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 1. 

,  
 

 
 

 
,  

,  
.  

 ( . Decision Support System, DSS).  
 

,  
, .  

,  
, , ,  

. 
.  

 [10, 88-89]  ( ) 
: ,  

(Communication-Driven DSS), ,  (Data-
Driven DSS), ,  (Document-Driven 
DSS), ,  (Knowledge-Driven DSS), , 

 (Model-Driven DSS) ,  
 (WebbasedDSS).  (Communication-

Driven DSS) (  – GDSS)  
, . , 

 (Document-Driven DSS), , 
 

, . ,  
 (Knowledge-Driven DSS),  

,  [90].  
, ,  

. 
,  (Data-Driven DSS) ,  

 (Data-oriented DSS),  
.  
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,   

, . 
 

, . 
 
1.1. ,  

 
 

, ,  
 (MDSS),  

.  
, , , , 

. DSS, ,  
 

, .  
,  

 
. 

MDSS, , .  
, ,  

, .  
, . 

 MDSS  
. 

 MDSS,  
, . 

 DSS . 
 DSS  

, , 
. 

 MDSS  .   
. ,  

, DSS.  
, .  

,  
, . 
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DSS ,  
. ,  

 MDSS.  
, , 

. 
 – .  

,  
.  

 « ». 
 

. ,  
, . 

. DSS 
 –  

. 
, . , 

,  DSS ,  
,  

. 
1)  –  

; ,  /  
, , . 

2)  – , 
;  

, . 
3)  – . 

, DSS,  
.  

. DSS : 
 / : ,  

, , , . 
: ,  

. 
:  

.  

. ,  
. 
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, 
, . 

 
. 

 DSS. 
 DSS –  DSS,  

,  
, . ,  

,  
. , 

 
,  

,  
.  

 DSS  (OLAP) 
 

,  
.  (EIS)  

 (GIS) –  
DSS. 

 – ,  
.  

 
. .  

 – , , , 
 

. 
 (OLAP) 

,  
.  

.  
 OLAP,  

: 1 – ; 2 –  
;  3 – . 

 
 Matlab [4, 52, 97, 105,146].  

 
.  



 

 
 1. ,   

 

 13

. ,  
.  

. 
, ,  

,  
, , , , 

,  
. 

,  
, ,  

.  
,  

 – .  
.  

,  ,   
, 

.  
.  

,  « ». 
 

, . 
 

.  
: 

, , . 
,  

.  –  
.  

.  
 
 

 

 , ,y x p  (1.1) 

 y - ; x  -  
; p  - , , , 
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;  -  ( ), 
 

. 
  

. 
 , ,   - ,  

 – ,  
: 

 1 ... ,i m my x  (1.2) 

y  - ,  
; ,...,i m  -  ( ,  

) 
; 1 ,... mx x  - . 

 ,  2  
 [51, 56, 70, 195, 196, 200, 201, 238, 248, 250]: 1 – 

,  2 – .  
 

1 ,... mx x .  
,...,i m . , 

. 
,  

.  
:  

 

111 1

1

1

; ;

n

i in i

N Nn N

yx x

X x x Y y

x x y

. (1.3) 

 
 ( ): 



 

 
 1. ,   
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11 1 1

1

1

( ) ( )

( ) ( ) ;

( ) ( )

m

i m i i

N m N N

yx x

F x x Y y

x x y

 (1.4) 

 ,  (1.4)  
,  

1 ,... mx x .  
 

. 
 ,  

,  (1.2) . 
,  

. 
 

p  - , , , 
. , ,  

» . 
 

.  
 [102, 110, 120, 144, 180, 249, 

257, 258]: , .  
 

  

 0 0,   ,y y e y y e  (1.5) 

 0,y y  - ,  
;  – ,  

p . 
  

 0 [ , ] 1,...,i i iy y y i N  (1.6) 
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 [ , ] 1,...,i iy y i N  –  
. 

, 
,  

 « »,  
 0   1.   

( )y : 

 
( )

0 [ , ] 1,...,
y

i i iy y y i N . (1.7) 

,  
,  

. 
 (1.5) – (1.7), 

,  
 

,  
.  

,  
,  

,  
 
 

 [1, 2, 72-75, 100, 103, 118, 119, 124, 133-141, 169, 
185, 197, 254, 261-265, 267, 269]. 
 

1.2.  
 

 
 
 

 [13, 21, 63, 64, 66, 104, 113, 115, 125, 158, 160, 161, 192, 193, 
197, 198]. ,  

 X  
 [ ]Y : 



 

 
 1. ,   
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1 111 1

1

1

;

; ;

;

n

i in i i

N Nn N N

y yx x

X x x Y y y

x x y y

. (1.8) 

 
: 

 0 1 ... .i m my x x  (1.9) 

 (1.9),  0y  
. 

 (1.9)  ,  
1 ,..., mx x ,  

1,..., m .  
,  

 i  
( )T

oi iy x  [ , ]i iy y .  
:  

 i oi iy y y , i=1,...,N. (1.10) 

 [133-
137, 147].   

, ,  ( )Ty x  
 (1.10)  

[ , ]i iy y . ,  b   
. ,  ˆ( ) ( )Ty x x b  

 b  
 [158, 169]. 

, ,  
 (1.9)   (1.10)   (1.8)   

.  b  
 N  m  
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[67, 158,169]: 

 
1 1 1 1 1 1

1 1

( ) ( ) ;

( ) ( ) .

m m

N N m m N N

y b x b x y

y b x b x y
 (1.11) 

 i  (1.11) 
,  ( )y x   

 (1.8)  i  
 (1.8), ,  

.  
 [67, 133, 158,169],  (1.11)  N 

 m  1, , mb b .   
 

).  (1.11) , 
: 

 Y F b Y , (1.12) 

 , 1, , ,  , 1, ,i iY y i N Y y i N  – ,  
 [ , ]i iy y , ; F–   

,  (1.4). 
 (1.12) ,  

 [158,169].  
: 

 mb R Y F b Y . (1.13) 

 
.  b  

 
 ( ) ( )Ty x x b  

,  
. 

 



 

 
 1. ,   
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 ( ), : 

 [ ] [ ; ],y x y x y x  (1.14) 

,  ( ): 

 min ( )T

b
y x x b  (1.15) 

 max ( )T

b
y x x b . (1.16) 

 
 b  

,  [125, 192]: 

 0,5 p sb b b , (1.17) 

 sp bb ,  –  
. 

 
 [63, 64, 66, 193, 197]: 

 ( ) max ( ) min ( )T T
y x bb

x b x b . (1.18) 

,  
 ( )y x  ix  

 

 ( ) minT b
ix b , ( ) maxT b

ix b ,  (1.19) 

.  
,  

 ( )y x x : 



 

 
 
 

 20 

 ( ) ,
max ( ( ) ( )),
p s

T
y x p sb b

x b b x , (1.20) 

 ,p sb b  –  ( ) . 
,  

 
. 

 
,  

 
: N=m.  

 [67, 117, 142, 167, 168, 174, 
175, 202, 205, 206, 225]. 

,  F  (1.11)  
 mF . ,  

,  1
mF  -  mF . 

 m  (1.11),   N=m 
[202, 205, 206].  

. 1.1 , . 
 

 
 
 
 
 
 
 
 
 
 
 

1b  
 
   ) N=m=2                                    ) N=m=3   

  
 1.1 –  

 

m

 

2b  

1b  

2b  

3b  

m



 

 
 1. ,   
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,  
,  

. 
. 1.1, , 
 m –

[165, 202].  m  
,  

[158]: 

 s sF b Y , (1.21) 

 sY  – ,  
[ , ]i iy y . 

,  
(1.14)-(1.16) ,  

, .  
 

, ,  
,  

 [158]: 
 m : 

 2{ ( ) ( ) }m T T
m m mQ b R b b F E F b b m ,  (1.22) 

». 
 (1.22) : 

 
2

1

1

1
2

m

sm
s

b b F Y  (1.23) 

 mQ ; 1( ,..., ,..., )i mE diag  –  
,  

; Y  – , 
 / 2i i iy y y , 

i=1,...,m. : 



 

 
 
 

 22 

 
2

1
1

1 ( ,..., )
2

m

T
s mm

s
Y Y y y  . 

,  
, ,  

 
: 

 ( ) ( )
1 1[ ( )] [ ( ) ; ( ) ]
2 2m m m

T T
y x y xb Q b Q b Qy x x b x b , (1.24) 

( ) my x b Q  –  
. 

 
 [12, 45, 65, 121, 159, 160, 165, 170, 259]:  

 
2 1

( ) 2 ( ) ( ) ( )
m

T T
y x b Q

x F E F x m . (1.25) 

,  [158],  
,  

 ( )  
 m )  

m : 

 2{ ( ) ( ) 1}m T T
m m mQ b R b b F E F b b . (1.26) 

 (  
) : 

 2 1
( ) 2 ( ) ( ) ( )

m

T T
y x b Q

x F E F x . (1.27) 

 (1.24),  (1.25)   (1.27),   
 
 

,  .   



 

 
 1. ,   

 

 23

,  
,  

 
.  

 
1.3.  

 
 

 
,   

 
 

. ,  
 

 ( )  – 
. , ,  

 
 

 ix  
 (1.19).  

,  
 –  

.  
 [13, 21, 63, 64, 104, 125, 158, 160, 161, 192, 193, 197, 

198], , ,  
.  

,  
, 

,  
 

.  
 

:  [104, 125],  [45, 65, 121, 
159, 160, 161]  « »  [21, 37, 
165, 170]. ,  

,  
. 



 

 
 
 

 24 

,  
 ][b :  

 { , 1,..., }j j jb b b b j m . (1.28) 

. 1.2  
 

. 

 
 1.2 –  « »  « » 

  
) (m=2, N=4). 

 
 « » ( ) 

 2m  
 (1.12): 

 min , max , j j j j
b b

b b b b 1,...,j m . (1.29) 

 
[121]: 

 [ ] 1 1
[ ( )] [min ( ) ;max ( ) ]

m m

j j j jb b j j
y x x b x b . (1.30) 

 « » ( ) 
 

 [12, 30, 33, 190]. 



 

 
 1. ,   

 

 25

 
,  

, . ,  
,  

. 
,   

,  
,  

.  
 

. ,  
 [158],  

 
,  

, .  
 

. 
,  

 
.  

 
1.3.1.  

 
 

 
 (1.12)  [45, 65, 121, 159, 160, 161, 192, 

193, 259, 260]. , 
, .  

,  
.  

.  
. 1.3. 



 

 
 
 

 26 

 
 1.3 –   

  
. 

 
 (  

),  k  
 Q(k) –  

 (k-1)-  « » ( )k  
 

 ( ) ( 1) ( )Q k Q k k , (1.31) 

 « »  
: 

 ( ( )) ( ( 1))V Q k V Q k , (1.32) 

 ( )V  – .  
 (1.32) .  [45, 

159, 160, 161] ,  
 

 ( ). , 
,  

.  
 

[159, 168]:  

 
( ) { ( ) ( ) ( )}m T

k k k kQ k b R b b H b b , (1.33) 



 

 
 1. ,   

 

 27

kb –   

 1
1 1 1

1 1

( )
1

Tk
k k k k k kT

k k k k

b b y x b H x
x H x

;  

1kH – , ,  
. : 

 
k-1

1 1 1
k-1 1

( ) [ ]
1

T
k k k k k k kT

k k k

H H H x x H
x H x

; (1.34) 

 2 1
1 1

k-1 1

( ) 1 ( )
1

T
Tk k k

k k k k k kT
k k k

y x b H x x H
x H x

;   

0.5 ( )i iy y  – ,  
; k  – .  

 
,  k  

 [158]: 

 
2 2 2

1 1 1 1

2
1 1 1 1

( 1) [(2 1) (

( )) ] ( ) 0

T T T
k k k k k k k k k k

T T T T
k k k k k k k k k k k k k

m x H x m x H x x H x

y x b x H x m y x b x H x
.   

 
.  

,  
. 

 
 

».  
.  

 
: 

 ( ) ( )( ) ( ) ( )

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

T T
y x y xb Q k b Q k b Q k

y x x b x b , (1.35) 
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.  

 
. 

 (1.35) ( ) ( )
 y x b Q k
 – , 

:  

 
1

( ) ( )
2 ( ) ( ) ( )T

y x kb Q k
x H x . (1.36) 

,  
, 
 

. 
 
1.3.2.  

 « »  
 

 
 [21, 37, 165, 170],  

.  
,  

» m , 
. 

.  ,   [21, 37], 
 

.  
 
 

. ,  1.2 ,  
 (1.11)  « » 

,  ,  ,  ,   
 2m  m  

 [170].  1.2  
 

 « » . ,  
 (1.22)  (1.26) 

 



 

 
 1. ,   

 

 29

(1.24) . 
 

,  
.  

.  
 

, . 1.4. 
. ,  

 
 [158].  

, 
.  

1.  (1.11) m  
(« » ), .  

 m, ,  
 (1.21).  

,  
ID  

ix , i=1,...,N: 

 
 1.4 –  

 « »   
(m=2, k=N-m) 

 2 1

1
( ) det( ) min, , 1,...,m

m T F
i i m m i

i
y y F F x i N  (1.37) 

 { ( ), 1,..., }T
m iF x i m , ix , i=1,...,N  X .  
2. ( )sL k ( ( ))sL k  

: 
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 1 1( ) ( ) ( )T
s k k sL k y x b k , (1.38) 

 1 1 1( ) ( ) ( ) ( )T
s k s k s kL k x b k y L k , (1.39) 

 1kx  –  k+1  
 (1.11),  

» ; 1 1,  k ky y  –  
 k+1  

(1.11); k 1 1 1k ky y .  
3.  ( 1)i k  ( 1)i k , : 

 

1

1
11,...,2

1

min { ( ) / ( ) }, ( ( ) 0, 1....,2 )

( ( ) 0) ( ( ) 0, 1,...,2 );( 1)

0,   ( ) 0,

m

T m
s k i ss

T m
k i si

s

L k x f L k s

x f L k sk

L k

 (1.40) 

 

1

1
11,...,2

1

min { ( ) / ( ) }, ( ( ) 0, 1....,2 )

( ( ) 0) ( ( ) 0, 1,...,2 );( 1)

0,   ( ) 0.

m

T m
s k i ss

T m
k i si

s

L k x f L k s

x f L k sk

L k

 (1.41) 

4.  [ ( 1)iy k ; ( 1)iy k ]  
 « » 

 k+1  (k=1,...,N-m) :  

 ( 1) ( ) ( 1)i i iy k y k k , ( 1) ( ) ( 1)i i iy k y k k , 1,...,i m.(1.42) 

5. k N m, 2.  
. 

,  k+1  
,  

,  
(1.41)  « » . , 

 



 

 
 1. ,   

 

 31

, .  
,  

. 
 (1.38) – (1.42)  

 
»  

 
[12, 170]. ,  

,  
»  (1.37). 

,  (1.37)  
,  

 
. ,  

(1.38)-(1.42). 
,  « »  (  

)  
. ,  

 
 « »  

 (1.44)  
 

. ,  
 

»  DI  
 

.  
 

 « » ,  
,  

. 
,  

 
 

, , . 
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1.3.3.  
 

 
, ,  

.  
 

,  
.   

.  
 
 

 [200].  
 

[200]. ,  
,  [200]. 

,  
.  

,  
 (1.20). ,  

 
. 

,  
 min , max , j j j j

b b

b b b b .  

 
, . 

, , 
 

. 
 

 (1.9).  
,  

 min , max , j j j j
b b

b b b b .  

 « »  
.  

 [147]. 
,  



 

 
 1. ,   

 

 33

,  
.  

,  
.  

,  
 min , max , j j j j

b b

b b b b ,  

.  
 

 [64]  
. 

 ( ).  
. .  [107-109, 178-

184, 191, 208-209, 237, 244-247]  
,  

.  
 

 [182].  
-

 –  
 

. 
 

.  
,  – 
,  –  

 [108]. 
, ,  

 
,  

 
 

. 
 
 

 ( ),  
 (1.11) 

,  
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. , , 
,  

. 
.  

,  
 [130, 132, 157, 256],  

,  
.  

 ( )  
 ( ). ,  

 
 

:  –  ( );  
– - ;  – 

 
 [130].  

 [130]:  ( );  
 – . 

 
 

,  
 

.  
 
 

,  
.  

,  
)  [6,  58,  59,  99].  ,   

 
   

. 
 
 

 [27, 85-87, 214-216].  –  
.  

, . ,  



 

 
 1. ,   

 

 35

 
.  

 
.  ,   

.  
,  

 – .  
»  

, ,  
.  

 
.  

: ,  
. ,  

, .  
 [58, 59, 99].  

,  
,  

. ,  
. -
.  

. 
 
 
 

. 
, ,  
, :  – 

 
; 

 – , 
 

;  –  
 

.  
,  

.  
.  
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,  
.   

 
. 
-

,  
, ,  

.  
, ,  

, , 
. , ,  

»  
.  ,   « »   

,  « » . 
, 
 

.  
 
 

,  – 
. 

,  
,  

 
, , 

 
. 

 
1.4.  

 
 

1.4.1.  
   

 
 

. . , . . 
, . . , . . , . . [16, 17, 26, 40, 

62, 78, 103, 104, 172, 188, 189, 192, 197, 198, 229, 230, 240, 243, 260-



 

 
 1. ,   

 

 37

265, 267]. 
 

,  
 
 

. ,  
, .  

, .  
 

, . 
,  

 [157, 172] ,  
: 

 [ ; ], 1,...,k kz z k K ,  (1.43) 

 ,k kz z  –  
 Kk ,...,1 , 

. 
 

 ( )[130, 131, 153, 155, 157, 
255]: 

 1 ,0 ,( ,..., , ,..., ),k k d k p p kv F v v u u g ,...,k d K ,  (1.44) 

 F( )  – ; kv  –  
 ( )  Kdk ,..., ; ,0 ,,...,p p ku u  – 

 ( )  
p =1,…,P  ( )  ,...,k d K ;  d –  

; g  – . 
 

 [130, 155, 157]: 

 1 ,0 ,( ,..., , ,..., ) ,T
k k d k p p kv f v v u u g ,...,k d K   (1.45) 



 

 
 
 

 38 

 )(Tf  – ,  
,  

,  
 ( ) . 

,  
 

, . [178-184].  
 

.  
, , ,  

, ,  
 –  

 [157]. 
 

, :  
 )(Tf ;  

 ( ) ,0 ,,...,p p ku u ; , ,  
,  – 

.  
 g  

,  
1 ,0 ,,..., , ,...,k d k p p kv v u u ,  – . 

 
. 

 
 –  

,  
 (1.43), ,  

 (1.45),   
: 

 [ ; ]k k kv z z , 1,...,k K . (1.46) 

 (1.46)  
 

, . 



 

 
 1. ,   

 

 39

,  g  g  
 (1.45) . 

 g  
 g  (1.45)  

 
 0 1ˆ ˆ[ ],...,[ ]kv v  

 ,0 ,,...,p p ku u ,  
 ˆ[ ]kv  ( ) k=d,…,K: 

 1 ,0 ,ˆ ˆ ˆ ˆ ˆ[ ] [ ; ] ([ ],...,[ ], ,..., ) , ,...,T
k k k k d k p p kv v v f v v u u g k d K , (1.47) 

 ˆ[ ]kv  –  
 k=d,…,K. 

,  
 (1.47), 

 ( ). 
 
 

.  
 (1.46)  

,  (1.47), 
: 

 ˆ ˆ[ ; ] [ ; ]k k k kv v z z , 1,...,k K .  (1.48) 

 (1.48)  
 

, , ,  
.  

 
. 

 (1.47)  (1.48)  
ˆ ˆ[ ; ]k kv v  

 

 0 0 0 0ˆ ˆ ˆ ˆ[ ; ] [ ; ],...,[ ; ] [ ; ]k d k d k d k dv v z z v v z z  (1.49) 



 

 
 
 

 40 

 ,0 ,,...,p p ku u ,  
 ( ): 

 
0 0 0 0

1 1 1 ,0 ,

ˆ ˆ ˆ ˆ[ ; ] [ ; ],...,[ ; ] [ ; ];
ˆˆ ˆ ˆ ˆ([ ; ],...,[ ; ], ,..., ) ;

,..., .

k d k d k d k d
T

k k k k d k p p k k

v v z z v v z z

z f v v v v u u g z

k d K

 (1.50) 

,  (1.47)  
(1.48)  (1.50). 

,   (1.50)   
 

:  

 ,0 ,
ˆˆ ˆ ˆ ˆ([ ; ],...,[ ; ], ,..., )T

k k d k d k d k d p p k kz f v v v v u u g z .  (1.51) 

 
 K.  (1.51),  

 ( )  
 g   .  

,  
.  

,  NP- . ,  
 (  

)  
,  [12, 26]. 

 1.  (1.49). 
 2.  0g  

 lg : 

 lll rgg 1 , (1.52) 

 
 [-1;1]. 



 

 
 1. ,   
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 3.  
 ˆ[ ]kv  k=d,…,K  

 (1.51). 
 4.  « » )( lg  

g .  
,  « »  

,  
  .  

 
 

 – , .  
 « ».  

,  
 
 

. .  
, : 

 
,...,

ˆ ˆ( ) max { ([ ]) ([ ])},l k k
k d K

g mid v mid z  ˆ[ ] [ ] , ,..., ;k kv z k d K (1.53) 

,...,
ˆ ˆ ˆ( ) max { ([ ]) ([ ] [ ])},l k k k

k d K
g wid v wid v z  ˆ[ ] [ ] , ,..., ,k kv z k d K (1.54) 

 )(mid  )(wid  –  
. 

 « » )( lg  
 lg  

 ( )( lg =0), , 
 –  2. 

 
 

  

 min)( gg   (1.55)  
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 1g , 
2g ,…, lg  )( 1g , 

)( 2g ,…, )( lg ,  (1.53)   (1.54).  ,  
 

,  
)( 1g > )( 2g >…> )( lg >…> )( gg Ll  

 l=L.  
 

 (1.55)  [172]  
 2: 

;  
;  

;  
. 

 [157, 172] ,  
 

.  
,  

,  
,  

. 
 

, , 
,   

.  
 

,  
 

,  
 

, , ,  
 
 

.  
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1.4.2.  

 
 

 
, : 

 })(;;)(;)({ 2211
s
m

s
m

ssss
s ss

gfgfgf ,  (1.56) 

 s – ; 
Fffff s

sm
sss )}(;);();({ 21  – ,  
 s . 

: ];[ maxmin IIms  –  
 s ; F  – , 

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

s
m

sss
s

gggg  –  
. 

 
 0 ,   

 

 
0 0

0 0 0 0 0 0
0 1 1 2 2[ ( )] [ ( )] [ ( )] ... [ ( )]k m mv f g f g f g , (1.57) 

 (1.54). ,  
 

, . 
 

 )( s ,  
 (1.48). 

 )( s  
.  

 )( s  s  
: 
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 1 ,0 ,
,...,

ˆ ˆ( ) max { ( ([ ],...,[ ], ,..., ) ) ([ ])},T s
s s k d k p p k k

k d K
mid f v v u u g mid z (1.58) 

 ˆ[ ] [ ] ,..., ;k kv z k d K  
 

 
1 ,0 ,

,...,

1 ,0 ,

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

ˆ ˆ(( ([ ],...,[ ], ,..., ) ) [ ])},

T s
s s k d k p p k

k d K
T s
s k d k p p k k

wid f v v u u g

wid f v v u u g z
 (1.59) 

ˆ[ ] [ ] ,..., ;k kv z k d K  
,  

 )( s : 

 ];[min,)( maxmin
, IIms
fg

s
s

s

, Ff s .  (1.60) 

,  
 
, 

,  (1.50).  
 
, 

 ;  
» ;  

; . 
, ,  

 
. , 

.  
 [85-86]  

 
. ,  
,  

 
 

;  –  



 

 
 1. ,   
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 g ;  – , 

 
;  – 

 s ;  
 s  s ,  

,  
 s .  

,  [58, 59, 85, 86] 
 

.  
 (1.60),  

 [85-86],  
.   

,  
.  

 ( )  
,  

 
.   

 ,  
,  

,  
,  

.  
,  

.  
 ( )  

,  
.  

 
 

,  
, .  

  
, , 

,  
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,  
, ,  

.  
 

 1 
 
1.  

. ,  
,  

 
,  

 
,  

 
. 

2.  
 
 
 

. 
3.  ,   
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 2. 

 
 

 
 

,  
, ,  

 
. ,  

.  
 

,  
 

.  
.  

 
 
 

.  
 

,  
.  

 
.  

 
2.1.  

 
 

 
,  

. , ,  
. .  

,  
0y  

 
0 1 ... ,i m my g x g x     (2.1) 
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: 

 
1 ; , 1,...,i in i ix x y y i N  .     (2.2) 

 
 (  

) : 
 

 
1 1 1 1 1 1

1 1

( ) ( ) ;

( ) ( ) .

m m

N N m m N N

y g x g x y

y g x g x y
 (2.3) 

 
,  

 (2.1) . 
 

. ,  
 

 (2.1).  
 0y  

 
 

0 1 1 2( ) ... ( )m m my g x g x .   (2.4) 
 

 (3.4),  1 2( ),..., ( )m mg g  
.  

(2.2) , ,  
,  

, : 
 

 
1 1 1 1 2 1 1

1 1 2

( ) ( ) ( ) ( ) ;

( ) ( ) ( ) ( ) .

m m m

N m N m m N N

y g x g x y

y g x g x y
. (2.5) 

 
,  
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 ( ). 

 
.  

,  
.  ,   

 
 ( )   

).  
 

,  
 

.  
. ,  

 
. 

 
2.2.  

 
 

, ,  
 
 

 (2.5). , 
 

. 
, ,  

,  
 

. , ,  
,  .  -  ,   

,  (2.5)  
 

.  
,  (2.5)?  

,  
,  

.  
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,  
 (2.5)  1,..., mg g . 

 1,..., mg g  (2.4)   
 ix  (  

). : 
 

1 1 2( ) ( ) ... ( )i m i m m iy x g x g x .     (2.6) 
 

 
1 1[ ; ],...,[ ; ]m mg g g g -  (2.5),  

: 
 

1 1 2[ ( ); ( )] ([ ; ]) ... ([ ; ])i i m i m m iy x y x g g x g g x . (2.7) 
 

,  (2.5)  
 [ ( ); ( )]i iy x y x  

 ix ,  ; , 1,...,i iy y i N ,  
, , 

: 
[ ( ); ( )] ; , 1,...,i i i iy x y x y y i N      (2.8) 

,  
 (2.5)  

 « »  
,  (2.6)  

(2.7). l-
 ([ ; ])

l l
g g  

 
 – ,  

 
 –  

.  (2.8),  ([ ; ])
l l

g g , 
, : 

 

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

l l i i i ii N
g g mid y x y x mid y y ,     



 

 
 2.   
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 [ ( ); ( )] ; , 1,...,i i i iy x y x y y i N      (2.9) 
 

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

l l i i i i i ii N
g g wid y x y x wid y x y x y y ,  

 [ ( ); ( )] ; , 1,...,i i i iy x y x y y i N     (2.10) 
 

 )(mid ,  )(wid  -  
, . 

. 2.1  
 ([ ; ])

l l
g g . 

 2.1 ),  (  
 (2.9))  

 
.  

 3 3[ ( ); ( )]i iy x y x  
3 3;i iy y , .  

 ([ ; ])
l l

g g . 
 

 

 
) 

 

1                2                  3                  4                 5                  6          

 

 

[ ( ); ( )]i iy x y x
;i iy y  

([ ; ])
l l

g g

3 3[ ( ); ( )]i iy x y x
 

3 3;i iy y
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) 

 2.1 –  ([ ; ])
l l

g g :  
)-  (2.9); )-  

 (2.10),  
 

 
,  

 
 1 1[ ; ],...,[ ; ]m mg g g g , 

 (2.5). ,  
 1,..., mg g  

 (2.6),  
(2.9) : 

 

1,...,
( ) max ( ) ( ; )

l i i ii N
g y x mid y y ,  ( ) ; , 1,...,i i iy x y y i N  (2.11) 

 
,  

 
( ) ; , 1,...,i i iy x y y i N ,     (2.12) 

 
.  

,  
 (2.10)  (2.12). 

, ,  

  1  2  3         4         5        6   

2 2[ ( ); ( )]i iy x y x  

2 2;i iy y  

([ ; ])
l l

g g  

;i iy y
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, . 

 
,  

 
, , 

 ix . 
. 2.1 ).  

([ ; ])
l l

g g  (2.10). . 2.1 ) ,  
 2 2[ ( ); ( )]i iy x y x  2 2;i iy y , 

.  (2.9)  
.  

 
,  

, , ,  
,  

 (2.9).  

 
 2.2 –  

 (2.10),  ([ ; ])
l l

g g =0 (  
 (2.5) 

 
 (2.5) ),  

,   
 

2 2;i iy y  

2 2[ ( ); ( )]i iy x y x  

[ ( ); ( )]i iy x y x
 

;y y  

   1   2  3  4         5         6   
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([ ; ])
l l

g g =0,      (2.13) 
 

 (2.5). 
,  ([ ; ])

l l
g g  

. . 2.2.  
 (2.9)  (2.10)  

 ([ ; ])
l l

g g , 
.  

 
[ ( ); ( )]i iy x y x ,  (2.7)  

. :  
1 1 21,...,

([ ; ]) max ( ([ ; ]) ... ([ ; ]) ) ( ; )
l l l l l lm i m m i i ii N

g g mid g g x g g x mid y y , 

 [ ( ); ( )] ; , 1,...,i i i iy x y x y y i N     (2.14) 
 

1 1 21,...,
([ ; ]) max ( ([ ; ]) ... ([ ; ]) )

l l l l l lm i m m ii N
g g wid g g x g g x

1 1 2( ([ ; ]) ... ([ ; ]) ) ;
l l l lm i m m i i iwid g g x g g x y y ,  

 [ ( ); ( )] ; , 1,...,i i i iy x y x y y i N .   (2.15) 
 

,  
 
 

1 1 2 2[ ; ], [ ; ],...,[ ; ],...l lg g g g g g ,  
,  

1 1 2 2([ ; ]), ([ ; ]),..., ([ ; ]),...l lg g g g g g ,  (3.14), 
 (3.15), : 

 
1 1 2 2([ ; ]) ([ ; ]) ,..., ([ ; ]),..., ([ ; ] )l l l L l Lg g g g g g g g , (2.16) 

 
  -  (2.5). 

 
,  

. 
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2.3.  
 

 
 

 2.2,  
 

, : 
 

[ ; ]([ ; ]) min, [ ; ] [ ; ], 1,..., , 1,...,l lg g uplow
l l jl jl jl jlg g g g g g j m l S ,  (2.17) 

 
 ,  uplow

jl jlg g -  
,  ([ ; ])l lg g  

 (2.14)  (2.15). 
,  

, ,  
 
 

.  
,  

 (2.14)  (2.15). 
 ( ) –  

, . 
 

 ( ). 
,  

  ,  
.   

.   
,  

.  
,  

.  
, , 

,   
, .   

.  
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.  .  
,  .   

. ,  
 .  (  
) .  

. 
 

 (2.17),  
 

. 
. ,  
 lg .   

 (2.17).  
 l , . 

 S.  
 (l = 1,...,S) - .  

 m , 1,...,jlg j m, , 
 (2.17). 

 
: 

 
[ ; ] [ ] (0,1) ( ), 1,..., , 1,...,uplow low

jl jl jl jljlg g g rand g g j m l S ,  (2.18) 
 

 [ ] [ ; ]low low low
jl jl jlg g g  -  

 (  
);  

(0,1)rand -  [0;1],  
.  

,  
,  [ ]low

jlg  
. 

,  
,  n =0 –  

MCN – , LIMIT – ,  
,  limit =0.  
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,  

.  (2.17)  
 (2.14)  

(2.15). ,  ( ) ,  
,  « ». 

 
: 

 
[ ] [ ] ( ), 1,..., , 1,...,n

jl jl jl jl jpg g g g j m p l S ,   (2.19) 
 

 [ ]m n
jlg -  

; 
pg -   

1,...,p l S ;  
1,...,j m- ; 

jl -  [-1,1].  
 (2.16),  (2.19) 

,  
,  

 jl jpg g - . 
 

m n
lg  

 (3.14)  (3.15):  
[ ] [ ],   ([ ]) ( [ ]mcn

l l l lg g g g  
  

[ ] [    ],  ([ ]) [ ]mcn mcn
l l l lg g g g .    (2.20) 

 
 .  

, : 
.  

 
, .  

) , . 
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 lP : 

 

1

1 ([ ])

(1 ([ ]))

l
l S

l
l

g
P

g
.      (2.21). 

 
,  

 lg ,  
lm , , 

 (2.19). ,  
:  

 
l lm P S , 11,..., , 0ll S m .     (2.22) 

 
,  

 
,  

. 
 

 (2.14)  (2.15)  
 

(2.20). 
 . ,   

. ,  
 (2.18). 

. ,  
,  

,  
.  

,  
 limit  LIMIT.  

 
(2.17)  

. ,  
, . 
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2.4.  
 

 
 

.  
,  

.  
,  

, , 
. 

,  
: 

 
 1( ,...,T

k k d kv f v v 0 1,..., , ) ,d ku u u g ,...,k d K,  (2.23) 
 

 kv  –  
 ,...,k d K ;  

0,..., ku u  -  ( );  
d  –  ( );  
g  – ;  

( )Tf  - .  
 (2.23)  

. , ,  
, .  

, ,  
,  

, . 
 

: 
 
 [ ; ]k kz z , 0,...,k K , 
 

 , k kz z  - ,  
,  

,  0,...,k K . 
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,  
 
 

: 
 

 
0 0 0 0 1 1 1 1

1 0

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

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

d d d d

T
k k d k k k

v v z z v v z z

z f v v u u g z k d K
 ,  (2.24) 

 
 – ,  –  

,  
,  

 (2.24).   
 (2.23), 

,  
, :  

 
 1 0 1[ ] [ ; ] ([ ],...,[ ], ,..., , ) , ,..., .T

k k k k d k d kv v v f v v u u u g k d K ,  (2.25) 
 

 [ ]kv  –  
 ,...,k d K ; 

g  – . 
,   (2.25),   

. 
 

 ( ).  
,  

(2.24)  – 
. ,  
,  (2.24)   . 

,  
,  

,  
.  

, . 
. 
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,  
,  (2.24)  

 
.  

,  
(2.24)  (2.5)  

 [ ]kv  
 0,...,k K  [ ; ]k kz z ,  

, ,  
: 

 
[ ] ; , 0,...,k k kv z z k K     (2.26) 

 
,  

 (2.24)  
 « » , 

 (2.25).  
l ,  

,  ( )
l

g  
, 

,  (2.25),  
 [ ; ]k kz z  –   

, .  
,  ( )

l
g  

 
.  ( )

l
g ,  

, , : 
 

1,...,
( ) max ([ ]) ([ ; ])k k ki N
g mid v mid z z  [ ] [ ; ] , 0,...,k k kv z z k K  (2.27) 

1,...,
( ) max ([ ]) ([ ] [ ; ])k k k ki N
g wid v wid v z z , 

 [ ] [ ; ] , 0,...,k k kv z z k K      (2.28) 
 

,  (2.24),  (2.5)  
,  

, . 
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, ,  
 (2.24).   

 
,  ( ) NP  

.  ( )
l

g  
. 

 . 2.3  
 ( )

l
g . 

 2.3 ),  (  
 (2.27))  

 
.  

 2[ ]kv  2 2;k kz z ,  
 2.  
 ( )

l
g . 

 

 
) 

k 

 

5 1                2                  3                  4                 5                  6           2 3 4 

3 3;i iy y  

3 3[ ( ); ( )]i iy x y x  

([ ; ])
l l

g g  

[ ( ); ( )]i iy x y x  

;i iy y  
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) 

 2.3 –  ( )
l

g : )  
 (2.27); )  

(2.28),  
,  ( )

l
g  

 2,   
 

.  
,  (2.26)  

, , : 
 

( )
l

g =0.      (2.29) 
 

 (2.27)  (2.28)  
 ( )

l
g ,  

:  
 

1 0 11,...,
( ) max ( ([ ],...,[ ], ,..., , ) ) ( ; )

l

T
k d k d k k ki N

g mid f v v u u u g mid z z ,    

 [ ] [ ; ] , 0,...,k k kv z z k K      (2.30) 
 

1 0 11,...,
([ ; ]) max ( ([ ],...,[ ], ,..., , ) )

l l

T
k d k d ki N

g g wid f v v u u u g     

- 1 0 1( ([ ],...,[ ], ,..., , ) ) ;T
k d k d k k kwid f v v u u u g z z ,      

  1  2  3         4         5        6   

2 2[ ( ); ( )]i iy x y x  

2 2;i iy y  

([ ; ])
l l

g g  

;i iy y
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 [ ] [ ; ] , 0,...,k k kv z z k K .      (2.31) 
 

 
, ,  

 
 1 2, ,..., ,...lg g g ? 

, , 
 

 1 2( ), ( ),..., ( ),...lg g g ,  (2.30),  
(2.31), :  
 

1 2( ) ( ) ,..., ( ),..., ( )l l Lg g g g ,   (2.32) 
 

  -  (2.32). 
 ,  

 
,  
.  

,  
,  

: 
 
( ) min, [ ; ], 1,..., , 1,...,lg uplow

l jl jl jlg g g g j m l S ,     (2.33) 
 

 ( )lg  
(2.30),  (2.31). 
 ,  

 
, .  

. ,  
 (2.33) –  

 lg .  
,  

 l , ,  
 S.   
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: 

 
(0,1) ( ), 1,..., , 1,...,uplow low

jl jl jljlg g rand g g j m l S ,   (2.34) 
 

 ,  low low
jl jlg g  -  

. 
,  

,  
,  [ ]low

jlg  
 low

jlg . 
,  

.  
. 

 
 

 (2.30)  (2.31).  
, : 

 
( ), 1,..., , 1,...,n

jl jl jl jl jpg g g g j m p l S .   (2.35) 
 

 
m n
lg  

 (2.30)  
(2.31): 

,   ( ) ( mcn
l l l lg g g g  

  
    ,  ( )mcn mcn

l l l lg g g g .    (2.36) 
 

. ,  
 (  

),  
.  

.  
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,  -  
,  
), . 

: 
 

1

1 ( )

(1 ( ))

l
l S

l
l

g
P

g
.      (2.37) 

 
,  

 ( )lg ,  
),  (2.37) 

.  
,  (2.27) : 

 

1

1
1( )

( )

l S
l

l l

P
g

g

.      (2.38) 

 
,  

 
 (2.33)  (2.22). , , 

 lm ,  
 

,  (2.22)  
:  

 
1( ), 1,..., , 0.l l lm ToInt P S l S m .     (2.39) 

 
 ( )ToInt  - . 

,  
.  

 
, . 
 . ,  

.  
 (2.34). ,  
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.  

 
.  

 2S  – .  
 

 ( )lg ,  
 S. .  

,  
 

, 
 

.  
,  

, , . 
 

2.5.  
 

 
,  

,  
 

 (2.33) . 
 m=2  

 (2.33). , ,  
 (2.33). 

 2.4  S  
 (2.34). ,  S = 8. 

,  
 

,  
 (2.18),  « », 

 [ ]low
jlg . 

  S 
 (2.35).  2.5 

.  
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 (2.36) –  
,  ( )lg . 

 

 
 2.4 –  S  

 

 
 2.5 – :  

 S . 
 

, 
 S    



 

 
 2.   
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,  
  (2.38)   

(2.39)  (2.35) .  
.  

 2S  S –
,  ( )lg .  

 2.6.  
 2.6 ,  

 ( )lg ,   
. ,  

 
 (2.33). 

 

 
 2.6 –  

:  (S )  
, . 

 
 ( )lg ,  

 
 (2.35), (2.36), (2.38)  (2.39).  

,  
, ,  

 ( )lg .  
,  
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.  
, 

,  ,  
 (2.34).  2.7  

. . 2.7 , , 
,  

 – .  
 « ». 

 

 
 2.7 –   

). 
 
 

 
 2.8 –   

: . 
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 2.9 -  

  
. 
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.  

 S ,  
( )lg . .  

2.8 .  
,  
. , . 2.9. 

.2.9,  getPointData  
 (2.33)  

(2.35) - . ,  
 (2.25) ,  

 
 ,...,k d K  (2.30)   

(2.31)  ( )lg . 
,  2.10. 

 
 2.10 –  getPointData. 
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. 2.9,  
,  detectLocalMinimum, ,  

. -
,  2.11.  

 

 
 2.11 –  detectLocalMinimum  

 
 

,   
. 

  
2.6.  

 
,  

 
.  

 ( )  
.  
,  [231-233] 

,  
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,  
.  

 
.  

,  
. :  

, :  
; ; 

 
 

.  
,  

,  
,  (2.30)  (2.31)  

 FN . 
,  

)(g  (2.33) ,  
.  

.  
 1.  

 
 

 [3, 8, 46-48, 55, 57, 76, 77, 79, 81, 83, 
112, 177, 203, 207, 241].  

 [157]: 
 

1 1 2 2 1( )k k k kv g v g v v , 2,...,k K .    (2.40) 
 

,  
 k.  

 (2.40)  
.  

 
 10% 

 0  100  
 x =10 .  2.1, 

 [157]. 
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 2.1 -  

 [157] 
 

 
 

 
 
  

 
  

k kx ,  kz , 3 [ ] [ ; ]k k kv v v , 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] 
 

 (2.40) 
 3.1  

 (2.33).  
 

: 
 

1 1 1 2 2 2 1 1[ ; ] [ ; ] ([ ; ] [ ; ])j j k k k k k kv v g v v g v v v v , 2, ...,10k , (2.41) 
 ];[ 00 vv [52,25;57,75], ];[ 11 vv [44,65;49,35], 0261,0;8897,0 21 gg  

 
 2.2  

 FN  
 
 
 

.  
,  

 
(2.40), . 



 

 
 
 

 76 

 
 (  

).  
,  

 1, ,  
 

13389/8784= 1,52 .  
 

 2.2 -  
 FN  

 
 

 
 

 
 
 
 

 
 

 
 
 

 

 
 
 

 
 
 

 

 
 
 

 
 

 
 

 

 
 

. 3.12 
1 2 3 4 5 

FN  FN  FN  FN  FN  
21456 15763 13389 15987 8784 

 
 2.  

 
. 

 
 
 

 [148].  [215],  
 

.  
 kv  

 
: 

 



 

 
 2.   
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)/())(1( 14322111 kkkkk vggvghvghvv .   (2.42) 
 

,  
(2.42), h – .  

 57   
 0,...,19k .  

 2.3.  
 

 2.3 -  
 

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

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

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

 7%  
, .  
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 2.3  
 (2.42)  

 (2.33).   
 1 %  

 ][ 0kv  
][ 1kv ,  2.3 (  k=0 

 k=1). 
 
 

, : 
 

])[/())][(1(][][][ 14322111 kkkkk vggvghvghvv , k=2,…,19,(2.43) 
 

 
];[ 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, 
];[ kk vv  -  

.  
 2.4  

 FN  
 
 

. 
,  

 
.  

 
. ,  (  

) ,  
 (2.42),  

.  
 

 ( ) 
 1460261/621388= 2,35 .  
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, 
 2.12. 

 
 2.4 -  

FN  
 

 

 
 

 
 
 
 

 
 

 
 
 

 

 
 

 
 

 
 

 

 
 
 

 
 

 
 

 

 
 

 

. 3.12 
1 2 3 4 5 

FN  FN  FN  FN  FN  
2456563 1560865 1460261 1904543 621388 

 
,   ( .  2.12  )  .  2.12  ))  

 
 

.  (  
)  

 (  
)  1,51  2,35 ,  

.  
,  

 
,  

 
 
 

.  
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) 

 
) 

 2.12 –  
 

)  1; )  2 
 

, ,  
 
 
 
 

, :  
;  
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. 

 
 

 2 
 
1.  

. 
,  

 
.  

 
.  

2.  
,  

 
,  

 
. 

3.  
 

,  
 

,  
 

. 
4.  

 
.  

. 
5.  

 
.  

 
. 
 
 

.  (  
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)  
 

)  1,51  2,35 ,  
.  

,  
 

,  
 
 
 

.  
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 3. 

 
 

 
 
 

,  
.  

,  
. , , 

,  
.  

 
,  

. ,  
, ,  

. , 
,  

.  
, 
 

.  
.  

, 
,  

.  
,  

,  
.  

 
,  

. ,  
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,  
. 

 
.  

 
3.1.  

 
 

 
 

, ,  
.   

 
. ,  

,  
. , 

 (2.1)  
,  

 
 (2.1).  

0y  
 (2.4) 

 
0 1 1 2( ) ... ( )m m my g x g x , 

 
 1 ,..., ,mx x 1 1 2( ),..., ( )m m mg g , 

 1 1 2( ),..., ( )m m mg g ,  
. 

  (2.4)  
,  

: 
 

1 1 2{ ,..., , ( ),..., ( )}s s s s
s m m mx x g g ,     (3.1) 

 
 s – ,  

 s –  (2.4),  
.  
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,  s  s–  
, , 

. 
 s  ( ),  

 
,  

 
 (2.2) 

 
1 ; , 1,...,i in i ix x y y i N . 

 
,  

,  – ,  
 

, : 
 

0 1 1 2( ) ( ) ... ( )s s s s
s m m my g x g x .   (3.2) 

 
 

,  
: 

 
0 ( , ) ; , 1,...,s i i iy x y y i N ,     (3.3) 

 
 0( , )s iy x  -  

 s  
 ix .  

 
 1,..., mg g .   (3.3)   

 0( , )s iy x  (3.2)  
 ix , : 

 
1 1 1 1 2 1 1

1 1 2

( ) ( ) ( ) ( ) ;

( ) ( ) ( ) ( ) .

s s s s
m m m

s s s s
N m N m m N N

y g x g x y

y g x g x y
.   (3.4) 
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,  

 
 s–  .   
,  

, l , 
 ([ ; ])

l l
g g  « »  

. , , 
 (3.4)  s  

. ,  s  
,  (3.4) ,  

,  –  (3.4)  
. ,  

 
 

.  
 

,  
.  

,  
 s ,   (3.4)  .   

 
1 1[ ; ],...,[ ; ]m mg g g g .  
1 1[ ; ],...,[ ; ]m mg g g g  (3.2)   

 ix  ( ).   
,  

: 
 

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

s s s s
s i s i m i m m iy x y x g g x g g x i N .(3.5) 
 

,  (3.4)    
 [ ( , ); ( , )]s i s iy x y x  

 ix ,  ; , 1,...,i iy y i N ,  
, : 
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[ ( , ); ( , )] ; , 1,...,s i s i i iy x y x y y i N .    (3.6) 
 

 
,  

 
 s , ,  

 
 (3.4)  

 « »  
,  

 (3.2).  
l  ( )s ,  

,  
 [ ( , ); ( , )]s i s iy x y x  

 ;i iy y – ,  
 

 –  
.  ( )s ,  
, : 

 

1,...,
( ) max ([ ( , ); ( , )]) ( ; )s s i s i i ii N

mid y x y x mid y y , 

 [ ( , ); ( , )] ; , 1,...,s i s i i iy x y x y y i N    (3.7) 
 

1,...,
( ) max ([ ( , ); ( , )]) ([ ( , ); ( , )] ; )s s i s i s i s i i ii N

wid y x y x wid y x y x y y ,  

 [ ( , ); ( , )] ; , 1,...,s i s i i iy x y x y y i N .    (3.8) 
 

 
.  

, 
,  

.   
 

,  
,  
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.  
 
 

. 
,  

 
 

,   NP  
,  

,  
 (3.4).  

 
. 

 (3.7)  (3.8)  
 ( )s ,  
.  

[ ( , ); ( , )]s i s iy x y x ,  
(3.5), . : 

 
1 1 21,...,

( ) max ( ([ ; ]) ... ([ ; ]) ) ( ; )
l l l l

s s s s
s m i m m i i ii N

mid g g x g g x mid y y ,  
: 

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

s s s s
m i m m i i ig g x g g x y y i N  (3.9) 

 
1 1 21,...,

( ) max ( ([ ; ]) ... ([ ; ]) )
l l l l

s s s s
s m i m m ii N

wid g g x g g x  

1 1 2( ([ ; ]) ... ([ ; ]) ) [ ; ])
l l l l

s s s s
m i m m i i iwid g g x g g x y y ,  

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

l l l l

s s s s
m i m m i i ig g x g g x y y i N(3.10) 

 
,  

 
1 2, ,..., ,...s s s ,  

,  
1 2( ), ( ),..., ( ),...s s s ,  (3.9),  (3.10),  

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

opts s s s s l L l Lg g ,     (3.11) 
 

 opts  -  ,   
(3.4); 

 -  (3.4). 
  

  1 2, ,..., ,...s s s ,  
. 

 
3.2.  

 
 

 
,  

 
: 

 
1 1 2{ ,..., , ( ),..., ( )},[ ; ]( ) min
s s s s

s m m m l lx x g g g g
s ,    (3.12) 

( min max 1 1 2[ ; ],  ,..., , ( ),..., ( )s s s s
s m m mm I I x x g g F ,   

 [ ; ] [ ; ], 1,..., , 1,...,uplow
jl jl jl jlg g g g j m l S      (3.13) 

 
 min max[ ; ]sm I I  –  s  

;  
1 1 2,..., , ( ),..., ( )m m mF x x g g -  

; 
[ ; ],  [ ; ]l l jl jlg g g g –  s  

- , ;  
,  uplow

jl jlg g -  
. 

 ,  ( )s ,  « »  
.  

( )s =0,  
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,  (3.6) 
 1,...,i N . 

,  
 

,  
,  

 
.    

 
.  

, , 
 

, ,  
.  

 
. 

 
(3.12), (3.13),  

,  
 

. , ,  
, -   

;  –  
;  – , 

,  
;  

 –  s ;  
 ( )s  (3.12), 

(3.13).  
 

. 
.  

:  LIMIT; S; 
];[ maxmin II ; n = 0 – ; MCN –  

 F,  
 0  

S)  s  F . 
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. 
, 
 

1 1 2,..., , ( ),..., ( )m m mF x x g g  
 3.1. 

 
 3.1 –  

 

 
,  F 

, 
 3.1.  

 s  
 {  smNNN ,,, 21  },  N –  
. 3.1. 

, . 
,  

,  
. ,  

, .  
,   

),( FP mcn ,  
 (3.2),   

 
. ,  

, ),( FP mcn  
 s  

»  s  ,  « ». ,  

 
1 1 x  
2 2 x  

… … 
m m x  

m+1 1( )m g  
… … 
2m 2m g  



 

 
 
 

 92 

 s  s .  
,  ),( FP mcn  

 mcn  s ,  mcn-  
 mcn  s . , « »  s  

 
 s .  ,   

,  
 1 1 2,..., , ( ),..., ( )m m mF x x g g .  

:  
?  sn , 

 s , 
.  

 ( )s  (3.12), (3.13), , , 
 (3.9)  (3.10).  

( )s  -  s ,  
.  sn  

 
, ,  (3.12), 

(3.13),  ,   
 min max[ ; ]sm I I . ,  

sn , ,  
( )s  s ,  sm . 

,  sn  
: 

 
min 1

int 1 ,

min 1 0;

1, min 1 0.

s
s

s

s s s s

s s s

s S
m

n if s S and n

if s S or n

  (3.14) 

 
 (3.14),  

[157]. ,  
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. 

,  
.  

 « »  
 ,  s s : 

 

1
1

,  ( ) ( )
( , ) :

,  ( ) ( )
s s s

s s s
s s

D     (3.15) 

 
  1( , )s sD  « » 

 mcn
1

mcn , mcn . , 
1 1
s mcn, 

.1 Ss  
 . 

 ( )  
.  

,  
 1

s  1
s  mcn

1 ,  
 -

.  sR  
,  

 1
s .  

 
: ,  

, ,  
. 
,  

:  
 

1 1 1
1 1

1 1
1 1
1

1

2 max 1
, 2 ,  0

(max 1 )

s s

s sS

s
s

S s S
R ToInt R s S R

s S
(3.16) 

 

, ,  
 sR  
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,  
.  

 
 (3.12), (3.13). 

,  
 

,  s–
.  

,  
 

: 
1

1

1

1

1
( ) , 1... .

(1 )

s
s s S

s
s

P s S     (3.17) 

 
,  (3.17)  

 
 1

mcn : 
 

1( ( ) ), 1...s s sR ToInt P S s S .     (3.18) 
 

,  
 sR .  

, -
,  

 D. Karaboga [58, 59],  
 

 (3.12), (3.13). 
 1( )s sP  

 S : 
 

1

1
1

1

1( ) , 1... 1.
1s s S

s
s s

P s S     (3.19) 
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 « »  
,  
) : 

 
1

1 1 1( ( ) ), 2... , 0.s s sR ToInt P S s S R     (3.20) 
 

),( FP mcn ,  
  

 -
,  .  

,  
,  

 (3.18)  (3.20) (  
 (3.17)  (3.19), .  

,  ),( FP mcn  
 1

s  1 1
s mcn , 
 mcn , s  

Ss 1 ). , , « » 
 s  ( ,   « » 

 (3.18)  
(3.20))  1

s  
 1

s . ,  
 

1 1 2,..., , ( ),..., ( )m m mF x x g g .  
, ,  

(3.14). 
 D2( ss ,1 ) 

»  1
s  

 Rsrs 1 .  
 D2( ss ,1 )  

»  mcn
2  1

mcn  mcn  
 2

s ,  
.1,21 SsSsmcn  

mcn
2 . 
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 (3.12), 
(3.13)  . 

 . ,   
,  ,   

 
,  .  

 s  
 Limits,  

 
.  

 
 (3.12), (3.13),  sLimit  

 «1» ,  
 « »,  -  

.  sLimit  
. , 

.  
 LIMIT,  

.  
,  2

s ,  
 sLimit  LIMIT,  

.  
 ),,( maxmin IIFPN , 

 « » 2
s  F  

,  
 ];[ maxmin IIms .  

  
.  

 ),,( maxmin IIFPN  
 2

s . , 
 « »  

),,( maxmin IIFPN  
 F.  

, , , 
 S ( ). 
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3.3.  
 

 
 

.  
,  

.  
,  

, , 
. 

,  
 (2.23): 

 
 1( ,...,T

k k d kv f v v , 0 1,..., , ) ,d ku u u g ,...,k d K,  
 

, 
 ( )Tf  

.  
 (2.23)  

 
, : 

 
1 1 0 1 2 1 0 2

1 0

{ ( ,.., , ,..., ) , ( ,..., , ,..., ) ,...,

                                      ( ,.., , ,..., ) }

s s s s
s k d k k k d k k

s s
m k d k k m

f v v u u g f v v u u g

f v v u u g
 (3.21) 

 
,   

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

k d k kV v v u u ,    (3.22) 
 

 (4.21)  
 

1 1 2 2{ ( ) , ( ) ,..., ( ) }s s s s s s
s m mf V g f V g f V g .    (3.23) 

 
 (3.23) s –  

,  s–  (2.23), 
.  
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,  s  s–   

.  
  s  ( ),  

 
,  

 
. ,  

 
: 

 
 [ ; ]k kz z , 0,...,k K ,   (3.24) 
 

 , k kz z  - ,  
,  

,  0,...,k K . 
 – ,  

 
, : 

 
1 1 2 2( ) ( ) ( ) ... ( )s s s s s s

k s m mv f V g f V g f V g , ,...,k d K.  (3.25) 
 

 
: 

 
( , ) ; , 0,..., 1, ,...,k s k k kv V z z k d d K  ,    (3.26) 

 
 ( , ), 0,...,k s kv V k K  -  

 s  
 1 0( ,.., , ,..., )T

k d k kV v v u u , 
 (3.22)  0,...,k K .  

  
 1 ,...,s s

mg g - .  
 (3.26), : 
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0 1 0 1 2 0 2 0 0

1 1 1 1 2 1 2 1 1

1 1 2 2

1 1 2 2

( ) ( ) ... ( ) ;

( ) ( ) ... ( ) ;

( ) ( ) ... ( ) ;

( ) ( ) ...

s s s s s s
m m

s s s s s s
d d d m d m d

s s s s s s
d d d m d m d

s s s s
K K K

z f V g f V g f V g z

z f V g f V g f V g z

z f V g f V g f V g z

z f V g f V g f 0( )s s
m m KV g z

.   (3.27) 

 
,  

d  -   ,   
: 

 
0 0 0 0 1 1 1 1

1 1 2 2

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

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

d d d d

s s s s s s
k k k m k m k

v v z z v v z z

z f V g f V g f V g z k d K
. (3.28) 

 
 – ,  –  

,  
,  

 (3.28).  
, ,  

 
 s–  

- .  3,  
. l , 

 ( )
l

sg  « »  
.  (3.28)  

 s ,  
,  –  (3.28)  

.  
 

 (3.25),  
, :  
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1 1 2 2

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

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

k s k k s k k s k

s s s s s s
k k m k m

v V v V v V

f V g f V g f V g k d K
 (3.29) 

 
 [ ( ,[ ])]k s kv V  –  

 ,...,k d K ; 
1 2( , ,..., )s s s s T

l l l mlg g g g  –  -
 s ,  l ; 

1 0[ ] ([ ],..,[ ], ,..., )T
k k d k kV v v u u -  

,  
 (3.29),  

0 0 0 0 1 1 1 1[ ; ] [ ; ],...,[ ; ] [ ; ]d d d dv v z z v v z z . 
,  (2.28)    
 [ ( ,[ ])]k s kv V  

 ; , 0,..., 1, ,...,k kz z k d d K ,  
, : 

 
[ ( ,[ ])] ; , 0,...,k s k k kv V z z k K     (3.30) 

 
,  

 
,  

 (3.28). ,  
 

.  
, ,  

 
. ,  

 ( )s , : 
 

1,...,
( ) max ([ ( ,[ ]); ( ,[ ])]) ( ; )s k s k k s k k ki N

mid v V v V mid z z ,    

 [ ( ,[ ]); ( ,[ ])] ; , ,...,k s k k s k k kv V v V z z k d K   (3.31) 
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1,...,
( ) max ([ ( ,[ ]); ( ,[ ])]) ([ ( ,[ ]); ( ,[ ])] [ ; ])s k s k k s k k s k k s k k ki N

wid v V v V wid v V v V z z

 [ ( ,[ ]); ( ,[ ])] ; , ,...,k s k k s k k kv V v V z z k d K .   (3.32) 
 

 (3.31)  (3.32)  
 ( )s , ,  
 ( ,  

 
): 

 

1 1 2 21,...,
( ) max ( ([ ]) ([ ]) ... ([ ]) ) ( ; )s s s s s s

s k k m k m k ki N
mid f V g f V g f V g mid z z , 

 [ ( ,[ ]); ( ,[ ])] ; , ,...,k s k k s k k kv V v V z z k d K   (3.33) 

1 1 2 21,...,

1 1 2 2

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

           - ( ([ ]) ([ ]) ... ([ ]) ) ; )

s s s s s s
s k k m k mi N

s s s s s s
k k m k m k k

wid f V g f V g f V g

wid f V g f V g f V g z z
,     

 [ ( ,[ ]); ( ,[ ])] ; , ,...,k s k k s k k kv V v V z z k d K .   (3.34) 
 

,  
 
 

,  
): 

 
1 1 2 2{ ( ) , ( ) ,..., ( ) }

( ) min
s s s s s s

s l l m lms s
f V g f V g f V g

s ,    (3.35) 
( min max 1 2[ ; ],   ( ), ( ),..., ( )

s
s s s

s mm I I f V f V f V F ,   

 [ ; ], 1,..., , 1,...,ups low
jl jl jlg g g j m l S      (3.36) 

 
 min max[ ; ]sm I I  –  s  

;  
1 2( ), ( ),..., ( )mF f V f V f V -  

. 
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,  
 

. 
.  

:  LIMIT; S; 
];[ maxmin II ; n =0 – ; MCN –  

 F,  
 0  

S)  s  F .  
,  

 3.1.  
, 

 3.2.  
 

 3.2 –  
 

 
1 1 ( )f V  
2 2 ( )f V  

… … 
m ( )mf V  

 
, . 

,  
,  

. , ,  
,  

.   
 

. 
. 

 ),( FP mcn ,  
 (3.23). 

  ,  
),( FP mcn ,  

s ,  « »  s ,  
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. ,  ),( FP mcn  
 mcn  s ,  mcn ,  
 mcn  s  

 s ,  
,  

 1 2( ), ( ),..., ( )mF f V f V f V . ,  
sn , ,  

 (3.14).  
. ,  

 (3.14),  ( )s  
 (3.31)  (3.32).  

,  (3.14)  
,  

.  
 1( , )s sD  

, :  
.  (3.15). , 

 
1 1
s mcn, .1 Ss  mcn , mcn .  

 . 
,  sR  

,  1
s  

 mcn
1 .  sR  

(3.17)  (3.18)  (3.19)  (3.20).  
.  

 
 
 

.  
, ),( FP mcn , 

 
sR . ,  

,  S. , ),( FP mcn  
 1

s  
1 1
s mcn ,  
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 mcn =0, s , Ss 1 .  
 ( )  

 
 sn , , 

 (3.14).  
 

1 2( ), ( ),..., ( )mF f V f V f V .  
 D2( ss ,1 ) 

»  1
s  

 Rsrs 1 .  
,  

1( , )s sD : 
 

1

1 1

1 2
1

1

, ( 0);

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

( , ) : , 1 ;

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

, 1 .

s s

s s r s

s s s r s s
s
r s r s

r s s

if R

if R

D r R

if R

r R

   (3.37) 

 
 (3.37)  « » 

 mcn
2  1

mcn  
.1,21 SsSsmcn  
 (3.31)  (3.32)  

 Ss 1  2
s  

 (3.35), (3.36).  
 

mcn
2 . 

 (3.35), (3.36) 
  

 . 
 s  

 Limits,  «1» ,  
 

»,  - .  
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, , 
 LIMIT ,  

.  sLimit  
 LIMIT,  
.  

(3.35). ,  ),,( maxmin IIFPN ,  
 « » 2

s  F  
,   

, . ,  
 S ( ). 

 
3.4.  

 
 

 
. 3.1  

. , 
 
 

.  
. 

 1» –  
. ,  

: LIMIT, S, ];[ maxmin II  
1 2( ), ( ),..., ( )mF f V f V f V .  

 0  S. , 
 0  

 F .  
 

. 
 2» -  ,  

 mcn . ,  
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3.1 –  

 
 

 mcn  (mcn  –  
)  mcn .  

 ),( FP mcn .  

A 

A 
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, ,  
 

 ,s s  
 mcn , mcn  

 D1( ss , )  « » 
 mcn

1 . 
 «  3» –  ,  

 1
s  mcn

1 ,  
s  ( Ss 1 ),    

 1
s ,  

1 2( ), ( ),..., ( )mF f V f V f V .  mcn  
 .1,21 SsSsmcn  

 ),( FP mcn  
 

 1
mcn   mcn  
 D2( ss , ).  

 « »  mcn
2  

 4» –  .  
 « »  

.  mcns
22 ,   

 « »: LIMITLimits , 
,  

. ,  
  « »,  

 ),,( maxmin IIFPN . 
,  

 02
s ,  

,  -  
 2». 

. 3.1  
 

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

. 
 
 
 

, .  
,  

.  
 

. 
,  

,  
. ,  

 1 2( ), ( ),..., ( )mF f V f V f V  
 

. ,  
 

. ,  
 ( )  

 
 

D1( ss , ), D2( ss , ) , . 
 

,  
 « »  

 
,  

 
» .  

.  
 « » , 

 , , 
, 

, ,  
,  

.  
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,  

,  
.  

 « »  
 

,  
,  -

,  
.  

,  
,  

 
,  

,  « »  
 
 

.  
.  

,    
,  2 

 
),  

 
.  

 
3.5.  
 

,  
,  

,  
.  

 
.  

,  
, ,  

.  
,  
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,  (3.31)  (3.32).  

 FN .  ,   
 

, ,  
 

 (  
).  

,  
,  

 
, . 

 
 (3.17)  (3.18)  (3.19)  (3.20),  

 (3.16). 
 

,  
 NO2 [7, 9, 18, 82, 122, 123, 129, 145, 176, 

187, 194, 199, 213, 226, 234, 242, 268] . 
.  

 « »  (  
 (3.18)  (3.20),  

 (3.16). ,  
 (3.18)   (3.20)   

,  
,  

 (3.16).  
 

 NO2 .  
,  

. ,  
 

,  20 .  
 DGS-NO2 968-

037,  15% [106].  
 

 [9, 71].  
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 3.3 –   
 

  
 

  
 1 1kv  27 211 / kkk uuv  

2 2kv  28 121 / kkk uuv  
3 3kv  29 311 / kkk uuv  
4 4kv  30 131 / kkk uuv  
5 21 kk vv  31 411 / kkk uuv  
6 31 kk vv  32 141 / kkk uuv  
7 41 kk vv  33 212 / kkk uuv  
8 32 kk vv  34 122 / kkk uuv  
9 42 kk vv  35 312 / kkk uuv  

10 43 kk vv  36 132 / kkk uuv  
11 2

1kv  37 412 / kkk uuv  
12 2

2kv  38 142 / kkk uuv  
13 2

3kv  39 213 / kkk uuv  
14 2

4kv  40 123 / kkk uuv  
15 21 / kk vv  41 313 / kkk uuv  
16 31 / kk vv  42 133 / kkk uuv  
17 41 / kk vv  43 413 / kkk uuv  
18 32 / kk vv  44 143 / kkk uuv  
19 42 / kk vv  45 214 / kkk uuv  
20 43 / kk vv  46 124 / kkk uuv  
21 12 / kk vv  47 314 / kkk uuv  
22 13 / kk vv  48 134 / kkk uuv  
23 23 / kk vv  49 414 / kkk uuv  
24 14 / kk vv  50 144 / kkk uuv  
25 24 / kk vv  51 3

1kv  
26 34 / kk vv  52 3

2kv  
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. .  
 
 
 

.  
 

,  3.3. ,  
,  

, :  
- 0 10S  (  – «  

»); 
- 0 20S  (  

1( , )mcnP F – « »); 
 LIMIT=5, min max[ ; ] [4;7]I I , MCN=10000. 

,  
 0 10S . 

 
.  

 
 3.4 –  

 s  

s 
 

» 1( )s  
sR ,  
(3.16) 

sR ,  
(3.18) 

sR ,  
(3.20) 

1 0,903 0 0 0 
2 0,899 0 0 1 
3 0,821 1 1 1 
4 0,78 1 1 1 
5 0,734 2 2 1 
6 0,707 2 2 2 
7 0,645 3 3 2 
8 0,624 3 3 3 
9 0,582 4 4 4 

10 0,506 4 4 5 
 

 
 1( )s  

 sR ,  s  



 

 
 3.   
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 1
mcn )  (3.16), (3.18) 

 (3.20)  3.4. 
 3.4,  sR  

   (3.16)  (3.18) ,  
 (3.20) –  «  
»  .   

   
.  3.5 

- 3.7. 
 

 1
mcn ,  3.5. 

 
 3.5 –   

 s  

s 
» 

1( )s  
sR ,  
(3.16) 

sR ,  
(3.18) 

sR ,  
(3.20) 

1 0,903 0 0 0 
2 0,899 0 0 1 
3 0,821 1 1 1 
4 0,78 1 1 1 
5 0,734 2 1 1 
6 0,707 1 2 1 
7 0,645 3 2 1 
8 0,467 3 3 2 
9 0,423 5 4 5 

10 0,389 4 5 7 
 

 3.5 ,  
,  (3.16)  

 ( ,  s=5,6, 9, 10).  
, 
 

. ,  (3.16)  
(3.18) ,  (3.20)  

 « » . 
 

1
mcn ,  3.6. ,  
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 (3.20),   
1
mcn , ,  

,  « ».  
 (3.18) 

 9 , 
. 

 
 3.6 –  

 s  

s 

 1  2  3 
» 
 

1( )s  

sR , 
 

(3.16) 

» 
 

1( )s  
sR ,  
(3.18) 

» 
 

1( )s  
sR ,  
(3.20) 

1 0,888 0 0,888 0 0,888 0 
2 0,871 0 0,871 0 0,871 1 
3 0,821 1 0,821 1 0,821 1 
4 0,78 1 0,78 1 0,78 1 
5 0,734 1 0,734 1 0,734 1 
6 0,645 2 0,645 2 0,645 2 
7 0,521 3 0,521 2 0,521 2 
8 0,467 4 0,467 3 0,502 3 
9 0,401 4 0,401 4 0,467 4 

10 0,389 4 0,367 5 0,321 5 
 

 3.6 ,  
 1( )s  

,  
. 

 
4  3.7. 

 
 « »  

.   
,  

 
,  

. 
 



 

 
 3.   
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 3.7 –  
 s   

s 

 1  2  3 
» 
 

1( )s  
sR ,  
(3.16) 

» 
 

1( )s  
sR ,  
(3.18) 

» 
 

1( )s  
sR ,  
(3.20) 

1 0,885 0 0,888 0 0,888 0 
2 0,871 0 0,871 0 0,871 1 
3 0,715 1 0,820 1 0,821 1 
4 0,700 1 0,780 1 0,777 1 
5 0,698 1 0,732 1 0,752 1 
6 0,604 2 0,640 2 0,492 2 
7 0,578 3 0,5001 2 0,479 2 
8 0,422 4 0,410 3 0,456 3 
9 0,388 4 0,329 4 0,311 4 

10 0,349 4 0,285 5 0,270 5 
 

 
:  

 
2 30,124 0,5764 0,7078k k kv v v       

1 4 1 2 10,0473 / 0,0159 / , k=4,..,18 k k k k kv v v v v    (3.38) 
 

2 30,0226 0,6114 0,7781k k kv v v       
1 4 1 4 20,037 / 0,0282 / , k=4,..,18 k k k k kv v v v v    (3.39) 

2 3 1 40,0149 0,5788 0,7425 0,046 / , k=4,..,18 k k k k kv v v v v  (3.40) 
 

,  (3.38) –  
, (3.39) –  (3.40) – 
, .  

 
,  

. ,  (3.18) 
 (3.20)  

,  
 8% (  

). ,  
,  
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,  
.  

,  
. 

,  (3.20),  
,  (3.16). 

, ,  
 
 
 
 

, :  
;  

,  
 

 (3.18)  (3.20).  
 

 3 
 
1.  

.  
 

.  
 

.  
2.  

,  
 

, , 
 

. 
3.  

 
,  

 
,  
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. 
4.  

 
 

 NO2 .  
 

, ,  
 

 (  
). ,  

,  
 
 

. 
 

,  
,  

 
 8% -  

 
 (  

).  
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 4. 
 

,-  
 

 
 - ,  

, , 
, , .  «  

»  
,  

, ,  
.  

, , ,  
.  

,  
 

,  
 

.  , 
 

,  
,  

, 
.  

 
 

,  
.  

 
, 

,  
.  

 
 [16-20]. 

,  
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.  
 

. 
 

,  
 

.  
 

,  
 

. 
 

4.1  
 

, ,  
, , 

 
, 

.   
 

,  
,  ,   

, 
, . 

 
,  

, , 
.  

, , 
,    

, .  
,  

,   
. ,  

,  
Protege  OntoStudio. ,  

,  
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,  
. , 

 
, , ,  

 
.  

:  
-  - ;  
-  -  

 
,  

 ;  
- Python  Java  

. 
 4.1  

,  
 
 

. 
 

 
 4.1 –  

 



 

 
 4.   

,-  
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 (  
),  

.  
) , , 

.  
,  

. 
,  (  

, ), , 
, .  

 
,  

, -
.  
,  

 
. , ,  

 
,  

 
. ,  

 
,  

.  
 

.  
 
 

   
.  

 4.2 , 
. 
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 4.2 –  

 
 

, 
,  

, .  
,  

, .  
 

,  
 

,  
.  

 4.3. 
 
 

,  
, ,  
,  

.  
 
 

.  
,  

. 
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 4.3 –   

 
 

 
 

 ( ) 
 

,  
,  

.  
,  

, 
 

: 
,         (4.1) 

  -  ,  ,   
;.  -  

;  - , ; 
 - ;  - ,  

;  -  
;  -   
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;  -  
. 

 
,     (4.2) 

  - ;  -  
. 

: 
,          (4.3) 

  - ;  -  
. 

,  
: 

,       (4.4) 
  - ;  - ,  

. 
: 

,     (4.5) 
  - ;  -   ;   - 

. 
 

: 
,      (4.6) 

  - ; ,  
. 

 
: 

,   (4.7) 
  - ,  

;  - ;  -  
,  - ,  

. 
 

: 
   (4.8) 



 

 
 4.   

,-  
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  - ;  -  
;  -  ,  ,  

 - . 
 

. 
,     (4.9) 

  - ;  
 4  

 
,  

 [63-65]. 
 

 
 4.4 –  

 
 

SmartOntologyModeller 
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 SmartOntologyModeller  
 

. ,  
 

, -
 (  

)  
 

HasEquation. ,  
,  

 
. ,  

,  
, ,  

. 
 
 

. 
. 

1. : .  
«_» ,  – .  

 
.  

2.  .  
: 

 
, ( ) _ ( __ ( ( ( )))IdMo NmMo Mo IdMa IdMa C Mo IdMi IdMi CMo C Mo ,         (4.10) 

 
  - , -  

,  -  
. 

 
, . 

3. : 



 

 
 4.   

,-  
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, , ( ) _ ( )
_ ( ) _

_ IdMc Dsc IdPar Mc IdMa IdMa C Mc IdMi
IdMi C Mc IdMo IdMo C

Mc C Mc .      (4.11) 

 
4. . 

: 
 

, , ( ) _ (_ ( ( ( )))IdMi IdMc NmMi Mi IdMa IdMa C Mc IdMcMi C Mi  (4.12) 
 

5.   , 
 

: 

, ( ) _ ( )
_ ( ) _

_ IdMr RNm Mr IdMa IdMa C Mr IdMi
IdMi C Mr IdMo IdMo C

Mr C Mr .        (4.13) 

 
 

, . 
6.  (  

): 
 

, , ( ) _ ( )
_ ( ) _

_ IdMc Dsc IdPar Mc IdMa IdMa C Mc IdMi
IdMi C Mc IdMo IdMo C

Mc C Mc .     (4.14) 

 
7.   

 

, ( ) _ ( )
_ ( )
_ ( ) _

_ IdMmt IdMth Mmt IdMa IdMa C Mmt IdMi
IdPi C Mmt IdMo
IdMo C Mmt IdPar Par C

Mmt C Mmt . (4.15) 

 
8.  

 

, , ( ) _ ( )
_ ( ) _

( ) _

_ IdMmt Ac IdPar SuMth IdMa IdMa C SuMth IdMi
IdMi C SuMth IdMo IdMo C
SuMth IdMth IdPar C

SuMth C SuMth ,  (4.16) 
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, , ( ) _ ( )
_ ( ) _

_ IdPar Ac Par IdMa IdMa C Par IdMi
IdMi C Par IdMo IdMo C

Par C Par .   (4.17) 

 
 

.  
9)   ,  

: 
 

, ( ) _ ( )
_ ( ) _

_ IdMr RNm Mr IdMa IdMa C Mr IdMi
IdMi C Mr IdMo IdMo C

Mr C Mr . (4.18) 

 
 1- 5  

.  1, 2, 6- 9  
.  

 
. 

 
4.2.  

 
 

 
 4.5 –  
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 [49, 50], 
 
 

 [164].  
 [236, 

251],  .NET  
 C# [239, 266].  

 4.5. 
 4.5 ,  

,  
: , , , 

,  
.  

 

 
 4.6 – Use-case  
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.   

,  –  
.  UML  

[126, 252]  4.6. 
 4.6  

 
. ,  

.  
,  

. 
 

, ,  
,  

. 
 

, 
,  

.  
,  

,  
.  

.  
 4.7. 

 
 4.7 –  

 
 



 

 
 4.   

,-  

 131

 
,  

.  
   

 
.  

,  
 4.8  

. 
 

 
 4.8 –  

  
 

 
, .  

 
 

. 
 
 

.  
,  5.6.  

,  
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,  
.     

 
 4.9 –  

  
 

 
, ,  

 4.10. 
 
 

.  
 

,  
.  

,  
.  Model.  

,  
,  

 Method. 
 

,  Data, 
DataType.  
Experiment  – Type, Parameters, Reports. 
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 4.10 –  

  
 

 
 

.  
MySQL,  

, ,  
 

,  
. MySQL -

,  
. 

 4.11  ER  
 MySQLWorkBench.  

, .  
,  

,  
. 
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 4.11 – ER-  

  
 

 
 

.  
. 

 4.12  
 “model”  

,  
, ,  

.  



 

 
 4.   
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 4.12 –  «model» 

 
 DDL  «model»: 

-- ----------------------------------------------------- 
-- Table `model` 
-- ----------------------------------------------------- 
DROP TABLE IF EXISTS `model` ; 
 
SHOW WARNINGS; 
CREATE TABLE IF NOT EXISTS `model` ( 
  `idmodel` INT(11) NOT NULL, 
  `name` VARCHAR(45) NULL DEFAULT NULL, 
  `Description` VARCHAR(45) NULL DEFAULT NULL, 
  `idIdMethod` INT(11) NULL DEFAULT NULL, 
  `Params` VARCHAR(45) NULL DEFAULT NULL, 
  `idParams` INT(11) NOT NULL, 
  `reports_idReports` INT(11) NOT NULL, 
  `descriptionmodel_idDescriptionModel` INT(11) NOT NULL, 
  `experofmodel_idExperofModel` INT(11) NOT NULL, 
  PRIMARY KEY (`idmodel`, `reports_idReports`, 

`descriptionmodel_idDescriptionModel`)) 
ENGINE = InnoDB 
DEFAULT CHARACTER SET = utf8 
COLLATE = utf8_unicode_ci; 
 
SHOW WARNINGS; 
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«method» (  4.13), ,  

.  
 – idMethod  

idModel. 
 

 
 4.13 –  «method» 

 
DDL  «method» :   
-- ----------------------------------------------------- 
-- Table `method` 
-- ----------------------------------------------------- 
DROP TABLE IF EXISTS `method` ; 
 
SHOW WARNINGS; 
CREATE TABLE IF NOT EXISTS `method` ( 
  `idMethod` INT(11) NOT NULL, 
  `Name` VARCHAR(45) NULL DEFAULT NULL, 
  `IdExper` INT(11) NULL DEFAULT NULL, 
  `idModel` INT(11) NULL DEFAULT NULL, 
  `Description` VARCHAR(45) NULL DEFAULT NULL, 
  PRIMARY KEY (`idMethod`)) 
ENGINE = InnoDB 
DEFAULT CHARACTER SET = utf8 
COLLATE = utf8_unicode_ci; 
 
SHOW WARNINGS; 
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,  
 «identification» (  4.14). 

 
,  

,  
. 

 

 
 4.14 –  «identification» 

 
DDL  «method» :   
-- ----------------------------------------------------- 
-- Table `identification` 
-- ----------------------------------------------------- 
DROP TABLE IF EXISTS `identification` ; 
 
SHOW WARNINGS; 
CREATE TABLE IF NOT EXISTS `identification` ( 
  `ididentification` INT(11) NOT NULL, 
  `type` VARCHAR(45) NULL DEFAULT NULL, 
  `idMethod` INT(11) NULL DEFAULT NULL, 
  `idModel` INT(11) NULL DEFAULT NULL, 
  `Name` VARCHAR(45) NULL DEFAULT NULL, 
  `method_idMethod` INT(11) NOT NULL, 
  PRIMARY KEY (`ididentification`)) 
ENGINE = InnoDB 
DEFAULT CHARACTER SET = utf8 
COLLATE = utf8_unicode_ci; 
SHOW WARNINGS; 
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 – 
«domain» (  4.15)  «reports» (  4.16).  

,  
 

,  
 

 « »  
 –     «domain»   «reports»  

. 
 

 
 4.15 –  «domain» 

 
 

. 
 

 
 4.16 –  «reports» 
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,  
.  

,  
 – «experofmodel» (  

4.17)   «dataexper» (  4.18). 
 

 
 4.17 –  «experofmodel» 

 

 
 4.18 –  «dataexper» 

 
 
 

.  
 

. 
 

 4.19. 
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 4.19,  
 

.  
. 

 

 
 4.19 –  

 
,  

,  
. ,  

 
,  (  4.20).  

 
 (  

 20 ),  
.  

 «Generate structure»  
,  

. 
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 4.20 –  

 
 «Add parameters operations» 

 
.  

 
 4.21. 

 

 
 4.21 –  

 
 

.   (  4.22),   
 

 4.23),  
 MySQL. 
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 4.22 –  

 
 

,  
. 

 

 
 4.23 –   
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,  
 

. 

 
4.3.  

 
 

 
 
 

 Application Programming 
Interface (API).  API  

-
. 

 
,  

,  
 

. 
 

,  
.   

 
 API . 

 
 
 

 smart- .  4.24 
 

API  
,  

. 
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 4.24 –  

API  
 

 
 

. 
 

API, .  
,  (  

),    
. 
 

, , 
 HTTP .  

 
.    

 4.25  
 
 

.     
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 4.25 –   

 
 

 
.  

 4.26  
.  

.  
,  

 «Newmodel»  
.  

,  
.  

   « »,  
 «init»  

.  4.26 ,  
, .  

 init ,  
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. 

 
 4.26 –  c   

 
 

 
.  

 
,  

 
 

.  
 4.27. 

 
.  Java Servlet API,  

.  
, Servlet  

.  init  
.  

) , 
. 
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 4.27 –  

 

 
,  stop  Null. 

 modelStep  
, . 

 stop  start ,  
,  stop  stop 

 1,   start  -  0.     
. 

 step  stop,  
,  

ModelStep()  update. 
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 update  ModelGetChanges  
 JSON,  

. 
 

.  ,   
,   

. 
 

 4 
 

1.  
,  

 
. 

2.  
.  

,  
,  

,  
 

. 
3. , 

, 
 C#, Java, API,  MySQL. 

 
.  

 
 

. 
4.  

-
 
 

   
 

. 
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 5. 

 
 

 

 
,  

,  
 

, , ,  
 

.  ( )  
 

.  
,  

.  
. 
 
 

. 
,  

. 
 

.  
 

,  
. 

 
.  

,  
 

,  
 ( )  

.  
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5.1  
 

 
 

 
 

, .  
 

 0,5  2 .  
, . 

,  
.  

: 
-   

 –  
, ; 

-  
 – ,  

. 
 [20, 28, 84, 143, 212, 217]   

  ,  
. 5.1.  

 

 
5.1–  

 
 

,  
.  

 ( ) 
,  
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,  (  
) ,  

 
 

.  
,  

 (  
)  - .  

,  
.  

, . , 
,  
.  

, 
 

 (  
) . ,  

 
,  –  

 
.  

,  
,  

.  
,  

. 
,  

 – ,  
,  

  
 

 NiAAxAAAx iiiiii ,...,1],;[)(],;[, 0  (5.1) 
 

 ii AA ,  –  
; 

ix  - ; 
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0 ( )iA x -  
,  

 ix .  
,  (2.4)  

 
 0 1 1 2( ) ... ( )m m mA g x g x  (5.2) 

 
 

0 ( ) [ ; ], 1,...,i i iA x A A i N ,     (5.3) 
 

 (2.5) 
  

 
1 1 1 1 2 1 1

1 1 2

( ) ( ) ( ) ( ) ;

( ) ( ) ( ) ( ) .

m m m

N m N m m N N

A g x g x A

A g x g x A
. (5.4) 

 
 

,  
   (5.2)  

.  
 

. ,  
,  

RaspberryPi [54, 98], ,  5.1 
,  

,  5.2.  
, 
 

, ,  
 

: 
 

2 2 4 4
1 2 3 4 5[ ; ] [ ] [ ] [ ] [ ] [ ]A A g x g y g x y g x g y ,   (5.5) 

 
 1[ ]g =[6,4;7,3]; 2[ ]g =[5,2;6,3] 3[ ]g =[-0,015;-0,018]; 4[ ]g =[-0,0078;-

0,0,0071]; 5[ ]g =[-0,0091;-0,0078]. 
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 5.1–  

i  

 
 

 
 

i  

 
 

 
 

x y  x y  
1  1  1  8,0974  11,5326  119  1  4  13,1134  18,6766 
2  2  1  9,5576  13,6124  20  2  4  23,3475  33,2525 
3  3  1  13,0391  18,5709  21  3  4  43,1516  61,4584 
4  4  1  15,2955  21,7845  22  4  4  47,4375  67,5625 
5  5  1  19,8619  28,2881  23  5  4  49,5001  70,4985 
6  6  1  25,6492  36,5308  24  6  4  43,3125  61,6875 
7  1  2  9,0626  12,9074  25  1  5  13,2021  18,8001 
8  2  2  14,421  20,539  26  2  5  32,1750  45,825 
9  3  2  21,7099  30,9201  27  3  5  43,3125  61,6875 
10  4  2  28,5656  40,6844  28  4  5  47,0250  66,975 
11  5  2  33,8498  48,2103  29  5  5  44,5501  63,4495 
12  6  2  43,032  61,288  30  6  5  26,8125  38,1875 
13  1  3  10,1516  14,4584  31  1  6  16,5001  23,4996 
14  2  3  18,1335  25,8265  32  2  6  37,5375  53,4625 
15  3  3  31,5892  44,9907  33  3  6  46,4063  66,0938 
16  4  3  37,8716  53,9384  34  4  6  42,0750  59,925 
17  5  3  47,8912  68,2087  35  5  6  24,3375  34,6625 
18  6  3  50,7004  72,2096  36  6  6  16,9125  24,0875 

 
 5.2 –   

 
  

 
  

 1 x 10 3y  
2 y  11 3x y  
3 xy 12 3 2x y  
4 2x  13 3xy  
5 2y  14 2 3x y  
6 2x y  15 3 3x y  
7 2xy  16 4x  
8 2 2x y  17 4y  
9 3x  18 4 4x y  
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, ,  
, ,  

[84]: 
2 2

1 2 3 4[ ; ] [ ] [ ] [ ] [ ]sin ( / 36)A A g g y g y g xy . 
 

 
 

. 
 (5.5),  

,  
 

. ,  
 

. ,  
 (5.5)  

,  
.   

, 
 [212]. 

 
5.2  

 
 

 
.  

 ( ) , 
.   

 
 
 

.  « », 
.  

,  70 
 90 .  

 
 

. ,  
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,  

,  
. ,  

.  
,  

 
 

.  
 

. 
 [162, 171, 253],  

,  
 (2.4)  

 
 0 1 1 2( ) ... ( )m m my g x g x  (5.6) 

 
 0y  

;  1 2 3( , )x x x x : 1x  - 
, 2x  - , 3x - .  

 
 [162]. ,  

 
 

. 
: 

 
 0, [ ; ], ( ) [ ; ], 1,...,i i i i i ix y y y x y y i N  (5.7) 

 
 i ,  

 (2.5) 
 

 
1 1 1 1 2 1 1

1 1 2

( ) ( ) ( ) ( ) ;

( ) ( ) ( ) ( ) .

m m m

N m N m m N N

y g x g x y

y g x g x y
. (5.8) 
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 5.3 –  
 

 
, 

 

 
 

), 
 

 
 
, 

 

 
, 

 

 1x  2x  3x  [ ; ]i iy y  
1 182,5 4,6 6,5 [1087,2;1211,28] 
2 182,7 4,7 5,5 [1069,08;1191 092] 
3  182,7  4,7  4,97  [1069,08;1191,092] 
4  182,7  4,7  5,45  [1087,2;1211,28] 
5  182,9  4,7  7,5  [1069,08;1191,092] 
6  183  4,7  11,9  [1087,2; 1211,28] 
7  183,1  4,7  12,5  [1105,32;1231,468] 
8  183,1  4,7  9,8  [1123,44;1251,656] 
9  183,1  4,55  10,4  [1087,2;1211,28] 
10  183,1  4,6  13,7  [1141,56;1271,844] 
11 184,6 4,6 14,9 [1159,68; 1292,032] 
12 184,6 4,6 14 [1159,68; 1292,032] 
13 184,6 4,7 12,8 [1159,68; 1292,032] 
14 184,7 4,65 12,5 [1141,56; 1271,844] 
15 184,8 4,6 11,6 [1159,68; 1292,032] 
16 184,8 4,7 10,4 [1159,68; 1292,032] 
17 184,8 4,7 10,1 [1177,8; 1312,22] 
18 184,8 4,8 7,3 [1050,96; 1170,904] 
19 187,2 4,8 7,5 [1087,2; 1211,28] 
20 187,2 4,7 7,1 [1105,32;1231,468] 
21  187,2  4,8  7,3  [1105,32;1231,468] 
22  187,2  4,75  8,3  [1087,2;1211,28] 
23  187,2  4,7  8,3  [1069,08;1191,092] 
24  189,1  4,6  7,24  [1050,96;1170,904] 
25  189,1  4,7  5,74  [1105,32;1231,468] 
26  189,2  4,7  4,64  [1014,72;1130,528] 
27  189,4  4,6  4,78  [1032,84;1150,716] 
28  189,4  4,8  5,74  [1105,32;1231,468] 
29 189,4 4,8 4,11 [1014,72;1130528] 
30 189,5 4,75 5,01 [1105,32;1231,468] 
 

 
,  
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 (5.6)  
, .  

 
,  5.4.  

 [205]. 
 

 5.4 –  
 

  
 

  
 1 1x  11 2

3 2x x  
2 2x  12 2

3 2x x  
3 1 2x x  13 2

3 1x x  
4 2

1x  14 2
3 1x x  

5 2
2x  15 2 2

3 2x x  
6 2

3x  16 2 2
3 1x x  

7 1 3x x  17 3sin x  
8 2 3x x  18 3 2sin x x  
9 2

1 2x x  19 3 1sin x x  
10 2

1 2x x  20 1 2sin x x  
 

, 
 

, ,  
: 

 
2

1 1 2 1 3 3 1 4 3[ ( ); ( )] [ ] [ ] [ ] [ ]y x y x g x g x x g x g x ,   (5.9) 
 

 
1[ ]g =[4,787; 5,344]; 2[ ]g =[0,048; 0,054]; 3[ ]g =[0,003;0,004]; 4[ ]g =[-0,217; -

0,242]. 
. 5.2 .  

 
,  

. 
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 5.2 –  

 " " 
 

 [205] : 
 

1 1 3
2

3 1 2

[y(x)] [5,5996;5,6001] x [0,0937;0,0941] x x

[ 5,7855; 5,7851] sin(x ) [ 0,0077; 0,0073] x x
 

,  (5.9) ,  
, ,  

[205]. 
 
 
 

,  
,  

.  
 
5.3.  

 
 

 
 ( ) . 

 30%  
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),  
, : ; , 

; . 
 

 ( )  
 ( ),  

 
.  

,   
 ( ,  ZORG),  

.  ,   
 
 

.  
,  

.  
 

. 
,   

,  
 (  

).  
 

.  
,  

 
 

.  
 

. 
 
 

 HACH- , 
 5%.  
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 5.5–   
 

 
, 

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 

 
 57  

 0,...,19k .  
 3.  

 5.5 : t -  
 3 ; [ ] [ ; ]k k kz z z  –  

 7%  
, . 

,  
 

»  (  3  (3.20), 
 (3.16).  
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 [148, 215] ,  
, 

.  
: 

 
max 0 0[ ] /k ky y v v v     (5.10) 

 
 ky - ,  k  

; 
max[ ]y 0[10;20] v - ,  

 [10;20] 3  1 3 ,  
; 

0 , kv v -  
 k . 

 p  
 
 

.  
 

,  5.6.  
, , 

, 
: 

- 0 10S  (  – «  
»); 

- 0 20S  (  
 1( , )mcnP F – «  

»); 
-  LIMIT=5, min max[ ; ] [4;7]I I , MCN=10000.  

,  
 0 10S . 
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 5.6 –   
 

    
1 1kv  27 211 / kkk uuv  
2 2kv  28 121 / kkk uuv  
3 3kv  29 311 / kkk uuv  
4 4kv  30 131 / kkk uuv  
5 21 kk vv  31 411 / kkk uuv  
6 31 kk vv  32 141 / kkk uuv  
7 41 kk vv  33 212 / kkk uuv  
8 32 kk vv  34 122 / kkk uuv  
9 42 kk vv  35 312 / kkk uuv  

10 43 kk vv  36 132 / kkk uuv  
11 2

1kv  37 412 / kkk uuv  
12 2

2kv  38 142 / kkk uuv  
13 2

3kv  39 213 / kkk uuv  
14 2

4kv  40 123 / kkk uuv  
15 21 / kk vv  41 313 / kkk uuv  
16 31 / kk vv  42 133 / kkk uuv  
17 41 / kk vv  43 413 / kkk uuv  
18 32 / kk vv  44 143 / kkk uuv  
19 42 / kk vv  45 214 / kkk uuv  
20 43 / kk vv  46 124 / kkk uuv  
21 12 / kk vv  47 314 / kkk uuv  
22 13 / kk vv  48 134 / kkk uuv  
23 23 / kk vv  49 414 / kkk uuv  
24 14 / kk vv  50 144 / kkk uuv  
25 24 / kk vv  51 3

1kv  
26 34 / kk vv  52 3

2kv  
 

 
 

.  
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 1( )s  
sR ,  s  

 1
mcn )  (3.20)  

 5.7. 
 

 5.7 –   
 s  

s 
 

 1( )s  
sR ,  
(3.16) 

sR ,  
(3.20) 

1 0,903 0 0 
2 0,899 1 1 
3 0,821 1 1 
4 0,78 2 1 
5 0,734 2 1 
6 0,707 2 2 
7 0,645 2 2 
8 0,624 3 3 
9 0,582 3 4 

10 0,506 4 5 
 

 5.7,  sR  
   (3.16)  (3.20) –  

 « » .  
,  

 
: 

 
1 1 1 2 2 3 4 1(1 ( )) / ( )k k k k kv v h g v h g v g g v .  (5.11) 

 
 

 1%  
 0[ ]kv  1[ ]kv ,   3 

 k=0  k=1). 
 
 

: 
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1 1 1 2 2 3 4 1[ ] [ ] [ ] (1 ( [ ] )) / ( [ ])k k k k kv v h g v h g v g g v  

 
 0 0[ ; ]v v = 0 0 0 0[(( ) 0,5) (1 0,01);(( ) 0,5) (1 0,01);]z z z z [9,3;10,7]; 

1 1[ ; ]v v = 1 1 1 1[(( ) 0,5) (1 0,01);(( ) 0,5) (1 0,01);]z z z z [9,42;10,41]; 
h=0,2; 1g = 8,7807; 2g =0,0470; 3g =-10,0145; 4g =88,5431. 

 
 (5.10),  

: 
 

0 0[ ] [10;20] ([ ; ] [ ; ])k k ky v v v v , k=0,…,19,   (5.12) 
 

 [ ; ]k kv v  -  
,  

(5.11).  
 

 5.8–  
FN  

 
 

 
# Name NF 
1  

(4.16)   
 

2456563 

2  
(4.16)   

 

1560865 

3  
(4.16)   

 

1460261 

4  
(4.16)   

 

1904543 

5  18795 
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 5.8  
 FN  

   
 

.  
,  

   
, ,  

.  
 

1460261/18795 = 77,69 . 
 
 
5.4.  

  
 

 
 [25, 80, 210, 211],  

 
.  

 
 

, . 
,  

,  
,  

, .  
, , 

.  
 

 ( ).  
 4  

.  
,  

,  
.  
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. ,  
 

 « » 
 

,  
,  

,  
 
 

.  
 

,  
 GOOGLE ANALYTIC  Google API (Analytics 

Reporting 4).  
,  

, ,  
 

.5.9. 
 
 
 
 

,  3.3. 
 

 5.9–   
 

 
 

k kz  kz  

1 0 138 292 
2 1 156 285 
3 2 136 277 
4 3 170 254 
5 4 108 184 
6 5 34 61 
7 6 12 40 
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 (5.13): 
1

0 1 2 1 1 3
1 2

, 2,...,6.1 k
k k k

k k

vv g g g v v g
v v

k   (5.13) 

0g  = 0,2954; 1g  = 0,1549; 2g  = 0,0042; 3g  = 3,3365. 
 

 (5.3)  5.3. 
,  

, , .  
,  

 
. ,  

 
 2 . 

 5.3 :  
 kv ,  

 kv ;  
 kz  kz  

. 
 

 
 5.3–   

. 
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 web-
 

 web- .  
.  

, 
 

. 
 
 
5.5  

 
 

 
 

 (  3.3)  
 

. ,  
,  

. 
, , : 

 « »  
, .  

 
. 

 ku - 
. ,  

,  
. , 

.  
[46]. 

 
 |F|=52.  

 S=10. ,  
:  

 
 

.  
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 1,  
 sn  (7)  

 ),( FP mcn . 
,  

 sn  
 1.  

 
 ( ). 

 
 5.10 –  

s  
 s  

» 
 

)( s  
sn  

1 4, 22,34, 47 0,86 2 
2 11, 13,29, 30, 

51 
0,64 2 

3 20, 24, 36, 47, 
50, 52 

0, 71 3 
4 5, 7, 19,40, 42 0,45 1 
5 13,26, 37, 41, 

51 
0,55 1 

6 2, 5, 38, 44, 
50 

0,78 3 
7 9, 14, 18, 38, 

41 
0,39 1 

8 14, 16, 27, 30 0, 79 2 
9 1, 8, 17, 28, 

30, 42 
0, 62 2 

10 3, 6, 18, 39, 
47 

0, 49 1 
 

 2  
, ,  (3.30).  

 
, : 

 
4132 /0472.07164.05962.0013.0 kkkkk vvvvv  

2121322 /0.3067/0001.0 kkkkkkk uuvvuuv , (5.14) 
.18...4k  

4132 /0473.07078.05764.00124.0 kkkkk vvvvv  
121 /0159.0 kkk uuv , .18...4k       (5.15) 
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,  
,  

,  
.  

 
 

.  
 

 8-12%. ,  
,  

 
 11%.  

 
 
 

.  
 
 

5.6  
 

 
 

 
 

, ,  
 [200, 201, 207]. ,  

 
, .  

 
 [213-216, 244]. ,  

.   
 
 

 [213-216]. ,  [43] 
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 NO2 ( )  
 –  – , . . 

, ,  
 [43]  

 
.  

,  
.  

: ;  
. 

 
,  « »  

, 
,  

 « »  
. ,  

 
.    

,  [16]  
 
 

,  « » .  
,  
 « » ,  

 –  
. 

 
 

 « » 
. 

 
 
 

,  
 (3.25). 

,  
 

 NO2 ( )  –  



 

 
 
 

 172 

– , .  
 

.  
 
 

.  
 F ,  

 
, : 

,, 11,21 kkkk vvvv 111,2111 /, kkkkkkk uvvvuvu .  
 F  L=42. ,  

 
 (3.25)  (3.30). 

 F .  
 
 

 3 , : 
,1

3
,221 kkkk vvvv  .  1F  

 L=68. ,  1F  
,  (3.30). 

 
 1F  

, : 
.// 11,21 kkkkkk uuvuuv  2F  

 L=88. 
: 

 

.71,...,22
/][0154,0/][5059,0

][][118,0][3541,00365,0][

11211

311

k
uuvuuv

vvvv

kkkkkk

kkkk

  (5.16) 
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 5.4 –  

 NO2 . . 
 

,  
.  

 
 5.4. 

 (5.16)  
 

. , ,  
 –  .  .   

,  (5.16)  
.  

,  
,  
,  

 
.  

 « » 
,  [66]. 

 
,  

 
NO2 ,  –  
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.  

 
 
 

 NO2 (  
)  –  – , . 

 –  .   
:  11:00  21:00.  [43], 

 
. 

 
 NO2,  [0, 1]  

, . 5.5.  
 

 “subclust” -
 MATLAB , 
, . 5.5. 

, , 
 

: 
 

1,...,
max ( )

2

k k
k K

z z
r =0,135.    (5.17) 

 
 5.7  
 (  

).   
,  

, ,  
.  
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 5.5 –  

 –  – 
 – . 

 

 
 5.6 –   

  
 –  –  – . 
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 5.7 –   

. 
 

 
 

, ,  h  
 j.   ,    –   

. 
 5.8   

 ( )  
 

.  
, ,    

. 
,   

,  
 

 NO2 ,  –  
 

. 
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 5.8 –   

. 
 

,  
 

 F : 
2,1,

21

kpkp

kk
uu
vv  

3,2,1,

321
2
2

kpkpkp

kkk
uuu

vvv . 

,  
 

 F :  
 

2,1,

21

kpkp

kk
uu
vv  

3,2,1,

321
2
2

kpkpkp

kkk
uuu

vvv .       (5.18) 

 
,  

 ,F  
, : ][][],[][],[][ 221111 kkkkkk vvvvvv .  

 F ,   
, .  

 F  L=64. 
, : 

 
1 2 1 2

5 7 1 1 1

5 8 2

[ ] 0,0674 0,0752 ([ ] [ ]) / ( )
0,1722 [ ] [ ] 0,1269 [ ] 0,0006 [ ]

0,0778 [ ] / , 22,...,71.

k k k k k

k k k k k

k k k

v v v u u
v v v v u

v u u k
  (5.19) 
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 5.9  

 (5.19). 
 

,  –  
 (5.19).  

 5.9,  (5.19)  
 (3.30) .  

 (5.19)  
 

. , 
,  – . . 

 
 (5.19) . 5.10.   

 5.10  
 

,  –  
 (5.19). 

 

 
 5.9 –   

 NO2 . ,  
 (5.19). 
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 5.10 –  

 NO2   –   
. ,  (5.19). 

 
. 5.10  

 
. ,  (5.19) ,  

 
. 

 5 
1.  

 
: , ,  

.  
 
 

. 
2.  

 
, ,  

 
, , , 

 
. 

3.  
,  
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. 
4.  

 NO2  
,  

,  
 

. 
5.  

 
.  

 
,  

,  (  
). 

 
,  

,  
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