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§1. Ú ó

3xD(©ÛnØ¥, 'u2Â�fÚ2Â�¼�?ØÌ�k: Obata (1996)/Ïu2

Â�f���?Ø
2Â�f�)Û�x; Chung�(1999)|^WC�é2Â�)Û�x

½n�Ñ
�{ü�y². �©Ú\2Â�f�ÿÝ�Vg, ¿?Ø2Â�f�¼ê'u

2Â�f�ÿÝ�È©. /Ïu2Â�f�WickÈ$�, ½Â
�«2Â�f�¼ê'u

2Â�f�ÿÝ�È©, ¡�Bochner-WickÈ©. ?Ø
ù«È©�5�, ïá
�A�

Âñ½n¿�Ð«
Ù3þfxD(nØ¥�A^.

±e, b½(E)C ⊂ (L2)C ⊂ (E)∗C�¢Gel’fandn�|E ⊂ H ⊂ E∗þ�xD(©Ûµ

e, Ù¥H = L2(R), E = S(R). d	, �BuLã, ò(E)C ⊂ (L2)C ⊂ (E)∗C{P�(E) ⊂
(L2) ⊂ (E)∗.

∂tL«(E)þ�Hida�©�f, éϕ ∼ (ϕn) ∈ (E), k∂tϕ ∼ ((n+ 1)ϕ(n+1)(t, ·))n≥0, ÷

v〈〈∂∗t F,ϕ〉〉 = 〈〈F, ∂tϕ〉〉, F ∈ (E)∗, ϕ ∈ (E).

½Â 1.1 [3] �(Ω,F)L«?¿�ÿ�m, µ¡�(Ω,F)þ��u(E)∗��þÿÝ, X

Jé?¿��pØ����ÿ8An, n = 0, 1, 2, . . .k

µ
( ∞⋃
n=0

An

)
=
∞∑
n=0

µ(An),

Ù¥?ê�Âñ´(E)∗ ¥�fÂñ.

∗I[g,�ÆÄ7(11061032, 71261023)]Ï.
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´�, eµ´(E)∗���þÿÝ, KÙS -C�(Sµ)(A) = 〈〈µ(A), φξ〉〉´��¢�ÿÝ.

Ù¥φξ(x) = e〈x,ξ〉−(1/2)|ξ|20 , x ∈ E∗.

½Â 1.2 [3] �µ´F → (E)∗��þÿÝ, A ∈ F , π´A�k��ÿy©, 5½|µ|p(A)

= sup
π

∑
B∈π
‖F (B)‖2,p, p ∈ R, K¡|µ|p�µ�pC� (|µ|p�7k�).

?�Ú, e�3p ∈ R, ¦�|µ|p(E) <∞, K¡µ´k�C��þÿÝ.

5P ¦+|µ|p(Ω) < +∞, =µ´(E)−p���þÿÝ, �ØU@�µ´(E)−p þ��

þÿÝ, Ï�Ù���\5�Âñ¿Â, ´(E)∗¥�fÂñ, �7�½´±�ê‖ · ‖2,pÂñ,

ù��,µ� |µ|p, (E)p´Hilbert�m, �.À –Z�¶½n��7¤á.

±e¤?Ø��þÿÝþb½�k�C��.

Ún 1.1 [3] �µ´k�C���þÿÝ, K�3p ∈ R, ‖µ‖p, ´�Kê�ÿÝ.

½Â 1.3 [3] ¡N�X : Ω→ (E)∗´{üN�, XJX�L«�e¡/ª

X =
n∑
i=1

XiIAi ,

Ù¥Xi ∈ (E)∗, Ai ∈ F , i = 1, 2, . . . , n, n ≥ 1, {Ai}pØ��, �
n⋃
i=1

Ai = Ω.

½Â 1.4 [3] é{üN�X =
n∑
i=1

XiIAi , ½ÂBochner-WickÈ©∫
X(ω) � dµ =

n∑
i=1

Xi � µ(Ai).

dd½Â��, éγ ∈ R, α > 0, β > 0, 2−2α + 2−2β = 1, k∥∥∥∫ X(ω) � dµ
∥∥∥

2,γ
≤

n∑
i=1
‖Xi‖2,γ+α‖µ(Ai)‖2,γ+β ≤

∫
‖X(ω)‖2,γ+αd|µ|γ+β.

½Â 1.5 [3] ¡N�X(ω)´'uµr�ÿ�, e�3p, q ∈ R, Ú{üN�S�Fn(e),

n ≥ 1, ¦�‖X(ω)−Xn(ω)‖2,q → 0 (n→∞), |µ|p − a.s..

½Â 1.6 [3] �X(ω)´r�ÿN�, e�3p, q ∈ RÚ{üN�S�Xn(ω)¦�∫
‖X(ω)−Xn(ω)‖2,qd|µ|p (n→∞),

K¡X(ω)'uµ Bochner-Wick�È, ù�

∫
Xn(ω) � dµrÂñ�(E)∗¥����, P�∫

X(ω) � dµ, ¡��X(ω)'uµ�Bochner-WickÈ©.

Ún 1.2 [3] r�ÿN�X(ω)'uµ Bochner-Wick�È�¿�^�´, �3p, q ∈ R
¦�‖X(ω)‖2,q'u|µ|p�È, = ∫

‖X(ω)‖2,qd|µ|p < +∞.
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Ún 1.3 [3] �Xn(ω), n ≥ 1´r�ÿN�S�, e�3q ∈ R¦‖X(ω) −Xn(ω)‖2,q
→ 0 (n→∞), KX(ω)´r�ÿN�.

Ún 1.4 [3] (1) �55 �X(ω), Y (ω)'uµ Bochner-Wick�È, é?¿¢êα, βk∫
[αX(ω) + βY (ω)] � dµ = α

∫
X(ω) � dµ+ β

∫
Y (ω) � dµ.

(2) �X(ω)'uµ Bochner-Wick�È, K�3p, q, r ∈ R¦∥∥∥∫ X(ω) � dµ
∥∥∥

2,r
≤
∫
‖X(ω)‖2,qd|µ|p.

(3) ��Âñ½n �X(ω), Xn(ω), n ≥ 1´r�ÿN�S�, g(·)´F�ÿ¼ê, e�

3p, q ∈ R, ¦�g(·) ∈ L1(d|µ|p)Ú‖X(ω)‖2,q ≤ g(ω), |µ|p a.s., K�Xn(ω)
(E)q−−−→
n→∞

X(ω)�,

X(ω)'uµ Bochner-Wick�È, �∫
Xn(ω) � dµ

(E)r−−−→
n→∞

∫
X(ω) � dµ.

Ún 1.5 [3] �X(ω)r�ÿ�'uµ Bochner-Wick�È, KÙS -C�SX(ω)'uÿ

ÝSµ�È, �

S

∫
X(ω) � dµ =

∫
SX(ω)dSµ.

Ún 1.6 [3] �µ, νÑ´(Ω,F)þk�C��þÿÝ, X(ω1, ω2)´Ω⊗2 → (E)∗��r

�ÿN�. e�3p, q ∈ R¦�∫
‖X(ω1, ω2)‖2,qd|µ|p × |νp| < +∞,

K (1) X(ω1, ω2)'uµ � ν Bochner-Wick�È.

(2) X(·, ω2), X(ω1, ·)©O'uµ, νr�ÿ�Bochner-Wick�È.

(3) H(ω2) =

∫
X(·, ω2)�dµ, K(ω1) =

∫
X(ω1, ·)�dν©O'uµ, νr�ÿ�Bochner-

Wick�È.

(4) e¡�ª¤á∫
X(ω1, ω2) � d(µ � ν) =

∫ (∫
X(ω1, ω2) � dµ

)
� dν =

∫ (∫
X(ω1, ω2) � dν

)
� dµ.

e¡�ÑÚn1.6���A^.

Ún 1.7 [3] �(Ω,F) = (R,B), {Wt, t ∈ R}´(s∗(R),B(s∗(R)))þ�ÙK$Ä, µ(A)

=

∫
1AdWt, A ∈ B. e�3q ∈ R, ¦�

∫
‖X(t, s)‖22,qdtds < +∞, Ke��È©ªk¿

Â, ��ª¤á∫
∂∗t ∂

∗
sX(t, ω)dt× ds =

∫
∂∗t

(∫
∂∗sX(t, ω)dt

)
ds =

∫
∂∗s

(∫
∂∗tX(t, ω)ds

)
dt.
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§2. � ©

L[(E), (E)∗]¥���¡�xD(©Ûµe(E) ⊂ (L2) ⊂ (E)∗þ�2Â�f, {¡2

Â�f. dSchwartzØ½n��

L[(E), (E)∗] ∼= B[(E)× (E)] ∼= [(E)⊗ (E)]∗ ∼= (E)∗ ⊗ (E)∗.

½Â 2.1 2Â�f�¼êZ : F → L[(E), (E)∗]¡��ÿ�m(Ω,F)þ�2Â�f

�ÿÝ, eé?¿��üüØ��{Fn} ⊂ F , k

Z
( ∞⋃
n=1

Fn

)
=
∞∑
n=1

Z(Fn),

Ù¥Âñ´��¿Âe�Âñ, =∀ ξ, η ∈ E, k

̂
Z
( ∞⋃
n=1

Fn

)
(ξ, η) =

∞∑
n=1

Ẑ(Fn)(ξ, η).

5P 1 �Z´(Ω,F)þ���2Â�f�ÿÝ. éuz�éξ, η ∈ E, ½ÂE�8¼

êẐξ,η : F → CXe:

Ẑξ,η(F ) = Ẑ(F )(ξ, η), F ∈ F .

´�, éuz�éξ, η ∈ E, Ẑξ,η´(Ω,F)þ�E�ÿÝ.

5P 2 eZ´(Ω,F)þ�2Â�f�ÿÝ(Generalized Operator Valued Measure,

{¡�GOVM), Kéuk�õ�üüØ��{Fk}1≤k≤n ⊂ F , k

Z
( n⋃
k=1

Fk

)
=

n∑
k=1

Z(Fk).

�T ∈ L[(E), (E)∗], p ≥ 0, 5½

‖T‖p = sup{‖Tϕ‖−p |ϕ ∈ (E), ‖ϕ‖p = 1}.

¡��T��fp -�ê.

½Â 2.2 b½Z´(Ω,F)þ���GOVM, p ≥ 0, F ∈ F , 5½

‖Z‖p(F ) = sup
π

∑
B∈π
‖Z(B)‖p,

Ù¥π´Fþ�k��ÿy©, sup
π
¿�Xé��F�k��ÿy©¦þ(..

¡8¼ê‖Z‖p : F → R+�Z�p -C�, 
¡‖Z‖p(F )�Z3Fþ�p -C�.

e‖Z‖p(Ω) <∞, K¡Z´p -k�C��.
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½n 2.1 eZ´(Ω,F)þ���p -k�C��GOVM, KÙp -C�‖Z‖p´k��\
�.

y²: �F1, F2 ∈ F��pØ����ÿ8Ü. PF = F1 ∪ F2, éuF�?¿��k

��ÿy©π, {B ∩ F1|B ∈ π}Ú{B ∩ F2|B ∈ π}©O´F1ÚF2�k��ÿy©. u´

∑
B∈π
‖Z(B)‖p =

∑
B∈π
‖Z(B ∩ F1) + Z(B ∩ F2)‖p

≤
∑
B∈π
‖Z(B ∩ F1)‖p +

∑
B∈π
‖Z(B ∩ F2)‖p

≤ ‖Z‖p(F1) + ‖Z‖p(F2).

dd¿5¿�π�?¿5, ��

‖Z‖p(F ) ≤ ‖Z‖p(F1) + ‖Z‖p(F2).

,��¡, éu?¿ε > 0, du‖Z‖p(F1) ≤ ‖Z‖p(Ω) < ∞, ¤±�3F1�k��ÿy

©π1¦�

‖Z‖p(F1)− ε <
∑
B∈π1

‖Z(B)‖p.

Ón, �3F2�k��ÿy©π2¦�

‖Z‖p(F2)− ε <
∑
B∈π2

‖Z(B)‖p.

5¿�π1 ∪ π1�¤F�k��ÿy©, u´

‖Z‖p(F1) + ‖Z‖p(F2)− 2ε <
∑
B∈π1

‖Z(B)‖p +
∑
B∈π2

‖Z(B)‖p

≤ ‖Z‖p(F ).

dε�?¿5��

‖Z‖p(F1) + ‖Z‖p(F2) ≤ ‖Z‖p(F ).

nþ

‖Z‖p(F ) = ‖Z‖p(F1) + ‖Z‖p(F2). �

½n 2.2 �Z´�ÿ�m(Ω,F)þ���p -k�C��GOVM, Ù¥p ≥ 0�½, K

Ùp -C�‖Z‖p σ -�\�¿�^�´: Z'u�fp -�êσ -�\, =é?¿üüØ�{Fn} ⊂
F , k ∥∥∥Z( ∞⋃

n=1
Fn

)
−

n∑
k=1

Z(Fk)
∥∥∥
p
→ 0 (n→∞).
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y²: 7�5w,.

ey¿©5. �{Fn} ⊂ FüüØ�, 2�π´F =
∞⋃
n=1

Fn�?¿��k��ÿy©, K

∑
B∈π
‖Z(B)‖p =

∑
B∈π

∥∥∥Z( ∞⋃
n=1

B ∩ Fn
)∥∥∥

p
=
∑
B∈π

∥∥∥ ∞∑
n=1

Z(B ∩ Fn)
∥∥∥
p

≤
∑
B∈π

∞∑
n=1
‖Z(B ∩ Fn)‖p =

∞∑
n=1

∑
B∈π
‖Z(B ∩ Fn)‖p

≤
∞∑
n=1
‖Z‖p(Fn).

dπ�?¿5, ‖Z‖p(F ) ≤
∞∑
n=1
‖Z‖p(Fn), y.. �

½Â 2.3 ¡N�X : Ω→ L[(E), (E)∗]´{ü�GOVM, XJX�L�e¡�/ª

X(ω) =
n∑
i=1

XiIAi(ω), ω ∈ Ω,

Ù¥Xi ∈ L[(E), (E)∗], Ai ∈ F , i = 1, 2, . . . , n, n ≥ 1, AipØ��, �
n⋃
i=1

Ai = Ω.

·K 2.1 eZ´(Ω,F)þ���p -k�C��GOVM, Ké?¿�ξ, η ∈ E,

|Ẑξη|(F ) ≤ ‖Z‖p(F ) exp
{1

2
(|ξ|2p + |η|2p)

}
.

y²: �π´F�?¿k��ÿy©, K∑
B∈π
‖Ẑξη(B)‖ =

∑
B∈π
‖〈〈Z(B)φξ, φη〉〉‖ ≤

∑
B∈π
‖Z(B)‖p‖φξ‖p‖φη‖p

=
∑
B∈π
‖Z(B)‖p exp

{1

2
(|ξ|2p + |η|2p)

}
≤ ‖Z‖p(F ) exp

{1

2
(|ξ|2p + |η|2p)

}
. �

±e�p ≥ 0�½, Z´(Ω,F)þ���p -k�C��GOVM. Pµp(·) = ‖Z‖p(·), ¿b
½µp´σ -�\�.

½Â 2.4 ¡2Â�f�N�S : Ω→ L[(E), (E)∗]´p -{ü�, XJ

S(ω) =
n∑
i=1

TiIFi(ω), ω ∈ Ω,

Ù¥{F1, F2, . . . .Fn} ⊂ F´Ω���k��ÿy©, {T1, T2, . . . , Tn} ⊂ Lp, ùp

Lp[(E), (E)∗] ≡ {T ∈ L[(E), (E)∗] | ‖T‖p < +∞}.

½Â 2.5 ¡2Â�f�N�X : Ω → L[(E), (E)∗]´p -�ÿ�, XJ�3��p -{

ü�2Â�f�N�{Sn}n≥1, ¦�‖X(ω)− Sn(ω)‖p
n→∞−−−→ 0, µp − a.e.uΩ.
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½Â 2.6 L(Ω, µp;Lp) =
{
X : Ω → Lp |X´p -�ÿ�

∫
Ω
‖X(ω)‖pµp(dω) < ∞

}
,

Ù¥, L ≡ Lp[(E), (E)∗]. 5: (Ω,F)þ�p -{ü2Â�f�N�þáuL(Ω, µp;Lp).

5P 3 eX ∈ L(Ω, µp;Lp), Kk��p -{ü�2Â�f�N�{Sn}n≥1÷v∫
Ω
‖X(ω)− Sn(ω)‖pµp(dω)→ 0 (n→∞).

½Â 2.7 �S´��p -{ü�2Â�f�N�, K5½∫
Ω
S(ω) � Z(dω) =

n∑
i=1

Ti � Z(Fi),

Ù¥S(ω) =
n∑
i=1

TiIFi(ω), ω ∈ Ω, ¡þãÈ©�S'uZ�Wick-.È©.

�q > p, ¦�3e2‖A−(q−p)‖2HS < 1, P

Cp,q =
1

1− 3e2‖A−(q−p)‖2HS

,

Ù¥A´��f.

½n 2.3 �S : Ω → Lp´p -{ü�, Z´(Ω,F)þ���p -k�C��GOVM, Ù

p -C�µp ≡ ‖Z‖p´σ -�\�, K∥∥∥∫
Ω
S(ω) � Z(dω)

∥∥∥
q
≤ Cp,q

∫
Ω
‖S(ω)‖pµp(dω).

y²: �S(ω) =
n∑
i=1

TiIFi(ω), Ù¥{Ti} ⊂ Lp, -Y =

∫
Ω
S(ω) �Z(dω), K∀ ξ, η ∈ E,

k

Ŷ (ξ, η) =
n∑
i=1

̂Ti � Z(Fi)(ξ, η) =
n∑
i=1

T̂i(ξ, η)Z(Fi)(ξ, η)e−〈ξ,η〉.

dd�

|Ŷ (ξ, η)| ≤
n∑
i=1
|T̂i(ξ, η)| · |Ẑ(Fi)(ξ, η)| · |e−〈ξ,η〉|

≤
n∑
i=1
‖Ti‖p‖Z(Fi)‖p exp

{3

2
(|ξ|2p + |η|2p)

}
≤

n∑
i=1
‖Ti‖pµp(Fi) exp

{3

2
(|ξ|2p + |η|2p)

}
=

∫
Ω

( n∑
i=1
‖Ti‖pIFi(ω)

)
µp(dω) exp

{3

2
(|ξ|2p + |η|2p)

}
=

∫
Ω
‖S(ω)‖pµp(dω) exp

{3

2
(|ξ|2p + |η|2p)

}
.
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d2Â�f��ê�O�, �q > p, 3e2‖A−(q−p)‖2HS < 1�, k

‖Y ϕ‖−q ≤

∫
Ω
‖S(ω)‖pµp(dω)

1− 3e2‖A−(q−p)‖2HS

‖ϕ‖q.

�

‖Y ‖q ≤

∫
Ω
‖S(ω)‖pµp(dω)

1− 3e2‖A−(q−p)‖2HS

.

= ∥∥∥∫
Ω
S(ω) � Z(dω)

∥∥∥
q
≤ Cp,q

∫
Ω
‖S(ω)‖pµp(dω). �

½n 2.4 �X ∈ L(Ω, µp;Lp), {Sn}n≥1´��p -{ü�2Â�f�N�, ÷v∫
Ω
‖X(ω)− Sn(ω)‖pµp(dω)

n→∞−−−→ 0, µp − a.e.,

K
{∫

Ω
Sn(ω) � Z(dω)

}
n≥1
'u�fq -�êÂñ, =�32Â�fY ∈ Lq[(E), (E)∗], ¦�

∥∥∥Y − ∫
Ω
Sn(ω) � Z(dω)

∥∥∥
q
→ 0 (n→∞).

y²:∥∥∥∫
Ω
Sm(ω) � Z(dω)−

∫
Ω
Sn(ω) � Z(dω)

∥∥∥
q

=
∥∥∥∫

Ω
(Sm(ω)− Sn(ω)) � Z(dω)

∥∥∥
q

≤ Cp,q

∫
Ω
‖Sm(ω)− Sn(ω)‖pµp(dω)

→ 0 (m,n→∞).

��
{∫

Ω
Sn(ω)�Z(dω)

}
n≥1
'u�fq -�ê´��Ä��,l
k���Y ∈ Lq[(E), (E)∗],

¦� ∫
Ω
Sn(ω) � Z(dω)

n→∞−−−→ Y 'uq -�ê. �

½Â 2.8 ¡þã2Â�fY�N�X'uZ�Wick-.È©, P�

Y =

∫
Ω
X(ω) � Z(dω).

½n 2.5 �X ∈ L(Ω, µp;Lp), K
∫

Ω
X(ω) � Z(dω) ∈ Lq, �k�O

∥∥∥∫
Ω
X(ω) � Z(dω)

∥∥∥
q
≤ Cp,q

∫
Ω
‖X(ω)‖pµp(dω).
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y²: Ï�X ∈ L(Ω, µp;Lp), ¤±�3��p -Ä��2Â�f�N�{Sn}n ≥ 1, ÷

v ∥∥∥∫
Ω
X(ωZ(dω))−

∫
Ω
Sn(ωZ(dω))

∥∥∥
q

n→∞−−−→ 0'uq -�ê.

u´, éu?¿�ε > 0, �3N , �n > N�, k∥∥∥∫
Ω
X(ω) � Z(dω)

∥∥∥
q

=
∥∥∥∫

Ω
X(ω) � Z(dω)−

∫
Ω
Sn(ω) � Z(dω)

+

∫
Ω
Sn(ω) � Z(dω)

∥∥∥
q

≤
∥∥∥∫

Ω
X(ω) � Z(dω)−

∫
Ω
Sn(ω) � Z(dω)

∥∥∥
q

+
∥∥∥∫

Ω
Sn(ω) � Z(dω)

∥∥∥
q

≤ ε+
∥∥∥∫

Ω
Sn(ω) � Z(dω)

∥∥∥
q

< ∞.

¤±

∫
Ω
X(ω) � Z(dω) ∈ Lq.


qk±þy²9c�½n�, é?¿�ε′ > 0,∥∥∥∫
Ω
X(ω) � Z(dω)

∥∥∥
q
≤ ε+

∥∥∥∫
Ω
Sn(ω) � Z(dω)

∥∥∥
q

≤ ε+ Cp,q

∫
Ω
‖Sn(ω)‖pµp(dω)

≤ ε+ Cp,q

∫
Ω
‖X(ω)‖pµp(dω) + ε′.

dε, ε′�?¿5, ∥∥∥∫
Ω
X(ω) � Z(dω)

∥∥∥
q
≤ Cp,q

∫
Ω
‖X(ω)‖pµp(dω). �

N´y², È©äk�55.

½n 2.6 eX,Y ∈ L(Ω, µp;Lp), é?¿¢êα, β, k∫
Ω

[αX(ω) + βY (ω)] � Z(dω) = α

∫
Ω
X(ω) � Z(dω) + β

∫
Ω
Y (ω) � Z(dω).

½n 2.7 (��Âñ½n) �2Â�f�N�S�{Xn}n≥1 p -�ÿ, �÷v

(1) ∀ δ > 0, k

lim
n→+∞

µp[‖Xn −X‖p ≥ δ] = 0,

Ù¥X´��p -�ÿ�2Â�f�¼ê.
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(2) �3(Ω,F ;µp)þ��K�È¼êg(·), ¦�

‖Xn(ω)‖p ≤ g(ω), µp − a.e.uΩ, n = 1, 2, . . . ,

KX ∈ L(Ω, µp;Lp)�∥∥∥∫
Ω
X(ω) � Z(dω)−

∫
Ω
Xn(ω) � Z(dω)

∥∥∥
q
→ 0 (n→∞).

y²: d^�(1)��,

‖Xn(ω)−X(ω)‖p
µp−→ 0 (n→∞).

l
k�f�{‖Xnk
(ω)−X(ω)‖p}k≥1, ¦�

‖Xnk
(ω)−X(ω)‖p → 0, µp − a.e.uΩ,

dd��,

‖X(ω)‖p ≤ g(ω), µp − a.e.uΩ.

l
X ∈ L(Ω, µp;Lp)q∥∥∥∫
Ω
X(ω) � Z(dω)−

∫
Ω
Xn(ω) � Z(dω)

∥∥∥
q

=
∥∥∥∫

Ω
(X(ω)−Xn(ω)) � Z(dω)

∥∥∥
q

≤ Cp,q

∫
Ω
‖(X(ω)−Xn(ω)‖pµp(dω)

→ 0 (n→∞). �

½Â 2.9 �X(ω)�(Ω,F)þ�2Â�f�N�, �X ∈L(Ω, µp;Lp). Ké?ÛA ∈

F , IAX ∈ L(Ω, µp;Lp). u´
∫
A
X � Z(dω) =

∫
Ω
IAX � Z(dω)k¿Â, ¡�X(ω)'uZ(ω)

3Aþ�Wick-.Ø½È©.

d��Âñ½n9Wick-.Ø½È©�½Â, ´yXe½n

½n 2.8 �X ∈ L(Ω, µp;Lp), {Fn}n≥1 ⊂ F�Fi ∩ Fj = ∅, i 6= j, Kk∫
∞⋃

n=1
Fn

X(ω) � Z(dω) =
∞∑
n=1

∫
Fn

X(ω) � Z(dω).

½n 2.9 �X ∈ L(Ω, µp;Lp), Kéz�é ξ, η ∈ E, E�¼êω 7−→ X̂(ω)(ξ, η)3

(Ω,F)þ'uE�ÿÝẐξ,η�È, ¿�÷v[ ∫
Ω
X(ω) � Z(dω)

]̂
(ξ, η) = e−〈ξ,η〉

∫
Ω
X̂(ω)(ξ, η)Ẑ(ξ,η)(dω).

ùp
[ ∫

Ω
X(ω) � Z(dω)

]̂
(ξ, η)L«'u

∫
Ω
X(ω) � Z(dω)���.
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y²: ´�ω 7−→ X̂(ω)(ξ, η)´�ÿ¼ê. qÏ

|X̂(ω)(ξ, η)| ≤ ‖X(ω)‖p exp
{1

2
(|ξ|2p + |η|2p)

}
, ω ∈ Ω.


d·K2.1

|Ẑξη|(F ) ≤ µp(F ) exp
{1

2
(|ξ|2p + |η|2p)

}
, F ∈ F .

u´ ∫
Ω
|X̂(ω)(ξ, η)| |Ẑ(ξ,η)|(dω) ≤ exp{|ξ|2p + |η|2p}

∫
Ω
‖X(ω)‖pµp(dω).

��E�¼êX̂(·)(ξ, η)'uE�ÿÝẐξη�È. |^Âñ½n´�[ ∫
Ω
X(ω) � Z(dω)

]̂
(ξ, η) = e−〈ξ,η〉

∫
Ω
X̂(ω)(ξ, η)Ẑ(ξ,η)(dω). �

5P 4 ���þ��2Â�f�¼ê�Bochner-WickÈ©,vkaquÊÏLebes-

gueÈ©�HölderÚMinkowskiØ�ª5�¤á.

e¡�ÄA^.

�T > 0´���½��ê, l,m ≥ 0��K�ê. �Ä«m[0, T ]þ�2Â�f�N�

t 7−→ ∂∗lt ∂
m
t , Ù¥∂t�Hida�©�f, ∂∗t�∂t�éó.

3þfxD(nØ¥, þãN�¡�(l,m) -�þfxD(. -

Wl,m(F ) =

∫
F
∂∗lt ∂

m
t dt, F ∈ B[0, T ],

Ù¥B[0, T ]L«[0, T ]þ�Borel σ -�ê. �±y², Wl,m´([0, T ],B[0, T ])þ���GOVM.

d	, ��±y²: �3p ≥ 0¦�Wl,m´p -k�C��, ¿�Ùp -C�÷v

‖Wl,m‖p(F ) =

∫
F
‖∂∗lt ∂mt ‖pdt, F ∈ B[0, T ].

�X´«m[0,T ]þ���2Â�f�N�,÷vX∈L([0,T ], µp;Lp),Ù¥µp=‖Wl,m‖p.
�±y² ∫

[0,T ]
X(t) �Wl,m(dt) =

∫
[0,T ]

X(t) � ∂∗lt ∂mt dt.

þªmàL«þfxD(È©[6]. ù`², þfxD(È©�À�·�¤JÑ�Bochner-

WickÈ©���A~.

�d, ®²ïáå
Wick -.È©�Ä�µe. k'Wick -.È©�Fubini½n�?

Ø�ò´���~k¿Â�¯�. �u�Ì, =�Ñ'u2Â�f�¼êWick -.È©�

Fubini½n�SN9y²���, =k'Bocher-WickÈ©�Fubini½n�Ð".

é(Ω,F)þk�C��GOVM Z, Y ,·��{3(Ω⊗2,F⊗2)þ½Â�a#�GOVM —

Wick -.¦ÈÿÝZ �Y . �*þ,éuA,B ∈ F ,A½Â(Z �Y )(A×B) = Z(A)�Y (B). ,
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Wick -.¦ÈÿÝXÛl�*Ü���σ -�êþ, kEâþ�(J. �©��ÏLU -�

¼�{��3(Ω⊗2,F⊗2)þ½ÂWick -.¦ÈÿÝ, ±£;ÿÝ*Ü¯K.

®²��Ẑ, Ŷ´��¢�ÿÝ, ¿��±¦�µp, νp�´��¢�ÿÝ, ùpµp =

‖Z‖p, νp = ‖Y ‖p. e-U(δ) = (Ẑ × Ŷ )(A×B), KU(δ)´��U -�¼, ��/Ak

½n 2.10 éH ∈ F⊗2, KU(δ) = (Ẑ × Ŷ )(H)´��U -�¼.

Ún 2.1 �Z´p -C��GOVM, H ∈ F⊗2, H(ω1)L«H3ω1?���, KH(ω1)

´'uZ�p -�ÿN�.

Ún 2.2 �Z, YÑ´(Ω,F)þ�p -C��GOVM, X(ω1, ω2)´Ω⊗2 → L[(E), (E)∗]

��p -�ÿN�, =�3p -{ü�2Â�f�N�Xn(ω1, ω2), n ≥ 1, ¦�

‖Xn(ω1, ω2)−Xn(ω1, ω2)‖p → 0 (n→ 0), µp × νp − a.s..

Kéµp a.s− ω1, X(ω1, ·)'uνp�ÿ�, éνp a.s− ω2, X(ω2, ·)'uµpr�ÿ�.

½n 2.11 Z, Y,X(ω1, ω2)ÓÚn2.2, e∫
‖X(ω1, ω2)‖pdµp × νp < +∞,

K (1) X(ω1, ω2)'uµp × νp Bochner-Wick�È.

(2) X(·, ω2), X(ω1, ·)©O'uZ, Y p -�ÿ�Bochner-Wick�È.

(3) H(ω2) =

∫
X(·, ω2) � dZ, K(ω1) =

∫
X(ω1, ·) � dY©O'uZ, Y p -�ÿ�Boch-

ner-Wick�È.

(4) e¡�ª¤á∫
X(ω1, ω2) � d(Z � Y ) =

∫ (∫
X(ω1, ω2) � dZ

)
� dY =

∫ (∫
X(ω1, ω2) � dY

)
� dZ.
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Bochner-Wick Integrals of Generalized Operator Valued

Function in White Noise Analysis

Han Qi Wang Caishi Cheng Dan

(College of Mathematics and Statistics Science, Northwest Normal University, Lanzhou, 730070 )

Generalized operators of white noise play a very important role in the theory and application of

white noise analysis. In the present thesis, we mainly discuss the integration of generalized operator-

valued functions with respect to generalized operator-valued measures and related topics. The main work

is as follows: First, a notion of generalized operator-valued measures is introduced, and variations of such

a measure are investigated in the sense of symbol and operator p-norm, respectively. Secondly, an integral,

called Bochner-Wick integral, of a generalized operator valued function with respect to a generalized op-

erator valued measure is defined. Properties of the integral are examined and corresponding convergence

theorems are established. Finally, the Fubini theorem for the integral is discussed and applications are

shown.

Keywords: White noise space, generalized operator valued measure, symbol, Bochner-Wick inte-

gral.

AMS Subject Classification: 60F05.

《
应
用
概
率
统
计
》
版
权
所
有




