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ȼȼȿȾȿɇɂȿ 

Ⱥɝɟɧɬɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɢ ɫɢɦɭɥɹɰɢɹ - ɷɬɨ ɧɨɜɵɣ ɩɨɞɯɨɞ ɤ ɫɢɫɬɟɦɚɦ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɫɨɫɬɨɹɳɢɦ ɢɡ ɚɜɬɨɧɨɦɧɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɯ ɚɝɟɧɬɨɜ. 

ȼɵɱɢɫɥɢɬɟɥɶɧɵɟ ɞɨɫɬɢɠɟɧɢɹ ɧɚɲɟɝɨ ɜɪɟɦɟɧɢ ɩɨɡɜɨɥɹɸɬ ɭɜɟɥɢɱɢɬɶ 

ɤɨɥɢɱɟɫɬɜɨ ɦɨɞɟɥɟɣ ɧɚ ɨɫɧɨɜɟ ɚɝɟɧɬɨɜ ɜ ɫɚɦɵɯ ɪɚɡɧɵɣ ɨɛɥɚɫɬɹɯ 

ɩɪɢɦɟɧɟɧɢɹ. ɗɬɢ ɨɛɥɚɫɬɢ ɜɚɪɶɢɪɭɸɬɫɹ ɨɬ ɩɨɜɟɞɟɧɢɹ ɦɨɞɟɥɶɧɨɝɨ ɚɝɟɧɬɚ ɧɚ 

ɮɨɧɞɨɜɨɦ ɪɵɧɤɟ, ɰɟɩɨɱɟɤ ɩɨɫɬɚɜɨɤ ɢ ɩɨɬɪɟɛɢɬɟɥɶɫɤɢɯ ɪɵɧɤɨɜ ɞɨ 

ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɷɩɢɞɟɦɢɣ, ɫɦɹɝɱɟɧɢɹ ɭɝɪɨɡɵ ɛɢɨɜɨɣɧɵ 

ɢ ɩɨɧɢɦɚɧɢɹ ɮɚɤɬɨɪɨɜ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɛɵɬɶ ɩɪɢɱɢɧɨɣ ɩɚɞɟɧɢɹ ɞɪɟɜɧɢɯ 

ɰɢɜɢɥɢɡɚɰɢɣ. Ɍɚɤɨɣ ɩɪɨɝɪɟɫɫ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, ɱɬɨ ɩɨɬɟɧɰɢɚɥ 

ɚɝɟɧɬɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɨɤɚɡɵɜɚɟɬ ɞɚɥɟɤɨ ɢɞɭɳɟɟ ɜɥɢɹɧɢɟ ɧɚ ɬɨ, ɤɚɤ 

ɩɪɟɞɩɪɢɹɬɢɹ ɢɫɩɨɥɶɡɭɸɬ ɤɨɦɩɶɸɬɟɪɵ ɞɥɹ ɩɨɞɞɟɪɠɤɢ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ, ɚ 

ɢɫɫɥɟɞɨɜɚɬɟɥɢ ɢɫɩɨɥɶɡɭɸɬ ɦɨɞɟɥɢ ɧɚ ɨɫɧɨɜɟ ɚɝɟɧɬɨɜ ɜ ɤɚɱɟɫɬɜɟ 

ɷɥɟɤɬɪɨɧɧɵɯ ɥɚɛɨɪɚɬɨɪɢɣ. ɋɭɳɟɫɬɜɭɟɬ ɦɧɟɧɢɟ, ɱɬɨ ɚɝɟɧɬɧɨɟ 

ɦɨɞɟɥɢɪɨɜɚɧɢɟ «ɹɜɥɹɟɬɫɹ ɬɪɟɬɶɢɦ ɫɩɨɫɨɛɨɦ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɧɚɭɱɧɵɯ 

ɢɫɫɥɟɞɨɜɚɧɢɣ» ɢ ɦɨɠɟɬ ɞɨɩɨɥɧɹɬɶ ɬɪɚɞɢɰɢɨɧɧɵɟ ɞɟɞɭɤɬɢɜɧɵɟ ɢ 

ɢɧɞɭɤɬɢɜɧɵɟ ɦɟɬɨɞɵ ɪɚɫɫɭɠɞɟɧɢɣ.[2] 

Ⱦɚɧɧɚɹ ɤɭɪɫɨɜɚɹ ɪɚɛɨɬɚ ɧɨɫɢɬ ɩɪɨɝɪɚɦɦɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ 

ɯɚɪɚɤɬɟɪ.  ɉɪɢ ɷɬɨɦ ɰɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɪɢɧɰɢɩɨɜ 

ɚɝɟɧɬɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɧɚ ɩɪɢɦɟɪɟ ɪɟɚɥɢɡɚɰɢɢ ɩɨɥɟɬɚ ɫɬɚɢ ɩɬɢɰ. ȼɟɞɶ 

ɫɚɦɨ ɚɝɟɧɬɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɹɜɥɹɟɬɫɹ  ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɨɜɵɦ ɦɟɬɨɞɨɦ, 

ɩɨɥɭɱɢɜɲɢɦ ɲɢɪɨɤɨɟ ɩɪɚɤɬɢɱɟɫɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɬɨɥɶɤɨ ɩɨɫɥɟ 2000 

ɝɨɞɚ. ɉɨɷɬɨɦɭ ɫɟɣɱɚɫ ɫɬɨɢɬ ɡɚɞɚɱɚ ɧɟ ɬɨɥɶɤɨ ɪɚɡɨɛɪɚɬɶɫɹ ɫ ɞɚɧɧɵɦ ɜɢɞɨɦ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɚ ɬɚɤɠɟ ɪɟɚɥɢɡɨɜɚɬɶ ɫɨɛɫɬɜɟɧɧɭɸ ɩɪɨɝɪɚɦɦɭ ɧɚ ɨɫɧɨɜɟ 

ɞɚɧɧɨɝɨ ɜɢɞɚ.  
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ȽɅȺȼȺ 1 

ɈȻɓɂȿ ɉɈɅɈɀȿɇɂə 

1.1 ȼɜɟɞɟɧɢɟ ɜ ɚɝɟɧɬɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ 

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɧɚ ɨɫɧɨɜɟ ɚɝɟɧɬɨɜ  ɢɥɢ ɚɝɟɧɬɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ - ɷɬɨ 

ɦɨɞɟɥɶɧɚɹ ɢ ɜɵɱɢɫɥɢɬɟɥɶɧɚɹ ɨɫɧɨɜɚ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɢɧɚɦɢɱɟɫɤɢɯ 

ɩɪɨɰɟɫɫɨɜ, ɤɨɬɨɪɚɹ ɜɤɥɸɱɚɟɬ ɚɜɬɨɧɨɦɧɵɯ ɚɝɟɧɬɨɜ. Ⱥɜɬɨɧɨɦɧɵɣ ɚɝɟɧɬ 

ɞɟɣɫɬɜɭɟɬ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ, ɛɟɡ ɜɧɟɲɧɟɝɨ ɭɩɪɚɜɥɟɧɢɹ, ɜ ɨɬɜɟɬ ɧɚ ɫɢɬɭɚɰɢɢ, ɫ 

ɤɨɬɨɪɵɦɢ ɚɝɟɧɬ ɫɬɚɥɤɢɜɚɟɬɫɹ ɜɨ ɜɪɟɦɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ.[2] 

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɩɨɩɭɥɹɰɢɢ ɚɜɬɨɧɨɦɧɵɯ ɚɝɟɧɬɨɜ, ɫ ɩɪɢɫɭɳɢɦɢ ɟɣ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɢ ɩɨɜɟɞɟɧɢɟɦ, ɤɨɬɨɪɵɟ ɩɨɫɬɨɹɧɧɨ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ, 

ɹɜɥɹɟɬɫɹ ɨɫɨɛɟɧɧɨɫɬɶɸ ɚɝɟɧɬɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɧɚ 

ɨɫɧɨɜɟ ɚɝɟɧɬɨɜ ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

ɢɧɞɢɜɢɞɭɚɥɶɧɨɝɨ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ ɢ ɫɨɰɢɚɥɶɧɨɝɨ ɢ ɨɪɝɚɧɢɡɚɰɢɨɧɧɨɝɨ 

ɩɨɜɟɞɟɧɢɹ.[7] 

Ⱥɝɟɧɬ ɹɜɥɹɟɬɫɹ ɨɛɳɢɦ ɩɨɧɹɬɢɟɦ, ɢɦɟɸɳɢɦ ɲɢɪɨɤɭɸ ɩɪɢɦɟɧɢɦɨɫɬɶ. 

Ⱥɝɟɧɬɵ ɱɚɫɬɨ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɥɸɞɟɣ ɢɥɢ ɝɪɭɩɩɵ ɥɸɞɟɣ, ɚ ɚɝɟɧɬɧɵɟ 

ɨɬɧɨɲɟɧɢɹ - ɩɪɨɰɟɫɫɵ ɫɨɰɢɚɥɶɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ. ɇɚɩɪɢɦɟɪ, ɦɨɞɟɥɶ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɢɧɮɟɤɰɢɨɧɧɵɯ ɡɚɛɨɥɟɜɚɧɢɣ, ɢɥɥɸɫɬɪɢɪɭɸɳɚɹ ɤɚɤ 

ɩɪɨɢɫɯɨɞɢɬ ɩɟɪɟɞɚɱɚ ɢɧɮɟɤɰɢɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɧɬɚɤɬɚ ɫ ɞɪɭɝɢɦɢ ɥɸɞɶɦɢ. ȼ 

ɚɝɟɧɬɧɨɣ ɦɨɞɟɥɢ ɰɟɩɨɱɤɢ ɩɨɫɬɚɜɨɤ, ɚɝɟɧɬɵ - ɷɬɨ ɮɢɪɦɵ ɫ ɩɪɢɧɹɬɢɟɦ 

ɪɟɲɟɧɢɣ ɨ ɦɚɬɟɪɢɚɥɶɧɵɯ ɢɫɬɨɱɧɢɤɚɯ ɢ ɡɚɤɚɡɚɯ, ɡɚɩɚɫɚɯ, ɞɨɫɬɚɜɤɟ, 

ɪɚɫɲɢɪɟɧɢɢ ɟɦɤɨɫɬɢ ɢ ɬ. ɞ. Ɋɚɡɪɚɛɨɬɤɚ ɢɧɫɬɪɭɦɟɧɬɨɜ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɧɚ 

ɨɫɧɨɜɟ ɚɝɟɧɬɨɜ, ɧɚɥɢɱɢɟ ɦɢɤɪɨɞɚɧɧɵɯ ɜ ɬɪɚɧɡɚɤɰɢɹɯ ɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹɯ 

ɚɝɟɧɬɨɜ ɢ ɭɫɩɟɯɢ ɜ ɜɵɱɢɫɥɟɧɢɢ ɩɨɡɜɨɥɢɥɢ ɭɜɟɥɢɱɢɬɶ ɱɢɫɥɨ ɩɪɢɦɟɧɟɧɢɣ 

ɚɝɟɧɬɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ ɪɚɡɥɢɱɧɵɯ ɨɛɥɚɫɬɹɯ ɢ ɞɢɫɰɢɩɥɢɧɚɯ. 
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1.2 ɋɜɨɣɫɬɜɚ ɚɝɟɧɬɨɜ 

Ⱦɥɹ ɩɪɚɤɬɢɱɟɫɤɢɯ ɰɟɥɟɣ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɦɵ ɫɱɢɬɚɟɦ, ɱɬɨ ɚɝɟɧɬɵ 

ɨɛɥɚɞɚɸɬ ɨɩɪɟɞɟɥɟɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɢ ɚɬɪɢɛɭɬɚɦɢ: 

• Ⱥɝɟɧɬ ɹɜɥɹɟɬɫɹ ɚɜɬɨɧɨɦɧɵɦ ɢ ɫɚɦɨɧɚɩɪɚɜɥɟɧɧɵɦ. Ⱥɝɟɧɬ ɧɟɡɚɜɢɫɢɦɨ 

ɞɟɣɫɬɜɭɟɬ ɜ ɫɪɟɞɟ ɢ ɧɟɡɚɜɢɫɢɦɨ ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫ ɞɪɭɝɢɦɢ ɚɝɟɧɬɚɦɢ   ɜ 

ɨɩɪɟɞɟɥɟɧɧɨɦ ɧɚɛɨɪɟ ɫɥɭɱɚɟɜ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɹɸɬ ɢɧɬɟɪɟɫ ɜ ɤɨɧɤɪɟɬɧɨɣ 

ɫɢɬɭɚɰɢɢ. ɉɨɜɟɞɟɧɢɟ ɚɝɟɧɬɚ - ɷɬɨ ɩɪɨɰɟɫɫ, ɤɨɬɨɪɵɣ ɫɜɹɡɵɜɚɟɬ ɜɨɫɩɪɢɹɬɢɟ 

ɚɝɟɧɬɨɦ ɫɜɨɟɣ ɫɪɟɞɵ ɢ ɟɝɨ ɪɟɲɟɧɢɹ ɢ ɞɟɣɫɬɜɢɹ. 

• Ⱥɝɟɧɬɵ ɹɜɥɹɸɬɫɹ ɦɨɞɭɥɶɧɵɦɢ ɢɥɢ ɚɜɬɨɧɨɦɧɵɦɢ. Ⱥɝɟɧɬ - ɷɬɨ 

ɢɞɟɧɬɢɮɢɰɢɪɭɟɦɵɣ, ɞɢɫɤɪɟɬɧɵɣ ɢɧɞɢɜɢɞɭɭɦ ɫ ɧɚɛɨɪɨɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢɥɢ 

ɫɜɨɣɫɬɜ, ɩɨɜɟɞɟɧɢɟɦ ɢ ɜɨɡɦɨɠɧɨɫɬɶɸ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ. Ɍɪɟɛɨɜɚɧɢɟ 

ɞɢɫɤɪɟɬɧɨɫɬɢ ɩɨɞɪɚɡɭɦɟɜɚɟɬ, ɱɬɨ ɚɝɟɧɬ ɢɦɟɟɬ ɜ ɧɟɤɨɬɨɪɨɦ ɫɦɵɫɥɟ ɝɪɚɧɢɰɭ 

ɢ ɦɨɠɧɨ ɥɟɝɤɨ ɨɩɪɟɞɟɥɢɬɶ, ɹɜɥɹɟɬɫɹ ɥɢ ɱɬɨ-ɬɨ ɱɚɫɬɶɸ ɚɝɟɧɬɚ ɢɥɢ ɧɟɬ. 

• Ⱥɝɟɧɬ ɹɜɥɹɟɬɫɹ ɫɨɰɢɚɥɶɧɵɦ, ɜɡɚɢɦɨɞɟɣɫɬɜɟɬ ɫ ɞɪɭɝɢɦɢ ɚɝɟɧɬɚɦɢ. ɍ 

ɚɝɟɧɬɨɜ ɟɫɬɶ ɩɪɨɬɨɤɨɥɵ ɢɥɢ ɦɟɯɚɧɢɡɦɵ, ɤɨɬɨɪɵɟ ɨɩɢɫɵɜɚɸɬ, ɤɚɤ ɨɧɢ 

ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɫ ɞɪɭɝɢɦɢ ɚɝɟɧɬɚɦɢ, ɬɚɤɠɟ ɭ ɚɝɟɧɬɚ ɟɫɬɶ ɫɜɨɟ ɩɨɜɟɞɟɧɢɟ. 

Ɉɛɳɢɟ ɩɪɨɬɨɤɨɥɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɚɝɟɧɬɨɦ ɜɤɥɸɱɚɸɬ ɤɨɧɤɭɪɟɧɰɢɸ ɡɚ 

ɩɪɨɫɬɪɚɧɫɬɜɨ ɢ ɩɪɟɞɨɬɜɪɚɳɟɧɢɟ ɫɬɨɥɤɧɨɜɟɧɢɣ; ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɚɝɟɧɬɚ; 

ɤɨɧɬɚɤɬɢɪɨɜɚɧɢɟ ɢ ɨɛɦɟɧ ɢɧɮɨɪɦɚɰɢɟɣ; ɜɥɢɹɧɢɟ; ɢ ɞɪɭɝɢɟ ɦɟɯɚɧɢɡɦɵ, 

ɫɩɟɰɢɮɢɱɧɵɟ ɞɥɹ ɞɨɦɟɧɚ ɢɥɢ ɩɪɢɥɨɠɟɧɢɹ. 

Ⱥɝɟɧɬɵ ɱɚɫɬɨ ɢɦɟɸɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɫɜɨɣɫɬɜɚ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ 

ɫɱɢɬɚɬɶɫɹ ɨɩɪɟɞɟɥɹɸɳɢɦɢ ɢɥɢ ɧɟɨɛɯɨɞɢɦɵɦ ɞɥɹ ɚɝɟɧɬɫɬɜɚ. 

• Ⱥɝɟɧɬ ɦɨɠɟɬ ɠɢɬɶ ɜ ɫɪɟɞɟ. Ⱥɝɟɧɬɵ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɫɨ ɫɜɨɟɣ ɫɪɟɞɨɣ, 

ɚ ɬɚɤɠɟ ɫ ɞɪɭɝɢɦɢ ɚɝɟɧɬɚɦɢ. Ⱥɝɟɧɬ ɥɨɤɚɥɢɡɨɜɚɧ ɜ ɬɨɦ ɫɦɵɫɥɟ, ɱɬɨ ɟɝɨ 

ɩɨɜɟɞɟɧɢɟ ɹɜɥɹɟɬɫɹ ɫɢɬɭɚɰɢɨɧɧɨ ɡɚɜɢɫɢɦɵɦ, ɱɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɟɝɨ 

ɩɨɜɟɞɟɧɢɟ ɨɫɧɨɜɚɧɨ ɧɚ ɬɟɤɭɳɟɦ ɫɨɫɬɨɹɧɢɢ ɟɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɞɪɭɝɢɦɢ 

ɚɝɟɧɬɚɦɢ ɢ ɫ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɨɣ. 
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• ɍ ɚɝɟɧɬɚ ɦɨɝɭɬ ɛɵɬɶ ɹɜɧɵɟ ɰɟɥɢ, ɤɨɬɨɪɵɟ ɭɩɪɚɜɥɹɸɬ ɟɝɨ ɩɨɜɟɞɟɧɢɟɦ. 

ɐɟɥɢ ɧɟ ɨɛɹɡɚɬɟɥɶɧɨ ɞɨɥɠɧɵ ɛɵɬɶ ɞɨɫɬɢɝɧɭɬɵ, ɷɬɨ ɩɨɡɜɨɥɹɟɬ ɚɝɟɧɬɭ 

ɩɨɫɬɨɹɧɧɨ ɫɪɚɜɧɢɜɚɬɶ ɪɟɡɭɥɶɬɚɬɵ ɫɜɨɟɝɨ ɩɨɜɟɞɟɧɢɹ ɫ ɟɝɨ ɰɟɥɹɦɢ ɢ ɞɚɟɬ ɟɦɭ 

ɨɪɢɟɧɬɢɪ ɞɥɹ ɜɨɡɦɨɠɧɨɝɨ ɢɡɦɟɧɟɧɢɹ ɟɝɨ ɩɨɜɟɞɟɧɢɹ. 

• ɍ ɚɝɟɧɬɚ ɦɨɠɟɬ ɛɵɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɭɱɢɬɶɫɹ ɢ ɚɞɚɩɬɢɪɨɜɚɬɶ ɫɜɨɟ 

ɩɨɜɟɞɟɧɢɟ ɧɚ ɨɫɧɨɜɟ ɟɝɨ ɨɩɵɬɚ. ɂɧɞɢɜɢɞɭɚɥɶɧɨɟ ɨɛɭɱɟɧɢɟ ɢ ɚɞɚɩɬɚɰɢɹ 

ɬɪɟɛɭɸɬ ɧɚɥɢɱɢɹ ɭ ɚɝɟɧɬɚ ɩɚɦɹɬɢ, ɨɛɵɱɧɨ ɜ ɜɢɞɟ ɚɬɪɢɛɭɬɚ ɞɢɧɚɦɢɱɟɫɤɨɝɨ 

ɚɝɟɧɬɚ. (Ɇɵ ɫɪɚɜɧɢɜɚɟɦ ɢɧɞɢɜɢɞɭɚɥɶɧɭɸ ɚɞɚɩɬɚɰɢɸ ɫ ɚɞɚɩɬɚɰɢɟɣ 

ɧɚɫɟɥɟɧɢɹ. ɉɪɢ ɚɞɚɩɬɚɰɢɢ ɧɚɫɟɥɟɧɢɹ ɞɨɥɹ ɥɢɰ ɜ ɧɚɫɟɥɟɧɢɢ ɫ 

ɨɩɪɟɞɟɥɟɧɧɵɦɢ ɚɬɪɢɛɭɬɚɦɢ, ɤɨɬɨɪɵɟ ɥɭɱɲɟ ɩɨɞɯɨɞɹɬ ɞɥɹ ɢɯ ɫɪɟɞɵ, ɫɨ 

ɜɪɟɦɟɧɟɦ ɭɜɟɥɢɱɢɜɚɟɬɫɹ. Ʌɸɞɢ ɧɟ ɨɛɹɡɚɬɟɥɶɧɨ ɦɟɧɹɸɬ ɫɜɨɟ ɩɨɜɟɞɟɧɢɟ ɢɥɢ 

ɚɞɚɩɬɢɪɭɸɬɫɹ). 

• Ⱥɝɟɧɬɵ ɱɚɫɬɨ ɢɦɟɸɬ ɚɬɪɢɛɭɬɵ ɪɟɫɭɪɫɨɜ, ɤɨɬɨɪɵɟ ɭɤɚɡɵɜɚɸɬ 

ɬɟɤɭɳɢɣ ɡɚɩɚɫ ɨɞɧɨɝɨ ɢɥɢ ɧɟɫɤɨɥɶɤɢɯ ɪɟɫɭɪɫɨɜ, ɧɚɩɪɢɦɟɪ, ɷɧɟɪɝɢɸ, 

ɛɨɝɚɬɫɬɜɨ, ɢɧɮɨɪɦɚɰɢɸ ɢ ɬ. ɞ. 

ɉɨɜɟɞɟɧɱɟɫɤɢɟ ɩɪɚɜɢɥɚ ɚɝɟɧɬɚ ɦɨɝɭɬ ɜɚɪɶɢɪɨɜɚɬɶɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɢɯ ɫɥɨɠɧɨɫɬɢ, ɨɬ ɬɨɝɨ, ɫɤɨɥɶɤɨ ɢɧɮɨɪɦɚɰɢɢ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɜ ɪɟɲɟɧɢɢ 

ɚɝɟɧɬɚ (ɷɬɨ ɧɚɡɵɜɚɟɬɫɹ ɤɨɝɧɢɬɢɜɧɨɣ ɧɚɝɪɭɡɤɨɣ), ɨɬ ɜɧɭɬɪɟɧɧɟɣ ɦɨɞɟɥɢ 

ɜɧɟɲɧɟɝɨ ɦɢɪɚ ɚɝɟɧɬɚ, ɜɤɥɸɱɚɹ ɜɨɡɦɨɠɧɵɟ ɪɟɚɤɰɢɢ ɢɥɢ ɩɨɜɟɞɟɧɢɟ ɞɪɭɝɢɯ 

ɚɝɟɧɬɨɜ ɢ ɨɬ  ɩɚɦɹɬɢ ɚɝɟɧɬɚ ɨ ɩɪɨɲɥɵɯ ɫɨɛɵɬɢɹɯ, ɤɨɬɨɪɵɟ ɬɨɬ ɫɨɯɪɚɧɹɟɬ ɢ 

ɢɫɩɨɥɶɡɭɟɬ ɜ ɫɜɨɢɯ ɪɟɲɟɧɢɹɯ. ɑɚɫɬɨ ɜ ɦɨɞɟɥɹɯ ɨɬɫɭɬɫɬɜɭɟɬ ɚɞɚɩɬɚɰɢɹ, 

ɩɨɬɨɦɭ ɱɬɨ ɷɬɨ ɧɟ ɹɜɥɹɟɬɫɹ ɜɚɠɧɵɦ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɧɚɦɟɱɟɧɧɨɣ ɰɟɥɢ 

ɦɨɞɟɥɢ. ɇɚɩɪɢɦɟɪ, ɜ ɦɨɞɟɥɢ ɰɟɩɨɱɤɢ ɩɨɫɬɚɜɨɤ ɦɨɠɟɬ ɧɟ ɩɨɬɪɟɛɨɜɚɬɶɫɹ 

ɦɨɞɟɥɢɪɨɜɚɬɶ ɚɞɚɩɬɚɰɢɸ ɚɝɟɧɬɚ, ɟɫɥɢ ɰɟɥɶɸ ɦɨɞɟɥɢ ɹɜɥɹɟɬɫɹ ɨɰɟɧɤɚ 

ɧɚɛɨɪɚ ɤɨɧɤɪɟɬɧɵɯ ɩɪɚɜɢɥ ɭɩɪɚɜɥɟɧɢɹ ɡɚɩɚɫɚɦɢ. 
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1.3 ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɚɝɟɧɬɨɜ 

ȼɚɠɧɨɣ ɱɚɫɬɶɸ ɚɝɟɧɬɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɧɟ ɬɨɥɶɤɨ 

ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɚɝɟɧɬɨɜ ɢ ɢɯ ɩɨɜɟɞɟɧɢɹ, ɧɨ ɢ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɢɯ 

ɜɡɚɢɦɨɨɬɧɨɲɟɧɢɣ ɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ. Ɉɫɧɨɜɧɵɟ ɡɚɞɚɱɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɚɝɟɧɬɨɜ - ɷɬɨ ɨɩɪɟɞɟɥɟɧɢɟ ɬɨɝɨ, ɤɬɨ ɫ ɤɟɦ ɫɜɹɡɚɧ ɢɥɢ ɦɨɝ 

ɛɵ ɛɵɬɶ ɫɜɹɡɚɧɧɵɦ ɢ ɪɟɝɭɥɢɪɨɜɚɧɢɟɦ ɞɢɧɚɦɢɤɢ ɦɟɯɚɧɢɡɦɨɜ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ. ɇɚɩɪɢɦɟɪ, ɨɫɧɨɜɚɧɧɚɹ ɧɚ ɚɝɟɧɬɚɯ ɦɨɞɟɥɶ ɪɨɫɬɚ ɂɧɬɟɪɧɟɬɚ 

ɛɭɞɟɬ ɜɤɥɸɱɚɬɶ ɦɟɯɚɧɢɡɦɵ, ɤɨɬɨɪɵɟ ɨɩɪɟɞɟɥɹɸɬ, ɤɬɨ ɫ ɤɟɦ ɫɜɹɡɵɜɚɟɬɫɹ, 

ɡɚɱɟɦ ɢ ɤɨɝɞɚ. [7] 

Ɉɛɳɢɟ ɬɨɩɨɥɨɝɢɢ ɞɥɹ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɫɨɰɢɚɥɶɧɵɦɢ 

ɚɝɟɧɬɚɦɢ ɜɤɥɸɱɚɸɬ:  

 ɫɭɩ: ɧɟ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɦɨɞɟɥɶ ɜ ɤɨɬɨɪɨɣ ɚɝɟɧɬɵ ɧɟ ɢɦɟɸɬ 

ɚɬɪɢɛɭɬɚ ɦɟɫɬɨɩɨɥɨɠɟɧɢɹ; 

 ɫɟɬɤɢ ɢɥɢ ɪɟɲɟɬɤɢ: ɫɨɬɨɜɵɟ ɚɜɬɨɦɚɬɵ ɩɪɟɞɫɬɚɜɥɹɳɢɟ ɫɨɛɨɣ 

ɲɚɛɥɨɧɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɚɝɟɧɬɚ ɢ ɞɨɫɬɭɩɧɭɸ ɥɨɤɚɥɶɧɭɸ ɢɧɮɨɪɦɚɰɢɸ 

ɫɟɬɤɨɣ ɢɥɢ ɪɟɲɟɬɤɨɣ; ɤɥɟɬɤɢ, ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɨɤɪɭɠɚɸɳɢɟ ɚɝɟɧɬɚ, 

ɹɜɥɹɸɬɫɹ ɟɝɨ ɨɤɪɟɫɬɧɨɫɬɹɦɢ. Ɋɚɫɩɨɥɨɠɟɧɢɟ ɚɝɟɧɬɚ - ɷɬɨ ɢɧɞɟɤɫ ɹɱɟɣɤɢ 

ɫɟɬɤɢ; 

  ɟɜɤɥɢɞɨɜɨ ɩɪɨɫɬɪɚɧɫɬɜɨ: ɚɝɟɧɬɵ ɩɟɪɟɦɟɳɚɸɬɫɹ ɜ 2D ɢɥɢ 3D 

ɩɪɨɫɬɪɚɧɫɬɜɚɯ. Ɋɚɫɩɨɥɨɠɟɧɢɟ ɚɝɟɧɬɚ - ɟɝɨ ɨɬɧɨɫɢɬɟɥɶɧɵɟ ɢɥɢ 

ɝɟɨɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɟ ɤɨɨɪɞɢɧɚɬɵ; 

 ɝɟɨɝɪɚɮɢɱɟɫɤɚɹ ɢɧɮɨɪɦɚɰɢɨɧɧɚɹ ɫɢɫɬɟɦɚ (Ƚɂɋ): Ⱥɝɟɧɬɵ 

ɩɟɪɟɦɟɳɚɸɬɫɹ ɢ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɫ ɪɟɚɥɢɫɬɢɱɧɵɦɢ ɩɹɬɧɚɦɢ 

ɝɟɨɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɥɚɧɞɲɚɮɬɨɜ. Ɋɚɫɩɨɥɨɠɟɧɢɟ ɚɝɟɧɬɚ - ɷɬɨ 

ɝɟɨɝɪɚɮɢɱɟɫɤɚɹ ɟɞɢɧɢɰɚ (ɧɚɩɪɢɦɟɪ, ɩɨɱɬɨɜɵɣ ɢɧɞɟɤɫ) ɢɥɢ 

ɝɟɨɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɟ ɤɨɨɪɞɢɧɚɬɵ; 

 cɟɬɢ: cɟɬɢ ɦɨɝɭɬ ɛɵɬɶ ɫɬɚɬɢɱɟɫɤɢɦɢ (ɫɫɵɥɤɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ 

ɡɚɞɚɧɵ) ɢɥɢ ɞɢɧɚɦɢɱɟɫɤɢɦɢ (ɫɜɹɡɢ, ɨɩɪɟɞɟɥɹɟɦɵɟ ɷɧɞɨɝɟɧɧɨ ɦɟɯɚɧɢɡɦɚɦɢ 
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ɩɪɢɜɹɡɤɢ ɨɬɧɨɲɟɧɢɣ). Ɋɚɫɩɨɥɨɠɟɧɢɟ ɚɝɟɧɬɚ - ɷɬɨ ɨɬɧɨɫɢɬɟɥɶɧɨɟ 

ɦɟɫɬɨɩɨɥɨɠɟɧɢɟ ɭɡɥɚ ɜ ɫɟɬɢ.  

ɇɟɡɚɜɢɫɢɦɨ ɨɬ ɬɨɝɨ, ɤɚɤɚɹ ɬɨɩɨɥɨɝɢɹ ɚɝɟɧɬ-ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɚɝɟɧɬɧɨɣ ɦɨɞɟɥɢ ɞɥɹ ɤɨɧɬɚɤɬɢɪɨɜɚɧɢɹ ɚɝɟɧɬɨɜ, ɨɫɧɨɜɧɚɹ 

ɢɞɟɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɚɝɟɧɬɵ ɜ ɥɸɛɨɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ 

ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɫ ɨɝɪɚɧɢɱɟɧɧɵɦ ɱɢɫɥɨɦ ɞɪɭɝɢɯ ɚɝɟɧɬɨɜ. ɗɬɨ ɪɟɚɥɢɡɭɟɬɫɹ 

ɩɭɬɟɦ ɨɩɪɟɞɟɥɟɧɢɹ ɥɨɤɚɥɶɧɨɣ ɨɤɪɟɫɬɧɨɫɬɢ (ɜɨɡɦɨɠɧɨ, ɫɟɬɢ) ɢ ɨɝɪɚɧɢɱɟɧɢɹ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɧɟɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɚɝɟɧɬɨɜ, ɤɨɬɨɪɵɟ ɧɚɯɨɞɹɬɫɹ ɜ 

ɷɬɨɣ ɨɤɪɟɫɬɧɨɫɬɢ. ɗɬɨ ɧɟ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɚɝɟɧɬɵ ɞɨɥɠɧɵ ɧɚɯɨɞɢɬɶɫɹ ɜ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ ɛɥɢɡɨɫɬɢ ɞɪɭɝ ɤ ɞɪɭɝɭ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ, ɱɬɨɛɵ ɢɦɟɬɶ 

ɜɨɡɦɨɠɧɨɫɬɶ ɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɬɶ. ɋɟɬɟɜɚɹ ɬɨɩɨɥɨɝɢɹ ɩɨɡɜɨɥɹɟɬ ɚɝɟɧɬɚɦ 

ɫɜɹɡɵɜɚɬɶɫɹ ɧɚ ɨɫɧɨɜɟ ɨɬɧɨɲɟɧɢɣ ɜ ɞɨɩɨɥɧɟɧɢɟ ɤ ɛɥɢɡɨɫɬɢ. ɇɚɩɪɢɦɟɪ, 

ɚɝɟɧɬ ɦɨɠɟɬ ɛɵɬɶ ɱɥɟɧɨɦ ɦɧɨɝɢɯ ɫɟɬɟɣ, ɧɚɩɪɢɦɟɪ, ɛɥɢɡɨɫɬɢ, ɫɨɰɢɚɥɶɧɵɯ, 

ɫɟɦɟɣɧɵɯ ɨɬɧɨɲɟɧɢɣ, ɢɞɟɨɥɨɝɢɱɟɫɤɢɯ ɢ ɬ. ɞ.[7] 
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ȽɅȺȼȺ 2 

ɊȿȺɅɂɁȺɐɂə ȺȽȿɇɌɇɈɃ ɆɈȾȿɅɂ 

2.1 Ɇɨɞɟɥɶ ɩɨɜɟɞɟɧɢɹ ɫɬɚɢ ɩɬɢɰ 

Ⱦɚɧɧɚɹ ɦɨɞɟɥɶ ɢɦɢɬɢɪɭɟɬ ɩɨɜɟɞɟɧɢɟ ɫɬɚɢ ɩɬɢɰ ɜ ɧɟɫɤɨɥɶɤɢɯ 

ɢɡɦɟɪɟɧɢɹɯ. ɗɬɚ ɦɨɞɟɥɶ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬ ɨɩɟɪɚɰɢɸ ɩɨɢɫɤɚ ɛɥɢɠɚɣɲɢɯ 

ɫɨɫɟɞɟɣ.  

ɉɨɜɟɪɯɧɨɫɬɶ, ɧɚ ɤɨɬɨɪɨɣ ɩɪɨɢɫɯɨɞɢɬ ɞɜɢɠɟɧɢɟ “ɚɝɟɧɬɨɜ-ɩɬɢɰ”, 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɢɡ ɫɟɛɹ “ɡɚɤɨɥɶɰɨɜɚɧɧɵɣ” ɤɜɚɞɪɚɬ (ɬ.ɟ. ɩɨɜɟɪɯɧɨɫɬɶ ɬɨɪɚ). 

ȼɫɟ “ɩɬɢɰɵ” ɩɟɪɟɦɟɳɚɸɬɫɹ ɫ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ ɩɨɫɬɨɹɧɧɨɣ ɩɨ ɦɨɞɭɥɸ 

ɫɤɨɪɨɫɬɶɸ. ɇɚ ɤɚɠɞɨɦ ɲɚɝɟ ɦɨɞɟɥɢ ɩɪɨɢɫɯɨɞɢɬ ɢɡɦɟɧɟɧɢɟ ɧɚɩɪɚɜɥɟɧɢɹ 

ɜɟɤɬɨɪɚ ɫɤɨɪɨɫɬɢ ɤɚɠɞɨɣ ɢɡ “ɩɬɢɰ” ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɥɟɞɭɸɳɢɦɢ ɬɪɟɦɹ 

ɩɪɚɜɢɥɚɦɢ: 

1. “Ɋɚɡɞɟɥɟɧɢɟ”: ɩɪɢ ɧɚɥɢɱɢɢ ɛɥɢɠɚɣɲɟɝɨ ɫɨɫɟɞɚ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 

ɦɟɧɶɲɟɦ ɨɩɪɟɞɟɥɟɧɧɨɝɨ “ɪɚɞɢɭɫɚ ɨɩɚɫɧɨɫɬɢ” ɤɚɠɞɚɹ “ɩɬɢɰɚ” ɨɬɜɨɪɚɱɢɜɚɟɬ 

ɨɬ ɧɚɩɪɚɜɥɟɧɢɹ ɞɜɢɠɟɧɢɹ ɷɬɨɝɨ ɫɨɫɟɞɚ ɫ ɨɝɪɚɧɢɱɟɧɢɟɦ ɩɨ ɭɝɥɭ ɩɨɜɨɪɨɬɚ; 

2. “ȼɵɫɬɪɚɢɜɚɧɢɟ”: ɤɚɠɞɚɹ “ɩɬɢɰɚ” ɩɨɜɨɪɚɱɢɜɚɟɬ ɫ ɨɝɪɚɧɢɱɟɧɢɟɦ 

ɩɨ ɭɝɥɭ ɩɨɜɨɪɨɬɚ ɤ ɫɪɟɞɧɟɦɭ ɧɚɩɪɚɜɥɟɧɢɸ ɞɜɢɠɟɧɢɹ ɟɟ ɛɥɢɠɚɣɲɢɯ 

ɫɨɫɟɞɟɣ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɨɩɪɟɞɟɥɟɧɧɨɦ “ɪɚɞɢɭɫɟ ɡɪɟɧɢɹ” ɨɬ ɧɟɟ; 

3. “ɋɛɥɢɠɟɧɢɟ”: ɤɚɠɞɚɹ “ɩɬɢɰɚ” ɩɨɜɨɪɚɱɢɜɚɟɬ ɫ ɨɝɪɚɧɢɱɟɧɢɟɦ ɩɨ 

ɭɝɥɭ ɩɨɜɨɪɨɬɚ ɤ ɧɚɩɪɚɜɥɟɧɢɸ ɧɚ ɝɟɨɦɟɬɪɢɱɟɫɤɢɣ ɰɟɧɬɪ ɜɫɟɯ ɟɟ ɫɨɫɟɞɟɣ ɜ 

ɩɪɟɞɟɥɚɯ “ɪɚɞɢɭɫɚ ɡɪɟɧɢɹ”. 

 

ɉɨɜɟɞɟɧɢɟ ɩɬɢɰ ɜ ɫɬɚɟ  

 ɇɟɩɪɟɪɵɜɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ ɢ ɞɜɢɠɟɧɢɟ 

 ɉɬɢɰɵ ɚɞɚɩɬɢɪɭɸɬ ɫɜɨɣ ɩɨɥɟɬ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɜɢɠɟɧɢɟɦ 

ɞɪɭɝɢɯ ɩɬɢɰ ɜ ɫɬɚɟ 

 Ɋɟɡɭɥɶɬɚɬ - ɫɥɨɠɧɵɟ, ɧɚ ɜɢɞ ɫɤɨɨɪɞɢɧɢɪɨɜɚɧɧɵɟ ɨɛɪɚɡɰɵ ɩɨɥɟɬɚ 

- ɫɬɚɢ 
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2.2 ɉɪɨɛɥɟɦɵ ɚɝɟɧɬɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

Ɉɬɤɪɵɬɵɟ ɜɨɩɪɨɫɵ ɞɥɹ ɚɝɟɧɬɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɡɚɤɥɸɱɚɸɬɫɹ ɜ 

ɩɪɨɛɥɟɦɚɯ ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɹ, ɜɨɡɧɢɤɚɸɳɢɯ ɩɪɢ ɢɦɢɬɚɰɢɢ ɛɨɥɶɲɨɝɨ 

ɤɨɥɢɱɟɫɬɜɚ ɚɝɟɧɬɨɜ. 

Ʉɚɤ ɦɧɨɝɨ ɚɝɟɧɬɨɜ ɦɨɠɧɨ ɜɤɥɸɱɢɬɶ ɜ ɫɪɟɞɭ ɦɨɞɟɥɢɪɨɜɚɧɢɹ? 

Ɉɫɧɨɜɧɨɣ ɩɪɢɧɰɢɩ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɧɚ ɨɫɧɨɜɟ ɚɝɟɧɬɨɜ ɡɚɤɥɸɱɚɟɬɫɹ ɜ 

ɬɨɦ, ɱɬɨ ɚɝɟɧɬɵ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɢ ɨɛɦɟɧɢɜɚɸɬɫɹ ɢɧɮɨɪɦɚɰɢɟɣ, 

ɞɨɫɬɭɩɧɨɣ ɥɨɤɚɥɶɧɨ, ɫ ɞɪɭɝɢɦɢ ɚɝɟɧɬɚɦɢ, ɪɚɫɩɨɥɨɠɟɧɧɵɦɢ ɬɨɥɶɤɨ ɜ ɢɯ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ ɛɥɢɡɨɫɬɢ. 

Ɉɤɪɭɠɟɧɢɟ ɚɝɟɧɬɚ ɛɵɫɬɪɨ ɦɟɧɹɟɬɫɹ ɫ ɬɟɱɟɧɢɟɦ ɜɪɟɦɟɧɢ ɜ 

ɫɢɦɭɥɹɰɢɢ,  ɩɨ ɦɟɪɟ ɬɨɝɨ ɤɚɤ  ɚɝɟɧɬɵ ɩɟɪɟɦɟɳɚɸɬɫɹ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ. 

Ȼɥɢɡɨɫɬɶ ɡɚɜɢɫɢɬ ɨɬ ɬɨɩɨɥɨɝɢɢ, ɨɩɪɟɞɟɥɟɧɧɨɣ ɞɥɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɚɝɟɧɬɨɜ. 

ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ ɷɬɨ ɞɜɭɦɟɪɧɨɟ ɧɟɩɪɟɪɵɜɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ 𝑅2. 

Ɉɛɳɚɹ ɫɬɪɚɬɟɝɢɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɨɫɟɞɟɣ ɚɝɟɧɬɚ: 

1. ȼɵɛɪɚɬɶ ɩɨɞɦɧɨɠɟɫɬɜɨ ɚɝɟɧɬɨɜ ɜ ɤɚɱɟɫɬɜɟ ɤɚɧɞɢɞɚɬɨɜ ɜ ɫɨɫɟɞɢ 

ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɩɨɞɦɧɨɠɟɫɬɜɨ ɜɤɥɸɱɚɥɨ ɧɵɧɟɲɧɢɯ 

ɫɨɫɟɞɟɣ. 

2. Ɉɰɟɧɢɬɶ ɤɚɧɞɢɞɚɬɨɜ ɩɨ ɤɪɢɬɟɪɢɸ ɛɥɢɡɨɫɬɢ. 

Ɉɫɨɛɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɨɛɥɟɦɵ ɧɚɯɨɠɞɟɧɢɹ ɫɨɫɟɞɟɣ ɜ ɚɝɟɧɬɧɨɦ 

ɦɨɞɟɥɢɪɨɜɚɧɢɢ: 

 Ⱥɝɟɧɬɵ ɦɨɛɢɥɶɧɵ ɢ ɞɢɧɚɦɢɱɧɵ ɜ ɫɜɨɢɯ ɩɨɥɨɠɟɧɢɹɯ 

 ɞɥɹ ɤɚɠɞɨɝɨ ɚɝɟɧɬɚ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɟɝɨ ɫɨɫɟɞɟɣ ɜ 

ɤɚɠɞɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɫɢɦɭɥɹɰɢɢ 

 ɩɨɥɧɚɹ ɫɬɪɭɤɬɭɪɚ ɞɚɧɧɵɯ ɞɨɥɠɧɚ ɫɨɡɞɚɜɚɬɶɫɹ ɤɚɠɞɵɣ ɪɚɡ, 

ɤɨɝɞɚ ɢɡɦɟɧɹɸɬɫɹ ɩɨɥɨɠɟɧɢɹ ɚɝɟɧɬɨɜ ɩɨ ɦɟɪɟ ɫɢɦɭɥɹɰɢɢ 

 ȼɫɟ ɚɝɟɧɬɵ ɯɪɚɧɹɬɫɹ ɜ ɩɚɦɹɬɢ  

  



12 

 

2.3 Ⱥɥɝɨɪɢɬɦɵ ɩɨɢɫɤɚ ɛɥɢɠɚɣɲɢɯ ɫɨɫɟɞɟɣ 

 

Ⱥɥɝɨɪɢɬɦ 1: "All Neighbors"  

 ɇɚɢɜɧɚɹ ɪɟɚɥɢɡɚɰɢɹ ɚɥɝɨɪɢɬɦɚ ɨɩɪɟɞɟɥɟɧɢɹ ɫɨɫɟɞɟɣ ɫɨɫɬɨɢɬ ɜ 

ɩɟɪɟɱɢɫɥɟɧɢɢ ɜɫɟɯ ɚɝɟɧɬɨɜ ɜ ɤɚɱɟɫɬɜɟ ɫɨɫɟɞɧɢɯ ɤɚɧɞɢɞɚɬɨɜ ɞɥɹ ɤɚɠɞɨɝɨ 

ɚɝɟɧɬɚ 

 Ɋɟɡɭɥɶɬɚɬ -   N2ɫɪɚɜɧɟɧɢɣ, O(N2) ɚɥɝɨɪɢɬɦ 

 O(N2) ɜɵɱɢɫɥɢɬɟɥɶɧɨ ɫɥɨɠɟɧ ɞɥɹ ɛɨɥɶɲɢɯ N 

 

 ɂɡ-ɡɚ ɫɢɦɦɟɬɪɢɢ ɡɚɞɚɱɢ ɨɩɪɟɞɟɥɟɧɢɹ ɫɨɫɟɞɟɣ ɤɨɥɢɱɟɫɬɜɨ 

ɫɪɚɜɧɟɧɢɣ ɚɝɟɧɬɨɜ ɦɨɠɟɬ ɛɵɬɶ ɭɦɟɧɶɲɟɧɨ: 

 (ɋɢɦɦɟɬɪɢɹ) ɚɝɟɧɬ a ɹɜɥɹɟɬɫɹ ɫɨɫɟɞɧɢɦ ɚɝɟɧɬɨɦ b ɬɨɝɞɚ ɢ 

ɬɨɥɶɤɨ ɬɨɝɞɚ, ɤɨɝɞɚ ɚɝɟɧɬ b ɹɜɥɹɟɬɫɹ ɫɨɫɟɞɨɦ ɚɝɟɧɬɚ a 

 ȼɫɟ ɟɳɟ O(N2) 

 

Ⱥɥɝɨɪɢɬɦ 2: Ⱥɥɝɨɪɢɬɦ ɪɟɲɟɬɱɚɬɨɣ ɹɱɟɣɤɢ 

 ȼɫɟ ɩɪɟɞɫɬɚɜɥɟɧɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ ɫɨɫɬɨɢɬ ɬɨɥɶɤɨ ɢɡ 

ɩɪɨɫɬɪɚɧɫɬɜɚ, ɨɯɜɚɱɟɧɧɨɝɨ ɚɝɟɧɬɚɦɢ 

 ɉɪɨɫɬɪɚɧɫɬɜɨ ɹɱɟɟɤ, ɤɨɬɨɪɨɟ ɧɟ ɫɨɞɟɪɠɢɬ ɯɨɬɹ ɛɵ ɨɞɧɨɝɨ ɚɝɟɧɬɚ, 

ɧɟ ɩɨɤɚɡɵɜɚɟɬɫɹ 

ɒɚɝɢ ɚɥɝɨɪɢɬɦɚ 

ȼɯɨɞ: ɫɩɢɫɨɤ ɚɝɟɧɬɨɜ. 

ɋɨɡɞɚɧɢɟ ɨɛɥɚɫɬɢ ɫɨɫɟɞɟɣ: 

 1.1  ɍɜɟɥɢɱɟɧɢɟ ɫɩɢɫɤɚ ɚɝɟɧɬɨɜ ɫ ɢɯ ɩɨɥɨɠɟɧɢɹɦɢ ɜ ɹɱɟɣɤɚɯ 

 1.2. ɋɨɛɪɚɬɶ ɜɫɟ ɩɨɥɨɠɟɧɢɹ ɹɱɟɟɤ ɫ ɚɝɟɧɬɚɦɢ (ɬɨɥɶɤɨ ɤɥɟɬɤɢ ɫ 

ɚɝɟɧɬɚɦɢ) 

ɇɚɯɨɠɞɟɧɢɟ ɚɝɟɧɬɨɜ ɜ ɨɛɥɚɫɬɹɯ ɫɨɫɟɞɫɬɜɚ: 

 2.1. ɋɮɨɪɦɭɥɢɪɨɜɚɬɶ ɩɪɚɜɢɥɚ ɩɟɪɟɜɨɞɚ ɹɱɟɟɤ ɜ ɚɝɟɧɬɨɜ, ɧɚɯɨɞɹɳɢɯɫɹ 
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ɬɚɦ 

 2.2 ɍɜɟɥɢɱɟɧɢɟ ɫɩɢɫɤɚ ɚɝɟɧɬɨɜ ɫ ɤɚɧɞɢɞɚɬɚɦɢ ɧɚ ɫɨɫɟɞɫɬɜɨ 

2.3 ɍɜɟɥɢɱɟɧɢɟ ɫɩɢɫɤɚ ɚɝɟɧɬɨɜ ɫ ɬɟɤɭɳɢɦɢ ɫɨɫɟɞɹɦɢ. 

Ɉɛɧɨɜɢɬɶ ɚɝɟɧɬɨɜ: 

3.1 Ɉɛɧɨɜɢɬɶ ɫɩɢɫɨɤ ɚɝɟɧɬɨɜ ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɫɨɫɟɞɫɤɢɯ ɚɬɪɢɛɭɬɚɯ 

ȼɵɯɨɞ: ɨɛɧɨɜɥɟɧɧɵɣ ɫɩɢɫɨɤ ɚɝɟɧɬɨɜ 

 

Ⱥɥɝɨɪɢɬɦ 3: “Ⱥɥɝɨɪɢɬɦ ɞɟɪɟɜɚ ɤɜɚɞɪɚɧɬɨɜ” (KDTree algorithm) 

 Ʉɜɚɞɪɚɧɬɧɵɟ ɞɟɪɟɜɶɹ ɢɡɜɟɫɬɧɵ ɤɚɤ ɫɩɨɫɨɛ ɨɛɪɚɛɨɬɤɢ ɡɚɩɪɨɫɨɜ ɜ 

ɩɨɢɫɤɟ ɛɚɡ ɞɚɧɧɵɯ 

 Ʉɚɠɞɵɣ ɭɡɟɥ ɤɜɚɞɪɚɧɬɧɨɝɨ ɞɟɪɟɜɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɩɪɹɦɨɭɝɨɥɶɧɭɸ 

ɨɛɥɚɫɬɶ ɜ ɞɜɭɦɟɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɢ ɫɨɞɟɪɠɢɬ ɨɞɢɧ ɢɡ ɨɛɴɟɤɬɨɜ, 

ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜ ɷɬɨɣ ɨɛɥɚɫɬɢ 

 ɉɪɹɦɨɭɝɨɥɶɧɢɤɢ ɩɟɪɟɤɪɵɜɚɸɬɫɹ ɜ ɨɬɥɢɱɢɟ ɨɬ ɫɟɬɤɢ ɹɱɟɟɤ 

 Ɉɛɵɱɧɨ ɬɚɤɨɟ ɞɟɪɟɜɨ ɩɪɟɞɧɚɡɧɚɱɟɧɨ ɞɥɹ ɦɢɧɢɦɢɡɚɰɢɢ ɜɪɟɦɟɧɢ 

ɩɨɢɫɤɚ ɨɛɴɟɤɬɚ ɜ ɞɚɧɧɨɦ ɞɟɪɟɜɟ 

o ɇɟ ɧɭɠɧɨ ɞɭɦɚɬɶ ɨ ɜɪɟɦɟɧɢ ɞɥɹ ɫɨɡɞɚɧɢɹ ɞɟɪɟɜɚ, ɩɨɫɤɨɥɶɤɭ 

ɨɛɴɟɤɬɵ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɢɥɢ ɝɪɚɮɢɱɟɫɤɢɯ ɛɚɡɚɯ ɞɚɧɧɵɯ ɹɜɥɹɸɬɫɹ 

ɫɬɚɬɢɱɟɫɤɢɦɢ 

o ɉɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɞɟɪɟɜɨ ɞɨɥɠɧɨ ɫɨɡɞɚɜɚɬɶɫɹ ɧɚ ɤɚɠɞɨɦ 

ɜɪɟɦɟɧɧɨɦ ɲɚɝɟ 

o Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɭɳɟɫɬɜɭɟɬ ɪɟɤɭɪɪɟɧɬɧɨɟ ɜɡɵɫɤɚɧɢɟ ɡɚ ɫɨɡɞɚɧɢɟ 

ɫɬɪɭɤɬɭɪɵ ɞɚɧɧɵɯ ɩɪɢ ɧɚɯɨɠɞɟɧɢɢ ɫɨɫɟɞɚ ɚɝɟɧɬɚ 

Ʉɜɚɞɪɚɬɧɨɟ ɞɟɪɟɜɨ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɹɬɶɸ ɩɨɥɹɦɢ: ɚɝɟɧɬ ɜ ɭɡɥɟ ɢ ɱɟɬɵɪɟ 

ɩɨɥɹ, ɨɛɨɡɧɚɱɚɸɳɢɟ ɩɨɞɞɟɪɟɜɶɹ ɚɝɟɧɬɨɜ ɜ ɱɟɬɵɪɟɯ ɤɜɚɞɪɚɧɬɚɯ, NE, NW, 

SW, SE ɢɥɢ ɩɭɫɬɨɟ ɩɨɞɞɟɪɟɜɨ 

Ɉɩɪɟɞɟɥɟɧɢɟ ɫɨɫɟɞɟɣ ɫ ɩɨɦɨɳɶɸ ɞɟɪɟɜɚ 

 ɫɪɚɜɧɢɬɶ ɤɨɨɪɞɢɧɚɬɵ ɬɨɱɤɢ ɫ ɪɚɫɩɨɥɨɠɟɧɢɟ ɚɝɟɧɬɚ ɜ ɜɟɪɲɢɧɟ 

ɤɚɠɞɨɝɨ ɞɟɪɟɜɚ, ɧɚɱɢɧɚɹ ɫ ɤɨɪɧɹ 
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 ɩɪɢɦɟɧɢɬɶ ɪɟɤɭɪɫɢɜɧɨ ɞɥɹ ɜɫɟɯ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɩɨɞɞɟɪɟɜɶɟɜ  

 ɩɪɨɞɨɥɠɢɬɶ ɧɚ ɭɡɥɚɯ ɜɫɟɯ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɩɨɞɞɟɪɟɜɶɟɜ 

 ɜɫɟ ɭɩɨɦɹɧɭɬɵɟ ɩɨɞɞɟɪɟɜɶɹ ɞɚɸɬ ɧɚɛɨɪ ɤɚɧɞɢɞɚɬɨɜ ɧɚ ɫɨɫɟɞɫɬɜɨ 

ɞɥɹ ɞɚɧɧɨɣ ɬɨɱɤɢ 

Ɉɛɳɚɹ ɢɞɟɹ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ kd-ɞɟɪɟɜɨ ɹɜɥɹɟɬɫɹ ɞɜɨɢɱɧɵɦ ɞɟɪɟɜɨɦ, 

ɤɚɠɞɵɣ ɢɡ ɭɡɥɨɜ ɤɨɬɨɪɨɝɨ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɝɢɩɟɪɩɪɹɦɨɭɝɨɥɶɧɢɤ, 

ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɣ ɩɨ ɨɫɢ. Ʉɚɠɞɵɣ ɭɡɟɥ ɨɩɪɟɞɟɥɹɟɬ ɨɫɶ ɢ ɪɚɡɛɢɜɚɟɬ 

ɦɧɨɠɟɫɬɜɨ ɬɨɱɟɤ ɧɚ ɨɫɧɨɜɚɧɢɢ ɬɨɝɨ, ɹɜɥɹɟɬɫɹ ɥɢ ɤɨɨɪɞɢɧɚɬɚ ɜɞɨɥɶ ɷɬɨɣ ɨɫɢ 

ɛɨɥɶɲɟ ɢɥɢ ɦɟɧɶɲɟ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ. ȼɨ ɜɪɟɦɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɨɫɶ ɢ 

ɬɨɱɤɚ ɪɚɡɞɟɥɟɧɢɹ ɜɵɛɢɪɚɸɬɫɹ ɩɨ ɩɪɚɜɢɥɭ «ɫɤɨɥɶɡɹɳɟɣ ɫɟɪɟɞɢɧɵ», ɱɬɨ 

ɝɚɪɚɧɬɢɪɭɟɬ, ɱɬɨ ɧɟ ɜɫɟ ɤɥɟɬɤɢ ɫɬɚɧɭɬ ɞɥɢɧɧɵɦɢ ɢ ɬɨɧɤɢɦɢ. 

Ⱦɟɪɟɜɨ ɦɨɠɧɨ ɩɨɫɬɪɨɢɬɶ ɞɥɹ ɩɨɢɫɤɚ ɛɥɢɠɚɣɲɢɯ ɫɨɫɟɞɟɣ ɥɸɛɨɣ ɬɨɱɤɢ 

(ɧɟɨɛɹɡɚɬɟɥɶɧɨ ɜɨɡɜɪɚɳɚɹ ɬɨɥɶɤɨ ɬɟ, ɤɨɬɨɪɵɟ ɧɚɯɨɞɹɬɫɹ ɧɚ ɧɟɤɨɬɨɪɨɦ 

ɪɚɫɫɬɨɹɧɢɢ ɨɬ ɬɨɱɤɢ). ȿɝɨ ɬɚɤɠɟ ɦɨɠɟɬ ɩɨɫɬɪɨɢɬɶ ɫ ɫɭɳɟɫɬɜɟɧɧɵɦ 

ɩɨɜɵɲɟɧɢɟɦ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɞɥɹ ɩɨɢɫɤɚ ɡɚɞɚɧɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɛɥɢɠɚɣɲɢɯ 

ɫɨɫɟɞɟɣ. 

 Ⱦɥɹ ɛɨɥɶɲɢɯ ɪɚɡɦɟɪɨɜ (20 ɭɠɟ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɟ ɡɧɚɱɟɧɢɟ), 

ɚɥɝɨɪɢɬɦ ɧɟ ɛɭɞɟɬ ɪɚɛɨɬɚɬɶ ɧɚɦɧɨɝɨ ɛɵɫɬɪɟɟ, ɱɟɦ ɩɨɥɧɵɣ ɩɟɪɟɛɨɪ. 

ȼɵɫɨɤɨɪɚɡɦɟɪɧɵɟ ɡɚɩɪɨɫɵ ɛɥɢɠɚɣɲɢɯ ɫɨɫɟɞɟɣ ɹɜɥɹɸɬɫɹ ɨɬɤɪɵɬɨɣ 

ɩɪɨɛɥɟɦɨɣ.[7] 

Ɇɟɬɨɞ ɫɤɨɥɶɡɹɳɟɣ ɫɟɪɟɞɢɧɵ: ɫɧɚɱɚɥɚ ɜɵɩɨɥɧɹɟɬɫɹ ɞɟɥɟɧɢɟ ɹɱɟɣɤɢ 

ɩɨɩɨɥɚɦ, ɫ ɩɨɦɨɳɶɸ ɝɢɩɟɪɩɥɨɫɤɨɫɬɢ, ɩɪɨɯɨɞɹɳɟɣ ɱɟɪɟɡ ɰɟɧɬɪ ɹɱɟɣɤɢ ɢ 

ɞɟɥɹɳɭɸ ɩɨɩɨɥɚɦ ɫɚɦɭɸ ɞɥɢɧɧɭɸ ɟɟ ɫɬɨɪɨɧɭ. ȿɫɥɢ ɬɨɱɤɢ ɥɟɠɚɬ ɩɨ ɨɛɟ 

ɫɬɨɪɨɧɵ ɨɬ ɩɥɨɫɤɨɫɬɢ ɪɚɡɞɟɥɟɧɢɹ, ɬɨ ɩɥɨɫɤɨɫɬɶ ɪɚɡɞɟɥɟɧɢɹ ɨɫɬɚɟɬɫɹ ɡɞɟɫɶ. 

Ɉɞɧɚɤɨ, ɟɫɥɢ ɜɫɟ ɬɨɱɤɢ ɞɚɧɧɵɯ ɥɟɠɚɬ ɩɨ ɨɞɧɭ ɫɬɨɪɨɧɭ ɩɥɨɫɤɨɫɬɢ 

ɪɚɡɞɟɥɟɧɢɹ, ɬɨ ɩɥɨɫɤɨɫɬɶ ɪɚɡɞɟɥɟɧɢɹ «ɫɤɨɥɶɡɢɬ» ɤ ɞɚɧɧɵɦ ɬɨɱɤɚɦ, ɩɨɤɚ ɧɟ 

ɜɫɬɪɟɬɢɬ ɩɟɪɜɭɸ ɬɚɤɭɸ ɬɨɱɤɭ. Ɉɞɢɧ ɪɟɛɟɧɨɤ - ɷɬɨ ɥɢɫɬɨɜɚɹ ɹɱɟɣɤɚ, 

ɫɨɞɟɪɠɚɳɚɹ ɷɬɭ ɟɞɢɧɫɬɜɟɧɧɭɸ ɬɨɱɤɭ, ɢ ɞɚɥɟɟ ɚɥɝɨɪɢɬɦ ɩɨɜɬɨɪɹɟɬɫɹ ɜ 

ɨɫɬɚɥɶɧɵɯ ɬɨɱɤɚɯ. 
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2.4 Ɉɩɢɫɚɧɢɟ ɤɥɚɫɫɨɜ ɢ ɦɟɬɨɞɨɜ 

Ⱦɥɹ ɚɝɟɧɬɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɥɟɬɚ ɫɬɚɢ ɩɬɢɰ ɫɪɟɞɫɬɜɚɦɢ Python ɛɵɥ 

ɫɨɡɞɚɧ ɤɥɚɫɫ Boid, ɜ ɤɨɬɨɪɨɦ ɤɚɠɞɚɹ ɩɬɢɰɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɫɥɟɞɭɸɳɢɦ 

ɧɚɛɨɪɨɦ ɩɨɥɟɣ: ɩɨɥɨɠɟɧɢɟ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ, ɫɤɨɪɨɫɬɶ ɩɨɥɟɬɚ ɢ  ɧɚɩɪɚɜɥɟɧɢɟ. 

ȼɫɟ ɩɨɥɹ, ɤɪɨɦɟ ɫɤɨɪɨɫɬɢ ɩɨɥɟɬɚ, ɡɚɞɚɸɬɫɹ ɫɥɭɱɚɣɧɵɦ ɨɛɪɚɡɨɦ, ɫɤɨɪɨɫɬɶ 

ɩɨɥɟɬɚ ɡɚɞɚɟɬɫɹ ɩɨɥɶɡɨɜɚɬɟɥɟɦ. ȼ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ɫɨɡɞɚɜɚɥɚɫɶ ɩɨɩɭɥɹɰɢɹ ɫ 

20 ɚɝɟɧɬɚɦɢ ɢ ɪɚɡɦɟɪɧɨɫɬɶɸ ɩɪɨɫɬɪɚɧɫɬɜɚ 800×600 (ɪɢɫɭɧɨɤ 2.1). ɒɚɝ 

ɦɟɠɞɭ ɷɩɨɯɚɦɢ ɩɪɢɧɢɦɚɥɫɹ ɪɚɜɧɵɦ 1 ɫɟɤɭɧɞɟ. 

ɇɚ ɩɟɪɜɨɦ ɲɚɝɟ ɫɥɭɱɚɣɧɵɦ ɨɛɪɚɡɨɦ ɩɪɨɢɫɯɨɞɢɬ ɝɟɧɟɪɚɰɢɹ ɚɝɟɧɬɨɜ ɢ 

ɨɬɨɛɪɚɠɟɧɢɟ ɫɪɟɞɵ. Ɂɚ ɜɢɡɭɚɥɢɡɚɰɢɸ ɫɪɟɞɵ ɨɬɜɟɱɚɟɬ ɛɢɛɥɢɨɬɟɤɚ Tkinter. 

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɩɨɜɟɞɟɧɢɹ ɚɝɟɧɬɚ ɩɪɨɢɫɯɨɞɢɬ ɜ ɞɜɚ ɷɬɚɩɚ. ɇɚ ɩɟɪɜɨɦ 

ɷɬɚɩɟ ɚɝɟɧɬ ɤɨɪɪɟɤɬɢɪɭɟɬ ɫɜɨɟ ɧɚɩɪɚɜɥɟɧɢɟ ɫɨɝɥɚɫɧɨ ɩɪɚɜɢɥɚɦ, ɨɩɢɫɚɧɧɵɦ ɜ 

ɩɭɧɤɬɟ 2.1, ɩɨɫɪɟɞɫɬɜɨɦ ɮɭɧɤɰɢɢ adjust_heading(), ɚ ɡɚɬɟɦ ɨɫɭɳɟɫɬɜɥɹɟɬ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɩɟɪɟɦɟɳɟɧɢɟ (ɮɭɧɤɰɢɹ move_agent()), ɢɡɦɟɧɹɹ ɡɧɚɱɟɧɢɟ 

ɫɜɨɟɝɨ ɩɨɥɨɠɟɧɢɹ ɜ ɫɨɨɬɜɟɬɫɜɢɢ ɫ ɡɚɞɚɧɧɨɣ ɩɨɥɶɡɨɜɚɬɟɥɟɦ ɫɤɨɪɨɫɬɶɸ – 

ɩɟɪɟɦɟɧɧɚɹ speed. 

 ɇɚ ɤɚɠɞɨɦ ɩɨɫɥɟɞɭɸɳɟɦ ɜɪɟɦɟɧɧɨɦ  ɩɪɨɦɟɠɭɬɤɟ ɤɚɠɞɵɣ ɚɝɟɧɬ 

ɨɩɪɟɞɟɥɹɟɬ  ɚɝɟɧɬɨɜ ɜ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ ɛɥɢɡɨɫɬɢ – ɫɨɫɟɞɟɣ 

(getConnections()). Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɨɫɟɞɟɣ ɢɫɩɨɥɶɡɭɟɬɫɹ ɚɥɝɨɪɢɬɦ «Ⱦɟɪɟɜɨ 

ɤɜɚɞɪɚɧɬɨɜ», ɤɨɬɨɪɵɣ ɜ Python ɪɟɚɥɢɡɨɜɚɧ ɜ ɛɢɛɥɢɨɬɟɤɟ KDTree. 

 ɉɨɞɪɨɛɧɟɟ ɨɛ ɷɬɚɩɚɯ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɜɟɞɟɧɢɹ ɚɝɟɧɬɚ. ɉɟɪɜɵɣ ɷɬɚɩ 

ɢɥɢ ɨɩɪɟɞɟɥɟɧɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɚɝɟɧɬɚ ɫɨɫɬɨɢɬ ɜ ɫɥɟɞɭɸɳɟɦ: ɟɫɥɢ ɫɨɫɟɞɢ 

ɚɝɟɧɬɚ ɫɥɢɲɤɨɦ ɛɥɢɡɤɨ ɤ ɧɟɦɭ ɪɚɫɩɨɥɨɠɟɧɵ (ɪɚɫɫɬɨɹɧɢɟ ɛɥɢɡɨɫɬɢ 

ɩɨɥɶɡɨɜɚɬɟɥɶ ɡɚɞɚɟɬ ɱɟɪɟɡ ɩɚɪɚɦɟɬɪ crowded), ɚɝɟɧɬ ɤɨɪɪɟɤɬɢɪɭɟɬ ɫɜɨɟ 

ɧɚɩɪɚɜɥɟɧɢɟ, ɨɬɜɚɪɚɱɢɜɚɹɫɶ ɞɚɥɶɲɟ ɨɬ ɧɚɩɪɚɜɥɟɧɢɹ ɫɨɫɟɞɟɣ (ɪɟɚɥɢɡɨɜɚɧɨ 

ɮɭɧɤɰɢɟɣ separate()). ɍɝɨɥ ɨɬɜɨɪɨɬɚ ɡɚɞɚɟɬ ɩɨɥɶɡɨɜɚɬɟɥɶ, ɨɩɪɟɞɟɥɹɹ ɡɧɚɱɟɧɢɟ 

ɩɟɪɟɦɟɧɧɨɣ max_turn_away. Ⱦɚɥɟɟ ɚɝɟɧɬ ɤɨɪɪɟɤɬɢɪɭɟɬ ɧɚɩɪɚɜɥɟɧɢɟ ɫɜɨɟɝɨ 

ɩɨɥɟɬɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɪɟɞɧɢɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɫɜɨɢɯ ɫɨɫɟɞɟɣ ɩɨɫɪɟɞɫɬɜɨɦ 

ɦɟɬɨɞɚ align() (ɦɚɤɫɢɦɚɥɶɧɵɣ ɭɝɨɥ ɪɚɡɜɨɪɨɬɚ ɡɚ ɨɞɧɭ ɫɟɤɭɧɞɭ ɨɩɪɟɞɟɥɹɟɬ 
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ɩɨɥɶɡɨɜɚɬɟɥɶ ɫ  ɩɨɦɨɳɶɸ ɩɟɪɟɦɟɧɧɨɣ max_turn), ɡɚɬɟɦ c ɩɨɦɨɳɶɸ ɦɟɬɨɞɚ 

cohere() ɚɝɟɧɬ ɨɩɪɟɞɟɥɹɟɬ ɫɪɟɞɧɟɟ ɝɟɨɦɟɬɪɢɱɟɫɤɨɟ ɩɨɥɨɠɟɧɢɟ ɫɜɨɢɯ ɫɨɫɟɞɟɣ 

ɢ ɤɨɪɪɟɤɬɢɪɭɟɬ ɧɚɩɪɚɜɥɟɧɢɟ ɬɚɤ ɠɟ, ɤɚɤ ɢ ɜ ɩɪɟɞɵɞɭɳɟɦ ɫɥɭɱɚɟ, ɧɚɩɪɚɜɥɹɹ 

ɟɝɨ ɜ ɰɟɧɬɪ ɦɚɫɫ.  

 

 

 

Ɋɢɫɭɧɨɤ 0.1 Ɂɚɞɚɧɢɟ ɚɝɟɧɬɨɜ ɢ ɫɪɟɞɵ 

 ɉɨɫɥɟ ɬɨɝɨ, ɤɚɤ ɚɝɟɧɬ ɫɤɨɪɪɟɤɬɢɪɨɜɚɥ ɫɜɨɟ ɧɚɩɪɚɜɥɟɧɢɟ ɫɨɝɥɚɫɧɨ 

ɩɪɚɜɢɥɚɦ ɦɨɞɟɥɢ, ɧɚɫɬɭɩɚɟɬ ɜɬɨɪɨɣ ɷɬɚɩ – ɚɝɟɧɬ ɨɛɧɨɜɥɹɟɬ ɫɜɨɟ ɬɟɤɭɳɟɟ 

ɩɨɥɨɠɟɧɢɟ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɜɨɢɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɢ ɡɚɞɚɧɧɨɣ ɩɨɥɶɡɨɜɚɬɟɥɟɦ 

ɫɤɨɪɨɫɬɶɸ.  

 Ⱦɚɥɟɟ ɛɨɥɟɟ ɩɨɞɪɨɛɧɨ ɨ ɩɪɨɝɪɚɦɧɨɣ ɪɟɚɥɢɡɚɰɢɢ ɤɥɚɫɫɚ Boid. 

ɉɨɥɹ ɤɥɚɫɫɚ: 

 heading – ɬɟɤɭɳɟɟ ɧɚɩɪɚɜɥɟɧɢɟ ɜ ɪɚɞɢɚɧɚɯ (0…2π)  

heading = random.uniform(0, 2 * math.pi)  

 x & y – ɬɟɤɭɳɟɟ ɩɨɥɨɠɟɧɢɟ (ɞɥɹ ɡɚɞɚɧɢɹ ɩɨɥɨɠɟɧɢɹ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɣ ɤɥɚɫɫ TwoD, ɨɛɥɚɞɚɸɳɢɣ ɜɫɟɦɢ 

ɫɜɨɣɫɬɜɚɦɢ ɬɨɱɟɤ ɜ ɞɜɭɯɦɟɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ)  

x = random.uniform() * WIDTH  

y = random.uniform() * HEIGHT 

 velocity - ɫɤɨɪɨɫɬɶ 
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ɉɚɪɚɦɟɬɪɵ 

 Ɇɢɧɢɦɚɥɶɧɚɹ ɞɢɫɬɚɧɰɢɹ ɦɟɠɞɭ ɩɬɢɰɚɦɢ: 

crowded = 5   

 Ɇɚɤɫɢɦɚɥɶɧɵɣ ɜɨɡɦɨɠɧɵɣ ɩɨɜɨɪɨɬ: 

 max_turn = 0.05 

max_turn_away = 0.02  

 

 

Ɇɟɬɨɞɵ: 
 

ɇɚɡɜɚɧɢɟ Ɉɩɢɫɚɧɢɟ Ⱦɟɣɫɬɜɢɹ 

void move_agent()   ɉɟɪɟɦɟɳɟɧɢɟ ɩɬɢɰɵ 

ɜ ɧɨɜɨɟ ɩɨɥɨɠɟɧɢɟ 

 ȼɵɱɢɫɥɹɟɬ ɧɨɜɨɟ 

ɩɨɥɨɠɟɧɢɟ   

 ɉɪɟɜɪɚɳɚɟɬ ɫɪɟɞɭ ɜ ɬɨɪ  

 Ɉɛɧɨɜɥɹɟɬ ɩɨɥɨɠɟɧɢɟ ɢ 

ɧɚɩɪɚɜɥɟɧɢɟ ɚɝɟɧɬɚ 

void 

adjust_heading()  

Ɉɛɧɨɜɥɹɟɬ ɬɟɤɭɳɟɟ 

ɧɚɩɪɚɜɥɟɧɢɟ ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 

ɩɪɚɜɢɥɚɦɢ 1-3 

 Ɉɩɪɟɞɟɥɹɟɬ ɛɥɢɠɚɣɲɢɯ 

ɚɝɟɧɬɨɜ, ɟɫɥɢ ɨɞɢɧ ɢɡ ɧɢɯ 

ɫɥɢɲɤɨɦ ɛɥɢɡɨɤ - 

ɪɚɡɜɨɪɚɱɢɜɚɟɬ ɟɝɨ   

 ɂɧɚɱɟ - ɜɵɫɬɪɚɢɜɚɟɬ ɢ 

ɫɛɥɢɠɚɟɬ ɫ ɨɤɪɭɠɚɸɳɢɦɢ 

ɩɬɢɰɚɦɢ ɢɡ ɫɬɚɢ 

void separate( 

double oth-

ers_heading)  

Ɉɬɜɨɪɚɱɢɜɚɟɬ ɨɬ 

ɫɤɨɩɥɟɧɢɹ ɩɬɢɰ 

 Ɉɩɪɟɞɟɥɹɟɬ ɪɚɡɧɢɰɭ ɜ 

ɧɚɩɪɚɜɥɟɧɢɹɯ (direction & 

size)   
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 Ɉɬɜɨɪɚɱɢɜɚɟɬ ɞɚɥɶɲɟ ɨɬ 

ɧɚɩɪɚɜɥɟɧɢɹ “ɬɨɜɚɪɢɳɟɣ” 

double sub-

tract_heading( 

double heading1, 

double heading2)   

Ɉɩɪɟɞɟɥɹɟɬ ɪɚɡɧɢɰɭ 

ɦɟɠɞɭ ɞɜɭɦɹ 

ɧɚɩɪɚɜɥɟɧɢɹɦɢ  

 Ɉɩɪɟɞɟɥɹɟɬ ɪɚɡɧɢɰɭ 

 ɇɨɪɦɚɥɢɡɭɟɬ ɪɚɡɧɢɰɭ 

ɦɟɠɞɭ  –π ɢ π  

void align()   ɉɨɜɨɪɚɱɢɜɚɟɬ ɤ 

ɧɚɩɪɚɜɥɟɧɢɸ 

ɨɤɪɭɠɚɸɳɢɯ ɩɬɢɰ 

 Ɉɩɪɟɞɟɥɹɟɬ ɫɪɟɞɧɟɟ 

ɧɚɩɪɚɜɥɟɧɢɟ ɨɤɪɭɠɚɸɳɢɯ 

ɩɬɢɰ 

 ȼɵɪɚɜɧɢɜɚɟɬ ɬɟɤɭɳɟɟ 

ɩɨɥɨɠɟɧɢɟ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 

ɩɨɥɭɱɟɧɧɵɦ 

void cohere() ɉɨɜɨɪɚɱɢɜɚɟɬ ɤ 

ɩɨɥɨɠɟɧɢɸ 

ɨɤɪɭɠɚɸɳɢɯ ɩɬɢɰ 

 Ɉɩɪɟɞɟɥɹɟɬ ɫɪɟɞɧɟɟ 

ɩɨɥɨɠɟɧɢɟ ɨɤɪɭɠɚɸɳɢɯ 

ɩɬɢɰ 

 ȼɵɪɚɜɧɢɜɚɟɬ ɧɚɩɪɚɜɥɟɧɢɟ 

ɞɥɹ ɩɨɥɟɬɚ ɬɭɞɚ 

void turn_towards( 

double oth-

ers_heading)  

ȼɵɪɚɜɧɢɜɚɟɬ 

ɧɚɩɪɚɜɥɟɧɢɹ ɫ 

ɞɪɭɝɢɦɢ 

ɧɚɩɪɚɜɥɟɧɢɹɦɢ 

  Ɉɩɪɟɞɟɥɹɟɬ ɪɚɡɧɢɰɭ ɜ 

ɧɚɩɪɚɜɥɟɧɢɹɯ (direction & 

size)   

 ɉɨɜɨɪɚɱɢɜɚɟɬ 

ɧɚɩɪɚɜɥɟɧɢɟ ɫɬɚɢ 

 

ȼɥɨɠɟɧɧɨɫɬɶ ɦɟɬɨɞɨɜ:  

adjust_heading()  

 separate(double others_heading)  //dist < crowded 
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 subtract_headings(double heading1,double heading2) 

align()  //else      

turn_towards(avg_head) 

   subtract_heading(double heading1,double heading2)   

cohere()  

  turn_towards(double others_heading)  

   subtract_heading(double heading1,double heading2) 

void move()  

 

ɉɟɪɟɦɟɳɟɧɢɟ ɩɬɢɰɵ ɜ ɧɨɜɨɟ ɩɨɥɨɠɟɧɢɟ: move_agent(self)   

 ȼɵɱɢɫɥɹɟɬ ɧɨɜɨɟ ɩɨɥɨɠɟɧɢɟ   

 ɉɪɟɜɪɚɳɚɟɬ ɫɪɟɞɭ ɜ ɬɨɪ  

 Ɉɛɧɨɜɥɹɟɬ ɩɨɥɨɠɟɧɢɟ ɢ ɧɚɩɪɚɜɥɟɧɢɟ ɚɝɟɧɬɚ 

def move_agent(self): 

        self.position.x += self.velocity * math.cos(self.heading) 

        self.position.y += self.velocity * math.sin(self.heading) 

        if self.position.x > WIDTH: 

            self.position.x -= WIDTH 

        else: 

            if self.position.x < 0: 

                self.position.x += WIDTH 

        if self.position.y > HEIGHT: 

            self.position.y -= HEIGHT 

        else: 

            if self.position.y < 0: 

                self.position.y += HEIGHT 

 

 

Ɉɛɧɨɜɥɹɟɬ ɬɟɤɭɳɟɟ ɧɚɩɪɚɜɥɟɧɢɟ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɚɜɢɥɚɦɢ 1-3:  
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adjust_heading(self, boids): 

 Ɉɩɪɟɞɟɥɹɟɬ ɛɥɢɠɚɣɲɢɯ ɚɝɟɧɬɨɜ, ɟɫɥɢ ɨɞɢɧ ɢɡ ɧɢɯ ɫɥɢɲɤɨɦ ɛɥɢɡɨɤ - 

ɪɚɡɜɨɪɚɱɢɜɚɟɬ ɟɝɨ   

 ɂɧɚɱɟ - ɜɵɫɬɪɚɢɜɚɟɬ ɢ ɫɛɥɢɠɚɟɬ ɫ ɨɤɪɭɠɚɸɳɢɦɢ ɩɬɢɰɚɦɢ ɢɡ 

ɫɬɚɢ 

 

def adjust_heading(self, boids): 

        if self.getConnectionsNumber(boids) != 0: 

            closest_head = self.heading 

            dist = 1000 

            for boid in self.getConnections(boids): 

                new_dist = (((self.position.x - boid.position.x) ** 2) + ( 

                        (self.position.y - boid.position.y) ** 2)) ** 0.5 

                if new_dist < dist: 

                    dist = new_dist 

                    closest_head = boid.heading 

            if dist < crowded: 

                head = separate(self.heading, closest_head) 

            else: 

                self.heading = self.align(boids) 

                head = self.cohere(boids) 

        else: 

            head = self.heading 

        return head 

 

 

Ɉɬɜɨɪɚɱɢɜɚɟɬ ɨɬ ɫɤɨɩɥɟɧɢɹ ɩɬɢɰ: separate(heading, others_heading)   

 Ɉɩɪɟɞɟɥɹɟɬ ɪɚɡɧɢɰɭ ɜ ɧɚɩɪɚɜɥɟɧɢɹɯ (direction & size)   

 Ɉɬɜɨɪɚɱɢɜɚɟɬ ɞɚɥɶɲɟ ɨɬ ɧɚɩɪɚɜɥɟɧɢɹ “ɬɨɜɚɪɢɳɟɣ” 
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def separate(heading, others_heading): 

    diff = subtract_headings(heading, others_heading) 

    if diff > 0: 

        heading -= max_turn_away 

    else: 

        heading += max_turn_away 

    if heading < 0: 

        heading += 2 * math.pi 

    if heading > 2 * math.pi: 

        heading -= 2 * math.pi 

    return heading 

 

Ɉɩɪɟɞɟɥɹɟɬ ɪɚɡɧɢɰɭ ɦɟɠɞɭ ɞɜɭɦɹ ɧɚɩɪɚɜɥɟɧɢɹɦɢ:  

subtract_heading(self_heading, boid_heading)   

 Ɉɩɪɟɞɟɥɹɟɬ ɪɚɡɧɢɰɭ 

 ɇɨɪɦɚɥɢɡɭɟɬ ɪɚɡɧɢɰɭ ɦɟɠɞɭ  –π ɢ π  

 

def subtract_headings(self_heading, boid_heading): 

    diff = boid_heading - self_heading 

    if diff <= -math.pi: 

        diff += 2 * math.pi 

    if diff > math.pi: 

        diff -= 2 * math.pi 

    return diff 

 

 

ɉɨɜɨɪɚɱɢɜɚɟɬ ɤ ɧɚɩɪɚɜɥɟɧɢɸ ɨɤɪɭɠɚɸɳɢɯ ɩɬɢɰ: align(self, boids)   

 Ɉɩɪɟɞɟɥɹɟɬ ɫɪɟɞɧɟɟ ɧɚɩɪɚɜɥɟɧɢɟ ɨɤɪɭɠɚɸɳɢɯ ɩɬɢɰ 

 ȼɵɪɚɜɧɢɜɚɟɬ ɬɟɤɭɳɟɟ ɩɨɥɨɠɟɧɢɟ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɨɥɭɱɟɧɧɵɦ 



23 

 

def align(self, boids): 

        avg_head = self.heading 

        for boid in self.getConnections(boids): 

            if boid is not self: 

                avg_head += boid.heading 

        avg_head /= self.getConnectionsNumber(boids) 

 

        head = turn_towards(self.heading, avg_head) 

        return head 

ɉɨɜɨɪɚɱɢɜɚɟɬ ɤ ɩɨɥɨɠɟɧɢɸ ɨɤɪɭɠɚɸɳɢɯ ɩɬɢɰ: cohere(self, boids) 

 Ɉɩɪɟɞɟɥɹɟɬ ɫɪɟɞɧɟɟ ɩɨɥɨɠɟɧɢɟ ɨɤɪɭɠɚɸɳɢɯ ɩɬɢɰ 

 ȼɵɪɚɜɧɢɜɚɟɬ ɧɚɩɪɚɜɥɟɧɢɟ ɞɥɹ ɩɨɥɟɬɚ ɬɭɞɚ 

 

    def cohere(self, boids): 

        # clumping 

        avg_pos = TwoD(0, 0) 

        for boid in self.getConnections(boids): 

            if boid is not self: 

                avg_pos += boid.position 

        avg_pos /= self.getConnectionsNumber(boids) 

        pos_head = math.atan2(self.position.y - avg_pos.y, self.position.x - 

avg_pos.x) 

        head = turn_towards(self.heading, pos_head) 

        return head 

 

ȼɵɪɚɜɧɢɜɚɟɬ ɧɚɩɪɚɜɥɟɧɢɹ ɫ ɞɪɭɝɢɦɢ ɧɚɩɪɚɜɥɟɧɢɹɦɢ: 

 turn_towards(others_heading)   

 Ɉɩɪɟɞɟɥɹɟɬ ɪɚɡɧɢɰɭ ɜ ɧɚɩɪɚɜɥɟɧɢɹɯ (direction & size)   
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 ɉɨɜɨɪɚɱɢɜɚɟɬ ɧɚɩɪɚɜɥɟɧɢɟ ɫɬɚɢ 

 

def turn_towards(heading, boid_heading): 

    diff = subtract_headings(heading, boid_heading) 

    if diff > 0: 

        heading += min(diff, max_turn) 

    else: 

        heading += max(diff, -max_turn) 

    if heading < 0: 

        heading += 2 * math.pi 

    if heading >= 2 * math.pi: 

        heading -= 2 * math.pi 

    return heading 

 

Ɉɩɪɟɞɟɥɹɟɬ ɫɨɫɟɞɟɣ ɚɝɟɧɬɚ: 

 getConnections(self, boids) 

 

    def getConnections(self, boids): 

        arr = np.zeros(shape=(len(boids) - 1, 2)) 

        i = 0 

        for boid in boids: 

            if boid is not self: 

                arr[i] = [boid.position.x, boid.position.y] 

                i = i + 1 

        T = KDTree(arr) 

        idx = T.query_ball_point([self.position.x, self.position.y], r=closest) 

        return np.array(boids)[idx]  
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ɁȺɄɅɘɑȿɇɂȿ 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɨɫɜɨɟɧɢɹ ɩɨɥɭɱɟɧɧɨɣ ɬɟɦɵ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ 

ɚɝɟɧɬɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɹɜɥɹɟɬɫɹ ɢɧɬɟɪɟɫɧɵɦ, 

ɩɪɢɜɥɟɤɚɬɟɥɶɧɵɦ ɢ ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɦɟɬɨɞɨɦ ɩɨɫɬɪɨɟɧɢɹ 

ɢɦɢɬɚɰɢɨɧɧɵɯ ɦɨɞɟɥɟɣ ɫɥɨɠɧɵɯ ɩɪɨɰɟɫɫɨɜ. Ȼɵɥɢ ɢɡɭɱɟɧɵ ɜɨɡɦɨɠɧɵɟ 

ɩɪɢɤɥɚɞɧɵɟ ɩɪɢɦɟɧɟɧɢɹ ɞɚɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɜɚɪɢɚɧɬɵ ɪɟɚɥɢɡɚɰɢɢ, 

ɫɜɨɣɫɬɜɚ ɢ ɩɪɨɛɥɟɦɵ, ɚ ɬɚɤɠɟ ɛɵɥɚ ɪɟɚɥɢɡɨɜɚɧɚ ɚɝɟɧɬɧɚɹ ɦɨɞɟɥɶ ɩɨɥɟɬɚ 

ɫɬɚɢ ɩɬɢɰ ɫɪɟɞɫɬɜɚɦɢ Python. 
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ʿˀИЛОЖЕНИЕ А 

Ʉɨɞ ɩɪɨɝɪɚɦɦɵ 

ɇɢɠɟ ɩɪɢɜɟɞɟɧ ɤɨɞ ɚɥɝɨɪɢɬɦɚ ɧɚ Python: 

 

import random  # FOR RANDOM BEGINNINGS 

from Tkinter import *  # ALL VISUAL EQUIPMENT 

import math 

import numpy as np  

from scipy.spatial import KDTree  

 

WIDTH = 800  # OF SCREEN IN PIXELS 

HEIGHT = 600  # OF SCREEN IN PIXELS 

BOIDS = 3  # IN SIMULATION 

WALL = 100.0  # FROM SIDE IN PIXELS 

BOID_RADIUS = 7  # FOR BOIDS IN PIXELS 

wall = -200 

speed = 2 

crowded = 30 

max_turn = 0.05 

max_turn_away = 0.02 

closest = 150 

 

 

############################################################################

# 

 

def main(): 

    # Start the program. 

    initialise() 

    mainloop() 

 

 

def initialise(): 

    # Setup simulation variables. 

    build_boids() 
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    build_graph() 

 

 

def build_graph(): 

    # Build GUI environment. 

    global graph 

    root = Tk() 

    root.overrideredirect(True) 

    root.geometry('%dx%d+%d+%d' % ( 

        WIDTH, HEIGHT, (root.winfo_screenwidth() - WIDTH) / 2, 

(root.winfo_screenheight() - HEIGHT) / 2)) 

    root.bind_all('<Escape>', lambda event: event.widget.quit()) 

    graph = Canvas(root, width=WIDTH, height=HEIGHT, background='white') 

    graph.after(1, update) 

    graph.pack() 

 

 

def update(): 

    # Main simulation loop. 

    draw() 

    move() 

    graph.after(1, update) 

 

 

def simulate_wall(boid): 

    # Create viewing boundaries. 

    max_turn = 10 

    xx = boid.position.x 

    yy = boid.position.y 

    if xx < WALL and yy <= HEIGHT / 2 or xx <= WIDTH / 2 and yy < WALL: 

        boid.heading = math.atan2(HEIGHT / 2 - yy, WIDTH / 2 - xx) 

 

    elif xx >= WIDTH / 2 and yy < WALL or xx > WIDTH - WALL and yy <= HEIGHT 

/ 2: 

        boid.heading = (math.pi - math.atan2(HEIGHT / 2 - yy, xx - WIDTH / 

2)) 

 

    elif yy > HEIGHT - WALL and xx < WIDTH / 2 or xx < WALL and yy > HEIGHT 

/ 2: 

        boid.heading = -(math.atan2(yy - HEIGHT / 2, -xx + WIDTH / 2)) 

    elif yy > HEIGHT - WALL and xx >= WIDTH / 2 or xx > WIDTH - WALL and yy 

> HEIGHT / 2: 
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        boid.heading = (- math.pi + math.atan2(yy - HEIGHT / 2, xx - WIDTH / 

2)) 

    max_turn = 0.05 

 

 

def draw(): 

    # Draw all boids. 

    graph.delete(ALL) 

    for boid in boids: 

        x1 = boid.position.x - BOID_RADIUS 

        y1 = boid.position.y - BOID_RADIUS 

        x2 = boid.position.x + BOID_RADIUS 

        y2 = boid.position.y + BOID_RADIUS 

 

        graph.create_oval((x1, y1, x2, y2), fill='red') 

        graph.create_oval(boid.position.x - closest,  boid.position.y - 

closest, boid.position.x + closest, boid.position.y + closest) 

        graph.create_line(boid.position.x,boid.position.y, 

boid.position.x+(boid.velocity+20)*math.cos(boid.heading),boid.position.y+(b

oid.velocity+20)*math.sin(boid.heading)) 

 

    graph.create_rectangle(WALL,WALL, WIDTH-WALL,HEIGHT-WALL) 

    graph.update() 

 

 

def move(): 

    #for boid in boids: 

    #    simulate_wall(boid) 

    # Move all boids. 

    for boid in boids: 

        boid.heading = boid.adjust_heading(boids) 

 

    #for boid in boids: 

     #   simulate_wall(boid) 

    for boid in boids: 

        boid.move_agent() 

 

 

 

def build_boids(): 

    # Create boids variable. 

    global boids 
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    boids = tuple(Boid(WIDTH, HEIGHT, OFFSET_START) for boid in 

xrange(BOIDS)) 

 

 

def subtract_headings(self_heading, boid_heading): 

    diff = boid_heading - self_heading 

    if diff <= -math.pi: 

        diff += 2 * math.pi 

    if diff > math.pi: 

        diff -= 2 * math.pi 

    return diff 

 

 

def turn_towards(heading, boid_heading): 

    diff = subtract_headings(heading, boid_heading) 

 

    if diff > 0: 

        heading += min(diff, max_turn) 

    else: 

        heading += max(diff, -max_turn) 

    if heading < 0: 

        heading += 2 * math.pi 

    if heading >= 2 * math.pi: 

        heading -= 2 * math.pi 

    return heading 

 

 

def separate(heading, others_heading): 

    diff = subtract_headings(heading, others_heading) 

 

    if diff > 0: 

        heading -= max_turn_away 

    else: 

        heading += max_turn_away 

    if heading < 0: 

        heading += 2 * math.pi 

    if heading > 2 * math.pi: 

        heading -= 2 * math.pi 

    return heading 
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# TWO DIMENTIONAL VECTOR CLASS 

 

class TwoD: 

 

    def __init__(self, x, y): 

        self.x = float(x) 

        self.y = float(y) 

 

    def __repr__(self): 

        return 'TwoD(%s, %s)' % (self.x, self.y) 

 

    def __add__(self, other): 

        return TwoD(self.x + other.x, self.y + other.y) 

 

    def __sub__(self, other): 

        return TwoD(self.x - other.x, self.y - other.y) 

 

    def __mul__(self, other): 

        return TwoD(self.x * other, self.y * other) 

 

    def __div__(self, other): 

        return TwoD(self.x / other, self.y / other) 

 

    def __iadd__(self, other): 

        self.x += other.x 

        self.y += other.y 

        return self 

 

    def __isub__(self, other): 

        self.x -= other.x 

        self.y -= other.y 

        return self 

 

    def __idiv__(self, other): 

        if isinstance(other, TwoD): 

            self.x /= other.x if other.x else 1 

            self.y /= other.y if other.y else 1 

        else: 

            self.x /= other 

            self.y /= other 

        return self 
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    def mag(self): 

        return ((self.x ** 2) + (self.y ** 2)) ** 0.5 

 

 

class Boid: 

# TWO DIMENTIONAL VECTOR CLASS 

# BOID RULE IMPLEMENTATION CLASS 

    def __init__(self, width, height): 

        self.velocity = speed 

        self.heading = random.uniform(0, 2 * math.pi) 

        self.position = TwoD(random.randint(WIDTH / 2 - 200, WIDTH / 2 + 

200), 

                             random.randint(HEIGHT / 2 - 200, HEIGHT / 2 + 

200)) 

 

    def move_agent(self): 

        self.position.x += self.velocity * math.cos(self.heading) 

        self.position.y += self.velocity * math.sin(self.heading) 

        if self.position.x > WIDTH: 

            self.position.x -= WIDTH 

        else: 

            if self.position.x < 0: 

                self.position.x += WIDTH 

        if self.position.y > HEIGHT: 

            self.position.y -= HEIGHT 

        else: 

            if self.position.y < 0: 

                self.position.y += HEIGHT 

 

    def cohere(self, boids): 

        # clumping 

        avg_pos = TwoD(0, 0) 

        for boid in self.getConnections(boids): 

            if boid is not self: 

                avg_pos += boid.position 

        avg_pos /= self.getConnectionsNumber(boids) 

        pos_head = math.atan2(self.position.y - avg_pos.y, self.position.x - 

avg_pos.x) 

 

        head = turn_towards(self.heading, pos_head) 

        return head 
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    def align(self, boids): 

        avg_head = self.heading 

        for boid in self.getConnections(boids): 

            if boid is not self: 

                avg_head += boid.heading 

        avg_head /= self.getConnectionsNumber(boids) 

 

        head = turn_towards(self.heading, avg_head) 

        return head 

 

    def adjust_heading(self, boids): 

        if self.getConnectionsNumber(boids) != 0: 

            closest_head = self.heading 

            dist = 1000 

            for boid in self.getConnections(boids): 

                new_dist = (((self.position.x - boid.position.x) ** 2) + ( 

                        (self.position.y - boid.position.y) ** 2)) ** 0.5 

                if new_dist < dist: 

                    dist = new_dist 

                    closest_head = boid.heading 

            if dist < crowded: 

                head = separate(self.heading, closest_head) 

            else: 

                self.heading = self.align(boids) 

                head = self.cohere(boids) 

        else: 

            head = self.heading 

        return head 

 

    def getConnections(self, boids): 

        arr = np.zeros(shape=(len(boids) - 1, 2)) 

        i = 0 

        for boid in boids: 

            if boid is not self: 

                arr[i] = [boid.position.x, boid.position.y] 

                i = i + 1 

 

        T = KDTree(arr) 

        idx = T.query_ball_point([self.position.x, self.position.y], 

r=closest) 

        return np.array(boids)[idx] 
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    def getConnectionsNumber(self, boids): 

        arr = np.zeros(shape=(len(boids) - 1, 2)) 

        i = 0 

        for boid in boids: 

            if boid is not self: 

                arr[i] = [boid.position.x, boid.position.y] 

                i = i + 1 

 

        T = KDTree(arr) 

        idx = T.query_ball_point([self.position.x, self.position.y], 

r=closest) 

        return len(idx) 

 

 

# Execute the simulation. 

if __name__ == '__main__': 

    main() 
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