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   .    -
,         

 . 
        
        

,        -
.  . 1.20       

        -
 ,        

 . 
 ,       

 ,        
      . 

      , -
 ,      -

   –  ( . 1.21). 

 
–    ,  ,  

     ; 
–     –  
 . 

   
      -

  ,       -
,   –    .  
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 RGB-  
  ,    RGB    

,        : 
•  ; 
•   . 

  ’   ,  ,   -
    RGB- ,   
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 Baseline TIFF,      [22]. 



 

 DjVu 
DjVu (  " ") —    -

,     ,    
1996   AT&T Labs       

  ( , , ,   
  ).  

   ,    (wavelet) 
 .      

     .  -
    '   . 

DjVu  ,   . 
•     (  ),  ,  -
     ( , , -

)   –  (  , ).    
  . 

•       , -
 ,    . 

•       . 
    DjVu —    

   .    -
    ,    -

       -
.    , DjVu     

  (        -
 ),         -

   (     
 ). 

   ,    -
    . 

 LWF 
 ,     -
,    LuraTech  LWF {Lura Tech 

Wavelet format).   LWF   -
   (    ),    
  JPEG .  LWF  ,   

      . 

 

 DjVu 
DjVu (  " ") —    -

,     ,    
1996   AT&T Labs       

  ( , , ,   
  ).  

   ,    (wavelet) 
 .      

     .  -
    '   . 

DjVu  ,   . 
•     (  ),  ,  -
     ( , , -

)   –  (  , ).    
  . 

•       , -
 ,    . 

•       . 
    DjVu —    

   .    -
    ,    -

       -
.    , DjVu     

  (        -
 ),         -

   (     
 ). 

   ,    -
    . 

 LWF 
 ,     -
,    LuraTech  LWF {Lura Tech 

Wavelet format).   LWF   -
   (    ),    
  JPEG .  LWF  ,   

      . 



 

 Lura Wave Smart Compress v2.2 (Shareware)  -
       .  

,   60 ,  ,     
  JPEG.     ,  

      ,  
    .   -

    " " ,   JPEG. -
 '      . 

    .    , 
 LWF     1,5      

[4, 22]. 

4.4.   
      , 

       
 .       

-     ,  , -
 ,    –  ,   

    
 , ,     -

 ,      
  .  ,  , 

       ,    
 ,  ' .  
 -   ,   , -

  .       -
      ,   .    

      , -
    , ,   ,  -

     '   – ,  
 . 

        , 
 ,         -
   ,   1-   24-

  ,  ,    -
 ,     ,  

,      , 

 

 Lura Wave Smart Compress v2.2 (Shareware)  -
       .  

,   60 ,  ,     
  JPEG.     ,  

      ,  
    .   -

    " " ,   JPEG. -
 '      . 

    .    , 
 LWF     1,5      

[4, 22]. 

4.4.   
      , 

       
 .       

-     ,  , -
 ,    –  ,   

    
 , ,     -

 ,      
  .  ,  , 

       ,    
 ,  ' .  
 -   ,   , -

  .       -
      ,   .    

      , -
    , ,   ,  -

     '   – ,  
 . 

        , 
 ,         -
   ,   1-   24-

  ,  ,    -
 ,     ,  

,      , 



 

  . ,     
 ,   , –  .  

  ,      
 ,     , ,   -

      .   -
        

  . 
  ,       

 ,   ,  ,    
: ,      .  -

        
  .  ,    , 

   ,       -
  .  

  ,  , ,   -
 ;       . 

  ,    ,    -
. 

 DXF 
 DXF (Drawing Exchange Format)   

AutoDesk  1982       -
    AutoCAD.    
    , DXF    

. 
   DXF    -

 .    AutoCAD    -
     – DWG,   

  ,   « »  . 

 MIF-MID 
      "  '  
"     ,  -

    ( ).    
 '      ( -

) .  MIF-MID    
    .    Maplnfo 

 

  . ,     
 ,   , –  .  

  ,      
 ,     , ,   -

      .   -
        

  . 
  ,       

 ,   ,  ,    
: ,      .  -

        
  .  ,    , 

   ,       -
  .  

  ,  , ,   -
 ;       . 

  ,    ,    -
. 

 DXF 
 DXF (Drawing Exchange Format)   

AutoDesk  1982       -
    AutoCAD.    
    , DXF    

. 
   DXF    -

 .    AutoCAD    -
     – DWG,   

  ,   « »  . 

 MIF-MID 
      "  '  
"     ,  -

    ( ).    
 '      ( -

) .  MIF-MID    
    .    Maplnfo 



 

  ,        
 - .   '    -

     – *.MIF  *.MID.   -
 MIF        '-
. '    ,   . 

 : Arc, Ellipse, Line, Pline, Point, Rect, Region, 
Roundrect  Text.      -

      [20, 22]. 

4.5.     
        -

     ,  ,   -
.       

   – .   -
    /      

 .       
CGM, EPS, , WMF/EMF,  Excel,  dobe Table 
Editor, PLT-  HPGL- , OLE- ' ,  Lotus   

 ,   PasteSpecial.   -
         -

  PDF,      -
 Adobe. 

 ,       
.     ,   

 '         -
 ( ,  GDI ).  , , , 

-    –  . ,  
DXF  (     ,   -

,    ).  ,   
       , 

       –  -
 ,    —    ,  -

 . -     -
 ,      

,  .    -
    –      

, , ,    . 

 

  ,        
 - .   '    -

     – *.MIF  *.MID.   -
 MIF        '-
. '    ,   . 

 : Arc, Ellipse, Line, Pline, Point, Rect, Region, 
Roundrect  Text.      -

      [20, 22]. 

4.5.     
        -

     ,  ,   -
.       

   – .   -
    /      

 .       
CGM, EPS, , WMF/EMF,  Excel,  dobe Table 
Editor, PLT-  HPGL- , OLE- ' ,  Lotus   

 ,   PasteSpecial.   -
         -

  PDF,      -
 Adobe. 

 ,       
.     ,   

 '         -
 ( ,  GDI ).  , , , 

-    –  . ,  
DXF  (     ,   -

,    ).  ,   
       , 

       –  -
 ,    —    ,  -

 . -     -
 ,      

,  .    -
    –      

, , ,    . 



 

 WMF 
 WMF (Windows Metafile)    

Microsoft  16-   Windows.    
  GDI      -

 16-   Windows GDI.    -
        -

  clipboard (  ).  
 WMF     PC,  -

     Macintosh.   
Windows         

.       , -
     ,     

.    ,   GDI [3, 4]. 
 

 EMF 
 32-   Windows,   Windows NT 

3/5.1,  Microsoft  32-   -
,      

(Enhanced Metafile, EMF).   WMF,  EMF -
 32-      32-   

GDI,         -
    OpenGL.  EMF,  -
   WMF       
  GDI,     [3].  

  
  Macintosh   WMF   

 .      Apple 
Computer  1984    MacDraw.   

 PC    . -   ' - -
      '  ( , 

,   ),      -
  .  -     
 .     

QuickDraw.        

 

 WMF 
 WMF (Windows Metafile)    

Microsoft  16-   Windows.    
  GDI      -

 16-   Windows GDI.    -
        -

  clipboard (  ).  
 WMF     PC,  -

     Macintosh.   
Windows         

.       , -
     ,     

.    ,   GDI [3, 4]. 
 

 EMF 
 32-   Windows,   Windows NT 

3/5.1,  Microsoft  32-   -
,      

(Enhanced Metafile, EMF).   WMF,  EMF -
 32-      32-   

GDI,         -
    OpenGL.  EMF,  -
   WMF       
  GDI,     [3].  

  
  Macintosh   WMF   

 .      Apple 
Computer  1984    MacDraw.   

 PC    . -   ' - -
      '  ( , 

,   ),      -
  .  -     
 .     

QuickDraw.        



 

    Macintosh,    
 Windows   QuickTime for Windows.  

 PostScript 
PostScript –    (    

)  dobe.    80-     
 WYSIWYG (What You Seeis What You Get).   

   .PS  .PRN.    -
  PrinttoFile     
 PostScript- ,       -

     . 
  PostScript      ( ,   

  ),  '   (   ), -
 ,      :  -

,  ,      
    .   PostScript- ,  , -

    ( nery),    
   ASCII.       

,   -  ,     -
    ASCII.    

     ' . 
,    ,   ,   

       . -
 PS-    Adobe.    

,   PostScript,  : EPS  PDF [22]. 
 EPS 

    –  EPS (Encapsulated 
PostScript) —       -

   .  EPS    
,  '    — Photoshop EPS. -

 EPS     PostScript:   -
    ,   ,    -

    [3]. 
  EPS –    . 

  ,    ,    

 

    Macintosh,    
 Windows   QuickTime for Windows.  

 PostScript 
PostScript –    (    

)  dobe.    80-     
 WYSIWYG (What You Seeis What You Get).   

   .PS  .PRN.    -
  PrinttoFile     
 PostScript- ,       -

     . 
  PostScript      ( ,   

  ),  '   (   ), -
 ,      :  -

,  ,      
    .   PostScript- ,  , -

    ( nery),    
   ASCII.       

,   -  ,     -
    ASCII.    

     ' . 
,    ,   ,   

       . -
 PS-    Adobe.    

,   PostScript,  : EPS  PDF [22]. 
 EPS 

    –  EPS (Encapsulated 
PostScript) —       -

   .  EPS    
,  '    — Photoshop EPS. -

 EPS     PostScript:   -
    ,   ,    -

    [3]. 
  EPS –    . 

  ,    ,    



 

 EPS- .  EPS     -
    ( , Flash  FreeHand). 

     ,    
.  , ,    ,  

   , –     
  ,     -  -

 . 
 ,  EPS- ,   , 

 - ,        
 . - ,     -

  PostScript,     . -
,         -

:    (imageheader, preview) –  (   
  ,    EPS   
 ,  PCX  BMP). 

" "    EPS — Adobe Illustrator,   
7.0    : PC, Macintosh  Silicon Graphics. 

 Adobe Illustrator     — ,    
   ,  EPS. 

 PSD 
 PSD    Adobe Photoshop.  -

         
,        -

,       .  
    Adobe     -

 PSD.      ,  -
          -
.    3.0, Photoshop     

,        -
  .      Photoshop 4.0 
   . 

 PSD     -
.   PSD ,   -
   -    ,  

      . 
  

 

 EPS- .  EPS     -
    ( , Flash  FreeHand). 

     ,    
.  , ,    ,  

   , –     
  ,     -  -

 . 
 ,  EPS- ,   , 

 - ,        
 . - ,     -

  PostScript,     . -
,         -

:    (imageheader, preview) –  (   
  ,    EPS   
 ,  PCX  BMP). 

" "    EPS — Adobe Illustrator,   
7.0    : PC, Macintosh  Silicon Graphics. 

 Adobe Illustrator     — ,    
   ,  EPS. 

 PSD 
 PSD    Adobe Photoshop.  -

         
,        -

,       .  
    Adobe     -

 PSD.      ,  -
          -
.    3.0, Photoshop     

,        -
  .      Photoshop 4.0 
   . 

 PSD     -
.   PSD ,   -
   -    ,  

      . 
  



 

 CDR 
 CDR   Corel Draw,   

       ,  
   .  CDR  -

    , .     
    .     -

 , ,   . , -
   ,       -

  . 
  CDR    –   

 . ,   ' , -
  . 

       -
  '      

        .  Corel 
DRAW     45x45 . 

  (FreeHand, Illustrator, PageMaker  ) -
   Corel DRAW,     

   . 
 FH7, FH5 

 FreeHand          -
       Macromedia.   Adobe 

Illustrator  Corel Draw, Free-Hand     -
 .     –FH7 (   

       ).   
   , ,   

    , , EPS. [3, 4, 20, 22]. 
3D -  
VRML (     – Virtual 

Reality Modeling Language) —  ,    
 OpenInventor  Silicon Graphics.   

         World 
Wide Web. 
  

 

 CDR 
 CDR   Corel Draw,   

       ,  
   .  CDR  -

    , .     
    .     -

 , ,   . , -
   ,       -

  . 
  CDR    –   

 . ,   ' , -
  . 

       -
  '      

        .  Corel 
DRAW     45x45 . 

  (FreeHand, Illustrator, PageMaker  ) -
   Corel DRAW,     

   . 
 FH7, FH5 

 FreeHand          -
       Macromedia.   Adobe 

Illustrator  Corel Draw, Free-Hand     -
 .     –FH7 (   

       ).   
   , ,   

    , , EPS. [3, 4, 20, 22]. 
3D -  
VRML (     – Virtual 

Reality Modeling Language) —  ,    
 OpenInventor  Silicon Graphics.   

         World 
Wide Web. 
  



 

 VRML,    GavinBell, RickCarey, 
MarkPesce  TonyParisi,     -

  Web.  1995     VAG (VRML 
Authoring Group)  '     VRML 
1.0.  1997        
Microsoft,   Netscape. ISO     

   VRML 97 (  ISO/IEC 14772-1).  
VRML-    WRL.    

ASCII          ' , 
   (nodes).   VRML 2.0, , -

 D- ,  ,    -
 VRML,    JPEG,   

MPEG,    IDI,    
HTML. 

   VRML     
   . 

 3DS 
      D- .  

 3DS     3D Studio,  
    DOS.  3D Studio  '   

  — ,       -
  .   3DS  -
   :     (   

  ),       -
,  ,  ,   

,        -
.          
 (      ). -

,     3DS-   ,  
     .   -

    .  3DS  
    -    .  

       -
 . 

  

 

 VRML,    GavinBell, RickCarey, 
MarkPesce  TonyParisi,     -

  Web.  1995     VAG (VRML 
Authoring Group)  '     VRML 
1.0.  1997        
Microsoft,   Netscape. ISO     

   VRML 97 (  ISO/IEC 14772-1).  
VRML-    WRL.    

ASCII          ' , 
   (nodes).   VRML 2.0, , -

 D- ,  ,    -
 VRML,    JPEG,   

MPEG,    IDI,    
HTML. 

   VRML     
   . 

 3DS 
      D- .  

 3DS     3D Studio,  
    DOS.  3D Studio  '   

  — ,       -
  .   3DS  -
   :     (   

  ),       -
,  ,  ,   

,        -
.          
 (      ). -

,     3DS-   ,  
     .   -

    .  3DS  
    -    .  

       -
 . 

  



 

 MDL, MD2  MD3 
      , 

  .    ,   -
 -  .       

   " " .    
     ,    -

   .      
        

  , ,  MDL, MD2  MD3   
 . 

 SMD 
   SMD  " "  . 

         -
.      . - , 

  SMD- .      
 .      . - , 

    ,     -
 (     ).     -

,   . 

  
      -

        . -
    (   .  -

    WinZIP)    
  ,   2/3, , ,     

  . 
        -

 .       
,  ,  ,     -

 ,     .   -
 ,     ,  -
   Apple QuickTime, AV , IntelIndeo, MJPEG, MPEG-1, 

MPEG-2,  MPEG-4. 
  

 

 MDL, MD2  MD3 
      , 

  .    ,   -
 -  .       

   " " .    
     ,    -

   .      
        

  , ,  MDL, MD2  MD3   
 . 

 SMD 
   SMD  " "  . 

         -
.      . - , 

  SMD- .      
 .      . - , 

    ,     -
 (     ).     -

,   . 

  
      -

        . -
    (   .  -

    WinZIP)    
  ,   2/3, , ,     

  . 
        -

 .       
,  ,  ,     -

 ,     .   -
 ,     ,  -
   Apple QuickTime, AV , IntelIndeo, MJPEG, MPEG-1, 

MPEG-2,  MPEG-4. 
  



 

 AVI 
AVI (Audio Video Interleaved –    ) –  

,   Microsoft     
    Windows.    -

        -
,       -
. 
AVI     RIFF (Resource Interchange 

File Format). RTFF –      -
,   Microsor IBM. , RIFF –  

  IFF,  Electronic Arts  1984 . 
   AVI-      -
 RIFF.       (chunks), , 

  ,     .   
" "     "avi",  -

,      *. v - . 
   AVI      . 
  Motion JPEG.   -

 : Microsoft RLE (  8-  ), Microsoft 
Video 1 (  8-  16-  ), Indeo, Cinepak Editable MPEG 
(   - )[3].    -

      Div. 
   AVI     . 

     MPEG,  AVI 
   -   PC.  -

        -
    AVI. 
 '        AVI, 

 n Digital Media    -
 AVI –Open DML AVI,   , -

    .    
  (   ),     -

  1 ,       . 
Microsoft   Open DML AVI  DirectShow 5.1.  

 

 AVI 
AVI (Audio Video Interleaved –    ) –  

,   Microsoft     
    Windows.    -

        -
,       -
. 
AVI     RIFF (Resource Interchange 

File Format). RTFF –      -
,   Microsor IBM. , RIFF –  

  IFF,  Electronic Arts  1984 . 
   AVI-      -
 RIFF.       (chunks), , 

  ,     .   
" "     "avi",  -

,      *. v - . 
   AVI      . 
  Motion JPEG.   -

 : Microsoft RLE (  8-  ), Microsoft 
Video 1 (  8-  16-  ), Indeo, Cinepak Editable MPEG 
(   - )[3].    -

      Div. 
   AVI     . 

     MPEG,  AVI 
   -   PC.  -

        -
    AVI. 
 '        AVI, 

 n Digital Media    -
 AVI –Open DML AVI,   , -

    .    
  (   ),     -

  1 ,       . 
Microsoft   Open DML AVI  DirectShow 5.1.  



 

      -
     PC,  Digi Suite(Matrox) (  -

 [3,22]). 

 QuickTime 
  Apple  QuickTime    

: 
•   QuickTime Moviefile, 
• QuickTime Media Abstraction Layer, 
• QuickTime mediaservices. 
Media Abstraction Layer–  ,     
    '     

QuickTime,       -
      QuickTime, -
, ,   '     

    QuickTime  . . 
QuickTime mediaservices –    

QuickTime,    . 
   –   QuickTime,  -

  QuickTime Movie.     -  
 – -  ,  MIDI-  

(  MIDI-  SMF),   , ,  
.  movie        -

     .   , 
   . ,    

. 
 QuickTime Movie     -

       (   -  
),      (  -

  )  .   , , 
        

( )  . . 
 , QuickTime Movie–     ' .   

   , , -
       ( ,   

. .)   ,     . , -

 

      -
     PC,  Digi Suite(Matrox) (  -

 [3,22]). 

 QuickTime 
  Apple  QuickTime    

: 
•   QuickTime Moviefile, 
• QuickTime Media Abstraction Layer, 
• QuickTime mediaservices. 
Media Abstraction Layer–  ,     
    '     

QuickTime,       -
      QuickTime, -
, ,   '     

    QuickTime  . . 
QuickTime mediaservices –    

QuickTime,    . 
   –   QuickTime,  -

  QuickTime Movie.     -  
 – -  ,  MIDI-  

(  MIDI-  SMF),   , ,  
.  movie        -

     .   , 
   . ,    

. 
 QuickTime Movie     -

       (   -  
),      (  -

  )  .   , , 
        

( )  . . 
 , QuickTime Movie–     ' .   

   , , -
       ( ,   

. .)   ,     . , -



 

,     (videoinsert)  -
     .     -
    ,      . 

QuickTime      -  
    Image Compression Manager. 

 QuickTime     -
  ,      -
 14.4 /      -  -
   (  160 / )  . 

 MPEG 
 MPEG    .  -

    MPEG : 
• ,         

    ,      -
  ; 

•       -
     . 

,        -
 ,    ,     
   .       -

      . 
 ,   ,     - , -

        
 (   ,    -

    ) [3].  , -
       ,  

,       -
 –       ,  

 . 
,      -

    :    
 .      ,  -

         -
 ,       —    
     .  

 

,     (videoinsert)  -
     .     -
    ,      . 

QuickTime      -  
    Image Compression Manager. 

 QuickTime     -
  ,      -
 14.4 /      -  -
   (  160 / )  . 

 MPEG 
 MPEG    .  -

    MPEG : 
• ,         

    ,      -
  ; 

•       -
     . 

,        -
 ,    ,     
   .       -

      . 
 ,   ,     - , -

        
 (   ,    -

    ) [3].  , -
       ,  

,       -
 –       ,  

 . 
,      -

    :    
 .      ,  -

         -
 ,       —    
     .  



 

,        – ,  -
  ,       -

,  ,   , –     
 .      -

 —        . 
    MPEG-   -

           -
. 

 ,      -
  .    ,   

  .    -
  MPEG-      -

   (HVS — Human Visual Sense) [3]. 
    HVS    -

 : 
•     . , , 

     .    
    ; 

•    .  -
 (  ,      -
)   (     ) -

; 
•       . -

        
    . 

 MPEG-       
   .  

 MPEG-1 
      , MPEG-1  

     . 
 ,   MPEG-1    -

 ,      VIDEO-CD.  
CD-ROM   ,   

    (bitstream)   MPEG-1 -
 150 / ,     CD-ROM.  -

        

 

,        – ,  -
  ,       -

,  ,   , –     
 .      -

 —        . 
    MPEG-   -

           -
. 

 ,      -
  .    ,   

  .    -
  MPEG-      -

   (HVS — Human Visual Sense) [3]. 
    HVS    -

 : 
•     . , , 

     .    
    ; 

•    .  -
 (  ,      -
)   (     ) -

; 
•       . -

        
    . 

 MPEG-       
   .  

 MPEG-1 
      , MPEG-1  

     . 
 ,   MPEG-1    -

 ,      VIDEO-CD.  
CD-ROM   ,   

    (bitstream)   MPEG-1 -
 150 / ,     CD-ROM.  -

        



 

    4095x4095    -
  60 .   ,       

150 / ,   Constrained Parameters Bitstream –  – -
   ),     

  ,     
[3]. 

 MPEG-2 
 MPEG-2     MPEG-1  -

 ,      -
  . 

  MPEG-  –    
      

      .  -
 MPEG-2    /  -
   . 

 MPEG-4 
         -

 : , , ,   . .  -
– ,       

MPEG-4    ( ,   ).  
  ,  MPEG-4  ,   

MPEG-4   4,      
Apple QuickTime.        
MPEG-4. , ,      -

   ,   MPEG-4    
         -

.    QuickTime, MPEG-4   -
    ,    -  -

,     (  —   
). 
 MPEG-4        

:   ( ,     
,   ),   

(  )    – DTV;  

 

    4095x4095    -
  60 .   ,       

150 / ,   Constrained Parameters Bitstream –  – -
   ),     

  ,     
[3]. 

 MPEG-2 
 MPEG-2     MPEG-1  -

 ,      -
  . 

  MPEG-  –    
      

      .  -
 MPEG-2    /  -
   . 

 MPEG-4 
         -

 : , , ,   . .  -
– ,       

MPEG-4    ( ,   ).  
  ,  MPEG-4  ,   

MPEG-4   4,      
Apple QuickTime.        
MPEG-4. , ,      -

   ,   MPEG-4    
         -

.    QuickTime, MPEG-4   -
    ,    -  -

,     (  —   
). 
 MPEG-4        

:   ( ,     
,   ),   

(  )    – DTV;  



 

     ,  -
 ' - .       -

    ,   '  (   
). 

 '    , ,  
 ,   (     -
),       .    '    

   '       
-  . MPEG-4     

   .    -
'    -  ,   -

 '  2D-  3D- ' ,   -
,        . 

   MPEG-4    -
         

  ,      -
  ,     

     .   -
,   MPEG-4      

 . 
       MPEG-4 -

  .      
 ,  MPEG-4     '-

   . , ,   -
,     ' ,    

 ’  –  . 
  - ,    MPEG-4, 

        .  
  , ,   (   -

      ). -
        -

. ,   ,     
'    ,     

    .     
  MPEG-4,       

 '       ,  
    . 

 

     ,  -
 ' - .       -

    ,   '  (   
). 

 '    , ,  
 ,   (     -
),       .    '    

   '       
-  . MPEG-4     

   .    -
'    -  ,   -

 '  2D-  3D- ' ,   -
,        . 

   MPEG-4    -
         

  ,      -
  ,     

     .   -
,   MPEG-4      

 . 
       MPEG-4 -

  .      
 ,  MPEG-4     '-

   . , ,   -
,     ' ,    

 ’  –  . 
  - ,    MPEG-4, 

        .  
  , ,   (   -

      ). -
        -

. ,   ,     
'    ,     

    .     
  MPEG-4,       

 '       ,  
    . 



 

   MPEG-4  ,   -
  MPEG-1      -

   20 /   1000 / . MPEG-4   -
        

4096  4096,         5 /  
 10 /  (  1). 

    ,     -
  , MPEG-4    .  -

,    MPEG-4,   
  1. 

     .   
   ,    -

  .      
     ,     . 

   MPEG-4  '  -   -
,       -   . -

      :  
     (Simple Visual Profile)  -

  ,    , 
      (Advanced 

Coding Profile).    '    
MainVisual Profile [3, 20]. 

 MPEG-7 
   MPEG-7 — "    -

 " Multimedia Content Description Interface). 
MPEG-7     ,   -

 , ,   . , 
MPEG-7         

. 
 MPEG-21 
 MPEG-21 —   ,   

"   " (Multimedia Framework).  -
    ,   ' -

 MPEG-4  MPEG-7    .  

 

   MPEG-4  ,   -
  MPEG-1      -

   20 /   1000 / . MPEG-4   -
        

4096  4096,         5 /  
 10 /  (  1). 

    ,     -
  , MPEG-4    .  -

,    MPEG-4,   
  1. 

     .   
   ,    -

  .      
     ,     . 

   MPEG-4  '  -   -
,       -   . -

      :  
     (Simple Visual Profile)  -

  ,    , 
      (Advanced 

Coding Profile).    '    
MainVisual Profile [3, 20]. 

 MPEG-7 
   MPEG-7 — "    -

 " Multimedia Content Description Interface). 
MPEG-7     ,   -

 , ,   . , 
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        value = ImageFile.ReadNextByte();  
        for(i=1 tocounter) 
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} while(ImageFile.EOF());  
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        counter = Low6bits(byte)+1;  
        value = ImageFile.ReadNextByte();  
        for(i=1 tocounter) 
            DecompressedFile.WriteByte(value)  
        }  
    else {  
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} while(ImageFile.EOF());  

 
     (counter)  -
      :  

 6 ,  -
,   
,   -

   1  64.  
 64 ,  , 

    
,   

 32 .  

  

11      6    

. 4.1.    RLE 

 
  



 

     -   -
  ,  . ,   -

,        .   
 ,      -

 .  
          

,        
11000000    . 
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InitTable();  
CompressedFile.WriteCode( learcode);  
CurStr=  ;  
while(  ImageFile.EOF()){ //      
    C=ImageFile.ReadNextByte();  
    if(CurStr+C   ) 
        CurStr=CurStr+ ;//      
    else {  
        code=CodeForString(CurStr);//code-  !  
        CompressedFile.WriteCode(code);  
        AddStringToTable (CurStr+ );  
        CurStr= ; //      
    }  
}  
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InitTable();  
CompressedFile.WriteCode( learcode);  
CurStr=  ;  
while(  ImageFile.EOF()){ //      
    C=ImageFile.ReadNextByte();  
    if(CurStr+C   ) 
        CurStr=CurStr+ ;//      
    else {  
        code=CodeForString(CurStr);//code-  !  
        CompressedFile.WriteCode(code);  
        AddStringToTable (CurStr+ );  
        CurStr= ; //      
    }  
}  



 
code=CodeForString(CurStr);  
CompressedFile.WriteCode(code);  
CompressedFile.WriteCode(CodeEndOfInformation);  
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 InitTable()         
 .  
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(ClearCode)     (Code EndOf Information) -
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.  AddStringToTable()     , 

  .  ,      
  .  
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• '45' -   ;  
• '45, 55' - .    <258>'45, 55'.  : <45>;  
• '55, 55' - .  : <259>'55, 55'.  : <55>;  
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• '151, 55' - .  : <261>'151, 55'.  : <151>;  
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• '55, 55, 55' - .  : '55, 55, 55' <262>.  : <259>;  
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: <256>, <45>, <55>, <55>, <151>, <259>.  
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code=File.ReadCode();  
while(code != odeendofinformation){  
    if(code = lear ode) {  
        InitTable();  
        code=File.ReadCode();  
        if(code = odeendofinformation) 
            {  };  
        ImageFile.WriteString(StrFromTable(code));  
        old_code=code;     }  
    else {  
        if(InTable(code)) {  
            ImageFile.WriteString(FromTable(code));  
            AddStringToTable(StrFromTable(old_code)+  

 
• '45' -   ;  
• '45, 55' - .    <258>'45, 55'.  : <45>;  
• '55, 55' - .  : <259>'55, 55'.  : <55>;  
• '55, 151' - .  : <260>'55, 151'.  : <55>;  
• '151, 55' - .  : <261>'151, 55'.  : <151>;  
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while(code != odeendofinformation){  
    if(code = lear ode) {  
        InitTable();  
        code=File.ReadCode();  
        if(code = odeendofinformation) 
            {  };  
        ImageFile.WriteString(StrFromTable(code));  
        old_code=code;     }  
    else {  
        if(InTable(code)) {  
            ImageFile.WriteString(FromTable(code));  
            AddStringToTable(StrFromTable(old_code)+  



 
            FirstChar(StrFromTable(code)));  
            old_code=code; } 
           }  
        else {  
            OutString=StrFromTable(old_code)+  
            FirstChar(StrFromTable(old_code));  
            ImageFile.WriteString(OutString);  
            AddStringToTable(OutString);  
            old_code=code;  }  }  
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    ,    
    .  
        -

 .  ,      -
  ,     

  .  ,     -
   .   -  -

.    ,  .  
  "  "  -

   ,      -
,    . ,   -
         

    CD-ROM.  
        

   .     -
  ( , ,    ) -

    ,  -
      ( ,  , , 

   ).     -
      ,   



 

  .        -
       . 

,       ( -
, 24-  truecolor- )   , 

        ( , 8- -
 ).      
  .      -

     .  ,  -
,    , -
 Fractal Transform  ,  . 

       
     ,   

  .  
 

  
 

1.     .    
  ? 

2.       ? 
3.      . 
4.    ,    -
 JPEG. 

5.    ,    LZW. 
6.       JPEG.   -

    ? 
7.    ?    . 
8.       ?  
        -

? 
 

  
 

 1.    
- : 

)     
,     

)  ,    
      

)    
 2.   -
     

)  ,  
,  -

 ,    
 

 

  .        -
       . 

,       ( -
, 24-  truecolor- )   , 

        ( , 8- -
 ).      
  .      -

     .  ,  -
,    , -
 Fractal Transform  ,  . 

       
     ,   

  .  
 

  
 

1.     .    
  ? 

2.       ? 
3.      . 
4.    ,    -
 JPEG. 

5.    ,    LZW. 
6.       JPEG.   -

    ? 
7.    ?    . 
8.       ?  
        -

? 
 

  
 

 1.    
- : 

)     
,     

)  ,    
      

)    
 2.   -
     

)  ,  
,  -

 ,    
 



 
)   ,  

Alpha- ,  -
 ,  -

  
)    

 3. Wavelet-  
  : 

) GIF 
) PSD 
) JPEG2000 

 4.     
   -

 ( )   
    -

:  

) LWF 
) JPEG2000 
) DjVu 
) DXF 

 5.   
 :  

)    -
  

)   (  ,  
 )    

)    -
  

 6.   -
   : 

) GIF, PSD, JPEG2000, TIFF, DjVu 
) TIFF, DjVu, , EPS, , WMF, 

VRML, SMD 
) CGM, EPS, , WMF/EMF 

 7.  Lempel-Ziv-
Welch (LZW)   -

: 

) GIF, TIFF 
) BMP, TIFF  PCX 
) CGM, EPS,  

 8.  - -
   -
   : 

) JPEG 
) TIFF 
) JPEG2000 

 9.   
– : 

)   
)   
)    

 10.    -
   : 

)    
)    ’  
)    

 

 
)   ,  

Alpha- ,  -
 ,  -

  
)    

 3. Wavelet-  
  : 

) GIF 
) PSD 
) JPEG2000 

 4.     
   -

 ( )   
    -

:  

) LWF 
) JPEG2000 
) DjVu 
) DXF 

 5.   
 :  

)    -
  

)   (  ,  
 )    

)    -
  

 6.   -
   : 

) GIF, PSD, JPEG2000, TIFF, DjVu 
) TIFF, DjVu, , EPS, , WMF, 

VRML, SMD 
) CGM, EPS, , WMF/EMF 

 7.  Lempel-Ziv-
Welch (LZW)   -

: 

) GIF, TIFF 
) BMP, TIFF  PCX 
) CGM, EPS,  

 8.  - -
   -
   : 

) JPEG 
) TIFF 
) JPEG2000 

 9.   
– : 

)   
)   
)    

 10.    -
   : 

)    
)    ’  
)    

 





 

 5 
    Windows 

 
5.1.       

 
 

Borland C++ Builder     
     ,     -
  ,     , -
   .     -

  Borland C++ Builder     
  '     Windows.  
  Windows    -

   (Graphics Device Interface,  -
 GDI) [3, 16].  
 GDI  '   "Device Context" (DC) - -
    ,    . 

DC -   ,    -
   GDI  ,    -

 .   ,      
Windows       (device independent).  

  Windows    GDI32.dll 
(C:\Windows\system),     -   -

.          
.       

Handle  ,  Handle ,   
   .      -

  , , ,    . 

 

 5 
    Windows 

 
5.1.       

 
 

Borland C++ Builder     
     ,     -
  ,     , -
   .     -

  Borland C++ Builder     
  '     Windows.  
  Windows    -

   (Graphics Device Interface,  -
 GDI) [3, 16].  
 GDI  '   "Device Context" (DC) - -
    ,    . 

DC -   ,    -
   GDI  ,    -

 .   ,      
Windows       (device independent).  

  Windows    GDI32.dll 
(C:\Windows\system),     -   -

.          
.       

Handle  ,  Handle ,   
   .      -

  , , ,    . 



 
       GDI. 

 Windows     :  
•  ;  
•  ;  
•   '  (   '   );  
•   (     
 ).  
    ,    

     –    
' .    .    

 '     .  '   '   
,    .   -

     ' .  
  GDI,     

'     .       
 GDI      -

      ,    (  -
  Borland C++   Builder)   OWL 

(Object Windows Library).  OWL  GDI   -
   (      –

inline ,      -
 WinApi.  

 BorlandC++Builder    GDI  
OWL,     ,      -

  .         
  Windows GDI   .  

,   –Borland C++ Builder  -
     GDI    

         
    .  

 '  -  ' ,     
   .       

     . 
 '      :  

• .    .  
 ,        

 
       GDI. 

 Windows     :  
•  ;  
•  ;  
•   '  (   '   );  
•   (     
 ).  
    ,    

     –    
' .    .    

 '     .  '   '   
,    .   -

     ' .  
  GDI,     

'     .       
 GDI      -

      ,    (  -
  Borland C++   Builder)   OWL 

(Object Windows Library).  OWL  GDI   -
   (      –

inline ,      -
 WinApi.  

 BorlandC++Builder    GDI  
OWL,     ,      -

  .         
  Windows GDI   .  

,   –Borland C++ Builder  -
     GDI    

         
    .  

 '  -  ' ,     
   .       

     . 
 '      :  

• .    .  
 ,        



 
 SetPixel() (      GetPixel()). , 

    ' ,      '  
         -

.  
• .     (    

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

    ' .  
• .     -
  ,        

  .      -
        

(   ).  -
    ' .  

•  .  ,    
        -

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

       
 ,    ,    .  

• .     (  ) 
  ,   ,   -
 ,  ,    ( -
  TrueType).     
      

     .  
 

    
      

SetPixel(): 
 

WINGDIAPI COLORREF WINAPI SetPixel(HDC hdc, int x, int y, 
COLORREF color). 

  Handle –    (   -
      ).  

 x  y –  ,  ; 

 
 SetPixel() (      GetPixel()). , 

    ' ,      '  
         -

.  
• .     (    

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

    ' .  
• .     -
  ,        

  .      -
        

(   ).  -
    ' .  

•  .  ,    
        -

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

       
 ,    ,    .  

• .     (  ) 
  ,   ,   -
 ,  ,    ( -
  TrueType).     
      

     .  
 

    
      

SetPixel(): 
 

WINGDIAPI COLORREF WINAPI SetPixel(HDC hdc, int x, int y, 
COLORREF color). 

  Handle –    (   -
      ).  

 x  y –  ,  ; 



 
color –      .    

   ,    -
  0  255 (  ).    

   17  .     
16-  :00xx00bbggrr 

 RGB,   ,  :  
 
##define RGB(r, g, b) ((COLORREF) (((BYTE)(r)  
   | ((WORD) ((BYTE)(g)) <8 ))  
                    | (((DWORD) ( YT ) (P)) <16 ))) 
 

   SetPixel().    
    100 .  

 
HDC  hDc = GetDC(Handle); 
for(int i=0; i < 100;i++) 
SetPixel(hDc, 100,100, RGB(0,255,0)) : 
ReleaseDC(Handle, hDc); 

       
CreatePen.     ,    

,    .  
 
HPEN CreatePen 
( 
intPenStyle,   //   
intnWidth,   //   
  COLORREF  crColor  //  );   
 

   :  
PS_SOLID–  . 
PS_DASH–  .  
PS_DOT–  .  
PS_DASHDOT–   . 
PS_DASHDOTDOT– ,  ,   . 
PS_NULL–  . 
PS_INSIDEFRAME–   ,    

   (( , Ellipse, Rectangle, RoundRect, 
Pie,  Chord ).  

 
color –      .    

   ,    -
  0  255 (  ).    

   17  .     
16-  :00xx00bbggrr 

 RGB,   ,  :  
 
##define RGB(r, g, b) ((COLORREF) (((BYTE)(r)  
   | ((WORD) ((BYTE)(g)) <8 ))  
                    | (((DWORD) ( YT ) (P)) <16 ))) 
 

   SetPixel().    
    100 .  

 
HDC  hDc = GetDC(Handle); 
for(int i=0; i < 100;i++) 
SetPixel(hDc, 100,100, RGB(0,255,0)) : 
ReleaseDC(Handle, hDc); 

       
CreatePen.     ,    

,    .  
 
HPEN CreatePen 
( 
intPenStyle,   //   
intnWidth,   //   
  COLORREF  crColor  //  );   
 

   :  
PS_SOLID–  . 
PS_DASH–  .  
PS_DOT–  .  
PS_DASHDOT–   . 
PS_DASHDOTDOT– ,  ,   . 
PS_NULL–  . 
PS_INSIDEFRAME–   ,    

   (( , Ellipse, Rectangle, RoundRect, 
Pie,  Chord ).  



 
      CreatePenIndirect(). 

HPEN CreatePenIndirect 
( 
  CONST LOGPEN *lplgpn  //    LOGPEN  
); 

 SelectObject  ’  (    )  
  .  '    '-

       HDC  ' . 
HGDIOBJ SelectObject 
( 
  HDC hdc,         //     
  HGDIOBJ hgdiobj  //  '    
);   

     . 
MoveTo(HDC hdc, int x1, int y1, LPPOINT lpPoint).  

      . LPPOINT 
lpPoint -    . 

LineTo(int x2, int y2).      -
,   MoveTo,   .  
Rectangle(HDC hdc, int x1, int y1, int x2, int y2).  -

,      (x1, y1) 
  (x2, y2) .   ,   -

  .  
Ellipse(HDC hdc, int x1, int y1, int x2, int y2).  , -

  ,     -
 (x1, y1)   (x2, y2) .    -
      . -

  ,     .  
RoundRect(HDC hdc, int x1, int y1, int x2, int y2, int x3, int y3). 

    ,   -
   (x1, y1),  (x2, y2)   -

  (x3, y3).   ,  
   .  
Arc(HDC hdc, int x1, int y1, int x2, int y2, int x3, int y3, int x4, 

int y4).   ,   , 
     (x1, y1)  -

 (x2, y2) .     

 
      CreatePenIndirect(). 

HPEN CreatePenIndirect 
( 
  CONST LOGPEN *lplgpn  //    LOGPEN  
); 

 SelectObject  ’  (    )  
  .  '    '-

       HDC  ' . 
HGDIOBJ SelectObject 
( 
  HDC hdc,         //     
  HGDIOBJ hgdiobj  //  '    
);   

     . 
MoveTo(HDC hdc, int x1, int y1, LPPOINT lpPoint).  

      . LPPOINT 
lpPoint -    . 

LineTo(int x2, int y2).      -
,   MoveTo,   .  
Rectangle(HDC hdc, int x1, int y1, int x2, int y2).  -

,      (x1, y1) 
  (x2, y2) .   ,   -

  .  
Ellipse(HDC hdc, int x1, int y1, int x2, int y2).  , -

  ,     -
 (x1, y1)   (x2, y2) .    -
      . -

  ,     .  
RoundRect(HDC hdc, int x1, int y1, int x2, int y2, int x3, int y3). 

    ,   -
   (x1, y1),  (x2, y2)   -

  (x3, y3).   ,  
   .  
Arc(HDC hdc, int x1, int y1, int x2, int y2, int x3, int y3, int x4, 

int y4).   ,   , 
     (x1, y1)  -

 (x2, y2) .     



 
  (x3, y3, x4, y4).  –     

 ,    ,  ,    
     .  –   -

 .  
ArcTo(HDC hdc, int x1, int y1, int x2, int y2, int x3, int y3, int x4, 

int y4).    ArcTo,   ,  
'     ,   .  

Pie(HDC hdc, int x1, int y1, int x2, int y2, int x3, int y3, int x4, 
int y4).   ,    ,  

    (x1, y1)   (x2, 
y2) ,       (x3, y3, x4, y4) 

  Arc().   ,   -
  .  

Chord(HDC hdc, int x1, int y1, int x2, int y2, int x3, int y3, int x4, 
int y4).    ( ,    
 ).  

Polyline(HDC hdc, CONST POINT *lppt, intcPoints).  
     ,    lppt   -

     cPoints.    -
 . ,  ,  .  

Polygon(HDC hdc, CONST POINT *lppt, intcPoints).  
 ,       , -

'      ,    lppt  -
      cPoints.   

    .  
PolyPolyline(HDC hdc, CONST POINT *lppt, CONST DWORD 

*lpdwPolyPoints, DWORD cCount); lppt –    -
  POINT.        -

 . lpdwPolyPoints –    ,  -
     lppt.     

    .  cCount–  -
    lpdwPolyPo.    

 . ,  ,  .  
PolyBezier(HDC hdc, CONST POINT *lppt, DWORD cPoints). 

    Bezier-  (  ’ ).   

 
  (x3, y3, x4, y4).  –     

 ,    ,  ,    
     .  –   -

 .  
ArcTo(HDC hdc, int x1, int y1, int x2, int y2, int x3, int y3, int x4, 

int y4).    ArcTo,   ,  
'     ,   .  

Pie(HDC hdc, int x1, int y1, int x2, int y2, int x3, int y3, int x4, 
int y4).   ,    ,  

    (x1, y1)   (x2, 
y2) ,       (x3, y3, x4, y4) 

  Arc().   ,   -
  .  

Chord(HDC hdc, int x1, int y1, int x2, int y2, int x3, int y3, int x4, 
int y4).    ( ,    
 ).  

Polyline(HDC hdc, CONST POINT *lppt, intcPoints).  
     ,    lppt   -

     cPoints.    -
 . ,  ,  .  

Polygon(HDC hdc, CONST POINT *lppt, intcPoints).  
 ,       , -

'      ,    lppt  -
      cPoints.   

    .  
PolyPolyline(HDC hdc, CONST POINT *lppt, CONST DWORD 

*lpdwPolyPoints, DWORD cCount); lppt –    -
  POINT.        -

 . lpdwPolyPoints –    ,  -
     lppt.     

    .  cCount–  -
    lpdwPolyPo.    

 . ,  ,  .  
PolyBezier(HDC hdc, CONST POINT *lppt, DWORD cPoints). 

    Bezier-  (  ’ ).   



 
 ,     ,  -

 .         
,     .  

PolyDraw(const POINT* lpPoints, const BYTE* lpTypes, 
intnCount).        ’ . 
lpPoints -      POINT,   

          
 Bezier- .  lpTypes -   , 

 ,     lpPoints  .  
      -

 ( . 5.1).  
void__fastcall  
TForm1::Button1Click(TObject *Sender) 
{ 
  HPEN       hPen, hPenOld; 
 // //     
  HDC        hDc = GetDC(Handle); 
 // //   ,  2,  
hPen=CreatePen(PS_SOLID, 2, RGB(255,0,0)); 
 // //       '   
hPenOld = SelectObject(hDc, hPen); 
 
 // //   
MoveToEx(hDc, 0,0, NULL); 
LineTo(hDc, Width, Height); 
 // //    
Rectangle(hDc, 50,50,100,100); 
 // //     ,   
RoundRect(hDc, 150,150,400,400,50,50); 
 // //   
Ellipse(hDc, 100,100,300,300); 
 // //     
Pie(hDc, 0,0,200,200,0,0,0,100); 
 // //   
Arc(hDc, 0,0,250,250,125,0,50,0); 
 // //   ,    
AngleArc(hDc, 100,150,50,0,180); 
 // //     
Chord(hDc, 0,0,200,200,0,0,10,200); 

 
 ,     ,  -

 .         
,     .  

PolyDraw(const POINT* lpPoints, const BYTE* lpTypes, 
intnCount).        ’ . 
lpPoints -      POINT,   

          
 Bezier- .  lpTypes -   , 

 ,     lpPoints  .  
      -

 ( . 5.1).  
void__fastcall  
TForm1::Button1Click(TObject *Sender) 
{ 
  HPEN       hPen, hPenOld; 
 // //     
  HDC        hDc = GetDC(Handle); 
 // //   ,  2,  
hPen=CreatePen(PS_SOLID, 2, RGB(255,0,0)); 
 // //       '   
hPenOld = SelectObject(hDc, hPen); 
 
 // //   
MoveToEx(hDc, 0,0, NULL); 
LineTo(hDc, Width, Height); 
 // //    
Rectangle(hDc, 50,50,100,100); 
 // //     ,   
RoundRect(hDc, 150,150,400,400,50,50); 
 // //   
Ellipse(hDc, 100,100,300,300); 
 // //     
Pie(hDc, 0,0,200,200,0,0,0,100); 
 // //   
Arc(hDc, 0,0,250,250,125,0,50,0); 
 // //   ,    
AngleArc(hDc, 100,150,50,0,180); 
 // //     
Chord(hDc, 0,0,200,200,0,0,10,200); 



 
 // //    
TPointtPoint[3]; 
tPoint[0] = Point(100,500); 
tPoint[1] = Point(150,400); 
tPoint[2] = Point(100,300); 
Polyline(hDc, tPoint, 3); 
 
 // //    ’  
TPointtPoints[7]; 
tPoints[0]=TPoint(0,0); 
tPoints[1]=TPoint(800,30); 
tPoints[2]=TPoint(0,40); 
tPoints[3]=TPoint(550,400); 
tPoints[4]=TPoint(350,200); 
tPoints[5]=TPoint(550,400); 
tPoints[6]=TPoint(0,500); 
PolyBezier(hDc, tPoints, 6); 
 
 // //      
SelectObject(hDc, hPenOld); 
DeleteObject(hPen); 
DeleteObject(hPenOld); 
ReleaseDC(Handle, hDc); 
DeleteDC(hDc); 
} 

       ,    , 
        -

.  
HDC   hDc=CreateDC("DISPLAY", NULL, NULL, NULL). 
 

,     
   Windows     

 .  
  ,      

 ,  CreateSolidBrush, CreateDIBPatternBrush, 
CreateHatchBrush, CreatePatternBrush  ,    , -

    ,   
SelectObject.       -

    DeleteObject.  

 
 // //    
TPointtPoint[3]; 
tPoint[0] = Point(100,500); 
tPoint[1] = Point(150,400); 
tPoint[2] = Point(100,300); 
Polyline(hDc, tPoint, 3); 
 
 // //    ’  
TPointtPoints[7]; 
tPoints[0]=TPoint(0,0); 
tPoints[1]=TPoint(800,30); 
tPoints[2]=TPoint(0,40); 
tPoints[3]=TPoint(550,400); 
tPoints[4]=TPoint(350,200); 
tPoints[5]=TPoint(550,400); 
tPoints[6]=TPoint(0,500); 
PolyBezier(hDc, tPoints, 6); 
 
 // //      
SelectObject(hDc, hPenOld); 
DeleteObject(hPen); 
DeleteObject(hPenOld); 
ReleaseDC(Handle, hDc); 
DeleteDC(hDc); 
} 

       ,    , 
        -

.  
HDC   hDc=CreateDC("DISPLAY", NULL, NULL, NULL). 
 

,     
   Windows     

 .  
  ,      

 ,  CreateSolidBrush, CreateDIBPatternBrush, 
CreateHatchBrush, CreatePatternBrush  ,    , -

    ,   
SelectObject.       -

    DeleteObject.  



 

 
. 5.1.     

 
     :  
 CreateSolidBrush   ,   -

 .  
HBRUSH CreateSolidBrush 
( 
  COLORREF crColor //    
).  

 CreateHatchBrush   ,   -
    .  

HBRUSH CreateHatchBrush 
( 
IntfnStyle,    //    
  COLORREF clrref //   
);   

FnStyle    . 
 CreatePatternBrush      

 .  

 

 
. 5.1.     

 
     :  
 CreateSolidBrush   ,   -

 .  
HBRUSH CreateSolidBrush 
( 
  COLORREF crColor //    
).  

 CreateHatchBrush   ,   -
    .  

HBRUSH CreateHatchBrush 
( 
IntfnStyle,    //    
  COLORREF clrref //   
);   

FnStyle    . 
 CreatePatternBrush      

 .  



 
HBRUSH CreatePatternBrush 
( 
  HBITMAP hbmp // Handle   
).  

 5.1.   . 
     ( . 5.2):  

void__fastcall TForm1::Button1Click(TObject *Sender) 
{ 
HDC    hDc; 
 HBRUSH hBrush,hBrushOld; 
unsignedshortusrgMassPix[225]; 
if(GetDeviceCaps(CreateDC("DISPLAY",NULL,NULL,NULL),BITS
PIXEL) == 24) 
 { 
for(int i=0; i < 75; i++) 
  { 
usrgMassPix[i*3]=255; 
usrgMassPix[i*3+1]=0; 
usrgMassPix[i*3+2]=0; 
  } 
 } 
else 
for(int i=0; i < 225; i++) usrgMassPix[i] =random(255); 
 HBITMAP 
hBmp = 
CreateBitmap(10,10,GetDeviceCaps(CreateDC("DISPLAY", 
                                       NULL,NULL,NULL),PLANES), 
GetDeviceCaps(CreateDC("DISPLAY",NULL,NULL,NULL),BITSP
IXEL),&usrgMassPix[0]); 
hDc=GetDC(Handle); 
hBrush = CreatePatternBrush(hBmp); 
hBrushOld=SelectObject(hDc,hBrush); 
Ellipse(hDc,200,200,600,400); 
SelectObject(hDc,hBrushOld); 
DeleteObject(hBmp); 
DeleteObject(hBrush); 
DeleteObject(hBrushOld); 
ReleaseDC(Handle,hDc); 
DeleteDC(hDc); 
} 

 
HBRUSH CreatePatternBrush 
( 
  HBITMAP hbmp // Handle   
).  

 5.1.   . 
     ( . 5.2):  

void__fastcall TForm1::Button1Click(TObject *Sender) 
{ 
HDC    hDc; 
 HBRUSH hBrush,hBrushOld; 
unsignedshortusrgMassPix[225]; 
if(GetDeviceCaps(CreateDC("DISPLAY",NULL,NULL,NULL),BITS
PIXEL) == 24) 
 { 
for(int i=0; i < 75; i++) 
  { 
usrgMassPix[i*3]=255; 
usrgMassPix[i*3+1]=0; 
usrgMassPix[i*3+2]=0; 
  } 
 } 
else 
for(int i=0; i < 225; i++) usrgMassPix[i] =random(255); 
 HBITMAP 
hBmp = 
CreateBitmap(10,10,GetDeviceCaps(CreateDC("DISPLAY", 
                                       NULL,NULL,NULL),PLANES), 
GetDeviceCaps(CreateDC("DISPLAY",NULL,NULL,NULL),BITSP
IXEL),&usrgMassPix[0]); 
hDc=GetDC(Handle); 
hBrush = CreatePatternBrush(hBmp); 
hBrushOld=SelectObject(hDc,hBrush); 
Ellipse(hDc,200,200,600,400); 
SelectObject(hDc,hBrushOld); 
DeleteObject(hBmp); 
DeleteObject(hBrush); 
DeleteObject(hBrushOld); 
ReleaseDC(Handle,hDc); 
DeleteDC(hDc); 
} 



 

 
. 5.2.     

 
        ,   '  

DC -  .  
 
5.2.            , 

    Borland C++ 
Builder 

 
  C++Builder    ' ,   -

  . 
 –      , , 
   ,       

.    ' ,     
   ' .  

 –        
(  ,   ).  

C++Builder      TGraphic '  
:  

– TBitmap,  
– Ticon,  
– TMetafile.  

 

 
. 5.2.     

 
        ,   '  

DC -  .  
 
5.2.            , 

    Borland C++ 
Builder 

 
  C++Builder    ' ,   -

  . 
 –      , , 
   ,       

.    ' ,     
   ' .  

 –        
(  ,   ).  

C++Builder      TGraphic '  
:  

– TBitmap,  
– Ticon,  
– TMetafile.  



 
 (TPicture) –    ,   -

 -    ' .  , -
  TPicture    , ,  
    ,  ,  -
      '    -

 '  TPicture.  
,   '  Windows ' . , – 

'  TPicture    , ,   , 
    ,    

   –  TBitmap.  
  , Borland ++ Builder   

Windows GDI   .    , 
   Canvas ( ), '   , 

  .  
        

,       . 
   (  , , -

,  )       
 –   –      

 '     .  
'    

    GDI  WinApi '  
        .   

      -
  ,   .  

      
     .   -

     Windows GDI.   
,        -

    .  
 5.2.      -

. 
        

GDI, ,  ,       -
 ,        -

  .  
 

 
 (TPicture) –    ,   -

 -    ' .  , -
  TPicture    , ,  
    ,  ,  -
      '    -

 '  TPicture.  
,   '  Windows ' . , – 

'  TPicture    , ,   , 
    ,    

   –  TBitmap.  
  , Borland ++ Builder   

Windows GDI   .    , 
   Canvas ( ), '   , 

  .  
        

,       . 
   (  , , -

,  )       
 –   –      

 '     .  
'    

    GDI  WinApi '  
        .   

      -
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   CopyMode 
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 BrushCopy     
    

 Draw    , -
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 StretchDraw      ,  -

   ,  
   -

 
  Handle    

    
Windows GDI 

 
     ,  , -

,     :  
void__fastcall 
TForm1::Button1Click(TObject *Sender) 
{ 
 // //    
Canvas–>Pen–>Color=(TColor) RGB(255,0,0); 
 // //     
Canvas–>Pen–>Width=5; 
 // //        
Canvas–>MoveTo(100,200); 
 // //     
TPointtPoint; 
  tPoint.x=100; 
  tPoint.y=200; 
Canvas–>PenPos=tPoint; 
 // //       100,200   0,50 
Canvas–>LineTo(0,50); 
 // //       
 // //   '    
} 

     :  
void__fastcall 
TForm1::Button1Click(TObject *Sender) 
{ 

 
 CopyRect CopyMode    

   CopyMode 
 ( )   

 BrushCopy     
    

 Draw    , -
,    -

  
 StretchDraw      ,  -

   ,  
   -

 
  Handle    

    
Windows GDI 

 
     ,  , -

,     :  
void__fastcall 
TForm1::Button1Click(TObject *Sender) 
{ 
 // //    
Canvas–>Pen–>Color=(TColor) RGB(255,0,0); 
 // //     
Canvas–>Pen–>Width=5; 
 // //        
Canvas–>MoveTo(100,200); 
 // //     
TPointtPoint; 
  tPoint.x=100; 
  tPoint.y=200; 
Canvas–>PenPos=tPoint; 
 // //       100,200   0,50 
Canvas–>LineTo(0,50); 
 // //       
 // //   '    
} 

     :  
void__fastcall 
TForm1::Button1Click(TObject *Sender) 
{ 



 
 // //   
Canvas–>Brush–>Style=bsHorizontal; 
 // //   
Canvas–>Pen–>Color = clBlue; 
 // //   
Canvas–>Arc(0,0,500,500,250,0,50,0); 
 // //         -

 
Canvas–>Pen–>Mode=pmWhite; 
Canvas–>Chord(0,0,250,250,250,125,0,0); 
 // //        
 // //  ' ,   '    
} 
 

   :  
void__fastcall  
TForm1::Button1Click(TObject *Sender) 
{ 
TPointtPoints[6]; 
Canvas–>Pen–>Color = clRed; 
Canvas–>Pen–>Width=3; 
tPoints[0].x = 40; 
tPoints[0].y = 10; 
tPoints[1].x = 20; 
tPoints[1].y = 60; 
tPoints[2].x = 70; 
tPoints[2].y = 30; 
tPoints[3].x = 10; 
tPoints[3].y = 30; 
tPoints[4].x = 60; 
tPoints[4].y = 60; 
tPoints[5].x = 40; 
tPoints[5].y = 10; 
Canvas–>Polyline(tPoints, 5); 
} 
 

   ’ :  
void__fastcall  
TForm1::Button1Click(TObject *Sender) 
{  

 
 // //   
Canvas–>Brush–>Style=bsHorizontal; 
 // //   
Canvas–>Pen–>Color = clBlue; 
 // //   
Canvas–>Arc(0,0,500,500,250,0,50,0); 
 // //         -

 
Canvas–>Pen–>Mode=pmWhite; 
Canvas–>Chord(0,0,250,250,250,125,0,0); 
 // //        
 // //  ' ,   '    
} 
 

   :  
void__fastcall  
TForm1::Button1Click(TObject *Sender) 
{ 
TPointtPoints[6]; 
Canvas–>Pen–>Color = clRed; 
Canvas–>Pen–>Width=3; 
tPoints[0].x = 40; 
tPoints[0].y = 10; 
tPoints[1].x = 20; 
tPoints[1].y = 60; 
tPoints[2].x = 70; 
tPoints[2].y = 30; 
tPoints[3].x = 10; 
tPoints[3].y = 30; 
tPoints[4].x = 60; 
tPoints[4].y = 60; 
tPoints[5].x = 40; 
tPoints[5].y = 10; 
Canvas–>Polyline(tPoints, 5); 
} 
 

   ’ :  
void__fastcall  
TForm1::Button1Click(TObject *Sender) 
{  



 
TPointtPoints[7]; 
tPoints[0]=TPoint(0,0); 
tPoints[1]=TPoint(800,30); 
tPoints[2]=TPoint(0,40); 
tPoints[3]=TPoint(550,400); 
tPoints[4]=TPoint(350,200); 
tPoints[5]=TPoint(550,400); 
tPoints[6]=TPoint(0,500); 
Canvas–>PolyBezier(tPoints, 6); 
} 
 

        -
  :  

void__fastcall 
TForm1::Button1Click(TObject *Sender) 
{ 
 // //    
Canvas–>Pen–>Color=(TColor) RGB(0,255,0); 
 // //     
Canvas–>Pen–>Width=1; 
 // //   –  
Canvas–>Pen–>Style=psDot; 
 // //    ,     

 
 // //   (   )  SetBkMode() 
 // //    
Canvas–>Pen–>Mode=pmCopy; 
 // //     
Canvas–>Rectangle(0,0,100,100); 
 // //   GDI   
Canvas–>Pen–>Mode=pmWhite; 
 // //  ,    
Canvas–>Ellipse(250,250,350,550); 
 // //    CreatePen() 1 –   
  HPEN hPen=CreatePen(PS_DASHDOTDOT, 1, RGB(255,0,0)); 
 // //      
Canvas–>Pen–>Handle=hPen; 
 // //    
Canvas–>Pen–>Mode=pmCopy; 
 // //   -   

 
TPointtPoints[7]; 
tPoints[0]=TPoint(0,0); 
tPoints[1]=TPoint(800,30); 
tPoints[2]=TPoint(0,40); 
tPoints[3]=TPoint(550,400); 
tPoints[4]=TPoint(350,200); 
tPoints[5]=TPoint(550,400); 
tPoints[6]=TPoint(0,500); 
Canvas–>PolyBezier(tPoints, 6); 
} 
 

        -
  :  

void__fastcall 
TForm1::Button1Click(TObject *Sender) 
{ 
 // //    
Canvas–>Pen–>Color=(TColor) RGB(0,255,0); 
 // //     
Canvas–>Pen–>Width=1; 
 // //   –  
Canvas–>Pen–>Style=psDot; 
 // //    ,     

 
 // //   (   )  SetBkMode() 
 // //    
Canvas–>Pen–>Mode=pmCopy; 
 // //     
Canvas–>Rectangle(0,0,100,100); 
 // //   GDI   
Canvas–>Pen–>Mode=pmWhite; 
 // //  ,    
Canvas–>Ellipse(250,250,350,550); 
 // //    CreatePen() 1 –   
  HPEN hPen=CreatePen(PS_DASHDOTDOT, 1, RGB(255,0,0)); 
 // //      
Canvas–>Pen–>Handle=hPen; 
 // //    
Canvas–>Pen–>Mode=pmCopy; 
 // //   -   



 
Canvas–>Brush–>Style=bsVertical; 
 // //    
SetBkMode(Canvas–>Handle, OPAQUE); 
 // //      
Canvas–>RoundRect(100,100,200,200,50,50); 
 // //    
TRecttRect;        //   
  tRect.Left=100;     //  
  tRect.Right=500;    //  
  tRect.Top=250;      //  
  tRect.Bottom=450;   //  
 // //     '  
Canvas–>Brush–>Color=(TColor) RGB(0,0,255); 
Canvas–>Rectangle(tRect); 
Canvas–>Brush–>Color=(TColor) RGB(0,255,255); 
 // //   
Canvas–>Brush–>Style=bsCross; 
 // //     
Canvas–>RoundRect(100,300,250,450,50,50); 
} 
 

    : 
void__fastcall  
TForm1::Button1Click(TObject *Sender) 
{ 
Canvas–>Brush–>Color=(TColor) RGB(0,255,255); 
TRecttRect(0,0,100,100); 
Canvas–>FillRect(tRect); 
 // //     
Canvas–>Rectangle(0,0,100,100); 
 // //       
} 
       :  

void__fastcall 
TForm1::Button1Click(TObject *Sender) 
{ 
 // //  fsBorder -      
 // //  ,    
Canvas–>Brush–>Color=(TColor) RGB(255,0,255); 
 // //     ,     

 
Canvas–>Brush–>Style=bsVertical; 
 // //    
SetBkMode(Canvas–>Handle, OPAQUE); 
 // //      
Canvas–>RoundRect(100,100,200,200,50,50); 
 // //    
TRecttRect;        //   
  tRect.Left=100;     //  
  tRect.Right=500;    //  
  tRect.Top=250;      //  
  tRect.Bottom=450;   //  
 // //     '  
Canvas–>Brush–>Color=(TColor) RGB(0,0,255); 
Canvas–>Rectangle(tRect); 
Canvas–>Brush–>Color=(TColor) RGB(0,255,255); 
 // //   
Canvas–>Brush–>Style=bsCross; 
 // //     
Canvas–>RoundRect(100,300,250,450,50,50); 
} 
 

    : 
void__fastcall  
TForm1::Button1Click(TObject *Sender) 
{ 
Canvas–>Brush–>Color=(TColor) RGB(0,255,255); 
TRecttRect(0,0,100,100); 
Canvas–>FillRect(tRect); 
 // //     
Canvas–>Rectangle(0,0,100,100); 
 // //       
} 
       :  

void__fastcall 
TForm1::Button1Click(TObject *Sender) 
{ 
 // //  fsBorder -      
 // //  ,    
Canvas–>Brush–>Color=(TColor) RGB(255,0,255); 
 // //     ,     



 
 // //   
Canvas–>FloodFill(Width/2, Height/2, NULL, fsBorder); 
 // //     
Canvas–>Brush–>Color=(TColor) RGB(255,0,0); 
Canvas–>FloodFill(Width/2, Height/2, NULL, fsBorder); 
} 

   :  
void__fastcall  
TForm1::Button1Click(TObject *Sender) 
{ 
Canvas–>Brush–>Color=(TColor) RGB(125,0,255); 
TRecttRect;          //   
  tRect.Left=100;       //  
  tRect.Right=500;      //  
  tRect.Top=250;        //  
  tRect.Bottom=450;     //  
Canvas–>FrameRect(tRect); 
} 
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 // //   
Canvas–>FloodFill(Width/2, Height/2, NULL, fsBorder); 
 // //     
Canvas–>Brush–>Color=(TColor) RGB(255,0,0); 
Canvas–>FloodFill(Width/2, Height/2, NULL, fsBorder); 
} 

   :  
void__fastcall  
TForm1::Button1Click(TObject *Sender) 
{ 
Canvas–>Brush–>Color=(TColor) RGB(125,0,255); 
TRecttRect;          //   
  tRect.Left=100;       //  
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Canvas–>FrameRect(tRect); 
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#include <gl/gl.h> 
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 ++,        
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     : 
'b'–    (char  GLbyte) 
's'–   (short  GLshort) 
'i' –  (int  GLint) 
'f'–  (float  GLfloat) 
'd'–    (double  GLdouble) 
'ub'–   (unsignedchar  GLubyte) 
'us'–    (unsignedshort  GLushort) 
'ui'–   (unsignedint  GLuint) 
'v'–   n   . 
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        -

. ,  glVertex2i()    
GL,       ,   
glColor3fv()        

  . 

 6.1.  ,   OpenGL. 
     ,     -

.    ( ) OpenGL     
.         

OpenGL API.  
    ,    -
 GLUT -     “Hello, C++!”. 

,     -      .  
        -
   OpenGL. 

 
#include <stdlib.h> 
/*   GLUT */ 
#include <gl/glut.h> 
/*      */ 
GLint Width = 512, Height = 512; 
/*   */ 
const int CubeSize = 200; 
/*        */ 

 

     : 
'b'–    (char  GLbyte) 
's'–   (short  GLshort) 
'i' –  (int  GLint) 
'f'–  (float  GLfloat) 
'd'–    (double  GLdouble) 
'ub'–   (unsignedchar  GLubyte) 
'us'–    (unsignedshort  GLushort) 
'ui'–   (unsignedint  GLuint) 
'v'–   n   . 
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. ,  glVertex2i()    
GL,       ,   
glColor3fv()        

  . 

 6.1.  ,   OpenGL. 
     ,     -

.    ( ) OpenGL     
.         

OpenGL API.  
    ,    -
 GLUT -     “Hello, C++!”. 

,     -      .  
        -
   OpenGL. 

 
#include <stdlib.h> 
/*   GLUT */ 
#include <gl/glut.h> 
/*      */ 
GLint Width = 512, Height = 512; 
/*   */ 
const int CubeSize = 200; 
/*        */ 



 
void Display(void) 
{ 
    int left, right, top, bottom; 
    left  = (Width - CubeSize) / 2; 
    right = left + CubeSize; 
    bottom = (Height - CubeSize) / 2; 
    top = bottom + CubeSize; 
    glClearColor(0, 0, 0, 1); 
    glClear(GL_COLOR_BUFFER_BIT); 
    glColor3ub(255,0,0); 
    glBegin(GL_QUADS); 
      glVertex2f(left,bottom); 
      glVertex2f(left,top); 
      glVertex2f(right,top); 
      glVertex2f(right,bottom); 
    glEnd(); 
    glFinish(); 
} 
/*       */ 
void Reshape(GLint w, GLint h) 
{ 
    Width = w; 
    Height = h; 
    /*     */ 
    glViewport(0, 0, w, h); 
    /*   */ 
    glMatrixMode(GL_PROJECTION); 
    glLoadIdentity(); 
    glOrtho(0, w, 0, h, -1.0, 1.0); 
    glMatrixMode(GL_MODELVIEW); 
    glLoadIdentity(); 
} 
/*      */ 
void 
Keyboard( unsigned char key, int x, int y ) 
{ 
#define ESCAPE '\033' 
 
    if( key == ESCAPE ) 
        exit(0); 
} 
/*    */ 
main(int argc, char *argv[]) 

 
void Display(void) 
{ 
    int left, right, top, bottom; 
    left  = (Width - CubeSize) / 2; 
    right = left + CubeSize; 
    bottom = (Height - CubeSize) / 2; 
    top = bottom + CubeSize; 
    glClearColor(0, 0, 0, 1); 
    glClear(GL_COLOR_BUFFER_BIT); 
    glColor3ub(255,0,0); 
    glBegin(GL_QUADS); 
      glVertex2f(left,bottom); 
      glVertex2f(left,top); 
      glVertex2f(right,top); 
      glVertex2f(right,bottom); 
    glEnd(); 
    glFinish(); 
} 
/*       */ 
void Reshape(GLint w, GLint h) 
{ 
    Width = w; 
    Height = h; 
    /*     */ 
    glViewport(0, 0, w, h); 
    /*   */ 
    glMatrixMode(GL_PROJECTION); 
    glLoadIdentity(); 
    glOrtho(0, w, 0, h, -1.0, 1.0); 
    glMatrixMode(GL_MODELVIEW); 
    glLoadIdentity(); 
} 
/*      */ 
void 
Keyboard( unsigned char key, int x, int y ) 
{ 
#define ESCAPE '\033' 
 
    if( key == ESCAPE ) 
        exit(0); 
} 
/*    */ 
main(int argc, char *argv[]) 



 
{ 
    glutInit(&argc, argv); 
    glutInitDisplayMode(GLUT_RGB); 
    glutInitWindowSize(Width, Height); 
    glutCreateWindow("Red square example"); 
    glutDisplayFunc(Display); 
    glutReshapeFunc(Reshape); 
    glutKeyboardFunc(Keyboard); 
    glutMainLoop(); 
} 
 

   ,      
 -  ,   OpenGL  GLUT. 

 GLUT        
     (callback function).   
 ,        , -
        –  

 (    ). 
    .  main  -

    -  ,     OpenGL, -
         -

. 
       , 

    ,    . 
 glutInit(&argc, argv)    -

  GLUT.  
 glutInitDisplayMode(GLUT_RGB) –    

     RGB. 
glutInitWindowSize(Width, Height)   -

   .  
, glutCreateWindow("Red square example")  -

       . 
  

 
glutDisplayFunc(Display); 
glutReshapeFunc(Reshape); 
glutKeyboardFunc(Keyboard); 
 

  Display(), Reshape()  Keyboard()  ,  
 , ,    ,   -

,    .  

 
{ 
    glutInit(&argc, argv); 
    glutInitDisplayMode(GLUT_RGB); 
    glutInitWindowSize(Width, Height); 
    glutCreateWindow("Red square example"); 
    glutDisplayFunc(Display); 
    glutReshapeFunc(Reshape); 
    glutKeyboardFunc(Keyboard); 
    glutMainLoop(); 
} 
 

   ,      
 -  ,   OpenGL  GLUT. 

 GLUT        
     (callback function).   
 ,        , -
        –  

 (    ). 
    .  main  -

    -  ,     OpenGL, -
         -

. 
       , 

    ,    . 
 glutInit(&argc, argv)    -

  GLUT.  
 glutInitDisplayMode(GLUT_RGB) –    

     RGB. 
glutInitWindowSize(Width, Height)   -

   .  
, glutCreateWindow("Red square example")  -

       . 
  

 
glutDisplayFunc(Display); 
glutReshapeFunc(Reshape); 
glutKeyboardFunc(Keyboard); 
 

  Display(), Reshape()  Keyboard()  ,  
 , ,    ,   -

,    .  



 
         

    glutMainLoop(). 
,   GLUT     OpenGL,    

   OpenGL   ,  -
 .  OpenGL-       

    API  (Win32, X Window  
. .), ,      . 

   OpenGL    . -
    Display,    ,  -

     .  
     Display 

 
glClearColor(0, 0, 0, 1); 
glClear(GL_COLOR_BUFFER_BIT); 
glColor3ub(255,0,0); 
glBegin(GL_QUADS); 
  glVertex2f(left,bottom); 
  glVertex2f(left,top); 
  glVertex2f(right,top); 
  glVertex2f(right,bottom); 
glEnd(); 
 

      ,    -
   .  

 
6.2.     ’  

   
 ,  ,   OpenGL,  -
        -

.      ' ,   
  ,     .  

  OpenGL     -
    .      

   OpenGL.   -
 GLUT,       , -
    glutDisplayFunc().GLUT  

 ,       ,  
    ( ,    

 ).  

 
         

    glutMainLoop(). 
,   GLUT     OpenGL,    

   OpenGL   ,  -
 .  OpenGL-       

    API  (Win32, X Window  
. .), ,      . 

   OpenGL    . -
    Display,    ,  -

     .  
     Display 

 
glClearColor(0, 0, 0, 1); 
glClear(GL_COLOR_BUFFER_BIT); 
glColor3ub(255,0,0); 
glBegin(GL_QUADS); 
  glVertex2f(left,bottom); 
  glVertex2f(left,top); 
  glVertex2f(right,top); 
  glVertex2f(right,bottom); 
glEnd(); 
 

      ,    -
   .  

 
6.2.     ’  

   
 ,  ,   OpenGL,  -
        -

.      ' ,   
  ,     .  

  OpenGL     -
    .      

   OpenGL.   -
 GLUT,       , -
    glutDisplayFunc().GLUT  

 ,       ,  
    ( ,    

 ).  



 

     ,   -
,    -  ,   

.        -
. ,    

glutPostRedisplay().  
, ,  ,     

 .  ,     -
: 

–   OpenGL; 
–   ; 
–     ' . 

     : 
 
voidglClearColor ( clampfr, clampfg, clampfb, 

clampfa ) 
void glClear(bitfieldbuf) 
 

glClearColor   ,   -
  .      R,G  B 

      [0,1].  
    - .  ,  -

 1.    -  (0,0,0,1). 
 glClear  ,   buf  -

 ,   ,   . 
    

 
glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT) 
 

     . 
     -

 '  ( ,   . .)   -
   .   '   -

     . 
   ,    OpenGL  ' , 

 .  '     OpenGL. 

 

     ,   -
,    -  ,   

.        -
. ,    

glutPostRedisplay().  
, ,  ,     

 .  ,     -
: 

–   OpenGL; 
–   ; 
–     ' . 

     : 
 
voidglClearColor ( clampfr, clampfg, clampfb, 

clampfa ) 
void glClear(bitfieldbuf) 
 

glClearColor   ,   -
  .      R,G  B 

      [0,1].  
    - .  ,  -

 1.    -  (0,0,0,1). 
 glClear  ,   buf  -

 ,   ,   . 
    

 
glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT) 
 

     . 
     -

 '  ( ,   . .)   -
   .   '   -

     . 
   ,    OpenGL  ' , 

 .  '     OpenGL. 



 

   
     OpenGL   

,  ,    . .    
    ,     

. ,    ,   
 . 

     .    
     ,    

 . 

    
      -, - 

   (  ).  
      

glVertex*: 
void glVertex[2 3 4][s i f d] (type coords) 
void glVertex[2 3 4][s i f d]v (type *coords) 

     : x, y, z, w. -
 glVertex2*   x  y.  z   

      0,  
w – 1. Vertex3*   x, y, z     
w  1. Vertex4*     . 

     ,    -
     ,  

  OpenGL   .    
    -      -

 . 
  

      
 : 

 
void glColor[3 4][b s i f] (GLtype components) 
void glColor[3 4][b s i f]v (GLtype components) 
 

     R, G, B  ,  
     (   

- ).       'f' (float), 

 

   
     OpenGL   

,  ,    . .    
    ,     

. ,    ,   
 . 

     .    
     ,    

 . 

    
      -, - 

   (  ).  
      

glVertex*: 
void glVertex[2 3 4][s i f d] (type coords) 
void glVertex[2 3 4][s i f d]v (type *coords) 

     : x, y, z, w. -
 glVertex2*   x  y.  z   

      0,  
w – 1. Vertex3*   x, y, z     
w  1. Vertex4*     . 

     ,    -
     ,  

  OpenGL   .    
    -      -

 . 
  

      
 : 

 
void glColor[3 4][b s i f] (GLtype components) 
void glColor[3 4][b s i f]v (GLtype components) 
 

     R, G, B  ,  
     (   

- ).       'f' (float), 



 

       [0,1],  
    -  -

  1.0,    .  'ub' 
(unsigned byte)   ,       
[0, 255].  

    , ,   -
 ,       

  . 
      

 
void glShadeModel (GLenum  mode), 

 
    GL_SMOOTH   

(   ),   GL_FLAT – . 
 

 
    ,    

 
void glNormal3[b s i f d] (type coords)  
void glNormal3[b s i f d]v (type coords) 
 

    ,   
   . 

  glEnable(GL_NORMALIZE)    -
 ,    ,    

. 
      , 

     / -
,          

  -  . 
       -

  OpenGL,      -
   (     . .). 
     . 

,   
 
void glEnable (GLenum mode) 
void glDisable (GLenum mode) 

 

       [0,1],  
    -  -

  1.0,    .  'ub' 
(unsigned byte)   ,       
[0, 255].  

    , ,   -
 ,       

  . 
      

 
void glShadeModel (GLenum  mode), 

 
    GL_SMOOTH   

(   ),   GL_FLAT – . 
 

 
    ,    

 
void glNormal3[b s i f d] (type coords)  
void glNormal3[b s i f d]v (type coords) 
 

    ,   
   . 

  glEnable(GL_NORMALIZE)    -
 ,    ,    

. 
      , 

     / -
,          

  -  . 
       -

  OpenGL,      -
   (     . .). 
     . 

,   
 
void glEnable (GLenum mode) 
void glDisable (GLenum mode) 



 
 

          
 OpenGL.     ,    
       
.  

  glBegin / glEnd 
     . ,  
   ,    -

.    '    ,  -
 .    OpenGL   

  ,      
OpenGL      -

    

void glBegin (GLenum mode); 
void glEnd (void); 

 mode   ,     
   : 

GL_POINTS     -
 . 

GL_LINES      
;     -

,    . 
GL_LINE_STRIP      

  . 
GL_LINE_LOOP     -

   ,    
     -

,   .
GL_TRIANGLES      

;     
  ,   -
 . 

GL_TRIANGLE_STRIP     -
    . 

 
 

          
 OpenGL.     ,    
       
.  

  glBegin / glEnd 
     . ,  
   ,    -

.    '    ,  -
 .    OpenGL   

  ,      
OpenGL      -

    

void glBegin (GLenum mode); 
void glEnd (void); 

 mode   ,     
   : 

GL_POINTS     -
 . 

GL_LINES      
;     -

,    . 
GL_LINE_STRIP      

  . 
GL_LINE_LOOP     -

   ,    
     -

,   .
GL_TRIANGLES      

;     
  ,   -
 . 

GL_TRIANGLE_STRIP     -
    . 



 

GL_TRIANGLE_FAN    -
     -
 (   ). 

GL_QUADS     -
 ;    -
   ,   

 . 
GL_QUAD_STRIP    n  

    2n-1, 2n, 2n+2, 
2n+1. 

GL_POLYGON    -
 . 

,        -
,  : 

GLfloat BlueCol[3] = {0,0,1};   
 
glBegin(GL_TRIANGLES);  

glColor3f(1.0, 0.0, 0.0); /*  */ 
glVertex3f(0.0, 0.0, 0.0);  
glColor3ub(0,255,0); /*  */ 
glVertex3f(1.0, 0.0, 0.0);  
glColor3fv(BlueCol); /*  */ 
glVertex3f(1.0, 1.0, 0.0);  

glEnd(); 

 ,       -
   .    -
  ,     -

    ,    
GL_TRIANGLE_STRIP, GL_QUAD_STRIP. 

   ,    
   .     -

    . 
      ,   -

    ,   -
   .    -
      

 

 

GL_TRIANGLE_FAN    -
     -
 (   ). 

GL_QUADS     -
 ;    -
   ,   

 . 
GL_QUAD_STRIP    n  

    2n-1, 2n, 2n+2, 
2n+1. 

GL_POLYGON    -
 . 

,        -
,  : 

GLfloat BlueCol[3] = {0,0,1};   
 
glBegin(GL_TRIANGLES);  

glColor3f(1.0, 0.0, 0.0); /*  */ 
glVertex3f(0.0, 0.0, 0.0);  
glColor3ub(0,255,0); /*  */ 
glVertex3f(1.0, 0.0, 0.0);  
glColor3fv(BlueCol); /*  */ 
glVertex3f(1.0, 1.0, 0.0);  

glEnd(); 

 ,       -
   .    -
  ,     -

    ,    
GL_TRIANGLE_STRIP, GL_QUAD_STRIP. 

   ,    
   .     -

    . 
      ,   -

    ,   -
   .    -
      

 



 
void glFrontFace (GLenum mode) 
 

   mode  GL_CW (clockwise),  -
    ,  GL_CCW 

(counter-clockwise). 
     , -

  
void glPolygonMode (GLenum face, Glenum mode). 
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 mode ,    -
,   face   ,    

       : 
 

GL_FRONT    
GL_BACK    

 
void glFrontFace (GLenum mode) 
 

   mode  GL_CW (clockwise),  -
    ,  GL_CCW 

(counter-clockwise). 
     , -

  
void glPolygonMode (GLenum face, Glenum mode). 
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. 6.3.  OpenGL

 mode ,    -
,   face   ,    

       : 
 

GL_FRONT    
GL_BACK    



 

GL_FRONT_AND_BACK    
 

 mode   : 
GL_POINT    -

. 
GL_LINE    

 . 
GL_FILL   -

    -
 ,    -

  . 
 

  ,      . 
        

glEnable (GL_CULL_FACE),     -
      

void glCullFace (GLenum mode) 

  GL_FRONT     -
   ,   GL_BACK –  

(   ).  
      GLU  

GLUT     ,   , ,  (  
GLU)  , , , , , , ,  
   (  GLUT).  

,     ,   
 '    GLUquadricObj   -

 

GLUquadricObj* gluNewQuadric(void); 

     :  

void gluSphere (GLUquadricObj * qobj, GLdouble 
radius,GLint slices, GLint stacks) 

 
void gluCylinder (GLUquadricObj * qobj,  

GLdouble baseRadius, 
GLdouble topRadius,  

 

GL_FRONT_AND_BACK    
 

 mode   : 
GL_POINT    -

. 
GL_LINE    

 . 
GL_FILL   -

    -
 ,    -

  . 
 

  ,      . 
        

glEnable (GL_CULL_FACE),     -
      

void glCullFace (GLenum mode) 

  GL_FRONT     -
   ,   GL_BACK –  

(   ).  
      GLU  

GLUT     ,   , ,  (  
GLU)  , , , , , , ,  
   (  GLUT).  

,     ,   
 '    GLUquadricObj   -

 

GLUquadricObj* gluNewQuadric(void); 

     :  

void gluSphere (GLUquadricObj * qobj, GLdouble 
radius,GLint slices, GLint stacks) 

 
void gluCylinder (GLUquadricObj * qobj,  

GLdouble baseRadius, 
GLdouble topRadius,  



 
GLdouble height, GLint slices,  
GLint stacks), 

  slices      z,  stacks – -
  z. 

  
            , 

   '       (display list)  
   .      -

 ,     ,     
,    : 

void glNewList (GLuint list, GLenum mode) 
void glEndList() 
 

      , 
       list,  -

 mode    ,    : 
 

GL_COMPILE      
  

GL_COMPILE_AND_EXECUTE   -
,     
 

 

 ,   ,    -
 

 
void glCallList (GLuint list), 

 
   list   .  -

   ,    
 
void glCallLists(GLsizei n, GLenum type, const GLvoid 

*lists) 
 
  n      lists,  -
     type.     

 
GLdouble height, GLint slices,  
GLint stacks), 

  slices      z,  stacks – -
  z. 

  
            , 

   '       (display list)  
   .      -

 ,     ,     
,    : 

void glNewList (GLuint list, GLenum mode) 
void glEndList() 
 

      , 
       list,  -

 mode    ,    : 
 

GL_COMPILE      
  

GL_COMPILE_AND_EXECUTE   -
,     
 

 

 ,   ,    -
 

 
void glCallList (GLuint list), 

 
   list   .  -

   ,    
 
void glCallLists(GLsizei n, GLenum type, const GLvoid 

*lists) 
 
  n      lists,  -
     type.     



 

GL_BYTE, GL_UNSIGNED_BYTE, GL_SHORT, GL_INT, 
GL_UNSIGNED_INT   .    -

  
 
void glDeleteLists(GLint list, GLsizei range), 
 
     ID   list   ID   

list+range-1. 
: 

glNewList(1, GL_COMPILE); 
  glBegin(GL_TRIANGLES); 
    glVertex3f(1.0f, 1.0f, 1.0f); 
    glVertex3f(10.0f, 1.0f, 1.0f); 
    glVertex3f(10.0f, 10.0f, 1.0f); 
  glEnd(); 
glEndList() 
 

… 
glCallList(1); 

 

   ,   -
  '  ,      -

   .        
  ' ,  ,   ,   -

.    (     -
)      . 

 
  

  , ,       
glVertex*(),     , -

   
 
void glVertexPointer(GLint size, GLenum type,  

                      GLsizei stride, void* ptr), 
 

      .   size 
    (   2, 3, 4), type 
   (     GL_SHORT, GL_INT, 

 

GL_BYTE, GL_UNSIGNED_BYTE, GL_SHORT, GL_INT, 
GL_UNSIGNED_INT   .    -

  
 
void glDeleteLists(GLint list, GLsizei range), 
 
     ID   list   ID   

list+range-1. 
: 

glNewList(1, GL_COMPILE); 
  glBegin(GL_TRIANGLES); 
    glVertex3f(1.0f, 1.0f, 1.0f); 
    glVertex3f(10.0f, 1.0f, 1.0f); 
    glVertex3f(10.0f, 10.0f, 1.0f); 
  glEnd(); 
glEndList() 
 

… 
glCallList(1); 

 

   ,   -
  '  ,      -

   .        
  ' ,  ,   ,   -

.    (     -
)      . 

 
  

  , ,       
glVertex*(),     , -

   
 
void glVertexPointer(GLint size, GLenum type,  

                      GLsizei stride, void* ptr), 
 

      .   size 
    (   2, 3, 4), type 
   (     GL_SHORT, GL_INT, 



 

GL_FLOAT, GL_DOUBLE).      -
   ,    stride    -

     ;  stride -
 ,  ,    .   

  ptr  ,   . 
    ,    

  ,    
void glNormalPointer ( GLenum type, GLsizei stride,  
                     void  *pointer ) 
void glColorPointer ( GLint size, GLenum type,  
                    GLsizei stride, void *pointer ) 
 

        ,  -
  

 
void  glEnableClientState (GLenum array) 
 

  GL_VERTEX_ARRAY, GL_NORMAL_ARRAY, 
GL_COLOR_ARRAY .     -

    
 

void glDisableClientState (GLenum array) 
 

     array.    
   

 
void glArrayElement (GLint index), 
 

  OpenGL  ,   
   index.     
  glColor*(…),glNormal*(…),glVertex*(…)  

 .      
 
void glDrawArrays (GLenum mode, GLint first,  

                   GLsizei count), 
 

  count ,   mode, -
       first  first+count-1. 

     
glArrayElement()   .  

 

GL_FLOAT, GL_DOUBLE).      -
   ,    stride    -

     ;  stride -
 ,  ,    .   

  ptr  ,   . 
    ,    

  ,    
void glNormalPointer ( GLenum type, GLsizei stride,  
                     void  *pointer ) 
void glColorPointer ( GLint size, GLenum type,  
                    GLsizei stride, void *pointer ) 
 

        ,  -
  

 
void  glEnableClientState (GLenum array) 
 

  GL_VERTEX_ARRAY, GL_NORMAL_ARRAY, 
GL_COLOR_ARRAY .     -

    
 

void glDisableClientState (GLenum array) 
 

     array.    
   

 
void glArrayElement (GLint index), 
 

  OpenGL  ,   
   index.     
  glColor*(…),glNormal*(…),glVertex*(…)  

 .      
 
void glDrawArrays (GLenum mode, GLint first,  

                   GLsizei count), 
 

  count ,   mode, -
       first  first+count-1. 

     
glArrayElement()   .  



 

 ,      
     OpenGL  ,  , -

    .   -
          

   . 
 '  

 OpenGL      : 
,    .     -

        z:   
   ,   -   -
.  x    ,  y – -
 .  

      
  gluPerspective(), glOrtho(),  -

  .    -
    .    

     .  
, OpenGL      -

  ,     .     
     ' :   -

 OpenGL   . 
 

x 

z 

y 

x

z

x

y 

a) ) ) 

. 6.4.    OpenGL: 
 –  ;  –  ;  –  . 

 
   

    '    OpenGL -
   ,     

 

 ,      
     OpenGL  ,  , -

    .   -
          

   . 
 '  

 OpenGL      : 
,    .     -

        z:   
   ,   -   -
.  x    ,  y – -
 .  

      
  gluPerspective(), glOrtho(),  -

  .    -
    .    

     .  
, OpenGL      -

  ,     .     
     ' :   -

 OpenGL   . 
 

x 

z 

y 

x

z

x

y 

a) ) ) 

. 6.4.    OpenGL: 
 –  ;  –  ;  –  . 

 
   

    '    OpenGL -
   ,     



 

 : - ,     -
.     4x4.    -

  '    ,    , 
   .   ,   

  '     (   -
),        '-

.  
        

  OpenGL,    (  , 
  glVertex*). 

   ,     , -
 : 

 
void glMatrixMode (GLenum mode), 
 

     mode,   
GL_MODELVIEW, GL_PROJECTION,   GL_TEXTURE,  

    -  ,  
    .   , 

       ,   -
  . 

       
 

 
void glLoadMatrix[f d] (GLtype *m), 
 
 m     16   float  double  
  ,        -

   ,  ,   . 
   :    m    . 

 
 
void  glLoadIdentity (void) 
 

    .  
        -

 ,      
void glPushMatrix (void) 

 

 : - ,     -
.     4x4.    -

  '    ,    , 
   .   ,   

  '     (   -
),        '-

.  
        

  OpenGL,    (  , 
  glVertex*). 

   ,     , -
 : 

 
void glMatrixMode (GLenum mode), 
 

     mode,   
GL_MODELVIEW, GL_PROJECTION,   GL_TEXTURE,  

    -  ,  
    .   , 

       ,   -
  . 

       
 

 
void glLoadMatrix[f d] (GLtype *m), 
 
 m     16   float  double  
  ,        -

   ,  ,   . 
   :    m    . 

 
 
void  glLoadIdentity (void) 
 

    .  
        -

 ,      
void glPushMatrix (void) 



 
void glPopMatrix (void)  

       , -
      .  -  

      32,    -  -
 2. 

       -
  

 
void glMultMatrix[f d] (GLtype *m), 

  m     4x4.  
 

 

  

-  
  

  
  

  
  

-
  

 
  

 
 

 
(glViewport)

 

  

 
 

. 6.5.     OpenGL 
 

      ,    T, 
     glMultMatrix   

 M * T.         

 
void glPopMatrix (void)  

       , -
      .  -  

      32,    -  -
 2. 

       -
  

 
void glMultMatrix[f d] (GLtype *m), 

  m     4x4.  
 

 

  

-  
  

  
  

  
  

-
  

 
  

 
 

 
(glViewport)

 

  

 
 

. 6.5.     OpenGL 
 

      ,    T, 
     glMultMatrix   

 M * T.         



 

    ,    
          -
.  

 ,    '     
  ,   .6.5. 

  '     OpenGL   -
     .  -
        -

  glVertex*   . 
-   

 -     -
,       .  

        
  '       -

: 
( ) ( )TT zyxMzyx 1,,,1,,, =′′′ , 

 M –  -  .  -
    .   

      : 
 
void glTranslate[f d] (GLtype x, GLtype y, GLtype z) 
void glRotate[f d] (GLtype angle, GLtype x, GLtype y, 

                    GLtype z) 
void glScale[f d] (GLtype x, GLtype y, GLtype z) 
 

glTranlsate*()   ' ,    -
     .  

glRotate*()   '    -
   angle (   )   (x,y,z). 
glScale*()   '  (   -

)   (x,y,z),    
     . 

     ,   -
  ,   .  ,  

, ,   '  ,    
,        

  glPushMatrix(),   

 

    ,    
          -
.  

 ,    '     
  ,   .6.5. 

  '     OpenGL   -
     .  -
        -

  glVertex*   . 
-   

 -     -
,       .  

        
  '       -

: 
( ) ( )TT zyxMzyx 1,,,1,,, =′′′ , 

 M –  -  .  -
    .   

      : 
 
void glTranslate[f d] (GLtype x, GLtype y, GLtype z) 
void glRotate[f d] (GLtype angle, GLtype x, GLtype y, 

                    GLtype z) 
void glScale[f d] (GLtype x, GLtype y, GLtype z) 
 

glTranlsate*()   ' ,    -
     .  

glRotate*()   '    -
   angle (   )   (x,y,z). 
glScale*()   '  (   -

)   (x,y,z),    
     . 

     ,   -
  ,   .  ,  

, ,   '  ,    
,        

  glPushMatrix(),   



 

glRotate*()   ,  ,  
   ' ,      -

 glPopMatrix().     ' , 
     .   

    

void gluLookAt(GLdouble eyex, GLdouble eyey,  
                GLdouble eyez, GLdouble centerx,  
                GLdouble centery, GLdouble centerz, 
                GLdouble upx, GLdouble upy,  
                GLdouble upz), 

  (eyex,eyey,eyez)   , (centerx, 
centery, centerz)    ,      

 ,   (upx,upy,upz)   -
 ,   . , ,   

 ,    (0,1,0),    (0,-1,0) 
  . 

 ,       '  
,        .  

,     gluLookAt()    
  ' ,  -   

 .  
 

 
 OpenGL      -
 ( )    ( . 6.6  6.7).  

      
 
void glOrtho(GLdouble left, GLdouble right,  

              GLdouble bottom, GLdouble top,  
              GLdouble near, GLdouble far) 

 
void gluOrtho2D (GLdouble left, GLdouble right, 

GLdouble bottom, GLdouble top) 
 

        -
 (  )     -

.     (left, bottom, znear)  (right, 
top, zfar),         

 

glRotate*()   ,  ,  
   ' ,      -

 glPopMatrix().     ' , 
     .   

    

void gluLookAt(GLdouble eyex, GLdouble eyey,  
                GLdouble eyez, GLdouble centerx,  
                GLdouble centery, GLdouble centerz, 
                GLdouble upx, GLdouble upy,  
                GLdouble upz), 

  (eyex,eyey,eyez)   , (centerx, 
centery, centerz)    ,      

 ,   (upx,upy,upz)   -
 ,   . , ,   

 ,    (0,1,0),    (0,-1,0) 
  . 

 ,       '  
,        .  

,     gluLookAt()    
  ' ,  -   

 .  
 

 
 OpenGL      -
 ( )    ( . 6.6  6.7).  

      
 
void glOrtho(GLdouble left, GLdouble right,  

              GLdouble bottom, GLdouble top,  
              GLdouble near, GLdouble far) 

 
void gluOrtho2D (GLdouble left, GLdouble right, 

GLdouble bottom, GLdouble top) 
 

        -
 (  )     -

.     (left, bottom, znear)  (right, 
top, zfar),         



 

 .  near  far     
        (0,0,0)  -

  .  
  ,    ,  near  far -

  –1  1 .  ,  OpenGL -
    ' .    

   ,   
glVertex2*(). 

     
 
void gluPerspective (GLdouble angley, GLdouble 

aspect,GLdouble znear, GLdouble 
zfar),   

        -
.  

 
 

x 
z 

y 

z=zfar

z= znear

(left, bottom, znear) 

(right, top, zfar) 

 
.6.6.   

 w

x
z 

y 

z=zfar

z =znear 
h 

angley 

 

 

 .  near  far     
        (0,0,0)  -

  .  
  ,    ,  near  far -

  –1  1 .  ,  OpenGL -
    ' .    

   ,   
glVertex2*(). 

     
 
void gluPerspective (GLdouble angley, GLdouble 

aspect,GLdouble znear, GLdouble 
zfar),   

        -
.  

 
 

x 
z 

y 

z=zfar

z= znear

(left, bottom, znear) 

(right, top, zfar) 

 
.6.6.   

 w

x
z 

y 

z=zfar

z =znear 
h 

angley 

 



 
.6.7.   

 angley         -
     0  180.     x 

  aspect,      
   (  ,  )  zfar 

 znear         
    .    

zfar/znear,        -
  ,        -

 ‘ ’     0  1.  
    ,    -

      glMatrixMode 
GL_PROJECTION)   ,   
glLoadIdentity(). 

: 
/*   */ 
glMatrixMode(GL_PROJECTION); 
glLoadIdentity(); 
glOrtho(0, w, 0, h, -1.0, 1.0); 

  
        -
     (clipped) .  

      
 

(xn, yn, zn)T = (xc/wc , yc/wc, zc/wc)T. 
 

        
,    : 

 
void glViewPort (GLint x, GLint y, GLint width,  

                 GLint height). 
 

        -
         
 (x,y)    .    

     ,  
(0,0)       .  

 
.6.7.   

 angley         -
     0  180.     x 

  aspect,      
   (  ,  )  zfar 

 znear         
    .    

zfar/znear,        -
  ,        -

 ‘ ’     0  1.  
    ,    -

      glMatrixMode 
GL_PROJECTION)   ,   
glLoadIdentity(). 

: 
/*   */ 
glMatrixMode(GL_PROJECTION); 
glLoadIdentity(); 
glOrtho(0, w, 0, h, -1.0, 1.0); 

  
        -
     (clipped) .  

      
 

(xn, yn, zn)T = (xc/wc , yc/wc, zc/wc)T. 
 

        
,    : 

 
void glViewPort (GLint x, GLint y, GLint width,  

                 GLint height). 
 

        -
         
 (x,y)    .    

     ,  
(0,0)       .  



 

  glViewPort(), OpenGL   
    ( x,oy)  : 

ox=x+width/2, oy=y+height/2. 
 px=width, py=height,      

 : 
 

(xw, yw, zw)T = ( (px/2) xn+ ox , (py/2) yn+ oy , [(f-n)/2] zn+(n+f)/2) T. 
 

      n  f    
         0  1 

.        
 (z- ),      

  .   n  f   -
 void glDepthRange (GLclampd n, GLclampd f). 
 
6.3.     

  
   

       
  ' ,    ,   

 .        
,    ' ,     

 ,   ' .     
     ,   -

,    .     -
,    OpenGL. 

 
  

 OpenGL   ,   
     : -

   ,     ,   
    .   -

       , -
   glScale*(),    -

.  
     -
  

 

  glViewPort(), OpenGL   
    ( x,oy)  : 

ox=x+width/2, oy=y+height/2. 
 px=width, py=height,      

 : 
 

(xw, yw, zw)T = ( (px/2) xn+ ox , (py/2) yn+ oy , [(f-n)/2] zn+(n+f)/2) T. 
 

      n  f    
         0  1 

.        
 (z- ),      

  .   n  f   -
 void glDepthRange (GLclampd n, GLclampd f). 
 
6.3.     

  
   

       
  ' ,    ,   

 .        
,    ' ,     

 ,   ' .     
     ,   -

,    .     -
,    OpenGL. 

 
  

 OpenGL   ,   
     : -

   ,     ,   
    .   -

       , -
   glScale*(),    -

.  
     -
  



 
 
void glLightModel[i f] (GLenum pname, GLenum param) 
void glLightModel[i f]v (GLenum pname,  

 const GLtype *params) 

 pname ,      
     : 

GL_LIGHT_MODEL_LOCAL_VIEWER –  param -
       -
.    GL_FALSE,   

    –z,  -
     .   

  GL_TRUE,    
     .   -

  ,    -
.   : GL_FALSE. 

GL_LIGHT_MODEL_TWO_SIDE  –  param  
       -

   ,     -
.    GL_FALSE,   

    .   
  GL_TRUE,    
  .   : 

GL_FALSE. 
GL_LIGHT_MODEL_AMBIENT –  params  -

      ,  -
       

   .   -
: (0.2, 0.2, 0.2,1.0). 

  
      

 
 
void glMaterial[i f] (GLenum face, GLenum pname,  

                      GLtype param) 
void glMaterial[i f]v (GLenum face, GLenum pname,  

                       GLtype *params) 
 

 
 
void glLightModel[i f] (GLenum pname, GLenum param) 
void glLightModel[i f]v (GLenum pname,  

 const GLtype *params) 

 pname ,      
     : 

GL_LIGHT_MODEL_LOCAL_VIEWER –  param -
       -
.    GL_FALSE,   

    –z,  -
     .   

  GL_TRUE,    
     .   -

  ,    -
.   : GL_FALSE. 

GL_LIGHT_MODEL_TWO_SIDE  –  param  
       -

   ,     -
.    GL_FALSE,   

    .   
  GL_TRUE,    
  .   : 

GL_FALSE. 
GL_LIGHT_MODEL_AMBIENT –  params  -

      ,  -
       

   .   -
: (0.2, 0.2, 0.2,1.0). 

  
      

 
 
void glMaterial[i f] (GLenum face, GLenum pname,  

                      GLtype param) 
void glMaterial[i f]v (GLenum face, GLenum pname,  

                       GLtype *params) 
 



 

     ,   
   ,     -

    ,  '   
.       param, 
   pname: 

GL_AMBIENT –  params     
    RGBA,  -
    (   

 ).   : (0.2, 0.2, 0.2, 
1.0). 

GL_DIFFUSE –  params     
    RGBA,  -
   .   -

: (0.8, 0.8, 0.8, 1.0). 
GL_SPECULAR –  params     

   RGBA,   -
  .   : 

(0.0, 0.0, 0.0, 1.0). 
GL_SHININESS –  params      

     0  128,   
   .  

 : 0. 
GL_EMISSION –  params     

    RGBA,   
   . 

  : (0.0, 0.0, 0.0, 1.0). 
GL_AMBIENT_AND_DIFFUSE –    -

 glMaterial*()   pname 
GL_AMBIENT  GL_DIFFUSE   -

 params.  
  ,    glMaterial[i f]() 

        -
 (shininess).  glMaterial[i f]v() -

    .  

 

     ,   
   ,     -

    ,  '   
.       param, 
   pname: 

GL_AMBIENT –  params     
    RGBA,  -
    (   

 ).   : (0.2, 0.2, 0.2, 
1.0). 

GL_DIFFUSE –  params     
    RGBA,  -
   .   -

: (0.8, 0.8, 0.8, 1.0). 
GL_SPECULAR –  params     

   RGBA,   -
  .   : 

(0.0, 0.0, 0.0, 1.0). 
GL_SHININESS –  params      

     0  128,   
   .  

 : 0. 
GL_EMISSION –  params     

    RGBA,   
   . 

  : (0.0, 0.0, 0.0, 1.0). 
GL_AMBIENT_AND_DIFFUSE –    -

 glMaterial*()   pname 
GL_AMBIENT  GL_DIFFUSE   -

 params.  
  ,    glMaterial[i f]() 

        -
 (shininess).  glMaterial[i f]v() -

    .  



 

 face   ,     -
,     GL_FRONT  GL_BACK. 

    '     -
,     , -

 glEnable()   GL_COLOR_MATE-RIAL, 
    

 

void glColorMaterial(GLenum face, GLenum pname), 
  

  face   ,   pname  -
   .      

 pname     '  
(  )    glColor*(), 

       
glMaterial*()    .  

   : 
float mat_dif[]={0.8,0.8,0.8}; 
float mat_amb[] = {0.2, 0.2, 0.2}; 
float mat_spec[] = {0.6, 0.6, 0.6}; 
float shininess = 0.7 * 128; 
… 
glMaterialfv (GL_FRONT_AND_BACK,GL_AMBIENT, mat_amb); 
glMaterialfv (GL_FRONT_AND_BACK,GL_DIFFUSE, mat_dif); 
glMaterialfv (GL_FRONT_AND_BACK,GL_SPECULAR, mat_spec); 
glMaterialf  (GL_FRONT,GL_SHININESS, shininess); 

   
   '   ,   

    .   '    (  -
  ,    ).   

       
 
void glLight[i f] (GLenum light, GLenum pname,  

                   GLfloat param) 
void glLight[i f] (GLenum light, GLenum pname,  

                   GLfloat *params) 

 light     .   -
       GL_LIGHTi i  

 

 face   ,     -
,     GL_FRONT  GL_BACK. 

    '     -
,     , -

 glEnable()   GL_COLOR_MATE-RIAL, 
    

 

void glColorMaterial(GLenum face, GLenum pname), 
  

  face   ,   pname  -
   .      

 pname     '  
(  )    glColor*(), 

       
glMaterial*()    .  

   : 
float mat_dif[]={0.8,0.8,0.8}; 
float mat_amb[] = {0.2, 0.2, 0.2}; 
float mat_spec[] = {0.6, 0.6, 0.6}; 
float shininess = 0.7 * 128; 
… 
glMaterialfv (GL_FRONT_AND_BACK,GL_AMBIENT, mat_amb); 
glMaterialfv (GL_FRONT_AND_BACK,GL_DIFFUSE, mat_dif); 
glMaterialfv (GL_FRONT_AND_BACK,GL_SPECULAR, mat_spec); 
glMaterialf  (GL_FRONT,GL_SHININESS, shininess); 

   
   '   ,   

    .   '    (  -
  ,    ).   

       
 
void glLight[i f] (GLenum light, GLenum pname,  

                   GLfloat param) 
void glLight[i f] (GLenum light, GLenum pname,  

                   GLfloat *params) 

 light     .   -
       GL_LIGHTi i  



 

     0   GL_MAX_LIGHT, 
    . 

 pname  params  ,   
glMaterial*().    pname: 

GL_SPOT_EXPONENT –  param    
    0  128,    -

 .     -
  .   -

: 0 (  ).  
GL_SPOT_CUTOFF –  param     

   0  90   180,   
   .   

      -
  ,  . 

  : 180 (  ). 
GL_AMBIENT –  params     

    RGBA,  -
   .   -

: (0.0, 0.0, 0.0, 1.0).  
GL_DIFFUSE –  params     

    RGBA,  -
   .   

: (1.0, 1.0, 1.0, 1.0)   GL_LIGHT0  
 (0.0, 0.0, 0.0, 1.0)  .  

GL_SPECULAR –  params    -
      RGBA,  -

   .  
 : (1.0, 1.0, 1.0, 1.0)   

GL_LIGHT0   (0.0, 0.0, 0.0, 1.0)  . 
GL_POSITION –  params     

   ,    -
 .      w  -
 0.0,      -

      
    (x,y,z),   

 

     0   GL_MAX_LIGHT, 
    . 

 pname  params  ,   
glMaterial*().    pname: 

GL_SPOT_EXPONENT –  param    
    0  128,    -

 .     -
  .   -

: 0 (  ).  
GL_SPOT_CUTOFF –  param     

   0  90   180,   
   .   

      -
  ,  . 

  : 180 (  ). 
GL_AMBIENT –  params     

    RGBA,  -
   .   -

: (0.0, 0.0, 0.0, 1.0).  
GL_DIFFUSE –  params     

    RGBA,  -
   .   

: (1.0, 1.0, 1.0, 1.0)   GL_LIGHT0  
 (0.0, 0.0, 0.0, 1.0)  .  

GL_SPECULAR –  params    -
      RGBA,  -

   .  
 : (1.0, 1.0, 1.0, 1.0)   

GL_LIGHT0   (0.0, 0.0, 0.0, 1.0)  . 
GL_POSITION –  params     

   ,    -
 .      w  -
 0.0,      -

      
    (x,y,z),   



 

 ,     -
 (x,y,z,w).      
     ,  

   . -
  : (0.0, 0.0, 1.0, 0.0).  

GL_SPOT_DIRECTION –  params   -
     ,   -

 .   : (0.0, 0.0, 
-1.0, 1.0).     ,  

 GL_SPOT_CUTOFF   180 
( ,  ,   ).  

GL_CONSTANT_ATTENUATION,   
GL_LINEAR_ATTENUATION,  
GL_QUADRATIC_ATTENUATION –  params  

    ,  -
      

 .    -
.      ( . 

GL_POSITION),    -
 : 

 attconstant+attlinear*d+ attquadratic *d2,  
  d –       

 , attconstant, attlinear  attquadratic -
 ,    -
 GL_CONSTANT_ATTENUATION, 

GL_LINEAR_ATTENUATION  
GL_QUADRATIC_ATTENUATION .  

     (1, 
0, 0),     .  

        -
 :  OpenGL    ' ,    -

 ,    .     
    OpenGL - ,   -
  ,   -  

 

 ,     -
 (x,y,z,w).      
     ,  

   . -
  : (0.0, 0.0, 1.0, 0.0).  

GL_SPOT_DIRECTION –  params   -
     ,   -

 .   : (0.0, 0.0, 
-1.0, 1.0).     ,  

 GL_SPOT_CUTOFF   180 
( ,  ,   ).  

GL_CONSTANT_ATTENUATION,   
GL_LINEAR_ATTENUATION,  
GL_QUADRATIC_ATTENUATION –  params  

    ,  -
      

 .    -
.      ( . 

GL_POSITION),    -
 : 

 attconstant+attlinear*d+ attquadratic *d2,  
  d –       

 , attconstant, attlinear  attquadratic -
 ,    -
 GL_CONSTANT_ATTENUATION, 

GL_LINEAR_ATTENUATION  
GL_QUADRATIC_ATTENUATION .  

     (1, 
0, 0),     .  

        -
 :  OpenGL    ' ,    -

 ,    .     
    OpenGL - ,   -
  ,   -  



 

    ' ,     -
  OpenGL.  ,    
  '    ,   '   

 ' . , ,    -
,     ,   '  . 

  : 
      

glLight*()      
( ,  glLookAt()),   ,  -

 (0,0,0)      , , 
      -

.       
   -   ' ,  

 ,        
   .  

      -
    glEnable(GL_LIGHTNING),  

     , -
  glEnable (GL_LIGHTi).  

     ,     -
    ,   -

 glColor*().      -
      ,     

. 
   

        
 OpenGL -   .   

   ,      -
,  ' ,      ' . 

  OpenGL     '   
    ,     -
.       ,  

         
OpenGL.     . 

      
 glEnable(GL_FOG).  

 

    ' ,     -
  OpenGL.  ,    
  '    ,   '   

 ' . , ,    -
,     ,   '  . 

  : 
      

glLight*()      
( ,  glLookAt()),   ,  -

 (0,0,0)      , , 
      -

.       
   -   ' ,  

 ,        
   .  

      -
    glEnable(GL_LIGHTNING),  

     , -
  glEnable (GL_LIGHTi).  

     ,     -
    ,   -

 glColor*().      -
      ,     

. 
   

        
 OpenGL -   .   

   ,      -
,  ' ,      ' . 

  OpenGL     '   
    ,     -
.       ,  

         
OpenGL.     . 

      
 glEnable(GL_FOG).  



 

       -
    

 
voidglFog[if] (enumpname, Tparam) ; 
voidglFog[if]v (enumpname, Tparams) ; 
 

 pname    : 
GL_FOG_MODE  param  ,   

     .  
   param   : 

GL_EXP     f=exp(-d*z) 
GL_EXP2     f=exp(-

(d*z)2) 
GL_LINEAR    f=e-z/e-s, 
 z -   ,     -

,   . 
 d,e,s      -

 pname: 
GL_FOG_DENSITY   d  
GL_FOG_START   s  
GL_FOG_END   e  

      pname,  
 GL_FOG_COLOR,    params –  

   4-   . 
    : 

 

GLfloat FogColor[4]={0.5,0.5,0.5,1}; 
glEnable(GL_FOG); 
glFogi(GL_FOG_MODE,GL_LINEAR); 
glFogf(GL_FOG_START,20.0); 
glFogf(GL_FOG_END,100.0); 
glFogfv(GL_FOG_COLOR,FogColor); 
 

  
     ,   -

    ' , ,    -
 . 

 

       -
    

 
voidglFog[if] (enumpname, Tparam) ; 
voidglFog[if]v (enumpname, Tparams) ; 
 

 pname    : 
GL_FOG_MODE  param  ,   

     .  
   param   : 

GL_EXP     f=exp(-d*z) 
GL_EXP2     f=exp(-

(d*z)2) 
GL_LINEAR    f=e-z/e-s, 
 z -   ,     -

,   . 
 d,e,s      -

 pname: 
GL_FOG_DENSITY   d  
GL_FOG_START   s  
GL_FOG_END   e  

      pname,  
 GL_FOG_COLOR,    params –  

   4-   . 
    : 

 

GLfloat FogColor[4]={0.5,0.5,0.5,1}; 
glEnable(GL_FOG); 
glFogi(GL_FOG_MODE,GL_LINEAR); 
glFogf(GL_FOG_START,20.0); 
glFogf(GL_FOG_END,100.0); 
glFogfv(GL_FOG_COLOR,FogColor); 
 

  
     ,   -

    ' , ,    -
 . 



 

    '     -
,     ,    -

  ,    OpenGL  -
 .  

        :  
1)        ; 
2)    OpenGL; 
3) ,      '     

   ; 
4) '    ' . 

  
       -

'        OpenGL. 
          

 .    ,  -
    GLAUX (     -
   glaux.lib),    -

 .   
 
AUX_RGBImageRec* auxDIBImageLoad (const char *file), 
 
 file –     *.bmp  *.dib.  -
    ' ,    . 

      '     
:  

- ,  ,   ,    , 
    .      

     '     
 .      

 ,      . 
        

 

void gluScaleImage(GLenum format, GLint widthin,  
                    GL heightin, GLenum typein,  
                    const void *datain,  
                    GLint widthout,  
                    GLint heightout, GLenum typeout,  
                    void *dataout) 

 

 

    '     -
,     ,    -

  ,    OpenGL  -
 .  

        :  
1)        ; 
2)    OpenGL; 
3) ,      '     

   ; 
4) '    ' . 

  
       -

'        OpenGL. 
          

 .    ,  -
    GLAUX (     -
   glaux.lib),    -

 .   
 
AUX_RGBImageRec* auxDIBImageLoad (const char *file), 
 
 file –     *.bmp  *.dib.  -
    ' ,    . 

      '     
:  

- ,  ,   ,    , 
    .      

     '     
 .      

 ,      . 
        

 

void gluScaleImage(GLenum format, GLint widthin,  
                    GL heightin, GLenum typein,  
                    const void *datain,  
                    GLint widthout,  
                    GLint heightout, GLenum typeout,  
                    void *dataout) 

 



 

   format   -
 GL_RGB  GL_RGBA,     -

.  widthin, heightin, widhtout, heightout -
     ,    typein 

 typeout    ,    
datain  dataout.   ,     
GL_UNSIGNED_BYTE, GL_SHORT, GL_INT   .  

      ' ,    -
 dataout.  
- ,   ,  '   -

         
.   ' ,       

        -
 (mipmap).      , 

 ,  ,      .  
        ' . -

,    2mx2n   
max(m,n)+1  ,     

.  
         '  

OpenGL      
 
void gluBuild2DMipmaps(GLenum target, GLint 

components,  
                        GLint width, GLint height,  
                        GLenum format, GLenum type,  
                        const void *data), 

 
  target   GL_TEXTURE_2D. -

 components      
     : 

 
GL_LUMINANCE   – . (  

 ) 
GL_RGB   , ,  
GL_RGBA    . 

 

   format   -
 GL_RGB  GL_RGBA,     -

.  widthin, heightin, widhtout, heightout -
     ,    typein 

 typeout    ,    
datain  dataout.   ,     
GL_UNSIGNED_BYTE, GL_SHORT, GL_INT   .  

      ' ,    -
 dataout.  
- ,   ,  '   -

         
.   ' ,       

        -
 (mipmap).      , 

 ,  ,      .  
        ' . -

,    2mx2n   
max(m,n)+1  ,     

.  
         '  

OpenGL      
 
void gluBuild2DMipmaps(GLenum target, GLint 

components,  
                        GLint width, GLint height,  
                        GLenum format, GLenum type,  
                        const void *data), 

 
  target   GL_TEXTURE_2D. -

 components      
     : 

 
GL_LUMINANCE   – . (  

 ) 
GL_RGB   , ,  
GL_RGBA    . 



 

 width, height, data     
 ,  format  type   ,    

 gluScaleImage(). 
        

'  OpenGL,   ' ,    , 
 . 

 OpenGL    ,  
   ,    target  

GL_TEXTURE_1D.     ,   
    . 

       ,  OpenGL -
 ,      (   
 ' ).      

 
void glGenTextures(GLsizei n, GLuint* textures) 
 

  n  ,     -
 textures.      -

     (« ' » ), -
  

 
void glBindTexture(GLenum target, GLuint texture), 
 
 target    GL_TEXTURE_1D  

GL_TEXTURE_2D,   texture   
  ,      

.         
   ,     
 glBindTexture()    target  

texture.  ,  glBindTexture()   
    texture,    

  ,        
. 

       -
 ,      256x256  

512x512 . ,     
  . 

 

 width, height, data     
 ,  format  type   ,    

 gluScaleImage(). 
        

'  OpenGL,   ' ,    , 
 . 

 OpenGL    ,  
   ,    target  

GL_TEXTURE_1D.     ,   
    . 

       ,  OpenGL -
 ,      (   
 ' ).      

 
void glGenTextures(GLsizei n, GLuint* textures) 
 

  n  ,     -
 textures.      -

     (« ' » ), -
  

 
void glBindTexture(GLenum target, GLuint texture), 
 
 target    GL_TEXTURE_1D  

GL_TEXTURE_2D,   texture   
  ,      

.         
   ,     
 glBindTexture()    target  

texture.  ,  glBindTexture()   
    texture,    

  ,        
. 

       -
 ,      256x256  

512x512 . ,     
  . 



 

 
   '  

  ,   ,   
,        

' ,    .     -
,    ,  ,     

,       -
.       -

    (s,t),   s  
t    [0,1] ( . 6.8). 

      : 
void glTexParameter[i f] (GLenum target, GLenum 

pname,GLenum param) 
 
void glTexParameter[i f]v (GLenum target, GLenum 

pname,Glenum* params) 
 

s

t 

(0,0) 

(0,1) (1,1) 

(1,0) 

.6.8.   

  target  -
  GL_TEXTURE_1D 

 GL_TEXTURE_2D, pname -
,    
,     param 

 params   
.   

pname: 
GL_TEXTURE_MIN_FILTER 

 param  -
,     

  .     GL_NEAREST      -
  ( ),    GL_LINEAR 

   .   : 
GL_LINEAR. 
GL_TEXTURE_MAG_FILTER  param  -

,      
( ) .   GL_NEA-
REST    ( ), 

 

 
   '  

  ,   ,   
,        

' ,    .     -
,    ,  ,     

,       -
.       -

    (s,t),   s  
t    [0,1] ( . 6.8). 

      : 
void glTexParameter[i f] (GLenum target, GLenum 

pname,GLenum param) 
 
void glTexParameter[i f]v (GLenum target, GLenum 

pname,Glenum* params) 
 

s

t 

(0,0) 

(0,1) (1,1) 

(1,0) 

.6.8.   

  target  -
  GL_TEXTURE_1D 

 GL_TEXTURE_2D, pname -
,    
,     param 

 params   
.   

pname: 
GL_TEXTURE_MIN_FILTER 

 param  -
,     

  .     GL_NEAREST      -
  ( ),    GL_LINEAR 

   .   : 
GL_LINEAR. 
GL_TEXTURE_MAG_FILTER  param  -

,      
( ) .   GL_NEA-
REST    ( ), 



 

   GL_LINEAR   
 .   -

:GL_LINEAR. 
GL_TEXTURE_WRAP_S  param   -

 s,       [0,1]. 
  GL_ REPEAT   s -
,       

.   GL_CLAMP -
  : 0  1,   -

,    '    . 
  : GL_REPEAT.  

GL_TEXTURE_WRAP_T   , 
   t. 

  GL_NEAREST   -
 ,     ,    

  GL_LINEAR   .  
   ,      -

,    ' ,   
 
void glTexEnv[i f]  (GLenum target, GLenum pname,  

                     GLtype param) 
void glTexEnv[i f]v (GLenum target, GLenum pname,  

                     GLtype *params) 
  

 target   GL_TEXTURE_ENV,    
pname     
GL_TEXTURE_ENV_MODE,    .  

     param: 
 

GL_MODULATE      -
         

 .  
GL_REPLACE         

. 
       -

: 

 

   GL_LINEAR   
 .   -

:GL_LINEAR. 
GL_TEXTURE_WRAP_S  param   -

 s,       [0,1]. 
  GL_ REPEAT   s -
,       

.   GL_CLAMP -
  : 0  1,   -

,    '    . 
  : GL_REPEAT.  

GL_TEXTURE_WRAP_T   , 
   t. 

  GL_NEAREST   -
 ,     ,    

  GL_LINEAR   .  
   ,      -

,    ' ,   
 
void glTexEnv[i f]  (GLenum target, GLenum pname,  

                     GLtype param) 
void glTexEnv[i f]v (GLenum target, GLenum pname,  

                     GLtype *params) 
  

 target   GL_TEXTURE_ENV,    
pname     
GL_TEXTURE_ENV_MODE,    .  

     param: 
 

GL_MODULATE      -
         

 .  
GL_REPLACE         

. 
       -

: 



 
/*     */ 
#define NUM_TEXTURES 10 
/*   */ 
int TextureIDs[NUM_TEXTURES];   
/*   */ 
AUX_RGBImageRec *pImage; 
 
… 
/* 1)    */ 
glGenTextures(NUM_TEXTURES,TextureIDs); 
 
/* 2)      */ 
glBindTexture(TextureIDs[i]); /* 0<=i<NUM_TEXTURES*/ 
/* 3)  .   -  
2 */ 
pImage=dibImageLoad("texture.bmp"); 
if (Texture!=NULL) 
{ 
  /* 4)   OpenGL   */ 
  /*    */ 
  glPixelStorei(GL_UNPACK_ALIGNMENT,1); 
  gluBuildMipmaps(GL_TEXTURE_2D,GL_RGB, pImage->size,  
    pImage->size, GL_RGB, GL_UNSIGNED_BYTE,  
    pImage->data); 
  glTexParameterf(GL_TEXTURE_2D,GL_TEXTURE_MAG_FILTER, 
    (float)GL_LINEAR); 
  glTexParameterf(GL_TEXTURE_2D, GL_TEXTURE_MIN_FILTER, 
    (float)GL_LINEAR); 
  glTexParameterf(GL_TEXTURE_2D, GL_TEXTURE_WRAP_S, 
    (float)GL_REPEAT); 
  glTexParameterf(GL_TEXTURE_2D, GL_TEXTURE_WRAP_T, 
    (float)GL_REPEAT); 
  glTexEnvf(GL_TEXTURE_ENV, GL_TEXTURE_ENV_MODE, 
    (float)GL_REPLACE); 
  /* 5)   .*/ 
  free(Texture); 
}else Error(); 

  
    '    -

     '     . -
     :    

 
/*     */ 
#define NUM_TEXTURES 10 
/*   */ 
int TextureIDs[NUM_TEXTURES];   
/*   */ 
AUX_RGBImageRec *pImage; 
 
… 
/* 1)    */ 
glGenTextures(NUM_TEXTURES,TextureIDs); 
 
/* 2)      */ 
glBindTexture(TextureIDs[i]); /* 0<=i<NUM_TEXTURES*/ 
/* 3)  .   -  
2 */ 
pImage=dibImageLoad("texture.bmp"); 
if (Texture!=NULL) 
{ 
  /* 4)   OpenGL   */ 
  /*    */ 
  glPixelStorei(GL_UNPACK_ALIGNMENT,1); 
  gluBuildMipmaps(GL_TEXTURE_2D,GL_RGB, pImage->size,  
    pImage->size, GL_RGB, GL_UNSIGNED_BYTE,  
    pImage->data); 
  glTexParameterf(GL_TEXTURE_2D,GL_TEXTURE_MAG_FILTER, 
    (float)GL_LINEAR); 
  glTexParameterf(GL_TEXTURE_2D, GL_TEXTURE_MIN_FILTER, 
    (float)GL_LINEAR); 
  glTexParameterf(GL_TEXTURE_2D, GL_TEXTURE_WRAP_S, 
    (float)GL_REPEAT); 
  glTexParameterf(GL_TEXTURE_2D, GL_TEXTURE_WRAP_T, 
    (float)GL_REPEAT); 
  glTexEnvf(GL_TEXTURE_ENV, GL_TEXTURE_ENV_MODE, 
    (float)GL_REPLACE); 
  /* 5)   .*/ 
  free(Texture); 
}else Error(); 

  
    '    -

     '     . -
     :    



 

     ,   -
  . 

      
 
void glTexCoord[1 2 3 4][s i f d]  (type coord) 
void glTexCoord[1 2 3 4][s i f d]v (type *coord) 
 

   glTexCoord2*(type 
s, type t),     .  -

       
  ,    .     

      -
 ,    GLU  ,   -

  ,  ,   ,  -
    .     

 
 

void gluQuadricTexture (GLUquadricObj* quadObject, 
GLboolean textureCoords) 

 

  textureCoords  GL_TRUE,    -
     . 

      
 
void glTexGen[i f d]  (GLenum coord, GLenum pname,  

                       GLtype param) 
void glTexGen[i f d]v (GLenum coord, GLenum pname, 

                       const GLtype *params) 

 coord ,     -
,     GL_S,GL_T; pname  -

    : 
GL_TEXTURE_GEN_MODE     

. 
    param  : 

GL_OBJECT_LINEAR      -
    ,  -
    pname 

GL_OBJECT_PLANE ( . ).  -

 

     ,   -
  . 

      
 
void glTexCoord[1 2 3 4][s i f d]  (type coord) 
void glTexCoord[1 2 3 4][s i f d]v (type *coord) 
 

   glTexCoord2*(type 
s, type t),     .  -

       
  ,    .     

      -
 ,    GLU  ,   -

  ,  ,   ,  -
    .     

 
 

void gluQuadricTexture (GLUquadricObj* quadObject, 
GLboolean textureCoords) 

 

  textureCoords  GL_TRUE,    -
     . 

      
 
void glTexGen[i f d]  (GLenum coord, GLenum pname,  

                       GLtype param) 
void glTexGen[i f d]v (GLenum coord, GLenum pname, 

                       const GLtype *params) 

 coord ,     -
,     GL_S,GL_T; pname  -

    : 
GL_TEXTURE_GEN_MODE     

. 
    param  : 

GL_OBJECT_LINEAR      -
    ,  -
    pname 

GL_OBJECT_PLANE ( . ).  -



 

 : g=x*xp+y*yp+z*zp+w*wp,  g - -
   (s  p), x, y, z, w - -

  . xp, yp, zp, wp - -
  .   

  ' . 
GL_EYE_LINEAR   ,   

   . 
   '     

    ' . 
GL_SPHERE_MAP      '-

.   " "  ' . 
     -

    . 
GL_OBJECT_PLANE    ,   

     -
,    

GL_OBJECT_LINEAR.     
params       -

  . 
GL_EYE_PLANE   .  

    GL_EYE_LINEAR 
      

    glEnable   
GL_TEXTURE_GEN_S  GL_TEXTURE_GEN_P. 

 6.2. ,     .  -
         '-

,    .      
    s_coeffs  t_coeffs   

 (1,0,0,1)  (0,1,0,1),    : 

glEnable (GL_TEXTURE_GEN_S); 
glTexGeni (GL_S, GL_TEXTURE_GEN_MODE, GL_EYE_LINEAR); 
glTexGendv (GL_S, GL_EYE_PLANE, s_coeffs); 

      t   . 

   
       -

,      OpenGL   

 

 : g=x*xp+y*yp+z*zp+w*wp,  g - -
   (s  p), x, y, z, w - -

  . xp, yp, zp, wp - -
  .   

  ' . 
GL_EYE_LINEAR   ,   

   . 
   '     

    ' . 
GL_SPHERE_MAP      '-

.   " "  ' . 
     -

    . 
GL_OBJECT_PLANE    ,   

     -
,    

GL_OBJECT_LINEAR.     
params       -

  . 
GL_EYE_PLANE   .  

    GL_EYE_LINEAR 
      

    glEnable   
GL_TEXTURE_GEN_S  GL_TEXTURE_GEN_P. 

 6.2. ,     .  -
         '-

,    .      
    s_coeffs  t_coeffs   

 (1,0,0,1)  (0,1,0,1),    : 

glEnable (GL_TEXTURE_GEN_S); 
glTexGeni (GL_S, GL_TEXTURE_GEN_MODE, GL_EYE_LINEAR); 
glTexGendv (GL_S, GL_EYE_PLANE, s_coeffs); 

      t   . 

   
       -

,      OpenGL   



 

 ,       -
,  ,   .  -
           
 ,        

 . 
OpenGL   ,    

   .   OpenGL     -
  ,       -

.       
   . 
  OpenGL     -

: 
–   ; 
–  ; 
– -  ( ); 
–  . 

     ,    
  .      

  (front)   (back) .  ,  -
    ,    -
   .    '    

  . 
      -

,        . 
-      . 

       [2, 15]. 
       

( ),        
,     .  

 .  
  '  - ,      

   ,     
 '    . OpenGL   

    ' . 

 

 ,       -
,  ,   .  -
           
 ,        

 . 
OpenGL   ,    

   .   OpenGL     -
  ,       -

.       
   . 
  OpenGL     -

: 
–   ; 
–  ; 
– -  ( ); 
–  . 

     ,    
  .      

  (front)   (back) .  ,  -
    ,    -
   .    '    

  . 
      -

,        . 
-      . 

       [2, 15]. 
       

( ),        
,     .  

 .  
  '  - ,      

   ,     
 '    . OpenGL   

    ' . 



 

      -
  (blending).    -

     (  « »  -
   )     ,   

  .     
  - - ,     

 - .     
- -   ,    -

 ,       
    .    -

  glEnable(GL_BLEND). 
      : 

 
void glBlendFunc(enum src,enum dst) 
 

 src ,    k1  -
 , a dst     k2   

  .     -
  : res= src*k1+cdst*k2,  src   –  -

 , cdst  –      (res, k1, k1, src, 
cdst   –  RGBA- ). 

      
src  dst. 

 
GL_SRC_ALPHA    k=(As,As,As,As) 
GL_SRC_ONE_MINUS_ALPHA k=(1,1,1,1) -(As,As,As,As) 
GL_DST_COLOR    k=(Rd,Gd,Bd) 
GL_ONE_MINUS_DST_COLOR k=(1,1,1,1) - (Rd,Gd,Bd, d) 
GL_DST_ALPHA    k=(Ad,Ad,Ad,Ad) 
GL_DST_ONE_MINUS_ALPHA k=(1,1,1,1) -(Ad,Ad,Ad,Ad) 
GL_SRC_COLOR    k=(Rs,Gs,Bs) 
GL_ONE_MINUS_SRC_COLOR k=(1,1,1,1) - (Rs,Gs,Bs,As) 

 6.3. ,      
' .    - -  

 

      -
  (blending).    -

     (  « »  -
   )     ,   

  .     
  - - ,     

 - .     
- -   ,    -

 ,       
    .    -

  glEnable(GL_BLEND). 
      : 

 
void glBlendFunc(enum src,enum dst) 
 

 src ,    k1  -
 , a dst     k2   

  .     -
  : res= src*k1+cdst*k2,  src   –  -

 , cdst  –      (res, k1, k1, src, 
cdst   –  RGBA- ). 

      
src  dst. 

 
GL_SRC_ALPHA    k=(As,As,As,As) 
GL_SRC_ONE_MINUS_ALPHA k=(1,1,1,1) -(As,As,As,As) 
GL_DST_COLOR    k=(Rd,Gd,Bd) 
GL_ONE_MINUS_DST_COLOR k=(1,1,1,1) - (Rd,Gd,Bd, d) 
GL_DST_ALPHA    k=(Ad,Ad,Ad,Ad) 
GL_DST_ONE_MINUS_ALPHA k=(1,1,1,1) -(Ad,Ad,Ad,Ad) 
GL_SRC_COLOR    k=(Rs,Gs,Bs) 
GL_ONE_MINUS_SRC_COLOR k=(1,1,1,1) - (Rs,Gs,Bs,As) 

 6.3. ,      
' .    - -  



 
.  1 -  ' ; 0 -  ,  -

.     : 
 

glEnable(GL_BLEND); 
glBlendFunc(GL_SRC_ALPHA,GL_SRC_ONE_MINUS_ALPHA); 
 

,       : 
glColor3f(1.0, 0.0, 0.0, 0.5); 
glBegin(GL_TRIANGLES);  
  glVertex3f(0.0, 0.0, 0.0);  
  glVertex3f(1.0, 0.0, 0.0);  
  glVertex3f(1.0, 1.0, 0.0);  
glEnd(); 

      ' ,    
 ,       -

   : 
–   '    ; 
–   '      -

   ,  ,   
   . 

 OpenGL      -
,        

     glVertex*(),     -
  . 

 
-  

-  (accumulation buffer) –     
 OpenGL.     , -

     . -  
     . -

   ,      
 
void glReadBuffer(enum buf) 
 

 buf    .  buf,  
GL_BACK, GL_FRONT,     

 . GL_BACK      -
; GL_FRONT –    .   

 
.  1 -  ' ; 0 -  ,  -

.     : 
 

glEnable(GL_BLEND); 
glBlendFunc(GL_SRC_ALPHA,GL_SRC_ONE_MINUS_ALPHA); 
 

,       : 
glColor3f(1.0, 0.0, 0.0, 0.5); 
glBegin(GL_TRIANGLES);  
  glVertex3f(0.0, 0.0, 0.0);  
  glVertex3f(1.0, 0.0, 0.0);  
  glVertex3f(1.0, 1.0, 0.0);  
glEnd(); 

      ' ,    
 ,       -

   : 
–   '    ; 
–   '      -

   ,  ,   
   . 

 OpenGL      -
,        

     glVertex*(),     -
  . 

 
-  

-  (accumulation buffer) –     
 OpenGL.     , -

     . -  
     . -

   ,      
 
void glReadBuffer(enum buf) 
 

 buf    .  buf,  
GL_BACK, GL_FRONT,     

 . GL_BACK      -
; GL_FRONT –    .   



 

,    .  -
     ,  -

   (  , OpenGL    
, , ,    -

,       ). 
-     .   -

    ,   -
         . -

  ,  ,   « » 
  . 

     - -
-      ,    -

 
 
void glDrawBuffer(enum buf) 
 

 buf       -
 glReadBuffer. 
   - -  -

   
 
void glAccum(enum op,GLfloat value) 
 

 op         
: 

GL_LOAD    ,   ,  
   value    -

- - . 
GL_ACCUM  ,     -

       -
. 

GL_MULT        
   value . 

GL_ADD  ,    
 . 

 

,    .  -
     ,  -

   (  , OpenGL    
, , ,    -

,       ). 
-     .   -

    ,   -
         . -

  ,  ,   « » 
  . 

     - -
-      ,    -

 
 
void glDrawBuffer(enum buf) 
 

 buf       -
 glReadBuffer. 
   - -  -

   
 
void glAccum(enum op,GLfloat value) 
 

 op         
: 

GL_LOAD    ,   ,  
   value    -

- - . 
GL_ACCUM  ,     -

       -
. 

GL_MULT        
   value . 

GL_ADD  ,    
 . 



 

GL_RETURN    -   
,   .    -
    value. 

 ,    - -
    -   

glEnable.     .  
  

         -
    ,    ,  -

  ( )  .   OpenGL  
    (stencil buffer).   ,  

     .  
      ,   

OpenGL    ( )   -
     .   ,  -

   .  
       -

: 
 
voidglStencilFunc (enumfunc, intref, uintmask)  
voidglStencilOp(enumsfail, enumdpfail, enumdppass)  
 

 ref  glStencilFunc    -
.      0  2s –1, s -   

    . 
   func   .  
   : 

GL_NEVER    ,    
false 

GL_ALWAYS   . 
GL_LESS, GL_LEQUAL, GL_EQUAL,  
GL_GEQUAL, GL_GREATE, GL_NOTEQUAL    

 ,  ref      
,   , , ,   

,   . 

 

GL_RETURN    -   
,   .    -
    value. 

 ,    - -
    -   

glEnable.     .  
  

         -
    ,    ,  -

  ( )  .   OpenGL  
    (stencil buffer).   ,  

     .  
      ,   

OpenGL    ( )   -
     .   ,  -

   .  
       -

: 
 
voidglStencilFunc (enumfunc, intref, uintmask)  
voidglStencilOp(enumsfail, enumdpfail, enumdppass)  
 

 ref  glStencilFunc    -
.      0  2s –1, s -   

    . 
   func   .  
   : 

GL_NEVER    ,    
false 

GL_ALWAYS   . 
GL_LESS, GL_LEQUAL, GL_EQUAL,  
GL_GEQUAL, GL_GREATE, GL_NOTEQUAL    

 ,  ref      
,   , , ,   

,   . 



 

 mask    .     
    : ((ref AND mask) op 

(svalue AND mask)) 
 glStencilOp      -

        -
 . 

 sfail        
    : 

 

GL_KEEP, GL_ZERO, GL_REPLACE, 
GL_INCR, GL_DECR, GL_INVERT,  
 

     ,   , -
    (ref), ,    -
.  

 dpfail      -
     z- ,  dppass     -

   .     -
,    sfail.      

  GL_KEEP. 
      

glEnable(GL_STENCIL_TEST); 
      , 

  , ,       
  . 

 

6.4.    OpenGL 
    ,    OpenGL -

    ,    
   . 

 
  

     (antialiasing).  -
 (aliasing)      -

      ( ,  , ) -
 .     ’   . 

 

 mask    .     
    : ((ref AND mask) op 

(svalue AND mask)) 
 glStencilOp      -

        -
 . 

 sfail        
    : 

 

GL_KEEP, GL_ZERO, GL_REPLACE, 
GL_INCR, GL_DECR, GL_INVERT,  
 

     ,   , -
    (ref), ,    -
.  

 dpfail      -
     z- ,  dppass     -

   .     -
,    sfail.      

  GL_KEEP. 
      

glEnable(GL_STENCIL_TEST); 
      , 

  , ,       
  . 

 

6.4.    OpenGL 
    ,    OpenGL -

    ,    
   . 

 
  

     (antialiasing).  -
 (aliasing)      -

      ( ,  , ) -
 .     ’   . 



 

,     -
.        , -

   .    ,  
       . 

       ,  
       -
.  , ,   -

.     ,   -
  - , ,   , 

   .  
   ,    

    ,    -
    , ,   

.  
     -   -

 1/n,  n -     .   
  -   ,   . 

 
for(i=0;i<samples_count;++i)  
/*  samples_count     5  10 

*/ 
{ 
  ShiftCamera(i); /*   */ 
  RenderScene();  
  if (i==0) 
   /*      */ 
   glAccum(GL_LOAD,1/(float)samples_count); 
  else 
   /*     */ 
   glAccum(GL_ACCUM,1/(float)samples_count); 
} 
/*  ,  ,     */ 
glAccum(GL_RETURN,1.0); 

 
 ,       

,  , '      
,       .  -

     ,   
   .  

 

,     -
.        , -

   .    ,  
       . 

       ,  
       -
.  , ,   -

.     ,   -
  - , ,   , 

   .  
   ,    

    ,    -
    , ,   

.  
     -   -

 1/n,  n -     .   
  -   ,   . 

 
for(i=0;i<samples_count;++i)  
/*  samples_count     5  10 

*/ 
{ 
  ShiftCamera(i); /*   */ 
  RenderScene();  
  if (i==0) 
   /*      */ 
   glAccum(GL_LOAD,1/(float)samples_count); 
  else 
   /*     */ 
   glAccum(GL_ACCUM,1/(float)samples_count); 
} 
/*  ,  ,     */ 
glAccum(GL_RETURN,1.0); 

 
 ,       

,  , '      
,       .  -

     ,   
   .  



 

  
 OpenGL        

 .      ,    
  ,      -

 OpenGL.        
 ,        -

. 
 ,    , -

    .  -
    .     

 ,    '   -
. 

  :    '    -
  ,  '     ,   -

  ,    .   -
  ' ,      .  '  

   . 
    . 

: 
P –    ,   . 
L –   ,    . 
S=a(L-P)-P  - ,      P,  a – . 

,      z=0.    
a=zp/(zl-zp). ,  

xs = (xpzl - zlzp) / (zl - zp), 
ys = (ypzl-ylzp) / (zl - zp), 
zs = 0 

  : 
xs=xs'/ws' 
ys=ys'/ws' 
zs=0 
ws'=zl-zp 

  S      -
    : 

 

  
 OpenGL        

 .      ,    
  ,      -

 OpenGL.        
 ,        -

. 
 ,    , -

    .  -
    .     

 ,    '   -
. 

  :    '    -
  ,  '     ,   -

  ,    .   -
  ' ,      .  '  

   . 
    . 

: 
P –    ,   . 
L –   ,    . 
S=a(L-P)-P  - ,      P,  a – . 

,      z=0.    
a=zp/(zl-zp). ,  

xs = (xpzl - zlzp) / (zl - zp), 
ys = (ypzl-ylzp) / (zl - zp), 
zs = 0 

  : 
xs=xs'/ws' 
ys=ys'/ws' 
zs=0 
ws'=zl-zp 

  S      -
    : 



 

 
 
 
 

      ,    -
 ,       S  P,  

  : 
a+b,  a  b –  . 

       : 

,    ,       
 P,   G,   a  b,  

  
(a+b)G = 0. 

 : a(PG) + b(LG) = 0.   -
  

a = (LG), b = -(PG) 
,    S = (LG)P-(PG)L. -

   ,   
S = P[(LG)I - GL],   I –  . 

 (LG)I - GL      
 . 

        
 OpenGL. 

,   floorShadow    
   (LG)I - GL.       

   : 
/*      

 (blending) */ 
glEnable(GL_BLEND); 
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      ,    -
 ,       S  P,  

  : 
a+b,  a  b –  . 

       : 

,    ,       
 P,   G,   a  b,  

  
(a+b)G = 0. 

 : a(PG) + b(LG) = 0.   -
  

a = (LG), b = -(PG) 
,    S = (LG)P-(PG)L. -

   ,   
S = P[(LG)I - GL],   I –  . 

 (LG)I - GL      
 . 

        
 OpenGL. 

,   floorShadow    
   (LG)I - GL.       

   : 
/*      

 (blending) */ 
glEnable(GL_BLEND); 
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glBlendFunc(GL_SRC_ALPHA,GL_ONE_MINUS_SRC_ALPHA); 
glDisable(GL_LIGHTING);  
glColor4f(0.0, 0.0, 0.0, 0.5); 
glPushMatrix(); 
   /*   */ 
   glMultMatrixf((GLfloat *) floorShadow); 
   /*     */ 
   RenderGeometry(); 
glPopMatrix(); 
glEnable(GL_LIGHTING); 
glDisable(GL_BLEND); 
/*      */ 
RenderGeometry();   

 floorShadow       
: 

 

/* :  plane –    
  lightpos -    
   : matrix -   
*/ 
void shadowmatrix(GLfloat matrix[4][4], GLfloat 

plane[4], 
                  GLfloat lightpos[4]) 

{ 
  GLfloat dot; 
 
  dot = plane[0] * lightpos[0] + 
        plane[1] * lightpos[1] + 
        plane[2] * lightpos[2] + 
        plane[3] * lightpos[3]; 
 
  matrix[0][0] = dot - lightpos[0] * plane[0]; 
  matrix[1][0] = 0.f - lightpos[0] * plane[1]; 
  matrix[2][0] = 0.f - lightpos[0] * plane[2]; 
  matrix[3][0] = 0.f - lightpos[0] * plane[3]; 
 
  matrix[0][1] = 0.f - lightpos[1] * plane[0]; 
  matrix[1][1] = dot - lightpos[1] * plane[1]; 
  matrix[2][1] = 0.f - lightpos[1] * plane[2]; 
  matrix[3][1] = 0.f - lightpos[1] * plane[3]; 
 
  matrix[0][2] = 0.f - lightpos[2] * plane[0]; 

 
glBlendFunc(GL_SRC_ALPHA,GL_ONE_MINUS_SRC_ALPHA); 
glDisable(GL_LIGHTING);  
glColor4f(0.0, 0.0, 0.0, 0.5); 
glPushMatrix(); 
   /*   */ 
   glMultMatrixf((GLfloat *) floorShadow); 
   /*     */ 
   RenderGeometry(); 
glPopMatrix(); 
glEnable(GL_LIGHTING); 
glDisable(GL_BLEND); 
/*      */ 
RenderGeometry();   

 floorShadow       
: 

 

/* :  plane –    
  lightpos -    
   : matrix -   
*/ 
void shadowmatrix(GLfloat matrix[4][4], GLfloat 

plane[4], 
                  GLfloat lightpos[4]) 

{ 
  GLfloat dot; 
 
  dot = plane[0] * lightpos[0] + 
        plane[1] * lightpos[1] + 
        plane[2] * lightpos[2] + 
        plane[3] * lightpos[3]; 
 
  matrix[0][0] = dot - lightpos[0] * plane[0]; 
  matrix[1][0] = 0.f - lightpos[0] * plane[1]; 
  matrix[2][0] = 0.f - lightpos[0] * plane[2]; 
  matrix[3][0] = 0.f - lightpos[0] * plane[3]; 
 
  matrix[0][1] = 0.f - lightpos[1] * plane[0]; 
  matrix[1][1] = dot - lightpos[1] * plane[1]; 
  matrix[2][1] = 0.f - lightpos[1] * plane[2]; 
  matrix[3][1] = 0.f - lightpos[1] * plane[3]; 
 
  matrix[0][2] = 0.f - lightpos[2] * plane[0]; 



 
  matrix[1][2] = 0.f - lightpos[2] * plane[1]; 
  matrix[2][2] = dot - lightpos[2] * plane[2]; 
  matrix[3][2] = 0.f - lightpos[2] * plane[3]; 
 
  matrix[0][3] = 0.f - lightpos[3] * plane[0]; 
  matrix[1][3] = 0.f - lightpos[3] * plane[1]; 
  matrix[2][3] = 0.f - lightpos[3] * plane[2]; 
  matrix[3][3] = dot - lightpos[3] * plane[3]; 
} 
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  matrix[1][2] = 0.f - lightpos[2] * plane[1]; 
  matrix[2][2] = dot - lightpos[2] * plane[2]; 
  matrix[3][2] = 0.f - lightpos[2] * plane[3]; 
 
  matrix[0][3] = 0.f - lightpos[3] * plane[0]; 
  matrix[1][3] = 0.f - lightpos[3] * plane[1]; 
  matrix[2][3] = 0.f - lightpos[3] * plane[2]; 
  matrix[3][3] = dot - lightpos[3] * plane[3]; 
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/*   */ 
glClearStencil(0x0);  
/*   */ 
glEnable(GL_STENCIL_TEST);  
2. 
/*         

 1*/ 
glStencilFunc (GL_ALWAYS, 0x1, 0xffffffff); 
/*        */ 
glStencilOp (GL_REPLACE, GL_REPLACE, GL_REPLACE);  
/*  ,      
*/ 

RenderPlane(); 
3. 
/*         

     1 */ 
glStencilFunc (GL_EQUAL, 0x1, 0xffffffff); 
/*     2,    

 */ 
glStencilOp (GL_KEEP, GL_KEEP, GL_INCR); 
/*   */ 
RenderShadow(); 
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/*   */ 
glClearStencil(0x0);  
/*   */ 
glEnable(GL_STENCIL_TEST);  
2. 
/*         

 1*/ 
glStencilFunc (GL_ALWAYS, 0x1, 0xffffffff); 
/*        */ 
glStencilOp (GL_REPLACE, GL_REPLACE, GL_REPLACE);  
/*  ,      
*/ 

RenderPlane(); 
3. 
/*         

     1 */ 
glStencilFunc (GL_EQUAL, 0x1, 0xffffffff); 
/*     2,    

 */ 
glStencilOp (GL_KEEP, GL_KEEP, GL_INCR); 
/*   */ 
RenderShadow(); 

,       
, '    z- . ,   -

   .  ’    -
         -

,   .       
 . 

  
      ' . 

      -
     .  

       -
    : « »  « » -  -
  . ,     

  :       -
 .   '  « »    
 ,      . 



 

       .  
 ' ,    ,    ,  -

  ,              
' ,     ,  -
  .  

      -
   : 
1.    ,   ' - . 
2.   ,   -

    . 
3.   ,    -

. 
  

 
 

 
’ ’

 
 

.6.9.   

        
 ' - .      

  . 
   : 

     .   
    .  , , -

  OpenGL   ,   
   :  

 
glClear(GL_COLOR_BUFFER_BIT|GL_DEPTH_BUFFER_BIT| 

        GL_STENCIL_BUFFER_BIT); 
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  OpenGL   ,   
   :  

 
glClear(GL_COLOR_BUFFER_BIT|GL_DEPTH_BUFFER_BIT| 

        GL_STENCIL_BUFFER_BIT); 
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glEnable(GL_STENCIL_TEST); 
/*         

 1*/ 
glStencilFunc(GL_ALWAYS, 1, 0); 
glStencilOp(GL_KEEP, GL_KEEP, GL_REPLACE); 
RenderMirrorObject(); 
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void  
reflectionmatrix(GLfloat reflection_matrix[4][4],  

                 GLfloat plane_point[3],  
                 Glfloat plane_normal[3]) 

{ 
  GLfloat* p; 
  GLfloat* v; 

  float pv; 
  GLfloat* p = (Glfloat*)plane_point; 
  Glfloat* v = (Glfloat*)plane_normal; 

  float pv = p[0]*v[0]+p[1]*v[1]+p[2]*v[2]; 
  reflection_matrix[0][0] = 1 - 2 * v[0] * v[0]; 
  reflection_matrix[1][0] = - 2 * v[0] * v[1]; 
  reflection_matrix[2][0] = - 2 * v[0] * v[2]; 
  reflection_matrix[3][0] = 2 * pv * v[0]; 
  reflection_matrix[0][1] = - 2 * v[0] * v[1]; 
  reflection_matrix[1][1] = 1- 2 * v[1] * v[1]; 

 

       ' ,   
 .      -

    '   .    
       

 
glEnable(GL_STENCIL_TEST); 
/*         

 1*/ 
glStencilFunc(GL_ALWAYS, 1, 0); 
glStencilOp(GL_KEEP, GL_KEEP, GL_REPLACE); 
RenderMirrorObject(); 
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void  
reflectionmatrix(GLfloat reflection_matrix[4][4],  

                 GLfloat plane_point[3],  
                 Glfloat plane_normal[3]) 

{ 
  GLfloat* p; 
  GLfloat* v; 

  float pv; 
  GLfloat* p = (Glfloat*)plane_point; 
  Glfloat* v = (Glfloat*)plane_normal; 

  float pv = p[0]*v[0]+p[1]*v[1]+p[2]*v[2]; 
  reflection_matrix[0][0] = 1 - 2 * v[0] * v[0]; 
  reflection_matrix[1][0] = - 2 * v[0] * v[1]; 
  reflection_matrix[2][0] = - 2 * v[0] * v[2]; 
  reflection_matrix[3][0] = 2 * pv * v[0]; 
  reflection_matrix[0][1] = - 2 * v[0] * v[1]; 
  reflection_matrix[1][1] = 1- 2 * v[1] * v[1]; 



 
  reflection_matrix[2][1] = - 2 * v[1] * v[2]; 
  reflection_matrix[3][1] = 2 * pv * v[1]; 
  reflection_matrix[0][2] = - 2 * v[0] * v[2]; 
  reflection_matrix[1][2] = - 2 * v[1] * v[2]; 
  reflection_matrix[2][2] = 1 - 2 * v[2] * v[2]; 
  reflection_matrix[3][2] = 2 * pv * v[2]; 
  reflection_matrix[0][3] = 0; 
  reflection_matrix[1][3] = 0; 
  reflection_matrix[2][3] = 0; 
  reflection_matrix[3][3] = 1; 
} 
     (   ' ) 
glPushMatrix(); 
glMultMatrixf((float *)reflection_matrix); 
RenderScene(); 
GlPopMatrix(); 
 

,   
glDisable(GL_STENCIL_TEST); 
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  reflection_matrix[2][1] = - 2 * v[1] * v[2]; 
  reflection_matrix[3][1] = 2 * pv * v[1]; 
  reflection_matrix[0][2] = - 2 * v[0] * v[2]; 
  reflection_matrix[1][2] = - 2 * v[1] * v[2]; 
  reflection_matrix[2][2] = 1 - 2 * v[2] * v[2]; 
  reflection_matrix[3][2] = 2 * pv * v[2]; 
  reflection_matrix[0][3] = 0; 
  reflection_matrix[1][3] = 0; 
  reflection_matrix[2][3] = 0; 
  reflection_matrix[3][3] = 1; 
} 
     (   ' ) 
glPushMatrix(); 
glMultMatrixf((float *)reflection_matrix); 
RenderScene(); 
GlPopMatrix(); 
 

,   
glDisable(GL_STENCIL_TEST); 
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       –  ,   
    ,   –   -

.  
        , 

    .     -
 .  

   
 ’    —   , 

,    .     -
  .  

 ,    ’  (  
),   Rotate ( ) ( ), Reflect ( -

) ( ), Scale ( ) ( ), Shear ( ) ( )  Blend ( -
) ( ).  

       -
     ,   

         -
.         -

  ,     -
 . 

 Rotate 
   Rotate ( )   
-   ’        -

 ,     " " (  - -
),        -

  ’    ’ ,    .  
   ’   ,   -

      ( , -
   . .).  

  ’       
    Rotate ( ). ,  

’       ,  -
        .   



 
’  (  ’ )     ,  -
   ,      -

   ( . 8.21).  
    ’    ,    

   (   ),  
      <Alt>.  

          -
 :    ’ ,  ,  

"  ",     .  
 

 
. 8.21.  Rotate        

    
 

  
   Free Transform (  -

)    ’ .     
  Selection ( )  ’   

’ ,   ,   Free 
Transform (  ) ,    
" " ,    ’ .  

 ,        
   ’ .  

 
’  (  ’ )     ,  -
   ,      -

   ( . 8.21).  
    ’    ,    

   (   ),  
      <Alt>.  

          -
 :    ’ ,  ,  

"  ",     .  
 

 
. 8.21.  Rotate        

    
 

  
   Free Transform (  -

)    ’ .     
  Selection ( )  ’   

’ ,   ,   Free 
Transform (  ) ,    
" " ,    ’ .  

 ,        
   ’ .  



 
  

         
    ,    

  –  (  ) 
.  

     ’ .  -
   .    

.      -
 " "  (bounding box).   

   ’    ’ .  
      

    ,     –  
     .  

   ,   -
 <Shift>.  <Alt>     

 ’ .  
   Free Transform (  -

)    .     
  Selection ( )  ’   

’ ,   ,   Free 
Transform (  ) ,    
" " ,     -

.  

  
 PenandInk ( ) –   

,          -
  ,  " ’ " ,   

   .  
       

’  ( . 8.22),     ’    -
      .  -

  PenandInk ( )    
  .  
     ,  -
   Filter | PenandInk(  | ).  

 

 
  

         
    ,    

  –  (  ) 
.  

     ’ .  -
   .    

.      -
 " "  (bounding box).   

   ’    ’ .  
      

    ,     –  
     .  

   ,   -
 <Shift>.  <Alt>     

 ’ .  
   Free Transform (  -

)    .     
  Selection ( )  ’   

’ ,   ,   Free 
Transform (  ) ,    
" " ,     -

.  

  
 PenandInk ( ) –   

,          -
  ,  " ’ " ,   

   .  
       

’  ( . 8.22),     ’    -
      .  -

  PenandInk ( )    
  .  
     ,  -
   Filter | PenandInk(  | ).  

 



 
   ’   

 Adobe Illustrator     , 
        -

,     ’ .     
    Effect ( ).   -

  ScribbleandTweak.  
 Scribbleand Tweak (   )  Filter | 

Distort&Transform (  |   )  
   ’    .   

 

 
. 8.22.    

       -
  (anchor points)    (control 

points).  
   Scribble and Tweak (   ) 

( .8.23)     ’  
        0  100%. 

 Scribble ( )    
       ,   

Tweak ( ) –    ’ .  
 Drop Shadow ( )  Filter | Stylize (  | -

)       .  

 
   ’   

 Adobe Illustrator     , 
        -

,     ’ .     
    Effect ( ).   -

  ScribbleandTweak.  
 Scribbleand Tweak (   )  Filter | 

Distort&Transform (  |   )  
   ’    .   

 

 
. 8.22.    

       -
  (anchor points)    (control 

points).  
   Scribble and Tweak (   ) 

( .8.23)     ’  
        0  100%. 

 Scribble ( )    
       ,   

Tweak ( ) –    ’ .  
 Drop Shadow ( )  Filter | Stylize (  | -

)       .  



 
       

’ ,      ,    
    ’ ,       

, , .  

 
. 8.23.    Scribbleand Tweak 

  Mode (  )    
 ,      

Multiply ( ).  
  Color ( ),    

 ColorPicker (  ),     
  .   Darkness (  -

),        -
 ,     ’     –0  

100%.   Blur ( )     
    0  50,79 .  

  ’      
 Rasterize ( )  Object ( ’ ) -

    ’ ,    -
 Adobe Illustrator,   ,    

 
       

’ ,      ,    
    ’ ,       

, , .  

 
. 8.23.    Scribbleand Tweak 

  Mode (  )    
 ,      

Multiply ( ).  
  Color ( ),    

 ColorPicker (  ),     
  .   Darkness (  -

),        -
 ,     ’     –0  

100%.   Blur ( )     
    0  50,79 .  

  ’      
 Rasterize ( )  Object ( ’ ) -

    ’ ,    -
 Adobe Illustrator,   ,    



 
’         -

 ,     Adobe Illustrator.  
     ’    -
 Rasterize ( ),     -
   ( . 8.24).  

  ColorModel (  ),  , -
    : RGB, CMYK, Grayscale 

(  ), Bitmap ( ).    -
   (    1 ).  

 

 
. 8.24.   Rasterize,   ’   

    

 -     Resolution ( -
)        -

:  
•   Screen ( ) ,  -

      , ,  
 ’    Web- ;  

 
’         -

 ,     Adobe Illustrator.  
     ’    -
 Rasterize ( ),     -
   ( . 8.24).  

  ColorModel (  ),  , -
    : RGB, CMYK, Grayscale 

(  ), Bitmap ( ).    -
   (    1 ).  

 

 
. 8.24.   Rasterize,   ’   

    

 -     Resolution ( -
)        -

:  
•   Screen ( ) ,  -

      , ,  
 ’    Web- ;  



 
•  Medium ( ) ,  -

        
  (  );  

•   High ( ) ,   
       

   ;  
•       Other ( )  -
       1  2400 dpi ( -

  );  
•   Use Document Raster Effects Resolution 

(   )    
   .   -

  Document Praster Effects Settings (  
 )  Effect ( ).  

 
  Background 

( )   -
:  

•  White ( );  
•  Transparent ( ). 

  Options ( -
 ) -

  -
   

.  
 Create 

Clipping Mask (  -
 )  

  
(clipping path),  -

    
,   -

   .  
  Add ... Around 

Object   (   ...     

. 8.25.   Document 
Raster Effects Settings 

’ )         0  254 
. 

 
•  Medium ( ) ,  -

        
  (  );  

•   High ( ) ,   
       

   ;  
•       Other ( )  -
       1  2400 dpi ( -

  );  
•   Use Document Raster Effects Resolution 

(   )    
   .   -

  Document Praster Effects Settings (  
 )  Effect ( ).  

 
  Background 

( )   -
:  

•  White ( );  
•  Transparent ( ). 

  Options ( -
 ) -

  -
   

.  
 Create 

Clipping Mask (  -
 )  

  
(clipping path),  -

    
,   -

   .  
  Add ... Around 

Object   (   ...     

. 8.25.   Document 
Raster Effects Settings 

’ )         0  254 
. 



 
 Pathfinder 

 Pathfinder (  ),     
   Window ( ),   
 ’   ,    -

  (compound path).  Pathfinder (  -
)      ,  

      .  ’  
           

.  
 

 
. 8.26.  Pathfinder   

 

      ,  
,  ’    -

 ’ .   ’      
 ’ ,        

Pathfinder (  ). 
         

 ,       . 
   Pathfinder (  )   

 ,      
PathfinderOptions (  : ),  -

  PathfinderOptions (   ) 
 .  

    
  –    -

   .     
    Photoshop,  7.   

 
 Pathfinder 

 Pathfinder (  ),     
   Window ( ),   
 ’   ,    -

  (compound path).  Pathfinder (  -
)      ,  

      .  ’  
           

.  
 

 
. 8.26.  Pathfinder   

 

      ,  
,  ’    -

 ’ .   ’      
 ’ ,        

Pathfinder (  ). 
         

 ,       . 
   Pathfinder (  )   

 ,      
PathfinderOptions (  : ),  -

  PathfinderOptions (   ) 
 .  

    
  –    -

   .     
    Photoshop,  7.   



 
  ,    ’    ( -
)  .      ’  -

  –   (clipping mask),   
’     ( . 8.27).  
’      ,    (compound 

paths).         ,  -
        -

 .   ,     
( ) , –  .  

   ’     ,  
  Document Info (   )  

Window ( ),      .  
  Objects ( ’ )    -

   ’ ,      . 
   , 

   ’  , 
    

  
Selection Only (  -

 ’ )  Objects 
( ’ )  .  

 ,   
    -
   

Clipping Masks ( -
 )  Select | 

Object (  | 
’ ).   -
   -

 ’ ,  
  ’   

 
. 8.27.  ’    

 ’  

(      ’ )    -
 .   ,   ’  -

   ,        -  
    ’   .  

 
  ,    ’    ( -
)  .      ’  -

  –   (clipping mask),   
’     ( . 8.27).  
’      ,    (compound 

paths).         ,  -
        -

 .   ,     
( ) , –  .  

   ’     ,  
  Document Info (   )  

Window ( ),      .  
  Objects ( ’ )    -

   ’ ,      . 
   , 

   ’  , 
    

  
Selection Only (  -

 ’ )  Objects 
( ’ )  .  

 ,   
    -
   

Clipping Masks ( -
 )  Select | 

Object (  | 
’ ).   -
   -

 ’ ,  
  ’   

 
. 8.27.  ’    

 ’  

(      ’ )    -
 .   ,   ’  -

   ,        -  
    ’   .  



 
   Make ( )  Object | 

Clipping Mask ( ’  |  ),    
    ’  (  " ",  

 ).  
 " " ’  " -  "   -

 ’     Release ( )  Object 
| Clipping Mask ( ’  |  ).     -

,    ’   ,   -
    .  -

    -   . 

      
 Object Mosaic (  )  Filter | Create 

(  | )     -
    ( . 8.28) –   -

 ,    ,   -
 .  

  " "     ,  
        Rasterize ( -

).  

 
 

 
 

. 8.28.    ( )     
 Object Mosaic ( ) 

 
   Make ( )  Object | 

Clipping Mask ( ’  |  ),    
    ’  (  " ",  

 ).  
 " " ’  " -  "   -

 ’     Release ( )  Object 
| Clipping Mask ( ’  |  ).     -

,    ’   ,   -
    .  -

    -   . 

      
 Object Mosaic (  )  Filter | Create 

(  | )     -
    ( . 8.28) –   -

 ,    ,   -
 .  

  " "     ,  
        Rasterize ( -

).  

 
 

 
 

. 8.28.    ( )     
 Object Mosaic ( ) 



 
  Object Mosaic (  ),  -

    Filter | Create (  | -
),     : 

–  NewSize (  )    -
 ,      -

  Current Size (  );  
–  Tile Spacing (   )  -

    .    
   ,    -

 ;  
 –  Number of Tiles (  )   -

       . 

8.4.     

     .    -
   .   ,  -

   Adobe Illustrator,     . -
        

’  ( , ,     
),          -

.  ,      : 
     ’    ’ ,    

,      .  
       

(template)   -  ’ ,    
,     ,  

 .       
Adobe        

    Adobe Photoshop.  
  : 

•     ’    
 — " ":  ’    ; 

•  ’        
; 

•   ’ ,     , 
’       .  

 
  Object Mosaic (  ),  -

    Filter | Create (  | -
),     : 

–  NewSize (  )    -
 ,      -

  Current Size (  );  
–  Tile Spacing (   )  -

    .    
   ,    -

 ;  
 –  Number of Tiles (  )   -

       . 

8.4.     

     .    -
   .   ,  -

   Adobe Illustrator,     . -
        

’  ( , ,     
),          -

.  ,      : 
     ’    ’ ,    

,      .  
       

(template)   -  ’ ,    
,     ,  

 .       
Adobe        

    Adobe Photoshop.  
  : 

•     ’    
 — " ":  ’    ; 

•  ’        
; 

•   ’ ,     , 
’       .  



 
 Layers 

    ( , ,   . .) -
    Layers ( ) ( . 8.29),  -
  Layers ( )  Window ( ).  

 
. 8.29.  Layers 

 ,  Layers ( )   -
   ’    ,    ,   

 .  
        , 

  ’ :  
•      ,   ’ ;  
•        (  

),    ’ .      
    ’ ,   ;  

•          -  
,  Lock ( )  Object ( ’ ), 

   ,   ’ ;  

 
 Layers 

    ( , ,   . .) -
    Layers ( ) ( . 8.29),  -
  Layers ( )  Window ( ).  

 
. 8.29.  Layers 

 ,  Layers ( )   -
   ’    ,    ,   

 .  
        , 

  ’ :  
•      ,   ’ ;  
•        (  

),    ’ .      
    ’ ,   ;  

•          -  
,  Lock ( )  Object ( ’ ), 

   ,   ’ ;  



 
•         

 ,   ’ ,   ;  
•  ’ ,    ,    

.    ’  ’ ,   -
 ,   " "   ,   

  ’  .  
    ,    -

.   ( , , ,  
’     Clipboard )    -

 .  

 ,   ’   
  AdobeIllustrator      

’  (  , ,   Lock ( ) 
 Object ( ’ )),      .   

 "  ": ’      ,  
,     .  

     
 ,    

,    
’    .  

   " " ( . 
8.30) ( ).  ,  -

    
"  " ( ).  

     
" "  . -

       -
   Layer

Options (  ), -
   -

 Lock ( ).  -
  ,    

 " " -
    Unlock All

(  ).    -
  ,   

 
. 8.30.  " "  

   

 

 
•         

 ,   ’ ,   ;  
•  ’ ,    ,    

.    ’  ’ ,   -
 ,   " "   ,   

  ’  .  
    ,    -

.   ( , , ,  
’     Clipboard )    -

 .  

 ,   ’   
  AdobeIllustrator      

’  (  , ,   Lock ( ) 
 Object ( ’ )),      .   

 "  ": ’      ,  
,     .  

     
 ,    

,    
’    .  

   " " ( . 
8.30) ( ).  ,  -

    
"  " ( ).  

     
" "  . -

       -
   Layer

Options (  ), -
   -

 Lock ( ).  -
  ,    

 " " -
    Unlock All

(  ).    -
  ,   

 
. 8.30.  " "  

   

 



 
,           

  <Alt>.  
     

 " "   Adobe Illustrator  
   Adobe Photoshop,    -

  .  ’      
 .      Adobe Photoshop, 

   ,   ,   -
    .  

  ,      Adobe 
Illustrator          

 (   " "     ).  
    ,     

Photoshop Options (   Photoshop) -
  Write Layers (  ), Write Nested Layers 

(   )  Hidden Layers (  ). -
     Adobe Photoshop (PSD): -

        
,     .  

8.5.      
     Adobe Illustrator   

 ,     .   -
,    Adobe     -
 .    Adobe Type 1   

(  )   .  
        

 (  , , ,   -
)     (    , -
   ).    

       
,  ,    . 

   
   ( )    -

     -   . -
,   ,    , 

      . 

 
,           

  <Alt>.  
     

 " "   Adobe Illustrator  
   Adobe Photoshop,    -

  .  ’      
 .      Adobe Photoshop, 

   ,   ,   -
    .  

  ,      Adobe 
Illustrator          

 (   " "     ).  
    ,     

Photoshop Options (   Photoshop) -
  Write Layers (  ), Write Nested Layers 

(   )  Hidden Layers (  ). -
     Adobe Photoshop (PSD): -

        
,     .  

8.5.      
     Adobe Illustrator   

 ,     .   -
,    Adobe     -
 .    Adobe Type 1   

(  )   .  
        

 (  , , ,   -
)     (    , -
   ).    

       
,  ,    . 

   
   ( )    -

     -   . -
,   ,    , 

      . 



 
    ( )  Vertical Type ( -

 )   -     
,     ,  .  
       , -

   ,       
,  ,  ,  .  

   
 Adobe Illustrator    -

  :    , -
   ,   ,  -
    .    

    ,      -
   .  

      
  — Character ( )  Paragraph ( ).  
,       .  

         
  ,    . ,    

   " "  (   -
    ), ...      

       .  

8.6.      

 Adobe Illustrator —    -
 ,        . 
         -

   , ,  ,   
      .  

 Adobe,    ’   
     ’   -

,      -
     Adobe Illustrator    

,      Adobe 
Photoshop.  ,    , -

   .  

 
    ( )  Vertical Type ( -

 )   -     
,     ,  .  
       , -

   ,       
,  ,  ,  .  

   
 Adobe Illustrator    -

  :    , -
   ,   ,  -
    .    

    ,      -
   .  

      
  — Character ( )  Paragraph ( ).  
,       .  

         
  ,    . ,    

   " "  (   -
    ), ...      

       .  

8.6.      

 Adobe Illustrator —    -
 ,        . 
         -

   , ,  ,   
      .  

 Adobe,    ’   
     ’   -

,      -
     Adobe Illustrator    

,      Adobe 
Photoshop.  ,    , -

   .  



 
  " " ,    – -

,  Adobe Illustrator      -
 ,     (plug-ins). 
  ,     Filter ( ) 

    .  
        

.      , -
  Place ( ),     
 Links ( ’ ),   AutoTrace ( -

),    , -
   Adobe Photoshop,   ,   

        -
  Object Mosaic (  )    

 –  Photo Crosshatch (  ).  

     
       Filter ( )  -
  10 : Artistic ( ), Blur ( ), 

BrushStrokes( ), Distort ( ), Pixelate ( -
), Sharpen ( ), Sketch ( ), Stylize ( ), 

Texture ( )  Video ( ).  
  ,    -

 (  ).  ,    -
  ,      -

.  
      ,   -

 ,  ’ ,  ’  ,  -
 ,        

Filter ( ).   ,     
Apply ( ),      -

 ,        -
   .  
        -

   Preview ( )    -
.         

   Hand ( ).   

 
  " " ,    – -

,  Adobe Illustrator      -
 ,     (plug-ins). 
  ,     Filter ( ) 

    .  
        

.      , -
  Place ( ),     
 Links ( ’ ),   AutoTrace ( -

),    , -
   Adobe Photoshop,   ,   

        -
  Object Mosaic (  )    

 –  Photo Crosshatch (  ).  

     
       Filter ( )  -
  10 : Artistic ( ), Blur ( ), 

BrushStrokes( ), Distort ( ), Pixelate ( -
), Sharpen ( ), Sketch ( ), Stylize ( ), 

Texture ( )  Video ( ).  
  ,    -

 (  ).  ,    -
  ,      -

.  
      ,   -

 ,  ’ ,  ’  ,  -
 ,        

Filter ( ).   ,     
Apply ( ),      -

 ,        -
   .  
        -

   Preview ( )    -
.         

   Hand ( ).   



 
,      -
,           

       -
 .      -

 ,        
.  

      -
 .        :  

•        
  " ";  

•     —    " ".  
      -
   .     

    ,  " "  
    .  

       
  .        
   ,  Adobe Illustrator  

   Progress (  )    
  "  ",     , 

   .      
Stop ( ),     . 

8.7.   ( )  

 Adobe Illustrator     -
 ,      -
 ,    .  

     
          

  ,    :  -
 ,        .  

 Adobe Illustrator    ’   -
.  

•   Column (  ) —   
,   –      

 
,      -
,           

       -
 .      -

 ,        
.  

      -
 .        :  

•        
  " ";  

•     —    " ".  
      -
   .     

    ,  " "  
    .  

       
  .        
   ,  Adobe Illustrator  

   Progress (  )    
  "  ",     , 

   .      
Stop ( ),     . 

8.7.   ( )  

 Adobe Illustrator     -
 ,      -
 ,    .  

     
          

  ,    :  -
 ,        .  

 Adobe Illustrator    ’   -
.  

•   Column (  ) —   
,   –      



 
      ,  

    ( . 8.31, ).  
•   Stacked Column (  )  – -

          
 ,        

 ( . 8.31, ). 
•  r (  ) –    ,  

 Column (  ),   -
.       -

 , ’    , -
,     ’ .  

•   Stacked Bar (  ) –    -
,   Stacked Column (  ),  -

 .     
   , ’    

,    ’   
  ,      . 

•   Line (  ) –  ,  
 –        

  ( . 8.32, ).     -
, ,     .  

•   Area (  ) –  , -
  ,   ,     

    .  
•   Scatter (  ) –  ,  

    ,  -
  -   ( . 8.32, ).  

•  Pie (  ) –  ,  
       -

   ( . 8.33, ).  
•  Radar ( ) – " " ,   -

       
   ( . 8.33, ).     -

       -
  . 

 
      ,  

    ( . 8.31, ).  
•   Stacked Column (  )  – -

          
 ,        

 ( . 8.31, ). 
•  r (  ) –    ,  

 Column (  ),   -
.       -

 , ’    , -
,     ’ .  

•   Stacked Bar (  ) –    -
,   Stacked Column (  ),  -

 .     
   , ’    

,    ’   
  ,      . 

•   Line (  ) –  ,  
 –        

  ( . 8.32, ).     -
, ,     .  

•   Area (  ) –  , -
  ,   ,     

    .  
•   Scatter (  ) –  ,  

    ,  -
  -   ( . 8.32, ).  

•  Pie (  ) –  ,  
       -

   ( . 8.33, ).  
•  Radar ( ) – " " ,   -

       
   ( . 8.33, ).     -

       -
  . 



 

  
. 8.31.   Column ( )  Stacked Column ( ) 

 
 

 
 

. 8.32.   Line ( )  Scatter ( ) 
   

           
,     .    

    ’ ,     
  ’ ,     , 

 

  
. 8.31.   Column ( )  Stacked Column ( ) 

 
 

 
 

. 8.32.   Line ( )  Scatter ( ) 
   

           
,     .    

    ’ ,     
  ’ ,     , 



 
        -

.         
 , ,  ,    

, ’     ( ,   
),       . 

        
 Graph ( ) ( ).     .  

•       -
 ,    . 

•        Graph 
Data (  ),      -

 .      .  
•    ,     

    .    -
    ( . 8.33). 

 
 

 

. 8.33.   Pie ( )  Radar ( ) 
 

 ,       -
,     .   

Graph Data (  )      -
 Data ( )  Object | Graphs ( ’  | ).  
,       , 
        

   .      , -

 
        -

.         
 , ,  ,    

, ’     ( ,   
),       . 

        
 Graph ( ) ( ).     .  

•       -
 ,    . 

•        Graph 
Data (  ),      -

 .      .  
•    ,     

    .    -
    ( . 8.33). 

 
 

 

. 8.33.   Pie ( )  Radar ( ) 
 

 ,       -
,     .   

Graph Data (  )      -
 Data ( )  Object | Graphs ( ’  | ).  
,       , 
        

   .      , -



 
    ’     -

 . ,      -
  ( < b>),     -

   ( <Enter>).  
       Graph Data 

(  )    Import Data (  )  
  ,  ,     
  .     -   -

  (spread sheet application),   Microsoft 
Excel,        Graph Data 
(  )     Clipboard.  

 ,       -
       -
   .        [1, 

7, 12, 21].  
 

  
 

1.     Adobe Illustrator. 
2.       -

. 
3.           

. 
4.          

     ? 
5.     Adobe Illustrator   -

   ( ) . 
6.    Adobe Illustrator      ( -

) ? 
7.    ,    Adobe 

Illustrator. 

 
    ’     -

 . ,      -
  ( < b>),     -

   ( <Enter>).  
       Graph Data 

(  )    Import Data (  )  
  ,  ,     
  .     -   -

  (spread sheet application),   Microsoft 
Excel,        Graph Data 
(  )     Clipboard.  

 ,       -
       -
   .        [1, 

7, 12, 21].  
 

  
 

1.     Adobe Illustrator. 
2.       -

. 
3.           

. 
4.          

     ? 
5.     Adobe Illustrator   -

   ( ) . 
6.    Adobe Illustrator      ( -

) ? 
7.    ,    Adobe 

Illustrator. 



 

  
 

 –    
 –   
 –  -   
 – -   

 – ’   
 –     

 –  -   
 –   

 –    
 – -   
 –    

 

  
 

 –    
 –   
 –  -   
 – -   

 – ’   
 –     

 –  -   
 –   

 –    
 – -   
 –    



 

 
 

Animation –     ,     -
'        

  ,       
. 

 API –     . 
BMP – Microsoft Windows BitMaP -  .  

 Microsoft       -
 Microsoft Windows  OS / 2  IBM. 

Bit –  –  , «0»  «1»,    -
     .  '-

      . 
Bitmap –   –   ,   -
   .    -
-   . 

Bezier –  ’  –  ,    
 .        -

  .  ’    '  ' -
    ,  ,   -

  ,     
  . 

CMYK –  ,  ,   -
   : , , -

  .       . 
     , , 

    (      -
      '    

). 
CDR – CorelDRaw –   -   -

  CorelDRAW  Corel. 

 

 
 

Animation –     ,     -
'        

  ,       
. 

 API –     . 
BMP – Microsoft Windows BitMaP -  .  

 Microsoft       -
 Microsoft Windows  OS / 2  IBM. 

Bit –  –  , «0»  «1»,    -
     .  '-

      . 
Bitmap –   –   ,   -
   .    -
-   . 

Bezier –  ’  –  ,    
 .        -

  .  ’    '  ' -
    ,  ,   -

  ,     
  . 

CMYK –  ,  ,   -
   : , , -

  .       . 
     , , 

    (      -
      '    

). 
CDR – CorelDRaw –   -   -

  CorelDRAW  Corel. 



 
DirectX –  API- ,      -

 '     ,  
   .   PC  -
       . 

FPS (Frames Per Second) –     
3D- .   ,    

  .    ,   -
. 

HSB –  . HSB –  ,   
  :   (Hue),  

(Saturation),   (Brightness)  
Interactive – . ,    -

        ,    
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