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1 1  (0  0  0  0  1) (1, b1, b0, 0, b2)T   (b2), 

rank ( 1 )  rank ( 1 1)  rank (b2)  1, 
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2
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      51  0, . . 1 1  0, 
 1  (0  0  0  0  1).   
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 1.2 
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1 1 a1 a0 a2 0 

2  1 b1 b0 0 b2 
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      b2,   -
 2-   —    a2.   -
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 . 
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 . 1.3. 
 1.3 

i  Qt  Pt  1 Rt  St  

1 1 a1 a0 0 0 

2  1 b1 b0 b2 b3 

     ,   -
  —   ,   -

  .    
,  ,   -
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   12  21  0   -
  (recursive systems).   -
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   ,   -
            t. 

     Cov(Qt 1, ut2)  0, 
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   Qt 1    t.    
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      (ILS — 
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*
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     ; 
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 ,    . 
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(2SLS — two-stage least squares). 
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 Ŷi    ,   -
  i-   , « »    -
   . 

 i  i —      -
 ,   i-   ,  

   : 
,iiiiiiiii uZuXYy  

 

.][, iii
i

i
i XYZ  

       : 

),)ˆ((ˆ
iiiiiiiiiiiiii uYYXYuXYy  

 
,ˆ

iiii Zy  
 

.]ˆ[ˆ
iii XYZ  

   2SLS      
  i   .     -

 : 
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i
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i
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TẐ i  -
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j
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     Cov( )   ˆ  Ig. 
        

 (FGLS — feasible generalized least squares): 

,)ˆ(ˆˆ)ˆ(ˆˆ 1113 yIZZIZ g
T

g
TSLS  

      ,  
3SLS-  (three-stage least squares). 
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    , : 

).()(1 XYXYn T  

           
ln L ( , , Y, X)   ,     -
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 (concentrated log-likelihood function): 
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2

detln),,(ln 1* XYXYnnnXYL T  

       lnL*    -
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 .      (Y   X )T(Y   X ) 
          . -
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 ˆ   ˆ ,     ln L*,    
ˆ  n 1(Y ˆ   X ˆ )T(Y ˆ   X ˆ )     -
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    (FIML — full information maximum 
likelihood). 
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n
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n

1lim      -

 . 

 FIML-     .   
    u1 , ..., un   

( ., , (Amemiya, 1985, ch. 7)). 
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  (LIML — limited information maximum likelihood). 
       

        
 1, 1, 1.    1   
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       -
  Y1  X 1  W1.    1  1 

 ,     . 

      
  

       
 . : 

      ( ),   -
     — ILS; 

   ,    2SLS, LIML, 
3SLS, FIML. 

  3SLS  FIML,     -
        .  

 2SLS  LIML,     -
    (  )   , 

  .  2SLS  LIML    -
       ,  3SLS 

 FIML       . 
 ,      -

 . : 
  i-     ,   

2SLS, LIML  ILS ;    ,  
  2SLS  LIML    -

,   LIML     
; 

  i-    ,  2SLS  -
    2

2 ,0)ˆ( CNn d
i

SLS
i ; 

     ,  3SLS  -
    3

3 ,0)ˆ( CNn d
i

SLS
i ,  

 C2  C3   (  -
),   3SLS     ; 

    Ig      ,  
;ˆˆ 23 SLS

i
SLS

i  
  FIML  3SLS    -

,   n  FIML. 

 1.2.9.   i-     Y    
 X   U  ,     -

    2SLS  GLS,  -
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  3SLS. , ,   i-    
   : 

.1||,,1 titti uu  

    i-    
 (  — ).    

  ,     -
 (OLS)  

,ˆˆ ,1 t
IV

it
IV
ti uu  

 IV
tiû  — ,      i-  -

   . 
       -
     2SLS  xt  (xt1, , xtK) 

  yt 1  (yt 1, 1, , yt 1, g)  xt 1  (xt 1, 1, , xt 1, K). 

     
  

   ( .  1.2.3)    -
 i-   ,    ,ˆˆ 22 SLS

iii
SLS

i Zyu  
       

   ,     -
,   , ,   -

 . 
         -

        , -
     (  

 )       -
.        

 ,   i-    

iiiiiiiii uZuXYy  

    ,      
 ,    . ,  i-  
       

,     .    
-   ,     

.   ,   ,  
   (Hausman, 1978). 

  (p  1)-         
ˆ  ,        H0,   -
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  HA,   ˆ     
  H0,       HA. -
     q̂  ˆ  .    H0  

 , . .       ,  
   q̂     . ,  -

 H0 ,       q̂  ,  
         -

 H0. 
      -

   (Hausman, 1978)    ˆ 
   ,     —  

  .     -
 ,  3SLS   ;      

   ,  3SLS   -
 . 

,      (Spencer, Berk, 1981),   
       -
,         -

 -    .     
     i-    

       (   -
 LIML- ). 

     : 

,ˆ)]ˆ(ˆ[ˆ 1qqvoCasqnH T  

 asCôv(q̂) —     -
 asCov(q̂)  q̂  ˆ  ,   -
       H0 -
  - . 

        
,    q̂  ˆ       

,    asCov(q̂)     
      .        -

 H     ,    
  . 
   ,    
   ,     

   .       
      -

. 
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  ,   (Davidson, MacKinnon, 1993)  
     —  —  (Durbin-Wu-Haus-

man test),   . 
 

yt   Yi i  Xi i  ui   Zi i  ui , 
 Xi —      i-  ; 

 Yi —       i-  , 
         -

   . 

 H0:  i-     , . .  
    Yi    ui.  , 

   ( ) ,   
 Yi.    ,   i-    

     (OLS).   
     . 

  OLS-    -
 ,    Yi,   : 

iii WXY  

    Ŷi  .   -
       -
    i-  ,      

,ˆ
iiiii YZy  

 OLS-      -
 H0:   0.       F- -

, ,  ,       -
 . 

 Ŷi       Ŵi  Yi  Ŷi, 
. .   

iiiii WZy ˆ  

   H0:   0    .     
  H0     , 

  OLS-   i-   
. 

            
 .    Ŵi  Yi  Ŷi,  , -

  ûi,     i-   -
    (OLS).  R2 —  -
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,   OLS-   ûi  Zi i  Ŵi   i. 
      nR2  -

 (  n  )  2(gi),  gi —  -
   Yi.     nR2  2

1 (gi),   — 
   . 

        -
         i-  

.      ,      
    ,    -

,      -
 .       -

,       
  ,    , , ,  

J-  (J-statistic for valid instruments),    (God-
frey, Hutton, 1994). 

    ,     i -  
  

yt   Yi i  Xi i  ui   Zi i  ui , 
  

,iii WXY  

 X —    . 

  i-      , 
 2SLS-    

.ˆˆ 22 SLS
iii

SLS
i Zyu  

      SLS
iu2ˆ   , 

   X.  R2 —     -
 .  J-  : J  nR2   -

 (  n  )  -     , 
       X   

   i-  . 
      

  J- ,   , -
    -  ( . .   J- -

,   P-      -
).   ,     -
      , 

        ,  -
  . 

     J- ,   -
 ,      (      
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)     i-     -
/ . 

  (Godfrey, Hutton, 1994) ,  ,   
   ,  ,   

       :  
1  (1  J)(1  H)  J  H  J H,  J —   J- -

; H —    ,   -
 . 

 1.2.10.      
    ,   -

 .     -
        

  .        -
    ,    

   .   ,  
      ,  -

 OLS-  .     -
       -

 ,   OLS- . 

     

 1.2.1 

  «  — »  : 

,22322212

112111

uInvestWeatherPQ
uDPIQP

 

           P —    ,    
     ; 

           Q —       ; 
       DPI —     ,   

   (CPI); 
 Weather —  ,   -

   -    ; 
    Invest —   CPI      -

   ,  -
 . 

    ,   —  
. 

  30 ,      
        ( . 1.4). 
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 1.4 
 30    «  — » 

t  (P)  (Q) DPI Weather Invest 

01 108.9 127.4 097.6 099.1 142.9 
02 100.6 105.1 098.2 098.9 123.8 
03 109.7 076.7 099.8 110.8 111.9 
04 111.6 093.8 100.5 108.2 121.4 
05 109.8 088.3 096.6 108.7 092.9 
06 104.4 078.4 88.9 100.6 097.6 
07 089.6 089.6 084.6 70.9 064.3 
08 117.2 075.3 096.4 110.5 078.6 
09 109.3 109.1 104.4 092.5 109.5 
10 114.9 121.3 110.7 089.3 128.6 
11 112.0 106.3 099.1 90.3 095.8 
12 112.9 129.1 105.6 95.2 130.9 
13 121.0 118.6 116.8 98.6 125.7 
14 112.8 094.3 105.3 105.7 109.8 
15 102.9 081.0 085.6 107.8 088.4 
16 086.0 104.9 084.8 80.4 096.9 
17 095.7 094.6 089.8 090.7 090.8 
18 104.9 102.9 093.2 088.9 101.7 
19 114.0 110.6 105.9 096.9 110.8 
20 121.9 111.7 110.8 101.9 117.9 
21 127.2 117.6 115.3 104.9 134.8 
22 128.3 125.1 120.6 103.6 140.2 
23 125.0 087.4 105.7 106.2 078.3 
24 117.1 084.6 103.5 100.8 094.7 
25 122.7 107.8 110.6 110.5 135.9 
26 111.6 120.7 109.3 086.7 126.8 
27 114.1 102.8 099.5 093.8 090.5 
28 110.4 099.2 105.9 099.9 134.8 
29 109.2 107.1 102.7 104,0 123.8 
30 108.9 127.4 097.6 099.1 142.9 

  ,      
 ,    : 

,24323221121122

12211112111

tttttt

ttttt

uxxxyy
uxxyy

 

 yt1  Pt, yt2  Qt, xt1  1, xt2  (DPI)t, xt3  (Weather)t, xt4  (Invest)t. 
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  : (yt1, yt2).   -
: (1, xt2, xt3, xt4).   ,   :  

(yt1, yt2, 1, xt2, xt3, xt4).  g  2, K  4, 

32

22

21

1211

11

12

32

22

21

1211

11

12

0
0

0

1
1

,

0
0

0
,

1
1

. 

        -
    51  0, 61  0,     

 g1
*  0, K1

*  2,  g1
*  K1

*  g  1, . .   -
 .      -

     42  0,    
  g2

*  0, K2
*  1,  g2

*  K2
*  g  1, . .   -

 . 
      -

  1.1.3.       -
 ( . 1.5). 

 1.5 
     

i  yt1 yt2 1 xt2 xt3 xt4 

1 1 11  11  21  0 0 

0 12  1 12  0 22  32  

          
  : ( 22  32).     1,    

 g  1  1,     .   
      : ( 21).   

   1,      . -
   ,     g1

*  K1
*  g  1,    

g2
*  K2

*  g  1, . .   ,   — 
 .      

     ,   -
      . 

     ,  -
       : 
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,1441331221111 ttttt wxxxy  

.2442332222122 ttttt wxxxy  

  EViews   ,   . 1.6 (  -
   P  Q  4  ). 

 1.6 
       

  Y1 

   
 t-  P-  

C 12.409540  8.192675 1.514712 0.1419 

X2 01.030854 0.090988 11.329510 0.0000 

X3 00.361564 0.066508 5.436388 0.0000 

X4 0.152442 0.040203 3.791820 0.0008 

R-squared 0.902361 Mean dependent var 111.1445000 

Adjusted R-squared 0.891094 S.D. dependent var 09.877858 

S.E. of regression 3.259777 Akaike info criterion 05.324760 

Sum squared resid 276.27970000 Schwarz criterion 05.511587 

Log likelihood 75.87140000 F-statistic 80.095240 

Durbin-Watson stat 2.016289 Prob. (F-statistic) 00.000000 

  Y2 

   
 t-  P-  

C 81.7849500 17.5675200 4.655463 0.0001 

X2 0.581396 0.195106 2.979896 0.0062 

X3 0.924096  0.142613 6.479734  0.0000 

X4 0.475229 0.086207 5.512656 0.0000 

R-squared 0.824120 Mean dependent var 101.81110000 

Adjusted R-squared 0.803826 S.D. dependent var 15.7816500 

S.E. of regression 6.989927 Akaike info criterion 6.850383 

Sum squared resid 1270.336000000 Schwarz criterion 7.037209 

Log likelihood 98.7557500  F-statistic 40.6094300 

Durbin-Watson stat 2.084533 Prob. (F-statistic) 0.000000 
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     ,     -
 : 

32

22

21

1211

11

12

4241

3231

2221

1211

0
0

0
1

1
 

   : 

,11111211  ,12121112  

,21112221  ,0122122  

,0113231  ,22123132  

,0114241  ,32124142  

       
,        

     12, 12, 22  32.  
,   8       

4 ,    .   , : 

21

22
12 ,   

21

22
121112 ,   

21

22
323122 ,   

21

22
424132 . 

       ki,  
     . : 

.5639945.0
030854.1
581396.0

ˆ
ˆˆ

21

22
12  

     : 
ˆ

12  88.78386,   ˆ
22  1.128017,   ˆ

32  0.561206.  

 1.2.11.      
       -

  ,  -   -
      

       
 n .       -

        
  .    -

       
  ,  2SLS    , 

       -
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    ILS  2SLS . -
, ,  ,      2SLS-   -

   .    
       -

    ,    -
  . 

    ,      
       ( -

   . 1.7). 

 1.7 
         

Estimation Method: Two-Stage Least Squares (2SLS) 

   
 t-  P-  

C(1) 0.361831 0.081657 4.431122  0.0000 

C(2) 18.166390 9.760145 1.861283 0.0683 

C(3) 1.279190 0.126018 10.15089 0.0000 

C(4) 0.563994 0.175307 3.217171 0.0022 

C(5) 88.783860 15.0657800 5.893080 0.0000 

C(6) 1.128017 0.158217 7.129565  0.0000 

C(7) 0.561206 0.065442 8.575557 0.0000 

Determinant residual covariance 479.52530000   

Equation:  Y1=C(1)*Y2+C(2)+C(3)*X2;   Observations: 30 

R-squared 0.781184 Mean dependent var 111.144500 

Adjusted R-squared 0.764975 S.D. dependent var 009.877858 

S.E. of regression 4.788722 Sum squared resid 619.160300 

Durbin-Watson stat 2.036078   

Equation:  Y2=C(4)*Y1+C(5)+C(6)*X3+C(7)*X4;   Observations: 30 

R-squared 0.849107 Mean dependent var 101.81110 

Adjusted R-squared 0.831696 S.D. dependent var 015.78165 

S.E. of regression 6.474401 Sum squared resid 1089.865000 

Durbin-Watson stat 2.152230   

  ,      
,    .  -

     yt2    -
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  ,      .  
    yt1      , 

     .  -
       -

 xt1, xt2, xt3  xt4 (   —   , -
  —       

   —   ). 
  ,      -

   ,      -
 SLS

iii
SLS

i Zyu 22 ˆˆ     : 

36.32882116.439387
16.43938720.638675

. 

     

10.600370
0.6003701

, 

         
.  ,      

 ,      -
        

   . 
  3SLS  ,   . 1.8. 

 1.8 
         

Estimation Method: Iterative Three-Stage Least Squares (3SLS); 
Convergence achieved after: 2 weight matrices, 3 total coef iterations 

   
 t-  P-  

C(1) 0.361831 0.077466 4.670812 0.0000 

C(2) 18.166390 9.259287 1.961964 0.0550 

C(3) 1.279190 0.119551 10.699980  0.0000 

C(4) 0.592909 0.150576 3.937596 0.0002 

C(5) 89.914840 13.7984600 6.516294 0.0000 

C(6) 1.159822 0.130071 8.916811  0.0000 

C(7) 0.550297 0.056107 9.808057 0.0000 

Determinant residual covariance 486.04810000   
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 . 1.8 

Equation:  Y1=C(1)*Y2+C(2)+C(3)*X2;   Observations: 30 

R-squared 0.781184 Mean dependent var 111.144500 

Adjusted R-squared 0.764975 S.D. dependent var 009.877858 

S.E. of regression 4.788722 Sum squared resid 619.160300 

Durbin-Watson stat 2.036078   

Equation:  Y2=C(4)*Y1+C(5)+C(6)*X3+C(7)*X4;   Observations: 30 

R-squared 0.849356 Mean dependent var 101.81110 

Adjusted R-squared 0.831974 S.D. dependent var 015.78165 

S.E. of regression 6.469047 Sum squared resid 1088.063000 

Durbin-Watson stat 2.139746   

       
 ,    ( . 1.9). -

     .   -
       -

. 

 1.9 
,     2SLS  3SLS 

   
 

2SLS 3SLS 2SLS 3SLS 

C(1) 0.361831 0.361831 0.081657 0.077466 

C(2) 18.166390 18.166390 9.760145 9.259287 

C(3) 01.279190 01.279190 0.126018 0.119551 

C(4) 00.563994 00.592909 0.175307 0.150576 

C(5) 88.783860 89.914840 15.0657800 13.7984600 

C(6) 1.128017 1.159822 0.158217 0.130071 

C(7) 00.561206 00.550297 0.065442 0.056107 

   FIML   . 1.10.  
      . 

         
.       

 ,      -
    (    . 1.11). 
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 1.10 
     FIML 

   
 t-  P-  

C(1) 0.363540 0.097355 3.734157  0.0005 
C(2) 18.181560 13.6509900 1.331886 0.1886 
C(3) 1.280771 0.167147 7.662534 0.0000 
C(4) 0.593625 0.221715 2.677418 0.0099 
C(5) 88.825500 19.8454700 4.526248 0.0000 
C(6) 1.159160 0.151139 7.669539  0.0000 
C(7) 0.549823 0.065905 8.342675 0.0000 

Log Likelihood 172.096200000   
Determinant residual covariance 486.93970000   

Equation:  Y1=C(1)*Y2+C(2)+C(3)*X2;   Observations: 30 

R-squared 0.780336 Mean dependent var 111.144500 
Adjusted R-squared 0.764065 S.D. dependent var 009.877858 

S.E. of regression 4.797990 Sum squared resid 621.559000 
Durbin-Watson stat 2.030828   

Equation:  Y2=C(4)*Y1+C(5)+C(6)*X3+C(7)*X4;   Observations: 30 

R-squared 0.849367 Mean dependent var 101.81110 
Adjusted R-squared 0.831986 S.D. dependent var 015.78165 

S.E. of regression 6.468814 Sum squared resid 1087.984000 
Durbin-Watson stat 2.137757   

 1.11 
     OLS      

Estimation Method: Two-Stage Least Squares 

   
 t-  P-  

C(1) 0.213716 0.063693 3.355431 0.0015 
C(2) 18.159740 8.908678 02.038432 0.0465 
C(3) 01.130662 0.108276 10.442410 0.0000 
C(4) 00.614038 0.159561 03.848293 0.0003 
C(5) 86.614600 14.7116400 05.887487 0.0000 
C(6) 1.154140 0.153404 7.523517 0.0000 
C(7) 00.553841 0.064458 08.592225 0.0000 

Determinant residual covariance 517.65080000   
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Equation:  Y1=C(1)*Y2+C(2)+C(3)*X2;   Observations: 30 

R-squared 0.817697 Mean dependent var 111.144500 

Adjusted R-squared 0.804193 S.D. dependent var 009.877858 

S.E. of regression 4.370958 Sum squared resid 515.842400 

Durbin-Watson stat 2.442191   

Equation:  Y2=C(4)*Y1+C(5)+C(6)*X3+C(7)*X4;   Observations: 30 

R-squared 0.849675 Mean dependent var 101.811100 

Adjusted R-squared 0.832330 S.D. dependent var 015.781650 

S.E. of regression 6.462188 Sum squared resid 1085.7570000 

Durbin-Watson stat 2.138293   

  ,     
  FIML   OLS ( . 1.12). 

 1.12 
,     FIML  OLS 

 
 

FIML OLS 

C(1) 0.363540 0.213716 
C(2) 18.181560 18.159740 
C(3) 01.280771 01.130662 
C(4) 00.593625 00.614038 
C(5) 88.825500 86.614600 
C(6) 1.159165 1.154140 
C(7) 00.549823 00.553841 

     yt2   , 
     ,  

 ,     .     -
,        -
   .      

0.902361     0.824120    -
 . 

 ,  ,       
   — xt3  xt4 (     -

).      3SLS.   
 xt4 —   (    . 1.13). 
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 1.13 
        3SLS  

Estimation Method: Iterative Three-Stage Least Squares (3SLS); 
Convergence achieved after: 1 weight matrix, 2 total coef iterations 

   
 t-  P-  

C(1) 0.393021 0.106679 3.684137 0.0005 
C(2) 18.167790 9.612186 1.890079 0.0641 
C(3) 1.310468 0.142630 9.187882 0.0000 
C(4) 1.603271 0.324620 4.938909 0.0000 
C(5) 68.858960 29.3443400 2.346584 0.0226 
C(6) 1.469719 0.308619 4.762247  0.0000 

Determinant residual covariance 3322.482000000   

Equation:  Y1=C(1)*Y2+C(2)+C(3)*X2;   Observations: 30 

R-squared 0.764186 Mean dependent var 111.144500 
Adjusted R-squared 0.746719 S.D. dependent var 009.877858 

S.E. of regression 4.971235 Sum squared resid 667.255700 
Durbin-Watson stat 1.946538   

Equation:  Y2=C(4)*Y1+C(5)+C(6)*X3;   Observations: 30 

R-squared 0.360021 Mean dependent var 101.81110 
Adjusted R-squared 0.312615 S.D. dependent var 015.78165 

S.E. of regression 13.0843600 Sum squared resid 4622.411000 
Durbin-Watson stat 1.199501   

 ,    xt4   -
,  ,  3SLS    -

    ( . 1.14). 
 1.14 

        (3SLS) 

 
 

X4 excluded X4 included 

C(1) 0.393021 0.361831 
C(2) 18.167790 18.166390 
C(3) 01.310468 01.279190 
C(4) 01.603271 00.592909 
C(5) 68.858960 89.914840 
C(6) 1.469719 1.159822 
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       -
 yt1   .    . 1.13, 
      —   -

 ,       -
    .     -
        

 — 13.08436  4.971235, , ,  ,  
         

. 
   xt4     -

 xt3 —  ,    ,   . 1.15. 

 1.15 

        3SLS  
Estimation Method: Iterative Three-Stage Least Squares (3SLS) 

   
 t-  P-  

C(1) 0.318323 0.116740 2.726758 0.0086 

C(2) 18.164440 8.863637 2.049321 0.0453 

C(3) 1.235561 0.145848 8.471570 0.0000 

C(4) 1.274776 0.265732 1.034037 0.3057 

C(5) 16.260650 26.1224300 0.622478 0.5362 

C(7) 0.499415 0.113699 4.392423 0.0001 

Determinant residual covariance 2157.560000000   

Equation:  Y1=C(1)*Y2+C(2)+C(3)*X2;   Observations: 30 

R-squared 0.799484 Mean dependent var 111.144500 

Adjusted R-squared 0.784631 S.D. dependent var 009.877858 

S.E. of regression 4.584099 Sum squared resid 567.377100 

Durbin-Watson stat 2.166955   

Equation:  Y2=C(4)*Y1+C(5)+C(7)*X4;   Observations: 30 

R-squared 0.490954 Mean dependent var 101.81110 

Adjusted R-squared 0.453247 S.D. dependent var 015.78165 

S.E. of regression 11.6693800 Sum squared resid 3676.710000 

Durbin-Watson stat 1.624247   
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 ,    xt3   -
,  ,  3SLS    -

    ( . 1.16). 
 1.16 

        (3SLS) 

 
 

X3 excluded X3 included 

C(1) 0.318323 0.361831 
C(2) 18.164440 18.166390 
C(3) 01.235561 01.279190 
C(4) 00.274776 00.592909 
C(5) 16.260650 89.914840 
C(6) — 1.159822 
C(7) 00.499415 00.550297 

         
  yt1   .    -
        -
  — 11.66938  4.584099   ,   

       . -
,          -
 — xt3  xt4       

   :     
  4.788722,    6.469047.    -

      — : 2.036078  
   2.139746   . 

 1.2.2 

         -
   ,  30  « -

»,      : 

,5.15.11075.0
7.0805.0

24312

1221

ttttt

tttt

uxxyy
uxyy

 

         xt2, xt3  
 xt4  ,     ,    ut1, 

ut2    ,   ,  
 D(ut1)  D(ut2)  36  Corr(ut1, ut2)  0.7.  « » 
  . 1.17. 
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 1.17 
  30  

t Y1 Y2 X2 X3 X4 

01 088.1 152.4 097.6 099.1 142.9 
02 087.1 114.6 098.2 098.9 123.8 
03 101.1 074.1 099.8 110.8 111.9 
04 098.6 099.2 100.5 108.2 121.4 
05 109.4 074.0 096.6 108.7 092.9 
06 105.2 072.4 088.9 100.6 097.6 
07 100.6 069.2 084.6 070.9 064.3 
08 121.7 051.3 096.4 110.5 078.6 
09 096.0 109.7 104.4 092.5 109.5 
10 090.3 135.5 110.7 089.3 128.6 
11 105.7 100.2 99.1 090.3 095.8 
12 091.3 144.5 105.6 095.2 130.9 
13 095.5 126.1 116.8 098.6 125.7 
14 101.0 090.6 105.3 105.7 109.8 
15 110.2 066.7 085.6 107.8 088.4 
16 087.1 104.0 84.8 080.4 096.9 
17 097.4 085.3 089.8 090.7 090.8 
18 099.8 102.6 093.2 088.9 101.7 
19 099.9 110.8 105.9 096.9 110.8 
20 102.8 114.8 110.8 101.9 117.9 
21 099.8 131.2 115.3 104.9 134.8 
22 095.8 141.2 120.6 103.6 140.2 
23 123.4 062.6 105.7 106.2 078.3 
24 110.4 073.2 103.5 100.8 094.7 
25 098.7 121.1 110.6 110.5 135.9 
26 088.2 134.5 109.3 086.7 126.8 
27 110.0 091.8 099.5 093.8 090.5 
28 088.3 115.1 105.9 099.9 134.8 
29 093.6 114.5 102.7 104,0 123.8 
30 103.5 076.9 096.8 108.4 104.5 

       
   ,     

     (    
 . 1.18). 
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 1.18 
         

Estimation Method: Least Squares (OLS) 

   
 t-  P-  

C(1) 0.363218 0.041816 8.686139  0.0000 
C(2) 88.698330 10.4940100 8.452281 0.0000 
C(3) 00.476608 0.122697 3.884420 0.0003 
C(4) 01.019773 0.297976 3.422330 0.0012 
C(5) 11.0796100 28.3015600 0.391484  0.6970 
C(6) 1.752307 0.214654 8.163409  0.0000 
C(7) 01.672787 0.127403 13.1299100 0.0000 

Determinant residual covariance 576.68770000   

Equation:  Y1=C(1)*Y2+C(2)+C(3)*X2;   Observations: 30 
R-squared 0.743523 Mean dependent var 100.016700 

Adjusted R-squared 0.724524 S.D. dependent var 009.334551 
S.E. of regression 4.899311 Sum squared resid 648.087700 

Durbin-Watson stat 2.154319   

Equation:  Y2=C(4)*Y1+C(5)+C(6)*X3+C(7)*X4;   Observations: 30 
R-squared 0.950061 Mean dependent var 102.003300 

Adjusted R-squared 0.944299 S.D. dependent var 027.239760 
S.E. of regression 6.428860 Sum squared resid 1074.5860000 

Durbin-Watson stat 2.151388   

     (  -
  . 1.19). 

 1.19 
         

Estimation Method: Two-Stage Least Squares (2SLS) 

   
 t-  P-  

C(1) 0.424633 0.045795 9.272577  0.0000 
C(2) 83.958840 10.9620500 7.659048 0.0000 
C(3) 00.585040 0.130033 4.499177 0.0000 
C(4) 00.901844 0.420366 2.145379 0.0365 
C(5) 1.113488 37.8136300 0.029447  0.9766 
C(6) 1.684157 0.274838 6.127827  0.0000 
C(7) 01.628247 0.169687 9.595614 0.0000 

Determinant residual covariance 522.67070000   
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 . 1.19 

Equation:  Y1=C(1)*Y2+C(2)+C(3)*X2;   Observations: 30 

R-squared 0.723032 Mean dependent var 100.016700 
Adjusted R-squared 0.702516 S.D. dependent var 009.334551 

S.E. of regression 5.091263 Sum squared resid 699.865900 
Durbin-Watson stat 1.952744   

Equation:  Y2=C(4)*Y1+C(5)+C(6)*X3+C(7)*X4;   Observations: 30 

R-squared 0.949761 Mean dependent var 102.003300 
Adjusted R-squared 0.943964 S.D. dependent var 027.239760 

S.E. of regression 6.448196 Sum squared resid 1081.0600000 
Durbin-Watson stat 2.162986   

 3SLS,  ,   . 1.20. 

 1.20 
         

Estimation Method: Iterative Three-Stage Least Squares (3SLS) 

   
 t-  P-  

C(1) 0.424633 0.043445 9.774155  0.0000 
C(2) 83.958840 10.3995100 8.073345 0.0000 
C(3) 00.585040 0.123360 4.742549 0.0000 
C(4) 00.889189 0.369342 2.407495 0.0196 
C(5) 0.653169 34.8867100 0.018723  0.9851 
C(6) 1.671481 0.220626 7.576096  0.0000 
C(7) 01.624186 0.152419 10.656060  0.0000 

Determinant residual covariance 518.51600000   

Equation:  Y1=C(1)*Y2+C(2)+C(3)*X2;   Observations: 30 

R-squared 0.723032 Mean dependent var 100.016700 
Adjusted R-squared 0.702516 S.D. dependent var 009.334551 

S.E. of regression 5.091263 Sum squared resid 699.865900 
Durbin-Watson stat 1.952744   

Equation:  Y2=C(4)*Y1+C(5)+C(6)*X3+C(7)*X4;   Observations: 30 

R-squared 0.949688 Mean dependent var 102.00330 
Adjusted R-squared 0.943883 S.D. dependent var 027.23976 

S.E. of regression 6.452837 Sum squared resid 1082.617000 
Durbin-Watson stat 2.161325   
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 1.21 
      OLS, 2SLS  3SLS 

 
 

OLS 2SLS 3SLS True 

  
C(1) 0.363218 0.424633 0.424633 0.5 
C(2) 88.698330 83.958840 83.958840 80.0 
C(3) 00.476608 00.585040 00.585040 00.7 

  
C(4) 01.019773 00.901844 00.889189 000.75 
C(5) 11.07961 1.113488 0.653169 10.0 
C(6) 1.752307 1.684157 1.671481 1.5 
C(6) 01.672787 01.628247 01.624186 01.5 

      ( . 1.21). 
      

  —     : 

,24323221121122

12211112111

tttttt

ttttt

uxxxyy
uxxyy

 

  . 1.7.     -
 x1  1, x2, x3, x4. 

       -
  .    2SLS-   -

 .ˆ,ˆ 2
2

2
1

SLS
t

SLS
t uu     SLS

tu 2
1ˆ   x1  1, x2, x3, x4. 

     0.000319,    
J  nR2  0.00957.    : 4  3  1.  P- -

  0.922,      -
. (     SLS

tu2
2ˆ   x1  1, x2, x3, x4,    

 J  0,    : 4  4  0,  J-  .) 
     ,  

          —  — 
. 

   

2442332222122 ttttt wxxxy  

    ŵt2  yt2  ŷt2.     
 

122211112111 ˆ tttttt wxxyy  
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   H0:   0.    —  ,  
     t- .  -

     . 1.22. 
 1.22 

  Y1  
Method: Least Squares 

   
 t-  P-  

Y2 0.424633  0.023668 17.941400  0.0000 
C 83.958840  5.665468 14.819400 0.0000 
X2 0.585040 0.067204 08.705405 0.0000 
W2 0.616608 0.074993 08.222165 0.0000 

R-squared 0.928759 Mean dependent var 100.016700 
Durbin-Watson stat 2.089751 Prob. (F-statistic) 000.000000 

  ˆ   0.617     
,         . 

      ,   -
  

214323221121122 ˆ ttttttt wxxxyy  

,   . 1.23. 
 1.23 

  Y2  
Method: Least Squares 

   
 t-  P-  

Y1 0.901844 0.426087 2.116571 0.0444 
C 1.113488 38.32829 0.029051  0.9771 
X3 1.684157 0.278578 6.045545  0.0000 
X4 1.628247 0.171996 9.466768 0.0000 
W1 0.238481 0.605917 0.393586 0.6972 

R-squared 0.950369 Mean dependent var 102.003300 
Durbin-Watson stat 2.187028 Prob. (F-statistic) 000.000000 

        
 ,        -

.     ,     OLS-   
         
,         -

    .  
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,       2SLS  3SLS -
  yt1, yt2   yt1, yt2   

   xt2, xt3  xt4,     
,       

.        yt1  xt2, 
      —  yt2, xt3  xt4.   

        
   .     : 

   yt1    xt2,    xt3  xt4,   
   xt2: Corr(x3, x2)  0.308, Corr(x4, x2)  0.680; 

   yt2    xt3  xt4,    xt2,   
   xt3  xt4. 

  ,     
  .      -

,   

,1.1455.0
1.1505.0

2412

1221

tttt

tttt

uxyy
uxyy

 

     xt2, xt4   ut1, ut2,    -
  .    ,    

 3SLS  ,   . 1.24. 
 1.24 

         
Estimation Method: Iterative Three-Stage Least Squares (3SLS) 

   
 t-  P-  

C(1) 0.412458 0.062834 6.564206  0.0000 
C(2) 53.691210 10.6637700 5.034918 0.0000 
C(3) 00.955053 0.151915 6.286768 0.0000 
C(4) 00.545426 0.213593 2.553572 0.0135 
C(5) 56.936250  25.4819500 2.234375  0.0296 
C(7) 01.167493 0.064218 18.180250  0.0000 

Determinant residual covariance 506.26060000   

Equation:  Y1=C(1)*Y2+C(2)+C(3)*X2;   Observations: 30 
R-squared 0.489024 Mean dependent var 98.823310 

Adjusted R-squared 0.451174 S.D. dependent var 06.911911 
S.E. of regression 5.120537 Sum squared resid 707.9373000 

Durbin-Watson stat 1.741253   
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 . 1.24 

Equation:  Y2=C(4)*Y1+C(5)+C(7)*X4;   Observations: 30 

R-squared 0.929722 Mean dependent var 125.563900 

Adjusted R-squared 0.924517 S.D. dependent var 023.427290 

S.E. of regression 6.436470 Sum squared resid 1118.5600000 

Durbin-Watson stat 2.049311   

      . 
     xt4   xt5, -

  
,30,,1),1,0(...~,225 tNdiixx tttt  

    : 

.1.1455.0

1.1505.0

2512

1221

tttt

tttt

uxyy

uxyy
 

        -
:   ,   — -

 . , ,    ( . 1.25). 

 1.25 
         

Estimation Method: Iterative Three-Stage Least Squares (3SLS) 

   
 t-  P-  

C(1) 2.109257  03.560708 0.592370  0.5561 

C(2) 9.837905 90.428740 0.108792 0.9138 

C(3) 3.365924 04.983926 0.675356 0.5020 

C(4) 0.940376 00.427263 2.200928 0.0320 

C(5) 82.480760 0 30.852060 2.673428  0.0099 

C(8) 1.023874 00.193137 5.301291 0.0000 

Determinant residual covariance 3003.720000000   

Equation:  Y1=C(1)*Y2+C(2)+C(3)*X2;   Observations: 30 

R-squared 7.828599 Mean dependent var 102.628200 

Adjusted R-squared 8.482569 S.D. dependent var 005.264654 

S.E. of regression 16.211860 Sum squared resid 7096.2600000 

Durbin-Watson stat 01.700910   
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 . 1.25 

Equation:  Y2=C(4)*Y1+C(5)+C(8)*X5;   Observations: 30 

R-squared 0.825653 Mean dependent var 117.953800 

Adjusted R-squared 0.812738 S.D. dependent var 014.613780 

S.E. of regression 6.323932 Sum squared resid 1079.7870000 

Durbin-Watson stat 2.085919   

       
,    ,     

      . -
    ,     

( . 1.26). 

 1.26 
,  3SLS 

   
 

 1  2  1  2 

C(1) 0.412458 2.109257  0.062834 3.560708 

C(2) 53.691210 9.837905 10.6637700 90.4287400 

C(3) 00.955053 3.365924 0.151915 4.983926 

C(4) 00.545426 0.940376 0.213593 0.427263 

C(5) 56.936250  82.480760 0 25.4819500 30.8520600 

C(7) 01.167493 — 0.064218 — 

C(8) — 1.023874 — 0.193137 

      ,  -
 xt5      xt2  : Corr(xt5, xt2)  0.969. 

         -
,       «  ». 

        -
    , 

 : 
   yt1  xt2      xt5,  

  xt2; 
   yt2  xt5      xt2,  

  xt5. 
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      yn 1, 1 , ..., yn 1, g  -
       ( )  

  xn 1, 1 , ..., xn 1, K  ,    -
     ˆ   : 

.ˆ),,()ˆ,,ˆ( ,11,1,11,1 Knngnn xxyy  

    . 1.7     
      (y30 t, 1 , y30 t, 2 ),  

t  1, , 30,       
(x30 t, 2 , x30 t, 3 , x30 t, 4 ), t  1, , 30,   -

  (xt, 2 , xt, 3 , xt, 4 ), t  1, , 30.   
   ,   . 1.27. 

 1.27 
    

Method: Least Squares 

  Y1 

   
 t-  P-  

C 61.350730 7.478051 8.204107 0.0000 

X2 00.428163 0.083052 5.155376 0.0000 

X3 00.511247 0.060707 8.421559 0.0000 

X4 0.502120 0.036696 13.68320000 0.0000 

  Y2 

C 54.215290 18.2255600 2.974685 0.0063 

X2 00.386136 0.202414 1.907652 0.0675 

X3 1.223092 0.147955 8.2666370 0.0000 

X4 01.175413 0.089436 13.1425000 0.0000 

R-squared 00.936459 Mean dependent var 102.003300 

Adjusted R-squared 00.929127 S.D. dependent var 027.239760 

S.E. of regression 07.251752 Akaike info criterion 006.923929 

Sum squared resid 1367.28600000 Schwarz criterion 007.110755 

Log likelihood 99.8589400 F-statistic 127.728000 

Durbin-Watson stat 02.066287 Prob. (F-statistic) 000.000000 
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   yt, 1 , yt, 2 , t  31, , 60   -
: 

,502.0511.0428.0351.61ˆ 4321, tttt xxxy  

.175.1223.1386.0215.54ˆ 4322, tttt xxxy  

   t  31, , 60 « »  yt, 1_true, 
yt, 2_true,     : 

.5.15.11075.0
7.0805.0

4312

221

tttt

ttt

xxyy
xyy

 

 . 1.28       « -
» (« »)  ( ). 

 1.28 
  « »  

t Y1_PREDICT Y1_TRUE Y2_PREDICT Y2_TRUE 

01 118.0 119.2 049.4 053.3 
02 098.6 098.4 101.2 101.2 
03 95.2 094.6 106.7 106.4 
04 116.3 117.9 070.3 073.0 
05 092.1 091.1 107.2 106.6 
06 095.6 094.6 091.5 091.9 
07 077.9 075.9 145.6 141.9 
08 087.4 085.8 114.1 113.1 
09 098.3 098.6 121.6 120.8 
10 102.0 103.0 116.0 114.3 
11 097.0 096.6 105.2 105.2 
12 122.0 124.2 064.4 067.7 
13 108.9 109.4 073.2 075.6 
14 098.6 099.1 117.3 115.7 
15 092.6 092.1 119.4 117.9 
16 088.2 087.4 132.9 130.3 
17 091.8 091.2 124.1 122.9 
18 107.1 108.3 093.1 092.7 
19 115.2 116.5 068.0 070.9 
20 098.8 098.0 079.7 080.5 
21 100.1 100.1 100.6 100.9 
22 092.8 091.8 107.2 106.8 
23 099.4 099.1 094.1 094.5 
24 086.5 085.4 133.1 130.4 
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 . 1.28 

t Y1_PREDICT Y1_TRUE Y2_PREDICT Y2_TRUE 

25 110.2 111.4 089.0 090.5 
26 106.2 106.0 061.9 064.5 
27 083.8 082.6 140.6 137.4 
28 093.0 092.3 117.7 116.9 
29 089.7 089.9 155.3 151.4 
30 088.3 087.8 141.7 138.5 

 ,       « -
».        -
    (MAPE — mean absolute percent error), 

   
30

1 ,

,,

_
__

100
30
1)(

t it

itit

truey
trueypredicty

iMAPE , 

   : 

MAPE(1)  0.881%,   MAPE(2)  1.797%. 
       : -

        
.      ,   

( . . 1.20)  3SLS ( . 1.29). 
 1.29 

,  3SLS 

  

C(1) 0.424633 
C(2) 83.958840 
C(3) 00.585040 
C(4) 00.889189 
C(5) 0.653169 
C(6) 1.671481 
C(7) 01.624186 

 ,      : 

.624.1671.1653.0889.0
585.0959.83425.0

4312

221

tttt

ttt

xxyy
xyy

 

   (Y1F, Y2F),   . 1.30. 



 1.    83 

 1.30 
  « »  

t Y1F Y1_PREDICT Y2F Y2_PREDICT 

01 117.95390 116.3 049.43060 049.4 

02 098.62752 092.1 101.22950 101.2 

03 095.21508 095.6 106.79860 106.7 

04 116.22620 077.9 070.28356 070.3 

05 092.14986 087.4 107.28330 107.2 

06 095.65463 098.3 091.58455 091.5 

07 077.93844 102.0 145.65290 145.6 

08 087.49209 097.0 114.31750 114.1 

09 098.28987 122.0 121.69120 121.6 

10 101.79540 108.9 115.62710 116.0 

11 097.07454 098.6 105.32180 105.2 

12 121.95080 092.6 064.30229 064.4 

13 108.95820 088.2 073.29769 073.2 

14 098.49096 091.8 117.08010 117.3 

15 092.60201 107.1 119.35910 119.4 

16 088.14985 115.2 132.81580 132.9 

17 091.87218 098.8 124.24720 124.1 

18 106.94710 100.1 092.66480 093.1 

19 115.18340 092.8 068.00794 068.0 

20 098.80164 099.4 079.70102 079.7 

21 100.08870 086.5 100.69580 100.6 

22 092.81281 110.2 107.34340 107.2 

23 099.37046 106.2 094.12591 094.1 

24 086.43539 083.8 133.10070 133.1 

25 110.14430 093.0 089.02851 089.0 

26 106.26920 089.7 062.01926 061.9 

27 083.80259 088.3 140.57810 140.6 

28 093.01326 116.3 117.85670 117.7 

29 089.61098 092.1 155.13290 155.3 

30 088.19077 095.6 141.58090 141.7 

     . 1.30    -
 ,      -

 . 
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 ,    : 
MAPE(1)  0.906%,   MAPE(2)  1.773%, 

   : 
MAPE(1)  0.881%,   MAPE(2)  1.797% 

      .   
       . 
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01.       ,   -
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      ? 
02.       ,   -
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03.         -
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04.         
  ?      ? 

05.     t-      
 (   OLS)      -

     ? 
06.         

   ? 
07.          

    ?      
      ? 

08.         
 ? 

09.          
      (FIML)? 

10.    FIML-       -
 ? 

11.        ? 
12.         
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13.          -
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14.          
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15.          
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 zt       , 
   .      
  , . .      
 . 

, ,  ,     I(1) 
       . 

      -
    y1t, , yNt  r,    r   

.   ,   N ,  
    r  1, , N  1. (   

  ,  r  0.    r  N  -
  ,   N  .)  
      -

 I(1)   r-    ,  
  .   r  -

      ,   
     ,    -

    ,  . 
   I(1)  y1t, , yNt   -

 r       VAR(p  1) —  -
  (p  1).     VAR   

ECM (   ): 
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 z1t, , zrt —  I(0) ,  r  -
   (1) , , (r) ; 

 ( 11 , , N 1)T, , ( 1r , , N r)T —    -
  (  ). 

        : 

 ,111  tptptt
T

t yyyy  

 1 , , p  —   (N  N); 
    — (N  r)-    r. 



  3.   ,  , ... 88 

   (1) , , (r)        
 ,   ij    -

     

1)(1,1)1(1,1 ,, t
T
rtrt

T
t yzyz  

(     (t  1)  r  -
   y1t, , yNt)      y1t, , yNt. 
           

   (UECM — unrestricted error correction model). 
  VAR     -

  ,     (1) , , (r)    
   .  -

      .     -
  (     )  -

  ,    -
   (  )   

   ( ,  -
 ,     . .). ,   ,   

     -
  (identifying restrictions),    
,         
. 

,        VAR -
     y1t, , yNt.   

   ECM,   VAR,   -
   (y1t, , yNt).     -

       
 ( y1t, , yNt)       

    .    
   ,    

    .     -
 ,      VAR (SVAR — struc-

tural vector autoregression)      ECM 
(SECM — structural error correction model).   VAR 

          
,      .  -

 ECM        -
    ,     -
  . 

   y1t, y2t,    -
 yt  (y1t, y2t)T,   ECM: 
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2

1

21

12 ,
1

1
, 

    ECM  : 

.11
*
1 tt

T
tt yayy  

        1,  
  ECM (reduced form error correction model): 

,111 tt
T

tt yyy  

 .,, 11*
1

1
1 tta   

1
1

)1(
1

21

12

2112

1 , 

 ,    1  12 212, : 

*
2112

*
11

11 ,   
*
2212

*
12

12 , 

*
1121

*
21

21 ,   
*
1221

*
22

22 , 

2221

1211

21

12

1
11

aa
aa

, 

211211
11

aa
,   221212

12
aa

, 

112121
21

aa
,   112122

22
aa

. 
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  ECM      , 
     :  
     ; 
    1

*; 
    a; 
    . 

        -
. ,   y1t, y2t ~ I(1) ,  -

  .    ( 11 , 21)T,    
12   22   0, 12   22   0,     -

. 
    ECM  : 

,1
*

1
*
1 tt

T
ptptt yayyy  

  —      (N  N). 

     1,    ECM: 

,111 tt
T

ptptt yyyy  

 .,, 11*1
ttjj a  

       Tyt 1 , . .  
,     (    ECM) 

     ECM:   1a. -
   ,     -
     SECM   ,   -

        ECM. 
      SECM  -

       ECM. 
      -

 ECM      
   ,    -

, . .   , 1
*, , p

*, a.   
     ECM    ,  -

 ,    -
   ECM. 

      
           -

   .   , -
   EViews,      ,   
   1  r  N,   (N  r)  

  (  )  — «  » («common 
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trends»), ,          
r        

 (N  r  1) .  ,      
       r   

Nr

rr

rr

N

r

N

r 1,

2

1,2

22

1

1,1

11

0
0

,,0

0

,0
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. 

,   ,    ,  
«  »     r  1, , N. -

        -
   EViews     ,   j-  

       j j ,   
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,

*
1,

*
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*
1,2

*
1

*
1,1

1

0
0

,,0

1
0

,0

0
1

Nr
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N

r

N

r
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    r-    -
     r. 

, ,  ,        
      ( , 

,   ,  ).  
      -

 ,    :   
       , -

         
       . .   

        
    ( . .  ) -
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    ,    -
       

.         , 
    .    ,  -

   r    
     r    (r  1)  -
.         -

. 
 ,  ,     -

,      r  
     ,  , ,  1 
       2, , r. 

,  ,       -
  r .     -

  ,    
,         

. 
  i-     ri   -
,       :   .  -

  (indirect restrictions)    -
  : 

Ri i  0, 

 Ri —   (ri  N)  ri. 

         -
 (direct restrictions)  : 

i  Hi i, 

 Hi —   N  (N  ri)  N  ri; 
 i —   (N  ri)  1. 

    

RiHi  0, 

. .   Ri    Hi. 
     IS/LM,   -

 : 
mt   lnMt ,   Mt  —   ; 
inct   GDPt ,   GDPt  —    ; 
pt   lnPt ,   Pt  —  GDP; 
rt

s —   ; 
rt

b —   . 
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    —   1,   
    r  3     -
      t.      

  : 

63

53

43

33

23

13

3

62

52

42

32

22

12

2

61

51

41

31

21

11

1 ,, , 

   : 

,6151413121111 trrpincmz b
t

s
ttttt  

,6252423222122 trrpincmz b
t

s
ttttt  

.6353433323133 trrpincmz b
t

s
ttttt  

       , -
,   . 
          

,    , . . mt   pt   f1(inct , rt
s, t),   -

      mt   pt , inct , rt
s, t 

     rt
b,      

 z1 t  11mt   21 inct   11pt   41rt
s  61 t.   -

 1  : 31   11 , 51   0.      
  R1 1   0 (  ),  

010000
000101

1R , 

   1   H1 1 ,  

41

31

21

11

11 ,

1000
0000
0100
0001
0010
0001

H ,    

41

31

11

21

11

1

0

. 

 ,  R1H1   0. 
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    (rt
s  rt

b)   -
    , . . rt

s  rt
b  f1  (mt , inct , pt),   -

      rt
s  rt

b, mt , inct , pt  
     t,      

 z2 t  12mt  22 inct  32pt  42rt
s  42rt

b.   -
 2  : 52  42 , 62  0.      

  R2 2   0 (  ),  

100000
011000

2R , 

   2   H2 2 ,  

42

32

22

12

22 ,

0000
1000

1000
0100
0010
0001

H ,    

0
42

42

32

22

12

2 . 

,     rt
b    

  mt , pt   t,        
 rt

b, mt , pt   t      inct   rt
s,   

    z3 t  13mt  33pt  53rt
b  63 t. 

   3   : 23   0, 43   0.   
    R3 3   0 (  ),  

001000
000010

3R , 

   3   H3 3 ,  

43

33

23

13

33 ,

1000
0100
0000
0010
0000
0001

H ,    

43

33

23

13

3 0

0

. 

     r, 1  r  N, 
        . 

  r  2, 3     ( ., , (Patterson, 
2000, p. 635—641)). 
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 r  2   1 , 2     -
 ,   : 

rank(R1H2)  1,   rank(R2H1)  1. 

 r  3   1 , 2 , 3     
  ,   : 

rank(RiHj)  1,   i  j,   i, j  1, 2, 3 (6 ), 

rank(R1[H2 , H3])  2,   rank(R2[H1 , H3])  2,   rank(R3[H1 , H2])  2. 

        , 
 r  3. : 

1000
0101

21HR , 
0100
0101

31HR , 

1000
0100

12HR , 
1000
0100

32HR , 

0100
0010

13HR , 
1000
0010

23HR . 

 6    2  1,      . 
: 

,
01001000
00110101

10000000
01001000
00001000
00100100
00000010
00010001

010000
000101

],[ 321 HHR
 

,
10001000
01000100

10001000
01000000
00000100
00100001
00000010
00010001

100000
011000

],[ 312 HHR
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.
10000100
00100010

00001000
10000000

10000100
01000001
00100010
00010001

001000
000010

],[ 213 HHR
 

     2,       . 
 ,   1 , 2 , 3  . 

 r   ,      
   (r  1)  .     -

      (r  1) ,    
  .          

   (r  1),     -
.     « »   -

    ,     
  1 , 2 , , r   . 

   ,   (Johansen, Juselius, 1994), 
  —   —    1, 2, 3. 
 1   inct ,   mt  pt   -

     ,     -
   .    -
        . 

    

010000
001000
000101

1R . 

  2     ,     
rt

s  rt
b,         ; 
     . :  -

  .  R2  : 

100000
011000
000100
000010
000001

2R . 



 2.         97 

,   3      mt , inct    rt
s;  

  rt
b. :    -

       .  R3  : 

001000
000010
000001

3R . 

     ( . 2.1). 

 2.1 
    

  
 

  
« »  

1 3 1 

2 5 3 

3 3 1 

 110 5 

  H0     -
      

 - ,    (Johansen, Juselius, 1994).  
  H0     -

  -   q  ,  q —  
  .  H0   

    .   -
 H0   ,       

   ,  
    ,     -

 ,     -
.      
    .    

 : 
         

   ,   -
 ? 

         
  (adjustment coefficients) ij? 

         
3.5;   ,   -
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 0.05,  .07.11)5(2
95.0       -

  5    . 

   ,  -
   ,    

  ECM 

 ,111  tptptt
T

t yyyy  

   ,  ,    -
 ˆ

1, ˆ
2, , ˆ

r.       ECM 

tt
T

ptptt yayyy 1
*

1
*
1  

  « »   1 , 2 , , r . 
      , 1

*, , p
*, a 

      .   
   : 

,),,,,(

1

1

1 t

t
T

pt

t

t

p

y
y

y
y

a  

 
,tt

T Z  

 T  ( , 1
*, , p

*, a) —   (N  (N  pN  rN)); 

                   

1

1

t
T

pt

t

t

t

y
y

y
y

Z  —     
((N  pN  rN)  1). 

   T, . .    ,   
  .    i-  -

    i-   Ai      (N  1) 
   

RiAi  0 (  ) 
 

Ai  Hi i  (  ),   RiHi  0. 
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   . 1,   i-   -
     ,  

     ( , FIML). 
    ECM (SECM)   

 — ECM  ,   SECM. 
   ECM     

 IS/LM,    .   (Johansen, Juselius, 
1994)         
(  ,   III  1975 .  I  1991 .). 

  ECM     11  -
     ,    -
   VAR     2,  , -

  . 2.2 (    i)   . 2.3 (  
   i). 

 2.2 
    

 1  2  3  

mt  0.193 0 0.00 

inct  1.00 0 0.00 

pt  00.193 0 0.488 

rt
s 0.00 1 0.00 

rt
b 0.00 –1  1.00 

t 0.005 0 00.009 

 2.3 
     

  1  2  3  

mt  0.030 0.159 0.569 

inct  0.458  0.001 0.405 

pt  0.325 0.039 0.054 

rt
s 0.337 0.008 0.168 

rt
b 0.109 0.023 0.213 

       
  ,       - -
 D84t ,  1    I  1984 .  I  1991 .  -

 0     ,   -
    .      -
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 ECM   z1, t 1 , z2, t 1 , z3, t 1    
ecm1t 1 , ecm2t 1 , ecm3t 1 ,  

,43.884027.0005.0)(193.01 ttttt Dtpmincecm  

,03.08400967.0)(2 t
b

t
s

tt Drrecm  

.52.084008.0)019.0(488.03 tt
b

tt Dtprecm  

  ,     ECM -
 -     ,   

   ECM.       ECM -
  mt , inct , pt , rt

s  rt
b. ,  , 

     .   -
       . 2.4. 

 2.4 
    

 mt  inct  pt  rt
s rt

b 

mt  1 0.29 0.20 0.10 0.10 

inct  0.29 1 0.35 0.18 0 

pt  0.20 0.35 1 0.12 0.10 

rt
s 0.10 0.18 0.12 1 0.65 

rt
b 0.10 0 0.10 0.65 1 

  . 2.4,        
 ,    .  -

  ,   VAR     2,     
ECM     ,   

   1 .       
ECM     : 

mt , inct , pt , rt
s, rt

b, mt 1 , inct 1 , pt 1 , rt
s

1 , rt
b

1 ,  
ecm1t 1 , ecm2t 1 , ecm3t 1 , 

     5  (  mt , inct , pt , rt
s  rt

b)  
  12 ,  .    

  ( )   
   .    -
        4 (5  1  4) 

.  ,       
  ,     -

 ,       -
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 ,    , . .  -
  ,      . 

       4   -
  ( . 2.5),     

. 
 2.5 

,    

  ,     

mt  rt
s inct  rt

b inct 1  

inct  rt
s pt  rt

b rt
b

1  

pt  rt
b pt 1  rt

s
1  rt

b
1  

rt
s rt

s
1  inct 1  pt 1  rt

b
1  

rt
b inct  mt  pt  rt

b
1  

        -
  (  t- )    . 

          -
.          5 -

   ,       mt , inct , rt
s, 

  —   pt   rt
b.       

,   —   , . .    
     ,   

    ,      — . -
     . 2.6  2.7. 

 2.6 
  

 mt  inct  rt
s pt  rt

b mt 1  inct 1 rt
s

1  pt 1  rt
b

1  

mt  1 0 0  0  0 0  0 

inct   1 0  0 0 0  0 0 

rt
s 0 0 1 0   0    

pt  0 0 0 1 0  0 0  0 

rt
b 0 0 0 0 1  0 0 0 0 

        -
  19 (7  7  5  19)  (  19 ). 

         
 2 (3  1  2) .   ,  « »    
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 2.7 
  ( ) 

 ecm1t 1  ecm2t 1  ecm3t 1  

mt  0   

inct   0  

rt
s   0 

pt     

rt
b  0  

: 5    , 5     
 3   ,  13 .   SECM 
     . 2.8  2.9 (    -

 t-    ). 
 2.8 

  SECM   

 mt  inct  rt
s pt  rt

b mt 1  rt
s

1  pt 1  rt
b

1  

mt  1   0.35 
(2.6)  0.31 

(2.9) 
 0.41 

(3.4)  

inct  
0.25 
(1.1) 1  0.31 

(2.0)   0.17 
(1.3) 

  

rt
s   1  1.10 

(6.5) 
0.21 
(3.0) 

0.34 
(3.2) 

0.24 
(2.8) 

0.45 
(2.1) 

pt     1  0.08
(0.8) 

 0.13 
(1.0)  

rt
b     1 0.08 

(1.7) 
   

 2.9 
  SECM   ( ) 

 ecm1t 1  ecm2t 1  ecm3t 1  

mt   0.20 
(2.3) 

0.55 
(3.6) 

inct  
0.44 

(4.1)  0.28 
(1.3) 

rt
s 0.19 

(2.8) 
0.28 

(4.7)  

pt  
0.20 
(2.2) 

0.12 
(1.4) 

0.48 
(3.4) 

rt
b 0.12 

(3.0)  0.09 
(1.3) 
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 ,  SECM  : 

,355.0220.041.031.035.0 1111 tttttt ecmecmpmpm  

,328.0144.017.031.025.0 111 tt
s

ttt ecmecmrpminc  

,228.0119.0

45.024.034.021.010.1

11

1111

tt

b
tt

s
tt

b
t

s
t

ecmecm

rprmrr
 

,348.0212.0120.013.008.0 11111 tttttt ecmecmecmpmp  

.309.0112.008.0 1111 ttt
b

t ecmecmmr  

        . 
       

    ,  -
      « » -

.      4.82,  
    ,36.22)13(2

95.0     
  . 

,   SECM      a: 

09.0012.0
48.012.020.0
028.019.0
28.0044.0
55.02.00

,

10000
01000

1.10100
031.00125.0
035.0001

a . 

        -
       1a.    -

 ,   . 2.10. 

 2.10 
         

   
   ECM    ECM (  ) 

mt  0.070 0.158 0.382 0.030 0.159 0.569 

inct  0.360  0.002 0.333 0.458  0.001 0.405 

rt
s 0.322 0.280  0.100 0.325 0.039 0.054 

pt  0.200 0.120  0.480 0.337 0.008 0.168 

rt
b 0.120 0.000 0.090 0.109 0.023 0.213 
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     SECM    ecm1t , ecm2t , 
ecm3t    ,     

  ij      ,   -
       . 
  (Johansen, Juselius, 1994)    

  ,       , 
     , -

   ,  . 

  

1.     VAR  ECM   VAR  ECM, -
      ? 

2.     ECM,   ECM? 
3.          -

 SECM ,         
  ECM? 

4.       ? 
       ? 

     ? 
5.       ,   -

   ,   , 
 « »      -

 ? 
6.       ECM?   -

  i-   ? 
7.    ECM    « » ECM,  

     ? 
 



 

 
 

       3 

  

  3.1 
 :  ,  

  ,  
    

  —   

   {yit, xit;  i  1, , N,  t  1, , T}   -
 y  x  N  ( , , ,   . .)  T -

  ( )  (    ,  
     (panel data))     

    y  x,  y ,  x — -
 .    x    -

 p,         
     

,,,1,,,1, TtNiuxy itit
T
itit  

 it    xit   ( ) t   i. 
    ,   ,   

 -     it. 
       (pool)  it  : 

,itit
T
itit uxy  

  ,  
uit ~ i.i.d. N(0, u

2),   i  1, , N,   t  1, , T, 
  

0)( jsit uxE     i, j  1, , N,   t, s  1, , T, 

  x   .       -
    NT ,  -
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    .   -
        

   (OLS).    
    ,  N   /  T  , 

       . 

 3.1.1 

      — -
    (invest),    (mvalue)   -
  (kstock) 10       1935  1954 . 
           -

  Stata8    ,   -
 .       

,  ,   . 3.11. 
 3.1 

      
Cross-sectional time-series FGLS regression;  Coefficients: generalized least squares;   

Panels: homoskedastic;  Correlation: no autocorrelation 

Estimated covariances  1 Number of obs  200  
Estimated autocorrelations  0 Number of groups  010  
Estimated coefficients  3 Time periods  020  
Wald chi2(2)  866.14 Prob  chi2  0.0000  
Log likelihood  1191.802   

   
 z-  P-  

mvalue 0.1155622 0.0057918 19.95 0.00 

kstock 0.2306785 0.0252840 09.12 0.00 

cons 42.714370000 9.4400690 4.52 0.00 

   ,    
,       

.         ( . . -
        

mvalue  kstock)    ,   -
 Wald  qF,  F —  F-     ; 

q —       (   -
____________ 

1    . 3.1       
  ,      

  .          -
    t- ,  z- . P- ,    

,    . 
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 q  2).      -
 -   q  .     -

     (P- ), 
   866.14,  0.0000.  -

,        -
 mvalue  kstock .      

 ,   —      
.    —  t-     
     ,    — -
  P- ,      

  (   z   t  -
  ).  P-     -

   .  

   , ,     -
  ,     
.   ,  ,     -

 yit  xi
T
t   uit  uit,     

,      : D(uit)  u
2
i.  

   OLS-    ,  -
      ,   

     ,   
        

    ( ,    -
 ).        

    :     
  (WLS — weighted least squares) , -

  ,       
. 

  3.1.1  ( ) 
  ,   . 3.2.  -

        
 (Panels: heteroskedastic1). 

       -
     kstock   -
       . 

    95%-     
:    (0.129, 0.178),      

 (0.181, 0.280).  
____________ 

1        « -
»:   heteroscedasticity,   heteroskedasticity. 



  3.   ,  , ... 108 

 3.2 
        

Cross-sectional time-series FGLS regression;  Coefficients: generalized least squares;   
Panels: heteroskedastic;  Correlation: no autocorrelation 

Wald chi2(2)  669.69 Prob  chi2  0.0000  
Log likelihood  1037.152   

   
 z-  P-  

mvalue 0.1116328 0.0049823 22.41 0.00 
kstock 0.1537718 0.0125707 12.23 0.00 
cons 21.443480000 3.901219 5.50 0.00 

, ,      ,   
      , 

     (OLS),    
      .  

     Stata 8  , -
  . 3.3. 

  3.1.1  ( ) 
 3.3 

       
.xtpcse invest mvalue kstock, hetonly casewise;  

Linear regression, heteroskedastic panels corrected standard errors 

Estimated covariances  10 R-squared  0.8124  
Wald chi2(2)  567.87 Prob  chi2  0.0000  
Het-corrected   

   
 z-  P-  

mvalue 0.1155622 0.0070863 16.31 0.00 
kstock 0.2306785 0.029747 07.75 0.00 
cons 42.714370000 7.131515 5.99 0.00 

 

        
        -

           (cross-sectional 
correlation): 

,  )0(
  0

),(
st
st

uuCov
ij

jsit  

      ( ij)   . 
       -
  (GLS),   .   
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  —      , 
   ,       -

 . 

  3.1.1  ( ) 
 GLS-    . 3.4. ,    

  3      10 -
      10 ,   45 -
 ij, i  j.       

      ( ij),    -
 (  )     20    

   . 
 3.4 

GLS-     
Cross-sectional time-series FGLS regression;  Coefficients: generalized least squares;   

Panels: heteroskedastic with cross-sectional correlation;  Correlation: no autocorrelation 

Estimated covariances  55 Number of obs  200  
Estimated autocorrelations  0 Number of groups  010  
Estimated coefficients  3 Time periods  020  
Wald chi2(2)  3738.07 Prob  chi2  0.0000  
Log likelihood  879.4274   

   
 z-  P-  

mvalue 0.1127515 0.0022364 50.42 0.00 
kstock 0.2231176 0.0057363 38.90 0.00 
cons 39.8438200 1.717563 23.20  0.00 

    OLS-   ,  
  .    . 3.5.  

 3.5 
OLS-     

.xtpcse invest mvalue kstock, casewise;  
Linear regression, correlated panels corrected standard errors (PCSEs) 

Estimated covariances  55 R-squared  0.8124  
Wald chi2(2)  637.41 Prob  chi2  0.0000  
Het-corrected   

   
 z-  P-  

mvalue 0.1155622 0.0072124 16.02 0.00 
kstock 0.2306785 0.0278862 08.27 0.00 
cons 42.714370000 6.7809650 6.30 0.00 
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        — , 

   ,     -
 i-        AR(1)  

  .      yit  xi
T
t   uit,   

,1, ittiiit uu  
 | i |  1; 

 i1, , iT —  ,   -
,         

 N(0, 2
i), ,  , it    -

 ui, t k , k  1. 

 i    . ,  
 (   )  yit  xi

T
t   uit   -

 ,    ûi1, ûi2, , ûiT , 
    —  

T

t
it

T

t
tiit

i

u

uu
d

1

2

2

2
1,

ˆ

)ˆˆ(
 

,    
2

1 i
i

d ,  -

  
2

1ˆ ,
i

DWi
d . 

  :    ûi1, ûi2, , ûiT , 
   ,    

  
.ˆˆ 1, ittiiit uu  

    : 

.
ˆ

ˆˆ
ˆ

1

2

2
1,

T

t
it

T

t
tiit

i

u

uu
 

(   Stata 8     ˆ tscorr .) 
    i, i  1, , N,     
     —  -
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      .  -
   ,     OLS-  

. 
 ,     AR- , . .  

1  2    N  ,        

N
N21ˆ      —   

  . 

  3.1.1  ( ) 
 ,         

.       -
          

   AR(1)-  (   ),   
   ,   . 3.6.   -

 ,     — . 

 3.6 
     —   

.xtpcse invest mvalue kstock, correlation(ar1) hetonly rhotype(dw)  
(note: estimates of rho outside [ 1, 1] bounded to be in the range [ 1, 1])  

Prais-Winsten regression, heteroskedastic panels corrected standard errors 

Estimated covariances  10 R-squared  0.5468  
Estimated autocorrelations  1   
Estimated coefficients  3   
Wald chi2(2)  91.72 Prob  chi2  0.0000  
Het-corrected   

   
 z-  P-  

mvalue 0.0972395 0.0126259 7.70 0.000 
kstock 0.3064410 0.0561245 5.46 0.000 
cons 42.071160000 21.02442000 2.00  0.045 

rho 0.8678619    

      , -
 ,    ,   . 3.7.  

   . 
      -
          

AR(1)-  (   ),     (  DW- ) 
 ,   . 3.8.     

        
 ( . 3.9). 
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 3.7 
OLS-     

.xtpcse invest mvalue kstock, correlation(ar1) hetonly rhotype(tscorr) casewise 
Prais-Winsten regression, heteroskedastic panels corrected standard errors 

Estimated covariances  10 R-squared  0.6904  
Estimated autocorrelations  1   
Estimated coefficients  3   
Wald chi2(2)  192.41 Prob  chi2  0.0000  
Het-corrected   

   
 z-  P-  

mvalue 0.1032102 0.0112252 9.19 0.000 
kstock 0.2947986 0.0459298 6.42 0.000 
cons 45.787670000 13.97367000 3.28  0.001 

rho 0.7563511    

 3.8 
DW-         

.xtpcse invest mvalue kstock, correlation(ar1) rhotype(dw)  
(note: estimates of rho outside [ 1, 1] bounded to be in the range [ 1, 1])  

Prais-Winsten regression, heteroskedastic panels corrected standard errors;  
Panels: heteroskedastic (balanced) 

Estimated covariances  55 R-squared  0.5468  
Estimated autocorrelations  1   
Estimated coefficients  3   
Wald chi2(2)  120.05 Prob  chi2  0.0000  
Panel-corrected   

   
 z-  P-  

mvalue 0.0972395 0.0124362 7.82 0.000 
kstock 0.3064410 0.0545330 5.62 0.000 
cons 42.071160000 24.09387000 1.75  0.081 

rho 0.8678619    

 3.9 
OLS-         

.xtpcse invest mvalue kstock, correlation(ar1) rhotype(tscorr) casewise Prais-Winsten regression, 
correlated panels corrected standard errors (PCSEs); Panels: correlated (balanced) 

Estimated covariances  55 R-squared  0.6904  
Estimated autocorrelations  1   
Estimated coefficients  3   
Wald chi2(2)  215.52 Prob  chi2  0.0000  
Panel-corrected   
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 . 3.9 

   
 z-  P-  

mvalue 0.1032102 0.0108656 9.50 0.000 

kstock 0.2947986 0.0432809 6.81 0.000 

cons 45.787670000 15.24513000 3.00  0.003 

rho 0.7563511    

,       -
   ,       

    AR(1)-  (   i).  
   (  DW- )   . 3.10,  -

    —  . 3.11. 

 3.10 
    —       

.xtpcse invest mvalue kstock, correlation(psar1) rhotype(dw) casewise  
Prais-Winsten regression, correlated panels corrected standard errors (PCSEs);  

Panels: correlated (balanced);  Autocorrelation: panel-specific AR(1) 

Estimated covariances  55 R-squared  0.7570  
Estimated autocorrelations  10   
Estimated coefficients  3   
Wald chi2(2)  211.38 Prob  chi2  0.0000  
Panel-corrected   

   
 z-  P-  

mvalue 0.1013946 0.0108632 9.33 0.000 

kstock 0.3449446 0.0478113 7.21 0.000 

cons 41.186850000 19.33078000 2.13  0.033 

rhos 0.7427231,  0.8831453,  0.9741851,  0.7277056,  0.9564705, , 0.9343119 

 3.11 
OLS-        
.xtpcse invest mvalue kstock, correlation(psar1) rhotype(tscorr) casewise  

Prais-Winsten regression, correlated panels corrected standard errors (PCSEs);  
Panels: correlated (balanced);  Autocorrelation: panel-specific AR(1) 

Estimated covariances  55 R-squared  0.8670  
Estimated autocorrelations  10   
Estimated coefficients  3   
Wald chi2(2)  444.53 Prob  chi2  0.0000  
Panel-corrected   
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 . 3.11 

   
 z-  P-  

mvalue 0.1052613 0.0086018 12.24 0.000 

kstock 0.3386743 0.0367568 09.21 0.000 

cons 58.187140000 12.63687000 4.60 0.000 

rhos ,0.5135627,  0.8701700,  0.9023497,  0.6336800,  0.8571502, , 0.8752707 

,        -
,   ,   20 , -

  . 
       , -

     95%-     -
 ( . 3.12). 

 3.12 
    

   
 z-  P-  95%-   

 

    

mvalue 0.116 0.0058 19.95 0.00 0.104   0.127 
kstock 0.231 0.0253 09.12 0.00 0.181   0.280 

 — WLS 

mvalue 0.112 0.0050 22.41 0.00 0.102   0.122 
kstock 0.154 0.0126 12.23 0.00 0.129   0.178 

SUR — GLS 

mvalue 0.113 0.0022 50.42 0.00 0.108   0.117 
kstock 0.223 0.0057 38.90 0.00 0.212   0.234 

AR(1) — common rho (Durbin — Watson): est rho  0.8678619 

mvalue 0.097 0.0126 07.70 0.00 0.072   0.122 
kstock 0.306 0.0561 05.46 0.00 0.196   0.416 

AR(1) — common rho (OLS): est rho  0.7563511 

mvalue 0.103 0.0112 09.19 0.00 0.081   0.125 
kstock 0.295 0.0460 06.42 0.00 0.205   0.385 

SUR&AR(1) — common rho (D-W): est rho  0.8678619 

mvalue 0.097 0.0124 07.82 0.00 0.073   0.122 
kstock 0.306 0.0545 05.62 0.00 0.200   0.413 
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 . 3.12 

   
 z-  P-  95%-   

 

SUR&AR(1) — common rho (OLS): est rho  0.7563511 
mvalue 0.103 0.0109 09.50 0.00 0.082   0.125 
kstock 0.295 0.0433 06.81 0.00 0.210   0.388 

SUR&AR(1) — different rhos (D-W) 
mvalue 0.101 0.0109 09.33 0.00  
kstock 0.345 0.0478 07.21 0.00  

rhos 0.7427231,  0.8831453,  0.9741851,  0.7277056,  ,  0.9343119 
SUR&AR(1) — different rhos (TSCORR) 

mvalue 0.105 0.0086 12.24 0.00  
kstock 0.339 0.0368 09.21 0.00  

rhos 0.5135627,  0.8701700,  0.9023497,  0.6336800,  ,  0.8752707 

 SUR&AR(1)        
      AR(1)-     

   .  

  —  
   

      (covariance analysis 
model): 

,,,1,,,1,:M0 TtNiuxy ititiiit  

 i  i —  ; 
 x — ,        

 ; 
 uit —  . 

 ,  

uit ~ i.i.d. N(0, u
2),   i  1, , N,  t  1, , T, 

  
0)( jsituxE     i, j  1, , N,  t, s  1, , T, 

  x   ,      N  -
   (unrelated)  , -

     .  
   i  i       

 .  ,     i  i 
 : 
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T
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t
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xx
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1
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ˆ , 

,,,1,ˆˆ Nixy iiii  
 

.1,1
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t
iti

T

t
iti x

T
xy

T
y  

     yit  xit   -
       

(BLUE). 
  uit       -

   ,       -
,   

uit ~ i.i.d. N(0, u
2
i),   i  1, , N,   t  1, , T, 

      , -

    i-    
ui

iw 1 .  -

 u
2
i     ,   

 (feasible)   ,     
ui

iw 1  

   
ui

iw
ˆ
1 ,  ˆu

2
i —    -

.     , ,   
 u

2
i: 

pN
RSS i

ui

)(
2ˆ , 

 RSS (i) —   ,     
  i-  ; 

       p —       
(      p  2). 

    ,   -
        -

.     1 (SUR — seemingly 
____________ 

1           
  . 
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unrelated regressions).      -
   ,      

(GLS).     i-    -  
: 

,)()()()( iiii uXy  
 

iT

i
ii

iT

i
i

iT

i
i

u

u
u

x

x
X

y

y
y

1
)()(

1
)(

1
)( ,,

1

1
, , 

  SUR     : 

)(

)1(

)(

)1(

)(

)2(

)1(

)(

)1(

00

00
00

NN
N

N u

u

X

X
X

y

y
, 

 (   ) 

.uXy  

     (NT  1)- -
 u : 

NNNN

N

N

uCov

21

22212

11211

)( , 

 (T  T)-  ij  : 

).,(,

00

00
00

jtitij

ij

ij

ij

ij uuCov  

    (GLS- )   -
  : 

.)(ˆˆ 111 yXXX TT
GLSSUR  

,        (NT  NT). 
    ,  : 
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ij , 

 )1(
ij  —   1,    

NNN

N

1
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. 

       (N  N). 
       -

        (i)   
,       -

.        . -
,  ij  2   i  j,   SUR-    

    1,  T .        0,  SUR-   
 OLS-  .  ,   SUR- -

    -  ,   ij  
 .   SUR-   -

   ˆ
FGLS  ,    -

  ij     ˆij. 
 e(i)  y(i)  X (i) ˆ(i) —  ,   OLS- -

   i-  .     ij  

T
ee jTi

ij

)()( )(ˆ . 

 j  i    
T

RSS i)(

, ,  ,    -

   i-    ,     

   
pT

RSS i)(

,  p —   -
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   . ( ,      
T  p.)   ,    X   -

   ,   — ˆ
GLS  ˆ

FGLS —  T   
. 

 3.1.2 

 . 3.13    (Greene, 2003, . 335) -
     (y)   (x) 3  (N  3) 

   (T  10). 

 3.13 
  (y)   (x)   10  

         

t Y1 X1  Y2 X2  Y3 X3 

1 13.32 12.85  20.30 22.93  08.85 08.65 
2 26.30 25.69  17.47 17.96  19.60 16.55 
3 02.62 05.48  09.31 09.16  03.87 01.47 
4 14.94 13.79  18.01 18.73  24.19 24.91 
5 15.80 15.41  07.63 11.31  03.99 05.01 
6 12.20 12.59  19.84 21.15  05.73 08.34 
7 14.93 16.64  13.76 16.13  26.68 22.70 
8 29.82 26.45  10.00 11.61  11.49 08.36 
9 20.32 19.64  19.51 19.55  18.49 15.44 

100 04.77 05.43  18.32 17.06  20.84 17.87 

 . 3.1—3.3       -
    3 . 

    (   EViews)  -
,   . 3.14. 

   ( ij)   : 

3279.40351.19101.0
0351.19628.10099.0
9101.00099.02549.1

ˆ . 

    : 

13552.03905.0
3552.010063.0
3905.00063.01

. 
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. 3.1 

. 3.2 

. 3.3 

X1 

Y1 

1 5 
0

5

35

 

15

7 3 t 102 6 4 

20

10

25

30

8 9 

X2 

Y2 

1 5 
0

5

25

 

15

7 3 t 102 6 4 

20

10

8 9 

X3 

Y3 

1 5 
0

5

30

 

15

7 3 t 102 6 4 

20

10

25

8 9 



 3.    121 

 3.14 
     

   
 t-  P-  

  

C 2.468913 0.980426 2.518205 0.0359 
X1 01.167170 0.058250 20.037370 0.0000 

R-squared 00.980500    

  

C 1.384797 1.972680 0.7019880 0.5026 
X2 01.014542 0.115314 8.798102 0.0000 

R-squared 0.90630    

  

C 0.455479 1.491604 0.305362 0.7679 
X3 1.076374 0.100360 10.7251600 0.0000 

R-squared 0.935000    

   GLS  ,   
 . 3.15.  

 3.15 
 GLS-    

   
 t-  P-  

  

C 2.857213 0.812548 3.52 0.002 
X1 01.192389 0.047490 25.11 0.000 

R-squared 00.980000    

  

C 2.117010 1.660340 1.28 0.214 
X2 01.058760 0.096630 10.96 0.000 

R-squared 0.90460    

  

C 0.721196 1.199687 00.60 0.553 
X3 1.055824 0.077589 13.61 0.000 

R-squared 0.934600    
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      -
  ,    ,     

.         
H0:  ij  0     i  j. 

       -
     .    

     —  (Breusch — Pagan 
test).    : 

,
2

1

1

2
N

i

i

j
ijrT  

 
jjii

ij
ijr

ˆˆ

ˆ
—      i-   j-  -

. 

  H0       
-     ,  N(N  1)/2 ( ,  -

 H0    ,  ij  ji). 
    3 ,   -

  2.787.   P- ,   
  2(3),  0.4256,       

P- ,     . 
     ,     

   x1, x2, x3  ,   -
       : 

H0:  1  2  3. 

   SUR        
 :    F-   P- ,  

   F- ,   —   qF 
(q —   )  P- ,   

   2(q)  .  -
      . 3.16. 

 3.16 
      

Wald Test: 

F-statistic 1.342317 Probability 0.278120 
Chi-square 2.684634 Probability 0.261240 

   P-          -
  —  H0:  1  2  3  . 
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       —   
        , 

    H0:  1  2  3    
. 

,   SUR      : 

T

T

T

T

T

T

T

T

T

u

u
u

u
u

u

x

x
x

x
x

x

y

y
y

y
y

y

3

31

2

21

1

11

3

3

2

2

1

1

3

31

2

21

1

11

3

31

2

21

1

11

10000

10000
00100

00100
00001

00001

. 

 ,         
 y,   y11 , y12 , , y1T ,  y21 , y22 , , y2T ,  y31 , 

y32 , , y3T ,   6 :  -  (dummy 
variables): 

d1     
TTT

0,,0,0,,0,1,,1 ; 

d2     
TTT

0,,0,1,,1,0,,0 ; 

d3     
TTT

1,,1,0,,0,0,,0 ; 

    d1x, d2x  d3x,   -
  -    x,   

x11 , x12 , , x1T ,  x21 , x22 , , x2T ,  x31 , x32 , , x3T .  d1x, d2x  d3x -
 : 

d1x: 
TTT

Txxx 0,,0,0,0,,0,0,,,, 11211 ; 

d2x: 
TT

T

T

xxx 0,,0,0,,,,,0,,0,0 22221 ; 

d3x: 
T

T

TT

xxx 33231 ,,,,0,,0,0,0,,0,0 . 

       , 
    ,  OLS- -
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,    H0: 1  2  3     
F- .    ,   . 3.17. -

 H0: 1  2  3       
. 

 3.17 
OLS-     F-  

   
 t-  P-  

D1 2.468913  1.388033 1.778714 0.0880 

D2 1.384797  2.233064 0.620133 0.5410 

D3 0.455479 1.137109 00.400559 0.6923 

D1*X 1.167170 0.082467 14.153240 0.0000 

D2*X 1.014542 0.130535 07.772208 0.0000 

D3*X 1.076374 0.076508 14.068740 0.0000 

R-squared 0.950532   

Wald Test: 

F-statistic 0.592788 Probability 0.560676 

    

,,,1,,,1,:M0 TtNiuxy ititiiit  

    .     (RSS) 
    S0: 

.)ˆˆ(
1 1

2
0

N

i

T

t
itiiit xyS  

       : 
1) H1: i    i, 
2) H2: i  i    i. 

 H1: i    i.    
 

.,,1,,,1,:M1 TtNiuxy ititiit  

   (RSS)   M1   S1: 

.)ˆˆ(
1 1

2
1

N

i

T

t
itiit xyS  
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 M1    : 

,
1

itit

N

j
ijiit uxdy  

 dij  1,  j  i,  dij  0   ,      -
  N - . : 

,),,,,,,,,,,,,( 212222111211
T

NTNNTT yyyyyyyyyy  

,),,,,,,,,,,,,( 212222111211
T

NTNNTT xxxxxxxxxx  

,),,,,,,,,,,,,( 212222111211
T

NTNNTT uuuuuuuuuu  

,0,,0,0,1,,1,11

T

TNTT

d  

,0,,0,0,1,,1,1,0,,0,0
2

2

T

TNTTT

d  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

,1,,1,1,0,,0,0

T

TTNT

Nd  

  X  [d1  d2    dN  x] —   (NT  (N  1)),  
   d1, d2, , dN, x.     M1 

 : 
,uXy  

 .),,,,( 21
T

N  

    T
N )ˆ,ˆ,,ˆ,ˆ(ˆ

21   
    : 

.)(ˆ 1 yXXX TT  

  ,  

uit ~ i.i.d. N(0, u
2),   i  1, , N,   t  1, , T, 

  
E(xit ujs)  0   i, j  1, , N,  t, s  1, , T, 

  x   . 
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       X  ˆ  
(N  1)-   ,  

,)ˆ(E  

. . ˆ     ,    -
  ˆ  : 

.)()ˆ( 12 XXCov T
u  

,          
1 , 2 , , N ,     .  

,1
1

T

t
iti y

T
y   ,1

1

T

t
iti x

T
x   

T

t
iti u

T
u

1

1  —     

 y, x    i-   . 

      

,ititiit uxy  
 

.,,1, Niuxy iiii  

    : 
TtNiuuxxyy iitiitiit ,,1,,,1,)()(  

(« ,    »). 
        

1 , 2 , , N .       ,   
  ,   : 

N

i

T

t
iit

N

i

T

t
iitiit

xx

yyxx

1 1

2

1 1

)(

))((
ˆ , 

      « »  («within-group» estimate), 
  ,         

           -
    ,      

 . , ,     « -
» ,       -

  ,      
   ,    i     

,    . ,     -
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 « »-  (within-estimator).      -
  . 

       ˆ,  
  1 , 2 , , N     : 

.,,1,ˆˆ Nixy iii  

       ˆ1 , ˆ2 , , ˆN , ˆ  

       ,
1

itit

N

j
ijiit uxdy  

    .   ,  
   ˆi ,     -

,         
 . 

 H2: i  i    i.    

TtNiuxy ititit ,,1,,,1,:M2 (  — pool). 

          
: 

N

i

T

t
it

N

i

T

t
itit

xx

yyxx

1 1

2

1 1

)(

))((
ˆ , 

,ˆˆ xy  

 ,1
1 1

N

i

T

t
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1 1

N

i

T

t
itx

NT
x  

      M2  S2: 

.)ˆˆ(
1 1

2
2

N

i

T

t
itit xyS  

    H1  H2    M0  -
  . 

  H2.  F-  

NNT
S
N

SS

F

2

)1(2
0

02

2 ; 

  H2 ,  F2 ~ F2(N 1),  NT 2N. 
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  F2  ,     
 .    F2  ,    

 . 
  H1.  F-  

NNT
S

N
SS

F

2

1
0

01

1 ; 

  H1 ,  F1 ~ FN 1,  NT 2N. 
  F1  ,  .   
 F1  ,  H1 (    i)  

 . 
      i ,   
  

H3: 1    N 

  1    N , . .    

.:M1 ititiit uxy  

     

1

1
1

12

3

NNT
S

N
SS

F ; 

   H3   FN 1,  NT N 1 . 

  3.1.2  ( ) 
       3 . 

    M0    H1: « i    
 i»    .      M0   H2: 

« i   i     i».    ( . 3.18). 

 3.18 
  H2 

Wald Test: 

F-statistic 3.595209 Probability 0.019644 

   M1: yit  i  xit  uit   H3: 1    N. 
    ( . 3.19). 
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 3.19 
  H3 

Wald Test: 

F-statistic 6.810977 Probability 0.004183 

      M1   i,  
 i.  

  

1.     ? 
2.     ? 

        ? 
     ,      

  ? 
     ,     

           ? 
     ,     

     ? 

3.       ? 
     ? 
         -

 ? 

4.      ?       
         

  ? 

  3.2 
      

  

      ,   
     {yit, xit;  i  1, , N,  t  1, , T},   

   N ,    T 
   .   T    -

  ,  y1t , y2t , , yNT   N -
   T ( ,     -

      ).  
 ,   T, —   -

    . 
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    ,   H1 
    x: 

,,,1,,,1, TtNiuxy ititiit  
. . 

,
1

itit

N

j
ijiit uxdy  

 dij  1,  i  j,  dij  0   ,       
N - .  i     

 (   — fixed effects).   ,  
1,     

uit ~ i.i.d. N(0, u
2),   i  1, , N,   t  1, , T, 

  
0)( jsit uxE     i, j  1, , N,   t, s  1, , T, 

  x   . 
   : 

1) OLS- -  (LSDV — least squares dummy variables); 
2)     (FE — fixed effects); 
3)    (CV — covariance analysis). 

     ,    , 
 : 

N

i

T

t
iit

N

i

T

t
iitiit

CV

xx

yyxx

1 1

2

1 1

)(

))((
ˆ , 

  

N

i

T

t
iit

u
CV

xx
D

1 1

2

2

)(
)ˆ( . 

   : 

1) « »  (« »-  — within-estimator); 
2)    (FE- ); 
3)  . 

____________ 
1      ,     

      :  -
,  uit ~ i.i.d.  E(uit)  0  D(uit)  u

2, 0  u
2   ( ., , (Hsiao, 2003)). 
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       ˆ
W (  W —  

within)  ˆ
FE.    ,        -

      :    

 itit

N

j
ijiit uxdy

1
  -       

     yit  ȳ i  (xit  x̄i)  (uit  ūi),  i  1, , N, 
t  1, , T.      N ,    

       (N  1),  
       . 

      : 

.,,1,ˆˆ Nixy iii  

   ˆ
CV    -

  (BLUE — best linear unbiased estimate)   , 

,ˆlim,lim,lim iiTCVNCVT
ppp  

,ˆlim iiN
p    .)ˆ( iiE  

 , ˆ
CV      N  ,  

 T  ,     ˆ i   ,  T  . -
   ,    i   

  T ,     T   N -
     i,      -

     i. 
,        ˆ

CV,  
   ( . .  BLUE),       

 x ( . .  ,  E(xit ujs)  0    i, j  1, , N,  
t, s  1, , T.       E(xit uis)  0 

  t, s  1, , T  i  1, , N ( . .    x  
     ). 

        
      i  .  -

    ,    
 ,    , . .   

«   ». 
  i,  ,     -

   ,    -
   ,      -
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  .      , 
        

      .   
    «  » —  ,  

      .  -
  ,       -

        
 i.      -
 . 

 3.2.1 

 . 3.4     (xit , yit),  
 

,100,,1,2,1, tiuxy ititiit  

  1  150, 2  250,   0.6, uit ~ i.i.d. N(0, 102).  xit  
( );  i  1  x1t  150,   i  2  x2t 

 150. 

. 3.4 

      :   1  
,  i  1,    2 — ,  i  2. 
  1   ( )  y  150  0.6x 

(     ),   2 —  ( -
)  y  250  0.6x. 

0 100 
50 

450 

Y 

150 

200 X 250 50 150

250 

350 

 2

 1

y = 150 + 0.6x 

y = 8.0 + 1.88x 

y = 250 + 0.6x 
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   100     

,100,,1,2,1, tiuxy ititit  ( ), 

       -
,     : 

.88.100.8ˆ itit xy  

 ,        
  ,   . 

   ,     xit, yit    -
    (xit  x̄i)  (yit  ȳ i),      

 ( . 3.5)     ( -
    )     

. 

. 3.5 

         : 

,517.0ˆ itit xy  

             0.6, 
  . 

    -  

,2211 ititiiit uxddy  

 dij  1,  j  i,  dij  0   ,    -
,   . 3.20. 

0 100

–150

450

Y

200 X 250 50 150

150

300

y = 0.517x 

–50 
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 3.20 
  Y 

   
 t-  P-  

D1 161.461500 07.260153 22.239400 0.0000 

D2 264.859300 10.464300 25.310740 0.0000 

X 000.517319 00.058229 08.884227 0.0000 

  ˆ1 161.46, ˆ2 264.86, ˆ  0.517    
,   .  

  

  
,,,1,,,1, TtNiuxy ititiit  

  H1,   : 

,ititiit uxy  

 .0
1

N

i
i  

   i    (dif-
ferential effects).    N ,    -

 ,       
   ( ),     -

 ,   ,   ,  
 .     , 

 i   ,       

ititiit uxy  

      (random effects model).   -
 i        

    .     
   i. 

 vit  i  uit,     : 

.)( itititiitit xuxy  

     vit     — i  uit. 
      ,   i  
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,       , -

       .   
       ,  

     ,     
       -
       

. 
    ,  

uit ~ i.i.d. N(0, u
2),   i  1, , N,   t  1, , T, 

  
0)( jsit uxE     i, j  1, , N,   t, s  1, , T, 

  : 

E( i)  0 (    E(vit)  0), 

ji
jiE ji   ,0
,  ,)(

2

 

(     1 , , N    
   N(0, 2)), 

E(xit j)  0,   i, j  1, , N,   t  1, , T 

(   E(xit vjs)  0,       vit  x 
 ). 

  ,  

E(uit i)  0, 

   xit    yit : 

.)()()()( 22
uitiititititit uDvDxvDxyD  

 ,  yit     
 —     (variance components). 

   
    (variance components model); 
      (RE-  — 

random effects model) 

      : 

yi  [exi]   vi, 
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 ˆ
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  H0    2(1). , 
 H0 ,     BP -

  ,    2(1). 

 ,  
    

        -
   R2. ,     -

  ,     -
,      .      

       
     . 

       -
       ,   

  ,     -
    .   : 
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i
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N
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NT
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NT 1 1 1
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1 1

2 ,111
 

           
 ,    .    

   : 
    yit      NT -

; 
    yit       

; 
         NT . 

   ,       
     

.,,1,,,1, TtNiuxy ititit  

      ( ) -
    yit  

,ˆˆˆ itOLSit xy  

 ˆ
OLS — OLS-      . 

       R2-  (R2-overall): 

).ˆ,()ˆˆ,( 222
itOLSititOLSitoverall xycorrxycorrR  
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   « »,      -
      

.,,1, Niuxy iii  

      ( ) -
    ȳi  

,ˆˆˆ
ibi xy  

 ˆ
b — « »-    . 

       R2-  (R2-between): 

).,ˆ(),ˆˆ( 222
iibiibbetween yxcorryxcorrR  

   « »,      -
      

.,,1,,,1),()( TtNiuuxxyy iitiitiit  

      .   OLS-
   zi  wi  vi     

        
 ẑ i  ˆwi  zi.    zi  wi , 

  z̄   w̄  0,    .    -
 yit  ȳi  xit  x̄i ,    , 

          
  ( )    -
 y~it  yit  ȳi  

,,,1,,,1),(ˆ~̂ TtNixxy iitCVit  

 ˆ
CV  — « »-    . 

       R2- » (R2-within): 

).,)(ˆ(22
iitiitCVwithin yyxxcorrR  

   3  R2    -
    .       

       -
  3  R2,         

   ˆ
CV ,      — 

 ˆ
GLS,     —  ˆ

OLS. 
 ,       R2

within, R2
between, 

R2
overall   : 
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,))(ˆ,(22
iitiitwithin xxyycorrR  

,)ˆ,(22
iibetween xycorrR  

)ˆ,(22
ititoverall xycorrR  

  ,      ˆ.    
p-  ,  : 

,))(ˆ,(22 T
iitiitwithin xxyycorrR  

,)ˆ,(22 T
iibetween xycorrR  

.)ˆ,(22 T
ititoverall xycorrR  

 : 
   R2

within     
  ,  ˆ  ˆ

within; 
   R2

between     
  ,  ˆ  ˆ

between; 
   R2

overall     
  ,  ˆ  ˆ

OLS. 

 3.2.2 

     Stata8    
( . 3.21, 3.22)   ( . 3.23)     3 -

.   ,       -
,    :   -

  ui,    —  eit.   ,  
       -

. 

 3.21 
Fixed-effects (within) regression 

R-SQ:   

within  0.9478 

between  0.8567 

overall  0.9209 

    : 

F(1,26)  472.26,    Prob > F  0.0000. 
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   Corr( _i, Xb)  0.2311.   -

    . 3.22. 

 3.22 
      3  

   
 t-  P-  

P  t 

x 1.102192 0.0507186 21.73 0.000 

cons 1.394325  0.8230266 1.69 0.102 

sigma_ lfa 1.480319    

sigma_u 1.745136    

rho 0.4184474 (fraction of variance due to _i) 

F test that all A_i  0: 

F(2, 26)  6.81,          Prob > F  0.0042 

         
:      ,  

        -
 . 

 3.23 
Random-effects GLS regression 

R-SQ:    

within  0.9478    

between  0.8567    

overall  0.9209    

Random effects: u_i ~ Gaussian    

corr( _i, X)  0 ( )    

    : 

Wald chi2(1)  325.94,            Prob  chi2  0.0000 

sigma_ lfa 0    

sigma_u 1.7451362    

rho 0 (fraction of variance due to _i) 

    2  ,   -
   .      -

     ( . 3.24). 
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 3.24 
    3  

y   
 z-  P-  

P  z 

x 1.0589590 0.586557 18.05 0.000 

cons 0.7474755  0.955953 0.78 0.434 

            
  —        
, . .  H0: 2  0,     -

  8.47.      -
  -   1   P-  0.0036. 

     H0.       
  —   -    

. 
  Stata 8       -
,    GLS- ,     

.   ,   . 3.25.   
   H0: 2  0 . 

 3.25 

        
Random-effects ML regression;  Random effects: _i ~ Gaussian;  Log likelihood = –61.09837;  

    : LR chi2(1) = 121.60, Prob > chi2 = 0.0000 

y   
 z-  P-   

P > z 

x 1.092893 0.0501518 21.79 0.000 

cons 1.255205  1.0192640 1.23 0.218 

sigma_  1.064836 0.5552752 01.92 0.055 

sigma_u 1.713621 0.2334960 07.34 0.000 

rho 00.2785682 0.2205921   

Likelihood-ratio test of sigma_alfa  0: 

chibar2(01)  4.70,            Prob > chibar2  0.015 

  between-  ( . 3.26)   -
 ,    1    

R2
between     :    -

   3 .  
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 3.26 
Between-  (    ) 

R-SQ:    

within  0.9478    

between  0.8567    

overall  0.9209    

    : 

F(1, 1)  5.98,            Prob  F  0.2471 

y   
 t-  P-   

P > t 

x 0.3137715 0.1283133 2.45 0.247 

cons 10.40202000 1.9296160 5.39 0.117 

      
   

        -
   . 

FE:   —       
i  .   ,     

        
 ( ).      

,     ,  
  , . .   «   ». 

RE:   —     
 i.       -

 —     ,   
     (    1 , 2 , , N , 

      ). 

    , : 

 FE-  ;)()( itiitititiitit xxuxExyE  

 RE-  .)()( ititititiitit xxuxExyE  

,  RE-  ,  ,  E( i xit)  0. 
     , ,  

.0)(),,0(~, 2
itiiiii ENxa  
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     (Mundlak model): 

,itiiitit uxaxy  

     ,    -
  ,       x̄i,  -

         . 
     i . ,     

,)()()(

)())(()(

,1

2

1

T

tss
itisit

T

s
itis

itiitiiiti

xxExE
T
axxE

T
a

xxaExxaExE

 

   a  0,   E( i xit)  0      
   i  1, , N. 

 GLS     BLUE-     a: 

,ˆˆ,ˆˆ **
CVbGLSCVGLS a  

 
.ˆˆ bGLS xy  

 , BLUE-        -
 ( ) ,   E(â *

GLS)  a, E(â *
GLS)  E( ˆ

b)  E( ˆ
CV)  

 E( ˆ
CV)   : 

E( ˆ
b)  a  . 

   ,  RE-  (   -
 E( i xit)  0) 

.ˆ)1(ˆˆ
CVbRE ww  

       ,    : 

,)1()()ˆ()1()ˆ()ˆ( wawawEwwEE CVbRE  

   a  0,  ˆ
RE  —  . 

  

    ,      i  -
 xi    i.    — -

   ˆ
CV  (FE),   —   -

 ˆ
GLS (RE). 
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 1.   ,    
H0: a  0   H1: a  0. 

 2 —  c  (Hausman).  : 
H0: E( i |xit)  0,  : H1: E( i |xit)  0. 

  2    : 

   H0   ˆ
GLS ,  RE- ,   

ˆ
CV ,  FE- , ; 

   H1  ˆ
GLS ,   ˆ

CV . 

   H0 ,    ˆ
GLS  ˆ

CV  
    ,    -
   «  »     

 ˆ
CV  ˆ

GLS (  —       
). 
 q̂   ˆ

CV  ˆ
GLS ,         

  : 

.)ˆ,ˆ(2)ˆ()ˆ()ˆˆ()ˆ( GLSCVGLSCVGLSCV CovDDDqD  

    RE- , ,   
 , ˆ

GLS   ,  ˆ
CV — . 

 ,          
  ,     H0 ,  

,0)ˆ,ˆ()ˆ()ˆˆ,ˆ( CVGLSGLSCVGLSGLS CovDCov  

,)ˆ()ˆ,ˆ( GLSCVGLS DCov  
 

.)ˆ()ˆ()ˆ( GLSCV DDqD  

   , 

N

i

T

t

N

i
iiit

u
GLS

xxxx
D

1 1 1

22

2

)()(
)ˆ( , 

N

i

T

t
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u
CV
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D

1 1

2
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,  ,    D̂(q̂ )  D(q̂ ). 

   

)ˆ(ˆ
ˆ 2

qD
qm  

   H0  (N  )  2(1). 
 K    H0  

qqvoCqm T ˆ)]ˆ(ˆ[ˆ 1  

   2(K). 
      H0   

    

,)(**
itiititit xxxy  

 ,*
iitit yyy  ,*

iitit xxx  

.11 22

2

Tu

u  

 H0    ,    0.  ,  
 

.ˆˆˆ,ˆˆ
bCVOLSbOLS  

 H0   ,     
: 

,ˆˆˆ1 CVGLSq  

,ˆˆˆ2 bGLSq  

,ˆˆˆ3 bCVq  

.ˆˆˆ4 OLSGLSq  

    

.ˆ)1(ˆˆ
CVbGLS ww  

 3.2.1.         
   H0,      -

 H0    . 
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  3.2.2  ( ) 
   ( . 3.27). 

 3.27 
    

 
 

(b) fix (B) 
(b  B) S.E. 

X 1.102192 1.058959 0.0432328 — 

 b  ˆ
CV ,  B  ˆ

GLS ,  (b  B)  q̂   ˆ
CV   ˆ

GLS . 
C    : 

chi2(1)  (b  B)'[(V_b  V_B)^( 1)](b  B) = 2.15, 
 V_b  V_B —     ˆ

CV   ˆ
GLS , -

. 
     ,  

   .  

  3.2.3  (   ) 
  (  National Longitudinal Survey, Youth Sample, ) 

   545   ,   
  1980 .        1980—1987 . 

 1980 .       17  23      
  ,          

   3 .     (WAGE_LN) 
      (SCHOOL),  -

 (EXPER)      (EXPER2),    - , -
     (UNION),    -

 (PUB),   (     — MAR),     
 (    — BLACK)   (HISP). 

    Stata8   . 3.28 (   
  t-  (  z- )    

  ). 
 3.28 

      

 
 

Between FE OLS RE 

SCHOOL 0.095  
(8.68) 

— 0.099  
(21.24) 

0.101  
(11.32) 

EXPER 0.050  
( 1.00) 

0.116  
(13.81) 

0.089  
(8.82) 

0.112  
(13.52) 

EXPER2 0.005  
(1.59) 

0.0043  
( 7.08) 

0.0028  
( 4.03) 

0.0041  
( 6.85) 
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 . 3.28 

 
 

Between FE OLS RE 

UNION 0.274  
(5.82) 

0.081  
(4.20) 

0.180  
(10.46) 

0.106  
(5.96) 

MAR 0.145  
(3.50) 

0.045  
(2.46) 

0.108  
(6.86) 

0.063  
(3.73) 

BLACK 0.139  
( 2.84) — 0.144  

( 6.11) 
0.144  

( 3.02) 
HISP 0.005  

(0.13) — 0.016  
(0.75) 

0.020  
(0.46) 

PUB 0.056  
( 0.52) 

0.035  
(0.90) 

0.004  
(0.09) 

0.030  
(0.83) 

Within R2 0.0470 0.1782 — 0.1776 

Between R2 0.2196 0.0006 — 0.1835 

Overall R2 0.1371 0.0642 — 0.1808 

      ,  
    ( , ,   

   ),    RE-    -
. , ,   i   

     ,     
FE- .       H0  ,   

 RE- .      « » (FE)  
 « »   « » (FE)  RE (   -

).    ,    
( . 3.29),  . 

 3.29 
    

  

 (b) (B) 
(b  B) sqrt(diag(V_b  V_B)) 

 fe re Difference S.E. 

EXPER 0.1164570 0.1117851 0.0046718 0.0016345 

EXPER2 0.0042886  0.0040575 0.0002311 0.0001269 

UNION 0.0812030 0.1064134 0.0252104 0.0073402 

MAR 0.0451061 0.0625465 0.0174403 0.0073395 

PUB 0.0349267 0.0301555 0.0047713 0.0126785 

Test: Ho: difference in coefficients not systematic 
chi2(5)  (b  B)'[(V_b  V_B)^( 1)](b  B)  31.75            Prob  chi2  0.0000 
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    ( . 3.29)  31.75  
   FE-  RE-    5 : 

EXPER, EXPER2, UNION, MAR, PUB.   2(5)  31.75 
 P-  6.6  10 6,     (RE- ) 

 .  
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 uit —    ,  
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,,,1,,,1, TtNiuxy ititiit  
  

,1, ittiit uu  
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,      1  d/2,   ˆDW   
 1  d/2. 

  :    ,~̂,,~̂,~̂
21 iTii uuu  

   ,    
  

.~̂~̂
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 . 

 3.2.4 

          
 (   Stata)  : 

   DW-  — ,   . 3.30. 
       1.102192, -
      , 

  .       
 — .      

  ; 
   tscorr-  — ,   . 3.31. 

         
 2  .      .  

 3.30 
  DW-   

.xtregar y x, fe rhotype(dw) lbi — FE (within) regression with AR(1) disturbances;  
Number of obs = 27 

R-SQ:    

within  0.9569    

between  0.1111    

overall  0.9252    

F(1, 23)  510.54,            Prob  F  0.0000 

corr( _i, Xb)  0.1625 
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 . 3.30 

y   
 t-  P-   

P > t 

x 1.105796 0.0489398 22.60 0.000 

cons 1.317209  0.6964634 1.89 0.071 

rho_ar 0.170171    

sigma_  1.423608    

sigma_u 1.773845    

rho_fov 00.3917622 (  ,   
  _i) 

F test that all alfa_i  0: 

F(2,23)  3.82,            Prob  F  0.0370 

modified Bhargava et al. Durbin-Watson  1.664958 

 3.31 
  tscorr-   

.xtregar y x, fe rhotype(tscorr);  FE (within) regression with AR(1) disturbances;  
Number of obs = 27 

R-SQ:    

within  0.9540    

between  0.1111    

overall  0.9252    

F(1, 23)  476.47,            Prob  F  0.0000 

corr( _i, Xb)  0.1626 

y   
 t-  P-   

P > t 

x 1.1092670 0.0508180 21.83 0.000 

cons 1.3920250  0.7698403 1.81 0.084 

rho_ar 00.09213053    

sigma_  1.4281087    

sigma_u 1.7701594    

rho_fov 00.39426073 (  ,   
  _i) 

F test that all alfa_i  0: 

F(2,23)  4.66,            Prob  F  0.0199 
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(    — two-way within estimator) 

 : 
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CV W
W

xxxx

xxxxyyyy

1 1

2

1 1
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)()()( uuxxyy iiii , 

)()()( uuxxyy tttt  

    i  t: 

),(ˆ)(ˆ xxyy iCVii  

).(ˆ)(ˆ xxyy tCVtt  

        
  Stata   xtreg, fe   - -

   . 

  3.3.1 (   3.2.3 —   ) 
      -

   . 3.32. 
 3.32 

       
Fixed-effects (within) regression 

R-SQ: 
within  0.1808,    between  0.0005,    overall  0.0638 
F(11, 3804)  76.30,          Prob  F  0.0000 
corr( _i, Xb)  0.1203 

   
 t-  P-   

P > t 

BLACK (dropped)     
EXPER 0.1317361 0.0098356 3.39 0.000 
EXPER2 0.0051704  0.0007047 7.34 0.000 
HISP (dropped)     
MAR 0.0464781 0.0183123 0.54 0.011 
PUB 0.0347278 0.0385989 0.90 0.368 
SCHOOL (dropped)     
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 . 3.32 

   
 t-  P-   

P > t 

UNION 0.0791253 0.0193354 0.09 0.000 

Y80 (dropped)     

Y81 0.0193045 0.0203652 0.95 0.343 

Y82 0.0112773  0.0202281 0.56 0.577 

Y83 0.0419533  0.0203211 0.06 0.039 

Y84 0.0383904  0.0203151 1.89 0.059 

Y85 0.0428743  0.0202506 2.12 0.034 

Y86 0.0275581  0.0203878 1.35 0.177 

cons 1.0283830 0.0299620 4.32 0.000 

,       
   ,       -

 .      . 3.33. 
        

.  

 3.33 

      ( ) 

sigma_  0.40078197    

sigma_u 0.35099880    

rho 0.56593121 (fraction of variance due to _i) 

F test that all A_i  0: 

F(544, 3804)  7.97,          Prob > F  0.0000 

test Y81  Y82  Y83  Y84  Y85  Y86  0  
(  Y81 — - ,  1  1981 .   0   ; 

  Y82, , Y86) 

F(6, 3804)  1.96,          Prob > F  0.0680 
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   ,   . 3.34. -

  F-        
   . 

 3.34 
      

F test that all A_i  0: 

F(544, 3804)  7.97,          Prob > F  0.0000 

          
  ,   . 3.35.    

     F-   5%-  
 . 

 3.35 
      

test: Y81  Y82  Y83  Y84  Y85  Y86  0 

F(6, 3804)  1.96,          Prob > F  0.0680 

  

1.        
? 

2.        ? 
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  IV   y~2it  y~1it   u~it,    

 zit  z̄ i  z̄ i  z~it. 
  ,    [  ] — -   (g1  k1). 

     IV (2SLS) : 

1)   ˆ
IVW ; 

2)   ˆ
IVB ; 

       ˆu
2  ˆu

2  T ˆ 2,  
   ; 

3)   IV   . 

 3.4.1 

        -
     National Longitudinal Survey, Youth Sample, , 

 N  4134  ,   1968 .    14 
 26 .    1968  1988 .   -

:        1  12 
(   4.6    ). 

     : 
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 wit —   ; 
 tenure —  ( )     

; 
 age — ; 
 notsmsa —    ; 
 union —   ; 
 south —    . 

      « »-  
 ,   . 3.36.    

      .  
  (70%)    ( . 3.37). 

 3.36 
  « »-   

.xtreg n_w tenure age age_2 not_smsa union south, fe i(idcode)  
Fixed-effects (within) regression 

R-SQ: 
within  0.1333,    between  0.2375,    overall  0.2031 
F(6, 14867)  381.19,          Prob  F  0.0000 
corr( _i, Xb)  0.2074 

ln_wage   
 z-  P-   

P > z 

tenure 0.0176205 0.0008099 21.76 0.000 
age 0.0311984 0.0033902 09.20 0.000 
age_2 0.0003457  0.0000543 6.37 0.000 
not_smsa 0.0972535  0.0125377 7.76 0.000 
union 0.0975672 0.0069844 13.97 0.000 
south 0.0620932  0.0133270 4.66 0.000 
cons 1.0916120 0.0523126 20.87 0.000 

 3.37 
 « »-  ( ) 

sigma_  0.39106830    
sigma_u 0.25545969    
rho 0.70091004 (fraction of variance due to _i) 
F test that all lfa_i  0: 
F(4133, 14867)  8.31,          Prob > F  0.0000 

     , ,      
          -
 (  —  )         
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       ,   
tenureit   

itiititititit unotsmsaageagetenurew 4321 2ln  

   uit,      -
       -

 .       
 tenureit   union  south.   , 

      1, 2, 
3, 4,  5 : union, south, age, age2, notsmsa.  -

       , 
  . 3.38  3.39.      

 .        
    age  notsmsa.  

 3.38 
     

.xtivreg ln_w age age_2 not_smsa (tenure = union south), fe i(idcode) 
Fixed-effects (within) IV regression 

R-SQ: 
within  0.1333,    between  0.2375,    overall  0.2031 
Wald chi2(4)  147926.58          Prob  chi2  0.0000 
corr( _i, Xb)  0.6843 

ln_wage   
 z-  P-   

P > z 

tenure 0.2403531 0.0373419 06.44 0.000 
age 0.0118437 0.0090032 01.32 0.188 
age_2 0.0012145  0.0001968 6.17 0.000 
not_smsa 0.0167178  0.0339236 0.49 0.622 
cons 1.6782870 0.1626657 10.32 0.000 

 3.39 
   ( ) 

sigma_  0.70661941    
sigma_u 0.63029359    
rho 0.55690561 (fraction of variance due to _i) 
F test that all lfa_i  0: 
F(4133, 14869)  1.44,          Prob > F  0.0000 

Instrumented: tenure 
Instruments: age age_2 not_smsa union south 
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 « »-     -
    .    -

        
,     GLS- -

,     .     , 
   3.40  3.41. 

 3.40 
  GLS-   

.xtivreg ln_w age age2 not_smsa black (tenure = union birth_yr south black), re i(idcode)  
G2SLS random-effects IV regression 

R-SQ: 

within  0.0664,    between  0.2098,    overall  0.1463 

Wald chi2(4)  1446.37          Prob  chi2  0.0000 

corr( _i, Xb)  0 (assumed) 

ln_wage   
 z-  P-   

P > z 

tenure 00.1391798 0.0078756 17.67 0.000 

age 00.0279649 0.0054182 05.16 0.000 

age_2 0.0008357 0.0000871 9.60 0.000 

not_smsa 0.2235103 0.0111371 20.070 0.000 

black 0.2078613 0.0125803 16.520 0.000 

cons 01.3376840 0.0844988 15.83 0.000 

 3.41 
  GLS-  ( ) 

sigma_  0.36582493    

sigma_u 0.63031479    

rho 0.25197078 (fraction of variance due to _i) 

Instrumented: tenure 
Instruments: age age_2 not_smsa black union birth_yr south 

  
 -   
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  3.4.2 (   3.2.3 —   ) 
       -

  SCHOOL, BLACK, HISP.      
   .  ,  

  Stata 8,   ,   . 3.42. -
        -

      (  GLS- ).  

 3.42 
Between-  (    ) 

R-SQ:    

within  0.0000    

between  0.2119    

overall  0.1264    

F(3, 541)  48.47,            Prob  F  0.0000 

   
 t-  P-   

P > t 

SCHOOL 0.1015825 0.0089372 11.37 0.000 

BLACK 0.1442396  0.0484007 2.98 0.003 

HISP 0.0210173 0.0435069 0.48 0.629 

  — .   
,,,1,,,1, TtNiuZXy itiiitit  

 Xit —  k  ,      
,   ; 

 Zi —  g  ,   
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,     RE-  (  -
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HT  [ Ĥ
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 3.4.1 
1.    —     

 . 
2. X1it    :     -

  . 
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CV   ĤT   . 
4.  k1  g2,  ˆ

HT   ˆ
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T
, IV, 2̂
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, IV)T  (  -

 ). 
5.  k1  g2,   .    

 Cov( ˆ
CV)  Cov( ˆ

HT)     
 —   ,  « »- . 

   —     -
  -      X1, -

          i 
(   E(X1it i)  0). 
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0)( isit uxE    t, s, 

          ( ) 
   xi1, , xiT .    t  -

  : [yi0, yi1, , yi, t 2 , xi1, , xiT].    
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 3.5.1 

        y   x 
  (N  3)    (T  10)    
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.10,,3,3,2,1,1,211, tiuxxyy ittiittiit  

  xtabond   Stata 8     
,   . 3.43,   xi3    xi10  xi2    xi9 . 

 3.43 
,     

t    

3 yi1  1 

4 yi1 , yi2  2 

5 yi1 , yi2 , yi3  3 

6 yi1 , yi2 , yi3 , yi4  4 

7 yi1 , yi2 , yi3 , yi4 , yi5  5 

8 yi1 , yi2 , yi3 , yi4 , yi5 , yi6  6 

9 yi1 , yi2 , yi3 , yi4 , yi5 , yi6 , yi7  7 

100 yi1 , yi2 , yi3 , yi4 , yi5 , yi6 , yi7 , yi8  8 

  360 

   38 (36  2)  .    -
  3  ,    -

    3  ,   
35 (38  3)  — .      , 

      .  

        -
     .  , -
    H0  ,    

(        
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)  .     -
   (Sargan statistic): 

),ˆ( GMMQNS  

 ˆ
GMM — GMM-      (   -

   ( , 1, 2)T); 
 Q( ˆ

GMM) —     ˆ
GMM  , -

   GMM. 

  H0 ,      
(  N  )  -     ,  

    (      35). 
  ( . 3.44)    xtabond 

    
1
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i
i
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i
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N ZGZ
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(       ). 

 3.44 
      

.xtabond y x l1(x), lags(1);  Arellano-Bond dynamic panel-data estimation 

Number of obs  24   
Number of groups  03   
Obs per group: min  08   
One-step results   

   
 z-  P-  

P  z 

y 1 0.0830295 0.2100682 00.40 0.693 
x 1 1.1323490 0.0606134 18.68 0.000 
x 1 0.0423772  0.2375232 0.18 0.858 

cons 0.1032841 0.1361505 00.76 0.448 

Sargan test of over-identifying restrictions: 
chi2(35)  21.81          Prob  chi2  0.9600 

         
   .       

      -
     ,  -

     . 
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  xtabond  Stata8     -
  .     .  

 ui1, , uiT   , : 

   ui1, ui, t 1 ,   

;),(),( 2
2,1,1,1, utititiittiit uuuuCorruuCorr  

        ui1, ui, t s, 
s  2, 3, , ,   . 

      
       -

   .    
       : 

Arellano-Bond test that average autocovariance in residuals of order 1 is 0: 
H0: no autocorrelation z  2.56,      Pr  z  0.0106. 

Arellano-Bond test that average autocovariance in residuals of order 2 is 0: 
H0: no autocorrelation z  0.77,      Pr  z  0.4427. 
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  . 
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  P{yi  1| xi  x}  G(x),   Gn(x)  -   « » 
 G(x). ,   G(x)   -

 ( )  x,       Gn(x)  
    .       -

       Gn(x) 
     « »  G(x),    -

  Gn(x)        
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 (  ) ,   
1000       100  2100 -

 ,   510    . 
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      1xt1    pxip  xi
T , 

  G( 1xt1    pxip)  G(xi
T ). ,    

    n ,   
   xi ,   1 , , n  -

   E( i |xi)  0,   P{yi   1|xi}  E(yi |xi)  G(xi
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. 4.2 

          
 .        -

   ( . 4.2). 
       -

 (1000 )    EViews   . 4.11. 

 4.1 
     (1000 ) 

   
 z-  P-  

-  
C 3.503812 0.200637 17.46343 0.0000 
X 0.003254 0.000178 18.25529 0.0000 

-  
C 6.357013 0.411837 15.43576 0.0000 
X 0.005892 0.000368 16.01461 0.0000 

-  
C 3.022612 0.162178 18.63764 0.0000 
X 0.003344 0.000168 19.93322 0.0000 

          ( ˆ  3.503812,  
ˆ  0.003254)   ˆ  1076.77  ˆ  307.31  

  ,      
____________ 

1           
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  1  vwrong, 1         . 
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 R2    .     

     ,  -
      (  

   )    -
 . 
 L1 —      ,  

 L0 —      . , 
   L0  L1  1,    lnL0  lnL1  0.     

        
  : 

,)ln(ln21

11
01

2

n
LLpseudoR  

.
ln
ln1

0

12

L
LMcFaddenR  

     LRI —   
 (likelihood ratio index). 

      0  1.    -
 ˆ

1    ˆ
p  0,  L0  L1,     0.   

   1,  lnL1  0, . . L1  1.     
,   ŷ i  yi   i  1, , n.     -

   ( ,   )   
       -

  -      xi
T    -

.    ,        xi
T  

   0  G(xi
T )  1,   -

     1. 

 4.1.1 

       
,      R2 

     . ,   
  ,   . 4.2. ( :  -
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   ,   ,  510, 
    .      
 1000   yi  1,    49% .) 

 4.2 
     

 vwrong, 1 lnL1  

 0.125 275.7686 
 0.124 275.4592 

 0.121 292.6808 

 vwrong, 0 lnL0  

 0.490 692.9472 

     R2 : 

-  

,745.0
490.0
125.011

0,

1,2

wrong

wrong
predictR  

,4548.0

1000
)9472.6927686.275(21

11)ln(ln21

11
01

2

n
LLpseudoR  

;6020.0
9472.692
7686.2751

ln
ln1

0

12

L
LMcFaddenR  

-  

,7470.0
490.0
124.011

0,

1,2

wrong

wrong
predictR  

,4550.0

1000
)9472.6924592.275(21

11)ln(ln21

11
01

2

n
LLpseudoR  

;6025.0
9472.692
4592.2751

ln
ln1

0

12

L
LMcFaddenR  

-  

,7531.0
490.0
121.011

0,

1,2

wrong

wrong
predictR  



 4.         199 

,4446.0

1000
)9472.6926808.292(21

11)ln(ln21

11
01

2

n
LLpseudoR  

.5776.0
9472.692
4592.2751

ln
ln1

0

12

L
LMcFaddenR  

      ( . 4.3). 

 4.3 

  :    R2 

 R2
predict pseudoR2

 McFaddenR2 

 0.7450 0.4548 0.6020 

 0.7470 0.4550 0.6025 

 0.7531 0.4446 0.5776 

     R2  -  -
. -     ,     

-          
pseudoR2  McFaddenR2. 

 ,       -
 yi    : 

yi   0    xi   1100,      yi   1    xi   1100. 

 100%-         

.1100,1
,1100,0

}1{
i

i
i x

x
yP  

     -, -  -   -
      ,    
       -

.  

      ,   -
        -

  ,     -
  (AIC)   (SC): 

n
np

n
LSC

n
p

n
LAIC kk lnln2,2ln2 , 
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     — : 

n
np

n
LHQ k )(lnln2ln2 , 

 Lk  —      k-   -
 ; 

 p —      . 

       ,  
   . ,     

  « »,     -
      . 
         
      (     
),         -

   ,      
.  . 4.4      

 . 
 4.4 

      

 AIC SC HQ 
 0.555537 0.565353 0.559268 

 0.554918 0.564734 0.558649 
 0.589362 0.599177 0.593092 

      - .   
      .  

  ,   -   -   
. 

       
    ,     

  —  (Hosmer-Lemeshow test)1.   -
  ,  ,      -

   ,      EViews.  
,         

      yi  1   -
,     . 

     —   -
    .  . 4.5  P- , 

   —  (   -
____________ 

1     ., ,  (Hosmer, Lemeshow, 1989). 
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  -     -
 )      10 .  -

   P- ,  -    -
. 

 4.5 
  —      

    
P-  0.1509 0.5511 0.0000 

         -
  .     -

   66        : 

1X , 

2X , 

3X , 

4X , 

5X . 

         . 
   1  66 ,   33     

.    yi ,  

,66,,341
,33,,10

i
i

yi  

. . yi  1,       . 
      -  

.66,,1,)( 5511 ixxy iiii  

        -
  ,      

.         
           

   . 
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   ,      
4  5  ,      . -

      ,   -
   (  )   

(X1, X2, X4, X5)  (X1, X3, X4, X5) .    -
     P- ,  0.10,  

     . 
 ,   3  ,  

 McFaddenR2(LRI)       
(1, X2, X4, X5),         P- , 

 0.184. 
  ,       

        -
 (  5%-  ),  6 ,    -

    

(1, X1, X4),  (1, X3, X4), 

(1, X1),  (1, X2),  (1, X3),  (1, X4). 

 . 4.6  ,   -
  .      , -

  . 

 4.6 
    

 
 LRI AIC SC HQ 

 
 
 

 —   
(5 )  

P-  

X1, X4 0.645 0.582 0.682 0.621 6 0.4955 

X3, X4 0.785 0.389 0.488 0.427 3 0.6499 

X1 0.441 0.835 0.902 0.861 12 0.4820 

X2 0.829 0.298 0.364 0.324 3 0.6916 

X3 0.668 0.520 0.587 0.547 7 0.0525 

X4 0.460 0.809 0.875 0.835 10 0.0004 

  —      
     .   4 -

      ,  -
   X2.      

 : 
.)0987.06625.0(}1{ˆ 2iii xxyP  
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     31  33 -
   32  33  .   

95.45%  ,       -
   50%  . 

 ,     -
       -
            

. 

  

  ,     , -
      ,  

     . 
    : 

,,,1,)()( 11 nixGxxGy i
T
iiippii  

  
.)()(}1{ T

iiiii xGxyExyP  

 k-      . 
   (marginal effect)    

  

ik

T
i

ik

ii

x
xG

x
xyP )(}1{

, 

           -
   i-   xi  (xi1, , xip)T .   xik  

k-     (    -
  )    P{yi  1| xi}  -
,   

.)(}1{
}1{ ik

ik

T
i

ik
ik

ii
ii x

x
xGx

x
xyP

xyP  

, ,   ,    
         -

      . 
         -

 — 0  1 ( - ),    (1)  -
 (0)    ,   , 

   ,  .    -
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,}0,1{}1,1{ **
iiiiii dxyPdxyP  

  di  —  - ; 
 xi

* —     . 

 -  P{yi  1 | xi}  (xi
T )  ( 1xi1    pxip)  -

 xik k-     (    
  )    P{yi  1 | xi} 

 ,  : 

,)(

)(
}1{ 11

ikk
T
i

ik
ik

ippi
ii

xx

x
x

xx
xyP

 

 2

2

2
1)(

t

et —     -
 N(0, 1),    

 0,    1. 

  k-     (xi
T ) k (   k — 

   ). 
 -  P{yi  1 | xi}  (xi

T )  ( 1xi1    pxip)  -
 xik k-     (    

  )    P{yi  1 | xi} 
 ,  : 

.)(}1{
}1{ ik

ik

T
i

ik
ik

ii
ii x

x
xx

x
xyP

xyP  

    (z),  : 

.}))(1)(({}1{ ikk
T
i

T
iii xxxxyP  

,    ,   -
   k-     - . 

  .  p  P(A) —   

 A, 0  p  1.  
p

p
1

    (odds)  

. ,  
3
2p ,  ,2

1
2
1
3
2

p
p     ,  -
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 A ,  2 : 1 («   »,  «  2  »). -

  
p

p
1

   (logit), 
p

pp
1

ln)(logit .  

logit(p)  0,  p  1  p  0.5, . .    A  «50  50».  
logit(p)  0,   ,   A .  logit(p)  0,  

  ,   A  . 

  p  P{yi  1 | xi}.  -  
)exp(1

)exp()( T
i

T
iT

i x
xxp , 

)exp(1
11 T

ix
p ,   logit(p)  xi

T , . . -    -

 .  ,    k-   
   xik  (    -

  )    
p

p
1

ln   k xik , 

    xik     
p

p
1

 

  100 k xik%. 
 ,   ,  yi  1,    

100 k xik%. 

   
  

        
     -

    ,    
   ,       

    . 
, ,    - ,  

       ( ) -
   1000  ( . 4.5).     -

   ,       
      .   

,  ,       -
  ,      

  i    i-     -
. ,        

 ,      -
   . 
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. 4.5 

        
 ,    

  ,     
       , 
     .   ,  

   —  (nested models), . .    , 
      ,   —   

 . 
  ,       

     . ,  
     : 

n
LLpseudoR )ln(ln21

11
01

2  

 

0

12

ln
ln1

L
LMcFaddenR . 

          
(      ,  ) 

      (     -
   ). 

      -
    , ,     

     ,   -
 ,   - . 

0 
–1.5

–1.0

1.5

e

0

1000 x 2000 500 1500 
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,   yi
*  « »   

     i-  ,   -
   

,,,1,11
* nixxy iippii  

 xi1, , xip —  p    i-  ; 
 1 , , n  —  ,     -

    i-   -   
 . 

 i-       ,  
yi

*  i,  i —   (threshold value),   -
 yi   (yi  1)   (yi  0)   

 i-  .  

},{

}{}{}1{

11

11
*

iippiii

iiiippiiiiii

xxxP

xxxPxyPxyP
 

  xi1  1,  

}.)()({}1{ 221 iippiiiii xxxPxyP  

 ,   1 , , n  —    
(    xij, j  1, , p)  ,   

  i ~ N(0, 2),  

.

1}1{

221

221

ippii

ippii
ii

xx
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xyP

 

(        
  1  (x)  ( x).)  

,,,2,,1
1 pjj

j
i  
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.)()(}1{ 11

T
iippiii xxxxyP  

      - . 
      yi, xi1, , xip,   yi
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 ( ) (latent variable).    -
,    -  ˆ

1 , , ˆ
p ,     

    1 , , p ,   
   1 , , n . ,   ˆ , ˆ1 , , ˆn , ˆ

1 , , ˆ
p  

,  

,,,2,
ˆ

ˆ
ˆ,

ˆ

ˆˆˆ 1
1 pjj

j
i  

     ˆ
1, , ˆ

p   k ˆ , k ˆ1, , k ˆn , k ˆ
1, , k ˆ

p , 
 k —  ,   k  . 

 ,      -
  1 , , p      -

.    ,    1  1     n   0, 
  

,ˆˆ,,ˆˆ
11 pp  

      . 
  ,     1 , , p   

       -
      1 , , n : i  ~ N(0, 1). -
      , . .  

 
H0: 1 , , n  ~ i.i.d.,  i  ~ N(0, 1). 

    (  1)   2, -
   ,    

,)(}{ 3
2

2
1 ttttP i  

  
.))()((}1{ 3

2
2

1
T
i

T
i

T
iii xxxxyP  

   1     2 (  1   2   0),  
   1  2 — ,       2 

 H0   
H0: 1   2   0. 

   P{ i  t}  (t  1 t2  2 t3)  -
    ( ) . -

  . 4.6      -
  (t) (  )   (t  0.5t2  0.5t3) 

(  ). 
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. 4.6 

 Lj —      j (j  1, 2)  

.)lnln(2ln2 12
2

1 LL
L
LLR  

   (likelihood ratio test — LR test) -
  H0,     LR  

  LRcrit,    -
 .   :   LRcrit -

   ,     n   -
  LR,   H0 .   -

   -     . 
,        H0 

,  
,)2(2

1LR  

 2
1 (2) —   (1  )  -    -

 . 
         -

    1000 . 
 -  (  1)   ,  , 

  . 4.7. 
  2  ,   . 4.8. 

 : 

.28.2)274.6286275.7686(2)ln(ln2 12 LLLR  

 2
0.95(2)  5.99,      

 H0    0.05.   ,   LR  2.28  

–6
0 

0.2 

1.0 
 

0.6 

–2 t 6 –4 0 

0.4 

2 4 

0.8 
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 4.7 
 -  (  1) 

   
 z-  P-  

 3.5038120 0.200637 17.46343 0.000000 
 0.003254 0.000178 18.25529 0.000000 

lnL1 275.768600000 Akaike info criterion 0.555537 
  Schwarz criterion 0.565353 
  Hannan-Quinn criter 0.559268 

 4.8 
   (  2) 

   
 z-  P-  

 3.851178 0.324895 11.853590 0.000000 
 0.003540 0.000292 12.117080 0.000000 

1 0.022954 0.025086 00.915039 0.360200 

2 0.017232 0.010178 0 1.693097 0.090400 

lnL2 274.62860000 Akaike info criterion 0.557257 
  Schwarz criterion 0.576888 
  Hannan-Quinn criter 0.564718 

 (     2(2)) P- -
 0.6802.  ,     -

  H0     . 
  «  »    

    i    
.         
       .  

         
  ,    -

 .        -
 -       -

,      - . 
     ,    

        -
 xi, ,  

,0,)exp()( kxkxD iii  
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  (  3) 

i

i
ii xk

xxyP
exp

}1{ . 

     —  3,  -
   ,   1 (  - )  

  .    3   -
   H0: k  0.   3  -

   ,   . 4.9. 
 4.9 

  ,   (  3) 

   
 z-  P-  

 3.141966 0.317695 9.889867 0.000000 
 0.002883 0.000316 9.132687 0.000000 

k 0.000236 0.000186 1.269192 0.204400 

lnL3 275.26190000 Akaike info criterion 0.556524 
  Schwarz criterion 0.571247 
  Hannan-Quinn criter 0.562120 

    1 : 
.013.1275.26197686.2752)lnln(2 13 LLLR  

     3.84,  
  0.05      0.95 -

  -     . -
,  H0: k  0  . 

,  ,      -
,   ,    -

     ( . 4.10). 
 4.10 

   

 AIC SC HQ 

 1 ( ) 0.555537 0.565353 0.559268 
 2 ( ) 0.557257 0.576888 0.564718 
 3 ( ) 0.556524 0.571247 0.562120 

     -   
 . 
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1.    ,     -
    ?      
  ? 

2.        -
   ? 

3.    ,   ?     -
      ? 

4.       ,   -
? 

5.         
 ? 

6.         
     ? 

7.       — ? 
8.          

 - ?       
   ? 

  4.2 
,      

    

 -  

          
 yi  1   ,  i-     , 

  ,       — , 
 ,  ,  .     -
,          

  ,     ,   
    ,       

     ,     (  
)  —    . 

  ,    ,  -
    ( )  yi

*,  
    xi1, , xip    i-  
   : 

,,,1,11
* nixxy iippii  

 i —  ,     yi
*  

 . 
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   xi1, , xip    yi,  
  K       : 

,,

,,

,,1

1,
*

,
*

1,

1,
*

Kii

kiiki

ii

i

yK

yk

y

y  

 i, 1    i, k    i, K 1 —  ,  , -
. 

,   1 , , n —    (  -
  xij , j  1, , p)  ,   -
  i ~ N(0, 2),   -  

(ordered probit model). 
  ,  K  3     

   ,   i, 1  1 , i, 2  2   

.,3
,,2

,,1

2
*

2
*

1

1
*

i

i

i

i

y
y

y
y  

  

;

})()({

}{}{}1{

2211

2211

1111

ippi

iippii

iiippiiiii

xx

xxxP

xxxPxyPxyP

 

;

}{}{}2{

22112212

21112
*

1

ippiippi

iiippiiiii

xxxx

xxxPxyPxyP
 

.1

})()({

}{}{}3{

2212

2212

2112

ippi

iippii

iiippiiiii

xx

xxxP

xxxPxyPxyP
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      yi, xi1, , xip, i  1, , n. -
   ,     -   

  ,       
1 , , p,    , 1   2 .      

  1 , , p  -  -
.    ,    1  1   0,   

  . 
     2  ,   -

   : 

;)(}0{}1{ * T
iiiii xxyPxyP  

;)()(}0{}2{ * T
i

T
iiiii xxxyPxyP  

.)(1}{}3{ * T
iiiii xxyPxyP  

   j   .  -
    yi

*     , 
  yi

*    j-   .  
        

 yi  1, yi  2  yi  3      
P{yi  3| xi}     P{yi  1| xi}.    -

 P{yi  2| xi},     ,     
     . 

        
 .   ŷi   k0,  

}.{ˆmax}{ˆ
,,10 iiKkii xkyPxkyP  

 4.2.1 

 ,   1000     
  100  2100 . .,   499     

, 369    , 132  —  . 
   .     

    : 
yi

*  xi  i ,   i  1, , 1000, 
 i  —    (    xi)  -

,     i ~ N(0, 3002), 
. .   300. 

 K  3   1   2     :  
1   1100  2   1850. 



 4.         215 

    - : 

,,3
,,2

,,1

2
*

2
*

1

1
*

i

i

i

i

y
y

y
y  

 y1  1,  i-     ; 
 y1  2,  i-     ; 
 y1  3,  i-     (  ) . 

 . 4.7     yi
*  xi. -

     LEVEL1  1100  
 LEVEL2  1850. 

. 4.7 

  yi
*  1100        200  

 1600 . .;   1100  yi
*  1850 —      

 548  2094 . .;   yi
*  1850 —      

 1318 . .  .  ,    ,   -
         . 
     ,   ,  

 . 4.8. 
         . 
     ,   1100 . . (yi  1); 
     ,  1100 . .,   -

 1850 . . (yi  2); 
     ,  1850 . . (yi  3). 

–1000

–500

3000

y*

500

x 

1000

0

LEVEL1 

1500

2000

2500

LEVEL2 
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. 4.8 

 ,     , . .  (xi, yi), 
i  1, , 1000.     -

 -      1 (    -
   EViews)  ,   . 4.11. 

 4.11 
    -    

   
 z-  P-  

X 0.003361 0.000158 21.31648 0.0000 

 

1  3.693723 0.185109 19.95431 0.0000 

2  6.306692 0.279737 22.54510 0.0000 

 ,     

,003361.0 iii uxy  
 ui ~ N(0, 1),  

.306692.6,3
,306692.6693723.3,2

,693723.3,1

*

*

*

i

i

i

i

y
y

y
y  

 ,          -
 ,        300    

,0083.1300003361.0300*
iiiii xuxy  

500 

2500 

y* 

1500 

2000 

x 
0 

1000 
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 i ~ N(0, 3002),  
,1169.1108693723.33001  

,0076.1892306692.63002  

 ,        
 .        

 . 4.12.   . 4.9   . 

 4.12 
     

yi  
 
 ŷi 

 
  

1 499 1 500 0 1 
2 369 2 387 18 
3 132 3 113 19 

 

. 4.9 

   . 4.13     -
 ,      yi

*   i-  . 

 4.13 
     

yi  
 
 ŷi 

 
  

1 499 1 1000 501  
2 369 2 0000 369 
3 132 3 0000 132 

 

 500

1 

400

300

200

100

0
3 2 

  
 y = k 

k 
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       -
    yi  1, 2, 3 ( . 4.14). 

 4.14 
    

 ŷi   1 ŷi   2 ŷi   3 

yi   1 438 061 00 

yi   2 062 265 42 

yi   3 000 061 71 

 ,  1000    774, . . 77.4%. 
   yi  1    438   499,  

. .  87.8% ,  yi  2 —  71.8% ,  yi  3 —  
 53.8% .  

  

        -
,         

    ,   
 . 

  K   (      
 1, , K)   i-     k-  -

  uik ,   

,,,1,,,1,,,11 Kknixxxu ik
T
ikikkippkiik  

 xik  (xi1, k , , xip, k)T ; 
 ik —    (    xik)  -

,   . 

,  i-     k,     
   .     yi  k. 

 (     xik, k  1, , K)  , 
 i-     k, : 

.)(maxmax}{
,,,1,,1 ij

T
ijkjKjik

T
ikijKjiki xxPuuPkyP  

       .  
 ,       ik  
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    ( ) I   
   

,,)(exp)( zezG z  

(       ),  -
    P{yi  k}   -
 : 

)(exp)(exp)(exp
)(exp

21
T
iK

T
i

T
i

T
ik

i xxx
xkyP . 

, ,    ,     -
    exp(xT

i1 ),   

)(exp)(exp1
)(exp

112

1
T
i

T
iK

T
i

T
i

T
i

T
ik

i xxxx
xxkyP . 

,        xT
i1 , 

 P{yi  k}      (xT
i2   xT

i1 ), , 
(xT

iK   xT
i1 ).      ,  

  
xT

i1   0,   i  1, , n, 
 

)(exp)(exp1
)(exp

2
T
iK

T
i

T
ik

i xx
xkyP . 

     - . ,   (Ver-
beek, 2000)  (Amemiya, 1985)       -

 -  (multinomial logit model).   (Greene, 2003)  
 (Davidson, MacKinnon, 1993)    -  

(conditional logit model),    -  -
  

)(exp)(exp)(exp
)(exp

21 KT
i

T
i

T
i

kT
i

i xxx
xkyP , 

         
  (     ),    

     .  
 k   ( 1, k, , p, k)T  —     -

      k-  : 

.,,1,,1,1 nixxxu ik
kT

iikipkpikik  
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     -  -
    EViews.     xi    -

,    ,  

))((exp))((exp1
))((exp

112

1

KT
i

T
i

kT
i

i xx
xkyP , 

        2   1 , , k   1 ,  
      1    . 

   

)(exp)(exp1
)(exp

2 KT
i

T
i

kT
i

i xx
xkyP . 

   (    xij , j  1, , p, i  1, , n) 
      y1 , , yn 

(    1, , K)  : 

,
)(exp)(exp1

)(exp

1 1
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1 1
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i
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KT
i

T
i

kT
i

n

i

K

k

d
i

ik

ik

xx
xkyP  
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      xi , i  1, , n,  
     ,    ( 1, , K)T: 

,
)(exp)(exp1

)(exp),,()(
1 1

21

n

i

K

k

d

KT
i

T
i

kT
i

n

ik

xx
xxxLL  

         
 .       

    ˆk  ( ˆ
1, k , , ˆ

p, k)T, k  1, , K. 

 4.2.2 

  ,  ,     -
,        -

. 
 xi1  1, xi2 —     -

   i-   (  1  7), xi3 —     
 i-   (  50  250 . .).     

  1000 ,       -
        , 
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   .        
,     3 .    

 :  ( , , -
),    ( , , )  

   ( , , ).   
 1, 2, 3   ( . 4.15). 

 4.15 
  

 k-   
k 

    

1    

2    

3    
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        : 

ui1   i1 , 
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 z-  P-  

21  1.655130 0.358914 4.611496 0.0000 

22  1.270612 0.097636 13.013810 0.0000 

23  0.001778 0.002134 0.833304 0.4047 

31  1.031242 0.327444 3.149372 0.0016 

32  0.439590 0.087563 05.020273 0.0000 

33  0.006283 0.001957 03.211368 0.0013 
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,6.0 2222 iii diststoresu  
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    i-      
 k,  

.},{ˆ}{ˆ kllyPkyP ii  
     ,  , -

  . 4.21. 
 4.21 

   

 (k ) 
 

1 2 3 

   k 674 275 51 
   k 688 266 46 

  . 4.12   .  



  3.    ,  , ... 226 

. 4.12 

 4.2.1.    ,   -
 - ,     

      , 

))((exp))((exp1
))((exp}{ 112

1

kT
i

T
i

kT
i

i xx
xkyP . 

 ,  

,))((exp
))((exp
))((exp

}{
}{

1

1
mkT

imT
i

kT
i

i

i x
x
x

myP
kyP  

. .     k  m -
        -

    i-      
      (K  2) -

. 

 4.2.2.    -  (  -
     K  -

),       -
 , ,   ,    

)(exp)(exp
)(exp}{

1
T
iK

T
i

T
ik

i xx
xkyP , 

   

,))((exp
)(exp
)(exp

}{
}{ T

im
T
ikT

im

T
ik

i

i xx
x
x

myP
kyP  

 

 700

1 

400

200

100

0
3 2 

  

k 

300

500

600



 4.         227 

. .     k  m -
       -
     i-     

,  k-   m-  .  -
      i-    -

,   (K  2) .  
      
. 

 4.2.3.       
-  (        

K  )  ,  -
    ( . .     i-  

    ). 
  

,),( T
i

T
ik

T
ik wvx  

 vi
T
k —    i-   ,  

  ; 
 wi

T —    i-   ,  
   . 

    : 

.),( TTT  
 

,
)(exp)(exp

)(exp

)(exp)(exp
)(exp}{

1

1

T
iK

T
i

T
ik

T
i

T
iK

T
i

T
i

T
i

T
ik

i

vv
v

wvwv
wvkyP

 

        , -
    . 

 (       ) 
       P{yi  k}, 
  .     -

    -   -
 (DUMMY   k   1,  yi  k, 

  0 —   )      
 ,    .   -

        
 . 



  3.    ,  , ... 228 

  

1.          
  - ? 

2.     - ?    -
    ,    

- ?      ? 
3.     - ?    

  ?     
 - ?     -

 ? 

 4.3 
   ( - ) 

 -I 

         -
, ,    :  ,  

,     si (    -
 ,  si —    ).  -

,    (xi, price_observedi),  xi —  
  i-  : 

. -,0
, -,

_
i
is

observedprice i
i  

   ,   1000   -
    100  1600 . .    
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._ iii xobservedprice  

     . 4.22. 



 4.         229 

. 4.13 

 4.22 
    (1000 ) 

   
 t-  P-  

C 2427.821000 121.015600 20.06205 0.0000 
X 00006.915595 000.126948 54.47591 0.0000 

R-squared 00000.748337   

        price_observedi  0  
          

 (   582).     , 
  . 4.23. 

 4.23 
    (582 ) 

   
 t-  P-  

C 1037.189000 274.490300 3.778599 0000.0002 
X 00006.119677 000.233812 26.173530 0000.0000 

R-squared 00000.541521 Mean dependent var 5919.6700 
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   ,   1000 -
, 582    .      -
   . 

,    yi
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*  2000    
yi

*    xi  i, i  1, , 1000,    pricei
*  -

 pricei
*  (   2000)  xi  i.    -

   yi
*    xi  i,    (xi, yi).  

  ,   . 4.24 (   -
)  . 4.25 (   ). 

 4.24 
   

   
 z-  P-  

C 5710.678000 480.148500 11.89357 0.0000 

X 00008.103471 000.376079 21.54728 0.0000 

Error Distribution 

 01822.273000 066.215370 27.52040 0.0000 
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 4.25 
   

   
 z-  P-  

C 6041.883000 233.530200 25.87195 0.0000 

X 00008.363125 000.209276 39.96215 0.0000 

Error Distribution 

 01823.565000 053.952720 33.79933 0.0000 

       -
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ii xprice 8.3631254041.883  (  ). 
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 4.26 
   (1000 ) 

   
 t-  P-  

C 2075.806000 104.767900 19.81338 0.0000 
X 00005.130473 000.109904 46.68158 0.0000 

 4.27 
   (582 ) 

   
 t-  P-  

C 3037.189000 274.490300 11.06483 0.0000 
X 00006.119667 000.233812 26.17353 0.0000 
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 4.29 
  -  (  ) 

    

Constant 1.661 (0.168) 
MALE 0.059 (0.015) 
UNEMP 0.265 (0.050) 
UNEMP*AGE<29 0.164 (0.078) 
UNEMP*AGE30-49 0.221 (0.065) 
UNEMPDUR 0.011 (0.007) 
UNEMPDURSQ*10-2 0.013 (0.020) 
PREVDUR 0.009 (0.001) 
NOPARTIC 0.042 (0.018) 
SELFEMP 0.107 (0.033) 
PARTTIME 0.060 (0.028) 
MARRIED 0.140 (0.017) 
OKHEALTH 0.428 (0.014) 
AGE 0.050 (0.004) 
AGESQ*10-2 0.062 (0.005) 
VOCATIONAL D. 0.083 (0.013) 
UNIVERSITY D. 0.106 (0.033) 
LOGINCOME 0.208 (0.017) 
CHANGEINC 0.018 (0.022) 
1986 0.027 (0.020) 
1987 0.127 (0.020) 
1988 0.191 (0.020) 
1989 0.219 (0.021) 

Observations 24055.000  

 4.30 
  -  (  ) 

  
 

  
   

 

Constant 2.273 (0.246) 1.259 (0.234) 
UNEMP 0.402 (0.063) 0.118 (0.089) 
UNEMP*AGE<29 0.321 (0.105) 0.064 (0.126) 
UNEMP*AGE30-49 0.245 (0.085) 0.175 (0.109) 
UNEMPDUR 0.003 (0.010) 0.010 (0.018) 
UNEMPDURSQ*10-2 0.013 (0.028) 0.042 (0.064) 
PREVDUR 0.010 (0.001) 0.008 (0.001) 
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 . 4.30 

  
 

  
   

 

NOPARTIC 0.273 (0.035) 0.056 (0.024) 
SELFEMP 0.087 (0.038) 0.155 (0.069) 
PARTTIME 0.180 (0.129) 0.001 (0.031) 
MARRIED 0.133 (0.024) 0.110 (0.026) 
OKHEALTH 0.409 (0.021) 0.426 (0.021) 
AGE 0.063 (0.006) 0.049 (0.006) 
AGESQ*10-2 0.078 (0.007) 0.062 (0.007) 
VOCATIONAL D. 0.066 (0.019) 0.093 (0.019) 
UNIVERSITY D. 0.086 (0.040) 0.174 (0.059) 
LOGINCOME 0.165 (0.024) 0.253 (0.025) 
CHANGEINC 0.014 (0.030) 0.015 (0.031) 
1986 0.018 (0.028) 0.037 (0.029) 
1987 0.104 (0.028) 0.152 (0.030) 
1988 0.175 (0.028) 0.206 (0.030) 
1989 0.178 (0.029) 0.258 (0.030) 

Observations 12605.000  11450.000  

 4.31 
 RE -   FE -  ( ) 

Random Effects Fixed Effects 
 

  
   

 

Constant 1.849 (0.682) — — 
UNEMP 0.849 (0.145) 1.257 (0.358) 
UNEMP*AGE<29 0.089 (0.225) 0.115 (0.518) 
UNEMP*AGE30-49 0.013 (0.187) 0.368 (0.419) 
UNEMPDUR 0.026 (0.025) 0.030 (0.047) 
UNEMPDURSQ*10-2 0.027 (0.072) 0.109 (0.145) 
PREVDUR 0.011 (0.004) — — 
NOPARTIC 0.511 (0.084) 0.287 (0.243) 
SELFEMP 0.185 (0.107) 0.643 (0.418) 
PARTTIME 0.274 (0.274) 0.162 (0.554) 
MARRIED 0.294 (0.068) 0.575 (0.254) 
OKHEALTH 0.448 (0.052) 0.409 (0.128) 
AGE 0.073 (0.019) 0.009 (0.114) 
AGESQ*10-2 0.086 (0.023) 0.112 (0.131) 
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 . 4.31 

Random Effects Fixed Effects 
 

  
   

 

VOCATIONAL D. 0.098 (0.060) — — 
UNIVERSITY D. 0.057 (0.115) — — 
LOGINCOME 0.135 (0.068) 0.676 (0.245) 
CHANGEINC 0.158 (0.072) 0.086 (0.174) 

 0.382 (0.040) — — 
No. of individuals 2521.000  556.000  

 4.32 
 RE -   FE -  ( ) 

Random Effects Fixed Effects 
 

  
   

 

Constant 0.160 (0.639) — — 
UNEMP 0.003 (0.209) 0.192 (0.484) 
UNEMP*AGE<29 0.255 (0.299) 0.069 (0.641) 
UNEMP*AGE30-49 0.550 (0.240) 0.821 (0.548) 
UNEMPDUR 0.017 (0.039) 0.014 (0.074) 
UNEMPDURSQ*10-2 0.047 (0.144) 0.022 (0.270) 
PREVDUR 0.009 (0.003) — — 
NOPARTIC 0.007 (0.069) 0.180 (0.225) 
SELFEMP 0.057 (0.191) 0.268 (0.497) 
PARTTIME 0.022 (0.087) 0.206 (0.241) 
MARRIED 0.220 (0.074) 0.561 (0.261) 
OKHEALTH 0.529 (0.053) 0.620 (0.126) 
AGE 0.035 (0.019) 0.179 (0.108) 
AGESQ*10-2 0.042 (0.023) 0.066 (0.125) 
VOCATIONAL D. 0.149 (0.063) — — 
UNIVERSITY D. 0.280 (0.185) — — 
LOGINCOME 0.278 (0.068) 0.356 (0.233) 
CHANGEINC 0.159 (0.073) 0.265 (0.160) 

 0.411 (0.039) — — 
No. of individuals 2290.000  538.000  

,   ,    -
.  ,    .  

 ,        



  3.    ,  , ... 260 

   .  ,    -
  . 

       -   -
      : 

      (   
 0.059    0.015),     -

      ; 
     ,  

 U-        -
:       

    ; 
        -

   ,    . 

      -
 ,     . 

        
  ,      

  ,     ,   
 .      ,   

       . 
,       : 

0.402  0.245  0.647, 
      : 

0.118  0.175  0.293. 
     12%     

 4%  . 
 ,         

 ,    . 
        -

,   FE-    ,    -
   (Constant, PREVDUR, VOCATIONAL D., UNIVERSITY D.). 

 ,  ,    , 
,          ,  

       5-   -
.   FE-  RE-       , -

     .  

  

1.          -
 ? 

2.          -
  ? 



 4.         261 

 4.5 
-     

-      
   

 -       : 

.0,0
,0,1

*

*

it

it
it y

y
y  

 -       : 

.0,0
,0,

*

**

it

itit
it y

yy
y  

    ,    -   -
 ,      -

   yi1, , yiT   xi1, , xiT: 

,)(),,(),,,,,(
1

11 ii

T

t
iititiTiiTi dpxypxxyyp  

 

,
2
1exp

2

1)( 2

2

2
i

ip  

.0,1

,0,)(
2
1exp

2

1

),,(
2

2

2

it
i

T
it

it
i

T
itit

iitit

yx

yxy

xyP  

 4.5.1 

  (     )   -
     E    

( ).       —  (bids)   
    (maturity),     
    ,     -

   .     
        -

    ,   ,  -



  3.    ,  , ... 262 

        . -
   ,  ,  -

        — 
     ,    -

 .        
        -

     .      
 ,      -

,        .  
        

       .     
     .    

        -
    .     

 . ,     , -
   ,      .   

      
. 

  ,       
         . 
   ,    

      ,     
,   - .     (Linzert, 

Nautz, Breitung, 2003),         275 -
,     .    -

,       —  
 .    .   

       ,  -
    .       1995 . -

      33    -
    . 

          -
   ,  . - ,  -

    ,       
    . - ,     

      (     -
 ). - ,      -

 .  275   175       
  .        

 . 
,        . 

 ,   1995 .     
  50  .  ,   -

,        . 



 4.         263 

         -
  .       -

    spread,    
        . -
         
,      -

       . 
   — term spread (  ) 

        -
- .       

  .      -
          

  .  ,     -
 ,        

   .     , 
        
   1995 .    « »  
      -   

underbidding,   1   , -
    . 

,    ,   
volatility.     1 EGARCH(1, 1)   

   ,     t -
   : 

1

1

1

12
1

2 lnln
t

t

t

t
tt . 

     .   , 
      .  

  —       ,   
 ,         

  . 
 reserve fulfillment      

 .        
       -

  .    ,    
      .   

   (  )    
    ,     -

      ,     
____________ 

1 ., , (Verbeek, 2000, ch. 8: sect. 8.10.1 (  :  . -
   . .:  , 2008)). 



  3.    ,  , ... 264 

 -  end of period,  1,    
   . 

   — maturing allotment   ,   
      .  -

     ,    
 . 
-  large, medium  small   , 

    .    
        -

     . 

  

     .     
yit  1,  i-     t-  ,    -

 ,   0 —   .  . 4.33 -
    -  

),(}1{ T
ititit xxyP  

       . 
 . 4.33     RE-,   FE- .  

RE-  ,      
        

  . 
 ( . . 4,  4.1), ,  -   

 ,    , -
      .   

     .4.33     
      , -

       -
 . ,  0.060    - -
 end of period ,        

      ,  (  
    )   , 

     ,  ,      
 ,      6%. 

 4.33 ,       
          -
.     ,     , -
       ,  -

   term spread     
 . 

        
  underbidding ,       



 4.         265 

 4.33 
  -  

Random Effects Conditional FE 
 

    

Term spread 8.19 (5.16) 0.879 8.70 (5.48) 

Underbidding 0.36 (1.20) — 0.30 (0.97) 

Spread 11.57 ( 6.82) 1.242  12.14 ( 7.14) 

Volatility 0.19 ( 2.08) 0.020  0.20 ( 2.18) 

Reserve fulfillment 0.68 (0.55) — 1.11 (0.90) 

Maturing allotment 0.13 (22.24) 0.014 0.11 (19.15) 

End of period 0.74 (6.28) 0.060 0.76 (6.41) 

Size dummies    

large 2.51 (1.57)   

medium 8.98 ( 3.43)   

small 12.70 ( 4.82)   

Pseudo-R2 0000.1142  0000.1048 

No. of observations 8525.0000  4495.0000 

No. of groups 0275.0000  0145.0000 
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 4.34 
 -     

   
 

H0:   
   

(P- ) 

H0:    
   

  (P- ) 

Term spread    
large banks 20.36 (0.98)   
medium banks 0.74 (0.31) 0.0002 0.0000 
small banks 14.02 (6.45)   

Underbidding    
large banks 0.19 (0.08)   
medium banks 0.12 (0.26) 0.7285 0.5392 
small banks 0.60 (1.45)   

Spread    
large banks 20.71 ( 0.92)   
medium banks 4.65 ( 1.84) 0.0018 0.0000 
small banks 16.81 ( 7.17)   

Volatility    
large banks 1.24 ( 1.06)   
medium banks 0.13 ( 0.96) 0.5788 0.1260 
small banks 0.24 ( 1.92)   

Reserve fulfillment    
large banks 1.60 (0.12)   
medium banks 1.23 ( 0.67) 0.3998 0.5626 
small banks 2.17 (1.26)   

Maturing allotment    
large banks 0.02 (0.40)   
medium banks 0.12 (13.67) 0.0187 0.0000 
small banks 0.15 (17.27)   

End of period    
large banks 1.07 (0.71)   
medium banks 0.66 (3.59) 0.8521 0.0000 
small banks 0.78 (5.00)   

Size dummies    
large banks 6.23 ( 0.40)   
medium banks 1.75 ( 0.79) 0.1123 0.0000 
small banks 8.12 ( 3.89)   

Pseudo-R2 0000.1094   
No. of observations 8525.0000   

No. of groups 0275.0000   

.     t- . 
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 4.35 
  -   GLS-  RE-  

Tobit Random Effects GLS 
 

    

Term spread 11.59 (4.23) 1.00 1.43 (4.27) 

Underbidding 0.32 (0.61) — 0.05 (1.97) 

Spread 16.55 ( 7.82) 1.43  1.94 ( 5.40) 

Volatility 0.24 ( 1.50) — 0.01 (0.38) 

Reserve fulfillment 1.32 (0.61) — 0.67 (2.39) 

Maturing allotment 0.23 (20.41) 0.02 0.01 (7.39) 

End of period 0.93 (4.61) 0.08 0.08 ( 1.13) 

Size dummies    

large 3.95 (1.50)  — 

medium 8.98 ( 3.43)  3.46 ( 5.10) 

small 12.70 ( 4.82)  4.80 ( 7.14) 

Constant —  21.01 (28.61) 

Pseudo-R2 0000.161  0000.062 

No. of observations 8525.000  2625.000 

No. of groups 0275.000  0275.000 

.     t- .     
   .  RE GLS-   5900  

  . 

        
 -       RE- . 

        -
 volatility  underbidding,     -
 term spread, spread, maturing allotment  -  end of 

period.      underbid-
ding ,         -

          
 .  ,     ,  

        
. 

 . 4.36     - , 
      - -
,    . 
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 4.36 
  -     

   
 

H0:   
   

(P- ) 

H0:    
   

  (P- ) 

Term spread    
large banks 5.19 (0.74)   
medium banks 1.82 (0.89) 0.0004 0.0000 
small banks 12.91 (6.63)   

Underbidding    
large banks 0.70 ( 0.55)   
medium banks 0.01 ( 0.04) 0.5847 0.7014 
small banks 0.42 (1.06)   

Spread    
large banks 0.64 ( 0.75)   
medium banks 6.15 ( 2.82) 0.0076 0.0000 
small banks 15.30 ( 7.37)   

Volatility    
large banks 0.23 ( 0.57)   
medium banks 0.36 ( 0.30) 0.2357 0.0428 
small banks 0.31 ( 2.78)   

Reserve fulfillment    
large banks 0.09 (0.02)   
medium banks 0.57 ( 0.36) 0.5056 0.6187 
small banks 2.02 (1.29)   

Maturing allotment    
large banks 0.03 (1.48)   
medium banks 0.13 (17.90) 0.0000 0.0000 
small banks 0.20 (23.57)   

End of period    
large banks 0.09 (0.18)   
medium banks 0.59 (3.91) 0.5445 0.0000 
small banks 0.67 (4.77)   

Size dummies    
large banks 4.78 (0.74)   
medium banks 1.99 ( 1.04) 0.0103 0.0001 
small banks 8.34 ( 4.40)   

Pseudo-R2 0000.228   
No. of observations 8525.000   

No. of groups 0275.000   

.     t- .      5900 
  . 
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         -
     (term spread),  -

  (spread)   maturing allotment.  

  

1.   -        
 -    ? 

2.   -       -
? 

 



   ,  
     

    

   ,    
    ,   
  EViews 6  Stata 10. 

  1 

 1.        
1.   Model  EViews,   : 

DGP: Qt  20  0.5Pt  ut ,   ( ) 

 Qt  10  0.5Pt  vt,   ( ) 

 ut , vt  ~ i.i.d. N(0, 1),   t  1, 2, , 100. 

      Qt, Pt . 
       ? 
         ? 
         

    ? 

2.   Model,   : 

DGP: Qt  20  0.5Pt  0.1Yt  ut , 

 Qt  10  0.5Pt  vt, 

 ut , vt  ~ i.i.d. N(0, 1),   t  1, 2, , 100, 

 Yt ~ i.i.d.,     (0. 1). 

      Qt, Pt . 
       ? 
         ? 
         

    ? 
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3.   Model,   : 

ttt

tttt

vRbPbbQ
uYaPaaQ

t 210

210 ,
 

     a0, a1, a2, b0, b1    -
 Yt , ut   vt ,     ,    -

  b2: 40, 10, 6, 2. 

      Qt , Pt  -
 . 

          
  4 ? 

 2.      
   

1.      -
    ,   

  1.1. 
2.      -

    ,   
. 

 3.      
   

1.    : 

,121 tttt bxayy  

,212 tttt dxcyy  
  a, b, c, d  0, 

2
212

12
2
1

2

1 ),,0(...~ Ndii
t

t . 

 xt      . 

    . 
      ? 
       -

: 
.0,1 dbca  

       
 ? ,      

     -
  . 
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2.  : 

,
,

21

1

ttt

tttt

cSS
bXaSP

 

2
212

12
2
1

2

1 ),,0(...~ Ndii
t

t , 

 Pt —    ; 
 St —    ; 
 Xt —  ,       

,      -
  . 

        ( -
,  , )? 

         -
 H0: b  0? 

   ,     ,  -
 ?       

  ( ,  , -
)? 

     H0: c  0   ?   
,     ,  -

 ? 
,   Xt    Pt  St  

 Xt  Xt 1  Pt  St,    Xt  -
    ,  Xt  Xt 1 —   
     . 

        -
 ? 

        ? 

 4. ,     ,  
     

 ,    1.1.4,   -
 . 

 5.  ,    
1.    : 

,
,
,

32351343

22251243232

12151143132121

tttt

ttttt

tttttt

xaxay
xaxayay
xaxayayay
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2
3

2
2

2
1

3

2

1

00
00
00

),,0(...~ Ndii

t

t

t

, 

 1
2, 2

2, 3
2 .  xt1  xt2  

    . 
      yt1, yt2, yt3? 
     ? 

  
2
32313

23
2
212

1312
2
1

, . .  ( )  -

       
. 

         
    ? 

       ? 
        

,     ? 

2.   Model  EViews,   : 

DGP: Qt  125  0.5Pt  ut , 
 Pt  0.5Qt 1  wt , 

 ut , wt  ~ i.i.d. N(0, 1),   t  1, 2, , 100. 

     Q    
 . 

      Qt , Pt .   
     ? 

    OLS-   -
       ?  , -
  . 

3.   Model,   : 
DGP: Qt  125  0.5Pt  ut , 
 Pt  0.5Qt 1  2.2vt, 
 vt   ut   wt , 

 ut , wt  ~ i.i.d. N(0, 1),   t  1, 2, , 100. 
     Q    

 . 
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      Qt, Pt . 
  OLS-    -

      .   
. 

  2SLS-    -
,   : 

a)     . 
)    TSLS-  EViews. 

  3SLS-  FIML-   -
 . 

 6.     
 ,    1.2.1  1.2.2. 

 .  ,    1.2.1: 
      Price  Quantity,   

       ; 
      Y1  Y2,    

      . 

 7.      
  

 ,    . 1. 

 8. ,      
   (    
 ,    ) 

 . -1 1      Y   P -
    . 

1.       -
   .      -

? 
2.    : 

.210

110

ttt

ttt

YP
PY

 

        
 .        

   ? 
____________ 

1              -
,       ,   

 45. 
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3.   : 

.2210

1210

tttt

tttt

ZYP
XPY

 

   X  Z    . -1. 
     ,  
  .      -

      
 ? ?   . 

4.       -
.     ,   -
 . 3.    . 

5.           
  ?       

3SLS    ?  ,   
2SLS, 3SLS  FIML. 

6.       —   -
   .     ? 

       
? 

7.       
    W1. 

8.   ,     -
  W1: 

.1 23210

1210

ttttt

tttt

WZYP
XPY

 

      ? -
       (W1 -

  ).     
    —     

?        -
  ?     -

? 
9.   ,   . 8,   -

: 

H0: 0  99,   1  2  1,   0  2,   1  1,   2  3  1. 

  ,     
    .   -

    ?     ,  
    : 

,12
99

2

1

ttttt

tttt

WZYP
XPY
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 1t  2t —      -
  ,   -

     ? 

  (   ). 
1.   Econometric Views (EViews)      

 Y     P,  P    
  Y.   Equation. 

3.        
Equation.      -

 . 
4.    System,     sys1.    

 : 
Spec (  )  
y c(1) c(2)*p c(3)*x (    ) 
p=c(4)+c(5)*y+c(6)*z (    ) 
inst x z (   ) 

 Estimate  Two-Stage Least Squares  OK 
   C(1), C(2), C(3)   

 , C(4), C(5), C(6) —    
(         ). 

5.         
: View  Residuals  Correlation Matrix.   3SLS  

 . 4  Estimate  Two-Stage Least Squares : Estimate  
Three-Stage Least Squares.   FIML  . 4  Estimate  
Two-Stage Least Squares : Estimate  FIML. 

6.         
 ,     -

 Estimate. 
7.      W1   -

   . 
8.    System,     sys2.    

 : 
Spec  
y=c(1)+c(2)*p+c(3)*x 
p=c(4)+c(5)*y+c(6)*z+c(7)*w1 
inst x z w1 

 Estimate  Two-Stage Least Squares  OK 
9.    sys2 : 

View  Wald Coefficient Tests…  c(1) 99, c(2) c(3) 1,  
c(4) 2, c(5) 1, c(6) c(7) 1 

    P- ,  -
  -     , -

      . 
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 9. ,       
   (     
 ,    ) 

       
: 

.1
1

23210

1210

ttttt

tttt

WZYP
XPY

 

1.           -
 ?         -

 3SLS  FIML? 
2.  ,      

2SLS, 3SLS  FIML. 
 .    . -1 .  

   3SLS    : 
 Estimate  Three-Stage Least Squares  OK 

  2 

 10.   Pool  Eviews 6  
    

 . 3.2 (  3.1.2)       y 
  x 3  (N  3)    (T  10).  Yi, Xi 

   i-   (i  1, 2, 3). 
1.    ,   ,  

      . -
   ? 

 .   EViews    
10enterprises.wf1  10 : File/New/Workfile.   Workfile struc-
ture type  Unstructured/Undated,   Data range   

, . . 10.      Y1, X1, Y2, X2, Y3, X3. 
   Pool    Define.   

   : 1, 2, 3 —   
 . 
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   Sheet,     -
 ,  ,   , 

 . 

(     t @trend 1,  , 
     .)    stacked by cross-

section-  ,       
 :   1-      T  10 

,  10     2-  ,  -
 10     3-  .  -

 Estimate    ,  
 . 
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2.       3   -
      . ,  -

     ,   
   (WLS).    -

     ? 
 .      

       
System. 

      (WLS), 
      : 

Estimation method: Weighted L.S. (equation weights) 
3.  WLS  OLS       

 .      -
  ? 

4. )  ,   . 2,   -
   . 

 )     ,      
   ,     

 . 
 . 

a)    : 
View /Residuals /Correlation Matrix 

)    (  Pool) : 
Weights: Cross-section SUR 

5.   ,       
   AR(1)-     . 

       ? 
 .     Pool, -

   Common coefficients  ar(1). 
6.    ,       

   AR(1)-     . 
 .     Pool, -

 ar(1)    
Cross-section specific coefficients 
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 11.   SUR (   EViews 6) 
  grunfeld.dta ( .   )   

    (invest),   (mvalue)    
 (kstock) 10     20-   —  1935 

 1954 . 
  ,   SUR,   -

 invest   : mvalue, kstock. 
 .    Pool     -

  (  Define).  ,   -
   ,    -

 : Weights: No weights.    ,    , 
    ,      :  

     .    cross-section 
specific coefficients : c x? y? 

    (  ): 
View/Residuals/Correlation Matrix. 

         
       GLS 

  SURE.    : Weights: Cross-section SUR. 
   (Proc/Make Residuals),     

         (View/ 
Descriptive Stats/Common Sample).      
4-  . 

   .      Pool 
 View/Residuals/Graphs.      -

     (   ,    ). 
,     . 
    AR(1)    -

,      .    
  AR(1)    .  -

   AR(1)   AR(2)   . 
    ,     mvalue 

 kstock      : 
View/Coefficient Tests/Wald — Coefficient Restrictions. 

  . 

 12.     SUR 
    10,     SUR,   

AR(1)-     ,   -
      . 

 . 
1.    SUR   AR(1)-    -

 ,   
View/Coefficient Tests/Wald — Coefficient Restrictions: 
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        -
 x   ; 

     SUR   . 
2.          

.     : 
Common coefficients: x? ; Cross-section specific coefficients: c ar(1) 

   13—27     
Stata,      Stata 10. 

 13.    —     
1.   ,    males.dta, -

    ,   , -
   WAGE_LN   : 

SCHOOL EXPER EXPER2 UNION MAR BLACK HISP PUB, 
  EXPER2  EXPER2. 

     ?     
     ?    -

     ? 
2.    ,       

       (WLS). 
        ? 

3.   . 2   WLS  OLS   
  .      -

  ? 
4.    ,       

  ,      . 
       ? 

5.    ,       
   AR(1)-     . 

   AR-   : )  
 — , )  .   -

     ? 
6.    ,       

   AR(1)-     . -
   AR-   : )  

 — , )  .   -
     ? 

 . 
   Stata 10. 
      :    -

  set memory 10M. 
      set matsize 545 —   

     . 
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   males.dta. 
    (Data/Data Editor).   -

 .      .  
 . (      ,   

    Preserve.     -
,  Restore.) 

1.   Stata   
xtgls WAGE_LN SCHOOL EXPER EXPER2 UNION MAR BLACK HISP PUB. 

(    ,    Stata     
.)   ,    , -

  more. 
2.    ,    panels(het): 

xtgls WAGE_LN SCHOOL EXPER EXPER2 UNION MAR BLACK HISP PUB, panels(het). 
(         Re-
view.           -

    .       
    ,  ,   -

  .) 
3.   xtpcse (panel corrected standard errors)   het: 

xtpcse WAGE_LN SCHOOL EXPER EXPER2 UNION MAR BLACK HISP PUB, het. 
      — -

   : 
xtset NR YEAR. 

4.       xtgls —   panels(corre-
lated),   xtpcse —  .     

  ,      -
,   . 

5. ( )   xtpcse   correlation(ar1) rhotype(dw) het: 
xtpcse WAGE_LN SCHOOL EXPER EXPER2 UNION MAR BLACK HISP PUB,  

correlation(ar1) rhotype(dw) het. 
 ( )   xtpcse   correlation(ar1) rhotype(tscorr) het. 
6. ( )   xtpcse   correlation(psar1) rhotype(dw) het. 
 ( )   xtpcse   correlation(psar1) rhotype(tscorr) het. 

 . 5  6    xtgls,     het  
(  xtpcse)    panels(het). 

 14.       
  

1.   ,    grunfeld.dta, 
    ,   , -
   invest   : mvalue, 

kstock.     13   . 
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2.        xtgls   panels 
(correlated)   xtpcse? 

3.     . 5  6  13. 
 . 

1.        list  -
   (   13     

 -    ). 
2.        -

. 

 15.   SUR —  Grunfeld 
  ,    grunfeld.dta,  

 SUR,    invest   -
: mvalue, kstock. 

 .   Stata  GLS-   
SUR   .     -

  (  « »    « »): 
reshape wide invest mvalue kstock, i(year) j(company), 

(       
reshape long invest mvalue kstock, i(year) j(company)). 

         (  20 ). 
    ,    : 1935—1954.  
       : invest1, mvalue1, 

kstock1,    invest, mvalue, kstock  -
   1.    ,      -

: invest2, mvalue2, kstock2,    invest, 
mvalue, kstock     2,  . .      

  invest10, mvalue10, kstock10,   
 invest, mvalue, kstock     10. 

        : 
Statistics  Linear regression and related  Multiple equation models   

Seemingly Unrelated Regressions 
      (Equation),   
  ,       : 

Equation 1   invest1   mvalue1   kstock1 
Equation 2   invest2   mvalue2   kstock2 

 
Equation 10   invest10   mvalue10   kstock10 

 OK 
     sureg: 

sureg (invest1  mvalue1 kstock1) (invest2  mvalue2 kstock2)  (invest10   
 mvalue10 kstock10). 
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10  : 

  invest1        mvalue1, kstock1, 
  invest2        mvalue2, kstock2, 

 
  invest10        mvalue10, kstock10. 

 16.     SUR —  Grunfeld 
   SUR   15     -

 . 
1.         

,        . 
2.    ,     mvalue  

kstock       (    -
 ). 

3.            
  ? 

4.       . 3,     -
    . 1  2? 

5.    ,   . 1—4,     
       14. 

 . 
1.   sureg   corr (      

 Perform Breush-Pagan test). 
       

    (  small corr). 
2.    SUR  : 

test (mvalue1  mvalue2  mvalue3  mvalue4  mvalue5   
 mvalue6  mvalue7  mvalue8  mvalue9  mvalue10) (kstock1   

 kstock2  kstock3  kstock4  kstock5  kstock6   
 kstock7  kstock8  kstock9  kstock10) 

3.         dta- , -
     t  year – 1934 (Data/Create or Change 

Variables/Create New Variable)      , 
 : tsset t.       

  invest  mvalue  kstock (      
  ): regress invest1 mvalue1 kstock1   

       
.       : 

estat dwatson, estat durbinalt, estat bgodfrey. 

.      -
   matsize,     -

   . 
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 17.    —    
  

     nlswork.dta,   -
  ,    (between) , 

   ln_wage   tenure age age_2 
not_smsa,  age_2  age2. 

       ,   
   ?       

       ?  
        ? 

 .      
 generate. : 

generate age_2  age^2 
     xtreg   be: 

xtreg ln_w tenure age age_2 not_smsa, be i(idcode). 

 18.    —    
  

     males.dta,   
 (between) ,    WAGE_LN 

  : SCHOOL, EXPER, EXPER2, UNION, MAR, BLACK, HISP, 
PUB,  EXPER2  EXPER2. 

         ? 
        ? 

    ,    13,  
  . 
 .      xtreg  

  be. 

 19.        
 —     

1.      males.dta,    
     WAGE_LN   

 SCHOOL, EXPER, EXPER2, UNION, MAR, BLACK, HISP, PUB. 
 ,     -

 SCHOOL, BLACK  HISP. 
2.      males.dta,    

    WAGE_LN   -
 SCHOOL, EXPER, EXPER2, UNION, MAR, BLACK, HISP, PUB. 

 . 
1.   Stata   xtreg   fe. 
2.   Stata   xtreg   re. 
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 20.     ,  
 ,     

   —     
1.  ,     , -

 ,        
  13, 18  19. 

2.       ? 
       ,  , 

 ,     . -
    . 

3.     ( )  
 (        

  ). 
4.      .   

 ,   ,  -
   . 

  (   ). 
2.       ,   

  ;     -
  FE- .      

  : 
xtreg   fe  estimates store fe  xtreg   re   

estimates store re  hausman fe re 
3.         -

  FE- . 
4.        -

 :   Stata   xttest3,  
    xtreg   fe. (    

  stata.com.) 

 21.     
  

     males.dta,   
      WAGE_LN   

 SCHOOL, EXPER, EXPER2, UNION, MAR, BLACK, HISP, PUB. -
     ? 

 .   xtreg fe: 
xtreg WAGE_LN SCHOOL EXPER EXPER2 UNION MAR BLACK HISP PUB  

IYEAR_2 IYEAR_3 IYEAR_4 IYEAR_5 IYEAR_6 IYEAR_7 IYEAR_8, fe 
     

test IYEAR_2  IYEAR_3  IYEAR_4  IYEAR_5  IYEAR_6   
 IYEAR_7  IYEAR_8  0 
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 22.       — 
    

1.      nlswork.dta,   
  ,     , 

   ln_wage   
tenure age age_2 not_smsa, 

 age_2  age2. 
2.      ?   

     ,    20? 
     ? 

3.          -
       (  —  ).   

  ,   ,   -
        ,  

  tenureit   

itiititititit usmsanotageagetenurew _2ln 4321  
   uit ,      -

        
.         -

   .   . 
  (   ). 

1.       generate.  -
 : 

generate age_2  age^2. 
       -

 xtreg   fe: 
xtreg ln_w tenure age age_2 not_smsa, fe i(idcode) 

3.        tenureit -
  union  south.   , -

      1, 2, 3, 4, 
 5 : union, south, age, age2, not_smsa.   

   .     
xtivreg ln_w age age_2 not_smsa (tenure  union south), fe i(idcode) 

(     )   
xtivreg ln_w age age_2 not_smsa (tenure  union south), re i(idcode). 

(     ). 

 23.    -   
  19         

    (  males.dta)   -
 SCHOOL, BLACK  HISP.      -

  ,    3.4 . 3  . 
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 .       
 WAGE_LN    EXPER, EXPER2, UNION, 

MAR, PUB: 
xtreg WAGE_LN EXPER EXPER2 UNION MAR PUB, fe 

    
predict residfe, ue 

(  ue    :    -
 ),    between    residfe  -

  SCHOOL, BLACK  HISP: 
xtreg residfe SCHOOL BLACK HISP, be. 

 24.   
1.     (  males.dta),   , 

      -
 . 

 .   
xtregar WAGE_LN SCHOOL EXPER EXPER2 UNION MAR  

BLACK HISP PUB, fe rhotype(dw) lbi 
 lbi —    Baltagi-Wu,  -
  —    . ( ,  

      .) 
 dw  rhotype      

  . 
2.     DW  Baltagi-Wu,    

      nlswork. 

 25.       
   

    10,     
    3 ,     

  .     
  ,    .    

 ? 
 .     : 

.10,,3,3,2,1,1,211, tiuxxyy ittiittiiit  

     : 

.10,,3,3,2,1,1,211, tiuxxyy ittiittiit  

    xtabond   Stata 8,    -
     ,   , 

  xi3   xi10  xi2   xi9.    38 (36  2)  
.      3  , 
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        3 -
 ,   35 (38  3)  — . 

t   

3 yi1  1 

4 yi1 , yi2  2 

5 yi1 , yi2 , yi3  3 

6 yi1 , yi2 , yi3 , yi4  4 

7 yi1 , yi2 , yi3 , yi4 , yi5  5 

8 yi1 , yi2 , yi3 , yi4 , yi5 , yi6  6 

9 yi1 , yi2 , yi3 , yi4 , yi5 , yi6 , yi7  7 

100 yi1 , yi2 , yi3 , yi4 , yi5 , yi6 , yi7 , yi8  8 

  360 

  
xtabond y x l1(x), lags(1) 

 l1(x)         
  x; lags(1)       -

    y.     
      -

  P- ,       -
        P- ,  

 (   Stata 8)     —   
          -

     P- . 
 : 

D1 —   ; 
LD —    . 

Sargan test of over-identifying restrictions: 
chi2(35)  21.81   Prob  chi2  0.9600 

Arellano-Bond test that average autocovariance in residuals of order 1 is 0: 
H0: no autocorrelation z  2.56   Pr  z  0.0106 

Arellano-Bond test that average autocovariance in residuals of order 2 is 0: 
H0: no autocorrelation z  0.77   Pr  z  0.4427. 

     P-    
. 

       -
        -

      . 
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 26.       
   

  http://pages.stern.nyu.edu/~wgreene/Econometrics/PanelDataSets.htm   
Spanish Dairy Farm Production       
247      1993  1998 . 

: 
FARM —  ; 
YEAR — , 93, 94, , 98. 

 : 
COWS —  , X1 —  ln(COWS)    

  ; 
LAND —  , X2 —  ; 
LABOR —  , X3 —  ; 
FEED — , X4 —  ; 
X11, X22, X33, X44, X12, X13, X14, X23, X24, X34 —    

 X1, X2, X3, X4; 
YEAR93, , YEAR98 — -   1993, , 1998 . 

 : 
MILK —     ; 
YIT  ln(MILK) 

  ,   ,   -
 ,         -
   . 

 27.       
    

  http://www.wiley.com/legacy/wileychi/baltagi/supp/Gasoline.dat  
      18  OECD (Organization for Economic Coop-

eration and Development)    1960  1978 . 
: 

COUNTRY —   (AUSTRIA, BELGIUM, CANADA, DENMARK, 
FRANCE, GERMANY, GREECE, IRELAND, ITALY, JAPAN, NETHERLA, 
NORWAY, SPAIN, SWEDEN, SWITZERL, TURKEY, UK, USA); 

YEAR — , 1960—1978. 
  (   ): 

LINCOMEP —    ; 
LRPMG —   ; 
LCARPCAP —     ; 

  (   ): 
LGASPCAR —    . 

  ,   ,   -
 ,         

     . 
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 .     LGASPCAR 
 LRPMG.         -

. 

 28.      
     

     5107 ,  -
    ,   1980 .   16  23 . 
      1980  1994 .,    1996, 1998 

 2000 . (  18 ). 
       : 

  

earnings    ( ,  ) 

s  ,    

exper    (  ) 

-  

male  1  ,     0   

married  1    ,     0   

union  1    

ethblack  1   ,     0   

ethhisp  1  ,    ,     0   

  ,     , -
         

  s, exper, expsq ( exper^2), union, married, ethblack, ethhisp: 
    ; 
      ; 
      . 

    (      ) 
( . .). 

  
 

OLS FE RE OLS FE RE 

const 5.500  
(0.030) 

6.176  
(0.100)  

5.702  
(0.042) 

5.328  
(0.031) 

6.137  
(0.097) 

5.512  
(0.045) 

s 0.089  
(0.001) 

0.045  
(0.008) 

0.080  
(0.003) 

0.089  
(0.002) 

0.036  
(0.003) 

0.081  
(0.003) 

exper 0.041  
(0.004)  

0.037  
0.003 

0.035  
0.003 

0.051  
(0.004)  

0.037  
(0.003) 

0.041  
(0.003)  
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OLS FE RE OLS FE RE 

expersq 0.0006  
(0.0001)  

0.0004   
(0.0001)  

0.0004  
(0.0001)  

0.0008  
(0.0001) 

0.0004   
(0.0001)  

0.0006   
(0.0001)  

union 0.210  
(0.010) 

0.118  
(0.011) 

0.042  
(0.010) 

0.131  
(0.012) 

0.068  
(0.013) 

0.085  
(0.012) 

married 0.153  
(0.008)  

0.042  
(0.011) 

0.074  
(0.010) 

0.012  
(0.009) 

0.004  
(0.012) 

0.013   
(0.010) 

ethblack 0.167  
(0.012)  

— 0.205  
(0.025) 

0.115  
(0.012)  

— 0.118   
(0.024)  

ethhisp 0.034  
(0.015)  

— 0.070  
(0.031)  

(0.024)  
(0.016)  

— 0.013  
(0.031)  

        -
     ?    -

   ,   ,    
    ? 

      FE- ? 
       -

     FE-  RE- ?   
    OLS  , FE-   RE- ? 

       ?    
  ?   -

   ? 
   ( )     ? 
   ( )    ?    

      ? 
         -

?        ? 

  3 

 29.  -   , 
   (   EViews) 

 . -2            -
  66 ,     .  

          
(     Y   0).    -

 -   .    -
    X1—X5,   -

  Z-    (Z- ): 



  3.    ,  , ... 294 

1X , 

2X , 

3X , 

4X , 

5X . 

1.    ,    -
 . 

2.       ,   
      

. 
3.     ,     -

  . 
4.     . 1  2   , 

      LRI, AIC, SC, 
HQ,   ,     — 

. 
5.     . 

 .   EViews    Equation — 
   eq1: 

Object  New Object  eq1  
Equation specification:   y c x1 x2 x3 x4 x5 
Estimation Settings:   Method:   BINARY  
Binary estimation method:   Probit  OK. 

    P- ,    
 LRI, AIC, SC, HQ     . 

        -
     (    eq1): 

View  Expectation-Prediction Table  Success if prob is greater than 0.5  OK. 
    – : 

View  Goodness-of-Fit Test (Hosmer-Lemeshow)  OK. 
       10   

       1. 
          -

  —      Andrews.   
 : 
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View  Goodness-of-Fit Test (Hosmer-Lemeshow)  
    Series or Series Expression   , -

  . 

 30.  -  -   , 
   (   EViews) 

1.    29      -  - -
.   -, -  - . 

2.      Z-  .  
    ? 

3.     .  -
    - ? 

  (   ). 
1.    Binary estimation method: Probit   : 

Binary estimation method: Logit  
   Binary estimation method: Gompit   . 

2.      : 
Z  1.2X1  1.4X2  3.3X3  0.6X4  0.99X5. 

,   Z  2.99,     
, ,   Z  1.81,   -

.  [1.81, 2.99]   . 

 31.    ,  
   (   Stata) 

  ,    29  30,   Stata. 
 .      Stata    

    . -2,    (    
 66 ). 

  -    probit.  -
         

  (  lstat),    
  —  (  lfit),   -

    —  estimates table, stats(aic bic).  -
,    Stata,  ,    29  30 

   EViews. 

 32.  ,      
        

(   EViews) 
  ,    4.1,    -

   (   ) 1000  —  X. 
  Y  1,     ,  

  0 —   . 
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1.  ,       
     .   -

  .    -
   X  - ?    

 ,       
LRI, AIC, SC, HQ,   ,   -

  — . 
2.         

 ,  - . 
3.          

. 
  (   ). 

2.    -     -
   

D( i | xi)  exp(k xi). 
   ,   

   .   -  -
        Log like-

lihood.       Logl: 
Object  New Object  Logl. 

       -
   : 

@logl logl2 (      logl) 
u c(1) c(2)*x2   xT

i ) 
v @sqrt(exp(c(3)*x2)) (     ) 
@param c(1) 3 c(2) 0.003 c(3) 0.0001   (    

; (1)  (2) —      -
 - , (3) —   ) 

logl2 y*log(@cnorm(u/v)) (1 y)*log(1 @cnorm(u/v))   (   
 ) 

 Estimate 
     Log likelihood (   

  LNL2)      Log likelihood, -
    -  (    -

 LNL1),   LR  2*(LNL2  LNL1).  -
  LR    0.95  -   -
   —   @qchisq(0.95, 1). 

3.    -     

).()( 3
2

2
1 ttttG  

   ,   
   .   -  -
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        Log like-
lihood.       Logl: 

Object  New Object  Logl 
       -

   : 
@logl logl1 
u c(1) c(2)*x 
@temp u 
@param  c(1) 3 c(2) 0.003 c(3) 0.1 c(4) 0.1 
logl1 y*log(@cnorm(u c(3)*u^2 c(4)*u^3)) (1 y)*log(1  

@cnorm(u c(3)*u^2 c(4)*u^3)) 
 Estimate 

     Log likelihood (   
  LNL2)      Log likelihood, -

    -  (    -
 LNL1),   LR  2*(LNL2  LNL1).  -
  LR    0.95  -    

  —   @qchisq(0.95, 1). 

 33.      
   

      2578 , -
     ,   1990 .   20 

 59 .     : 

  

hourwage    (   ) 

age  

education  ,    

exper   (  ) 

-  

sex  1  ,     0   

province  1    ,     0      

public  1     ,  
 0      

unem90  1      1990 .,  
 0       1990 . 

unem89  1      1989 .,  
 0       1989 . 
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     ,   - -
      ,  ,  

     -  ( , 
 unem90). 

        -
    ? 

        
    ,      

,         -
 .    ,   

 ,   : 

.,,1,ln 2
3210 Niexperexpereducationhourwage iiiii  

       
: 

.
ln

54

2
3210

iii

iiii

provincesex
experexpereducationhourwage

 

      1, 2, 3, 4, 5  -
 ? 

 -  -      
unem90,         
sex, age, province, education, exper, public, unem89. 

     ?   -
   . 

  - : 

   
 t-  P-  

constant 1.046900 0.4095700 2.556 0.0106 

sex 0.218060 0.1322500 1.649 0.0993 

age 0.002385 0.0084483 0.282 0.7777 

province 0.388170 0.1319100 2.943 0.0033 

education 0.081989 0.0242240 3.385 0.0007 

exper 0.042591 0.0114830 3.709 0.0002 

public 0.154820 0.1401100 1.105 0.2693 

unem89 3.211500 0.1231000 26.087 0.0000 

logl  908.2405471. 
    : LR  1068.5493. 

McFadden’s R2  0.3704. 
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  - : 

   
 t-  P-  

constant 0.621740 0.218670 2.843 0.0045 

sex 0.123230 0.071690 1.719 0.0857 

age 0 0.0021156 00.0045947 0.460 0.6452 

province 0.216000 0.071017 3.042 0.0024 

education 0.044325 0.013165 3.367 0.0008 

exper 0.023321 0.0062433 3.735 0.0002 

public 0.078649 0.075868 1.037 0.3000 

unem89 1.889600 0.068603 27.543 0.0000 

logl  905.6507406. 
    : LR  1073.7290. 

McFadden’s R2  0.3722. 
          

  age  public ( )? 

       
unem89        -

 . 
      ,   -

          
 ? 

 34.   -   
  EViews 

  EViews,      -
  (x)    (y),   ,    

 4.2.1  . 4  . 
1.    - ,  -

        
. 

2.     .   
     ,    

 . 
 . 

1.      : 

,1000,,1, ixy iii  



  3.    ,  , ... 300 

 x1, , x1000 — ,    -
,     -

 (100, 2100); 
 i —    (    xi) -

 ,    -
 i ~ N(0, 3002), . .   300. 

    4.2.1,   K  3, 1  1100  2  1850. 

2.   Equation      
ORDERED — Ordered Choice, 

      Normal. 
3.  ,   View  Prediction Evaluation. 

 35.   -   
  Stata 

  ,    34,   
Stata. 

 .    -  -
  oprobit: 

oprobit y x 
     : 
predict float p1 p2 p3, p   (p1, p2, p3 —   ) 
predict xb, xb (xb —   ) 

   xb: 
generate float number  1 if xb _cut1     (  _cut1   

   ,    -
) 

replace number  2 if _cut1 xb & xb _cut2     (  _cut1  -
    ,    

,   _cut2 —    -
 ) 

replace number  3 if xb _cut2     (  _cut2   -
   ) 
  ,     : 

summarize number if number  1 
summarize number if number  2 
summarize number if number  3 

      : 
summarize y if y  1. 
summarize y if y  2. 
summarize y if y  3. 
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 36.    Stata  - ,  
      

   
  EViews,  (     4.2.2  . 4 

 )        -
    (X2),       

(X3)          (Dk  1,  
   k-   , k  1, 2, 3, Dk  0  -

 ). 
1.    Stata    

- . 
2.        

      ,  
     ,  -

   ,  k-  , k  1, 2, 3. 
       . 

3.         
. 

 . 
1.    - ,    

    ,  
 mlogit.     number 

(  ),  k,  Dk  1: 
generate int number1  1  (int   ) 
replace number1  2 if d2  1 
replace number1  3 if d3  1 
mlogit number x1 x2, basecategory(1) 

(     ,     
      0.) 

2.       
predict float p1 p2 p3, p  (p1, p2, p3 —   ) 
      -

   1, 2  3     
  (  number_forecast): 

generate int number_forecast  1 
replace number_forecast  2 if p2 p1 & p2 p3 
replace number_forecast  3 if p3 p1 & p3 p2 

  ,     
: 

summarize number_forecast if number_forecast  1 
summarize number_forecast if number_forecast  2 
summarize number_forecast if number_forecast 3 
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      : 
summarize number if number  1 
summarize number if number  2 
summarize number if number  3 

3.         
: 
generate int d11  1 if number  1 & number_forecast  1 
generate int d12  1 if number  1 & number_forecast  2 
generate int d13  1 if number  1 & number_forecast  3 
generate int d21  1 if number  2 & number_forecast  1 
generate int d22  1 if number  2 & number_forecast  2 
generate int d23  1 if number  2 & number_forecast  3 
generate int d31  1 if number  3 & number_forecast  1 
generate int d32  1 if number  3 & number_forecast  2 
generate int d33  1 if number  3 & number_forecast  3 
summarize d11 
summarize d12 
summarize d13 
summarize d21 
summarize d22 
summarize d23 
summarize d31 
summarize d32 
summarize d33 

 37.    EViews  - ,  
      

   
 ,    36,   EViews. 

 .    -
    EViews,      -

 mlogit1.prg. 

 38.    EViews   
- ,      
     ,     

(  - ) 
  EViews,  (     4.2.3  . 4 

 )    : 
storesk —    k-   , k  1, 2, 3; 
distik —     i-    k-   ; 
yi  k,   i-       k-   . 
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  storesk     ,  
   distik    ,    . 

  4.2.3    stores1  23, stores2  19, stores3  13, -
 distik    ,  -
  ,      (0, 10). 

1.    ,   -
  - . 

2.        
  ,  k-   , k  1, 2, 3. 

 .    -
    EViews,      -

 clogit1.prg. 

 39.    ( -I)   EViews 
  ,     

-I   4.3 . 4  : 
                      x —     (i.i.d.  -

,     (1, 1600); 
price_observed — ,  0  ,   , 

  ,      ( -
),  ,  . 

1.        
price_observed     ,   

 : 
)  1000  (  1); 
)    ,    (  2). 

      ? 
2.   y,  0  ,   ,  

  y  (price_observed  2000)  ,  .  
       

 y     ,   
 : 
)  1000  (  3); 
)    ,    (  4). 

      ? 
3.   -    y  -

    
)   1000  (  5); 
)     ,   (  6). 

4.    (   ),   
 3, 4, 5, 6. 
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  (   ). 
1 .      Sample : 

if price_observed 0. 
2 .      Sample : 

if y 0. 
3 .      Method : 

ORDERED. 
     : Y C X  : 

Distribution:   Normal. 
   Truncated sample. 

3 . ,    . 3 ,   (  )   
Truncated sample. 

4.   3  4   .   5  6  -
 Forecast : 

Forecast of:   Expected dependent variable. 
     . 

 40.   -II   EViews 
  ,    4.3.1  4 

 : 
x —    ; 
h —  ,  1     ; 
y — ,  0  ,   ,   , 

    ,  ,  . 
   ,     

-II,  . 
 .     -   

    h    x.  
 Equation (    eq1).     : 
Estimation settings:   Method:   BINARY 
Equation specification:   h c x 
Binary estimation method:   Probit  OK. 

  -     eq1: 
Forecast  Forecast of:   Index  Forecast name:   x_theta_est  OK. 

  : 
lambda_est  @dnorm(x_theta_est)/@cnorm(x_theta_est) 

   eq2: 
Equation Specification:   y c x lambda_est 
Method:   LS 
Sample:   1 1000 if h  1 
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 41.  -      
  Stata 

    union.dta,   -
  ,  -      

   ,     -
 :  (age),  (grade),   -

  (not_smsa),      (south). -
        -
    south_t  south*(year  1970). 

 .   xtlogit fe.    
         
,          -
       . , 

,      var1  var2, 
     xtlogit fe  : 

test var1  var2  0. 

 42.  -      
  Stata 

1.      union.dta,   
  ,  -    -

    ,     
 :  (age),  (grade), -

    (not_smsa),    -
  (south).      

       
south_t  south*(year  1970). 

2.      ?    
  ?    -

  ? 
3.   . 

  (   ). 
1.   xtprobit re (    ,   -

  ): 
xtprobit union age grade not_smsa south south_t, re. 

2. P- ,       , -
     ,  P- ,  

    , —  . 

 43.  -      
  Stata 

     nlswork.dta,   
  ,  -     

     ,     
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,         1.9. 
         -

       
south_t  south*(year  1970). 

 .   xttobit   ul(1.9), -
        

 1.9 (   6.686 ./ ). 

 44.    ( -I)   Stata 
  ,    39,   

Stata. 
 .   -   

 tobit.    price_censored,  
    price_observed,  price_observed  0,  

  2000 —   . 

 45.   -II 
  ,    40,   Stata. 

 .   -  II  
 heckman. 

 

    

 -1 
  Y   P  

Y P X Z W1 Z1  Y P X Z W1 Z1 

097.5 105.5 090.36711 101.82140 101 101  108.5 100.5 107.11810 101.84580 106 109 

099.0 106.0 092.04135 100.36220 102 102  109.5 100.5 108.61940 105.26930 103 110 

097.5 102.5 095.36486 092.32723 105 102  101.5 091.5 108.04530 088.30700 102 109 

101.0 103.0 097.14663 095.13061 105 104  100.0 092.0 108.32750 088.62322 101 107 

102.5 103.5 097.68223 101.13660 102 105  108.5 102.5 104.72960 108.93920 100 105 

100.5 098.5 100.27950 093.70041 103 108  105.5 102.5 102.26780 104.16930 103 106 

102.5 098.5 102.92820 096.34262 104 106  99.0 097.0 100.20170 092.02088 102 107 

101.5 096.5 103.72680 090.63259 106 107  107.0 105.0 099.28349 108.04770 101 109 

106.5 103.5 100.69890 100.30940 107 105  107.0 100.0 105.76020 100.46000 104 110 

103.0 099.0 102.07950 090.93913 108 104  107.0 099.0 107.72040 098.20371 106 108 

101.5 095.5 104.00130 090.13066 105 106        
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 -2 
  66  

Y X1 X2 X3 X4 X5  Y X1 X2 X3 X4 X5 

0 36.7 62.8 89.5 54.1 1.7  1 35.2 43.0 16.4 99.1 1.3 

0 24.0 3.3 3.5 20.9 1.1  1 38.8 47.0 16.0 126.5 1.9 

0 61.6 120.8 103.2 24.7 2.5  1 14.0 3.3 4.0 91.7 2.7 

0 1.0 18.1 28.8 36.2 1.1  1 55.1 35.0 20.8 72.3 1.9 

0 18.9 3.8 50.6 26.4 0.9  1 59.3 46.7 12.6 724.1 0.9 

0 57.2 61.2 56.2 11.0 1.7  1 33.6 20.8 12.5 152.8 2.4 

0 3.0 20.3 17.4 8.0 1.0  1 52.8 33.0 23.6 475.9 1.5 

0 5.1 194.5 25.8 6.5 0.5  1 45.6 26.1 10.4 287.9 2.1 

0 17.9 20.8 4.3 22.6 1.0  1 47.4 68.6 13.8 581.3 1.6 

0 5.4 106.1 22.9 23.8 1.5  1 40.0 37.3 33.4 228.8 3.5 

0 23.0 39.4 35.7 69.1 1.2  1 69.0 59.0 23.1 406.0 5.5 

0 67.6 164.1 17.7 8.7 1.3  1 34.2 49.6 23.8 126.6 1.9 

0 185.1 308.9 65.8 35.7 0.8  1 47.0 12.5 7.0 53.4 1.8 

0 13.5 7.2 22.6 96.1 2.0  1 15.4 37.3 34.1 570.1 1.5 

0 5.7 118.3 34.2 21.7 1.5  1 56.9 35.3 4.2 240.3 0.9 

0 72.4 185.9 280.0 12.5 6.7  1 43.8 49.5 25.1 115.0 2.6 

0 17.0 34.6 19.4 35.5 3.4  1 20.7 18.1 13.5 63.1 4.0 

0 31.2 27.9 6.3 7.0 1.3  1 33.8 31.4 15.7 144.8 1.9 

0 14.1 48.2 6.8 16.6 1.6  1 35.3 21.5 14.4 90.0 1.0 

0 60.6 49.2 17.2 7.2 0.3  1 24.4 08.5 5.8 149.1 1.5 

0 26.2 19.2 36.7 90.4 0.8  1 48.9 40.6 5.8 82.0 1.8 

0 7.0 18.1 6.5 16.5 0.9  1 49.9 34.6 26.4 310.0 1.8 

0 53.1 98.0 20.8 26.6 1.7  1 54.8 19.9 26.7 239.9 2.3 

0 17.2 129.0 14.2 267.9 1.3  1 39.0 17.4 12.6 60.5 1.3 

0 32.7 4.0 15.8 177.4 2.1  1 53.0 54.7 14.6 771.7 1.7 

0 26.7 8.7 36.3 32.5 2.8  1 20.1 53.5 20.6 307.5 1.1 

0 7.7 59.2 12.8 21.3 2.1  1 53.7 35.9 26.4 289.5 2.0 

0 18.0 13.1 17.6 14.6 0.9  1 46.1 39.4 30.5 700.0 1.9 

0 2.0 38.0 1.6 7.7 1.2  1 48.3 53.1 7.1 164.4 1.9 

0 35.3 57.9 0.7 13.7 0.8  1 46.7 39.8 13.8 229.1 1.2 

0 5.1 8.8 9.1 100.9 0.9  1 60.3 59.5 7.0 226.6 2.0 

0 0.0 64.7 4.0 0.7 0.1  1 17.9 16.3 20.4 105.6 1.0 

0 25.2 11.4 4.8 7.0 0.9  1 24.7 21.7 7.8 118.6 1.6 
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   STATA 

 grunfeld.dta   http://www.statapress.com/data/r8/xt.html   
   (invest),   (mvalue)    

(kstock) 10     20-   —  1935  1954 . 
   : 

01 — GM (GENERAL MOTORS) 
02 — USSTEEL (AMERICAN STEEL) 
03 — GE (GENERAL ELECTRIC) 
04 — CHRYSLER 
05 — ARCO (ATLANTIC RICHFIELD) 
06 — IBM 
07 — UNION OIL 
08 — WESTINGHOUSE 
09 — GOODYEAR 
10 — DIAMOND MATCH 

 males.dta   http://www.econ.kuleuven.be/gme/data.htm  
,    (Vella, Verbeek, 1998)   

   (National Longitudinal Survey, Youth 
Sample, )  545   ,    1980 . 

    8-   —  1980  1987 .  1980 .  
     17  23 .  :   -

    8.     -
      (  wage)  -

 .   44 : 

NR —  , 
YEAR —  , 
SCHOOL —   , 
EXPER —      , 
EXPER2  EXPER^2, 
HOURS —     , 
WAGE —       -

 . 

 (0 — 1) - : 

BLACK  1  , 
HISP  1  , 
HLTH  1     , 
MAR  1  , 
NC  1      , 
NE  1    -  , 
RUR  1     , 
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S  1     , 
UNION  1   , 
IYEAR_2  1  1981 ., IYEAR_3  1  1982 ., IYEAR_4  1  1983 ., 
IYEAR_5  1  1984 ., IYEAR_6  1  1985 ., IYEAR_7  1  1986 ., 
IYEAR_8  1  1987 . 

 ,   12 - ,   
 (AG —  , MIN —  , 

CON — , TRAD — , TRA — , FIN — , 
BUS —    , PER —  , ENT — 

 , MAN —  , PRO —  
 , PUB —  ),  9 -

 (OCC1 — OCC9),   (  -
 ). 

 nlswork.dta (http://www.stata-press.com/data/r10/nlswork.dta)  
   (National Longitudinal Survey, Youth 

Sample, ),     ,   1968 . 
  14  26 .    1968  1988 .   

   5159  .   : 
       1  12 (  -

 4.6     ).  -
         ( -

 wit)   .     -
 (          

): 

idcode —   , 
year —  , 
birth_yr —  , 
age — , 
race — ,  1   , 2 —   

, 3 —   , 
msp — - ,  1,     , 
nev_mar — - ,  1,      

 , 
grade —    , 
collgrade — - ,  1,    , 
nots_smsa — - ,  1,     -

, 
c_city — - ,  1,     -

, 
south — - ,  1,     , 
ind_code —  , 
occ_code —  , 
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union — - ,  1,     , 
wks_ue —       , 
ttl_exp —   , 
tenure —  ( )     , 
hours —    , 
wks_work —      , 
ln_wage —     (   ). 

 union.dta (http://www.stata-press.com/data/r10/union.dta)    
 nlswork      4434  , -

        .     -
 ,    nlswork. 
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 5.1.7 

       xt  INDt , 
     ,     

     (    
 . 5.1).       0.914. 

 5.1 
    

Sample: 1 100;   Included observations: 100;    
Method: Single Exponential;  Original Series: IND;   Forecast Series: INDSM01 

Parameters: Alpha 00.91400 

 Sum of Squared Residuals 127940.100000000 

 Root Mean Squared Error 35.76871 

End of Period Levels: Mean 1687.7250000 

 . 5.1: 
 Sum of Squared Residuals —     -
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2
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i
ii sxSSE  
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Mean  LT . 
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 5.2 
         

Sample: 1 100;   Included observations: 100;    
Method: Single Exponential;  Original Series: IND;   Forecast Series: INDSM02 

Parameters: Alpha 00.20000 
 Sum of Squared Residuals 313564.000000000 
 Root Mean Squared Error 55.99679 

End of Period Levels: Mean 1650.5580000 

    ( . 5.2):   
(RMSE  55.99679 )   ,       0.914,   
RMSE  35.76871.  

  ,   (DES — Double 
Exponential Smoothing) — ,      

 ,      
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   I  1994 .  IV  1997 .   
   (  . ) (  UNEMP)  -

  ( . 5.19). 
    .   -
         1997 . 

     1994—1996 .     0.2. 
   . 5.20   . 5.3. 
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. 5.19 

. 5.20 

 5.3 
    

Sample: 1994:1  1996:4;   Included observations: 12;    
Method: Double Exponential;  Original Series: UNEMP;   Forecast Series: UNEMP_DESM_02 

Parameters: Alpha 0.200000 
 Sum of Squared Residuals 0.224375 
 Root Mean Squared Error 0.136740 

End of Period Levels: Mean 7.257440 
 Trend 0.183511 

       ,  
       0.162       

( . 5.21  . 5.4). 
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. 5.21 

 5.4 
         

Sample: 1994:1  1996:4;   Included observations: 12;    
Method: Double Exponential;  Original Series: UNEMP;   Forecast Series: UNEMP_DESM_EST 

Parameters: Alpha 0.162000 
 Sum of Squared Residuals 0.221352 
 Root Mean Squared Error 0.135816 

End of Period Levels: Mean 7.247008 
 Trend 0.181239 

,         -
       , 

       0.999,   , -
  . 5.5   . 5.22. 

 5.5 
       

Sample: 1994:1  1996:4;   Included observations: 12;    
Method: Single Exponential;  Original Series: UNEMP;   Forecast Series: UNEMPSM 

Parameters: Alpha 0.999000 
 Sum of Squared Residuals 1.040402 
 Root Mean Squared Error 0.294449 

End of Period Levels: Mean 7.199900 

   . 5.23,        
    ;     -

        .  
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. 5.22 

. 5.23 

  (Holt’s Linear Trend Algorithm)   -
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 xi      (Li 1  Ti 1) —     -
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  «  » (Li   Li 1)   «  

 »   (i  1). 

  x̂i h   h   , 
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 5.1.9 

         ,  
         

(    UNEMP_HW_EST,   
1994:1—1996:4).    . 5.6.  . 5.24  

  UNEMP   1994:1—1997:4,    -
  UNEMP_HW_EST        

  4  1997 . 

 5.6 
         

Sample: 1994:1  1996:4;   Included observations: 12;    
Method: Holt-Winters No Seasonal;  Original Series: UNEMP;    

Forecast Series: UNEMP_HW_EST 

Parameters: Alpha 1.000000 
 Beta 0.000000 
 Sum of Squared Residuals 0.232222 
 Root Mean Squared Error 0.139111 

End of Period Levels: Mean 7.200000 
 Trend 0.233333 

   1997 .,       
(   ).      -

   RMSE   .   
  (      EViews   ) 
 ,   . 5.7 (   )   . 5.8 (  

 ).       -
   ( . 5.25),      

.  
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. 5.24 

 5.7 
,      

 Sum of Squared Residuals 0.117881 
 Root Mean Squared Error 0.171667 

End of Period Levels: Mean 7.247008 
 Trend 0.181239 

 5.8 
,      

 Sum of Squared Residuals 0.060000 
 Root Mean Squared Error 0.122474 

End of Period Levels: Mean 7.200000 
 Trend 0.233333 
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  —  (Holt — Winters’s Algorithm).    
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 5.1.10 

   AGRO,      
( . 5.26).      —    

.      IV  2003 . -
,        I  2004 .  

 IV  2005 .  . 5.9     
  ,   . 5.10 —    
  . 

. 5.26 

 5.9 
   —      
Sample: 1994:1  2003:4;   Included observations: 40;    

Method: Holt-Winters Additive Seasonal;  Original Series: AGRO;   
Forecast Series: AGRO_HW_AD 

Parameters: Alpha 0000.460000 
 Beta 0000.000000 
 Gamma 0000.000000 
 Sum of Squared Residuals 2634.295000 
 Root Mean Squared Error 0008.115255 

End of Period Levels: Mean 0127.329800 
 Trend 00 0.201389 

 Seasonals: 2003:1 0 43.682080 
  2003:2 0 12.210690 
  2003:3 0066.450690 
  2003:4 0 10.557920 
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 5.10 
   —      

Sample: 1994:1  2003:4;   Included observations: 40;    
Method: Holt-Winters Multiplicative Seasonal;  Original Series: AGRO;   

Forecast Series: AGRO_HW_MU 

Parameters: Alpha 0000.620000 
 Beta 0000.090000 
 Gamma 0000.000000 
 Sum of Squared Residuals 1808.309000 
 Root Mean Squared Error 0006.723669 

End of Period Levels: Mean 0129.879500 
 Trend 0001.073999 

 Seasonals: 2003:1 0000.627968 
  2003:2 0000.897011 
  2003:3 0001.565845 
  2003:4 0000.909176 
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 5.11 
      1997 . 

       

1997:1 7.5 7.49 0.01 

1997:2 7.9 7.68 0.22 

1997:3 7.9 7.87 0.03 

1997:4 8.1 8.07 0.03 
 

. 5.29 

 5.12 
    1997 . 

Forecast: UNEMPF;  Actual: UNEMP;   
Forecast sample: 1997Q1  1997Q4;  Included observations: 4 

Root Mean Squared Error 0.111852 

Mean Absolute Error 0.072552 

Mean Absolute Percent Error 0.918228 

Theil Inequality Coefficient 0.007155 

Bias Proportion 0.420744 

Variance Proportion 0.000077 

Covariance Proportion 0.579178 
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 Root Mean Squared Error (RMSE) —      
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 5.1.12 

       -
   (   ,   .,  

)    I  1985 .  I  1989 . —  PROFITS. 
     . 5.30. 

. 5.30 

    ,    -
   — ,    

: 
.17,,1,2

221 tttPROFITS tt  

       I  1988 . 
   . 5.13.  . 5.31   -

    . 

 5.13 
     

Dependent Variable: PROFITS;   Method: Least Squares;   Sample: 1985:1 1988:1;    
Included observations: 13 

   
 t-  P-  

C 168.057300 8.912084 18.857240 0.0000 

T 0 2.087113 2.927791 0.712863 0.4922 

T^2 000.544056 0.203496 02.673552 0.0233 

R-squared 000.881340 Mean dependent var 187.723100 
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. 5.31 

      II  1988 .  I  
1989 .     .  
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.17,,1,3
3

2
221 ttttPROFITS tt  

       I  1988 . -
   . 5.14. 

 5.14 
     

Dependent Variable: PROFITS 

   
 t-  P-  

C 181.988800 13.3367000 13.645720 0.0000 
T 12.204010 7.943962 1.536263 0.1588 

T^2 002.285490 1.293811 01.766479 0.1111 

T^3 0 0.082925 0.060904 1.361579 0.2064 

R-squared 000.901608 Mean dependent var 187.723100 

 ( . 5.32)      II  1988 .  
I  1989 .    .     RMSE  

  (13.12275)   RMSE    (27.46526). 
    ,    -

       
 ( . 5.33).         
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. 5.33 

 5.1.13 
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 (Bias Proportion  0.779),   . 5.36,   
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. 5.36 

       — . 
   RMSE  10.086,   -
 RMSE  7.826.     —    
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. 5.38 
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08.         -

?         h  ? 
09.         ?      

   h  ? 
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    — ? 
11.         

   ? 
12.     ?   ? 

 5.2 
   AR, MA, ARMA, ARIMA 
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   ARMA(p, q). 

  ,   ,    
 . ,     

/   .    —  
( , , 1974))     -

        . 
        

   xt      (  ): 

,3,2,1 txxx ttt  

     ,   -
      . 

      —  -
  ,       -

 « » ,      
       

.  , ,  ,   xt   , 
   .     -
       -



 5.       361 

  ( ,      
,    ).   ,    -

 ,       -
      .      -

   —      ,  
  :     

    . 
          

  .     
     -

  r(k)    1      -
 (  r(1)).       

     ,  -
 .      , -

       xt    
.         

    .   -
        -

  — , ,     
    AR(p): 

.)( ttxLa  

  —   ,    
      p. 

     ,   -
   —    « » 

, . .      ,   -
       -  (  

      ). 
     ,    -

    .    
  xt    d     

      ARMA(p, q),  , 
  xt    ( )   d 

(I(d)),       ARIMA(p, d, q).   
          

 . 
  —     ,   xt  -

    —  .   
 ,     x1 , , xT .   ARIMA(p, 1, q) 
 q  0,      ARIMA(p*, 1, 0)  p*  3 T   
    —    . 



  4.   ...    362 

 xt —  ,   . -
  xt , t  1, , T,   T     

        (T  1). -
   xT 1 |T.   T   {xt , t  1, , T}  

   ,    
,      ,   

       T , xT 1 |T  g( T).  
        ( ) 

,  ,       -
   (    g).    

     ,   
    ,         
  ( , cost) C( ),  C(z) —  ,   

C(0)  0  C(z)  0  z  0.    ,   -
 xT 1 |T  g( T)  C(eT 1 |T),  

)(11 TTTT gxe  —   g( T). 

       -
 (T  1)     ,    

  E(C(eT 1 |T) | T).    -
     xT 1  -

   T .    
   C(z)  bx2, b  0.     

  : 
xT 1 |T   E(xT 1| T). 

        (T  h), h  1, 2, , 
    : 

xT h |T   E(xT h | T). 

,       

,0,)(,0)(.,..~,)( 22
ttttt DEdiitfx  

  
),())(()( hTfhTfExE ThTThT  

. .        -
. ,       f (T  h), 

           
 ,       

     . 



 5.       363 

 ,       
  xt ,      (   ) 
 AR(p), MA(q)  ARMA(p, q).    

      ,   
 .       -

    h      T   {xt , t  1, , T} 
 fT, h ,     —  eT, h. 

   AR(p).    , -
  AR(1) 

,110 ttt xaax  

         

.)()()( 1011011, TTTTTTTT xaaExaEaxEf  

       : 

.)1()()(

)()()(
2
1011010110

211022,

TTTT

TTTTTTT

xaaaxaaaaxEaa

ExaEaxEf
 

, ,     h   : 

.)1()( 10
1

1
2
11, T

hh
ThThT xaaaaaxEf  

   AR(1)  |a1|  1,  h   

,
1

)1(
1

0
0

1
1

2
11 a

aaaaa h  

  —    xt . 

    

01 T
h xa  (   ), 

    h   xT     xT h -
,         

 xt . 
 ,        : 

.11,11, TTTT fxe  

 ,     -
  AR(1)    . 

        p, 
  

,110 tptptt xaxaax  



  4.   ...    364 

   : 

,

)()()()(

110

111011,

pTpT

TTTpTpTTTTT

xaxaa

ExEaxEaaxEf
 

),(

)()()()(

221,10

2211022,

pTpTT

TTTpTpTTTTT

xaxafaa

ExEaxEaaxEf
 

),(

)()()()(

332,21,10

3321033,

pTpTTT

TTTpTpTTTTT

xaxafafaa

ExEaxEaaxEf
 

,      h  ,  
 , . 

    xT h, . . 

,110 hTphTphThT xaxaax  

        xj    -
 .    j  T,  xj    fT, j T ;   

j  T,      ,   -
  T .  T h  .   -

   ,    -
 fT, h     fT, 1 , fT, 2 , , fT, h 1 . 

   MA(q).    
   

,11 ttt bx  

 t  —     E( t)  0. 

      : 

.)()()( 11111, TTTTTTTT bEbExEf  

   : 

,11,11, TTTT fxe  

         
  . ,  T   xT   fT 1, 1 ,   

),( 1,111, TTT fxbf  

        -
,      f0, 1 .    

, -      -
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 ,         
,       f0, 1    -
  ( , ,  T   ).   MA(1) 

       |b1|  1,    -
  ,       . -
,  E( t)  0,   f0, 1   0. 

 h  1,     h   : 

.0)()()( 11, ThTThTThThT EbExEf  

,       : 
,11 ttt bx  

    h  1    ,   
      fT, 1     b1 T .    

fT, 1   b1(xT   fT 1, 1)   fT, 1     b1(xT   fT 1, 1),     -
  f0, 1   . 

   MA(q): 
.11 qtqttt bbx  

 xT 1   T 1   b1 T     bq T q 1,    
   : 

,111, qTqTT bbf  

     

eT, 1   xT 1   fT, 1   T 1 . 

   fT, 1   T , , T q 1   -
 T   xT   fT 1, 1 .   f0, 1   -
 :  0 , 1 , , 1 q    0,  

 f0, 1   0.           
,  T        -

  . 
        h  

,  h  q.    xT h  ,    
,    .    -

 t   ,   ( T)    t  -
   T  xT  fT 1, 1     0  1     

 1 q  0,   f0, 1   0.  h  q    xT h   -
 (     T)  t .  

E(xT h | T)  E( T h)  0  h  q. 
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     : 
,11 qtqttt bbx  

     0  1    1 q  0   -
  f0, 1   .      ,  q, -

    , . .    xt . 

   ARMA(p, q).    
     ,   
AR(p)  MA(q). 

   —  ARMA(1, 1)   -
 .  

,1111 TTTT bxax  

        
fT, 1   a1xT   b1 ˆT , 

 ˆT   xT  fT 1, 1. 

: 
,112112 TTTT bxax  

   fT, 2   a1 fT, 1 ,  fT, 3   a1 fT, 2  a1
2 fT, 1   . .  ,  

        
 (  0  a1  1),      (  1 

 a1  0). 

 5.2.1.   ( ., , (Tsay, 2005)),  
    ARMA(p, q) -
   h     h    -

    (  «   -
» (mean reverting)). 

 .      -
      -
     .     -
    ,   

 . 
 

xt  —       , 
  ARMA(p, q): 

,
01

jt

q

j
jjt

p

j
jt bxax  
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   : 
.)()( tt LbxLa  

     ,     -
    MA( ) —    -

: 

,)(
0

tjt
j

jt Bccx  

  .1,
)(
)()( 0

0
c

za
zbzczc j

j
j  

 c1, c2,   ,    
  z       a(z)c(z)  b(z). 

    xt     
 : 

,

)(
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0
,

hj
jhTj

hj
TjhTj

h

j
TjhTj

j
TjhTjThThT
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0
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h

j
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.)( 2
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1

0
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j
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fx
h

j
j

hThT , 



  4.   ...    368 

    xT h    (1  )  -
 

2
1

1

0

2

2
1

2
1

1

0

2

2
1

,
h

j
jhT

h

j
jhT czfczf . 

     ,    
 2    ˆ 2   .   

    ,   
   :   -

    -    ,  
      ,    -
   ,        

      .   -
        

. ,     ,  
   ,        -

,          
(   ). 

        
ARMA. 

1.    eT, 1 , eT 1, 1 , eT 2, 1 ,   -
      , 

      h  2   eT, h , eT 1, h , eT 2, h ,  
     . 

2.   
1

0

22
, )(

h

j
jhT ceD   ,  

D(eT, h 1)  D(eT, h), 

        . 
3.   h  ,  : 

0

22
, .)(lim

j
jhTh

ceD  

      MA( )   xt ,    
: 

0

22
2

0
.)(

j
jjt

j
jt ccExD  
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 , ),()(lim , thTh
xDeD  . .  (   T) 

  « »     -
  . 

   ARIMA.  xt —   
ARIMA(p, d, q),    yt   (1  L)dxt ,  d-  -

  xt ,    ARMA(p, q).  
     xt    -

 ,     yt  -
  .  fT

x
, h   fT

y
, h  —   h    

 xt   yt ,    T.  

,)1( ,,
x

hT
dy

hT fLf  

  L    h,  , ,  d  1 : 

,)1( 1,,,,
x

hT
x

hT
x

hT
y

hT fffLf  

.,1,,
y

hT
x

hT
x

hT fff  

 ,      :  
 —      yt ,    — 

     xt . 
,      .  -

    

,)()1)(( tt
d LbxLLa  

 a(L)  b(L) —   p  q . 

 A(L)  a(L)(1  L)d —   P  p  d, 

,1)( 2
21

P
p LALALALA  

,1, 0
01

bbxAx
q

j
jtj

P

j
jtjt  

  

,1, 0
01

bbxAx
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 Cj        z 

      A(z)C(z)  b(z),  ,)(
0

j

j
j zCzC  C0  1. 

,      t , -
 ,   ,  .    

0, 1, , 1 q         
  (backcasting),    . 1 . 2.  -

        . 
  ,    a(L)(1  L)dxt   b(L) t   

    a(z)  b(z)  ,    -
 ,        -

 . 

 5.2.2.    ,   
    , -

    5.1,   -
     ARIMA. -

,       
     ARIMA(0, 1, 1)   

 IMA(1, 1). 

       EViews  -
       . -

        
  . 

 5.2.1 

  26       
 ARMA        -

  General Motors Corp   ( , 
   )    1970  1990 . (  Xt). -

  —         
(  41    ),      -

    .   -
   AR(3).      

     AR(3) .  -
          

         ;   -
       . 

         1991 
 1992 . 
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. 5.41 

      9.1%.   
 ,       

,  0.999,      . 5.41,   
  Xt     1970  1992 .    XF  

.  

 5.2.2 

       -
     I  1947 .  IV  1960 . ( . 5.42).  

  ,       
   ,    TS-  DS- . 

. 5.42 

  ,     — 
     .    -
   -  ,    

X 
XF 
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    .      
    —     .  -

       -
  AR(1) —       —  

   .      
   .    ,   

    ,     -
  .      ,  -

     .   -
  . 5.15. 

 5.15 
     

Dependent Variable: GNP;   Convergence achieved after 3 iterations 

   
 t-  P-  

C 219.443200 5.490064 39.97097 0.0000 

T 005.144091 0.162430 31.66964 0.0000 

AR(1) 001.382216 0.112642 12.27091 0.0000 

AR(2) 0 0.622664 0.112637 0 5.528052 0.0000 

R-squared 000.997240 Mean dependent var 371.463000 

Adjusted R-squared 000.997074 S.D. dependent var 82.32236 

S.E. of regression 004.452922 Akaike info criterion 005.896185 

Sum squared resid 991.425900 Schwarz criterion 006.043517 

Log likelihood 155.197000  F-statistic 6021.4290000 

Durbin-Watson stat 002.202365 Prob. (F-statistic) 000.000000 

Inverted AR Roots 000.69  0.38 i 0.69  0.38 i  

    ,   
   ( - )  GNP  4  

1961 .        -
 ,    : MAPE  1.197%,   

     :   Bias 
Proportion (0.545)  Variance Proportion (0.444),   Covariance Pro-
portion   .      . 5.43. 

    :    ,   -
    — , . .,   

  ,     ?    
   GNP_DIF,       

( . 5.44). 
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. 5.43 

. 5.44 

      AR(1).   
 AR(1)    GNP_DIF.     

 . 5.16. 
 5.16 

      
Dependent Variable: GNP_DIF;   Sample (adjusted): 1947:3 1960:4 

   
 t-  P-  

C 4.999118 1.367270 3.656278 0.0006 
AR(1) 0.502369 0.121622 4.130578 0.0001 

R-squared 0.247050 Mean dependent var 005.092593 

GNP GNPF

1960 19611957 1958 19591956
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    ,   
     GNP  4  1961 .   

   MAPE  1.865%     MAPE  1.197% 
 ,      ,   (   

 MAPE)        1.5   
.  

 5.2.3 

        -
   2002—2006 . (  ) —  TKANI ( . 5.45). 

    ,     .  -
    (      -

),      ,    
       -

.        -
    12  24,     -

 . 

. 5.45 

      ARMA 
   ,      -

  AR(10)    11  - ,  -
       -

 .     -
  . 5.17. 

       12  
2007 .  . 5.46    TKANI (  X)    -

  (  XF). 

TKANI 

20062003 2004 20052002
180

200

280

X

 

220

240

260
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 5.17 
    

Dependent Variable: X;   Convergence achieved after 6 iterations 

   
 t-  P-  

C 204.4995000 2.522339 81.0753300 0.0000 

@SEAS(2) 21.450000 4.654558 4.608385 0.0000 

@SEAS(3) 40.634560 5.432310 7.480163 0.0000 

@SEAS(4) 38.535670 4.286232 8.990569 0.0000 

@SEAS(6) 12.020750 5.086706 2.363170 0.0223 

@SEAS(8) 25.420780 4.649170 5.467811 0.0000 

@SEAS(9) 38.799720 5.059813 7.668212 0.0000 

@SEAS(10) 50.892780 4.336347 11.7363300 0.0000 

@SEAS(11) 39.640550 4.903230 8.084578 0.0000 

@SEAS(12) 49.279370 5.229306 9.423692 0.0000 

AR(1) 00.231842 0.122870 1.886892 0.0654 

AR(3) 00.279801 0.125358 2.232013 0.0304 

AR(10) 0.297668 0.093487 3.1840590 0.0026 

 

. 5.46 

    Covariance Proportion   (0.829872),  -
 Bias Proportion  Variance Proportion   (0.016586  0.153542, 

).        -
 XF     X   ,  

  . 5.46.  

X XF 

2007:012005:07 2006:01 2006:072005:01
180 

200 

280 

 

 

220 

240 

260 

2007:07
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 5.2.4 

      1987—1990 . (  ) -
  USAUNEMP,     . 5.47.   

 X  USAUNEMP       (   -
- ),   X_DES,     

  .     . 
        X,     -

 D(X).        
  5,        

AR(5).        
.       , 

          -
 AR(2).      ,   -
      . -

,      .  
     10  1991 .  -

       . 5.48.  -
 Covariance Proportion   (0.582832),    -
 Bias Proportion (0.404464). 

. 5.47 

      , 
       

 —       (  
    ).  . 5.49 

      X    -
 . 

USAUNEMP 
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89

:0
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:0
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88

:0
1 
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:0
7 
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:0
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. 5.48 

. 5.49 

    —    .  
  (   )  , -

       .  

 5.2.5 

   5.1.7 (    5.1)   
     xt   Indt ,    
  ,       
  .       0.914.    -

   ,    x~t 1      -

19911988 1989 19901987
4,5 

5,0 

7,0 

 

 

5,5 

6,0 

6,5 

XF X 

1991:091991:03 1991:05 1991:071991:01
5,8 

6,0 

7,0 
 

 

6,2 

6,4 

6,6 

6,8 

XF X_ADD 

X_MULT X 

X_DOUBLE 
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     xt .   
      ARIMA. 

     xt      — 
,  —   .      -
    KPSS.   -

          -
.       -

      ,    
DS- . 

 DS-       xt  xt 1  t , 
           

(        ),    T   
  T ,       T. 

       5.1.7. 
 5.18 

     

   
 t-  P-  

X( 1) 0.999930 0.001852 540.0148 0000.0000 

R-squared 0.891236 Mean dependent var 1805.1960 

     ,    -
       

,   . 5.18.  ,   -
   .  

  5.2.5       
         -

 .       ?  
  ,    . 

  (Campbell, Perron, 1991)   , 
  ,    TS-  DS-   

  ,       -
   1  20  .    

    .   
  ,   ,   ,  

, ( )   . 
  (Clements, Hendry, 2000)    

  DS-  TS-     ,   -
     (SM)   

  (DGP — data generating process).  -
    . 
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 DGP   « »  (DS  TS)  -
    T  ,     
,  DGP ( . .  « » ),   

.      ,   -
  TS-  DS-    . 

  (Diebold, Kilian, 2000)    
,         

         
,       -

.       -
     ,    -

  .   (persistence)   
       t  -

  .   AR(1)  
xt  xt 1  t ,   0    1, 

        0  1.  
  0   .  0    1  -

     t      
   .    1 (  )  -

     t     
 . 

   AR(1)   ,   -
      Tt    AR(1): 

,ttt xTy  
 ., 1 tttt xxtbaT  

        
    :   a  7, b  0.0065  

   0.0099.      {0.5, 0.9, 0.97, 0.99, 1}   
T  {25, 30:10:80; 100:20:180; 200:40:1000},   -

      , , , 
   . 

   : AR(1)     -
  (L —  « »),    -

 (D —  « »)  ,    
 — ,  5%-     -

  (P —  « » ).    
     h  1  100  .  

        
   (PMSE),   20 000 -

  - .      -
 PMSE(D)/PMSE(L), PMSE(D)/PMSE(P)  PMSE(P)/PMSE(L)   
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  h  T.   ,   
  ,    : 

 D&L (       ).    -
     -

  ,      ,  
    ,    

         -
     . 

 D&P (     ,    -
    /  -

 ).     PMSE(D)/PMSE(P)  
  1,   1,     -

,   .  ,  
        

   —   -
    . 

 L&P (     ,    
    /  -

 ).     PMSE(P)/PMSE(L)   
 1,       
   .     -

      -
     . 

    , : 
      —  ; 
    —  ; 
     —  ; 
   —  —  . 

    ,   
,       

 (  P)       -
 (  L).  : 
    (T  40  160  h  1  100) —  -

      70  ,  
     —    -

 ; 
    (T  80  200  h  1  16) —  

      0.97   
  L    ; 

    (T  240  480  h  1  48) —  
       ,  

0.99  .      L ; 
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    (T  360  720  h  1  90) —  -
  ,       , 

     0.99  .    -
   L. 

     ,  
    DGP.    OLS-  

     0.97   
,  0.99       

0.99   .  ,   OLS-   
    ,       
.    ,    -

      -
 ,   . 

 5.2.3.   TS-  DS-   -
        

        -
  .     -

. 
       ,  

  ,     
      , 

   ,     
    ,     

,   ,   RMSE.     
( ., ,  (   ., 2002)),   

     ,    -
         

  ,    .  
( .   )       

  ,    DS-  TS-   
        

      ,  -
   .     -

  « » TS-  DS-      
   . 

 5.2.4.       
     ,   -

   :       
  (   )    -

 (    «  »   -
 «  »   ).     

   (recursive forecast),    —   
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  (rolling forecast).    -
      .  

       -
;        

,       , 
       

    . 
       

.       
        -

,         -
 .      «  » , 

  ,    -
  , ,   ,   

  .     -
     .  
    (   ., 2002),    

     -
   . 

  ,   
   

 
x~1t, x~2t, t  1, , h —     xt ,  

   1  2; 
                g(xt , x~it) —  , 

g(xt , x~it)  g(eit), 

 eit  —  , eit   xt   x~it, i  1, 2. 

 ,       , -
         

   H0: E[g(e1t)]  E[g(e2t)]   
 HA: E[g(e1t)]  E[g(e2t)].    (Diebold, Mariano, 1995) 

   H0      
      : 

,0)(:0 tdEH       ).()( 21 ttt egegd  

,   dt     -

    ,
0j

jtjt bd   b0  1, .
0j

jb  
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1  h     ,),0()( 2Ndh d   

,1
1

h

t
td

h
d  

1
0

2 )(2
k

d k  —  2  dt , (k)   

 Cov(dt , dt k ) —   .   

,)1,0(
2
1

2

N

h

d d  

     E(dt)  0    
 —  (DM — Diebold-Mariano statistics): 

2
1

2ˆ
h

dDM , 

 ˆ 2 —    . 

  —    t-   -
  H0:   0    dt     ut , t  1, 2, , h,  

        -
  dt .       
 ,      

. ,      
      , . .   
  . 

  —  

  1.1        -
 ( )     .   -

  , ,    xt  -
  ARIMA(p, 1, q). 

  xt    ARIMA(0, 1, 1): 

,,2,1,1 tx ttt  

 t  ~ i.i.d.  . 
____________ 

1 . (  ., 1976, . 7). 
2        . 10 . 2 .   

      . 
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   x0  0, 0   0.  
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t
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t

i
i

ttttttttt

tt

xxx
 

 

,,)1(,
1

tt

t

i
itt CSTtDT  

   xt   : 

,tttttt ZDTCSTDTx  

 DTt  —    xt ; 
 Zt  —   ,    -

:   STt     Ct . 

      
   .      

 ( )  1   t ,      -
 xt .  xt

p  DTt   STt       -
  (permanent component)  xt ,  Ct  — -

  (transitive component)  ,   

.t
p
tt Cxx  

     : 

,)1(

)1()1()1()1(

1

1

11

t
p
t

t

i
ti

t

i
i

p
t

x

ttx
 

. .        
. 

   ARIMA(0, 1, 1),    0.01,   0.3 
 t  ~ i.i.d. N(0, 0.052).      -

      0.01   1.3 t ,   -
  0.3 t .      -

  . 5.50. 
 Zt   STt   Ct      -

  STt     Ct ,  ,  
      ARIMA(p, 1, q).    

(Beveridge, Nelson, 1981)  ,        
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. 5.50 

       .  
    ( )  — 

. 
      

,,2,1,)()( tLBZLA tt  

 A(L)  B(L) —   p  q ,   
A(L)   ,   A(L)  (1  L)A*(L), 

    A*(L)     
   . 

 
,)()1()()()1( ***

ttt ZLAZLLAZLAL  

        -
 

.)()(*
tt LBZLA  

 : 

,))()1()1(()()()( *1
tttt LLLLBLAZ  

 )).1()(()1()( 1* LLL  
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    ,  Z0  0  0  0.  -
  (       t  1)   

   : 

.)()()1( 0
**

1
0 LLZZ t

t

i
it  

   
  

         
      -

  (overdifferenced series).   , , 
   ,    . 

,       
        

 (MAR — moving average representation),   ,  
      -

     (ARR — autoregressive rep-
resentation). 

   xt      
   

,)1( 2
212211 ttttt LbLbbbx  

 .
1

2

j
jb  

   j  bj      -
 ,   xt     -

   ( , ,   )  q: 

,)()1( 111 tt
q

qqtqttt LbLbLbbbx  

 .)(
1

q

j

j
j LbLb  

    q   b(z)  0     
|z |  1 (  ),     
MA(q)  xt        AR( ): 

,
1

tjt
j

jt xdx  

 
,)( ttxLd  
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)(
11)(

1 Lb
LdLd

j

j
j       .

1

2

j
jd  

 ,       
 MA(q)     AR(p): 

tjt

p

j
jt xdx

1
 

(  ,    p).   xT 1   -
 x1 , x2 , , xT         

 xT 1     AR(T): 

jT

T

j
jTTT xdxxxxE 1

1
111 ),,,(  

      xT 1    -
  ,     

x1 , x2 , , xT . 
     MA(1) 

,)1( 111 tttt Lbbx  (5.1)

 t  ~ i.i.d.,      . 

  ,        
(5.1).  |b1|  1,     (ARR) 

 xt   : 

.
1

t
j

jtjt xdx  

 d1, d2,   ,   (1  b1L): 

(1  b1L) 1 xt  = t , 
  

,)1( 2
1

2
11 ttxLbLb  

 
.1 2

2
111 tttt xbxbx  

 |b1|  1  
jj

j bd 1
1)1(  

    ,    -
  MA(1)      -

 . 
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, ,  
,)1(1 tttt Lx  

       : 
.ttx  

    b1  1,     « » 
 ARR        AR( )  dj  1.   

1

2 ,
j

jd       xt   . 

        , -
 dj  1, . . 

)( 21
1

11
1

T

T

j
jTjT

T

j
j xxxxxd  

( ,     0  T),      -
.    : 

,)()()]([( 0101211 TTTTTT xxxx  

     

,2)( 2
01TD  

   2  ,    .  -
       xT 1   -

   ,   -
 x1 , x2 , , xT ,       1: 

121
1321 x
T

x
T

Tx
T

Tx
T

T
TTT . 

     
1
22

T
T     

2   T  . 
 ,     b1    b1  1. 

    b1       
  x1 , x2 , , xT . ,    

   b1  1. 
        

1 , 2 , , 50        xt   t   t 1 (t  2, , 50). 
____________ 

1 . (Hamilton, 1994, Chapter 4). 
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,          
(1.01)2,       (1.49)2. 

       
MA(1) . 

Sample: 1 50;   Included observations: 49 

Autocorrelation Partial Correlation k AC PAC Q- P-  

****| ****| 1 0.494 0.494 12.717 0.000 
| ***| 2 0.014 0.341 12.727 0.002 
| *| 3 0.060 0.176 12.922 0.005 

*| **| 4 0.085 0.209 13.328 0.010 
|* *| 5 0.095 0.071 13.845 0.017 
| *| 6 0.044 0.058 13.957 0.030 
| *| 7 0.015 0.063 13.970 0.052 
| *| 8 0.052 0.166 14.134 0.078 
|* | 9 0.096 0.049 14.709 0.099 

*| *| 100 0.091 0.135 15.237 0.124 
|* | 110 0.121 0.032 16.197 0.134 

*| *| 120 0.135 0.111 17.434 0.134 

   ( 0.5)     1  
   b1   1. 

 (1)    « »  1 
  ,   . 5.19.   b1 

    1. 
 5.19 

    1 = 0  
Sample (adjusted): 2 50;   Included observations: 49 after adjusting endpoints;    

Convergence achieved after 6 iterations;   Backcast: OFF 

   
 t-  P-  

MA(1) 0.844299  0.078206 10.79589 0.0000 

R-squared 0.411521 Mean dependent var 0.048304  
Adjusted R-squared 0.411521 S.D. dependent var 1.490832 

S.E. of regression 1.143653 Akaike info criterion 3.126530 
Sum squared resid 62.7812500 Schwarz criterion 3.165138 

Log likelihood 75.599970 0 Durbin-Watson stat 1.903930 

Inverted MA Roots 0.84   

    ,     1  1.540,  
       .   

   1  0,        
 ( . 5.20). 
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 5.20 
   1 = 0  

Dependent Variable: X0;  Sample (adjusted): 2 50;  Included observations: 49 after adjusting  
endpoints;  Convergence achieved after 9 iterations;  Backcast: OFF 

   
 t-  P-  

MA(1) 1.037445  0.021529 48.18885 0.0000 

R-squared 0.546126 Mean dependent var 0.016868  

Adjusted R-squared 0.546126 S.D. dependent var 1.459325 

S.E. of regression 0.983150 Akaike info criterion 2.824087 

Sum squared resid 46.3960100 Schwarz criterion 2.862695 

Log likelihood 68.190120 0 Durbin-Watson stat 2.112057 

Inverted MA Roots 1.04   

 Estimated MA process is noninvertible  

    ,    b1,  
    1,      

   . 
,     ,   -

   0,     «  -
» (backcasting),        . 

        
 (  1  1.540)    ( . 5.21). 

 5.21 
   1 = 1.540  

Dependent Variable: X;  Sample (adjusted): 2 50;  Included observations: 49 after adjusting  
endpoints;  Convergence achieved after 7 iterations;  Backcast: 1 

   
 t-  P-  

MA(1) 0.970547  0.016617 58.40841 0.0000 

R-squared 0.538634 Mean dependent var 0.048304  

Adjusted R-squared 0.538634 S.D. dependent var 1.490832 

S.E. of regression 1.012632 Akaike info criterion 2.883180 

Sum squared resid 49.2203200 Schwarz criterion 2.921788 

Log likelihood 69.637900 0 Durbin-Watson stat 2.128541 

Inverted MA Roots 0.97   
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  ,      
    ,    , 

    .  -
  ,   : (Box, Jenkins, Reinsel, 2008), (Clements, 

Hendry, 1996; 1998a; 1998b; 2001), (Dickey, Bell, Miller, 1986), (Diebold, 1998), 
(Enders, 1995), (Granger, Newbold, 1986), (Gregory, Smith, Yetman, 2001), 
(Hamilton, 1994), (Harvey, Leybourne, Newbold, 1998), (Kumar, Gill, 2000), 
(Snyder, Ord, Koehler, 2001), (Stock, 1996), (Stock, Watson, 1996), (Swanson, 
White, 1997), (Wallis, Whitley, 1991), (West, 2001). 

  

01.     ? 
02.      AR(p)? 
03.      MA(q)? 
04.      ARMA(p, q)? 
05.    ? 
06.        ? 
07.      ARIMA? 
08.        -

           -
 ? 

09.           
    ? 

10.            
 ? 

11.         , 
   ? 

12.      — ? 
13.       

? 
 



 

 
 

       6 

  
  

 6.1 
    ,  

      
     

     (VAR)   -
    ,    ,  VAR, 

    (G- )    
,     VAR. 

   (   ) xt   yt . : 

T
x —  ,   xT , xT 1 , ; 

T
y —  ,   yT , yT 1 , ; 

T
x, y —    ; 

ŷ T h |   E(yT h | ) —    yt  h   -
   ,      

   T
y  T

x, y. 

,   x       
 y (x is Granger-noncausal for y),  

2,2
)ˆ()ˆ( yx

ThThT
y
ThThT yyEyyE     h  1, 2, , 

      xT , xT 1 ,    -
   yT h —      

  yT , yT 1 ,  .      -
 ,   x      

 y (x Granger-causes y). 
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    : 

,ˆ 1
)(

12
)1(

121
)(

11
)1(

111
,

1 pt
p

tpt
p

t
yx

tt yyxxcx  

,ˆ 1
)(

22
)1(

221
)(

21
)1(

212
,

1 pt
p

tpt
p

t
yx

tt yyxxcy  

,ˆˆˆ 2
)(

121
)1(

122
)(

111
)1(

111
,

2 pt
p

tpt
p

t
yx

tt yyxxcx  

,ˆˆˆ 2
)(

221
)1(

222
)(

211
)1(

212
,

2 pt
p

tpt
p

t
yx

tt yyxxcy  
 

,ˆˆˆˆˆ )(
121

)1(
12

)(
111

)1(
111

,
pht

p
htpht

p
ht

yx
tht yyxxcx  

,ˆˆˆˆˆ )(
221

)1(
22

)(
211

)1(
211

,
pht

p
htpht

p
ht

yx
tht yyxxcy  

 h  p.  h  p,   x̂ t h p  ŷ t h p   -
  xt h p  yt h p. 

 : 

 x   G-   y,  ,0)(
21

)1(
21

p  . .  -
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 y   G-   x,  ,0)(
12

)1(
12

p  . .  -
  j    : 

t

t

pt

pt
pp

p

t

t

t
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1
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22
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1 00 . 

   VAR 1,    -
 H0: «y   G-   x»   OLS- -

  

tptptptptt uyyxxcx 11111  

(  (2p  1) ) ,  F- ,   

.0: 10 pH  

       -
,   F-  F(p, T  2p  1).  -

    ,    pF, 
       2(p). 

    H0: «x   G-   y» 
  OLS-   

tptptptptt uyyxxcy 11111  

(  (2p  1) ) ,  F- ,   
.0: 10 pH  

 6.1.1.      
       

     p   , -
     . 

        
  !       

   .     
        -

      ,   
      .  -

         
   :  yx G  (  

x     y)   . , 
____________ 

1 . . 8 . 2  . 
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,  xz G   yx G ,   z   G- -
   y. 

      xt   yt     
    ,    ,  
 -    xt   yt   -
    G-        
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G-          
 . 

, , 

.

,

,

31
)1(

331
)1(

323

21
)1(

231
)1(

222

11
)1(

121
)1(

111

tttt

tttt

tttt

xzcx

xzcz

zycy

 



  4.   ...    396 

  x       
  y ( 0)1(
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     x  y,  -
 (    )0)1(

13   ,0)1(
12   :0)(23 L  

0)(12 L   0)(13 L   (  1) 

0)(13 L   0)(23 L   (  2). 

      yt      
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232221
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      yt       -
 z.        -

  x,          x 
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333231

2221

1211

333231

232221

131211

LLL
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LLL
LLL
LLL

L . 

    (L)  -    -
  (2  2)  (1  1). 

    z  y,   ,   
  (    x)   y  
  z    : 

0)(31 L   0)(21 L   (  3) 
 : 

0)(21 L   0)(23 L   (  4). 

  3  (L)  : 

)()(0
)()(0
)()()(

)(

3332

2322

131211

LL
LL
LLL

L ; 
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  4: 

)()()(
0)(0

)()()(
)(

333231

22

131211

LLL
L

LLL
L . 

    (L)   - ,  
   x   ,   z —   

,   (L)  -  : 

)(00
)()()(
)()()(

)(

33

232221

131211

L
LLL
LLL

L . 

       (block exogeneity) 
   (   )   
   (   ).  -

 ,        
      . 

     (   -
   ) : 

    1:  y      
z  x (  z  x     ); 

    2:  (y, z)      x 
(  x     y  z); 

    3:  (z, x)      y 
(  y     x  z); 

    4:  z      
y  x (  y  x     ). 

   N  (N  ) y1t , y2t , , yNt , 
   yt , yt   (y1t , , yN, t)T  (   T  

 ).    yt    : 

)2(

)1(

t

t
t y

y
y , 

  yt
(1)  (y1t , , yN1, t)T , yt

(2)  (yN1 1, t , , yN, t)T ,   1  N1  N. 

: 

T
(1) —  ,   yiT , yi,T 1 ,   

(i  1, , N1)   ; 

T
(2) —  ,   yiT , yi,T 1 ,   

(i  N1  1, , N)   ; 
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T
(1, 2) —    ; 

ŷi,T h |   E(yi,T h | ) —   i-    -
  h      

,         
T
(1)  T

(1, 2). 

,       - -
    ,  

2)2,1(
,,

2)1(
,, )ˆ()ˆ( ThTihTiThTihTi yyEyyE   h  1, 2, , 

         
       —   

     yiT , yi,T 1 ,  (i  1, , N1) 
  .      -

 ,        
    . 

  (N  1)-  yt    VAR(p): 

),,0(...~,11 Ndiiyycy ttptptt  

    ,       
-   i-     (i  1, 2, , N1).  

     

itipt
T
pipt

T
pit

T
it

T
it

T
it

T
iit uyyyyyyy )2()1()2(

22
)1(
22

)2(
11

)1(
11  

   
.0: 210 piiiH  

  VAR ,   F-   
    .    

   VAR. 
      

,,,2,1,0: 1210 NiH piii  

  N1   ,    -
        -

  .    ,    
       . -

 N2      VAR1,  
  . 

____________ 
1 . . 8 . 2  . 
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   N1p    
VAR(p)  N  N1  N2    N1  1   -

,      ( , -
 N1 ).    ,   

  (LR- ),   : 

),ˆlnˆln()(2 UNRESTRRESTRRESTRUNRESTR TllLR  

 lUNRESTR —       
VAR(p)    ; 

 lRESTR —       
VAR(p)    ,  

 ; 
 | ˆ | —     , 

   : 

t

T
ttT

ˆˆ1detˆ     
t

T
ttpT

ˆˆ1detˆ . 

 LR    -    
 ,    . 

 VAR 

  (N  1)-  yt    VAR(p): 

,11 tptptt yyy  

.)(,0)(.,..~ ttt CovEdii  

     : 

,11 tptptt yyy  
 

,)( ttyL  
 

.)( 1
p

pN LLIL  

    ( . 8,  8.2)    ,  -
   VAR   : 

    det (z) = 0     
    ( . .      1). 
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 6.1.2 
  VAR     ,   -

 VAR       
(    ). 

  VAR       
   ,    VAR -

   . 
  (   )   

VAR,      . 
  VAR,     , , 

  . 

   yt ,     
VAR(p),  I(1)-  (    1),   

   (  )    
,   VAR .    -

  p 

tptptt yyy 11  (6.1)

   : 

,11111 ttptptt yyyy  (6.2)

 ,1 p  

 )( 21 psss    s  1, 2, , p  1. 

 VAR 

   IN ,   yt   ,    -
   VAR(p  1)  : 

.1111 tptptt yyy  (6.3)

    (6.2)   ,   0 
   0  DGP,     -
 1, , p 1   ,   -

    ,      
   1, , p 1    (6.3).  

      (     (6.2), 
     (6.3))   ( ) -
 t-  F-    qF ~ 2(q),  q —  (  

)      1, , p 1 . 
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    (6.1)   -
     

H0: DGP  VAR(p0),   p0  1, 
  

HA: DGP  VAR(p),   p  p0, 

     . , , F- -
       1    p  ( . .   )  

   :       
.  ,      -

        
(  yt)     .  

 . 
   yt   I(1)-  (  

  1),      (  )  
.     yt    , 

  N1  N2  N  N1 ,    
H0   ,       -
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       : 

,0: ,1210 iipiiH  

  F-       -
  F-     H0: 1i   2i     pi   0. 

   i    .  -
,    F-      

     . 
,       -

       ,    -
      (6.3)   , 

. .  VAR  . 
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 VAR 

     VAR,    
I(1)- ,  (6.2)       -

 (error correction model — ECM): 

,11111 tt
T

ptptt yBAyyy  

 B — (N  r)-   ; 
 A — (N  r)- ,    r  -

  ; 
 r —  , 1  r  N  1 (  r  0  ;   

r  N   ). 

 Ai  — i-    AT,    z1  A1yt 1 , , 
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      B  0,     
   Bij , i  1, , N, j  1, , r,     

 .  , ,  Bij ,    i-  -
 ,   ,    ,  

    j-     
  . 

   yt   I(1)-      1, 
        -

   — .     
OLS-   

,33221 tNtNttt uyyyy  

  ˆ , ˆ2, ˆ3, , ˆN   -
     —  
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NtNtttt yyyyz ˆˆˆˆˆ 332211  

   
,332211 NtNtttt yyyyz  

  . 
   ẑ1t    z1t     

         OLS-
  .      

,    ẑ1, t 1 ,   -
 ,      . 

    ˆ , ˆ2, ˆ3, , ˆN -
,     ,        
 ẑ1, t 1     ,      -

  z1, t 1    ECM   z1t .  , 
   (    ) -
     ty   -
        ECM,  

   . 

 6.1.3.  ( )  -
    ECM     -
,    B11    BN1  0, -

    yt .   
H0: B11    BN1  0    -

 B11, , BN1      -
. 

  . 11 . 2     -
     : 
   ; 
     ; 
   ,   

 ; 
          -

  . 

     — ,    
  .       

       -
  ,       -

    (  100   ). 
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.0, 21,221,11,1 ttt yyz  

      B11  B21   -
   (     ),  ,    

       ECM    -
  z1, t 1  y1, t 1    2 y2, t 1 . , ,   -
     . ,    
 y1t      B11,   y2, t 1    -

  y1t     y1, t 1    -
 y1, t 1, y1, t 2, , y1, t p 1. 

       
VAR       ,   

    ,   G-    
 — ,     y2t    y1t .   

        : 

,0,0: )1(
12

)2(
12

)1(
12110

pBH  
    ,    

  z1, t 1  ẑ1, t 1  y1, t 1  ˆ   ˆ2 y2, t 1  ˆ , ˆ2 , -
      — . 
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  —  

  ,        
, : 

 VAR ; 
 VAR   I(1)-      (   

 VAR  ); 
 VAR   I(1)- ,   . 

     -
       -

       / -
.        

  ,      
. 
   (Toda, Yamamoto, 1995)  , -
   . 

      DGP: 

,1110 tktkt
q

qt yytty  

 t  ~ i.i.d., E( t)  0, Cov( t)  , E| it | 2        0. 

          
         

    : 

,1110 tptpktkt
q

qt yyytty  
 

p  k  d,   d —    ty . 

  d   dmax —   -
     yt . 

      DGP   
      1, , k (    

   SM, . .  k 1, , p).    
m      ,    

       2(m). 
   yt    , I(1)  I(2),    

 —     ,    I(1)-  I(2)- , 
     . 

     . 
 DGP  : 
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,1110 tptpktkt
q

qt yyytty  
 

.,01 dkppk  (6.4)

  SM,    (  (6.4)),  -
  

,0: 1
*
0 plH       k  l  p  1, 

. .     DGP    ,  l.  
  ,         

  2(n2(p  l)),  l  d. 
,   k  d,  l  k  d. ,   -

      -
  DGP,         

 VAR. 
 ,  d  1,       

 .   d  2,    -
   k  1. 

        
. 

 :     -
      yt   H0  -

,         -
,     ,  SM   VAR  

 (k  dmax). 
   ,    

   (   )    k  
. 

 6.1.4 
       -

 ,    N . 
       - . 

 6.1.5.        
 VAR, ,  ,  -

    (long-run)    -
  (short-run). 

   VAR(p)  I(1)- -
, ,     ,  VAR  -

 .    VAR   
 (N  2),   VAR    : 
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 6.1.1 

     (Leeper, Sims, Zha, 1996) ,  -
   : 
LP  100ln(CPI_SA),   LY  100ln(RGDP_MON),   LM2  100ln(M2_SA). 

     1974:01 — 1980:03 (75 -
).         I(1)- . -
    .      

. 6.1. 

. 6.1 

    LP_DIF, LY_DIF, LM2_DIF 
    /    -

   .       
Group  EViews 6   . 6.1.    -

   G-      LY_DIF  
LM2_DIF,     LP,     

  ,      LM2. 

LP 
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 6.1 
       
VAR Granger Causality/Block Exogeneity Wald Tests;  

Sample: 1974M01 1980M03;   Included observations: 73 

Excluded Chi-sq df Prob. 

Dependent variable: LP_DIF 

LY_DIF 0.216406 2 0.8974 

LM2_DIF 2.577506 2 0.2756 

All 2.856723 4 0.5821 

Dependent variable: LY_DIF 

LP_DIF 1.196085 2 0.5499 

LM2_DIF 4.693268 2 0.0957 

All 8.418789 4 0.0774 

Dependent variable: LM2_DIF 

LP_DIF 4.931841 2 0.0849 

LY_DIF 16.29977 2 0.0003 

All 21.91118 4 0.0002 

      .    
VAR   LP, LY, LM2.      
LP_DIF, LY_DIF, LM2_DIF    AR(2), AR(1)  AR(4) 

 (      ),   
 VAR «  »,    p  8.    

 VAR(8)     VAR.  
     p  2 ( . 6.2). 

  ,       I(1),   
      VAR(3),    

     .    
 . 6.3. 

   LP       -
   LY( 1)  LY( 2),     

   LM2( 1)  LM( 2), . .    -
  ,  LY   G-   LP,    ,  LM2 

  G-   LP. 
   LY       -

   LP( 1)  LP( 2),     
   LM2( 1)  LM( 2), . .    -

  ,  LP   G-   LY,    ,  LM2 
  G-   LY. 
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 6.2 
      

VAR Lag Order Selection Criteria;   Endogenous variables: LP LY LM2;  
Exogenous variables: C;   Sample: 1974M01 1980M03;   Included observations: 67 

Lag LogL LR FPE AIC SC HQ 

0 556.112600 NA 3555.689000000 16.689930 16.788650 16.728990 

1 0 26.521440 995.947600 0.000634 *1.149894 *1.544764 *1.306145 

2 0003.360465 0*53.519830* *0.000341* **0.526553* **1.217576* **0.799993* 

3 0008.609312 008.930873 0.000383 *0.638528 *1.625704 *1.029156 

4 0012.780580 006.723843 0.000446 *0.782669 *2.065998 *1.290485 

5 0016.928370 006.314540 0.000522 *0.927511 *2.506993 *1.552516 

6 0022.232650 007.600164 0.000594 *1.037831 *2.913465 *1.780024 

7 0027.834510 007.524878 0.000676 *1.139268 *3.311055 *1.998650 

8 0038.417400 013.268110 0.000670 *1.092018 *3.559957 *2.068588 

* indicates lag order selected by the criterion  

LR: sequential modified LR test statistic (each test at 5% level)  

FPE: Final prediction error  

AIC: Akaike information criterion  

SC: Schwarz information criterion  

HQ: Hannan-Quinn information criterion  

 6.3 
  VAR  

Vector Autoregression Estimates;  Sample (adjusted): 1974M04 1980M03;    
Included observations: 72 after adjustments;  Standard errors in ( ) & t-statistics in [ ] 

 LP LY LM2 

LP( 1) 1.349954 0.297779 0.214976 
 (0.12593) (0.26738) (0.11509) 
 [10.7201] [1.11369] [ 1.86791] 

LP( 2) 0.256495 0.371950 0.198518 
 (0.21100) (0.44800) (0.19284) 
 [ 1.21563] [ 0.83024] [1.02947] 

LP( 3) 0.070610 0.037640 0.036485 
 (0.13284) (0.28205) (0.12140) 
 [ 0.53155] [0.13345] [0.30053] 

LY( 1) 0.011781 1.206699 0.156317 
 (0.05927) (0.12584) (0.05416) 
 [0.19879] [9.58944] [2.88600] 
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 . 6.3 

 LP LY LM2 

LY( 2) 0.012690 0.331289 0.312633 
 (0.09186) (0.19504) (0.08395) 
 [0.13815] [ 1.69860] [ 3.72403] 

LY( 3) 0.012322 0.014698 0.117330 
 (0.06004) (0.12747) (0.05487) 
 [0.20524] [ 0.11530] [2.13838] 

LM2( 1) 0.039687 0.148995 1.505572 
 (0.13372) (0.28393) (0.12221) 
 [ 0.29678] [ 0.52476] [12.3191] 

LM2( 2) 0.074510 0.520952 0.580950 
 (0.21708) (0.46092) (0.19840) 
 [ 0.34323] [1.13024] [ 2.92823] 

LM2( 3) 0.086986 0.288486 0.075269 
 (0.12371) (0.26267) (0.11306) 
 [0.70314] [ 1.09828] [0.66573] 

C 20.37194 72.28857 25.01767 
 (14.1050) (29.9487) (12.8909) 
 [ 1.44431] [2.41375] [1.94072] 

   LM2      -
   LP( 1)  LP( 2),     

     LY( 1)  LY( 2), . .  -
   ,  LP   G-   LM2,   

  ,  LY   G-   LM2. 
       G- -

     LY  LM2,     
    G-     LY_DIF 

 LM2_DIF.  

 6.1.2 

      , -
   Lydia Pinkham (Sales),     

    (Adver)    1907  1960 .  -
         

. 
    I(1)- .    -

   .     
  ( . 6.4)      ( . 6.5).  
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 6.4 
   

Cointegrating Eq: CointEq1 

SALES( 1) 1.000000 

ADVER( 1) 0.933287 
 (0.11309) 
 [ 8.25291] 

C 1.141392 

 6.5 
    

Error Correction: D(SALES) D(ADVER) 

CointEq1 0.137508 0.730407 
 (0.12145) (0.20471) 
 [1.13218] [3.56805] 

D(SALES( 1)) 0.324113 0.318025 
 (0.20861) (0.35161) 
 [1.55365] [0.90447] 

D(SALES( 2)) 0.000263 0.481982 
 (0.19063) (0.32131) 
 [ 0.00138] [ 1.50006] 

D(ADVER( 1)) 0.054991 0.107971 
 (0.11379) (0.19179) 
 [0.48327] [0.56296] 

D(ADVER( 2)) 0.129445 0.123077 
 (0.10104) (0.17031) 
 [ 1.28108] [ 0.72268] 

C 0.003458 0.001031 
 (0.01633) (0.02752) 
 [0.21180] [0.03746] 

       D(ADVER), 
    G-     

 SALES  ADVER. 
 G-       

( . 6.6). 
      — ADVER  SALES,   

     .       
  (Lee, Shin, Chang, 1996)      - 
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 6.6 
 G-     

VEC Granger Causality/Block Exogeneity Wald Tests;   Sample: 1907 1960;  
Included observations: 51 

Excluded Chi-sq df Prob. 

Dependent variable: D(SALES) 
D(ADVER) 3.114956 2 0.2107 
All 3.114956 2 0.2107 

Dependent variable: D(ADVER) 
D(SALES) 3.422292 2 0.1807 
All 3.422292 2 0.1807 

 Adver  Sales, Sales  Adver (     ) 
       -

   Income. 
       — .  VAR 

     p  2,     
     VAR(3).   -
       1  2  

  Adver    Sales  (P-  
F-   0.014,  P-    

 0.007).        Adver  Sales, -
 ,   (Lee, Shin, Chang, 1996).  

  

1.         ? 
2.          

     ? 
3.        N  ?  

   ,       -
-   i-    ? 

4.     ?     
        -

? 
5.           

         -
 VAR? 

6.           
    VAR? 

7.      —     -
  ? 

8.          
     VAR? 
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 6.2 
 VAR 

 1932 .   (Alfred Cowles),   Cowles and Com-
pany,       -

      ,  -
  (The Cowles Commission for Research in Economics).   

 (  )  ,   , -
         

  .    1932 .      
 Econometrica (       1933 .),  

    : 1)  —  ; 2)   
    . 

       1943 .   
    (Jacob Marschak).  ,   

      -
    : 

1)     ,    -
; 

2)      « » , 
   ,    

  « »; 
3)       ,  -

    ; 
4)    , ,  ,    

  . 

      
  ,    .  -

       -
 :       

     . 
        -

       .  
        

 ,     ( -
  ),   , -

     .   -
     , -

          
  ,   ,  

  . 
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    .    

    .   
        -
    ,   .  

      ;   
  ,    , 

     . 
      -

.       , 
   ,  -

 . 
      , -

      ((Lucas, 1978), (Sims, 1980)). 
 ,     

   ,       -
      . 

 ,        
    .    

,        
  ,      

 .      
          . 

 ,        
   (     -

 )    . 
       

: 
     (LSE); 
  VAR (  ). 

 LSE (Sargan, Hendry) 

        (  -
 )          

. 
         

ADL          
    ( , ,   

).        ( -
  )    (  -

   ,      -
).     ,  -
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 ,     
.          

     ;  
   .    

,     .    -
,    « » . 

 VAR (Sims) 

         -
         : 

 ,     ; 
 ,      . 

      : -
        -

    .   (  ), 
,      . 

         
    ( ) , -

   . 
   VAR (    LSE)   -
 : 

,),,(,)( 1111
T

kttttptptttt yyyyCyCyLCAy  

 t —   i.i.d.  (k  1)- -
    . 

     : 

,11 tptptt uyyy  

 ,1
jj CA  ,1

tt Au   

.)(,)( 1
p

pktt LLILuyL  

  ut      i.i.d. 
 ,      -

  . 
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,
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        , 
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        -
   .  -       Cov(u1, t , u2, t)  0, 

     . -  -
  u1t   u2t       

   u1t   u2t , . .     u1t , 
    u2t , u2, t 1 , , u2, t s ,  . 
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    ,   -
       -

  (fundamental innovations) 1t , , kt .  -
,      ,   t   ( 1t , , kt)T  — 

i.i.d.        -
   Ik .   ,   

u1t , , ukt      , 
  

.tt Du  

    VAR(1):  ut   D t ,  

).()(

),()(
,

2221211,2221,1212

2121111,2121,1111

11

ttttt

ttttt

ttt

ddyyy

ddyyy
Dyy

 

 ,   u1t      -
   1t   2t , ,   ,  -
  u2t . 

       -
   y1, t s , y2, t s      

   1t , , kt    -
        . 

       (impulse 
response function — IRF)  ,    -

 . 

  
2221

1211)( tuCov  ,     D? 

, : 
,)(,)( 2

22
2
21222

2
12

2
11111 dduDdduD tt  

,),( 221221112112 dddduuCov tt  

      d11, d12, d21, d22   
 . ,  D  , 
       . 

     .    
  VAR(1).    VAR   

2t     y2t ,    1t   
  y1t ,   y2t .    2t    
 u2t ,    1t  —   u1t ,   u2t  ( . 6.2). 
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. 6.2 

  d12  0,       d11, d21, d22: 
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   VAR(1)     Cov(ut)  : 
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 y1t , . . y1t      -

 y1t , y2t ; 
          

y1t   y2t ,   y2t     y1t   yt 1, yt 2,  

      -
       -

,       «  » -
. 

   VAR(1): 

,
8
5

4
1

,
2
1

8
5

21,21,12

11,21,11

tttt

tttt

uyyy

uyyy
 

     y1t   y2t     -
  1t . 

  : 

.
8
5

4
1

,
2
1

8
5

121,21,12

11,21,11

ttttt

tttt

yyy

yyy
 



 6.     423 

   t  1       
 y1t  (     ),   

,1
,11~

1

1
1 t

t

t

t
t  

 2t       t.     -

 
t

t
t y

y
y

2

1
~
~

~ ,    y~1,0   y1,0 ,  y~2,0   y2,0   

.~~
8
5~

4
1~

,~~
2
1~

8
5~

121,21,12

11,21,11

ttttt

tttt

yyy

yyy
 

   y1,0   y2,0   0.   t  1: 

,11~,
,11~,

21112121112121

1111111111

yyy
yyy

 

  t  2: 

.
8
3~~

8
5~

4
1~

,
8
1~~

2
1~

8
5~

2212221,21,122

12121,21,112

yyyy

yyyy
 

 ,       -
   1t  ( . 6.7). 

 6.7 

     (  ) 

t 1 2 

Imp(y1t | 11 ) 1 0.125 
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    1t  ( . 6.8). 

 6.8 

     (  ) 

t 1 2 

Imp(y1t | 11 ) 0.707000 0.441875 

Imp(y2t | 11 ) 0 0.176750 

     , 
      . 

     ( . 6.4 -
  , . 6.5 —  ). 

. 6.4 

t 1 
–1
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1
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41 9111 71
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21 31 51 8161
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. 6.5 

,      ,   
       

     . ,  , 
         

   ,    -

  100. ,     ,625.0
8
5

2211  

,5.0
2
1

12  .25.0
4
1

21  

   Y1  Y2  ,   
 . 6.9  6.10;    Y2  Y1 — , -

  . 6.11  6.12. 

 6.9 

      
Vector Autoregression Estimates;      Y1  Y2 

 Y1 Y2 

Y1( 1) 0.610340 0.206764 
 (0.04187) (0.06525) 
 [14.5766] [3.16883] 

Y2( 1) 0.497220 0.664915 
 (0.04764) (0.07425) 
 [10.4360] [8.95554] 

Imp (y1/eps1) Imp (y2/eps1)

t 1 
0 

0.1 

0.7 

 

41 9111 71

0.5 

0.3 

21 31 51 8161

0.2 

0.4 

0.6 
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 6.10 
     

 Y1   Y2 
t 

       

1 00.958889 01.0000000  0.947857 1.0000000 

2 00.113956 00.1250000  0.431981 0.3750000 

3 0.145238 0.1093750  0.263669 0.2031250 

4 0.219746 0.1699218  0.205347 0.1542969 

5 0.236222 0.1833496  0.181974 0.1389160 

6 0.234657 0.1840515  0.169839 0.1326600 

7 0.227668 0.1813621  0.161447 0.1289253 

8 0.219229 0.1778140  0.154422 0.1259189 

9 0.210586 0.1740932  0.148006 0.1231530 

100 0.202121 0.1703850  0.141953 0.1204940 

110 0.193944 0.1667380  0.136178 0.1179048 

120 0.186082 0.1631632  0.130647 0.1153740 

 6.11 
     

 Y1   Y2 
t 

       

1 0.674760 0.707000  0.000000 0.000000 

2 0.457393 0.441875  0.103987 0.176750 

3 0.353585 0.364547  0.146912 0.220937 

4 0.301190 0.338311  0.162461 0.229223 

5 0.272183 0.326055  0.165814 0.227842 

6 0.253924 0.317706  0.163807 0.223915 

7 0.240707 0.310523  0.159519 0.219373 

8 0.229952 0.303764  0.154330 0.214739 

9 0.220490 0.297222  0.148860 0.210153 

100 0.211785 0.290840  0.143381 0.205652 

110 0.203591 0.284601  0.138013 0.201242 

120 0.195789 0.278496  0.132805 0.196927 
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 6.12 
     

Vector Autoregression Estimates;      Y2  Y1 

 Y1 Y2 

Y1( 1) 0.677859 0.154110 
 (0.03880) (0.06036) 
 [17.4726] [2.55303] 

Y2( 1) 0.418677 0.734929 
 (0.04350) (0.06769) 
 [9.62382] [10.8573] 

    ,   VAR, 
   ,   VAR,   -

.   Y1  Y2  . 6.6  6.7;  
 Y2  Y1 — . 6.8  6.9. 

. 6.6 

. 6.7 
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. 6.8 

. 6.9 

       -
     ( !) -

  : . 6.10   Y1  Y2; 
. 6.11 —  Y2  Y1. 

  ,       
       

       
 VAR.       —0.628,   

   VAR   0.634. 
   ,    VAR  : 

,)( 111 tptptttt ByCyCByLCAy  

. . tt B , 

 t  ( 1t , , kt)T  — i.i.d.      
     Ik . 

 

 
 

t 1 
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11 12

 Y1 

 

 
 

t 1 
0

0.05

0.25

5 102 8 

0.15

3 4 6 9 7 

0.10

0.20

11 12

 Y2 



 6.     429 

. 6.10 

. 6.11 

   1t , , k, t      -
  ( )  1t , , kt . 

    : 

,)()( 111
*1

1
1

tptptttttt uyyuyLBAyLCAy  

 ,1
jj CA  ,)( 1

1
* p

p LL  

,1
ttt DBAu  

  
.)( 1

*
ttt ByLAAy  (6.7)

    VAR   ,  OLS. -
,    1, ,  p ,      

   (6.7),     A  B.  

Response of Y1 to Y1 

t 
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1.2 
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2 12 3 10 11 1 4 5 6 7 8 9 

Response of Y2 to Y1 
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Response of Y1 to Y1 
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Response of Y2 to Y1 
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        -
   ( . . 1 . 3  ). ,   

   

.)()()()()( 11111 TTT
ttt ABBABACovBABACovuCov  

  VAR,     ˆ  
 .      ˆ     

TT ABBA )ˆ(ˆˆˆˆ 11  

 A  B.  ˆ     k  2  k, . . 

22

2 kkk
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,  ,     -

    Â   B̂  2k2. (  ,  k  2    
ˆ    ,    Â   B̂ — 8  

.)        -
 A  B (    Â   B̂)   

.      -
 .  ,      VAR(1) 

  ,      ( -
 ). 
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  bii        
  i-   ,    A  

 : 
          -

 y1t , . . y1t      -
 y1t , , ykt ; 

         -
 y1t   y2t ,   y2t     y1t   yt 1, yt 2, ; 

  
 ,  k-         

y1t , , ykt ,   ykt     y1t , , yk 1, t  yt 1, yt 2,  

      -
       , 

      «  » -
.    (     A)  

y1t — «  » , ykt — «  » -
. 

  ,     
,        -

  .  ,    -
   ,     

 (OLS). 
    k-  VAR(p): 

,11 tptptt uyyy  

     : 

.)(,)( 1
p

pktt LLILuyL  

    det (z)  0     , 
 VAR ,   : 

,)(

)()(

332211

1
1

1

ttttt

t
p

pktt

uLuuuu

uLLIuLy
 

 
3

3
2

21)( LLLIL k  

   MA-  (vector moving average — VMA)  
k-   yt ,     ut  -

  VAR.     -
 1, 2, 3,   , . .  ij

(k) —  
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 k   ij,  .
1

)(

k

k
ij    -

,  
0lim )(k

ijk
    (i, j). (6.8)

 ut   D t ,  D —       
  DDT ,  

332211 ttttt DDDDy  

  VMA-  k-   yt ,   -
   t .   hD  

  ij   —   (impulse response) 
i-      (t  h)      

 j-      t     
     .    

  h  1, 2,      (impulse 
response function — IRF). 

 6.2.1.   (6.8) ,    
VAR        h  . 

 6.2.2.     
 ,      

 ,     -
 . 

   VAR  y1t     
  (output),   y2t  —  (money). -

  y1t   y2t   ,   
. 6.12.         -

     ,   ,  
         

.    ,  
       

  . 
    ,  

 y2t   y1t  ( . 6.13).       -
       

,        
   ,    .  -

   ,        
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. 6.12 

. 6.13 

,       
   .      

     . 

        
  VAR    ( )  

  (variance decomposition)  h  , h  1, 2,  
        VMA-

  yt ,     
 t: 

332211 ttttt DDDDy  

       .   (t  1) 
: 

2312111 ttttt DDDDy  

  yt 1,    t,  : 

23121111 ),,(ˆ tttttttt DDDyEy , 

   : 

.ˆ 1111 tttttt Dyye  

  

.)( 111111
TT

tt
T

tt
T

tttt DDDDee  

u1t 

u2t 

1t 

2t 

u1t 

u2t 

1t 

2t 
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 d11 1, t 1  —         y1 , 

   1, t 1 ; 
 d12 2, t 1  —         y1 , 

   2, t 1 ; 
 D(d11 1, t 1   d12 2, t 1)  d 2

11  d 2
12 —      

   y1 ; 
 D(d11 1, t 1)  d 2

11 —       
   y1 ,    1, t 1 ; 

 D(d12 2, t 1)  d 2
12 —       

   y1 ,    2, t 1 ; 
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 2
12
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dd
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dd
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 D(d21 1, t 1   d22 2, t 1)  d 2

21  d 2
22 —      

   y2 ; 
 D(d21 1, t 1)  d 2

21 —       
   y2 ,    1, t 1 ; 

 D(d22 2, t 1)  d 2
22 —       

   y2 ,    2, t 1 ; 

 2
22

2
21

2
21

dd
d  —          

y2 ,    1, t 1 ; 

 2
22

2
21

2
22

dd
d  —          

y2 ,    2, t 1 . 

     VAR(1): 

.
8
5

4
1

,
2
1

8
5

21,21,12

11,21,11

tttt

tttt

uyyy

uyyy
 

  Y1  Y2 

11
01

D , 

  
          y1 , -

   1, t 1 ,  ;1
1
1

2
12

2
11

2
11

dd
d  

          y1 , -

   2, t 1 ,  ;0
1
0

2
12

2
11

2
12

dd
d  



 6.     437 

          y2 , -

   1, t 1 ,  
2
1

2
22

2
21

2
21

dd
d ; 

          y2 , -

   2, t 1 ,  
2
1

2
22

2
21

2
22

dd
d . 

      VAR  h    
 : 

,

ˆ

112211

112211

thhththt

thhththtththt

DDDD

uuuuyy
 

  

,)(

)ˆ)(ˆ(

1
1111

1111

k

j

T
h

T
jjh

TT
jj

T
jj

T
h

T
h

TTTT
ththtththt

dddddd

DDDDDDyyyyE
 

 dj  — j-    D. 

   j-       
 yl, t   l-    ,    

  . 
       

        (  ).  -
     ,  -

       h, h  1, 2,  

 6.2.3.      -
 ,       
,    ,   

     VAR. ,  
   ,   
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      VAR(1).  -
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. 6.14 

 6.13 
    (  ) 

Variance Decomposition of Y1_0:  Variance Decomposition of Y2_0: 

Period S.E. Y1_0 Y2_0  Period S.E. Y1_0 Y2_0 

1 0.959222 100.0000 0.000000  1 1.401312 49.71512 50.28488 
2 1.099896 76.54276 23.45724  2 1.527966 45.55110 54.44890 
3 1.268521 58.29527 41.70473  3 1.589649 42.85573 57.14427 
4 1.417664 47.71032 52.28968  4 1.636419 40.82702 59.17298 
5 1.542655 41.18427 58.81573  5 1.676155 39.20087 60.79913 
6 1.647747 36.82258 63.17742  6 1.710909 37.86380 62.13620 
7 1.737110 33.72222 66.27778  7 1.741576 36.74852 63.25148 
8 1.813880 31.41700 68.58300  8 1.768740 35.80842 64.19158 
9 1.880371 29.64445 70.35555  9 1.792859 35.00920 64.99080 

100 1.938326 28.24592 71.75408  100 1.814315 34.32484 65.67516 

t 
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Variance Decomposition 
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. 6.15 

 6.14 
    (  ) 

Variance Decomposition of Y1_0:  Variance Decomposition of Y2_0: 

Period S.E. Y1_0 Y2_0  Period S.E. Y1_0 Y2_0 

1 0.959222 50.28488 49.71512  1 1.401312 0.000000 100.0000 
2 1.099896 53.52920 46.47080  2 1.527966 1.182727 98.81727 
3 1.268521 48.33907 51.66093  3 1.589649 2.584105 97.41590 
4 1.417664 44.19547 55.80453  4 1.636419 3.818615 96.18138 
5 1.542655 41.44300 58.55700  5 1.676155 4.847692 95.15231 
6 1.647747 39.56726 60.43274  6 1.710909 5.701919 94.29808 
7 1.737110 38.22719 61.77281  7 1.741576 6.416083 93.58392 
8 1.813880 37.22952 62.77048  8 1.768740 7.018400 92.98160 
9 1.880371 36.46213 63.53787  9 1.792859 7.530525 92.46947 

100 1.938326 35.85661 64.14339  100 1.814315 7.969058 92.03094 

Variance Decomposition 
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 VAR       
 .        

  ,         -
.  VAR      ,  -

       -
 . 

  

01.      ? 
02.          ? 
03.       ? 
04.      VAR? 
05.     ? 
06.      ? 
07.        VAR   

 ?    ? 
08.         VAR?  

          
   ?     -

     ? 
09.          

? 
10.       ? 

 6.3 
  

       
 VAR    . 

  (Sims, 1980)    VAR   
         (IW)  

      (AW).   -
.    VAR   : 

M1 —   M1 (  ); 
IP —    (  ); 
P —    (  ). 

,   VAR  3     -
   y1t   y2t   y3t   ,   . 6.16.  

  y1t       M1 (  -
),   y2t  —  IP,    y3t  —  P 

(  ):       . 
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. 6.16 

       3 -
  48     IW (     

(1920—1941))    AW (     (1948—1978)). 
    ,     -
    12   . 

 6.15 
    3  (  ) 

    

M1 IP P 
 

 
IW AW IW AW IW AW 

M1 92 97 04 02 04 01 
IP 66 37 28 44 06 18 
P 38 14 19 07 43 80 

    M1    -
 M1 ( . 6.15).  M1    

 IP     P.      
,      ,  -

         -
,         

. 
     (Mehra, 1978)  ,   
      ,    -

  .       
   3   R —    

 4—6-     (prime commercial 
papers)   VAR  4 .    -

    4   48  , -
    R  M1  P  IP ( . 6.16). 

u1t 1t 

u2t 2t 

u3t 3t 
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 6.16 

    4  (  ) 

    

R M1 P IP 
 

 

IW AW IW AW IW AW IW AW 

R 63 50 28 19 07 04 01 28 

M1 39 56 58 42 01 01 01 01 

P 01 02 54 32 43 60 03 06 

IP 16 30 58 04 07 14 18 52 

 ,  M1      
    IP.       

M1        
. 

  (Leeper, Sims, Zha, 1996)    VAR  3, 4  
 5 .       3 -

: ,     .   -
      1960:1—1996:03 (  435 -

).    : 

LP  100ln(CPI_SA),   LY  100ln(RGDP_MON),   LM2  100 ln(M2_SA). 

(    ,    M2   
 M1.)       6   -
.      3  -

   P  Y  M2.     
  VAR   . 6.17. 
 ,    «  »    P. 

      ,    -
  ,    (     -
 )   .     -

   ( . 6.18). 
         -
   ,     -

    .        
        

. 
    ,  ,    -

 ,  .    
M2  Y  P   ,   

. 6.19. 
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. 6.17 

Response to Cholesky One S.D. Innovations ±2 S.E. 
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. 6.18 

Variance Decomposition 

Percent LP variance  
due to LP 

Percent LP variance 
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Percent LP variance  
due to LM2 
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. 6.19 

Variance Decomposition 

Percent LP variance  
due to LP 

Percent LP variance 
due to LY 

Percent LP variance  
due to LM2 
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. 6.20 

Variance Decomposition 

Percent LP variance  
due to LP 

Percent LP variance 
due to LY 

Percent LP variance  
due to LM2 
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   (Leeper, Sims, Zha, 1996)  
,   . 6.20.    (    

). 
   .      

        .  6.21 
  M2  Y  P, . 6.22 —   

P  Y  M2. 
   ? ,    -

      .       -
,     VAR    . 
       ,   

 . 6.17. 
 6.17 

    

LP LY LM2 

1.000000 0.086962 0.094147 

0.086962 1.000000 0.002022 

0.094147 0.002022 1.000000 

  ,   : 
  M2 ; 
 M2         -

 GDP. 

  1980 .     3  ( ,  
, )  ,     -

   .    -
         

  . ,      
 (   Leeper, Sims, Zha   TBILL3 —  

  3-   )   -
 . 

     TBILL3  M2  P  Y 
  . 6.23,   . 6.24 —    

. 
    M2   

 TBILL3 (     ),     -
  M2    CPI  GDP.   -
       GDP,  -
  M2. 

      « »: «  
» (liquidity puzzle)  «  » (price puzzle). 
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. 6.21 

Response to Cholesky One S.D. Innovations ±2 S.E. 
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. 6.22 

Response of LP to LP Response of LP to LY Response of LP to LM2 
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. 6.23 ( ) 

Response to Cholesky One S.D. Innovations ±2 S.E. 
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. 6.24 ( ) 

Variance Decomposition 
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. 6.24 ( ) 
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. 6.25 

«  »      
      M2,        
  ( . 6.25). 

«  »        
 ( . 6.26). 

. 6.26 
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,   .      
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 4 .      ,  
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       -
        

 .     (Sims, 1992)    
    ,    

«    » (commodity price index).   (Sims, Zha, 1998)  
         -

    (producers’ price index for interme-
diate goods). 

     ,    
(Leeper, Sims, Zha, 1996),       4 -

  PCM (     
 commodity price level).   (Sims, 1992)     

  TBILL3  M2  P  Y   TBILL3  M2, 
     

TBILL3  PCM  M2  P  Y. 
      , -

  . 6.27—6.29 (   VAR   -
 1983:01—1996:03). 

. 6.27 

     PCM,    -
    (PCM  TBILL3  M2  P  Y),   -
  .      . 6.30. 

       , 
    4 ( . 6.18)   5  ( . 6.19). 
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. 6.28 

. 6.29 

. 6.30 
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 6.18 
      (4 ) 

Period S.E. TBILL3 LM2 LP LY 

1 0.203194 3.413529 0.288594 96.29788 0.000000 

2 0.378587 7.398695 0.177139 91.84278 0.581387 

3 0.513714 11.734230 0.116070 87.80450 0.345204 

4 0.618051 13.843170 0.560451 85.34941 0.246972 

5 0.701903 16.271620 1.390146 82.01270 0.325531 

6 0.787011 18.798720 2.274997 78.05292 0.873358 

7 0.863454 20.380930 3.283058 75.02154 1.314472 

8 0.922003 21.481470 4.407218 72.46652 1.644795 

9 0.966344 22.256570 5.316719 70.56604 1.860662 

100 1.002817 22.867860 5.864264 69.32608 1.941795 

Cholesky Ordering: TBILL3 LM2 LP LY 

 6.19 
      (5 ) 

Period S.E. LPCM TBILL3 LM2 LP LY 

1 194.0635 0.589508 2.571722 0.003872 96.83490 0.000000 

2 291.7764 1.480334 5.353879 0.079890 92.68270 0.403199 

3 376.3085 1.188461 7.979387 0.166852 90.41000 0.255300 

4 449.2765 1.089946 8.396279 0.165222 90.04370 0.304855 

5 501.9941 1.364401 8.855732 0.297712 89.23682 0.245336 

6 559.7134 2.331255 9.184664 0.435117 87.77732 0.271647 

7 610.2575 4.147522 8.940558 0.662976 85.99399 0.254951 

8 659.1834 6.147062 8.552394 1.059989 84.01543 0.225131 

9 706.7642 8.372840 8.041072 1.429213 81.94286 0.214015 

100 746.2973 10.53817 7.537850 1.635337 80.01996 0.268676 

Cholesky Ordering: LPCM TBILL3 LM2 LP LY 

  (Beranke, Blinder, 1992)    , 
      .  

  M1, M2  3  :     
(FUND),   3-    (BILL)  10- -

   (BOND).  . 6.20   
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    24    9  
 (       , -

   ,   VAR,   , CPI, 
      ).    

    FUND,    -
       , 

          -
: PI  M1  M2  BILL  BOND  FUNDS.    

1959:7—1989:12   . 6.20.    
 DRI  ; M1, M2, industrial production, employment, housing starts 

   . Personal income, retail sales, consumption -
     . 

 6.20 

    (   1959:7—1989:12) 

Forecasted variable Own Lags PI M1 M2 BILL BOND FUNDS 

Industrial production 36.6 3.1 15.4 8.7 08.0 0.8 27.4 

Capacity utilization 39.7 1.3 21.0 3.5 09.5 1.7 23.3 

Employment 38.9 7.0 10.5 0.6 09.8 2.7 30.6 

Unemployment rate 31.9 7.2 10.5 0.6 09.9 1.9 37.9 

Housing starts 28.8 1.4 03.9 1.8 38.6 14.30 11.2 

Personal income 48.2 4.3 20.8 0.1 06.9 3.3 16.3 

Retail sales 32.4 15.50 05.1 4.4 27.4 1.1 14.1 

Consumption 18.2 13.10 16.0 2.2 28.4 5.3 16.8 

Durable goods 41.3 6.8 14.7 5.5 10.3 2.6 18.8 

   . 6.20,  FUNDS     
    5  9   

. 
    —  1959:7  1979:9 (pre-Volcker period) — 

 ,   . 6.21. 
 FUNDS        -

  5  9   ,  
 5   ,     . 

,    FUNDS     
 ,   ,     -

 ,  , ,    .  -
  ,  ,    ,  -

 ,    . 



 6.     459 

 6.21 

    (   1959:7—1979:9) 

Forecasted variable Own Lags PI M1 M2 BILL BOND FUNDS 

Industrial production 36.3 2.7 11.8 6.5 11.5 3.3 27.8 

Capacity utilization 39.9 2.4 12.4 4.5 10.8 5.6 24.3 

Employment 41.4 1.8 05.8 0.2 10.4 3.2 37.9 

Unemployment rate 44.9 1.3 04.9 1.3 11.6 2.2 33.8 

Housing starts 45.2 9.9 08.3 6.3 11.8 9.6 09.0 

Personal income 34.5 17.70 07.0 0.5 11.9 14.90 13.4 

Retail sales 49.2 6.0 09.9 2.7 16.7 4.1 11.2 

Consumption 18.9 21.10 13.2 3.3 11.7 16.40 15.5 

Durable goods 41.9 1.2 16.9 5.8 07.9 7.4 18.9 

   ,     -
 ,  ,   NSA  (   -

)     .  
      -

   FUNDS,       
   .  ,    

  , ,   ,   
 . 

-   

          
    (   )   -

       -
    ,        A, 

  -      : 

kkkk AAA

AA
A

A

21

2221

11

. 

        
       .  

 , ,   (Christiano, Eichenbaum, Evans, 1998), 
   . 
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  A0       k2  . 

       
2

)1(kk  . (    VAR 

 3   4 .) ,     
,       A0.  

   —  ,   D . 
     A0   

  . , ,    
   .    yt  -

  VAR   3 : 

,1

2

1

2

1

k

k

X
S
X

y

t

t

t

t  

: 
X1t   ,      t ; 
St  —      ; 
X2t   ,   t     -

; 
k1  0,  k2  0;    k1  0,  k2  1;    k2  0,  k1  1. 

       -
   A0: 

21

22

2

1

333231

2221

11

0

1

.0,1,1

kk

A
k

k

AAA
AA

A
A S

S  
(6.9)

         ,   
  X2t    St . 

       A0    
St   X1t . 

       A0    
    X1t    , -
  X2t . 

 (6.9)        
A0 (    k1    k2 -

).       
  —   yt     . 
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 , : 
     A0  (6.9), -

  A0
1(A0

1)T   ,      
 ; 

            
   yt      t

S; 
         

,      yt     
      

 X1t   X2t  ( ,        
  ). 

       
      St   t . -

, ,    « » (benchmark) -
,     .   

      1965:3  1995:2.  VAR(4)  -
 : 

Yt  —   GDP; 
Pt  —   GDP; 
PCOMt  —      ; 
FFt  —    ; 
NBRt  —     (non-borrowed re-

serves); 
TRt  —    (total reserves); 
Mt  —   M1 (  M2). 

 ,   FFt ,   . 
  (McCallum, 1983), (Bernanke, Blinder, 1992)  (Sims, 1986), 

       : 
St   FFt , 

         -
: 

Y  P  PCOM  FF  NBR  TR  M. 

,   (Eichenbaum, Martin, 1992),    
   : 

St   NBRt , 
 : 

Y  P  PCOM  NBR  FF  TR  M. 
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     FF-  NBR-    
,    FF-      

.    FF     
GDP   ,   ,   . -

        -
  «  ».    FF    -

    ( ,   -
  NBR   « »)   ,  -

 ,    M1. 

  

         
  (       , 

       -
),   (Blanchard, Quah, 1989), (Shapiro, Watson, 1988), (Galí, 1992) 

       
.    (long run restric-

tions)      . 
      (SVAR) -

  
,1 ttt CyAy  

  
,tt B  

 t  ( 1t , , kt)T —      -
 ,     -

 . 

    VAR     
SVAR   A 1: 

.1111
1

11
1

1
1

ttttttttt uyDyBAyACyAy  

 u1t , , ukt    : 

,11 ttt uyy  

    , 
,tt Du  

 D  A 1B. 

     SVAR,   B 
,    .   

,   t   SVAR   -
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,  ,     ,    -
.   ,   A 1   -

,    ,  ,  
    SVAR.   ,  
  , , ,   A  . 

,    - ,   
  ,    , 

  . 
,    ,     -

  (SVMA — structural vector moving average),   
  SVAR. 

 VAR(1)   ,    
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   SVAR : 
    B ( ,   -

 ); 
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.)()()( TT
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,)1( QD  

.)1()1( TTTT QQQDDQ  

    (1) —    
      . 

   (Blanchard, Quah, 1989) ,   — -
 , ,      .   

 D  A 1,  A 1  (I  1) (1), . .  A   -
. 

     (Blanchard, Quah, 1989).   -
 VAR    (  ): 

 lnGNP,  GNP —  GNP; 
 U —  . 
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  1973 .,        
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1.         VAR  
    ?     

 -  ? 
2.         -

 ? 

 6.4 
 VAR 
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   ,    VAR. , 
,    TBILL3  M2  P  Y,   -
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,      -
,      VAR,  , 

    .     
 (Phillips, 1995). 

 ,       , 
  ,  ,     

 VAR  ,      -
    ,     . -

      ,  
  ,    

   .      
   VAR      -

  (   ,    ),  -
  ,  , . 

,     ,  
VAR,    VAR,  , -

 ,       
     ,   

 . ,      -
  ,      

. 
,    VAR  5  TBILL3, PCM, M2, P, Y 

      1983:01 — 1996:12 
 . 

 ,        
    . 

 6.3.1 

 VAR(1),      ,   
  22  2/3 (   5/8,    ).       

   1,   VAR .  
    . 6.32. 
     . -

  UVAR(1) (VAR  )  ECM (  -
 )   . 6.22  6.23 .  . 6.24 

   ,   
ECM. 

  ,    UVAR (VAR  -
  )        

(RRR — reduced rank regression),  . 
   ,   -

  (  . 6.33 —    UVAR,  . 6.34 — 
   ECM). 
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. 6.32 

 6.22 
 VAR   (UVAR(1)) 

Vector Autoregression Estimates;   Standard errors in ( ) & t-statistics in [ ] 

 Y1 Y2 

Y1( 1) 0.614554 0.253295 
 (0.04487) (0.05647) 
 [13.6956] [4.48537] 

Y2( 1) 0.488234 0.655997 
 (0.05317) (0.06692) 
 [9.18179] [9.80288] 

 6.23 
    (ECM) 

Vector Error Correction Estimates;   Standard errors in ( ) & t-statistics in [ ] 

Cointegrating Eq: CointEq1  

Y1( 1) 1.000000  
Y2( 1) 1.243561  

 (0.08927)  
 [ 13.9303]  

Error Correction: D(Y1) D(Y2) 

CointEq1 0.389636 0.266943 
 (0.04030) (0.05079) 
 [ 9.66722] [5.25541] 
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–2
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2

Y1 Y2 
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 6.24 

  ,   ECM 

 Y1 Y2 

Y1( 1) 0.610 0.270 

Y2( 1) 0.484 0.664 

 

. 6.33 

  ,    
VAR    ECM,  .      

      , -
  DGP. 

Response to Cholesky One S.D. Innovations ±2 S.E. 

Response of Y1 to Y1 
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. 6.34 

      Y1  ,  -
,      ,  

  DGP.          
   —      

 .     ,  
    ,    DGP,      

 — ,   .   
       Y1_modif 

   Y2_modif.   (Y1_modif Y1)  
    Y1    -

,   (Y2_modif Y2) —    
 Y2    Y1.     . 6.35 ,    
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. 6.37 

Response to Cholesky One S.D. Innovations ±2 S.E. 
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Response to Cholesky One S.D. Innovations 
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Response to Cholesky One S.D. Innovations ±2 S.E. 
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))((

))1((
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)1ˆ(
drrW

W

yT

uyT
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T
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t

T

t
tt

T . 

,         (White, 1958), 
  ,  ut  ~ i.i.d. N(0, u

2). 
     H0:   1    

 SM : yt  yt 1  ut , t  1, , T.     -
 t-   : 

T

t
t

T

t
tt

T

t
t

T

yS

uy

yS

t

1

2
1

1
1
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1

1

2
1

1ˆ
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S  

     T   

2
1

1

0
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2

2
2

))1((

))1((
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drW

W
t

u

ud . 

 ,  ut  ~ i.i.d. N(0, u
2),   t- -

  —  : 

2
1

1

0

2

2

))((2

1))1((

drrW

Wt d . 

      ADF- ,  
       -

 . 
 ,  xt   xt 1   ut , x0  0, ut  ~ i.i.d. N(0, u

2),   
   ) — ),   yt   f (xt).  yt   yt 1   t ,   

 f ,  t   f (xt)  f (xt 1)  f ' (xt 1   rt) t , rt   [0, 1], 
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        ,    yt   
  . 

,    ): 

2
2

1
T

T

t
t yu , 

     : 

   yt  xt
2. 

   t  yt  yt 1  xt
2  xt

2
1  (xt 1  t)2  xt

2
1  2xt 1 t  t

2, 
    4  ) — ); 

   yt  xt
3. 

 t  xt
3  xt

3
1  (xt 1  t)3  xt

3
1  3xt

2
1 t   3xt 1 t

2  t
3,   

  4 ; 

   yt  sgn (xt). 

 
0,1
0,0
0,1

)(sgn

t

t

t

t

x
x
x

x .    ,12
2

1
T

T

t
t y     

2  0; 

   yt  sin xt. 
   (Granger, Hallman, 1988) ,    

  yt       )  0; 

   yt  exp (xt). 
  : 

,)1( 1
111

t
xxxx

t yeeeee tttttt  

,0)()1())1(()( 11 ttt yEeEyeEE tt  

,)1()1(

)()1()()1()()(
22

1
22

1
22

teE

yDeEyEeEED
t

tt
tttt  

  t    ,   
 )  ). 

    2000    
200          — 

 (        )  -
   .   . 7.1  7.2   
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 7.1 
   DF 

 , % 
 

1 5 10 25 50 75 90 95 99 

x 3.54 2.90 2.62 2.15 1.59 1.05 0.48 0.06 0.68 

x2 4.86 3.74 3,21 2.46 1.84 1.15 0.02 00.87 2.61 

x3 4.78 3.78 3.33 2.65 1.99 1.23 00.11 01.58 4.06 

| x | 4.76 3.70 3.24 2.60 2.01 1.40 0.80 0.34 0.48 

sgn(x) 14.250 11.310 8.37 6.05 4.58 3.58 2.67 2.16 1.450 

sin x 8.50 8.00 7.82 7.46 7.07 6.70 6.34 6.17 5.750 

exp(x) 36.060 10.130 8.68 7.22 6.03 5.05 4.04 2.99 1.600 

 7.2 
   ADF (4) 

 , % 
 

1 5 10 25 50 75 90 95 99 

x 3.5 2.95 2.64 2.14 1.57 1.03 0.40 0.03 0.83 

x2 4.23 3.44 3.06 2.45 1.82 1.07 00.25 01.20 2.63 

x3 3.95 3.39 3.04 2.48 1.87 1.04 00.61 02.03 4.0 

| x | 4.23 3.35 3.05 2.47 1.89 1.29 0.59 0.12 0.78 

sgn(x) 10.920 6.90 6.08 4.01 2.82 2.08 1.56 1.24 0.530 

sin x 6.70 6.15 5.89 5.49 5.06 4.63 4.27 4.08 3.710 

exp(x) 39.100 7.76 5.39 4.72 4.07 3.25 1.88 02.29 10.500 

 5%-     .    
   ,     -

  1,        , 
   .    5%-    

 2.88.        
 ( )   sinxt .        

    sgn(x)  exp(x),     -
  I(0)- .      

     xt
2, xt

3, | x |. 
      0.001.  

    . 7.1.  . 7.2—7.4   
 ,    . 
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. 7.1 

. 7.2 

. 7.3 
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. 7.4 

  . 7.5—7.9   5  -
  ,   ,   

 sin x  exp (x) ( . 7.10—7.11)  ,   -
 . 

  ,  DF-  ADF-     -
,  ,      

 ,      , 
     . 

  (Corradi, 1995)     -
    . 
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. 7.7 

ACF series x^3 
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. 7.9 

ACF sgn(x) 
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. 7.10 

ACF sin x  
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   DGP   : 

,
1

t

i
itx  (7.1)

,
1

t

i
itx  (7.2)

,
1

t

i
it tcx  (7.3)

 c > 0    t  1, 2, , T. 
 , 

  (7.1)     x0  0; 
  (7.2)     x0  ; 
  (7.3)      , . .  

   . 

,  t  ~ i.i.d.    E( t)  0, E( t)  2 , 
0  2   ,  .   : 

  DGP    (7.1)  (7.2).    -
, ,  (  )  f  

f(xt)     ; 
  DGP    (7.3).    , 

    f  f(xt)   
  . 

 ,        
  , . .     

 ,      -
. 

       -
   .    -

    .   
 ,      (Ermini, Granger, 1993)  

     .    
   ,  exp (xt)    -

 (  —  (Ermini, Granger, 1993)). 
        

? 
   DGP   (7.1)  (7.2)  f — , 

  ( ) ,  

),()()( 11 ttttt AAxfxf  
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 t    ,   (At  At 1)  -
      (    ,    

 f )       . 
   DGP   (7.3)  f — ,  

,  ,  

),()()( 11 ttttt AAxfxf  

 t    ,   (At  At 1)  -
       . 

 ,      -
      

,       — 
      . 

  (Kramer, Davies, 2002) ,      
 ,      -

  zt .    (   -
),    DF- ,     

  zt ,    yt  exp (zt),      -
      75% . 

 
,,,2,1,1 Ttzz ttt  

 t  ~ i.i.d. N(0, 2)    z0   2  constant. 

     T( ˆT   1).  
( )       H0:   1 

 13.8 (1%), 8.1 (5%), 5.7 (10%). 
  T .    : 

  2   0,  ˆT   1 (  ).   T( ˆT   1)  0,  
         

  ,  1; 
  2       ,  T,   

        

.)()2(max

)(exp)2(expmaxmax

110

1101
2

10

TTtT,,t

TTtT,,tTTtT,,t

zzzP

zzzPyyyP
  

    T  .    -
        

5%-    ,  . 
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    ,    
         
,          

    .  -
   0.05         -

 . 
   ,      

 ,      .  ,   
     yt  ln(zt). ,   -

,  zt  0    t  1, 2, , T,    ,  
 z0   0   /     
.       : 

T

t
t

T

t
tt

T

z

zz

1
1

2

1
1

)(ln

)ln()ln(
)(ˆ  

 2   0  2   . ,     ˆT( )  1,   
     DF-  (  -

    zt)     -
 DF-      .  , 

     . 

  

01.      ?     
    ? 

02.       (  -
)? 

03.      ? 
04.       ? 
05.          

       -
  H0:   1     SM : yt  yt 1  ut ,   

t  1, , T? 
06.          

? 
07.       ? 
08.        ? 
09.         

    ,     ? 
10.         

     ,    ? 
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 7.2 
     

     
   

        (Engle, 
Granger, 1987)       

   I(1)- . 
  I(1)-  ,     

      —   -
       

 ,      
        

,     .   
 , ,   

,, 22121 ttttt yyy  

 y1t  y2t — I(1)- ; 
 1t  ~ i.i.d. N(0, 1

2); 
 2t  ~ i.i.d. N(0, 2

2),  

.,0
,,0

),( 12
21 st

st
Cov st  

  : 

,),(),( 1222221121 tttt CovyCov  

.
)()(

)()(
,

21

12

21

12

222211

12
21

tDtD

DD
yCorr

tt

tt
tt

 

  ,      ,   
  ,    .   

,      -
,         

   .     3  
 ,       -

 ,         -
. 

      , 
     (Johansen, 1991)   
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    ,  OLS   -
: 

      -
 ,  ; 

     ; 
    ; 
       -

     ; 
       -

 ; 
        -

 . 

      : 
        ; 
         

      . 

      OLS 
(DOLS — dynamic ordinary least squares),  OLS     

 ,    .    
   (Phillips, Loretan, 1991), (Saikkonen, 1991), (Stock, Watson, 

1993).    (Carrion-i-Silvestre, Sansó-i-
Rosselló, 2004),     DOLS  ,    

 OLS (     ) — FM OLS (full 
modified OLS) ( . (Phillips, Hansen, 1990)). 

    DOLS?     .   
: 

1t  ~ i.i.d. N(0, 1
2),   2t  ~ i.i.d. N(0, 2

2), 

,,0
,,0

),( 12
21 st

st
Cov st  

  

),0(~
2

1 N
t

t ,    2
212

12
2
1 . 

     1t  -
 { 2t ,  t  0, 1, 2, }  : 

.))(()(

][}],2,1,0,{[

22
2

12
222

2

12
1

2121

tttt

tttt

EE

EtE
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 : 
}],2,1,0,{[ 2111 tEv tttt , 

 ,0),(),(,),( 212
2

12
21222

2

12
121 stststtst CovCovCovvCov  

  t  s,    t  s. 
    : 

,}],2,1,0,{[ 1212121 ttttttt vtEyyy  

. .  ,122
2

12
21 tttt vyy  

  ,122
2

12
21 tttt vyyy  

 y2t   2t ,    

.0),(),( 22221121 tttt vCovyvCov  

 ,       -
 OLS-        -

    y2t . 
  ,     

,,,2,,12211 Nkyyyy ktktttNNtt  

 kt  ~ i.i.d. N(0, k
2),        -

,    (lags)   (leads)  
 y2t , , yNt : 

.)( 1,,222211 t
j

jtNjNjtjtNNtt vyyyyy  

         
 ,   t-  F-  (DOLS-  

 ). 
,        

,    : 

.)( 1,,222211 t

K

Kj
jtNjNjtjtNNtt vyyyyy  

 K      ,  -
         

 v1t ,     ,      -
 . 
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 ,       . 11 . 2, 
     «leads and lags».  «DOLS» -

   (Stock, Watson, 1993),    «leads and lags» 
     I(1)-  I(2)- . 

     . 
  11.2.2 . 11 . 2    : 

,5 ttt uzy  

,ttz  

,55.055.065.065.0 2211 ttttttt vu  

 t  ~ i.i.d. N(0, 1); 
 vt  ~ i.i.d. N(0, 0.12), 

   yt    zt   ut   OLS   30 . 
     : ˆ   4.718, ˆ  1.235.  

      ,  
      zt .  

        -
      zt : ˆ   4.995, ˆ  1.0004.  

 DOLS-          , -
 . 

    yt  5  zt   ut ,   zt   t , 

),1,0(...~,55.055.065.065.0 2211 Ndiivu tttttttt  

    vt    AR(2)- : 

).1.0,0(...~,4.03.1 2
21 Ndiivvv ttttt  

  yt    zt   ut   OLS   30 -
, : ˆ   4.669, ˆ  1.210. 

  zt  ût (ût —  )  -    

RES_OLS, Z_DIF (–i) RES_OLS, Z_DIF ( i) i lag lead 

|****  |**** 0 0.4027 0.4027 
|****  |**** 1 0.3853 0.4343 
|**  |*** 2 0.2529 0.2802 

**| * | 3 0.1517  0.0670  
**| * | 4 0.2302  0.0530  

*|  | 5 0.1328  0.0020 
**| * | 100 0.2370  0.0514  
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   -      
  ,     

   zt : 

.
2

2
t

j
jtjtt vzzy  

     , : ˆ  4.908, 
ˆ  0.958. 

       -
  ,     . 

- ,       
  GLS    — :   

       -
  (DGLS — dynamic generalized least squares). ,    

, vt    AR(2), . . 

,2211 tttt vavav  
 

,)( ttvLa       ,1)( 2
21 LaLaLa  

     v̂t ,     
 (DOLS),    

.ˆˆˆ 2211 tttt vavav  

  â1  â2    a(L): 

.ˆˆ1)(ˆ 2
21 LaLaLa  

     -
      ,    

  : 

.)(ˆ)(ˆ)(ˆ)(ˆ
2

2
t

j
jtjtt zLazLaLayLa  

        -
      , 

    t-  F- . 
     ,   EViews 

(      AR(1)  AR(2)),   -
 : 

ˆ   4.955,   ˆ  0.955. 
  H0:   5,   1.      

( . 7.3),    . 
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 7.3 

       
Wald Test 

Null Hypothesis: C(1)  1    
 C(2)  5    

F-statistic 1.661326  Probability 0.221017 

Chi-square 3.322652  Probability 0.189887 

   vt    AR(p): 

,2211 tptpttt vavavav  (7.4)

      ,  
  ,    -

    t-  F-      
  . 

      t-  F-    
S2  ,    v̂t    , 

     vt ,   
: 

2
1

2
2

)1( paa
. 

    (7.4),   â1, â2, , âp   
 ˆ

t ,      2  

2
1

2
2

)ˆˆ1(

ˆˆ
paa

, 

 
n

pt
tpn 1

22 ˆ1ˆ  —    t . 

   H0:   0    t- -
   

1
22

0

)( XXS
t

T
. 

  : 

ˆ)(ˆ 1
22

0 St
XX

t
Tadj . 
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   F-   

2

2

ˆ
SFFadj . 

     v̂t  a1 v̂t 1  a2 v̂t 2  t ,  -
,   . 7.4.   : 

.06291.0ˆ,2508.0
0.243001)0.9933061(

0.062628ˆ 2  

 7.4 
       

Dependent Variable: RES_DOLS 

   
 t-  P-  

AR(1) 0.993306 0.213655 4.649099 0.0001 

AR(2) 0.2430010 0.213717 1.137023 0.2672 

R-squared 0.638986 Mean dependent var 0.001909 

Adjusted R-squared 0.623289 S.D. dependent var 0.102039 

S.E. of regression 0.062628 Akaike info criterion 2.6265810 

Sum squared resid 0.090213 Schwarz criterion 2.5290710 

Log likelihood 34.8322600 Durbin-Watson stat 1.702883 

Inverted AR Roots 0.560000 0.44  

  t-     H0:   1 
 

,6661)6863(
25080

1133860
0113950

19579980
ˆ ..

.
.

.
.Stadj  

     1  . 
    DOLS  H0:   5,   1  

 F-   6.826679,   P- ,  0.005496, — 
  . 

  F-  : 

3953.120439.0826679.6
2508.0

113386.0826679.6
2

adjF ; 

  P-  0.271,    H0:   5,   1   
 . 
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 7.2.1.  u1t        
u2t ,      DOLS    

    : 

.)( 1
0

,,222211 t

K

j
jtNNJjtjtNNtt vyyyyy  

  (Stock, Watson, 1993)  DOLS    
     .  : 

mt  — log M1; 
gnpt  — log GNP; 
rt  —      ; 
pt  — log  GNP. 

 3 ,     rt   
   I(1),   (mt   ppt   gnpgnpt   rrt) —  

I(0)- . 
     ,   gnpt , 

rt , pt  —  I(1)- . 
    I(1)-  (mt , pt , gnpt , rt).  -

      

.)( ,1 t

K

Kj
jtrjjtjgnpjtpjtrtgnptpt vrgnpprgnppm  

 K   2  3,   DOLS,   GLS. 
     : 

 p : 0.997—1.159 (     0.159—0.234); 
 gnp : 0.685—0.890 (     0.133—0.237); 
 r : 0.122— 0.034 (     0.015—0.017). 

      ,   
      mt   pt :   
   1,    2.   (Stock, Watson, 1993)  «leads 

and lags»          
. 

     N-  
  yt   d. ,    : 

,)( tt
d LFy  

 d  (1  L)d,  t     ; 
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.0,)1(rank,)( 11
0

NkkFLFLF j

j
j  

(       (N  k1) -
   .)       

     . 
 I(2)   : 

;1
0,1

12
tt uy  

;211
1,21,20,2

2
ttt uyty  

.320
2,3

10
1,3

11
1,3

2
2,31,30,3

3
ttttt uyyytty  

 
,),,( 321 T

tttt yyyy  

 yt
j   (kj   1), i  1, 2, 3, .

0j
jtjt Hu  

      -
   0,    : 

) ;112
tt uy  

) ;211
1,2

2
ttt uyy  

) .320
2,3

10
1,3

11
1,3

3
ttttt uyyyy  

       0     0.  
   .     k2  0 

 k2  1,        . 

 1.  k2  0.     )     yt
2  

   ): 
.310

1,3
11

1,3
3

tttt uyyy  

 yt
3,      3

0
,1,   3

1
,1,  

I(0)- ,          
.  yt

3,     3
0
,1,   

   3
1
,1,  I(1)- .  yt

3, -
    3

0
,1,  I(2)- . 

   DOLS  DGLS  ( 3
1
,1, 3

0
,1)  ,  

           
-   . 
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 2.  k1  1, ,211
1,2

2
ttt uyy  2

1
,1 .   

 : 

.))(()( 311
1,2

2
32

12
31

20
2,3

10
1,3

11
1,3

3
tttttttt vyyLdyLdyyyy  

     ,   mt , 
pt  ~ I(2)  rt , pt     . 

  I(2)- ,   

,,, 321
tt

t

t
ttt my

r
gnp

ypy  

).(,,0,
0
0 0

2,3
0

1,3
1

1,3
1

1,2 rnpgp  

 : 
) ;12

tt up  

) ;2
t

t

t u
r

gnp
 

) .3
ttrtgnptpt urgnppm  

    : 

.)( ,
2

t

K

Kj
jtrjjtjgnpjtpj

trtgnptpt

vrgnpp

rgnppm
 

 K   2  3;   DOLS,   
DGLS.      : 

 p : 1.022—1.277 (     0.205—0.290); 
 gnp : 0.723—0.841 (     0.208—0.265); 
 r : 0.125— 0.032 (     0.016—0.023). 

 : 
pt  ~ I(2),     (rt   pt) ~ I(0). 

  I(2)- ,   

,,, 3
1

21
tt

t

t
ttt my

r
gnp

ypy  

).0(,,,
1
0 0

2,3
0

1,3
1

1,3
1

1,2 npgpr  
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 , 
) ;12

tt up  

) ;
1
0 2

1 t
t

t up
r

gnp
 

) .3
ttgnptptrt ugnpppm  

    : 

.))(( ,
2

t

K

Kj
ttjrjtjgnpjtpj

trtgnptpt

vprgnpp

rgnppm
 

 K   2  3;   DOLS,   GLS. 
     : 

 p : 0.854—1.087 (     0.141—0.217); 
 gnp : 0.671—0.922 (     0.141—0.217); 
 r : 0.198— 0.002 (     0.013—0.017). 

   : 
      p     1  

10%-   ; 
      gnp     1  10%-  

 ; 
      r   . 

 



 

 
 

       8 

  
  

 8.1 
    

   

      -
       1970-  .  

  (Aigner, Lovell, Schmidt, 1977)  (Broeck, Førsund, Hjalmarsson, 
Meeusen, 1980). 

      
,        -

    : 
),,(zfq  

 q —   (output); 
 z —    ; 
  —  . 

   (cross-section)     
N ,    zi      i  

   qi.     -
           

 ,         -
  ˆ,     *   

.)),((
1

2*
N

i
ii zfq  

      q  f (z, ˆ),    
 ,  « »  .     
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 (Farrell, 1957),       
      (frontier 

production function).  q  f (z, )     ,  
  i   (   ,  -

),   
,),(),( iiiii zfzfq  

 i  —   ( )  i, 0  i   1. 

 i   1,   i   ,  
,     , . . -

         -
  .   i   1,     -

  . 
  (Aigner, Chu, 1968)      -
  ,     

qi   f (zi , )   
N

i
ii zfq

1
,  

  

.)),((
1

2
N

i
ii zfq  

  f (z, )  ,      —   
,   —  . 

       -
        .  

 —    (Timmer, 1971)  (Dugger, 1974) —   
    .  -

        -
,  ,  -     

       , 
  q  f (z, ) .    ,  , -

     -     
.       -

 .      -
,  (Schmidt, 1976)      

: 
,,,1,),( Nizfy iii  

 i   0. 

 (     )  -
 ,       -
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 .   ,  i    
,    .   

 ,  i     (     
     ),  

  .  ,     -
   ,    , 

     ,   -
 «  »    ( -

   ).  ,   
yi  f (zi, )    ,      y 

   ,  . 
 (Aigner, Lovell, Schmidt, 1977)    -

,   i     : 

.iii vu  

 ui  0       
,     i,    

        ( -
  — technical inefficiency).  vi  

  (external shocks),     . 
     ,   -

  
,),(lnln iiii uvzfq  (8.1)

 ui  0, . .  
,)(exp),( iiii vzfq  

 
).exp( ii u  

  
f (zi, )  —    -

; 
f (zi, ) exp(vi) —    -

 (stochastic frontier production function)  i, 
   .  

 qi       . 

 ,  ui  vi     -
    , ui ~ i.i.d.     

, vi ~ i.i.d.    .  -
,  (8.1)    ,   

     . 
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.      -

   .   ,   
vi ~ i.i.d. N(0, v

2),    ui    : 

   N (0, u
2); 

  ( ) ; 
       N ( , u

2)  -
  . 

  Stata       , 
      

   .    
      N ( , u

2) 
      . 

 8.1.1 

   Stata    -
        -
   ui.  . 8.1    . 

 8.1 
      

lnoutput   
 z- P-  

P > | z | [95% Conf. Interval] 

lncapital 0.6029056 0.5703415 1.06 0.290 0.5149432 1.720754 
lnlabor 0.6739399 0.2417019 2.79 0.005 0.2002130 1.147667 
_cons 0.1262186 3.2968780 0.04 0.969 6.3355440 6.587981 

mu 0.7811509  2.3573520 0.33  0.740 5.4014760 3.839174 

     ,   
 .  . 8.2   -

  . 
 8.2 

      

lnoutput   
 z- P-  

P > | z | [95% Conf. Interval] 

lncapital 0.6279162 0.5645756 1.11 0.660 0.4786316 1.734464 
lnlabor 0.6741655 0.2413587 2.79 0.005 0.2011112 1.147220 
_cons 0.0952752 3.2880660 0.03 0.977 6.3492160 6.539766 
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 ,       -

   .    -
   . 8.3.     

   u
2  0    64.07. -

 P-   0.001,      . 

 8.3 
      

lnoutput  
 z- P-  

P > | z | [95% Conf. Interval] 

lnlabor 0.6716777 0.2422926 2.77 0.006 0.1967929 1.146562 
_cons 3.6225380 0.8626296 4.20 0.000 1.9318150 5.313261 

       
lnoutput_fi   ei  lnoutputi  lnoutput_fi.   ui   

     E(ui | i)    
  Med(ui | i).    -

     E(exp(ui)| i).  i     -
  ei,   

).)(exp(ˆ),(ˆ iiiiii euEeuEu  

   3    ,  
 . 8.1,       

,     — .  -
  . 8.2  ,    -
.  . 8.3     87 — 100,  -
 ,      -

 .       
.  

 8.1.2 

         
  500 ,   -

  
lnoutputi  lnlabori  vi  ui,   vi ~ i.i.d. N(0, 0.52),   ui ~ i.i.d. N (0, 1). 

        . 8.4. 
       . -

,   ei (E_F)     i  (EPS). (  . 8.4 -
  20   ). 
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. 8.1 

. 8.2 

. 8.3 

2,8
–6 

–2 

10 
Inoutput 

2 

3,2 Inlabor 4,03,6

4 

0 

3,0 3,83,4

–4 

6 

8 

Frontier: beta = 0.672 

In output 

2,8
0 

2 

10 
Inoutput 

4 

3,2 Inlabor 4,03,6

5 

3 

3,0 3,83,4

1 

6 
7 
8 
9 

In output 

2,8
–6 

–2 

10 
Inoutput 

2 

3,2 Inlabor 4,03,6

4 

0 

3,0 3,83,4

–4 

6 

8 

LS- : beta = 0.822 

In output 
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 8.4 
     

lnoutput  
 z- P-  

P > | z | [95% Conf. Interval] 

lnlabor 1.008306 0.0245941 41.00 0.000 0.9601021 1.056509 

sigma_v 00.5037034 0.0542256   0.4078869 00.6220281 

sigma_u 1.066262 0.0923971   0.8997109 1.263645 

sigma2 1.390632 0.1587568   1.0794750 1.701790 

lambda 2.116845 0.1385888   1.8452160 2.388474 

Likelihood-ratio test of sigma_u  0: chibar2(01)  15.91 Prob> chibar2  0.000 

 

. 8.4 

     (   500 ) 
  . 8.5  8.6.    -

   . 
   ûi (U_F)  ui (U)   

 . 8.7  8.8. 
     (TE)  

     (TE_F)   
 . 8.9  8.10. ,     -

    0.828664,    -
  0.990544   . 

        
   ( . 8.5 — 8.8).  

E_F EPS

–3 

 

0 

–2 

–1 

t 142 16 18124 8 10 20 6 

1 
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. 8.5 

.8.6 

. 8.7 

Series: EPS 
Sample 1 500 
Observations 500 

Mean –0.826175 
Median –0.737294 
Maximum 0.963463 
Minimum –3.380840 
Std. Dev. 0.815750 
Skewness –0.393573 
Kurtosis 2.854037 

Jarque-Bera 13.352140 
Probability 0.001261 

–1 1 0 
0 

10 

20 

70 

30 

EPS–2 

40 

50 

60 

–3

Series: E_F 
Sample 1 500 
Observations 500 

Mean –0.852332 
Median –0.763932 
Maximum 0.937528 
Minimum –3.408057 
Std. Dev. 0.815777 
Skewness –0.393333 
Kurtosis 2.853973 

Jarque-Bera 13.336850 
Probability 0.001270 

–1 1 0 
0 

10 

20 

70 

30 

E_F–2 

40 

50 

60 

–3

Series: U_F 
Sample 1 500 
Observations 500 

Mean 0.852889 
Median 0.702115 
Maximum 2.786265 
Minimum 0.187941 
Std. Dev. 0.515049 
Skewness 1.099873 
Kurtosis 3.728475 

Jarque-Bera 111.865800 
Probability 0.000000 

1.5 2.52.0
0 

10 

20 

70 

30 

U_F1.0 

40 

50 

60 

0.5
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. 8.8 

. 8.9 

. 8.10 

Series: U 
Sample 1 500 
Observations 500 

Mean 0.840616 
Median 0.735205 
Maximum 3.481793 
Minimum 0.009501 
Std. Dev. 0.630195 
Skewness 1.008873 
Kurtosis 3.898905 

Jarque-Bera 101.652700 
Probability 0.000000 

1.5 2.52.0 
0 

10 

20 

50 

30 

U 1.0

40 

0.5 3.53.00 

Series: TE 
Sample 1 500 
Observations 500 

Mean 0.507359 
Median 0.479407 
Maximum 0.990544 
Minimum 0.030752 
Std. Dev. 0.251899 
Skewness 0.187222 
Kurtosis 2.028030 

Jarque-Bera 22.602760 
Probability 0.000012 

0.500 0.7500.625
0 

4 

8 

24 

12 

TE 0.375 

16 

0.250 1.00.8750.125

20 

Series: TE_F 
Sample 1 500 
Observations 500 

Mean 0.475700 
Median 0.495536 
Maximum 0.828664 
Minimum 0.061651 
Std. Dev. 0.192354 
Skewness –0.206006 
Kurtosis 2.029556 

Jarque-Bera 23.156580 
Probability 0.000009 

0.4 0.60.5 
0 

10 

20 

35 

25 

TE_F  0.3 

30 

0.2 0.80.70.1 

5 

15 
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 8.5 
    EPS   

 EPS E_F 

EPS 1 0.9999996 

E_F 0.9999996 1 

 8.6 
    NU   

 NU NU_F 

NU 1 0.6841711 

NU_F 0.6841711 1 

 8.7 
    U   

 U U_F 

U 1 0.8237624 

U_F 0.8237624 1 

 8.8 
    TE   

 TE TE_F 

TE 1 0.7589305 

TE_F 0.7589305 1 

   ,   , 
      

,      i   vi  ui. 
       

,200,,2,1,25.050 iuvxy iiii  

       

.25.050 xy  

 xi    xi  100  300 i ,  i.i.d.  
 i       (0, 1). 
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     ui   -
     N ( , 32)     3, 6, 9, 12, 

      vi   
  N(0, 1).    4    

 200    ui  vi    
  yi.      yi -

 : 
    (OLS)      

;iii xy  

    (MLE)   

).,0(~),,(~, 22
viuiiiii NvNuuvxy  

 . 8.9, 8.10   . 8.11   OLS-  MLE- -
     3.  . 8.11, 8.12   . 8.12 —  OLS-  

 MLE-      6.  . 8.13, 8.14   . 8.13 — -
 OLS-  MLE-      9.  . 8.15, 8.16   . 8.14 — 

 OLS-  MLE-      12. 

 8.9 
 OLS-   μ = 3 

Dependent Variable: Y;  Method: Least Squares;  Sample: 1 200;   
Included observations: 200 

   
 t-  P-  

X 00.250406 0.002030 123.32650 0.0000 

C 46.168980 0.520325 088.73111 0.0000 

 8.10 
 MLE-   μ = 3 

y   
 z-  P-   

P > | z | 

x 00.2498361 0.0015163 164.76 0.000 

_cons 50.2618100 0.5000632 100.51 0.000 

/mu 03.0249680 0.6806073 004.44 0.000 

H0: No inefficiency component: z  3.569 Prob z  0.000 
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. 8.11 

 8.11 
 OLS-   μ = 6 

Dependent Variable: Y;  Method: Least Squares;  Sample: 1 200;  Included observations: 200 

   
 t-  P-  

X 00.248631 0.002549 97.53219 0.0000 

C 44.411000 0.653272 67.98238 0.0000 

 8.12 
 MLE-   μ = 6 

y   
 z-  P-   

P > | z | 

x 00.2476226 0.0025763 96.12 0.000 
_cons 51.6534000 1.8627530 27.73 0.000 

/mu 06.8717800 1.8284090 03.76 0.000 

H0: No inefficiency component: z  0.603 Prob z  0.273 

 8.13 
 OLS-   μ = 9 

Dependent Variable: Y;  Method: Least Squares;  Sample: 1 200;  Included observations: 200 

   
 t-  P-  

X 00.251492 0.002604 96.57229 0.0000 
C 40.838940 0.667356 61.19510 0.0000 

Series: Residuals 
Sample 1 200 
Observations 200 

Mean –4.27E-14 
Median 0.242989 
Maximum 4.385242 
Minimum –7.662473 
Std. Dev. 2.491704 
Skewness –0.618137 
Kurtosis 3.047218 

Jarque-Bera 12.755010 
Probability 0.001699 

–2 2 0 
0 

10 

20 

25 

Residuals–4 –6 4 –8 

5 

15 
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. 8.12 

 8.14 
 MLE-   μ = 9 

y   
 z-  P-   

P > | z | 

x 00.2513325 0.0026927 93.34 0.000 

_cons 42.4176800 — — — 

/mu 0.0079909 6.295305 0.00 0.999 

H0: No inefficiency component: z  0.280 Prob z  0.390 

 

. 8.13 

Series: Residuals 
Sample 1 200 
Observations 200 

Mean 2.57E-14 
Median –0.084047 
Maximum 7.548453 
Minimum –8.985781 
Std. Dev. 3.128357 
Skewness –0.104441 
Kurtosis 2.759528 

Jarque-Bera 0.845491 
Probability 0.655245 

4 

8 

16 

12 

0 4 2 
0 

Residuals –2–4 8 6 –8 –6

Series: Residuals 
Sample 1 200 
Observations 200 

Mean –5.61E-14 
Median –0.086624 
Maximum 8.296465 
Minimum –8.422672 
Std. Dev. 3.195802 
Skewness –0.048526 
Kurtosis 2.825867 

Jarque-Bera 0.331179 
Probability 0.847394 

0 

5 

10 

20 

15 

0 4 2 Residuals –2 –4 8 6 –8 –6
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 8.15 
 OLS-   μ = 12 

Dependent Variable: Y;  Method: Least Squares;  Sample: 1 200;  Included observations: 200 

   
 t-  P-  

X 00.247783 0.002688 92.18696 0.0000 

C 38.79056 0.688791 56.31686 0.0000 

 8.16 
 MLE-   μ = 12 

y   
 z-  P-   

P > | z | 

x 00.2477825 00.0026744 92.65 0.000 

_cons 38.8520900 11.3368000 03.43 0.001 

/mu 0.0000110 — — — 

H0: No inefficiency component: z  0.200 Prob z  0.579 

 

. 8.14 

  : 

     3 MLE-    (50.26181)   -
      50,   OLS-   -

  46.16898; MLE-    (3.024968)   
       3; 

Series: Residuals 
Sample 1 200 
Observations 200 

Mean –3.75E-14 
Median 0.026718 
Maximum 9.558507 
Minimum –8.300408 
Std. Dev. 3.298448 
Skewness 0.034727 
Kurtosis 2.873755 

Jarque-Bera 0.173013 
Probability 0.917130 

0 5.0 2.5 
0 

5 

10 

20 

15 

Residuals –2.5 –5.0 10.07.5 –7,5
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     6 MLE-    (51.6534)    -
      50,   OLS-   
  44.41100; MLE-    (6.87178)   

       6; 
     9 OLS-    (40.83894)    

       50.     -
  MLE-   :   42.41768;   -

    0.0079909. 
 ,     12 OLS  MLE       

(38.79056  38.85209 );    -
 0.000011. 

         -
: 

     3    OLS-   
0.618137;     ,  
  , ; 

     6    OLS-   
0.104441;     ,  
  ,  ; 

     9    OLS-   
0.048526;     ,  
  ,  ; 

     12    OLS-   
0.034727;     ,  

  ,  . 

 ,    OLS-    
   3;       3     6,   9,   12 

   P-    — 
  0.001699  0.917130.    :     3 -

  i   vi  ui   (  -
         

    ),   -
         -
   . 

 ,      
       -

       -
,   OLS- . 

       -
    .  , , 
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  ( , , , 2007).    
     : 

     ; 
     . 

        
, . .    ,  

   (     ). 
        I  

2003 .  III  2005 .       
  ,    ,  -

      . 
         
      — . 

        KE ( -
   ,      — 

     ,  , 
    ).      

 VD,    KDB,   RSA 
(    ). 

.)(ln)(ln)(ln)(ln 3210 iiiiii uvRSAKDBVDKE  

       
.     u    ,  

     .  -
     ; ,  -

,   ,   .  -
         

. 
       -

       
    VD ( )     CA  -
  RSA    ( ,    

  ).   : 

.)(ln)(ln)(ln 210 iiiii uvRSACAVD  

     ,   -
 .       

       
      .    

    ,      -
 . 
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1.      . 
2.       -

? 
3.          

   ,     
  ? 

4.         -
 ? 

 8.2 
    

   

       (cross-section). 
       . 

,        -
       (« »),  -

   ,   , 
  : 

),,( itit zfq  

 qit —   i    t. 

        -
 i    t   ,   

,),( ititit zfq  

 it —    i    t, 0  it  1. 

 it  1,         -
,  ,    -

 .   it  1,         
 . 

 ,      , 
    : 

),exp(),( itititit vzfq  

,    : 

,),(lnln itititit uvzfq  
 .0,ln ititit uu  
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      -
 . 

        -
 : 

,
1

,0 iitit
T

iit

k

j
itjjit uvXuvxy  

  
 vit ~ i.i.d. N(0, v

2)      , 
 ui  0       -

    ,    vit. 

        , 
   j,    —   i     ui: 

i
T

ii Xy ˆˆ    (  i     T  ). 

  : 

).ˆ(expˆ,ˆˆˆ,ˆˆmax
,,1 iitiiiNi

uu  

        -
 : 

., iitititit
T

it uvXy  

   ui  0   i.i.d.    -
  ,    vit  Xit.     

   : 

).()( itit
T

it Xy  
 : 

,, **
itit  

  
.0)(, ***

ititit
T

it EXy  

  RE GLS-    ,  -
  *  . 

 e*
it —    . : 

T

t
iti e

T
u

1

** 1ˆ  —   i

T

t
it uv

T 1

1   (    ui    T  ); 
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*ˆmaxˆ iu  —     (      N  ); 

ii uu ˆˆˆ  —   ui  (  ui    N, T  ); 

)ˆ(expˆ
iit u  —   . 

        
    — MLE- .   

       -
  ui  0,      -

 . 
   uit  ui ( . . uit    ),  

ui ~ i.i.d. N ( , u
2),  vit ~ i.i.d. N(0, v

2),  ui  vit  -
       . 
  Stata     , -

   (Battese, Coelli, 1992) (time-varying decay model)  

,)}({exp iiit uTtu  

 Ti —     i-  ; 
 ui ~ i.i.d. N ( , u

2); 
 vit ~ i.i.d. N(0, v

2),  ui  vit     
     . 

 i-        Ti.    0,  -
        .  

  0,       . 

 8.2.1.  ,    

   91  (  6  14    )  
    (widgets),   -

 -  (machines)     -  
(workers)1.    : 

.lnlnln 210 iitititit uvworkersmachineswidgets  

    . 8.17.  

 8.2.1.      
   u

2    . 
____________ 

1     Stata. 
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 8.17 
 ,    

lnwidgets   
 z- P-  

P > | z | [95% Conf. Interval] 

lnmachines 0.2904551 0.0164219 17.69 0.000 0.2582688 0.3226415 

lnworkers 0.2943333 0.0154352 19.07 0.000 0.2640808 0.3245858 

_cons 3.0309830 0.1441022 21.03 0.000 2.7485480 3.3134180 

/mu 1.1256670 0.6479217 01.74 0.082 0.14423600 2.3955700 

 8.2.1 (   ).   c    

    . 8.18. 

 8.18 
      

lnwidgets   
 z- P-  

P > | z | [95% Conf. Interval] 

lnmachines 0.2907555 0.0164376 17.69 0.000 0.2585384 0.3229725 

lnworkers 0.2942412 0.0154373 19.06 0.000 0.2639846 0.3244978 

_cons 3.0289390 0.1436046 21.09 0.000 2.7474800 3.3103990 

/mu 1.1108310 0.6452809 01.72 0.085 0.15389670 2.3755580 

/eta 0.0016764 0.0042500 00.39 0.693 0.00665350 0.0100064 

    0      ; -
      . 

      -
,      uit  -

     E(uit | it)     
 Med(uit | it).      -

,     E(exp(uit)| it).  it    
  

,lnˆlnˆˆln 210 itititit workersmachineswidgetse  

 , , 

).)(exp(,)(ˆ itititititit euEtechefeuEu  

 . 8.19     3     -
  ( )      -

 ( ).  
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 8.19 
      

 1   2   3 

        

0.2735752 0.2727839  0.0537262 0.0527223  0.8113303 0.8113267 
0.0735752 0.2723570  0.0537262 0.0529779  0.8113303 0.8115930 
0.2735752 0.2729305  0.0537262 0.0532344  0.8113303 0.8118590 
0.2735752 0.2735043  0.0537262 0.0534917  0.8113303 0.8121246 
0.2735752 0.2740783  0.0537262 0.0537499  0.8113303 0.8123900 
0.2735752 0.2746527  0.0537262 0.0540089  0.8113303 0.8126550 
0.2735752 0.2752275  0.0537262 0.0542687  0.8113303 0.8129198 
0.2735752 0.2758025  0.0537262 0.0545293  0.8113303 0.8131843 
0.2735752 0.2763778  0.0537262 0.0547908  0.8113303 0.8134484 
0.2735752 0.2769534     0.8113303 0.8137122 
0.2735752 0.2775293     0.8113303 0.8139758 

       
  .     -

        
« »,     ,  -

  ( ,   ,    . .). 
      -

        .  
        

 ,         
  .        -

,    —  .  ,   
  ,        

,        (  
 ,    ,    
  ).   -
       « »  

  . 
        

         
   ,     -

.      
    : 

   (     -
  ); 

   . 
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      -
  , ,   (Alfirman, 2003)  -
. 

  

1.        ? 
2         

? 
3         -

  ? 
 



   ,  
     

    

   ,    
    ,  

   EViews 6  Stata 10. 

  1 

 1.       
   

 ,    5.1.1     
 (  IND).       . -1 1. 

      http://www.micex.ru/marketdata/indices/data/archive. 
 .     -

   EViews 6    Objects  New object  
Model  sma_3 (ind( 1) ind ind( 1))/3    -

 @movav: Genr  sma_3 @movav(ind(1),3).  (ind(1), 3)   , 
    2    ind(1), . .    

  (   )    ind. 
       

 Objects  New object  Model  sma_5 (ind( 2) ind( 1) ind ind( 1)   
ind( 2))/5      @movav: Genr  

sma_5 @movav(ind(2),5).  (ind(2), 5)   ,    
  4    ind(2), . .       

(   )    ind. 

 2.       
   

1.  ,    5.1.2  , -
       -

____________ 
1           ,  

     ,    29. 
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     (  AGRO).   
    . -2 .     

   —  http://stat.hse.ru. 
2.  ,    5.1.3  , -

          
 (  IMP).       . -3 

 (   http://stat.hse.ru  http://www.rusimpex.ru  
 2004  2005 .       -

 5.1.3). 
  (   ). 

1.       4  -
  Genr  sma_4_centered (0.5*agro( 2) @movsum(agro(1),3)   

0.5* agro(2))/4. 
2.      IMP. 

 3.   —  
1.    — ,   -

  AGRO ( .  5.1.4). 
2.    — ,   -

  IMP ( .  5.1.5). 
3.    — ,   -

  IND,    1.   -
       ( . -

 5.1.6). 
  (   ). 

1.     —    AGRO  
(    Series)  Agro  Procs  Hodrick-Prescott filter  

   (hptrend)     
(lambda 1600)  OK. 

    IMP  . 2. 
3.     : 100 (   

 ), 1600 (    ), 14 400 (   
 )  100 000. 

 4.    
 ,    5.1.7   IND. 

 .  ,    -
      ,  

   Series   Procs  Exponential Smoothing  
Smoothing Method: Single     (indsm)  -

   OK.        
(   5.1.7    0.2),       

         
(Smoothing parameters: Alpha  0.2). 



   ...     539 

 5.    
 ,    5.1.8   UNEMP. , 

   ,   . -4 . -
      http://www.prime-tass.ru. 

 .    Series   Procs 
 Exponential Smoothing  Smoothing Method: Double    

 (unemp_desm),   (1994:1—1996:4),  -
   Alpha  0.2  OK.    

      ,  -
     . 

 6.   
 ,    5.1.9   UNEMP. 

 .       
          

  Procs  Exponential Smoothing  Smoothing Method: Holt-
Winters — No seasonal     (unemp_hw_est), -

  (1994:1—1996:4)  OK. 

 7.   —  
 ,    5.1.10. 

 .     —   -
      -

   . 
  : Procs  Exponential Smoothing  Smoothing 

Method: Holt-Winters — Additive     (AGRO_HW_AD), 
  (1994:1—1996:4)  OK. 

  : Procs  Exponential Smoothing  Holt-
Winters — Multiplicative     (AGRO_HW_MU), 

  (1994:1—2003:4)  OK. 

 8.   ,    : 
  

 ,    5.1.11. 
 .   Equation,   -

        
(  UNEMP C @TREND 1, Sample: 1994:1—1996:4).   

          
Equation   Forecast ( . . )    

  ,     :   -
,   1997:1—1997:4.     -

     (  Series),    
        F (     

  UNEMPF). 
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  ,    -

    .        Forecast -
    S.E.(optional)    : UNEMP_SE. 

     OK   ,   
     1997 .     
   ,   ,    -

     4  1997 . 

 9.   ,    : 
  

 ,    5.1.12.   
     . -5 . 

 . .     8. 

 10.   ,    : 
    

 ,    5.1.13. 
 .      RESID_EQ1 -

     1.5  4   (    Series) 
 Proc  Frequency Filter  Cycle periods — Low: 6.0 High: 16.0  OK. 

 11.      AR 
 ,    5.2.1. 

 .    Equation    
   (1970 — 1990)  Forecast   -

   : 



   ...     541 

    : 
     : xf ; 
     : 

Method — Dynamic forecast (  ), 
Coef uncertainty in S.E. calc (     -

    ). 
  Forecast sample        (   

  1991, 1992). 
   (  xf)     
  ,     x  xf. 

       Static forecast,    
  .     : 

    1991 .,     1970  1990 .; 
    1992 .,     1970  1991 . 

 12.       AR   
                                                                                                                      

 ,    5.2.2.   
  . -6 . 

 .        -
  AR(1)       -

 .    Equation   gnp_dif c ar(1) 
  d(gnp)  ar(1).    -

  ,         ,  
  .   ,         

  ,     .      
,     : Series to forecast — gnp. 

 13.        
 ,    5.2.3.  -

          
   http://www.prime-tass.ru. 

 14.  ,    ARIMA,  
   

 ,    5.2.4,   
         1987—1990 ., 

     http://research.stlouisfed.org/fred2/data/UNRATE.txt 
   http://www.davemanuel.com/historical-unemployment-rates-in-the-united-

states.php. 

 15.       
/    

 ,    5.2.5. 
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 16.   /      
   

1.   VAR(1)   : 

Y1t  0.6  0.7Y1, t 1  0.2Y2, t 1  1t , 

Y2t  0.4  0.2Y1, t 1  0.7Y2, t 1  2t . 

      VAR?    -
,    ( )  . 

2.    ,  Y11  Y21  0  D( 1t)   
 D( 2t)  0.01.    .  

 Y11  Y21  ,      -
 ?    VAR(1) c   

Y11  Y21. 
3.     (  )   VAR(1) 

  .      -
,   .   ,  -

 VAR(1)   (    -
    ). 

4.        
  VAR. 

5.     ,    -
   . 

6.         -
       . 

 . 
1.     VAR(1)  : 

yt    1yt 1  t , 
 

t

t
t

t

t
t y

y
y

 2

 1
1

 2

 1 ,
7.02.0
2.07.0

,
4.0
6.0

, , 

 
A(L)yt    t , 

 

LL
LL

LL
LL

LILA
7.012.0
2.07.01

7.02.0
2.07.0

10
01

)( 12 , 

  

 
64
46

)1(,
3.0  2.0
2.03.0  

)1( 1AA . 
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 det A(z)  0   : 

0,
7.01 2.0
 2.07.01

)(det
zz
zz

zA  

. . (1  0.7z)2  (0.2z)2  0,    (1  0.9z)(1  0.5z)  0.   
9.0

1z   

 
5.0

1z   1, . .   . 

 ( )     : 

8.4
2.5

4.0
6.0

64
46

)1(1 Ayt . 

 ,       

y1t  5.2,   y2t  4.8, 

     y1t  y2t  

y1  y2  0.4. 

        
 y1t     5.2,   y2t  -

   4.8;  (y1t  y2t)   
 0.4. 

2.   Y1  Y2,        
 0.   Model: 

Y1  c(11) c(12)*x1( 1) c(13)*x2( 1) c(14)*y1( 1) c(15)*y2( 1) 

Y2  c(16) c(17)*x1( 1) c(18)*x2( 1) c(19)*y1( 1) c(20)*y2( 1) 
      Y1  Y2.   

  . 
      , -

   , . .,  5.2  4.8, . 
         -

.     . 
3.    Y1  Y2   VAR (Open as VAR…).   

   (  —  ): 
VAR specification: Unrestricted VAR (VAR    ), 
Lag intervals: 1 1 (        ). 

 OK. 

     VAR   (UNTITLED),  
     VAR.  -

     , -
  .   ,   VAR(1) -
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 .      -
  (      -

!)   ,  : 

View  Lag Structure  AR Roots Graph. 
  ,     

       -
.   

View  Lag Structure  AR Roots Table 
   ,   AR- ,  -

   ,    VAR  
. 

4.     

View  Residual Tests 
 ,    : 

 Portmanteau Autocorrelation Test… —   -
  —    — .     -

       h  
     2 (k2(h  p)),  k — 

 ,    ; p — -
  ; 

 Autocorrelation LM Test… —    -
       

. 
 Normality Test… —      — 

    ; 
 White Heteroskedasticity (No Cross Terms / Cross Terms) —   

       . 

5.         
  , , VAR(2),     

    y1( 2)  y2( 2).   -
      -

 (LR- ): 

),|ˆ|ln|ˆ|(ln)(2 2112 Tlllrstat  

 lp —       
VAR(p), 

 | ˆ | —      
 ,    : 

t

T
ttT

ˆˆ1det|ˆ|       
t

T
ttpT

ˆˆ1det|ˆ| . 
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  | ˆ |    , ,  
Determinant resid covariance  Determinant resid covariance (dof adj.),  -

       
Log likelihood. 

       -
  T    VAR!  ,  

 ,       
   T,   (T  k),  k —    

     (    -
  EViews 6) .  ,     

  lrstat    
T

kT . 

   
T

kTlllrstat )(2 21   -

 LR-     ,   -
 -        

,    . 
   Var  VAR(2)   -

  ,   

View  Lag Structure  Lag Exclusion Tests. 
      -
 LR-     P- ,   

 - . 
    (  VAR)   

       
VAR  .      

View  Lag Structure  Lag Length Criteria; 
       . 

6.   

Y1t  c1  a1Y1, t 1  b1Y2, t 1  1t , 

   b1  0. 

  

Y2t  c2  a2Y1, t 1  b2Y2, t 1  2t  

   a2  0. 

       -
  VAR(1).    ? 

    y1  y2.   View  : 
Granger Causality.      -

,   ,   OK.  , 
   ( . -1). 
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 -1 

Pairwise Granger Causality Tests    
Sample: 1 100    
Lags: 1    
Null Hypothesis: Obs F-Statistic Prob. 

Y2 does not Granger Cause Y1 98 14.05880 0.0003 
Y1 does not Granger Cause Y2  9.57407 0.0026 

 ,   . -1,  , -
     .   
   F- ,   ,    

t- ,     ? 

 17.      VAR  
   

1.    VAR(1)   : 

Yt  0.6Yt 1  0.5Zt 1  1t , 

Xt  0.6Yt 1  0.25Zt 1  2t , 

Zt  0.25Xt 1  0.6Zt 1  3t . 
      ?   -

 X G-    Y? 
2.    ,  Y1  X1  Z1  0  -

 1t , 2t   3t        
   D( 1t)    D( 3t)  1.     -
   ,       G-  

  . 
 . 

1.   A(L)   : 

,
6.0125.00

25.06.010
5.006.01

6.025.00
25.06.00
5.006.0

100
010
001

)( 13

LL
LL
LL

LL
LL
LL

LILA

 

)35.01)(85.01)(6.01(25.0)6.01()6.01()(det 223 LLLLLLLA  

  detA(z)  0   
85.0
1,

6.0
1   ,

35.0
1   

  . 
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   : Zt 1  0.25Xt 2  0.6Zt 2  3, t 1,  
 

,)6.025.0(5.06.05.06.0 11,3221111 ttttttttt ZXYZYY  

.5.03.0125.06.0 1,31221 tttttt ZXYY  

       Xt  -

    Yt ,   yx G . 
2.        Model, -

  Group,     Yt , Xt , Zt .  
    : 

View  Granger Causality  Lags to Include  1. 
 ,    -

.    ,   X   G-  
 Y,   ? 

  ,  Lags to Include  2.  
    yx G ?  ,  ? 

(         -
 Xt 2.) 

   ,     ,  -
   

.)4()3()2()1( 2121 tttttt XcXcYcYcY  

   c(3)  c(4)  0.      
F-   ,   ,    

 Group?   ,  ? (     
         -

 .) 

 18.     VAR    
  VAR(2)   y1t , y2t , y3t : 

yt    1yt 1  2yt 2  t , 

 yt  (y1t , y2t , y3t)
T ,   ( 1 , 2 , 3 )T , t   ( 1t , 2t , 3t)

T , 
 r  ( ij , r) — (3  3)-    y1, t r , y2, t r , y3, t r    

. 

 r  : 

2,332,31

2,22

2,13

2

1,32

1,22

1,131,121,11

1

0
00

00
,

00
00 . 
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   (  )     
   ? 

 19.         
  VAR (  VAR) 

1.    VAR: 

Y1t  0.6  0.7Y1, t 1  0.2Y2, t 1  0.1X1, t 1  0.2X2t  1t , 

Y2t  0.4  0.2Y1, t 1  0.7Y2, t 1  0.2X1t   0.4X2, t 1  2t , 
 

X1t  0.7X1, t 1  3t ,   X11  0, 

X2t  0.5X1, t 1  4t ,   X21  0, 

          
    D( 1t)    D( 4t)  0.01. 
 Y11  Y21  0.    . 

2.        Y11  Y21, -
      ? 

3.      , -
  ,    ,  -

 Y1t  Y2t        X1t . 
   ,   Y1t  Y2t    

    X2t. 
4.       X1t  X2t. 

 . 
1.     . 
2.          -

 Y11  Y21, ,  X11  0, X21  0. 
     A(L) —  ,   ,  

L
L

LLBBLB
 4.02.0
2.0 0.1

4.00
01.0

02.0
2.00

)( 10 , 

  

4.02.0
2.01.0

)1( 10 BBB . 

   : 

2.36.1
8.24.1

4.02.0
2.01.0

64
46

)1()1()1( 1 BAC , 
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2

1

2

1

2.36.1
8.24.1

8.4
2.5

x
x

y
y

, 

. . 
y1  5.2  1.4x1  2.8x2, 
y2  4.8  1.6x1  3.2x2. 

      ,  x1t  
 x2t —     AR(1)- , 

x1, t   0.7x1, t 1  v1t,   x2, t   0.5x2, t 1  v2t,   v1t  v2t ~ i.i.d. N(0, 1). 

      : 
x11  x21  0,   y11  5.2,   y21  4.8. 

3.   System   sys01      
VAR(1)  4  X1t , X2t , Y1t , Y2t. 

X1  C(1) c(2)*x1( 1) c(3)*x2( 1) c(4)*y1( 1) c(5)*y2( 1) 
X2  C(6) c(7)*x1( 1) c(8)*x2( 1) c(9)*y1( 1) c(10)*y2( 1) 
Y1  C(11) c(12)*x1( 1) c(13)*x2( 1) c(14)*y1( 1) c(15)*y2( 1) 
Y2  C(16) c(17)*x1( 1) c(18)*x2( 1) c(19)*y1( 1) c(20)*y2( 1) 

       -
  .   Var   var1  -
    VAR(1)    ,   -

.     sys01   var1. (  
.)       var1. 

    ,    -
   . 

    ,   Y1t  Y2t   
     X1t ,   

X1t  m1  a1*Y1, t 1  b1*Y2, t 1  c1*X1, t 1  d1*X2, t 1  1t  

   a1  b1  0. 
3.     ,   Y1t  Y2t   -

     X2t ,   

X2t  m2  a2*Y1, t 1  b2*Y2, t 1  c2*X1, t 1  d2*X2, t 1  1t  

   a2  b2  0. 
4.        X1t  X2t -

       sys01: 

View  Coefficient tests  Wald Coefficient Test, 
    : 

c(4)  c(5)  c(9)  c(10)  0. 
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 20.     
1.   VAR(1)   : 

Y1t  Y1, t 1  1t , 

Y2t  Y2, t 1  2t . 
      VAR? 

2.    ,  Y11  Y21  0    D( 1t)   
 D( 2t )  0.01, Cov( 1t , 2t )  0.    -

. 
3.        ,    

        . 
 . 

1.     VAR(1)  : 
yt  1yt 1  t , 

 

t

t
t y

y
y

 2

 1 ,   
10
01

1 ,   
t

t
t

 2

 1 , 

 
A(L)yt  t , 

 

L
L

L
L

LILA
10

01
0

0
10
01

)( 12 , 

  

.0)1(det,
00
00

(1) AA  

 detA(z)   0   : 

0,
10

01
)(det

z
z

zA  

. . (1  z2)  0.      1,   
 . 

3.        -
  . -2. 

 -2 

Pairwise Granger Causality Tests    
Sample: 1 100    
Lags: 1    
Null Hypothesis: Obs F-Statistic Prob. 

Y2 does not Granger Cause Y1 98 0.10520 0.7464 
Y1 does not Granger Cause Y2  5.93519 0.0167 
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 Y1       Y2, 
         
. 

 21.  VAR:     
1.   VAR(1)   : 

Y1t  0.6Y1, t 1  1t , 

Y2t  0.4Y1, t 1  0.6 Y2, t 1  2t . 

   VAR   ?   VAR  
,    ?     -

 Y1t ,  Y2t? 
2.  . -7    VAR.   

  Y1t   Y2t  . 
3.     G-      -

     . 
4.        -

   VAR  . 
 . 

1. VAR    (   ). VAR  
   2.    Y1t   Y2t  -

 (           
). 

2.        y1  y2  
Group     .  -

  . -3.   . 

 -3 

Selected (0.05 level*)  
Number of Cointegrating Relations by Model 

Data Trend: None None Linear Linear Quadratic 
Test Type No Intercept Intercept Intercept Intercept Intercept 
 No Trend No Trend No Trend Trend Trend 
Trace 0 0 0 0 0 
Max-Eig 0 0 0 0 0 

* Critical values based on MacKinnon-Haug-Michelis (1999). 

3.   VAR(1)  .    
 . -4. 

   G-   -
  Y1  Y2.    G- ,   

Group  .    . -5. 
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 -4 

 D(Y1) D(Y2) 

D(Y1( 1)) 0.623747 0.310236 
 (0.081340) (0.091520) 
 [7.668040] [3.389720] 
D(Y2( 1)) 0.083872 0.486420 
 (0.074210) (0.083500) 
 [1.130120] [5.825250] 
C 0.0267390 0.108625 
 (0.102970) (0.115860) 
 [ 0.259670]0 [0.937560] 

 -5 

Pairwise Granger Causality Tests    
Sample: 1 100    
Lags: 1    
Null Hypothesis: Obs F-Statistic Prob. 

D(Y2) does not Granger Cause D(Y1) 98 01.27717 0.2613 
D(Y1) does not Granger Cause D(Y2)  11.49020 0.0010 

  .   F-   . -5  -
  t-   . -4.    ? 

4.      VAR(1)  , -
    VAR,   

View  Lag Structure  Lag Length Criteria. 
 5   3      ( . -6). 

 -6 

Lag LogL LR FPE AIC SC HQ 

0 312.7545 NA 3.462284 6.917681 6.972865 6.939944 

1 266.6040 89.258110* 1.371068 5.991296 *6.156847* *6.058086* 

2 262.3325 8.073582 *1.363148* *5.985330* 6.261248 6.096646 

3 261.0224 2.418627 1.446726 6.044448 6.430735 6.200291 

4 259.1233 3.422617 1.516135 6.090621 6.587275 6.290990 

5 257.9949 1.983899 1.616650 6.153735 6.760756 6.398630 

6 256.5517 2.474069 1.712766 6.209928 6.927316 6.499349 

7 253.4501 5.180665 1.750655 6.229673 7.057429 6.563621 

8 252.6215 1.347747 1.882307 6.299373 7.237496 6.677847 
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 22.  VAR:     
   

 . -8       , -
   Lydia Pinkham (Sales),    

     (Adver)    1907  1960 .  
  ,       -

 . 
1.     ,   

   . 
2.         

.    /    -
    . 

 23.  VAR:     
   

  22       Adver  Sales,  
        .    

       Adver  Sales, 
Sales  Adver (     )   

        
Income.        — . 

 24.  VAR,    
1.    VAR(1): 

,
2
1

8
5

11,21,11 tttt uyyy  

.
8
5

4
1

21,21,11 tttt uyyy  

 .     
A(L)yt  ut  

        -
 detA(z)   0. 

2.  
21
11

)( tuCov ,  u1t   u2t    

,    .   -
    VAR. 

3.        
         
  t  1  t  2. 

4.   EViews,    
         -
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.       , -
  . 3. 

 . 
    eps1  eps2,  

  .   ,    -
   . 

   Model   m_orig,  -
 VAR,   , 

    VAR (  y1  y2). 
    eps1 (     eps1)    

eps1_modif,     eps1  1. 
    Model   m_modif,  

,     eps1  eps1_modif. 
    (  y1_modif  y2_modif). 

       
  1t     

delta1  y1_modif  y1      delta2  y2_modif  y2. 
      , -

  . 3. 
     . 

5.    y1  y2,   VAR(1)   
.       

,      .  -
     ( !)  -

 . 

 .      
       VAR  : 

View/Impulse Response.      Display 
Format: Table.        

 : Multiple Graphs,  : Response Standard Errors: 
Analytic  Monte-Carlo.       

    Impulse Definition   Cholesky Ordering 
   : y1 y2.     

   ,   Impulse Definition   
Cholesky Ordering    : y2 y1. 

6.   VAR,      
       . 

 .      -
      VAR  -

: View/Variance Decomposition.    -
  . 5. 
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 25.      
       VAR, 

      
   lszusa_data.wf1     -

   : 
CPI_SA —    ( - ); 
RGDP_MON —    ; 
M2_SA —   M2 ( - ); 
TBILL3 —    3-   -

; 
PCM — (commodity price level) —     -

,   . 
 lszusa_data.wf1  ,    - : 

http://didattica.unibocconi.eu/myigier/index.php?IdUte 48917&idr 10020&lingua eng 
&comando Apri.  : Data and Exercises for Chapter 4   -

 ZIP- ,      lszusa_data.wf1. 
   VAR  ,    

,    : LP  100ln(CPI_SA), LY  100ln(RGDP_MON), 
LM2  100ln(M2_SA), LPCM  100ln(PCM). 

1.   (Leeper, Sims, Zha, 1966),     1960:01  
1996:03  VAR(6)   LP, LY  LM2.   

       P  Y  M2, 
      . -

       -
?       -
 .      -

  ? 
2.   ,  : M2  Y  P. -

      . -
  . 

3.   VAR(6)  TBILL3    -
    .      -

      , -
  TBILL3  M2  Y  P.    -

 M2    CPI  GDP?   -
 M2    TBILL3?      

  «  »  «  »?   
      ? 

4.   VAR(6),   . 3,  LPCM  
       .   

        
 ,   TBILL3  PCM  M2  P  Y. 
 ,    VAR(6)  4  5 -

. 
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  4 

 26.      
  

      -
    8.1.1,      

frontier1.dta   Stata (http://www.stata-press.com/data/r9/frontier1.dta). 

 .   Stata   frontier1.dta  -
   : Statistics  Linear regression and related  Frontier models. 

     (lnoutput)   
(lncapital  lnlabor) ,      ui  (Trun-
cated normal distribution).     frontier lnoutput 
lncapital lnlabor, distribution (tnormal).     -

  . -7. 

 -7 

. frontier lnoutput lncapital lnlabor, distribution (tnormal) 

Stoc. frontier normal/truncated-normal model Number of obs  756 

 Wald chi2(2)  8.84 

Log likelihood  1506.9346 Prob  chi2  0.0121 

lnoutput   
 z- P-  

P > | z | [95% Conf. Interval] 

lncapital 0.6029056 0.5703415 1.06 0.290 0.5149432 1.720754 

lnlabor 0.6739399 0.2417019 2.79 0.005 0.2002130 1.147667 

_cons 0.1262186 3.2968780 0.04 0.969 6.3355440 6.587981 

/mu 0.7811509  2.3573520 0.33  0.740 5.4014760 3.839174 

/lnsigma2 2.2201200 0.3819963 5.81 0.000 1.471421 2.968819 

/ilgtgamma 2.2596890 0.2920370 7.74 0.000 1.687307 2.832071 

sigma2 9.2084340 3.5175880   4.355419 19.4689100 

gamma 0.9054830 0.0249936   00.8438696 00.9443845 

sigma_u2 8.3380800 3.3190790   1.832805 14.8433500 

sigma_v2 0.8703535 0.2794375   00.3226661 1.418041 

H0: No inefficiency component: z  8.194 Prob <  z  0.0000 
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 sigma_v2 —   v
2; 

 sigma_u2 —   u
2; 

 gamma —   2

2

S

u ; 

 sigma2 —   S
2  v

2  u
2. 

        0  1,  
     ,      

   ilgtgamma.   S
2   , 

   ln( S
2),      

   lnsigma2. , mu    .    
     u

2  0. 
     ,   -

  (    )   
 , . .  : Half-normal. 

     ui    -
 predict      E(ui | i) (  u)   

   Med(ui | i) (  m).   te,  -
  ,     E(exp(ui)| i). 

 27.       
     

   
        -

    8.1.2. 

 28.      
  :  

,    
        

8.2.1,      xtfrontier1.dta   Stata 10 
(http://www.stata-press.com/data/r8/xtfrontier1.dta). 

 29.      
  :  

     
        

8.2.2,     ,     28. 
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 -1 
   (    )  

   18  2007 .  14  2008 . (  IND) 

t IND  t IND  t IND  t IND  t IND 

01 1669.06  21 1821.53  41 1878  61 1969.91  81 1788.34 
02 1730.74  22 1827.74  42 1855.98  62 1928.99  82 1654.83 
03 1716.60  23 1799.93  43 1833.28  63 1895.25  83 1636.79 
04 1725.11  24 1801.42  44 1805.84  64 1887.61  84 1570.90 
05 1736.37  25 1772.35  45 1816.00  65 1908.63  85 1661.99 
06 1703.72  26 1799.36  46 1785.39  66 1899.42  86 1705.20 
07 1744.91  27 1792.05  47 1776.84  67 1926.45  87 1635.33 
08 1755.48  28 1816.90  48 1793.03  68 1931.20  88 1678.42 
09 1759.44  29 1854.47  49 1816.85  69 1929.31  89 1642.63 
10 1733.39  30 1872.00  50 1791.89  70 1918.75  90 1574.33 
11 1795.06  31 1855.63  51 1813.09  71 1904.27  91 1640.49 
12 1778.66  32 1874.73  52 1822.59  72 1907.39  92 1677.78 
13 1777.82  33 1866.49  53 1850.64  73 1888.86  93 1632.37 
14 1802.45  34 1879.41  54 1838.78  74 1906.86  94 1631.10 
15 1808.42  35 1907.63  55 1834.73  75 1912.29  95 1581.96 
16 1827.99  36 1903.55  56 1895.39  76 1914.48  96 1568.88 
17 1817.97  37 1917.29  57 1891.16  77 1931.14  97 1605.10 
18 1848.82  38 1891.27  58 1913.38  78 1921.38  98 1665.47 
19 1835.21  39 1890.01  59 1945.53  79 1839.04  99 1688.30 
20 1839.38  40 1868.62  60 1951.38  80 1805.42  1000 1687.90 

 -2 
       
  (1993:01 = 100)  12-    

 I  1994 .  IV  2005 . (  AGRO) 

/ 
 AGRO  / 

 AGRO  / 
 AGRO  / 

 AGRO 

1994/1 087.0  1997/1 69.1  2000/1 70.3  2003/1 76.5 
1994/2 120.1  1997/2 98.3  2000/2 101.9  2003/2 107.8 
1994/3 205.0  1997/3 192.3  2000/3 176.2  2003/3 192.6 
1994/4 115.7  1997/4 105.6  2000/4 100.8  2003/4 121.9 
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 . -2 

/ 
 AGRO  / 

 AGRO  / 
 AGRO  / 

 AGRO 

1995/1 077.4  1998/1 68.8  2001/1 71.7  2004/1 76.1 
1995/2 106.9  1998/2 99.2  2001/2 105.5  2004/2 107.8 
1995/3 192.7  1998/3 149.8  2001/3 196.6  2004/3 202 
1995/4 106.4  1998/4 90.7  2001/4 105.0  2004/4 125.4 
1996/1 073.4  1999/1 66.7  2002/1 75.8  2005/1 76 
1996/2 101.7  1999/2 98.9  2002/2 109.1  2005/2 108.6 
1996/3 178.2  1999/3 158  2002/3 192.6  2005/3 210.8 
1996/4 105.3  1999/4 97  2002/4 113.5  2005/4 126.7 

 -3 
        

    12-    I  1994 .  
 IV  2005 .,  . (  IMP) 

/ 
 IMP  / 

 IMP  / 
 IMP  / 

 IMP 

1994/1 11.3  1997/1 15.2  2000/1 10.000  2003/1 15.982 
1994/2 12.1  1997/2 17.2  2000/2 10.400  2003/2 18.200 
1994/3 12.5  1997/3 18.4  2000/3 11.100  2003/3 19.573 
1994/4 14.5  1997/4 21.2  2000/4 13.400  2003/4 22.314 
1995/1 13.4  1998/1 17.8  2001/1 11.300  2004/1 19.632 
1995/2 14.6  1998/2 17.4  2001/2 13.600  2004/2 22.725 
1995/3 15.8  1998/3 13.4  2001/3 13.238  2004/3 24.678 
1995/4 18.8  1998/4 09.4  2001/4 15.619  2004/4 29.272 
1996/1 16.4  1999/1 09.1  2002/1 12.347  2005/1 24.781 
1996/2 17.2  1999/2 10.1  2002/2 14.768  2005/2 29.310 
1996/3 17.0  1999/3 09.5  2002/3 15.725  2005/3 31.507 
1996/4 17.5  1999/4 10.8  2002/4 18.125  2005/4 39.500 

 -4 
        

   I  1994 .  IV  1997 .,    (  UNEMP) 

/ 
 UNEMP  / 

 UNEMP  / 
 UNEMP  / 

 UNEMP 

1994/1 5.0  1995/1 5.8  1996/1 6.7  1997/1 7.5 
1994/2 5.5  1995/2 6.0  1996/2 7.0  1997/2 7.9 
1994/3 5.7  1995/3 6.4  1996/3 7.1  1997/3 7.9 
1994/4 5.7  1995/4 6.6  1996/4 7.2  1997/4 8.1 
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 -5 
       

   (   )  
   I  1985 .  I  1989 .,  

 . (  PROFITS) 

/ 
 PROFITS  / 

 PROFITS  / 
 PROFITS  / 

 PROFITS 

1985/1 168.7  1986/1 155.9  1987/1 196.6  1988/1 228.4 

1985/2 162.1  1986/2 167.2  1987/2 207.9  1988/2 240.5 

1985/3 176.0  1986/3 176.2  1987/3 224.6  1988/3 240.4 

1985/4 174.2  1986/4 191.0  1987/4 211.6  1988/4 246.6 

         1989/1 246.3 

 -6 
      

      I  1947 .  
 IV  1961 . (  GNP) 

/ 
 GNP  / 

 GNP  / 
 GNP  / 

 GNP 

1947/1 224  1951/1 318  1955/1 386  1959/1 474 

1947/2 228  1951/2 326  1955/2 394  1959/2 487 

1947/3 232  1951/3 333  1955/3 403  1959/3 484 

1947/4 242  1951/4 337  1955/4 409  1959/4 491 

1948/1 248  1952/1 340  1956/1 411  1960/1 503 

1948/2 256  1952/2 339  1956/2 416  1960/2 505 

1948/3 263  1952/3 346  1956/3 421  1960/3 504 

1948/4 264  1952/4 358  1956/4 430  1960/4 503 

1949/1 259  1953/1 364  1957/1 437  1961/1 504 

1949/2 255  1953/2 368  1957/2 440  1961/2 515 

1949/3 257  1953/3 366  1957/3 446  1961/3 524 
1949/4 255  1953/4 361  1957/4 442  1961/4 538 
1950/1 266  1954/1 361  1958/1 435    

1950/2 275  1954/2 360  1958/2 438    

1950/3 293  1954/3 365  1958/3 451    

1950/4 305  1954/4 373  1958/4 464    
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 -7 
    21 (  Y1  Y2) 

t Y1 Y2 t Y1 Y2 t Y1 Y2 
1 0 0 34 31.1633 3.842037 67 20.46560 21.83319 

2 0 0 35 32.4059 3.804359 68 19.25990 23.02866 

3 1.15231 1.058442 36 33.1520 3.878898 69 17.36810 23.27426 

4 2.97469 1.715719 37 34.3600 3.214015 70 16.10600 25.48272 

5 4.64481 2.783577 38 35.2051 1.961030 71 16.64920 27.43664 

6 4.45392 3.527210 39 35.1501 0.524794 72 15.59800 26.80269 

7 4.12834 4.889087 40 36.8966 0.638066 73 14.86250 27.95718 

8 6.26758 4.961772 41 37.8199 1.100460 74 13.28590 27.49484 

9 7.26253 3.295569 42 38.8979 2.196450 75 11.39750 27.77684 

10 9.35684 3.129074 43 40.9594 1.942150 76 8.53231 28.63911 

11 12.41120 2.559852 44 40.6722 2.531830 77 8.31045 30.90254 

12 15.65880 1.083640 45 40.4914 3.010720 78 7.71818 30.72931 

13 18.85520 3.059580 46 39.0452 3.740140 79 6.29836 29.64129 

14 20.99170 4.042540 47 38.9890 2.226380 80 5.72012 28.80901 

15 21.10220 4.906840 48 39.4057 1.989900 81 5.09867 27.57486 

16 19.36630 2.321830 49 38.7585 1.803700 82 6.23828 25.64758 

17 19.66180 0.159230 50 38.5549 0.332440 83 6.01278 23.45752 

18 18.52530 1.425131 51 38.0779 1.796697 84 5.25983 22.14006 

19 19.10790 1.405937 52 37.5275 3.025768 85 5.05585 21.27268 

20 19.55680 0.135950 53 35.5974 3.217876 86 5.76288 21.45392 

21 20.48270 1.424450 54 35.2090 4.604728 87 6.29981 24.52842 

22 21.09230 3.198520 55 35.5308 4.460981 88 7.45207 26.19114 

23 21.92370 4.260850 56 36.1209 3.747267 89 8.83052 26.27494 

24 22.20870 3.714910 57 35.6420 4.291034 90 7.82135 24.91165 

25 20.91330 2.077430 58 34.4174 7.291425 91 7.95053 23.76549 

26 20.50610 0.839003 59 33.0686 8.719487 92 9.48873 23.70169 

27 21.24410 2.773934 60 31.7113 10.314190 93 10.33840 23.60316 

28 22.23470 4.220075 61 29.4035 8.320796 94 9.55520 22.53140 

29 22.69870 3.671827 62 28.0767 9.224016 95 8.23511 20.90438 

30 24.02260 1.207308 63 26.2872 10.752960 96 7.28981 19.60656 

31 25.70890 1.276263 64 25.0938 13.116630 97 6.52929 18.59868 

32 27.59920 1.841462 65 23.2852 15.981520 98 6.21592 18.05265 

33 28.68550 2.622085 66 23.1385 18.914750 99 5.21268 18.72333 

     100 4.30148 18.13552 
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 -8 
     ,  

   Lydia Pinkham (SALES),  
       (ADVER)  

      (INC) 

 SALES ADVER INC  SALES ADVER INC  SALES ADVER INC 

1907 1016 0608 — 1925 3438 1800 073.0 1943 2602 1164 133.5 

1908 0921 0451 29.5 1926 2917 1941 077.4 1944 2518 1102 146.8 

1909 0934 0529 30.2 1927 2359 1229 077.4 1945 2637 1145 150.4 

1910 0976 0543 30.5 1928 2240 1373 077.5 1946 2177 1012 160.6 

1911 0930 0525 31.9 1929 2196 1611 083.1 1947 1920 0836 170.1 

1912 1052 0549 33.9 1930 2111 1568 074.4 1948 1910 0941 189.3 

1913 1184 0525 34.8 1931 1806 0983 063.8 1949 1984 0981 189.7 

1914 1089 0578 35.8 1932 1644 1046 048.7 1950 1787 0974 207.7 

1915 1087 0609 40.2 1933 1814 1453 045.7 1951 1689 0766 227.5 

1916 1154 0504 47.8 1934 1770 1504 052.0 1952 1866 0920 238.7 

1917 1330 0752 55.2 1935 1518 0807 058.3 1953 1896 0964 252.5 

1918 1980 0613 62.3 1936 1103 0339 066.2 1954 1684 0811 256.9 

1919 2223 0862 63.3 1937 1266 0562 071.0 1955 1633 0789 274.4 

1920 2203 0866 71.5 1938 1473 0745 065.7 1956 1657 0802 292.9 

1921 2514 1016 60.2 1939 1423 0749 070.4 1957 1569 0770 308.8 

1922 2726 1360 60.3 1940 1767 0862 076.1 1958 1390 0639 317.9 

1923 3185 1482 69.7 1941 2161 1034 093.0 1959 1387 0644 337.3 

1924 3351 1608 71.4 1942 2336 1054 117.5 1960 1289 0564 351.8 
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