
Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 

ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 

«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 

ɂɧɫɬɢɬɭɬ ɤɨɫɦɢɱɟɫɤɢɯ ɢ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ 

Ʉɚɮɟɞɪɚ ɫɢɫɬɟɦ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɢɧɬɟɥɥɟɤɬɚ 

 

 

ɍɌȼȿɊɀȾȺɘ                         

Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ ɋɂɂ 

_____   Ƚ. Ɇ. ɐɢɛɭɥɶɫɤɢɣ 

 « _____»   ________   2019 ɝ. 
 
 
 

ɆȺȽɂɋɌȿɊɋɄȺə ȾɂɋɋȿɊɌȺɐɂə 
 

Ɋɚɡɪɚɛɨɬɤɚ ɦɨɞɭɥɹ ɞɢɧɚɦɢɱɟɫɤɨɣ ɜɢɡɭɚɥɢɡɚɰɢɢ 3D ɞɚɧɧɵɯ 

 

 
09.04.02 ɂɧɮɨɪɦɚɰɢɨɧɧɵɟ ɫɢɫɬɟɦɵ ɢ ɬɟɯɧɨɥɨɝɢɢ 

 
09.04.02.01 ɂɧɮɨɪɦɚɰɢɨɧɧɨ-ɭɩɪɚɜɥɹɸɳɢɟ ɫɢɫɬɟɦɵ 

 
 
 
 
Ɋɭɤɨɜɨɞɢɬɟɥɶ 
 

 ɩɪɨɮ., ɞ-ɪ.ɮɢɡ.-ɦɚɬ. ɧɚɭɤ  
 

Ȼ. ɋ. Ⱦɨɛɪɨɧɟɰ   
 

ɋɬɭɞɟɧɬ 
 
Ɋɟɰɟɧɡɟɧɬ 
 

 Ʉɂ17-02-1/1Ɇ 031726495 
 
ɩɪɨɮ., ɞ-ɪ ɬɟɯɧ. ɧɚɭɤ 

Ⱦ. Ȼ. ɉɚɪɯɨɦɟɧɤɨ 
 
Ɇ. ɇ. Ɏɚɜɨɪɫɤɚɹ 

ɇɨɪɦɨɤɨɧɬɪɨɥɟɪ  ɩɪɨɮ., ɞ-ɪ.ɮɢɡ.-ɦɚɬ. ɧɚɭɤ Ȼ. ɋ. Ⱦɨɛɪɨɧɟɰ 
    

Ʉɪɚɫɧɨɹɪɫɤ 2019  
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɢɬɭɥɶɧɨɝɨ ɥɢɫɬɚ ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ ɩɨ ɬɟɦɟ 

«Ɋɚɡɪɚɛɨɬɤɚ ɦɨɞɭɥɹ ɞɢɧɚɦɢɱɟɫɤɨɣ ɜɢɡɭɚɥɢɡɚɰɢɢ 3D ɞɚɧɧɵɯ». 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ɇɨɪɦɨɤɨɧɬɪɨɥɟɪ         Ȼ. ɋ. Ⱦɨɛɪɨɧɟɰ 
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Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 

ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 

«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 

ɂɧɫɬɢɬɭɬ ɤɨɫɦɢɱɟɫɤɢɯ ɢ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ 

Ʉɚɮɟɞɪɚ ɫɢɫɬɟɦ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɢɧɬɟɥɥɟɤɬɚ 

 

 

ɍɌȼȿɊɀȾȺɘ                         

Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ ɋɂɂ 

_____   Ƚ. Ɇ. ɐɢɛɭɥɶɫɤɢɣ 

 « _____»   ________   2019 ɝ. 
 
 
 

ȽɊȺɎɂɄ 
ɇȺɉɂɋȺɇɂə ɂ ɈɎɈɊɆɅȿɇɂə 

ȼЫɉɍɋɄɇɈɃ ɄȼȺɅɂɎɂɄȺɐɂɈɇɇɈɃ ɊȺȻɈɌЫ 
ɜ ɮɨɪɦɟ ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ 
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 ɋɬɭɞɟɧɬ: ɉɚɪɯɨɦɟɧɤɨ Ⱦɚɧɢɥ Ȼɨɪɢɫɨɜɢɱ. 

 Ƚɪɭɩɩɚ: Ʉɂ17–02–1/1Ɇ. ɇɚɩɪɚɜɥɟɧɢɟ: 09.04.02.01 ɂɧɮɨɪɦɚɰɢɨɧɧɨ-

ɭɩɪɚɜɥɹɸɳɢɟ ɫɢɫɬɟɦɵ. 

 Ɍɟɦɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ: ɪɚɡɪɚɛɨɬɤɚ ɦɨɞɭɥɹ 

ɞɢɧɚɦɢɱɟɫɤɨɣ ɜɢɡɭɚɥɢɡɚɰɢɢ 3D ɞɚɧɧɵɯ. 

 Ƚɪɚɮɢɤ ɜɵɩɨɥɧɟɧɢɹ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ (ȼɄɊ) 

ɩɪɢɜɟɞёɧ ɜ ɬɚɛɥɢɰɟ 1. 

 

Ɍɚɛɥɢɰɚ 1 – Ƚɪɚɮɢɤ ɜɵɩɨɥɧɟɧɢɹ ɷɬɚɩɨɜ ȼɄɊ 

ɇɚɢɦɟɧɨɜɚɧɢɟ / ɫɨɞɟɪɠɚɧɢɟ ɷɬɚɩɚ ɋɪɨɤ ɜɵɩɨɥɧɟɧɢɹ ɉɪɢɦɟɱɚɧɢɹ 

Ⱥɧɚɥɢɡ ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ, ɩɨɞɛɨɪ 

ɥɢɬɟɪɚɬɭɪɵ 

Ⱦɨ 14 ɮɟɜɪɚɥɹ 2018  

ɋɨɫɬɚɜɥɟɧɢɟ ɩɥɚɧɚ ɪɚɛɨɬɵ ɧɚɞ ȼɄɊ Ⱦɨ 14 ɦɚɪɬɚ 2018  

Ɋɚɡɪɚɛɨɬɤɚ ɢ ɩɪɟɞɨɫɬɚɜɥɟɧɢɟ ɧɚ 

ɩɪɨɜɟɪɤɭ ɩɟɪɜɨɣ ɝɥɚɜɵ 

Ⱦɨ 30 ɦɚɹ 2018  

Ɋɚɡɪɚɛɨɬɤɚ ɢ ɩɪɟɞɨɫɬɚɜɥɟɧɢɟ ɧɚ 

ɩɪɨɜɟɪɤɭ ɜɬɨɪɨɣ ɝɥɚɜɵ 

Ⱦɨ 30 ɫɟɧɬɹɛɪɹ 2018  

Ɋɚɛɨɬɚ ɧɚɞ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɱɚɫɬɶɸ 

ɢɫɫɥɟɞɨɜɚɧɢɹ 

Ⱦɨ 29 ɞɟɤɚɛɪɹ 2018  

Ɋɚɡɪɚɛɨɬɤɚ ɢ ɩɪɟɞɨɫɬɚɜɥɟɧɢɟ ɧɚ 

ɩɪɨɜɟɪɤɭ ɬɪɟɬɶɟɣ ɝɥɚɜɵ  

Ⱦɨ 31 ɹɧɜɚɪɹ 2019  

Ⱦɨɪɚɛɨɬɤɚ ȼɄɊ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 

ɩɨɥɭɱɟɧɧɵɦɢ ɡɚɦɟɱɚɧɢɹɦɢ  

Ⱦɨ 8 ɦɚɹ 2019  

Ɋɚɡɪɚɛɨɬɤɚ ɬɟɡɢɫɨɜ ɞɨɤɥɚɞɚ ɢ 

ɩɨɞɝɨɬɨɜɤɚ ɩɪɟɡɟɧɬɚɰɢɢ ɞɥɹ ɡɚɳɢɬɵ 

Ⱦɨ 1 ɢɸɧɹ 2019  

ɋɨɝɥɚɫɨɜɚɧɢɟ ɫ ɪɭɤɨɜɨɞɢɬɟɥɟɦ ɬɟɡɢɫɨɜ 

ɞɨɤɥɚɞɚ ɢ ɩɪɟɡɟɧɬɚɰɢɢ 

Ⱦɨ 15 ɢɸɧɹ 2019  

ɉɪɨɯɨɠɞɟɧɢɟ ɧɨɪɦɨɤɨɧɬɪɨɥɹ Ⱦɨ 14 ɢɸɧɹ 2019  

Ɉɡɧɚɤɨɦɥɟɧɢɟ ɫ ɨɬɡɵɜɨɦ ɢ ɪɟɰɟɧɡɢɟɣ Ⱦɨ 16 ɢɸɧɹ 2019  

Ɂɚɜɟɪɲɟɧɢɟ ȼɄɊ ɤ ɡɚɳɢɬɟ ɫ ɭɱёɬɨɦ 

ɨɬɡɵɜɚ ɢ ɪɟɰɟɧɡɢɢ 

Ⱦɨ 19 ɢɸɧɹ 2019  
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ɊȿɎȿɊȺɌ 

 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «Ɋɚɡɪɚɛɨɬɤɚ ɦɨɞɭɥɹ 

ɞɢɧɚɦɢɱɟɫɤɨɣ ɜɢɡɭɚɥɢɡɚɰɢɢ 3D ɞɚɧɧɵɯ» ɫɨɞɟɪɠɢɬ 66 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ 

ɞɨɤɭɦɟɧɬɚ, 32 ɢɥɥɸɫɬɪɚɰɢɢ, 54 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɚ, 1 ɩɪɢɥɨɠɟɧɢɟ. 

Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ  ɷɦɩɢɪɢɱɟɫɤɢɟ ɞɚɧɧɵɟ. 

ȼɂɁɍȺɅɖɇȺə ȺɇȺɅɂɌɂɄȺ, ȼɂɁɍȺɅɂɁȺɐɂə, ɇȺɍɑɇȺə 

ȼɂɁɍȺɅɂɁȺɐɂə, ȼɂɁɍȺɅɖɇɈȿ ɉɊȿȾɋɌȺȼɅȿɇɂȿ, ȾȺɇɇɕȿ, 

ɆɈȾȿɅɌɊɈȼȺɇɂȿ, ȺɇȺɅɂɁ ɆɇɈȽɈɆȿɊɇɕɏ ȾȺɇɇɕɏ.  

ɐɟɥɶ ɢɫɫɥɟɞɨɜɚɧɢɹ  ɩɨɜɵɲɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ ɤɚɱɟɫɬɜɚ 

ɨɬɨɛɪɚɠɟɧɢɹ 3D ɞɚɧɧɵɯ, ɩɪɢ ɩɨɦɨɳɢ ɞɢɧɚɦɢɱɟɫɤɨɣ ɜɢɡɭɚɥɢɡɚɰɢɢ, 

ɫɬɟɪɟɨɮɨɪɦɚɬɚ ɢ ɨɱɤɨɜ ɜɢɪɬɭɚɥɶɧɨɣ ɪɟɚɥɶɧɨɫɬɢ.. 

ɋ ɷɬɨɣ ɰɟɥɶɸ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬɵ ɛɵɥ ɩɪɨɜɟɞёɧ ɚɧɚɥɢɡ 

ɞɚɧɧɨɣ ɨɛɥɚɫɬɢ, ɜɵɹɜɥɟɧɚ ɚɤɬɭɚɥɶɧɨɫɬɶ ɬɟɦɵ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɩɪɨɜɟɞɟɧɵ 

ɦɧɨɝɨɱɢɫɥɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɟɬɨɞɨɜ, ɩɨɡɜɨɥɹɸɳɢɯ ɜɢɡɭɚɥɢɡɢɪɨɜɚɬɶ 3D 

ɞɚɧɧɵɟ.  

ɇɚ ɨɫɧɨɜɚɧɢɢ ɪɟɡɭɥɶɬɚɬɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɜ ɯɨɞɟ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɛɵɥ 

ɩɪɟɞɥɨɠɟɧ ɢ ɪɟɚɥɢɡɨɜɚɧ ɦɟɬɨɞ ɜɢɡɭɚɥɢɡɚɰɢɢ ɞɚɧɧɵɯ  ɦɟɬɨɞ ɞɜɢɠɟɧɢɹ 

ɤɨɧɬɭɪɨɜ ɫɪɟɡɚ. ɉɪɟɢɦɭɳɟɫɬɜɚ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɭɠɟ 

ɫɭɳɟɫɬɜɭɸɳɢɦɢ ɦɟɬɨɞɚɦɢ  ɩɪɨɫɬɨɬɚ ɪɟɚɥɢɡɚɰɢɢ, ɧɚɝɥɹɞɧɨɫɬɶ, ɬɨɱɧɨɫɬɶ 

ɪɟɡɭɥɶɬɚɬɨɜ. Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɩɪɢɦɟɧɢɦ ɜ ɨɛɥɚɫɬɹɯ, ɝɞɟ ɩɪɢɯɨɞɢɬɫɹ 

ɫɬɚɥɤɢɜɚɬɶɫɹ ɫ ɜɢɡɭɚɥɢɡɚɰɢɟɣ ɨɛɴɟɦɧɵɯ ɞɚɧɧɵɯ (ɦɟɞɢɰɢɧɚ, ɚɪɯɢɬɟɤɬɭɪɚ ɢ 

ɞɪ.). 
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ȼȼȿȾȿɇɂȿ 

 

Ɉɞɧɢɦ ɢɡ ɫɨɜɪɟɦɟɧɧɵɯ ɷɮɮɟɤɬɢɜɧɵɯ ɦɟɬɨɞɨɜ ɚɧɚɥɢɡɚ ɪɚɡɥɢɱɧɵɯ 

ɧɚɭɱɧɵɯ ɞɚɧɧɵɯ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ ɤɨɦɩɶɸɬɟɪɧɨɣ ɜɢɡɭɚɥɢɡɚɰɢɢ ɷɬɢɯ ɞɚɧɧɵɯ, 

ɢɥɢ ɢɧɚɱɟ – ɦɟɬɨɞ ɧɚɭɱɧɨɣ ɜɢɡɭɚɥɢɡɚɰɢɢ, ɤɨɬɨɪɵɣ ɧɚɯɨɞɢɬ ɲɢɪɨɤɨɟ 

ɩɪɢɦɟɧɟɧɢɟ ɤɚɤ ɜ ɬɟɨɪɟɬɢɱɟɫɤɢɯ, ɬɚɤ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ. 

Ɇɟɬɨɞ ɧɚɭɱɧɨɣ ɜɢɡɭɚɥɢɡɚɰɢɢ ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɞɥɹ ɚɧɚɥɢɡɚ 

ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɪɚɡɥɢɱɧɨɣ ɩɪɢɪɨɞɵ, ɩɪɢ ɷɬɨɦ ɦɨɝɭɬ ɨɬɥɢɱɚɬɶɫɹ ɢ ɰɟɥɢ 

ɚɧɚɥɢɡɚ, ɚ ɬɚɤɠɟ ɦɨɝɭɬ ɪɚɡɥɢɱɚɬɶɫɹ ɢ ɢɫɩɨɥɶɡɭɟɦɵɟ ɝɪɚɮɢɱɟɫɤɢɟ 

ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɷɬɢɯ ɞɚɧɧɵɯ. 

Ɉɫɧɨɜɧɚɹ ɡɚɞɚɱɚ ɦɟɬɨɞɚ ɧɚɭɱɧɨɣ ɜɢɡɭɚɥɢɡɚɰɢɢ – ɫɞɟɥɚɬɶ ɧɟɜɢɞɢɦɨɟ 

ɜɢɞɢɦɵɦ. ȼ ɤɚɱɟɫɬɜɟ ɧɟɜɢɞɢɦɨɝɨ ɦɨɝɭɬ ɜɵɫɬɭɩɚɬɶ ɤɚɤ ɚɛɫɬɪɚɤɬɧɵɟ, ɬɚɤ ɢ 

ɪɟɚɥɶɧɵɟ ɨɛɴɟɤɬɵ ɢ ɹɜɥɟɧɢɹ, ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɟɞɨɫɬɭɩɧɵɟ ɱɟɥɨɜɟɱɟɫɤɨɦɭ 

ɝɥɚɡɭ. ɇɚɩɪɢɦɟɪ, ɦɚɫɫɢɜɵ ɦɧɨɝɨɦɟɪɧɵɯ ɞɚɧɧɵɯ ɫɨ ɫɥɨɠɧɨɣ ɫɬɪɭɤɬɭɪɨɣ. 

Ɇɚɫɫɢɜɵ ɦɧɨɝɨɦɟɪɧɵɯ ɞɚɧɧɵɯ ɢ ɞɚɧɧɵɯ ɛɨɥɶɲɢɯ ɨɛɴɟɦɨɜ ɡɚɤɥɸɱɚɸɬ 

ɜ ɫɟɛɟ ɦɧɨɠɟɫɬɜɨ ɫɤɪɵɬɵɯ ɫɜɹɡɟɣ ɢ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ, ɡɚɱɚɫɬɭɸ ɧɟɞɨɫɬɭɩɧɵɯ 

ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɢɦɟɸɳɢɯɫɹ ɫɩɨɫɨɛɨɜ ɜɢɡɭɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ. Ɂɚ ɧɟɫɤɨɥɶɤɨ 

ɩɪɨɲɟɞɲɢɯ ɞɟɫɹɬɢɥɟɬɢɣ ɡɧɚɱɢɬɟɥɶɧɨ ɜɨɡɪɨɫ ɢɧɬɟɪɟɫ ɤ ɩɪɨɛɥɟɦɚɦ ɚɧɚɥɢɡɚ 

ɦɧɨɝɨɦɟɪɧɵɯ ɞɚɧɧɵɯ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɞɚɧɧɵɟ ɫɨɞɟɪɠɚɳɢɟ 

ɢɧɮɨɪɦɚɰɢɸ ɨ ɬɪɟɯ ɢɥɢ ɛɨɥɟɟ ɩɪɢɡɧɚɤɚɯ ɞɥɹ ɤɚɠɞɨɝɨ ɨɛɴɟɤɬɚ. ɋɥɨɠɧɨɫɬɶ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɞɨɛɧɨɝɨ ɪɨɞɚ ɞɚɧɧɵɯ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɚɹ 

ɱɚɫɬɶ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɢ ɫɜɹɡɟɣ ɦɟɠɞɭ ɪɚɡɥɢɱɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɢɡɭɱɚɟɦɨɝɨ 

ɧɚɛɨɪɚ ɞɚɧɧɵɯ ɫɤɪɵɬɚ [4]. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɪɚɣɧɟ ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ 

ɹɜɥɹɟɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɟ, ɦɨɞɢɮɢɤɚɰɢɹ ɢ ɫɢɦɛɢɨɡ ɫɭɳɟɫɬɜɭɸɳɢɯ ɦɟɬɨɞɨɜ ɢ 

ɫɩɨɫɨɛɨɜ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɦɧɨɝɨɦɟɪɧɵɯ ɞɚɧɧɵɯ, 

ɩɨɡɜɨɥɹɸɳɢɯ ɨɫɭɳɟɫɬɜɥɹɬɶ ɩɥɨɞɨɬɜɨɪɧɵɣ ɜɢɡɭɚɥɶɧɵɣ ɚɧɚɥɢɡ ɢɦɟɸɳɢɯɫɹ 

ɧɚɛɨɪɨɜ ɞɚɧɧɵɯ. 

ɐɟɥɶɸ ɞɚɧɧɨɣ ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ ɹɜɥɹɥɚɫɶ ɪɚɡɪɚɛɨɬɤɚ ɦɨɞɭɥɹ 

ɞɢɧɚɦɢɱɟɫɤɨɣ ɜɢɡɭɚɥɢɡɚɰɢɢ ɞɚɧɧɵɯ. 
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Ɍɚɤɠɟ, ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɨɩɪɟɞɟɥɹɥɢɫɶ ɢ ɫɬɚɜɢɥɢɫɶ ɡɚɞɚɱɢ, 

ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɰɟɥɢ: 

- ɩɪɨɜɟɫɬɢ ɩɪɨɛɥɟɦɧɵɣ ɚɧɚɥɢɡ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɬɟɦɚɬɢɤɢ ɢ 

ɢɫɫɥɟɞɨɜɚɧɢɟ ɧɚ ɬɟɦɭ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɢɡɭɱɟɧɢɹ ɫɩɨɫɨɛɨɜ ɜɢɡɭɚɥɢɡɚɰɢɢ 3D 

ɞɚɧɧɵɯ; 

- ɢɡɭɱɢɬɶ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɚɫɩɟɤɬɵ ɜɢɡɭɚɥɢɡɚɰɢɢ ɞɚɧɧɵɯ ɢ ɩɪɟɞɥɨɠɢɬɶ 

ɫɨɛɫɬɜɟɧɧɵɟ ɜɚɪɢɚɧɬɵ ɪɟɲɟɧɢɹ ɫɥɨɠɧɨɫɬɟɣ ɜɢɡɭɚɥɢɡɚɰɢɢ; 

- ɩɪɨɜɟɫɬɢ ɬɟɫɬɢɪɨɜɚɧɢɟ ɩɪɟɞɥɨɠɟɧɧɵɯ ɦɟɬɨɞɨɜ ɢ ɜɵɹɜɢɬɶ ɧɚɢɛɨɥɟɟ 

ɩɟɪɫɩɟɤɬɢɜɧɵɣ ɢɡ ɧɢɯ ɞɥɹ ɞɚɥɶɧɟɣɲɟɣ ɪɚɡɪɚɛɨɬɤɢ; 

- ɪɚɡɪɚɛɨɬɚɬɶ ɩɪɨɝɪɚɦɦɧɵɣ ɦɨɞɭɥɶ ɜɢɡɭɚɥɢɡɚɰɢɢ 3D ɞɚɧɧɵɯ. 

ȼ ɢɬɨɝɟ ɦɚɝɢɫɬɟɪɫɤɚɹ ɞɢɫɫɟɪɬɚɰɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 3 ɝɥɚɜɵ: 

- ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ: 

- ɬɟɯɧɨɥɨɝɢɢ ɫɬɟɪɟɨ ɜɢɡɭɚɥɢɡɚɰɢɢ ɢɡɨɛɪɚɠɟɧɢɣ; 

- ɪɚɡɪɚɛɨɬɤɚ ɩɪɨɝɪɚɦɦɧɨɝɨ ɦɨɞɭɥɹ 3D ɜɢɡɭɚɥɢɡɚɰɢɢ ɞɚɧɧɵɯ. 
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Ƚɥɚɜɚ 1 ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ 

 

1.1 ɉɪɨɛɥɟɦɚ ɢ ɚɤɬɭɚɥɶɧɨɫɬɶ ɬɟɦɵ ɢɫɫɥɟɞɨɜɚɧɢя 

 

ɑɟɥɨɜɟɱɟɫɤɚɹ ɩɪɢɪɨɞɚ ɬɚɤɨɜɚ, ɱɬɨ ɧɚɲɟ ɩɨɫɬɢɠɟɧɢɟ ɦɢɪɚ, ɧɚɤɨɩɥɟɧɢɟ 

ɡɧɚɧɢɣ ɨ ɧɟɦ, ɪɟɲɟɧɢɟ ɡɚɞɚɱ, ɜɨɡɧɢɤɚɸɳɢɯ ɩɟɪɟɞ ɱɟɥɨɜɟɤɨɦ ɜɨɡɦɨɠɧɨ 

ɞɜɭɦɹ ɪɚɡɥɢɱɧɵɦɢ ɩɭɬɹɦɢ. Ɉɞɢɧ ɢɡ ɧɢɯ ɩɨɡɜɨɥɹɟɬ ɪɚɛɨɬɚɬɶ ɫ ɚɛɫɬɪɚɤɬɧɵɦɢ 

ɰɟɩɨɱɤɚɦɢ ɫɢɦɜɨɥɨɜ, ɫ ɬɟɤɫɬɚɦɢ ɢ ɬ. ɩ. ɗɬɨɬ ɦɟɯɚɧɢɡɦ ɦɵɲɥɟɧɢɹ 

ɱɟɥɨɜɟɱɟɫɤɨɝɨ ɫɨɡɧɚɧɢɹ ɨɛɵɱɧɨ ɧɚɡɵɜɚɸɬ ɫɢɦɜɨɥɢɱɟɫɤɢɦ, ɚɥɝɟɛɪɚɢɱɟɫɤɢɦ 

ɢɥɢ ɥɨɝɢɱɟɫɤɢɦ. ȼɬɨɪɨɣ ɦɟɯɚɧɢɡɦ ɦɵɲɥɟɧɢɹ ɨɛɟɫɩɟɱɢɜɚɟɬ ɪɚɛɨɬɭ ɫ 

ɱɭɜɫɬɜɟɧɧɵɦɢ ɨɛɪɚɡɚɦɢ ɢ ɩɪɟɞɫɬɚɜɥɟɧɢɹɦɢ ɨɛ ɷɬɢɯ ɨɛɪɚɡɚɯ. ȿɝɨ ɧɚɡɵɜɚɸɬ 

ɨɛɪɚɡɧɵɦ, ɝɟɨɦɟɬɪɢɱɟɫɤɢɦ, ɢɧɬɭɢɬɢɜɧɵɦ ɢ ɬ. ɞ. [3]. 

ɋɬɪɟɦɥɟɧɢɟ ɱɟɥɨɜɟɤɚ ɜɵɪɚɡɢɬɶ ɦɵɫɥɶ, ɩɟɪɟɞɚɬɶ ɢɞɟɸ ɜ ɮɨɪɦɟ 

ɝɪɚɮɢɱɟɫɤɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ ɟɳɟ ɫ ɫɚɦɵɯ ɪɚɧɧɢɯ ɜɪɟɦɟɧ. 

Ƚɪɚɮɢɱɟɫɤɢɟ ɢɡɨɛɪɚɠɟɧɢɹ (ɧɚ ɤɚɦɧɟ, ɯɨɥɫɬɟ, ɛɭɦɚɝɟ, ɦɟɬɚɥɥɟ ɢ ɞɪɭɝɢɯ 

ɫɪɟɞɫɬɜɚɯ ɨɬɨɛɪɚɠɟɧɢɹ ɢɧɮɨɪɦɚɰɢɢ) ɞɚɜɧɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɨɛɭɱɟɧɢɢ. ɗɤɪɚɧ 

ɤɨɦɩɶɸɬɟɪɚ ɤɚɤ ɫɪɟɞɫɬɜɨ ɩɚɫɫɢɜɧɨɝɨ ɨɬɨɛɪɚɠɟɧɢɹ ɝɪɚɮɢɤɢ ɧɟ ɨɛɥɚɞɚɟɬ 

ɩɪɢɧɰɢɩɢɚɥɶɧɨɣ ɧɨɜɢɡɧɨɣ. ɉɪɢɦɟɧɟɧɢɟ ɝɪɚɮɢɤɢ ɜ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ 

ɪɚɛɨɬɚɯ ɧɟ ɬɨɥɶɤɨ ɭɜɟɥɢɱɢɜɚɟɬ ɫɤɨɪɨɫɬɶ ɩɟɪɟɞɚɱɢ ɢɧɮɨɪɦɚɰɢɢ ɢ ɩɨɜɵɲɚɟɬ 

ɭɪɨɜɟɧɶ ɟɟ ɩɨɧɢɦɚɧɢɹ, ɧɨ ɢ ɫɩɨɫɨɛɫɬɜɭɟɬ ɪɚɡɜɢɬɢɸ ɬɚɤɢɯ ɜɚɠɧɵɯ ɞɥɹ 

ɫɩɟɰɢɚɥɢɫɬɚ ɥɸɛɨɣ ɨɬɪɚɫɥɢ ɤɚɱɟɫɬɜ, ɤɚɤ ɢɧɬɭɢɰɢɹ, ɨɛɪɚɡɧɨɟ ɦɵɲɥɟɧɢɟ. 

ɇɨɜɨɣ ɞɥɹ ɫɮɟɪɵ ɨɛɭɱɟɧɢɹ ɹɜɥɹɟɬɫɹ ɢɧɬɟɪɚɤɬɢɜɧɨɫɬɶ ɤɨɦɩɶɸɬɟɪɧɨɣ 

ɝɪɚɮɢɤɢ, ɛɥɚɝɨɞɚɪɹ ɤɨɬɨɪɨɣ ɜ ɩɪɨɰɟɫɫɟ ɚɧɚɥɢɡɚ ɢɡɨɛɪɚɠɟɧɢɣ ɫɭɳɟɫɬɜɭɟɬ 

ɜɨɡɦɨɠɧɨɫɬɶ ɞɢɧɚɦɢɱɟɫɤɢ ɭɩɪɚɜɥɹɬɶ ɢɯ ɫɨɞɟɪɠɚɧɢɟɦ, ɮɨɪɦɨɣ, ɪɚɡɦɟɪɚɦɢ ɢ 

ɰɜɟɬɨɦ, ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɝɪɚɮɢɱɟɫɤɢɟ ɨɛɴɟɤɬɵ ɫ ɪɚɡɧɵɯ ɫɬɨɪɨɧ, ɩɪɢɛɥɢɠɚɬɶ ɢ 

ɭɞɚɥɹɬɶ ɢɯ, ɦɟɧɹɬɶ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɫɜɟɳɟɧɧɨɫɬɢ ɢ ɩɪɨɞɟɥɵɜɚɬɶ ɞɪɭɝɢɟ 

ɩɨɞɨɛɧɵɟ ɦɚɧɢɩɭɥɹɰɢɢ, ɞɨɛɢɜɚɹɫɶ ɧɚɢɛɨɥɶɲɟɣ ɧɚɝɥɹɞɧɨɫɬɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɷɬɨ ɜɨɡɦɨɠɧɨɫɬɶ ɧɟ ɬɨɥɶɤɨ ɞɥɹ ɩɚɫɫɢɜɧɨɝɨ ɫɨɡɟɪɰɚɧɢɹ ɝɪɚɮɢɱɟɫɤɢɯ 

ɢɥɥɸɫɬɪɚɰɢɣ, ɧɨ ɢ ɞɥɹ ɚɤɬɢɜɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɝɪɚɮɢɱɟɫɤɢɯ 

ɦɨɞɟɥɟɣ ɢɡɭɱɚɟɦɵɯ ɨɛɴɟɤɬɨɜ ɢɥɢ ɩɪɨɰɟɫɫɨɜ [22]. 
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1.2 Ⱥɧɚɥɢɡ ɨɫɧɨɜɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɜɢɡɭɚɥɢɡɚɰɢɢ ɞɚɧɧɵɯ 

 

1.2.1 ȼɢɡɭɚɥɶɧɚя ɚɧɚɥɢɬɢɤɚ 

 

ȼɢɡɭɚɥɶɧɚɹ ɚɧɚɥɢɬɢɤɚ (Visual Analytics) ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɦɟɠɞɢɫɰɢɩɥɢɧɚɪɧɵɣ ɪɚɡɞɟɥ ɡɧɚɧɢɣ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɫɢɧɬɟɡɟ ɢ ɞɚɥɶɧɟɣɲɟɦ 

ɫɨɜɦɟɫɬɧɨɦ ɪɚɡɜɢɬɢɢ ɦɟɬɨɞɨɜ ɢ ɩɨɞɯɨɞɨɜ ɢɡ ɭɠɟ ɫɥɨɠɢɜɲɢɯɫɹ ɨɛɥɚɫɬɟɣ 

ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɬɚɤɢɯ ɤɚɤ ɧɚɭɱɧɚɹ ɜɢɡɭɚɥɢɡɚɰɢɹ (Scientific 

Visualization), ɜɢɡɭɚɥɢɡɚɰɢɹ ɢɧɮɨɪɦɚɰɢɢ  ɢ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ 

(Information Visualization), ɚɧɚɥɢɡ ɦɧɨɝɨɦɟɪɧɵɯ ɞɚɧɧɵɯ (Data Analysis). 

Ɉɞɧɚɤɨ ɞɚɧɧɵɣ ɫɢɧɬɟɡ ɹɜɥɹɟɬɫɹ ɧɟ ɩɪɨɫɬɨ ɫɭɦɦɢɪɨɜɚɧɢɟɦ ɦɟɬɨɞɨɜ ɢ 

ɩɨɞɯɨɞɨɜ ɢɡ ɪɚɡɥɢɱɧɵɯ ɞɢɫɰɢɩɥɢɧ. Ɉɧ ɢɦɟɟɬ ɫɜɨɟɣ ɰɟɥɶɸ ɚɧɚɥɢɡ ɨɝɪɨɦɧɨɝɨ 

ɨɛɴɟɦɚ ɢɧɮɨɪɦɚɰɢɢ, ɚ ɰɟɥɶɸ ɷɬɨɝɨ ɚɧɚɥɢɡɚ ɹɜɥɹɟɬɫɹ ɨɛɟɫɩɟɱɟɧɢɟ ɩɨɞɞɟɪɠɤɢ 

ɩɪɢɧɹɬɢɹ ɨɩɟɪɚɬɢɜɧɨɝɨ ɢ ɬɨɱɧɨɝɨ ɪɟɲɟɧɢɹ ɱɟɥɨɜɟɤɨɦ. ɉɨɷɬɨɦɭ ɜɢɡɭɚɥɶɧɚɹ 

ɚɧɚɥɢɬɢɤɚ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɢ ɤɨɦɩɶɸɬɟɪɧɭɸ ɝɪɚɮɢɤɭ, ɢ ɢɡɭɱɟɧɢɟ ɡɚɤɨɧɨɜ 

ɱɟɥɨɜɟɱɟɫɤɨɝɨ ɜɨɫɩɪɢɹɬɢɹ, ɢ ɩɨɫɬɪɨɟɧɢɟ ɢɧɬɟɪɮɟɣɫɨɜ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ 

ɧɚɢɛɨɥɟɟ ɛɵɫɬɪɨɟ ɢ ɨɩɬɢɦɚɥɶɧɨɟ ɜɨɫɩɪɢɹɬɢɟ. ȼɢɡɭɚɥɶɧɭɸ ɚɧɚɥɢɬɢɤɭ ɱɚɫɬɨ 

ɧɚɡɵɜɚɸɬ «ɧɚɭɤɨɣ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɨɛɨɫɧɨɜɚɧɢɹ, ɭɫɢɥɟɧɧɨɣ ɫ ɩɨɦɨɳɶɸ 

ɢɧɬɟɪɮɟɣɫɨɜ ɢɧɬɟɪɚɤɬɢɜɧɨɣ ɜɢɡɭɚɥɢɡɚɰɢɢ» [5].  
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Ɋɢɫɭɧɨɤ 1 – ȼɢɡɭɚɥɶɧɚɹ ɚɧɚɥɢɬɢɤɚ ɤɚɤ ɪɟɡɭɥɶɬɚɬ ɦɟɠɞɢɫɰɢɩɥɢɧɚɪɧɨɝɨ 

ɫɢɧɬɟɡɚ 

 

Ɉɫɧɨɜɧɵɟ ɦɟɬɨɞɵ, ɩɨɞɯɨɞɵ ɢ ɚɥɝɨɪɢɬɦɵ ɜɢɡɭɚɥɶɧɨɣ ɚɧɚɥɢɬɢɤɢ 

ɨɩɢɫɚɧɵ ɜ ɪɚɛɨɬɚɯ [5-7]. ȼ ɷɬɢɯ ɠɟ ɪɚɛɨɬɚɯ ɩɪɢɜɟɞɟɧ ɪɹɞ ɩɪɢɦɟɪɨɜ 

ɫɨɜɪɟɦɟɧɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɜɢɡɭɚɥɶɧɨɣ ɚɧɚɥɢɬɢɤɢ ɜ ɪɚɡɥɢɱɧɵɯ ɫɮɟɪɚɯ 

ɱɟɥɨɜɟɱɟɫɤɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ, ɚ ɬɚɤɠɟ ɩɪɢɜɟɞɟɧɵ ɨɩɢɫɚɧɢɹ ɪɹɞɚ ɩɪɨɝɪɚɦɦɧɵɯ 

ɩɪɨɞɭɤɬɨɜ, ɩɨɫɬɪɨɟɧɧɵɯ ɧɚ ɨɫɧɨɜɟ ɜɢɡɭɚɥɶɧɨɣ ɚɧɚɥɢɬɢɤɢ. ɋɨɝɥɚɫɧɨ [5-7], 

ɜɢɡɭɚɥɶɧɚɹ ɚɧɚɥɢɬɢɤɚ ɩɪɢɡɜɚɧɚ ɨɪɝɚɧɢɡɨɜɚɬɶ ɱɟɥɨɜɟɤɨ-ɦɚɲɢɧɧɵɣ 

ɢɧɬɟɪɮɟɣɫ, ɭɫɢɥɢɜɚɸɳɢɣ ɱɟɥɨɜɟɱɟɫɤɢɟ ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɫɩɨɫɨɛɧɨɫɬɢ ɫ 

ɩɨɦɨɳɶɸ ɫɥɟɞɭɸɳɢɯ ɦɟɬɨɞɨɜ: 

- ɪɚɫɲɢɪɟɧɢɟ ɨɩɟɪɚɬɢɜɧɨɣ ɩɚɦɹɬɢ ɱɟɥɨɜɟɤɚ ɡɚ ɫɱɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɜɢɡɭɚɥɢɡɚɰɢɢ; 

- ɭɦɟɧɶɲɟɧɢɟ ɨɛɥɚɫɬɢ ɩɨɢɫɤɚ ɩɭɬɟɦ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɛɨɥɶɲɨɝɨ ɨɛɴɟɦɚ 

ɞɚɧɧɵɯ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɦɟɧɶɲɟɣ ɪɚɡɦɟɪɧɨɫɬɢ; 

- ɪɚɡɦɟɳɟɧɢɟ ɢɧɮɨɪɦɚɰɢɢ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 

ɜɪɟɦɟɧɧɵɦɢ ɫɨɨɬɧɨɲɟɧɢɹɦɢ; 

- ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɥɟɝɤɢɯ ɞɥɹ ɜɨɫɩɪɢɹɬɢɹ ɩɪɟɞɫɬɚɜɥɟɧɢɣ ɨɬɧɨɲɟɧɢɣ 

ɦɟɠɞɭ ɨɛɴɟɤɬɚɦɢ; 
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- ɨɪɝɚɧɢɡɚɰɢɹ ɜɨɡɦɨɠɧɨɫɬɢ ɜɨɫɩɪɢɹɬɢɹ ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɩɨɬɟɧɰɢɚɥɶɧɵɯ 

ɫɨɛɵɬɢɣ; 

- ɨɪɝɚɧɢɡɚɰɢɹ ɭɩɪɚɜɥɹɟɦɨɣ ɫɪɟɞɵ ɞɥɹ ɪɚɛɨɬɵ ɩɨɥɶɡɨɜɚɬɟɥɹ ɜ 

ɩɪɨɫɬɪɚɧɫɬɜɟ ɩɚɪɚɦɟɬɪɢɱɟɫɤɢɯ ɡɧɚɱɟɧɢɣ; 

 - ɨɪɝɚɧɢɡɚɰɢɹ ɜɢɡɭɚɥɶɧɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɢ ɢɧɬɟɪɮɟɣɫɨɜ, 

ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɱɟɥɨɜɟɤɭ ɜɨɡɦɨɠɧɨɫɬɶ ɫɪɚɡɭ ɜɢɞɟɬɶ, ɢɫɫɥɟɞɨɜɚɬɶ ɢ 

ɩɨɧɢɦɚɬɶ ɨɝɪɨɦɧɵɟ ɢɧɮɨɪɦɚɰɢɨɧɧɵɟ ɨɛɴɟɦɵ. 

Ɋɟɚɥɢɡɚɰɢɹ ɩɪɨɰɟɞɭɪ ɜɢɡɭɚɥɶɧɨɣ ɚɧɚɥɢɬɢɤɢ ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɛɨɥɶɲɢɦ 

ɢɧɮɨɪɦɚɰɢɨɧɧɵɦ ɨɛɴɟɦɚɦ ɩɨɞɱɢɧɹɟɬɫɹ ɨɛɳɟɣ ɫɯɟɦɟ (ɪɢɫɭɧɨɤ 3). ɉɟɪɜɵɦ 

ɷɬɚɩɨɦ ɜ ɞɚɧɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɩɪɨɰɟɞɭɪ ɹɜɥɹɟɬɫɹ ɩɨɞɝɨɬɨɜɤɚ ɞɚɧɧɵɯ. 

Ɉɛɵɱɧɨ ɫɱɢɬɚɟɬɫɹ, ɱɬɨ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɟ ɞɚɧɧɵɟ ɹɜɥɹɸɬɫɹ ɫɥɨɠɧɵɦɢ ɢ 

ɝɟɬɟɪɨɝɟɧɧɵɦɢ, ɢɦɟɸɬ ɫɦɟɲɚɧɧɵɣ ɬɢɩ ɢ ɩɨɥɭɱɟɧɵ ɢɡ ɪɚɡɧɵɯ ɢɫɬɨɱɧɢɤɨɜ. 

Ɍɚɤɠɟ ɫɱɢɬɚɟɬɫɹ, ɱɬɨ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɟ ɞɚɧɧɵɟ ɨɛɥɚɞɚɸɬ ɪɚɡɧɵɦ ɭɪɨɜɧɟɦ 

ɤɚɱɟɫɬɜɚ. ɇɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɦ ɷɬɚɩɟ ɩɪɨɜɨɞɢɬɫɹ ɮɢɥɶɬɪɚɰɢɹ ɞɚɧɧɵɯ, 

ɭɞɚɥɟɧɢɟ ɲɭɦɨɜ ɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɞɚɧɧɵɯ ɫ ɰɟɥɶɸ ɫɨɜɦɟɫɬɧɨɣ ɨɛɪɚɛɨɬɤɢ. 

ɂɫɬɨɱɧɢɤɢ ɞɚɧɧɵɯ (ɧɚɩɪɢɦɟɪ, ɯɨɪɨɲɨ ɨɪɝɚɧɢɡɨɜɚɧɧɵɟ ɛɚɡɵ ɞɚɧɧɵɯ) 

ɜɵɫɬɪɚɢɜɚɸɬɫɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨ ɛɵ ɨɛɟɫɩɟɱɢɬɶ ɧɟɩɪɟɪɵɜɧɵɣ ɜɯɨɞɧɨɣ 

ɩɨɬɨɤ ɞɚɧɧɵɯ. Ⱦɚɥɟɟ ɞɚɧɧɵɟ ɨɛɪɚɛɚɬɵɜɚɸɬɫɹ ɢ ɩɟɪɟɜɨɞɹɬɫɹ ɜ ɚɛɫɬɪɚɤɬɧɵɣ 

ɜɢɞ ɫ ɩɨɦɨɳɶɸ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ, ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɢ ɦɟɬɨɞɨɜ 

Data Analysis. Ⱦɚɥɟɟ ɩɪɨɜɨɞɢɬɫɹ ɪɟɚɥɢɡɚɰɢɹ ɜɢɡɭɚɥɶɧɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹ 

ɩɨɥɭɱɟɧɧɵɯ ɚɛɫɬɪɚɤɰɢɣ  ɫ ɰɟɥɶɸ ɜɵɹɜɥɟɧɢɹ ɯɚɪɚɤɬɟɪɧɵɯ ɱɟɪɬ, ɜɤɥɸɱɚɹ 

ɨɛɳɧɨɫɬɢ ɢ ɚɧɨɦɚɥɢɢ. ɗɬɨ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɶɡɨɜɚɬɟɥɸ ɩɪɨɜɟɫɬɢ 

ɜɢɡɭɚɥɶɧɭɸ ɨɰɟɧɤɭ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ. Ɉɪɝɚɧɢɡɚɰɢɹ ɜɢɡɭɚɥɶɧɵɯ 

ɩɪɟɞɫɬɚɜɥɟɧɢɣ ɞɨɥɠɧɚ ɛɵɬɶ ɨɩɬɢɦɢɡɢɪɨɜɚɧɚ ɫ ɭɱɟɬɨɦ ɜɫɟɯ ɜɨɡɦɨɠɧɨɫɬɟɣ ɢ 

ɨɝɪɚɧɢɱɟɧɢɣ ɱɟɥɨɜɟɱɟɫɤɨɝɨ ɡɪɟɧɢɹ ɢ ɜɨɫɩɪɢɹɬɢɹ. ɂɧɬɟɪɚɤɬɢɜɧɵɣ ɪɟɠɢɦ 

ɜɢɡɭɚɥɢɡɚɰɢɢ ɩɨɡɜɨɥɹɟɬ ɩɨɥɶɡɨɜɚɬɟɥɸ ɩɪɨɜɨɞɢɬɶ ɨɛɪɚɛɨɬɤɭ ɞɚɧɧɵɯ ɢ 

ɩɨɥɭɱɚɬɶ ɧɟɨɛɯɨɞɢɦɭɸ ɢɧɮɨɪɦɚɰɢɸ, ɨɛɟɫɩɟɱɢɜɚɸɳɭɸ ɜɨɡɦɨɠɧɨɫɬɶ 

ɬɪɚɤɬɨɜɤɢ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɢɧɮɨɪɦɚɰɢɨɧɧɨɝɨ ɨɛɴɟɦɚ. 
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Ɋɢɫɭɧɨɤ 2 – Ɉɛɳɚɹ ɫɯɟɦɚ ɩɪɨɰɟɫɫɚ ɪɟɚɥɢɡɚɰɢɢ ɜɢɡɭɚɥɶɧɨɣ ɚɧɚɥɢɬɢɤɢ 

ɦɧɨɝɨɦɟɪɧɵɯ ɞɚɧɧɵɯ 

 

ɉɪɢ ɪɟɚɥɢɡɚɰɢɢ ɷɬɢɯ ɩɪɨɰɟɞɭɪ ɢɧɫɬɪɭɦɟɧɬɵ ɜɢɡɭɚɥɶɧɨɣ ɚɧɚɥɢɬɢɤɢ 

ɞɨɥɠɧɵ ɨɛɟɫɩɟɱɢɜɚɬɶ ɩɨɥɶɡɨɜɚɬɟɥɸ ɪɹɞ ɜɨɡɦɨɠɧɨɫɬɟɣ, ɬɚɤɢɯ ɤɚɤ: 

– ɜɨɡɦɨɠɧɨɫɬɶ ɜɢɡɭɚɥɢɡɚɰɢɢ ɞɚɧɧɵɯ ɫ ɪɚɡɧɵɯ ɤɨɧɰɟɩɬɭɚɥɶɧɵɯ ɬɨɱɟɤ 

ɡɪɟɧɢɹ ɢ ɧɚ ɜɫɟɯ ɷɬɚɩɚɯ: ɨɬ «ɫɵɪɵɯ» ɩɟɪɜɢɱɧɵɯ ɞɚɧɧɵɯ ɞɨ ɩɨɥɭɱɟɧɧɵɯ 

ɚɛɫɬɪɚɤɰɢɣ; 

– ɜɢɡɭɚɥɢɡɚɰɢɹ ɨɝɪɨɦɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɢɧɮɨɪɦɚɰɢɢ ɜ ɦɚɥɨɦ 

ɩɪɨɫɬɪɚɧɫɬɜɟ; 

– ɢɡɜɥɟɱɟɧɢɟ ɢɡ ɞɚɧɧɵɯ ɨɛɪɚɡɨɜ, ɨɬɪɚɠɚɸɳɢɯ ɨɛɳɧɨɫɬɢ, ɚɧɨɦɚɥɢɢ, 

ɫɨɨɬɧɨɲɟɧɢɹ ɦɟɠɞɭ ɨɛɴɟɤɬɚɦɢ ɢ ɨɬɞɟɥɶɧɵɟ ɫɨɛɵɬɢɹ; 

– ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɢ ɜɟɪɢɮɢɤɚɰɢɹ ɝɢɩɨɬɟɡ; 

– ɨɩɟɪɚɬɢɜɧɵɣ ɨɛɦɟɧ ɢɧɮɨɪɦɚɰɢɟɣ. 

 

1.2.2 ɇɚɭɱɧɚя ɜɢɡɭɚɥɢɡɚɰɢя 

 

ɇɚɭɱɧɚɹ ɜɢɡɭɚɥɢɡɚɰɢɹ – ɷɬɨ ɫɨɡɞɚɧɢɟ ɢɥɥɸɫɬɪɚɬɢɜɧɨɣ ɱɚɫɬɢ ɞɥɹ 

ɧɚɭɱɧɨɣ ɩɪɚɤɬɢɤɢ, ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɞɚɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚ ɜ ɜɢɡɭɚɥɶɧɨɣ ɮɨɪɦɟ. 

Ɉɧɚ ɧɟɨɛɯɨɞɢɦɚ ɭɱɟɧɵɦ ɞɪɭɝɢɯ ɨɛɥɚɫɬɟɣ, ɱɬɨɛɵ ɜɵɹɜɢɬɶ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ, 

ɧɚɣɬɢ ɪɟɲɟɧɢɟ ɧɟɤɨɬɨɪɨɣ ɡɚɞɚɱɢ ɢ ɦɧɨɝɨɟ ɞɪɭɝɨɟ. 
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ɇɚɭɱɧɚɹ ɜɢɡɭɚɥɢɡɚɰɢɹ ɨɛɟɫɩɟɱɢɜɚɟɬ ɷɬɚɩɵ ɚɧɚɥɢɡɚ ɢ ɢɧɬɟɪɩɪɟɬɚɰɢɢ 

ɪɟɡɭɥɶɬɚɬɨɜ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɢ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. 

ɋɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɟ ɫɢɫɬɟɦɵ ɩɨɡɜɨɥɹɸɬ ɭɜɢɞɟɬɶ ɨɫɨɛɟɧɧɨɫɬɢ 

ɦɨɞɟɥɢɪɭɟɦɵɯ ɹɜɥɟɧɢɣ ɢ ɩɪɨɰɟɫɫɨɜ ɜ ɜɢɞɟ ɤɚɱɟɫɬɜɟɧɧɨɣ ɢ ɞɨɫɬɨɜɟɪɧɨɣ 

«ɤɚɪɬɢɧɤɢ». Ⱦɨɫɬɨɜɟɪɧɨɫɬɶ ɪɟɡɭɥɶɬɚɬɨɜ ɜɢɡɭɚɥɢɡɚɰɢɢ ɦɨɠɟɬ ɛɵɬɶ 

ɨɛɟɫɩɟɱɟɧɚ ɜ ɪɚɦɤɚɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɜɟɪɢɮɢɤɚɰɢɢ ɢ ɜɚɥɢɞɚɰɢɢ 

ɜɢɡɭɚɥɢɡɚɰɢɢ. ȼɟɪɢɮɢɤɚɰɢɹ ɜɢɡɭɚɥɢɡɚɰɢɢ ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɧɚɥɢɱɢɟ ɧɟɤɨɬɨɪɨɣ 

ɮɨɪɦɚɥɶɧɨɣ ɦɨɞɟɥɢ. ȼɚɠɧɨɣ ɡɚɞɚɱɟɣ ɹɜɥɹɟɬɫɹ ɭɱɚɫɬɢɟ ɦɚɬɟɦɚɬɢɤɚ, 

ɩɪɨɜɨɞɹɳɟɝɨ ɢɫɫɥɟɞɨɜɚɧɢɟ, ɜ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɜɢɞɨɜ ɨɬɨɛɪɚɠɟɧɢɹ ɞɥɹ 

ɭɫɤɨɪɟɧɢɹ ɜɫɟɝɨ ɩɪɨɰɟɫɫɚ ɪɚɡɪɚɛɨɬɤɢ ɢ ɭɥɭɱɲɟɧɢɹ ɤɚɱɟɫɬɜɚ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ 

ɜɢɡɭɚɥɢɡɚɰɢɢ [8]. 

ɋɭɬɶ ɦɟɬɨɞɚ ɧɚɭɱɧɨɣ ɜɢɡɭɚɥɢɡɚɰɢɢ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɢɫɯɨɞɧɵɦ 

ɚɧɚɥɢɡɢɪɭɟɦɵɦ ɞɚɧɧɵɦ ɫɬɚɜɢɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɟ ɧɟɤɨɬɨɪɚɹ ɢɯ ɫɬɚɬɢɱɟɫɤɚɹ 

ɢɥɢ ɞɢɧɚɦɢɱɟɫɤɚɹ ɝɪɚɮɢɱɟɫɤɚɹ ɢɧɬɟɪɩɪɟɬɚɰɢɹ, ɤɨɬɨɪɚɹ ɜɢɡɭɚɥɶɧɨ 

ɚɧɚɥɢɡɢɪɭɟɬɫɹ, ɚ ɪɟɡɭɥɶɬɚɬɵ ɚɧɚɥɢɡɚ ɷɬɨɣ ɝɪɚɮɢɱɟɫɤɨɣ ɢɧɬɟɪɩɪɟɬɚɰɢɢ 

(ɝɪɚɮɢɱɟɫɤɢɯ ɞɚɧɧɵɯ) ɢɫɬɨɥɤɨɜɵɜɚɸɬɫɹ ɢɫɫɥɟɞɨɜɚɬɟɥɟɦ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ 

ɢɫɯɨɞɧɵɦ ɞɚɧɧɵɦ [2]. 

ɉɪɢ ɬɚɤɨɣ ɬɪɚɤɬɨɜɤɟ ɧɚɭɱɧɨɣ ɜɢɡɭɚɥɢɡɚɰɢɢ ɤɚɤ ɟɞɢɧɨɟ ɰɟɥɨɟ 

ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɫɨɛɫɬɜɟɧɧɨ ɜɢɡɭɚɥɢɡɚɰɢɹ ɚɧɚɥɢɡɢɪɭɟɦɵɯ ɧɚɭɱɧɵɯ ɞɚɧɧɵɯ 

(ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ, ɤɚɤ ɛɵɥɨ ɨɬɦɟɱɟɧɨ ɜɵɲɟ, ɬɪɚɤɬɨɜɤɟ ɧɚɭɱɧɨɣ 

ɜɢɡɭɚɥɢɡɚɰɢɢ ɜ ɲɢɪɨɤɨɦ ɫɦɵɫɥɟ) ɢ ɜɢɡɭɚɥɶɧɵɣ ɚɧɚɥɢɡ ɟɟ ɪɟɡɭɥɶɬɚɬɨɜ. 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ, ɚɧɚɥɢɡɢɪɭɟɦɵɟ ɦɟɬɨɞɨɦ ɧɚɭɱɧɨɣ ɜɢɡɭɚɥɢɡɚɰɢɢ, ɦɨɝɭɬ 

ɢɦɟɬɶ ɪɚɡɥɢɱɧɭɸ ɩɪɢɪɨɞɭ. ɇɚɪɹɞɭ ɫ ɷɬɢɦ, ɦɨɝɭɬ ɪɚɡɥɢɱɚɬɶɫɹ ɢ ɰɟɥɢ ɚɧɚɥɢɡɚ 

ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɦɨɝɭɬ ɪɚɡɥɢɱɚɬɶɫɹ ɢ ɢɫɩɨɥɶɡɭɟɦɵɟ 

ɝɪɚɮɢɱɟɫɤɢɟ ɞɚɧɧɵɟ. ɗɬɨɬ ɦɟɬɨɞ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɬɶ ɨɝɪɨɦɧɵɟ 

ɩɨɬɟɧɰɢɚɥɶɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɨɛɪɚɡɧɨɝɨ ɦɵɲɥɟɧɢɹ 

ɢɫɫɥɟɞɨɜɚɬɟɥɹ ɜ ɩɪɨɰɟɫɫɟ ɚɧɚɥɢɡɚ ɪɚɡɥɢɱɧɵɯ ɧɚɭɱɧɵɯ ɞɚɧɧɵɯ. 

Ɋɚɡɜɢɬɢɟ ɢ ɭɫɥɨɠɧɟɧɢɟ ɷɬɨɝɨ ɦɟɬɨɞɚ, ɚ ɬɚɤɠɟ ɪɚɫɲɢɪɟɧɢɟ ɤɥɚɫɫɚ ɡɚɞɚɱ, 

ɞɥɹ ɪɟɲɟɧɢɹ ɤɨɬɨɪɵɯ ɨɧ ɢɫɩɨɥɶɡɭɟɬɫɹ, ɞɟɥɚɟɬ ɚɤɬɭɚɥɶɧɵɦ ɞɚɥɶɧɟɣɲɭɸ 

ɪɚɡɪɚɛɨɬɤɭ ɟɝɨ ɧɚɭɱɧɵɯ ɢ ɢɧɠɟɧɟɪɧɵɯ ɨɫɧɨɜ. 
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1.2.3 ȼɢɡɭɚɥɢɡɚɰɢя ɢɧɮɨɪɦɚɰɢɢ ɢ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ 

 

ɂɧɮɨɪɦɚɰɢɨɧɧɚɹ ɜɢɡɭɚɥɢɡɚɰɢɹ ɢɥɢ ɜɢɡɭɚɥɢɡɚɰɢɹ ɢɧɮɨɪɦɚɰɢɢ - ɷɬɨ 

ɢɡɭɱɟɧɢɟ (ɢɧɬɟɪɚɤɬɢɜɧɵɯ) ɜɢɡɭɚɥɶɧɵɯ ɩɪɟɞɫɬɚɜɥɟɧɢɣ ɚɛɫɬɪɚɤɬɧɵɯ ɞɚɧɧɵɯ 

ɞɥɹ ɭɫɢɥɟɧɢɹ ɱɟɥɨɜɟɱɟɫɤɨɝɨ ɩɨɡɧɚɧɢɹ. Ⱥɛɫɬɪɚɤɬɧɵɟ ɞɚɧɧɵɟ ɜɤɥɸɱɚɸɬ ɤɚɤ 

ɱɢɫɥɨɜɵɟ, ɬɚɤ ɢ ɧɟ ɱɢɫɥɟɧɧɵɟ ɞɚɧɧɵɟ, ɬɚɤɢɟ ɤɚɤ ɬɟɤɫɬɨɜɚɹ ɢ ɝɟɨɝɪɚɮɢɱɟɫɤɚɹ 

ɢɧɮɨɪɦɚɰɢɹ.  

Ɉɛɥɚɫɬɶ ɜɢɡɭɚɥɢɡɚɰɢɢ ɢɧɮɨɪɦɚɰɢɢ ɜɨɡɧɢɤɥɚ «ɨɬ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ 

ɨɛɥɚɫɬɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɱɟɥɨɜɟɤɚ ɢ ɤɨɦɩɶɸɬɟɪɚ, ɢɧɮɨɪɦɚɬɢɤɢ, ɝɪɚɮɢɤɢ, 

ɜɢɡɭɚɥɶɧɨɝɨ ɞɢɡɚɣɧɚ, ɩɫɢɯɨɥɨɝɢɢ ɢ ɛɢɡɧɟɫ-ɦɟɬɨɞɨɜ. Ɉɧɚ ɜɫɟ ɱɚɳɟ 

ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɜɚɠɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɜ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ, 

ɰɢɮɪɨɜɵɯ ɛɢɛɥɢɨɬɟɤɚɯ, ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɦ ɚɧɚɥɢɡɟ ɞɚɧɧɵɯ, ɮɢɧɚɧɫɨɜɵɯ 

ɞɚɧɧɵɯ ɚɧɚɥɢɡ, ɢɫɫɥɟɞɨɜɚɧɢɟ ɪɵɧɤɚ, ɤɨɧɬɪɨɥɶ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ 

ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ ɨɬɤɪɵɬɢɟ ɥɟɤɚɪɫɬɜ» [9]. 

ȼɢɡɭɚɥɢɡɚɰɢɹ ɢɧɮɨɪɦɚɰɢɢ ɩɪɟɞɩɨɥɚɝɚɟɬ, ɱɬɨ «ɜɢɡɭɚɥɶɧɵɟ 

ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɢ ɦɟɬɨɞɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɢɫɩɨɥɶɡɭɸɬ ɜ ɫɟɛɟ ɲɢɪɨɤɢɣ ɩɭɬɶ 

ɩɪɨɩɭɫɤɚɧɢɹ ɱɟɥɨɜɟɱɟɫɤɨɝɨ ɝɥɚɡɚ ɜ ɫɨɡɧɚɧɢɟ, ɱɬɨɛɵ ɩɨɥɶɡɨɜɚɬɟɥɢ ɦɨɝɥɢ 

ɜɢɞɟɬɶ, ɢɫɫɥɟɞɨɜɚɬɶ ɢ ɩɨɧɢɦɚɬɶ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɢɧɮɨɪɦɚɰɢɢ 

ɨɞɧɨɜɪɟɦɟɧɧɨ. ɂɧɮɨɪɦɚɰɢɨɧɧɚɹ ɜɢɡɭɚɥɢɡɚɰɢɹ ɛɵɥɚ ɫɨɫɪɟɞɨɬɨɱɟɧɚ ɧɚ 

ɫɨɡɞɚɧɢɢ ɩɨɞɯɨɞɨɜ ɤ ɩɟɪɟɞɚɱɟ ɚɛɫɬɪɚɤɬɧɵɯ ɢɧɮɨɪɦɚɰɢɢ ɢɧɬɭɢɬɢɜɧɨ 

ɩɨɧɹɬɧɵɦɢ ɫɩɨɫɨɛɚɦɢ». [10] 

Ⱥɧɚɥɢɡ ɞɚɧɧɵɯ ɹɜɥɹɟɬɫɹ ɧɟɨɬɴɟɦɥɟɦɨɣ ɱɚɫɬɶɸ ɜɫɟɯ ɩɪɢɤɥɚɞɧɵɯ 

ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɪɟɲɟɧɢɹ ɩɪɨɛɥɟɦ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. ɇɚɢɛɨɥɟɟ 

ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɟ ɩɨɞɯɨɞɵ ɤ ɚɧɚɥɢɡɭ ɞɚɧɧɵɯ - ɷɬɨ ɜɢɡɭɚɥɢɡɚɰɢɹ 

(ɝɢɫɬɨɝɪɚɦɦɵ, ɞɢɚɝɪɚɦɦɵ ɪɚɫɫɟɹɧɢɹ, ɩɨɜɟɪɯɧɨɫɬɧɵɟ ɝɪɚɮɢɤɢ, ɞɪɟɜɨɜɢɞɧɵɟ 

ɤɚɪɬɵ, ɩɚɪɚɥɥɟɥɶɧɵɟ ɤɨɨɪɞɢɧɚɬɵ ɢ ɬ.ɞ.), ɋɬɚɬɢɫɬɢɤɚ (ɬɟɫɬ ɝɢɩɨɬɟɡɵ, 

ɪɟɝɪɟɫɫɢɹ, ɋɉɋ ɢ ɬ.ɞ.), ɂɧɬɟɥɥɟɤɬɭɚɥɶɧɵɣ ɚɧɚɥɢɡ ɞɚɧɧɵɯ (ɨɛɴɟɞɢɧɟɧɢɟ 

ɞɨɛɵɱɢ ɢ ɬ.ɞ.), ɢ ɦɟɬɨɞɵ ɦɚɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢɹ (ɤɥɚɫɬɟɪɢɡɚɰɢɹ, 

ɤɥɚɫɫɢɮɢɤɚɰɢɹ, ɞɟɪɟɜɶɹ ɪɟɲɟɧɢɣ ɢ ɬ. ɞ.). ɋɪɟɞɢ ɷɬɢɯ ɩɨɞɯɨɞɨɜ, ɜɢɡɭɚɥɢɡɚɰɢɹ 
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ɢɧɮɨɪɦɚɰɢɢ ɢɥɢ ɚɧɚɥɢɡ ɜɢɡɭɚɥɶɧɵɯ ɞɚɧɧɵɯ, ɧɚɢɛɨɥɟɟ ɩɨɥɚɝɚɸɬɫɹ ɧɚ 

ɤɨɝɧɢɬɢɜɧɵɟ ɧɚɜɵɤɢ ɱɟɥɨɜɟɱɟɫɤɢɯ ɚɧɚɥɢɬɢɤɨɜ ɢ ɩɨɡɜɨɥɹɸɬ ɨɬɤɪɵɜɚɬɶ 

ɧɟɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɟ ɞɟɣɫɬɜɟɧɧɵɟ ɢɞɟɢ, ɤɨɬɨɪɵɟ ɨɝɪɚɧɢɱɟɧɵ ɬɨɥɶɤɨ 

ɱɟɥɨɜɟɱɟɫɤɢɦ ɜɨɨɛɪɚɠɟɧɢɟɦ ɢ ɬɜɨɪɱɟɫɬɜɨɦ. Ⱥɧɚɥɢɬɢɤ ɧɟ ɞɨɥɠɟɧ ɢɡɭɱɚɬɶ 

ɤɚɤɢɟ-ɥɢɛɨ ɫɥɨɠɧɵɟ ɦɟɬɨɞɵ, ɱɬɨɛɵ ɢɦɟɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɢɧɬɟɪɩɪɟɬɢɪɨɜɚɬɶ 

ɜɢɡɭɚɥɢɡɚɰɢɸ ɞɚɧɧɵɯ. ɂɧɮɨɪɦɚɰɢɨɧɧɚɹ ɜɢɡɭɚɥɢɡɚɰɢɹ ɬɚɤɠɟ ɩɪɟɞɫɬɚɜɥɹɟɬ 

ɫɨɛɨɣ ɫɯɟɦɭ ɝɟɧɟɪɚɰɢɢ ɝɢɩɨɬɟɡ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɛɵɬɶ ɢ ɨɛɵɱɧɨ 

ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɛɨɥɟɟ ɚɧɚɥɢɬɢɱɟɫɤɢɦ ɢɥɢ ɮɨɪɦɚɥɶɧɵɦ ɚɧɚɥɢɡɨɦ, ɬɚɤɢɦ ɤɚɤ 

ɫɬɚɬɢɫɬɢɱɟɫɤɨɟ ɬɟɫɬɢɪɨɜɚɧɢɟ ɝɢɩɨɬɟɡ. 

 

1.3 ȼɢɡɭɚɥɶɧɨ ɢɧɬɟɪɚɤɬɢɜɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɞɥя ɩɪɟɞɫɬɚɜɥɟɧɢя 
2D ɦɨɞɟɥɟɣ ɫɟɱɟɧɢɣ 

 

ɋɭɳɟɫɬɜɭɸɬ ɪɚɡɥɢɱɧɵɟ ɜɢɞɵ ɜɢɡɭɚɥɢɡɚɰɢɢ ɢɧɮɨɪɦɚɰɢɢ, ɬɚɤɢɟ ɤɚɤ: 

ɬɚɛɥɢɰɚ ɢɥɢ ɦɚɬɪɢɰɚ, ɞɢɚɝɪɚɦɦɚ ɫɜɹɡɟɣ, ɤɨɥɢɱɟɫɬɜɟɧɧɚɹ ɞɢɚɝɪɚɦɦɚ, 

ɪɚɡɥɢɱɧɨɝɨ ɪɨɞɚ ɝɪɚɮɢɤɢ, ɝɢɫɬɨɝɪɚɦɦɵ, ɫɬɨɥɛɱɚɬɵɟ ɞɢɚɝɪɚɦɦɵ ɢ ɬ.ɞ. ȼɫɟ ɷɬɢ 

ɦɟɬɨɞɵ ɨɬɨɛɪɚɠɚɸɬ ɞɚɧɧɵɟ ɨɞɧɨɪɨɞɧɨɝɨ ɯɚɪɚɤɬɟɪɚ, ɡɚɱɚɫɬɭɸ ɷɬɨ ɢɡɦɟɧɟɧɢɟ 

ɤɚɤɨɝɨ-ɥɢɛɨ ɩɚɪɚɦɟɬɪɚ ɫ ɬɟɱɟɧɢɟɦ ɜɪɟɦɟɧɢ. Ʉ ɫɨɠɚɥɟɧɢɸ, ɨɧɢ ɧɟ ɫɩɨɫɨɛɧɵ 

ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɭɞɨɛɧɨɦ ɞɥɹ ɱɟɥɨɜɟɤɚ ɜɢɞɟ ɞɚɧɧɵɟ ɛɨɥɟɟ ɫɥɨɠɧɵɯ ɫɬɪɭɤɬɭɪ. 

Ⱦɥɹ ɭɞɨɛɧɨɝɨ ɚɧɚɥɢɡɚ ɪɚɡɧɨɪɨɞɧɵɯ ɞɚɧɧɵɯ ɢɥɢ ɠɟ ɦɧɨɝɨɦɟɪɧɵɯ ɢɫɩɨɥɶɡɭɸɬ 

ɧɟɫɤɨɥɶɤɨ ɞɪɭɝɢɟ ɫɩɨɫɨɛɵ: ɬɟɩɥɨɜɵɟ ɞɢɚɝɪɚɦɦɵ, ɬɪɟɯɦɟɪɧɵɟ ɝɪɚɮɢɤɢ, 

ɞɢɚɝɪɚɦɦɵ, ɝɢɫɬɨɝɪɚɦɦɵ (ɪɢɫɭɧɤɢ 2, 3). 
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Ɋɢɫɭɧɨɤ 3 – ɉɪɢɦɟɪ ɬɪɟɯɦɟɪɧɨɝɨ ɝɪɚɮɢɤɚ 

 

 

Ɋɢɫɭɧɨɤ 4 – ɉɪɢɦɟɪ ɬɪɟɯɦɟɪɧɨɣ ɞɢɚɝɪɚɦɦɵ (ɫɩɪɚɜɚ) 

 

Ɉɫɧɨɜɧɚɹ ɩɪɨɛɥɟɦɚ ɩɨɞɨɛɧɵɯ ɫɩɨɫɨɛɨɜ ɜ ɬɨɦ, ɱɬɨ ɨɬɨɛɪɚɠɚɟɦɵɟ 

ɩɨɜɟɪɯɧɨɫɬɢ ɩɟɪɟɤɪɵɜɚɸɬ ɞɪɭɝ ɞɪɭɝɚ ɢɥɢ ɜɨɜɫɟ ɧɟ ɩɪɟɞɫɬɚɜɥɹɸɬ ɜɨɡɦɨɠɧɵɦ 

ɭɜɢɞɟɬɶ ɤɚɪɬɢɧɭ ɰɟɥɢɤɨɦ. Ɍɟɦ ɫɚɦɵɦ ɫɧɢɠɚɟɬɫɹ ɢɧɮɨɪɦɚɬɢɜɧɨɫɬɶ ɢ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɨɥɟɡɧɨɫɬɶ ɨɬɨɛɪɚɠɚɟɦɵɯ ɞɚɧɧɵɯ. 
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ɇɟɨɛɯɨɞɢɦɨ ɩɨɧɢɦɚɬɶ, ɱɬɨ ɩɪɨɫɬɪɚɧɫɬɜɨ, ɜ ɤɨɬɨɪɨɦ ɫɭɳɟɫɬɜɭɟɬ 

ɱɟɥɨɜɟɤ, ɢɦɟɟɬ ɬɪɟɯɦɟɪɧɵɣ ɜɢɞ, ɬɨ ɟɫɬɶ, ɤɚɠɞɭɸ ɬɨɱɤɭ, ɥɟɠɚɳɭɸ ɜ ɞɚɧɧɨɦ 

ɩɪɨɫɬɪɚɧɫɬɜɟ, ɜɨɡɦɨɠɧɨ ɨɩɢɫɚɬɶ ɩɪɢ ɩɨɦɨɳɢ ɬɪɟɯ ɤɨɨɪɞɢɧɚɬ: x – ɞɥɢɧɚ, y – 

ɜɵɫɨɬɚ ɢ z – ɞɥɢɧɚ. ɉɪɨɛɥɟɦɚ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɱɟɥɨɜɟɤ ɧɟ ɫɩɨɫɨɛɟɧ ɜɢɞɟɬɶ 

ɨɤɪɭɠɚɸɳɟɟ ɩɪɨɫɬɪɚɧɫɬɜɨ ɜ ɬɪɟɯɦɟɪɧɨɦ ɜɢɞɟ ɬɚɤ, «ɤɚɤ ɨɧɨ ɟɫɬɶ». 

ɑɟɥɨɜɟɱɟɫɤɢɣ ɝɥɚɡ ɢɦɟɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɬɨɥɶɤɨ ɫɬɪɨɢɬɶ ɩɪɨɟɤɰɢɸ 

ɨɤɪɭɠɚɸɳɟɝɨ ɬɪɟɯɦɟɪɧɨɝɨ ɦɢɪɚ ɧɚ ɫɟɬɱɚɬɤɭ, ɤɨɬɨɪɭɸ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, 

ɱɟɥɨɜɟɤ ɢ ɜɨɫɩɪɢɧɢɦɚɟɬ ɡɚ 3D ɢɡɨɛɪɚɠɟɧɢɟ ɨɛɴɟɦɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɜɨɤɪɭɝ 

ɫɟɛɹ. Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɱɟɥɨɜɟɤ ɫɩɨɫɨɛɟɧ ɜɢɞɟɬɶ ɬɨɥɶɤɨ ɞɜɟ ɤɨɨɪɞɢɧɚɬɵ: x ɢ 

y, ɬɪɟɬɶɸ ɤɨɨɪɞɢɧɚɬɭ z ɦɨɡɝ ɪɚɫɫɱɢɬɵɜɚɟɬ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ, ɢɫɯɨɞɹ ɢɡ ɞɪɭɝɢɯ 

ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɟɤɰɢɢ ɜɢɞɢɦɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ, ɮɢɡɢɱɟɫɤɢɯ ɡɚɤɨɧɨɜ ɢ 

ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɝɨ ɨɩɵɬɚ. ɑɚɫɬɨ ɛɵɜɚɟɬ ɬɚɤ, ɱɬɨ, ɜɵɩɨɥɧɹɹ ɪɚɡɥɢɱɧɵɟ 

ɩɪɚɤɬɢɱɟɫɤɢɟ ɡɚɞɚɱɢ, ɱɟɥɨɜɟɤɭ ɧɟɨɛɯɨɞɢɦɨ ɢɡɭɱɚɬɶ ɤɚɤɨɣ-ɥɢɛɨ ɨɛɴɟɤɬ. 

ɉɪɨɛɥɟɦɚ ɜ ɬɨɦ, ɱɬɨ ɢɫɫɥɟɞɭɟɦɵɣ ɨɛɴɟɤɬ, ɤɚɤ ɢ ɩɪɨɫɬɪɚɧɫɬɜɨ, ɜ ɤɨɬɨɪɨɦ ɨɧ 

ɧɚɯɨɞɢɬɫɹ, ɢɦɟɟɬ ɬɪɟɯɦɟɪɧɭɸ ɫɭɳɧɨɫɬɶ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɢɡɭɱɚɹ, ɞɚɧɧɵɣ 

ɨɛɴɟɦɧɵɣ ɨɛɴɟɤɬ, ɱɟɥɨɜɟɤɭ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ, ɱɬɨ ɩɪɨɢɫɯɨɞɢɬ ɫ ɨɛɴɟɤɬɨɦ ɧɟ 

ɬɨɥɶɤɨ ɧɚ ɜɢɞɢɦɨɦ ɟɝɨ ɭɱɚɫɬɤɟ, ɧɨ ɢ ɧɚ ɫɤɪɵɬɵɯ ɨɬ ɜɡɨɪɚ ɢɫɫɥɟɞɨɜɚɬɟɥɹ 

(ɫɛɨɤɭ, ɫɥɟɜɚ, ɜɧɭɬɪɢ). Ʉɚɤ ɩɪɢɦɟɪ ɩɨɞɨɛɧɨɣ ɩɪɚɤɬɢɱɟɫɤɨɣ ɡɚɞɚɱɢ, ɜɨɡɦɨɠɧɨ 

ɩɪɟɞɫɬɚɜɢɬɶ ɩɨɥɭɱɟɧɢɟ ɢ ɨɬɨɛɪɚɠɟɧɢɟ ɞɚɧɧɵɯ, ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɟɦɨɟ ɜ 

ɦɟɞɢɰɢɧɟ ɢ ɞɪɭɝɢɯ ɨɛɥɚɫɬɹɯ ɱɟɥɨɜɟɱɟɫɤɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ, ɧɚɡɵɜɚɟɦɨɟ 

ɬɨɦɨɝɪɚɮɢɟɣ. Ɍɨɦɨɝɪɚɮɢɹ, ɩɪɨɫɬɵɦɢ ɫɥɨɜɚɦɢ, ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɩɨɥɭɱɟɧɢɟ ɩɨɫɥɨɣɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɜɧɭɬɪɟɧɧɟɣ ɫɬɪɭɤɬɭɪɵ ɢɡɭɱɚɟɦɨɝɨ 

ɨɛɴɟɤɬɚ. ɉɪɢɦɟɪ ɩɨɞɨɛɧɨɝɨ ɫɩɨɫɨɛɚ ɨɬɨɛɪɚɠɟɧɢɹ ɞɚɧɧɵɯ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ 

ɪɢɫɭɧɤɟ 4 ɧɚ ɬɚɤ ɧɚɡɵɜɚɟɦɵɯ ɬɨɦɨɝɪɚɦɦɚɯ – ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫɞɟɥɚɧɧɵɯ 

ɫɪɟɡɚɯ ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɴɟɤɬɚ (ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ, ɱɟɥɨɜɟɱɟɫɤɨɝɨ ɦɨɡɝɚ). 
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Ɋɢɫɭɧɨɤ 5 – Ɍɨɦɨɝɪɚɦɦɚ ɱɟɥɨɜɟɱɟɫɤɨɝɨ ɦɨɡɝɚ 

 

ɂɫɩɨɥɶɡɭɹ ɞɚɧɧɵɣ ɜɢɞ ɩɨɥɭɱɟɧɢɹ ɢ ɨɬɨɛɪɚɠɟɧɢɹ ɞɚɧɧɵɯ, 

ɢɫɫɥɟɞɨɜɚɬɟɥɶ ɢɦɟɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɢɡɭɱɟɧɢɹ ɜɧɭɬɪɟɧɧɟɣ ɫɨɫɬɚɜɥɹɸɳɟɣ 

ɨɛɴɟɤɬɚ ɧɚ ɫɬɚɬɢɱɧɵɯ ɢɡɨɛɪɚɠɟɧɢɹɯ ɫ ɩɨɦɨɳɶɸ ɫɪɟɡɨɜ, ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ 

ɜɵɩɨɥɧɟɧɧɵɯ ɧɚ ɨɞɧɨɣ ɢɡ ɤɨɨɪɞɢɧɚɬɧɵɯ ɨɫɟɣ ɱɟɪɟɡ ɨɩɪɟɞɟɥɟɧɧɵɣ ɢɧɬɟɪɜɚɥ. 

Ɉɞɧɚɤɨ, ɧɟɨɛɯɨɞɢɦɨ ɩɨɧɢɦɚɬɶ, ɱɬɨ ɞɚɧɧɵɣ ɜɢɞ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɞɚɧɧɵɯ ɢɦɟɟɬ 

ɪɹɞ ɧɟɞɨɫɬɚɬɤɨɜ, ɝɥɚɜɧɵɦ ɢɯ ɤɨɬɨɪɵɯ ɹɜɥɹɟɬɫɹ ɨɬɫɭɬɫɬɜɢɟ ɜɨɡɦɨɠɧɨɫɬɢ 

ɞɢɧɚɦɢɱɧɨɝɨ ɨɬɨɛɪɚɠɟɧɢɹ ɞɚɧɧɵɯ. Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɢɡ-ɡɚ ɬɨɝɨ, ɱɬɨ ɞɚɧɧɵɟ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɬɚɬɢɱɧɨ, ɧɟɬ ɜɨɡɦɨɠɧɨɫɬɢ ɢɡɭɱɢɬɶ ɨɛɴɟɤɬ ɫ ɪɚɡɧɵɯ ɬɨɱɟɤ, 

ɭɜɟɥɢɱɢɬɶ ɢɧɬɟɪɟɫɭɸɳɢɟ ɭɱɚɫɬɤɢ ɢɥɢ ɜɡɝɥɹɧɭɬɶ ɧɚ ɨɛɴɟɤɬ ɜ ɰɟɥɨɦ, ɢɡɦɟɧɢɬɶ 

ɨɫɶ ɫɪɟɡɚ ɢ ɬɚɤ ɞɚɥɟɟ. 

Ɋɚɡɪɚɛɚɬɵɜɚɟɦɵɣ ɩɨɞɯɨɞ ɜɢɡɭɚɥɶɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɦɧɨɝɨɦɟɪɧɵɯ 

ɞɚɧɧɵɯ ɩɪɟɞɧɚɡɧɚɱɟɧ ɩɪɟɠɞɟ ɜɫɟɝɨ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɧɚ ɩɪɚɤɬɢɤɟ ɩɪɨɜɟɪɢɬɶ 

ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɦɧɨɝɨɦɟɪɧɵɯ ɞɚɧɧɵɯ ɢ ɞɚɧɧɵɯ ɛɨɥɶɲɢɯ 

ɨɛɴɟɦɨɜ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɨɬɨɛɪɚɠɚɟɦɵɣ ɨɛɴɟɦ ɞɚɧɧɵɯ ɛɵɥ ɤɨɦɮɨɪɬɟɧ 

ɢ ɩɪɢɝɨɞɟɧ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɪɚɦɤɚɯ ɢɫɩɨɥɶɡɭɟɦɨɣ ɤɨɦɩɶɸɬɟɪɧɨɣ ɦɨɞɟɥɢ. 
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Ɉɫɨɛɟɧɧɨɫɬɶɸ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɩɨɞɯɨɞɚ ɜɢɡɭɚɥɶɧɨ-ɢɧɬɟɪɚɤɬɢɜɧɨɝɨ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɞɢɧɚɦɢɱɟɫɤɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ 2D ɦɨɞɟɥɟɣ ɫɟɱɟɧɢɣ 

ɢɫɫɥɟɞɭɟɦɵɯ ɞɚɧɧɵɯ. ɗɮɮɟɤɬ ɦɧɨɝɨɦɟɪɧɨɫɬɢ ɞɨɫɬɢɝɚɟɬɫɹ ɡɚ ɫɱɟɬ ɜɵɛɨɪɚ 2D 

ɦɨɞɟɥɟɣ ɢ ɜɚɪɢɚɬɢɜɧɨɫɬɢ ɧɚɩɪɚɜɥɟɧɢɣ ɞɢɧɚɦɢɱɟɫɤɢɯ ɫɟɱɟɧɢɣ. 

 

Ƚɥɚɜɚ 2 Ɍɟɯɧɨɥɨɝɢɢ ɫɬɟɪɟɨ ɜɢɡɭɚɥɢɡɚɰɢɢ ɢɡɨɛɪɚɠɟɧɢɣ 

 

2.1 Ɇɟɬɨɞɵ ɩɪɟɞɫɬɚɜɥɟɧɢя ɨɛɴɟɦɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢя 

 

ɋɬɟɪɟɨɢɡɨɛɪɚɠɟɧɢɟ – ɤɚɪɬɢɧɚ ɢɥɢ ɜɢɞɟɨɪɹɞ, ɢɫɩɨɥɶɡɭɸɳɢɣ ɞɜɚ 

ɨɬɞɟɥɶɧɵɯ ɢɡɨɛɪɚɠɟɧɢɹ, ɩɨɡɜɨɥɹɸɳɢɯ ɞɨɫɬɢɱɶ ɫɬɟɪɟɨɷɮɮɟɤɬɚ. ɉɟɪɜɵɣ 

ɫɬɟɪɟɨɮɨɬɨɚɩɩɚɪɚɬ ɛɵɥ ɫɤɨɧɫɬɪɭɢɪɨɜɚɧ ɢ ɡɚɩɚɬɟɧɬɨɜɚɧ ɪɨɫɫɢɣɫɤɢɦ 

ɢɡɨɛɪɟɬɚɬɟɥɟɦ ɂɜɚɧɨɦ Ɏёɞɨɪɨɜɢɱɟɦ Ⱥɥɟɤɫɚɧɞɪɨɜɫɤɢɦ ɜ 1854 ɝ. 

ɑɬɨɛɵ ɫɨɡɞɚɬɶ ɫɬɟɪɟɨɢɡɨɛɪɚɠɟɧɢɟ ɜ ɩɪɨɝɪɚɦɦɟ ɬɪёɯɦɟɪɧɨɝɨ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɧɚɞɨ ɫɞɟɥɚɬɶ ɞɜɨɣɧɨɣ ɪɟɧɞɟɪɢɧɝ ɫɰɟɧɵ – ɫ ɞɜɭɯ ɤɚɦɟɪ, 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɝɥɚɡɚɦ ɧɚɛɥɸɞɚɬɟɥɹ. 

Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɢ ɩɪɨɫɦɨɬɪɚ ɫɬɟɪɟɨɢɡɨɛɪɚɠɟɧɢɹ ɢɫɩɨɥɶɡɭɸɬɫɹ ɪɚɡɥɢɱɧɵɟ 

ɦɟɬɨɞɵ ɢ ɭɫɬɪɨɣɫɬɜɚ. 

Ɇɟɬɨɞ ɩɚɪɚɥɥɟɥɶɧɨɝɨ ɜɡɝɥɹɞɚ ɩɨɡɜɨɥɹɟɬ ɩɨɫɦɨɬɪɟɬɶ ɩɨɥɧɨɰɜɟɬɧɭɸ 

ɫɬɟɪɟɨɤɚɪɬɢɧɤɭ ɛɟɡɨ ɜɫɹɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɫɬɟɪɟɨɷɮɮɟɤɬ ɞɨɫɬɢɝɚɟɬɫɹ ɡɚ ɫɱɟɬ 

ɫɜɟɞɟɧɢɹ ɝɥɚɡ ɞɚɥɶɲɟ ɩɥɨɫɤɨɫɬɢ ɢɡɨɛɪɚɠɟɧɢɹ. ɂɫɩɨɥɶɡɭɸɬɫɹ ɞɜɚ ɫɧɢɦɤɚ, 

ɫɞɟɥɚɧɧɵɟ ɫ ɪɚɡɧɵɯ ɪɚɤɭɪɫɨɜ. ɋɩɨɫɨɛ ɩɪɢɝɨɞɟɧ ɬɨɥɶɤɨ ɞɥɹ ɩɪɨɫɦɨɬɪɚ 

ɧɟɛɨɥɶɲɢɯ ɢɡɨɛɪɚɠɟɧɢɣ (ɲɢɪɢɧɨɣ ɞɨ 60–70 ɦɦ ɤɚɠɞɨɟ), ɱɬɨ ɨɛɭɫɥɨɜɥɟɧɨ 

ɦɟɠɡɪɚɱɤɨɜɵɦ ɪɚɫɫɬɨɹɧɢɟɦ ɱɟɥɨɜɟɤɚ. 

Ɇɟɬɨɞ ɩɟɪɟɤɪёɫɬɧɨɝɨ ɜɡɝɥɹɞɚ (cross-eye) ɚɧɚɥɨɝɢɱɟɧ ɩɪɟɞɵɞɭɳɟɦɭ, ɧɨ 

ɝɥɚɡɚ ɫɜɨɞɹɬɫɹ ɩɟɪɟɞ ɢɡɨɛɪɚɠɟɧɢɟɦ. ɉɪɟɢɦɭɳɟɫɬɜɨ – ɫɬɟɪɟɨɩɚɪɚ ɦɨɠɟɬ ɛɵɬɶ 

ɥɸɛɨɝɨ ɪɚɡɦɟɪɚ (ɧɨ ɩɪɢ ɫɥɢɲɤɨɦ ɛɨɥɶɲɨɦ ɭɝɥɨɜɨɦ ɪɚɫɫɬɨɹɧɢɢ ɦɟɠɞɭ 

ɤɨɦɩɨɧɟɧɬɚɦɢ ɜɨɡɧɢɤɚɟɬ ɫɢɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɝɥɚɡ); ɧɟɞɨɫɬɚɬɤɢ — ɦɧɢɦɨɟ 

ɢɡɨɛɪɚɠɟɧɢɟ ɜɨɡɧɢɤɚɟɬ ɦɟɠɞɭ ɷɤɪɚɧɨɦ ɢ ɧɚɛɥɸɞɚɬɟɥɟɦ, ɱɬɨ ɨɝɪɚɧɢɱɢɜɚɟɬ 

ɪɚɡɦɟɪɵ ɢɡɨɛɪɚɠёɧɧɨɝɨ ɨɛɴɟɤɬɚ ɥɢɛɨ ɩɪɟɜɪɚɳɚɟɬ ɟɝɨ ɜ «ɤɭɤɨɥɶɧɭɸ ɤɨɩɢɸ». 
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ɉɚɪɚɥɥɟɥɶɧɭɸ ɫɬɟɪɟɨɩɚɪɭ ɦɨɠɧɨ ɩɪɟɜɪɚɬɢɬɶ ɜ ɩɟɪɟɤɪёɫɬɧɭɸ ɩɟɪɟɫɬɚɧɨɜɤɨɣ 

ɫɨɫɬɚɜɥɹɸɳɢɯ. 

Ⱥɧɚɝɥɢɮ-ɨɱɤɢ – ɪɚɡɧɨɰɜɟɬɧɵɟ ɨɱɤɢ, ɜɦɟɫɬɨ ɥɢɧɡ ɭ ɤɨɬɨɪɵɯ ɜɫɬɚɜɥɟɧɵ 

ɫɜɟɬɨɮɢɥɶɬɪɵ ɰɜɟɬɨɜ CMY. Ⱦɟɲёɜɵɣ, ɧɨ ɞɨɜɨɥɶɧɨ ɷɮɮɟɤɬɢɜɧɵɣ ɦɟɬɨɞ. Ɉɧ 

ɧɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɪɚɜɢɥɶɧɭɸ ɩɟɪɟɞɚɱɭ ɰɜɟɬɚ, ɨɞɧɚɤɨ ɧɟɪɜɧɚɹ ɫɢɫɬɟɦɚ 

ɞɨɜɨɥɶɧɨ ɯɨɪɨɲɨ ɢɧɬɟɪɩɪɟɬɢɪɭɟɬ ɟɝɨ. ȼɪɟɦɹ ɚɞɚɩɬɚɰɢɢ — ɨɤɨɥɨ 30 ɫɟɤɭɧɞ, 

ɩɨɫɥɟ ɞɥɢɬɟɥɶɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɚ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɣ ɩɟɪɢɨɞ ɧɚɪɭɲɚɟɬɫɹ 

ɰɜɟɬɨɜɨɫɩɪɢɹɬɢɟ. 

Ɂɚɬɜɨɪɧɵɟ ɫɬɟɪɟɨɨɱɤɢ. ɇɚ ɷɤɪɚɧ ɩɪɨɟɰɢɪɭɟɬɫɹ ɬɨ ɤɚɪɬɢɧɤɚ ɞɥɹ ɥɟɜɨɝɨ 

ɝɥɚɡɚ, ɬɨ ɞɥɹ ɩɪɚɜɨɝɨ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɨɱɤɢ ɨɬɤɪɵɜɚɸɬ ɨɛɡɨɪ ɬɨ ɥɟɜɨɦɭ 

ɝɥɚɡɭ, ɬɨ ɩɪɚɜɨɦɭ. ɉɪɢɦɟɧɹɸɬɫɹ ɜ 3D-ɤɢɧɨ ɮɨɪɦɚɬɚ XpanD. ɂɡɪɟɞɤɚ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɤɨɦɩɶɸɬɟɪɧɵɯ ɢɝɪɚɯ, ɬɚɤ ɤɚɤ ɩɨɡɜɨɥɹɸɬ ɡɚɞɟɣɫɬɜɨɜɚɬɶ 

ɨɛɵɱɧɵɣ ɗɅɌ-ɦɨɧɢɬɨɪ (ɧɨ ɫ ɦɨɳɧɨɣ ɜɢɞɟɨɩɥɚɬɨɣ — ɧɚɝɪɭɡɤɚ ɧɚ ɧɟё 

ɩɨɜɵɲɚɟɬɫɹ ɜɞɜɨɟ). ɀɄ-ɦɨɧɢɬɨɪ ɝɨɞɢɬɫɹ ɧɟ ɤɚɠɞɵɣ — ɢɫɬɢɧɧɚɹ ɱɚɫɬɨɬɚ 

ɨɛɧɨɜɥɟɧɢɹ ɭ ɛɨɥɶɲɢɧɫɬɜɚ ɢɡ ɧɢɯ ɧɟ ɩɪɟɜɵɲɚɟɬ 30—75 Ƚɰ (ɢɦɟɟɬɫɹ ɜ ɜɢɞɭ 

ɮɚɤɬɢɱɟɫɤɨɟ ɜɪɟɦɹ ɩɟɪɟɫɬɪɨɟɧɢɹ ɀɄ-ɰɟɩɨɱɟɤ, ɚ ɧɟ ɱɚɫɬɨɬɚ ɪɚɡɜёɪɬɤɢ). 

ɉɪɢɦɟɪɨɦ ɬɚɤɨɣ ɬɟɯɧɨɥɨɝɢɢ ɹɜɥɹɟɬɫɹ nVIDIA 3D Vision. Ⱦɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

3D Vision ɧɭɠɟɧ ɀɄ, ɩɥɚɡɦɟɧɧɵɣ ɢɥɢ OLED-ɦɨɧɢɬɨɪ ɫ ɱɚɫɬɨɬɨɣ ɪɚɡɜёɪɬɤɢ 

100 Hz ɢɥɢ ɜɵɲɟ, ɜɢɞɟɨɤɚɪɬɚ ɨɬ nVIDIA ɫ 3D Vision ɢ ɫɩɟɰɢɚɥɶɧɵɟ ɨɱɤɢ. 

ɇɚɱɢɧɚɹ ɫ 2009—2010 ɝɨɞɨɜ ɜ ɦɢɪɟ ɧɚɱɚɥɨɫɶ ɦɚɫɫɨɜɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ 

ɬɟɥɟɜɢɡɨɪɨɜ, ɪɚɛɨɬɚɸɳɢɯ ɩɨ ɷɬɨɦɭ ɩɪɢɧɰɢɩɭ. ȼ ɚɩɪɟɥɟ 2010 ɝɨɞɚ ɜ Ɋɨɫɫɢɢ 

ɧɚɱɚɥɨɫɶ ɤɨɧɜɟɣɟɪɧɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ 3D-ɬɟɥɟɜɢɡɨɪɨɜ Samsung ɜ Ʉɚɥɭɠɫɤɨɣ 

ɨɛɥɚɫɬɢ. Ɂɪɢɬɟɥɶ ɧɚɞɟɜɚɟɬ ɀɄ-ɨɱɤɢ, ɤɨɬɨɪɵɟ ɩɨɨɱɟɪёɞɧɨ (ɫ ɱɚɫɬɨɬɨɣ 60 Ƚɰ) 

ɡɚɬɟɦɧɹɸɬ ɥɟɜɵɣ ɢ ɩɪɚɜɵɣ ɝɥɚɡɚ ɱɟɥɨɜɟɤɚ, ɬɟɥɟɜɢɡɨɪ ɩɪɢ ɷɬɨɦ ɩɨɤɚɡɵɜɚɟɬ 

120 ɢɡɨɛɪɚɠɟɧɢɣ ɜ ɫɟɤɭɧɞɭ. 

ɉɨɥɹɪɢɡɚɰɢɨɧɧɵɟ ɫɬɟɪɟɨɨɱɤɢ. ɋɚɦɢ ɨɱɤɢ ɧɟɫɤɨɥɶɤɨ ɞɨɪɨɠɟ 

ɚɧɚɝɥɢɮɧɵɯ ɢ ɬɪɟɛɭɸɬ ɩɪɟɰɢɡɢɨɧɧɨɝɨ ɫɩɟɰɨɛɨɪɭɞɨɜɚɧɢɹ, ɜɞɨɛɚɜɨɤ 

ɤɢɧɨɷɤɪɚɧ ɞɨɥɠɟɧ ɛɵɬɶ ɦɟɬɚɥɥɢɡɢɪɨɜɚɧɧɵɦ, ɱɬɨɛɵ ɧɟ ɛɵɥɨ ɞɟɩɨɥɹɪɢɡɚɰɢɢ 

ɫɜɟɬɚ. Ɉɞɧɚɤɨ (ɤɪɨɦɟ ɩɨɧɢɠɟɧɢɹ ɹɪɤɨɫɬɢ ɢ ɞɨɪɨɝɨɜɢɡɧɵ) ɜɵɪɚɠɟɧɧɵɯ 

ɧɟɞɨɫɬɚɬɤɨɜ ɧɟ ɢɦɟɸɬ. Ɉɛɵɱɧɨ ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɫɬɟɪɟɨɤɢɧɨɬɟɚɬɪɚɯ. ɂɦɟɹ ɞɜɚ 



24 

 

ɫɯɨɠɢɯ ɩɪɨɟɤɬɨɪɚ, ɷɤɪɚɧ ɢ ɧɟɤɨɬɨɪɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɨɥɹɪɢɡɚɰɢɨɧɧɨɣ ɩɥёɧɤɢ ɨɬ 

ɧɟɢɫɩɪɚɜɧɨɝɨ ɀɄ-ɦɨɧɢɬɨɪɚ, ɦɨɠɧɨ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ ɜɨɫɩɪɨɢɡɜɟɫɬɢ ɜ 

ɛɨɥɶɲɟɣ ɢɥɢ ɦɟɧɶɲɟɣ ɫɬɟɩɟɧɢ ɬɚɤɨɣ ɫɬɟɪɟɨɷɮɮɟɤɬ. 

Ɉɫɧɨɜɚɧɧɵɟ ɧɚ ɥɢɧɟɣɧɨɣ ɩɨɥɹɪɢɡɚɰɢɢ (ɞɟɲɟɜɥɟ, ɧɨ ɩɪɢ ɧɚɤɥɨɧɚɯ 

ɝɨɥɨɜɵ ɫɬɟɪɟɨɷɮɮɟɤɬ ɬɟɪɹɟɬɫɹ). ɉɪɢɦɟɧɹɟɬɫɹ ɜ 3D-ɤɢɧɨ ɮɨɪɦɚɬɚ IMAX 3D. 

Ɉɫɧɨɜɚɧɧɵɟ ɧɚ ɤɪɭɝɨɜɨɣ ɩɨɥɹɪɢɡɚɰɢɢ (ɞɨɪɨɠɟ). ɉɪɢɦɟɧɹɟɬɫɹ ɜ 3D-

ɤɢɧɨ ɮɨɪɦɚɬɚ RealD Cinema. ɇɚ ɱɟɪɟɫɫɬɪɨɱɧɨɣ ɤɪɭɝɨɜɨɣ ɩɨɥɹɪɢɡɚɰɢɢ 

ɪɚɛɨɬɚɸɬ 3D-ɬɟɥɟɜɢɡɨɪɵ LG Electronics. ɋɭɳɟɫɬɜɭɸɬ ɨɱɤɢ ɢ ɫ ɨɞɢɧɚɤɨɜɵɦɢ 

ɮɢɥɶɬɪɚɦɢ ɧɚ ɨɛɨɢɯ ɝɥɚɡɚɯ, ɨɧɢ ɢɫɩɨɥɶɡɭɸɬɫɹ, ɱɬɨɛɵ ɧɚɥɚɞɢɬɶ 

ɦɧɨɝɨɩɨɥɶɡɨɜɚɬɟɥɶɫɤɭɸ ɢɝɪɭ ɢɥɢ ɩɪɨɫɦɨɬɪ ɨɞɧɨɜɪɟɦɟɧɧɨ ɞɜɭɯ ɩɟɪɟɞɚɱ ɧɚ 

ɨɞɧɨɦ ɬɟɥɟɜɢɡɨɪɟ. 

ɋɬɟɪɟɨɨɱɤɢ ɫ ɦɧɨɝɨɩɨɥɨɫɧɵɦɢ ɮɢɥɶɬɪɚɦɢ — ɨɛɟɫɩɟɱɢɜɚɸɬ 

ɫɬɟɪɟɨɷɮɮɟɤɬ ɡɚ ɫɱёɬ ɬɨɝɨ, ɱɬɨ ɥɢɧɡɵ ɩɪɨɩɭɫɤɚɸɬ ɥɢɲɶ ɭɡɤɢɟ ɩɨɥɨɫɵ 

ɤɪɚɫɧɨɝɨ, ɡɟɥёɧɨɝɨ ɢ ɫɢɧɟɝɨ. ɉɪɨɟɤɰɢɨɧɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɞёɲɟɜɨ, ɧɨ ɫɚɦɢ ɫɬɟɪɟɨɨɱɤɢ ɞɨɪɨɝɢ. ɉɪɢɦɟɧɹɟɬɫɹ ɜ 3D-ɤɢɧɨ ɮɨɪɦɚɬɚ Dolby 

3D. 

ɋɬɟɪɟɨɫɤɨɩ — ɨɩɬɢɱɟɫɤɢɣ ɩɪɢɛɨɪ ɫ ɞɜɭɦɹ ɨɤɭɥɹɪɚɦɢ; ɨɛɵɱɧɨ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɩɪɨɫɦɨɬɪɚ ɫɬɟɪɟɨɫɥɚɣɞɨɜ, ɧɨ ɧɟ ɫɨɫɬɚɜɥɹɟɬ ɫɥɨɠɧɨɫɬɢ 

ɜɥɨɠɢɬɶ ɬɭɞɚ ɄɉɄ ɢɥɢ ɤɨɦɦɭɧɢɤɚɬɨɪ c ɩɪɨɞɨɥɝɨɜɚɬɵɦ ɷɤɪɚɧɨɦ ɜɵɫɨɤɨɝɨ 

ɪɚɡɪɟɲɟɧɢɹ (ɧɚɩɪɢɦɟɪ, Nokia E90). 

ɋɬɟɪɟɨɞɢɫɩɥɟɣ — ɨɩɬɢɱɟɫɤɢɣ ɢɧɫɬɪɭɦɟɧɬ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɝɨ ɞɜɚ 

ɩɥɨɫɤɨɫɬɧɵɯ ɢɡɨɛɪɚɠɟɧɢɹ ɤɨɦɛɢɧɢɪɭɸɬɫɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨ ɧɚɛɥɸɞɚɬɟɥɶ 

ɩɨɥɭɱɚɟɬ ɜɩɟɱɚɬɥɟɧɢɟ ɪɟɥɶɟɮɧɨɝɨ ɩɪɟɞɦɟɬɚ. 

ȼɢɪɬɭɚɥɶɧɵɣ ɲɥɟɦ (VR HMD) — ɲɥɟɦ, ɤɨɬɨɪɵɣ ɩɨɤɚɡɵɜɚɟɬ ɞɥɹ 

ɤɚɠɞɨɝɨ ɝɥɚɡɚ ɨɬɞɟɥɶɧɵɟ ɢɡɨɛɪɚɠɟɧɢɹ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɩɨɥɭɱɚɟɬɫɹ 

ɫɬɟɪɟɨɷɮɮɟɤɬ. 
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2.2 ɋɬɟɪɟɨɢɡɨɛɪɚɠɟɧɢɟ 

 

Ɉɫɨɛɟɧɧɨɫɬɶɸ ɫɬɟɪɟɨɢɡɨɛɪɚɠɟɧɢɹ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɨɧɨ ɫɨɫɬɨɢɬ ɢɡ 

ɩɨɜɬɨɪɹɸɳɢɯɫɹ ɨɬɪɟɡɤɨɜ. ɉɟɪɢɨɞ ɩɨɜɬɨɪɟɧɢɹ ɢ ɟɝɨ ɫɬɪɭɤɬɭɪɚ ɩɨɤɚɡɚɧɚ ɧɚ 

ɪɢɫɭɧɤɟ 6. 

 

 

Ɋɢɫɭɧɨɤ 6 – ɉɨɜɬɨɪɹɸɳɢɟɫɹ ɮɪɚɝɦɟɧɬɵ ɫɬɟɪɟɨɢɡɨɛɪɚɠɟɧɢɹ 

 

ɒɢɪɢɧɚ ɞɚɧɧɨɝɨ ɩɨɜɬɨɪɹɸɳɟɝɨɫɹ ɨɬɪɟɡɤɚ ɧɟ ɞɨɥɠɧɚ ɩɪɟɜɵɲɚɬɶ 

ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɝɥɚɡ ɱɟɥɨɜɟɤɚ. Ɉɧɚ ɞɨɥɠɧɚ ɧɚɯɨɞɢɬɶɫɹ ɜ ɪɚɦɤɚɯ 1/3 ɢ 2/3 

ɞɚɧɧɨɝɨ ɪɚɫɫɬɨɹɧɢɹ. Ɉɬ ɲɢɪɢɧɵ ɡɚɜɢɫɢɬ, ɧɚɫɤɨɥɶɤɨ ɨɛɴɟɦɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ 

ɦɵ ɫɦɨɠɟɦ ɩɨɥɭɱɢɬɶ, ɢ ɤɚɤ ɫɢɥɶɧɨ ɛɭɞɭɬ ɭɫɬɚɜɚɬɶ ɝɥɚɡɚ ɩɪɢ ɩɪɨɫɦɨɬɪɟ 

ɢɡɨɛɪɚɠɟɧɢɹ ɩɨɞɨɛɧɨɝɨ ɮɨɪɦɚɬɚ. 

Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɢɡɨɛɪɚɠɟɧɢɟ ɫɬɚɥɨ ɨɛɴɟɦɧɵɦ, ɝɥɚɡɚ ɱɟɥɨɜɟɤɚ ɞɨɥɠɧɵ 

ɛɵɬɶ ɫɮɨɤɭɫɢɪɨɜɚɧɵ ɡɚ ɩɥɨɫɤɨɫɬɶɸ ɢɡɨɛɪɚɠɟɧɢɹ. ɗɬɨ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 7. 

ɉɪɢ ɭɫɥɨɜɢɢ ɱɬɨ ɢɡɨɛɪɚɠɟɧɢɹ, ɤɚɤ ɞɥɹ ɥɟɜɨɝɨ ɝɥɚɡɚ, ɬɚɤ ɢ ɞɥɹ ɩɪɚɜɨɝɨ ɛɭɞɭɬ 

ɫɨɜɩɚɞɚɬɶ. ȼ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɢɡɨɛɪɚɠɟɧɢɟ ɩɨɥɧɨɫɬɶɸ ɫɨɫɬɨɢɬ ɢɡ 

ɩɨɜɬɨɪɹɸɳɢɯɫɹ ɨɬɪɟɡɤɨɜ, ɦɧɢɦɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɛɭɞɟɬ ɬɨɱɧɨ ɬɚɤɢɦ ɠɟ, ɤɚɤ ɢ 

ɫɚɦɨ ɢɡɨɛɪɚɠɟɧɢɟ. ɉɪɢ ɷɬɨɦ ɛɭɞɟɬ ɤɚɡɚɬɶɫɹ, ɱɬɨ ɪɚɫɩɨɥɨɠɟɧɢɟ ɢɡɨɛɪɚɠɟɧɢɹ 

ɫɬɚɥɨ ɞɚɥɶɲɟ. 
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Ɋɢɫɭɧɨɤ 7 – ɉɪɚɜɢɥɶɧɚɹ ɮɨɤɭɫɢɪɨɜɤɚ ɝɥɚɡ 

 

ɗɮɮɟɤɬ ɨɛɴɟɦɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɞɨɫɬɢɝɚɟɬɫɹ ɩɭɬɟɦ ɫɞɜɢɝɚ ɪɚɡɥɢɱɧɵɯ 

ɨɬɪɟɡɤɨɜ ɢɡɨɛɪɚɠɟɧɢɹ. ȼɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɧɟɤɨɬɨɪɵɟ ɮɪɚɝɦɟɧɬɵ ɢɡɨɛɪɚɠɟɧɢɹ 

ɤɚɠɭɬɫɹ ɛɥɢɠɟ ɤ ɧɚɦ, ɧɟɤɨɬɨɪɵɟ ɞɚɥɶɲɟ. 

Ɋɢɫɭɧɨɤ 8 ɩɨɤɚɡɵɜɚɟɬ, ɤɚɤ ɩɪɢ ɫɞɜɢɝɟ ɧɟɫɤɨɥɶɤɢɯ ɷɥɟɦɟɧɬɨɜ ɪɟɚɥɶɧɨɝɨ 

ɢɡɨɛɪɚɠɟɧɢɹ ɢɡɦɟɧɹɟɬɫɹ ɫɬɪɭɤɬɭɪɚ ɦɧɢɦɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ. 

 

 

Ɋɢɫɭɧɨɤ 8 – ɂɡɦɟɧɟɧɢɟ ɢɡɨɛɪɚɠɟɧɢɹ ɩɨɫɥɟ ɫɞɜɢɝɚ ɷɥɟɦɟɧɬɨɜ 
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ɉɪɢ ɢɡɦɟɧɟɧɢɢ ɢɡɨɛɪɚɠɟɧɢɹ ɨɛɪɚɡɭɸɬɫɹ ɚɪɬɟɮɚɤɬɵ, ɪɚɜɧɨɭɞɚɥɟɧɧɵɟ 

ɨɬ ɨɫɧɨɜɧɨɣ ɩɥɨɫɤɨɫɬɢ ɦɧɢɦɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ. Ⱥɪɬɟɮɚɤɬɵ, ɪɚɫɩɨɥɨɠɟɧɧɵɟ 

ɩɟɪɟɞ ɨɫɧɨɜɧɨɣ ɩɥɨɫɤɨɫɬɶɸ ɢɡɨɛɪɚɠɟɧɢɹ ɤɚɠɭɬɫɹ ɛɥɢɠɟ, ɱɟɦ ɚɪɬɟɮɚɤɬɵ, 

ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɩɨɡɚɞɢ ɩɥɨɫɤɨɫɬɢ. ɉɭɧɤɬɢɪɧɨɣ ɥɢɧɢɟɣ ɨɬɦɟɱɟɧɵ ɷɥɟɦɟɧɬɵ, 

ɤɨɬɨɪɵɟ ɜɢɞɧɵ ɥɢɲɶ ɨɞɧɨɦɭ ɝɥɚɡɭ, ɧɚɲ ɦɨɡɝ ɫɚɦ ɞɨɞɭɦɵɜɚɟɬ ɦɟɫɬɨ ɢɯ 

ɪɚɫɩɨɥɨɠɟɧɢɹ. 

ɋɬɨɢɬ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɫɞɜɢɝ ɞɨɥɠɟɧ ɛɵɬɶ ɦɟɧɶɲɟ ɩɨɥɨɜɢɧɵ ɲɢɪɢɧɵ 

ɩɨɜɬɨɪɹɸɳɟɝɨɫɹ ɨɬɪɟɡɤɚ. ȼ ɬɟɯ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɜɟɥɢɱɢɧɚ ɫɞɜɢɝɚ ɫɥɢɲɤɨɦ 

ɛɥɢɡɤɚ ɤ ɲɢɪɢɧɟ ɨɬɪɟɡɤɚ, ɜɨɡɧɢɤɧɭɬ ɫɥɨɠɧɨɫɬɢ ɫ ɨɩɪɟɞɟɥɟɧɢɟɦ ɪɟɥɶɟɮɚ 

ɞɚɧɧɨɣ ɩɥɨɫɤɨɫɬɢ. 

Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɨɬɨɛɪɚɠɚɬɶ ɨɛɴɟɤɬɵ ɬɨɥɶɤɨ ɩɟɪɟɞ ɩɥɨɫɤɨɫɬɶɸ 

ɦɧɢɦɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ, ɧɟɨɛɯɨɞɢɦɨ ɛɨɪɨɬɶɫɹ ɫ ɚɪɬɟɮɚɤɬɚɦɢ, ɧɚɯɨɞɹɳɢɦɢɫɹ 

ɩɨɡɚɞɢ ɩɥɨɫɤɨɫɬɢ. ɗɬɨ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɫ ɩɨɦɨɳɶɸ ɫɞɜɢɝɚ ɧɭɠɧɵɯ ɷɥɟɦɟɧɬɨɜ 

ɜ ɤɚɠɞɨɦ ɢɡ ɩɟɪɢɨɞɨɜ. ɉɨɞɨɛɧɵɣ ɫɞɜɢɝ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 9. 

 

 

Ɋɢɫɭɧɨɤ 9 – ɂɡɨɛɪɚɠɟɧɢɟ ɨɛɴɟɤɬɨɜ ɬɨɥɶɤɨ ɩɟɪɟɞ ɦɧɢɦɨɣ ɩɥɨɫɤɨɫɬɶɸ 
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ȿɫɥɢ ɨɫɭɳɟɫɬɜɢɬɶ ɫɞɜɢɝ ɛɨɥɶɲɟ ɱɟɦ ɧɚ ɨɞɧɭ ɩɨɡɢɰɢɸ, ɬɨ ɜɵɩɭɤɥɚɹ 

ɨɛɥɚɫɬɶ ɛɭɞɟɬ ɤɚɡɚɬɶɫɹ ɧɚɦ ɟɳɟ ɛɥɢɠɟ. ɇɚɝɥɹɞɧɨ ɷɬɨ ɦɨɠɧɨ ɭɜɢɞɟɬɶ ɟɫɥɢ 

ɫɪɚɜɧɢɬɶ ɞɜɚ ɪɢɫɭɧɤɚ: 9 ɢ 10. 

 

 

Ɋɢɫɭɧɨɤ 10 – ɋɞɜɢɝ ɬɪɟɯ ɷɥɟɦɟɧɬɨɜ ɧɚ ɞɜɟ ɩɨɡɢɰɢɢ 

 

Ƚɥɚɜɚ 3 Ɋɚɡɪɚɛɨɬɤɚ ɩɪɨɝɪɚɦɦɧɨɝɨ ɦɨɞɭɥя 3D ɜɢɡɭɚɥɢɡɚɰɢɢ 
ɞɚɧɧɵɯ 

 

3.1 ɐɟɥɢ ɢ ɡɚɞɚɱɢ ɪɚɡɪɚɛɨɬɤɢ 

 

Ⱦɥɹ ɬɟɫɬɢɪɨɜɚɧɢɹ ɦɟɬɨɞɨɜ ɜɢɡɭɚɥɢɡɚɰɢɢ ɛɵɥɚ ɜɵɛɪɚɧɚ ɩɪɨɝɪɚɦɦɧɚɹ 

ɫɢɫɬɟɦɚ Autodesk 3ds Max. ɗɬɨ ɩɨɥɧɨɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɚɹ 

ɩɪɨɝɪɚɦɦɧɚɹ ɫɢɫɬɟɦɚ ɞɥɹ ɫɨɡɞɚɧɢɹ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɬɪёɯɦɟɪɧɨɣ ɝɪɚɮɢɤɢ ɢ 

ɚɧɢɦɚɰɢɢ, ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɤɨɦɩɚɧɢɟɣ Autodesk. 

ȼ ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɚ ɞɥɹ ɜɢɡɭɚɥɢɡɚɰɢɢ ɛɵɥɢ ɜɵɛɪɚɧɵ ɩɨɥɵɟ ɫɮɟɪɵ 

ɪɚɡɧɵɯ ɪɚɞɢɭɫɨɜ, ɜ ɤɨɥɢɱɟɫɬɜɟ ɨɬ ɬɪɟɯ ɞɨ ɲɟɫɬɢ ɲɬɭɤ, ɬɚɤ ɱɬɨ ɨɞɧɚ 

ɧɚɯɨɞɢɥɚɫɶ ɜ ɞɪɭɝɨɣ, ɧɚɩɨɦɢɧɚɹ ɭɩɪɨɳɟɧɧɭɸ ɦɨɞɟɥɶ Ɂɟɦɥɢ. ɋɥɨɢ ɢɦɟɸɬ 

ɪɚɡɧɵɟ ɰɜɟɬɚ ɢɥɢ ɜɨɜɫɟ ɩɨɥɧɨɫɬɶɸ ɩɪɨɡɪɚɱɧɵ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɩɨɫɨɛɚ 

ɜɢɡɭɚɥɢɡɚɰɢɢ. 



29 

 

ɐɟɥɶ ɪɚɡɪɚɛɨɬɤɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɦɨɞɭɥɹ ɪɟɚɥɢɡɨɜɚɬɶ ɨɞɢɧ ɢɡ ɬɪɟɯ 

ɫɩɨɫɨɛɚ ɜɢɡɭɚɥɢɡɚɰɢɢ ɞɚɧɧɵɯ: 

- ɨɞɢɧɨɱɧɵɣ ɞɜɢɠɭɳɢɣɫɹ ɫɪɟɡ, ɨɛɴɟɤɬ ɢɦɟɟɬ ɪɚɡɧɭɸ ɩɪɨɡɪɚɱɧɨɫɬɶ 

ɫɥɨɟɜ, ɦɟɬɨɞ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɟɱɨɧɤɟ 6; 

- ɩɹɬɶ ɥɢɧɢɣ ɤɨɧɬɭɪɚ ɜ ɞɜɢɠɟɧɢɢ, ɥɢɧɢɢ ɢɦɟɸɬ ɪɚɡɧɭɸ ɹɪɤɨɫɬɶ, ɫɚɦ 

ɨɛɴɟɤɬ ɩɨɥɧɨɫɬɶɸ ɩɪɨɡɪɚɱɧɵɣ, ɦɟɬɨɞ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 7; 

- ɬɭɧɧɟɥɶɧɵɣ ɫɩɨɫɨɛ, ɫɥɨɢ ɧɚɫɥɚɢɜɚɸɬɫɹ ɞɪɭɝ ɧɚ ɞɪɭɝɚ ɫ ɬɟɱɟɧɢɟɦ 

ɜɪɟɦɟɧɢ ɨɬ ɰɟɧɬɪɚ ɨɛɴɟɤɬɚ, ɦɟɬɨɞ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 8). 

Ɂɚɞɚɱɢ ɬɟɫɬɢɪɨɜɚɧɢɹ ɦɟɬɨɞɨɜ ɜɢɡɭɚɥɢɡɚɰɢɢ: 

– ɢɫɫɥɟɞɨɜɚɬɶ ɢɦɟɸɳɢɟɫɹ ɦɟɬɨɞɵ ɜɢɡɭɚɥɢɡɚɰɢɢ; 

– ɩɪɟɞɥɨɠɢɬɶ ɫɨɛɫɬɜɟɧɧɵɟ ɦɟɬɨɞɵ; 

– ɩɪɨɬɟɫɬɢɪɨɜɚɬɶ ɩɪɟɞɥɨɠɟɧɧɵɟ ɦɟɬɨɞɵ; 

– ɜɵɹɜɢɬɶ ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɣ ɦɟɬɨɞ ɞɥɹ ɞɚɥɶɧɟɣɲɟɣ ɪɚɡɪɚɛɨɬɤɢ. 

 

 

Ɋɢɫɭɧɨɤ 11 – Ɉɞɢɧɨɱɧɵɣ ɫɪɟɡ 
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Ɋɢɫɭɧɨɤ 12 – Ʌɢɧɢɢ ɤɨɧɬɭɪɚ 

 

 

Ɋɢɫɭɧɨɤ 13 – Ɍɭɧɧɟɥɶɧɚɹ ɦɨɞɟɥɶ 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɞɨɛɚɜɥɟɧɢɟ ɫɪɟɡɨɜ, ɩɪɨɡɪɚɱɧɨɫɬɢ ɢ ɞɢɧɚɦɢɤɢ 

ɩɨɡɜɨɥɹɸɬ ɭɜɢɞɟɬɶ ɫɬɪɭɤɬɭɪɭ ɢ ɩɪɢɪɨɞɭ ɩɨɫɬɪɨɟɧɢɹ ɨɛɴɟɤɬɚ ɰɟɥɢɤɨɦ, 

ɩɨɷɬɨɦɭ ɞɚɧɧɵɣ ɦɟɬɨɞ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɜ ɞɚɥɶɧɟɣɲɟɣ 

ɪɚɡɪɚɛɨɬɤɟ. Ɍɚɤ ɠɟ ɜɚɠɧɭɸ ɪɨɥɶ ɢɝɪɚɟɬ ɢɡɦɟɧɟɧɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɞɜɢɠɟɧɢɹ 

ɫɪɟɡɚ ɢ ɬɨɱɤɢ ɨɛɡɨɪɚ. 

 

3.2 Ɉɩɢɫɚɧɢɟ ɚɥɝɨɪɢɬɦɚ 

 

OpenGL (ɚɧɝɥ. Open Graphics Library) – ɨɬɤɪɵɬɚɹ ɝɪɚɮɢɱɟɫɤɚɹ 

ɛɢɛɥɢɨɬɟɤɚ OpenGL, ɤɨɬɨɪɚɹ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɫɚɦɵɯ ɩɨɩɭɥɹɪɧɵɯ 

ɩɪɢɤɥɚɞɧɵɯ ɩɪɨɝɪɚɦɦɧɵɯ ɢɧɬɟɪɮɟɣɫɨɜ API (Application Programming 

Interface) ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɩɪɢɥɨɠɟɧɢɣ ɜ ɨɛɥɚɫɬɢ ɞɜɭɦɟɪɧɨɣ ɢ ɬɪɟɯɦɟɪɧɨɣ 

ɝɪɚɮɢɤɢ [28]. 

Ⱦɥɹ ɫɬɚɛɢɥɶɧɨɣ ɪɚɛɨɬɵ OpenGL ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ 

ɩɟɪɜɨɧɚɱɚɥɶɧɭɸ ɧɚɫɬɪɨɣɤɭ ɩɚɪɚɦɟɬɪɨɜ, ɬɚɤɢɯ ɤɚɤ: ɩɟɪɟɯɨɞ ɦɟɠɞɭ ɤɚɞɪɚɦɢ, 

ɬɢɩ ɛɭɮɟɪɢɡɚɰɢɢ, ɫɠɚɬɢɟ ɢ ɮɢɥɶɬɪɚɰɢɸ. Ⱦɚɥɟɟ ɧɟɨɛɯɨɞɢɦɨ ɭɫɬɚɧɨɜɢɬɶ ɬɨɱɤɭ 

ɨɛɡɨɪɚ (ɤɚɦɟɪɭ) ɢ ɫɨɡɞɚɬɶ ɪɚɛɨɱɟɟ ɨɤɧɨ, ɜ ɤɨɬɨɪɨɦ ɛɭɞɟɬ ɨɬɨɛɪɚɠɚɬɶɫɹ 

ɝɪɚɮɢɤɚ OpenGL. ɇɚ ɷɬɨɦ ɲɚɝɟ ɧɚɫɬɪɚɢɜɚɟɬɫɹ ɭɝɨɥ ɨɛɡɨɪɚ ɤɚɦɟɪɵ, ɟё 

ɩɨɡɢɰɢɹ ɢ ɪɚɡɦɟɪɵ ɨɤɧɚ. Ɍɪɟɬɶɢɦ ɲɚɝɨɦ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɩɟɪɟɦɟɧɧɵɟ, 

ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɪɢɫɨɜɚɧɢɹ ɨɤɪɭɠɧɨɫɬɟɣ: ɢɯ ɪɚɞɢɭɫɵ ɢ ɧɚɱɚɥɶɧɚɹ ɩɨɡɢɰɢɹ. 

Ʉɨɝɞɚ ɜɫɟ ɩɨɞɝɨɬɨɜɤɢ ɡɚɤɨɧɱɟɧɵ, ɡɚɩɭɫɤɚɟɬɫɹ ɪɚɛɨɱɟɟ ɨɤɧɨ ɩɪɨɝɪɚɦɦɵ, 

ɫɥɟɞɨɦ ɨɬɪɢɫɨɜɵɜɚɟɬɫɹ ɟɝɨ ɫɨɞɟɪɠɢɦɨɟ. ɉɨɫɥɟ ɷɬɨɝɨ ɩɟɪɟɪɢɫɨɜɤɚ ɮɢɝɭɪ ɜ 

ɨɤɧɟ ɩɪɨɢɫɯɨɞɢɬ ɫ ɨɩɪɟɞɟɥɟɧɧɵɦ ɢɧɬɟɪɜɚɥɨɦ, ɱɬɨ ɫɨɡɞɚɟɬ ɷɮɮɟɤɬ ɚɧɢɦɚɰɢɢ. 

ɉɪɨɝɪɚɦɦɚ ɩɪɨɞɨɥɠɢɬ ɩɟɪɟɪɢɫɨɜɵɜɚɬɶ ɤɚɞɪ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɨɤɧɨ 

ɩɪɨɝɪɚɦɦɵ ɧɟ ɛɭɞɟɬ ɡɚɤɪɵɬɨ, ɜ ɷɬɨɦ ɫɥɭɱɚɟ OpenGL ɩɪɟɤɪɚɬɢɬ ɫɜɨɸ ɪɚɛɨɬɭ. 
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Ɋɢɫɭɧɨɤ 14 – ɚɥɝɨɪɢɬɦ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ. 

 

3.3 Ɉɩɢɫɚɧɢɟ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɞɚ 

 

OpenGL ɹɜɥɹɟɬɫɹ ɫɪɟɞɨɣ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɢɧɬɟɪɚɤɬɢɜɧɵɯ 2D ɢ 3D 

ɝɪɚɮɢɱɟɫɤɢɯ ɩɪɢɥɨɠɟɧɢɣ. OpenGL ɩɨɡɜɨɥɹɟɬ ɛɵɫɬɪɨ ɪɚɡɪɚɛɚɬɵɜɚɬɶ 

ɩɪɢɥɨɠɟɧɢɹ, ɜɤɥɸɱɚɸɳɢɟ ɜ ɫɟɛɹ ɪɟɧɞɟɪɢɧɝ, ɬɟɤɫɬɭɪɢɪɨɜɚɧɢɟ, ɫɩɟɰɷɮɮɟɤɬɵ 

ɢ ɞɪɭɝɢɟ ɦɨɳɧɵɟ ɮɭɧɤɰɢɢ ɜɢɡɭɚɥɢɡɚɰɢɢ [5]. 
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GLUT – ɛɢɛɥɢɨɬɟɤɚ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ OpenGL, ɪɟɚɥɢɡɭɸɳɢɣ ɩɪɨɫɬɨɣ 

ɨɤɨɧɧɵɣ ɢɧɬɟɪɮɟɣɫ API [4]. 

ɇɟɨɛɯɨɞɢɦɵ ɜɵɛɪɚɬɶ ɫɪɟɞɭ ɪɚɡɪɚɛɨɬɤɢ ɞɥɹ ɪɚɛɨɬɵ ɫ ɝɪɚɮɢɤɨɣ, 

PascalABC.NET ɯɨɪɨɲɨ ɩɨɞɯɨɞɢɬ ɞɥɹ ɷɬɨɣ ɡɚɞɚɱɢ, ɹɡɵɤ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ 

PascalABC ɫɨɞɟɪɠɢɬ ɜ ɫɟɛɟ ɛɢɛɥɢɨɬɟɤɢ OpenGL ɢ GLUT. Ⱥ ɫɪɟɞɚ ɪɚɡɪɚɛɨɬɤɢ 

ɹɜɥɹɟɬɫɹ ɛɟɫɩɥɚɬɧɨɣ, ɩɪɨɫɬɨɣ ɢ ɞɨɫɬɚɬɨɱɧɨ ɦɨɳɧɨɣ ɞɥɹ ɪɟɲɟɧɢɹ ɩɨɞɨɛɧɵɯ 

ɡɚɞɚɱ [3]. 

ɉɪɨɝɪɚɦɦɧɵɣ ɮɚɣɥ ɧɚɱɢɧɚɟɬɫɹ ɫ ɩɨɞɤɥɸɱɟɧɢɹ ɞɢɧɚɦɢɱɟɫɤɢɯ 

ɛɢɛɥɢɨɬɟɤ, ɞɥɹ ɪɚɛɨɬɵ ɫ ɮɨɪɦɨɣ, ɩɪɢ ɩɨɦɨɳɢ ɤɨɬɨɪɨɣ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜɵɜɨɞ 

ɬɪɟɯɦɟɪɧɨɣ ɝɪɚɮɢɤɢ. Ɏɪɚɝɦɟɧɬ ɷɬɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɞɚ ɢɡɨɛɪɚɠɟɧ ɧɚ 

ɪɢɫɭɧɤɟ 15. 

 

 

Ɋɢɫɭɧɨɤ 15 – ɉɨɞɤɥɸɱɟɧɢɟ ɞɢɧɚɦɢɱɟɫɤɢɯ ɛɢɛɥɢɨɬɟɤ 

 

Ⱦɚɥɟɟ ɩɨɞɤɥɸɱɚɸɬɫɹ ɧɟɨɛɯɨɞɢɦɵɟ ɦɨɞɭɥɢ ɢɡ ɛɢɛɥɢɨɬɟɤ, ɦɨɞɭɥɢ 

system ɧɚɩɪɚɜɥɟɧɵ ɧɚ ɪɚɛɨɬɭ ɫ ɮɨɪɦɨɣ (ɫɨɡɞɚɧɢɟ ɢ ɨɛɪɚɛɨɬɤɚ ɫɨɛɵɬɢɣ), ɬɚɤ 

ɠɟ ɩɨɞɤɥɸɱɚɟɦ OpenGL ɞɥɹ ɪɚɛɨɬɵ ɫ ɝɪɚɮɢɤɨɣ ɢ ɫɨɡɞɚɟɦ ɧɨɜɵɣ ɤɥɚɫɫ, 

ɤɨɬɨɪɵɣ ɧɚɫɥɟɞɭɟɬɫɹ ɨɬ ɫɬɚɧɞɚɪɬɧɨɝɨ ɤɥɚɫɫɚ. Ɏɪɚɝɦɟɧɬ ɷɬɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ 

ɤɨɞɚ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 16. 

 

 

Ɋɢɫɭɧɨɤ 16 – ɋɨɡɞɚɧɢɟ ɤɥɚɫɫɚ 

 

ɉɨɫɥɟ ɫɨɡɞɚɧɢɹ ɤɥɚɫɫɚ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɩɟɪɟɦɟɧɧɵɟ: _hdc 

ɭɤɚɡɵɜɚɟɬ ɧɚ ɫɚɦɭ ɮɨɪɦɭ, timer ɢ components ɫɥɭɠɚɬ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɦɢ 



34 

 

ɩɟɪɟɦɟɧɧɵɦɢ ɞɥɹ ɫɨɡɞɚɧɢɹ ɬɚɣɦɟɪɚ. Ɏɪɚɝɦɟɧɬ ɷɬɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɞɚ 

ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 17. 

 

Ɋɢɫɭɧɨɤ 17 – Ɉɩɪɟɞɟɥɟɧɢɟ ɩɟɪɦɟɧɧɵɯ 

 

ɉɟɪɟɦɟɧɧɵɟ ɞɥɹ ɪɚɛɨɬɵ ɫ ɨɤɪɭɠɧɨɫɬɹɦɢ: R1, R2, R3. R_m – ɪɚɞɢɭɫ 

ɬɟɤɭɳɟɣ ɨɤɪɭɠɧɨɫɬɢ. X, Y, Z – ɬɨɱɤɢ ɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɨɫɹɯ 

ɤɨɨɪɞɢɧɚɬɧɨɣ ɩɥɨɫɤɨɫɬɢ. Fi – ɭɝɨɥ ɨɬ ɰɟɧɬɪɚ ɨɤɪɭɠɧɨɫɬɢ. Ɏɪɚɝɦɟɧɬ ɷɬɨɝɨ 

ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɞɚ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 18. 

 

 

 

Ɋɢɫɭɧɨɤ 18 – ɉɟɪɟɦɟɧɧɵɟ ɞɥɹ ɪɚɛɨɬɵ ɫ ɨɤɪɭɠɧɨɫɬɹɦɢ 

 

Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɢɫɩɨɥɶɡɨɜɚɬɶ OpenGL, ɟɝɨ ɧɟɨɛɯɨɞɢɦɨ ɧɚɫɬɪɨɢɬɶ: 

ɭɫɬɚɧɨɜɤɚ ɛɭɮɟɪɚ ɝɥɭɛɢɧɵ (glEnable), ɟɝɨ ɪɚɡɦɟɪ (glDepthFunc), ɭɤɚɡɚɬɶ 

ɦɚɬɪɢɰɭ ɩɟɪɫɩɟɤɬɢɜɵ (glHint), ɬɨ ɤɚɤ ɦɵ ɛɭɞɟɦ ɜɢɞɟɬɶ ɬɪɟɯɦɟɪɧɵɟ ɨɛɴɟɤɬɵ 

ɧɚ ɞɜɭɯɦɟɪɧɨ ɩɨɜɟɪɯɧɨɫɬɢ ɦɨɧɢɬɨɪɚ. Ⱦɥɹ ɭɞɨɛɫɬɜɚ ɧɚɫɬɪɨɟɤ ɜɫɟ ɡɧɚɱɟɧɢɹ 

ɜɡɹɬɵ ɩɨ ɭɦɨɥɱɚɧɢɸ. Ɏɪɚɝɦɟɧɬ ɷɬɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɞɚ ɢɡɨɛɪɚɠɟɧ ɧɚ 

ɪɢɫɭɧɤɟ 19. 
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Ɋɢɫɭɧɨɤ 19 – ɇɚɫɬɪɨɣɤɚ OpenGL 

 

ɉɨɫɥɟ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ ɧɚɫɬɪɨɣɤɭ ɨɤɧɚ ɩɪɨɫɦɨɬɪɚ. 

Ɇɟɫɬɨɩɨɥɨɠɟɧɢɟ ɪɚɛɨɱɟɝɨ ɨɤɧɚ ɧɚ ɷɤɪɚɧɟ ɦɨɧɢɬɨɪɚ, ɟɝɨ ɜɵɫɨɬɚ ɢ ɲɢɪɢɧɚ, ɚ 

ɬɚɤɠɟ ɩɟɪɫɩɟɤɬɢɜɚ. Ɏɪɚɝɦɟɧɬ ɷɬɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɞɚ ɢɡɨɛɪɚɠɟɧ ɧɚ 

ɪɢɫɭɧɤɟ 20. 

 

 

Ɋɢɫɭɧɨɤ 20 – ɇɚɫɬɪɨɣɤɚ ɨɤɧɚ ɩɪɨɫɦɨɬɪɚ 

 

Ⱦɥɹ ɧɟɤɨɬɨɪɵɯ ɢɡ ɩɟɪɟɦɟɧɧɵɯ ɧɟɨɛɯɨɞɢɦɨ ɡɚɞɚɬɶ ɧɚɱɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ, 

ɪɚɞɢɭɫɵ ɨɤɪɭɠɧɨɫɬɟɣ ɢ ɫɦɟɳɟɧɢɟ ɩɨ ɨɫɢ Z (ɬɨɱɤɚ ɧɚɱɚɥɚ ɚɧɢɦɚɰɢɢ). 

Ɏɪɚɝɦɟɧɬ ɷɬɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɞɚ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 21. 

 

 

Ɋɢɫɭɧɨɤ 21 – ɂɧɢɰɢɚɥɢɡɚɰɢɹ ɩɟɪɟɦɟɧɧɵɯ 
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ɇɚɫɬɪɨɣɤɢ ɜɵɩɨɥɧɟɧɵ, ɩɟɪɟɯɨɞɢɦ ɤ ɪɢɫɨɜɚɧɢɸ, ɮɭɧɤɰɢɹ Render(). Ɉɧɚ 

ɛɭɞɟɬ ɜɵɡɵɜɚɬɶɫɹ ɤɚɠɞɵɟ 10ɦɥɫ (ɦɢɥɥɢɫɟɤɭɧɞ) ɢ ɪɢɫɨɜɚɬɶ ɜɫɟ ɬɨ, ɱɬɨ ɛɭɞɟɬ ɜ 

ɧɟɣ ɨɩɢɫɚɧɨ. ɋɧɚɱɚɥɚ ɩɪɨɢɫɯɨɞɢɬ ɡɚɥɢɜɤɚ ɮɨɧɚ ɜ ɫɜɟɬɥɨ-ɫɟɪɵɣ. Ɏɪɚɝɦɟɧɬ 

ɷɬɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɞɚ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 22. 

 

 

Ɋɢɫɭɧɨɤ 22 – Ɏɭɧɤɰɢɹ Render 

 

ɇɚɫɬɪɨɣɤɚ ɤɚɦɟɪɵ ɨɛɡɨɪɚ ɬɚɤ ɠɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜɧɭɬɪɢ ɷɬɨɣ ɮɭɧɤɰɢɢ, 

ɩɨɫɤɨɥɶɤɭ ɬɨɱɤɚ ɨɛɡɨɪɚ ɦɨɠɟɬ ɢɡɦɟɧɹɬɫɹ ɫ ɬɟɱɟɧɢɟɦ ɜɪɟɦɟɧɢ. Ɂɚɞɚɟɦ ɬɨɱɤɭ 

ɦɟɫɬɨɧɚɯɨɠɞɟɧɢɹ ɤɚɦɟɪɵ ɢ ɬɨɱɤɭ, ɧɚ ɤɨɬɨɪɭɸ ɛɭɞɟɬ ɧɚɩɪɚɜɥɟɧɚ ɤɚɦɟɪɚ. 

Ɏɪɚɝɦɟɧɬ ɷɬɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɞɚ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 23. 

 

 

Ɋɢɫɭɧɨɤ 23 – Ɋɚɫɩɨɥɨɠɟɧɢɟ ɤɚɦɟɪɵ 

 

Ɏɭɧɤɰɢɢ ɧɟɨɛɯɨɞɢɦɵɟ ɧɚɦ ɞɥɹ ɪɢɫɨɜɚɧɢɹ ɨɛɴɟɤɬɨɜ: glColor3f() – ɰɜɟɬ 

ɤɢɫɬɢ, ɬɨɬ ɰɜɟɬ ɜ ɤɨɬɨɪɵɣ ɛɭɞɭɬ ɨɤɪɚɲɟɧɵ ɩɨɫɥɟɞɭɸɳɢɟ ɮɢɝɭɪɵ, 

glBegin()/glEnd() – ɫɨɟɞɢɧɹɟɬ ɥɢɧɢɟɣ ɬɨɱɤɢ ɭɤɚɡɚɧɧɵɟ ɦɟɠɞɭ ɨɩɟɪɚɬɨɪɚɦɢ gl, 

ɬɚɤ ɠɟ ɫɨɟɞɢɧɹɟɬ ɩɟɪɜɭɸ ɫ ɩɨɫɥɟɞɧɟɣ ɫɨɡɞɚɜɚɹ ɡɚɦɤɧɭɬɭɸ ɮɢɝɭɪɭ, 

glVertex3f() – ɡɚɞɚɟɬ ɬɨɱɤɭ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ. Ⱦɥɹ ɧɚɱɚɥɚ ɧɟɨɛɯɨɞɢɦɨ 

ɧɚɪɢɫɨɜɚɬɶ ɨɫɢ x, y, z, ɞɥɹ ɩɨɧɢɦɚɧɢɹ ɝɞɟ ɢɦɟɧɧɨ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɧɚɯɨɞɢɬɫɹ 

ɨɛɴɟɤɬ, ɤɚɠɞɚɹ ɩɚɪɚ ɨɩɟɪɚɬɨɪɨɜ Begin/End ɨɬɪɢɫɨɜɵɜɚɟɬ ɨɬɞɟɥɶɧɭɸ ɨɫɶ. 

Ɏɪɚɝɦɟɧɬ ɷɬɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɞɚ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 24. 
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Ɋɢɫɭɧɨɤ 25 – Ɉɫɢ X, Y, Z 

 

Ɍɟɩɟɪɶ ɧɟɨɛɯɨɞɢɦɨ ɨɛɨɡɧɚɱɢɬɶ ɤɜɚɞɪɚɬ, ɤɨɬɨɪɵɣ ɢ ɛɭɞɟɬ ɧɚɲɢɦ 

ɫɪɟɡɨɦ (ɢ ɨɬɥɢɱɚɬɶɫɹ ɩɨ ɰɜɟɬɭ ɨɬ ɨɫɟɣ). ɋɪɟɡ ɞɜɢɝɚɟɬɫɹ ɩɨ ɨɫɢ Z, ɨɬ -2 ɞɨ 2, 

ɷɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɧɚɢɛɨɥɶɲɢɦ ɢɡ ɪɚɞɢɭɫɨɜ, ɤɨɬɨɪɵɣ ɪɚɜɟɧ ɞɜɭɦ, ɩɨɷɬɨɦɭ 

ɪɢɫɨɜɚɬɶ ɤɜɚɞɪɚɬ ɜ ɫɥɭɱɚɟ ɟɫɥɢ Z>2 ɧɟɬ ɫɦɵɫɥɚ. Ɍɚɤ ɠɟ ɦɟɫɬɨɩɨɥɨɠɟɧɢɟ 

ɤɜɚɞɪɚɬɚ ɞɨɥɠɧɨ ɡɚɜɢɫɟɬɶ ɨɬ ɩɟɪɟɦɟɧɧɨɣ Z, ɫɥɟɞɨɜɚɬɟɥɶɧɨ ɬɪɟɬɶɢɦ 

ɩɚɪɚɦɟɬɪɨɦ ɮɭɧɤɰɢɢ glVertex3f() ɛɭɞɟɬ ɩɟɪɟɦɟɧɧɚɹ Z. Ɏɪɚɝɦɟɧɬ ɷɬɨɝɨ 

ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɞɚ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 25. 

 

 

Ɋɢɫɭɧɨɤ 25 – Ɉɬɪɢɫɨɜɤɚ ɤɜɚɞɪɚɬɚ 
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Ⱦɚɥɟɟ ɪɢɫɭɟɦ ɨɤɪɭɠɧɨɫɬɢ. Ⱦɥɹ ɤɚɠɞɨɣ ɢɡ ɧɢɯ ɧɟɨɛɯɨɞɢɦɨ ɡɚɞɚɬɶ 

ɪɚɡɧɵɣ ɰɜɟɬ: ɤɪɚɫɧɵɣ, ɠɟɥɬɵɣ ɢ ɡɟɥɟɧɵɣ. ȼɵɱɢɫɥɢɬɶ ɪɚɞɢɭɫ ɬɟɤɭɳɟɣ 

ɨɤɪɭɠɧɨɫɬɢ ɞɥɹ ɩɨɥɨɠɟɧɢɹ ɫɪɟɡɚ ɩɨ ɨɫɢ Z ɢ ɧɚɪɢɫɨɜɚɬɶ ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ 

ɨɤɪɭɠɧɨɫɬɶ, ɫɨɫɬɨɹɳɭɸ ɢɡ ɬɨɱɟɤ. Ɍɟɤɭɳɢɣ ɪɚɞɢɭɫ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ: 

 𝑅_𝑚 =  √𝑅𝑖2 − ܼ2,                                                                                      (1) 

 

ɝɞɟ Ri – ɪɚɞɢɭɫɵ ɨɤɪɭɠɧɨɫɬɟɣ, Z – ɬɟɤɭɳɟɟ ɩɨɥɨɠɟɧɢɟ ɫɪɟɡɚ ɧɚ ɨɫɢ z. 

ɉɟɪɟɦɟɧɧɚɹ Fi ɨɛɨɡɧɚɱɚɟɬ ɧɚ ɤɚɤɨɣ ɭɝɨɥ ɧɟɨɛɯɨɞɢɦɨ ɨɬɤɥɨɧɢɬɶɫɹ ɞɥɹ ɬɨɝɨ, 

ɱɬɨɛɵ ɧɚɪɢɫɨɜɚɬɶ ɬɨɱɤɭ, ɬɚɤɠɟ ɫ ɟё ɩɨɦɨɳɶɸ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨɥɨɠɟɧɢɟ ɬɨɱɟɤ 

ɧɚ ɨɫɹɯ x ɢ y ɩɨ ɮɨɪɦɭɥɚɦ: 

 ܺ = 𝑅_𝑚 ∗  sin ሺ𝐹𝑖ሻ,                                                                                   (2) 

 

ɞɥɹ ɬɨɱɤɢ ɧɚ ɨɫɢ x, ɢ ɞɥɹ ɬɨɱɤɢ ɧɚ ɨɫɢ y: 

 ܻ = 𝑅_𝑚 ∗ cos ሺ𝐹𝑖ሻ.                                                                                    (3) 

 

Ⱦɚɥɟɟ ɛɭɞɟɬ ɫɥɟɞɨɜɚɬɶ ɫɥɟɞɭɸɳɚɹ ɨɤɪɭɠɧɨɫɬɶ, ɬɚɤɨɝɨ ɠɟ ɰɜɟɬɚ, ɧɨ 

ɛɨɥɟɟ ɩɪɨɡɪɚɱɧɨɝɨ, ɞɥɹ ɷɮɮɟɤɬɚ ɝɪɚɞɢɟɧɬɚ. Ʉɨɨɪɞɢɧɚɬɚ Z, ɞɥɹ ɤɚɠɞɨɣ 

ɩɨɫɥɟɞɭɸɳɟɣ ɨɤɪɭɠɧɨɫɬɢ ɛɭɞɟɬ ɭɦɟɧɶɲɚɬɫɹ ɧɚ 0.01, ɞɥɹ ɬɨɝɨ ɱɬɨ ɛɵ 

ɨɤɪɭɠɧɨɫɬɢ ɧɚɯɨɞɢɥɢɫɶ ɜɩɥɨɬɧɭɸ ɞɪɭɝ ɤ ɞɪɭɝɭ, ɞɥɹ ɧɚɱɚɥɚ ɧɚɪɢɫɭɟɦ 

ɤɪɚɫɧɭɸ. Ɏɪɚɝɦɟɧɬ ɷɬɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɞɚ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 26. 
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Ɋɢɫɭɧɨɤ 26 – Ɉɬɪɢɫɨɜɤɚ ɨɤɪɭɠɧɨɫɬɟɣ 

 

Ɍɚɤɢɯ ɨɤɪɭɠɧɨɫɬɟɣ 5, ɫ ɩɥɚɜɧɵɦ ɡɚɬɭɯɚɧɢɟɦ. ɉɨɥɧɨɫɬɶɸ ɩɨɤɚɡɵɜɚɬɶ 

ɤɨɞ ɩɪɨɝɪɚɦɦɵ ɫɦɵɫɥɚ ɧɟɬ, ɬ.ɤ. ɨɧ ɨɞɧɨɨɛɪɚɡɧɵɣ ɢ ɡɚɧɢɦɚɟɬ ɦɧɨɝɨ ɦɟɫɬɚ. 

ɋɬɨɢɬ ɨɛɪɚɬɢɬɶ ɜɧɢɦɚɧɢɟ ɧɚ ɠɟɥɬɵɣ ɤɪɭɝ, ɤɨɬɨɪɵɣ ɦɵ ɪɢɫɭɟɦ ɩɨɫɥɟ 

ɤɪɚɫɧɨɝɨ. Ɏɪɚɝɦɟɧɬ ɷɬɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɞɚ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 27. 
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Ɋɢɫɭɧɨɤ 27 – Ɉɬɪɢɫɨɜɤɚ ɨɤɪɭɠɧɨɫɬɢ 

 

ɉɨɦɟɧɹɥɫɹ ɰɜɟɬ ɢ ɩɟɪɟɦɟɧɧɚɹ ɞɥɹ ɪɚɫɱɟɬɚ R_m, ɫ R1 ɧɚ R2. Ɂɟɥɟɧɵɣ 

ɤɪɭɝ ɩɨ ɚɧɚɥɨɝɢɢ. 

ȼ ɤɨɧɰɟ ɧɚɪɢɫɨɜɚɧɧɨɝɨ ɤɚɞɪɚ ɧɟɨɛɯɨɞɢɦɨ ɫɞɜɢɧɭɬɶ ɤɨɨɪɞɢɧɚɬɭ Z ɧɚ 

0.01, ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɧɚ ɫɥɟɞɭɸɳɟɦ ɤɚɞɪɟ ɨɤɪɭɠɧɨɫɬɢ ɢɦɟɥɢ ɧɨɜɵɟ 

ɤɨɨɪɞɢɧɚɬɵ ɞɥɹ ɨɬɪɢɫɨɜɤɢ. ȼ ɫɥɭɱɚɟ ɟɫɥɢ Z>2, ɷɬɨɣ ɩɟɪɟɦɟɧɧɨɣ ɧɟɨɛɯɨɞɢɦɨ 

ɡɚɧɨɜɨ ɩɪɢɫɜɨɢɬɶ ɡɧɚɱɟɧɢɟ -2, ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɚɧɢɦɚɰɢɹ ɡɚɰɢɤɥɢɬɫɹ. 

Ɉɫɬɚɥɨɫɬɶ ɬɨɥɶɤɨ ɜɵɜɟɫɬɢ ɨɬɪɢɫɨɜɚɧɧɵɣ ɤɚɞɪ ɧɚ ɷɤɪɚɧ. Ɏɪɚɝɦɟɧɬ ɷɬɨɝɨ 

ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɞɚ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 28. 

 

 

Ɋɢɫɭɧɨɤ 28 – Ɂɚɰɢɤɥɢɜɚɧɢɟ ɚɧɢɦɚɰɢɢ 

 

Ɍɚɤ ɠɟ ɧɟɨɛɯɨɞɢɦɨ ɢɦɟɬɶ ɨɛɪɚɛɨɬɱɢɤɢ ɫɨɛɵɬɢɣ, ɬɚɤɢɯ ɤɚɤ: ɢɡɦɟɧɟɧɢɟ 

ɪɚɡɦɟɪɚ ɨɤɧɚ, ɤɨɬɨɪɨɟ ɩɨɜɥɟɱёɬ ɡɚ ɫɨɛɨɣ ɢɡɦɟɧɟɧɢɟ ɦɚɬɪɢɰɵ ɩɟɪɫɩɟɤɬɢɜ ɢ 

ɨɛɴɟɤɬɵ ɧɚ ɷɤɪɚɧɟ ɛɭɞɭɬ ɨɛɪɹɠɚɬɶɫɹ ɧɟɤɨɪɪɟɤɬɧɨ. Ɏɭɧɤɰɢɹ ResizeCL 

ɢɫɩɨɥɶɡɭɟɬ ɩɨɯɨɠɢɣ ɤɨɞ ɱɬɨ ɢ ɜ ɧɚɱɚɥɟ ɩɪɨɝɪɚɦɦɵ ɩɪɢ ɫɨɡɞɚɧɢɢ ɨɤɧɚ, 
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ɬɨɥɶɤɨ ɫ ɢɡɦɟɧɟɧɧɵɦɢ ɜɵɫɨɬɨɣ ɢ ɲɢɪɢɧɨɣ ɨɤɧɚ. Ɏɪɚɝɦɟɧɬ ɷɬɨɝɨ 

ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɞɚ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 29. 

 

 

Ɋɢɫɭɧɨɤ 29 – Ɉɛɪɚɛɨɬɱɢɤ ɫɨɛɵɬɢɣ 

 

ɉɪɢ ɫɨɡɞɚɧɢɢ ɨɛɴɟɤɬɚ ɤɥɚɫɫɚ ɜɵɡɵɜɚɟɬɫɹ ɤɨɧɫɬɪɭɤɬɨɪ ɷɬɨɝɨ ɤɥɚɫɫɚ ɞɥɹ 

ɧɨɜɨɝɨ ɨɛɴɟɤɬɚ. Ɉɧ ɫɥɭɠɢɬ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɯ ɧɚɫɬɪɨɟɤ 

ɨɛɴɟɤɬɚ. ɢɦɟɧɧɨ ɜ ɧɟɦ ɛɭɞɟɬ ɭɞɨɛɧɟɟ ɜɫɟɝɨ ɡɚɩɭɫɬɢɬɶ ɬɚɣɦɟɪ ɞɥɹ ɨɬɪɢɫɨɜɤɢ, 

ɧɚɫɬɪɨɢɬɶ ɟɝɨ, ɬɚɤɠɟ ɡɚɩɭɫɬɢɬɶ ɩɪɨɰɟɞɭɪɭ ɪɢɫɨɜɚɧɢɹ ɨɤɧɚ , ɡɚɤɪɵɬɢɟ ɨɤɧɚ, 

ɢɡɦɟɧɟɧɢɢ ɟɝɨ ɪɚɡɦɟɪɨɜ ɢ ɩɪɢɦɟɧɟɧɢɟ ɡɚɞɚɧɧɵɯ ɧɚɦɢ ɩɚɪɚɦɟɬɪɨɜ ɞɥɹ 

OpenGL. ɒɚɝ 7, ɛɥɨɤ-ɫɯɟɦɵ ɚɥɝɨɪɢɬɦɚ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ, ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ 

ɢɡ ɨɛɪɚɛɨɬɱɢɤɨɜ ɫɨɛɵɬɢɣ (Form_Closed) ɢ ɜɵɡɵɜɚɟɬɫɹ ɜ ɫɥɭɱɚɟ ɡɚɤɪɵɬɢɹ 

ɨɤɧɚ. Ɏɪɚɝɦɟɧɬɵ ɷɬɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɞɚ ɢɡɨɛɪɚɠɟɧɵ ɧɚ ɪɢɫɭɧɤɚɯ 30 ɢ 31. 
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Ɋɢɫɭɧɨɤ 30 – ɋɨɡɞɚɧɢɟ ɬɚɣɦɟɪɚ 

 

 

Ɋɢɫɭɧɨɤ 30 – ɋɨɛɵɬɢɹ 

 

ȼ ɧɚɱɚɥɟ ɪɚɛɨɬɵ ɬɟɥɚ ɩɪɨɝɪɚɦɦɵ ɫɨɡɞɚɟɬɫɹ ɧɨɜɵɣ ɷɤɡɟɦɩɥɹɪ ɤɥɚɫɫɚ. 

Ⱦɚɥɟɟ ɜɵɡɵɜɚɟɦ ɤɨɧɫɬɪɭɤɬɨɪ, ɩɪɢɜɹɡɵɜɚɟɦ ɧɚɲɢ ɮɭɧɤɰɢɢ, ɡɚɞɚɟɦ ɜɵɫɨɬɭ ɢ 

ɲɢɪɢɧɭ ɨɤɧɚ. ɉɨɫɥɟ ɱɟɝɨ ɜɵɡɵɜɚɟɦ ɩɪɨɰɟɞɭɪɭ Application.Run(), ɩɚɪɚɦɟɬɪɨɦ 

ɤɨɬɨɪɨɣ ɛɭɞɟɬ ɹɜɥɹɬɶɫɹ ɨɛɴɟɤɬ ɧɚɲɟɝɨ ɤɥɚɫɫɚ (ɮɨɪɦɚ). Ɏɪɚɝɦɟɧɬ ɷɬɨɝɨ 

ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɞɚ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 32. 
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Ɋɢɫɭɧɨɤ 32 – Ɂɚɩɭɫɤ ɩɪɨɝɪɚɦɦɵ 

 

ɉɨɥɧɚɹ ɜɟɪɫɢɹ ɩɪɨɝɪɚɦɦɧɨɝɨ ɦɨɞɭɥɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɩɪɢɥɨɠɟɧɢɢ Ⱥ.  

 

3.4 Ɉɩɢɫɚɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɬɟɫɬɢɪɨɜɚɧɢя 

 

Ɋɟɡɭɥɶɬɚɬɨɦ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ ɹɜɥɹɟɬɫɹ ɚɧɢɦɚɰɢɹ ɫɪɟɡɚ ɩɨ ɬɪɟɦ 

ɨɤɪɭɠɧɨɫɬɹɦ ɪɚɡɧɵɯ ɰɜɟɬɨɜ ɢ ɪɚɡɦɟɪɨɦ, ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɚɯ 15, 16, 17. 

 



44 

 

 

Ɋɢɫɭɧɨɤ 15 – Ɋɟɡɭɥɶɬɚɬ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ 

 

 

Ɋɢɫɭɧɨɤ 16 – Ɋɟɡɭɥɶɬɚɬ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ 
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Ɋɢɫɭɧɨɤ 17 – Ɋɟɡɭɥɶɬɚɬ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ 

 

ɉɨɥɭɱɟɧɧɭɸ ɚɧɢɦɚɰɢɸ ɧɟɨɛɯɨɞɢɦɨ ɛɵɥɨ ɚɞɚɩɬɢɪɨɜɚɬɶ ɤ ɫɬɟɪɟɨ 

ɮɨɪɦɚɬɭ ɞɥɹ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɨɫɦɨɬɪɚ ɧɚ ɫɦɚɪɬɮɨɧɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɨɱɤɨɜ 

ɜɢɪɬɭɚɥɶɧɨɣ ɪɟɚɥɶɧɨɫɬɢ. Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ: ɡɚɝɪɭɡɢɬɶ ɜɢɞɟɨ ɧɚ 

ɫɦɚɪɬɮɨɧ ɢ ɡɚɩɭɫɬɢɬɶ ɟɝɨ ɫ ɩɨɦɨɳɶɸ ɩɪɢɥɨɠɟɧɢɹ ɞɥɹ VR (Virtual Reality). 

Ⱦɚɧɧɨɟ ɩɪɢɥɨɠɟɧɢɟ ɢɦɟɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɤɨɧɜɟɪɬɢɪɨɜɚɬɶ ɜɢɞɟɨ ɜ ɫɬɟɪɟɨ 

ɮɨɪɦɚɬ. Ɋɟɡɭɥɶɬɚɬɵ ɢɡɨɛɪɚɠɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 12. 
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Ɋɢɫɭɧɨɤ 18 – ɋɬɟɪɟɨ ɮɨɪɦɚɬ 
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ɁȺɄɅɘɑȿɇɂȿ 

 

ȼ ɯɨɞɟ ɜɵɩɨɥɧɟɧɢɹ ɦɚɝɢɫɬɟɪɫɤɨɣ ɪɚɛɨɬɵ ɛɵɥɢ ɜɵɹɜɥɟɧɵ ɨɫɧɨɜɧɵɟ 

ɩɪɨɛɥɟɦɵ ɢ ɢɫɫɥɟɞɨɜɚɧɚ ɚɤɬɭɚɥɶɧɨɫɬɶ ɞɚɧɧɨɣ ɬɟɦɵ, ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɢ 

ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɦɧɨɝɨɦɟɪɧɵɯ ɞɚɧɧɵɯ, ɩɨɡɜɨɥɹɸɳɟɟ ɨɫɭɳɟɫɬɜɥɹɬɶ 

ɜɢɡɭɚɥɶɧɵɣ ɚɧɚɥɢɡ ɫɥɨɠɧɨ ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɯ ɨɛɴɟɤɬɨɜ, ɨɫɭɳɟɫɬɜɥɟɧ ɩɨɢɫɤ 

ɧɚɭɱɧɨɣ ɢɧɮɨɪɦɚɰɢɢ, ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɨɫɧɨɜɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɢ ɦɟɬɨɞɨɜ 

ɜɢɡɭɚɥɢɡɚɰɢɢ ɦɧɨɝɨɦɟɪɧɵɯ ɞɚɧɧɵɯ, ɪɚɫɫɦɨɬɪɟɧ ɩɨɞɯɨɞ ɜɢɡɭɚɥɶɧɨ 

ɢɧɬɟɪɚɤɬɢɜɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɢɹ 2D ɦɨɞɟɥɟɣ ɫɟɱɟɧɢɣ ɞɚɧɧɵɯ, 

ɩɪɟɞɥɨɠɟɧɵ ɬɪɢ ɦɟɬɨɞɚ ɜɢɡɭɚɥɢɡɚɰɢɢ ɞɚɧɧɵɯ ɢ ɩɪɨɬɟɫɬɢɪɨɜɚɧɵ ɜ ɫɪɟɞɟ 

Autodesk 3ds Max. ɜ ɪɟɡɭɥɶɬɚɬɟ ɬɟɫɬɢɪɨɜɚɧɢɹ ɛɵɥ ɜɵɹɜɥɟɧ ɧɚɢɛɨɥɟɟ 

ɩɟɪɫɩɟɤɬɢɜɧɵɣ ɦɟɬɨɞ. Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɛɵɥ ɪɟɚɥɢɡɨɜɚɧ ɜ ɜɢɞɟ ɩɪɨɝɪɚɦɦɧɨɝɨ 

ɦɨɞɭɥɹ ɫ ɩɨɦɨɳɶɸ ɹɡɵɤɚ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ PascalABC. 
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ɉɊɂɅɈɀȿɇɂȿ Ⱥ 

 

ɉɨɥɧɚя ɜɟɪɫɢя ɩɪɨɝɪɚɦɦɧɨɝɨ ɦɨɞɭɥя ɞɢɧɚɦɢɱɟɫɤɨɣ   

ɜɢɡɭɚɥɢɡɚɰɢɢ 3D ɞɚɧɧɵɯ 

 

{$reference System.Windows.Forms.dll} 

{$reference System.Drawing.dll} 

 

  

uses System, System.Drawing, System.Windows.Forms, OpenGL; 

  

type Form1 = class (Form) 

 

private 

 _hdc : HDC; 

 timer: Timer; 

 components: System.ComponentModel.IContainer; 

  

 R1   : double; 

 R2   : double; 

 R3   : double; 

 R_m  : double; 

 Z    : double; 

 X    : double; 

 Y    : double; 

 Fi   : real; 

  

public 

 

//--------------------------------------------// 
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//------   ɂɧɢɰɢɚɥɢɡɚɰɢɹ  ɩɪɢɥɨɠɟɧɢɹ   -------// 

//--------------------------------------------// 

procedure Init; 

begin 

  // ɇɚɫɬɪɨɣɤɚ OpenGL 

  glEnable(GL_DEPTH_TEST); 

  glDepthFunc(GL_LEQUAL); 

  glClearDepth(1.0); 

  glHint(GL_PERSPECTIVE_CORRECTION_HINT,GL_NICEST); 

   

  // ɇɚɫɬɪɨɣɤɚ ɤɚɦɟɪɵ/ɨɤɧɚ ɩɪɨɫɦɨɬɪɚ 

  glMatrixMode( GL_PROJECTION ); 

  glLoadIdentity; 

  glViewport(0, 0, Width, Height); 

  gluPerspective(45.0, Width/Height, 0.1, 1000.0); 

   

  // ɍɫɬɚɧɨɜɤɚ ɦɚɬɪɢɰɵ ɦɢɪɚ/ɨɛɴɟɤɬɚ 

  glMatrixMode( GL_MODELVIEW ); 

  glLoadIdentity; 

 

  // ɂɧɢɰɢɚɥɢɡɚɰɢɹ ɩɟɪɟɦɟɧɧɵɯ 

  R1 :=  0.5; 

  R2 :=  0.75; 

  R3 :=  2; 

  Z  := -2; 

end; 

 

//--------------------------------------------// 

//------     ɉɪɨɰɟɞɭɪɚ ɪɢɫɨɜɚɧɢɟ       -------// 

//--------------------------------------------// 
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procedure Render(sender: Object; e: EventArgs); 

var 

  i    : integer; 

 

begin 

  // Ɂɚɥɢɜɤɚ ɮɨɧɚ  

  glClearColor(single(0.75), single(0.75), single(0.75), single(0.0)); 

  glClear(GL_COLOR_BUFFER_BIT or GL_DEPTH_BUFFER_BIT); 

 

  // ɍɫɬɚɧɨɜɤɚ ɧɚɛɥɸɞɚɬɟɥɹ/ɤɚɦɟɪɵ 

  glLoadIdentity(); 

  gluLookAt(-7.0,0.0,7.0,  0.0,0.0,0.0,  0.0,1.0,0.0); 

  

  glPushMatrix(); 

 

  // Ɋɢɫɭɟɦ ɨɛɴɟɤɬ 

  glColor3f(0.125, 0.125, 0.125); 

  glBegin(GL_LINES); 

    glVertex3f(-2, -2, -2); 

    glVertex3f(2, -2, -2); 

  glEnd(); 

  glBegin(GL_LINES); 

    glVertex3f(2, -2, -2); 

    glVertex3f(2, 2, -2); 

  glEnd(); 

  glBegin(GL_LINES); 

    glVertex3f(2, -2, -2); 

    glVertex3f(2, -2, 2); 

  glEnd(); 
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  glColor3f(0.0, 0.7, 0.7); 

  if Z <= 2 then 

  begin 

    glBegin(GL_LINE_LOOP); //ɤɜɚɞɪɚɬ 

      glVertex3f(2, 2, Z); 

      glVertex3f(2, -2, Z); 

      glVertex3f(-2, -2, Z); 

      glVertex3f(-2, 2, Z); 

    glEnd; 

  end; 

   

 //ɄɊȺɋɇɕɃ--------------------------------------- 

   

  glColor3f(1, 0.0, 0.0); 

  R_m := Sqrt(Sqr(R1) - Sqr(Z-1)); 

  glBegin(GL_LINE_LOOP); //ɪɢɫɭɟɦ ɦɚɥɭɸ ɫɮɟɪɭ_1 

    for i := 0  to 27 do 

    begin 

      Fi := i * (Pi / 14); 

      X := R_m * sin(Fi) - 0.75; 

      Y := R_m * cos(Fi) + 0.5; 

      glVertex3f(X, Y, Z); 

    end; 

  glEnd; 

   

  glColor3f(0.95, 0.15, 0.15); 

  R_m := Sqrt(Sqr(R1) - Sqr(Z-1.01)); 

  glBegin(GL_LINE_LOOP); //ɪɢɫɭɟɦ ɦɚɥɭɸ ɫɮɟɪɭ_2 

    for i := 0  to 27 do 

    begin 
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      Fi := i * (Pi / 14); 

      X := R_m * sin(Fi) - 0.75; 

      Y := R_m * cos(Fi) + 0.5; 

      glVertex3f(X, Y, Z-0.01); 

    end; 

  glEnd; 

   

  glColor3f(0.9, 0.3, 0.3); 

  R_m := Sqrt(Sqr(R1) - Sqr(Z-1.02)); 

  glBegin(GL_LINE_LOOP); //ɪɢɫɭɟɦ ɦɚɥɭɸ ɫɮɟɪɭ_3 

    for i := 0  to 27 do 

    begin 

      Fi := i * (Pi / 14); 

      X := R_m * sin(Fi) - 0.75; 

      Y := R_m * cos(Fi) + 0.5; 

      glVertex3f(X, Y, Z-0.02); 

    end; 

  glEnd; 

  

  glColor3f(0.85, 0.45, 0.45); 

  R_m := Sqrt(Sqr(R1) - Sqr(Z-1.03)); 

  glBegin(GL_LINE_LOOP); //ɪɢɫɭɟɦ ɦɚɥɭɸ ɫɮɟɪɭ_4 

    for i := 0  to 27 do 

    begin 

      Fi := i * (Pi / 14); 

      X := R_m * sin(Fi) - 0.75; 

      Y := R_m * cos(Fi) + 0.5; 

      glVertex3f(X, Y, Z-0.03); 

    end; 

  glEnd; 
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  glColor3f(0.8, 0.6, 0.6); 

  R_m := Sqrt(Sqr(R1) - Sqr(Z-1.04)); 

  glBegin(GL_LINE_LOOP); //ɪɢɫɭɟɦ ɦɚɥɭɸ ɫɮɟɪɭ_5 

    for i := 0  to 27 do 

    begin 

      Fi := i * (Pi / 14); 

      X := R_m * sin(Fi) - 0.75; 

      Y := R_m * cos(Fi) + 0.5; 

      glVertex3f(X, Y, Z-0.04); 

    end; 

  glEnd; 

  

 //ɀȿɅɌɕɃ---------------------------------------- 

  

  glColor3f(1, 1, 0.0); 

  R_m := Sqrt(Sqr(R2) - Sqr(Z+0.5)); 

  glBegin(GL_LINE_LOOP); //ɪɢɫɭɟɦ ɫɪɟɞɧɸɸ ɫɮɟɪɭ_1 

    for i := 0  to 27 do 

    begin 

      Fi := i * (Pi / 14); 

      X := R_m * sin(Fi) + 0.25; 

      Y := R_m * cos(Fi) - 0.25; 

      glVertex3f(X, Y, Z); 

    end; 

  glEnd; 

  

  glColor3f(0.95, 0.95, 0.15); 

  R_m := Sqrt(Sqr(R2) - Sqr(Z+0.49)); 

  glBegin(GL_LINE_LOOP); //ɪɢɫɭɟɦ ɫɪɟɞɧɸɸ ɫɮɟɪɭ_2 
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    for i := 0  to 27 do 

    begin 

      Fi := i * (Pi / 14); 

      X := R_m * sin(Fi) + 0.25; 

      Y := R_m * cos(Fi) - 0.25; 

      glVertex3f(X, Y, Z-0.01); 

    end; 

  glEnd; 

  

  glColor3f(0.9, 0.9, 0.3); 

  R_m := Sqrt(Sqr(R2) - Sqr(Z+0.48)); 

  glBegin(GL_LINE_LOOP); //ɪɢɫɭɟɦ ɫɪɟɞɧɸɸ ɫɮɟɪɭ_3 

    for i := 0  to 27 do 

    begin 

      Fi := i * (Pi / 14); 

      X := R_m * sin(Fi) + 0.25; 

      Y := R_m * cos(Fi) - 0.25; 

      glVertex3f(X, Y, Z-0.02); 

    end; 

  glEnd; 

  

  glColor3f(0.85, 0.85, 0.45); 

  R_m := Sqrt(Sqr(R2) - Sqr(Z+0.47)); 

  glBegin(GL_LINE_LOOP); //ɪɢɫɭɟɦ ɫɪɟɞɧɸɸ ɫɮɟɪɭ_4 

    for i := 0  to 27 do 

    begin 

      Fi := i * (Pi / 14); 

      X := R_m * sin(Fi) + 0.25; 

      Y := R_m * cos(Fi) - 0.25; 

      glVertex3f(X, Y, Z-0.03); 
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    end; 

  glEnd; 

 

  glColor3f(0.8, 0.8, 0.6); 

  R_m := Sqrt(Sqr(R2) - Sqr(Z+0.46)); 

  glBegin(GL_LINE_LOOP); //ɪɢɫɭɟɦ ɫɪɟɞɧɸɸ ɫɮɟɪɭ_5 

    for i := 0  to 27 do 

    begin 

      Fi := i * (Pi / 14); 

      X := R_m * sin(Fi) + 0.25; 

      Y := R_m * cos(Fi) - 0.25; 

      glVertex3f(X, Y, Z-0.04); 

    end; 

  glEnd; 

  

 //ɁȿɅȿɇɕɃ--------------------------------------- 

  

  glColor3f(0.0, 1.0, 0.0); 

  R_m := Sqrt(Sqr(R3) - Sqr(Z)); 

  glBegin(GL_LINE_LOOP); //ɪɢɫɭɟɦ ɛɨɥɶɲɭɸ ɫɮɟɪɭ_1 

    for i := 0  to 27 do 

    begin 

      Fi := i * (Pi / 14); 

      X := R_m * sin(Fi); 

      Y := R_m * cos(Fi); 

      glVertex3f(X, Y, Z); 

    end; 

  glEnd; 

  

  glColor3f(0.15, 0.95, 0.15); 
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  R_m := Sqrt(Sqr(R3) - Sqr(Z-0.01)); 

  glBegin(GL_LINE_LOOP); //ɪɢɫɭɟɦ ɛɨɥɶɲɭɸ ɫɮɟɪɭ_2 

    for i := 0  to 27 do 

    begin 

      Fi := i * (Pi / 14); 

      X := R_m * sin(Fi); 

      Y := R_m * cos(Fi); 

      glVertex3f(X, Y, Z-0.01); 

    end; 

  glEnd; 

  

  glColor3f(0.3, 0.9, 0.3); 

  R_m := Sqrt(Sqr(R3) - Sqr(Z-0.02)); 

  glBegin(GL_LINE_LOOP); //ɪɢɫɭɟɦ ɛɨɥɶɲɭɸ ɫɮɟɪɭ_3 

    for i := 0  to 27 do 

    begin 

      Fi := i * (Pi / 14); 

      X := R_m * sin(Fi); 

      Y := R_m * cos(Fi); 

      glVertex3f(X, Y, Z-0.02); 

    end; 

  glEnd; 

  

  glColor3f(0.45, 0.85, 0.45); 

  R_m := Sqrt(Sqr(R3) - Sqr(Z-0.03)); 

  glBegin(GL_LINE_LOOP); //ɪɢɫɭɟɦ ɛɨɥɶɲɭɸ ɫɮɟɪɭ_4 

    for i := 0  to 27 do 

    begin 

      Fi := i * (Pi / 14); 

      X := R_m * sin(Fi); 
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      Y := R_m * cos(Fi); 

      glVertex3f(X, Y, Z-0.03); 

    end; 

  glEnd; 

  

  glColor3f(0.6, 0.8, 0.6); 

  R_m := Sqrt(Sqr(R3) - Sqr(Z-0.04)); 

  glBegin(GL_LINE_LOOP); //ɪɢɫɭɟɦ ɛɨɥɶɲɭɸ ɫɮɟɪɭ_5 

    for i := 0  to 27 do 

    begin 

      Fi := i * (Pi / 14); 

      X := R_m * sin(Fi); 

      Y := R_m * cos(Fi); 

      glVertex3f(X, Y, Z-0.04); 

    end; 

  glEnd; 

  

 //---------------------------------------------- 

  

  glPopMatrix(); 

   

  // Ⱦɟɥɚɟɦ ɲɚɝ ɩɨ ɨɫɢ Z 

  Z += 0.01; 

  if Z >= 2.05 then Z := -2; 

  // ȼɵɜɨɞɢɦ ɫɨɞɟɪɠɢɦɨɟ ɧɚ ɮɨɪɦɭ 

  glFlush(); 

  SwapBuffers(_hdc); 

end; 

 

//--------------------------------------------// 
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//------     ɉɪɨɰɟɞɭɪɚ ɩɟɪɟɪɢɫɨɜɤɢ     -------// 

//--------------------------------------------// 

procedure ResizeCl; 

begin 

  glMatrixMode( GL_PROJECTION ); 

  glLoadIdentity; 

  glViewport(0, 0, Width, Height); 

  gluPerspective(45.0, Width/Height, 0.1, 1000.0); 

  glMatrixMode( GL_MODELVIEW ); 

  glLoadIdentity; 

end; 

 

//--------------------------------------------// 

//------     Ʉɨɧɫɬɪɭɤɬɨɪ ɤɥɚɫɫɚ        -------// 

//--------------------------------------------// 

constructor Create; 

begin 

  // Ȼɟɪɟɦ ɭɤɚɡɚɬɟɥɶ ɧɚ ɨɤɧɨ 

  _hdc := GetDC(self.Handle.ToInt32()); 

  // ɋɨɡɞɚɟɦ ɬɚɣɦɟɪ 

  components := new System.ComponentModel.Container; 

  timer := new System.Windows.Forms.Timer(self.components); 

  timer.Enabled := true; 

  timer.Interval := 10; 

  // ɂɧɢɰɢɚɥɢɡɢɪɭɟɦ OpenGL 

  OpenGLInit(self.Handle); 

  // ɇɚɫɬɪɨɣɤɚ OpenGL 

  Init; 

  // ȼɵɡɨɜ ɤɚɠɞɭɸ 1ɦɢɥɥɢɫɟɤ ɩɪɨɰ. Render 

  timer.Tick += Render; 
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end; 

  

// ɉɪɨɰɟɞɭɪɚ ɪɢɫɨɜɚɧɢɹ ɨɤɧɚ 

protected procedure OnPaint(e: System.Windows.Forms.PaintEventArgs); 

override; 

begin 

 //repeat 

   Render(self, e); 

 //until(false); 

end; 

  

// ɉɪɨɰɟɞɭɪɚ ɡɚɤɪɵɬɢɹ ɨɤɧɚ  

procedure Form_Closed(sender : object; e : EventArgs); 

begin 

  // ɍɧɢɱɬɨɠɟɧɢɹ OpenGL 

  OpenGLUninit(self.Handle); 

end; 

  

// ɉɪɨɰɟɞɭɪɚ ɜɵɡ. ɩɪɢ ɢɡɦɟɧɟɧɢɹ ɪɚɡɦɟɪɚ ɨɤɧɚ  

procedure Form_Resize(sender: object; e : EventArgs); 

begin 

  ResizeCl;   

end; 

 

// Ɉɛɪɚɛɨɬɤɚ ɧɚɠɚɬɢɣ ɤɧɨɩɨɤ 

procedure  Form_KeyDown(sender: object; e : KeyEventArgs  ); 

begin 

  

 //if (e.KeyCode = Keys.S ) then  RotY :=  RotY + 1; 

 if (E.KeyCode = Keys.Escape) then self.Close; 
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end; 

 

//-------------------------------------// 

end; // end class 

 

  

var f : Form1; 

begin 

  f := new Form1(); 

  f.Resize += f.Form_Resize; 

  f.Closed += f.Form_Closed; 

  f.KeyDown += KeyEventHandler(f.Form_KeyDown); 

   

  f.Width  := 640; 

  f.Height := 720; 

  

  // FullScreen 

  if (false) then begin 

    f.TopMost := true; 

    f.FormBorderStyle := System.Windows.Forms.FormBorderStyle.None; 

    f.WindowState := 

System.Windows.Forms.FormWindowState.Maximized; 

  end;   

   

  // Ɂɚɩɭɫɤ ɩɪɢɥɨɠɟɧɢɹ 

  Application.Run(f); 

   

end. 



 

  



 

  



 


