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Tém tit:

Bai bdo ndy tip trung vao khdo st sy tdn tai nghiém, sy phu thudc lién tuc, sy

&n dinh d&u va nghiém tuin hoan ciia nghiém phuong trinh vi phin ham véi d6i

s& chim vo han trong khong gian Banach v6 han chiéu. Hai dang chinh y&u 1a:

Dang (A) : x’(t) = f(t, x(t), x9 + g(t, x(1), x) (t € R)
Dang (B) : [x(t) - f(t, x(t-1))]I" = g(Lx(t),x) (t € R)
Mé dau:

Trong trudng hgp khong gian hitu han chiéu, véi d6i s6 chdm hifu han va
khong c6 bi€n x(t). Hai bai todn trén da dugc nghién cifu gidi quy€t trong mot
s6 diéu kién nao d6 cda f va g bdi M.A.CRUZ va J.K.HALE nim 1969;
O.LOPES niam 1973-1975; G.HERTZER nim 1975; G.B.GUSTAFSON va
K.SCHMITT nim 1974 (xem tai liéu trich din clia [4]).

Trong trudng hgp khong gian Banach v6 han chiéu vdi d8i s6 chdm hifu
han va khong c6 bi€n x(t), hai bai todn trén da dudc nghién cifu gidi quyét trong
mot s& didu kién nio d6 cda f va g bdi K. SCHMITT va L.H. HOA nam 1993
(xem [4]).

Goi E 12 khéng gian Banach véi chuén |.| .

Goi C = CB(IR-, E) 12 khong gian Banach cdc ham lién tuc, bi chan ti
R- = (~0,0]... vao E véi chudn | .| ; |x| = sup{x(v]/t e R-}.
Goi C(R, E) 12 khong gian cdc ham lién tyc tf R vao E.

V6i moi x € C (R,E), Vt € R, dinh nghia x, nhu sau: x;(0) = x(t+0) vdi 0
€ R-rd rang X, € Cnéucé o € R va ¢ € Csao cho Xs = ¢.

Vi moi ¢ € R, haim u: R—E dudc goi 1a nghiém cua dang (A) hay (B)
trén [0,00) néu u, € C vdi mdi te R, dao ham u’( tdn tai trén [o,0] va théa dang
(A) hay (B) trén [o,)

Baii todn véi didu kién ban ddu clia phudng trinh dang (A) hay (B) 12 bai
todn cho trudc ¢ € C va ¢ € R, tim nghiém u ca phuong trinh dang (A) hay (B)
trén [o,%0) va thda us = @.

Su tdn tai nghiém tudn hoan cla phudng trinh dang (A) hay (B) 1a
chiftng minh sy tdn tai cia y € C sao cho vdi moi o € R, ta ¢ sy ton tai nghiém
u ctia phuong trinh dang (A) hay (B) trén [o,) thda ug = . c6 tinh tudn hoan
chu k¥ © khi f va g ciing 12 ham tudn hoan theo t, c6 chu ki o.

11




Science & Technology Development. Vol.1, No 5-1998

CAC PINH LY CHINH YEU SU DUNG
@ PINHLY A: ( Pinh Iy 3, [5])

Goi Y 1a khong gian 16i dia phuong v6i ho nita chudn tdch 27 trén Y va goi D 1a
tdpconcia Y.
Chotodntt U:D—> Y
Véimdia € Y, dinh nghia U,: D > Y bdi: véix € D
Uu(x) = U(x) +a
Toédn tf U dugc goi 1a thda diéu kién (A) trén tip con Q cla Y néu:
(A.1) Véimdia € Q, U,(D) =D
(A.2) V6imdia e Qvap e P, tdn tai k, € N vdi tinh chat:

Ve>0,tontair € N', 8> 0sao cho véimoix,y € D
véi af (x,y) <&+ & ta cé:

oy (U;(x), Us(y) <t
trong d6 o.f (x,y) = max {p(U’ (x)~ UL (y)) /i,j=0,1,...k, }

Goi Y 12 khong gian 13i dia phuong, dii theo ddy véi ho nifa chuin tich 2.
Cho U va C la nhitng todn tif trén y sao cho:
(i) U thda diéukién (A) trén Y.
(i) Véimoipe P, tdntaik=k(p)>0,sao cho:

p(U(x) - U(y)) <kp(x-y) véimoix,y e Y
(iii) Tdn tai xo € Y vdi tinh chat:

Véimoip e P, tdntair e Nva A €[0,1)

| (rva A phu thudc p) sao cho:
p(US, (x) = U, ())<Ap(x-y) véimoix,y € Y

(iv) Cla todn tf compic sao cho:

p(C(A)) < +oo khi p(A) < +00 v@i A l1a tdp con clia Y, véi moip € P.
) lim E_(.%)_) =0 /YVpe®

p(x)==  p(X)

Khi d6 U + C c6 diém bat dong.

© PINHLY B VA PINHLY C: (Xem [4])

Goi s 12 khong gian metric sao cho S = k.)| S, trong d6 S,1a tdp con compic, khic
rong cla S thda cdc tinh chat sau:

6] S, cS,,, v6imoi ne N*

(i)  V6imditdp con compic K ctia S, tdn tain € N*saocho K c S, .

Goi C(S) 1a khdng gian ctlia tit cd cdc 4nh xa lién tuc tit S vao E (vdi E 1a khong
gian Banach, c6 chudn | ] |) Vdi mdin € N*, Vx € C(S), dit
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P (x)= sup{]x(s)] :ses, }

2"'“
bat d(x,y) = Z.M)ng—))h véix,y € C(S)

Khi d6 (pa)a 12 ho nita chudn tdch va d 12 metric trén C(S). Ta c6 C(S) 1a khong
gian Fréchet va day (xy)x trong C(S) hdi tu téi x néu va chi néu:

llcimPn (x, =x)=0 v8imoin € N*

@PINH LY B (Pinh Iy 1, [4])

Tap con A clia C(S) 1a tAp compic tuong ddi khi va chi khi véi mdin eN’, A
ding lién tuc trén S, va tip { x(s) : X € A, s € S, } 1a tdp compic tuong ddi trong E.

@ PINHLY C: ( Pinh 1y 2, [4])

Goi CB(S) la khong gian Banach clia t4t ca cdc d4nh xa bi chin, lién tuc trén S
vao E, vdi chudn " 5 “ ;

Ix| = supﬂx(s)| 'S € S}

Cho tap con A ctia CB(S) va dit A(S) = {x(s):s € S, x € A}
(a) N&u A(S) 1a tap compic tudng ddi trong E thi A compic tudng ddi trong
CB(S).
(b) N&u S hoan toan bi chin va A ding lién tuc trén S thi hai ménh dé sau 12
tudng duong:
(i) A compic tudng ddi trong CB(S).
(ii)  A(S)compic tuong d6i trong E.

BAITOANI

SU TON TAI NGHIEM CUA PHUONG TRINH
VI PHAN HAM V31 P01 SO CHAM VO HAN

® Pinh Iy 1:
(1.1) Cho f: R x E x C — E 12 4nh xa lién tuc v6i tinh chdt sau:
Véimdioc € R, vdimdin € N, n > o, ton tai 2 s6 dudng l,; h, sao cho véi moi t
€ [o, n]
I£(t,u, @) - £(t,v,®")| <
véimoi ®, ®’ € C,u,v e E.
(12) Chog:RxEx C — Ela 4nh xa compéc vdi tinh chat sau:
Ig(t,u,cb)l

+h,|©- |

13) lim

4 =0 déu theo t trén mdi tap bi chin clia R va déu theo u € E.

- Cho trudc ¢ € C va cho trudc o € R ta xét phuong trinh vi phdn ham véi
diéu kién ban dau sau:
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(I){x'(t) =f(t,x(t),x, )+ g(t,x(t),x,) (t=>0) I'}

e =9

Khi d6 phuong trinh (I) c6 13 gidi trén R, nghia 12 phuong trinh (I')c6 nghiém
trén [o,+o).

BAI TOAN II
SU PHU THUQC LIEN TUC CUA NGHIEM

© Dinh Iy II:

®* Cho {A(t)} 1 ho cdc todn tif tuyé&n tinh bj chin tit E x C vao E, phu thudc lién
tuc theo t € IR. Cho E 1a khong gian Banach véi chudn |.|.

C = CB(R-, E) 12 khong gian Banach vdi chuin H . “ V6imdix e C,tacé:
“x“ =sup {Ix(t)l: t € R-}.

E x C 12 khéng gian Banach vdi chudn llLIIl dugc dinh nghia bdi:
N, ®)Il = lul + 1PNl vGi (u, @) e ExC

" A1) (u,D) - A(t)(v, @) =1A() (u-v,D-9)I<
NA@N i@ = v, © - @)l = NA@®N (lu = V1 + lID - pll)

biat K, =sup {lIA(Il;t € [o,n]} (vdine N,n >0)
Ta c6 IA(t)(u,D) — A(t)(v, @)l < Ky(lu - vl, I - oll)
vdimoit € [o,n], vdimoiu, v € E, vdi moi ®, ¢ € C.
Do d6 A(t)(u, @) thda (I.1), trong d6 dinh bdi:
LRXExC—->E
f(t, u,®@) = A(t)(u, ©)

= Véi mdi k € N cho gi: RXE x C = E thda céc diéu kién (1.2), (1.3) va sao cho
day (gi)x hoi tu déu vé g° [g% R x Ex C - E thda (1.2), (L3)].
Cho (@y)k 12 day trong C sao cho lim¢, =¢° trong C.

k—o

Goi x* keN,Ila nghiém cla phudng trinh:

xo =(pk

() {x'(t)= A, %) + g, (LX), X,) (2 0) (1))

® Gid sif phuong trinh (II°) c6 nghiém duy nhat, goi 1a

(1°): {X'(t) = A()(x(1),x,) +g" (L, x(1),x,) (t20)

P
Xﬂ—q)

= Khi d6 l1{im x* =x,, nghia 12 l1‘1_1:& x"h‘m) = x°| [o.0) trONg Xg.

BAI TOAN III

14



Tap chi Phdt trién Khoa hoc & Cdéng nghé. Tdp 1, S5 5-1998

SU 6N BINH PEU CUA NGHIEM
* Khdo st phudng trinh
) {l‘“i : A(t)(x(1),x,) +g(t,x(1),x,) (tzo) (")

trong d6 A(t) va g thda cdc diéu kién di néi & bai todn IL

* Gid st phuong trinh (IIT) c6 nghiém duy nhét 13 x(c.9) vdic € R vd ¢ € C nio
do.

* Theo G.Seifert (xem tai liéu trich din tiY [7] va Jack K. Hale (xem [3]) va theo
LIAPUNOV (xem [0]) vé dinh nghia cda sy 8n dinh clia nghiém ta c6 nghiém
x(o,9) cda (III) trén [c.0) dudc goi 1a 6n dinh déu trén [0.c0) néu v4i moi € > 0,
ton tai & = 8(¢) > 0 sao cho véi 61 2 o va v8i moi ¢ € C véi [@-x, [ <8, kéo

theo lu(o,, @)(t) — x(o,9)(t)lg < € v6i moi t > o;.

© Pinh 1y III:

Cho x(o, @) 12 nghiém duy nhét clia phuong trinh (III) véi o € IR va 9 € C di cho
trong d6 A(t) va g thda diéu kién cda bai todn (II). Khi d6 nghiém x(c, ¢) 8n dinh
déu trén [o, ).

BAITOANIV

NGHIEM TUAN HOAN CUA PHUONG TRINH
VI PHAN HAM TUAN HOAN

* Xét phudng trinh:
- {x'(t) = A(t)(x(1),x,) +g(t, x(t),x,) (t20)

Xs =0

v+

Trong dé:

(IV.1) {A(t)} 12 ho céc todn tif tuy&n tinh bi chin ti E x C vao E, phu thudc lién
tuc vao t, tudn hoan véi chu ky o theo t. (@ > 0).

(IV.2) g: R x E x C = E 12 ham tuin hoan véi chu ki o theo t va thda cic diéu
kién (1.2), (1.3).

(IV.3) Vé6i moi @ € C, véi moi ¢ € IR, phuong trinh (IV) c6 nghiém duy nhit
x() trén R, nghia 13 phuong trinh (IV*) c6 nghiém duy nhat trén [o, ).
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y'(t)=AM(y®),y,) (tzs)
Ys =9

tiém cén déu. Nghia 12 ¢6 a > 0, b > 0 sao cho ||yt(s, (p}[ < b.e‘“("’).“(p" véit=s2o,
v6i moi @ € C. (Xem [3]).

¢6 nghiém y(o, 0) = 0 én dinh

(IV.4) Phuong trinh {

© Dinhly IV:

Cho phuong trinh (IV) théa céc diéu kién (IV.1), (IV.2), (IV.3), (IV.4). Khi d¢6
phuong trinh (IV*) c6 nghiém tudn hodn chu ky o trén [o, ).

BAITOANV
SU TON TAI NGHIEM CUA
PHUONG TRINH TRUNG HOA
® Pinhly V:
Xét phuong trinh:

o {[x(t)—f(t,x(t—r))]'=g(t,x(t),x.) t20) (V) o)

X =0

(V.1) f: R x E - E lién tuc theo (t, u) € R x E va v6i mdin € N, ton tai a,> 0

sao cho
If(t, u) — f(t, v)l < aylu - vl

vdimoiu,v e E,t € [o,n],n>c
(V.2)g: RXxE x C - E thda (1.2), (1.3)
Khi d6 phudng trinh (V) ¢6 nghiém trén IR, nghia 1a phudng trinh (V*) c6
nghiém trén [o, ).
BAITOAN VI

SU PHU THUQC LIEN TUC CUA NGHIEM
PHUONG TRINH TRUNG HOA

© Dinh Iy VI:

Vi mbi k € N, xét phudng trinh
[X(t) - A(t)X(t i I')]'= gx (ts X(t), xl) (t & G)

mk){x %
o~ Ttk

16



Tap chi Phdt trién Khoa hoc & Céng nghé. Tdp 1, S5 5-1998

Trong d6 gk € C va {A(t)} thda (VI*) va gy thda (V.2)
Pt x* 12 nghiém cda (V1) trén IR.
Gid st ring day (gi)x hoi tu déu vé g° va lim ¢, = ¢° trong C.
’ t)—AM)x(t-r)]'=g°(t >
Gid s¥ ring bai todn (w”){[x( . 5 L bl
Xu =Ap

nghiém duy nh4t, goi 12 xo.
% Khi dé6 klim x* =x, trong X.

BAI TOAN VII

SU ON PINH PEU CUA NGHIEM
PHUONG TRINH TRUNG HOA
® Pinh 1y VII:

Gid st x(c,9) 1a nghi€ém duy nhat ciia phuong trinh (VI) véi o € R va ¢ e C cho
trudc.
Khi d6 nghiém x(c, @) 8n dinh déu trén [o, «).

BAI TOAN VIII

NGHIEM TUAN HOAN .
CUA PHUONG TRINH TRUNG HOA TUAN HOAN

Xét phuong trinh:

(VHI){[x(t) — AMX(t-D)]'=g(t,x(t),x,) (t=0) (VII') i

X =0

(VIIL1) {A(t)} ho todn tlf tuy&n tinh bj chin trén E vao chinh né phu thudc lién
tuc theo t, tudn hodn véi chu ky o theo t.

(VIIL.2) g: R x E x C — thda diéu kién (1.2), (1.3) va tudn hoan chu ky o theo t.
(VIIL3) V6i moi ¢ € C, phuong trinh (VIII) ¢6 nghiém duy nhat x(¢) trén IR,
nghia 12 phuong trinh (VIII') ¢6 nghiém duy nhAt trén [o, ).

Alt t— > i

(VIIL4) Phudng trinh : {[Y - =0 @>9 g nghiém y(o, 0) = 0
b Pl

dn dinh tiém c4n déu. Nghia 12 ¢6 a > 0, b > 0 sao cho lly(s, o)l < b.e*™. (gl

vidit=s =0, ¢ € C. (xem [3]).

© _Pinh 1y VIII:

Cho phuong trinh (VIII) théa cdc diéu kién (VIIL1), (VIIL.2), (VIIL3), (VIIL4).
Khi d6 phuong trinh (VIIT') c6 nghiém tuin hoan chu ky o trén [o, «).
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@ Pinh 1y VIII:

Cho phudng trinh (VIII) thda céc diéu kién (VIIL1), (VIIL2), (VIIL3), (VIIL4).

Khi d6 phuong trinh (VIII') cé nghiém tudn hoan chu ky o trén o, ).
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DELAY - DIFFERENTIAL EQUATIONS
WITH INFINITE DELAYS IN A BANACH SPACE

L& Hoan Héa, Chu Viin The

Abstract:
Sufficient conditions are given for the existence, uniqueness and continuous

dependence of solutions on the initial data of delay — differential equations with
infinite delays in a Banach space. These conditions are also shown to be sufficient for
the uniform stability of the solutions of these equations. Two kinds of delay -

differential equations are:
(A):  x'(t) = f(t, x(D), xJ + g(t, x(1), X)) (teR)
@) [x(0) - f(t, x(t - 1))’ = glt, x(t), x) (teR)

Tai liéu tham khao
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