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ABSTRACT

In this paper, the aim is to provide a vector version of Ekeland’s theorem
related to equilibrium problems when dealing with bifunctions defined
on complete metric spaces and with values in Hausdorff locally convex
spaces ordered by closed convex pointed cones. To prove this principle,
a weak notion of continuity of a vector-valued function is considered,
and some of its properties are presented. Via the vector FEkelands
principle, some existence theorems on solutions for vector equilibria are
proved in compact domains.

TOM TAT

Trong bai bdo nay, nguyén Iy bién phan Ekeland dwoc mé réng cho ham
hai bién vécto tir khéng gian métric di vao khong gian Hausdorff 16i dia
phuong dwoc trang bi thir tw boi mot non 16i dong co6 dinh. Dya vao
nguyén Iy bién phdan Ekeland dé thiét lgp diéu kién dii cho ton tai nghiém
cia bai todn cdn bang vécto trong trwong hop tdp xdac dinh la compact.

Trich dan: Dinh Ngoc Quy, Db Hong Die:m’vé Pham Hai Pang, 2018. Sy ton tai nghiém cua bai toan can
bang vécto dua vao nguyén 1y bién phan Ekeland. Tap chi Khoa hoc Truong Pai hoc Can Tho.

54(3A): 40-46.

1 MO DAU

Nguyén 1y bién phan Ekeland (Ekeland, 1974)

phuong trinh toan tr (Zabrejko and Krasnoselski,
1971), Bo d¢ Phelps (Phelps, 1974)...

(viét tat 1a EVP) dugc coi 1a mét trong cac két qua
quan trong nhét cua 1y thuyét t6i wu va giai tich phi
tuyen trong bon thap ky vira qua. Nguyén ly nay 1a
nén tang cua giai tich bién phan va 1y thuyét tdi uu.
Vai tro quan trong cua no thuc sy dugce nh4n manh
vi ¢6 nhidu két qua twong duong ndi tiéng, cu thé
nhu Dinh 1y diém bat dong Caristi-Kirk (Caristi,
1976), Pinh 1y giot nude roi ciia Danes (1972),
Pinh 1y canh hoa cua Penot (1986), Dinh ly
Krasnoselski-Zabrejko vé tinh giai duoc cua
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Mo hinh bai toan can bang dugc Blum va Oettli
(1994) dua ra. Bai toan nay 1a dang tong quat cua
bai toan ti wu va bai toan bat dang thirc bién phan,
chtra rat nhidu bai toan quan trong khac cua ti vu
héa nhu: bai toan diém bat dong, bai toan diém
tring, bai todn mang giao thong, bai toan can biang
Nash,... Truéc day dé xay dung diéu kién du cho
ton tai nghiém cua bai toan can bang, cac tac gia
chu yéu st dung gia thiét lién quan vé tinh 16i nhu:
tap x4c dinh 13 16i, 4nh xa f 16i hodc tua 16i két hop
v6i tinh don diéu va lién tyc. Trong nhimg nim gan
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day, nhidu tac gia ¢ gang ma rong cac két qua cia
nguyén ly bién phan Ekeland cho truong hop ham
hai bién va tmg dung vao nghién ciru su ton tai
nghiém cua bai toan cin bang (Bianchi ez al., 2005;
Ansari, 2007; Bianchi et al., 2007; Al-Homidan et
al., 2008; Araya et al., 2008). Stir dung nguyén ly
bién phan Ekeland dé xdy dung diéu kién du cho
ton tai nghiém ca bai toan can bang ¢6 wu diém 1a
khong can str dung bat ctr gia thiét 16i cho tap xac
dinh va anh xa. Pay 1a mot cach tiép can mdi dua
trén ¥ tuong duoc dua ra dau tién boi Bianchi et
al., 2005.

Trong bai bdo ndy, nguyén 1y bién phan
Ekeland duoc mé rong cho ham hai bién vécto tir
khong gian métric du vao khong gian Hausdorff 16i
dia phuong dugc trang bi thir tu boi mot non 16i
dong co dinh. Dya vdo nguyén ly bién phan
Ekeland dé thiét 1ap diéu kién du cho ton tai
nghiém cua bai toan can bing vécto trong trudng
hop tap xac dinh 1a compact. Cac thi du ciing dugc
dua ra dé minh hoa cho cac két qua chinh cua bai
bao, dong thoi cling so sanh vdi cac két qua nghién
clru gan day vé van dé nay.

Bai béo ¢ cau triic nhu sau: Muyc 2 trinh bay
c4c kién thire chuén bi vé tinh dong dudi ciia mot
quan hé bic cau trén khong gian métric du, dong
thoi cling d& cap dén cac khai niém va tinh chét
nua lién tuc dudi, nira lién trén cia ham vécto. céc
két qua mé rong ciia nguyén Iy bién phan Ekeland
cho ham hai bién vécto duoc gidi thiéu trong Muc
3. Muc 4, dwa vao nguyén ly bién phan Ekeland,
céc didu kién du cho ton tai nghiém cia bai toan
can bang vécto dugc thiét 1ap trong truong hop tap
xac dinh 14 compact.

2 KIEN THUC CHUAN BI

Trong bai bdo nay, néu khong co gi dic biét,
gia thiét (X, d) 1a khong gian métric du, Y 1a khong
gian vecto topd Hausdorff 16i dia phwong duogc sép
thir ty boi non K 16i dong ¢6 dinh. Y* 1a khong gian
dbi ngdu cua Y va K* 1a nén dbi cuc duong cia
nén K, dinh nghia bai

Kt :={y*eY*|y*(k) = 0,Vk € K}.
Dudi day, cac khai niém vé tinh bi chin cua
mot tap bdi non thir ty K dugce nhac lai.

Pinh nghia 1 (Gopfert et al., 2003) Cho tép
A cY,khido

(i)Tap A duoc goi 1a bi chan néu voi moi U 1a
lan can mo chira Oy, ton tai so thuc du 16n a sao
cho A € aU.

(ii)Tap A 1a duoc goi 12 bi chian dudi néu ton tai
YyE€YsaochoACy +K.
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. (iii)Tap A 1a dugc goi 1a tya bi chan dudi néu
ton tai mot tdp bichan M € Y saocho A € M + K.

~ (iv)Tép A l1a duoc goi 1a bj chan dudi yéu néu
tontaiy € Y saochoAN(y—K) =0

T Pinh nghia 1, ta ¢6 tinh bi chan dudi thi suy
ra tinh tua bi chan dudi, tinh tua bi chan dudi thi
suy ra tinh bi chin duéi yéu. Tuy nhién, chiéu
nguoc lai thi khong dung. That vay, xét thidu ¥ =

2K ={(k,0) e R*|k =0}, khi d6 tap A=
{(0,a) € R?|0 < a < 1} la tuya bi chin dudi nhung
khong bi chan dudi. Trong truong hgp VY =
R2, K = R%, khi d6 tip A = {(a,0) € R?|a € R}
1a bi chan dudi yéu nhung khoéng bi chin dudi va
tua bi chan dudi.

Cho R 1a mdt quan hé hai ng6i trén X co tinh
phan xa va bac cau. Day {x,} € X goi la day giam
mg v6i quan hé R néu x,,,,Rx,, voi moi n € N.
Diy {x,JSX goi la didy tiém can néu
r}l_)rg d(xp, Xn41) = 0. Quan hé R dugc goi 1a co
tinh dong dudi néu v6i moi diy giam {x,} hoi tu
dén x thi ¥Rx,, véi moi n € N. Tap mirc dudi ciia
x € X ung v6i quan hé R duoc ky hiéu 1a Sg(x),
dinh nghia bai Sk (x) = {x' € X|x"Rx}.

B6 dé 1 (Khanh and Quy, 2010) Cho R 1a mot
quan hé phan xa bic cau trén X c6 tinh dong dudi.
Véi x, € X, néu moi day giam {x,,} S Sx(x,) déu
la ddy tiém can thi ton tai ¥ € Sy(x,) sao cho

Sqp(x) = {x}.

Phan con lai cia myc ndy trinh bay vé tinh
ntra lién tuc cia ham vécto. Trudc tién, ta nhac lai
khai ni¢ém nura lién tyc ctia ham thyc v hudng.

Pinh nghia 2 (Luc, 1986) Cho f:X = R Ia
ham thuc vo hudng. Khi do ta co,

(i)f duoc goi 1a lién tuc tai X néu véi moi day
{x,,} € X hoi tu dén x, v6i bat ky € > 0, thi ton tai
N €N saocho f(x) —e < f(x,) < f(X) + &, voi
moin = N.

(ii)f dwoc goi 1a nira lién tuc dudi (viét tat 1a
Isc) tai ¥ néu v6i moi day {x,} S X hoi tu dén %,
v6ibatky € > 0, thiton tai N € N sao cho f(X) —
&< f(xp), véimoin = N.

(iii)f dugc goi 1a nira lién tuc trén (viét tat 1a
usc) tai ¥ néu voi moi day {x,} € X hoi tu dén x,
v6i bat ky >0, thi ton tai N€N sao cho
flx,) < f(%)+e véimoin = N.

Sau day, ta m& rong cac khai niém vé tinh ntra
lién tuc cho ham vecto.

Pinh nghia 3 Cho f: X — Y 1a ham vecto. Khi
do ta co,
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()f dwoc goi 1a K-lién tuc tai ¥ néu v6i moi
day {x,} € X hoi ty d&én x, véi bat ky e € K\{0},
thi tn tai NEN sao cho f(x)—
e <k flxy) <x f(X)+e,voimoin = N.

()f duoc goi 1a K-ntra lién tuc dudi (viét tit 1a
K-Isc) tai ¥ néu v6i moi diy {x,,} € X hoi tu dén %,
v6i bt ky e € K\{0}, thi ton tai N € N sao cho
f(x) —e <k f(xy),vé6imoin = N.

(i)f duogc goi la K-nira lién tuc trén (viét tat 1a
K-usc) tai X néu véi moi day {x,} € X hoi tu dén
%, v6i bat ky e € K\{0}, thi ton tai N € N sao cho
flx,) <k f(X)+e,véimoin = N.

Pinh nghia 4 Cho f: X — Y la ham vecto va
e € K\{0}. Khi do, ta c6:

()f dugc goi 1a (e, K)-lién tuc tai ¥ néu véi
moi diy {x,} € X hoi tu dén ¥, v6i bat ky £ > 0,
thi tn tai NEN sao cho f(x)—
ge<g f(x,) <g f(X)+ec.e,v6imoin = N.

(ii)f duoc goi 1 (e, K)-nira lién tuc dudi (viét
tat 1a (e, K)-Isc) tai ¥ néu voi moi diy {x,} € X
hoi tu dén ¥, v6i bat ky € > 0, thi ton tai N € N
sao cho f(X) —e.e <g f(x,), vdimoin = N.

(iii)f dwoc goi 1a (e, K)-nira lién tuc trén (viét
tat 1a (e, K)-usc) tai ¥ néu véi moi day {x,} € X
hoi tu dén %, voi bat ky & > 0, thi ton tai N € N
sao cho f(x,) <k f(X) + €.e, v6imoin = N.

Ta no6i rang f théa man mot tinh chat nao d6
trén tap A € X néu f thoa man tinh chét do tai moi
diém cua A. Néu A = X thi ta bo qua cum tir “trén
X trong cach phat biéu.

Nhan xét 1 Nghién ciru cia Luc (1986) dua ra
cac dinh nghia vé tinh nta lién tuc dudi va trén
theo thir ty non cho ham vecto tong quét giita hai
khong gian vecto topo. Trong truong hop X la
khong gian métric, ta c6 thé thay thé ngon ngit lan
can bang ngdn ngit day hoi tu nhu Pinh nghia 3(ii)
va (iii). Trong Al-Homidan et al. (2008), tac gia
cling dinh nghia tinh K-lIsc, K-usc, (e, K)-Isc va
(e,K)-usc, tuy nhién chi dinh nghia trén toan
khong gian X, chua mo ta cu thé dinh nghia cac
tinh ntra lién tuc tai diém.

Tir Dinh nghfa 3 va 4, ta dé dang c6 duoc cac
tinh chat dudi day:

Ménh dé 1 Cho f: X — Y 1a ham vecto. Khi d6
ta co,

(i)f 1a K-lién tyc tai X néu va chi néu f 1a K-lsc
va K-usc tai X.

(i)f 1a (e, K)-lién tuc tai X néu va chi néu f 1a
(e, K)-Isc va (e, K)-usc tai x.
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(ii))f 1a K-lién tuc tai x thi f 1a (e, K)-lién tuc
tai X voi moi e € K\{0}.

(iv)f 1a K-Isc tai x thi f 1a (e, K)-Isc tai X voi
moi e € K\{0}.

(V)f 1a K-usc tai x thi f 1a (e, K)-usc tai X voi
moi e € K\{0}.

(vi)f 1a K-lsc tai X néu va chi néu —f 1a K-usc
tai x.

(viD)f 1a (e, K)-Isc tai & néu va chi néu —f 1a
(e, K)-usc tai x.

3 NGUYEN LY BIEN PHAN EKELAND

binh ly 1 Cho (X, d) 1a khong gian métric du, ¥
la khong gian vecto top6 Hausdorff 161 dia phuong
duoc sap tht tu boi non K 161 dong c6 dinh va kg €
K\{0}. Cho f:X XX = Y la ham vecto. Ta dinh
nghia quan h¢ <, trén X boi

Xy Siy X1 © f(xq,x2) + d(xq, X2)ko <g Oy.

Véi mbi x, € X, gia sir cac diéu kién dudi day
théa man:

({)f (x,x) = 0y v6i moi x € X.

(ll)f(x! Z) SI( f(xJ’) + f(.VlZ)
x,y,Z€X.

(11) f (xo, Ssk0 (x0)) 1a tya bi chén duoi.

vOi moi

(iv)Quan h¢ < c6 tinh dong dudi.
Khi d6, ton tai x € Sy, (*0) sa0 cho

f(x,x) +d(x, x)ky £k Oy, VX # X.
Chtrng minh
Trudc tién ta kiém tra quan hé < ko €0 tinh phan
xa va bic cau. Tur (i) va d(x,x) = 0 nén ta co
X <y, X v6i moi x € X, tlrc la quan h¢ <, c¢ tinh
phan xa. Bay gio, gid st x <, ¥y vay <, z. Theo
dinh nghia ctia quan h¢ <, ta c6
fGe,y) +d(x,y)ko <g Oy,
f(,2) +d(y,2)ko <k Oy.
Két hop véi diéu kién (ii) va bat dang thuc tam

giac cua métric d(.,.) ta dugc danh gia sau:

fG,2) +d(x,2)ko <k (f(x, ) + d(x,¥)ko)
+ (f(}’» Z) + d(}’» Z)kO) SI( OY'
Suy ra x <j, z. V@y quan h¢ <, c6 tinh béc
cau.

Dé ap dung Bo d¢& 1, ta can kiém tra thém diéu
kién moi diy giam {x,} < S<io (xo) déu la day
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tiém can. That vy, tir {x,} 1a ddy gidm va dinh
nghia quan h¢ <, ta co

[t Xp11) + d(xp, Xy 1)k <k Oy, Vn € N.
Do d6, két hop voi diéu kién (ii), suy ra

n n
f(x0, Xn41) + Z d(x;, xi41) ko <k Z £ Xi41)
i=0 i=0

n
+ Z d(x;, xi41) kg <g Oy.

i=0

Vi ky € —K nén theo dinh ly tach ton tai z* €
K* sao cho z*(ky) = 1. Vay tir danh gia trén, kéo
theo

2" (f (%0, Xns1)) + Z d(x;, xi41) < 0.
i=0

Tir (iii), ton tai tdp bi chin M €Y sao cho
f(xg,Xp41) € M + K. Suy ra,

z d(xi! xi+1) < —Z*(f(x(],xn+1))
= < —infz*(M).

Do do, lLrglo d(X%y, Xpeq) = 0. Vay {x,} la day
tiém can. "

Ap dung B6 d¢ 1 v6i quan hé phan xa bic cau
Sko» tON tai X € S, (%) sao cho S<te (%) = {x}.
Suy ra, f(X,x) + d(X,x)ky £x Oy, VX # X.

Nhan xét 2 Trong truong hop K 1a nén 10i
dong c6 dinh voi phan trong khac rong va k, €
intK thi ta c6 thé giam nhe diéu kién (iii) boi didu
kién (iii’) dudi day

(iii") f (xo, S<,, (¥0)) 12 bi chin dudi yéu.

Chimg minh tuong tu nhu Dinh ly 1, trong do6
ta chi can thay ham tuyén tinh z" bang ham dudi
tuyén tinh @ :Y > RU {+0o0}, dugc dinh nghia
boi

@k, (v): = inf{t € R:v € tky — K}.

Pay 1a mot trong cac ham dudi tuyén tinh duoc
sir dung nhiéu trong phuong phép vé huéng hoa.
Céac ban doc c6 thé tham khao thém nhiéu tinh chat
tha vi ctia ham ¢, trong Gopfert ez al., 2003.

Bén canh do, ta ciing c6 thé giam nhe diéu kién
(iii) va (iii*) boi cac diéu kién bi chan dudi bsi ham
ham tuyén tinh z* hodc bang ham dudi tuyén tinh
@k, Tuy nhién, vi¢c s dung céac diéu kién bi chan
dudi cho ham f s& d& dang kiém tra hon so véi cac
diéu kién bi chan dudi bi ham z* va ¢ Ko
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Ménh dé 2 Cho (X, d) 1 khong gian métric du,
Y la khong gian vecto top6 Hausdorff 161 dia
phuong dugc sap thur ty boi non K 161 dong c6 dinh
va ky € K\{0}. Cho f:X XX — Y la ham vecto.
Ta dinh nghia quan h¢ </ trén X boi

Xz iy X1 © (g, %2) + d(xy, x2)ko <g Oy.

Gia str ham f thoa diéu kién dudi day:

A)f (x,x) = 0y véi moi x € X.

(iDf (x, 2) <k f(x,y) + f(r,2)

x,y,z € X.

Khi @6, ta co
(a) Néu Sey, (%) 12 tap dong v6i mdi x € X thi

voi moi

quan h¢ < c6 tinh dong dudi.

(b) Néu f(x,.) 1a (ko, K)-lsc véi mdi x € X thi
quan h¢ < c6 tinh dong dudi.

Chtrng minh

(a) Hién nhién.

(b) Tur (i) va (ii), ta c6 quan h¢ <, c6 tinh béc
cau. Lay day giam {x,} € X thoa x, hoi tu d&én x.
Ta ching minh X < x,, v6i moi n € N. That
vay, ¢6 dinh n. Béi tinh nira lién tuc dudi cua

d(x,,.), khi @6 v6i mdi i €N, ton tai Q(i) €N
sao cho,

A%, Xnaq) = d(xn, %) — 2, ¥q = QD).

Két hop Xp4q <k, Xn» kéo theo f(xn Xniq) +
(dCn, ®) = Dko g [ (X Xnaq) +
d(xn, xn+q)k0 <k Oy,Vn € N.

Cho g — +oo,

vi f(xy,.) 1a (kgy, K)-lsc, ta co

_ _ 1

fCen, X) + (d(xp, %) — ;)ko <k Oy.

Tiép tuc cho i — +oo0, dwa vao tinh dong cua
nén K, suy ra

fCep, %) + d(xn, Dko < Oy.

Vé.y X Sko Xp.

Dinh ly 2 Cho (X, d) la khong gian métric du, Y
la khong gian vecto topé Hausdorff 10i dia phuong
duoc sap thtr tu boi non K 16i dong c6 dinh va ky €
K\{0}. Cho f: X X X — Y la ham vecto. Véi cdc s0
thuc duong € va A cho trudc, gia st cac dicu dieu
kién dudi day thoa man:

() f(x,x) = 0y véi moi x € X.
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voi moi

(iD)f(x,2) <x fC,y) + f(y,2)
X, Y, 2.

(ii)) f (x,.) 1a tya bi chan dudi véi moi x € X.

(iv)Téap {x' € X|f(x,x") + %d(x,x’)ko <k 0y}
la dong voi moi x € X.

Khi d6, véi mdi x, € X, ton tai X € X sao cho

@ f (x0, %) + %d(xo:f)ko <k Oy.

(b)f (%, x) + %d()?,x)ko £x Oy, Vx # X.

Hon nira, néu x, 1a diém ek,-x4p xi cuc tiéu
ctia ham f (tlre 18 f(xq, x) + €ky £, 0y v6i moi
x € X), thi X dugc chon thoa danh gid d(x,, %) <
A

Chiing minh

Dua vao Ménh dé 2(a) va Dinh 1y 1 v6i métric
d(.,.) dugc thay thé bing métric d(.,.), ton
tai X € X thoa (a) va (b).

Chung ta tiép tuc kiém tra d(x,, X¥) < A. Gia sir
d(xy, %) > A. Vay tir (a), ta co

f(x0, %) + eko <k f(x0, %) +
id(xo,f)ko <y Oy.

Diéu nay mau thuin véi didu kién x, 1a diém
gky-xap xi cuc ti€u cua ham f.

Nhan xét 3. Pinh 1y 2 trung véi Pinh 1y 2.1

trong Araya et al., 2008 va téng quat hon Dinh Iy 1
trong Bianchi et al., 2007.

binh ly 3 Cho (X, d) la khong gian métric du, Y
1a khong gian vecto topd Hausdorff 16i dia phuong
duogc sap thir tw boi noén K 161 dong co dinh va k, €
K\{0}. Cho f: X X X — Y 1a ham vecto. Gia su cac
dicu kién dudi day thoa man:

A f(x,x) =0y v6imoi x € X.

(ll)f(xl Z) SK f(xJ’) + f(%Z)
x,y,z € X.

(iii) f (x,.) 1a tua bi chan dudi.

(iV)f(x,.) 1a (ko, K)-Isc véi mdi x € X.

voi moi

Khi d6, v6i mdi x, € X, v6i cac s6 thuc duong
& va A cho trude, ton tai ¥ € X sao cho

@)f (x, %) + id(xo'f)ko <k Oy.
(b)f (%, %) +5d(%, ko £ Oy, Vx # X.

Hon nfta, néu x, la diém eky-xap xi cuc
tiu cua ham f (tic la f(xg, x) + eky £x 0y VOi
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moi x € X), thi ¥ dugc chon thoa danh gia
d(xg, %) < A

Chtrng minh

Tuwong ty Pinh 1y 2, chitng minh dya vao Ménh
dé 2(b) va Dinh 1y 1.

Nhin xét 4 Dinh 1y 3 téng quat hon Dinh 1y 1
trong Bianchi et al., 2007.

Dudi day 1a cac két qua ciia Pinh 1y 1 va Ménh
deé 2 trong truong dic biét f(x,y) = g(y) — g(x).

Pinh ly 4 Cho (X, d) 1a khong gian métric du, Y
la khong gian vecto top6 Hausdorff 101 dia phuong
duoc sap tht tu boi non K 16i dong c6 dinh va ky €
K\{0}. Cho g: X — Y la ham vecto. Ta dinh nghia
quan hé¢ <, trén X bai

Xy Sgy X1 © g(x2) + d(xq, x2)kg <g g(xq).

Véi mdi x, € X, gia sir cac diéu kién dudi day
thoéa man:

) f (xo,S< - (x0)) la tya bi chan dudi.

(i))Quan h¢ < c6 tinh dong dudi.

Khi d6, ton tai ¥ € Ssk0 (%) sao cho

f(x) +d(& ko £x f(X),Vx # X.

Ménh dé 3 Cho (X, d) 1 khong gian métric du,
Y 1a khéng gian vecto topd Hausdorff 16i dia
phuong dugc sip thir tw boi non K 16i dong co dinh
va ky, € K\{0}. Cho g:X - Y la ham vecto. Ta
dinh nghia quan h¢ < trén X boi

Xy Sgy X1 © g(xz) + d(xq, x2)ko <k g(xq).

Khi @6, ta co

(a)Néu Ssk0 (x) 1a tap dong véi mdi x € X thi
quan h€ <, co tinh dong dudi.

(®)Néu g() 1a (ko, K)-Isc véi mdi x € X thi
quan h¢ <, c6 tinh dong dudi.

4 SU TON TAI NGHIEM CHO BAI TOAN
CAN BANG

Cho X la khong gian métric, ¥ la khong gian
vecto top6 Hausdorft 16 dia phuong duoc sap thir
tu bdi non K 101 dong cd dinh vdi phan trong khac
réng. Cho f: X X X — Y la ham vecto. Bai ton cén
bang vecto dugc nghién ctu dudi day la

(VEP): tim X € X sao cho

f(x,y) € —intK,Vy € X.

Trong muc nay, duya vao dang mo rong cua
nguyén ly bién phan Ekeland & Muyc 3 thiét lap
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Nhén xét 5 Dinh 1y 5 tong quat hon Dinh 1y 3
trong Bianchi et al. (2007) va Ménh d& 3.2 trong
Bianchi et al. (2005). Mat khac trong Pinh 1y 3 cua
Bianchi et al. (2007), céac tac gia da co sai sot trong
ching minh.

Thidu1Cho X =R, Y =R%K =R?, k, =
(; D) vad(x,y) = |x — y|. Xét ham

_ ((x;0)khix <0,
() = {(0; x) khix > 0.

bat f(x,y) = g(y) — g(x). Khi d6, cac gia
thiét cua Pinh 1y 5 théa mén. Trong trudng hop
ndy tdp nghiém cuda bai toan (VEP) la toan bd
khéng gian X. Tuy nhién, trong truong hop nay
khong thé ap dung Pinh ly 3 trong Bianchi et al.,
2007 vi ham z*(f(x,.)) khong bi chan dudi voi
moiz* € K*.

diéu kién du cho ton tai nghiém cua bai toan can
bing vécto trong truong hop tdp xac dinh 1a
compact.

Pinh ly 5 Cho (X, d) la khong gian métric du
va X la tap compact, Y 1a khong gian vecto topd
Hausdorff 16i dia phuong dugc sap thir ty boi non
K 16i déng c6 dinh voi intK # @ va k, € K\{0}.
Cho f:X x X - Y 1a ham vecto. Gia sir cac diéu
kién dudi day thda man:

A f(x,x) =0y vé6imoi x € X.

(iDf (x, 2) <k f(y) + f(v,2)
x,y,Z €X.

(iii) f (x,.) 1a bi chan dudi yéu.
(v)f (x,.) 1a (ko, K)-Isc véi mdi x € X.
Wf(,x) 1a (ko, K)-usc véi mdi x € X.

voi moi

Cr A e, i Thi da 2 Cho X=[-11],Y=RK=
. Khi do, tap nghi€ém cua bai toan (VEP) la khac R,, ko = 1vad(x,y) = |x — y|.
rong.
Xét ha
Chtng minh et ham
floy) =y —x%.

Léy &, = =, tir Nhan xét 2 va Dinh Iy 3 ta tim ,

” Khi d6, cac gia thiét ctia Pinh Iy 5 thoa man.
Trong truong hop nay x = 0 nghiém cua bai toan
(VEP). Tuy nhién, trong truong hop nay, voi moi
y € X taco f(.,y) khong 101 cling khong tua 16i
nén cic diéu kién di cho ton tai nghiém cua bai
toan can bang st dung gia thiét lién quan vé anh xa
f 16i hodc twa 10i theo bién thir nhat 14 khong thé
ap dung duoc, cu thé trong truong hop nay khong
thé 4p dung Ménh d& 3.1 va Dinh Iy 3.1 trong
Bianchi et al., 2005.
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