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MOQT SO KET QUA MOl TRONG PHUONG TRINH VI PHAN
PIEUKHIEN MO

Nguyén Pinh Phw, Tran Thanh Tung
Truong Pai hoc Khoa hoc Ty Nhién, PHQG —-HCM

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

D, x(t) =f(t,X(1)) , (1)
trong do X(t,) =%, 1 E",x(t)T E"t1 go,ngl I R,f:1" E"® E" va
phuong trinh vi phén tap (set differential equation SDE) dang

D, X(t) =F(t,X(t)), (12)
Trong d6
X(ty) =X, T K(R"),X(t)T K(R"),tT [t, T]=11T R,,

F:l “K/(R") ® K (R") dathu hdt sy chd y cia nhiéu nhatoan hoc.
Giéo sur Lakshmikantham V. va céc téc gia khéc da dat duoc mot sb két qua quan trong vé sir ton
tai nghiém, so sanh nghiém... cua FDE va SDE. Hai dang phwong trinh ndy c6 méi lién hé véi
nhau. Tham khao [4, 5].

Thoi gian gan dy ching téi d& nghién ciru va cd mot so két qua vé phuong trinh vi phan diéu
khién mo (fuzzy control differential equation FCDE) dang

D, x(t) =f(t,x(t),u(t)), (L3
trong do
X(t,) =%, 1 E",x(t)T E",u(t)T E°,t1 go,ngl IR, f:l E" E*® E" va
phuong trinh vi phan diéu khién tap (set control differential equation SCDE) dang

D, X(t) =F(t,X(t),U(t)), (14
trong do

X(ty) =X, T K(R"),X(t)T K(RMU() T K(R"),tT [t,T]=1T R,,

F:l"K(R")" K(R")® K(R").

Xintham khao [12 -15].

Mot s6 ket qua ve phuong trinh vi phan dang mo duoc trinh bay trong [10, 11]. Trong bai bao
nay chung toi trinh bay mot so ket qua ve phuong trinh vi phan diéu khien mo FCDE va dieu
khién tap SCDE.
2MOQT SO KHAI NIEM VA KY HIEU

Ky higu K (R") latap hop céc tap con I6i, compact, khong réng caaR". Cho A B lacéc

tap con bi chin, khong rdng caa R" . Khoang cach Hausdorff gitta A va B duoc xéc dinh

i il
D[A B] :max%sgp inf |a- bf,sup inf |a- b||;, (2.1)
T al A bl B bl B al A b
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Dic biét DgA,c;g=||A||=wp{||a||:aT A},trongdé& | phin tir zero cua R".

Tabiét raing K_(R") cung véi metric D 1a mot khdng gian metric day du (xem [16]). Néu
K.(R") dugc trang bi phép toan cong va nhan véi vo hudng khdng am thi K (R") tré thanh
khéng gian metric nira tuyén tinh.

pit E" ={u:R"® [0,1] thoaman (i)- (iv)} :

(i) u lachuin, taclatontai X,1 R" sao cho u(x,) =1;

(i) ulaldi, nghialavéi xl,XZT | vaO£l £1taco
u( I x, +(1- 1)x,) 3 min{u(x,),u(x,)};

(iii) u lantalién tuc trén;

(iv) [u1° =cl {xT R":u(x) >O} la compact.

Phante ul E" duoc goi lamo.

Véi 0<a £1, tap [ul? :{xT R" :u(x) 3 a} duoc goi latap mic a. Tir (i) - (iv) ta
suy racéc tap mac a thuoc K (R") vsi O£a £1.
Taky hiéu
D, gj,vH:sup{D gu] % H: Ofatf J}
lakhoang c&ch gitta u va v trong E", trong d6 D gu]El ,[v]ag la khoang cach Hausdorff gitia
hai tap [ul?,[v]® cia K_(R").Khi d6 (E“,DO) |a khéng gian metric du. Sau day 1a mot sb

tinh chat ciametric D,, .

D, &1 +w,v +wH =D, [u,v] vaD,[u,v] =D [v,u], (2.2)

D, § u,l vi=IDo[u,v], (2.3)

D, [u,v] £ D, &1,wld+ D, §w, VY, (2.4)
véi moi u,v,wl E"val 1 R.

Chou,vi E" nutdntai z1 E" théamén u =V +z thi z duoc goi lahiéuciau vav

va duoc ky hiéu 1a u- v. Tir nay ta gia st cho u,vi E" sstdntai z1 E" thoa mén

U =V +2z. Cho khoang | :go,t0+a8trong R,,a>0,tandiraingahhxa F : | ® E" c6

dao ham Hukuhara D, F( t,) tai diém t,1 1, néu
+ - - -
h® o+ h h® 0+ h

ton tai trong topo cia E" va bang D, F(t,), gi¢i han dugc ldy trong khéng gian metric
(E",D,). O hai ddu mdt cual, dao ham 1a dao ham mét phia.
NéuF : 1 ® E" laliéntucthi F kha tich. Tacd mot sb tinh chat sau day.
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Néu F :1 ® E" khatichthi

(Z‘j:(s)ds = E‘j:(s)ds + (Z‘j:(s)ds, t,Et, £, (2.5)
Va 0 0 1
g F(s)ds =1 ¢J(s)ds, | T R. (2.6)

NéuF,G : | ® E" khatichthi Dg:(.),G(.)g: | ® R ciing kha tich va

ét t u t ) X
D gd:(s)ds, tfﬁ( S)dSEE td) g:(s),G(s) gds. 2.7
Chi tiét hon v& tinh lién tuc, kha vi vatinh kha tich Hukuharacaadnhxa F : | ® E" cothé
tham khao [1 -6].
Metric D trén K_(R") ciing co c&c tinh chit nhu metric Do, céc khéi niém dao ham va tich
phan Hukuharaciadnhxa F : 1 ® K_(R") ciing co c&c tinh chat twong tu nhu cia anh xa
F:I ® E". Xinthamkhao [13].

3MOT SO KET QUA

3.1.Phwong trinh vi phan diéu khién mo

D x(t) =f(t,x(t),u(t)), (3.2)
trong d6 X(t,) =x,1 E", t1 |, trang tha x(t)T E", diéu khién u(t)T EP va
f:l " E""EP® E".

‘ Diéq khié,n khatichu: | ® EP goi ladiéu khién chip nhan dugc. Dat U |atap tit ca cac

diéu khién chap nhan dugc.

Anhxa x1 Clg ,Eng duoc goi 1a nghiém cua (3.1) trén | néu no théa mén (3.1) trén |.
Do x(t) lakha vi lién tuc nén nghiém sz twong duong:

X(t) =%, + tc‘pHx(s)ds,tT I

to
Két hop véi bai todn giatri ban dau (3.1) taco

t
X(t) =%, + F(s,x(s),u(s))ds,t T 1 (3.2)
to
trong d6 tich phan duoc sir dung la tich phan Hukuhara. Tathdy rang X(t) langhiém caa (3.1)
néu va chi néu n6 thoaman (3.2) trén 1.
Tuong ty dinh Iy vé sy ton tai nghiém cho phuong trinh vi phan mo FDE trong [1, 5, 6], taco
dinh ly sau déay.
pinh ly 3.1 ([14]): Gia s rang

iflcC g'.RO,E“ H D, [f(t,x,u),q] £M,, trénR, =1~ B(X,,b) " U, trong @6
B(Xo,b) ={xT E": D,[x,%,] £b} va
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(i) gl C¢g " [0,2],R,§, O£ t,w) £EM, trén |~ [0,20],o(t,0) =0, o(t,w) khong
giam A

theowvsi moi t I | vaw(t) © O langhiémduy nhat cia

w' =g(t,w) ,w(ty)=w, 2 O trénl.
(ii) Do §F(t.X(1),T(1)), F(t,x,u)lE g(t,Do[i,x]) trén R, .
Khi @6 phurong trinh (3.1) ¢6 nghiém duy nhat X(t) = X(t,X,,u(t)) trén [t,,t, +h], trong d6
h:min{a,%}, M =max{My,M}.

Taxét gia thiét sau:

Anhxa f: R, E"” EP ® E" thoaméan diéu kién
DOgf(t,f((t),U(t)),f(t,x(t),u(t))ggo(t){Do[i(t),x(t)]+DO[U(t),u(t)]} (3.4)
voi tT 1;u(t),a(t) T U; x(t),x(t)T E",

trong d6 o(t) laham thyc duong vakha tich trén 1.

to+a
bat C = ()o(t)dt . Do o(t) kha tich trén | nén bi chan hau khip noi boi s6 K > 0trén |,
to
nghiala o(t) £ K véi hiukhipnoi t T 1.
Két qua sau cho thay s phu thuoc lién tuc ciianghiém cua (3.1) vao sy thay doi cua bién diéu
khién vadiéu kién ban dau.
Pinh ly 3.2 ([12]): Gia s f la lién tuc va théa man (3.4) va X(t),x(t) la hai nghiém cia
(3.1) xudt phét tr Xo, X, Va tuong #ng véi cac diéu khien U(t),u(t) . Khi @6 véi e > 0 bat ky,

tontai 0 d €) >0 saochovéi D, @?O,XOBE d( e)

va D, (1), u(t) §£ I e)

taco
Dofg(t),x(t)8£e
trongdo t 1 |.
pinh Iy 33 ([12]): Gia sk ficg E" E"E"Uva v mi
(t,X(t),u(t)), (t,x(t),u(t))T 1 E""U ta
coDOgf(t,r((t),a(t)),f(t,x(t),u(t))g£g(t,DO[i(t),x(t)]), (35)

trongd6 g1 C[R,” R,,R,] va o(t,w) khong giamtheow vsi méi t 1 |. Gid sir thémrang
nghiémIén nhat r(t) =r(t,t,,w,) cuiaphwong trinh

W= gt W) W(ty) =W, ? 0
tontaivéi t1 1.
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Khi @6 néu véi X(t) =X(t,Xo,U(t)), X(t) =X(t,X,,u(t)) lacac nghiém bt ky cia (3.1)
sao cho X(t,) = Xo,X(t,) = Xy; Xo,X,1 E",taco
Dofg(t),x(t)g£ r(t,t,w,),t1 1 (3.6)
Vi Dy[Xo,Xo] £W, vavsi mi T(t),u(t)T U .

Trong dinh ly 3.3 tast dung gia thi &t g(t,w) khong giam theo w véi mdi t vatrong [12] ching
t6i da ding bat ding thie tich phan dé chiang minh dinh ly ndy. Néu sir dung bat dang thirc vi
phan ta cé thé khong can gia thiét vé tinh don diéu caa g(t,w) va co dinh |y sau day.

binh ly 3.4: Gid sir cac gid thiét cia dinh |y 3.3 théa man trir tinh khéng giam cia g(t,w)
theo w. Khi @6 két ludn (3.6) van dung.

Chieng minh dinh Iy 3.4: Bat m(t) = D, ;g(t),x(t)g sa0 cho M(t,) = Dy [Xo,X,] -
Vi h> 0 khanho, sir dung tinh cht (2.2), (2.4) ciametric D, taco
D, [)?(t +h),x(t + h)]

£D,[X(t +h),X(t) +hf(t,X(t),T(t))]
+D, fg(t) +hf(t,x(t),u(t)),x(t +h)g
£D, [X(t +h),X(t) +hf(t,X(t),TU(t))]
+D, §X(1) +hf(t,x(1),u(t)),x(t +h)¥
+D, [X(t) +hf(t,X(t),T(t)),x(t) +hf(t,x(t),u(t))]

£D, [X(t +h),X(t) +hf(t,X(t),u(t))]

+Dg §X(t) +hf(t,x(t),u(t)),x(t +h)l

+D, [X(t) +hf(t,X(t),U(t)),X(t) +hf(t,x(t),u(t))]
+D, [X(t) +hf(t,x(t),u(t)),x(t) +hf(t,x(t),u(t))]

£D, [X(t +h),X(t) +hf(t,X(t),TU(t))]
+D, &(t) +hf(t,x(t),u(t)),x(t +h)H
+D, [hf(t,X(t),T(t)), hf(t,x(t),u(t))]
+D, [X(1),x(1)].

Do m(t +h) - m(t) =D, [X(t +h),x(t +h)]- D, [X(t),x(t)] néntacé danh gia
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m(t +h) - m(t)
h

£%Do [X(t +h),X(t) +hf(t,%(t),u(t))]
1

h
+%D0 [Pf(t,X(t), u(t)), hf(t,x(t), u(t))].

D, &(t) +hf(t,x(t),u(t)),x(t +h)H

Nho (2.3), tasuy ra
o 1
D*m(t) —Ll(@rgwpﬁ[m(t +h) - m(t)]

&X(t +h) - X(t)
£limsupD, é
h® 0 -

e (B CR N7
e d

+D, gf(tﬂ_((t),ﬁ(t)),f(t,X(t),u(t))g

. ex(t +h) - X(1)
*limsupD, &

u
(6 x(1), u(t) g
s

Do X(t),x(t) lacac nghiém kha vi va gia thiét (3.5) néntacod
D'm(t) £ o(t,m(t)), m(t,) £w,,t 3 t, voi D' m(t) ladao ham Dini cua
ham m(t) .
Theo dinh Iy 1.4.1trong [7] taco m(t) £ r(t,t,,w,),t 3 t,

~ Dinh Iy sau sir dung gia thiét nhe hon céc gia thiét cua cac dinh Iy 3.3-3.4 vi ham g(tw) co
thé lay giatri am.

Pinh Yy 35: Giasr f1 cg TE" EP,E”gvavéi moi
(t,X(1),0(t)), (t,x(t),u(t))T I " E" U taco

lim sup (D, (1) + (LR, (1)) - (1) +hi(X(1),u(1) )2 - Dy (O X(1)

£g(t,DO ;g(t),x(t)g)
trongd6 g1 C [I ’ R+,R] vanghiémlénnhdt r(t) =r(t,t,,w,) cuiaphwongtrinh
W= gt W), W(t,) =w, 3 0

tontai véi t 1 1. Khi d6 két lugn cia dinh ly 3.3 véan ding.
Chéng minh dinh ly 3.5:

pit m(t) =D fg(t),x(t)g se0 cho m(t,) =D %,xogwﬂ h> 0 khanho, sir dung tinh
chit (2.2), (2.4) caametric D, taco
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m(t +h) - m(t) =D, [X(t +h),x(t +h)]- Dy [X(t),x(t)]
£ D, [X(t +h),X(t) +hf(t,X(t),Ut))]
+ D, (1) +hf(t,X(t),U(t)),x(t) +hf(t,x(t),u(t))H
+D, gx(t) +hf(t,x(t),u(t)),x(t +h)8- D, [X(1),X(1)]
Tir do suy ra

D*m(t) = lim sup—[m(t +h) - m(t)
h® 0 h

_ X(t+h)y- X(t)
£limsupD, & F(EX(1),U()) a
h® 0* 8 h Q

+Li(@rp+wp%{D0 [X(t) +hf(t, (1), 0(1)), X(t) +hf(t,x(t),u(t))l

- D, (O XD

. ex(t +h) - x(t) u
+limsupD, & T x(),u(t))a.
h® 0* é h Q

Do X(t),x(t) langhiémkha vi cia (3.1) vagia thiét ciadinh Iy 3.5 taco
D'm(t) £ g(t,m(t)), m(t,) £w,,t 3 t,.
Theo dinhly 1.4.1trong [7] taco m(t) £ r(t,t,,w,),t 3 t, (H
Sau day ching téi duaramot két qua méi vé nghiém xap xi cia FCDE. ’
Ham y(t) =y(t,t, Y, u(t),e),e >0 goi langhiém xapxi - € cua(3.1) néu
yl Clg 1En81y(t01t01y01u(t0)1e) =Yo
Do DY), F(LY(1), u(t)) UE et 2 1,
u(t)1 U '
Trong truong hgp =0, y(t) langhiémcaa(3.1).
pinhly 36 &) Giasr f1 Cg TE" Ep,Eng
va voi A
(t,x(t),u(t)), (t,y(t),u(t)) 1 1 " E" U tacd
D, §F(t,x(1),u(t)), f(t,y(t), u(t)) H £ o(t, Dy &(1), Y (1)) (3.7)
trongdo g1 C €RZ% R, §.
b) Gia sirthémr(t,t,,w,) langhiémlsén nhdt cia phieong trinh
w' =g(t,w) +e Wt,) =w, 3 0,

ton tai trén gco,+¥).
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V6i X(t) =x(t,t,, X0, U(t)) 1a nghiém bdt ky cia (3.1) va y(t) =y(t,t,,Y,,u(t),e) la
nghiémxdp xi - € cua (3.1) ton tai véi t 3 t, . Khi do

D, %((t),y(t)BE r(t,t,w,),t 3 t,,
V6i Dy o, Yol £ W
Ching minh dinh ly 3.6: Pat m(t) =D, g'x(t),y(t)g sao cho m(t,) =D, [xo,yo] . Véi

h> 0 khanho, sir dung tinh chat cia metric D, taco

m(t +h) - m(t) =D, [x(t +h),y(t +h)]- Dy[x(t),¥(t)].
St dung bét ding thirc tam giéc (2.4) tacod
Dy [X(t +h),y(t +h)]

£D,[X(t +h),x(t) +hf(t,x(t),u(t))]
+D, gqt) +hf(t,x(t),u(t)),y(t + h)g
£D,[x(t +h),x(t) +hf(t,x(t),u(t))]
+D, gy(t) +hf(t,y(t),u(t)), y(t +h)8
+ D, [X(t) +hf(t,x(t),u(t)),y(t) +hf(t,y(t),u(t))]
£D,[x(t +h),x(t) +hf(t,x(t),u(t))]
+D, gy(t) +hf(t,y(t),u(t)), y(t +h)f3I
+ D, [X(t) +hf(t,x(t),u(t)),x(t) +hf(t,y(t),u(t))]
+ D, [X(t) +hf(t,y(t),u(t)),y(t) +hf(t,y(t),u(t))].

£DO[X(t +h),x(t) +hf(t,x(t),u(t))]
+D, V(1) +hf(t,y(t),u(t)),y(t +h)Y
+DO[hf(t,x(t),u(t)),hf(t,y(t),u(t))]
+ D, [X(1),¥(1)].
m( t +hr)] - m(t) E%
+%Do Ey(t) +hf(t,y(t),u(t)),¥(t +h)U

L, (LX) ) (L) )]

Do [X(t +h),x(t) +hf(t,x(t),u(t))]
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Tir do6 suy ra
D'm(t)
= Li(@r(r)lsup%[m(t +h) - m(t)]
£ limsupD, 40 i) u)
+ D, [f(t,x(1),u(t)), f(t,y(1),u(t))]
+Li(@rgsupDo gy(t +h) - ¥(1) ,f(t,y(t),u(t)g.

Do X(t),y(t) lakhavi, gia thiéta) va y(t) langhiém xapxi-e néntaco
D'm(t) £g(t,m(t)) +e m(t,) £w,,t 3 t,.

Theo dinhly 1.4.1trong [7] taco m(t) £ r(t,t,,w,),t 3 t,

Taco hé qua truc tiép sau ddy vé udc luong gitra nghiém vanghiém xap xi .

Hé qua 3.1: Srdunggid thiét ciadinhly 3.6 véi g(t,w) =Lw, L >0 ,tacd

Do (.16, X0) Y(t,to, Yo, €) HE Dy &, Yo He ™ +E6(eL(“°) - 1),t 3t
Pinhly37. & Gidsr fl Cg = Ep,Eng
vavéi (£,x(1),u(t)), (ty(t),u(t))T 1~ E" U tacé
nglwp%{[)o &(t) +hf(t,x(t),u(t)),y(t) +hf(t,y(t),u(t))H- D, g(t),Y(t)g
£ o(t,De &(1),¥(1) Y
trongdo g1 C gRZ,RY.

b) Gia sirthém r(t,t,,w,) langhi¢émlsn nhdt cia phuong trinh
W= g(t,w) +e w(ty) =w, 3 0,

t©n ta trén g0,+¥).v(}i X(1) = x(t,t;,%,,u(t)) 1a nghiém bit ky cia (31) va
y(t) =y(t,ty,Y,,U(t),€) langhiémxdipxi- € cia(3.1) tai véi t 3 t, . Khi @6

Do &(1), V() HE r(t,to,W,),t ® 1o,

véi Dy &0, Yol £ W,
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Chieng minh dinh ly 3.7: bat m(t) =D, gx(t),y(t)t‘d sa0 cho M(t,) = Dg[X,,Y,]- Véi

h> 0 khanhe, sir dung tinh chat ciametric D, taco
m(t +h) - m(t) =D, [x(t +h),y(t +h)]- D, [x(t),y(t)]

£ D, [x(t +h),x(t) +hf(t,x(t),u(t))]
+D, §<(t) +hf(t,x(t),u(t)),y(t) +hf(t,Y(t),U(t))8

+Dg §Y(1) +hf(t,y(1),u(1)),y(t +h)U- Dy [x(1),y(1)]

Tir do suy ra
D 'm(t)
. 1
—rl]l(@rgsupﬁ[m(t +h) - m(t)]
. éx(t +h) - x(t) u
£ limsupD, & F(Ex(t),u(t)) g
h® 0* é h Q

+Li(@rglsup%{Do[x(t) +hf(tx(t),u(t)),  y(t) +hf(t,y(t),u(t))H

- D &0 Y

gy(t +h) - y(t u
+lim supDOéy( )X ),f(t,y(t),u(t)u.
h® o* 8 h o]

Do x(t),y(t) lakhavi, gia thiéta) va y(t) langhiém e-xapx/ néntacod
D'm(t) £g(t,m(t)) +e m(t,) £w,,t 3 t,.

Theo dinh Iy 1.4.1trong [7] taco m(t) £ r(t,t,,w,),t 3 t, @)

Ta c6 nhan xét ring néu trong céc dinh Iy 3.6, 3.7 thay nghiém xép xi-e y(t) bang nghiém
binh thuong thi két qua trung vai céc dinh ly 3.4, 3.5 twong tng. N&i mot cach don gian, cac dinh
ly 3.4, 3.5 latruong hop riéng cia cac dinh ly 3.6, 3.7 khi e= 0.

3.2. Phwong trinh vi phan diéu khién tap

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

X(ty) =X, T K(R"),X(t) T K(RM,U(t) T K(R"),tT [t,,T] =11 R,
va F:l” K(R") K (R") ® K(R").

Diéu khién kha tichU : | ® K_(!P) goi ladiéu khién chip nhan dugc. Dat U latap hop
tat ca cac diéu khién chip nhan duoc.
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Anhxa X T C* g, K (R") g duoc goi langhiém ciia (3.8) trén | néu nd thoa man (3.8) trén

|. Do X(t) lakha vi lién tuc nén tap nghiém tuong duong

t
X(t) =X, + (PuX(s)ds,t1 1.
to
Két hop véi bai toan giatri ban dau (3.8) taco
t
X(t) =X, + (F(s,X(s),U(s))ds t T | (3.9
to
trong d6 tich phan duoc sir dung la tich phan Hukuhara. Tathdy rang X(t) langhiém caa (3.8)
néu va chi néu n6 thoaman (3.9) trén |
Tuong tu cac dinh ly vé sur ton tai nghiém cho phuong trinh vi phéan datri SDE trong [4, 5], ta
c06 dinh ly sau day.

Pinhly 3.8 ([13]): Giast FT C @ ~ K(R") " K(R"),K(R")gva
() D gF(t,X(t),U(t)),q8£g(t,D quH) (t,X,U)T1~ K(R")" U,

trongd6 g1 C [I ’ R+,R+] , 9(t,w) la khéng giam theo (t,w);
(ii) nghiém I6n nhat r(t,we) cia phuong trinh vi phan
w' =g(t,w), w(t,)=w, 3 0 tontgitrénl.
Khi d6 ton tai nghiém X(t) = X(t,X,,U(t)) cia phwong trinh (3.8) théa mén

DgX(t),xogE r(t,wg) - Wo,t 11, (3.10)

trong @6 w, =D gxo,qg.
Taxét gia thiét sau.
Anhxa F: R, K(R")" K(RP) ® K(R") thoaman diéu kién
D §F (1, X(1),0(1)), F(t, X(1).U(1))§£ o(1){D §X(1),X(t) g+ D @(1)U(t) §f (3.11)

veimoi t1 1;U(t),U(t)T U;X(t),X(t)T K (R"), trongdé o(t) 1aham thyc duong va

kha tich trén |.
.

bat C = ¢p(t)dt. Do o(t) kha tich trén | nén bi chan hau khip noi boi s K>0 trén |,
to

nghiala o(t) £ K voi hdukhdpnoit 1 |,

'Két qua sau cho thiy sir phu thugc lién tuc cua nghiém ciia (3.8) vao sy thay doi cua bién diéu
khién vadiéu kién ban dau.

pinh ly 3.9([13]): Gid s f lién tuc va théa mén (3.11) va X(t),X(t) Ia hai nghiém cia
(3.8) xudt phét tir X 0, X, Va twong ing Véi cac diéu khién chdp nhan dirgc U(t),U(t) . Khi d6

véi >0 bat kp, ton tzi 6 d e >0 sao cho Véi Dg)To,Xog’Ec(e) va

D gT(t),U(t)g£ d e
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taco D g')T(t),X(t)8£ etrongdd t1 1.

pinh Iy 310([13]):  Gia st FT CER, " K(R")" K(RP),K(R")f va véi moi
(t, X(t),U(t)), (t,X(t),U(tHT 1 K (') Utacod

D & (£, X(1),U(1)), F(t,X(t),U(t))¥E o(t,D gX(1),X(t)§), (3.12)
tronga6 g1 C[R,” R,,R,] vao(t,w) khong giamtheowvsi mgi t1 1.
Gia sir thémrang nghigmlon nhat r(t) =r(t,t,,w,) cia phwong trinh
w' =g(t,w),Wmt,) =w, 30
tontai vei t1 1. B -
Khi @6 néuvei X(t) = X(t,Xo,U(t)), X(t) =X(t,X,,U(t)) lacac nghiémbdt ky cia
(3.8) sao cho X(t,) = Xo,X(t,) =X ;X 0,X,1 K(R"),taco
D g?(t),X(t)SE r(t,to,w,), t1 I (3.13)
voi D X o, X JEW, vavei mei U(t),U(t)T U.

Bay gio tama rong dinh |y 3.10 trén bang cach giam nhe diéu kién (3.12).

Trong dinh ly 3.10 ta st dung gia thiét g(t,w) khéng giam theo w véi mdi t va trong [13]
chaing téi d& duing bit ding thirc tich phan dé chirng minh dinh ly ndy. Néu sir dung bét ding thirc
vi phan ta cd thé khdng can gia thiét vé tinh don diéu cia g(t,w) va co dinh ly sau déy.

binh ly 3.11: Gia sir cac gia thiét cua dinh ly 3.10 thoa man trz tinh khong giam cua g(t,w)
theo w. Khi @6 ket ludgn cua dinh ly 3.10 van dung.

Ching minh dinh Iy 3.11: Ching minh tuong ty dinh Iy 3.4. Binh ly sau sir dung gia thiét
nhe hon gia thiét ciacéc dinhly 3.10 - 3.11.

Pinhly3.12.Giasr F T C R, " K(R") " K (RP),K(R")j vavsi mpi
(t,X(t),U(1)), (t,X(t),u(t))T 1 " K(R") U taco

li@rgwp;{D & (1) +hF(L,X(1),U(D)) - (X(t) +hF(t,X(t),U(t)))8- Dé@((t),X(t)E} o1
£g(t,Dé®((t),X(t)9
trongd6 g1 C[l ~ R,,R] vanghiémlsnnhat r(t) =r(t,t,,w,) cuaphuwongtrinh
w' =g(t,w),Wmt,) =w, 3 0
tontgi véi t T 1. Khi d6 két lugn ciza dinh ly 3.10 vén dlng.
Chirng minh dinh ly 3.12. Chang minh tuong tu dinh ly 3.5.

Sau déy chiing téi duaravai két qua vé nghiém xap xi caa SCDE.
Ham Y (t) =Y (1,t,,Y,,U(t),€),e> 0 goi langhiégmxip xi -e caa(3.8) néu

YT C' . K(RMPY (tete,YoU(ty),8) =Y,
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va DgJHY(t),F(t,Y(t),U(t))L‘dE et t,U(t)T U.
Trong truong hgp dac biét e=0,Y (t) langhiém cia (3.8).
Chirng minh céc dinh ly 3.13 - 3.14 dudi day twong tu nhu chirng minh cac dinh ly 3. 6 - 3.7.
Pinhly313: & Giast F1 CER, " K(R")" K(R"),K(R"}Y
vavei (t, X(t),U(t)), (t,Y(1),u(t)T 1 K (R") U tacod
D gF(t,X(t),U(t)),F(t,Y(t),U(t))L‘d £g(t,D gX(t),Y(t)g) , (3.15)
FTCER, ™ K(R") K(R"),K(R")g;
trongdo g1 C gRZ%,R. §.
b) Gia sirthém r(t,t,,w,) langhiémlén nhdt cua phuong trinh
W= g(tw) +e wW(ty) =w, 3 O,
ton tai trén gco,+¥).
V6i X(t) = X(t,ty, X,,U(t)) langhiémbdt ky cia (3.8) vaY (t) =Y (t,t,,Y,,U(t),e) la
nghiém xdp xi - € cua (3.8) tontai véi t 3 t, . Khi d6

D g((t),Y(t)BE r(t,t,,w,),t 3 t,,

véi D gXO,YO H £ w,. Taco h¢ qua truc tiép sau ddy vé usc lugng gitra nghiém va nghiém xap
Xi.
Hé qua 3.2: S dung gia thiét cia dinhly 3.13 voi o(t,w) =Lw, L >0 ,taco
) . . s e[ 1t
D 8X(t,t0,X,),Y (1,t,,Yo, @) UE D §X,,Y, He () +E(eL<t W), e,

Trong dinh ly 3.14 sau déy sir dung gia thiét nhe hon dinh ly 3.13 vi ham g(t,w) c6 thé lay
giatri am.
binhly3.14: @) Giasw F: R,” K(R")" K (R") ® K_(R") vavsi moi
(&, X(1),0(1), (t,X(1),U(t)T 1 “ K(R")" U tacs

Li(@rgsup%{D[X(t) +hF(t,X(1),U(1)),Y (t) +hF(t,Y(t),U(t))]- D[X(t).Y(D)]}

£o(t,D[X(1),Y(1)]) (3.16)
trongdo g1 C gRZ,RY.
b) Gid sz thém r(t,t,,w,) langhiémlén nhdt cia phuong trinh
W= g(t,W) +6 W(ty) =W, 2 0,
ton tai trén gco,+¥).

V6i X(t) = X(t,ty, X,,U(t)) 1anghiem bdt ky cia (3.8) va Y (t) =Y (t,t,,Y,,U(t),e) la
nghiémxdp xi - cua (3.8) tontai véi t 3 t, . Khi @6
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D g'.X(t),Y(t)8£ r(t,t,w,),t 3 ty, véi D gxo,Y()ngo.

3KET LUAN

Phuong trinh vi phén mo FDE da duoc nghién ciru tir 1978 va dic biét dugc chd y sau cac
cong trinh [1,2] caa O. Kaeva. Phuong trinh vi phan tap SDE duoc nghién ciru trong vai nam gan
day voi céc cong trinh chii yéu cia V. Lakshmikantham va cong sy. Cac két qua ban dau vé
phuong trinh vi phan diéu khién mo FCDE va phuong trinh vi phan diéu khién tap SCDE dugc
chung téi trinh bay trong [10-15]. Trong [12,13], ching téi so sanh cac nghiém bd cua FCDE (
SCDE), tirc la so sanh tap cac nghi¢m cia FCDE (SCDE). Viéc nghién cau FCDE SCDE c6
nhiéu trién vong vé |y thuyét va g dung. Tuy nhién ciing ¢6 nhiéu kho khin khi nghién ciru

FCDE va SCDE do (E ,DO) va (Kc( R"), D) chi 1a cac khdng gian metric du, chua co cac

cau trdc khéc nhu khdng gian véc to, khéng gian dinh chuan ... Gitra phuong trinh vi phan mo va
phuong trinh vi phan tap c6 mdi quan h¢ véi nhau [4, 5]. Chung toi dang nghién cau mbi quan hé
gitra phuong trinh vi phan diéu khién mo va phuong trinh vi phan diéu khién tap va két qua do s
dugc cdng b trong cong trinh tiép theo.
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