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MOT SO KET QUA MOI TRONG PHUONG TRINH VI PHAN
PIEU KHIEN MO

Nguyén Pinh Phw, Tran Thanh Tung
Trudng Pai hoc Khoa hoc Ty Nhién, PHQG ~-HCM
(Bai nhén ngay 15 thang 04 ndm 2007, hoan chinh sia chita ngay 15 thang 01 nam 2008)

TOM TAT: Gan ddy, linh vuc phwong trinh vi phdn da dwoc nghién ciru mot cach trieu
twong hon. Thay vi khdo sdt dang diéu cia mot nghiém, ta da khao sat mét bo nghiém (tdp cdc
nghiém) (xem [10-13]).Thay vi nghién cieu mét phuong trinh vi phan, nguoi ta nghién ciru mot
bao vi phén ([xem [9]). Pdc biét c6 thé nghién ciru phuong trinh vi phdn mo ma ca bién va
dao ham cia né déu la cdc tdp mo (xem [1-6]). Trong bai bdo nay, ching 6i tong qudt hod
cdc ket qua nghién ciru moi vé cdc hé mo vi phan va hé vi phan c6 diéu khién mo. Bai bdo la
su tiép noi cua cdc cong trinh cua ching t6i vé huéng nghién ciru nay (xem [10-15]).

Tie khod: Ly thuyét mo, Phuong trink vi phdn, Ly thuyét diéu khién, Phuong trinh vi
phdn mo, Phurong trinh vi phan diéu khién mo, Phicong trinh vi phén diéu khién tdp.

1.MO PAU .
Gan day, viéc nghién ctru phuong trinh vi phan mo (fuzzy differential equation FDE) dang

Dyx(t)=f(t,:n(t)), (1.1)
trong do z(t,) = 7, € E",x(t) € E";t € [tO,T] =IcR,f:IxE">E"v
phuong trinh vi phén tép (set differential equation SDE) dang

D, X(t)=F(t,X(t)), (12)

Trong do
X(t,)=X,e K,(R"),X(t)e K.(R"),t € [t,,T]=1cR,,
F:IxK,/(R")— K, (R")dathu hit sy chi y clia nhiéu nha toan hoc.
Giso su Lakshmikantham V. va cic tac gia khéac da dat dugc mot sb két qua quan trong vé sur
tdn tai nghiém, so sanh nghiém... ctia FDE va SDE. Hai dang phuong trinh ndy c6 modi lién hé
v6i nhau. Tham khao [4, 5]. e i _

Thoi gian gan day chung t6i da nghién clu va c¢6 mot sd két qua vé phuong trinh vi phéan
didu khién m& (fuzzy control differential equation FCDE) dang

Dya(t)=f(t,2(t),u(t)), (1.3)
trong do '
z(t,) =1, € E",z(t) e E",u(t)e E’,t € [tO,T] =TcR:, f:I%xE" xE" —»>E"

va phuong trinh vi phén didu khién tép (set control differential equation SCDE) dang
D, X(t)=F(t,X(t),U(t)), (1)

trong do
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X(t,)=X,e K(R"),X(t)e K,(R"),U(t)e K.(R* ),t e [t,T]=Tc R,

F:IxK,(R')xK,(R) > K,(R").
Xin tham khao [12 -15]. ‘

#

Mot s6 két qua vé phuong trinh vi phan dang m¢ dugc trinh bay trong [10, 11]. Trong bai
bdo nay ching t6i trinh bay mét sb két qua vé phuong trinh vi phén diéu khién mo FCDE va
dic¢u khién tap SCDE.
2.MQT SO KHAI NIEM VA KY HIEU

Ky hiéu K (R") la tdp hop céc tap con 16i, compact, khéng réng cia R". Cho 4,B la
cdc tdp con bj chin, khong réng ciia R”. Khoang cach Hausdorff gitta A4 va B duoc xdc dinh

|a 5] 2.1)

aeAd

D[ 4,B]=max{sup inf|a—b|,sup inf
beB

aed beB

Dic biét D[A, é:' = "A” = sup {"a“ ‘ae A}, trong dé 9 14 phén tir zero ciia R”.

Ta biét ring K_(R") cing véi metric D 1a mét khong gian metric diy di (xem [16]).
Néu K_(R") duoc trang bi phép toan cong va nhin véi vé huéng khéng dm thi K, (R") tré
thanh khong gian metric nira tuyén tinh.

Pt £ ={u:R" —[0,1] théa man (i)—(iv)} :

(i) u la chuan, tirc 12 tdn tai X, € R" sao cho u(x,))=1;
(i) u1a16i, nghiala véi z,,z, €I va Q<A <l ta ¢c6

u(Az, +(1-14)z,) 2min{u(z, ),u(z,)};
(111)  la ntra lién tuc trén; _
(iv) [ul’=e¢l {:z e R" :u(a:)>0} 12 compact.
Phén tir u € E" dugc goi 1a mo,
V6i 0 <a <1, thp [u]* = {9: e R :u(z)2 a} duge goi 1a tip mic o. Tir (i) - (iv) ta

suy ra cac tdp mirc o thuge K (R") véi 0 <o <1.
Ta ky hiéu
D, [u, v} = sup {D[[u]“ ,[v]“] :02a = 1}

1a khoang cach giira u va v trong E", trong d6 Dl:[u]"l ,[v]“] la khoang cach Hausdorff

gitia hai tap [u]*,[v]* cia K_(R").Khi dé (E”,DO) 1a khong gian metric du. Sau day 1a
mét s6 tinh chét ciia metric 1.

D, [u +w,v + w] = D, [u,v] va D [u,v] = D,[v,u], (2.2)
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B, [lu,l’u] = |A| D, [u,v], (2.3)
D, [u,v] < D, [u,w] + D, l:*w, v] i (2.4)

véimoi u,v,w e E" vaheR.
Cho u,v € E" néutdntai z € E" théamédn u = v+ z thi z dugc goi la hi¢u cia u va

v va duoc ky hiéu 1a w—v. Tir nay ta gia sit cho u,v € E" s& ton tai z € E" thoa man
u = v + 2z . Cho khoang I=1:t0,t0 +a}l:rong R,,a>0,tanéiring 4nhxa F : [ - E"
c6 dao ham Hukuhara DH-F (1,) taidiém 7, € I, néu
F(t,+h)-F(t . F(x,)-F(t,—h
lzm ( 0 ) ( 0) hm ( 0) ( 0 )
h—0+ h h=0+ h'

tdn tai trong topo cia E" va bang D, F(t,), gi6i han dugc lay trong khong gian metric
(E",D,). O hai d4u mut cua 7, dao him 1a dao ham mét phia.

Néu F : [ — E" 1alién tuc thi F kha tich. Ta c6 mét s6 tinh chit sau day.

Néu F :I — E" khatich thi

L]F(s)ds = t]‘F(s)ds + ?F(s)ds, Lhshst | (2.5)
f b 4

va

t t
[AF(s)ds = [F(s)ds,). e R. : 2.6)
t
Néu F',G : I — E" kha tich thi D[F(. ),G(.)]: T > R cing kha tich va_

DUF(S )ds, ]G{s )dsjl < ]D [F(s ),G(s)]ds. @

Chi tiét hon vé tinh lién tuc, kha viva tmh kha tich Hukuharactadnhxa F : I — E" ¢6
thé tham khao [1 -6].

Metric D trén K_(R") ciing c6 cic tmh chat nhu metric Dy, céc khéi niém dao ham va
tlch phan Hukuhara ciia énh xa F : I — K, (R" ) ciing c6 c4c tinh chét twong ty nhu cua

anhxa F' : [ —» E". Xin tham khao [13].
3.MQT SO KET QUA

3.1.Phwong trinh vi phan diéu khién mé&

Dya(t)=f(t,3(t),u(t)), @3.1)
trong d6 z(t,) =1z, € E", te I, trang thidi z(t)e E", diéu khién u(t)e E” va
f:IxE"xE* > E",
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Diéu khién kha tich u : [ — E? goi 1a diéu khién chip nhén duoc. it U 1a tap tat ca
céc diéu khién chép nhan dugc.

Anhxa z e C! ]:I,E ] duge goi 12 nghi¢m cda (3.1) trén / néu né théa man (3.1) trén /.

Do z(t) 1a kha vi lién tuc nén nghiém s& tuong duong:
o(t) =z, + ]‘DHx(s)ds,t €l
Két hop vai bai todn gia ;i ban déu (3.1) ta cé
m(t)=$0+]f(s,x(s),u(s))ds,te] (3.2)

trong dé tich phan dugc sir dung 1a tich phan Hukuhara. Ta thdy ring z(¢) 1a nghiém cia

(3.1) néu va chi néu né thoa man (3.2) trén /.

Twong ty dinh 1y v& sir ton tai nghiém cho phwong trinh vi phan mo FDE trong [1, 5, 6], ta
¢o dinh ly sau day.

Pinh 1y 3.1 ([14]): Gid sit ring

@ fe C[RO,E” :l, Dn[f(t,m,u),e] <M, trénR, =1x B(x,,b)xU, trong dé
B(%,,b) = {z € E" : D,[z,,] < b}va
(i) geC[Ix[0,2b],R,], 0<g(t,w)< M, tén Ix[0,25],g(2,0)=0, g(t,w)

l’hnng g}nm

theo wvéiméi t € I va w(t) = 0 la nghiém duy nhét cia
w'=g(t,w), wt,)=w, =0 trénl

i) DU[f(t,a(t),ﬁ(t)),f(t,:c,u)] <g(t,D, [7,3]) én R,.
Khi d6 phuong trinh (3.1) c6 nghiém duy nhdt x(t) = z(t,z),u(t)) wén [t,,1;, +n], trong
dém= mm{ ;;_} M = maz {M,,M,}.

Ta xét gia thiét sau : ‘

Anhxa f:R, xE"x E* — E" thoa min diéu kién

[ F(4E(),0(t)), f(t,z(t), u(t)):’<c(t ){D [:z:(t) z(t)]+ Dy [a(t),u(t)]} (3.4
voit e I;u(t)u(t)eU; z(t),z(t) e E,

trong d6 c('t) 1a ham thyc dwong va kha tich trén 7,
ty+a )
bit C = J. ¢(t)dt. Do c( t) kha tich trén 7 nén bi chan hiu khép noi béi sé K > 0 trén
f
I,nghiala ¢(t) < K véihiukhipnoi t € 1.

Két qua sau cho thiy sy phu thudce lién tyc ciia nghiém cua (3.1) vao su thay dbi ciia bién
diéu khién va diéu kién ban déu.
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Pinh Iy 3.2 ([12)): Gid sit f la lién tuc va théa man (3.4) va Z(t),x(t) la hai nghiém cia
(3.1) xudt phat tir To,x, va twong tmg véi cde diéu khién u(t),u(t). Khi dé véi € >0 bdt

kp, ton tai 6 8(€) > 0 sao chovéi D, [Eo,fﬂn] <d(¢)
vt D, [E(t ), u(t )] < 5(c)

ta co
D, [E(t),m(t)] <e
trongd6 t e I.
Pinh Iy 33 ([12): Gia si fe C[I x E"x E”,E ] y véi mopi
(4,3(4),5(t)), (ta(t)u(t)) e IxB*xU "

06 Dy [ £(4,3(t),8(t)), §(t,3(t), u(t) )} < g(t, D, [7(t), x(1)]), (3.5)
rong @6 g€ C[R, x R,,R,] va g(t,w) khéng giam theo w véi méi t € I. Gia sir thém
réng nghiém lom nhat r(t) = r(t,t,,w,) cia phuong trinh

w' = g(t,w),w(t,)=w, 20

16n tai véi t € y _
Khi dé néu véi T(t) = Z(t,To,u(t)), z(t) = z(t,2,,u(t)) la cdc nghi¢m bat ky cia

(3.1) sao cho T(t,) = To,z(t)) = T,;T0,z, € E", tacé

D,[E(t),a(t)| S r(tty,w,), tel (3.6)
véi D, [To,z,] < w, vavéimoi u(t),u(t)eU.

Trong dinh ly 3.3 ta sir dung gia thiét g(t,w) khong giam theo w vGi m01 7 va trong [12]
ching t6i da dung bét déng thirc tich phan ; dé chimg minh dinh 1y nay. Néu sir dung bét déng
thire vi phan ta c6 thé khong can gia thiét vé tinh don diéu ctia g(t,w) va cé dinh ly sau day.

Pinh ly 3.4: Gia sur cac gaa thiét ciia dinh Iy 3.3 thoa man trir tinh khong giam cua g(t,w)
_theo w. Khi d6 két ludn (3.6) van ding.

Chirng minh dinh ly 3.4: Pat m(t) = D, ]:E(t), :L‘(t):| sao cho m(t,) = D, [Zo,z,].
Vi h > 0 kha nho, sir dung tinh chat (2.2), (2.4) ciia metric D, taco
D, [z(t+h),z(t +h)]

< D, [F(t +h),5(t) + hf(t,7(t), u(t))]
D, [E(t) +hf(t,z(t),u(t)), x(t + h)]
<D, [5(t +h),3(t) + hf(t,3(t),u(t))]
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+D, [ o(t) + hf(t,x(t),u(t)), z(t + h )]
+ D, [(t) + hf(t,3(t),u(t)), o(t) + hf(t,a(t), u(t))]

<D, [z(t+h),T(t) + hf(t,3(t),u(t))]

+ Dy [ a(t) + hi(t,a(t), u(t)), ot + b)]

+ D, [7(t) + hf(t,3(t),4(t)), Z(t) + hf(t,2(t), u(t))]
+ D, [Z(t) + hf(t,x(t),u(t)), z(t) + hf(t,z(t), u(t))]

<D, [(t +h),T(t) + hf(t,3(t),5(t)))]
+ Dy [a(t) + hf(t, (1), u(t)),a(t + )|
+ D, [Rf(t,(t),a(t)), h(t,(t), u(t))]
+ D, [Z(t),z(t)].
Do m(t+h)-m(t) =D, [Z(t+h),z(t+h)]- D, [Z(t),z(t)] nén ta cé dénh gi

m(t+h)—m(t)
h

<= D0 [Z(t+h),Z(t) + hf(t,Z(t), u(t))]
Dy [a(t) + h(t,a(t), u(t)),5(t + 1)
# D, [f(t,3(8),u(t)), hf(t (1), u(t))].
Nho (2.3), ta suy ra
D'm(t) = }{z_gz sup%[m(t +h)—m(t)]

Z(t+h)- z(t)
h

< lim sup D, [ ) f(f;fﬁ)’ﬁ(t))]

+ Dy [ F(63(t), (), f(t,3(t), u(t))]
|:sr:(t+h)— z(t)

+ lim sup D,
h—0"

f(t, (1), U(U}
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Do Z(t),x(t) la cac nghigm kha vi va gia thiét (3.5) néntacé
D*m(t) < g(t,m(t)), m(t,) S w,,t 2 t, v6i D*m(t) 1a dao him Dini

ctia ham m(t).
Theo dinh 1y 1.4.1 trong [7] ta c6 m(t) < r(t,t,,w, ).t 2 4,
“ Dinh 1y sau sir dung gia thiét nhe hon céc gia thiét cia céc dinh 1y 3.3-3.4 vi ham g(%,w) ¢6
thé 14y gi4 trj 4m.
Dinh Iy 3.5: Gidsit f € C[I x E" E”,E"] vt mol
(t,Z(t),a(t)), (t,z(t),u(t)) e IXE"xU tacé

lim, sup-;- (D, [E(t )+ hf(4,5(4),5()) -(o(t) + h(t,2(t),u(t) ))] D, [E{t ), z(t )]}
<g(t.0,[(t)2(1)))

trong 6 g € C[I x R, , R] va nghi¢m Iom nhat r(t) = r(t,ty,w,) ctia phuong trinh
w' = g(t,w),w(t,) =w, 20

ton tai voi t € 1. Khi do két lugn cua dinh Iy 3.3 vén diing.
Chirng minh dinh ly 3.5:

pat m(t) = D[E(t),a:(f)] sa0 cho m(t,) = D[ZEO",:ED]Vé'i h > 0 kha nho, sir dung
tinh chit (2.2), (2.4) cta metric D, ta cd
- m(t+h)-m(t)=Dy [Z(t +h),z(t+h)]- Dy [z(t),z(t)]
< D, [z(t+h),z(t) + hf(t,z(t),u(t))]
1 D, [3(t) + W(LE(1),5(8)), (1) + hf(t (1), (1) |
+ D, aft) + hi(t,a(t),u(t)),a(t+h) | = Dy [3(t), (1]

Tir d6 suy ra
D*m(t) = lim sup %[m(t +h)—m(t)]
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< }f’Z_)Tt?;& sup Do I:E(t i h})l - E(t) ,f(t,:’f(t), E(t)) jl
+ lim sup>{D, [a(t) + hf(,3(t), (1)), o(t)+ hi(t,a(t),u(t))]
- D, [(t),a(t) )
+ lim sup D, r” - h,)l Y sttt u(t))J.

Do z(t),z(t) 1a nghiém kha vi ctia (3.1) va gia thiét cia dinh 1y 3.5 ta c6
 D'm(t) < g(t,m(t)), m(t,) S w,,t >t
Theo dinh ly 1.4.1 trong [7] ta cé m(t) < r(t,t),w, ).t 2 ¢, (o)

Sau déy ching ti dua ra mot két qua méi vé nghiém x4p xi ciia FCDE.
Ham y(t) = y(t,t,,y,,u(t),€),€ > 0 goila nghiém xdp xi- € cua (3.1) néu

ye C! I:IsEn:]:y(turto’yo;u(tu)ss) =%
D, [ Dyw(t), f(t,u(t),u(t))| < e, 2 4,
u(t)eU .
Trong trudong hop €= 0, y(t) 1a nghiém cua (3.1).
Dinh1y3.6: a)Gidsic f e C[I x E" x EP,E"]

va voi

(t,z(t),u(t)), (t,y(t),u(t)) e IxE"xU tacd

Dy (t2(t),u(t)), f(ty(t),u(t))] < a(t,Dy[a(t),u(t)]) (37)
trong do gEC[Rf,R+:|. |

b) Gia sir thém v(t,t,,w,) Ia nghi¢m Ion nhdt ciia phwong trinh
w'=g(t,w)+e, w(ty)=w, 20,

ton tai trén [tu, - oo) :

Vi z(t) = x(t,b),%,,u(t)) la nghiém bdt ky cia (3.1) va y(t) = y(t,t,,y,,u(t),e) la
nghiém xdp xi -& cua (3.1) ton taivéi t > t, . Khi do .

D, [a(t)u(t) | S r(ttw )t 2 4,

voi D, [xu,yu] < g,
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Chimg minh dinh 1y 3.6: Dat m(t) = D, [:L-(t ), y(t )] sa0 cho m(t,) = D, [, o]
Véi h > 0 kha nho, sir dung tinh chat ciia metric D, ta c6
m(t+h)—-m(t)=Dy[z(t+h)y(t+ h)]—DU[:z(t),y(t)].

Sir dung bit ding thirc tam gidc (2.4) ta co
Do[x(t+h),y(t+h)]

< Dy [z(t + k), z(t) + hf(t,z(t),u(t))]
+ Dy o(t) + hf(t,a(t),u(t),y(t+ 1)
<D, [z(t +h),z(t) + hf(t,z(t),u(t))]
+ D, u(t) + (4 y(t) () u(t+h) ]
+ Dy [(t) + hf(t,z(t),u(t)), y(t) + hf(t,y(t),u(t))]
<D, [z(t +h),z(t) + hf(t,z(t),u(t))]
+ D, y(t) + W(tu(t)u(t)u(t+h)]
+ Dy [2(t) + hf(t,a(t),u(t)),2(t) + hf(t,y(t ) u(t))]
+ Dy [2(t) + hf(t,y(t),u(t)),u(t) + hf (t,y(t), u(t))].

<D, [z(t +h),z(t) +hf(t,z(t),u(t))]
+ D[ w(t) + hf(tu(t),u(t))y(t+h) ]
+ Dy [Rf(t,3(t),u(t)), hf (1,y(t), u(t))]

+ D, [z(t),y(t)].
m(t + h})b - m(t) S%Dn [a(t + h),z(t) + hf(t,2(t),u(t))]
+%Do[y?t)+hf(t:y(t):“(”)’y(”h)]

+ % D, [hf(t,z(t),u(t)) hf(t,y(t),u(t))]-
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Tir d6 suy ra
D*m(t)
= fzv? sup;l;[m(t +h)—m(t)]
< imoup D, LY t,afe) )|

+ D,y [f(t,2(t),u(t)), f(t,u(t),u(t))]
+ lim supDo[y(t ha hé — y(t) ,f(t,y(t),u(t)}

h—0*

Do x(t),y(t) 1a kha vi, gia thiét a) va y(t) 1a nghiém xdp xi-£ nén ta cd
D'm(t) < g(t,m(t)) +€, m(t,) < w,,t =1,

Theo dinh 1y 1.4.1 trong [7] ta c6 m(t) < r(t,4,,w,),t 2 t,

Ta c6 hé qua tryc tiép sau day vé udc lwong giita nghiém va nghiém xap xi .

HE qua 3.1: Si dung gia thiét cia dinh Iy 3.6 véi g(t,w)=Lw, L>0, tacé

Dottt 40,8) | Dy 2,3 J 74 4 2 (€M) —1), £ 24,
Dinh1y3.7: a) Gidsi fe O[I x E" x EP,-E"]
vavéi (t,z(t),u(t)), (t,y(t),u(t)) e IxE"xU tacé
tim sup - { D, [ (1) + hf(t,a(t),u(t)u(t) + W(t.u(t)u(t))] - By [t )art) |

h—>0" h
< 9(t,y [ a(t),u(t)])

trong dé g € C[RE,R] :
' b) Gid sir thém r(t,t,,w,) la nghiém lom nhat cia phirong trinh
w'=g(t,w)+e, w(t,)=w, 20,

ton tai trén [tﬂ,+ oo).Vé'i z(t) = x(t,t,,2,,u(t)) la nghiém bdt ky cia (3.1) va
y(t) = y(t,t,,Ys,u(t),€) la nghiém xdp xi- € cua (3.1) tai véi t 2 t, . Khi dé
D, [a:(t ), y(t )} <t t,w, )t 2 1,

véi D, [xo,yu] < w.
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Chémg minh dinh 1y 3.7: D&t m(t) = D, [w(t ), y(t )] sa0 cho m(t,) = Dy [z,1,].
Vé6i h > 0 kha nho, sir dung tinh chat ciia metric D, ta c6
m(t+h)—m(t) = D[zt +h),y(t+h)]- Dy [z(t),y(t)]
< Dy[z(t+h),z(t)+ hf(t,z(t),u(t))]
+ Dy [a(t) + hf(4,3(t),u(t)), y(t) + Wf(t,y(), u(t)) ]
+ D, [ y(t) +hf(ty(t),w(t)) y(t + h)] - D, [z(t),y(t)]

Tir d6 suy ra

D™m(t)
= gifgsup%[m(t+h)—m(t)]

z(t+h)- z(t)
h

< ,{ﬂl supDo{ ,f(t,:r:(t),u(t))}

+ lim sup%{Do [2(t) + hf(t,a(t),u(t)),  y(t)+hf(ty(t),u( t))}

- D, [a(t)y(t)]}
i {y(ﬁh)— y(t)

+ lim
h—0*

7 ,f(t,y(t),ﬂ(t)}-
Do z(t),y(t) lakhavi, gia thiéta) va y(t) 1a nghiém €- xdp xi nén ta co
D*m(t) < g(t,m(t)) +€, m(t,) < w,,t 21
Theo dinh 1y 1.4.1 trong [7] tac6 m(t) < r(t,t,,w,),t = t, (o)

Ta c6 nhan xét ring néu trong cac dinh 1y 3.6, 3.7 thay nghiém xdp xi-& y(7) bing
nghiém binh thuong thi két qua trung véi céc dinh 1y 3.4, 3.5 tuong tmg. Néi mét cach don
gian, cac dinh ly 3.4, 3.5 1a trudng hop riéng cua cac dinh ly 3.6, 3.7 khi € = 0.

3.2. Phuwong trinh vi phéan diéu khién tap

Phuong trinh vi phan diéu khién tap (set control differential equation SCDE) dang

D, X(t)=F(t,X(t),U(t)), (3.8)
trong do -

X(t,)=X, e K,(R"),X(t)e K,(R"),U(t)e K,(R?),t €[t,,T]=1 C R,

vi F:IxK,(R")xK (R’)—> K (R").
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Diéu khién kha tich U : I — K, (R? ) goi la diéu khién chip nhan duoc. Dat U 1a tép
hop tét ca cac diéu khién chip nhan duoc.

Anhxa X € C*[I,K,(R")] duoc goi 13 nghiém cita (3.8) trén I néu né thoa man (3.8)
trén . Do X('t) 1a kha vi lién tuc nén tap nghiém tuong dwong

t
X(t) =X, + [DyX(s)ds,t e I.

Két hop v6i bai toan gié tri ban dau (3.8) ta cé

]
X(t)=X,+ [F(s,X(s),U(s))ds,t € I (3.9)
t
trong d6 tich phan dugc sir dung la tich phan Hukuhara. Ta thay ring X (%) la nghiém cua
(3.8) néu va chi néu né théa mén (3.9) trén 7.
Tuong ty céc dinh 1y vé sy ton tai nghiém cho phuong trinh vi phan da tri SDE trong [4,
5], ta c6 dinh 1y sau day.

Dinh Iy 3.8 ([13]) : Giasit F e C[Ix K,(R")x K,(R'),K,(R")]v

@ D[ F(t,X(t),U(t)),0] < g(t,D[X,e]), (t,X,U)eIxK.(R")x U,

trongdé g € C[IxR,,R.], g(tw) la khing giam theo (t,w);

(ii) nghiém l6m nhat r(t,wy) cua phuwong trinh vi phén
w' = g(t,w), w(ty)=w, 20 ton tai trén I.
Khi dé ton tai nghiém X(t) = X(t,X,,U(t)) cia phuong trinh (3.8) théa man

D[X(t),XnJSr(t,wn)—wﬂ,tef, (3.10)

trong do w, = D[XU,B].

Ta xét gia thiét sau.

Anhxa F: R, xK,(R")xK,(R") - K,(R") théa man diéu kién
D[F(t, X(t),0(t)),F(t, X(t),U(t) )] < o(t){D[X(t),x(t)]+ D[T(t),U(t)]} G
véimoi t e I;U(t),U(t)e U; X(t),X(t) e K (R"), trong d6 ¢(t) 1a ham thyc duong

va kha tich tren L

bat C = Ic( t)dt . Do c(t) kha tich trén I nén bj chin hiu khip noi bai sb K>0 trén I,
fy
nghia la ¢(t) £ K véihdukhipnoi t € I.

Két qua sau cho thay su phu thudc lién tuc cia nghiém cua (3.8) vao sy thay déi ciia bién
diéu khién va didu kién ban déu.

Dinh ly 3.9([13]): Gia st [ lién tuc va thoa man (3.11) va X(t),X(t) la hai nghiém
ciia (3.8) xudt phdt tic Xo, X, va tuong ing véi cdc diéu khién chép nhan dwoc T(t),U(t).
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Khi @ véi €>0 bdt kp, ton tai s6 8(¢)>0 sao cho véi D[YU,XD}SS(G) va
D[U(t ),U(t )] <8(s)
ta cé D[—X{t),X(t)] <¢g trongds tel

Pinh Iy 3.10(13]): Gidsi FeC[R xK,(R")xK(R').K (R )] va véi moi
(t,X(t),U(t)), (t,X(t),U(t)) e Ix K (R")xU tacé

D[ F(t,X(t),U(t)),F(t,X(t),U(t) )] <g(t,D[X(t),X(t)]). (12
trong do g € C’[R+ X R+,R+] va g(t,w) khong giam theo w véi moi t € I.
Gia st thém rdng nghiém lom nhat r(t) = r(t,t,,w,) cua phuong trinh
w'=g(t,w),w(t,)=w, 20
ton taivéi t € I. B =
Khi d@6 néu voi X(t) = X(t,Xo,U(t)), X(t) = X(t,X,,U(t)) la cdc nghigm bat ky
ciia (3.8) sao cho X(t,) = Xo,X(,) = X,; Xo,X, € K,(R"), tacé
D[f(t),X(t)] <ttt w,) tel @.13)
vai D[XO,X :I <w, vavéimoi U(t),U(t)eU.

Bay gio ta mo rong dinh ly 3.10 trén bang cach giam nhe diéu kién (3. 12).

Trong dinh 1y 3.10 ta sir dung gia thiét g(t,w) khong giam theo w v&i mdi £ va trong [13]
chiing toi da ding bét déng thirc tich phan dé chimg minh dinh ly nay. Néu sir dung bét dang
thirc vi phén ta c6 thé khong cin gia thiét vé tinh don diéu cia g(z,w) va c6 dinh ly sau day.

Pinh ly 3.11: Gia su cdc gia thiét ciia dmh Iy 3.10 thoa man trie tinh khéng giam cua
g(t,w) theo w. Khi do két lugn cia dinh Iy 3.10 vdn ding.

'Chirng minh dinh 1y 3.11: Chimg minh twong ty dinh ly 3.4. DPinh ly sau sir dung gia
thiét nhe hon gia thiét cia cic dinh 1y 3.10 - 3.11.

Pinh Iy 3.12. Gid sie F € C[R, x K,(R" ) x K (R? ), K (R" )] va véi moi
(4. X(t),U(t)), (t,X(t),U(t)) e IxK,(R")xU tacé

lim sup- { D[X(t )+ hE(X(t),U(t)) - (X(t) + hF(1, X(t),U(t) ))] - D[}_((t ), X(t )]}
< g(t,D[X(t ), X(t )]) |
trong do g € C[I x R, , R] va nghi¢m lén nhdt 7(t) = r(t,t,,w,) cia phuong trinh
w'=g(t,w),w(ty) =w, 20
ton taivéi t € I. Khi d6 két lugn cua dinh Iy 3.10 van ding.

(3.14)
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Ching minh dinh ly 3.12. Chimg minh tuong tu dinh 1y 3.5.
Sau déy chung t6i dua ra vai két qua vé nghiém xép xi cia SCDE.
Ham Y(t) =Y (t,t,,Y,,U(t),€),€ > 0 goi la nghiém xdp xi -€ cua (3.8) néu

Ye C'[LK,(R)],Y (4,4, YUt ))<=,
i D[DHY(t),F(t,Y(t),U(t))]Ss,tztD,U(t)eU.

Trong truong hop déc biét €=0, Y () 1a nghiém cua (3.8).
Chimg minh céc dinh 1y 3.13 - 3.14 duéi day tuong tu nhu chimg minh céc dinh 1y 3.6 - 3.7.
Dinh1y3.13: a) Giasi FeC[R, xK,(R")x K.(R’).K,(R")]

vavéi (t, X(t),U(t)), (t,Y(t),U(t)) e IxK.(R")x U tacd
D[F(t,X(2),U()), F(tY(1)U())] sat.D[X(®)Y®)]). @19
FeC[R, xK,(R")x K.(R*),K,(R")]:
trong doé g € C[RE,RJ.

b) Gid sir thém r(t,t),w, ) la nghiém lén nhdt cia phuong trinh
w'=g(t,w)+eg, w(ty)=w, =0,

16n tai trén [tﬂ’ + 00) .

Voi X(t) = X(t,t,,X,,U(t)) la nghi¢m bat ky cia (3.8) va Y(t) =Y (t,,,Y,,U(t),€)
la nghiém xdp xi -€ cua (3.8) ton tai voi t > t, . Khi do

D[X(t), Y(t)] <t ty,w, )t 2 by,

voi D [Xo:Yo:l < w,.Ta c6 hé qua truc tiép sau day vé udc luong giira nghiém va nghiém
X4p xi .

Hé qua 3.2: St dung gia thiét cua dinh Iy 3.13 voi g(t,w) = Lw, L >0 ,tacé

" € .

B X, X, Yt 1, Vsye) | < D[ X, ¥, Je )+ E(em “) -1), t 24,

Trong dinh 1y 3.14 sau déy sir dung gia thiét nhe hon dinh 1y 3.13 vi ham g(t,w) cb thé
lay gi4 tri 4m.

Pinhly3.14: a) Giasw F : R, x K (R")x K ,(R") — K_(R")vavéi moi

(t,X(t),U(t)), (t,X(t),U(t)) e IxK,(R")x U tacé

i sup%{D[X(t )+ hE(t,X(£),U(t)),Y(t) + hE(t,Y(t),U(t))] - D[X(t),Y(t)]}
h—0"

< g(t,D[X(t),Y(t)]) (3.16)
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trong do g € C'[RE,R] ;
b) Gid st thém (t,t,,w,) la nghiém Ion nhat cia phirong trinh
w' = g(t,w)+¢€, w(ty) =w, 20,

t6n tai trén [t0,+ ).

vei X(t)= X(t,t,,X,,U(t)) la nghi¢m bdt kp ciia (3.8) va Y (t) = YLt Y,:0(t)¢)
I nghiém xdp xi -€ cia (3.8) tontaivéi t 2 t, . Khido

D‘:X(t),Y(t):I <t t,w, )t 2 ty, VO D[XD,YO] < w,.

3.KET LUAN

Phuong trinh vi phan m& FDE dé dugc nghién ciru tir 1978 va dic biét dugc chi y sau cac
cong trinh [1,2] cua O. Kaleva. Phuong trinh vi phan tdp SDE dwoc nghién ciru trong vai nam
gan déy voi cac cong trinh cha yéu ciia V. Lakshmikantham va cong su. Céc két qua ban dau
vé phuong trinh vi phan diéu khién mo FCDE va phuong trinh vi phén diéu khién tap SCDE
duoc ching toi trinh bay trong [10-15]. Trong [12,13], ching t6i so sanh céc nghiém boé cia
FCDE ( SCDE), tirc 1a so sanh tap cic nghiém cua FCDE (SCDE). Viéc nghién ciru FCDE
SCDE c6 nhiéu trién vong vé ly thuyét va tmg dung. Tuy nhién ciing c6 nhiéu kho khan khi

nghién ciu FCDE va SCDE do (E", D, ) va (K.(R"), D) chi la ce khong gian metric di,

chua cé céac ciu triuc khac nhur khéng gian véc to, khong gian dinh chuén ... Giira phuong trinh
vi phan m¢ va phuong trinh vi phan tap c6 méi quan hé véi nhau [4, 5]. Chung t6i dang nghién
clru mdi quan hé gitra phuong trinh vi phan diéu khién mé va phuong trinh vi phan diéu khién
tap va két qua dé s& dugc cong bo trong cong trinh tiep theo.

SOME NEW RESULTS ON THE FUZZY CONTROL DIFFERENTIAL
EQUATIONS

Nguyen Dinh Phu, Tran Thanh Tung
University of Natural Science, VNU-HCM

ABSTRACT: Recently, the field of differential equations has been studied in a very
abstract method. Instead of considering the behaviour of one solution of a differential
equation, one studies its sheaf-solution (see[10-13]). Instead of studying a differential
equation, one studies differential inclusion (see [9]). Especially, one studies fuzzy differential
equation (a differential equation whose variables and derivative are fuzzy sets, see [1- 6]).

In this report, we have generalized some new results on the system of fuzzy control
differential equation (FCDE). This report is a continuation of our works in this direction (see
[10-15]).

Keywords: Fuzzy theory; Differential equations; Control theory; Fuzzy differential
equations, Fuzzy control diferential equations, Set control diferential equations.
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