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Abstract In this paper, we investigate the precise asymptotics for partial sums of
nonstationary NA sequences. Many authors added strictly stationary restrictions to
NA sequences when they discussed such limit properties, which has inconvenienced the
study of some problems. It is well known that nonstationary NA sequences exist in
lots of practical situations, therefore it is of great theoretical and practical meaning to
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work; meanwhile, our results include some known theorems as special cases.
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�����)�*�: / {Xn : n ≥ 1} �Æ�����, + Sn =
∑n

i=1 Xi, ϕ(x),H(x) ��1	
(0,∞) 0�23,�, %�

∑∞
n=1 ϕ(n)P (|Sn| ≥ εH(n)) ���4�$�����-? 56�7

���Æ� 1.2: 	���3849, 0:%����
M�,� ϕ(x) $ H(x) �
;5
6��,</=7,� ϕ(x)� H(x)>0��?1���2J��8@, 50A�B@��2�
��C�: 3 ε → 0 9, %�

∑∞
n=1 ϕ(n)P (|Sn| ≥ εH(n)) �:;������4? ��D��

���E56�S#
$�:;<�
.
TU 1.1 �=3Æ��� X1,X2, . . . ,Xn (n ≥ 2) � NA (Negatively Associated) �, �

��� {1, 2, . . . , n} �>-?2��@�7AV8 T1 $ T2, ��

Cov(f1(Xi, i ∈ T1), f2(Xj , j ∈ T2)) ≤ 0,

�� f1 $ f2 �>-?2B0:F�9:	�C�D2�
E7F (;E7G) �,�; �Æ�
��W {Xt : t ∈ T} � NA W, ��G�>-��VW�� NA �.

Petrov HHI�	J�� NA ��� Borel–Cantelli I�, D��������
�<�
	K, $ [3–6] J�&�� NA �������
;, �� NA ��K=;=>?@I��, KL
�ALB� Heyde [7] ��@I���%%�������2Æ�:

TX A / {Xn : n ≥ 1} �@IM
CÆ�����, M EX1 = 0, EX2
1 < ∞, N

lim
ε→0

ε2
∞∑

n=1

P (|Sn| ≥ εn) = EX2. (1.1)

	%O�%%�
∑∞

n=1 ϕ(n)P (|Sn| ≥ εH(n)) �,� ϕ(x) $ H(x) "�"��?��, $
[8] ����� B- 3NOP��P�:Q��2Æ�

lim
ε→0

ε
4
α

∞∑
n=1

L(n)L′(n)P (‖Sn‖ ≥ ε(nLα(n))
1
2 ) =

2
α

∫ ∞

0

X
4
α−1G2(x)dx < ∞, (1.2)

��,� G2(x) QY
lim

n→∞ sup
x≥0

|P (‖Sn‖ ≥ xn
1
2 ) − G2(x)| = 0.

$ [9] �NOP NA ������J���<�
��2Æ�:
TX B / an = O(1/ log log n). �>- b > −1, KL�

lim
ε→0

ε2b+1
∞∑

n=1

(log log n)b

n log n
P (|Sn| ≥ (ε + an)σ

√
2n log log n) =

1
(b + 1)

√
π

Γ(b + 3/2).

Z�, $ [10] R�����2STIDNOP NA ���9��2Æ�

lim
ε→0

ε
1
s

∞∑
n=1

g′(n)P (|Sn| ≥ εbngs(n)) = E|Z| 1s , (1.3)

�� Z ∼ N(0, σ2).
��:;<�
�����, 56�Æ��EF�NOP84��U, G	7�=HB@�

A�V� NA ��4���7OP�, A5NOP84I JB��B@���K�WL, �R
MNOP84�XNS�P4���$=HY1. �/KLOT�RU/�B@�"V. $�!
LB���J3�84,  PB�����Z2, ��1B@���, [LWQ7OPM
C NA
���X\.

#S]^_2�XY9, Z`+ Sn =
∑n

i=1 Xi, Sm,n =
∑n

i=1 Xi+m, S0,n = Sn, C �25
�, 	�M�=�	5.[�M�3, R1��V	M�\�, J	.[�M�3, S/23TU
,� ϕ(x) 	 (0,∞) 0��1, �CVQY:
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(a1) ϕ(x) ↑ ∞ (x → ∞) CS��c7\TU],�;
(a2) :	5� δ > 0, B� lim supx→∞ ϕ(x)/xδ < ∞.

2 [\]^
TX 2.1 / {Xn : n ≥ 1} �7OPM
C NA ��, EX1 = 0, E|X1|q < ∞ (∃ q ≥ 2) C
(b1) :	 σ > 0, B� limn→∞ ES2

n/n = σ2;
(b2) :	2f�� nk ↑ ∞ (k → ∞), �d 0 < β ≤ 1, �

∑∞
k=1(mk/nk)1+

β
2 < ∞, �B�

lim
k→∞

ES2
nk−1,mk

/mk = σ2 > 0,

�� mk = nk − nk−1.

,� ϕ(x) QY84 (a1), (a2), N�>Y� ν ≥ 1
q + 2−q

2qδ > 0, ��

lim
ε→0

ε
1
ν

∞∑
n=1

ϕ′(n)P (|Sn| ≥ ε
√

ES2
nϕν(n)) = E|N | 1ν , (2.1)

;�^=�I

lim
ε→0

ε
1
ν

∞∑
n=1

ϕ′(n)P (|Sn| ≥ ε
√

nσϕν(n)) = E|N | 1ν , (2.2)

��Æ��� N _`a_2S
C N(0,1).
` 1 KL�,� ϕ(x) EF�84 (a1), (a2)��U, e=0RB	DgX\9, ,� ϕ(x)

JY5>?KLb"V�,��, 3 D�84�B@�RUJf��c��S�.
` 2 84 (b1) B� limn→∞ ES2

n = ∞, D��������I�Id84, �$ [11] h
(b2) � NA ���������I��2e
84, �/	h!$A%&��������:
;<�
��Y1�.

` 3 ��!NOP NA ���Æ�>?	#, e=0NOP����84

σ2 = EX2
1 + 2

∞∑
n=1

EX1Xn > 0

if�84 (b1); gj�NOP
, �>Y�2f� m $ n, Sn � Sm,n S��M�
C, �$
[11] h:	QY84 (b2) ��� {nk : k ≥ 1}. ]g=, � q = 2, ϕ(x) = x ; ϕ(x) = ln lnx 9,
!��
g!@IDh9� (1.1) \� Gut [12] �HI�����:;<�
��A>?, �!
$�Æ�i�h
.

` 4 (1.3)\k ��KL���]^X\, gj3�_2��j�: �$ [10] ��Æ��
k, KL�iRM�NOP84��U, ]g=, Jlj��,� ϕ(x) ��U.

TX 2.2 / {Xn : n ≥ 1} �7OPM
C NA ��, EX1 = 0, EX2
1 < ∞ C84 (b1),

(b2) �I, ,� ϕ(x) QY84 (a1) C xϕ′(x) �l�,�, M Ef(g−1(|X1|)) < ∞, N�>Y

� ν ∈ (0, 1
2 ), �� (2.1) \$ (2.2) \�I, �� f(x) = x2ϕ′(x), g(x) = x

1
2 ϕν(x), g−1(x) .[

g(x) �m,�.
` 5 ]g=, 	�� 2.2 �849, � ϕ(x) = (ln ln x)2; ;m� ϕ(x) = (lnx)2β(ln ln x)2,

�� β ≥ 0, �� (2.1) \$ (2.2) \�I.
TX 2.3 / {Xn : n ≥ 1} �7OPM
C NA ��, EX1 = 0 CQY84 (b1), (b2), ,

� ϕ(x) �QY84 (a1) �l�,�C ϕ′(x) TU�n, M EX2
1 (ϕ(X2

1 ))1−2ν < ∞, N�>Y�

ν > 0, �� (2.1) \$ (2.2) \�I.
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` 6 /9$ [8] ���� 1 ��KL�]k.
` 7 ����l��: 	KLAB�84>9,50�%%������� ε1/ν ,C3 ε →

0 9, �����MS�a_2SÆ���dcm�3�\\. e=0, DJ�����
	n
o3n���4�, </D��2S�"V�Æ�.

3 abcdefgh
�Z2��, LB�9�I�$p@.
iX 3.1[13] / {Xn : n ≥ 1} � NA ��, EXn = 0, EX2

n < ∞, N� ∀ t > 1, x > 0, ��

P (|Sn| ≥ x) ≤
n∑

i=1

P
(
|Xi| ≥ x

t

)
+ 2et

(
1 +

x2

ntEX2
1

)−t

.

iX 3.2 / {an : n ≥ 1} ���o��C an → 0 (n → ∞), M23o9aÆ� {ωni : 1 ≤
i ≤ n, n ≥ 1} QY ∑n

i=1 ωni = λ (0 < λ < ∞, n ≥ 1), C�A�� 1 ≤ i ≤ n, ωni ↓ 0 (n → ∞),
N�

lim
n→∞

n∑
i=1

ωniai = 0.

jk � Toeplitz I� [14], lY� ∑n
i=1 ωni/λ = 1, �� λ

∑n
i=1(ωni/λ)ai → 0 (n → ∞).

mB 3.1 /Æ��� N _`a_2S
C N(0, 1), � ∀x ≥ 0, q Ψ(x) = P (|N | > x) =
1−Φ(x) + Φ(−x), x ≥ 0, �� Φ(x) �a_2S
C,�, N�QY84 (a1) �,� ϕ(x) $>
Y� 0 < a < ∞, �

(i) limε→0 ε
1
ν

∫ ∞
a

ϕ′(x)Ψ(εϕν(x))dx = E|N | 1ν ;
(ii) limε→0 ε

1
ν

∑∞
n=1 ϕ′(n)Ψ(εϕν(n)) = E|N | 1ν .

jk �� (i), e=0, 3 0 < p < ∞ 9, �>Y�Æ��� X, �ph�o\, �l��

E|X|p =
∫ ∞

0

P (|X|p ≥ x)dx = p

∫ ∞

0

xp−1P (|X| ≥ x)dx. (3.1)

/9�>Y�5� a ∈ (0,∞), q y = εϕν(x), � (3.1) \	�

lim
ε→0

ε
1
ν

∫ ∞

a

ϕ′(x)Ψ(εϕν(x))dx =
1
ν

lim
ε→0

∫ ∞

εϕν(a)

y
1
ν −1Ψ(y)dy

=
1
ν

∫ ∞

0

y
1
ν −1Ψ(y)dy = E|N | 1ν . (3.2)

9�WQ (ii), � (i) ��,��p, KLqrZ2

lim
ε→0

∞∑
n=εϕν(1)

n
1
ν −1Ψ(n) =

∫ ∞

0

y
1
ν −1Ψ(y)dy. (3.3)

3 y
1
ν −1 ↓ 9, �c
rg*, Æ��O��; 3 y

1
ν −1 ↑ 9, KL�

lim
y→∞

y
1
ν −1

(y − 1)
1
ν −1

= 1,

A5�>Y� δ > 0, :	 εϕν(M) > 0, 3 y > εϕν(M) 9, � y
1
ν −1 ≤ (1 + δ)(y− 1)

1
ν −1, �	�

∞∑
n=εϕν(M)+1

∫ n+1

n

y
1
ν −1Ψ(y)dy ≤

∞∑
n=εϕν(M)+1

(n + 1)
1
ν −1Ψ(n) ≤ (1 + δ)

∞∑
n=εϕν (M)+1

n
1
ν −1Ψ(n)

≤ (1 + δ)
∞∑

n=εϕν (M)

∫ n+1

n

y
1
ν −1Ψ(y)dy.
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q δ → 0,  Ps ε → 0, I�Æ�.
TX 2.1 njk �e
s� θ > 0, KL!�%%�
�59t#

∞∑

n=1

ϕ′(n)P (|Sn| ≥ ε
√

ES2
nϕν(n))

=
( ∑

ε1/2νϕ1/2(n)<θ

+
∑

θ≤ε1/2νϕ1/2(n)≤1/θ

+
∑

ε1/2νϕ1/2(n)>1/θ

)
ϕ′(n)P (|Sn| ≥ ε

√
ES2

nϕν(n))

�
= I1 + I2 + I3.

u9�KL!
gq	 I1, I2 $ I3, r�_2��j�: 	59r"�Z2�KLJ!��=W
Q (2.1) \�stÆ�#
.

Step 1 �� I1, �l��

ε
1
ν I1 ≤ ε

1
ν

∑
ε1/2νϕ1/2(n)<θ

ϕ′(n) ≤ Cε
1
ν

∫ ϕ−1(θ2ε−1/ν)

1

ϕ′(x)dx = C(θ2 − ε
1
ν ϕ(1)), (3.4)

�� ϕ−1(x) � ϕ(x) �m,�. � (2.1) \tÆ�#
, lY�p@ 3.1 �Z2, u�

ε
1
ν

∫ ϕ−1(θ2ε−1/ν)

1

ϕ′(x)Ψ(εϕν(x))dx =
1
ν

∫ θ2ν

εϕν(1)

y
1
ν −1Ψ(y)dy. (3.5)

Ls ε → 0, vs θ → 0 9, (3.4) \$ (3.5) \�vC�w.
Step 2 �AL�q	 I3, 	I� 3.1 �� x = ε

√
ES2

nϕν(n), m > 1, �� m �t�5�,
/9	�

P (|Sn| ≥ ε
√

ES2
nϕν(n))

≤ nP (|X1| ≥ εσ
√

nϕν(n)/m) + 2em

(
1 +

(ε
√

ES2
nϕν(n))2

nmEX2
1

)−m �
= I11 + I22.

�� I11, lY�� ε1/2νϕ1/2(n) > 1/θ, u� n>ϕ−1(θ−2ε−1/ν), + M(θ, ε, ν)=[ϕ−1(θ−2ε−1/ν)],
[·] .[�Z4f�, A5�

ε
1
ν

∑
n>M(θ,ε,ν)

ϕ′(n)I11 = ε
1
ν

∑
n>M(θ,ε,ν)

nϕ′(n)P (|X1| ≥ ε
√

nσϕν(n)/m)

= ε
1
ν

∑
j>M(θ,ε,ν)

( ∑
M(θ,ε,ν)<n<j

nϕ′(n))P (ε
√

jσϕν(j) < m|X1| ≤ ε
√

j + 1σϕν(j + 1)
)

≤ Cε
1
ν

∑
j>M(θ,ε,ν)

jϕ(j)P (ε
√

jσϕν(j) < m|X1| ≤ ε
√

j + 1σϕν(j + 1))

≤ Cε
1
ν

∑
j>M(θ,ε,ν)

j1− q
2 ϕ1−qνj

q
2 ϕqν(j) × P (ε

√
jσϕν(j) < m|X1| ≤ ε

√
j + 1σϕν(j + 1))

≤ Cε
1
ν

∑
j>M(θ,ε,ν)

ϕ
2−q
2δ +1−qν(j)j

q
2 ϕqν(j)P (jq/2ϕqν(j) < mq|X1|q/(εσ)q ≤ (j+1)q/2ϕqν(j+1))

≤ Cεq+ q−2
2νδ θ2qν−2− 2−q

δ E|X1|qI(m|X1| > ε
√

M(θ, ε, ν)σϕν(M(θ, ε, ν))). (3.6)

lY� q ≥ 2, A5r 2qν − 2 − 2−q
δ ≥ 0, R ν ≥ 1

q + 2−q
2qδ > 0, gjut2��\	�84 (a2)

��, 	n�
∑

M(θ,ε,ν)<n<j nϕ′(n) ≤ jϕ(j) 9, KLB���9�Æ�∫ b

a

xϕ′(x)dx =
∫ b

a

xdϕ(x) = bϕ(b) − aϕ(a) −
∫ b

a

ϕ(x)dx ≤ bϕ(b), (b > a > 0).
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�� I22, lY� m (> 1) �>Y
� ν ��3, KLoKp�s mν > 1
2 , A5�l��

ε
1
ν

∑
n>M(θ,ε,ν)

ϕ′(n)I22 = ε
1
ν

∑
n>M(θ,ε,ν)

ϕ′(n)2em

(
1 +

(ε
√

ES2
nϕν(n))2

nmEX2
1

)−m

≤ Cε
1
ν

∑
n>M(θ,ε,ν)

ϕ′(n)
(

1 +
(εϕν(n))2

m

)−m

≤ Cε
1
ν

∑
n>M(θ,ε,ν)

ϕ′(n)(εϕν(n)2)−m

≤ Cε
1
ν −2m

∫ ∞

M(θ,ε,ν)

ϕ′(x)ϕ−2mν(x)dx ≤ Cε
1
ν −2m(ϕ(M(θ, ε, ν)))−2mν+1

≤ Cθ4mν−2. (3.7)

�� (2.1) \tÆ�#
, KL	w�

ε
1
ν

∫ ∞

ϕ−1(θ−2ε−1/ν)

ϕ′(x)Ψ(εϕν(x))dx =
1
ν

∫ ∞

θ−2ν

y
1
ν −1Ψ(y)dy, (3.8)

Ls ε → 0, vq θ → 0, /9 (3.6)–(3.8) \��vC�w�.

Step 3 ������Z2, �p@ 3.1, qr	x0 Π
�
= [ϕ−1(θ2ε−1/ν), ϕ−1(θ−2ε−1/ν)]

0, Z29\

lim
ε→0

ε
1
ν

∑
n∈Π

ϕ′(n)|P (|Sn| ≥ ε
√

nσϕν(n)) − Ψ(εϕν(n))| = 0. (3.9)

	84 (b1), (b2)9,�M
C NA��� Sn/
√

ES2
n

D→ N(0, 1),+Δn = supx |P (|Sn|/
√

ES2
n ≥

x) − Ψ(x)|, �� Ψ(x) � R 0�yx,�, A5 limn→∞ Δn = 0, /9	�

ε
1
ν

∑
n∈Π

ϕ′(n)|P (|Sn| ≥ ε
√

nσϕν(n)) − Ψ(εϕν(n))|

≤ ε
1
ν

∑
n∈Ξ

ϕ′(n)|P (|Sn| ≥ ε
√

nσϕν(n)) − Ψ(εϕν(n))|

≤ ε
1
ν

∑
n∈Ξ

ϕ′(n)Δn ≤ Cε
1
ν ϕ(ϕ−1(θ−2ε−1/ν))

1
ϕ(ϕ−1(θ−2ε−1/ν))

∑
n∈Ξ

ϕ′(n)Δn

≤ Cθ−2 1
ϕ(ϕ−1(θ−2ε−1/ν))

∑
n∈Ξ

ϕ′(n)Δn → 0, ε → 0. (3.10)

�I� 3.2, �l��
1

ϕ(ϕ−1(θ−2ε−1/ν))

∑
n∈Ξ

ϕ′(n)Δn → 0, ε → 0,

�� Π ⊆ Ξ
�
= [1, ϕ−1(θ−2ε−1/ν)], q0�� 2.1 �Z. ��� 2.1, KLI���9��y�:

rs 3.1 / {Xn : n ≥ 1} �7OPM
C NA ��, EX1 = 0, EX2
1 < ∞ CQY84

(b1), (b2), ,� ϕ(x) �QY84 (a1) �l�,�, N�>Y� ν > 0, �� (2.1) \$ (2.2) \
�I.

jk ��� 2.1 �� step 2, vvzl�,��9�
; (p2) R�.

` 8 / L(x) �l�,�, $ [15] �� L(x) w2xT
;:

(p1) �>Y� a > 0, limx→∞
L(x+a)

L(x) = 1;

(p2) �>Y� δ > 0, limx→∞ xδL(x) = ∞; limx→∞ x−δL(x) = 0;

(p3) 3 k → ∞, sup2k≤x≤2k+1
L(x)
L(2k)

→ 1.
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rs 3.2 /7OPM
C NA �� {Xn : n ≥ 1} QYy� 3.1 �84C EX2
1 = 1, �

ϕ(n) = ln
1
2ν n, N�>Y� ν > 0, �

lim
ε→0

ε
1
ν

∞∑
n=1

ln
1
2ν −1(n)

n
P (|Sn| ≥ εn

1
2 ln

1
2 n) =

1
2ν

E|N | 1ν .

` 9 ]g=, � ν = 1
2 , y� 3.2 >?�@IDh9$ [16, �� 3].

TX 2.2 njk e=0KLqrZ2�� 2.1 �� step 2 #
, yxB��� 2.1 ��
��+s, lY� f(x), g(x) ��1, 	�

ε
1
ν

∑
n>M(θ,ε,ν)

ϕ′(n)I11 = ε
1
ν

∑
n>M(θ,ε,ν)

nϕ′(n)P (|X1| ≥ ε
√

nσϕν(n)/m)

= ε
1
ν

∑
j>M(θ,ε,ν)

( ∑
M(θ,ε,ν)<n<j

nϕ′(n)
)

P (ε
√

jσϕν(j) < m|X1| ≤ ε
√

j + 1σϕν(j + 1))

≤ Cε
1
ν

∑
j>M(θ,ε,ν)

j2ϕ′(j)P (ε
√

jσϕν(j) < m|X1| ≤ ε
√

j + 1σϕν(j + 1))

≤ Cε
1
ν Ef(g−1((εσ)−1m|X1|))I(m|X1| > ε

√
jσϕν(j))

≤ Cε
1
ν −2(1+β)Ef(g−1(|X1|))I(m|X1| > ε

√
M(θ, ε, ν)σϕν(M(θ, ε, ν))). (3.11)

�� (3.11) \, e=0� x
1
2 ϕν(x) ↑ ∞ (x → ∞), 	� x

1
2

g(x) ↓ 0, "�"� g−1(x)
x2 ↓, A5

KL�l�� g−1(Cε−1x) ≤ C2ε−2g−1(x), lY� xϕ′(x) �l�,�, �
; (p2), �>Y�
β > 0, � x−βxϕ′(x) = x−(1+β)f(x) → 0 (x → ∞), A5	�

f(C2ε−2x) ≤ C(C2ε−2)1+βf(x).

v� β �>Y
, q�KLz�J3� β, {KzZ 1
ν − 2(1 + β) > 0.

TX 2.3 njk �{��� 2.2 �Z2, KLqrq	�� 2.1 �� step 2 #
.

ε
1
ν

∑
n>M(θ,ε,ν)

ϕ′(n)I11 = ε
1
ν

∑
n>M(θ,ε,ν)

nϕ′(n)P (|X1| ≥ ε
√

nσϕν(n)/m)

= ε
1
ν

∑
j>M(θ,ε,ν)

( ∑
M(θ,ε,ν)<n<j

nϕ′(n))P (ωj < |X1| ≤ ωj+1

)

≤ Cε
1
ν

∑
j>M(θ,ε,ν)

jϕ(j)P (ωj < |X1| ≤ ωj+1)

≤ Cε
1
ν

∑
j>M(θ,ε,ν)

jϕ2ν(j)ϕ1−2ν(j)P (ωj < |X1| ≤ ωj+1)

≤ Cm2ε
1
ν −2

∑
j>M(θ,ε,ν)

ω2
j (ϕ(ε−2ω2

j ))1−2νP (ωj < |X1| ≤ ωj+1)

≤ Cε
1
ν −2β(1−2ν)−2EX2

1 (ϕ(X2
1 ))1−2νI(|X1| > (εσ/m)

√
M(θ, ε, ν)ϕν(M(θ, ε, ν))),

�� ωj = (εσ/m)
√

jϕν(j), lY� ϕ(x) �l�,�, �
; (p2), �>Y� β > 0, KL�
x−βϕ(x) ↓ 0,"�"� (ε−2x)−βϕ(ε−2x) ≤ x−βϕ(x),A5�>Y� ν > 0,	z|J3� β(> 0),
B� 1

ν − 2β(1 − 2ν) − 2 ≥ 0, ��Z{.
rs 3.3 / {Xn : n ≥ 1} �7OPM
C NA ��, EX1 = 0 CQY84 (b1) �

(b2), ϕ(x) = ln2 x, M EX2
1 ln(1 + |X1|) < ∞, N�>Y� ν > 0, �� (2.1) \$ (2.2) \�I.

jk ��� 2.3 �l�Z.
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4 tuvwxyc]^
Z2�*�M
CX\�{, A5KL!�FZ2=B�9�Æ�, [LB��284:
(c1) �>Y� ε > 0, �

lim
n→∞

1
σ2

n

n∑
k=1

EX2
kI(|Xk| ≥ εσn) = 0,

C:	2f�� nk↑∞,QY (nk−nk−1)/nk → 0, k → ∞,�B� limk→∞ ES2
nk−1,nk−nk−1

/nk−
nk−1 = σ2 > 0, �� σ2

n = Var Sn.

TX 4.1 / {Xn : n ≥ 1} �7OP7M
C NA ��, EXn = 0, supn∈N E|Xn|q <

∞ (∃ q ≥ 2)C84 (b1), (c1)�I, ,� ϕ(x)QY84 (a1), (a2), N�>Y� ν ≥ 1
q + 2−q

2qδ > 0,
�� (2.1) \$ (2.2) \�I.

TX 4.2 / {Xn : n ≥ 1} �7OP7M
C NA ��, EXn = 0, supn∈N EX2
n < ∞ C8

4 (b1), (c1) �I, ,� ϕ(x) QY84 (a1) C xϕ′(x) �l�,�, M supn∈N Ef(g−1(|Xn|)) <

∞, N�>Y� ν ∈ (0, 1
2 ), �� (2.1) \$ (2.2) \�I, �� f(x) = x2ϕ′(x), g(x) = x

1
2 ϕν(x).

` 10 (c1) ��) NA ���������I��2e
84, ||$ [17].
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