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 1 –  . ,     

    

L      150  

  

N    1 – 201 

n    1 – 200 

rs    65  

ra     

 

2  

𝜌𝑎      

 

2 

c     n 

  

1,05 

𝜌       1 

h    0,5 

e     0,3 𝛿      1 /   

p      

 

0,05 

  𝛿s      1,5 /   

Pd    𝑟𝑎√    

Pc    ra    

 

e     0,3 

 

 N       

      L x L,     

  .       

,       n  .  
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,  ra,     ̂𝑎    

 .       rs  

,       (LCM)  n 

 ,     𝐶 ̂,      

      ̂ .  

  �̅�′      , 

      𝜌𝑎, c, 𝜌   

  �̂�    𝜖. �̅�′  ,   

   𝛿   . 𝜌𝑎   
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    .    

 " ".          

,    GCM,        

  Pc   ,   
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   GCM.     " ".  

       𝛿s.  

 N       

   L  L,       . 

   ,         

 .    S   i-   – i. 

     ,  rs  ,   . 

  ,  , ,    

 .      rs,   i-  

        ̅̅ ̅ =  𝐴 −̅            n   𝐶̅    𝐶 =  𝐶̅ − 𝐴 .    

   ,         

  ra   ,    . 

,  i-    k    ra   1, …, 

k,   i-      

 

 𝑎̅̅ ̅̅ = ∑ |�̅̅�̅−�̅̅�̅| (𝐴 − 𝐴 )= .                                                                                (1) 

 

    i      𝐻′̅̅ ̅, 

      ( ) 

  𝐻    𝜖̂ (  1).     

: 

 

  𝐻′̅̅ ̅ = ℎ𝐻 + 𝐶 + 𝜌𝑎 �̂� + 𝜌 ̂ + 𝜖 ,                                                                 (2) 

                           

      ,  𝜌𝑎 > > 𝜌 > ℎ.   

  ,   𝜌𝑎  -    
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 ,  , ,       

 [6].  ,  ,    

  ,     > 𝜌 . , , 

     h ,  

     .   

    : 𝜌𝑎 = 2, c = 1,05, 𝜌  = 1  h = 0,5.  

i    𝛿    𝐻′̅̅ ̅,     

   

 

  𝐴′̅ = 𝐴 + 𝛿𝐻′̂.                                                                                                  (3) 

                                                 

     ,       

         L x L.    

 (GCM)        

,   .    ,   

    ,   ,    

.     ,       

 f(N)  GCM (  2).     , 

f(N)   𝑟𝑎√ , ,    ,   

f(N) = 𝑟𝑎 ⁄ .       f(N),    

    ,      GCM  

  Af.   ,        f(N), 

     Pd   .   

      ,       3ra 

,   𝛿     0.3ra.   

  ,    𝜖̂;       

  .        



20 
 

 ,  GCM        

   [3]. 

 

 1.3    

 

        

   .     

       

.    ,  

      ,  

         

.  ,       , 

       , 

    ,      

 .    ,    

    .     , 

   .         

 ,      .   

         

  ,      . 

         

  ,     . 

       

    ,    

,     .  

     ,    , 

,   ,    

 . 



21 
 

        

      

 . 

 

 2        
 

 

        

    . 

   –       

 ,       

    [16, c. 7]. 

  ,    ,    

: 

1.        ; 

2.     ,  

( ) .       

 – ; 

3.       

,   ; 

4.        

  ,    

     [16, c. 7–8]. 

     ,    

    , 

   .    

 ,       .  
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    .    , 

            

  [16, c. 25, 17].      

   : 

1.  ; 

2.  ; 

3.  . 

       , 

    : 

 

 = 𝜑 , … , + ℎ,                                                                                         (4) 

 

  –  , . .  , 

       – ,    , 

      ℎ –   [18, . 70]. 

  ,      

  ; ,    

      .  

       

,       

       [18, 19]. 

 

 =  + ∑ += ∑ ∑ ≤ + ⋯ + ∑ … ∑ … …≤ .         (5) 

 

       

    .    

      ,   

      . 
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    (  )  

     .  

       ( )  

,      ∆ .   

         

.         

,        

,      [19, . 14–16]. 

   «  » = , ,  – 91,           ∆ = , ,       =, ,  – 1, ∆ = ,      = ,  – 4,     ∆ = . 

        ,  

        

 .     

,        

 [18, . 78].       

   .   2     

. 

 

 2 –         

 

 
        

1 + + + + + + +  

2 - + + - - + -  

3 + - + - + - -  

4 - - + + - - +  

5 + + - + - - -  

6 - + - - + - +  
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  2 

 

 
        

7 + - - - - + +  

8 - - - + + + -  

 

      : 

 

 ̂ = + + + + + + ++ ,                                                                                                               (6) 

 

  –   , 

       –   . 

       ,   

        . 

 

 = 𝑖− 𝑖∆ 𝑖 .                                                                                                           (7) 

 =  , =  ∆ .                                                                                         (8) 

 =  ,  =  𝑖∆ 𝑖.                                                                                             (9) 

 

         

 : 

 

 =  𝑦 +𝑦 +𝑦 +𝑦 +𝑦 +𝑦 +𝑦 +𝑦
, =  𝑦 −𝑦 +𝑦 −𝑦 +𝑦 −𝑦 +𝑦 −𝑦

, 

 =  𝑦 +𝑦 −𝑦 −𝑦 +𝑦 +𝑦 −𝑦 −𝑦
, =  𝑦 +𝑦 +𝑦 +𝑦 −𝑦 −𝑦 −𝑦 −𝑦

, 

 =  𝑦 −𝑦 −𝑦 +𝑦 +𝑦 −𝑦 −𝑦 +𝑦
, =  𝑦 −𝑦 +𝑦 −𝑦 −𝑦 +𝑦 −𝑦 +𝑦

, 

 =  𝑦 +𝑦 −𝑦 −𝑦 −𝑦 −𝑦 +𝑦 +𝑦
, =  𝑦 −𝑦 −𝑦 +𝑦 −𝑦 +𝑦 +𝑦 −𝑦

.             (10) 
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 2.1     

 

      ,  

 ,      

     . 

        

 .     MATLAB,  

         

,       [20].  

    MATLAB  Scilab – 

      , 

        [21]. 

        

   ,    MATLAB. 

     MapleSim –   

     ,   

 ,      , 

        

    [22]. 

      

. 
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 3 –    

 MATLAB Scilab MapleSim 

   + + + 

  + + + 

    + + + 

  + - - 

  

 
+ + + 

    

 

     3      

      .  

 MATLAB  MapleSim  .   

,  Scilab  MapleSim     .  

,     ,   

    .  

        ,   

  ,   .  

    ,     

    ,     

 .      

        . 

  ,          

 ,     . 

       

   : 

1.    ; 

2.    ; 

3.   ; 

4.   . 
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C++, C#, Java  . .  
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     ,   

,  ,    . 

      .  

 C++   : 

1. ,    C,    

C++.       ,   

     ; 

2.   .   

      ,     

     ; 

3.      .  

    -   

,  ,  

  . .; 

4.     ,   

.         

 ; 

5.  .       

        

 ; 

6.  C++      

    ; 

7.     . 

  C++   : 
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1.   .  #include  

      . 

          

     ; 

2.   #define.     

  ; 

3.     . , 

      ё   

; 

4.   , -   C++   [23]. 

     ,   

    ,  C#.    C-

 ,    C++  Java. 

   : 

1.   .     C  C++   

   ,     

.      ,   

 ; 

2.         

; 

3.   Framework.Net ,   C#, 

      . 

      : 

1.         

   C  C++; 

2.       

,        

 [24]. 

     Java.   

   - .  
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 ,    Java- . 

   Java: 

1.  -      ,  

   ; 

2.         

    ,    
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3.      

  ; 

4.      

. 

   Java : 

1.      -   

 .       

    ; 

2.     .   

  Java    -   [25]. 

       

      C++.     

    ,  

        .  

,        . 

        

 . 

        

Windows 8.1.       

Microsoft Visual Studio  Qt. 

      Qt,       

      ё  
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MOC      C++  ,  
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  ».  ,    
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,      [29]. 
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 ,      .  

 : 

1. GNU General Public License Version 3 (GNU GPL).    

    .    

     ,    . 

      –  

   :     

,   ,      

       . . 

2. GNU Lesser General Public License Version 3 (GNU LGPL).  

    GNU GPL      

    . 

3. Mozilla Public License Version 2.0 (MPL).   

  ,       
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MPL,    ,       

 . ,    GPL  LGPL,  

  ,   . 

4. Apache 2.0.        

  ,      

     .  , 

  Apache,     

   . 

 ,        , 

    .       

       . 

  -       

.          

 ,       .  

        

   –  [30]. 

          

    [31].  , 

       . 

 

 2.1.2   -   
 

 

         

  .      

     .  

,    .   

    -  

   . 
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  -    -   GitHub. 

         

 .      , 

   ,      . 

     ,     . 

          

   .     

     ,  -  

,      . 

  ,     

      . 

 

 2.2       
   

 

   ,     

 ,      .  

      

,         

 . 

        

  ,      

  : 

 

 ̅ = ∑ = ,                                                                                                (11) 

 

   –    j-     i-  , 

       m –    j-   . 
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: 

 

 𝜎 . = ∙ − ∑ ∑ − ̅== ,                                                             (12) 

  n –  . 

     (12)   : 

 

 𝜎 . = ∑ 𝜎= .                                                                                         (13)

  

       

 . 

 

 2.3      

 

         

  .       

  :  𝐹 ч. < 𝐹 .,    

 ,  – .     𝐹 ч.    : 

 

  𝐹 ч. = 𝜎 .𝜎 .,                                                                                                        (14) 

  

  𝜎 . –   (  ). 

     : 

 

 𝜎 . = − ∑ ̃ − ̅= ,                                                                                (15) 
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  𝑟 –       

; 

         ̃  –   ,    

     j-  . 

   𝐹 .      

 .        

   𝑘 = − 𝑟  𝑘 = ∙ − . 

        

.     ,    

      ,    

    .    

         

  .  −        

 ∑ .    ,     

 ,     .   

   : 

 

 = −𝜎�̂� ,                                                                                                         (16) 

 

  𝜎  –     ,   

 : 

 

 𝜎 = 𝜎�̂�√ .                                                                                                           (17) 

 

   ,  | | < , .  –   

  𝜎�̂�,   –  . 

          

         . 
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 3   

 

      , 

    .   

        ,  

  –   . 

     ,   

      .  

    50 .     

 400 . 

         

    ,     

  4. 

 

 4 –      

 
 

1 2 3 4 5 6 7 8 

y1 23,11 0,3 20,24 0,3 23,39 0,27 19,68 0,25 

y2 28,86 0,39 20,45 0,31 24,03 0,31 19,75 0,28 

y3 35,31 0,41 20,81 0,34 24,83 0,39 19,97 0,28 

y4 39,12 0,42 20,86 0,38 25,05 0,39 19,99 0,3 

y5 42,36 0,42 20,9 0,38 25,61 0,39 20,06 0,31 

y6 43,01 0,45 20,97 0,38 25,69 0,41 20,07 0,31 

y7 51,62 0,45 21,28 0,39 25,98 0,42 20,07 0,33 

y8 62,7 0,47 21,38 0,39 26,05 0,42 20,12 0,34 

y9 24,68 0,48 21,68 0,39 26,41 0,42 20,18 0,36 

y10 27,38 0,49 22,06 0,41 27,55 0,44 20,23 0,38 

y11 34,04 0,52 22,19 0,41 27,66 0,44 20,3 0,38 

y12 34,94 0,52 22,25 0,41 28,05 0,44 20,41 0,38 

y13 35,33 0,53 23,47 0,41 29,87 0,45 20,45 0,39 

y14 36,57 0,53 20,55 0,42 31,07 0,47 20,52 0,39 
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  4 

 
 

1 2 3 4 5 6 7 8 

y15 38,51 0,56 20,72 0,44 32,35 0,47 20,55 0,39 

y16 41,76 0,59 20,72 0,44 32,45 0,49 20,58 0,39 

y17 42,82 0,69 20,75 0,44 32,73 0,5 20,59 0,39 

y18 46,7 0,7 21 0,44 32,73 0,5 20,62 0,41 

y19 51,5 0,72 21,05 0,45 32,86 0,5 20,63 0,41 

y20 54,3 0,74 21,07 0,45 34,01 0,53 20,7 0,41 

y21 67,49 0,74 21,55 0,45 34,92 0,53 20,71 0,41 

y22 62,96 0,74 21,74 0,45 35,74 0,54 20,73 0,41 

y23 23,68 0,74 22,01 0,45 35,83 0,55 20,84 0,42 

y24 25,51 0,75 22,05 0,47 36,22 0,58 20,86 0,42 

y25 38,85 0,84 23,3 0,47 36,89 0,59 20,9 0,42 

y26 42,57 0,91 23,39 0,47 37,37 0,61 20,91 0,42 

y27 43,41 0,97 23,55 0,48 38,02 0,63 20,95 0,42 

y28 45,27 1,02 26,34 0,48 40,11 0,71 20,96 0,44 

y29 52,93 1,06 32,61 0,48 40,86 0,8 21,04 0,44 

y30 63,3 1,42 20,12 0,48 43,09 0,94 21,04 0,44 

y31 23,59 1,74 20,95 0,49 43,33 0,94 21,15 0,44 

y32 26,76 1,94 21,51 0,5 43,36 1,08 21,21 0,45 

y33 28,03 2 22,17 0,52 44,04 1,39 21,37 0,45 

y34 32,59 2,14 22,57 0,52 45,58 2 21,76 0,45 

y35 33,6 2,5 22,68 0,53 46,57 2,36 21,79 0,47 

y36 36,39 2,99 22,92 0,53 46,9 2,59 21,95 0,47 

y37 39,43 4,25 25,48 0,53 47,54 3,06 22,12 0,47 

y38 40,48 5,7 25,59 0,55 48,49 4,03 22,12 0,48 

y39 43,6 5,77 20,91 0,56 52,57 4,81 22,26 0,48 

y40 46,02 6,64 21,25 0,58 52,88 4,95 22,38 0,48 

y41 47,15 6,72 21,27 0,58 52,96 6,17 22,6 0,48 

y42 47,72 7,33 21,35 0,59 53,86 6,89 22,75 0,48 

y43 48,32 8,3 22,16 0,59 55,86 6,93 23,04 0,5 

y44 51,93 9,39 22,33 0,59 55,97 7,82 23,16 0,5 
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  4 

 
 

1 2 3 4 5 6 7 8 

y45 52,75 10,48 22,49 0,61 56,57 10,09 23,39 0,52 

y46 62,77 12,01 24,52 0,64 59,74 10,31 23,82 0,52 

y47 65,24 12,27 24,65 0,66 68,49 10,75 23,87 0,52 

y48 67,77 14,68 20,36 0,66 72,95 12,07 24,86 0,53 

y49 39,73 16,41 20,63 5,5 75,17 13,46 26,83 0,54 

y50 95,48 17,02 20,84 45,29 98,54 32,55 30,64 0,63 

 

   ,      

   .     

   3.  

 

 
 3 –    
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   ,   .    

  ,     ,  

    « »      

.      4. 

 

 

 4 –   

 

       ,  

      .   

       

 .       5. 
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 5 –       

  

  
  

    

10 2 1 
11 3 1 
12 2 1 
13 4 3 
14 5 2 
15 2 4 
16 2 3 
17 5 4 
18 5 4 
19 4 4 
20 2 4 
21 2 4 
22 3 2 
23 3 2 
24 5 4 
25 4 3 
26 4 4 
27 4 2 
28 5 3 
29 5 4 
30 3 3 
31 5 4 
32 2 2 
33 4 4 
34 4 3 
35 4 1 
36 2 2 
37 2 4 
38 5 3 
39 2 4 
40 2 2 
41 4 1 
42 5 3 
43 4 4 
44 3 2 
45 3 2 
46 3 1 
47 4 3 
48 5 3 
49 3 3 
50 5 1 
51 4 3 
52 3 4 
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  5 

  
  

    

53 4 1 
54 3 1 
55 3 4 
56 2 2 
57 5 4 
58 3 3 
59 3 3 
60 5 3 
61 4 3 
62 2 4 
63 3 4 
64 4 4 
65 2 4 
66 3 3 
67 2 3 
68 5 4 
69 3 1 
70 5 2 
71 3 4 
72 2 1 
73 2 1 
74 3 4 
75 2 2 
76 5 2 
77 2 1 
78 3 1 
79 4 3 
80 5 3 
81 3 1 
82 4 1 
83 4 3 
84 2 1 
85 5 1 
86 4 4 
87 3 4 
88 2 2 
89 4 1 
90 3 1 
91 5 1 
92 2 2 
93 4 1 
94 3 3 
95 4 4 
96 2 1 
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  5 

  
  

    

97 2 1 
98 5 4 
99 3 2 
100 5 4 
101 2 3 

 

 3.1      

 

       

    .   

        . 

,   –   ,  –  

    –  . 

   6       

,        

       .  

 

 6 –      

 

 
       ̅  

1 + + + + + + + 43,8 

2 - + + - - + - 3,4 

3 + - + - + - - 22,15 

4 - - + + - - + 1,47 

5 + + - + - - - 41,38 

6 - + - - + - + 3,19 

7 + - - - - + + 21,55 

8 - - - + + + - 0,42 
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   10: 

 

 =  , + , + , + , + , + , + , + , = , = , , 

 =  , − , + , − , + , − , + , − , = , = , , 

 =  , + , − , − , + , + , − , − , = , ≈ , , 

 =  , + , + , + , − , − , − , − , = , ≈ , , 

 =  , − , − , + , + , − , − , + , = , ≈ , , 

 =  , − , + , − , − , + , − , + , = , = , , 

 =  , + , − , − , − , − , + , + , = , ≈ , , 

 =  , − , − , + , − , + , + , − , = , ≈ , . 

 

       .  

    : 

 

 𝜎 = , , 

 𝜎 = , , 

 𝜎 = , , 

 𝜎 = , , 

 𝜎 = , , 

 𝜎 = , , 

 𝜎 = , , 

 𝜎 = , . 

 

   (13)    : 
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 𝜎 . = ∑ 𝜎= = , + , + , + , + , +, + , + , = ∙ , ≈ , . 

 

       

: 

 

 𝜎 эф. = √𝜎 .∙ = √ , ≈ , . 

 

         ∙=     = , ,   . = , . 

,  

 

 . ∙ 𝜎 эф. = , ∙ , ≈ , . 

 

    . ∙ 𝜎 эф.    

 ,  , ,       ,  

0,8.  ,      .  

       : 

 

 ̂ = , + , ∙ + , ∙ + , ∙ .                                                (18) 

 

         

 . 

       : 

 

 ̃ = , + , + , + , = , , 

 ̃ = , − , + , − , = , , 

 ̃ = , + , − , − , = , , 
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 ̃ = , − , − , + , = , , 

 ̃ = , + , + , + , = , , 

 ̃ = , − , + , − , = , , 

 ̃ = , + , − , − , = , , 

 ̃ = , − , − , + , = , . 

 

      : 

 

 𝜎 . =  − , − , + , − , + , − , +, − , + , − , + , − , + , − , +, − , = , + , + , + , + , + + , + , ≈, . 

 

       : 

 

 𝐹 ч. = 𝜎 .𝜎 . = ,, ≈ , . 

 

         

       = ,   

   𝑘 = − =   𝑘 = ∙ = : 

 

 𝐹 . = , . 

 

   𝐹 ч. = , < 𝐹 . = , ,     

. 

         

,   (18): 
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 ̂ = , + , ∙ − + , ∙ − ,, + , ∙ − ∙ − ,, . 

 

  ,    , 

        

     : 

 

 ̂ = , ∙ + , ∙ + , ∙ − , .                                                  (19) 

 

   ,   ,  

        

 .       

 .   5    (19)  

       

 ,  ,     

       2 . 

 

 
 5 –         

 

0

5

10

15

20

25

30

35

40

45

10 20 30 40 50 60 70 80 90 100

В
е

, 
.

Кол е т о е то

о т  е е  пол е  от кол е т  е то

е л ту л



48 
 

   6  ,     
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 CAbstractObject 
 

       
#include <abstract_object.h> 

 :CAbstractObject: 
 

 

 ч  
void set_position (QPoint position) 

У     
QPoint get_position () 

     
void set_vector_position (QVector2D position) 

У     
QVector2D get_vector_position () 

     
void set_size (int size) 

У     
int get_size () 

    

З   
QVector2D position 

   
int size 

   
 

  
       

 

А : 
 . .  

В я: 
1.0  

Д : 
 2017  

       ,       
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М  

QPoint CAbstractObject::get_position () 
 

     
 

В : 
      

15 { 
16     return QPoint(position.x(), position.y()); 
17 } 

int CAbstractObject::get_size () 
 

    
 

В : 
   

38 { 
39     return size; 
40 } 

QVector2D CAbstractObject::get_vector_position () 
 

     
 

В : 
      

25 { 
26     return position; 
27 } 

void CAbstractObject::set_position (QPoint position) 
 

    
 

А : 
position     ,     

         
9 { 
10     this->position.setX(position.x()); 
11     this->position.setY(position.y()); 
12 } 

void CAbstractObject::set_size (int size) 
 

    
 

А : 
size     

30 { 
31     if (size > 0) 
32     { 
33         this->size = size; 
34     } 
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35 } 

void CAbstractObject::set_vector_position (QVector2D position) 
 

    
 

А : 
position  ,      

20 { 
21     this->position = position; 
22 } 

 

я я  я ч   я я  : 
C:/Projects/Shepherding_model/model/abstract_object.h 
C:/Projects/Shepherding_model/model/abstract_object.cpp 
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 CAgent 
 

     
#include <agent.h> 

 :CAgent: 
 

 

 

 ч  
void set_direction (QVector2D direction) 

У      
QVector2D get_direction () 

     

Д   ч  
 

  
     

 

А : 
 . .  

В я: 
1.0  

Д : 
 2017  

   CMobileObject     , 
    

 

М  

QVector2D CAgent::get_direction () 
 

     
 

В : 
      

14 { 
15     return direction; 
16 } 



65 
 

void CAgent::set_direction (QVector2D direction) 
 

     
 

А : 
direction     

9 { 
10     this->direction = direction; 
11 } 

 

я я  я ч   я я  : 
C:/Projects/Shepherding_model/model/agent.h 
C:/Projects/Shepherding_model/model/agent.cpp 
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 CAgentParams 
 

      
#include <agent_params.h> 

 :CAgentParams: 
 

 

 

  
void take_agent_params () 

       

 ч  
CAgentParams (QWidget *parent=0) 
 

  
      

 

А : 
 . .  

В я: 
1.0  

Д : 
 2017  

      ,    
 

       : 
C:/Projects/Shepherding_model/agent_params.h 
C:/Projects/Shepherding_model/agent_params.cpp 
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 CAlgorithm 
 

  -   
#include <algorithm.h> 

 ч  
int get_goal_radius () 

    
void execution () 

З      
void set_virtual_shepherd (bool flag) 

У     
void set_gen_center (QPoint gen_center) 

У      
void set_gen_size (QPoint size) 

У       
void set_agent_quantity (int quantity) 

У     
void set_goal (QPoint goal) 

У     
void set_agent_nearest_quantity (int quantity) 

У        
void set_agents_agent_reaction (int radius) 

У         
void set_agents_shepherd_reaction (int radius) 

У        
void set_agents_other_reaction (int radius) 

У      -   
void set_agents_agent_repulsion (double strength) 

У         
void set_agents_agent_attraction (double strength) 

У         
void set_agents_shepherd_repulsion (double strength) 

У        
void set_agents_other_repulsion (double strength) 

У      -   
void set_agents_inertia (double inertia) 

У       
void set_agents_noise (double noise) 

У        
void set_agents_movement_probability (double probability) 

У       
void set_agent_speed (double speed) 

У      
void set_shepherd_speed (double speed) 

У      
void set_shepherd_noise (double noise) 

У        
void add_object (QString name, QPoint position, int radius) 

    
void change_object (int index, QString name, QPoint position, int radius) 
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М      
void delete_object (int index) 

У       
void clear_objects () 

У      -   
bool gen_agents () 

         
bool gen_shepherd (QPoint position) 

   
bool test_goal () 

      
QList< QPoint > get_agents_positions () 

     
QList< COtherObject * > get_objects () 

 -   
COtherObject * get_object (int index) 

      
QPoint get_shepherd_position () 

    
QPoint get_goal () 

    
QPoint get_field_size () 

    
QVector2D get_goal_position () 

       

С ч    
static CAlgorithm algorithm 

  
 

  
  -   

 

А : 
 . .  

В я: 
1.0  

Д : 
 2017  
         

 

М  

void CAlgorithm::add_object (QString name, QPoint position, int radius) 
 

    
 

А : 
name     
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position     
radius     

249 { 
250     COtherObject* object = new COtherObject; 
251  
252     object->set_name(name); 
253     object->set_position(position); 
254     object->set_size(radius); 
255  
256     objects.push_back(object); 
257 } 

void CAlgorithm::change_object (int index, QString name, QPoint position, int radius) 
 

     
 

А : 
index     
name      
position      
radius      

260 { 
261     if (index >= 0 && index < objects.length()) 
262     { 
263         objects.at(index)->set_name(name); 
264         objects.at(index)->set_position(position); 
265         objects.at(index)->set_size(radius); 
266     } 
267 } 

void CAlgorithm::delete_object (int index) 
 

      
 

А : 
index     

270 { 
271     if (index >= 0 && index < objects.length()) 
272     { 
273         delete objects.takeAt(index); 
274     } 
275 } 

bool CAlgorithm::gen_agents () 
 

         

 

В : 
    

    ,   True,  - False  
278 { 
279     if (!test_gen_field()) 
280     { 
281         return false; 
282     } 
283  
284     clear_agents(); 
285  
286     for (int i = 0; i < agent_quantity; i++) 
287     { 
288         CAgent* agent = new CAgent; 
289         agent->set_position(gen_position()); 
290         agents.push_back(agent); 
291     } 
292  
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293     if (!agents.isEmpty()) 
294     { 
295         nearest_agent = agents.first(); 
296  
297         test_object_position(); 
298  
299         return true; 
300     } 
301  
302     return false; 
303 } 

bool CAlgorithm::gen_shepherd (QPoint position) 
 

   
 

А : 
position      

В : 
    

    ,   True,  - False  
306 { 
307     shepherd.set_position(position); 
308  
309     return true; 
310 } 

QList< QPoint > CAlgorithm::get_agents_positions () 
 

     
 

В : 
    

335 { 
336     QList<QPoint> positions; 
337  
338     QList<CAgent*>::Iterator i; 
339  
340     for (i = agents.begin(); i != agents.end(); i++) 
341     { 
342         positions.push_back((*i)->get_position()); 
343     } 
344  
345     return positions; 
346 } 

QPoint CAlgorithm::get_field_size () 
 

    
 

В : 
,     

374 { 
375     return field_size; 
376 } 

QPoint CAlgorithm::get_goal () 
 

    
 

В : 
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369 { 
370     return QPoint(subgoal.x(), subgoal.y()); 
371 } 

QVector2D CAlgorithm::get_goal_position () 
 

       
 

В : 
   

379 { 
380     return goal; 
381 } 

int CAlgorithm::get_goal_radius () 
 

    
 

В : 
   

52 { 
53     return goal_radius; 
54 } 

COtherObject * CAlgorithm::get_object (int index) 
 

      
 

А : 
index     

В : 
    

354 { 
355     if (index >= 0 && index < objects.length()) 
356     { 
357         return objects.at(index); 
358     } 
359  
360     return new COtherObject; 
361 } 

QList< COtherObject * > CAlgorithm::get_objects () 
 

 -   
 

В : 
     -   

349 { 
350     return objects; 
351 } 

QPoint CAlgorithm::get_shepherd_position () 
 

    
 

В : 
   

364 { 
365     return shepherd.get_position(); 
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366 } 

void CAlgorithm::set_agent_nearest_quantity (int quantity) 
 

       
 

А : 
quantity     

177 { 
178     agent_nearest_quantity = quantity; 
179 } 

void CAlgorithm::set_agent_quantity (int quantity) 
 

    
 

А : 
quantity     

145 { 
146     agent_quantity = quantity; 
147  
148     agent_nearest_quantity = --quantity; 
149     goal_radius = agents_agent_reaction * sqrt(agent_quantity); 
150 } 

void CAlgorithm::set_agent_speed (double speed) 
 

     
 

А : 
speed    

234 { 
235     agent_speed = speed; 
236 } 

void CAlgorithm::set_agents_agent_attraction (double strength) 
 

        
 

А : 
strength     

204 { 
205     agents_agent_attraction = strength; 
206 } 

void CAlgorithm::set_agents_agent_reaction (int radius) 
 

        
 

А : 
radius       

182 { 
183     agents_agent_reaction = radius + agent_size; 
184  
185     goal_radius = agents_agent_reaction * sqrt(agent_quantity); 
186 } 
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void CAlgorithm::set_agents_agent_repulsion (double strength) 
 

        
 

А : 
strength     

199 { 
200     agents_agent_repulsion = strength; 
201 } 

void CAlgorithm::set_agents_inertia (double inertia) 
 

      
 

А : 
inertia   

         
219 { 
220     agents_inertia = inertia; 
221 } 

void CAlgorithm::set_agents_movement_probability (double probability) 
 

      
 

А : 
probability    

229 { 
230     agents_movement_probability = probability; 
231 } 

void CAlgorithm::set_agents_noise (double noise) 
 

       
 

А : 
noise    

224 { 
225     agents_noise = noise; 
226 } 

void CAlgorithm::set_agents_other_reaction (int radius) 
 

     -   
 

А : 
radius       

194 { 
195     agents_other_reaction = radius; 
196 } 

void CAlgorithm::set_agents_other_repulsion (double strength) 
 

     -   
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А : 
strength     

214 { 
215     agents_other_repulsion = strength; 
216 } 

void CAlgorithm::set_agents_shepherd_reaction (int radius) 
 

       
 

А : 
radius       

189 { 
190     agents_shepherd_reaction = radius + shepherd.get_size(); 
191 } 

void CAlgorithm::set_agents_shepherd_repulsion (double strength) 
 

       
 

А : 
strength     

209 { 
210     agents_shepherd_repulsion = strength; 
211 } 

void CAlgorithm::set_gen_center (QPoint gen_center) 
 

     
 

А : 
gen_center  -     

135 { 
136     this->gen_center = gen_center; 
137 } 

void CAlgorithm::set_gen_size (QPoint size) 
 

      
 

А : 
size             

140 { 
141     this->gen_size = size; 
142 } 

void CAlgorithm::set_goal (QPoint goal) 
 

    
 

А : 
goal  ,       

169 { 
170     this->goal.setX(goal.x()); 
171     this->goal.setY(goal.y()); 
172  
173     subgoal = this->goal; 
174 } 
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void CAlgorithm::set_shepherd_noise (double noise) 
 

       
 

А : 
noise    

244 { 
245     shepherd_noise = noise; 
246 } 

void CAlgorithm::set_shepherd_speed (double speed) 
 

     
 

А : 
speed    

239 { 
240     shepherd_speed = speed; 
241 } 

void CAlgorithm::set_virtual_shepherd (bool flag) 
 

    
 

А : 
flag    

 flag  True,      ,  -   
130 { 
131     virtual_shepherd = flag; 
132 } 

bool CAlgorithm::test_goal () 
 

      
 

В : 
  

      ,   True,  - False  
313 { 
314     QVector2D global_mass_center = get_mass_center(agents); 
315  
316     QVector2D distance = global_mass_center - subgoal; 
317  
318     if (distance.length() <= goal_radius) 
319     { 
320         if (goal == subgoal) 
321         { 
322             return true; 
323         } 
324         else 
325         { 
326             subgoal = goal; 
327             test_object_position(); 
328         } 
329     } 
330  
331     return false; 
332 } 
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я я  я ч   я я  : 
C:/Projects/Shepherding_model/model/algorithm.h 
C:/Projects/Shepherding_model/model/algorithm.cpp 
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 CExperiment 
 

      
#include <experiment.h> 

 :CExperiment: 
 

 

 

С  
void finished () 

     

 ч  
CExperiment () 
void run () 

   
 

  
      

 

А : 
 . .  

В я: 
1.0  

Д : 
 2017   

 

К ( ) 

CExperiment::CExperiment () 

 

     

     
16 { 
17     QTime midnight(0,0,0); 
18     qsrand(midnight.secsTo(QTime::currentTime())); 
19  
21     agent_quantity = 101; 
22     quantity = 0; 
23     fail_experiment = 0; 
24     middle_time = 100000; 
25  
27     setTerminationEnabled(true); 
28 } 
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М  

void CExperiment::run () 
 

   

 

       

 -  

  

   

    ,     

   ,       
31 { 
32     QTime timer; 
33  
35     QFile fileOut("result.txt"); 
36  
38     random_objects(); 
39  
41     timer.start(); 
42  
44     while(!CAlgorithm::algorithm.test_goal()) 
45     { 
46         CAlgorithm::algorithm.execution(); 
47  
49         if (timer.elapsed() > middle_time) 
50         { 
51             QMessageBox::information(0, "Information", "Fail!"); 
52             save_data(); 
53  
54             fail_experiment++; 
55  
56             emit finished(); 
57  
58             return; 
59         } 
60     } 
61  
63     int ms = timer.elapsed(); 
64  
65     time.push_back(ms); 
66     qSort(time.begin(), time.end()); 
67     quantity++; 
68     save_data(); 
69  
70     if(fileOut.open(QIODevice::WriteOnly | QIODevice::Text)) 
71     { 
72         QTextStream writeStream(&fileOut); 
73  
74         writeStream << QString("%1 %2").arg(quantity).arg(fail_experiment); 
75  
76         fileOut.close(); 
77  
78     } 
79  
80  
81     if (quantity < QUANTITY) 
82     { 
83         emit finished(); 
84     } 
85     else 
86     { 
87         QMessageBox::information(0, "Information", "Operation Complete"); 
88         quantity = 0; 
89         fails.push_back(fail_experiment); 
90  
91         time.clear(); 
92     } 
93 } 
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я я  я ч   я я  : 
C:/Projects/Shepherding_model/experiment.h 
C:/Projects/Shepherding_model/experiment.cpp 

 



80 
 

 CGeneralParams 
 

       
#include <general_params.h> 

 :CGeneralParams: 
 

 

 

  
void take_general_params () 

      

С  
void change_lenght (int lenght) 

       
void change_width (int width) 

       

 ч  
CGeneralParams (QWidget *parent=0) 
 

  
       

 

А : 
 . .  

В я: 
1.0  

Д : 
 2017  

         
 

М  

void CGeneralParams::change_lenght (int lenght)[signal] 

 

       
 

А : 
lenght      

void CGeneralParams::change_width (int width)[signal] 
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А : 
width       

 

я я  я ч   я я  : 
C:/Projects/Shepherding_model/general_params.h 
C:/Projects/Shepherding_model/general_params.cpp 
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 CMainWindow 
 

     
#include <main_window.h> 

 :CMainWindow: 
 

 

 

С  
void take_params () 

,        
void paint () 

,       

 ч  
CMainWindow (QWidget *parent=0) 
 

  
     

 

А : 
 . .  

В я: 
1.0  

Д : 
 2017   

 
       : 

C:/Projects/Shepherding_model/main_window.h 
C:/Projects/Shepherding_model/main_window.cpp 
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 CMobileObject 
 

      
#include <mobile_object.h> 

 :CMobileObject: 
 

 

 

 ч  
void set_speed (double speed) 

У     
double get_speed () 

    

З   
double speed 

  
 

  
      

 

А : 
 . .  

В я: 
1.0  

Д : 
 2017  
    CAbstractObject      
     

 

М  

double CMobileObject::get_speed () 
 

    
 

В : 
  

19 { 
20     return speed; 
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21 } 

void CMobileObject::set_speed (double speed) 
 

    
 

А : 
speed    

11 { 
12     if (speed > 0) 
13     { 
14         this->speed = speed; 
15     } 
16 } 

 

я я  я ч   я я  : 
C:/Projects/Shepherding_model/model/mobile_object.h 
C:/Projects/Shepherding_model/model/mobile_object.cpp 
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 COtherObject 
 

  -   
#include <other_object.h> 

 :COtherObject: 
 

 

 

 ч  
void set_name (QString name) 

У     
QString get_name () 

    

Д   ч  
 

  
  -   

 

А : 
 . .  

В я: 
1.0  

Д : 
 2017  
     CAbstractObject     

 ,     
 

М  

QString COtherObject::get_name () 
 

    
 

В : 
      

14 { 
15     return name; 
16 } 

void COtherObject::set_name (QString name) 
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А : 
name        

9 { 
10     this->name = name; 
11 } 

 

я я  я ч   я я  : 
C:/Projects/Shepherding_model/model/other_object.h 
C:/Projects/Shepherding_model/model/other_object.cpp 
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 COtherObjectsParams 
 

   -   
#include <other_objects_params.h> 

 :COtherObjectsParams: 
 

 

 

С  
void change () 

    

 ч  
COtherObjectsParams (QWidget *parent=0) 
 

  
   -   

 

А : 
 . .  

В я: 
1.0  

Д : 
 2017  

       -   
 

       : 
C:/Projects/Shepherding_model/other_objects_params.h 
C:/Projects/Shepherding_model/other_objects_params.cpp 
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 CShepherd 
 

     
#include <shepherd.h> 

 :CShepherd: 
 

 

 

 ч  
void set_blind_angle (int blind_angle) 

У       
int get_blind_angle () 

      

Д   ч  
 

  
     

 

А : 
 . .  

В я: 
1.0  

Д : 
 2017  

   CMobileObject     , 
     

 

М  

int CShepherd::get_blind_angle () 
 

      
 

В : 
     

я: 
       

21 { 
22     return blind_angle; 
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23 } 

void CShepherd::set_blind_angle (int blind_angle) 
 

      
 

А : 
blind_angle       

я: 
       

13 { 
14     if (blind_angle >= 0 && blind_angle <= 360) 
15     { 
16         this->blind_angle = blind_angle; 
17     } 
18 } 

 

я я  я ч   я я  : 
C:/Projects/Shepherding_model/model/shepherd.h 
C:/Projects/Shepherding_model/model/shepherd.cpp 
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 CShepherdParams 
 

      
#include <shepherd_params.h> 

 :CShepherdParams: 
 

 

 

  
void take_shepherd_params () 

      

void set_shepherd_x_max (int x) 
У        x.  

void set_shepherd_y_max (int y) 
У        y.  

 ч  
CShepherdParams (QWidget *parent=0) 
 

  
      

 

А : 
 . .  

В я: 
1.0  

Д : 
 2017  

         
 

М  

void CShepherdParams::set_shepherd_x_max (int x)[slot] 

 

       x.  

 

А : 
x    x  

27 { 
28     ui->x_shepherd->setMaximum(x); 
29 } 

void CShepherdParams::set_shepherd_y_max (int y)[slot] 
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       y.  

 

А : 
y    y  

32 { 
33     ui->y_shepherd->setMaximum(y); 
34 } 

 

я я  я ч   я я  : 
C:/Projects/Shepherding_model/shepherd_params.h 
C:/Projects/Shepherding_model/shepherd_params.cpp 
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 CVisualWindow 
 

      
#include <visual_window.h> 

 :CVisualWindow: 
 

 

 

  
void set_field_length (int length) 

У       
void set_field_width (int width) 

У       

С  
void paint (int time) 

 ч  
CVisualWindow (QWidget *parent=0) 

З  ч  
void paintEvent (QPaintEvent *) 

  

 

  
      

 

А : 
 . .  

В я: 
1.0  

Д : 
 2017   

 

М  

void CVisualWindow::set_field_length (int length)[slot] 

 

      
 

А : 
length    

37 { 
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38     ui->field->setFixedWidth(length); 
39 } 

void CVisualWindow::set_field_width (int width)[slot] 

 

      
 

А : 
width    

42 { 
43     ui->field->setFixedHeight(width); 
44 } 

 

я я  я ч   я я  : 
C:/Projects/Shepherding_model/visual_window.h 
C:/Projects/Shepherding_model/visual_window
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