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ABSTRACT

This paper considers optimization problems with a set-valued function
based on the relationship between the sets given in a conical ordered
space. First, the minimizing sequences for these problems and introduce
types of well-posedness corresponding proposal types of minimizing lines
were proposed. Using the continuity and generalized convexity properties
of functions and sets, sufficient conditions for the well-posedness for the
underlying problems were proved. Examples illustrating the applicability
and essentiality of the proposed requirements were also given in this
paper.

TOM TAT

Cdc bai todn t6i wu dugc xét véi ham muc tiéu cé gid tri tap hop dua trén
méi quan hé giita cdc tdp dwoc cho trong khéng gian sap thir ti theo non.
TrueGe hét, day nghiém xdp xi dwoc dé xudt cho bai todn dang xét va gidi
thiéu cdc khdi niém dat chinh twong vmg véi déy nghiém xdp xi vira diegc
dé xudt. Bang cdch sir dung cdc tinh chat lién tuc va tinh chat 16i suy rong
cua cdc ham va tdp, cac diéu kién du cho cac dang dat chinh dang duoc
xem xét da dwoc chirng minh. Cac vi du minh hoa cho kha nang ap dung
va tinh cot yéu ciia cdc gia thiét ciing dwoc duwa ra trong bai bdo nay.

1. GIOI THIEU

ctia bai toan ti wu kiém soat phuong huéng cia cc
bien khi gia tri cia ham muyc tiéu twong Gtng gan voi

Trong nhitng nim gan day, bai toan tdi wru tap da
thu hut dugc sy quan tdm nghién ctu cua cac nha
toan hoc & ca trong va ngoai nude. Bic biét, cac
cong trinh nghién ctu tap trung khai thac tinh ung
dung cua l6p bai toan nay va ap dung chiing vao cac
véan d trong thuc tién & nhiéu linh vuc khac nhau
nhu: kinh té, k¥ thuat, 1y thuyét trd choi, 1y thuyét
diéu khién, ... (Kuroiwa, 2003; Khan et al., 2015).

Trong t6i uru hoa, su dat chinh dong vai tro quan
trong trong ca ly thuyét va thuat toan. Tinh dat chinh
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gia tri t6i wu. N6 ¢6 mbi lién hé mat thiét véi viéc
nghién ciru d6 nhay va tinh 6n dinh cua bai toan tdi
vu. Nghién ciru vé sy dit chinh cia cac bai toan tdi
wu dugc bit du véi 16p cac bai toan tbi wu vo hudng
va ching dugc chia thanh hai loai chinh: dat chinh
Hadamard va dat chinh Tikhonov. Bat chinh
Hadamard dugc Hadamard gioi thiéu lan dau tién
vao nam 1902 trong nghién citu cta éng vé cac md
hinh toan hoc lién quan dén cac hién tugng vat ly.
N6 doi hoi sy ton tai, tinh duy nhét va sy phu thudc
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lién tuc cua nghiém ti vu (Hadamard, 1902). DBén
nam 1966, dat chinh Tikhonov dugc d& xuat trong
viéc giai quyét cac nghiém tbi uu ciia cac bai toan
uu héa khong rang budc (Tikhonov, 1966). Vé dit
chinh Levitin-Polyak, n6 dugc dé xuét boi Levitin
va Polyak va dugc xem la sy mé rong caa dat chinh
Tikhonov (Levitin & Polyak, 1966). Trong dat
chinh Tikhonov, diy nghiém xap xi phai nam trong
tap rang budc cua bai toan. Piéu kién nay duoc noi
long trong dat chinh Levitin-Polyak, cu thé day
nghiém xap xi khong bi yéu ciu phai nam trong tap
rang budc cia bai toan, nghia 1a cac phan tir cua day
nghiém xap xi c6 thé khong thudc tap rang budc cua
bai toan, tuy nhién diéu kién nay dugc bu lai bang
yéu cau khoang cach giita cac phan tir cua diy
nghiém xap xi va tap rang budc ciia bai toan phai rat
bé, cu thé khoang cach nay dan vé khong. Dang dit
chinh Levitin-Polyak d& duoc nghién ciru cho nhiéu
I6p bai toan t6i wu (Virmani & Srivastava, 2015; Hu
& Fang, 2016)

V& 16p bai toan téi wu tap, né c6 ham muc tiéu
nhén gia tri tap hop va st dung cac mdi quan hé gitra
cac tap hop dé so sanh gia tri cia ham muc tiéu. Sy
dat chinh caa I6p bai toan nay duoc khai xudng boi
Zhang et al. (2009). Cac tac gia da gidi thiéu cac loai
dat chinh va thu dugc cac diéu kién can va du dé bai
toan ti wu tap la dat chinh. Ké tir d6, nhiéu tac gia
dd quan tdm nghién ctru dén cac loai dit chinh cho
16p bai toan nay nhu Zhang et al. (2009), Long et
al. (2015), Vui et al. (2019), Anh et al. (2016), Anh
et al. (2021), Duy (2021), Peng et al. (2022),... Cac
két qua nay véi gia thiét 1a ham muc tiéu lién tuc
hodc ntra lién tuc theo nghia cua Berge. Tinh C-lién
tuc Hausdorff giam nhe hon cac diéu kién nay va
tuong ddng vé ky thuat. Phuong phép tiép can dugc
diéu chinh dé thu duoc diéu kién du cho sy dit chinh
cta bai toan t6i wu tap vai gia thiét noi long hon.

2. KIEN THUC CHUAN BI

Xét X,Y,Z va A la cac khong gian Banach thuc.
Gia st nén C C Y 1a mot non 10i, dong, co dinh véi
phan trong khac rdng. Chung ta ki hiéu P(Y) 1a ho
céc tap con khac rdng cua Y va By 1a qua cau don
Vi, mg trong Y.

Vi A, B € P(Y), cac quan hé thu tu gitra cac tap
hgp dugc dinh nghia nhu sau:

A<LBeo BCcA+C,
A«LB & B S A+intC,
A<!B< ACB-C,
A<K%*B e ACB—intC.
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Nhan xét 2.1. Cac quan hé the ty <%, «%, <t
va «L c6 tinh chét bic cau nhung khong cé tinh
phan xa.

Cho anh xa da tri F: X 33 Y. Mién xé4c dinh va db
thi cia F dugc dinh nghia:

domF = {x € X: F(x) # @},
grF ={(x,y) e X xY:y € F(x)}.

Cho M 1a mot tap con khac rong cua XvaMc
domF. Ta xét bai toan toi uu tap, viét tat la SOP,
nhu sau:

min F(x)
P .
(50 ){s.t.x EM
Pinh nghia 2.1. Vi mdi s € {u, 1}, ¥ € M dugc
goi la
(i) s-nghiém cia SOP néu x€M va

F(x) <& F(%) thi F(%) <& F(x),

(i) s-nghiém yéu cua SOP néu x e M va
F(x) <« F(x) thi F(X) «<Z F(x).

Pé thuan loi trong trinh bay ¢ phan sau, cac tap
s-nghiém va s-nghiém yéu cia SOP duoc viét tit
lan luot 1a E(F, M) va W,(F, M). Ngoai ra, ky hiéu
[-SOP va u-SOP dugc dung tuong Gng cho bai toan
t6i wru tap vai quan hé thir ty tap dang xét 1an luot 1a
lvau.

Do bai bao nay tap trung nghién ctru V& sy dit
chinh cia SOP, khong dit trong tam trinh bay vé
diéu kién ton tai nghiém nén ta co thé gia sir tap
nghiém Ey(F, M) (W,(F, M)) khéc rdng.

Bo dé 2.1. (Mao et al., 2019) Gid sit x, € M va
F(x,) 1a compéc. Khi d6, x, € Es(F, M) khi va chi
khi khong ton tai x € M sao cho F(x) <¢ F(x,).

Két qua thu duoc ngay sau day dong vai trd quan
trong trong phan tiép theo.

Ménh dé 2.1. Gia st x, € M va F(x,) compéc.
Khi d6, x, € W;(F, M) khi va chi khi khdng ton tai
x € M sao cho F(x) < F(xg).

Chizng minh

Ta trinh bay phan ching minh cho trudng hop
s = u do phan chimg minh cho truong hop s =1 1a
tuong tu.

Phén thuan ciia ménh dé 1a d& thay. Ta s& chiing
minh phan dao bang phuong phap phan chung.

Gia sr ring ton tai x€M sao cho
F(x) <% F(xg).Khi do, taduoc F(x,) <¥ F(x) vi
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Xy € W, (F,M). Str dung hai quan hé tap ¢ trén ta
duoc:

F(x,) € F(x) —intC
C F(x,) — intC —intC. (2.1)

Vi Y la khong gian dinh chuan va F(x,) la
compac nén F(x,) la bi chan, ta dugc di€éu mau

thudn véi (2.1). Ménh dé da duoc ching minh. [

DPinh nghia 2.2. Cho X va Y 1a hai khong gian
topo va F: X 3 Y 1a mot anh xa da tri.

(i) F dugc goi 1a Berge-nira lién tuc trén (viét tat
1a B-usc) tai x, € X, néu véi mitapmo V C Y thoa
F(x,) € V thi ton tai mot lan can U cua x, trong X
sao cho F(x) € V véi moi x € U.

(ii) F duoc goi 1a Berge-nira lién tuc dudi (viét
tat 1a B-Isc) tai x, € X, néu véi mdi tap mo V S Y
thoa F(x,) NV # @ thi ton tai mot 1an can U cua x,
trong X saocho F(x) NV =@ véimoix € U.

(iii) F duoc goi 1a B-usc (B-Isc) trén X, néu nd
B-usc (B-Isc) tai moi x € X; F duoc goi la Berge
lién tuc trén X néu nod vira B-usc vira B-1sc trén X.

(iv) F duoc goi 1a C-nura lién tuc trén Hausdorff
(viét tat 1a H-C-usc) tai x, € X, néu v4i moi lan can
V cua 0y thi ton tai mot 1an can U(x,) cua x, sao
cho:

F(x) S F(xg)+V +C, vx € U(xg).

(v) F dugc goi la C-nura lién tuc dudi Hausdorff
(viét tat 1a H-C-Isc) tai x, € X, néu véi mdi 1an can
V cua 0y thi ton tai mot 1an can U(x,) cua x, sao
cho:

F(xg) SF(x)+V +C, Vx € U(xg).

(vi) F dugc goi 1a H-C-usc (H-C-Isc) trén X néu
n6 H-C-usc (H-C-Isc) tai mdi x € X; F 1a C-lién tuc
Hausdorff trén X néu nd vira H-C-usc vira H-C-Isc
trén X.

(vii) F duogc goi 1a C-nira lién tuc dudi (viét tat
1a C-Isc) tai x, € X, néu véi batky y € F(x,) va bét
ky lan can V cua Oy, ton tai mot 1an can U(x,) cua
X, Sao cho:

Fx)N(+V—-C)#0,vx € U(xyp).

Bo dé 2.2. (Berge, 1963) Cho X va Y la cac
khong gian topd va F: X 3 Y 1a mét anh xa da tri.
Khi @6
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(i) F 1a B-Isc tai x, € X khi va chi khi voi bat ky
day {x,,} © X véi x,, = x, va voi y, € F(x,), ton
tai y, € F(x,) sao choy, - vy,.

(ii) Néu x, € X va F(x,) compic thi F 1a B-usc
tai x, khi va chi khi véi bat ky day {x,} c X véi
X, = Xo VA Vi v, € F(x,), ton tai y, € F(x,) va
ddy con {ynk} cua {y,} sao cho y,, — y,.

Pinh nghia 2.3. (Khan et al., 2015) Cho X va'Y
1a hai khong gian metric. Anh xa da trj F:X 3 Y
dugc goi 1 compic tai x, € X néu voi moi day
{(X, Yn)Inen S grF V6i x,, = x, thi ton tai mot day
con {yy, } cua {y,} hoi tu V& y, nao d6 thudc F (x,).

Pinh nghia 2.4. (Yu, 1974) Cho A 1a mot tap
con 16i khac rdng trong X, B 1a mét tap con khac
rong trong Y va F: X 3 Y 1a mot 4nh xa da tri. Ta
goi F 1a B-16i trén A néu véi moi x,,x, € Aval €
[0,1], ta co:

AF (x1) + (1 = DF (x3)
S F(Ax, + (1 —A)x,) +B.

Bo dé 2.3. (Rockafellar, 1998) Cho X va Y 13 hai
khong gian topd va F: X 3 Y la mot anh xa da tri. F
duoc goi la ¢6 gia tri compac néu F(x) compéc voi
moi x € X.

B dé 2.4. (Luc, 1989) Cho Y 1a mét khong gian
topo. Khi d6, véi moi lan can W cia 0y, ton tai cac
lan can W, va W, cta 0y sao cho W, + W, € W.

3. DAT CH,iNH LEVITIN - POLYAK CUA
BAI TOAN SOP

Khai niém vé dit chinh Levitin — Polyak (viét tit
1a LP) cho bai toan SOP dugc dé cap. Thém nira, cac
tinh chét cua nghiém va diéu kién du cua dat chinh
LP cho bai toan SOP ciing duoc thiét lap.

Truéc hét, dinh nghia vé diy nghiém xap xi
LP suy rong va dat chinh LP suy rong dugc trinh
bay, cu thé:

Pinh nghia 3.1. Mot day {x,,} < domF duoc
goi 1a mot dy xap xi LP suy rong tuong ang véi e €
intC ciia bai toan SOP néu ton tai mot diy {e,,} S
R, Vi g, I 0 vamét diy {u,} € E;(F, M), sao cho
d(x,, M) < &, vaF(x,) <{ F(u,) + ¢,e.

Dinh nghia 3.2. Bai toan SOP dugc goi la dat
chinh LP suy rong néu véi moi day xap xi LP suy
rong {x,,}, ton tai mot diy con {xnk} cua day {x,}
hoi tu v& mot phan tir nam trong Es(F, M).

Tiép theo, tinh déng cua Es(F, M) dugc ching
minh, cu thé:
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Dinh li 3.1. Cho M c domF la tép con dong,
khac rong. Gia st F () co gia tri compac trén M. Khi
do,

(a) E,(F, M) dong néu F(-) 1a H-C-usc trén M,

(b) E,(F, M) dong néu —F () 1a H-C-lsc trén M.

Chizng minh

‘Ta trinh bay phan ching minh cho muc (a) do
phan ching minh cho muc (b) 1a tuong ty.

Gia st {u,} € E;(F, M) sao cho u,, - u,. DoM
la tp dong nén uy € M. Ta s& ching minh u, €
E;(F, M) bang phuong phap phan chung.

Gia sir ton tai & € M sao cho F (i) <L F(u,). Khi
do:

F(u,) € F(@) + C. (3.1)

Vi F(+) 1a H-C-usc tai u, nén v6i moi 1an can W
cua 0y thi ton tai mot 1an can U (u,) cua ug, sao cho:
F(u) S F(up) + W+ C,vu € U(uy). (3.2)
Do u, — u, nén ton tai n, € N sao cho u, €
U(uy) voi moi n = ny. Két hop véi (3.2), ta duoc:
F(u,) S F(up) + W +C,vn = n,.

Vi F(-) ¢6 gi tri compéc trén M va C 1a mot non
dong nén F (uy) + € dong. Vi W la tuy y, nén:
F(u,) € F(uy) + C,vn = n,. (3.3

Tur (3.1) va (3.3), véi n = ny, ta co:
F(u,) S F(uy) +C
CF@+C+C
CF(u)+C.

Tucla, F() <t F(u,), vn = n,. Didu nay mau
thuan véi gia thiét {u,} € E;(F, M).

Do d6, uy € E;(F,M) va E;(F, M) dong. Dinh i
duoc chieng minh, L]

Pinh li 3.2. Gia st @ # M c domF la mét tap
con compic. Khi do, (a) bai toan [-SOP 1a dit chinh
LP suy rong néu F(-) 1a C-lién tuc Hausdorff va c6
gia tri compic trén M, (b) bai toan u-SOP la dat
chinh LP suy rong néu —F(-) la C-lién tuc
Hausdorff va c6 gia trj compic trén M.

Chizng minh

Ta trinh bay phan ching minh cho muc (a) do
phan chaing minh cho muc (b) 1a tuong ty.

49

Tdp 59, S6 chuyén dé: Gido duc Pong bang séng Ciru Long (2023): 46-54

Cho {x,.} 1a day xap xi LP suy rong twong (ing
e € intC cua bai toan [-SOP. Khi d6, ton tai diy
{e.} € R, V6i g, 1 0 va day {u,} € E;(F, M) sao
cho d(x,, M) < &, va F(x,) <L F(u,) + e,e. Do
do, ta co:

F(u,) + €,e € F(x,) + C. (3.4)

Theo DPinh 1i 3.1, E;(F,M) déng. Hon nira,
E,(F,M) 1a compéc vi M la tap compic. Nho vao
tinh compac cua E;(F, M), khong lam mat tinh tong
quat, ta c6 thé gia sir {u,,} hoi tu vé u nao d6 thuoc
E,(F, M).

Tiép theo, ta s& chimg minh diy {x,} hoi tu
trong M. Do d(x,, , M) < &,, ta c6 véi mdi n ton tai
X, € M, sao cho:

1 1
d(x,, %) < d(x,, M) + - <e + =

Dua vao tinh compéc ciia M, ta c6 thé gia sir {X,,}
hoi tu vé x nao d6 trong M. Khi do, vai moi n, ta co:
d(x,, x) < d(x, ,x%,) +d(x, x)

<&+ % +d(%,, x).

Diéu nay dan dén:
) i 1 _
lim d(x,,x) < lim|¢&, +—+d(x,,x) | =0.
n—oo n—-oo n

Do do6, x,, = x € M.

_ K& tiép, ta s& ching minh F(u) € F(x) + C.
Bang phuong phap phan chung, gia st ton tai v €
F(u) sao cho v ¢ 'F(x) + C. RJ rang, ‘F(x) +C
dong vi F(x) compac va C dong. Vi thé ton tai § >
0saocho (v + 8By) N (F(x) + C) = @. Do @9,

vé F(x)+ C+ 8By. (3.5)

Tir B6 dé 2.4, véi 5By & trén, ton tai cac 1an can
B;, B, cua 0y sao cho

Vi F(-) 1a H-C-usc tai x € M nén véi B, & trén,
ton tai 1an can U(x) cua x sao cho
F(xo) € F(x)+ B, + C,Vx, € U(x).

Vi x,, = x, ton tai n; € N sao cho x,, € U(x)
véi moi n = ny. Do do, ta co:
F(x,) SF(x)+B,+C,vn=n,. (3.7)
Vi F(-) 1a H-C-Isc tai u € M nén v6i B, & trén,
ton tai 1an can U(u) cua u, sao cho:
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F(u) € F(uy) + B, + C,Vu, € U(u).
Tir u,, — u, ton tai n, € N sao cho u, € U(u)

véi moi n = n,. Do d9, ta co:

F(u) € F(u,)+B,+C,vn=n,. (3.8)

L4y n, = max {n‘l, n,}, két hop (3.4) va (3.6) -
(3.8) ta suy ra dugc rang véi n = n,

F(u)+e,e € F(uy) + B, +C +gpe
F(x,)+C+B,+C
FX)+B,+C+C+B,+C
F(x) + 6By + C.

n 1N

N

Thc la:
F(u) 4+ e, € F(x) + 6By + C,Vn = n,.

Piéu nay mau thudn véi (3.5). Do F(u) €
F(x) 4+ C nén F(x) <L F(u). Két hop véi x € M
vau € E;(F,M) tadugc x € E;(F, M). Dinh li duoc
ching minh. ]

Vidu 31l Cho X=RvaY=R2 Cho M =
[0,1]vaC = RZ + {G o)}. Anhxa F: X = Y duoc

xac dinh nhu sau:

[0,1] x[0,1], néux =0,
F(x) ={[x,1] x[—x,0], néux € (0,1],
[0,0] x[-1,0], néuxe]0,1].

Hinh 3.1. Db thi caa F(0)

0 X 1

F(z),Vz € (0,1]

Y\\
\F(:p)_‘v’g: #1[0,1]

Hinh 3.2. D6 thi cia F(x) véix # 0
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Ta kiém tra dugc ring F(-) la C-lién tuc
Hausdorff va c¢6 gia tri compéc trén M (xem Hinh
3.1,3.2). R5 rang, M 1a tap con compéc cua domF.
Do d6, tat ca cac gia thiét cua Pinh 1i 3.2 (a) déu
duoc thoa man.

Béng tinh toan truc tiép, ta duoc E;(F,M) =
[0,1]. Co thé thay rang [-SOP la dat chinh LP suy
rong. That vay, Véi x, = —,up, = 1 — —va &, = -

v g 3 .ya ’n 2n' n n n n
, ta co {x,} 1a ddy xap xi LP suy rong cho bai toan
1-SOP va —% - 0 € E;(F,M). Hon nita, bai ton
[-SOP 1a dat chinh LP suy rong. Do d6, Pinh 1i 3.2
(a) 4p dung duoc.

Tuy nhién, F(-) khong 1a B-Isc va F(-) 10 rang
cling khong 1a lién tuc Berge. That vay, lay x, =
0 va

v={@nerR|@-12+-1*<}
¢6 F(xy) NV # @.Khi do, v6i bat ky 1an can U coa
X, toN tai ¥ € U sao cho F (%) NV = @. Do d6, Pinh
li 4.5 (Duy, 2021) khong ap dung duoc cho truong
hop bai toan trong vi du nay. Hon nira, gia thiét C-
lién tuc Hausdorff trong Dinh 1i 3.2 1a nhe hon gia
thiét Berge lién tuc trong Dinh 1i 4.5 (Duy, 2021).
Két qua cua Pinh 1i 3.2 1a mot su cai thién cua két
qua da co.

4. PAT CHINH HADAMARD

Cho D 1a mét nén 161, dong, c6 dinh vai phan
trong khac rong trong Z. Cho A 14 tap con khac rong
ciia X va T 1a mot tap con compéc khac rdng cua
khong gian t6p6 Hausdorff thuc. Goi O 1a tap hop
tat ca anh xa c6 gid tri vécto ditir A x T vao Z. Goi
L 12 tap hop tat ca cac 4nh xa c6 gié tri tap hop tir A
vao Y. Ta xét ho cac bai toan tdi uu tap dugc nhidu
boi ca ham muyc tiéu va rang budc trén khéng gian
tham s6 P = £ x O duoc xac dinh nhu sau: véi
mdi p = (F,h) € P, ta xét bai toan tdi wu tap nhu
sau (viét tit 1a ISOP):

minF (x)
(I50P) {s.t. x € K(p)
Véi
K(p) = {x € A: h(x,t) & intD,Vt € T},

“min” (cuc tiéu ham muc tiéu) & day duoc hiéu
1a cyc tiéu theo quan hé thir tu tap voi <& hodc <3
va p € P duoc xem nhu 1 tham sd nhidu.

Dé thuan tién trong viéc trinh bay, ta ki hiéu tap
s-nghiém va s-nghiém yéu cua bai toan ISOP lan
luot 1a Eg(p) va Ws(p).
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Bo dé 4.1. (Peng et al., 2022) Cho céc 4nh xa da
triF,: X 3 Y vaAvatipconkhacrongtrong X, A €
domF,. Khi g6,

i HCl , L

(i) F, — F trén A néu voi bat ky 1an can V caa

0y thi ton tai n, € N sao cho
F(x) S F,(x)+V —C,Vx € A,vn > n,.

HC y Lz
(ii) E, — F trén A néu véi bat ky lan can V cia
0y thi ton tai n, € N sao cho:
E,(x) S F(x)+V —C,Vx € A,Vn = n,.

. HC
Ta nbéi rang F, = F (con goi la C-hdi tu
. HCl HCu
Hausdorff) trén A neu F,, — F va F, — F trén A.

Pinh nghia 4.1. Vi p = (F, h) € P cho trudc,
bai toan ISOP dugc goi 1a dit chinh Hadamard suy
rong voi nghiém hitu hiéu (nghiém hiru hiéu yéu)
néu cac diéu kién sau duoc thoa mén:

(i) Es(p) # @ (Ws(p) # 0);

(i) néu p, - p, thi mdi ddy {x,} C E;(py)
({xn} € Wy(py)) c6 ddy con hdi tu vé X nao do
thuoc Es(p) (Ws(p)).

Tiép theo, diéu kién du dé bai toan ISOP 1a
dat chinh Hadamard suy rong sé dugc trinh bay, cu
thé:

Pinh li 4.1. Vi p = (F, h) € P cho truée. Gia
st cac dieu Kién sau duoc théa man:

(i) K(-) compic tai p;
(i) K () 1a B-Isc tai p;

HC

(iii) F, = F trén A4;

. H(=C)

(iv) E, — F trén A;

(v) —=F(-) 1a C-lién tuc Hausdorff va ¢ gia tri
compac trén 4;

(vi) F (+) 1a C-lién tuc Hausdorff va cé gia tri
compac trén A.

Khi d6, cac khing dinh sau la dung.

(a) Bai toan u-1SOP la dat chinh Hadamard suy rong
vé6i nghiém hitu hiéu néu cac diéu kién (i) — (iii) va
(vi) dugc thda man.

(b) Bai toan [-ISOP 1a dat chinh Hadamard suy rong
vé6i nghiém hitu hiéu néu cac diéu kién (i) — (ii), (iv)

va (vi) dugc thoa man.
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Chitng minh

Ta trinh bay phan ching minh cho muc (a) do phan
chitng minh cho muc (b) 1a twong tu.

V6i p, = p, lay day {x,,} vdi x,, € E,(p,,) Vn € N.
Vi K (p) compic nén ton tai x € K(p) va {x,} co
day con {xnk} sao cho x,, — X.

Tiép theo, ta s& chirng minh rang x € E, (p).

Béng phuong phap phan chimng, tagia se ¥ ¢ E, (p).
Khi do, ton tai x € K (p) sao cho F(x) <% F(%), tac
la

F(x) € F(x) - C. (4.1)

Do K (-) 1a B-Isc tai p, theo BS dé 2.2 (i) ton tai
day {%,,} véi 2,, € K(p,,) sao cho £,, = x. Vi
—F () 1a H-C-usc trén A, v6i —ee + intC 1a lan cén
cua Oy, ton tai mot 1an can U(x) caa x sao cho
—F(xy) € —F(x) —ee +intC + C,V x4 € U(x).

Do £,, — x nén ton tai k; € N sao cho %,, €
U(x) véi k > ky. Diéu nay dan dén
F(J’c‘nk) C F(x)+¢ee—intC —C, Vk = k.

Cho & - 0 va két hop véi F(x) — C 1a déng thi
ta duoc

F(%,,)S FOX)—C, Vk= k. (4.2
Két hop (4.1) va (4.2), ta dugc
F(%,,) <€ F(x)—-C
CFX)—-C Vk=k. (43

Vi —F(-) 1a H-C-Isc trén 4, VoI —ge + intC la
lan can cua Oy thi ton tai mot 1an can U(x) cua x
sao cho
—F(xX) € —F(x)—¢ce+intC+C,Vx e U(x).

Do x,, = X nén tdn tai k, € N sao cho x,, €
U(x) véimoi k = k,. Do do:

F(x) c F(xnk) +ee—intC —C, Vk = k.

Cho € = 0 va st dung tinh dong cta F(xnk) -
C, ta duoc

F(x) S F(xn,)—C Vk=k,. (44



Tap chi Khoa hoc Trirong Pai hoc Can Tho

Lay ks = max {ky, k,}, két hop (4.3) va (4.4), ta
duoc
F(%,,) € F(xn,)—C Vk= k. (4.5)
Theo B d& 2.4, véi mbi lan can W cia 0y, ton
tai cac lan can cua W, va W, cua 0y sao cho
W, +W,cW. (4.6)
s . HCu
Tu diéu klén‘ (iii) ta c6 F, — F trén A. Khi do,
v6i W, 6 trén, ton tai k, € N sao cho v&i moi k =
k, thi
Fu(Bn,) SF(Rp ) +Wi—C. (47)
HCl R X .
Do F, — F trén A, véi W, & trén, ton tai ks € N
sao cho véi k > ks thi
F(xn,) < Fnk(xnk) +W,—-C. (4.8)
LAy ke = max {ks, ky, ks}, két hop (4.5) - (4.8),
ta suy rarang vai moi k = kg thi

F(%0,) € F(Rn )+ Wy —C
€ F(xy)+W,—C—C

(]

Fo(n,) + Wo + Wy —C—C

N

Fy (oxn,) + W —C.

Nhu vay, véi moi k > ki, ta thu dugc két qua
Fu(®n,) € Fyp(xn,) + W —C.

Do W dugc ldy tiy ¥ va F,, (x,, ) — C 1a déng
nén ta duoc
Foi(Zn,) € Fyy(x,) —C.¥ k = ks,

tic 1a F,, (Rn,) <¥ Fy,(%n,), diéu nay mau
thyﬁn‘véi Xn, € Ey(pn,) va F(xy,, ) 1a compac theo
B6 dé 2.1. Do do6, bai toan u-ISOP l1a dat chinh
Hadamard. Pinh 1i dugc chieng minh. L]

Vi du sau ddy minh hoa cho két qua cia Pinh li
o trén.
Vi du 41. Cho X=Y=Z=R? D=R%+
{(0,1)},C =Rz +{(0,1)}.Cho T =[0,1] va
2
2

2
X X
xf+xsr =1, +2

A={(X1,x2)€X '16 4

Do thi cua A dugc biéu din dudi day.

<1,x,%, = 0}.
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1 2 3 4

Hinh 4.1. P6 thi caa A

Taxét h,h,:AXT - R? va F,E;: A 3 R? véi
x = (x1,x,) EAtET, tacod

h(x,t) = (x2 —2x; — t,x; + x, + 1),
1 1
hp(x,t) = (xlz —2x; — t+;,x1 +x, + t+5),

F(x) = [(x1,0), (x5, 2 + cosmx,)],
E,(x) = [(xl +%,0),(x1 +%,2
eosn (i +2))]

D thi cua F va F, dwoc biéu dién dudi day.

D 4
N\

Fix)

Hinh 4.2. P6 thi cia F

Hinh 4.3. D6 thi caa F,,

Ta kiém tra duoc ring —F () l1a C-lién tuc
Hausdorff, c6 gia tri compac trén A va thoa man cac
dieu kién (i)-(iii) cua Dinh 1 4.1. Bang tinh toan truc
tiép, ta ¢
K(p) = {x = (x1,x,) € A|0 < x; < 2},
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K(pyn)
={x=(x1,x2)EA1— <1+ n—l}‘
va
3
Eu(p) = {(xl; xz) € A|O <x < 2},
E,(py)

n—1 1 n—1
e <t )

Dinh nghia 4.1 dugc théa man nén u-ISOP dat
chinh Hadamard suy réng. Do d6, Pinh ly 4.1 ap
dung dugc.

= {(xl,xz) € A|l

Két qua sau day c6 déng gop quan trong dé dat
duogc cac két qua vé dat chinh cho bai toan ISOP.

Hé qua 4.1. Cho A € domF,, diy {x,} € A voi
Xp = X € 4, {yn}CAVOlynﬁyEAvaF() la
—C-15i trén A. Gia st rang cac didu kién sau day
duoc thoa man:

(i) F(y) 1a compiac va F(y) <% F(x);
(i) —F(-) laH-C-usc tai y va —F(-) 1a C-lsc tai
X,
HC
(iii) B, = F trén A.
Khi d6, tdn tai n, € N sao cho
E,(yn) ¥ F(xy),¥n = ny.

Pinh 1i4.2. Chop = (F,h) € P va F ¢6 gia tri
compac trén A. Gia su rang cac diéu kién sau day
duoc thoa man:

(i) K(p) 1a compic va K (-) 1a B-Isc tai p,

(i) —F () 1a H-C-usc trén A va —F(:) 1a C-Isc
trén A4,

HC

(iii) F, > F trén A,

(iv) E,(-) 1a —C-15i trén A.

Khi d6, bai toan u-I’S OP la dat chinh Hamamard
suy rong vai nghiém yéu.

Chang minh

V6i p, - p, Ay {x,} € W,(p,). Vi K(®) 1
compéc nén day {x,} c6 ddy con {x,,} sao cho
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Xp, = X% €K(p). Ta s& ching minh ring x €
W, (p).
Bang phuong phép phan chung, gia st X ¢

W,(p). Khi d6, ton tai x € K(p) sao cho
F(x) <% F(x%), tac latacéd
F(x) € F(%)
Tir K () 1a B-Isc tai p va B6 dé 2.2 (i), ton tai day
{#,,} € K(py,) sao cho £,,, — x. T H¢ qua 4.1 ta
¢6 thé két luan rang ton tai n, € N sao cho
Fo(Z,) € Fyy(x4,) — intC, vk = ko,

—intC.

tic 1a Fy, (%, ) <¥ Fy, (xn,)- Ditu ndy méu
thudn vi x,, € W, (p,,) véi moi n.

Do do, bai toan u-{SOP la dat chinh Hadamard
suy rong véi nghiém yéu. Pinh 1i dugc chitng minh.

O

Hé qua 4.2. Véip = (F,h) € P va F co gid tri
compic trén A. Gia sir rang cac diéu kién sau day
duoc thoa man:

(i) K (p) 1a compic va K () 1a B-Isc tai p;

(ii) F(*) 1a H-C-usc trén A va F(+) 1a C-lsc trén
4;

H(-C)
(iii) —F, — — F trén 4;
(iv) E,(+) 1a C-15i trén A.

Khi do, bai toan l—I§0P la dat chinh Hamamard
suy rong vai nghiém yeéu.

5. KET LUAN

Véi gia thiét duoc giam nhe tir tinh lién tuc theo
nghia ctiia Berge thanh C-lién tuc Hausdorff, ching
t61 da thu duoc diéu kién du cho su dat chinh cua bai
toan t6i wu tap. Pay 1a két qua cai thién so véi cac
két qua nghién ctru di c6. Vé quan hé thir ty gitra
cac tap hop, ngoai hai quan hé thir tu [ va u trang bi
cho bai toan t6i wu tip duoc nghién ctru trong bai
b4o nay, con c6 nhiéu loai quan hé thir tu khac, va
cac két qua trén c6 thé tiép tuc dugc xem xét cho cac
loai quan hé tha tu tap con lai.
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