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30.8 32.5, 32.5 34.2, 34.2 35.9. 

 
. :  ( -

1x : 
29.4 31.8 28.5 35.9 30.6 
25.5 29.6 32.5 28.0 28.3 
28.4 28.5 27.1 28.4 29.0 
32.7 28.2 26.7 31.4 30.1 
29.3 30.5 30.4 34.5 29.3 
32.9 30.4 29.4 28.2 32.9 
29.3 24.3 30.3 29.3 29.5 
24.5 32.6 31.8 29.0 30.6 
30.9 30.6 25.9 31.2 32.8 
29.6 30.6 32.4 29.0 31.7 

2x :  

35.1 25.9 27.8 33.1 29.9 27.4 
28.0 26.4 27.0 32.0 33.9 31.6 
27.9 33.4 29.1 30.0 34.0 35.1 
26.7 24.4 29.0 26.9 25.8 24.5 
25.9 29.9 34.7 31.1 26.8 29.8 
33.8 30.4 33.8 24.0 27.9  

31.5 31.6 28.6 24.8 28.9  

34.8 33.4 32.7 25.8 32.1  

34.1 27.0 30.5 25 28.7  

24.1 27.6 28.2 28.3 31.9  
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 3. .  
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3.1.   
 

 
 

 (  2.1). , -
, -

 ( ) 0  
. 

 2
01

2
0 )(: xH ,  1x   

.  
: 2

01
2

1 )(: xH   2
01

2
1 )(: xH . -

,  
,  – , .  

 
 

2
0

1
2

2 )()1( xsn
.                                          (3.1) 

 

 2
01

2
1 )(: xH   – . -

 )1,(2 ncr .  22
cr ,  0H  

). -
 0H .  

 2
01

2
1 )(: xH  – .  

 )1,1(2 ncr .  22
cr ,  0H  ( -

). -
 0H . 

 
 3.1.  17  

 24.0)( 1
2 xs , -

,  18.02
0 . 

 0.05 
2
01

2
0 )(: xH ,  2

01
2

1 )(: xH . 
, ).  

 (3.1)  
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33.21
18.0

24.0162 . 
 

 ( . 4) 5.26)16;05.0(2
cr . . . 22

cr , -
 0H . . 

 
3.2.  

 
,  2 ,  
, , , ,  

.  (  
)  
 ( , -

). ,  
 ( -

) . 
. -

,  , ,  
 ( ) . , ,  

,  ( ) -
,  ( -

). . -
: 

 
2
2

2
10 :H . 

 

 1x  2x  1n  2n -
.  )( 1

2 xs  )( 2
2 xs . 

, 
)( 1

2 xs > )( 2
2 xs .  

 

)(
)(

2
2

1
2

xs
xs

F  .                                               (3.2) 

 

,  F, -
 111 nk  

 122 nk . 
 

 ( . 7),  
  1k  2k .  

 2
2

2
11 :H ,  2

2
2
11 :H .  
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)( crFFP . ,  

),,( 21 kkFcr . -

,  2)( crFFP , ,  

 ),,2( 21 kkFcr . ,  
, ,  

. 
,  2

2
2
10 :H   

  . 
 2

2
2
11 :H  

),,( 21 kkFcr .  crFF -
;  H0 . 
 2

2
2
11 :H  

 ),,2( 21 kkFcr .  crFF -
;  H0 . 

 
 3.2.  

.  1-  
: 8.1, 7.8, 8.0, 8.2, 8.1, 8.1, 7.9, 7.8.  2- : 7.9, 7.7, 

8.3, 8.5, 8.0.  = 0.01  
, : 

 2- ,  1- ? 
, -

, , , . -
: ,023.0)( 2

2 xs

102.0)( 1
2 xs ,  F  4.4.  

85.7)7,4,01.0(crF .  crFF ,  
. 

: -
,  

! . ,  
. ( , -

). ,  
, -

.   
 « ». ,  

05.0   12.4)7,4,05.0(crF , ,  
. 



  
 

36

 
 3.3.  ( 12n ), 
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2 xs 9.3)( 1
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2

2
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2
2
11 :H . 

, 
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 mk ...,,2,1  –  ( -
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k
knn

1
– ; kix  – , 
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-

 k : 
 

kn

i
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k
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n
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1
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: 
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k
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n
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ki xn

n
x

n
x

k

11 1

11
.                                   (3.4) 

 

.  
 SS  Sumof Squares 

). 
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i
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k

xxSST
1 1

2)( , SST
n

x 1)(2                               (3.5) 
 

, ,  
 ( ) . 

  
 

m

k
kk nxxSSA

1

2)( , SSA
nA
12

                            
 (3.6) 

 

-
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 . 
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i
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k
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1 1

2)( , SSR
nR
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n 1
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,  
222
RA ,  SSRSSASST .                                  (3.9) 

 

 
.  ( )  

.  
, .  

, -
, .  

 

10 2

SST
SSA

                                              
(3.10) 

 

 , -
. 

 
 3.4. . 3.1  ( ), -

 20  (  4  5  
). . 

 3.1 

 
 

. 3.2. 

 
) 

  
1 2 3 4 5 

»  
» » »  

» 
1 1.8 2.1 1.8 1.6 1.9 
2 2.1 2.3 1.6 1.8 2.4 
3 1.8 2.4 1.9 1.3 2.2 
4 1.9 2.6 2.1 1.5 2.3 
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 3.2 
 

 x  = 1.97.  222
RA :  

 1081.02 ,  0786.02
A , -

 0295.02
R .  727.02 . , 

 72.7 % ,  
 27.3 % . 

.  
-

, . , -
-

. -
. ,  3.4  

 2.33 (  
).  28.9)3,3,05.0(crF ,  

 
. 

 
3.4. .   

.  
 

,  3.4,  
,  

. , -
 « »  1.5 -

 « », , , . , 
 « » . , -

,  
. -

 (  – ) . 
 

.  
 (3.2). . -

-
.  (3.5)  1n  ,  

 (Mean Square)  

)(
1

)(
1

22 x
n

nxs
n
SSTMST .                  (3.11) 

  (k) 
1 2 3 4 5 

kx  1.9 2.35 1.85 1.55 2.2 

)(2
kx  0.015 0.0325 0.0325 0.0325 0.035 
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 (3.6)  1m  , , -
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22

11 AA m
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m
SSAMSA .                                 (3.12) 

,  (3.7)  mn , 
, : 

22
RR mn
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mn

SSRMSR .                                 (3.13)                           
 

, ,  
 « »  « » : 

 

)(11 mnmn .                                    (3.14) 
 

-
 A  

,  
: 

MSR
MSAF .                                                (3.15)        

 

 
 ),1,( mnmFcr . 

crFF , ,  
 A .  

 
 3.4 ( ).  

393.0
15

20 22
AAs , 03933.0

520
20 22

RRs , 99.922
RA ssF , 

06.3)15,4,05.0(crF . crFF , .  
. 
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 x   

   B. ,  
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 kA  ( mk ,1 ),   –  iB  ( li ,1 ),  

N , -
 mlNn  .  
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,  
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: 
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m
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m
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1 .                             (3.16)    
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1 1

m
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l

i
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n
x

                                             
(3.17) 
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–  ( , ) 

 
m

k

l

i
ki xxSST
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2)( ;                                  (3.18)      
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m

k
k xxlSSA

1

2)( ;                                   (3.19) 
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l

i
i xxmSSB

1

2)( ;                                  (3.20) 
 

–  ( ) 
 

  A 
 1A  … kA  … mA  

1B  11x  … 1kx  … 1mx  
… … … … … … 

iB  ix1  … kix  … mix  
… … … … … … 

lB  lx1  … klx  … mlx  
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i
ikki xxxxSSR

1 1

2)( .                                (3.21) 

 
 

SSRSSBSSASST ,                                        (3.22) 
 

 
 

)1)(1()1()1(1 lmlmml .                       (3.23) 
 

-
: 
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m

MSA
1

1 ; SSB
l

MSB
1

1 ; SSR
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MSR
)1)(1(

1 .       (3.24) 

 

 : 
–  A ,  ))1)(1(,1,( lmmFMSRMSA cr ; 
–  B ,  ))1)(1(,1,( lmlFMSRMSB cr . 

2.  (« -
» ).  kA iB

 N  )1(
ki

x , 
)2(

ki
x , …

)( N
ki

x ,  
mlNn . : 

 

.1
1
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N

j

j
kiki x

N
x                                                 (3.25) 
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i
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l
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1

1 ,      
m

k
kii x

m
x

1

1 .                             (3.26)    

 

 
m
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i
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n
x

1 1

1 .                                              (3.27) 
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l

i

j xxSST
ki

1 1 1

2)( )( ;                                  (3.28)      

–  A 
 

m

k
k xxlNSSA

1

2)( ;       (3.29) 
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–  B 
 

l

i
i xxmNSSB

1

2)( ;       (3.30) 
 

–  A  B 
 

m

k

l

i
ikki xxxxNSSAB

1 1

2)( ,                            (3.31) 
 

–  ( ) 
 

N

j

m

k

l

i
ki

j
ki xxSSR

1 1 1

2)( )( .                                   (3.32) 

 

 
 

SSRSSABSSBSSASST ,                              (3.33) 
 

: 
 

)1()1)(1()1()1(1 NmllmlmNml .           (3.34) 
 

-
: 

 

SSA
m

MSA
1

1 ; SSB
l

MSB
1

1 ; 

(3.35) 

SSAB
lm

MSAB
)1)(1(

1 ; SSR
Nml

MSR
)1(

1 . 

 

 :  
–  A ,   

))1(,1,( NmlmFMSRMSA cr ; 
–  B ,   

))1(,1,( NmllFMSRMSB cr ; 
– ,   

))1(),1)(1(,( NmllmFMSRMSAB cr . 
-
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: 
 

 
 1. , , -

.  
, . -

. ,  
, ,  

. ,  
,  

.  
.  

 – 1A , 2A , 3A , 4A . -
, . 

 ( ),   
: 

 

 1 
 Excel   -

. ,  
, -

. 
1.  (3.3)  

 (3.4). . 
2.  SST  

, -
, . 

.  ( -
 )(2 x  )  

 20n . 
3.  

 SSA (3.6). -
 5kn , -

 kx . 

 
1A  2A  3A  4A  

18.5 26.3 20.6 25.4 
24.0 25.3 25.2 19.9 
17.2 24.0 20.8 22.6 
19.9 21.2 24.7 17.5 
18.0 24.5 22.9 20.4 



  
 

45

4.  SSR (3.7) , -
 ( ), -

. 
5. :  SST 191n ,  SSA
31m ,  SSR 16mn . -

 MST, MSA, MSR (3.11–3.13).  

6.  
MSR
MSAF . 

7.  )16,3,05.0(crF  
. 7  F . 

8. ,  « » 
, -

 (3.10).  
.  

, . 
,  -

  
. 3.1). 

 

 
. 3.1.  ( ) 
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,   
. 3.2. 

 

 
. 3.2.  ( ) 

 
. ,  

 « » . 3.2 –  (  Excel 
, ).  

,  « » 
. 1–8. ,  

 )23.346.3( , 
 « »  

.  
 (3.10) 

 

394.0
7895.160
2855.632

SST
SSA

 
 

,  39.4 %. 
 60.6 % , 
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 2.  
.  

. , ,  
. ,  

,  1- , , , 
?  

,  
? ,  
,  

,  
. 

 1,  
 2- , ,  

1- , : 

 2 
,  

 « ».  4  A  
 2  B ).  

 – 5 . , 4m , 2l , 5N , 40n .  
,  

,  1: 
1.  kix (3.25)  

. 
2.  (3.26)  (3.27). 
3.  SST (3.28). 
4.  SSA (3.19)  SSB(3.20). 
5.  SSAB (3.31).  

 1,  
. 

6.  SSR (3.32) ,  
 

,  5 
, ,  

. 

 
1A  2A  3A  4A  

20.6 22.6 27.7 21.5 
18.0 24.6 18.6 20.0 
19.0 19.6 20.8 21.1 
21.3 23.8 25.1 23.9 
13.2 27.1 17.7 16.0 
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7. :  SST 391n ,  SSA
31m ,  SSB 11l ,  SSAB 3)1)(1( lm ,  SSR 32)1(Nml .  

 
MST, MSA, MSB, MSAB, MSR (3.35).  

8.  
MSR
MSAFA , 

MSR
MSBFB , 

MSR
MSABFAB  

 )32,3,05.0(AcrF )32,1,05.0(BcrF )32,3,05.0(ABcrF . 
 

, . 
 

 
, .  

,  -
 ( )  ( . 3.3). 
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. 3.4. . ,  

  ( )   ( ). 
,  

. , -
, -

 –  (  
)  (  ). 

 
. 3.3.  ( ) 
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! -

,  
 X  Y). 

 ( )  
, -

, , 
. . , . 

 « » -
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,  
,  X   Y  -

. 
 

 4.2.  30 -
 ( . 4.1). 

 4.1 
 

 
 X  Y   

 X  Y   
 X  Y   

 X  Y   
 X  Y  

1 26 77 7 19 68 13 64 32 19 72 42 25 25 68 
2 57 34 8 26 67 14 98 34 20 30 78 26 44 76 
3 36 59 9 48 58 15 12 78 21 18 67 27 38 57 
4 87 25 10 33 79 16 45 78 22 25 57 28 52 38 
5 44 56 11 87 16 17 5 89 23 23 68 29 25 65 
6 35 72 12 57 55 18 48 35 24 78 31 30 37 73 

 
-

 X,  Y  0–20, 20–40, 40–
60, 60–80, 80–100, -

. . 4.2.  
 4.2 

 
 (4.4) (4.6)  xn  yn ,  

67.42x , 67.54y   )( ixy .  
, , -

, .  
:  

.809.0;89.364;56.519;1980 22
xyyx rxy  

,  
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13.43x ; 73.57y ; .844.0;93.360;05.531;5.0221 22
xyyx rxy  

Y  X  
yn  

10 30 50 70 90 
10 – – – – 1 1 
30 – – 3 2 2 7 
50 – 3 3 1 – 7 
70 3 9 2 – – 14 
90 1 – – – – 1 

xn  4 12 8 3 3 30n  

)( ixy  75 65 47.5 36. 67 23.33 – 
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-
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 (3.5)  (3.6).  
 Y,  X.  

 Y -
 (3.10): 

222
yyxy .                                             (4.11) 

 ( 2
xyxy ) 

 .  0  1, 
 xy  = 0 ,  xy  = 1 -

 Y  X.  xyxy r ,  

 1xyr  ( ). 
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yxiy i
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 jiij rr , yiiy rr . ,  
 1.  Y   

 kXXX ...,,, 21  
  

 

yyD
DR 1 ,                                           (4.13) 

 

 AD det ,  yyD , -
. 

 
 4.3. : 

 
1X  2X  3X  Y  

1X  1 0.3 0.4 0.7 

2X  0.3 1 0.5 0.2 

3X  0.4 0.5 1 0.1 
Y  0.7 0.2 0.1 1 
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: 
 

 
 1.  Excel  4.2, -

. 4.4. 

 1 
.  

.  xn , yn  
,  

 (4.5)  (4.6). ,  
.  (4.9)  (4.10) -

 Y ,  (4.11) -
. 

 xy  xyr   ( -
). , -

? 
 

  (  -
).  3.  

» , : 

:  X, , -
;  Y , -

 ijn . 
,  ,  

,  3.  
.  

, . 
 

 

10 30 50 70 90 
70 50 30 30 10 
70 50 30 30 30 
70 50 30 50 30 
90 70 50   

 70 50   
 70 50   
 70 70   
 70 70   
 70    
 70    
 70    
 70    
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 2.  30 : 
 
 
 
 
 
 
 
 
 
 
 
 
 

-
 X: 0–2, 2–4, 4–6, 6–8, 8–10;  Y: 10–16, 16–

22, 22–28, 28–34, 34–40; -
. ,  1. -

 
? -

?  
 

 3. -
 Y  1X , 2X , 3X :  

 
  

  
 
X  Y

 
  

 
X  Y

 
  

 
X  Y  

1 26 77 11 87 16 21 18 67 
2 57 34 12 57 55 22 25 57 
3 36 59 13 64 32 23 23 68 
4 87 25 14 98 34 24 78 31 
5 44 56 15 12 78 25 25 68 
6 35 72 16 45 78 26 44 76 
7 19 68 17 5 89 27 38 57 
8 26 67 18 48 35 28 52 38 
9 48 58 19 72 42 29 25 65 

10 33 79 20 30 78 30 37 73 

1X  2X  3X  Y  
4.9 3.0 1.5 9.2 
5.3 3.1 2.5 8.6 
4.6 3.4 0.9 10.4 
5.3 2.9 2.2 8.0 
4.8 3.0 1.5 8.5 
5.3 3.1 2.7 8.6 
4.7 3.5 1.1 10.2 
5.3 2.9 2.8 7.9 
5.3 2.8 2.9 7.2 
5.3 3.2 2.0 9.6 
5.3 3.4 2.2 9.7 
5.3 3.3 1.6 9.8 
4.9 3.5 1.4 10.5 
5.5 2.8 2.4 8.2 
4.9 2.9 2.2 7.9 
5.3 2.7 2.5 7.7 
5.4 2.8 2.9 7.8 
5.3 3.0 2.3 8.1 
5.0 3.2 2.1 8.9 
5.0 2.6 2.5 6.8 
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, -
. 

 3 
 

  (  ). 
-

 (4.13). -
.  

 ( ). 
 

 4.  Excel  4.3 :  
 (4.14). 

 
 5.  

 1948–2000 . (  4.4):  

  
 1  16. 

 5 
 

. , 
,  B2  1744,  B3 –  

1778 . .  C3  = B2 -
 B.  

 C  1 537.   
.  

,  B2  
.  (0.7785) – -

 1- . -

 F10.7  F10.7  F10.7  F10.7  F10.7 
1948 1744 1959 2097 1970 1562 1981 2026 1992 1507 
1949 1778 1960 1621 1971 1185 1982 1753 1993 1099 
1950 1282 1961 1054 1972 1208 1983 1196 1994 852 
1951 1189 1962 904 1973 934 1984 1011 1995 772 
1952 854 1963 812 1974 865 1985 747 1996 720 
1953 739 1964 726 1975 761 1986 741 1997 810 
1954 702 1965 764 1976 734 1987 852 1998 1179 
1955 950 1966 1021 1977 869 1988 1409 1999 1537 
1956 1846 1967 1432 1978 1436 1989 2137 2000 1798 
1957 2327 1968 1493 1979 1920 1990 1896   
1958 2317 1969 1512 1980 1985 1991 2082   
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. 4.2 . 4.3,  1).  
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x  0 1 2 5 
y  0 3 0 15 
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const,0 hihxxi  )...,,1,0( ni .  
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 YZ ln , bc ln , 1ln XU , 2ln XV ,
3XW , , 

: cWaVaUaZ 321 . -
,  
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3

*
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*
1

*

321 21,,
xaaac
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,  
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 1.  4.1 -
 4 : 32

3 68)()( xxxxLxF .  
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 1  
1.  4.1 -
 ( ).  
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 ( )  -
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,  3,  -

 -
 (R^2). , ,  

,  4 ,  ( ,  
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 12R . (  (5.8)  
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3
2

21   2XU   
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 Y ,  –  X , U  V .  
,  
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,  
 

256,3891.0833,2005,1 321,, 321
xxxy xxx  

 

 958.02R ,  
 R ,  

 3 (  4). -
 F- . 

 
 3. -

,  20   
. 5.1). 
1. , -
 Y   1X  2X  
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*
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*
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*
1, 21

bxaxay xx . 
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221
1

Xaa ebXY , 
 

-
: 

 

2211 lnlnln XaXabY ; 
 

YZ ln , bc ln , 1ln XU , 2XV ; 
 

cVaUaZ 21 . 
 *

1a , *
2a , 

*  
 

–0,89144 2,832728 1,005391 –3,25573 
0,19837 0,30429 0,356699 1,672071 
0,957746 0,239896   
120,8868 16   
20,8712 0,920804   

Y  1X  2X  
0.51 0.60 0.28 
0.02 0.15 0.94 
1.95 0.76 0.12 
0.65 0.47 0.29 
1.21 0.80 0.69 
2.06 0.78 0.22 
1.67 0.75 0.26 
0.02 0.11 0.20 
0.24 0.48 0.88 
2.82 1.00 0.44 
1.14 0.67 0.56 
0.77 0.56 0.29 
0.02 0.15 0.99 
2.33 0.99 0.45 
1.61 0.80 0.19 
0.02 0.11 0.75 
0.32 0.36 0.01 
1.27 0.95 0.93 
0.28 0.66 0.97 
0.74 0.92 0.71 

 5.1 
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, . . . , 

. 
 

: 
1. . ,  

 
. ,  

. ,  
,  

. 
2. -

. 
3. , -

, -
. , , ,  

, ,  
. 

4. -
. 

5. ,  
, . -

 ( -
).  

6. -
, , -

. , -
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,  
. 

 
 (  

), . 
 –  ( ) -

. . -
 ( , ),  ( , -

), , . .  
, .  

 . -
. -

 ( , ; , . .).  
, , .  

 – ,  
. ( , 

, -
, . 2.3). 

, , -
.  

, -
.  

.  
-

. . 
 ( -

),  
, ,  

.  
-

, . .  
, -

. 
 
6.3.  

 
,  

, :  
– ,  

-
, ;  

– , . . -
;  
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– , -
 ( );  

– , -
 – ;  

– . .  
, ,  

.  
, -

, -
  

 

,...
1

2

1,1
0

n

i
iii

n

ji
jiij

n

i
ii xxxxy   (6.1) 

 

 ji xx ,  –  ( jinjni ;,...,1;...,,1 ); 
 

2

22

2
  ;  ;

i
ii

ji
ij

i
i x

f
xx
f

x
f – . 

 

 
 (  5) .  

 b  ,  (6.1)  
  

 

...
1

2

1,1
0

n

i
iii

n

ji
jiij

n

i
ii xbxxbxbby ,     (6.2) 

 

 ( -
).  y , . .  

, . 
-

. -
. 
 – , , -

. -
  ( ) -

. 
-

,  
. 

  
. -

, , ,  
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  ( )  
 k. ,  pk.  

 
 409646  ,  

! -
, . -

, , 
? -

.  
 , -

, -
: 

 

...
1,,1,1

0
n

uji
uji

ujiiju
n

ji
ji

jiij
n

i
ii xxxbxxbxbby   (6.3) 

 

-
, : 

 

...
1,1 1

2
0

n

ji
ji

jiij
n

i

n

i
iiiii xxbxbxbby               (6.4) 

 

-
, , . -

. 
 

6.4. .  
 

,  zi (i = 1,…, k)  
 y. -

,  
. 

. 
 x10, x20, ..., 

xi0, ..., xk0,   ) . 
  

), -
 ,  – .  

-
 ( ),  

 ( ).  
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, -
 +1,  –1,  – 0. 

,  
-

. 
, -

-
 ( ).  ( )  

 n = 2k,  k – .  
  

 2k  2k). ,  –  
,  

. 
 

, -
,  –  – -

. ,  
. 

, , 
.  -

. 
 iz   iz ,  – 

 iz . . iii zzz , , i=1,…, k). -
 ix   iz       

 

,
0

i

ii
i

zzx                                                   (6.5) 

 

 0
iz  , i  – . -

 
 

2
0 ii
i

zzz ,  
2

ii
i

zz . 
 

 
 –1  +1, . . 1,1ix , i=1,…, k.  

 –1,  –  +1. 
 

:  
kk xbxbxbby 22110 .                                (6.6) 
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,   

 

kkkkkk xxbxxbxxbxbxbxbby 1,13113211222110    (6.7) 
 

, -
. 

 
6.5.  

 
 

 ( ) -
, ,  

 – .   
) .  22 

. 6.1,  23 . 6.2. 
 6.1                                             6.2 

 
 

  
 

  
 

 
x1 x2 x1 x2 x3 x1 x2 x3 

1 –1 –1 1 –1 –1 –1 5 –1 –1 +1 
2 +1 –1 2 +1 –1 –1 6 +1 –1 +1 
3 –1 +1 3 –1 +1 –1 7 –1 +1 +1 
4 +1 +1 4 +1 +1 –1 8 +1 +1 +1 

 

 22 -
 ( . 6.2, ),  23 –  ( . 6.2, ). 

 

 
. 6.2.  

 

 x1  x2 -
, , 
 1. -

-
, .  n > 3, 
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, , 
 . 

-
,  – .  

, , -
. -

. .  
: 

...,, 21 bxax . .  
,  

, . -
 (1). -

 22 ( . 6.1) -
: (1), a, b, ab  

, ,  
, ). -

,  23 

. 6.2) : (1), a, b, ab, , a , bc, abc. 
 

 ( ), -
, 
 

.  
.  

:  
. -

: ,  
.  

.  
.  

,  
,   –   4,   –   8  .  .   

. 
 23 

. 6.2). 
-

,   
. . «+»  «1»  «–»  «–1»). 

: 
1) , . . 

 ( )  0: 
n

i
ijx

1
0 ; 
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2)   (  
 n):  

n

i
ij nx

1

2 ; 

3)  (  
): 

 

n

i
ipij xx

1
0 .                                              (6.8) 

  
6.6.  

 
,  

, . 
, ,  

, -
, .  

. -
,  

, -
. , -

.  
 22. 

 22 , -
 2. -

 +1  –1.  2 -
 ( , ) n = 22 = 4.  

,  
, . 

: 
 

2
222

2
111211222110 xbxbxxbxbxbby .  

 6.  22 -
. 6.3. 

 6.3 
 

 
0 1 2 3 4 5 – 

0 1 2 3 = 1 2 2
14 xx  2

25 xx  y  
1 +1 –1 –1 +1 +1 +1 1y  

2 +1 +1 –1 –1 +1 +1 2y  

3 +1 –1 +1 –1 +1 +1 3y  
4 +1 +1 +1 +1 +1 +1 4y  
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-
 x0,  +1.  

-
 ( . ) -

. , , -
, -

.  
, , -
. , -

,  0. , 
 

.  2k  
. 

, -
, . . 

, ,  n. ,  
 2k,  .  .   2k 

 
, , -

. -
, ,   

,  
. 

 2k  ,  
 n,  ,  

,  n. 
 23  n = 3.  n =  23 =  8  

. . , 
.  

 22  
 23 . 6.4.  

, , 
, , . , , -

, -
. -

, -
. , , -

, ,  -
. 
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 6.4 
 

 
-
-
 

  
  

 
 

 
-

 
0 1 2 3 1 2 1 3 2 3 1 2 3 y1 y2 y3 y  

1 +1 –1 –1 –1 +1 +1 +1 –1 y11 y12 y13 1y  
2 +1 +1 –1 –1 –1 –1 +1 +1 y21 y12 y23 2y  
3 +1 –1 +1 –1 –1 +1 –1 +1 y31 y32 y33 3y  
4 +1 +1 +1 –1 +1 –1 –1 –1 y41 y42 y43 4y  
5 +1 –1 –1 +1 +1 –1 –1 +1 y51 y52 y53 5y  
6 +1 +1 –1 +1 –1 +1 –1 –1 y61 y62 y63 6y  
7 +1 –1 +1 +1 –1 –1 +1 –1 y71 y72 y73 7y  
8 +1 +1 +1 +1 +1 +1 +1 +1 y81 y82 y83 8y  

 
 j-  

 ( -
)  m .  yj1, yj2, …, yjm 

,  
 

.1
1

m

i
jij y

m
y                                           (6.9) 

 

,  
, . .  

 
 – 

.  
 

. 
, -

 23 : 
 

  
3 6 2 5 1 7 4 8 4 1 8 5 3 2 7 6 

 

,  
 3,  –  6 . . -

 4,  –  1  
. . 

 j-  (j = 1,…, n) -
. -

-
,  j-  ( . 6.4). 



  
 

95

6.7.   
 

 
-

 m  
 

 .
11

2
2 m

i

jji
j m

yy
ys

                                       
(6.10) 

 

  
. 

-

max
2s jy  

, . .  
 

n

j
j

j

y

y

1

2

max
2

s

s
Gp ,                                             (6.11) 

, -
.  

 Gp  1/n ,   n –  
 ( ). 

 
 G  ( . 8), -

  f1  f2 ( -
): f1 = m – 1; f2 = n. 

 f1  
),  f2 -

 ( )  
.  Gp < G , -

  (  1 – ) 
.   

 
 j -

. ,  
 ( , , -

.). 
,  -

 2
ys , -

.  ( . . -
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)  2
ys -

: 

,
1

1
1 1

1

2

22 n

j

m

i

n

j
j

jjiy n

ys
yy

mn
s

                           
(6.12) 

 

  n –  ( );  
m –  ( ) ;  
yji –  i  j ;  

jy  –  j -
,  (6.9).  

 
6.8.  

 
 

,  
-

, -
. -

, -
 

 
 (6.6) .  

, : 

.22110 xbxbby  
 

 

ib

n

j
jj yy min

1

2 . 
 

;0 2 1
1

22110
1

j

n

j
jjj bbby

b

 

;0 2 
2

1
22110

2
j

n

j
jjj bbby

b

 

.0 2 
1

22110
0

n

j
jjj bbby

b  
,  

 

;02
1

12
1

2
11

1
10

1
1 j

n

j
j

n

j
j

n

j
j

n

j
jj bxbby  
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0
1

2
22

1
211

1
20

1
2

n

j
j

n

j
jj

n

j
j

n

j
jj bbby ; 

.0
1

22
1

110
1

n

j
j

n

j
j

n

j
j bbnby  

 

: 

– ( ) 
k

j
ijx

1
0 ;  

– ( ) 
k

j
ij nx

1

2 ; 

– ( ) 
k

i
iji xx

1
0 .   

 

;01
1

1 nby
n

j
jj

 
;02

1
2 nby

n

j
jj  

.00
1

nby
n

j
j  

-
: 

.  ;  ; 1
0

1
2

2
1

1

1 n

y
b

n

y
b

n

y
b

n

j
j

n

j
jj

n

j
jj

 
 

,  (6.6) 
 y  

 . , -
,  (6.7)  

 ( , ) . .: 
 

,1
1

00
n

j
jj yx

n
b  ,1

1

n

j
jiji yx

n
b

 
i =1, … ,k; 

(6.13) 
kpkrpryxx

n
b

n

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

1
,

 
. ., 

. 
 b0 , -

,  
 

 0x ,  +1. 
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,   
, ) ,  

 (6.13) -
.  -

 ( )  
. -

, .  
, , -

 – . 
,  

 
. , , -

, ,  
. 

 (  
), -

. -
, -

-
. -

, . 
 

 6.1.  
 22, . . , -

 y1 = 6, y2 = 3, y3 = 4, y4 = 7.  
 22: 

 

0 1 2 1 2 y y~  y  yy  
+1 –1 –1 +1 6 4,5 6 0 
+1 +1 –1 –1 3 4,5 3 0 
+1 –1 +1 –1 4 5,5 4 0 
+1 +1 +1 +1 7 5,5 7 0 

, -
 0x , -

. 
 (6.13)  

 22110
~ xbxbby : 

57436
4
1

0b ; 

07436
4
1

1b ; 
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5,07436
4
1

2b . 

 21 5,005~ xxy .  
y~ .  

 y  y~ , ,   
.  

,  
 211222110 xxbxbxbby . 

. 
 12b  (6.13): 

.5,17436
4
1

12b  

  2121 5,15,005 xxxxy . -
 (  y ). 

, , -
, . ,  

 ( , ) 
.  

, -
,  

, .  
 

6.9.   
.  

 
, -

 (6.13).  
-

. :  
 t .  

-
 ( ) -

.  
 ( ) -

. 
 tk -

 bk -
 s : 

.k
k s

b
t

 
 



  
 

100

 crk tt , ,  
 bk -

. , -

 cr
k t

s
b

 .crk stb
 

-
.  b= cr st . 

 tcr -
 ( . 5). -

 n(m – 1),  n –  (n =  2k)…, m –  
  

.  crk tt  ( , -
, bbk ),  bk ;  crk tt ,  bk ,  

. 
 s  

  
2
ys (6.12)   

.
2

nm
s

s y

       
(6.14) 

 

,  
. -

-
. 

 
6.10.  

  
 

 
-

:  F  <F , ,  – 
. 

 F   

,2

2

ys
sF

     
(6.15) 

    2
ys  – ,  (6.12), 
2s  – , -

: 
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,
2

1

2
n

j
jj yy

rn
ms                                (6.16) 

 

  n – ;  
m – ;  
r – ;  

jy – , -
 j- ;  

jy –  j- -
 (  (6.9)).   

 F   
 ( . 7)  

 k1= n – r  k2 = n(m – 1).  
 k1  (6.15) – 

 2s ,  k2 –  

(6.15) –  2
ys . 

, -
.  

, -
;  – -

. 
,  

, ,  
 

. , 
, .  

-
. , -

. -
, -

. -
,  

). ,  
.  « » , 

,  
» – .  

 
iz   ix -
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 (6.5). -
, -

-
. , ,  

,  
,  

. 
 

 6.2.  
-

 23,  
. ,   

y 2), : z1 –  
2); z2 –  ( ); z3 –  

 ( 2). 
. 6.5. 

 
 6.5 

 

 z1 
2) z2 ) z3

2) 
 0,04 180 5 

 0,02  120 3 
 0,06  300 8 
 0,02 60 2 

 

, -
, -

.  
: 

1.  (6.5): 
 

,
0

i

ii
i

zzx  

 

 0
iz  –  ( ), i  – . 

 

,
02,0

04,01
1

zx  ,
120

1802
2

zx  .
3

53
3

zx  

2.  
.  (6.9) -

-
. 6.6. 
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 6.6 
 

 
-

 

  

0 1 2 3 y1 y2 y3 y4 y5 y  
1 +1 –1 –1 –1 9,38 8,78 9,38 8,79 9,41 9,148 
2 +1 +1 –1 –1 11,69 11,83 11,97 11,41 11,81 11,742 
3 +1 –1 +1 –1 10,44 10,19 10,59 10,28 10,34 10,368 
4 +1 +1 +1 –1 13,35 13,02 13,34 13,05 13,11 13,174 
5 +1 –1 –1 +1 11,12 11,01 10,89 11,22 11,19 11,086 
6 +1 +1 –1 +1 14,57 13,93 14,35 14,50 14,46 14,362 
7 +1 –1 +1 +1 12,66 12,66 12,57 12,73 12,50 12,624 
8 +1 +1 +1 +1 15,69 15,97 16,09 15,75 15,50 15,800 

 
3.  (6.10)  

: 
 

s2(y1) = [(9,38 – 9,148)2 + (8,78 – 9,148)2 + (9,38 – 9,148)2 + 
 

+ (8,79 – 9,148)2 + (9,41 – 9,148)2]/4 = 0,1100; 
 

s2(y2) = [(11,69 – 11,742)2 + (11,83 – 11,742)2 + (11,97 – 11,742)2 + 
 

+ (11,41 – 11,742)2 + (11,81 – 11,742)2]/4 = 0,0443. 
 

 
s2(y3) = 0,0237; s2(y4) = 0,0254; s2(y5) = 0,0185;s2(y6) = 0,0647; 

 

s2(y7) = 0,0080; s2(y8) = 0,0544. 
 

 
(6.11),  

: 
 

Gp = 0,11/(0,1100 + 0,0443 + 0,0237 + 0,0254 + 0,0185 + 0,0647 + 0,0080 + 0,0544); 
Gp = 0,3151. 

 

 ( . 8) -
  = 0,05  f1 = 5 – 1 = 4; f2 = 8,  

 = 0,3910; G  > Gp, . . . 
 (6.12) 

-
, . .  8.  043628,02

ys .   
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4.  
 

y  ( . 6.7). 
       6.7 

 
-

 

  y  
 

y  
-
 

0 1 2 3 1 2 1 3 2 3 1 2 3 y  y  
1 +1 –1 –1 –1 +1 +1 +1 –1 9,148 9,0545 

2 +1 +1 –1 –1 –1 –1 +1 +1 11,742 11,7545 

3 +1 –1 +1 –1 –1 +1 –1 +1 10,368 10,4615 

4 +1 +1 +1 –1 +1 –1 –1 –1 13,174 13,1615 

5 +1 –1 –1 +1 +1 –1 –1 +1 11,086 11,1515 

6 +1 +1 –1 +1 –1 +1 –1 –1 14,362 14,3775 

7 +1 –1 +1 +1 –1 –1 +1 –1 12,624 12,5585 

8 +1 +1 +1 +1 +1 +1 +1 +1 15,800 15,7845 

 
5.  

(6.13): 
b0 = (+1·9,148 + 1·11,742 + 1·10,368 + 1·13,174 + 1·11,086 + 1·14,362 +  

+ 1·12,624 + 1·15,8)/8;           b0 = 12,288; 
 

b1 = (–1·9,148 + 1·11,742 – 1·10,368 + 1·13,174 – 1·11,086 + 1·14,362 – 
– 1·12,624 + 1·15,8)/8;         b1 = 1,4815; 

 

b2 = (–1·9,148 – 1·11,742 + 1·10,368 + 1·13,174 –1·11,086 – 1·14,362 + 
+ 1·12,624 + 1·15,8)/8;      b2 = 0,7035. 

 

 
 

b3 = 1,18; b12 = 0,014; b13 = 0,1315; b23 = 0,0405; b123 = –0,039. 
 

6. -
.  

 S  (6.14).  
 

.033026,0
58

043628,02

nm
S

S y  
 

 = 0,05 -
 ( . 5) 

32481mnf  
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04,2crt . , -
067372,0033026,004,2cr Stb .  

 
, ,  b12, 

b23  b123 ,  0,067372. , 
, . 

,  
 

.1315,018,17035,04815,1288,12 31321 xxxxxy  
 

7.  
.  

,  F  -
 2S   (6.16). 

 jy ,  
 j-  

, . 6.7. 
 

0545,911315,0118,117035,014815,1288,121y ; 
 

7545,1111315,0118,117035,014815,1288,122y ; 
 

4615,1011315,0118,117035,014815,1288,123y . 
 

 
 

1615,134y ; 1515,115y ; 3775,146y ; 5585,127y ;  .7845,158y  
 

: 
 

)58(
52

1

2
n

j
jj yy

rn
mS [(9,0545 – 9,148)2 + (11,7545 – 11,742)2 + 

 

+(10,4615 – 10,368)2 + (13,1615 – 13,174)2 + (11,1515 – 11,086)2 + (14,3775 – 
 

–14,362)2 + (12,5585 – 12,624)2 + (15,7845 – 15,8)2] = 0,044763. 
 
 

 F   
 

026,1
043628,0
044763,0

2

2

ys
sF . 

 F  -
 ( . 7)  

05,0  f1 = n – r = 8 – 5 = 3   
f2 = n(m – 1) = 8 4 = 32 : F (0,05; 3; 32) = 2, 901.  
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 F = 1,026<F = 2, 901, -
. 

8. : 
 

.1315,018,17035,04815,1288,12 31321 xxxxxy  
 

,  
 1 – ,  

.  
 ( ) :  3 –  

 2 – . 
 ( ) -

 1 3 – -
. -

, ,  ( -
)  

.  
9. ,  (6.5) -

 ix   iz : 
 

.
3

5
02,0

04,01315,0
3

518,1
120

1807035,0
02,0

04,04815,1

288,121315,018,17035,04815,1288,12

31321

31321

zzzzz
xxxxxy

 

 

, -
:  

 

.8858,13057,00059,01167,637414,6 31321 zzzzzy  
 

: 
 

 
 1.  6.2. SExcel. 

 1 
 Excel -

 (  A2:F9 . 6.3).  
-

 (  F2:F9). 
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. 6.3.   

 
,  

,   G2:G9.  
, .  

. 8 (  
G13).  G14, -

 G10 , . .  8. 
 

 Excel . 6.7 ( . 6.4,  A17:I24), -
 y  (  J17:K24 -

).  
(6.13) ,   
A27:H27. -

 G29 -
 S  (6.14), .  

 ( . 5) -
 04,2crt -

 cr Stb .  
G31.  b  

,  b  A34:H34).  
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. 6.4.  
 
 

-
.  J17:J24  jy . -

,  
 (  A34:H34) , 

 j-  ( A17:H17  A24:H24). 
 2s  (6.16) -

,  
, -

, , -
 (  K17:K24). -

.  K25. -
 F   (6.15)  

 J29,  F  . 7 (  
J32). 

 F = 1,026 < F  = 2, 901, -
. 
 2. -

 (U –  (z1), I –  (z2), T –  
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 (z3)) . -
: U = 30 , I = 18 , T = 220 °C. 

 23 .  
. 6.8. 

   6.8 
 

 z1 = U,  z2 = I,  z3 = T,  
 30  18  220  

 2  1  20  
 32  19  240  
 28  17  200  

 
 5  

. 9.  
, yi – ,  

. 

: 
1. . 
2.  

. 
3. . 
4. . 
5. -
. 
6. .  

, , -
. -

, . 
7. . 
8. .  
 

S Excel  2  1.  
 

 
 
1. ?  

. 
2. ? 
3. . . 
4. ? 
5. ? 
6. ? 
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7. -
? 

8. ? -
? 

9. -
? 

10.    -
 ? 
11. ? 
12. ,  yi 

, ,  
,  

? 
13.      -

?  F ? 
14. ? 
 
 

 7.  
 

. -
. . 

 
7.1.  

 
, -

 (n > 6),  2n -
.  7  27 = 128 .  

,  
. , -

 (  
,  7 ) 

 
 

12811 6
7

5
7

4
7

3
7

2
7 CCCCCN . 

 

,  
 kk xbxbxbby 22110 , -

,  1+7 = 8 ;  
 1 + 7 + 21 = 

29.  ,   2n  
. 
, , -
 « »  
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, -
. -

-
. 

 
,  -

 ( ).  
 -

, , -
 

.  
-

. ,  
 

. , , -
. -

 (6.13)  
,  

. 
 23, . 7.1, :  

 2, 3, 5, 8, .  
 

                                                                 7.1 
 

 
  

 
 

x1 x2 x3 x1 x2 x3 
1 –1 –1 –1 5 –1 –1 +1 
2 +1 –1 –1 6 +1 –1 +1 
3 –1 +1 –1 7 –1 +1 +1 
4 +1 +1 –1 8 +1 +1 +1 

 
,  x1  

x2 , -
 2  -1 = 22 .  x3  

  

213 xxx ,         (7.1)  

 –   

213 xxx .          (7.2)  

. 
 ( , ) -

 22 ( . 7.2), , , -
 x3  x1x2. 
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 7. 2 

    
x1 x2 x3 x1 x2 x3 

1 (2) +1 –1 –1 1 +1 –1 –1 
2 (3) –1 +1 –1 2 –1 +1 –1 
3 (5) –1 –1 +1 3 –1 –1 +1 
4 (8) +1 +1 +1 4 +1 +1 +1 

 
. 7.1.  

, ,  22 -
 x1x2  x3. 

  
.  

 (7.1)  (7.2)  -
, . 

,  
, , -

.  
 2k-p,  p –  

. -
 2k.  p = 1  

, ,  
(1/2- ) .  p = 1  26-1 n = 26-1 = 32, 

 p =  2   26-2n =  26-2 = 16 -
 (1/4- ).  

 
7.2.  

 
, ,  

. ,  
. , -

,  -
,  

.  
,  

-
. 

 2k-p : 
1.  

. 
2.  l = k – p  

, . .  2l -
 1, 2, …, l. 
3.  2k-p. 
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 2l,  
 l+1,  l+2,  …,  k, 

 p = k – l. 
, , -

.  
 . 

: 
1.  k = 3 : 

 

3211233223311321123322110 xxxbxxbxxbxxbxbxbxbby , 
 

. .  k = 3  8 . 
 p = 1, . .  n = 23-1 = 4 . 

2.  1  2, . . l = k – p = 2. 
 22 ( -

) ( . 7.3). 
                                          7.3 

 
 

1 2 x3 = x1x2 
1 –1 –1 +1 
2 +1 –1 –1 
3 –1 +1 –1 
4 +1 +1 +1 

 

3.    
x3 = x1x2. . .  3 , 

 1 2. 
, . 7.3 , -

 ( . 7.4). 
                                                                                                                     7.4 

   
0 1 2 3 1 2 1 3 2 3 1 2 3 

1 +1 –1 –1 +1 +1 –1 –1 +1 

2 +1 +1 –1 –1 –1 –1 +1 +1 

3 +1 –1 +1 –1 –1 +1 –1 +1 

4 +1 +1 +1 +1 +1 +1 +1 +1 

 
,  1 -

 8,  2 –  7,  3 –  6,  4 – 
 5. 

, -
. ,  

.  
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, , 
3210 ,,, bbbb , : 

 

3322110 xbxbxbby , 
 

 
 i,  (  

). ,  
 (8)  

 (4). -
 
 

, -
.  « -

» .  
,  

. -
: 1   

 23,  2 –   13,   3 –   12,  0 –   123 ( . . 7.4).  
 

 

b0 = 0 + 123, b1 =  1 +  23 , b2 = 2 + 13, b3 = 3 + 12, 

  – .  
, , -

 

.1
1

n

j
jiji yx

n
b  

 

, ,  
. ,  24-1  

, , ,  
, . . 214 xxx , 314 xxx , 324 xxx   

 3214 xxxx . -
. ,  

, -
 ( ). 

 
 7.1. (  [5]) 

 
-

. -
 25-2 . 
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-
, -

.  5: -
 4 -

. 
: z1 – , 3 ; z2 – 

, 3 ; z3 – -
, 3 ; z4 – , 3 ; z5 – 

, %  ( . 7.1). 
 

 
. 7.1.  (z1, ..., z5)  (y)  

 
 

. 7.5. 
 7.5 

 
 

z1, 3  z2, 3  z3, 3  z4, 3  z5, %   
 ( ) 5250 3900 2650 1100 74 

 4000 3100 1750 700 50 
 6500 4700 3500 1500 98 

 1250 800 900 400 24 
  
  (6.5): 

i

ii
i

zzx
0

,                    (7.3) 

 0
iz –  ( ), i  – : 

,
1250

52501
1

zx

 

,
800

39002
2

zx

 

,
900

2650
3

izx

 

,
400

1100
4

izx

 

.
24

74
5

izx

 
 

 zi  
,  i = +1, -

,  i = –1.  
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 25 = 32 . 

 1/4- , . .  25-2, -
 2  

 x4 = x1x2, x5 = x1x2x3.   
23 = 8. ,  

»  
. ,  

 ( ) -
.  
. 7.6  23, -

 –  ( ).  
 7.6 

 23  

 
, -

 6: 
 

1. : 
 

,
...  2 1 

m
yyy

y mjjj
j  

 

 m = 2 – . , 

.55,0
2

)5,0()6,0(
1y  

 ( . . 7.6). 
 2.  ( ) : 

.005,0
12

))55,0(5,0())55,0(6,0(  ;
1

)(
s

22

1
21

2

2 ys
m

yy
y

m

i
jji

j

 

   1  2  
0 1 2 3 4 5 y1 y2 iy  iy  

+1 +1 +1 +1 +1 +1 –0,6 –0,5 –0,55 –0,3750 
+1 –1 +1 +1 –1 –1 0,1 0,5 0,30 0,2625 
+1 +1 –1 +1 –1 –1 0,6 0,4 0,50 0,5375 
+1 –1 –1 +1 +1 +1 –0,1 0,2 0,05 –0,1250 
+1 +1 +1 –1 +1 –1 0,6 0,2 0,40 0,2250 
+1 –1 +1 –1 –1 +1 –0,2 –0,2 –0,20 –0,1625 
+1 +1 –1 –1 –1 +1 0,1 0,2 0,15 0,1125 
+1 –1 –1 –1 +1 –1 0,3 0,3 0,30 0,4750 
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, 2
2 ys  = 0,08; 3

2 ys  = 0,02;  4
2 ys  = 0,045; 

5
2 ys  = 0,08;   6

2 ys  = 0;    7
2 ys  = 0,005;   8

2 ys  = 0.  
 

 ( ) : 
 

j
j

ys
8

1

2  = 0,005 + 0,08 + 0,02 + 0,045 + 0,08 + 0,005 = 0,235. 

3. : 

34,0
235,0
08,0

s

s
Gp

1

2

max
2

n

i
i

i

y

y . 

. 8  G ( ; f1; f2).   = 0,05, f1 = m –1;     
f2 = n = 8  G (0,05; 1; 8) = 0,6798.  Gp < G , -

. 
4. : 

;11875,0
8

3,015,02,04,005,05,03,055,01
0

0 n

xy
b

n

j
jj

 

;00625,0
8

3,015,02,04,005,05,03,055,01
1

1 n

xy
b

n

j
jj

 

;13125,0
8

3,015,02,04,005,05,03,055,01
2

2 n

xy
b

n

j
jj

;04375,0
8

3,015,02,04,005,05,03,055,01
3

3 n

xy
b

n

j
jj

;06875,0
8

3,015,02,04,005,05,03,055,01
4

4 n

xy
b

n

j
jj

.25.256,0
8

3,015,02,04,005,05,03,055,01
5

5 n

xy
b

n

j
jj

 
5. .  

 ( ): 



  
 

118

.02938,0
8
235,0

1
1

1 1

1

2

22 n

j

m

i

n

j
j

jjiy n

ys
yy

mn
s  

 

: 
 

04285,0
82

02938,02

nm
S

S y . 

 

 tcr  
 n(m –1) = 8·1 = 8 -

  = 0,05 .  
tcr (0,05;8)=2,31. 

-
: 

099,004285,031,2crj Stb . 

 bj -
,  b1 = 0,006 < 0,099;  

b3  = 0,044 < 0,099  b4 = 0,069 < 0,099.  
, .  

,  
y  = 0,119 – 0,131x2 – 0,256x5. 

 
 iy . 7.6. 

6. .  
: 

2

1

2 ~n

j
jj yy

rn
ms . 

 r – .   
 m = 2; n = 8; r = 3  

 

22222 )125,005,0()5375,05,0()2625,03,0()375,055,0(
38

2s

.0512,0])475,03,0()1125,015,0()1625,02,0()225,04,0( 2222

 

 F   
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7427,1
02938,0
0512,0

2

2

ys
SF . 

 F   
  = 0,05  

 k1 = m(n – r) = 2(8 – 3) = 10  k2 = n(m – 1) = 8·1 = 8. 
 k1  

s ,  k2 –  2
ys .   

F  (0,05; 10; 8) = 3,07.  F <  F ,  
. 

 (7.3). 
 

,
800

39002
2

zx  
24

74
5

izx   

   y  = 0,119 – 0,131x2 – 0,256x5: 

131,0119,0y
800

39002z
24

74256,0 iz
.
 

. 
 

7.3.  
 

, -
-

.  
? -

. .  
. 7.4.  

 213 . ,  
, . , 

-
. -

. -
. , -

, . 
 3  21 , 

213 .  

3 ,  321
2
3 . ,  12

ix ,  
111 22 . , 

1321 . 

52 0107,000016,0547,1 zzó
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 . 
 321 ,, , -

 3232
2
11 , .  . 321 . 312 , ,321

213 ,  10 ,   .3210  
-

: 

b0 = 0 + 123, b1 =  1 +  23, b2 = 2 + 13, b3 = 3 + 12. 

, ,  
. 

, ,  
.  24-1 -

 3214  (  
 14321 ), ,  

 4. -
 214  1421 ,  

 3.  
-

 . 
-

. -
 3214 ,  – -

, , 214  . 7.7).  
 7.7 

 
 

 
 

   
 

0 1 2 3 4 = 1 2 3 x5 = 1 2 
1 +1 –1 –1 –1 –1 +1 
2 +1 +1 –1 –1 +1 –1 
3 +1 –1 +1 –1 +1 –1 
4 +1 +1 +1 –1 –1 +1 
5 +1 –1 –1 +1 +1 +1 
6 +1 +1 –1 +1 –1 –1 
7 +1 –1 +1 +1 –1 –1 
8 +1 +1 +1 +1 +1 +1 

 

 14321
2
4 .  

: 
4321 b1   1 + 234; 

4312 b2   2 + 134; 
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4213 b3   3 + 124; 

3214 b4   4 + 123; 

-
 214 . , 421

2
4 1421 . 

: 
421 b1   1 + 24; 

412 b2   2 + 14; 

43213 b3   3 + 1234; 

214 b4  4 + 12. 

.  
-

,    
.  

, . 
,  

 4 = 1 2 3.  
. 

-
 214  , -

, . 
,  

, . . -
,  

.  
, -

. 
 

7.4.  
 

, ,  
 ( -

). -
,  

, . 
, ,  25-2 -

: 214    3215 ;     

4211   53211 . , -
,   
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1 = 543
2

2
2

1  = 543 . 
, : 

4211 , 53211  5431 . 
: 

4211 = 5321 = 543 . 
 

: 
 x1:    421 = 532 = 5431 ; 
 x2:    412 = 531 = 5432 ; 
 x3:    43213 = 521 = 54 ; 
 x4:    214 = 54321 = 53 ; 
 x5:    54215 = 321 = 43 . 

 
b1  1 24 + 235+ 1345; 
b2  2 14 + 135+ 2345; 

b3  3 1234 + 125+ 45; 
b4  4 12 + 12345+ 35; 

b5  5 1245 + 123+ 34. 
,  

. -
, , 

. -
-

. -
 1/4-  

.  
 1/4-  

7 .  1/4-  27-2,  32  
,  27,  128 .  

 29  (  – 1,  – 7  
 – 21).  
, , -

. -
 x1, x2, x3, x4, x5 .  

, ,  
:  

x6 = x1x2x3x4;  
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x7 = x1x2x3x4x5. 

, :  

1 = x1x2x3x4x5x7  1 = x1x2x3x4 x6 . 

, : 1 =  x5x6x7, . .            
1 = x1x2x3x4x5x7 = x1x2x3x4 x6 = x5x6x7. 

 
: 

 x1:      1 = 75432 6432 = 7651 ; 
 x2:      2 75431 = 6431 = 7652 ; 
 x3:      3 75421 = 6421 = 7653 ; 
 x4:          4 75321 = 6321 = 7654  

. . 
 

b1   1 + 23457 + 2346+ 1567; 
b2   2 13457 + 1346+ 2567; 
b3   3 12457 + 1246+ 3567; 
b4   4 12357 + 1236+ 4567 

. . 
, , 
, .  

, -
, :  

x1x2 = x3x4x5x7 = x3x4 x6 = x1 x2x5x6x7. 

,  27-2 , 
 27 . 

,  
 (6.7).  k = 2, 3  4   

 2k.  k = 5  k = 6  1/2-  2k- 1,  
-

 1/4- .  k = 7, k = 8 -
 1/4-  2k- 2 .  

, -
 

, , -
, . 

,  
, ,  

, -
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-
, .  

 

: 
 

 
 1. , -

 2  6 . -
:  V -

 t,  25-2.  z1, z2, z3 
,  6. , -

 (U –  
(z1), I –  (z2), T –  (z3), V –

 (z4)  t –  (z5)) -
.  25-2.  

. 7.8. 
 7.8 

 z1 = U,  z2 = I,  z3 = T,  z4 = V,  z5 = t,  
 30  18  220  10  80  

 2  1  20  3  15  
 32  19  240  13  95  
 28  17  200  7  65  

 
 

. 7.9.  x4  x5 -
.  

 
 7.9 

 
 

  

0 1 2 3 4  5  y1 y2 y3 
1 +1 –1 –1 –1 – – 7,87 7,41 8,12 
2 +1 +1 –1 –1 – – 16,23 15,42 15,64 
3 +1 –1 +1 –1 – – 6,55 5,89 6,26 
4 +1 +1 +1 –1 – – 8,49 9,21 8,79 
5 +1 –1 –1 +1 – – 20,16 19,84 20,59 
6 +1 +1 –1 +1 – – 28,34 27,59 28,16 

7 +1 –1 +1 +1 – – 8,85 8,20 9,64 

8 +1 +1 +1 +1 – – 24,19 23,56 23,04 

 

:  y – , -
.  
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: 
1. .  

 x4  x5  
. 

2.  
. 

3.  . 
4.  . 
5.  . 
6.   

.  
7.  -

.  

  S Excel 
.  

S Excel  1  6. 
 

 
 

1. ,  
? 

2. -
? 

3. ,  
? 

4. -
? 

5.  
? 
6. ? 
7. . 
8.  2 -l? 
9. . 
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1. . . -
 / . . , . . , . . . – -

 : , 2014. – 344 . 
2. . .  : .  /  

. . . –  : , 2011. – 72  . 
3. . . , , -

 : .  / . . , . . . – 
 : , 2013. – 132 . 

4. . .  : . -
 / . . . –  : , 2003. – 208  . 

5.  : 
.  [ ] / . . , . . ,   

. . , . . . – , 2014. – 77 . 
6. . . -

 : .  / . . . – 2- ., 
. . – . : , 2014. – 495 . 

7. . . : 
 «  

» / . . . –  : ,  
2010. – 90 . 

8. . . -
 :  / . . , . . . –  : , 

2012. – 185 . 
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 1 
 

 
2

2

2
1)(

z

ez  

z )(z  z )(z  z )(z  

0.00 0.39894 1.00 0.24197 2.00 0.05399 
0.02 0.39886 1.02 0.23713 2.02 0.05186 
0.04 0.39862 1.04 0.23230 2.04 0.04980 
0.06 0.39822 1.06 0.22747 2.06 0.04780 
0.08 0.39767 1.08 0.22265 2.08 0.04586 
0.10 0.39695 1.10 0.21785 2.10 0.04398 
0.12 0.39608 1.12 0.21307 2.12 0.04217 
0.14 0.39505 1.14 0.20831 2.14 0.04041 
0.16 0.39387 1.16 0.20357 2.16 0.03871 
0.18 0.39253 1.18 0.19886 2.18 0.03706 
0.20 0.39104 1.20 0.19419 2.20 0.03547 
0.22 0.38940 1.22 0.18954 2.22 0.03394 
0.24 0.38762 1.24 0.18494 2.24 0.03246 
0.26 0.38568 1.26 0.18037 2.26 0.03103 
0.28 0.38361 1.28 0.17585 2.28 0.02965 
0.30 0.38139 1.30 0.17137 2.30 0.02833 
0.32 0.37903 1.32 0.16694 2.32 0.02705 
0.34 0.37654 1.34 0.16256 2.34 0.02582 
0.36 0.37391 1.36 0.15822 2.36 0.02463 
0.38 0.37115 1.38 0.15395 2.38 0.02349 
0.40 0.36827 1.40 0.14973 2.40 0.02239 
0.42 0.36526 1.42 0.14556 2.42 0.02134 
0.44 0.36213 1.44 0.14146 2.44 0.02033 
0.46 0.35889 1.46 0.13742 2.46 0.01936 
0.48 0.35553 1.48 0.13344 2.48 0.01842 
0.50 0.35207 1.50 0.12952 2.53 0.01625 
0.52 0.34849 1.52 0.12566 2.58 0.01431 
0.54 0.34482 1.54 0.12188 2.63 0.01256 
0.56 0.34105 1.56 0.11816 2.68 0.01100 
0.58 0.33718 1.58 0.11450 2.73 0.00961 
0.60 0.33322 1.60 0.11092 2.78 0.00837 
0.62 0.32918 1.62 0.10741 2.83 0.00727 
0.64 0.32506 1.64 0.10396 2.88 0.00631 
0.66 0.32086 1.66 0.10059 2.93 0.00545 
0.68 0.31659 1.68 0.09728 2.98 0.00470 
0.70 0.31225 1.70 0.09405 3.03 0.00405 
0.72 0.30785 1.72 0.09089 3.08 0.00348 
0.74 0.30339 1.74 0.08780 3.13 0.00298 
0.76 0.29887 1.76 0.08478 3.18 0.00254 
0.78 0.29431 1.78 0.08183 3.23 0.00216 
0.80 0.28969 1.80 0.07895 3.28 0.00184 
0.82 0.28504 1.82 0.07614 3.38 0.00132 
0.84 0.28034 1.84 0.07341 3.48 0.00094 
0.86 0.27562 1.86 0.07074 3.58 0.00066 
0.88 0.27086 1.88 0.06814 3.68 0.00046 
0.90 0.26609 1.90 0.06562 3.78 0.00031 
0.92 0.26129 1.92 0.06316 3.88 0.00021 
0.94 0.25647 1.94 0.06077 3.98 0.00014 
0.96 0.25164 1.96 0.05844 4.20 0.00006 
0.98 0.24681 1.98 0.05618 5.00 0.00000 
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 2 
 

     
x z

dzex
0

2

2

2
1)(  

x )(x  x )(x  x )(x  x )(x  
0.02 0.00798 0.78 0.28230 1.54 0.43822 2.30 0.48928 
0.04 0.01595 0.80 0.28814 1.56 0.44062 2.32 0.48983 
0.06 0.02392 0.82 0.29389 1.58 0.44295 2.34 0.49036 
0.08 0.03188 0.84 0.29955 1.60 0.44520 2.36 0.49086 
0.10 0.03983 0.86 0.30511 1.62 0.44738 2.38 0.49134 
0.12 0.04776 0.88 0.31057 1.64 0.44950 2.40 0.49180 
0.14 0.05567 0.90 0.31594 1.66 0.45154 2.42 0.49224 
0.16 0.06356 0.92 0.32121 1.68 0.45352 2.44 0.49266 
0.18 0.07142 0.94 0.32639 1.70 0.45543 2.46 0.49305 
0.20 0.07926 0.96 0.33147 1.72 0.45728 2.48 0.49343 
0.22 0.08706 0.98 0.33646 1.74 0.45907 2.50 0.49379 
0.24 0.09483 1.00 0.34134 1.76 0.46080 2.55 0.49461 
0.26 0.10257 1.02 0.34614 1.78 0.46246 2.60 0.49534 
0.28 0.11026 1.04 0.35083 1.80 0.46407 2.65 0.49598 
0.30 0.11791 1.06 0.35543 1.82 0.46562 2.70 0.49653 
0.32 0.12552 1.08 0.35993 1.84 0.46712 2.75 0.49702 
0.34 0.13307 1.10 0.36433 1.86 0.46856 2.80 0.49744 
0.36 0.14058 1.12 0.36864 1.88 0.46995 2.85 0.49781 
0.38 0.14803 1.14 0.37286 1.90 0.47128 2.90 0.49813 
0.40 0.15542 1.16 0.37698 1.92 0.47257 2.95 0.49841 
0.42 0.16276 1.18 0.38100 1.94 0.47381 3.00 0.49865 
0.44 0.17003 1.20 0.38493 1.96 0.47500 3.05 0.49886 
0.46 0.17724 1.22 0.38877 1.98 0.47615 3.10 0.49903 
0.48 0.18439 1.24 0.39251 2.00 0.47725 3.15 0.49918 
0.50 0.19146 1.26 0.39617 2.02 0.47831 3.20 0.49931 
0.52 0.19847 1.28 0.39973 2.04 0.47932 3.25 0.49942 
0.54 0.20540 1.30 0.40320 2.06 0.48030 3.30 0.49952 
0.56 0.21226 1.32 0.40658 2.08 0.48124 3.40 0.49966 
0.58 0.21904 1.34 0.40988 2.10 0.48214 3.50 0.49977 
0.60 0.22575 1.36 0.41308 2.12 0.48300 3.60 0.49984 
0.62 0.23237 1.38 0.41621 2.14 0.48382 3.70 0.49989 
0.64 0.23891 1.40 0.41924 2.16 0.48461 3.80 0.49993 
0.66 0.24537 1.42 0.42220 2.18 0.48537 3.90 0.49995 
0.68 0.25175 1.44 0.42507 2.20 0.48610 4.00 0.49997 
0.70 0.25804 1.46 0.42785 2.22 0.48679 4.20 0.49999 
0.72 0.26424 1.48 0.43056 2.24 0.48745 4.40 0.49999 
0.74 0.27035 1.50 0.43319 2.26 0.48809 4.70 0.49999 
0.76 0.27637 1.52 0.43574 2.28 0.48870 5.00 0.50000 
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 3 
 

),( nt  
  

    

 
 

n 

  

0,95 0,99 0,999 
5 2.78 4.60 8.61 
6 2.57 4.03 6.86 
7 2.45 3.71 5.96 
8 2.37 3.50 5.41 
9 2.31 3.36 5.04 

10 2.26 3.25 4.78 
11 2.23 3.17 4.59 
12 2.20 3.11 4.44 
13 2.18 3.06 4.32 
14 2.16 3.01 4.22 
15 2.15 2.98 4.14 
16 2.13 2.95 4.07 
17 2.12 2.92 4.02 
18 2.11 2.90 3.97 
19 2.10 2.88 3.92 
20 2.09 2.86 3.88 
25 2.06 2.80 3.75 
30 2.05 2.76 3.66 
35 2.03 2.72 3.60 
40 2.02 2.71 3.56 
45 2.02 2.69 3.53 
50 2.01 2.68 3.50 
60 2.00 2.66 3.46 
70 2.00 2.65 3.44 
80 1.99 2.64 3.42 
90 1.99 2.63 3.40 
100 1.98 2.63 3.39 
120 1.98 2.62 3.37 

 1.96 2.58 3.29 
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 4 
 

2  
 

 
 

 s 

 

0.05 0.01 0.001 
1 3.84 6.63 10.83 
2 5.99 9.21 13.82 
3 7.81 11.34 16.27 
4 9.49 13.28 18.47 
5 11.07 15.09 20.52 
6 12.59 16.81 22.46 
7 14.07 18.48 24.32 
8 15.51 20.09 26.13 
9 16.92 21.67 27.88 

10 18.31 23.21 29.59 
11 19.68 24.73 31.26 
12 21.03 26.22 32.91 
13 22.36 27.69 34.53 
14 23.68 29.14 36.12 
15 25.00 30.58 37.70 
16 26.30 32.00 39.25 
17 27.59 33.41 40.79 
18 28.87 34.81 42.31 
19 30.14 36.19 43.82 
20 31.41 37.57 45.32 
21 32.67 38.93 46.80 
22 33.92 40.29 48.27 
23 35.17 41.64 49.73 
24 36.42 42.98 51.18 
25 37.65 44.31 52.62 
26 38.89 45.64 54.05 
27 40.11 46.96 55.48 
28 41.34 48.28 56.89 
29 42.56 49.59 58.30 
30 43.77 50.89 59.70 
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 5 
 

 
 

  
 

 k 
  ( ) 

0.10 0.05 0.02 0.01 0.002 0.001 
1 6.31 12.70 31.82 63.70 318.30 631.00 
2 2.92 4.30 6.97 9.92 22.33 31.60 
3 2.35 3.18 4.54 5.84 10.22 12.90 
4 2.13 2.78 3.75 4.60 7.17 8.61 
5 2.01 2.57 3.37 4.03 5.89 6.86 
6 1.94 2.45 3.14 3.71 5.21 5.96 
7 1.89 2.36 3.00 3.50 4.79 5.40 
8 1.86 2.31 2.90 3.36 4.50 5.04 
9 1.83 2.26 2.82 3.25 4.30 4.78 
10 1.81 2.23 2.76 3.17 4.14 4.59 
11 1.80 2.20 2.72 3.11 4.03 4.44 
12 1.78 2.18 2.68 3.05 3.93 4.32 
13 1.77 2.16 2.65 3.01 3.85 4.22 
14 1.76 2.14 2.62 2.98 3.79 4.17 
15 1.75 2.13 2.60 2.95 3.73 4.07 
16 1.75 2.12 2.58 2.92 3.69 4.01 
17 1.74 2.11 2.57 2.90 3.65 3.96 
18 1.73 2.10 2.55 2.88 3.61 3.92 
19 1.73 2.09 2.54 2.86 3.58 3.88 
20 1.73 2.09 2.53 2.85 3.55 3.85 
25 1.71 2.06 2.49 2.79 3.45 3.72 
30 1.70 2.04 2.46 2.75 3.39 3.65 
40 1.68 2.02 2.42 2.70 3.31 3.55 
60 1.67 2.00 2.39 2.66 3.23 3.46 

120 1.66 1.98 2.36 2.62 3.17 3.37 
 1.64 1.96 2.33 2.58 3.09 3.29 

 0.05 0.025 0.01 0.005 0.001 0.0005 
   ( ) 
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 6 
 

  
 W 
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 7 
 

),,( yxcr kkF  

 
  = 0.01 

 
 

 = 0.05 
 

 

 

ky\kx 1 2 3 4 5 6 7 8 9 10 11 

1 4052 4999 5403 5625 5764 5889 5928 5981 6022 6056 6082 
2 98.49 99.01 90.17 99.25 99.33 99.30 99.34 99.36 99.36 99.40 99.41 
3 34.12 30.81 29.46 28.71 28.24 27.91 27.67 27.49 27.34 27.23 27.13 
4 21.20 18.00 16.69 15.98 15.52 15.21 14.98 14.80 14.66 14.54 14.45 
5 16.26 13.27 12.06 11.39 10.97 10.67 10.45 10.27 10.15 10.05 9.96 
6 13.74 10.92 9.78 9.15 8.75 8.47 8.26 8.10 7.98 7.87 7.79 
7 12.25 9.55 8.45 7.85 7.46 7.19 7.00 6.84 6.71 6.62 6.54 
8 11.26 8.65 7.59 7.01 6.63 6.37 6.19 6.03 5.91 5.82 5.74 
9 10.56 8.02 6.99 6.42 6.06 5.80 5.62 5.47 5.35 5.26 5.18 
10 10.04 7.56 6.55 5.99 5.64 5.39 5.21 5.06 4.95 4.85 4.78 
11 9.86 7.20 6.22 5.67 5.32 5.07 4.88 4.74 4.63 4.54 4.46 
12 9.33 6.92 5.95 5.41 5.06 4.82 4.65 4.50 4.39 4.30 4.22 
13 9.07 6.70 5.74 5.20 4.86 4.62 4.44 4.30 4.19 4.10 4.02 
14 8.86 6.51 5.56 5.03 4.69 4.46 4.28 4.14 4.03 3.94 3.86 
15 8.68 6.36 5.42 4.89 4.56 4.32 4.14 4.00 3.89 3.80 3.73 
16 8.53 6.23 5.29 4.77 4.44 4.20 4.03 3.89 3.78 3.69 3.61 
17 8.40 6.11 5.18 4.67 4.34 4.10 3.93 3.79 3.68 3.59 3.52 

ky \ kx 1 
 

2 3 4 5 6 7 8 9 10 11 

1 161 200 216 225 230 234 237 239 241 242 243 
2 18.51 19.00 19.16 19.25 19.30 19.33 19.36 19.37 19.38 19.39 19.40 
3 10.13 9.55 9.28 9.12 9.01 8.94 8.88 8.84 8.81 8.78 8.76 
4 7.71 6.94 6.59 6.39 6.26 6.16 6.09 6.04 6.00 5.96 5.93 
5 6.61 5.79 5.41 5.19 5.05 4.95 4.88 4.82 4.78 4.74 4.70 
6 5.99 5.14 4.76 4.53 4.39 4.28 4.21 4.15 4.10 4.06 4.03 
7 5.59 4.74 4.35 4.12 3.97 3.87 3.79 3.73 3.68 3.63 3.60 
8 5.32 4.46 4.07 3.84 3.69 3.58 3.50 3.44 3.39 3.34 3.31 
9 5.12 4.26 3.86 3.63 3.48 3.37 3.29 3.23 3.18 3.13 3.10 

10 4.96 4.10 3.71 3.48 3.33 3.22 3.14 3.07 3.02 2.97 2.94 
11 4.84 3.98 3.59 3.36 3.20 3.09 3.01 2.95 2.90 2.86 2.82 
12 4.75 3.88 3.49 3.26 3.11 3.00 2.92 2.85 2.80 2.76 2.72 
13 4.67 3.80 3.41 3.18 3.02 2.92 2.84 2.77 2.72 2.67 2.63 
14 4.60 3.74 3.34 3.11 2.96 2.85 2.77 2.70 2.65 2.60 2.56 
15 4.54 3.68 3.29 3.06 2.90 2.79 2.70 2.64 2.59 2.55 2.51 
16 4.49 3.63 3.24 3.01 2.85 2.74 2.66 2.59 2.54 2.49 2.45 
17 4.45 3.59 3.20 2.96 2.81 2.70 2.62 2.55 2.50 2.45 2.41 
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 8 
 

 G  = 0,05 
 

n 
f = m –1 

1 2 3 4 5 6 

2 0,9985 0,9750 0,9392 0,9057 0,8772 0,8534 

3 0,9669 0,8709 0,7977 0,7457 0,7071 0,6771 

4 0,9065 0,7679 0,6841 0,6287 0,5859 0,5598 

5 0,8412 0,6338 0,5991 0,5441 0,5065 0,4783 

6 0,7608 0,6161 0,5321 0,4803 0,4447 0,4184 

7 0,7271 0,5612 0,4800 0,4307 0,3974 0,3726 

8 0,6798 0,5157 0,4377 0,3910 0,3595 0,3362 

9 0,6385 0,4770 0,4027 0,3584 0,3286 0,3067 

10 0,6020 0,4450 0,3733 0,3311 0,3029 0,2823 

12 0,5410 0,3924 0,3264 0,2880 0,2624 0,2439 

16 0,4709 0,3346 0,2758 0,2419 0,2195 0,2034 

20 0,3894 0,2705 0,2205 0,1921 0,1935 0,1602 
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 9 
 

   7 
 

 1 
3, 04 3, 31 3, 35 3, 39 3,21 
5, 93 5, 52 5, 77 5, 09 5, 51 
3, 27 3, 50 3, 36 3, 98 3,89 
7, 41 7, 99 7, 11 7, 38 7,07 
4, 84 4, 97 4, 88 4, 30 4, 29 
9, 35 9, 23 9, 66 9, 34 9, 17 
6, 71 6, 03 6, 43 6, 39 6, 37 

14, 72 14, 80 14, 95 14,68 14,67 
 2 

3,51 3,05 3,53 3,92 3,27 
6,47 6,14 6,35 6,62 6,81 
4,61 4,93 4,16 4,92 4,01 
9,15 9,66 9,34 9,52 9,28 
5,28 5,47 5,42 5,05 5,86 

13,41 13,81 13,51 13,89 13,63 
8,64 8,71 8,38 8,65 8,66 

25,75 25,63 25,11 25,78 25,34 
 3 

2,24 2,50 2,39 2,10 2,57 
3,82 3,94 3,68 3,74 3,72 
2,05 2,52 2,55 2,74 2,73 
4,07 4,42 4,76 4,17 4,55 
3,07 3,89 3,96 3,19 3,37 
5,81 5,48 5,23 5,92 5,73 
3,48 3,01 3,14 3,51 3,19 
6,83 6,20 6,32 6,58 6,69 

 4 
2,88 2,97 2,42 2,37 2,39 
4,91 4,65 4,52 4,29 4,38 
3,01 3,31 3,02 3,99 3,48 
5,09 5,53 5,48 5,11 5,45 
3,73 3,30 3,80 3,89 3,52 
6,18 6,52 6,60 6,09 6,43 
4,63 4,96 5,01 4,52 5,07 
9,38 9,53 9,02 9,46 9,77 

 5 
3,72 3,28 3,80 3,49 3,69 
5,93 5,59 5,63 5,20 5,68 
3,32 3,55 3,93 3,15 3,39 
7,94 7,26 7,49 7,02 7,58 
4,40 4,04 4,68 4,98 4,24 

9, 63 9,17 9,60 9,33 9,91 
6,36 6,96 6,69 6,05 6,57 

14,76 14,68 14,25 14,22 14,41 
 

 
 6 

4, 92 4, 85 4, 33 4,24 4, 77 
8, 85 8, 90 8,44 8, 21 8,39 
5, 81 5, 86 5, 47 5,90 5,69 

13, 49 13,32 13, 57 13, 42 13, 56 
7, 89 7, 68 7, 39 7, 19 7, 42 

20, 52 20,71 20,27 20, 58 20,31 
11, 82 11,69 11, 93 11, 49 11,54 
66,71 66,13 66,62 66,85 66,20 

   7 
4,07 4,84 4,28 4,16 4,66 
8,87 8,96 8,30 8,89 8,04 
5,32 5,73 5,86 5,43 5,62 

13, 29 13,04 13,28 13,40 13,12 
7,79 7,15 7,45 7,68 7,38 

20,55 20,78 20,04 20,79 20,61 
11,26 11,38 11,71 11,34 11,73 
66,99 66,05 66,88 66,55 66,62 

 8 
3,83 3,05 3,23 3,23 3,87 
6,55 6, 64 6,23 6,59 6,11 
4,75 4,90 4,76 4,98 4,44 
9,04 9,30 9,24 9,57 9,30 
5,55 5,89 5,27 5,81 5,63 

13,40 13,11 13,45 13,61 13,36 
8,38 8,31 8,03 8,19 8,10 

25,86 25,44 25,78 25,62 25,56 
 9 

3,54 3,32 3,024 3,46 3,19 
5,47 5,70 5,78 5,90 5,77 
3,26 3,95 3,37 3,31 3,15 
7,17 7,21 7,01 7,30 7,91 
4,01 4,82 4,90 4,18 4,19 
9,50 9,19 9,15 9, 62 9,36 
6,90 6,83 6,84 6,78 6,78 

14,77 14,70 14,18 14,90 14,93 
 10 

2,49 2,37 2,63 2,64 2,69 
4,18 4,64 4,55 4,26 4,51 
3,36 3,20 3, 02 3,12 3,07 
5,45 5,45 5,49 5,72 5,55 
3,25 3,12 3,90 3,82 3,81 
6,21 6,14 6,41 6,04 6,22 
4,51 4,89 4,55 4,41 4,81 
9,35 9,93 9,05 9,11 9,26 
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 11 
2,64 2,65 2,45 2,50 2,63 
3,47 3,38 3,22 3,18 3,58 
2,39 2,68 2,51 2,48 2,70 
4,81 4,51 4,96 4,76 4,69 
3,86 3,84 3,81 3,22 3,68 
5,82 5, 28 5,17 5,06 5,78 
3,50 3,32 3,08 3,35 3,01 
6,55 6,70 6,75 6,72 6,07 

 12 
1,83 1,51 1,69 1,81 1,35 
3,04 3,24 2,84 2,83 3,07 
2,35 2,15 2,28 2,94 2,38 
3,67 3,94 3,84 3,83 3,03 
2,88 2,23 2,15 2,77 2,73 
4,91 4,67 4,92 4,43 4,60 
3,85 3,10 3,15 3,24 3,75 
5,83 5,79 5,63 5,70 5,77 

 13 
2,32 2,14 2,60 2,46 2,20 
3,73 3,24 3,77 3,27 3,85 
2,08 2,645 2,57 2,45 2,57 
4,77 4,54 4,11 4,88 4,65 

3,075 3,74 3,90 3,99 3,96 
5,83 5,76 5,36 5,98 5,40 
3,78 3,28 3,05 3,48 3,04 
6,98 6,08 6,87 6,40 6,04 

 14 
2,67 2,87 2,55 2,527 2,83 
4,48 4,13 4,55 4,44 4,69 
3,34 3,59 3,16 3,40 3,00 
5,58 5,85 5,90 5,13 5,69 
3,78 3,08 3,20 3,14 3,42 
6,13 6,22 6,50 6,75 6,70 
4,98 4,49 4,50 4,47 4,68 
9,78 9,89 9,31 9,11 9,86 

 15 
3,73 3,33 3,62 3,65 3,29 
5,91 5,86 5,21 5,56 5,98 
3,84 3,32 3,29 3,14 3,99 
7,52 7,65 7,79 7,10 7,43 
4,43 4,40 4,83 4,75 4,99 
9,78 9,94 9,57 9,59 9,21 
6,04 6,70 6,41 6,34 6,39 

14,70 14,69 14,34 14,54 14,74 
 

 
 16 

8,46 8,41 8,42 8,47 8,44 
12,52 12,98 12,78 12,18 12,08 
10,05 10,80 10,88 10,79 10,37 
15,82 15,99 15,69 15,04 15,86 
11,51 11,14 11,59 11,57 11,84 
17,31 17,36 17,81 17,09 17,63 
14,06 14,15 14,62 14,54 14,173 
22,74 22,75 22,99 22,79 22,569 

 17 
8,39 7,04 8,40 8,73 7,16 

10,23 10,50 10,78 10,73 10,31 
9,01 9,68 9,34 9,49 9,06 

12,16 11,21 12,06 11,44 11,98 
10,08 9,06 9,98 10,97 10,73 
13,10 12,40 12,95 13,047 13,16 
11,95 11,97 11,13 11,61 11,254 
14,20 14,76 14,86 14,75 13,52 

 18 
7,39 7,03 7,80 7,19 7,50 

12,65 12,56 12,04 12,037 12,09 
9,92 9,14 10,72 9,10 9,76 

15,47 15,11 15,71 15,55 15,91 
11,27 11,83 11,94 11,21 11,74 
19,69 19,40 19,31 18,38 19,42 
14,45 14,08 14,94 14,86 14,49 
26,77 26,30 26,07 26,37 26,81 

 19 
3,59 3,09 3,45 3,68 3,40 
4,28 4,80 4,74 4,84 4,45 
4,43 4,53 4,42 4,30 4,75 
5,76 5,32 5,14 5,46 5,82 
4,61 4,78 4,77 4,10 4,58 
5,64 5,87 5,67 5,61 5,90 
5,27 5,36 5,23 5,68 5,21 
6,12 6,13 6,63 6,98 6,75 

 20 
2,82 3,04 2,84 2,88 2,96 
3,54 3,61 3,51 3,17 3,50 
3,23 3,83 3,53 3,99 3,29 
3,63 3,70 3,84 3,64 3,04 
3,44 3,52 3,39 3,28 3,24 
4,25 4,47 4,05 4,53 4,52 
3,10 3,77 3,55 3,80 3,59 
4,53 4,47 4,72 4,50 4,13 
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