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VE TRO CHOI PUOI BAT TUYEN TINH TREN THANG THOI GIAN

TOM TAT
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Truong Pai hoc Nong Lam - DH Thadi Nguyén

Nhiam théng nhét nghién ctru cac hé dong luc lién tuc (hé phuong trinh vi phan) va hé dong luc roi
rac (hé phuong trinh sai phan), nim 1988, Stefan Hilger trong luan an Tién si ciia minh, d4 dua ra
khai niém thang thoi gian (time scale). Noi dung chinh cta bai bao nay la nghién ctru bai toan tro
choi dudi bat tuyén tinh trén thang thoi gian. Pua ra diéu kién du dé két thuc tro choi véi cac diéu
khién thoa méan han ché hinh hoc hodc han ché tich phan. Hai dinh 1i duogc trinh bay trong bai béo
cho phép hop nhat mot sé két qua da biét trong tro choi dudi bét tuyén tinh m ta bai phuong trinh
vi phan hodc phuong trinh sai phan véi rang budc hinh hoc hodc rang bugc tich phan.

Tir khéa: Thang thoi gian, Delta dao ham, diéu khién, tro choi dudi bdt tuyén tinh, hé dong luc.

MO DAU

Khoi dau boi Hilger [10], trong 30 nim qua,
gidi tich trén thang thoi gian va hé dong luc
trén thang thoi gian da hinh thanh va phat
trién rit manh mé& (xem, thi du, [4], [5], [8],
[9]). Thang thoi gian cho phép hop nhat cac
hé dong Iyc mo ta bdi hé phuong trinh vi
phan va hé phuong trinh sai phan dudi cung
mot mo hinh chung l1a h¢é dong luc trén thang
thoi gian. Hé dong luc co6 diéu khién trén
thang thoi gian cling da bat dau dugc quan
tam trong nhitng nim gan day. Cac két qua co
ban cia phuong trinh vi phén va sai phan (li
thuyét dinh tinh, li thuyét on dinh,...) va ly
thuyét diéu khién (tinh diéu khién dugc,...) di
dugc phat biéu cho hé dong luc trén thang
thoi gian (xem, thi du, [1], [2], [3]). Tuy
nhién, theo hiéu biét cua ching toi, trd choi
trén thang thoi gian (hé dong luc chiu tac
dong boi hai diéu khién ndi chung c6 muc
ti€u trai nguoc) con chua dugc quan tam. Bai
Viét nay c6 18 1a két qua nghién ctru dau tién
vé tro choi trén thang thoi gian. Cac két qua
trong bai 1a hop nhit mot sé két qua da biét
cho bai toan tro choi mé ta bdi hé phuong
trinh vi phan hodc h¢ phuong trinh sai phan
(xem [6], [7]).

NOI DUNG

Giai tich va h¢ dong lwc trén thang thoi gian
Muc nay trinh bay Gidi tich va H¢ dong luc
trén thang thoi gian, chu yéu dua theo [4], [5]
va [9].
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Thang thoi gian Thang thoi gian (time scale)
1a mot tap dong T bét ki cua tap sb thuc .

Khi T =i, ta cO thang thoi gian lién tuc.
Khi T = ¥ (tap s6 tu nhién) hoacT = ¢ (tap
sO nguyén) ta co thang thoi gian roi rac. Tuy
nhién, theo dinh nghia, thang thoi gian c6 thé
la mot tap dong bat ki trong | ,thi du,

T = UTn =
n=0

o0 day T 1a hop cua cac doan dong

T,=[2n,2n+1]={te;, 2n<t<2n+1n=012,.}.

Cho thang thoi gian T.

Pinh nghia 2.1.1. Todn tir nhay tién (forward
jump) la toan tir o: T — T dugc xac dinh boi

o(t)=inf{seT,s>t}.

U[2n,2n+1] 1a thang thoi gian,

n=0

Todan tw nhay i (backward jump) 1a toan tir
p:T—T duoc xac dinh boi

p(t) =sup{seT,s<t}.
Ham hat (graininess) 1a ham z:T —[0;0)
dugc xac dinh boi cong thie u(t) =o(t) —t.

Ki hiéu
infJ:=supT va sup:=

la tap rong. Ta quy udc:
inf T.

Pinh nghia 2.1.2. Piém teT duoc goi la
diém c¢6 lap phai (right-scattered) néu
t<o(t).

Diém teT duogc goi la diém ¢é lap trdi (left-
scattered) néu p(t) <t.
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Diém teT duogc goi la diém 6 ldp (isolated)
néu p(t) <t<of(t).

DPiém teT duoc goi 1a diém trii mdt phdi
(right-dense) néu t = o (t).

DPiém teT duoc goi 1a diém trii mdt trdi
(left-dense) néu p(t) =t.

DPiém teT duoc goi la diém trit mdt (dense)
néu p(t) =t =o(t).

Gidi tich trén thang thoi gian

TOpo trén thang thoi gian T 1a topd cam sinh
tor topo thong thuong trén . Voi topd cam
sinh, ta co thé xay dung gidi tich trén thang
thoi gian (cac khai niém gidi han, lién tuc,
dao ham va tich phan,... trén thang thoi gian
T). Cac khai niém lan cén, gioi han dudi day
duogc hiéu la trong topd cam sinh.

Ta ki hiéu tdp T* nhu sau

— T\{supT}, supT < +oo;

Giastt f:T—; laham xacdinhtrén T va
nhan gia trj trong | va teT".

Pinh nghia 2.1.1 Ham f : T — | duoc goi la
chinh qui (regulated) néu giéi han phai ctia n6
ton tai (hiru han) tai moi diém tru mat phai
trong T va gioi han trai cua nd ton tai (hitu
han) tai moi diém tri mat trai trong T.

DPinh nghia 2.1.2 Ham f:T —;
1a rd-lién tuc (rd-continuous) néu né lién tuc
tai moi di€m tri mat phai trong T va gidi han
trai ton tai (hiru han) tai cac diém tru mat trai
trong T.

duoc goi

Mot nxn—ma tran A() xac dinh trén thang
thoi gian T duoc goi 13 rd - lién tuc néu mdi
phan tir ciia A(.) 12 rd-lién tuc.

Ham rd-lién tuc f:T — | duoc goi 1a hoi

quy (regressive) néu 1+ u(t) f (t) =0, vteT.
Mot nxn—ma tran A(.) rd-lién tuc dugc goi

& ma trdn hoi qui néu |+ u(t)A(t)1a kha
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nghich voi moi teT*. O day I =1 la ma
tran don vi cip nxn.

Tap tt ca cdc ma tran hoi qui xac dinh trén
dugc ki higula R =R(T,; ").

Pinh nghia 2.1.3 (Definition 1.10, [4]) Delta
dao ham (dao ham Hilger) ctia ham x tai
diém t e T 1a mot s6 (néu nd ton tai), ki hiéu
la x*(t), néu véi mdi & >0 cho trudc ton tai
mot 1an cdn U cua t (trong topd cam sinh,
nghia la, U =(t—§,t+5)m'ﬂ‘vé’i mot § nao
d6) sao cho v&i moi seU taco
[x(a(t))—x(s)]—xA ®[ct)-s]<elo® -5|.
Pao ham Hilger cta ham vecto X: ’H‘\—) i " la
vecto dao ham Hilger cta cac thanh phan toa do.
Khi T= thi dao ham Hilger trd vé dao ham
thong thuong, con khi T=¢ thi dao hé!"n
Hilger chinh 1a todn tir sai phan tién
X2 (t) = x(t+1) —x(t), teg.

Néu x(.) c6 dao ham Hilger tai moi diém
teT* thitandi x la ham kha vitrén T* .
H¢ dong luc trén thang thoi gian

Pinh nghia 2.1.4 ([3]) Cho f:T—;". Ta
noi ’béi toan gia tri ban dau cua hé dong luc
tuyén tinh

X () = AR)x(t) + f(t), teT, x(t,)=x,(2.1)
1a hoi quinéu AeRva f 1a ham rd-lién tuc.
Ménh dé 2.1.1 ([3]) Gia sir t, T va AecR
la ma ‘trdn cap nxn. Khi dy bdi todn gid tri
ban dau

XA(t) = ADX (), X(t) =1,

trong dé 1, 1a ma trgn don vi cdp nxn, cO
duy nhat nghiém, dwoc ki hiéu la D, (t,t,).
Pinh 1i 2.1.1 ([3]) Gid sir t, €T va x, ;"

Khi dy bai todn gid tri ban dau (2.1) ¢é duy nhat
nghiém X:T — | " duoc cho béi cong thirc

X(t) =D, (t,1,)%, + jCDA(t,G(T)) f(r)A7.(2.2)
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Chi tiét hon vé khai niém tich phan trén thang

thoi gian va chirng minh cong thtrc nghiém

(2.2) cta hé dong luc trén thang thoi gian

(2.1) ¢6 thé xem trong [2], [4]. Ta thiy ring

cong thire (2.2) trd vé cong thirc nghiém cia

phuong trinh vi phan (v6i o(r)=7) khi

T=;.

Ham vecto X(.):T— " kha vi trén T thoa

man (2.1) dugc goi 1a nghiém hay qui dao ciua

hé dong lyc (2.1) trén thang thoi gian T .

Tro choi dudi bit tuyén tinh trén thang

thoi gian

Tro choi dudi bt tuyén tinh

Xét bai toan tro choi dudi bét tuyén tinh dang

2 (t) = At)z(t) - B(t)u(t) + C(t)v(t), t>t; tt, T
(2.3)

O day z(t,)=2z, cho truéc, ze;", ham

u(), u:T —; * 1a diéu khién cua ngudi dudi

va v(),v:T—; ¢ 1a diéu khién cia ngudi

chay. Cac ma trdn A(t), B(t)vaC(t) c6 sb

chidu trong tng 1a nxn, nx pva nxga.

Céc diéu khién thwong phai thda man mot

trong hai han ché sau:

1) Han ché hinh hoc

ut)ePM<i v eQt) =i * teT (24)

hodc

2) Han ché tich phan (véi T :=sup{t,t e T}

f||u(s)||2 As < p?; j||v(s)||2 As<o’.  (25)
f f

Cac ham kha tich u(.) va v(.) thoa méan (2.4)
hodc (2.5) dugc goi 1a cdc diéu khién chap
nhan duoc.

Véi z(t,) =z, cho trudc, voi mdi diéu khién
u()va v(.)da chon, thay vao hé (2.3), st
dung cong thuc (2.2), ta dugc nghiém cia hé
(2.3) dudi dang

t

2(t) =0, (t.t,)z, —J@A(t,O'(T))B(T)AT-I-j.(DA(t,O'(‘[))C(Z')AT.

19 b

Cho truéc mot tap dich M < ", trong do

M=M,+M,, M, la khdong gian con cua

n

khong gian ; ", con M, <L, L la phan bu
vuodng goc ctia M, trong | ". Ta ndi tro choi
dudi bt tuyén tinh (2.3), xuat phat tir diém
z(t,)=2z,¢M, s& két thuc sau thoi gian
KeT, néu v6i mdi diéu khién chip nhan
dugc V() cta ngudi chay, ngudi dudi co thé
xdy dung dugc diéu khién chip nhan duoc
u(t) cia minh sao cho nghiém tuong ung cua
(2.3) thoa mian diéu kién z(K) e M.

Ky hiéu 7 1a phép chibu truc giao tir | "
xudng L. Gia st dimL=r. Khi d6 trong
mot co sé nao d6 cua L, toan tir chibu 7 s&
tuong g vGi mot ma tran c¢6 sd chidu nxr,
ma ta ki hi¢u la IT. Diéu kién két thic tro
choi z(K) € M tuong duong voi
I1z(K) e M,

Tro choi dudi bit tuyén tinh véi han ché
hinh hoc

Xét bai todn trd choi dudi bt tuyén tinh (2.3)
v6i han ché hinh hoc (2.4).

Cho A va B 1a hai tap trong | ". Trur hinh
hoc Pontriagin (xem [6], [7]) cua tap A
vaBla tap

AxB={ze; ", z+Bc A}

Pinh 1i 2.2.1 Gia st KeT 1a s6 nho nhit
trong céc s6 t>1,, teT sao cho

DD, (K, o(t))BH)P() * 11D, (K, o)) COQ() = 2
voi moi t, <t<K, teT.

2) T, (K, 1)z, € M, +W(K),

trong do

W(t)= j;(ncpA(t,a(r))B(r)P(T) £10, (t,0(r))C()Q(r) Ar.
(2.6)
Khi 4y tro choi két thiic sau thoi gian K.
Chirng minh T  diéu kién
Ino, (K,t))z, e M, +W(K) suy ra, ton tai

vécto M, va ham kha tich
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w(r) e, (t,0(r))B(7)P(r) 211D, (t,0(7))C(7)Q(7),
0<r<K, reT
sao cho

I , (K t,)z, =m, +j:w(r)m.

Theo gia thiét,

w(r) elld, (t,o(z))B() P(r) =TI, (t, o(2)) C(z)Q(2),
nén tu dinh nghia phép tro hinh hoc
Pontriagin ta co

wW(7) +11®, (t,0(7))C(7)Q(7) c 1D, (t, (7)) B(7) P(7).
Nhu vy, vé6i mdi V(r)eQ(r) ton tai
u(z) e P(r) sao cho

W(7) +T1D, (t, o(7))C(2)v(7) =T1D,, (t, o(7)) B(z)u(7).
Suy ra

10, (K.t,)2, =M, + | Wr)Az

b

=+ [ [-10, (Lo (ANCENE) + 110, (Lo ()BT
&T0,(K,)z, - j: 10 (Lo(7)Bleu(e)ar

+[ 10, o()CEN)AT =,

ST, (1)2, - || @4 Lo()BEUE)AT
+ 0, o@CEV)AT=m,

STIz(K)=m, e M,,.

Vay trd choi dudi bat két thiic sau thoi gian K.

Nhin xét 2.2.1 KhiA B,Cla cic ma tran

hiang va T= thi Dinhli 2.1 tré vé Hé qua 1

trong [6]. Khi T=¢ thi Dinh li 2.1 tr¢ vé Hé

qud 1 trong [7].

Tro choi dudi biit tuyén tinh véi han ché tich phén

Xét bai todn tro choi dudi bét tuyén tinh (2.3)

véi han ché tich phan (2.5). Ta co

Pinh 1y 2.2.2 Gia sir cic gia thiét sau duoc

thoa man:

Gid thiét 1 Ton tai toan tir tuyén tinh rd-lién

tuc F(z):j * = " c6 tinh chat

ID,(t,7)B(r)F(7) =I1D,(t,7)C(7), VT 2t), 7 € T.
(2.7)
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Gid thiét 2 K 13 s6 nho nhét trong cac sb thuc
t>t,,teT sao cho x(t) < p,

trongdo z°(t)=  sup I:IIF(T)V(T)HZAT-

j‘; v Ar<o?
Gid thiét 3
Mo, (K,t,)z, € M, + G(K), trong do

G(K) =] T®,(K,o())B(r)w(r)A7

K 2
[ W) AT < (o= 2(K)
Khi 4y trd choi dudi bat tuyén tinh (2.3) v6i han
ché tich phan (2.5) két thic sau thoi gian K.
Chirng minh Tur gia thiét 3 suy ra, ton tai
vécto M, € M, va mot ham W(s) véi
K, 2 )
J, W@ Az < (o~ 2(K))*,
sao cho
K —
o, (K,t,)z, =m, +jt Mo, (K, o (7)) BW(z)Ar.
(2.8)
Gia st V() la diéu khién chap nhan dugc bat
2
ki cta nguoi chay, tuc 1a LK V()| AT <o’

Xay dung diéu khién chép nhan duoc cua
ngudi dudi nhu sau
Uu(z)=F()V(r)+W(r),0<r <K.

Theo bat dang thirc Minkowski trén thang
thoi gian (Theorem 3.3, [8]) ta co

Nl se = [ Femo st ae

K 2 Ky 2
< \/ L IF@V()| Az +\/th [W(z)| Az < 2(K) + (- 2(K)) = p.
Do d6 T() la diéu khién chdp nhan duoc.
Theo cong thirc nghiém (2.2) cua hé dong luc
(2.1) tacéd

M(K)= H{(DA(K,tO)ZD - 'LK(DA(K,U(T))B(Z’)LT(T)AT + J.IK 0, (K,a(r))C(r)v(r)Ar

0

=D, (K, 1)z, —LKH@A(K,G(T))B(T)LT(T)AT

+LK P, (K,o(r))C(r)V(2)Ar
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=110, (K )2, - TI0, (K, o(e)B(e)(F (1)7(c) + W(z))Ar

*LKH‘DA(KJ)C(T)V(T)AT

:H(I)A(K,to)zo—LKHCDA(K,o(r))B(r)F(r)V(r)Af—LKH(DA(K,G(r))BW(r)Ar

+I:H(DA(K,o(r))C(r)\?(r)Ar.
Tir gia thiét 1 va (2.8) suy ra
[z(K) =I1d . (K,t,)z,

_jtK o, (K, o(7))B(r)W(r)Az = m,.

Nhu vay, véi mdi diéu khién chap nhan duoc
V(t),ta da xay dung dugc diéu khién chap
nhan dugc T(t) sao cho tro choi két thic sau
thoi gian K. Dinh li chirng minh xong.

Nhan xét 2.2.2 Khi A, B,Cla cac ma tran
hang va T=¢ thi Dinh li 2.2.2 tr& vé Hé qua
4 trong [7].

Nhin xét 2.2.3 Piéu kién (2.6) thuong duoc
goi la “diéu kién nudt’, va toan tur
F(z):j “—; ? théa man diéu kién (2.7)
thuong duoc goi 1a “toan tir chuyén”. Céc
diéu kién nay thé hién loi thé cta ngudi dudi
so voi ngudi chay, cho phép voi mdi didu
khién chip nhan duoc bit ki cliia ngudi chay
¢6 thé xdy dung dugc diéu khién chap nhan
dugc ciia nguoi dudi dé két thuc tro choi.
KET LUAN

Trong bai bao nay chung t6i di phat biéu va
chimg minh hai diéu kién két thic trd choi
dudi bat tuyén tinh trén thang thoi gian véi
han ché hinh hoc va han ché tich phéan. Hai
dinh 1i nay cho phép hop nhat mot s6 két qua
da biét trong tro choi dudi bat tuyén tinh mo
ta béi phuong trinh vi phan hoac phuong

trinh sai phan véi rang budc hinh hoc hoac
rang budc tich phan.
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ABSTRACT
ON LINEAR PURSUIT GAME ON TIME SCALES

Vi Dieu Minh”
University of Agriculture and Forestry - TNU

In order to unify the study of differential and discrete equations, in 1988, in his doctoral thesis,
Stefan Hilger introduced the notion “time scale” and “dynamic systems on the time scales”. In this
paper we consider the linear pursuit game on the time scales with geometric or integral constraints
on controls. The sufficient conditions for completing the pursuit process on the time scales are
presented. The two theorems presented in the article unify some known results in linear pursuit
games described by differential equations or discrete equations.

Keyword: Time scales, Delta derivative, controls, linear pursuit game, dynamic systems
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