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,  

 
 [69].  
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 [32, 56, 69].  

 [94, 216].  
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, ,  [12-14, 17-18, 94-
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 [12-14, 17-18, 94-96, 125].  
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];[ ,,,,,, khjikhji zz , Ii ...,0 , Jj ,...,0 , Hh ,...,0 , Kk ,...,0 ,     (1.1) 

 
 khjikhji zz ,,,,,, ,  - ,  

 
  Ii ...,0 , 

Jj ,...,0 , Hh ,...,0  Kk ,...,0 .  
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: khjikhjikhji zzz ,,,,,,,,,  

khjikhjikhji zzz ,,,,,,,,, ,  khjiz ,,, -  
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(1.1)  
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,  
 [61, 80, 122, 123].  

 
 [78],  

 
. ,  

 
,  

.  
,  

,  
 

,  
. . [78-85]  

 
. , 

 
. ,  

,  
 ( ) ,  

 -  [78, 122, 
123].  

 [78]: 
 

,....,,,...,,( 1,1,1,1,,,1,,,1,,,,,, khjiddddjdkdhdjdidkdhdjdikhji vvvvFv  
 ),,...,, ,,,0,,,,1,, guuv khjihjikhji  Idi ,..., , Jdj ,..., , Hdh ,..., , Kdk ,...,

  
 F( )– ; khjiv ,,,  –  

 
 Idi ,..., , Jdj ,..., , Hdh ,...,  

Kdk ,..., ; khjihji uu ,,,0,,, ,...,  -  ( ); d  – 
 (1); g  – . 

,  d  
 khji ,,, ,   (1)   d  

, : KdHdJdIdd ,,,,0 . 
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 [13, 17]: 

 
,...,,,,...,,( 1,1,1,1,,,1,,,1,,,,,, khjiddddjdkdhdjdidkdhdjdi

T
khji vvvvfv   

,),...,, ,,,0,,,,1,, guuv khjihjikhji  Idi ,..., , Jdj ,..., , Hdh ,..., , Kdk ,..., ,(1.2) 
 

 )(Tf  - ,  
,  

,  
. 

 
, :  

)(Tf ;  ( ) 
khjihji uu ,,,0,,, ,..., ; d -  ,   

 –  
.  

,  
,...,,...,,,..., 0,0,,0,0,0,10,1,0,00,0,0,0 ddih vvvv khjihjidddd uuv ,,,0,,,1,,1,1 ,...,,  

,  –  
 g . ,  

 (1.2)  
,  

 
.  

 [49, 122,123].  
 

 –  
 
, 
 

,  
 

,  
,  (1.1),  

 
 (1.2) : 
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khjiv ,,, ];[ ,,,,,, khjikhji zz , Idi ,..., , Jdj ,..., , Hdh ,..., , Kdk ,..., . (1.3) 

 
 (1.3)  

 
, .  

,  
 
 
 
 
 

,  
 

.  
 (1.1).   

 
1.2  

 
 

 
 

 (1.2)), ,  
,  

 
 

 [122, 123, 168].  
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,  
.  

,   
. 

 
: ,  
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; ,  
 
 

; , ,  
 
 

 [42]. ,  
 
 

: ; , ; 
.  

. ,  
 
 

: 
., ., ., .,  

., ., . .  
,  

.   
 

:  (  
), ,  

 ( ) [114, 117, 149].  
 
 
 

: 
 

min)( gg ,       (1.4) 
 

 
I

i

J

j

H

h

K

k
khjikhji vz

KHJI
g

1 1 1 1

2
,,,,,,

1)( ,    (1.5) 

I

i

J

j

H

h

K

k
khjikhji vz

KHJI
g

1 1 1 1
,,,,,,

1)( ,    (1.6) 
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. 
 (1.5)   (1.6),   

 
, 

: khjiz ,,,  ( Ii ,...,1 , 
Jj ,...,1 , Hh ,...,1 , Kk ,...,1 ) –  

, ; g – 
,  

 (1.4); khjiv ,,, -  ( Ii ,...,1 , 
Jj ,...,1 , Hh ,...,1 , Kk ,...,1 )  

,  ( ): 
 

,...,,,,...,,( 1,1,1,1,,,1,,,1,,,,,, khjiddddjdkdhdjdidkdhdjdi
T

khji vvvvfv  
,),...,, ,,,0,,,,1,, guuv khjihjikhji  Ii ,...,1 , Jj ,...,1 , Hh ,...,1 , Kk ,...,1 , (1.7) 

 
 (1.7)  

 (1.4)  
 khjiz ,,,  ( Ii ,...,0 , 

Jj ,...,0 , Hh ,...,0 , Kk ,...,0 ),  
.  

 
:  

 
khjiz ,,,  = 0

,,, khjiz + khjie ,,, , Ii ,...,0 , Jj ,...,0 , Hh ,...,0 , Kk ,...,0    (1.8) 
 

 0
,,, khjiz  -  
; 

khjie ,,,  – ,  
 )( ,,, khjieM ) = 0  )( ,,, khjieD  = 2.  

 
,  

.  
,  



 
 1.  
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 khjie ,,, .  
. ,  

 
,  « »  

.  
 

,  
, ,  

 
.  

 
 ( )( ,,, khjieD ) = 2  

,  
 khjie ,,, .   

,  
,  

.  
 
 

.  
 

 [114, 
117].  

.  
 ( ) 

 khjiz ,,,  ( Ii ,...,0 , 
Jj ,...,0 , Hh ,...,0 , Kk ,...,0 ) .  

,  ,  ,   
 );( ,,, khjizgW ,  

,  g  
khjiz ,,, .  [30, 

42, 73]: 

L
I

i

J

j

H

h

K

k
khjizgWg

1 1 1 1
,,, ),()( .                                  (1.9) 
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,  : 

 
L max)( gg      (1.10) 

 
 (1.10) 

,  
 khjiz ,,,  ( Ii ,...,0 , 

Jj ,...,0 , Hh ,...,0 , Kk ,...,0 )  
 (1.7)  

 g .  
 [42, 73].  

,  
(1.10)  );( ,,, khjizgW  

, ,  
 g  khjiz ,,, .  

 
.  

 (1.8).  
 
 
 

.  
,  1.1. 
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.1.1. –  

 (1.3)  
 

 
 1.1  «1»  

,  
 MHK

khjiv ,,, , - 
 

khjiz ,,,  (k=  0,…,5).   «2»   
,  ,,, khjiv ,  

 « » (1.3)  
 ][ ,,, khjiz = ];[ ,,,,,, khjikhji zz .  

khjiz ,,,  khjiz ,,,  
 khji ,,, : 

khjikhjikhji zz ,,,,,,,,, ; khjikhjikhji zz ,,,,,,,,, . 
.1.1,  k=2  

MHK
khjiv 2,,, ,  –  

 ][ 2,,, khjiz ,  
 « » (1.3).  

,  
 

. [42].  

2,,, khjiz

 ][ 2,,, khjiz  

MHK
khjiv 2,,,

 T
2,,, khjiv  

1 

2 

khjiv ,,,

][ ,,, khjiz  

k 

 

5 0 1 2 3 4 

0,5 
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. , 
 
 

, : 
., , ., ., ., 

., ., ., .,  
, , Alefeld G., re R.E., Pronsanto L., Rohn J., 

Walter E. .  
 
 

 [209]. , ,  
.  

,  
 

 [177 ,208].  
,  

 « »  
.  

, 
 

.  
 

, ,  
, .  

 bb ,,  R  
 bxaRxba ,, .  R  –  [2]. 

 
.  RIBA,,/,,, ,  RI -  

,  [2]: 
 

},{ BbAabaBA .                                  (1.11) 
 
 

.  [2],  
.  

 
, ,  
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,  
.  

,  
,  [171-185, 188].  

,  
 

 [209]. 
 

,  
, 

 (1.1) [42].  
 

 (1.3),  
 

, .  
,  

 
 
 

. 
 (1.3)  

 
 [2, 171-185] 

 
][][ zgF ,       (1.12) 

 
 [F] –  (  m –  KHJI  

- )  
,...,,,,...,,([ 1,1,1,1,,,1,,,1,,, khjiddddjdkdhdjdidkdhdjdi

T vvvvf
)],...,, ,,,0,,,,,1,1 khjihjikhji uuv , Ii ,...,0 , Jj ,...,0 , Hh ,...,0 , Kk ,...,0 ; ][z  - 
 (  )(1 KHJI  

];[ ,,,,,, khjikhji zz , Ii ,...,0 , Jj ,...,0 , Hh ,...,0 , Kk ,...,0 . 
 

 [2]: 
 

zgFz ][ ,      (1.13) 
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 zz ,  -  (  )(1 KHJI )  
khjikhji zz ,,,,,, , , Ii ,...,1 , Jj ,...,1 , Hh ,...,1 , Kk ,...,1 , . 

 
,  (1.3), 

 
 (1.12)  (1.13). 

 g  
 g .  

 
 [64].  – 

,   
 [58, 70, 71].  

 
  

:  [40-43];  
,  

[171-185];  [5-11, 33-38, 170];  
[43, 64].  

 
 
 

 (1.12)   (1.13),  ,   
 (1.2)  

,  
.   (1.2)  

, 
 (1.12)  (1.13)  

.  
. ,  

, 
 [76]. 

.  
 

.  1982 .  
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,  
 g .  

.  
,   

 [42,  76],   
: ]1;0[)(g .  

)(g  
.  

 

 g  
)( g

g ,  
 g  ( )  

 . , , 
., .  

 [5-10, ]. 
,  

 
 )(g .  

,  
 (1.1)  

 
 
 

,  
 

 (1.2) , 
.  

 
 

 (1.12)  (1.13).  
 

,  
 

 (1.12)  (1.13)  
 

. 
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1.3  
 

 
 

 
 

 [10, 49, 88, 121, 146].  
 

, , ,  
 

. .   
.  

 
 

 [64]. ,  
 

.  
,  

 [125].  
 

 [64].  
, ,  

.  
,  

: 
 

 khjikhjikhjikhjikhji vgvgvgvgv ,1,,4
2

,1,1,13,1,,12,,1,1,,, ,     (1.14) 
 

 4321 ,,, gggg ,  
 

,  (1.14)  
 khjiv ,,1, ).  

 
: 

 
khjikhjikhjikhji vgvgvgv ,1,,4

2
,1,1,13,1,,12,,, .           (1.15) 
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,  

 
, , 

 
 [125]. ,  

 
. ,  

.  
. ,  

,  
.  

,  
,  –  

 
. ,  

 
 [64].  

.      
 « » . 

 « »  
 

 [64].  
 [3, 22, 43, 64, 73]. ,  

 
,  

.  
 
 

.  
,  

. 
 
 
 

. ,  « » 
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 ( ).  
. .  [78-86]. 

,  
,  

.  
 

:  
,  [78]. 

 
 

.  
 

-
 [82]: 

 
),,,,,,...,( ,0,0,1,,,,,1,,, fkikhjiddddjdkdhdjdif guuvvvfv . (1.16 ) 

 
,  « » -

. 
 

 ( ,  50%   50%)   
 ( , 40%, 40%  20%):  (  

)  (  
 « » ) [78]. 

 
.  

 ( ,  
)  

 [78].  
 
 

 p . , 
 

 « »  
 [151]: 
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)),,,,,(;(minarg ,0,0,1,,,,,
*

fkikhjidkdhdjdif
guuvvfvCf  (1.17) 

 
 C –  

 f ,  
.  

 
 ( ,  

, ). ,  
 
 

[153]: 

.min
)(

)(

,,,

2
,,,

,,,

2
,,,,,,

2

B

B

Nkhji
khji

Nkhji
khjikhji

v

vv
B   (1.18) 

 
 p  

 
40%-60% .  

 « » -
 

.  
:  
,  [153]. 

,  
 « » -

 (k )  
,  

( 1k ) [153]. ,  
 « ». 

 
.  
, :  

 
;  



 
  
 

 28 

 
.  

 
,  

, , ,  
 

, , 
.  

 
 
 

.  [32, 129, 136]  
 
 
 

 « ».  
 -  

,  
 [143]. ,  

, , 
 [143].   

 [32, 129] :  – 
 ( );  –  

;  –  
. 

.1.2,  
 F  

 ( ) –  Tf . 
,  F  

 ( ) 
 [129]. 

 
:  

 { dkdhdjdijih vvvvv ,,,0,0,1,00,0,0,10,1,0,00,0,0,0 ,...,...,,,..., }  
 d,  

 khjihji uu ,,,0,,, ,...,  
 



 
 1.  
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 [129]. 
 

 
. 1.2. -  

 
 

 
 
 

), .  
 

,  0)( s ,  
 [129].   

,  
» (  )( s )  

 50%    ( ) 
[129].  

,  0)( s ,  
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. 
 

 ( )  
,  

. .  « »,  
, ,  

 « »,  
,  

 
 

.  
,  0)( s ,  

. 
 

 
. 1.3. –  

» 
 

 



 
 1.  

 
 

 31 

 « ».  
 1.3  

. 
,  ( ) ,  

 ( )  
.  

. 1.3,  
 ( ) 1,6,1,5,1,4,1,3,1,21,1 , NNNNNN  

2,10,2,9,2,82,7,2,6,2,5,2,4,2,3,2,22,1 ,, NNNNNNNNNN ,  
 

: 
,2,82,7,2,6,2,5,2,4,2,3,2,22,1,1,6,1,5,1,4,1,3,1,21,1 ,,, NNNNNNNNNNNNNN 2,10,2,9 NN . 

,  
 maxmin ,I ,  minI  – 

,  
 1 ;   maxI  –  

,  
 2 ; ,  

1  2  .  
. 1.3 ,  

 1  6minI ,  2 ,  
,  10maxI ,  

  [6; 10].  
 minI  ( maxI –1) – ,  0  

( maxI – minI )  minI .  ()rand %(10–
6+1)  –   [0;4].   

 6, , 
,  [6;10].  

 [ minI ; maxI ] 
 

: 
 

 ()randm %( maxI – minI +1)+ minI . (1.19) 
 

,  



 
  
 

 32 

 
,1,4,1,3,1,21,1 , NNNN 2,10,2,9,2,82,7,2,6,2,5,2,4,2,3,2,22,1,1,6,1,5 ,, NNNNNNNNNNNN  

 m1  m2  
. 

 
 ( ).  

,  
, 
 

, ,  
 [129]. 

,  
 
 

 S – , 
];[ MAXMIN II  – ,  

,  
 F [129]. 

 
 [136].  

,  
 ( ), , 

,  
 F ),  

 ( ), 
 ( )  

 ( )  
 F. 

,  
 

,  F  
 

.  
 (  

 F)  
 ,...,,{ ,,,1,,, dkdhdjdidkdhdjdi vv    

},...,,, ,1,,1,1,1,1,,,1 khjikhjiddddj vvv   
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},...,{ ,,,0,,, khjihji uu .   

 
,  F,  

 
.  

,  « » (  
 )( s )  (  

)  50%   
,  

 
. 

,  (  
)  « », 

 « »,  
 « »  ( ),  

 (  
) .  

 ( )  
) .  

,  [129]  
 

,  
,  

.  
 
 

. 
 
 

, :  
  

 
, ,  

; 
  « »  

,  
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;  

  
;  

  
 
 
 
 

. 
 

, , 
,  

 [185, 187]. 
, ,  

., . , 
 

, ,  
, . 

.  
.  

, 
, , 
 [183].  

:  
 

.  
,  

,  
 [183]. ,  

,  
, .  

,  
,  

) ,  
, , 

 [91].  



 
 1.  
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 ( ),  

 
 

.  
. ,  

»,  
.  

 
, .  

 [91]. 
,  

, , , 
, . . 

.  
,  

 
 [222]. ,  

 ( ,  
).  – 

. ,  
, , 

 
. , ,  

 « » [222].  
,  

.  
,  
,  

 
. ,  
,  
. 

 
,  

 [222]. 



 
  
 

 36 

. -
,  

.  
 [48].   

.  
   

.  
 

 « » . , 
,  

, ,  
 [48].  

, ,  
,  

, ,  
, .  

.  –  
, .  

 (Artificial  Bee  Colony  algorithm)   
.   2005  

 
 [203].  

 ( ). 
, 
. 
 

.  ,  -
 

 « ».  
,  

,  
,  .  ,   

 [202]. .  
,  

,  
. , , 
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,  [91, 202, 203]. 

 
.  

 
 [91]: 

1.  (  
 

 ( )). 
2.  (  

 
 

,  
). 

3.  ( ,  
). 

 
: ,  

,  
 

.  
, ),  

, .  
,  

 [91].  
 

,  
.  

,  
 

 [91, 222].  
,  

. 
 

,  
 

. ,  
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, , 
 
 

 
 

1.4  
 

 
 

.  
,  

 (1.3)  
 (1.2)  

 
 [51, 54]. ,  

g  g  (1.2)  
.  

g  g  
 (1.2)  

 
],...,[],...,[],[],...,[ 0,0,1,00,0,0,10,1,0,00,0,0,0 jih vvvv ][ ,1,, khjiv  

 khjihji uu ,,,0,,, ,...,  
 ][ ,,, khjiv -

 Idi ,..., , Jdj ,..., , Hdh ,..., , 
 Kdk ,..., : 

 
,],[],...,([];[][ ,,,1,,,,,,,,,,,, ddddjdkdhdjdi

T
khjikhjikhji vvfvvv   

,),...,],[ ,,,0,,,,1,, guuv khjihjikhji Idi ,..., , Jdj ,..., , Hdh ,..., , Kdk ,..., ,(1.20) 
 

 (  
 
 

,  
 

)  



 
 1.  
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 (1.20). ,  
 (1.20)  

(1.11),  (1.20)  
 ( ).  

 
.  

,  
 (1.1),  

 (1.20) : 
 

][ ,,,,,, khjikhji vv ];[ ,,,,,, khjikhji zz , Ii ,...,0 , Jj ,...,0 ,   (1.21) 
Hh ,...,0 , Kk ,...,0 . 

 
 (1.21)  

 
, .  

 (1.21)  
];[ ,,,,,, khjikhji vv , 

 (1.20)  
  

 
],[][],...,[][ 0,1,0,00,1,0,00,0,0,00,0,0,0 hh zvzv     

 ],...,[][ 0,0,0,10,0,0,1 ii zv ][][ ,1,,,1,, khjikhji zv    (1.22) 
 

 khjihji uu ,,,0,,, ,..., , : 
 

.,...,,,...,,,...,,,,...

;),...,],[],...,([

;),...,],[],[],...,([][

];;[];[],...,;[];[

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

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

,1,,,1,,,1,,,1,,0,0,0,00,0,0,00,0,0,00,0,0,0

KdkHdhJdjIdi

zguuvvfz

guuvvvfv

zzvvzzvv

khjikkhjidkdhdjdi
T

khji

kkhjiddddjdkdhdjdi
T

khji

khjikhjikhjikhji

(1.23) 

,  (1.23) ,  
 ];[ ,,,,,, khjikhji vv  (  

 (1.20)  
)  (1.21).  



 
  
 

 40 

,  
 ( ) [2, 67].  

 (1.20)  (1.21)  
 (1.23). 

,  (1.23) . 
 KHJI . 

 
, : 

 
],[],[],...,[],[ ,1,,,,,1,,,1,,,,,, khjiddddjdkdhdjdidkdhdjdi

T
khji vvvvfz  

 khjik zguu ,,,0 ,..., .     (1.24) 
 

 (1.24),  
)  g  

. 
, , 

.  
 

, , 
.  

,  
,  

NP- .  
, .  

 
,  

 [67, 70, 72].  
 

.  
 
 

 [71]. 
 1.  (1.22). 
 2.  0g  

 lg  
: 



 
 1.  

 
 

 41 

 
lll rgg 1 ,      (1.25) 

 
l - ,  

   [-1;1]. 
 3.  

 ][ ,,, khjiv  
  Idi ,..., , Jdj ,..., , Hdh ,...,  

 Kdk ,...,  
(1.20). 

 4.  « » )( lg  
g .  

,  « »  
, ,  

,  
. 

 
 

 – ,  
 

 –  [71].  
: 

 
])([max)( ,,,,...,,,...,,,...,,,..., khjiKdkHdhJdjIdil vmidg - ])[( ,,, khjizmid ,  

 ][ ,,, khjiv ][ ,,, khjiz   Idi ,..., , Jdj ,..., , Hdh ,..., ,  (1.26) 
Kdk ,...,   

])([max)( ,,,
,...,,,...,,,...,,,...,

khji
KdkHdhJdjIdi

l vwidg ]([ ,,, khjivwid ])[ ,,, khjiz ,  

 ][ ,,, khjiv ][ ,,, khjiz  Idi ,..., , Jdj ,..., , Hdh ,..., ,   (1.27) 
Kdk ,..., , 

 
 )(mid ,  )(wid , -  

, . 
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,  (1.26)  
, 

,  
.  (1.27) –  

 
 [67].  

 « » )( lg  
 lg  

 ( )( lg =0),  
 2.  

 
 

,  
 [67, 68]. 

 « », 
 

.  
 « »  

, 
 r [67, 70-72].  

. ,  
 

.  
 

,  
 

 [142-143].  
.  

 (1.20) [213, 214]. 
 (1.20) ,  

,   [51,  216].   
,  

,  – 
. ,  

,  
,  

. 



 
 1.  
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,  « »  
. 

,  « »,  
 – . 

,  
. , , 

 
 

) (1.23)  
).  

 (1.23)  
 

 [58, 69]. ,  
 (1.23),  

,  [58].  
,  

 [138]. 
 s : 

 
})(;;)(;)({ 2211

s
m

s
m

ssss
s ss

gfgfgf ,  (1.28) 
 

 Fffff s
sm

sss )}(;);();({ 21 ,   
 s . 

: ];[ maxmin IIm s  – 
 s ; F  –  

, ;);(;);({ 1 lffF )}(Lf  LF  
 F); },;;{ 21

s
m

sss
s

gggg  –  
 [138]. 

 0  
 (1.28),  

 [138]: 
 

000
2

0
2

0
1

0
10,,, 00

)]([)]([)]([)]([ mmkhji gfgfgfv ,   (1.29) 
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 (1.21),  
 
 

. 
 

 )( s ,  
 (1.21)  [215].   

 )( s  
 

. 
 )( s ,  

s ,  (1.26)  
(1.27):  

 
],[,],([({max)( ,1,,,,,

,...,,,...,,,...,,,...,
khjidkdhdjdi

T
s

KdkHdhJdjIdi
s vvfmid

)),..., ,,,0,,,
s

khjihji guu – }])([ ,,, khjizmid ,    (1.30) 
 ][ ,,, khjiv ][ ,,, khjiz  Idi ..., , Jdj ,..., , Hdh ,..., , Kdk ,..., ; 

],[],...,([({max)( ,1,,,,,
,...,,,...,,,...,,,...,

khjidkdhdjdi
T

sKdkHdhJdjIdis vvfwid
 

],[],...,([(()),..., ,1,,,,,,,,0,,, khjidkdhdjdi
T
skhjihji vvfwidguu

])},[)),..., ,,,,,,0,,, khjikhjihji zguu    (1.31) 
 ][ ,,, khjiv ][ ,,, khjiz , Idi ..., , Jdj ,..., , Hdh ,..., , Kdk ,..., ; 

 
 widmid , -  

.  
 (1.30)  « »  

,  (1.31)  )( s =0 
 (1.21). 

 
 )( s  [215]: 

 
];[min,)( maxmin

, IIms
fg

s
s

s

, Ff s .  (1.32) 
 



 
 1.  
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 (1.30)  (1.31) ,  
 )( s    s ,   

 0)( s . ,  )( s  
,  

 0)( s .  [83] 
  ,   

 )( s  
.  

 )( s ,  « »  
.  0)( s ,  

,  
 

. 
,  

 
,  

 (1.23).  
,  

 
,  

.  
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.  
 

.  
, ,  

.  
, . , 

 
 

,  
. ,  

 
:  

 
.  

,  
,  

:  
; 

;  
; ,  - ; 

. ,  
,  

.  
 

,  
, ,  

.  
.  

 
 

.  
 

,  
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. , :  

);  
.  

 
. 

: 
;  

,  
, ,  

; ,  
.  

.  
 
 

.  
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 2.  
 

  
 

 
 

),  (1.23)  
,  

,  
. ,  

 
 

,  
 [141, 142].  

 
,  « »  

.  
 

,  
(1.23). ,  

,  
 

.  
 

,  
 

. 
 
2.1  

 
 

  
,  

 
.  



 
 2.   

  
 

 

 

49 

 l –  
 lg .  

 lg  
 khjihji uu ,,,0,,, ,...,   

)]();([ ,,,,,, lvlv khjikhji  (1.20): 
 

,],[],...,[],([)]();([ ,,,1,,,1,,,,,,,,, ddddjdkdhdjdidkdhdjdi
T

khjikhji vvvflvlv
,),...,],[ ,,,0,,,,1,, lkhjihjikhji guuv  Idi ,..., , Jdj ,..., , Hdh ,..., , Kdk ,..., ,(2.1) 

 
 (1.26)  (1.27)  
 ][ ,,, khjiv , : 

 
],...,[],([(max)( ,,,1,,,

,...,1,,...,1,,...,1,,...,1
dkdhdjdidkdhdjdi

T
KkHhJjIi

l vvfmidg  

)),...,],[],...,[ ,,,0,,,,1,,,,,1 lkhjihjikhjiddddj guuvv - ])[( ,,, khjizmid ,     (2.2) 

 ][ ,,, khjiv ][ ,,, khjiz ,  Idi ,..., , Jdj ,..., , Hdh ,..., , Kdk ,...,  

 
],...,[],([(max)( ,,,1,,,

,...,1,,...,1,,...,1,,...,1
dkdhdjdidkdhdjdi

T
KkHhJjIi

l vvfwidg

)),...,],[ ,,,0,,,,1,, lkhjihjikhji guuv - ],...,[],([[(( ,,,1,,, dkdhdjdidkdhdjdi
T vvfwid  

)),...,],[,...,],[ ,,,0,,,,1,,,,,1 lkhjihjikhjiddddj guuvv ])[) ,,, khjiz ,       (2.3) 

 ][ ,,, khjiv ][ ,,, khjiz  Idi ,..., , Jdj ,..., , Hdh ,..., , Kdk ,..., . 
 

 
 

  
 

min)( gg ,      (2.4)  
 

 1g , 2g ,…, lg ,…  
 )( 1g , 

)( 2g ,…, )( lg ,…,  (2.2),  (2.3).  
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,  

)( 1g > )( 2g >…> )( lg >…> )( gg Ll  
 l=L. ,  

(2.4)  g  (1.20). 
 (2.2)   (2.3),   )( lg  

 Idi ,..., , Jdj ,..., , Hdh ,..., ,  Kdk ,...,    
, . 

 )( lg

 

 
 

»  
 

. : 
1)   (2.2)  -   

 
 )]([ ,,, lv khji

 

 
][ ,,, khjiz  ,  

;  
2)  (2.3) -  

 ][ ,,, khjiv  
 

][ ,,, khjiv ][ ,,, khjiz ,  
,  

,  ][ ,,, khjiv ][ ,,, khjiz  Idi ,..., , Jdj ,..., , Hdh ,..., , 
Kdk ,..., . 

 
 

.  
.  
. 2.1.  

.  



 
 2.   
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) 

 
) 

.2.1.- : )-  
 (2.2)  
; )-  (2.3)  

 
 

 2.1  ),   (  
 (2.2))  

 k  
.  

k 

 

5 0 1 2 3 4 

][ 1,,, khjiv  

][ 1,,, khjiz  

)( lg  

][ ,,, khjiv
][ ,,, khjiz

 

][ ,,, khjiv
][ ,,, khjiz

 

k 

 

5 0 1 2 3 4 

][ 2,,, khjiv  

][ 2,,, khjiz  

)( lg  
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 ][ 2,,, khjiv   ][ 2,,, khjiz  k=2. 
.  

,  
 « »,  

.  
,  

 
,  
. . 2.1 ). 

 (2.3). 
. 2.1 )  ( ) 

 ][ 1,,, khjiv   ][ 1,,, khjiz  
k=1. ,  (2.3),  

.  
,  

,  
 
 

. ,  
,  – ,  

.  
 
 

.  
.  

 « »  
 (2.2). 

, ,  
, ,  

 (1.23),  
.  2.2.  

,  
,  

,  
 (  k=0).  



 
 2.   
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 (1.21)  (1.23): ][ ,,, khjiv ][ ,,, khjiz  Ii ,...,0 , 
Jj ,...,0 , Hh ,...,0 , 5,...,0k , . 2.2  

: ][ ,,, khjiv ][ ,,, khjiz  Ii ,...,0 , Jj ,...,0 , Hh ,...,0 , 
5,...,1k ,  - lg . 

,  
 (2.2), ,  

 
,  

,   ( .   2.2).   
,  

.  
,  

,  
 (2.3).  

 

 
 

.2.2. –  
(2.2),  )( lg =0 

 
 ggl  (1.23). 

 (2.1),  
 khjihji uu ,,,0,,, ,..., .  

 )]();([ ,,,,,, lvlv khjikhji .  ggl , 
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 (1.21)  (1.23)  
 )]();([ ,,,,,, lvlv khjikhji , 

: 
 

],[],...,[],([)]();([ ,,,1,,,1,,,,,,,,, ddddjdkdhdjdidkdhdjdi
T

gkhjikhji vvvflvlv
l

 ];[),...,,],[ ,,,,,,,,,0,,,,1,, khjikhjilkhjihjikhji zzguuv  Idi ,..., , (2.5)  
Jdj ,..., , Hdh ,..., , Kdk ,..., . 

 
 

,  
. 

 (2.6) :  
 

],...,[],...,[],([(( ,,,1,,,1,,, ddddjdkdhdjdidkdhdjdi
T vvvfwid  

 )),...,],[ ,,,0,,,,1,, lkhjihjikhji guuv ])[ ,,, khjiz  =    (2.6) 
],...,[],...,[],([( ,,,1,,,1,,, ddddjdkdhdjdidkdhdjdi

T vvvfwid
)),...,,],[ ,,,0,,,,1,, lkhjihjikhji guuv  Idi ,..., , Jdj ,..., , Hdh ,..., ,  

Kdk ,..., . 
 

 (2.3)  ,   
:  

 
)( lg =0.       (2.7) 

 
 )( lg ,  

 (2.3),   ,  
 (1.23).  

: )( ggl =0.  
 

 (2.4).  
 (2.3)  

,  
 [32].  



 
 2.   
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 (  
). ,  

 [32]: 
  

)( 12211 jjjj vvgvgv , Lj ,...,2 .    (2.8) 
 

,  
 j.  

 (2.8) .  
 

 10%  
 0  100  x =10 . 

 2.1. 
 

 2.1 -   
 

 
 

 
 

 
  

 
  

j jx ,  jv~ , 3  ];[][ jjj vvv , 3  
0 0 55 [49,5;60,5] 
1 10 47 [42,3;51,7] 
2 20 43 [38,7;47,3] 
3 30 37 [33,3;40,7] 
4 40 32 [28,8;35,2] 
5 50 30 [27,0;33,0] 
6 60 26 [23,4;28,6] 
7 70 23 [20,7;25,3] 
8 80 20 [18,0;22,0] 
9 90 18 [16,2;19,8] 

10 100 16 [14,4;17,6] 
 

 2.1.  
 (1.23),  
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 (  
): ];[ 00 vv [52,25;57,75]; ];[ 11 vv [44,65;49,35].  

 0261.0,8897.0 21 gg  
 

,  1.2.  
,  

 100*100  
 21, gg , : 002.0,003.0 21 gg .  

 (2.3)  
. . 

2.3. . 2.4  
.  

 

 
. 2.3. –  

,  m=2 
 

. 2.3 , 
, ,  

, .  
. 2.3 . 2.4, ,  

. 



 
 2.   
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. 2.4. - ,  

.2.3 
 

 2.4.,  
, ,  

: 1g  [0,7;0,825] [0,93;1]  2g [-0,1;0,1].  
:  

 
;  « »  

 « » ,  
 

 « » ,  
 (1.23).  

,  
 

 « » ,  
.  

.2.3., 2.4. ,  1g  [0,825; 0,93] 
 2g [ 0,1;0,1] , 

 « »  « ».  
,  

2g  

1g  
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)  

. 
,  

,  
: 

-  
 

 

 )( lg ,  
,  « »  

 
 

, , , 
 

,  
, ; 
- ,  )( lg  

,  
; 

- ,  
 

,  
 « » ,  

(1.23), ; 
- ,  

 ( )  
 

,  
 

,  
,  « »  « »,  

,  - .  
 
 
 
 

. 



 
 2.   
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2.2  

 
 

  
  

, ,  
,  « »  « »,  

 
 

. 
 
 

,  [32, 65, 70-72],  
 

,  
,  « » 

.  
 ,  

 (2.4) 
 

,  
 [141, 142]: 

- ; 
- ; 
- ; 
-  

. 
 
 

,  
 

. 
,  

(2.4)  
. ,  
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,  
 – « »: 

 
0g 1g 2g Ll gg .    (2.9) 

 
,  

,  
, : 

)()( 1ll gg ,  Lg ,  )( Lg  =0. 
,  

 [141],  
 (2.9). , ,  

 
, ,  

,  
,  

.  
,   

, 
.  

,  
 
 

 « », « »,  
,  « » 

.  
 
 

,  
.  

. 
 

:  lg ,  
 (+) .  

:  



 
 2.   

  
 

 

 

61 

)( lg , .  
 

:  
, 

, ,  
.  

 
,  –  

.  
,  

.  
 
 

,  
. 2.5.  

 
 
 
 

) 
 
 
 
 
 

. 2.5. –  
: ) – , ) –  

 
, ,  

,  (+) ,  
. , . 

 
: 

 
lll ggg 1 ,       (2.10) 

 

g 

+ 

g 

+ ) 
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0)()( ,
0)()( ,

11

1

lll

ll
l ggg

ggr
g ,    (2.11) 

 
r – ;  

 – ,  
, ;  ,lg 1lg -  

 l –  l-1 . 
 

. 2.5.  
,  r  

  g ,   
,  

 )( lg , 
,  )(g .   

, ,  
, - .  

 
.   – ,  

 rgl ,  q –  
. , 

 « »  “+”,  
. : 
,  

q  p. ,  )(g  
: q=1  p= 0,5.  2.1. 

 )(g , ,  
 
 

,  « »  
.  

 
 
 



 
 2.   
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,  

, ,  
. ,  « »  

,  « » 
, ,  

» . 
. 
 

 ,  
.  

: 
 

plp rgg 1 , p=1,…, P    (2.12) 
 

 pg  – ,  « »  
 lg

 
 l – ;  

p  – ,  
, . 

 *  
: 

 
))((min)( 1,...,1

*
1 plPpl rgrg .   (2.13) 

 
 

 P.  P,  
 

,  
 (2.12),  

 (2.2)  
(2.3).  P  

 
.  
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.  

 )(g   
.  

 (l=0)  
 0g .  

,  r,   
 r  0g  

 p : 
 

pp rgg 0 , p=1,…, P    (2.14) 
 

,  
: 

 
))((minarg 0

,...,1
1 p

Pp
rgg .     (2.15) 

 
 

.  
, :  

 
rggw /)( 01 .       (2.16) 

 
 

 lg ,  
,   lw .  

»  lg  r  
.  

 p  
 (2.14),  p  

. C  
,  

: 



 
 2.   
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))((minarg

,...,1
1 pl

Pp
l rgg .     (2.17) 

 
 

 l+1 .  
: 

 

r
ggww ll

ll
1

1  ,                               (2.18) 

 
  -  ( 10 ) – ,   –  

. 
,  

.  
, ,  

.  
,  

,  
 r, .  

 
.  

, ,  
. ,  

(2.9)  
 rgg ll 1 ,  

 
-  

 )(F  
.  

 )(M .  
 )(M  

,  « » ,  
» .  
 

 
 1lw .  

,  
: 
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101 ll w ,       (2.19) 

 
 0  –  « »,  

. 
 1lw

 
 « »   

. ,  
, . 

 
. ,  

 )(F  1lw .  
 1lw .  

, : 
, 

 « » ,  
» – . ,  

 « ».  
 (2.18)  1lw .  

 
 
 

. 
 
2.3  

 
 

 
 

, ,  
, .  

 
 

 - ,  
 
 



 
 2.   
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.  
 

,  
 « » .  

 
. 
 

,  
.  

,  
 

.  
 
 

,  
: ; 

.  
 
 

. ,  
 

,  
 

 2.2 .  
 (2.3)  -  

 
 (2.10)-(2.19) -  

 
: .  

 
: 

1)  
(2.3) ,  

; 
2)  

 (2.12)  (2.14) 
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 P=1,  p  
. 

 
,  

 )( lg   (2.3)  FNmul ,   - 
 FNadd . ,  

,  
 

.  
 
 

: 
1)  - 1PNmul  1PNadd ;  
2)  - 2PNmul  2PNadd ; 
3)  - 3PNmul  3PNadd ; 
4)  - 4PNmul  4PNadd  

 (2.3)  (2.10)-(2.19) 
 

 m ,  d  
)()()()( dKdHdJdIN .  

 2.2.  
 2.2,  

 
(2.3)  m  N 

, .  
 
 

 m  
. 

 
 
 



 
 2.   
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 2.2 –  
 

 
 

 
 

 
 

 
 

 
 

(2.3) 

 
 

 
 

 

 
 

 
 

 

 
 
 
 

 
 

 
 

 
 

 
 

FNmul
 

FNadd
 

1PNmul
 

1PNadd
 

2PNmul
 

2PNadd
 

3PNmul
 

3PNadd
 

4PNmul
 

4PNadd
 

)152( m
N  

)14( m
N  49 m  1m  49 m  1m  412 m  15 m  411 m  13 m  

 
 

 (  
)  

 
:  « » 49 m  -  

,  412 m  -  
. ,  N>>m,  

,  
,  

:  
 

FNmul / 3PNmul =
412

)152(
m
mN >>1     (2.20) 

FNadd / 3PNadd =
15

)14(
m

mN >>1. 
 

,  
 

 FN , 
 

FNmul  FNadd . 
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,  2.6,  
 FNmul / PiNmul  FNadd / PiNadd  N-n  

 
 (2.20). , . 2.6 ) ,  

, 
 (m=2)  

 N=10 :  FNmul / 3PNmul =6,78 - 
;  

FNmul / 1PNmul = 8,63 - .  
 

 
. 2.6. (a) –  

 
 

:  



 
 2.   

  
 

 

 

71 

  
. 2.6. ( ) –  

 
 

:  
 

 ( . 2.6 ),  
:  FNadd / 3PNadd =7,77  -   

;  
FNadd / 1PNadd = 70 - .  

. 2.6. ,  
,  

 
 

. ,  m=10  N=110,  
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:  
FNmul / 3PNmul = 31,05 -  

;  FNmul / 1PNmul =  40,95  -  ,  
.  

.  
 

: 
-  

 
FN  

;  
-  

 m  
N , ,  

 N  
m . 

,  FN  
,  FN =L.  

 )(g  ,  
.  

 (  
, ,  

, )  
 

. ,  
 )(g  (2.4)  ,  

.  
 
 

:  
-  

;  
-  

;  
- . 



 
 2.   
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 1.  
  

 
. . 2.1. 

 2.1  
 (2.8)  (2.4). 

 
: 

 
]);[];([];[];[ 11222111 jjjjjjjj vvvvgvvgvv , 10,...,2j , (2.21) 

 ];[ 00 vv [52,25;57,75], ];[ 11 vv [44,65;49,35], 0261,0;8897,0 21 gg . 
 

 2.3  
 FN  

 
 

.  
 

 2.3 -  
FN  

 
 
 

 
 

 
 

 

 
 

 
 

 
 

 

 
 
 

 
 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

FN  FN  FN  FN  FN  
21456 15763 13389 15987 23789 

 
,  

 (2.8),  
 

.  
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 1,  
 
 

 23789/13389= 1,78 .  
,  

 ( FN =23789 )  
 

,  FN = 13389 21456 .  
 2.  

 
. 

 
  

 
 [65]. ,  

.  [65] , 
 

.  
: 

 
00max /][ vvvyy kk            (2.22) 

 
 ky - ,  k-  

; 
][ maxy 0[10;20] v - ,  

 [10;20] 3  1 3 ,  
; 

kvv ,0 -  
 k - . 

 
 

: 
 

)/())(1( 14322111 kkkkk vggvghvghvv .   (2.23) 



 
 2.   

  
 

 

 

75 

,  
(2.23), h – .  

,  (2.23),  
,  

,  [65],  
 

.  
 57  

 19,...,0k .  
 2.4.  

 2.4 : t -  
 3  ;  ];[][ kkk zzz  -  

 7%  
, .  

 2.5  
 (2.23)  

 (2.4).  
 1%  

 ][ 0kv  ][ 1kv ,  2.4 
 k=0  k=1). 

 
 

: 
 

])[/())][(1(][][][ 14322111 kkkkk vggvghvghvv , k=2,…,19,   (2.24) 
 

 ];[ 00 vv = ]);01,01()5,0)(();01,01()5,0)[(( 0000 zzzz [9,3;10,7]; 
];[ 11 vv = ]);01,01()5,0)(();01,01()5,0)[(( 1111 zzzz [9,42;10,41]; 

h=0,2; 1g = 9,798; 2g =-1,049; 3g =-6,036; 4g =7,420. 
 (2.22),  

: 
 

]);[];([]20;10[][ 00 kkk vvvvy , k=0,…,19,   (2.25) 
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 ];[ kk vv  -  
,  (2.24).  

 2.5  
 FN  

 
.  

 
 2.4 -  

 
, k , t kz  kz  

0 0,000 9,3 10,7 
1 3,000 9,225 10,613 
2 6,000 9,130 10,505 
3 9,000 9.0131 10.37 
4 12,000 8,868 10,204 
5 15,000 8,690 9,999 
6 18,000 8,473 9,749 
7 21,000 8,210 9,447 
8 24,000 7,895 9,084 
9 27,000 7,521 8,654 

10 30,000 7,084 8,151 
11 33,000 6,582 7,573 
12 36,000 6,015 6,921 
13 39,000 5,389 6,201 
14 42,000 4,714 5,424 
15 45,000 4,004 4,608 
16 48,000 3,278 3,773 
17 51,000 2,558 2,943 
18 54,000 1,862 2,143 
19 57,000 1,219 1,404 

 
,  

 
.   

. 



 
 2.   
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,  ( ) 
,  

 (2.24),  
 

.  
 

 2.5 -  FN  
 

 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 

 
 
 

 
 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

FN  FN  FN  FN  FN  
2456563 1560865 1460261 1904543 3670743 

 
 

3670743/1460261 = 2,51 . ,  
 

 ( FN =3670743 )  
 

,  FN = [1460261 2456563] 
. 

 3.  
 

. 
 
 

.  [32].  
[32],  

 25-50%.  
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.   [32]   
,  

 (  1  
)  

: 
 

jijijijijijiji vgvgvgvgvgvggv ,272,161,15,142,31,21,   

2,291,28 jiji vgvg       (2.26) 
 

 jiv ,  -  i,j  
.  

 
.  

 2.6.  
 25%.  2.6 

: i   
 =275 ; j  y  

y=275 . 
 

 2.6 -  ijz  (NO2)  
, 3 

i               
j 0 1 2 3 4 5 6 7 8 

0 0.0150 0.0294 0.0421 0.0419 0.0324 0.0216 0.0200 0.0249 0.0200 
1 0.0133 0.0448 0.0606 0.0598 0.0444 0.0242 0.0231 0.0453 0.0400 
2 0.0200 0.0566 0.0778 0.0751 0.0603 0.0371 0.0323 0.0570 0.0619 
3 0.0401 0.0755 0.0947 0.0919 0.0747 0.0540 0.0462 0.0671 0.0754 
4 0.0601 0.0952 0.1075 0.1027 0.0847 0.0644 0.0584 0.0734 0.0806 
5 0.0713 0.1076 0.1129 0.1032 0.0850 0.0654 0.0606 0.0736 0.0763 
6 0.0682 0.1067 0.1068 0.0921 0.0729 0.0554 0.0515 0.0635 0.0643 
7 0.0458 0.0870 0.0850 0.0675 0.0482 0.0334 0.0321 0.0437 0.0447 
8 0.0750 0.0423 0.0730 0.0371 0.0255 0.0095 0.0124 0.0233 0.0250 

        



 
 2.   
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 2.6  
 (2.26)  

 (2.4).  
 25%  

,  2.6, 
 i,j=0,1.  

 
 

: 
 

];[];[];[];[];[ 1,11,15,1,142,2,31,1,21,, jijijijijijijijijiji vvgvvgvvgvvggvv   
];[];[ ,2,272,12,16 jijijiji vvgvvg       

];[];[ 2,22,291,21,28 jijijiji vvgvvg , i=2,…,8, j=2,…,8,   (2.27) 
 

 ]25,0;25,0[];[];[ ijijijijijijijij zzzzzzvv , i=0,1, j=0,1; 1g = 0,512; 
2g =1,047; 3g =-0,201; 4g = 0,338; 5g =0,238; 6g =-0,515; 7g = 0,385; 8g =-

0,851; 9g =0,447. 
 2.7  

 FN  
 (2.26)  

.  
 2.7  ,   

 
 

. , 
,  

 (2.27),  
.  

 
4134612/2845324 = 1,45 . 

,  
 

 ( FN =4134612 )  



 
 
 

 

 

80 

 
,  FN = [2845324 3543678] . 

 

 2.7 -  
FN  

 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 

 
 
 

 
 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

FN  FN  FN  FN  FN  
3543678 3325217 2845324 3134982 4134612 

 

 2.3, 2.5  2.7,  
 
 
 

,  2.7.  
 2.7  

, 
: 1 -  

; 2 -  
; 3 -  

; 4 -  
; 5 –  

.  
,  ( .2.7 ), ), )  

 
 

.  (  
)  

 1,45  2,51 
, .  



 
 2.   
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. 2.7. –  
 

: )  1; )  2; )  3 
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,  
 
 
 
 

.  
,  (  

 FN  
 

)  
 

.  
 
2.4  

 
 

 
 « » (1.21)  

 
»  

 
.  

,  
,  

. , 
 

.  
 
 

, . 
 

. , 
 

 ( )  
 [78]. ,  

 



 
 2.   
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. ,  
 
 
 

.  
 

,  
, ,  

,  
. ,  

, ,  
   ( )  

 
.  

,   
?  

, , 
, , 

 
 

 - . 
 

 (1.23),  
 (2.4), ,  

 (2.2)  (2.3). 
 (1.23)  

,  
 
, 

,  
][ ,,, khjiv ][ ,,, khjiz .  

,  
 - .  

 (1.23)  
 

:  
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][ 1kv = Tg )],[],([ 1 kkk uvvf , 1,...,0 Kk .    (2.28) 

 
,  

(2.28)  ][],[ 10 vv  
: 

111000 ][,][ zvzzvz . 
 

. ,    
: 

 

111

000

][
][

zvz
zvz

      
 

Tgz2 )],[],([ 110 uvvf 2z .       
 

 
 )],[],([ 221 uvvf  ][ 2v  

:  
 

Tgv ][ 2 )],[],([ 110 uvvf .        
 

: 
 

Tgz3 ],[ 1vf Tg( ))],[],([ 110 uvvf 2,u 3z .     
 

: 
 

43211011104 ,)),],[],([(],[()),],[],([( zuuuvvfgvfguvvfgfgz TTTT  
 

,  
,   

 
, :  



 
 2.   
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],[ 1vf Tg( ))],[],([ 110 uvvf 2,u  
 321101110 ,)),],[],([(],[()),],[],([( uuuvvfgvfguvvfgf TTT . 

 
 ,  

,  « » 
. ,  

,  
.  

. ,  
,  

 (1.23).  ,   (2.2)   
(2.3)

 

,  
 (1.23), ,  

 
 « »  

 (2.4). , -  
 
 

.  
,  

 
,  

 (1.23). ,  
 (2.4) .  

 (1.23), 
,  

. ,  
,  

, ,  
.  

.  
,  

 2.1.  
 

 .  
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 (2.8): 
)( 1211 jjjj vvgvgv , 1,...,1 Lj .      

 
 

,  
 2.1.  

 
 2.8. –  

 

  
 

 
 

 
j jx ,  ];[][ jjj vvv , 3 
1 0 [49,5;60,5] 
2 10 [42,3;51,7] 
3 20 [38,7;47,3] 
4 30 [33,3;40,7] 

 
 

: 
 

7.4010.13;89.235.49;65.4454.31;46.4635.49;65.443.33
3.4710.13;89.235.49;65.447.38

7.5135.49;65.443.42
5.6075.57;25.525.49

2
2221

2
1

21

ggggg
gg

 (2.29) 

 
 

», .  
 

. ,  – ,  
: 

 
edgcgbggag 2

2221
2
1       

 
 



 
 2.   
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)( 12 gg .  (2.29),  
,  

:  
 

1) 2
2221

2
1 89.265.4446.4665.443.33 ggggg  

2) 2
2221

2
1 10.1365.4446.4665.443.33 ggggg  

3) 2
2221

2
1 89.235.4946.4665.443.33 ggggg  

4) 2
2221

2
1 10.1335.4946.4665.443.33 ggggg  

5) 2
2221

2
1 89.265.4454.3165.443.33 ggggg  

6) 2
2221

2
1 10.1365.4454.3165.443.33 ggggg  

7) 2
2221

2
1 89.235.4954.3165.443.33 ggggg  

8) 2
2221

2
1 10.1335.4954.3165.443.33 ggggg  

9) 2
2221

2
1 89.265.4446.4635.493.33 ggggg  

10) 2
2221

2
1 10.1365.4446.4635.493.33 ggggg  

11) 2
2221

2
1 89.235.4946.4635.493.33 ggggg  

12) 2
2221

2
1 10.1335.4946.4635.493.33 ggggg  

13) 2
2221

2
1 89.265.4454.3135.493.33 ggggg  

14) 2
2221

2
1 10.1365.4454.3135.493.33 ggggg  

15) 2
2221

2
1 89.235.4954.3135.493.33 ggggg  

16) 2
2221

2
1 10.1335.4954.3135.493.33 ggggg  

17) 7.4089.265.4446.4665.44 2
2221

2
1 ggggg  

18) 7.4010.1365.4446.4665.44 2
2221

2
1 ggggg  

19) 7.4089.235.4946.4665.44 2
2221

2
1 ggggg  

20) 7.4010.1335.4946.4665.44 2
2221

2
1 ggggg  

21) 7.4089.265.4454.3165.44 2
2221

2
1 ggggg  

22) 7.4010.1365.4454.3165.44 2
2221

2
1 ggggg  

23) 7.4089.235.4954.3165.44 2
2221

2
1 ggggg  

24) 7.4010.1335.4954.3165.44 2
2221

2
1 ggggg  

25) 7.4089.265.4446.4635.49 2
2221

2
1 ggggg  

26) 7.4010.1365.4446.4635.49 2
2221

2
1 ggggg  

27) 7.4089.235.4946.4635.49 2
2221

2
1 ggggg  

28) 7.4010.1335.4946.4635.49 2
2221

2
1 ggggg  

29) 7.4089.265.4454.3135.49 2
2221

2
1 ggggg  
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30) 7.4010.1365.4454.3135.49 2
2221

2
1 ggggg  

31) 7.4089.235.4954.3135.49 2
2221

2
1 ggggg  

32) 7.4010.1335.4954.3135.49 2
2221

2
1 ggggg . 

 
,  

. , ,  3),  
, :  

 
3.3389.235.4946.4665.44 2

2221
2
1 ggggg  

                          
 

,  
,  

.  
. 2.8  

(2.29)  (2.8),  
, . 

 
. 2.8. –  (2.28) 

 
 

 (2.28) 



 
 2.   

  
 

 

 

89 

.  
 

 64  
!  

,   
, . 

. 2.9  
 (2.29)  

 
3.4710.13;89.235.49;65.447.38 21 gg  

 
.  

 
,  

. ,  
. 

 
 

 
. 2.9. –  (2.28)  

 
 

. 2.9,  
 

.  

 (2.28) 
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 0g  
 

. 
 

,  
. ,  

,  
,  

 (2.8)  64  
. ,  

,  
, ,  

 
. 

, , 
 

,  
,  

.  
 
 

.  
 

2.5  
 

 
 

 
 
 
 

.  
 (1.21)  

.  
, 

,  



 
 2.   
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:  
.  

 
, , ,  

 
. ,  

,  
 

. ,  
,  

,  
.  

 
 ON  = KoHoJoIo .   

: 

PN = )()()()( dKdHdJdI  _ KoHoJoIo  
     

.  
 

.  
(2.4) ,  

 
min)( lg

lg ,      (2.30)  
 

 )( lg  (2.2)   (2.3)   
: Idi ,..., , OJdj ,..., , OHdh ,..., , 

OKdk ,..., .  
 
 

 1g , 2g ,…, lg ,…,  
 

)( 1g > )( 2g >…> )( lg >…> )( gg Ll ,  
(2.2),  (2.3) .  



 
 
 

 

 

92 

 
 OLlg ,  0)( Llg  

,  
. 

 
 PN  

.  
 OLlg  

 
 

];[ ,,,,,, khjikhji vv = ],...,[],...,[],([ ,,,1,,,1,,, ddddjdkdhdjdidkdhdjdi
T vvvf  

 Llkhjihjikhji guuv ),...,],[ ,,,0,,,,1,, ];[ ,,,,,, khjikhji zz IIi O ,...,1 ,  
JJj O ,...,1 , HHh O ,...,1 , KKk O ,...,1 ,     (2.31) 

 
.  

 
,  

 
. 

 
,  

,  
. ,  

 
, ,  

, .  
,  

 
,  

 NP- .  
 

.  
 
 



 
 2.   

  
 

 

 

93 

,  
. 

,  
 
 

. . 2.10. 
 1- 6  

 
.  (1.8), 

,  
. 

 7 –  
 (1.22),  (  

)  (1.16)  (  9)  
 11) .  

 8 ,  13  
.  
 10 – 17  

  
 
 
 

.  
 (2.14) –  

, (2.16) –  
, (2.18) –  

.  
 18 – 25 :  
;  

   
 (2.30);  

(2.31);  
 (2.17);  
.  
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. 2.10. –  

 
 



 
 2.   

  
 

 

 

95 

.2.10. 



 
 
 

 

 

96 

.2.10. 

. 



 
 2.   

  
 

 

 

97 

 
 

. ,  
 

.  
. 

 
2.6  

 
 

  
 

 
 
 

.  
 
 

. ,  
 

,  
 NP- .  

 
 

.  
 
 
 
 

, , 
 2.3.  

 
 
 
 

: 
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1)  
,  

 
;  

2) ,  
 

 – ;  
3)  

,  
. 

 
 

,  
 
 

.  ,   
 
 

, : 40%; 
60%; 80%.  

 40%, 60%; 
80% , :  1 –  

 2.1;  2 –  2.4.  
,  ,  

,  
 

, ,  60%  80% . 
 
 
 

,  2.3.  
2.3,  

 FN  
 



 
 2.   
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. 
 2.9  

 
,  

 (  1).  
 

 2.9 –  
 

 
 (  1) 

 
 

 
 

 
 

 
 

 

 
 
 

 
 

:  
 - 40%  

 

 
 

 
 

 
 

:  
 - 60%  

 

 
 
 

: 
 - 80%  

 

FN  FN  FN  FN  

13389 11984 9732 13223 

 
 2.9,   

 
 

,  (2.8)  
. ,  

 « » 
 

.  
 

 (  
),  

 1,  



 
 
 

 

 

100 

 
 

,  13389/9732 = 1,375 . 
 
 

 60%.  
,  

 80%  
: 

13389/13223=1,012 . 
, 
 

 60%  
. ,  40%,  

 
13389/11984=1,117 . 

 
 2. . 2.3.  

 2.10  
 

,  
 (  2).  

 2.10,  ,  
 
 

 (2.23) 
.  

,  
 

,  
,  1460261/1132456 = 1,29 ,  

 1. 
 

,  
 60%. 

 



 
 2.   
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 2.10 –  
 

 
 2) 
 

 
 

 
 

 
 

 
 

 
 
 

 
 

:  
 - 40%  

 

 
 

 
 

 
 

:  
 - 60%  

 

 
 
 

: 
 - 80%  

 

FN  FN  FN  FN  

1460261 1301329 1132456 1449834 

 
,  

 
 80%,  

 1460261/1449834 = 1,007 
. 

,  
 

 60%.  
 2 ,  

 40%,  
 

1460261/1301329 = 1,122 . 
 

 3.  ,   2.3,   
 (  

),  
 

.  
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 3  
. 

 3  
 (2.26).  2.6.  

 81 .  
,  3,  

,  
, 

, :  60%  80%  
.  

 3 ,  
 40% ,  

 ( )  
. 

 2.11  
.  

 (  60% )  
 2.11.  

 
 (  80%),  

.  
 25%  

.  
. 

 2.12  
 

,   (2.26).   
 (2.27).  

 2.12, , 
 

,  
 ( ) 

(2.26)  
.  

 



 

 

 

10
3 

 2
.1

1 
– 

 3
 (

 
]

;
[

ij
ij

z
z
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2) 
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 i,
 j)
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] 
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] 
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7 
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57
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] 
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10
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10
6]
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84
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40
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 2.12 –  
  

 (  3) 
 

 
 

 
 

 
 

 
 
 

: 
 - 60%  

 

 
 
 

: 
 - 80%  

 
FN  FN  FN  

2845324 2202763 2621621 

 
,  

 
,  

2845324/2232763= 1,292 .  
, ,  

 
 60%.  

,  
 80%, 

, , 
 2845324/2621621= 1,085 . 

 8,5%.  
. 2.11. , , 

 2.9, 2.10, 2.12  
 

.  
 

 FN  
 (  

),  
 
 

. 
 



 
 2.   
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. 2.11. –  

 
 

 
 
 

 (40%; 60%; 80%)  
 

.  
 

: 40%; 60%; 80%.  
. 

 2.11,  
 

,  
 60%,  :   1  –  1,375;   

 2 – 1,29;  3 – 1,292. 
,  

 60%  
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, ,  
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, :  
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» ,  

.  
 
 

. ,  
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, . 
 

,  
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,  
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 3.   
 

 
 

 
. ,  

NP- . ,  
 

. ,  
, ,  

 ( ),  
.  

: 
;  

, ,  
, ,  

;  
, .  

 
, , 

 
.  

.  
.  

 
 

.  
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,  

,  
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,  
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3.1  
  

 
 – ,  

 
, , . ,  

, 
 

. , :  
, ,  

, , ,  
.  

 
 

.  ,   
 

 14 .  « » ,  
 

. ,  
 

.  
 

 « » [163].  
 « »,  

,  .  
,  

, , ,  
,  « ».  

,  ,   
 

. , 
 « » ,  

 
,  

–  
.  
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 [188].   
, ,  

,  « »,  
.  

,  
 « ».  

»   
, , ,  

 [219]. ,  
,  « »,  

 ( ,   5-6  
), ,  

, , 
 [219].  

 
,  ,   

 « ». ,  
, . -

,  
. 

 
 
 

.  
. 

3.1. 
, , 

 [202]:  
-  (  

 
);  

-  ( ,  
,  

);  
-  (  

). 
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. 3.1. –  
 



 
 3.   
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.  

 
,  .  ,   

,  
.  

 
 

. 
-

: ,  
, ,  

, .  
, -

 
, , ,  

» , , 
 [188]. ,  

 « » ,  
 « » . 

 
 

,  
. 
 
 

,   –   
.  

» .  
 

.  
. 

, ,  
,  

.  
,  

, . 
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. ,  
:  

 
;  

–  
 g ;  – 

,  
, ; 

 –  s ; 
 s  

 s ,  
,  s . 

 s   
 F,   (1.28).  

 
.  
) F,  

, ,  
. 3.1. 

 
 3.1 –  

 

 
 F 

. 3.1. 
 s   

{ 
smNNN ,,, 21  },  N – . 3.1. 

 
1 )(1f  
2 )(2f  
… … 
L-1 )(1Lf  
L )(Lf  



 
 3.   
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),( FP mcn ,  
 (1.20),   

 . 
,  

 
 

s , , 
 « » '

s ,  
. ,  « »  

,  « »  
 s . ,  ),( FP mcn  

 
,  

 mcn ,  
 mcn  mcn .  

 « »  '
s  
 s .  

:  
s , .  

 sn ,  
 s ,   

 mcn . ,  
 

. ,  
, , 

 ];[ maxmin II , , , 
 

 s .  
, ,  

, .  
 sn , , 

 s   
 sm .  

 
 sn  s .  
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, , . 
, ,  

 
 F. ,  

 s ,  
.  

 F . 
,  s  

 {5, 7, 12, 14, 22}, 
 L=25,  

,  2sn .  
 s ,  

,  «7»  «12»,  
 F «16», «20», . 

,  « » 
 '

s ,  {5, 16, 20, 14, 22}.  « » 
 '

s  
  .  

 
,  

 s  
 (1.30)   (1.31),   

 s .  
 D1( ss , ) « »  

 s  '
s ,  

 
 .  D1( ss , )  

 « »  mcn
1  

mcn , mcn . ,  
mcns

11 , .1 Ss  
 sR , , ,  

,  s  
 mcn

1 ,   



 
 3.   
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.  sR  
 

,  
 1

s .  
: 

,  ,   
,  

. 
 sR ,  

 3.2. 
  

 3.2 –  sR  
 

 
, 

1
s  

 
, 1

s  
 « » 

, sR  

1 0,1 2 
2 0,12 2 
3 0,4 0 
4 0,5 0 

 
,  

, .  
, ,  

, .  «1»  «2»  
 « » ,  

 1
s , ,  

.  «3»  «4»  
 « » ,  « ». 

,  
:  – 50% ; -

 – 50%. 
),( FP mcn ,  

 (1.20)   
 -
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, ,  
 « » .  

 ),,( maxmin IIFPN ,  
 « »  
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.  

 ),,( maxmin IIFPN  
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s   F,  
 ];[ maxmin IIms . ,  

 « »  ),,( maxmin IIFPN , 
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 sn , sR  sLimit .  
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 )( s  
. 

 
 s ,  

 )( s , , 
.  )( s =0, ,  

 s ,  
 )( s ,  

 )( s . 
,  

, , 
 

 )( s . 
,  

 
.  )( sG ,  

 
 })(;;)(;)({ 2211

s
m

s
m

ssss
s ss

gfgfgf ,  
:  
 

.)()()()( 2211
s
m

s
m

ssss
s ss

gfgfgfG    (3.1) 
 

,  )( sG  
, 
 

 (3.1).  
 d  

: 
 

],...,;[];[],...,;[];[ 0,1,1,10,1,1,10,1,1,10,0,0,00,0,0,00,0,0,00,0,0,0 zzvvzzvv ddd       (3.2) 
].;[];[ 1,1,1,11,1,1,11,1,1,11,1,1,1 dddddddddddddddd zzvv  
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 )( sG  
 (3.2)   

: 
 

,)]([)]([)]([][ 2211,,,
s
m

s
m

ssss
khji ss

gfgfgfv   (3.3) 
 

 ),...,],[],...,[],...,([)]([ ,,,0,,,,1,,,,,,,, khjihjikhjikhdjidkdhdjdi
s

i
s

i uuvvvff ,  
 ][],...,[],...,[ ,1,,,,,,,, khjikhdjidkdhdjdi vvv  

 
 

. 
 

 (3.3) ,  
 (3.2). 

 (3.3) sg  
,  
: 

 

.,...,,,...,,,...,,,...

;)]([)]([)]([
;)]([)]([)]([][

];;[];[

],...,;[];[

,,,2211,,,

2211,,,

1,1,1,11,1,1,11,1,1,11,1,1,1

0,0,0,00,0,0,00,0,0,00,0,0,0

KdkHdhJdjIdi

zgfgfgfz
gfgfgfv

zzvv

zzvv

khji
s

sm
s
sm

ssss
khji

s
sm

s
sm

ssss
khji

dddddddddddddddd

 

(3.4) 
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khji zgfgfgfz

ss ,,,2211,,, )]([)]([)]([  
 

: ];[][ ,,,,,,,,, khjikhjikhji zzv .  
 s  sg  
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 s :  (3.1), 

 (3.2),  (3.3),  
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 (3.4),  
))(( sG ,  (3.4) : 

 
}])([])([{max))(( ,,,,,,

,...,,,...,,,...,,,...,
khjikhji

KdkHdhJdjIdi
s zmidvmidG   (3.5) 

 ][ ,,, khjiv ][ ,,, khjiz   Idi ,..., , Jdj ,..., , Hdh ,..., ,  
Kdk ,..., ; 

 
])}[]([])([{max))(( ,,,,,,,,,

,...,,,...,,,...,,,...,
khjikhjikhjiKdkHdhJdjIdis zvwidvwidG (3.6) 

 ][ ,,, khjiv ][ ,,, khjiz  Idi ,..., , Jdj ,..., , Hdh ,..., ,  
Kdk ,..., . 

 
,  
 ][ ,,, khjiv  (3.3)   

 (3.2).  (3.5)  
 

 ][ ,,, khjiv  
, ,  

.  
 ))(( sG  

(3.6)  
 ][ ,,, khjiv , ][ ,,, khjiz . 
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min,))(( s

sG       (3.7) 
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m

s
m

ss
ss ss

gfgfIIm },)(;;)({],;[ 11maxmin , 
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,  
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 )(),...,( 101 ff , . 
,  s , . 3.2, 

: )()( 41 ff s , )()( 92 ff s . 
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 ))(( sG . ,  
. ,  

 s , . 3.2,  ss gg 21 ,  
,  
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 ))(( sG ,  
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 ))(( sG  

 )( s .  
. 3.2,  

 
. ,  (3.7), . 

3.2, ,  
. ,  
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. 

. 3.2  
 

,  
,  

.  
,  

 (3.7) ,  
 )( s  )( 1s ,  )()( 1ss .  

,  
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.  

 (3.7), 
 

011 ,...,,,..., ss : ),( FP mcn , 
),( FP mcn , ),,( maxmin IIFPN , D1( ss , ), D2( ss , ),  

 
.  

. 3.3  
,  

.  
. 3.3  
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 1» – . 

: LIMIT, S, ];[ maxmin II  
 F.  

 0  S. ,  
 0  

 F . 
 2» -  mcn , 

 mcn   
(mcn  – )  

 mcn  ( .   3.1.)   
 ),( FP mcn .  

 
 D1( ss , )  

»  mcn
1 . 

 «  3» –  1
s  

 mcn
1 ,  s  (  Ss 1 ),  

 1
s  

 F.  mcn  
.1,21 SsSsmcn ,  

 ),( FP mcn   
 mcn  ( .  3.1).  

 
 D2( ss , )  

»  mcn
2  1

mcn   mcn .  
 4» –  « » . 

 mcns
22 ,   LIMITLimits , 
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 « »,  
),,( maxmin IIFPN .  

,   02
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,  
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. 3.3  
 ),( FP mcn , 

),( FP mcn , ),,( maxmin IIFPN  
 D1( ss , ), D2( ss , ) ,  

 (3.7)  
. 

,  
 

 ))(( sG  
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;,...,11,,...,,,...,,,...,,,...

;)]([)]([)]([
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,,,
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2
1

2
1

1
1

1,,,
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2

1
2

1
1

1
1,,,

1,,,1,,,1,,,1,,,

0,0,0,00,0,0,00,0,0,00,0,0,0
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SsKdkHdhJdjIdi
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;)]([)]([)]([
;)]([)]([)]([][

];;[];[

],...,;[];[

,,,
222

2
2

2
2

1
2

1,,,

222
2

2
2

2
1

2
1,,,

1,,,1,,,1,,,1,,,

0,0,0,00,0,0,00,0,0,00,0,0,0

22

22
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4.1  
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 – 9,5 ,  – 2500  – 1200 . 
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,  [44, 45].  
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. 4.1. –  

 
 4.1  

, 
:  

 0,1u =120 ,  1,1 ku =125 ;  
 0,2u = 25.0  

1,2 ku = 28.0 .  i,  j  
. 

   
 
 
 

.  
  , :  

)  ( ) 
.  
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 4.1 –  kjiz ,,  
 

0,1u  =120 C, 0,2u  = 25.0 . 
i                
j 0 1 2 3 4 5 6 7 

0 0,6 0,63 0,66 0,66 0,68 0,65 0,62 0,61 
1 0,68 0,74 0,78 0,82 0,85 0,83 0,79 0,71 
2 0,72 0,78 0,82 0,85 0,86 0,82 0,78 0,73 
3 0,62 0,63 0,68 0,7 0,71 0,67 0,66 0,65 

1,1u  =125 C, 1,2u  = 28.0 . 
                

j 0 1 2 3 4 5 6 7 

0 0,71 0,75 0,76 0,79 0,79 0,75 0,73 0,69 
1 0,76 0,8 0,87 0,91 0,96 0,94 0,89 0,82 
2 0,78 0,89 0,93 0,97 0,98 0,96 0,88 0,82 
3 0,73 0,75 0,78 0,79 0,8 0,77 0,76 0,71 

 
 

,  
 

.  50 
.  

 
 

,  
 F   

 L=160.  
 4.2.  

,  
 F  

,  
.  
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 4.2 –  F   
  

    

1 ))/()(( ,10,2,20,1,1 kkji uuuuv  81 )/( 0,20,1,1 uuv ji  
2 ))/()(( ,10,2,20,11, kkji uuuuv  82 )/( 0,20,11, uuv ji  
… … … … 
6 ))/()(( ,10,2,20,1,11, kkjiji uuuuvv 86 )/( 0,20,1,11, uuvv jiji  
7 ))/()(( ,10,2,20,12,1, kkjiji uuuuvv 87 )/( 0,20,12,1, uuvv jiji  
… … … … 
16 ))/()(( ,10,2,20,1

2
,1 kkji uuuuv  96 )/( 0,20,1

2
,1 uuv ji  

17 ))/()(( ,10,2,20,1
2

1, kkji uuuuv  97 )/( 0,20,1
2

1, uuv ji  
… … … … 
21 jiv ,1  101 )/( ,2,1,1 kkji uuv  
22 1, jiv  102 )/( ,2,11, kkji uuv  
… … … … 
26 jiji vv ,11,  106 )/( ,2,1,11, kkjiji uuvv  
27 2,1, jiji vv  107 )/( ,2,12,1, kkjiji uuvv  
… … … … 
36 2

,1 jiv  116 )/( ,2,1
2

,1 kkji uuv  
37 2

1, jiv  117 )/( ,2,1
2

1, kkji uuv  
… … … … 
41 )( 0,20,1,1 uuv ji  121 )/( 0,10,2,1 uuv ji  
42 )( 0,20,11, uuv ji  122 )/( 0,10,21, uuv ji  
… … … … 
46 )( 0,20,1,11, uuvv jiji  126 )/( 0,10,2,11, uuvv jiji  
47 )( 0,20,12,1, uuvv jiji  127 )/( 0,10,22,1, uuvv jiji  
… … … … 
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 4.2 
56 )( ,2,1

2
,1 kkji uuv  136 )/( 0,10,2

2
,1 uuv ji  

57 )( ,2,1
2

1, kkji uuv  137 )/( 0,10,2
2

1, uuv ji  
… … … … 
61 )( ,2,1,1 kkji uuv  141 )/( ,1,2,1 kkji uuv  
62 )( ,2,11, kkji uuv  142 )/( ,1,21, kkji uuv  
… … … … 
66 )( ,2,1,11, kkjiji uuvv  146 )/( ,1,2,11, kkjiji uuvv  
67 )( ,2,12,1, kkjiji uuvv  147 )/( ,1,22,1, kkjiji uuvv  
… … … … 
76 )( ,2,1

2
,1 kkji uuv  156 )/( ,1,2

2
,1 kkji uuv  

77 )( ,2,1
2

1, kkji uuv  … … 
… … 160 )/( ,1,2

2
2,1 kkji uuv  

 
,  

, . 
. 

 
.  

.  4.3 
,  

.  
,  

.  
,  

 5%.  
. 4.2,  

: jiv ,1 , 1, jiv , 1,1 jiv , 2, jiv , 

2,1 jiv . 
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 4.3 –  ( )  
 

0,1u  =120 , 0,2u  = 25.0 . 
i                
j 0 1 2 3 4 5 6 7 

0 0,6 0,63 0,66 0,66 0,68 0,65 0,62 0,61 
1 0,68 0,74 0,78 0,82 0,85 0,83 0,79 0,71 
2 0,72 0,78 0,82 0,85 0,86 0,82 0,78 0,73 
3 0,62 0,63 0,68 0,7 0,71 0,67 0,66 0,65 

 
: 

)/()( ,10,2,20,1 kk uuuu , 0,20,1 / uu , kk uu ,2,1 / , 0,20,1 uu , kk uu ,2,1 , 0,10,2 / uu , 

kk uu ,1,2 / , , , ,  
,  

. 
,  

F ,  1  
 L=160,  20-  – L=140,  40-  – 

L=80. 
 
 
 

. ,  
, . ,  

, ,  
,  

 « ».  
,  
 « » ,  

: 0,20,1 uu , kk uu ,2,1 , 0,10,2 / uu , kk uu ,1,2 / ,  
 

. 
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,  
40-50,  4.4. 

 
 4.4 –  F   

 
 

   
1 )/( ,10,2,20,1,1 kkji uuuuv  41 )/( 0,20,1,11, uuvv jiji  
2 )/( ,10,2,20,11, kkji uuuuv  42 )/( 0,20,12,1, uuvv jiji  
3 )/( ,10,2,20,11,1 kkji uuuuv  43 )/( 0,20,11,11, uuvv jiji  
4 )/( ,10,2,20,12, kkji uuuuv  44 )/( 0,20,12,11, uuvv jiji  
5 )/( ,10,2,20,12,1 kkji uuuuv  45 )/( 0,20,12,,1 uuvv jiji  
6 )/( ,10,2,20,1,11, kkjiji uuuuvv  46 )/( 0,20,11,1,1 uuvv jiji  
7 )/( ,10,2,20,12,1, kkjiji uuuuvv  47 )/( 0,20,12,1,1 uuvv jiji  
8 )/( ,10,2,20,11,11, kkjiji uuuuvv  48 )/( 0,20,12,1,1 uuvv jiji  
9 )/( ,10,2,20,12,11, kkjiji uuuuvv  49 )/( 0,20,12,11,1 uuvv jiji  

10 )/( ,10,2,20,12,,1 kkjiji uuuuvv  50 )/( 0,20,12,12, uuvv jiji  
11 )/( ,10,2,20,11,1,1 kkjiji uuuuvv  51 )/( ,2,1,1 kkji uuv  
12 )/( ,10,2,20,12,1,1 kkjiji uuuuvv  52 )/( ,2,11, kkji uuv  
13 )/( ,10,2,20,12,1,1 kkjiji uuuuvv  53 )/( ,2,11,1 kkji uuv  
14 )/( ,10,2,20,12,11,1 kkjiji uuuuvv  54 )/( ,2,12, kkji uuv  
15 )/( ,10,2,20,12,12, kkjiji uuuuvv  55 )/( ,2,12,1 kkji uuv  
16 jiji vv ,11,  56 )/( ,2,1,11, kkjiji uuvv  
17 2,1, jiji vv  57 )/( ,2,12,1, kkjiji uuvv  
18 1,11, jiji vv  58 )/( ,2,11,11, kkjiji uuvv  
19 2,11, jiji vv  59 )/( ,2,12,11, kkjiji uuvv  
20 2,,1 jiji vv  60 )/( ,2,12,,1 kkjiji uuvv  
21 1,1,1 jiji vv  61 )/( ,2,11,1,1 kkjiji uuvv  
22 2,1,1 jiji vv  62 )/( ,2,12,1,1 kkjiji uuvv  
23 2,1,1 jiji vv  63 )/( ,2,12,1,1 kkjiji uuvv  
24 2,11,1 jiji vv  64 )/( ,2,12,11,1 kkjiji uuvv  
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 4.4 
25 2,12, jiji vv  65 )/( ,2,12,12, kkjiji uuvv  
26 jiv ,1  66 )/( ,10,2,20,1

2
,1 kkji uuuuv

27 1, jiv  67 )/( ,10,2,20,1
2

1, kkji uuuuv
28 1,1 jiv  68 )/( ,10,2,20,1

2
1,1 kkji uuuuv  

29 2, jiv  69 )/( ,10,2,20,1
2

2, kkji uuuuv
30 2,1 jiv  70 )/( ,10,2,20,1

2
2,1 kkji uuuuv  

31 2
,1 jiv  71 )/( 0,20,1

2
,1 uuv ji  

32 2
1, jiv  72 )/( 0,20,1

2
1, uuv ji  

33 2
1,1 jiv  73 )/( 0,20,1

2
1,1 uuv ji  

34 2
2, jiv  74 )/( 0,20,1

2
2, uuv ji  

35 2
2,1 jiv  75 )/( 0,20,1

2
2,1 uuv ji  

36 )/( 0,20,1,1 uuv ji  76 )/( ,2,1
2

,1 kkji uuv  
37 )/( 0,20,11, uuv ji  77 )/( ,2,1

2
1, kkji uuv  

38 )/( 0,20,11,1 uuv ji  78 )/( ,2,1
2

1,1 kkji uuv  
39 )/( 0,20,12, uuv ji  79 )/( ,2,1

2
2, kkji uuv  

40 )/( 0,20,12,1 uuv ji  80 )/( ,2,1
2

2,1 kkji uuv  
 

, ,  
, ,  

.  
,  

 
.  

 
 

: 
–  « » ; 
–  

; 
–  

. 
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: ];[ maxmin II =[4; 8] (  ];[ maxmin II ,  
 sm  –  

);  S=10. 
,  

: 
MCN=100, LIMIT=4. , ,  

 0 ,   
 

.  
 

,  
,  

. 
 
 

 ( . . 3.4),  
 0  

,  s .  ,   
 0s  (3.14)  

,  sn  
 sLimit . ,  

0  ,s  sm , sn , sLimit , 
 4.5. 
 « » .  

 1mcn  
),( 1 FP mcn  1s  

  )( s .  
 4.6. 

,  
 

 ( . 
. 3.4),  0  

1mcn .  4.5  4.6  
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 ),(1 ssD ,  (3.15),  
 1

1mcn  « »  
 0   1mcn . 

 
 4.5 –   0   

  

 
 

 F,  
 s , 

.1 Ss  

s  sm  sn  sLimit  

1 2, 40, 27, 29, 24, 30 0,1307 6 1 0 

2 11, 25, 31, 64, 3, 51, 36, 
32 0,1518 8 3 0 

3 61, 48, 31, 37 0,2049 4 2 0 
4 10, 29, 16, 38 0,1175 4 1 0 
5 10, 39, 41, 37 0,0935 4 1 0 
6 7, 39, 20, 37 0,3217 4 2 0 
7 7, 40, 26, 6, 53 0,1587 5 2 0 
8 7, 40, 25, 6, 27 0,1565 5 2 0 
9 7, 40, 25, 6, 27, 28, 29 0,1272 7 1 0 

10 2, 40, 25, 1, 27, 29 0,1170 6 1 0 
 

 
 1

1mcn .  
 « »  4.7. 

,  « » .  
 1mcn  

),( FP mcn ,  1
1

1
mcns  

 s ,  sR  
 (3.17).  1mcn : 

Ssmcn 211 .  
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 4.6 –  1mcn     

  
 

 F,  
 s , .1 Ss  

)( s  sm  

1 2, 26, 27, 29, 24, 30 0.7383 6 
2 11, 29, 31, 26, 3, 51, 36, 53 0.1260 8 
3 1, 48, 31, 19 0.1616 4 
4 10, 2, 16, 38 0.1145 4 
5 10, 39, 41, 29 0.0649 4 
6 7, 39, 52, 63 0.1420 4 
7 7, 40, 26, 27, 58 0.1650 5 
8 7, 50, 25, 6, 19 0.1094 5 
9 7, 40, 35, 6, 27, 28, 29 0.1176 7 

10 2, 40, 79, 1, 27, 29 0.3250 6 
  

 4.7 –   1
1mcn    

  

  
 

 F,  
 1

s  , .1 Ss  
1
s  sLimit  

3 1, 48, 31, 19 0,1616 0 
7 7, 40, 26, 6, 53 0,1587 1 
6 7, 39, 52, 63 0,1420 0 
1 2, 40, 27, 29, 24, 30 0,1307 1 
2 11, 29, 31, 26, 3, 51, 36, 53 0,1260 0 
9 7, 40, 35, 6, 27, 28, 29 0,1176 0 

10 2, 40, 25, 1, 27, 29 0,1170 1 
4 10, 2, 16, 38 0,1145 0 
8 7, 50, 25, 6, 19 0,1094 0 
5 10, 39, 41, 29 0,0649 0 
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,  r , sRr ...1  s , 
Ss ...1  )( r .  

 « »,  
 1mcn  

 4.8. 
 

 4.8 –   1mcn      
  

  

 
 

 
F,  

 1
1

1
mcns  

sR  

 
 

 
F,  

 sr  , 
.1 sRr  

)( r  

3 1, 48, 31, 19 0  - 
7 7, 40, 26, 6, 53 0  - 
6 7, 39, 52, 63 1 7, 66, 77, 63 0.1687 
1 2, 40, 27, 29, 24, 30 1 3, 40, 27, 16, 53, 30 0.1403 

2 11, 29, 31, 26, 3, 51, 
36, 53 1 11, 27, 31, 26, 60, 51, 

36, 70 0.0787 

9 7, 40, 35, 6, 27, 28, 29 1 7, 66, 35, 25, 27, 2, 29 0.2769 
10 2, 40, 25, 1, 27, 29 1 2, 36, 25, 67, 27, 29 0.0870 
4 10, 2, 16, 38 1 10, 2, 16, 29 0.051 
8 7, 50, 25, 6, 19 1 7, 80, 25, 6, 32 0.0472 

10, 45, 41, 29 0.0816 
10, 39, 41, 27 0.0854 5 10, 39, 41, 29 3 
10, 3, 41, 29 0.0439 

 
 D2( ss , ),  

(3.19),  ''
1mcn  
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  1
1mcn .  

 2
1mcn   . 

 « »  4.9. 
 « I» , 

:  « » (  
).  ,   4.9   

 
 LIMITLimit s  ( LIMIT =4), ,  ),,( maxmin IIFPN  

. , 
 4.9  2mcn  

 
. 

 
 4.9 –  2

1mcn  
 )( 2

s  

 
  

 
 F,  
 2

s ,  
.1 Ss  

)( 2
s  sLimit

 

3 1, 48, 31, 19 0.1616 1 
7 7, 40, 26, 6, 53 0.1582 2 
6 7, 39, 52, 63 0.1420 1 
1 2, 40, 27, 29, 24, 30 0.1307 2 
2 11, 27, 31, 26, 60, 51, 36, 70 0.0787 0 
9 7, 40, 35, 6, 27, 28, 29 0.1176 1 

10 2, 36, 25, 67, 27, 29 0.0870 0 
4 10, 2, 16, 29 0.051 0 
8 7, 80, 25, 6, 32 0.0472 0 
5 10, 3, 41, 29 0.0439 0 
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: 

 
];[)/(0553.02269.0];[ ,1,,1,,10,2,20,1,,,, kjikjikkkjikji vvuuuuvv     

];[3643.0 ,2,1,2,1 kjikji vv ];[)/(1214.0 ,,1,,1,10,2,20,1 kjikjikk vvuuuu   
],;[0005.1 ,1,,1, kjikji vv  i=1…3, j=2…7,   (4.1) 

 
 ];[ ,,,, kjikji vv ]01,0;01,0[ 0,,0,,0,,0,, kjikjikjikji zzzz , {i=0, 

j=0,…,7} {i=0,…,3, j=0,…,1} –  ; ];[ ,,,, kjikji vv  – 
 

 i, j  k –
; kuu ,10,1 ,  –  

 k  
, ; kuu ,20,2 ,  – 

 
 k  

, . 
,  

,  
,  

.  
,  

 
: ];[ maxmin II =[4; 8];  

 – S=10 [136].  
,  0  
,  

 (  s ). , 
 
 

,  
. ,  0  

, . 4.2. 
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, : 

Ss ......21 .  
,  4.10,  

. 
,  4.10  

: « ».  
,  

 « » [32],  
.  

 
 4.10 –  0  

)  

  
 

 F,  
 s , .1 Ss  

s  sm  

1 10, 39, 41, 37 0,0935 4 
2 2, 40, 25, 1, 27, 29 0,1170 6 
3 10, 29, 16, 38 0,1175 4 
4 7, 40, 25, 6, 27, 28, 29 0,1272 7 
5 2, 40, 27, 29, 24, 30 0,1307 6 
6 11, 25, 31, 64, 3, 51, 36, 32 0,1518 8 
7 7, 40, 25, 6, 27 0,1565 5 
8 7, 40, 26, 6, 53 0,1587 5 
9 61, 48, 31, 37 0,2049 4 

10 7, 39, 20, 37 0,3217 4 
 

 
 

 – , 
. 
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4.11.  

 4.11  
4.10, ,  

 ( )  
 s . 

 
 4.11 –   1 ,  

 4.10 
 

 
 

 0  
 
 

4.10) 

 
 

 
  

1  

 
 

 F,  
 1

s  , 
.1 Ss  

s  sm  

1 1, 2, 27, 37 0,1208 4 
1-2 2 10, 25, 27, 29, 40 0,1162 5 

3 6, 10, 16, 27, 28, 38 0,0751 6 
3-4 4 7, 16, 25, 28, 29, 38, 40  0,42 7 

5 11, 25, 27, 36, 40, 51 0,3041 6 
5-6 6 2, 3, 27, 32, 36, 51, 64 0,1012 6 

7 6, 25, 26, 40, 53 0,9805 5 
7-8 8 6, 7, 25, 26, 27 0,2611 5 

9 7, 20, 31, 37 0,1804 4 
9-10 10 7, 37, 48, 61 0,4247 4 

 
,  « »  

 
,  

,  
,  « »  

,  
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. ,  
,  « » . 

 
 4.12 –  (  

),  

  

 
 F,  
 s ,  

.1 Ss  

s  sm  

1 6, 10, 16, 27, 28, 38 0,0751 6 
2 10, 39, 41, 37 0,0935 4 
3 2, 3, 27, 32, 36, 51, 64 0,1012 6 
4 10, 25, 27, 29, 40 0,1162 5 
5 2, 40, 25, 1, 27, 29 0,1170 6 
6 10, 29, 16, 38 0,1175 4 
7 1, 2, 27, 37 0,1208 4 
8 7, 40, 25, 6, 27, 28, 29 0,1272 7 
9 2, 40, 27, 29, 24, 30 0,1307 6 

10 11, 25, 31, 64, 3, 51, 36, 32 0,1518 8 
11 7, 40, 25, 6, 27 0,1565 5 
12 7, 40, 26, 6, 53 0,1587 5 
13 7, 20, 31, 37 0,1804 4 
14 61, 48, 31, 37 0,2049 4 
15 6, 7, 25, 26, 27 0,2611 5 
16 11, 25, 27, 36, 40, 51 0,3041 6 
17 7, 39, 20, 37 0,3217 4 
18 7, 16, 25, 28, 29, 38, 40  0,42 7 
19 7, 37, 48, 61 0,4247 4 
20 6, 25, 26, 40, 53 0,9805 5 
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.  

,  
,  

 
: .0s  

 
 

,  
 

: 
 

];[];[6946.04778.0];[ ,1,,1,,,1,,1,,,, kjikjikjikjikjikji vvvvvv  
];[)/(1567.0 ,1,1,1,1,10,2,20,1 kjikjikk vvuuuu   

];[];[3141.0 ,2,1,2,1,1,1,1,1 kjikjikjikji vvvv ];[5684.0 ,1,,1, kjikji vv

];[)/(3003.0 ,2,,2,,10,2,20,1 kjikjikk vvuuuu , i=1…3, j=2…7,     (4.2) 
 

 ];[ ,,,, kjikji vv ]01,0;01,0[ 0,,0,,0,,0,, kjikjikjikji zzzz , {i=0, 
j=0,…,7} {i=0,…,3, j=0,…,1} –  . 

,  ,   
 

. ,  
 

. ,  
, ,  

. 
 4.13 ,  

 
 ( )  

 ( ) ,  
 

 – 50.  
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 4.13 –  
   

) 
 

) 

1 

1923.0];[ ,,,, kjikji vv  

];[

)/(2903.0

,1,1,1,1

,10,2,20,1

kjikji

kk

vv

uuuu

];[4599.0 ,2,1,2,1 kjikji vv  
];[8333.0 ,1,,1, kjikji vv  

];[

)/(6309.0

,,1,,1

,10,2,20,1

kjikji

kk

vv

uuuu
 

4778.0];[ ,,,, kjikji vv  

];[

)/(1567.0

];[

];[6946.0

,1,1,1,1

,10,2,20,1

,1,,1,

,,1,,1

kjikji

kk

kjikji

kjikji

vv

uuuu

vv

vv

];[

];[3141.0

,2,1,2,1

,1,1,1,1

kjikji

kjikji

vv

vv

];[5684.0 ,1,,1, kjikji vv  

];[

)/(3003.0

,2,,2,

,10,2,20,1

kjikji

kk

vv

uuuu
 

20 

5173.0];[ ,,,, kjikji vv  

];[

)/(2211.0

,,1,,1

,10,2,20,1

kjikji

kk

vv

uuuu

];[

];[3606.0

,1,1,1,1

,1,1,1,1

kjikji

kjikji

vv

vv

];[6034.0 ,1,,1, kjikji vv  
];[4728.0 ,2,,2, kjikji vv  

];[];[

)/(8523.0

,1,,1,,,1,,1

,10,2,20,1

kjikjikjikji

kk

vvvv

uuuu

 

49.0];[ ,,,, kjikji vv  

];[

)/(2202.0

,1,1,1,1

,10,2,20,1

kjikji

kk

vv

uuuu

];[

];[2726.0

,2,1,2,1

,1,1,1,1

kjikji

kjikji

vv

vv

];[6014.0 ,1,,1, kjikji vv  
];[3622.0 ,2,,2, kjikji vv  

];[];[

)/(6785.0

,1,,1,,,1,,1

,10,2,20,1

kjikjikjikji

kk

vvvv

uuuu
 

30 

1867.0];[ ,,,, kjikji vv  

];[

)/(2779.0

,1,1,1,1

,10,2,20,1

kjikji

kk

vv

uuuu

];[4362.0 ,2,1,2,1 kjikji vv  

1482.0];[ ,,,, kjikji vv

];[

)/(0017.0

,1,1,1,1

,10,2,20,1

kjikji

kk

vv

uuuu

];[

)/(6253.0

,,1,,1

,10,2,20,1

kjikji

kk

vv

uuuu
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 4.13 
   

) 
 

) 

30 
];[

)/(6187.0

,,1,,1

,10,2,20,1

kjikji

kk

vv

uuuu

];[8337.0 ,1,,1, kjikji vv  
];[02.0 ,1,,1, kjikji vv  

];[ ,1,1,1,1 kjikji vv  

];[9577.0 ,1,,1, kjikji vv

];[1629.0 ,2,,2, kjikji vv

];[7161.0 ,1,1,1,1 kjikji vv

];[ ,2,1,2,1 kjikji vv
];[2662.0 ,2,1,2,1 kjikji vv  

40 

49.0];[ ,,,, kjikji vv  

];[

)/(1625.0

,1,1,1,1

,10,2,20,1

kjikji

kk

vv

uuuu

];[

];[3164.0

,1,1,1,1

,1,1,1,1

kjikji

kjikji

vv

vv

];[];[

)/(6969.0

];[6008.0

,1,,1,,,1,,1

,10,2,20,1

,1,,1,

kjikjikjikji

kk

kjikji

vvvv

uuuu

vv

];[4010.0 ,2,,2, kjikji vv  
 

2072.0];[ ,,,, kjikji vv  
];[0054.0 ,1,,1, kjikji vv  

];[ ,1,,1, kjikji vv

];[4483.0 ,2,1,2,1 kjikji vv
)/(6075.0 ,10,2,20,1 kk uuuu

];[ ,,1,,1 kjikji vv

];[8325.0 ,1,,1, kjikji vv
)/(2574.0 ,10,2,20,1 kk uuuu

];[ ,1,1,1,1 kjikji vv

];[0366.0 ,1,,1, kjikji vv

];[ ,1,1,1,1 kjikji vv
];[0084.0 ,2,,2, kjikji vv  

50 

2031.0];[ ,,,, kjikji vv  

];[

)/(2996.0

,1,1,1,1

,10,2,20,1

kjikji

kk

vv

uuuu

];[0299.0 ,1,,1, kjikji vv  
];[ ,1,,1, kjikji vv

];[4483.0 ,2,1,2,1 kjikji vv

];[

)/(619.0

,,1,,1

,10,2,20,1

kjikji

kk

vv

uuuu

];[8522.0 ,1,,1, kjikji vv  

2024.0];[ ,,,, kjikji vv  
];[4503.0 ,2,1,2,1 kjikji vv

)/(6084.0 ,10,2,20,1 kk uuuu

];[ ,,1,,1 kjikji vv

];[8286.0 ,1,,1, kjikji vv
)/(2613.0 ,10,2,20,1 kk uuuu

];[ ,1,1,1,1 kjikji vv

];[0331.0 ,1,,1, kjikji vv

];[ ,1,1,1,1 kjikji vv
];[0006.0 ,2,,2, kjikji vv  
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,  
 

. 
 

. 
, , 

,  
 (  

),  
 s . 

,  [69] ,  
,  

 
, .  

,  
 

. 
 4.2  

 
 

)  -  ( )  
1, 20, 30, 40  50 .  

,  
 
 

 50-  6% 
, . ,  

 
 

 20%.  
 

, . 
,  

,  
. 
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. 4.2. –  

 
 

 
 4.3  4.4.  

, ,  
,  

 
, , ,  

. ,  
,  

.  
,  

,  
, 

. 3.4.  
, ,  

4.13,  
 

.  
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. 4.3. –  

 
 

 
. 4.4. – ,  
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,  
,  

.  
,  

 0,6  –  0,9%  ,   
. ,  

 
. 

 
 

.  
 
 

. 
,  

,  
-

 (  
),  

   (1.20) : 
 

,],[],...,([];[][ ,,,1,,,,,,,,,,,, ddddjdkdhdjdi
T

khjikhjikhji vvfvvv  
,)),,,(),...,,,,(],[ 1,1,, gkhjikhjiv pkhji Idi ,..., , Jdj ,..., , 

Hdh ,..., , Kk ,...,1 , Pp ,...,1 .     (4.3) 
 

, , 
. ,  

,  
  ),,(1 kji , : 

 
 4.14 –  ),,(1 kji  

          
 j 0 … I 

0 )1,0,0(1  … )1,0,(1 I  
    

J )1,,0(1 J  … )1,,(1 JI  
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, . 4.14  )1,0,0(1    
 

 i=0, j=0,  k=1. 
 

, -
,  ),,(1 kji  

 
.  ),,(1 kji  

.   
, 
 

.  )1,,(1 ji  
. 4.15. 

 
 4.15 –  )1,,(1 ji , 

(C )  
     
i 
j 

0 1 2 3 4 5 6 7 

0 125 125 125 125 125 125 125 125 
1 125 125 125 125 125 125 125 125 
2 125 125 125 125 125 125 125 125 
3 125 125 125 125 125 125 125 125 

 
,  

, . 4.16. 
 

 4.16 – , (%)  
 i, j 

    j   
i 0 1 2 3 4 5 6 7 

0 0,60 0,63 0,66 0,66 0,68 0,65 0,62 0,61 
1 0,68 0,74 0,78 0,82 0,85 0,83 0,79 0,71 
2 0,72 0,78 0,82 0,85 0,86 0,82 0,78 0,73 
3 0,62 0,63 0,68 0,70 0,71 0,67 0,66 0,65 
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 5%  
. ,  

 =0, j=0 : 
]63,0;57,0[];[ 0,00,0 zz .  

: 
]60,0;59,0[];[ 1,0,01,0,0 vv ; ]63,0;62,0[];[ 1,1,01,1,0 vv ; ]66,0;65,0[];[ 1,2,01,2,0 vv ; 
]66,0;65,0[];[ 1,3,01,3,0 vv ; ]68,0;67,0[];[ 1,4,01,4,0 vv ; ]65,0;64,0[];[ 1,5,01,5,0 vv ; 

]62,0;61,0[];[ 1,6,01,6,0 vv ; ]61,0;60,0[];[ 1,7,01,7,0 vv ; ]68,0;67,0[];[ 1,0,11,0,1 vv ; 
]74,0;73,0[];[ 1,1,11,1,1 vv ; ]72,0;71,0[];[ 1,0,21,0,2 vv ; ]77,0;77,0[];[ 1,1,21,1,2 vv ; 
]62,0;61,0[];[ 1,0,31,0,3 vv ; ]63,0;62,0[];[ 1,1,31,1,3 vv . 

 

 
. 4.5. –  

 )1,,(1 ji  
 

 
 
 

, : 
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];[)),2,1(/),,((ˆ];[

];[)),1,1(/),,1((ˆˆ];[

,2,1,2,13,1,1,1,1

,1,1,1,121,,,,

kjikjippkjikji

kjikjippkjikji

vvkjikjigvv

vvkjikjiggvv
 

,1,2,1,7,...,2,3,...,1

],;[ˆ];[)),,(/),,1((ˆ

];/[];[)),1,1(/),,((ˆ

,1,,1,6,,1,,15

,1,,1,,1,1,1,14

pkji

vvgvvkjikjig

vvvvkjikjig

kjikjikjikjipp

kjikjikjikjipp

 (4.4) 

 
8993,0ˆ1g ; 0365,0ˆ 2g ; 0345,0ˆ3g ; 0307,0ˆ 4g ; 0015,0ˆ5g , 3074,0ˆ 6g  

– ,  
. 

 4.5  4.6 ,  
 

, ,  
. 

,  (4.4)  
 

. ,  
, ,  

, ,  
. 

 

 
. 4.6. –  

 )1,,(1 ji  
 



 
 
 

 174 

 )2,,(1 ji  
,  4.17. 

 
 4.17 –  )2,,(1 ji , (C ) 

 
    i 
j 0 1 2 3 4 5 6 7 

0 120 120 120 120 120 120 120 120 
1 120 125 130 135 135 130 125 120 
2 120 125 130 135 135 130 125 120 
3 120 120 120 120 120 120 120 120 

 
 )2,,(1 ji ,  

.  
 

: ]707,0;693,0[][ 1,0,0v ; ]7373,0;727,0[][ 1,1,0v ; 
]7272,0;7128,0[][ 1,2,0v ; ]7372,0;7227,0[][ 1,3,0v ; ]7272,0;7127,0[][ 1,4,0v ; 
]7171,0;7029,0[][ 1,5,0v ; ]7171,0;7029,0[][ 1,6,0v ; ]7272,0;7128,0[][ 1,7,0v ; 
]7171,0;7029,0[][ 1,0,1v ; ]707,0;693,0[][ 1,1,1v ; ]7272,0;7128,0[][ 1,0,2v ; 
]7171,0;7029,0[][ 1,1,2v ; ]7272,0;7128,0[][ 1,0,3v ; ]707,0;693,0[][ 1,1,3v . 

 

 
. 4.7. –  

 )2,,(1 ji  
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 )2,,(1 ji  

 4.7  4.8. 
 4.7   4.8  ,   (4.4)  

 
.  

 
,  

.  
 

 
. 4.8. –  

 )2,,(1 ji  
 

, ,  
 
 

, . 
 

,  
,  

, . 
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4.2  
 

 ( ) 
  

, 
,  

 
.  

 
, . , 

, .  
,  

, , , . ,  
 

 [189].  
 
 
 

, , ,  
 [96].  

 
. 

 [96] ,  
.  

:  
 ( )  

,  
.  

,  
. ,  

.  
,  

. , 
.  

 
 

 [96]. ,  
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,  

. 
,  

, 
,  

 
[96].  

,  
 

.  
 

,  
 
 

, . 
 

),  
.  

 
 
 
 

,  
.  

 
, 

,  4.18.  
 4.18 : i  j –  

; ];[ ,, jiji zz  – 
 

. 
 
 

 F  L=44. 
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,  
. 

 4.19 –  
.  

 
 4.18 –   

 
 

 
 
 

  
 

 

i j ];[ ,, jiji zz  

 

i j ];[ ,, jiji zz  

1 0 0 11,53263 8,097375 19 0 3 18,67663 13,11338 

2 1 0 13,61238 9,557625 20 1 3 33,2525 23,3475 

3 2 0 18,57088 13,03913 21 2 3 61,45838 43,15163 

4 3 0 21,7845 15,2955 22 3 3 67,5625 47,4375 

5 4 0 28,28813 19,86188 23 4 3 65,79883 46,19918 

6 5 0 36,53075 25,64925 24 5 3 61,6875 43,3125 

7 0 1 12,90738 9,062625 25 0 4 18,80118 13,20083 

8 1 1 20,539 14,421 26 1 4 45,825 32,175 

9 2 1 30,92013 21,70988 27 2 4 61,6875 43,3125 

10 3 1 40,68438 28,56563 28 3 4 66,975 47,025 

11 4 1 48,21025 33,84975 29 4 4 63,44883 44,54918 

12 5 1 61,288 43,032 30    5 4 38,1875 26,8125 

13 0 2 14,45838 10,15163 31 0 5 23,49883 16,49918 

14 1 2 25,8265 18,1335 32 1 5 53,4625 37,5375 

15 2 2 44,98958 31,58843 33 2 5 66,09375 46,40625 

16 3 2 53,93838 37,87163 34 3 5 59,925 42,075 

17 4 2 68,20758 47,89043 35 4 5 34,6625 24,3375 

18 5 2 72,20963 50,70038 36 5 5 24,0875 16,9125 
 
 



 
 4.   

 

 179 

 4.19 –  F   
  

   
 

1 1, jiv  23 2,2,2 jiji vv  
2 2, jiv  24 jiji vv ,1,1  
3 jiv ,1  25 jiji vv ,11,1  
4 1,1 jiv  26 jiji vv ,12,1  
5 2,1 jiv  27 jiji vv ,1,2  
6 jiv ,2  28 jiji vv ,112  
7 12 jiv  29 jiji vv ,12,2  
8 2,2 jiv  30 1,11,1 jiji vv  
9 1,1, jiji vv  31 1,12,1 jiji vv  

10 1,2, jiji vv  32 1,1,2 jiji vv  
11 1,,1 jiji vv  33 1,112 jiji vv  
12 1,1,1 jiji vv  34 1,12,2 jiji vv  
13 1,2,1 jiji vv  35 2,12,1 jiji vv  
14 1,,2 jiji vv  36 2,1,2 jiji vv  
15 1,12 jiji vv  37 2,112 jiji vv  
16 1,2,2 jiji vv  38 2,12,2 jiji vv  
17 2,2, jiji vv  39 jiji vv ,2,2  
18 2,,1 jiji vv  40 jiji vv ,212  
19 2,1,1 jiji vv  41 jiji vv ,22,2  
20 2,2,1 jiji vv  42 1212 jiji vv  
21 2,,2 jiji vv  43 122,2 jiji vv  
22 2,12 jiji vv  44 2,22,2 jiji vv  

 
 
 



 
 
 

 180 

: MCN=100; Limit=4; S=10; 
];[ maxmin II =[5; 7]. 

,  
,  

 0  
,  

 s .  
 0  

,  
: Ss ......21 ,  .1 Ss .  

,  4.20,  
. 
 

 4.20 –  0   

 

 
 

 F,  
 s , 

.1 Ss  

s  sm  

1 4, 26, 33, 37, 40 0,5932 5 

2 1, 13, 15, 27, 29 0,6672 5 

3 5, 10, 12, 16, 38, 42 0,6811 6 

4 7, 11, 27, 29, 32, 34, 44 0,7634 7 

5 3, 5, 17, 29, 34, 41 0,9234 6 

6 11, 14, 21, 36, 39 0,9265 5 

7 3, 7, 8, 11, 25, 27, 40 1,2003 7 

8 8, 11, 26, 29, 33, 39, 43 1,3493 7 

9 6, 8, 12, 19, 33, 35 2,4954 6 

10 5, 9, 20, 26, 38 3,3221 5 
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,  

 
 

: 
 

];[2025.02109.0];[ 2,2,,, jijijiji vvvv  
];[6951.0];[2437.0];[8346.0 1,11,12,12,1,1,1 jijijijijiji vvvvvv  

];[];[0004.0 2,22,21,1, jijijiji vvvv ],;[];[0236.0 2,12,11,11,1 jijijiji vvvv  
i=2…5, j=2…5,      (4.5) 

 
 ]01,0;01,0[];[];[ ,,,,,,,, jijijijijijijiji zzzzzzvv  {i=0,1,j=0,…,5}  

{i=0,…,5, j=0,…,1} – . 
 (4.5)   

 
. ,  

.  
. 
 

,  
 

 ( :{i=0,1, j=0,…,5} {i=0,…,5, 
j=0,…,1}).  ,  (4.5)  

 
 ( :{i=2…5, 

j=2,…,5}). ,  
,  (4.5), 

,  
. 

,   (4.5)   
 

.  
,  

 
 ( :{i=0,1, 

j=0,…,5} {i=0,…,5, j=0,…,1}). ,  (4.5) 
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.  

 
 4.9. , « » ,  

 
,  

.  « »  
,  

,  
. ,  

 
. 

 

 
. 4.9. –  

 
 

 4.10  
.  
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. 4.10. –  

 
 
4.3  

 
 

 
. 

,  
, ,  

.  
 

.  
 
 

.  
 

,  
. 

, , , 
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,  
.  

 
 4.21 –  

 
 

, k , t 
 

, kz  
 

, kz  
  

, ku  
-  3 3  
1 01:00:00 2,2 3,7 853 
2 02:00:00 1,9 3,2 721 
3 03:00:00 2,1 3,5 634 
4 04:00:00 2,2 3,7 763 
5 05:00:00 2,6 4,3 972 
6 06:00:00 4,2 7 1831 
7 07:00:00 5 8,3 2675 
8 08:00:00 5,2 8,7 2707 
9 09:00:00 4,7 7,8 2517 

10 10:00:00 5,8 9,7 2834 
11 11:00:00 4,9 8,2 2528 
12 12:00:00 4,7 7,8 2476 
13 13:00:00 5,6 9,3 2875 
14 14:00:00 4,2 7 2178 
15 15:00:00 5,3 8,8 2714 
16 16:00:00 5,6 9,3 2635 
17 17:00:00 4,7 7,8 2406 
18 18:00:00 4,5 7,5 2382 
19 19:00:00 4,1 6,8 2152 
20 20:00:00 3,5 5,8 1934 
21 21:00:00 2,8 4,7 1303 
22 22:00:00 2,7 4,5 1056 
23 23:00:00 2,6 4,3 878 
24 24:00:00 2,3 3,8 861 
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,  
 

 „  –  – 
“.  – 7  2015 . 

 
 „ -26“  25 %.  

,  
 

: 
 

];[ kk zz  ]25,0 ;25,0[ kkkk zzzz , 
 

 ];[ kk zz  –  kz  
, .  

 4.21  
,  

.  
 

 4.22 –  F  
 

  
   

 
1 3kv  24 3kv · kk uu /3  

2 2kv  25 3kv · 12 / kk uu  

3 1kv  26 3kv · 32 / kk uu  

4 2
3kv  27 3kv · 12 / kk uu  

5 2
2kv  28 3kv · 21 / kk uu  

6 2
1kv  29 3kv · 31 / kk uu  

7 3kv · 1kv  30 3kv · kk uu /1  

8 3kv · 2kv  31 3kv · 2/ kk uu  

9 2kv · 1kv  32 3kv · 3/ kk uu  
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 4.22 

  
   

 
10 1kv · 13 / kk uu  33 3kv · 1/ kk uu  

11 1kv · 23 / kk uu  34 2kv · 13 / kk uu  

12 1kv · kk uu /3  35 2kv · 23 / kk uu  

13 1kv · 12 / kk uu  36 2kv · kk uu /3  

14 1kv · 32 / kk uu  37 2kv · 12 / kk uu  
15 1kv · 12 / kk uu  38 2kv · 32 / kk uu  
16 1kv · 21 / kk uu  39 2kv · 12 / kk uu  
17 1kv · 31 / kk uu  40 2kv · 21 / kk uu  
18 1kv · kk uu /1  41 2kv · 31 / kk uu  
19 1kv · 2/ kk uu  42 2kv · kk uu /1  
20 1kv · 3/ kk uu  43 2kv · 2/ kk uu  
21 1kv · 1/ kk uu  44 2kv · 3/ kk uu  
22 3kv · 13 / kk uu  45 2kv · 1/ kk uu  
23 3kv · 23 / kk uu    

 
 

, ,  
. 

,  
 

.  
 L=45, 

 4.22. 
: 

MCN=100, LIMIT=4, S=10, 3minI , 5maxI . ,  
 0  (  

S=10).  
4.23. 
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 4.23 –  
 

  

 
 

 F,  
 s , .1 Ss  

 
 

 s  

1 14, 22, 27, 40 1,6 

2 4, 12, 30, 32, 43 0,726 

3 2, 13, 22 1,348 

4 6, 9, 28, 32 0,883 

5 8, 11, 17, 20 2,546 

6 7, 19, 41 1,475 

7 15, 26, 38, 44 3,34 

8 2, 8, 25 3,081 

9 12, 23, 25, 30, 33 4,892 

10 1, 16, 19 2,073 
 

,  
 

,  0 ,  
: 6, 

9, 13, 32 ( .  
. 4.22). ,    

, : 0)( 0 .  
,  ,  

: 
 

],[],[00689.062067.0],[ 1111 kkkkkk vvvvvv

12112211 /],[53448.0],[],[02225.0 kkkkkkkk uuvvvvvv  
 333 /],[70426.0 kkkk uuvv , k=3…24.    (4.6) 
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 (4.6), 
,  

 
,  1211 /],[ kkkk uuvv  

 333 /],[ kkkk uuvv  
 k .  

 
 „ –

“ . 4.11. 
 

 
. 4.11. –  

 
 

 4.11,  
, , 

 
,  

. 
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4.4  
 

 
 

 
,  

. ,  
 

.  
,   

 
.  

 
 

. 
. 

,  
 

 [48]. ,  
.  

: , ,  [198]. 
 
 

. 
 – .  

.  
 – .  

, ),  
,  

 [48]. 
 

, ,  
 ,  

,  
, , , 
,  

,  
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, ,  
 . 

 
) .  

. 
 500  

 (75%)  
(25%). , ,  

, , 150  
, NaHCO3,   3   NaOH,   2   

 7.2,   
 

. ,  
 3 . 

 
 50  

0=[35;37] .  
 

(Bacteria, Archaea  Eucarya)  
(MCO)  ( ) ( ,  

, , ) 

.  
Bacteria, Archaea  Eucarya (  

)  100%,  
. Bacteria  

, Archaea  
 (  10% ),  Eucarya  

.   
 

,  Archaea  Eucarya. 
 ];[ kk vv  

.  
 5% . 

, 
 
 

. 
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 4.24. 

 4.24 –  
 50   

k 
,  

 

kv , 
% 

 
 

kv , 
% 

 
 

k 
,  

 

kv , 
% 

 
 

kv , 
% 

 
 

0 1 9,5 10,5 26 27 7,068 8,284 
2 3 8,55 9,45 28 29 5,9125 6,78 
4 5 7,44 8,56 30 31 3,9525 4,7475 
6 7 7,89 9,23 32 33 2,325 3,375 
8 9 8,835 10,165 34 35 1,767 2,333 

10 11 7,89 9,23 36 37 1,7475 1,9825 
12 13 6,324 7,346 38 39 1,6575 1,9025 
14 15 4,8825 5,6175 40 41 1,6275 1,8725 
16 17 5,115 5,885 42 43 1,6275 1,8725 
18 19 5,8125 6,68 44 45 1,6275 1,8725 
20 21 6,975 8,025 46 47 1,6275 1,8725 
22 23 7,975 9,025 48 49 1,6275 1,8725 
24 25 7,875 8,925 49 50 1,6275 1,8725 

 
,  

:  CTT ]37;35[];[  
 =7,2. 

 
 ), 

  
) [15].  

 
 

,  
. 

 
 

. 
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.  

 4.25. 
 4.25,  

 
 

: 
];[ ,,,, kjikji vv ]01,0;01,0[ 0,,0,,0,,0,, kjikjikjikji zzzz , {k=0,…,15}.   

 
 4.25 –  F  

 
 

  
   

 
1 1kv  167 531 kkk vvv  
2 2kv    

  177 1631 kkk vvv  
16 16kv    
17 11 kk vv  236 432 kkk vvv  
18 21 kk vv    

  
367 15129 vvv kk  

32 161 kk vv    
33 22 kk vv  560 

161514 kkk vvv  
34 32 kk vv  561 21 / kk vv  

  
562 31 / kk vv  

47 162 kk vv    
  575 161 / kk vv  

152 1616 kk vv    
153 321 kkk vvv  802 116 / kk vv  
154 421 kkk vvv  803 216 / kk vv  

    
166 431 kkk vvv  816 1516 / kk vv  
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 F  

 L=816.  
. 

 
: MCN=100 ( e  

); LIMIT=5  
» ,  

 LIMIT ,  
 « »); S=20 ), 

];[ maxmin II =[4;7] ( ,  
minI  maxI  

 s )  F 
. . 4.25).  

 0  (  
S=20). 

 
 4.26 –  

  

  
 

 F,  
 s , .1 Ss  

 
 

 s  
1 111, 187, 216, 400 13,654 

2 4, 56, 309, 522, 679 8,006 

3 54, 405, 516, 527, 714, 802 11,543 

4 119, 214, 298, 468, 588, 635, 698 13,883 

5 77, 504, 616, 634 12,46 

6 1, 5, 211, 611 4,675 

7 67, 88, 315, 442, 721 9,34 

8 223, 344, 614, 645, 811 12,831 
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 4.26 

  
 

 F,  
 s , .1 Ss  

 
 

s  

9 14, 45, 568, 697, 719, 803 8,192 

10 9, 14, 98, 318, 488, 586, 708 10,047 

11 25, 105, 216, 339, 561, 734 11,6 

12 59, 146, 287, 538, 588, 735, 804 7,896 

13 377, 568, 590, 734 9,533 

14 412, 458, 600, 722, 779 11,315 

15 34, 67, 98, 125, 488, 735, 779 10,678 

16 7, 12, 105, 737 12,005 

17 4, 12, 567, 600, 624, 755 13,972 

18 9, 111, 149, 346, 590, 815 6,817 

19 611, 623, 744, 787, 794, 810 9,211 

20 4, 604, 616, 812 8,995 
 

,  
 

.  
.  

 
. 4.25)  

,  
 

.  
 

28 ,  



 
 4.   

 

 195 

 
: 

 
],[],[],[00291.0853.0],[ 16169911 kkkkkkkk vvvvvvvv  

],[8617.0],/[],[10097.0 112288 kkkkkk vvvvvv    (4.7) 
  ],/[],[03421.0],[1278.0 112255 kkkkkk vvvvvv , k=16…49.  

 
 

 4.12.  
. 4.12,  

,  
,  

 ( ),  
. 

 

 
 

. 4.12. –  
 

 
 

. 
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. : 
 CTT ]37;35[];[ .  

, ,  
 

,  ,   
 

.  
,  

 
,  

.  
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 ( )  
 

.  
 
 
 

.  
,  

.  
,  

 
,  

 
.  

, 
 
 

.  
 
 
 

.  
 
 

.  
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