
T9p ·chi CO' HQC 1979 sS 1•2 (trang 9 - 19) 

. v£· cAc DI!U K!iN THEO DOl DU(JC TRONG CAC 
Ht PHl . TUY£N 

NGUYEN THANH B~NG 

MvC dich ciia cOng trlnh nghien cuu n~y la xa.c dinh cac dieu ki~n rna v6i 
· . chung thi cac h~ phi tuyen se. theo d<ii dtrc;yc tl~eo nghia Kalman, d3ng thoi 
de ra thu*t tinh giai gan• dung bai loan theo d<ii duc;yc. chung minh s" hqi tl,l cua 
qua trinh giai va danh gia t6c. d¢ h¢i l\f cua 2 each 'giai gan dung khac nhau . 

. · 

§ 1. D! T B!I TOAN 
. -

Gia sti rang h~ d¢ng h,rc hQc rna ta muon khao sat duqc mO ta b&i phuong 
trinh vi phan co Q.~ng sau day: · • 

dx · =A (t) X+ IJ.f (X, t) (1.1) 
dt . 

trong d6 x la (n X 1) - vecto ca~ lQa d¢ pba~ f(x, t) la (n X 1) - vecta cac ham 
phi ·tuyen, A (t) la rna tr*n vuOng cap (n X n). v. Ia iham s<S be. · 

. Gia sti rang trong 'qua trinh khio sat h~ thong d¢ng l\fC hQC n6i tren ta co . 
th~· do duqc cac gia lri ciia vecta 

z (t) = P ' (t) X (t) (1.2) 
- (mXl) (mXIl) (DXl) 

t~i mQi khbi diem t biit ky va c6 the nh& cac gia trj ciia no lren khoang thai gian 
t .. - t' < t <\ .. tn;mg d6 P· (t) la rna tr~n chuyen vj, m < n. · 

Van de d~t ra la theo cac gia tri cua Z (t) tren do~n Ill' t .. - r ~ t < t .. c6 
Lbe xac .djnh gia lrj cua cac tQa d¢ pha t~i.t = t.,. bay khOng? Va voi nhfrP.g dieu 
ki~n nao Lhi bai loan d~t ni tren day co nghi~m. t uc h~ ( 1.1) la theo dOi duqc ? 

E>e giai bai toan d~t r·a tren . day Ia gia thiet la kl!i v. = 0 h~ tuy~n tfnh 
tllang trng YOi ( 1.1) la theo doi tll.l'QC hoan loan, tuc lheo cac gia lri cua Vt>ClO. 

z(o) (t) = p• (I) z(oj (t) (1.3) 

xac d!nh trcn. tlo~n t. - r ~ t < t,. ta hoan toan co the xac . djnh uuqc vecta· 
- x(•) (t .. ) cua h¢ : 

dx<o> (t) 
dt = .\ (l) x<o) (l) ( l..l) 
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Nghi~m cua phuong trinh (1.1) c6 the vi~t duoi d~ng: 
I 

X (t) = X (t) X-1 et.> 3: <t.>-"" r X (t) x-1 c;) f (X(s). ;) d;, t.- T <I< t. (1.5) 

trong d6 X(t} la ma tr*-n co so cua h~ Luyen tinh (2.4), X-1 (l) la rna tr~n nguqc. 

Kbi ay, lren CO' sa (1.2) va (1.5) La c6: . 

Z(t) == ·P' (t) x (t) + P •(l) q (L, x) (1.6) 

Trong bi~u dien (1.6) 'X (l) va q (t, x) la kY hi~u cac vecto sau day : 

z (t) -= X (t) X-t (t.) x (t .. ) (1.7) 
I 

· q (t, x) = - ~. r X (t) x-1 (£) f(x(~). £) d~ (1.8) 

Nbu v*y, ta c6 th~ dan bai toan da d~t ra btren v·e bai loan thea doi dugc 
d6i v6i h~ tuyen tfnh: 

( 1.9) 

tren ca sa cac thOng tin ve· d~i hrqng .z (t), xac djnh tren do~n t. - "C < t < t. thea 
c6ng thuc sau day: 

. z (t) = p· (l) X (l) = z (t)-:- P '(t) q (t, X) (1.10) 

Ro rang bai Loan theo doi duqc trong cac h~ phi tuyen (1.1) v6i dieu ki¢n 
(1.2) la Luang duang v6i bai toan thea doi dugc trong cac h~ tuyen tinh (1.9) Y6i 
dieu ki¢n (l.lD). nhung di~u khac nhau ca ban & day la: trong dieu ki~n (1.2) thi 
rae gia tri cua vecla z (t) tren do~n t. - 'f < t < t .. la biet. tru6c, con z (t) lrong 

. bieu dien (1.10) la d~i luqng chua xac djnh, vi ngoai Z (t) n6 con chua x(t) du6i 
d~ng an;M~c du "*Y· each bi~n dt:"ii tren day cho phep ta . v~n dtJ.ng cac· kel qua . 
trong IS· thuyet theo doi dtr()'C d6i v6i cac h~ tuyen tinh de giai gan dung bai 
toan thea doi duqc lrong cac h~ ·phi tuyen. 

§ 2. c.Acn GI..h 

Tren co sa c6ng thuc (1.7) d~ dang nh~n thay rttng: -X (l,.) =X (1 .. ) (2.1) 

Du6i .day se trinh bay 2 each giai gan dung d~ xac djnh d~i hrqng x (t,.). 
1. Caeh giili tht'r. nh•t (tllyh Unh boa toan phln) 

D~ xac djnh vecto x (l,.) ta dung .phuong phap gan dung lien tiep. Trong 
gan dung khoi diem La lay: 

t,. 

;;k (o) (t.) = ~ < Z <o>(t) . u (k) (t) > di, k = 1,2 .. . ,n, (2.2) 

t -r · ' • 
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trong d6 Z <~> (l) == Z (t). Ia vee to biet tru6c~ con u.<k>· (t) Ia vecta · xac djhh tir 
phuong lrinh : · · 

'(· J (X-1 (t.)]'. x· (t) p Ct) u<k) (t) dt = e(k), k = 1,2 ..•• n (2.3) 

trong <16 e<"> Ia vecto c<)t chi co thanh phan. tren hang lhir k b~ng l, con tat ci 
cac thanh phln khac b~ng khong. . 

Theo. cac dieu ki~n cua bai toa!l thi h~ tuyen·_unh (L4) tuong irng voi (1.1)-. 
. khi t..t = 0 la li~ dieu' khien duqc hoan loan, cho n~n nghi~m· u<k> (t) ctia cac phuang. 

· trinh (2.3) ton t~i va c6. th~ · xac djnh qui lu4.t thay ·doi cua· vee to u (k)(t), (xem [2]). 

Nhu v~y. tt'r cOng th\rc (2.2) hoan toan c6 th~ xac djnh vecto.z<o> ·ct.) va .sau d6 

giai nguqa. phuong trinh (1.4) voi dieu ki~n x<o> (t.) = x <0 > (t.) ta se xacdjnh duqc 

vecto z(O) (t) tren' do~n t .. - T < t' t •. Dua 'cac gia tri cua ve~t~ ::z:(O) (t) vao ve 
phii (1.10), ta duqc: · · · 

. z (1) (l) = z (t) - P' (t) q (t. :c(O) (t))' . (2.4) 

Bay gia de. xac djnh X. (t.) trong gan dung th (r nhat ta lay=· 

t. 

;;!c (1) (t} = ~ < zW (t) . u (k) (t) > dt, k . 1,2, .. , n, (2.5) 

·sau khi x W (t.) .da duqc xac djnh, ta c6 tli~ Urn xll) (t)theo cong thuc: · 

'· 
::cW (t) = X(t) X -t·(t.! x.<t> (t .. ) - l.t ~ X (t) X-t (~} t (::c<o> (s). s) d~ (2..6) 

t 
ho~c giai ngugc · ph uong trinh vi ph an 

( 1) - . 

· ~ = A (t) xW + t..t f (:t0 (t), t) (2.i) 
dt ' 

voi dieu ki~n 
(2.8) 

-
Gia s\r r~ng gan dung thu j da duqc xac din h. tire ta. da xac djnh duQ'c cac 

vecto x <j) (t..) va x (j) (t). Khi ay giin dung thti (j + 1) doi vai x (t.,) c6 the xac djnh 
theo cOng thtic sau day: 

t .. 

z11 Ci+l) (t.) = ) < Z (i+ 1) (L) . u (kJ (t) > dt, k = 1,2 •.. n (2.9) 

trong d6: 
t.-r 

z(i·l> (t) = z <t>-P-.ct>q (t. ::c<i> (t) > 
./ 

(2.l0) 
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(!On :x:<i+1
>(t) .thi c6 the xac djnb theo con~ thuc: 

t. . 

:~:<t 1 !(t)= X(I)X-1(~.) ~ <f
1
>(t.):-f.L s X(l)X- 1 (~) f(x(j > (;), ;)d; (2.11) 

t 

ho~c giai ngugc ph ucrng trinh vi phan 

d:r(fl) <f1) ~j) 
dt A{t)x +f.lf(:r (l), t) (2.12) .. 

voi dieu ki~n . 
. .+J . - ··1 . ·-· . 

:~:(J ) (l ) = ~ (J ) . (l ) 
. - . - . 

···( :·-. Can hru )· Ia tren tung b11oc· l~p ta phai xAc d!nh vecto q (t, x(i>(t)): Vecto · 
nay eo th~ .tim bang each lay lich phan : 

. .. . - .t .. . 

• . ; ·_. q(j) · ~l) ~ q (l~ ~(j)(l) )= -v- f X(j)X-1 (;)f(x<jl(~).~· ) d; . (2.14) 

ho~c giai ngugc ph uang trinh 

d~:j) ~A (l} q(j)+ J.lf (:rCj) (t), t) (2.15) 

v¢i dieu ki~n 
(2.16) 

Ya nhtr v~y. thu~t tinh .giai gan dung tr~n day da ho~m loan dl!a tren co 
sa tuyen tinh h6a loan b¢ cac tham s6 can xac djnh tren tung bu6c l~p (nen t.a g9i 
la phtrong phap ga:n dung lien tiep tuyen t~nh boa toan phan) Ya co the thl!c hi~n 
dtrQ'C tren may tinh ttrong ll! ho~c may tinh Y~n na'ng. Yan dt h(>i tt.I cua phucrng 
phap giai ta se xel ~au. . 

2. Caeh giai thtr hai (nira tuy~n Unh hoa) 

Gan dung kh&-i diem ~rong .each gild na~· cling xac. d!nh nhn trong each 

~iai th\r nM.t (xcm cong th\rc (3 .. 2)). Sau khi da xa c djnh x<o) (t ,.) = ; <o) (t.,.), t~ 
:iil.i nguqc phuong trinh phi tuyen (cht:r khong tuyen tinh h6a nhu· tro ng ca. ~h 
:ild th\r nhat): · 

dx<r> · A{t):r(l) + f.lf(x.O> t) 
dl 

(~.1 i) 

(2.18) 

.e lim cac gia Lri cua Yeclo x<1> (l) tren do~n t .. - !' ~ l < l,.. Khi iiy. ta ('0 lht• Xa(' 
jnh gan dung th\r nhfit doi ~·ai vecto theo cong tht:rc sau day: 

1,. . 

- , l )(t )-s<~ l)(l) {;) l)>d 1· -J ') X .. - M • • u · ~ l, k\.- • • , .. . ll 
k 

(~.19) 

1,.-"t 



.. 

trong d6· u(k) (l) ia nghi~m cua pbu<mg trin·h (2.3) nhu 0 each giai lhu nhat, COD 

z-rt) (t) la vecto sau diy: · 
· ;<1> (l)=: (t)-p•(t) q(t,x<1> (t}) (2.20) 

· Gia su gln dung thu j d6i vo~ ~ecta ;-(t.> dil dugc d.c djnh. tire da xac 
d!nh vecto. iO> (t.). Khi ay giaf ngugc h~ phuang t_rtnh .phi tuyen. 

d~j;•> = ~(t)x<f+l> +f(x<r•> t) (2.21) . 

vai dieu ki~n . (2.22) 

tt~n do~n t .. - l ~ t ~ t. va gln dung tiep theo d6i v6i i' (t.) se xac djnh h'r 
cOng thirc: 

.. '· 
i~+t>(t.) _-f< z-<J+D(t). u<k>(t) > dt, k = 1,2, ••• ,n (2.23) 

. t.--r . 
trong d6 

Z <j+i>(t) = Z(t)- P'(.t)q(t,x<j+I>(t)) 

Be xac djnh veclo q<j+ t>(t) 5ii q(t,x(j+l)(t)) taco the lliy "Uch phan: 

'· 
q<j+U _( t) = - ~ ~ X(l)X-1 {;)t-(::c(j+l)(~)._ ;) d~ 

t 
ho~c gilli ng11qc phucmg trinh . 

dq(j+l) 
--,-!..-.-- = A(t)q(j+l) + ~tf (::c(j+I> (l), l) 

dt 
vai d"ie u ki~n 

. ' 

(2.24) 

(2.25} 

(2.26} 

. · q<j+O (t_) = 0 (2.27} 

~hu v~y. theo phuong phap nay de xac djnh gln dung th(:c (j+l) bat ky ta 

chi tuy~n- tfnh h6a vi~c .xac djnh veclo z (j+l) (t), lrong khi ay de xac djnh vecta 

x<j+t> (t) doi hoi phai giai phuong trinh phi tuyen (2.21). Vi Jy do d6 ta gQi phU'a ng 
phap gan dung lien tiep b dlly la mia tuyen Unh h6a. · 

Van d~ h9i t1,1 ta se xet trong pban tiep lheo. 

§3. CAC DitU KitN TBEO DOl DUQ'C TRONG CAC H_e PHI TtJ'Y~N 
VA CHUNG MINH SIJ B(H TV CUA c.Ac CACB GIAI 

1. Biah It 1 : Gia su rtmg: 

1. H~ tuyen tfnh tllO'ng r:tng u&i (1.1) lthi ~ = o lti th1o doi 41l9'C hocm loan. 
2. V tCt<1 htim {(X, t) li~n l~C lheo m9i biln trong mitn JJ: 
D = ! (x,t): I x-x<0 >(t) 1 ~~. t.- ~ < t ~ t.l (3.1) 
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~ng tfo :z;Co) (t) ld nghi¢m cua 1phuang trtnh !upen ttnh (1.4) tuang ung v&i (1.1) khi 
.,. = 0 va v6-i clieu ki¢n bar1 Clau :<o> (!.) = x <•> (t.>~ con t1lti 1 4Qi _lu()'ng ducrng. Qua 

I X ! ta ky hi~ chulin cua vectcr, ho(ic CUQ ma tr¢n. 
3. Trong m(en D vecta, ham f (x,t) thoa man ateu ki~n Lipschii= theo x, tuc v&i 

!! diem bat kif (2:<'J. t) ED, (x<
1>, t) E D ta co bat phuung trtnh 

I {(:(2
> •. i)- f (x<\ t) I < r I ~(2)- x< 1

> I , r = const (3.2) 

4. Tham 'so JL xac-4!nh tir tiieu ki¢n: 
. ~ . 1 

o < lL < JLo = mzn l (1+vphr)hrt ' (3.3) 

trong Cld v, h, .P• F lti cac tig.i lut;mg sau t!dy: . . 
. v =sup I U(t) I I h =sup I H(tJ) 1 , H(t,V = x(t)X-1(£> · 

l t; 
p = sup I P'(t) 1 , F = max I f(x,t) I 1 

<:r,t>ED 

. r u(lj(t) uO>(t) .. . ub>(t) · 
1 . . 2 n . . 

u<2)(t) u<2>(t) •• • ·u<2)(t) 
U(t) = 1 2 n 

. . . . . . . . . . . . 
u<n~(t) u(n)(t) ... u<0f(l) 

., 1 2 n i 

Khi ay phuang phap giai gan tiling tlzeo each ·thU: nhat se h9i If!. va h~ phi 
tuyen (1.1) se {heo doi aU()'C hoan toan theo nghla Kalman. 

Chirng minh 

Truoc tien pbai chung minh ·la. v&i cac dieu . ki~n cua djnh I)· 1 m9i gan 
dung theo each giai th u nhat thu¢c mien D. Th?L v~y, theo each do La c6 : 

t.,. 

x<<>>(t) = X(t) x-1(t,jx {0

) (t,.), z(l) (t) . X(t)X-l (t,.) Xt(t,.)-~ s X(t)x-~(;)f (X(O)(~).;)ct; 
. I 

Gan dung khoi d iem x<O) (l) Lhu¢c D la dieu rat bien nhien. Ele biet x(l) (l) 

co thti¢c D hay khong. ta xet d?-i lt;rqng xct) (t)- x<0 >(t) Ya thay r_~ng: 

I x<l)(l) - z(O) (l) 1 < hI x <IJ (l,.) - 'i (O) (t,.) i + !L h Ft 

Theo cac cong thuc (2. 2) va. (2. 5), thi 

(xW ( !,.) - x<0
> (t .. ) : < !L" ph F r! 

E>ua danh gia nay vao ve phai cua bat phtrang lrinh tren ta duo-c: 

r z(l) (I) - x(O) (t) I< j.Lh F r (1 + \•ph t) < (11 t~ - T < t < t.. (3.4) 

Gia sir d .ng x<j) (t) E D ta chang minh la x<j+lJ (t) cung thu9c £> 



Tb~t v~y. theo cac ·cong thtie- ("2. 2) va (2. 11) ta co : . 

I z<i+ D(t) - x<0 >(t) I 'h (x<i+t)(t,.) - i<0 J(t,.) I + ~ h F t 

Tren C(] sa (2.~) va (2.8) t~ <lusre : 

lx<j+IJ (t,.) - "i<0.>(t,.) I< (.1. v·pb F t 2 

• 
Do d6, ta e6 danh gja sau d~y : 

- . \ -

I x<j+U (t) - x<0
> (1)" < ~ h: Ft (1 +, vp·ht) < l:!.. t;.. ~ t <. t < t •.. 

Nhu v~y. mQi g~n dung theo each giai thir nhat thu¢c D. BAy gib d~ chfrng 
minh qua trinh giai biti loan theo each th\r ·uhat la h¢i tQ, ta· xet: 

J z<i+O(t) - z <j) (t) 1 < h j"i(j+ t> (t.> - 'X(j>(t,.) 1 + "" hr 1: 1 ~(jl(t) - z(j -o 1 

M~t khac, tren ca sb eOng thirc (2,9) ta c6 : 

lx<j•l) (l) - ;(j> (t.) I' (J.V hp ~ t 2 1 zlj)(t)- x< j -1) (t) '· t.- t < t' t,. 
Do d6 ta c6 danli g~a sau. day : . . 

·l z<j+l> (t)- x<D (t) I< tJ. hr r (1 + v ph t) l x(j)(t)- x<j-t) (t)}. t. - t < t < t. (3.5) 
Di~u ki~n (5.3) cua djnh ly chota thay rl\ng d~i luqng t-thr t (1 + vphr) < 1. 

· va do d6 qua trinb giai tlieo each thir nhat hc)i tQ (theo, dau· hi~u Balambe). 
. ' . 

Dinh l:t 2 : Gici sa rling : 

1) H~ tuyen tinh tu:ung r.'rng o&i (1 , 1). khi ~ = 0 La theo doi ilu:qc hoan loan. 
2) VectO' ham {( x, t) Lien t~c theo m9i bien trong mien 

D~~ = f x 1 t) : I x-x<0
> (t) 1< 2 11; t,. - r ~ l < t,.l (3.6) 

trong ilo x<o) (t) Ia nghi¢m cua phuang trtnh tayl~ tinh (1:4) Y&i" aieu ki¢n ban 
airu x<'>) (t.) = x <o> (t~>· con 11ld 1. t1tJ.i lu:vng drrO'ng. . 

3. T_r~ng mien Di~ vectu ham r .(x,t) t~oa ·miJn·aieu ki~n Lipschitz theo X : 

j f (z<2>, t) f-(x<l), t) j < r I x<2) - zW J . i = ~onst, (x<2>, t}, (x(l), t) ED~~ 

4·. T ham so f.1 xac dfnh tiE ilieu ki~n 
.. . ~- 11 . 11 A . ~ 

O< ·~<tto = mzn - , , - ----
. ltFr vpFh1-r2 (1+vpht)hTt · 

(3.7) 

Khi ay_ qua trtnh giai lheo ccich thr.'r hai se h9i t~. 
I 

Chttng minh : 

Tren C(7 sb phtrang trinb (2.17) dieu ki~n (2.18) va cac dilu ki~n trong djnh 

ly 2 de dang chirng minh St,r tdn t~i nghi~m x< 1> (t) E n~> ( Di~ va thoa man 
danh gia sau d.1y: 

(J.8) 

Gia sii ding, x<j) (t) E o~x ta chting minh .la x(j+t) (t) cung thuQC 0~~-· 

15 



Tb~t v~y. tren co so phuong trinb (2.2) va dieu ki~n (2.22) ta suy ra Ia : 

- '· 
x<'" 1

) (l) = i'(j)(l)- ~Jx (t) x-1 (£) f (:t(i•l)(~).~)d~ (3.9) 

trong d6: • 
i(i) (t) = x (t) x-• (t.> ;<1> <t.) 

De dang nh~n thii.:y rA.ng ~(i) (l) E · ~~> c D~~ , boi vi : 

li <J>(t) - X~0) (t) 1 < h 1 -;m (t.) - ; (o) (t.) l <;; ~ vpFh'r1 -~ ti 

Do 46, t~n t~li nghi~m ~(j+t) (l) cua phuang trinh (3.9) va Lhoa. mD.rr danh gia 
sau.day: 

Tu cac ket qua tren va d\fa vao quy. tac tam giac. ta c6 : 

I x<j+t> (l)- x<0 > (t)l ~I x(j+l)(t}- ;<j>(t) I + -1 ;<jl(t)-:r< 0 > (.t) I< .2~ 
- -

· E>ieu d6 chung to nghi~m x(j+l) (t) E_·n~~ , tuc mQi gan dung theo each 
giai thu hai thUQC mien xac _djnh cua cac lhanb phan phi tuyen . . 

Be chung minh s11 hQi t~ ciia qua trinh giai ta x-et : 

lx<j+l>(t)- x<l><t>l <hi ;<Pet .. )- ;(j-t>ct.>l + 11hrr I x<j+t>(t)-x(j>(t) I 
hay Ia: 

I x<.i+ 1>(t) - x<i>(t) j < h j i;<j) (t .. ) ~(j-l) (t,.)l 
1-~hrr 

M~t khac, tu: cac cong thirc (2.23) -ta suy ra : 

!;<j)(t.)- ;<j-l)(t,.)l< !J.\•pTbr2 lx<.i)(t)·- x(j-l)(!)i 

Do d6 ta c6 : 

·I x(Hl) (t)-x(j)(t) I< !J. vprh
2
-rt 1 x(j) (tl- x (j -J) (l) 1. l~- -r < l < t.. (3.10) 

. 1-J..Lhrt 

Tren co so d.ieu ki~n (3.i ) ciia djnh I)· 2, ba.t phuong trinh (3.9) chota thay. 
r~ng qua trinh giai gan dung theo each thfr hai h(li t~ (theo dau hi~u Balambe) ·. 

2 _ v~ t6c d~ h~i tQ ctaa hai each giai : 

a) D~ danh gUt t6c d\J h(li lt;~ cua each giai thu nhat ta se si'r dt;~ng cac-cong 
thuc ~3.4) va (3.5): 

16 

Tir cong th\rc (3.5) ta suy ra: 

I x<j+l) (t) - ·x<j) (I) I< J..L' [rbt (1 + vph•) ]i jztl) (t)- x< 0
> (t) j 

Va lr~n ca so bat phuong trinh (4.4) ta '"duqc 

j:r<j+J) (t)- x(j) (l) I<~ <j+I> r"O + vpht)h-r]id r iF (3.1 1) 

I 
! 
f 
j 
I 
I 

t 
t 
I 
I 
! 



-

~ ·- . 

. . b) · B~ danh gia t6c · d~ h9i. t~--1heo- eileh. giai thu ha:i ta. vie(ht.i'Mt:,·:J!Tu~orit: 
trinh (3.10) d~ai d~g: ·. · : · . . _;_ _.- · _ · · · · ~ · _ <~ · .. · . . 

1x<l+1> (t)- xm (t) 1 <: (.LVprhz,~-- (J·+,h-~1) j:z;W (1) .- x<i- 1) (tH<. . · 5; 
< ~} [rpvh• 't~ (1.+ J.~;hn)}l¢1} (t)- 'x<o) (l}l · -~:.__ . . . -- · 

,.l-
va Lten co so tuong quan (3._S) ta c6 : · -· .... . . ' -. · 

1 :z;(i+I) (:t}- x(j) (l)t < l-'<i+1~ 0 + Ji}r~)j (ht)ti•l ( v_pr)JF · · ':.'· (3~12)., 
'* ' o: . ' • • ;. • I: ·. -: ~· - / • '• • 

Cac bat phaong. trinh·- (3.11) v~(3.12)· clio phepta dflnh' gia;t.sectt~i tticiia . 
· 2 each giai n6i tren. · ·.~ . - · · · · -· .- · 

:· : ._ ..;....; . '!c..~ .. - .... . . · - · .• -: 

_, ·-
.. § "· TRU! T TtNB v A SO' Bb TUVC Rl~N- TR.£~- MAf Tt:Nif 

1. Thutt t:inh d6i Tlri each giai thv nh't 

· Brz&c 0: Xac djnht cac vecto u<t> (t), k ::::2 1,2,~ ... n 

Brz&c 1: B~t j = 0 xac djnh vecto l;<J> (t.) theo cOngtbuc 

t. 

X~) (t.) = f < -~ (j) (l). U{k) (t) > dt, k ..:_ 1,2,~. ,n, Z (o) (t) = Z (t) 

t~--"C . 

Brz&c 2: giai nguqc; phuong trinh, (vai j = 0, J.L = 0): 

. (i) . 

- , d:t. = A (t> x<J> +" r <x<·~1> <t>. t) 
veri dieu ki~n 

:z:{ll. (t.) = ~ (j) {~.) 
dl ~fie- dfnh cac· gia trt ciia vecto x(J)::(t} tr~n~· d01p.11 t,.. - 't ~ t < t. 

lJrr&c 3: Giai ~guqe ph~g. trinh . . 

d:~Jt· = A (t)q<D + ~f (.x0--1> (t), t) : ., 
veri- dieu ki~n 

. q<J) (t.) = 0 

. dl xac d!nh cac gia tr! cua .vecto qm (t) tren do~n ttl~ b < t < ie 

Brr&c 4-: Xac lijnb. veeta z(j-91) (t) theo c~ng thfrc. 
' z fj+l) (t) ·=- z (t} :::a p· (t) q.<i> (t) . . 

Sau d6 tro l:_ti baoc 1 voi j = j + 1. 

Thu4,t Una tren· dty co the th"c hi~n 1 each d~ dang tren may U~hl tllong li:X' 
theo sod~ sau d~y (hinh 1): , 

2-CH • 
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-Hinh 1 

~. Th11tt Ullh d6i vtri .eaeh .giii thU. hai · · · 

~uuc 0: Xac dinh cac veeta u <k> (t), k = 1,.2, ... , n 

. • . .Brz6-c --1: E>~t · j = 0, xac d!nh .x <j> (t.) theo c6ng thuc 

;;;. (jl(t.) = ~· <. Ztil, u (k) (l) > dl, ·k = ·1.2: ... , n, zt•) (l) =Z(t) 

t.-r. 

Bzr&c 2: ~iai ngugc phuang trinb phi tuyen 

dx(j+l) · ("+ ) . ("+ ) 
dt = A (t) z J 1 + J.L.f (x J 1 ' t) 

. . 
''ai dieu ki~n lay tir b¢ nha 

X (j+l) (l,.) = ; (j~ {t .. ) 

de xac d!nh cac gia tri ·ciia vecta x<j~t> {!) . tren do~n t .. - r < t < t,.. 
Brrtrc 3 : Giai ngugc phuang trinl;l 

_ dq.<j+l) == A (l) q<j+l) + tJ. f (x (j+t > (t), t ) 
dt . 

Yai dieu ki~n q<j+t> (t .. ) = o 
de xac dinh cac gia Lri cua v·ecta q<Ht> (l) 

Bu&~ 4: Tinh ~ac gia tri cua vecta Z lj~l> (t) theo ~6ng ~hue 

z<j+n <u = z (t)- p· <o qo+n <t> 

Sau d6 tra _l~i bu&c 1 v&i j = J + 1 · 
Thu$-t tinh lr~n day c6 the thl!c hi~ri .1 each de dang tren may tinh t uong 

ttr theo so do sau day (hinh 2) . 

'-t8 
• 
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C~n hru y. nh~ng ke~ qua tren la Slf "mo· r9ng cac phuang "phap ma Lac gil 
da. s.I d~:mg d~ giai ba.i toan di&t khien d11gc (xem (6 - 7]) vao lop bai toan theo 
~oi duqc trong cac ~- phi tuyen. , · · 
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SUMMARY 
ON THE OBSERVABLE CONDITIONS. tN THE NOMLINEAR SYSTEMS 

· THE. FOLLOWING RESULTS ARE GIVEN IN THIS PAPER : 

- The conditions that the nonlinear syslenu are observable in Kalman's sense. 
- An al~orilhm for approximative solut\on of the observable problem. 
- Convergence and estimate ot converaenee speed for the two different approximative 

>olutions. 


