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3     
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3.1    

      Microsoft Visual Studio 

   C#. 

Microsoft Visual Studio —    Microsoft, 

       

   .    

   ,      

 [16]. 

 Visual Studio 2019    Windows   

Windows Presentation Foundation  Windows Forms. 

     [17]: 

-     .NET; 

-    .NET Framework 4.x; 

-   .NET; 

-   C#  Visual Basic; 

-   Entity Framework 6; 

- IntelliTrace; 

- JIT- ; 

- Live Unit Testing; 

- Live Share. 

  Visual Studio 2019      

 [17]: 

-       IntelliSense  

   .    
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C#      C-  ,    

    C++  Java.    , 
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, LINQ, ,    XML [18]. 
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int  double,      object.  ,   

   ,      , 
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   C#,    virtual  override, 

         

. 
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Azure DevOps [20]. 
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1  

  13.09.2018 – 30.09.2018 
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01.11.2018 – 30.12.2018 

2  

    01.01.2019 – 31.01.2019 

    01.02.2019 – 31.03.2019 

   
  

01.04.2019 – 31.05.2019 
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4.2     

      Visual Studio,  

    Windows Forms   “PSMoTR”  

   .Net Framework   “PSMoTRTests”. 

   “PSMoTR” (  10).   

   :    “Forms” (  Windows-

),    “Classes”   “Resources”,    

   . 

 
 10 –    “PSMOTR” 

   “Classes” (  11).    

 : 

- “Point” –  ,    ; 

- “Route” –  ,  ,   

 ; 

- “Auto” –  - ; 

- “Way” –  ,   -  “Route”, 

   ; 

- “TrafficLight” –  ,  .   

      . 
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 11 – UML-   “Classes”  “PSMoTR” 
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    “Forms” (  12).    

 : 

- “MenuForm” –    ; 

- “ModelForm” –   ; 

- “RoutesEditForm” –   ; 

- “TrafficLightEditForm”   . 

 
 12 - UML-   “Forms”  “PSMoTR” 

 “Resources”    ,   

  .        

“Properties.Resources.resx”,     . 

 ,      “App.config”, 

    « »   

/   “Properties.settings”. 
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4.3     

        

.        , 

    : 

-    ; 

-   ; 

-   (    ); 

-   ; 

-    ; 

-  . 

  ,       

      : 

-        ; 

-   ; 

-     . 

      (  13).  

      “way” (    

 )  “currentRoute” – ,    

  .      :  

 ,         . 

     ,     

,      .   

      . 
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    (  15)  

     (  16). 

       , 

    (  1    

 ).          

      ,     

 ,       . 

        ,  

         “Move”, 

      : 

- “FindObstacles” – ,      ; 

- “CheckOnCurrentObstacles” – ,    

    (   “MovingControl”   

 ); 

- “CheckOnCurrentRouteEnd” – ,    

     ,   , 

   ; 

- “MoveStraight” – ,      

   ; 

- “MoveCurve” – ,      

    (        

 X    Y); 

- “UpdateProperties” – ,     

  . 
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      :  

1 –  (  20),  2 –  (  21),  3 –  

(  22). 
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    ,     

         

,  “Speed = 0”       

    . 

         

          

  : “CalculateEstimatedTime” –  

        

“CalculateGreenDurationAtNextIteration” –     

         . 

        ,   , 

 .   “CalculateEstimatedTime”  

       

 .    “CalculateGreenDurationAtNextIteration” 

       

“EstimatedTimeCorrection”,     

 ,         

  ,         

    . 
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 20 –   (  1) 



51 

 

 

 
 21 –   (  2),  1 
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 21,  2 
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 22 –   (  3),  1 



54 

 

 
 22,  2 



55 

 

 

 
 22,  3 
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 22,  4 

4.4    

Ц :       

    ,     

     . 

В  :   (unit testing). 

  :    

      . 

 ,   :    

    , ,     

(  4,  5),       (  23). 
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 4 –   Route.cs 
      

 
 

 
   

  
 

 
  

 
Route.cs a "0 0 - 0 0,5"; b "0 0 – 0,5 0"; c "0 0 - 0,5 0,5" 

FindByPoints 
    

     
 

0 0 - 0 0,5 a 

0 0 - 0,5 0 b 

0 0 - 0,5 0,5 c 

IsContainsPoint 
    

    
  

0 0 true 

0 1 false 

FindStartRoutes 
   

 (    )  a, c 

FindCrossingRoutes 
   

   

r1 "10 10 - 20 10"; r2 "30 10 - 40 10" 
r1  

r1 "10 10 - 20 10"; r2 "15 20 - 20 20" 
r1  

r1 "10 10 - 20 10"; r2 "15 10 - 30 10" 
r1 r2 

r1 "10 10 - 20 10"; r2 "30 10 - 40 10" 
r1 r2 

r1 "10 10 - 20 10"; r2 "20 10 - 30 10" 
r1 r2 

r1 "10 10 - 20 10"; r2 "10 10 - 20 10" 
r1  

r1 "10 10 - 10 20"; r2 "10 30 - 10 40" 
r1  

r1 "10 10 - 10 20"; r2 "20 15 - 20 30" 
r1 r2 

r1 "10 10 - 10 20"; r2 "10 15 - 10 30" 
r1 r2 

r1 "10 10 - 10 20"; r2 "10 20 - 10 30" 
r1 r2 

r1 "10 10 - 10 20"; r2 "10 10 - 10 20" 
r1 r2 

r1 "10 10 - 20 10"; r2 "11 15 - 5 5" 
r1  

r1 "10 10 - 20 10"; r2 "30 5 - 40 15" 
r1  

r1 "10 10 - 20 10"; r2 "15 15 - 10 10" 
r1 r2 

r1 "10 10 - 20 20"; r2 "30 30 - 60 10" 
r1  

r1 "10 10 - 50 15"; r2 "30 30 - 20 20" 
r1 r2 

r1 "50 50 - 30 30"; r2 "30 30 - 20 20" 
r1 r2 

r1 "30 30 - 50 50"; r2 "40 40 - 20 20" 
r1 r2 

r1 "40 40 - 50 40"; r2 "40 30 - 40 50" 
r1 r2 

r1 "40 40 - 50 40"; r2 "50 40 - 60 60" 
r1  

r1 "40 40 - 50 40"; r2 "39 30 - 39 50" 
r1  
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 5 –   TrafficLight.cs 
      

 
 

 

 
 
 

   
  

  

TrafficLight.cs 

TL1 "X=100,5; Y=68; Speed=8; Type=up; GD=25"; 
TL2 "X=100,5; Y=71,5; Speed=8; Type=usual; GD=25"; 
TL3 "X=107,5; Y=58; Speed=0; Type=usual; RD=25"; 
TL4 "X=110,5; Y=58; Speed=0; Type=right; RD=25"; 
TL5 "X=110,5; Y=78; Speed=0; Type=left; RD=25"; 
TL5 "X=113,5; Y=78; Speed=0; Type=usual; RD=25"; 
TL6 "X=113,5; Y=78; Speed=0; Type=usual; RD=25"; 
TL7 "X=120,5; Y=65; Speed=8; Type=usual; GD=25"; 
TL8 "X=120,5; Y=68; Speed=8; Type=down; GD=25"; 
R1 "64 68 - 106 68"; R2 "64 71,5 - 103 71,5"; R3 "103 65 - 64 65"; R4 
"103 71,5 - 107,5 76"; R5 "103 71,5 - 118 71,5"; R6 "106 68 - 113,5 
60,5"; R7 "107,5 22 - 107,5 60,5"; R8 "107,5 60,5 - 103 65"; R9 "107,5 
60,5 - 107,5 76"; R10 "107,5 76 - 107,5 114,5"; R11 "110,5 22 - 110,5 
63,5"; R12 "110,5 63,5 - 118 71,5"; R13 "110,5 72,5 - 103 65"; R14 
"110,5 114,5 - 110,5 72,5"; R15 "113,5 60,5 - 113,5 22"; R16 "113,5 76 
- 118 71,5"; R17 "113,5 76 - 113,5 60,5"; R18 "113,5 114,5 - 113,5 76"; 
R19 "115 68 - 107,5 76"; R20 "118 65 - 113,5 60,5"; R21 "118 65 - 103 
65"; R22 "118 71,5 - 130,5 71,5"; R23 "130,5 65 - 118 65"; R24 "130,5 
68 - 115 68"; 

FindDependentTLs 

 
 

 
 

TL1.ParallelTLsList TL2, TL7, TL8 
TL1.PerpendicularTLsList TL3, TL4, TL5, TL6 
TL2.ParallelTLsList TL1, TL7, TL8 
TL2.PerpendicularTLsList TL3, TL4, TL5, TL6 
TL3.ParallelTLsList TL4, TL5, TL6 
TL3.PerpendicularTLsList TL1, TL2, TL7, TL8 
TL4.ParallelTLsList TL3, TL5, TL6 
TL4.PerpendicularTLsList TL1, TL2, TL7, TL8 
TL5.ParallelTLsList TL3, TL4, TL6 
TL5.PerpendicularTLsList TL1, TL2, TL7, TL8 
TL6.ParallelTLsList TL3, TL4, TL5 
TL6.PerpendicularTLsList TL1, TL2, TL7, TL8 
TL7.ParallelTLsList TL1, TL2, TL8 
TL7.PerpendicularTLsList TL3, TL4, TL5, TL6 
TL8.ParallelTLsList TL1, TL2, TL7 
TL8.PerpendicularTLsList TL3, TL4, TL5, TL6 

FindInfluentialRoutes 

 
 

 
 

TL1 R9, R12, R13, R17, R20, R21 
TL2 R9, R12, R13, R16, R17, R19 
TL3 R21, R13, R6, R5, R4, R19 
TL4 R21, R6, R19, R17, R5, R16 
TL5 R5, R19, R6, R9, R21, R8 
TL6 R5, R12, R19, R21, R6, R20 
TL7 R17, R6, R12, R9, R13, R8 
TL8 R17, R12, R13, R5, R9, R4 

SignalTiming 

 
 

 
  

 
 

  
 

 

GD TL1=10 10, 25, 25, 25, 25, 25, 25, 25 
GD TL1=10; TL2=15 10, 15, 25, 25, 25, 25, 25, 25 
GD TL1=10; TL2=15; TL7=10 10, 15, 25, 25, 25, 25, 10, 25 
GD TL1=10; TL2=15; TL7=10; TL8=5 10, 15, 15, 15, 15, 15, 10, 5 
RD TL3=10; TL4=15; TL5=5; TL6=10 5, 5, 10, 15, 5, 10, 5, 5 
GD TL1=5; TL2=5; TL7=15; TL8=20 5, 5, 20, 20, 20, 20, 15, 20 
GD TL8=10 5, 5, 15, 15, 15, 15, 15, 10 
RD TL3=50; TL4=60; TL5=70;TL6=70 50, 50, 50, 60, 70, 70, 50, 50 
RD TL3=80 60, 60, 80, 60, 70, 70, 60, 60 
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 23 –    “PSMoTRTests”  Visual Studio 

И   :   

/       

,     “Test”.     

     ,   

  .      

«  »         

. 

И      : 

      

“PSMoTRTests”         

  Microsoft Test Framework.   

Д   :    

       ,     

,          

(  24). 
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 24 –   

4.5     

    2.4  . 

 “MenuForm”    ,    «  

»,     /  ,  

       

    .   «  » 

 ,       .   

        . 
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 25 –  “MenuForm” 

 “ModelForm”    ,   

   (  26).    

          

,   . 

 
 26 –  “ModelForm” 
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 “RoutesEditForm”    ,   

      ,   

 ,   ,    (  27). 

 
 27 –  “RoutesEditForm” 

 “TrafficLightsEditForm”        

“RoutesEditForm” ,      

   ,    ,   

,    (  28). 
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 28 –  “TrafficLightsEditForm” 

4.6  -     

         

        .  

    ,        

     .  

     ,   

       ,   

       .   

     ,    . 

          

 (  29).        ,  

    .   

         

         .  

          

 . 
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 29 –      

  



65 

 

5     

 : 

      

      ,  

   : 

-   ; 

-    ; 

-    . 

К   : 

      

,        . 

       

,      , 

       .    

  ,     

,         ,   

        

. 

   ,      

   .     

      :  

,  ,  ,   

  . 

  : 

  ,     

,      . 

      

: 

-    ; 
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-       ; 

-     ; 

-     . 

    ,   , 

   : 

-        Windows; 

-    ; 

-     Visual Studio; 

-     C#. 

  ,    

 : 

 “readme.md”    . 

В    ,    

 : 

      : 

-   ; 

-      ; 

-     ; 

-   ; 

-    ; 

-      . 

,     : 

   : 

-  Windows,    XP  ; 

-   Visual Studio; 

- .Net Framework,    4.7.2  . 

   : 

   ,  

 ,  : 
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-  128      ; 

- 50      . 

     : 

   (  )   Visual Studio 

   . 

    : 

 ,   ,    

“PSMoTR.sln”  Visual Studio         

      “/bin/debug” / “/bin/release”   

 “PSMoTR.exe”. 

  : 

  ,     

,    «     »,  

        

    . 

    (  6): 

 6 –    
  

  
   ,  
,   ,   

    

 
 ,  /  

,   
  / 

 
,     

 
  

  
     

       
 

     , 

    (  7): 
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 7 –     
  

 
 

 
 

 
   

 
     

  
  

 2  

  
«   

»,   
 

   
  
 

  (  1  
30) 

   
   

    
 

-     
  

- 

 
  

 

- -    
 

- 

  
 / 
 

  
 

-    
«   

» / «  
 » 

  
 

  
  

    
 

 
  

 
-    

« » 
- 

 / 
 
 

  -    
«  / » 

- 

 
 

  -    
« » 

- 

  /     
 

 / 
 

  
 / 
 

  
   

   
 

  
 “Enter” 

 
 / 
 

  
 / 
 

 
 

   

  
 

  
 “Enter” 

  
/  

  
 / 
 

 
 

   

  
“Delete” 

- 

 
 / 
 

  
 / 
 

-    
«   » 

  
 « »  

 
  

 
 

      
 

 
  

  
, 

  
  

   
  

  
 

   
 

 
 

 
А  : 

        

   :  

-   ; 

-    . 



69 

 

      (     

)      . 

 ,     (    

),     . 

   ,    

   ,    

 ,      , 

  ( )     

.         

  . 

  : 

       

: 

-     ; 

-        Windows; 

-    C#; 

-   «    ». 

  



70 

 

6     

       

      , 

           

.        

       . 

       

   2  (  )  

 .       

     ,  

     .    

  ,      

  «  »  «  » (  6.1   

[22]). 
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  ,        ,  

        ; 

-    : ,     

         

  (  30), , ,    

13.2  ,          [23]. 
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 8 –    ,    
№  

 

   

 

( ) 

-  

 

 

( ) 

-  

 

 

( ) 

-  

 

1 5 87 0 88 0 87 0 

2 5 90 0 75 0 75 0 

3 5 97 0 97 0 97 0 

4 10 150 1 120 0 120 0 

5 10 145 0 119 0 128 0 

6 10 145 0 130 0 125 0 

7 15 145 0 125 0 143 0 

8 15 266 6 187 2 188 1 

9 15 161 1 148 0 155 0 

10 20 - (144) 1 - (133) 3 228 0 

11 20 - (150) 1 188 2 213 0 

12 20 - (112) 1 - (120) 1 178 0 

 

  1-3       

      .    

    2, 4-6, 8, 9    

  ,  .  7    

  ,  ,     .   

  10, 12      

    ,     

  (  31),     

  .      

,         , , 

,  ,       

 ,      ,  

    11. 
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 Щ  

HID:      ( . Human Interface Device).  

IEEE:      ( . Institute of 

Electrical and Electronics Engineers).  

LINQ:    ( . Language-Integrated Query).  

SRS:     ( . Software 

Requirements Specification).  

UI:   ( . User Interface).  

XML:    ( . eXtensible Markup Language).  

:     .  

:      

.  

:   .  

:      

.  

:   .  

: .  

:   .  

:  .  

:  .  

:     .  



76 

 

   

1.  . .      // 

  " ", . 3, № 1(19), 2014. . 77-84. 

2.  . .,  . .     

       // -  

  " ", . 20, 2014. . 3531-3535. 

3.  . .,  .     

         . 

 ( ) //  , № 18, 2018. . 71-75. 

4.     [  ] //  

: [ ]. [2017]. URL: https://www.dortec.ru/statji/osnovnye-printsipy-

raboty-svetofora.html (  : 28.05.2019). 

5. : , ,  [  ] // 

: [ ]. [2015]. URL: http://transspot.ru/2015/01/11/svetofor-funkcii-

vidy-regulirovanie/ (  : 28.05.2019). 

6.  . . "  "    

  //  : . . ., № 8(29), 

2018. 

7.  . .,  . .    

     //  , . 6, № 2, 

2018. . 198-207. 

8.  . .      

  //    

, № 3(24), 2013. . 139-142. 

9.  . .      

// GitHub. 2010. URL: http://aurusov.github.io/diploma/2010/

%20 %20 %20 %20 %20-



77 

 

%20 %20 %20-%20 / .pdf (  : 

28.05.2019). 

10.   [  ] // : 

[ ]. [2013]. URL: https://mcucpu.ru/index.php/project2/ustrojstva-indikatsii/132-

traffic-light (  : 28.05.2019). 

11.  . .      

        

 ,  .  "  

", - ,   2008. 

12.   [  ] // AnyLogic: [ ]. [2019]. 

URL: https://www.anylogic.ru/road-traffic/ (  : 29.05.2019). 

13. Vistro [  ] // PTV Partner: [ ]. [2019]. URL: http://

ptv-vision.ru/produkty/vistro/ (  : 29.05.2019). 

14. Aimsun Auto [  ] // Aimsun: [ ]. [2019]. URL: 

https://www.aimsun.com/aimsun-auto/ (  : 29.05.2019). 

15. IEEE 830-1998 - IEEE Recommended Practice for Software Requirements 

Specifications [  ] // IEEE Standards Association: [ ]. [2019]. 

URL: https://standards.ieee.org/standard/830-1998.html (  : 

30.05.2019). 

16. Microsoft Visual Studio [  ] // Wikipedia: [ ]. 

[2016]. URL: https://ru.wikipedia.org/wiki/Microsoft_Visual_Studio (  

: 31.05.2019). 

17. Visual Studio [  ] // Microsoft: [ ]. [2019]. URL: 

https://visualstudio.microsoft.com/ru/vs/ (  : 31.05.2019). 

18. C Sharp [  ] // Wikipedia: [ ]. [2018]. URL: https:/

/ru.wikipedia.org/wiki/C_Sharp (  : 31.05.2019). 



78 

 

19.    C# [  ] // Microsoft Docs: 

[ ]. [2019]. URL: https://docs.microsoft.com/ru-ru/dotnet/csharp/tour-of-csharp/

index (  : 31.05.2019). 

20. Azure DevOps [  ] // Microsoft Azure: [ ]. [2019]. 

URL: https://azure.microsoft.com/ru-ru/services/devops/?cdn=disable (  

: 04.06.2019). 

21.   DevOps [  ] // Microsoft Azure: 

[ ]. [2019]. URL: https://azure.microsoft.com/ru-ru/overview/devops/

?cdn=disable (  : 04.06.2019). 

22.  , 6.     [  

] //    « »: [ ]. [2019]. 

URL: http://www.consultant.ru/document/cons_doc_LAW_2709/

4b7a10a56ed37080fc96999db5f3db6f3aa58cc6/ (  : 25.05.2019). 

23.  , 13.   [  ] // 

   « »: [ ]. [2019]. URL: http://

www.consultant.ru/document/cons_doc_LAW_2709/

74cbe820904f4f8ce76047ddbd81d14c8b953d3e/ (  : 25.05.2019). 

 

 

 

 




