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[POLYLINE] 
Type=0x20 
Label=0 
Data=(10,55),(17.5,60),(27.5,65),(37.5,67.5),(45,75),(52.
5,80),(67.5,85),(75,85),(82.5,82.5),(90,77.5),(95,82.5),(
102.5,87.5),(112.5,87.5),(117.5,82.5),(120,77.5),(125,75)
,(130,70),(130,65),(132.5,60),(132.5,55),(130,50),(125,47
.5),(115,37.5),(107.5,35),(105,30),(102.5,22.5),(100,12.5
),(90,10),(75,5),(70,5),(65,2.5),(60,2.5),(47.5,10),(40,2
0),(35,22.5),(32.5,30),(25,32.5),(20,35),(15,35),(10,37.5
),(7.5,42.5),(7.5,47.5) 
[END] 
[POLYLINE] 
Type=0x20 
Label=20 
Data=(27.5,60),(40,62.5),(45,52.5),(47.5,42.5),(42.5,35),
(32.5,32.5),(20,37.5),(15,40),(15,47.5),(15,52.5) 
[END] 
[POLYLINE] 
Type=0x20 
Label=20 
Data=(97.5,72.5),(102.5,82.5),(112.5,82.5),(117.5,72.5),(
125,65),(125,52.5),(110,40),(110,50),(107.5,60) 
[END] 
[POLYLINE] 
Type=0x20 
Label=40 
Data=(20,52.5),(35,57.5),(42.5,50),(42.5,40),(35,37.5),(2
5,40),(20,47.5) 
[END] 
[POLYLINE] 
Type=0x20 
Label=40 
Data=(57.5,57.5),(47.5,70),(60,80),(72.5,82.5),(80,77.5),
(90,70),(100,55),(107.5,42.5),(100,30),(92.5,17.5),(67.5,
10),(55,10),(47.5,25),(60,42.5) 
[END] 
[POLYLINE] 
Type=0x20 
Label=60 
Data=(25,50),(30,52.5),(40,50),(40,42.5),(27.5,42.5) 
[END] 
[POLYLINE] 



 

Type=0x20 
Label=60 
Data=(107.5,72.5),(115,67.5),(120,60),(117.5,52.5),(107.5
,60) 
[END] 
[POLYLINE] 
Type=0x20 
Label=80 
Data=(27.5,47.5),(32.5,50),(35,45) 
[END] 
[POLYLINE] 
Type=0x20 
Label=80 
Data=(115,60) 
[END] 
[POLYLINE] 
Type=0x20 
Label=80 
Data=(67.5,45),(80,55),(90,47.5),(92.5,30),(80,17.5),(62.
5,17.5),(57.5,27.5) 
[END] 
[POLYLINE] 
Type=0x20 
Label=100 
Data=(67.5,32.5),(77.5,40),(85,30),(77.5,20),(70,22.5) 
[END] 
[POLYLINE] 
Type=0x20 
Label=140 
Data=(75,27.5) 
[END] 
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      №2  
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 .2 –         
 ) N=150; ) N=30; ) N=60; ) N=400 

 

  



 

 .     №1 
 

#include <iostream> 
#include <math.h> 
#include <windows.h> 
#include <vector> 
#include <fstream> 
#include <string> 
#include <GL/gl.h> 
#include <GL/glu.h> 
#include "glaux.h" 
using namespace std; 
#include "Delaunay.h" 
#pragma comment (lib,"opengl32.lib") 
#pragma comment (lib,"glu32.lib") 
#pragma comment (lib, "glaux.lib") 
#pragma comment(lib, "legacy_stdio_definitions.lib")  
//   : 
struct Point //   
{ 
 double x, y, z; 
 Point(double x_ = 0, double y_ = 0, double z_ = 0) 
 { 
  x = x_; 
  y = y_; 
  z = z_; 
 } 
}; 
typedef vector<Point> Vector; 
Vector V; 
pvector p, tr; 
void Load(string filename, Vector& V);//  
float anglez = 45, anglex = 0, rz = 200; 
float ex = 0, ey = 10, ez = 0; 
float ax = 0, ay = 0, az = 0; 
int  zmax; 
const int CountColors = 20; 
double RGB[CountColors][3] = 
{ 
 {0,0,0}, 
 {0.15,0.07,0}, 
 {0.27,0.17,0.06}, 
 {0.44,0.26,0.17}, 
 {0.40,0.27,0.19}, 
 {0.37,0.21,0.08}, 



 

 {0.56,0.33,0.17}, 
 {0.45,0.29,0.17}, 
      {0.63,0.39,0.2}, 
 {0.79,0.62,0.25}, 
      {0.85,0.69,0.3}, 
      {0.77,0.76,0.38}, 
      {0.58,0.62,0.27}, 
 {0.35,0.46,0.15}, 
 {0.18,0.34,0.04}, 
 {0.1,0.25,0.01}, 
      {0.03,0.18,0.04}, 
 {0.0,0.14,0.06}, 
 {0,0.13,0.18}, 
      {0,0.09,0.08} 
}; 
void CALLBACK PressKeyA(void) //    
{ 
 anglez += 0.1; 
} 
void CALLBACK PressKeyD(void) //    
{ 
 anglez -= 0.1; 
} 
 
void CALLBACK PressKeyW(void) //   
{ 
 rz -= 1; 
} 
void CALLBACK PressKeyS(void)//   
{ 
 rz += 1; 
} 
void CALLBACK PressKeyQ(void) //   
{ 
 ey += 10; 
} 
void CALLBACK PressKeyE(void) //   
{ 
 ey -= 10; 
} 
void CALLBACK resize(int width, int height) 
{ 
 glViewport(0, 0, width, height);//   
OpenGL- ,     



 

 glMatrixMode(GL_PROJECTION);//    
    
 glLoadIdentity();//   , 

     
 gluPerspective(1500, double(width) / height, 1, 
1000);//   .   

 
 glMatrixMode(GL_MODELVIEW);//    
 -    
} 
void system(int n) //  -   
{ 
 glLineWidth(2); 
 //  OX -  
 glBegin(GL_LINES); 
 glColor3d(1, 0, 0); 
 glVertex3d(-n, 0, 0); 
 glVertex3d(n, 0, 0); 
 glEnd(); 
 //    
 glBegin(GL_LINE_STRIP); 
 glVertex3d(n - 2, 2, 0); 
 glVertex3d(n, 0, 0); 
 glVertex3d(n - 2, -2, 0); 
 glEnd(); 
 //  OY -  
 glBegin(GL_LINES); 
 glColor3d(0, 0, 1); 
 glVertex3d(0, -n, 0); 
 glVertex3d(0, n, 0); 
 glEnd(); 
 //   Y 
 glBegin(GL_LINE_STRIP); 
 glVertex3d(-2, n - 2, 0); 
 glVertex3d(0, n, 0); 
 glVertex3d(2, n - 2, 0); 
 glEnd(); 
 //  OZ -  
 glBegin(GL_LINES); 
 glColor3d(0, 1, 0); 
 glVertex3d(0, 0, n); 
 glVertex3d(0, 0, -n); 
 glEnd(); 
 //   Z 
 glBegin(GL_LINE_STRIP); 



 

 glVertex3d(0, -2, n - 2); 
 glVertex3d(0, 0, n); 
 glVertex3d(0, 2, n - 2); 
 glEnd(); 
} 
 
void DrawTriangle(GLdouble x1, GLdouble y1, GLdouble z1, 
 GLdouble x2, GLdouble y2, GLdouble z2, 
 GLdouble x3, GLdouble y3, GLdouble z3, 
 GLdouble r1, GLdouble g1, GLdouble b1, 
 GLdouble r2, GLdouble g2, GLdouble b2, 
 GLdouble r3, GLdouble g3, GLdouble b3) 
{ //        
 glBegin(GL_TRIANGLES); 
 glColor3d(r1, g1, b1);  glVertex3d(x1, y1, z1); 
 glColor3d(r2, g2, b2);  glVertex3d(x2, y2, z2); 
 glColor3d(r3, g3, b3);  glVertex3d(x3, y3, z3); 
 glEnd(); 
} 
void TRIANGLES_Kontur(float x1, float y1, float z1, float 
x2, float y2, float z2, float x3, float y3, float z3, float 
r, float b, float g) //    
{ 
 glPolygonMode(GL_FRONT_AND_BACK,GL_LINE);//  

( ,    )-  
 glLineWidth(4); 
 glBegin(GL_TRIANGLES); 
 glColor3d(r, g, b); 
 glVertex3f(x1, y1, z1); 
 glVertex3f(x2, y2, z2); 
 glVertex3f(x3, y3, z3); 
 glEnd(); 
 glPolygonMode(GL_FRONT_AND_BACK, 
GL_FILL);//     -  
} 
void san() 
{ 
 float H; 
 int k1, k2, k3; 
 float r1, r2, r3, g1, g2, g3, b1, b2, b3; 
 float min_z, max_z, min_x, max_x, min_y, max_y; 
//      ,y,z 
 min_z = max_z = V[0].z; 
 min_x = max_x = V[0].x; 
 min_y = max_y = V[0].y; 



 

 for (int i = 0;i < V.size();i++) 
 { 
  if (V[i].z < min_z) 
   min_z = V[i].z; 
  if (V[i].z > max_z) 
   max_z = V[i].z; 
  if (V[i].x < min_x) 
   min_x = V[i].x; 
  if (V[i].x > max_x) 
   max_x = V[i].x; 
  if (V[i].y < min_y) 
   min_y = V[i].y; 
  if (V[i].y > max_y) 
   max_y = V[i].y; 
 } 
 H = (max_z - min_z) / CountColors;//   
    

 Point A, B, C; 
 for (int i = 0;i < tr.size(); i++) 
 { 
  for (int j = 0; j < p.size(); j++) 
  { 
   if (tr[i].x == p[j].x && tr[i].y == p[j].y) { 
    tr[i].z = p[j].z; 
    break; 
   } 
  } 
 } 
 for (int i = 0;i < tr.size(); i += 3) 
 { 
  A.x = tr[i].x; A.y = tr[i].y; A.z = tr[i].z; 
  B.x = tr[i + 1].x; B.y = tr[i + 1].y; B.z = tr[i 
+ 1].z; 
  C.x = tr[i + 2].x; C.y = tr[i + 2].y; C.z = tr[i 
+ 2].z; 
 
  k1 = (max_z - A.z) / H; 
  if (k1 == CountColors) k1 = CountColors - 1; 
  r1 = RGB[k1][0];g1 = RGB[k1][1];b1 = RGB[k1][2]; 
 
  k2 = (max_z - B.z) / H; 
  if (k2 == CountColors) k2 = CountColors - 1; 
  r2 = RGB[k2][0];g2 = RGB[k2][1];b2 = RGB[k2][2]; 
 
  k3 = (max_z - C.z) / H; 



 

  if (k3 == CountColors) k3 = CountColors - 1; 
  r3 = RGB[k3][0];g3 = RGB[k3][1];b3 = RGB[k3][2]; 
  //   
  DrawTriangle( 
   A.x, A.y, A.z, 
   B.x, B.y, B.z, 
   C.x, C.y, C.z, 
   r1, g1, b1, 
   r2, g2, b2, 
   r3, g3, b3); 
 } 
} 
void scene() 
{ 
 glRotated(-90, 1, 0, 0); 
 glRotatef(0.45f, 0.0f, 0.0f, 1.0f); //   

 z  45 ,  
 glPushMatrix();//    
  
 san(); 
 glPopMatrix(); 
} 
void CALLBACK display(void) 
{ 
 glClear(GL_COLOR_BUFFER_BIT|GL_DEPTH_BUFFER_BIT); 
//       
 glLoadIdentity(); 
 ex = rz * sin(anglez); 
 ez = rz * cos(anglez); 
 gluLookAt(ex, ey, ez, ax, ay, az, 0, 1, 0); 
 scene(); 
 auxSwapBuffers();//     

    
} 
void RunOpenGL() 
{ 
 auxKeyFunc(AUX_w, PressKeyW); 
 auxKeyFunc(AUX_s, PressKeyS); 
 auxKeyFunc(AUX_a, PressKeyA); 
 auxKeyFunc(AUX_d, PressKeyD); 
 auxKeyFunc(AUX_q, PressKeyQ); 
 auxKeyFunc(AUX_e, PressKeyE); 
 auxInitPosition(0, 0, 1000, 1000);//   

 (0,0),    - 1000 



 

 auxInitDisplayMode(AUX_RGB|AUX_DEPTH|AUX_DOUBLE);// 
   OpenGL 

 auxInitWindow(L"Glaux Template");//    
 

 //       , 
,     

 //    ,   
 display.     

 auxIdleFunc(display); 
 auxReshapeFunc(resize); 
 glClearColor(1, 1, 1, 0); //   
 glEnable(GL_DEPTH_TEST);//    
} 
void Load(string filename, Vector& V)//   

   
{ 
 fstream Loading(filename.c_str()); 
 string str, str2; 
 char symbol; 
 double h, x, y, z; 
 while (!Loading.eof()) 
 { 
  do 
  { 
   getline(Loading, str, '\n'); 
  } while (str != "[POLYLINE]"); 
  getline(Loading, str, '\n'); // Type 
  getline(Loading, str, '='); // Label 
  Loading >> h; 
  getline(Loading, str, '='); // Data0 
  Loading.get(); 
  while (1) 
  { 
   Loading >> y >> symbol >> x; 
   do 
   { 
    Loading >> symbol; 
   } while (!isdigit(Loading.peek()) && symbol 
!= '['); 
   V.push_back(Point(x * 67000, y * 111000, 
h));//        
   //V.push_back(Point(x, y, h)); 
   //V.push_back(Point(floor(x*10)/100, floor(y 
* 10) / 100, h/10)); 
   if (symbol == '[' || symbol == 'E') break; 



 

  } 
  getline(Loading, str, '\n'); 
  Loading.get(); 
 } 
 //      ,y,z 
 float min_z, max_z, min_x, max_x, min_y, max_y; 
 min_z = max_z = V[0].z; 
 min_x = max_x = V[0].x; 
 min_y = max_y = V[0].y; 
 for (int i = 0;i < V.size();i++) 
 { 
  if (V[i].z < min_z) 
   min_z = V[i].z; 
  if (V[i].z > max_z) 
   max_z = V[i].z; 
  if (V[i].x < min_x) 
   min_x = V[i].x; 
  if (V[i].x > max_x) 
   max_x = V[i].x; 
  if (V[i].y < min_y) 
   min_y = V[i].y; 
  if (V[i].y > max_y) 
   max_y = V[i].y; 
 } 
 float DX = (max_x + min_x) / 2; //  
 float DY = (max_y + min_y) / 2; 
 float DZ = (max_z + min_z) / 2; 
 float MAXXX = max((max_z - min_z) / 2, max((max_x - 
min_x) / 2, (max_y - min_y) / 2)); 
 for (int i = 0;i < V.size();i++) 
 { 
  V[i].x -= DX; 
  V[i].x = (V[i].x / MAXXX); 
  V[i].x *= 100; //   -100  100 
  V[i].y -= DY; 
  V[i].y = (V[i].y / MAXXX); 
  V[i].y *= 100; 
  V[i].z -= DZ; 
  V[i].z = (V[i].z / MAXXX); 
  V[i].z *= 100; 
 } 
} 
void main()//   
{ 
 Load("borus_full.txt", V); //   



 

 for (int i = 0; i < V.size();i ++) 
 { 
  p.add(V[i].x, V[i].y, V[i].z); 
 } 
 Delaunay(p, tr); 
 RunOpenGL(); 
 auxMainLoop(display);//    

 .  
} 

  



 

 .     №2 
 

#include <iostream> 
#include <list> 
#include "point.h" 
#include <math.h> 
#include <windows.h> 
#include <vector> 
#include <fstream> 
#include <string> 
#include <GL/gl.h> 
#include <GL/glu.h> 
#include "glaux.h" 
using namespace std; 
#pragma comment (lib,"opengl32.lib") 
#pragma comment (lib,"glu32.lib") 
#pragma comment (lib, "glaux.lib") 
#pragma comment(lib, "legacy_stdio_definitions.lib")  
//   : 
int N = 150, M = N; // -        
int CountT = 2 * N * M; 
double x_min(0), x_max(0), y_min(0), y_max(0), z_min(0), 
z_max(0); 
double hx, hy; 
const int CountColors = 20; 
double RGB[CountColors][3] = 
{ 
   {0,0,0}, 
   {0.15,0.07,0}, 
   {0.27,0.17,0.06}, 
   {0.44,0.26,0.17}, 
   {0.40,0.27,0.19}, 
   {0.37,0.21,0.08}, 
   {0.56,0.33,0.17}, 
   {0.45,0.29,0.17}, 
   {0.63,0.39,0.2}, 
   {0.79,0.62,0.25}, 
   {0.85,0.69,0.3}, 
   {0.77,0.76,0.38}, 
   {0.58,0.62,0.27}, 
   {0.35,0.46,0.15}, 
   {0.18,0.34,0.04}, 
   {0.1,0.25,0.01}, 
   {0.03,0.18,0.04}, 
   {0.0,0.14,0.06}, 



 

   {0,0.13,0.18}, 
   {0,0.09,0.08} 
}; 
float anglez = 45, anglex = 0, rz = 200; 
float ex = 0, ey = 10, ez = 0; 
float ax = 0, ay = 0, az = 0; 
struct Vershina //    
{ 
   float R1, R2, H1, H2, H; 
   bool b1, b2; 
}; 
typedef vector<vector<Vershina>> VectorNodes; 
typedef vector < vector<bool>> VectorRebro; 
typedef list<pair<list<CPoint>, double> > IsoLines; 
VectorNodes Nodes; 
VectorRebro RebroV, RebroG, RebroN, RebroS; 
IsoLines lines; 
void Load(string filename, IsoLines& lines);//  
void Search_min_max(const IsoLines& lines); 
void statistics(const IsoLines& points); 
//     (  ) 
void CALLBACK PressKeyA(void) //    
{ 
   anglez += 0.1; 
} 
void CALLBACK PressKeyD(void) //    
{ 
   anglez -= 0.1; 
} 
void CALLBACK PressKeyW(void) //   
{ 
   rz -= 1; 
} 
void CALLBACK PressKeyS(void)//   
{ 
   rz += 1; 
} 
void CALLBACK PressKeyQ(void) //   
{ 
   ey += 10; 
} 
void CALLBACK PressKeyE(void) //   
{ 
   ey -= 10; 
} 



 

void CALLBACK resize(int width, int height) 
{ 
   glViewport(0, 0, width, height);//   
OpenGL- ,     
   glMatrixMode(GL_PROJECTION);//     

   
   glLoadIdentity();//   ,  

    
   gluPerspective(1500, double(width) / height, 1, 
1000);//   .   

 
   glMatrixMode(GL_MODELVIEW);//     

-    
} 
void system(int n) //  -   
{ 
   glLineWidth(2); 
   //  OX -  
   glBegin(GL_LINES); 
   glColor3d(1, 0, 0); 
   glVertex3d(-n, 0, 0); 
   glVertex3d(n, 0, 0); 
   glEnd(); 
   //    
   glBegin(GL_LINE_STRIP); 
   glVertex3d(n - 2, 2, 0); 
   glVertex3d(n, 0, 0); 
   glVertex3d(n - 2, -2, 0); 
   glEnd(); 
   //  OY -  
   glBegin(GL_LINES); 
   glColor3d(0, 0, 1); 
   glVertex3d(0, -n, 0); 
   glVertex3d(0, n, 0); 
   glEnd(); 
   //   Y 
   glBegin(GL_LINE_STRIP); 
   glVertex3d(-2, n - 2, 0); 
   glVertex3d(0, n, 0); 
   glVertex3d(2, n - 2, 0); 
   glEnd(); 
   //  OZ -  
   glBegin(GL_LINES); 
   glColor3d(0, 1, 0); 
   glVertex3d(0, 0, n); 



 

   glVertex3d(0, 0, -n); 
   glEnd(); 
   //   Z 
   glBegin(GL_LINE_STRIP); 
   glVertex3d(0, -2, n - 2); 
   glVertex3d(0, 0, n); 
   glVertex3d(0, 2, n - 2); 
   glEnd(); 
} 
void Load(string filename, IsoLines& lines)//  
{ 
   fstream Loading(filename.c_str()); 
   string str, str2; 
   char symbol; 
   double h, x, y, z; 
   while (!Loading.eof()) 
   { 
      do 
      { 
         getline(Loading, str, '\n'); 
         if (Loading.eof()) return; 
      }  
while (str != "[POLYLINE]"); 
      getline(Loading, str, '='); //  Type 
      getline(Loading, str, '\n'); //  
      if (!(str == "0x20" || str == "0x21" || str == 
"0x22")) 
      { 
         continue; 
      } 
      getline(Loading, str, '='); // Label 
      if (str != "Label") continue; 
      Loading >> h; 
      getline(Loading, str, '='); // Data0 
      Loading.get(); 
      lines.push_back(make_pair(list<CPoint>(), h)); 
      while (1) 
      { 
         Loading >> y >> symbol >> x; 
         do 
         { 
            Loading >> symbol; 
            if (symbol == 'D') 
               getline(Loading, str, '='); 



 

         } while (!isdigit(Loading.peek()) && symbol != 
'['); 
         lines.back().first.push_back(CPoint(x * 67000, y 
* 111000)); 
         if (symbol == '[' || symbol == 'E') break; 
      } 
      getline(Loading, str, '\n'); 
      Loading.get(); 
   } 
} 
void Search_min_max(const IsoLines& lines) 
{ 
   IsoLines::const_iterator iter_lines = lines.begin(); 
   list<CPoint>::const_iterator p = iter_lines-
>first.begin(); 
   x_min = x_max = p->x; 
   y_min = y_max = p->y; 
   z_min = z_max = iter_lines->second; 
   double h; 
   for (iter_lines = lines.begin(); iter_lines != 
lines.end(); ++iter_lines) 
   { 
      //     
      h = iter_lines->second; 
      if (h < z_min)  
         z_min = h; 
      if (h > z_max)  
         z_max = h; 
      for (p = iter_lines->first.begin(); p != iter_lines-
>first.end(); ++p) 
      { 
         if (p->x < x_min) x_min = p->x; 
         if (p->x > x_max) x_max = p->x; 
         if (p->y < y_min) y_min = p->y; 
         if (p->y > y_max) y_max = p->y; 
      } 
   } 
   hx = (x_max - x_min) / N; 
   hy = (y_max - y_min) / M; 
} 
 
void statistics(const IsoLines& points) 
{ 
   cout << "   = " << points.size() << 
endl; 



 

   IsoLines::const_iterator iter_lines; 
   long long Count(0); 
   for (iter_lines = points.begin(); iter_lines != 
points.end(); ++iter_lines) 
   { 
      Count += iter_lines->first.size(); 
   } 
   cout << "    = " << Count << endl; 
   cout << "   = " << z_min << endl; 
   cout << "   = " << z_max << endl; 
} 
bool Peresechenie(double x1, double y1, double x2, double 
y2, double x3, double y3, double x4, double y4, double &r1, 
double &r2) 
{  
   double v1, v2, v3, v4; 
   v1 = (x4 - x3) * (y1 - y3) - (y4 - y3) * (x1 - x3); 
   v2 = (x4 - x3) * (y2 - y3) - (y4 - y3) * (x2 - x3); 
   v3 = (x2 - x1) * (y3 - y1) - (y2 - y1) * (x3 - x1); 
   v4 = (x2 - x1) * (y4 - y1) - (y2 - y1) * (x4 - x1); 
   double Px, Py; 
   Px = x1 + (x2 - x1) * fabs(v1)/fabs(v2 - v1); 
   Py = y1 + (y2 - y1) * fabs(v1)/fabs(v2 - v1); 
   if ( (v1*v2<=0) && (v3*v4<=0)) 
   { 
      r1 = sqrt((Px - x3) * (Px - x3) + (Py - y3) * (Py - 
y3)); 
      r2 = sqrt((Px - x4) * (Px - x4) + (Py - y4) * (Py - 
y4)); 
      return true; 
   } 
   else 
   { 
      return false; 
   } 
} 
bool SetVershina(int i, int j, double distance, double h, 
VectorRebro& Rebro) 
{ 
   Rebro[i][j] = true; 
   if (!Nodes[i][j].b1)// 1  
   { 
      Nodes[i][j].b1 = true; 
      Nodes[i][j].R1 = distance; 
      Nodes[i][j].H1 = h; 



 

      return true; 
   } 
   else if (!Nodes[i][j].b2) // 2  
   { 
      if (Nodes[i][j].H1 != h) 
      { 
         Nodes[i][j].b2 = true; 
         Nodes[i][j].R2 = distance; 
         Nodes[i][j].H2 = h; 
         return true; 
      } 
      else 
      { 
         Nodes[i][j].b1 = true; 
         Nodes[i][j].R1 = min(distance, Nodes[i][j].R1); 
         Nodes[i][j].H1 = h; 
         return true; 
      } 
   } 
   else   
      if (!(distance > Nodes[i][j].R1 && distance > 
Nodes[i][j].R2)) // 3  
   { 
      if ((Nodes[i][j].H1 != h) && (Nodes[i][j].H2 != h)) 
//   3    
      { 
         if (Nodes[i][j].R1 < Nodes[i][j].R2) // ?????? 
         { 
            Nodes[i][j].R2 = distance; 
            Nodes[i][j].H2 = h; 
            return true; 
         } 
         else 
         { 
            Nodes[i][j].R1 = distance; 
            Nodes[i][j].H1 = h; 
            return true; 
         } 
      } 
      else //       -
    2 

      { 
         if (Nodes[i][j].H1 == h)  //    

   1  
         { 



 

            Nodes[i][j].R1 = min(distance, 
Nodes[i][j].R1); 
            Nodes[i][j].H1 = h; 
            return true; 
         } 
         if (Nodes[i][j].H2 == h)//    

   2  
         { 
            Nodes[i][j].R2 = min(distance, 
Nodes[i][j].R2); 
            Nodes[i][j].H2 = h; 
            return true; 
         } 
      } 
   } 
   return false; 
} 
void FirstStage(IsoLines& lines, VectorRebro& Rebro, int 
ykaz) 
{ 
   bool f; 
   int i, j, i0, j0, i1, j1; 
   double distance1, distance2; 
   double h, x_1, x_2, y_1, y_2, x3, x4, y3, y4; 
   IsoLines::iterator iter_lines; 
   for (iter_lines = lines.begin(); iter_lines != 
lines.end(); ++iter_lines) 
   { 
      h = iter_lines->second; 
      //     
      list<CPoint>::iterator p = iter_lines-
>first.begin()++; 
      list<CPoint>::reverse_iterator p_end; 
      list<CPoint>::iterator q = ++p; 
      for (p = iter_lines->first.begin(); p != --
iter_lines->first.end(); ) 
      { 
         x_1 = min(p->x, q->x); 
         x_2 = max(p->x, q->x); 
         y_1 = min(p->y, q->y); 
         y_2 = max(p->y, q->y); 
         i0 = (x_1 - x_min) / hx;  
         i1 = (x_2 - x_min) / hx;  
         j0 = (y_1 - y_min) / hy;  
         j1 = (y_2 - y_min) / hy;  



 

         if (ykaz == 1) 
         {  
            for (i = i0; i <= i1 && i <= N; i++) 
               for (j = j0; j <= j1 && j < M; j++) 
            { 
               x3 = x4 = x_min + i * hx; 
               y3 = y_min + j * hy; 
               y4 = y_min + (j + 1) * hy; 
 
               f = Peresechenie(p->x, p->y, q->x, q->y, 
x3, y3, x4, y4, distance1, distance2); 
               if (f) 
               { 
                  Rebro[i][j] = true; 
                  SetVershina(i, j, distance1, h, Rebro); 
                  SetVershina(i, j+1, distance2, h, 
Rebro); 
               } 
            } 
         } 
         else  
            if (ykaz == 2) 
            { 
               for (i = i0; i <= i1 && i< N; i++) 
                  for (j = j0; j <= j1 && j<= M; j++) 
                  { 
                     x3 = x_min +  i* hx; 
                     x4 = x_min + (i + 1) * hx; 
                     y3 = y4 = y_min + j * hy; 
 
                     f = Peresechenie(p->x,p->y,q->x,q-
>y,x3,y3,x4,y4,distance1,distance2); 
                     if (f) 
                     { 
                        Rebro[i][j] = true; 
                        SetVershina(i, j, distance1, h, 
Rebro); 
                        SetVershina(i+1, j, distance2, h, 
Rebro); 
 
                     } 
                  } 
            } 
            else 
               if (ykaz == 3) 



 

               { 
                  for (i = i0; i <= i1 && i < N; i++) 
                     for (j = j0; j <= j1 && j < M; j++) 
                     { 
                        x3 = x_min + i * hx; 
                        x4 = x_min + (i + 1) * hx; 
                        y3 = y_min + j * hy; 
                        y4 = y_min + (j + 1) * hy; 
 
                        f = Peresechenie(p->x,p->y,q-
>x,q->y,x3,y3,x4,y4,distance1,distance2); 
                        if (f) 
                        { 
                           Rebro[i][j] = true; 
                           SetVershina(i, j, distance1, h, 
Rebro); 
                           SetVershina(i+1, j+1, 
distance2, h, Rebro); 
                        } 
                     } 
               } 
               else 
                  if (ykaz == 4) 
                  { 
                     for (i = i0; i <= i1 && i < N; i++) 
                        for (j = j0; j <= j1 && j < M; j++) 
                        { 
                           x3 = x_min + i * hx; 
                           x4 = x_min + (i + 1) * hx; 
                           y3 = y_min + (j+1) * hy; 
                           y4 = y_min + j * hy; 
 
                           f = Peresechenie(p->x,p->y,q-
>x,q->y,x3,y3,x4,y4,distance1,distance2); 
                           if (f) 
                           { 
                              Rebro[i][j] = true 
                              SetVershina(i, j+1, 
distance1, h, Rebro); 
                              SetVershina(i+1, j, 
distance2, h, Rebro); 
                           } 
                        } 
                  } 
         p = q;         //   



 

         if (q != iter_lines->first.end())  
            ++q; 
      } 
      p = iter_lines->first.begin(); 
      p_end = iter_lines->first.rbegin(); 
      x_1 = min(p->x, p_end->x); 
      x_2 = max(p->x, p_end->x); 
      y_1 = min(p->y, p_end->y); 
      y_2 = max(p->y, p_end->y); 
      i0 = (x_1 - x_min) / hx;  
      i1 = (x_2 - x_min) / hx;  
      j0 = (y_1 - y_min) / hy;  
      j1 = (y_2 - y_min) / hy;  
      if (ykaz == 1) 
      {  
         for (i = i0; i <= i1 && i <= N; i++) 
            for (j = j0; j <= j1 && j < M; j++) 
         { 
            x3 = x4 = x_min + i * hx; 
            y3 = y_min + j * hy; 
            y4 = y_min + (j + 1) * hy; 
            f = Peresechenie(p->x,p->y,p_end->x,p_end-
>y,x3,y3,x4,y4, distance1, distance2); 
            if (f) 
            { 
               Rebro[i][j] = true; 
               SetVershina(i, j, distance1, h, Rebro); 
               SetVershina(i, j + 1, distance2, h, Rebro); 
            } 
         } 
      } 
      else 
         if (ykaz == 2) 
         { 
            for (i = i0; i <= i1 && i < N; i++) 
               for (j = j0; j <= j1 && j <= M; j++) 
               { 
                  x3 = x_min + i * hx; 
                  x4 = x_min + (i + 1) * hx; 
                  y3 = y4 = y_min + j * hy; 
                  f = Peresechenie(p->x, p->y, p_end->x, 
p_end->y, x3, y3, x4, y4, distance1, distance2); 
                  if (f) 
                  { 
                     Rebro[i][j] = true; 



 

                     SetVershina(i, j, distance1, h, 
Rebro); 
                     SetVershina(i+1, j, distance2, h, 
Rebro); 
                  } 
               } 
         } 
         else 
            if (ykaz == 3) 
            { 
               for (i = i0; i <= i1 && i < N; i++) 
                  for (j = j0; j <= j1 && j < M; j++) 
                  { 
                     x3 = x_min + i * hx; 
                     x4 = x_min + (i + 1) * hx; 
                     y3 = y_min + j * hy; 
                     y4 = y_min + (j + 1) * hy; 
 
                     f = Peresechenie(p->x, p->y, p_end-
>x, p_end->y, x3, y3, x4, y4, distance1, distance2); 
                     if (f) 
                     { 
                        Rebro[i][j] = true; 
                        SetVershina(i, j, distance1, h, 
Rebro); 
                        SetVershina(i+1, j+1, distance2, 
h, Rebro); 
                     } 
                  } 
            } 
            else 
               if (ykaz == 4) 
               { 
                  for (i = i0; i <= i1 && i < N; i++) 
                     for (j = j0; j <= j1 && j < M; j++) 
                     { 
                        x3 = x_min + i * hx; 
                        x4 = x_min + (i + 1) * hx; 
                        y3 = y_min + (j + 1) * hy; 
                        y4 = y_min + j * hy; 
                        f = Peresechenie(p->x, p->y, 
p_end->x, p_end->y, x3, y3, x4, y4, distance1, distance2); 
                        if (f) 
                        { 
                           Rebro[i][j] = true; 



 

                           SetVershina(i, j+1, distance1, 
h, Rebro); 
                           SetVershina(i+1, j, distance2, 
h, Rebro); 
                        } 
                     } 
               } 
   } 
} 
void SecondStage(IsoLines& lines, VectorRebro& RebroV, 
VectorRebro& RebroG, VectorRebro& RebroN, VectorRebro& 
RebroS, bool& otmetka) 
{ 
   int i, j, jj, ii; 
   double NewDistance0, NewDistance, NewH; 
   otmetka = false; // ,     

  .      
   //     
   for (i = 0; i <= N; i++) 
      for (j = 0; j <= M; j++) 
      { 
         if (Nodes[i][j].b1 == true || Nodes[i][j].b2 == 
true) //      (   1) 
         { 
            if (Nodes[i][j].b1 && Nodes[i][j].b2) 
            { 
               if (Nodes[i][j].R1 < Nodes[i][j].R2) 
               { 
                  NewDistance = Nodes[i][j].R1; 
                  NewH = Nodes[i][j].H1; 
               } 
               else 
               { 
                  NewDistance = Nodes[i][j].R2; 
                  NewH = Nodes[i][j].H2; 
               } 
            } 
            else if (Nodes[i][j].b1) 
            { 
               NewDistance = Nodes[i][j].R1; 
               NewH = Nodes[i][j].H1; 
            } 
            else 
            { 
               NewDistance = Nodes[i][j].R2; 



 

               NewH = Nodes[i][j].H2; 
            } 
         //      
            if (i > 0 && j > 0 && !RebroN[i - 1][j - 1]) 
// -  (  ) 
            { 
               ii = i - 1; 
               jj = j -1; 
               NewDistance0 = NewDistance; 
               while (RebroN[ii][jj] == false && ii > 0 && 
jj > 0 )//       
               { 
                  NewDistance0 += sqrt(hy*hy + hx*hx); 
                  otmetka += SetVershina(ii, jj, 
NewDistance0, NewH, RebroN); 
                  ii--; 
                  jj--; 
               } 
            } 
            if (i > 0 && !RebroG[i - 1][j]) //  
            { 
               ii = i - 1; 
               NewDistance0 = NewDistance; 
               while (ii > 0 && RebroG[ii][j] == false  ) 
//       
               { 
                  NewDistance0 += hx; 
                  otmetka += SetVershina(ii, j, 
NewDistance0, NewH, RebroG); 
                  ii--; 
               } 
            } 
            if (i > 0 && j < M && !RebroS[i - 1][j + 1]) 
// C-  (  ) 
            { 
               ii = i - 1; 
               jj = j + 1; 
               NewDistance0 = NewDistance; 
               while (ii > 0 && jj < M && RebroS[ii][jj] 
== false  ) //       
               { 
                  NewDistance0 += sqrt(hy * hy + hx * hx); 
                  otmetka += SetVershina(ii, jj, 
NewDistance0, NewH, RebroS); 
                  ii--; 



 

                  jj++; 
               } 
            } 
            if (j < M && !RebroV[i][j + 1])//  
            { 
               jj = j + 1; 
               NewDistance0 = NewDistance; 
               while (jj < M && RebroV[i][jj] == false ) 
//       
               { 
                  NewDistance0 += hy; 
                  otmetka += SetVershina(i, jj, 
NewDistance0, NewH, RebroV); 
                  jj++; 
               } 
            } 
            if (i < N && j < M && !RebroN[i+1][j+1])// -
 (  ) 
            { 
               ii = i + 1; 
               jj = j + 1; 
               NewDistance0 = NewDistance; 
               while (ii < N && jj < M && RebroN[ii][jj] 
== false) //       
               { 
                  NewDistance0 += sqrt(hy * hy + hx * hx); 
                  otmetka += SetVershina(ii, jj, 
NewDistance0, NewH, RebroN); 
                  ii++; 
                  jj++; 
               } 
            } 
            if (i < N && !RebroG[i+1][j])//  
            { 
               ii = i + 1; 
               NewDistance0 = NewDistance; 
               while (ii < N && RebroG[ii][j] == false) // 

      
               { 
                  NewDistance0 += hx; 
                  otmetka += SetVershina(ii, j, 
NewDistance0, NewH, RebroG); 
                  ii++; 
               } 
            } 



 

            if (i < N && j>0 && !RebroS[i + 1][j - 1])// 
-  (  ) 
            { 
               ii = i + 1; 
               jj = j - 1; 
               NewDistance0 = NewDistance; 
               while (ii < N && jj > 0 && RebroS[ii][jj] 
== false ) //       
               { 
                  NewDistance0 += sqrt(hy * hy + hx * hx); 
                  otmetka += SetVershina(ii, jj, 
NewDistance0, NewH, RebroS); 
                  ii++; 
                  jj--; 
               } 
            } 
            if (j > 0 && !RebroV[i][j - 1])//  
            { 
               jj = j - 1; 
               NewDistance0 = NewDistance; 
               while (jj > 0 && RebroV[i][jj] == false ) 
//       
               { 
                  NewDistance0 += hy; 
                  otmetka = SetVershina(i, jj, 
NewDistance0, NewH, RebroV); 
                  jj--; 
               } 
            } 
         } 
      } 
} 
void DrawTriangle(GLdouble x1, GLdouble y1, GLdouble z1, 
GLdouble x2, GLdouble y2, GLdouble z2, GLdouble x3, 
GLdouble y3, GLdouble z3, GLdouble r1, GLdouble g1, 
GLdouble b1, GLdouble r2, GLdouble g2, GLdouble b2, 
GLdouble r3, GLdouble g3, GLdouble b3) 
{ //        
   glBegin(GL_TRIANGLES); 
   glColor3d(r1, g1, b1);  glVertex3d(x1, y1, z1); 
   glColor3d(r2, g2, b2);  glVertex3d(x2, y2, z2); 
   glColor3d(r3, g3, b3);  glVertex3d(x3, y3, z3); 
   glEnd(); 
} 



 

void TRIANGLES_Kontur(float x1, float y1, float z1, float 
x2, float y2, float z2, float x3, float y3, float z3, float 
r, float b, float g)  
{ 
   glPolygonMode(GL_FRONT_AND_BACK,GL_LINE);//  

( ,    )-  
   glLineWidth(4); 
   glBegin(GL_TRIANGLES); 
   glColor3d(r, g, b); 
   glVertex3f(x1, y1, z1); 
   glVertex3f(x2, y2, z2); 
   glVertex3f(x3, y3, z3); 
   glEnd(); 
   glPolygonMode(GL_FRONT_AND_BACK, 
GL_FILL);//     -  
} 
void drawtriangle() 
{ 
   //    
   float H; 
   int k1,k2,k3; 
   float r1, r2, r3, g1, g2, g3, b1, b2, b3; 
   H = (z_max - z_min) / CountColors; 
   //  
   float DX = (x_max + x_min) / 2; 
   float DY = (y_max + y_min) / 2; 
   float DZ = (z_max + z_min) / 2; 
   float MAXXX = max((z_max - z_min) / 2, max((x_max - 
x_min) / 2, (y_max - y_min) / 2)); 
   float K = hy / hx; 
   for (int i = 1; i < N-1; i++) 
      for (int j = 1; j < M-1; j++) 
      {    
         //   
         k1 = (z_max - Nodes[i][j].H) / H; 
         if (k1 == CountColors) k1 = CountColors - 1; 
         r1 = RGB[k1][0]; g1 = RGB[k1][1]; b1 = RGB[k1][2]; 
         k2 = (z_max - Nodes[i + 1][j].H) / H; 
         if (k2 == CountColors) k2 = CountColors - 1; 
         r2 = RGB[k2][0]; g2 = RGB[k2][1]; b2 = RGB[k2][2]; 
         k3 = (z_max - Nodes[i + 1][j + 1].H) / H; 
         if (k3 == CountColors) k3 = CountColors - 1; 
         r3 = RGB[k3][0]; g3 = RGB[k3][1]; b3 = RGB[k3][2]; 
         //   
         DrawTriangle( 



 

            (x_min+i*hx-DX)/MAXXX*100*K, (y_min + j * hy-
DY) / MAXXX * 100, (Nodes[i][j].H-DZ) / MAXXX * 100*2, 
            (x_min + (i+1) * hx - DX) / MAXXX * 100 * K, 
(y_min + j * hy-DY) / MAXXX * 100,  (Nodes[i+1][j].H - DZ) 
/ MAXXX * 100 * 2, 
            (x_min + (i + 1) * hx - DX) / MAXXX * 100 * K, 
(y_min + (j+1) * hy-DY) / MAXXX * 100, (Nodes[i+1][j+1].H 
- DZ) / MAXXX * 100 * 2, 
            r1, g1, b1, 
            r2, g2, b2, 
            r3, g3, b3); 
         //   
         k1 = (z_max - Nodes[i][j].H) / H; 
         if (k1 == CountColors) k1 = CountColors - 1; 
         r1 = RGB[k1][0]; g1 = RGB[k1][1]; b1 = RGB[k1][2]; 
         k2 = (z_max - Nodes[i][j + 1].H) / H; 
         if (k2 == CountColors) k2 = CountColors - 1; 
         r2 = RGB[k2][0]; g2 = RGB[k2][1]; b2 = RGB[k2][2]; 
         k3 = (z_max - Nodes[i + 1][j + 1].H) / H; 
         if (k3 == CountColors) k3 = CountColors - 1; 
         r3 = RGB[k3][0]; g3 = RGB[k3][1]; b3 = RGB[k3][2]; 
         //   
         DrawTriangle( 
            (x_min + i * hx - DX) / MAXXX * 100 * K, (y_min 
+ j * hy - DY) / MAXXX * 100, (Nodes[i][j].H - DZ) / MAXXX 
* 100 * 2, 
            (x_min + i * hx - DX) / MAXXX * 100 * K, (y_min 
+ (j+1) * hy - DY) / MAXXX * 100, (Nodes[i][j+1].H - DZ) / 
MAXXX * 100 * 2, 
            (x_min + (i + 1) * hx - DX) / MAXXX * 100 * K, 
(y_min + (j + 1) * hy - DY) / MAXXX * 100, (Nodes[i + 1][j 
+ 1].H - DZ) / MAXXX * 100 * 2, 
            r1, g1, b1, 
            r2, g2, b2, 
            r3, g3, b3); 
      } 
} 
void scene() 
{ 
   glRotated(-90, 1, 0, 0); 
   glRotatef(0.45f, 0.0f, 0.0f, 1.0f); //   

 z  45   
   glPushMatrix();//        
   drawtriangle(); 
   glPopMatrix(); 



 

} 
void CALLBACK display(void) 
{ 
   glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT); 
//       
   glLoadIdentity(); 
   ex = rz * sin(anglez); 
   ez = rz * cos(anglez); 
   gluLookAt(ex, ey, ez, ax, ay, az, 0, 1, 0); 
   scene(); 
   auxSwapBuffers();//     

    
} 
void RunOpenGL() 
{ 
   auxKeyFunc(AUX_w, PressKeyW); 
   auxKeyFunc(AUX_s, PressKeyS); 
   auxKeyFunc(AUX_a, PressKeyA); 
   auxKeyFunc(AUX_d, PressKeyD); 
   auxKeyFunc(AUX_q, PressKeyQ); 
   auxKeyFunc(AUX_e, PressKeyE); 
   auxInitPosition(0, 0, 1000, 1000);//    
(0,0),    - 1000 
   auxInitDisplayMode(AUX_RGB | AUX_DEPTH | AUX_DOUBLE);// 

   OpenGL 
   auxInitWindow(L"Glaux Template");//    

 
   //       , 

,     
   //    ,    
display.     
   auxIdleFunc(display); 
   //   resize 
   auxReshapeFunc(resize); 
   glClearColor(1, 1, 1, 0); //   
   glEnable(GL_DEPTH_TEST);//    
} 
//   
void main() 
{ 
   int ykaz; Search_min_max(lines); statistics(lines); int 
i, j; 
   setlocale(LC_ALL, "RUS"); 
   Load("borus_full.txt", lines);//   

 



 

   cout << "  !\n"; 
   cout << "___________________  №1___________________" 
<< endl; 
   Nodes.resize(N + 1); 
   RebroV.resize(N + 1); 
   RebroG.resize(N + 1); 
   RebroN.resize(N + 1); 
   RebroS.resize(N + 1); 
   for (i = 0; i <= N; i++) 
   { 
      Nodes[i].resize(M + 1); 
      RebroV[i].resize(M + 1); 
      RebroG[i].resize(M + 1); 
      RebroN[i].resize(M + 1); 
      RebroS[i].resize(M + 1); 
      for (j = 0; j <= M; j++) 
      { 
         Nodes[i][j].b1 = Nodes[i][j].b2 = false; 
         Nodes[i][j].R1 = Nodes[i][j].R2 = 0; 
         RebroV[i][j] = false; 
         RebroG[i][j] = false; 
         RebroN[i][j] = false; 
         RebroS[i][j] = false; 
      } 
   } 
   cout << "___________     

___________ " << endl; 
   FirstStage(lines, RebroV,1); 
   cout << "___________    

 ___________ " << endl; 
   FirstStage(lines, RebroG,2);  
   cout << "___________    -  

 ___________ " << endl; 
   FirstStage(lines, RebroN,3);  
   cout << "___________    -  

 ___________ " << endl; 
   FirstStage(lines, RebroS,4); 
   cout << "___________________  №2___________________" 
<< endl; 
   bool otmetka = true; 
   while (otmetka)  
      { 
         SecondStage(lines, RebroV, RebroG, RebroN, 
RebroS,otmetka); 
      } 



 

   //        
   for (i = 0; i <= N; i++)  
      for (j = 0; j <= M; j++) 
      { 
         if (Nodes[i][j].b1 && Nodes[i][j].b2) 
         { 
            Nodes[i][j].H = (Nodes[i][j].H1* 
Nodes[i][j].R2 + Nodes[i][j].H2 * 
Nodes[i][j].R1)/(Nodes[i][j].R1 + Nodes[i][j].R2);  
         } 
         else if (Nodes[i][j].b1) 
            { 
               Nodes[i][j].H = Nodes[i][j].H1; 
            } 
            else 
            { 
               Nodes[i][j].H = Nodes[i][j].H2; 
            } 
      } 
   RunOpenGL(); 
   auxMainLoop(display);//    

 . 
   system("pause"); 
} 
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