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�������������������������?����������������
������������. ��@���� ��������, Yule (1927)�Walker (1933)

!�"� AR #��MA #�� ARMA #�, �Æ#���$���%����� [11, 15]. �

� Box � Jenkins (1970) "�� ARIMA #� �� �%����� [3]. AR�MA�ARMA

� ARIMA #�!!""#$#A%$&$�'. Engle (1982) � Bollerslev (1985) "��

ARCH�GARCH �#�&�%%$(& [2, 4], �'')*�"����������.

(��������#�)��+��*$,, �!�"-�+"(��������%

)���. Tiao� Box (1981)"��"(.������*##�%), */0�'$ VARMA

#��$, [10]. Granger (1987) "��-.�%, 1+)"(������##�,-
, ./

!"&
��!�% [5].

''%2, )���/�����01�(
��
!0)((
(.����12�(2

3)4*2�����, +3*2�(23)����. ��, )��,��
���, !"5�


4,�(
3�.5/�5-�.�, 3) [14], /4)�� FRMI �, !"5�
4.5


6�.567��)87.580��56�� [1]. (�*2�(23)������0),

9:,�����#�79)":�+1;��, 8�, 2Æ394:�4"-<;/��*2

�(23)����, = >%2���2?<;5<. Walden (2002) 6�=@��%)��

�*2�(23)����#�, 1>�(?.5�@78=*2�=@�9, *:>
�'?

��� 2 × 2 .�A?@AB;��
, ���C, D!"A<'=5�B3*2.CBDÆ2

=CD75E [12]. Wang, Liu � Chen (2019) !F"��E.*2�(23)�����8E

#�, G��>#��H3I %), *E)'J��'F>G���>I ��42$, [13].

"�*2�(23)����, F:<��G��>B?K#�HI. Samadi (2014) !�

"��*2�(23)���� AR(1) #� (+@4 MAR(1) #�), J,L MAR(1) #�H

92IM�A#��&K, Samadi G�� MAR(1) #��B-%$N3�BJ<B3. ;�:

MAR(1)#�L�K*2�(23)���� AR(p)#� (+@4MAR(p)#�).(�MAR(p)

#�B HC2 MAR(1) #�, 8� MAR(p) #��IM�AOD&K�B-%$N3�BJ
<B3FB $M�+7. @�, Samadi 7G��J,@=PQ)��L@=PQ)�D6M
;I )"#��B3*2�+I �%) [9]. 4�5�"(DRN�(
O$�+##��,

S"@ (2018) "��� MAR(p) #�T4+EP��*2�(23)�����L AR(p) #

�.M+;N� ,S"@JL�*2�(2UOQ* SamadiR"��*2�(2UOQ. V

�	S, Samadi PS"@JL�B-%$N3F.5, J," Samadi RJL�B-%$N3�
F	�, "GQ+��F*24*2�(23)����
	�R��%$, 9 "GQ+��

F*24.5�R�	��-%$. S"@RJL�B-%$N3S4:*2�(23)��
��W�R�C&��, /">R�T-%$*2. J,L*2�(23)�����L AR(p)

#�H92R�B?K#�, 	�/�''�H92(.���� AR(1)#�, S"@HT�R

�M���� AR(1) #�+7�>#���%$F>. J,"J��R�B?K#��B3*
2�+�9, ;�6�U%M�II ��>#��B3*2 [6].

"�S"@"��B3*2I �%): '%2, X.CUJ�>"��R�B?K#��
B3*2V I ; ''%2, �K
'V�+H3I , BCLWX5�:WXY. �S, ��
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:>#���%$F>�H3I %) .B�, $M�:,�����#�, ]�Æ!"�I

>#��#�^[%)�UOQS\�. 8�, \�:G�''?I *2�(23)����

�L AR(p) #�B3*2�%), *E">#��#�^[�*2�(23)�����UO

QS\K
%2�+/0.

2 CDEFGHIJKLM AR(p) NE
*2�(23)����0)����T_����01�(
��. 4�5���(DR

N�(
O$, S"@G��*2�(23)�����JL�G:

OP 2.1 [6](*2�(23)����) U �x1 (t), �x2 (t) . . . , �xm (t) 4 m 
 n .����,

S3

Xt =

⎛⎜⎜⎜⎜⎝
�x1 (t)T

�x2 (t)T

...
�xm (t)T

⎞⎟⎟⎟⎟⎠ =

⎛⎜⎜⎜⎝
x11(t) x12(t) · · · x1n(t)
x21(t) x22(t) · · · x2n(t)

...
...

. . .
...

xm1(t) xm2(t) · · · xmn(t)

⎞⎟⎟⎟⎠ , t ≥ 0 (2.1)

4 m × n .*2�(23)����, >
 xij(t) O`] i 
"�] j 
O$�����, i =

1, 2, . . . ,m; j = 1, 2, . . . , n.

"�*2�(23)���� {Xt, t ≥ 0}, S>AMN3�-%$N3JL�G:

OP 2.2 [6](AMN3*2) U {Xt, t ≥ 0} 4 (2.1) JL�*2�(23)����, S>

�����AMN3*24

μt = E[Xt] =

⎛⎜⎜⎜⎜⎝
E[x11(t)] E[x12(t)] · · · E[x1n(t)]

E[x21(t)] E[x22(t)] · · · E[x2n(t)]
...

...
. . .

...
E[xm1(t)] E[xm2(t)] · · · E[xmn(t)]

⎞⎟⎟⎟⎟⎠=

⎛⎜⎜⎜⎝
μ11(t) μ12(t) · · · μ1n(t)
μ21(t) μ22(t) · · · μ2n(t)

...
...

. . .
...

μm1(t) μm2(t) · · · μmn(t)

⎞⎟⎟⎟⎠ .

OP 2.3 [6](-%$N3*2) U {Xt, t ≥ 0} 4 (2.1) JL�*2�(23)����, "

Xt � μt W�V^, +7

X̃t =
(
x11(t) · · · xm1(t) x12(t) · · · xm2(t) · · · x1n(t) · · · xmn(t)

)T
,

μ̃t =
(
μ11(t) · · · μm1(t) μ12(t) · · · μm2(t) · · · μ1n(t) · · · μmn(t)

)T
.

�,]1�+7� mn × mn .-%$*24

Γ(t + s, t) = E((X̃t+s − μ̃t+s)(X̃t − μ̃t)
T
)

= E

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

x11(t + s) − μ11(t + s)
...

xm1(t + s) − μm1(t + s)
...

x1n(t + s) − μ1n(t + s)
...

xmn(t + s) − μmn(t + s)

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

x11(t) − μ11(t)
...

xm1(t) − μm1(t)
...

x1n(t) − μ1n(t)
...

xmn(t) − μmn(t)

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

T
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=

⎛⎜⎜⎜⎜⎝
cov(x11(t + s), x11(t)) · · · cov(x11(t + s), xmn(t))

cov(x21(t + s), x11(t)) · · · cov(x21(t + s), xmn(t))
...

. . .
...

cov(xmn(t + s), x11(t)) · · · cov(xmn(t + s), xmn(t))

⎞⎟⎟⎟⎟⎠ .

OP 2.4 [6](�%*2�(23)����) U {Xt, t ≥ 0} 4 (2.1) JL�*2�(23

)����. a>AMN3*2 μt P-%$N3*2 Γ(t + s, t) !��� t 9<, bW3 Xt 4

�%*2�(23)����.

\��@_

μ � EXt =

⎛⎜⎜⎜⎜⎝
μ11 μ12 · · · μ1n

μ21 μ22 · · · μ2n

...
...

. . .
...

μm1 μm2 · · · μmn

⎞⎟⎟⎟⎟⎠ ,

 X

Γ(s) = E
(
(X̃t+s − μ̃)(X̃t − μ̃)

T )

=

⎛⎜⎜⎜⎜⎝
cov(x11(t + s), x11(t)) · · · cov(x11(t + s), xmn(t))

cov(x21(t + s), x11(t)) · · · cov(x21(t + s), xmn(t))
...

. . .
...

cov(xmn(t + s), x11(t)) · · · cov(xmn(t + s), xmn(t))

⎞⎟⎟⎟⎟⎠

�

⎛⎜⎜⎜⎜⎝
γ11,11(s) γ11,21(s) · · · γ11,mn(s)

γ21,11(s) γ21,21(s) · · · γ21,mn(s)
...

...
. . .

...
γmn,11(s) γmn,21(s) · · · γmn,mn(s)

⎞⎟⎟⎟⎟⎠
�

(
γij,k�(s)

)
i,k=1,2,...,m; j,�=1,2,...,n

O`�%*2�(23)�����AM*2�)�^ s &�-%$*2, >


μ̃ =
(
μ11(t) · · · μm1(t) μ12(t) · · · μm2(t) · · · μ1n(t) · · · μmn(t)

)T
.

)'.������
, UOQ�� @Y\��%����. $M�, )*2�(23)

����
, FB JL*2�(23)UOQ.

OP 2.5 [6](*2�(23)UOQ) a�%*2�(23)���� {Et, t ≥ 0} ZQA
MN3*24 0m×n, -`$N3*24 Γ(s), S3 {Et, t ≥ 0} 4*2�(23)UOQ, @?
Et ∼ WN(0,Γ(s)), >


0m×n =

⎛⎜⎝0 · · · 0
...

. . .
...

0 · · · 0

⎞⎟⎠ , Γ(s) =

{
Σmn×mn, s = 0,

0, s �= 0,
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�[

Σmn×mn =

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

σ2
11 0 · · · 0 0 0 · · · 0 0
0 σ2

21 · · · 0 0 0 · · · 0 0
...

...
. . .

...
...

...
...

...
...

0 0 · · · σ2
m1 0 0 · · · 0 0

0 0 · · · 0 σ2
12 0 · · · 0 0

0 0 · · · 0 0 σ2
22 · · · 0 0

...
...

...
...

...
...

. . .
...

...
0 0 · · · 0 0 0 · · · σ2

(m−1)n 0
0 0 · · · 0 0 0 · · · 0 σ2

mn

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠
.

]�_a, B?K#� ������
@Y\@]"�#�	'. G2, ]�:G�*2

�(23)����B?K#�.

OP 2.6 [6] (*2�(23)����B?K#�) a {Xt, t ≥ 0}  �%*2�(23)
����, *E"cN� t ≥ 0 !:

Xt = Φ1Xt−1Θ1 + Φ2Xt−2Θ2 + · · · + ΦpXt−pΘp + Et, (2.2)

S3 {Xt, t = 0, 1, · · · } AM4 0 �*2�(23)���� AR(p)#� (+@4 MAR(p) #

�), >
 {Et, t ≥ 0} 4*2�(23)UOQ, *EZQ E(X̃sẼ
T
t ) = 0mn×mn "cN s < t A

2\, �[ X̃s�Ẽt �[4 Xs�Et W�R�C+7�d]R�; Φj � Θj �[ m×m � n×n

.?KB3*2, j = 1, 2, . . . , p.

\�:!��� MAR(p)#��#�^[�UOQS\�H3I ,@�/J,
�/e`
+ (601398.SH) �
���`+ (601288.SH) KDRN�@AB;���@27��C;��

�+faS\.

3 MAR(p) NERST
"����##�]''. �+#�^[, ):,�����#�
, B J,����

�BJ<B3�gJ<B3/4 AIC�BIC �bb�+#��^[�J^. "� MAR(p) #�,

J,L*2W�R�C&��%K:>HC2R�B?K#�.]�B HTR�B?K#��
#�^[%)" MAR(p) #��+J^.

OU 3.1 [6] #� (2.2) �_�#�

X̃t = ΘT
1 ⊗ Φ1X̃t−1 + ΘT

2 ⊗ Φ2X̃t−2 + · · · + ΘT
p ⊗ ΦpX̃t−p + Ẽt, (3.1)

>


vec(Xt) = X̃t =
(
x11(t) · · · xm1(t) x12(t) · · · xm2(t) · · · x1n(t) · · · xmn(t)

)T
,

vec(Et) = Ẽt =
(
ε11(t) · · · εm1(t) ε12(t) · · · εm2(t) · · · ε1n(t) · · · εmn(t)

)T
.

VW hf+, ]�D!"aP G*2�K�_`B

A = B + C ⇔ vec(A) = vec(B) + vec(C),

Ym×q = Am×nBn×pCp×q ⇔ vec(Y ) = (CT ⊗ A)vec(B),
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>
 vec(·) O`"*2 (·) W�V^.

]'
*2�K��_$, Wc"*2W�V^�JLB_d;2\. G2:aP]P
*

2�K��_$.

:*2 B �F4 B = (b1, b2, . . . , bp), >
 bi (i = 1, 2, . . . , p) 4 n × 1 .R�, bW

ABC = (Ab1, Ab2, . . . , Abp)

⎛⎜⎜⎜⎝
c11 c12 · · · c1q

c21 c22 · · · c2q

...
...

. . .
...

cp1 cp2 · · · cpq

⎞⎟⎟⎟⎠ =
( p∑

i=1

ci1Abi,

p∑
i=1

ci2Abi, . . . ,

p∑
i=1

ciqAbi

)
,

S

vec(ABC) =

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

p∑
i=1

ci1Abi

p∑
i=1

ci2Abi

...
p∑

i=1

ciqAbi

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠
=

⎛⎜⎜⎜⎝
c11A c21A · · · cp1A

c12A c22A · · · cp2A
...

...
. . .

...
c1qA c2qA · · · cpqA

⎞⎟⎟⎟⎠
⎛⎜⎜⎜⎝

b1

b2

...
bp

⎞⎟⎟⎟⎠ = (CT ⊗ A)vec(B).

c	e;, 8�]P
*2�K��_$2\. ad.

X 3.2 S"@ [6] ��G��J� 3.1 �aP, = \�G��TJf
�aP.

3.1 MAR(p) YZ[\]^_`
\=a:G�" MAR(p) #� (2.2) �+J^�M;�S\%).

g�' H0: {Xt, t ≥ 0} ef MAR(p0) #�;

gh�' H1: {Xt, t ≥ 0} ef MAR(p1) #�, >
 p1 > p0.

h)J� 3.1 B_, MAR(p)#�B J,L*2W�R�C&��%KHC2R�B?K
#�. 8�, B HTR�B?K#�3"#� MAR(p) �+J^.

OU 3.3 �' vec(Et) = Ẽt
i.i.d.∼ N(0,Ω), 1>, �

χ2 = T · log
( |Ω̂0|
|Ω̂1|

)
,

>
 T 4��^C, Ω̂0 4g�' H0 2\�#$ Ẽt �-%$*2�D6M;I , Ω̂1 4gh

�' H1 2\�#$ Ẽt �-%$*2�D6M;I , SX H0 2\�, χ2 42efB(C4
m2n2(p1 − p0) �b%�i.

VW 84 MAR(p) #�B HC2R�B?K#�, R >�'�_�:

g�' H̃0: {X̃t, t ≥ 0} ef V AR(p0) #�;

gh�' H̃1: {X̃t, t ≥ 0} ef V AR(p1) #�, >
 p1 > p0.

"�+i<�R�B?K#�J^��', J,D6M;I B 1>, � χ2 = T ·
log

( |Ω̂0|
|Ω̂1|

)
, >
 T 4��^C, Ω̂0 4g�' H̃0 2\�#$ Ẽt �-%$*2�D6M;I

 , Ω̂1 4gh�' H̃1 2\�#$ Ẽt �-%$*2�D6M;I , EX H̃0 2\�, � χ2

42efB(C4 m2n2(p1 − p0) �b%�i [7]. ad.
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3.2 MAR(p) YZ[abOcde
V�M;�S\	S, FB$M�G� MAR(p) #�� AIC iS�HQ iS� SC iS.

OU 3.4 "� MAR(p) #� (2.2), > AIC iS, HQ iS� SC iS�[4

AIC(p) = log |Ω̂(p)| + 2
T

pm2n2,

HQ(p) = log |Ω̂(p)| + 2lnT

T
pm2n2,

SC(p) = log |Ω̂(p)| + lnT

T
pm2n2,

>
 T 4��^C, Ω̂(p) 4#$ Ẽt �-%$*2�D6M;I , p 4#��^3.

VW h)J� 3.1:MAR(p)#�HC2R�B?K#�,/c	R�B?K#�� AIC

iS�HQ iS� SC iS [8], B_J� 3.4 2\. ad.

4 MAR(p) NERfHgh
)�������H3I ,-
, jd�H3I %):@=PQI �D6M;I �

Yule–Walker *I . (� Yule–Walker *I �I =C'k.�'SK?I %), 9D6

M;I !""������i�+�'. 8�, ��)fe��
jj1�@=PQ)3I 
#��H3. \afG3�� MAR(p) #�H3�@=PQI ).

j� Frobenius l3��*2	��g8, S#� (2.2) #$� Frobenius l3�%�4

J(Φ1, . . . ,Φp,Θ1, . . . ,Θp) =
1

N − p

N∑
t=p+1

∥∥∥∥Xt −
p∑

k=1

ΦkXt−kΘk

∥∥∥∥2

F

. (4.1)

 @=CjbN3 J(Φ1, . . . ,Φp,Θ1, . . . ,Θp) 4j�, B " Φ1,Φ2, . . . ,Φp � Θ1,Θ2, . . . ,Θp

�+H3I .

OU 4.1 "�cN� k = 1, 2, . . . , p, a Φ̂k � Θ̂k Z%-i⎧⎪⎪⎪⎪⎨⎪⎪⎪⎪⎩

N∑
t=p+1

(
− 2XtΘT

k XT
t−k +

p∑
i=1

ΦiXt−iΘiΘT
k XT

t−k + ΘT
k XT

t−kΦkXt−kΘk

)
= 0,

N∑
t=p+1

(
− 2XT

t−kΦT
k Xt +

p∑
i=1

XT
t−kΦT

k ΦiXt−iΘi + ΦkXt−kΘkXT
t−kΦT

k

)
= 0,

S Φ̂k � Θ̂k 4#� (2.2) �B3*2 Φk � Θk �I , k = 1, 2, . . . , p.

VW "� MAR(p) #�#$� Frobenius l3�%�

J(Φ1, . . . ,Φp,Θ1, . . . ,Θp) =
1

N − p

N∑
t=p+1

∥∥∥∥Xt −
p∑

k=1

ΦkXt−kΘk

∥∥∥∥2

F

=
1

N − p

N∑
t=p+1

tr
(

XT
t Xt −

p∑
k=1

XT
t ΦkXt−kΘk

+
( p∑

k=1

ΘT
k XT

t−kΦT
k

)( p∑
k=1

ΦkXt−kΘk

))
−

p∑
k=1

ΘT
k XT

t−kΦT
k Xt.
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U

Qt = tr
(

XT
t Xt −

p∑
k=1

XT
t ΦkXt−kΘk −

p∑
k=1

ΘT
k XT

t−kΦT
k Xt

+
( p∑

k=1

ΘT
k XT

t−kΦT
k

)( p∑
k=1

ΦkXt−kΘk

))

= tr(XT
t Xt) −

p∑
k=1

tr(XT
t ΦkXt−kΘk) −

p∑
k=1

tr(ΘT
k XT

t−kΦT
k Xt)

+ tr
( p∑

k=1

ΘT
k XT

t−kΦT
k

)( p∑
k=1

ΦkXt−kΘk

)
,

S Qt �[<� Φk � Θk (k = 1, 2, . . . , p) TP^gm3+:

∂2Qt

∂Φ2
k

= 2Xt−kΘkΘT
k XT

t−k,
∂2Qt

∂Θ2
k

= 2XT
t−kΦT

k ΦkXt−k.

8�, ∂2Qt

∂Φ2
k
� ∂2Qt

∂Θ2
k
! n@J*2. (� J(Φ1, . . . ,Φp,Θ1, . . . ,Θp) = 1

N−P

∑N
t=p+1 Qt, R >

"B3*2�P^gm3F n@J*2, #$� Frobenius l3�%� J <� Φk � Θk 0)

D=M.  @=C J 4jb, " Φk � Θk �+H3I �c?, . #$N3"�ÆH3T'

^gm4h�I. (�⎧⎪⎪⎪⎪⎨⎪⎪⎪⎪⎩
∂Qt

∂Φk
= −2XtΘT

k XT
t−k +

p∑
i=1

ΦiXt−iΘiΘT
k XT

t−k + ΘT
k XT

t−kΦkXt−kΘk,

∂Qt

∂Θk
= −2XT

t−kΦT
k Xt +

p∑
i=1

XT
t−kΦT

k ΦiXt−iΘi + ΦkXt−kΘkXT
t−kΦT

k ,

>
 k = 1, 2, . . . , p, R ]�D!"I%-i⎧⎪⎪⎪⎪⎨⎪⎪⎪⎪⎩
1

N − p

N∑
t=p+1

(
− 2XtΘT

k XT
t−k +

p∑
i=1

ΦiXt−iΘiΘT
k XT

t−k + ΘT
k XT

t−kΦkXt−kΘk

)
= 0,

1
N − p

N∑
t=p+1

(
− 2XT

t−kΦT
k Xt +

p∑
i=1

XT
t−kΦT

k ΦiXt−iΘi + ΦkXt−kΘkXT
t−kΦT

k

)
= 0,

>
 k = 1, 2, . . . , p, `⎧⎪⎪⎪⎪⎨⎪⎪⎪⎪⎩

N∑
t=p+1

(
− 2XtΘT

k XT
t−k +

p∑
i=1

ΦiXt−iΘiΘT
k XT

t−k + ΘT
k XT

t−kΦkXt−kΘk

)
= 0,

N∑
t=p+1

(
− 2XT

t−kΦT
k Xt +

p∑
i=1

XT
t−kΦT

k ΦiXt−iΘi + ΦkXt−kΘkXT
t−kΦT

k

)
= 0.

ad.

X 4.2 J� 4.1 
%-i�I.k'. hf+, �?
{(

Φk,Θk

)
, k = 1, 2, . . . , p

}
4%-i

�'
I, S"cN � �= 0,
{(

�Φk, 1
� Θk

)
, k = 1, 2, . . . , p

}
F %-i�I, .,�ÆI"��

MAR(p) #�J5.

L#� (2.2)H92R�B?K#�,+7R�B?K#�#$� Frobeniusl3�%�,J

� 4.1 J,@=CR�B?K#�#$� Frobenius l3�%�+7 Φk � Θk ZQ�%-i.
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(�J� 4.1 
%-ic1 jok, V ffG� Φk � Θk �=lI. 8�, fG3ij6�

mCGkn)I Φk � Θk (k = 1, 2, . . . , p), l6'V�G:

1. �-CH3 Φk � Θk (k = 1, 2, . . . , p)�lmg8 ε �'^ �.

2. lJX�on�#$�mC

∂

∂Φk(i, j)
J(Φ1, . . . ,Φp,Θ1, . . . ,Θp),

∂

∂Θk(s, t)
J(Φ1, . . . ,Φp,Θ1, . . . ,Θp),

>
 Φk(i, j) 4*2 Φk � (i, j) op, i, j = 1, 2, . . . ,m; Θk(s, t) 4*2 Θk � (s, t) op,

s, t = 1, 2, . . . , n.

3. �'^Q #$�mC, +7X�onH3!"Gk�g8, `

�
∂

∂Φk(i, j)
J(Φ1, . . . ,Φp,Θ1, . . . ,Θp), �

∂

∂Θk(s, t)
J(Φ1, . . . ,Φp,Θ1, . . . ,Θp).

4.  nR:�H3Gk�g8	�. �?=� ε, Sn)lm, X�R:� Φk(i, j) � Θk(s, t)

. @l�H3. pS�q'V 5.

5. h)GKTpH3 Φk(i, j) � Θk(s, t):

Φk(i, j) = Φk(i, j) − �
∂

∂Φk(i, j)
J(Φ1, . . . ,Φp,Θ1, . . . ,Θp),

Θk(s, t) = Θk(s, t) − �
∂

∂Θk(s, t)
J(Φ1, . . . ,Φp,Θ1, . . . ,Θp).

Tp�Hq'V 2.

X 4.3 \�:)fe��5�6�mCGkn)I #��B3*2.

5 MAR(p) NEjÆRklmno

)������
, I �����#�H3	�!"">#��#$�+UOQS\. a

#$.4UOQ��, SNrq>#�m:L3)
�XY"s)t, 8�!"ij]p##.

8�, )"*2�(23)����##	�, F!"">�+UOQS\.

h)JL 2.5 B_, "��%*2�(23)����

Et =

⎛⎜⎝ ε11(t) · · · ε1n(t)
...

. . .
...

εm1(t) · · · εmn(t)

⎞⎟⎠ ,

{Et, t ≥ 0} 4UOQ!"ZQK
F>:

pq 1 >*2�(23)�����uvZQ

E(Et) =

⎛⎜⎝0 · · · 0
...

. . .
...

0 · · · 0

⎞⎟⎠
m×n

;
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pq 2 >*2�(23)�����-%$N3*2ZQ

Γ(s) =

{
Σ, s = 0,

0, s �= 0,
Σmn×mn =

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

σ2
11 0 · · · 0 0 0 · · · 0
0 σ2

21 · · · 0 0 0 · · · 0
...

...
. . .

...
...

...
...

...
0 0 · · · σ2

m1 0 0 · · · 0
0 0 · · · 0 σ2

12 0 · · · 0
0 0 · · · 0 0 σ2

22 · · · 0
...

...
...

...
...

...
. . .

...
0 0 · · · 0 0 0 · · · σ2

mn

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠
.

S\ {Et, t ≥ 0}  pZQ]'
F>, `�_�S\ εij(t) (i = 1, 2, . . . ,m; j = 1, 2, . . . , n)

 p!4hAM��. ]�B h) z , �/4 t , �"��+S\.

84 {Et, t ≥ 0} 4�%*2�(23)����, h)JL 2.3 B_ {Et, t ≥ 0} � s ^-

%$*24

Γ(s) =

⎛⎜⎜⎜⎝
γ11,11(s) γ11,21(s) · · · γ11,mn(s)
γ21,11(s) γ21,21(s) · · · γ21,mn(s)

...
...

. . .
...

γmn,11(s) γmn,21(s) · · · γmn,mn(s)

⎞⎟⎟⎟⎠ .

�' εpq P εkl 	�Jnq\, Nrq γpq,kl(t) o4 0, �[ p �= k /4 q �= l. ��

{Et, t ≥ 0} 4*2�(23)UOQR"ZQ�]P
F>�_�

γij,ij(s) =

{
σ2

ij , s = 0,

0, s �= 0,
i = 1, 2, . . . ,m; j = 1, 2, . . . , n,

` εij (i = 1, 2, . . . ,m; j = 1, 2, . . . , n) A4'.UOQ��. 8�B 6� LB , �S\

εij (i = 1, 2, . . . ,m; j = 1, 2, . . . , n)  p4'.UOQ. �? εij (i = 1, 2, . . . ,m; j = 1, 2, . . . , n)

! '.UOQ, bW {Et, t ≥ 0} ZQ]P
F>.

9+B_, �' εpq P εkl (p �= k /4 q �= l) 	�Jnq\, ]�B !�J, z , �/

4 t , �S\ εij (i = 1, 2, . . . ,m; j = 1, 2, . . . , n) �uv p4 0, /6� LB , �S\>

 p4'.UOQ��. �? εij (i = 1, 2, . . . ,m; j = 1, 2, . . . , n) A4'.UOQ��, S Et 4

*2�(23)UOQ.

6 rstu
\a:"
�/e`+ (RNrp: 601398.SH, +3: /+) �
���`+ (RNrp:

601288.SH, +3: �+) �@AB;���@27��C;���+##, ��sq4 2017 Æ

1 r 1 @K 2019 Æ 1 r 1 @, �[�mCGkn)�U%M�I [6] 3+7 MAR(p) #��B

3*2, *E�r�K?%)R+7�#��ss.

6.1 vw[xyUz{-_`
!�"
�/e`+ (601398.SH) �
���`+ (601288.SH) �@AB;���@27

��C;��?�G�':
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g�' H0: ���AM4 0; gh�' H1: ���AM.4 0.

/6��t\ t S\3wt p!"tug�', O 1 4 t S\� p M. (O 1 B_, KD

RN�@AB;��!Bf8AM4 0, = KDRN�@27��C;���AM!du.4

0. 8�, \�:>�+biC&�.

uv vv	ww vvwxvuyw xv	ww xvwxvuyw
p x 0.465 4.24e-05 0.513 4.22e-05

x 1 zyyyz
	ww[Q{
wxvuyw[Qz|x}z

6� ADF�ohS\� Ljung-Box QS\, 3wtKD`+RN�@AB;���@27

��C;����%$X> p4UOQ. O 2 4 ADF �ohS\� p M, O 3 4 Ljung-Box

Q S\� p M. (O 2 �O 3 B ~�, :�A4�%� UOQ��, 8�B ">##.

uv vv	ww vvwxvuyw xv	ww xvwxvuyw
p x 5.73e-11 6.37e-17 4.36e-21 2.49e-30

x 2 zyyyz
	ww[Q{
wxvuyw[Qzz{{}z

uv vv	ww vvwxvuyw xv	ww xvwxvuyw
p x 7.65e-04 1.87e-06 1.59e-04 1.64e-05

x 3 zyyyz
	ww[Q{
wxvuyw[Qz{||}z

6.2 MAR(p) YZ[Ocz|Y
h)J� 3.1 �J� 3.4 B_, MAR(p) #��J^�_�"��R�B?K#��J^.

8�, \�!�#\R�B?K#�
X̃(t) = Π1X̃(t − 1) + Π2X̃(t − 2) + · · · + ΠpX̃(t − p) + Ẽ(t),

>


X̃(t) =

⎛⎜⎜⎝
x11(t)
x21(t)
x12(t)
x22(t)

⎞⎟⎟⎠ ,

�[ x11(t) 4
�/e`+�@AB;��, x21(t) 4
���`+�@AB;��, x12(t) 4


�/e`+�@27��C;��, x22(t) 4
���`+�@27��C;��.

�[6� AIC iS�HQ iS� SC iS"R�B?K#�J^ (O 4):

}|}} AIC }~ HQ }~ SC }~
�� 2 1 1

x 4 �v:RZ\Z~�
ij7\�
����^Cr^, �� HQiS� SCiSRl~�^3?4@l#��^

3, `#\'^R�B?K#�
X̃(t) = Π1X̃(t − 1) + Ẽt. (6.1)

�Nrq, "�
�/e`+ (601398.SH) �
���`+ (601288.SH) �@AB;���@2

7��C;��, ]�!"#\ MAR(1) #�

X(t) = Φ1X(t − 1)Θ1 + E(t), (6.2)
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>


X(t) =
(

x11(t) x12(t)
x21(t) x22(t)

)
.

 @=C#$� Frobeniusl3�%�4jb,6�mCGkn),B I �#� (6.2)


�B3*2 Φ1 � Θ1 �G:

Φ1 =
(

0.512 −0.046
0.112 0.373

)
, Θ1 =

(
0.181 −0.045
−0.031 −0.62

)
.

:B3*2 Φ1 � Θ1 rq#� (6.2), /J, nB T�>#�
	���#$�%�4

2419.26.

''%2, ]�B �I �#� (6.1) �B3*2 Π1, J,"B3*2 Π1 �9��+U

%M�I [6], B +7B3*2 Φ∗
1 � Θ∗

1,

Φ∗
1 =

(−0.698 0.365
−0.604 0.126

)
, Θ∗

1 =
(−0.432 −0.043
−0.033 0.184

)
.

:B3*2 Φ∗
1 � Θ∗

1 rq#� (6.2), /J, nB T�>#�
	���#$�%�4

2482.56.

(�Bd, f#���	W?3~,  mCGk)I B3*2R+7�#�"Ts.
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