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Ч А С Т Ь  1 

ОСНОВНЫЕ  ПОНЯТИЯ,   
ЭЛЕМЕНТАРНЫЕ  МЕТОДЫ 

       1 

  
          .  

     

 1.1 
        ;  

  ,     

 (Econometrics) —      
   ( )   -

        
  .       

        
  ,   , 

 ,   ,   -
   . 

       
      .  

       
   .       

     ,    —  
   .        -

      (   -
  , ,   (Favero, 2001)  (Cameron, 

Trivedi, 2005)).        -
       -

 ,   .    
       , 

 .       
      ,    

,          
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,        
.        , 

   (Samuelson, Koopmans, Stone, 1954): «The application of 
mathematical statistics to economic data to lend empirical support to models con-
structed by mathematical economics and to obtain numerical estimates»1. 

       -
        (data 

mining),          
          

 ,     -     
  ,     . -

    ,   
      ,  

    .  ,    
     ,   

   ,       
  . 

        -
    ,   , -

   .  , ,   -
   ,   , 

          
« » ,      

     . .    
      -
 .  ,     -

       « -
»    ,     

        ( ,  DGP — 
data generating process). 

, ,      
 (disposable personal income) DPI    -

    (personal consumption expenditures) CONS.  
    (Keynes, 1936)     

   (  ,   )   
       ,     -

,     .  ,      
      

,)(DPIfCONS  

      , : 
____________ 

1         
  -       

( .). — . . 
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  f (DPI)   ; 
    , . .    -

 (   ),    1. 
          , 

 ,      -
 . 

     DPI  CONS -
  ,     (linear 

relation) —    CONS  DPI: 
,DPICONS  

  —  , 0 <  < 1,     
      (propensity to 

consume),     ; 
  —   (autonomy consumption). 

        
       ( ,  ,    

        -
    0.9)     

. 
           

   n  ,   DPIi  CONSi — -
        i-  -

 . ( ,      
       ,     

         -
    ). 

         
(DPIi , CONSi )   DPIi    CONSi  (   

   — scatter plot, scatter diagram, scatter 
graph), ,  ,          
CONS      DPI,    .   

   (scatter cloud),   -
  CONS      DPI. 

       ( . 1.1), -
       

     (  1999 .,   ) 20 -
    ( . 1.1). 

 
)( iii DPICONS  

       CONSi 
      DPIi,     
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  i-   ,    DPIi. 
        CONSi 

  ,     
,      DPIi  CONSi   

  (observation model): 
.,,1,)( nDPICONS iii  

   i  CONSi  (     DPIi )     
 (observation error, disturbance), ,     i-  -

. 
  

   ,   
i     -

 (   ), 
    ,  

    DPIi  CONSi, 
  ,  -

.    -
    

( )   -
  ,  

,    
  : 

,,,1,)( niDPIfCONS iii  
 1, , n —  ,    -

       0: 
.,,1,0)|( niDPIE ii  

 1.1 
   20   

i DPI CONS  i DPI CONS 

1 2508 2406  11 2435 2311 
2 2572 2464  12 2354 2278 
3 2408 2336  13 2404 2240 
4 2522 2281  14 2381 2183 
5 2700 2641  15 2581 2408 
6 2531 2385  16 2529 2379 
7 2390 2297  17 2562 2378 
8 2595 2416  18 2624 2554 
9 2524 2460  19 2407 2232 

10 2685 2549  20 2448 2356 

DPI 2200 2600 2400 2800 
2100 

2300 

2500 

2700 

CONS 

. 1.1 
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   : 
,,,1,)()|( niDPIfDPICONSE iii  

  f (DPIi)        -
  ,    DPIi. 

     : 
,,,1,)( niDPICONS iii  

 DPI1, , DPIn —  ( ) ; 
            1, , n —  ,   ,0)|( ii DPIE   

 iii DPIDPICONSE )|( ; 
                       — ,    -

      
     

 . 

         
       f (DPI).    

  f (DPI),     
 (statistical model) 

,,,1,)( nivDPIfCONS iii  

 v1, , vn —  . 

       (econo-
metric model),     : 

     ( )    
     -

 CONSi   f (DPIi),   
 ; 

   ,       -
   ,   . 

      ( . .     
,       -

   ,      
    v1, , vn)  -

   (specification of an econometric model). 
   

)()()( iiiiii DPIfDPIDPIfCONS , 

  )()()|( iiii DPIfDPIDPIvE .    )|( ii DPIvE  
    ,   )()|( iii DPIfDPICONSE , . . f (DPI) 
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         -
 ,    DPIi.   

     ,   
   (misspecified model). 

 ,       -
  ,     ,   : 

.,,1, niDPICONS iii  

           
    .      , 

   , . .   -
 (DPIi, CONSi), i  1, ..., n.        

   ,      . 
      a    b    

-   ,    (fitted model) 
CONS  a  b DPI 

        -
  ,    DPI. , 
    : 

         -
   ; 

  ,    (      ) -
  ,    ,    

  . 
      -
    ,      
    . 
 , ,      

 ,   « » ( )  
 CONS  f (DPI)   CONS    lnDPI,  > 0,  > 0. ,  

          -

 ,      : 
DPIDPI

CONS
d

d , 

    . (    DPI >  
    ,     

       .) -
         

         
  ( ,  ). 

 ,      
 ,     ,  

   (     ). 
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 ,     -
  : 

         
      -

 (  ); 
         -

     (  ); 
   (  )  ; 
        -

   (  ), -
  ( ) ; 

   ( ) ; 
       -

 ( )  (    
   );    

      ; 
          

      (   -
       

);    ;  -
  (    . .); 

       . 

      -
   ( ,  – parsimony princi-

ple):    ,   ,    
    .  

    (encompassing principle):   
    « »   , -

      (     
  ,     -

 ).      -
  «    » (general-to-specific approach), . .  

      ,    
     . 

 :     

 . 1.2      (BEL)   
(ZVET)     1968 .   1969 . (  ). 

         
    ( . 1.2).  :  -

          
  ,     -

       . 
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 1.2 
    (BEL)   (ZVET)  , % 

i  BEL ZVET  i  BEL ZVET 

1968 .  1969 . 
1  3.2 6.9  11  3.0 6.0 
2  3.1 6.7  12  2.9 5.7 
3  3.2 6.5  13  3.1 6.0 
4  3.3 7.1  14  3.1 6.9 
5  3.3 6.8  15  3.1 6.5 
6  3.2 6.4  16  3.0 7.0 
7  3.2 6.6  17  3.2 6.4 
8  3.1 7.3      
9  3.0 6.5      
10  3.0 6.5      

  x1, ..., x17    -
   ,   y1, ..., y17 —   -

     .  ,   
    : x –    

 ,  y —     .  
 n  17     x  y: (x1, y1), ..., (xn, yn). 

. 1.2 

 

 1
96

8 

2 

3 

7 

8 

% 

4 

6 

5 

 1
96

8 

 1
96

8 

 1
96

8 

 1
96

8 

 1
96

8 

 1
96

8 

 1
96

8 

 1
96

8 

 1
96

8 

 1
96

9 

 1
96

9 

 1
96

9 

 1
96

9 

 1
96

9 

 1
96

9 

 1
96

9 

ZVET 

BEL 
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  ,  -
 x1, ..., xn  y1, ..., yn,     (means) 

n
xxx

n
x n

n

i
i

1

1

1 ,    
n

yyy
n

y n
n

i
i

1

1

1 , 

    (sample variances) 
n

i
i xx

n
xVar

1

2)(
1

1)( ,    
n

i
i yy

n
yVar

1

2)(
1

1)( , 

    x1, ..., xn (y1, ..., yn)   
 x̄  (  ȳ  ),   (  — 

variability)     .   
Var (variance). ,       -

      ,      
.    ,   -
1 (Std.Dev. — standard deviation)  x (  y), 

   

)().(. xVarxDevStd     ( )().(. yVaryDevStd  ). 

  ,    -
          -

  n ,   n  1.      -
    .  ,   

x1, ..., xn —       -
    2, ,      , 

n

i
ix

n
x

1

1      ,  
n

i
i xx

n
xVar

1

2)(
1

1)(  

    2.     
      

 Econometric Views (EViews),        
  . 

          
 : x̄   6.576, Std.Dev.(x)  0.416,  ȳ   3.118, Std.Dev.(y)  0.113. 

 ,       
   2        

.     -
  4 : 1,        ( -

)     .   
  : 7.3  5.7  1.6  3.3  2.9  0.4. 

____________ 
1        (The Oxford dictionary 

of statistical terms, 2003). 
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  ,  -

 ,  ,  -
    -

   xi, yi, i  1, ..., n, 
 n —    

  x  y (   
   

 — correlation diagram). -
     

  . 1.3. 
    -

    -
     ,    -

1       x  y, 
  

y    x,      0. 
         :  

  yi       xi   

)( iii xy , 
  

.,,1,)( nixy iii  

      (linear 
observation model),    

y    x 
    (linear relation)   

 (   — mathematical model, dependence 
model),   y —  (dependent) ,  x — -

 (independent) . 
, ,       

         -
  x  y. 

, - ,      
      ,   

         , -
      4    (   

. 1.3).        
  Econometric Views. 

____________ 
1 ,         

         ( )  , 
     ( .  1.3.4,  1.3). 

. 1.3 

ZVET 5,5 6,56,0 7,0 
2,8 

3,0 

3,2 

3,4 
BEL 

7,5
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- ,   -   ,  
        -

       ,    -
 . 

         -
       4 -

 ( . 1.4). 
   

( )     
( x̄, ȳ )     (xi , yi)  

  ,  -
 xi  x̄   « »,  

   —   « ». -
,   (xi , yi)   

 ,  -
 yi  ȳ   « »,   
     — 
 « ». 
   m   4, m   4, 

m   3 ( ,  -
   6  17,   ), m   6 

( ,     9  10,  -
 ),        -

 xi   x̄  yi   ȳ  m   m   10,   ,    
 ,  m   m   7. 

        -
 (     (xi   x̄ )(yi   ȳ ) )  

10/17  0.59, . .  59%   ,     
        , 
   .    

        -
 (     (xi   x̄ )(yi   ȳ ) ),   

          
  ,    . -

        
    . 

      ( . 1.5)  -
       7 -

          15   -
          ( -

    . 1.4;    ,  — 
 ). 

. 1.4 

ZVET 5,5 6,56,0 7,0
2,8

3,0

3,2

3,4
BEL

7,5 
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 x  y,  

 xi   yi , i  1, ..., n,  
  -

 (sample correlation coefficient) 

)()(
),(

yVarxVar
yxCovrxy , 

    -
 (xi   x̄ )(yi   ȳ ),   -

   .  Cov(x, y)  -
 

n

i
ii yyxx

n
yxCov

1
))((

1
1),(  

    (sample covariance)  x  y. 
   

)(),(),(),( yVaryyCovxVarxxCov . 

 ,  Cov(x, y)  Cov(y, x)  rxy   ryx . 

  ,    
    

 a —  , x, y, z — ,   i-  
  xi , yi , zi ,  i  1, ..., n (n —  ). -

 a    ,    i-  -
  ai   a,  

n

i
i

n

i
ii aaxx

n
aaxx

n
axCov

11
))((

1
1))((

1
1),( , 

  .0),( axCov   ,  

),(),( xaCovaxCov         .)(),( xVarxxCov  
 , 

n

i
ii

n

i
ii yyxx

n
ayyxaax

n
yaxCov

11
))((

1
1))((

1
1),( , 

  
.),(),( yxCovayaxCov  

. 1.5 

 0,35 
9 

15 
 

0,55
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, 

,))((
1

1))((
1

1

)()(
1

1

)()(
1

1)(

11

1

1

n

i
ii

n

i
ii

n

i
iii

n

i
iii

zzxx
n

 +yyxx
n

zzyy xx
n

zyzyxx
n

zx,yCov

 

  
.),(),(),( zxCovyxCovzyxCov  

    ,  ,  

).(.||).(.),()(,0)( 2 xDevStdaaxDevStdxVaraaxVaraVar  

(       a > 0     
       ), 

)()( xVaraxVar  

(        ). 
, 

,),(),(),(),(),()( yyCovxyCovyxCovxxCovyxyxCovyxVar  

. . 
),(2)()()( yxCovyVarxVaryxVar  

(          
  ,      

 ). 
     rxy ,   -

     , ,  x,   
  x1 , ..., xn    

)0(,...,,1,~ bnibxax ii  

 x  a  bx,  

xyyx r
yVarxVarb

yxbCov
yVarbxaVar

ybxaCov
yVarxVar

yxCovr
)()(

),(
)()(

),(
)()~(

),~(
2

~ . 

 ,    rxy   
        x  y. 

        1 
  ,      -

   —   : 
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.)()())((
1

2

1

2
2

1

n

i
i

n

i
i

n

i
ii yyxxyyxx  

        
,   rxy        1 (  rxy  

  1,      ,  
  ,   1,    

  ,    ). 
 rxy   1    ,    (x1 , y1), ..., (xn , yn) 

  ,    . -
 rxy   1    ,    (x1 , y1), ..., (xn , yn) 

  ,    . 
   Var(x)  0.1732, Var(y)  0.0128, Cov(x, y)  0.0217, 

 : 

,4608.0
0128.01732.0

0217.0
xyr  

. .    rxy ,   
  0  1. 

         
  : rxy   0.717.   -

       (positive corre-
lation),    —     (negative 
correlation)  . 

   ,  
    

   
  -

      
 .   -

    -
   -

    
   

    
     -

. , ,  -
     UNJOB    INF 

     1961  1969 . (     . 1.23  -
     1.4).   

      0.848. -
     ( . 1.6)  

. 1.6 

UNJOB 3 5 4 6 
0 

2 

4 

6 
INF 

7 

1 

3 

5 
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,           
 . 

          
    -   —    — 

   .   
,    y  x     

y  x2,   y    x  2, 1, 0, 1, 2.  
        -
 . 

 1.1.1.   Var  Cov   -
    n  1.   , ,  -

 ( , 2004)     
  n  1,   n.  , Var  Cov     -

 ,       -
  rxy     ,     

 Var  Cov,        
      . 

 1.1.2.   , -
   ,    -
     . 

   

01.         -
   ?     ?  

         
  ? 

02.      ?    -
 ( ) ?     

   ? 
03.     ? 
04.     ,    ? 
05.     ,    ? 
06.     «    »,    

? 
07.        ? 
08.         -

 ( )     ? 
09.         

      ? 
10.       ( )   

  ? 
11.     Cov(x, y)    

     x  y? 
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12.      rxy    
      x  y? 

13.          
    ? 

 1.2 
    .  

         
   

   ,       
(   )     -

 ,    .   , 
   ,      -

           
    ,      

   ,       -
       ( -

 ). 
 ,     x  y  -

 ( )     

y    x , 

   xi , yi ,  i  1, ..., n,    -
   

.,,1,)( nixy iii  

    —      ,  
)( iii xy  

   (error,  disturbance)  i-  . , 
        intercept,  

   — slope. 
       ,  

        , ,  
    ,    ( x̄, ȳ ) – 

« »   (x1 , y1), ..., (xn , yn)     
    ( ) . 

  
xy **  

        (   *  * x̄  ȳ ). 
  i-      
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,)( ***
iii xy  

  *
i    ,   . 

   *  *      *
1, ..., *

n . 
,    *  *   ,  *

1  ...  *
n   0. 

  ,   (x1 , y1), ..., (xn , yn)     -
.        *  *, 

   ,  -
   . 

     , ,   

 
n

i
i

1

2*)(         xy ** , 

    1.     
*  *    ˆ   ˆ . 

  xy **     ( x̄, ȳ ),  
xy ** .  

,** xy  

   « »  xy ˆˆ     -
  ˆ ,   .ˆˆ xy    *     

  
n

i
i

1

2*)( , ,  ,   ˆ    

  . , ,      
 x      ,  x1   ...  xn   x̄, 

,)( *** yyxy iii  

.)()(
1

2

1

2*
n

i
i

n

i
i yy  

    
n

i
i

1

2*)(      xy ** , -

   ( x̄, ȳ ). 
 xy ˆˆ      

,     « »  y    x  
    x  y.     - 

____________ 
1            

.      ,   
  , — ,    . 
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. 1.7 

  xi   x    (fitted 
value) iii xy ˆˆˆ   y.     -

  yi .  

)ˆˆ(ˆ iiiii xyyye  

  (residual)  i-  .   ,  
,     ,      

,   — . 
     ,  -

,  : 

iii xy )(  (    ); 

iii exy )ˆˆ(  (   ). 

           
 (    ),    

ii xxˆˆ .  ,  ei   i , . .  i-   -
      i .  . 1.7    

    ,      -
  —   . 

   x1 , ..., xn  ,     « »  
xy ˆˆ   ,      

 (least squares principle).      -

x 

y 

x1 x2 x3 x4 

P1 

P3

P2 

P4 Q2 
Q1

Q3 
Q4 

 
 

 
 

y 
y  



 1.        ... 29 

  *, *,        , 
    **, **,   

.)(min)(
1

2**

,1

2****
n

i
ii

n

i
ii xyxy

**
 

 ,     **, **,    -
   .     

    ( - )  LS- -
 (least squares estimates).  ,      

  ˆ   :ˆ  

.ˆ,ˆ ****  

,         
 ,       ( x̄, ȳ ); 

      .   
    ( .  -1.2    ),  -

 ,      ˆ   .ˆ  
,       -

 ˆ   ˆ  -       xi , yi ,  
i  1, ..., n.     ,   

n

i
ii xyQ

1

2**** )(),(  

      ),( **Qz   -

      ,,, ** z    

  ˆ,ˆ       — -
     . 

     -1.2 ,   
   : 

n

i
i

n

i
ii

xx

yyxx

1

2

1

)(

))((
ˆ , 

.ˆˆ xy  

,        -
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.0)(
1

2
n

i
i xx  

   .  ,   
   x1 , ..., xn    1.   -
    (xi , yi ),  i  1, ..., n,     -

 x  x̄. 
        ˆ.   

,            

    
1

)(
)( 1

2

n

xx
xVar

n

i
i

   

 
1

))((
),( 1

n

yyxx
yxCov

n

i
ii

. 

     

)(
),(ˆ

xVar
yxCov . 

,  , ,   ˆ     
Cov(x, y),  Var(x) > 0,    ˆ   ,  -

     x  y   . 
  ˆ       ,  

      Var(x). 
        -
      y       

(  )      x (    )    
 1948  1961 . ( . 1.3).       

 ,         ˆ  24.925. 
         ,   ,  -

   ˆ  0.24925. 
 ,     x (  -

 y),      ˆ —   -
     .   ˆ    

        
 x  y. 

____________ 
1     ,    . 
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 1.3 
         1948  1961 . 

 , 
 

,  
.     , 

 
,  

.   
1948 67.8 0.5370  1955 66.6 0.4256 
1949 67.7 0.4726  1956 67.4 0.4111 
1950 69.2 0.4556  1957 61.5 0.4523 
1951 71.9 0.4655  1958 60.2 0.4996 
1952 72.4 0.4735  1959 67.6 0.4183 
1953 63.5 0.5047  1960 65.2 0.4433 
1954 60.0 0.5165  1961 62.2 0.4448 

       ˆ    

)(
)(ˆ

xVar
yVarrxy . 

, 

)(
)()(

)(
),(ˆ

xVar
yVarxVarr

xVar
yxCov xy , 

    . 
        -

  (standardized variables). -
  —   ,    

         -
 .  x   y  —   -

 x  y,  

1
)(

)(,1
)(

)(
yVar

yVaryVar
xVar

xVarxVar , 

       

iii xy )( ,,  
: 

xyyx r
xVar
yVarr

)(
)(ˆ

, . 

       ,  
        y  

  x    . 
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       x  
    ,   y –  

   .    -
         -

,     

.,,1,)( nixy iii  

 ˆ   ˆ        

,125.0162976.0020415.0ˆ  

.294.2576.6125.0118.3ˆˆ xy  

 , « »    

y  2.294  0.125x . 

          
  x  y.     ,   -
  x  1  (  x)  y   

   0.125  (  y).        
  ,  : ,461.0ˆ  280.20ˆ .  

  ,     x     
  y  «  »  0.461   
. 

   xy ˆˆ   )0),((0ˆ yxCov   -
      )0),((0ˆ yxCov    

   
 iii xye ˆˆ .   

   . 1.3  
 y  2.294  0.125x    

    A  (7.1, 3.3), 
   -

     1968 . ( . 1.8). 
     

  .    
y   ȳ    B  (7.1, 3.118)  -

 xy ˆˆ    C  (7.1, 3.183), 
      

 A   y   ȳ ,  AB  3.3  3.118  0.182,   
  

AB  AC  CB. 

. 1.8 

C 

B 

ZVET 5,5 6,56,0 7,0 
2,8 

3,0 

3,2 

3,4 
BEL 

7,5 

A 



 1.        ... 33 

 ,       A   
xy ˆˆ   

AC  AB  CB  0.182  (3.183  3.118)  0.117. 
,    (xi , yi)     : 

,)ˆ()ˆ( yyyyyy iiii  
 ii xy ˆˆˆ  —   « » ,   xi . 

         
       i : 

n

i
iii

n

i
ii

n

i
i

n

i
i yyyyyyyyyy

11

2

1

2

1

2 )ˆ)(ˆ(2)ˆ()ˆ()( . 

  ( .  -1.2 ),    -
       ,   

.)ˆ()ˆ()(
1

2

1

2

1

2
n

i
ii

n

i
i

n

i
i yyyyyy  (1.1)

  ,       -
    : 

.,,1,)( nixy iii  

         
(    — proportional relation) 

,,,1, nixy iii  

  (1.1)  .     
   1.3. 

 ,      (1.1),  -
    (total sum of squares)   TSS. 

 , 

.)(
1

2
n

i
i yyTSS  

       (1.1)   
 ,   (explained sum of squares),  -
 ESS,   

.)ˆ(
1

2
n

i
i yyESS  

      (1.1)  
n

i
i

n

i
ii eyy

1

2

1

2)ˆ(  
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      (residual sum of squares) 
  RSS1. 

 ,  (1.1)     
    ,  ,   

 : 
TSS  ESS  RSS . 

,   0ˆ ,  yˆ   yyiˆ . ,  0ˆ  

,)()ˆ(
1

2

1

2
n

i
i

n

i
ii yyyy  

. . RSS  TSS   ESS  0. 
 0ˆ ,     xy ˆˆ ,  

,)()ˆ(
1

2

1

2
n

i
i

n

i
ii yyyy  

. . RSS < TSS   ESS  0. 
 ,       x  y 

    ,     RSS  -
  TSS, , ,     ESS  -

  TSS ,      , -
       x  y, 

 ESS/TSS .     -
 (coefficient of determination)   R2,   

n

i
i

n

i
i

yy

yy

TSS
ESSR

1

2

1

2

2

)(

)ˆ(
, 

    (1.1) 

n

i
i

n

i
ii

yy

yy

TSS
RSSR

1

2

1

2

2

)(

)ˆ(
11 . 

      RSS  TSS . 
     0   

____________ 
1   , ,   ( , 2004).   -

       : SSR, ESS (error sum of squares), 
( , , , 2005), SSE.       

      ,      
 . 
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 RSS  TSS .         
x  y  , 0ˆ   ESS  0 (     

  y). 
     1  -

  RSS  0.         
x  y    :   (xi , yi), i  1, ..., n, -

    xy ˆˆ .   ESS  TSS  (  -
       y). 

 ,      

10 2R . 

  «   »  «  , -
 ».      RSS  

 ,  0ˆ   « »    y   ȳ , -
    y   x .     

   x         
 y     .     

     

1
)(

1
1)(

1

2

n
TSSyy

n
yVar

n

i
i ; 

  TSS  RSS   ESS  0. 
 0ˆ     TSS  ESS   RSS  ESS   0, 
  : 

111
)(

n
RSS

n
ESS

n
TSSyVar . 

 

,)ˆ(
1

)ˆˆ(

1

)ˆ(

1
1

2

1

2

yVar
n

yy

n

yy

n
ESS

n

i
i

n

i
i

 

 ŷ  — ,   i-    iŷ . 

   1  0
1

n

i
ie ,   

n

i

n

i
ii

n

i
ii yyyy

1 11

ˆ,0)ˆ(   yy ˆ .    

____________ 
1 .  -1.2     1.2. 
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2

eVar
n
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n
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n
RSS

n

i
i

n
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i

n

i
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 e — ,   i-    ei . 

   ,  .01

n

e
e

n

i
i

 

    
,)()ˆ()( eVaryVaryVar  

,    y (   -
  Var(y))     

ŷ  (     )ˆ(yVar ).   -
 ŷ     y   

 e (     Var(e)). -
   Var(y)     

(analysis of variance — ANOVA). 
 ,   ŷ      
     y.    

   ,      
R2,        

)(
)(1

)(
)ˆ(2

yVar
eVar

yVar
yVarR . 

  ŷ    -
 x,   ŷ     x,  ,  

  ,      -
 y   x.      y 
     (explained variable),   -

 x —     (explanatory variable).   
 ,      -

   ( )  ,   -
  .      

       -
         -

1. 
    .     -

 ,     
,,,1,)( nixy iii  

____________ 
1 .   1.3.4 (  1.3). 
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  y,    —   -

   x.   

ESS 0.043474  
RSS 0.161231  

 TSS 0.204705 , 
  

Var(ŷ )  0.043474/16 0.002717  
Var(e)  0.161231/16 0.010077  

 Var(y)   0.012794 , 

.212374.0204705.0043474.02R  

     . -
   ,        R2, 

         
 . 

   yyr ˆ    y  ŷ ,  

xy ˆˆˆ ,  ˆ   ˆ  —         
     x  y. ,  

eyy ˆ  (   iii yye ˆ   ), : 

)ˆ()(
)ˆ,()ˆ,ˆ(

)ˆ()(
)ˆ,ˆ(

)ˆ()(
)ˆ,(

ˆ
yVaryVar

yeCovyyCov
yVaryVar

yeyCov
yVaryVar

yyCovr yy . 

      TSS   

0)ˆ)(ˆ(
1

n

i
iii yyyy , 

   0)ˆ(
1

n

i
ii yy     

0)ˆ(ˆ
1

1
1

n

i
iii yyy

n
, 

      ,  )ˆ,( yeCov . , 

)(
)ˆ(

)ˆ()(
)ˆ(

ˆ yVar
yVar

yVaryVar
yVarr yy , 
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.
)(
)ˆ( 22

ˆ R
yVar
yVarr yy  

  ,     
     y  ŷ .  -

        x  y,  -
  R2,   1,    1   

   y  ŷ . 
 ,      2.1, yyr ˆ   -

   (multiple-R, -R). 
 ,   ŷ      ,   y, 

      y  yyr ˆ   -
.  ,    R2  -

       x  y. 
, ,  

.
)()(
),()ˆ(sign

)(ˆ)(

),(ˆ
)ˆˆ()(

)ˆˆ,(
)ˆ()(

)ˆ,(

2

ˆ

xVaryVar
xyCov

xVaryVar

xyCov

xVaryVar

xyCov
yVaryVar

yyCovr yy

 

 sign(z)  1  z < 0 , sign(z)  0  z  0, sign(z)  1  z > 0. 
 

)(
),(ˆ

xVar
yxCov , 

 )),((sign)ˆ(sign yxCov   ,)),((signˆ xyyy ryxCovr    

.22
ˆ

2 Rrr yyxy  

   , : 
   R2      

   (      -
 rxy      ); 

    R2    -
     x  y (   

   x  y),     
    x  y   -

   x,    rxy  -
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        (  -
    x)    

 . 

 1.2.  rxy  < 0,  sign(Cov(y, x))  1  0ŷyr ;   
rxy  0,  sign(Cov(y, x))  0  ;0ŷyr   rxy > 0,  sign(Cov(y, x))  1 

 0ŷyr ,    0ŷyr . 

 -1.2  

     ˆ   ˆ    -
   

n

i
ii xyQ

1

2)(),(  

         ( )  x1, ..., xn ,  
y1, ..., yn .         -

     z  Q( , )     ,  
. .     Q( , )      

  : 

,0),(Q  

   Q( , )        : 

.0),(Q  

        (normal 
equations) 

,0),(

0),(

Q

Q

 

     ˆ,ˆ 1.  ,    
  

,)1()(2),(
1

n

i
ii xyQ  
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1  ,         -

  . 
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        ˆ , ˆ    
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,ˆˆ1ˆˆ yye,xy  

  
.ˆ eyy  

   -1.2   
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n

i
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n

i
ii xxyxy  

     

,0,0)1(
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n

i
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n

i
i xee     .xe,e TT 001  

   ,    e  
  1   x    x.  , 

  , ,      1  x 
   L2(1, x) n-   -

,        1. 
 ŷ      1  x,    -
 L2(1, x).    e  L2(1, x),   

 ,  L2(1, x),  ,    ŷ . 
 ,   eyy ˆ  -  , 

   . 1.9  ABC — .  
  ŷ      y  L2(1, x). 

,    ȳ   y1 , ..., yn   
 .    A   ȳ   ȳ  1,   -

  1  ȳ  .    L2(1, x),    
A      D.   BCD. 

 DC    ŷ   ȳ  1,    -
 L2(1, x).   BC  CD (    e  L2(1, x)),  -

 BCD — .    :  
|BD|2  |CD|2 + |BC|2, . . 

,yyyyyy 222 ˆˆ  
    

.)ˆ()ˆ()(
1

2

1

2

1

2
n

i
ii

n

i
i

n

i
i yyyyyy  (1.2)

____________ 
1  L2(1, x)    ,   -

  1  x.     -
 1  x. 
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iii yyyy  

   ,     -1.2 . 
 ,   ȳ   0  (1.2)   ,  
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2
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2
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i
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n
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i yyyy  

         
   ABC. 

, ,    C  . 1.9  
,  ˆ   0  ˆ  0. ,   ˆ   0,  ˆ  0, -

L2(1, x) 

x 

B 

A
C 

D 
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ȳ ·1 
ŷ  ȳ ·1 
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ŷ 
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  ,   C     ,    x; 
      .  ˆ  0,  ˆ   0,  

 C     ,    1. ,   
,    yˆ   yyiˆ ,    ŷ     

ȳ   ȳ  1.     ȳ  0,   C    D,   -
   A.  (1.2)  ,    

.)()(
1

2

1

2
n

i
i

n

i
i yyyy  ,     ȳ   0,    0ˆ   

 ,0ˆ    C  D    A,  y  -
 L2(1, x), ŷ   0   e    y.  (1.2) 

      .
1

2

1

2
n

i
i

n

i
i yy  

  

01.     « »     
     ? 

02.      ?      
   ?     -

,    ? 
03.     ,    -

   ? 
04.          

    y    x    -
 Cov(x, y)? 

05.          
  y    x      x  y? 

06.    ,     -
 ,       

   ?     
? 

07.    ?     ?   
        ?  

   ? 
08.    ,   — ? 
09.     ,   -

    yi  (   xi)  i , i  1, ..., n,   
       

 x  y? 
10.           -

  ? 
11.      ,      

    ,     — 
   ? 
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12.      ,      
    ,    -

 —    ? 

 1.3 
          

    .       

 1.3.1 

 . 1.4        -
             

  15  (    ,  —  ). 

 1.4 
        15  

i ,  , .  i ,  , . 

1 12.0 0.54  9 12.0 0.44 
2 10.0 0.51  10 13.0 0.44 
3 13.0 0.49  11 13.5 0.43 
4 11.5 0.49  12 14.0 0.42 
5 12.0 0.48  13 13.5 0.41 
6 13.0 0.48  14 14.5 0.40 
7 12.0 0.48  15 13.0 0.39 
8 12.0 0.47     

    -
   . 1.10. 

,    
  yi     xi   i , i  1, ..., n, 

 yi  —–   i-  , xi  —  
 i-  ,   

      
      -

  : ˆ   21.100, ˆ = 18.559. 
 ,   

    y  21.100   
 18.559x.   

TSS  17.6,    RSS  8.562,    ESS  9.038, 

. 1.10 

 0,35
9

15

0,55 
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    R2  0.514, . .   -
 51.4%     .   -
   ,    

 .  

 1.3.2 

 . 1.5       y   -
   (  )      x (    ) 

   1948  1961 . 

 1.5 

         1948  1961 . 

 , 
 

,  
.    , 

 
,  

.   

1948 67.8 0.5370  1955 66.6 0.4256 
1949 67.7 0.4726  1956 67.4 0.4111 
1950 69.2 0.4556  1957 61.5 0.4523 
1951 71.9 0.4655  1958 60.2 0.4996 
1952 72.4 0.4735  1959 67.6 0.4183 
1953 63.5 0.5047  1960 65.2 0.4433 
1954 60.0 0.5165  1961 62.2 0.4448 

     
  . 1.11. 

  yi       i , i  1, ..., n, 
 yi  —    i-   

 , xi  —  
    i-  ,  -

    -
        

   : ˆ   77.552, 
ˆ  24.925.  , -

      y   
 77.552  24.925x.   

TSS  208.194,    RSS  196.701,    ESS  11.493, 
    R2  0.055.    -

     5.5%   
.  

. 1.11 

 0,4 
59 

74 

 

0,55
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 1.3.3 

        -
          1970  1979 . 

( . 1.6).       (   . ). 

 1.6 

         
   1970  1979 .,  . 

      

1970 0695.2 0621.7 

1971 0751.9 0672.4 

1972 0810.3 0737.1 

1973 0914.0 0811.7 

1974 0998.1 0887.9 

1975 1096.2 0976.6 

1976 1194.3 1084.0 

1977 1313.5 1204.0 

1978 1474.3 1346.7 

1979 1650.5 1506.4 

    ,   . 1.12. 
,    

  yi     xi   i , i  1, ..., n,  
 yi  —     

  i-    
, xi  —  -

    ,  -
    -

       
   -

      
: ˆ   30.534, ˆ  0.932. -

 ,    
 y  30.534  0.932x.   

TSS  791138.545,    RSS  740.320,    ESS  790398.225, 

  R2  0.9995.   -
      99.95%   

   .  

. 1.12 

 600
600

1700

1700 
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,       
 1    R2    ,  -

       
     .  

      . 

 1.3.4 

      1957  1966 .   
   : E —   -

   (  . / ), C —   -
   (   )  H —       -
       (  ).   -
   . 1.7,       

 . 1.13. 
 1.7 

        

   
,   

,  
 /  

 ,  
 

1957 34.9 0716 478 
1958 35.9 0724 478 
1959 37.9 0797 478 
1960 41.1 0844 481 
1961 43.5 0881 483 
1962 46.7 0946 493 
1963 48.9 1011 520 
1964 52.0 1083 528 
1965 56.1 1157 528 
1966 62.6 1249 534 

    ,    -
,          

    .  , ,   

E  2625.5  7.131H ,    R2  0.900; 
C  129.30  0.350H ,    R2  0.871; 
E  23.90  19.950C ,    R2  0.993; 
C  0.860  0.0498E ,    R2  0.993. 

,   ,    -
   ,     ,   
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. 1.13 

       , -
:  19.950  0.0498  0.993     R2    -

 . 
       
 .   ,   « » 

        -
 « »     .    

  ,      -
        

      ,     (0.9) 
      .  

 ,   ,     
( ,  — spurious)  ,   -

  .    -
   ,    -

   (   ),    
     1.3.4. 

 ,   ,    -
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yxrR    ,    1   
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xVaryVar
xyCovryx , 

 .))((
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n
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  Var(x)  Var(y)  rxy     1,  
   Cov(y, x) > 0.   -

   (yi  ȳ )  (xi  x̄ )     
  y  x,      ,    
         -

. (          -
 ,  ,     
  . ,      -

,     ,    , 
 ,  ,   .) 

   rxy     1,   
  Cov(y, x) < 0.     

 (yi  ȳ )  (xi  x̄ )      
 y  x,   ,       -

 ,   . (        
 ,     ,   
,  ,  ,   .) 

  ,    1   -
        
   ,     -
    . 

       -
 ,      ( -

 ).    . 

 1.3.5 

          
        1970  1983 . ( . 1.8).  

    ,     1972 .;   -
          

. (    1972 .   100%.) 
    ( )  -

  . 1.14.    : y  1.743  0.0023x. 
  R2  0.9398. 
    ( . 1.15)  

   y  3.758  0.0003x.    
    R2  0.0353.  

        1.3.3  ,  
         

        
    . 
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      1970  1983 .,  . 

 
 

 
 

 
 

 
 

 

 
 

 

 
 

1970 0695.2 3.1 092.0 0751.6 3.4 

1971 0751.9 3.3 096.5 0779.2 3.4 

1972 0810.3 3.4 100.0 0810.3 3.4 

1973 0914.0 3.6 105.7 0864.7 3.4 

1974 0998.1 4.0 116.4 0857.5 3.5 

1975 1096.2 4.4 125.3 0874.5 3.5 

1976 1194.3 4.7 131.7 0906.4 3.6 

1977 1313.5 5.0 139.3 0942.9 3.6 

1978 1474.3 5.5 149.1 0988.8 3.7 

1979 1650.5 6.2 162.5 1015.7 3.8 

1980 1828.7 6.3 179.0 1021.6 3.5 

1981 2040.9 6.2 194.5 1049.3 3.2 

1982 2180.1 6.6 206.0 1058.3 3.2 

1983 2333.2 6.6 213.0 1095.4 3.1 

 

       
( . 1.9). 

     . 1.16. 
    y  67.655  0.979x.  

        -
  : R2  0.9918.  ,   -  

. 1.14 
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. 1.15 
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 1.9 
   1.6 

   
 

  
 

  
  

1970 751.6 672.1 092.0 
1971 779.2 696.8 096.5 
1972 810.3 737.1 100.0 
1973 864.7 767.9 105.7 
1974 857.5 762.8 116.4 
1975 874.5 779.4 125.3 
1976 906.4 823.1 131.7 
1977 942.9 864.3 139.3 
1978 988.8 903.2 149.1 
1979 1015.70 927.6 162.5 

 

        -
         -

 . 

 1.3.1.      -
          -
 1.3.1  1.3.2 (        -
)      . 

,     ,   
  1 .          

      ,    
  . , ,  ,    

       -
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     —  -

      .  
       1.4. 

   

        
  , ,       , 

        -
   , « »   

  .      1.3.4. 
          

    (E)      
         (H).  -

      : R2  0.900. 
        -

    ,  -
       .   

    : 

E  613.333  59.539t ,    H  459.067  7.461t , 
 t — t-     . 

        0.9812,  
   — 0.8705.  ,    

E  H   « »   t, -
       . 

  « »    E  H, « -
»       ,   

. 
   

,)539.59333.613()( tEte tE  

    ,    

,)461.7067.459()( tHte tH  

    .   eE   eH , -
  eE(t)  eH(t) , t  1, ..., 10,  -
   « »  E  H     

 .  « »     
E  H,   , ,  ,  -

  reE , eH
  « »  eE   eH . 
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    eE   eH    

.420.10000.0 HE ee  

    R2  0.2454  0.900    « -
» .    « » 

 eE   eH  
,4954.02454.0, HE eer  

. .      9487.0900.0,HEr  
 « »  E  H. 

  reE , eH
  « »  eE  eH 

    (partial correlation coeffi-
cient)   E  H       t. 

   ,   «  » 
 reE , eH

  0.4954  n  10 «  »  ,   
    ,    eH     
 eE     eH    0. 

    

          
         -

      ,   -
    –    . 

, ,      
 ,           -

 . 
          

  x  y    n  (xi,  yi), i  1, ..., n, 
  .       -

       yi     xi   i , i  1, ..., n. 
 ,       

xi     yi   i ,    i  1, ..., n? 

 yxyx
ˆ,ˆ  —       yi    

   xi   i , i  1, ..., n,  xyxy
ˆ,ˆ  —        

  xi     yi   i , i  1, ..., n.  

,
)()(
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)(

),(
)(
),(ˆˆ

2

xVaryVar
xyCov

xVar
xyCov

yVar
yxCov

yxxy  
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(   Cov(y, x)  Cov(x, y)), . . ,ˆˆ 2
yxyxxy r  ,  ,22

yxrR  

.ˆˆ 2Ryxxy  

      « »   

,ˆˆ yx xyxy  

    —  

.ˆˆ xy yxyx  

    Cov(x, y)   0 (  -
    ,     

    ),  ,0ˆˆ
yxxy    

« »   : xyx ˆ  —   , yxy ˆ  —  
  . 
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ˆ
ˆ
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xyxy
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   x       
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yx ˆ

1ˆ ,   . .   ,1ˆˆ
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        ,  
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ˆ
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yx       .ˆˆˆ xyxyyx  

 ,ˆˆ xy yxyx    

.ˆˆˆˆ)ˆ(ˆˆ xyxy xyyxxyxyyxxyyx  

 12R   

.ˆˆˆ xy xyxyyx  
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   12R      .  , « -
»         ,  ,  

     (xi,  yi), i  1, ..., n. 
 , « » ,    -

 ,        ,     
(xi,  yi), i  1, ..., n,     (   e1   ...  en   0),  

 12R .    ,12R    « » -
    .     -

   ( x̄, ȳ ),   12R     « ». 
  02R  « »    . 

,         -
  (    xi     yi   i ,  

i  1, ..., n)  ,   . 1.17. 
« »       

,695.1291.1 yx  
   

.212374.02R  

   0.125265  1.695402 « » 
        0.212374  -

   R2. 
 « »       

 ,       :    
        
  ,   y,    —  , 

  x.       
  . 1.18 (   — ,   -

 ). 

. 1.17 

BEL 2,8 3,23,0
5,5 

6,5 

7,5 

ZVET 

3,4

. 1.18 

ZVET 5,5 6,56,0 7,0
2,8

3,0

3,2

3,4
BEL 
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        ,  
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  CAPM (capital asset pricing model).    
 ,  CAPM,   : 

,,,1,)( nirrrr jifimijfiji  

 rji —   i-     j-  ; 
 rmi —   i-    ; 
 rf i —   ; 
 j — (  ,   ) —   ( -

)   j-  . 

   (xi,  yi), i  1, ..., n,  ,  -
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(    ),     -
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 ,  ,    y  ˆx. 

       ,0
1

n

i
ie     

         ( . -
 1.3.4    .) 

 ,    

,)ˆ()ˆ()(
1

2

1

2

1

2
n

i
ii

n

i
i

n

i
i yyyyyy  

 ,ˆˆ ii xy  . . 
,ESSRSSTSS  

   ,    -
  R2     ,  -

 . 

   
TSS
ESS   

TSS
RSS      1. 

 ,      
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i 1 2 3 4 

xi 0 0.2 0.4 3 

yi 0.5 0.8 1.2 2 

  RSS  1.5377, TSS  1.2675, 
ESS  4.0088.  R2   

TSS
ESSR2    R2  3.1627 > 1, 

   
TSS
RSSR 12  — -

  R2  0.213138. -
 ,     -

 .9017.1
1

n

i
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   ,     
      -
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  ,  e  x .     -
      , -

  e  1.    
      ,     -

 ,0
1

n

i
ie         -

. 
      -

 TSS  ESS  RSS    ,      ŷ  
  ŷ   ˆx     y    

  L1(x),   x,    
   L2(1, x),  -

 1  x,         -
.   . 1.9  BCD     -
 . 

  

1.         ? 
   ? 

2.     ? 
3.         -

,       ? 
4.        -

 ?       
   ,     

 ?      ? 

  1.4 
     

     

        -
  . ,     -

  DPI      ,    C  
       ( ,  

 ),        
 

,)(DPIfC  

 ,       DPI.  
     . 1.20. 
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    -

    .  
     

    
(marginal propensity to consume — MPC) 
(    ), 

    -
  DPI0   -

: 

DPI
DPIfDPIDPIfDPIMPC

DPI

)()(lim)( 00
00 . 

 , 

.)()( 00

0

DPIf
DPId
dCDPIMPC

DPIDPI

 

    f (DPI)   
MPC(DPI)   DPI.     MPC, 

         DPI  C. 
     DPI  C    

(power relationship): 
,)()( DPIDPIfC  

   > 0,  0 <  < 1.    

,)()( 1DPIDPIMPC  

         -
 DPI. 

      ,    
         -
 (      !)  ( ,   

 ). ,    , 
: 

,logloglog DPIC  

,  logC  C*, log   *, logDPI  DPI*, 

.*** DPIC  

        -
: 

,,,1,*** niDPIC iii  

       . 

. 1.20 

DPI 
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  X  Y   

,)(XfY  
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    Y    X. 
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 (elasticity function) (X),    X  X0   
    Y  f (X)   -
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X
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XfXXf

X
X
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 (X0)  1  (X0)  1 (   | (X0)|  1),  ,   Y 
 (elastic)     X  X  X0.   | (X0)|  1, 

 ,   Y  (non-elastic)     X 
 X  X0.     (X0)  1  (X0)  1 

(   (unit elasticity)). 
  ,   , -
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.)()( XMPY
Y
X

dX
dY
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Y
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ln)( . 

 MPY(X0)       
 Y  f (X)  X  X0,    (X0)   -
     lnY  lnX  X  X0.  
,   MPY(X), . . MPY(X)  ,   
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    (X)       
  

,lnln XY  

     

,)lnexp( XConstXY  

    (    0)   (    0) 
  Y     X. 

:  (X)  ,        
      Y   -

 X  1%. , , ,XY      0.5,    
 X  4   1% , . .   X  4.04.   -

 Y   Y  2  ,04.4Y  . .  0.498%,     0.5%. 
   1    1 (   | |  1),   Y   -

   X.   | |  1,   Y     
  X.     1    1   

. 
 ,    Y    X      

1

1)(

X
X

X
Y
XX  

    0   0  1    X  0  .   
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 1.4.1 

       (DPI)  -
     (C)  .   -

 ,    1972 . ( . 1.9). 
     1970—1979 .    -

  
DPIC 98.066.67  

(  ,  ,     ). -
 0.98        -

 ,     .   
         

    1970  1979 .   

10.1
6.75198.066.67

6.75198.0  

  

.07.1
7.101598.066.67

7.101598.0  

        -
       .   

     ,    ,  
 ,         
 « »     ,   .  

          -
,    . 

,  Y –   ,  Z –   -
,     ,     -

  : 

,0,0,
Z

Y  

   ,   . 1.21. 

  
Z

X 1       -

 Y    X .     Y  Z    1 
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Z
Z

Z
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Z
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 (   ) .      

Y  Z    
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  exp(3)  20.09,   
 Y  20.09  -

    

Z
Y 103exp . 

   -
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 1.4.1.  X  Y —    -
,  

  Y    X   level-level . -
        -

 Y     X  1; 
  lnY    lnX   log-log . -

       -
 Y     X   

    Y   
  X  1%; 

  lnY    X   log-level . -
      -

 (semi-elasticity).    -
 X  1   Y   

 100 %; 
  Y    lnX   level-log .  

   X  1%  -

 Y    
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          ,   
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1

2
n

i

b
ii XaYbaQ  

       , 
        .   

      (nonlinear least 
squares — NLLS).       

 ,       
  ,     

  a  b  ,  Q(a, b).   
    ,     

 Q(a, b).  , ,    
  (       ),  

    , . .   
  .       : 

a)         
    ; 

) ,     , 
      . 

         -
  . 

    ,  
      

 

         -
,        -

        . -
  . 

   — 1    , 
           -

____________ 
1   —    1961  1963 .,   —   

 1963  1969 . 
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. ,        -
     ( . .    

    ).  ,    
      . , ,   

     1961  1969 . ( . 1.11). 

 1.11 
       1961  1969 ., %* 

 1961 1962 1963 1964 1965 1966 1967 1968 1969 

INF 1.0 1.1 1.2 1.3 1.7 2.9 2.9 4.2 5.4 

UNJOB 6.5 5.4 5.5 5.0 4.4 3.7 3.7 3.5 3.4 

* UNJOB —       ; INF —  . 

 . 1.24      UNJOB  
 INF,    ,  ,   

         
  , . .     

.,,1, niUNJOBINF iii  

   -
  — R2  0.7184, 

  , 
     -
    -

 1.   -
     

     
   -

    1961  1969 . 
(  ). 

       
    

     
  ,       

  .      -
,       -
  . 

       . 1.24  
   ,    

 
____________ 

1        ,   -
        . 

. 1.24 

UNJOB 3 5 4 6 
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7 

1
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,,,1,1 ni
UNJOB

INF i
i

i  

     INF  UNJOBINV   

UNJOB
1 .       

UNJOB
INF 147.2790.3  

      : R2  0.8307. 
     INF  UNJOBINV ( . 1.25) 

       . 
        INF  

UNJOB    1961—1969 . ( . 1.24),  ,   
 INF  UNJOB, - ,    

INF  3.        -
 —  (Michaelis-Menton model): 

UNJOB
UNJOBINF

2

1 , 

     

UNJOB
INF

2

21
1 , 

     . 
        

INF
Y 1 , 

UNJOB
X 1 . ,  

,111 1

2

11

2

1

2 X
UNJOB

UNJOB
UNJOB
UNJOB

INF
Y  

 
1

1 ,  
1

2 . 

     
INF

Y 1 , 
UNJOB

X 1  -

  . 1.26. 
          

,    : 

Y  1.947  5.952X,     R2  0.9914. 



 1.        ... 71 

   1.947,   5.952,   ,514.01
1  ,057.312   

    —   : 

UNJOB
UNJOBINF
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514.0 . 
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UNJOB
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3
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,213  
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1

2
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3
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 1 , 2          1 , 2 , 
     ( , 1  0.5, 2  3.0), 
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. 1.25 
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0
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       -
: 

;370.1,117.3,581.0 321  
    

117.3
370.1581.0

UNJOB
INF . 

 . 1.27      INF 
(INFtrue)   (INFmodel),    . 

  ,    
       -

     .    
        -

        .  
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 . 1.28. 
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      ,    
      R2  0.0864, 

      INF  UNJOB. 
      -    -
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 1.4.3.     
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 ,      INF,   
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INF

Y 1 . 
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  2.1 
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  ( )  

pp xxy 11  

  y  x1, ..., xp,     
     ,     

  ( ,      -
).  , «  »   y  -
    x1, ..., xp,  1, ..., p  -

   .       
  —   (intercept),   -

 x1  « »,   1,   
  1. 

, ,     —  

,, LAKLKQ  
 Q —  ; 

 K —  ; 
 L —   , 

     : 

LKAQ loglogloglog . 
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,          
 ,    —     . 

      : 

332211 xxxy , 

 y  logQ , x1  1, x2  logK , x3  logL , 1  logA , 2  , 3  . 

      -
  p   (  ), -
   y  1x1    pxp,   

,,,,1,11 pnnixxy iippii  

 yi —     i-  ; 
 j —   j-   ; 
 xi j —  j-     i-  ; 
 i —   ( )  i-  ; 
 n —  . 

 yi, xi1, ..., xip,  i  1, ..., n,  —    -
  (statistical data),   (observations).   
      1, ..., p. -

:    ,   -
  1, ..., n. 

     .   
  ,       

 ,  ,    
       -

     0.  ,   
, . .  

.,,1,0),,( 1 nixxE ipii  

          
yi    xi  i ,     

,)( iii xxyE  

        yi  -
 xi  1. 

, ,       
 ( , ,    )    

 .       xj 
 1         -
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 y   j.   ,   xj     
   ,   ,   

        -
 .  j    y 
  xj  1,       

   (  «   » — 
ceteris paribus). 

       —   -
     : 

,,,1,loglogloglog niLKAQ iiii  

,  niLKE iii ,,1,0),( .  

iiiii LKALKQE logloglog),(log , 
 : 
       logQi  -

 logKi  1    logLi   
         

   ; 
       logQi  -

 logLi  1    logKi   
         -

   . 

      
 (least squares)       -

 1, ..., n   

.)(),,(
1

2
111

n

i
ippiip xxyQ  

        -
 

,ˆ,,1̂1 pp  
  

.),,(min)ˆ,,ˆ( 1,,1
1

pp QQ
p

 

     RSS,   

,)ˆˆ(
1

2
11

n

i
ippii xxyRSS  

    . 
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  R2   

TSS
RSSR 12 , 

 

.)(
1

2
n

i
i yyTSS  

 
,,,1,ˆˆˆ 11 nixxy ippii  

(  — fitted,     -
     )    (residual)  

 i-    
,ˆiii yye  

: 

.)ˆ(
1

2

1

2
n

i
i

n

i
ii eyyRSS  

 
n

i
i yyESS

1

2)ˆ(  

—  ,   (explained sum of squares),  
      p  2,   

,ESSRSSTSS  
  

TSS
ESSR2 . 

         
    .   

,2
ˆ

2
yyrR  

. .       
 ry, ŷ    y  ŷ .   -

   (multiple-R),   -
     y   ŷ , 

,  , « »    
,      . 

   p
ˆ,,1̂ ,   

,)(),,(
1

2
111

n

i
ippiip xxyQ  
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       (   
 1, ..., p)     1, ..., p. 

     : 

0)()ˆˆ( 2

,0)()ˆˆ( 2

,0)()ˆˆ( 2

1
11

1
211

1
111

n

i
ipippii

n

i
iippii

n

i
iippii

xxxy

xxxy

xxxy

 

 

.ˆˆˆ

,ˆˆˆ

,ˆˆˆ

11

2
2

1
21

1
1

1
2

1
22

1

2
21

1
12

1
1

1
12

1
211

1

2
1

n

i
ipip

n

i
ip

n

i
iip

n

i
iip

n

i
iip

n

i
ipi

n

i
i

n

i
ii

n

i
iip

n

i
ipi

n

i
ii

n

i
i

xyxxxxx

xyxxxxx

xyxxxxx

 

  p    p  ˆ
1 , ..., ˆ

p .   
   ,       

 .  -     
  

,ˆ yXXX TT  
 X —   p     n  

npnn

p

p

xxx

xxx
xxx

X

21

22221

11211

; 

 X T  —   

nppp

n

n

T

xxx

xxx
xxx

X

21

22212

12111

; 
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 y  ˆ —  -    -
  n   -   p  

 

pny

y
y

y

ˆ

 ˆ
 ˆ

ˆ, 2

1

2

1

. 

      (  
   ),   : 

 X TX  , . .     0: 

,0det XX T  

   : 

  X  . 

     X TX  (  p  p)  -
    (X TX ) 1.        

yXXX TT ˆ     (X TX ) 1,     
 : 

.)(ˆ 1 yXXX TT  

  : 

.
 
 

,

ˆ

ˆ
ˆ

ˆ,
 
 

,
 
 

2

1

2

1

2

1

2

1

nnnp e

e
e

e

y

y
y

y  

   

nixxy iippii ,,1,11 , 

   -   

Xy . 

     

,ˆˆ Xy  
   

.ˆˆ Xyyye  
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        ,  
      -

. 
      ,   

 e      

,,,, 2

1

2

22

12

2

1

21

11

1

np

p

p

p

nn x

 x
 x

x

x

 x
 x

x

x

 x
 x

x  

. .    L(X )  L(x1, x2, ..., xp)  
 Rn,   x1, x2, ..., xp     -

. 
 ˆˆ Xy     : 

,ˆˆˆ 11 pp xxy  

. .       x1, x2, ..., xp,  -
,   L(X )     e. 

    yye ˆ  ,  

,ˆ eyy  
 , : 
  ŷ     y  L(X ); 
  e     y  -

,     -
 L(X )  Rn. 

,  

,)(ˆˆ 1 yXXXXXy TT    ,))((ˆˆ 1 yXXXXIXyyye TT
n  

  H  X(X TX ) 1X T , : 

,)(,ˆ yHIeyHy n  

  H  X(X TX ) 1X T  —     Rn  
 L(X ); (In  H) —     Rn  L (X ) — 

   L(X ). 
      : 

.ˆˆˆ
)ˆ()ˆ()ˆ()ˆ(2

XXXyyXyy

XyXyyyyyeeeRSS
TTTTTT

TTT
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  yTX  — ,  ,ˆ)ˆ(ˆ yXXyXy TTTTT    

).ˆ(ˆˆˆˆˆˆ yXXXyXyyyXXXyXyyRSS TTTTTTTTTTTTT  

   yXXX TT ˆ  (   )  
,  

ˆˆ XXyyRSS TTT , 
     : 

.|ˆ||| 22 XyRSS  

   222 |||ˆ||| eyy ,   
  Rn. 

      (  
)          1923  

1939 .,   . 2.1.    T —   
   ; DPI —      

; P —   .     
  . 

 2.1 
     1923  1939 ., %  1925 . 

 T DPI P   T DPI P 

1923 099.2 096.7 101.0  1932 153.6 105.3 65.4 
1924 099.0 098.1 100.1  1933 158.5 101.7 61.3 
1925 100.0 100.0 100.0  1934 140.6 095.4 62.5 
1926 111.6 104.9 090.6  1935 136.2 096.4 63.6 
1927 122.2 104.9 086.5  1936 168.0 097.6 52.6 
1928 117.6 109.5 089.7  1937 154.3 102.4 59.7 
1929 121.1 110.8 090.6  1938 149.0 101.6 59.5 
1930 136.0 112.3 082.8  1939 165.5 103.8 61.3 
1931 154.2 109.3 070.1      

        
        

 DPI,        P.  -
        

   ,       -
,     . 

       -
  

,lglg 11 DPIT     .lglg 22 PT  
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     ,   
      (   
 ) —        -

   (  )    
     1  2  . 

 Ti , DPIi , Pi  —   T, DPI, P  i-     
  ,   i  1, ..., 17 , , i  3  

 1925 . 
       

  : 

,lglg 111 iii DPIT    ,lglg 222 iii PT    .17,,1i  

        -
 : 

  : ˆ1  1.442, ˆ
1  0.348,    

  lgT  1.442  0.348lgDPI ,   

ESS  0.000959,  RSS  0.099185,  TSS  0.100144,  R2  0.0096; 

  : ˆ2  3.564, ˆ
2  0.770,    

  lgT  3.564  0.770lgP ,   

ESS  0.087729,  RSS  0.012415,  TSS  0.100144,  R2  0.8760. 

      . , 
,  :      
 T     ,  -

  ?      -
 ? 

        
 — DPI  T,    : 

.lglglg PDPIT  

        -
        P  -
,    —         

   . 
      

 
.,,1,lglglg niPDPIT iiii  

      -
   : 

,829.0ˆ,143.1ˆ,374.1ˆ  
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,lg829.0lg143.1374.1lg PDPIT  
  

ESS  0.097577,   RSS  0.02567,   R2  0.9744. 

:    TSS  0.100144        
,         

   . 
 ,       -

     — DPI  P   
         

,     —   0.8760  
 0.97441.   ,    

    0.9744     
 0.8760  0.0096         

 — DPI  P. 
 1.143       

          
  P  ,   0.829 —   -

          
 .      

   ,         -
  .   ,       

,       . 
        

      — —
 (Frisch-Waugh-Lovell theorem).       FWL-

. (          
(Davidson, MacKinnon, 1993).) 

   y  X      p    n -
      ,   

2

1
21 ,XXX , 

 X1 —   n  (p  1); 
 X2 — (n  1)- ; 
 1 — (p  1)  1- ; 
 2 —  ( ); 
____________ 

1    ,        -
      .   

  ,       .    
  . 3. 
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,2211 XXy  (2.1)

 X2 —     . 

  ,   , , 
    xp. 

 P1 —    Rn    
L(X 1),  -   X1,  M1 —  -

  Rn     L(X 1).  -
    y    , . .  

 x1, ..., xp  1 ,    

,11 yMyPy  

    M1y  y  P1y    -
 y    x1, ..., xp  1 . 

      xp  -
 x1, ..., xp  1     

ppp xMxPx 11 , 

    M1xp  xp  P1xp    -
  xp    x1, ..., xp  1 . 

   ,    -
    y,   —  -

 xp: 
.121 pxMyM  (2.2)

  —  — .    -
 2   (2.1)  (2.2)  . 

 2.1.1.   y  xp    
 ,  ,    

  y  xp   . 

       ,   
  lgTi    lgDPIi  lgPi  i,  i  1, ..., 17   

    ˆ   1.374, ˆ
1  1.143, ˆ   0.829.  

  ,   FWL- ,  -
 lnP. 

    lgT    lgTi  
 1  1lgDPIi  1i,  i  1, ..., 17,        
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ˆ1  1.442, ˆ
1  0.348. ,     -

 M1lgT  : M1lgT  lgTi  (1.442  0.348lgDPIi). 
    lgP   lgPi  3   

 3 lgDPIi  3i,  i  1, ..., 17.     ˆ3  0.0586,  
ˆ

3  0.960,       M1lgP  
: M1lgPi  lgPi  ( 0.0586  0.960lgDPIi). 

   M1lgTi  M1lgPi   4i,  i  1, ..., 17.  
       ˆ   0.829. 

 ,      lgP  -
         

  ,     
  lgT  lgP,     lgDPI. 

       y  z: 

.2zzy  

   : 

.,,1,2 nizzy iiii  

   x2  z, x3  z2,    : 

.,,1,32 nixxy iiii  

  «   »,      -
      yi   

 xi2   1     xi3 .   
,   xi3   x2

i2 .   xi2      
       i-  -

   yi    xi2   x2
i2    

,2)()()(~ 2
2

2
22

2
22 iiiiii xxxxxy  

    yi    xi2    

.2 2
2ix  

   (   0),  

,22 2
2

2 ii xx  

     xi2     2 xi2 ,   . 
  «   »   ,  

       —  — ,  -
        

 x3   z2   x2   z . 



  1.   ,   86 

      x2   z .   
     : 

1311 iii xy  —     y, 

23222 iii xx  —     x2 . 

  311 ˆˆˆ ii xy , 3222
ˆˆˆ ii xx     -

  iii yyy ˆ~ , 222 ˆ~
iii xxx , . . ,   -

    .  FWL-   -
          

    ,  -
     iii yyy ˆ~   .ˆ~

222 iii xxx  

      X 

    y  1xi1    pxip  i , i  1, ..., n.  -
,     p    -

      p  , -
     xp     x1, ..., xp  1 . 

      ,    
    ,   . 

 ,    X1, ..., Xp  X  -
,   XT

j Xk  0   k  j,  k, j  1, ..., p. 
         : 

yXXX

yXXX
yXXX

yX

yX
yX

XXOO

OXXO
OOXX

yXXX

T
pp

T
p

TT

TT

T
p

T

T

p
T
p

T

T

TT

)(

)(
)(

)(ˆ 2
1

22

1
1

11

2

1
1

22

11

1 , 

 O — ,     . 

 yXXX T
jj

T
j

1)(       j  
  

.,,1, nixy iipji  

 2.1.2.         
 ,   xi1  1,   XT

1 Xk  0, 

k  2, ..., n, ,  0
1

n

i
ikx   0kx , . .     

 x2, ..., xp  (centered variables).   
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 XT
j Xk  0  k  j, k, j  2, ..., p,     

0)()(
11

n

i
kikjij

n

i
ikij xxxxxx .   ,  

Cov(xj, xk)  0.  xi1  1,  x̄1  1  Cov(x1, xk)  0    
k  2, ..., n. 

 ,      
 X        -

   x1, x2, ..., xp ( ) -
.     R2,   

 ,     -
        -

 .   ,    -
    ,   

     y      
   .    

      
 ,     
     y. 

  ,    p  3, . .  
  

M: nixxy iiii ,,1,33221  (  ), 

M2: ,221 iii xy  
M3: .,,1,331 nixy iii  

      : 

.ˆˆˆˆ
)ˆ()ˆ()ˆ()ˆ(2

XXXyyXyy

XyXyyyyyeeeRSS
TTTTTT

TTT

 

        

.ˆˆ XXyyRSS TTT  
      RSS,    

  ,  yXXX TT ˆ  (  ): 

.ˆˆˆˆ)(

ˆˆˆ

ˆ)(ˆˆˆˆ

1
33

1
22

1
33

1
22

2

1
33

1
22

1
11

n

i
ii

n

i
ii

n

i
ii

n

i
ii

T

n

i
ii

n

i
ii

n

i
ii

T

TTTTTTTTTTT

yxyxTSSyxyxynyy

yxyxyxyy

yXyyXyyyyXXyyXyyRSS
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 ,  R2  R2
2  R2

3 ,  R2
k  —  -

   Mk, . . 

TSS
RSS

TSS
RSS

TSS
RSS 32 111 , 

 RSSk —   ,    -
 Mk. 

   
.32 TSSRSSRSSRSS  

       x2  x1, x3  x1, x3  x2. 
: 

,ˆˆ
1

33
1

22

n

i
ii

n

i
ii yxyxTSSRSS  

,ˆ
1

322

n

i
ii yxTSSRSS     

n

i
ii yxTSSRSS

1
333

ˆ  

(   ˆ
k       Mk  

     ),   
   . 

    
   .  

    

      : 

1)     

,,,,1, 11 pnnixxy iippii  

 yi —     i-  ; 
 xij —    j-   -

  i-  ; 
 j —    j-   ; 
 i —   ( )  i-  . 

 -      : 
.Xy  

2) 1, ..., n —  ,   , -
    N(0, 2)   -
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    2 > 0.    
  : 

,),0(...~,, 2
1 Ndiin  

 i.i.d. — ,   (  
 independent, identically distributed). 

 ,     ( 1, ..., n)T  n-  -
 1     ( -

,   ,    (0, ..., 0)T) 
    Cov( )  2 In,  In — -

   n  n; 
3)    ,      

 ,   1,   
 (  )  : 

;,,1,11 nixi  

4)   XTX   : 

0det XX T , 
   :   X  . 

       (2),   -
       . 

  

1.         -
 ? 

2.     «   »,    
      -

 ? 
3.          ? 

     ? 
4.      , -

     ?     
   ? 

5.        
    ?   -

    ? 
6.        -

 ? 
7.          

?        ? 
____________ 

1           
.   -2    . 
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  2.2 
          

      
      .   

       

       y1, ..., yn -
      

 Y1, ..., Yn,        -
     : 

,)(,)( 2
11 iippii YDxxYE  

  
.,,1),,(~ 2

11 nixxNY ippii  

  Y1, ..., Yn    1, ..., n   
 .     Y1, ..., Yn  

   Y  (Y1, ..., Yn)T   , 
 n-   1.   

.)(,)()(, 2
nIyCovXEXYEXY  

      ,   
       

 p
ˆ,,1̂   p,,1      

  (        
  ). 

,   YXXX TT 1)(ˆ     

   ,ˆ CY   TT XXXC 1)(  —    p  n, 

  ˆ     -
   Y , ,   -
. 

     : 

,)(

)()()()())(()ˆ(
1

111

XXXX

XEXXXYEXXXYXXXEE
TT

TTTTTT

 

  ˆ      . 
____________ 

1 .  -2     . 
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   ˆ
1, ..., ˆ

p —   ˆ  -
: 

,)ˆ( jjE  

  ˆ
j     j  j-  -

 . 
     ˆ,  -

      , -
       -

  : 

.)(

)()()()(

)()()()()()ˆ(

12

112121

11

XX

XXXXXXXXXIXXX

XXXYCovXXXCYCovCCYCovCov

T

TTTTTT
n

TT

TTTTTT

 

      
(AB)T  BTAT   ,   (XTX) 1 ,    
(XTX).  ,  ,    ˆ

j : 

,)()ˆ( 12
jj

T
j XXD  

 1)( jj
T XX  — j-     (XTX) 1. 

        -
  (regression models),  : 

,,,1,),,( 1 niXXfY iipii  

 Xi1, ..., Xip, i  1, ..., n,    Y1, ..., Yn,    , 
        Yi  

   Xi1  xi1,  ...,  Xip  xip : 

.,,1),,,(),,( 111 niXXfxXxXYE ipiipipiii  

     : 
   ( ,   , )   Xi1  xi1, ..., 

Xip  xip,     Yi    f (Xi1, ..., Xip).  
     Yi     

    Xi1  xi1, ...,  Xip  xip,    ( ) -
   T

n ),,( 1 ,    -
    Yi     f (Xi1, ..., Xip). 
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, ,  i  Yi  f (Xi1, , Xip),  i  1, , n,  

,,,1),,,(),,( 111 niXXfxXxXYE ipiipipiii  

  
.0),,( 11 ipipiii xXxXE  

 . 2—5 ,  Xi1, , Xip, i  1, , n,  -
 ,   . 6  ,   

 ,       -
. 

 -    -
     (regression analysis). 

   Yi  f (Xi1, ..., Xip)  i  E(Yi|Xi1  xi1, ..., Xip  xip)   
 f (Xi1, ..., Xip),  i  1, ..., n,       -

 Yi    X1, ..., Xp . 
 Yi  f (Xi1, ..., Xip)  i      -

  (regression equation),   X1, ..., Xp — 
 (regressors). 

 f       (regression 
function).       (    
   — nonparametric regression)  -

,         
(       — parametric regression).  

     (linear)   (nonlinear) 
 . 

       -
  ,     -

      .    
         . 

,    

,...,,1, niLAKQ iiii  

  : f (K, L)  f (K, L; A, , )  AK L ;  
      A, , .   

,),,;,( LK
A
ALKf       LKAALKf 1),,;,( , 

1),,;,( LAKALKf , 

         
  . ,   

 . 
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 : 

.lnlnlnln iiii LKAQ  

     : f (K, L)  lnA  lnK  lnL. 
     A,   ,   
    A    : 

,),;,( 1A
A
ALKf  

    . 
     lnA,   ,   
    lnA     : 

1
ln

),,;,(
A
ALKf , 

    . 
,   (1)  (2)    2.1, 

      -
  y   x1 , ..., xp .  « » (mul-

tiple)           
   ,   .  « -

» (normal) —      -
 .     ( . .   

    ),     -
    (     

 — multiple linear regression).  « » (regression)  
        .  

   ,  -     . 

 2.2.1 

     .   -
 x          -
 ,    y — ,    -

      (  100-   
).  ,   38 ,   

         
   

xy 789.05.17  
     R2  0.823. 

 y  17.5  0.789x   y  x  x  82.94   
  ,   y  x. ,  -

        82 ,   
         ,  , 
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    .       « » 
,    .       

       83 ,    
        ,  , -

    .       « » 
,    .   « », 

« »      , 
     .  

    (simple linear regression) 
,,,1, nixy iii         ,,,10,)( niE i  

       p  2: 

.
 
 

,,

1

1
1

, 2

1

2

1

2

1

nnn x

x
x

X

y

y
y

y  

       (two-variable 
linear regression),      (straight-line 
regression). 

 (X TX ) 1   : 

. 1)(

1

11

2

1

2

1

2

1

nx

xx

xxn

XX n

i
i

n

i
i

n

i
i

n

i

n

i
ii

T  

,  

,)(
1

2
2

11

2
n

i
i

n

i
i

n

i
i xxnxxn  

: 

n

i
i

n

i
i

T

xxn

x
XXD

1

2

1

22

11
12

)(
)()ˆ( , 

n

i
i

T

xx
XXD

1

2

2

22
12

)(
)()ˆ( . 
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 ,  

n

i
i

n

i
i

T

xxn

x
XXCov

1

2

1

2

12
12

)(
)()ˆ,ˆ( , 

 ,   ,0)ˆ,ˆ(Cov    0
1

n

i
ix .  ,  

0
1

n

i
ix    ˆ  ˆ . 

       
     . 

  —  (Gauss-Markov theorem).   -
  : 

,,,,1,11 pnnixxy iippii  

           xi j  —  ; 
 1, ..., p —  ; 
 1, ..., n —  ,    -

,   2   ; 
 -  : Y  X   , E( )  0, Cov( )  2In . 

 ,    X  ,  
      ,    

X TX    0. 
    ˆ  (X TX ) 1X Ty   

       
(BLUE — best linear unbiased estimate)     ,    
˜ —     ,   ˜  Cy (C — -

  p  n),   Cov( ˜)  Cov( ˆ)   
 (  ) . 

,  j-     Cov( ˜)  Cov( ˆ)  -
 D( ˜

j)  D( ˆ
j),       —  : 

D( ˜
j)  D( ˆ

j). 

 ,    ˆ
j  j  

        
  , . .   ,    
      . 
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   — .  ˜  Cy — -
   , . . E( ˜)  ,  

  E( ˜)  E(Cy)  CE(y)  CX . 
   CX      ,  CX  Ip. 

 B  C  (X TX ) 1X T  (   p  n), : 

,)(

)())(()ˆ()~(
22

1

ABBByBCov

ByCovyXXXCyCovCovCov
TT

TT

 

 A  BB T  —    p  p. 

    z  p  1 : 

,0)( wwzBzBzBBzzz TTTTTTT  

 w  B Tz —   p  1,    Cov( ˜)  Cov( ˆ) -
   ,   -
 . 

,        — 
,    —  (Gauss-Markov conditions). 
,         -

       -
      . 

    —     -
   ,   ˆ  (X TX ) 1X Ty  

 (    )     ,    
    . (    

    ( , 1968).) 
,     —    

 ˆ
j  j      

 j. ,      , 
    , ,   

      , . . 
        

       . 
 X (n) —      n -

,   Y  X (n)   ,  ˆ(n) —      
 n . 

.    Y  X (n)       — 

.  tr 0
1

)()( nn XX
T

  n   (  trA —   A), 

 ˆ(n)     . 



 2.    .   97 

.   )()( nn XX
T

   -

 ,       .
1

)()( nn XX
T

 -
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 X3 —    . 

 3.7 
    1949  1960 .,   

   
 

Y X2 X3  
 

Y X2 X3 

1949 15.9 149.3 108.1  1955 22.7 202.1 146.0 

1950 16.4 161.2 114.8  1956 26.5 212.4 154.1 

1951 19.0 171.5 123.2  1957 28.1 226.1 162.3 

1952 19.1 175.5 126.9  1958 27.6 231.9 164.3 

1953 18.8 180.8 132.1  1959 26.3 239.0 167.6 

1954 20.4 190.7 137.7  1960 31.1 258.0 176.8 

    : 

,12,,1,332211 ixxxy iiiii  

 xij —   xj  i-   (i-   -
 (1948  i)-  , xi1  1 (  « » X1, -
  1). 

,  1, ..., 12 ~ i.i.d. N(0, 2)   2  . 
     R2  0.9560  ,  

 . 3.8. 
      P- .  -

       H0 : 2  0, H0 : 3  0 
(     0.10)      -

.            
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 3.8 
  Y 

   
 t-  P-  

X1  8.570 2.869 2.988 0.0153 

X2  0.029 0.110 0.267 0.7953 

X3  0.177 0.166 1.067 0.3136 

   ( 2  3)   
.        

 . 
        -

     

H0 : 2  3  0, 
   ,    . 

         
(linear hypotheses)     

,,,,1, : 11 pnnixxy iippiiM  

1, ..., n ~ i.i.d. N(0, 2), 

    .    : 

, 

 

11

11111

qpqpq

pp

caa

caa
 

 akj  ck (k  1, ..., q,  j  1, ..., p) —  . 

,         
 , ,  (a11, ..., a1p)T , ..., (aq1, ..., aqp)T   -
.    ,   q   (linear 

restrictions)   1, ..., p (     ( 1, ..., p)T). 
       : 

H0 : A   c, 

 A —   (q  p),    , rankA  q, 

qqpq

p

c

c
c

aa

aa
A

1

1

111

, . 
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 ˆ —     , ,   -
 ,    H0 : A   c ,     -

 A ˆ  c.   ,     A ˆ  c  
       ,   «  

»  A ˆ  c       -
 H0 : A   c.     :   

 ˆ  p-    Np( , 2(X TX ) 1), -
  A ˆ  c,       

 ,    ,   rankA  q, 
  q-   .   -

     A ˆ  c: 

,)ˆ()ˆ( cAcAEcAE  

.)()ˆ()ˆ()ˆ( 12 TTT AXXAAACovACovcACov  

  H0 : A   c ,  E(A ˆ  c)  0,   

.)(, 0~ˆ 12 TT
q AXXANcA  

   V  A(X TX ) 1AT.  2V  — -
  q-   ,  V -

   .   V   -
 ,         V 1.   

   (n  n)-  P,  V 1  PTP.  
 P,   A ˆ  c   

.)ˆ()ˆ( * cAPcA  

  E(A ˆ  c)*  0     (A ˆ  c)* 

.)ˆ())ˆ(())ˆ(( 2 TT PVPPcACovPcAPCovcACov  

 V  (V 1) 1  (PTP) 1,   

,)()())ˆ(( 211212*
q

TTTT IPPPPPPPPcACov  

.),0(~)ˆ( 2*
qq INcA  

 ,   (A ˆ  c)*  , 
   ,   

    2.      
,    ,    q -
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  ,    -
.        -   

 q  .  ,     
     (A ˆ  c)*  

.)ˆ()()ˆ(

)ˆ()ˆ()ˆ()ˆ(

)ˆ()ˆ()ˆ()ˆ(

112

122

22222

cAAXXAcA

cAVcAcAPPcA

cAPcAPcAPcA

TTT

TTT

T

 

, 

.)(~)ˆ()()ˆ( 2
2

11

qcAAXXAcA TTT

 

 «  »  (A ˆ  c)     
 «  » ( )   . 

 ,  H0 : A   c  ,   
    )(2

1 q   2(q),   — 
    . 

, ,  ,    2  -
.     ,    -

   t- :   2   
  S2. 

   (F-  — F ratio,  F- -
 — F statistics): 

2

11 )ˆ()()ˆ(
S

qcAAXXAcAF
TTT

. 

   : 

)(
)ˆ()()ˆ(

2

112

pnRSS
qcAAXXAcAF

TTT

. 

  H0 : A   c ,        
 q  ,   2(q),    — 

  (n  p)  ,   2(n  p). 
 ,       ( -

 . ( , , c , 2005)).     
   F-    q  (n  p)  

: 
.),(~ pnqFF  
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    F-  (F test)     
H0 : A   c        

: 
       H0 : A   c , 

    F   -
,   F   F1  (q, n  p), . .   F  F1  (q, n  p). 

  F-     (Wald statistic) 

2

11 )ˆ()()ˆ(
S

cAAXXAcAqFW
TTT

, 

      (Wald test)   
 H0 : A   c.     ,   n   -

  S 2     2.       
      ,  W    

 ,    

2

11 )ˆ()()ˆ( cAAXXAcA TTT

, 

,    ,   2(q). 
     H0 : A   c , 

   )(2
1 qW .    

)(2
1 q      n   ( ) -

  W,      -
 n.         

 (asymptotic test).    F- ,  
,  « »,   (non-asymptotic 

test) —   ,   F-     
  n  p     F- -
 F(q, n  p),    . 

 ,    H0 : A   c (  q  -
),   

2

11 )ˆ()()ˆ(
S

qcAAXXAcAF
TTT

. 

  F(q, n  p),  ,   1    
 

,),(1 pnqFF  
. . 

.),()ˆ()()ˆ( 1
211 pnqFSqcAAXXAcA TTT  
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,    

,,,: 00
110 ppH    . .   ,: 0

0H  

  q  p  A  Ip (  ),     1    
   

,),()ˆ()ˆ( 1
2

00 pnpFpSXX TT  

 100(1  )%-     0 (  
     1  ). 

 p  2      . 

  

1.    ?   . 
2.         

 ?     ? 
3.     (  )  -

   ? 
4.       (   ) 

       ? 
       -

 ? 
5.      —   0.10    0.01 —   

?         0.10    0.01  
  ? 

6.   t-        
   . 

7.         -
 ? 

8.   P- ?         -
       -

 ? 
9.         

         
   ? 

10.        
 ?        ? 

11.   F-  (F- )     -
    ?  -

      ,    
       ? 

12.          
   ?     -

 F- ?       -
  ? 

13.     (  )  -
  ? 
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  3.2 
  F-   

        .  
     

   F- ,     
   q    ,  

   : 

)(
)(

0

pnRSS
qRSSRSS

F H , 

 RSS —       

nixxy iippii ,,1,:M 11  

(    — unrestricted model),  RSSH0
 —   

   ,   H0 , . . -
  A   c. 

     F-  -
         

      —    
   H0 ,   Ĥ0

 —   
       ,  
 H0  (restricted least squared estimate).    -

,    
n

i
ippii xxy

1

2
11 )(  

   T
p ),,( **

1
*     A *  c, -

   .    , -
    : 

.)()(

)()()()(

)()()()(

)ˆ()()(ˆˆ

111

11111

11111

111
0

cAXXAAXX

yXXXAAXXAAXXXXX

cyXXXAAXXAAXXyXXX

cAAXXAAXX

TTTT

TTTTTTTT

TTTTTTTT

TTTT
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, - , ,     -
    , . .   -

 — ,   H0 : A   c ,  

,)()()( 

)ˆ()()()ˆ()ˆ(
111

111
0

cAAXXAAXX

cAEAXXAAXXEE
TTTT

TTTT
H  

  Ĥ0
 —    . 

- ,    : 

,ˆ
0

dByH  

 B —  ; 
 d —  . 

 Ĥ0
      ,  

 ,    ̃ — -      , 
   ̃  B̃y  d̃,  ,   Cov( )̃  Cov( Ĥ0

), -
  . 

        -
     ˆ  (X TX ) 1XTy  Cy,  ˆ   

    ̃  B̃y  d̃,    Ĥ0
  -

. ,  Cov( ˆ)  Cov( Ĥ0
)   

,   j-     ˆ  Ĥ0
  -

: 

.,,1,)ˆ()ˆ( pjDD jHj o
 

       : 

,)ˆ()ˆ(ˆ
0000

2

H
T

HHH XyXyXyRSS  

         : 

.)ˆ()ˆ(ˆ 2
XyXyXyRSS T  

 ,  

.)ˆˆ(ˆˆ 222

000 HHH XXyXyRSSRSS  

 ŷ  X ˆ    ŷH0
  X Ĥ0

,      : 
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,ˆˆˆˆ
222

00 HH yyyyyy  

   ,   y  ŷ    ŷ  ŷH0
   . 

 3.2.1.   ,    
   222 ˆˆ yyyy    -

 
222

00
ˆˆ HH yyyy .     0,    . 

    2

2

0
ˆ

y

yH    ,  1. 

    (    ), 
  H0 : 1  2  1    -

 y  X       p  2, n  3, 

43
31
20

,
3
2
2

Xy . 

, 

),ˆ()()ˆ()ˆ()(

)()()()ˆ(

)ˆ()()(

)ˆ()()(

)ˆˆ()ˆˆ()ˆˆ(

1111

1111

111

111

2

0000

cAAXXAcAcAAXXAA

XXXXXXAAXXAcA

cAAXXAAXXXX

cAAXXAAXX

XXXRSSRSS

TTTTTT

TTTTTT

TTTTT

T
TTTT

H
TT

HHH

 

    

)(
)(

0

pnRSS
qRSSRSS

F H . 

        
      

,,,1,11 nixxy iippii  

c  xi1  1   F- ,    
 

0: 320 pH  
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(      — hypothesis of overall significance 
of a regression, hypothesis that all of the slope coefficients, excluding the constant, 
or intercept in a regression are zero). 

     ,    
    F-  

)(
)1()(

0

pnRSS
pRSSRSS

F H , 

 RSS —   ,     
 (  p  ,  -

 ); 
 RSSH0

 —   ,     
   H0   . 

  ( )     

,,,1,1 niy ii  
          

y1
ˆ , 

  
n

i
ii

n

i
iiH TSSyyyyRSS

1

2

1

2 . ˆ
0

 

, 

)(
)1(

)(
)1()(

pnRSS
pESS

pnRSS
pRSSTSSF . 

     ( ,  Excel)  -
        -

 (   «  » — mean squares). 
 1, ..., n ~ i.i.d. N(0, 2),   F- ,  

  ,    H0 ( . .    
2  ...  p  0)  F(p  1, n  p), . . F-    
 (p  1)  (n  p)  . 

   ESS/RSS,       
 ,    X2, ..., Xp    -

    Y. 
     

0: 320 pH  

  «  »  F- , , -
    .   -
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     (1  )  F(p  1, n  p), 
   F1  (p  1, n  p). 

,  H0 ,    

.),1(
)(
)1(

1 pnpF
pnRSS

pESSF  

      H0,   
 (  1-  ),  . 

 ,   ,  
   F  F-   -

  P-  (P-value, observed level of significance), . .  

P-  FpnpFP ) ,1( . 

   H0   F-  -
   F1  (p  1, n  p)      

  
P-   . 

 ,          
   ( )  F-   : 

F  97.75,      ( )   F0.95(2, 9)  4.26. 
 P-    —    

  0.000000. ,     -
     H0 : 2  3  0,    -

  
,0:,0: 303202 HH  

   ,    ,  . 
            

 .     -
    3.3. 

      F- -
 . 

 3.2.1 

          
    : 

R2  0.212,    F  4.0446,    P-   0.0626, 

      0.05  H0  ,      0.10 
.  
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 3.2.2 

           -
 : 

R2  0.513,    F  13.7241,    P-  0.0026, 

   H0 ,     -
.  

 3.2.3 

         
         : 

R2  0.900,    F  71.96,    P-  0.0000, 

   .  

 3.2.4 

          -
   : 

R2  0.054,    F  0.6915,    P-  0.4219, 

   H0        0.10.  

, ,   .   4  
     ( )  -

 (p  2)  P-  F-    P-   
t- ,     2  0.   

    . 

 3.2.5 

 . 3.9      -
 : 

 DPI —     ; 
 C —    ; 
 A —       . 

  : 

11,,1,: 143211 iDPIADPIC itttt , 

  t  (1965  t)-  .    4  
: 
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 3.9 
  ,  .,   1982 . 

   
 

C82 DPI82 A82  
 

C82 DPI82 A82 

1966 1300.5 1433.0 1641.6  1971 1540.3 1730.1 1902.8 

1967 1339.4 1494.9 1675.2  1972 1622.3 1797.9 2011.4 

1968 1405.9 1551.1 1772.6  1973 1687.9 1914.9 2190.6 

1969 1458.3 1601.7 1854.7  1974 1672.4 1894.9 2301.8 

1970 1491.8 1668.1 1862.2  1975 1710.8 1930.4 2279.6 

     1976 1804.0 2001.0 2308.4 

,)1(,,,1 4321 DPIXAXDPIXX  

 DPI( 1) — ,       
    DPI, DPI0  1367.4. 

     : 

ˆ
2  0.904, P-   0.0028; 

ˆ
3  0.029, P-   0.8387; 

ˆ
4  0.024, P-   0.9337; 

RSS  2095.3,    TSS  268 835,    .9922.012

TSS
RSSR  

F-       : 

F  297.04,    P-   0.0000. 

     .    
       -

 ,  ,  ,      
   . 

 t- ,         
  ,     , 

    3  .      
     —   

  . 
     : 

,11,,1,: 3212 iADPIC ittt  
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   DPI( 1).   : 

ˆ
2  0.893, P-   0.0001; 

ˆ
3  0.039, P-   0.6486; 

RSS  2098.31,    R2  0.9922. 

F-         

F  508.47,    P-   0.0000. 

      -
   At ,    ,   

  
.11,,1,: 213 iDPIC itt  

   

ˆ
2  0.843, P-   0.0000; 

RSS  2143.57,    R2  0.9920. 

F-         

F  1119.7,    P-   0.0000, 

         . 
  ,     M1 (  -

 t- )      
  ,     -

       -
,   F- . 

      M1  -
 

,0: 430H  

   M1     M3.   
 H0    

)(
)(

0

pnRSS
qRSSRSS

F H , 

 RSS —      M1; 
 RSSH0

 —      M3; 
 q  2 —   ; 
 n  p  11  4  7. 
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,08.0
73.2095

2)3.209557.2143(F  

      F0.95(2, 7)  4.74.   
F  F0.95(2, 7),    H0 : 3  4  0      

  M1  M3.  

 3.2.2.       
: 

   F-  (  t- ), 
    H0 : 4  0    M1, 

     H0 : 3  0    M2; 
   F- ,    

H0 : 3  4  0    M1. 

       -
.        M3   

 ,  ,  ,   
        F- , 

    1.     , 
     H0 : 3  4  0  

     -
       .   -
  ,   ,    

 H1 : 4  0    M1,  ,    -
,   H2 : 3  0    M2.  
         -

 . : 

P   H0    
 P        H1, H2    

(      ), 

P   H0    
 P        H1, H2    
 P   H1   P   H2   
     2 . 

____________ 
1            
 « »     3.3. 
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,      -
    * ,   -

 ,  
2

*

. (    

    K ,   -

 *  ,   
K

*

.) ,  

 *   0.05,       
    0.025.     
  H0    0.025  0.05.  -

    H0     
  ,      -

:  H0     0.025   
,     0.05 («  »). 

   ,  q  1,    -
   , ,  

.1: 320H  
    

2

11 )ˆ(])([)ˆ(
)(
)(

0

Sq
cAAXXAcA

pnRSS
qRSSRSS

F
TTT

H . 

     H0 : A   c,  A  (a11, ..., a1p), . .  
q  1.  (A ˆ  c)  [A(X TX ) 1AT] —  ,  -

  F-     : 

])([
)ˆ(

12

2

TT AXXAS
cAF . 

 ,    F-    -
: 

211 ])([
)ˆ(

TT AXXAS
cAt . 

      H0 : A   c,  q  1 (    
    ), t-  

  (n  p)  . 
 ,   q  1       

 F-   t- ,    t- -
.      ,   
    .       3.2.7. 



 3.   ,  « »   ... 137 

     P-    
      .     

q  1,       t*  t- , -
      0,     P- -

 P* ,      (n  2)  -
,       F  t*2  F- , -

     ,     
  F(1, n  2) P-    P* . 

    
  :  

  

    .     
   (   )1 

,lg1432.1lg8289.03739.1lg DPIPT  

 T —     ; 
 P —   ; 
 DPI —  . 

    ,  ,     
H0 : 2  1  H0 : 3  1       

     . 
          

    ,        
H0 : j  0.      H0 : 2  1  -

 t-  

, 1ˆ)1(ˆ

22 ˆ

2

ˆ

2

ss
 

    H0 : 3  1 — t-  

3̂

3 1ˆ

s
. 

         
  ( , ,    -

  )   t(n  p)  t(14).   
     0.05   ,  -

 t-       -
____________ 

1     4  ,   3 (  ). 
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 .1452)14()14( 975.01 2
.tt     , , -

  ,       0.05, -
  1-  . 

  : 

,145.2740.4
0361.0

18289.01ˆ

2ˆ

2

s
 

.14529180
15600

1143211ˆ

3ˆ

3 ..
.

.
s

 

 ,   ˆ
2    2  1 

  —  H0 : 2  1 .     
  ˆ

3    3  1   -
 ,   H0 : 3  1  . 

 3.2.3.  ,      
  ˆ

j     j ,  
   ˆ

j ,    D( ˆ
j)  -

  s ˆj
. ,   -

    : 
| 0.8289  1|  0.1711        |1.1432  1|  0.1432 

, . .    .  s ˆ2
 

  4.3  ,  s ˆ3
,     -

 s ˆ2
  s ˆ3

  ,   ,   
    H0 : 2  1   H0 : 3  1. 

,      H0 : 2  1 -
.     ? 

    H0 : 2  1    -
  H0 : 2  1,      -
    ,    (    

)   t-  
2ˆ

2 1ˆ

s
.     -

 
2ˆ

2 1ˆ

s
  4.740,   2̂  ( 1)  0.1711, , 

   ,    2  1. 
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 ,      H0 : 2  1 
  HA : 2  1 (   —  

     H0 : 2  1).    
    H0 : 2  1     

HA : 2  1      -
 2̂  ( 1), . .     t- .  

   ,  t1  (14)  t0.95(14)  1.761,  
  ,    1-   (  

)  0.05.     -

 ; 761.11ˆ

2̂

2

s
   —  1.761,   2.145,    

 .    
2ˆ

2 1ˆ

s
  4.740,  -

 H0 : 2  1    HA : 2  1. 
     2.    

  0.05    H0 : 3  1  -
  H0 : 3  1.     -

    t- ,  t0.95(14)  1.761.   

 
3̂

3 1ˆ

s
  0.918  1.761   ,     

H0 : 3  1     H0 : 3  1. 
   ,      

 
H0 : 3  1,     HA : 3  1 

  H0      3  1, ,  -
,  , ,     

H0 : 0  3  1,     HA : 3  1. 

      : H0 
   (composite hypothesis), . . , -

    ,    —  -
    3.     -

   H0   (simple hypothesis). 
       -

? 
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     H0 : 3  0.5.      
  HA : 3  1  

.761.1)14(5.0ˆ
95.0

ˆ

3

3

t
s

 

      H0 : 3  1       
HA : 3  1  

.761.1)14(1ˆ
95.0

ˆ

3

3

t
s

 

 ,    ,    
   H0 : 0  3  1,    

,     (  1-  ) 
0.05.       -

    3  3
0,     -

 H0 : 0  3  1     3  -
. 

     .   
     0  3  1  , -

       0.05    -
  ,       0  3  1 

 ,       
          0.05.   

    ,  
   ,    3  1. 

,     , 761.11ˆ

3̂

3

s
 -

    3  1,   

.05.0761.11ˆ
 

3̂

3

s
P  

       3  0.5,  

.05.05.0 761.15.0ˆ

5.0  5.0761.15.0ˆ
 5.0  761.11ˆ

 

3
ˆ

3

3
ˆˆ

3
3

ˆ

3

3

333

s
P

ss
P

s
P
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,     3  3
0  (0  3

0  1)   ,  
         0.05. 

     0.05 -     
,     1-       -

  .      1-  , 
  ,      

. 
     :     

        

H0 : j  1 (    j  0), 

H0 : 1  j  0 (    j  0), 

H0 : 0  j  1 (    j  0), 

H0 : j  1 (    j  0) 

      
  ,       , 

    j  1,  j  1,  j  1,  j  1 . 

 3.2.4.         
,     1  1   -

  . 

 ,      
   

,        

H0 : 2  1 
  

HA : 1  2  0. 

       0.05,   -
    H0 : 2  1   HA : 2  1.  

   H0  

,761.11ˆ

2ˆ

2

s
 

      .    -
     . 

       

H0 : 0  3  1 
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HA : 3  1. 

       0.05,   -
    H0 : 3  1   HA : 3  1.  

   H0  

,
s

761.11ˆ

3ˆ

3  

     .    
      . 

, ,  ,    ,  
     . 

         
H0 : 1  2  0,    HA : 2  1. 

       -
   

H0 : 2  1,    HA : 2  1, 
   H0  

761.1)14()14(1ˆ
05.0

ˆ

2

2

tt
s

 

(   « »  t(14)).    

 ,01ˆ

2ˆ

2

s
 

   H0 : 2  1,  ,  H0 : 1  2  0,    
  HA : 2  1. 

,          -
,          -
   . 

, ,   
H0 : 3  1,    HA : 0  3  1. 

   ,    
H0 : 3  1,    HA : 3  1, 

   H0 : 3  1  

.761.1)14()14(1ˆ
05.0

ˆ

3

3

tt
s
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 ,761.1918.01ˆ

3̂

3

s
 

   H0 : 3  1  . 
,          

.    ,      -
      .  , -

   (conflict among testing procedures). 
      . 

          
      ,      

  ( ). 

          
        -

 :     ,  -
   . 

        -
         -
,    .      

,     
       -

,  ,     « » 
  ,   ,   -

  «  »      
 . 

     .  

H0 : j   0 ,    HA : j    0 . 

 t-   : 

 .
ˆ

ˆ

0

j
s

t j  

 H0    HA,  

 .)(
ˆ

1
ˆ

0 pnt
s

j

j  

 t1  (n  p)  0     0.5,   ,   ĵ  0,   
H0       HA. 



  1.  ,   144 

,       -
  j          

   0  ĵ ,         
  t-      H0   HA. 

 ,  j ,    

H0 : j   0 ,    HA : j   0 . 

  0   ĵ ,    t- , -
    ,     H0   HA. 

   t-  

  )( 
ˆ

 1
ˆ

0 pnt
s

j

j  

  H0 : j   0     0   ĵ ,  ĵ  —  -
  j ,   ,       -
 (t-    ). 

        ,   
    ,   H0  HA 

      . 
       ,  

 ĵ        -
 0 . 

 3.2.6 

 C —       , Y — -
   (1970—1979 .,  .   1972 .). 
      

C  67.655  0.979Y . 

 ,  2̂  0.979,  (  )   
  H0 : 2  1   HA : 2  1,   

     H0    -
.        t- -

 
2ˆ

2 1ˆ

s
,        -

 .  ,       
    . ,   

 ,  2̂    1,    2  1. 
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   H0 : 2  0.9   -
 H0 : 2  0.9    ,        1970 

 1981 ., n  12 . 
   ˆ

2  0.952, s ˆ2
  0.0261,   t-  

.99.1
0261.0
052.09.0ˆ

2ˆ

2

s
t  

    H0   t-   
     0.05,    H0,  

.228.2)10(  975.0ttt crit  

    t-      
  0.05,    H0,  

.812.1)10(95.0ttt crit  

       H0  0.05. 
 ,    2   0.95.  -

  t(10)   

.95.0ˆ

2ˆ

2

s
 

  ,   H0  ? 
   : 

22

2

ˆ22ˆ2

2
ˆ

2
2

228.29.0ˆ95.0  228.2 9.0ˆ

95.0 228.29.0ˆ
  95.0 228.2   

sPsP

s
PtP

 

 
22 ˆ22ˆ2 2282050950ˆ950228290ˆ s...P .  s..  

 
22

2
ˆˆ

2
2ˆ2

05.0228.295.0ˆ
95.0  228.205.095.0ˆ

ss
Ps  

   95.0  05.0228.2
 
95.0ˆ

2
ˆˆ

2

22
ss

 

14.4)10(tP  
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.3817.0)619276.01(001006.0

312.0)10(14.4)10(312.0)10( tPtPt
 

        
: 

.5404.04596.01104.010  1

104.010  95.0  05.0812.195.0ˆ
 

95.0  812.19.0ˆ
 95.0  812.1 

2
ˆˆ

2

2
ˆ

2
2

22

2

tP

tP
ss

P

s
PtP

 

 ,     H0 : 2   0.9 
 ,    2   0.95, : 

0.3817 —    , 
0.5404 —    . 

       
    2  0.95. 

      (0.5404  
0.3817   )      -

  ,  0.05.    ,   
 2  0

2    0
2      -

 2,    HA : 2   0.9 ( . . 0
2   0.9). 

         
         

HA : 2   0.9.  

       -
    .      -

    ,     
. 

       —  

LAKY , 

  —    ; 
  —    . 
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     1,    ,    
     .  -

          
 

H0 :     1,    HA :     1, 

      ,       

H0 :     1,    HA :     1. 

    : 

,),0(~,,,1, 2
11 Ni.i.d.nixxy iiippii  

       (q  1),  -
     , : 

H0 : 2  3   1. 

      H0 : A   c,  A  (a11, ..., a1p). 
  ,      

2
1

1)(

)ˆ(

TT AXXAS

cAt  

   H0 : A   c, q  1 (     -
   ), t-    (n  p) 

 .        -
       

H0 : A   c,    HA : A   c, 
 

H0 : A   c,    HA : A   c, 

 3.2.7 

         
   1960  1972 . ( . 3.10).  Y —   -

 (    .); K —  ; L — -
  -  ( ). 

    —     
    ,   -

  : 
.13,,1,lnlnlnln iLKAY iiii  

       ( . 3.11). 
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 3.10 

       1960  1972 . 

 Y K L 

1960 20171.2 269.7 18271.8 
1961 20932.9 267.0 19167.3 
1962 20406.0 267.8 19647.6 
1963 20831.6 275.0 20803.5 
1964 24806.3 283.0 22076.6 
1965 26465.8 300.7 23445.2 
1966 27403.0 307.5 24939.0 
1967 28628.7 303.7 26713.7 
1968 29904.5 304.7 29957.8 
1969 27508.2 298.6 31585.9 
1970 29035.5 295.5 33474.5 
1971 29281.5 299.0 34821.8 
1972 31535.8 288.1 41794.3 

 3.11 
  LnY 

   
 t-  P-  

C 2.026556 1.195492 1.695165 0.1209 

LnK 0.372618 0.052261 7.129920 0.0000 

LnL 1.481073 0.259434 5.708868 0.0002 

R-squared 0.959293    

  Econometric Views    F-   
  H0 :     1,   F  13.90.  ,   

  t-        
.728.390.13   ˆ   ˆ  1  0,     t-  

 t  3.728.       0.95 t- -
  (13  3)  10   — t0.95(10)  1.812   

 0.99   — t0.95(10)  2.764,      
H0 :     1       H0 :     1 

  1%-   .        
      (   ,  -

 ).  
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1.         -
         -

?     ? 
2.   F-        

        -
    ,  ,   

? 
3.        ?   

 ? 
4.        -

        ? 
5.   F-      -

? 
6.     F-  t-       

      -
 ? 

7.        -
         

? 
8.          -

    ? 
9.           

  ? 
10.        

      ? 
11.    ,    -

    ? 

  3.3 
    .  

.     
   

   :    -
   R2       0 , -

,    1? 
       

    ,    
  R2,  R2  ,  

       . 
     . 

 F-       -
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)1(
)(

1)1(
)(

)(
)1(

2

2

p
pn

R
R

p
pn

TSSRSS
TSSESS

pnRSS
pESSF . 

 : 

,))()1(()1(,)()1()1( 222 RpnFpFpRpnRFp  

Fp
pnpnFp

FpR

)1(
1

1
)()1(

)1(2 . 

   F     -
 R2,    H0 : 2   3   ...  p   0,    

F  Fcrit  F1  (p  1, n  p),       
R2  R2

crit ,  

crit

crit

Fp
pnR

)1(
1

12 . 

      H0 -  
 . 

    R2
crit     0.05  -

  . 
     (p  2),   

.)2,1(,21

1
95.0

2 nFF

F
nR crit

crit

crit  

     n   -
  R2

crit  ( . 3.12). 
 3.12 

  

n 3 4 10 20 30 40 60 120 500 

R2
crit  0.910 0.720 0.383 0.200 0.130 0.097 0.065 0.032 0.008 

 ,        
   R2  0    

,    , . .   
     . 

   R2  p  2    -
     ( )  

,         
  ( . 3.13). 



 3.   ,  « »   ... 151 

 3.13 
  

n 3 4 10 20 30 40 60 120 500 

Rxy|crit  0.953 0.848 0.618 0.447 0.360 0.311 0.254 0.179 0.089 

  . 2         
« »     .   -

            -
      . 

  K , ,   ,  -
   Y     ,   

  n    ,  -
   p  K   K .      

X1, ..., Xp, ,  , X1  1.    -
  : 

,:DGP Xy  

  X   n  p,   ~ N(0, 2In). 

  , ( )    ( -
)   K ,      

   X1, ..., Xp    « »  Z1, ..., Zq,  
q  K  p: 

,:SM vZXvWy  

  W    n  K,  Z —  n  q, 

,][ ZXW , 

 ,   W     K. 
        0,  

 v  ,  ,  v ~ N(0, 2In).     
 ,       : 

.)()()(ˆ 11 WWWWyWWW TTTT  

  : 

,)ˆ(E     . .    
0ˆ

ˆ
E , 

  E( )̂  ,   ̂—    .   -
    S 2

K  RSSK/(n  K) (   K 
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    K  )  -
   2.  

.,,1,)()ˆ( 12 pjXXD jj
T

j  

       ( , , 
c , 2005). 

   : 

,),0(~,0,:DGP 2
nINZXWy  

Xy:SM  («   »). 

  ,     : 

.)()()()(ˆ 111 TTTTTT XXXXXXXyXXX  

       Z   ,  Cov( )  2In ,  E( )  Z ,   

.)()ˆ( 1 ZXXXE TT  

 ,    ,    -
 ,  ,   ,  -

 : 
X TZ  0 (   X    Z). 
       ( . 

( , , c , 2005)):   ,   -
       y  X   Z   ,  -

  . 
       S2   

,  ( . ( , , c , 2005)): 
    1, ..., p,   -

  y  X   ,       -
,     y  X   Z   ; 

      y  X    -
 S 2

p  RSSp/(n  p) ,  ,   
 2 : E(S 2

p)  2. 

 ,    « »     
   ,      

       -
 .      ,    

  ,     -
,         

.        
   ,       -



 3.   ,  « »   ... 153 

 ,    « » ,  
     . 

       R2,   
        ( ,  ) -

 —  R2      ,   -
,  ,        

   ,   . 
,     p   -

  
n

i
pipii xxy

1

2
,1 1 )(  

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

  
n

i
pipii xxy

1

2
1,11 1 )(  

     1, ..., p  1 ,   
       1, ..., p  1   

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

 ,  RSS       ,   
  .  ,       -

    ,      R2. 
    « »   , 

    R2   — 
 R2 (adjusted R-squared, adjusted R2): 

)1(
)(12

nTSS
pnRSSRadj , 

 ,  ,   (penalty)    
 .   

,111

1+1=11

22

2

TSS
RSS

pn
pR

pn
n

TSS
RSSR

pn
n

TSS
RSS

TSS
RSS

TSS
RSS

pn
n

TSS
RSSRadj

 

    n  p    p  1 
.22 RRadj  
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,      R2   
    .  ,  

,1 1
pn

n
TSS
RSS  

     , ,  

2
12R        

2
1np . 

   R2
adj     -

  « »  ,     
  . 

 3.3.1.       -
       

       , ,  
  ,  R2

adj ,    -
 R2

adj       S 2  RSS/(n  p) 
   .)( pnRSSS       

     S 2 (  S ). 

 3.3.1 

  3.2.5,    R2
adj    

  M1, M2, M3: 
,9889.0M 2

1 adjR  

,9902.0M 2
2 adjR  

.9911.0M 2
3 adjR  

  R2
adj         M3,  

     ,  t-  F- .  

  

        
      -

  (information criteria),     
    ,    
. 

  (Akaike’s information criterion — AIC).  -
       p  -

,   n ,   
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,2ln12ln
n
p

n
RSS

AIC p  

 RSSp —   ,    -
    . 

        
   ,   — .   

  (   )   
    AIC,     

        
 . 
  (Schwarz’s information criterion — SC, SIC).  -

       p  
,   n ,   

.2ln1lnln
n

np
n

RSS
SC p  

        -
    ,   — .  -

   (   )  
     SC. 

 3.3.2 

      M1    M2 
 M3    AIC  SC ( . 3.14). 

 3.14 
  

 AIC SC 

M1  8.8147 8.9594 
M2  8.6343 8.7428 
M3  8.4738 8.5462 

       M3.  

 3.3.2.       — 
R2

adj , AIC  SC —      .    
      . 
      : 

     ,  
   ,    
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    .      
        
.     ( ), -

   .    
,        

    ,   , -
        , 

  . 

 3.3.3.     , -
    .    -

     ,   -
 ,       ,  

        
      . , 

,  ,   ,  ,   
    ,    .  -

       -
    .   -

     (     
 , ,   ( , , 

c , 2005), . 14, . 351—382). 

  

      «  -
»,        « » -

, ,  , ,      
      ,  

 . 
        

  .     : 
4)   X TX    0: 

0det XX T , 
   :   X   . 

   ,   -
 , . .    X   , 

: 
,,,1,1,111 nixxx pipiip  

(p-        -
 X ).       
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    ( )   -
 . 

     ,   
  

,,,1, nixy iii  

 n    y       
 xi   x*.         ˆ   ȳ ,  

        (  ) -
,    (x*, ȳ ). 

 ,     (multicollinearity), 
         , 

   4 ,      
X TX    0,        

     .   -
 : 

        -
  ; 

        -
 ; 

      -
,    ; 

       , 
     . 

  ,  p-    «  » -
    ,   -
     (variance inflation factor) 

     

21
1)(

p
p R

VIF  

   «  »     -
  .  R2

p —   
      

.,,1,1,111 nixxx ipipiip  

 R2
p  0,  (VIF)p   1,    p-  -
   .   R2

p  0,  (VIF)p   1,   
  p-     ,   -

       p-    
       . 
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(VIF)j     j-       
j  1, ..., p: 

21
1)(

j
j R

VIF , 

 R2
j  —      -

     j-     
  . 

      -
  ,       

    :   
         -

,    ,  ,   ,  
       -

   t- . (      — 
.  3.3.5.) 

 3.3.3 

          , : 

.109.89=
9909.01

1)()( 32 VIFVIF  

(      X2  X3  
      -

  X2   X1  X3    X3  
 X1  X2.) 

      
    X2  X3 (  -
      Corr(X2, X3)  0.995).  

      -
    ,   -

    . 
         

.        
,           

        -
,       , -

   .  ,    
  . 

,       ,  
        -
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 ,        
         

. 

 3.3.4 

        ,  
 ,      

  X2  X3.      
  : 

Y  6.507  0.146X2 
c R2  0.9504  P-   0.0000    X2; 

Y  9.030  0.222X3 
c R2  0.9556  P-   0.0000    X3. 

        X2  X3   
  .     -

 X2  95.04%   Y,    
  X3  95.56%   Y. 

     X2  X3    ,   
       
,        Y 

(     95.60%   Y), -
       X2  X3. 

   X2       -
 X2  Y,     X3,   -

  X3         
X3  Y,     X2.    
    X2  X3   ,  , 

      X2  X3 
  Y. 

 . 3.15   R2
adj , S, AIC  SC    . 

 3.15 
  

 R2
adj  S AIC SC 

 0.9462 1.1788 3.379 3.500 
 X3  0.9454 1.1870 3.332 3.413 
  X2  0.9512 1.1228 3.220 3.301 

         -
 X2.  
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. 3.1 

      , -
        -

,    (   , 
      -

 ,       -
   , —      

  ).        
.      , 

     , ,   -
         

       -
. 

 3.3.5 

 . 3.1     500    
Y, X2, X3, X4.      : 

iiiii xxxy 432 5.051 , 

 xi2   1  0.1t  0.1 i2 ,   xi3   2  0.5t  0.1 i3 ,   xi4   3  t  0.1 i4 ,  
i, i2 , i3 , i4 , ~ i.i.d. N(0, 1),   i  1, ..., 500. 

      : 
(VIF)2  21 747.73, (VIF)3  441 819.28, (VIF)4  444 750.88.   

  ,         
( . 3.16). 

0 

200 

800 

400 

600 

i 

y 

50 100 150 200 250 300 350 400 450 500

Y 

X4 

X3 

X2 
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 3.16 
  Y 

   
 t-  P-  

C 0.888304 0.373803 2.376393 0.0179 

X2  5.355627 0.464932 11.5191600 0.0000 

X3  0.905120 0.419226 2.159026 0.0313 

X4  0.511572 0.210310 2.432463 0.0153 

        
,      . 

         
   j-   ,   -
   ( . (Gujarati, 2003)): 

jn

i
jji

j VIF
xx

D )(
)(

)ˆ(

1

2

2

 

(  , ,  (Wooldridge, 2000)). 
   ,    (VIF)j   -

: 
   2; 

    .)(
1

2
n

i
jji xx  

        . 
, :  ,    t-   -

   X2    5    t- -
     X3,  ,    

 2  5 3.  

    
      

     F-   ,   -
 H0       

    M.    -
    H0  M0 « »   M (nested 

within model M) — ,        
 (nested models).      M « » 

 M0 (encompasses model M0). 
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    M1  M2 c     -
  y,       — 
,            

      .  -
      : 

M1 : ,,,1, 11 nixy iii  
M2 : ,,,1, 22 nizy iii  

   xi   zi      .     M1 
 M2    —    (nonnested models): 

     « »  ,      
.        -
     .   

  —         
 . 

       M*,    
     , -

   .  M1  M2 —   -
,     

M* : .,,1, 321 nizxy iiii  
  M*    M1  M2:   -

   . 
    M1,  3   0,   -

   M2,  2   0.     
     M1  M2:   

        2   3 , 
 t- .  M1  M2    ,  -
 ,        

 F-  (     -
 F-  (nonnested F-tests)). 

    .     
       , -

,         -
  ( . 3.17). 

 3.17 
  

   : H0  : 2  = 0 

     

  A B 
 H0  : 3  = 0 

 C D 
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   A ,      -
 ,   .     -

,     xi   zi    . 
         

    ,    -
       -

 . 
 B       M1,  C —  -

    M2.       
  :    ,   -

    . ,    D    -
 M1  M2       y. 

   ,  
   ,   ,  

    

      ,  , 
 ,     ,      : 

,    ,  ,    
 (log-log model).        

      : 
M1 : ,,,1, 11 nixy iii  (    ) 

M2 : ,,,1,ln ln 22 nixy iii  (    ). 

 ,        
,   ,    (MacKinnon, 

White, Davidson, 1983)    . 
    M1  M2,    -

     ŷ i  ln yi  . 
    ,   ,  log-log  -

  ,     LIN   0 
   : 

.,,1,)lnˆ(ln :M 11
*
1 niyyxy iiiLINii  

     log-log ,    
 LOG  0    : 

M2
* : .,,1,)lnexp(ˆlnln:M 22

*
2 nivyyxy iiiLOGii  

    ,   t- , 
    ,    
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      .  
    4   ,    

   F-  ( . 3.18).  -
      . 

 3.18 
  

   H0  : LIN  = 0 

     

  A B 
 H0  : LOG  = 0 

 C D 

,        -
 ,       , — , -

 —  ( , 2001),   ( , 2004). 

    
  

      y  X     p -
 , E( )  0, Cov( )  2In ,   -

     n     -
,      y  (n  1)-  -
  ,   ( - )   -

 xn 1  .    ,     
    (n  1)-      n  1 -

    ,   

.),0(~,,,1,,1,+ 2
11

1
Ni.i.d.nixy ni

p

j
ijji  

  : ,),(
1

p

j
ijj xig    

,),1( 11
1

,11 nn

p

j
jnjn ngxy  

.)(),1( 1
1

,1 n

p

j
jnj yExng  

      n , 
      ˆ

1, ..., ˆ
p    

      g(n  1, ): 
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.ˆˆ)ˆ,1(),1(ˆ 1
1

,1 n

p

j
jnj xxngng  

  
,),1()),1(ˆ( 1 ngxngE n  

  
p

j
jnj xng

1
,1

ˆ),1(ˆ      E(yn 1),  

,)(

)ˆ()ˆ()),1(ˆ()),1(ˆ(
2

1
1

1
2

111

vxXXx

xCovxxCovngCovngD
T
n

T
n

T
nnn  

 : 
T
n

T
n xXXxv 1

1
1 )(  (v —  ). 

,  
p

j
jnj x

1
,1

ˆ        yn 1 . 

   ),1(ˆ1 ngyn .  , 
   ,    —   

(forecast error)   .   : 

,0),1(),1()),1(ˆ()()),1(ˆ( 11 ngngngEyEngyE nn  

,)),1(ˆ()()),1(ˆ(

)),1(ˆ)),1((()),1(ˆ(
*222

11

11

vvngDDngD

ngngDngyD

nn

nn
 

 : 
.)(11 1

1
1

T
n

T
n xXXxvv  

  

,),0(~),1(ˆ *2
1 vNngyn  

.)1,0(~),1(ˆ
*

1 N
v

ngyn  

   2  S 2  RSS/(n  p)    

,)(~),1(ˆ
*

1 pnt
vS

ngyn  

        yn 1   -
   .    1  ,  100 %-    

 yn 1  (   — forecast interval)  : 
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.)(),1(ˆ)(),1(ˆ *
11

*
1 22

vSpntngyvSpntng n  

    ĝ (n  1, )  xn 1
ˆ   

 (forecast)   yn 1 . 
          

yn 1 ,      -
 xn 1 ,      E(yn 1 | xn 1).   

    E(yn 1 | xn 1)      

,ˆ),1(ˆ)(ˆ
111 nnn xngxyE  

     2v*,  2v.   
  E(yn 1 | xn 1)    (1  )  : 

.)(),1(ˆ)()(),1(ˆ
22 1111

vSpntngxyEvSpntng nn  

    (p  2): 

,,,1, nixy iii  

    yn 1    xn 1    

, ˆˆˆ 11 nn xy  

 ˆ   ˆ —   ,     
n . 

        E(yn 1 | xn 1). 
   yn 1    E(yn 1 | xn 1)  , -

       
.       v  : 

n

i
i

n

xx

xx
n

v

1

2

2
1

)(

)(1 , 

,  , 
n

x
x

n

i
i

1 . 

,     (yi , xi), i  1, ..., n , (   
 )    yn 1    ,  

 v*.    
n
11   xn 1   x̄     
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(xn 1   x̄ )2.  ,      
   xn 1   x*,    ,   

  x1 , ..., xn . 
 ,    xn 1   x*,    x̄ , 

  ,    -
      . 

  3.3.6 

         
         1970  1979 . (  ., 

  1972 .)      : 
C  67.555  0.979DPI. 

,     1979 .     1980 . 
   (    )  DPI*  1030  

.        -
     1980 . : 

.815.9401030979.0555.67ˆ *
1980C  

  

 ,18.68015)(,16.879,46.66
1

22
n

i
i xxDPIS  

.9.7642 ,340.95 **2 vSvS  

    0.95,  

,306.2)8()2( 975.01 2
05.0 tnt  

     DPI*  1030  *
1980 

 : 

940.815  2.306  9.7642   *
1980   940.815  2.306  9.7642, 

. . 
940.815  22.516   *

1980   940.815  22.516, 
 

918.299   *
1980   963.331. 

,          -
        -
   . 
 ,  1980 .     
  .,    —   .   
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.%97.0100
8.931

8.931815.940
 

        DPI1980  1021, 
   DPI*  1030,     C1980   32.0 
      

.%021.0100
8.931

8.9310.932
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 , 95%-   
  )1030( **

1980 DPICE  
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,392.12815.940)1030(392.12815.940 **
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.207.953)1030(423.928 **
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       4 

    
    

     

  4.1 
   

       
        -

      (  , 
      -

    ). 
        R2 ( -

  1)        -
   ,      -

   ,   -
    —   

 (adequate model) —       -
  . 

        4 -
   ( . 4.1),    -

           
  

,,,1, nixy iii  

     (      )  -
,   R2  t- . 

  4 : 
       y  6.00  0.50x; 
 ˆ   ( )   s ˆ   1.12; 
 ˆ  ( )   s ˆ   0.12; 
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 t-      H0 :   0  ,  
 P-  ; 

 t-      H0 :   0  ,  
 P-  ; 

 R2  0.67. 

. 4.1 
   (4 ) 

 1  2  3  4 
i 

x y x y x y x y 

1 20 16.06 20 18.28 20 14.92 16 13.16 

2 16 13.90 16 16.28 16 13.54 16 11.52 

3 26 15.16 26 17.48 26 25.48 16 15.42 

4 18 17.62 18 17.54 18 14.22 16 17.68 

5 22 16.66 22 18.52 22 15.62 16 17.94 

6 28 19.92 28 16.20 28 17.68 16 14.08 

7 12 14.48 12 12.26 12 12.16 16 10.50 

8 08 08.52 08 06.20 08 10.78 38 25.00 

9 24 21.68 24 18.26 24 16.30 16 11.12 

100 14 09.64 14 14.52 14 12.84 16 15.82 

110 10 11.36 10 09.48 10 11.46 16 17.98 

      ( . 4.1—4.4). 
    4   ,  -

    ( . 4.1)    
    

.,,1, nixy iii  

   ( . 4.2)     

.,,1,2 nixxy iiii  

   ( . 4.3)     (3-  -
),         

. 
  ( . 4.4)     -

 ,      -
    . 

        
     ,     -
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  .      
     .  

  : 

  ˆ
1, ..., ˆ

p   ,    
 ,  ; 

     ˆ
1, ..., ˆ

p (   
 ),     , 

 ; 
       -

  ˆ
1, ..., ˆ

p     ; 
   t-  F-     -

   ,  t-  F- -
.      t-  F-   

   t-  F-     -
        

 ; 
 ,    ,  -

. 

. 4.1 

X1 5 15
5 

15 

25 
Y1 

25

Y1 & X1 

. 4.2 

Y2 & X2 

X2 5 15
5

15

25
Y2

25 

. 4.3 

Y3 & X3 

X3 5 15
5 

15 

25 
Y3 

25

. 4.4 

Y4 & X4 

X4 5 15
5

15

p

25 

Y4
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   ,   : 
      , , 

 ,      (diag-
nostic for model misspecification); 

       , 

       
. 

  ,     -
   ,       -

.           -
,   ,       

      -
  .   

,  ,     -
   : 
     ; 
   ; 
     ,   

   ; 
     ; 
      . 

       
,  ,    ,   

       ( -
,      t- -

,     ).    
,       

(LSE approach; LSE — London School of Economics),   -
.       -
    ,      

        
 ,   ,   , -

    .     
      ,   -

  ,        
 ,      

        . 
           

   «    »: ,   -
 (test, test and test) ( . (Hendry, 2003), . 27—28). 

     ,  
  , : 
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    ; 
    ; 
       . 

      -
     

,,,1,11 nixxy iippii  
. . 

,Xy  

   (residual analysis), . .   

.,,1,ˆ niyye iii  

  yi  ŷi     i   
       

 Yi  Ŷi,       ei.  
  

yHIyXXXXIyXXXXyXye TTTT )())(()(ˆ 11  

     ,   -
    e. 

       -
,    e    

0)ˆ()ˆ()( XXXXEXyEeE  

   

.)())((

))(()())(()(
22 HIHIHI

HIyCovHIyHICoveCov
T

T

 

 ,      , . .  -
 ei, : 

,,,1,0)( nieE i  

,,,1,)1()( 2 niheD iii  

 hii — i-     (n  n)-  

.)( 1 TT XXXXH  

 ,       i   
    (    2),  , 

 , . 
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       -
  

,,,1,
1)(

ni
h

e
eD

e

ii

i

i

i  

. . ,     .    

.,,1,1
)(

ni
eD

eD
i

i  

  2  ,   -
     (studentized 

residuals) 

,,,1,
1

ni
hS

ed
ii

i
i  

,  , 
pn

RSSS 2 . 

     hii     
  di ,      -
  (standardized residuals) 

ni
S
ec i

i ,,1,  

(  , ,   Excel  Econometric Views). 
  ,    di  ci  

(    !)     . 
      (graphical 

diagnostic analysis)      ci, i  1, ..., n. 
    H  X(X TX ) 1X T  —  ,   

   .       
  p (p —   ), 

  H  p, 

,
1

ph
n

i
ii  

   p  n (p   n),  «  »  hii -
 . 

  ( )   
         

    .     , , 
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  ,      -
 ei, i  1, ..., n,         

 i, i  1, ..., n.  ,  ,   
i, i  1, ..., n, —     ,  

   N(0, 2), ,   
  ei, i  1, ..., n,    

     ,  
   N(0, 2).   -
      ,   -

      , 
     N(0, 1). 
 ,     .  -

    ,  (    -
 n)   ,     -

  .       ,  (  
 )      -

    ,      -
   .       

        
      -  -

       -
  ,     

 N(0, 1). 
    (    )  

      
(  ) : 

    ŷi  ˆ
1xi1    ˆ

pxip; 
   ; 
  ,     -

     . 

  ci  ŷi  ˆ
1xi1    p̂xip    

3      -
 . 

  (outliers) —  ,  -
     E( i)    

 0,    D( i)    2 -
  .      -

    «  »    -
.   , ,      

(  4  )   ( . 4.5). 
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 ,   (heteroskedasticity), 
 , ,       -
 D( i)   1xi1    pxip. ,     

ci  ŷi  ˆ
1xi1    ˆ

pxip  ,   . 4.6,  ,  , -
       1xi1    pxip. 

      -
  (regression error specification)    

 E( i)  0,   E(Ŷi)  1xi1    pxip.   , 
,       4  

 ( . 4.7). 

  ci,   xij j-    
     y  j-   -
. ,     4   -

  . 4.8. 

. 4.5 

Standard Residuals & Y3F 

Y3F 6 12
2 

1 

2 

Resid_Stand 

24 

0 

1 

3 

18

. 4.6 

Standard Residuals & YF 

YF 0 100
3

0

3

200 

Resid_Stand

. 4.7 

Standard Residuals & Y2F 

Y2F 5 15
2 

1 

Resid_Stand 

25 

0 

1 

2 

. 4.8 

Standard Residuals & X2 

X2 0 10
2

0

2

30 

Resid_Stand

1

1

20
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,       (  
  ).     : 

       ( . 4.9); 
    ( ) ,     

      ( . 4.10); 
       -

 i, i  1, ..., n,    .   
       -

  ,  ,   -
      ( . 4.11) 

     ( . 4.12). 

         -
    (   , , -

   ,    — ). 
           

. 4.9 
i

4 
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e 
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4 

. 4.10 
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8

6

e

0

2

6

4

4

2

. 4.11 
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2 
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. 4.12 
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3

2

e

0

1

3

2

1



 4.         179 

   (   , ,  
 ,    — ). 
      -

      i,  
i  1, ..., n. 

 « - » (Q-Q plot).    -
    ci, i  1, ..., n,   

  .     

.)()2()1( nccc  

    k  1, ..., n      
      c(k )    

n

k
Qk

2
1

1 , 

 Qk —   
n

k
2
1

   ; 

 (z) —    , 

  n  (c(k ) , Qk), k  1, ..., n,    -
     ,   -

,   1.      , 
      4   

 ( . 4.13). 

 4.4.1.       -
 ,     ei,  

i  1, ..., n,    (e(k ) , Qk), k  1, ..., n,   
 (    )  -

 ,     ,  -
   1. 

   « - »  
 ,     n    

 

n

k
c k

2
1

1
)( , 
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   ,  
      Excel. 

n

k
c k

2
1

)( )( . 

  (DP-plot, DPP)    « -
- » ,        Qk  

      -
 (x)   ,  Qk, . .  (Qk). 

          
     ,    

       
  .      , 

  ,      -
    (CONS)     -

    (DPI) (      . 
1982 .,    1959  1985 .) ( . 4.14). 

     ,  -
        

.           -
  .   ,     

     .  
         

         
 . 

   (kernel density estimates) —  -
  ,      -
 .     ,    

  ,  ,    EViews   

Q-Q Plot 

. 4.13 

Resid_Stand 

Normal Quantile

2 

0 

1 

2 

1 

2 0 2 

. 4.14 

C_k 

DP

3 0 3 2 1 1 

0.5

0.4

0.3

0.2

0.1

0
2 
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 8 ,   -
     -

. ,  
 ,   -

    
   

( . 4.15). 
 ,     

 ,   -
     

  -
,      
   -

 (n  27). 
  -

  (instability)  ,   ,  
        -

    (   -
 — recursive coefficients).          
   DPI  ,   . 4.16,  -
       DPI  -

 . 

. 4.16 

  EViews       
      (recursive residuals), -

      -
         -

      .  
  p  ,      

. 4.15 

Kernel Density  
(Epanechnikov, h = 0.5025) 

RESID_STAND 
3 12 0 

0.0

0.2

0.6

0.8
D

1 2 

0.4

Recursive C(2)  
Estimates 
±2 S.E. 

1966 1974 1968 1976 
0.82 

0.84 

0.92 

0.94 
 

1982

0.86 

1984

0.90 

0.88 

197819721970 1980
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  ,   p .   
     (p  1)-    -

  wp  1 .    (p  1) ,   
         -

   (p  2)-  .     wp  2. 
  ,    -

 . 
,      (t  1)-  , -

  ,    t , : 

,))()(1( 1
1

1
2 T

tt
T
tt xXXx  

 Xt —       t -
; 

 xt  1  — -      (t  1)-  -
. 

    (t  1)-    -
     (1  xt 1 (Xt

TXt) 1 (xt 1)T).   
 ,   ,  

 wp  1 , ..., wn   ,  -
   ,    

  2.       
  ,        -

       . 
, ,  ,      

   2    .    
,   ,      

,    .   
       

 . 
           

 . 4.17. 
  EViews      
    (CUSUM — cumulative sums), 

    
k

pt

t
k S

wW
1

,  
pn

S RSS
,  RSS — 

        n . 
      (  -

 )  Wk    k     -
,  ,   )948.0,( pnp   

  )948.03,( pnn ,   0.95. 
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. 4.17 

     ( . 4.18)   -
  . 

. 4.18 

  

1.         , -
 ,     ? 

2.      ? 
3.       ? 
4.        -

    ? 
5.      : 

  ; 
    ( ); 
        

; 

Recursive  
Residuals 
±2 S.E. 
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      ; 
       ; 
       ; 
      ? 

  4.2 
     

     ,  
        

,     . -
     .       
    

.),0(~,,: 2
10 Ni.i.d.H n  

      -
   ,    

       ,   
 « ». 

  —  (Goldfeld-Quandt test).  -
        -

 D( i), . .   , : 

  ,   ,   -
    ; 

   r   (    
        -

),       (n  r) ; 
        (n  r)/2 

   (n  r)/2 ; 
   F  RSS2/RSS1    , 

      (n  r)/2 (  
  RSS2)    (n  r)/2 (   -

 RSS1) . 
   ,     D( i)  2,  

i  1, ..., n, (  )    -
    ,    

  ,   F  RSS2/RSS1   F- -

  prnprnF
2

,
2

  prn
2

  prn
2

 

 ; 
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  H0 : D( i)  2, i  1, ..., n, ( , -
   — homoscedasticity) ,   

  F-  «  », . .  

  prnprnF
2

,
21 ,  -

   . 

  —  (Durbin-Watson test) ,  
    ,   -

,          -
 (   )   i 

 . ,    
  

,,,1,1 niiii  

 | |  1,  i, i  1, ..., n, —     -
,     N(0, 2 ),  i 

    i s  s  0. 

  —  (Durbin-Watson statistic)  
 

n

i
i

n

i
ii

e

ee
DW

1

2

2

2
1)(

, 

 e1, ..., en — ,      -
. 

      
H0 :   0, 

 (       
 )      1, ..., n. 

         
  

H0 :   0, 

    -
 1, ..., n ( . .      

    i-   (i  1)-  ). 
 DW      0  4. -

   ,     H0 :   0 ( . .   
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 )   p(x),    
x  2 —   .      *  0,  

  DW     .   -
        

          
     d  (0  d   2)   

 H0 :   0   H0 :   0    DW  d . 
    —     

 n  p,      xij , j  1, ..., p, i  1, ..., n,  
,       

  .       
 . ,       
      -

  ,   (    n  p) 
 dL    dU   ,      

   d    — , -
  ,    xij , j  1, ..., p, i  1, ..., n.  

, 
,20 UL ddd  

 dL   dU       xij , j  1, ..., p, i  1, ..., n,  
    ,   

     . 
 H0 :   0: 

     HA :   0,  DW  dL ; 
  ,  DW  dU . 

  dL   DW  dU ,      
   H0 :   0  . 

       -
 H0 :   0      . 

  —  (Jarque-Bera test)     
   ( ,  EViews)    

H0     , , 

),0(...~,,: 2
10 NdiiH n  

(  2  ).    ,    
  n  

24
)3(

6
)( 22  kurtosissampleskewnesssample nJB  
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 ,    -   2  
  2(2),     : 

. 0,
2
1)( 2 xexp

x

 

: 
 sample skewness —    

2
3

2

3

)(
 

m

mskewnesssample ; 

 sample kurtosis —   

2
2

4 
m
m kurtosissample ; 

 ;1
1

n

i

k
ik e

n
m  

 e1, ..., en — ,      -
 . 

     ,  -
      0,   -

  —  .     
  0    (  0)  

    (« » ). 
       

 JB    .   -
  ,     «  », 

   
)2( 2

1JB , 

 2
1  (2) —   2(2),   1  . 

 4.2.1.   —    — 
   (  — non-

asymptotic tests)   ,     
  n.   ,  

 —    (asymptotic test): -
  JB    2(2) 

    .   -
      —   
   .    — ,  -

     -
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       ( -
,     — ,  -
 ). 

  —  (Breusch-Godfrey test)    
    ( ,  EViews)   

      
.,,1,11 nixxy iippii  

   (    
)       -

  i, i  1, ..., n. ,    —  -
    ,    -
 i   

,,,1,1 niiii  

 | |  1,  i, i  1, ..., n, —     -
,     N(0, 2 ),  i 

    i s  s  0. 

      i ,  
         -

 j ,  . 
  —     -

 i ,  K       
 j .      -

   K: 
,,,1,11 niaa iKiKii  

  i, i  1, ..., n, —     , 
    N(0, 2 ),  i  -

   i s  s  0,   | |  1   
: 

   1  aiz  ...  aKzK  0,     
 ,    1. 

    nR2,  R2 —  -
,      

,,,1,1111 niveaeaxxe iKiKiippii  

 e1, ..., en — ,      -
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.,,1,11 nixxy iippii  

  e0, ..., e1 K  . 
      

H0 : 1  ...  K  0. 
   ,      n -

   ,    -   
 K  .  H0     -

 ,    nR2   , 
   (1  )  , . .  

.)()( 2
1

22 KRnRn crit  

,       — 
  ,    ,   -

  —  . ,   ,  -
   —   ,   

   « »     
 , . . K  1; 

   ,      
    . 

  —     . 

  (White test)      
  ( ,  EViews)     
    

.,,1,11 nixxy iippii  

   . 
 I.     

,,,1,
2

2

2
1

2 nixxe i

p

j
ijjij

p

j
ji  

 e1, ..., en — ,      -
, 

  
.,,2,0:0 pjH jj  

   nR2,  R2 —  , -
    .    , 

     n    -
,    -   (2p 2)  . 
 H0      ,  -
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  nR2   ,    
(1 )  , . .  

.)22()( 2
1

22 pRnRn crit  

 II.     

,,,1,
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2 nixxxe i

p
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ikijjk

p

j
ijji  

 e1, ..., en — ,      -
, 

  

.2,0
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H
kj

j  

   nR2,  R2 —  , -
    .    , 

     n    -

,    -   
2

22 pp   

.  H0      ,  
  nR2   ,  -

  (1  )  , . .  

2
2)(

2
2
1

22 ppRnRn crit . 

      — ,   -
       ,   

 . 

 4.2.2.      -
,  xi1   1.        

,   ,      
  ,      

   j  1. 

  RESET (Ramsey’s Regression Specification Error Test) 
        

.,,1,11 nixxy iippii  
 

,,,1,0)( niE i  
-       . 
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     : 
  « »  ( . .     

   ); 
      (  

)  ( ,    
    ); 

         
   (    , , -

     —   . 
. 6). 

    .  , -
   EViews.       
 ,        

.,,1,ˆˆˆ 11 nixxy ippii  

    

,,,1,ˆˆ 1
2

111 nixxy r
iriippii  

       

.0: 110 rH  

   ,      n -
   ,    -   

 (r  1)  .  H0     
 ,    nR2   -

,    (1  )  , . .  

.)1()( 2
1

22 rRnRn crit  

    r   .  -
        

,     ŷi.      
       ŷi. 

  (Chow tests).       
     .    — Chow 

breakpoint test —         
        -

          -
.  —      (Chow forecast test) — 

  ,      
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 ,   « »,     
    .  ,    

  : 
i  1, ..., n0        i  n0  1, ..., n. 

   
,,,1,11 nixxy iippii  

  n ,    
.,,1,)(ˆ 0 nninyi  

         n0 -
.        -
  

.,,1,)(ˆ 00 nninyi  

  ,   ŷi(n0)     
   ŷi(n), i  n0  1, ..., n. 
    

)(
)()(

0

0

0

0

pnRSS
nnRSSRSS

F
n

nn , 

 RSSn —         
 ; 

 RSSn0
 —         

n0 . 

   (     ), 
    F- , F(n  n0, n0  p).   

   ,     -
   F1  (n  n0, n0  p). 

 4.2.1 

        1960  1985 .  
  : 

DPI —     ; 
CONS —    ; 
ASSETS —       . 

(     .,   1982 .).    . 4.2. 
      

  . 4.19. 
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 4.2 
     1960  1985 . (   1982 .,  .) 

 DPI CONS ASSETS   DPI CONS ASSETS 

1960 1090.9 1005.2 1203.1  1973 1914.9 1687.9 2190.6 
1961 1122.5 1024.3 1226.7  1974 1894.9 1672.4 2301.8 
1962 1168.7 1067.6 1293.7  1975 1930.4 1710.8 2279.6 
1963 1208.7 1109.6 1374.9  1976 2001.0 1804.0 2308.4 
1964 1289.7 1169.4 1464.5  1977 2067.9 1884.9 2421.6 
1965 1367.4 1237.9 1544.0  1978 2166.5 1960.2 2554.9 
1966 1433.0 1300.5 1641.6  1979 2211.4 2003.6 2666.2 
1967 1494.9 1339.4 1675.2  1980 2214.8 2000.7 2704.3 
1968 1551.1 1405.9 1772.6  1981 2249.0 2024.4 2682.8 
1969 1601.7 1458.3 1854.7  1982 2261.4 2050.7 2741.8 
1970 1668.1 1491.8 1862.2  1983 2332.5 2146.5 2850.1 
1971 1730.1 1540.3 1902.8  1984 2470.5 2246.3 3038.1 
1972 1797.9 1622.3 2011.4  1985 2527.3 2323.9 3267.7 
 

. 4.19 

   

,26,,1,321 tASSETSDPICONS tttt  

  t  (1959  t)-  .      
: 

.,,1 321 ASSETSXDPIXX  

     : R2  0.9981, 
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CONS 
DPI 
ASSETS 
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ˆ
2  0.672, P-   0.0000; 

ˆ
3  0.174, P-   0.0069; 

       X2  DPI,  
X3  ASSETS    . 

      (CONSF)  
  (CONS)   CONS ( . 4.20),   -

    
S
ec t

t  (RES_STAND)  -

 (CONSF)   CONS ( . 4.21). 

  . 4.20     -
.    . 4.21      

    CONSF  1600. 
         

       ,  
   —    

      (    -
     ).   

 26   ,    10   10 -
  (xt1 , xt2 , xt3),     1960  1969 .   

 1976  1985 . (    r  6  ).  
        -

    RSS1   208.68  RSS2   1299.66 -
,     F-    — 
 : 

. 4.20 
CONSF

500 1500 2500 
500 

1500 

2500 

CONS 

. 4.21 
CONSF 

500 1500 2500 
3

0

3

RES_STAND 



 4.         195 

.228.6
68.208
66.1299

1

2

RSS
RSS  

        -
 ,       
     F-   

)7,7(3
2

626,3
2

626 FF . ,  ,   -

   0.05,       
 F-   F0.95(7, 7)  3.79. 

    6.228  , 
        

       D( i)   -
 1  2DPI  3ASSETS. , ,    

    F(7, 7)  6.228 (P- ) 
 0.0138. 

     —   -
,       . 
        

nR2  8.884.  p  3,     
 -   2p  2  4.  ,   

,   ,   8.884,  
0.0641,    nR2  8.884  ,  ,  

        . 
       

  nR2  9.699.     -

 -   5
2

22 pp .  ,   

,   ,  9.699,  0.0842,  
  nR2  9.699  ,  ,   -

        . 
 ,     -

       
 :     -

   — ,      
 .     ? 

     ,    
 —      -

. 
       ,  -

  -      
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 — ,        -
  —   n R2  6.068,   P- -

,  0.014.    ,  -
  ,      — 

. 
      K  5,  nR2  10.331,   P- -

,  0.066.         
       0.05,    

 ,      — -
.        K  6 (nR2  0.095), K  7 

(nR2  0.127)  . .   :  K  5, K  6, K  7 -
     
     

 K  1,    -
   -
    -

,   . 
, , -

   -
 .    

  « -
» (Q-Q plot) ( . 4.24), 

  (DP-plot) 
( . 4.25)    -

 ( . 4.26). 
    

,  -
  ,     . -
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 .          
.    —    ,  

 P-  0.0015. ,     -
       . 

   RESET   . 4.3. 

. 4.3 
   RESET 

  ŷ i P-  

2 0.0015 

2,  3 0.0046 

2,  3,  4 0.0032 

     

.,,1,0)( ntE t  

   ,    (Chow 
Forecast Test),    n0  13,   F-   
F  11.037,   P-  0.0003     

. 
, ,     

,26,,1,321 tASSETSDPICONS tttt  

 ,      
     ,  
    ,   E( t)  0, 

t  1, ..., n,   . 

    
S
ec t

t    -

          -
           

 (  1972 .)      (1973—1985 .).  
     ,   1973 .  

   ,    - -
 ,       

 .  , ,   
    1, 2, 3       

 .     -
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,26,,1,)2()1(
)2()1()2()1(

65

4321

tASSETSASSETS
DPIDPIDDCONS

ttt

ttttt  

 (D1)t —  ,  1  t  1, ..., 13 (  -
   1960  1972 .)   0  t  14, ..., 26 (  

   1973  1985 .); 
 (D2)t  1  (D1)t —  ,  0  t  1, ..., 13  -

 1  t  14, ..., 26; 
 (DPI1)t  DPIt  (D1)t — ,  (DPI)t  t  1, ..., 13  -

 0  t  14, ..., 26; 
 (DPI2)t  DPIt  (D2)t — ,  0  t  1, ..., 13   

(DPI)t  t  14, ..., 26; 
 (ASSETS1)t  ASSETSt  (D1)t — ,  ASSETSt  t  1, ..., 13 

  0  t  14, ..., 26; 
 (ASSETS2)t  ASSETSt  (D2)t — ,  0  t  1, ..., 13  

  ASSETSt  t  14, ..., 26. 

,    
,26,,1,)2()1( tDPIDPIDPI ttt  

.26,,1,)2()1( tASSETSASSETSASSETS ttt  

      

.,,: 6543210H  

    q  3  ,   
   

.0,0,0: 6543210H  

   ,  F- .    
F-         (Chow break-
point test).  F-  10.490  P-  0.0002, 

   H0 ,         
  1, 2, 3       . 

   5  6   (  -
 P-  0.1157  0.5599),     -

     (q  2),  F- .  
P-  0.2412   ,     -

,  ,         
  ,        

 ASSETS    

.26,,1,)2()1()2()1( 4321 tDPIDPIDDCONS tttttt  
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     : R2  0.9992, 

1  58.786, P-   0.0119; 

2  234.836, P-   0.0000; 

3  0.864, P-   0.0000; 

4  1.012, P-   0.0000. 

 H0 : 3  4 (q  1)   (P-   0.0000),   
  H0 : 1  2,       , 
   DPI. 

   —   DW  2.06    
 .       -

   —   K  1,  K  2, K  3.    
P-   0.508,   ,    — 

  P-   0.469,     -
   . 

, ,    — .   
  1960  1969 .   1976  1985 .,   F-  

3.354,  P-   0.0832,        -
    . 

   RESET   . 4.4. 

. 4.4 
   RESET 

  ŷ i P-  

2 0.3080 
2,  3 0.4132 

2,  3,  4 0.3659 

        
.,,1,0)( ntE t  

           -
,        

 1960  1985 .,   

.26,,1,)2(012.1)1(864.0
)2(836.234)1(786.58

tDPIDPI
DDCONS

ttt

ttt  

       

.26,,14,)(012.1836.234
13,,1,)(864.0786.58

tDPI
tDPI

CONS
tt

tt
t  
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  (two-phase linear regression model)   

   (switching regression model). , , 
,        DPI 
      ,     

   , . . ,  D( t)  2
1   t  1, ..., 13  

 D( t)  2
2   t  14, ..., 26.   1  2     -

 8.887  14.886. 

 4.2.3.   « , , », -
  ,      , -

       
       

.       , 
       -

 . 
,      (   

 —      -
)  K  (  ), -
  K   T1, T2, ..., TK   -
  R1, ..., RK,     k 

  ,   P{TK  RK}  , k  1, ..., K.  
   K    -

,  TK  RK     k, k  1, ..., K.  -
     1-   *, . . 

     ,   , 
        -

.  * ,  ,    ,  
     K -

.         -
   *.     -

     : 

*  P{TK  RK     k, k  1, ..., K}   

 .}{
1

KRTP
K

k
Kk  

 ,        
    ,      

    /K.   -
  1-     .    -

,       T1, T2, ..., TK 
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  1-       -
     .   

    (Godfrey, 2005). 

 4.2.4.  ,    -
  ,     , . . 

 '  ,    , -
      — 

 '   (time series analysis).    
     . 

  

1.       -
?      —   ? 

2.       ?  
    —    — ? 

3.         -
  ? 

4.         
(   ,   )? 
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  5.1 
      

   

 . 4          
   1960  1985 .    .    -

,    -   1973 . 
  

,26,,1,321 tASSETSDPICONS tttt  

    (   -
).      ,   -

          1960 
 1972 .    1973  1985 .    -
      : 

,26,,1,)2()1(
)2()1()2()1(

65

4321

tASSETSASSETS
DPIDPIDDCONS

ttt

ttttt  

    (D1)t  (D2)t ,   
(D2)t  1  (D1)t , (D1)t  1  t  1, ..., 13 (     1960  
1972 .)  (D1)t  0  t  14, ..., 26 (     1973  1985 .). 

       
(dummy variables — - ,   dummies — ), 

      (  -
) ,     -  '  

,     ,    
 ,       
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       . .   -
    ,    

,  ,  ,   . . 
      3  ,   

 6       -
  .      

        
   ,       

  4  , ,  ,  -
  . 

        - -
     ,    

(  ).       . 

 5.1.1 

  . 5.1      
  DPI    SALES    

  (      1964  1972 .; DPI —   ., 
SALES —   .,   1972 ., . . 5.1). 

   
,36,,1, tDPISALES ttt  

 ,   . 5.2. 

. 5.1 

    DPI  . -
    (      

 — . 5.2  . 5.3)    -
   . 

   ,      -
 — :   1.966   —    2. 

DPI 

SALES 

19
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68
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69
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40
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 5.1 
   DPI    SALES  

    (   1972 .) 

,  
 

DPI1972,  
 . 

SALES1972,  
 . 

 ,  
 

DPI1972  
 . 

SALES1972,  
 . 

1964:1 157.4034 53.43051  1968:3 184.8915 47.97185 
1964:2 165.5068 48.21284  1968:4 185.3775 55.73602 
1964:3 161.5369 44.02953  1969:1 185.6923 54.49402 
1964:4 165.2709 53.99799  1969:2 186.6742 49.77978 
1965:1 166.4503 52.75629  1969:3 188.8089 51.92244 
1965:2 168.7129 44.42772  1969:4 189.7213 55.98525 
1965:3 170.4000 47.48852  1970:1 190.0968 56.91452 
1965:4 172.0651 52.86840  1970:2 192.7143 49.47460 
1966:1 172.5916 54.79100  1970:3 195.0632 46.63579 
1966:2 173.6561 47.48408  1970:4 193.6364 56.43117 
1966:3 175.2532 47.04873  1971:1 196.1125 56.65473 
1966:4 175.7250 53.51625  1971:2 196.9447 49.45025 
1967:1 175.9565 55.43292  1971:3 197.6725 49.78809 
1967:2 178.6025 45.90745  1971:4 197.3382 55.02500 
1967:3 181.4444 51.01481  1972:1 197.0121 53.84310 
1967:4 181.8293 56.75671  1972:2 197.6394 48.12981 
1968:1 182.3892 56.37485  1972:3 196.3040 48.36770 
1968:2 185.2722 50.91834  1972:4 196.0000 52.80000 

 5.2 
  SALES  

(Method: Least Squares; Sample: 1964Q1 1972Q4; Included observations: 36) 

   
 t-  P-  

C 27.99904 6.954436 4.026069 0.000300 
DPI 00.119943 0.040061 2.994036 0.005100 

R-squared 00.208644 Mean dependent var 48.7439500 
Adjusted R-squared 00.185369 S.D. dependent var 3.970245 

S.E. of regression 03.583419 Akaike info criterion 5.444465 
Sum squared resid 0436.59040000 Schwarz criterion 5.532438 

Log likelihood 96.0003700 Hannan-Quinn criter 5.475170 
F-statistic 08.964254 Durbin-Watson stat 1.965655 

Prob. (F-statistic) 00.005103   
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       -
   ( . 5.4). 
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 .      ,  -

,         
    . 

   DUMMY,    1   
I  IV    0  II  III .   -

        . 
   

,36,,1, tDUMMYDPISALES tttt  
 ,   . 5.3. 

 5.3 
  SALES1972  

(Method: Least Squares; Sample: 1964Q1 1972Q4; Included observations: 36) 

   
 t-  P-  

C 23.933380 2.781524 08.604413 0.0000 
DPI1972 00.124919 0.015933 07.840376 0.0000 
DUMMY 06.410030 0.475062 13.493030 0.0000 

  6.410    DUMMY -
   ,       I  IV -

       II  III    -
  6.41  . (   1972 .).   . 5.7  

   . 
   P-      —  (  -

      1  2 )   0.4389  
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. 5.7 

 0.000009,         -
   1, ..., n. 

 ,         
DPI  SALES: 

  SALES  23.93338  0.124919 DPI  
 -  ; 

  SALES  (23.93338  6.410030)  0.124919 DPI  
 -  . 

  (    )    -
     0.124919. 

 ,     ,    
      ,   

         -
         1960  1985 .  

        .  
   : 

.36,,1,)( tDPIDUMMYDUMMYDPISALES tiittt  
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 ,  DPI    DUMMY 
(    ),       
     DUMMYt  DPIt   -

 (interaction)  DPI  DUMMY. 
       -

     .  

 5.1.1.   SALESt    DPIt  DUMMYt  t , 
t  1, ..., 36,        -

 —    DUMMY,   
 1  I  IV    0  II  III ,  -

 DUMMY*   1  DUMMY,    0  I  
 IV    1  II  III : 

.36,,1,* tDUMMYDUMMYDPISALES ttttt  
        

        
   -   -  , 

       -
     (differential effect) 

-  . 

 5.1.2.     -  
      -  

(dummy trap).  ,    5.1.1,  -
    ,    

  .         
 -     , 

. .   
,36,,1,* tDUMMYDUMMYDPISALES ttttt  

       : 
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    1-     3-   4-  , 
. .   X  ,    -

  4,  X TX   (det X TX   0 )    
,    (X TX ) 1X Ty   . 

  Econometric Views    -
       

       
  (Error Message): Near singular matrix (    

 ). 

 5.1.3.      -
  -       -

        .  
        

 , ,  DUMMY1, DUMMY2, DUMMY4, 
  1   I, II  IV   

  0   .    -
       -

  DUMMY2,       
  II   III .  ,   
    DUMMY4  DUMMY1. -

       , 
          

DUMMY,     . 

      -
 ( ) ,    -

,     (   ),   
,    ,    . 

   ,    ,  -
 ,   ,    , 

   .     -
          

          
,         , 

           
,         -

 .     -  -
   ( , 2004). 

 5.1.4.  -    -
       K -

      ,   -
  - ,      5.1.2,  
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       (K  1) -
.    ,    K - -

  ,  1   . 

 5.1.5.       
    -    

 ,     ,   
 -   1,      

      -
    . 

 -      -
   (panel data), . .    -
   ( , )    ( -
, ).        ( -

, )     ( , , )  
    (cross-section data),  

     ( , )   
 ( , ) — '   (time-series data). 

 5.1.2 

   . 5.4     -
 y   x 3  (N  3)    (T  10)  

( . (Greene, 1993), . 481).  Yi, Xi    i-  -
, i  1, 2, 3. 

 5.4 

      3    10  

 1   2   3 
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 09.160  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 
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  (   Econometric Views)   -
 

,10,,1,11111 txy ttt  
,10,,1,22222 txy ttt  
,10,,1,33333 txy ttt  

  : 
 1-   ( . 5.5): 

 5.5 
  Y1 

   
 t-  P-  

C 2.468913 0.980426 2.518205 0.0359 

X1 1.167170 0.058250 20.037370 0.0000 

R-squared 0.980500   

 2-   ( . 5.6): 
 5.6 

  Y2 

   
 t-  P-  

C 1.384797 1.972680 0.701988 0.5026 

X2 1.014542 0.115314 8.798102 0.0000 

R-squared 0.906300    

 3-   ( . 5.7): 
 5.7 

  Y3 

   
 t-  P-  

C 0.455479 1.491604 00.305362 0.7679 

X3 1.076374 0.100360 10.725160 0.0000 

R-squared 0.9350000    

      x1, x2, x3 -
 ,         

 : 
.: 3210H  

       , -
   30      -
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       (  -
 ).  -  D1, D2, D3 -

 : 
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,1,1

1
i
i
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2
i
i

D it     
.3,0
,3,1

3
i
i

D it  

     : 

M0 : ,)3()2()1(321 321321 ititititititititititit xDxDxDDDDy  

i  1, ..., 3,   t  1, ..., 10, 
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 ,       -
     ,   -

   H0 : 1  2  3    F- .  
    ( . 5.8). 

 5.8 
  Y 

   
 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 0.400559 0.6923 

D1  X 1.167170 0.082467 14.153240 0.0000 

D2  X 1.014542 0.130535 7.772208 0.0000 

D3  X 1.076374 0.076508 14.068740 0.0000 

R-squared 0.950532 F-statistic 0.592788 

  Probability 0.560676 

 ,  H0 : 1  2  3  ,    -
         : 

M1 : .10,,1,3,,1,321 321 tixDDDy itititititit  

   M1,       -
 ,        

- .  ,    H'0 : 1  2  3, 
1  2  3    M0.     -

  .     -
 . 

  

1.        -    
 ? 

2.    - ?      -
,      ? 

3.   -     , 
       ? 

4.   -     , 
    ? 

5.   -    ,   
 ? 

6.    ,    ?  
 -     ? 
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  5.2 
   

    ,   
  ( , heteroscedasticity),  

  ,     ,  -
   , ,   ( -
 ).       

       ( ,   
   ).  4.2.1    

 :        
     . 

    ( -
): 

     ˆ
1, ..., ˆ

p (  -
  ),     -
,  ; 

       
  ˆ

1, ..., ˆ
p     -

; 
   t-  F-      

   ,  t-  F- -
,   .  

   t-  F-    -
 t-  F-      -
        -

 . 

 5.2.1 

       -
         27 -

  ( . 5.9). : 
xi —    i-  , 
yi —    i-  . 

    

.27,,1, ixy iii  

     R2  0.776  , -
  . 5.10. 
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 5.9 
    X  

   Y  27  

i X Y  i X Y 

01 294 30  15 0615 100 
02 247 32  16 0999 109 
03 267 37  17 1022 114 
04 358 44  18 1015 117 
05 423 47  19 0700 106 
06 311 49  20 0850 128 
07 450 56  21 0980 130 
08 534 62  22 1025 160 
09 438 68  23 1021 097 
10 697 78  24 1200 180 
11 688 80  25 1250 112 
12 630 84  26 1500 210 
13 709 88  27 1650 135 
14 627 97     

 5.10 
  Y 

   
 t-  P-  

1 14.448 9.562 1.511 0.1433 

X 00.105 0.011 9.303 0.0000 

 . 5.8        
y  14.448  0.105x,  . 5.9 —    

 
S
ec i

i    ŷ i  14.448  0.105xi . 

,       -
     ŷ ,   -
   D( i)  i

2  2xi
2   .   

   ,     
yi     xi  i  xi: 

i

i

ii

i

xxx
y 1 , 
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. .     

,  ***
iii xy  

 

i

i
i

i
i

i

i
i xx

x
x
yy *** ,1, . 

    D( i)  i
2  2xi

2,   
   

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

**
i

i
ii D

x
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  Y/X 

   
 t-  P-  

1 0.121 0.009 13.445 0.0000 

1/X 3.803 4.570 00.832 0.4131 

        

y  3.803  0.121x. 
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   : WLS — weighted least squares    
 OLS — ordinary least squares. 

 5.2.1.       -
    ( ,   Econo-

metric Views)     -
       

: 

.)(
1

2
n

i
iii xyw  

       ,  -
  (yi     xi). ,   -

       : 
i

i x
w 1 . 

        , 
    . 

    ,       -
       -

  Econometric Views.      5.2.1  
       . 

    ,     
        

    
x

w 1 . 

    . 5.12.     
   : 

   (weighted statistics) — , -
  ,    , . .   

e*
i  y*

i    x*
i    ; 

   (unweighted statistics) — , -
   ui  yi  WLS  WLS xi, . .   -
    y  , -
   ,     -

  , WLS , WLS ,    . 

   0      
  .       -

 —      ,    
   F- ,  ,   

 P-   ( . Weighted statistics).      - 
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 5.12 
  Y  

(Method: Least Squares; Sample: 1 27; Included observations: 27; Weighting series: 1/X ) 

   
 t-  P-  

C 03.803296 4.569745 00.832277 00.413100 

X 00.120990 0.008999 13.445400 00.000000 

  (Weighted statistics) 

R-squared 00.026960 Mean dependent var 74.049460 

Adjusted R-squared 0.011961 S.D. dependent var 13.081030 

S.E. of regression 13.159020 Akaike info criterion 08.063280 

Sum squared resid 4328.998 Schwarz criterion 08.159268 

Log likelihood 106.8543 F-statistic 180.7789000 

Durbin–Watson stat 2.272111 Prob (F-statistic) 00.000000 

  (Unweighted statistics) 

R-squared 0.758034 Mean dependent var 94.444440 

Adjusted R-squared 0.748355 S. D. dependent var 45.007120 

S.E. of regression 22.577460 Sum squared resid 12743.54 

Durbin-Watson stat 2.444541   

  R2,    ,  -
 ,      . 

 ,     . 5.12   -
,     t- ,   P-  -

 ,      . 
, ,   R2  0.758,     

,    R2  0.776,    
 ( )  .  , -

,  ,     R2  0.776   

,ˆˆ iii xye  

 ˆ , ˆ —      , 
    . 

      -
       -

.   5.2.1  ,     : 
D( i)  i

2  2 xi
2,      -
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        -
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,21 iii Xe  

,21 iii Xe  
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i
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e  

          0 -
 2.     ,   -

   .     
       

      X. 
  ,     
        -

  ˆ
1, ..., ˆ

p.        -
     ˆ

1, ..., ˆ
p . ( -

    , .  . 6.)    
         -

        -
  (OLS- , ordinary least squares estimates) ˆ

1, ..., ˆ
p 

 1, ..., p     -
    s ˆj

.     
    s ˆj

   
        ,   

   EViews.      
 (White estimator)      

. 
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    ,  
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1
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0
),,(diag

n

nV , 

  Cov( ˆ)  n   —  , -
  .       -
  Cov( ˆ),  ,       

      s ˆj
,  -

   V     1
2 , ..., n

2   
 ,       

  , . .  e1
2 , ..., en

2 .     
. 

 5.2.2 

    ,      
 ,   EViews. 
         -

  ,       ˆ   14.448  
 ˆ  0.105.      s ˆ   s ˆ   s ˆ   9.562 
 s ˆ   0.011,        

 ,     s ˆ   10.633  s ˆ   0.018. 
          

    (3.803  14.448)  -
    ,      ˆ , 

    ,   (s ˆ   4.570  s ˆ   
10.633 ).  
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    . 

 5.2.3 

 ,    5.2.1  5.2.2,    
.27,,1,ln ixy iii  

   ,   -

  ,    iyln    . 5.11. 

     ,   -
    xi

2.  -
  ,    -

 x2,   ,    -
  ( . 5.12).    

   . 5.13. 
 5.13 

  LnY 

   
 t-  P-  

1 2.851 0.157000 18.205 0.0000 
X 0.003 0.000399 07.803 0.0000 

X 2 1.10E  06 2.24E  07 4.925 0.0001 

 ,    , -
        x  y: 

xy 121.0 803.3       .101.1003.0 851.2ln 26 xxy  
          

.  
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    ,  -
 (  )  (autocorrelation, serial correlation), 
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).      -

  , ,     -
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       -
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      ˆ
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  )     
      -
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     ˆ
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p   

  :    -
     ,   

    —  
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   t-  F-     -
   ,  t-  F- -

,   .  -
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 t-  F-      -
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     . 
,       -

 (first order autoregressive process): 
,,,2,1 niiii  

 0    1,  i, i  2, ..., n, —     -
,     N(0, 2),  i  

    i s  s  0.     
      

 . 

   —  (Cochrane-Orcutt). -
     (i  1)-    ,   

 ,1,11,111 ipipii xxy  

         -
  i-  : 

)()()( 1,11,1111 iipiippiiii xxxxyy  

(   — autoregressive transformation).  
      

,,,2,11 nixxy iippii  
 

.

,,,
,

1

,11,111

1

iii

piipipiii

iii

xxxxxx
yyy

 



  1.  ,   226 

     
,,,2,1 niiii  

 ,   '2, ..., 'n    —  
   ,    -

 N(0, 2). 
 ,      -

  . ,   -
       

     .    ,  
        

 .      -
.        

-           
   . ,    -

   ,  '2, ..., 'n    
     ,   

  ,         -
       . 

  —     -
        

n

i
i

i

n

i
i

e

ee
r

2

2
1

1
2 , 

 e1, ..., en — ,      -
.    

 

,

,,,

,

1
*

,1
*

1,11
*

1
*

1

iii

piipipii

iii

r

xrxxxrxx

yryy

i
 

     

.,,2,***
11

* nixxy iippii  

       
 ,          

ˆ
1, ..., ˆ

p        1, ..., p. 
        -



 5.        227 

,        -
        . .,   

        -
 . 

, ,    xi1  1.   
    

,11,11
*
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22

** nixxy iippii  

 *  1(1  r).      ˆ*   *,    

  1  ,   
r1

ˆˆ
*

1 . 

 5.3.1 

      -
 (CONS)    (MONEY)    1952—1956 . ( . 5.14). 

 5.14 
     (CONS)  

   (MONEY)    1952—1956 .,  . 

,  MONEY CONS  ,  MONEY CONS 
1952:1 159.3 214.6  1954:3 173.9 238.7 
1952:2 161.2 217.7  1954:4 176.1 243.2 
1952:3 162.8 219.6  1955:1 178.0 249.4 
1952:4 164.6 227.2  1955:2 179.1 254.3 
1953:1 165.9 230.9  1955:3 180.2 260.9 
1953:2 167.9 233.3  1955:4 181.2 263.3 
1953:3 168.3 234.1  1956:1 181.6 265.6 
1953:4 169.7 232.3  1956:2 182.5 268.2 
1954:1 170.5 233.7  1956:3 183.3 270.4 

1954:2 171.6 236.5  1956:4 184.3 275.6 

     

,20,,1,+ ixy iii  

 yi —    CONS; 
 xi —    MONEY,   . 5.15. 
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 5.15 
  Y 

   
 t-  P-  

1 154.719 19.850 7.794 0.0000 

X 2.300 0.114 20.080 0.0000 

R-squared 0.957 Durbin-Watson stat 0.328 

      1,   
 —   ,      
      -

 .   . 5.13     
 ,   . 5.14 —   .   

  ,   ,    -
  ,     -
 . 

     -
   — .  . .5,   -

 ( , 2004, . 403),      
 d0.05  n  20: dL, 0.05  1.20.     
 DW  0.328     ,   -

 H0 :   0      HA :   0. 
       — 

. 

. 5.13 . 5.14 
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 ,       : 

.874.0
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n

i
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ee
r  

   ,    , -
     . 5.16. 

 5.16 
  Y* 

   
 t-  P-  

1 30.777 14.043 –2.192 0.0426 

X* 002.795 00.609 04.593 0.0003 

R-squared 000.554 Durbin-Watson stat 1.6670 

       
,    ,    — 

     dU, 0.05  1.40   
 d0.05,  n  19. (    -

   ,   ,     -
   .)    -

         
(       ).   

 . 5.15       -
,   . 5.16 —      . 
        

    . 
      -

 ,   (    5 !)   
  s ˆ ,       -

        
      . 

    s ˆ      
  5        .  
      95%-   -

      2.058    2.542,    -
    1.516    4.074.  
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   (i  1)  yi 1    xi 1  (yi 1     
 xi 1),          

  yi  yi  yi 1.    yi 1    xi 1 
 (yi 1    xi 1),       

      yi  yi  yi 1. 
     y  -
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      -
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.)795.2262.244(126.0975.2 11 iiii xyxy  
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     ˆ
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p,     

      ˆ
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p  
.          

       -
    ˆ

1, ..., ˆ
p  1,...,  p  

      
 s ˆj . 
      -

  s ˆj       (Newey, West)   
     ,      EViews. 

      —  (Newey-
West estimate)      . 

        —  (   
 , ,   ( , , , 2005),  

    EViews       
 . 

        
  ( . 5.17). 

 5.17 
  Y 

   
 t-  P-  

1 154.719 19.850 7.794 0.0000 

X 0002.300 00.114 20.080 0.0000 
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    —    . 5.18. 

 5.18 
  Y 

   
 t-  P-  

1 154.719 32.729 6.520 0.0000 

X 0002.300 00.139 16.449 0.0000 
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  ,    H0 ,   -
  t-   t-    (n  p) -

  
t | X ~ t(n  p). 

         X.   
 ,     X,   

t-   H0 : j  *
j          

 t(n  p). 
     -

 F-        -
. 

           
A  . 

 A' 
  | X ~ N(0, 2In),  In —    (n  n). 

    : 
xi  (xi1, xi2, ..., xip)T  — -   p  -

  i-  ; 
                           Xn —       

n . 

 B 
   k   ( )  xi1, xi2, ..., xip  

 i  k ; 
    i   ,   

i   i.i.d.,  E( i)  0,  D( i)  2  0    E( i
4)  4  ; 

 E(xi xi
T)  Qi —   , (1/n)(Q1  ...   

 Qn)  Q  n  ,  Q —   ; 
 E(xij xik  xil  xis)     i , j , k , l , s ; 
 (1/n)(x1x1

T   ...  xnxn
T)  (1/n) Xn

TXn  Q  n    . 
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   n -   ( ) 
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 i   S2,   t-  F-   
  ,    . 

      , 
     ,  

   , ,   (Hamilton, 1994). 
 

ˆ(n)  —       n ; 
Sn

2, tn , Fn  —  S2, t, F,   n . 

  ,     
B,   n  : 

 n ( ˆ(n)  )  N(0, 2Q 1); 
 n (Sn

2  2)  N(0, 4   4); 
 tn   N(0, 1); 
 qFn   2(q),  q —     -

  . 

       , . .  
  ,    ,  

  n     ,    . 
     : 

 ˆ(n)  N( , 2Q 1/n),  ˆ(n)  N( , 2(Xn
TXn) 1) (   

    ); 
 Sn

2  N( 2, ( 4   4)/n); 
 tn   N(0, 1); 
 qFn   2(q). 

   B     n -
   ,    t(n  p) 

 t-  (  N(0, 1))    F(q, n  p)   
F-  (  2(q)  qFn),       -

  (    ,   -
 ).    -

   ,     ,   -
 n        -

    tn   Fn . 

 C 
   ,     , -

,  i | X ~ i.i.d.       -
, : 
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        X 
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     —   
  (GLS — generalized least squares).   * 

     (GLS estimator), 
       GLS: 

.)( 111* yVXXVX TT
GLS  

,     y*  X*   *    
 ,   t-  F- . 

 6.1.1.   V , V  diag(h1
2 , ..., hn

2),  
h1, ..., hn  0,    hk  (   1, ..., n —   

     ), 
 V 1  diag(1/h1

2 , ..., 1/hn
2),      P  

  P  diag(1/h1, …, 1/hn).    -
  

,,,1,,,1,, ** nipjhxxhyy iijijiii  
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 6.1.2.    5.3  -
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,     GLS-  *  (X TV 1X ) 1X TV 1y -



 6.      ...  243 

  V  V( 0) ( 2V( 0) —    -
 )  V ( ˆ

n),  ˆ
n  —     0.   

   « »     
(feasible GLS). ,     —  -

      ,     
  . 4.5     — : 

,ˆ

2

2
1

2
1

n

i
t

n

i
tt

e

ee
 

 e1, ..., en — ,      -
    . 

    , ,    
  '  .      

   ,  '  ,  -
   '  ,    -

  . 

  

1.         ? 
2.          

   ? 
3.          -

       ,  
       t-  F- ? 

4.     ,     -
    X  n-    

N(0, 2V)    V ,    ? 
5.       ?     

? 
6.     —      -

  ,     -
,     — ? 

  6.2 
     

,    A, A'  C,    6.1,  -
  

,,,1,0)|( niXE i  
  

E( i | xkj)  0     j  1, , p    i  k. 
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0)( iE  

 
0)())((()))())((((),( kjikjkjikjkjiikji xExExExExEExCov  

( ,   ,    E(xkj ) -
  ). 

 ,    i-       
     xkj ,       A, A', C  -

. ,    ,   i-   -
         . 

         
    ,    

.    , ,    -
       

 . 

 6.2.1 

      
: 

,100,,1,)1,0(...~,:DGP iNdiixy iiii  

  10,     2, 
,100,,2,9.0 1 ix iii  

  Corr(xi, i)  0.743. 
,      yi, xi, i  2, ..., 100,  

       .     
   yi    xi  i   -

.  ,   . 6.1 

 6.1 
  Y_FIXED  

(Method: Least Squares; Sample (adjusted): 2 100 

   
 t-  P-  

1 10.139840 0.069148 146.63980 0.0000 

X 02.553515 0.054971 046.45184 0.0000 

     ˆ  2.553,    
. 
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   x2, ..., 100,   499 
 )(

100
)(

1 ,, kk , k  2, ..., 500,   
  ,    -

,       -
 )(

100
)(

2 ,, kk yy   : 

.100,,2,)()( ixy k
ii

k
i  

  k  2, ..., 500,  « » yi
(k) , xi, i  2, ..., 100,  -

  yi
(k)     xi  i

(k)      ˆ (k), ˆ(k). 
     ˆ (2), ..., ˆ (500)  ˆ(2), ..., ˆ(500). 

 . 6.1     -
  ˆ(2), ..., ˆ(500). 

. 6.1 

       -
 ,     ˆ  . 

   .     -
 )(

100
)(

2 ,, kk , k  2, ..., 500,   -
 )(

100
)(

2 ,, kk xx ,   —  )(
100

)(
2 ,, kk yy   

 : 
.100,,2,)()()( ixy k

i
k

i
k

i  

         k  
   )(

100
)(

2 ,, kk xx ,  
 )(

100
)(

2 ,, kk . 

Series: SLOPE 
Sample 2 500 
Observations 499 

Mean 1.999663 
Median 1.994058 
Maximum 2.238951 
Minimum 1.740510 
Std. Dev. 0.083992 
Skewness 0.161028 
Kurtosis 2.895625 

Jarque-Bera 2.383013 
Probability 0.303763 

1.8 2.2 1.9 
0 

20 

40 

80 

60 

2.1 2.0 ˆ
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   )(
100

)(
2 ,, kk xx   )(

100
)(

2 ,, kk yy   
  k  2, ..., 500     

yi
(k)     xi

(k)   i
(k)      ˆ*(k), ˆ*(k).   

   ˆ*(2), ..., ˆ*(500)  ˆ*(2), ..., ˆ*(500). 
 . 6.2     

ˆ*(2), ..., ˆ*(500). 

. 6.2 

       ˆ*(k),  2.552114, 
         2,  -

    —    ,  -
       2   -
. 

 :   xi  i ,  
 xi,      ,    

   ,      -
.    0     -

,    ,      , 
    .     

  yi , xi, i  2, ..., 100,    , -
  . 6.3.  Linear (Y) — ,     
  , . .  y  10.13984  2.553515x,  

 Y_THEOR —   y  10 2x.    . 6.3,  
        -

 ,      xi   yi  -
      y  10 2x.  

Series: SLOPE RANDOM 
Sample 2500 
Observations 499 

Mean 2.552114 
Median 2.551333 
Maximum 2.588107 
Minimum 2.530200 
Std. Dev. 0.007346 
Skewness 0.754039 
Kurtosis 4.608878 

Jarque-Bera 101.105400 
Probability 0.000000 

2.55 2.592.56 
0 

20 

40 

80 

60 

2.582.57 ˆ*2.53 2.54
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. 6.3 

,     ,  
   

    (missing variables).  . 3 -
         

        -
 .     

,,,1,:DGP nixzy iiii  

    z  x,   i  i.i.d., 
E( i)  0, D( i)  2, Cov(xi, i)  Cov(zi, i)  0. ,   -

 z  x    ,   
       -

,     t-     -
      ,  

     . 
   . 3,         

        
      .    

         x, 
     

,:SM iii uzy  

     ui  xi  i.   

Y 

Y_THEOR 

Linear (Y ) 

X4 0 2 2 
0 

4 

8 

16 

Y 

4 

2 

6 

10 

14 

12 

18 

20 
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,0),(),(),( iiiiiii xzCovxzCovuzCov  

        z. 

       (errors-in-
variables models).     

,100,,1,:DGP iuzy iii  

    z,    
: 

,0)(,)(,0)( 2
iiii zuEuDuE  

  
.)( iti zzyE  

,   zi   ,    
    zi  

,iii vzx  

 vi —  .      : 

 E(vi)  0, D(vi)  v
2; 

   ui  vi : 
   vi      zi. 

 zi  xi   xi  vi  zi   . 
: 

,iii xy  
 i  ui  vi  

.),(),( 2
viiiiii vuvzCovxCov  

   0,  xi  i   ;    0,  xi  
i   . 

,     ˆ     
  n,   , . .    -
          -

.       ˆ: 

n

i
i

n

i
ii

xx

xxyy

1

2

1

)(

))((
ˆ  

   yi. : 
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n

i
i

n

i
ii

n

i
i

n

i
iii

xx

xx

xx

xxxx

1

2

1

1

2

1

)(

))((

)(

))((
ˆ , 

  

22

2

)(
),(ˆlim

vz

v

i

ii

n xD
xCovp . 

 , ˆ      ,   -
,  v

2  0, . .    zi .  -
  22

zv  ,       
 .      -

 . 

   (simultaneous equations). -
    

,ttt YC  

 Ct —     ; 
 Yt —     ; 
  —  (0    1),     -

 (  ). 
          
   ,      -

.         -
           

,ttt ICY  

 It —     . 

     

ttt

ttt

ICY
YC

. 

         -
  (structural form of simultaneous equations),  

 ,           
   , ,    -

    (    Yt   Ct,  Ct —  Yt). 
      , -

      ,    -
     . 
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    Ct  Yt  It,    
(reduced form of simultaneous equations)   : 

.
1

1
1

1
1

,
1

1
11

ttt

ttt

IY

IC
 

     Ct  Yt      
,       -
  . 

, ,      -
 It   1.      Yt   1. 

       Ct  -
  .   ,   ,    

Yt  ,   —    Ct  2,  . .   -
    Yt   1, , 2, 3, ...  -

   Ct  , 2, 3, ...   -
,      Yt  

1
11 32  

   Ct  

1
32 . 

        It  
   . 

 ,  i  i.i.d., E( i)  0, D( i)  2  0    t 
  It  t .     -

  : 

,0
1

),(
1

1),(
2

tttt CovYCov  

      Ct   Yt -
  .     ˆ  ,   

(  n )      -
 , : 

)(
),(ˆlim

t

tt
n YD

YCovp , 
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))((
)1(

1)( 2
2 tt IDYD , 

2

2

)(
)1(ˆlim

t
n ID

p . 

 2  0     0    1,  ˆ  -
  . 

 6.2.1.    
n

p ˆlim  , 

  D(It)    t  .   -
     . 

         ,  -
        .  -
          

 . 
       : 

,~~~
ttt IC  

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

tt   ,0)~( iE  
.)1()~( 222

~tD  

      ,  
          .2

~     
       : 

,)~1(~   ,)~1(~   .)~1( 22
~

2  
 ,      -

  .       -
. ,    ,    -
 . 

,      : 

,~~~
ttt IY  

 ,)1(~~  .)1(1~  

      ,  -
          .2

~      
      : 

,~)1~(   ,~~   .~22
~

2  
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 :      -
  ,      

 ? 
     , ,  2    -

,   ,  

,)~1(~~~    ,)~1(~~)1~(   .)~1(~ 22
~

22
~  

 ,       
,       -

 .        -
     ,      

  .     -
 ,       -
   ,       

 .    ,      
       

 . 

   

       , -
     ,    

   
yi    xi  i,   i  i.i.d.,   E( i)  0,   D( i)  2,   i  1, ..., n. 

         -
    

0) ˆˆ(

0) ˆˆ(

1

1

n

i
iii

n

i
ii

xxy

xy
, 

    e  (e1, ..., en)T ,  ei  yi  
 ˆ   ˆxi —   i-  ,  1  (1, ..., 1)T   x  (x1, ..., xn)T . 

  ,     

0,10,11
11

n

i
ii

n

i
i xe

n
e

n
 

     
.0),(,0)1,( iii xCovCov  

      ,  
     E( i)  0     E( i xi)  0. 
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 Cov( i, xi)  0,  01lim
1

n

i
iin

xe
n

p    01
1

n

i
ii xe
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      E( i xi)  0. 
     -    zi,  -
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i
iii zxy  

,        -
,        
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ii
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i
iin

zCovzz
n

p  

),,())((1lim
1

ii

n

i
iin

zxCovzzxx
n

p  

 ,  p
n

*lim ,     : 

Cov(xi, zi)  0. 
   zi   : 

Cov( i, zi)  0,    Cov(xi, zi)  0, 
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(instrumental variable, instrument).     -

       xi  , 
 xi   i.    -

  (exogenous variable) —   ,    
     yi    xi  i.  xi  

      (endogenous 
variable) —   ( )     ,   

 xi   ( )  i.   
,    ,   -

  ,  (  ) -
 IV: ˆ IV, ˆ

IV (  ˆ IV, ˆIV ),  IV —   Instrumental 
Variables (  ).     

    (IV method — instru-
mental variables method). 

  ,    : 

.
,

ttt

ttt

ICY
YC

 

       : 

0
1

),(
2

ttYCov ,   Yt —  .     

Cov(It, t)  0 (        -
),   It —  .    -

 , : 

,0)(
1

1,
1

1
1

1
1

), ( tttttt IDIICovIYCov  

   It       -
    .     

n

t
tt

n

t
tt

IV

IIYY

IICC

1

1

))((

))((
ˆ . 

    IV-      -
  .     -

  Ct    Yt  t  It.    : 

.),(),(),(),( tttttttt ICovIYCovICovICCov  
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,),(),( tttt IYCovICCov  
 : 

.
),(
),(

tt

tt

IYCov
ICCov  

      n  ,  
       : 

.
))((

))((

))((1

))((1

ˆ

1

1

1

1
n

t
tt

n

t
tt

n

t
tt

n

t
tt

IV

IIYY

IICC

IIYY
n

IICC
n

 

 6.2.2 

 . 6.2    (Economic Report of the President, 2000, 
Appendix B)   ( . . 1996 .,    

 )     -
 : 

CONS —     (personal consumption expendi-
tures); 

       Y —    (disposable personal income), 
        

I  Y  CONS. 

 6.2 
      

    , . . 1996 . 

 Y CONS I   Y CONS I 

1959 09.068 08.213 0.855  1979 15.942 14.073 1.869 

1960 09.111 08.267 0.844  1980 15.944 13.918 2.026 

1961 09.260 08.298 0.962  1981 16.154 13.973 2.181 

1962 09.561 08.574 0.987  1982 16.250 14.038 2.212 

1963 09.779 08.799 0.980  1983 16.564 14.644 1.920 

1964 10.342 09.197 1.145  1984 17.687 15.303 2.384 

1965 10.842 09.655 1.187  1985 18.120 15.924 2.196 

1966 11.288 10.088 1.200  1986 18.536 16.448 2.088 

1967 11.641 10.278 1.363  1987 18.790 16.867 1.923 
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 . 6.2 

 Y CONS I   Y CONS I 

1968 12.055 10.755 1.300  1988 19.448 17.397 2.051 

1969 12.322 11.055 1.267  1989 19.746 17.682 2.064 

1970 12.688 11.180 1.508  1990 19.967 17.818 2.149 

1971 13.044 11.429 1.615  1991 19.892 17.653 2.239 

1972 13.492 11.972 1.520  1992 20.359 18.025 2.334 

1973 14.269 12.428 1.841  1993 20.354 18.372 1.982 

1974 14.099 12.259 1.840  1994 20.675 18.878 1.797 

1975 14.236 12.414 1.822  1995 21.032 19.272 1.760 

1976 14.653 12.960 1.693  1996 21.385 19.727 1.658 

1977 15.010 13.364 1.646  1997 21.954 20.272 1.682 

1978 15.627 13.842 1.785  1998 22.636 21.060 1.576 

         

ttt YCONS  

  ,   . 6.4.     
    .     1986 . —  

    ,    -
     10 .  .    

 ,      
 1959  1985 .         -

  ,   . 6.5.      
 .     . 6.3. 

. 6.5 . 6.4 
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 6.3 
  CONS 

(Method: Least Squares; Sample: 1959 1985; Included observations: 27) 

   
 t-  P-  

C 546.766900 105.913500 005.162389 0.0000 

Y 000.841496 000.007803 107.837400 0.0000 

   , : 

,949.4195.4012 ttt ICONS  

,949.5195.4012 ttt IY  

     : 

.949.5~̂,949.4~̂,195.4012~̂~̂  

       
     : 

;5.674~̂1

~̂
ˆ,832.0~̂1

~̂
ˆ  

        

ˆ  0.831891      ˆ   674.4849   . 

     ,   
    : 

.4849.674~̂
~̂

ˆ,831891.0~̂
1~̂

ˆ  

     ,    , -
,     ,    

     .   
     (ILS — indirect least 

squares). 
:       
      

,  ,      
 . 

        -
  I, : C̄   1737.04,  Ī   1561.04,  Ȳ   13298.07, 
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.831891.0
))((

))((
ˆ

1

1
n

t
tt

n

t
tt

IV

IIYY

IICC
 

       ,   -
,        -

 Ŷt ,      -
 Yt   . 

        
      Yt  

   It (     
 ).    ˆ   ˆ ,  -

  
,ˆˆˆ

tt IY  

      Yt   
   t.     « -

»  Yt   : 

,)ˆ(ˆ
tttt YYYY  

    . 
        

 
,ˆ

ttt YCONS  

     Yt    
. 

       CONSt   
   Yt  t       

(2SLS — two-stage least squares).  ˆ2SLS   ˆ
2SLS ,    

,   

,0)ˆˆ(,0)ˆˆ(
1

22
1

22

n

t
ttSLSSLSt

n

t
tSLSSLSt IYY CONSCONS  

. .  IV- . 
       2SLS  

  6.2.2     ,   . 6.4. 
  EViews   ,  

   .    
    6.2.2   . 6.5. 
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 6.4 
  CONS 

(Method: Least Squares; Sample: 1959 1985; Included observations: 27) 

   
 t-  P-  

C 674.484900 667.440100 01.010555 0.3219 

YF 000.831891 000.049231 16.897620 0.0000 

 6.5 
       

(Estimation Method: Two-Stage Least Squares; Sample: 1959 1985; Included observations: 27;  
Total system (balanced) observations 27; Instruments: I C) 

   
 t-  P-  

C(1) 674.484900 112.202500 006.011319 0.0000 

C(2) 000.831891 000.008276 100.516000 0.0000 

 6.2.2.      -
 CONSt    Yt  t      -

   : 

ˆ   546.7669      ˆ  0.841496, 
.     ,   -

  ,    , 
     ( -

     -    -
 ),       

ˆ   674.4849      ˆ  0.831891, 
. 

 6.2.3.     -
      -

      : 
       -

       
  ,     

    ; 
        

    -
 ,        

  ;    
   . 
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  ,    , 
   ,   

     ,  
       -

.   ,  IV-     
 ,  OLS- . 

     -
   . -  , 

,      ,  -
     . 

 ,  ,    -
   «  » 

(weak instruments), . .     -
 ,   IV-    -

   ,   OLS- . 

      
  ,      

 ,      . 

  

1.        -
         -

 ? 
2.          

  ? 
3.          

 ,    ,    -
,  ? 

4.         
         ? 

5.    ,     ? 
    ? 

6.         -
 ? 

7.       ? 
 



   ,  
     

    

  1 

.           

 1.     

,  n

i
i

n

i
ii

xx

yyxx

1

2

1

)(

))((
ˆ . 

 2.       
     x  y: 

a) (0, 1), (1, 3), (3, 3), (4, 1); 
b) ( 2, 4), ( 1, 1), (0, 0), (1, 1), (2, 4); 
c) (0, 1), (1, 0), (3, 4), (4, 3); 
d) (0, 3), (1, 4), (3, 0), (4, 1); 
e) (1, 1), (2, 3), (3, 2), (4, 4); 

     (« »)   
       -

 x  y.       
         .  -

           
.     ? 

 3.   ,   
     HK-     

 y  x,    TSS, ESS, RSS  R2.    
    y.   R2, 2

xyr , .2
ˆyyr  
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 4.     

,  
x

y
xy s

s
rˆ . 

 5.     
   ,     

,     . 

 6.        
 y  y1  y2.      : 

y1i   1  1xi  1i ,   y2i   2  2xi  2i ,   yi     xi  i ,   i  1, ..., n. 

,   ˆ   ˆ 1  ˆ 2,  ˆ  ˆ
1  ˆ

2. 

 7.        

: 22
ˆ Rr yy , 22

ˆ xyyy rr ,   22
ˆ

2
xyyy rrR , , ,  

  R2,   ˆ   ˆ. 

 8.      

,   ˆ , ˆ     -
   y   . 

 9.       
   yi     xi  i ,  i  1, ..., 4 ,     -

    (1, 1), (2, 3), (3, 2), (4, 4). (   
 .) 

   ,    -
   xi     yi  ui . 
« »  ,       -

 xi ,     —  yi , ŷ i    yi
* ,   -

 xi      . 

 10.   Eviews 
   2         

 EViews. 
  . 

   : 
    x  y; 
  ,    x  y; 
   ; 
      x  y; 
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   yi     xi  i       ŷ i 
(  Forecast); 

     x, y  ŷ .    y  ŷ   x 
(     ). ,    -

    scatter with regression  , -
   x  y; 

          -
 yi

*,    xi     -
 ; 

     x, y, ŷ   y*; 
    y, ŷ   y*  x.    -

 « ». 
   :      

 . 

 11.  EViews:     
   

   tab1_1        
        1968 .   1969 ., -

  . 1.1 ( . 1). 
   ,     -

   . 
  ,    10. 
   ,       

  BEL,     —    
.      ? (   

   BELi     BÊLi  ui .) 
   ,  RSS.  TSS, ESS, R2. 
   ,  .22

ˆ
2

xyyy rrR  

   :      
 . 

 12.     
   ,     11,    

 .   : 
            

; 
     ,   

 0        , 
   y    0x.  RSS0  —  

 ( )       
; 
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    0,   1,  -
     .     

 0,   1  0,     
RSS1 .   RSS1   RSS0 ; 

  RSS1   RSS0 ,     2,     -
 (      ),   -

 ,  1  2.      2, 
        0; 

       -
 . 

      ,     
  ,     

    . 

 13.       
 

  ,    1.3.1—1.3.5.   
      : tab1_2, tab1_7, tab1_8, tab1_9, 

tab1_10. 
        

  . 

 14.   
  EViews    ,   

 1.3.4 (tab1_9) 
 : 

   E  C (   E); 
   C  H (   C); 

    ,    -
        

  ; 
      ; 
      ,   

       -
    ; 

  ,        . 

 15.    
   ,   CAPM, 

   1.3,   ,    
capm.wf1  : http://www.econ.kuleuven.be/gme/.    
camp   .    TSS, ESS, RSS,  
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  ,     . , -
     TSS  ESS  RSS.    -

     . 
    Equation      -

.    ,     
   . 
    ,   . 

 16.       
  

  EViews,    1.3.1 (  tab1_7),  
       ,    

 (log-log ).       -
         

 (  TSS      ). 
     R2,    , 
   . 

 17.    
 ,     1.4    

       (    . 1.5). 

.      

 -1.      
       

   (  « ») 
   4     X  Y. 

X 1 2 3 4 
Y 1 3 2 4 

       (« »): 
   ; 
        

X  Y; 
       X  Y,  

  ; 
    R2,  3   -

;   ,   3        
. 
 .    ,  

      .   ,  -
   0.  ,     -

.   ,        -
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.   ,   . -
     : 

)       X  Y; 
)       Y  Ŷ . 

 -2.        
      

,        
yi   1  i ,   i  1, ..., n, 

   ˆ
1  ȳ . 

 .        
. 

 -3.      
 . -1        

 (       18 ,   —  
  3.7854118 )        (  

 ,    ,  1000  )  -
  1935  1945 .           

     ? 
 .   ,  -

         
 . 

 -4.      
     INF,    -

  Michaelis-Menton 

UNJOB
UNJOBINF

057.3
514.0 , 

       R2.   
   ,     

Y    X,  Y  1/INF,  X  1/UNJOB. 

  2 

.           
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 -25.     2SLS 
 ,    6.2.2. 

 

     

 -1 
      

 PIVO DET   PIVO DET 
1935 10.3 55.7  1940 12.4 47.0 
1936 11.8 57.1  1941 12.3 45.3 
1937 13.3 54.4  1942 14.1 40.4 
1938 12.9 51.0  1943 15.8 40.4 
1939 12.3 48.0  1944 18.0 39.8 

    1945 18.6 38.3 

 -2 
  ,   

,    ,    ,   

1935:01 48.9  1936:01 48.3  1937:01 42.4 
1935:02 43.4  1936:02 47.1  1937:02 41.4 
1935:03 43.8  1936:03 52.4  1937:03 49.0 
1935:04 50.8  1936:04 55.3  1937:04 50.8 
1935:05 67.6  1936:05 64.7  1937:05 65.8 
1935:06 83.7  1936:06 79.5  1937:06 85.9 
1935:07 82.7  1936:07 62.6  1937:07 70.6 
1935:08 60.8  1936:08 51.3  1937:08 55.8 
1935:09 55.4  1936:09 51.0  1937:09 49.1 
1935:10 48.4  1936:10 54.0  1937:10 45.7 
1935:11 37.4  1936:11 45.2  1937:11 43.8 
1935:12 41.0  1936:12 44.9  1937:12 46.7 
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 -3 
     

AGE BATH BED FIRE GAR LIVSP LOTSIZE ROOMS PRICE TAXES 

42 1 4 0 1 0.998 3.472 7 25.9 4.918 
62 1 4 0 2 1.500 3.531 7 29.5 5.021 
40 1 3 0 1 1.175 2.275 6 27.9 4.543 
54 1 3 0 1 1.232 4.050 6 25.90 4.557 
42 1 3 0 1 1.121 4.455 6 29.9 5.060 
56 1 3 0 1 0.988 4.455 6 29.9 3.891 
51 1 3 1 1 1.240 5.850 7 30.9 5.898 
32 1 3 0 0 1.501 9.520 6 28.9 5.604 
32 1 3 0 2 1.225 6.435 6 35.9 5.828 
30 1 3 0 1 1.552 4.988 6 31.5 5.300 
30 1 2 0 1 0.975 5.520 5 31.0 6.271 
32 1 3 0 2 1.121 6.666 6 30.9 5.959 
46 1 2 1 0 1.020 5.000 5 30.0 5.050 
50 1.5 4 0 2 1.664 5.150 8 36.9 8.246 
22 1.5 3 1 1.5 1.488 6.902 7 41.9 6.697 
17 1.5 3 0 1 1.376 7.102 6 40.5 7.784 
23 1 3 0 1.5 1.500 7.800 7 43.9 9.038 
40 1 3 1 2 1.256 5.520 6 37.9 5.989 
22 1 3 0 1 1.690 5.000 6 37.9 7.542 
50 1 4 1 2 1.820 9.890 8 44.5 8.795 
44 1.5 3 0 1 1.652 6.727 6 37.9 6.083 
48 1.5 4 1 2 1.777 9.150 8 38.9 8.361 
03 1 3 0 2 1.504 8.000 7 36.9 8.140 
31 1 4 0 1.5 1.831 7.326 8 45.8 9.142 

 -4 
  

Y Z1 Z2 Z3 Z4 Z5 Z6 

43 51 30 39 61 92 45 
63 64 51 54 63 73 47 
71 70 68 69 76 86 48 
61 63 45 47 54 84 35 
81 78 56 66 71 83 47 
43 55 49 44 54 49 34 
58 67 42 56 66 68 35 
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 . -4 

Y Z1 Z2 Z3 Z4 Z5 Z6 

71 75 50 55 70 66 41 
72 82 72 67 71 83 31 
67 61 45 47 62 80 41 
64 53 53 58 58 67 34 
67 60 47 39 59 74 41 
69 62 57 42 55 63 25 
68 83 83 45 59 77 35 
77 77 54 72 79 77 46 
81 90 50 72 60 54 36 
74 85 64 69 79 79 63 
65 60 65 75 55 80 60 
65 70 46 57 75 85 46 
50 58 68 54 64 78 52 
50 40 33 34 43 64 33 
64 61 52 62 66 80 41 
53 66 52 50 63 80 37 
40 37 42 58 50 57 49 
63 54 42 48 66 75 33 
66 77 66 63 88 76 72 
78 75 58 74 80 78 49 
48 57 44 45 51 83 38 
85 85 71 71 77 74 55 
82 82 39 59 64 78 39 

 -5 
 15    

i X Z  i X Z 

1 1.000000 1.257072  9 9.000000 4.316424 
2 2.000000 1.811984  10 10.00000 5.322512 
3 3.000000 3.641244  11 11.00000 1.804023 
4 4.000000 4.401497  12 12.00000 1.956286 
5 5.000000 5.561015  13 13.00000 3.134308 
6 6.000000 0.865034  14 14.00000 4.648561 
7 7.000000 1.929552  15 15.00000 4.559242 
8 8.000000 2.944438     
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 -6 
 ,   

,    ,   

1951:03 0.386  1952:05 0.381 
1951:04 0.374  1952:06 0.381 
1951:05 0.393  1952:07 0.470 
1951:06 0.425  1952:08 0.443 
1951:07 0.406  1952:09 0.386 
1951:08 0.344  1952:10 0.342 
1951:09 0.327  1952:11 0.319 
1951:10 0.288  1952:12 0.307 
1951:11 0.269  1953:01 0.284 
1951:12 0.256  1953:02 0.326 
1952:01 0.286  1953:03 0.309 
1952:02 0.298  1953:04 0.359 
1952:03 0.329  1953:05 0.376 
1952:04 0.318  1953:06 0.416 

 -7 
      

 Y X2 X3 X4   Y X2 X3 X4 

1949 15.9 149.3 4.2 108.1  1958 27.6 231.9 5.1 164.3 
1950 16.4 161.2 4.1 114.8  1959 26.3 239.0 0.7 167.6 
1951 19.0 171.5 3.1 123.2  1960 31.1 258.0 5.6 176.8 
1952 19.1 175.5 3.1 126.9  1961 33.3 269.8 3.9 186.6 
1953 18.8 180.8 1.1 132.1  1962 37.0 288.4 3.1 199.7 
1954 20.4 190.7 2.2 137.7  1963 43.3 304.5 4.6 213.9 
1955 22.7 202.1 2.1 146.0  1964 49.0 323.4 7.0 223.8 
1956 26.5 212.4 5.6 154.1  1965 50.3 336.8 1.2 232.0 
1957 28.1 226.1 5.0 162.3  1966 56.6 353.9 4.5 242.9 
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    ,     Xt ,  
   Cov(Xt , Xt  )   t . 

 ,       Xt  
   t  1, 2, ... 

 |a |  1,   t    

,
1

),(,
1

)(,0)( 2

2

2

2

a
aXXCov

a
XDXE tttt  

. .  t         
 Xt ,    Cov(Xt , Xt  ) , -
    . 

     |a|  1     -
 ,   Xt  aXt 1  t   

 X0   x0 .        Xt , 

,1,
1

0
0 |a|axaX

t

k
kt

kt
t  

   Xt,   

,2,1,~
0

taX
k

kt
k

t  

: 

;~
0 kt

tk

kt
tt axaXX  

 t   

00xat       .022
2

tk

k

tk
kt

k aaE  

 ,   Xt    Xt ; -
 Xt  «   » Xt  t  .   «   » Xt 

  ,   X0   a  0. 
      

 xt ,   Xt   aXt 1   t     0.2    
 a    x0  ( . 7.5—7.8). 

  Xt  

,0)()~(
00 k

kt
k

k
kt

k
t EaaEXE  
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,
1

 )()~( 2

2

0  

22

0  

2

0 a
aDaaDXD

k

k

k
kt

k

k
kt

k
t  

,
1

)()~,~( 2

2

0  

22

0  
 

0  a
aEaaaaEXXCov

k
kt

k

k
kt

k

k
kt

k
tt  

  Xt —    (   ). 
 , 

,1~
1  

1  
k

kt
k

t a
a

X  

  

 ,~ ~
0  

1 t
k

kt
k

tt XaXa  

. . Xt   

.~~
1 ttt XaX  

. 7.6 

x0  0;  a  0.5 

10 50
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0

2.5
X
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1.0

7030 t 

1.5
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 t        Xt 1, Xt 2, ... , -
  t     Xt 1, Xt 2, ...    ,   

Xt —     ,   
     ,      -

   . 
 , ,   Xt     

  , ,   Xt    
 « » ,    Xt   aXt 1   t  (  |a |  1) -

    t  1, 2, ...,    t  0, 1, 2, ...     
  

,

)(

)(

0
1

1
01

1
2

2
1

011
1

2
2

1

01
1

2
2

12
2

1
1

0

121

k
kt

ktttt
tt

ttt
tt

ttt
ttt

ttt
tttttt

aXaaaaa

Xaaaaa

XaaaaaaXa

aXaXaX

 

     Xt,  . 
  Xt   aXt 1   t     

 .    p (pth-order autoregressive 
process — AR(p))   

,0,2211 ptptpttt aXaXaXaX  

 t  —     D( t)  2 . 

   ,  Cov(Xt s , t)  0   s  0.   
 ,    t    ( -

)  (innovation sequence),    t  
  (innovation)     t.  -
  ,       t -

     p    
        -

  t ,    ( ,  -
 )   t,     Xt . 

        
    L (lag operator),  -

       
.1tt XLX  

        
(backshift operator). 
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 ,       -
 ,    .   -

       L   Xt ,  
t  0, 1, 2,    L  Xt .    -

  k ,   Lk.    

.ktt
k XXL  

       L0,   

,10
ttt XXXL  

   L  —  L 1: 

.1
1

tt XXL  

      , , 
  ( , 2002). 

  Lk,  

ptptt XaXaXa 2211  

   : 

,)( 2
21

2
21 t

p
pt

p
ptt XLaLaLaXLaXLaLXa  

 ,    p-  ,  : 

,)( ttXLa  
 

).(1)( 2
21

p
p LaLaLaLa  

   
  p-   

     p-   a(L)Xt  = t   -
, 1  ,   (   )  

  a(z) = 0 (   ) 
    |z |  1   . 

 ,   AR(1)  a(z)  1  az,  a(z)  0 
  z  1/a,    |z|  1   -

   |a|  1. 
____________ 

1  t    ,        -
 ,   a(L) Xt   t  ( .  9  . 7). 
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      a(L)Xt   t  
  ( ., , (Hamilton, 1994, p. 58—59))  : 

,
)(

1
0j

jtjtt b
La

X  

  b0  1, .||
0j

jb  

,  ,  

.0)()(
00 j

jtj
j

jtjt EbbEXE  

  AR(p)      
  

,))(( ttXLa       ,)( ttXLa  
 

).1()1()( 21 aaaaLa p  

    a(L)(Xt   )  t   : 

.
)(

1
0

jt
j

jtt b
La

X  

 ,    AR(p)    a(L)Xt    t , 
    ,        ,  

)1( 21 p a aa
 . 

,    0,     0. ,     
   1,    . 

  AR(1)  a(L)  1  aL,   |a |  1,  

2
2

1
22 )1(

1
1

tttttt aaLaaL
aL

X  

   ,  

,2,1,0,),()( kaXXCorrk k
ktt  

 0  a   1  (   (k)  k  1, 2, ...) -
        

,  1  a   0     
. 

   AR(1)  a   0.8  a   0.8 -
   . 7.9  7.10. 
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  AR(p)  p   1    , 
   (   )  -

  a(z)  0.     k  (k)  

  A k (  
min

1
z

  zmin —   -

    a(z)  0),     
  ,     |A k |  -

 .  A  0 —  ,  -
 a1, a2, ..., ap. 

  ,  Xt —     c — -
 ,    Xt  (Xt  c)   -

.        
,    AR(p).   

         Xt 
   . 

   Xt k (k  0)    
,2211 tptpttt XaXaXaX  

  AR(p)    ,  
 

.2211 kttktptpkttkttktt XXXaXXaXXaXX  

     : 
).()()()()( 2211 kttktptpkttkttktt XEXXEaXXEaXXEaXXE  

,  
0)( ktt XE  (  t — ), 

)()()( sttstt XXEXXCovs  (  E(Xt)  0), 

. 7.9 

a  0.8 

5 25 
0 

0.2 

0.9 
 

0.3 
0.4 

35 15 k10 30 20

0.6 
0.7 
0.8 

0.1 

. 7.10 

a  0.8 

5 25 
1.0
0.8

0.8

0.6

0.2

35 15 k 

0

10 30 20

0.2
0.4
0.6

0.4
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.0),()2()1()( 21 kpkakakak p  

      (0),    
 —  (Yule-Walker equations): 

.0),()2()1()( 21 kpkakakak p  

      -
   ,   p ,  -
 aj    p ,    

        
 (   . ). 

 7.1.1 

   AR(2): 

.125.025.0375.4 21 tttt XXX  

 a(z)  0     : 

0125.025.01 2zz ,      ,0822 zz  

   .712,1 iz        1, 
   .     

: 

,5
125.025.01

375.4  
1 21 aa

 

        5. 
      — . 

   p   2,   
.0),2(125.0)1(25.0)( kkkk  

  (0)  1.  (1)  

),1(125.025.0)1(125.0)0(25.0)1(  

  

.222.0
9
2

125.01
25.0)1(  

   

,069.0125.0222.025.0)0(125.0)1(25.0)2(  

005.0)5(,003.0)4(,045.0)3(   . . 
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      ,  
 ,         

      .  
      

    . 7.11  7.12 .  

   

         
   q (qth-order moving average process — MA(q)). 

   

,0,2211 qqtqtttt bbbbX  

 t —     D( t)  2. 

     .   
  ,     , 

 
,2211 qtqtttt bbbX  

. . 
.2211 qtqtttt bbbX  

 q  0    0    .  q  0,  

1ttt bX  —     (MA(1)). 

   

,)1()( 22bXD t    ,))(( 2
1 bXXE tt  

. 7.12 

AR(2) 

50 250
0

2

10

X

4

6

350 150 t 

8

450 100 250 400 200

. 7.11 

 

1 8
0.08 

0.04 

0.24 

0 

0.08 

10 6 k

0.12 

5 9 7 

0.16 

0.20 
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2 43
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,1,0))(( kXXE ktt  

   Xt     

,)1()(,)( 22bXDXE tt  

.1,0
,1,
,0,)1(

)( 2

22

k
kb
kb

k  

    

,1,0

,1,
1

,0,1

)( 2

k

k
b

b
k

k  

. .      . -
    .    

,  b  0,    b   0.   
MA(1)  b  0         , 
  MA(1)  b  0 —        -

. ,     MA(1) 

| (1) |  0.5, 

. .       , 
    AR(1)        

(   |a |,   1). 

 MA(q)     : 

,)( tt LbX  

  b(L)  1  b1L    bqLq. 

  

.,0

,0,))(()(
2

  
0  

qk

qkbbXXEk kj

kq

j
j

ktt  

 , MA(q)      
 ,  

222
1

2 )1( qX bb  
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,2,1,0

,,10,
)(

0  

2

  
0  

qqk

q,, k
b

bb

k q

j
j

kj

kq

j
j

 

         
q   ( . . «  »   q). 

 7.1.2 

  : 
)  MA(1)  b  0.8  E(Xt)  6, . . 18.06 tttX ; 

  ;488.0
8.01

8.0)1( 2  

)  MA(1)  b  0.8  E(Xt)  6 —    

.488.0
8.01
8.0)1( 2  

      . 7.13  7.14. 
      2   1 -

  . 7.15  7.16; 

)  MA(2) Xt   5  t   0.75 t 1   0.125 t 2  —    

,535.0
125.075.01

125.075.075.0)1( 222
2

2
1

2
0

2110

bbb
bbbb  

. 7.13 

b   0.8 

1 8
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0.4 

1.0 

0.2 
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10 6 k
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5 9 7 
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0.8 

0 
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.079.0
578.1
125.0)2(  

      -
  . 7.17  7.18.  

        -
 ,    bj  a j,  0  a  1,    

 ,   t   «  »,    
    MA( ): 

,)(
0j

jtjtt bLbX  

 

1
1)(

j

j
j LbLb   .||

0j
jb  
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  ,      -
     AR(1): 

,1||,1 aXaX ttt  

. .     MA( )   AR(1). 
,    AR(p),   

,)()( ttXLa  ,)(1)( 2
21

p
p LaLaLaLa  

 t  — ,      MA( ): 

,)( tt LcX  
 

0 )(
1)(

j

j
j La
LcLc     .||

0j
jc  

( ., , (Hamilton, 1994, section 3.4)). 
    , ,   

.      -
 a(L)(Xt   )  t    Xt ,  -

        ,  
     -  Xt     b(L) t  

  Xt ,      -
? 

  Xt   (q)-  

,1,)( 0
0

 bbLbX
q

j
jtjtt  

        ,  -
   (invertibility condition): 

    b(z)  0   
   |z |  1   . 

      Xt   -
  

,)()( ttXLd  
 

,||,1,
)(

11)(
1

0
1 j

j
j

j
j dd

Lb
LdLd  

  

,)(1
1

tt
j

j
j XLd  
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. . 
tttt XdXdX )()()( 2211 . 

(      dj  ., , 
(Pollock, 1999).) 

      Xt     t   b t 1  
   : |b |  1,    -

 a)  )  7.1.2 MA(1)-  .   
   ,    )   

,  b(z)  0  : 

.0125.075.01 2zz  

   (2  4)     ,  
  MA(2)-   . 

, ,      MA(1)- -
 Xt   6  t   0.8 t 1   

tttt X
L

LXLLb )6(
8.01

1,)8.01(6,8.01)( , 

,)6()8.08.01( 22
ttXLL  

,)6(8.0)6(8.0)6( 2
2

1 tttt XXX  

.8.08.0
8.01

6
8.08.0)8.08.01(6

2
2

1

2
2

1
2

ttt

tttt

XX

XXX
 

 ,   MA(1)-  Xt     t  b t 1  |b |  1? 
   

,1111
111 tttttttt F

b
bF

b
b

b
bbX  

 F  L 1 —   , FXt   Xt 1,   

)(1)(1)(1)(1

)(11111) (111

433221

1
3

3
2

21

1

tttt

ttt

X
b

X
b

X
b

X
b

XF
b

F
b

F
bb

XF
bb  

 

,)(1)(1)(1)( 433221 ttttt bX
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X
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X
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,1111111 43322321 ttttt bX
b

X
b

X
bbbb

X  

.111
1 433221 ttttt bX

b
X

b
X

bb
X  

 ,     Xt     -
,     Xt k , k  1, 2, ... 

   —  
  (    

     ) 

 Xt     ,   
   —  , -

  p  q  AR  MA      
ARMA(p, q) (autoregressive moving average, mixed autoregressive moving aver-
age).  ,  Xt      -

  ARMA(p, q),  

,0,0,
01

qpjt

q

j
j

p

j
jtjt babXaX  

 t — ,      D( t)  2 ,  b0  1. 

      : 

,)()( tt LbXLa  

 a(L)  b(L)    ,       AR(p) 
 MA(q).      ,  -

 a(L)  b(L)     ( .  7.1.2—7.1.4). 
      ,   -

  ARMA(p, q)   : 

.)(
01

jt

q

j
j

p

j
jtjt bXaX  

   ARMA(p, q)  Xt   E(Xt)   ( ., 
, (Hamilton, 1994, p. 59—61)): 

      a(z)  0   -
  |z |  1   ,  Xt  —  

      MA( ) 
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,||,1,
0

0
0 j

j
j

jtjt cccX     ,)( tt LcX  

 

)(
)()(

0 za
zbzczc

j

j
j ; 

     b(z)  0     |z |  1 
(  ),    -

  Xt       -
 AR( ) 

,)(
1

t
j

jtjt XdX     ,)()( ttXLd  

 

 1
1  zb

zazdzd
j

j
j . 

 ,    ARMA(p, q)  -
      ,  

         
    . 

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

 k  p   a(L)Xt   b(L) t    ,  
    a(L)Xt   t . ,   

ARMA(1, 1) 
)1()( 1 kak   k  2, 3, ..., 

    Xt   aXt 1   t .  , , (1)  a1. 
     ARMA  

 .  ARMA(p1, q1)  Xt   ARMA(p2, q2)  Yt  -
     Zt   Xt   Yt ,    -

,  Zt   ARMA(p, q) ,   

p = p1 + p2 , 

q = p1 + q2 ,  p1 + q2 > p2 + q1 , 

q = p2 + q1 ,  p2 + q1 > p1 + q2 . 

  ,   p  q   -
 . (     ,   

aX(z)  aY(z),     Xt   Yt , 
  .) 



 7.    .  ARMA 333 

  ,      AR(1),    -
,     ARMA(2, 1). 

      .  -
   ,        
 AR,         ARMA 

.     ,     
 AR,    —  MA.   

 ,     MA  —  
 MA . 

, ,      AR(p) 
,        , -

   , . . MA(0).     
 ARMA(p, p). 

 7.1.1.    ,  ARMA(p, q) 
 Xt        -

  ,       
,         -

  .     
    AR(p)  

 ,      MA(q) 
  . 

 ,         
    ARMA,   

AR,  MA .  , ,  -
,  ,     

(    )     
 .     ARMA   

  (more parsimonious models). 

 7.1.2.        -
       (common factor 

problem). ,      ,   
.   ARMA(2, 2): 

2121 4.03.04.03.1 tttttt XXX . 

      -
  : 

,)()( tt LbXLa  
 

,)5.01()8.01(4.03.11)( 2 LLLLLa  

.)5.01()8.01(4.03.01)( LLLLLb  
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 ,  a(L)  b(L)     
(1  0.8L)  

(1  0.8L)(1  0.5L)Xt   (1  0.8L)(1  0.5L) t. 
        -

,  
(1  0.5L)Xt   (1  0.5L) t, 

. . 
Xt   0.5Xt 1   t  0.5 t 1 . 

  Xt      ARMA(1, 1), 
       ARMA(2, 2). 

     a(L)  b(L)   
a(L)Xt   b(L) t   ARMA    -

  .   ,  ( . 7.1) 
     

22112211 tttttt bbXaXaX  

   (  100)  

.4.03.04.03.1 2121 tttttt XXX  

 7.1 
  X  

Method: Least Squares; Sample (adjusted): 3 100; Included observations: 98 after adjusting endpoints; 
Convergence achieved after 16 iterations; Backcast: 1 2 

   
 t-  P-  

AR(1) 0.188566 0.732636 0.257381 0.7974 

AR(2) 0.088017 0.364477 0.241489 0.8097 

MA(1) 0.809562 0.726516 1.114307 0.2680 

MA(2) 0.183854 0.392497 0.468421 0.6406 

R-squared 0.544602 Mean dependent var 0.1428500 

Adjusted R-squared 0.530068 S.D. dependent var 1.301768 

S.E. of regression 0.892383 Akaike info criterion 2.650117 

Sum squared resid 74.8566500 Schwarz criterion 2.755626 

Log likelihood 125.855700000 Durbin-Watson stat 1.989028 

Inverted AR Roots 0.41 0.22  

Inverted MA Roots 0.40  0.14 i 0.40  0.14 i  
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   4       -
 ,  .    -

 .         ARMA(2, 2),  
  ARMA(1, 1),     ( . 7.2). 

 7.2 
  X  

Method: Least Squares; Sample (adjusted): 2 100; Included observations: 99 after adjusting endpoints; 
Convergence achieved after 6 iterations; Backcast: 1 

   
 t-  P-  

AR(1) 0.458982 0.115096 3.987819 0.0001 

MA(1) 0.529106 0.108628 4.870793 0.0000 

R-squared 0.542302 Mean dependent var 0.1414070 

Adjusted R-squared 0.537583 S.D. dependent var 1.295189 

S.E. of regression 0.880745 Akaike info criterion 2.603897 

Sum squared resid 75.2439900 Schwarz criterion 2.656324 

Log likelihood 126.892900000 Durbin-Watson stat 1.969688 

Inverted AR Roots 0.46   

Inverted MA Roots 0.530   

      -
       ARMA(1, 1)- -

 ,  . 

 7.1.3.  Xt  —   ARMA(p, q), a(L)Xt    
 b(L) t .  ,      -

 a(z)  0     |z |  1   
,  Xt  —  .     

    ,   a(z)  0   
z c |z |  1.     . 

 Xt   t .   .  : 
Xt   Xt 1: 

Xt   Xt 1  t   t 1. 
    : 

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

  Xt   ARMA(1, 1)  
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Xt   Xt 1  t   t 1, 
   a(z)  0   z  1. 

 7.1.4.   ,   ARMA(p, q)  Xt , 
a(L)Xt   b(L) t ,  a(z)  b(z)    ,  

     a(z)  0   
 |z |  1      -
  Xt . 

 7.1.5.       
       Xt  

 ARMA(p, q),      , 
  .      -

  (Wold’s decomposition).    (Wold, 1938) 
,        Xt   -

       : 

,
0

t
j

jtjt ZcX  

 c0  1  
0

2

j
jc , 

 t  —   ; 
 Zt  —       

, Cov(Zt , t   j )  0   j,   Zt  -
        

     Xt  : Xt 1, Xt 2, ... 

    Xt      
 :   (linearly indeter-

ministic)  
0j

jtjc     (line-

arly deterministic)  Zt .     -
  , . . Zt   0,   Xt    

  (purely linearly indeterministic). 

 ,       -
     ,  

         

,
0j

jtjt cX   c0  1  
0

2

j
jc . 
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      -
          

: 
Xt   X0,  t  1, 2, ..., 

 X0 —  ,      
  . 

       
  . 

 ARMA,   
  

      ,  -
 ARMA,   ,   , 

       -
 . 

       -
     (SAR(1) — first order seasonal 

autoregression) 
,1||, 444 aXaX ttt  

      (SMA(1) — first order 
seasonal moving average) 

.44 ttt bX  
   

4
4)( kak    k  4m,  m  0, 1, 2, ..., 

0)(k    k  0. 

   

,)4(,1)0( 4b  

0)(k    k  0. 

   SAR(1)  a4 = 0.8   SMA(1) 
 b4 = 0.8    . 7.19  7.20. 

     , ,  
  ARMA((1, 4), 1): 

114411 ttttt bXaXaX  
 ARMA(1, (1,4)): 

441111 ttttt bbXaX . 
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      -

    
5
1,

48
1,

3
2

441 baa     ( . 7.21)  

  a1  0.4, b1  0.3, b4  0.8    ( . 7.22). 

,      a(z)  0  : 

,0
48
1

3
21 4zz  . . 048324 zz ; 

   z1  2, z2  2, ,823 iz  824 iz    -
 ,     . 

    a(z)  0  : 
1  0.4z  0; 

   z  2.5  1,      . 

. 7.19 

SAR 

10 50
4 

2 

6 
X 

0 

2 

7030 t 

4 

10020 60 80 40 90 

. 7.20 

SMA 

10 50
4

2

6
X

0

2

70 30 t 

4

100 20 60 80 40 90 

. 7.21 

ARMA((1, 4),1) 

10 50
4 

2 

4 
X 

0 

2 

7030 t 10020 60 80 40 90 

. 7.22 

ARMA(1, (1,4)) 

10 50
4

2

4
X

0

2

70 30 t 100 20 60 80 40 90 
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     , -
   , : 

,)1()1()1( 4
411 LbLbXLa t  

.)1()1)(1( 1
4

41 tt LbXLaLa  
  

,541441111 tttttt bbbbXaX  
  —  

.115414411 tttttt bXaaXaXaX  

       
   1  4 ( . .  t 1  t 4),    — -

     1  4 ( . .  Xt 1  Xt 4). 
,         

,55441111 tttttt bbbXaX  

11554411 tttttt bXaXaXaX  

c b5   b1b4 , a5   a1a4 .     -
 (   ,        -

),         
 ,      

(parsimony model). , -     -
      (   

)  . 
    ARMA   , -

,  (Ghysels, Osborn, 1991). 

  

01.    ?     
 ? 

02.       (   )? 
03.       (   )? 
04.          -

 ? 
05.     ?     

         ? 
06.        

?   ? 
07.          

 ? 
08.      ?     

 ? 
09.       ?   

       ? 
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10.          -
?        

   ? 
11.          -

   ? 
12.          -

,   ,   ? 
13.       p?   -

,   ,    ? 
14.       p? 
15.          p? 

        ? 
16.        p? 
17.       — ?    

   ? 
18.        q?  -

 ,   ,    ? 
19.      q  ? 
20.        q?   

  ? 
21.        ? 

       ? 
22.     ARMA(p, q)?      

   ?     
     ?    -

 ? 
23.    ARMA ? 
24.    (    ARMA)   ? 
25.      ARMA? 
26.       ARMA? 

  7.2 
      ARMA   

     

 ,      x1, ..., xn 
  ARMA,       -

    .     
 : 
1)   (identification stage); 
2)   (estimation stage); 
3)   (diagnostic checking stage). 

        
   ARMA, . .   p  q.    

    ,     -
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         -
    .      

    a1, a2, ..., ap,  b1, b2, ..., bq 
 . 

         
    .    

    ,  
      -
 X1, X2, ...        

          
  . 

       
     . -

,     ,     
 ,      ,  . . 

  ,      . 
,        -

      ,    
  . 

    ARMA(p, q),     -
     Xt  ~ ARMA(p, q).    

  AR(p),  Xt  ~ AR(p),      
MA(q),  Xt  ~ MA(q). 

   ARMA 
       

ARMA        -
   (ACF — autocorrelation function, 

PACF — partial autocorrelation function) ,   
 ARMA. 

       
ARMA   .      

      (  MA -
)  .     -

     (PACF) -
  Xt .   part(k)   k —   

(partial autocorrelation) —     -
    Xt   Xt k ,    -

   Xt 1 , ..., Xt k 1 . 
  ,  part(k)    Xt k   

     Xt 1 , ..., Xt k ,  -
    Xt .   ,  
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 ( ., , (Hamilton, 1994, p. 111)),  part(k)  
   ak    k   —  

,,,2,1),()2()1()( 21 ksksasasas k  
       : 

,,,2,1,)()()2()1( 21 kssaksasas k  

,     a1, a2, ..., ak ,  (1  k), ..., 
(k  1) —  .       

   k    k , , 
  PACF    : 

,1)0(part  

,)1()1(part  

)1(1
)1()2(

1)1(
)1(1
)2()1(
)1(1

)2( 2

2

part , 

1(1)(2)
(1)1(1)
(2)(1)1
(3)(1)(2)
(2)1(1)
(1)(1)1

)3(part , 

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

1)3(2)(1)(

3)(1(1)(2)
2)((1)1(1)
)1((2)(1)1

)(3)(2)(1)(

(3)1(1)(2)
(2)(1)1(1)
(1)(2)(1)1

)(

kkk

k
k
k

kkkk
kpart . 
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      part(k)   -
         
,    (1), (2), ..., (k). 

   ,   Xt  —   AR(p), 
 

,0)( ppart  

0)(kpart    k  p. 

    PACF    -
          

 ARMA(p, q)  q  0. 
,   ACF   q   MA(q). 

  ,   PACF   p   
AR(p).      ACF  PACF  -

      ARMA(p, q)  p  0, q  0. 
        -

 (k)    part(k)  -
    —  ACF (sample ACF — SACF), -

   (sample autocorrelations) 

,1,,1,
)0(ˆ
)(ˆ

)ˆ(1

)ˆ)(ˆ(1

)(

1

2

1 Tkk

x
T

xx
kT

kr T

t
t

kT

t
ktt

 

 
T

t
tx

T
x

1

1ˆ  —   ;)( tXE  

 
kT

t
ktt xx

kT
k

1
)ˆ)(ˆ(1)(ˆ  —   )(k , 

  PACF (sample PACF — SPACF),  -
   rpart(k) (sample partial autocorrelations). 

  ,      part(k) -
 (s)   r(s).    .   

 ,  part(k)    (Xt k   )   -
   Xt 1  , , Xt k  ,   -

   Xt  ,     
     

tktkttt uXaXaXaX 2211  
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(    ut    

)( 2211 ktktttt XaXaXaXu , 

        ). 
     ak   rpart(k). 

  ARMA(p, q)  a(L)Xt   b(L) t     
 a(L)  0  b(L)  0       -

 , 1, ..., T ~ i.i.d.  E( t
4)  ,    ˆ , 

ˆ(k), r(k)  rpart(k)     , (k), (k)  
 part(k)  ( . (Hamilton, 1994, p. 199)).   r(k)  
 rpart(k)     (k)  part(k),     

    (k)  part(k).  ,   -
 k  k1  k  k2  ,  , (k1)  0  part(k2)  0, 

,  , r (k1)  0  rpart(k2)  0,    -
   .  ,   -
       -

     —   -
 . 

        ACF  PACF  
 -         . -

     ACF  PACF   
         

   ARMA.    ,   . 7.3 -
 ACF  PACF      -

 . 
     AR(p)  MA(q)  -

  r(k)  rpart(k)      
         (k)  part(k)  

    r(k)  rpart(k).    , 
    ,   
  ( . .  t  —   ). 

1.  Xt  —   MA(q),  

,)())((lim kkrE
T

 

   T 
q

j
j

T
krD

1

2 )(211))((   k  q, 

     ,    -
  (k),  k  q. 
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 7.3 
 ACF  PACF     

   

 ACF PACF 

 ,  
MA(0) 

(k)  0  k  0 part (k)  0  k  0 

AR(1),   
a1  0 

   
(k)  a1

k 
part (1)  a1  

part (k)  0,  k  2 

AR(1),  
a1  0 

   
(k)  a1

k 
part (1)  a1  

part (k)  0,  k  2 

AR(p)       k > p 

MA(1),  
b1  0 

   k  1;  
  k  1 

 ;  
part (1) > 0 

MA(1),  
b1  0 

   k  1;  
  k  1 

    
;  part (k)  0  k  1 

MA(q)   k  q — 

ARMA(1, 1),  
a1  0 

    1; 
 (1)    (a1  b1) 

 (  b1  0)  
  (  b1  0) 

   1 

ARMA(1, 1),  
a1  0 

    1; 
 (1)    (a1  b1) 

 (  b1  0)  
  (  b1  0) 

   1 

ARMA(p, q)     
,    q 

   
,    p 

SAR(1)   ,   
;  

    

  ,   
;  

    

SMA(1)   ,   
;  

    

  ,   
 ;  

    

 ,   T  k  q   -
 r(k)   .  ,   

    H0 : «Xt  —   
MA(q)»   ,    ,  

2
1

1

2 )(212 )( 
q

j
jr

T
kr    k  q. 
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      0.05. 
 ,  q  0,  Xt ~ MA(0) —  ,   

H0: «Xt —  »    -
  

.0,2 )( k
T

kr  

2.  Xt  —   AR(p),    T  k  p   
rpart(k)     

),,0()( 1TNkrpart    .))(( 1TkrD part  

,   H0 : Xt  ~ AR(p)   

,,2 )( pk
T

krpart  

  ,     
 0.05. 

         
       

ACF  PACF,      
T
2 .     

 ,   0.95,    k  0  r(k), 
 Xt  —  ,   k  p  rpart(k),  Xt  ~ AR(p).  -
    :     

 ,   0.05,    ,   H0 
    k. 

, ,    ?     
  ,     . -

    T  499  x1, x2, ..., x499.  . 7.4 -
      -
    ( )  k  1, 2, , 36. 

  ACF ,    0895.02
T

  

 r(13)  0.102.   ,      
H0: Xt  —  ?   PACF   , -

    ,      . 
       (T  499),  

     rpart(k),  
k  1, 2,  
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 7.4 
      

   (k = 1, ..., 36) 

k ACF PACF  k ACF PACF  k ACF PACF 

01 0.019 0.019  13 0.102 0.126  25 0.053 0.031 

02 0.013 0.014  14 0.071 0.051  26 0.015 0.018 

03 0.083 0.083  15 0.044 0.036  27 0.064 0.035 

04 0.038 0.035  16 0.017 0.034  28 0.032 0.042 

05 0.047 0.049  17 0.083 0.115  29 0.057 0.075 

06 0.017 0.009  18 0.035 0.028  30 0.053 0.044 

07 0.024 0.019  19 0.049 0.085  31 0.011 0.006 

08 0.062 0.053  20 0.069 0.032  32 0.034 0.021 

09 0.061 0.069  21 0.041 0.022  33 0.029 0.034 

10 0.074 0.073  22 0.014 0.057  34 0.042 0.057 

11 0.079 0.099  23 0.035 0.018  35 0.013 0.064 

12 0.021 0.034  24 0.034 0.012  36 0.046 0.055 

 Bk  — ,   ,  rpart(k)    -

 
T
2 .      0.05.  -

       (  36) rpart(k), k  1, 2, ..., 36, 
 : 

,95.005.0
2
3536)05.01(05.0 34223622

362 CP  

 
lg(P2)  lg(630)  2 lg(0.05)  34 lg(0.95)   0.560. 

 : P2  0.275,        
  PACF   36    . 

        
ACF,        

 r(k), k  1, 2, ...,  ,  Xt  —   (   
MA(q)   q  1   ).     -

   ACF       : 

,)05.01(05.0 351
362 CP  

  lg(P1)  0.780,  : P1  0.166. 
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  ,     -
 ACF  PACF    1.   

   ,  ,   -
  r(k)   EViews,    :  -
  ˆ(k)     (T  k),   T.   

 ,       (k)    -
 . 

         
ACF  PACF    Q-  (Q-statistics), -

       ,    
    . 

   Q- .     — 
  —  (Box-Pierce Q-statistic)    

    (Box, Pierce, 1970)   : 

.)(
1

2
M

k
krTQ  

      -
 r(1), r(2), ..., r(M)  ,  Xt  —  ,  ,   

 T    ,)1,0()( NkrT    Tr2(k)  [N(0, 1)]2  2(1) 
( ,        Xt  — . ( , 
1974)).  ,    T   

.)(~ 2 MQ  

  H0 , ,    . 
      0.05,   -

      

,)(2
95.0 MQ  

 )(2
95.0 M —   0.95  -    -

 . 

    P-  (  -
 )  Q    M  1, 2, ...  

  M  H0 ,    
P-   0.05. 

,  ,   —   
  2(M)    T.   

____________ 
1            

  
T
2 . 
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       —  
(Ljung-Box Q-statistic),    (Ljung, Box, 1979): 

M

k kT
krTTQ

1

2

)(
)( )2( , 

 (  T )     2(M),  
       T,   
 — .   EViews   —  -

    P- ,  -
 2(M). 

   Q-    
.    P-  Q-   —  

         
( . 7.5). 

 7.5 
Q-   —      

M P-  M P-   M P-  M P-  

1 0.670  10 0.243  19 0.044  28 0.072 
2 0.873  11 0.146  20 0.033  29 0.065 
3 0.292  12 0.187  21 0.037  30 0.061 
4 0.348  13 0.064  22 0.049  31 0.076 
5 0.349  14 0.045  23 0.056  32 0.084 
6 0.455  15 0.049  24 0.064  33 0.096 
7 0.539  16 0.066  25 0.061  34 0.099 
8 0.438  17 0.037  26 0.077  35 0.119 
9 0.360  18 0.044  27 0.063  36 0.119 

 P- ,  M  14, 15, 17—22,  0.05,  
      —      

 M  H0 : «Xt  —  »  .  -
  M  P-  ,  0.05,  -
 H0     . 

-   , ,    -
 ,    M  ,    

 .       
   (Kwan, 1996)  (Kwan, Sim, 1996). 
    ,      
   ARMA     

         .  
        -
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  ,    .   -
        ,  -

   . 
  .   -

   AR , . . ,   Xt   
 AR(k) 

t

k

j
jtkjt XaX

1
)(  

    k,    k    
      (Akaike 

information criterion — AIC) ( . Akaike, 1973).     
  k  ,    

T
kk k

2ˆln)(AIC 2 , 

 T —  ; 
 ˆk

2  —    t   AR  k-  1. 

  ˆk
2     k-    -

  —  

,
1

k

j
jskjs a  

   â kj , j  1, ..., k,   akj   
  ,    x̄,      t  

,)(ˆ)(ˆ
1

k

j
jtkjtt xxaxx  

  ˆk
2    

.ˆ 1ˆ
1

22
T

t
tk T

 

  ,      -
  ( )   k0   -
.        , -

    
____________ 

1           -
   EViews.    ,      ,  

          k.   -
     ,  . 
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,ˆln 2
Tk kc  

 cT  O(T 1lnT) ( . . cT  T       ,   
 T 1lnT). 

         -
    (Schwarz information criterion — 

SIC) ( . (Schwarz, 1978)): 

T
Tkk

lnˆlnSIC 2 . 

      —  (Han-
nan-Quinn information criterion — HQC) ( . (Hannan, Quinn, 1979)),  -

 cT  2ckT 1lnlnT, c  1, 

T
Tckk

lnln2ˆlnHQ 2 , 

       k0  T  . 
    T     

. 

 7.2.1 

   AR(2) 
.36.02.1 21 tttt XXX  

 a(z)  0      

036.02.11 2zz  

    1
3
5

2,1z ,   ,   

, . 
     t  1, 2, , 500 -

  . 7.23. 

. 7.23 

50 250100 300
8

4

8
X

500

0

350200 150 400 t 

4

450
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       -
 : 

ACF PACF k AC PAC Q-  P-  

 |*******  |******* 1 0.899 0.899 406.25 0.000 
 |****** ***| 2 0.732 0.396  675.97 0.000 
 |****  | 3 0.561 0.005  834.98 0.000 
 |***  | 4 0.409 0.027  919.59 0.000 
 |**  | 5 0.277 0.048  958.40 0.000 
 |*  | 6 0.167 0.015  972.59 0.000 
 |*  |* 7 0.095 0.071 977.15 0.000 
 |  | 8 0.045 0.045  978.19 0.000 
 |  | 9 0.014 0.011 978.29 0.000 
 |  | 10 0.001  0.020 978.29 0.000 
 |  | 11 0.003 0.055 978.30 0.000 
 |  | 12 0.019 0.001 978.49 0.000 

   089.02
T

     PACF, 

  k  1, 2.     , 
 ,      H0 : Xt  ~ AR(2). 

       
   ,    AR  4- , 

3- , 2-   1-  ,    -
  AR  ( . 7.6).    

 AR(2).  

 7.6 
   

 p  1 p  2 p  3 p  4 

AIC 3.083264 2.91800 2.919244 2.924441 
SIC 3.100148 2.94336 2.953116 2.966846 

      AR  ,  , 
 ,   ARMA(p0, q0) (   p0, q0) 

,)()( tt LbXLa  
         (p0, q0), 

     (Kavalieris, 1991). 
         -
    AR(k): 

,
1

t

k

j
jtkjt XaX  
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   âkj ,  j  1, ..., k,     -
   

.ˆ)(ˆ
1

jt

k

j
kjtk xaxt  

 k        -
 .        

      . ( -
,       ,     

     .) 
     Xt   Xt j,  j  1, ..., p,   Xt    

ˆ k (t  j),  j  1, ..., q.        -
    aj , . . âj ,  j  1, ..., p,    —  b̂ j  

 bj ,  j  1, ..., q.    a(z), b(z)  

,ˆ)(,ˆ1)(
01

q

j

j
j

p

j

j
j zbzbzaza  

         

,)(ˆ)(ˆˆ 1
tt xLaLb  

         

.~ 1~
1

22
 ,

T

t
tqp T

 

  ,   ,    -
 ARMA ,     t  b 1(L )a (L )xt ,  

   . 
    p0, q0    (p~, q~),   

  

T
Tqpqpqp

ln)(~ln)~(SIC 2
,

2
, . 

,  )~(SIC 2
, qp  —    p  q,   

p  p0, q  q0,      (p~, q~). 

   

     ( )  ARMA, 
. .         -

 p, q  ARMA(p, q),  ,    -
  .       
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 ,      
    .    -

   ( ,  AR(1)),    -
 ,     ( -

)  ,    . 
       -

 ,    .    , 
     (k)  

r(k)       
   (k)    . -

,    AR(p),   a1 , a2 , ..., ap  -
    p   —  

,,,1,)()(
1

pkjkak
p

j
j  

     (1), ..., (p)  -
  (    )  r(1), ..., r(p) 

 . 
    MA(q)  (q  0)  

  ,  .   
  MA(1)  

.,,1,11 TtbX ttt  

   x1 , ..., xT ,   1 , ..., T  
    ( )  0 : 

011 bX , 

,)()()( 0
2

12012122 bXbXbXbXbX  
 

.)1()()1(

)()()(

01
11

2
2

111
TTTT

TTTTT

bXb

XbXbXbX
 

 (  b)   ,  
  x1 , ..., xn     0 , -

    

,)( 22
2

2
1 TbQ  

     b.     -
       

, ,   ,    ( -
)   b.   ,    

      .   



 7.    .  ARMA 355 

     b    -
 0 ,    .   

,     |b |  1,    -
 |b |   1. 

,         
0   0.       0     

,    ,    0   0,  
     ,   -

  0 ,     .   
     MA(q)  q  1:     -

  0   1   ...  q 1   0.       
    (      EViews)  

 backcasting,       -
  0   1   ...  q 1       

. 
     ,    -
  ,      

     . 
      ARMA 
     , ,  

 (Hamilton, 1994, p. 117—151).      ,  -
       -

  ,       
  . 

     . 
   AR(p)  

.)( ttXLa  

   ,        
 Xt       

p a aa
 

211
, 

      a1 , a2 , ..., ap   , -
       

,2211 tptpttt XaXaXaX  

 ,    â1 , ..., âp   ˆ,      
 : 

pa a a
 

ˆˆˆ1

ˆ
ˆ

21
. 



  2.      356 

   ,   , ,   
EViews.       : 

tptpttpt XaXaXaaaaX 221121 )1(  

    a1 , a2 , ..., ap ,  .   -
  .       -
  ,   ,     MA -

,       
(NLLS — nonlinear least squares)     -

. 

 7.2.2 

          
(   ,  ).     . 7.7, 

  —  . 7.24. 

 7.7 

     ,    

 , 
   , 

   , 
   , 

 

1946 10.8  1951 11.2  1956 10.4  1961 10.7 

1947 10.3  1952 11.2  1957 10.2  1962 10.6 

1948 11.1  1953 11.4  1958 10.6  1963 10.7 

1949 10.9  1954 11.2  1959 10.9  1964 10.5 

1950 11.8  1955 10.5  1960 10.3  1965 10.9 

 

. 7.24 

19
46

 

19
54

 

19
48

 

19
56

 

10.0 

10.4 

12.0 
X 

19
64

 

10.8 

19
58

 

19
52

 

19
50

 

19
60

  

11.2 

19
62

 

11.6 
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,    ,   : 

Autocorrelation Partial Correlation k AC PAC Q- P-  

|*** |*** 1 0.429 0.429 04.2694 0.039 
|*** |** 2 0.366 0.222 07.5350 0.023 
| **| 3 0.059 0.204 07.6255 0.054 
| | 4 0.016 0.034 07.6324 0.106 

*| *| 5 0.156  0.129 08.3498 0.138 
**| **| 6 0.255  0.195 10.3930 0.109 

***| *| 7 0.321  0.123 13.8790 0.053 
*| |* 8 0.133  0.175 14.5230 0.069 

     ,   

  .447.0
20
22

T
   0.447      

     .   
        ,   

   MA(0) 
.0 tX  

         — ,   
ACF   1   .  ,    

      -
  AR(1)  MA(1).  ,    

  :  ,   -
  ,    .   

  -        
 ,   ,    -

  — ,      -
      .  

       ,   
   ,      

  ,   -   
  ,    -

 .         
         ,  -

       1940  1945 . (  
  ).       1940  

1965 .   . 7.25. 
    1942—1944 .      

      1940  1965 .    
       —  1946  1965 . 



  2.      358 

. 7.25 

    AR(1),   ,   , (1)  a1 . 
,    (1)  r(1)  0.429, -

      a1 .    , 
   AR(1)    -

    ,   
 ( . 7.8). 

 7.8 
  X  

Method: Least Squares; Sample (adjusted): 1947 1965;  
Included observations: 19 after adjusting endpoints; Convergence achieved after 3 iterations 

   
 t-  P-  

C 10.814510 0.159261 67.904450 0.0000 
AR(1) 00.430515 0.219257 01.963522 0.0662 

R-squared 0.184864 Mean dependent var 10.8105300 
Adjusted R-squared 0.136915 S.D. dependent var 0.425434 

S.E. of regression 0.395238 Akaike info criterion 1.080645 
Sum squared resid 2.655627 Schwarz criterion 1.180060 

        -
   a1 . 

    MA(1),    2
1

1

1
)1(

b
b . -

   (1)  r(1)  0.429    

.429.0
1 2

1

1

b
b      0.567  1.704.  
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   MA(1) ,   — -
 MA(1) .   MA(1)    

  (backcasting)    ( . 7.9). 

 7.9 
  X  

Backcast: 1945 

   
 t-  P-  

C 10.8137900 0.113355 95.387260 0.00000 

MA(1) 0.280610 0.228102 01.230195 0.23450 

R-squared 0.117961 Mean dependent var 10.810000 

Adjusted R-squared 0.068959 S.D. dependent var 00.414094 

S.E. of regression 0.399561 Akaike info criterion 01.097739 

Sum squared resid 2.873684 Schwarz criterion 01.197313 

      b1   -
     .   -

  P-   t-  F-     -
 b1 .    ,     

   ,     -
   20 . 

        
1945 .,     ( . 7.10). 

 7.10 
  X  

Method: Least Squares; Sample (adjusted): 1946 1965; Included observations:  
20 after adjusting endpoints; Convergence achieved after 24 iterations; Backcast: OFF 

   
 t-  P-  

C 10.8151500 0.112582 96.064310 0.00000 

MA(1) 0.274024 0.229231 01.195405 0.24740 

R-squared 0.116800 Mean dependent var 10.810000 

Adjusted R-squared 0.067734 S.D. dependent var 00.414094 

S.E. of regression 0.399824 Akaike info criterion 01.099054 

Sum squared resid 2.877464 Schwarz criterion 01.198628 

Log likelihood 8.990543  F-statistic 02.380443 

Durbin-Watson stat 1.778286 Prob(F-statistic) 00.140261 
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  , . .  ,   -

    (   ). 
 —     . 

       -
 ,        H0  

 ,   ,  ,  t  -
    . 
         

ARMA(p, q) 
,)()( tt LbXLa  

. . 
,112211 qtqttptpttt bbXaXaXaX  

       

,)(ˆ)(ˆ tt LbXLa  
 

,ˆˆ1)(ˆ 1
p

p LaLaLa  

.ˆˆ1)(ˆ 1
q

q LbLbLb  

 MA   ARMA(p, q) ,  

,)(
)(

tt X
Lb
La  

   t      a(L)  b(L)  â(L)  
 b̂(L) : 

. 
)(ˆ
)(ˆˆ tt X

Lb
La  

 , ,      , 
        -  -

    . 
     ˆ t    

  t . C ,   t     
,       . 

   ,  (Bartlett, 1946)     
( . (Box, Pierce, 1970))     

     t : 
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   ,  QBP  , -
    2(M  p  q)  ,  T  M ,  -
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95.0 qpMQBP  

   ,    T  
 QBP      2(M  p  q). 
    ,  ,  
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T
MMqpMQE BP . 
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T
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 2(M  p  q)    . 
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 —   —     

)),((2
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      2(M  p  q),   
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 ,    ,     
    t  .  , 

    D( t).     
 ,      -

 (   ,  ,  ).   
 t       « » (heavy-tailed 

distribution), . .       
  t .          

  . 
  EViews      ARMA -

      P-   -
  Q-   — . 

    AR(1)  A(1)   
   . 

  AR(1) 
ACF PACF k AC PAC Q-  P-  

* | *| 1 0.096 0.096 0.2033  
 |** |** 2 0.271 0.265 1.9334 0.164 

* | *| 3 0.116 0.078 2.2687 0.322 
 |* | 4 0.076 0.008 2.4232 0.489 

* | | 5 0.099 0.049 2.7024 0.609 
* | *| 6 0.125 0.175 3.1852 0.671 

** | **| 7 0.257 0.260 5.3801 0.496 
 | | 8 0.019 0.051 5.3928 0.612 
 | |* 9 0.047 0.189 5.4826 0.705 

* | **| 100 0.178 0.259 6.8945 0.648 
 | | 110 0.040 0.050 6.9748 0.728 

* | *| 120 0.187 0.132 8.9579 0.626 

  MA(1) 
ACF PACF k AC PAC Q-  P-  

 |* |* 1 0.100 0.100 0.2306  
 |*** |*** 2 0.365 0.358 3.4838 0.062 
 | *| 3 0.050 0.127 3.5491 0.170 
 | *| 4 0.058 0.068 3.6417 0.303 

* | *| 5 0.139 0.088 4.2051 0.379 
* | *| 6 0.169 0.182 5.1071 0.403 
* | **| 7 0.277 0.199 7.6991 0.261 
* | |* 8 0.066 0.094 7.8603 0.345 
 | |* 9 0.021 0.159 7.8772 0.446 

* | **| 100 0.187 0.302 9.4191 0.400 
 | | 110 0.002 0.042 9.4192 0.493 

* | *| 120 0.187 0.104 11.338 0.415 
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    P-    QBP   0.05,   
  ,      t  -

   ,  .  ,    -
      t : P-  

  —    0.480  0.608.  -
         

 . 
   .   

,     ,   -
  ( )  .  

,     t1 , ..., tn    Xt1 , ..., Xtn  
   . 

   -    , 
    .     

      ( ) 
   .   

    (Lomnicki, 1961). 
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    AR  MA, . .      
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    Xt .     
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  ,       
  —  (Jarque, Bera, 1980). 
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 -    EViews     
 T   (T  K),  K —  -

,      . 
,        .  -

 ,        
 .       -

   ? 
  T       

(p, q)  ARMA,       , 
  ,    -
     . 

         -
,     ,  «  »   -

     .  ,  
        

    ,   -
        

. 

 7.2.1.     —   
     ARMA  

  ,    -
 , . .     et   ēt   

 . 
      -

      0,    
  .    -

 ARMA     -
 ,     

,      .  -
    —     -

  2(2) ( . (Yu, 2007)). 

 7.2.3 

     MA(1)  AR(1)   
      , ,   

H0 : a1  0  AR(1)    H0 : b1  0  A(1)   -
.  ,          MA(0) 

.ttX  

    ,   . 7.11. 
         

 (   7.1.2)           
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 7.11 
   MA(0) 

   
 t-  P-  

C 10.8100000 0.092594 116.7460 0.00000 

R-squared 0.000000 Mean dependent var 10.810000 

Adjusted R-squared 0.000000 S.D. dependent var 00.414094 

S.E. of regression 0.414094 Akaike info criterion 01.123258 

Sum squared resid 3.258000 Schwarz criterion 01.173045 

Log likelihood 10.23258000 Durbin-Watson stat 01.138735 

   AR(1)  MA(1).  ,    
   (1)  part(1),    -

 ,        
,        

. 
,     ,   

  — .       
 ,  ,    -

     ,    , -
     .  -

    (Sargan, Bhargava, 1983).  ,  
  0.05  T  21    1.069. -

  ,      ,    -
  MA(0). 

   MA(0), MA(1)  AR(1)     
 ( . 7.12). 

 7.12 
  

 
 

MA(0) MA(1) AR(1) 

AIC 1.123 1.098 1.081 

SIC 1.173 1.197 1.180 

      AR(1),   
        MA(0).  

        
:        ,  -

      .  
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 7.2.4 

     7.2.1   -
   Xt   1.2Xt 1  0.36Xt 2  t .   -

,    ,  ( ) -
   .  AR   4, 3, 2  1  

 — AIC  SIC —     . -
        

      ( . 7.13). 

 7.13 
  X  

Method: Least Squares; Sample (adjusted): 3 500;  
Included observations: 498 after adjusting endpoints; Convergence achieved after 3 iterations 

   
 t-  P-  

C 0.001015 0.330958 0.003067 0.9976 
AR(1) 1.256580 0.041257 30.4572300 0.0000 
AR(2) 0.397095  0.041290 9.617188  0.0000 

     : 

ACF PACF k AC PAC Q- P-  

 | | 1 0.003 0.003 0.0042  
 | | 2 0.005 0.005 0.0165  
 | | 3 0.000 0.000 0.0165 0.898 
 | | 4 0.036 0.036 0.6866 0.709 
 | | 5 0.037 0.037 1.3675 0.713 

* | *| 6 0.086 0.085 5.0736 0.280 
 | | 7 0.005 0.005 5.0882 0.405 
 | | 8 0.004 0.006 5.0977 0.531 
 | | 9 0.002 0.004 5.0993 0.648 
 | | 100 0.054 0.050 6.5887 0.582 
 | | 110 0.014 0.008 6.6897 0.669 
 | | 120 0.019 0.011 6.8676 0.738 

 P-     QBP    0.05,    
 ,      t    

 ,  .       t  
(P-     —   0.616).     

   Xt   ,  -
        AR(2) -
.      ,  -

,   . 7.14. 
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 7.14 
  X  

Method: Least Squares; Sample (adjusted): 3 500;  
Included observations: 498 after adjusting endpoints; Convergence achieved after 2 iterations 

   
 t-  P-  

AR(1) 1.256581 0.041215 30.488070 0.00000 

AR(2) 0.397096  0.041248 9.627056 0.00000 

S.E. of regression 1.036707 Akaike info criterion 2.91398 

Sum squared resid 533.08160000 Schwarz criterion 2.93089 

Inverted AR Roots 0.63  0.05i 0.63  0.05i  

        . 
      AR(2), AR(3)  AR(4) 

  P-       , 
  « »    « »  AR(2) 

( . 7.15). 

 7.15 
   AR 

   
 

Xt  1 Xt  2 Xt  3 Xt  4 

AR(2) 1.26 0.40   

AR(3) 1.25 0.39 P  0.87  

AR(4) 1.25 0.40 P  0.72 P  0.56 

  ,        
« »    ,  -

  ,   « » ,  
     .     

  AR(2)  . 
, ,      .  

   ,    AR(2),   -
  ,  a(z)  0, . . 1  1.2z  0.36z2  0, 

   .67.1
3
5z     1,   

 ,   .      
 ,    ,  
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  ,  ,     
    .     

  0.63  0.05i,      z  1.58  0.125i.  
 , ,   ( )   a(z)  0  -

 ,       1   , 
 ,  AR(2)    .  

  

1.         ARMA  
 ?     ? 

2.         ARMA? 
3.        ? 
4.         ? 
5.         

? 
6.      , -

  AR(p)? 
7.      , -

  MA(q)? 
8.        

? 

 -7 

   

     ,     
,        , 
 .        

  ,        — -
   .       -

  (randomness test),        
  .        

 ( )    ,  ,  H0 (  
) (null hypothesis). 

        , -
     .  -

   ,   ,   
 . 

  (runs test)    .  M — 

  F ,   F(M)  P{X  M}  P{X  M}  1  F(M)  
2
1 . 

   x1, ..., xn    «  »  
     M. 
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    F,      ,  -
     —  .   -
   x1, ..., xn    , . .  -

  (   ): x(1) , ..., x(n) .   -
  : 

. ,
2
1

,,

),,(

1
22

2
1

1
nxx

nx

xxmedmed
nn

n

n  

         -
  :  xt   « »,  xt   med,  « »,  xt   med. 
  (run)       -
  . 

     n1   n2 , n1  n2  n, 
    z1    z2   —  z  z1  z2 . 

 z1  z2       
 Z1  Z2.   H0 ,     Z  Z1  Z2  

,12)( 21

n
nnZE  

)1(
)2(2)( 2

2121

nn
nnnnnZD  

     n1  n2 ,     

)(
)(

ZD
ZEZZ  

    N(0, 1),   H0  
«  »      . 

   (turning points test)    -
  ,       S -
     xt       

« »  « »   . 
« » —   ,    , « » — 

 ,    .     
   (turning point).  x1   xn   

      ,    x1    
,   xn     . 

 t  1, 2, ..., n  2  «  » 

.—0
,1 211211 tttttttt

t
xxxxxxxx

Z  
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  Zt   1    ,  xn 1 —  ,   

       .
2

1

n

t
tZS  

    S : 
2

1

2

1
1)()(

n

t
t

n

t
t ZPZESE . 

  H0 ,   F ,  

,2,,2,1,
3
21 ntZP t  

  

.
3
2)2()( nSE  

   S   H0  

90
2916)( nSD . 

  n    

)(
)(

SD
SESS  

   H0 ,   N(0, 1). 
 H0 ,      -

   . 

 -7-1.      
,    ,  , -

  ,      . 
      .  -

     (    -
)   .   -

       
   (« »).      

    « »   , -
  « » .    

  ,  ,   -
    . 

  (Kendall test)      -
.    (i, j), 1  i  j  n,  

,1
,0
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ji
ij xx

xx
H  
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. . Hij   1    ,   xi , xj    , -
   , . .  . 

  

nji
ijHQ

1
 

      x1, ..., xn .   Q  0 

  x1  ...  xn ,   
2

)1(2 nnCQ n   x1  ...  xn . -

  
4

)1(2 nnCQ n   «  »  -

 ,   

1
)1(

4
nn
Q . 

    

,
)1(

41
nn
Q  

     «  ».   H0  
          

    

)1(9
)52(2)(

nn
nD , 

   

)(
*

D
 

 ,    n  11   -
  .  H0    *, -

   . 

 -7-2.       ,  -
    ,     

      .   -
   : 

     ,    -
 « » .     ,   

 H0    ,      « » 
,       ; 

         
  Hij   0,       -

 Q,  « » ( ) .  
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Hij  1,       Q.   -
       

 *,        -
   H0. 

         
   .        

  ,    , 
 ,  ,     H0   -

   . ,    
     ,      -

. 
    ,      -

     ,      
    ,   

   .          
  ,       

             
   . 

  (goodness of fit tests).     
     ,       

 ,     ,       -
  F       , 

    ,  
   . 

  EViews 6      , 
 ,      -

        -
        . 

   X1, ..., Xn     -
  

,1)(
1

n

i
xXn i

I
n

xF  

 IX i   x  —  ,  1,  Xt   x,   0   
. 

  (   — ) (Kolmogorov 
test, Kolmogorov-Smirnov test).     Fn(x) -

     n    c  
 G(x).  F(x) —   .  

 H0 : G(x)  F(x). 
    

.)()(sup xFxFD n
x

n  



  2.      374 

  H0    Dn     , -
   .   H0  n    Dn   0  

  1.     nDn ,  -
   .   H0  n     

  nDn       -
,    .   G(x)  F(x) 

 ,   n   

,0)()(sup xFxGD
x

n  

  .nDn    :  H0  ,  
  Dn   . 

   ,   x1, ..., xn      
    F,    -

 ,  
,1KDn n  

 K1  —   (1  )  . 

     Dn    
 

n
kxFxF

n
kD kknkn

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

  x(1) , ..., x(n)  —    x1, ..., xn ,   -
   x1 , ..., xn   . 

  (Kuiper test).     , -
     

n
kxFxF

n
kV knkknkn

1)(max)(max
11

. 

  (Lilliefors test)      
 ,   x1, ..., xn       -

,      (   
 )   . 

         -
    ,     

      , 
        

 .         
,   ,     ,  

    ,    -
   (  ). 
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  —   (  - ) (Cramér-von Mises, 
W 2-test).        -

 Fn     F   

).()()( 22 xdFxFxFnW n  

 ,  

.)(
2

12
12

1
1

2
2

n

k
kxF

n
k

n
W  

  —  (Anderson-Darling test)    -
     ,     
 , n  25.       -

 Fn     F   

).()()(
))(1)((

1 22 xdFxFxF
xFxF

nA n  

  x1, ..., xn    .    
     : 

.
S

xx
Y i

i  

     

))(1(ln)(ln12
1

1

2
knk

n

k
YY

n
knA , 

 (x) —    . 

,    ,  : 

2
22 25.275.01

nn
AA . 

  0.05       
A*2  0.752. 

  ( ) (Watson test).     -
   Fn     F  

 

).()()()()()(
2

2 xdFxdFxFxFxFxFnU nn  

        
      F  ( ) « »,  
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          -
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     ,    
A  B.  s  xt    s  t,   -

   s  t  1,  t 1    -
  yt 1,    xt.   ,  

    A  B. 
   ,    A'  C. 

 ,       ( 1, 2, ..., n)T  
   X     
 N(0, 2V )    ( ) -
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xt 1  (1, yt , yt 1, ..., yt p 1)T   xt ,   t     -
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tptpttt yayayay 2211  ( t  — ); 
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   ,   -
 ,      , 

        
  .     -

 . 
  yt       

,tt ty  

 t ~ i.i.d., E( t)  0, D( t)  2   0, E( t
4)  4  . 

       : 
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T
tt txxy  

,        
   ˆ

n  ( ˆn, ˆ
n),    

 ; ( ˆn  n)   n1/2,  ( ˆ
n  n) —  n3/2. 

    ,     
     ˆn  ˆ

n.  ,  t- -
    N(0, 1).  ,  

    ,     
 . 

         -
  ,   -
  . 

 E  
  yt    

tptpttt yayayaty 2211  ( t  — ); 

    1  a1z  a2z2    apz p  0    
 ; 

 t ~ i.i.d., E( t)  0, D( t)  2   0, E( t
4)  4  . 

     t-    
qF (  q —     ,  F — 

 F-       ) 
   N(0, 1)  2(q).   
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 . 
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,, nXXXy  
   : 

,...,,2,1, ntxy t
T
tt  

  xt  (xt1, xt2, ..., xtp)T  —   p    
 t-  . 

 ˆ
n —       

  ( 1, 2, ..., p)T ,   n .    
     ˆ

n  n  : 

1) 01lim
1  

n

t
ttx

n
p   

(   : ;)0)lim( 1 T
nXnp  

2) Qxx
n

p
n

t

T
tt

1  

1lim   

(   : ))lim( 1 QXXnp n
T
n ,  Q —  

 ; 

3) ),0(1 2

1  
QNx

n

n

t
tt   

(   : )).,0()( 221 QNXn T
n  

 plim —   ;      
  . 

   ,   n  ,     D, 

),0()ˆ( 12QNn n . 

  (Mann, Wald, 1943)    — :  

 Qxx
n

p
n

t

T
tt

1  

1lim   

(   : ))lim( 1 QXXnp n
T
n ,  Q —  

 ; 

 t ~ i.i.d., E( t)  0,  D( t)  2   0,  E(| t |m)     m  1, 2, …; 

 E(xt  t)  0, t  1, 2, …, n, 
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,      

ˆ
n  n  . 

,   E(xt  t)  0, t  1, 2, …, n,    E( t)  0  
,  

Cov(xt k , t)  0,    k  1, 2, …, p, 

. .       t   
   .  E(| t |m)     m  1, 2, … 

,  ,    t . 
    . 

 F  
    

,,,2,1, ntxy t
T
tt  

 xt   (xt1, xt2, ..., xtK)T  —   K    
 t-  ; 

 ˆ
n —        ( 1, 2, ..., K)T, 

  n . 

      : 

 Qxx
n

p
n

t

T
tt

1  

1lim   

(   : ))lim( 1 QXXnp n
T
n ,  Q —  

 ; 
 t ~ i.i.d., E( t)  0,  D( t)  2   0,  E(| t |m)     m  1, 2, …; 

 Cov(xt k , t)  0,  k  1, 2, …, K. 

  n    

),0()ˆ( 12QNn n . 

 ,  xt  —   (K- ) 
 (K-dimensional stationary time series),   

)(),(,)(,)( , sxxCovQxCovconstxE kllsttktt  

  t, s    k, l = 1, 2, …, K.  k l(s) — -
 (cross-covariance)  k-   l-     xt , 
  s  . 
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  s  , k l(s) —    s ,  k l(s) — 
-   (cross-covariance function) k-   l-  -

   xt.        F -
      

Cov(xt)  Q      xt xt
T   -

   t  1, 2, …, n. 
   F     

ARX : 
,2211 t

T
tptpttt zyayayay  

 
.),,,(,),,,( 2121

T
M

T
tMtt zzzz  

     F,   

,),,,,,,,( 2121
T

Mptttt zzzyyyx  

.),,,,,,,( 2121
T

Mpaaa  

      : 
 zt —   (M- ) ; 

 z

n

t

T
tt Qzz

n
p

1  

1lim ,  

 Qz —   ; 
 t ~ i.i.d., E( t)  0,  D( t)  2   0,  E(| t |m)     m  1, 2, …; 
 Cov(ztm , t)  0  m  1, 2, …, M; 
 Cov(yt  j , t)  0  j  1, 2, …, p; 
    1  a1z  a2z2    apz p  0    

. 
      F,   n   

).,0()ˆ( 12
zn QNn  

   ,     
a(z)  0,    ARX.  ,    

   ( . .   t)   -
 (long-run)    yt, zt1, zt2, ..., xtM,  -

      . 

  

1.        -
          

? 
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2.         -
,     , 

   ? 
3.       ARX? 

  8.2 
  .   

   

     
 (  ) 

     ARX   
   (    -

 , autoregressive distributed lag models — ADL). 
     ADL(p, r; s): 

,)(

)(

,1,1,0

,111,111,110

22110

trtssrtsstss

rtrtt

ptpttt

xxx

xxx

yayayay
 

 p —     yt ; 
 r —     x1, t , x2, t , ..., xs, t ,  -

   yt ; 
 s —   . 

    ,     i j 
 ,         -

  xi, t . 
 ADL(p, r; s)     : 

,)()()( ,,11 ttsstt xLbxLbyLa  
 

,1)( 2
21

p
p LaLaLaLa  

.,,1,)( 10 siLLLb r
iriii  

   ,  yt    : 

,
)(

1)(
)(

1)(
)(

1
)(

1
, ,11 ttsstt La

xLb
La

xLb
LaLa

y  
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,
)(

1)()(
)(

1
, ,11 ttsstt La

xLcxLc
La

y  

 

)(
)()(

La
LbLc i

i . 

     ,  L  1  
 t  0    yt . 

   

.)1()1(
)1(

1
 , ,11 tsstt xcxc

a
y  

 ,       t  -
: 

.)1()1(
)1(

1
11 ss xcxc

a
y  

 c1(1), ..., cs(1)     
  (long-run multipliers, equilibrum multi-

pliers).       ADL(1, 1; 1),  -
  : 

.)1( 1101 tttt xxyL  

 |a1|  1    

),(
)1(

1
)1(

1
110

11
tttt xx

LL
y  

. . 
),()1()1( 110

22
11

2
11 tttt xxLLy  

   : 

,0
t

t

x
y  

,011
1

1

t

t

t

t

x
y

x
y  

,0
2
111

2

2

t

t

t

t

x
y

x
y  

,0
3
11

2
1

3

3

t

t

t

t

x
y

x
y  

 . .       (impact 
multiplier, short-run multiplier),    
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( )   xt      
 yt.   ,  

).()1(

)1()1(

10
1

1

2
111

2
110

321 t

t

t

t

t

t

t

t

x
y

x
y

x
y

x
y

 

  ,       
   ADL(1, 1; 1).   

        yt  
  1       xt. 
      ADL , -

 . 
  ,    

    (     -
  — .  2.1,  F): 

  t-    N(0, 1) ; 
  F —  F-        

q     ,   qF 
  2-   q  ; 

       -
   t  qF      

  ( )  (    
t- ,    F- ).  

       -
   ; 

         
       

  t  ,    — . 
  —      ,   

      —  d   
   d  2,      — 

       
 («   t»). 

 8.2.1 

  ADL(3, 2; 1): 

(1  0.5L  0.1L2  0.05L3) yt  0.7  (0.2  0.1L  0.05L2)xt  t. 

      y  x -
 L  1  t  0: 
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(1  0.5  0.1  0.05) y  0.7  (0.2  0.1  0.05) x, 
. . 0.35y  0.7 + 0.35x,    y  2  x. 

 . 8.1     xt  0.7xt 1  x t, 
x t ~ i.i.d., N(0, 1),      yt,  

  ADL(3, 2; 1),  t ~ i.i.d., N(0, 1),   t -
    x t.      -
  : x1  0, y1  y2  y3  0. 

      , ,   -
  .      yt    xt  t  

  ,       
yt  1.789  0.577xt  et ,  et  —  .     

 . 8.2. 

     , -
      

ACF PACF k AC PAC Q-  P-  

 |***** |***** 1 0.696 0.696 49.981 0.000 
 |**** |* 2 0.536 0.099 79.868 0.000 
 |*** *| 3 0.364 0.081 93.801 0.000 
 |** | 4 0.227 0.056 99.279 0.000 
 |* | 5 0.130 0.015 101.1000 0.000 
 | | 6 0.057 0.020 101.4600 0.000 

    —      ,  
 P-  0.0000.  ,       ,  

  .      -
       . 

. 8.1 

10 50
4 

2 

6 
 

0 

2 

7030 t 

4 

10020 60 80 40 90 

Y X 

. 8.2 

DELTA 

10 50
6

4

4

2

0

70 30 t 

2

100 20 60 80 40 90 
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  xt   : 

ACF PACF k AC PAC Q- P-  

 |**** |***** 1 0.686 0.686 48.468 0.000 
 |*** *| 2 0.429 0.079 67.594 0.000 
 |* *| 3 0.193 0.132 71.527 0.000 
 | *| 4 0.024 0.066 71.591 0.000 

* | | 5 0.058  0.003 71.958 0.000 
* | *| 6 0.140  0.107 74.090 0.000 

    xt    AR(1). 
  yt    : 

ACF PACF k AC PAC Q- P-  

 |***** |****** 1 0.767 0.767 060.58 0.000 
 |***** |* 2 0.629 0.100 101.75 0.000 
 |**** | 3 0.494 0.042  127.37 0.000 
 |*** | 4 0.399 0.019 144.32 0.000 
 |** | 5 0.318 0.003  155.21 0.000 
 |** | 6 0.257 0.004 162.38 0.000 

       AR(1). 
      ADL 

  ,  1: 
.11011 ttttt xxyay  

    ADL(1, 1; 1)   . 8.1. 
     (P-  -

  —   AR(1)   0.164),   
     t (P-  -

  —   0.267),     
(P-     0.159),   ,   -

  ,     
      ,   -

 t-  F- . 

 8.1 
  Y 

   
 t-  P-  

C 0.558588 0.157276 3.55163 0.0006 
Y( 1) 0.695204 0.066095 10.518280 0.0000 

X 0.208971 0.126135 1.65673 0.1009 
X( 1) 0.161690 0.132352 1.22166 0.2249 
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   H0 : 0  1  0    F- -
 P-   0.0032,    -

 R 2(2)  P-   0.0022.      
.       -

 xt 1,         
P- ,    xt,  ,   . 8.2. 

 8.2 
  Y 

   
 t-  P-  

C 0.517868 0.154098 3.360648 0.0011 
Y( 1) 0.719738 0.063131 11.4006400 0.0000 

X 0.310343 0.095241 3.258511 0.0015 

  Schwarz criterion 3.024602 

     ,    
. 

      xt 1,  xt,     -
  ( . 8.3). 

 8.3 
  Y 

   
 t-  P-  

C 0.567821 0.158600 3.580215 0.0005 
Y( 1) 0.692523 0.066673 10.3869000 0.0000 
X( 1) 0.305939 0.100582 3.258511 0.0030 

  Schwarz criterion 3.037497 

         -
 xt 1,       . ,   

    . 
,     

(1  0.720L)yt  0.518  0.310xt  et. 
   L     et  0, : 

0.28yt  0.518  0.310xt,       

y  1.839  1.107x. 
 , ,    . -

, ,       ADL(3, 2; 1) 
( . 8.4). 
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 8.4 
  Y 

   
 t-  P-  

C 0.539617 0.174057 3.100239 0.0026 
Y( 1) 0.590293 0.105583 5.590795 0.0000 
Y( 2) 0.153936 0.120517 1.277303 0.2048 
Y( 3) 0.031297  0.099814 0.313555  0.7546 

X 0.205570 0.129483 1.587626 0.1159 
X( 1) 0.191959 0.153608 1.249666 0.2147 
X( 2) 0.024779  0.138389 0.179053  0.8583 

R-squared 0.643818 Mean dependent var 1.882787 
Adjusted R-squared 0.620072 S.D. dependent var 1.706160 

S.E. of regression 1.051648 Akaike info criterion 3.008022 
Sum squared resid 99.5366700 Schwarz criterion 3.193826 

Log likelihood 138.889100000 F-statistic 27.1132700 
Durbin-Watson stat 1.999213 Prob. (F-statistic) 0.000000 

     y  x    
     ,   ,  

y  1.882  1.300x , 
       ,  ,   

   . ,     
    .  

  

        
 (VAR — vector autoregression). 

         y1 t  y2 t -
 : 

y1 t  1  11.1 y1, t 1   12.1 y2, t 1   1 t, 

y2 t  2  21.1 y1, t 1   22.1 y2, t 1   2 t, 

. .        y1 t  
    y1, t 1 ,     y2, t 1   -

 y2 t.   1 t  2 t  : 

 Cov( j t, l s)  0   t  s    j,  l  1, 2; 
 Cov( j t, yl, t r)  0   r  1   j, l  1, 2. 
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1 t  2 t   . 

         -
    y1 t  y2 t      

.   ,    , 
   .     p, 

      VAR(p) (pth-order VAR). 
    k   y1 t, y2 t, …, ykt. -
    p ,     

  : 

,1,.12,2.11,1.1

,2.122,22.121,21.12

,1.112,12.111,11.1111

tptkpktkktkk

ptptt

ptpttt

yyy

yyy

yyyy

 

,2,.22,2.21,1.2

,2.222,22.221,21.22

,1.212,12.211,11.2122

tptkpktkktkk

ptptt

ptpttt

yyy

yyy

yyyy

 

   

,,.2,2.1,1.

,2.22,22.21,21.2

,1.12,12.11,11.1

ktptkpkktkkktkkk

ptpktktk

ptpktktkkkt

yyy

yyy

yyyy

 

 ij, r —   yj, t r    yi, t . 

 1t , 2t , ..., k t  —  ,   

 Cov( j t, l s)  0   t  s    j,  l  1, ..., k; 
 Cov( j t, yl, t r)  0   r  1   j, l  1, ..., k; 
 Cov( j t, l t)    . 

C   1t , 2t , ..., k t     t    
 ( 1t , 2t , ..., k t)T,         -

     y1t , y2t , ..., ykt .  
    ( )  -

  
).,,,,,,,,( ,2,1,,12,11,11 ptktktkptttt yyyyyyy  
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 8.2.2 

   VAR(1)    (k  2, p  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, 

   y1t , y2t ,     
t  2, 3, ..., 100,   . 8.3.      

 y11   y21   0; 1t   2t      -
,     N(0, 0.12). 

  . 8.4    (y1t   y2t). 

. 8.3 

. 8.4 

 ,      :  
   .   . 8.4 -

,      y1t    
   y2t    0.4 (   -

 (y1t   y2t)  0.403).     y1t , y2t   
    VAR.  

Y1 

Y2 

10 50
0 

1 

6 
 

2 

3 

7030 t 

4 

10020 60 8040 90

5 

Y1 – Y2 

10 50
0.0 

0.2 

 

0.4 

7030 t 

0.6 

10020 60 8040 90

0.8 
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     ,  
VAR , ,   .   

  VAR(p)   k     : 

y1 t  1  1 yt 1  2 yt 2    p yt p  t. 
 

,),,,(,),,,(,),,,( 212121
T

ktttt
T

k
T

ktttt yyyy  

r  ( ij, r) —   (k  k)   y1, t r , y2, t r , , 
 yk, t r   k . 

     

yt  1 yt 1   2 yt 2     p yt p     t, 

(Ik  1 L  2 L2     p Lp)yt     t, 
 

A(L)yt     t, 
 

A(L)   Ik  1 L  2 L2     p Lp. 

   VAR    : 
  k   

det(Ik  z 1   z2
2     z p

p )   0   ( . . det A(z)  0) 
        ( . . -

  k   1). 
   ,       -

   « »  ,     
y1, y2, ..., yp   .    -

   L  1  t  0.    

A(1)yt   , 
      

yt   A 1(1) . 

 8.2.3 

   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, 

      : 
yt    1 yt 1   t, 
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,,
7.02.0
2.07.0

,
4.0
6.0

,
2

1
1

 2

 1

t

t
t

t

t
t y

y
y  

 
A(L)yt     t, 

 

,
7.012.0
2.07.01

7.02.0
2.07.0

10
01

)( 12 LL
LL

LL
LL

LILA  

  

. 
64
46

)1(,
3.0  2.0
2.03.0  

)1( 1AA  

 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.   z  1/0.9  
 z  1/0.5  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.   -

    VAR(1)   
.  

 ,  ,    , -
   VAR (closed VAR),     -

   VAR (open VAR),       -
  ,      

(   — endogenous variables),    
    (   — exogenous 

variables). 
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      ,  
, ,      

  ,     -
    .      -

       . , 
   VAR   . 

 VAR    : 

,)()( ttt xLByLA  

 A(L)  B(L) —  , 

.)( 2
21

p
p LLLLA  

    detA(z)  0     
   ,     -
 ,     

,)()()( 11
ttt LAxLCLAy  

 C(L)   A 1(L)B(L) —   (transfer function); 
 C(L) —  ,     -

      . 

 ( ,  — long-run)   
     ,    

  L  1  t  0.    

.)1()1(1
tt xCAy  

 C(1)    . 
 (i, j)-   cij(1)     -

 xjt  yit   . 

 8.2.4 

      VAR(1)    -
  VAR: 

y1t   0.6  0.7y1, t 1  0.2y2, t 1  0.1x1, t 1  0.2x2, t   1t, 

y2t   0.4  0.2y1, t 1  0.7y2, t 1  0.2x1, t   0.4x2, t 1  2t, 

     A(L) —  ,   ,  

L
L

LLBBLB
 4.02.0
2.0 0.1

 
4.00

01.0
02.0
2.00

)( 10 , 
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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 , 

     

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) : 

x1t   0.7x1, t 1  v1t ,   x2t   0.5x2, t 1  v2t ;   v1t   v2t  ~ i.i.d. N(0, 1). 
       
  1:  x11   x21   0,  y11   y21   0 ( . 8.5), 
  2:  x11   x21   0,  y11   5.2,  y21   4.8 ( . 8.6). 

   -      
     ,   

  .       
     .  

Y1 Y2 

10 50
0 

2 

8 
 

4 

6 

70 30 t 100 20 60 8040 90 

. 8.5 

 1 

Y1 Y2 

. 8.6 

 2 

10 50
1 

2 

7 
 

3 

5 

7030 t 100 20 60 80 40

6 

4 

90 
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   VAR(1)   : 

y1t   0.8y1, t 1  0.2y2, t 1  1t, 

y2t   0.2y1, t 1  0.8y2, t 1  2t. 
   

t

t

t

t

t

t

y
y

LL
LL

y
y

2

1

2

1

2

1

8.02.0
2.08.0

, 

  

LL
LL

LA
8.012.0

2.08.01
)( . 

  

2.0  2.0
2.02.0   

)1(A , 

    ,   A 1(1)  . 
 det A(z)  0    (1  0.8z)2  (0.2z)2  0, . . 

(1  z)(1  0.6z)  0. 

    
6.0

1   1.  ,  1,  

  .        -
?      . 8.7. 

. 8.7 

    .  ,  
  -       y11   y21   0. 

 ,     
  « » :  y11   y21   5.    - 

Y1 

Y2 

10 50
–8

–6

2

–4

–2

7030 t 

0

10020 60 8040 90
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. 8.8 

   . 8.8.  -   ,   
      

VAR  . 

    .  
,     

      
  

   ,   , 
       ADL(1, 1; 1) 

.11011 ttttt xxyay  

  ,    ,   
     . 
       

     (a1, 0, 1).     
   ,      -
 —   .   ADL(1, 1; 1) 
 .     -

. 

1.   (a1  1  0): 

yt     0xt   t. 

   yt     xt      , 
  yt 1  xt 1    yt . 

Y1 

Y2 

10 50
–2 

0 

8 
 

2 

4 

7030 t 

6 

10020 60 8040 90
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      ,  -
  ,    ,  ,  -

 t . 
2.   ( 0  1  0): 

yt     a1yt 1  t. 

  yt      yt 1,   xt  
  t  (t  1)    yt . 

        
   -  ,     -

  « » ,      
    « »  -

 yt . 
3.    (a1  0  0): 

yt     1xt 1  t. 

     ,   
 y       x  -

 .      -
  1      .    

     ,    
 ,     .  

,   -         -
   y. 

4.    (a1  1, 1  0): 

yt    0 xt  t. 

   1  L,   yt   yt   yt 1, xt   xt   xt 1.   -
   ,      ,     

 (   ).     
     ,     -
    .      

,      ,       
       

    . 
5.    (a1  0): 

yt    0xt  1xt 1  t. 

         y.  
   ,    ,     

     xt   xt 1. 
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6.    ( 1   0): 

yt    a1yt 1  0xt  t. 

         x. 
   , ,  . 

 yt
*    xt —    y,   -

 yt  yt  yt 1   

yt  yt 1  (1  ) (yt
*  yt 1)  t,   0    1, 

. . 
yt  (1  ) yt

*  yt 1  t, 

       t   yt  -
   yt

*     y. ( -
, yt —  , xt —  .)  

yt  yt 1  (1  )(   xt  yt 1)  t  (1  )   yt 1  (1  ) xt  t, 
 

yt    a1yt 1  0xt  t, 

   (1  ) ,   a1   ,   0   (1  ) . 

        -
 ,   xt 1    -

 a1 ,     a1    . 
7. ,    ( 0   0): 

yt    a1yt 1  1xt 1  t. 

    , ,  xt  xt 1  ut.  -
   xt    ADL(1, 1; 1)  

yt    a1yt 1  0xt  1xt 1  t    a1yt 1  ( 0   1) xt 1  ( t  0ut), 
 

yt    a1yt 1  1
*xt 1  t

*. 

    (    -
)    0   1 ,    .  

,     ,   -
   (   ADL(1, 1; 1)). 

8.   ( 1   a1 0): 

yt    a1yt 1  0xt   a1 0xt 1  t. 

    : 
yt  a1yt 1  (1  a1)   0(xt   a1xt 1)  t. 
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       — -
,      -

    : 
yt    0xt   ut ,   ut   a1ut 1  t,   |a1|  1. 

9.    (|a1|  1, 0   1   b(1  a1), b  0): 

yt    0 xt  (1  a1)(yt 1  bxt 1)  t, 
 

yt  0 xt  (1  a1)(yt 1  a  bxt 1)  t, 

 
1

10

1 1
,

1 a
b

a
a . 

          -
     .    

       
y  a + bx 

  yt  xt     yt 1  a  bxt 1  
      . 

 8.2.1.  ( )  ADL(1, 1; 1) 
yt    a1yt 1  0xt  1xt 1  t, 

    : 
yt  yt 1    (1  a1) yt 1  0(xt  xt 1)  ( 0   1)xt 1  t. 

   |a1|  1 (   ),  

,
1

)1( 1
1

10
110 ttttt x

a
yaxy  

  0   1   0    . 
 ,   |a1|  1  0   1   0   -
        . 

    .      
        ,   
       (data generating 

process — DGP).  ,  -   -
        -
 ,     (statistical 

model — SM), ,   ,    -
   .   ,   -
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  ,       
        -

 .       -
        -

 . 
   SM       

DGP,   SM     .    
      ,   

SM,        —   -
.       «   

 », . .      -
  ,  ,    

 ,      
   . 

  8.2.5 

  (n  100)    ADL(1, 1; 1) 

yt   0.5yt 1  0.2xt   0.3xt 1  t,   t ~ i.i.d. N(0, 0.12), 

xt   0.5xt 1  vt ,   vt  ~ i.i.d. N(0, 0.52), 

  t  vt      . 
    . 8.9. 

. 8.9 

      ADL(1, 1; 1)   
     ( . 8.5). 

      ,  
,   . 8.6. 

X 

Y 

10 50
–1.5 

–1.0 

1.5 
X; Y 

–0.5 

0 

7030 t 

0.5 

10020 60 8040 90

1.0 
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 8.5 
  Y  

Sample (adjusted): 2 100 

   
 t-  P-  

C 0.014122 0.009556 01.477773 0.1428 

Y( 1) 0.555208 0.034143 16.261070 0.0000 

X 0.188567 0.018421 10.236660 0.0000 

X( 1) 0.258377 0.020673 12.498080 0.0000 

R-squared 0.913395 Mean dependent var 0.062869 

Adjusted R-squared 0.910660 S.D. dependent var 0.310554 

S.E. of regression 0.092824 Akaike info criterion 1.876660  

Sum squared resid 0.818547 Schwarz criterion 1.771806  

 8.6 
  Y  

Sample (adjusted): 2 100 

   
 t-  P-  

Y( 1) 0.565569 0.033621 16.82186 0.0000 

X 0.190325 0.018495 10.29043 0.0000 

X( 1) 0.256578 0.020764 12.35668 0.0000 

R-squared 0.911404 Mean dependent var 0.062869 

Adjusted R-squared 0.909558 S.D. dependent var 0.310554 

S.E. of regression 0.093394 Akaike info criterion 1.874134  

Sum squared resid 0.837363 Schwarz criterion 1.795494  

Log likelihood 95.7696500 Durbin-Watson stat 2.218619 

      . -
      : 

       ; 
   —     -

   t (P-   0.375  AR(1)   0.165 
 AR(2) ); 

   —       -
 (P-   0.689); 

      (P-    
 0.285). 
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 ,       
  . 

 ,          
  SM   8  . 

SM1   :  yt     0xt   t. 
    . 8.7. 

 8.7 
  Y 

   
 t-  P-  

X 0.271208 0.053356 5.082965 0.0000 

R-squared 0.174472 Mean dependent var 0.062241 

Adjusted R-squared 0.174472 S.D. dependent var 0.309046 

S.E. of regression 0.280794 Akaike info criterion 0.307561 

Sum squared resid 7.805700 Schwarz criterion 0.333613 

Log likelihood 14.3780500 Durbin-Watson stat 0.839862 

         
 .       

  — .      
   t, . .    -

  . 

SM2   :  yt     a1yt 1  t. 
    . 8.8. 

 8.8 
  Y 

   
 t-  P-  

C 0.013941 0.020679 0.674149 0.5018 

Y( 1) 0.764874 0.065621 11.6559400 0.0000 

R-squared 0.536633 Mean dependent var 0.062869 

Adjusted R-squared 0.531856 S.D. dependent var 0.310554 

S.E. of regression 0.213344 Akaike info criterion 0.228643  

Sum squared resid 4.415033 Schwarz criterion 0.176216  

Log likelihood 13.9828400 Durbin-Watson stat 1.349170 
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        -
   ,    
 —   .    -

   t ,   — .  AR(1) 
 P-     0.00003,    -

   t . , -
    . 

SM3    :  yt     1xt 1  t. 
    . 8.9. 

 8.9 
  Y 

   
 t-  P-  

C 0.049508 0.019722 2.510238 0.0137 

X( 1) 0.455497 0.037291 12.2145700 0.0000 

R-squared 0.652012 Mean dependent var 0.062869 

Adjusted R-squared 0.648424 S.D. dependent var 0.310554 

S.E. of regression 0.183939 Akaike info criterion 0.5252510 

Sum squared resid 3.281850 Schwarz criterion 0.4728240 

Log likelihood 28.1571800 Durbin-Watson stat 1.420075 

 AR(1)  P-    —   0.0002, 
    t .  

   . 

SM4    : yt     0 xt   t. 
    . 8.10. 

 8.10 
  D(Y)  

Sample (adjusted): 2 100 

   
 t-  P-  

C 0.001126 0.021384 0.052674 0.9581 

D(X) 0.040538 0.033362 1.215078 0.2273 

Log likelihood 13.741520 F-statistic 1.476415 

Durbin-Watson stat 1.574116 Prob(F-statistic) 0.227286 
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 AR(1)  P-    —   0.029, 
    t .  

   . 

SM5    :  yt     0xt   1xt 1  t. 
    . 8.11. 

 8.11 
  Y  

Sample (adjusted): 2 100 

   
 t-  P-  

C 0.046032 0.018096 2.543741 0.0126 
X 0.156214 0.035435 4.408526 0.0000 

X( 1) 0.414363 0.035435 11.6937000 0.0000 

 AR(1)  P-    —   0.0000, 
    t .  

   . 

SM6    :  yt     a1yt 1  0xt   t. 
    . 8.12. 

 8.12 
  Y  

Sample (adjusted): 2 100 

   
 t-  P-  

C 0.007088 0.015431 0.459354 0.6470 
Y( 1) 0.753212 0.048925 15.3951400 0.0000 

X 0.253493 0.028588 8.867013 0.0000 

 AR(1)  P-    —   0.012, 
    t .  

   . 

SM7   :  yt     a1yt 1  1xt 1  t. 
    . 8.13. 

 P-    —   AR(1)  -
 0.499,   AR(2)   0.538.  -
   t  ,      -

  .   —    -
    (P-   0.937).   

   (P-   0.348). 
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 8.13 
  Y  

Sample (adjusted): 2 100 

   
 t-  P-  

C 0.020438 0.013757 1.485648 0.1406 

Y( 1) 0.517457 0.048968 10.5673400 0.0000 

X( 1) 0.318058 0.028613 11.1157900 0.0000 

S.E. of regression 0.133909 Akaike info criterion 1.153476 

Sum squared resid 1.721440 Schwarz criterion 1.074836 

 ,       
  .     

,        
 .       ( . 8.14). 

 8.14 
  Y 

   
 t-  P-  

Y( 1) 0.532005 0.048276 11.02001 0.0000 

X( 1) 0.316252 0.028765 10.99445 0.0000 

S.E. of regression 0.134740 Akaike info criterion 1.150947 

Sum squared resid 1.761018 Schwarz criterion 1.098520 

      . 
          -

     .   -
        -

  yt   a1yt 1  0xt   1xt 1  t,  ,     
  xt        ( 1.874)  -

 ( 1.795)  . 

SM8   :  yt     a1yt 1  0xt   a1 0xt 1  t. 
  ( )   -

       , -
  . 8.15. 
 AR(1)  P-    —   0.0002, 

    t .  
   . 
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 8.15 
    

Y = C(1) + C(2)*Y(–1) + C(3)*X – (C(2)*C(3))*X(–1) 

   
 t-  P-  

C(1) 0.014489 0.020617 0.702743 0.4839 

C(2) 0.749747 0.070184 10.6826700 0.0000 

C(3) 0.052577 0.036535 1.439066 0.1534 

  Schwarz criterion 0.269859 

   SM      (  
     ). 

SM9    : yt    0 xt  (1  a1)(yt 1  bxt 1  t. 
  (    ) -

  . 8.16. 
 8.16 

    
D(Y) = C(1) + C(2)*D(X) + (C(3) – 1)*(Y(–1) – C(4)*X(–1)) 

   
 t-  P-  

C(1) 0.014122 0.009556 1.477773 0.1428 

C(2) 0.188567 0.018421 10.2366600 0.0000 

C(3) 0.555208 0.034143 16.2610700 0.0000 

C(4) 1.004839 0.078119 12.8629900 0.0000 

  Schwarz criterion 1.771806 

P-    —   AR(1)   0.130, 
  AR(2)   0.318,   -

  t  .   —    
    (P-   0.711).   

   (P-   0.380). 
 ,       

  .   ,  , 
     ( . 8.17). 

 : 
yt  0.190 xt  0.434(yt 1  1.029xt 1)  et. 

      . 
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 8.17 
  D(Y)  

Convergence achieved after 3 iterations; D(Y) = C(2)*D(X) + (C(3)  1)*(Y( 1)  C(4)*X( 1)) 

   
 t-  P-  

C(2) 0.190325 0.018495 10.29043 0.0000 
C(3) 0.565569 0.033621 16.82186 0.0000 
C(4) 1.028710 0.080225 12.82279 0.0000 

R-squared 0.812174 Mean dependent var 0.001100 
Adjusted R-squared 0.808261 S.D. dependent var 0.213288 

S.E. of regression 0.093394 Akaike info criterion 1.874134 
Sum squared resid 0.837363 Schwarz criterion 1.795494 

Log likelihood 95.7696500 Durbin-Watson stat 2.218619 

 yt    ,  

yt  0.566yt 1  0.190xt   0.253xt 1  et. 

       : 
DGP:  yt  0.5yt 1  0.2xt   0.3xt 1  t 

       : 
yt  0.565yt 1  0.190xt   0.257xt 1  t. 

     yt  xt , -
    : 

yt  0.5yt   0.2xt   0.3xt 1  y  x. 

     ,    
SM,   DGP: 

yt  0.565yt   0.190xt   0.257xt   y  1.002x. 

,  ,    SM9 (  -
     ): 

yt  0.566yt   0.190xt   0.253xt   y  1.021x. 

,      SM7 (  
)   ,      

yt  0.532yt   0.316xt   y  0.675x. 

      , -
    SM,    
 ý   DGP. ,     SM 
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        -
 .        -

  SM1 — SM6  SM8,     SM7.  

   , , ,   
   SM   ( )  DGP, 

  ,  DGP,    -
 ,   . 

  DGP     (1) — (8),   -
 SM —   ADL(1, 1; 1)    : 

yt     a1yt 1  0xt   1xt 1  t. 

      (1) — (8)   
 ,      ADL(1, 1; 1) 

yt  0.5yt 1  0.2xt   0.3xt 1  t. 

  DGP     t ~ i.i.d. N(0, 0.12). 

DGP1:    

yt  0.2xt   t. 
     . 8.18. 

 8.18 
  Y 

   
 t-  P-  

C 0.004647  0.010300 0.451175  0.6529 
Y( 1) 0.102848 0.101833 1.009966 0.3151 

X 0.186813 0.020222 9.238033 0.0000 
X( 1) 0.000201 0.028272 0.007101 0.9943 

S.E. of regression 0.102190 Akaike info criterion 1.684398 

Sum squared resid 0.992068 Schwarz criterion 1.579545 

P-    —   AR(1)   0.760, 
  AR(2)   0.951,   -

  t  .   —    
    (P-   0.733).   

   (P-   0.770). 
 ,      -

   .   ,    
     .     
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      yt 1  xt 1   
 F- ,  F  0.738,  qF  2.214.   F- -

   F,  P-   0.532.  -
  2(3)  qF   P-   0.529. 

         
 .        

 yt   0xt   t ( . 8.19). 
 8.19 

  Y  
Sample: 1 100 

   
 t-  P-  

X 0.190067 0.019291 9.852604 0.0000 

S.E. of regression 0.101512 Akaike info criterion 1.727139 
Sum squared resid 1.020359 Schwarz criterion 1.701087 

       ,   -
 .        

 ,    . 

DGP2:    

yt  0.5yt 1  t. 
     . 8.20. 

 8.20 
  Y 

   
 t-  P-  

C 0.004519  0.010315 0.438075 0.6623 
Y( 1) 0.576756 0.084134 6.855173 0.0000 

X 0.013220  0.020253 0.652774 0.5155 
X( 1) 0.021476 0.020228 1.061719 0.2911 

R-squared 0.338422 Mean dependent var 0.007891 
Adjusted R-squared 0.317530 S.D. dependent var 0.123820 

S.E. of regression 0.102290 Akaike info criterion 1.682441 
Sum squared resid 0.994011 Schwarz criterion 1.577588 

P-    —   AR(1)   0.600, 
  AR(2)   0.773,   -

  t  .   —    
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    (P-   0.654).   
   (P-   0.956). 

         xt  
xt 1    F- ,  F  0.641,  qF  1.283. 

  F-    F,  P-   0.529. 
   2(3)  qF   

 P-   0.527.        -
   .      -

    yt  a1yt 1  t ( . 8.21). 

 8.21 
  Y 

   
 t-  P-  

Y( 1) 0.575922 0.082705 6.963585 0.0000 

S.E. of regression 0.101482 Akaike info criterion 1.727825 

Sum squared resid 1.009258 Schwarz criterion 1.701612 

      ,   -
 .        -

     t. 

DGP3:     

yt  0.3xt 1  t. 

    . 8.22. 

 8.22 
  Y 

   
 t-  P-  

C 0.005202 0.010305 0.504767 0.6149 

Y( 1) 0.052373 0.054196 0.966363 0.3363 

X 0.012475 0.020310 0.614213 0.5405 

X( 1) 0.315962 0.020645 15.3043300 0.0000 

R-squared 0.736662 Mean dependent var 0.004035 

Adjusted R-squared 0.728346 S.D. dependent var 0.196154 

S.E. of regression 0.102236 Akaike info criterion 1.683501  

Sum squared resid 0.992959 Schwarz criterion 1.578647  
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P-    —   AR(1)   0.614, 
  AR(2)   0.868,   -

  t  .   —    
    (P-   0.740).   

   (P-   0.804). 
         xt   

yt 1    F- ,  F  0.577,  qF  1.730. 
  F-    F,  P-   0.632. 

   2(3)  qF   
 P-   0.630.        -

   .      -
    yt  1xt 1 + t ( . 8.23). 

 8.23 
  Y 

   
 t-  P-  

X( 1) 0.315777 0.019302 16.35987 0.0000 

S.E. of regression 0.101572 Akaike info criterion 1.726058 

Sum squared resid 1.011044 Schwarz criterion 1.699844 

      ,   -
 .        -

     t. 

DGP4:     

yt    0 xt  t. 

    . 8.24. 

 8.24 
  Y  

Included observations: 99 after adjusting endpoints 

   
 t-  P-  

C 0.029026 0.017741 1.636049  0.1051 

Y( 1) 0.959750 0.024228 39.613030  0.0000 

X 0.184064 0.019993 9.206520 0.0000 

X( 1) 0.173461 0.020340 8.528162  0.0000 
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 . 8.24 

R-squared 0.944972 Mean dependent var 0.599911 

Adjusted R-squared 0.943234 S.D. dependent var 0.425076 

S.E. of regression 0.101277 Akaike info criterion 1.702356 

Sum squared resid 0.974412 Schwarz criterion 1.597502 

Log likelihood 88.2666100 F-statistic 543.7988000 

Durbin-Watson stat 1.745026 Prob(F-statistic) 0.000000 

   1     yt 1,   
  ,   DGP    : a1  1.  

    .  ,  
 yt ,     ( . 8.10),  ,  

   . 

. 8.10 

     H0: a1  1   -
,     .  ,   -

   yt       1, 
   

yt    0xt  1xt 1  t. 

      ( )  
 ,    xt    ( . 8.11), 

    ,     yt 
  ( . 8.12),      yt. 

    ( . 8.25). 

Y 

10 50
–2.0 

–1.5 

0.5 

Y 

–1.0 

–0.5 

7030 t 

0 

10020 60 8040 90
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 8.25 
  D(Y) 

   
 t-  P-  

C 0.004915 0.010297 0.477336 0.6342 

X 0.185224 0.020163 9.186333 0.0000 

X( 1) 0.179782 0.020163 8.916410 0.0000 

, ,      -
,    ,      xt   xt 1 
       .     

    
yt    0xt  1xt 1  t 

  H0:   0, 0   1 .  F-    
F-    -  2(2)   qF  2F,  

    P-   0.876.  H0  ,  
        , . .  
yt  0 xt  t.       . 8.26. 

 8.26 
  D(Y) 

   
 t-  P-  

D(X) 0.182495 0.015882 11.49045 0.0000 

P-    —   AR(1)   0.328, 
  AR(2)   0.605,   -

. 8.11 

X 

10 50
–1.5 

–1.0 

1.5 
 

–0.5 

0.5 

7030 t 10020 60 80 40

1.0 

0 

90 

. 8.12 

DELTA 

10 50
–0.6

–0.4

0.6

–0.2

0.2

70 30 t 100 20 60 80 40

0.4

0

90 
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  t  .   —    
    (P-   0.673).   

   (P-   0.988).  , 
          , 

   ,   DGP. 

DGP5:     
yt    0.2xt   0.3xt 1  t. 

    . 8.27. 
 8.27 

  Y 

   
 t-  P-  

C 0.003282  0.010206 0.321584  0.7485 

Y( 1) 0.000523 0.058294 0.008975 0.9929 

X 0.181735 0.019977 9.097166 0.0000 

X( 1) 0.289502 0.024922 11.61638 0.0000 

R-squared 0.804020 Mean dependent var 0.010665 
Adjusted R-squared 0.797831 S.D. dependent var 0.225113 

S.E. of regression 0.101218 Akaike info criterion 1.703515  

Sum squared resid 0.973283 Schwarz criterion 1.598661  

P-    —   AR(1)   0.972, 
  AR(2)   0.826,   -

  t  .   —    
    (P-   0.689).   

   (P-   0.433). 
  H0:   0, a1   0 .  F-    

F-    -  2(2)   qF  2F, -
    P-   0.950.  H0  ,   

       0, a1   0, . .  yt  0xt  1xt 1  t. 
      . 8.28. 

 8.28 
  Y 

   
 t-  P-  

X 0.181461 0.019754 9.185972 0.0000 

X( 1) 0.289367 0.019756 14.6473600 0.0000 
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DGP6:     

yt    0.5yt 1  0.2xt   t. 

    . 8.29. 
 8.29 

  Y 

   
 t-  P-  

C 0.005099  0.010263 0.496869  0.6204 

Y( 1) 0.592041 0.071296 8.304016 0.0000 

X 0.188766 0.020280 9.308077 0.0000 

X( 1) 0.000973 0.025019 0.038898 0.9691 

P-    —   AR(1)   0.904, 
  AR(2)   0.723,   -

  t  .   —    
    (P-   0.691).   

   (P-   0.533). 
  H0:   0, 1   0.  F-    

F-    -  2(2)   qF  2F, -
    P-   0.884.  H0  ,   

       0, 1   0, . .  yt   a1yt 1  0xt   t. 
      . 8.30. 

 8.30 
  Y 

   
 t-  P-  

Y( 1) 0.592666 0.056702 10.452330 0.0000 

X 0.188468 0.019202 09.814814 0.0000 

R-squared 0.690477 Mean dependent var 0.004719 

Adjusted R-squared 0.687286 S.D. dependent var 0.180476 

S.E. of regression 0.100924 Akaike info criterion 1.728911  

Sum squared resid 0.988000 Schwarz criterion 1.676484  

DGP7:    

yt  0.5yt 1  0.3xt 1  t. 

    . 8.31. 
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 8.31 
  Y 

   
 t-  P-  

C 0.005886 0.010271 0.573100 0.5679 
Y( 1) 0.559497 0.042762 13.083870 0.0000 

X 0.010318 0.020320 0.507807 0.6128 
X( 1) 0.316645 0.020229 15.652910 0.0000 

P-    —   AR(1)   0.701, 
  AR(2)   0.827,   -

  t  .   —    
    (P-   0.740).   

   (P-   0.586). 
  H0:   0, 0   0.  F-    

F-    -  2(2)   qF  2F , 
    P-   0.734.  H0  , 

         0, 0   0, . .   
 yt  a1yt 1  1xt 1  t.     -

  . 8.32. 
 8.32 

  Y 

   
 t-  P-  

Y( 1) 0.561389 0.041849 13.41452 0.0000 

X( 1) 0.313207 0.019269 16.25422 0.0000 

DGP8:    
yt  0.5yt 1  0.2xt   0.1xt 1  t. 

    . 8.33. 
 8.33 

  Y 

   
 t-  P-  

C 0.004519 0.010315 0.438075 0.6623 

Y( 1) 0.576756 0.084134 6.855173 0.0000 

X 0.186780 0.020253 9.222532 0.0000 

X( 1) 0.093875 0.025414 3.693770 0.0004 
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P-    —   AR(1)   0.600, 
  AR(2)   0.773,   -

  t  .   —    
    (P-   0.654).   

   (P-   0.682). 
      -

 ( . 8.34). 

 8.34 
  Y 

   
 t-  P-  

Y( 1) 0.578309 0.083705 6.908866 0.0000 

X 0.186426 0.020151 9.251413 0.0000 

X( 1) 0.094531 0.025263 3.741827 0.0003 

,      yt 1  xt   
0.108, . .         -

  xt 1.        H0: 1   a1 0 . 
     ,     -

       .  -
     : 

0

1
10

1

1
000110 :;:;: aH

a
HaH . 

   P-  2(1)-   0.515, 
0.514  0.506,       H0 :   

  .  ,     -
        1   a1 0 , . .  -

 yt  a1yt 1  0xt   a1 0xt 1  t.      
( . 8.35). 

 8.35 
  Y  

Convergence achieved after 3 iterations; Y = C(1)*Y( 1) + C(2)*X  (C(1)*C(2))*X( 1) 

   
 t-  P-  

C(1) 0.575812 0.083369 6.906747 0.0000 

C(2) 0.182370 0.019110 9.543254 0.0000 
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yt  0.576yt 1  0.182xt   0.105xt 1  t. 

 ,    ,  DGP  -
      , -

     «    »  
(    SM  )    -

 ,     
DGP.    ,    ,   «    
 »  ,     , -

   DGP,      
    . 

       -
      «    », . .  

     ,    -
         

        -
   . 

           
   ,   

   .     -
           -

        
 —    — . ,    -

 ,   (    —  8)  
        ADL(1, 1; 1). 

     
yt     a1yt 1  0xt   1xt 1  t 

,    ,    

1   a1 0 . 

     0   0   ADL(1, 1; 1)    
 : 

,1)1(
0

1
01 ttt xLyLa       ,)()( ttt xLbyLa  

 

LLbLaLa
0

1
01 1)(,1)( . 

(      0.) 

 
0

1
1a ,    : 
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,)1()1( 101 ttt xLayLa  

  a(L)  b(L)    (1  a1L).   
     ,  

yt   0xt   ut, 
 

La
u t

t
11

, 

  (1  a1L) ut  t    ut  a1ut 1  t. 
         

   ,  COMFAC (common factors). -
        -  

  1   a1 0 .  COMFAC    
     . -

      
    yt   0xt   ut    -

    -
,  , .     

 : 
    a(L)yt   b(L)xt   t   -

  ;   ,   t   
  ,    —   -

        ; 
    ,   a(L)  b(L)   

; 
 ,        -

 H0: a1   0 (     ). 
,         

       -
  . 

    . 
    H0: « t —  » ,  , 

  HA: t ~ AR(k) c k  p, . . 

t  1 t 1  ...  p t p   vt, 

 vt ~ i.i.d.     j   0. 

,  ,  : 

yt   a1yt 1  0xt   1xt 1  1 t 1  ...  p t p  vt, 
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       H0: 1
2  ...  p

2  0   
HA: 1

2  ...  p
2  0.    ,  -

   — .       -
    ,     —   

  —  (    1.2)     
« »  ( ., , (Kwan, Sim, 1996)). 

         
  H1: 1   a1 0    HA: 1   a1 0 .   

 ,      ,      
     ,     -

: 1   a1 0 , 
0

1
1a   

1

1
0 a

,     -

 . 
  ,     

   .     
,   ,    H1    

 ,  ,    ,    
H2: a1   0       . 

         , -
,   0.05.        

  ? : 
P{        H1, H2}  

 P{   H1}  P{   H2}  

     2 . 
,     0.025,    -

         
 0.05. ,         , 

      . 

  

1.        -
?          

? 
2.         -

 ? 
3.        -

    ? 
4.       (VAR)?   

   ? 
5.      ?   

  ( )  ? 
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6.      VAR? 
7.       VAR?   

      ?  
    ? 

8.     ,     
 ? 

9.        (  -
     ,   -

    )? 
10.        ?  

        
   ? 

 



 

 
 

       9 

    .  
  ARIMA 

  9.1 
  ARMA   

   

          
      . 

      . 
         

  (GNP — gross national product)      
 I  1947 .  IV  1961 . (   -

      — 60 ,  .,   
).    ( . 9.1)    . 

. 9.1 

  (NONDURABLE)     -
        

      I  1974 .   IV  1985 .  

GNP 

1948 1952 
200

300

600

400

19541950 19601956

500

1958
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. 9.2 

(     — 48 ,  -
 ,   ).      

 ( . 9.2). 
      
    ,   -

,    . 
  GNP   : 

Autocorrelation Partial Correlation k AC PAC Q-  P-  

|******* |******* 1 0.946 0.946 0056.419 0.000 
|******* | 2 0.893 0.021 107.52 0.000 
|****** | 3 0.840 0.024 153.55 0.000 
|****** | 4 0.791 0.013 195.14 0.000 
|****** | 5 0.743 0.021 232.52 0.000 
|***** | 6 0.696 0.022 265.90 0.000 
|***** | 7 0.648 0.030 295.41 0.000 
|***** | 8 0.599 0.044 321.09 0.000 
|**** | 9 0.550 0.033 343.13 0.000 
|**** | 100 0.498 0.052 361.57 0.000 
|*** * | 110 0.442 0.073 376.44 0.000 
|*** | 120 0.388 0.034 388.08 0.000 
|*** | 130 0.337 0.002 397.06 0.000 
|** | 140 0.291 0.007 403.91 0.000 
|** | 150 0.253 0.041 409.21 0.000 
|** | 160 0.218 0.002 413.22 0.000 

NONDURABLE 

19
74

 

19
78

 

50 000

52 000

66 000

54 000

58 000

19
80

 

19
76

 

 

62 000
19
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19
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19
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19
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19
85

 

64 000

56 000
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   NONDURABLE: 

ACF PACF k AC PAC Q- P-  

|******* |******* 1 0.917 0.917 0042.921 0.000 
|******* | 2 0.843 0.014 0079.976 0.000 
|****** | 3 0.774 0.004 111.92 0.000 
|***** | 4 0.704 0.040 138.99 0.000 
|***** | 5 0.643 0.013 162.09 0.000 
|**** | 6 0.581 0.041 181.36 0.000 
|**** * | 7 0.510 0.090 196.57 0.000 
|*** | 8 0.439 0.050 208.14 0.000 
|*** * | 9 0.366 0.066 216.39 0.000 
|** | 100 0.300 0.012 222.07 0.000 
|** | 110 0.246 0.026 225.99 0.000 
|* | 120 0.196 0.006 228.56 0.000 
|* | 130 0.150 0.013 230.11 0.000 
|* | 140 0.106 0.025 230.91 0.000 
|* | 150 0.072 0.036 231.28 0.000 
| | 160 0.041 0.016 231.41 0.000 

      ,   
 ACF  PACF      

  AR(1).         , 
   

.11 ttt uXatX  

(    ut,   t,   ut     
    .) 

    1. 
  GNP    . 9.1. 

   : P-  -
  —    AR(1)  0.0000.  

         , -
  . 9.2. 

  ,   ,  
0.7926,        

.0 tXX tt  
____________ 

1      (C)     t (T) -
       

(Xt     t)  a1 (Xt 1    (t  1))  a2 (Xt 2    (t  2))  ut  
(a2   0  . 9.1).        

.    AR(1)     a1 ,  AR(2) —    a2 . 
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 9.1 
  GNP  

Method: Least Squares; Sample (adjusted): 1947:2 1961:4;  
Included observations: 59 after adjusting endpoints; Convergence achieved after 3 iterations 

   
 t-  P-  

C 216.063000 11.302370 19.11661 0.0000 

T 005.269279 00.281754 18.70170 0.0000 

AR(1) 000.846976 00.072723 11.64665 0.0000 

Inverted AR Roots 0.85   

 9.2 
  GNP  

Method: Least Squares; Sample (adjusted): 1947:3 1961:4;  
Included observations: 58 after adjusting endpoints; Convergence achieved after 3 iterations 

   
 t-  P-  

C 217.739900 5.054473 43.07865 0.0000 

T 005.221538 0.140436 37.18089 0.0000 

AR(1) 001.380274 0.109452 12.61078 0.0000 

AR(2) 0 0.630066 0.109453 0 5.756490 0.0000 

Inverted AR Roots 0.69  39i 0.69  39i  

K     GNP   .  -
  ,   

.tt utX  

   . 9.3. 

 9.3 
  X 

   
 t-  P-  

C 218.482500 2.640153 82.75373 0.0000 

T 005.181995 0.075274 68.84144 0.0000 

Durbin-Watson stat 000.316211 Prob(F-statistic) 0.000000 
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,     ,   
    : 

Autocorrelation Partial Correlation k AC PAC Q- P-  

|****** |****** 1 0.836 0.836 44.028 0.000 
|**** ****| 2 0.531 0.554 62.115 0.000 
|* **| 3 0.183 0.210 64.294 0.000 

*| | 4 0.100 0.044 64.960 0.000 
**| | 5 0.272 0.004 69.949 0.000 

***| *| 6 0.339 0.082 77.846 0.000 
*** *| 7 0.350 0.169 86.446 0.000 
***| *| 8 0.332 0.072 94.332 0.000 
**| | 9 0.281 0.058 100.0700 0.000 
**| *| 100 0.234 0.177 104.1600 0.000 
**| ***| 110 0.234 0.321 108.3200 0.000 
**| |* 120 0.226 0.103 112.2600 0.000 

      AR(2).    
 AR(2)  ( . 9.4)  ( )   

.181995.54825.218_ tXX tdetrendedt  

 9.4 
  Xdetrended 

   
 t-  P-  

AR(1) 1.379966 0.107605 12.824350 0.0000 

AR(2) 0.630426  0.107605 5.858722 0.0000 

    ,   
 

)),2(181995.54825.218(630426.0
))1(181995.54825.218(379966.1

181995.54825.218

2

1

tX
tX

tX

t

t

t

 

 

.21

21

630426.0379966.1297882.1338375.55
630426.0379966.1181995.5)630426.0379966.11(

]2181995.5630426.0181995.5379966.1
4825.218)630426.0379966.11[(

ttt

ttt

t

eXXt
eXXt

X
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.2211 tttt uXaXatX  
 

)),2(221538.57399.217(630066.0
))1(221538.57399.217(380274.1

221538.57399.217

2

1

tX
tX

tX

t

t

t

 

 

.21

21

630066.0380274.1304298.117011.55
630066.0380274.1221538.5)630066.0380274.11(

]2221538.5630066.0221538.5380274.1
7399.217)630066.0380274.11[(

ttt

ttt

t

eXXt
eXXt

X

 

 , ,     -
  ,  .   -

   —     -
  ,      

    ,    —   Xt      
 t  a1Xt 1   a2Xt 2  ut. 

,         -
    . 

    NONDURABLE.   
 (       Xt     t) 

 : 

Autocorrelation Partial Correlation k AC PAC Q-  P-  

|****** |****** 1 0.793 0.793 32.083 0.000 
|***** | 2 0.632 0.011 52.942 0.000 
|*** **| 3 0.432 0.195 62.887 0.000 
|** **| 4 0.219 0.193 65.515 0.000 
|* | 5 0.090 0.062 65.965 0.000 

*| *| 6 0.067  0.152 66.218 0.000 
** **| 7 0.242  0.277 69.647 0.000 

***| *| 8 0.362  0.084 77.505 0.000 
****| **| 9 0.510  0.211 93.500 0.000 

       1,    
   Xt     t  a1Xt 1   ut.    

 ( . 9.5). 
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 9.5 
  X 

   
 t-  P-  

C 47962.7500 2862.67800 16.754510 0.0000 

T 00315.1909 0076.44770 04.122961 0.0002 

AR(1) 0000000.884803 00000.080824 10.947270 0.0000 

 P-    —     
 0.05    M  1  20.    

    —   P- , 
 0.05,   AR(1) ,     AR(2), 

AR(3)  . . ,    P-   
 —   0.648 ,        

       

.))1(1909.31575.47962(884803.01909.31575.47962 1 ttt etXtX  

, ,    .  -
 0.884803   Xt 1     1,   -

    0.080824    
 ,       -

          
0.884803  2·0.080824   ,    1.  -

    . 
 ,         

0.884803   Xt 1      
     ( . . -

    AR(1) ),   -
   ,     

     . 
        , -

  ,        
    .      

  1980-  .,      .  -
       «   

»,        
       , 

    . 
   ,     -

 (    )  -
    ARMA ,     -

    . 
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      —  AR(1) 

Xt   a1Xt 1   t . 

  ,        
 1  a1  1.      Xt   -

  ?       
a1  0.5 ( . 9.3), a1  0.7 ( . 9.4), a1  0.9 ( . 9.5), a1  1 ( . 9.6), a1  1.05 
( . 9.7), a1  1.1 ( . 9.8). 

. 9.3 

a1  0.5 

5 25
4 

2 

4 
X 

0 

2 

3515 t 5010 30 40 20 45 

. 9.4 

a1  0.7 

5 25
4

2

4
X

0

2

35 15 t 50 10 30 40 20 45 

. 9.5 

a1  0.9 

5 25
6 

4 

4 
X 

0 

2 

3515 t 5010 30 40 20 45 

2 

. 9.6 

a1  1 

5 25
10

8

2
X

2

0

35 15 t 50 10 30 40 20 45 

4

6
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       X1   x1  0  -
       1 , ..., T ,  

    ,  1 (   -
   . 9.9). 

  -
   -

 .   
( . 9.6),    

  c  -
  a1   a1  0.5 

 a1  1.1.   ,   
   -

  Xt   0.  
  a1  a1  0 

(  )  a1  1  
   -

,    -
 ,    

        . 
    a1  1,   500  

( . 9.10),      
Xt   Xt 1  t, 

  ,   ,    t  1    
Xt   x1  (    x1  0),      -

 x1 («    x1») ,     -
       (   ),   

     . 

. 9.7 

a1  1.05 

5 25
40 

30 

10 
X 

10 

0 

35 15 t 50 10 30 4020 45 

20 

. 9.8 

a1  1.1 

5 25
300

250

50
X

150

100

35 15 t 50 10 30 40 20 45 

200

50

0

. 9.9 

5 25
3 

2 

3 
X 

0 

1 

35 15 t 50 10 30 4020 45 

1 

2 

NOISE 
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 9.6 
      a1 

   
    

Noise (  ) 250 0.046 

AR(1)      a1   0.5 140 0.097 

AR(1)      a1   0.7 8 0.191 

AR(1)      a1   0.9 8 0.649 

AR(1)      a1   1.0 1 3.582 

AR(1)      a1   1.05 1 13.5110 

AR(1)      a1   1.1 1 59.6210 

. 9.10 

«  »,   
    -

 ,   
  ,    -

     
( . 9.11).     -

 ,   AR(1) -
  a1  1: 

Xt   Xt 1  t —    
(    —  

random walk). 

    ,  
      -

  

a1  1 

50 250
20

15

5

X

5

0

350150 t 500100 300 400200 450

10

. 9.11 



 9.    .  ARIMA 433 

Xt   a1Xt 1   t 

 a1  1.05 ( . 9.7)  a1  1.1 ( . 9.8).    
« » (explosive)   AR(1)   a1  1: -

         -
 .     « »    -

     -   
 . 

     AR(1)  -
    : 

Xt   Xt 1  a1Xt 1  Xt 1  t   (a1  1)Xt 1  t , 
 

Xt   Xt 1  t, 

 Xt  Xt   Xt 1 ,    a1  1. 

 a1  1     a1  1  0,   Xt  Xt   -
  ,      Xt  -

 ( )  Xt 1  xt 1     xt 1    0. 
   ( )  Xt 1  xt 1   

     Xt   Xt  Xt 1   
xt 1 .     t   

 (     ,    
 ),    Xt   xt     -
   ,    xt 1 .     -

   . 
 a1  1     a1  1  0,     Xt 

  ( )  Xt 1  xt 1 ,  E( Xt |Xt 1   
 xt 1)   xt 1 ,  ,    xt 1 .  ,  

xt 1  0,      Xt   xt   
 xt 1 ,   xt 1  0,     -

 Xt   xt    xt 1 .      
        -

 ,      AR(1)   a1  1.05  
 a1  1.1. 

,  0  a1  1     a1  1  0,    
 Xt   ( )  Xt 1  xt 1 , -

 E( Xt |Xt 1  xt 1)   xt 1 ,  ,   xt 1 . -
 ,  xt 1  0,      

Xt   xt    xt 1 ,     xt 1   0,     -  
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  Xt   xt    xt 1 .   -
        
 ,     E(Xt)    

(    —   0),      
  . 

    a1  0,      
  .     -

   Xt   a1Xt 1  t   a1   1 ( . 9.12)  a1   1.1 
( . 9.13). 

   
    

      

Xt   Xt 1  t ,   t  1, …, T, 

   X0   x0 .   Xt   : 

),(
)()(

10123

12312121

ttttt

ttttttttttttt

XX
XXXXX

 

.
1

0

t

j
jt XX  

  

,)|( 000 xxXXE t  

.)()()()()|( 2
1100 tDtDDDxXXD tttt  

. 9.12 

a1  1 

5 25
4 

2 

6 
X 

2 

4 

3515 t50 10 30 40 20 45 

0 

. 9.13 

a1  1.1 

5 25
30

20

30
X

0

10

35 15 t 50 10 30 40 20 45 

10

20
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, 

2
111

00010001

)1()])([(

]|))([()|,(

tE

xXxXxXExXXXCov

tt

tttt  

    x0 ,   

tt
t

tt

t
XDXD

tXXCorr
tt

tt
111

)1(

)1(
)()(

)1(),(
22

2

1  

2

1  . 

  

t Corr(Xt , Xt 1)  t Corr(Xt , Xt 1) 

1 0  6 0.913 
2 0.707  7 0.925 
3 0.806  8 0.935 
4 0.866  9 0.943 
5 0.894  100 0.949 

. .   Xt  Xt 1   ,  -
    ,   t.      

 ,   .    
    « »,       

   —      x0.  
         

   x0 (       -
),         . 
      ,  

      ,    
      x0. 

 X0  0  

.,,1,
1

TtX
t

j
jt  

      (      
),  

E(Xt)  0,    D(Xt)  t 2 , 

,   — . 
      (stochastic trend), 
        -

        
      ,  -

 . 
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    ,  
   ,  

 ,  ( ,   )  
   

     ,  
  ,  ,  ( ,   

 )   .    
     . 

   
Xt     t  t,   t  1, …, T, 

. .       
    . 

         
(random walk with drift), . .  

Xt     Xt 1   t,   t  1, …, T,   X0   x0 , 

      

.0)( iXtE  

 Xt        : 

),(3
2)(

10123

12121

ttttt

ttttttttt

atxXa
XaXXX

 

,
1

0

t

j
jt taxX  

   Xt    ,   . 
      

,)(0
ttt tXX  

  . 
      

,)(
1

0
0

t

j
jtt atxXX  

   . 
      .    

    Xt     

.1ttt XXX  
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       -
 (differencing),   —   (difference 

operator). 
      : 

,))1(()( 111 ttttttt ttXXX  

   : 
.1 tttt XXX  

   Xt  .  -
     MA(1)    -

 .       MA(0)  
    . 

 ,    ,  -
       .    

      , 
   .     

        -
         

( ., , (Hamilton, 1994, p. 72—151)). 
  ,   

tt ttX 2
210  

 
,2

tt ZttY  

 Zt  — ,   

.,,1,32 121 TttZ tttt  

       

.)( 2
210

0
ttt ttXX  

      

,)( 20
ttt ZttYY  

  

2
)1()21()32()( 22

121
ttttDZD tttt , 

,     . 
       

,    Xt      

,2 1221 ttt tX  
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   :  

1221 )2( ttt tX  

 ,   MA(1) . 
    Yt ,     -

  

)(2
))1(32(

)32(2
)2(

121

1321

121

1

tt

ttt

ttt

ttt

t
t

tt
ZZtY

 

      :  

)()2( 121 ttt tY  

     . 
  ,     Yt , 

. .    2Yt ,  2  (1  L)2  1  2L  L2,  -
 MA(0)  

.2))2(32(
))1(32(2

)32(2
222

1432

1321

121

21
22

tttt

ttt

ttt

ttttt

t
t

t
ZZZZY

 

    Xt     

,222
)()()()(

21221

2111
2

tttttt

tttttttt

XXX
XXXXXXXX

 

       
MA(2)    2 2,    -

. ,  b(z)  0   : 

021 2zz  
    z  1. 

 ,   « »   
Xt ,   Yt ,     Xt      

. 
      . 
  Xt     -

  f(t),   Xt  f(t) — .   Xt  -
    ,  , 
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     ,   
  (trend-stationary time series),     

TS-  (TS — trend-stationary).   TS-    -
 ,    . 

  Xt     k (integrated of 
order k), k  1, 2, …, : 

  Xt       -
 , . .   TS- ; 

  kXt ,    k-    
Xt ,   ; 

  k 1Xt ,    (k  1)-  -
  Xt ,   TS- . 

  0Xt   Xt ,   k  1    . 
    k   I(k).  

 Xt     k,     -
  Xt  ~ I(k).      Xt  ~ I(0) -

 ,         -
  TS- . 

 TS-    Xt    t  Yt ,  Yt  —  , 
   .  Xt     

 : 

,,1,
0

2
0

0 j
j

j
jtjt tX  

 t  —   . 

(         -
         

.)    ,  

,)()()(
00

  1  t
j

jti
j

jtjtjt LbbtfX  

 ,2,1,,1,)( 10
0  

jbbLbLb jjj
j

j
j  

 ,  

,0)1(
0j

jbb  

. .  b(z)  0   . 



  2.      440 

 ,      Zt  

,)( tt LbZ  

 ,1,)( 0
0

bLbLb
j

j
j    b(1)  0,   

  « » (overdifferencing)  Zt :  
TS-       TS- . 

     k  1, 2, … -
   ,  DS-  (DS — difference 

stationary time series) .    Xt    ,   
     DS- . 

  ARIMA.  
     

    

  Xt  —   k.    k-  
.        

ARMA(p, q),  ,    Xt     
ARIMA(p, k, q),  k   ARMA(p, q)  (ARIMA — 
autoregressive integrated moving average).    p  0  q  0,  

    : 

ARIMA(p, k, 0)  ARI(p, k),    ARIMA(0, k, q)  IMA(k, q), 

ARIMA(0, k, 0)  ARI(0, k)  IMA(k, 0). 

   ,  

1) Xt     t  t — TS- ; 

2) Xt     Xt 1   t  ~ I(1),   Xt  —   ARIMA(0, 1, 0); 

3) Xt   0  1t  2t2  t — TS- ; 

4) Xt     t  t2  t  2 t 1   3 t 2     t 1  ~ I(2),   Xt  —   
ARIMA(0, 2, 0). 

     TS- ,     —  
DS- . 

     ,     , 
      : 

TREND_1t  1  0.5t  t,   t ~ N(0, 1)   ( . 9.14), 

WALKt  0.5  WALKt 1   t,   t ~ N(0, 0.52),   WALK0  0   ( . 9.15). 
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        -
 ( . 9.7). 

      ,    
. 9.16  9.17. 

 9.7 
    

   
 t-  P-  

 TREND_1     
C 0.796390 0.208085 003.827226 0.0002 
T 0.501522 0.003577 140.194600 0.0000 

 WALK     
C 0.930832  0.249804 3.726248 0.0003 
T 0.437818 0.004295 101.9477000 0.0000 

 

. 9.14 

TREND_1 

10 50
0 

10 

60 
X 

30 

40 

70 30 t 100 20 60 8040 90 

20 

50 

. 9.15 

WALK 

10 50
0

10

50
X

30

40

70 30 t 100 20 60 80 40 90 

20

. 9.16 

X_DETRENDED 

10 50
–3 

–2 

3 
X 

0 

1 

70 30 t 100 20 60 8040 90 

–1 

2 

. 9.17 

WALK_DETRENDED 

10 50
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–2

3
X

0

1

70 30 t 100 20 60 80 40 90 

–1

2



  2.      442 

  . 9.16    ,    
. 9.17 —   .    -

       . 9.17.     
  (Chan, Hayya, Ord, 1977):      -

      — -
 ,       (  ) 

         
 . 

          , 
   . 9.18  9.19. 

      . 
   (X_TREND_DIF): 

ACF PACF k AC PAC Q-  P-  

***| *** | 1 0.449 0.449 20.527 0.000 
| ** | 2 0.045 0.308 20.736 0.000 
| ** | 3 0.006 0.236 20.740 0.000 
| ** | 4 0.052 0.266 21.021 0.000 
|* * | 5 0.078 0.157 21.676 0.001 

*| ** | 6 0.074 0.221 22.258 0.001 
|* |* 7 0.194 0.073 26.358 0.000 

**| * | 8 0.216 0.120 31.473 0.000 
|* | 9 0.079 0.047 32.159 0.000 
| * | 100 0.056 0.143 32.513 0.000 

. 9.18 

X_TREND_DIF 

10 50
–4 

–2 

6 

X 

2 

7030 t10020 60 80 40 90 

0 

4 

. 9.19 

WALK_DIF 

10 50
–1.0 

–0.5 

2.0 

X 

0.5 

1.0 

70 30 t 100 20 60 80 40 90 

0 

1.5 
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   (WALK_DIF): 

ACF PACF k AC PAC Q- P-  

| | 1 0.035 0.035 0.1271 0.721 
| | 2 0.044 0.045 0.3271 0.849 
| | 3 0.042 0.039 0.5099 0.917 
| | 4 0.025 0.024 0.5766 0.966 
| | 5 0.065 0.063 1.0215 0.961 
| | 6 0.004 0.012 1.0231 0.985 
|* |* 7 0.101 0.107 2.1405 0.952 

*| * | 8 0.173 0.181 5.4243 0.711 
| | 9 0.041 0.013 5.6087 0.778 
| * | 100 0.057 0.073 5.9707 0.818 

     .   
 ,       -

        
   MA(1) .   r(1)  0.449 

 (1)   2
1

1

1
)1(

b
b ,  2

1

1

1
449.0

b
b .   

  : 1.6036  0.6236.   ,  
  —  MA(1) .   , -

      b1   0.6236. 
       MA(1)   -

 : . 9.8 —     
 (backcasting — . . 7,  7.2) —  . 9.9 —  -

   . 

 9.8 
  X_TREND_DIF  

Sample (adjusted): 2 100; Included observations: 99 after adjusting endpoints;  
Convergence achieved after 10 iterations; Backcast: 1 

   
 t-  P-  

C 0.501429 0.004483 111.84470 0.0000 

MA(1) 0.977743  0.015377 63.58459 0.0000 

         b1  
 ,    1,    MA(1) 

,  .  ,     -
   ,    
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 9.9 
  X_TREND_DIF  

Method: Least Squares; Sample (adjusted): 2 100; Included observations: 99 after adjusting  
endpoints; Convergence achieved after 18 iterations; Backcast: OFF 

   
 t-  P-  

C 0.518807 0.007616 68.12224 0.0000 
MA(1) 1.062852  0.042816 24.82378  0.0000 

   .       (Slutsky 
effect — . (Slutzki, 1937)). 

    : 
Xt   0.01t2  t,  t1  ~ N(0, 52) ( . 9.20), 
Yt   0.04t2  t  2 t 1   3 t 2     t 1 ,  t ~ N(0, 0.12) ( . 9.21). 

         
(   X      -

) ( . 9.10). 
 9.10 

    

   
 t-  P-  

 X     

T 2 0.009926 0.000114 86.93333 0.0000 
 Y     

C 2.273387 0.621988 3.655036 0.0004 
T 0.119781 0.028427 4.213709 0.0001 

T 2 0.013087 0.000273 47.993440 0.0000 

. 9.20 
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    . 9.22  9.23. 
  X_DETRENDED    : 

ACF PACF k AC PAC Q- P-  

| | 1 0.030 0.030 0.0936 0.760 
| | 2 0.049 0.050 0.3429 0.842 
| | 3 0.042 0.039 0.5278 0.913 
| | 4 0.024 0.024 0.5867 0.965 
|* |* 5 0.071 0.068 1.1208 0.952 
| | 6 0.000 0.008 1.1208 0.981 
|* |* 7 0.101 0.107 2.2429 0.945 

*| * | 8 0.171 0.177 5.4698 0.706 
| | 9 0.039 0.011 5.6366 0.776 
| * | 100 0.050 0.068 5.9165 0.822 

  Y_DETRENDED    
AR(2) : 

ACF PACF k AC PAC Q- P-  

|******** |******** 1 0.985 0.985 0099.989 0.000 
|******* **** | 2 0.956 0.507 195.02 0.000 
|******* ** | 3 0.912 0.314 282.52 0.000 
|******* ** | 4 0.857 0.196 360.52 0.000 
|****** * | 5 0.791 0.136 427.67 0.000 
|****** * | 6 0.716 0.073 483.36 0.000 
|***** | 7 0.635 0.044 527.61 0.000 
|**** * | 8 0.549 0.067 560.97 0.000 
|*** | 9 0.458 0.043 584.49 0.000 
|*** | 100 0.365 0.051 599.58 0.000 

. 9.22 

X_DETRENDED 
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    Xt   Yt    . 9.24  9.25. 
  X_DIF2    MA 

: 

ACF PACF k AC PAC Q-  P-  

*****| ***** | 1 0.635 0.635 40.777 0.000 
|* **** | 2 0.128 0.463 42.440 0.000 
| ** | 3 0.038 0.294 42.586 0.000 

*| ** | 4 0.064 0.273 43.014 0.000 
|* * | 5 0.081 0.141 43.710 0.000 

*| ** | 6 0.137 0.292 45.710 0.000 
|** | 7 0.243 0.037 52.065 0.000 

**| | 8 0.254 0.037 59.064 0.000 
|* | 9 0.160 0.057 61.891 0.000 

*| | 100 0.099 0.056 62.976 0.000 

    r(1)  0.635     -
   (1)  MA(1), . .     

0.5  (1)  0.5. 
  0.635  (1)   

2
1

1

1
)1(

b
b  

    

0.635b1
2  b1  0.635  0, 

    . 

. 9.24 . 9.25 

X_DIF2 

10 50
–30 

–20 

30 
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7030 t10020 60 80 40 90 

–10 

10 

20 

Y_DIF2 
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  Y_DIF2    : 

ACF PACF k AC PAC Q- P-  

| | 1 0.031 0.031 0.0942 0.759 
| | 2 0.041 0.042 0.2636 0.877 
| | 3 0.038 0.036 0.4127 0.938 
| | 4 0.013 0.013 0.4313 0.980 
|* |* 5 0.073 0.071 0.9925 0.963 
| | 6 0.006 0.012 0.9958 0.986 
|* |* 7 0.104 0.111 2.1713 0.950 

*| * | 8 0.172 0.178 5.3769 0.717 
| | 9 0.031 0.006 5.4804 0.791 

*| * | 100 0.066 0.084 5.9673 0.818 

    : 
    TS-    -

 ; 
    DS-     

DS- ; 
  TS-    TS- ;   

  TS-     
ARMA,     TS-    MA 

,   ; 
 k-    Xt  ~ I(k)    

;     I(k)  -
  ARIMA,  k-     

   ARMA. 
    ,   TS-   -

      ,   DS-  
          

(    )      . 
     AR(1)  Xt   aXt 1   t , t  1, …, n. 

  ( . . 7,  7.1): 

,2
2

1
1

0 t
ttt

t aaXaX  
  

.2
2

1
1

0 htt
hhththt

ht aaaXaX  
    , -

   ( )  ( ) -
 t  (shock innovation)      : 

,,,,,1 221 h

t

ht

t

t

t

t

t

t aXaXaXX  
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 ,  h  : 

0
t

htX   |a |  1, 

1
t

htX   a   1. 

 ,   a   1 (  ),  

t

htX , 

          
 .       

       
. 

  

1.          
  ?       

 ?        
      ? 

2.      ?  
   ?       

?       ? 
3.        ,  

  ,  ,  ( ,   -
)   ? 

4.      TS- ? 
5.      DS- ? 
6.         ARIMA? 
7.         

 ? 

  9.2 
    TS-    DS- .   

     

  

         
        -

    ( ) 
.  ,        

    ,   -
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  (   ), —  TS- ,   
  ,   ( ,   -

)         
 k- 1  , —  DS- . 

        
 ,    TS-      -

     ,     DS-  
      -

 -      . 
    ,  -

 ,          
         

.     TS-  DS-     
   ,     

TS  DS       -
 ,       
    (  ,  

 ,  ). 
    ,  

 DS- ,        -
  (cointegration) ( . , . 11,  11.1),  -

 ,  : 
    ; 
       ; 
        

 . 

 ,      DS-  -
       

        -
 (error-correction model),     

     ,    
. 

     .     
    (Maddala, Kim, 1998), (Enders, 1995), (Hamil-

ton, 1994). 
TS-        « » , 

   ,   ,    ,  
    - . DS- ,  -

  (   ),     
, -     DS-    -

        (    
____________ 

1         . 
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 ),      ,  ,  -
,          

« »,     . 
 TS-        -

 ,   DS-    .    
     -

        -
 ,       
        —    

  « »     -
,          -  

. 
           

       -
 ,       

( , ARMA)  ,   , . .     
   .    

     ARIMA    
       ( ) -

         . 
,    ,    

         ,   
 . 
 ,   DS-     -

  ( )   ,    
  (   ),   

       
.      TS-    « -

» ,     ,   
  ,     

 ,      
    (    
 ).  ,      

     
       ( ., 
, (Hamilton, 1994, . 4, 5)). 

,     ,  
         

 ,         -
         

  ,   , . .     
      (TS  DS). 

   ,   
  , ,  (Maddala, Kim, 1998),   
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          -
        .  

    ,     
      ,    

     (   , 
),        

     , -
  .       

         -
  , ,  (Maddala, Kim, 1998), (Enders, 1995), (Hamil-

ton, 1994). 
  ,      -

        
 TS-    DS- .     -

   ,    14 -
     (Nelson, Plosser, 1982)     

  (Perron, 1989).        14 -
      TS,   , ,   

    11  . ,    
       TS- . 

  TS-     ,   -
,      .   -
     ,   ,    

 ,   ( . (Zivot, Andrews, 
1992)).          

   ( . (Bierens, 1997)). ,  (Nunes, 
Newbold, Kuan, 1997) «  »:    -

       (Zivot, Andrews, 1992) -
     14 ,     (Nelson, 

Plosser, 1982). 
         -

      , 
   ,       (TS  

DS)  . 

 TS-  DS-     ARIMA.  
   

   ,       
 Xt    TS (     ) 

 DS (  )      
.         -

. ,      , 
 ,    ,      
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  ( ) ,     
 .       , 
   ,      -

   ,       
   .    

      ,   -
      ,    -

 .         
     TS  DS   ,   

   ,    -
  (    ),  -

.         
  TS-  DS-        

 . 
  ,    DS-  TS- , 

      ARMA (   ). 
  Xt    ARIMA( p, k, q),     k-  

    kXt   ARMA( p, q) — 
, 

a*(L) kXt   b(L) t , 
 a*(L)  b(L) —      L,  -

 p  q . 

,  Xt   (1  L)Xt ,   
kXt   (1  L)kXt , 

 
a*(L)(1  L)kXt   b(L) t , 

 
a(L)Xt   b(L) t , 

 a(L)   a*(L)(1  L)k —   (p  k). 

  kXt  ,  p   a*(z)   
   ,    a(z)  p   -

    k     , ,   
z  1  k. 

 ,  Xt    ARMA(p  k, q), 
    a(L)    k ,  1, 
       1.    -

 H0  ,   ARMA  Xt   DS-  (   -
 ),        ,  -

  a(L)      ,  1.  -
,    ,  a(z)      
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 , . .     .  
   H0        (UR — 

unit root hypothesis),        -
  .      

TS-   ,   ARMA  — . 
,     ( )   TS, , 

,     DS- .    
       a(z)   

     z  1   b*(z)   0,  b*(L)  — 
     L      

  Xt  b*(z) t    Xt  Xt  Xt 1   
 Xt. 

  

1.          
       TS-    DS- ? 

2.        ARMA? 
 



 

 
 

       10 

       
TS-    DS-  

  10.1 
   —  

          -
 . 

   ,      -
,       -

   . 
 TS-  

.1||, 111 aXatx ttt  

        -
?    t —  ,  yt —  ,  

 yt  xt    t,  yt     

,11 ttt yay  

   yt  yt 1    ,  

,))1(11 ttt txatx  

,)1()( 11111 ttt xataaax  

      a1   a1     (1  a1),   

2
1

1

1 )1(
)(,

1 a
a

a
. 

 ,  xt     
 

.
1)(1

)  ( 

1
2

1

1 t
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 ,    0    0     -
  

11
 
a

. 

 a1  1,    ,    
    xt.    

).(
22

)())1(()(

21
2

0

011

1

t

tt

ttt

ttx

xtt
xtx

 

     0     

).(, 2101 ttttt xxxx  

   0,   0  

),(, 2101 ttttt txxxx  

. .       x0  t. 

,    0,   0 

),(
22

, 21
2

01 ttttt ttxxxtx  

    xt     -

   .
22

2
0 ttx  

 ,   

,11 ttt xatx  
   0,   0, : 

  |a1|  1   xt  ; 

  a1  1  xt    
t

j
j

1
    

x0  t; 

   0, : 

  |a1|  1  xt    ;
1
  

)(1
)  ( 

1
2

1

1 t
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  a1  1  xt    
t

j
j

1  
   

 .
22

2
0 ttx  

   ,   

ttt xatx 11  

     , , a1: 

 ST_1:  a1  0.8,    0,    0  ( . 10.1). 
 ST_2:  a1  0.8,    0.2,    0  ( . 10.2). 
 ST_3:  a1  0.8,    0.16,    0.04  ( . 10.4). 
 WALK_1:  a1  1,    0,    0  ( . 10.3). 
 WALK_2:  a1  1,    0.2,    0  ( . 10.5). 
 WALK_3:  a1  1,    0.2,    0.1  ( . 10.7). 

 ,   ,   

:11
2

ttt xattx  

 ST_4:  a1  0.8,    0.12,    0.13,    0.01  ( . 10.6). 

  ST_1, ST_2, WALK_1     -
   ST_3 — WALK_2, ST_4 — WALK_3 ,   

        -
,      

  . 
       (  

)  . 

. 10.1 
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. 10.2 
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  —  

,   ,   (  -
 , DGP — data generating process),  : 

DGP: ,11 ttt xax  

 t  —   ; 
 a1  —   (1  a1  1),      

  
SM: ,11 ttt xax    t  1, ..., T. 

     xt , ,  -
  . 8 (  8.1),      

 a1    ,    -
    ,     

 . ,    , 
       . 

 1958 .    (White, 1958),   -
       

 ,     .  -
 ,    ,  ,  : 

,0,,,2,1,:DGP 01 xTtxx ttt  

(  ,   ), . . a1   1,   
(   )     a1  

        -
 .  ,      -

 â1     . 
 ,  ,      

     

H0: a1  1, 

,  ,    P-  t- , -
    (    !). 

     .  a1  1,   T   

1

0

2

2

1

)]([

1)]1([  
2
1

)1ˆ(
drrW

W
aT , 

 W(r) —    (standard Brownian motion), 
      -
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 ,  ,    -
,  . 

 W(r)      
 

.1 ttt xx  
 ,  : 

 W(0)  0; 
  (W(r2)  W(r1)), …, (W(rk)  W(rk 1))   -

,  0  r1  r2   …  rk ; W(s)  W(r) ~ N(0, s  r)  s  r; 
  W(r)    1. 

 ,  , ,  W(1)  W(1)  W(0) ~ N(0, 1),  
 [W(1)]2 ~ 2(1).  ,    T 

.68.01)1(01)]1([01ˆ1ˆ 22
11 PWPaPaP  

 ,  DGP —    (  ), DGP:  
xt   xt 1   t ,   SM: xt   a1xt 1   t    â1   1  
 2/3 . 

    T(â1   1)    
â1   1   T     ( -

),      (Fuller, 1976). -
    ,  t  ~ N(0, 2), 1 , ..., T  —  

    x0   0.   :  -
 x0       T(â1   1),   

  T(â1   1)   . 
,    T(â1  1),   H0: a1  1 

    HA: a1  1  5%-     
 T(â1   1),  T(â1   1) ,    â1 ,  

â1 ,   . 10.1. 

 10.1 
    

T T (â1   1)  â1  

025 7.3 0.708 
050 7.7 0.846 
100 7.9 0.921 
250 8.0 0.968 
500 8.0 0.998 

 8.1  



  2.      460 

   . 10.1,    T   H0 -
    â1 ,   1.   

      .  -
  ,    T   H0: a1  1   -

  HA: a1  1  ,   â1   
 1. 
   , ,    -

 H0: a1  1  HA: a1  1  

)ˆ(
1ˆ

1

1

as
at   (t- , t-ratio, t- ), 

 s(â1) —     â1 . 

,   a1  1     â1     
,       t-  . 

   t-   T      
 T        (Fuller, 1976). 

 H0: a1  1      HA: a1  1 
     .  5%-  

 ,  ,  5%-   -
   t- ,   -

  t(T  1)  (T  1)   ( . 10.2). 

 10.2 
  t-  

T t  ( ) t  ( ) 

025 1.95 1.71 

050 1.95 1.68 

100 1.95 1.66 

250 1.95 1.65 

500 1.95 1.65 

 1.95  

 10.2     
)ˆ(
1ˆ

1

1

as
a  

 a1  1.  ,     , 
   ,     -

     ,   -
 . 
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        -
     xt   xt 1   t  (WALK_1).   

     xt   a1xt 1   t ,   
50  ( . 10.3). 

 10.3 
  WALK_1  

Sample (adjusted): 2 50; Included observations: 49 after adjusting endpoints 

   
 t-  P-  

WALK_1( 1) 0.970831 0.035729 27.17224 0.0000 

   t-   816.0
035729.0

1970831.0   -

   1.95.      
      5%-   .   

   0.970831  a1,   
  0.846. 

        ST_1 -
  xt   0.8xt 1   t  (    ) 

       xt   a1xt 1   t , -
  50 ,   ,   . 10.4. 

 10.4 
  ST_1  

Method: Least Squares; Sample (adjusted): 2 50;  
Included observations: 49 after adjusting endpoints; Convergence achieved after 2 iterations 

   
 t-  P-  

AR(1) 0.790557 0.090501 8.735349 0.000300 

  t-   2.314  1.95,    -
   .    ,   

 a1   0.791     1. 
     ST_2  AR(1) 

 xt   0.2  0.8xt 1   t  (     1). 
  50    0.596.   

  ,    ,    ,   
  ,   , ,   -

.      H0: xt   xt 1   t  (  -
 )    HA: xt     a1xt 1   t , a1  1,   0. 
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SM: xt     a1xt 1   t . 

   T(â1   1)     
,          -

 SM    0,  T  25 P{â1   1} = 0.95.  . 10.5  -
    . 

 10.5 
    

T T (â1   1)  â1  t  ( ) 

025 12.5 0.500 3.00 
050 13.3 0.734 2.92 
100 13.7 0.863 2.89 
250 14.0 0.944 2.88 
500 14.0 0.972 2.87 

 14.1  2.86 

     SM: xt     a1xt 1   t   
WALK_1 (   50 )  : 

t  2.143  t   2.92, 

    ,        -
 xt   xt 1   t ,  . 

        ST_2  (  T  50) 
 t  2.245,       , 
       . -

 , ,  ,    â1   0.794  
  0.734. 

 10.1.1.        SM:  
xt     a1xt 1   t   ST_1 (c   0),   

â1   0.785  â1   0.734, t  2.298  t   2.92, 

      ST_1  .    
,   ,   ST_1    

  SM: xt   a1xt 1   t ,    
 . 

    ,   -
       

(    )   ,  -
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     ,    
.      «  -
»,      ,  -

    . 

    ST_3  

xt   0.16  0.04t  0.8xt 1   t , 

    0.2t ( . 10.8).  -
    WALK_2 ( . 10.9)    

 0.2 
xt   0.2  xt 1  t . 

     ,     
     

H0: xt     xt 1   t ,     0, (    ) 

    

SM: xt     t  a1xt 1   t . 

      â1   t- -
    a1  1   . 
 DGP: xt     xt 1   t     0,  5%-    -

 T(â1  1)   t-       . 10.6. 
     SM: xt    t  a1xt 1  t  

  (   T  50). 
 WALK_2  â1   0.858  â1   0.604, t  2.027  t   3.50,  

     . 

. 10.8 
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 10.6 
    

T T (â1   1)  â1  t  ( ) 

025 17.9 0.284 3.60 

050 19.8 0.604 3.50 

100 20.7 0.793 3.45 

250 21.3 0.914 3.43 

500 21.5 0.957 3.42 

 21.8  3.41 

 ST_3  â1  0.733  â1   0.604, t  2.687  t   3.50. 

  â1  t   ,   WALK_2,    -
  ,         

   . 
 ,  ,  ST_3,    -
 ,  DGP —    .    

    â1   t    

SM:  xt     t  a1xt 1   t  
 ,  

DGP: xt   xt 1   t . 

   ,     -
 â1   t,    

DGP: xt    xt 1  t ,   0, 

      

SM: xt    t  a1xt 1  t  

      â1   t    DGP: xt  xt 1  t , 
  DGP: xt    xt 1  t ,   0. 

     SM: xt    t  a1xt 1  t  
 DGP: xt  xt 1  t ,   WALK_1.  

  ,  (    DGP: xt  0.2  xt 1  t)  
â1  0.858  â1   0.604, t  2.027  t   3.50,    -

   . 
, ,    (MacKinnon, 

1991),        -
  t-    .  ,   
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t ( p, T) —   t-   , -
   p    T,  

t ( p, T)    1T 1  2T 2, 

 , 1 , 2  —  ,   p   ,   
   . 

      p  0.01, 0.05, 0.10. 

  10.1.1 

 . 9 (  9.1)       
        

     I  1974 .  IV  1985 .   
       -

  : 
Xt  47962.75  315.1909 t  0.884803(Xt 1  47962.75  315.1909(t  1))  t , 

 
Xt  5804.037  36.30898 t  0.884803Xt 1  t . 

   , ,        
 0.884803   Xt 1    -

      
( . .     AR(1) ),  
    ,    

      . 
        . 

      , 
      

SM: xt     t  a1xt 1   t . 

  H0: xt     xt 1   t ,   -
 EViews,        

(       , -
   ): 

Test Statistic 1.425277 1% Critical Value 4.1630 
  5% Critical Value 3.5066 
  10% Critical Value 3.1828 

      H0  .   
,   ,        -

 xt     t  a1xt 1   t ,   xt     xt 1   t .  -
   xt     t     ( . 10.7). 
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 10.7 
  X 

   
 t-  P-  

 236.8958 80.80998 2.931517 0.0052 

       
xt   236.8958  xt 1   t .  

        
    : 

SM: xt   a1xt 1   t , 

SM: xt     a1xt 1   t , 

SM: xt     t  a1xt 1   t  

      -
 a1  t-     a1  1   

    : 
DGP: xt   xt 1   t  (  ), 

DGP: xt     xt 1   t  (    ). 

   , ,  SM: xt    a1xt 1  t ,   xt  xt 1  t 
  

H0:   0, a1  1. 

         -
,        F-  

2)1(

2
0

1

T
RSS

RSSRSS

, 

       H0 F-  
 F(2, T  3)    (T  3)  . , , 

     H0   , ,  
,   ,    1   

H0   (   )  F(2, T  3).  
      (Dickey, Fuller, 1981).  -
    1   H0:   0, a1  1. 

 . 10.8  5%-     1 ,  - 
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 10.8 
 (5%- )    

T 1  F  

025 5.18 3.44 
050 4.86 3.20 
100 4.71 3.10 
250 4.63 3.00 
500 4.61 3.00 

 4.59 3.00 

   ,   (  ) 5%-   -
 F ,    F(2, n  3) ( .,  (Hamilton, 

1994, . .7 Case 2)  (Enders, 1995, . )). 

  10.1.2 

     WALK_1 (    ), 
ST_2 (   AR(1)    -

), ST_1 (   AR(1)    -
) —  50    . 

 SM: xt     a1xt 1   t    WALK_1,  â1  0.579, 
â1  0.850, RSS  48.0335.       0, a1  1   
x̂ t   xt 1 ,   

,7939.52)(
2

2
10

T

t
tt xxRSS  

86.4853.2

2150
0335.48
2

0335.487939.52

1    H0  . 

 ST_2 : ˆ   0.181, â1  0.777, RSS  52.6618.      
  0, a1  1  RSS0  59.0547, 

86.4853.2

2150
6618.52
2

6618.520547.59

1    H0  . 

 ST_1 :  ˆ   0.042, â1  0.785, RSS  52.7007.    -
   0, a1  1  RSS0  58.0671, 

1  2.662  4.86    H0  . 
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 ,      ,  
  t-    a1,    

,    F- .  

    

SM:  xt     t  a1xt 1   t  

 DGP:  xt  xt 1  t   

H0:     0, a1  1, 

  DGP: xt     xt 1   t  —  

H0:   0, a1  1. 

F-       2, 5%-   
   . 10.9 ( .  (Enders, 1995, . )). 

 10.9 
 (5%- )  F-  

T 2  

025 5.68 
050 5.13 
100 4.88 
250 4.75 
500 4.71 

 4.68 

F-       3, 5%-   
   . 10.10 ( .  (Hamilton, 1994, . .7 Case 4) 

 (Enders, 1995, . )). 

 10.10 
 (5%- )  F-  

T 3  

025 7.24 
050 6.73 
100 6.49 
250 6.34 
500 6.30 

 6.25 



 10.     TS-  DS-  469 

  10.1.3 

  WALK_1 (    ), WALK_2 ( -
   ), ST_3 (  AR(1),  -
  ).    

SM:  xt     t  a1xt 1   t  
         
  H0:     0, a1  1,    2; 
  H0:   0, a1  1,    3. 

  H0:     0, a1  1 

WALK_1: ˆ   0.854, ˆ  0.012, â1  0.858, RSS  46.7158.    -
 RSS0  52.7939, 

2  1.995  5.13   H0  . 

WALK_2: ˆ   0.711, ˆ  0.040, â1  0.858, RSS  46.7158.    -
 RSS0  52.7939, 

2   1.995  5.13   H0  . 

ST_3: ˆ   0.345, ˆ  0.070, â1   0.733, RSS  50.3928, 

2  1.207  5.13   H0  . 

  H0:   0, a1  1 

WALK_1: RSS  46.7158.     RSS0  52.7282, 

3  1.973  6.73   H0  . 

WALK_2: 3   1.973   H0  . 
ST_3: RSS  50.3928, 3  0.711   H0  .  

    ,      
       

        
   .       -

       « » -
. ,    1   

 â1   0.8,       1    1.   2  
 3  .      ,   t- -

    T(â1   1). 
    «    »  ,  

       . 
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  (   -

 )     .   
   ,    ,    

   .    
 ,     «   

 ».        
    ,   ( )  -

   . 
        

     
  —    50   

  : 
  ST_1  ST_2  : 

DGP:  xt   xt 1   t , 

SM:  xt     a1xt 1   t ; 

  ST_3  : 

DGP: xt     xt 1   t  (  DGP: xt   xt 1   t), 

SM:  xt     t  a1xt 1   t . 

,          -
,      .   

  T  100.    (    
. 10.11  10%-   ).   -

 ,       
  —  . 

 10.11 
  

 n  50 n  100 

ST_1 t  2.298    t   2.92,  
    
  

t  3.238    t   2.89,  
    

 

ST_2 t  2.245    t   2.92,  
    
  

t  3.217    t   2.89,  
    

 

ST_3 t  2.687    t    3.18,  
    

   10%-   

t  3.207    t   3.15,  
    

  10%-   



 10.     TS-  DS-  471 

   —  

        -
  (GNP)      I  1947 .  IV  

1961 .  . 9        
 : 

,))2(222.5740.217(630.0
))1(222.5740.217(380.1222.5740.217

2

1

tt

tt

tX
tXtX

 

 
.630.0380.1304.1017.55 21 tttt XXtX  

         -
,   ?       — 

         
 .       . 

   

SM:  xt     t  a1xt 1   a2xt 2     apxt p   t . 

        
: 

,)( 11111 tptpttt xxxtx  (10.1)
  

).(, 121 pjjp aaaaa  

(    GNP    

.)630.0750.0304.1017.55
630.0630.0630.0380.1304.1017.55

11

2111

ttt

tttttt

XXt
XXXXtX

 

   ,   a(z)  0     
 z  1,   (p  1)      -

,      ,  a1   a2     ap   1, 
. .   1 ( ., , (Hamilton, 1994, p. 517)).  ,   
      AR(p)     
  H0:   1    (10.1).   

       ,   
     T( ˆ1   1)  t-   -

    1,     (augmented) 
  (10.1) (    ,     ). -

 t-    ADF (augmented Dickey-Fuller) 
    DF,    AR(1). 
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         t-   
   1,   (10.1)   

,)( 11111 tptpttt xxxtx  (10.2)

     1,    H0:   1   (10.1)  -
 H0:   0   (10.2). 

    H0:   1   (10.1)  -
 HA:   1.     (10.1)  (10.2)    

  HA:   0. 
   t-     H0:   1  -

 (10.1)    t-     
H0:   0   (10.2). 

  10.1.4 

  GNP   

tttt xxtx 111  

(    )   , -
  . 10.12 (      -
     ). 

 10.12 
     

ADF Test Statistic 4.117782 1% Critical Value 4.1219 
  5% Critical Value 3.4875 

  10% Critical Value 3.11718 

   —   (   D(X)) 

   
 t-  P-  

X( 1) 0.249792  0.060662 4.117782  0.0001 
D(X( 1)) 0.630066 0.109453 5.756490 0.0000 
C 56.32136 13.18303 4.272264 0.0001 
@TREND(1947:1) 1.304300 0.315357 4.135949 0.0001 

   :  t-   -
  H0:   0   5%-   , 

   ,    1%-   -
.  
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       ,   
  ,    -

,    ,   ,  
 t  —   .       -
      ,    -
   -      

    . 
        -

   p  p*,      , 
        ˆ   t- -

      0 ,   
 1, …, p 1      . 

      ,  p* 1  0,  
 t-      t- -

 .     ,    
p* 1  p* 2  0,  F-     F-  

,  . .       
 . 

  10.1.5 

  .    p*  5,  -
   ( . 10.13) (    -
       ). 

 10.13 
      p* = 5 

ADF Test Statistic 2.873575 1% Critical Value 4.1314 

  5% Critical Value 3.4919 

  10% Critical Value 3.1744 

   —  (   D(X)) 

   
 t-  P-  

X( 1) 0.266169  0.092626 2.873575  0.0060 

D(X( 1)) 0.546230 0.133521 4.090958 0.0002 

D(X( 2)) 0.183918 0.149711 1.228486 0.2253 

D(X( 3)) 0.020254  0.152201 0.133077  0.8947 

D(X( 4)) 0.058683  0.148061 0.396345  0.6936 

C 59.45556 19.32396 3.076779 0.0035 

@TREND(1947:1) 1.397409 0.482120 2.898469 0.0056 
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  t  2.873575  3.1744,      
     10%-   .     

       
 . P-  F-      

      0.44.    
    ,       

,        .  

  —   ,    
     ( ,  -

   ).    ,   xt   
 ARMA(p, q)  q  0? 

 xt  ~ ARMA(p, q) ,   a(L)xt   b(L) t ,  a(L), b(L) —  
 p  q,    b(L) ,     -

       
c(L)xt   t , 

 2
211

)(
)()( LcLc

Lb
LaxLc i  

    (10.2)      -
     

.)( 22111 ttttt xxxtx  (10.3)

        
 .     ? 

  (Said, Dickey, 1984, p. 599—607)  ,   
ARIMA(p, 1, q)   p  q    -

   ARI(p*, 1)  p*  3 T .    
     (10.3)   -

 . 

    —  

   —      -
,   ,      

(Dickey, 1976), (Fuller, 1976), (Dickey, Fuller, 1979), (Dickey, Fuller, 1981).  
   —   ( )    , 

   xt    DS (DS- ); -
  —     TS (TS- ). -

  —   ,    -
     ( ,   

  ).     ,  -
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  .     

  . 
1.   xt      (   -

      ),     
  

SM:  xt     t  xt 1   t ,   t  2, ..., T, 

DGP:  xt     t ,   t  2, ..., T,     0. 

   t  —   ,  
      
. 
      

SM     t-  t    
 H0:   0.      

 t ,   ,     
     DGP (  

  ). DS-  ,  t   t . -
 ,    , 
   ,   (Fuller, 1976), (Fuller, 1996), 

      T  25, 50, 100, 250, 500. 
   T ,   -

  ,  ,   (Mac-
Kinnon, 1991). 

2.   xt      (    
 )     , 

   
SM:  xt     xt 1   t ,   t  2, ..., T, 

DGP:  xt   t ,   t  2, ..., T. 
      

SM    t-  t      
H0:   0.       
t ,   ,     -

    DGP (   
 ). DS-  ,  t   t .  -
,    ,   
 ,   (Fuller, 1976), (Fuller, 1996),   -

    T  25, 50, 100, 250, 500.   
 T ,     

,  ,   (MacKinnon, 1991). 
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3. ,   xt      (   
  )     

,    

SM:  xt   xt 1   t ,   t  2, ..., T, 

DGP:  xt   t ,   t  2, ..., T. 

      SM 
   t-  t     H0:   0. 

      t , -
  ,     -

    DGP (    ). 
DS-  ,  t   t .  , -

   ,    , 
  (Fuller, 1976), (Fuller, 1996),     

  T  25, 50, 100, 250, 500.   -
 T ,     , 

 ,   (MacKinnon, 1991). 

      -
      — . ,  

       ,  
        

         -
,    ,    t ,  

      ( . (Perron, 1988)).    
       , -

       . 
     —   

       
  (Dolado, Jenkinson, Sosvilla-Rivero, 1990), .  (Enders, 

1995).   (   (Enders, 1995, p. 251—260))  -
 .        

a(L)xt   t    (  )  p,  a(z)  0  
           

,     (augmented)  
 — .        -
       -

   xt j , j  1, ..., p  1,    -
  : 

1) SM: ;,,1,
1

1
1 Tptxxtx t

p

j
jtjtt  



 10.     TS-  DS-  477 

2) SM: ;,,1,
1

1
1 Tptxxx t

p

j
jtjtt  

3) SM: .,,1,
1

1
1 Tptxxx t

p

j
jtjtt  

      -
 t-  t     H0:   0     

  t ,     . DS- -
 ,  t   t . 

   —     ,  
 xt      —  -
.     (Said, Dickey, 1984),    x1 , ..., xT  

  ARIMA(p, 1, q) c q  0,    -
  ARI(p*, 1)  ARIMA(p*, 1, 0)  p*  3 T     
 —    . 

     x1 , ..., xT    
  AR(p)   p,   p  

,        -
,        -
.          

p  pmax  ,       -
 p0   ,  ,   p* -

  ,     -
  p,   . 

   , ,  -
          

(  10%-  )   (GS-    -
  )    ( )   -

    p  pmax     
(SIC).   (Hall, 1994)  (Ng, Perron, 1995) ,   pmax  p0 , 

   (  T  ) SIC    ,  -
 GS    p  p0 ,      -

         -
   — .     

  T,   ,   (Cheung, 
Lay, 1995). 

      (GS  SIC),  
    ,     

       -
      ,   
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     — . ,   -
    (GDP)      -

  1870  1994 . ( . (Murray, Nelson, 2000)),  pmax  8,  
   GS-   p  6,    SIC 

   p  1.      -
        

 LM-      ( . (Holden, Perman, 1994)). 
, ,    (Taylor, 2000)    , -

   Ng  Perron:     
  —        

,     . ,   , 
         — 

. 

    
   

  . (Dolado, Jenkinson, Sosvilla-Rivero, 1990)  -
        

  — ,     -
     (SM)   

  (DGP).     (   
(Enders, 1995)),   ,     

 AR(1),  ,     . 

  1     -
,   ,      

   : 

SM:  ,,,2,1 Ttxtx ttt  

      ,  
   

DGP:  .,,2, Ttx tt  

  :     ( ). -
    DS    -

  (UR — Unit Root)    . -
        H0:   0, 

  HA:   0.      
   t-    —  -

   ,  ,  
      .  -

     ,   0    0. 



 10.     TS-  DS-  479 

  H0:   0   ,    -
      .   ,  
 H0:   0   

DGP:  xt     t    (c   0    0), 
       

DGP:  xt     t  t ,     0, 
      t   (   

). 

 2.    1  H0:   0   ,  -
  : 
 ,   0; 
   0,   H0:   0    -  ,   

 DGP    0,       
DGP:  xt     t  t ,   0. 

       2   -
 H0:   0     

SM:  xt     t  xt 1   t , 
  

DGP:  xt     t  t ,    0. 

   t-  (  —  -
  — )   (Dickey, Fuller, 1981).  . 10.14 -
 5%-     | t |      

  t    . 
  10.14 

 (5%- )   t-  

n      
(    0) 

025 3.25 2.85 
050 3.18 2.81 
100 3.14 2.79 
250 3.12 2.79 
500 3.11 2.78 

 3.11 2.78 

  H0:   0   ,   ,   1-   
   0     -    -

,  DGP    0. 
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   H0:   0  ,    
    0     

SM:  xt     t  xt 1   t , 
    

DGP: xt     t  t ,   0. 

 t-   (    0)  -
 N(0, 1) .   T    -

  (Kwiatkowski, Schmidt, 1990).   ,     0  
,   .     , -

  
xt     t  t ,     0. 

 3.    3,       -
   

SM:  xt     t  xt 1   t . 

,        -  -
      t. 

      3    
SM:  xt     xt 1   t  

        0 (    0)  
  SM.    t-   

   (  2).    ,  

DGP: xt   t . 

    H0:   0 ,   -
 (    ,     1). 

 4.     3    0  ,   -
     SM  .     -

    0     

SM:  xt     xt 1   t , 
  

DGP: xt   t . 

   t-  (  —  -
  — )   (Dickey, Fuller, 1981).  . 10.15 -

 5%-     | t |      
  t    . 

      0  ,   ,  -
   0         DGP    0. 
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 10.15 
   t-  

n      
(    0) 

025 2.97 2.61 
050 2.89 2.56 
100 2.86 2.54 
250 2.84 2.53 
500 2.83 2.52 

 2.83 2.52 

     0  ,   -
   H0:   0   

SM:  xt     xt 1   t , 
    

DGP:  xt     t       0. 

   t-     0   ,  
,    ,    H0:   0 , 

   
xt     t       0. 

    ,    T   , 
  ,      , -
      0,    . 

 5.  ,     4  H0:   0   , 
         

SM:  xt   xt 1   t . 
  t-   H0:   0    

 (  1).         — 
: 
H0:   0     ; 
H0:   0    xt   t   
(   xt   1 xt 1     p 1 xt p 1   t). 

 10.1.2.      -
.        -

     ,  
    ,     -

 . 
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        -
,   . 10.10. 

  1 

0:   0  t

p

j
jtjtt xxtx

1

1
1  

    

0:   0      0  0:   0      0 

     

  2  t

p

j
jtjt xtx

1

1
 

0:   0  t

p

j
jtjtt xxx

1

1
1  

    

0:   0      0  0:   0      0 

     

  3  t

p

j
jtjt xx

1

1
  

0:   0  t

p

j
jtjtt xxx

1

1
1  

  

t

p

j
jtjt xx

1

1
 

. 10.10 
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      : 

 1:  ;
1

1
1 t

p

j
jtjtt xxtx  

 2:  ;
1

1
1 t

p

j
jtjtt xxx  

 3:  .
1

1
1 t

p

j
jtjtt xxx  

    . 

  10.1.6 

           
   1959  1985 . (   .,   1982 .).    

  . 10.11. 

. 10.11 

        
      ,  -
  .   . 

 1.    

SM:  xt     t  xt 1   1 xt 1     p 1 xt p 1   t . 
          

  ,      
SM:  xt     t  xt 1   t . 

  (T  26): 
xt   461.338  25.857t  0.448xt 1  + et ; 

19
60

 

19
70

 

19
62

 

19
72

 800

1200

2800
X

19
84

 

1600

19
74

 

19
68

 

19
66

 

19
82

 

2000

19
64

 

19
76

 

19
78

 

19
80

 

DPI 

2400
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t-     H0:   0  t   2.640.  
(5%- )    

DGP:  xt     t ,   0, 

  t   3.59 (  T  26).   t   t   -
    . 

 2.    ,    DGP  

DGP:  xt     t  t . 
  

H0:   0. 

    2.680.  (5%- )  -
  (HA:   0)  2.85   H0:   0  -

. 
 3.   

SM:  xt     xt 1   t ; 
  DGP  

DGP: xt   t . 

  H0:   0.  : xt   47.069   
 0.00522xt 1   et ; t-  t   0.335.  (5%- )   

t   2.98      . 

 4.   

SM:  xt     xt 1   t , 
  DGP  

DGP:  xt   t ,  H0:   0. 

 : xt   47.069  0.00522xt 1  et ; t-  t   1.682   
 t   2.61   H0:   0  . 

 5.   

SM:  xt   xt 1   t , 
  DGP  

DGP:  xt   t ,  H0:   0. 

 : xt  0.03070xt 1  et ; t-  t   7.987  t    
 1.95   H0:   0     : 

xt   xt 1   t .  
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.       -
       (  -

 ,  ),          
 :       -

    . 
      H0:   0 

  2 ( ,        
 t-    :   2.680, t   2.85.) 

    2        
H0:   0,      0,   H0:   0     

SM:  xt     t  xt 1   t  , 

DGP:  xt     t  t ,    0. 

    t     N(0, 1) 
, 5%-      -

 : t   1.645.      t   2.640 
( .  1),      ,     
 ,    : 

xt   461.338  25.857t  0.448xt 1   t . 

   DGP  SM 

   :  ,   

SM:  xt     a1xt 1   t , 

     

DGP:  xt     xt 1   t ,   0 (    )? 

     t   DGP  

 « »   ,
1

t

i
i    -

 xt 1   SM  «  »    -
 (t  1).  ,      a1  

 .  ,  ,     -
      -
, . .    t- ,    

 .     0   ,    T 
 t-    ,   

    0,    . 
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  10.1.7 

   WALK_2    -
 0.2    SM:  xt    a1xt 1  t   -
,   . 10.16. 

 10.16 
  WALK_2 

   
 t-  P-  

C 0.173019 0.160495 01.078031 0.2865 
WALK_2( 1) 0.991851 0.045395 21.849580 0.0000 

 ,   t-    

.180.0
045395.0

1991851.0t 5%-    t-  -

  (n  p)  (49  2)  47    1.68,    
5%-     ,    DGP:   
xt   xt 1   t  (   0),  2.92,       

  . ,      
         -

 1.68  2.92. 
   ST_2  xt  0.2  0.8xt 1  t 

(     ,  1)  T  50  
,   . 10.17. 

 10.17 
  ST_2 

   
 t-  P-  

C 0.166899 0.159693 1.045128 0.3013 
ST_2( 1) 0.793680 0.091904 8.635959 0.0000 

 ,   t-    

.245.2
091904.0

1793680.0t     1.68 -

     ,    -
  2.92      .  

    .   -
  ST_1  xt   0.8xt 1  t .     

 xt    , ,   ,    
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 SM:  xt   a1xt 1   t , ( ,  DGP —   -
),   SM:  xt     a1xt 1   t  ( ,  DGP —  

  ). 
   5%-    t-  (  T  50)  

   :   1.95.    -
        ,  

t   1.68 (  ,   — ),    — 
 t   2.92. 

 SM     t  2.314.   
 . 

 SM     t  2.298.    -
,   DGP  ,  t  t   1.68,   -

  .     ,   DGP -
 ,  t  t   2.92,      . 

    ,   -
  (SM)     -

,  ,   ,  .   
      SM,  «  

».      ,     DGP 
 ,         

  ,   .   
       5% ,   -
   DGP . 

    

   ,      
       
. 

  1     
     DGP: 

) xt   xt 1   t , 
) xt     xt 1   t ,   0, 
) xt     t  xt 1   t ,   0. 

     ,   -
 —         

 . 
____________ 

1           .  -
  ,    10.2. 



  2.      488 

        -
  

SM:  xt     t  a1xt 1   t ,    0, 

  t-    H0: a1  1  ,  -
  ,     DGP. 

   ,   t-      
  )  ), . .    ,   0    0. 

 DGP   )    0,   t-   -
,   t-  ( ,  -

 N(0, 1)).   T     (Kwiatkowski, 
Schmidt, 1990). 

  10.1.8 

   WALK_3   
  : 

DGP: xt   0.2  0.1t  xt 1   t . 

     SM:  xt     t  a1xt 1   t ,  
  : ˆ   0.989  t  0.775.  t- -

    t   1.68,       
 .    , -

 DGP    0 ,  t   3.50,      
   . 

    ST_4  

DGP: xt   0.12  0.13t  0.01t2  0.8xt 1   t , 

     ,  ˆ  0.990 
 t  0.577 .        

  ,    .  

  

01.       TS-  xt    t   
 a1xt 1  t , |a1 |  1? 

02.          
 t- ? 

03.      t-   , 
        -

 xt   a1xt 1   t , t  1, …, T,  ,  ,  -
,  : xt   xt 1   t ,  t  —   ? 
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04.         
     ? 

05.         
 — ? 

06.       F-   -
     ? 

07.         
          

    ? 
08.    «    »? 
09.    «    »? 
10.         -

    — ? 
11.      — ?   -

      ?   -
      ? 

12.      —   ,   xt  
  ARMA(p, q)  q  0? 

13.         -
       — ? 

14.       —    -
  ? 

15.          -
 ?     ? 

16.          -
 ( )    ,     

    ? 

  10.2 
       

  —  

 ,   (Phillips, Perron, 1988),   
    xt   DS    H0:   0  

    

SM:  ,,,2,1 Ttuxtx ttt  

,      — ,        
 . ,      — ,  

 ut       -
 (      

),    ( )  -
   (  ,  E |ut |   C    -
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   2).  ,      — ,  -
      . 

  —    t-   -
  H0:   0     ,  -

    Zt ,    -
    ut .   -

 Zt       (long-run) 
  ut ,    

....lim...lim
2

112

T
uuET

T
uuVarT T

T
T

T
 

 ut
*  —    (   ) -
  xt     t  xt 1   ut ,  t  2, ..., T,     

( 2)*  2     —  (Newey, West, 1994): 

, 
1

12)( *

1

*
0

*2
j

l

j l
j  

 
l

jt
jttj uuT

1

**1*   — j-     ut . 

  l,  T   ,  ,  ,041T
l   ( 2)* — 

   2 ( . (Phillips, 1987))   -
  Zt      

  t     — .  
     ,     

   l    —  (  l -
   — window size).    ,   

         
 (  ).         

         
 .  ,  -    

       -
. 

       (  
, ,  (Phillips, Perron, 1988), (Schwert, 1989)), -

     l     . 
       (Schwert, 

1989),  
41

100
TKl ,      [a] — -



 10.     TS-  DS-  491 

   a,  K   4    12 —  
 .     l, ,  -

,   EViews,     
92

100
4 Tl  (Newey, 

West, 1994).         
  ,     l   -

 . 
    Zt       (Fuller, 

1976)     ( acKinnon, 1991). 
 :   xt   IMA(1, q),  -

 q       l    — . 
   q  1,   xt   t   b1 t 1 ,   b1  0  -

 —     ,    — -
,       .  

     b1  0     —  
       ,   

      b1  0 (    
        DS). 

  10.2.1 

     GNP   
xt     t  xt 1   1 xt 1   t  

   : 

ADF Test Statistic 4.117782 1% Critical Value 4.1219 
  5% Critical Value 3.4875 
  10% Critical Value 3.1718 

   :  t-   -
  H0:   0   5%-   , 

   ,    1%-   -
. 

       AR  c pmax  5,  
( . 10.18). 

  t  2.873575  3.1744,     
    10%-   .     -
       

 . P-  F-      
      0.44.    

    ,       
,        . 



  2.      492 

 10.18 
 AR   pmax = 5 

ADF Test Statistic 2.873575 1% Critical Value 4.1314 

  5% Critical Value 3.4919 

  10% Critical Value 3.1744 

   —  (   D(X)) 

   
 t-  P-  

X( 1) 0.266169  0.092626 2.873575  0.0060 

D(X( 1)) 0.546230 0.133521 4.090958 0.0002 

D(X( 2)) 0.183918 0.149711 1.228486 0.2253 

D(X( 3)) 0.020254  0.152201 0.133077  0.8947 

D(X( 4)) 0.058683  0.148061 0.396345  0.6936 

C 59.45556 19.32396 3.076779 0.0035 

@TREND(1947:1) 1.397409 0.482120 2.898469 0.0056 

,       — . 
  (Newey, West, 1994)     

  3
100

4
92Tl   ,   . 10.19. 

  10.19 
   —  

PP Test Statistic 2.871178 1% Critical Value 4.1190 

  5% Critical Value 3.4862 

  10% Critical Value 3.1711 

Lag truncation for Bartlett kernel: 3 (Newey-West suggests: 3) 
Residual variance with no correction 29.28903   

Residual variance with correction 54.87482   

  —  (   D(GNP))  
Method: Least Squares; Sample(adjusted): 1947:2 1961:4;  
Included observations: 59 after adjusting endpoints 

   
 t-  P-  

GNP( 1) 0.153024  0.072723 2.104212  0.0399 

C 38.33211 15.9782400 2.399020 0.0198 

@TREND(1947:1) 0.806326 0.378145 2.132322 0.0374 
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 ,      — 
   ,      

(Newey, West, 1994),  ,    
   —        

 .  

  10.2.2 

     —    — 
   ST_1, ST_2, ST_3 ( . 10.20). 

 ST_1  ST_2 —  : 
DGP:  xt   xt 1   t , 

SM: xt     a1xt 1   t ; 

 ST_3 —  : 
DGP: xt     xt 1   t  (  DGP:  xt   xt 1   t), 

SM:  xt     t  a1xt 1   t . 

      DF  PP(l) -
,  l —  ,     

 —        
(Newey, West, 1994). 

 10.20 
    —    —  

 n  50 n  100 

ST_1 DF  2.298    t 10%  2.60,  
PP(3)  2.394    t 10%  2.60, 

    
   10%-   

DF  3.238    t 5%  2.89,  
PP(4)  3.399    t 5%  2.89,  

    
  5%-   

ST_2 DF  2.387    t 10%  2.60,  
PP(3)  2.322    t 10%  2.60, 

    
   10%-   

DF  3.217    t 5%  2.89,  
PP(4)  3.364    t 5%  2.89,  

    
  5%-   

ST_3 DF  2.687    t 10%   3.18,  
PP(3)  2.755    t 10%  3.18, 

    
   10%-   

DF  3.207    t 10%  3.15,  
PP(4)  3.368    t 10%  3.15,  

    
  10%-   

 ,     DF  PP, 
         -

  .  
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  (Leybourne, 1995)     -
  —  (DF)    xt    ,  

    ( . .    -
 ),        (DFmax). 

     DFmax   
    T  25, 50, 100, 200, 400    

 ( )    .     
       

( ).   ,       -
     — .   

         — 
. 

  10.2.3 

    ST_3  100    
   —  DF  3.207.    
   —   3.352.     
,  3.207,   5%-    3.45, 

   .  5%-    
    (  ) 3.15,    -

       ST_3   5%-  
.  

  —  

  (Schmidt, Phillips, 1992)      -
 DS (     )    

xt     t  wt , 

 wt   wt 1   t ,   t  2, ..., T. 

  ,      (   1    1)   
 ,    — .    -

     (DS),    (TS)   
     ,   .  -

     ,      — , 
    l  T1/2.       

  .      
       (Maddala, Kim, 1998, . 85). 

     . 
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  10.2.4 

     ST_3  100 ,  -
    — ,   3.12.    -

 5%-     3.06.     
    5%-  .  

 DF-GLS 

 ,   ,    — , 
    (Elliott, Rothenberg, Stock, 1996).  DF-GLS 

 ( . (Maddala, Kim, 1998))   a0  0   

yt
d   a0yt

d   a1 y d
t 1     ap y d

t p   error, 

 yt
d  — «  »  (  .   

). 

  10.2.5 

  ,    DF-GLS.  
  3.246,   5%-    2.89. -

     5%-  ,   , 
       — .  

  —  —  —   
(KPSS) 

 ,    (Kwiatkowski, Phillips, Schmidt, Shin, 
1992),       TS.  -

   : 

   
 

 
 

 
 

    ,   
 ,   ,   -

 ,  .    
  ,      ,   -

    DS- .    -
   LM-      

. 
     — ,      
,     — .     

      l    — , 
       -
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 l.         
,    (Schwert, 1989). 

   KPSS     -
    (Maddala, Kim, 1998, p. 120—122). 

  10.2.6 

   ST_3  100     
KPSS  l  3  0.157.        ,  

  TS- , ,     -
   .  ,  

  , : 5%-     0.146, 
  TS-     DS- .   -

  ,     
,  —   DF-GLS,     -
 TS-  DS- ,   .  

  (  ) 

 ,    (Cochrane, 1998),   -
     (VR — variance ratio): 

1V
VVR k

k , 

 )(1
kttk xxD

k
V . 

 xt —  ,  VRk  1,   xt — , -
    (   ),  VRk   0 

 k  . 
        -

 ,      
1kT

T   -

     VRk .    -
    VRk    k  1, …, K,   -

         TS  DS, 
          . 

         
     VRk : 

,
1

121
1

j

k

j
k r

k
jVR  

 rj  —    j      
xt   xt   xt 1 . 
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  10.2.7 

    ST_3 ,   -
 ,       

     TS  DS , -
  .       

.      . 10.12   
  TS- . 

       
  WALK_2     ( . 10.13). 

     ,  WALK_2  
DS .  

  

         
 ,         

,    . , , -
   ,      

   .  ,  
   (    )   

.       ,   
       -

 ,     
   DS ( ., , (Ghysels, Perron, 1992)),   

  .    (Davidson, MacKinnon, 
1993)      - -

 .      
          

. 10.12 

5 20
0.2 

0.4 

1.2 
 

0.8 

30 t 10 25 35 15

1.0 

0.6 

40 

VARRATIO   ST_3 

. 10.13 

5 20
0.8

0.9

1.3
 

1.1

30 t 10 25 35 15

1.2

1.0

40 

VARRATIO   WALK_2 
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    (dummy)  D1, …, D12 (   
)  D1, …, D4 (   ).    
   ,     -

  .      -
   —    (Dickey, Bell, Miller, 1986),  -

,     t     
     . 

     

   ,        
        ,    

,    . ,   
    ,      -

,   ,     .  
     , ,  (Shiller, Perron, 

1985)  (Perron, 1989 ). 

   
     

TS-  DS-  

        TS  DS 
  ,       

  TS,   —  DS,  4 , 
( . 10.21). 

 10.21 
     

 H0: TS —   H0: TS —  

H0: DS —    1  2 

H0: DS —   3  4 

    : 
  2 —   DS ; 
  3 —   TS ; 
  1 —    -    

 ; 
  4 —    (DGP)    -

   TS-  DS- . 
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   (Fuller, 1976)  (Dickey, Fuller, 1981)   
       

            
  ,   . 

         -
         — 

.      ,    
        -

    ,       — 
. 

        , 
   ,    —   1. 

          
      .     -

         -
  2. 

   ,     
     ,  -

      .   
   :   —  -

  ,      ,   
.      ,  -

        ,    
 . 

     ,     
      p  , p  1,  -

 (Dickey, Pantula, 1987)     -
       -

,    «    ».   
  ,   p    -

,        (p  1)  
  . . 

        AR(2) 
a(L)xt   t , 

. . 
(1  a1L  a2L2)xt   t ,      (1  aL)(1  bL)xt   t , 

 
21

1,1
z

b
z

a ,  z1, z2 —   a(z)  0. 

  ,      ,   
|z1|  |z2|  1,  , |a |  |b |  1. 
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     ,  xt ,    
, : 

xt   (a  b)xt 1   abxt 2   t . 

    xt 1 : 

xt   (a  b  1)xt 1   abxt 2   t . 

      xt 1 : 
2xt   xt   xt 1   xt 1   (a  b  1)xt 1   abxt 2   t    
2xt   (a  b  2)xt 1   (1  ab)xt 2   t . 

     : 
2xt   (a  b  2)xt 1   [ (ab   1)xt 2   (ab   1)xt 1]  (ab   1)xt 1   t    
2xt   (a  b  ab   1)xt 1   (ab  1) xt 1   t , 

  
2xt   (a  1)(1  b)xt 1   (ab  1) xt 1   t . 

     ,  
 2  ,   1     -

  : 

  a  b  1 (   ),  2xt   t ; 

  a  1, |b |  1 (   ),   
2xt   (b   1) xt 1   t ,      2xt   xt 1   t       0; 

  |a |  1  |b |  1 (   ),  
2xt   xt 1   xt 1   t       0     < 0. 

 ,    , . 
     ,    

  
2xt     xt 1   ut  

   t-       -
    —  (  1  2 —  

   ,      0    0).  ut  —  
   ,       -

   2xt 1 , ... , 2xt p 1 . 
       (   0) ,  -

    
2xt   xt 1   xt 1   ut  
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     0     0.   
   ,    xt   ,   

 — ,  xt  ~ I(1). 

  10.2.8 

     AR(2)   
   ( . 10.14 — 10.16). ,   

   —    . 

         

SM:  2xt     xt 1   t  

     0  
   0. (   

    
    

    
   -

   -
.)   ROOT2  

  , 
  2 (   0), 

    -
   
.  T  100  

5%-     — 
  2.89.  
 t-   1.64,      -

  .   ROOT0  ROOT1   

. 10.14 

10 50
–8 

–6 

4 
X 

–2 

70 30 t 100 20 60 8040

0 

–4 

90 

ROOT0 

2 

. 10.15 

10 50
–16

–12

4
X 

–4

7030 t 100 20 60 80 40

0

–8

90 

ROOT1 

. 10.16 

10 50
–8

–6

2
X 

–2

7030 t 100 20 60 80 40

0

–4

90 

ROOT2 
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 ,   1 (a  0),    
     .     

T  100  5%-     —   1.95. 
  t-   7.83   ROOT0  5.50  

 ROOT1,          
. 

          
ROOT0  ROOT1.       

SM:  2xt   xt 1   xt 1   t  

     0     0.  -
 t-   3.89   ROOT0  1.63   ROOT1, 

     0    ROOT0      
ROOT1. 

 ,    DGP   ROOT2   
  ,   DGP   ROOT1 —   

,    DGP   ROOT0      : 

DGP  ROOT0: xt   1.1xt 1   0.3xt 2   t , 

  (1  0.6L)(1  0.5L)xt   t ; 

DGP  ROOT1: xt   1.5xt 1   0.5xt 2   t , 

  (1  L)(1  0.5L)xt   t ; 

DGP  ROOT2: xt   2xt 1   xt 2   t , 

  (1  L)2xt   t .  

  c ,    , -
     ,  , -

,  (Patterson, 2000). 

  

  (Perron, 1989 )      -
   DS    —   -

,          
    TB       (  « »), 

    (  «  »),   
  .       

:  DS-      
 ,        , 

     , . .     
DS-  ( ., , (Engle, Granger, 1991)). 
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   (Nelson, Plosser, 1982),     -
  13       

     (  62  111 )   
 GNP,        (1948—

1987 .).  ,     ,    
 . 

        : 

SM:  xt     t   xt 1   ut , 

 ut  —   AR(k), 

DGP:  xt     ut  (c   0    0), 

       .  
    ,   13  14   -

   .     
  . 

      -
   ,   ,  , 

 ,    DS- .    ,   
  ,   —      
,        

    14 .       -
 ,      (Perron, 

1989 ). 
     GNP    I  1958 . 

 IV  1979 . ( . 10.17). 
      (    

 )   —   ,  -
  .      

 ,         
  1974 .   1974 . 

        
1958:1—1979:4,       19.086.  

   1958:1—1973:4    
  19.852.         

1975:1—1979:4      31.995.  
        -

  ,    -
 . ,        

,        1975 . 
   ,   ,  -
         -
 . 
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. 10.17 

         ,  
     ,   

  (Perron, 1989 ),     
   ,    -

. 
 zt  —       -

  : 

zt   a1zt 1   t , 
  yt    

yt   f(t)  zt , 

 f(t)  0  t  TB   f(t)    0  t  TB . 

 E(zt)  0,  E(yt)  0  t  TB   E(yt)     t  TB .  
,      TB   yt    -

    (        
). 

   ,     « » 
  AR(1)  yt .  

yt   f(t)  a1yt 1   t ,   a1  1, 

 f(t)  0  t  TB   f(t)   (1  a1)  t  TB ,   0. 

  TB   yt     .   -
     yt       TB?  

     : 

yt   a1yt 1   (f(t)  t)  a1yt 1   vt . 

GNP 

19
60

 

19
68

 

1000

1500

3500

X 

2500

19
72

 

19
64

 

 

19
78

 

19
62

 

19
70

 

19
74

 

19
66

 

3000

2000

19
76

 

19
58
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  t  TB   h : 

.)1(

))((

1

0
11

1

0
10

1

0
10

1

0
10

h

k

k
hT

k
kt

khT

hT

k
kt

khT
hT

k
kt

khT
hT

aaay

ktfayayy

B
B

B
B

B
B

B

 

     (    ) -
   E(yt)  0.    h     

.)1( lim
1

0
11

h

k

k

h
aa  

     t  TB   yt     
   ,      -

 . 
     f(t)   

 t  (     ),   
    (innovation outlier).     

      (additive outlier). 
     (  — -

),         
     ,    . 

  ,   : 
     — . 10.18; 
       — . 10.19; 
       — . 10.20; 
       (  

) — . 10.21. 

. 10.18 

10 50
–4 

0 

16 
Y 

8 

7030 t 10020 60 8040 

12 

4 

90

Y1_ADD 

Y1_INNOV 
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. 10.19 

. 10.20 

. 10.21 

Y2_ADD 

Y2_INNOV 

10 50
0

20

100
Y 

60

7030 t 10020 60 8040 

80

40

90

Y3_ADD 

Y3_INNOV 

10 50
0

20

140

Y 

60

7030 t 10020 60 8040 

100

40

90

120

80

Y4_ADD 

10 50
0

20

120

Y 

60

7030 t 10020 60 8040 

100

40

90

80



 10.     TS-  DS-  507 

       (Perron, 
1989 )     : 

A)  « »: 

tttt xDTBdcxH 10  :    (DS- ), 

tttA tDUcxH :    (TS- ); 

B)  «  »: 

tttt xDUcxH 10 :    (DS- ), 

tttA DTStcxH :    (TS- ); 

C) ,    : 

ttttt xDTBdDUcxH 10  :    (DS- ), 

ttttA DTtDUcxH :    (TS- ). 
 
 c — ; 

;0
11 ,Tt

DTB B
t  

;0
1

B

B
t T t

,Tt
DU  

;0 B

BB
t T t

,TtTt
DTS  

;0 B

B
t T t

,Ttt
DT  

t  ~ ARMA(p, q)  (  p  q   ). 

        
   A, B  C.  et  —  ,   -

   : 
  

ttt tDUcx   —   A; 

  

ttt DTStcx   —   B; 

  

tttt DTtDUcx   —   C. 
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        -
     

ttt ee 1  

 (   vt     )  -
  

.
1

1 t

k

j
jtjtt ecee  

 k ,       — , 
 ,    vt    -

.  t  — t-       1  -

 ; T —   xt ; T
TB ,  TB  —  ( ) 

 . 
   (  T  )   t  

     A, B  C,   (   
 )   t    t , 

   .     

      
T
TB , . .  ,  -

      .   
,   TB     —   

,         -
 ,        

 ,     -
 . 

   ,    -
 t     , . .  t   t . 

, ,  ,      
. ,    et , ,  , 
,       xt       

: 

 
tDUctf t)(   —   A, 

 

tDTStctf )(   —   B, 
 

tt DTtDUctf )(   —   C. 
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       ,  t  —  . 
   t  ,   t  ~ ARMA(p, q), 

p2  q2  0,      ,     -
  f(t)    ,   -

   xt  (    TS- ). 
,  p2  q2  0,      

,    .    ,   -
   t-  t ,    t-   -

    1 

  
tttt tDUcx 1   —   A, 

  
tttt xDTStcx 1   —   B, 

  
ttttt xDTtDUcx 1   —   C. 

       
 (Perron, 1989a),   ,      

      t ,    
  .  ,    

     t ,  ,   
   .      
   (Perron, Vogelsang, 1993).     ,  
      . 

    C    t      
  1   

t

k

j
jtjt

k

j
jtjt veceDTBe

0
1

0
 

        t ,    
   (Perron, 1989 ). 

  B (  )    -
   t       1   

,
1

1 t

k

j
jtjtt ecee  

 et  —  ,      
   

.ttt DTStcx  



  2.      510 

     (Perron, 1989 ). 
    —   14   -

        , 
    .    -
     11  14 , . .  -

      — -
.     ,     

        -
 . 

  10.2.9 

         
         -

  ,   xt   M1,  1 — 
 ,       -

 ,       . 
      1995:06—2000:07  -

 .   Xt   M1   . 10.22. 

. 10.22 

          
  —    —  ( . (  

  .., 2001))      
,         

.    ,     
       1998 . —  1999 ., -

  -   1998 . 

M1 

1996 
100 000 

200 000 

700 000 
X 

400 000 

 20001998 19991997 

500 000 

300 000 

600 000 
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 ,         
  1998 .,       -
   ,      

    ( )   
 (AO  —    ). 

    TB  —  ,    
   

xt     t  DTSt   ut , 

   DTSt   t  TB   t  TB    0    
 t.         et . 

    et   et 1     
et 1 , ..., et p : 

;
1

1 t

p

j
jtjtt ecee  

    t-     H0:   1 
     ,    

(Perron, Vogelsang, 1993, . 249).     -
       

,       
. 

   TB   42,   1998:08.    -
      12  

,    (  11 )  P-   
 —  (  AR(1) ),  0.0002   

  .    , 
  GS («    »)    SIC, 

  ,     -
     (  10%-   -

) .     -
  . 10.22. 
   . 10.22    , 

       
.     ,  -

        10%-  -
 . 

        
(SIC),   . 

    P-  (P-values) LM-  -
   — . ,   P- -

,    (  )  -
      . 
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 10.22 
     

  
 
  

 

SIC P-  
LM-  

P-  
White 

P-   
J-B 

t-  
 
 

 (    
 12  

) 

22.236 1 — 0.983  
2 — 0.967 

0.701 0.281 1.92 

8 22.157    2.27 

11 22.089    2.60 

10 22.018    2.90 

9* 21.986 1 — 0.590  
2 — 0.844  
3 — 0.954 

0.372 0.223 3.27 

4 21.974  0.040  2.78 

5 21.935  0.035  2.59 

3 21.898  0.016  2.22 

1** (   GS) 21.837  0.006 0.518 2.04 

7 21.834  0.002 0.184 1.37 

6 21.793   0.008 1.31 

2 (   SIC) 21.782   0.006 0.92 

    P-    (White)  -
  . 

    P-    —    
  . 

      t-  ( -
)  ,     -

 (  ) . 
    «    » (  10%-   

)     12   -
  ,   8, 11, 10, 9  

 ( ).    ,     -
,   1—7  12 ;    

    ,  .  -
 ,     , 

   10%-  ,     -
,      ,   -
.    ,    

    . 
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   ,   -
       -

,     ,    
  ,  . 

      
         -

  

T
TB , 

 TB  — ,      ; 
 T —  . 

     42/62  0.667.  5%-   
 (        

)    3.94 (    0.6)  3.89 (    0.7). 
             

  . 
 ,     1998:08    -

       1998 .  -
     1.        

        t- -
   .  

   

     14   
,          

   .      
(Zivot, Andrews, 1992),      . 9 (  9.2), 

   ,     GNP  -
      II  1973 . (  -
  -  ).      

  ,    -
  ( ).        

   ,    (1964 .),    
(1965—1974 .),    1980-  .    

      1973 .,    -
  GNP.    ,   ,   

     (  ) -
 ,         

  .    ,  , 
   (Perron, 1989 ),  ,  ,  

   . 
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   ,       
,        

(    ),      
   «  »,    -
         

t-  t     H0:   1;     
 ,    t    (tmin).   

 ? 
   ,   (1890—1970 .). 

    (Zivot, Andrews, 1992)    A ( .  
 A, B, C),         DTBt . 
   ,   GNP,    -

   1929 . (  ).     t  
    t   4.95, TB   40,   40/81  0.49.    -

 (5%- )   t    3.76,    
  .    ,   , 

       (1929 .),   tmin   4.95.  
t-   .    tmin  -

    t    : 5%-  -
   tmin   5.26.  tmin   4.95  5.26,  

  (H0:    1)   . 
          

   .     -
  11  14  (      

GNP (  )    (1860—1970)).   
      -

 (  ):       
  ,   . 

, , ,      -
 GNP,        

        -
 —  (kurtosis): 5.68, 4.658, 4.324,     

   ,     
   tmin . (    

        
.       31.) 

____________ 
1         

    k (k    3),  0   
.     -  ,    , 

      Econometric Views,  
  ( ) . 
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      (  
)       

       5%-   -
: 5.86, 5.81  5.86 (  5.38, 5.33  5.63 ). -
  tmin     : 5.82, 5.30  5.61, ,  , 

    . 
,  ,     -

  « »,  D( t)  ,    -
 tmin    ,    -

   5%-        
 . 

          
(Perron, 1997).     ,   -

    t min     -
 ,      . 

      A  C,     
(      )  DTBt . ,  

.10
,11

B

B
t Tt

Tt
DTB  

,   (Perron, 1997),     
PERRON97     RATS. 

   : 
IO1 —   ,  ; 
IO2 —   ,   ,   

; 
AO —   ,    . 

      : 
UR —   t-      

  1; 
STUDABS —     t-   

        
,     (   

IO1)      (   IO2); 
STUD —   t-      

     , -
    (   IO1)   -
   (   IO2). 

       
   ,      
   . 



  2.      516 

  10.2.10  (   10.2.9   1) 
          

 ,   ,   
PERRON97     RATS,  , 

  (Perron, 1997).    , -
  ,      

,  . 
  ,      

      (IO).  -
  PERRON97      . 10.23. 

 10.23 

  PERRON97       
break date TB = 1999:07; statistic t  (alpha = 1) = –3.34124 

Critical values at 1% 5% 10% 

For 70 observations 6.32 5.59 5.29 

Number of lag retained: 12   

Explained variable: M1   

 Coefficient Student  

CONSTANT 124786.79561 3.33345  

DU 2506239.31872 3.77751   

D(Tb) 40455.79442 2.72347  

TIME 9769.03708 3.44839  

DT 23866.02686 3.78217  

M1{1} 0.91050 1.59235   

 
DUt   1    t  TB       DUt   0      t; 

D(Tb)t   1    t  TB   1      D(Tb)t   0      t; 

DT  t    t  TB       DTt   0      t; 

(M1{1})t   M1t 1 . 

:      -
         

 —         
   6 : CONST, DU, D(Tb), TIME, DT  -

     M1{1}. 
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 PERRON97        1999:07, 
       t-   

  t 1 ,      .  
 t 1   3.341,   5%-    5.59,   

   .   , 
    ,   12   -

  GS     10%-   . 
        -

 t-    d   DTt ,   
  ,   1998:04.   t 1   0.547, 

  5%-    5.33,     
 . (       
 11.) ,        -

 t-         -
   DT,     , 

   1998:04        
  (UR- ). 

  ,     
 (   )     (AO). -

   PERRON97      
 . 10.24. 

 10.24 

  PERRON97       
break date TB = 1999:02; statistic t  (alpha = 1) = –3.59417 

Critical values at 1% 5% 10% 

For 100 observations 5.45 4.83 4.48 

Number of lag retained: 12   

Explained variable: M1   

 Coefficient Student  

CONSTANT 104939.65455 20.48279  

TIME 4832.56930 26.73200  

DT 14335.07564 21.11189  

M1{1} 0.75752 1.54915  

:      -
         . 

          -
    CONST, TIME, DT,   -
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      et .     
  et   et 1     et 1 , ..., et p . 

       t 1  
     1   et 1    -

.       1999:02, t 1   3.594 ( -
 12  ), 5%-     4.83, 

  UR-       . 
,         

 :     — 
 —   1.626    -

,  3.    (Zivot, Andrews, 1992) (    
),         -

  ,      
   ,  UR-      

. 
      1    1995:06 

 2000:07,    (   -
 .., 2001).      

 . 10.25. 

 10.25 

   1    1995:06  2000:07 

 ( )     
( ) 

DS TS 

  —  ( )    

  —     

 DF-GLS    

 KPSS   

     DS  

   
(     ) 

   

    
(     ) 

   

 ,     -
   ,   :  DS-   

,    TS-  ;  -
       DS- .  
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1.  ,    — ,   -
 TS-  DS- ? 

2.            
? 

3.       ? 
4.         -

 TS  DS- ? 
5.       ,     

  ? 
6.         (   -

 )? 
7.         -

   TS-  DS- ? 
8.        ? 
9.         — ? 

 
 



 

 
 

       11 

    
    . 

    .  
     

  11.1 
    .  

    .  
     

   

     ( ,  — spurious) 
.        ( .  1.3.4  

 . 1)        ,    1  
      

      ,   
       . 

  11.1.1 

       
 1t   2t  ,   -

 ,     N(0, 1). 
    . 11.1  11.2. 

       DGP 

DGP: xt   1  0.2t  1t , 

 yt   2  0.4t  2t , 

   x  y      -
. 
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, ,     

SM:  yt     xt   t  

  .   xt  yt   . 11.3. 
     . 

. 11.3 

     . 11.1. 
   ,  -

 ,       -
     . 

       . -
      ( . 11.2). 

    ,     -
      .    - 

. 11.1 

5 25
3 

2 

3 
 

1 

2 

35 15 t 50 10 30 4020 45 

0 

1 

EPS_1 

. 11.2 

5 25
3

2

3

1

2

35 15 t 50 10 30 40 20 45 

0

1

EPS_2 

X 

Y 

25
0

5

25

 

15

3515 t 5010 30 4020 

20

10

455 
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 11.1 
  Y 

   
 t-  P-  

C 1.553866 0.685771 02.265868 0.0280 

X 1.800255 0.102997 17.478780 0.0000 

R-squared 00.864218 Mean dependent var 12.22809 

Adjusted R-squared 00.861389 S.D. dependent var 05.953260 

S.E. of regression 02.206028 Akaike info criterion 04.459442 

Sum squared resid 233.5948000 Schwarz criterion 04.535923 

Log likelihood 109.48600000 F-statistic 305.5076000 

Durbin-Watson stat 02.150060 Prob. (F-statistic) 00.000000 

 11.2 
  ,   Y 

   
 t-  P-  

C 2.037450 0.294861 6.909879 0.0000 

T 0.412232 0.028055 14.69394 0.0000 

X 0.054186  0.133658 0.405410 0.6870 

R-squared 0.975727 Mean dependent var 12.228090 

Adjusted R-squared 0.974694 S.D. dependent var 05.925326 

S.E. of regression 0.942598 Akaike info criterion 02.777771 

Sum squared resid 41.7590800 Schwarz criterion 02.892492 

Log likelihood 66.44428000 F-statistic 944.6386000 

Durbin-Watson stat 2.249075 Prob. (F-statistic) 000.000000 

       xt   
,   xt ,  ,      , 

    yt . 
 xt          

( . 11.3),        
,    . 

 ,       -
   yt    xt   t .    ,    

 SM     233.59,      
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 11.3 
  Y 

   
 t-  P-  

C 1.990020 0.268291 7.417403 0.0000 

T 0.401493 0.009157 43.84727 0.0000 

R-squared 0.975642 Mean dependent var 12.228090 

Adjusted R-squared 0.975134 S.D. dependent var 05.925326 

S.E. of regression 0.934357 Akaike info criterion 02.741262 

Sum squared resid 41.9051100 Schwarz criterion 02.817743 

Log likelihood 66.53155000 F-statistic 1922.58300000 

Durbin-Watson stat 2.249658 Prob. (F-statistic) 00.000000 

  —    41.91.     
,    yt    -

   xt .  

        
 ,    DGP       

  . 
  ( )      

         
.       , -

  ,   .  -
 . 

  11.1.2 

     : 

DGP: xt   xt 1   1t , 

 yt   yt 1   2t , 

 1t   2t  —  ,     11.1.1. 

  xt   yt    . 11.4. 
,     , -

  50  (  51-   100- ).    -
   

SM:  yt     xt   t  

    ( . 11.4). 
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. 11.4 

 11.4 
  Y  

Sample: 51 100; Included observations: 50 

   
 t-  P-  

C 8.616496 0.748277 11.515120 0.0000 
X 0.597513 0.077520 07.707873 0.0000 

R-squared 0.553120 Mean dependent var 3.404232 
Adjusted R-squared 0.543810 S.D. dependent var 3.354003 

S.E. of regression 2.265356 Akaike info criterion 4.512519 
Sum squared resid 246.32830000 Schwarz criterion 4.589000 

Log likelihood 110.813000000 F-statistic 59.4113100 
Durbin-Watson stat 0.213611 Prob. (F-statistic) 0.000000 

     DGP  
yt  xt    

       
 ,  

    
  -

: 0.553. ,    
 ,    -
     

  ( . 11.5). 
, ,   -

   100 ,  
    

 ( . 11.5). 

X 

Y 

10 50
–20

–15

10
 

–5

7030 t 10020 60 8040

0

–10

90

5

. 11.5 

X 

55 75
20

15

10

0

5

85 65 t 100 60 80 90 70 95 

5

10

Y 
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 11.5 
  Y  

Sample: 1 100; Included observations: 100 

   
 t-  P-  

C 1.490206 0.664538 2.242470 0.0272 
X 0.055097 0.083978 0.656086 0.5133 

R-squared 0.004373 Mean dependent var 1.120548 
Adjusted R-squared 0.005786  S.D. dependent var 3.513463 

S.E. of regression 3.523613 Akaike info criterion 5.376648 
Sum squared resid 1216.753000000 Schwarz criterion 5.428752 

Log likelihood 266.832400000 F-statistic 0.430449 
Durbin-Watson stat 0.061638 Prob. (F-statistic) 0.513306 

        ,  
    xt   0.0551  0.5975,  

     51-   100- .   -
     DGP      -

     xt ,    
.       
  —  (0.214      0.062 

    ).  

     ,  -
       , 

   (   !)   -
   .   

   . 
 DGP:  xt   xt 1   1t , yt   yt 1   2t ,  x0   0, y0   0,  1t   2t  — 

      
  , 1t  ~ N(0, 1

2), 2t  ~ N(0, 2
2),   

Cov(xt , yt)  0. ,   T  (xt , yt), t  1, 2, ..., T, 
    

SM:  yt   xt   ut ,   ut  ~ i.i.d. N(0, u
2),   Cov(xt , ut)  0. 

         
   : 

T

t
t

T

t
tt

T

x

xy

1

2

1ˆ . 
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    DGP  ˆ
T   

   T          -
,   . 

      SM (  ), 
    (   DGP!)  

),(),(),(),( tttttttt xDxxCovuxxCovyxCov  

. .    

.
)(

),(

t

tt

xD
yxCov  

   (  DGP) Cov(xt , yt) = 0,      
 ,       (  SM) 

 ,     ˆ
T   0  . 

,  T    t-  t     H0:   0 
    ,    

 t-        
 , . .    ,    xt   yt   

  .    -

     t ,   ,1 t
T

  -

    . 
    —  (DW),    

 DW  0    T  ,     
       

.        -
  ,     -
 . 

  11.1.3 

     

DGP: xt   xt 1   1t , 

 yt   yt 1   2t , 

 1t   2t  —  ,   
 ,    -
 N(0, 1). 

    

SM:  yt     xt   t  
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    51-   100-   
ˆ
T  0.598,   t   7.708,   DW  0.214. 

    ( . 11.6)      
.  

    -
  « » -

     
 ,    

  -
 ,    -

   
   -

  (   — -
,  —   .). 

, ,  ,  -
      « » 

,    ,  
  -

   (       ).  
      -

      ,   
      « » .  -

    ,    -
       ,   

     11.2.    ,   
      . 

  11.1.4 

    SM:  yt     xt   t    
 51-   100-     

yt   8.616  0.598xt   et . 
      ,     -

   —   « » , . .   

et   et 1   vt  

  t-  t     H0:   0,  
        . 

 H0    HA:   0 (   -
   ),  t   t .   

t  (     )    : 

. 11.6 

RESIDS 

55 75
20 

15 

10 
 

0 

5 

85 65 t100 60 80 9070 95 

5 

10 
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,2
2

1
1 TTt  

 , 1, 2         . -9 
      ... (MacKinnon, 1991).  

5%-    

t   3.3377  5.967T 1  8.98T 2, 

  T  50  t   3.46.     
5%-      —  ( 2.92), -

   « » . 
       —   

 t   2.01.    5%-   -
,      .  

 ,    ( )   ( -
)       xt   yt , 

     (xt , yt  ~ I(1)), 
    :    -

 ,    yt   xt  ? 
     ,  ,   xt   yt  

(  xt   yt)  (cointegrated time series).   
  ,   xt   yt  (  xt   yt)  

  . 
      yt     xt   ut  

,     ˆ
T,  ,   

 -       xt  
 yt  ( ., ,   11.1.6). 

,   xt   yt  ,  ˆ
T  -

    ,    yt   xt  . 
 ,    

DGP: xt   xt 1   1t , 

 yt   yt 1   2t  

   1t   2t     
, . . Cov( 1t , 2t)  0,   1t   2t    -

,   xt   yt  .   ,   
  ,   yt   xt   ut ,  ut  —  . 

 yt 1   xt 1   ut 1 ,   yt   xt   ut ,   2t   1t   ut . 
     ut   ut 1   t ,  
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t   2t   1t  ~ i.i.d. N(0, 2). 

  ,  ut  —  . 
     x0  y0  0,  

Cov(xt , yt)  Cov( 11    1t , 21    2t)  tCov( 11, 21), 

  xt   yt  — ,     -
. 

,     —    
        

  (Cov( k1, s1)),   k, s  1, 2. 

        — 
,     (CRDW — cointegrating regres-

sion DW): 
et   yt   ˆT   T̂ xt . 

 T  50 5%-       0.78. 
   ,   -

     . 
  11.1.3    —   0.214, 

        . 
         

  1  xt   yt?    
    . 

1.         
, ,    

SM:  yt     yt 1   xt   xt 1   ut , 

 ut  —     xt     
. 

        : 

) yt     yt 1   xt   (   )xt 1   ut , 

) yt     yt 1   (   )xt   xt   ut , 

       yt ~ I(1). 
    )     

   xt ,    
; yt 1 , xt 1  ~ I(1), ut —  .     

 (Sims, Stock, Watson, 1990),      
    SM ,  -
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   .  t-   -
  H0:   0     

N(0, 1),  ut —  . 
     )    -

    xt ,   -
 ; yt 1 , xt ~ I(1), ut —  .  

      SM  ,  
 t-     H0:   0   

  N(0, 1),  ut —  . 
           

,  ut —  ,    . 
     N(0, 1)  -

  t- ,    -
    ut    

   ,    10.2. 
     qF  2F    H0:     0 

    2(2),  -
 SM      , -

           
    ,  -

   (       -
 ). 

2.       xt   yt , 
. .     

SM:  yt     xt   ut , 

 ut —  . 

        ,    -
 .  t-    -

  N(0, 1),  ut —  .  ut — -
 ,    ,   -

  t- ,    . 

3.       -
 : 

SM:  yt     xt   ut ,   ut   xt 1   t ,   ut  ~ i.i.d. N(0, 2), 

       , ,  -
,   

yt   yt 1   (1  )  (xt   xt 1)  t . 
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    ˆ   1 (  ),    
 T      -

 . 

  11.1.5 

      ,  
       

DGP: xt   xt 1   1t , 

 yt   yt 1   2t , 

 1t   2t  —  ,   
 ,    -
 N(0, 1). 

    50 . 
  ,   ,   

 . 11.6. 
 11.6 

  Y 

   
 t-  P-  

C 0.447271 0.550358 0.812691 0.4206 

X 0.014458  0.123861 0.116725  0.9076 

Y( 1) 0.970105 0.055989 17.32664 0.0000 

X( 1) 0.033532 0.120061 0.279290 0.7813 

 P-      xt   xt 1  
  ,   xt      

 yt . 
  ,   ,   

 . 11.7. 
   ,    -

  1t   2t . 

 11.7 
  D(Y) 

   
 t-  P-  

C 0.184523 0.117614 1.568884 0.1232 

D(X) 0.033386  0.116361 0.286915  0.7754 
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  ,   

yt   yt 1   (1  )  (xt   xt 1)  t , 
. . 

yt   *  yt 1   (xt   xt 1)  t . 

      ( . 11.8). 

 11.8 
  Y  

Method: Least Squares; Convergence achieved after 7 iterations; Y=C(1)+C(2)*Y(-1)+C(3)*(X-C(2)*X(-1)) 

   
 t-  P-  

C(1) 0.217398 0.159423 1.363650 0.1792 

C(2) 0.988791 0.035801 27.61920 0.0000 

C(3) 0.027306  0.119276 0.228934  0.8199 

R-squared 0.940380 Mean dependent var 3.404232 

  ,   yt 1      1,   
   .    

     P-  0.367.  

  11.1.6 

   ,      xt   yt , 
. . 

xt   xt 1   1t , 

yt   yt 1   2t . 
  : 

1t , 2t  —  ,   
 ,    N(0, 1.25); 

Cov( 1t , 2s)  0  t  s, Cov( 1t , 2t)  1. 

,  , ,  Corr( 1t , 2t)  0.8. 
  1t   2t    . 11.7. 

    1t   2t     
 ,      

  0.789.      xt   yt    
,    . 11.8.    . 11.9  -

   xt   yt      
 1t   2t . 
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. 11.7 

        
    ;    -

   1t   2t   0.792. 
   yt     xt   ut .      

    — ,  2.112,   
5%-    3.46.     -

   . 
  ,   ,   

 . 11.9. 
     ,   1t   2t   
    ,   -

      xt   xt 1 .   -
   ,  . 11.10. 

NOISE_X 

NOISE_Y 

10 50
–3 

–2 

3 

 

0 

7030 t 10020 60 8040 

1 

–1 

90

2 

. 11.8 

10 50
–20 

–15 

10 

 

–5 

70 30 t 100 20 60 8040

0 

–10 

90 

X 

5 

Y 

. 11.9 

10 50
–20

–15

10

 

–5

7030 t 100 20 60 80 40

0

–10

90 

X 

5

Y 
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 11.9 
  Y 

   
 t-  P-  

C 0.548392 0.377080 1.454312 0.1526 
X 0.718479 0.079943 8.987361 0.0000 

Y( 1) 0.913556 0.067811 13.47210 0.0000 
X( 1) 0.641522– 0.088805 –7.223976– 0.0000 

R-squared 0.987574 Mean dependent var 0.957402 

 11.10 
  Y 

   
 t-  P-  

X 0.695862 0.079341 8.770553 0.0000 
Y( 1) 1.005257 0.025245 39.82053 0.0000 
X( 1) 0.707002  0.077447 9.128837  0.0000 

R-squared 0.987003 Mean dependent var 0.957402 

  yt   1.005yt 1   0.695xt   0.707xt 1   et .    yt 1  
  1,    xt   xt 1      

    ,     -
  DGP. 

  ,   ,   
 . 11.11. 

 11.11 
  D(Y) 

   
 t-  P-  

C 0.100915 0.083851 1.203508 0.2347 
D(X) 0.694000 0.077274 8.981039 0.0000 

R-squared 0.626921 Mean dependent var 0.226857 

       DGP   
   xt ,    -

  1t   2t , . .  xt   yt .    
    ,  , 

  . 11.12. 
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 11.12 
  D(Y) 

   
 t-  P-  

D(X) 0.709553 0.076533 9.271155 0.0000 

  yt   0.710 xt   et ,  yt   yt 1   0.710xt   0.710xt 1   et . 
,   ,   

yt   *  yt 1   (xt   xt 1)  t . 

   . 11.13. 

 11.13 
  Y  

Convergence achieved after 8 iterations; Y=C(1)+C(2)*Y(-1)+C(3)*(X-C(2)*X(-1)) 

   
 t-  P-  

C(1) 0.329205 0.250398 01.314726 0.1950 

C(2) 0.941984 0.056946 16.541700 0.0000 

C(3) 0.723593 0.079341 09.119982 0.0000 

R-squared 0.987410 Mean dependent var 0.957402 

     . 
      . 11.14. 

 11.14 
  Y  

Convergence achieved after 4 iterations; Y=C(2)*Y(-1)+C(3)*(X-C(2)*X(-1)) 

   
 t-  P-  

C(2) 1.014411 0.020750 48.886080 0.0000 

C(3) 0.702102 0.078268 08.970448 0.0000 

  
yt   1.014yt 1   0.702(xt   1.014xt 1)  et , 

 
yt   1.014yt 1   0.702xt   0.712xt 1   et . 
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  ,   : 
yt   1.005 yt 1   0.695xt   0.707xt 1   et  (  1); 

yt   yt 1   0.710xt   0.710xt 1   et  (  2); 

yt   1.014 yt 1   0.702xt   0.712xt 1   et  (  3). 

           
    : 

yt   0.7 xt   et . 
       -

  (        ): -
  —    1.985, P-   

 —   0.344.  

 11.1.1.    ,   -
 ,    ,  

     .    
,    ,    

 ,       
  (   )? 

       
: 

       
 ,     

  ,   
MA- ; 

      1    
,      

       
  . 

    ,   -
 ,       

 . 

   

 yt  ~ I(1), xt  ~ I(0).   yt   xt     -
,     a  b    

yt   a  bxt   ~ I(1). 

, , yt  ~ I(0), xt  ~ I(1).   a  b  0   

yt   a  bxt   ~ I(1) 
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   b  0  
yt   a  bxt   ~ I(0), 

             
 . 

  yt  ~ I(1), xt  ~ I(1) —   . 
   b 

yt   bxt   ~ I(1), 
  yt   xt   ,    ,   

   . 
   ,    b  0 

yt   bxt   ~ I(0) —  . 
  ,   yt   xt   ,    

(1, b)T —   (cointegrating vector). 
,  yt  ~ I(1), xt  ~ I(1)   (   

 —  , deterministic cointegration),  
  ( )    ( 1 , 2)T  0,  -

 
1xt   2 yt   ~ I(0) —  . 

,      ( 1 , 2)T     
 xt   yt ,           

c   (c 1 , c 2)T,  c  0 —  .   -  
 ,     (normaliza-

tion) — ,     (1, b)T (   
 ( a, 1)T). 

    ,  xt , yt  ~ I(1),   -
 xt , yt  .    ,  -

   ( xt , yt)T         
   (VMA) 

( xt , yt)T     B(L) t , 
   ( 1 , 2)T ,   1   E( xt),   2   E( yt), 

 t   ( 1t , 2t)T  —   , 

. . 1, 2, ... —     , -
   ,   

E( t)  (0, 0)T ,   D( 1t)  1
2,   D( 2t)  2

2,   Cov( 1t , 2t)  12 —  
; 

B(L)  .
10
01  

1
)(

22
)(

21

)(
12

)(
11 k

k
kk

kk

L
bb
bb  



  2.      538 

 , ,     -
  ( xt, yt)T       . 

   ( . (Granger, 1983),   (Engle, 
Granger, 1987)),   ,     I(1)  
xt   yt  (   ): 

(I)   ( xt , yt)T     B(L) t   B(1)   1; 
(II)   xt   yt    ARMA  

A(L)(xt , yt)T   c  d(L) t , 

     t  —     ,    (I); 
      c   (c1 , c2)T , c1   c2  — ; 
 A(L) —     ; 
 d(L) —     , 

 A(0)  I2  (    (2  2)), 
 rank A(1)  1 (  (2  2)-  A(1)  1), 
  d(1) . 

         (2  2)-  A(1) 
 ,         -

   (reduced rank VAR). 
    (II)  : 

.)(

,) ( 

0
  ,2

1
  2  22

0
  ,1

1
  1  11

q

k
ktk

p

j
jtjjtjt

q

k
ktk

p

j
jtjjtjt

ybxacy

ybxacx
 

    p  q        -
. 

   AR ,    d(L)  1, p  . 

(III)   xt   yt       -
  (error correction model — ECM) 

,) (
0

  ,1
1

  1  11  11
k

ktk
j

jtjjtjtt yxzx  

,  ) (
0

  ,2
1

  2  21  22
k

ktk
j

jtjjtjtt yxzy  

 zt   yt   xt   E(yt   xt) —      
,  zt  ~ I(0); 

 1
2  2

2 > 0. 
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  (II)   AR(p)  (p  ),  ECM -
 : 

,) ( ,1

1  

1  
  1  11  11 t

p

j
jtjjtjtt yxzx  

.) ( ,2

1  

1  
  2  21  22 t

p

j
jtjjtjtt yxzy  

   . 

   xt , yt  ~ I(1) ,     ECM 
. 

    (xt , yt)T  ~ I(1) (     ( xt , yt)T  
)   ECM- ,   xt   yt  -

. ( ,      ECM, -
  zt 1 , ,     zt 1 .) 

   xt , yt  ~ I(1) ,  VAR     
   (    ,   xt   yt   -

). 

  zt  yt    xt ,    E(yt   xt),  -
  ,     t   (equi-

librium),   yt    xt   0.    
 xt   yt         
   zt 1 .  zt , ,     

          , 
          -

    (mean-reversion). 

 11.1.2.  xt     -
   yt ,      

xt         yt   -
     .  yt  

       xt ,   
   yt      -

   xt       
 1. (    -

  .) 
____________ 

1        ,   -
   . 
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 xt , yt  ~ I(1)  ,     -
   (Granger causality),   ,  

  .       
    ECM,   1

2  2
2  0.  xt 1   

  zt 1      yt  ( . . 
 xt       yt), 

 2  0.  yt 1    zt 1    -
  xt ( . .  yt    
   xt),  1  0. 

 11.1.3.  xt , yt  ~ I(1)   wt  ~ I(0). 
   k   xt   yt k   wt ,   0.  

 xt  ~ I(1),    xt   xt k . ( , 
 xt   xt k   xt   xt 1     xt k  —  I(0)- , 

   I(0)- .) 

  —     
  

,    xt , yt  ~ I(1) : 

   ( )  yt     xt ; 
      ECM, 

      . 
, ,   ,    ECM   

      (   -
 —   ). ,     -

 .  ,       
. 
   (Engle, Granger, 1987)   -

  ECM   . 
            

yt   xt  
yt     xt   ut . 

     ˆ   ˆ   
  ( K- ),      -

  

ẑt   yt   ˆ   ˆxt , 

. .    . 
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       (   -
!)  : 

,)(ˆ
1  

1
  1  11  11 t

p

j
jtjjtjtt yxzx  

,) (ˆ
1  

1
  2  21  22 t

p

j
jtjjtjtt wyxzy  

. .   VAR(p)  xt , yt . 
      ,  (  -

   xt   yt)      ˆ 
   (  )     — 

    (1, )T (  , ˆ -
    ). ,   ,   

 ,      ECM,   
 zt 1 ,     ,    

 ,    zt 1  
(     ).   -

       
   . 

,    ,      
  ẑ t     ,   

ˆ  . 
 ,      -

    ( , 1)T,     xt   -
  yt ,     ,   , -

   . 

 11.1.4.  ,  ˆ     
(  )  ,   ,     -

  —     -
 .   ,       

  ,  ,  -
 .  ,   T  ˆ  

   . 
       -

,          -
       

. ,       
  ( ,    

    ). 
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 11.1.5.      -
  —       -

 ẑ t   yt   ˆ   ˆxt        
     ,     -

    xt   yt . 
     .   ẑ t  

   —  t ,    
        , 

     « »,       -
 .    xt   yt  

,    t    -
  t ,    -

, . .  t   t .   ,   t  -
     t ,   
 « » ,       

 .   c     (Mac-
Kinnon, 1991);   ,   

,   (Patterson, 2000)  (Hamilton, 1994). 
        11.2. 

  11.1.7 

     
DGP: xt   xt 1   t , 
 yt   2xt   vt , 

 x1   0; 
 t   vt  —       -

,    , 
    N(0, 1). 

    xt   yt    . 11.10. 
 (xt , yt)     

xt   xt 1   t , 
yt   2xt 1   t , 

 t   vt   2 t  ~ i.i.d. N(0, 5). 
  ECM    : 

xt   t , 
yt   (yt 1   2xt 1)  t   zt 1   t , 

 zt   yt   2xt , 
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. 11.10 

 
xt   1zt 1   t , 
yt   2zt 1   t , 

 1   0, 2   1,   1
2  2

2  0. 

 ,     ,  
  ,    VAR  DGP.    ,  
      ECM  : 

xt   1zt 1   11 xt 1   11 yt 1   vt , 

yt   2zt 1   21 xt 1   21 yt 1   wt , 

,        
 (p  2).    100 . 

 I.      yt     xt   ut . 
    . 11.15. 

 11.15 
  Y 

   
 t-  P-  

C 0.006764  0.165007 0.040992  0.9674 

X 1.983373 0.020852 95.11654 0.0000 

R-squared 0.989284 Durbin-Watson stat 002.217786 

  yt  0.006764  1.983373xt  ût ,   

ẑt  ût  yt  0.006764  1.983373xt . 

Y 

X 

10 50
–40

–30

10
 

–10

7030 t 10020 60 8040 

0

–20

90
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,  VAR   2,     — 
    yt  xt       

    : 

ẑt  ẑt 1   1 ẑt 1   t . 
  ,  . 11.16. 

 11.16 
  D(Z) 

   
 t-  P-  

Z( 1) 1.153515  0.151497 7.614088  0.0000 

D(Z( 1)) 0.038156 0.100190 0.380837 0.7042 

   t   7.614  5%-   -
 3.396 ( . (Patterson, 2000, . 8.7)).   

   . (   -
        -
 ,        -

.      t   11.423,    -
    .) 

 ,      yt   xt   
     . 

 II.       xt  ( . 11.17). 

 11.17 
  D(X) 

   
 t-  P-  

C 0.028016 0.100847 0.277810 0.7818 

Z( 1) 0.250942 0.176613 1.420858 0.1587 

D(X( 1)) 0.639967 0.257823 2.482201 0.0148 

D(Y( 1)) 0.258740 0.116654 –2.218019 0.0290 

        -
     P-  -

    ( . 11.18) ,   ,   

xt   vt , 

       xt . 
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 11.18 
  D(X) 

   
 t-  P-  

D(X( 1)) 0.115141 0.100249 1.148554 0.2536 

    yt ,  . 11.19. 

 11.19 
  D(Y) 

   
 t-  P-  

C 0.060101 0.211899 0.283630 0.7773 

Z( 1) 0.641060 0.371097 1.727472 0.0874 

D(X( 1)) 1.313872 0.541733 2.425311 0.0172 

D(Y( 1)) 0.482981 0.245111 1.970459 0.0517 

      ,  
. 11.20. 

 11.20 
  D(Y) 

   
 t-  P-  

Z( 1) 0.638888 0.369218 1.730381 0.0868 

D(X( 1)) 1.317763 0.538932 2.445138 0.0163 

D(Y( 1)) 0.483722 0.243908 1.983217 0.0502 

        -
   ẑt 1 ,       

  yt   xt .      -
,   ECM    1

2  2
2  0. -

  zt 1         xt ,  

       yt .   -
   yt 1 ,      ( . 

11.21)      xt 1 ,  
    yt   2 ẑt 1   wt .  ,  

. 11.22. 
  H0:  2  1  . 11.23. 
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 11.21 
  D(Y) 

   
 t-  P-  

Z( 1) 1.186411 0.248876 4.767072 0.0000 

D(X( 1)) 0.331411 0.210732 1.572671 0.1191 

 11.22 
  D(Y) 

   
 t-  P-  

Z( 1) 1.273584 0.247887 5.137760 0.0000 

 11.23 
  C(1) = –1 

F-statistic 1.218077 Probability 0.272441 

Chi-square 1.218077 Probability 0.269738 

    ,     
ECM 

xt   t ,   yt   ẑt 1   wt , 

  ẑt 1   yt 1   0.006764  1.983373xt 1 . 

    ẑt 1     yt   
  

yt   0.0068  1.983xt 1   wt , 
    

yt   2xt 1   t , 
  DGP. 

, ,   wt   yt   ẑt 1  -
           

 4.62 (  DGP   5.00),  -
 t   xt        -

  1.04 (  DGP   1.00). 
   

xt   t ,   yt   ẑt 1   wt , 
  ,        yt ,  

  —   ẑt 1 , . .  
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yt 1   ( 0.0068  1.983xt 1)  0, 

     yt    ẑt 1  -
        yt . -

,   ẑt 1       
   yt . 
   xt    ẑt 1    -
  yt , . .  xt     -

   yt .        yt   
     xt ,   yt    -
    xt .  

 ,     ECM Cov(vt , wt)  0,   
       ,  

          . 
       

DGP:  xt   xt 1   t ,   yt   2xt   vt  

   ,     
 (Phillips’s triangular system).    (   )  

  : 
yt   xt   vt , 

xt   xt 1   t , 

 ( t , vt)T ~ i.i.d. N2(0, ) —  ,  
  ,   -

      
   .   -

     (two-dimentional 
Gaussian white noise). 

   ,   Cov( t , vt)  0,  xt   -
    ,      

      . 
  Cov( t , vt)  0,  xt        

,     Cov(xt , vt)  Cov(xt 1   t , vt)  0.  -
           

   . 
        

,         -
 . 
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 .     

   

  N   y1t , ..., yN t ,     -
  1.        ( 1 , ..., N)T, 

  
1y1t     N yN t  ~ I(0) —  , 

 ,     (   ),   
  .    

c  E( 1y1t     N yN t), 
        

(long-run equilibrium relation)  : 

1y1    N yN   c. 
     t   -

 (deviation)     ,  
 

zt   1y1t     N yN t   c. 
     zt   , -
   ,      -
  , . .      -

 . 
        

 . 

1.     .  
          -

   

1y1t     N yN t . 
      ,  -

      « » .  -
       N. 

      . 
    . 

2.  y1t , ..., yN t      ( , 
E( yk t)  0   k  1, 2, ..., N). 

2a.    (SM)   -
.     
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SM:  y1t   2 y2t     N yN t   ut , 

   

ût   y1t   ( ˆ2 y2t     N̂ yN t), 

   

ût   ût 1   1 ût 1     K ût K   t  

       
 H0:   0   H0:   0. 

      t-  t    
   N.    -

    ,  
 (Hamilton, 1994, . B.9,  1).      

     . 

2b.    (SM)  . 
    

SM:  y1t     2 y2t     N yN t   ut , 

    —     

ût   y1t   ( ˆ   ˆ2 y2t     N̂ yN t), 

   

ût   ût 1   1 ût 1     K ût K   t  

       
 H0:   0   H0:   0. 

        2a. 
      -

 ,   (Hamilton, 1994, . B.9,  2). 
  T     , 

  (MacKinnon, 1991, . 1 (  «no trend»)) ( . 
 (Patterson, 2000)). 

3.      y2t , ..., yN t    ,   
E( yk t)  0      . 

3a.     .   
  

SM:  y1t     2 y2t     N yN t   ut . 

     2b,    
.       

 ,   (Hamilton, 1994, . B.9, 
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 3).   T    
 ,    (MacKinnon, 1991, . 1 ( -
 «with trend»))    (Patterson, 2000). 

3b.      . 
    

SM:  y1t     t  2 y2t     N yN t   ut . 
  ,   ,    ,    

  3a,    N,   (N  1) . 
       

   -    
« »  .       
  ,      ,   -

        y1t , y2t , ..., yN t . 

  11.1.8 

  4  y1t , y2t , y3t , y4t ,    
 

DGP: y1t   y2, t   y3, t   y4, t   1t ; 
 y2t   y2, t 1   2t ; 
 y3t   y3, t 1   3t ; 
 y4t   y4, t 1   4t , 

 1t , 2t , 3t , 4t  —        
  ,  1  2t, 3t, 4t  2  1t. 

    T  200   . 11.11. 
     ,      -

  .   4    -
 .     —    

t- ,  2.18, 1.78, 0.57, 1.70 .  4  -
 .   -

    ,    y1t , y2t , y3t , y4t  -
  AR(1)-    , . .    
 1. 

      4   . 
1.       

    
y1t   y2, t   y3, t   y4, t , 

      
y1t   y2, t   y3, t   y4, t . 
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. 11.11 

   ( . 11.12)     -
 .       —  

(   t-    15.07).  
  . 

. 11.12 

 ,       -
 . 

2a.         
 ,   . 11.24. 

     —    -
  . 11.25. 

  t-    15.17,  
  5%-    3.74 (Hamilton, 1994, 

. B.9,  1).   . 

Y1 

Y2 

Y3 

Y4 

20 100
–60

–40

60
 

0

14060 t 20040 120 16080 

20

–20

180

40

COINT 

20 100
–6

–4

8
 

0

14060 t 20040 120 16080 

2

–2

180

4

6
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 11.24 
  Y1 

   
 t-  P-  

Y2 0.996084 0.009973 99.88161 0.0000 

Y3 0.992550 0.009578 103.629600 0.0000 

Y4 1.002305 0.012393 80.87922 0.0000 

 11.25 
    —      

Dependent Variable: D(RESID_2A) 

   
 t-  P-  

RESID_2A( 1) 1.075552 0.070892 15.17178 0.0000 

2b.        -
,   . 11.26. 

 11.26 
  Y1 

   
 t-  P-  

C 0.332183 0.373542 00.889279 0.3749 
Y2 1.002583 0.012369 81.058430 0.0000 
Y3 0.987369 0.011215 88.040480 0.0000 
Y4 0.999022 0.012937 77.221290 0.0000 

     —    -
  . 11.27. 

 11.27 
    —      

Dependent Variable: D(RESID_2B) 

   
 t-  P-  

RESID_2B( 1) 1.079049 0.070861 15.22764 0.0000 

  t-  15.23    5%-  -
  4.11 ( . (Hamilton, 1994, . B.9,  2)).  

 . 
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3.    y1t ,    y*
1t   y1t   0.75t,  

      y1t    . 11.13. 
   4    . 11.14. 

. 11.13 

. 11.14 

3a.         
( . 11.28).        -

  ( . 11.15). 
 11.28 

  Y1_STAR 

   
 t-  P-  

C 11.490530 2.704802 04.248195 0.0000 
Y2 1.333762 0.089561 14.892240  0.0000 
Y3 2.856952 0.081207 35.181150 0.0000 
Y4 0.072630 0.093677 00.775323 0.4391 

Y1 
Y1_STAR 

20 100
–50 

0 

200 
 

100 

14060 t 20040 120 16080 

150 

50 

180

Y1_STAR 

Y2 

Y3 

Y4 

20 100
–50 

0 

200 
 

100 

14060 t 20040 120 16080 

150 

50 

180



  2.      554 

. 11.15 

    —     
 ,   . 11.29. 

 11.29 
    —     

   
 t-  P-  

RESID_3A( 1) 0.119805 0.033630 3.562431 0.0005 

  t-  3.56  5%-  -
 ,    4.16 ( . (Hamilton, 1994, 

. B.9,  3)).    -
. 

3b.      ( . 11.30). 
  ( . 11.16)     . 

     —  ( . 11.31). 

 11.30 
  Y1_STAR 

   
 t-  P-  

C 0.304068 0.390739 000.778187 0.4374 

@TREND 0.751890 0.007507 100.162100 0.0000 

Y2 1.008470 0.026468 038.101660 0.0000 

Y3 0.982658 0.021830 045.014530 0.0000 

Y4 1.001356 0.015942 062.812470 0.0000 

RESID-3A 

20 100
–15

–10

15
 

0

14060 t 20040 120 16080 

5

–5

180

10



 11.      ... 555 

. 11.16 

 11.31 
    —      

Dependent Variable: D(RESID_3B) 

   
 t-  P-  

RESID_3B( 1) 1.079492 0.070859 15.23448 0.0000 

  t-  15.234   5%-  -
 ,    4.49 ( . (Hamilton, 1994, . B.9, 

 3)).   .  

       ,  -
    . 

   .  y1t , y2t , y3t , y4t  -
   ,     (  

  ).          
  .  y*

1t , y2t , y3t , y4t      
  .          -

      . 
    ,        -

       
      , 

   .    
   . 

     «  -
» (stochastic cointegration).     -

RESID-3B 

20 100
–8 

–6 

8 
 

–2 

14060 t 20040 120 16080 

0 

–4 

180

2 

4 

6 
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    ,    -
 .      

   (   ).   
     ,   -

     .  -
,     ,  

 ,    ,  
 . 

   ,   -
        -

,   , . .    
 ,   .      

          -
 (deterministic cointegration). 

 11.1.6.   ,   -
      -

  
yt     xt   ut  

,     ˆ
T     

-        
xt   yt . 

   ,  , -
 ,   ˆ

T       . 
 ,    (Entorf, 1992), 

 . 
 

DGP: xt   x   xt 1   1t , 

 yt   y   yt 1   2t , 

 1t   2t  —      
,  x   0, y   0. 

     

SM:  yt     xt   ut  

 ˆT   ,   T ,  T   -
,   ˆ

T        T    

  
x

y . 
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SM:  yt     xt   t  ut , 

 (  T  ) T̂      y ,  ˆ
T    

    ,     
      . 

  

01.       ( )    
? 

02.        -
 ? 

03.       ? 
         -

     ,  
  ? 

04.          , 
   TS-  DS- ? 

05.          -
  1  xt   yt? 

06.       ? 
07.          ,  

 xt , yt  ~ I(1) ?     
   ? 

08.   VAR     ,   xt , yt  ~ I(1) -
 (  )? 

09.   xt , yt  ~ I(1)   wt  ~ I(0).   -
  xt   yt k   wt ,   0? 

10.  xt  ~ I(1).     xt   xt k? 
11.   xt , yt  ~ I(1)  .      -

     ? 
12.      —     

? 
13.         —  -

  ?       -
  —    ?  

      xt , yt  ~ I(1)  
  —   ,      

 — ? 
14.          

 ? 
15.         -

?         -
    ,     -
  ? 
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  11.2 
       

   

  .  
  

  N   y1t , ..., yN t ,     
  1.       ( 1 , ..., N)T,  

  ,   

1y1t     N yN t  ~ I(0) —  , 

   (   );     -
 .    

c  E( 1y1t     N yN t), 

         : 

1y1    N yN   c. 

     t    
   ,   

zt   1y1t     N yN t   c. 

     zt   , -
   ,      -
  , . .      -

 . 
, ,  ,     

I(1)        
.      -

     y1t , ..., yN t   r,    r -
   (cointegrating rank).   

,   N ,     -
 r  1, ..., N  1. (     ,  r  0.  

  r      r  N,  
  N  .)    -

     I(1)   r-  
  ,    

 (cointegrating space).   r   
     ,   -

     ,     
   ,  . 
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   I(1)  y1t , ..., yN t    -
 r       VAR(p) —  -
  p: 

A(L) yt     t , 
 yt   (y1t , ..., yN t)T; 

   ( 1 , ..., N)T; 
 A(L)  A0  A1L    ApLp; 
 A0, A1, ..., Ap —   (N  N); 
 A0  IN (  ), 
. . 

yt     A1yt 1     Apyt p   t . 

   A(1)  rank A(1)  r  (     N  2) 
   VAR   ECM (   

) 

,)(  1

1  

1  
   , ,1   ,1 ,111,11,1111 1 t

p

j
jtNjNjtjtrrtt yyzzy  

 

,)(
1  

1  
 , , ,1 ,11,1,11 tN

p

j
jtNjNNjtjNtrrNtNNtN yyzzy  

 z1t , ..., zr, t —  I(0) ,  r  -
   (1) , ..., (r) ; 

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

        : 

,11111 tptptt
T

t yyyy  

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

   (1) , ..., (r)       
 ,   ij    — -

     

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

T
t yzyz  

(     (t  1)  r  -
   y1t , ..., yN t)      y1t , ..., yN t . 
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  VAR     -
  ,     (1) , ..., (r)    

   .   
     .      

      
  I(1) . 
    r, 0  r  N,    -

   I(1)  y1t , ..., yN t   -
 (   ): 

,
1

,

1,  11

tr

t

tN

tr

rtr

t

v

v

y

y
C

y

y
 

,

,

1,1

,

1,

tN

tr

N

r

tN

tr

v

v

y

y
 

 C  (cij) —   r  (N  r); 
 vt   (v1t , ..., vN t)T —  (   )  -

   E(vt)  0; 
  yr 1, t , ..., yN, t   . 

  
,11,,1,1111 ttNrNtrt vycycy  

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
,,,,11 trrtNrNrtrrrt vycycy  

   
,),,,0,,0,0,1( ,111)1(

T
rNcc  

,),,,0,,0,1,0( ,221)2(
T

rNcc  

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T

rNrrr cc ),,,1,,0,0,0( ,1)(  

   .    
r     y1t , ..., yN, t  

,,,1,1111)1(,1 tNrNtrtt
T

t ycycyyz  

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
.,,,11)(, tNrNrtrrtrt

T
rtr ycycyyz  
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  v1t , ..., vr t      vr 1, t , ..., vN, t ,  -
 yr 1, t , ..., yN, t      ,    

   .   ĉij   
 C ,   T(ĉij   cij)    

   T  . 
  r  1  

,,1,1,1,2111,1 ttNNtt vycycy  

       
(    y2, t , ..., yN, t)   -

,       
,   t-  F-  ( ,   

),       ,  
 v1t     . ,    . 10,   -

     v1t    -
  . 

 ĉij      r   
(N  1)-  —    (1) , ..., (r) : 

,)ˆ,,ˆ,0,,0,0,1(ˆ
,111)1(

T
rNcc  

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

.)ˆ,,ˆ,1,,0,0,0(ˆ
,1)(

T
rNrrr cc  

     ˆ
(1) , ..., ˆ

(r) , 
       : 

.ˆˆ,,ˆˆ 1)(1,1)1(1,1 t
T
rtrt

T
t yzyz  

      ECM   

,ˆ 11111 tptpttt yyzy  
  

1,

1,1

1  

ˆ

ˆ
ˆ

tr

t

t

z

z
z . 

        
     ,    -

  ECM. 
:      (   c ) 

,      z1, t , ..., zr, t  -
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  « »    y1t , ..., yN t  
     ,     

         
(N  1)  y1t , ..., yN t   t,       

. 
   A(1)  r,   r   

 ,       ,  
  

,1,111111 tyy NNNt  
 . . . . . . . . . . . . . . . . . . . . . . . . 

tyy NrNrNtr 1,111  

   ((N  1)  1)-  

,),,,( 1,1111)1(
T

NN  
 . . . . . . . . . . . . . . . . . . . . . . . 

.),,,( 1,1)(
T

NrNrrr  

       -
      -
 . 

     -
        

 (ECM), ,  ,    -
     .     

   I(1)     
    —      -

     r,     -
 . 
     ,    -

     

ttNNtt uyycy 221   
(  tNtNNtt utyycy 1221 ). 

,  r  1,   (1, ˆ2, ..., ˆN)T (   (1, ˆ2, ...,  
ˆN, ˆN 1)T)         

 r    ,  
      . 
     r  -   ,  r  1 

  .      
     : 
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,),,,0,,0,0,1( ,111)1(
T

rNcc  

,),,,0,,0,1,0( ,221)2(
T

rNcc  
 

.),,,1,,0,0,0( ,1)(
T

rNrrr cc  

     (    -
  )    ,   
        

   r.      
(      )   

  y1t , ..., yN t ,   (1) , ..., (r)       
   .      

 (     )   
  (identification of the cointegrating vectors), -

   ,   -
 . 
       -

  ,    (Johansen, 1988). 
        -

   .    
    11.4,     , -

 r  1, . . (    )    -
 . 

     
  ,    

   

   ,  N  2.     -
  y1t   y2t  ,     

   1.   ,    -
       — ,  

,      (   
  ).     ,     

         -
 . 

         —  -
   

yt   xt   vt , 
xt   xt 1   t , 

 t   vt  —       . 
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   ,     
(West, 1988): 

yt     xt   ut , 

 xt  ~ I(1), E( xt)    0 (    xt    ,  -
 ); 

 ut  ~ I(0) —     ,  -
   . 

      -
        

( , )T.   ut      ,    
     t- , -

   ,   -
   . 

   t-         
   ˆT   ˆ

T   ,  : 

1
11)( XXS T  —  ˆT ,   1

22)( XXS T  —  ˆ
T , 

 X — (T  2)-     (1  xt)  T -
; 

 S2 —    ut   ,  ut  ~ i.i.d., 

.ˆˆˆˆ
2

1
1  

22
ttt

T

t
t xyu,u

n
S  

    ,  ut  ~ i.i.d.,   t- -
 ( ,  N(0, 1)) t-  (     

T),   S2    . 
 ,   ut      -

 .  h   Cov(ut , ut h).  ,   -
  S2    ut , 

,limlim
2

112

T
uuET

T
uuVarT T

T
T

T
 

       

,
  

2

h
h  

 .
  h

h  
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, ,  ,   2  ,    
   .  ,   , -

      h , h  0,  1,  2, ..., 
, , . -  ,   ,    

       -
  ut ,        

2      h   Cov(ut , ut h).  -
      ,   h   

  h    ,   -
 ( )  h      2  

 h. 
   ,    ut      

 MA(q)   q,   h   0  | h |  q,    
   h    h.     -

    

,ˆ
1

12ˆˆ
1  

0
2

q

h
hq

h  

 
T

ht
tth uu

T 1    
1  ˆˆ1ˆ  —   h . 

    ( ., , (Hamilton, 1994, p. 513),  -
 q  O(T1/5)      2 (  

 — ). 
   EViews      . 

      : «  
   Newey — West» ( , ,    

      , -
       ). 
 ,    ut    -

  AR(p)   p, 
,2211 tptpttt uauauau  

 t  —      D( t)  2,  

2
21

2
2

)1( paaa
. 

        2   
 

2
21

2
2

)ˆˆˆ1(
ˆˆ

paaa
, 
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 â1 , â2 , ..., âp  —     a1 , a2 , ..., ap ; 

 ;ˆ1ˆ
1    

22
T

ptpT
 

 ˆ t  —        ût . 

    S2  ˆ2    t- -

,   ,  ˆ
S . 

  11.2.1 

  
DGP: yt   2xt   ut , 

 xt   1   xt 1   vt , 

 ut   0.4ut 1   0.2ut 2   t  —  AR(2) ; 
 t , vt  —    ,   -

  : Cov( t , vt)  0.8. 

     . 11.17. 

. 11.17 

   SM:  yt     xt   ut   -
    ,   . 11.32. 

     ,   -
   ,   DGP   

   yt .   ( . 11.18) -
    AR(2).  AR(2)    

 . 11.33. 

X 

Y 

10 50
–50

0

200

 

100

7030 t 10020 60 8040

150

50

90



 11.      ... 567 

 11.32 
  Y 

   
 t-  P-  

C 0.398071  0.172093 2.313111 0.0228 

X 2.031938 0.007241 280.6336 0.0000 

R-squared 0.998757 Mean dependent var 37.398090 

Adjusted R-squared 0.998745 S.D. dependent var 30.234770 

S.E. of regression 1.071308 Akaike info criterion 02.995436 

Sum squared resid 112.47480000 Schwarz criterion 03.047539 

Log likelihood 147.77180000  F-statistic 078755.23 

Durbin-Watson stat 1.080957 Prob. (F-statistic) 0.000000 

. 11.18 

 11.33 
  RESIDS 

   
 t-  P-  

RESIDS( 1) 0.363522 0.100494 3.617344 0.0005 

RESIDS( 2) 0.205074 0.100427 2.042024 0.0439 

R-squared 0.240364 Mean dependent var 0.008547  

Adjusted R-squared 0.232451 S.D. dependent var 1.075097 

S.E. of regression 0.941891 Akaike info criterion 2.738343 

Sum squared resid 85.1672700 Schwarz criterion 2.791098 

RESIDS 

10 50
–4 

–2 

4 

 

2 

7030 t 10020 60 8040 

0 

90
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    : 

,183.2
205074.0363522.01

941891.0ˆ  

  .491.0
183.2
071.1

ˆ
S  

      t-   
 P- : 

t :  2.313111 (P-   0.0228)    1.135738 (P-   0.2588); 

t :  280.6336 (P-   0.0000)    137.791098 (P-   0.0000). 

      -
    .  

   N  2     
  (  )    N -

 I(1)   y1t , ..., yN t . 
   

ttNNtt uyycy 221  

         , 
     ,      

   . ,    , -
         

        
    .     -

       -
   T. 

    N  2,       -
   

,1221 ttNNtt yycy  

,21,22 ttt yy  

 
,1, tNtNtN yy  

 t   ( 1t , 2t , ..., N t )T — N-    , . .  
1 , 2 , ... —  ,  -

  ,  N-   -
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      -
    ( ij). 

  2t , ..., N t      , 
 1t         (   1j   0   j  2, ..., N). 

    y2t, ..., yNt  ,    (1, 2̂ , ..., N̂)T — 
  .   

},,1,,,{)ˆ,,ˆ,ˆ( 222 Ttyycc tNt
T

NN  

 N-  ,   ,   F-   
      c, 2 , ..., N   

 F- ,  t-  —  t- . 
    

,1221 ttNNtt uyycy  

,21,22 ttt uyy  
 
,1, tNtNtN uyy  

 ut  (u1t , u2t , ..., uN t)T — N-     
 (    N-    ). 

 u2t , ..., uN t      ,   u1t  
    ,   Cov(u1t , uk s)  0  k  1  

 t, s.        
    . (   ut  , 

       T   
  NT-   .) 

         -
   F-  t-    -

 F-  t- ,    
 S2   u1t     ˆ2 «  

» 2  u1t .     F-

  
2

2

ˆ
S     t-   ˆ

S . 

 ,   ,  , 
      y2t , ..., yN t   -

   . 
   (Stock, Watson, 1993)   (Saikonnen, 1991) -
    ,    

        -
 (lags)   (leads)   -
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. (    — leads and lags1.)   -
       

.)( ,,22221 t

p

pj
jtNjNjtjtNNtt uyyyycy  

  p   (  ),  -
    2 , ..., N      

( ,       -
 ),      -

  t-  F- ,  ut     . 
       -

,       y2t , ..., yN t   -
 . 

 ,       ,   -
        

      .    
    , : 

) tNNtt yyy 221     ; 
) tNNtt yyy 221  —  . 

,  a)     ),  -
  ,    . 

  11.2.2 

DGP: yt   5  zt   ut , 

 zt   zt 1   vt , 
 z1  0; 

 ut   vt   0.25vt 1   0.25vt 1   0.1vt 2   0.1vt 2   0.1 t ; 
 t , vt  —        

. 

   ut    vt , vt 1 , vt 1 , vt 2 , vt 2 ,  
      

. 
     DGP ( . 11.19 — 100 

).   yt   zt    100   
   .      -

  .     
 yt     zt   t   ,   . 11.34. 

____________ 
1      DOLS (  OLS). 
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. 11.19 

 11.34 
  Y 

   
 t-  P-  

C 4.851262 0.133152 36.43410 0.0000 

Z 1.088870 0.047570 22.88977 0.0000 

  H0:   1,   t- , ,  
Corr( t , zs)  0       t, s.   -

          -
,     et , zt ,  et  —  , 

    yt     zt   t . 

Included observations: 96 
Correlations are asymptotically consistent approximations 

e,  Z(–i) e,  Z( i) i lag lead 

|*********  |********* 0 0.9017 0.9017 
|  |* 1 0.0217  0.0830 
| * | 2 0.0956  0.0413  
|  | 3 0.0064 0.0341 

*|  | 4 0.0510  0.0118 
*|  | 5 0.0824  0.0228  

|  | 6 0.0171  0.0150 
**| ** | 7 0.1858  0.1579  

|  | 8 0.0292  0.0272  
|*  |* 9 0.0833 0.0701 
|  | 100 0.0125 0.0216 

Y 

Z 
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    -  Corr(et , zt i)   
i  0, 1, 2, ...;   -     «lag».  

   -  Corr(et , zt i)  i  0, 1, 2, ...; 
  -     «lead». 

   -     
 -   DGP  7-  .     

         -
   zt    7-   ( . 11.35). 

 11.35 
  Y 

   
 t-  P-  

C 4.987362 0.020874 238.92360000 0.0000 

Z 1.000689 0.007818 127.99550000 0.0000 

D(Z) 1.006216 0.013125 76.6629800 0.0000 

D(Z( 1)) 0.237875 0.012764 18.6364300 0.0000 

D(Z( 2)) 0.089302 0.012810 6.971105 0.0000 

D(Z( 3)) –0.008934– 0.012368 –0.722323– 0.4726 

D(Z( 4)) –0.002997– 0.012391 –0.241901– 0.8096 

D(Z( 5)) –0.011646– 0.012179 –0.956245– 0.3423 

D(Z( 6)) –0.010012– 0.011925 –0.839615– 0.4041 

D(Z( 7)) –0.003586– 0.011634 –0.308269– 0.7588 

D(Z(1)) 0.262537 0.013373 19.63226 0.0000 

D(Z(2)) 0.116863 0.013365 8.744236 0.0000 

D(Z(3)) –0.010921– 0.013219 –0.826184– 0.4116 

D(Z(4)) 0.003903 0.013276 0.294017 0.7696 

D(Z(5)) 0.021536 0.013232 1.627644 0.1082 

D(Z(6)) –0.008452 0.012699 –0.665583– 0.5079 

D(Z(7)) 0.002945 0.012199 0.241376 0.8100 

    : P-  -
  —   0.252 (    K  1)  0.427 

(K  2).       H0:   1 -
 t-     ;   : 

,0081.0
007818.0

1000689.1t  

   H0:   1  .  



 11.      ... 573 

  11.2.2  ( ) 

  DGP ,         
I(1)    . 

DGP: yt   5  xt    ut , 

 xt   1  xt 1   vt , 

 x1  0,  ut , vt  —  ,   . 

   DGP   . 11.20. 

. 11.20 

    yt     xt   t    
 . 11.36. 

 11.36 
  Y 

   
 t-  P-  

C 5.172117 0.201812 025.62837 0.0000 

X 0.997147 0.003444 289.53060 0.0000 

-        -
  xt   ,   .  

     ,   
7   7  .   

  . 11.37. 
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 11.37 
  Y 

   
 t-  P-  

C 3.224675 0.098061 32.88423 0.0000 

X 1.000621 0.000520 1923.269 0.0000 

D(X) 1.009585 0.012922 78.12803 0.0000 

D(X( 1)) 0.241440 0.012760 18.92225 0.0000 

D(X( 2)) 0.093472 0.012938 7.224562 0.0000 

D(X( 3)) 0.004479  0.012656 0.353864  0.7245 

D(X( 4)) 0.001328 0.012648 0.104986 0.9167 

D(X( 5)) 0.007856  0.012272 0.640121  0.5242 

D(X( 6)) 0.006808  0.011934 0.570501  0.5702 

D(X( 7)) 0.001175  0.011513 0.102067  0.9190 

D(X(1)) 0.266271 0.013016 20.45699 0.0000 

D(X(2)) 0.120232 0.012948 9.286042 0.0000 

D(X(3)) 0.007953  0.012873 0.617748  0.5388 

D(X(4)) 0.006576 0.012866 0.511164 0.6109 

D(X(5)) 0.023956 0.012814 1.869580 0.0658 

D(X(6)) 0.007153  0.012294 0.581813  0.5626 

D(X(7)) 0.003367 0.011821 0.284813 0.7767 

       ,  
       H0:   1  t- -

    .   : 

,194.1
00520.0

1000621.1t  

  H0:   1  . 
         ( . 11.38). 

 11.38 
  Y 

   
 t-  P-  

C 3.223725 0.101508 31.7584800 0.0000 

@TREND 0.000317  0.007802 0.040686  0.9677 

X 1.000938 0.007798 128.35440000 0.0000 
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 . 11.38 

   
 t-  P-  

D(X) 1.009461 0.013372 75.4924100 0.0000 

D(X( 1)) 0.241345 0.013061 18.4784100 0.0000 

D(X( 2)) 0.093380 0.013231 7.057897 0.0000 

D(X( 3)) 0.004552  0.012877 0.353495  0.7248 

D(X( 4)) 0.001255 0.012867 0.097531 0.9226 

D(X( 5)) 0.007941  0.012541 0.633231  0.5287 

D(X( 6)) 0.006888  0.012181 0.565473  0.5736 

D(X( 7)) 0.001256  0.011767 0.106726  0.9153 

D(X(1)) 0.266438 0.013736 19.3971800 0.0000 

D(X(2)) 0.120397 0.013657 8.815884 0.0000 

D(X(3)) 0.007809  0.013441 0.580980  0.5632 

D(X(4)) 0.006723 0.013451 0.499805 0.6189 

D(X(5)) 0.024098 0.013370 1.802394 0.0760 

D(X(6)) 0.007035  0.012719 0.553156  0.5820 

D(X(7)) 0.003469 0.012172 0.285016 0.7765 

  H0:   1     ,   -
.      . -

    ,       
.  

  11.2.3 

  DGP: 
Wt   5  t  rwt , 
Vt   1  t  0.5rwt   0.1n2t , 

 rwt  rwt 1  0.5n3t  —    ; 
 n2t , n3t  —       -

 . 
    . 11.21. 

   Vt     Wt   t  ( . 11.39). 
  ( . 11.22)    ( -

  —   2.22  5%-    3.46), 
   Vt   Wt     . 

  1        - 
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. 11.21 

 11.39 
  V 

   
 t-  P-  

C 2.657128 0.325116 8.172855 0.0000 
W 1.021898 0.011165 91.529080 0.0000 

Durbin–Watson stat 0.290480 Prob(F-statistic) 000.000000 

. 11.22 

  ,     Vt   Wt. 
 (Vt   Wt)     ,   -
   ,   . 11.22,  -

 . 
       -

 ( . 11.40). 

V 

W 
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 11.40 
  V 

   
 t-  P-  

C 1.493506  0.035792 41.72787  0.0000 
@TREND 0.503277 0.007131 70.57274 0.0000 
W 0.496897 0.007519 66.08810 0.0000 

Durbin–Watson stat 2.275079 Prob(F-statistic) 000.000000 

. 11.23 

   ( . 11.23)    
(   —   7.09). -   -

    Wt   : 

e,  W_DIF(–i) e,  W_DIF( i) i lag lead 

|  | 0 0.0353 0.0353 
|  |* 1 –0.0237 0.1217 

*|  | 2 –0.0846 0.0115 
| * | 3 0.0052 –0.1083 

*|  |* 4 –0.0776 0.1174 
|*  |* 5 0.1352 0.1018 
|**  | 6 0.1986 0.0347 
|*  |** 7 0.1093 0.1669 

**|  |* 8 –0.1751 0.0614 
**| **** | 9 –0.2456 –0.3565 

|* * | 100 0.1177 –0.0421 

   ,       
      9   -
   Wt . 

RESID_V_W TREND

5 25
–0.2

–0.1

0.2

 

0.1

3515 t 5010 30 4020 

0

45
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  ,    -
    Wt  ( . 11.41). 

          -
.  ,       . 

         0.5 -
    Wt . 

 11.41 
  V 

   
 t-  P-  

@TREND 0.497313 0.023984 20.73533 0.0000 

W 0.505495 0.025512 19.81437 0.0000 

  Vt   0.5t  0.5Wt    . 11.24,    -
  . 

 .  Vt   Wt      
,    .  Vt   0.5Wt  (    

  . 11.25)    ,    
 . 

,  Vt   0.5t  0.5Wt    ,  -
  1.493    0.104.     

      ,   
  . ,     DGP 

.21.05.1
)5(5.05.0)21.05.01(5.05.0

t

ttttt

n
rwttnrwtWtV

 

. 11.24 
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1.    ?    -
? 

2.    I(1)  y1t , ..., yN t     r 
      VAR(p).       

    ?     
     ? 

3.         -
  I(1) ?       

   ? 
4.      

ttNNtt uyycy 221  

      N  I(1) 
 y1t , ..., yN t  (   ,  leads and lags)? 

  11.3 
       

           

   

 I(1)  y1t , ..., yN t       

yt   (y1t , ..., yN t)T, 

     VAR(p) 

A(L) yt     t , 

 A(L)  A0  A1L    ApLp; 
 A0, A1, , Ap —   (N  N); 
 A0  IN (  ), 

. . 
yt    A1yt 1    Apyt p  t . 

       
  : 

,111110 tptpttt yyyy  

 0  A1    Ap  IN, 
 k   (Ak 1    Ap),   k  1, 2, ..., p  1. 
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,  
0  A1    Ap  IN  A(1), 

  rank 0  rank A(1). 
   ,   y1t , ..., yN t  ,  -

 A(1)    (rank A(1)  N).     
       0.   ,   0 

   r  rank 0  0, 1, ..., N: 
  r  1, ..., N  1   VAR (  

y1t , ..., yN t  ~ I(1) ); 
  r  0,   y1t , ..., yN t   ; 
  r  N,   N-    , 

   , ,  (1, 0, ..., 0)T,  
(0, 1, ..., 0)T, ..., (0, 0, ..., 1)T.   ,    y1t , ..., yN t   

 . 
  0, r = rank 0,     

   y1t , ..., yN t    ,    
   . 

       -
 ECM —       

.          
 (Johansen, 1988; 1991).      

    . ,    
       ,   
      . 
  ,    I(1)  y1t , ..., yN t  
     VAR c rank A(1)  r,   -

  VAR   ECM.     
     1 

tptpttt yyyy 111110  
  

0  T, 
    — (N  r)-    r. 

   (1) , ..., (r)       
 ,     —  

    

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

T
t yzyz  

____________ 
1       I(1) .    

,    I(2). 
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(    r    -
 y1t , ..., yN t        y1t , ..., yN t). 

   ,  t  — N-   
 .     t   ( 1t , ..., N t)T  N- -

        -
 Cov( t)  ,  Cov( k t , j s)  0  t  s   k,  j  1, ..., N. 

    ,    -
 p  ,    .   

   t-  F-  (   N(0, 1) 
  t-    2  

 qF) ,    VAR  ,    «  », 
     « » VAR.    

 ,        -
 VAR,      . 

    ,     -
 y1t , ..., yN t , t  1, ..., T,    -

  L( , , 0, 1, ..., p 1)    , , 
0, 1, ..., p 1       r.  -

  ,    r,   : 

,,,1)ˆ1ln(
2

)(
1

max Nr,TrL
r

i
i  

 ˆ
1, ..., ˆ

N —  ,      
       

, 1  ˆ
1  ...  ˆ

N  0. 

  Lmax(r),    r,   
        .  
       

       
  . 
    ( )   H0: r  r*,   -

  —  HA: r  r*  1.    H0 
 : 

*

1

*
max )ˆ1ln(

2
)(

r

i
i

TrL  

 

.)ˆ1ln(
2

)1(
1

1

*
max

*r

i
i

TrL  
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    (maximum eigenvalue 
test)    

).ˆ1ln(
2

))()1((2)(
1

*
max

*
max

*
max *r

TrLrLr  

 (  T  )     -
 H0   r*  N.      

( ., , (Patterson, 2000, . 14.3—14.7), (Enders, 1995, . B)  
(Hamilton, 1994, . .11)). 

  H0: r  r* ,   ˆ
r* 1, ..., ˆ

N   . 
   ,   ˆ

r* 1   ,  
  max(r*)      
.   H0: r  r*      

HA: r  r*  1      max(r*), 
   . 

     ( )     
H0: r  r*,       HA: r  r*.  -

  H0  : 
*

1

*
max )ˆ1ln(

2
)(

r

i
i

TrL  

 

.)ˆ1ln(
2

)(
1

max

N

i
i

TNL  

  (trace test)    

.)ˆ1ln(
2

))()((2)(
1

*
maxmax

*

*

N

ri
itrace

TrLNLr  

 (  T  )     -
 H0   r*  N.      -
 ( ., , (Patterson, 2000, . 14.3—14.7), (Enders, 1995, . B) 
 (Hamilton, 1994, . .10)). 

  H0: r  r* ,   ˆ
r* 1, ..., ˆ

N   . 
   ,      ,  -
  trace(r*)      

.   H0: r  r*      
HA: r  r*      trace(r*), -

   . 
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, ,  ,     ,   -
 r  .      -

  ,       
.      

,        -
  . 

     — , 0.05,    
   H0: r  0   HA: r  0.   -

  ,   r̂   0.     -
 H0: r  1   HA: r  1.   H0: r  1  -

,   r̂   1,      H0: r  2 
 HA: r  2,  . . 

  r̂     .   -
 r  r0,   T   

.1}ˆ{
,1,,1,0,0}ˆ{

0

0

rrP
rkkrP

 

 ,    ,   , -
. 
     ,    
  .   ,    -

        r*  N,    
,     ,    

/      (  , 
CE — cointegrating equation).        r  

    5  (   -
 , ,   EViews): 
 H2(r):     , 

 CE    ,  ; 
 H1

*(r):     ;  
 CE  ,    . 

 H1(r):      ;  
 CE  ,    . 

 H*(r):      ;  
 CE     . 

 H(r):      ;  
 CE     . 

   r  5    
 : 

).()()()()( *
1

*
12 rHrHrHrHrH  
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  ,     -
,   ,     ,   

,   .    -
      -

 ( 2).        -
,    

r —   H2(r)  H1
*(r)      H1(r)  H*(r), 

(N  r) —   H1
*(r)  H1(r)      H*(r)  H(r). 

,     5 ,   ,  -
  : 

H(0)    H(r)    H(N); 
H*(0)    H*(r)    H*(N); 
H1(0)    H1(r)    H1(N); 
H1

*(0)    H1
*(r)    H1

*(N); 
H2(0)    H2(r)    H2(N). 

   max  trace ,    
   ,    5 .   

   ,    
 ,      . 

        -
   (AIC)      5(N  1) -

.  ,       
    . ,  ,   

       .   -
         -

,      . 
 5 ,  ,    -

     I(1) . 

DGP1: yt   xt   t , 

 xt   xt 1   vt . 
     : 

,)()( 11111 tttttttt uxyvxyyy  

 ut   vt   t . 

   ECM   

yt   zt 1   ut , 

xt   vt , 
 zt   yt   xt  («       CE»). 
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  yt   xt      («   
  »),      H2(r). 

DGP2: yt   0  xt   t , 

 xt   xt 1   vt . 

     : 

yt   zt 1   ut , 

xt   vt , 

 zt   yt   0  xt  («    CE»). 

  yt   xt      («  
  »),     H1

*(r). 

DGP3: yt   0  xt   t , 

 xt   0   xt 1   vt . 
   

,)(
)(

0101

10011

ttt

tttttt

uxy
vxyyy

 

   
yt   zt 1   0  ut , 

xt   0  vt , 

 zt   yt   0  xt  («    CE»). 

 xt      («   »). 
    H1(r). 

DGP4: yt   0  1t  xt   t , 

 xt   0   xt 1   vt . 
 

,)(
)(

01101

101011

ttt

tttttt

uxty
vxtyyy

 

 
yt   zt 1   0  ut , 

xt   0  vt , 

 zt   yt   0  1t  xt  («      CE»). 
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 xt      («   »). 
    H*(r). 

DGP5: yt   0  1t  xt   t , 

 xt   0   1 t  xt 1   vt . 
   

,)(
)(

101101

1101011

ttt

tttttt

utxty
vxttyyy

 

 
yt   zt 1   0  1t  ut , 

xt   0  1t  vt , 
 zt   yt   0  1t  xt  («      CE»). 

 xt     («    »). 
    H(r). 

  11.3.1 

      , -
  5  DGP.     -

  : 

  2,   0  5,   1  0.2,   0  0.2,   1  0.01. 

   t   vt      T  400  
    ,  ,  4  1 

. 
DGP1: yt   2xt   t , 

 xt   xt 1   vt . 

    . 11.26. 
        -
 ,    EViews (  ,  VAR  

   2),   . 11.42. 
 . 11.42    5    3  -

  (r  0, 1, 2) : 
  Lmax(r)     (Log 

Likelihood),     — ; 
     (AIC — Akaike Informa-

tion Criteria),     — 
; 

     (Schwarz Criteria), -
    — . 
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. 11.26 

 11.42 
      

Sample: 1 400;  Included observations: 398;  Series: Y1 X1;  Lags interval: 1 to 1 

Data Trend: None None Linear Linear Quadratic 

Rank or  
No. of CEs 

No Intercept 
No Trend 

Intercept 
No Trend 

Intercept 
No Trend 

Intercept 
Trend 

Intercept 
Trend 

Log Likelihood 

0 1526.582 1526.582 1526.015 1526.015 1525.928 

1 1434.108 1433.925 1433.357 1433.324 1433.242 

2 1434.100 1432.926 1432.926 1430.264 1430.264 

AIC 

0 7.691369 7.691369 7.698565 7.698565 7.708180 

1  7.246775  7.250880 7.253051 7.257911 7.262521 

2 7.266836 7.270985 7.270985 7.267658 7.267658 

Schwarz Criteria 

0 7.731434 7.731434 7.758663 7.758663 7.788309 

1  7.326905  7.341026 7.353213 7.368089 7.382716 

2 7.387030 7.411212 7.411212 7.427918 7.427918 

L.R.Test: Rank  1 Rank  1 Rank  1 Rank  1 Rank  2 

   (Rank or No. of CEs)  « »  
.  5   5 ,  

 (     — H2(r), H1
*(r), H1(r), H*(r), H(r)).  -

         

Y1 

X1 

50 250
–50

–40

20

 

–20

350150 t 400100 300200

–10

–30

0

10
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,   .  ,     
4-       r  1,    5-  -

 H(r)     r  2. 
    ,    

 H2(1) (    ,  CE    ,  
;    1) —      

(  7.246775).        (   
   7.326905). 

       H2(r), -
   . 11.42,  . 11.43. 

 11.43 
      H2(r)  

Sample: 1 400;  Included observations: 398; 
Test assumption: No deterministic trend in the data; Series: Y1 X1;  Lags interval: 1 to 1 

Eigenvalue Likelihood  
Ratio 

5%  
Critical Value 

1%  
Critical Value 

Hypothesized 
No. of CE(s) 

0.371673 184.964200 12.53 16.31 None** 

4.00E-05 000.015911 03.84 06.51 At most 1 

**    5%-   . 
**    1%-   . 

         5%-  
 . 

   (Eigenvalue) . 11.43   ˆ
1, ˆ

2, -
    .    184.9642 — 

   trace(0),    -
 H0: r  0   HA: r  0.     5%-  

 1%-     trace(0)   -
.       -
 ,  H0: r  0     HA: r  0. 

   0.015911 —    trace(1), 
    H0: r  1   HA: r  1. 

    5%-   1%-      
trace(1).    trace(1)   -

,    H0: r  1  .     
    1,    

 . 
DGP2: yt   5  2xt   t , 

 xt   xt 1   vt . 
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. 11.27 

    . 11.27. 
        -
    . 11.44. 

 11.44 
      

Sample: 1 400;  Included observations: 398;  Series: Y2 X2;  Lags interval: 1 to 1 

Data Trend: None None Linear Linear Quadratic 

Rank or  
No. of CEs 

No Intercept 
No Trend 

Intercept 
No Trend 

Intercept 
No Trend 

Intercept 
Trend 

Intercept 
Trend 

Log Likelihood 

0 1526.582 1526.582 1526.015 1526.015 1525.928 

1 1513.785 1433.925 1433.357 1433.324 1433.242 

2 1513.777 1432.926 1432.926 1430.264 1430.264 

AIC 

0 7.691369 7.691369 7.698565 7.698565 7.708180 

1 7.247159  7.250880  7.253051 7.257911 7.262521 

2 7.667223 7.270985 7.270985 7.267658 7.267658 

Schwarz Criteria 

0 7.731434 7.731434 7.758663 7.758663 7.788309 

1 7.727289  7.341026  7.353213 7.368089 7.382716 

2 7.787417 7.411212 7.411212 7.427918 7.427918 

L.R.Test: Rank  1 Rank  1 Rank  1 Rank  1 Rank  2 

Y2 

X2 

50 250
–50

–40

20

 

–20

350150 t 400100 300200

–10

–30

0

10
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    ,    
 H1

*(1) (    ,  CE  ;  -
  1) —      (  7.250880). 

       (     
 7.341026). 

       H1
*(r), -

   . 11.42,  . 11.45. 

 11.45 

     H1
*(r)  

Test assumption: No deterministic trend in the data; Series: Y2 X2;  Lags interval: 1 to 1 

Eigenvalue Likelihood  
Ratio 

5%  
Critical Value 

1%  
Critical Value 

Hypothesized 
No. of CE(s) 

0.372251 187.313000 19.96 24.60 None** 

4.005008 001.998159 09.24 12.97 At most 1 

**    5%-   . 
**    1%-   . 

         5%-  
 . 

  187.310  trace(0),   
  H0: r  0   HA: r  0,  -
   .  H0: r  0    

 HA: r  0.   1.998159  trace(1), 
    H0: r  1   HA: r  1, 

   .  H0: r  1  .  
        1,  

   . 

DGP3: yt   5  2xt   t , 

 xt   0.2  xt 1   vt . 

    . 11.28. 
        -
    . 11.46. 

    ,    
 H1(1) (   ,  CE  ;   

 1) —      (  7.252889).   
     (      

7.353051). 



 11.      ... 591 

. 11.28 

 11.46 
      

Sample: 1 400;  Included observations: 398;  Series: Y3 X3;  Lags interval: 1 to 1 

Data Trend: None None Linear Linear Quadratic 

Rank or  
No. of CEs 

No Intercept 
No Trend 

Intercept 
No Trend 

Intercept 
No Trend 

Intercept 
Trend 

Intercept 
Trend 

Log Likelihood 

0 1531.268 1531.268 1526.015 1526.015 1525.928 

1 1506.877 1438.576 1433.325 1433.324 1433.242 

2 1504.370 1432.880 1432.880 1430.264 1430.264 

AIC 

0 7.714915 7.714915 7.698565 7.698565 7.708180 

1 7.612447 7.274253  7.252889  7.257911 7.262521 

2 7.619950 7.270753 7.270753 7.267658 7.267658 

Schwarz Criteria 

0 7.754980 7.754980 7.758663 7.758663 7.788309 

1 7.692577 7.364399  7.353051  7.368089 7.382716 

2 7.740144 7.410980 7.410980 7.427918 7.427918 

L.R.Test: Rank  2 Rank  2 Rank  1 Rank  1 Rank  2 

       H1(r), -
   . 11.42,  . 11.47. 

 H0: r  0     HA: r  0.  
H0: r  1      HA: r  1.      

Y3 

X3 

50 250
0

20

140

 

60

350150 t 400100 300200

80

40

100

120
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 11.47 
     H1(r)  

Sample: 1 400;  Included observations: 398; 
Test assumption: Linear deterministic trend in the data; Series: Y3 X3;  Lags interval: 1 to 1 

Eigenvalue Likelihood  
Ratio 

5%  
Critical Value 

1%  
Critical Value 

Hypothesized 
No. of CE(s) 

0.372353 186.269200 15.41 20.04 None** 

0.002234 000.890114 03.76 06.65 At most 1 

**    5%-   . 
**    1%-   . 

         5%-  
 . 

     1,   -
  . 

DGP4: yt   5  0.2t  2xt   t , 

 xt   0.2  xt 1   vt . 
    . 11.29. 

        -
    . 11.48. 

. 11.29 

    ,    
 H*(1) (   ,  CE     

;    1) —      
(  7.257911).        (   

   7.368089). 
       H*(r), -

   . 11.42,  . 11.49. 

Y4 

X4 

50 250
0

20

140

 

60

350150 t 400100 300200

80

40

100

120



 11.      ... 593 

 11.48 
      

Series: Y4 X4;  Lags interval: 1 to 1 

Data Trend: None None Linear Linear Quadratic 

Rank or  
No. of CEs 

No Intercept 
No Trend 

Intercept 
No Trend 

Intercept 
No Trend 

Intercept 
Trend 

Intercept 
Trend 

Log Likelihood 

0 1533.049 1533.049 1526.015 1526.015 1525.928 

1 1525.311 1525.279 1518.361 1433.324 1433.242 

2 1521.201 1518.005 1518.005 1430.264 1430.264 

AIC 

0 7.723863 7.723863 7.698565 7.698565 7.708180 

1 7.705079 7.709944 7.680208  7.257911  7.262521 

2 7.704525 7.698520 7.698520 7.267658 7.267658 

Schwarz Criteria 

0 7.763928 7.763928 7.758663 7.758663 7.788309 
1 7.785208 7.800090 7.780370  7.368089  7.382716 
2 7.824720 7.838747 7.838747 7.427918 7.427918 

L.R.Test: Rank  2 Rank  2 Rank  1 Rank  1 Rank  2 

 11.49 

     H *(r)  
Test assumption: Linear deterministic trend in the data; Series: Y4 X4;  Lags interval: 1 to 1 

Eigenvalue Likelihood  
Ratio 

5%  
Critical Value 

1%  
Critical Value 

Hypothesized 
No. of CE(s) 

0.372355 191.501000 25.32 30.45 None** 

0.015260 006.120353 12.25 16.26 At most 1 

**    5%-   . 
**    1%-   . 

         5%-  
 . 

 H0: r  0     HA: r  0.  
H0: r  1      HA: r  1.   

    1,    
 . 
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DGP5: yt   5  0.2t  2xt   t , 

 xt   0.2  0.01t  xt 1   vt . 
    . 11.30. 

        -
    . 11.50. 

. 11.30 

 11.50 
      

Series: Y5 X5;  Lags interval: 1 to 1 

Data Trend: None None Linear Linear Quadratic 

Rank or  
No. of CEs 

No Intercept 
No Trend 

Intercept 
No Trend 

Intercept 
No Trend 

Intercept 
Trend 

Intercept 
Trend 

Log Likelihood 
0 1672.222 1672.222 1630.634 1630.634 1525.928 

1 1527.340 1527.331 1525.738 1525.724 1432.667 

2 1527.280 1520.795 1520.795 1432.659 1432.659 

AIC 
0 8.423224 8.423224 8.224289 8.224289 7.708180 

1 7.715279 7.720258 7.717274 7.722231  7.259633  

2 7.735077 7.712538 7.712538 7.279694 7.279694 

Schwarz Criteria 
0 8.463289 8.463289 8.284386 8.284386 7.788309 

1 7.795408 7.810404 7.817436 7.832409  7.379827  

2 7.855272 7.852765 7.852765 7.439953 7.439953 

L.R.Test: Rank  1 Rank  2 Rank  2 Rank  2 Rank  1 

Y5 

X5 

50 250
0

500

2000

 

1500

350150 t 400100 300200

1000
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    ,    
 H(1) (    ,  CE    

  ;    1) —     
 (  7.259633).        

(      7.379827). 
       H(r), -

   . 11.42,  . 11.51. 

 11.51 
     H(r)  

Test assumption: Quadratic deterministic trend in the data; Series: Y5 X5;  Lags interval: 1 to 1 

Eigenvalue Likelihood  
Ratio 

5%  
Critical Value 

1%  
Critical Value 

Hypothesized 
No. of CE(s) 

0.374152 186.537400 18.17 23.46 None** 
3.97E-05 000.015819 03.74 06.40 At most 1 

**    5%-   . 
**    1%-   . 

         5%-  
 . 

 H0: r  0     HA: r  0.  
H0: r  1      HA: r  1.   

    1,    
 .  

 ,       
 ,     -

    . 

  11.3.2 

   ,    
. 

DGP: L234t   0.5W2t   W3t   2W4t   1t , 
 L23t   W2t   0.5W3t   2t , 

 W2t   W2, t 1   3t , 
 W3t   W3, t 1   4t , 
 W4t   W4, t 1   5t , 

 1t , 2t , 3t , 4t , 5t  —       
,     

 ,  0.04. 
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 W2t , W3t , W4t      -
        (common trends),   , 

  ( )      
.    L23t    W2t   W3t , 

    L234t  —  W2t , W3t   W4t . 
   500     5 -

  DGP  L234t , L23t , W2t , W3t   W4t .  . 11.31  11.32  
  . 

. 11.31 

. 11.32 

    5   VAR(1)  -
 (     )    

  ,      

L23 

L234 

50 250
–30

–25

5

 

–15

350150 t 500100 300200

–10

–20

–5

0

400 450

50 250
–10

–8

2

 

–4

350150 t 500100 300200

–2

–6

0

400 450

WALK2 

WALK3 

WALK4 
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5  . ,      L234t 
 : 

Autocorrelation Partial Correlation k AC PAC Q- P-  

.|. .|. 1 0.044  0.044  0.9530 0.329 

.|. .|. 2 0.037  0.039  1.6395 0.441 

.|. .|. 3 0.031 0.028 2.1276 0.546 

.|. .|. 4 0.020  0.019  2.3355 0.674 

.|. .|. 5 0.031 0.031 2.8073 0.730 

.|. .|. 6 0.036 0.037 3.4726 0.748 

.|. .|. 7 0.008 0.015 3.5055 0.835 

.|. .|. 8 0.039 0.041 4.2674 0.832 

.|. .|. 9 0.003 0.007 4.2734 0.893 

.|. .|. 100 0.001 0.005 4.2743 0.934 

        VAR(1) 
 .         

     ,     
   . 

       -
    . 11.52. 

 11.52 
      

Series: L234 L23 WALK2 WALK3 WALK4;  Lags interval: No lags 

Data Trend: None None Linear Linear Quadratic 

Rank or  
No. of CEs 

No Intercept 
No Trend 

Intercept 
No Trend 

Intercept 
No Trend 

Intercept 
Trend 

Intercept 
Trend 

Log Likelihood 
0 099.73833 0099.73833 103.2311 103.2311 104.7734 
1 279.21780 279.4377 282.9301 283.2575 284.7997 
2 457.04190 457.6821 461.1675 462.6611 464.2006 
3 461.17540 463.9622 466.3818 469.2587 470.4661 
4 464.54380 468.0578 469.2034 472.1756 473.0952 
5 464.77990 470.6760 470.6760 473.8191 473.8191 

Akaike 
0 0.400556 0.400556 0.394502 0.394502 0.380616 
1 1.081960 1.078063 1.076025 1.073323 1.063453 
2  1.755188  1.749727 1.751677 1.749643 1.743777 
3 1.731628 1.730772 1.732457 1.731963 1.728780 
4 1.704995 1.703044 1.703628 1.699501 1.699178 
5 1.665783 1.669382 –1.669382 1.661924 1.661924 
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 .11.52 

Data Trend: None None Linear Linear Quadratic 

Rank or  
No. of CEs 

No Intercept 
No Trend 

Intercept 
No Trend 

Intercept 
No Trend 

Intercept 
Trend 

Intercept 
Trend 

Schwarz 

0 0.400556 0.400556 0.352227 0.352227 0.296066 

1 0.996646 0.985058 0.949199 0.938043 0.894352 

2  1.586088  1.563717 1.54301 1.521357 1.490127 

3 1.477977 1.451756 1.436531 1.410672 –1.390579 

4 1.366794 1.331023 1.323152 1.285205 1.276427 

5 1.243032 1.204355 1.204355 1.154623 1.154623 

L.R.Test: Rank  2 Rank  2 Rank  2 Rank  2 Rank  2 

         2.  -
  (   )    «    

 ,         
 ;    2». 

        
  W2t , W3t   W4t  ( . 11.53). 

 11.53 
      

Series: WALK2 WALK3 WALK4;  Lags interval: No lags 

Data Trend: None None Linear Linear Quadratic 

Rank or  
No. of CEs 

No Intercept 
No Trend 

Intercept 
No Trend 

Intercept 
No Trend 

Intercept 
Trend 

Intercept 
Trend 

Akaike 

0 1.209358 1.209358  1.211316   1.211316  1.205445 

1 1.201837 1.206417 1.208105 1.209616 1.206429 

2 1.191311 1.194747 1.195348 1.193234 1.192934 

3 1.168162 1.177195 1.177195 1.171753 1.171753 

Schwarz 

0  1.20358   1.209358  1.185951 1.185951 1.154715 

1 1.151107 1.147232 1.132009 1.125065 1.104968 

2 1.089850 1.076376 1.068523 1.049499 1.040743 

3 1.015971 0.999639 0.999639 0.968832 0.968832 

L.R.Test: Rank  0 Rank  0 Rank  0 Rank  0 Rank  0 
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          0,  
 DGP.         

 ,         
  ,    DGP.  

    

         
 (     r)   -

  r    . -
     EViews    5 , -
    (r  2),    ( . 11.54). 

         
 . ,  ,   -

 5   ,   5  -
  .   5    

   , «    -
».     ,    

  ,  . . 

 11.54 
       

Test assumption: No deterministic trend in the data;  
Series: L234 L23 WALK2 WALK3 WALK4;  Lags interval: No lags 

Unnormalized Cointegrating Coefficients: 

L234 L23 WALK2 WALK3 WALK4 

0.079261 0.198108  0.236127 0.178603 0.159704 

0.202709 0.079211 0.022787 0.161363 0.406370 

0.001194 0.000453 0.014625  0.034465 0.037834 

0.002101 0.001543 0.019423 0.024621 0.007077 

0.000206 0.000771 0.011197 0.009764 0.012244  

       r  1,     -
       , -

   , . .  

( 0.079261, 0.198108, 0.236127, 0.178603, 0.159704)T, 

    .     
,    , . . ,  
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        , -
  

(1, 2.499451, 2.979119, 2.25363, 2.014916)T. 

      r  2,     
        

 ,     , . . : 
*
(1)   ( 0.079261, 0.198108, 0.236127, 0.178603, 0.159704)T; 
*
(2)   ( 0.202709, 0.079211, 0.022787, 0.161363, 0.406370)T. 

, ,  ,        -
           -

.      ,     
         

  (  )    -
  ( ,   , 

    . .). ,   ,    -
    , 

    ,      
   . 

   r  1,     -
        q  r  1 

  (       
  ,    ).   -

        
  ,      

 ,      -
   ( ) . 
   r  2,        -
       ( , 

      ).   
       .  
        

    . 
  ,       , 

 «      »  -
 L234t , L23t , W2t , W3t   W4t      
,      L234t , W2t , W3t , W4t    -

  L23t ,     L23t , W2t , W3t , W4t   
   L234t .       «  

»  ,      « » 
  L234t ,    —  L23t , ,  
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     ,   -
  —   ,   -

   : 
(1)   (1, 0, 13 , 14 , 15)T; 

(2)   (0, 1, 23 , 24 , 25)T. 

 ,      -
    : 

( 0.079261, 0.198108, 0.236127, 0.178603, 0.159704)T; 
( 0.202709, 0.079211, 0.022787, 0.161363, 0.406370)T 

        , 
 : 

(1, 0, 13 , 14 , 15)T      (0, 1, 23 , 24 , 25)T. 

     EViews     
( . 11.55). 

 11.55 
    

Normalized Cointegrating Coefficients: 2;   Cointegrating Equation(s) 

L234 L23 WALK2 WALK3 WALK4 

1.000000 0.000000 0.499995  0.993065  2.006077  
  (0.005410) (0.008680) (0.008520) 

0.000000 1.000000 0.991867  0.504230  0.003537  
  (0.005490) (0.008810) (0.008650) 

     

(1)   (1, 0, 0.499995, 0.993065, 2.006077)T, 

(2)   (0, 1, 0.991867, 0.504230, 0.003537)T. 

    : 

L234t   0.499995W2t   0.993065W3t   2.006077W4t , 

L23t   0.991867W2t   0.504230W3t   0.003537W4t , 

     , -
  DGP: 

L234t   0.5W2t   W3t   2W4t , 

L23t   W2t   0.5W3t . 
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 ,    *
(1)   *

(2)   -
   (1)   (2) : 

*
(1)   0.079261 (1)   0.198108 (2) , 
*
(2)   0.202709 (1)   0.079211 (2) . 

  . 11.55      
  (   )     -

 ,        
 .   ,   -

       
(  ). 

        
   ECM  .    

 ,       
 , . .    -

 . 
    ,   . 11.56. 

 11.56 
   

 D(L234) D(L23) D(WALK2) D(WALK3) D(WALK4) 

ecm1 0.971220 0.051197 0.040351 0.005400 0.031996 

 (0.11006) (0.06585) (0.04248) (0.04468)0 (0.04231)0 

 ( 8.82480)  ( 0.77748)  ( 0.94983)  (0.12086)0 (0.75621)0 

ecm2 0.033474 1.015363 0.001894 0.010505 0.024292  

 (0.10788) (0.06455) (0.04164) (0.04380)0 (0.04148)0 

 ( 0.31028)  ( 15.72980) ( 0.04549)  (0.23985)0 ( 0.58571)00 

    ECM  : 

(L234)t   0.971220(ecm1)t 1   0.033474(ecm2)t 1   e1t , 

(L23)t   0.051197(ecm1)t 1   1.015363(ecm2)t 1   e2t , 

(W2)t   0.040351(ecm1)t 1   0.001894(ecm2)t 1   e3t , 

(W3)t   0.005400(ecm1)t 1   0.010505(ecm2)t 1   e4t , 

(W4)t   0.031996(ecm1)t 1   0.024292(ecm2)t 1   e5t , 

 (ecm1)t   L234t   0.499995 W2t   0.993065W3t   2.006077W4t , 
 (ecm2)t   L23t   0.991867W2t   0.504230W3t   0.003537W4t . 



 11.      ... 603 

        
    (« ») -
   , ,  

H0:  25   0 

        
 

H0:  12   21   31   32   41   42   51   52   0, 

   (ecm1)t 1    , -
 ,    (ecm2)t 1    , 

  (      
). 

       
,          -
      ,   
     EViews,      

 . ( ,     -
         

.)      
      CATS (Cointegration 

Analysis of Time Series),       RATS 
(Regression Analysis of Time Series).    -

        , 
,  (Patterson, 2000). 

   ,     
 : 

      o  -
    VAR ; 

       p  VAR; 
     max  trace — -

,        -
     . 

         -
      -

 max  trace     
T

NpT  (    -

 ). 
   ,     -
  (   )   -
     . 
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1.  ,     ?   -
    ,     -
 ? 

2.         ?  -
   ? 

3.         -
  ?      

   ? 
 



   ,  
     

    

  7 

 1.    :   
       —     1897  

1913 .       ,  -
     .   -
    ,    

     . 

 1897 1898 1899 1900 1901 1902 1903 1904 1905 1906 1907 1908 1909 1910 1911 1912 1913 

dj 45.5 52.8 71.6 61.4 69.9 65.4 55.5 55.1 80.3 93.9 74.9 75.6 92.8 84.3 82.4 88.7 79.2 

 .      -
 -1  . 7.   ,    

  . 

 2.        
  EViews       dj_1984_daily.wf1. 

  http://www.measuringworth.org      
 —  (   )    28   31  1984 . 

     (Series)   dj (  Index)   -
 . 
1.     28   7  (   -

 1—71).        
  ,   . 

2.          
  (  Return),     

    ,    , -
    .      ,  
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    ,   
,     EViews  4.0 (Kolmogorov—

Smirnov, Lilliefors, Cramer—von Mises, Anderson—Darling, Watson),  -
   — . 

3.        
  28   31  (    1—214). 

 .         
    ,     

      EViews.    
     : File/New/Program.  -

    ,      
 ,    Run.    -

,       . -
       ( , 

    ,  ). (    
,       EViews,     

   ;  EViews6  -
       -
 .   ,      

          -
.) 

,    

load dj_1984_daily.wf1 '     ,   -
       -

 .        
 ,     , , 

load «C:\program files\eviews6\econometrica\dj_1984_daily.wf1». 
smpl 1 71 '   71 . 
!n 71 '   . 
series x dj '    dj   .  

   ,  -
: series x  d(log(dj)). 

series m @median(x) '   m,       
 x. 

series sign '     sign,  -
  1  1    ,   

    x     -
 . 

'     sign. 

'         
  . 

scalar n1 0 
scalar n2 0 
for !i 1 to !n '  !i  1   Index  !i  2   Return. 
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if x(!i) m(!i) then 
n1 n1 1 
sign(!i) 1 
endif 
next 
for !i 1 to !n 
if x(!i) m(!i) then 
n2 n2 1 
sign(!i) -1 
endif 
next 

'   ,   ,   , -
  . 

scalar z1 0 
scalar z2 0 
!i 1 
if sign(!i) 0 then '  ,      

. 
z1 1 
for !i 2 to !n 
if sign(!i) sign(!i-1) then 
z2 z2 1 
endif 
if sign(!i) sign(!i-1) then 
z1 z1 1 
endif 
next 
else '  ,      

. 
z2 1 
for !i 2 to !n 
if sign(!i) sign(!i-1) then 
z2 z2 1 
endif 
if sign(!i) sign(!i-1) then 
z1 z1 1 
endif 
next 
endif 

scalar z z1 z2 '     z. 

'!n !n-1 '    Return,  !n   1. 
scalar exp_z (2*n1*n2/!n) 1   '    Z. 
scalar var_z 2*n1*n2*(2*n1*n2-!n)/(!n^2*(!n-1))   '   Z. 

scalar z_star (z-exp_z)/@sqrt(var_z)   '    z*. 
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,     

load dj_1984_daily.wf1 ' .    . 
!start 1 '  . 
!end 71 '  . 
!n !end-!start 1 '  . 

series x d(log(dj)) '    ,  series x  dj, 
   ,   

series x  d(log(dj)). 

series z na '    z. 

scalar c1 0 
scalar c2 0 
for !i 2 to !n-2 '!i  2 —  Return, !i  1 —  Index. 
if x(!i 1) x(!i) then c1 1 
endif 
if x(!i 1) x(!i 2) then c2 1 
endif 
if x(!i 1) x(!i) then c1 0 
endif 
if x(!i 1) x(!i 2) then c2 0 
endif 
if c1-c2 0 then z(!i) 1 
else z(!i) 0 
endif 
next 

scalar s @sum(z) 

'   - ,  !n   1. 
!n=!n-1 
scalar exp_s 2*(!n-2)/3 
scalar var_s (16*!n-29)/90 
scalar s_star (s-exp_s)/@sqrt(var_s)   '   S*. 

,     

    «  » 
'     . 

load dj_1984_daily.wf1 
smpl 1 71 
!n 71 
series x na ' . 
series x d(log(dj)) '—  Return, dj —  Index. 

scalar Q 
Q 0 
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for !i 1 to (!n-1) 
for !j !i 1 to !n 
if x(!i) x(!j) then Q Q 1 '       

 0. 
endif 
next 
next 
scalar Q_low Q 
Q 0 
for !i 1 to (!n-1) 
for !j !i 1 to !n 
if (x(!i) x(!j) or x(!i) x(!j)) then Q Q 1 '       

 1. 
endif 
next 
next 
scalar Q_up Q 
'  dlog(dj),   n  : 
!n !n-1 
scalar tau_up 1-((4*Q_low)/(!n*(!n-1))) 
scalar tau_low 1-((4*Q_up)/(!n*(!n-1))) 
scalar var_tau (2*(2*!n+5))/(9*(!n*(!n-1))) 
scalar taustar_low tau_low/@sqrt(var_tau) '     . 
scalar taustar_up tau_up/@sqrt(var_tau) '     . 

 3.     
  http://www.rts.ru      -1 (  -

 )    9  1998 .  10  2000 . 
       -

 ,         , 
   ,     . 

 4.       
 4        

.        
   4 .      -
       . 

 .     white_noise.wf1, -
  100 ,        Genr.  

       eps1: 
eps1 @nrnd. 

  Genr,        
 eps2: 

eps2 @nrnd. 
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      eps3  eps4. 
   Group  Group01 — ,   -

 .      View  Multiple Graph  Line — 
     .      Group01 

 View  Graph  Line —      
. 

 5.         
    

   ,     4   -
    ,   , -
    EViews  4.0 (Kolmogorov—Smirnov, Lilliefors, 

Cramer—von Mises, Anderson—Darling, Watson). 
        

,    4? 

 6.     
  (  100)   

Xt  a0  a1Xt 1  t  
         ,  

1) a0  0, a1   0.1, X0  0; 
2) a0  0, a1   0.5, X0  0; 
3) a0  0, a1   0.5, X0  0; 
4) a0  5, a1   0.5, X0  10; 
5) a0  5, a1   0.5, X0  5; 
6) a0  5, a1   0.5, X0  0; 
7) a0  0, a1   0.8, X0  10; 
8) a0  0, a1   0.8, X0  5; 
9) a0  5, a1   0.8, X0  0. 

    .   
,   . 1—3.     -

  ?      -
   ?     -

,   . 4,  ,   . 5  6.   
    ,   . 4  7, 5  8, 6  9. 

 .     -
     eps. 

1.   Series   x1,   Genr   -
 : Enter equation  x1 0.   Model   M1  

    : x1 0.1*x1(-1) eps.   
 M1   Solve.     Stop 
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on missing data  Iteration control    OK.   
 x1    1.     : 

View: Descriptive Statistics  Histogram and Stats. 
  Mean     x1,    Std. Dev. — 

   . 
2.   Series   x2,   Genr   -

 : Enter equation  x2=0.   Model   M2  
    : x2 0.5*x2(-1) eps.   

 M1   Solve.     Stop 
on missing data  Iteration control    OK.   

 x2    2.     : 
View: Descriptive Statistics  Histogram and Stats. 

  Mean     x2,    Std. Dev. — 
   . 

3.   Series   x3, Enter equation  x3 0.  
 Model   M3     : 

x3 -0.5*x3(-1) eps.    x3    3. 
4.   Series   x4, Enter equation  x4 10.  

 Model   M4     : 
x4 5+0.5*x4(-1)+eps.    x4    4. 

5.   Series   x5, Enter equation  x5 5.  
 Model   M5     : 

x5 5 0.5*x5(-1) eps.    x5    5. 
6.   Series   x6, Enter equation  x6 0.  

 Model   M6     : 
x6 5 0.5*x6(-1) eps.    x6    6. 

 7.       
,   xt —     c —  -

,    xt  (xt  c)   . 

 8.    
  (  )    Xt 

 : LXt  Xt 1.     k , 
   Lk ; 

LkXt  Xt kLk . 
      L0,   

L0Xt  1Xt   Xt , 
   L  —  L 1 (   — lead operator), 

L 1Xt  Xt 1 . 
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    : 

1) LkC  C; 
2) Lk(CXt)  CXt k ; 
3) (Lk   Lm)Xt  LkXt  LmXt  Xt k   Xt m ; 
4) LkLmXt  Xt m k   LmXt k   Lm k  Xt  LmLkXt ; 
5)  k  0  L kXt  Xt k ; 
6)  | a |  1,  (1  aL)(1  aL  a2L2  ) Xt  Xt ,     

(1  aL  a2L2  )     (1  aL).  -

 : ;)1(
1

22
t

t XLaaL
aL

X  

7)  | a |  1,  (1  aL)(1  (aL) 1  (aL) 2  ) Xt   aLXt .  -

 : .))()(1()(
1

211
t

t XaLaLaL
aL

X  

 .  1—5  .  
  6    

,)1)(1( 22
t

nn
t XLaLaaLaLX  

    7 —  

t
n

t XaLaLaLaLXaL ))()()(1)(1()( 21  

 ,           n . 

 9.   AR(1)  
   AR(1) Xt  aXt 1  t  ,   

 t    ,   t  —  
   D( t)  2  Cov(Xt s , t)  0   s  0.    -

,   | a |  1,     Xt  aXt 1  t   

 .
0  k

kt
k

t aX  

,     Cov(Xt s , t)  0   s  0,  -
 Xt  aXt 1  t       | a |  1.   

. 

 .   | a |  1   
: 

Xt  aXt 1  t   a(aXt 2  t 1)   

  | a |  1     

.11
11 ttt a

X
a

X  
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  : 

.111

0  

1

0  1  k
kt

k

t
k

kt

k

t
k

kt

k

t a
a

aa
X  

  ,11

0  

1

1  
1

11

1
m

mt

m

k
kt

k

t aa
X  : 

Xt  aXt 1  t . 

 ,  E(Xt)  0,  ,  D(Xt)  const  Cov(Xt , Xt  k ) 
   k . 

 10.     

1.    
L5.01

3 . 

2.    xt  0.1xt 1  0.2xt 2  t    
 . 

        -
    .  t  ~ WN(0, 2) 

,    t        
    2 . ,    

AR    t    -
. 

 11.    .  
    

 t  ~ WN(0, 1),  

)     xt  1  0.5xt 1  t  ?  
  ,   .  

 5       . 
 ,        

  ; 
)     xt  1  1.2xt 1  xt 2  t ? 
)     xt  1  0.1xt 1   0.2xt 2  t -

?    ,   -
.  ,        

  .   5  -
     . 

 .   )   , -
   —    ,   
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 (0).   MA( )-   : 

.
)(

1
)(

1
tt LaLa

x  

 12.      
 t  ~ WN(0, 1),  

)     xt  5  t  0.8 t 1 ? -
   ,   . -
  5       . 
 ,        

 ; 
)     xt  t  t 1 ?   

 ,   .  -
 5       .  

,        -
 ; 

)     xt  1  t  0.1 t 1  0.2 t 2 -
?    ,   . 

  5      
 .  ,       -

  . 

 13.      
,   Xt —   AR(p),  part(k)  0  k  p. 

 14.     
1.     ,    11  12, 

     part(k)  -
 k  1, 2  3. 

2.   EViews,    -
,    11  12,    -

       . 

 15.    ARMA 
 t  ~ WN(0, 1),    xt  1  0.4xt 1  t   0.8xt 1. 

1.    ? 
2.    , ,   -

   3-   ; 
3.  ,       -

         ; 
4.    (  100),   -

  . 
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 16.      
      

      part(1)  0.4  
 part(2)  0.6     (1)  (2)  -

 . 

 17.    ARMA(p, q)    
    

  p, q   ARMA(p, q)    
a1, ..., ap  b1, ..., bq  ,  part(1)  0.5, part(2)  0.5, 

part(k)  0  k  3. 

 18.    ARMA(p, q)    
   

  p, q   ARMA(p, q),  a1, ..., ap  
 b1, ..., bq  ,  1  0.4, k   0  k  2. 

 19.      
     

    AR(2),  ,  
3
1

1   

 2  0. 

 20.   ARMA(p, q)    
   

  p, q  ARMA(p, q),  a1, ..., ap  b1, ..., bq 
 ,  1  0.5  k   0  k  2.    

 ? 

 21.     ARMA(p, q)  
     

    ARMA(1, 1),   1  2  0.5. 

 22.   p  q  ARMA(p, q) 
    10    -

 rk       rpart(k)  
 xt . ,    T  100 .  -

 p  q  ARMA(p, q). 

k 1 2 3 4 5 6 7 8 9 10 

ACF 0.718 0.453 0.284 0.185 0.114 0.099 0.041 0.025 0.067 0.091 

PACF 0.718 0.130 0.021 0.010 0.016 0.064 0.103 0.044 0.019 0.030 
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 23.   p  q  ARMA(p, q) 
    10    -

 rk      rpart(k)   xt . -
,    T  100 .   p  

 q  ARMA(p, q). 

k 1 2 3 4 5 6 7 8 9 10 

ACF 0.497 0.034 0.025 0.005 0.024 0.038 0.056 0.040 0.068 0.070 

PACF 0.497 0.283 0.207 0.168 0.175 0.112 0.159 0.126 0.018 0.010 

 24.   p  q  ARMA(p, q) 
    10    -

 rk      rpart(k)   xt . -
,    T  100 .   p  

 q  ARMA(p, q). 

k 1 2 3 4 5 6 7 8 9 10 

ACF 0.519 0.047 0.066 0.069 0.001 0.075 0.149 0.135 0.026 0.099 

PACF 0.519 0.304 0.091 0.080 0.087 0.031 0.123 0.008 0.033 0.093 

 25.      — 
 .    

1.   (  100)  
Xt  1.3Xt 1  0.4Xt 2  t   0.3 t 1  0.4 t 2 , 

Yt  0.5Yt 2  t   0.5 t 1 , 
        . 

2.     Xt  Yt.   
 . 

 . 

1.        eps. 
    Xt   X,  x  0,  

   mod_x   
x 1.3*x(-1)-0.4*x(-2) eps-0.3*eps(-1)-0.4*eps(-2). 

    Yt   Y,  y  0,  
   mod_y   

y 0.5*y(-1) eps 0.5*eps(-1). 

2.     Xt  Yt    
Group.         -

  . 
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 26.    ARMA    —  
   General Motors. 

        
General Motors Corp   ( ,    -

),   . -1 . 
1.      1970  1990 .   . 

      ? 
2.        ?  

,      ? 
3.   AR .     -

? 
4.   .    

   ? 
5.    ,       

  ?       
         

 ? 
6.      ,  -

 ,   ,  -
 . 

 . 
1.     : Sample  1970 1990.    

Series X : View  Line Graph. 
2.   .      Series X 

: View  Correlogram  Correlogram of: Level.    
Lags to include,      ( ), -

 .     ( ) -
  . 

3.    —     
 AR .    : Object  New 

Object  Equation  eq1.     -
. 

 :  X C X(-1) X(-2) X(-3).    -
       : 

Xt  a0  a1 Xt 1  a2 Xt 2  a3 Xt 3  t , 

 C      a0. -

   : 
321

0

1 aaa
a . 

 : X C AR(1) AR(2) AR(3).    
        -

 : 

(Xt  )  a1(Xt 1  )  a2 (Xt 2  )  a3 (Xt 3  )  t , 
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. 

       -
 ,    a(z)  0 (Inverted AR Roots).  

      1,    . 

4.   ,     -
. 

5.   P-       
  . 

6.       . 

 27. ,     
  ,   ,  

     
1.     

Xt  t   0.975 t 1 , 

      t , t  1, 2, …, 50, 
0  0.       Xt  t  b1 t 1. 

2.     
Xt  t   1.25 t 1 . 

      Xt  t   b1 t 1. -
  . 

 . 
1.         Back-

cast MA terms.      -
  .      
       -
     ARMA options: starting coeffi-

cient values. 
2.         Back-

cast MA terms. 

 28.    ARMA     
   

1.         
    (SAR(1) — first order seasonal 

auto regression): 
Xt  a4Xt 4  t ,  | a4 |  1, 

      (SMA(1) — first order 
seasonal moving average): 

Xt  t   b4 t 4. 
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  : 
4

4)( kak   k  4m,  m  0, 1, 2, …, 

0)(k    k  0. 

   

4)4(,1)0( b , 

0)(k    k  0. 

C    SAR(1)  a4  0.8  SMA(1)  b4  0.8. 
  ,     

 . 
    
(1  a1L)Xt  (1  b1L)(1  b4L4) t , 

Xt  a1Xt 1  t   b1 t 1  b4 t 4  b1b4 t 5, 

(1  a1L)(1  a4L4)Xt  (1  b1L) t , 

Xt  a1Xt 1  a4Xt 4  a1a4Xt 5  t   b1 t 1. 
  ,     

 . 
2.         

  ,   . -2 .  -
         1999:01  2003:12. 

 .       1999:01 
 2003:12.        -

  .   .     
   —      

1  12.     
(1  a1L)(1  a12L12)Xt  t , 

     Equation  : 
X C AR(1) SAR(12). 

  8 

 29.      
    

1.   (  100)   
Yt  5  0.5Yt 1  0.2Xt   0.3Xt 1  t , 

 Xt  0.5Xt 1  vt ,   X1  0,   Y1  0, 
 t   vt  —       -

  ,   D( t)  0.01,  D(vt)  0.25. 
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    ?   -
    X1  Yt? 

2.      Yt  , 
   .   -

  ?  ,     -
    Xt  Yt?  -

   ,   . 1. 
3.    . -3    : 

Y1  X, Y2  X, Y3  X, Y4  X, Y5  X. 
 . 

1.   Series   X  Y,  X  0  Y  0.  
 Model   mod_1   : 

x 0.5*x(-1) 0.5*nu 
y 5 0.5*y(-1) 0.2*x +0.3*x(-1) 0.1*eps 

  .    . 
2.    

Yt    0Xt   ut . 

      0     -
     Xt  Yt? 

    .    -
  AR(1),      ADL(1, 1, 1)  

    . 
3.      Y1, Y2, Y3, Y4, Y5  -

   X.    .  -
      

.     , -
  ,      -

  .       
   ,    -

      AR(1) . 

 30.       
    

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 , 

Y1t  Y2t  0  D( 1t)  D( 2t)  0.01.   -
 . 

2.      VAR(1)   . 
    ,   

. 
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 . 
1.   Series   Y1  Y2,  Y1  0  Y2  0. -

  Model   mod_1   : 

y1 0.6 0.7*y1(-1) 0.2*y2(-1) 0.1*noise_y1 
y2 0.4 0.2*y1(-1) 0.7*y2(-1) 0.1*noise_y2. 
        

. 
      : 

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 . 

 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

1
1z  

 
5.0

1
2z   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. 
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2.    Y1  Y2   VAR (Open as VAR…).  -
    (  —  ): 

VAR specification: Unrestricted VAR (VAR    ), 
Lag intervals: 1 1 (        ) 

 OK. 
     VAR   (UNTITLED), 

      VAR. 
       -

    — ,  VAR(2),   
     y1(-2)  y2(-2). 

 31.      
   VAR(1)   : 

Y1t  0.8Y1, t 1  0.2Y2, t 1  1t , 
Y2t  0.2Y1, t 1  0.8Y2, t 1  2t , 

 Y1t  Y2t  0  D( 1t)  D( 2t)  0.01.    
. 

 .    

t

t

t

t

t

t

y
y

LL
LL

y
y

2

1

2

1

2

1

8.02.0
2.08.0

, 

  

LL
LL

LA
8.012.0
2.08.01

)( . 

  
2.02.0
2.02.0

)1(A ,     ,  

 A 1(1)  . 
 det A(z)  0    

(1  0.8z)2  (0.2z)2  0,   . .   (1  z)(1  0.6z)  0. 

    
6.0

1   1.  ,  1,  

  . 

 32.    VAR 
1.    VAR: 

Y1t  0.6  0.7Y1, t 1  0.2Y2, t 1  0.1X1, t 1  0.2X2, t   1t ,   Y1t  0, 

Y2t  0.4  0.2Y1, t 1  0.7Y2, t 1  0.2X1, t   0.4X2, t 1  2t ,   Y2t  0, 
 

X1t  0.7X1, t 1  3t ,   X10  0, 
X2t  0.5X1, t 1  4t ,   X20  0, 
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    D( 1t)  ...  D( 4t)  0.01. 
 Y10  Y20  0.    . 

2.        Y10  Y20 , -
      ? 

 . 
1.     . 
2.          -

 Y10  Y20 , ,  X10  0, X20  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 , 

     

2

1

2

1

2.36.1
8.24.1

8.4
2.5

x
x

y
y

, 

. . 

.2.36.18.4
,8.24.12.5

212

211

xxy
xxy
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 33.    
        -
  ?   (  100)  . -
       

     ? 

Xt  0.08t  t , 

Yt  1.8Yt 1  0.8Yt 2  t , 

Zt  0.3Zt 1  0.4Zt 2  t . 
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 .     Xt.   
Yt  Zt    . 

 34.        
       

 
  (  100)  AR(1) 

Xt  a1Xt 1  t ,   t  1, 2, ..., 50,   X0  0, 

 a1  0.5, a1  0.7, a1  0.9, a1  1, a1  1.05, a1  1.1. ,  -
        a1  

0.5  1.1. 

 .      -
       .  -

  ,          
  . 

 35.  ,     
     

      
 

   ,   -
        -

 a1  0.5  1.1. 

 36.  ,    
    

    , -
    33. 

 .     -
 . 

 37.       
  

     

Xt  Xt 1  t ,   t  1, 2, ..., 500,   X0  0, 

         -
 ?      . 

 .     ,  -
       . 
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 38.     ,  
   ,  ,  

  ( ,   ) 
  

        ,   
: 

Xt  0.05t  t ,   t  1, 2, ..., 500,   X0  0 (   
  ), 

Wt  0.05  Wt 1  t ,   t  1, 2, ..., 100,   W0  0 (   
     —  

   ). 
     .    
    ? 

 .      100.  
 t @trend 1.     : eps @nrnd. 

   : x 0.05*t eps.    
    w 0,    Model  -

   : w 0.05 w(-1) eps.      
: Solve  OK. 

 39.        
  (  ,  , 

 MA- ) 
    Xt  Wt   38: 
)    ,    Xt  Wt  

   t     x_res, w_res; 
)         Xt  Wt . 

        
     ? 

 .   : Generate  x_dif d(x), 
Generate  w_dif d(w).   w_dif  ,   

Wt     .   x_dif   
    Xt  (  )   ,  

        .  
         MA- -

, . .   MA-  —  -
  Xt . 

  x_res     -
  .   w_res   -

 .     w_res    
. 
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 40. TS-  DS-     ARIMA 
  AR(3) : 

Yt  Yt 1  0.25Yt 2  0.25Yt 3  t , 

Zt  0.5Zt 1  0.25Zt 2  0.125ZYt 3  t . 

     TS- ,   — DS- ?  -
      ARIMA(p, d, q)?   

       .    
  ,   .  -

     . 
 .         -

  . 
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 41.     —   
   —    General Motors 

  26         
    General Motors Corp  

 ( ,    )    1970  1990 ., 
      .   -

    ,      — 
. 

 .    , ,   -
 ,    .   -

       —   -
 : 

  .,,1, 
1

1
1 Tptxxx t

p

j
jtjtt  

     ,   
   .   ,  -

       .     
   . 

        
AR(3) (    ),   p  3, p  1  2,    
     —     : 

., ,3,
2

1
1 Ttxxx t

j
jtjtt  

   Series x : 

View  Unit Root Test  
Test Type: Augmented Dickey-Fuller 
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Test for unit root in: Level (       ) 
Include in test equation: Intercept (      -

) 
Lagged differences: 2 (       ). 

     OK,  ,  
    : 

ADF Test Statistic 3.972621 1% Critical Value* 3.8572 
  5% Critical Value 3.0400 
  10% Critical Value 2.6608 

* MacKinnon critical values for rejection of hypothesis of a unit root 

  t     H0:   0  3.9726; -
 ,    0.05 (5% Critical Value), 

 3.0400.   t   tcrit ,    , 
       ,  -

  . 
 ,     ,   -

   AR(3),      26. 

 42.   —      
   —      
  1987—1990 . (  ) 

 . -4        (X)   
1987—1991 . (  ).      

        1987 .   1990 .,  
    — . 

 .   —     
 ,   .      -

   12      .    , 
  .    Equation   

  : 
X @SEAS(1) @SEAS(2) @SEAS(3) @SEAS(4) @SEAS(5) @SEAS(6)  

@SEAS(7) @SEAS(8) @SEAS(9) @SEAS(10) @SEAS(11) @SEAS(12) 
     : Procs  Make residual series  x_des; 

    Series   x_des —    ,   
. 

    d(x_des),    
x_des.       x_des : 

View  Correlogram  Correlogram of: 1st difference  OK. 
   ,     AR- -

  d(x_des).      
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      —     -
    x_des. 

   x_des : 
View  Unit Root Test  
Test Type: Augmented Dickey-Fuller 
Test for unit root in: Level (       ) 
Include in test equation: Intercept (      -

) 
Lagged differences:   AR-   d(x_des). 

     OK. 
    —    5%-  -
  (   ),    -

   ,  (        — 
)    Equation,    -

   —    x_des,    . 
      ,   

  Unit Root Test.    . 
   —      t- -

  ,   x_des( 1). 
    —     

  .    -
 ,    P- ,   

   .    -
       ,   

   .   t- -
  ,   x_des( 1),    -

 ,    5%-   . 
      ,   

     , . .    Xt .   -
    ,     

    Xt. 

 43.       
        

  DPI,        
(   .,   1982 .). 

 .    10.1.6 ( . 10). 
    . -5. 

 44.     
   ST_4  WALK_3,    10.1 ( . 10). 

          . 
 .      . -6. 
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 45.   
 . -7        

    1959  2006 .       
1959—1982 .    1983—2006 .      

        ,   
    ,   . 

 .      -
       1980—1982 .   -

  TB ,     ,   1982 ., 
. . TB   24,     .   , 

   .   -
  

,ttt uDTStrgdp  

 DTSt   0  t  TB       DTSt   t  TB   t  TB . 

   
.ˆˆˆ ttt DTStrgdpe  

   

tktkttt eeee 111  
         

t-       1.     , 
    . -8. 
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 46.    
1.    EViews   100   -

 
xt  xt 1  1t ,   t  1, 2, ..., T,   x1  0, 

yt  yt 1  2t ,   t  1, 2, ..., T,   y1  0, 

 1t , 2t  —        
    . 

     yt  xt?   -
 yt      xt .       
 ?     : )   50 -

; )   50 .   -
. 

2.    100   
zt  zt 1  3t ,   t  2, ..., T,   z1  0, 

 3t   0.5 1t   0.5 2t . 
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   zt  ?   -
   3t   1t?      zt 

 xt?    zt    xt .    -
    ?     -

: )   50 ; )   50 . 
  . 

3.    —   : )   -
  xt    yt ; )    

 xt   zt .    —      -
  ,  .     

  5%-    3.396. 

 . 
1.   EViews     100    

     —    
 eps1  eps2.   X  Y,   X=0  Y=0. -
   Model: 

mod_x  X X(-1) eps1  Solve, 
mod_y  Y=Y(-1) eps2  Solve. 

       . 
  Equation  : Y C X    -

.     t- ,  
    X,     -

 — .      .  
 . 3       Series,  

  resid_y_x. 

2.   eps3 0.5*eps1 0.5*eps2.   Z,   
Z 0,     mod_z  Z Z(-1) eps3  Solve. 

  Equation  : Z C X    -
.     t- ,  
    X,     -

 — .      .  
 . 3       Series,  

  resid_z_x. 
3 .    resid_y_x : 

View  Unit Root Test   
None; Lagged differences 0  OK. 

       -
 3.396,    5%. ,   

     ,   
  ( 2.8906)      

  « » . 
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3 .    resid_z_x : 
View  Unit Root Test   
None; Lagged differences 0  OK. 

 47.   .    

   (xt , yt)
T : 

xt  1.5xt 1  0.5xt 2  t ,   x1  0, 

yt  2xt   vt , 

 t   vt  —       -
,    , -

    N(0, 1). 

1. ,       VAR.    xt 
 yt ?  ,    

       . 
2.    (xt , yt)

T   100.  -
   —     -

    .    -
    —      -

  xt  yt ,     46.  
 ,       , 

     . 
3.       yt   xt   

 50     100 .   
        46?  

  ? 
 .      

         — 
 ,    .   
      3.396.   

    ,    -
    . 

 48.  VAR 
    VAR: 

xt  0.8xt 1  0.2yt 1  t , 

yt  0.2xt 1  0.8yt 1  vt , 

 t   vt —       -
,    ,  

   N(0, 1),  x0  y0  0. 
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1.      xt   yt . 
2.     — ,   

     .  
      —   -

     xt  yt ,    
  46.       , 

       .  
 ECM  . 

3.       yt   xt   
 50     100 .   
        46?  

  ? 
 . 

1.     
t

t

t

t

y
x

LA )( ,  A(L) —  -

   .    -
 .       

  A(1). 
2.        -

       —  : 
   .    -

   5%-    3.396. 

 49.       ,  
       

  4  y1t , y2t , y3t , y4t ,    
 

DGP: y1t   5  y2, t   y3, t   1t , 

 y2t   y2, t 1  2t , 

 y3t   y3, t 1  3t , 

 y4t   y4, t 1  4t , 
 y20  y30  y40  0; 

 1t , 2t , 3t , 4t  —         
 ,  1  2t , 3t , 4t    2  1t . 

     . 
1.    — ,     -

  ,       1. 
2.    — ,   -

: )   y1t , y2t ; )   y1t , y2t , y3t ; )   
y1t , y2t , y3t , y4t . 
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 .      
 ,     . -

   ,  . -9. 

 50.     
1.    46,   y2t   y2, t 1  2t   

y2t   0.75  y2, t 1  2t , 
   y1t   y2t     ,   -

 . 
   — ,   -

   y1t , y2t , y3t , y4t . 

2.    46   y1t   5  y2, t   y3, t   y4, t   1t , 
 

y1t   5  0.75t  y2, t   y3, t   y4, t   1t , 
   y2t , y3t , y4t     ,   y1t   

  ,    . 
   — ,   -

   y1t , y2t , y3t , y4t : 
)         -

 ; 
)        -

 . 
      ,    — 

  ? 

 .      
 ,     . -

   ,  . -9. 
1.     N  4,  «    ». 
2 .     N  4,  «    ». 
2 .     N  5,  «    ». 

 51.   ,    
   

  47  ,       vt  
  

t  0.5 t   0.5vt . 
        -

   ,    47. 
 .  ,      47 

   xt  yt     . ? 
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 52.       
,      

   EViews   100   -
  : 

xt  0.5  xt 1  1t ,   t  2, ..., 100,   x1  0, 

yt  1  yt 1  2t ,   t  2, ..., 100,   y1  0, 

 1t , 2t —        
   . 

   : 
)    yt     xt   t ; 
)    yt     xt   t  t . 

       ? 
 . 

DGP: xt  x  xt 1  1t , 

 yt  y  yt 1  2t , 

 1t , 2t —       ,  
x   0, y   0. 

     
SM:  yt     xt   ut  

 ˆT   ,   T ,  T   ,  

  ˆ
T        T     

x

y . 

        
SM:  yt     xt   t  ut , 

 (  T  ) ˆT      y ,  ˆ
T    -

    ,        -
   . 

 53.       , 
     

1.    EViews   50  : 
xt  1  xt 1  vt ,   x1  0, 

yt  2xt   ut , 

 ut   0.4ut 1  0.2ut 2  t  —  AR(2) ; 
 t   vt  —        , 

      . 
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2.    
yt     xt   t , 

    .  
  t-       -

 .     
,    ut    . 
 P-    ,    

. 
 . 

1.   t    

t   0.5 t   0.5vt , 

 t  —       ,  -
   vt . 

2.        Equation, 
  Heteroscedasticity  Newey-West. 

 54.      
  I(1)  

   yt   xt ,     

yt  5  xt   ut , 

xt  xt 1  vt ,   x1  0, 
 ut   0.7vt 2  0.7vt 1  t ; 

 vt   t —          -
,  1. 

      yt  xt  
 

yt     xt   t . 

         
H0:   1?   —   ?    -

  ,      -
 ? 

 .     
        Series.   

Group,       xt  xt  xt 1.     
: Cross Correlation (2)...      

       
 xt ,    xt       

  . 



  2.      636 

 55.        
  

  5  xt , zt , x1t , x2t , x3t ,    
: 

x1t   1.5x1, t 1  0.5x1, t 2  1t ,    x11  x12  0, 
x2t   1.5x2, t 1  0.5x2, t 2  2t ,    x21  x22  0, 
x3t   1.5x3, t 1  0.5x3, t 2  3t ,    x31  x32  0, 
yt  1.5x1t   x2t   x3t   4t , 
zt  10  x1t   x2t   5t , 

 1t , 2t , 3t , 4t , 5t  —        
  ,  1  1t , 2t , 3t   -
 2  4t   5t . 

       -
     EViews: 
1)     5 .    

  ? 
2)    ,    

.     . 
 .       

     ,  
   ,      -

  ,      
    . ,   
     EViews —   ,  -

,    VAR,     
,      . 

     ,  View/Cointegration 
Test...      ,     -

.     ,       
   ,   -

     .  -
   LR-  (   -

 )      
  ,  EViews   : 

1) No intercept or trend in CE or test VAR —     -
,       ,  ; 

2) Intercept (no trend) in CE — no intercept in VAR —    -
 ,     , 

   ; 
3) Intercept (no trend) in CE and test VAR —     

  ,    
  ; 
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4) Intercept and trend in CE — no trend in VAR —     
  ,    

   ; 
5) Intercept and trend in CE — linear trend in VAR —    

    ,   
    . 

    ,    5    -
 ,   ,    

    5  ; 
6) Summarize all 5 sets of assumptions. 

         
      ,     -
        . -

    : 
Summarize all 5 sets of assumption; Lag intervals (pairs) in VAR: 1 1. 

   ,     -
  11.1 ( . 11).   ,    

 . 
    VAR    .  

    Basics: Vector Error Correction (  ,   
   ),   Endogenous Variables -

     : Y Z X1 X2 X3;   Lag 
Intervals for D : 1 1 (       

 ).   Cointegration    -
       

(   5 ). 
   ,      

     . 

 

     

 -1 
    

   General Motors Corp,  . 

        

1970 5.3  1976 8.6  1982 6.2  1988 8.1 
1971 7.8  1977 9.1  1983 7.8  1989 7.9 
1972 7.8  1978 9.5  1984 8.3  1990 7.5 
1973 8.7  1979 9.0  1985 9.3  1991 7.0 
1974 6.7  1980 7.1  1986 8.6  1992 7.2 
1975 6.6  1981 6.8  1987 7.8  1992 7.2 
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 -2 
      

 ,   

,  
  , 

  , 
  , 

  

1999:01 9.2  2001:01 8.9  2003:01 9.5  2005:01 7.9 

1999:02 9.9  2001:02 9.2  2003:02 9.1  2005:02 8.3 

1999:03 11.2  2001:03 10.7  2003:03 11.5  2005:03 10.8 

1999:04 11.0  2001:04 9.6  2003:04 11.3  2005:04 10.5 

1999:05 9.9  2001:05 11.2  2003:05 10.4  2005:05 9.8 

1999:06 10.6  2001:06 7.7  2003:06 10.1  2005:06 9.1 

1999:07 9.8  2001:07 8.6  2003:07 10.3  2005:07 9.3 

1999:08 10.3  2001:08 9.8  2003:08 11.2  2005:08 10.4 

1999:09 11.2  2001:09 11.9  2003:09 11.0  2005:09 11.6 

1999:10 11.6  2001:10 14.1  2003:10 12.5  2005:10 12.1 

1999:11 12.9  2001:11 13.7  2003:11 12.1  2005:11 13.7 

1999:12 16.8  2001:12 16.1  2003:12 16.2  2005:12 18.8 

2000:01 8.9  2002:01 10.4  2004:01 9.5  2006:01 0.3 

2000:02 9.1  2002:02 8.9  2004:02 9.7  2006:02 6.4 

2000:03 9.3  2002:03 10.8  2004:03 11.6  2006:03 9.7 

2000:04 8.5  2002:04 11.6  2004:04 11.4  2006:04 10.2 

2000:05 8.7  2002:05 10.5  2004:05 10.1  2006:05 10.0 

2000:06 9.2  2002:06 10.3  2004:06 10.9  2006:06 10.6 

2000:07 8.8  2002:07 10.3  2004:07 9.6  2006:07 6.60 

2000:08 9.8  2002:08 10.9  2004:08 10.3  2006:08 11.1 

2000:09 10.9  2002:09 11.7  2004:09 11.4  2006:09 12.2 

2000:10 12.1  2002:10 13.0  2004:10 12.1  2006:10 13.1 

2000:11 12.2  2002:11 13.2  2004:11 13.3    

2000:12 15.1  2002:12 17.6  2004:12 15.6    
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 -3 

 ,    

i X Y1 Y2 Y3 Y4 Y5 

01 8.000000 4.778654 1.600456 8.046243 3.387690 4.098754 

02 7.746844 4.647211 1.478539 7.881005 3.229002 3.935157 

03 7.963056 4.658651 1.562692 7.951495 3.208212 3.917764 

04 7.621878 4.812711 1.556651 8.070217 3.137928 3.922739 

05 7.667089 4.890967 1.648580 8.233157 3.122187 3.839786 

06 7.994070 4.805793 1.686486 8.176761 3.165926 3.904959 

07 8.098424 4.662272 1.594098 7.949535 3.188763 4.004021 

08 7.947546 4.799026 1.595897 8.013130 3.187727 4.022873 

09 8.123692 4.901799 1.686944 8.124588 3.230404 4.020804 

10 7.773530 4.820392 1.552001 7.994678 3.163146 3.985052 

11 8.054959 4.627901 1.552463 7.882986 3.181130 3.931615 

12 7.996305 4.749784 1.579669 7.960839 3.191761 4.017683 

13 7.755318 4.689044 1.498898 7.895680 3.138470 3.941481 

14 8.115087 4.676003 1.599377 7.952725 3.192741 3.950101 

15 7.918306 4.807234 1.589194 8.011069 3.183502 4.021658 

16 8.006121 4.905622 1.667248 8.132048 3.205627 3.989367 

17 8.140740 4.851833 1.659752 8.063209 3.230680 4.029703 

18 7.963118 4.769343 1.559028 7.932809 3.198084 4.024966 

19 7.773652 4.972667 1.637463 8.165465 3.173678 3.963572 

20 7.735924 4.927739 1.643206 8.192043 3.144955 3.890211 

21 7.593576 4.978830 1.663817 8.290204 3.110611 3.858911 

22 7.658618 4.741847 1.591454 8.119461 3.084465 3.807233 

23 7.922038 4.677019 1.618528 8.068240 3.127491 3.882844 

24 8.100324 4.775965 1.667547 8.094964 3.189895 4.002761 

25 8.180901 4.815660 1.658712 8.045063 3.230886 4.066036 

26 7.910580 4.686780 1.505721 7.847210 3.180027 4.018854 

27 8.227158 4.682224 1.590064 7.889265 3.232011 4.015172 

28 8.333015 4.786983 1.627781 7.922357 3.280381 4.132523 

29 8.626765 4.621388 1.569938 7.689170 3.338343 4.198057 

30 8.576380 5.032208 1.704311 7.978070 3.397796 4.316654 

31 8.076016 5.063440 1.596932 7.963457 3.311543 4.185560 

32 8.045565 4.980322 1.612876 8.007525 3.267464 4.034497 
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 . -3  

i X Y1 Y2 Y3 Y4 Y5 

33 7.852746 4.906008 1.573519 8.005940 3.204499 3.984436 

34 7.975418 4.873299 1.628804 8.067441 3.203780 3.957354 

35 7.787466 4.765737 1.542585 7.970183 3.153030 3.943765 

36 7.624511 4.793970 1.554879 8.059954 3.108903 3.868628 

37 7.686645 4.733794 1.577045 8.079432 3.096726 3.829628 

38 7.650725 4.635608 1.531362 8.002434 3.074780 3.832410 

39 8.220778 4.514412 1.595459 7.902608 3.171685 3.929512 

40 8.094610 4.860347 1.663028 8.088211 3.218455 4.098846 

41 7.820000 4.907596 1.610573 8.093145 3.178132 3.997287 

42 7.648600 4.912713 1.609464 8.159487 3.130077 3.887012 

43 7.899919 4.963546 1.726160 8.292353 3.166283 3.895825 

44 8.085734 4.755750 1.642236 8.050178 3.190689 3.977523 

45 7.977923 4.687967 1.550315 7.909461 3.179366 4.009742 

46 7.868369 4.678172 1.521445 7.895542 3.157438 3.961132 

47 8.027590 4.677120 1.568165 7.925294 3.181989 3.963781 

48 8.036176 4.598592 1.514436 7.814402 3.183405 4.000688 

49 7.947856 4.719238 1.547716 7.916290 3.182183 4.001333 

50 7.987747 4.839404 1.624336 8.053573 3.198184 3.991449 

 -4 
    

, 
 X  , 

 X  , 
 X  , 

 X  , 
 X 

1987:01 6.5  1988:01 5.6  1989:01 5.3  1990:01 5.2  1991:01 6.1 

1987:02 6.5  1988:02 5.6  1989:02 5.1  1990:02 5.2  1991:02 6.4 

1987:03 6.5  1988:03 5.6  1989:03 5.0  1990:03 5.2  1991:03 6.8 

1987:04 6.2  1988:04 5.4  1989:04 5.2  1990:04 5.3  1991:04 6.5 

1987:05 6.2  1988:05 5.5  1989:05 5.1  1990:05 5.3  1991:05 6.8 

1987:06 6.1  1988:06 5.4  1989:06 5.3  1990:06 5.2  1991:06 6.9 

1987:07 6.0  1988:07 5.4  1989:07 5.2  1990:07 5.4  1991:07 6.7 

1987:08 6.0  1988:08 5.5  1989:08 5.2  1990:08 5.6  1991:08 6.7 

1987:09 5.8  1988:09 5.3  1989:09 5.2  1990:09 5.6  1991:09 6.6 

1987:10 5.9  1988:10 5.3  1989:10 5.2  1990:10 5.6  1991:10 6.7 

1987:11 5.7  1988:11 5.2  1989:11 5.2  1990:11 5.8    

1987:12 5.6  1988:12 5.2  1989:12 5.2  1990:12 6.0    
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 -5 
     ,  

 .,   1982 . 

 DPI   DPI   DPI   DPI 

1959 1066.9  1966 1433.0  1973 1914.9  1980 2214.8 

1960 1090.9  1967 1494.9  1974 1894.9  1981 2249.0 

1961 1122.5  1968 1551.1  1975 1930.4  1982 2261.4 

1962 1168.7  1969 1601.7  1976 2001.0  1983 2332.5 

1963 1208.7  1970 1668.1  1977 2067.9  1984 2470.5 

1964 1289.7  1971 1730.1  1978 2166.5  1985 2527.3 

1965 1367.4  1972 1797.9  1979 2211.4    

 -6 
      

i ST_1 ST_2 ST_3 ST_4 WALK_1 WALK_2 WALK_3 

01 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 

02 0.609601 0.809601 0.849601 1.029601 0.609601 0.809601 1.009601 

03 1.063659 1.423659 1.535659 1.999659 1.185579 1.585579 2.085579 

04 0.214556 0.702556 0.912156 1.763356 0.549208 1.149208 2.049208 

05 0.546113 0.044287 0.371967 1.712927 0.168549 0.631451 2.031451 

06 2.271716 1.599396 1.137252 0.795516 2.003376 1.003376 0.996624 

07 3.064278 2.326422 1.716707 0.909508 3.250280 2.050280 0.649720 

08 2.304551 1.514266 0.746494 2.674478 3.103409 1.703409 1.796591 

09 2.312949 1.480721 0.546504 3.770274 3.572717 1.972717 2.427283 

10 2.272488 1.406705 0.299331 5.014090 3.994846 2.194846 3.205154 

11 3.370321 2.477695 1.191796 5.218942 5.547176 3.547176 2.952824 

12 1.520106 0.606005 0.862715 8.471304 4.371025 2.171025 5.528975 

13 1.948093 1.016813 0.638163 9.545035 5.103034 2.703034 6.296966 

14 4.001587 3.056562 1.212582 9.092916 7.546146 4.946146 5.453854 

15 1.913173 0.957154 1.078031 12.882430 6.258050 3.458050 8.441950 

16 1.882648 0.917832 1.310315 14.713830 6.610160 3.610160 9.889840 

17 1.565388 0.593535 1.828983 16.931800 6.669429 3.469429 11.730570 

18 2.706458 1.728976 0.889039 17.791290 8.123576 4.723576 12.276420 

19 1.107849 0.125864 2.688548 21.490350 7.066260 3.466260 15.433740 

20 0.735072 0.250516 3.262045 24.063490 6.915053 3.115053 17.784950 

21 0.293338 1.281809 4.491032 27.392190 6.033657 2.033657 20.966340 

22 2.875908 3.866685 7.274064 32.374990 3.392419 0.807581 26.007580 
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 . -6  

i ST_1 ST_2 ST_3 ST_4 WALK_1 WALK_2 WALK_3 

23 2.373763 3.366384 6.972287 34.373030 3.319382 1.080618 28.580620 

24 2.564043 3.558140 7.362863 37.163450 2.654349 1.945651 31.845650 

25 1.488571 2.483848 6.487626 38.788100 3.217014 1.582986 33.982990 

26 0.659608 1.655830 5.858853 40.759230 3.748262 1.251738 36.251740 

27 1.378541 2.375518 6.777936 44.378240 2.897408 2.302592 40.002590 

28 0.900088 1.897670 6.499604 46.899850 3.100152 2.299848 42.799850 

29 0.195560 0.802506 5.604053 48.904250 4.015782 1.584218 44.984220 

30 0.500432 0.498021 5.499259 51.799410 4.359766 1.440234 47.840230 

31 0.339263 0.659499 5.860489 55.260610 4.298684 1.701316 51.201320 

32 1.221197 0.222188 5.178605 57.778700 5.248471 0.951529 53.651530 

33 0.433163 1.432371 7.033005 2.933080 3.838350 2.561650 58.561650 

34 1.124709 2.124076 7.924583 67.224650 3.060171 3.539829 62.939830 

35 1.370190 2.369683 8.370088 71.170140 2.589749 4.210251 67.110250 

36 1.780155 2.779750 8.980074 75.380110 1.905745 5.094255 71.594250 

37 0.920089 1.919765 8.320024 78.420060 2.409780 4.790220 74.990220 

38 1.345971 2.345711 8.945919 82.845940 1.799881 5.600119 79.600120 

39 0.294878 0.704914 7.505081 85.305100 3.171535 4.428465 82.328460 

40 1.064392 0.064558 6.935575 88.735590 4.000024 3.799976 85.699980 

41 0.241155 0.758713 7.958819 93.858830 3.389666 4.610334 90.610330 

42 1.000602 2.000496 9.400581 99.500590 2.196140 6.003860 96.203860 

43 0.158635 1.158550 8.758618 103.158600 2.837987 5.562013 100.062000 

44 0.511194 1.511125 9.311180 108.111200 2.453701 6.146299 105.046300 

45 1.493654 0.493708 7.506336 110.806300 4.356310 4.443690 107.843700 

46 2.163930 1.163974 7.036061 114.936100 5.325317 3.674683 111.674700 

47 0.958555 0.041410 8.441438 121.041400 4.552728 4.647272 117.347300 

48 1.301504 2.301476 10.901500 128.301500 2.484380 6.915620 124.415600 

49 0.858898 1.858876 10.658890 132.958900 2.666685 6.933315 129.333300 

50 1.559760 2.559742 11.559760 138.859800 1.794044 8.005956 135.406000 

51 2.445310 3.445296 12.645310 145.045300 0.596542 9.403458 141.903500 

52 2.127578 3.127566 12.527580 150.127600 0.425212 9.774788 147.474800 

53 3.680289 4.680280 14.280290 157.180300 1.553015 11.953010 154.953000 

54 3.941190 4.941182 14.741190 163.041200 2.549973 13.149970 161.550000 

55 3.112465 4.112459 14.112460 167.912500 2.509486 13.309490 167.209500 

56 0.174149 1.174144 11.374150 170.774100 0.193663 11.193660 170.693700 

57 1.511211 0.511215 9.888788 174.988800 1.456867 9.743133 174.943100 
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 . -6  

i ST_1 ST_2 ST_3 ST_4 WALK_1 WALK_2 WALK_3 

58 0.926922 0.073075 10.673080 181.573100 1.174820 10.225180 181.225200 

59 0.019851 0.980147 11.780150 188.580100 0.453133 11.146870 188.046900 

60 0.239447 0.760551 11.760550 194.560600 0.676700 11.123300 194.023300 

61 0.966797 0.033201 11.233200 200.133200 1.451939 10.548060 199.548100 

62 0.792959 0.207040 11.607040 206.707000 1.471460 10.728540 205.928500 

63 0.404901 0.595098 12.195100 213.595100 1.241995 11.158010 212.658000 

64 1.437120 0.437121 11.362880 219.162900 2.355193 10.244810 218.144800 

65 2.589922 1.589923 10.410080 224.710100 3.795420 9.004580 223.404600 

66 1.184149 0.184149 12.015850 232.915900 2.907631 10.092370 231.092400 

67 1.108750 0.108751 12.291250 239.891200 3.069062 10.130940 237.830900 

68 1.360083 0.360084 12.239920 246.639900 3.542145 9.857855 244.357900 

69 2.043427 1.043427 11.756570 253.056600 4.497506 9.102494 250.502500 

70 2.013563 1.013563 11.986440 260.286400 4.876326 8.923674 257.323700 

71 2.344915 1.344915 11.855090 267.255100 5.610391 8.389609 263.889600 

72 2.114172 1.114172 12.285830 274.885800 5.848631 8.351369 271.051400 

73 1.577519 0.577519 13.022480 282.922500 5.734813 8.665187 278.665200 

74 1.181456 0.181456 13.618540 290.918500 5.654253 8.945747 286.345700 

75 0.360290 0.639710 14.639710 299.439700 5.069378 9.730622 294.630600 

76 0.038007 0.961993 15.161990 307.562000 4.819153 10.180850 302.680800 

77 1.336223 0.336223 14.063780 314.163800 6.124970 9.075030 309.275000 

78 0.474682 0.525318 15.125320 323.025300 5.530674 9.869326 317.869300 

79 0.782948 0.217052 15.017050 330.817100 5.933877 9.666123 325.566100 

80 1.922455 0.922455 14.077550 337.877500 7.229973 8.570027 332.470000 

81 0.744953 0.255047 15.455050 347.355000 6.436962 9.563038 341.563000 

82 1.784624 0.784624 14.615380 354.715400 7.625624 8.574376 348.774400 

83 0.358302 0.641698 16.241700 364.641700 6.556226 9.843774 358.343800 

84 0.264257 0.735743 16.535740 373.335700 6.533842 10.066160 366.966200 

85 1.123699 0.123699 15.876300 381.176300 7.446135 9.353865 374.753900 

86 1.863978 0.863978 15.336020 389.236000 8.411154 8.588846 382.588800 

87 1.254249 0.254249 16.145750 398.745800 8.174221 9.025779 391.725800 

88 0.580441 0.419559 17.019560 408.419600 7.751262 9.648738 401.148700 

89 0.832656 0.167344 16.967340 417.267300 8.119565 9.480435 409.880400 

90 1.253761 0.253761 16.746240 426.046200 8.707201 9.092799 418.492800 

91 0.147474 1.147474 18.347470 436.747500 7.556719 10.443280 428.943300 

92 1.855942 2.855942 20.255940 447.855900 5.818756 12.381240 440.081200 
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 . -6  

i ST_1 ST_2 ST_3 ST_4 WALK_1 WALK_2 WALK_3 

93 2.637576 3.637576 21.237580 458.137600 4.665934 13.734070 450.734100 

94 2.245996 3.245996 21.046000 467.346000 4.529999 14.070000 460.470000 

95 0.817129 1.817129 19.817130 475.617100 5.509666 13.290330 469.190300 

96 0.811771 1.811771 20.011770 485.411800 5.351598 13.648400 479.148400 

97 0.248490 0.751510 19.151510 494.251500 6.249505 12.950490 488.150500 

98 0.689955 0.310045 18.910050 503.810000 6.740668 12.659330 497.659300 

99 1.837949 0.837949 17.962050 512.762100 8.026653 11.573350 506.473300 

1000 1.752837 0.752837 18.247160 523.047200 8.309131 11.490870 516.390900 

 -7 
       

   1959  2006 .,  .,   2000 . 

 RGDP   RGDP   RGDP 

1959 2441.300  1975 4311.200  1991 7100.500 
1960 2501.800  1976 4540.900  1992 7336.600 
1961 2560.000  1977 4750.500  1993 7532.700 
1962 2715.200  1978 5015.000  1994 7835.500 
1963 2834.000  1979 5173.400  1995 8031.700 
1964 2998.600  1980 5161.700  1996 8328.900 
1965 3191.100  1981 5291.700  1997 8703.500 
1966 3399.100  1982 5189.300  1998 9066.900 
1967 3484.600  1983 5423.800  1999 9470.300 
1968 3652.700  1984 5813.600  2000 9817.000 
1969 3765.400  1985 6053.700  2001 9890.700 
1970 3771.900  1986 6263.600  2002 10048.8000 
1971 3898.600  1987 6475.100  2003 10301.0000 
1972 4105.000  1988 6742.700  2004 10675.8000 
1973 4341.500  1989 6981.400  2005 11003.4000 
1974 4319.600  1990 7112.500  2006 11319.4000 

 -8 
 5%-    t-   

         
(  ,    ) 

  TB /T 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

t 3.52 3.72 3.85 3.91 3.93 3.94 3.89 3.83 3.72 
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 -9 

       —   
      

N    
, %  1 2 

1 2.5658 1.960 10.04 
5 1.9393 0.398 0.00     

  
100 1.6156 0.181 0.00 
1 3.4335 5.999 29.25 
5 2.8621 2.738 8.36 1  ,  

  
100 2.5671 1.438 4.48 
1 3.9638 8.353 47.44 
5 3.4126 4.039 17.83     

  
100 3.1279 2.418 7.58 
1 3.9001 10.534 30.03 
5 3.3377 5.967 8.98  ,  

  
100 3.0462 4.069 5.73 

1 4.3266 15.531 34.03 
5 3.7809 9.421 15.06 

2 

  
  

100 3.4959 7.203 4.01 
1 4.2981 13.790 46.37 
5 3.7429 8.352 13.41  , 

  
100 3.4518 6.241 2.79 

1 4.6676 18.492 49.35 
5 4.1193 12.024 13.13 

3 

  
  

100 3.8344 9.188 4.85 
1 4.6493 17.188 59.20 
5 4.1000 10.745 21.57  , 

  
100 3.8110 8.317 5.19 

1 4.9695 22.504 50.22 
5 4.4294 14.501 19.54 

4 

  
  

100 4.1474 11.165 9.88 
1 4.9587 22.140 37.29 
5 4.4185 13.641 21.16  , 

  
100 4.1327 10.638 5.48 

1 5.2497 26.606 49.56 
5 4.7154 17.432 16.50 

5 

  
  

100 4.4345 13.654 5.77 
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 . -9  

N    
, %  1 2 

1 5.2400 26.278 41.65 
5 4.7048 17.120 11.17  , 

  
100 4.4242 13.347 0.0 

1 5.5127 30.735 52.50 
5 4.9767 20.883 9.05 

6 

  
  

100 4.6999 16.445 0.0 

. 

N  k  1 —   ;  
k —     . 
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