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# 3!"#4, &��5$���%,���1- $5$�����������6%����
��&'&��	��'(���
)(7)	*+��+ (�, [1–17]).

*,+3'(
���
,-� Banach.,/-8��./���01�9.0 2122�
33��./�����43:����014�	��514��,5-�6(6!" Hilbert
.,7(833�����;������4�. '<789:9;=><4����:�&,
=?7�@9;(A;78��< (�*,B 1). 0 3 1����51��C>��� Ham-
merstein =�
� [8, 9] �����>&?(�4�.

@ (Ω,A )	Æ?.,,=? A 	 Ω7� σ-@A,B G ⊂ Ω,7 G ∈ A ,@A G	 A -Æ?
$;� (Ω,A , P )BCDE�CF?&.,,=? P 	CF?&,D P (Ω) = 1; “∀ω ∈ Ω a.e.”BC
EG Ω�(FH?�$IGGH2. X 	JD$, X �(K.�$�EI	 2X ; J Descartes
= X1 ×X2, G ⊂ X1 ×X2, � ΠX1(G) (ΠX2(G)) BC G & X1 (X2) 7�1F, D

ΠX1(G) = {x1 ∈ X1 | ∃x2 ∈ X2, (x1, x2) ∈ G};
K X 9&'.,L, I X 7�$�H� σ- @A (D Borel $E) 	 BX ; K X 9Æ�DL�&

M.,L, A X 	 Polish .,.

@ Rn 	 n NOPQ.,, E 	OA) R1 7� Banach .,, E∗ 9=JR.,, θ BC E

M E∗ �:�, 〈·, ·〉 BC E � E∗ ,�RJ, D 〈x∗, x〉 	33���� x∗ &� x �G; @ D 	

E ?�$, H D, coD �NBC D �OP�OSP, ∂D BC D �Q�; E 	 Hilbert .,LI
	 H, �L E = E∗ = H; IK m 	 Rn 7� Lebesgue ?&L, L2(m) BCT
Æ=�A.,,
U9(FÆ�� Hilbert .,.

8V!,J [1–18], *,K+8WX+LR�����MCY.

N] 1[1−5] @ (Ω,A , P ) 	DE�CF?&.,, O1 x : Ω → E A	 E G��PM�
�ÆM, B x 9 A - Æ?�, DJJ(�$ D ⊂ E, 7 x−1(D) = {ω ∈ Ω |x(ω) ∈ D} ∈ A . O1
A : Ω × E → E∗ A	����, BJZ( x ∈ E, ξ(ω) = A(ω, x) 9 E∗ G��P; A A 933
����, BJ ∀ω ∈ Ω a.e., I7 A(ω, ·) : E → E∗ 933�.

N] 2[16, 18] @ D 9 E ?�$, A : Ω ×D → E∗ 	����. A A 	��./�, B A

0Q
〈A(ω, x) −A(ω, y), x− y〉 ≥ 0, ∀ω ∈ Ω a.e., ∀x, y ∈ D. (1.1)

A A 	��[%,�, B A 0Q
〈A(ω, x) −A(ω, y), x− y〉 ≤ ‖x− y‖2, ∀ω ∈ Ω a.e., ∀x, y ∈ D. (1.2)

A A 	��\./�, B A 0Q
〈A(ω, x) −A(ω, y), x− y〉 ≥ β(‖x− y‖)‖x− y‖, ∀ω ∈ Ω a.e., ∀x, y ∈ D. (1.3)

A A 	��]5$�, B A 0Q
〈A(ω, x) −A(ω, y), x− y〉 ≤ ‖x− y‖2 − β(‖x− y‖)‖x− y‖, ∀ω ∈ Ω a.e., ∀x, y ∈ D. (1.4)

=? β(t) : [0,+∞) → [0,+∞)0Q β(0) = 0, ∀ t ∈ (0,+∞),7 β(t) > 0^ limt→+∞ β(t) = +∞.

N] 3[16, 18] A���� A : Ω ×E → E∗ 	��\R�, B A 0Q
lim

‖x‖→+∞
〈A(ω, x), x〉

‖x‖ = +∞, ∀ω ∈ Ω a.e., ∀x ∈ E. (1.5)
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N] 4[1, 5, 9] @ A : Ω × E → E∗ 	����, D ⊂ E, B7��P x(ω) ∈ D, c ∀ω ∈
Ω a.e., 7 A(ω, x(ω)) = x∗, HA x = x(ω) 9����
� A(ω, x) = x∗ & D ?����; B
∀ω ∈ Ω a.e.,7 A(ω,E) = E∗,HA A	��01;B ∀ω ∈ Ω a.e.,7 A(ω, ·)9 E � E∗ ,�5
O1,HA A	��51; B A9��51,^ A� A−1 : Ω×E∗ → E (9��33��,HA
A 9��de; IK E = E∗ = H L, B7��P x(ω), c ∀ω ∈ Ω a.e., 7 A(ω, x(ω)) = x(ω),
HA x = x(ω) 9 A ������.

N] 5[11, 17, 19] @ (Ω,A ) 	Æ?.,, X 	 Polish .,, F : Ω → 2X 	O$G�O1,
BJ X �J(�$ G, F−1(G) = {ω ∈ Ω |F (ω) ∩G �= ∅} ∈ A , HA F 9 A - Æ?�.

;!Æ?�, *,�"8fK�.
^Y 1[20] @ (Ω,A ) 	Æ?.,, X,Y 9&'.,. BO1 x : Ω → X Æ?, O1

y : X → Y 33, HZ%O1 y ◦ x : Ω → Y 9Æ?�.
^Y 2[2, 5, 19] @ (Ω,A ) 	Æ?.,, X,Y 9 Polish .,. B A : Ω×X → Y 	��33

O1, D A(·, x) 9 A - Æ?� (∀x ∈ X) ^ A(ω, ·) 33 (∀ω ∈ Ω a.e.), H A 9 A × BX- Æ?
�. IB x = x(ω) : Ω → X 9 A - Æ?�, H y(ω) = A(ω, x(ω)) : Ω → Y 9 A - Æ?�.

^Y 3[19] @ (Ω,A , P ) 9DE�CF?&.,, X 9 Polish .,, G ∈ A ×BX , H G �

1F ΠΩ(G) ∈ A .
^Y 4[19] @ (Ω,A ) 	Æ?.,, X 9 Polish .,. B {Fn}∞n=1 ?ZF Fn : Ω → 2X g

9 A - Æ?�, H ⋂∞
n=1 Fn : Ω → 2X @9 A - Æ?�, =? (

⋂∞
n=1 Fn)(ω) =

⋂∞
n=1 Fn(ω).

^Y 5[9, 17, 19] @ (Ω,A ) 	Æ?.,, X 9 Polish .,. B F : Ω → 2X 	O$G�Æ?
O1, H F >&.G�Æ?Z[.

^Y 6[19] @ (Ω,A ) 	Æ?.,, X 9 Polish .,. F : Ω → 2X 	O$G�O1. H F

Æ?K^hKJ X �J(O�$ B, 7 F−1(B) ∈ A .
^Y 7[2, 6] B A : Ω×E → E∗ 9��33��, ^ ∀ω ∈ Ω a.e., A(ω, ·)Æi, ^ A−1(ω, ·)

33, H A−1 : Ω × E∗ → E @9��33��.
8fK�&*,0 3 1?[�6�+�.
^Y 8[18] @ E 9 Banach .,, {xn}∞n=1 ⊂ E ^ ‖xn‖ → 0 (n → ∞), {fn}∞n=1 ⊂ E∗ ^

‖fn‖ → +∞ (n → ∞), HJJD� ε > 0, >& xε ∈ E, 0Q ‖xε‖ ≤ ε, >&�\f {xni} 	
{fni}, c limi→∞〈fni , xni − xε〉 = −∞.

2 _]`^\_a`^\ba`^
NY 1 @ (Ω,A , P ) 9DE�CF?&.,, E 9O�a]�Æ�� Banach .,, A :

Ω ×E → E∗ 9��33./��, D ⊂ E 	7��$, θ ∈ D, ^

〈A(ω, x), x〉 ≥ 0, ∀ω ∈ Ω a.e., ∀x ∈ ∂D,

H
� A(ω, x) = θ & D ?>&��� x = x(ω).
cb - (1.1) j, �^@ Ω0 ⊂ Ω, P (Ω0) = 1, ∀ω ∈ Ω0, 7 A(ω, ·) & E 733, ^

〈A(ω, x) −A(ω, y), x− y〉 ≥ 0, ∀ω ∈ Ω0, ∀x, y ∈ E; (2.1)

〈A(ω, x), x〉 ≥ 0, ∀ω ∈ Ω a.e., ∀x ∈ ∂D. (2.2)

c E Æ� (-! E a], E∗ @Æ�), Æ@ E = M, M 9Æf$. k4 ω ∈ Ω0, ∀x ∈M , l

Bx = Bx(ω) = {y ∈ D | 〈A(ω, x), x− y〉 ≥ 0}. (2.3)
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H {Bx |x ∈M} 9 D ?�[O$�E.
JJD7d$ {xi}m

i=1 ⊂M , I Xm = span{xi}m
i=1, =NA n ≤ m. @ {yi}n

i=1 9 Xm �(
e_, 4f T (ω, ·) : Xm → Xm m8:

T (ω, x) =
n∑

i=1

〈A(ω, x), yi〉yi, (∀x ∈ Xm).

- A(ω, ·) �33�g, T (ω, ·) 933�. I Xm ∩D = S. 8C T (ω, x) = θ & S = Xm ∩D
?`7�.

nO7,B θ �∈ T (ω, S),H Brouwer& degn(T (ω, ·), S, θ) = 0,a-hb� degn(I, S, θ) = 1,
! degn(ht, S, θ) & t ∈ [0, 1] 7�9cA, =? ht(x) = tT (ω, x) + (1 − t)I(x), I : Xm → Xm 	

d���. !9-do�Æ�!, >& t0 ∈ (0, 1), c θ ∈ ht0(∂S), D>& t0 ∈ (0, 1), x0 ∈ ∂S =
Xm ∩ ∂D, c

t0T (ω, x0) + (1 − t0)x0 = θ. (2.4)

I q = 1−t0
t0

, - (2.4) j, ! T (ω, x0) = −qx0, D
n∑

i=1

〈A(ω, x0), yi〉yi = −qx0. (2.5)

����� A(ω, x0) +�! (2.5) j, 5p� (2.2) j, !
n∑

i=1

|〈A(ω, x0), yi〉|2 = −q〈A(ω, x0), x0〉 ≤ 0.

ef! 〈A(ω, x0), yi〉 = 0 (i = 1, 2, . . . , n). !9ip� (2.5) j, ! x0 = θ. '� x0 ∈ ∂S ⊂
∂D, x0 �∈ D qg.

c�, T (ω, x) = θ & S ?`7� z = z(ω), D

T (ω, z) =
n∑

i=1

〈A(ω, z), yi〉yi ≡ θ.

-! {yi}n
i=1 9 Xm �_, h 〈A(ω, z), yi〉 = 0, (i = 1, 2, . . . , n); ^ ∀x ∈ Xm `7 〈A(ω, z), x〉 =

0, 'ji
〈A(ω, z), xi〉 = 0, (i = 1, 2, . . . ,m); ^ 〈A(ω, z), z〉 = 0.

-! A 9��./��, h- (2.1) j!

〈A(ω, xi), xi − z〉 = 〈A(ω, xi) −A(ω, z), xi − z〉 ≥ 0, (i = 1, 2, . . . ,m).

'C! z ∈ Bxi , (i = 1, 2, . . . ,m).
c	JJD7d$ {xi}m

i=1 ⊂M , 7 ⋂m
i=1Bxi �= ∅; Ic	 E a], coD 9 E ?7�OS$

ef9[r$, ^ {Bx |x ∈ M} 9 coD ?[O$�E, h
⋂

x∈M Bx �= ∅. 4f F,Fx : Ω → 2E

m8 (=? x ∈M):

F (ω) =

{ ⋂
x∈M

Bx(ω), ω ∈ Ω0,

θ, ω �∈ Ω0,
Fx(ω) =

{
Bx(ω), ω ∈ Ω0,
θ, ω �∈ Ω0.

H
F (ω) =

⋂
x∈M

Fx(ω). (2.6)
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skC> Fx 9Æ?�. -K� 6, J E �J(O$ Q, lmC F−1
x (Q) ∩ Ω0 Æ?. I

Ux = F−1
x (Q) ∩ Ω0 = {ω ∈ Ω0 |Bx(ω) ∩Q �= ∅};

Jj4� x,I gx = gx(ω, y) = 〈A(ω, x), x−y〉, =? y ∈ Y = Q∩D. c	 A(·, x)Æ?, 〈·, x−y〉
33, -K� 1 ! gx = gx(ω, y) ;! ω ∈ Ω0 Æ?; I gx = gx(ω, y) ;! y ∈ Y 33, h-K�
2 !, gx : Ω0 × Y → R1 9Æ?�A. I A0 = A |Ω0 = {U ∩ Ω0 |U ∈ A }, H

Gx = g−1
x ([0,+∞]) = {(ω, y) | 〈A(ω, x), x− y〉 ≥ 0}

9 A0 × BY - Æ?$. -K� 3, ΠΩ0(Gx) = {ω ∈ Ω0 | ∃ y ∈ Y, (ω, y) ∈ Gx} 9 A0- Æ?�. c	
ω ∈ Ux ⇔ ∃ y ∈ Bx(ω) ∩Q⇔ ∃ y ∈ Y, 〈A(ω, x), x− y〉 ≥ 0

⇔ ∃ y ∈ Y, (ω, y) ∈ Gx ⇔ ω ∈ ΠΩ0(Gx),

h Ux = ΠΩ0(Gx) 9 A0- Æ?$. BD" (Ω,A , P ) 9DE�, h Ux 9 A - Æ?�, ef Fx 9

Æ?�.
c	 M Æf, ��K� 4, - (2.6) j! F (ω)9Æ?O1. -K� 5, ÆZk x0(ω) ∈ F (ω),

x0(ω) 9��P, ^K ω ∈ Ω0, 7 x0(ω) ∈ ⋂
x∈M Bx(ω). t (2.3) j, 'B> ∀x ∈ M , 7

〈A(ω, x), x− x0(ω)〉 ≥ 0. c	 E = M 	 A(ω, ·) 33 (ω ∈ Ω0), h

〈A(ω, x), x− x0(ω)〉 ≥ 0 (∀x ∈ E). (2.7)

!9 ∀ y ∈ E, k {tn}∞n=1 ⊂ (0, 1) ^ limn→∞ tn = 0, & (2.7) j?k x = x0(ω) + tny, 7
〈A(ω, x0(ω) + tny), y〉 =

1
tn

〈A(ω, x0(ω) + tny), x0(ω) + tny − x0(ω)〉 ≥ 0.

l n → ∞, ! 〈A(ω, x0(ω)), y〉 ≥ 0. J�j� −y @ y, ! 〈A(ω, x0(ω)), y〉 ≤ 0. c�7
〈A(ω, x0(ω)), y〉 = 0. p� y �JD�, ! A(ω, x0(ω)) = θ, (∀ω ∈ Ω0), D

A(ω, x0(ω)) = θ, (∀ω ∈ Ω a.e.).

dn 1 @ (Ω,A , P ) 9DE�CF?&.,, H 9OÆ�� Hilbert .,, A : Ω×H → H

9��33./��, D ⊂ H 	7��$, θ ∈ D ^

〈A(ω, x), x〉 ≥ 0, ∀ω ∈ Ω a.e., ∀x ∈ ∂D,

H
� A(ω, x) = θ & D ?>&���.
NY 2 @ (Ω,A , P ) 9DE�CF?&.,, E 9O�a]�Æ�� Banach .,, A :

Ω ×E → E∗ 9��33./��^9��\R�, HJ ∀x∗ ∈ E∗, ����
� A(ω, x) = x∗

`>&���, A 9��01.
cb c A 9��\R�, - (1.5) j, Æk r > 0 k�l, c& ‖x‖ = r 7d7

〈A(ω, x) − x∗, x〉 = 〈A(ω, x), x〉 − 〈x∗, x〉 ≥ ‖x‖
[ 〈A(ω, x), x〉

‖x‖ − ‖x∗‖
]
> 0, ∀ω ∈ Ω a.e. (2.8)

�8I D = {x ∈ E | ‖x‖ < r},J ∀ (ω, x) ∈ Ω×E,l T (ω, x) = A(ω, x)−x∗. H T : Ω×E → E∗

9��33��, 5^ ∀ω ∈ Ω a.e.,∀x, y ∈ E, 7
〈T (ω, x) − T (ω, y), x− y〉 = 〈A(ω, x) −A(ω, y), x− y〉 ≥ 0,

D T @9��./�; It (2.8) j, 7
〈T (ω, x), x〉 > 0, ∀ω ∈ Ω a.e., ∀x ∈ ∂D.
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��4� 1 ! ∃x = x(ω) ∈ D 	��P, c T (ω, x(ω)) = θ, (∀ω ∈ Ω a.e.), D A(ω, x(ω)) = x∗,
(∀ω ∈ Ω a.e.).

dn 2 @ (Ω,A , P ) 9DE�CF?&.,, H 9OÆ�� Hilbert .,, A : Ω×H → H

9��33./��, ^9��\R�. HJJD y ∈ H, ����
� A(ω, x) = y `>&��
�, A 9��01.

NY 3 @ (Ω,A , P ) 9DE�CF?&.,, E 9O�a]�Æ�� Banach .,, A :
Ω × E → E∗ 9��33\./��. HJJD x∗ ∈ E∗, A(ω, x) = x∗ & E ?>&?(���
�, A 9��51. IB β(t) & (0,+∞) 33, H A 9��de.

cb c A 9��\./�, h A 9��./�, ^- (1.3) jÆg, ∃Ω0 ⊂ Ω, P (Ω0) = 1,
J ∀ω ∈ Ω0, ∀x, y ∈ E, 7

〈A(ω, x) −A(ω, y), x− y〉 ≥ β(‖x− y‖)‖x− y‖. (2.9)

!9, ∀ω ∈ Ω0, ∀x ∈ E, 7
〈A(ω, x), x〉 = 〈A(ω, x) −A(ω, θ), x− θ〉 + 〈A(ω, θ), x〉

≥ β(‖x‖)‖x‖ − ‖A(ω, θ)‖‖x‖ = [β(‖x‖) − ‖A(ω, θ)‖] ‖x‖.
ef ∀ω ∈ Ω0, 7 lim‖x‖→+∞

〈A(ω,x),x〉
‖x‖ = +∞, D A 9��\R�. ��4� 2 !, ∀x∗ ∈

E∗, A(ω, x) = x∗ & E ?>&���, A 9��01.
o@ x1 = x1(ω) � x2 = x2(ω) (9 A(ω, x) = x∗ ����. H ∃Ω1 ⊂ Ω, Ω2 ⊂ Ω, c

P (Ω1) = 1, P (Ω2) = 1, ^

A(ω, x1(ω)) = x∗, ∀ω ∈ Ω1; A(ω, x2(ω)) = x∗, ∀ω ∈ Ω2. (2.10)

I Ω∗ =
⋂2

i=0 Ωi, ∀ω ∈ Ω∗, - (2.9) j� (2.10) j, !

0 = 〈A(ω, x1(ω)) −A(ω, x2(ω)), x1(ω) − x2(ω)〉 ≥ β(‖x1(ω) − x2(ω)‖)‖x1(ω) − x2(ω)‖.
m β �4f!, x1(ω) = x2(ω), (∀ω ∈ Ω∗). -! P (Ω − Ωi) = 0, (i = 0, 1, 2), h

P (Ω − Ω∗) = P

[
2⋃

i=0

(Ω − Ωi)

]
≤

2∑
i=0

P (Ω − Ωi) = 0, P (Ω∗) = 1.

c�, x1(ω) = x2(ω), (∀ω ∈ Ω a.e.). C! A(ω, x) = x∗ & E ?>&?(���, A 9��51.
i@ β(t) 33, @ {x∗n}∞n=1 ⊂ E∗, x∗n → x∗0, 5@J ω ∈ Ωn, A(ω, x) = x∗n 	J ω ∈ Ω∗,

A(ω, x) = x∗0 (>&?(���, =? P (Ωn) = 1, P (Ω∗) = 1. I Ω′ = Ω0 ∩ Ω∗ ∩ ⋂∞
n=1 Ωn,

c P (Ω − Ω′) ≤ P (Ω − Ω0) + P (Ω − Ω∗) +
∑∞

n=1 P (Ω − Ωn) = 0, h P (Ω′) = 1. k4 ω ∈ Ω′,
I A−1(ω, ·)x∗n = xn, A−1(ω, ·)x∗0 = x0. B limn→∞ ‖xn − x0‖ �= 0, H>&�f {xni}, c
limi→∞ ‖xni − x0‖ = t0 ∈ (0,+∞]. !9m (2.9) j, !

‖x∗ni
− x∗0‖ = ‖A(ω, xni) −A(ω, x0)‖ ≥ 1

‖xni − x0‖〈A(ω, xni) −A(ω, x0), xni − x0〉
≥ β(‖xni − x0‖).

l i→ ∞ ! 0 ≥ β(t0), qg. h limn→∞ ‖xn − x0‖ = 0, D A−1(ω, ·) : E∗ → E 933�. ��
K� 7 !, A−1 : Ω × E∗ → E 9��33��. c� A 9��de.

dn 3 @ (Ω,A , P ) 9DE�CF?&.,, H 9OÆ�� Hilbert .,, A : Ω×H → H

9��33\./��. HJ ∀ y ∈ H, ����
� A(ω, x) = y >&?(���, ^K β(t) 3
3L, A 9��de.
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e 1 &4� 1 ?, 〈A(ω, x), x〉 BC���M A(ω, x) ��M x n43, c�A4� 1 	�
�43:�. 4� 2 9><� Minty-Browder 014����:�&, 4� 3 9\./��5
14����:�&. *,�� 3 9, [16] ?(F��78��<, Go�, [16] �4� 1 ?
;!�� A “��pO 1- $5$” 'Fqp�r@us.

NY 4 @ (Ω,A , P ) 9DE�CF?&.,, E 9O�a]�Æ�� Banach .,, A :
Ω ×E → E∗ 9����, ∀ω ∈ Ω a.e., A(ω, ·) & E 7 Fréchet Æv, ^>&cA c > 0, 7

〈A′
x(ω, x)h, h〉 ≥ c‖h‖2, ∀ω ∈ Ω a.e., ∀x, h ∈ E, (2.11)

HJJD x∗ ∈ E∗, A(ω, x) = x∗ & E ?>&?(���, ^ A 9��de.
cb A(ω, ·) Fréchet Ævji A(ω, ·) 33. I

ψ(t) = 〈A(ω, y + t(x− y)), x− y〉.
��?Gtj� (2.11) j! ∃ θ ∈ (0, 1), c

〈A(ω, x)−A(ω, y), x−y〉 = ψ(1)−ψ(0)=ψ′(θ)=〈A′
x(ω, y+θ(x−y))(x−y), x−y〉≥c‖x−y‖2.

k β(t) = ct, Æg A 9��\./�, ��4� 3 ÆC!7�.
NY 5 @ (Ω,A , P ) 9DE�CF?&.,, H 9OÆ�� Hilbert .,, A : Ω×H → H

9��33[%,��, HJ ∀λ ∈ (1,+∞), 
� A(ω, x) = λx & H ?>&?(����.
cb l T (ω, x) = λx− A(ω, x). qw T 9��33�. ∀ω ∈ Ω a.e., ∀x, y ∈ H, - (1.2)

j!

〈T (ω, x) − T (ω, y), x− y〉 = λ‖x− y‖2 − 〈A(ω, x) −A(ω, y), x− y〉 ≥ (λ− 1)‖x− y‖2,

T 9��\./�. -�� 3, T (ω, x) = θ & H ?>&?(���, D A(ω, x) = λx & H ?>
&?(���.

NY 6 @ (Ω,A , P ) 9DE�CF?&.,, D 9OÆ�� Hilbert ., H ?�7��
$, θ ∈ D, A : Ω ×H → H 	��33[%,��, ^0Q8fusr(:

(1) 〈A(ω, x), x〉 ≤ ‖x‖2, ∀ω ∈ Ω a.e., ∀x ∈ ∂D;
(2) 〈A(ω, θ), x〉 ≤ 0, ∀ω ∈ Ω a.e., ∀x ∈ ∂D,

H A & D ?`>&�����.
cb l T (ω, x) = x−A(ω, x),H T 9��33�.- (1.2)j, ∀ω ∈ Ω a.e., ∀x, y ∈ H,7

〈T (ω, x) − T (ω, y), x− y〉 = ‖x− y‖2 − 〈A(ω, x) −A(ω, y), x− y〉 ≥ 0, (2.12)

D T 9��./�. Bus (1) H2, H7
〈T (ω, x), x〉 = ‖x‖2 − 〈A(ω, x), x〉 ≥ 0, ∀ω ∈ Ω a.e.,∀x ∈ ∂D.

Bus (2) H2, Hp� (2.12) j, @7
〈T (ω, x), x〉 = 〈T (ω, x) − T (ω, θ), x− θ〉 + 〈T (ω, θ), x〉

≥ 0 + 〈T (ω, θ), x〉 = −〈A(ω, θ), x〉 ≥ 0, ∀ω ∈ Ω a.e., ∀x ∈ ∂D.

���� 1 Æ! T (ω, x) = θ & D ?>&���, D A & D ?>&�����.
NY 7 @ (Ω,A , P ) 9DE�CF?&.,, H 9OÆ�� Hilbert .,, A : Ω×H → H

9��33]5$��. H A & H ?`>&?(������.
cb l T (ω, x)=x−A(ω, x),H T 9��33�,- (1.4)j,J ∀ω ∈ Ω a.e., ∀x, y ∈ H,7
〈T (ω, x) − T (ω, y), x− y〉=‖x− y‖2 − 〈A(ω, x) −A(ω, y), x− y〉 ≥ β(‖x− y‖)‖x− y‖,



398 " 0 0 � Z [ \ 51�

T 9��\./�.-�� 3, T (ω, x) = θ&H ?>&?(���,D A&H?>&?(���.

NY 8 @ (Ω,A , P )9DE�CF?&.,, D 9OÆ�� Hilbert., H ?�7��$.
θ ∈ D. B A : Ω×H → H 9��33]5$��,^ ∀ω ∈ Ω a.e.,∀x ∈ ∂D,7 〈A(ω, θ), x〉 ≤ 0,
H A & D ?`>&?(������.

cb -!��]5$��`9��[%,�, ��4� 6(2) !, A & D ?>&���
��. l T (ω, x) = x−A(ω, x), -4� 7 �C>Æg, T 9��\./�, ef A & D ?��
����9?(�.

3 fg: hs Hammerstein tuvwxhsy
+	��5O1�����, *1xu�� Hammerstein =�
�����>&?(�.

NY 9 @ (Ω,A , P ) 9DE�CF?&.,, ω ∈ Ω, m 	 Rn � Lebesgue ?&, L2(m)
?��� Hammerstein =�
�9

ϕ(x) =
∫

G

k(ω, x, y)f(y, ϕ(y))dy, (3.1)

=? G ⊂ Rn 9 LebesgueÆ?$, 0 < m(G) ≤ +∞; f : Rn×R1 → R1 9�A; k : Ω×Rn×Rn →
R1 9v��JAw, D ∀ω ∈ Ω a.e., ∀x, y ∈ Rn, 7 k(ω, x, y) = k(ω, y, x) ≥ 0. @ k 0Q:

(1)
∫

G×G

k(ω, x, y)ϕ(x)ϕ(y)dxdy ≥ 0, ∀ω ∈ Ω a.e., ∀ϕ ∈ L2(m); (3.2)

(2) (*�7y�) ess sup
ω∈Ω

∥∥∥∥
∫

G

k(ω, x, y)ϕ(y)dy
∥∥∥∥

L2

< +∞, ∀ϕ ∈ L2(m). (3.3)

I@ f 0Q:

(3) ∀u ∈ R1, f(·, u) & G 7 Lebesgue Æ?, ^ f(·, 0) ∈ L2(m);

(4) f(x, ·) 9xy(z Lipschitz �, D>&cA L0 > 0,∀x ∈ Rn a.e., ∀u1, u2 ∈ R1, 7
|f(x, u1) − f(x, u2)| ≤ L0|u1 − u2|. (3.4)

H>&cA L1 > 0, K L0L1 < 1 L, 
� (3.1) >&?(����.

cb - (3.2) � (3.3) j, Æ@ Ω0 ⊂ Ω, P (Ω0) = 1, 7∫
G×G

k(ω, x, y)ϕ(x)ϕ(y)dxdy ≥ 0, ∀ω ∈ Ω0, ∀ϕ ∈ L2(m); (3.5)

sup
ω∈Ω0

∥∥∥∥
∫

G

k(ω, x, y)ϕ(y)dy
∥∥∥∥

L2

< +∞, ∀ϕ ∈ L2(m). (3.6)

k4 ω ∈ Ω0, l K(ω,ϕ)(x) =
∫

G
k(ω, x, y)ϕ(y)dy, ∀ϕ ∈ L2(m). H Kω = K(ω, ·): L2(m) →

L2(m)9����.- k�vJA�, ∀ϕ1, ϕ2 ∈ L2(m),K ϕ1 ≥ 0, ϕ2 ≥ 0,�� Fubini 4�!

〈Kωϕ1, ϕ2〉 =
∫

G

[∫
G

k(ω, x, y)ϕ1(y)dy
]
ϕ2(x)dx

=
∫

G

[∫
G

k(ω, y, x)ϕ2(x)dx
]
ϕ1(y)dy = 〈ϕ1,Kωϕ2〉;
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J(z� ϕi ∈ L2(m), I ϕ+
i = max(ϕi, 0), ϕ−

i = −min(ϕi, 0), (i = 1, 2). - Kω ���!
〈Kωϕ1, ϕ2〉 = 〈Kωϕ

+
1 −Kωϕ

−
1 , ϕ

+
2 − ϕ−

2 〉
= 〈Kωϕ

+
1 , ϕ

+
2 〉 − 〈Kωϕ

+
1 , ϕ

−
2 〉 − 〈Kωϕ

−
1 , ϕ

+
2 〉 + 〈Kωϕ

−
1 , ϕ

−
2 〉

= 〈ϕ+
1 ,Kωϕ

+
2 〉 − 〈ϕ+

1 ,Kωϕ
−
2 〉 − 〈ϕ−

1 ,Kωϕ
+
2 〉 + 〈ϕ−

1 ,Kωϕ
−
2 〉

= 〈ϕ+
1 − ϕ−

1 ,Kωϕ
+
2 −Kωϕ

−
2 〉 = 〈ϕ1,Kωϕ2〉.

m (3.5) j, c	 ∀ϕ ∈ L2(m), 7
〈K(ω,ϕ), ϕ〉 =

∫
G×G

k(ω, x, y)ϕ(x)ϕ(y)dxdy ≥ 0;

Ic	 ∀ϕ1, ϕ2 ∈ L2(m), 7 ϕ1 − ϕ2 ∈ L2(m) ^

〈Kωϕ1 −Kωϕ2, ϕ1 − ϕ2〉 = 〈K(ω,ϕ1 − ϕ2), ϕ1 − ϕ2〉 ≥ 0;

h Kω = K(ω, ·) 9O�Æ�� Hilbert ., L2(m) 7�h�a{{��, ^9��./�. 8
C Kω 97� (33) ����. |H, >& {ϕn} ⊂ L2(m), ‖ϕn‖L2 → 0 f ‖Kωϕn‖L2 → +∞.
��K� 8 !, ∀ ε > 0, ∃ϕε ∈ L2(m), ‖ϕε‖L2 ≤ ε, ∃ {ϕni}, c

lim
i→∞

〈Kωϕni , ϕni − ϕε〉 = −∞. (3.7)

I β = supn ‖ϕn‖L2 , - Kω �./�!
〈Kωϕni , ϕni − ϕε〉 ≥ 〈Kωϕε, ϕni − ϕε〉 ≥ −‖K(ω,ϕε)‖L2‖ϕni − ϕε‖L2

≥ −‖K(ω,ϕε)‖L2(‖ϕni‖L2 + ‖ϕε‖L2) ≥ −‖K(ω,ϕε)‖L2(β + ε).

'� (3.7) jqg. c� Kω 97� (33) �.

c	 Hilbert .,7ZFh�7�����7?(�h�T
}, h�8I Kω �h�T

}	

√
Kω,

√
Kω z9a{{�7�����, ^ ‖√Kω‖2 = ‖Kω‖.

[
� (3.1) ÆH
ϕ = KωFϕ, (3.8)

=?�� F - (Fϕ)(x) = f(x, ϕ(x)) 4f. -us (3), (4) 5p�K� 2 ! f(x, ϕ(x)), 9
Lebesgue Æ?�, - (3.4) j!

‖Fϕ1 − Fϕ2‖2
L2 =

∫
G

|f(x, ϕ1(x)) − f(x, ϕ2(x))|2dx

≤ L2
0

∫
G

|ϕ1(x) − ϕ2(x)|2dx = L2
0‖ϕ1 − ϕ2‖2

L2 , ∀ϕ1, ϕ2 ∈ L2(m).

- (Fθ)(x) = f(x, 0) ∈ L2(m) ! ‖Fϕ‖L2 ≤ L0‖ϕ‖L2 + ‖Fθ‖L2 , ∀ϕ ∈ L2(m). h F : L2(m) →
L2(m) 9337���. x{
�

ϕ =
√
KωF

√
Kωϕ. (3.9)

|g
� (3.8) >&?(��~!
� (3.9) >&?(�. J ∀ϕ ∈ L2(m), m (3.6) j, 7
{‖Kωϕ‖L2 |ω ∈ Ω0} 7�. -{|4�, supω∈Ω0

‖Kω‖ < +∞. I L1 = supω∈Ω0
‖Kω‖, I
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T (ω,ϕ) = ϕ−√
KωF

√
Kωϕ. 8C L0L1 < 1L,7 T : Ω0×L2(m) → L2(m)9\./�. nO7

〈T (ω,ϕ1) − T (ω,ϕ2), ϕ1 − ϕ2〉
= ‖ϕ1 − ϕ2‖2

L2 −
〈√

KωF
√
Kωϕ1 −

√
KωF

√
Kωϕ2, ϕ1 − ϕ2

〉
= ‖ϕ1 − ϕ2‖2

L2 −
〈
F

√
Kωϕ1 − F

√
Kωϕ2,

√
Kωϕ1 −

√
Kωϕ2

〉
≥ ‖ϕ1 − ϕ2‖2

L2 − L0

∥∥√
Kωϕ1 −

√
Kωϕ2

∥∥2

L2 ≥ ‖ϕ1 − ϕ2‖2
L2 − L0

∥∥√
Kω

∥∥2‖ϕ1 − ϕ2‖2
L2

= (1 − L0‖Kω‖)‖ϕ1 − ϕ2‖2
L2 ≥ (1 − L0L1)‖ϕ1 − ϕ2‖2

L2 .

c 1 − L0L1 > 0, h T 9��\./�. ���� 3 !, T (ω,ϕ) = θ & L2(m) ?>&?(��
�. f
� T (ω,ϕ) = θ D
� (3.9), -
� (3.9) �
� (3.8) ��r,�;}Æg
� (3.1)
>&?(���.

e 2 &4� 9 ?, J��JAw k(ω, x, y) }r4 k(ω, ·, ·) ∈ L2(G×G), ef�� Kω }

`9r�, c�*1�78�~����r����f!".
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