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1 VW
� [3, 5]������, �����������, �����������. � [1, 6, 11]

�������������. ����, � [6] ����� �, �����������!
��������, � [1] ��� Jordan "��# ��, � [11] ! ���������$
! well-posedness "%, �&"'�##�$%���. &�'( � [1, 3, 5, 6, 11], $)*%
&���(), �������'�(Æ*��, ++,,Æ*��-.,-)��.

*., � [8] ���� [6] ���()�/+����, �.���0������1/.,
,2�30/+�-�0/+�. 4)���15,2/+�, ���� �, �����()

�/+��0��, �����0�������1/.,. � [8] ��.6 ���/��
##2��3475�##�0.

-� [8] ����18'(. &��29��75(:6, � K- ;7�, "'�<8(
)�/+��0��. ��������, 0344=5679:��, . K ;7-6>?##.

$)��'@A% � [8] ����(), ;A% � [1] ��##��(). $)��=
88�, 75:6<� ;7�2�9=>&?.

�3��B%�@�����CA, &�DEFB.

&�C 2 DGH:E;I. C 3 D� K ;7�J���()�/+��0��. C 4, 5 D

*%�32F, ���G<K�������LH�,����, 0������1/.,,2
�30/+���0/+�.

2 X=YZ
&D (Y,�) �!29��75, >M03 � =5I�J6 K ⊂ Y 79:��. ℘0(Y ) �!

Y ���7?�@, ! A ∈ ℘0(Y ), intA � clA �K�! A �NL�IM. 03 � �NAO�:

x, y ∈ Y ,
x � y ⇔ y − x ∈ K,

x� y ⇔ y − x ∈ intK.

���N e = -intK ��&�ONJ. P k0 := −e.
B[ 2.1 P a = Y ��&�J. O�NA�() φe,a : Y → R,

φe,a(y) := min{t ∈ R : y ∈ te+ a+K}, ∀ y ∈ Y (2.1)

PQ( Gerstewizt’s ().

C;() (2.1) = Y 3�/+)5, 5 φe,a(b) = φe,0(b − a) Q;, φe,·(·) = Y × Y 3�/

+)5.

%?� A ∈ ℘0(Y )  #J a, $)��O�() φe,A(y) : Y → R ∪ {−∞},
φe,A(y) := inf{t ∈ R : y ∈ te+A+K}, ∀ y ∈ Y. (2.2)

(DR, () (2.2) 9= Y 3�/+)5, �& φe,A(y) = infa∈A{φe,a(y)}.
P A ∈ ℘0(Y ), A Q( K- AS, OF A+K �= Y ; A Q( K- I, OF A+K =I�; A Q

( K- ET, OF! Y ��R�STF U , ��&�G5 t UH A ⊆ tU +K; A Q( K- >,

OF! A �VIJW�UV {Uα +K}, Uα =X�, ��EK?UV. YL��, Z A = K-
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>�, V A = K- I�& K- ET�. P ℘0K(Y ) = Y �� K- AS?�@. &��<�� K ;

7��=W, K- AS, K- I, K- ET, K- >, �@`_`�� K- 30/+, K- �0/+, K-

�$;7.

\P 2.2 P A ∈ ℘0K(Y ), r ∈ R. a`! Va y ∈ Y , $)E:

(i) −∞ < φe,A(y) <∞.

(ii) φe,A(y) < r ⇔ y ∈ re+A+ intK.

(iii) φe,A(y) ≤ r ⇔ y ∈ re+ cl(A+K).

B[ 2.3 [6] () Ge(·, ·) : ℘0K(Y ) × ℘0K(Y ) → R ∪ {∞} PNAbO�:

Ge(A,B) := sup
b∈B

{φe,A(b)}, ∀ (A,B) ∈ ℘0K(Y ) × ℘0K(Y ). (2.3)

P A,B ∈ ℘0(Y ), $)% �K (�K) �!O���c03#X
A�KB ⇔ B ⊆ A+K(A�KB ⇔ B ⊆ A+ intK).

>M��c03#X=��03#X�Ya��.

B[ 2.4 &�)5 f : ℘0K(Y ) → R ∪ {∞} PQ( K- de (K- dZ) OF

A,B ∈ ℘0K(Y ), A�KB ⇒ f(B) ≤ f(A) (f(A) ≤ f(B)).

\P 2.5 [6] P A,B ∈ ℘0K(Y ), $)EO�#X:

(i) OF A = K- I�, V Ge(A,A) = 0.

(ii) OF A,B = K- ET�, V −∞ < Ge(A,B) <∞.

(iii) Ge(A, ·) = K- de�.

(iv) Ge(·, B) = K- dZ�.

(v) OF A � B = K- >�, V Ge(A,B) ≥ 0 ⇔ A� B 'bb.

(vi) OF A = K- I� K- ET�, B = K- >�, V Ge(A,B) = maxb∈B{φe,A(b)}.
(vii) OF A = K- I��& Ge(A,B) <∞, V Ge(A,B) = min{t ∈ R : B ⊆ te+A+K}.
(viii) OF A = K- I�, V A�KB ⇔ Ge(A,B) ≤ 0.

(ix) OF A = K- I�, V φe,A(y) = mina∈A{φe,a(y)}.
B[ 2.6  X =29��75, A = X ��7�?�. ��,2 ϕ : A ⇒ Y Q(:

(i) K- �, OF! Va x1, x2 ∈ A, Va t ∈ [0, 1], O�#Xbb
tϕ(x1) + (1 − t)ϕ(x2) ⊆ ϕ(tx1 + (1 − t)x2) +K.

(ii) [f K- �, OF! Va x1, x2 ∈ A, x1 �= x2, Va t ∈ ]0, 1[, O�#Xbb
tϕ(x1) + (1 − t)ϕ(x2) ⊆ ϕ(tx1 + (1 − t)x2) + intK.

(iii) Ya0 K- �, OF! Va x1, x2 ∈ A, Va t ∈ [0, 1], �� λ ∈ [0, 1] UH
λϕ(x1) + (1 − λ)ϕ(x2) ⊆ ϕ(tx1 + (1 − t)x2) +K.

(iv) Ya0 K- g, OF! Va x1, x2 ∈ A, Va t ∈ [0, 1], �� λ ∈ [0, 1] UH
ϕ(tx1 + (1 − t)x2) ⊆ λϕ(x1) + (1 − λ)ϕ(x2) +K.

�3"%=��,2��E#"%�Ya��, ��c�\])^=, 03=5679:�.
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 X =2975, ��,2 F : X ⇒ Y � x0 ∈ X = Hausdorff 30/+� (H-u.s.c), O

F! Y �VaSTF V , �� x0 �TF Ux0 , in X, K- 30/+ (K-u.s.c), OF! Va Y

��X� V , F (x0) ⊆ V , �� x0 �TF Ux0 ,

F (x) ⊆ F (x0) + V, ∀x ∈ Ux0 .

Q F � X 3 Hausdorff 30/+, OF! Va x0 ∈ X, F � x0 = Hausdorff 30/+�.

B[ 2.7 [4] ��,2 F : X ⇒ Y Q(
(i) � x0 ∈ X, K- 30/+ (K-u.s.c), OF! Va Y ��X� V , F (x0) ⊆ V , �� x0

�TF Ux0 ,
F (x) ⊆ V +K, ∀x ∈ Ux0 .

(ii) � x0 ∈ X, K- �0/+ (K-l.s.c), OF! Va Y ��X� V , F (x0) ∩ V �= ∅, ��
x0 �TF Ux0 ,

F (x) ∩ (V −K) �= ∅, ∀x ∈ Ux0 .

dKR, $)Qh�,2 f : X → Y � x0 ∈ X = K- 30/+�, OF! Va Y ��X
� V , f(x0) ∈ V , �� x0 �TF Ux0 ,

f(x) ∈ V +K, ∀x ∈ Ux0 .

Qh�,2 f � x0 ∈ X = K- �0/+, OF! Va Y ��X� V , f(x0) ∈ V , �� x0 �

TF Ux0 ,
f(x) ∈ V −K, ∀x ∈ Ux0 .

YLe:, S��,2_�(h�,2�fi, ��,2� K- 3 (�) 0/+�NA-h�,2
� K- 3 (�) 0/+�NA=&`�. $)Q��,2 F � x0 = K- /+�, OF F � x0 j

= K- 30/+9= K- �0/+�. (DR, $)Q F � X 3= K- 30/+, K- 30/+,

K- /+�, Z F �R&Jk= K- 30/+, K- 30/+, K- /+�. ! h�,2 f 9"g.

�_J���� K- 30/+, K- �0/+, K- /+-+l�30/+, �0/+, /+"
%a5�#X.

\P 2.8 ! ��,2 F : X ⇒ Y , �_2�bb:

(i) Z F � x0 ∈ X 30/+ (�0/+), V F � x0 J K- 30/+, K- �0/+.

(ii) K- 30/+- K- �0/+a5hEma�bG#X.

(i) ++NAQ�. �_$)��' (ii).

] 2.9 P X = R, Y = R, K = R+ = {x ∈ R : x ≥ 0}, x0 ∈ X. ! h�,2 f : X → Y ,

O�#Xbb:

(i) f � x0 J30/+ ⇔ f � x0 J K- �0/+.

(ii) f � x0 J�0/+ ⇔ f � x0 J K- 30/+.

>Mc"' (i). (ii) "gQ�. Z f � x0 J30/+. ! Va Y ��X� V , f(x0) ∈ V ,

�� ε > 0 UH (f(x0) − ε, f(x0) + ε) ⊆ V . 5 f �30/+�Q�, �� x0 �TF Ux0 UH
f(x) < f(x0)+ε, !Va x ∈ Ux0 . n f(x) ∈ V −K, ! Va x ∈ Ux0 . Z f � x0 J K-�0/
+, ]" f � x0 J30/+, cd"'! Va r > f(x0), �� x0 �TF Ux0 UH f(x) < r,

!Va x ∈ Ux0 . ef&�cA� ε > 0 UH r > f(x0) + ε. 5 f � x0 J K- �0/+, �� x0

�TF Ux0 UH f(x) ∈ (f(x0) − ε, f(x0) + ε) −K, !Va x ∈ Ux0 . n f(x) ≤ f(x0) + ε < r,

!Va x ∈ Ux0 .
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���,  A = R ���7X�, B = R ���7I�, P f1 = χA, f2 = χB , χA � χB

=�c�dg)5. L; f1 =�0/+�, .'=30/+�, 53_2�Q� f1 = K- 30

/+�, .'= K- �0/+�; (�Q� f2 = K- �0/+�, .'= K- 30/+�.

3 ^_`abc`
&D, (Y,�) �!29��75, >M03 � =5I�J6 K ⊂ Y 79:��.

Bd 3.1  X1, X2 =��2975. OF��,2 A(x) : X1 ⇒ Y � B(y) : X2 = K-

/+�, �&=� K- AS, K- >��, V() Ge(A(x), B(y)) = X1 ×X2 3�/+)5.

ef 5 !Va x ∈ X1, y ∈ X2, A(x) � B(y) = K- AS, K- >�, o= K- ET�. 5
i� 2.5 (ii) Q� −∞ < Ge(A(x), B(y)) <∞.

�_Vj x0 ∈ X1, y0 ∈ X2, "' Ge(A(x), B(y)) � (x0, y0) J�/+�. (�pq�rh,

P λ = Ge(A(x0), B(y0)). Vj ε > 0, 5NA;, ! Va b ∈ B(y0), �� a(b) ∈ A(x0), UH
φe,a(b)(b) < φe,A(x0)(b) + ε. (3.1)

ja φe,·(·) = Y × Y 3�/+)5, o�� a(b) �XTF Ua(b) � b �XTF Ub UH
φe,x(y) < φe,a(b)(b) + ε, ∀ (x, y) ∈ Ua(b) × Ub. (3.2)

�_"'O�#Xbb:

φe,x(y) < φe,a(b)(b) + ε, ∀ (x, y) ∈ (Ua(b) −K) × (Ub +K). (3.3)

! (x, y) ∈ (Ua(b) − K) × (Ub + K), �� x1 ∈ Ua(b) , k1 ∈ K, y2 ∈ Ub, k2 ∈ K UH x =

x1−k1, y = y2+k2. a`5i� 2.5 (iii), (iv)�W? (3.1),Q� φe,x(y) ≤ φe,x1(y) ≤ φe,x1(y2) <

φe,a(b)(b) + ε. ja B(y0) = K- >�, o�� Ubi (1 ≤ i ≤ n) UH B(y0) ⊆
⋃n

i=1(Ubi +K). 5
 ��,2 B(y) = K- 30/+�, o�� y0 �XTF U

(1)
y0 UH

B(y) ⊆
n⋃

i=1

(Ubi +K) +K ⊆
n⋃

i=1

(Ubi +K), ∀ y ∈ U (1)
y0
. (3.4)

hI���,2 A(x) = K- �0/+�, o�� x0 �XTF U
(1)
x0 UH: ! VI i, 1 ≤ i ≤ n,

A(x) ∩ (Ua(bi)
−K) �= ∅, ∀x ∈ U (1)

x0
(3.5)

! Va (x, y) ∈ U
(1)
x0 × U

(1)
y0 , Va b ∈ B(y), �� Ubi(1 ≤ i ≤ n) UH b ∈ Ubi + K, ��

a ∈ A(x) ∩ (Ua(bi)
−K). a`5 (3.1) � (3.3) ��

φe,A(x)(b) ≤ φe,a(b) < φe,a(bi)
(bi) + ε < φe,A(x0)(bi) + 2ε ≤ Ge(A(x0), B(y0)) + 2ε.

53_�W?k��
Ge(A(x), B(y)) ≤ λ+ 2ε, ∀ (x, y) ∈ U (1)

x0
× U (1)

y0
. (3.6)

l&_, 5NA;, �� b ∈ B(y0) UH
λ− ε < φe,A(x0)(b). (3.7)

ja φe,·(·) = Y × Y 3�/+)5, mn! Va a ∈ A(x0), �� a �XTF Ua, b �XTF
U

a(b)
b UH

φe,a(b) − ε < φe,x(y), ∀ (x, y) ∈ Ua × U
a(b)
b . (3.8)
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5i� 2.5 (iii), (iv) �@ (3.8) ��

φe,a(b) − ε < φe,x(y), ∀ (x, y) ∈ (Ua +K) × (Ua(b)
b −K). (3.9)

5 A(x0) = K- >�, o�� Uaj (1 ≤ j ≤ m) UH A(x0) ⊆ ⋃m
j=1 (Uaj +K). ja��,2

A(x) = K- 30/+�, mn�� x0 �XTF U
(2)
x0 UH

A(x) ⊆
m⋃

j=1

(Uaj +K) +K ⊆
m⋃

j=1

(Uaj +K), ∀x ∈ U (2)
x0
. (3.10)

*% B(y) = K- �0/+�, mn�� y0 �XTF U
(2)
y0 UH

B(y) ∩
(( m⋂

j=1

U
aj(b)
b

)
−K

)
�= ∅, ∀ y ∈ U (2)

y0
. (3.11)

! Va (x, y) ∈ U
(2)
x0 × U

(2)
y0 , Va a ∈ A(x), �� Uaj (1 ≤ j ≤ m) UH a ∈ Uaj + K, �&

b∗ ∈ B(y) ∩ ((
⋂m

j=1 U
aj(b)
b ) −K). 5 (3.7) � (3.9) ��

λ− 2ε < φe,A(x0)(b) − ε ≤ φe,aj (b) − ε < φe,a(b∗).

5 a �VI���
λ− 2ε ≤ φe,A(x)(b∗).

i5 Ge(A(x), B(y)) �NA, ��O�W?
λ− 2ε ≤ Ge(A(x), B(y)), ∀ (x, y) ∈ U (2)

x0
× U (2)

y0
. (3.12)

OFP Ux0 = U
(1)
x0 ∩ U (2)

x0 , Uy0 = U
(1)
y0 ∩ U (2)

y0 , �&2cW? (3.6) � (3.12), k��

λ− 2ε ≤ Ge(A(x), B(y)) ≤ λ+ 2ε, ∀ (x, y) ∈ Ux0 × Uy0 .

>k���() Ge(A(x), B(y)) � (x0, y0) J�/+�. i5 (x0, y0) �VI�, Q;)i�b
b. "Æ.

g 3.2 N� 3.1 ���� [8, N� 3.1] (� [8] � Y =&�3475, A(x) � B(y) =/

+�, �&� K- AS, >��). d]W:�=, � [8] ��"', .6 3475��0, �d]
oj ���/�2�. >!�!&��N� 3.1 =pk�, $)%�"'�'.6 34
75�Kl����/��mE2�, �c'@A% � [8] ����(), ! � [1] ��##
��()(DA%.

++"'Q��_��n]��, n��() Ge(A(x), B(y)) �30/+���0/+�.

hi 3.3  X1, X2 =��2975. OF��,2 A(x) : X1 ⇒ Y = K- �0/+�,

�&� K- AS, K- ET��. ��,2 B(y) : X2 ⇒ Y = K- 30/+�, �&� K- AS,

K- >��, V() Ge(A(x), B(y)) = X1 ×X2 �30/+)5.

hi 3.4  X1, X2 =��2975. OF��,2 A(x) : X1 ⇒ Y = K- 30/+�,

�&� K- AS, K- >��. ��,2 B(y) : X2 ⇒ Y = K- �0/+�, �&� K- AS, K-

ET��, V() Ge(A(x), B(y)) = X1 ×X2 3��0/+)5.

g 3.5 o�=�s�'$W, Æ*��, ;=�����. /+�k=tu1�;7, ^
�q)=r� �30/+��0/+�;7�J���. $)���() Ge(A(x), B(y)) 3

(�) 0/+�bb;7. .&u/+���, ;7=L. ����, OF$)],()=30/
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+�, $)c],��,2 B(y) =� K- >��, .'d] A(x) � K- >�, K- >�;7Pp
L�. ! �0/+9"g. (DR, ��,2 A(x), B(y) � K- /+�;79PpL�. ++�

�;se:() Ge(A(x), B(y)) 3 (�) 0/+���,2 B(y) � K- 3 (�) /+&`.

Bd 3.6  X =29��75. �N?� A ∈ ℘0K(Y ), �& A+K =��. OF��,
2 B(x) : X ⇒ Y =Ya0 K- g�, �&� K- AS��, mn�c {x ∈ X : Ge(A,B(x)) < 0}
=��.

ef P x1, x2 ∈ {x ∈ X : Ge(A,B(x)) < 0},$)"',! Va t ∈ [0, 1], tx1+(1−t)x2 ∈
{x : Ge(A,B(x)) < 0}. 5i� 2.2 (ii) Q;, �� λ1 < 0, λ2 < 0 UH

B(x1) ⊆ λ1e+A+ intK, B(x2) ⊆ λ2e+A+ intK.

ja B(x) =Ya0 K- g�, �� λ ∈ [0, 1] UH
B(tx1 + (1 − t)x2) ⊆ λB(x1) + (1 − λ)B(x2) +K.

 =
B(tx1 + (1 − t)x2) ⊆ (λλ1 + (1 − λ)λ2)e+ λA+ (1 − λ)A+K + intK.

hI� A+K =��, mn

B(tx1 + (1−t)x2) ⊆ (λλ1 + (1−λ)λ2)e+A+K+intK = (λλ1+(1−λ)λ2)e+A+intK.

<� Ge(A,B(tx1 +(1− t)x2)) ≤ (λλ1 +(1−λ)λ2),�& tx1 +(1− t)x2 ∈ {x : Ge(A,B(x)) < 0}.
"Æ.

Bd 3.7  X =29��75. B ∈ ℘0K(Y ),�= K->�.OF��,2 A(x) : X ⇒ Y

=[fK-��,��K-AS, K-I,K-ET��,mn() Ge(A(x), B)=X3�[f�)5.

ef P x1, x2 ∈ X, x1 �= x2, t ∈ ]0, 1[. 5i� 2.5 (vi) Q;, �� b0 ∈ B UH
Ge(A(tx1 + (1 − t)x2), B) = max

b∈B
{φe,A(tx1+(1−t)x2)(b)} = φe,A(tx1+(1−t)x2)(b0). (3.13)

ja A(x1), A(x2) = K- I, V�� y1 ∈ A(x1) � y2 ∈ A(x2) UH
φe,A(x1)(b0) = min

y∈A(x1)
{φe,y(b0)} = φe,y1(b0). (3.14)

φe,A(x2)(b0) = min
y∈A(x2)

{φe,y(b0)} = φe,y2(b0). (3.15)

(3.14), (3.15) Q5i� 2.5 (ix) ��. 5 A(x) =[f K- �, ��

tA(x1) + (1 − t)A(x2) ⊆ A(tx1 + (1 − t)x2) + intK.

^�, �� yt ∈ A(tx1 + (1 − t)x2) UH yt � ty1 + (1 − t)y2. YLq"
φe,yt(b0) < φe,ty1+(1−t)y2(b0). (3.16)

ra φe,·(b0) = Y 3��)5. mn

φe,ty1+(1−t)y2(b0) ≤ tφe,y1(b0) + (1 − t)φe,y2(b0). (3.17)

2c (3.13)–(3.17), ��

Ge(A(tx1 + (1 − t)x2), B) < tφe,A(x1)(b0) + (1 − t)φe,A(x2)(b0).

 =
Ge(A(tx1 + (1 − t)x2), B) < tGe(Ax1, B) + (1 − t)Ge(Ax2, B).

"Æ.
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4 jklsmnopqrsstut
&D, (Y,�) �! Banach 75, >M03 � =5I�J6 K ⊂ Y 79:��. $)���

'vJ<K�, ������LH�,����.

FÆGH&vpq, P C0 = Y ��&��7?�, T : Y ⇒ Y =&���,2. T|C0 �!

T � C0 3�Kl, fix(T|C0 ) �!�c {x ∈ C0 : x ∈ T (x)}.
ud 4.1 [2] P C = Y ��7?�, f : C × C → R =)5, T : C ⇒ C =��,2. �Z

�� C ��7I�?� C0, �&�� C0 �>?� D UHO�;7:

(i) T|C0 : C0 ⇒ C =�0/+�, ��7, I��, �&! Va x ∈ C0, T (x) ⊆ D.

(ii) T|C0 �tw= C0 × C ��I�.

(iii) ! Va x ∈ fix(T|C0 ), f(x, x) ≥ 0.

(iv) ! Va x ∈ fix(T|C0 ), �c {y ∈ C : f(x, y) < 0} =��.

(v) f � fix(T|C0 ) × C �Kl=30/+�.

mn�� x ∈ T (x), ! Va y ∈ T (x), f(x, y) ≥ 0.

g 4.2 >M��� 4.1 -� [2, N� 4.1] ���u'v&`. $)>M�%�ww3=&
�=&?�x&, n�� [2, h 4.1] xu�m�x&.

Bd 4.3 P C = Y ��7?�, T : C ⇒ C =��,2, ��,2 A(x) : C ⇒ Y � K-

AS, K- >��, ��,2 B(y) : C ⇒ Y = K- 30/+�, �&� K- AS, K- >��. �Z

�� C ��7I�?� C0, �&�� C0 �>?� D UHO�;7:

(i) T|C0 : C0 ⇒ C =�0/+�, ��7, I��, �&! Va x ∈ C0, T (x) ⊆ D.

(ii) T|C0 �tw= C0 × C ��I�.

(iii) ! Va x ∈ fix(T|C0 ), B(x)�KA(x).

(iv) ��,2 B(y) =Ya0 K- g�.

(v) ! Va x ∈ fix(T|C0 ), �c A(x) +K =��.

(vi) A(x) � fix(T|C0 ) �Kl= K- �0/+�,

V�� x ∈ T (x), ! Va y ∈ T (x), A(x)�KB(y) 'bb.

ef NA)5 f : C × C → R, f(x, y) := Ge(A(x), B(y)). �_x&q"�� 4.1 ��;
7=UH�. (i), (ii) raUH. ! f y%i� 2.5 (i), (iii), 2cN� 4.3 ;7 (iii) Q;, ! V
a x ∈ fix(T|C0 ), f(x, x) ≥ 0. (D! f y%N� 3.6, i2cN� 4.3 ;7 (iv), (v) Q;, ! 
Va x ∈ fix(T|C0 ), �c {y ∈ C : f(x, y) < 0} =��. *`! f y%�� 3.3, 2cN� 4.3 ;

7 (vi) Q;, f � fix(T|C0 ) × C �Kl=30/+�. 53J�Q;�� x ∈ T (x), ! Va
y ∈ T (x), f(x, y) ≥ 0. i*%i� 2.5 (v), Q;N�2�bb. "Æ.

g 4.4 3_2����,-+l,'&D, >M=�u'$W'bb, .+l�,=�u

('$Wbb. csyb>!L,�)^=, $)>MJ��=03. +lxu�*�,, 44
=W83��*�,. ww3, S���75:6�Euz�32{f, �y&��3'$W
'bb, kIz{l&���'$Wbb. zO� R 3, x < y 'bbVIz{ x ≥ y bb.

S$){|h�,2f, 53_�2�9s����"��2�.

�_8:&�# h�,2���.
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Bd 4.5 P C = Y ��7?�, A(x) : C → Y =h�,2, T : C ⇒ C =��,2, h

�,2 B(y) : C → Y = K- 30/+�. �Z�� C ��7, I�?� C0, �&�� C0 �&
�>?� D UHO�;7:

(i) T|C0 : C0 ⇒ C =�0/+�, ��7, I��, �&! Va x ∈ C0, T (x) ⊆ D.

(ii) T|C0 �tw= C0 × C ��I�.

(iii) ! Va x ∈ fix(T|C0 ), B(x) � A(x).

(iv) Z!Va x1, x2 ∈ C, t ∈ [0, 1], �� λ ∈ [0, 1] UH λB(y1) + (1 − λ)B(y2) � B(ty1 +

(1 − t)y2).

(v) A(x) � fix(T|C0 ) �Kl= K- �0/+�,

V�� x ∈ T (x) UH (A(x) + intK) ∩ {z ∈ Y : z = B(y), y ∈ T (x)} = ∅.
ef hI�hJ�= K->�,9=��.a`|}��a5�03NA, �ca5�03

NA, i5N� 4.3 ;i�bb. "Æ.

g 4.6 >MFB� K- ;7�yb�H�,������<��"����, �&pL�
/+��##;7.

5 bmnopqrv|wtxysz}^_`{|}^_`
&D, Λ,X, Y �!$�34��75, F : X ⇒ Y , T : Λ ⇒ X =����,2, f : X×X →

R =&�)5, ImT �! T �w�, n ImT :=
⋃

λ∈Λ T (λ). �N R+ = {x ∈ R : x ≥ 0}. ~�
[7] ��}, P S : R+ × Λ ⇒ X �!0�������1/.,,2, n S(ε, λ) = {x ∈ T (λ) :

F (x)�KF (y) + εk0, ∀ y ∈ T (λ)}, ∀ (ε, λ) ∈ R+ × Λ.

g 5.1 Z F : X ⇒ Y =��,2, � K-AS, K-I, K-ET��. 5i� 2.5 (vii), (viii)

Q�O��~, F (x)�KF (y) + εk0, ⇔ Ge(F (x), F (y)) − ε ≤ 0.

P E : R+×Λ ⇒ X �!Æ*���1/.,,2, n E(ε, λ) = {x ∈ T (λ) : f(x, y)+ε ≥ 0,

∀ y ∈ T (λ)}, ∀ (ε, λ) ∈ R+ × Λ.

NA)5 ψ : X ×X → R ∪ {∞} : ψ(x, y) = −Ge(F (x), F (y)).

ud 5.2 �N F : X ⇒ Y =��,2, �&� K- AS, K- I, K- ET��, V x0 ∈
S(ε, λ) ⇔ x0 ∈ T (λ), ψ(x0, y) + ε ≥ 0, ∀ y ∈ T (λ).

ef >=h 5.1 �~���. "Æ.

ud 5.3 [7] P (ε0, λ0) ∈ R+ × Λ. �N T (λ0) =�7>�, T (·) � λ0 /+, f(·, ·) =
T (λ0) × T (λ0) 3�/+)5, V E(·, ·) � (ε0, λ0) 30/+.

Bd 5.4 P (ε0, λ0) ∈ R+ ×Λ. �N T (λ0) =�7>�, T (·)� λ0 /+. OF F : X ⇒ Y

� T (λ0) 3= K- /+�, �� K- AS, K- >�, mn S(·, ·) � (ε0, λ0) 30/+.

ef 5N� 3.1, �� 5.2, 5.3 Q�. "Æ.

ud 5.5 [9] P ε0 > 0, �&!y� λ0 ∈ Λ, E(0, λ0) �= ∅. �N:

(i) �c T (λ0) =�7��. ! Va y ∈ T (λ0), f(·, y) = T (λ0) 3�g)5.

(ii) K(·) � λ0 J Hausdorff- 30/+, �&� λ0 J�0/+.

(iii) f(·, ·) � ImT × ImT &`/+,

V E(·, ·) � (ε0, λ0) =�0/+�.
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ud 5.6 [8] P B ∈ ℘0K(Y ). OF��,2 F : X ⇒ Y = K- ��, V Ge(F (x), B) = X

3��)5.

Bd 5.7 P ε0 > 0, �&! y� λ0 ∈ Λ, S(0, λ0) �= ∅. �N:

(i) �c T (λ0) =�7��, T (·) � λ0 J Hausdorff- 30/+, �&� λ0 J�0/+.

(ii) ImT =>�.

(iii) F � T (λ0) 3= K- /+<K- ��, �&� K- AS, K- >��,

V S(·, ·) � (ε0, λ0) �0/+.

ef 5N� 3.1, �� 5.2, 5.5, 5.6 Q�. "Æ.

ud 5.8 [10] P (ε0, λ0) ∈ R+ × Λ. �N:

(i) T (λ0) =�7�>��, K(·) � λ0 /+.

(ii) ! Va y ∈ T (λ0), f(·, y) = T (λ0) 3�[fg)5.

(iii) f(·, ·) � T (λ0) × T (λ0) /+,

V E(·, ·) � (ε0, λ0) �0/+.

Bd 5.9 P (ε0, λ0) ∈ R+ × Λ. �N T (λ0) =�7�>��, K(·) � λ0 /+. OF

F : X ⇒ Y � T (λ0) 3= K- /+, [f K- ��, �&� K- AS, K- >�, mn S(·, ·) �
(ε0, λ0) �0/+.

ef 5N� 3.1, 3.7 @�� 5.2, 5.8 Q�. "Æ.

g 5.10 N� 5.4 ���� [8, N� 5.1] (� [8] � F : X ⇒ Y =/+�, �&� K- AS,

>�). N� 5.7 ���� [8, N� 5.2] (� [8] � F : X ⇒ Y =/+�, K- �, �&� K- AS,

>�). N� 5.9 ���� [8, N� 5.3] (� [8] � F : X ⇒ Y =/+�, [f K- �, �&� K-

AS, >�).
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