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1 V QU	!℄q�,b�eMH!�W,uw��E�:2 [1−3]. /B�>E!℄q�,Q�8��l��[&#uw{�E!℄ Gauss q�,b����3W�A�6�*(�H!�W,CY3W�,A�6��U;*(��ir,j6�)%�,	[nuG��1 k O)%�,nuG��e' r Ob�,	[nuG��9 {Xn, n ≥ 1} ��% Gauss q��iU`E rij = cov(Xi, Xj), 3> i < j {�0�
rij log(j − i) → γ ∈ (0,∞), j − i → +∞, (1)��q� {Xn, n ≥ 1} �)i},�9 u

(1)
n ≥ u

(2)
n ≥ · · · ≥ u

(r)
n � r OH!�+�(

{

u
(k)
n = xk

an
+ bn (k = 1, 2, . . . , r), x1 ≥ x2 ≥ · · · ≥ xr,

an =
√

2 log n, bn = an − (2an)−1(log log n + log 4π).
(2)CbQ cox- 3W�,{On!ehO���U> 1 3 N � cox- W��La)< τ(ζ) = exp(−x − γ +

√
2γζ), &" ζ ��%�O�Æ� N∗ �� N ;�	_*(,3W��	_L�� 1 − p, �3W� N∗ 0� cox- W��La)<X pτ(ζ).YC 9 B1, B2, . . . , Br �

�ir, Boreld�m(·) � Lebesgue �<� k1, k2, . . . , kr�EI�E��X

P{
r
⋂

i=1

N∗(Bi) = ki} =

∞
∑

s1=k1

. . .

∞
∑

sr=kr

P{
r
⋂

i=1

N∗(Bi) = ki|
r
⋂

i=1

N(Bi) = si} · P{
r
⋂

i=1

N(Bi) = si}G3ED: 2004-06-28; 9HED: 2005-08-14
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=

∞
∑

si=ki

i=1,2,...,r

[

r
∏

i=1

(

si

ki

)

pki(1 − p)si−ki

]

·
∫ +∞

−∞

r
∏

i=1

[

(m(Bi)τ(z))si

si!
e−m(Bi)τ(z)

]

ϕ(z)dz

=

∫ +∞

−∞

r
∏

i=1

[ ∞
∑

si=ki

(

si

ki

)

pki(1 − p)si−ki
(m(Bi)τ(z))si

si!
e−m(Bi)τ(z)

]

ϕ(z)dz

=

∫ +∞

−∞

r
∏

i=1

[

(m(Bi) · pτ(z))ki

ki!
e−m(Bi)pτ(z)

]

ϕ(z)dz,�B N∗ �)<X pτ(ζ) , cox- W��U> 2 (�OÆt��) 9 ξ1, ξ2, . . . , ξn e η1, η2, . . . , ηn }X�%�OLa�Æ�Eξiξj =

Λ1
ij , Eηiηj = Λ0

ij , ωij = max(|Λ1
ij |, |Λ0

ij |), i, j = 1, 2, . . . , n; u1, u2, . . . , un X=E� u =

min(|u1|, |u2|, . . . , |un|), �
|P{ξj ≤ uj , j = 1, 2, . . . , n} − P{ηj ≤ uj, j = 1, 2, . . . , n}|

≤ K
∑

1≤i<j≤n

|Λ1
ij − Λ0

ij | exp

(

− u2

1 + ωij

)

.��l[e [4] " 81–83 z�U> 3 9 {Xn, n ≥ 1}��% Gaussq��iU`E rij = cov(Xi, Xj) �( sup(|rij |, i 6=
j) < 1, + (1) >���9 ρn = γ

log n , un = x
an

+ bn(x ∈ R), &" an, bn [	 (2) >��
(i) rij → 0 (j − i −→ +∞);

(ii)
∑

1≤i<j≤nb |rij − ρn| exp
(

− u2
n

1+ωij

)

→ 0 (n → ∞),&" 0 < b < +∞, ωij = max(|rij |, ρn).��l[e [5] "�� 2.

2 \S:5�� Yn(Yn( j
n ) = Xj) > r OH! u

(1)
n ≥ u

(2)
n ≥ · · · ≥ u

(r)
n ,�W,CY3W� Nn. �	

Yn > u
(k)
n ,�WR�{Y3W� N

(k)
n , Sp N

(k)
n �?�!�T6�h Lk 6 (k = 1, 2, . . . , r)._��aDD>R�CY3W� N , p��3W� Nn }G�A�	3W� N .9 ζ ��%�O�Æ�� {σ1j |j = 1, 2, . . .}��h Lr 6)<X τr(ζ) = exp(−xr−γ+

√
2γζ), cox- W� N (r) ,3� βj(j = 1, 2, . . .) �;�La�Æ�+
W� N (r) ;��TmL��

P{βj = s|ζ = z} =

{

[τr−s+1(z) − τr−s(z)]/τr(z), s = 1, 2, . . . , r − 1,
τ1(z)/τr(z), s = r,&" τk(ζ) = exp(−xk − γ +

√
2γζ), k = 1, 2, . . . , r, M�

P{βj ≥ s|ζ = z} = τr−s+1(z)/τr(z), s = 1, 2, . . . , r − 1.>�O j, 3 σ2j , σ3j , . . . , σβjj G���h Lr−1, Lr−2, . . . , Lr−βj+1 6��� σ1j ,�6D�'
j �9;z*(CY3W� N .
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g� 399�3 d��h Lr−1 6�+� σ1j 6D,TmL�� P{βj ≥ 2|ζ = z} = τr−1(z)/τr(z),J3� Lr−1 6�	_ (5!) ,TmL�X 1 − τr−1(z)/τr(z), S Lr−1 6,3W� N (r−1) �� N (r) ;�	_*(���� 1 �� N (r−1) � cox- W��La)< τr−1

τr
· τr = exp(−xr−1 −

γ +
√

2γζ), �K��� N (k) �� N (k+1) ;�	_℄*( ( k = 1, 2, . . . , r − 1)). �#�3W�
N (1), N (2), . . . , N (r) :� cox- W��� N (r) }$;�	_℄*(��lCY3W� N �{Y3W� N (1), N (2), . . . , N (r) ,'Z�g N(B) =

∑r
k=1 N (k)(B ∩ Lk).1> 1 9 {Xn, n ≥ 1}��% Gaussq��iU`E rij = cov(Xi, Xj) �( sup(|rij |, i 6=

j) < 1, + (1),(2) >�����W r OH! u
(1)
n ≥ u

(2)
n ≥ · · · ≥ u

(r)
n ,3W� Nn, � (0,∞)×R6� Nn

d−→ N .YC �3W�A�6����p��1a
3
(a) E(Nn(B)) → E(N(B)), ∀B = (c, d] × (α, β], 0 < c < d, α < β,

(b) P{Nn(B) = 0} → P{N(B) = 0}, ∀B =
⋃m

k=1 Ck, C1, C2, . . . , Cm �^�ir,{m�b� (a), 3{m B = (c, d] × (α, β] 
�h Ls, Ls+1, . . . , Lt(1 ≤ s ≤ t ≤ r) ir��
N(B) =

t
∑

k=s

N (k)(c, d], Nn(B) =
t
∑

k=s

N (k)
n (c, d],

E(N(B)) =

t
∑

k=s

E(N (k)(c, d]) =

t
∑

k=s

E(E(N (k)(c, d]|ζ))

=

t
∑

k=s

E((d − c) exp(−xk − γ +
√

2γζ)) =

t
∑

k=s

(d − c) exp(−xk),

E(Nn(B)) = E

(

t
∑

k=s

N (k)
n (c, d]

)

=

t
∑

k=s

E





∑

j/n∈(c,d]

I
(Xj>u

(k)
n )





= ([nd] − [nc])

t
∑

k=s

(1 − Φ(u(k)
n )) ∼ n(d − c)

t
∑

k=s

(
e−xk

n
+ o(

1

n
))

→ (d − c)
t
∑

k=s

e−xk = E(N(B)).�� (b), 9 ζ ��%�O�Æ� {ξn, n ≥ 1} � i.i.d �% Gaussq�� ζ 
 {ξn, n ≥ 1};�� ρn = γ
log n , � X∗

j = (1 − ρn)
1
2 ξj + ρ

1
2
n ζ, j = 1, 2, . . ., �' i 6= j ;� cov(X∗

i , X∗
j ) = ρn. i

∀0 < c < d < +∞, Mn(c, d] = max(Xj , j/n ∈ (c, d]),

M∗
n(c, d] = max(X∗

j , j/n ∈ (c, d]), Mn(c, d] = max(ξj , j/n ∈ (c, d]).� B =
⋃m

k=1 Ck, 
/�.5
�h L1, L2, . . . , Lr �r,�k{m Ck, p B Kl� B =
⋃s

k=1(ck, dk] × Ek, &" (c1, d1], (c2, d2], . . . , (cs, ds] 

�r� Ek ��fO�r,�~,j,���#�
{Nn(B) = 0} =

s
⋂

k=1

{Nn(Fk) = 0}, Fk = (ck, dk] × Ek
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, �

P{Nn(B) = 0} = P{
s
⋂

k=1

Nn(Fk) = 0} = P

{

s
⋂

k=1

(Mn(ck, dk] ≤ u(mk)
n )

}

.��� 2 e�� 3 �*
|P
{

s
⋂

k=1

(Mn(ck, dk] ≤ u(mk)
n )

}

− P

{

s
⋂

k=1

(M∗
n(ck, dk] ≤ u(mk)

n )

}

|

≤ K
∑

1≤i<j≤nds

|rij − ρn| exp

(

− u2
n

1 + ωij

)

→ 0 (n → ∞),&" un = min(|u(1)
n |, |u(2)

n |, . . . , |u(r)
n |), ωij = max(|rij |, ρn).y� (b), �p��' n → ∞ ;��

P

{

s
⋂

k=1

(M∗
n(ck, dk] ≤ u(mk)

n )

}

→ P

{

s
⋂

k=1

(N (mk)(ck, dk] = 0)

}

. (3)�	
P

{

s
⋂

k=1

(M∗
n(ck, dk] ≤ u(mk)

n )

}

= P

{

s
⋂

k=1

(

(1 − ρn)
1
2 Mn(ck, dk] + ρ

1
2
n ζ ≤ u(mk)

n

)

}

=

∫ +∞

−∞
P

{

s
⋂

k=1

(Mn(ck, dk] ≤ u∗
n,k)

}

ϕ(z)dz,&" u∗
n,k = (1−ρn)−

1
2

(

u
(mk)
n − ρ

1
2
n z
)

. �� an =
√

2 logn, bn = an+O(a−1
n log log n), ρn = γ

log n

u∗
n,k =

(

1 +
ρn

2
+ o(ρn)

)

(

xmk

an
+ bn − ρ

1
2
nz

)

=
xmk

an
+ bn −

(

γ

log n

)
1
2

z +
(γ/ log n)(2 log n)

1
2

2
+ o(a−1

n )

=
xmk

+ γ −√
2γz

an
+ bn + o(a−1

n ),>T6, z, �
P

{

s
⋂

k=1

(Mn(ck, dk] ≤ u∗
n,k)

}

=

s
∏

k=1

P
{

Mn(ck, dk] ≤ u∗
n,k

}

→
s
∏

k=1

exp
(

−(dk − ck)e−xmk
−γ+

√
2γz
)

(n → ∞).�� A�6�*
∫ +∞

−∞
P

{

s
⋂

k=1

(Mn(ck, dk] ≤ u∗
n,k)

}

ϕ(z)dz

→
∫ +∞

−∞

s
∏

k=1

exp
(

−(dk − ck)e−xmk
−γ+

√
2γz
)

ϕ(z)dz = P

{

s
⋂

k=1

(N (mk)(ck, dk] = 0)

}

.



2% ���|� Gauss r�
�-
g� 401g (3) >���6� 1 `��JA 9 B1, B2, . . . , Bs � (0,∞) 6^�ir, Borel d� m(∂βj) = 0 (j = 1, 2, . . . , s),�>EI�E m
(k)
j �

P{N (k)
n (Bj) = m

(k)
j , j = 1, 2, . . . , s; k = 1, 2, . . . , r} →

P{N (k)(Bj) = m
(k)
j , j = 1, 2, . . . , s; k = 1, 2, . . . , r}. (4)YC 9 Bjk �!�6� Bj X/�
 Lk irB
&N�h�r,{m�� (4) >+=���

P{Nn(Bjk) = m
(k)
j , j = 1, 2, . . . , s; k = 1, 2, . . . , r} →

P{N(Bjk) = m
(k)
j , j = 1, 2, . . . , s; k = 1, 2, . . . , r}

= P{N (k)(Bj) = m
(k)
j , j = 1, 2, . . . , s; k = 1, 2, . . . , r} (n → ∞).S�0�9 k1, k2, . . . , kr �EI�E���

P{N (1)
n (c, d] = k1, N

(2)
n (c, d] = k1 + k2, . . . , N

(r)
n (c, d] = k1 + k2 + · · · + kr} →

P{N (1)(c, d] = k1, N
(2)(c, d] = k1 + k2, . . . , N

(r)(c, d] = k1 + k2 + · · · + kr}. (5)�6� 1 " (b) ,���g*(�ir,j6)%�,	[nuG��1> 2 9 (c1, d1], (c2, d2], . . . , (cs, ds] �^�ir,,j��6� 1 ,Tma��
P
{

Mn(c1, d1] ≤ u(m1)
n , Mn(c2, d2] ≤ u(m2)

n , . . . , Mn(cs, ds] ≤ u(ms)
n

}

→
∫ +∞

−∞

s
∏

k=1

exp
(

−(dk − ck)e−xmk
−γ+

√
2γz
)

ϕ(z)dz. (6)9 M
(k)
n (c, d] �q� {Xj, j/n ∈ (c, d]} ,1 k O)%��
/� M

(1)
n (c, d] = Mn(c, d], U	1 k O)%��a�nuG��1> 3 �6� 1 ,Tma�' n → ∞ ;��

P{M (k)
n (c, d] ≤ u(mk)

n }

→
∫ +∞

−∞

k−1
∑

l=0

((d − c) exp(−xmk
− γ +

√
2γz))l

l!
· exp

(

−(d − c)e−xmk
−γ+

√
2γz
)

ϕ(z)dz.YC 9 B = (c, d] × (α, β] �
�h Lmk
ir��6� 1

P{M (k)
n (c, d] ≤ u(mk)

n } = P{Nn(B) ≤ k − 1} →

P{N(B) ≤ k − 1} = P{N (mk)(c, d] ≤ k − 1} =

k−1
∑

l=0

P{N (mk)(c, d] = l}

=

∫ +∞

−∞

k−1
∑

l=0

((d − c) exp(−xmk
− γ +

√
2γz))l

l!
· exp

(

−(d − c)e−xmk
−γ+

√
2γz
)

ϕ(z)dz.
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P{M (1)

n (c, d] ≤ u(1)
n , M (2)

n (c, d] ≤ u(2)
n , . . . , M (r)

n (c, d] ≤ u(r)
n } →

P{N (1)(c, d] = 0, N (2)(c, d] ≤ 1, . . . , N (r)(c, d] ≤ r − 1}.YC �X
P{M (1)

n (c, d] ≤ u(1)
n , M (2)

n (c, d] ≤ u(2)
n , . . . , M (r)

n (c, d] ≤ u(r)
n }

= P{N (1)
n (c, d] = 0, N (2)

n (c, d] ≤ 1, . . . , N (r)
n (c, d] ≤ r − 1},SW��*�.;LN�
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Limit Laws for Extremes of a Class of Gaussian Sequences

ZHANG Ling
(Department of Mathematics, Guangdong Ocean University, Guangdong 524000, China )

Abstract: In this paper, we discuss the extremes of a class of nonstationary Gaussian sequences. We
apply the convergence theorem of the point process theory to obtain the convergence of the point process
of more level’s exceedances. Moreover, the asymptotic distribution of the maxima in disjoint intervals is
obtained. The asymptotic distribution of k-th largest maxima and the asymptotic joint distribution for
a finite number of the rth largest maxima are also obtained.

Key words: cox-process; exceedance of levels; maxima; nonstationary; asymptotic distribution.


