h>

main()

int gd,gm,i,nm ;

float t1,t2,Kd, K11 K12 K21 K22 ;

float K31,K32,K41,K42 h,u,Ka,q,kb ;
float y1[640],y2(640] ;

printf("\n dua vao cac tham so Kditl,t2 ") ;
scanf("%f %f%f",&Kd &tl,&t2) ;
printf("\n cho gia tri buoc tinh h :") ;
scanf("%f",&h) ;

gd=DETECT ;

initgraph(&gd,&gm,"c :\\borlandc\\bgi") ;
setcolor(15) ;

rectangle(1,1,639,479) ;/* ve khung*/
setfillstyle(CLOSE-DOT-FILL,CYAN) ;
bar(240,15,400,30) ;
rectangle(240,15,400,30) ;
outtextxy(285,20,"ffap-RuKut") ;
setcolor(6) ;

outtextxy(260,35,"Ngon ngu C ++ ") ;
outtextxy(220,60,"H.T dao dong Cap hai") ;
outtextxy(zso’es"tttti‘##t#*#***‘*#") :
setcolor(l) ;
outtextxy(260,80,"T1.T2y"+T2 ' '"
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fortm=0 ;m<=10 ;m++)

{
line(64*m,5,64*m,15) ;
line(64*m,465,64*m 475) ;
line(64*m+ 32,5,64*m+ 32,10) ;
line(64*m+ 32,470,64*m+ 32,475) ;

}

for(m=0 :m<=10 ;m++)

{
line(5,m*48,10,m*48) ;
line(635,m*48,630,m*48) ;

}

setcolor(5) ;

setlinestyle(0,0,3) ;

rectangle(5,5,634,475) ;

moveto(1,475) ;

u=1 ;q=t1*t2 ; Ka=Kd*u ;

yl[0]=0 ;y2[0]=0 ;

for(i=1 ;i<=635 ;i++)

{
K11=h*y2[i] ;
K12=h*(Ka -yl[i]42*y2[i))/q ;
K21=h*(y2[i]+ K12/2) ,
K22=h*(Kay1[i]-K11/2+42*(y2(i]+ K12/2))/q ;
K31=h*(y2[i]+ K22/2) ,
K32=h*(Ka+y1[i] K21/2+42*(y2[i]+ K22/2))/q ;
K41=h*(y2[i]l+ K32) ;
K42=h*(Ka-y1[i] X3142*(y2[i]+ K32))/q ;
y1[i+ 1]=yl(i]+ (K11+ 2*K21+ 2*K31+ K41)/6 ;
y2[i+ 1]=y2[i]+ (K12+ 2*K22+ 2*K32+ K42)/6
lineto(i,475«int)10*y1[i]) ;

getch() ;
closegraph();
return(0) ;
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4-2.2. Phuong phap s6 Tustin

Phuong phap Runge — Kutta rdt théng dung dé& tinh nghiém
phuong trinh vi phan tuyén tinh va phi tuyén. Con phuong phap
Tustin duge dung dé€ tinh qua trinh qua d6 cho hé théng lién tuc tu
so d6 cdu tric — ham truyén dat.

Tich phdn mot qua trinh lién tuc u(t) duge tinh theo :

y(t) = f u(t)dt (4-24)
(0}

Bién d6i Laplace (4—24) vai didu kién dau triét tiéu .

1 Y(p) 1
Yp) = — u(p) » Wp)=—— = — (4-25)
p u(p) p
d
Hoac % = u(t) (4—26)
Yo
| U
Yo | 4 Y(P) A z 'y
—™ P > & | I K+1
1 I
H—I——g-l
1 |
9 0 kT (ke T 7
)
Hinh 4-5.

Tin hiéu ra y(t) theo (4-24) chinh la dién tich hinh thang veé
trén hinh 4-5b , chiéu cao T va 2 day u(k); u(k + 1)

T
yik + 1) — y(k) = ?[u(k + 1) + u(k)] (4—26)

Sau nay, trong chuong "Hé théng diéu khién gian doan xung sg"
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ta sé thdy ro thém vé phép bién ddi Z
Don gidn ta co ham géc y[k] va anh la Y(Z)

Géc Anh

ylk] Y(Z)

ylk + 1] ZY(Z)

ylk + 2] 7% Y(2) (4—27)
ylk + n] Z" Y(Z).

Phuong trinh (4—26) goi la phuong trinh sai phan.
Tu phuong trinh (4-26) ap dung céng thudc (4~27) ta duge mot
phuong trinh dai sé cua anh Z:

T
2Y(ZL) = Y(2) +E {Z.u(Z) + u(Z)] (4—28)

Tu (4—28) ta tim duoc ham truyén rdi rac theo Z

Y(Z) T Z + 1
= = — (4—29)
u(Z) 2 7Z — 1

Do vday dng vdi ham truyén lién tuc (4—-25) ta tim duqclham

truyén roi rac (4—29), hay noi cach khac ta co su tuong dng — va
T Z+1 p

Hay

2 Z — 1
p = (4--30)
T Z + 1

Bay gio c6 mét qua trinh ngugce lai, tu ham truyén lién tuc W(p),
néu ta ddi bién p thanh bién Z theo conh thuc (4-30) va ta duoc
mot phuong trinh dai s6 cua Z, cudi cung ap dung cong thic (4—27)
ta chuyén vé phuong trinh sai phan dang (4-26) va ap dung cho
viéc viét chuong trinh trén may ‘tinh s6.
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Vi du 4-2. V3i hé théng cdp 2 md ta o hinh 4—4, ta c6 ham

truyén : y Y(o)
p
W(p) ———m— (4-31)
T, T,p" + T,p + 1 u(p)
L 2 Z -1 o
Doéi bién p = — theo (4—-30), thé vao (4-31} ta co:
T Z+1
k
W(Z) = °
. (2 Z -1 2,1 Z -1
Ao (— + — + 1
Tz 4 SR B
k T2 (Z°+2Z+1)  Y(2)
W (Z) = (4-32)

AZ° +BZ + C u(2)

Trong do cac hé so:
A=aTT,+2TT,+T?
B=2T°-8T,T, (4-33)
C=T°+4T,T,- 27T,

Phuong trinh dai sé td (4—32) 1a

AZ3Y(Z) + BZY(Z) + CY(2) = k, TA2%u(Z) + 2.2.u(Z) + u(Z)]

(4—-34)
Phuong trinh sai phan tuong Ung vaéi (4—34) la :
Aylk + 2] + Biy[k + 1] + C.y[Kk] =
koToulk + 2] + 2., . + ulk]) (4-35)

Gia thiét tin hiéu vaou(t) = 1(t) = 1vait = 0,
do do u[k] = u[k + 1] = u[k + 2] =1
Aylk + 2] + Bylk + 1 + C.y[k] = k,T24,
Vay:
ylk +2]=(—Baxylk+1] - Cxy[kl]+4+k,«T T)/A  (4-36)
TU cong thuc (4-33) va (4-36) ta c6 chuang trinh viét bang
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ngon ngd Pascal sau day :

PROGRAM Tustin;
uses crt, graph;
constu =%
var T1, T2, KO, a, b, c : real;
gd, gm, k : integer ;
y : array[0..640] of feal;
BEGIN
clrscr;
Write (' Hé s6 khuéch dai KO = °); ReadIn (KO0);
Write (' Hang sé thoi gian T1, T2 '); ReadIn {T1, T2);
Write (' Chon budc tinh T - '); ReadIn (T);
y[0]:=0;y[1]:=0;
A:=4.T1 T2+42=T - T2+T T,
B:=2+T-T —8+T1xT2;
C:=T«T+4+T1«T2-2+T- T2
For k: =2 to 640 DO
yk+2]=(—=Bxyk+1 = Cxy[k]+k0*T T u)/A
Writeln (k=" k:4, " y[. k 1= ,ylk}:8:86); delay (100);
end;
gd : = detect,
inttgraph ( gd. gm,’” C : \tp\Bgi ),
setbkcolor (Black);
setcolor (lightgreen ),
rectangle (2. 2, 637, 477),

setcolor (Red):



144 Chuong 4: PHAN TICH CHAT LUONG

moveto (2, 477),
For k:=2to 637 Do
Begin
lineto (k, 477 — Round (2 » y[k]));

end ;
Outtextxy (350, 470 — Round (2 = y[k]), 'y(t): Tin hiéu ra Tustin’);
Repeat Until Keypressed;
closegraph;
END
Cang chuong trinh nay dugc viét theo ngoén nglt C sau day:
/******************************************%****************/

/* MO HINH SO KHAU DAO DONG BAC HAI */
/* NIIO PHUONG PHAP SO TUSTIN *

/***********************************************************/

#include<graphics.h>
#include <stdio.h>
#include<stdlib.h>
#include<conio.h >
main()

{

int gd,gm,k ;
float t1,t2,kd,t,a,b,c,u ;
float y[640] ;

printf("\n Vao he so Khuyech dai Kd = ) ;
scanf("%f",&kd) ;

printf("\n Vao hang so thoi gian t1 = ) ;
scanf("%f", &t1) ;

printf("\n Vao hang so thoi gian t2 = ) ;
scanf("%f{", &t2) ;

printf("\n Vao buoc tinh t = "t ) ;

scanf("%f", &t)



Chuong 4: PHAN TICH CHAT LUONG 145

gd=DETECT ;
initgraph(&gd,&gm, "C \borlandc\bgi ") ;
setbkcolor(0Q) ;

setfillstyle(CLOSE_DOT_FILL,BROWN) ;
bar(240,18,400,32) ;

setcolor(15) ;

rectangle(239,16,401,33) ;
setfillstyle(CLOSE_DOT_FILL,3) ;

bar(3,3,636,476) |,

outtextxy(235,22,"VE DO THI") ;
outtextxy(180,50,"PHUONG PHAP SO TUSTIN ") ;
outtextxy(225,70,"NGON NGU C++") ;

setcolor(4) ;

setlinestyle(0,0,3) ;

rectangle(0,0,639,479) ;

setcolor(6) ;

moveto(4,476) ;

a=4%t1*t2+ 2*t*t2+ t*t ;

b=2*t*t - 8*t1¥t2 ;

c= t*t + 4*t1*t2- 2*t*t2 ;

u=1 ;y[0]=0 :y[1]=0 ;
fortk=2 ; k<=636 ;k++)
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ylkl= (b*y[kd]-c*y[k-2] 4*kd*t*t*u)/a :

]

lineto(k,478<(int)(10*y[k]) ;

gej:ch( ) ;
closegraph() ;

return(0)

>

Két qua tinh toan bing phung phap s6 Tustin va Runge—Kutta
in tu hai chuong trinh nay ra & co ban la x4dp xi nhau nhung thoi
gian tinh todn cia phuong pha Tustin it hon thdi gian cua phuong
phap Runge—Kutta hon 3 l3n.Do do phuong phdp s6 Tustin dugc
st dung rong rai va tién lgi ha.

Vi du 4 - 3. Cho hé théngdiéu khién nhu hinh 4-6. Hay tinh
qua trinh qua dé hé théng the(phuong phap sé Tustin..

7, £ Kp N Kd v
) Ty P+ 1 TLTL,P:+T,P +1
W, W,
ke =
Inh 4-6.

Hé th6ng gdm mot khau qun tinh W,(p) va mét khau dao dong
W,(p); Mach phan hdi c6 hé sitruyén bang 0,2.
Y
~ Xét khau quan tinh:  Wp) = Kq = (P) (4—37)
qu + 1 E(p)
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, 2 Z -1
Thé p= T 71 vao (4-37) ta xac dinh dugc :
+

(2Tq + T).2Y4(2) + (T = 2T,). Y{(2) = kK, T.ZE(Z) + K, TE(Z)
Hay :
ZY,(2) = A,Y,(2) + B,ZE(2) + B,E(2),

trong dé :
Ar= (2T — T)/(2Tq + T)

(4~38)
B, = Ko T/(2T + T).

Phuong trinh sai phan khau qu4n tinh c6 dang :
yi(k + 1) = ALy (k) + B,E(k + 1) + BLE(K) (4-39)

— DGi voi khau dao dong W,(p) ta da xac dinh dugc phuong
trinh sai phan (4—35) tuong Ung vdi cac hé sé (4—33):

yik +2] = (— B« y[k +1] — ¢ = y[k] + kyT?. (u[k + 2] +

+2.ulk +1] + u[lg]))/Az; (4—40)
Ay = 4T, T,+2TT,+ T2
B, =2T? — 8T,T, (4—41)
C,=T?+4T,T, - 2TT,
d, = kg T?

Phudng trinh sai phan mé ta hé thdng theo phuong phap Tustin
vé trén hinh 4--6 14 :

E[k] = u ~ kF = y[k]
yik + 1 = A; = y[Kk] + By = E[k + 1] + B, = E[k]
ylk +1] = (= B, » y[k] — Cz*ly[k — 1] +d, * (ydk +1] +
+ 2 % y K] + yk- 1))/A] (4-42)
Tinh 6n dinh clia hé théng phu thudc vao gia tri hé s8 khuéch
dai kq, kg, k¢ trong hé.

Dé xét 6n dinh cho hé ta viét phuong trinh dic tinh cla né va
dung dinh thic Hurwitz dé xét 6n dinh, ta sé tim dudc digu kién
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tinh ky khi cho kg, Ky -
K < (To/T™ UTo+ To/T) [ (Kg = Kg) = M (4-43)

Chuong trinh Pascal dé xét 6n dinh cho hé théng va tinh qua
trinh qua do dugc néu ra sau day :

PROGRAM TustinHethong;
Uses CRT, graph; |
Label tt;
Constu =1t
VAR al, bl, ci a2, b2, c2, d2,
Kq, Tqg, Kd, T1, T2, Kf,
M, T : Real,
gd, gm, k, | : integer ;
E, y1, y : array[0... 640] of Real;
BEGIN
Write (Khuéch dai quan tinh Kq ='); ReadIn (Kq):
Write ('Thoi gian quan tinh Tq =); ReadIn (Tq);
Write (Khuéch dai déi tugng Kd = ‘); ReadIn (Kd);
Write (‘Hang sé thai gian T1="); Readin (T1);
Write (Hang s6 thoi gian T2 = *); ReadIn (T2);
Write (' Budc tinh T ='); ReadIn (T);
M:= (Tq/T1+1/T1+ T2/T1)/(Kq + Kd);
Writeln (Gidti K; < ,M:6:5, 'Hé thGng mdi on dinh *):
Write (' Hé s6 phan hoi K, = '); ReadIn(Kf);
if Kf.< m then goto tt;
if Kf > m then
Writeln ('Hé théng khéng on dinh !');

Writeln (‘Hay cho lai cac gia tri hé s6 khuéch dai -
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halt;
tt: y[o]. =0; y[1] = 0;
al:=(2«Tq-T)/ (2 Tq+ T);
51;:Kq*t/(2*Tq+T);
a2 =4 «T12T2+2+T2«T+T - T;
b2 =2 «T T — BxT1«T2;
C2:=T-T+4xT1xT2-2x+T -T2,
d2:=kd «T - T;
for k : =0 to 550 do
Begin
E[k]: = U — kf « y[K]
yik + 1]: = al « y,[K] + b1« E[k + 1] + bt = E[K];
ylk +1]:=( — b2 » y[k] - C2 «y[k — 1] +d » yi[k + 1} +
+ 2+d xylk]+d «yik — 1])/a;
Writeln (k =" k:5."'y['. k. "] = .y[k]: 8:5)
End;
gd = detect;
initgraph (gd, gm, 'C XI’p\Bgi ),
setlinestyle (0,0,3);
setbkcolor (0);
setcolor (Red);
rectangle (2, 2, 637, 477),
setcolor (12);

Moveto(2, 477)
FOR k := 0 to 550 do

Begin
lineto (k. 479 — Round (100 « y[k])):
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end;
outtextxy (580, 470 ~ Round (100 = y[k], 'y(t)"),
outtextxy (455, 450 - Round (100 = y[k}]. 'Tin hiéu ra hé thong');
Repeat Until Keypressed:
Closegraph;
END.

Khi chay chuong trinh, ta co thé cho vao cac gia tri
Kq =2, Tq = 1;
Kd =10; T1 = 05; T2 = 0.2
T =005, Kf =02

Diéu kién dé hé théng 6n dinh la Kf < 0.22;

Chuong trinh mé hinh hé théng viét theo ngétn ngi C:

/*******#****************************#***********************/

/* MO HINH PHUONG PHAP SO TUSTIN */
/r HE THONG DIEU KHIEN TU DONG */

/***********************#*t*#*********************#***#*#** */

#include <stdio.h>

#include <graphics.h>
#include <conio.h>

#include <dos.h>

float ab,c,al,bld
kq,tq,t1,t2 kd,t, kf m;ml ;

int gd,gm,k,] ;

float y1[640],y2[640],y3[640] ;
main()

{
printf("\n He so k. dai kgq=") ;
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scanf("%f{",&kq) ;
printf("\n h'ang so thoi gian tq =") ;
scanf("%f",&tq) ;
printf("\n He so k. dai kd=") ;
scanf("%f",&kd) ;
printf("\n hang so thoi gian tl1 =") ;
scanf("%f",&tl) ;
printf("\n hang so thoi gian t2 =") ;
scanf("%f",&t2) ;
printf("\n Buoc tinh t =") ;
scanf("%f", &t) ;
m=tq/t1+ 1/t1+t2/t]1 ; ml=m/(kq*kd) ;
printf("n Gia tri :kf< %4.4f''ml) ;
printf(" he thong moi on dinh") ;
printf("\n He so phan hoi kf=") ;
scanf("%f",&kf) ;
y [0]=0 ;y [1]=0 ;
a=4*t]1*¥t2+ 2¥t*t2+ t*t
b=2*t*t-8%t1*t2 ;
c=t*t+ 4*t1*t2-2*t*t2 ;d=kd*t*t ;
al=(2*tqt)/(2*tq+t) ;
bl= kq*t/(2*tq+t) ;
if( kq*kd*kf<m) goto tt ;
if (kq*kd*kf>m)
printf("\n He thong khong On dinh \n") ;
printf("\n Hay giam cac he so kq,kd,kf "\n") ;
getchar() ;
tt : printf("\nHe thong On dinh !") ;
for( k= 0 ;k<= 630 ;k++)
{
y1[k]=1-4kf*y3[k] ;
y2[k]=al*y2[k-1]+ bl*yl[k]+bl*yl[k-] ;
y3[k+ 2]=(-b*y3[k+ 1]-c*y3[k]+
d*y2(k+ 2]+ 2*d*y2[k+ 1]+ d*y2[k])/a ;
printf("\n\t\tk=%3d y3=%6.2f"k,y3[k]) ;
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delay(1) ;
}
getch() ;
gd=DETECT |,
initgraph(&gd,&gm,"c :\\borlandc\\bgi") ;
setlinestyle(0,0,3) ;
setbkcolor(0) ; setcolor(4) ;
outtextxy(160,30,"FF SO TUSTIN-HE THONG DKTD")
outtextxy(20,45Q,"0") ;
setcolor(5)- ;
outtextxy(240,60," BORLANDC") ;
rectangle(2,2,637,477) ;
setcolor(l) ;
for( 1=0 ;l<=10 ;l++)
{
line(64*1,5,64*1,15) ;
line(64*1+ 32,5,64*1+ 32,10) ;
line(64*1,475,64*1,464) ;
line(64*1+ 32,475,64*1+ 32,468) ;
line(5,48*1,10,48*]) ;
line(635,48*1,630,48*1) ;
}

setcolor(2) ;
moveto(1,477) ;
for( k= 0 ;k<= 630 ;k++)
{
lineto(k,479~(int)(10*y3{k]/1.6)) ;
}
outtextxy(5680,470-(int)(10*y3[k]}/1.6), "y3(t)") ;
outtextxy(455,450«(int)(10*y3(k]/1.6), "Tin hieu ra He thong") ;
getch() ;
closegraph() ;
return(0)-;
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Vi du 2

Cho hé théng diéu khi€én gém b6 PID va d6i tuong diéu khién
co khiu phidn héi k; theo so d6 cfu tric sau:

U, u-diff -l t_ out

’ 1 K¢
+ - >
T LT p*+ Top+1

éf Bl

Bang phuong phdp s6 TUSTIN, ta ¢d hé phuong trinh sai phAn:
- Khau PI (khau PID chi 14y thanh ty lé P va tich phan I):
U_uqlk +2]= +u__ylk+1] + a; * u_gilk + 2] + by » u_gieelk + 11
Trong dd
a, = T/(2+T,, + K,
{ b, = T/(2+T,) — K.
D6i tuong diéu khién 1a Motor c6 phuong trinh sai phan :
u_ ulk+ 2l =(=bysu_, ,[k+ 1] —cyeu_ [k] + dys(u_ 4k + 2] +

+ 2eu_ ylk + 1] + u_ylkl))/a,

Trong dd :
8, = T2 + 2T.T, + 4T, T,
b, = 2T? - 8T, T,
¢, = T2 — 2TT, + 4T\ T,
dy = ky + 2

Chuong trinh hé théng viét bing ngon ngi C duge list ra
nhu sau:
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/* MO HINH PHUONG PHAP SO TUSTIN */
/* HE THONG DIEU KHIEN TU DONG */
/* He thong kin bao gom 3 khau : */

/* khau PI co ham truyen Kc+ 1/Tcp */

/* khatr dao dong Kd/(T1.T2p2+ T2.p+1) */

/* khau phan hoi co ham truyen Kf */

/***##****************#********#*****************t#*******#**/

#include <stdio.h>

#include <graphics.h>

#include <conio.h>

#include <dos.h>

float SP,Kc,Tc2,Tc,Kd,T1,T2 Kf2 Kf, T ;

float al,bl,a2b2,c2,d2 ;

int gd,gmk,1 ;

float U-diff[640),U-fback[640], U-ctrl[640],U—-out[640] ;

main()

{
clrscr() ;
printf(" He so khuyech dai Kd=") ;
scanf("%f", &Kd) ;
printf(" Hang so thoi gian T1=") ;
scanf("%f", &T1) ;
printf(" Hang so thoi gian T2=") ;
scanf("%f", &T2) ;
printf(" Diem dat SP=") ;
scanf("%f", &SP) ;
printf(" He so khuyech dai Kc=") ;
scanf("%f", &Kc) ; '
Tc2=T1/Kc ;
printf(" Hang so thoi gian Tc phai nho hon %f \n", Tc2) ;
printf(" Hang so thoi gian Tc=") ;
scanf("%f", &Tc) ;-
printf(" Buoc tinh T =") ;
scanf("%f", &T ) ;
Kf2=Tc/(Kd*T1Kd*Kc*Tc) ;
printf(" He so phan hoi Kf phai nho hon %f \n", Kf2) .
printf(" He so phan hoi Kf=") ;
scanf("%f", &Kf) ;
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/*

/*

/*

/*

/t

cac tham so khau Pl ¥/
al=T/(2*Tc)+ Ke ;
bl1=T/(2*Tc)Kc ;
cac tham so khau dao dong */
a2=T*T+ 2*T2*T+ 4*T1*T2 ;
b2=2*T*T-8*T1*T2 ;
c2=T*T2*T2*T+ 4*T1*T2 ;
d2=Kd*T*T ;
cac gia tri dau */
U—out[0)=0 ; U-out[l]=0 ;
U—ctrl[0]=0 ; U-ctrl(1]=0 ;
U-difff0]=SP ; U-diff[1]=SP ;
mo phong he thong */
for(k=0 ; k<6402 ; k++)
{
U-fback[k+ 2]=Kf*U-out[k+ 1] ;
U—difflTk+ 2]=SP-U-fback[k+ 2] ;
U—ctrl[k+ 2]=U—ctrl[k+ 1]+ al*U-diff{k+ 2]+ b1 *U-diffTk+ 1] ;
U-out(k+ 2]=(-b2*U-out[k+ 1]-c2*U-out[k]+ d2*(U—ctri[k+ 2]+
2*U—ctrl[k+ 1]+ U—ctrl(k]))/a2 ;
printf("\n\t\tk=%3d U-out=%6.2f"k, U—out[k]) ;
delay(10) ;
}
khoi tao che do do hoa */
gd=DETECT ;
initgraph(&gd,&gm,"c :\\borlandc\\bgi") ;
setlinestyle(0,0, DASHED-LINE) ;
setbkcolor(BLUE) ; setcolor(YELLOW)
outtextxy(160,30,"FF SO TUSTIN DE MO HINH HOA HT DKTD",
outtextxy(20,450,"07) ;
getcolor(d) ;
rectangle(2,2,637,477) ;
setcolor(1l) ;
for1=0 ; 1<=10 ; I++)
{ line(64*1,5,64*1,15) ;line(64*1+ 32,5,64*1+ 32,10)
line(64*1,475,64*1,464) ;line(64*l+ 32,475,64*1+ 32,468)

Y
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line(5,48*1,10,48*]) ;line(635,48*1,630,48*]) :
}
setcolor(14) ;
moveto(1,479) ;
/* ve do thi */
line(0,4 "9<int)SP,639,479«(int)SP) ;
for(k=0 ; k<=640 ; k++)

lineto(k,479«int)U-out[k]) ;
}
outtextxy(580,470«int)U-out[k],"U-out(t)") :
outtextxy(455,450«int)U—out{k),"Tin hieu ra He thong") ;
getch() ;
closegraph() ;
return(0) ;

}
4-3. GIAI PHUONG TRINH TRANG THAI

4-3.1. Phuong trinh trang thai ding, thuin nhat

Day la mot phuong trinh vi phan véc to hé sé hang, mé ta qua
trinh tu do cia hé dung tuyén tinh .

X = Ax . (4—44)
Trudc hét ta xét hé mo ta b(’J&i phuong trinh vi phan cdp 1 vo
hudng :
= ax . (4-45)
diéu kién dau x(0).

—af dt (4-46)
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(at)®
Hay x(t) = x(o0) e =

N

x{0) (4—-47)

0 k'

Ny

K
tat)
trong do e la khai trién Taylo ham mu e

Muén giai phuong trinh vi phan véc to (4-44), ta thu tim
nghiém dang (4—47) trong dé hé s6 a duogc thay bang ma tran A

= (Ap)"
Xty = Y X(0) (4—-48)
L-0 k!
Hoac .
" AY
Xit) = X0 — t (4—49)
k=0 k!

Liay dao ham theo t ca 2 v€ cua (4-49)
Ak
K
1

1 (k= 1)

X(t) = Kkt~ X(0) (4—50)

Ttae

Hay

L%

X(t) = AAK = D E-D xig) (4-51)

K

i

Dat k; = k — 1, ta viét lai biéu thuc (4-51)

. = (AN
Xt)=A Y — X(o (4-52)
= (Aph
Mat khac do ta tim nghiém Xty =3 - X(o) nhu cong thuc
h=0 !

(4—48). do vay (4—-51) sé la :
X(t) = A X(t)
Ta da ching minh dugc (4-48) chinh 12 nghiém cua phuong
trinh trang thai thuan nhat (4-44)

(At)*
Khai triéen Taylo oA = (4—-53)

K!

Nén nghiem phuong trinh trang thai (4—44) viét don gian la
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X(t) = e X(0) (4—54)

Ham md ma tran el dugc ky hiéu &(t); con AU~ T) _ O(t, 1)
w 1

E)(t) =M =5 —AKtK (4-55)
\ k=0 k!

dugc goi l1a ma tran co ban hay ma trin qua dé (ma tran chuyén
trang thai).

Nghiém phuong trinh trang thai la :

X(t) = ®(t). X(0) (4—56)
Cdc tinh chAit cua ma tran chuyén trang thai ®(t).
(1) ®0) = e =% =1 (4-57)
(2) Ot '+ T) = O(t).D(T) (4—58)
Vi &bt + T) = eACH T) = At AT
= O(t).D(T).
(3) & lt) = d(—t) (4—59)
Vi q)_l(t) =[eAl]-1 — e—Al — eA(—()
= P(-t)
d
(4) — D(t) = AD(t) (4-60)
dt
d 1 A At
Vi —d(t) =— (™) = Ae®™ = A.D(1).
dt dt
(5) [fowdt = AL [0) - 1) (4-61)

0

(6) Bién déi Laplace ctiia ®(t) :
L{d(t)} = L{eA'} = (pI — A) " (4-62)
Bién d6i ngugc tit L{d(t)} thanh ®(t) = e?!
dt) = e = L7 {(pI - A"} (4—63)
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4-3.2. Cac phuong phap xac dinh ma tran chuyén trang

thai @(t)

1) Phuong phdp dang bién déi Laplace

Tu phuong trinh trang thai X = AX, chuyén sang phuong trinh

theo Anh Laplace :

p-X(p) — X(0) = A . X(p) (4—64)
Hay : X(p) = [pI - A" X(0) (4-65)
Tu (4—65) ldy bién d6i nguoc Laplace ta tim dugc x(t) :
X(t) = L™} {[pI - A" X(0)}. (4—66)
Hoac :
(1) = e = L7 {[pI - A"}
= L™ H{d@p) ) (4-67)
Voi ham truyen dat  ®(p) = [pl — A]™! (4—68)

Vi du 4-4. Cho hé théng mé ta bdi phuong trinh trang thai sau:

—1 0 0
X= { 0 -4 4| X (4-69)

| 0 -1 0
p 0 O] [-1 O 0] ‘P+1 0 0]
Tinh pl—-A=l0 p Ol-| 0 -4 4/=1 0 p+4 -4
‘o o p] | O -1 O] [ O 1 P

det (pI — A) = (p + )((p + 4)p + 4)

p(p+4)+4 0 0 |
adj (pl — A) =
0 p(p +1) (p+1).4
0 —-(p +1) (p+1)(p+4)
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-
1
— 0 0
p+1
. adj[pl - A] D 4
(pI-A]" = -1 0
det(pl — A) (p+4)p +4 (p+4)p+4
0 -1 p+4
- (p+4)p+4 (p+4)p+4-
Hoac :
®(p) =[pl — A]
Ta tinh o) =er =L {op)} =L {[p] - A]7"}
Ta viét lai :

®(p) = | Py D,y D3

Ta can tinh bién dbi ngugc Laplace cua cac s6 hang ma tran

®;(p). 1
@, (t) = L7 =g !
n(t) { - 1$
p p 1 2
Py, (p) = 2 SV
(p+t+4)p+4 p“+4p + 4 p+2 (p + 2)
-2t
_ . 2te )
Dpo(t) = L7 {Dyp(p) } =72 - - e (1 - 2
. (p) 4 4
2P prapie (pr2)?
Doa(t) = L7 5 = 4te” 2!
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(Dag(p) = =
(p+4)p +4 {(p + 2)
Byy(t) = L7 ;2 ~te
(p + 2)
p+ 4 1 2
Pa3(p) = = +

(p+4)p +4 p+ 2 (p+2)2

Daa(t) = {¢33(p)} = (1+2t).e "
Vay ta co két qua ma trdn chuyén trang thai &(t) 1a:

e 0 0
dt)y= M= | 0 (1-2t)e 4te (4—70)
K —te™? (1+ 2t).e™ 2

2) Tinh ma trén chuyén trang thdi nho cong thiic khai trién Taylo ham
mii ma trin (4—55) (Cho vi du véi phuong trinh (4-69))

00 1 kK A Az o
O(t) =e™M=F — A"t =T+—t+— t°+ ..
k=0 k! 1 2!
) 0 0] [-t 0 0] [t¥2 0 0 ]
=0 1 0| +]|0 -4t 4t +| 0 6t> —8t° | +
0 1 0 -t O ] 0 2t?  —2t*
[ (1-t4%2 +.) 0 0 W
= 0 (1-2t +4t%/2 = 21(1 - 2t) +) @yl - 2t +4%/2 +)
0 Syl - 2t + 4152 + ) (1- 204452 4211 - 20) +.)

g - ~ ~ . P ] » *l -~ — t
Cac sé hang trong ngoac cing la khai trién caa e ~ va e 2 Do
.do cudi cung ta co :
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[ e ! 0 0
dit) = e = | 0 (1-2t)e” 2 4te” %
0 _te (1 + 2t)e 2

Ngoai hai phuong phdp co ban trén ngudi ta con dua ra cac
phuong phap tinh ®(t) sau.

3) Phuong phdp gid tri riéng (Eigenvalue Method)
®(t) = M = T’ T7!

Trong d6 e'' 1a dang ma tran A chuyén vé dang dudng chéo.
4) Phuong phdp Caylay — Hamilton .

5) Phuwong phdp duwa vao thudt todn Leverrier.
Cac phuong phap 3, 4, 5 co thé xem chi tiét ¢ TL[3,7,8,9,12] .

4-3.3. Phuong trinh trang thai diung, khong thuan nhat

Xét phuong trinh trang thai sau vdi ma tran hang A, B .

X(t) = AX(t) + B.u(t) (4=71)
Dem nhan trai hai vé (4—71) vdi e~ ta dude :
e AU X(t) = e AU A X(t) + ~"AUB. u(t) (4—"1T2)
d
Vi e Al _eTALA = A A (4—173)
dt

TUu cong thuic (4—-72) ta rat ra -
~TALUX() — AeAN X(t) = e AU B ult). (4—"74)

d
V& trai cua (4—74) chinh 1a dao ham . e [e™ A0 X(1)].
t

Do do : q
" [e A X()] = e A B.u(t) (4-175)
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Lay tich phan 2 v& (4-75) tir 0 dén t ta duge

— ! —
AN Xt — X(o) = J ~TMBuir).dr (4—-"76)
0

Nhan trai 2 vé (4—76) vdi e™ ta cg

K — {
eMe A X(t) — ™M X(0) = ™ [ e Boulr).dr
0

Vay . i L
e
'X(t) = eMX(0) + MO B.u(r)ﬂ (4—-77)
L 0 o
Vi e = d(t)
AT = (4 — 1) = ] (t, 1), (4-78)
Do do -

X(t) = ®(t).X(0) + ¢,(t),

trong do : (pu(t)

flfb (t — 1)B.u(r)dr. (4-79)
0

Tuong tu hé thuan nhit, ta ¢d thé tinh nghiém phuong trinh
trang thai theo bién déi Laplace cia phuong trinh (4-71):

p-X(p) — X(o) = AX(p) + B.u(p) (4—-80)
Hay

—— - — S Ny o i e LM T TR —_————

(p) [pI ~ A" X(o) +[pl - Al Bup!|  4- 81
X = L {X(p) (4-82)

Néu diéu kién dau la t thi. nghlem (4-77) co the viét

S R - |

i
| X(t) = eA(t ‘o) . X(o) + _[eA(l D-B.u(r) dr. r (4-83)
|

Theo ky hleuLA(*r) ®(t, 7)lthi

7
\X(t) d(t, t ). X(0) + f(D(t 7).Bu(r dr

(4.-84)
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Vi du 4—5. Cho hé thong nhu cau tric trén hinh 4— 7.
— Hay viét phuong trinh trang thai hé théng.
—~ Tinh ma tran chuyén trang thai ®(t) = e

— Tinh qua trinh quéa do theo cac bién trang thai khi khéng cé
tac doéng diéu
khién, tdc u(t) =0
Ung voi diéu kién
dau x,(0) 4 va .

u(t) P pré

e
o
S

]

— Tinh qua trinh
qua do cua hé khi
u(t) cos2t tac Hinh 4-7.
dong td thoi diém
t = 0 va diéu kién dau triét tiéu x,(0) = x,(0) = 0.

Gidi Ta chon trang thai x, va X,, td so do cau tric ta viét dudc
phuong trinh vi phan :

X, = — X, + U(t)

Phuang trinh trang thai c6 dang :

X -6 S X4 0
+ . u(t)
W NN
Xac dinh ®(t) = e™ theo bién déi Laplace :
1 p+6 ~57] 71
(p) =[pl - A]" "=

1 P
det(pT—A)=<p(p+6)+5=p2+6p+5=(p+1) (p +5).

P -1 ]’ p 5
adj (pl - A) - [ } [ }
5 p+6 —1 n+ 6
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[~ p 5 7
., adj (pl - A (p+ N(p + 5) (P +1)(p +5)
®(p) = [pl = A] "= -
det(pl — A)
-1 p+6 .
L(|D+1)(p+5) (P+1) (p+5)
1 L 5 5 5
(p+14 (p+5)4 4P +1)  4(p +5)
d(p) =
-1 . 5 5 5
L(p+1)4 (p +5)4 4(p + 1) 4(p + 5) _

TU ma trdn anh ®(p) ta tinh dudc ma tran chuyén trang thai
®(t) nhu sau :

1 5e”" — 507!
e(t) = Z —1 50t — o5t

— Khi u(t) = 0 va diéu kién dau x,(0) = 4, x,(0) = 2 thi nghiém
X (1) = d(t) X(0) Ia :

B 1
" X4(1) ] g ety =™
_xz(t)J %e"t + %e'St
~ [ X4(t) ] X4(0) 4]
Vi X(t) = . X(o) = -
| Xp(t) | Xp(0)| |2

— Khi u(t) = cos2t va diéu kién dau triét tiéu X4(0) = x,(0) = 0

thi 0
d(t).X(0) = d(t}). } =0
0
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X4(t) t
X(1) - = [ ®d(t 1) Bu(r)dr =
X,(t) O
1t -
4 f(5.e”"7" — 57177 cos2r . dr
0]
1t
4 [(5e 70 _ e 5" cos2rdr
0]
Hay: - _
B 29 _, 25 _,
— (12sin2t + cos2t - —— e "+ e
w ).
X2(t)_J 1 59 .

—(14sin2t + 6.cos2t — —— ot 1= oSt
29 4

=S

4-3.4. Phuong trinh trang thai hé thong, c6 hé so
bién thién theo thoi gian

Trong phuong trinh trang thai, tit cd cdc ma tran déu co cac
phan td la hé s6 bién thién theo thoi gian

X(t) = A(t) . X(t) + B(t).u(t) (4—85)

Y(t) = C(t).X(t) + Dit)ult) (4-86)

1) Gidi phuong trinh trang thdi khong thudin nhdt cdp 1 vé huong
Trude khi giai phuong trinh ma tran:
X(t) = A(t). X(t) + B(t).u(t) (4-87)
— Dau tién ta can gidi phuong trinh cdp 1 v6 huéng.
Nghiem (4 88) cg danxg:= a(t).x(t) (4—-88)

{
x(t) = k.[exp (fa(zdr1)] (4—89)

o

k 1a hang s0;
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Dat
d(tt) = exp(fla(r)dr) (4-90)

o

(4-89) sé 1a .
x(t) = D(t,t,). k (4-91)

Cong thic (4-90), (4-91) 1a nghiém cia phuong trinh vi phan
thuan nhat cdp 1 vé6 hudng (4-88).

Dao ham nghiém (4-91) x(t) = kd(t,t,) (4-92)
— D6i véi phuong trinh khéong thuan nhit cdp 1 vé hudng dang:
x = a(t).x(t) + b(t).u(t) (4-93)

ta sé tim nghiém riéng bang phuong phap bién thién hing sé nhu
nghiém (4-91) nhung k thay déi

x(t) = k(t).®(t,t ) (4—-94)
(4—94) 1a nghiém riéng caa (4 —93):
Dao ham (4-94) ta dude

~ = k(D)D(t,t) + ki(t).D(L,t) (4—-95)

Lay nghiém (4—94) thé vao phuong trinh (4—92) ta cg :
= a(t).k(t).d(t,t) + b(t).u(t) (4-96)

Tu (4—91) ta nhan hai vé€ véi a(t) sé co -

a(th.x(t) = ka(t) d(t,t ) (4-97)
Vi nghiém phuong trinh thuan nhit (4-91) da dao ham ca hai

ve .

x(t] = k.d(t,t,) (4-98)
Phuong trinh thuan nhat (4—-8&8)

% (t) = a(t).x(t) (4-99)
So sanh (4—-98) viy (4—99) rit ra :

a(t) x(t) = kd)(t,to) (4—100)

So sanh tiép (4—'37) vdi (4—-98), rut ra .
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k.at) d(t, 1) = kdit, t ) (4—101)

Khi do phuong trinh (4—96) sé la
x = kd(t, t ) + b(t).u(t) (4-102)
So sanh (4—-102) va (4—95) ta rut ra .
b(t).u(t) = k(t).d(t, t) (4—103)
Hay la :
¢ ki)
—— = d7(t, t ).b(t).u(t) (4—104)
dt
{ .
k(t) = k(t,) + [® 'z, t ). b(r).u(r).dr, (4—105)
[0
trong do :
kit)) = 7 (t,, t) x(t,) = x(t.) (4—106)
{
d N1, t) = exp(—[ a(z)dr) . (4-107)
l

6]

2) Gidi phuong trinh trang thdi khong thudn nhdt co hé sé bién thién theo
thot gian (phuwang trinh ma trin)

— Xét phuong trinh thuin nhat .

X(t) = A(t) X(1) (4-108)
Xét nghiém (4—108) theo bi€u thuc :
X(t) = D, t ). X(t,), (4-109)
trong d6 : dt,t) =1 (4-110)
Pao ham hai v&€ (4-109) ta dugc .
x(t) =;t— Dt t).X(t) = D, t_)X( ty) (4-111)

Nhan trai hai v€ (4-109) v8i ma tran A‘t) va so sianh v&i
(4—108)

X(t) = Alt).(t, t) Xt ) (4-112)
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Tu (4—111) va (4—-112) a6

Dt ) Xit ) = Attdit, t ) Xit,) (4-113)
Hay la .
dit, t) = Alt).dit, t ), (4—114)
trong do :
Dt t ) = Pt -t ) = exp(Alt—t ) (4—115)

Cac tinh chat cia ma tran ®(t, t) tuong tu cdc tinh chiat ma
tran mu @d(t) = expl(At)

Dt ,t) =1 (Mo ') =1
T, ) =D, t). Dity, t); (e ) =AM ) (eMb )
(D_I(tl, o= Pty t)); (e MUy ) = eNIr YY),
— Dé giai phuong trinh trang thai khong thuan nhat .
X(t) = At). X(t) + Bit).ult) (4-116)
ta dung phuong phap bién thién hang s6 nhu déi véi phuong trinh
cap 1 vé hudng.

Gia thiét nghiém phuong trinh thuanh nhat c¢o hang sé bién thién
k(t)

X(t) = Pit, t ). kti:) (4—117)

Dao ham hai vé (4-114)

X(t) = dit. t ) kit + dt, t). kit) (4-118)
K&t hop vai d(t, t) = Alt).d(t, t,) ta cd

X(t) = d(t, t )kit) + dlt,t). ki) (4-119)
Tu (4-119) va (4-117) ta co :

x(t) = (e, t).kit) + Act).dit,t ) kit) (4-120)
Khi do -

x(t) = At).Pctt ) kit) + B(t) u(t) (4-121)
Cudi cung ta co : dit, to)i((t) = B(t).ult) (4-122)
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Vi ¢d tinh chét d7 Nt t) = Dt t)
k(t) = d(t,. t) . B(t) . u(t) (4-123)
Lay tich phan hai vé (4 - 120)
{ l
| kst = [ o0 B u@dr (4- 124)
lo IO

1
k(t) = x(t ) + j d(t,.7) . B(1) . w(n)dr (4-125)
1
Thé (4 -125) vao (4 - 117) ta ¢ nghiém téng quat :
| S
x(t) = (L, t) . X(t,) + J d(t,,7) . B(T) . u(n)dr !(4— 126)

| e e e, el . L

Cac phuong phap tinh ma tran chuyén trang thai cta hé khéng
dung xem TLTK [7, 8, 9, 12].

4~1. DANH GIA CH/i{T LUONG HE THONG
QUA TIEU CHUAN TICH PHAN

Goi tin hiéu ra cua hé thong yit). gida tri cia no & trang thai
xac lap Ja y,. sai léch cia ca qua trinh diéu khién 1a e(t) = y(ty -y,

Ta xét mot ude lugng tich phan dang -

o<

I =] e(t)dt (4 - 127)
Q
Dai véi he
thong 6n dinh khi

(= o thi e(t) > 0. |0 ye(t)

Trén hinh 4a, I,

chinh la dién tich ’@\ .

mién duoc gach t AN <t
chéo. Néu dien? o @/ﬁ\\. .
tich I cang bé th h

chat Jugng hé Hinh 4-5.

thong cang tot .
Néu tinh tich phan I, theo cong thic trén, khi sai léch ¢d dang
1uong cong dao dong nhu hinh 4b, gia tij tich phan I, sé 1a téng
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di¢n tich phan duong + va phan am -. lam cho I, co gia tri
nhé nhung lai khong phan 4nh ding chat luong cua hé théng. Do
vay ta sé tinh dién tich duong dut nét nghia la phan dién tich am

sé duoc dat lén trén truc hoanh. Luc do tich phan I, sé trg
thanh I,

I =f| e(t) | dt (4 -128)

Tuy nhién tinh toan tich phan I, thuc sy sé gap nhiéu kho
khan. Do do ta dua ra c¢ong thic ude luong tich phan binh phuong
sal léch e(t) la

. ) 2 (t)
I =re“(t)dt (4 - 129)

~
Udc lugng tich phan binh N

phuong sai léch cing khong 4l

phan anh dung ban chat dao /+// N - "
déng cua sai léch qua trinh CLLNLHYNT R —
nhu trén hinh 4c. So sanh Hinh 49

e(t) cua qua trinh (4-127) va

qua trinh (4-128). ta thay 16 qua trinh (4-128) khong ¢6 dao dong
con qua trinh (4-127) c6 dao dong. Néu tinh I theo e-(t) gid tri
qua trinh (4-127) sé nhd hon qua trinh (4-128). Do vay nguoi ta
dua ra udc luong tich phan c¢d ca thanh phan dao ham de/dt
dé phan anh dugc toc do bién thién va su dao dong cua e(t).

I:J][ez(t)JrT(%%):]dt (4 -130)

)
Trong thuc té thudng tinh udc lugng don gian chi cd e (t) ma
khong xét tdi de/dt.
Cach tinh tich phan cua qua trinh dao dong khong am

[, = f e(t) . dt
O
Dua vao cong thuc bién doi Laplace cua ett) :
Eip) = [ ety e dt (4 -131

[§]

(Trong dd e la exp(- pt), con e(t) la sai léch ).



172 Chuong 4: PHAN TICH CHAT LUONG

Vi J}e(t) ~dt = lim J}e(t) e Modt = limE(p)
) P o p“"L)
Dods I, = re(t) .dt = lim E(p) (4 - 132)
R p—0

4-4.1. Tinh tich phian binh phudnhg cda sai léch

] = J}ez(t).dt

O

Sai léch e(t) theo bién doi Laplace co dang téng quat xdc dinh
tu sg do cau trac :

Etp)r = [1 —Wk(p)] uip) t4 - 133)

bp™ + bp™ !+ 4b_

Eipr = - L= (4 - 134)
ap"+ap" '+. +a, P

n

. 1
(khi utt) = 1(t) thy ulp) =— ).
P
U'sc luong tich phan I duge tinh theo cong thice

5 1
lzr(r(t)dt: - (B.A.+ B A  +
g 2a- A m “m m-I m-|

n

+ 4+ B.A,+ B, A+ By Ay -———— (4 -135)

Trong dd A la dinh thuc cdp n tinh nhu sau

n n—~o6
O an—l _an—S An -3
0  -a, cdp-2 Tan—y
A = 0 . (4—136)
an--l “n—3
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Dinh thuc A véi k = m, m 1, .. 2, 1, 0 1 & cdng thuic
(4-133) co dugce bang cach thay thé cot (m -k + 1) bang cot :

“n-
al'l
0
(4-137)
0
Cac hé s6 B, B, ... duoc tinh theo cong thuc :
B, = bﬁ1 :
B,—y=bn-,—-2b b _, ; (4-138)
By-2= b;—n—’ —2by by _3+2b, b,
B, =bf—2b,,b_, +2b .b >+ . +2(-1)%b by
B, =bj ;

Trong dinh thuc, cac phan ti ¢ chi s6 bé hon n va 16n hon 4,
sé nhan gia tri 0. con trong céng thuc (4-138), cac s6 hang cd chi
36 bé hon 0 va 1on hon m cung duge thay thé bang gia tri 0

Khim=n-ltaco(m=2:n=3)

, 1
I =re“(t).dt =y Babst Byag

5 .ap . A
, b,n'b,n—l
+ ..+ B5 A+ B A) - 5 (4-139)
an

Trong do

5 bn “noy 2
By = (5, 74,
, L b an—1 by an bhz ey
Bn—I:bn[( :) B a ) _2<b_—a_) (b B a )J
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, , b a)., 2
Blzlh(g:—;i)

b
¥o=bo (575
. .bn"l An-|
bn—l :bo ( b o a )

(§] O
Vi du Tim gia tri k, va k. trong hé thong cap 3 dé cho udc
luong tich phan binh phuong cuc tiéu. Cho bi¢t ham truyén dat
hé thong kin
1

W, (p) = 3 -
p-+kp +ksp+1

Anh Laplace cua sai lech hé théng E(p)
1
(khi u(t) = 1 — ulp) :E)

p- +'k,p + ki b.p” + b;p + b,

Epr=[1=Wyp) |up) = — = S -
P"+kp+1 ap +ap° +ap+1

Tinh dinh thuic :

/_\ — 0 (12 —a“ 0 k2 "—l - klkj_l
Udc luong tich phan I tinh theo cong thudc sau véi m = n-l ;
m=2; =3.
=] e'tydt = (B0, + Ba + B8, - 200,a)

o 2ajA
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=~ Tinh A, bang cach lay cot (a_,a,0 ... 0)' = ( a, a3 0)’ thay
thé€ cho ¢t tht m -k + D vdim=2:n=3;k = 2;

m-k+ 1=2-2+1 =1, titc 1a c6t thit nhit trong A .

Ay =|ay ay —a| = |=1 k; =1| =k ki-k, +ki.

-~ Tinh A, bang cédch ldy cot (a, ay 0)’ thay thé cho cot
(m —k+ 1) =2-~1+ 1 = 2 trong A, tdc thay cho cot thu 2

1
A]= 0 —1 =Kl
0

- Tinh A, bang cach ldy cot (a, a; 0)’ thay cho cot
m-k+ 1)=2-0+ 1= 3 trong A .

—kl k)
A(): kz 1 =1
-1 0
Tinh cac hé s6 -
a
3
B,=b35 =1
b: a: k: k7
bl:b(’(bu_ao _1 T"‘T _O
4 b, a ks k|
' = — - — ) = ———) =0
bo=by (5~ )=1(T 7
B, =b%-2b,b =0
B, = =0
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1 ) B
Vay | =—— [1.(k,k:—k2+lq)+0.kl+
+0.1-2.1.0.(kk,—1)
k, ks
[ = — +

2 7 2(kks - 1)
Trong 1 chda hai tham sd k|, va k., d€ cho I cuc ti€u ta phai
tinh

a1 2k (kks = 1) = kiks

— = - = 0
ok, 2 (kk, — 1)

.
(1 1 ki

= — | 1= - | =0
0k - 2 [ ( kiky — 1)-J

Giali ra ta ¢d : k; = 1 va k- = 2 Hé cd chat lugng 16t nhét
voi I cue tiéu néu chon k; = 1 va k. = 2

4=4.2. Tinh udc lygng tich phin theo bién doi Fourier
Bién déi Fourier cua tin hiéu sai léch e(t) 1a
"

Eje) = fc'(t) e7”dt

LY

Bién doi nguoe Fourier cua Eqewr la ett)

] + ox
elt) =-— [ E(jw) e dw
277

Déi vai ude lugng tich phan

[ = J}ez(t)dt. = fe(t)e(t)dt, =

O

1 :
= re(t) [ e .';(E(.j(u) e du ] dt =

e 4

H

QO
% _IIIE(-i"” [f e(t) e dt | do

Q)
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Dat E"ju) = J e(t) e dt Biéu thic lién hgp cta E(jw)

Q

. L
ay I :?.._T_xEUw) E () dw .

1 * ) 5
I = = lEUUJ)| de

O

oo BOW)
Biéu thuc Etjuw ) = —
Aw)
P
Bije) = b o)™ + byje)™™ + .+ b,
Alw) = ani'\j(u)n + al‘jw)n_l + ...+ a,
IKhi w = 1. 2 3, 4 ta ¢6 cong thic tinh I nhu sau .
1 I i
2a.a
bim + bJ: a,
0 o= 2 I = ——
Zaaa,
] , b-a.ay + (by — 2b bsyaja; + bsa, a
2aa;(—aayta)
4 ] = —
11 - - h/‘IJ
trong do -

b Bl
M, = 2a,a, ( —aja; —a,aj+aa,ay)
T, =b;(—aja; +aaa,)+ (by—2bb,)aaja, +

()
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Vi du. Tinh I biét

. p2 + k,p + k, bop2 + k,p + b,
p) = 5 = 5
P+ kip~+ k,p + 1 a0p3 + a,p” + a,p + a3

v(’jin:3;1‘n:n—1=3—1=2;

B hl >

Q

12ko 1+ (ki = 2k, 1)1+ 1k, k3

L= 2. 1.1(~1.1+kk,) -

k, ki
=— +
Déi v6i ude lugng tich phan dang :

I = r[ez(t) + 7" (e’(t))z} . dt

O

Ta phan tich thanh
I = r [e(t.) + 1e’(t) ]2 dt — 2 rT e(t) e’(t)dt =
O

0

e
; ( vai e(ew) = ()

:f{e(r) + Te'(t)]:dt—QTez(t)

O

0

| =r[e(t) + Te’(t.)]zdt + Teg , (vOl e = e(t = 0))
(@]

Hé thong co chat luong toi yu néu udc lugng tich phan 1 dat
cuc ti€u ; vi 7.e5 # 0 vay mudn [ cuc ti€u thi :

e(t) + 7e’(t) = 0

Phuong trinh nay cd nghiém e(t) = ¢, -~ ‘7

Vav dé hé thong co chat lugng tét nhit vai sai lech e(t) = min,
qua trinh qua dé e(t) phai 12 mot qua trinh suy giam don diéu
(khéng dao dong)
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Chuong 5

_ TONG HOP HE THONG
PIEU KHIEN TU DONG TUYEN TiNH

Trong chuong 3 va 4 ta da nghién cdu dén tinh 6n dinh va chat
lugng qua trinh xdc la4p va qua trinh qua dé cha hé théng lién tuc.
o) day ta xét tdi cac bién phdp 6n dinh hda va nang cao chi tiéu
chat lugng hé thong.

5-1. TONG HOP HE THONG BANG CACH
THAY DOI THONG SO

Phuong phap nay chi 4p dung cho hé théng cd ciu tric én dinh,

nghia la trong phuong trinh dac tinh .
ap'+ap' 4. +a =0 (5-1)
phai c6 mat day da tat ca cdc hé s6 tu a | + a, khac khong.

Khi ¢ mat mot thong s6, vi du hang s6 thoi gian hoac hé s6
khuéch dai, ta cd thé xac dinh dugc mién bién thién thong s6 do ma
van bao dam cho hé 8n dinh. Véi hé théng chi ¢6 maot théng sé bién
thién ta co thé thuc hién ba phuong phéap :

1— Thay déi thong s6 theo tinh todn dn dinh bang tiéu chuan dn
dinh dai s6 Hurwitz hoac Routh.

2— Dung phuong phédp chia mién 6n dinh
3— Dung phuong phap quy dao nghiém sé.

Vi du 5-1. Cho hé thdng diéu khién md ta bdi phuong trinh dic
tinh sau :

0,05p° + (0,5.T + 0,01)p? + (05 + T).p + 20 = 0
Hay xac dinh gia tri hang s6 thoi gian T dé cho hé théng 6n
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dinh.

Giai Theo tiéu chuan Huarovit, hé théng muén 6n dinh phai
co cac hé so
a, = 0,005; a,=0,3T + 0,01 > 0
a,=05+T >0vaa;=20
. @18 — a5a3 >0

(05T + 0.01).(0,5 + T) — 20.0,005 > 0

TU day ta giai ra T > 0,24 thi hé théng 6n dinh.

Trong chuong 4, khi phan tich chit lugng ta thidy rang hé sé
khuéch dai K cua hé théng sé anh hudng nhiéu dén sai léch ¢ trang
thai xac lap. Sai léch do duoc tinh theo cong thuc (khi u(t) = 1(t)):

1
S, =
1 +K

R6 rang tang K thi sai léch S, gidm, nghia la dé chinh xac ctia hé
théng tang lén,

5-2. TONG HOP HE THONG BANG CACH
THAY DOI CAU TRUC

Cd nhitng hé thong diéu khién du thay d6i théng s6 dén mic nao
cing khong lam nd 6n dinh duge. Hé théng nhu vay dugc goi 1a hé
théng cd cdu tric khong 6n dinh. Muén lam cho hé théng chuyén
sang trang thai on dinh, ta phai thay déi cdu trac cua ng.

Vi du 5-2. Cho hé théng cé cau tric vé trén hinh 5—1. TU sd do
ta xac dinh duoc phuong trinh dac tinh hé kin sau :

T1.T2p4 +(Ty+Tp° + pP +K=0. (5-2)
Trong phuong trinh (5—2) c&c hé s6 a, =TT,
ay = (Ty+ Ty): a,=1 a;=0vaa, =K

Via, = 0 nén hé khdng 6n dinh.
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Mudn lam cho hé trd nén én dinh, ta néi tiép thém mach phu
W((p) cé ham truyén sau :

T.p + 1
3
Wi(p) = - (5-3)
T,p +1
L/ K 1 1 1 4
——3 . -
T~ | T P+1 L,P+1 P P
Hinh 5-1.
Khi d6 ham truyén dat ca hé thdng 6 trang thai hd ia :
K. (Tsp + 1)
Wh(p) =72 (5_4)
PT(Tp + N(Top + N(T4p +1)

Phuong trinh dac tinh hé kin sé la :
T ToTap% + (T T, + TT, + ToT)pt + (T, + Ty + To)p® + p? +
+ KTp + K = 0. (5-5)

Hé théng mdi tuong Ung vaéi phuong trinh dac tinh (5—-5) cé mat
du cac hé s0 a,, a, a,, a;, a, va as.

NEu tinh toan, chon lua cac hang sé thoi gian T, va T, thich
hop, hé théng mdi sé c6 trang thai an dinh. Vi vy khi lam thay doi
cau truc (tlc la cdp cua phuong trinh vi phdn hé théng thay doi)
thi dac tinh chat Iuong cua hé thdng cing thay déi.

5.3. NGUYEN LY BAT BIEN VA DIEU
KHIEN BU

Mot hé thong DKTD trong do cdc toa d6 y (t) va sai léch e(t)
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khéng phu thuéc tac dong bén ngoai f (t) duoc goi la hé théng bat
bién. D€ giam anh hudng cda nhiéu va tang dé chinh xdc ngudi ta
thuong si dung nguyén tac bu sai léch tac dong dau vao va bu
nhiéu.

1. Phuong phdp bu tdc dong ddu vao u(1)

Day thuc chat 14 mot hé thong diéu khién sai léch va bu hén
hgp. So do vé trén hinh 5—~2 cd khau bu tit u(t) dén DTDK W,(p).

~ WP

U + Y
2L W, (P) > > W, (p) T
(=

Hinh 5-2.

Ta dé dang xac dinh dugc ham truyén hé théng

Y(p) W,(p)
W (p) = —— =|W,(p) + Wg(p), (5-6)
U(p) 1 + W,(p). W,(p)

Mong mudén véi tin hiéu dat vao u(t) tht hé thong phai c6 dap
ung Y(t) trung vai U(t), tuc 1a Y(t) = U(t).
Diéu d6 ching to6 W, (p) = 1 hay -
[Wi(p) . + Wg(p)]. Wy(p) = 1 + W (p).W,(p)
1

Rat ra . Wyxip) = (5-~7)
B W, (p)

Néu thuc hién duge dang thic (5-7), hé théng sé khu dugce sai
lech hé thong vi y(t) = u(t), dat gid tri mong muén.

2. Phuwong phdp bi nhiéu

Sog do6 ¢ nhiéu f(t) tac dong. Ta mong mudn tin hiéu ra chiu anh
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hudng cua f(t) it nhat. Trong trudsng hop f(_tf # 0 ma y(t) khong hé
phu thudc vao f(t), ta ndi rang hé théng bt bién vai nhiéu.

Vi du 5-3. Cho hé thdng nhu trén hinh (5-3), td nhiéu f(t) ta
dua thém khau bu cé ham truyén WB(p). Hé théng cé hai tin hiéu
vao u(t) va f(t). Vi day la hé tuyén tinh, ta 4p dung nguyén ly
cAng tinh (hay x&p chéng), tin hiéu ra y(t) cé hai thanh phan

(4)
W () d
v L2 + UL
(=
W; (P) J—
Hinh 5-3.

— y,(t) khico u(t) = 0vaf(t)=0:

W1(p).W2(p)
Y, (p) = . 5—8
P wp) o) wam) P 5-8)

— y¢(t) khi co f(t) = 0 vau(t) =0:
(1—w . :
Ye(p) = ( 1(p).wg(p)). w,(p) F(p) (5-9)
1+ wy(p).wo(p).w3(p)

Do do
Y(p) = Yu(p) + Ye(p). hay la :
w,(p).Wa(p) (1 — wy(p).wg(p)).wy(p)
Y(p) = u(p) + F 5-10
P w,(p).w,(p).w3(p) (P) 1+ wy(p).wy(p).ws(p) (P) (5-10)

Tu (5—10) mudn y(t) khéng phu thudc f(t) ma chi phu thudc u(t)
thi hé s clua s6 hang thu hai phai bang khéng, tdc Ia :
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1= wy(p).wg(p) =0

Hay : wg{p} = (5-1)

5-4. THIET BI DIEU KHIEN TY LE TICH
PHAN VI PHAN (PID)

B6 diéu khién PID (Proportional Integral Derivative
Controller) duge st dung rdt phé bién trong cong nghiép. Co cdc
loai PID dién tu, khi nén, va PID s6. PID c6 thé lap trinh trong
may tinh hoac bo vi xu ly.

Bo diéu khién PD dugc dung trong diéu khién ngudi may, tay
may; con PI dudc dung trong diéu khién qua trinh nhu nhiét do, ap

luc v.v...

Phuong trinh mé ta bo diéu khién PID véi lugng vao e(t) va
luong ra mi(t)

de
m(t) = K. e(t) + K. fedt + K, o (5-12)
t
Anh Laplace cua (5—12) la .
M(p) | K.
= Wy p(p) = Ke +— + K, P. (5-13)
U(p) p

Dé biét r6 tac dung caa luat diéu khién I, D ta sé xét cac vi du
sau. Bo didu khié€n PID sé noi tiép véi doi tugng diéu khién (hinh
5—4).

Vi du 5-4. Cho biét :
1

Wor(p) =
p+1

KI

WP|D(p) = Kc o
P

(chi xét hai luat : P va l).
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Weip(P) 1 W, ,(P) —

Hinh 5-4.
TU so d6 hinh 5~4 ta tinh dudc ham truyén dat hé kin :

Y(_pl _ Ke(p + Ty)

> (5—-14)
u(p) p°+ (1+K)p + K.T,

W, (p) =

trongdo T,=K/K..

Néu chon cac tham sé cua
bd diéu khién PID khac nhau, ta

dugc dac tinh hé théang y(t)
khac nhau dng vai u(t) = 1(t).

Khi K. = 3 va véi cac gia tri
T,= 1, 2; 3; 4 ta duoc dac tinh
y(t) cua hé théng vé trén hinh
5-5.

Vi T, 1, ta c6 qua trinh
khéng dao déng, dé qua diéu

chinh badng khéng (overshoot)
va thdi gian qua trinh qua dé Hinh 5-5.
kéo dai. Con T, = 2; 3; 4 , dac
tinh c6 dao déng tuong Ung vdi dé qua diéu chinh bang 7,5%:
13,56% va 18,5%.

Vi du 5-5. Khi d&i tuong didu khién 1a khau bac hai -

5
Wor(Pl (p+1) (05 p + 1) (5-15)

Néu ham truyén dat cua bd diéu khién PID c6 dang sau :
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1 Ty4p + 1

Wep(p) = K(—— + P ). (5-16)
. T,

Gia tri T, thong thuong 1n hon T4 rdt nhiéu con :
0 < a <1,
- Kht T4 =0,a =1 (5-16) sé trd thanh :

1
Wpy (P) = K(—+ 1) (5-17)
T.p
Biéu thic (5—17) chi c6 thanh phan ty (& (p) va thanh phan tich
phan (I).
— Khi T; rdt 16n con T4 va a rdt_nho thitich s6 aT4<<1; s6 hang

1 ) Typ + 1
prc') qua. Luc d6 Wpp(p) = K(—1— ) = K(Ty4p +1) (5—18)
i
Biéu thic (5—18) chi con thanh phan ty Ié va thanh phan dao
ham T4.p.
— Khi T, khong du 18n con aT4 <<1, ta c6 bd diéu khién PID :
1

wW = K(— +T,p +1 5-—-19
pp(P) = K (— +Tap +1) (5-19)

|
busng cong ung VoI K, T, Ty, a -
(1) K=10,T,=2;T4=0,5;
a = 0,05,
(2) K=5;T,=2,T4=0,5
a = 0,05;
(3) K=1T,=2,T4=05
va a = 0,05.

1 Y

Néu tinh chon hgp ly
cac théng s6 cua bd diéu
khién PID, ta sé thu dudc
dac tinh cta hé théng dat
chat luong tot.
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Viéc thiét ké dé chon lua thong s6 cua PID thuong dugc thuc
hién bang phuong phap mé hinh hoa trén may vi tinh.

5-5. XAC DINH DIEU KIEN PHAN LY CUA
HE THONG NHIEU CHIEU

Co nhiung déi tugng diéu khién cd nhiéu tac dong vao va nhiéu
tin hiéu ra. Vi du trong cdac bé& chuia chit long dé khudy tron lién
tuc. Bé chita nay co hai tin hiéu vao 1a mot dong chat long co nhiét
dé thdp va moét dong chat long co nhiét do cao, cdp vao trong bé
lién tuc. Khi sidn pham chat long lay ra khoi bé chua cing chay lién
tuc va do dd nhiét do cing nhu miuc chidt long bi thay doéi. Hai
thong s6 nay chinh la hai tin hiéu ra can diéu khién cua hé

Gia thiét ta xac dinh dudc mé hinh toian hoc cua hé c¢d hai tin
hiéu vao va hai tin hiéu ra vé trén hinh 5-7.

7 =) + 9,
' C" — w” &‘—r
+
> Wy
T Wy,
+
Y, ' 9,
—{ (22 W2 —‘®T+ —>
(—)

Hinh 5-7.
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Tin hiéu y, chiu 4&nh hudng cia tin hiéu vao u, va ca u,.
Tin hiéu ra y, chiu 4nh hudng cua tin hiéu vao u, va ca u.

Van dé dat ra o day la hay xay dung hé thong dua trén hé da co
d hinh 5—7 d€ sao cho thuc hién dudc diéu kién phan ly, nghia la y,
chi chiu anh hudng cta tin hiéu vao u; ma "bat bién" vdi tin hiéu u,,
tuong tu tin hiéu ra y, chi chiu dnh hudng cua tin hiéu u,. Thue
hién tong hop duoc hé thong cd tinh chidt phan ly nay ta sé goi la
hé théng phan ly (Decoupling Multivariable System).

Trén hinh 5—8 trinh bay moét hé thong phan ly ¢ thém hai khéi
mdi la K|, va K,, con cac khéi con lai van gilt nguyén nhu trén
hinh 5-7.

C”‘ W—” 2
+
Kz W,
)
K21 W,
+
2 Y
- 2
Hinh 5-8.

— Xdc dinh diéu kién bdt bién cua y, do'i voi u >
Theo sd dd hinh 5—8 néu xem u; = 0 thi tin hiéu ra y, sé tinh
duoc nhu sau
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yp =0 —y).Cpy + Ky (Costuy = yy)) Jowy +
+ wiH[K 5. C 0 =y + Coylu, —y,)] (5—20)
Hay la :
yitl = Cpywyy = CppKppwpp) =
up Cop Ky wyp + win) =y, Coplw | Ky + wyy).
Hay :
0GBy pwyy + wyy) . Copplw Ky + wpp)
= u, -
1-Cpywy, = CpKppwy,

Y1 Y2

1 =Cppw = CKpwy,

(5-21)

Trong biéu thic (5-20) dé y, khong phu thudc vao tin hiéu u,
thi s6 hang thi nhit c¢é hé s6 cua u, bang khong, tic la

K, Wy, + w, =0 (5-22)

Tu day ta rut ra ham truyén dat K,, dua thém vao hé (6-7)
theo w; va w , da biét la :
W12

Ky = — —= (5-23)

Wil

— Xéc dinh diéu kién bat bién cua y, doi vor u,.
Theo so d6 trén hinh 5—-8 néu xem u, = 0 thi tin hiéu ra y, sé
tinh dugc nhu sau .

Yy =10 = y5) Cpp + Kpp(Cyy(uy = y )] wpp +

+ wy (K, .Gy (uy —yy) + C (0 =yl (5—24)
Hay : yo(1 = Cyrwyy — Gy Ky owyg )=
= u.C; (Kjpwyy + wy) —y, .G (wyy Kip + wy)
Hoac
C, (K, W+, + W5,) C,{wy, . K5 + w,))
g, = 11482W22 21 ‘- 114W2 - B 21 .. (5-25)

1-C,,wy,—Cy0K, Wy, 1- Cpywyy —Cyhh Ky 1wy
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Trong bigu thiuc (5—-25), d€ y, khong phu thudc u,; thi hé s6 cua
u, phai bang khong. Tu do ta rut ra .

Woi
K, = - (5—26)

Wa2

Vay trong hé théng nhiéu chiéu nhu da mé ta ¢ hinh 5—7 néu ta
téng hop bang cach dua thém vao hai khéi méi K,, va K,, nhu da
xac dinh ¢ cong thdc (5-23) va (5-26) thi cdc tin hiéu ra y, va y,
khong chiu tuong tac cua ca hai tin hiéu vao. Nghia la y, chi chiu
dieu khi€n cta riéng u, va y, chi chiu diéu khién riéng cua u,. Day
chinh la nguyén ly diéu khién phan ly.

5-6. TINH DPIEU KHIEN bDUOC VA QUAN
SAT bUOC CUA HE THONG TUYEN
TINH LIEN TUC

Khai niém vé diéu khién duoc va quan sat duge (Controllability
and Observability)do R—Kalman dé ra (Kalman, R.E. On the
General Theory of Control Systems 1961).

Diéu khién dugc cua mot hé thong la, vdi mot tac dong vao liéu
cd chuyén dugc trang thai cia hé tu thoi diém dau t  dén thoi di€m
cudi t; trong mot khoang thoi gian huu han t; — t  hay khong ?

Quan sat dudgc cua hé théng la vdi cac toa d6 do duogc & bién ra
y, cta hé,liéu ta cd thé khoi phuc duge (Reconstructibility) cac véc tg
trang thdi x, trong mét khoadng thoi gian hitu han hay khong ?

1. Tirh diéu khién duoc

Dinh ly 5-1. Hé thong tuyén tinh hang mo t4 boéi phuong trinh
trang thai cdp n

x(t) = Ax(t) + B.u(t) (5—27)

dugc goi la diéu khién duoc hoan toan khi va chi khi ma tran saq
ddy c¢d hang bang n



Chuong 5: TONG HOP HE THONG .. 191
P =(B, AB, A°B, .., A" ' B]
(5—28)
Rank(P) = n.
Vi du 5-6. Cho hé thdng md ta bdi phuong trinh trang thai :
X = AX + B,
(0 1 0] [ 0]
trongdé A= 0 a; a,l, B 0
|0 a3 ay] c

Theo cbng thldc (5—28) ta xét diéu kién dé hé diéu khién dudc :

0
P=[B AB A%B] 0

C

Hang cua ma tran P :

0
a,C

a,C

(@@, + a2a4)c

(ajaz + a4

a,C

%)

C

Rank(P) = 3 néu c # 0 va a, # 0 thi hé thdng diéu khién dugc

_/ff_é/i{)

hoan toan. . hia
70, 10 el 1 1% | 1
Vi du 5-7. ” @ ’ P P
X - -
Cho hé thong
mdé ta bdi so 05
dd vé trén hinh :
5-9.
§2 =
" Tu doé ta
xac dinh duoc: Hinh 5-9.
(o) Y(p) 20
w = =
<P Up)  2pPipea
pat Xi1=Y
Xy = X
X, = — 2%, — 0,5%, + 10.u.

Phuong trinh trang thai tudng (ng 1a :
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0
10

+ u.

0 1
-2 =05

X5 X2
Xét diéu kién diéu khién cla hé theo cong thic (5—28):

0 10 0 1 0 10
P=[B AB]= Vi AB = =
10 -5 -2 —-0,5 10 -5
Tinh det(P) = — 100 # 0 vay Rank (P) = 2

Hé cdp 2 & trén la diéu kién duoc hoan toan vi hang cua ma
tran P bang 2.

2. Tinh quan sdt duoc
Dinh ly 5-2. Hé tuyén tinh lién tuc diing mé ta bdi phuong trinh
x(t) = AX(t) + B.u(t)

\ (5—29)
- y(t) = C.X(t)

dugc goi 1a quan sat dudc hoan toan khi va chi khi ma tran sau day
cd hang bang n
L ={C,AC, (A).C, .., (A" C]
Rank(L) = n.

(5-29)

Vi du 5-8. Cho hé thong diéu khién mé ta bdi phuong trinh sau:

x = A.X + Bu
y = CX
) [ 1
0 1 0 0
A= -05 -02 03]; B= 0. C=1011,0 0]
-30 —-65 -5 LSO

Hay xét tinh quan sat dugc cua hé thong.
Theo (5—-29) ta tinh
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L=[C, AC (A C]
[17 0 -05 -30]
C - 0|; A - 1 -0,2 —65 |;
0 0 03 -5
(0 -05 -30] "1 07
AC= |1 =02 -85 0 1
0 03 -5 0 0
— _J | | ]
(0 -05  -30| o] [-05]
A (A'.C) = (A)2.C 1 -0,2 -65 1|=|~002
‘0 0,3 -5 0 0,3
(1 0 -05]
L-|0o 1 -02];: det(A) = 0,3 = 0
o 0 03 Do d6é Rank(L) = 3.

Vay hé thdng cdp 3 (n = 3) O trén 1a quan sat dugc hoan toan.

Vi dy 5-8 .Cho hé th6ng DKTD mé ta bdi phuong trinh :

|

trong do:

X ]
X2

y=[1

0
-
0]

A=

ER
N

e
} c

[ 1

0]

— Ta tinh ma trén P d€ xét tinh didu khién dugc clia hé thng
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13
P =[B AB] = [_3 _9]

det(P) = -9+9=0 R6 rang Rank(P) < 2 _
Do dé hé théng nay khong diéu khién dug: vi hé co n = 2.
— Tinh ma tran L dé xeét tinh quan sat dug: cua hé théng :

1 0
L=[C  AC]-= [0 _1]

det(l) =—- 120 ; Rank(L)=2
Vay hé thdng ndy quan sat duge, vi n = 2.
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Iy
1

Chuong 6
A ~ “a A ~
HE THONG DIEU KHIEN XUNG S50

Gan day cac hé théng thu thap, xi ly va truyén st liu; cac hé
théng cong nghiép st dung cac mach vi xi ly, cac hé thdng 16n su
dung mAy vi tinh va may tinh mini di trd nén phé Hén. Cac qua
trinh va hé thong didu khién cd may tinh s6, cé bd ditv khi€n s6, cd
thiét bi bién d6i xung, deu thuéc ldp hé théng xung - s6, hoac cd
khi con goi la hé théng roi rac hoac hé théng gian doan

(Discrete—Time System).

B& diéu khié€n s6 hién nay thuc chAit la mot hé vi xut ly. Trén
hinh 6—1 vé so dd hé didu khi€n s6 di€n hinh.

=, A/D - D/yh‘)‘.c

Vi x¢ (y'

a8y khién

u(t) —
o/ =:l DS 1tng

y(t)
— >

Khbi do ,a/m’n Aol

Hinh 6-1.

Déi tugng didu khi€n thuong 14 m6t hé lién tuc;
A/D: (Analog/Digital): B6 bi&n d6i tuong tu sé.
D/A: (Digital/Analog): B6 bién d8i s6 tuong tu.

Tin hiéu vao va ra cua d6i tugng didu khi€n la tin liéu lién tuc;
con tin hiéu vao va ra cia may tinh s6 (bo didu khi€n s¢) 1a tin hieu
rdi rac (tin hiéu s6). Hé thdng di2u khi€én cé mach phan hdi muén
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dua vao vi x ly phdi qua b6 chuyén ddi tuong tu s6 A/D. Con tin
hiéu ra cia may tinh (vi x ly) dung d€ didu khi€n d6i tugng
thudng qua bd bién d8i D/A. Cac tin hiéu truyen dat trong hé cd ca
tin hiéu lién tuc va tin hiéu rdi rac.

Viéc bién d8i tif
tin hiéu liéen tuc fx({)
thanh roi rac ta goi

X(¢)
la qud trinh cat miu ,X(ZT):XU
(Sampling). Vi du xn! :‘X(nf)
| i f

|
trén hinh 6-2 cod tin HON , | 1' |
!

hiéu lién tuc X(t) va : ? L l ;
tuong Ung cd tin hiéu 6 T 2r J71 nT <4
roi rac X(nT). Théng Hinh 6-2.

thudng khodng thoi
gian cdt miu T = const.

Ta ky hiéu b6 cdt mAu nhu trén hinh 6-3.

Vi du cd tin hiéu lién tuc: X(t) = 3 + 5.t + sin2t & dAu vao bo
cAt miu thi 4 dAu ra ta nhan duoc tin hiéu roi rac:

X(nT) =3 + 5.(nT) + sin2.(nT)

X(t) X(nT)
X(t) X(nT)
— | Bo cAt miu 7~
nT
a) b)

Hinh 6-3.
6-1. MO TA TOAN HOC HE THONG
XUNG-SO

1 Qud trinh tich phdn s6
Xét khau tich phan véi ky hieéu [ chi tich phén s8. Néu tich
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i

phan lién tuc cha ham X(t):

y(t) = [ x(x).de, 6-1)
o
X(t) ] Y(nT) thi tich phan s6 cia ham X(nT)
] jD > la phép tinh ghn ding: (Jp)

y(nT) = kE*I'I‘.x(n'l‘) (6—2)
=0

n

Hinh 6-4. cua tich phan ham lién tuc X(t)
kT
y(kT) = [ x(¢r).dr (6—3)
O
Trén hinh 6-4 vé ky )
hiéu tich phan s6 con trén x@7)
hinh 6-5 vé tin hiéu xép xl x@r) !
x(nT) cta tin hiéu lién tuc x(7) | _‘X(f)
X(t). Tich phan (6-1) la oo
. , . o
dl’?n tich dudng corfg xr(t) x| : L : .
v48i truc toa do x, y-con tich [ S B [ S,
phan s6 (6—2) l1a téng dién T o2r 371 KT nr
tich cac m&u chit nhat cd
Hinh 6-5.

day 1A T va chi®u cao la
X(nT), vdin = 1, k.

2. Sai phin cia ham roi rac va phuong trinh sai phdn

Néu day xung x(nT) trén hinh 6—-2 c6 thdi han v6 cung nhé, ta
cé th€ xem la xung tdc thai. Day xung dé chinh 14 “ham rdi rac.
Ham roi rac la mot day s6 x(0), x(T), x(2T), ..., x(nT) chinh 1A gis
tri ham x(t) & cdc thoi di€m iT (i = 0, 1, ..., n).

Ham roi rac c¢d chu ky roi rac hdng s6 ta ky hiéu 1a x(i)

Déi vai ham roi rac x(i) khong ¢ dao ham, vi phan va tich phan
tuy nhién cing cd cdc phép tinh tuong tu la sai phan va t6ng.
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— Sai phan cdp moét tuong tu vdi vi phan cdp mot cua ham lién
tuc:
Af(1) = fG + 1) — (i)
— Sai phan cfp hai:
A%G) = AfGi+ 1) = AfG) = [fG + 2) — fG + 1)] = [fG + 1) — £()]
=f(i +2) — 2f(i + 1) + f(i).
Sai phan cfp k:
K s K—1grs k— 1g: NS ko
A = A*TUG + 1) - AYT G =3 (- D) —— fi+])) (6-4)
}=0 ik - P!

Dé&i véi he lién tuc ta piét duge phuong trinh vi phan moé ta dong
hoc dang sau:
dny dn—ly

Tuong tu d8i véi hé xung 86, dong hoc cia hé th6ng duoc md ta
bdi phuong trinh sai phan sau day

AAMy() + AA™ T Dy(i) + .+ A y(i) = u(i) (6-6)

Néu st dung cong thdc tinh sai phan t8ng quat (6—4) ta viét
phuong trinh (6-6) dang khéc:

Ay +mn) +ayi+n-1+.. +ayd=ul, (6—7)
trong d6 u(i) 14 ham roi rac dAu vao cua hé théng con y(i) 1a ham
rdi rac dau ra.

Can chu y d6i v6i hé lién tuc, cp cia dao hAm cao nhAt trong
phuong trinh vi phan chinh la cfp cta phuong trinh vi phan, con &
hé xung s8, cip cua sail phAn cao nhdt khong trung v6i cAp cao nhét

cia phuong trinh sai phan Vi du cho phuong trinh sai phan sau,
trong do cd sai phan cép 3:

Ay(D) + 4.A%() + 5 Ay(i) + 2y(i) = 0 (6—8)
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Ta tinh A%y(i) theo cdng thic (6—4):

Adv(i) = 3 3! _ 2 3! _
y(i) = (-1 ———y(i +0) + (-1)" — y(i + 1) +
0'(3-0)! 13 - D!

3! 3!
-l 2 ~ i+ 3)
+ (~1) 23 2 )y(1+ ) + (=1)° 33 _3)¥1

Ady() = —y(i) + 3y + 1) = 3y( + 2) + y(i + 3)

Ay(i) = y(i + 2) — 2.y( + 1) + y(i)

Ay(i) = y(i + 1) — y(i)

Thay vao (6—8) ta dugc:

yi+3) -3yli+2)+3yi+1) -y +4y@i+2) -8yli + 1)+
+4y@0) +5y(i+1) -5y + 2y(i) =0

Hay: yi+3) +yi+2)=0 (6-9)
Néudat i+2 =) tacd:
yG + 1) +y@) =0 (6—10)

Ba phuong trinh (6-8), (6-9), (6—10) la hoan toan tuong duong
nhung & phuong trinh (6—-10) thil chi la phuong trinh sai phan cfp
mot, trong ldc d6 & phuong trinh (6—8) lai chda ca thanh phan sai
phan cdp ba. Do vAy phuong trinh sai phan dang t6ng quat (6—7)
phai chda du hai s6 hang chi yéu la a4 y(i + n) va a y(i) m6i goi la
phuong trinh cp n.

6-2. PHUONG TRINH TRANG THAI HE

DIEU KHIEN XUNG-SO
Ta da bi6t d6i v6i hé lién tuc mo6 ta boi phuong trinh trang thai
sau day:

x(t) = AX(t) + B.u(t)
6-11.

y(t) = C.X(t) + D.u(t).
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Tuong ty, d6i vai hé th6ng xung s6 ta c6 phyong trinh trang thai

roi rac sau day:
{ x(i + 1) = Ayx(i) + Byu(i)

_ _ _ (6~12)
y(i) = Cyx(i) + Dju(i)

So dd cflu tric trang thai biéu dién cho hé (6-12) vé trén hinh 6-6.

Y0

Hinh 6-6.

Vi dy 6-1. Cho blét phuong trinh sai phan vé hudng cdp 3 sau:

ax(i +3) +ax(l +2) +a,x(i +1) +azx(l) = u(i) (6-13)
Viét phuong trinh trang thai roi rac cho hé théng.
pat: x(i) = x4(i);
x(I + 1) = x,(i);
x(i +2) = x3(1); (6—14)

Khidd:  x(i+3) = x5(i +1)

ThE (6—14) vao (6-13) ta cé:

[ x,(i + 1) = 0., (i) + 1x5(1) + 0.x5(i) + 0.u(i)

{ %eli+1- 0.x,{1) + 0.x,(1) + 1x4(i) + 0.u(i) (6—15)

. dz a . A 1
Xa(i + 1) == —=X,(if ——X5(i) = —x5(i) + —.u(i)
\ a a

0 o) aO aO
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Dang ma tran:

[ %(i + 1) ] 0 1 0 0]
Xo(i +1) | = 0 0 1 |+ | ol (6-16)
. a3 a a 1
e I N P
o) o o 0

Hay:
x(i +1) = Ag.x(i) + B4.u(i).

Né&u phuong trinh sai phan cho d dang (6-6), mufn viét vé
phuong trinh trang théi dang (6—16) trudc hét ta phai chuyén vd
dang (6—7) va sau d¢ tién hanh nhu da thuc hién & vi du 6—1.

D6i véi hé thdng khéng dung (hé s§ phuong trinh sai phan bién
thién), phuong trinh trang thai cd dang:

x(i + 1) = Ay().x(@) + B,(i).u(i), (6-17)
trong dd cdc ma trAn A (i) va B (i) phu thuéc vao bién thoi gian.

Trong hé th6ng rdi rac, phan lién tu;: (gdm d6i tugng didu khién,
sensor, ...) dugc mo ta bdi phuong trinh trang thAi:

x(t) = A(t).x(t) + B(t).u(t)
(6-18)
{ y(t) = C(t).x(t) + D(t).u(t)
0 muc 4-3 ta da cd:
d(t) = e DL, t) = Dt ~ t ) = A7) (6—19)
Nghiém t8ng quat cia phuong trinh (6—18) la:
x(t) = (t, t )x(t) + [ B(t, 1) B().u(r) dr (6-20)
t

0

Mach cAt miu ly tudng 1a tao ra cdc xung & cac thdi di€m rdi rac
i=20,1,2 .., dd chinh 1A b6 bién d8i A/D, vi du tit y(t) lién tu~
thanh y(i) roi rac.
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Bé bién d6i)/A bi€n tin hiéu roi rac u(i) thanh tin hiéu lién tuc
u(t) no luu trigia tri (Sample and Hold) cdp khéng (Zero Order
Hold). Gia tri agc luu giu:

ut) ="M, t,st=<t ., i=012. (6-21)

| | —
Lo b
ré ) veh| HE |y Loy | #E
| &0/ RAC ~ 'D/A | wENTUL "'_’A/D (| | R RAC >
|
|

i HE ROI RAC TUONG OTING

Hinh 6-7.

Tuong tu nht nghiém dang lién tuc (6—20) ta co nghiém & trang
thai x(t ) 1a

1+ 1

L+l
x(t, , ) = P4y, t)x(t) + [ J &(t,,, 1).B@).dr].u(t) (6-22)
t

Phuong trin ra:

y(t) = c(t).x(t) + D(t).u(t,) (6—23)
Dat: x(t , ) =zl + 1); x(t) = x(i);
ait) = uld); y(t) = y(); (6—24)
DL,y t) = OG + 1, i)
41
[ O, 1B dr = HGi+1, i), (6-25)

|
Luc d6 ta nin dugc phuong trinh trang thai:

x(it 1) = ®G + 1, DH.x(®) + HG + 1, D).u(), (6-26)
trong do H{i +1, i) 1A ma tran qua 40 didu khién.
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Dé6i vai hé théng dungcac hé s6 hang ta cd:

Ol + 1) — iT) = O(T) = e’ (6-27)
is1=(1+1,T
H{G + )T - i.T] = HD) = f ®[(i + 1)T — 7] B.dr.
l1=zT
DSi bién tich phan: = ( + 1)T — rthidq = dr
Cho nén:
0 T
H(T) = - f«(q).Bdq = | ®(q).B.dq
T o
Hay la
T
H(T= [ ®().Bdr (6—28)
0

Khi d6 phuong trinh 5—26) sé la:

x(i + 1): ®(T).x(@) + H(T).u(i) (6—-29)

Trong truong hop téngjuat ta cd phuong trinh trang théi hé rdi rac:

x(i + 1)= Ayx(i) + By u(i) (6—-30)

vai A, = ©0); By = H(D). (6—31)
Phuong trinh ra cua & la:

y(i) = C4.x(i) + Dy.u(i) (6-32)

Vi dy- 6-2. Cho hé thng lién tyc md ta bdi phuong trinh trang
thai: '

{ x(t): Ax(t) + B.u(t)
y(t)- C.x(t)

0 1 0
0 -01 0,01

x=[% ) : u:vé hudng
Hay tim phudng trintsai phan trang thai clia hé rol rac khi biét

trong d6 A
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thoi gian roi rac T = 05 sec.
— Phuong phdp tho nhdt — Dung biéldi Laplace:
Phuong trinh sai phan trang thai héi rac co dang:
x(i +1) = Agx(i) + Bgu(
{Y(i) = Cqx(1),
trong do: Ay = O(T);
{Bd = {Td)(r).B.dr; Cq = ¢

Ma tran chuyén trang thai.¢(t) cé thnh theo céng thlc:
o(t) =L {(pl -~ A ]

p -1
Ta tinh: pl — A =

0 p+01

det(pl — A) = p(p + 0,1

p+01 1 /p  Vp(p+0))
adj (pl — A) = . [pl — A=
0 0 1/(p + 0,1)

1 .1 o D
®(t) =L {(pI ~ A) '} = :
0 e

1 0,488
Ag = ®(T) = O(t) |
t=T7=05 0 0,951

Tt owi-e M [ o 0.1(1 — e~ O™
Bd = f * dt = dt =
o |0 e oM 0,01 0,01e !
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1 0488 0.00123
vay (i +1) = x(i) + A
0 0951 0,00488

Cd - C = [ 1 0 ]
— Phuong phap thu hai: Dé chuyén vé phuoncinh trang thai
roi rac, ta tién hanh tinh gan dung dao ham cap n
. AX |
X = T = [X(l + 1) - X(I)]/T (6—33)
Phuong trinh trang thai sau day sé viét dang k-

(1) = Ax(t) + B.u(t)

(6—34)
y(t) = C.x(t)
Thé (6-33) vao (6—34) ta co:
X(i + 1) = TAx(i) + x(i) + T.B.u(i)
y(t) = Cx(i)
Hay la:
(i +1) = Agx(1) + By.u(i)
y(i) = Cq.x(i).
trong do:
Ag=1+TA
By=T8B (6-35)
Cqy=C

Phuong trinh vi phan (6-34) vé phuong trinhi phan (6-35)
sé sinh ra sai s khi chu ky c&t mau T Idn.

Ap dung cac sé liéu da cho, theo (6—35) ta tinluoc:

10 0 1 1 05
Ag=1+TA = £ 05, -
0 0 -01] |[C 095
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0 0
B,-TB =05 -
0,01 0,005

Cy=C=[1 0]

Cac két qua tinh toan gan vdi két qua da tinh 0 phuong phap
thd nhat.

— Phuong phap thu ba (phuong phap hinh thang): Ta thay thé

dao ham gan dung nhd sau:
[

iu)#j%[ﬂi+1)-xun

| X(t) = X, = -21- [x(i + 1) + x(i)] (6—36)

u = uf(i).

Thé (6-36) vao (6—34) ta dugc:

-;_{x(i +1) + x(i)] = 2.[x(i + 1) + x(i)] + B.u(i)

Hay:
== 2R g - R i
x(i+1) =(I - 5 ] [2 + I).x(i) + [1 - ) ] T.B.u(i)
(6—37)
y(i) = Cq.x(i),
Hay
{ x(i +1) =Agx(i) + Bg.u(i)
y(i) = Cyqx(i)
t do:
rong o TA , TA |
a=[- , 1
(6—38)
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Véi hé théng nhu sé lidu trén, ta sé tim duoc Ay, B4 t1€0 cONng
thdc (6-38):
A = -_ “A . A+
a = | 2 i 2

T [0 1 0 025
—A = 0,25.
“ 0 -0 0 -0,025
T (1 -0.25 T
I - —A- . det(I — —A) = 1025;
2 0 1025 2
T 11025 025 T 1 0,244
adj (I — —A) - L - —A] = ;
e 0 1 - 0 0976
1 0,25 1 0,244 1 025 1 0,488
[ _A + I ] = ) Ad = =
0 097 0 0,976 0 097 0 095
T 1 0244 0 (,00122
By={I— -A) \TB- ;
s 0 097 0,005 (,00488
Cd = C = [1 0]

6-3. PHEP BIEN DOI Z

Trong hé tuyén tinh lién tuc, phép bién ddi Laplace (p). git vai
trd quan trong thi trong hé xung — s6 (hé roi rac) phép bién déi Z
cung co chdc nang tuong tu.

Néu cd ham lién tuc f(t), ta sé c6 ham roi rac f(iT. vdi chu ky
cdt mau T. Theo giai tich ta viét ham f(iT) nhu sau:

(GT) = 5 f(1).8(t - iT), (6-39)
1=0

vai 8(t — iT) la ham xung Dirac.



208 Chuong 6: HE THONG DIJ KHIEN XUNG SO

Bién d6i Laplace cia ham f(iT), kyiéu la F'(p):

oo

F'p) = [ (T e it

<

= [ [ Sf(t).6(t iT)].e Pldt
0 i=0

= ;_: [ £(t).3(t iT).e P dt
1=0

0
F'(p) = SI(T).e 'PT (6—40)

1=0
Ta dat: Z = Pl (6—41)

véi p 1A bién todn tud Laplace lién tu
p=a+jw (6—42)
Tu (6—41) rat ra:
1

P=7 In Z, (6—43)

Z 1a bién todn tu roi rac:
Z = e*Teos (wT) + j.L.sin(wT) (6—44)

1
Bi€u thuc (6—-40), khi d6i bién p T InZ:

1 .
F'(p = T In2) = F(2) = f[aT).2™" (6—45)
Vay: |
F(Z) =S fQT).2" (6—46)
i<

F(Z) 1a bién d6i Z cia ham f(iT) y f(t);
F(Z) = Z{f(i)}
Vi du 6-3. Cho ham f(t) = 1(t); f(i 1(i)

ZQ()} =F(2) =3 (17 -

1=0



Chuong 6: HE THONG DIEU KHII XUNG - SO 209

¥ 10/ > =

9’(0 v
UL HHI RER
124 ... (e f .
(Téncua cdp s6 nhan).
Hinh 6-8.

Vi dy 6-4. Cho ham f(1) = e *' vdi a la hg sb.
f(i) = e ® F(Z) = Z{f(i)} = 27}

o . Z
e~ 27" =
0 z - *

Trong bang phu luc 1 néu bién ddi Laplaiva bi€n d6i Z cia cac
ham f(t) khdc nhau.

Cac tinh chit cua bién déi Z
1+ Tinh chdt dich ham goc f(i+1)
Z{fti)} = F(Z) (6—47)

Z{EG+D)) = SHG + 1.2
1=0

251G + 1).4*D
1=0

Z{f(i+1)} (1)Z ' -(0)

||
uMs

Z{f(i+1)} = Z.F(Z) — Z£(0) (6—48)

Téng quat  Z{f(i+m)} = DG + mZ™"
1=0
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= Z™Sf + m).ZV
1=0

= Z[S £).27' - £G).2 7]
1=0
Z(6G + m)} = Z°F@) - 'S £ (6—49)
1=0

Vai digu kién dAu bing khong t két qua:
Z{fi+1)} = Z
Z2{fi+2)} = Z) (6—50)

ZAfi+m)} = (Z).
2. Tinh chdt tuyén tinh:

Z{a.f,(i) + b.£,()} =(Z) + b.F,(Z) (6-51)
3. Gid tri ddu cua ham g6c roi rac:
f(i=0) = f(0) 1+ F(Z) (6—-52)
v FZ) =3 027 =£0) )2 + 62272 + ..
i=0

lim F(Z) = f(0)n f(i)

7> o0 »0

4. Gid tri cud’i cua ham gbc roi rac

lim (i) = liml (1 H.F@) (6—53)
|—>® - -
Vi Z{fG + 1) — f)} = lirY [fi + 1) - £0)].27"
m-+=0

ZF(Z) - F(Z) = lii [ + 1) — £G)].27

m- =0
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lim [(Z - DF(Z) - £(0)] = lim [f(m + £(0)]

Z -1 m-—> ©

f(e) =lim flm + 1) = lim (Z — Z).

m - oo Z -1

S. Bién d6'i Z cua sai phdn Af(i) (sai phédn tién):
Af(i) = £ + 1) — £()
Z{AfG)}Y = Z{fG + 1) — f()} = Z{fG + | Z{f(i)}
= ZF(Z) - Z.£(0) — F(Z)
Z{AfG)} = (Z — 1).F(2) — Z.£(0)
Tu0ng tu d6i vdi sai phan cip hai:
Z{AtG)} = (Z — 1)Z{AfG)} — D)
= (Z - D2F(@Z) - Z(Z - DIO) - Z)
6. Bién d6i Z cua sai phdn Ini Vf(i):
V() = f() ~ fi — 1)
Z{Vf(i)} = Z{f()} — Z{fGi - 1)
= F(2Z) - 27 F @)
=1 -2 HF@).

7. Vi du dp dung
Vi duy 6-5.
a) Cho anh tin hiéu y(i) cua bién déi-Z:
1
1-az Y-27Y

y(Z) =
— Gia tri dau cla y(i) tinh theo c6ng thdc (6 Ia:
1
y(0) =lim y(Z) = lim

=1
Z - o™ Z -~ o (1 - a,z—1).(1 —
— Gia tri cudi cua y(i) tinh theo (6-54) la:

(6—-54)

(6—955)

(6—-56)

(6—-5T)

(6—58)

(6—59)

(6—o(i!
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y({) = lim (Z — 1).Y(Z)
- 1
1

lim (Z — 1). — —
Z 1 1—az -2
Z 1
lim == (6—61)
Z » 1 1-al 1—a
b) Cho hé thdng lién tyc vé trén hinh (6 —9):
U 9 + 92 Y
-
) P+1 . §2P+1
Hinh ¢-9.

LI ‘
Tin hiéu vao u(t) = 1(t); u{p) = — TU so d6 6-9 ta xac dinh dugc anh

tin hiéu ra Y(p): P
p+2
Y(p) = u(p)
(p+1).(p+5)
im oy lim pY(p)= tim ——— L2
o) = |lim ! Im (p) = 1im : = .
Y()t»m Y p-=0 g p~0 p+l(p+5) p 5

Ty hinh 6—9 qua m6t trong ba phuong phap chuyén tu hé lién
tuc sang hé rdi rac, ta c6 phuong trinh trang thai lién tuc sau day:

- + u(t) (6—62)
X, (1) 1 X, (1) 0

yy =(1 2] . (6-63)
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va hé phuong trinh trang thai roi rac la:
X4 (i + 1) 1— 6T 5T X4(i) T

H
+

u(i) (6-64)
X5 (i + 1) T 1 X,(i) 0

Thyc hién bién déi Z phuong trinh sai phan trang thai (6—64)
ta dugc phuong trinh anh Z véi diéu kién dau triét tiéu:

2 —1+6T 5T x,(2) T
u(Z) (6—65)
Bién doi tiép ta nhan dugc anh x,(Z) va x,(2):
x,(2) | 1 | Z -1 -—5T T
= . u(Z).

x(2)| (Z-9@2Z-1+6T)+5T2 | T  Z-1+61 (0

Biét u(t) = 1(t1) - L{u()} = -1 va Z{u(i)} = —
p Z — 1

Dé tinhw, (=) va x,(=) ta &p dung céng thic (6—54):
AR

1 -(6—66)
Lay két qua (6—66) thé vao cong thic (6—63) ta cé:

2
y(ee) =1 2]. | 1 =% (6-67)

Két qua (6—67) tinh theo bién dbi Z hé roi rac trung voi két qua
/7

da tinh 0 trén y() -
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6-4. HAM TRUYEN DAT HE THONG
XUNG SO

Phan trén ta da xét mo td toan hoc hé xung — so bang phuong
trinh trang thay O day ta xét mo6 ta toan hoc hé théng nay theo
ham truyén dat roi rac.

I- Xdc dinh ham truyen dat theo phiwong trinh sai phan

Gia su ta biét duoc phuong trinh sai phan hé théng diéu khién
roi rac co dang sau:
da,yi+mn+ayli+n-10+ . +a yl=
=b,uli+m)+bui+m-1)+. + b_u@) (6—68)
Véi digu kién diu triét tiéu, nho céong thuc bién d6i Z cua ham
chuyén dich Z{f(i + m)} = Z™ F(Z), tiu (6—68) ta c6 phuong trinh
dai 86 theo bién Z sau:

n -1 m— 1

+ .. +a) Y@ = (b 2" + bz

n
d,Z +a] Z

(6—-69)

.+ bm).u(z).

Tuong tu hé lién tuc ta dinh nghia ham truyén dat hé théng
xung — s6 la W(Z), bang ty s6 luogng ra va luong vao theo bién s6 Z:

Y(Z) b Z™+bZ™ '+ b

w(Z) aZ"+a 2" '+ L +a

m

W(Z) =

(6—70)

Néu hé théng duoc mé ta bdi phuong trinh trang thai dang ma

tran:
x( + 1) = Ay x(i) + Byui) (6-T1)
Thuc hién bién dd6i Z phuong trinh (6—-71):
Z.X(Z) - 2X(0) = A, X(Z) + By u(Z) (6-72)
Hay:

X(2) = (21~ A) 'ByU@) + (Z1-A) 'Z2X(0) (6-13)

Bién d6i Z cua phuong trinh ra:
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y(i) = C x(1) (6—74)
vail diéu kién x(0) = 0, ham truyén dat ma tran:
Y(z) 1 ”
WyU(Z) = = C4(Z1 - Ay "By (6—-75)
u(z)
trong dé I 12 ma tran don vi.
U(t) Y, (7) 458
( PT X s pLT
TAuC
q)
— =
| . | Y (7) y(t)
Y P —y—ﬂlzfugﬂ? - PLT |—>
: ly’ /t/dnj
i PHAN TI XUNG THUC ]
b)
Hinh 6-10.

2. Xdc dinh ham truyén dat roi rac theo ham truyén dat phdn lién tuc.

“Hé thdng xung—sd khi co m6t phan td tao xung (ky hiéu PTX)
ndi ti€p voi mét phan lién tuc (ky hiéu PLT) vé trén hinh 6-10a.

Ve phuong dién toan hoc: Phan ti xung thuc (PTX) cé th€ tach
thanh hai ph&n: M6t 12 phan td xung ly tudng va mét nita la phang
td lvu giu (nd cé tac dung dinh hinh lai dang xung thuc ¢ dang
PTX ly tudng).

— Phan td xung ly tudng, cd khi con goi la phan td xung delta
(Delta Impulse Sampler.) Dau vao PTX ly tudng la ham lién tuc
u(t) con dau ra cda nd la day xung dang ham 46t (ham Dirac) ma
dién tich cac xung ra ty lé vdi bién do tin hiéu vao u(t) tai ting thoi
diém roi rac cach nhau moét khodng vdi chu ky cat mau T.
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— Phan ti luu giz o6 dau vao la u” dang xung &(t) con dau ra cia nd
la cdc xung thuc

Phuong phap phan tich hé théng vé sau, ta sé ghép phan tu luu
git (LG) véi phan lién tuc va tao thanh mét phin lién tuc quy d6i
(PLTQD). Viéc tich va ghép theo cich vita trinh bay chi ton tai ¢
phuong dién

phén fiCh U _{) | U'_
toan hoc. Khi Sl I pPLT | Y
d6 ta co sa db Ly 1ong Quy b1

tuong duong _

vé trén hinh
6—11. Hinh 6-11.

D6i voi phan ti lien tuc quy d6i s gdm néi ti6p phan ti LG mo
td bédi ham truyén dat lién tuc W, 5(p) va PLT cd W1 (p).

Khi do ham truyén dat PLTQD, ky hiéu Wi top(P):

Witap(®) = Wig(p) Wi r(p) (6-76)
So dd hinh
6-11 don *
’ Uy 7 ()
gidn ta co thé ——/K-——- M/LrQO(P) -———L
bi€u dién bing

cfu trdc trén

hinh 6—12 vé6i Hinh 6-12.
khda ngit K

dac trung cho phan td xung ly tudng ().

Déi v6i phan tit LG, tuy thudc vao dang xung thuc t€ cia PTX ma
W, ;(p) o0 dang khéac nhau.

Vi dy 6-6. Cho tin hiéu ra phin td xung PTX thyc té Ia mét
xung chd nhat c6 blén do bang 1 va d réng xung 7, vé trén hinh
6—13. Xung chd nhét u(t) c6 thé biéu dién bdng téng dai s hai
ham: 1(t) va —1(t — 7):

u,(t) = 1(t) - 1(t — 1) (6-77)

Phan tU Iuu gid LG co6 tin hiéu vao 12 dang ham &(t) nén bién
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dor Laplace cua no: »“(p) = 1 Tin hiéu ra w,(t) cua phan tu LG co
anh Laplace.
u,(p) = L{(t) — 1(t = 1)} = L{)} — L{1t-1)}

1
T P A L RS (6-78)

trongdo 1 =T,
+ hé sé ty lé 0 <y=<1{

T: chu ky cat mau,

7: d6 rong xung chd nhat. oy U, (4)
Ham truyén dat phan td LG la W
W (p): 0 // 5 T ¢t

s
Wia(p) = u1‘(p) = (1-e 7 TP 1 | O
u (p) p ol R
(6—79) o] T ' R
Phan lién tuc c6 ham truyén dat  _,| 1(’-6),’
Wir(p) |
Phan lién tuc quy doi gém néi Hink 6-13.
tiép phan tJ LG va PLT:
WLTOD(p) = WLg(p).WLT(p) (1 - e—yT.p)'lp_ WLT(p) (6—80)

Tin hiéu ra theo bién déi Z cua hé hd la:
Y(z) = Z{W_ g(P).W_1(p) }.u(2),
trong do:
Y(z) = Z{y(T)}
u(z) = Z{u(im)}
Z{WLG(D)—WLT(D)} = Z{t(iT) },
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VoI f(t) = L™ {W_ 5(P) W 1(p)}.
TU f(t), chuyén sang f(iT) va tim duoc F(z) = Z{f(iT}}
F(z). chinh 1a W 1qp(2).
Vi xung dang chd nhat ta tinh dudc W 5 theo (6—79). Phan

lJuu gid kiéu nay con duoc goi la Iuu gid cdp khéng (Zero Order
Hold).

Vi du 6-7. Hay xac dinh ham truyén dat theo bién doéi Z la W(z2).
Khi biét ham truyén dat theo bién déi p:

a Y(p)
W(ip) = = -

p(p+a)  u(p)
Dya vao phép bién dbi nguoc Laplace ta co:

1 1
y(t) =L {W(p)} =L — - —}
p p+a

\ = (1= e 3. u).
Khi  u(t) = 1thi

y(iT) =1— e™3"
y(iT) =0 vaii < 0
Bién doi Z cua y(iT) la W(z)

vaii = 0

W(z) = § (1 — e4a'T).2“

il
N
il
|
PANIIE:
q0]
)
) -4
N
|
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{ - e Pl
Trong cong thuc (6-79), khi y = 1ta co: W 5(p) =
p

Wit (p) o PT Wi r(p)

P P

~PTw
W”(p)}m‘. L— 1(P) b=f (t=T)
p

Do do:  Z{w g{p) W 1(p)} = Z{

}.

Néu dat f(1) LY

W t(p)

W 1 (p) }

P

Do do: Z{e P’ b= Z{6(T = T)} = 2722{t,(T)}=2""2{

Vay:
W 1(p)

Z(W Lo(P) WLr(P)} - (1= 270 Z{—— ) (6-81)

3. Ham truyén dat cua hé thong xung - sé kin

Ta xét hé thong roi rac co ban vé trén hinh 6-14.

UGH) s €1 eqp)| Hold U, (#) )
;(—-) T 5‘2))‘ ° J
fo

W, (P [

Hinh 6-14.

Ta goi mach luu giu bac khéng (Zero—Order Hold) 1a mach ma
trong khoang thoi gian rdi rac T, gia tri ham roi rac bAng hang s6
nhu vé trén hinh 6-15.

Ham truyegn dat mach LG ta da tinh duogc theo cdng thuc

(6—79) -
Wiclp) =

p
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Tu so d6 hinh 6—-13 ta xac dinh:
Y(z) = Z{W  (p) W, ((p)} E(z)

F(z) = Z{W, 5(p) W +(p) Wi4(p)}.E(2) (6—82)
trong do: ’
F(z) .- Z{f(iT)}
E(z) = Z{e(iT)} (6—83)
e(iT) = u(iT) — fGT)
po, ¥
|
! |
. ) ' ' :
T ! J |
| 1
. A S S R ¢
oo T 2T T 4T ST (47)
Hinh 6-15.
Thuc hién bién déi Z ta co:
E(z) = u(z) — F(z). (6-—84)
Phéi hop hai biéu thuc (6-82) va (6—84) ta duocc.
E(z) 1
- | (6-85)
u(z) 1 + Z{W,(p) W 1(p) Wy (p)}
Ham truyén dat hé kin W (z) la:
Y(2) Z{W c(P)-W1(p)}
W, (2) - =AY (6 - 86)

u(z) 1+ Z{W g(P) W 1(P) We(p)}

Vi du 6-8. Cho hé thdong xung sO ve trén hinh 6—16. Hay xac
dinh ham truyén dat hé kin Biét rang »wag-£a g phan td xung co
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dang chd nhat (phan tu LG la Zero—order Hold). Phan lién tuc
quy doi

a
W =W .
LTao(P) L(P) A
J a Yy
-
T WLG p +a T
(= Lero. ordger Mold
Hinh 6-16.
Vi xung chd nhat nén:
1 — e Pl
W g(p) =
© P
d LW ) L“{‘ﬂe_pT .
Do doé: y(t) = L =
y(t) {Wirgo(pP)} » S a
1 1
- _pT
y() =L {[— - 11— e7PT))
P p+a

yt) = (1 —e3M)u) — (1 - e 2~ Ny - 1)
Ham roi rac:

y(iT) = (1 — e ¥ u(iT) = (1 — ™20 = DTy y(iT = 1)

Do dé: Wi 10p(2) = Y(2) = Z{y(iT)}
W ’ ‘ 2 ——) - 27—
LTap(2) TSz - o-at 5 — | _ o-alph
271 = e7%) (6-87)
W 2) = ) -
LTap(2) (—ez)
Ham truyén hé kin la:
Y(z Z{W_1qp(P)
w2 - @ {Wirgo(P)} (6 88)

u(z) 1+ Z{W 1qp(P)}
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(1 ___ e—aT)lZ"1

W, (z
(2) T (1 —2e23T)z™"

(6—89)

6-5. TINH ON DINH CUA HE THONG
XUNG-SO

Tuong tu nhu trong hé théng lién tuc, mét qua trinh didu khién
trong hé théng xung — s gbm hai qug trinh: xac lap va qua do.
Nghiém riéng phuong trinh sai phan bac n dac trung cho qua trinh
qua do:

a,yd+n) +ayd@+n-1 + .. +a .yl =bui) (6-90)

Tu ham truydn dat hé héng kin theo bién déi Z:

Y(z)
Wk(z) =
u(z
Y(z) = W,(2).u(z). (6—91)
Tir (6—91) ta xac dinh dugc phuong trinh dac tinh dang:
a,Z" +aZ2" "'+ +a _Z+a =0 (6—92)
trong do: Z = ePT = @) = aT T
Z = ¢! (cos wT + jsinwT). (6—93)

Qua biéu thuic (6-93) thanh phin (coswT + jsinwT) luén co
modun gidi han bing 1. Do d6 modun cua Z la:

2] =e*T (6—94).
Tu (6—94) ta thédy:
a>0, |2 >1
a=0, 2| =1 (6-—-95)
a<0, |Z]| <1.
Ta cd thé thidy quan hé gita mat phang p va mat phing Z tu

(6—95):
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Mat phang p Mat phang z
a > 0: Nua bén phai mat phangp |Z | > ]: Bén ngoai vong tron don vi

a = 0: Truc 40 jw Z| = 1: Duong tron ban kinh 1.

a < 0: Nita bén trai mat phangp |Z| < 1: Bén trong vong tron don vi.

Vi tai cac nghiém Z caa phuong trinh dac tinh (6-92) tu
(1)+(8) tuong \ng voi cac qua trinh qua do vé trén hinh 6-17.

0, ®

Hinh 6-17.

D6i voi hé théng lién tuc, trén mat phang p, néu phuong trinh
dac tinh déu & bén trdi truc 4o jw thi hé sé dn dinh. Tuong dng
tfong hé théng xung — s6 néu cdc nghiém Z cua phuong tnnh dac
tinh (6-92) & trong vong tron don vi thi hé sé én dinh.

Tiéu chudn 6n dinh Hurwitz cho hé lién tuc chi ap dung cho mat
phang p. Muén su dung tiéu chuidn dai s6 nay (k€ ca tiéu chuédn
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Routh), ta phai
chuyén dugc mat
phiang Z vé mat
phiang p tuong
duong. Muén vay,
ta dd3i bién Z
thanh v:

v+ 1
Z = (6—96)

v-_

Qua phép bién
tuong ung cac
nghiém Z nam trong vong tron don vi cia mat phang Z (mpZ) trén
hinh 6—17 thl cdc nghiém v, trén mat phang v trén hinh 6—18 sé
nam bén trai truc 4o j. Vi du cé nghiém v, nam bén trai truc do. Ta
xét cac véc to tuong dng sau:

6§=v1;®'=v1 + l;ﬁ{.=v1 ~ 1
v+ 1 0Q

Hién nhién |OR| > |0Q| tuclaZ, = - <1
v — 1 OR

Ré6 rang |Z;| < 1, nghia la dng vdi v, 6 bén tréi mfv sé tuong
ung voi nghiém Z, ndm trong vong tron don vi mfZ.

Vi du 6-9. Xét 6n dinh cho hé thdng xung — s8 sau day: phan
tU xung tao ra xung chd nhat con phan lién tyc 1a mét khau quan
tinh bac mot nhu da vé trén hinh- 616 .

Theo két qua da tinh & (6-88) va (6—89) ta co:

Y(2) (1-e 2T)z"

W, (2) =
(2) u(z) 1+ (1 - 2.e_"”'1l).2_1

Phuaong trinh dac tinh cua hé théng xung — sé nay la;
1+(1-2e 3027 -0
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Hay Z+(1-2e =0
Dang ky hiéu chung: a,Z + a, =0,

al

trongdé:  ag=1 con a;=1-2e

. , vV + 1
Boi bién Z =

ta duoc:
v — 1

vV +1

“o +a,=0 - ajv+ag+tayv -3 =0

Hay la:
(a, +av+a, —a;=0
A,V + A =0.
Diéu kién 6n dinh can va du ctia hé théng cap mot la

A,=a,+a; >0
Aj=a, —a; >0

1+ (1-2e 3 >0->20-¢e2)>0

1—(1-2e2)>0>2e3 >0

Mudn cho A, > 0 tdc 1 — e 2" > 0 thi hai tham s a cua d&i

tuong diéu khién va chu ky cat mau T cua phan tU xung sé anh
huong dén tinh 6n dinh cia hé thdng. Ung vdi mdt cap gia tria, T
nao dé co thé lam cho A, < 0 va hé th3ng sé mat 6n dinh. Day la
hé xung — s0 cap modt. Trong luc dé hé lién tuc cdp mdt ludn lubn
on dinh,

6-6. TINH QUA TRINH QUA DO TRONG
HE THONG XUNG-SO

Hé lién tuc ta xét cac phuong phap tinh todn qua trinh qud dd
D80 phuong phap s6. D6i vai hé xung — s6 ta cing tién hanh tuong
tu Sau day ta sé trinh bay hai phuong phap: khéng gian trang thai

VA Nam tragvén dat ol oreac 7.
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1. Phuong phdp phuong trinh trang thdi
Cho hé diéu khién xung vé trén hinh (6-19)

)
U e(t) ed | Zero-0Order m@, (7P f J >
+
T HOLD pLP21)
Hinh 6-19.

Phan tu tao xung co dang xung chu nhat(Luu git cidp khong - Z2.0.H)
D6i tuong digu khién la phan lién tuc ¢c6 ham truyén dat

1

W, +(p)=
LT'P o(p + 1)

TUu sq do ta co: e(t) = u(t) — y(t)
e(iT) = u(iT) — y(iT) (6—98)
Phuong trinh trang thai mé ta déi tugng dieu khi€n la:

X, —1 0 X, 1
\ X, 1 0 X 0
}'(t) = xz(t)

Nghiém cua phuong trinh trang thai (6-99) xac dinh theo céng
thuc:

1
x(t) = e™x(0) + [ TIBm0)dr v6i 0 <t < T
0

(6—100)
yt) =[0 17.x(t),
-1 0 |1
trong do A= ; B = (6—101)
1 0 0

Khi t =T ta co:
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b -

(T) = T x0) + [T - ) B m(0) de
0
TA‘T— r)
= O(T) x(0) + fe™ dr. B m(0)
0
Doi bién t=T -1 >

T - T T
[ ™M 704 = [ efMdt = [ d(t)dt
0 0 0

T = el
Phuong trinb trang thai phan lién tuc ¢ dang roi rac la:

x(1 + 1) = A x(1) + B .m(i)

e

(1 x(1), (6—102)

>

"1—

B, =f d(t).B.dt

|
|
trong do: [
|
ﬂ

¢
Ma tran chuyén trang thai ®it) tinh theo bién d6&i Laplace
Bguc.::

d(t) = L™ (pl - A) 1)

Ta tinh pl - A =

det(pl — A) = (p + ) p

p 0
1 p+ 1
I
‘ adj (pI — A} p+ 1
det(pl — A) - -
_p(p+ 1) p |
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~ 0
d(t) = L7 (pl - A7} =
1 - ~7F 1
e 0
A, = O(T) =
1 —e 1
1 | 7! 0 1 ] — e !
B, =/ ®()Bdr = | = - dt .
0 0o |1 —e 1 0 T-1+e
Phuong trinh trang thai DPTDK & dang roi rac la:
| x(h + 1).T) = A, x(iT) + B, e(iT)
" y(iT) — C, x(iT)
Hay la:
x,((i + 1) T) « ! 07 [x,(T) 1 —e !
x,((+ 1) T) L-~e b 1| x0T | [T-1+ 7"
y(iT) — x,(T) (6—103)
Liy e(iT) = u(iT) — y(GT) thay thé vao (6-103) ta duoc:
x,((i + T SR x (iT)
) +
x,((i + DT) I N P hy
-
+ L uldT) = x,6GT) ]
T-1+e
y(uT) = x,({T)
Dang don gidn hon:
(G + DT e”! e o1 X, 1T l—e "
LG+ 1T [1-e”! 2-T-e 1| | x,(iT) T-l+e '

-

y(iT) = x,(TH - (6—104)
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Day chinh la phuong trinh trang thai cua hé thong kin rai rac.

Tiép dén, ta sé xét dap Ung cua hé thong vdi 3 gia tri chu ky cat
mau (Sampling periods) T = 0,1; 1 va 4 sec

Tin hiéu vao u(iT) =1;1=0,1,2 ..

Diéu kién dau: x,(0) = x,(0) =0

— Vai T = 0,1 ta dugc:

x,(0,1.40 + 1)) 0,905 -0,095 x,(0,11) 0,09
= . —

x,(0,1.G + 1» 0,095 0,995 x,(0,1.1) 0,005

y(0,1.i) = x,(0,1.0)

vai i =0,1, .. ta xac dinh dugc day y(i):
{y(0), y(0,1), y(0,2), .. } =
={0; 0,005, 0,019; 0,041, 0,071, 0,106; 0,146, ...}
— Vai T =1 ta dugc:

x, (i + 1) 0,368 —0,632 x, (1) 0,632
= +

%0+ 1) 0,632 0,632 X, (1) 0,368

Day y(i) tuong dng la:
{y(0); y(1); y(2), .. } =

= {0: 0,368; 1; 1,399: 1,349: 1,147; 0,894; ... } (6—105)
~ Vsi T = 4 ta co:
x, (40 + 1)) 0,0183 -0,98 x,(40)]  [0,98
= +
(4.3 + 1)) 0,98 2,02 x,(4i) 3,02

Day y(i) tuong ung:
{y(0); y(4); y(8); ...} =

= {0; 3,02; —2,11; 5,34; —4,82; 8,6, —8,8; ... }
Dap dng cua hé véi T khac nhau vé trén hinh (6—20).
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Vai T = 0.1, 10; T = 2.0 hé théng 6n dinh; con v6i T = 4, hé
théng khéong 6n dinh

O day ta thdy ré rang chadt lugng cua hé théng roi rac phu thuoc
rdt manh vao chu ky cat mau T, tham chi c6 thé lam hé théng mat
5n dinh (trong lic dé vai hé lién tuc cdp hai, nd luon luén 6n dinh).

1 e
T=01
q
; N /ﬁk_
/ N |1=1
0 )
; |
1 - J
- 7 |
N T=2 7
SN
0
9
g 72 7
0 N, =4 N\
-3 N7 N “\_1
2 g
Hinh 6-20.

2. Phuong phdp hién d6i Z d¢ tinh qud irinh qud 40

Ta xét lai vi du nhu da vé trén hinh 6-19 vdi chu ky cat mau
T = 1 s; Tin hiéu vao u(t) = 1(t).

Theo cong thuc (6-86)

Y(Z) Z{WLG(P)WLT(P)}
u(z) 1 + Z{WLG(P)-WLT(p) W}:H(p)}

Ta tinh-
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1
Z{W, ~(p) ————
LGP pp + 1)

Y(z) = 1 u(z) (6—106)
| + Z{W, ~(p) )
Lo p(p + 1)

Mat khac theo cong thuc (6-81):
W, +(p) }

Z{W, o(p) W, (p)} = (1 - Z~ 1.2
p

Ta co:

Z{WLG(p)

! 1
— =0 -ZHZ{—}
p(p + 1) pi(P + 1)

= (1 - Z'l).z{i _ 1 + 1
p? p p+1l

}

=(1-2"YH [Z{L b~ Z{l} + Z{L}]
p? p p+1

Dua vao bang bién ddi Z ta co
20 W (p) 1 Vo (-2 T.z Z N Z
LGp.P(P'*'l) - | (z—l)2 z -1 z—e T

Voi T = 1 ta co két qua:
0,368.z + 0,264

Z{W, ~(p). ———} = (6—-107)
LGP B+ ) T (2 - 1)@ - 0,368)
Vai u(t) = 1(t) ta co u(z) = 1
Vay bién d6i z cua tin hiéu ra Y(z) la:
Z(0,368.Z + 0,264)
Y(z) = (6-108)

(Z — 1)(Z* = Z + 0,632)
Tu (6-108) ta tim dugc cac di€ém cuc cia ham truydn la:
Z =1
Z =.0,5 + 0,615
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V1 ¢o hai diém cuc la sé phuc do do day y(iT) sé chda c4 thanh,
phan dao dong

Dé tinh y(iT) ta khai trién (6~108) thanh chubi lidy thiua cua
7! dang sau:
Y(z) = 036827 + 1,027 %+ 1,399273 + 13992 * + 1,14727° +
+0,89427° + .. (6—109)
Tu (6—109) ta tim dugc day y(iT):
y(iT) = {0,368; 1,0; 1,399; 1,399; 1,399; 1,147, 0,894; ...} (6—-110)
Két qua (6-110) trung vdi két qua da tinh g (6—-105).

6-7. PHAN TICH HE THONG
CO MAY TINH SO

So do hé théng didu khién co may tinh s6 (dién hinh 14 may vi
tinh) vé trén hinh 6-21

Vo) &) o) gl 40D toid |7 | Lontral y&
i fer Crrevrt £ lements >
T [amfw e 1rCy! eme
Hinh 6-21

Cac hé théng didu khién ¢ may tinh, don g1an 1a bé diéu khién
sé (Digital Controller) dang dugc st dung kha phé bién trong cic
nganh ky thuat, cong nghiép. Ly thuyét dieu khién tu dong tu 1970
trd veé-trudc chua chi y cac phuong phap phan tich va téng hop hé
thong co may tinh s6. Trong suét chuong nay ta da dé cap dén hé xung
— s6, do chinh la ¢6t 161 cho viéc nghién cdu hé thong ¢6 may tinh. .

Phuong trinh cia may tinh s6 la phuong trinh sai phan~dang:
e,(iT) = b,e,(T) + be (i = DT) + . +b el —mT) -

— a e, - DT —a,e, (0 2)T) = . —a edi — T, (6-111)
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trong do: e (iT) la tin hiéu vao cua may tinh s6.

xl((i + l)T)ﬁ r—a1 —a, .. —an- xl(iT)— i
X, + DT 1 0 .. 0 a5(1T)
=1 0 1 0 +
| x, (i + 1T | 0 0 0 ] _n'n(iT)_ i
Fxl(iT)T
eZ(iT) = [b’l b’2 b’n] xz('iT)‘ + bﬂel(iT)
an(iT)_

e,(iT) la tin hiéu ra cia may tinh sé.

iT: cac thoi diém roi rac vai thoi gian cat mau T

Phuong trinh (6-111) co thé chuyén vé dang phuong trinh
trang thai roi rac dang tong quat (ta goi la quy hoach truc tiép:
direct programming) sau day-

bJ = bJ — bu.aJ veij=1,2, ..., n

Vi du 6-10. Co phuong trinh sai phan sau:

y(i) = =2y(i = 1) +05.y(i — 2) — 0.2y(i — 3) +

+05u() —04u(i — 1) +01u(i - 2)
Tuong ung vai cac hé so:

81 - 2 ; Vé bo = 0.5
82 = _0.5 ; b1 = "'0,4
a;=02 b, = 0,1

e,(iT) (6-112)

(6—-113)

Theo (6—112) va (6—113) ta c6 phuong trinh trang thai roi rac la:
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x,(t-0] [-2 05 -02] X4(f) 1
X,(1 + 1) 1 0 0 X, (i) + 0 u(i)
Xg(i + 1) | 0 1 0 | X3(')j 0
| %, (i) ]
y(i) =[ =14 0,35 0] X5 (i) 0.5 .ui)
_. x3(i)._

Vi du 6-11. Cho so db diéu khién hé théng bang may vi tinh vé
trén hinh 6—22. Biét rang phuong trinh sai phan mé ta luat diéu
khién trong may vi tinh cho bdi phuong trinh sai phan sau:

e,(iT) = 12.6,(iT) — 0.4.e,((i — )T) — 0.25.e,((i — HT). (6 —114)

—F —’—>

Ut ~ & eq &) Zepo-Order | MG 1 17,
- Lomputer Hold (P+1)(P+2)

DT Ok

K,P

Hinh 6-22.

TU phudng trinh (6—-14) ta cé phuong trinh trang thai sau:

1

U xg((i 4 NT) = —025x,(T)  ey(iT)
(6—115)
e,(iT) - — 01x5(iT) + 1.2.,(iT).

Phuong trinh trang thai cta déi tuong diéu khién lién tuc tuong
Ung v6i ham truyén dat Wgr(p) = 1/{p + 1)(p + 2): |
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X, [—3 —2} [ X, [ 1}
= . ; mt) (6—116)
X5 | 1 0 | X2 [ O

y(t) = x,.

TU phuong trinh trang thai lién tuc (6-16) bang cac phuong
phap da néu trén, ta cé phuong trinh trang thai rdi rac tuong ung:

—— _ —_

X,((i + 1)T) —e 42277 _2e 427" X{(iT) e -e T
= - m(iT)
1 1
xo(( + )T)| | e T=e @ 27 T—e™2T||x,(iT) Ee—T+Ee_2T

Hai kénh phan hoi am co ham truyén k, va k,p:
e,(t) = u(t) — kyy(t) — ky.y(t) (6—118)
Tu phuong trinh trang thai déi tudng diéu khién (6—116) ta co

(6~ 119)

Phuong trinh (6—18) viét 6 dang rai rac:
e,(iT) = u(iT) — kxo(iT) — ko4 (iT). (6—120)

Ta cling nhan thay: m(iT) = e, (iT). (6—121)

Bay gid két hop cac phuong trinh (6-115), (6—117), (6—120) va
(6—121) ta xac dinh dugc phuong trinh trang thai rdi rac hé théng
kin, trong dé riéng phuong trinh (6—117) viét lai dang ky hiéu ma
trdn gon hon:

X((i +1)T) dy ap X4(iT) b,

n .m(iT)  (6-122)
Xo((i + 1)T) ay Aoy X5 (iT) b,

TU (6—122) ta cé phuong trinh trang thai rdi rac cua hé kin co
may tinh sé:
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(G 0Ty | [ay — 1200k, ap —12bky,  —0by | [x(iT)
12D, |
+ [ 12b, | .u(iT) (6-123)
1

Tii phuong trinh (6—123) ta co6 thé tinh va vé dudc cac dap ung
trang thai x,(iT): x,(iT) va x5(iT) bang may tinh.

Ngoai phuong phap via trinh bay, ta cé thé dua vao cach tinh
ham truyén dat cua may tinh sé. Chang han Ung véi phuong trinh
sai phan (6—114) ta cd thé xac dinh dugc ham truyén dat rai rac
cua may tinh sé:

D(z) = (6—-124)

DA&i tuong diéu khién la phan td lién tuc co ham truyén dat
Wor(p).

e 4
U) ] lomputer _W__’_ W(p) y(,)_
— T o) T

Wey (P) |

Hinh 6-23.
TU hinh 6-23, bién déi Z cua tin hiéu ra la Y(z):
Y(2) = D(2).2{W g(p) Wp(p) }.E(2). (6-125)
Tdong tu tin hiéu phan hoi vé f(t):
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F(z) = D(2)VZ {W g(p) Wpt(p) Wey(p) } E(2) (6—126)
E(z) = u(z) — F(z). (6-127)
Két hop (6—126) va (6—127) ta tinh dudc:
u(z)
E(z) (6—128)

1+ D(2) . Z{W_5(P) Wot(p) Wrn(p)}

Thé (6—128) vao (6—125) ta co ham truyén dat ctua hé théng kin
c6 may tinh sé la:

W o (2) - Y{z) D(2).Z{W g Wpr(p)} (6—129)

u(z) 1+ D(2).Z{W g(p) WpT(P) Wen(p)}

TU (6-129) ta co6 thé xét dudc én dinh hé théng va tinh duoc
qua trinh qua do. \

Khi st dung may tinh dé& diéu khién qua trinh, ta cd thé thuc
hién ducgc nhiéu thuéat toan diéu khién phuc tap. Don gian nhat ta
cing co thé st dung mdy tinh dé thuc hién moét bo diéu khién s6,
P.I.D — Bo6 diéu khién ty lé, tich phan, vi phan .

6-8. BO DIEU KHIEN PID SO

Bo diéu khién P.I.D (Proportional-Integral-Derivative) lién tuc vé
trén hinh 6—24, gobm

X ba kénh song song:
a ty 1é, tich phan va vi
ew) v LW han
Ki/p + P |
ECP) + L(P) — Khau ty 1é c6 hé s6
~ K, p truyén Kp
— Khau tich phan
K/p

— Khau vi phan K,.p.
Hinh 6-24.
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Déi vdi khau

) Kp tich phan sé ta cd
nhiéu cach dé thuc
eu’) Ko T.(Z2+1) + /(,(4) -hién, vi du phuong
17 hap tich phéan
E(2) 2.(Z-1 T 2 puap
(29 + £(3) hinh thang (s6
Tustin):
K2 K.T(Z+ 1)
Tz 2Z — 1)
Con khau vi
Hinh 6-25. phan (dao ham cua
e(t)) tait = T c¢d
thé xap x1 bdi;
de(t) e(iT) — e(i = DT)
dt =1 T
Bién doi Z sé dugc:
K z — 1
R/

Ham truyén dat PID s6 dudc vé trén hinh 6-25:
KTZ +1) KyZ ~-1)
+

Woip(2) = (K - ) (6-130)
2(Z - 1 TZ
_ KT+ 2K, + 2K, TZ° + (KT - 2K T - 4Ky Z + 2K,
2T.2(Z - 1)

Vi du 6-12. Cho hé thong diéu khién biét D.T.D.K co ham truyén

dat:
10

(p+O(p+2)

Wor(p) =

1— e TP

biét phan tuU tao xung dang chd nhat cé W 5(p) =
p
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Theo cdng thuc (6-81):

wW
Z{W_a(P) Wpr(p)} = (1 — 271).2{ or®

P
Tuong tJ nhu da tinh voi két qua (6—-107), & day ta co:
Z{W (p). e }= (1= Z_|)-Z{ o } = Witap(2)
(p+(p+2) p(p +)(p +2)
Vay:

0.0453 (z + 0,904)
(Z — 0905)(Z ~ 0.819)

“
Ham truyén dat mach kin khi khéng c6 bd PID Ia:

Witap(2) =
Ungvéi T=01s

Y(z) 0,0453(z + 0,904)
Wi (2) = =

u(z)  Z% - 1679.Z + 0,782

(6 —131)

— NEu hé thong cé thém Wpg(2z) voi cac tham sé:
K, = 1K = 0,997 va Ky = 0
Ham truyén dat bé diéu khién PID la:
Z — 0,905
Z — 1

(6—132)
Lac dé ham truyén dat ca hé ho (bao gém bd PID, bd tao xung
W, g va D.T.DK):

0,0453(z + 0,904)

Wp|D(Z)-WLTOD(Z) - (z — 1)(z - 0,819)

(6—133)

Ta co thé xac dinh dudc ham truyén dat ca hé théng sé kin lng

voi bd diéu khién Pl (vi Ky = 0). Cac két qua tinh toan vé trén hinh
6—26.

Khi c6 PID:

1 K, =145 K =1 K; =043
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2 Ky=1K=0997Ky=0
1 K, =025 K =0249, Ky =0

IW“ @@@@ Cé PID

Hinh 6-26.

6-9. TINHDIEU KHIEN DUOC VA QUAN
SAT bDUOC CUA HE XUNG-SO

Khai niém vé tinh diéu khién duoc va quan sat duoc lan dau tién
do Kalman néu ra.
Gia su biét phuong trinh trang thdi cia hé xung s sau:
x(i + 1) = Ajx(i) + Byu(i)

(6—134)
yi) = Cyx(),

trong do x la vecto n chiéu; A : ma tran n x n chiéu.

1. Tinh diéu khién duoc

Mot hé thong duoe goi 1a diéu khién dugc néu ta co thé tim dude
mot véc to dieu khign u(i) d€ chuyén dugc hé thong tit mét trang
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thai ban dau bat ky dén mdot trang thai cudi bdt ky trong mot
khoang thaoi gian gidi han.

Bdi vay ta can phai tim diéu kién d€ xac dinh dugc tac dong diéu
khién nham chuyén hé théng tit mét trang thai x(0) dén trang thai
cudi x(n) da cho.

Ta viét lai phuong trinh (6-134):
x(1) = Ax(0) + B,u(0)
x(2) = Ayx(1) + B, u(l) = A“x(0) + AB.u0) + B.u(l)

x(n) = A;“x(0) + A"~ 'B.u(0) + .. + Bu(n — 1).
Hoac la:
[ u(0)
“R a u(l)
x(n) - A"x(0) = [A;""'B, A B, .. B,|: (6-135)
_u(n—l)J

Vi A, x(0), x(n) da biét nén vé& trai ciia phuong trinh (6—135) la
xac dinh. Nghiém duy nhit u(i) ch1 ton tai khi ma tran sau day co
hang bang n:

M=[A""'BA," “B,..B,] (6—136)
Rank(M) =

Khi do ta noi hé thong diéu khién dugc hoan toan.

Vi du 6-13. Cho hé théng cdp hai sau day:

X, (i +1) 10,488 | [ x,(i) ] 0,00123
= : + . u(i)
X, (i + 1) 0 0951 | | xp(i)] | 0.00488
x4 (i)
y(i)={1 0] |
_’(2(')
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1 0,488 0,.00123
0 0.951 0.00488

Theo tiéu chuan diéu khién dudc hoan toan cua Kalman, ta tinh:

1 0,488 0,00123 0.00361
0 0,951 0,00488 0,0046

0,00361 0,00123
Vay M=[ABy B4l=

0,00464 0,00488
Vi det(M) # 0 nén Rank(M) = 2.

Vay hé thong diéu khién duoc hoan toan.

2. Tinh quan sdt duoc

Hé thong ducce goi la quan sat duge néu theo cac s6 liéu do dugc
¢ dau ra y(i) ta co thé xac dinh dudc cac trang thai x(i) cia nd (cac
udc luogng trang thai).

Tu phuong trinh ra y(i) = C,.x(i) ta viét lai:

y(0) = C,;x(0)
y(1) = Cyx(1) = C A, x(0)

yin — 1) = C A" 'x(0).

Hoac viét cach khdc vdi ky hiéu ddu phay cho chuyén vi:
[y y(I) .. yh=-1D]1=x(0)[C4 AC, .. A" LC,]
(6—137
V1 véc to y(i) da biét, nghiém duy nhit x(0) tén tai chi khi ma
tran sau:

N=[Cy AC, AY""C,]
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Co hang bang n:
Rank(N) = n. (6—138)

Vi du 6-14. V3i s6 liéu da cho & vi du 6—13, ta sé xac dinh ma
tran

N=[ Cq A4 Cyl: Cq=11 0] > Cy=

1 0 1 1
Tinh: [ A4Cy |= .
0488 0,951 0 0,488

1 1
vay N =
0 0,488

det(N) =0,488 = 0 Rank(N) = 2

Vay hé théng trén quan sat dudc hoan toan.
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Chuong 7

HE THONG DIEU KHIEN TU DONG
TOI UU

7-1. KHAI NIEM CHUNG

Cac hé thong diéu khién thiét k& déu phai thoa man nhing yéu
cau chdt lugng dé ra. Cac chi tiéu chdt luong dé phai tét nhat theo
mot s6 mat nao do, hay ta thuong goi la téi uu. Trong trudng hogp
téng quat, cac chi tiéu chit luong téi vu thuong duge goi la tiéu
chuan t6i uu (m6 td ham muc dich nao do) ky hiéu la Q.

Cac hé thong D K. T.D dugc xét truéc day co thé xem la hé thong
t6i uu néu cac chi tiéu chit luong yéu cau chinh la nhing tiéu
chuan t6i vu. Chang han cdc tiéu chudn téi uu do la:

— Thoi gian qua trinh qua doé ngan nhat.

— D6 qua diéu chinh o, bé nhit

— Sai léch tinh 14 nhd nhat

— Gia thanh ré nhat

— Nang lugng tiéu thu trong hé théng la it nhat

— CAu truc la don gian nhat v.v..

Tiéu chudn t6i vu Q thudng bi€u dién bdsi phi€ém ham (Phiém
ham la dai lugng co gia tri xac dinh dng véi moét ham xac dinh).
Tuy thude vao dac diém cua tiéu chudn tdi uu Q ma ta cd thé lap
ra cac bai toan téi uu khac nhau.

Trong thuc té, cac thong s6 va toa d6 cua hé thong téi uu thuong
bi han ché do nhiéu disu kién. Cac han ché dd xac dinh ti cac tinh
chit vat ly cua dé6i tugng diéu khién va tiu nhing yéu cau thiét ké
dat ra. Vi du xét déi tuong diéu khién la mot dong co dién mot
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chiéu, kich tu doc lap. dé dam bao d6 bén co hoc cua cac chi tiét
can phal han ché téc dé quay: dé dam bao ddi chiéu an toan va
tranh phat nong can han ché dong dién phan ung v.v...

Vay hé thong D.K.T.D t6i vu 1a hé thong ddm bao tiéu chuan toi
uu Q dat cuc tri (cuc dai hoac cuc tiéu) trong nhitng diéu kién han
ché do hoat dong cua hé thong dat ra.

Ta co thé néu ra mot s6 vi du vé hé thong diéu khién tdi uu nhu:

— Hé théng diéu khién may bay, tén lda can dam bao viéc su
dung nhién liéu 1t nhdt khi chuyén dong vdi hanh trinh dai nhat.

— Hé théng may nang ham mo can thuc hién nang tai vdi nang
suit cao nhat va ha tai an toan nhat.

— Hé thong diéu khién ra da can xac dinh vi trl muc tiéu nhanh
nhat v.v...

No6i dung co ban can nghién cdu trong diéu khién toi uu la:
1) Thiét ldap bai todn t6'i wu

Trong do can phai xac dinh phuong trinh trang thai ctua daéi
tuong diéu khién; néu lén dugc cac diéu kién han ché; xdac dinh
dugc so kién va bién kién cua bai toan; lap duge tiéu chuan tdi uu
Q cua hé thong.
2) Xdc dinh al gorit diéu khién (hay la luat diéu khién).

Trong do néu ra phuong phdp giai bai toan t6i uu dé xac dinh
tin hiéu didu khién tdc dong vao doi tugng didu khién dé€ cho tiéu
chuan toi uu Q dat cuc dai.

3) Tong hop thiét bi diéu khién 151 wu

Trong do can xac dinh ham tong hop, xay dung thiét bi tinh toi
uu bang cac phan tu thuc té.

Dé&i voi hé thong D.K.T.D téi uu hién nay dugc phan thanh hai
loai chu yé&u: hé thong téi uu tién dinh (tdc la hé théng t6i wu cd tin
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tuc day da vé doi tugng diéu khién) va hé thong toi uu ngau nhién
(tdc la hé théong téi uu co tin tdc khong day du vé ddi tugng diéu
khién)

O day ra sé xét hé théng t6i wu ¢ tin tuc day du vé d6i tuong
diéu khién.

Viéc nghién cuu hé théong D K.'T.D té6i vu la mét nhiém vu trong
ly thuyét cdac qua trinh t6i vu. Su hinh thanh va phat trién cua ly
thuyét nay chi mdi d6 vai chuc nam nay Co thé xem do cing la
mot nganh khoa hoc diéu khién thAm nhap vao nhiéu linh vuc khac
nhau nhu: kinh té, nang lugng, cdg hoc, vat ly, y hoc, sinh vat hoc
v.v... Chinh vi vay ma viéc nghién cudu ly thuyét cac qua trinh toi uu
ngay nay da tap hgp dugc moét doi ngu dong dao cac nha khoa hoc.

Sau day chung ta chi nghién cdu cdac vdn dé chinh-trong noi
dung hé thong téi wu tién dinh Con doéi véi hé thong téi uu ngau
nhiéen duge xét 6 Tap 2 Ly thuyét D.K.T.D.

7-2. THIET LAP BAI TOAN DIEU KHIEN
TOI UU

Mot hé thong D. K. T.D t6i uu bi€u dién bang so dd ciu tric trén
hinh 7-1 bao gom hai phan chu yéu: déi tuong diéu khién
(D.T.D K) va thiét bi
dieu khién (T.B.D.K).

N . . , |
Trén so d6 cau truc ky 2
hiéu X 1a tin hiéu vao; Y: . { }
, U

tin hiéu ra. U: tin hiéu —’Ci§)~* TEOK | -~ pTOK b v =
.. o R 1O |
diéu khién; Z: tin hiéu |
nhiéu; ¢: sai léch. Cac tin | J
L .

hiéu trong hé thong
thuong biéu dién bang

cac vec tad. Hinh 7-1.
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y = tyl’ Yoo yn)

€= 6 e e (7—1)
u = (Ul, u:, cevy un]}
z =12, 45,2,

7-2.1. Xac dinh phuong trinh trang thai cia doi tugng
diéu khién
Phuong trinh trang thai cua D T.D.K thuong 1a phuong trinh vi
phan co dang:

dy,/dt = £y, ..,y up, - U, t)
dy,/dt = f5(y,, .., ¥ Uy oy dpy £ (7-2)

dy /dt = f (y,, ..,y u, .., ug, t)

Trong hé (7-2), cac ham f, f,, ., f cd thé la cdc ham tuyén
tinh va phi tuyén. Trong chuong nay ta xét cac ham f (i = 1, ... n)
la ham tuyén tinh, khong phu thudc vao tin hiéu nhiéu z (i = 1, ..,
) va thoi gian t. Khi do hé (7—2) co dang:

b]

W% S b 7-3
— = ) ay, + > U (/1=3)
dt = 1V el A1~k

i = 1, 2, coy L.
Néu D.T.D K dudge mo ta bdi mot phuong trinh vi phan cip n co
moét tin hiéu ra y va moét tin hiéu diéu khién u:
dny dn— ly

a, ¢ + dt"_l 4+ ay =u, (7—4)

trong dd vé phai cuia (7-4) khéng chia cac thanh phan dao ham
cua u, bang cach dat:

y =y, y.=dyldt; y, = dzy/dt:; A -—“.dn-zy/dtn—2 (7—5)

ta sé co:
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Vi du 7-1. Viét phuong
trinh trang thai ctua déi
tuong diéu khién la déng
cao dién mo6t chidu kich tu
doc lap, &,, = const.

dyl
dt

I
<
Lo

dy-
dt

dyn—l
dt

dt

O

Trén hinh 7—-2, tin hiéu
diéu khién U la dong dién

phan Ung [, con tin hiéu ra

Hinh 7-2.

y la goc quay ¢ cua truc

dong co.

Phuong trinh can bang mé men cua dong co:

dw
kmly — Mg = J—dt (7-7)
dy
w = —, 7—8
Tt (7-8)

trong do ky = Cyy® = const; J: md men quan tinh; w: tdc dd gdc; ¢:
gdéc quay; gia sU bo qua phu tai trén truc déng co: M, = 0 thi

d2
'
leu =J dt2 (7-9)

NEu xét theo thdi gian tuong déi bang cach dat:

T:thM/J
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thi (7—9) c6 dang:

da(p 1 (7-10)
2 ~ Y - U 1/, 2 Y
dr (1,) /p (P)
Dat ky hiéu: ¢ = y; |, = U ta co:
d? Hinh 7.3
LAY (7-11)
dr

Vay phuong trinh trang thai cua déng co dién 1a mét phuong trinh
vi phan cdp hai. So dé cdu tric cla déng co vé trén hinh 7-3.

7-2.2. Diéu kién han ché

Cac thdng s6 trong hé théng t6i vu khong phai ldy véi moi gid tri
b4t ky ma thuong chi 18y véi cdc gid tri cho phép nao dé. Chang
han nhu dién ap, dong dién, t6c d6, gia t6c, nang lugng, nhién liéuy,

v... d6i vdi tifng hé théng dé'u c6 céc tri han ché& nhdt dinh. Vi thé&
han ché& giz tri cac thong s6 1a y&u t8 rdt quan trong khi nghién ciu
hé théng t8i uvu.

1) Diéu kién han ché tin hiéu ditu khié'n U.

‘Tin hiéu di2u khién U la mét véc to c6 cac toa d6 u, Uy, ..y wy
tao thanh mét khong gian m chidu. Néu cdc toa d6 u, (i = 1,2,

m) co cdc gid tri han ché& ta ndi rdng véc to u bij glél ha.n trong snéu
dien Q(U) nao dd, ky hiéu la:

T e Q) (7-12)

D6i v6i mot s6 trudng hop han ch& cta tin hiéu di2u khi€n U,
dugc viét dang:

a, < U, =b (7-13)

Néu tinh theo don vi tuong d6i, thong thudng trong cac bai todn
t6i vu ta thdy han ché&-U dugc viét dang:

|U| = 1. (7-14)
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2) Diéu kién han ché tin hiéu ra’y’

Cac tin hitu ra y (i = 1, 2, .| n) 14 cac toa do6 pha tao thanh
moé6t khong gian pha. Xuét phat tu cac digu kién thuc té ma cac toa
do pha y, cing cd gia tri han ché Téng quat co thé xem han ché tin
hiéu ra y, 1a bi gidi han ¢ trong siéu dién I'(y) nao do«va dudc ky
hiéu:

y € I'(y). (7—15)

Déi véi mot s6 trudng nop co thé viét:

h <]y | <ri (7-16)

Vi du 7-2. D&i véi dong co dién mét chiéu, dé dam bao dé bén
co hoc, can han ché téc dd quay:

|lw| =1
Néu lugng ra y la géc quay ¢ thi
|w | [dy/dt] =

Mat khac, dé dam bao viéc db6i chiéu an toan va tranh phat
néng qua gidi han cho phép ta can phai han ché déng dién phan
ung:

[ L =1,
Vi mémen M = kyl, = Jdw/dt cho nén ta sé c6 han ché:
|1, | kdw/dt]| | kd?y/dt?| < 1,

Qua day ta thay tin hiéu diéu khién I, c6 han ché& |I,| < r,
nhung déng thai tin hiéu ra y = ¢ cing c6 gia tri han ché theo dao
ham bac mét va bac hai cua no.

7.2.3. Thanh lap tiéu chuan t6i uu

Khi thiét ké hé thdng toi uu, ta khoéng ndi téi uu moét cach chung
chung ma phai ndi t6i vu vé moét mat nao dé Vi thé, dng véi mot
bai toan t6i uu sé c¢d mdt tiéu chuin t6i uu xac dinh.

Thong thuong, tiéu chuan t6i vu Q ducc bi€u dién bang mot
phiém ham dang:
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T
Q= Gy, .y, up .y, t)dt, (7-17)
0

trong dé G la mét ham xdc dinh d6i véi cac toa do y; tin hiéu diéu
khién U, va thoi gian t.

Viéc thanh lap tiéu chufin t6i vu Q phai dua vao dac tinh ctia déi
tuong, cac yéu ciu ky thuat, kinh té v.v... dat ra, nghia la phai tim
dugc mé ta toan hoc c6 thé cd méi lién hé gia y, va u; va t d€ thoa
man moét yéu ciu téi uu nao do.

Khi da co tiéu chudn tdi vu Q, ta phai tim cuc tri cua Q (cuc dai
hoic cuc tiéu) theo muc dich bai toan dat ra. Vi th€ Q con dudgc goi
1a ham muc dich.

Nhu vay thi viéc giai bai toan t8i uu chinh la tim. cuc tri caa
phiém ham (7-17). Vdn d& dé nam trong néi dung bai todn bién
phan dugc giai quyét trong "phép tinh bién phan” [T.L. 1].

7-2.4. Dat bai toan toi uu

1. Bai todn t6i wu tdc dong nhanh

Gia st ddi tugng diéu khi€n la déng co dién mot chidu duoc mo
ta bdi phuong trinh vi phan:

d?'y/dt2 = u.
Bai toan duoc.dat ra nhu sau:
Hay tim luAt didu khi€n u(t) véi didu kién han ché:
fu] = 1 (7-18)
d&€ cho dong co quay tu vi tri ban dAu cé gdéc quay va t6c do deu

bdng khong dén vi tri cudi cung co géc quay bang p_ va t6c d6 bang
khong v4i mot khodng thoi gian ngin nhAt.

- Déi vai bai toan t8i uu tdc dOng nhanh vi cBn thoi gian ngin
nh4t nén phién ham Q sé la:

T
Q=/[ Gy, ., ¥y Up - U, t).dt = T(min) (7-19)
0
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RS rang tit (7—19) phai co:
Gb’]v ) yn’ u]) ) dm) t) = 1 (7—20)
2. Bai todn 16i wu kinh té

Vi du v6i D.T.D.K la dong co dién moét chidéu nhu bai toian téi uu
tac dong nhanh & trén, do d6 phuong trinh trang thii cia D.T.D.K
va cdc didu kién han ché& nhu cq, khong cd gl thay ddi.

Tén hao nang lugng trong hé théng sé& la:
T
Q =-f U I, dt = min. (7-21)
0

Dua vao phuong trinh can bAng dién ap:

U,=IR, + ko (7-22)
va phuong trinh cAn bAng mo6 men:
ky I, — M, = Jdw/dt (7-23)
Ta tinh duoc:
T k. M_ T
Q=[U/Jldt = @ + SR, “dt, (7—24)
0 Ky 0

T
trong d6 ¢, = [ wdt 12 géc quay clia ddng co tit vi tri ban dAu dén vj
0

tri cubl cung.

Tiéu chufn t6i uu Q theo (7—-24) phu thufc vao binh phuong
dong dién I, (tic 1a tin hiéu didu khi€n d0ng co). Mubn tim cuc ti€u
cia (7—24) v6i 86 hang thi nh4t 12 hang s6 ta chi cAn tim cuc ti€u
cua tiéu chufn téi yu:

~ . T 2 i
Q = f U”dt = min, (7-25)
0

vai U = I, 1a tin hiéu didu khi€n.
Tiéy chuén t6i vu (7—-25) la hAm muc tiéu moé ta cho t6n hao
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nang luong tiéu hao trong hé thong la bé nh4t. Do cung la tiéu
chudn t6i uu cua bai toan téi uu kinh té&
3. Bai todn (61 wu vé thiét ké gidi tich thiét bi di¢u khi€n

Day la bai toan tim luat dieu khién « la mét ham giai tich lién
hé vdi tin hiéu sai léech cua hé th6ng d€ cho hé th6ng co chit
lugng t6t nhat (tuc l1a phai dAm bao gia tri tich phan chéit luong da
xét & chuong 4 cuc ti€u). Viéc xac dinh phuong trinh vi phan téi uu

dé cua T.B.D.K bang giai tich toan hoc ta goi la thiét k& giai tich
TB.D.K.

Tiéu chuan toi vu déi véi bai toan thiét ké giai tich T.B.D.K co
thé bi€u dién bang tiéu chudn tich phan sau:

Q = [ [ + 1(e¥ + U2 + B(UHdt, (7-26)
0
trong d6 thanh phan &*
va 1(e)? dac trung cho X £ T8 Pk Yletok Yy,
sai léch cuia hé théng =1 wip)

dat cuc ti€u va thoi
gian qua trinh qua dé
bé nhdt nhu da giai
thich 8 chuong 4; con
thanh phan U? dac trung cho nang luogng tiéu hao trong hé théng l1a
it nhat (tuong tu tiéu chufn t6i wu kinh t& (7—25) da xét) va thanh
phan /3.(U’)2 dam bao cho trong T.B D.K tuyén tinh khéng cé nhitng
tin hiéu digu khi€n ma t6c d6 bién thién cia né lan v6 han khéng
thé chdp nhan duogc.

Hinh 7-4.

7-3. CAC PHUONG PHAP GIAI BAI TOAN
TOI UU

Giai bai toan téi uu la xac dinh cyc tri cia mét tiéu chuan t6i vu
nao do (phiém ham nao do) Tu dfy ta 9 tim ra luat diéu khién téi
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vu U(t) tuan theo diéu kién han ché da dat ra.

Tim cuc tri caa phi€m ham Q[y(t), u(t)] thudc vé loai bai toan
bién phan. Luat diéu khién u(t) dé€ cho Q dat cuc tri ta goi la duong

cuc tri.

1) Cdc phuong phdp gidn tiép co bdn

Do la cdAc phuong phap bién phan cd6 dién, phuong phap quy
hoach dong va nguyén ly cuc dai. Cac phuong phap nay cho phép
chuyén bai todn bién phan v& bai toan giai tich quen thuéc, thong
qua do dé tim cac duong cuc tri don giadn hon. Cu thé d3i voi phép
tinh bién phin c6 di€n ta chuyén vé dang phuong trinh Euler -
Lagrange, dG6i v8i phuong phdap quy hoach déng ta chuyén veé
phuong trinh Bellman.va d6i v6i nguyén ly cuc daj ta chuyén vé tim
cuc dai cua ham H.

2) Cdc phuaong phdp truc tiép

Noi dung phuong phap truc ti€p la thay thé phiém ham Q bang
mo6t ham cd s6 bién hitu han va sau do 14y gidgi han d€ c6 nghyem
cua bai todan bi&€n phan. Khi d6 ta cd thé s dung cdc may tinh
dé oiai bai toan bién phan dé dang.

Hién nay do todn hoc hién dai phat trién manh nén ngudi ta da
dung phuong phap giai tich hAm d& giai cac bai toan dieu khi€n t6i
uu phuc tap. Trong gidi tich ham sé st dung tdi ly thuyé&t vé cac
khong gian triuu tugng (khéng gian ham, khéng gian tuyé&n tinh
dinh chudn v.v..), dua trén co sd ly thuyét tAp hop dé€ d& ra mét
phuang phdp t6ng quat gidi bai toan t6i wu. Day la mot phuong
phdap hién dai mdéi ra doi gin dAy, tuy chua dugc st dung rong rai
song c6 rit nhidu tri€n vong.

Cac phuong phédp k€ trén day dugc dung d€ giai bai toan t8i uu
d6i vai cac hé th6ng tién dinh.

D6i vai cac hé théng nglu nhién, viéc gidi bai toan t6i uu phai
dua vao ly thuyét xac suit th6ng k&, chdng han nhu bai toah Wienner
cho hé¢ tuyén tinh va cdc bai todn thudc hé th6ng thich nghi.
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Sau day ta sé nghién cdu ba phuong phap co ban va rit théng
dung dé gidi bai toan t6i uvu: phudgng phdp bién phan c6 dién;
phuong phap quy hoach dong va nguyén ly cuc dai.

7-4. PHUONG PHAP BIEN PHAN CO DIEN

Phuong phap bién phan c6 dién dugc hinh thAnh tu bai todn ve
"duong doan thoi" cta J-Bernoulli nam 1696. Sau do thi Euler va
Lagrange da thiét 1ap duoc cac bai todan bién ph&n va cach gidi tdng
quat hon. No6i dung bai toan bién phan c6 dién duoc xét nhu sau..
1) Thanh ldp phuong trinh Euler

Cho phiém ham dang:
T
Q = [G[y(t), y'(¥)].dt. (7—26)
0

Gid st ham Gly(t), y’(t)] don tri va lién tuc cung véi cac dao
ham riéng ~da nd, con ham y = f(t) don tri va lién tuc trong
khoang [0 — T] va cac dao ham b&c mét lién tuc trong khoang dd

(ndi gon la ham y = f(t) thuéc vé mét lgp ham C(l) nao da).

Bai toan bién phan dat ra ¢ day la hay tim mét dudng cong f(t)
thuéc l6p C(l) dé cho phiém ham (7-26) dat cuc tri.

Muén gidi bai toan ta xét ham:
y = f(t) + a.d(t), (7-27)
d lan can ham f(t).

Trong d6 « la mot tham s6 bé; 8(t) la m6t ham b4t ky thuoc 16p
C(l) théa man didu kién:

3(0) = o(T) = 0. (7-28)

Khi do phiém ham (7-26) sé l1a mét ham cuia a:

T
Qla) = [ GIf(t) + ad(t); £(t) +ad’(t)].dt (7-29)
0
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Néu a rit bé, ta phan tich Q(a) thé.nh chudi:

Qe + = 29 Sl
(a) = ()] + — [— + + .. (7—30)
Q a={ 1! da «a=0 2! da a=(
dQ d‘Q
Cac s6 hang a[— ] va a [—] goi la cac bién phan bac
da a=0 da a={

nhat va bac hai cia phiém ham Q va ky hiéu tuong ung la 4Q va 5°Q.
Néu f(t) lam cho phiém ham Q dat cuc tri thi:

d
9 e 7-31)
da a=0

il

Néu lay vi phan hai vé cua (7-29) theo a va th€ a = 0 vao ta sé co:

dQ oG oG
[——] = f [ —o(t) + —5°(t)].dt. (7—32)
da a=0 ay ay’
T aG oG T T d G
Tinh s6 hang: [ ——3’(t).dt = [4(t). —] — [ 8(t). — (—)dt.
0 dy oy’ 0 0 dt ay’

Do diéu kién (7-—-28) nén:

T G d oG
[ — (t)dt = —f sy, = (2 ).dt.
0 ay’ dt ay’
Vay:
dQ r oG d oG
[—] = [o(t)[ — - — (—)]dt (7-33)
da a=0 0 ay dt oy’

D€ cho ham Q(a - 0) dat cuc tri thl phai co

dQ
[—~—] =0

a=0
Cho nén co th€ nhan thdy rdng khi do co:
G d G

————(—-)—0 -34
ay dt ay’ (7-34)
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Phuong trinh (7-34) goi la phuong trinh Euler. do 1a mot
phuong trinh vi phan thong thuong

2) Bai todn bién phan co cuec tri buoc. Phwong trinh Euler — Lagrange

D61 vai bai toan diéu khién ma phuong trinh cua D T.D K ¢d
dang:

eyt y] =0d =1, ., n (7-35)

Ta noi rang cuc tri cua phiém ham Q con bi rang budc bai diéu
kién (7—35).

Bai toan diéu khién tim cuc tri cia phiém ham Q vdi diéu kién
budc (7-35) la bar todn diéu khién khéng holonoém tuc la trong
phuong trinh budc cé dao ham (khac vdéi bai toan diéu khién
holonom la trong phuong trinh buéc khong chia dao ham). Dé giai
bai toan bién phan cuc tri buéc, ta phai dung phuong phap thua sé
bat dinh Lagrange tuc la trong phuong trinh Euler ta thay ham
Gly(t). y'(t)] bang ham:

n
G" = Gyt yit)] + 5 Aty [yt) y'(t)] (7—236)

1=
Khi do phuong trinh Euler la:
(')Crt d r'}G'
— = — — =0, (7-37)
ay dt d_\f
trong (7-36). A(t) goi la thua s6 Lagrange

Mué6n giai bai toan ta phai dung phuong trinh rang budc
(7-35) va mot phuong trinh Euler (7-37) dé xac dinh (n+1) an s6:
y(t) va Att) (i = 1, ., n.

3) Bai todn ding chu

Diéu kién buoc cho d dang tich phan xac dinh:

|
JWlyt, yldt =L, (i=1..,n (7-38)
()

trong dé L, la cAc tri s6 hang.
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D¢ giai bai toan tim cuc tri cia phiém ham Q khi cd didu kién
bude (7—38) ta ap dung phuong trinh Euler déi v6i ham phu:

n
G = Gly(t), y(©)] + 3 A lyt), y(t)], (7—39)

=1

trong do A la cac thua s6 bat dinh Lagrange khong phu thuéc vao
thoi gian. Muo6n giai bai todn ta phai duang n phuong trinh buoc
(7—38) va mot phuang trinh Euler.

4) Vi du dp dung

Vi du 7-3. Xét bai toan t6i uu kinh t&€ 6 muc 7-2 vdi déi tuong
la déng co dién mot chiéu cé phuong trinh trang thai:

d?y/dt? = U (7-40)

Hay xac dinh luat diéu khién U(t) khi déng co quay td vi tri dau
co téc do y'(0) = 0 dén vi tri cubi cung c6 téc do y'(T) = 0 trong
khoang thoi gian T c()’.dinh va goéc quay cd dinh:

y'(t).dt = ¢, (7—-41)

O ——

Dé cho tdn hao nang lugng trong déng co tiéu thu it nhat, tic
la phai tim cuc tiéu cta ham muc tiéu:

Q =6fT U2(t).dt (7-42)
Giai.
Ky hiéu Y1 =Y
y, =y =dy,/dt.
Cac gia thiét cia bai toan tdi Uu sé la:
yp=U (7-43)
¥2(0) = y,(T) =0 (7—44)

Jyo(t).dt = ¢ (7 -45)
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Khi do phiém ham (7-42) cé dang.

T2
Q = fo[y 2(1)] dt (7—46)

O day bai toan bién phan dat ra nhu sau: Hay tim cuc tiéu cua
phiém ham (7-46) thoa man diéu kién budc (7-45) (diéu kién
dang chu) voi cac bién kién da cho (7-44).

Ap dung phuong trinh Euler

0G” d oG~
— = 0,
Jy dt oy’
trong do: G™ = G[y(1). y'(1) + AW y(t), y'(1)]
Cu thé cé:
G = [y,()]% Wy=y,(t).
Do do:
G™ = [y',(0]° + A y,(t). (7-47)
Tinh: 0G" /oy = A;; 0GT/ay = 2.y7 (1)
‘ - e - ‘ (z-ylz) = zynz(t)
dt oy’ dt
Phuong trinh Euler — Lagrange sé la:
1, = 2y",(t) = 0,
Hay la: y's(t) = 44/2 (7—-48)
Lay tich phan thd nhat phuong trinh vi phan (7-48) ta co
A
U(t) = y»(1) —2—t + Gy, (7—-49)

va tiép tuc 1y tich phan (7-49) ta dugdc:

yo(t) = A t* + Ct + C, (7-50)

q

Xac dinh hang sé tich phan C, C, va thua sé bat dinh
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Lagrange. Theo diéu kién bo (7-44) co:

yo(T) = %TQ + C, T= 0.

Theo diéu kién dang chu (7-45) ta co:

T T A, ;
o JY()dt =) (—t°+Ctydt= T34 7
0 0o 4
Giai ra cudi cung ta co:

6'(;00 —24(300

C1=?; C2=O va /11=

la:
6.94 12.¢,
Uru(t) = - t 7-51
tu T2 T3 ( )
6. 6.
Yiult) = g t - —?3*0 t2 (7-52)

Gia tri cuc tiéu nang lugng tiéu thy trong hé théng Ia:
12.<p02

73
DO thi clia Uy ,(t) va y, (1) vé& trén hinh 7—5.

i 2
Q- -({)[Ut.u(t)] dt = (7-53)

0 T/2 T

Hinh 7-5.

Hinh 7-6.
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Dé ching to rang tin hiéu diéu khién tim dudc 6 trén la téi Uu, ta
thi 1ay moét tin hiéu digéu khién U,(t) c6 dang ham gian doan vé
trén hinh 7—6a.

Goc quay cua dong cd trong khoang thoi gian T bang dién tich
hinh tam giac dugc gach soc trén hinh 7-6b la ¢, va dung bang
dién tich hinh parabol trén hinh 7—5b.

T/2 T/2 aT?
0o =2 [ y,dt=2] atdt=—
0 0 4
4,
DO d() d = io
T
vay: 2 .
+ 4, /T° khiO <t =< T/2
U, (1) 5 . (7—-54)
~ 49, /T khiT/2 <t <T.
Ton that nang luong khi diéu khién theo U (t) la:
2
T 16.
Oa N j UaZ(t)-dt = Tio (7_55)
0

So sanh (7-53) va (7-55) ta thdy ngay Q,, < Q,. Vay tin hiéu
diéu khién tdi Uu (7—51) sé lam cho déng co quay mdt goc ¢,
trong thoi gian T véi nang luong tdn hao it nhat.

Chi y. Phudng phap bién phin c¢d dién giadi bai toan t6i uu bing phudng trinh
Euler — Lagrange chi diung cho bai toan tuyén tinh, cac tin hiéu diéu khién va toa
dd pha la cac ham lién tuc. Phudng ph&p nay chi mdi cho ta diéu kién can cua t6i
Uu. Néu tin higéu diéu khién co d&t diéu kién han ché chidng han |U| < 1 thi viéc
4p dung phudng trinh Euler trd nén khé khan.

7-5. PHUONG PHAP QUY HOACH DONG

Vao nhing nam thd 50 caa thé ky nay, nha toan hoc My R.
Bel manda tim ra mot phuong phdp tédng quat — phuong phiap quy
hoach dong — dé giai bai toan bién phan.
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7-5.1. Nguyén Iy toi vu va ndi dung phuong phap

Doi vai bai toan bién phan tim cuc tri cua phiém ham

"
Q= J Gluy,tldt (7-56)

l()

ung v4i mét gia tri toi wu Q, , sé
co moét dudng cuc tri U (t) xdc
dinh ldy trong khodng [t , T].
Dudng cuc tri U (t) lién tuc
dugc thay thé& bang mot duong
gay khuac tung doan trén hinb
7-7 bang cach chia khoang T — t_ thanh N khoang nho At. C{ ing
véi mét khoang At ta lay U  (t) la mét gia tri khong déi. Lac dd
ham U ,(t) co dang:

Hinh 7-7.

U, = Ut vait, St <t + At =t
U, () =ﬁ U =Ult) vait) <t st +At=t + 2At =t,
Uy = Ulty pvaity st<ty  +At=t + Nat=T

Nhu vay phiém ham (7-56) sé dugc thay thé bang téng:

N-1 )
Q = 20 Glu, y, tll.At. (7-57)

Trong (7-57), U, la cac gia tri rsi rac. Lic d6 Q t¥ mot phiém
ham trd thanh moét ham Tim cuc tri cda ham Q theo (7-57) co N
bién U, bang cach tinh:

dQ/du, = 0. (7-58)
bé xac dinh duge U (i = 0, 1, ., N - 1) ta phai gidi dong thdi
N phuong trinh vi phan Muén loi g‘lél chinh xac thi s6 bugc N phai

tang lén, diéu dé sé lam tang s6 lugng phuong trinh vi phan va gay

nhiéu phuc tap trong tinh todn Qua trinh giai bai todn theo kidu
nay ducc goi la qua trinh mét buoc.

P
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Dé viéc giai bai toan dugc don gidn hon, Benmal da dé ra
phuong phap quy hoach déng cho phép tim nghiém U(t,) khong phai
cung mot luc gidi N phuong trinh vi phan, ma tuan tu tu budc nay
sang budc khdc. Qua trinh gidi bai toan t6i uu nhu vay goi la qua
trinh nhiéu budec.

Co sd cua phuong phap quy hoach déng la nguyén ly t6i uu.
Nguyén ly t6i uvu phat bi€u nhu sau:

"Bdt cu mét doan cudi cung nao cua quy dao téi uu cing la mot
quy dao téi uu".

Trén hinh 7-8 ta thdy néu qiy I3 2
dao 1 — 2 giita hai diém D-C la / P’ ; s
téi uu thi doan cudi cung cua quiy 0 ¥,
dao tu diém bat ky P dén C cing e —
la qiy dao téi uu. Ngoai qiy dao -
P.2.C, chang han quy dao P2'C
Hinh 7-8.

khéong thé coi la qay dao téi uu
dudgc.

Nguyén ly t6i uu & trén khong phai 12 moét nguyén ly cd tinh
chdt tdng quat ma nd chi diung cho nhitng hé thong cé quy dao téi
uu khong phu thuéc vao tién su cia hé théng nghia la chi phu
thudc vao trang thai cua hé thong tic thoi diém dang xét tré di ma
thoi.

bé thay dugce thuc chit cua phuong phap quy hoach dong, ta xét
mot vi du don gian sau day: Cé mot doi tugng chuyén dong ti di€m
dau D dén diém cuéi C qua ( m + 1) budc va § méi mot bude lai co
k. phuong an khac nhau trong do can dim bao cho mét tiéu chuin
tdi vu Q dat cuc ti€u. Mudn vay, trén hinh 7-9 ta phai cho mét quy
dao di tit D dén C d€ cho tiéu chudn toi vu Q dat cuc ti€u trong tat
ca cac qiy dao cd th€ cd. Bai todn nay co thé gap trong truong hop
cu thé vi du nhu cin xac dinh mot hanh trinh cua mady bay, tén lia
di qua cac vi tri da cho biét d€ sao cho nhién liéu s dung la it
nhit. Trong trudong hgp nay, dai luong Q 1& moét ham cia (m.k) bién
s6. S6 lugng cac phuong dan cd thé cd (tdc la s6 lugng hanh trinh)
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s6 bang k™ Néu k va m kha lon thi1 viéc xac dinh phuong an téi uu
6 vOo cung kho khan

Bai toan
xac dinh tri

cuc tiéu cua
ham Q co m
bién s6 va moi

bién lai co k

gia tri sé

chuyén thanh

mét bai toan Togocr' b2

don gian hon

bang cach tim

cuc tiéu cua Hinh 7-9.

ham mot bién

co k gia tri V1 vay nho phuong phdap quy hoach dong ma bai toan

dat ra viéc chon mét phuong an t6i uu trong k™ phuong an cd thé
thay thé bang bai toan chon lién ti€p nhiéu lan mot phuong an

té6i vu. Trong k phuong an ¢6 thé — Ching han néum = k = 10ta

chi can chon lién tiép mét phuong dn téi vu trong 10 phuang 4an

chd khong phai chon mét phudgng an téi uu trong 10'° phuong an.

Sau day ta xét mod ta toan hoc cua phuong phap quy hoach dong.

1
]
)
{ £
Am-1 Y bem 'b-(mf/}#

7-5.2. Phuong phap quy hoach dong dai véi hé thong
gian doan

Dé don gian, ta xét hé thong D.T.D.K dugc mo6 ta bdi phuong
trinh vi phan cdp mét sau:
dy

———-:f(, ), -—
m [y, u (7-59)

trong dd tin hiéu didu khién U ¢6 han ché: U € © Hay xac dinh
U(t) d€ tiéu chudn t6i uu sau day dat cuc tiéu:

T
Q = {Gl(y, wdt + ¢, [y(T)], (7-60)
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trong do: T = const; y(t =0 =y .

Néu chia khoang thoi gian T thanh N khodng nhé v tuc la T =
N.7, khi d6 cac ham y(t) va u(t) sé trd thanh y[Nr] va u[N7], con
phuong trinh vi phan (7-59) sé tré thanh phuong trinh sai phan:

yl(k + D] = ylkr] = 7.f,(y[kr], u[kr]).

Dat: .f,(y[kr], ulkr]) = f(y[kr], u[kr])
(7—-61)
1.G (y[kr], ulkr]) = G(y[kr], ulkr])
Do do ta co: y[(k + 1)1] = y[kt] + f(y[kr], ulkr]) (7 ~62)
N_
Q= El G(ylkr], ulkr]) %[NT]). (7-63)
k=0

Dua vao nguyén ly t6i uvu, giai bai toan theo phuogng phap quy
hoach dong bang cach di ngugc tu di€ém C dén diém D cta quy dao
pha trén hinh 7-8.

1) Doan quy dao cud’i cung: (N — 1)t <t < Nt
Qn-; = GEIIN = Dr], UN = Dr]) + o(y[N7D).
Vi theo (7-62):
yIN7] = y[(N — D)7] + f(y[(N - D], UIN = D]).
Cho nén:

Qn-, = GIN — 1], Ultn = Dr)) #Ry[(N - 1x]

+ f(y[(N = Dr], U(N = 1]} (7-64)

Gia thiét rang trang thai cta hé thong tai thoi diém t = (N-1)r da
bié&t, tic 1a biét duge y[(N-1)7] nén Qy_, chi con phu thudc
u[(N-Dr].
. Dua vao diéu kién tim cuc ti€u cia ham Qy_, theo U[(N-1)7] ta
“tim dugc gia tri t6i uu cta tin hiéu diéu khién la U [(N-1)r] va
gia tri cuc ti€u cua Qy_, la Q°\_;.

J Qn_;(min) = min Qn- i = QN (YIIN=D)]r)
UN_I (= Q
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Hay la
Q'n_(yIN — D1 = min [G(y[{N — 1)), u[tN = Dir])y +
UN—I e Q
+ o{y[(N — D] + fiy[(N = Dr], ul/N = D1D}] (7-65)

Vi gia thiét trang thai cda hé thong y[(N-1)7] da biét nén trong
(7—65), Qy_, chi phu thuéc vao mot bién U[(N-1)7]. Tin hiéu diéu
khién toi vu can tim U, [(N-1)7] tinh theo (7-65) lai 1a mot ham

cua y[(N—=1ir].

2) Xét doan quy duo wng voi (N — 2)t <t < N1
Doan quy dao nay bao géom hai doan tuong ung véi:
(N-Dir =t < Nrva (N=-2)1r =t < (N-1)r.
Khi do phiém ham (7-63) c¢d dang:
Qn_; = G{y[(N = 2x], ul(N - 2)71]} +

+ G{y[(N = Dr], ul(N - Dr]) + p(y[Nt]}. (7-66)
Hay la:
Qn > = G{y[(N = 2)1], u[(N - 2)t]} + Qy,  (7-67)

Ky hiéu gia tri cuc ti€u cia Qu_, la Q°y_,. Gia thiét rang trang
thai caa hé thong y[(N-2)r] da biét, ta sé cd:.

Q()N— > = min QN—;’ = min G(Y[(N - 2)'(], u[(N - 2)1]) +
UN_z = Q UN _2 & Q

+ min Qy_, =
= min_ G{y[(N = 2)r], u[(N - 2)7]} + Q"y_ {y[(N = D)r]}. (7-68|
UN__;) e Q
Theo (7-62) co:
yIUN = D] = y[(N = 2)1] + f{y[tn = 2)r], u[(N — 2)7]}.
Cho nén (7-68) co dang:

Q'n_>= min [G{y[(N - 2)7); ulIN - 2)]} +
UN_Z e Q

+ QN {YI(N = 2)1] +f(y[(N - 2)1], u[(N — 2t} (7-69)]
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Trong (7-69), Q. chi phu thuoc vao mét bién U[(N - 2)r]. Tin
hiéu diéu khién t6i uu can tim U, [(N-2)7] tinh theo (7-69) lai la
moét ham cuaa y[(N-2)7].

3) Suy rong cho doan quy duao bdt kv itng voi (N — k)1 <t < Nt
Lay k = 2, 3, ..., N. Tuong tu nhu biéu thic (7-69), trong
trudng hgp téng quat sé co:

Q°Ny_ = min [G{y(N - k)r], U(N = kir]} +
UN_k e Q

+ Q% __; {YI(N - k7] + f(y(N - kir], ul(N - k)tD}] (7-70)

Trong (7-70), Qy_y 1a ham chi phu thudc vao moét bién U[(N — k)1].
Tin hiéu diéu khién t6i uu can tim U [(N - k)7] tinh theo (7-70)
lai 12 mot ham cua y[(N — k)r]

Tu hai bi€u thdc (7-65) va (7-70) ta sé xac dinh dude cac tin hiéu
diéu khién téi uu UI.U[(N_—]')T]’ U JN=k 7] veik = 2, 3, .., N.

Vi bai toan cho biét so kién y(t = 0) = y, cho nén U, (0) xac
dinh dugc. Theo (7-62), biét y(0) va U, ,0) ta sé tinh duge y(1) va
do do sé tim duge U, (1) theo (7-70). Sau do ciing lai theo (7-62) ta
tim ra y(27) va xac dinh dugc U, (27) theo (7-70). Cu tiép tuc mai
cho dén diém cudi cung D cia quy dao, cudi cung ta sé tim dudc tri
s6 y(T) va xdc dinh dugec U _(T). Digu do ching té rang, trong ca
khoang 0—T ta sé tim dugc tin hiéu t6i vu U, , d€ cho tiéu chuan
t6i uu Q dat cuc ti€u, nghia la bai toan téi wu da dugc giai quyét.

Qua day ta thdy rang ban dau dua vao nguyén ly t6i uu, dé tim
gia tri t61 wu cua tin hiéu diédu khién U(t), ta da xét tiut diém cudi C
dén diém dau D cua quy dao téi uu (hudng di nguge). Khi da dén
budc cubi cung tuc la tim duge U, (0) theo trang thai ban dau y(0)
ta lai lap lai cach giai theo hudng thuan tu di€ém D dén di€m C cua
quy dao dé tim ra U ,(t) dang con phu thudc vao trang thai y(t)
chua biét. Qua trinh giai theo hudng thuan tiu D dén C cho ta cach
xdc dinh cu thé tin niéu diéu khién t6i wu cia U, (t) d€ cho phiém
ham Q dat cuc tiéu.
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Phuong phap quy hoach dong giai bai toan theo "qua trinh nhiéu
budc” thuong cho ta két qua cua U(t) theo cac gia tri roi rac. Mudn
co Utt) bi€u dién qua cac ham gidi tich, ta phai dung phuong phap
tinh gan ding (gidng nhu phuong phdp tim ham giai tich cua cac
quan hé thuc nghiém).

7-5.3. Quy hoach dong doi vai hé thong lién tuc
1) D6t voi hé thong khéong oténém
Phuong trinh cua D.T.D.K cd dang vectd:

‘ dy’ ~
¥ — =FF, U, t) (7-71)
/ ¢ dt
ﬁﬁ
4], ) y Hay xac dinh tin hiéu digu khién
0 o " U(t) dé€ cho phiém ham sau dat cuc
tiéu:
Y .
Q=/G!, u t)dt (7-72)
Hinh 7—-10 ly

Cho biét dieu kién dau c6  y(t = t ) = y(t ).
Ky hiéu gia tri cuc ti€u cua Q la Q° R6 rang Q° 12 mot ham cua
y(t,) va T.
Q°I(ty), TI = min Q[y(t), W(t), t] (1-173)

ue Q

Trén qiy dao t6i wu & hinh 7-10 ta lay mét di€m P ing vai thoi
diém t,. Khi d6 phiém ham (7-72) cd dang:

T
Q= IG(y, U, t)dt + fG( W, t)dt (T—174)
o k

Dua vao nguyén ly téi wu, doan qiy dao PC (Ung va@i t,_—T) cing
la qty dao toi uu, khi do ta sé co:

Q°[F(t,), T1 = min Ql‘i(t) T, U] (7-"T5)
UeQ
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Hay la

‘K
Q"[F(t,), Tl = min {[G(F, T, t)dt + Q"[F(ty), TI} (7—-76)

u e Q Loy

Bay gio ta xét mot di€ém chuyén dong ti diém cudéi C dén diém
dau D cua quy dao pha t6i vu. Luc dd di€m dau D khong thé xem
la c6 dinh va t_ trd thanh mot dai lugng bién déi. Thai diém t,, chia
quiy dao pha thanh hai doan cing dudc coi 12 mé6t dai lugng bién
doi. Ta cd thé ldy t, rat gan t, nghia 1a cd thé thay t_ bang t+At.
Khi do (7-76) co dang:

t+At
Q°ly(t), T] = mi?2 { | G O 0dr + Q°y(t + At), TI} (7-77)
u e t

Khai tri€n cac s6 hang & vé phai (7—77) thanh chudi Taylo d lan

can t ta co:

Q°F(t), T] = min {f GG, T, dr +

ue Q t
d t+ At
+ [ J Gy, u, r)dr]. At + ¢, + Q°[y(t), T] +
d(t + At) 1
n 0Q° Q"
+3 — Ay, + At + €5} (7-178)
i=1 oy, a(t + At)

Trong (7—-78) s6 hang [ G(y, u, 1)d7 = 0 con ¢}, ¢, la 4c s6 hang
bac cao cua chudi Taylo, dd 14 cac v6 cung bé bac cao.
Véi t ¢6 dinh (vi t chinh la t_ d& ndi ¢ trén) thi dao ham cua bi€u
thic tich phan trong ddu ngoac vuong sé 1a dao ham theo bién At.
d L+Al , .
[ sé khu nhau va chi con lai gia tri ham dudi
dAt
d4u tich phan la:

Khi do cac dau

Gly, u, t + At).

Vi Q°[y(t), T] khéng chia u nén Q°[y(t), T] c6 thé dua ra ngoai

ddu min va kht véi gia tri Q°[y(t), T1 6 v& trai cia (7-78).
u e Q
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Né&éu bo qua cac vO cung bé bac cao €, ¢, va chia hai vé& cho At
roi 1ay gioi han khi At - 0 ta dugc:
o 0Q° dyl (')QO
min { G(y, u, t) + Y +
u e Q

Mat khac ta co:

b= 0. (7-19)
=1 gy, dt ot

dyl
_E:f'(yl’ » Yoy Ups o Uy, 1)
Cho nén:
Q" Q"
min { G[y, u, t] + E— fly,u, t] +—1} = 0.
ue @

(7-80)

i=1 dYy

ot
Phuong trinh (7—80) goi la phuong trinh Bellman

Dé tim tin hiéu diéu khién u(t), tit (7—80) ta tinh dao ham cia
v& trai roi cho triét tiéu sé dugc hé phuong trinh Bellman sau day

n OQO GQO
Gly,u, t]+ 3 — . fly,u,tJ+— =0
0 210 (7-81)
— 4+ }i + = 0.
ou =1 du y; ot. du
Néu ky hiéu:
y . S GQO aQO é)QO
grad Q = ( - ) oty )
dy dy > Iy,
Fly, u, t] = (f|[y, u, t], ..., f [y, u, t]),
thi tich vo huéng cua gradQ® va F sé la:
0Q° 0Q° - o
<gradQ®, F> = £+ < £+ o+ °Q
9y, ay> oo

0y,
Khi d6 phuong trinh Bellman(7—-80) c¢6 dang

I” @]
min {Gly, u, t] + < gradQ®, Fly, u, t] > + E b =0 (7-82)
ue L gt
2) D&i véi hé thd'ng Otoném

Vi phiém ham Q khéng chda bién thoi gian t nan
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dt
Khi d6 phuong trinh Bellman ¢g dang:

a 8]
min {G[y(t), u(t)] + }: —Q flyt), ult)] = 0 (7T—83)
ue Q i=1 dy,
Hoac la:

8

d
Glytt), u(t)] + 3 ki) £ly(t), u(t)] = 0

o (7-84)
G % o, 08: -0
du i=1 du  Jdy,

Vi du 7-4. Hay xac dinh tin hiéu diéu khién la dién ap dat vao
phan Ung déng co dién mot chiéu dé sao cho ton that nang lugng
trong qua trinh lam viéc bé nhat. Cho biét: phu tai cua déng co la
M. = kuw; TU thong dong co khong bién d6i; déng co lam viéc o tdc
do thap; bo qua dién cam phan Ung; Mémen quan tinh cua dong
co va phy taila J =02 g.cm.secz; Gia tri bang s&: C, = 0,096 V.sec;
Cm = 30 gcm/a; k,=10g.cmsec; R, =5 Q.

Giai

« LAp phuong trinh trang thai cua D.T.DK:

Phudng trinh can bang dién ap va mémen cua dong co la:

U, =I,R, + Cow
Cul, — ke = J 2
M T T T
C,Cy  0.096.30

e

= 0,52

Giai ra va thé gia tri bang s6
J
k,=10 >> 0,52 do do ta co:

= — w +

dtJ JR,

U,
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Tim ham muc tiéu:

Vi dong co lam viéc o téc do thap nén C,.w <<IR,,

, Uy
do do: I, = —
RU
Ton that dién o trong déng co la:
2
APy =T U, = —
d = WYy R,

Tén that co cla hé théng:
AP_ = 9,8110 °M,w = 9,8110 "% k;w®

Vay tén that toan bé cla hé thdng trong sudt qua trinh lam

viéc la:
o U2
Q=/ (98110 Sk.w?+— )dt
0 R,
Hoac:
Q=/ (aw®+ayu)dt.
0
voi:

a, = 0,2 J/sV a, = 0,98110 >J.s
« Xac dinh luat diéu khién U:

Ap dung phuang trinh Benmal (7-84): (Vi hé thdng dugc xét I
hé Otonom, phiém ham Q khéng chua bién t)

n 2Q°
Gly(t), u()] + > fly(, uv]=0
i=1 ()y'
oG n of  aQ°
- 4 2 =0
Jau SV dy,

Vi vi du nay ta cé: n=1 vi phuong trinh trang thdi cia D.T.DK
la phugng trinh vi phan cdp mot.
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-k C
lw + —M.Uu

flytt), ut)] =
b J JR,

Gly(t), ut)] = a,w” + a US

Cho nén thé vao phuong trinh Benmal ta thu dugc:

. S —k C 0Q°
aw’ +a, U+ (— w+—t U)e— =0
J J.R, Jw
C OQU
2a U, +—0 =0
JR, ow

Rut 9Q"/0w tu phuong trinh dudi th& vao phuong trinh trén ta

duoc: c " c
—M.aO‘Uu2 — 2ao—l w.UU —a, M w®
J.R, J J.R,

Tu do co: U, = —kw.
Voi:

—k.R /kR , 4
1M +V( ! )< 1 ::0,87.10_3\/'.8-

Cm Cm Aq

u

k =+

Vay mudn cho tén thit nang lugng trong hé théng bé nhit thi
tin hiéu diéu khi€n (dién ap phan dng) phai bién thién ty 1& bac
nhat vdi van toc goc cua dong co.

7-6. NGUYEN LY CUC DAI

Nguyén ly cuc dai Pontryagin (mang tén nha toan hoc Nga) dugc
phdat minh trong nam 1956 — 1960, d€ giai cac bai todan t6i uu. Sau
day ta sé tim hiéu ndi dung nguyén ly cuc dai.

7-6.1. Noi dung nguyén ly cuc dai
Xét D.T.D.K mo ta bdi hé phuong trinh vi phan cdp mét:
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o
=
Iy

—— =fly, .,y U,. U Gd=1.,n) (7—85)

trong do y, 1a cdc toa do pha; U, la cdc tin hiéu diéu khién.

Nhiém vu can giai quyét 1a hay xac dinh tin hiéu diéu khién U(t)
dé chuyén hé thong tu trang thai y(0) dén trang thdi y(T) d€ cho
phiém ham sau dat cuc tri:

T
Q = [ Gly, U, t].dt. (7—-86)
0

vdi diéu kién han ché u(t) € Q (U)

Néu dua vao hé thong mét toa do pha phu y_ xac dinh tu phuong
trinh:
=G, u, t] = (¥, u, t] (7T—87)

dt

Khi d6 phéi hgp hé (7—-85) va phuong trinh vi phan (7-87) ta sé
cd moét hé (n + 1) phuong trinh:

dy, .
—dz— = fi@l’ ciey yn, Ul’ ceny Um) (7'—88)
i = O, 1, ey 1L,

Nhu vay cd thé thdy rang, ti bai todn téi Wu tim cuc tri cia
phiém ham Qly, u, t] bang cdch dua vao moét toa do pha phu y  ma
khi 14y tich phan hai v& (7—87) co:

T dy, T .
J — dt =y (T) = [ Gy, u, t]ldt = Q (cuc tri).
0

0 dt
ta da chuyén vé& bai toan tim cyc tri cua toa do pha y (T) la gia tri
dng véi trang thdi cudi cung cia toa d6 pha y,.
Trong nguyén ly cuc dai con dua vao cdc bién s6 phu: W (t),

W,(t), .., W,(t) va ham H:
=()

1



Chuong 7: HE THONG DIEU KHIEN TU DONG .. 275

Cac ham W.(t) dugc xac dinh tu hé phuong trinh vi phan:

dW, oH
——=—-— (i=0,1,..,n) (7—90)
dt ay,
Thé (7-89) vao (7—90) ta ca:
dwW n Of.b_/',‘u‘, t]
L= - SW (). — (7-91)
dt k=0 dy,
i=0,1,..,n

Lay dao ham (7-89): o0H/0W, = fly, «, t] va so sanh v6&i (7—-88)

ta co:
dy, dH
= (1=20,1, .., n) (7-92)
dt oW

Hé cac phuong trinh vi phan (7-90) va (7-92) goi la dang lién
hgp chinh tac.

Nguyén ly cuc dai duge phat biéu dudi dang dinh ly sau day:

Duéu kién can dé cho tin hiéu diéu khién d(t) = [u (t), u,(t), .., u_(t)]
va quy dao y(t) = [y,(t), y,(t), .., yn(t)] la t61 uu, thi ta phdi xdc
dinh duoc ham W(t) = [W,(t), W,(t), ..., W _(t)] lién tuc, khac khéng
thoa man phuang trinh (77— 90) de sao cho vdi bat ky thoi diém t

nao (0 <t < T) t/u ham H[W(t), y(t), u(t)] cta bién U € Q cing
dat cuc dal & diém u = u(t):
HW(t), y(t), u(t)] = max
UeQ

Tic day ta rit ra trinh tu gidi bai toan téi uu theo nguyén ly cuc
dai nhu sau:

1) Viét phuong trinh trang thai caa D.T.F.K theo dang (7-88)
tic 1a gobm (n + 1) phuong trinh vi phan cdp mét:

y/dt = fly,u,t] i=0,1, .., n) (7-93)
2) Thanh lap ham H:
n
H=73 W) fly, a t]

1=0
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3) Xac dinh tin hiéu diéu khién U(t) theo cuc dai cua ham H dsi
voi bién U(t) tu:

(;H/()UJ =0G=12,.., m) (7-94)

4) Vi ham U(t) con phu thuéc vao W (t) tuc la:

UJ(t) = ¢, [V (D],
do do ta phai xac dinh cac ham y (t) lién tuc, khac khong tit phuong
trinh:
d¥, oH -
— =- —— (1=0,1,..,n). (7—95)
dt ay;

Tom lai, mudn xac dinh tin hiéu dieu khi€n U(t) ta phai giai tat
cd (2n + m + 2) phuong trinh, trong d6 cd: (n + 1) phuong trinh
vi phan cdp mot cua D.T. D.K (7-93), (n + 1) phuong trinh d3i véi
ham W (t) (7-95) m phuong trinh dao ham riéng d6i véi bién U, (t):
(7-94)

Qua day ta thdy, bai todn tim dudng cuc tri (tin hiéu diéu khién
U(t)) dé€ cho phi€ém ham (tiéu chuén téi uu Q) dat cuc tri nho
nguyén ly cuc dai, ta da chuyén dugc vé dang bai todn giai tich dé
giai quyét hon bang cach tim bién U ) dé cho ham H[U,(t)] dat cuc
dai. Chinh vi th€ ma phuong phdp giai bai todn t6i uu viua trinh bay
& day dugc goi 1a phuong phap nguyén ly cuc dai.

7-6.2. Vi du ap dung
Vi du 7-5. Ddng co dién mot chiéu dudc mé ta bdi phuong trinh:
d?y/dt? = U.
piéu kién han ché:
lu| =1

Hay xac dinh tin hiéu diéu khién U(t) dé cho hé théng tu trang
thai ban dau y(0) chuyén vé gbc toa do cla khong gian pha vdi
thdi gian ngan nhat.

Day la bai toan t6i Uu tac dong nhanh,_phiém ham cé dang:
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T
Q=  1dt=T (min); G[y, u, t] =1
0

Bai toan toi Uu dudc giai theo trinh tu sau day:

1) Viét phuong trinh D.T.DK vé dang (7—93) bang cach dat:
Yy =Y yp =dy/dt
dy,/dt =y, = f,(y, u)
dy,/dt = U = f,(y, u)

2) Thanh Iap ham H theo: H=3% W[y, u t]
=0

Theo (7—87); fo =G =1nén:
H=W, + Wt + W,
=W, + Wy, + W,U
3) Xac dinh tin hiéu diéu khién U(t) theo (7—-94):
oH/ou = W, (t) = 0.

Qua két qua nay ta thdy ham phu y,(t) = 0 khdng thé chap
nhan dugc vi khdng thoa man diéu kién cla ham y,(t) trong nguyén
ly cUc dai da phat biéu. Vi thé mudn ham H dat cuc dai cé thé 1dy U
cuc dai, tdc la 18y cac gia tri dau mut cua khoang -1 < u < 1

u=+thoacu= -1
Dé cho H cuc dai, néu 1ay Wy(t) > 0 thi u=+1
con  W(t) <0 thi u=-1

Tin hiéu diéu khién u(t) phu thudc vao d&u cua ham y,(t) dudc
viét theo ky hiéu:

u = sign.W,(t)

4) Xac dinh ham W (t) theo (7—-95) ta co:
dW,/dt = —9H/dy, = 0
d¥,/dt = — oH/oy, =0
dW,/dt = — dH/oy, = =W,
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Giai hé phuong trinh nay ta co:
W, = C, = Const
¢, = C, = Const,
W, =C, - Cyt.
Vay U =1sign(C, — Cyt).

Ham W,(t) C, — Cit dbi dau khéng qua mét Ian. Do dé tin
hiéu diéu khién u(t) = sign ( C, — Cyt) la ham co gia tri khéng dobi
tung doan va co cac gia tri gidi han bang + 1 va bang —1. Ham U(t)
coO nhiéu nhdt la hai khoang gia tri khéng déi. Hé thdng t6i uu dudc
xét d day la hé thong phi tuyén (role).

7-6.3. Dinh 1y vé n-khoang

Qua vi du 7-5 ta thdy rang voi D.T.D.K moé ta bang phuong
trinh vi phan cdp hai ¢co nghiém thuc khong duong thi tin hiéu diéu
khién U(t) 1a moét ham xdac dinh khong qua hai khoang khong daéi.
Thuc ra nhan xét nay chi 1a trudng hop riéng cua bai todan t6i uu
tuyén tinh khi phuong trinh dac tinh bac .. cd . nghiém thue,
khong duong. Viéc xac dinh s6 khoang cta tin hiéu didu khién t6i
uu U(t) trong truong hop tdng quat duge trinh bay ¢ "dinh ly
n—khoang" do A A. Phendbaum tim ra 1953. Néi dung dinh ly nhu
sau:

D61 vor hé thong tuyén tinh mo td bang phuong trinh ddc tinh
bac n, ¢6 tat cd cac nghiém la thuc, khong duong con diéu kién han
ché cia tin hiéu didu khién cho d dang |u| < 1 thi tin hiéu diéu
khién U(t) lam cho phiém ham Q dat cuc tri, la mét ham khong déi
tieng doagn bang *1 va co khong qua n khodng khong déi.

Chu y: dinh ly n—khodng khong thé ap dung dugc cho hé théng
diéu khi€n phi tuyén hoac hé thong tuyén tinh ma phuong trinh dic
tinh cd nghiém phuc lién hogp.

Dé ching minh dinh ly n—khodng ta cd thé dung nguyén ly cuc
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dai. Gia s¥ hé thong mo ta bdi phuong trinh:

dny dn—ly
St + AT + ... +ay=bu (7-96)
V6i ., aj, ..., a, vd b la hé s6 con u dat han ché |u| < 1. Dé

don gian ta gia thiét phiém ham Q khong chua U va tuyén tinh. Ta
chuyén phuong trinh hé théng (7-96) vé dang (7-6):

dy,/dt =y,

dy,/dt =y, (7—T8)
b 1

dy /dt =— U — —(ay, +a>y, _, + .. +ay).
a a

0 O

Lapham  H =3 Wf;

1=1

n
H = Elwlfl =Wy, + Wy, + .+ ¥y —
I:
1 b
-V —(a,y, +ay, |+ .+tay)+ ¥ —U (7—98)
a, a

0

Dé tim tin hiéu U ta tinh oH/QU = 0 ¢¢ \lfn.aE = 0 nghia
la W = 0 diéu do khong thoa man diéu kién dat ra frong nguyén
ly cuc dai tuyc la W phai lién tuc, khac khong Do do dé cho H_
chi co thé:

Y — U= max (7—99)

Tu (7-99) ta tim duogc luat diéu khién toi uu:
u(t) = sign¥ (t) (7—100)
nghia la ham u(t) chi ldy hai gia tri +1 hay —1.

Dé xdc dinh W (t) trong (7-100) ta viét cdc phuong trinh
(7-95):
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dW, oH a,
- = = — = \[Jn' .
dt Jdy, d,
d¥, oH a, _
f= - — = - ¥, (7-101)
dt dyz d.o
d¥_ oH a,
—_-=—_=lpn___..lpn_1
Lodt 9y a,
Gidi ra ta co:
n ~-1
cypt Ty e e &
dt” dg f a, dt a_ den !
Hoac la:
oodw, oAy o dwy
(=1)".a, . + (=1)" ".a, tn_1+ .+ (=D a _, C a W = 0
(7-102)
Phuong trinh dac tinh cua (7-102) co dang:
(-D"a p" + (=D" lap" '+ . +(-D'a _,p-a =0
(7-103)

Phuong trinh dac tinh (7-103) chi khdc phuong trinh dac tinh
cua (7—96) d ddu cua cac hé s6. Cho nén cac nghiém cua (7-103)
chi khac cdc nghiém cta phuong trinh dac tinh cua (7-96) vé diu
con gia tri van la cdc nghiém thuc. Khi do nghiém caa (7-103) co
dang:

s

Y o(t) =

n

C,.ePr'. (7-104)
1

1

Tu (7-104) ta thdy rang, ham W _(t) bang téng cia n ham mi
CePi' trong d6 cdc s6 mi p; ddi ddu khong qua (n — 1) lan, cho nén
tin hiéu dieu khié€n U(t) = signW¥ (t) sé khong ¢d qua n khoang
khéng d6i. Vay dinh ly n khodng da dugg ching minh.
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7-7. MOI LIEN HE GIUA BA PHUONG
PHAP BIEN PHAN CO DIEN, QUY
HOACH DONG VA NGUYEN LY CUC
DAl DAC DIEM VA PHAM VI UNG
DUNG CUA CHUNG

7-7.1. Moi lién hé gida nguyén ly cuc dai va phuong trinh
Euler |

Ta thdy nguyén ly cuc dai la mot phuong phdp gian tiép dé giai
bai toan bién phan. Dai vdi mot s6 bai toan téi uu, ta cd thé dung
phuong phdp bi€n phan c¢d dién, phuong phap quy hoach dong va
nguyén ly cuc dai giai ra déu cho cung mot két qua. Nguyén ly cuc
dai dé giai bai toan vdi cdc han ché tin hiéu diéu khi€n 14 ham lién
tuc tung doan. Né&u bai toan téi wu khong dat han ché thi nguyén ly
cuc dai va phuong phap bi€n phan cé dién déu cho k&t qua nhu
nhau. Do do ta sé tim mdi lién hé gitta nguyén ly cuc dai va phuong
trinh Euler

Gia st D.T.D.K dugc mo6 ta bdéi phuong trinh:
dy/dt = u. (7—105)

Ta can tim cuc ti€u cia phiém ham:

—

Q = [ Gy, T t].dt.
0

Ta ky hiéu:
t
y, = J Gly, 4, t]dt
o (7—106)
Y, =
Khi do ta cé hé phuong trinh vi phan:
dy /dt = G[¥, U, t]
(7-107)

I

dy,/dt = u.
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Ham H trong nguyén ly cuc dai co dang:
n - - A —
H=3Y WA y,ut =Wy qr1)

1=0 1=0
H=¥ GFut +¥.U. (7-108)
Hé phuong trinh déi véi ham W
(d¥ /At = — oH/oy, = 0

x dG(y, u, t)
L dW,/dt = —doH/oy, = —oH/dy = - (7—109)
Jy
Xac dinh gia tri U(t) dé H cuc dai tu:
- 0G(y, U, t)
oH/ou = W, + @ =0 (7-110)
Ju
Vi W = const néu ldy W, = 1 thu
oGy, u, t)
Wy = (7-111)
ou

Mat khac, thé W, = 4 trong phuong trinh thd hai cia (7-109)
va ldy tich phan hai vé ta co:

v dGly, u, 7)
Y =C +J dr (7-112)
0 oy

Tu (7—111) va (7-112) ta co:
' IG(Y, T, t)
ou

t
=C, +J dr (7—-113)
0

Lay vi phan hai vé cia (7-113) theo thoi gian va két hgp vai
dy/dt = u ta co:

d dG oG
. = (7—-114)
dt oJu Jy
Viy = u - du = Jy nén ta co:
oG d aG
— - = 0. (1-115)

dy dt Jy
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R6 rang phuong trinh vi phan (7—115) rut tu nguyén ly cuc dai
trong truong hgp D.T.D.K duoc mé td badi phuong trinh y’ = U
hoan toan giéng phuong trinh Euler (7-34) da ¢ 6 muc 1-4.

7-7.2. Moi lién hé givda nguyén ly cuc dai va phuong phap
quy hoach dong

D61 vdi phuong phap quy hoach déng ta da tim dugec phuong
trinh Bellmandang:

OQU —)Q()
min {G(y, 4, t) + 2 — f(y, t) + b =10 (7—116)
ueQ =1 dy, Jt
D61 voi mot ham tdng quat u ¢d tinh chat:
min{u} = — max {— u},
thi (7—116) sé tré thanh:
__OQ(I OQ
max{Gb/ut]wL“f[yut](————}—O (7—117)
wEQ =1 ay, ot

Doi véi hé thong 6tonom, khéng ¢ mat bién t trong ham f khi
do phuong trinh Bellmancd dang:

0

max {—G[y(t), u(t)] + E f [y(t), T(t)]. = (7-118)
ue Q OyI
Doi véi hé théng khong Otonom, néu dat t = y_, | thi:
Q" 0Q°
ot - 0¥ h+1
Cho nén (7-118) co dang:
n+l OQO e .
max {-Gly, u, yn+l]+§:(—— fy,u,y,, I} =0 (7-119)
ue Q =1 ayl

Néu dua vao moét toa dé pha phu y, xac dinh theo:
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‘)y() -~ —_— —
— = GlyT 4, t] = Gly, u,y,, ]
dt
=f[yqy,,,] (7-120)
Khi dgo ca:
t
Yo =[)f GLV, u, t] = Q(min) = QO (7T—-121)
Véi diéu kién ban dau: y(t =0) =0 (1-122)
Nhu vay thi:
aQ(‘)
gy, = 0Q” hayla — = 1.
Jdy,

Do d6 (7—119) co dang don gian hon:

n+l [,'QU
max { >(- \f.ly, w, t]} =0 (7-123)
ueEQ  1=0 Jdy,
Néu dat y (t) = —OQO/OyI (i=20,1,.., + 1 thita cd:
n+1
max { fi[y, w, t]LWAt)} =0 (7-124)
ue Q 1=0

Né&u xét hé thong 6tonom thi (7—118) sé co dang:

max {3 W(t)fly, u, t]} =0 (7-125)
ue Q 1=0

Bi€u thuc cudi cung can phai cd gia tri cuc dai tidc 1a tuong dng
vai cuc dai cuia ham H trong nguyén ly cuc dai:

H= WLy, ut]
i=0

Qua do ta thdy rang, tu phuong phdap quy hoach dong ta cd thé
suy ra nguyén ly cuc dai (hodac nguagc lai).
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7-7.3. Dac diém va pham vi ing dung cia cac phudng
phap gian tiép

1. Phurong phdp bién phan cé dién

Viéc tim cuc tri cua phiém ham dugc trinh bay qua cach gidi
phuong trinh Euler d6i vdi cdac bai toan khong c¢d han ché (vi cac
dudng cuc tri d day chinh la cdc tin hiéu diéu khién u(t), phai la
ham lién tuc, kha vi), va qua cach giai phuong trinh Euler -
Lagrange d6i vdi bai toan co han ché cho theo dang moét phuong
trinh nao dd (v1 diéu kién buéc do6i vai bai toan holonéom, khdng
holoném va dang chu da ndi ¢ trén).

Nhu vay d6i vdi bar todn co han ché da duoc giai nho phuong
trinh Euler — Lagrange trong do can phai xac dinh cac thua sé
Lagrange rat kho khan

Thuc té ta dang gap bai toan t6i uu ma tin hiéu diéu kién U(t)
lai 1a ham lién tuc tung doan, cho nén viéc ap dung phuong trinh
Euler — Lagrange va viéc gidi quyét bai toan do rat phuc tap.
Chinh vi th€ ma phuong phap bién phan c¢6 dién bi han ché kha
nang su dung trong thuc té rat nhieu.

2. Phuong phdp quy hoach dong

T6t nhat nén ap dung phuong phap quy hoach doéng d6i vdi hé
théng gian doan. Dac biét doéi vdi cac bai toan tdi vu phuc tap dung
may tinh s6 tac dong nhanh gidi quyét bang phuong phdp nay rat
co hiéu qua. Tat nhién khi d6 do ham mo ta tin hiéu diéu khién tim
duoc U(t) theo bang s6 liéu rdi rac nén biéu thuc giai tich cua Utt)
chi 1a gan dung. DGi voi hé thong lién tuc phudng phap nay sit dung
it vi kho giai phuong trinh Benmal.

3. Phuong phdp dung nguyén ly cuc dai

Phuong phdp nay ridt co hiéu qua khi giai cac bai toan co han
~h€ di han ché théng s6 cho theo ham lién tuc hoac ham gian doan
déu dugc ca. Si dung phuong phap nay dé giai bai toan téi uu phi
tuyén c¢ kho khan, dac biét trong viéc xac dinh cac ham phu Wt
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dé cho ham H dat cuc dai.

7-8. TONG HOP HE THONG DIEU KHIEN
TOI UU

Nhiém vu quan trong va cd y nghia thuc té€ nhat khi nghién ciu
cac qua trinh t6i uu la tdng hop duge hé théng toi wu, tuyc la phai
xac dinh duogc so dd cdu trie, dac tinh va tham sé cua thiét bi diéu
khién.

Tong hop T.B.D.K té6i uu duge thuc hién déi voi ca hé théong hd
va hé théng kin. D&i voi hé théng kin, viée téng hgp cd phuc tap

hon nhung cd nhiéu uu diém hon. Vi thé & day ta chi xét viéc tong
hop T.B.D.K d6i v4i hé théng kin.

Qua budc gidi bai toan tdi uu, luat didu khién U(t) da xdac dinh
duge va nho D.T.D.K xem nhu xic dinh dugc dac tinh nén qua
trinh t6i uu y(t) dugc xac dinh. Néu xac dinh duge tin hiéu vao x(t)
thi sai léch e(t) = x(t) — y(t) xac dinh. Tu do ta tim dugc ham
U(e)goi 1a ham tdng hop.

Khi d4 cé ham téng hgp U(e), ta can phai xay dung thiét bi tinh
thuc hién ham dd. Vi thé thiét bi tinh & trong bai toan tong hop toi
Uu git mot vai tro rdt quan trong. Ta co thé thuc hién xay dung
thiét bi tinh s6 va thiét bi tinh tuong tu. Tuy nhién loai thiét bi tinh
s6 con dugc su dung it vi phuc tap va gia thanh cao. Vi vay ngudi
ta thudong dung thiét bi tinh tuong tu dé tong hop hé thong téi uu.

Viée tong hgp hé théng téi vu phai thuc hién qua hai budc:

a) Xac dinh ham téng hop U(e)

b) Xay dung thiét bi tinh thyc hién ham téng hop.

Sau day ta sé néu mot vi du vé bai toan téng hogp hé théng tdi
uu don gian.

Vi du 7—6. Tong hop thiét bi didu khién véi D.T.D.K dudc mé ta
bdi phuong trinh: d?y/dt? = U, dé cho D.T.DK chuyén tu trang
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thai ban dau y(t,) dén trang thai y = 0 voi thoi gian ngan nhat néu
tin hiéu diéu khién U c6 han ché:

lul| <1

1. Xay dung qiy dao pha t6'i wu va xdc dinh ham téng hop U(e)

Bai toan nay theo nguyén ly cuc dai ta da tim dugc luat diéu
khién téi uu U(t) c6 dang:

u(t) = sign (C, — Cyt),

trong dé C, va C, la cac hang s6 phu thudéc vao diéu kién dau
W, (t,) va W,(t,). Néu C, va C, xac dinh dudc thi bai toan tong hop
3 day rat don gian. Tuy nhién theo nguyén ly cuc dai, cac hang sé
C, va C, trong luat diéu khién u(t) la rat kho xac dinh. Cho nén
trong trudng hop nay vdi phuong trinh vi phan cua D.T.DK la cap

hai ta cé thé dung phuong phap mat phang pha dé xac dinh ham
tdbng hop.

Nhu trén ta da biét, ham u(t) la ham co gia tri khéng doi ting
doan va lay cac gia tri giéi han bang +1 va bang —1. Ham doé cé
khéng qua hai doan khéng ddi (vi ham u(t) = C, — C,t chi d6i dau
khéng qua moét 1an trong khoang 0 <t < T).

» Phuong trinh vi phan cta D.T.DK co thé viét dang (7-6):
. dy,/dt =y,
:;‘ dy,/dt = U
~ Khi U(t) = +1ta co: dy,/dy, = y,.
Phuong trinh qdy dao pha cé dang:
1

2
V1=?(V2) + G

Phudng trinh nay biéu dién bang mot ho parabol c6 diém [5i
quay vé phia trai.

— Khi u(t) = —1 ta c6: dyy/dy, = -y,

Phudng trinh quy dao pha co dang:



SIS Chuong 7 HE THONG DIEU KHIEN TU DONG ..

! 2
y; = — — (yp)" + C.

2

Phuong trinh nay biéu dién bang mét ho parabdl quay diém I5i
sang phia
phai.

Vi U(t) lay
cac tri gidi
han +1 va —1
doéng thoi lai
chi co khéng
qua hai doan
khéng doi nén
gia suU ban
dau Ung voi
u(t) = +1, diém Hinh 7-11.
biéu dién sé
chuyén déng trén doan qly dao pha MN,, sau do u(t) = —1 thi diém
biéu dién sé chuyén dong trén doan parabdl thd hai N,O. Nhanh
parabdl BN,O goi la dudng chuyén doi, di qua goc toa dd (vi qiy
dao pha t8i uu'can tim phai di vé& géc toa dé pha). Ngudc lai néu
ban dau Ung vai u(t) = —1va sau dé u(t) = +1 thi diém chuyén déng
sé 0 trén hai nhanh parabdl M,N, va N,0.

Nhanh parabél AO di qua goc O dng vdi u(t) = +1va C = 0 duoc
biéu dién bang phuong trinh:

1 2
Vi=", (Y2) (7-126)
Nhanh parabdl BO clng di qua géc O Ung voi u(t) = =1vaC =0
dudc biéu dién bang phuong trinh:
1
Yy, = —é (y-)” (7-127)

Qua hinh 7—1, Ung vdi mét trangthaj ban dau ta chi xac dinh
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dugc mdt quy dao pha. Vi nguyén ly CU dai chi mdi cho ta biét
diéu kién can cua t6i uu do do, 0 day ta phai chliing minh quy dao
pha tim dugc la quy dao téi uu.

- That vay, Ung voi mot qiy dao pha trén hinh 7—11 hé thong sé
co mot qua trinh xay ra nhat dinh. D6i vai bai toan t6i Uu tac dong
nhanh 6 day can phai chuyén hé théng tJ vi tri A dén vi tri B xac
dinh trong khoang thdi gian ngan nhat, tlc la dong co phai quay
mot gac ¢, trong khoang thoi gian ngan nhat. Mudn vay ban dau
dong co phai duoc md may vai gia tdc dén cuc dai va sau do phai
ham vdi gia téc nguoc cuc dai (hinh 7-13)

u - A4/F

]

sz } | —

{y,:yo-y:‘fzf“f’ .t /2 T r

a) a - T T
y,= dy,/dt L __[

Hinh 7-12. Hinh 7-13.

Vai gia toc d‘2y/dt2 bién thién theo quy |uat trén hinh 7—13a thi
quy dao pha tuong Ung la 1 trén hinh 7-12. Khi d¢6 téc do w
dy/dt bién thién theo dudng thang trén hinh 7-13b.

V6i gia toc duong cé: w = dy/dt =t VOi 0 <t<T/2
va qua trinh cua hé thdng (goc quay ) bién dbi theo quy luat vé
trén hinh 7—13c biéu dién bang phuong trinh:

= — 0 <t < T/2
y 2
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la doan Parabdl OPg
Véi gia toc am co: w=dy/dt=T/2 — (t = T/2)
voi T/2 =t < T,
va goéc quay y bién déi theo quy luat:
y = T4/4 — 12(T = 1)?

Goc quay ¢, = wt = const dé dong co can phai quay vdi thdi
gian Tpy, chinh 1& dién tich tam giac OPQ trén hinh 7-13b khéng
doi.

Néu gia su tén tai mot qly dao pha @ khac quy dao pha )
trén hinh 7-12 dugc xem Ia t8i uu, khi dé qua trinh y(t) sé thay doi
khac voi duong OP,Q, trén hinh 7-13c, va tuong Ung vdi téc do
dy/dt biéu dién bang duong cong @ trén hinh 7-13b. Vi diéu
kién han ché gia t8c U =d°y/dt% |U| < 1cho nén dé nghiéng
cua duong cong @ khong thé 16n hon dé nghiéng duong OP va
PQ nghia 1a b4t ky dudng cong w(t) = dy/dt nao cing b&t budc
phai nam dudi dudng OP khit < T/2 va cit qua dudng PQ mot
l4n khi t > T/2. Nhu vay diém két thuc R cla dudng cong @
trén truc hoanh nhat thiét phai nam bén phai diém Q dé cho dién
tich do dudng cong @  tao ra phai diung bang dién tich tam
giac OPQ. Diéu doé ching to thai gian chuyén dong Ung véi quy
dao @ I8n hdn thdi gian chuyén déng Ung voi quy dao @
nghia |a chi cé thé co quy dao D la qdy dao t&i uu ma thoi.

Qua trinh ciia hé théng dac trung bang diém biéu dién trén
qiy dao pha theo hai nhanh parabdl. Nhanh parabdl thd hai luén
di qua gdc toa do. Ung vdi trang thai dau néu u = +1 ta cé nhanh
parabdl thd hai 1a2 dudng AO va u = —1ta co nhanh parabdl thd
hai la BO trén hinh 7-1. Dudng cong AOB duac goi la dudng
chuyén d8i vi dé 1a noi hé théng dd8i trang thai to u = + 1 dén
u = -1 (hodc nguaoc lai).

Nhanh AQ biéu dién bang phuong trinh (7-126)
Vitrén AO coy, > 0 vay, < 0 nén (7-126) cé dang:
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2
yy = (=signy,) (L;) (1-128)

Nhanh BO biéu dién bang phuong trinh (7-127). Vi trén BO co
y; < 0vay, > 0 cho nén (7-127) co dang:
2
(Y2)
Y= —(sigﬂyg)-fz‘2 - (7—129)
Vi (7-128) va (7-129) nhu nhau, do dé phuong trinh cua ca’
duong chuyén doi AOB sé la:

2
Y, = = signy, (22) (7-130)

Vi tin hiéu U chi 1dy hai v
giad tri +1va -1 cho nén S
n6 phai dugc tao ra nho b v
mot rdle ly tudng R trén - ]0
hinh 7—14b c6é dac tinh ——-ﬁ_’
trén hinh 7—14a. Dau vao
cua R 1a tin hiéu v clng la a)
mot ham cua cac théng
s6 va toa do cua hé PN e L e U ey W4
théng. Nhiém vu cua thiét y|" T
bi tinh T |a dé tinh thoi T |
gian chuyén déi cua role 5)
R dé cho hé théng tu gia

Hinh 7-14.

tdc duong sang gia téc
am, Diéu do sé xay ra khi
v (14 luogng ra cla thiét bi tinh T) di qua gia tri khéng. Do do

phugng trinh cua tin hiéu v & dau ra thiét bi tinh T la:
1 5 .
V=Y, +—2 (y,)<.signy, (7—-131)

Khi co chuyén déi thiv = 0 tdc & ta cé phuong trinh dusng
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el L

chuyén doi AOB. Dé dang thdy rang cac diém biéu dién d bén phai
dusng chuyén déi tdc 1a u = —1thiv < 0 con cac diém biéu dién o
bén trai dudng chuyén déi, d dé c6 u = +1thiv > 0.
Tin hiéu diéu khién t&i uu U cudi cung co6 dang:
u=signv

1
U = sign{y; +— (yo)? " signy,} (7-132)

Hay la:

Néu doi vé dang ¢ cu thé y, = y thay bang e con y, = dy/dt thay
bang de/dt = ¢’ ta sé co:
1
U = sign{e +—2—(£')25igns} (7-133)

Ham U(e) theo (7-133) goi la ham téng hop.

2. Xay dung thiét bi tinh thuc hién ham téng hop

Ham v la tin hiéu vao cua role R dung dé diéu khién viéc - déng
cat cua R nén v con goi la "ham dong cat" hay la "ham chuyén
déi" Dé md ta ding ham U(e) trén so doé cau tric hinh 7-15 ta

|

= Llign? t |
[-57—\\‘{"—2(& Ul = Y ook ’,

n — .

|

Hinh 7-15.
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thuc hién bang thuat toan trén mé hinh tuong t hoac bang
giai tich trong may vi tinh rdi théng qua ADC va DAC dé diéu
khién dbi tuong

799, TONG HOP HE THONG DIEU KHIEN
GAN TOI UU

D& tao ra cac thiét bi diéu khién t6i uu thuc hién duoc
trong ky thuat ta phai giai bai toan tong hop to6i uu vdi diéu

kién
Can don gian hoa moé t3d toan hoc cua DTDK

Can don gian hda angorit diéu khién t6i uu via tim dugc.

1. Don gian hoa md td toan hoc cua D.T.D.K

Viec tong hop T.BD.K sé don gidn néu ta don gidn hoa
duge phuong trinh trang thai cuaa D.T.D K trong pham vi cho
phép. Ta c¢o thé tién hanh don gian hda phuong trinh trang thai
cua D.T.D K bang cach

Tuyén tinh hoa hoac bo qua cac dac tinh phi tuyén cuaa
D.T.DK

Ha cdp phuong trinh vi phan dén cdp hai hoac téi da la
cidp ba, thuc hién bang cach bo qua cac hé s6 hang trong sé
hang dao ham cao cdp (tic la bd qua cac hang s6 thdi gian co

tri s6 bé).
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2. Pon gidn héa ham téng hop (hay lad ham chuyén do'i)

Qua hai vi du téng hop & trén ta thdy thuc hién luat diéu khién
t6i vuu nho ham téng hop v dua vao role ly tudng hai vi tri.

Ham tong hop la mo6t ham phi tuyén phuc tap cda cac toa do
pha. Dé thuc hién nd ta phai xay dung thiét bi tinh kha phtc tap,
tham chi véi D.T.D.K chi mé ta bdi phuong trinh vi phan bac hai téi
gidn. Phuong phdap don gian hda phuong trinh trang thai D.T.DK
khong phai ldc nao cing cho phép chuyén vé phudng trinh vi phan
tuyén tinh tu cdp hai trd lai. R6 rang c6 nhing D.T.D K ma phuong
trinh vi phan sau khi da don giéﬁ hoa réi van con cao, khi d6 ham
tong hop tim duoc cing rit phuc tap chang han cd dang:

v(y, ¥or 0 ¥ = 0.
Ham tong hop v(y,, ..., y,) = 0 don gian nhit 12 ham tuyén tinh,

khi d6 dudng chuyén d6i qua gdéc toa do 1a mot duong thang va
thiét bi tinh chi cin dung cac bé khuéch dai tuyén tinh va bo cong.

Goi v (y;, ..., y,) 1a ham tong hogp t6i vu chat ché va ham vd_g(yl,
..., ¥) 12 ham téng hop t6i wu da duge don gian. Hé thong gan tai
uu thuc hién theo ham vd.g(yl, ..y ¥,) S€ ¢ moét sai léch so véi hé
thong t6i uu chat ché thyc hién theo ham téng hop v (y,, ..., y,)-

Sai léch do duge danh gid theo tich phéan:
Q =7 ...(S{ Voldps o ¥a) = Va gy y)10dy s, dy,  (7-134)

Xét truong hop hé thong téi vu cdp hai don gian thi sai léch cén
danh gia la:

a b ‘
Q =/ _fb Vo1 ¥2) = vy ¥2)1°dy, dy, (7-1835)

Néu gia tri Q, cang bé thi hé théng gin t6i wu duge téng hgp
cang gan vdi hé théng téi vu chat che.

Xét vi du trén hinh 7—16a va hinh 7-16b ham t8ng hop v(y,, y,)
dugc tiém cin theo hai cach khac nhau.

Né&u theo cach tiém can nhu trén hinh 7-16a thi thay th& duong
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chuyén doi AOB (dit nét) da tim dugc theo ham v (y,, y,) chat ché
bang dudng gin ding LNOPQ tuyén tinh ba doan mé ta bdi ham
vdgm(yl, y,) va sai léch st) xac dinh theo 7-135 Né&u lay gan
ding ham  nhu trén hinh 7-16b bang duong ANOPB mo6 ta bdi

ham Vg Y y,) va cd sai léch la Qs(a).

?}/2

Hinh 7-16.

Trén hinh 7—16a gia st ing v6i trang thai ban dau ¢ M, diém
bi€u dién theo quy dao t6i uu chuyén dong dén di€m C trén doan
thang gan ding LN va trugt dén di€ém N rdi theo duong chuyén déi
t6i vu di vao goc toa do.

Néu dng véi trang thai ban dau & M,, sau khi di€m biu dién
gap duong chuyén dé6i PO, no sé di vao gbéc toa dé theo doan thang
PO va hé thong chuyén dong theo ché do truct. Qua trinh qua do
ung vdi quy dao pha gan duing trén hinh 7-16a la mot qua trinh
khong dao dong.

Trén hinh 7- 16 b, Ung véi trang thai ban dau M, diém biéu dién
chuyén dong theo quy dao téi uu réi cat dudng chuyén doi AN va
sau do lai chuyén dong theo quy dao t6i uu thud hai va cat dudng
chuyén d6i PO roi ti€p tuc di theo quy dao t6i uu thd ba va cat
duong chuyén doi ANO v.v... Qiy dao pha dd cd xoan din vao goc
toa do. Vi thé trudng hop nay, qua trinh qua do la mot qua trinh
dao dong tat dan (vi quy dao pha dng vdi qua trinh do hoi tu vao
tiéu diém can bang 0),
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7-10. DIEU KHIEN TOI UU bOI VOI
PHIEM HAM DANG TOAN PHUONG

Cdc van dé dugce xét g trén trong chuong nay la nhitng nguyén ly
cd ban cua diéu khi€n t6i uu, chu yéu xét cho nhing bai toan t6i uu
don gian mét chiéu.

Phan nay ta dé cap dén mét lop bai toan diéu khién toi wu phuc
tap hon, duoc xét trong khong gian trang thai.

7-10.1. Diéu khién toi vu doi vdi hé thong lién tuc

Phiém ham chat lugng dang tong quat:

]l =
Q = —2_[ (x’Rx + v .R,u).dt (7—136)
0

Cdc ma tran R, va R, dugc goi la ma tran trong lugng va thudng
c6 dang dudng chéo. Cac thanh phan x'R,x va u’'R,u c¢6 dang toan
phuong va dac trung cho cac chi tiéu chit lugng vé dac tinh tét
nhédt caa hé théng va nang lugng tiéu hao it nhit tuong ing.

| S 0 X
xRyx =[x, ..x,].
0 . rnn a0
rX
n )
= X| ... “n] = Z I‘“.Xi” (7—137)
=1
r X, |
’ Q 2
w'Ru = 3 r,.u” (7-138)
1=1
Do do: .
Q= [(Ir,x’+ Iryusdt (7-139)
20 1 ] ’
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[.Phicong trinh Liapunov
Xét hé thong mo td bdi phuong trinh trang thai sau:

x=Ax + Bu
(7—140)

oy = Cx
Phuong trinh dé xac dinh tac déng diéu khién t6i uu co thé viét
dudi dang:
u=-Kx (7—141)
Trong do K = {k,} la ma tran diéu khién téi vu can xac dinh.
Thé (7-141) vao (7-140) ta co:
x = (A - BK).x (7-142)
LAy chuyén vi (7—141):
w = (-Kx) = -x".K’ (7—143)

Thé (7-143) vao (7-136) ta dugc:

1l
Q= —5 g x’R x + X’ K R,.K. x)dt
] =
Q= B ({ x(R, + K'R,.K)x.dt (7—144)

Ta nhan thay rang khi hé thong kin 6n dinh, tuc 1a x(e) = 0 thi
sé ton tai mdt ma tran P xdac dinh dugng, thuc, déi xing co cac

phan td bang s6 dé& sao cho:

d

— (x’Px) = - x' (R, + K'R, K)x (7—145)
<- dt

P={p,}

Ma tran P xdc dinh duong néu nhu tit ca cdc dinh thudc con
chinh ctia nd l6n hon khéng, nghia la:

P, > 0,
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Pl P2
> 0;
P> P2
[ P;p Py pln—
>0 (7—146)
L pln pln pnn_

Thé (7-145) vao (7-144) sé cho ta gia tri phiém ham:

1 =~ d 1
Q=- — [/ —(x’Px)dt=- —x"Px =
2 0 dt 2 Io
1 1
= ——x (). Px(0) +— x’(0).P.x(0)
2 2
Hay la:
1
Q = 3 x (0).P.x(O) (7—147)
Tit (7-145) ta tinh:
d .
d- x".Px) = x"Px + x'Px (T—148)
1t

Vi theo (7-142) x = (A — B.K).x nén

x = (A - BK)x)Y =x" (A - BK) (7—149)

Thé x tu (7-142) va x’ tu (7-149) vao vé phai (7-148) ta dugc:
d

g (x’ Px)=x"[ (A—-BKVP + P(A - BK)]x (7—150)
t

Két hop (7—-145) va (7—150) cudi cung ta co
(A BKV.P +P(A -BK = -R, - K'R,K (7-151)

Phuong trinh (7-151) dugc goi la phugng trinh ma tran

Liapunov. Nghiém P cda phuong trinh nay ia mét ma tran déi
xting. xac dinh dudng: '
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Tu phuong trinh (7—147), muén tim gia tri cyc tiéu cta phiém
ham Q ta tinh cac dao ham:

| Q
J li

0 (7—152)

Vai li la cac phan tu caa ma tran K
Tu d6 ma tran nghiém xac dinh dugc, ma tran K cing xac dinh
duge va cudi cung ta tinh duge diéu khién toi uu:
u=—-Kx

2. Phuong trinh Riccuti

Theo phudgng phdap quy hoach dong Belman, dé: vdi hé thong
khong ding, diéu khién té6i uu u(t) co thé xac dinh dugc nho
phuong trinh Belman (7-80)

a d [§) "0 O
min  {(Gly, u, t] + ¥ —— fly, u, t] + } =0 (7-153)
ueEQ 1=1 (f)yl Jt

|
Trong do: Q = [ Gly, yu, t].dt la phiém ham chat lugng.

t
Khi bai toan toéi Uuo xét vai hé thong bi€u dién bang phuong trinh
trang thai:
x = Alt).x + B(t)u (7—154)
Ta can tim diéu khién t6i wu Utt) dé cuc ti€u phiém ham chat
luong sau day:

11
Q = b S [xX’R(t)x + u’.R,(t)ul.dt (7T—155)
0

vai R (t) va R,(t) la ma tran déi xuing xac dinh duong co dao ham
cap hai lién tuc theo t.
Khi d6 phuong trinh Belman (7-153) 3é ¢6 su thay‘thé cac
thanh phan: Gly, u, t] sé la:
1 1
‘3 x ()R (0.x(t) + 5 u Ryt utty) = Gly, o, t) (77— 1586
Con f(y, u, t) dugc thay bang: (Att).x + B(t).u")

hay gig ta viét lai phuong trinh Belman dang khéc:
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{.,Qn 1 1 . | .
—— = [ —x" ). R (trxty + —u (H).Ry(t)hu'(t)y+
It 2 2
(_’;Q” : )
+ ( - ) (A(t).x + Bit).u] (7—157)
X

Trong do
n': gia tri diéu khién téi uu dé Q dat cuc ti€u vai gid tri Q°;

[@X) OQO (]QU

N
'’ la n" chuyén vi, (J—x ) 1a chuyén vi cua —
(

5D,
Qua trinh xac dinh cuc ti€u ctia phiém ham da dan téi didu kién:
p
0G J ()QO
— | +— [( ) (At)x + Bithu]| =0 (7-158)
(:’u U:UG 01.1 ()X u=u

Trong dé G chi biéu thuc (7-156).

Tu (7-158), cudi cung ta xac dinh duoc diéu khién t8i uu u”:
Q"

Ut = - R 0).BY b, (—) (7-159)

JX
Néu ta muoén téng hop diéu khi€n t6i uu tuyén tinh nhu la ham
cia cdc toa do thi thay cho tiéu chudn chit lugng Q° phai lay dang
toan phuong: 1
Q%x, t) = - x' .Px (7—160)
Dem thay thé phuong trin% (7-1589) va (7-160) vao phugng
trinh Belman (7—-157) ta nhan dugc phuong trinh ma tran Riccati:

dP(t) _
- —— = —P(t).B().R,.B().P(t) + P(t).A(t) + A'(t)P(t) + R(t)

dt
(7-161)
Vé mat ly thuyét, ma tran P(t) cd thé xdc dinh dudc nhd viéc ldy
tich phan phuong trinh (7-161). Sau khi tinh duge P(t), va vi P(t)
d&i xing cho nén nho cac biéu thuc (7-159) va (7-160) ta xac dinh
dugc tac dong diéu khién toi vu:

u’(x, t) = = R, (t).B7Ht).P(t).x(t) (7-162)

Déi vdi hé thong ding, phiém ham chat lugng cd dang:
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Q :2—1 x.(x’(’t).Rl.x(t) + u'(t).R,.utt) dt t7-163)
0
Trong d6 R, vA R, 14 cdc ma tran hang xdc dinh duong. Diéu
kien lim P(T) = 0, luc nay phuong trinh Riccati (7-161) sé trg
thémqh pl?u(mg trinh dai s6 Riccati dang ma tran, phi tuyén sau:
~ PBR, 'BP+PA+AP+R =0 (7-163)
Giai phuong trinh (7-163) ta xac dinh dugec ma tran hang P.
Diéu khién toi uvu lic nay sé la:
U%x,t) = = R, 'B'P. .= -Kx (7-164)
Tu phuong trinh (7—164) rd rang mudn biét duge u”(t) ngoai R,,
B da biét va P da xac dinh tit (7—163) thi bat budc phai biét tat ca
1 trang thai cua véc to trang thai x nghia la phai do duoc chinh xac
tin hiéu ra x,(t) vd (n — 1) thanh phan dao ham cia nd. Day la moét
yéu cau rat nghiém ngat.
Trong thuc té&, ta thuong gap bai toan xdc dinh diéu khién t6i vu
n’(t) la dai luong vé hudng. Dac biét
trong cdc bai toan phuc tap nhu diéu khi€n va try, trong cdc hé
théng nhiéu chiéu ta mdi phai xac dinh véc to diéu khién t6i uu
n“(t) nhiéu chiéu.

3. Cdc vi du wung dung
Vi du 7-7. (Dua vao phuong trinh Riccati 7—163).
Cho hé théng diéu khién cap hai vé trén hinh 7-17

X + U A X o=\ 1 Xy =
K1 2 Y > — ;I—y—b-
(-) p +a P
{-)
K2/K1 ‘—

Hinh 7-17.
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A

D6i tugng diéu khién cé ham truyén dat: Wgr(p) = ———
p(p + a)

X
Bién trang thai x = ;
X2

Phuong trinh trang thai co dang:

e e

Phan hoi trang thai dang

U % = Ax + B.U X ,_tc“)'ng quat nhu da vé trén
() hinh 7-18.
| Phuong trinh diéu khién:
K = u=-Kx=-[k; ky]. x
Hinh 7-18. (7-166)
Phiém ham chat luong:
1 =
Q= —J(xRx+ uR,u)dt

20

1 0
Trong do R, = ;
0 ry

P11 P2
R, = ry, P =
P12 P22

Phuong trinh Riccati (7—163) sé la:

Py P2 0 1 0 0 Pun  Pp 1 0
. + + -
Pz Pzz 0 -a 1 -a P P2l |0 1
[P Pt [0 Py P2
P Poo| |A Pz Poao




Chiong 7: HE THONG DIEU KHIEN TU DONG .. 303

Hay la:

' 142 2 —1,2
0 Pu=apy | |1 O [Ty JA™PR" T ATPpPg| (0
+ — =

1,2 2. 2
Pp—aPs 2Pyp—2aPpys |0 19| |f2 ATPpP2 12 APa; 0

Dang v6 hudng, vi tinh chat déi xing ctia ma tran nén chi con
cé 3 phuong trinh:
2 -1
2 —1

2 -1 2

Tu (7—167) ta giai ra nghiém pij

12
a“r, 2vr,
Py =V + +r
1t A2 A 1
2
) (7-168)
ar, V' /a2r2 2Vr,'
Pop = — —5 + _ >+ o,
A A A A
Diéu khién t6i uu U°(x, t) = —R, 'B'P.x = —K.x
K=+R, B'P. (7-169)
, i _, 10 P11 P12 .
Trongdo R, '=r,”'; B'=| | P-= (7-170)
LA Piz Paz

X,
X = ;
X2
Thay thé (7-168) va (7-170) vao (7—-169) ta sé xac dinh dudc

ma tran K va diéu khién téi uu u®(t).

Vi du 7-8. Cho hé théng diéu khién mo ta bdi phuong trinh
trang thai:
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x| [o 1] [ x 0
: + U (7—-171)
Hay xac dinh diéu khién téi uu U° dé cho phiém ham chat ludng
sau day dat gia tri cuc tiéu:
B

Q- [ (xZ+025.u)dt (7-172)

o

DA4u tién ta xac dinh cac du kién cla bai toan tdi uu:

0 1 0 1 0
A = B = ; Ry= , R,=025.
0 -01 0,01 0 O

Ap dung phudng trinh Riccati (7—163)
PA+ AP +R, — PBR, BP =0

o 11 [o o 1 0 0] 1 0
P, + P - P. .— [0 0,01]P =
0 -01 1-01 0 0 0,011 0,25 0
(7-173)
N P Pr2
VoI P = :
P P2
Hay:
+ + —

0 Pp-01pyp| [Pn=01P;z Pp—0lpy |00

2
4 P22 PPz 0 0
-410 .

2
Pi2-Pop P22 0 0
Ta viét dang v6 hudng phuong trinh Riccati:
1-410"%p%=0
4
—4 2
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Giai hé (7-174) ta dudc:

o 1118 50
P. = 1118 - 50: - 309. Hay la p =
i P12 P2 VP50 300

Do do ma tran diéu khién theo (7-164):

U%(x, t) = —K.x
-1
K=R, 'BP
118 50
K=R,”'BP=4[0 001] [2 12,36 ]
50 309

Vay diéu khién t6i uu u®°(t) la:
Uo(t) = —Kx(t) = —[ 2 12,36 . = —2x4(t) — 12,36X,(t)
U°(1) = —2.x,(t) — 12,36.x,(t). (7-175)

Nghiém cua bai toan u°(t) thé hién qua (7-175), ré rang mudn
cho phiém ham chat luong Q dat cuc tiéu thi tac déng diéu khién
phai ty 1é tuyén tinh vdi cac bién trang thai x,(t) va x,(t)

Vi diéu khién t8i uu thuc hién phan hoi bién trang thai do doé ta
can kiém tra lai diéu kién 8n dinh cua hé théng.

TU phuong trinh trang thai: | x = Ax + B.u
(7-176)
u=-Kx

Ta co thé viét: X = AX — BKx

x = (A — BK). x

).( = Asx
Vai Ag = A - BK. Dé xét 6n dinh ta can tinh Pl - Ag

voi P 14 bién toan td Laplace.

0 1° 0 0 1

Ag = A - BK = - [2 12,36 ] -
0 01| |00 ~0,02 —0.2236
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p —1
pI — AS =
002 p+02236

Phuong trinh dac tinh cua hé théng la:
D(A) = det(d — Ag) = & + 0,2236.4 + 0,02 = 0
Nghiém cla phuong trinh dac tinh la:
A o= — 0118 + j0.086
Phan thuc cua nghiém —0,118 < 0, do dé hé thdng da téng hop

on dinh. Vay diéu khién téi uu u®(t) tinh duoc theo (7—175) la hoan
toan chap nhan duoc,

7-10.2. Diéuv khién toi vu doi voi mot hé thong xung - so

Tu chuong 6, ta da bi€t phuong phap lap phuong trinh trang thai
hé théong xung sé:
x(i + 1) = A x(i) + Bj.u(i)

(7-177)
y(i) = C,x()

voi diéu kién dau x(i) = x

Tiéu chuan t6i vu dang toan phuong d6i vdi hé thong xung sb co
thé suy ti cong thuc (7-136) cua hé lién tuc néu ta doi tich phan
bang téng va cdc bién lién tuc bang cac bién roi rac:

1

Q=S [xG+DRU+ Dxli+ 1+ wi)Rui]  (7-178)
o

1

A

Trong do: RfGi+ D =0;R,(1)>0 voi i,i,+1,..,i —1

o’ 10
Khi giai bai toan tong hop diéu khi€n téi wvu nhd phuong phéap
quy hoach déng TL[9] ta xdc dinh dugec:
U) = —K(i).x(1) (7—-179)

trong do voi moi 1 = i, 1, + 1, .., i, -1

Ma tran diéu khién toi vu K
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K(i) = {Ry(i) + B (0 .[R)i + 1) + P(I + DIB i)}~
B' (i [Ryti + 1) + Ri + DA (7-180)
Pirv = A, [R,( + 1) + Pli + DI[A,(D - By) K(H)]  (7-181)
vl diéu kién bién: P(i;) = P,
Gia tri phiém ham t61 vu déi véi diéu khién nay:
Q" = x(i,) P ).x(i,) (7-182)

Phuong trinh (7-180) va (7-181) cd thé giai theo trinh tu
ngugce. Dau tién, ung véi (7-181), theo P(i + 1) va Kl(i) ta xac dinh
duge P(i). Déi vai P(i + 1) lay bang P(i)), i, cd gia tri 16n bat ky.

Vi du 7-9. Hay xac dinh luat diéu khién téi uu roi rac biét hé
thong c6 ddi tugng diéu khién md ta bdi phuong trinh trang thai

sau:
0 1 0
X (t) X(1) + u(t)
0 —0,1 1 0,01 (7-183)

y(t) =[1 0 ]x(t)
Phiém ham chat luong:
i1
Q = igo [x,2(i + 1) + 0,001.U3(i)]
Chukycatmau T=05s i =50.
Giai.
— Bang phudng phap da biét d chuong 6, ta dé dang xac dinh

dugc phudng trinh trang thai hé xung s6 t phudng trirth trang thai
lién tuc:

X(i + 1) = Agx(i) + Bg.u(i)

y(i) = Cgy.x(i)
1 0,48 0,00123
Trong d&: Ay = , By =  Cq=110]
0 0,951 | 0,00488

~ Nghiém bai toan téi Uu dudc tinh theo (7-180), (7 -181):



308 Chuwong 7: HE THONG DIEU KHIEN TU DONG ..

U(i) = —K(i).x(i)
F(i)  {Ry(i) + B'y(i)[Ry(i + 1) + P(i + 1)]By(i) } ~"B'y(i).
JRy(i + 1) + P+ )] AL(i);
P(i) = A'G(I)[Ry(i + 1) + P(i + )][Ag(i) — By(i) K(i)]:
=01 .0 =1

~ Ta xac dinh cac ma tran theo dd kién bai toan:

10
R, = L J; R, = 0,001 By =[000123 000488 ]

-1 0
A‘d = ;
0,488 0,951

— Ta tinh toan K(49) khi biét P(50) = 0:

1 0 0 0
K(49) [ 0,001+ [ 0,00123 0,00488 |. [ J+[ H

0001237 ' ‘
[ 0,00123 0,00488].
00048 0 0

=[ 1228 0599 ]=[ ki k,]
U(49) = — K(49).x(49)
= —1228.x,(49) — 0,599.x,(49).
Bay gid ta tinh: ; .
1 0 1 4d [0 1 0,488
P(49) = + :
| 0,488 0,951 0 1 0 | 0 0,951
0,00123 70,9985 0,4873]
— . [ 1228  0,599]=

0,0048 | 0,4873 0,2378J
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Sau do ta xac dinh:

1
K(48) =|0,001 + [ 0,00123 0,00488 ] H O} +
0 0

©0,9985 0,4873 0,00123 1 0
{ [ 0,00123 0,00488]. { +
0,4873  0,2378 0,00488 0 0
0.9985 0,4873 i 048
" (477 387
0,4873 0,2378|| |0 0951

U(48) = — K(48).x(48) = — 4,77.x,(48) — 3,87.xX,(48).

Ti€p tuc tinh toan nhd may tinh, két qua cudi cung ta sé xac
dinh dugc vdi i = 40, ma tran K(i) sé xem la hang sé K(i) =
== [ 25 63]. Vaydiéu khién t6i du cudi cung sé la:

u@i) = — [ 25 63][

X4(1)

Xz(i)
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CAC BAI TAP LON VE DIEU KHIEN TUYEN
TINH LIEN TUC DIEU KHIEN XUNG SO VA
DIEU KHIEN TOI UU

Phan nay trinh bay cac bai tap l6n xuyén suét tu chuong 1

dén chuong 7 cua cudn sach.

No6i dung bao géom

Xay dung so dd cdu tric tu so dé nguyén ly ;
- Xét 6n dinh cia hé théng tuyén tinh lién tuc ;
- Tinh qua trinh qua d6 cta hé théng ;
X4c dinh diéu kién diéu khién dugc va quan sat dudc cua
hé thong ;
Khao siat phuong phdp phan tich va danh gia chit lugng cua
hé diéu khién xung so ;
- Giai bai toan diéu khién t6i wu dé xac dinh luat diéu khién
t6i uu cho hé théng xung  s6 dugc giai trinh trong nam
bai tap lon.
Bai 1 vé diéu khién tuyén tinh lién tuc, danh cho cic chuong
tdh 1 5.

Bai 2, 3, 4 vé diéu khién xung s6 va diéu khién t6i uu,
danh cho hai chuong 6 va 7.

T4t cd céac bai tap lén déu dugc viét theo ngbn ngit Pascal
‘cic ngdn ngd C cho chuong trinh mé hinh hoa hé théng. Cac list
eligng trinh va két qua duge in keém theo.
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DE TONG QUAT
Bai tap ldn ly thuyét DKTD
Cho hé théng moé td boi so do sau day

K22
Wi W, W; W, .
(-)
Ker FT =
Deé bai

1) Cho biét cdc s6 liéu :
Khuéch dai lap (KD dong) W, = 1
- May phiat F cd T = 0,25 ; K = 1,6
-Déng co Ky =65 ; T, = 02 ; T = 0,1
May phat toc do FT co K, = 0,125
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II) Nhiém vu

1. Viét phuong trinh ham truyén dat va phuong trinh trang
thai ting phdn td cd trong hé théng ; Lap sd do cdu tric hé théng.

2. Cho gia tri C; va C, (ting nhém moét, méi nhém 2 nguoi).
Hay xac dinh gia tri R, dé cho hé théng on dinh (gia tri = R,
max).

3. V& dac tinh tdn s6 bién d6 va pha logarit cia toan hé théng
va tinh K| t6i han (caa W;).

4. Tinh qua trinh quda d6 hé thong theo phuong phap so
TUSTIN va lap chuong trinh bang ngéon ngit PASCAL hoiac C
(chuong trinh bat buéc phai in may tinh) vai K bat ky va vai K
bang 0,8 K, t6i han (hé da 6n dinh).

5. TU phuong trinh ham truyén dat, hay viét phuong trinh
trang thai toan hé théng va xdac dinh diéu kién diéu khién dugc va
quan siat dugc qua viéc tinh hang ma tran P va L theo gia tri K
bang 0,8. K, t6i han.

Cdac sé liéu tinh todn cho titng nhoém sinh vién

Nhom Ci C2 Ho tén hoc sinh
1 1 MF 10 MF
2 2 8
3 3 6
4 4 5
5 5 4
6 6 3
7 7 1
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Nhém C C2 Ho tén hoc sinh
8 8 2
9 3 5
10 1 5
11 5 1
12 4 2
13 6 ]
14 7 3
15 8 5
16 5 5
17 6 2
18 6 4
19 3 2
20 3 1
21 3 4
22 3 8
23 3 3
24 4 1
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Bai 1
Cho hé théng DKTD theo so d6 sau day

u
0 KD, T M i
By QR S
BAVP |«
PA FA |«
Trong do :
. K 12
Transistor Wr(p) = tlp + 1 - 0,0lp +1
Doéng co Wy(p) = 0,1p2 + 0,2p + 1

May phat téc K, = 0,125

Bién ap vi phan W ) = 0,0%p
ién ap vi phéan BAVP(P) = 0,08p + 1

1. Don gidn so d6 khéi d€ tim W kin cua hé thong
2. Xac dinh phuong trinh dac tinh cua hé kin
A(p) = ap” + ap™ + ..+ a,
3. Viét phuong trinh trang thai hé théng
X = AX + BU
Y + CX + DU
4, Tinh qua trinh qua d6 cta hé thdéng theo phuong phiap sb
TUSTIN hay Runge-Koutta (bang C hoac Pascal)
5. Xét diéu kién diéu khién dugc va quan sdt dudc cia hé thong
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er-1 dej teg yury

XE

A

b 4

Xz

A&l

ASH+
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—;f 1+ Ky *Wp* W,

Kie s Wt Wm
Wy fe——-
Kpa Kpt
Kka‘r * Wt Wm
Wy I
KPO - KP{'
K * Wi - W,

K

po * Kpt e

K1 * Wt * Win

”de'r*wt*wb

Hinh BTI11b.

Y



318 CAC BAIl TAP LON

6 Tinh qua trinh qua do theo phuong phap trang thai va doi
chiéu két qua v6i cau 4.
Cau 1
Bang cach ap dung cdc so do bién d6i cdu truc, ta bién déi
so d6 tréen nhu hinh BT1-1. Vay ta cé W, ciua hé théng sé la
Kyar*WerWy,
1+ Kyg*WerW,,
Wiin = Wiar*WxWpy
1+ * K_P *KP
L+ Kyg xWixW,, - P2 T

Trong do ta co cdac gia tri nhu sau

' 12
Transistor WrP) = 4531 7 0,01p + 1
Motor : Wu(p) = 0,1p2 + 0,2p + 1

May phat téc Kpt = 0,125

o 0,08p
Bién dp vi phan  Wavep) = §ogp + 1

Thay vao ta tinh duogc
420(0,08p + 1)
0,00008p* + 0,48916p> + 1,0788p* + 5,51p + 6,25

Wkin =

Cau 2 :

Phuong trinh dac tinh cua hé théng :
A(p) = 0,00008p* + 0,48916p> + 1,0788p> + 551p + 625

Cac hé s6 :
a, = 0,00008
a, = 0,48916
a, = 1,0788

a, = 5,51
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a4 - 6,25
k, = 33,6

Nhan thdy cdac hé s6 a cia phuong trinh dac tinh déu duong

nén hé cé kha nang 6n dinh.

Xét tinh 6n dinh theo tiéu chudn cia Routh

Tu phuong trinh dac tinh cta hé théng, ta thanh lap bang

Routh nhu sau :

0,00008 1,0788
0,48916 5,51
0,52727 3,05725
1,40977

3,2094

6,25

Nhu vay, cac s6 hang & cot thd nhidt cia bang Routh duong,

nén hé thong da cho la 8n dinh.

Cau 3

Viét phuong trinh trang thai hé théng

X = AX + BU
Y = CX + DU

Ta chon cdc bién trang thai nhu sau

0,01pt1

X4

0,08p

008p+l]

0,0125 4

T

7

01p2+0,2p+t}

Hinh BT1-2
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V&i cac bién trang thai nhu trén, ta cd cac phuong trinh

X2 7
x; 0,1p2 +02p + 1

ﬁ ~0,08p
Xy ~0,08p + 1
X 60

U, — x3 — 0,0125%,  0,01p + 1
Tu cdc phuong trinh trén suy ra

0,1p’x, + 02px, = Tx; + x,

0,08pxy - 0,08px; = -x4

0,0Ipx;, = x; - 60xy 0,0125%x, + 60u,
bat x, = p x,
Tuong udng ta co

px; = X
Px; = X,
PX3 = X3
PX; = X4
Vay ta co :
(%, = 100x; - 1.256x, 6000x; + Ox, + 6000u,
Xy = Xy

x; = 100x, - 125x, 60125x; + 6000u,
. ).(4 = 70X1+ X2 2X4

Phuong trinh viét dudi dang ma tran X = AX + BU véi

X1 X1
X = x2 X = X2
X3 X3
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/100 1,25 6000 O
0 1
100 1,25 60125 0
L 70 1 0 -2

>
I

o
o

[ 600 )
B = 0
6000
. 0

Nhan thdy y = x,, vay phuong trinh Y = CX cd cic ma trén
nhu sau

C=@0100

Cau 4
Tinh qu4 trinh qua d6 cua hé théng t  phuong phap sé Tustin

Ta ¢ ham truyén nhu sau

W ( ) k()p kl
kin{P) = ‘
N do.p4 + a, .p3 + 'd.2.p2 + a;.p + a,
Ddi bién
_2z-1
P=7nmz4+1 B
2(Z-1)
oTEz+1) T K

wkin(z) =

2z-1)\"  (22-1))  (22-1)° (2@2-1)
% Tz | T2|TE+n| T2|Tz |t BliTEr | T

k2Z - DTEZ + 1) + K THZ + 1)

16, (Z—1)* +8a; T(Z~ 1 (Z+ 1) +4a,TA(Z - 1) (Z+ D) + 203 T (2~ (Z+ NaamHzZ+ D
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trong do

A, = 2k,T° + kTHZ*

A, = (4k T + 4kTHZ
A, = 6k, T2’
A, = (-4k,T° + 4k THZ

A, = 2k,T° + KT
Xét mau s§ = -B, + B, + B, + B; + B,

B, = (16 a, + 8a,T + 4a,T> + 2a,T° + a,THZ*
B, = (64 a, + 16a,T + +4a,T° + 4a,T"Z’
B, = (96 a, -4a,T? +6a,T"Z*
B, = (-64a, + 16a,T 4a,T° + 4a,T")Z
B, = (16 a, - 83, T + 4a,T* 2a,T° + a,T%
Phuong trinh dai s3
B.Z'Y(Z) + B,Z*Y(Z) + B,Z*Y(Z) + BZ'YZ) + B,Y(2)
= AZ'U(2) + AZ’U2) + AZY (Z) + AZ'U(Z) + AU,
Phuong trinh sai phan tuong dng :
B Y(k+4] + B,Y[k+3] + B,Y[k+2] + B;Y[k+1] + B,Y[k]
=AU [k+4] + A,U_[k}11A,U_[k+ 2]A,U [k+ 1]A,U_[kI].
Gia thiét tin hiéu vao la U t) = U  véi t> = 0 ta co
UJk+4] = Uk+3] = Uk+2] = UJk+1] = UJk] = U,
Thay vao trén ta duge :
B,Y[k+4] + B,T[k+3] + B,Y[k+2] + B,Y[k+1] + B,Y[k]
= (A, + A+ A, + Ay + ADU
Vay ta co :
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—(B,Y[k+31+B,Y[k+2]+B,Y[k+1]+B,Y[k])

Yik+4] = B +

0
(A, + A+ A, + Ay + AU
B

O

+
Td do ta c6 thé tinh duge Y[k] cia hé théng (chuong trinh
tinh viét bing C kém theo).
Cdu 5
Xét diéu kién diéu khién duge cac quan sat dudgc cda hé théng

Ta da cd cac ma tran

/100 1,25 6000 \ ., O
A=|0 0 0
100 1,25 60125 0
\ 70 1 0 -2
6000
B =]0
6000
0
Ta lap ma trdn P nhu sau
P = [BAB A’B .. A"'B]
P = [B AB A’B  A’B]

Hé 14 diéu khién dugc khi P c6 hang bang n (6 day n = 4).

Tinh cu thé cdc gia tri ta ¢c6 ma tran P sau khi bién d6i co
bén hang va bén cot, mat khic det(P) = (525)*10'® khac 0, vay
rank(P) = 4. Hé¢ théng la diéu khién duoc

Xét diéu kién quan sit dugc cta hé théng
Lap ma tran L. nhu sau
L = [C’ A'C A,ZC’ A’BC']
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Hé la quan sat dugc néu L cd hang bang 4

Ta da co
100 1.25 6000 0 )
A=10 0 0 1
100 1.256 60125 O
70 1 0 -2 7/

C= (0100

Cudi cung ta tinh dugc det(L) khac 0 va L la ma tran (4,4)
Do do rank(L) 4 va hé théng da cho la quan sat dudgc.

TUSTIN.C

#include <string.h>

#include <stdio.h>

#include <graphics.h>

#include "menugrp.c"

#define u0 I

#define FALSE 0

#define TRUE 1

const numpoint=450 ;

void getdata() ;

void quit() ;

void input() ;

void calculate() ;

void goodbye() ;

float a[8] = {0.00008, 0.48916, 1.0788, 552, 6.25, 0.1, 33.6, 420}

DUTY dutyl_list[] =

{

{1, "DATA", getdata},
{2,"QU IT",quit }
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DUTY duty2_list[] =

{
{1,"a0",input},
{2,"al",input},
{3,"a2",input},
{4,"a3"input},
{5,"a4",input},
{6,"t",input},
{7,"k0"input},
{8,"k1",input}

Y

ITEM iteml_list[] =

{
{0,0,0,0,"},
{0,0,0,0,™}
b
ITEM item2_list[]=
{
{0,0,0,0,""},
{0,0,0,0,""},
{0,0,0,0,""},
{0’0!0’07""}’
{0,0,0,0,},
{0,0,0,0,"},
{0,0,0,0,"},
b
ITEM *lastl-item,*last2-item
int start_left, start_top ;
int space ;
«int heigh,width ;
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int iteml_num = 2 ;
int item2-num = 8 ;
int hold,ok ;

int k,imax,*gd,*gm ;

float AT,BT,CT,DT,ET,AM,BM,CM,DM,EM ;
float max ;

float y[500] ;

void setup()

{
foreground-item = lightgray ;
foreground-str = blue ;
OFSX = 2 ; OFSY = 2 ;
backgrouns-passive = white ;
background-active = darkgray ;
background-select = yellow ;
backgrouns-frame = green ;
maxscrX = getmaxx() ;

maxscrY = getmaxy() ;
/* khoi tao cac bien rieng cho menu theo chieu doc */

start_left = 20 ;
start_top = 20 ;
space = O ;
heigh = 30 ;
width = 50 ;
ok = 0 ;
}
ITEM *getting-from(DUTY *duty_list ITEM*item_list,int item_num)
/* thu tuc nay thuc hien dinh vi cac item *
{
inti ;
DUTY *duty-pointer ;
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ITEM *item_pointer ;
duty_pointer = duty_list ; item_pointer = item-list ;

fori=1 ;i<=item-num ;i++)

¢
item_pointer>left = start_left
item_pointer->top = start_top ;
iotem_pointer->right = start_left + width ;
item_pointer->bottom = start_top + heigh ;
strepy(item-pointer—>name,duty pointer->name)
start_top = item-pointer->bottom + space ;
duty-pointer++ ; item-pointer++ ;
}
return(-item pointer) ;
}
void show_menu(ITEM *item_list,intitem_num)
{
ITEM *item_pointer ;
inti ;
item_pointer = item_list ; for (i=1 ;i<=item-num :i++)
{
drawicon(item_pointer,1,0) :
item_pointer++ ;
}
}
void do-it(DUTY *duty_list,intidentifier)
{

DUTY *duty-pointer ;

duty_pointer = duty_list ;
while (((*duty_pointer).identifier) !=identifier)
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duty_pointer+ + ;

}
((*duty_pointer).duty() ;

}
void task(DUTY *duty_list [TTEM *item-listITEM *last item,int item-num)

{

int ch,identifier ;

ITEM *CURRENT_ITEM ;
identifier = 1 ;
CURRENT-ITEM = item list ;
show_menu(item-list,item_num) ;
drawicon(item-list,0,1) ;

ch=0 ;

while(ch !'=27)

{
ch=getch() ;
switch(ch)
{
case 72 :/* up */
drawicon(CURRENT-ITEM,0,0) ;
identifier— ;
CURRENT_ITEM— ;
if(identifier==0)
{

identifier = item-num ;
CURRENT_ITEM=last_item ;
}
drawicon(CURRENT_ITEM,0,1) ;
break ;

case 80 :/* down */
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drawicon(CURRENT_.ITEM,0,0) ;
identifier++
CURRENT-ITEM++
if(identifier==item_num+ 1)

{

identifier=1 ;
CURRENT-ITEM=item_list ;
}
Arawicon(CURRENT_ITEM,0,1) ;
break ;

case 13 :/* select */
/*handsome(CURRENT_ITEM) ;*/
hold=identifier ;
do_it(duty_list,identifier) ;

break ;
case 27  [*finish*/
break ;
}
}
}
void display()
{
setcolor(YELLOW) ;
moveto(100,400) ;
for(k=1 ;k<numpoint ; k++)
lineto(100+ k,400«300*y[k]/max)) ;
}

void input()
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char str[7],*s ;

setfillstyle(CLOSE_DOT_FILL BLACK) ;
bar(215,140,370,160) ;

hold— ;
if(hold==5)
strepy(str,"t") ;
else
if(hold==6)
strepy(str,"k0")
else
if(hold=="17)
strepy(str,"k1") ;
else
{

strcpy(str,"a") ;
itoa(hold,s,10) :

strcat(str,s) ;

}
streat(str,"=") ;
outtextxy(230,148,str) ;

gotoxy(33,10) ;

scanf("%f",&alhold]) ;
setfillstyle(SOLID-FILL,DARKGRAY) ;
bar(81,41,619,439) ;

calculate() ;

setcolor(BLUE)
setlinestyle(SOLID_LINE,0,1) ;

line(100,400,100,45) ;
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line(100,400,610,400) ;
if(test()==FALSE)
{
sound(300) ;
delay(100) ;
nosound() ;
outtextxy(215,140,"He thong khong on dinh") ;
delay(1000) ;
setfillstyle(SOLID_FILL,DARKGRAY) ;

bar(2156,140,570,160) ;
else

setcolor(YELLOW) ;
if(ok==TRUE)
display() ;
setcolor(BLUE) ;

}

settextstyle(1,0,1) ;
outtextxy(480,370,"Tin hieu ra y(t)") ;
settextstyle(0,0,1) ; |

}
vod getdata()

{
setfillstyle(SOLID_FILI,getbkcolor()) ;

bar(0,0,73,100) :

show_menu(item2_list,8) ;
drawicon(item2_list,0,1) ;
task(duty2_list,item2_list, LAST2_ITEM.8) ;
setfillstyle(SOLID_FILL,getbkcolor()) ;
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.. N

}

L LT =,

bar(0,0,73,480) ;
show_menu(item1_list,2) ;

drawicon(item1_list,0,1) ;

int test()

{

}

float b0,b1b2,cO :

b0 = (a[l]*a[2]-a[0]*a[3])/a[l] ;

b2 = al[4] ;

bl = (a[3]*b0-a[1]*b2)/b0 ;

c0 = b2 ;

if (a[0]*b0*bl1*c0>0)
return(TRUE) ;

else

return(FALSE)

void calculate()

{

float pl,p2,p3,p4 ;

pl
p2
p3

p4

AT

BT =

CT
DT
ET

AM
al4]*p4 ;

BM

CM

= a[d] ;

= pl*a[5] ;
= p2*ald] ;
= p3*a[d] ;

= 2*a[6]*p3
4*a[6]*p3
= 6*a[7]*p4
= 4*a[6]*p3 4*a[T]*p4 ;
= 2*a[6]*p3 + a[7]*p4 ;

a[7]*p4 ;
4*a[T]*pd ;

INE

= 16*a[0]+ 8*a[1]*pl + 4*a[2]*p2 + 2*a[3]*p3 +

= 64%a[0] - 16*a[l]*pl +4*a[3)*p3 + 4*a[4]*p4 ;
= 96*a[0] - 8*a[2]*p2+ 6*a[4]*p4 ;

H

)
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OM = 64*a[0] + 16*a[l]*pl - 4*a[3]*p3 + 4*a[4]*p4 ;
EM = 16*a[0] - 8*a[1]*pl + 4*a[2]*p2 - 2*a[3]*p3 + a[4]*p4 ;

yl0] = 0 ;
ylll = 0
yl2] = 0
yl3] = 0 ;
max = 0 ;
if ( 'AM)
{
sound(300) ;
delay(1000) ;
nosound(j ;
outtextxy(215,140,"Khong tinh duoc tin hieu ra") ;
ok = FALSE ;
}
else
{
max = 0 ;
forck = 0 ; k<numpoint - 4 ; k++)

{
ylk+4] = (~(BM*y[k+3] + CM*y[k+2]
+ DM*y[k+ 1] + EM*y[k]) +

(AT + BT + CT + DT + ET)*u0)/AM
if (y[k+4]>max)

max = y[k+4] ;
}
ok = TRUE ;
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void quit()
{
closegraph() ;
goodbye() ;
exit(0) ;
}
void ready()
{
rectangle(80,40,620,440) ;
setfillstyle(SOLID_FILL,DARKGRAY) ;
bar(81,41,618,438) ;
setcolor(BLUE) ;
setlinestyle(SOLID-LINE,0,1) ;
line(100,400,100,45) ;
line(100,400,610,400) ;
settextstyle(1,0,1) ;
outtextxy(130,450,"Do thi ham qua do cua he thong bac 4")
outtextxy(480,370,"Tin hieu ra y(t)") ;
outtextxy(240,15,"Phuong phap TUSTIN") ;
ok = TRUE ;
settextstyle(0,0,1) ;
}
void goodbye()
{
clrser()
printf("\n Program Tinh qua trinh qua do he thong DKTD\n
printf(" Copyright 10/1994\n") -
1

id main()
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}

initialgraph() ;

ready() ;

setup() ;
LAST1_ITEM=getting_form(duty1_list,item1_ ;list,2) ;
LAST2_ITEM=getting_form(duty2_list,item2_list,8) ;
task(dutyl-list,item1_list, LAST1_ITEM,2) ;
closegraph() ;

goodbye() ;

menugrp.c

#include < graphics.h>
#include<alloc.h>

#include "menugrp.h"

void show_str(int x,int y,char*str,int color)

//thu tuc nay hien dong chu tai toa do x,y voi mau

{
int old—color ;
old—color=getcolor() ;
setcolor(color) ;
outtextxy(x,y,str) ;
setcolor(old_color) ;
}

void initialgraph()

{

int gdriver=DETECT, gmode,errorcode ;
initgraph(&gdriver,&gmode,"C \TC\"bgi") ;
errorcode=graphresult()

if(errorcode !=grOk)

{

printf("Graphics error :%s\n",grapherrormsg(errorcode)) ;

printf("Press any key to halt :") ;
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}

it

getch() ;
exit(l) ;
}

void rectangles(int left,int top,int right,int bottom,int line_style, int color)

/thu tuc nay ve hinh chu nhat voi duong ke, mau ke cho truoc

{

}

int old_color ;

struct linesettingstype*old_style ;
old_color = getcolor() ;
getlinesettings(ols_style) ;
setcolor(color) ;
setlinestyle(line—style,1,1) ;
rectangle(left,top,right bottom) ;

setcolor(old—color) ;

setlinestyle(old_style- >linestyle, 1,0ld_style—>thickness) ;

void bars(int lert,in top,int right,int bottom,int fill_type,iint color)

//thu tuc ﬁay to mau hinh chu nhat voi mau to, kieu to

cho truoc

{

}

setfillstyle(fill_type, color) ;
bar(left,top,right,bottom) ;

void stars(int x,int y,int time)

{

delay(time) ;
putpixel(x,y, DARKGRAY) ;

putpixel(x+ 1,y, DARKGRAY) ;
putpixerl(x,y+ 1,DARKGRAY) |
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putpixel(x+ 1,y+ 1, DARKGRAY) ;
delay(time) ;
putpixel(x,y, LIGHTGRAY) ;
putpixel(x+ 1,y, LIGHTGRAY) ;
putpixel(x+ 1,y+ 1,LLIGHTGRAY) ;
putpixel(x,y+ 1,LIGHTGRAY) ;
delay(time) ;
putpixel(x,y, WHITE) ;
putpixel(x+ 1,y WHITE) ;
putpixel(x,y+ 1, WHITE) ;
putpixel(x+ 1,y+ 1, WHITE) ;

Y

#pragma warn-sus

void fillpolys(int num-point,char*poly_point[],int fill-type,int color)

//thu tuc nay to mau mot da giac

{
setfillstyle(fill_type,color) ;

fillpoly(num_point,poly_point) ;
}

#pragma warn.sus

void drawicon(ITEM*current_item,int mode,int swapping)

//thuc hien ve mot item va voi day du thuoc tinh cua no
{

int old_color,centerx,centery,top,bottom ;
itn pl[12],p2[12] ;

pl[0] = current_item—->left ;

pl[1] = current_item—>bottom ;

pl{2] = current_item->left ;
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pl[3] = current_item—>top ;

pl[4] = current_item->right ;

pl[5] = current_item—>top ;

pl[6] = current_item—>right - OFSX
pl[7] = current_item->top + OFSY ;
pl[8] = current_item—>left } OFSX ;
pl[9] = current_item->top + OFSY ;
pl[10] = current_item—>left + OFSX ;
pl[11] = current_item->bottom - OFSY ;
p2[0] = current_item—>left ;

p2[1] = current_-item—>bottom ;

p2[2] = current_item->right ;

p2[3] = current-item—>bottom ;

p2[4] = current_item—>right ;

p2[5] = current_item—>top ;

p2[6] = current_item—>right — OFSX ;
p2[7] = current_item—>top + OFSY ;
p2[8] = current_item->right - OFSX ;
p2[9] = current_item->bottom - OFSY ;
p2[10] = current_item—>left + OFSX ;
p2[11] = current_item—>bottom - OFSY ;

iftmode)==1)//chi ve nen khi goi lan dau tien

{
/frectangles(p1[0]-2,p1[3]-2,p1[4]+ 2,SOLIDLINE,GREEN) ;

bars(p1[0],p1[31,p1[4],p1[1],SOLID_FILL,FOREGROUND_ITEM) ;
centerx=(pl[0] + pl[4] - textwidth(current item->name) 1)/2 ;
centery=(pl1[3] + pl[l] - 10)/2 ;
show_str(centerx,centery,current_item->nama, FORE_ROUND_STR);
//rectangles(centérx—Z,centery—
2,centerx+ 20,centery+ 20,DOTTED_LINE BLACK) ;

}
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if(swapping==1)
{//select
pragma warn-—sus
fillpolys(6,p1,SOLID_FILL,BACKGROUND_-ACTIVE) ;

fillpolys(6,p2,SOLID_FILL,BACKGROUND-PASSIVE) ;

pragma warn.sus

}
else
{
pragma warn-sus
fillpolys(6,p1,SOLID_FILL,BACKGROUND-PASSIVE) ;
fillpolys(6,p2,SOLID-FILL,BACKGROUND-ACTIVE) ;
pragma warn.sus
}

}

/*void handsome(ITEM*current_item)

//thu tuc nay thuc hien viec lam dep trai

{
void *ptr ;
unsigned int size ;
size=imagesize(current_item—>left,current_item—>top, current_item—>right,\

current_-item->bottom) ;

ptr=farmalloc(size) ; .
getimage(current_item- >left,current item->top,current.item->right,\

current_item->bottom,ptr) ;
putimage(current_item—>left,current item->top,ptr, XOR.PUT) ;
putimage(current_item—->left+ 5,current item->top,ptr, XOR.PUT) ;
delay(200) ;
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putimage(current_item—>left+ 5,current_item—>top,ptr, XOR_PUT) ;
putimage(current_item—>left,current item->top,ptr, XOR-PUT)

farfree)ptr) ;
*/
MENUGRP.H
/*dinh nghin ca khai bao kieu va cac bien chung*/
typedef struct
{
int identifier ;
char namel[8] ;
void (*duty)() ;
} DUTY ;
typedef struct //cac toa do cua mot item
{
int left ;
int top ;
int right ;
int bottom ;
char name[8] ;
} ITEM ;

int OFSX ;
int OFSY ; |
int maxscrX,maxscrY- ;

int BACKGROUND_ ACTIVE ; //phia duoi

int BACKGROUND PASSIVE ; //phia tren

int BACKGROUND _SELECT ; //mau cua item selected
int BACKGROUND _FRAME ; //duong vien ngoai

int FOREGROUND ITEM ; //mau nen cua item

int FOREGROUND STR ; /mau chu ten item
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Bai 2
PHUONG TRINH TRANG THAI HE THONG LIEN TUC
X(t)=AX(t)+ B.U(t)
Y(t)=C.X(t)
MA TRAN A
-112,500 1,000 0,000
2400:0,000 0,000 1,000
~12500,000 0,000 0,000
MA TRAN B
0,000
-26250,000
0,000
MA TRAN C
(1,000 0,000 0,000)
MA TRAN Ah
~112,500 1,000 0,000
-2250,000 0,000 1,000
-12500,000 0,000 1,000
-12500,000 0,000 0,000
MA TRAN Bh
0,000
62500,000
$:600
PHUONG TRINH TRANG THAI HE THONG XUNG $O
X(i+ 1)=Ad.X(i)+ Bd.U®)
Y(i)=Cd . X({)
MA TRAN Ad ‘
-1,039 -0,002 -0,000
-45,115  -1,256 -0,013

24,125 1002 1060
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p— - - - —

MA TRAN Bd
2,533

335,645
-1583,233
MA TRAN Cd
(1,00 0,000 0,000)
MA - TRAN Adh
-0,855 0,007 0,000
-20,814 -0,041 0,048
-90,498 -4,525 0,774
MA TRAN Bdh
19,005
2518,100
-11877,828

XET TINH DIEU KHIEN DUOC VA QUAN SAT DUOC (UA HE THONG !
MA TRAN M

4,359 -3,126 2,533

803,886  -515,519 335,645

-1983,146 -1212,730 -1583,233

Rank(M)=3
HE THONG LA DIEU KHIEN HOAN TOAN
MA TRAN N

1,000 ~1,039 1,163

0,000 -0,002 0,004

0,000 ~0,000 0,000
Rank(N)=3

Hé thong la quan siat dugc hoan toan.
Ma tran diéu khién t6i wu K’[i] LA
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-0,045
0,000
0,000
TIN' HIEU DIEU KHIEN TOI UU U] = KI[J*X[i] !
program ltdk ;
uses crt :
type mt=array[1..3,1..3] of real ;
tenma=string[4] ;
var A B,C,Ah,Bh ,Ad,Adh,Bd,Bdh,Cd,M,N :mt ;
K,P,TP, TPP,TPPBdh,TPPAdh,Bdk,BKA, TPA :array [1.50] of mt
detM,detN :real ;
(FF Rk R R KRR KR AR RO R K )
procedure suma(a,b :mt ;var ¢ :mt ;m,n :integer) ;
var i :integer |,
begin
for i :=1 to m do
for j :=1 to n"do
clijl :=alijl+bligl ;
end ;
(**********************************************)
procedure tmt(a,b :mt ;var 'mt ;m,n,] :integer) ;
var ij,] :integer ;
begin
for i :=1 to m do
for j :=1 to k' do
begin
cliy] :=0 ;
for 1 :=1 to n do clij] :=clijl+ alijl1*b[lj] ;

end ;
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end ;
(***********************************************)
procedure cvma(a :mt ;var ap :mt ;m,n :integer) ;
var ij :integer ;
begin

for i :=1 to m do

for j :=1 to n do aplj,i] :=alij] ;

end ;

(****************************************t*******)

procedure prinma(ten :tenma ;a :mt ;m,n :nteger) ;
var i ‘integer ;
begin
writeln(MA TRAN ’jten) ;
for i :=1 to m do
begin
for j ;=1 to n do
write(alij] :3 :3,” ') ; writeln ;
end ;

b

end :

H

(***********#**************************************)

procedure detma(a :mt ;var det :real ;n :integer) ;
var i,k :integer ;t,tl :boolean ;d :real ;
begin

det :=1 ;i :=1 ;t1 :=true ;

while t1 and (i<=n) do

begin
if ali,i]=0 then
begin

t :=true k := it1l ;
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while t and (k<=n) do
if alk,i]l<>0 then
begin
for j :=i to n do
begin
1 :=aliy] ;
alij] :=alky] ;
alkj] =d ;
end ;
det :=-det ;
t :=false ;
end
else k :=k+1 ;
if k>n then
begin
tl :=false ; det :=0 ;
end ;
end ;
if a[i,i]<>0 then
begin
1 :=alii] ;
for j :=i+1 to n do aliy] :=alijld ;
for k :=i+1 to n do
begin
d :=afk,i] ;
for j :=i+1 to n do alkj] :=alk,jl-alijl*d ;
end ;

end ;
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i = i+1 ;
end ;
if t1 then
for i :=1 to n do det :=det*ali,i] ;
end ;

(*******************************************)

procedure invma(x :mt ;var ap :mt ;n :integer) ;
var a ‘:array (1..6,1..6] of real ;
i),k :integer ;t,t1 :boolean ;d :real ;
begin
for i :=1 to n do
for j :=1 to n do alij] :=x[ij] ;
for i :=1 to n do
for j :=n+1 to 2*n do
if j=i+n then alij] :=1
else alij] :=0 ;
1 =1 ;t1 :=true ;
while tl1 and (i<=n) do
begin
if ali,i]= then
begin
t :=true ;k :=i+1 ;
while t and (k<=n) do
if al[k,i}<>0 then
begin
for i :=1 to 2*n do
begin
d :=afij] :
alij] :=alky] ;
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alk,j] :=d ;
end ;
t :=false ;
end
else k :=k+1 ;
if k+n+1 then
if a[i,k-11=0 then tl1 :=false ;
end ;

if a[i,i]<>0 then

begin

d :=ali,i] ;

for j :=i to 2*n do alij] :=alijl/d ;
end ;

for k :=1 to n do
if k<>i then
begin
1 :=a[k,i] ;
for j :=i to 2*n do
alk,jl :=alk,jlalijl*d ;
end ;
i =i+1 ;
end ;
if t1 then
for i :=1 to n do
for j :=n+1 to 2*n do apli,j3] :=aliyj] ;
end ;
(RHFE R A AR A KKK AR KA AR KA AR A A KA A A
procedure tsma(a :mt ;var ta :mt ;m,n :integer ;so :real) ;

var i :integer ;
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begin
for i :=1 to m do
for j :=1 to . do talij] :=so*alij] ;
end ;
(*************************************************)
procedure ptttit(var A B,C.Bh :mt) ;
var kl,k3,k4,Tu,Te,Tk,a0,al,a2,a3,a22,b2 b22 :real ;
ij :integer ;
begin
kl :=042 ;k3 :=10 ;k4 :=0.5 ;
Tc :=0.1 ;Tk :=0.08 ;Tu :=0.01 ;
a0 :=Tu*Tk*Tc ;al :=(Tc*(Tk+ Tu)/a0) ;
a2 :=(Tk+ Tc=(k1*k3*k4))/a0 ;a3 :=1/a0 ;
a22 :=(Tk+ Tc)/a0 ;b2 :=(k1*k3*k4)/a0 ;
b22 :=(k3*kl)/a0 ;
a[l1,1] :=-al ;a[l,2] :=1 ;a{1,3] :=0 ;
a[2,1] :=-a2 ;a[2,2] :=0 ;a[2,3] :=1 ;
a[3,1] :=-a3 ;a[3,2] :=0 ;a[3,3] :=0 ;
ah[l,1] :=-al ;ah[1,2] :=1 ;ah[1,3] :=0 ;
ah[2,1] :=-a22 ;ah[2,2] :=0 ;ah(2,3] :=1 ;
ah[3,1] :=-a3 ;ah[3,2] :=0 ;ah[3,3] :=0 ;
for i :=1 to 3 do
for j :=1 to 1 do b[ij] :=0 ; b[2,1] :=b2 ;
for i :=1 to 3 do
for j :=1 to 1 do bh[ij] :=0 ; bh[2,10 :=b22 ;
c[1,1] :=1 ;c[1,2] :=0 ;c[1,3] :=0 ;

end ;

(******************#********************************)

procedure ptttxs(var Ad,Bd,Cd,Adh.Bdh :mt) :
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var A B,C,Ah,Bh,al,a2,adl,ad2,add1,add2,bdl,dv :mt ,
ij :integer ; T :real ; ahl,
ah2 adhl,adh2,addhl,addh2,bdhl :mt ;
begin
ptttlt(A,B,C,Ah,Bh) ;T :=0.1 ;
tsma(a,al,3,3,(-1/2) ;tsma(a,a2,3,3,(T/2)) ;

dv[1,1] :=1 ;dv[1,2] :=0 ;dv[1,3] :=0 ;
dvi2,1] :=0 :dv[2,2] :=1 ;dv[2,3] :=0 ;
dv(3,1] :=0 :;dv[3,2] :=0 ;dv[3,3] :=1 ;

suma(dv,al,ad1,3,3) ;suma(dv,a2,ad2,3,3) ;
invma(adl,add1,3) ;tmt(addl,ad2,Ad,3,3,3) ;
tsma(b,bd1,3,1,T) ;t,t(add1,bd1,Bd,3,3,1) ;
tsma(c,Cd,1.3,1) ;

tsma(ah,ahl,3,3,(-T/2)) ;tsma(ah,ah2 3,3,(T/2)) ;
sumal(dv,ahl,adhl,3,3) ;suma(dv,ah2,adh2,3,3) ;

invma(adhl,addhl,3) ;tmt(addhl,adh2,Adh,3,3,3) ;
tsma(bh,bdh1,3,1,T) ;tmt(addhl,bdhl,Bdh,3,3,1) ;

end ;
(FHRRFFA AR A A KA A AA KKK A AR A KKK AR KKK KK KKK KKK
procedur dkvas(var detM,detN :real ;var M\N :mt) ;
var ad22 m2 ml,cdp,adp,adp2,n2,n3,Ad,Bd,Cd,Adh,Bdh :mt ;
i,j :integer ;
begin
ptttxs(Ad,Bd,Cd,Adh,Bdh) ;
tmt(ad,ad,ad22,3,3,3) ;tmt(ad,bd,m2,3,3,1) ;
tmt(ad22,bd,m1,3,3,1) ;
for i ;=1 to 3 do
for j :=1 to 1 do Ml[ij] :=ml[ij] ;
for i :=1 to 3 do
for j :=1 to 1 do MI[j}l] :=m2[ij] ;
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for i :=1 to 3 do
for j :=1 to 1 do MIij}2] :=Bdliyl ;
detma(M,detM,3) ;cvma(Ad,adp,3,3) -.cvm,a(Cd,cdp,1,3) ;
tmt(adp,cdp, n2,3,3,1) ;
tmt(adp,adp,adp2,3,3,3) -tmt(adp2,cdp,n3,3,3,1) ;
for i :=1 to 3 do
for j :=1 to 1 do NIi,j] :=Cdpliy] ;
for i :=1 to 3 do
for j :=1 to 1 do N[ij+1]-:=n2[ij] ;
for i :=1 to 3 do
for j :=1 to 1 do N[ij+2] :=n3[ij] ;
end ;
(*************************************************)
procedure qrr ;
var R1,Adp,Bdp,Ad,Bd,Cd,Adh,Bdh,Bdhl :nit ;
i,j,l :integer ;ok :boolean ;R2epsilon :real ;
K1 :array[1..50] of real ;
begin
ptttxs(Ad,Bd,Cd,Adh,Bdh) ;
cvma(Bdh,Bdp,3,1) ;cvma(Adh,Adp,3,3) ;
tsma(Bdh,Bdh1i,1,3,(1)) ;
for i :=1 to 3 do
for j :=1 to 3 do
R1fig] :=0 ;R1{1,1] :=1 ; R2 :=0.29 ;epsilon :=0.09 ;
for i :=1 to 3 do
for j :=1 to 3 do
P[50](i,j1 :=0 ;i :=49 ;0k :=true ;
while ok and (i<=50) do
begin
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suma(R1,P[i+ 1], TP[i+ 1],3,3) ;

tmt(Bdp, TP[i+ 1], TPP[i+ 1],1,3,3) ;
tmt(TPP[i+ 1],Bdh,TPPBdhl[i+ 1],1,3,1) ;
K1[i] :=1/(R2+ TPPBdh[i+ 1][1,1]) ;
tmt(TPP[i+ 1],Adh,TPPAdh[1+ 1],1,3,3) ;
tsma(TPPAdh[i+ 1],K[i],1,3,K1[i] ;
tmt(Adp, TP[i+ 1],TPA[i+ 11,3,3,3) ;
tmt(Bdh1,KI[i],BdK][i],3,1,3) ;
suma(Adh,Bdk[i],BKA[i],3,3) ;

tmt(TPA[i+ 1],BKA[i],P[il,3,3,3) ;
for j ;=1 to 1 do

for 1 :=1 to 3 do
if abs(K[i+ 1]1(3,11-KI[i][j,]] <= epsilon then
begin
writeln(MA TRAN DIEU KHIEN TOI UU KJ[i] LA ) ;
writeln ;
for j :=1 to 1 do
for 1 :=1 to 3 do
begin
write(K[i]{j,1] :3 :3,” ’) ; writeln ;
ok :=false ;
end ; writeln ;
end

else write(Ckhong tim thay K[i]’) ;

end ;

(*********************************************)

BEGIN
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Giai no ta sé tim dugc cac gida tri P[ij] cia ma tran P.
Xét Q toi vu cua hé lién tuc

p13[2]1=0.000125

pll =20187.644

p33 =0.014

pl2 =p21=179.443

p23 =p32=8.7074829932E-11

MA TRAN P
20187.643675 179.443222  0.000125
179.443222 0.000125 0.000000
0.000125 0.000000 0.014354

det(P) cap2=-3.2197346309E+ 04
det(P) cap3=-4.6217142178E+ 02
MA TRAN LA XAC DINH DUONG
Ma tran KJ
‘ (78596409.432000 94.687479 0.000038)

Tin hiéu diéu khién t6i wu U(T)=-K(T).K(T)
Program toi-uu ;
uses crt ;
type

day=array[1..30] of real ;mt=array[l1..3,1..3] of real :

)

var
ij :integer ; pl3 : day ;
pl1,t,p33,p12,ah1,detp2,ah2,ah3,bh,r2,p32 : real ;
epsi,pt,detp3 :real ;dl :boolean. p,b,br,K :mt ;

H
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(******#**#************************************)

procedure tmt(a,b :mt ;var ¢ :mt ;m,nk :integer) ;
var i,j,l :integer ;
begin

for i :=1 to m do

for j :=1 to k do
begin
clij] :=0 ;
for 1 :=1 to n do clig]l :=clijl+ali, ;}*bll]] ;
end ;

end ;
R )
procedure tsma(a :mt ;var ta :mt ;mn :integer ;so :real) ;
var i, ‘integer ;
begin

for i :=1 to m do

for j :=1 to u do talij] :=so*alij] :

end ;
(FRERREARARRRAK AR A AR R AR AR
function f(pl3 :real) :real ;
var a4,a2,al,a0,ahl,ah2,ah3,bh,r2,p32 :real ;
begin

ahl :=-112.5 ;

ah2 :=-2250 ;ah3 := -12500 ;bh :=52500 ;r2 :=0.12 ;

p32 :=(2*r2)/(bh*bh) ;

a4 :=(sqr(bh)*sqr(bh)*sqr(bh))/(4*(r2*r2*r2)) ;

a2 :=((ah2*bh*bh)/r2)<(ah2%ah2*bh*bh)/r2) ;
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ptttlt(A,B,C,Ah,Bh) ;

clrser ;gotoxy(2,2) ;

writeln(PHUONG TRINH TRANG THAI HE THONG LIEN
TUCY) ;

writeln(CX(t)=A X(t)+ B.U(t) ;

writeln(Y(t)=C.X(t) ;writeln ;

prinma(’ A,A,3,3) ;gotoxy(2,11) ;prinma(’ B’ 3,1) ;

gotoxy(2,16) ;prinma(’ C’,C,1,3) ;readin ;

gotoxy(2,19) ;prinma(’ Ah’,Ah,3,3) ;

gotoxy(2,24) ;prinma(’ Bh’,Bh,3,1) ;readln ;

ptttxs(Ad,Bd,Cd,Adh,Bdh) ;clrscr ;gotoxy(2,2) ;

writelnCPHUONG TRINH TRANG THAI HE THONG XUNG SO ) ;

writeln(X(i+ 1)=Ad X(@i)+ Bd.U({)") ;

writeln(’Y(i)=Cd . X(@i)’) ;writeln ;

prinma(’ Ad’,Ad,3,3) ;gotoxy(2,11) ;prinma(’ Bd’,Bd,3,1) ;

gotoxy(2,16) ;prinma(’ Cd’ ;Cd,1,3) ;readln ;

gotoxy(2,19) ;prinma(’ Adh’,Adh,3,3) ;

gotoxy(2,24) ;prinma(’ Bdh’,Bdh,3,1) ;readln :clrscr :

?

writelnCXET TINH DIEU KHIEN DUOC VA QUAN SAT
DUOC CUA HE THONG ) ;
writeln ;
dkvgs(detM,detN,M,N) ;prinma(’ M’M,3,3) ;writeln ;
if detM<>0 then
begin
writelnCRank(M)=3") ;
writeln(He thong la dieu khien duoc hoan toan’) ;
end

else writelnHe thong la khong dieu khien duoc hoan toan’) ;
writeln_;prinma(’N’,N,3,3) ;writeln :

)
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if detN<>0 then
begin
writenln("Rank(N)=3") ;
writelnHe thong la quan sat duoc hoan toan ) ;
end
else writeln(He thong la khong quan sat duoc hoan toan °) ;

readln ; qrr ;

writeln(TIN HIEU DIEU KHIEN TOI UU Ulil=XKI[i]*X[i] ')
readln ;
END.
Xét phi€ém ham Q cho hé lién tuc
Ap dung phuong trinh Ricacti cho hé lién tuc
PA+ AP + Rl - PB.inv(R2)B'P = 0.
trong do cac ma trdn AB la ciac ma trdn cua hé hé da xét con

ma trdn R1,R2 la ciac ma trin hang dat cac hé s6 cia ma trdn A
la

al 1 0 0
A = a2 0 1 B =1|b R2=r2
a3 0 0

Khai trién phuong trinh Ricdcti ta ¢6 hé sau :

2.al.pli+a2.(pl2+p21)+2.a3.pl3 + 1 b.b.pl2.p21/r2 = 0 (1)
alpl2 + a2.pl3 + a3p32 + pll  bbpl2pl3r2 = 0 (2)
al.pl3 + a2p23 + a3pl3 + pl2 - bbpl2p23r2 = 0(3)

p21 + pl2 - bb.pl3.pl32 = 0 (4)
2.p13 - bb.p13.p23r2 = 0 (5)
p32 + p23 - b.b.p32.p231r2 = 0 (6)
Gidi hé nay ta dugce
pl2=p21 p23=p32

dong thoi ta cd phuong trinh.bdc 4 d6i vai pl3.
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*2d

al :=(2*ah3)<2*ah2*ahl) ;a0 :=1~(2*ah2¥p32) ,
f :=(a4*p13*pl3*p13*pl13)+ (a2*p13*pl3)+(al*pl3)+al ;
end ;

(***************************f********************)

function fp(pl3 :real) :real ;
var a4,a2,al,ahl,ah2,ah3,bh,r2,p32 :real ;
begin

ahl :=-1125 ;ah2 :=-2250 ;
ah3 :=-12500 ;bh :=52500 ;r2 :=0.12 ;
p32 :=(2*r2)/(bh*bh) ;
a4 :=(sqr(bh)*sqr(bh)*sqr(bh))/(4*(r2*12*r2)) ;
aZ :=((ah2*bh*bh)/r2)«((ah2*¥ah2*bh*bh)/r2) ;
al :=(2*ah3)«2*ah2*ahl) ;
fp :=(4*a4*p13*p13*pl3)+ (2*a2*pl13)+al ;

end ;

(#************************************************)

procedure detma(a :mt ;var det :real ,n :integer) ;
var ijk :integer ;t,tl :boolean ;d :real ;
begin
det :=1 ;i :=1 ;t1 :=true ;
while t1 and (i<=n) do
begin
if a[i,i]=0 then
begin
t :=true ;k :=i+1 ;

while t and (k<=n) do
if a[k,il<>0 then
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begin
for j :=i to n do
begin
1 :=alij] ;
alij] :=alky] ;
alky] :=d ;
end ;
det :=-det ;
t :=false ;
end
else k :=k+1 ;
if k>n then
begin
tl :=false ;det :=0 ;

end :

b/

end :

if ali,i]l<>0 then
begin
d :=alii] :
for j :=i+1 to n do afij] :=alijld
for k :=i+1 to n do
begin
d :=aflk,i] ;
for j :=i+1 to n do
alk,j] :=alk,jl-a[ij]*d ;
end ;

M

end
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i =i+1 ;
end ;
if t1 then
for i :=1 to n do det :=det*aliji] ;
end ;
(FHRREXEEAKK R A K AR HHH AR AR A KKK K)
BEGIN
clrser ;gotoxy(1,2) ;
writelnCXET Q TOl UU CUA HE LIEN TUC V) ;writeln ;
i =1 ;epsi :=0.00025 ;
pl3[1] :=0.0001 ;d1 :=true ;
for i :=1 to 30 do
begin
pl3[i+ 1] :=pl3[il+ f(p13[i])/fp(pl3Li]D ;
t :=abs(pl3[i+ 1]- pl3l[i] ;
if t<=epsi then begin pt :=pl3[i+1] ;
writeln(’p13[’,i+ 1,)]=],pt :3 6) ; end
else d1 :=false ;
end ;
ahl :=-112.5 ;ah2 :=-2250 ;ah3 :=-12500 ;
bh :=52500 ;r2 :=0.12 ;
pll :=(ah3*p32)«ah1*bh*bh*pt*pt)/(2*r2)<ah2*pt) ,
p33 :=(1/ah3)*((-ah2*p32)<(bh*bh*pt*pt)/(2*r2))«ahl*pt)) ;
pl2 :=((bh*bh)/(2*r2))*pt*pt ;p32 :=(2*r2(/(bh*bh) ;
writeln('pl1=",pl11 :3 :3) ; writeln('p33=",p33 :3 :3) ;
writeln('p12=p21="p12 :3 :3) ; writeln('p23=p32=",p32) ;
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end.

p(1,1] :=p11 ;p(1,2]"=pl2 ; p[1,3] :=pt ;p[L,2] :=bh
p[2,1] :=pl12 ;p[2,2] :=pt ; p[2,3] :=p32 ;b[1,1] :=0
p(3,1] :=pt ; p[3,2] :=p32 ; pl[3,3] :=p33 ;b[1,3] :=
writeln ;writeln(MA TRAN P’) ;
for i :=1 to 3+do

begin

for j :=1 to 3 do write(plij] :3 :6,”) ;

writeln ;end ;writeln ; detma(p,detp2,2) ;
writeln(’det(P) cap2=’,detp2) ; writeln ; detma(p,detp3,
writeln('det(P)cap3=",detp3) ; writeln ;
writeln(MA TRAN P LA XAC DINH DUONG V) ;
writeln ;
tsma(b,br,1,3,(1/r2)) ;
tmt(br,p,K,1,3,3) ;
writeln(MA TRAN K ) ;
for i :=1 to 1 do

begin

for j :=1 to 3 do
write(k[ij] :3 :6,"’) ;writeln ;

end ;
writeln ;
writeln('TIN HIEU DIEU KHIEN TOI UU U(t)=(t).X({t)")

readln ;
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ut) / zero-order J f
.?(-) Hold m(t)| (0.1p+1){(0,5p+1)

—

Bai 3

Hé théng diéu khi€n xung - sé
1) Xac dinh Wprpp dang Z va tim ham truyén dat cua

théng 0 trang thai kin.

elt)

yi(t)

Hinh BT 3 - 1.

1 -e P
Theo diu bai ta cd Wig(p) = ——

WLT
do d¢ LW (P W (p)} = z{ WLT@—e‘PT (p)}
p P
Wit(p) e P W r(p)
Néu dat f,(t) = L7 i L = —
&u dat f,(t) L{ }thl L{ . } fi(t =T
Do do
Wi o(p) Wi,(p)
7] e PT P77 _ . _7-lgl{ ¢ \] _ -1 P/
{e . } Z{fl(lT T)} Z Z{fl(l)} Z z{ o)
Wi (]
" -1
Vay ZWioP) Wi} = Wigop@) = (1 272 .
WLT(P)_ 1

B an ti du
p p(0,1p + 1)(0,5p + 1) phan tich ra ta C

Wirlp) 1 N 0,025 0,625
p p Olp+1 05p+1

z{ WL;(p) } = TZ_Z—_T + 0,025

OB Hﬁ_rir.m*m“w\



362 CAC BAt TAP LON

7 -1 1 0,25 1,25
Witep(@) =—7%—2 [Z—l T e 10T g e—ZT]

~701,25e 270,256 71T — 1] + [e71¢T+0,25e %1~ 1,25 19T)

Z - e~ 10Tz — 7 2T)

Y2) ZiWirep)! = Wirgp(%)
U@Z) ~ 1+ Zipop(P) 1+ Wigp(2)
~7Z[1,25e"2T—0,25e 19T 1] + [e" 12T+ 0,25 %T—1,25¢ 7197}
7%-7(2,25¢72T+0,75¢ 10T 1] + 2¢712T40,25e 2T~ 1,25¢ 10T

2) Xét on dinh hé théng theo tiéu chudén Routh.
Ta c6 phuong trinh dac tinh cta hé théng nhu sau
74  7[2,25A + 0,75B - 1] + 2AB + 0,25A 1,25B = 0

Wi rop(d)=

Wi(2) =

Wi(2)=

voi A = 2l . B = 10T
th Z—V+1 ta d :
ay =y_-pta uge

(V2 + 2V + D-(V*  1)225A + 0,75B 1)
+ (V - 1)%2AB + 025A - 1,25B) =

= VI[2AB - 2A 2B + 2] + 2V[l 2AB 0,25A + 125B]
+ 25A + 2AB  0,5B = 0

theo tiéu chudn Routh thi a_, a;,, by > 0

a0 a
12
- bO = = = a
2
2 4,

Vay diéu kién 1a a,, a;, a, > 0 vay
2(e 2T 0T 2T 10T 1) >0 (1)
1 - e 0,25¢%T + 125710 5 o (2) (%)

25621 + 27T el o 057107 5 g (3)

2T e 10T
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Phan tich (1)(2)(3) ta dudc

@2l e 1) >o0 . (1)
26t + &) 4 o562 - 1) > 0 (2
e 210,752 -1 + 0,25(e%-1) + 1,25 (€ > 0 (3
V6i T > 0 ta thdy rang 0 < el <1

0 < 0T

e—lUT < e—8T < e—2T

do vay ta thay rang (1) (2) (3) luén ludon thod méan v6i T > O.
Vay hé luon 6n dinh véi moi T (T > 0).

3) Tinh qud trinh qud do trong hé théng theo phuong trin
trang thdi, '
1
(0,1p + 1)(0,5p + 1)

e(t) = U(t)  y(t)
e(iT) = UGT) yGD.
Tt  ta co phuong trinh trang thii sau

y 1

m  0,05p% + 0,6p + 1
0,05p%y + 0,6py + vy

= m.
dy  dy
, 2 + 0,6 dt + y m
y = x] X’l = Ox] + ].XZ + Om
’ = 3
xl = X2 XZ = —20x1 12X2 + 20m

Xy 0 1 X; 0
e ] )
%, -20  -12] | x, 20
Phuong trinh trang thai phan lién tuc & dang rdi rac la
L x(i+1) = Adx(i) + Bdm()

¥ '-?'""L"""""\""-..'_":.vts.;.ine-'-c. q,y(l) == CdX(i)
T —
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T
Ad

I

Cd [1 0]

d(T) ; Bd = [&(t)Bdt ;
o) = L pl  A™Y

P 0
[pl Al {

0 1 J [P -1
0 P [—20 -12 20 p+ IZJ

det(pl A) = P + 12P + 20 = (p + 2)(p + 10)

p + 12 1
adjipl A) = [ J
-20 p
adj(pl — A
®l A7 = deigl - A;
_ p+ 12 1
(p+10)(p + 2) (p + 10)(p + 2)
(pI A =
-20 p
L (p+ 10)(p + 2) (p+10)(p+ 2) |

ot = L' ((pI  AY

-0,25¢"T + 1,25¢72T 0,125[e” 2T - &710T]
Ad = &(T) = J
-2,5(%T 7107 0,125[10e 10T - 920727
T T -2T _ _-10T
Bd = [&Bdt = [| 2 e 1
o o |2,5[10e™ 10T _ 22T

. T
B4 - 2,5[~0,5¢7%T + 0,1 e~ 10Ty
2,5[—e 10T 4 e
0
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B4 ~1,25¢7?T + 0257 10T 4+ 1
N ~25e" 10T 4 2 5721

x,(( + 1)T) x,(T) |
{xz((i + 1)T)} = Ad [xz(iT)l + Bd.e(iT)

1
i y(it) = x,(it)
12) e(iT) = UGT) yGT) = UGTD)  x,(iT) vay
‘l x(G+ 1T x;(iT) . )
| [xz((i + I)T)jl = Ad lxz(iT) — Bd.x(iT) + Bd.U(T)
Ta thu ducc :
l =2T -10
x(A+ DT)] 10,5677 4 25727 . s(e™ - ) y
X+ DTy 5e” 10T _ 52T l( 10e 10T _ 95— 2T
8

x,(iT) 1-1,25"°" + 0257107 |
X i —2T _ _—10T UaT)
X,(iT) 2,5(e “ —e )
_MH y(iT) = x,(iT)
- e
| Ta tinh qua trinh qua d6 cta heé thong véi 4 gia tri caa
-Zem ky cit mdu T = 0,1 ; 03 ; 1 : 2

uT) =1 i=01 2 ..
Diéu kién ddu x,(0) = x,(0) = 0.
+ T = 0,1 c6

x((1 +1)0,1 _ | 0,863 0,056 |*:1(0,1i) 0,0685
%+ 1)0,1 | 7 [-2,254 0,255/ [x,0,1)| T | 1,127

o '?';..'_' '_q., '.J;..: »'IE*. " :
A
. EM"‘M
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i =0 y0) = x(0 =0 x,(0) = 0

i =1 y0]1) = x,(01) = 0,0685 x,(0,1) = 1,127
i =2 y02 = x,02) = 0,1907 x,(0,2) = 1,2599
i =3 y(03 = x(03) = 03036 x,(0,3) = 1,0184
i =4 y04 = x/(04) = 038753 x,(0,4) = 0,7024
i =5 y(0,5) = x,(0,5) = 0,4422 x,(0,5) = 0,4326
i =6 y06) = x,06) = 04743 x,(0,6) = 0,2406
i =7 y07 = x,07 = 049129 x,(0,7) = 0,1193
i =8 y08 = x08 = 049916 x,(0,8) = 0,0500
i =9 y09 = x/(09 = 050207 x,(0,9) = 0,0146
i =10 y(I) = x(1) = 050260 x,(1) = 0,0323

ta thdy ring y sau khi dao dong thi da 6n dinh.

+ T = 0,3 co
x)((i + 1)0,3 0,347 0,0624 | |%:(0,3i) 0,3264
[xz((i +1)0,3 | = {—2,495 0,075} [XZ(O,SiJ * [1,248 ]
i =0 y(0) = 0 X, = 0
i =1 y(0,3) = 0,3264 x,(0,3) = 1,248
i = 2 y(0,6) = 0,5175 x,(0,6) = 0,3400
i = 3 y(0,9) = 0,5272 x,(0,9) = -0,0686
i = 4 y(1,2) = 0,5050 x,(1,2) = 0,0622
i =5 y(1,5) = 0,4977 x,(1,5) = -7,31.107°
i = 6 y(1,8) = 0,4986 x,(1,8) = 6,786.107
i = 7 y(2,1) = 0,4998 x,(2,1) = 3,484.107°
i = 8 y(2,4) = 0,5000 x,(2,4) = 7,377.10°*
i =9 y(2,7) = 0,4999 x5(2,7) = 4,446.107
Ta thdy rang y (khi i = 9) dd 6n dinh xung quanh 0,4999.
+ T = 1.

-0,662 0,0169

x((+ D1 x(i.1) 0,831
(G + 11| = x,G.1)| * [0,338
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i =0 y(0) = 0 x,(0) = 0
i =1 y(1) = 0,831 x,(1) = 0,338
i =2 y(2) = 0,2865 x,(2) = -0,235

i = 3 y(3) = 0,6373 x,(3) = 0,1522

i = 4 y(4) = 0,4116 x,(4) = -0,098

i =5 y(5) = 0,557 x,(5) = 0,063

i =6 y(6) = 0,4633 x,(6) = —0,040

i =1 y(7) = 0,5236 x,(T) = 0,026

i =8 y(8) = 0,4848 x,(8) = 0,0168

i =9 y(9 = 0,5097 %,(9) = 0,0108

i = 10 y(10) = 0,4937 %,(10) = ~6,92.107
y (khi i = 10) da dn dinh xung quanh 0,4937

+ T = 2.

x((i + 1)1 ~0954 2,29.107° {xl(i-z)] L | 0977
x,(( + 1)2 - X—0,0QZ _4,579_10—3} X,(1.2) \i0,0458]

i=20 y0) = 0 x,(0) = 0

i=1 y(2)= 0,977 x,(2) = 0,0458

i = 2 y(4) = 0,045 x,(4) = —0,0443
i=3 y(6) = 0,934 x,(6) = 0,042

i = 4 y(8) = 0,086 x,(8) = -0,0403

i =39 y(10) = 0,894 x,(10) = 0,038

i =26 y(12) = 0,1242 x,(12) = 0,0366

i =17 y(14) = 0,8584 x,(14) = 0,0345

i =8 y(16) = 0,1581 x,(16) = -0,0333
i=9 y(18) = 0,826 x,(18) = 0,0314.

Vay y 6n dinh nhung dao déng manh do T l6n.

4) Chuong trinh Pascal tinh quda trinh qua d6 theo phuong
__trinh trgng thdi. '

L

ng trinh trang thai cia hé ta cd
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yi((+ D T) = Ax)(iT) + Cx,(iT) + E
yli+ 1) T) = Bx)(iT) + Dx(iT) + F
trong do
A= -05eT + 25721 - 1
B = 56T o2
C = 0,1252T 107
D = 0,125(10 ¢ 1T 2 %))
Program qua-trinh-qua-do;
USES crt, graph ;
Var A B, C, D, E, F, T : real ;
x2, x2  array [0.640] real ;
gd, gm, i : integer ;
Begin
Repeat
CLRSCR ;
writeC Cho T = ) ;
Readln (T) ;
x1[0] := x2[0] := 0 ;
For i := 0 to 639 do
Begin
A = 0,5 exp(0*T) + 25%exp(2*T) 1
= 5 (exp (-0 T) - exp (2 T) ;
= 0,125 + (exp (2 T) -exp (H0 T)) ;
= 0,125 (10 exp (H0 T) 2*exp (2*T)) ;
=1  1:25%xp(2 T)+025%xp (40 T)) ;
F:=25 (xp (2 T) -exp (HO T)) ;
x1{G+ D*T] := A*x1[i*T] + C*x2[i*T]+E;
x2[(i+ D*T] := B*x1[*T] + D*x2[i T] + F :
e L] = 'x1[lil 6 : 2):

b)

b

(O Q™

write (’i =
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write (x2[’,i,’] = ’,x2[i]] 6 : 2);

end ;
{vé do thi yl(t), y2(t)}
gd = detect ;

initgraph (gd, gm, ") ;
Setbkcolor (green);
Setlinestyle (0, 0, 3) ;
Setcolor (red);
rectangle (2, 2, 637, 477) ;
Outtextxy (240, 40, qu4 trinh qua do ) ;
moveto (2, 240) ;
for i := 2 to 635 do

Begin

line (i, 240 - Round (2* xl1[i])) ;

end ;
Outtextxy (400, 230 - Round (2* x1[i], ’yl(t)’) ;
Setcolor (yellow) |
moveto (2, 240);
for i := 2 to 635 do

Begin

lineto(k, 240- Round (2* x2[i])) :

end ;
outtextxy (400, 230 - Round (2
outtextzy (10, 250, 0 ) ;

outtextxy (20, 466, g6 0 d& thoat
Readln (U) ;

Closegraph ;

x2[i]), ’y2(ty) ;

)
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5) Xet tinh diéu khién dugec cia hé thong.
Phuong trinh trang thii cda hé xung so

1, o1 —10
A [—O,Se_10T+2,5e_2T—1 sle ™)

—10T -2T 1 _
58 - 58 g( loe—IOT _ 29 2T

x(1+ 1)T)
(i + 1)T)

UGT)

y x,(iT) L |1 1,25¢ %7 + 0,25e 7107
X,5(iT) 2,5(e 2T — e 10T

y(iT) = [1 0] x(T)
M = [Add™! Bd, Ad"? Bd .. Bd] . = 2 vay
M = [AdBd Bd]

dat A=¢e¢l% B =¢e?Ttacg
_ 1 0,1875A%-2,8125B°+0,625AB—0,75A+3,75B—1 1 — 1,25B + 0,25A
(A — B)( — 1,875A — 5,625B + 5) 2,5(B — A)

det M) = (B - A)[2,6 AB 25 A - 25 B + 2,5]

det (M) = (B A)(1 - A1 - B) 25
> det M) > O

T >0viyB > A A B < 1

Vay Rank (M) = 2 = n = hé la diéu khién dugec.
6) Xét tinh quan sat dugc cia hé théng.

N = [Cd AdCd .. (AD"! Cd] n = 2 vay

N = [Cd Ad.C’d]

~05e70T 25077 1 5(e70T e~
Ad=| 1

| _8_(e—ZT B ,\'—10T) _;_( 10e-10T _ 2e‘2T)
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1 —05A+258 -1
N=1o 0,125(B — A)

det (N) = 0,125 B A > 0 = Rank(N) = 2 = n
Vay hé nay la quan sit dugc.
Bai 4

Cho hé théng diéu khign say -

8,, UI UJ

Phuong trinh déng co
1
(T,Tu P? +. TP + 1) I—)—er = KU, + Kf
Ky6, -6) = U

Phuong trinh b6 CLKDBD
Phuong trinh xenxin :

1
Cho gig tri bing s§

k1=0.42;k2=1;k_‘

=10;k4=0.5;i=1
Te = 0.1 sec ; Ty = 0.08 ; Tu = 0.01
1. Viat Phuong trinh hé théng dang chinh tjc -
X = A& + CU
Z = Hx

Tinh A, C, g
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4. Xac dinh tinh diéu khién duvc & quan sat dugc cua hé

g lién tuc va roi rac.

5. Hay xac dinh diéu khién t6i wu lién tuc U°(t) khi biét phiém
toi uwu dang

tl

= [ X?+pU%dt véi p = 0.12

to

phuong trinh Riccati
U°t) = -F° XCt)
F°t) = R, CTP
0 = PA + ATP + R, RCR,CTP
6. Tong hop diéu kién t6i uvu néu phiém ham cho dang rdi rac
.~ 1
Z[X(k+ ) +pUik)] véi p = 0.12

T
K

0.1
50 step

7. Lap chuong trinh

Bai gidi

1. Viét phuong trinh hé théng dang chinh tic :
véi gia thist

ta co
ksk, ksk,
lﬁ 3+ T—ke ﬁﬂr
1 1 ky kof
A B R A +Tu
1
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duoyy 3y op oS

—

Ag='n
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0 .
[0 L [0 0 0
Te k,
Va .| 1 - 0 0 k,
ay = Tu T Tu X + k3k4 k3k4 T_u XU
e T
i 0 Tk i
Z =101 0 o0X
Bang s6
[0 10 0 ] 0 0 0
A=1-100 -100 42 |.C = |0 0 100
| 0 0 -12,5 | 62,5 62,5 0 |

H=1([1 0 0]
2. Tinh ma trgn chuyén trang thdi ®) :

Dung bién d6i Laplace y
o) = S{PI - AT

p -10 0
pl. - A = (100 p+100 —42
0 0 p+1,25

Det (PI -A) = (p + 129)(p + 11,27)(p + 88,73) =
= (p+ D+ bp + ¢ ;

Vay ta co :
[ p+100 10 420 ‘
@O+ (prd)pro  PTHEIDET)
[pl - A" = |_ —100a P
EHE+)  Eh)Ere P TEIDET)
0 0
- (p+a) J

Bién dé’i—z ‘
@ = 1.146 127 - 0.146 o873
@, = 0.13 e 1127t _ 0.13 73873
By = -4.480 & X4 gal g 12T 4 071 8873
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®, = -1,2910 112 + 1201 &7

®,, = -0,146 e'1¥ + 1,146 &7
D,y = 5667125 - 49,689 #7127 - 6,311,672
q)32 =0

by = o125
3. Chuyén doéi tic hé lién tuc sang hé rov rac :
x(k+1) = Ad x(k) + Cd.U(k)
{ Z(k) = Hd.x(k)
Theo phuong phap hinh thang

Ad=[1—IA] [I+—T—A]

2 2
: T ,°!
Cd = [1 - EA] T.C
|Hd = H
Vi t = 0,1 sec ta cd
T 1 -05 0
[I—EA] =15 6 -2,1
<4 o 0 1,625 |
T [ 0,706 ~0,069 0,076 |
[*E ]‘1= -0,588 0,118 0,152
0 0 0,615
i J
[ 1 0,5 0

Viy )
0,706 0,059 0,076 [1 0,5 0
Ad =|-0,588 0,118 0,152 [x|=5 —4 21
0 0 0,615 0 0 037
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[ 0,411
= |-1,178
0
T -
Cd = [I-—z—A] 're =
Hd = H = [1 0 0]

0,117
~0,766
0

(0,475
0,95

3,84

0,152
0,305
0,231

—0,475
—-0,95
3,84

0,59 |
1,18
0

4. Xac dinh tinh diéu khién duoc va quan sat duoc

a. Hé lién tuc :

Quan siat dugc

Ta co :
[0 ~100 o | [
AH = [10 =100 0
0 42 ~12,5
L J L
K -100 o |/
AH = (10 -100 0
0 42 ~12,5
Rank {H A’H A”H’} = T
1 0 —~1000 |
= Rank {|0 10 ~1000 |} = 3
0 0 420
= Hé quan sat dugc hoan toan.
Tinh diéu khién dudc
Rank {C AC A%C)
0 10 0 0
AC = |-100 —~100 42 |x | 0
0 0 ‘—1,_253 62,5
- i 3
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[0 0 1000 |
= | 2625 -2625  —10000
~78125 781,25 0
[0 10 o | [ o 0 1000
A2C = |-100 -100 42 |x | 2625 -2625  —10000
0 0 ~-1,25 781,25 781,25 0
) —26250 ~100000 |
= |-295312,5 2953145 900000
9765,625 —9765,625 0
L J
Rank {C AC A’C} = 3.
Viy hé diéu khi€n duoc hoan toan.
b. Hé rdi rac :
Tinh quan sit duge :
Ta co :
Plt) = dt, 1) =D =T+ At 1) =1+ AT
1 0 o] [0 10 0 |
=0 1 0|+ [-100 -100 42 | .01
0 0 1 J 0 0 -12,5
(1 1 0
= |-10 -9 4,2
0 0 ~-0,25
B - - -
1 -10 0 1] 1
PH = |1 -9 0 ol = |1
0 42 -025 | |0 0
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1 ~10 o | [1] [_9]
(I),ZH’ — _9 0 — _8
0 4,2 ~0,25 4,2
1 1 -9
Rank {H’ ®H &*H’} = Rank {0 1 -8 =3
0 0 42
Vay hé quan sat dugc hoan toan.
Tinh diéu khién dudc o )
0411 0,117 0,152 0,475 -0,475 0,59
AdCd = |—1,178 -0,766 0,305 |x | 095 —0,95 1,18
0 0 0,231 384 —3,84 0
[ 0,98 ~0,89 0,381 |
= |-0,116 0,116 ~1,599
0,887 —0,887 0
[ 0,411 0,117 0,152] [ 098 ~0,89 0,381
A%dCd=|-1,178 -0,766 0,305 | x |-0,116 0,116 ~1,599
0 0 0,231 0,887 —0,887 0
. i R
[ 0,478 —0,487 0,03 |
= |-0,718 0,718 0,776
0,205 ~0,205 0

Rank {Cd AdCd A%dCd} =

0,475 -0,475 0,59 0,98
-0,95 1,18-0,116 0,116
0 0,887

Rank:< 0,95
3,84

—3,84

—0,887

0

=3 = Heé diéu khién dugc hoan toan.
5. Xéc dinh didu khién t6i uu lién tuc U°(t)

Phiém ham t

61 uu

0,205

-0,89 0,381 0,478 —0,487 0,03
-1,599-0,718 0,718 0,776
—~0,205

0
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379

h .
I = [ Xi+pudldt véi p = 0,12
t0

Phuong trinh Riccati

U%t) = -FOX(t) (1)
F° = R,ICTp (2)
0=PA-AP+ R PCRCTP (3)
Cdc ma trdn s6 liéu :
[0 10 0 | [ 0 0 0|
A= |-100 -100 42 |, c=] o 0 100
0 0 -125 62,5 625 0 |
1 0 0]
R;=[0 0 0
0 0 0
L .
0 0 0
R, =Ep = 012E; P,={0 0 0
0 0 0
Theo phuong trinh (3) ta cg
PA-A'P + R, PCRC™P = o
Dat
r-Pl %) P3.
P=|p, p; ps
P3  Pps P«sJ
P : ma tran dg xUng
Thay vao
I 0

P Py ps =100 -100 49 -
P3 Ps pg 0 0 -125
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(0 -100 0 |
10 —-100 0 |P+

0 42 -125

L J
[0 0 0 | . 0
P | O 0 100|.5—./0
L62,5 625 0 =40
Td (3) rat ra = PA + ATP + R, =

Rit ra hé

[ 7812,5p,° + 10000p,° = 1

7812,5ps* + 10000p,> =
{ 7812,5p2 + 10000ps° =

7812,5pps + 10000p,ps = —100ps — 42p, +
- 7812,5P;ps + 10000p,p, = 10p; - 100p, +

Giai hé nay ta duoc
Ps = ps = pg = 0
p, = 0,01105
p; = 0,003712
p, = 0,004105
'Vay ma trian P
[ 0,01105
P = [0,001105 0
0,003712 0
Tu do ta co :L
r FO = R%"ICTPF=
E 0 -0 62,5 0,01105
=012 0 0 -62,5|x [0,001105
’ LO 100 0 | L0,003712

0

0,001165 0,003712

0,001165 0,003712 ]

0
0

0
0

0
0

Il
o

12,5p3

100p,
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11,9333 0 0
~1,9333 0 0
09208 0 0

U°%t) = -F°X(t)
Uty = -1,9333X, + 1,9333X,  0,9208X,.

6. Tong hop didu khién t6i uu roi rac

Phiém ham té6i uu
kK

=Y [xf(k+1)+pu§(k)] véi  p = 0,12
k=0
T = 0,1 sec

Ta c¢d :
( Uk = -Fk)  X(k)
Fk) = {Ry(k) + Cy(IR;(k+1) + P(k+ 1)].C4(k)} 'x

XCIWIR, (k+1) + P (kt1)]  Adk).

Ph) = Aj() [R; +1) + P (k+1)] [Ad(K).C4(k)F(k)]

Két qua tinh toan : Uk) = Fk) Xk).
F(11) = const

[ 1,87656 0,03994  1.02647 |
Uy = - | 1,26021  0,02634 0,70806 | x |X,
-1,27518 —-0,27518 —0,64288 X,

- r

(0,12 0 0 0 0 0
0 0 0,12J 0 0 0
! ! J
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7. Lap chuong trinh

/¥ XAC DINH PHUONG TRINH SAI PHAN DANG %/

f* X(K+1) = Ad*X(K) + Cd*U(K) */
/* Z(K) = Hd*X(K) */
/* PHUONG PHAP HINH THANG */
/¥ INPUT A, C, H OUTPUT : Ad, Cd, Hd */
Fm————————————————m——m=—=======—========F%/

#include<stdio.h>
#include<math.h>
#define n 3 /* So bien trang thai */

#define m 3 /¥ So bien dieu khien */
#define T 0.05
#define ro 0.12
main()
{
void vaomat() ; void ramat() ; void nhanm() ;
void congm() ; void trum() ; void nhan~lso() ;
void chuyenvi() ; void daomat() ;
float aln]in],I[n]in],c[n](m],d[n]n], e[n][n],fln](n),x[n](n],h(1][n] :
float T1,Ad[n][n],Cdn](m]y[n]Inl, Adt[n][n],Cdt[n] [n],R1[n][n],P[n][n]
float~ F[n][n], R2[nl[n] ;
int ij ;
T1=T/2 ;
printf(\n Vao ma tran A\n") ;

vaomat(a,n,n) ;
printf("\n Vao ma tran C\n") ;

vaomat(c,n,m) ;

printf(" Vao ma tran H\n") :
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vaomat(h,1,n) ;

printf(" Vao ma tran Rl\n") ;
vaomat(R1,n,n) ;

printf("\n MA TRAN A\n\n") ;
ramat(a,n,n) ;

printf("n MA TRAN C\n\n") ;
ramat(c,n,m) ;

printf("n MA TRAN H\n\n") ;
ramat(h,1,n) ;

getch() ;

nhan_lso(a,d,n,n,T1) ;

for(i=0 ; i<n ; ++1i)

forj=0 ; j<n ; ++j)
ifli==j) I[IGl=1 ;
else I[i][j1=0 ;

trum(I,d,en,n) ;

daomat(e,x,n) ;

congm(l,d,f,n,n) ;
nhanm(x,f,Ad,n,n,n) ;

printf("n MA TRAN Ad\n\n") ;
ramat(Ad,n,n) ;
nhan_lso(x,y,n,n,T) ; nhanm(y,c,Cd,n,n,m) ;
printf("\n MA TRAN Cd\n\n") ;
ramat(Cd,n,m) ;

printf("n MA TRAN Hd\n\n") ;
ramat(h,1,n) ;
.getch() ;
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—— — —— bt G e gL S S e ——t G M GEED D S T — et G S R I G S WU SEED S e m—

r TONG HOP DIEU KHIEN TOI UU

/* TUYEN TINH RQI RAC

/* GIAI PHUONG TRINH RICCATI
/*===============================
chuyenvi(Ad,Adt,n,n) ;

printf("\n MA TRAN Ad’ \n\n") ;
ramat(Adt,n,n) ;
getch() ;
chuyenvi(Cd,Cdt,n,n) ;
printf("n MA TRAN Cd’ \n\n") ;
ramat(Cdt,n,n) ;
printf("\n MA TRAN R1 \n\n") ;
ramat(R1l,n,n) ;
for(i=0 ;i<n ;i++)
forG=0 ;j<n ;++)),
{
R2[il[jl=ro ;
P[l(]1=0 ;
}
printf("\n MA TRAN R2\n\n") ;
ramat(R2,n,n) ;
getch() ;
i=50 ;
printf("\n P(%d) = \n"i) ;

ramat(P,n,n) ;

i__ .

while(i>0)
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congm(R1,P,d,n,n) ;
nhanm(Cdt,d,f,n,n,n) ;
nhanm(f,Cd,I,n,n,n) ;
congm(R2,I,e,n,n,n) ;
daomat(e,x,n) ;
nhanm(x,d,I,n,n,n) ;
nhanm(L,Ad,F,n,n,n) ;
printf("n F(%d) =\n ")) ;
ramat(F,n,n) ;
nhanm(Cd,F,f,n,n,n) ;
trum(Ad,f,e,n,n) ;
nhanm(Adt,d,I,n,n,n) ;
nhanm(l,e,P,n,n,n) ;
printf("\n P(%d) =\n ")i) ;
ramat(P,n,n) ;
-

}

#undef m ;

#undef n ;
getch() ;
return 0 ;

}

/*
/*

/*
/*
/*
/*

R1+ P=d*/
Cd’*d=f */
f*Cd=I */
R2+ I=e*/

x*d=I */
I*Ad=F */

Cd*F=f */
Ad-f=e */
Ad’*d=] */
I*e=P */

/*#***********************************************************/

/* vao so lieu cho mot ma tran */

void vaomat(pa,m,n)
float *pa ;.

int mn ;

e —
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float x ;
int k=m*n,t,i,j ;
for(t=0 ; t<k ; t++)

{
i=t/n ;
j=t4*n ;
printf("\n phan tu %d, %d ="i+1,j+1) ;
scanf("%f",&x) ;
*(patt)=x ;
}
o}
void ramat(pa,m,n) /* in ra ma tran ¥
float *pa ;
int m,n ;
{

int k=m*n,ts ;
for(t=0 ; t<k ; ++t)
{

s=(t+ 1)%n ;

printf(" %10.5f%c", *(patt)s 2 \n’) ;
}

printf("\n\n") ;

/****************************************************/
void nhanm(pa,pb,pc,m,n k) /*nhan 2 ma tran*/
float *pa, *pb, *pc ;

int mnk ;
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int jit ;
for(i=0 ; i<m ; ++1)
forG=0 ; j<k ; ++))
{
*(pct i*k+j)=0 ;
for(t=0 ; t<n ; ++t)
*(pct i*k+j)+ =*(pati*n+ t)* *(pb+t*k+)) ;

}

/*****#***************************************************/
void congm(pa,pb,pc,m,n) [*cong 2 ma tran¥*/
float *pa, *pb, *pc ;
int mmn ;
{
int k=m*n ;
while(k~-)
*pet+ = *pat++ + Fpbt++

/****************#****************************************/
void trum(pa,pb,pc,m,n) /* tru 2 ma tran */
float *pa, *pb, *pc ;
int m,n ;
{
int k=m*n ; while(k——)
*pct+ = *pat+ - *pbt+ ;
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/*********************************************************/
void nhan_lso(pa,pd,m,n,t)

float *pa,t,*pd ;
int mn ;
{

int iy ;

for(i=0 ;i<m ;++1i)

for(j=0 ;j<n ;++))
*(pd+ i*m+j)=*(pa+ i*m+j)*t ;

/***#*********************************************************/
/* chuyen vi mot ma tran */
void chuyenvi(pa,px,m,n)
float *pa, *px ;
int m,n ;
{
int ij ; float x ;
for(i=0 ;i<m ;i++)
forg=0 ;j<n j++)
*(px+i*m+j)=*(pati*m+j) ;
for(i=0 ;i<m ;++1i)

forg=i j<n ;++j)

{
x=*(px+i*m+j) ;
*(px+ i*m+j)=*(px+j*m+1i) ;
*(px+j*m+i)=x ;

}



" CAC BAI TAP LON 389

/**************#*********************************************/

void daomat(pa,px,n)
float *pa,*px ;
int n ;
{
float dt,am,bm,ap,xp,dv,ep=0.000001 ;
int ijk,im ;
for(i=0 ;i<n ;++1i)
forG=0 j;j<n ;++j)
ifi==j) *(px+i*ntj=1 :
else *(px+i*nt+j)=0 ;
dt=1 ;
for(k=0 ;k<n ;++k)
{
if(k>=n) goto tt ;
im=k ;
am={fabs(*(pat+ k*n+k)) ;
for(i=k+1 ;i<n ;++1i)
if(am < fabs(*(pa+ i*n+ k)))
{
im=i ;
am=fabs(*(pa+ i*n+ k)) ;
}
ifim==Kk) goto tt ;
for(=0 ;j<n ;++j)
{
ap=*(patim*n+j) ;
*(pat im*n+j)=*(pa+ k*n+j) ;
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*(pat+ k*n+j)=ap ;
xp=*(px+im*n+j) ;
*(px+ im*n+ j)=*(px+ k*n+j) ;
*(px+ k*n+j)=xp ; ]

}

dt=-dt ;

tt  if(fabs(*(pat k*n+ k))<=ep) goto kt :

dt=dt* *(pa+k*n+k) ;

dv=*(pat+ k*n+k) ;

for(=0 j<n ;++j)

{
*(pat k*n+ j)=*(pa+ k*n+j)/dv ;
*(px+ k*n+j)=*(px+ k*n+j)/dv ;

}

for(i=0 ;i<n ;++1i)
if(i !'=k)
{

bm=*(pa+i*n+k)
for(=0 j<n ;++j)

{
*(pati*ntj)= *(pati*n+j)-bm**(pa+ k*n+j) ;
*(px+i*n+j)= *(px+i*n+j)-bm**(px+ k*n+j) ;
}
}
}
kt :getch() ;
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MA TRAN A
0.00000
-1000.00000
0.00000
MA TRAN C
0.00000
0.00000
62.50000
MA TRAN H
1.00000
KET QUA
MA TRAN Ad
0.69697
-12.12121
0.00000
MA TRAN Cd

0.15152

6.06061

2.38095
MA TRAN Hd

1.00000
MA TRAN Ad’

0.69697

0.01212

0.09697
MA TRAN Cd’

0.15152

-0.15152

w0.30303

1.00000
-100.00000
0.00000

0.00000
0.00000
-62.50000

0.00000

0.01212
-0.51515
0.00000

~-0.15152
-6.06061
-2.38095

0.00000

12.12121
-0.51515
3.87879

6.06061
-6.06061
12.12121

0.00000
420.00000
-12.50000

0.00000
1000.00000
0.00000

0.00000

0.09697
3.87879
0.52381

0.30303
12.12121
0.00000

0.00000

0.00000
0.00000
0.52381

2.38095
-2.38095
0.00000
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MA TRAN RI1
1.00000
0.00000
0.00000
MA TRAN R2
0.12000
0.12000
0.12000
P(50)=
0.00000
0.00000
0.00000
F(49)=
0.00000
0.00000
0.69697
P(49)=
0.33856
0.00589
0.04710
F(48)=
39.82789
-0.76320
-35.46271
P(48)=
2.83863
0.05868
0.09814

0.00000
0.00000
0.00000

0.12000
0.12000
0.12000

0.00000
0.00000
0.00000

0.00000
0.00000
0.01212

0.00589
0.00010

0.00082

0.61836

-0.01203
-0.55129

0.04443
0.00092

00134,

0.00000
0.00000
0.00000

0.12000
0.12000
0.12000

0.00000
0.00000
0.00000

0.00000
0.00000
0.09697

0.04710
0.00082
0.00655

7.92273
-0.14623
~7.03187

0.5535
0.01123
0.02554
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42.17680
10.417561
-43.56704
P47)=
- 5.38067
0.09885
0.33434
F(46)=
43.25064
19.01394
-37.57708
P(46)=
6.17947
0.09358
0.62703
F(45)=
28.8411
18.83502
-30.53317
P(45)=
5.85289
0.08409
0.68997
F(44)=
24.27701
17.53266

-8 ‘)h’ Nnai

0.46787
0.1152%

-0.48366

0.06082
0.00115
0.00329

0.42495
0.23579

—-0.46649

0.07757
0.00120
0.00746

0.33529
0.21873

-0.35577

0.06901
0.00102
0.00762

0.29383
0.21201

-0.30580

————

16.35261
4.05447
-16.86747

2.04148
0.03646
0.14756

17.61986
9.89355
—-19.26884

3.11460
0.04565
0.35099

18.398384
12.05154
~19.33632

3.65184
0.05083
0.48169

17.21724
12.47877
-17.68022

—— - . 2
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P(44)=
5.52842
0.07942
0.67379

F(43)=
21.61860
16.17066
~12.07360

P(43)=
5.15690
0.07353
0.63785

F(42)=
19.67362
15.07794
~19.85286

P(42)=
4.82846
0.06840
0.60184

F(41)=
18.33014
14.15484
~18.39352

P(41)=
455773
0.06459
0.56550

0.06'779
0.0010
0.00779

0.25751
0.19242
-0.26384

0.06235
0.00091
0.00721

0.23758
0.18191
-0.24060

0.05920
0.00086
0.00690

0.22109
0.17055
-0.22274

0.05587
0.00081
0.00645

3.82269
0.05314
0.52962

16.45892
12.35956
-16.57782

3.81434
0.05245
0.54488

15.42870
11.87307
~15.32266

3.66825
0.04998
0.53479

14.52035
11.26179
-14.31372

3.48925
0.04747
0.51242
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F(40)=
17.40945
13.47983
-17.42446
P(40)=
4.36104
0.06187
0.53710
F(39)=
16.82668
12.99561
~16.82952
P(39)=
4.21852
0.05994
0.51542

0.21116
0.16333
-0.21220

0.05378
0.00078
0.00615

0.20435
0.15766
-0.20524

0.05211
0.00076
0.00590

13.70706
10.66129
-13.46161

3.31245
0.04503
0.48720

13.07997
10.14944

-12.82866

3.156981
0.04296
0.46405
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Phu luc
Bing bién ddi Laplace va bién doi ;
f(t) F(p) F(z)
o(1) 1 1
1 ! :
p (z - 1)
¢ T T.z
p (z - 1)
ltz 1 T?z.(z + 1)
2 p’ 2(z - 1)°
. —at 1 Z . B — _—aT
(p + a) (z-B) °
{ oAt 1° T.zB
(p + a)° (z — B)?
1, _ 1 1 B*
Sthe™ . ~ T2(z + B). ———
(p + a) 2 (z — B)?
| = o-at a (1 -B).z
p(p + a) (z - 1)(z - B)
T - -
;(at -1+ e > a _ (1-B)z +
p-(p + a) a(z — 1)(z — B)
z.T

(z - 1)°
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2
. p z- — zB(1 + a.T)
(p + a)° (z - B)?
a z.sinaT
sinat 3 3
p”+a 2¢ — 2.7.cosaT + 1
p z% — z.cos(aT)
cosat 2 2
p-+a 2 — 2.z.coscT + 1
i a z.B.sincT
e “'.sinc.
2 2 :
(pt+ta)+c z° — 22.B.coscT + B2
L : p+a z(z — B.coscT)
e % . cosc.
2 2
(pt+a)y +c 7 — 2.2.B.cosCT + B?
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	7-6. NGUYÊN LÝ CỰC ĐẠI 
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