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       [2]. 
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     , 

,    .  

      

        

      . 
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     ; 
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1    
 

1.1    
 

      : 

        

 .     (   

   )   

  .       

    [1]. 

  ,   ,   

 ,       

.      ,  

      .  

     ,  

       

[2]. 

        

     (  1), : 

 

 
 1 –       
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  –  ;  

  –   ;  

 ∗  –   ; 

   –   ;  

 ∗ −   –  ( )     ;  

  –   ;  

  –   .  

 

1.2    

 
      .   

         

, . .     . 

  ,     

, : 

   ; 

   ;  

   ; 

   ; 

   ; 

   ; 

   ; 

   ; 

   « - »     

; 

   ; 

    [3]. 

  ,      
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 .     ,    

     .  

     . 

  ,      , 

 ( )       

. 

  ,      

, . .      ( ) 

          

    : 

 ( + ) = ( ) + ,                                              (1.1) 

 

     –  ; 

           –  .  

     . 

       

 ,  ,  

.     , 

   ( ,    

).       

       [2].  

       . 

     .     

      [1].  

,   ,     

     .    

       

 ,        
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 =   , ,                                                                                                               (1.2) 

 

  −   ; 

        –   . 

        

  .     

 ,    : 

 = + ∑ ,                                                                                                                 (1.3) 

 

 = , ,… ,  –      

.  

          

      

 

{ = + + +⋯+…     = + + +⋯+ ,                                                (1.4)               

 

  –   ,  .  

      , 

,         

   [1].  

      :  

1)     

      

  -  ,      

     : 
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+ − +⋯+ − = + − +⋯+           + − ,                                                                                                         (1.5) 

 

 ,  –       -    

  = , . ..  
)       

       

 ,  -     = [ , , . . . , ]𝑇,       

  -  :  

  =  [ , , . . . , ]𝑇,  [ + ] = [ ] [ ] + [ ] [ ],  [ ] = , ,  [ ] = [ ] [ ] + [ ] [ ],                                       (1.6)             

 

 [ ] ∈  𝑅 , [ ] ∈  𝑅𝑝.  

 [ ], [ ], [ ], [ ]   [ × ], [ × ], [ ×] и [ × ] .  

)        

       

      .  

  ,        

     

    ( - ).   

    ,   

       , ,  

  .   ,     

    ,    

.  

)    -    
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 𝑑𝑑 + − 𝑑 −𝑑 − +⋯+ = 𝑑𝑑 +⋯+ ,       (1.7) 

 

 , ,  =  , , . . . ;   =  , , . . .  –  ,  

.  

         .  

)    

    (1.7)    

, ,   ,   

     :  

 = 𝑝𝑝 = ∑ 𝑝=∑ 𝑝= ,                                                                                   (1.8) 

 

  –   (   ).   

       

 ,    ,    , 

 .  

      

,      

:  

)   .  

        

   ,   ,  :  

 ( , , , … , , , , … ) = ,                                                            (1.9) 
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  –     +   +  ,  

 .  

 ,      (1.9) 

          :  

 ( , , , … , , , , … , , , , … ) = ,                                           (1.10) 

 

 ,  = . . .  –  .  

          

      ,  = . . . .  

       

 .  

)  .  

        

,         

       : 

    .  « -

»       :   

 = ∫ 𝜏 [ − 𝜏 ] 𝜏∞
,                                                                  (1.11) 

 

  –     ;  

       –    .  

)  .  
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= ∫ 𝜏 − 𝜏 𝜏 + ∫∫ 𝜏 , 𝜏 − 𝜏 − 𝜏 𝜏 𝜏 +⋯ , 
 (1.12)  

 

 𝜏 , 𝜏 , 𝜏 , 𝜏 , 𝜏 , 𝜏  –    ( ) -  

.  

  (1.12)    .    

        

    .     

      𝜏 , 𝜏 , … , 𝜏 ,  =, , . . ..        .   
)    .  

  ,      

    :  

 𝑑𝑑 = , , ; = ; ; = , , .              (1.13) 

 

  –   –   

           

     ).   –   

–        ,   

 –    –   [2].  

         

 .       

 .   ,      

      ,   

     . 
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1.3    
 

       

  .    . 

1)       . 

        ( ) 

 𝜑 ,… , 𝜑 . 

 

 , α = ∑ 𝜑= = 𝜑𝑇 = 𝑇𝜑 ,                         (1.14) 

 

  –     (…), 

       𝜑  –    
𝜑 …𝜑 . 

-     (     =  , . . , ) 

  

 

= 𝜑𝑇 …𝜑𝑇 = 𝜑𝑇 …𝜑𝑇 =           
= (𝜑 𝜑 …𝜑 𝜑     … 𝜑  … 𝜑 ) = Ф .                                   (1.15) 

 

      : 

   =  ∗ −𝛷 −𝑇  − ∗ −𝛷  =  min𝛼 ,                                           (1.16) 

 

 −  –   . 
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    =   (   –     ) 

      

 Ф𝑇  − Ф = Ф𝑇  − ∗.                                                                            (1.17) 

 

   ,   Ф𝑇  − Ф 

 [4].  

  : 

 = Ф𝑇  − Ф −  Ф𝑇 − ∗ = 𝑁 ∗.                                                       (1.18) 

 

  ,   𝜉    

:  =  𝜎  (   –  ), − = 𝜎−  –  

 (1.17)   

 𝜎− Ф𝑇Ф = 𝜎− Ф ∗,                                                                                  (1.19) 

 

 𝜎−  –  . 

2)   . 

         

 [5].           

        ,    

.      

   . 

     ,    , 

,   − ,        

  : 

 

∗ = 𝜑𝑇 , −∗ = 𝜑𝑇 − − .                                                    (1.20) 



17 
 

  : 

  = − + (∗−𝜑𝑇 𝛼 − )𝜑𝑇 𝛼 𝜑 = − + (∗ −           − 𝜑𝑇 − )(𝜑𝑇 )+.                                                                          (1.21) 

 

  «+» –  (  )  [8].  

  ,    (1.21) ,  

 

→∞→   + 𝜉𝜑𝑇 𝜑 ,                                                                              (1.22) 

 

 𝜉  – . 

    ,    (1.21) 

   [5].    . 

 : 

                                                                                = − + ∗ −𝜑𝑇 𝛼 −𝜑𝑇 𝛼 𝜑 , > , = , , …,                     (1.23) 

 

  –   . 

 : 

 = − + ∗ −𝜑𝑇 𝛼 −𝛾+𝜑𝑇 𝛼 𝜑 , > , = , , ….                         (1.24) 

 

     ,   

   ,  𝜑𝑇𝜑   . 

3)    ( ). 

  (   )      

   [6].        
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(  )  .     

   (    ,   

 , ,     ) 

        

(    ).          

    .     

        

 .    ,  

      . 

     α   

     [1]. 

         -    

  .     

 ≈ ∑ [ | |− ]∈𝑇 ≡ ∑ ( )∈𝑇 ,   
= { , | | < ∆ | |− ∆, ∆ | | ,                                                                        (1.25) 

 

  –       (∗ −  ); 

       ∆ –    .                                                                    

        

   :  

 

 t ≈  +W ∆ + =  + 𝜕𝜕 + 𝜕𝜕𝛼 ∆ + ,                   (1.26) 

                                       

 W  – -    ( )   

      ; 

        V  –        . 



19 
 

     : 

                                    ≈ ̅ ∆ + =∑ W 𝑇
∗ −  −W ∆ +∈𝑇 = 

= min∆𝛼 +                                                                                                             (1.27) 

 

    ∆ + : 

 (∑ W 𝑇W∈𝑇 )∆ + = ∑ W 𝑇∈𝑇 .             (1.28) 

 

     ,   W   .  

  ∆ +       

: 

 

 + = + + , = , , , … , > ,                                                  (1.29) 

 

  –  ,    .  

        

  (2):  + .  

4)       

 . 

,      ,   

:  

1.         

      

   ( )    

       ( ),  

   .  
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2.         

 .  

3.        ,  

        

.  

      

  ,     

   . 

    –  W  (  )   

      (1.26)   

        . 

          V     

 .        ,  

    .     

       W     ;  

           

 .    (1.26) (     

 , . .,  ,     )  

       [7],  

    . 

        𝑇    

 − + ,       (  

 ,      𝜏- ,  

     .)     : 

   = + , = ,̅̅ ̅̅ ̅̅ , = ,̅̅ ̅̅ ̅,                                                        (1.30) 

 

  –  (   )   [-1; 1] ; 

        –   .  



21 
 

           

   : 

 

  =  −   .                                                                         (1.32) 

 

      : 

 

  ∑ = =  , = ,̅̅ ̅̅ ̅.                                                    (1.33) 

 

    (1.33)  : 

 =  .                                                                                           (1.34) 

 

 (1.33)         

 (1.26).  (1.34)     ,    . 

         (1.34)     

 .     

      

 

 = +,                                                                                         (1.35) 

 

 + –   [8]    .  

      

 ,     

 , = ,̅̅ ̅̅ ̅̅ ,   ,     [9]  

  . 

      (   

 )        , . .  , = ,̅̅ ̅̅ ̅, = ,̅̅ ̅̅ ̅̅          .    
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  ,        

         :  ,   = ,̅̅ ̅̅ ̅.    [9, 10],  

                 + = 𝑝|̅ |𝑝, ̅ = ∑ ̅= , = ,̅̅ ̅̅ ̅̅ , 𝑝 > , = , ,… ̅ = 𝐾∑ 𝐾= , = ∗ − / − ,                                   (1.36) 

                      

 ∙  – ,    ,  

 ; 

          = max { , = ,̅̅ ̅̅ ̅}; 
          = min { , = ,̅̅ ̅̅ ̅}; 
          ∗ = ; 

           –   ; 

          𝑝 – ,    [1; 3]   = , .  

,     ,    , 

      ,    

     [9]    : 

 + = + ̅ , , = ,̅̅ ̅̅ ̅̅ .                                                                     (1.37) 

 

    (   = )   

       .  

       

    ∆  + ,   . 

                                                                             

2    
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2.1    

 

       

   ,        

,   ,    

       . 

        

 ,        

,         

 ,      

   ,     

  .      

   ,   

  ,   

,  ,  , 

          . 

       

 C#,     : 

      .  

     ; 

     ,  , 

    (MSDN [11]   ); 

       ; 

      ; 

      . 

     Desktop- ,   

    WPF. Windows Presentation Foundation 

(WPF) –        

   .   WPF  
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     ,   

, ,  , , ,  , 

   [12]. 

      

    ,    

 .       

   ( ) ,    

 ,       

   Prism.   

Prism –     ,   

  XAML  WPF, Windows 10, UWP  Xamarin Forms 

[13]. Prism     , 

        

 XAML,  MVVM,  ,   

. 

        

Math.NET Numerics [14].  Math.NET Numerics   

       ,    

.        

. 

        

 mXparser [15]. 

       

Material Design In XAML[16] 

       C#   

  Visual Studio Community 2017 [17].  IDE   

 :   ,  , 

   , ,    . 

   Visual Studio       

     . 
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2.2    

 
      

  : 

 ExportAndInport; 

 IdentificationMethods; 

 INavigationModule; 

 NavigationModule; 

 ObjectStructure; 

 Core; 

 CreateComponentsWindow; 

 InputObject; 

 StartResearchWindow; 

 StartWindow; 

 TaskResearchWindow; 

 TaskSolutionWindow; 

 NotifyPropertyChange. 

       

(  2). 

 Core, InputObject, StartResearchWindow, StartSolutionWindow, 

TaskResearchWindow, TaskSolutionWindow    

     .   

,  Core,    MVVM ((Model-

View-ViewModel) [18]. 

 Core       

.  



26 

 

 2 –    



27 

 StartWindow    .   

 ,    ,   , 

  . 

 InputObject        

. 

 CreateComponentsWindow    

      . 

 TaskSolutionWindow   UserControl,  

    ,   , 

 ,     ,   ,   

  . 

 StartResearchWindow  TaskResearchWindow   

    .     

   StartWindow  TaskSolutionWindow.    

 ,         

  ,        

  . 

 ExportAndInport, IdentificationMethods, INavigationModule, 

NavigationModule, ObjectStructure     

  ,     , 

  ,     . 

 NavigationModule    INavigationModule  

   (     UserControls, 

   ,  NavigateTo  .). 

 ObjectStructure        

   ,     . 

         2.3. 

 ExportAndInport        

 .xml. 
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 IdentificationMethods     , 

   Method,    ,  

   MethodParameters. 

 NotifyPropertyChange      

INotifyPropertyChange,       

 . 

 
2.3    
 
 

 Task       

   .        

  Object (    Object), Model (    

Model)  Method (    Method).   ,   

   ,     

    .  Object  Model 

   Equation,       

 .       ,    

 .     

  ComponentParameter, ComponentInput, ComponentOutput. 

      Hindrance.    

            

.        ,    

.         , 

 ,    . 

 Method      ,  

 MethodParameters –       . 

 TaskForReseach     ,    

,     .    

   .  

  3  UML   [19].



29 

 

 3 – UML-   



30 

3    

 

        

.       ,  – 

  .  

       

 ,    ,    

  (  4). 

 

 
 4 –     

 

         

  ExportAndImport.     OpeningTask  

SavingTask         

.xml (  5). 

 «  »      

.      ,    6, 

      . 

    ,   , 

 ,    7. 
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 5 –       .xml 

 

 
 6 –    
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 7 –      

 

         

      ,    

,     (  8  9). 

 

 
 8 –      

 

 
 9 –    ,    

 



33 
 

    ,   «  »  

  ,      

   (  10). 

 

 
 10 –      

 

       Task    

  ,   . 

   ,     

  ,    . 

          

. 

       Task1.  

       . 

  (  11  12)  ,     

  .  
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 11 –  

 

 
 12 –   

 

      « »,  

«  » (  13).     

    (  14).  

        « », 

 «  » (  15). 

 

 
 13 –   

 



35 
 

 
 14 –   

 

 
 15 – «  » 

 

     , 

       

. 

    ,     

  (  16)     (  17). 

     UserControl   InputObject. 

 



36 
 

 
 16 –      

 

 
 17 –     



37 
 

  ,        

   (  ). 

     –   ,  

     .      

    , : 

 = + ∙ sin ∙ + ∙ cos ∙ .                                                          (3.1) 

 

        

     : 

 = + ∙ sin( ∙ ) + ∙ cos ∙ − .                                      (3.2) 

 

     . 

    ,    

    .   «u». 

         

(  18).  

 

 
 18 –       

 

      , 

   19. 

 



38 
 

 
 19 –     

 

       

 « ».          

,    20, 21, 22. 

 

 
 20 –     

 

 
 21 –       

 



39 
 

 
 22 –     

 

    ,     

(  23). 

 

 
 23 –   

 

    « »     , 

   ,    . 



40 
 

        

« »,   . 

   (  24),   

   ,   

        

   .  

 

 

 24 –   

 

          

: 

 ; 

  ; 

      (   ). 

          

   (  25). 

 



41 
 

 
 25 –     

 

       , 

   26. 

 

 
 26 –    

 

        

       ,   



42 
 

,          

  « » (  27).     

   ,    28. 

 

 
 27 –    

 

 
 28 –    
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 ,       , 

  ,      ,  

   « »       

(  29).        

. 

 

 

 29 –      

 

        

 .        

,    . 

          

 « ». 

         

   ,    17.   

,  ,      (  

30). 
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 30 –     

 

     (  31)   

   « ». 

,       , 

    . 

        

  ,    32.     

  .  ,     

     .    

 ,     « »,   

    . 

 



45 
 

 
 31 –     

 

 
 32 –         

  

 



46 
 

       « »    

 (  33)     . 

 

 
 33 –   

 

    ,     , 

   34. 

 

 
 34 –   

 

      ,   

  (  35).  

 



47 
 

 
 35 –   

 

     , 

   36. 

 

 
 36 –          

  

 

          

  (   )     (  

 ). 
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.      «   

»      . 

   (  37)    

.  « »         

(   )     (   ). 

  « »    ,   

   [20].  

 

 
 37 –      

 

       ,    

,   « »   « » (  38). 

        

,       . 

     « »     , 

  ,    39. 
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 38 –    

 

 
 39 –      

 

          

,          

.         

  (  40).  

 

 

 40 –       
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4    

 

      

.         ,   ,  

      

,         -1  +1.  

 𝑁 =  . 

    : 

 = + ∙ + ∙                                                                                    (4.1) 

 

 , ,  –   ; 

    –  . 

          

, + , + . 

  2–7      

         . 

 1       

   .   

 

 1 –  

 0 1 2 3 4 5  

 1 1,205 1,789 1,992 1,999 2 2 

 1 0,529 0,096 0,0505 0,05 0,05 0,05 

 1 0,0447 -0,916 -1,383 -1,399 -1,4 -1,4 

 42,426 0,0029 3,729e-08 4,575e-15 6,078e-24 3,25e-27  

 

 2 –     , = . , =  

 0 1 2 3 4 5  

 1 1,99962 1,999 1,999 2 2 2 
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  2 

 1 0,05003 0,04999 0,04999 0,05 0,05 0,05 

 1 -1,39911 -1,3999 -1,3999 -1,3999 -1,4 -1,4 

 7,792e-06 1,104e-14 1,678e-25 3,52e-27 8,678e-28 4,946e-28  

 

 3 –     , = . , = +  

 0 1 2 3 4 5  

 1 1,9996 1,999 1,999 2 2 2 

 1 0,05003 0,04999 0,04999 0,04999 0,04999 0,05 

 1 -1,39918 -1,3999 -1,3999 -1,4 -1,4 -1,4 

 7,701e-06 9,687e-15 1,318e-25 3,423e-27 7,911e-28 5,99e-28  

 

 4 –     , = . , = +  

 0 1 2 3 4 5  

 1 1,9996 1,999 1,999 2 2 2 

 1 0,05006 0,04999 0,04999 0,05 0,05 0,05 

 1 -1,39906 -1,3999 -1,3999 -1,3999 -1,4 -1,4 

 9,365e-06 1,533e-14 2,64e-25 3,235e-27 1,129e-27 2,986e-28  

 

 5 –     , = . , =  

 0 1 2 3 4 5  

 1 1,99963 1,999 1,999 2 2 2 

 1 0,050013 0,05 0,05 0,05 0,05 0,05 

 1 -1,39911 -1,3999 -1,3999 -1,3999 -1,4 -1,4 

 7,548e-06 1,104e-15 3,316e-25 2,782e-27 6,66e-27 7,581e-27  

 

 6 –     , = . , = +  

 0 1 2 3 4 5  

 1 1,9996 1,999 1,999 2 2 2 

 1 0,05001 0,05 0,05 0,05 0,05 0,05 

 1 -1,3991 -1,3999 -1,3999 -1,4 -1,4 -1,4 
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  6 

 7,986e-06 4,499e-15 3,282e-25 3,423e-27 4,867e-28 3,858e-28  

 

 7 –     , = . , = +  

 0 1 2 3 4 5  

 1 1,9995 1,999 1,999 2 2 2 

 1 0,05006 0,04999 0,04999 0,05 0,05 0,05 

 1 -1,39906 -1,3999 -1,3999 -1,3999 -1,4 -1,4 

 7,712e-06 9,472e-14 1,122e-25 3,641e-27 5,738e-27 2,99e-28  

 

   =  +    =      = . ,… . , .   = . ,… . , . .    

: 

 = +                                                                                                    (4.2) 

 

 ,  –   ; 

  –  . 

       8–10    ,  

 ,        

      .    ,   

 ,     ,   

           

. 

 

 8 –     , = . , = +  

 0 1 2 3 4 5  

 1 5,6314 5,0251 5,00003 4,9999 5 5 

 1 3,4285 5,8003 5,9994 6 6 6 

 34,637 0,213 1,991e-06 3,26e-13 1,511e-19 9,037e-27  



53 
 

 9 –  , = . , = +  

 0 1 2 3 4 5  

 1 5,527 5,0315 5,0001 5 5 5 

 1 3,246 5,6918 5,9979 6 6 6 

 25,025 0?258 9,812 e-06 7,931e-12 1,629e-17 3,624 e-27  

 

 10 –     , = . , =  

 0 1 2 3 4 5  

 1 5,7048 5,025 5,00002 5 5 5 

 1 3,3709 5,812 5,999 6 6 6 

 40,14 0,262 1,461e-06 2,689e-12 1,839e-19 4,506e-26  

 

 ,  : 

 = + ∙ sin ∙ + ∙ cos ∙                                               (4.3) 

 

 , ,  –   ; 

,  –   ; 

 –  . 

   = − , = , , = . , = − , =. .   11–12      

         . 

 11       

   .    

,   ,      

     . 

 

 11 –  

 0 1 2 3 4 5  

 1 2,6692 3,482 3,4871 3,0305 3 3 
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  11 

 1 0,0918 0,0066 0,0075 0,0099 0,001 0,001 

 1 3,6049 3,6911 3,9161 4,1681 4,19999 4.2 

 293,6 0,0376 0,0117 0,00017 2,295e-08 3,655e-14  

 

 12 –     , = . , = +10 

 0 1 2 3 4 5  

 1 3,0631 3,00084 3 3 3 3 

 1 0,00941 0,00998 0,0099 0,001 0,001 0,001 

 1 4,1338 4,19911 4,19999 4,19999 4.2 4.2 

 0,0006 1,055e-07 1,936e-13 3,56e-21 3,81e-27 2,146e-27  

 

 13 –     , = . , = +  

 0 1 2 3 4 5  

 1 3,058 3,0007 1,999 3 3 3 

 1 0,00991 0,009997 0,00999 0,001 0,001 0,001 

 1 4,139 4,1993 4,1999 4.2 4.2 4.2 

 0,0006 8,155e-08 1,24e-13 1,899e-21 3,837e-27 3,301e-27  

 

 14 –     , = . , = +  

 0 1 2 3 4 5  

 1 3,0748 3,0011 3 3 3 3 

 1 0,0098 0,009995 0,0099 0,0099 0,001 0,001 

 1 4,1219 4,1988 4,1999 4,199 4,199 4.2 

 0,0006 1,761e-07 4,607e-13 1,209e-20 3,842e-27 3,284e-27  

 

 15 –     , = . , = +  

 0 1 2 3 4 5  

 1 3,0575 3,0007 3 3 3 3 

 1 0,01008 0,00999 0,0099 0,001 0,001 0,001 

 1 4,199 4,199 4.2 4.2 4.2 4.2 
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  15 

 0,0006 7,939e-08 1,181e-13 1,622e-21 3,992e-27 3,741e-27  

 

 16 –     , = . , = + 7  

 0 1 2 3 4 5  

 1 3,058 3,0007 3 3 3 3 

 1 0,01024 0,01 0,01 0,01 0,01 0,01 

 1 4,138 4,1992 4.2 4.2 4.2 4.2 

 0,0006 8,255e-08 1,251e-13 1,9e-21 3,67e-27 7,205e-28  

 

 ,    : 

 = + ∙ + ∙                                                                                 (4.4) 

 

 , ,  –   ; 

 ,  –  . 

     = .    

   (  17–20). 

 

 17 –  

 0 1 2 3 4 5  

 1 0,1529 0,2814 0,0413 0,338 0,3999 0,4 

 1 1,0725 1,3684 1,6675 2,039 2,0999 2,1 

 1 0,4228 0,1095 -0,1304 -0,448 -0,4999 -0,5 

 73,67 1,019 0,299 0,005 1,524e-06 1,079e-19  

 

 18 –     , = . , =  

 0 1 2 3 4 5  

 1 0,3929 0,3999 0,3999 0,3999 0,3999 0,4 

 1 2,093 2,0999 2,0999 2,0999 2,1 2,1 

 1 -0,4938 -0,4999 -0,4999 -0,4999 -0,5 -0,5 
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  18 

 0,00014 1,226e-10 1,079e-18 2,144e-27 1,888e-27 1,733e-27  

 

 19 –     , = . , = +  

 0 1 2 3 4 5  

 1 0,39595 0,3999 0,3999 0,4 0,4 0,4 

 1 2,0958 2,0999 2,0999 2,1 2,1 2,1 

 1 -0,4962 -0,4999 -0,4999 -0,4999 -0,5 -0,5 

 7,95e-05 2,254e-11 8,345e-20 1,592e-27 1,124e-27 5,186e-28  

 

 20 –     , = . , = +  

 0 1 2 3 4 5  

 1 0,3951 0,3999 0,3999 0,4 0,4 0,4 

 1 2,0951 2,099 2,099 2,1 2,1 2,1 

 1 -0,4955 -0,4999 -0,4999 -0,5 -0,5 -0,5 

 9,365e-06 1,533e-14 2,64e-25 3,235e-27 1,129e-27 2,986e-28  

 

       

        

     : 

 = ∑ −= + ∑ − ,= = , ∈ ,𝑁̅̅ ̅̅ ̅,  = ∑ 𝜑 ( )𝑣= ,                                                                                       (4.5) 

 

 , ,  –   ; 

      −  –       − ; 

      {𝜑 ∙ } –   . 

 

  : 
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𝜑 = .                                                                                                      (4.6) 

 

  22–30     

          

.  21       

   .    

,   ,      

       

    . 

 

 21 –  

 0 1 2 3 4 5  

 1 -0.5505 -0.5123 -0.4983 -0.5000 -0.5000 -0,5 

 1 -0.3473 -0.3647 -0.3495 -0.3500 -0.3500 -0,35 

 1 0.6097 0.5857 0.6003 0.6000 0.6000 0,6 

 1 0.0572 0.0019 -0.0009 0.0010 0.0010 0,001 

 1 2,9260 2,9875 2,7991 2,7995 2,80000 2,8 

 1 0,68033 1,6957 1,4931 1,4996 1,5000 1,5 

 1 1,1364 -0,1519 -0,5458 -0,4996 -0,5000 -0,5 

 1 -2,0377 -0,9921 -1,0121 -0,9999 -1 -1 

 1 0,2452 -0,0303 0,07825 0,1003 0,09999 0,1 

 1 0,3216 0,24903 0,2136 0,1997 0,20000 0,2 

 1 1,6060 2,2127 2,487 2,5003 2,5000 2,5 

 8,5307 0,902 0,0001 7,50 e-07 5,698e-15 5,034e-25  

 

 22 –     , = . , =  

 0 1 2 3 4 5  

 1 -0.5591 -0.5288 -0.4938 -0.4996 -0.4999 -0,5 

 1 -0.3631 -0.3734 -0.3509 -0.3502 -0.3502 -0,35 

 1 0.5951 0.5765 0.5982 0.5997 0.5997 0,6 

 1 0.0516 0.0107 0.0073 0.0002 0.0006 0,001 
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  22 

 1 2,7896 2,832 2,7952 2,799 2,799 2,8 

 1 1,393 1,476 1,492 1,498 1,499 1,5 

 1 -0,667 -0,571 -0,515 -0,505 -0,501 -0,5 

 1 -1,0846 -1,0068 -1,0046 -1,0012 -1,0004 -1 

 1 0,2968 0,1074 0,1001 0,1002 0,1000 0,1 

 1 0,0781  0,2009 0,1992 0,1998 0,2 

 1 2,6640 2,5111 2,5074 2,5016 2,5006 2,5 

 8,5307 0,0004 3,677e-05 2,846e-06 1,892e-07 3,708e-09  

 

 23 –     , = . , = +  

 0 1 2 3 4 5  

 1 -0.5574 -0.5136 -0.4977 -0.5000 -0.5000 -0,5 

 1 -0.3531 -0.3638 -0.3495 -0.3500 -0.3500 -0,35 

 1 0.6050 0.5871 0.6003 0.6000 0.6000 0,6 

 1 0.0592 0.0040 0.0014 0.0010 0.0010 0,001 

 1 2,9438 2,7937 2,8001 2,7999 2,8000 2,8 

 1 1,5656 1,4955 1,5002 1,4999 1,500 1,5 

 1 -0,4724 -0,5054 -0,49992 -0,4999 -0,500 -0,5 

 1 1,1564 -1,0008 -1,0003 -0,999 -1,000 -1 

 1 0,1807 0,0977 0,1005 0,0999 0,1000 0,1 

 1 0,1462 0,1959 0,1999 0,1999 0,2000 0,2 

 1 2,3584 2,5028 2,4997 2,4999 2,5000 2,5 

 0,0238 2,678e-06 5,627e-08 1,743e-11 7,743e-14 1,347e-17  

 

 24 –     , = . , = +  

 0 1 2 3 4 5  

 1 1 -0.5671 -0.5136 -0.4978 -0.5000 -0,5 

 1 1 -0.4541 -0.3638 -0.3495 -0.3500 -0,35 

 1 1 0.7180 0.5871 0.6005 0.6000 0,6 

 1 1 0.0683 0.0052 0.0013 0.0010 0,001 

 1 2,6814 2,7625 2,7986 2,7999 2,7999 2,8 
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  24 

 1 1,3099 1,4665 1,5049 1,5003 1,5000 1,5 

 1 -1,1223 -0,4387 -0,4989 -0,4999 -0,4999 -0,5 

 1 -1,0473 -0,9847 -1,0003 -1 -1 -1 

 1 -0,1609 0,1245 0,1004 0,1 0,1 0,1 

 1 0,1727 0,1885 0,2005 0,2 0,2 0,2 

 1 2,5046 2,5054 2,5003 2,5 2,5 2,5 

 0,0543 0,0015 2,124e-07 1,921e-10 5,605e-13 1,058e-15  

 

 25 –     , = . , =  

 0 1 2 3 4 5  

 1 -0.5407 -0.5462 -0.5299 -0.5338 -0.5286 -0,5 

 1 -0.3423 -0.3759 -0.3791 -0.3645 -0.3601 -0,35 

 1 0.6177 0.5878 0.5804 0.5931 0.5961 0,6 

 1 0.0559 0.0279 0.0049 0.0245 0.0224 0,001 

 1 2,4310 2,8027 2,8334 2,8213 2,8249 2,8 

 1 1,2753 1,3969 1,5140 1,5125 1,5124 1,5 

 1 -0,4263 -0,4734 -0,4874 -0,4868 -0,4868 -0,5 

 1 -1,2464 -0,9995 -1,0065 -0,9896 -0,9899 -1 

 1 0,2669 0,1594 0,1168 0,1004 0,1044 0,1 

 1 0,2035 0,2106 0,1855 0,1854 0,1846 0,2 

 1 2,5513 2,4647 2,4647 2,4756 2,4732 2,5 

 0,0287 0,0032 0,0005 0,0003 0,0003 0,0003  

 

 26 –     , = . , = +  

 0 1 2 3 4 5  

 1 -0.5622 -0.5143 -0.4981 -0.4999 -0.4999 -0,5 

 1 -0.3620 -0.3529 -0.3501 -0.3500 -0.3500 -0,35 

 1 0.6008 0.5982 0.5999 0.5999 0.6000 0,6 

 1 0.0606 0.0125 -0.0007 0.0008 0.0009 0,001 

 1 2,7190 2,6573 2,7833 2,7990 2,8 2,8 

 1 1,4390 1,4893 1,5100 1,5030 1,4998 1,5 
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  26 

 1 -0,1316 -0,4026 -0,4969 -0,5 -0,5 -0,5 

 1 -0,8162 -0,9798 -1,0069 -1 -1 -1 

 1 -0,0278 0,1437 0,0997 0,0996 0,1 0,1 

 1 0,4727 0,3321 0,2320 0,2018 0,2 0,2 

 1 2,6048 2,5049 2,5049 2,5006 2,4999 2,5 

 0,2081 0,0221 0,0015 4,984e-06 8,688e-09 3,126e-08  

 

 27 –     , = . , = +  

 0 1 2 3 4 5  

 1 -0.5923 -0.6422 -0.5720 -0.5246 -0.5484 -0,5 

 1 -0.3386 -0.3396 -0.3932 -0.3872 -0.3854 -0,35 

 1 0.6340 0.6296 0.5725 0.5694 0.5743 0,6 

 1 0.1196 0.1625 0.0401 -0.0118 0.0166 0,001 

 1 2,2722 2,3651 2,4017 2,6488 2,6706 2,8 

 1 1,2837 1,3518 1,2555 1,3653 1,3908 1,5 

 1 -0,2760 -0,4611 -0,4269 -0,4269 -0,4286 -0,5 

 1 -1,4581 -1,0984 -1,1389 -1,0270 -1,0273 -1 

 1 -0,0729 0,2286 0,1088 0,1286 0,1063 0,1 

 1 0,1640 0,2266 0,2291 0,2388 0,2125 0,2 

 1 2,4591 2,8219 2,8233 2,5686 2,5762 2,5 

 0,5872 0,0294 0,0151 0,0073 0,0076 0,0076  

 

 28 –     , = . , =  

 0 1 2 3 4 5  

 1 -0.5035 -0.5072 -0.5000 -0.4999 -0.4999 -0,5 

 1 -0.3386 -0.3549 -0.3500 -0.3499 -0.3500 -0,35 

 1 0.6121 0.5969 0.6000 0.6000 0.6000 0,6 

 1 0.0186 0.0041 0.0010 0.0009 0.0009 0,001 

 1 3,3003 3,1719 2,7662 2,7967 2,8063 2,8 

 1 3,4290 2,6667 2,0089 1,0790 1,4954 1,5 

 1 -0,3149 -0,4278 -0,4922 -0,4998 -0,4996 -0,5 
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  28 

 1 -2,0792 -0,9778 -0,9635 -0,9956 -1,0004 -1 

 1 0,0607 0,1165 0,1201 0,1062 0,0990 0,1 

 1 0,1212 0,1739 0,1864 0,2008 0,1995 0,2 

 1 2,9350 2,2141 2,4599 2,4950 2,5007 2,5 

 0,2113 0,0064 0,0010 1,962e-06 1,661e-07 1,712e-07  

 

 29 –     , = . , = +  

 0 1 2 3 4 5  

 1 -0.6015 -0.5923 -0.5084 -0.5034 -0.5034 -0,5 

 1 -0.3900 -0.3561 -0.3488 -0.3496 -0.3498 -0,35 

 1 0.5639 0.6136 0.6037 0.6013 0.6011 0,6 

 1 0.0674 0.1020 0.0127 0.0055 0.0054 0,001 

 1 3,2770 2,2375 2,7408 2,7774 2,7813 2,8 

 1 0,9776 1,2941 1,4792 1,5237 1,5049 1,5 

 1 -0,7512 -0,5375 -0,5489 -0,5054 -0,4944 -0,5 

 1 -1,0896 -1,1254 -1,0013 -0,9821 -0,9969 -1 

 1 -0,0844 -0,1216 0,0704 0,0953 0,10608 0,1 

 1 -0,0614 0,3492 0,1752 0,1868 0,2013 0,2 

 1 3,0404 2,9034 2,5268 2,4861 2,4869 2,5 

 0,0746 0,0064 6,277e-05 7,793e-05 7,961e-06 1,345e-05  

 

 30 –     , = . , = +  

 0 1 2 3 4 5  

 1 -0.5406 -0.5035 -0.5072 -0.5000 -0.4999 -0,5 

 1 -0.2802 -0.3386 -0.3549 -0.3500 -0.3499 -0,35 

 1 0.6816 0.6121 0.5969 0.6000 0.6000 0,6 

 1 0.1168 0.0186 0.0041 0.0010 0.0009 0,001 

 1 3,5780 3,0084 2,8134 2,8017 2,8130 2,8 

 1 1,7317 1,3789 1,4148 1,4971 1,5011 1,5 

 1 -0,6243 -0,4752 -0,5017 -0,5016 -0,5011 -0,5 

 1 -0,2545 -0,7762 -0,9628 -0,9941 -0,9991 -1 
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  30 

 1 1,0229 0,2725 0,1186 0,0932 0,1006 0,1 

 1 -0,1030 0,0241 0,1687 0,2068 0,2 0,2 

 1 2,0415 2,2883 2,4793 2,5054 2,4990 2,5 

 0,3887 0,0068 0,0001 1,65e-05 4,289e-07 2,938e-08  

 

 ,      . 

     , 

        -1  +1.  

  22–30   ,    

  ( = . , = + ).  

      31. 

 

 31 –     ,     

 0 1 2 3 4 5  

 1 -1.5707 -0.5462 -0.5299 -0.5338 -0.5286 -0,5 

 1 -0.3423 -0.3759 -0.3791 -0.3645 -0.3821 -0,35 

 1 0.6277 0.5078 0.5804 0.5931 0.5971 0,6 

 1 0.1279 0.0559 0.0149 0.0245 0.0254 0,001 

 1 0,698 2,668 2,8247 2,841 2,8797 2,8 

 1 2,026 1,639 1,6338 1,6146 1,600 1,5 

 1 -1,166 -0,975 -0,649 --0,46 0,490 -0,5 

 1 -0,888 -0,9487 -0,958 -0,966 -0,99 -1 

 1 0,3204 0,1158 0,1002 0,082 0,0926 0,1 

 1 0,1995 0,1926 0,19495 0,2048 0,2203 0,2 

 1 2,56380 2,4237 2,44464 2,4327 2,4176 2,5 

 1,127 0,372 0,3442 0,3432 0,3421 0,3410  

 

 

 

 



63 
 

 
 

      

       

      . 

    :  

        

.   :   , 

  ,   , 

      

 ; 

        

; 

  ; 

    ,    

,   ,  ; 

     ; 

  ; 

       

   . 

       

       

  ,      , 

 ,         

 ,       

   . 

      

.        , 

 ,      .  

 



64 
 

   
 
 
 

1. , . .    :   / . . . – 

:  . . . - , 2004. – 319 . 

2. , . .    :  

 / . . . – : . . . - ., 2009. – 136 . 

3. , . .     

      :  

 / . . . –   : -  . . . . -

, 2013. – 202 . 

4. , . .   / . . . – : , 

1967. – 576 . 

5. , . .     / . . 

, . . . – .: , 1965. – 376 . 

6. , . .      / . . 

. – : -  . - , 1982. – 302 . 

7. , . .      

      / . . , . 

.  //   . – 1996. – №7. – . 43–51. 

8. , . .  :   / . . , . 

. . – : - , 1990. – 72 . 

9. , . .     / . . 

 // . . . – 1995. – . 38, №9. – . 65–73. 

10. , . .     

       

 / . .  //    : . 

. . . : . –  1996. –  . 10–16. 

11.   MSDN [  ] :   

.  –  : https://msdn.microsoft.com/ru-ru/ 

https://msdn.microsoft.com/ru-ru/


65 
 

12. Microsoft Docs [  ] : Windows Presentation 

Foundation. –  : https://docs.microsoft.com/ru-

ru/dotnet/framework/wpf/ 

13. Prism Library [  ] : Prism Library Documentation.  – 

 : https://prismlibrary.github.io/docs/ 

14. Math.NET Numerics [  ] : Matrices and Vectors.  – 

 : https://numerics.mathdotnet.com/Matrix.html 

15. mXparser [  ] : Tutorial.  –  : 

http://mathparser.org/mxparser-tutorial/ 

16. Material Design In XAML [  ] : Material Design In 

XAML Toolkit.  –  : http://materialdesigninxaml.net/ 

17. Visual Studio IDE [  ] : Visual Studio 2019.  –  

: https://visualstudio.microsoft.com/ru/vs/ 

18. Microsoft Docs [  ] :    MVVM. – 

 : https://docs.microsoft.com/ru-ru/windows/uwp/data-binding/data-

binding-and-mvvm 

19. , .  UML.    / . , . , . 

. – . 2- , .  . –  :  , 2006. – 496 . 

20. , . .   : .  /  

. . . – . 2- , .  . –  :  , 2001. – 528 . 

21. , . .   :  / . . 

. –  : -  . - , 1976. – 292 . 

22. , .  .     :  

/ . . –  : , 1991. – 432 . 

23. , .     / . . 

–  : , 1975. – 683 . 

24. Isermann, R. Identification of dynamic system / R. Isermann, M. Münchhof. 

– Berlin : Springer, 2011. – 732 p. 

25. , . .     / . . 

. –  : , 1984. – 320 . 

https://docs.microsoft.com/ru-ru/dotnet/framework/wpf/
https://docs.microsoft.com/ru-ru/dotnet/framework/wpf/
https://prismlibrary.github.io/docs/
https://numerics.mathdotnet.com/Matrix.html
http://mathparser.org/mxparser-tutorial/
http://materialdesigninxaml.net/
https://visualstudio.microsoft.com/ru/vs/
https://docs.microsoft.com/ru-ru/windows/uwp/data-binding/data-binding-and-mvvm
https://docs.microsoft.com/ru-ru/windows/uwp/data-binding/data-binding-and-mvvm


66 
 

26. , . .    

 ,   ,  

    / . . , . .  // 

.  .. – 1993. – № 2. – . 140–148. 

27. , . .     :  / 

. . . –  : -  . - , 1983. – 136 . 

28. Seber, G. A. F. Nonlinear Regression / G. A. F. Seber, C. J. Wild. – New 

York : John Wiley and Sons, 1989. – 360 p. 

 
 
 
 




