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1 ��

�������������������������, ����� [1–9]. ����

���, Bojdecki � [4−8] ��� (d, α, β) �������������. 	 β = 1, ���

���, ����. Bojdecki[4, 5] ��� (d, α, 1) �����������. β < 1 ����

�� [7, 8] �����.

Zhang[9] ��������� Brown ������������, ��������,

���� Lebesgue�
��,��������,���� Brown����.�� Lebesgue

�����, 	 d � 4, ����������, ������� Wiener ��. 	 d � 3, �

	����, ������ Kλζ, �� K ����, λ � R
d �� Lebesgue �
, (ζt)t�0 �

�� Gauss ��. ���������, 	 d � 5 � d � 7, ����	��	��, ���

�� Lebesgue ����; 	 d = 6, ������, ����	��	�� (���� 1.4).


� Zhang[9] 
�������������.

���� Zhang[9] �
�������, ���������	� Kolmogorov ��.

�� [9] ��������, �������������			
�, ���
� (�� 4


�) �
�
��	,��	
.� Bojdecki� [4, 5] ���, ������	� Fourier�

�������, �����
��
����, ������������, �����

��	
.

C(Rd) 
� R
d ����	
���. 	� p > d, � φp(x) := (1 + |x|2)−p/2, x ∈ R

d.

� Cp(Rd) := {f ∈ C(Rd) : |f(x)| � const·φp(x)}. �
����	�
������
	
�
 “ + ”, ��, C+

p (Rd). � Mp(Rd) 
� R
d �� Radon �
 μ ��, ������
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f ∈ Cp(Rd), �� 〈μ, f〉 :=
∫

f(x)μ(dx) < ∞. Mp(Rd) ��	 p ���: μk → μ 	��	�

��� f ∈ Cp(Rd), 〈μk, f〉 → 〈μ, f〉. R
d �� Lebesgue �
�� λ, �� λ ∈ Mp(Rd). �

‖ · ‖ 
� R
d �������.

� S (Rd) 
� R
d ���
���� Schwarz ��. �: S (Rd) ��
� f ����

��, ����	�
� k ���	�
��
 α = (α1, . . . , αd), ��

lim
|x|→∞

|x|k|∂αf(x)| = 0,

��

∂αf(x) =
∂|α|

∂xα1
1 · · ·xαd

d

f(x1, . . . , xd),

|α| = α1 + · · · + αd. S (Rd) �����		���	�:

f �→ pn(f) := sup{(1 + |x|n)|∂αf(x)| : x ∈ R
d, |α| � n}, n = 0, 1, 2, . . . .

S ′(Rd) 
� S (Rd) �����, �	���. S +(Rd) 
� S (Rd) ��	�
��.

		���
������. � W = {wt, t � 0} � R
d ��
� Brown ��, �	�

�
� (Pt)t�0, �

�� pt(x) = (2πt)−d/2 exp{−|x|2/2t}. � Brown����� Mp(Rd)

�� Markov�� X = (Xt, Qμ), �� X0 = μ, 	�
��		�:

Eμ exp{−〈Xt, f〉} = exp{−〈μ, wtf〉}, f ∈ C+
p (Rd), (1.1)

�� w·f ��	������� [10]:

wtf = Ptf − 1
2

∫ t

0

Pt−s[w2
sf ]ds, t � 0. (1.2)

� Xλ = (Xλ
t , Qμ) ��� Mp(Rd) � Markov��, �	�
��		�:

Eμ exp{−〈Xλ
t , f〉} = exp

{
− 〈μ, wtf〉 −

∫ t

0

〈λ, wt−sf〉ds

}
, (1.3)

�� w·f ��� (1.2) ��. Xλ 	���� λ ���� Brown ��. � (Y λ
t )t�0 
� Xλ

������

Y λ
t =

∫ t

0

Xλ
s ds, t � 0. (1.4)

���
���, �� Xλ
0 = 0. � (1.3) � (1.4) 
, �� Y λ � Laplace�


E exp{−〈Y λ
t , f〉} = exp

{
−
∫ t

0

〈λ, Vsf〉ds

}
, (1.5)

�� V·f ��	�������:

Vsf =
∫ s

0

Ps−rfdr − 1
2

∫ s

0

Ps−r[V 2
r f ]dr, 0 � s � t. (1.6)

��

〈ZT (t), f〉 := c−1
d (T )[〈Y λ

tT , f〉 − E〈Y λ
tT , f〉], f ∈ S +(Rd), (1.7)

��

cd(T ) =

⎧⎪⎪⎪⎨⎪⎪⎪⎩
T

8−d
4 , d � 3,

T (logT )1/2, d = 4,

T, d � 5.

(1.8)
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	���

�� 1.1 (1) 	 d � 3 �, ��
� K > 0, �� c1 > 0, �� 0 � s � t � K �, �

E(〈ZT (t), f〉 − 〈ZT (s), f〉)2 � c1(t − s)3/2.

(2) 	 d � 4 �, ��
� K > 0, �� c2 > 0, �� 0 � s � t � K �, �

E(〈ZT (t), f〉 − 〈ZT (s), f〉)4 � c2(t − s)2.

		
����� [9]:

�� 1.2 (��� [9]�� 2.3) 	 T → ∞ �, (ZT (t))t�0 ��������� S ′(Rd)

���� Gauss �� (Gt)t�0:

1) 	 d � 3 �, Gt = ηtλ, �� (ηt)t�0 ��	������ Gauss ��, �����	

	�:

Eηt1ηt2 =
∫ t1

0

ds

∫ s

0

dr

∫ r+t2−t1

0

dw

∫ r

0

(w + w′)−d/2dw′ = c(t1, t2), t2 � t1.

2) 	 d � 4 �, (Gt)t�0 � S ′(Rd) ���� Gauss ��, �����		�:

E[Gt1(f)Gt2(g)] = Cd(t1 ∧ t2)2, f, g ∈ S (Rd),

��

Cd =

⎧⎪⎪⎨⎪⎪⎩
1
4
(2π)−2, d = 4,

1
4

∫ ∞

0

dw

∫ ∞

0

dw′
∫ ∫

pw+w′(x, y)f(x)g(y)dxdy, d � 5.

��� 1.1 � 1.2 ��� [11] ��

�� 1.3 (ZT (t))t�0������ 1.2����S ′(Rd)����Gauss�� (Gt)t�0.

��� [12],�	��
��� (Ω,F ,Q), �� {
t : t � 0}� {X�
t : t � 0}�����,

�� {
t : t � 0} ���� Brown ��, �� 
0 = λ. 	� {
t : t � 0}, {X�
t : t � 0} ���

��� Brown ��, ��� {
t : t � 0} ��, �� X�
0 = 0. {X�

t , t � 0} � Laplace �
�

		�:

E exp{−〈X�
t , f〉}= E[E exp{−〈X�

t , f〉}|σ(
s, s � t)]

= E exp
{
−
∫ t

0

〈
s, wt−sf〉ds

}
= exp{−〈λ, Utf〉}, (1.9)

�� w·f ��� (1.2) ��, U·f ��	�������:

Usf =
∫ s

0

Ps−r(wrf)dr − 1
2

∫ s

0

Ps−r[U2
r f ]dr, 0 � s � t. (1.10)

{X�
t : t � 0} 	��� Brown ���� Brown��. � (Y �

t )t�0 
� X� ����,

Y �
t :=

∫ t

0

X�
s ds, t � 0, (1.11)

Y � � Laplace�
�		�:

E exp{−〈Y �
t , f〉} = exp{−〈λ, utf〉}, (1.12)

�� u·f �� w·f 	�� V·f ��� (1.10) ��, �� V·f ���� (1.6) ��. �

〈Z�
T (t), f〉 := b−1

d (T )[〈Y �
tT , f〉 − E〈Y �

tT , f〉], f ∈ S +(Rd), (1.13)
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��

bd(T ) =
{

T
10−d

4 , 3 � d � 6,

T, d � 7.
(1.14)

	���

�� 1.4 (1) 	 3 � d � 5 �, ��
� K > 0, �� c3 > 0, �� 0 � s � t � K �,

�

E(〈Z�
T (t), f〉 − 〈Z�

T (s), f〉)2 � c3(t − s)3/2.

(2) 	 d � 6 �, ��
� K > 0, �� c4 > 0, �� 0 � s � t � K �, �

E(〈Z�
T (t), f〉 − 〈Z�

T (s), f〉)4 � c4(t − s)2.

Zhang[9] ����� Z�
T ��������:

�� 1.5 (��� [9] �� 2.2) 	 d � 3, T → ∞ �, (Z�
T (t))t�0 ���������

S ′(Rd) ��� Gauss �� (Ht)t�0:

a) 	 3 � d � 5 �, Ht = ςtλ, �� (ςt)t�0 ��	������ Gauss ��, ����

�		�: Eςt1ςt2 = c(t1, t2), t1 � t2.

	 d = 3, 5,

c(t1, t2) =
1
2
Cd(2π)−d/2

[
6 − d

2
(t

10−d
2

1 + t
10−d

2
2 ) +

(8 − d)(10 − d)
8

t1t2(t1 + t2)
6−d
2

−20 − 3d

8
(t1 + t2)

10−d
2 − 4 − d

8
|t2 − t1| 10−d

2

]
, (1.15)

�� Cd = [(1 − d/2)(2 − d/2) · · · (5 − d/2)]−1;

	 d = 4 �,

c(t1, t2) =
1
2
(2π)−2

[
1
6
((t31 + t32) log(t1 + t2) − t31 log t1 − t32 log t2)

− 1
12

(t31 + t32 − |t2 − t1|2t2)
]
. (1.16)

b) 	 d � 7 �, (Ht)t�0 � S ′(Rd) ��� Gauss ��, ����		�:

E[Ht1(f)Ht2(g)] =
1
4
(t1 ∧ t2)2

∫ ∞

0

∫ ∞

0

dwdw′

×
∫ ∫

pw+w′(x, y)f(x)g(y)dxdy, f, g ∈ S (Rd); (1.17)

c)	 d = 6�, Ht = H
(1)
t +H

(2)
t ,��H(1)�H(2)
���. ���, H

(1)
t = τtλ, (τt)t�0

��	������ Gauss ��, ����: Eτt1τt2 = c(t1, t2), �� c(t, t) = 1
8α2(2π)−3t2,

c(t1, t2) =
1
2
(2π)−3

[
t1t2
8

− 1
16

(t2 − t1)2 log
t1 + t2
t2 − t1

]
, t1 < t2; (1.18)

H
(2)
t � S ′(Rd) ��� Gauss ��, ���� (1.17) 	�.

��� 1.4 � 1.5 ��� [11] ��

�� 1.6 	 d � 3, T → ∞ �, (Z�
T (t))t�0 ������ 1.5 ���� S ′(Rd) ��

� Gauss �� (Ht)t�0.
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2 �����

������ 1.1, 1.3, 1.4, 1.6 ���. 	��
∫

Rd ���
∫
. 			
����

‖Psf‖ � c(1 ∧ s−
d
2 ), (2.1)

�� c = max{(2π)−
d
2 , ‖f‖}. �� f ∈ S (Rd),���� Fourier�� f̃ : f̃(x) =

∫
ei〈x,z〉f(z)dz.

�� f̃ ��. ����, ��	� f, g ∈ S (Rd),

P̃tf(x) = e−t|x|2 f̃(x), (2.2)∫
f(x)g(x)dx =

1
(2π)d

∫
f̃(x)g̃(−x)dx. (2.3)

��
∫ |f̃(x)|2

|x|n dx < ∞, d > n. ��

C′
n =

1
(2π)d

∫ |f̃(x)|2
|x|n dx, (2.4)

�����, ��� 1.1–1.6����, 	��� K = 1, 〈λ, f〉 = 1. � δ = t − s.

2.1 �����

�� 1.1 ��� (1) ��� (1.4) � (1.7) 
��

E(〈ZT (t), f〉 − 〈ZT (s), f〉)2 =
T 2

cd(T )2

∫ t

s

∫ t

s

Cov(〈Xλ
uT , f〉〈Xλ

vT , f〉)dudv.


� (1.2) � (1.3) 
�� Xλ ����

Cov(〈Xλ
u , f〉〈Xλ

v , f〉) =
∫ u

0

dm

∫ m

0

〈λ, Pnf · Pn+v−uf〉dn, 0 � u � v � 1.

� (2.2) � (2.3) 
�

E(〈ZT (t), f〉 − 〈ZT (s), f〉)2

=
2

(2π)d
T

d
2

∫ t

s

du

∫ t

u

dv

∫ u

0

dm

∫ m

0

dn

∫
e−(2n+v−u)T |x|2|f̃(x)|2dx.

�
√

(2n + v − u)Tx = y. 

 |f̃ | � 〈λ, f〉 = 1. 
��
	�, 	 1 � d � 3 ���

E(〈ZT (t), f〉 − 〈ZT (s), f〉)2

� 2
(2π)d

∫ t

s

du

∫ t

u

dv

∫ u

0

dm

∫ m

0

(2n + v − u)−
d
2 dn

∫
e−|y|2dy

� 21−d
2

∫ t

s

du

∫ t

u

dv

∫ u

0

dm

∫ m

0

(2n + v − u)−
d
2 dn

�

⎧⎪⎪⎪⎨⎪⎪⎪⎩
(t − s)2, d = 1,

(t − s)2(| log(t − s)| + 1), d = 2,

(t − s)3/2, d = 3,

��
����� (1) �����.

(2) � fT = c−1
d (T )f . � (1.5) � (1.6) 
��

E exp{−θ[〈ZT (t), f〉 − 〈ZT (s), f〉]} = exp
{

1
2

∫ tT

0

dr

∫ r

0

〈λ, Vu(θ, fT )2〉du

}
:= expB, (2.5)

�� Vu(θ, fT ) ��	����:

Vu(θ, fT ) = θ

∫ u∧δT

0

Pu−lfT dl − 1
2

∫ u

0

Pu−lV
2
l (θ, fT )dl, u � tT. (2.6)
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����, ��
� u � tT ,�
∂Vu(θ, fT )

∂θ

∣∣∣∣
θ=0

=
∫ u∧δT

0

Pu−lfT dl,

∂2Vu(θ, fT )
∂θ2

∣∣∣∣
θ=0

= −
∫ u

0

Pu−m

(
∂Vm(θ, fT )

∂θ

∣∣∣∣
θ=0

)2

dm,

∂3Vu(θ, fT )
∂θ3

∣∣∣∣
θ=0

= −3
∫ u

0

Pu−m

(
∂Vm(θ, fT )

∂θ
· ∂2Vm(θ, fT )

∂θ2

∣∣∣∣
θ=0

)2

dm, (2.7)

		�� Vu(θ, fT ) � Vu, � ∂kVu

∂θk

∣∣
θ=0
��� ∂kVu

∂θk , k = 1, 2, 3, ��	�

��� θ = 0

��. � B(n) 
� B 
� θ � n 
��. � (2.5) 
������

E(〈ZT (t), f〉 − 〈ZT (s), f〉)4 = 3[B(2)]2 + B(4), (2.8)

��

B(2) =
∫ tT

0

dr

∫ r

0

〈
λ,

(
∂Vu

∂θ

)2〉
du,

B(4) = 3
∫ tT

0

dr

∫ r

0

〈
λ,

(
∂2Vu

∂θ2

)2〉
du + 4

∫ tT

0

dr

∫ r

0

〈
λ,

∂Vu

∂θ
· ∂3Vu

∂θ3

〉
du. (2.9)

��� B(2) �	
, ��

�	 x > 0 �, 1 − e−x � 1 ∧ x. 	 d � 5 �, � (2.2) � (2.3)

	� (2.7) 
��

B(2) =
1

(2π)d

∫ tT

0

dr

∫ r

0

du

∫ u∧δT

0

dm

∫ u∧δT

0

dl

∫
e−(2u−l−m)|x|2 |f̃T (x)|2dx

� 1
(2π)d

∫ tT

0

dr

∫ δT

0

e−2u|x|2du

∫ (
eu|x|2 − 1

|x|2
)2

|f̃T (x)|2dx

+
1

(2π)d

∫ tT

δT

dr

∫ r

δT

e−2u|x|2du

∫ (
eδT |x|2 − 1

|x|2
)2

|f̃T (x)|2dx

� 1
(2π)d

∫ tT

0

dr

∫ δT

0

du

∫ |f̃T (x)|2
|x|4 dx

+
1

(2π)d

∫ tT

δT

dr

∫ r

δT

e−2(u−δT )|x|2du

∫ (
1 − e−δT |x|2

|x|2
)2

|f̃T (x)|2dx

=
δ

(2π)d

(
1 +

∫ ∞

0

e−2ydy

)∫ |f̃(x)|2
|x|4 dx

� 3
2
C′

4δ, (2.10)

�� C′
4 � (2.4) 
	�. 	 d = 4 �, ����

C′′
4 :=

1
(2π)d

[
sup
T>1

1
log T

∫ (
1 − e−T |x|2

|x|4
)
|f̃(x)|2dx

]
< ∞. (2.11)

��
	�,∫
|x|�1

1 − e−T |x|2

|x|4 |f̃(x)|2dx � (2π)3
∫ 1

0

1 − e−Tr2

r
dr

= (2π)3
(∫ 1

T

0

1 − e−Tr2

r
dr +

∫ 1

1
T

1 − e−Tr2

r
dr

)
� (2π)3

(
1
T

+ log T

)
.
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����,
∫
|x|>1

1−e−T |x|2

|x|4 |f̃(x)|2dx < ∞,���� (2.11)
. � (2.10)
�� 3 �����

	, 	 d = 4 �, ��

B(2) � δ

(2π)d

(
1 +

∫ ∞

0

e−2ydy

)[
1

log T

∫
1 − e−T |x|2

|x|4 |f̃(x)|2dx

]
� 3

2
C′′

4 δ.

� C4 = C′
4 ∨ C′′

4 , ��

[B(2)]2 � 9
4
C2

4 (t − s)2 (2.12)

� d � 4 ��. 		�� B(4). � (2.9) 
, ��

B(4) = 3III + 4IV, (2.13)

��

III =
∫ tT

0

dr

∫ r

0

〈
λ,

(
∂2Vu

∂θ2

)2〉
du,

IV =
∫ tT

0

dr

∫ r

0

〈
λ,

∂Vu

∂θ
· ∂3Vu

∂θ3

〉
du.

	 d � 5 �, 	� (2.1) 
���		
��� u � δT � u � δT 	���:∣∣∣∣∂2Vu

∂θ2

∣∣∣∣= ∫ u

0

Pu−m

(∫ m

0

Pm−l1[0,δT ](l)fT dl

)2

dm

� T−1δ‖f‖
∫ u

0

Pu−mdm

∫ m

0

Pm−lfdl

= C′
F T−1δ, (2.14)

�� C′
F = ‖f‖ ∫∞

0
mPmfdm. 	 d = 4 �, 

� C′′

F := ‖f‖ supT>1

(
1

log T

∫ T

0
lPlfdl

)
< ∞.

��� (2.14) 
������∣∣∣∣∂2Vu

∂θ2

∣∣∣∣� (T log T )−1δ‖f‖
∫ u

0

(u − l)Pu−lfdl � C′′
F T−1δ.

� CF = C′
F ∨ C′′

F . 
� (2.12) 
�

III � CF T−1δ

∫ tT

0

dr

∫ r

0

〈
λ,

∣∣∣∣∂2Vu

∂θ2

∣∣∣∣〉 du � B(2)CF δ � 3
2
C4CF δ2. (2.15)

�	
 IV, ���� ∂3Vu

∂θ3 . � (2.7) � (2.14) 
,∣∣∣∣∂3Vu

∂θ3

∣∣∣∣ � 3CF T−1δ

∫ u

0

Pu−l
∂Vl

∂θ
dl.

	 d � 5 �, � Fourier ����

IV � 3CF T−1δ

∫ tT

0

dr

∫ r

0

〈
λ,

∂Vu

∂θ
·
∫ u

0

Pu−m
∂Vm

∂θ
dm

〉
du

= 3CF (2π)−dT−1δ

∫ tT

0

dr

∫ r

0

du

∫
|f̃T (x)|2dx

×
∫ u∧δT

0

e−(u−l)|x|2dl

∫ u

0

e−(u−m)|x|2dm

∫ m∧δT

0

e−(m−n)|x|2dn

� 3
2
C4CF δ2. (2.16)
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	 d = 4 �, � (2.16) 
�� 2 ��
�,

IV � 3CF (2π)−dδ2

∫ tT

0

dr

∫ r

0

du

∫
|f̃T (x)|2dx

∫ u

0

(u − n)e−(u−n)|x|2dn

� 3
2
CF (2π)−dδ2

(
1

log T

∫
1 − e−T |x|2

|x|4 |f̃(x)|2dx

)

� 3
2
C4CF δ2.

�������

B(4) � 3III + 4IV � 11C4CF δ2. (2.17)


�� (2.12) � (2.8) 
, ���

E(〈ZT (t), f〉 − 〈ZT (s), f〉)4 � c2(t − s)2,

�� c2 = 7C2
4 + 11C4CF .

2.1 ����

�� 1.4 ��� (1) 	 3 � d � 5 �, � (1.9) � (1.10) 
, ��
� 0 � s � t � 1,

E(〈Z�
T (t), f〉 − 〈Z�

T (s), f〉)2 := I + J,

��

I = 2T
d
2−3

∫ t

s

du

∫ t

u

dv

∫ uT

0

dl

∫ l

0

〈λ, PnfPn+vT−uT f〉dn,

J = 2T
d
2−3

∫ t

s

du

∫ t

u

dv

∫ uT

0

〈λ, l(l + vT − uT )PlfPl+vT−uT f〉dl.



	 x > 0 �� 1 − e−x � x1/2. 	 d = 5 �, �� 2.1 
������, ��

I � 2T
3
2

(2π)d

∫ t

s

du

∫ t

u

e−(v−u)T |x|2dv

∫ u

0

dm

∫ m

0

dn

∫
e−2nT |x|2 |f̃(x)|2dx

� T− 1
2

(2π)d

∫ t

s

1 − e(t−u)T |x|2du

∫ |f̃(x)|2
|x|4 dx

� 1
(2π)d

∫ t

s

√
t − udu

∫ |f̃(x)|2
|x|3 dx

� 2
3
C′

3(t − s)
3
2 .

	 d = 3, 4 �, ���� I � 1
2C′

2(t − s)2. �� J , � Fourier �����
	�,

J =
2

(2π)d
T

d
2−3

∫ t

s

du

∫ t

u

dv

∫
|f̃(x)|2dx

∫ uT

0

l(l + vT − uT )e−(2l+vT−uT )|x|2dl

=
1

4(2π)d

∫ t

s

du

∫ t

u

dv

∫
e−|y|2dy

∫ v+u

v−u

m− d
2 (m2 − (v − u)2)|f̃((mT )−

d
2 y)|2dm

� 1
4(2π)d

∫
e−|y|2dy

∫ t

s

du

∫ t

u

dv

∫ v+u

v−u

m2− d
2 dm

� (t − s)2.

�� c3 = C′
2 ∨ C′

3 ∨ 1, 
�� (1) �����.

(2) � fT = b−1
d (T )f . 	 d � 6 �, � (1.5)–(1.7)
��

E exp{θ〈Z�
T (s), f〉 − θ〈Z�

T (t), f〉} = exp
{

1
2

∫ tT

0

dl

∫ l

0

〈λ, V 2
m〉dm +

1
2

∫ tT

0

〈λ, u2
r〉dr

}
,
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�� V· � (2.6) 
��, u· ≡ u·(θ, fT ) ��	����:

ur(θ, fT ) =
∫ r

0

Pr−lVldl − 1
2

∫ r

0

Pr−lu
2
l dl. (2.18)

� (2.8) 
������, ��

E(〈Z�
T (t), f〉 − 〈Z�

T (s), f〉)4 = 3(B(2) + B
(2)
2 )2 + B(4) + B

(4)
2

� 6(B(2))2 + 6(B(2)
2 )2 + B(4) + B

(4)
2 , (2.19)

��

B =
1
2

∫ tT

0

dr

∫ r

0

〈λ, V 2
u 〉dr, B2 =

1
2

∫ tT

0

〈λ, u2
r〉dr. (2.20)

� (2.12) � (2.17)
��

(B(2))2 � 9
4
C2

4 (t − s)2, B(4) � 11C4CF (t − s)2. (2.21)

			
 B
(2)
2 � B

(4)
2 . � (2.18) 
,

∂ur

∂θ

∣∣∣∣
θ=0

=
∫ r

0

dl

∫ l∧δT

0

Pr−ufT du =
∫ r∧δT

0

(r − m)Pr−mfT dm, (2.22)

∂2ur

∂θ2

∣∣∣∣
θ=0

= −
∫ r

0

dl

∫ l

0

Pr−m

(
∂Vm

∂θ

∣∣∣∣
θ=0

)2

dm −
∫ r

0

Pr−l

(
∂ul

∂θ

∣∣∣∣
θ=0

)2

dl, (2.23)

∂3ur

∂θ3

∣∣∣∣
θ=0

= −3
∫ r

0

dl

∫ l

0

Pr−m
∂Vm

∂θ

∂2Vm

∂θ2

∣∣∣∣
θ=0

dm − 3
∫ r

0

Pr−l
∂ul

∂θ

∂2ul

∂θ2

∣∣∣∣
θ=0

dl, (2.24)

		�� ∂kul

∂θk

∣∣
θ=0
� ∂kul

∂θk (k = 1, 2, 3),��� d � 7, 	� Fourier ��� Schwarz��
,

B
(2)
2 =

∫ tT

0

〈
λ,

(∫ r∧δT

0

(r − m)Pr−mfT dm

)2〉
dr

� 1
(2π)d

∫ tT

0

dr

∫
|f̃T (x)|2dx

(∫ r∧δT

0

(r − m)e−(r−m)|x|2dm

)2

� δ

(2π)d

∫ |f̃(x)|2
|x|6 dx

∫ ∞

0

y2e−2ydy

= C′
6δ.

	 d = 6 �, ���

B
(2)
2 � 1

(2π)d

∫ tT

0

dr

∫
|f̃T (x)|2dx

(∫ r∧δT

0

(r − m)e−(r−m)|x|2dm

)2

=: B
(2)
21 + B

(2)
22 ,

��

B
(2)
21 :=

1
(2π)d

∫ δT

0

dr

∫
|f̃T (x)|2dx

∫ r

0

∫ r

0

mne−(m+n)|x|2dmdn

=
1

(2π)d

∫ δT

0

dr

∫ r

0

∫ r

0

mn(m + n)−
d
2 dmdn

∫
|f̃T ((m + n)−

1
2 y)|2e−|y|2dy

� δ2

2(2π)d/2
;
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���,

B
(2)
22 :=

1
(2π)d

∫ tT

δT

dr

∫
|f̃T (x)|2dx

∫ δT

0

∫ δT

0

(r − m)(r − n)e−(2r−m−n)|x|2dmdn

� T−2

16(2π)d/2

∫ sT

0

(
√

r + δT −√
r)2dr

� δ

2(2π)d/2
.

� C6 = C′
6 ∨ 1

(2π)d/2 , ��� d � 6, �� B
(2)
2 �	


(B(2)
2 )2 � C2

6 (t − s)2. (2.25)

�	
 B
(4)
2 , � (2.20)
�

B
(4)
2 = 3

∫ tT

0

〈
λ,

(
∂2ur

∂θ2

)2〉
dr + 4

∫ tT

0

〈
λ,

∂ur

∂θ

∂3ur

∂θ3

〉
dr =: 3K + 4L, (2.26)

�� ur � (2.18) 
��. � (2.7) 	� (2.22) 
�� ∂Vm

∂θ � δ‖f‖ � ∂um

∂θ � δ‖f‖. �
�
	
��� (2.23) 
��

∣∣∂2ur

∂θ2

∣∣ � C′
fT−1δ, �� C′

f = ‖f‖( ∫∞
0

u(1 ∧ u−d
2 )du

)2. �
Cf = C′

f ∨ CF , �� CF � 2.1 
�

���. 
	� (2.12)�(2.23)� (2.25) 
��

K � CfT−1δ

∫ tT

0

〈
λ,

∣∣∣∣∂2ur

∂θ2

∣∣∣∣〉 dr � Cf

(
3
2
C4 + C6

)
δ2. (2.27)

�	
 L, ��� ∂3ur

∂θ3 . 

��
∣∣∂2Vr

∂θ2

∣∣ � CfT−1δ 	�
∣∣∂2ur

∂θ2

∣∣ � CfT−1δ, 
� (2.26) �

(2.24)
, ��

L � 3C′
fT−1δ

∫ tT

0

〈
λ,

∂ur

∂θ

∫ r

0

(r − m)Pr−m
∂Vm

∂θ
dm

〉
dr

+3CfT−1δ

∫ tT

0

〈
λ,

∂ur

∂θ

∫ r

0

Pr−l
∂ul

∂θ
dl

〉
dr

=: 3L1 + 3L2.

	� Fourier ���� B
(2)
2 �	
, ��� (2.16) 
���, 	 d � 7 �, � L1 � C6Cf δ2

� L2 � C6Cf δ2 ��. �� (2.26) � (2.27) 
��

B
(4)
2 � 3K + 12L1 + 12L2 � (5C4Cf + 27C6Cf )δ2,

��, 
� (2.19) 
��

E(〈Z�
T (t), f〉 − 〈Z�

T (s), f〉)4 � c4(t − s)2,

�� c4 = 14C2
4 + 11C4Cf + 6(C6)2 + 5C4Cf + 27C6Cf .

�� 1.3 � 1.6 ��� ��� 1.1 � 1.4 ��� [11], �	 {ZT (t) : t � 0} �
{Z�

T (t) : t � 0} � C([0, 1], S ′(Rd)) ���. ���� [13], 	��� 1.2 � 1.5 ����.
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