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TOM T[&T: Bai béo chi ra didu kién ton tai da tap bét bién chép nlgefln duoc 6n dinh
thudc & —16p doi véi cac nghiém cua phuong trinh vi phan ham chua tré¢ vo han co6 dang
u(t) = A()u(t) + f(t,u,),t € %, trong d6 phan tuyén tinh (A(2)), . sinh ra ho tién hoa
(U(2,5)),5,50 €6 nhi phan mii va phan phi tuyén / thoa man diéu kién ¢ — Lipschitz, tirc 1a
1 /(.- W) @) ¢- . v6i ¢y €C, va @ thude khong gian ham chap
nhan dugc trén = | .

Tir khéa: Khong gian giam nhé, da tap bdt bién, khéng gian ham chap nhén dwoc.

THE STABLE MANIFOLDS BELONGS TO £ -CLASS FOR SEMI-LINEAR
EVOLUTION EQUATIONS WITH INFTY DELAY

ABSTRACT: In this paper we investigate the existence of a stable manifold belongs to
¥ -class for solutions to the semi-linear evolution equation of the form

u(t)=At)u(t)+ f(t,u,),t € %, when its linear part, the evolution family (U(?,5)),.,,, has
an exponential trichotomy on the half-line and the nonlinear forcing term f satisfies the ¢ -
Lipschitz condition, i.e., Il f(t,u)- f(t,v)I<e@)lu —v, I, where u,v,€C, and ¢(7)
belongs to some class of admissible function spaces on the =, .

Keywords: fading memory space, invariant manifold, admissible function space

1. GIOI THIEU CHUNG
Xét phuong trinh tién hoa nira tuyén tinh c6 tré vo han:

du
- = A(t)l/l(t)+f(t,ut), telx ) (1)
dt
trong d6 A(¢) 1a toan tir tuyén tinh (c6 thé khong bi chan) trén khong gian Banach X vai
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mdi ¢ cb dinh; f: %, xC, — X 1a toan tir phi tuyén tinh lién tuc v6i C = C((—0,0],X),
C ={peC; lime” ||[¢g(s)|=0;v>0} va u, la ham lich st dinh nghia boi
u,(0)=u(t+0),voi 6 € (—0,0].

Mot trong nhiing van dé quan trong cua ly thuyét dinh tinh ciia nghiém céc phuong trinh
vi phan 1a tim hiéu su ton tai nghiém va da tap 6n dinh hoic khong 6n dinh. Viéc nghién cuu
nay di nhan duoc nhidu sy quan tim cia cic nha khoa hoc trong va ngoai nude. Piéu kién cac
da tap tich phan nay ton tai 1a phan tuyén tinh c6 nhi phan mii va phan phi tuyén thoa mén
diéu kién Lipchitz. Hadamard (nim 1923), Perron (nim 1929), Bogoliubov va Mitropolsky
(nam 1963) 1a nhitng nguoi dau tién dua ra dicu kién ton tai ciia cac da tap tich phan trong
khong gian @ khi phan tuyén tinh 12 ma tran. Tiép theo, Daleckii va Krein (nim 1974) chimg
minh duoc su ton tai cua da tap khi phﬁn tuyén tinh 1a toan tr tuyén tinh bi chan trong khong
gian Banach va Henry (ndm 1981) mo& rong véi toan tir dao ham riéng khong gidi ndi. Cung
vGi su phét trién cua giai tich ham va 1y thuyét nira nhom, phwong phéap cua Perron da duoc
phat trién thanh phuong phap Lyapunov-Perron ¢ tng dung 16n trong nghién ctru dinh tinh
nghiém phuong trinh vi phan.

Diéu kién dbi v6i phan phi tuyén thuong 13 thoa man diéu kién Lipschitz déu voi hang sb
Lipschitz di nho. Tuy nhién, trong cic mé hinh thuce té phan phi tuyén c6 hé sb Lipschitz c6 thé
phu thude vao thoi gian va khong di nho. Gan day, bang cach sir dung phuong phéap Lyapunov-
Perron va khong gian ham chip nhan dugc Nguyén Thi¢u Huy, Trinh Viét Dugc da dua ra dugc
diéu kién tong quat hon cho phan phi tuyén d6i v6i su ton tai da tap tich phén [5, 6], d6 1a diéu
kién lién tuc Lipschitz khong déu (tinh @ -Lipschitz) voi ¢ 1a ham thuc duong thuc khong
gian ham chip nhan duoc. Mot s6 két qua vé da tap bit bién chap nhan dugc ciia phuong trinh
tién hoa nira tuyén tinh chira tr& hiru han [11, 12].

Noi dung dugc trinh bay trong bai bao nay la sy mé rong cac két qua nghién ctru vé
dang diéu tiém can nghiém cua phuong trinh tién hoéa nira tuyén tinh tir khong chira tré, chta
tré hiru han trén khoang [—r,0] sang chira tr& v6 han trén khoang (—00,0]. Cac két qua vé su
ton tai da tap trong truong hop phwong trinh khong chira tré hodc chira tré hitu han, ban doc c6
thé xem trong ([1,3,5,6,12]). Cac khai niém vé ho tién hoa, nhi phan m{i, ham Green,...dé cap
trong bai bao nay, ban doc xem trong [11, 12]. Bé chimg minh cac két qua chinh ciia bai béo,
ta nhic lai khai niém vé khong gian ham giam nhé.

DPinh nghia 1.1. Cho X 1a khong gian Banach. Khong gian giam nhd la khong gian

Banach (T[] -||.) gdm cac ham tir (—0,0] vio X thoa man cic tién dé sau [8]:

A1) Ton tai hang s6 duong /1, cac ham lién tyc khong 4m bi chin dia phuong K (+) va
M (") trén [0,00) va ham u:(—o0,a] — X lién tuc thoéa man o <a,u, €. Khi d6 véi
moi ¢ €[o,al, taco:

(i) u, el
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(i) u, lién tuc theo ¢ (d6i véi chuan ||-||.),

(i) 11| u(t) € K (1= 0)sup. .., || u(s) || +M (=) |, [

A2) Néu {@,},4, €T, hoi tu déu dén ham ¢ trén tap compact thuoc (—o0,0] , {d, }
la day Cauchy trong I", thi g va ¢, — @ trong " khi k — oo.

Vidy 1.2. (xem [9, Chuong 5]) V&i ham 4 : (o0,0] — (0,0), cho

Ch:={¢: peC va lim Mz()},

S=0  J(s)

[ ¢(s)) |l

—00<s<0 ]’l(S)

v6i chuan || @ || j, = Sup . Trong truong hop dic biét A(s)=e ",

chung ta c6 vi du sau.
Vi du 1.3. Khéng gian C,, = {¢ 1peC lim ¢ e(s)| = 0} trong d6 v >0, véi

[KZEN

chuan |||, ==sup_,. ,~————. théa min cac tién d& wén voi K(1)=1,
e

M()=e",t>0.Vay C, 1a ham gidm nho.

Cho E 1a khong gian ham chép nhan dugc va E' 1a khong gian lién két ctia n6 xac dinh
nhu trong [2]. Dat

£=80E,.C)={g: %, >C, g ladodugcmanhva || g()[|o € £}, (2)

véi chuan || g .=l () e ||~ Khi d6 £ 1a mot khong gian Banach, dugc goi la khong
gian Banach twong vg voi khéng gian chdp nhdn dwoc E.

Gid thiét 1.4. Gia sir E 1a khong gian ham Banach chap nhan dugc sao cho khong gian
lién két E” cua no6 ciing 1a khong gian ham Banach chap nhan dugc. Hon niva ta gia str rang E’
chtta ham E- bdt bién mi, nghia 1a véi ham ¢ >0 va v >0, ¢b dinh ham %, dugc x4c dinh
boi biéu thire sau thudc E:

B0 =l Ol vite R (3)

2. Su ton tai nghiém ciia phwong trinh tién héa chira tré vé han

Trong phén nay, ching t6i s& chirng minh su ton tai nghiém thudc & —16p cua phuong
trinh (1). Gia st rang ho tién héa(U(Z,s)),..., c6 nhi phin mii %, véi ho phép chiéu

P(t),t 2 0. Chung ta dinh nghia ho cic toan tir (P(¢)),,, trén C, nhu sau:

=0

P(1):C, > C,

(P(t)f)(0) = U(t - 0,0)P(t) £ (0) véi moi 8 & (—0,0] . (4)
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Ta cé (P(t))* = P(t), do d6 P(t),t >0 la cac phép chiéu trén C,. Hon nita
ImP()={¢ecC, :¢0)=U(t —H,t)vo, v&i moi @ € (—0,0] va v € ImP(7).
Sau day, chiing ta dua ra khai niém ¢ — Lipschitz.

Pinh nghia 2.1. Cho E 1a khong gian ham Banach chip nhan dugc va ¢ 1a ham dwong
thugc E. Ham " :[0,00)x C, dugc goi la ham ¢ — Lipschitz néu f thoa man:

D) | f@P)|EMep(t),voimoite 5, vapeC, .
)| £ 0)~ F8) [P0 | 6~ I, v6i moi £ € R, vav6i moi ¢, €C,

Tiép theo, nghiém du tot cua phwong trinh (1) 1a ham u lién tyc thoa man phuong trinh
tich phan sau:

u(t) :U(t,s)u(s)+j.U(t,s)f(g“,uég)da t>s52>0

u, =¢eC,

)

Cho ho tién hoa (U(#,5)),s,5, €6 nhi phan mii véi cac phép chiéu nhi phan P(z),z >0
va cac hang s6 N,v>0. Cha ¥y ring nhi phan mii cia ho (U(%,5)),.,., co nghia la
H :=sup,, || P(¢)]|< o va cic anh xa ¢ =+ P(¢) 14 lién tuc manh (xem [10, B6 dé 4.2]). B6
dé sau dwa ra cong thirc nghiém Lyapunov - Perron ctia phuong trinh (5) thude & .

Bo dé 2.2. Cho ho tién héa (U(t,5)),s,s0 €6 nhi phan mii v6i ho phép chiéu twong img
P(t),t 20 va cdc hang sé6 nhi phan N,v >0, E la khong gian ham Banach chap nhdn
dwoc, E’ la khéng gian lién két ciia E va £ =5(% ,,C,) la khong gian Banach chdp nhén
dwoc twong g E. Gid sir rang e L' la ham E-bat bién mii dinh nghia nhir trong Gia thiét
1.4; f la ham @ —Lipschitz va u(t) la mgt nghiém cua phwong trinh (5) sao cho ham
Xisooy Oty t €5, thuge £ v6i s 20 6 dinh. Khi do, véi t 2 s ching ta c6 thé biéu dién

u(t) dudidang:

—U(t,s)v, + [G(t,5) f (r.u )dT,
u(t) =U(t,s)v, + j (t,s)f(r,u) "6

u =¢eC,

voi v, € X, (8) = P(s)X , trong d6 G(t,7) la ham Green.
Chimg minh. it z(t)= g 0 (Ou. t€ 7, i y(t) = [G(t,5)f (z,u)dz, v6i

t>s va y(t)=0 v6i 0<1<s. Ching ta co
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Iy € NA+ ) [e" 7o) | u, ||, dz = N+ H)[e™" 7o) || 2(2) ||, dz,t>0.
s 0

Ap dung “Bét déng thire Holder , ta c6 || y(¢) [|< N1+ H) || e 'o() || 4] ], = 0 .(7)

Chu ¥ rang ham A, (£) = " "'p(-) || 5,2 > 0 thudc E. Do d6 boi tinh chét ludi Banach
chiing ta ¢c6 ham || y(:) ||€ E . Tuong ty, ta cling ¢6 ham || u(*) ||€ E . Mat khac,

U(t,s)y(s) = —jU(l‘,S)U(S, ) —P(7)) f(t,u,)d7r - TU(t,S)U(S, ) —P(7)) f(r,u,)dt

= —jU(t,z')(l —P(7))f(r,u,)dr - TU(t,z')(l —P(7)) f(7,u,)dr.
Vi vy,
YO =U(t)y(s)+ [U) f (z,u,)dr.

Tu u(?) 1a nghiém cua phuong trinh (5) chung ta thu duoc:

u(t) = y(t) =U(z,5)(u(s) = ¥(s)).
Dat v, =u(s)— y(s). Vi cac ham || y(¢) ||, || u(?) || thudc E suy ra rang v, € X, (s)
va P(s)u(s) = P(s)p(0) =v,. Vivay u(t) =U(t,s)v,+y(t) véi t >5.

Chii y 2.3. Phuong trinh (6) dugc goi 1a phuong trinh Lyapunov-Perron. Bang tinh toan
tryc tiép ta c6 diéu nguoc lai cua B6 dé 2.2 ciing dung. Diéu nay co nghia 14, moi nghiém cua
phuong trinh tich phan (6) thuéc & ciing la nghiém cta phuong trinh (5) trong khong gian
Banach chép nhan dugc & voi > s.

St dung tinh chat chip nhan duoc, ching ta xdy dung cu trac cia cac nghiém cia
phuong trinh (5), trong dinh 1y sau.

Dinh li 2.4. Vi gia thiét nhu trong Bé dé 2.2. Khi d6, néu [ la ham @ — Lipschitz théa
man N(1+ H) || h, ||,<1, thi tuong ting véi méi ¢ € Im P(s) ton tai mot va chi mot nghiém
u(t)cia phuwong trinh (5) trén % théa man diéu kien P(s)u,=¢ va ham

Z[s,oo)(t)u;’t €, lhuéc E.

. N(1+H)

Hon nita, néu
1— e—(V—#)

(N IANT @), +N, || A@ll,) <1 thi danh gid sau la ding

v6i hai nghiém u(t),W(t) twong itng véi diéu kién ban dau ¢, ,¢, € Im P(s) :
[, =V, lle, < C e ™ | 4(0) = ,(0) |, voi moi £ 2520 (8)

trong do pva C , la s6 dwong khong phu thuéc thoi gian.
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Chirng minh. Dé chimg minh sy tn tai va duy nhat nghiém ctia phuong trinh (5) véi mdi
¢ €ImP(s). Ky hiéu C,(#,X) la tap cac ham bi chan, lién tuc va lay gia trj trong X xdc
dinh trén 4. Dt v, := ¢#(0), v6i mdi z € & dinh nghia ham H : &£ — C, (=, X') nhu sau:

U@2s—t,s)v, + TG(2S —t,7) f(r,z(7))dr khi <y,
(Hz)(t) = '

Ult,s)v, + TG(t, D) f(r,2(2))dr khi ¢>s.

Chung ta ching minh rang phép bién d6i 7' xéac dinh nhu sau:

(Hz), khi t<s,
(Iz)(1t) = .
0 khi 0<t<s,

véi tac dong tir &£ vao trong & va la anh xa co. That vy, ta co:

Ne™ ™ |[v, [+ N1+ H) [ e 7p(2) | 2() ||, d7  Khi  t<s,
(Hz)(t) <+ )

Ne ™™ |[v, [[+N(+ H)[e " 7p(@) | 2(0) ||, dz  khi t2s.
Vi vay, voi £ = s thi

I I, =, s NG+ 0)1s N v na s [ o 120, s

O<(

Ap dung “Bét dang thirc Holder” chung ta dat duoc:
1 (H2), lle, < NT e, (1) || vy |+ N1+ H)A, ()] 2.,

e’ khi t>s,
0 khi O0<t<s.

trong d6 1, () =|| e "'p(")

o vaTle, () :{

Vi cac ham T.'e,(-), h,(-) € E va boi tinh chat lugi Banach ciia E suy ra rang
1(T2)()[lc, € E . Nhu vay Tz e &

Tiép theo, ta chimg minh rang 7" 12 4nh xa co. V&i x,z € £ ta c6 danh gié sau:

| (Hx), = (H2), |, < NU+ H) [ e 7p(@) [| () = 2(0) |, d, véi £ 2.

Ap dung “Bat dang thirc Holder”, ta co
| (Hx), = (Hz), [le, < N+ H)h, (0) [ x =z ;..
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Bai tinh chit ludi Banach ctia E, suy ra || Tx — 7% ||, < N(1+ H) || h,

Alx—z]-

Nhu vy, 7 13 4nh xa co. Do d6, ton tai duy nhit z € £ sao cho 7% = z. Vi vay, ta co:

(Hz), khi ¢z,
z()= .
0 khi 0<z<s.

Diéu nay kéo theo

U(2s - 1,5)17 JI'G(zs 1,0 f(r,(Hz) )dr  khi t<s,
(Hz)(t) ’
U(t,5)r7, |I'G(r,-)f(-,(Hz) )d's khi ¢ s

Vi thé, u(t)=(Hz)(¢) 1a nghiém duy nhat ctia phuong trinh (6). Theo B6 d& 2.2 va
Cha y 23 thi u(f) cling 14 nghiém duy nhit coa phuwong trinh (5) véi

u (0)=U(s—0,s)v, + j G(s—6,7)f(r,u,)dt véi 6 e (—0,0] va

P(s)u(s)=v, =¢(0). Vithé, P(s)u, =¢ (xem Dang thirc (4)).

Cudi cing, chung ta chimg minh bt ding thirc (8). Dé lam diéu nay, cho ta (), v(¢)
14 hai nghiém cua phuong trinh (6) twong tmg voi didu kién ban dau ¢@,¢4, € Im P(s) . Dt
v, =¢,(0),v, = ¢,(0), ching ta co:

Ne "V ||v,=v, [|+N(+ H)[e " p(@) lu, v, ||, dr  khi 1=s.
[ u(t) —v(2) ||I< .

Ne O [[v, =v, [ +N(1+H)[e "™ 7p(z) | u, v, |, dr khi t<s,

Vi t+6 e 4 véi t €[s,0) cb dinh va O € (—0,0], ching ta dat dugc:
[, =, llc, < Ne " [y, v, || +N(1+H)je_V|t_T|¢(T) lu, =v, [, dr, t=s.

Dat

u —v khi t>s,
h(l‘)Z || t t”CV
khi 0<t<s.

Taco h(t) e E va

h(t) < Ne™ ™ |lv, =v, [|[+N(1+ H) [ e " p(2)h()dr, t>5.(9)
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Ap dung bat dang thirc nén cho khong gian ham Banach chap nhan duge E va non K
1a tap tit cac cac ham khong Am. Ching ta xét toan tir tuyén tinh A4 xac dinh voi g e E boi

) - N(1+ H)! e p(r)g(r)dr  khi t>s,
0 khi 0<f<s.

Ap dung “Bat dang thirc Holder”, ta co

| (Ag)(O) [« N+ H)h, (D] g -

Theo tinh chét lugi Banach cia E, ching ta co || Ag ||, < N+ H) || A, |||l gl Vi
vay, Ae L(E) va || A|S N(1+ H) || A, ||;<1. Taco nén K la bt bién duéi todn tit A.
Bat phuong trinh (9) dugc viét lai nhu sau:

h< Ah+z,v6i z(£) = Ne™™" ™ ||v,—v, |.

Ap dung Dinh 1i bat dang thirc nén ta c6 A< g, trong 46 g la nghiém trong E clia
phuong trinh g = Ag + z, nghiém d6 co thé dugc viét lai nhu sau:

g(t)=Ne " ||lv, —v, [|[+N(1+ H)[e " “p()g(2)dr, t 2 5.
Pat w(t) =" g(t), v6i t > 5. Khi d6 @ 1a nghiém cua phuong trinh
o(t) = Ne ") ||y, v, |+ N(1+ H) [ Pp(r)axz)dr (10)

Chung ta sé tim @ trong L_[s,00) la khong gian cac ham nhén gia tri thuc xac dinh va
bi chin cdt yéu trén [s5,00) (dugc trang bi chuan ||-|,, ). Xét toan tir tuyén tinh K xéac dinh

trén L [s,00) nhu sau:
(Kp)(t) = N(1+ H)je-V'H'*”“-”go(r)qﬁ(r)dr véimoi 1> .

Boi [8, Ménh d& 2.7], ta suy ra rang L(L_[s,0)) va
N+ H)
1— e—(V—ﬂ)
Phuong trinh (10) duoc viét lai dudi dang

o=Ko+z ,véi z(t)= Ne ") ||y, —v, ||.

K< N AT el +N, [ Al -

Chung ta c6 || K ||< 1 néu
0<u<v+In(1-N1+H)N [ AT @, +N, | Apll,.)-
Dudi diéu kién nay, phuong trinh @ =Ko +z b nghiém duy nhat @ € L _[s,0) va

w=1- K)_lé . Do d6 chiing ta dat duoc:
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ol (I-K)'z|.<———||v, —v
010 =K "2 v 2 |
Nl =i |
: C, Nl -1 .
NI+ H _ ‘ B
=D WAL L 4N A L)

Diéu nay suy ra rang @(t) < C,llvi=v,y | vé6it=s.Vi thé

Vo1 £ =S

h()=u, =V, o = g(@) =™ V@ = Ce™™ ) |1y =in,

3. Sur ton tai da tap bat bién chip nhin dwgc 6n dinh thude & —16p

Chung t61 dua ra dinh nghia vé da tap bét bién chép nhén duge 6n dinh thude & — 16p
cho nghiém cua phuong trinh (5).

Pinh nghia 3.1. Tap S < =, xC, duogc goi la da tap bat bién chcfp nhan dwoc on dinh
thuéc ¥ —I6p cho nghiém cia phuong trinh (5) néu véi moi £ € , khong gian C, tach
thanh dugc tong truc tiégp C = X, (¢)+ X1(t) véi cac phép chiéu tuong ing P(¢) (tic 1,
Xo(t) = ImP(¢) va X1(t) =KerP(t)) sao cho

sup || P(2) [|< <o,

=20

va ton tai cac ho 4nh xa Lipschitz

D, : Xo(t) > X1(2), te =,

v6i cac hang s Lipschitz khong phu thudc vao ¢ thoa man:

0 S={¢w+R @) e R w(Xo@ X)) | rER 1€ Xo(D)}, vakihidu

S, ={y+0,Wy):(Ly+0,(y)) e S},

(ii) S, dong phoi véi Xo(7) véimoei £ >0.

(iii) V6i mdi ¢ € S, phuong trinh (5) c6 mot va chi mot nghiém u(f) cla trén =,
théa man diéu ki¢n ban dau u, = ¢ va ham Xisooy (O, 1 € 5, thude & trong do y;, ) 14
ham dic trung ciia khoang [s,00). Hon nita, hai nghiém u(f) va v(f) bat ky ctia phuong
trinh (5) twong tmg véi diéu kién ban dau @, @, € S, hit nhau cip mii theo nghia, ton tai cic
hang s6 duong wuvaC ,, phu thudc vao s = 0 sao cho

e, =, [l = C.e ™ I(P()e3)(0) = (P())O) [, v6i 25, (1)

(iv) S bat bién dudi phuong trinh (5), tc 13, néu u(f),t € ', 1a nghiém cua phuong
trinh (5) thoa man diéu kién ban dau u, € S; va g, (H)u, € £ thi ching ta c6 u, € S, Vi

moit=>s.
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Dinh 1y 3.2. Vi gid thiét nhu trong B6 dé 2.2 va ham e, (t)=e " véi t 2 0. Khi do,
néu ham f la @ — Lipschitz Vi @ théa man
max {N(1+ H)N, [| AT @l +N, | Ap|..). NA+ H)(| A, [|; +NN, [l e, [l @]z} <1,

thi ton tai da tap bat bién chd'p nhdn dugc on dinh S thuéc ¥ — [op cho nghiém cua phuong
trinh (35).
Chimng minh. Vi (U(t,5)),s,5, ¢6 nhi phan mil, chung ta c¢6 véi méi ¢ >0 khong gian

pha C, phan tich thanh tong tryc tiép C, = Im P(t) ® Ker P(¢), trong d6 cac phép chiéu
P(t),t >0 dugc dinh nghia nhu trong dang thic (4). RS rang, sup,, || P(?)]|< .

Bay gio chung ta xay dung da tap S = {(7,S,)},., cho nghiém ctia phuong trinh (5). Dé
lam diéu niy, chiing ta xdc dinh mat S, véi >0 boi cong thirc

S, = {p+®,(9):peIm P} < C, |

va toén tir @, duoc dinh nghia véi mdi £ >0 boi
®,($)0) = [G(t—0.7) f (r.u,)dz , vi moi 6 & (—0,0],
t

& day u(-) 1a nghiém duy nhét ctia phuong trinh (5) trén & thoa man P(f)u, = ¢ va
Xt €& (Chu ¥ ring sy tOn tai va duy nhat cia nghiém u() dwoc suy ra boi Dinh 1i 2.4.
Mit khac, béi dinh nghia ctia ham Green G ta c6 @,(¢) € KerP(¢) . Tiép theo, chiing ta
chimg minh rang da tap S thoa man cac diéu kién ctia Dinh nghia 3.1.

Trudc tién, ta chimg minh rang (Dto 1a lién tyc Lipschitz v6i hiang sé Lipschitz khong

phu thudc vao #,. That vay, véi @ va ¢, thudc Im P(¢,), chung ta co

1@, (#)O) =P, (8,)(0) < NA+H)[e ™" “p(x) | u, v, ||, dr
) ! (12)
<N+ H)[@@)u, v, ll, dz < NA+H) || @ llu—v|
fo
Hon nita, theo phuong trinh Lyapunov-Perron d6i v6i #(-) va v(-) (xem phuong trinh
(6)), chung ta co:
lu—v]< Ne "] ¢ -9 ||cv +N(+H)h, @) ||lu—v|lg, véit21,.

Béi tinh chit lu¢i Banach ctia E va e "0 = T,:ev (¢), chiing ta dat dugc

lu=v]. << NN e, [l b~ llc, +NA+H)[ A, || [[u—v].
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Diéu nay suy ra rang
lu—v|.< < NN, |e, |l
1-NQA+H)| A, ||

Thay bat dang thirc nay vao (12), chiing ta thu duoc:

1421, -

. N+ EDN e, el @l
12, 8= 0, @) e, s == S EE =4

Do do, d)to 1a lién tuc Lipschitz véi hang s6 Lipschitz khong phu thudc vao ly:

ko= N2(1+H)N1 e [zl @lg <1
I-NA+H)| A, |
D¢ ching minh rang S, dong phdi voi Im P(#,). Ching ta xéc dinh phép bién doi
ImP(z)) > S,, boi P=¢+®, (4),véimoi ¢ €ImP(f)). RS rang = 1a lién tyc va

toan anh. Néu D¢ = 0@, thi ¢ —¢ = D, (4,)—®, (4). Vi @, la dnh xa Lipschitz véi
hang s6 Lipschitz k <1 nén ¢ = ¢,. Do d6, . la song anh. Chiing ta c6

1= e, <156~ 0, I, +11 D, ()~ D, () lle, I 5k — 56 . +kll 6~ I,

1

Vithé |4~ |l < - | 5 — 16, ||, - Picu nay kéo theo tinh lién tuc cia dnh

xa nguoc 1. Vi vy, [ 1a ddng phdi. Do do, didu kién (ii) trong Dinh nghia 3.1 duoc
thoa man.

Diéu kién (iii) trong Dinh nghia 3.1 duoc suy ra tir Dinh 1i 2.4. Bay gio chuing ta chiing
minh rang diéu kién (iv) ctia Dinh nghia 3.1 dugc thoéa méan. That vy, cho u(+) 1a nghiém cua
phuong trinh sao cho ham u (0) € S, véi moi 6 € (—o0,0]. Khi do, theo Bo dé 2.2, nghi¢m

u(t), véi t [s,00) dugc viét lai dudi dang
u(t) = U(t,s), + [G(t,0) f (r,u,)dT ,v6i v, € Tm P(s)
Vi vdy, voi t > s va @ € (—0,0], ching ta c6:

u(t-0)=U(t-0,s), +TG(t—9,r)f(z',uT)dr,

=U(-60,0)|U(t,s)v, +j-U(t,2')P(z')f(r,uT)dr} +]2G(t -60,7)f(r,u,)dr.

106 | TRUONG DAI HQC HAI PHONG



t
Pat sty =U(t5)v, + [U(tD)P(0) £ (r,u,)dr . Ching ta co P(6)phy = o, Vi viy

U, € Im P(t) . Do @6 chung ta dat dugc U (¢ —0,1) 44, thudc Im P(¢) va

u(t—-0)=U(({-0,s)u, +TG(f—9,T)f(T,uT)dT.

Boi tinh duy nhat %(+) trén 4 nhu trong chimg minh ctia Dinh li 2.4 ta c6 phuong trinh

(5) ¢6 nghiém duy nhat u(-) trén % théa man (P(t)u, )(0) =U(t —0,t)u, va

u(e) =UQt—g,t)y + [ G2t —5,7) f(r,u,)dr,
Vol g€ %. Vi thé ham lich st u, co thé duge viét dudi dang
u (@) =u(+0)=Ut-0,0)u,+ I G(t-0,7)f(z,u,)dr = ¢(0)+ D, (4)(0).

Vivay u, €S, véi t >s.0
4. KET LUAN

Bai bao da chirg minh diéu kién ton tai da tap bit bién chdp nhin duoc 6n dinh thudc

khong gian £ -16p di véi n hiém cua phuong trinh tién hoa ntra tuyén tinh chira tré vo han.
gg op g p g !
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