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ǒ RetroGame  
Ґ  ̃ ̟̘̠̑̉̋̌̆̎̉ ̅̑́̋̏̎́ Spyro  

FPS - ɇɋɗɕɑɆɘɓɡɏ, ɗɈɔɇɔɊɓɔ ɖɆɗɕɖɔɗɘɖɆɓɥɋɒɡɏ ɣɑɋɐɘɖɔɓɓɡɏ ɌəɖɓɆɑ, ɕɔɗɈɥɟɋɓ-

ɓɡɏ ɖɆɍɑɎɝɓɡɒ ɈɎɊɆɒ ɜɎɚɖɔɈɔɉɔ ɘɈɔɖɝɋɗɘɈɆ. ȸɋɒɆɘɎɐɆ FPS ɔɛɈɆɘɡɈɆɋɘ ɖɆɍɖɆɇɔɘɐə 

Ɏɉɖ Ɏ ɎɉɖɔɈɡɛ ɊɈɎɌɐɔɈ, ɔɇɖɆɇɔɘɐə ɎɍɔɇɖɆɌɋɓɎɏ Ɏ ɍɈəɐɆ, əɖɔɐɎ ɕɔ ɘɖɋɛɒɋɖɓɔɒə ɒɔ-

ɊɋɑɎɖɔɈɆɓɎɤ Ɏ ɖɋɘəɞɎ ɚɔɘɔɉɖɆɚɎɏ, Ɇ ɘɆɐɌɋ ɗɈɋɌɎɋ ɓɔɈɔɗɘɎ Ɏɍ ɒɎɖɆ ɜɎɚɖɔɈɡɛ 

ɘɋɛɓɔɑɔɉɎɏ. 

FPS - ɣɘɔ ɌəɖɓɆɑ Ɋɑɥ ɕɖɔɉɖɆɒɒɎɗɘɔɈ, ɛəɊɔɌɓɎɐɔɈ, ɒɔɊɋɑɑɋɖɔɈ, ɑɎɓəɐɗɔɎɊɔɈ, 

ɣɓɘəɍɎɆɗɘɔɈ ɊɈɎɌɋɓɎɥ ȷȵȴ, ɛɆɐɋɖɔɈ Ɏ ɕɖɔɗɘɔ ɘɈɔɖɝɋɗɐɎɛ ɑɤɊɋɏ, ɎɟəɟɎɛ Ɏ əɒɋɤ-

ɟɎɛ ɓɆɛɔɊɎɘɢ Ɉ ɣɘɔɒ ɒɎɖɋ ɐɆɝɋɗɘɈɋɓɓəɤ «ɕɎɟə Ɋɑɥ əɒɆ».  

Ȳɡ ɖɆɘəɋɒ ɍɆ ɗɈɔɇɔɊə ɗɑɔɈɆ Ɏ ɗɈɔɇɔɊɓɡɏ ɔɇɒɋɓ ɎɓɚɔɖɒɆɜɎɋɏ - ɌəɖɓɆɑ ɖɆɗɕɖɔ-

ɗɘɖɆɓɥɋɘɗɥ ɓɆ əɗɑɔɈɎɥɛ ɑɎɜɋɓɍɎɎ Creative Commons (CC-BY-NC-SA). Ȳɡ ɖɆɊɡ ɑɤɇɔ-

ɒə ɗɔɘɖəɊɓɎɝɋɗɘɈə, ɕɖɎɈɋɘɗɘɈəɋɒ ɑɤɇɡɋ ɓɔɈɡɋ ɎɊɋɎ Ɏ ɕɖɎɉɑɆɞɆɋɒ Ɉ ɓɆɞ ɆɈɘɔɖɗɐɎɏ 

ɐɔɑɑɋɐɘɎɈ Ɉɗɋɛ ɌɋɑɆɤɟɎɛ! 

ȬəɖɓɆɑ ɎɍɊɆɋɘɗɥ Ɉ ȰɆɍɆɓɎ ɗ ɥɓɈɆɖɥ 2008 ɉ. Ɏ Ɉ ɊɆɓɓɡɏ ɒɔɒɋɓɘ ɈɡɛɔɊɎɘ ɖɆɍ Ɉ 

ɊɈɆ-ɘɖɎ ɒɋɗɥɜɆ. 

© 2008 -2014 ȶɋɊɆɐɜɎɥ ɌəɖɓɆɑɆ «FPS». ȳɋɐɔɘɔɖɡɋ ɕɖɆɈɆ ɍɆɟɎɟɋɓɡ. Ȩɗɋ ɓɆɍɈɆ-
ɓɎɥ Ɏ ɑɔɉɔɘɎɕɡ ɥɈɑɥɤɘɗɥ ɎɓɘɋɑɑɋɐɘəɆɑɢɓɔɏ ɗɔɇɗɘɈɋɓɓɔɗɘɢɤ Ɏɛ ɍɆɐɔɓɓɡɛ ɈɑɆ-
ɊɋɑɢɜɋɈ Ɏ ɓɋ Ɏɗɕɔɑɢɍəɤɘɗɥ Ɉ ɐɆɝɋɗɘɈɋ ɖɋɐɑɆɒɡ ɕɖɔɊəɐɘɔɈ ɎɑɎ əɗɑəɉ. ȶɋɊɆɐɜɎɥ ɓɋ 
ɓɋɗɋɘ ɔɘɈɋɘɗɘɈɋɓɓɔɗɘɎ ɍɆ ɊɔɗɘɔɈɋɖɓɔɗɘɢ ɎɓɚɔɖɒɆɜɎɎ Ɉ ɒɆɘɋɖɎɆɑɆɛ ɎɍɊɆɓɎɥ Ɏ 
ɓɆɊɋɌɓɔɗɘɢ Ɉɗɋɛ əɕɔɒɎɓɆɋɒɡɛ URL-ɆɊɖɋɗɔɈ. ȲɓɋɓɎɋ ɖɋɊɆɐɜɎɎ ɒɔɌɋɘ ɓɋ ɗɔɈɕɆ-
ɊɆɘɢ ɗ ɒɓɋɓɎɋɒ ɆɈɘɔɖɔɈ. ȲɆɘɋɖɎɆɑɡ ɎɍɊɆɓɎɥ ɖɆɗɕɖɔɗɘɖɆɓɥɤɘɗɥ ɕɔ ɑɎɜɋɓɍɎɎ 
Creative Commons Attribution Noncommercial Share Alike (CC-BY-NC-SA), ɋɗɑɎ ɥɈɓɔ 
ɓɋ əɐɆɍɆɓɡ Ɏɓɡɋ əɗɑɔɈɎɥ. 
 
ȩɑɆɈɓɡɏ ɖɋɊɆɐɘɔɖ: ȸɎɒəɖ ȩɆɚɆɖɔɈ 
ȪɎɍɆɏɓ Ɏ ɈɋɖɗɘɐɆ: ȳɆɘɆɑɎɥ ȽəɒɆɐɔɈɆ 
ȴɇɑɔɌɐɆ: ȸɎɒəɖ ȩɆɚɆɖɔɈ 
Ȱɔɖɖɋɐɘɔɖ: ȳɆɘɆɑɎɥ ȽəɒɆɐɔɈɆ 
 
ȵɔ ɈɔɕɖɔɗɆɒ ɗɔɘɖəɊɓɎɝɋɗɘɈɆ ɔɇɖɆɟɆɏɘɋɗɢ ɕɔ ɆɊɖɋɗə: 
gecko0307@gmail.com  

Ʊǂǌƺǃǌƿ Ƽ ǇǈǆƿǊƿ: 

mailto:gecko0307@gmail.com


 

Ǘ 10 ǵǴ 14 ǦǨǩǹǷǸǦ Ǩ ǰǦǳǦǪǷǰǴǲ ǈǦǳǰǹǨǫǶǫ ǵǶǴ-
ǾǱǦ ǫǬǫǩǴǪǳǦȅ ǨȁǷǸǦǨǰǦ SIGGRAPH ǵǴ ǨǴǵǶǴǷǦǲ 
ǰǴǲǵȂȄǸǫǶǳǴǯ ǩǶǦǺǮǰǮ. ǈǵǫǶǨȁǫ ǰǴǳǺǫǶǫǳǼǮȅ ǵǶǴ-
ǾǱǦ Ǩ 1974 ǩǴǪǹ. SIGGRAPH ǵǶǮǨǱǫǰǦǫǸ ǪǫǷȅǸǰǮ Ǹȁ-
Ƿȅǽ ǰǴǲǵȂȄǸǫǶǳȁǻ ǵǶǴǺǫǷǷǮǴǳǦǱǴǨ. ǐǴǳǺǫǶǫǳǼǮǮ 
SIGGRAPH ǵǶǴǨǴǪǮǱǮǷȂ Ǩ ǊǦǱǱǦǷǫ, ǗǮȃǸǱǫ, ǑǴc-
ǆǳǪǬǫǱǫǷǫ, ǓǴǨǴǲ ǔǶǱǫǦǳǫ, ǗǦǳ-ǊǮǫǩǴ Ǯ Ǩ ǪǶǹǩǮǻ 
ǩǴǶǴǪǦǻ ǗǞǆ. 
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OpenGL 4.5 

ǐǴǳǼǫǶǳ Khronos, ǭǦǳȅǸȁǯ ǶǦǭǶǦǧǴǸǰǴǯ ǩǶǦǺǮǽǫǷǰǮǻ ǷǸǦǳǪǦǶǸǴǨ, ǴǧȀȅǨǮǱ Ǵ 
ǨȁǵǹǷǰǫ ǳǴǨǴǯ ǨǫǶǷǮǮ ǷǵǫǼǮǺǮǰǦǼǮǮ OpenGL 4.5 Ǯ ǦǳǴǳǷǮǶǴǨǦǱ ǳǦǽǦǱǴ ǶǦ-
ǧǴǸȁ ǳǦǪ ǷǴǭǪǦǳǮǫǲ ǨȁǷǴǰǴȃǺǺǫǰǸǮǨǳǴǩǴ API ǳǴǨǴǩǴ ǵǴǰǴǱǫǳǮȅ ǪǱȅ ǪǴǷǸǹǵǦ 

ǰ ǩǶǦǺǮǽǫǷǰǮǲ Ǯ ǨȁǽǮǷǱǮǸǫǱȂǳȁǲ ǨǴǭǲǴǬǳǴǷǸȅǲ GPU. 

ǓǴǨȁǯ API ǧǹǪǫǸ ǵǶǫǪǴǷǸǦǨǱȅǸȂ ǵǶǮǱǴǬǫǳǮȅǲ ǷǶǫǪǷǸǨǦ ǪǱȅ ȅǨǳǴǩǴ ǹǵǶǦǨǱǫ-
ǳǮȅ ǷǴǷǸǴȅǳǮǫǲ GPU Ǯ CPU ǪǱȅ ǴǧǫǷǵǫǽǫǳǮȅ ǵǶǴǮǭǨǴǪǮǸǫǱȂǳǴǷǸǮ ǮǱǮ ǵǶǫǪ-
ǷǰǦǭǹǫǲǴǷǸǮ ǵǴǸǶǫǧǱǫǳǮȅ ǶǫǷǹǶǷǴǨ, ǧǹǪǫǸ ǦǪǦǵǸǮǶǴǨǦǳ ǪǱȅ ǵǶǮǲǫǳǫǳǮȅ Ǩ 
ǲǳǴǩǴǵǴǸǴǽǳȁǻ ǵǶǮǱǴǬǫǳǮȅǻ Ƿ ǲǮǳǮǲǦǱȂǳȁǲǮ ǳǦǰǱǦǪǳȁǲǮ ǶǦǷǻǴǪǦǲǮ, ǵǶǫ-
ǪǴǷǸǦǨǮǸ ǴǧǿǮǯ ǵǶǴǲǫǬǹǸǴǽǳȁǯ ȅǭȁǰ ǪǱȅ ǾǫǯǪǫǶǴǨ Ǯ ǷǶǫǪǷǸǨǦ ǪǱȅ ǸǿǦǸǫǱȂ-
ǳǴǩǴ ǸǫǷǸǮǶǴǨǦǳǮȅ ǷǴǴǸǨǫǸǷǸǨǮȅ ǸǶǫǧǴǨǦǳǮȅǲ ǷǵǫǼǮǺǮǰǦǼǮǮ. ǈ ǳǦǷǸǴȅǿǫǫ 
ǨǶǫǲȅ ǳǴǨȁǯ API ǳǦǻǴǪǮǸǷȅ Ǩ ǷǴǷǸǴȅǳǮǮ ǶǦǭǶǦǧǴǸǰǮ ǦǶǻǮǸǫǰǸǹǶȁ Ǯ ǵǶǮȆǲǦ 
ǵǶǫǪǱǴǬǫǳǮǯ. ǑȄǧǦȅ ǰǴǲǵǦǳǮȅ, ǭǦǮǳǸǫǶǫǷǴǨǦǳǳǦȅ Ǩ ǫǩǴ ǶǦǭǨǮǸǮǮ, ǲǴǬǫǸ 
ǵǶǮǷǴǫǪǮǳǮǸȂǷȅ ǰ ǵǶǴǼǫǷǷǹ ǶǦǭǶǦǧǴǸǰǮ. ǕǴǪǶǴǧǳǫǫ Ǵ ǳǴǨǴǲ API ǲǴǬǳǴ ǵǶǴ-

ǽǮǸǦǸȂ Ǩ ǴǸǪǫǱȂǳǴǲ ǦǳǴǳǷǫ. 

ǗǶǫǪǮ ǳǴǨȁǻ ǨǴǭǲǴǬǳǴǷǸǫǯ ǷǵǫǼǮǺǮǰǦǼǮǮ OpenGL 4.5, ǰǴǸǴǶǦȅ ǴǧǶǦǸǳǴ ǷǴǨǲǫǷǸǮǲǦ Ƿ ǵǶǫǪȁǪǹǿǮǲǮ ǨǫǶǷǮȅǲǮ: 

- ǒǫǻǦǳǮǭǲȁ ȃǲǹǱȅǼǮǮ DX11, ǵǴǭǨǴǱȅȄǿǮǫ ǹǵǶǴǷǸǮǸȂ ǵǴǶǸǮǶǴǨǦǳǮǫ ǳǦ OpenGL ǵǶǴǩǶǦǲǲ, ǮǷǵǴǱȂǭǹȄǿǮǻ Direct3D; 

- ǕǴǪǪǫǶǬǰǦ DSA (Direct State Access), ǳǴǨǴǩǴ ǲǫǸǴǪǦ ǪǴǷǸǹǵǦ ǰ ǷǴǷǸǴȅ-
ǳǮȄ ǴǧȀǫǰǸǴǨ, ǵǴǭǨǴǱȅȄǿǫǩǴ ǴǵǶǴǷǮǸȂ Ǯ ǮǭǲǫǳǮǸȂ ǷǴǷǸǴȅǳǮǫ ǧǫǭ ǵǶǮǨȅǭǰǮ 
ǴǧȀǫǰǸǴǨ ǰ ǰǴǳǸǫǰǷǸǦǲ, ǽǸǴ ǵǴǭǨǴǱȅǫǸ ǪǴǧǮǸȂǷȅ ǹǨǫǱǮǽǫǳǮȅ ȃǺǺǫǰǸǮǨǳǴǷǸǮ 

Ǯ ǩǮǧǰǴǷǸǮ ǵǶǮǱǴǬǫǳǮǯ Ǯ ǵǶǴǷǱǴǫǰ. 

- ǕǶǮǱǴǬǫǳǮȅǲ ǵǶǫǪǴǷǸǦǨǱǫǳǦ ǨǴǭǲǴǬǳǴǷǸȂ (Flush Control) ǪǱȅ ǹǵǶǦǨ-
ǱǫǳǮȅ ǷǧǶǴǷǴǲ ǴǬǮǪǦȄǿǮǻ ǨȁǵǴǱǳǫǳǮȅ ǰǴǲǦǳǪ ǪǴ ǵǫǶǫǰǱȄǽǫǳǮȅ ǰǴǳǸǫǰǷǸǦ, 
ǽǸǴ ǵǴǭǨǴǱȅǫǸ ǹǨǫǱǮǽǮǸȂ ǵǶǴǮǭǨǴǪǮǸǫǱȂǳǴǷǸȂ Ǩ ǲǳǴǩǴǵǴǸǴǽǳȁǻ ǵǶǮǱǴǬǫǳǮ-

ȅǻ; 

- ǕǶǫǪǴǷǸǦǨǱǫǳǮǫ ǷǶǫǪǷǸǨ ǮǭǴǱȅǼǮǮ ǪǱȅ ǵǶǮǱǴǬǫǳǮǯ, ǸǦǰǮǻ ǰǦǰ web-
ǧǶǦǹǭǫǶȁ Ƿ ǵǴǪǪǫǶǬǰǴǯ WebGL, ǰǴǸǴǶȁǫ Ǩ ǸǴǲ ǽǮǷǱǫ ǵǴǭǨǴǱȅȄǸ ǵǶǫǪǴǸǨǶǦ-

ǸǮǸȂ ǨǱǮȅǳǮǫ ǷǧǶǴǷǦ GPU ǳǦ ǪǶǹǩǮǫ ǨȁǵǴǱǳȅǫǲȁǫ ǵǶǮǱǴǬǫǳǮȅ. 
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ǗǴǺǸ 
 
ǐǴǲǵǦǳǮȅ Autodesk , ǴǪǮǳ Ǯǭ ǱǮǪǫǶǴǨ ǳǦ Ƕȁǳǰǫ CG, ǵǶǫǪǷǸǦǨǮǱǦ ǪǫǲǴǳǷǸǶǦǼǮȄ 3ds Max 2015 Ǯ Maya 2015. ǓǴǨȁǫ ǺǹǳǰǼǮǮ 3ds Max 2015 ǴǧǫǷ-

ǵǫǽǮǨǦȄǸ ǵǴǪǪǫǶǬǰǹ ǳǦǧǴǶǴǨ ǪǦǳǳȁǻ ǴǧǱǦǰǴǨ ǸǴǽǫǰ, ǧǴǱǫǫ ȃǺǺǫǰǸǮǨǳǹȄ ǶǦǧǴǸǹ Ƿ ǨǮǪǴǨȁǲǮ ȃǰǶǦǳǦǲǮ, ǳǴǨȁǫ ǶǦǧǴǽǮǫ ǵǶǴǼǫǷǷȁ ǪǱȅ ǹǵǶǦǨǱǫǳǮȅ 
ǷǼǫǳǦǲǮ Ǯ ǹǱǹǽǾǫǳǳȁǯ ǰǴǲǵǴǳǫǳǸ ActiveShade, ǽǸǴ ǵǴǭǨǴǱȅǫǸ ǻǹǪǴǬǳǮǰǦǲ Ƿ ǱǫǩǰǴǷǸȂȄ ǴǧǶǦǧǦǸȁǨǦǸȂ ǷǱǴǬǳȁǫ ǵǶǴǫǰǸȁ. ǐǶǴǲǫ ǸǴǩǴ, ǧǦǭǴǨȁǫ ǨǴǭ-

ǲǴǬǳǴǷǸǮ 3ds Max ǶǦǷǾǮǶǫǳȁ ǧǱǦǩǴǪǦǶȅ ǨǮǭǹǦǱȂǳǴǲǹ ǶǫǪǦǰǸǴǶǹ ǾǫǯǪǫ-
ǶǴǨ ǳǦ ǴǷǳǴǨǫ ǹǭǱǴǨ Ǯ ǵǴǪǪǫǶǬǰǫ ȅǭȁǰǦ ǷǼǫǳǦǶǮǫǨ Python. 
 
MAXON ǦǳǴǳǷǮǶǴǨǦǱǦ ǳǴǨȁǯ ǵǱǦǩǮǳ ǰ Cinema 4D, ǴǧǫǷǵǫǽǮǨǦȄǿǮǯ ǵǴǪ-
ǪǫǶǬǰǹ ǶǫǳǪǫǶ-ǪǨǮǬǰǦ Arnold ǴǸ Solid Angle - C4DtoA. ǖǫǱǮǭ ǵǶǮǹǶǴǽǫǳ ǰ 
ǨȁǻǴǪǹ Arnold 4.2: ȃǸǦ ǨǫǶǷǮȅ ǨǰǱȄǽǦǫǸ ǲǳǴǩǽǮǷǱǫǳǳȁǫ ǹǱǹǽǾǫǳǮȅ ǵǶǴ-
ǮǭǨǴǪǮǸǫǱȂǳǴǷǸǮ Ǯ ǵǴǳǮǬǫǳǮǫ ǵǴǸǶǫǧǱǫǳǮȅ ǵǦǲȅǸǮ. ǘǦǰǬǫ Solid Angle 
ǵǶǫǪǷǸǦǨǮǱǦ ǷǨǴǯ ǵǱǦǩǮǳ ǪǱȅ Houdini - HtoA. ǕǹǧǱǮǽǳȁǯ ǶǫǱǮǭ ǵǶǴǪǹǰǸǴǨ 
ǴǬǮǪǦǫǸǷȅ Ǩ ǰǴǳǼǫ ǩǴǪǦ. 
 
ǐǷǸǦǸǮ, ǵǴǪǪǫǶǬǰǹ Cinema 4D ǵǱǦǳǮǶǹȄǸ ǸǦǰǬǫ ǴǧǫǷǵǫǽǮǸȂ Thinkbox 
Software Ǩ ǷǨǴǫǲ ǪǨǮǬǰǫ ǽǦǷǸǮǼ Krakatoa. ǣǸǴǸ ǵǶǴǪǹǰǸ Ǩ ǪǦǳǳȁǯ ǲǴǲǫǳǸ 
ǪǴǷǸǹǵǫǳ ǰǦǰ ǷǦǲǴǷǸǴȅǸǫǱȂǳǴǫ ǵǶǮǱǴǬǫǳǮǫ, ǸǦǰ Ǯ Ǩ ǰǦǽǫǷǸǨǫ ǵǱǦǩǮǳǴǨ 
ǪǱȅ 3ds Max Ǯ Maya. 
 
Chaos Group ǴǧȀȅǨǮǱǮ Ǵ ǮǳǸǫǩǶǦǼǮǮ ǶǫǳǪǫǶ-ǪǨǮǬǰǦ V-Ray RT GPU Ǩ 
Autodesk MotionBuilder - ǵǶǫǪǵǴǱǦǩǦǫǸǷȅ, ǽǸǴ ȃǸǦ ǷǨȅǭǰǦ ǧǹǪǫǸ ǵǴǱǫǭǳǦ Ǩ 
ǴǧǱǦǷǸǮ ǰǮǳǫǲǦǸǮǰǮ Ǯ ǵǶǫ-ǨǮǭǹǦǱǮǭǦǼǮǮ. ǔǷǴǧǴ ǵǴǪǽǫǶǰǮǨǦǫǸǷȅ ǨǴǭǲǴǬ-

ǳǴǷǸȂ ǵǶǮǲǫǳǫǳǮȅ ǸǶǦǷǷǮǶǴǨǰǮ Ǳǹǽǫǯ Ǩ ǶǫǦǱȂǳǴǲ ǨǶǫǲǫǳǮ ǪǱȅ ǶǫǬǮǷǷǫǶǴǨ, ǰǴǸǴǶȁǫ ǲǴǲǫǳǸǦǱȂǳǴ ǲǴǩǹǸ ǴǼǫǳǮǸȂ ǷǨǴǮ ǮǪǫǮ Ǯ ǵǴǱǹǽǮǸȂ ǶǫǭǹǱȂǸǦǸ, 
ǲǦǰǷǮǲǦǱȂǳǴ ǵǶǮǧǱǮǬǫǳǳȁǯ ǰ ǺǮǳǦǱȂǳǴǲǹ. 

 
ǈ ǰǦǽǫǷǸǨǫ ǵǶǮǲǫǶǦ ȃǸǴǯ ǰǴǳǼǫǵǼǮǮ, ǧȁǱ ǵǶǫǪǷǸǦǨǱǫǳ ǸǮǭǫǶ ǳǴǨǴǩǴ ǦǳǮǲǦǼǮǴǳǳǴǩǴ ǺǮǱȂǲǦ Construct, ǰǴǸǴǶȁǯ 

ǷǴǭǪǦǨǦǱǷȅ Ƿ ǵǴǲǴǿȂȄ ǵǶǴǪǹǰǸǴǨ Autodesk Ǯ ǨǮǭǹǦǱǮǭǮǶǴǨǦǱǷȅ ǳǦ ǶǦǧǴǽǫǯ ǷǸǦǼǳǮǮ BOXX Ƿ ǳǫǷǰǴǱȂǰǮǲǮ GPU NVIDIA 
Quadro Ǯ NVIDIA Tesla Ƿ ǵǴǲǴǿȂȄ V-Ray RT GPU. 

 
Fabric Software ǵǶǫǪǷǸǦǨǮǱǮ ǳǴǨǹȄ ǨǫǶǷǮȄ ǷǨǴǫǯ ǵǱǦǸǺǴǶǲȁ Fabric Engine 2.0, ǵǶǫǪǳǦǭǳǦǽǫǳǳǴǯ ǪǱȅ ǶǦǭǶǦ-

ǧǴǸǽǮǰǴǨ, ǮǷǵǴǱȂǭǹȄǿǮǻ ǪǮǳǦǲǮǽǫǷǰǮǫ ȅǭȁǰǮ. ǣǸǦ ǷǮǷǸǫǲǦ ǵǶǫǪǳǦǭǳǦǽǫǳǦ ǪǱȅ ǴǵǸǮǲǮǭǦǼǮǮ ǵǶǴǮǭǨǴǪǮǸǫǱȂǳǴǷǸǮ Ǯ 
ǭǦǵǹǷǰǦ ǷǰǶǮǵǸǴǨȁǻ ȅǭȁǰǴǨ Ǩ ǵǴǱǳǴǼǫǳǳǴǲ ǲǳǴǩǴǵǴǸǴǽǳǴǲ ǶǫǬǮǲǫ. Fabric Engine ǮǳǸǫǩǶǮǶǹǫǸǷȅ ȅ Ǩ ǶǦǭǱǮǽǳȁǫ ǵǶǴ-
ǮǭǨǴǪǷǸǨǫǳǳȁǫ ǵǶǴǼǫǷǷȁ: ǲǴǬǫǸǫ ǮǷǵǴǱȂǭǴǨǦǸȂ ǫǫ Ǩ ǶǦǭǶǦǧǴǸǰǫ ǮǩǶ, ǷǴǭǪǦǳǮǮ ǦǳǮǲǦǼǮǮ, ǵǶǴǮǭǨǴǪǷǸǨǫ ǰǮǳǴ Ǯ ȃǺ-
ǺǫǰǸǴǨ, ǩǫǴǱǴǰǦǼǮǴǳǳȁǻ ǷǫǶǨǮǷǦǻ, ǲǫǪǮǼǮǳǫ Ǯ ǲǳǴǩǮǻ ǪǶǹǩǮǻ ǴǧǱǦǷǸȅǻ. 



ǆǵǵǦǶǦǸǳǴǫ ǴǧǫǷǵǫǽǫǳǮǫ 
 

NVIDIA ǵǶǫǪǷǸǦǨǮǱǦ ǳǴǨǴǫ ǵǴǰǴǱǫǳǮǫ ǩǶǦǺǮǽǫǷǰǮǻ ǵǶǴǼǫǷǷǴǶǴǨ NVIDIA® Quadro®, ǨǴǴǶǹǬǦȅ ǪǮǭǦǯǳǫǶǴǨ, ǻǹǪǴǬǳǮǰǴǨ Ǯ ǮǷǷǱǫǪǴǨǦǸǫǱǫǯ 

ǳǴǨȁǲǮ ǮǳǷǸǶǹǲǫǳǸǦǲǮ Ǯ ǸǫǻǳǴǱǴǩǮȅǲǮ ǪǱȅ ǨǮǭǹǦǱȂǳȁǻ ǨȁǽǮǷǱǫǳǮǯ. 

ǓǴǨǦȅ ǱǮǳǫǯǰǦ ǷǸǦǳǴǨǮǸǷȅ ǵǱǦǸǺǴǶǲǴǯ ǰǴǶǵǴǶǦǸǮǨǳǴǩǴ ǹǶǴǨǳȅ ǪǱȅ ǨǮǭǹǦǱȂǳȁǻ ǨȁǽǮǷǱǫǳǮǯ, ǴǧǫǷǵǫǽǮǨǦȅ ǵǶǴǮǭǨǴǪǮǸǫǱȂǳǴǷǸȂ ǵǶǮǱǴǬǫ-

ǳǮǯ Ǯ ǷǰǴǶǴǷǸȂ ǴǧǶǦǧǴǸǰǮ ǪǦǳǳȁǻ ǪǴ ǪǨǹǻ ǶǦǭ ǨȁǾǫ ǵǴ ǷǶǦǨǳǫǳǮȄ Ƿ ǵǶǫǪȁǪǹǿǮǲ ǵǴǰǴǱǫǳǮǫǲ. ǓǴǨȁǫ ǶǫǾǫǳǮȅ ǷǸǦǱǮ ǶǫǭǹǱȂǸǦǸǴǲ ǸǫǷǳǴǩǴ ǷǴ-

ǸǶǹǪǳǮǽǫǷǸǨǦ NVIDIA Ƿ ǨǫǪǹǿǮǲǮ ǭǦǰǦǭǽǮǰǦǲǮ Ǩ ǶǦǭǱǮǽǳȁǻ ǴǧǱǦǷǸȅǻ ǵǶǴǲȁǾǱǫǳǳǴǷǸǮ Ǩ ǴǸǨǫǸ ǹǨǫǱǮǽǮǨǦȄǿǮǫǷȅ ǶǦǭǶǫǾǫǳǮǫ ǮǭǴǧǶǦǬǫǳǮǯ Ǯ 

ǷǱǴǬǳǴǷǸȂ ǲǴǪǫǱǫǯ, ǵǫǶǫǳǴǷ ǶǫǷǹǶǷǴǨ Ǩ ǴǧǱǦǰǴ Ǯ ǳǫǴǧǻǴǪǮǲǴǷǸȂ ǴǧǫǷǵǫǽǮǸȂ ǹǪǦǱǫǳǳȁǯ ǪǴǷǸǹǵ ǰ ǪǦǳǳȁǲ, Ǩ ǸǴǲ ǽǮǷǱǫ Ƿ ǲǴǧǮǱȂǳȁǻ ǹǷǸǶǴǯǷǸǨ. 

«ǔǵǩǵǬ ǶǵǱǵǲǬǴǯǬ ǪǷǧǻǯǾǬǸǱǯǼ ǶǷǵǽǬǸǸǵǷǵǩ Quadro ǫǬǳǵǴǸǹǷǯǷǺǬǹ ǴǬ ǹǵǲȃǱǵ ǮǴǧǾǯǹǬǲȃǴǵǬ ǺǩǬǲǯǾǬǴǯǬ ǸǱǵǷǵǸǹǯ ǩȂǾǯǸǲǬǴǯǰ ǯ ǵǨǷǧ-

ǨǵǹǱǯ ǪǷǧǻǯǱǯ ǫǲȆ ǨǵǲȃǿǯǼ ǳǧǸǸǯǩǵǩ ǫǧǴǴȂǼ. ǕǴǵ ǷǧǸǿǯǷȆǬǹ ǱǵǴǽǬǶǽǯȅ ǩǯǮǺǧǲȃǴȂǼ ǩȂǾǯǸǲǬǴǯǰ: ǹǬǶǬǷȃ Ȅǹǵ ǴǬ ǩǯǫǬǵǱǧǷǹǧ ǩ ǷǧǨǵǾǬǰ 

ǸǹǧǴǽǯǯ, ǧ ǶǵǫǱǲȅǾǬǴǴǵǬ ǵǱǷǺǭǬǴǯǬ, - ǩǴǨǴǶǮǸ ǊǬǫǺǺ ǇǶǦǹǳ (Jeff Brown), ǨǮǼǫ-ǵǶǫǭǮǪǫǳǸ NVIDIA ǵǴ ǵǶǴǺǫǷǷǮǴǳǦǱȂǳȁǲ ǶǫǾǫǳǮȅǲ ǪǱȅ ǨǮǭǹǦ-

ǱǮǭǦǼǮǮ. - ǔǵǩǧȆ ǲǯǴǬǰǱǧ Quadro ǶǵǮǩǵǲȆǬǹ ǶǵǲȃǮǵǩǧǹǬǲȆǳ ǷǧǨǵǹǧǹȃ Ǵǧǫ ǶǷǵǬǱǹǧǳǯ ǱǧǱ Ǵǧ ǲǵǱǧǲȃǴǵǰ ǷǧǨǵǾǬǰ ǸǹǧǴǽǯǯ, ǹǧǱ ǯ Ǵǧ ǺǫǧǲǬǴ-

Ǵǵǳ ǳǵǨǯǲȃǴǵǳ ǺǸǹǷǵǰǸǹǩǬ ǯǲǯ ǵǷǪǧǴǯǮǵǩǧǹȃ ǸǵǩǳǬǸǹǴǺȅ ǷǧǨǵǹǺ Ǹ ǶǵǳǵȀȃȅ ǵǨǲǧǾǴȂǼ ǸǬǷǩǯǸǵǩ». 

ǉǶǦǺǮǽǫǷǰǮǫ ǵǶǴǼǫǷǷǴǶȁ NVIDIA Quadro ǷǸǦǱǮ ǨȁǧǴǶǴǲ ǨǫǪǹǿǮǻ ǮǳǬǫǳǫǶǴǨ Ǯ ǪǮǭǦǯǳǫǶǴǨ ǨǴ ǨǷǫǲ ǲǮǶǫ. ǍǦ ǵǴǷǱǫǪǳǮǫ ǾǫǷǸȂ ǱǫǸ ǨǷǫ 
ǺǮǱȂǲȁ, ǳǴǲǮǳǮǶǴǨǦǳǳȁǫ ǳǦ ǵǶǫǲǮȄ «ǔǷǰǦǶ» Ǩ ǰǦǸǫǩǴǶǮǮ «ǑǹǽǾǮǫ ǷǵǫǼȃǺǺǫǰǸȁ», ǧȁǱǮ ǷǴǭǪǦǳȁ Ƿ ǵǴǲǴǿȂȄ ǸǫǻǳǴǱǴǩǮǯ Quadro. ǐǶǴǲǫ ǸǴǩǴ, 
ǵǶǴǪǹǰǸȁ Quadro - ȃǸǴ ǨȁǧǴǶ ǵǶǦǰǸǮǽǫǷǰǮ ǨǷǫǻ ǶǦǭǶǦǧǴǸǽǮǰǴǨ ǦǨǸǴǲǴǧǮǱǫǯ. 

-6- 

http://www.nvidia.ru/object/workstation-graphics-ru.html#source=pr


ǎǷǷǱǫǪǴǨǦǳǮȅ  
 

ǎǷǷǱǫǪǴǨǦǸǫǱǮ Ǯǭ ǹǳǮǨǫǶǷǮǸǫǸǦ ǐǦǶǳǫǩǮ-ǒǫǱǱǴǳ ǴǵǹǧǱǮǰǴǨǦǱǮ ǵǴǪ ǱǮǼǫǳǭǮǫǯ GPLv2 ǳǦǶǦǧǴǸǰǮ ǵǶǴǫǰǸǦ om3d Ƿ ǶǫǦǱǮǭǦǼǮǫǯ ǲǫǸǴǪǦ ǲǦǳǮ-
ǵǹǱȅǼǮǮ 3D-ǴǧȀǫǰǸǦǲǮ ǳǦ ǷǸǦǸǮǽǫǷǰǮǻ ǺǴǸǴǩǶǦǺǮȅǻ (ǪǱȅ OS X). ǒǫǸǴǪ ǵǴǭǨǴǱȅǫǸ ǪǴǧǮǸȂǷȅ ǶǫǦǱǮǷǸǮǽǳǴǩǴ ǮǭǲǫǳǫǳǮȅ ǽǦǷǸǫǯ ǮǭǴǧǶǦǬǫǳǮȅ, ǳǦ-
ǵǶǮǲǫǶ, ǵǫǶǫǲǫǿǫǳǮȅ ǴǧȀǫǰǸǴǨ Ƿ Ǯǻ ǵǶǴǮǭǨǴǱȂǳȁǲ ǳǦǰǱǴǳǴǲ, ǨǶǦǿǫǳǮǫǲ, ǪǫǺǴǶǲǦǼǮǫǯ Ǯ ǲǦǷǾǸǦǧǮǶǴǨǦǳǮǫǲ. ǊǱȅ ǨǴǷǷǴǭǪǦǳǮȅ ǩǫǴǲǫǸǶǮǮ Ǯ 
ǪǴǵǴǱǳǫǳǮȅ ǷǰǶȁǸȁǻ ǴǧǱǦǷǸǫǯ ǮǷǵǴǱȂǭǹǫǸǷȅ ǳǦǱǴǬǫǳǮǫ ȃǱǫǲǫǳǸǴǨ Ǯǭ ǸǮǵǴǨǴǯ ǧǮǧǱǮǴǸǫǰǮ ǩǴǸǴǨȁǻ 3D-ǴǧȀǫǰǸǴǨ Ǯ ǸǫǰǷǸǹǶ, Ǧ ǸǦǰǬǫ ǵǶǮǲǫǳȅǫǸǷȅ 

ǰǴǵǮǶǴǨǦǳǮǫ ǷǮǲǲǫǸǶǮǽǳȁǻ ǽǦǷǸǫǯ. 
 
 
ǈǴ ǨǶǫǲȅ ǰǴǳǺǫǶǫǳǼǮǮ Ǩ ȃǸǴǲ ǩǴǪǹ, ǘǴǧǦǯǦǷ ǕǺǦǺǺ, ǖǦǹǱȂ ǓǦǶǦǮǳ, ǛǹǦǳ ǒǮǩǫǱȂ Ǫǫ ǛǴǯȅ 
Ǯ ǊǬǫǯǲǷ ǔ'ǇǶǦǯǦǳ, ǵǶǫǪǷǸǦǨǮǱǮ ǳǴǨȁǫ ǸǫǻǳǮǰǮ ǪǱȅ ǷǴǭǪǦǳǮȅ ǺǮǭǮǰǮ ǷǸǫǰǱǦ, ǪǫǶǫǨǦ Ǯ 
ǵǱǦǷǸǮǰǦ, ǰǴǸǴǶȁǫ ǭǳǦǽǮǸǫǱȂǳǴ ǵǶǫǨǴǷǻǴǪȅǸ ǨǷǫ ǸǴ, ǽǸǴ ǷǹǿǫǷǸǨǹǫǸ ǷǫǩǴǪǳȅ. ǔǪǳǦǰǴ ǵǴǰǦ 
ǫǷǸȂ ǷǮǱȂǳȁǫ ǷǴǲǳǫǳǮȅ, ǽǸǴ ȃǸǴ ǧǹǪǫǸ ǶǦǧǴǸǦǸȂ ǳǦ ǰǴǳǷǴǱȅǻ ǳǴǨǴǩǴ ǵǴǰǴǱǫǳǮȅ ð ǷǰǴǶǫǫ 
ǨǷǫǩǴ ǸǴǱȂǰǴ ǳǦ PC, Ǯ ǸǴ ǱǮǾȂ ǽǫǶǫǭ ǳǫǷǰǴǱȂǰǴ ǱǫǸ, ǰǴǩǪǦ ǲǴǿǳǴǷǸȂ ǷǶǫǪǳǮǻ CPU Ǯ GPU 
ǧǹǪǫǸ ǷǴǴǸǨǫǸǷǸǨǴǨǦǸȂ ǸǶǫǧǴǨǦǳǮȅǲ. ǔǪǳǦǰǴ ȃǸǴ ǴǸǱǮǽǳǦȅ ǪǫǲǴǳǷǸǶǦǼǮȅ ǸǴǩǴ, ǽǸǴ ǲǴǬǳǴ 
ǬǪǦǸȂ. 
 
 
 
 
 
 

ǈ ȃǸǴǲ ǩǴǪǹ Intel  ǵǶǴǪǫǲǴǳǷǸǶǮǶǴǨǦǱǦ ǨǴǭǲǴǬǳǴǷǸǮ DirectX 12. 
ǈ ǪǫǲǴ-ǵǶǮǱǴǬǫǳǮǮ ǧȁǱǴ ǷǩǫǳǫǶǮǶǴǨǦǳǴ 50 000 ǹǳǮǰǦǱȂǳȁǻ ǦǷǸǫ-
ǶǴǮǪǴǨ. ǕǴ ǷǱǴǨǦǲ ǶǦǭǶǦǧǴǸǽǮǰǴǨ, ǰǦǬǪȁǯ ǦǷǸǫǶǴǮǪ - ǹǳǮǰǦǱȂǳȁǯ 
ǴǧȀǫǰǸ. Ǚ ǰǦǬǪǴǩǴ ǧȁǱǮ ǵǶǴǼǫǪǹǶǳǴ-ǷǩǫǳǫǶǮǶǹǫǲȁ ǰǴǲǧǮǳǦǼǮǮ ǨǫǶ-
ǾǮǳ, ǸǫǰǷǸǹǶ Ǯ ǰǴǳǷǸǦǳǸ, ǽǸǴ ǵǴǭǨǴǱǮǱǴ ǷǶǦǨǳǮǸȂ DirectX 12 Ǯ 11 
ǨǫǶǷǮǮ. ǘǦǰǬǫ ǵǶǮǱǴǬǫǳǮǫ ǵǴǭǨǴǱȅǱǴ ǵǫǶǫǰǱȄǽǦǸȂǷȅ ǲǫǬǪǹ 11 Ǯ 12 

ǨǫǶǷǮǫǯ API ǵǴ ǳǦǬǦǸǮȄ  ǰǳǴǵǰǮ.  

ǈǴ ǨǶǫǲȅ ǸǫǷǸǴǨ DirectX 11 ǨȁǪǦǨǦǱǴ ǨǷǫǩǴ 19 FPS, Ǧ ǵǴ ǳǦǬǦ-
ǸǮȄ ǭǦǨǫǸǳǴǯ ǰǳǴǵǰǮ, ǵǶǴǮǷǻǴǪǮǱ ǷǰǦǽǴǰ ǪǴ 33 FPS! ǉǶǦǺǮǰǮ ǳǦ ǰǦǶ-
ǸǮǳǰǦǻ ǵǴǰǦǭȁǨǦȄǸ ǶǦǷǵǶǫǪǫǱǫǳǮǫ ǶǫǷǹǶǷǴǨ ǲǫǬǪǹ CPU Ǯ GPU. ǓǦ 
ǳǮǻ ǨǮǪǳǴ ǶǫǭǰǴǫ ǷǳǮǬǫǳǮǫ ǳǦǩǶǹǭǰǮ. ǘǫǷǸȁ ǵǶǴǨǴǪǮǱǮǷȂ ǳǦ ǳǴǨǴǲ 
ǵǱǦǳǾǫǸǫ Microsoft Surface Pro 3, ǴǷǳǦǿȆǳǳǴǲ Haswell Ƿ ǮǳǸǫǩǶǮǶǴ-

ǨǦǳǳȁǲ ǩǶǦǺǮǽǫǷǰǮǲ ȅǪǶǴǲ Intel  HD 4400. 
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ǐǮǳǴǺǫǷǸǮǨǦǱȂ 

ǕǴ ǷǱǴǨǦǲ Jerome Solomon, ǪǮǶǫǰǸǴǶǦ ǺǫǷǸǮǨǦǱȅ ǰǴǲǵȂȄǸǫǶǳǴǯ ǦǳǮǲǦ-
ǼǮǮ SIGGRAPH 2014, ǆǰǦǪǫǲǮȅ ǰǮǳǫǲǦǸǴǩǶǦǺǮǽǫǷǰǮǻ ǮǷǰǹǷǷǸǨ Ǯ ǳǦǹǰ ǷǽǮǸǦǫǸ 
ǰǦǬǪǹȄ ǶǦǧǴǸǹ, ǵǶǫǪǷǸǦǨǱǫǳǳǹȄ ǳǦ ǺǫǷǸǮǨǦǱǫ ǰǴǲǵȂȄǸǫǶǳǴǯ ǦǳǮǲǦǼǮǮ SIG-
GRAPH, ǷǴǨǫǶǾǫǳǳǴ ǴǷǴǧǫǳǳǴǯ. «ǉ ǳǯǷǬ ǴǬǹ ǴǯǾǬǪǵ ǶǵǼǵǭǬǪǵ Ǵǧ ǻǬǸǹǯǩǧǲȃ 
ǱǵǳǶȃȅǹǬǷǴǵǰ ǧǴǯǳǧǽǯǯ SIGGRAPH, ǩ Ȅǹǵǳ ǭǬ ǪǵǫǺ ǳȂ ǺǩǯǫǬǲǯ ǬȀǬ ǨǵǲȃǿǬ 
ǹǧǲǧǴǹǲǯǩȂǼ ǸǵǯǸǱǧǹǬǲǬǰ, ǶǷǬǫǸǹǧǩǲǬǴǴȂǼ ǩ ǷǧǮǲǯǾǴȂǼ ǱǧǹǬǪǵǷǯȆǼ», ñ 

ǩǴǨǴǶǮǸ Jerome Solomon. 

ǈǴ ǨǶǫǲȅ ǺǫǷǸǮǨǦǱȅ Ǩ ǈǦǳǰǹǨǫǶǫ 
ǹǽǦǷǸǳǮǰǮ ǵǶǴǷǲǴǸǶǫǱǮ ǧǴǱǫǫ 
100 ǨǮǪǫǴ ǶǴǱǮǰǴǨ, ǳǴǲǮǳǦǳǸȁ 
2014 ǩ. ǨȁǧǮǶǦǱǮǷȂ Ǯǭ ǧǴǱǫǫ 
ǽǫǲ 450 ǹǽǦǷǸǳǮǰǴǨ. ǖǦǧǴǸȁ ǵǴ-
ǧǫǪǮǸǫǱǫǯ ǺǫǷǸǮǨǦǱȅ ǰǴǲǵȂȄ-
ǸǫǶǳǴǯ ǩǶǦǺǮǰǮ ȃǸǴǩǴ ǩǴǪǦ ǲǴǬ-
ǳǴ ǧȁǱǴ ǹǨǮǪǫǸȂ ǳǦ ǪǳǫǨǳȁǻ ǵǴ-
ǰǦǭǦǻ, ǵǶǮ ȃǸǴǲ ǧǱǦǩǴǪǦǶȅ ǰǦǳǴ-
ǳǮǽǫǷǰǴǲǹ Electronic Theatre 
ǲǴǬǳǴ ǧȁǱǴ ǭǦǩǱȅǳǹǸȂ ǭǦ ǰǹǱǮǷȁ 
ǨǴǱǾǫǧǳȁǻ ǰǴǲǵȂȄǸǫǶǳȁǻ ǲǮ-
ǶǴǨ. 

 
ǑǹǽǾǦȅ ǶǦǧǴǸǦ: Box (ǗǞǆ)  
ǈ ǵǶǴǫǰǸǫ Box ǮǭǴǧǶǦǬǫǳǮǫ ǵǶǴǫǼǮǶǹǫǸǷȅ ǳǦ ǪǨǮǬǹǿǮǫǷȅ ǵǴǨǫǶǻǳǴǷǸǮ, 

ǷǸǦǳǴǨȅǷȂ ǵǴǻǴǬǮǲ ǳǦ ǰǦǱǫǯǪǴǷǰǴǵ. ǈ ǶǫǭǹǱȂǸǦǸǫ ǷǱǴǬǳǫǯǾǫǯ Ǯ ǰǶǴǵǴǸǱǮǨǫǯ-
Ǿǫǯ ǶǦǧǴǸȁ ǵǴǱǹǽǦǫǸǷȅ ǳǫǨǫǶǴȅǸǳǴ ǭǦǨǴǶǦǬǮǨǦȄǿǫǫ ǭǶǫǱǮǿǫ Ƿ 3D-
ǵǶǴǫǰǼǮȅǲǮ, ǶǴǧǴǸǦǲǮ Ǯ ǦǰǸǫǶǦǲǮ Ǩ ǶǫǦǱȂǳǴǲ ǨǶǫǲǫǳǮ.  

 
ǗȄǶǵǶǮǭ ǬȄǶǮ: Paper World (ǈǫǳǩǶǮȅ)   
Paper World ð ǮǲǮǪǬǫǨȁǯ ǺǮǱȂǲ ǪǱȅ ǨǫǳǩǫǶǷǰǴǩǴ ǺǮǱǮǦǱǦ ǈǷǫǲǮǶǳǴǩǴ 

ǺǴǳǪǦ ǪǮǰǴǯ ǵǶǮǶǴǪȁ, ǩǪǫ ǼǫǳǳǴǷǸǮ, ǴǸǷǸǦǮǨǦǫǲȁǫ ǺǴǳǪǴǲ, ǵǴǰǦǭǦǳȁ ǳǦ 
ǹǶǴǨǳǫ ǲǮǰǶǴ ǲǮǶǦ.  

 
ǑǹǽǾǦȅ ǰǴǶǴǸǰǴǲǫǸǶǦǬǰǦ: Home Sweet Home (ǚǶǦǳǼǮȅ) 
ǈ ǰǴǶǴǸǰǴǲǫǸǶǦǬǰǫ, ǵǶǫǪǷǸǦǨǱǫǳǳǴǯ ǷǸǹǪǫǳǸǦǲǮ ǮǲǫǳǮǸǴǯ ǺǶǦǳǼǹǭǷǰǴǯ 

ǾǰǴǱȁ ǦǳǮǲǦǼǮǮ,  ǪǴǲ, ǨȁǷǸǦǨǱǫǳǳȁǯ ǳǦ ǵǶǴǪǦǬǹ, ǶǫǾǦǫǸ ǴǸǵǶǦǨǮǸȂǷȅ ǭǦ 
ǵǶǮǰǱȄǽǫǳǮȅǲǮ. 
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ǕǴǧǫǪǮǸǫǱǫǲ Ǩ ǳǴǲǮǳǦǼǮǮ «ǑǹǽǾǦȅ ǩǶǦǺǮǰǦ Ǩ ǶǫǬǮǲǫ ǶǫǦǱȂǳǴǩǴ ǨǶǫǲǫǳǮ» ǷǸǦǱǦ 
ǮǩǶǦ RYSE: Son of Rome  ǴǸ ǰǴǲǵǦǳǮǮ Crytek  (ǉǫǶǲǦǳǮȅ) .ǔǪǳǦǰǴ Crytek ǵǱǦǳǮǶǹǫǸ Ǩ 
ǷǰǴǶǴǲ ǧǹǪǹǿǫǲ ǫǿȆ ǹǱǹǽǾǮǸȂ ǩǶǦǺǮǽǫǷǰǮǫ ǵǦǶǦǲǫǸǶȁ ǪǦǳǳǴǯ ǮǩǶȁ Ǯ ǵǴǶǸǮǶǴǨǦǸȂ 
ǫȆ ǳǦ PC Windows. ǈ ǽǦǷǸǳǴǷǸǮ, ǳǦGamescom 2014 Ǯ ǧǹǪǫǸ ǵǶǴǪǫǲǴǳǷǸǶǮǶǴǨǦǳǦ PC-
ǨǫǶǷǮȅ «Ryse: Son of Rome», ǰǴǸǴǶǹȄ ǸǦǰ ǵǶǴǷǮǱǮ ǩǫǯǲǫǶȁ.   
 
ǇǴǱǫǫ ǸǴǩǴ, ǵǴǷǫǸǮǸǫǱǮ ǷǲǴǩǹǸ ǷȁǩǶǦǸȂ Ǩ ǴǧǳǴǨǱȆǳǳȁǯ «Ryse: Son of Rome» ǳǦ PC Ǩ 
ǶǦǭǶǫǾǫǳǮǮ ǪǮǷǵǱǫȅ 
4K. ǈǷǫ DLC, Ǩȁǵǹ-
ǿǫǳǳȁǫ ǰ ȃǸǴǲǹ ǨǶǫ-
ǲǫǳǮ, ǧǹǪǹǸ ǨǰǱȄǽǫ-
ǳȁ Ǩ ǨǫǶǷǮȄ ǪǱȅ PC. 
ǖǫǱǮǭ ǮǩǶȁ Ǩ ǼǮǺǶǴ-
Ǩȁǻ ǲǦǩǦǭǮǳǦǻ ǵǱǦǳǮ-
ǶǹǫǸǷȅ ǹǬǫ ȃǸǴǯ ǴǷǫ-
ǳȂȄ. ǎǩǶǦ Ǯ ǸǦǰ ǷǸǦǱǦ 
ǴǽǫǳȂ ǹǪǦǽǳǴǯ 

ǪǱȅ Crytek, ǴǰǹǵǮǨ ǷǨǴȄ ǶǦǭǶǦǧǴǸǰǹ ǧǱǦǩǴǪǦǶȅ ǮǭǳǦǽǦǱȂǳǴǯ ǴǶǮǫǳǸǮǶǴǨǰǮ Ǩ ǰǦǽǫǷǸǨǫ 
ǪǫǲǴǳǷǸǶǦǼǮǮ ǨǴǭǲǴǬǳǴǷǸǫǯ ǰǴǳǷǴǱǫǯ ǳǴǨǴǩǴ ǵǴǰǴǱǫǳǮȅ, Ǯ ǴǪǳǴǨǶǫǲǫǳǳǴ ǪǫǲǴǳǷǸ-

ǶǦǼǮǫǯ ǶǦǭǨǮǸǮȅ ǪǨǮǬǰǦ CRYENGINE. 

Carl Jones Ǯǭ Crytek ǴǸǲǫǸǮǱ, ǽǸǴ ǮǩǶȁ ǳǦ PC Ǩ ǶǦǭǶǫǾǫǳǮǮ 4K ð ȃǸǴ ǳǴǨǦȅ Ǹǫǳ-
ǪǫǳǼǮȅ, ǳǴǨǦȅ ǩǶǦǺǮǽǫǷǰǦȅ ǵǱǦǳǰǦ, ǰǴǸǴǶǹȄ ǴǪǳǴǯ Ǯǭ ǵǫǶǨȁǻ ǵǴǰǴǶǮǸ «Ryse: Son of 
Rome». ǘǦǰǬǫ Ǵǳ ǴǸǲǫǸǮǱ, ǽǸǴ Crytek ǨǷǫǩǪǦ ǺǴǶǷǮǶǴǨǦǱǦ Ǯ ǧǹǪǫǸ ǺǴǶǷǮǶǴǨǦǸȂ ǶǦǭ-
ǨǮǸǮǫ ǮǩǶ Ǩ ǷǸǴǶǴǳǹ ǶǫǦǱǮǭǲǦ Ǯ ǨǵǫǽǦǸǱȅȄǿǮǻ ǨǮǭǹǦǱȂǳȁǻ ȃǺǺǫǰǸǴǨ, ǵǶǫǪǴǷǸǦǨǱȅȅ 

ǩǫǯǲǫǶǦǲ ǷǦǲȁǫ ǵǫǶǫǪǴǨȁǫ ǸǫǻǳǴǱǴǩǮǮ ǮǩǶǴǨǴǯ ǮǳǪǹǷǸǶǮǮ. ǎǩǶǦ «Ryse» ǧǹǪǫǸ 
ȃǸǦǱǴǳǳǴǲ ǩǶǦǺǮǽǫǷǰǮǻ ǨǴǭǲǴǬǳǴǷǸǫǯ ǸǫǰǹǿǫǩǴ ǵǫǶǮǴǪǦ ǫǿȆ ǳǫǰǴǸǴǶǴǫ ǨǶǫǲȅ, 
ǧǱǦǩǴǪǦǶȅ ǽǫǲǹ ǫȆ ǷǲǴǩǹǸ ǮǷǵǴǱȂǭǴǨǦǸȂ Ǩ ǲǦǩǦǭǮǳǦǻ Ǖǐ Ǯ ǲǴǳǮǸǴǶǴǨ, ǽǸǴǧȁ ǪǫǲǴǳ-

ǷǸǶǮǶǴǨǦǸȂ ǨǴǭǲǴǬǳǴǷǸǮ ǬǫǱǫǭǦ, ǰǦǰ ȃǸǴ ǧȁǱǴ Ƿ ǷǫǶǮǫǯ «Crysis». 

ǘǦǰǬǫ ǳǦ Gamescom ǧǹǪǫǸ ǵǴǰǦǭǦǳǦ ǮǩǶǦ «Arena of Fate », ǰǴǸǴǶǦȅ ǷǫǯǽǦǷ ǨǷȆ ǫǿȆ 
ǶǦǭǶǦǧǦǸȁǨǦǫǸǷȅ ǳǦ ǸǫǻǳǴǱǴǩǮȅǻ Crytek Ǯ ǴǬǮǪǦǫǸǷȅ ǲǳǴǩǴǽǮǷǱǫǳǳȁǲǮ ǩǫǯǲǫǶǦǲǮ 
ǵǴ ǨǷǫǲǹ ǲǮǶǹ. ǣǸǴ ǧǹǪǫǸ ǴǳǱǦǯǳ ǦǶǫǳǦ Ƿ ǧǴȅǲǮ 5 ǳǦ 5 Ƿ ǮǷǵǴǱȂǭǴǨǦǳǮǫǲ ǵǴǵǹǱȅǶ-
ǳȁǻ ǩǫǶǴǫǨ Ǯǭ ǷǰǦǭǴǰ, ǸǮǵǦ ǖǴǧǮǳǦ ǉǹǪǦ, ǐǶǦǷǳǴǯ ǞǦǵǴǽǰǮ Ǯ ǵǶǴǽǮǻ ǳǫǴǪǳǴǭǳǦǽ-
ǳȁǻ, ǳǴ ǨǫǷȂǲǦ ǰǴǱǴǶǮǸǳȁǻ ǵǫǶǷǴǳǦǬǫǯ. ǊǫǲǴǳǷǸǶǦǼǮǮ ǰǴǲǵǦǳǮǮ ǧǹǪǹǸ ǵǶǴǻǴǪǮǸȂ 

ǳǦ ǷǸǫǳǪǫ B031 Ǩ ǭǦǱǫ 7.1. 

ǈ Gamescom Business Center (ǷǸǫǳǪ A033, ǭǦǱ 4.1) ǵǶǫǪǷǸǦǨǮǸǫǱǮ Crytek ǧǹǪǹǸ Ǫǫ-
ǲǴǳǷǸǶǮǶǴǨǦǸȂ ǳǴǨȁǫ ǨǴǭǲǴǬǳǴǷǸǮ ǵǫǶǫǪǴǨǴǩǴ ǮǩǶǴǨǴǩǴ 3D-ǪǨǮǬǰǦ CRYENGINE, 
ǫǩǴ ǶǦǭǨǮǸǮǫ Ǯ ǮǷǵǴǱȂǭǴǨǦǳǮǫ ǳǴǨȁǻ ǸǫǻǳǴǱǴǩǮǯ ǨǴ ǨǷǫǻ ǦǷǵǫǰǸǦǻ. 
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˪̓̉̍ ̌̆̓̏̍ ̠̠̒̏̒̓̏̌̒ ̑̆̌̉̈ Blender 2.71. ̨ ̜̒̎̏̃̎̍̉ ̠̎̏̃̏̃̃̆̅̆̎̉Ȥ
̍̉ ̅́̎̎̏̊ ̃̆̑̒̉̉ ̠̠̟̠̃̌̓̒ ̐̏̅̅̆̑̇̋́ ̑̆̎̅̆̑̉̎̄́ ̠̏̄̎ ̉ ̜̅̍́ȟ ́ ̓́̋̇̆ 
̜̠̑́̈̍̓̉ ̐̑̉ ̅̃̉̇̆̎̉̉ ̠̅̌ ̜̖̅̆̏̑̍̉̑̔̆̍̕ ̛̏̂̆̋̓̏̃ ̃ Cycles. ̃ ̏̅̑̏̂Ȥ
̎̏̒̓̉ ̐̏ ̑̆̌̉̈̔ ̜̍ ̔̇̆ ̈́̓̑́̄̉̃́̌̉ ̃ ̜̐̑̆̅̅̔̆̍̚ ̎̏̍̆̑̆ ̇̔̑̎́̌́ȟ ̋̏Ȥ
̄̅́ ̔̐̏̍̉̎́̌̉ ̏ ̜̖̃̏̅̆ ̓̆̒̓̏̃̏̊ ̒̂̏̑̋̉ ςȢχρȟ ̞̐̏̓̏̍̔ ̠̝̠̐̏̃̓̏̑̓̒ ̎̆ 
̂̔̅̆̍Ȣ 

 
˞̓̏̉̓ ̝̓̏̌̋̏ ̝̏̓̍̆̓̉̓ȟ ̘̓̏ȟ ̐̏̍̉̍̏ ̘̐̑̏̆̄̏ȟ ̃ ̞̓̏̊ ̃̆̑̒̉̉ ̘̈̎́̉Ȥ

̝̓̆̌̎̏ ̘̙̔̌̔̆̎́ ̐̏̅̅̆̑̇̋́ ̏̑̍́̓̏̃̕ ̖̒̓̏̑̏̎̎̉ ̜̖̉̄̑̏̃ ̅̃̉̇̋̏̃Ȣ ˏ 
̘́̒̓̎̏̒̓̉ȟ ̜̂̌ ̑́̈̑́̂̏̓́̎ ̜̎̏̃̊ ̞̋̒̐̏̑̓̆̑ ̃ FBX ɀ ̞̓̏̓ ̏̑̍́̓̕ ̃ ̐̏̌Ȥ
̎̏̊ ̍̆̑̆ ̠̐̏̅̅̆̑̇̉̃́̆̓̒ ̓́̋̉̍̉ ̐̑̏̅̔̋̓́̍̉ȟ ̋́̋ Unity, Unreal Engine 4 
̉ Unreal Development Kit. ˟ ̝̆̐̆̑ Blender ̍ ̏̇̎̏ ̘̝̒̉̓́̓ ̑̆̅́̋̓̏̑̏̍ȟ ̐̏̌Ȥ
̗̎̏̆̎̎̏ «̘̜̈́̓̏̆̎̎̍» ̐ ̏̅ ̞̓̉ ̅̃̉̇̋̉Ȣ 

24-26 ̠̠̏̋̓̂̑ ̃ ˍ̍̒̓̆̑̅́̍̆ ̠̒̏̒̓̏̉̓̒ XIII ̠̍̆̇̅̔̎́̑̏̅̎́ ˗̏̎̆̑̆̕Ȥ

̠̎̉ Blender. ̃ ̏ ̗̓̑́̅̉̉̉ȟ ̏̎́ ̂̔̅̆̓ ̖̝̐̑̏̏̅̉̓ ̃ ̈̅́̎̉̉ ̒̓́̑̉̎̎̏̄̏ ̓̆́̓Ȥ

̑́ ˑ̆ ˎ̝́̌̆ ̃ ̒́̍̏̍ ̗̆̎̓̑̆ ̄̏̑̏̅́Ȣ ˜̑̏̄̑́̍̍́ ̗̋̏̎̆̑̆̎̉̉̕ ̒̏̒̓̏̉̓ ̉̈ 

̗̐̑̆̈̆̎̓́̉̊ ̉ ̍́̒̓̆̑-̋̌́̒̒̏̃ ̏̓ ̖̃̆̅̔̉̚ ̗̒̐̆̉́̌̉̒̓̏̃ ̐̏ ̋̉̎̆̍́̓̏̄̑́Ȥ

̔̕ȟ ̝̗̍̔̌̓̉̐̌̉̋́̉̉ȟ ςD/3D-̄̑́̉̋̆̕ ̉ ̑́̈̑́̂̏̓̋̆ ̉̄̑Ȣ ˛̒̏̂̆̎̎̏ ̝̐̑̉̒̓́̌Ȥ

̎̏̆ ̃̎̉̍́̎̉̆ ̂̔̅̆̓ ̔̅̆̌̆̎̏ ̠̉̅̆̍ ̐̏ ̑̆́̋̓̏̑̉̎̄̔̕ ̉̎̓̆̑̆̊̒́̕ Blender, ́  

̓́̋̇̆ ̝̟̉̒̐̏̌̈̏̃́̎̉ ̐́̋̆̓́ ̃ VFX ̉  ̖̅̑̔̄̉ ̝̜̖̐̑̏̆̒̒̉̏̎́̌̎̕ ̠̖̏̂̌́̒̓Ȣ 

˞̃̏̉ ̑́̈̑́̂̏̓̋̉ ̠̐̑̆̅̒̓́̃̓ ̘̜̔̆̎̆ ̉̈ ̜̖̋̑̔̐̎ ̔̎̉̃̆̑̒̉̓̆̓̏̃ȟ ̘̏̅̉̎̏Ȥ

̜̎̆ ̜̐̑̏̄̑́̍̍̉̒̓  

ː̠̑̔̒̓̎́ ̝̎̏̃̏̒̓ȡ ̉̈ Blender Institute ̙̔̆̌ ˎ̖̑̆̓ ̃́̎ ˘̝̏̍̍̆̌ȟ ́̃̓̏̑ ̉ 
̜̂̆̒̒̍̆̎̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ ̑̆̎̅̆̑-̅̃̉̇̋́ Cycles. ˑ ̆̌̏ ̃ ̓̏̍ȟ ̘̓̏ ˎ̖̑̆̓ ̐̏Ȥ
̘̌̔̉̌ ̑́̂̏̓̔ ̃ Solid Angle, ̄ ̅̆ ̂̔̅̆̓ ̘̝̔́̒̓̃̏̃́̓ ̃ ̑́̈̑́̂̏̓̋̆ ̘̋̏̍̍̆̑̆Ȥ
̒̋̏̄̏ ̑̆̎̅̆̑́ Arnold. ˞̋̏̑̆̆ ̃̒̆̄̏ȟ ̜̖̎̏̃ ̗̔̎̋̉̊̕ ̠̅̌ Cycles ̏ ̓ ̎̆̄̏ 
̝̇̅́̓ ̎̆ ̠̐̑̉̅̆̓̒ȟ ̖̠̏̓ ̉ ̘̠̏̓̍̆́̆̓̒ȟ ̘̓̏ ̏̎ ̎̆ ̘̉̒̆̈̎̆̓ ̎́̒̏̃̒̆̍ ̉ ̂̔̅̆̓ 
̐̏ ̍̆̑̆ ̒̉̌ ̝̐̏̍̏̄́̓ ̝̜̏̒̓́̌̎̍ ̘̑́̈̑́̂̏̓̉̋́̍ ̐̑̏̆̋̓́Ȣ 
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ˍ ̋́̋ ̠̏̂̒̓̏̓ ̅̆̌́ ̒ ̐̑̏̆̋̓̏̍ Gooseberry? ̊ ̠̆̒̍̏̓̑ ̎́ ̐̑̏̃́̌ ̋̑́Ȥ
̔̅́̎̅̉̎̄́̕ȟ ̑́̂̏̓́ ̎́̅ ̝̉̌̍̏̍̕ ̝̒̓́̂̉̌̎̏ ̠̃̆̅̆̓̒ȡ ̞̓̉̍ ̌̆̓̏̍ ̔ ̐̑̏Ȥ
̆̋̓́ ̠̝̐̏̃̉̌̉̒ ̑̆̇̉̒̒̆̑ȟ ̗̜̋̏̎̆̐̓̆̑ ̉ ̗̜̒̆̎́̑̉̒̓Ȣ ˏ̠̆̅̆̓̒ ̠́̋̓̉̃̎́ 
̑́̂̏̓́ ̎́̅ ̘̏̂̌́̎̏̊ ̐̌́̓̏̑̍̏̊̕ ̒̏̃̍̆̒̓̎̏̊ ̑́̈̑́̂̏̓̋̉ Blender Cloud, 
̠̋̏̓̏̑́ ̔̇̆ ̅̏̒̓̔̐̎́ ̠̅̌ ̒̐̏̎̒̏̑̏̃ ̉ ̘̐̑̆̅̈́̋́̈̉̋̏̃Ȣ ˎ̔̅̆̍ ̠̝̠̎́̅̆̓̒ȟ 
̘̓̏ ̠̠̈́̃̌̆̎̎́ ̠̐̉̌̏̓̎́ ̠̃̆̑̒̉ ̝̉̌̍́̕ ̃̒̆-̓́̋̉ ̔̃̉̅̉̓ ̒̃̆̓Ȣ 

ˏ ̍̉̑̆ ̘̖̋̏̍̍̆̑̆̒̋̉ ̑̆̎̅̆̑-̅̃̉̇̋̏̃ ɀ ̝̙̠̂̏̌́ ̝̎̏̃̏̒̓ȡ ̟̠̒̌̆̅̔́̚ 
̠̃̆̑̒̉ Renderman ̂ ̔̅̆̓ ̅̏̒̓̔̐̎́ ̂̆̒̐̌́̓̎̏ ̠̅̌ ̘̎̆̋̏̍̍̆̑̆̒̋̏̄̏ ̝̉̒̐̏̌Ȥ
̠̈̏̃́̎̉Ȧ ˛̂ ̞̓̏̍ ̒̏̏̂̉̌̚ ˪̅ ˗̞̓̍̔̌̌ȟ ̅̉̑̆̋̓̏̑ Pixar. ˏ ̜̖̏̅ ̎̏̃̏̊ ̃̆̑̒̉̉ 
̈̎́̍̆̎̉̓̏̄̏ ̑̆̎̅̆̑́ ̘̐̑̉̔̑̏̆̎ ̋ SIGGRAPH 2014. ̊ ́̐̏̍̎̉̍ȟ ̘̒̆̊́̒ ̌̉Ȥ
̗̠̆̎̈̉ ̎́ Renderman ̒ ̓̏̉̓ ΑτωυȢ ˑ̠̌ ̜̖̏̐̓̏̃ ̈́̋̔̐̏̋ ɉ̂̏̌̆̆ ςυ ̗̌̉̆̎Ȥ
̈̉̊Ɋ ̜̐̑̆̅̔̒̍̏̓̑̆̎ ̒̋̉̅̋̉Ȣ 

˕̜̈̃̆̒̓̎̊ ̐̏̑̓́̌ ̐̏ ̝̟̋̏̍̐̓̆̑̎̏̊ ̄̑́̉̋̆̕ CG Cookie ̈ ́̐̔̒̋́̆̓ 
̘̋̏̍̍̆̑̆̒̋̉̊ ̑̆̒̔̑̒ Blender Market (http://cgcookiemarkets.com/
blender), ̃  ̖̑́̍̋́ ̋̏̓̏̑̏̄̏ ̗̔̎̋̉̏̎̉̑̔̆̓̕ ̋́̓́̌̏̄ ̉ ̉̎̓̆̑̎̆̓-̍́̄́̈̉̎ 
́̒̒̆̓̏̃ ̠̅̌ Blender (̍ ̏̅̆̌̆̊ȟ ̒̋̑̉̐̓̏̃ȟ ̙̆̊̅̆̑̏̃ ̉ ̓Ȣ̅ȢɊ ˝́̅̔̆̓ȟ ̘̓̏ ̃ 
̜̐̆̑̃̆ ωπ ̅̎̆̊ ̜̑́̂̏̓ υϷ ̏̓ ̖̃̒̆ ̐̑̏̅́̇ ̐̏̊̅̔̓ ̎́ ̐̏̅̅̆̑̇̋̔ Blender 
Foundation ɀ ̃  
̂̔̅̔̆̍̚ ̃̌́Ȥ
̝̗̜̅̆̌ ́̋̋́̔̎Ȥ
̓̏̃ ̓̏̇̆ ̒̍̏̄̔̓ 
̝̅̏̂̑̏̃̏̌̎̏ 
̝̇̆̑̓̃̏̃́̓ ̏̑̄́Ȥ
̗̎̉̈́̉̉ ̘̝́̒̓ 
̒̃̏̆̊ ̜̘̃̑̔̋̉Ȣ 

 
 

˕̈ ̎̏̃̏̒̓̆̊ȟ ̋̏̒̃̆̎̎̏ ̟̖̈́̓̑́̄̉̃́̉̚ ̂̌̆̎̅̆̑̏̃̒̋̉̊ ̋̏̎̃̆̊̆̑ȟ ̏̒̏Ȥ
̂̏̄̏ ̠̔̐̏̍̉̎́̎̉ ̈́̒̌̔̇̉̃́̆̓ ̜̖̃̏̅ ̝́̌́̕-̃̆̑̒̉̉ ButtleOFX ɀ ̒̃̏̂̏̅̎̏̄̏ 
̋̏̍̐̏̈̉̓̏̑́ ̒ ̐̏̅̅̆̑̇̋̏̊ ̐̌́̄̉̎̏̃ OFX. ˪ ̓̏ ̐́̋̆̓ ̠̅̌ ̠̒̏̈̅́̎̉ ̗̞̒̐̆̕Ȥ
̆̋̓̏̃̕ȟ ̜̐̏̒̓̑̏̆̎̎̊ ̎́ ̑̆̊̍̃̏̑̋̆̕ TuttleOFX. ɣ ̘̜̠̉̓̃́ ̘̝̟̐̆́̌̎̔ ̉̒̓̏Ȥ
̟̑̉ Ramen ̉  Synapse, ́  ̓́̋̇̆ ̘̟̎̆̏̅̎̏̈̎́̎̔ ̝̒̔̅̂̔ Jahshaka, ̐ ̠̑̉̓̎̏ ̃̉Ȥ
̝̅̆̓ȟ ̘̓̏ ̖̠̏̓ ̜̂ ̏̅̎̏ ̗̒̐̆̉́̌̉̈̉̑̏̃́̎̎̏̆ ̒̃̏̂̏̅̎̏̆ ̐̑̉̌̏̇̆̎̉̆ ̠̅̌ 
̋̏̍̐̏̈̉̓̉̎̄́ ̐̑̏̅̏̌̇́̆̓ ̝̠̑́̈̃̉̃́̓̒Ȣ ˏ ̠̎́̒̓̏̉̊̚ ̍̏̍̆̎̓ ̑́̈̑́̂̏̓̋̏̊ 
̜̐̑̏̄̑́̍̍ ̟̠̈́̎̉̍́̓̒ ̠̝̐̓ ̒̏̓̑̔̅̎̉̋̏̃ ̉̎̒̓̉̓̔̓́ IMAC Engineering, ̋ ̏Ȥ
̜̓̏̑̍̉ ̑̔̋̏̃̏̅̉̓ ˡ̝́̂̆̎ ˗́̒̓́̎ȟ ̏̅̉̎ ̉̈ ̟̘̜̖̋̌̆̃ ̘̑́̈̑́̂̏̓̉̋̏̃ Tut-
tleOFX. 

http://cgcookiemarkets.com/blender
http://cgcookiemarkets.com/blender


Blender  

ǖǫǳǪǫǶǮǳǩ ǨǴǪȁ ð ǴǪǳǦ Ǯǭ ǷǦǲȁǻ ǮǳǸǫǶǫǷǳȁǻ ǭǦǪǦǽ Ǩ 3D-
ǩǶǦǺǮǰǫ. ǐǦǬǪȁǯ ǶǫǾǦǫǸ ǫǫ ǵǴ ǷǨǴǫǲǹ: ǰǸǴ-ǸǴ ǷǴǭǪǦǫǸ «ǽǫǷǸǳǹȄ» 
ǩǫǴǲǫǸǶǮȄ ǨǴǱǳ Ƿ ǮǷǵǴǱȂǭǴǨǦǳǮǫǲ ǷǮǲǹǱȅǸǴǶǴǨ ǴǰǫǦǳǦ, ǰǸǴ-ǸǴ Ƿǲǫ-
ǿǦǫǸ ǨǫǶǾǮǳȁ ǮǱǮ ǵǶǴǷǸǴ ǲǴǪǮǺǮǼǮǶǹǫǸ ǳǴǶǲǦǱǮ ǵǶǮ ǵǴǲǴǿǮ ǰǦǶǸ 
ǨȁǷǴǸ. 

 
ǒǦǸǫǶǮǦǱ ǨǴǪȁ ð ǸǴǬǫ ǷǱǴǬǳǦȅ ǨǫǿȂ: ǰǦǰ ǵǶǦǨǮǱǴ, Ǵǳ ǵǶǫǪǷǸǦǨ-

Ǳǫǳ ǰǴǲǵǴǭǮǸǳȁǲ ǾǫǯǪǫǶǴǲ, ǩǪǫ ǵǶǫǱǴǲǱȅȄǿǦȅ ǵǶǴǭǶǦǽǳǴǷǸȂ ǵǱǦǨǳǴ 
ǵǫǶǫǻǴǪǮǸ Ǩ ǴǸǶǦǬǦǫǲǴǷǸȂ ǵǴ ǭǦǰǴǳǹ ǚǶǫǳǫǱȅ. ǘǦǰǮǲ ǴǧǶǦǭǴǲ, ǫǷǱǮ 
ǷǲǴǸǶǫǸȂ ǳǦ ǨǴǪǹ ǷǨǫǶǻǹ ǨǳǮǭ, ǲȁ ǹǨǮǪǮǲ ǪǳǴ, Ǧ ǫǷǱǮ ǷǲǴǸǶǫǸȂ ǨǪǴǱȂ 
ǵǴǨǫǶǻǳǴǷǸǮ ǳǦ ǩǴǶǮǭǴǳǸ, ǸǴ ǨǲǫǷǸǴ ǪǳǦ ǹǨǮǪǮǲ ǴǸǶǦǬǫǳǮǫ ǳǫǧǦ Ǯ 
ǧǫǶǫǩǴǨ. ǈ ǧǴǱǫǫ ǷǱǴǬǳȁǻ ǩǶǦǺǮǽǫǷǰǮǻ ǰǴǳǨǫǯǫǶǦǻ ǹǽǮǸȁǨǦȄǸ ǸǦǰǬǫ 
ǶǦǷǷǫǮǨǦǳǮǫ ǷǨǫǸǦ Ǩ ǸǴǱǿǫ ǨǴǪȁ, ǭǦ ǷǽǫǸ ǽǫǩǴ ǪǴǷǸǮǩǦǫǸǷȅ ȃǺǺǫǰǸ 
ǲǹǸǳȁǻ ǨǴǪ: ǽǫǲ ǩǱǹǧǬǫ ǴǧȀǫǰǸ Ǩ ǳǫǫ ǵǴǩǶǹǬǦǫǸǷȅ, Ǹǫǲ ǻǹǬǫ ǫǩǴ ǨǮǪ-
ǳǴ. 

ǥ ǵǶǫǪǱǦǩǦȄ ǷǨǴȄ, ǴǽǫǳȂ ǵǶǴǷǸǹȄ Ǯ, ǨǲǫǷǸǫ Ƿ Ǹǫǲ, ȃǺǺǫǰǸǳǹȄ 
ǲǴǪǫǱȂ ǨǴǪȁ, ǰǴǸǴǶǦȅ ǻǴǶǴǾǴ ǵǴǰǦǭȁǨǦǫǸ Ƿǫǧȅ Ǩ ǰǦǲǫǶǳȁǻ ǷǼǫǳǦǻ Ǯ 
ǶǫǳǪǫǶǮǸǷȅ ǴǽǫǳȂ ǧȁǷǸǶǴ. ǖǦǷǷǲǴǸǶǮǲ ǷǼǫǳǹ Ƿ ǱǴǸǴǷǦǲǮ ǳǦ ǵǴǨǫǶǻ-
ǳǴǷǸǮ ǴǲǹǸǦ, ǰǴǸǴǶǦȅ ǧȁǱǦ ǮǷǵǴǱȂǭǴǨǦǳǦ ǵǶǮ ǷǴǭǪǦǳǮǮ ǴǧǱǴǬǰǮ ǪǱȅ 
çFPSè ɲ30 '14. ǈ ǳǫǯ ǳǫǸ ǵǴǩǶǹǬǫǳǳȁǻ Ǩ ǨǴǪǹ ǵǶǫǪǲǫǸǴǨ, ǵǴȃǸǴǲǹ 
ǵǶǴǭǶǦǽǳǴǷǸȂ Ǯ ǵǶǫǱǴǲǱǫǳǮǫ ǲǴǬǳǴ ǳǫ ǹǽǮǸȁǨǦǸȂ: ǴǸǶǦǬǦǫǲǴǷǸȂ 
ǧǹǪǫǸ ǵǫǶǫǻǴǪǮǸȂ Ǩ ǷǴǧǷǸǨǫǳǳȁǯ ǼǨǫǸ ǨǴǪȁ (ǸǫǲǳǴ-ǭǫǱǫǳȁǯ). ǉǫǴ-
ǲǫǸǶǮȅ ǨǴǪȁ ð ǵǶǴǷǸǦȅ ǵǱǴǷǰǴǷǸȂ. ǔǷǳǴǨǳǦȅ ǮǪǫȅ ǭǦǰǱȄǽǦǫǸǷȅ Ǩ 
ǸǴǲ, ǽǸǴǧȁ ǮǷǵǴǱȂǭǴǨǦǸȂ Ǩ ǾǫǯǪǫǶǫ ǸǫǰǷǸǹǶǹ ǳǫǧǦ, Ǩ ǰǴǸǴǶǹȄ ǧǹǪǫǸ 
ǵǱǦǨǳǴ ǵǫǶǫǻǴǪǮǸȂ ǼǨǫǸ ǨǴǪȁ. ǊǴǷǸǮǩǦǫǸǷȅ ȃǸǴ ǭǦ ǷǽǫǸ ǵǶǴǷǸȁǻ ǳǦ-
ǷǸǶǴǫǰ ǸǫǰǷǸǹǶȁ ǲǦǸǫǶǮǦǱǦ. 
 

1. ǗǴǭǪǦǪǮǲ ǵǱǴǷǰǴǷǸȂ ǪǱȅ ǵǴǨǫǶǻǳǴǷǸǮ ǨǴǪȁ Ǯ ǪǴǧǦǨǮǲ ǫǯ 
ǲǦǸǫǶǮǦǱ. ǓǦǷǸǶǴǯǰǮ ǲǦǸǫǶǮǦǱǦ ǲǴǬǳǴ ǨȁǷǸǦǨǮǸȂ ǰǦǰ ǳǦ ǷǰǶǮǳǾǴ-
Ǹǫ. ǊǮǺǺǹǭǳȁǯ ǼǨǫǸ ǲǦǸǫǶǮǦǱǦ ǹǰǦǭǦǳ ǰǦǰ 001413. 
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2. ǊǱȅ ǷǴǭǪǦǳǮȅ ȃǺǺǫǰǸǦ ǨǴǱǳ ǧǹǪǫǲ ǮǷ-
ǵǴǱȂǭǴǨǦǸȂ ǪǨǫ ǸǫǰǷǸǹǶȁ: ǸǮǵǦ Clouds ǪǱȅ 
ǲǫǱǰǴǯ ǶȅǧǮ Ǯ ǸǮǵǦ Wood ǪǱȅ ǰǶǹǵǳȁǻ ǨǴǱǳ, 

Ƿ ǹǰǦǭǦǳǮǫǲ Normal 
ǨǴ ǨǰǱǦǪǰǫ Influence. 
ǓǦǷǸǶǴǯǰǮ ǪǱȅ Ǹǫǰ-
ǷǸǹǶ ǵǴǰǦǭǦǳȁ ǳǦ 
ǷǰǶǮǳǾǴǸǦǻ. 

4. ǗǱǫǪǹȄǿǮǯ ȃǸǦǵ ð ǴǸǶǦǬǫǳǮǫ ǳǫǧǦ. ǊǴǧǦǨȂǸǫ ǸǶǫǸȂȄ 
ǸǫǰǷǸǹǶǹ Ǯ ǭǦǩǶǹǭǮǸǫ ǫǫ Ǯǭ ǺǦǯǱǦ ð ȅ, ǳǦǵǶǮǲǫǶ, ǮǷǵǴǱȂǭǴǨǦǱ 
ǷǳǮǲǴǰ ǭǨǫǭǪ Ƿ ǸǫǱǫǷǰǴǵǦ. ǚǴǰǹǷ Ǩ ǸǴǲ, ǽǸǴǧȁ ǮǷǵǴǱȂǭǴǨǦǸȂ ǪǱȅ 
ȃǸǴǯ ǸǫǰǷǸǹǶȁ ǶǫǬǮǲ UV-ǶǦǭǨǫǶǸǰǮ Reflection. ǔǷǸǦǱȂǳȁǫ ǳǦ-
ǷǸǶǴǯǰǮ ǵǴǰǦǭǦǳȁ ǳǦ ǷǰǶǮǳǾǴǸǫ. 
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3. ǋǷǱǮ ǸǫǵǫǶȂ ǷǪǫ-
ǱǦǸȂ ǶǫǳǪǫǶ, ǹǬǫ ǵǴ-
ǱǹǽǮǸǷȅ ǽǸǴ-ǸǴ, ǳǦǵǴ-
ǲǮǳǦȄǿǫǫ ǨǴǪǹ. ǐǶǹ-
ǩǮ, ǶǦǷǻǴǪȅǿǮǫǷȅ ǴǸ ǼǫǳǸǶǦ, ǰǴǳǫǽǳǴ, ǳǫ 
ǷǱǮǾǰǴǲ ǶǫǦǱǮǷǸǮǽǳȁ, ǳǴ ǶǫǽȂ Ǩ ǪǦǳǳǴǲ 
ǷǱǹǽǦǫ ǮǪǫǸ Ǵ ǰǦǲǫǶǳǴǯ ǷǼǫǳǫ, Ǧ ǳǫ Ǵ ǲǴǶ-
ǷǰǴǲ ǵǫǯǭǦǬǫ. ǐǶǴǲǫ ǸǴǩǴ, ǨǷǫǩǪǦ ǲǴǬǳǴ 
ǵǶǮ ǬǫǱǦǳǮǮ ǳǦǶǮǷǴǨǦǸȂ ǳǹǬǳǹȄ ǸǫǰǷǸǹǶǹ Ǩ 
ǩǶǦǺǮǽǫǷǰǴǲ ǶǫǪǦǰǸǴǶǫ. 
 
 



5. ǘǫǵǫǶȂ ǶǫǭǹǱȂǸǦǸ ǪǴǷǸǦǸǴǽǳǴ 
ǧǱǮǭǴǰ ǰ ǬǫǱǦǫǲǴǲǹ. ǒǴǬǳǴ ǰǴǶǶǫǰ-
ǸǮǶǴǨǦǸȂ ǳǦǷǸǶǴǯǰǮ ǸǫǰǷǸǹǶ Ǯ ǲǦǸǫ-
ǶǮǦǱǦ, ǽǸǴǧȁ ǵǴǱǹǽǮǸȂ Ǹǹ ǮǱǮ ǮǳǹȄ 
ǳǹǬǳǹȄ ǨǦǲ ǦǸǲǴǷǺǫǶǹ. ǓǦǵǶǮǲǫǶ, 
ǪǱȅ ǷǼǫǳȁ Ƿ ǱǴǸǴǷǦǲǮ ȅ ǨǴ ǨǰǱǦǪǰǫ 
Influence ǨȁǷǸǦǨǮǱ ǶǫǬǮǲ ǷǲǫǾǮǨǦ-
ǳǮȅ Value, ǽǸǴǧȁ ǷǲǫǾǦǸȂ ǼǨǫǸ ǲǦǸǫ-
ǶǮǦǱǦ Ƿ ǮǳǸǫǳǷǮǨǳǴǷǸȂȄ ǸǫǰǷǸǹǶȁ Ǯ 
ǵǴǱǹǽǮǸȂ Ǩ ǮǸǴǩǫ ǧǮǶȄǭǴǨȁǯ ǼǨǫǸ ǨǴ-
Ǫȁ.  

 

6. ǒǴǬǳǴ ǸǫǵǫǶȂ ǪǴǧǦǨǮǸȂ 
ǰǦǰǴǯ-ǳǮǧǹǪȂ ǴǧȀǫǰǸ, 
«ǵǱǦǨǦȄǿǮǯ» ǳǦ ǵǴǨǫǶǻǳǴǷǸǮ ǨǴ-
Ǫȁ, ǽǸǴǧȁ ǵǶǴǨǫǶǮǸȂ ǰǦǽǫǷǸǨǴ ǴǸ-
ǶǦǬǫǳǮȅ. 
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ƨƻǁǈǊ ƾǈǉǈǅǇƿǇǂǃ Blender  

ƜǕǉǍǋǄ 10 
ˎ̠̌́̄̏̅́̑ ̔̅̏̂̎̏̍̔ ̉ ̍̏̎̏̍̔̚ API ̅ ̠̌ ̠̜̈̋́ Python, Blender ̐ ̠̏̅̅́̆̓̒ ̘̐̑́̋̓̉̆̒̋̉ ̘̎̆̏̄̑́̎̉̆̎̎̏̍̔ ̙̟̑́̒̉̑̆̎̉Ȣ ˚̙́ ̇̔̑̎́̌ ̏̓̒̌̆̇̉Ȥ

̃́̆̓ ̜̖̃̏̅ ̜̖̎̏̃ ̜̖̐̏̌̆̈̎ ̅̏̐̏̌̎̆̎̉̊ ̠̅̌ Blender, ̋ ̜̏̓̏̑̆ ̍̏̄̔̓ ̝̈́̉̎̓̆̑̆̒̏̃́̓ ̝̐̏̌̈̏̃́̓̆̌̆̊ȟ ̝̟̖̉̒̐̏̌̈̔̉̚ ̐̑̏̄̑́̍̍̔ ̃ ̘̋́̆̒̓̃̆ ̉̎̒̓̑̔Ȥ
̍̆̎̓́ ̠̅̌ ̑́̈̑́̂̏̓̋̉ ̉̄̑ ̉̌̉ ̠̒̏̈̅́̎̉ ̉̄̑̏̃̏̄̏ ̋̏̎̓̆̎̓́Ȣ 

 
˒̒̌̉ ̜̃ ̜̑́̈̑́̂́̓̃́̆̓̆ ̒̏̂̒̓̃̆̎̎̏̆ ̅̏̐̏̌̎̆̎̉̆ ̉̌̉ ̐̑̏̒̓̏ ̙̎́̌̉ ̃ ˕̎̓̆̑̎̆̓̆ ̘̆̊-̓̏ ̜̉̎̓̆̑̆̒̎̊ ̐̑̏̆̋̓ȟ ̂̔̅̆̍ ̘̝̏̆̎ ̜̑́̅ȟ ̆̒̌̉ ̜̃ ̎́Ȥ

̙̐̉̆̓̆ ̎́̍ ̏̂ ̞̓̏̍ ̉ ̝̐̏̅̆̌̉̓̆̒ ̜̒̒̌̋̏̊Ȣ ˜̙̉̉̓̆ ̎́ gecko0307@gmail.com, ̌ ̉̂̏ ̃ ̙̎́̆ ̒̏̏̂̆̒̓̃̏̚ȡ http://gplus.to/fps_community  

        Asset Sketcher 
 
ˍ̃̓̏̑ȡ ˍ̎̅̑̆́̒ ˪̝̒̆ 
 
˪̓̏ ̘̋̏̍̍̆̑̆̒̋̏̆ ̅̏̐̏̌̎̆̎̉̆ȟ ̋̏̓̏̑̏̆ ̠̐̏̈̃̏̌̆̓ ̎́Ȥ
̠̟̐̑̍̔ «̝̑̉̒̏̃́̓» ̛̏̂̆̋̓́̍̉ ̐̏ ̗̒̆̎̆ȟ ̠̐̑̍̏ ̃ ̏̋̎̆ 
3D-̐̑̏̒̍̏̓̑́Ȣ ˟̠́̋́ ̝̃̏̈̍̏̇̎̏̒̓ ̠̐̑̉̄̏̅̉̓̒ ̌̆̃̆̌̅̉Ȥ
̈́̊̎̆̑́̍ȟ ̋̏̄̅́ ̎̔̇̎̏ ̜̂̒̓̑̏ ̝̑́̈̍̆̒̓̉̓ ̎́ ̔̑̏̃̎̆ 
̍̎̏̇̆̒̓̃̏ ̜̖̏̅̎̏̓̉̐̎ ̖̍̆̌̋̉ ̐̑̆̅̍̆̓̏̃ ɀ ̎́̐̑̉̍̆̑ȟ 
̑́̒̓̆̎̉̊Ȣ ˜̑̉ ̞̓̏̍ ̏̎̉ ̘́̃̓̏̍́̓̉̆̒̋̉ ̜̟̠̃̑́̃̎̉̃́̓̒ 
̐̏ «̈̆̍̌̆» ̗̜̒̆̎ȟ ̘̓̏ ̍̎̏̄̏̋̑́̓̎̏ ̘̏̂̌̆̄́̆̓ ̑́̂̏̓̔ 
̎́̅ ̜̉̄̑̏̃̍̉ ̠̔̑̏̃̎̍̉Ȣ ˚́̒̓̑̏̊̋̉ ̠̟̐̏̈̃̏̌̓ ̉̈̍̆Ȥ
̝̎̉̓ ̝̒̓̆̐̆̎ ̘̒̌̔́̊̎̏̒̓̉ ̙̍́̒̓́̂́ ̉ ̐̏̃̏̑̏̓́ ̒̏̈́Ȥ
̜̖̃́̆̍ ̛̏̂̆̋̓̏̃Ȣ 
 
ˣ̆̎́ȡ ΑςωȢωυ 
 
˞̜̒̌̋́Ȣ 
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          BGE Publishing 
 
ˍ̃̓̏̑ȡ ̘̑́̈̑́̂̏̓̉̋̉ Blender 
 
ˏ master-̃̆̓̋̔ ̐́̋̆̓́ ̎̆̅́̃̎̏ ̜̂̌ 
̃̎̆̒̆̎ ̜̎̏̃̊ ̜̃̒̓̑̏̆̎̎̊ ́̅̅̏̎ 
̠̅̌ ̗̐̔̂̌̉̋́̉̉ ̉̄̑ ɀ Game Engine 
Publishing, ̋ ̜̏̓̏̑̊ ̃ ̂̔̅̔̆̍̚ ̅̏̌Ȥ
̇̆̎ ̝̈́̍̆̎̉̓ ̙̔̒̓́̑̆̃̉̊ Save As 
Runtime. ˜̗̠̔̂̌̉̋́̉ ̉̄̑ȟ ̒̏̈̅́̎Ȥ
̜̖̎ ̎́ BGE, ̝̓̆̐̆̑ ̝̟̐̏̌̎̏̒̓ 
̠̋̑̏̒̒̐̌́̓̏̑̍̆̎̎́̕ ɀ ̃̒̆ ̖̎̆̏̂̏Ȥ
̜̅̉̍̆ ̜̂̉̎́̑̎̆ ̂̉̂̌̉̏̓̆̋̉ ̂̔̅̔̓ 
̜̃̒̓́̃̌̆̎ ̘́̃̓̏̍́̓̉̆̒̋̉Ȣ ˙̏̇̎̏ 
̓́̋̇̆ ̒̑́̈̔ ̝̒̏̈̅́̓ ̖́̑̉̃ ̒ ̉̄̑̏̊ 
(TAR ̉ ̌̉ ZIP), ́ ȟ ̋̑̏̍̆ ̓̏̄̏ȟ ̑́̈̑̆Ȥ
̙̝̉̓ ̃̒̆ ̈́̃̉̒̉̍̏̒̓̉ ɀ ̒̋̏̐̉̑̏Ȥ
̝̃́̓ ̃ ̘̑́̂̏̉̊ ̋́̓́̌̏̄ ̙̃̎̆̎̉̆ 
̜́̊̌̕ ̓̆̋̒̓̔̑ȟ ̒̋̑̉̐̓̏̃ȟ ̙̆̊̅̆Ȥ
̑̏̃ȟ ̠̜̒̃̈́̎̎̆ blend-̜́̊̌̕ ̉ ̓Ȣ̅Ȣ 
 
˓̅̉̓̆ ́̅̅̏̎ ̃ ̏̅̎̏̍ ̉̈ ̙̖̂̌̉̇́̊̉ ̑̆̌̉̈̏̃ Blender. 

          BoolTool 0.2  
 
ˍ̃̓̏̑ȡ ˏ̉̓̏̑ ˎ̝́̌̂̉̏ 
 
ˏ ̜̐̑̆̅̅̔̆̍̚ ̜̃̐̔̒̋̆ «˛̂̈̏̑́» ̍ ̜ ̔̇̆ ̐̉̒́̌̉ ̏̂ ̞̓̏̍ ̅̏̐̏̌̎̆̎̉̉ȟ ̏̂̆Ȥ
̘̟̐̆̉̃́̆̍̚ ̠̘̟̔̐̏̑̅̏̆̎̎̔ ̗̟̏̑̄́̎̉̈́̉ ̜̑́̂̏̓ ̒ ̜̂̔̌̆̃̍̉ ̗̠̏̐̆̑́̉Ȥ
̍̉ ̉ ̠̍̏̅̆̌̉̑̏̃́̎̉ ̜̖̓̃̆̑̅ ̖̐̏̃̆̑̎̏̒̓̆̊Ȣ ˏ ̎̏̃̏̊ ̃̆̑̒̉̉ BoolTool ̔ ̘̌̔Ȥ
̙̆̎ ̝̝̐̏̌̈̏̃́̓̆̌̒̋̉̊ ̉̎̓̆̑̆̊̒̕ ̉ ̜̅̏̂́̃̌̆̎ ̜̎̏̃̆ ̜̉̎̒̓̑̔̍̆̎̓ ɀ ̎́Ȥ
̐̑̉̍̆̑ȟ ̝̋̉̒̓ ̠̅̌ ̠̑̉̒̏̃́̎̉ ̐̏̌̉̄̏̎̏̃Ȣ 
 
˞̜̒̌̋́Ȣ 

          Menu Pinning  
 
ˍ̃̓̏̑ȡ ˙̙̏̑̉̅̔̌ ˗̖̝̟̑́̔̅̑̉ 
 
˪̓̏̓ ̝̙̎̆̂̏̌̏̊ ́̅̅̏̎ȟ ̋́̋ ̠̒̎̏ ̉̈ ̠̎́̈̃́̎̉ȟ ̠̐̏̈̃̏̌̆̓ ̝̈́̋̑̆̐̉̓ ̎́ 
̞̋̑́̎̆ ̋́̋̏̆-̌̉̂̏ ̟̍̆̎ ̠̅̌ ̜̂̒̓̑̏̄̏ ̅̏̒̓̔̐́ ̋ ̎̆̍̔Ȣ 
 
˞̜̒̌̋́ȡ http://pastebin.com/raw.php?i=hvevv7TC 

https://github.com/vitorbalbio/code/tree/master/BoolTool
http://pastebin.com/raw.php?i=hvevv7TC


Wings 3D 

Wings 3D ð ǲǴǿǳȁǯ ǰǶǴǷǷǵǱǦǸǺǴǶǲǫǳǳȁǯ ǷǨǴǧǴǪǳȁǯ 3D-
ǶǫǪǦǰǸǴǶ, ǴǶǮǫǳǸǮǶǴǨǦǳǳȁǯ, Ǩ ǵǫǶǨǹȄ ǴǽǫǶǫǪȂ, ǳǦ ǵǴǱǮǩǴǳǦǱȂǳǴǫ 
ǲǴǪǫǱǮǶǴǨǦǳǮǫ. ǓǦ ǺǴǳǫ ǧǴǱǫǫ ǵǴǵǹǱȅǶǳǴǩǴ Blender ð ǵǴ ǷǹǸǮ, ǼǫǱǴǩǴ 
ǰǴǲǧǦǯǳǦ ǪǱȅ ǵǶǴǮǭǨǴǪǷǸǨǦ ǸǶǫǻǲǫǶǳǴǯ ǩǶǦǺǮǰǮ ð ǱǫǩǰǴǨǫǷǳȁǯ Wings 
3D ǲǫǳǫǫ ǭǦǲǫǸǫǳ Ǯ ǭǦǽǦǷǸǹȄ ǲǳǴǩǮǫ ǭǦǧȁǨǦȄǸ Ǵ ǫǩǴ ǷǹǿǫǷǸǨǴǨǦǳǮǮ. 
ǎ ǭǶȅ: Ǩ ȃǸǴǲ ǶǫǪǦǰǸǴǶǫ ǶǫǦǱǮǭǴǨǦǳǴ ǲǳǴǬǫǷǸǨǴ ǹǳǮǰǦǱȂǳȁǻ Ǻǹǳǰ-
ǼǮǯ, ǰǴǸǴǶȁǻ ǵǴǵǶǴǷǸǹ ǳǫǸ Ǩ ǵǶǴǩǶǦǲǲǦǻ-ǦǳǦǱǴǩǦǻ. ǎǩǳǴǶǮǶǹȅ Wings, 
ǲǴǪǫǱǱǫǶ ǲǳǴǩǴǫ ǸǫǶȅǫǸ! 

 
ǥ ǨǵǫǶǨȁǫ ǳǦǽǦǱ ǶǦǧǴǸǦǸȂ Ƿ Wings Ǩ 2008 ǩǴǪǹ, ǰǴǩǪǦ ǵǴ ǸǫǻǳǮ-

ǽǫǷǰǮǲ ǵǶǮǽǮǳǦǲ ǵǶǮǾǱǴǷȂ ǨǶǫǲǫǳǳǴ ǴǸǰǦǭǦǸȂǷȅ ǴǸ Blender. ǐǴǳǫǽ-
ǳǴ, ǵǴǳǦǽǦǱǹ ǳǫ ǻǨǦǸǦǱǴ ǲǳǴǩǮǻ ǮǳǷǸǶǹǲǫǳǸǴǨ ǵǴǷǱǫǪǳǫǩǴ ð ǶǫǳǪǫǶ-
ǪǨǮǬǰǦ, ǶǫǪǦǰǸǴǶǦ ǲǦǸǫǶǮǦǱǴǨ, ǦǳǮǲǦǼǮǮ, ǵǱǦǩǮǳǴǨ ȃǰǷǵǴǶǸǦ/
ǮǲǵǴǶǸǦ Ǯ Ǹ.Ǫ. ǔǪǳǦǰǴ Wings ð ȃǸǴ Ǯ ǳǫ ǵǴǱǳȁǯ ǦǳǦǱǴǩ 3ds Max, Maya 
ǮǱǮ Blender. ǣǸǴ, ǵǴ ǷǹǸǮ, ǦǱȂǸǫǶǳǦǸǮǨǦ ǸǴǯ ǽǦǷǸǮ ǵǦǰǫǸǦ, ǰǴǸǴǶǹȄ 
ǭǦǳǮǲǦǫǸ ǵǴǱǮǩǴǳǦǱȂǳȁǯ ǶǫǪǦǰǸǴǶ ð Ǯ ǦǱȂǸǫǶǳǦǸǮǨǦ ǧǴǱǫǫ ǽǫǲ ǪǴǷ-
ǸǴǯǳǦȅ! 

Wings 3D ǮǭǳǦǽǦǱȂǳǴ ǵǴǪǪǫǶǬǮǨǦǱ N-ǩǴǳȁ (ǵǴǱǮǩǴǳȁ Ƿ ǧǴǱǫǫ 
ǽǫǲ 4 ǶǫǧǶǦǲǮ) Ǯ ǵǴǱǳǴǼǫǳǳȁǫ ǮǳǷǸǶǹǲǫǳǸȁ ǲǦǳǮǵǹǱǮǶǴǨǦǳǮȅ ǮǲǮ. 
ǈ Blender Ǭǫ ǵǴǪǴǧǳǦȅ ǺǹǳǰǼǮǴǳǦǱȂǳǴǷǸȂ Ǩ ǨǮǪǫ ǷǮǷǸǫǲȁ BMesh 
ǵǴȅǨǮǱǦǷȂ ǷǶǦǨǳǮǸǫǱȂǳǴ ǳǫǪǦǨǳǴ ð Ǩ ǨǫǶǷǮǮ 2.63 (2012 ǩǴǪ). 

 
ǔǪǳǴ Ǯǭ ǳǫǲǦǱǴǨǦǬǳȁǻ ǪǴǷǸǴǮǳǷǸǨ Wings ð ǳǫǵǶǮǻǴǸǱǮǨȁǫ 

ǷǮǷǸǫǲǳȁǫ ǸǶǫǧǴǨǦǳǮȅ. ǕǶǴǩǶǦǲǲǦ ǪǴǨǴǱȂǳǴ ǾǹǷǸǶǴ ǶǦǧǴǸǦǫǸ ǪǦǬǫ 
ǳǦ ǷǸǦǶǫǳȂǰǴǯ ǷǮǷǸǫǲǫ Ƿ Pentium 4 Ǯ 512 ǲǫǩǦǧǦǯǸǦǲǮ ǵǦǲȅǸǮ, ǩǪǫ 
ǸǴǸ Ǭǫ Blender, ǰ ǵǶǮǲǫǶǹ, ǭǦǲǫǸǳǴ ǸǴǶǲǴǭǮǸ. ǔǸǶǮǷǴǨǰǦ ǮǳǸǫǶǺǫǯ-
ǷǦ ǴǷǳǴǨǦǳǦ ǳǦ OpenGL, ǵǶǮǽǫǲ, ǪǱȅ ǧǦǭǴǨǴǯ ǶǦǧǴǸȁ ǪǴǷǸǦǸǴǽǳǴ ǧǹ-
ǪǫǸ ǪǦǬǫ ǪǶǫǨǳǫǩǴ OpenGL 1.3. 

 
ǋǿǫ ǴǪǳǦ ǴǷǴǧǫǳǳǴǷǸȂ, ǭǦ ǰǴǸǴǶǹȄ ǲǳǴǩǮǫ ǼǫǳȅǸ Wings ð ǰǴǳ-

ǺǮǩǹǶǦǧǫǱȂǳǴǷǸȂ ǮǳǸǫǶǺǫǯǷǦ. ǐ ǵǶǮǲǫǶǹ, ǫǷǸȂ ǵǶǫǷǫǸȁ ǹǵǶǦǨǱǫǳǮȅ 
ǰǦǲǫǶǴǯ Ǩ ǷǸǮǱǫ ǶǦǭǳȁǻ ǪǶǹǩǮǻ ǵǶǴǩǶǦǲǲ (ǨǰǱȄǽǦȅ 3ds Max, Maya, 
Blender, SketchUp) ð ǷǶǦǭǹ ǨǮǪǳǴ, ǽǸǴ ǷǪǫǱǦǳǴ ǪǱȅ ǱȄǪǫǯ! 

 
ǎǳǸǫǶǺǫǯǷ ǵǶǴǩǶǦǲǲȁ ǷǨǴǫǴǧǶǦǭǳȁǯ, ǳǴ ǹǪǴǧǳȁǯ: ǨǳǹǸǶǮ ǴǷ-

ǳǴǨǳǴǩǴ ǴǰǳǦ Wings ǲǴǬǳǴ ǷǴǭǪǦǨǦǸȂ ǱȄǧǴǫ ǰǴǱǮǽǫǷǸǨǴ ǪǮǦǱǴǩǴǨȁǻ 
ǴǰǴǳ, ǰǴǸǴǶȁǫ ǴǸǴǧǶǦǬǦȄǸ ǷǼǫǳǹ Ƿ ǶǦǭǳȁǻ ǶǦǰǹǶǷǴǨ. ǒǴǬǳǴ ǷǴǻǶǦ-
ǳȅǸȂ Ǯ ǭǦǩǶǹǬǦǸȂ ǰǴǳǺǮǩǹǶǦǼǮǮ ǴǰǴǳ. 

 
ǙǵǶǦǨǱǫǳǮǫ ǵǶǴǩǶǦǲǲǴǯ ǨǴǭǲǴǬǳǴ ǰǦǰ ǵǶǮ ǵǴǲǴǿǮ ǩǴǶȅǽǮǻ 

ǰǱǦǨǮǾ, ǸǦǰ Ǯ ǵǶǮ ǵǴǲǴǿǮ ǰǳǴǵǴǰ Ǯ ǨǵǱȁǨǦȄǿǮǻ ǲǫǳȄ. ǝǸǴǧȁ ǳǦ-
ǽǦǸȂ ǲǴǪǫǱǮǶǴǨǦǸȂ, ǪǴǧǦǨȂǸǫ ǮǷǻǴǪǳȁǯ ǵǶǮǲǮǸǮǨ, ǳǦǬǦǨ Ǩ ǱȄǧǴǲ 
Ǵǰǳǫ ǵǶǦǨǹȄ ǰǳǴǵǰǹ ǲȁǾǮ. ǈ ǷǵǮǷǰǫ ǵǶǮǲǮǸǮǨǴǨ ǫǷǸȂ ǰǹǧ, ǸǴǶ, ǼǮ-
ǱǮǳǪǶ, ǷǺǫǶǦ, ǰǴǳǹǷ, ǸǫǸǶǦȃǪǶ, ǴǰǸǦȃǪǶ, ǪǴǪǫǰǦȃǪǶ, ǮǰǴǷǦȃǪǶ, 
ǵǱǴǷǰǴǷǸȂ Ǯ 3D-ǸǫǰǷǸ. 

 
ǕǴ ǹǲǴǱǽǦǳǮȄ ǨǰǱȄǽǫǳ ǶǫǬǮǲ ǨȁǪǫǱǫǳǮȅ ǩǫǴǲǫǸǶǮǽǫǷǰǮǻ 

ȃǱǫǲǫǳǸǴǨ ǴǧȀǫǰǸǦ ð ǨǫǶǾǮǳ, ǶǫǧǫǶ Ǯ ǩǶǦǳǫǯ. ǕǶǮǽǫǲ, Ǩ ǴǸǱǮǽǮǫ ǴǸ 
Blender, ǵǶǴǩǶǦǲǲǦ ǷǵǴǷǴǧǳǦ «ǹǩǦǪȁǨǦǸȂ», ǽǸǴ ǮǲǫǳǳǴ Ǩȁ ǻǴǸǮǸǫ 
ǨȁǪǫǱǮǸȂ.  
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ǈȁǪǫǱǮǨ ǴǪǮǳ Ǯ ǧǴǱǫǫ ȃǱǫǲǫǳǸǴǨ, ǲǴǬǳǴ ǵǶǮǲǫǳǮǸȂ ǰ ǳǮǲ ǰǦ-
ǰǹȄ-ǱǮǧǴ ǲǴǪǮǺǮǰǦǼǮȄ. ǣǸǴ ǪǫǱǦǫǸǷȅ ǳǦǬǦǸǮǫǲ ǵǶǦǨǴǯ ǰǳǴǵǰǮ ǲȁ-
ǾǮ: ǨǴ ǨǷǵǱȁǨǦȄǿǫǲ ǲǫǳȄ Ǩȁ ǳǦǯǪǫǸǫ ǵǫǶǫǲǫǿǫǳǮǫ, ǵǴǨǴǶǴǸ, ǲǦǷ-
ǾǸǦǧǮǶǴǨǦǳǮǫ, ȃǰǷǸǶǹǪǮǶǴǨǦǳǮǫ, ǮǳǸǶǹǪǮǶǴǨǦǳǮǫ, ǺǦǷǰǹ, ǲǴǷǸ Ǯ 
ǲǳǴǬǫǷǸǨǴ ǪǶǹǩǮǻ ǮǳǷǸǶǹǲǫǳǸǴǨ.  ǓǫǰǴǸǴǶȁǫ Ǯǭ ǳǮǻ ǵǶǴǷȅǸ ǪǴǵǴǱǳǮ-
ǸǫǱȂǳǴ ǹǰǦǭǦǸȂ ǴǷȂ, ǨǪǴǱȂ ǰǴǸǴǶǴǯ ǳǹǬǳǴ ǴǷǹǿǫǷǸǨǮǸȂ ǸǶǦǳǷǺǴǶǲǦ-
ǼǮȄ. ǕǴǲǳǮǸǫ, ǰǷǸǦǸǮ, ǽǸǴ ǴǷȂ Y Ǩ Wings3D ǹǰǦǭȁǨǦǫǸ ǨǨǫǶǻ (Ǩ Blender 
ǨǨǫǶǻ ǹǰǦǭȁǨǦǫǸ ǴǷȂ Z). 

    ǝǸǴ ǳǫǨǫǶǴȅǸǳǴ ǹǪǴǧǳǴ, 
ȃǰǷǸǶǹǪǮǶǴǨǦǳǮǫ ǲǴǬǳǴ ǵǶǴ-
ǮǭǨǴǪǮǸȂ ǨǪǴǱȂ ǮǳǪǮǨǮǪǹǦǱȂ-
ǳȁǻ ǳǴǶǲǦǱǫǯ ǰǦǬǪǴǯ ǩǶǦǳǮ 
(.Extrude -> .Normal). ǎǳǸǶǹ-
ǪǮǶǴǨǦǳǮǫ ð ǵǴǱǫǭǳȁǯ ǮǳǷǸ-
ǶǹǲǫǳǸ, ǰǴǩǪǦ ǳǹǬǳǴ ǷǴǭǪǦǸȂ 
ǵǴǱȁǯ ǴǧȀǫǰǸ Ƿ ǴǸǨǫǶǷǸǮǫǲ. ǆ 
ǴǵǫǶǦǼǮȅ, ǴǧǶǦǸǳǦȅ ǴǧȁǽǳǴǲǹ 
ȃǰǷǸǶǹǪǮǶǴǨǦǳǮȄ ǳǦǭȁǨǦǫǸǷȅ 
Inset.  
 
ǎǳǷǸǶǹǲǫǳǸ Sweep ð ȃǸǴ ǸǴ Ǭǫ 
ȃǰǷǸǶǹǪǮǶǴǨǦǳǮǫ, ǳǴ ǧǫǭ ǷǴ-

ǫǪǮǳǫǳǮȅ ǷǴǭǪǦǳǳȁǻ ǵǴǨǫǶǻǳǴǷǸǫǯ. ǘǦǰ, Ǯǭ ǴǧȁǽǳǴǯ ǷǺǫǶȁ Ƿ ǫǩǴ 
ǵǴǲǴǿȂȄ ǲǴǬǳǴ ǵǴǱǹǽǮǸȂ ǸǦǰǴǫ ǨǴǸ ǹǪǮǨǮǸǫǱȂǳǴǫ «ǳǫǽǸǴ». 
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ǕǶǮ ǬǫǱǦǳǮǮ, ǲǴǬǳǴ ǴǪǳǴǭǳǦǽǳǴ ǵǫǶǫǰǱȄǽǮǸȂ ǶǫǬǮǲ ǨȁǪǫǱǫ-
ǳǮȅ ǳǦ ǽǸǴ-ǸǴ ǴǪǳǴ: ǨǮǪǬǫǸ ǵǫǶǫǰǱȄǽǫǳǮȅ ǳǦǻǴǪǮǸǷȅ Ǩ ǼǫǳǸǶǫ ǨǫǶǻ-
ǳǫǯ ǵǦǳǫǱǮ ǮǳǷǸǶǹǲǫǳǸǴǨ ǴǰǳǦ. ǋǷǱǮ Ǩȁ ǷǳǴǨǦ ǻǴǸǮǸǫ ǵǫǶǫǰǱȄǽǮǸȂǷȅ 
ǳǦ «ǴǧǿǮǯ» ǶǫǬǮǲ, ǫǷǸȂ ǳǫǧǴǱȂǾǦȅ ǻǮǸǶǴǷǸȂ: ǳǹǬǳǴ ǰǱǮǰǳǹǸȂ ǵǴ ǵǹǷ-
ǸǴǲǹ ǲǫǷǸǹ ǽǹǸȂ ǱǫǨǫǫ ǰǳǴǵǰǮ Ƿ ǨǫǶǾǮǳǦǲǮ. 

 
ǈȁǪǫǱǫǳǮǫ ȃǱǫǲǫǳǸǴǨ ǴǷǹǿǫǷǸǨǱȅǫǸǷȅ ǱǫǨǴǯ ǰǳǴǵǰǴǯ ǲȁǾǮ. 

ǕǶǮ ȃǸǴǲ ǨȁǪǫǱǫǳǮǫ ǮǳǰǶǫǲǫǳǸǦǱȂǳǴǫ: Ǩȁ ǲǴǬǫǸǫ ǨȁǪǫǱǮǸȂ ǳǫǷǰǴǱȂ-
ǰǴ ȃǱǫǲǫǳǸǴǨ, ǰǱǮǰǦȅ ǵǴ ǳǮǲ ǵǴǪǶȅǪ, Ǯ ǭǦǬǮǲǦǸȂ ǰǦǰǹȄ-ǱǮǧǴ ǪǴǵǴǱ-
ǳǮǸǫǱȂǳǹȄ ǰǱǦǨǮǾǹ ǪǱȅ ȃǸǴǩǴ ǳǫ ǳǹǬǳǴ. ǝǸǴǧȁ ǷǳȅǸȂ ǨȁǪǫǱǫǳǮǫ, ǳǦ-
ǬǲǮǸǫ ǵǶǴǧǫǱ. ǝǸǴǧȁ ǨȁǪǫǱǮǸȂ ǨǷǫ ȃǱǫǲǫǳǸȁ, ǳǦǬǲǮǸǫ Ctrl+A. 



ǎǳǸǫǶǫǷǳǦ ǶǫǦǱǮǭǦǼǮȅ ǴǸǲǫǳȁ Ǯ ǵǴǨǸǴǶǦ. ǕǶǮǨȁǽǳǴǫ ǷǴǽǫǸǦǳǮǫ 
ǰǱǦǨǮǾ Ctrl+Z ǶǦǧǴǸǦǫǸ Ǯ ǰǦǰ ǴǸǲǫǳǦ, Ǯ ǰǦǰ ǵǴǨǸǴǶ ð ǳǴ ǸǴǱȂǰǴ ǳǦ 
ǴǪǮǳ ǾǦǩ ǨǵǫǶǫǪ/ǳǦǭǦǪ. ǝǸǴǧȁ ǴǸǲǫǳǮǸȂ ǳǦ ǳǫǷǰǴǱȂǰǴ ǾǦǩǴǨ, ǳǹǬǳǴ 
ǳǦǬǦǸȂ Ctrl+Alt+Z.  

 
ǈ ǶǫǬǮǲǫ ǨȁǪǫǱǫǳǮȅ ǨǷǫǩǴ ǴǧȀǫǰǸǦ ǼǫǱǮǰǴǲ Ǩ ǲǫǳȄ ǵǶǦǨǴǯ 

ǰǳǴǵǰǮ ǵǴȅǨǱȅȄǸǷȅ ǳǴǨȁǫ ǮǳǷǸǶǹǲǫǳǸȁ, ǲǴǪǮǺǮǼǮǶǹȄǿǮǫ ǴǧȀǫǰǸ 
ǰǦǰ ǫǪǮǳǴǫ ǼǫǱǴǫ. ǓǦǵǶǮǲǫǶ, Doo-Sabin Subdivision ð  ǵǴǪǶǦǭǧǮǫǳǮǫ 
ǩǫǴǲǫǸǶǮǮ ǴǧȀǫǰǸǦ ǵǴ ǦǱǩǴǶǮǸǲǹ Ǌǹ-ǗǦǧǮǳǦ. 

 
ǣǸǴ ǲǫǸǴǪ ǵǴǷǸǶǴǫǳǮȅ ǰǨǦǪǶǦǸǮǽǳǴǯ ǴǪǳǴǶǴǪǳǴǯ B-ǷǵǱǦǯǳǴǨǴǯ 

ǵǴǨǫǶǻǳǴǷǸǮ ǵǴ ǧǦǭǴǨǴǯ ǷǫǸǰǫ, ǷǴǷǸǴȅǿǮǯ Ǩ ǸǴǲ, ǽǸǴ ǳǦ ǴǽǫǶǫǪǳǴǲ 
ǾǦǩǫ ǰǦǬǪǦȅ ǩǶǦǳȂ ǭǦǲǫǳȅǫǸǷȅ ǩǶǦǳȂȄ ǲǫǳȂǾǫǩǴ ǶǦǭǲǫǶǦ Ƿ Ǹǫǲ Ǭǫ 
ǰǴǱǮǽǫǷǸǨǴǲ ǨǫǶǾǮǳ. ǕǶǮ ȃǸǴǲ ǰǦǬǪǦȅ ǨǫǶǾǮǳǦ ǹǲǫǳȂǾǫǳǳǴǯ ǩǶǦǳǮ 
ǫǷǸȂ ǷǶǫǪǳǫǫ ǦǶǮǺǲǫǸǮǽǫǷǰǴǫ ǮǷǻǴǪǳǴǯ ǨǫǶǾǮǳȁ, ǼǫǳǸǶǴǨ ǪǨǹǻ 
ǷǲǫǬǳȁǻ ǶǫǧǫǶ Ǯ ǼǫǳǸǶǦ ǷǦǲǴǯ ǩǶǦǳǮ. 

 
ǈ ǶǫǭǹǱȂǸǦǸǫ ǵǴǱǹǽǦǫǸǷȅ ǳǫǷǨȅǭǳǦȅ ǷǫǸǰǦ, Ǩ ǰǴǸǴǶǴǯ ǭǦǸǫǲ ǰǦǬ-

ǪǦȅ ǳǴǨǦȅ ǨǫǶǾǮǳǦ ǷǴǫǪǮǳȅǫǸǷȅ ǷǴ ǨǷǫǲǮ ǪǶǹǩǮǲǮ ǨǫǶǾǮǳǦǲǮ, ǵǴǱǹ-
ǽǫǳǳȁǲǮ Ǯǭ ǴǪǳǴǯ Ǯ ǸǴǯ Ǭǫ ǷǸǦǶǴǯ ǨǫǶǾǮǳȁ, ǴǧǶǦǭǹȅ ǳǴǨȁǫ ǩǶǦǳǮ. 
ǕǴǱǹǽǫǳǳȁǯ ǷǨȅǭǳȁǯ ǲǳǴǩǴǩǶǦǳǳǮǰ ǵǶǫǪǷǸǦǨǱȅǫǸ ǷǴǧǴǯ ǴǷǳǴǨǹ ǪǱȅ 
ǷǱǫǪǹȄǿǫǩǴ ǾǦǩǦ ǦǱǩǴǶǮǸǲǦ. 

ǕǶǮǨȁǽǳǴǫ ǵǴ Blender ǵǴǪǶǦǭǧǮǫǳǮǫ ǵǴ ǦǱǩǴǶǮǸǲǹ ǐȃǸǲǹǱǱǦ-
ǐǱǦǶǰǦ ǸǹǸ ǳǦǭȁǨǦǫǸǷȅ ǵǶǴǷǸǴ Smooth. ǘǦǰǬǫ Ǩ ǳǦǱǮǽǮǮ ǫǷǸȂ ǮǳǸǫ-
ǶǫǷǳȁǯ ǮǳǷǸǶǹǲǫǳǸ Tighten, ǰǴǸǴǶȁǯ ǷǹǬǦǫǸ ǴǧȀǫǲ ǴǧȀǫǰǸǦ, ǴǪǳǴ-
ǨǶǫǲǫǳǳǴ ǷǩǱǦǬǮǨǦȅ ǫǩǴ. 

 
ǘǦǰǬǫ Ǩ ȃǸǴǲ ǶǫǬǮǲǫ ǨǴǭǲǴǬǳǦ UV-ǶǦǭǨǫǶǸǰǦ ǲǴǪǫǱǮ   

(More... -> .UV Mapping.) ǈ ǵǴȅǨǮǨǾǫǲǷȅ ǴǸǪǫǱȂǳǴǲ Ǵǰǳǫ ǨǦǲ ǵǶǫǪ-
ǱǦǩǦǫǸǷȅ ǨȁǧǶǦǸȂ ǶǫǧǶǦ ǪǱȅ ǶǦǭǶǫǭǰǮ: ǨȁǧǫǶǮǸǫ ǳǹǬǳȁǫ ǶǫǧǶǦ, ǳǦ-
ǬǲǮǸǫ ǵǶǦǨǹȄ ǰǳǴǵǰǹ ǲȁǾǮ Ǯ ǨȁǧǫǶǮǸǫ Mark Edges for Cut, Ǧ ǭǦǸǫǲ 
Ǩ ǸǴǲ Ǭǫ ǲǫǳȄ ð Continue -> Unfolding. ǔǸǰǶǴǫǸǷȅ ǴǰǳǴ Ƿ ǶǦǭǨǫǶǸ-
ǰǴǯ, ǩǪǫ Ǩȁ ǲǴǬǫǸǫ ǶǦǷǵǴǱǴǬǮǸȂ ǫǫ ǳǦ ǵǱǴǷǰǴǷǸǮ, ǰǦǰ ǨǦǲ ǹǩǴǪǳǴ. 

 
ǘǫǵǫǶȂ ǨǴǭǳǮǰǦǫǸ ǨǴǵǶǴǷ: ǰǦǰ ǶǫǪǦǰǸǮǶǴǨǦǸȂ ǸǫǰǷǸǹǶǹ ǴǧȀǫǰ-

ǸǦ? ǈǴ-ǵǫǶǨȁǻ, ǳǹǬǳǴ ǷǴǭǪǦǸȂ ǫǫ: ǳǦǻǴǪȅǷȂ Ǩ ǶǫǪǦǰǸǴǶǫ ǶǦǭǨǫǶǸǰǮ, 
ǳǦǬǲǮǸǫ ǵǶǦǨǹȄ ǰǳǴǵǰǹ ǲȁǾǮ Ǯ ǨȁǧǫǶǮǸǫ Create Texture. ǘǫǵǫǶȂ 
ǳǹǬǳǴ ǷǴǻǶǦǳǮǸȂ ǶǦǭǨǫǶǸǰǹ ǰǦǰ ǮǭǴǧǶǦǬǫǳǮǫ, Ǧ ǭǦǸǫǲ ǭǦǲǫǳǮǸȂ ǫǫ 
ǸǫǰǷǸǹǶǴǯ, ǳǦǶǮǷǴǨǦǳǳǴǯ Ǩ ǩǶǦǺǮǽǫǷǰǴǲ ǶǫǪǦǰǸǴǶǫ. ǣǸǦ ǨǴǭǲǴǬ-
ǳǴǷǸȂ ǫǷǸȂ Ǩ Ǵǰǳǫ Outliner (Window -> Outliner). ǓǦǬǲǮǸǫ ǵǶǦǨǴǯ 
ǰǳǴǵǰǴǯ ǳǦ ǷǴǭǪǦǳǳǹȄ ǸǫǰǷǸǹǶǹ Ǯ ǨȁǧǫǶǮǸǫ Make External. ǘǫǵǫǶȂ 
ǸǫǰǷǸǹǶǦ ǧǹǪǫǸ ǷǷȁǱǦǸȂǷȅ ǳǦ ǷǴǻǶǦǳǫǳǳȁǯ ǨǳǫǾǳǮǯ ǺǦǯǱ: ǫǷǱǮ Ǩȁ 
ǴǸǶǫǪǦǰǸǮǶǹǫǸǫ ǫǩǴ Ǯ ǳǦǬǲǫǸǫ Ǩ ǸǴǲ Ǭǫ ǲǫǳȄ Refresh, ǸǴ ǴǳǦ ǧǹǪǫǸ 
ǴǧǳǴǨǱǫǳǦ. 
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ǐǷǸǦǸǮ, ǸǹǸ Ǭǫ, Ǩ Outliner'ǫ, «ǷǵǶȅǸǦǱǷȅ» ǶǫǪǦǰǸǴǶ ǲǦǸǫǶǮǦǱǴǨ 
(ǕǶǦǨǦȅ ǰǴǳǵǰǦ -> Edit Material...) ǕǴǷǰǴǱȂǰǹ Ǩ Wings ǳǫǸ ǷǴǧǷǸǨǫǳǳǴ-
ǩǴ ǶǫǳǪǫǶ-ǪǨǮǬǰǦ, ǸǴ Ǯ ǴǵǼǮǮ ǲǦǸǫǶǮǦǱǦ ǳǫ ǴǽǫǳȂ ǧǴǩǦǸȁǫ: Ǩȁ ǲǴǬǫ-
Ǹǫ ǮǭǲǫǳǮǸȂ ǼǨǫǸ ǪǮǺǺǹǭǳǴǯ, ǧǱǮǰǴǨǴǯ Ǯ ǪǶǹǩǮǻ ǰǴǲǵǴǳǫǳǸ, ǹǰǦǭǦǸȂ 
ǵǶǴǭǶǦǽǳǴǷǸȂ Ǯ ǹǶǴǨǫǳȂ ǧǱǫǷǰǦ. 

 
ǘǦǰǬǫ ǫǷǸȂ ǳǦǷǸǶǴǯǰǮ 

ǲǦǸǫǶǮǦǱǦ ǪǱȅ POV-Ray Ǯ 
Kerkythea ð ȃǸǴ ǨǳǫǾǳǮǫ Ƕǫǳ-
ǪǫǶ-ǪǨǮǬǰǮ, Ƿ ǰǴǸǴǶȁǲǮ 
Wings ǪǶǹǬǮǸ «Ǯǭ ǰǴǶǴǧǰǮ». 
ǒǴǬǳǴ, ǰǷǸǦǸǮ, ǴǸǶǫǳǪǫǶǮǸȂ 
ǷǼǫǳǹ ǵǶȅǲǴ Ǯǭ Wings, ǧǫǭ 
ȅǨǳǴǩǴ ȃǰǷǵǴǶǸǦ ǪǦǳǳȁǻ: Ǩ 
ǲǫǳȄ File ǫǷǸȂ ǵǹǳǰǸ Render. 
ǋǷǱǮ ǹ ǨǦǷ Ǩ ǷǮǷǸǫǲǫ ǹǷǸǦ-
ǳǴǨǱǫǳȁ POV-Ray ǮǱǮ 
Kerkythea, Ǩȁ ǦǨǸǴǲǦǸǮǽǫǷǰǮ 
ǵǴǱǹǽǦǫǸǫ ǲǴǿǳǹȄ ǷǨȅǭǰǹ 
ǲǴǪǫǱǮǶǴǨǦǳǮȅ + ǶǫǳǪǫǶǮǳǩǦ.   

  

ǗǴǭǪǦǳǳȁǫ ǲǴǪǫǱǮ ǲǴǬǳǴ ȃǰǷǵǴǶǸǮǶǴǨǦǸȂ Ǩ ǺǴǶǲǦǸȁ 3DS, 
OBJ, LWO, X, VRML Ǯ ǲǳǴǩǮǫ ǪǶǹǩǮǫ. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ǈȁ ǲǴǬǫǸǫ ǷǰǦǽǦǸȂ Wings 3D ǳǦ ǴǺǮǼǮǦǱȂǳǴǲ ǷǦǯǸǫ ǵǶǴǫǰǸǦ: 

http://www.wings3d.com . ǕǶǴǩǶǦǲǲǦ ǵǴǱǳǴǷǸȂȄ ǧǫǷǵǱǦǸǳǦ, ǮǷǻǴǪ-
ǳȁǯ ǰǴǪ ǶǦǷǵǶǴǷǸǶǦǳȅǫǸǷȅ ǵǴ ǱǮǼǫǳǭǮǮ BSD. ǋǷǸȂ ǨǫǶǷǮǮ ǪǱȅ Win-
dows, Linux Ǯ Mac OS X. 
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ǙǯǳǺǷ ǊǧǻǧǷǵǩ  

http://www.wings3d.com/


DConf 2014  
  

21-23 ǲǦȅ Ǩ ǒǫǳǱǴ-ǕǦǶǰ (ǐǦǱǮǺǴǶǳǮȅ, ǗǞǆ) ǵǶǴǾǱǦ II ǲǫǬǪǹǳǦǶǴǪ-
ǳǦȅ ǰǴǳǺǫǶǫǳǼǮȅ ǶǦǭǶǦǧǴǸǽǮǰǴǨ Ǯ ǵǴǱȂǭǴǨǦǸǫǱǫǯ ȅǭȁǰǦ D. ǓǦ DConf 2014 
ǨȁǷǸǹǵǮǱǮ ǰǱȄǽǫǨȁǫ ǺǮǩǹǶȁ ǷǴǴǧǿǫǷǸǨǦ, Ǩ ǸǴǲ ǽǮǷǱǫ ǷǴǭǪǦǸǫǱǮ ȅǭȁǰǦ 
ǙǴǱǸǫǶ ǇǶǦǯǸ Ǯ ǆǳǪǶǫǯ ǆǱǫǰǷǦǳǪǶǫǷǰǹ, ǭǳǦǲǫǳǮǸȁǯ ǷǵǫǼǮǦǱǮǷǸ ǵǴ C++ 
ǗǰǴǸǸ ǒǫǯǫǶǷ, ǵǶǴǩǶǦǲǲǮǷǸȁ ǊǴǳ ǐǱǦǩǷǸǴǳ, ǥǳ ǇǹǰǱǦǨ, ǝǦǰ ǣǱǱǮǷǴǳ, ǊǲǮǸ-
ǶǮǯ ǔǱȂǾǦǳǷǰǮǯ, ǈǱǦǪǮǲǮǶ ǕǦǳǸǫǱǫǫǨ, ǒǦǰǷǮǲ ǞǫǨǦǱȂǫ-ǇǴǯǷǨǫǶǸ Ǯ ǲǳǴ-
ǩǮǫ ǪǶǹǩǮǫ. 
  

http://dconf.org  

  
DMD ǲǫǳȅǫǸ ǱǮǼǫǳǭǮȄ ǳǦ Boost  

 
ǖǦǭǶǦǧǴǸǽǮǰǮ DMD ǵǶǮǳȅǱǮ ǶǫǾǫǳǮǫ ǵǫǶǫǨǫǷǸǮ ǺǶǴǳǸȃǳǪ ǰǴǲǵǮǱȅǸǴ-

ǶǦ ǳǦ ǱǮǼǫǳǭǮȄ Boost, ǵǴǪ ǰǴǸǴǶǴǯ ǶǦǷǵǶǴǷǸǶǦǳȅǫǸǷȅ ǧǮǧǱǮǴǸǫǰǦ Phobos. 
ǔǬǮǪǦǫǸǷȅ, ǽǸǴ ȃǸǴ ǵǴǭǨǴǱǮǸ ǵǶǮǨǱǫǽȂ ǧǴǱȂǾǫ ǰǴǳǸǶǮǧȂȄǸǴǶǴǨ Ǯǭ ǽǮǷǱǦ 
ǰǶǹǵǳȁǻ ǰǴǶǵǴǶǦǼǮǯ. 

 
LDC 0.13.0  

  
ǗǴǷǸǴȅǱǷȅ ǨȁǻǴǪ LDC 0.13.0 ð ǰǴǲǵǮǱȅǸǴǶǦ D, ǮǷǵǴǱȂǭǹȄǿǫǩǴ LLVM 

ǪǱȅ ǩǫǳǫǶǦǼǮǮ ǲǦǾǮǳǳǴǩǴ ǰǴǪǦ. ǖǫǱǮǭ ǴǷǳǴǨǦǳ ǳǦ ǺǶǴǳǸǫǳǪǫ D2 2.064.2 Ǯ 
ǧȃǰǫǳǪǫ LLVM 3.1-3.4. ǖǫǱǮǭ ǨǰǱȄǽǦǫǸ ǴǺǮǼǮǦǱȂǳǹȄ ǵǴǪǪǫǶǬǰǹ ARM/
Android (ǪǴǧǦǨǱǫǳ version-ǮǪǫǳǸǮǺǮǰǦǸǴǶ «Android»), ǻǴǸȅ Ǯ ǧǫǭ ǵǴǪǪǫǶǬ-
ǰǮ Phobos ǳǦ ȃǸǴǯ ǵǱǦǸǺǴǶǲǫ. ǘǦǰǬǫ ǰǴǲǵǮǱȅǸǴǶ ǸǫǵǫǶȂ ǷǵǴǷǴǧǫǳ ǵǶǫǪǹ-
ǵǶǫǬǪǦǸȂ Ǵ ǳǫȅǨǳȁǻ ǴǧǶǦǿǫǳǮȅǻ ǰ ǶǦǳǸǦǯǲǹ, ǽǸǴ ǵǴǱǫǭǳǴ ǵǶǮ ǳǦǵǮǷǦǳǮǮ 
ǰǴǪǦ ǵǴǪ ARM, ǩǪǫ Ǩȁ ǳǫ ǲǴǬǫǸǫ ǵǴǱǦǩǦǸȂǷȅ ǳǦ Phobos/ǶǦǳǸǦǯǲ. 

  
https://github.com/ldc -developers/ldc  

DerelictBgfx  
  

ǈ ǶǦǲǰǦǻ ǵǶǴǫǰǸǦ Derelict ǵǴȅǨǮǱǷȅ ǧǮǳǪǮǳǩ ǰ ǧǮǧǱǮǴǸǫǰǫ bgfx. 
ǣǸǴ ǦǧǷǸǶǦǰǼǮȅ, ǵǶǫǪǴǷǸǦǨǱȅȄǿǦȅ ǹǳǮǺǮǼǮǶǴǨǦǳǳȁǯ ǮǳǸǫǶǺǫǯǷ ǰ 
ǳǫǷǰǴǱȂǰǮǲ ǶǦǭǳȁǲ ǩǶǦǺǮǽǫǷǰǮǲ API, ǨǰǱȄǽǦȅ DirectX 9, DirectX 11, 
OpenGL 2.1/3.1 Ǯ OpenGL ES. ǇǮǧǱǮǴǸǫǰǦ ǨǰǱȄǽǦǫǸ ǷǴǧǷǸǨǫǳǳȁǯ 
ǵǱǦǸǺǴǶǲǴǳǫǭǦǨǮǷǮǲȁǯ ȅǭȁǰ ǴǵǮǷǦǳǮȅ ǾǫǯǪǫǶǴǨ, ǴǷǳǴǨǦǳǳȁǯ ǳǦ 
GLSL, Ǧ ǸǦǰǬǫ ǨǰǱȄǽǦǫǸ ǨǷǸǶǴǫǳǳȁǫ ǷǶǫǪǷǸǨǦ ǶǫǳǪǫǶǮǳǩǦ Ǹǫǳǫǯ, 
ǸǫǰǷǸǦ, ǭǦǩǶǹǭǰǮ ǲǴǪǫǱǫǯ Ǯ ǲǳǴǩǴǫ ǪǶǹǩǴǫ. 

 
https://github.com/derelictorg/derelictbgfx  

https://github.com/bkaradzic/bgfx  
 

  
D Gamedev Team  

 
ǔǶǩǦǳǮǭǦǼǮȅ DGT ǰǹǶǮǶǹǫǸ ǳǫǷǰǴǱȂǰǴ ǳǴǨȁǻ ǵǶǴǫǰǸǴǨ, ǷǨȅǭǦǳ-

ǳȁǻ Ƿ ǶǦǭǶǦǧǴǸǰǴǯ ǮǩǶ ǳǦ D. ǈ ǽǦǷǸǳǴǷǸǮ, ȃǸǴ ǰǴǱǱǫǰǼǮȅ ǹǶǴǰǴǨ Ǯ 
ǵǶǮǲǫǶǴǨ ǵǴ OpenGL, gfm (ǩǶǦǺǮǽǫǷǰǮǯ ǪǨǮǬǴǰ), dbox (ǵǴǶǸ ǺǮǭǮ-
ǽǫǷǰǴǩǴ ǪǨǮǬǰǦ Box2D ǳǦ D), dchip (ǵǴǶǸ ǺǮǭǮǽǫǷǰǴǩǴ ǪǨǮǬǰǦ Chip-
munk), dimgui ( ǵǴǱȂǭǴǨǦǸǫǱȂǷǰǮǯ ǮǳǸǫǶǺǫǯǷ ǳǦ ǴǷǳǴǨǫ OpenGL). 

 

https://github.com/d -gamedev-team 
 

Ashd 
 

ǕǴǶǸ Ash ǳǦ D. Ash ð ȃǸǴ ǷǮǷǸǫǲǦ ǴǶǩǦǳǮǭǦǼǮǮ ǮǩǶǴǨȁǻ ǷǹǿǳǴ-
ǷǸǫǯ (Entity) ǪǱȅ ActionScript 3.  
 

https://github.com/axiom -a/ashd 
https://github.com/richardlord/Ash  
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antd  
 
ǐǱǴǳ ǮǩǶȁ Laby, ǳǦǵǮǷǦǳǳȁǯ ǳǦ D. Laby ð ȃǸǴ ǴǧǹǽǦȄǿǦȅ ǲǮǳǮ-

ǮǩǶǦ, ǷǮǲǹǱǮǶǹȄǿǦȅ ǳǫǰǴǸǴǶȁǫ ǵǶǮǳǼǮǵȁ ǵǶǴǩǶǦǲǲǮǶǴǨǦǳǮȅ. ǎǩǶǴǰ 
ǹǵǶǦǨǱȅǫǸ ǲǹǶǦǨȂǫǲ Ǩ ǱǦǧǮǶǮǳǸǫ ǵǶǮ ǵǴǲǴǿǮ ǰǴǲǦǳǪ, ǳǦǵǴǲǮǳǦȄ-
ǿǮǻ ǵǶǴǩǶǦǲǲǳȁǯ ǰǴǪ ð ȃǸǴ ǵǶǴǷǸȁǫ ǮǳǷǸǶǹǰǼǮǮ «ǨǵǫǶǫǪ», «ǳǦǭǦǪ», 
«ǵǴǪǴǧǶǦǸȂ», «ǧǶǴǷǮǸȂ» Ǯ Ǹ.Ǫ. ǎǩǶǦ ǴǧǹǽǦǫǸ ǵǶǴǩǶǦǲǲǮǶǴǨǦǳǮȄ ǳǦ 
OCaml, Python, C Ǯ Java. 

 
https://github.com/UplinkCoder/antd  

 
Vibe.d 0.7.20  

 
ǈǫǧ-ǺǶǫǯǲǨǴǶǰ Vibe.d ǴǧǳǴǨǮǱǷȅ ǪǴ ǨǫǶǷǮǮ 0.7.20. ǈǰǱȄǽǫǳǦ 

ǵǴǪǪǫǶǬǰǦ ǱǴǰǦǱǮǭǦǼǮǮ ǨǶǫǲǫǳǮ ǰǴǲǵǮǱȅǼǮǮ, ǹǱǹǽǾǫǳ ǲǴǪǹǱȂ Ƿǫ-
ǶǮǦǱǮǭǦǼǮǮ, ǴǵǸǮǲǮǭǮǶǴǨǦǳǴ ǵǴǸǶǫǧǱǫǳǮǫ ǵǦǲȅǸǮ. 

 
http://vibed.org  

 

hap.random  
 
ǓǴǨȁǯ ǩǫǳǫǶǦǸǴǶ ǷǱǹǽǦǯǳȁǻ ǽǮǷǫǱ, ǷǴǭǪǦǳǳȁǯ Ǩ ǰǦǽǫǷǸǨǫ ǦǱȂ-

ǸǫǶǳǦǸǮǨȁ ǲǴǪǹǱȄ std.random Ǩ Phobos, ǮǷǵǶǦǨǱȅȄǿǮǯ ǳǫǰǴǸǴǶȁǫ 
ǫǩǴ ǳǫǪǴǷǸǦǸǰǮ. 

 

https://github.com/WebDrake/hap  

 

tweetnacl.d  
 
ǕǴǶǸ TweetNaCl ǳǦ D. TweetNaCl ð ȃǸǴ ǰǶǮǵǸǴǩǶǦǺǮǽǫǷǰǦȅ ǧǮǧ-

ǱǮǴǸǫǰǦ ǨȁǷǴǰǴǩǴ ǹǶǴǨǳȅ ǧǫǭǴǵǦǷǳǴǷǸǮ, ǵǴǪǪǫǶǬǮǨǦȄǿǦȅ ǸǫǻǳǴǱǴ-
ǩǮȄ NaCl. 
 

http://repo.or.cz/w/tweetnacl.d.git  

clFFT-D  
 

ǇǮǳǪǮǳǩ ǰ clFFT ð ǴǸǰǶȁǸǴǯ ǶǫǦǱǮǭǦǼǮǮ ǧȁǷǸǶǴǩǴ ǵǶǫǴǧǶǦǭǴǨǦǳǮȅ 
ǚǹǶȂǫ ǳǦ OpenCL, ǶǦǭǶǦǧǴǸǦǳǳǴǯ AMD Ǩ ǶǦǲǰǦǻ ǵǶǴǫǰǸǦ clMathLibrar-
ies. ǇǮǧǱǮǴǸǫǰǦ ǶǦǧǴǸǦǫǸ ǰǦǰ ǳǦ GPU, ǸǦǰ Ǯ ǳǦ CPU, ǵǴǪǪǫǶǬǮǨǦǫǸ 1-,  
2- Ǯ 3-ǲǫǶǳȁǫ ǵǶǫǴǧǶǦǭǴǨǦǳǮȅ, Ǧ ǸǦǰǬǫ ǶǦǭǲǫǶȁ 2N, 3N Ǯ 5N. ǖǦǷǵǶǴ-
ǷǸǶǦǳȅǫǸǷȅ ǵǴ ǱǮǼǫǳǭǮǮ Apache. 

 
https://github.com/John -Colvin/clFFT-D 

https://github.com/clMathLibraries/clFFT  
 

Dakka 
 
ǖǫǦǱǮǭǦǼǮȅ ǲǴǪǫǱǮ ǦǰǸǴǶǴǨ ǳǦ D. ǣǸǴ ǲǦǸǲǴǪǫǱȂ ǵǦǶǦǱǱǫǱȂǳȁǻ 

ǨȁǽǮǷǱǫǳǮǯ, ǰǴǸǴǶǦȅ ǸǶǦǰǸǹǫǸ ǵǴǳȅǸǮǫ "ǦǰǸǴǶ" ǰǦǰ ǹǳǮǨǫǶǷǦǱȂǳȁǯ ǵǶǮ-
ǲǮǸǮǨ ǨȁǽǮǷǱǫǳǮǯ: Ǩ ǴǸǨǫǸ ǳǦ ǷǴǴǧǿǫǳǮȅ, ǰǴǸǴǶȁǫ Ǵǳ ǵǴǱǹǽǦǫǸ, ǦǰǸǴǶ 
ǲǴǬǫǸ ǵǶǮǳǮǲǦǸȂ ǱǴǰǦǱȂǳȁǫ ǶǫǾǫǳǮȅ, ǷǴǭǪǦǨǦǸȂ ǳǴǨȁǫ ǦǰǸǴǶȁ, ǵǴǷȁ-
ǱǦǸȂ ǷǨǴǮ ǷǴǴǧǿǫǳǮȅ, Ǧ ǸǦǰǬǫ ǹǷǸǦǳǦǨǱǮǨǦǸȂ, ǰǦǰ ǷǱǫǪǹǫǸ ǶǫǦǩǮǶǴǨǦǸȂ 
ǳǦ ǵǴǷǱǫǪǹȄǿǮǫ ǷǴǴǧǿǫǳǮȅ. 

 
https://github.com/rikkimax/dakka  

 

docopt.d  
 
ǕǴǶǸ ǧǮǧǱǮǴǸǫǰǮ docopt ǪǱȅ Python ð ȃǸǴ ǵǦǶǷǫǶ ǦǶǩǹǲǫǳǸǴǨ ǰǴ-

ǲǦǳǪǳǴǯ ǷǸǶǴǰǮ, ǰǴǸǴǶȁǯ ǷǸǶǴǮǸ ǰǴǳǷǴǱȂǳȁǯ ǮǳǸǫǶǺǫǯǷ ǳǦ ǴǷǳǴǨǫ ǭǦ-
ǪǦǳǳȁǻ ǽǫǱǴǨǫǰǴǽǮǸǦǫǲȁǻ ǷǵǮǷǰǴǨ ǳǦǵǴǪǴǧǮǫ ǷǵǶǦǨǴǽǳȁǻ ǷǴǴǧǿǫǳǮǯ 
(--help). ǔǷǳǴǨǳǦȅ ǮǪǫȅ ǭǦǰǱȄǽǦǫǸǷȅ Ǩ ǸǴǲ, ǽǸǴ ǻǴǶǴǾǫǫ ǷǵǶǦǨǴǽǳǴǫ 
ǷǴǴǧǿǫǳǮǫ ǷǴǪǫǶǬǮǸ Ǩ Ƿǫǧǫ ǨǷȄ ǳǫǴǧǻǴǪǮǲǹȄ ǮǳǺǴǶǲǦǼǮȄ ǪǱȅ ǵǴ-
ǷǸǶǴǫǳǮȅ ǵǦǶǷǫǶǦ ǦǶǩǹǲǫǳǸǴǨ ǰǴǲǦǳǪǳǴǯ ǷǸǶǴǰǮ. 

 
https://github.com/docopt/docopt.d  
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https://github.com/UplinkCoder/antd
http://vibed.org/
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inifile -D  
 

ǕǦǶǷǫǶ INI-ǺǦǯǱǴǨ ǨǶǫǲǫǳǮ ǰǴǲǵǮǱȅǼǮǮ. ǒǴǬǫǸ ǭǪǴǶǴǨǴ ǵǶǮǩǴ-
ǪǮǸȂǷȅ ǪǱȅ ǷǴǭǪǦǳǮȅ ǵǶǴǫǰǸǴǨ Ƿ ǰǴǳǺǮǩǹǶǮǶǹǫǲǴǯ ǷǧǴǶǰǴǯ. 

 
https://github.com/burner/inifiled  

 

Doveralls  
 
ǕǶǴǫǰǸ, ǳǦǵǶǦǨǱǫǳǳȁǯ ǳǦ ǴǧǫǷǵǫǽǫǳǮǫ ǷǴǨǲǫǷǸǮǲǴǷǸǮ Cover-

alls.io Ƿ ȅǭȁǰǴǲ D. Coveralls.io ð ȃǸǴ ǷǫǶǨǮǷ ǷǧǴǶǦ ǷǸǦǸǮǷǸǮǰǮ ǳǫǵǶǫ-
ǶȁǨǳǴǯ ǮǳǸǫǩǶǦǼǮǮ, ǰǴǸǴǶȁǯ ǵǴǱǹǽǦǫǸ ǮǳǺǴǶǲǦǼǮȄ Ǵ ǵǴǰǶȁǸǮǮ ǰǴǪǦ 
Ǯ ǺǴǶǲǮǶǹǫǸ ǫǫ ǮǷǸǴǶǮȄ. Doveralls ǨȁǷǸǹǵǦǫǸ Ǩ ǰǦǽǫǷǸǨǫ ǵǴǷǶǫǪǳǮǰǦ 
ǲǫǬǪǹ ǷǫǶǨǮǷǴǲ Ǯ ǰǴǲǵǮǱȅǸǴǶǴǲ: ǵǶǮǳǮǲǦǫǸ ǮǳǺǴǶǲǦǼǮȄ Ǵ ǵǴǰǶȁ-
ǸǮǮ, ǷǩǫǳǫǶǮǶǴǨǦǳǳǹȄ DMD Ƿ ǰǱȄǽǴǲ -cov, Ǯ ǵǫǶǫǪǦǫǸ ǫǫ Coveralls.io 
Ǩ ǳǫǴǧǻǴǪǮǲǴǲ ǺǴǶǲǦǸǫ. 

 
https://github.com/ColdenCullen/doveralls  

 
Unencumbered  

 
ǕǶǴǫǰǸ ǵǴ ǴǧǫǷǵǫǽǫǳǮȄ ǷǴǨǲǫǷǸǮǲǴǷǸǮ D Ǯ Cucumber ð ǷǶǫǪǷǸ-

ǨǦ ǪǱȅ ǦǨǸǴǲǦǸǮǽǫǷǰǴǩǴ ǸǫǷǸǮǶǴǨǦǳǮȅ ǰǴǪǦ. 
 

https://github.com/atilaneves/unencumbered  

https://github.com/cucumber/cucumber  

 

Unit -threaded  
 

ǋǿǫ ǴǪǮǳ ǺǶǫǯǲǨǴǶǰ, ǹǵǶǴǿǦȄǿǮǯ ȄǳǮǸ-ǸǫǷǸǮǶǴǨǦǳǮǫ ǲǴǪǹ-
Ǳǫǯ. ǐǦǰ ǷǱǫǪǹǫǸ Ǯǭ ǳǦǭǨǦǳǮȅ, ǮǷǵǴǱȂǭǹǫǸ ǲǳǴǩǴǵǴǸǴǽǳǴǷǸȂ ǪǱȅ ǪǴǷ-
ǸǮǬǫǳǮȅ ǲǦǰǷǮǲǦǱȂǳǴǯ ǵǶǴǮǭǨǴǪǮǸǫǱȂǳǴǷǸǮ. 

https://github.com/atilaneves/unit -threaded 
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ǚǮǭǮǽǫǷǰǮǯ ǪǨǮǬǴǰ ǷǨǴǮǲǮ ǶǹǰǦǲǮ 
ǝǦǷǸȂ V. ǘǫǴǶǮȅ ǴǩǶǦǳǮǽǫǳǮǯ 

Ȳɡ ɕɖɔɊɔɑɌɆɋɒ ɜɎɐɑ ɗɘɆɘɋɏ ɔ ɖɆɍɖɆɇɔɘɐɋ ɚɎɍɎɝɋɗɐɔɉɔ ɊɈɎɌɐɆ, 
ɓɆɝɆɘɡɏ Ɉ FPS ɷɷ 24, 25, 26 Ɏ 27 ɍɆ 2013 ɉɔɊ. ȳɆɕɔɒɓɎɒ, ɝɘɔ ɒɡ 
əɌɋ ɖɆɗɗɒɔɘɖɋɑɎ ɔɗɓɔɈɓɡɋ ɐɔɒɕɔɓɋɓɘɡ ɎɉɖɔɈɔɏ ɚɎɍɎɐɎ: ɎɓɘɋɉɖɆɘɔɖ, 
ɔɇɓɆɖəɌɋɓɎɋ ɗɘɔɑɐɓɔɈɋɓɎɏ Ɏ ɗɔɑɈɋɖ ɗ ɘɖɋɓɎɋɒ Ɏ ɐɔɖɖɋɐɘɎɖɔɈɐɔɏ ɕɔ-
ɍɎɜɎɏ. 

 
Ȯɒɕəɑɢɗɓɡɏ ɗɔɑɈɋɖ ɐɔɓɘɆɐɘɔɈ ï ɣɘɔ ɖɋɞɆɘɋɑɢ ȷȱȦȹ, Ɉ ɐɔɘɔɖɔɒ 

ɐɆɌɊɔɋ ɔɉɖɆɓɎɝɋɓɎɋ (ɐɔɓɘɆɐɘ) ɕɖɋɊɗɘɆɈɑɋɓɔ ɔɊɓɎɒ ɑɎɓɋɏɓɡɒ əɖɆɈɓɋ-
ɓɎɋɒ ɈɎɊɆ a + Ȉb = 0. Ȳɡ ɈɡɈɔɊɎɑɎ ɣɘə ɚɔɖɒəɑɎɖɔɈɐə ɎɗɛɔɊɥ Ɏɍ ɘɔ-
ɉɔ, ɝɘɔ Jv = 0, ɘ. ɋ., ɐɔɓɘɆɐɘ ɗɝɎɘɆɋɘɗɥ ɖɋɞɋɓɓɡɒ, ɋɗɑɎ ɕɖɔɋɐɜɎɥ ɔɘ-
ɓɔɗɎɘɋɑɢɓɔɏ ɗɐɔɖɔɗɘɎ ɊɈəɛ ɗɘɔɑɐɓəɈɞɎɛɗɥ ɘɋɑ ɓɆ ɓɔɖɒɆɑɢ ɐɔɓɘɆɐɘɆ 
ɖɆɈɓɆ ɓəɑɤ. ȶɆɗɗɒɔɘɖɎɒ ɘɋɕɋɖɢ ɇɔɑɋɋ ɕɔɊɖɔɇɓɔ ɒɆɘɋɒɆɘɎɝɋɗɐɔɋ 
ɔɇɔɗɓɔɈɆɓɎɋ, ɐɔɘɔɖɔɋ ɗɘɔɎɘ ɍɆ ɣɘɎɒ əɗɑɔɈɎɋɒ ï ɣɘɔ ɓɋɔɇɛɔɊɎɒɔ, ɝɘɔ-
ɇɡ ɕɔɓɥɘɢ, ɐɆɐ Ɉ ɚɎɍɎɝɋɗɐɎɛ ɊɈɎɌɐɆɛ ɖɋɞɆɤɘɗɥ ɇɔɑɋɋ ɗɑɔɌɓɡɋ ɔɉɖɆ-
ɓɎɝɋɓɎɥ. 

 
ȺɎɍɎɝɋɗɐɆɥ ɗɎɗɘɋɒɆ ɇɋɍ ɔɉɖɆɓɎɝɋɓɎɏ Ɏɒɋɋɘ 6 ɗɘɋɕɋɓɋɏ ɗɈɔɇɔɊɡ: 

ɕɔɗɘəɕɆɘɋɑɢɓɔɋ ɊɈɎɌɋɓɎɋ ɕɔ ɘɖɋɒ ɔɗɥɒ Ɏ ɈɖɆɟɋɓɎɋ Ɉɔɐɖəɉ ɘɖɋɛ ɔɗɋɏ. 
ȴɉɖɆɓɎɝɋɓɎɋ ɚɎɍɎɝɋɗɐɔɏ ɗɎɗɘɋɒɡ ï ɣɘɔ ɔɉɖɆɓɎɝɋɓɎɋ ɔɊɓɔɏ ɎɑɎ ɓɋ-
ɗɐɔɑɢɐɎɛ ɗɘɋɕɋɓɋɏ ɗɈɔɇɔɊɡ. Ȳɡ ɖɆɗɗɒɆɘɖɎɈɆɋɒ ɘɋ ɔɉɖɆɓɎɝɋɓɎɥ, ɐɔɘɔ-
ɖɡɋ ɋɟɋ ɓɆɍɡɈɆɤɘɗɥ ɗɈɥɍɥɒɎ ɎɑɎ ɗɔɝɑɋɓɋɓɎɥɒɎ (joints) ï ɔɓɎ ɘɋɒ ɎɑɎ 
Ɏɓɡɒ ɔɇɖɆɍɔɒ ɔɉɖɆɓɎɝɎɈɆɤɘ ɗɈɔɇɔɊə ɕɆɖɡ ɘɋɑ ɊɈɎɉɆɘɢɗɥ ɎɑɎ ɈɖɆ-
ɟɆɘɢɗɥ ɔɘɓɔɗɎɘɋɑɢɓɔ Ɋɖəɉ ɊɖəɉɆ. 

 
Ȩ ɔɇɟɋɒ ɗɑəɝɆɋ ɗɔɝɑɋɓɋɓɎɋ ɔɕɖɋɊɋɑɥɋɘɗɥ ɚəɓɐɜɎɋɏ C ɔɘ ɕɔɍɎ-

ɜɎɏ (ɐɔɔɖɊɎɓɆɘ ɜɋɓɘɖɔɈ ɒɆɗɗɡ) Ɏ ɕɔɈɔɖɔɘɔɈ ɊɈəɛ ɘɋɑ A Ɏ B: 

ɉɊɋ x ï ɕɔɍɎɜɎɥ, R ï ɕɔɈɔɖɔɘ. ȴɉɖɆɓɎɝɋɓɎɋ ɗɝɎɘɆɋɘɗɥ əɊɔɈɑɋ-
ɘɈɔɖɋɓɓɡɒ, ɐɔɉɊɆ ɣɘɆ ɚəɓɐɜɎɥ ɕɖɎɓɎɒɆɋɘ ɓəɑɋɈɔɋ ɍɓɆɝɋɓɎɋ. ȴɊɓɆɐɔ 
ɓɆ ɕɖɆɐɘɎɋ ɔɉɖɆɓɎɝɋɓɎɥ Ɋɑɥ ɕɔɍɎɜɎɏ, ɐɆɐ ɕɖɆɈɎɑɔ, ɓɋ Ɏɗɕɔɑɢɍəɤɘɗɥ 
ï ɔɓɎ ɓɋɑɎɓɋɏɓɡ, ɕɔɣɘɔɒə ɖɋɞɆɘɢ Ɏɛ Ɉ ɖɋɆɑɢɓɔɒ ɈɖɋɒɋɓɎ ɔɝɋɓɢ 
ɘɖəɊɓɔ. Ȩɒɋɗɘɔ ɣɘɔɉɔ ɖɋɞɆɋɘɗɥ ɔɉɖɆɓɎɝɋɓɎɋ Ɋɑɥ ɗɐɔɖɔɗɘɋɏ ï ɕɖɔɎɍ-
ɈɔɊɓɆɥ C ɕɔ ɈɖɋɒɋɓɎ. 

 
ȷɓɆɝɆɑɆ ɓɋɔɇɛɔɊɎɒɔ ɓɆɏɘɎ ɕɖɔɎɍɈɔɊɓəɤ. Ȳɡ ɍɓɆɋɒ, ɝɘɔ ɕɔɍɎ-

ɜɎɥ Ɏ ɕɔɈɔɖɔɘ ï ɣɘɔ ɚəɓɐɜɎɎ ɔɘ ɈɖɋɒɋɓɎ. ȷɑɋɊɔɈɆɘɋɑɢɓɔ, ɒɡ ɓɆɛɔ-
ɊɎɒ ɕɖɔɎɍɈɔɊɓəɤ ɗɑɔɌɓɔɏ ɚəɓɐɜɎɎ 

Ȫɑɥ ɓɆɛɔɌɊɋɓɎɥ dC/dt Ɏɗɕɔɑɢɍəɋɒ ɗɑɋɊəɤɟɋɋ ɕɖɆɈɎɑɔ (Ɉ Ɇɓɉ-
ɑɔɥɍɡɝɓɔɏ ɑɎɘɋɖɆɘəɖɋ ɔɓɔ ɎɍɈɋɗɘɓɔ ɐɆɐ «ɜɋɕɓɔɋ ɕɖɆɈɎɑɔ»). ȫɗɑɎ 
ɍɆɊɆɓɡ ɚəɓɐɜɎɎ f Ɏ g, ɘɔ ɕɖɔɎɍɈɔɊɓɆɥ Ɏɛ ɐɔɒɕɔɍɎɜɎɎ f  ʐ g 
(ɔɘɔɇɖɆɌɋɓɎɥ f(g(x))) ɇəɊɋɘ ɈɡɉɑɥɊɋɘɢ ɘɆɐ: 

ȷɑɋɊɔɈɆɘɋɑɢɓɔ 

ɉɊɋ v ï 4-Ɉɋɐɘɔɖ ɔɇɔɇɟɋɓɓɡɛ ɗɐɔɖɔɗɘɋɏ ɊɈəɛ ɘɋɑ: 
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ȪɎɚɚɋɖɋɓɜɎɖɔɈɆɓɎɋ Ɉɋɐɘɔɖɓɔɏ ɚəɓɐɜɎɎ (C) ɕɔ Ɉɋɐɘɔɖɓɔɒə Ɇɖ-
ɉəɒɋɓɘə (x) ɊɆɋɘ ɓɆɒ ɉɖɆɊɎɋɓɘ ɚəɓɐɜɎɎ (Ɉɋɐɘɔɖ ɝɆɗɘɓɡɛ ɕɖɔɎɍɈɔɊ-
ɓɡɛ). Ƀɘɔɘ ɉɖɆɊɎɋɓɘ Ɉ ɔɇɟɋɒ ɗɑəɝɆɋ ɥɈɑɥɋɘɗɥ ɒɆɘɖɎɜɋɏ, ɐɔɘɔɖɆɥ ɓɆ-
ɍɡɈɆɋɘɗɥ ɒɆɘɖɎɜɆ ɅɐɔɇɎ (ɎɑɎ, ɎɓɔɉɊɆ, ɥɐɔɇɎɆɓ). ȸɆɐɎɒ ɔɇɖɆɍɔɒ  

Ȳɡ ɍɓɆɋɒ, ɝɘɔ ɐɔɓɋɝɓɆɥ ɗɐɔɖɔɗɘɢ ɗɎɗɘɋɒɡ ɖɆɈɓɆ 

[1]  

ɉɊɋ 

ȵɖɋɊɗɘɆɈɎɘɢ ɗɋɇɋ ɣɘɔ ɒɔɌɓɔ ɕɖɎ ɕɔɒɔɟɎ ɉɋɔɒɋɘɖɎɝɋɗɐɔɏ ɆɓɆɑɔ-
ɉɎɎ: ɋɗɑɎ ɚəɓɐɜɎɥ ï ɣɘɔ ɐɖɎɈɆɥ, ɘɔ ɕɖɔɎɍɈɔɊɓɆɥ ɚəɓɐɜɎɎ ɇəɊɋɘ ɐɆɗɆ-
ɘɋɑɢɓɔɏ ɐ ɐɖɎɈɔɏ, Ɇ ɉɖɆɊɎɋɓɘ ï ɕɋɖɕɋɓɊɎɐəɑɥɖɔɒ ɐ ɐɖɎɈɔɏ. ȷɑɋɊɔɈɆ-
ɘɋɑɢɓɔ, ɣɑɋɒɋɓɘɡ ɔɊɓɔɏ ɗɘɖɔɐɎ ɥɐɔɇɎɆɓɆ ï ɣɘɔ, ɉɖəɇɔ ɉɔɈɔɖɥ, ɓɆɕɖɆɈ-
ɑɋɓɎɥ, Ɉ ɐɔɘɔɖɡɛ ɒɡ ɍɆɕɖɋɟɆɋɒ ɊɈəɒ ɘɋɑɆɒ ɊɈɎɉɆɘɢɗɥ Ɏ ɈɖɆɟɆɘɢɗɥ: 

ȮɓɡɒɎ ɗɑɔɈɆɒɎ, ɒɡ ɛɔɘɎɒ, ɝɘɔɇɡ ɔɉɖɆɓɎɝɎɈɆɤɟɎɋ ɗɎɑɡ Ɋɋɏɗɘ-
ɈɔɈɆɑɎ ɓɆ ɘɋɑɆ ɕɖɔɘɎɈɔɕɔɑɔɌɓɔ «ɍɆɕɖɋɟɋɓɓɡɒ» ɓɆɕɖɆɈɑɋɓɎɥɒ: 

[2]  

ɉɊɋ ȈC ï ɈɋɑɎɝɎɓɆ ɔɉɖɆɓɎɝɎɈɆɤɟɋɏ ɗɎɑɡ. Ƀɘɔɘ ɐɔɣɚɚɎɜɎɋɓɘ ɒɆ-
ɘɋɒɆɘɎɐɎ ɓɆɍɡɈɆɤɘ ɒɓɔɌɎɘɋɑɋɒ ȱɆɉɖɆɓɌɆ. 

ɉɊɋ a - əɗɐɔɖɋɓɎɋ: 

ɉɊɋ fext ï ɗəɒɒɆ ɈɓɋɞɓɎɛ ɗɎɑ, M ï ɒɆɘɖɎɜɆ ɒɆɗɗ: 

Ȳɡ ɒɔɌɋɒ ɎɓɘɋɉɖɎɖɔɈɆɘɢ ɈɓɋɞɓɎɋ ɗɎɑɡ Ɏ ɔɉɖɆɓɎɝɎɈɆɤɟɎɋ ɗɎ-
ɑɡ ɔɘɊɋɑɢɓɔ: 

ȵɔɗɐɔɑɢɐə ɈɓɋɞɓɎɋ ɗɎɑɡ ɎɍɈɋɗɘɓɡ ɆɕɖɎɔɖɎ, ɒɡ ɒɔɌɋɒ ɔɕəɗɘɎɘɢ 
ɕɋɖɈɔɋ əɖɆɈɓɋɓɎɋ Ɏ ɖɆɗɗɒɆɘɖɎɈɆɘɢ ɘɔɑɢɐɔ Ɉɘɔɖɔɋ: 

[3]  

ȵɔɊɗɘɆɈɎɒ əɖɆɈɓɋɓɎɋ [2] Ɉ əɖɆɈɓɋɓɎɋ [3]: 
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ȸɋɕɋɖɢ, ɐɔɉɊɆ ə ɓɆɗ ɋɗɘɢ ɈɡɖɆɌɋɓɎɋ Ɋɑɥ ɗɐɔɖɔɗɘɎ, ɒɡ ɒɔɌɋɒ 
ɕɔɊɗɘɆɈɎɘɢ ɋɉɔ Ɉ ɕɖɔɎɍɈɔɊɓəɤ ɚəɓɐɜɎɎ ɔɉɖɆɓɎɝɋɓɎɥ [1]: 

ȳɆ ɕɋɖɈɡɏ ɈɍɉɑɥɊ, ɒɔɌɓɔ ɗɔɐɖɆɘɎɘɢ J, ɓɔ, əɈɡ, ɣɘɔɉɔ ɊɋɑɆɘɢ ɓɋɑɢ-
ɍɥ. Ȫɑɥ ɣɘɔɉɔ ɓəɌɓɔ əɒɓɔɌɎɘɢ ɔɇɋ ɝɆɗɘɎ əɖɆɈɓɋɓɎɥ ɓɆ J^ -1, ɓɔ ɔɇɖɆɘ-
ɓɆɥ ɗəɟɋɗɘɈəɋɘ ɘɔɑɢɐɔ ə ɐɈɆɊɖɆɘɓɡɛ ɒɆɘɖɎɜ, Ɇ ɥɐɔɇɎɆɓ ɓɋ ɔɇɥɍɆɘɋɑɢ-
ɓɔ ɥɈɑɥɋɘɗɥ ɐɈɆɊɖɆɘɓɔɏ ɒɆɘɖɎɜɋɏ. 

 
Ȩ Ɏɘɔɉɋ ɒɡ ɕɔɑəɝɎɑɎ ɑɋɉɐɔ ɖɋɞɆɤɟɋɋɗɥ ɑɎɓɋɏɓɔɋ əɖɆɈɓɋɓɎɋ Ax 

= b, ɉɊɋ 

[5]  

ȵɖɎɈɋɊɋɒ ɣɘɔ əɖɆɈɓɋɓɎɋ ɐ ɚɔɖɒɋ Ax = b:  

ȰɆɐ ɈɎɊɎɒ, ə ɓɆɗ ɕɔɥɈɎɑɔɗɢ ɈɡɖɆɌɋɓɎɋ dt * ȈC, Ɇ ɣɘɔ ɓɋ ɝɘɔ Ɏɓɔɋ 
ɐɆɐ Ɏɒɕəɑɢɗ. ȵɔɣɘɔɒə ɒɔɌɓɔ ɖɆɗɗɒɆɘɖɎɈɆɘɢ Ɉ ɐɆɝɋɗɘɈɋ ɓɋɎɍɈɋɗɘɓɔɉɔ 
Ɏɒɋɓɓɔ ɈɋɑɎɝɎɓə ɎɒɕəɑɢɗɆ Ȉp: 

ȶɆɓɋɋ ɒɡ əɘɈɋɖɌɊɆɑɎ, ɝɘɔ ɔɉɖɆɓɎɝɋɓɎɋ Ɋɑɥ ɕɔɍɎɜɎɏ ɗɝɎɘɆɋɘɗɥ 
əɊɔɈɑɋɘɈɔɖɋɓɓɡɒ, ɋɗɑɎ ɗɘɆɓɔɈɎɘɗɥ ɖɆɈɓɔ ɓəɑɤ. Ƀɘɔ ɗɕɖɆɈɋɊɑɎɈɔ Ɏ Ɋɑɥ 
ɋɉɔ ɕɖɔɎɍɈɔɊɓɔɏ, ɗɑɋɊɔɈɆɘɋɑɢɓɔ: 

ȷɑɋɊɔɈɆɘɋɑɢɓɔ, 

ɝɘɔ ɒɡ Ɏ ɖɆɗɗɒɔɘɖɋɑɎ Ɉ ɘɖɋɘɢɋɏ ɝɆɗɘɎ ɗɘɆɘɢɎ («ȷɔɑɈɋɖ ɐɔɓɘɆɐ-
ɘɔɈè, FPS ɷ26 '13). 

 
ȳɆɕɔɒɓɎɒ, ɝɘɔ ɗɎɗɘɋɒɆ Ɏɍ ɘɆɐɎɛ əɖɆɈɓɋɓɎɏ ɒɔɌɋɘ ɇɡɘɢ ɖɋɞɋɓɆ 

ɑɤɇɡɒ ɗɔɑɈɋɖɔɒ ȷȱȦȹ.  
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Ȩ ɗɔɈɖɋɒɋɓɓɡɛ ɚɎɍɎɝɋɗɐɎɛ ɊɈɎɌɐɆɛ Ɏɗɕɔɑɢɍəɋɘɗɥ ɒɋɘɔɊ ɕɔɗɑɋɊɔ-
ɈɆɘɋɑɢɓɡɛ ɎɒɕəɑɢɗɔɈ, ɔɕɎɗɆɓɓɡɏ ɃɖɎɓɔɒ ȰɆɘɘɔ. ȴɓ ɗɈɔɊɎɘɗɥ ɐ ɘɔɒə, 
ɝɘɔ, ɋɗɑɎ ɕɖɔɗɘɔ ɕɔɗɑɋɊɔɈɆɘɋɑɢɓɔ ɖɋɞɆɘɢ ɣɘɎ əɖɆɈɓɋɓɎɥ ɔɊɓɔ ɍɆ Ɋɖə-
ɉɎɒ, ɐɆɌɊɡɏ ɖɆɍ ɐɔɖɖɋɐɘɎɖəɥ ɗɐɔɖɔɗɘɎ ɘɋɑ ɕɔɑəɝɋɓɓɡɒ Ɏɒɕəɑɢɗɔɒ, ɘɔ 
ɖɋɍəɑɢɘɆɘ ɝɋɖɋɍ ɓɋɗɐɔɑɢɐɔ ɎɘɋɖɆɜɎɏ ɇəɊɋɘ ɗɛɔɊɎɘɢɗɥ ɐ ɘɆɐɔɒə Ɍɋ ɖɋ-
ɍəɑɢɘɆɘə, ɐɆɐ ɋɗɑɎ ɇɡ əɖɆɈɓɋɓɎɥ ɖɋɞɆɑɎ Ɉ ɗɎɗɘɋɒɋ (ɐ ɕɖɎɒɋɖə, ɒɋɘɔ-
Ɋɔɒ ɅɐɔɇɎ ɎɑɎ ȩɆəɗɗɆ-ȭɋɏɊɋɑɥ). 

 
ȭɓɆɝɋɓɎɋ A ɝɆɗɘɔ ɓɆɍɡɈɆɤɘ ɣɚɚɋɐɘɎɈɓɔɏ ɒɆɗɗɔɏ, ɘɆɐ ɐɆɐ ɣɘɔ 

ɐɔɒɕɔɓɋɓɘ ɒɆɗɗɡ ɘɋɑɆ, ɕɖɋɕɥɘɗɘɈəɤɟɎɏ ɔɉɖɆɓɎɝɎɈɆɤɟɋɏ ɗɎɑɋ. ȨɡɖɆ-
ɌɋɓɎɋ g * x * g^ -1, ɐ ɐɔɘɔɖɔɒə ɔɓɔ ɗɈɔɊɎɘɗɥ Ɉ ɔɇɟɋɒ ɗɑəɝɆɋ, ɗɈɥɍɡɈɆ-
ɋɘ ɘɋɔɖɎɤ ɔɉɖɆɓɎɝɋɓɎɏ ɗ ɘɋɔɖɎɋɏ ɉɖəɕɕ Ɏ ɆɑɉɋɇɖɆɒɎ ȱɎ. Ƀɘɔ ɔɘɔɇɖɆ-
ɌɋɓɎɋ, ɕɔɍɈɔɑɥɤɟɋɋ ɕɖɋɊɗɘɆɈɎɘɢ ɑɤɇɔɏ ɣɑɋɒɋɓɘ ɉɖəɕɕɡ ȱɎ (Ɉ ɓɆɞɋɒ 
ɗɑəɝɆɋ ɒɆɘɖɎɜə) ɐɆɐ ɑɎɓɋɏɓɔɋ ɕɖɋɔɇɖɆɍɔɈɆɓɎɋ Ɉ ɕɖɔɗɘɖɆɓɗɘɈɋ ɐɆɗɆ-
ɘɋɑɢɓɡɛ Ɉɔɐɖəɉ ɋɊɎɓɎɝɓɔɉɔ ɣɑɋɒɋɓɘɆ ɣɘɔɏ ɉɖəɕɕɡ. ȸɆɐɔɋ ɔɘɔɇɖɆɌɋɓɎɋ 
Ɏɗɕɔɑɢɍəɋɘɗɥ, ɓɆɕɖɎɒɋɖ, Ɋɑɥ ɕɖɋɔɇɖɆɍɔɈɆɓɎɥ ɘɋɓɍɔɖɆ ɎɓɋɖɜɎɎ Ɏɍ 
«ɑɔɐɆɑɢɓɔɉɔ ɇɆɍɎɗɆ» ɘɋɑɆ Ɉ «ɉɑɔɇɆɑɢɓɡɏ ɇɆɍɎɗ». ȵɔ ɣɘɔɏ ɆɓɆɑɔɉɎɎ 
ɣɚɚɋɐɘɎɈɓəɤ ɒɆɗɗə ɒɔɌɓɔ ɗɝɎɘɆɘɢ «ɉɑɔɇɆɑɢɓɔɏ ɒɆɗɗɔɏ». 

 
ȭɆɊɆɝɆ ɕɔ ɚɔɖɒɆɑɎɍɆɜɎɎ ɔɉɖɆɓɎɝɋɓɎɏ Ɋɑɥ ɕɆɖɡ ɘɋɑ ɗɈɔɊɎɘɗɥ ɐ 

ɓɆɛɔɌɊɋɓɎɤ ɗɔɔɘɈɋɘɗɘɈəɤɟɋɉɔ ɥɐɔɇɎɆɓɆ. ȶɆɗɗɒɔɘɖɎɒ Ɋɑɥ ɕɖɎɒɋɖɆ 
ɕɖɔɗɘɋɏɞɎɏ ɗɑəɝɆɏ ï ɔɉɖɆɓɎɝɋɓɎɋ ɖɆɗɗɘɔɥɓɎɥ (Distance Constraint). 
ȴɓɔ ɕɔɍɈɔɑɥɋɘ ɘɋɑɆɒ ɗɈɔɇɔɊɓɔ ɕɋɖɋɒɋɟɆɘɢɗɥ Ɏ ɈɖɆɟɆɘɢɗɥ, ɓɔ əɊɋɖ-
ɌɎɈɆɋɘ Ɏɛ ɓɆ ɔɕɖɋɊɋɑɋɓɓɔɒ ɖɆɗɗɘɔɥɓɎɎ Ɋɖəɉ ɔɘ ɊɖəɉɆ. ȮɓɡɒɎ ɗɑɔɈɆ-
ɒɎ, 

ȸɋɕɋɖɢ ɓɆɏɊɋɒ ɕɖɔɎɍɈɔɊɓəɤ: 

ɉɊɋ d ï ɚɆɐɘɎɝɋɗɐɔɋ ɖɆɗɗɘɔɥɓɎɋ ɒɋɌɊə ɜɋɓɘɖɆɒɎ ɒɆɗɗ ɘɋɑ, L ï Ɍɋ-
ɑɆɋɒɔɋ ɖɆɗɗɘɔɥɓɎɋ. ȲɔɌɓɔ ɍɆɕɎɗɆɘɢ ɣɘɔ ɗ ɈɡɈɔɊɔɒ d: 

ɉɊɋ xA Ɏ xB ï ɜɋɓɘɖɡ ɒɆɗɗ (ɕɔɍɎɜɎɎ) ɊɈəɛ ɘɋɑ. 

ɉɊɋ v ï ɔɇɔɇɟɋɓɓɡɋ ɗɐɔɖɔɗɘɎ, x ï ɖɆɍɓɎɜɆ ɒɋɌɊə ɜɋɓɘɖɆɒɎ ɒɆɗɗ. 
ȲɔɌɓɔ ɍɆɒɋɘɎɘɢ, ɝɘɔ ɣɘɔ ɈɡɖɆɌɋɓɎɋ ï ɓɋ ɝɘɔ Ɏɓɔɋ, ɐɆɐ ɕɖɔɋɐɜɎɥ 
ɔɇɔɇɟɋɓɓɡɛ ɗɐɔɖɔɗɘɋɏ ɓɆ Ɉɋɐɘɔɖ x / |x|, ɘɔ ɋɗɘɢ, ɓɆ ɋɊɎɓɎɝɓɡɏ Ɉɋɐ-
ɘɔɖ ɔɘ xA ɐ xB. ȳɆɍɔɈɋɒ ɣɘɔɘ Ɉɋɐɘɔɖ n. ȴɉɖɆɓɎɝɋɓɎɋ ɇəɊɋɘ ɗɝɎɘɆɘɢɗɥ 
əɊɔɈɑɋɘɈɔɖɋɓɓɡɒ, ɋɗɑɎ ɕɖɔɋɐɜɎɥ ɗɐɔɖɔɗɘɋɏ ɓɆ n ɇəɊɋɘ ɖɆɈɓɆ ɓəɑɤ 
(ɘɋɑɆ ɓɋ ɗɇɑɎɌɆɤɘɗɥ). ȷɑɋɊɔɈɆɘɋɑɢɓɔ, ɥɐɔɇɎɆɓ ɇəɊɋɘ ɖɆɈɋɓ 

J = [-nT, 0, nT 0]  

ȵɖɔɊɔɑɌɋɓɎɋ ɗɑɋɊəɋɘ... 
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ƭǈǅǌƿǊ ƛǊƺǃǌ 
 ǂ ǉǈǅǖǁǈƼƺǌƿǅǂ Reddit  

 
ǔǬǫǧǩǴǵ ǸǵǮǫǧǹǬǲȃ ȆǮȂǱǧ D ð ǧǳǬǷǯǱǧǴǸǱǯǰ ǶǷǵ-

ǪǷǧǳǳǯǸǹ ǚǵǲǹǬǷ ǈǷǧǰǹ ð ǲǯǾǴǵ ǶǵȆǩǯǲǸȆ Ǵǧ ǴǵǩǵǸǹ-
Ǵǵǳ ǶǵǷǹǧǲǬ Reddit.com, ǾǹǵǨȂ ǵǹǩǬǹǯǹȃ Ǵǧ ǩǵǶǷǵ-
ǸȂ ǩǸǬǼ ǯǴǹǬǷǬǸǺȅȀǯǼǸȆ ȆǮȂǱǵǳ ǯ ǬǪǵ ǶǬǷǸǶǬǱǹǯǩǧ-
ǳǯ. ǉ ǷǬǮǺǲȃǹǧǹǬ ǶǵǲǺǾǯǲǵǸȃ ǸǩǵǬǵǨǷǧǮǴǵǬ 
«ǯǴǹǬǷǩȃȅ», ǱǵǹǵǷǵǬ ǳȂ ǷǬǿǯǲǯ ǶǬǷǬǩǬǸǹǯ ǯ ǵǶǺǨ-
ǲǯǱǵǩǧǹȃ Ǵǧ ǸǹǷǧǴǯǽǧǼ ǭǺǷǴǧǲǧ. 

 
 
 ǕǴǽǫǲǹ, ǵǴ-ǨǦǾǫǲǹ, ǵǶǴǩǶǦǲǲǮǷǸ ǪǴǱǬǫǳ Ǩȁ-

ǧǶǦǸȂ D, Ǧ ǳǫ C++? 
 
ǎǭ-ǭǦ ȃǰǴǳǴǲǮǮ ǨǶǫǲǫǳǮ: D ǴǧǫǷǵǫǽǮǨǦǫǸ ǨȁǷǴǰǹȄ 

ǷǰǴǶǴǷǸȂ ǰǴǲǵǮǱȅǼǮǮ. ǐǶǴǲǫ ǸǴǩǴ, Ǩ D ǫǷǸȂ ǷǸǦǸǮǽǫǷǰǮǫ 
ǵǶǴǨǫǶǰǮ, ȄǳǮǸ-ǸǫǷǸǮǶǴǨǦǳǮǫ, ǦǨǸǴǲǦǸǮǽǫǷǰǴǫ ǪǴǰǹ-
ǲǫǳǸǮǶǴǨǦǳǮǫ. ǥǭȁǰ ǵǶǫǪǱǦǩǦǫǸ ǩǴǶǦǭǪǴ ǧǴǱǫǫ ǲǴǿǳȁǫ 
ǦǧǷǸǶǦǰǼǮǮ. 

 
ǐǦǰǴǨǦ, ǳǦ ǨǦǾ ǨǭǩǱȅǪ, ǱǹǽǾǦȅ ǴǷǴǧǫǳǳǴǷǸȂ D? 
 
ǘǶǹǪǳǴ ǷǰǦǭǦǸȂ, ǵǴǸǴǲǹ ǽǸǴ ǧǴǱȂǾǮǳǷǸǨǴ Ǯǭ ǳǮǻ ǵǴ ǴǸǪǫǱȂǳǴ-

ǷǸǮ ǳǫ ǨȁǭȁǨǦȄǸ ǴǷǴǧǴǩǴ ǨǴǷǸǴǶǩǦ. ǔǳǮ ǻǴǶǴǾǮ Ǩ ǷǴǽǫǸǦǳǮǮ Ƿ ǪǶǹ-
ǩǮǲǮ ǺǹǳǰǼǮȅǲǮ. ǓǴ, ǶǦǭ ǹǬ ȅ ǪǴǱǬǫǳ ǨȁǧǶǦǸȂ ǴǪǳǹ, ǸǴ ǵǹǷǸȂ ȃǸǴ 
ǧǹǪǫǸ ǨȁǷǴǰǦȅ ǷǰǴǶǴǷǸȂ ǰǴǲǵǮǱȅǼǮǮ. 
 

 

 
 
  

 
ǗǸǦǨǮǱǮ ǱǮ Ǩȁ ǼǫǱȂȄ ǷǴǭǪǦǸȂ «ǹǱǹǽǾǫǳǳȁǯ C» ǮǱǮ 
«ǹǱǹǽǾǫǳǳȁǯ C++» ǵǶǮ ǷǴǭǪǦǳǮǮ D? 
 
ǎǭǳǦǽǦǱȂǳǴ ǵǶǴǫǰǸ ǧȁǱ ǭǦǪǹǲǦǳ ǰǦǰ ǶǫǪǮǭǦǯǳ C++, ǳǴ ǨǷǰǴǶǫ 
ǴǸǴǾǫǱ ǴǸ ȃǸǴǩǴ. ǗǫǯǽǦǷ D ǳǦǷǱǫǪǹǫǸ ǨǴǭǲǴǬǳǴǷǸǮ ǾǮǶǴǰǴǩǴ 
ǷǵǫǰǸǶǦ ȅǭȁǰǴǨ. 
 
ǓǦǷǰǴǱȂǰǴ ǳǴǨȁǫ ǴǷǴǧǫǳǳǴǷǸǮ C++11 (ǱȅǲǧǪǦ-ǨȁǶǦǬǫǳǮȅ, 
foreach Ǯ Ǹ.Ǫ.) ǷǴǰǶǦǿǦȄǸ ǶǦǭǶȁǨ ǲǫǬǪǹ C++ Ǯ D? Ǔǫ ǨȁǯǪǫǸ 
ǱǮ ǸǦǰ, ǽǸǴ ǰǴǩǪǦ-ǳǮǧǹǪȂ ǪǨǦ ȅǭȁǰǦ ǷǶǦǨǳȅǸǷȅ Ǩ ǨǴǭǲǴǬǳǴ-
ǷǸȅǻ? 
 
ǓǫǰǴǸǴǶȁǫ ǨǴǭǲǴǬǳǴǷǸǮ D ǪǫǯǷǸǨǮǸǫǱȂǳǴ ǵǴǵǦǪǦȄǸ Ǩ C++, ǳǴ 
ǵǶǮ ȃǸǴǲ ȅǭȁǰǮ ǷǮǱȂǳǴ ǶǦǭǱǮǽǦȄǸǷȅ Ǯ ǮǲǫȄǸ ǶǦǭǳȁǫ ǺǮǱǴǷǴ-
ǺǮǮ. ǚǮǱǴǷǴǺǮȅ C++: «ǊǴǨǫǶȅǸȂ ǵǶǴǩǶǦǲǲǮǷǸǹ, ǰǴǶǶǫǰǸǳǴǷǸȂ 
ð ǵǴ ǷǴǩǱǦǾǫǳǮȄ». D ǵǶǮǪǫǶǬǮǨǦǫǸǷȅ ǵǶǮǳǼǮǵǦ «ǊǴǨǫǶȅǯ, ǳǴ 
ǵǶǴǨǫǶȅǯ» ð Ǯ ȃǸǴ ǴǽǫǳȂ ǨǦǬǳȁǯ ǲǴǲǫǳǸ. 

 
ǥǨǱȅǫǸǷȅ D ǻǴǶǴǾǮǲ ǨȁǧǴǶǴǲ ǪǱȅ ǳǦǽǮǳǦȄǿǫǩǴ? 
 
ǓǦ ǷǦǲǴǲ ǪǫǱǫ, ȃǸǴ ǲǴǬǳǴ ǷǰǦǭǦǸȂ Ǵ ǱȄǧǴǲ ȅǭȁǰǫ. 
 
ǐǦǰǴǯ ǦǷǵǫǰǸ ȅǭȁǰǦ Ǩȁ ǧȁ ǻǴǸǫǱǮ ǵǫǶǫǪǫǱǦǸȂ? 
 
ǓǦǵǶǮǲǫǶ, ȅ ǧȁ ǮǭǧǦǨǮǱǷȅ ǴǸ ǦǨǸǴǲǦǸǮǽǫǷǰǴǩǴ ǪǫǰǴǪǮǶǴǨǦǳǮȅ UTF-

ǷǸǶǴǰ ǵǴ ǹǲǴǱǽǦǳǮȄ. 
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ǐǦǰǴǨȁ ǵǱǦǳȁ ǵǴ ǴǷǨǴǧǴǬǪǫǳǮȄ Phobos ǴǸ ǭǦǨǮǷǮǲǴǷǸǮ ǴǸ ǷǧǴǶ-
ǿǮǰǦ ǲǹǷǴǶǦ? ǔǸǰǱȄǽǦǫǲȁǯ ǷǧǴǶǿǮǰ ð ǴǸǱǮǽǳǦȅ ǮǪǫȅ, ǳǴ ȃǸǦ ǨǴǭǲǴǬ-
ǳǴǷǸȂ ǵǶǦǰǸǮǽǫǷǰǮ ǧǫǷǵǴǱǫǭǳǦ, ǫǷǱǮ ǷǸǦǳǪǦǶǸǳǦȅ ǧǮǧǱǮǴǸǫǰǦ ǨǷǫ ǶǦǨ-
ǳǴ ǮǷǵǴǱȂǭǹǫǸ ǫǩǴ. 

 
ǒȁ ǶǫǩǹǱȅǶǳǴ «ǽǮǷǸǮǲ» ǧǮǧǱǮǴǸǫǰǹ ǴǸ ǳǫǴǵǶǦǨǪǦǳǳȁǻ ǨȁǭǴǨǴǨ 

ǷǧǴǶǿǮǰǦ. ǘǦǰǬǫ ǲȁ ǵǫǶǫǪǫǱȁǨǦǫǲ ǮǳǸǫǶǺǫǯǷȁ ǸǦǰ, ǽǸǴǧȁ ǴǸǨǫǸǷǸ-
ǨǫǳǳǴǷǸȂ ǭǦ ǨȁǪǫǱǫǳǮǫ ǵǦǲȅǸǮ ǨǴǭǱǦǩǦǱǦǷȂ ǳǦ ǵǴǱȂǭǴǨǦǸǫǱȅ. 

 
ǈǮǪǮǸǫ ǱǮ Ǩȁ ǵǫǶǷǵǫǰǸǮǨȁ ǮǷǵǴǱȂǭǴǨǦǳǮȅ D Ǩ ǷǮǷǸǫǲǦǻ, ǰǶǮǸǮ-

ǽǫǷǰǮǻ ǰ ǧǫǭǴǵǦǷǳǴǷǸǮ? ǓǫǪǫǸǫǶǲǮǳǮǶǴǨǦǳǳȁǯ ǻǦǶǦǰǸǫǶ ǷǧǴǶǰǮ ǲǹǷǴ-
ǶǦ ǮǷǰǱȄǽǦǫǸ Ǩ ȃǸǴǯ ǴǧǱǦǷǸǮ ǱȄǧǴǯ ǮǷǵǴǱȂǭǹȄǿǮǯ ǫǫ ȅǭȁǰ. 

 
ǈȁ ǲǴǬǫǸǫ ǵǮǷǦǸȂ ǳǦ D ǰǴǪ, ǰǴǸǴǶȁǯ ǳǫ ǮǷǵǴǱȂǭǹǫǸ ǷǧǴǶǰǹ ǲǹ-

ǷǴǶǦ. ǈ ǨǫǶǷǮǮ DMD 2.66 ǫǷǸȂ ǦǸǶǮǧǹǸ @nogc, ǰǴǸǴǶȁǯ ǩǦǶǦǳǸǮǶǹǫǸ 
ǴǸǷǹǸǷǸǨǮǫ ǴǧǶǦǿǫǳǮǯ ǰ ǷǧǴǿǮǰǹ ǲǹǷǴǶǦ. ǈ D ǪǴǨǴǱȂǳǴ ǲǳǴǩǴ ǷǸǦǸǮ-
ǽǫǷǰǮǻ ǵǶǴǨǫǶǴǰ, ǰǴǸǴǶȁǫ ǧǹǪǹǸ ǵǴǱǫǭǳȁ Ǩ ǰǶǮǸǮǽǫǷǰǮǻ ǷǮǷǸǫǲǦǻ. 
ǓǦǵǶǮǲǫǶ, ǲǴǬǳǴ ǹǰǦǭǦǸȂ ǸǶǦǳǭǮǸǮǨǳǹȄ ǳǫǮǭǲǫǳȅǫǲǴǷǸȂ ǪǦǳǳȁǻ Ǯ 
ǽǮǷǸǴǸǹ ǺǹǳǰǼǮǮ. ǐǴǪ, ǵǴǲǫǽǫǳǳȁǯ ǦǸǶǮǧǹǸǴǲ @safe, ǩǦǶǦǳǸǮǶǹǫǸ 
ǴǸǷǹǸǷǸǨǮǫ ǦǶǮǺǲǫǸǮǰǮ ǹǰǦǭǦǸǫǱǫǯ. ǕǴǪǪǫǶǬǮǨǦǫǸǷȅ ǸǦǰǬǫ ǵǶǴǨǫǶǰǦ 
ǨȁǻǴǪǦ ǭǦ ǩǶǦǳǮǼȁ ǲǦǷǷǮǨǴǨ. 

 
ǈȁ ð ǦǨǸǴǶ ǶǫǦǱǮǭǦǼǮǯ ǳǫǷǰǴǱȂǰǮǻ ȅǭȁǰǴǨ, Ǯ, ǰǴǳǫǽǳǴ, ǭǳǦǫǸǫ 

ǨǷǫ ǸǴǳǰǴǷǸǮ ȃǸǴǯ ǶǦǧǴǸȁ. ǗǹǿǫǷǸǨǹȄǸ ǱǮ ǴǾǮǧǰǮ, ǰǴǸǴǶȁǫ ǱȄǪǮ ǵǶǴ-
ǪǴǱǬǦȄǸ ǷǴǨǫǶǾǦǸȂ ǵǶǮ ǷǴǭǪǦǳǮǮ ǳǴǨȁǻ ȅǭȁǰǴǨ? 

 
ǔǪǳǦ Ǯǭ ǳǮǻ ð ȃǸǴ ǳǫȅǨǳǴǫ ǴǧȀȅǨǱǫǳǮǫ ǵǫǶǫǲǫǳǳȁǻ. ǣǸǴ ǴǪǳǦ Ǯǭ 

Ǹǫǻ ǮǪǫǯ, ǰǴǸǴǶȁǫ ǶǫǩǹǱȅǶǳǴ ǨǷǵǱȁǨǦȄǸ, Ǯ, ǫǷǱǮ ȅǭȁǰ ǷǹǿǫǷǸǨǹǫǸ 
ǪǴǷǸǦǸǴǽǳǴ ǪǴǱǩǴ, ǴǧȀȅǨǱȅȄǸǷȅ ǳǫ ǶǫǰǴǲǫǳǪǹǫǲȁǲǮ ǰ ǮǷǵǴǱȂǭǴǨǦ-
ǳǮȄ. ǋǿǫ ǴǪǳǦ ð ǽǫǶǫǷǽǹǶ ǾǮǶǴǰǴǫ ǮǷǵǴǱȂǭǴǨǦǳǮǫ ǳǫȅǨǳǴǩǴ ǵǶǮǨǫǪǫ-
ǳǮȅ ǸǮǵǴǨ. 

 
ǐǦǰǹȄ ǴǵǫǶǦǼǮǴǳǳǹȄ ǷǮǷǸǫǲǹ Ǩȁ ǮǷǵǴǱȂǭǹǫǸǫ? 
 
ǇǴǱȂǾǹȄ ǽǦǷǸȂ ǶǦǧǴǸȁ ȅ ǨȁǵǴǱǳȅȄ ǵǴǪ Windows, ǳǴ ǹ ǲǫǳȅ ǫǷǸȂ 

ǸǦǰǬǫ Linux-ǲǦǾǮǳǦ, Ǯ ȅ ǵǫǶǫǰǱȄǽǦȄǷȂ ǲǫǬǪǹ ǳǮǲǮ. ǔǧǫ ǔǗ ǻǴǶǴǾǮ 
ǵǴ-ǷǨǴǫǲǹ ð ǵǴǪ Windows ǳǫǸ Valgrind, ǳǦǵǶǮǲǫǶ. ǐǶǴǲǫ ǸǴǩǴ, ǧǦǩǮ Ǩ 
ǵǶǴǫǰǸǦǻ ǲǴǩǹǸ ǵǶǴȅǨǱȅǸȂǷȅ ǵǴ-ǶǦǭǳǴǲǹ Ǩ ǶǦǭǳȁǻ ǷǮǷǸǫǲǦǻ. 

ǐǦǰǦȅ ǧȁǱǦ ǷǦǲǦȅ ǮǳǸǫǶǫǷǳǦȅ ǭǦǪǦǽǦ, ǰǴǸǴǶǹȄ Ǩȁ ǶǫǾǦǱǮ Ƿ ǵǴǲǴ-
ǿȂȄ D? 

 
ǓǦǵǶǮǲǫǶ, ǳǦ D ǳǦǵǮǷǦǳȁ ǷǦǯǸȁ dlang.org Ǯ digitalmars.com.  
 
ǈȁ ǮǷǵǴǱȂǭǴǨǦǱǮ IDE? 
 
ǥ ǲǦǱǴ ǵǴǱȂǭǴǨǦǱǷȅ ǮǲǮ. ǔǪǮǳ ǲǴǯ ǪǶǹǩ ǷǰǦǭǦǱ, ǽǸǴ Ǩ Java IDE ǲǴǬ-

ǳǴ ǴǪǳǴǯ ǰǳǴǵǰǴǯ ǨǷǸǦǨǮǸȂ 100 ǷǸǶǴǰ ǾǦǧǱǴǳǳǴǩǴ ǰǴǪǦ. ǆ Ǩ D ǨǦǲ ǳǫ ǳǹ-
Ǭǫǳ ǾǦǧǱǴǳǳȁǯ ǰǴǪ ǨǴǨǷǫ. 

 
Vim ǮǱǮ Emacs? 
 
MicroEmacs! ǥ ǫǪǮǳǷǸǨǫǳǳȁǯ Ǩ ǲǮǶǫ ǵǴǱȂǭǴǨǦǸǫǱȂ ȃǸǴǩǴ ǶǫǪǦǰǸǴǶǦ. 
 
ǝǫǲ Ǵǳ ǴǸǱǮǽǦǫǸǷȅ ǴǸ GNU Emacs? 
 
GNU Emacs ð ȃǸǴ, ǵǴ ǷǹǸǮ, ǼǫǱǦȅ ǴǵǫǶǦǼǮǴǳǳǦȅ ǷǮǷǸǫǲǦ, Ǧ MicroE-

macs ð ǵǶǴǷǸǴ ǸǫǰǷǸǴǨȁǯ ǶǫǪǦǰǸǴǶ. 
 
ǐǦǰǴǨǴ ǨǦǾǫ ǲǳǫǳǮǫ Ǵ Lisp? 
 
ǥ ǵǮǷǦǱ ǶǦǷǾǮǶǫǳǮȅ Emacs ǳǦ ǴǪǳǴǲ Ǯǭ ǪǮǦǱǫǰǸǴǨ Lisp, ǳǴ ǳǫ ǧǴǱǫǫ 

ǸǴǩǴ. ǕǶǴǷǸǴ ǳǫ ǲǴǩ ǵǫǶǫǨǦǶǮǸȂ «ǷǰǴǧǴǽǳȁǯ» ǷǮǳǸǦǰǷǮǷ. 
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˜̏̒̌̆ υ ̌̆̓ ̑́̈̑́̂̏̓̋̉ ̐̑̆̅̒̓́̃̌̆̎ ̜̐̆̑̃̊ ̝̜̒̓́̂̉̌̎̊ ̑̆̌̉̈ 
̐̑̏̆̋̓́ OpenXcom, ̃  ̖̑́̍̋́ ̋̏̓̏̑̏̄̏ ̠̑́̈̃̉̃́̆̓̒ ̜̠̏̓̋̑̓́ ̑̆́̌̉Ȥ
̗̠̈́̉ ̠̐̏̐̔̌̑̎̏̊ ̃ ωπ-̆ ̜̄̏̅ ̘̒̓̑́̓̆̄̉̆̒̋̏̊ ̙̐̏́̄̏̃̏̊ ̜̉̄̑ «UFO: 
Enemy Unknown». ̠ ̏̅ OpenXcom ̎ ́̐̉̒́̎ ̎́ C++ ̒  ̝̉̒̐̏̌̈̏̃́̎̉̆̍ 
SDL ̉  ̠̠̐̏̒̓́̃̌̆̓̒ ̐̏̅ ̗̌̉̆̎̈̉̆̊ GPL. ̞ ̄̑́ ̝̉̒̐̏̌̈̔̆̓ ̜̑̆̒̔̑̒ ̉ 
̝̏̑̉̄̉̎́̌̎̏̊ ̜̉̄̑ UFO, ̏ ̘̠̂̆̒̐̆̉̃́ ̝̃̏̈̍̏̇̎̏̒̓ ̜̉̄̑ ̃ ̒̏̃̑̆̍̆̎Ȥ
̎̏̍ ̐̑̏̄̑́̍̍̎̏̍ ̏̋̑̔̇̆̎̉̉Ȣ 

ˍ ̠̒̐̔̒̓ ̝̎̆̒̋̏̌̋̏ ̅̎̆̊ ̒ ̍̏̍̆̎̓́ ̞̓̏̄̏ ̑̆̌̉̈́ȟ ̃ Steam ̅ ̠̌ Linux 
̅̏̒̓̔̐̎́ ̠̅̌ ̔̒̓́̎̏̃̋̉ ̗̝̠̏̉̉́̌̎́̕ ̠̒̏̃̑̆̍̆̎̎́ ̗̠̑̆̅́̋̉ ̜̉̄̑ ɀ 
«XCOM: Enemy Unknown». ̞̈ ̗̝̏̉̉́̌̎̏̕ ̜̖̐̏̅̅̆̑̇̉̃́̆̍ ̐̌́̓̏̑̍̕ ̈́Ȥ
̠̜̃̌̆̎ Ubuntu 14.04 ̉  SteamOS. ̠ ̑̏̍̆ ̓̏̄̏ȟ ̠̅̌ Linux ̜́̅́̐̓̉̑̏̃́̎ ̃̒̆ 
̜̅̏̒̓̔̐̎̆ ̠̏̂̎̏̃̌̆̎̉ ̋ ̉̄̑̆ȟ ̃ ̓̏̍ ̘̉̒̌̆ «XCOM: Enemy Within». 

˒̆̚ ̏̅̉̎ ̜̋̑̔̐̎̊ linux-̐̏̑̓ ̖̐̏̒̌̆̅̎̉ ̠̗̍̆̒̆̃ ɀ Darksiders, ̐ ̏̐̔Ȥ
̠̜̌̑̎̊ ̙̒̌̆̆̑ AAA-̋̌́̒̒́Ȣ ˝̘́̈̑́̂̏̓̉̋̉ ̟̏̂̆́̓̚ȟ ̘̓̏ ̒̋̏̑̏ ̉̄̑́ ̠̐̏Ȥ
̠̃̉̓̒ ̃ Steam. 

 
˗̒̓́̓̉ȟ ̉̈ ̠̅̆̒̓̉ ̉̄̑ȟ ̟̖̌̉̅̉̑̔̉̚ ̐̏ ̘̉̒̌̔ ̉̄̑̏̋̏̃ ̃ Steam, ̒ ̝̆̍ 

̔̇̆ ̜̅̏̒̓̔̐̎ ̠̅̌ Linux! ˏ ̘́̒̓̎̏̒̓̉ȟ ̞̓̏ Dota 2, Team Fortress 2, Sid 
Meier's Civilization V, Garry's Mod, Football Manager 2014, Counter-Strike ̉ 
Rust. ̃ ̏̋́ ̎̆ ̜̜̃̐̔̆̎̚ Linux-̃̆̑̒̉̉ ̉̄̑ Counter-Strike: Global Offensive, 
The Elder Scrolls V: Skyrim ̉  Warframe. ̨ ̂̆̆̚ ̘̉̒̌̏ ̉̄̑ ̠̅̌ Linux, ̅ ̏̒̓̔̐Ȥ
̜̖̎ ̘̆̑̆̈ Steam, ̅ ̏̃̆̅̆̎̏ ̅̏ υςψȢ 
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ˤ̓̏ ̠̋́̒́̆̓̒ ̍̉̑́ ̜̖̒̃̏̂̏̅̎ ̉̄̑ ̉ ̅̃̉̇̋̏̃ȟ ̓̏ ̎̏̃̏̒̓̆̊ ̃ 
̐̏̒̌̆̅̎̆̆ ̠̃̑̆̍ ̘̝̏̆̎ ̍̎̏̄̏Ȣ ˟́̋ȟ ̒̓́̌̏ ̉̈̃̆̒̓̎̏ȟ ̘̓̏ ̠̋̏̍̐́̎̉ 
Canonical, ̑ ̘́̈̑́̂̏̓̉̋ linux-̅̉̒̓̑̉̂̔̓̉̃́ Ubuntu, ̑ ́̈̃̉̃́̆̓ ̒̏̂̒̓Ȥ
̜̃̆̎̎̊ ̉̄̑̏̃̏̊ ̅̃̉̇̏̋Ȧ ˜̑̏̆̋̓ Bacon2D ̎ ̗́̆̌̆̎ ̎́ ̔̐̑̏̆̎̉̆̚ 
̠̒̏̈̅́̎̉ ̜̖̅̃̔̍̆̑̎ ̜̖̉̄̑̏̃ ̐̑̉̌̏̇̆̎̉̊ ̠̅̌ Ubuntu Touch ̒  ̉̒Ȥ
̝̐̏̌̈̏̃́̎̉̆̍ Qt ̉  QML. 

 
ˑ̃̉̇̏̋ ̠̐̑̆̅̏̒̓́̃̌̆̓ ̎́̂̏̑ ̜̖̄̏̓̏̃ QML-̂̌̏̋̏̃ ̒ ̑̆́̌̉̈́Ȥ

̗̉̆̊ ̜̖̓̉̐̏̃ ̞̌̆̍̆̎̓̏̃ȟ ̝̜̖̉̒̐̏̌̈̔̆̍ ̃ ςD-̖̉̄̑́Ȣ ˕̈ ̖̓̆̋̔̉̚ ̃̏̈Ȥ
̍̏̇̎̏̒̓̆̊ ̅̃̉̇̋́ ̘̟̠̏̓̍̆́̓̒ ̒̑̆̅̒̓̃́ ̠̅̌ ̑̆̎̅̆̑̉̎̄́ ̄̑́̉̋̉̕ ̉ 
̜̃̃̏̅́ ̈̃̔̋́ȟ ̠̗̠̒̉̍̔̌̉ ̘̉̈̉̆̒̋̏̄̏̕ ̠̃̈́̉̍̏̅̆̊̒̓̃̉ ̜̖̉̄̑̏̃ 
̛̏̂̆̋̓̏̃ ̉ ̠̐̑̉̅́̎̉ ̉̍ ̒̃̏̊̒̓̃ ̉̒̋̔̒̒̓̃̆̎̎̏̄̏ ̉̎̓̆̌̌̆̋̓́ȟ ̒̐̑́̊Ȥ
̠̓̏̃́ ̗̠́̎̉̍́̉ȟ ̔̐̑́̃̌̆̎̉̆ ̗̒̆̎̏̊ ̉ ̃̉̅̉̍̏̊ ̝̟̏̂̌́̒̓ȟ ̒̑̆̅̒̓̃́ 
̠̅̌ ̗̏̑̄́̎̉̈́̉̉ ̜̖̒̆̓̆̃ ̉̄̑ȟ ̝̃̏̈̍̏̇̎̏̒̓ ̝̠̉̒̐̏̌̈̏̃́̎̉ ̒̋̑̉̐Ȥ
̓̏̃ ̠̅̌ ̠̏̐̑̆̅̆̌̆̎̉ ̉̄̑̏̃̏̊ ̌̏̄̉̋̉Ȣ ˑ̠̌ ̠̗̒̉̍̔̌̉̉ ̘̖̉̈̉̆̒̋̉̕ 
̗̐̑̏̆̒̒̏̃ ̈́̅̆̊̒̓̃̏̃́̎ ̘̉̈̉̆̒̋̉̊̕ ̅̃̉̇̏̋ Box2D. ̞ ̖̜̒̏̅̎̊ ̋̏̅ 
̐̑̏̆̋̓́ ̠̠̑́̒̐̑̏̒̓̑́̎̆̓̒ ̐̏̅ ̗̌̉̆̎̈̉̆̊ LGPL v3. 

 
ˍ ̠̋̏̍̐́̎̉ Epic Games ̎ ̆̅́̃̎̏ ̏̐̔̂̌̉̋̏̃́̌́ ̐̏̅̂̏̑̋̔ ̅̆Ȥ

̗̍̏̎̒̓̑́̉̊ ̒ ̐̑̉̍̆̑́̍̉ ̑́̂̏̓ ̎́ ̏̒̎̏̃̆ ̅̃̉̇̋́ Unreal Engine 4, 
̜̏̏̑̍̌̆̎̎̍̉̕ ̠̅̌ ̝̠̉̒̐̏̌̈̏̃́̎̉ ̎́  Linux. 

 

˚̆̅́̃̎̏ ̙̙̠̐̆̑̆̆̅́ ̃ ̑̔̋̉ Facebook ̋ ̠̏̍̐́̎̉ Oculus VR, ̈ ́Ȥ
̟̠̠̎̉̍́́̒̚ ̑́̈̑́̂̏̓̋̏̊ ̙̌̆̍́ ̝̃̉̑̓̔́̌̎̏̊ ̝̑̆́̌̎̏̒̓̉ Oculus Rift, 
̛̠̏̂̃̉̌́ ̏ ̐̏̄̌̏̆̎̉̉̚ ̘̋̏̍̍̆̑̆̒̋̏̄̏ ̐̑̏̆̋̓́ RakNet, ̃  ̖̑́̍̋́ ̋̏Ȥ
̓̏̑̏̄̏ ̠̑́̈̃̉̃́̆̓̒ ̒̆̓̆̃̏̊ ̅̃̉̇̏̋ ̠̅̌ ̘̑́̈̑́̂̏̓̉̋̏̃ ̉̄̑Ȣ ˟̝̆̐̆̑ 
̖̜̉̒̏̅̎̊ ̋̏̅ RakNet ̏ ̜̓̋̑̓ ̐̏̅ ̗̌̉̆̎̈̉̆̊ BSD ̉  ̏̐̔̂̌̉̋̏̃́̎ ̎́ 
GitHub! 
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˚́̐̏̍̎̉̍ȟ OpenPandora ɀ ̞ ̓̏ ̜̏̑̉̆̎̓̉̑̏̃́̎̎̊ ̎́ ̜̉̄̑ ̒̔̂̎̏Ȥ
̔̓̂̔̋ ̎́ ̂́̈̆ Linux: ̠̒́̍́ ̠̍̏̎́̚ ̠̐̏̑̓́̓̉̃̎́ ̝̋̏̎̒̏̌ ̎́ ̜̑̎̋̆ȟ 
̟̠̏̂̌́̅́́̚ ̠̑̅̏̍ ̝̜̖̔̎̉̋́̌̎ ̃̏̈̍̏̇̎̏̒̓̆̊Ȣ 

 
˟́̋̇̆ ̎̆̅́̃̎̏ ̜̂̌́ ̐̑̆̅̒̓́̃̌̆̎́ ̜̠̏̓̋̑̓́ ̗̠̑̆́̌̉̈́̉ ̍̎̏Ȥ

̠̄̏̅̆̑̎̏̄̏ ́̂̒̓̑́̋̓̎̏̄̏ GPGPU. ̃ ̑̏̆̋̓ ̗̠̐̏̈̉̉̏̎̉̑̔̆̓̒ ̋́̋ ̍̎̏̄̏Ȥ
̘̜̐̏̓̏̎̊ ̄̉̂̑̉̅ CPU ̉  GPU, ́ ̖̑̉̓̆̋̓̔̑́ ̋̏̓̏̑̏̄̏ ̎̆ ̠̐̑̉̃̈́̎́ ̋ 
̜̉̋̒̉̑̏̃́̎̎̍̕ ̜́̐̐́̑́̓̎̍ ̗̠̑̆́̌̉̈́̉̍Ȣ ˜̑̏̆̋̓ ̑̆́̌̉̈̏̃́̎ ̘̆̑̆̈ 
SystemVerilog ̉  ̐̑̉̄̏̅̆̎ ̠̅̌ ̈́̐̔̒̋́ ̃ ̠̒̉̍̔̌̓̏̑̆ Verilog ̉̌̉ ̜̃Ȥ
̐̏̌̎̆̎̉̉ ̎́ FPGA. ˑ ̠̌ ̒̂̏̑̋̉ ̐̑̉̌̏̇̆̎̉̊ ̠̅̌ ̜̠̃̐̏̌̎̆̎̉ ̎́ 
GPGPU ̐ ̏̅̄̏̓̏̃̌̆̎ C/C++ ̉ ̎̒̓̑̔̍̆̎̓́̑̉̊ ̎́ ̏̒̎̏̃̆ LLVM. ˏ  ̠̎́̒̓̏Ȥ
̉̊̚ ̍̏̍̆̎̓ ̠̅̌ ̈́̐̔̒̋́ ̎́ GPGPU ̐ ̜̏̅̄̏̓̏̃̌̆̎ ̜̓̆̒̓ ̠̅̌ ̗̏̆̎̋̉ 
̝̐̑̏̉̈̃̏̅̉̓̆̌̎̏̒̓̉ ̉ ̅́̇̆ σD-̅̃̉̇̏̋ȟ ̜̒̐̏̒̏̂̎̊ ̜̠̝̃̐̏̌̎̓ ̑̆̎Ȥ
̅̆̑̉̎̄ ̜̖̐̑̏̒̓ ̛̏̂̆̋̓̏̃Ȣ ˚́̑́̂̏̓̋̉ ̐̑̏̆̋̓́ ̠̟̠̑́̒̐̑̏̒̓̑́̎̓̒ ̐̏̅ 
̒̃̏̂̏̅̎̏̊ ̗̌̉̆̎̈̉̆̊ LGPLv2.1. 

˪̓̏̓ ̅̃̉̇̏̋ ̙̔̒̐̆̎̏ ̝̠̉̒̐̏̌̈̔̆̓̒ ̃ ̖̉̄̑́ ̉ ̜̖̉̄̑̏̃ ̖̅̃̉̇̋́ 
̖̍̎̏̄̉ ̜̖̋̑̔̐̎ ̐̑̏̉̈̃̏̅̉̓̆̌̆̊ȟ ̟̘̠̃̋̌́ Unity, Havok, Mojang, Maxis 
̉ Sony Online Entertainment. RakNet ̎ ́̐̉̒́̎ ̎́ ̠̜̈̋̆ C++ ̉  ̐̑̆̅̏̒Ȥ
̠̓́̃̌̆̓ ̒̑̆̅̒̓̃́ ̠̅̌ ̗̉̎̓̆̄̑́̉̉ ̃ ̜̉̄̑ ̗̔̎̋̉̊̕ ̒̆̓̆̃̏̄̏ ̃̈́̉̍̏Ȥ
̠̅̆̊̒̓̃̉ ̖̐̏̃̆̑ ̘̜̖̑́̈̌̉̎ ̓̉̐̏̃ ̒̆̓̆̊Ȣ RakNet ̏ ̘̠̓̌̉́̆̓̒ ̐̑̏̒̓̏Ȥ
̓̏̊ ̝̠̉̒̐̏̌̈̏̃́̎̉ȟ ̐̏̅̅̆̑̇̋̏̊ ̘̜̖̑́̈̌̉̎ ̐̌́̓̏̑̍̕ ̉ ̜̃̒̏̋̏̊ 
̝̝̟̐̑̏̉̈̃̏̅̉̓̆̌̎̏̒̓Ȣ 

  
˜̠̟̠̑̆̅̏̒̓́̃̌̓̒ ̒̑̆̅̒̓̃́ ̗̑̆̐̌̉̋́̉̉ ̛̏̂̆̋̓̏̃ȟ ̔̅́̌̆̎̎̏̄̏ 

̜̃̈̏̃́ ̗̐̑̏̆̅̔̑ȟ ̗̏̑̄́̎̉̈́̉̉ ̠̏̂̆̎̉̚ ̝̐̏̌̈̏̃́̓̆̌̆̊ȟ ̠̒̏̈̅́̎̉ ̈́Ȥ
̜̖̉̆̎̎̚̚ ̒̏̆̅̉̎̆̎̉̊ȟ ̠̃̆̅̆̎̉ ̌̏̄́ SQL-̈́̐̑̏̒̏̃ ̃ ̑̆̇̉̍̆ ̝̑̆́̌Ȥ
̎̏̄̏ ̃̑̆̍̆̎̉ȟ ̠̏̂̎̏̃̌̆̎̉ ̒ ̝̉̒̐̏̌̈̏̃́̎̉̆̍ ̜̖̂̉̎́̑̎ ̘̐́̓̆̊Ȣ ˜̑̆Ȥ
̠̟̠̅̏̒̓́̃̌̓̒ ̓́̋̇̆ ̜̃̒̓̑̏̆̎̎̆ ̒̑̆̅̒̓̃́ ̠̅̌ ̖̏̂̏̅́ NAT. 

 
 ˗̒̓́̓̉ȟ ̠̅̌ Oculus Rift ̑ ̠́̈̃̉̃́̆̓̒ σD-̉̎̓̆̑̆̊̒̕ ̎́ ̏̒̎̏̃̆ Qt 

̉ Wayland: ̃  ̖̑́̍̋́ ̞̓̏̄̏ ̐̑̏̆̋̓́ ̐̏̅̄̏̓̏̃̌̆̎ ̜̋̏̍̐̏̈̉̓̎̊ ̍̆̎̆̅Ȥ
̇̆̑ Motorcar ̉ ̐̑̏̓̏̓̉̐ ̉̎̓̆̑̆̊̒́̕ ̖̓̑̆̍̆̑̎̏̄̏ ̘̑́̂̏̆̄̏ ̒̓̏̌́Ȧ ˏ 
̘̏̓̌̉̉̆ ̏̓ ̗̜̖̓̑́̅̉̉̏̎̎ ̜̖̏̋̏̎̎ ̒̉̒̓̆̍ȟ Motorcar ̠̐̏̈̃̏̌̆̓ ̍́̎̉Ȥ
̝̐̔̌̉̑̏̃́̓ ̏̋̎́̍̉ ̃ ̖̓̑̆̍̆̑̎̏̍ ̐̑̏̒̓̑́̎̒̓̃̆ȟ ̎́̐̑̉̍̆̑ȟ ̑́̒̒̓́̃Ȥ
̠̝̌̓ ̏̋̎́ ̐̏̅ ̔̄̌̏̍ ̝̏̓̎̏̒̉̓̆̌̎̏ ̐̌̏̒̋̏̒̓̉ȟ ̘̝̏̂̆̒̐̆̉̃́̓ ̖̉ ̎́̌̏Ȥ
̇̆̎̉̆ ̉̌̉ ̘̐̆̑̆̒̆̆̎̉̆ ̒ ̖̜̓̑̆̍̆̑̎̍̉ ̛̏̂̆̋̓́̍̉Ȣ ˛̋̎́ ̎̆ ̜̠̃̃̏̅̓Ȥ
̠̒ ̎́ ̐̌̏̒̋̏̒̓̉ȟ ́ ̟̏̋̑̔̇́̓ ̝̠̐̏̌̈̏̃́̓̆̌ ̃ ̐̑̏̒̓̑́̎̒̓̃̆Ȣ ˕̖̜̒̏̅̎̆ 
̜̓̆̋̒̓ ̋̏̍̐̏̈̉̓̎̏̄̏ ̍̆̎̆̅̇̆̑́ ̠̟̠̑́̒̐̑̏̒̓̑́̎̓̒ ̐̏̅ ̗̌̉̆̎̈̉̆̊ 
BSD. 
  

˞̠̠̏̒̓̏̌̒ ̑̆̌̉̈ ̒̃̏̂̏̅̎̏̊ ̗̑̆́̌̉̈́̉̉ OpenGL ɀ Mesa 10.2, 
̘̝̜̐̑̉̍̆́̓̆̌̎̊ ̐̏̅̅̆̑̇̋̏̊ ̜̖̎̏̃ ̙̑́̒̉̑̆̎̉̊ OpenGL, ̐ ̑̉̂̌̉Ȥ
̙̖̈̉̃̉ Mesa ̋  ̗̑̆́̌̉̈́̉̉ OpenGL 4. ̃ ̝̟̏̌̎̏̒̓ ̑̆́̌̉̈̏̃́̎́ ̐̏̅Ȥ
̅̆̑̇̋́ OpenGL 3.3 ̅ ̠̌ ̅̑́̊̃̆̑̏̃ i965, Nouveau, RadeonSI ̉ r600. 

 
˝̘́̈̑́̂̏̓̉̋̉ ̒̃̏̂̏̅̎̏̊ ̐̏̑̓́̓̉̃̎̏̊ ̋̏̎̒̏̌̉ OpenPandora 

̏̐̔̂̌̉̋̏̃́̌̉ ̘̜̑́̈̌̉̎̆ ̜̍́̓̆̑̉́̌ ̐̏ ̐̑̏̆̋̓̔ȡ ̗̗̒̐̆̉̉̋́̉̉̕ ̅̉Ȥ
̈́̊̎́ȟ ̜́̊̌̕ ̠̅̌ ̘̐̆́̓̉ ̋̏̑̐̔̒́ ̎́ σD-̐̑̉̎̓̆̑̆ ̉ ̖̜̒̆̍ ̋̏̍̐̏̎̏̃Ȥ
̋̉ ̞̌̆̍̆̎̓̏̃ ɉCAD-̜́̊̌̕ Gerber ̉  PCB-̑́̒̋̌́̅̋̉ɊȢ ˑ̜̏̋̔̍̆̎̓ ̅̏̒Ȥ
̜̓̔̐̎ ̐̏̅ ̗̌̉̆̎̈̉̆̊ȟ ̙̟̑́̈̑̆́̆̊̚ ̗̟̍̏̅̉̉̋́̉̕ ̉ ̒̏̈̅́̎̉̆ ̐̑̏Ȥ
̜̖̉̈̃̏̅̎ ̑́̂̏̓ ̐̑̉ ̔̒̌̏̃̉̉ ̘̎̆̋̏̍̍̆̑̆̒̋̏̄̏ ̝̠̉̒̐̏̌̈̏̃́̎̉Ȣ ˟́̋̉̍ 
̏̂̑́̈̏̍ ̒̏̏̂̆̒̓̃̏̚ ̝̓̆̐̆̑ ̍̏̇̆̓ ̝̐̑̉̎̉̍́̓ ̘̔́̒̓̉̆ ̎̆ ̝̓̏̌̋̏ ̃ 
̑́̈̑́̂̏̓̋̆ ̜̖̐̑̏̄̑́̍̍̎ ̋̏̍̐̏̎̆̎̓̏̃ȟ ̎̏ ̝̠̐̑̉̒̏̆̅̉̎̉̓̒ ̋ ̘̙̔̌̔̆Ȥ
̟̎̉ ́̐̐́̑́̓̎̏̊ ̘́̒̓̉Ȣ 






















