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TOM TAT

Ly thuyét diéu khién 1a mot bd phan rat quan trong dbi véi toan hoc hién dai, trong dé
cac md hinh toan toan hoc dwoc xem xét bang phwong trinh vi phan tuyén tinh hoac phi tuyén.
Mét trong cac md hinh trén dwoc biéu dién dwéi dang hé - phwong trinh X = Bx + Du, véi
ham trang thai x la mot ham — vecto thudc khodng gian n chiéu, ham — vecto diéu khién u thudc
khéng gian m chiéu. Yéu cau dat ra dbi voi bai toan la ta phai di tim ham u dé “diéu khién”
duoc “hé - phwong trinh” tir mot trang thai dau tién bat ky dén trang thai cudi cung bét ky trudc
mot diéu kién rang budc nao do, tir d6 cé thé xac dinh dwoc ham trang thai. Cé nhiéu cach dé
tiép can va tim nghiém cua bai toan da cho. Trong bai bao trinh bay nghiém ctia mét bai toan
didu khién dwdi dang da thirc bac ndm trong diéu kién cé mot diém kiém tra.

ABSTRACT

Control theory is a very important part of modern mathematics in which mathematical
models are reviewed by linear equations or nonlinear. One of the models are represented as
systems —equation X = Bx + Du, with function x of n-dimensional vector space, function
vector control # of m-dimensional space. Requirements set for the problem is that we must find
functions u "control" is "systems —equation" from a first state to any final status before any
binding a certain condition, that we can determine the function status. There are many ways to
approach problems and find the solution. In this paper, we present a solution of control problem
as a polynomial of five-degree on condition of a checkpoint.

1. it van dé
Xét mo hinh chuyén dong duge mé ta bang hé phuong trinh vi phén sau, con
duogc goi 1a hé dimg tuyén tinh:

X =Bx+ Du, (D)
véi diéu kién:

x(0) = xO, (2)

x(T)=x, 3)

trong do, x(t)e R", u(t)eR™; B,D la cac ma trdn vdi kich thudc tuong ung,
t €[0,T], yéu ciu cia bai toan 1a tim ham u(¢), dich chuyén hé (1) tir trang thai (2)
vao trang thai (3). Trong [1] ham u(¢) dugc xac dinh boi:
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T
u(t)y=D"e” (J.e"BDD*eSB ds)" (e x" —x°). (4)
0

Trong [2] ham u(?) dugc xay dung dudi dang:
u(t) = D" P.(1), (5)
trong d6 P, (¢) la da thuc theo bién t,cacmatran D, B » dugc mo ta trong [3].

Dé thay véi cach xay dung ham u(¢) theo (4) va (5) thi qua kho dé c6 thé khao
sat duogc u(z).

Y nghia ctia bai bao 1a xdy dung cac ham u(f) va x(¢) ciia bai toan (1)-(2)-(3)
du6i dang ham co ban dé phuc vu cho cong viée khao sat: d6 1a xay dung ching dudi
dang da thue.

2. Co s6 ly thuyét

Pinh nghia 2.1. H¢ (1) duoc goi 1a diéu khién dugce néu nhu ton tai ham u(?),
dich chuyén n6 tir trang thai ddu tiy ¥ (2) dén trang thai tuy ¥ (3).

Pinh nghia 2.2. Hdm x(¢) duoc goi la ham trang thai, con ham u(¢) dugc goi la
ham diéu khién cua bai toan (1)-(2)-(3).

Pinh nghia 2.3. Diém (¢, x(1,)), t, €(0,T), dugc goi la diém kiém tra ctia hé (1).

Pinh Iy 2.1. Hé (1) véi diéu kién (2)-(3) diéu khién duoc khi va chi khi hé thic
sau duogc thoa man:

rankK = rank(D, BD,...,B"" D) = n. (6)

Dinh 1y trén con c6 tén goi khac 1 tiéu chuan Kalman vé tinh diéu khién duoc cta
hé dimg tuyén tinh (1)-(2)-(3), dugc nha bac hoc Kalman R. E ngudi Hungari phat biéu
va chimg minh nam 1968 (xem [1]-[2]-[3]).

Noi dung ctia bai bao s€ dugc xay dung trén co s& xem xét bai toan sau day:

Bai toan 2.1. Xem xét chuyén dong cua chat diém co khdi lwong m trong
mit {&£,7} dudi tic dong cla truong trong luc. Gia sir diém m chiu sy diéu khién dudi
tac dong cua phan luc £, xudt hién trong két qua cta phan doi khoi no véi khdi luong
|dml|. Khi d6 khi lugng ciia chat diém s& 1a mot ham bién thién m = m(¢) va chuyén
dong ciia nd c6 thé mo ta bang phuwong trinh vec-to Mexerski:

dv
m—=p+ f. 7
Pt/ (7)
O day m—m(t) = m, +m,(t), v&i m, = const- phan khéi lugng c6 dinh ctia chat
diém, m,(t) > 0 - khdi lugng phan luc cia chat diém; f = (s —v)dm, /dt; v- vec-to van

toc tuyét doi cua diém m; s — vec-to van toc cua phan dm, tai thoi diém ¢ + dt sau qua
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trinh phan chia, nhu vdy @ =s—v la van toc twong doi cia cua phan khoi lugng dugc
tach, p — 1a khoi lugng cua no.

vy ¥

(2= (&7.7")
Hinh 1. Chuyén djng ciia chat diém trong mdt phang (£,1)
Chiéu phuong trinh (7) 1én phuong ngang va thiang dimg cta hé truc toa do da
cho ta nhan duoc cac phuong trinh chuyén dong nhu sau:
m(t)§ = ria (¢),
L )
m(t)i] = ma, (1) —m(1)g,
V01 a,, a, la hinh chiéu cta @ 18n cac phuong ngang va thang dimg ciia hé truc toa do.

Gia sir gia tri tuyét d6i ciia a dugc cho trude va co gia tri bang o, khi d6 hé (8) duoc
dua vé dang chinh tic nhu sau:

v )

Vol x, =&, x, =&, x;=1n, X, =1, ulzacosagg, uzzacosan;, a., a, -la

cic goc tao boi vec-to a véi cac truc £ va i, cung v6i u; +ui = o’ (rir/m)’. Phuong

trinh (9) duoc viét dudi dang ma tran nhu sau:

1 [0 1 0 offx] [0 0 0
| [0 0 0 0fx, 10{%} 0
= + +

X0 1000 1|x,| [0 Ofu, 0
X,/ {00 0 Ofx,| [0 1 ~-g

Do g = const nén tinh tong quat cta (1) trong bai toan trén duoc bao toan (that

vdy, ta co the xét bai toan v6i cach doi bien u, =u,; u, — g =1,.)
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3. Két luan
Pinh Iy 2.2. Bai toan 2.1 1a diéu khién duoc.

Chtrng minh. Hién nhién véi bai toan trén ta co:

01 00 00
00 0 10
“lo 0 o 1| PPy o7 Pe
0000 0 1

Kiém tra (6): rankK = rank(D, BD,...,B°D)=4=n. [
Ta gan cho Bai toan 2.1 cac diéu kién:
X(©)=0.X(1)= LX@ - @ (10)
Ta di dén phat biéu dinh 1y sau day:
Pinh 1y 2.3. Ton tai nghiém (ham trang thai) cia Bai toan 2.1 — (10) dudi
dang da thurc bac nam.
Chimg minh. Ly X(¢)=A,+At+ At +A,° + At' + AL,  Véi
A =[a,b,c,d], i=0,l,..,5. Yéu ciu ching minh tvong dwong v&i viéc x4c dinh
céc hé sd cta cac da thuc trén.
Str dung (10) cho ta:
x,(0)=a,=0,x,(0)=5,=0,
x()=a,+a +a,+a,+a,+a, =1,
x,()=b,+b,+b,+b, +b, +b, =1, (11)

1 1 1 1 1 1
x(2)=a, +5a1 +Za2 +§a3 +Ea4 +3—2a5 =—,

Q) =by+ b bbbt =
2 2 4 8 16

Strdung: x =x,:
Suyra:  a,+2a,t+3a;t’ +4a,t’ +5at" =b, +bt+b,t’ +bit’ +b,t* +bt’.
Diéu nay tuong duong véi: a, =b,;2a, =b;3a, =b,;4a, =b,;b, =0.
Thay cac hé thirc nhan dugc vao (11), gidi hé nhan duogc tuong ung cho ta:
a,=a, =0;a,=10;a, =-29;a, =32;a, =-12;
b, =b,;0;b, =20;b,=-87;b, =128;b, = —-60;

Bing cach do, nghiém cua bai toan 2.1 — (10) nhan dugc la:
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0 10 32 -12
20 -871, [—-60], 0 |
X(t)= t+ t+ '+ t.
0 10 32 -12
20 —87 -60 0
Pinh Iy dugc chirng minh!

Tir két qua nhan duge dé dang cho ta:

u, =%, =20—174¢ +384¢> — 240 — 60¢*.
u, =%, + g =29,8—174¢ + 384> — 2401 — 60¢".
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