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1 ( )
� X  !�*�"!+#" f : X × X → R �, f(x, x) ≥ 0, ∀x ∈ X. #$�$%&

(�Æ EP)  %� x ∈ X Æ&

(EP) f(x, x) ≥ 0, ∀x ∈ X.

�$%&''()*(+),"-*-.�/+,0+,-"."/1�2�0(.
324. 2/5!02"#*"167*-"/81Æ#9222$:.%"�$%&3
7),;&4'5("<&;&=>+(+?-6)@ (*+, 7� [1–2] -.879).

� X  :/;6�0 E 3+!�<*�" C  1=:/;6�0 Z 3>4A O  B

A+C<5"2.3D intC �= ∅. EF?@ f : X × X → Z. 4'�$%& (�Æ VEP) +
465G6A:H=A4'�$%& %� x ∈ X , Æ&

(VEP 1) f(x, x) �∈ −intC, ∀x ∈ X ;

HIA4'�$%& %� x ∈ X , Æ&

(VEP 2) f(x, x) �∈ −C\{0}, ∀x ∈ X.

7#89"78J-"+2$'BC (VEP 1) (+?-6%&>-(�+6:"6K
(VEP 2) +2$9'L:D";E'1 -FM;<G C\{0} =!>�H!C�"E2$8
1N?&:J@A:
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LQ
MRIJS2006-07-13.



568 N O K P � � P 29 L

G7EQ LR�+ (VEP) T =Æ+4'�$%&:
� X, E, C, Z .R#S"H� D  H=:/;6�0 W 3+=U!�*�:EF�+

?@ K : X → 2X , F : X → 2D VW+?@ f : X × D × X → Z. TME2$G�46,U
4'N�$%& (�Æ GVQEP). H=A,U4'N�$%& %� x ∈ X >- y ∈ F (x),
Æ& x ∈ K(x) 2

(GVQEP 1) f(x, y, x) �∈ −intC, ∀x ∈ K(x);

HIA,U4'N�$%& %� x ∈ X >- y ∈ F (x), Æ& x ∈ K(x) 2

(GVQEP 2) f(x, y, x) �∈ −C\{0}, ∀x ∈ K(x).

X Giannessi[2] +VY"TMORS (GVQEP 2) Z Stampacchia ,U4'N�$%&
(�Æ SGVQEP). PTM#9"78?6%&+2$9L:D:

G7;E(Q (SGVQEP) (+?-6"'79 [3] +RW"[\-+.Y@79 [3] '
)X+:G7\-SWYAFTV Kakutani-Fan-Glicksberg)5AFT"-Z][UG&^
&(+?-6)@:_.YB*TM`VKSW6+E�:\CG7Q +%&'*-5(
+'(%&@�$%&+),"16G7#&)@),VaC&+,+=]2$)@:

2 DEFG
-?WX"TMOE^73E-;+=]FUV^T:
HI 2.1[4] � E, Z  4U:/�0" F : E → 2Z  �+?@:
i) Z F - x ∈ E  RbSW (�_ u.s.c.), .@Kcd F (x) +Y=>� V , ?-cd

x +>� U , Æ& ∀ t ∈ U , + F (t) ⊂ V ; Z F - E R u.s.c., .@ F - E R+Y=A 
u.s.c.;

ii) Z F - x ∈ E  GbSW (�_ l.s.c.), .@KY=>� V 2 F (x) ∩ V �= ∅, ?-
cd x +>� U , Æ& ∀t ∈ U , + F (t)∩ V �= ∅; Z F - E R l.s.c., .@ F - E R+Y=

A l.s.c.;
iii) Z F - E R SW+".@ F - E R u.s.c. 2 l.s.c.
HI 2.2(7 [5] 3+H 530 `) � E, Z  Hausdorff :/;6�0" X ⊂ E  !�C

*�" C ⊂ Z  BA-4A O +C<A5"2 intC �= ∅. ?@ f : X → Z.
i) Z f  C-l.s.c., .@ ∀a ∈ Z, aZ�

L(a) = {x ∈ X : f(x) − a �∈ intC}

- X 3Ce
ii) Z f  C-u.s.c., .@ ∀a ∈ Z, aZ�

U(a) = {x ∈ X : f(x) − a �∈ −intC}

- X 3C:
J 2.1 1) \RSFU9 f  C-l.s.c. ⇐⇒ −f  C-u.s.c.;
2)] Z = R, C = R+ = [0, +∞)b"R�+ C-l.s.c. (C-u.s.c.)['FM#"+ l.s.c.(u.s.c.).
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� Z  = Hausdorff :/;6�0" Z∗  .:/K]�0" C ⊂ Z  BA-4A O

+C<A5"2 intC �= ∅. TM- C∗ fe C +K]5"^
C∗ = {� ∈ Z∗ : �(x) ≥ 0, ∀x ∈ C},

<- C# fe C∗ +N3D"^

C# = {� ∈ Z∗ : �(x) > 0, ∀x ∈ C\{0}}.

\79 [6] 3+) 3.19 9"f Z  !_D<�0" C ⊂ Z  <52+5"K C# �= ∅.
LM 2.1(7 [5] 3+^T 2.4) f f : X → Z  C-l.s.c., ξ ∈ C∗, K ξ ◦ f  l.s.c.
HI 2.3 � X  :/;6�0 E 3+!�<*�" Z  1=:/;6�0" C ⊂ Z

 BA-4A O +C<A5:?@ f : X × X → Z.
i) Z f(x, y) 9C y  C- K`<".@Ka=+B*� {y1, y2, · · · , ym} ⊂ X -a=

yλ ∈ co{y1, y2, · · · , ym}
(
^ yλ =

m∑
j=1

λjyj, λj ≥ 0 2
m∑

j=1

λj = 1
)
, +

m∑
j=1

λjf(yλ, yj) ∈ C;

ii) Z f(x, y) 9C y  C- K`N<".@Ka=+B*� {y1, y2, · · · , ym} ⊂ X -a=

yλ ∈ co{y1, y2, · · · , ym}, ?-b j ∈ {1, 2, · · · , m}, Æ&
f(yλ, yj) ∈ C;

iii) Z f(x, y) 9C y  C- K` (N) g".@ −f(x, y) 9C y  C- K` (N) <:
G�+c*Vd& C- K`<@ C- K`N<N0)e+Oh9g:
P 2.1 � E = R, X = [0, 1], Z = R2, C = R2

+. ∀(x, y) ∈ X × X , f

f(x, y) =
(

x − y
y − x

)
, g(x, y) =

(
min{x, y} − x
y − min{x, y}

)
,

K f, g : X × X → Z. Ka=+B*� {y1, y2, · · · , ym} ⊂ X -a= yλ ∈ co{y1, y2, · · · , ym}(
^ yλ =

m∑
j=1

λjyj, λj ≥ 0 2
m∑

j=1

λj = 1
)
, +

m∑
j=1

λjf(yλ, yj) =

⎛
⎜⎜⎜⎝

m∑
j=1

λj(yλ − yj)

m∑
j=1

λj(yj − yλ)

⎞
⎟⎟⎟⎠ =

(
yλ − yλ

yλ − yλ

)
=
(

0
0

)
∈ C.

H yλ ∈ co{y1, y2, · · · , ym}, ij?-b j ∈ {1, 2, · · · , m}, Æ& yj ≥ yλ, k6

g(yλ, yj) =

(
min{yλ, yj} − yλ

yj − min{yλ, yj}

)
=

(
yλ − yλ

yj − yλ

)
=
(

0
yj − yλ

)
∈ C.

1l f  C- K`<" g  C- K`N<:
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1=.�"\C
{

1
4 , 1

2

} ⊂ X, yλ = 1
3 = 2

3 × 1
4 + (1 − 2

3 ) × 1
2 ∈ co{ 1

4 , 1
2}. ['

f
(1

3
,
1
4

)
=

⎛
⎜⎜⎝

1
3
− 1

4
1
4
− 1

3

⎞
⎟⎟⎠ =

⎛
⎜⎜⎝

1
12

− 1
12

⎞
⎟⎟⎠ �∈ C; f

(1
3
,
1
2

)
=

⎛
⎜⎜⎝

1
3
− 1

2
1
2
− 1

3

⎞
⎟⎟⎠ =

⎛
⎜⎜⎝

−1
6
1
6

⎞
⎟⎟⎠ �∈ C;

2
3
g
(1

3
,
1
4

)
+

1
3
g
(1

3
,
1
2

)
=

2
3

⎛
⎜⎜⎝

1
4
− 1

3
1
4
− 1

4

⎞
⎟⎟⎠+

1
3

⎛
⎜⎜⎝

1
3
− 1

3
1
2
− 1

3

⎞
⎟⎟⎠ =

⎛
⎜⎜⎝

− 1
18
1
18

⎞
⎟⎟⎠ �∈ C,

#> f ! C- K`N<" g ! C- K`<:
HI 2.4[7] � E, Z  4U:/�0" T : E → 2Z  �+?@:
i) ∀y ∈ Z, T−1(y) = {x ∈ E : y ∈ T (x)} Z T +Gghe

ii) Z T +_Di6:".@Ka= x ∈ E, T (x) �= ∅, K?-cd x +>� N(x), Æ&⋂
z∈N(x)

T (z) �= ∅.

J 2.2 f T +>+Ggh"K 1) T +_Di6:e 2) T  l.s.c.
Q 1) *79 [7] 3H 63 `2 1.
2) aj x ∈ E. Ka=>� V 2 T (x) ∩ V �= ∅, ahjF y ∈ T (x) ∩ V , K x ∈ T−1(y).

1 T +>+Ggh"#> T−1(y)  >�:j U = T−1(y), K U  cd x +>�:k6

∀z ∈ U = T−1(y), + y ∈ T (z). H y ∈ V , i y ∈ T (z) ∩ V, ∀z ∈ U. 1l T - x A l.s.c. R
\ x +ah69" T - E R l.s.c.

G�+kU^T'TM+SE8e:
LM 2.2[8] � E, Z  4U:/�0:lf?@ G, K : E → 2Z +>+Ggh"K?

@ θ : E → 2Z , FU θ(x) = G(x) ∩ K(x), ∀x ∈ E, +>+Ggh:
LM 2.3[8] � E  :/;6�0" D  1=:/;6�03+!�<*�:lf?

@ G : E → 2D +>+Ggh"K?@ F : E → 2D, FU F (x) = coG(x), ∀x ∈ E, +>+
Ggh:

LM 2.4(7 [8] 3+SWYAFT 1) � E  !�mm+ Hausdorff :/;6�0"
Z  1=:/;6�0:lf?@ F : E → 2Z +!�<+2+>+Ggh"K F +SWY

A"^?-SW?@ f : E → Z, �, f(x) ∈ F (x), ∀x ∈ E.

LM 2.5(7 [9] 3+ Kakutani-Fan-Glicksberg)5AFT) � E  _D<+ Hausdorff
:/;6�0" X  E 3+!�m<�:f T : X → 2X  +!�C<++ u.s.c. ?@"
K T - X 3?-)5A"^ ∃x ∈ X , Æ& x ∈ T (x).

3 TUVW
HM 3.1 � X, D (n _D< Hausdorff :/;6�0 E, W 3+!�m<*�"

C  1= Hausdorff :/;6�0 Z 3+>4A O  BA+C<A52 intC �= ∅, C# �= ∅.
l�

i) K : X → 2X  u.s.c. ?@"2+!�+C<+->+Gghe
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ii) F : X → 2D  u.s.c. ?@"2+!�+C<+e
iii) f : X × D × X → Z  W+?@"2 f(x, y, z) 9C x, y  C-u.s.c., 9C z  C- K

`N<e

K (SGVQEP) +(:
Q TM\-79 [10] +XY:aj ξ ∈ C#, f

φ(x, y, z) = −ξf(x, y, z), ∀(x, y, z) ∈ X × D × X.

TMEX ∃x ∈ X - y ∈ F (x), Æ& x ∈ K(x) 2

φ(x, y, x) ≤ 0, ∀x ∈ K(x). (1)

FU�+?@ P, G : X × D → 2X .G" ∀(x, y) ∈ X × D,

P (x, y) = {z ∈ X : φ(x, y, z) > 0};
G(x, y) = K(x) ∩ coP (x, y).

iX ∃x ∈ K(x) - y ∈ F (x), Æ& G(x, y) = ∅.
f U = {(x, y) ∈ X × D : G(x, y) �= ∅}.
1) f U = ∅, K ∀x ∈ X, y ∈ D, G(x, y) = ∅. lb"YjXd (K(x), F (x)) +)5A

(x, y) ^n:6?\[U i), ii) - Kakutani-Fan-Glicksberg )5AFT^n&:
2) f U �= ∅.
39 f(x, y, z) 9C x, y  C-u.s.c., \2 2.1 -^T 2.1, φ(x, y, z) 9C x, y  l.s.c. k

6" ∀z ∈ X, P−1(z) = {(x, y) ∈ X × D : φ(x, y, z) > 0}  >�"^ P +>+Ggh:R
\^T 2.3, coP +>+Ggh:H K +>+Ggh"\^T 2.2, G +>+Ggh"k6?

@ G|U : U → 2X +>+Ggh:H K +!�<+"#> G|U - U R+!�<+:\C
X, D 'm+"k6'mm+:1l\SWYAFT 1, G|U +SWYA% g : U → X , �,
g(x, y) ∈ G(x, y), ∀(x, y) ∈ U. \C?@ G +>+Ggh"k6 l.s.c., 1l U  >�:FU

?@ M : X × D → 2X×D .G

∀(x, y) ∈ X × D, M(x, y) =

{
(g(x, y), F (x)), (x, y) ∈ U ;

(K(x), F (x)), .8.

K\39[U"k9 M  u.s.c. ?@"2+!�+C<+:1l\ Kakutani-Fan-Glicksberg
)5AFT" ∃(x, y) ∈ X × D, Æ& (x, y) ∈ M(x, y).

f (x, y) ∈ U , K x = g(x, y) ∈ G(x, y) ⊂ coP (x, y), ?')no+:
l!R" ∀x ∈ X, ∀y ∈ D, x �∈ coP (x, y). lf)Z"K ∃xλ ∈ X, y ∈ D, Æ& xλ ∈

coP (xλ, y). k6 ∃x1, x2, · · · , xm ∈ X - λj ≥ 0,
m∑

j=1

λj = 1, Æ& xλ =
m∑

j=1

λjxj 2

xj ∈ P (xλ, y), j = 1, 2, · · · , m.

^ φ(xλ, y, xj) = −ξf(xλ, y, xj) > 0, j = 1, 2, · · · , m.1 ξ ∈ C#, #> f(xλ, y, xj) �∈ C, j =
1, 2, · · · , m. [?@ f(x, y, z) 9C z  C- K`N<mpo:

#> (x, y) �∈ U , k6 x ∈ K(x), y ∈ F (x) 2 G(x, y) = ∅.
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RX (1) (pq:
\C G(x, y) = ∅, ^ K(x) ∩ coP (x, y) = ∅, k6 K(x) ∩ P (x, y) = ∅. i ∀x ∈ K(x), x �∈

P (x, y), ^ ∀x ∈ K(x), φ(x, y, x) ≤ 0.

[qXd) pq:
\ (1) (&

−ξf(x, y, x) ≤ 0, ∀x ∈ K(x).

H ξ ∈ C#, 1l
f(x, y, x) �∈ −C\{0}, ∀x ∈ K(x).

J 3.1 \2 2.1 nr^"RSFTK f +SW6E�'L:n+"Yj f(x, y, z) 9C
x, y  C-u.s.c. ^n:

\FT 3.1 n&G�+FT:
HM 3.2 � X, D (n _D< Hausdorff :/;6�0 E, W 3+!�m<*�:

l�

i) K : X → 2X  u.s.c. ?@"2+!�+C<+->+Gghe
ii) F : X → 2D  u.s.c. ?@"2+!�+C<+e
iii) #" f : X ×D ×X → R , �, f(x, y, z) 9C x, y  l.s.c, 9C z  γ- K`Ng (*

79 [10] 3+H 754 `);
K ∃x ∈ X - y ∈ F (x), Æ& x ∈ K(x) 2

f(x, y, x) ≤ γ, ∀x ∈ K(x).

Q f
φ(x, y, z) = γ − f(x, y, z), ∀(x, y, z) ∈ X × D × X.

\ f(x, y, z) 9C x, y  l.s.c, 9 φ(x, y, z) 9C x, y  u.s.c. k6 ∀a ∈ R, aZ�

U(a) = {(x, y) ∈ X × D : φ(x, y, z) ≥ a} = {(x, y) ∈ X × D : φ(x, y, z) − a ≥ 0}
 C�:

H f(x, y, z) 9C z  γ- K`Ng+"^Ka=+B*� {x1, x2, · · · , xm} ⊂ X , K
a= xλ ∈ co{x1, x2, · · · , xm}, + min

j
f(xλ, y, xj) ≤ γ. #> ∃j, Æ& f(xλ, y, xj) ≤ γ. k6

γ − f(xλ, y, xj) ≥ 0. ^ ∃j, Æ&
φ(xλ, y, xj) ≥ 0.

fj Z = R, C = [0, +∞), K φ(x, y, z) 9C x, y  C-u.s.c., 9C z  C- K`N<:1
l"-FT 3.1 3"fj Z = R, C = [0, +∞), <- φ ro f , Kk9FT 3.1 +[UsDp
q:k6\FT 3.1 9" ∃x ∈ X - y ∈ F (x), Æ& x ∈ K(x) 2

φ(x, y, x) ≥ 0, ∀x ∈ K(x).

^ γ − f(x, y, x) ≥ 0, ∀x ∈ K(x). p^

f(x, y, x) ≤ γ, ∀x ∈ K(x).

\] 3.1 � X, D (n _D< Hausdorff :/;6�0 E, W 3+!�m<*�" C

 1= Hausdorff :/;6�0 Z 3+>4A O  BA+C<A52 intC �= ∅, C# �= ∅. l
�
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i) F : X → 2D  u.s.c. ?@"2+!�+C<+e
ii) f : X × D × X → Z  W+?@"2 f(x, y, z) 9C x, y  C-u.s.c., 9C z  C- K

`N<e

K ∃x ∈ X - y ∈ F (x), Æ&

f(x, y, x) �∈ −C\{0}, ∀x ∈ X.

Q FU?@ K : X → 2X .G

∀x ∈ X, K(x) ≡ X.

k6-FT 3.1 +Xds33"f G(x, y) = coP (x, y) ^n&) :
G�`VK?@ K + “+>+Ggh ” +E�: l"TMi^q
HI 3.1 � E, W, Z  :/�0" P : E × W → 2Z , K : E → 2Z  �+?@:Z P

9C K +_Di6:".@Ka= (x, y) ∈ E ×W, P (x, y) ∩K(x) �= ∅, K?-cd (x, y) +
>� N(x, y), Æ&

⋂
(u,v)∈N(x,y)

(P (u, v) ∩ K(u)) �= ∅.

LM 3.1(7 [7] 3+SWYAFT 2) � X  = Hausdorff :/;6�03+!�mm
*�" D  1= Hausdorff :/;6�03+!�*�:lf?@ S, T : X → 2D �,

i) ∀x ∈ X, S(x) !�2 coS(x) ⊂ T (x);
ii) S +_Di6:e

K T +SWYA:
HM 3.3 � X, D (n _D< Hausdorff :/;6�0 E, W 3+!�m<*�" C

 1= Hausdorff :/;6�0 Z 3+>4A O  BA+C<A5:l�
i) K : X → 2X  SW?@"2+!�+C<+e
ii) F : X → 2D  u.s.c. ?@"2+!�+C<+e
iii) f : X × D × X → Z  W+?@"�, f(x, y, z) 9C z  C- K`N<e
iv) ?@ P : X × D → 2X , FU ∀(x, y) ∈ X × D, P (x, y) = {z ∈ X : f(x, y, z) ∈

−C\{0}}, �, coP  l.s.c. 29C K +_Di6:e
K (SGVQEP) +(:

Q FU?@ G : X × D → 2X .G

∀(x, y) ∈ X × D, G(x, y) = K(x) ∩ coP (x, y).

GX ∃x ∈ K(x) - y ∈ F (x) Æ& G(x, y) = ∅.
f U = {(x, y) ∈ X × D : G(x, y) �= ∅}.
1) f U = ∅, K ∀x ∈ X, y ∈ D, G(x, y) = ∅. lb"YjXd (K(x), F (x)) +)5A

(x, y) ^n:6?\ Kakutani-Fan-Glicksberg )5AFT^n&:
2) f U �= ∅.
\C K +!�<+"#>- U R" G +!�<+:H\[U iv), coP 9C K +_D

i6:"k6- U R" G +_Di6::\C X, D 'm+"k6'mm+"i G = X ×D

'mm+:1l\SWYAFT 2, G|U +SWYA g : U → X , �,
g(x, y) ∈ G(x, y), ∀(x, y) ∈ U.
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\C?@ K, coP  l.s.c., #> G(x, y) = K(x) ∩ coP (x, y)  l.s.c. 1l U  >�:FU

?@ M : X × D → 2X×D .G

∀(x, y) ∈ X × D, M(x, y) =

{
(g(x, y), F (x)), (x, y) ∈ U ;

(K(x), F (x)), .8.

K\39[U"k9 M  u.s.c. ?@"2+!�+C<+:1l\ Kakutani-Fan-Glicksberg
)5AFT" ∃(x, y) ∈ X × D, Æ& (x, y) ∈ M(x, y).

6rCFT 3.1 3+Q 9" (x, y) �∈ U . k6 x ∈ K(x), y ∈ F (x) 2 G(x, y) = ∅.
1l K(x) ∩ coP (x, y) = ∅, k6 K(x) ∩ P (x, y) = ∅. #> ∀x ∈ K(x), x �∈ P (x, y), p^

f(x, y, x) �∈ −C\{0}, ∀x ∈ K(x).

G�+c*Vd�,FT 3.3 3[U iv) + f '?-+:
P 3.1 � E = W = R, X = D = [0, 1], Z = R2, C = R2

+, f1, f2 : D → R  4

USW#""2�,"] y = 0 b" fi(y) = 0; ] y > 0 b" fi(y) > 0 (i = 1, 2). f

T (y) =
(

f1(y)
f2(y)

)
, ∀y ∈ D, K T : D → L(E, Z)  SWs* (?X L(E, Z) fe\k E ; Z

+SW;6s*st#tp+=U;6�0" ∀ � ∈ L(E, Z), ∀x ∈ E, TM- 〈�, x〉 fe � -
x ++). ∀(x, y, z) ∈ X ×D ×X , f f(x, y, z) = 〈Ty, z − x〉, Kk9 f(x, y, z) 9C z  C- K
`N<+:H"s�W+ts9" ∀(x, y) ∈ X × D,

P (x, y) = {z ∈ X : f(x, y, z) ∈ −C\{0}} =

{∅, x = 0u y = 0;

[0, x), .8.

k6

coP (x, y) =

{∅, x = 0u y = 0;

[0, x), .8.

GX coP - X × D R l.s.c.
aj (x0, y0) ∈ X × D. Ka=>� V ⊂ E 2 coP (x0, y0) ∩ V �= ∅, K x0, y0 > 0

2 coP (x0, y0) ∩ V = [0, x0) ∩ V �= ∅. ahjF x : 0 < x < x0, Æ& [0, x] ∩ V �= ∅, K
U(x0, y0) = (x, 1] × (0, 1]  X × D 3+cd (x0, y0) +>�:H ∀(ω, t) ∈ U(x0, y0), +
ω > x > 0, t > 0, k6 coP (ω, t) ∩ V = [0, ω)∩ V ⊃ [0, x]∩ V �= ∅. ^ coP - X ×D R l.s.c.

f K(x) = [0, x], ∀x ∈ X , K?@ K : X → 2X SW2+!�+C<+:[ ∀z ∈ X ,
K−1(z) = {x ∈ X : z ∈ K(x) = [0, x]} = [z, 1] - X 3 C�"^ K - X 3)e+>+Gg
h:

GX coP 9C K e+_Di6::
aj (x0, y0) ∈ X×D,Æ& coP (x0, y0) �= ∅,K x0, y0 > 0.k6 U(x0, y0) = (x0

2 , 1]×(y0
2 , 1]

 X × D 3+cd (x0, y0) +>�:H ∀(ω, t) ∈ U(x0, y0), + ω > x0
2 > 0, t > y0

2 > 0, i
coP (ω, t) = [0, ω) ⊃ [0, x0

2 ]. C'
⋂

(ω,t)∈U(x0,y0)

coP (ω, t) ⊃ [0, x0
2 ] �= ∅. 1l coP +_Di6

::
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H ∀(x, y) ∈ X × D,

coP (x, y) ∩ K(x) =

{∅, x = 0u y = 0;

[0, x), .8.

= coP (x, y).

k6 coP 9C K +_Di6::
\FT 3.3 n&G�+) :
\] 3.2 � X, D (n _D< Hausdorff :/;6�0 E, W 3+!�m<*�" C

 1= Hausdorff :/;6�0 Z 3+>4A O  BA+C<A5:l�
i) F : X → 2D  u.s.c. ?@"2+!�+C<+e
ii) f : X × D × X → Z  W+?@"�, f(x, y, z) 9C z  C- K`N<e
iii) ?@ P : X × D → 2X , FU % ∀(x, y) ∈ X × D, P (x, y) = {z ∈ X : f(x, y, z) ∈

−C\{0}}, �, coP  l.s.c. 2+_Di6:e
K ∃x ∈ X - y ∈ F (x), Æ&

f(x, y, x) �∈ −C\{0}, ∀x ∈ X.

Q FU?@ K : X → 2X .G

∀x ∈ X, K(x) ≡ X.

KukvXFT 3.3 +[UsDpq"k6\FT 3.3 ^n&) :
\] 3.3 l�) 3.2 3u[U iii) Nw+.8[Upq"6[U iii) 7v 
iii)′ ?@ P : X × D → 2X , FU ∀(x, y) ∈ X × D, P (x, y) = {z ∈ X : f(x, y, z) ∈

−C\{0}}, +>+Gghe
K ∃x ∈ X - y ∈ F (x), Æ&

f(x, y, x) �∈ −C\{0}, ∀x ∈ X.

Q \C P +>+Ggh"\^T 2.3 9" coP +>+Ggh:k6\2 2.2 9" coP
 l.s.c. 2+_Di6::i) 3.2 +[UsDpq:1l\) 3.2 9) pq:

^ _ ` a

[1] Yang X Q, Yao J C. Special issue on vector variational inequalities. J. Global Optim., 2005, 32(4):

433–647.

[2] Giannessi F. Vector Variational Inequalities and Vector Equilibria (Mathematical Theories). Dor-

drecht: Kluwer Academic Publishers, 2000.



576 N O K P � � P 29 L

[3] xyw�zxv�wy{Qzxy|z Stampacchia {{}{|}|~LQ�����} (~D~), 2006,

30(2): 114–117.

[4] Aubin J P and Ekeland L. Applied Nonlinear Analysis. John Wiley, New York, 1984.

[5] Bianchi M, Hadjisavvas N and Schaible S. Vector equilibrium problems with generalized monotone

bifunctions. J. Optim. Theory Appl., 1997, 92(3): 527–542.

[6] Jahn J. Mathematical Vector Optimization in Partially Ordered Linear Spaces. Verlag Peter Lang,

New York, 1986.

[7] Wu X and Shen S K. A further generalization of Yannelis Prabhakar’s continuous selection theorem

and its application. J. Math. Anal. Appl., 1996, 197: 61–74.

[8] Yannelis N C and Prabhakar N D. Existence of maximal elements and equilibria in linear topological

spaces. J. Math. Econom., 1983, 12: 233–245.

[9] Glicksberg I. A further generalization of the Kakutani fixed point theorem with application to Nash

equilibrium points. Proc. Amer. Math. Soc., 1952, 3(1): 170–174.

[10] Tian G Q. Generalized quasi-variational-like inequality problem. Math. Oper. Res., 1993, 18(3):

752–764.

[11] Fang Y P, Huang N J. Strong vector variational inequalities in Banach spaces. Appl. Math. Lett.,

2006, 19: 362–368.

[12] Lee G M, Kim D S, Lee B S, Chen G Y. Generalized vector variational inequality and its duality

for set-valued maps. Appl. Math. Lett., 1998, 11: 21–26.

[13] Chen G Y, Hou S H. Vector Variational Inequalities and Vector Equilibria, Dordrecht, Kluwer

Academic Publishers, 2000.

[14] Konnov I V, Yao J C. On the generalized vector variational inequality problems. J. Math. Anal.

Appl., 1997, 206: 42–58.

[15] Yang X Q. Vector variational inequality and its duality. Nonlinear Anal., 1993, 95: 729–734.

[16] Fu J Y. Symmetric vector quasi-equilibrium problems. J. Math. Anal. Appl., 2003, 285: 708–713.

[17] Fu J Y, Wan A H. Generalized vector equilibrium problems with set-valued mappings. Math.

Meth. Oper. Res., 2002, 56: 259–268.

STAMPACCHIA GENERALIZED VECTOR

QUASI-EQUILIBRIUM PROBLEM II

WANG Sanhua FU Junyi

(Department of Mathematics, Nanchang University, Nanchang 330031)

Abstract In this article, the Stampacchia generalized vector quasi-equilibrium problem is
introduced, and the existence of solution is studied by virtue of the new concept of C-diagonally
quasi-convex. Since the problem includes many variational inequality problems and equilibrium
problems as special cases, the existence theorems extend and improve some existing results in
the recent references: 1) releasing the restriction to the continuity of the mapping; 2) extending
the mapping from numeric type to vector type.

Key words Generalized vector quasi-equilibrium problem, locally convex space, C-
diagonally quasi-convex, continuous selection, fixed point.


