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ɍȾɄ 621.376.57 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɟɥɶɬɚ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɦɟɫɬɨɩɨɥɨɠɟɧɢɹ ɛɟɫɩɢɥɨɬɧɨɝɨ ɥɟɬɚɬɟɥɶɧɨɝɨ ɚɩɩɚɪɚɬɚ 

Ʌ.ȼ. ɉɢɪɫɤɚɹ, ɉ.ɉ. Ʉɪɚɜɱɟɧɤɨ  
ɘɠɧɵɣ ɮɟɞɟɪɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ 
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ɉɢɪɫɤɚɹ Ʌ.ȼ., Ʉɪɚɜɱɟɧɤɨ ɉ.ɉ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɟɥɶɬɚ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɞɥɹ 
ɨɩɪɟɞɟɥɟɧɢɹ ɦɟɫɬɨɩɨɥɨɠɟɧɢɹ ɛɟɫɩɢɥɨɬɧɨɝɨ ɥɟɬɚɬɟɥɶɧɨɝɨ ɚɩɩɚɪɚɬɚ. ȼ ɪаɛɨɬɟ 
ɪаɫɫɦаɬɪɢɜаɸɬɫя ɜɨɡɦɨɠɧɨɫɬɢ ɪɟɲɟɧɢя ɡаɞачɢ ɨɩɪɟɞɟɥɟɧɢя ɦɟɫɬɨɩɨɥɨɠɟɧɢя ɛɟɫɩɢɥɨɬɧɨɝɨ 
ɥɟɬаɬɟɥɶɧɨɝɨ аɩɩаɪаɬа (ȻɉɅȺ) ɫɩɟɰɢаɥɢɡɢɪɨɜаɧɧɵɦ ɜɵчɢɫɥɢɬɟɥɶɧɵɦ ɭɫɬɪɨɣɫɬɜɨɦ. ȼ 
ɩɨɫɬаɧɨɜɤɟ ɡаɞачɢ ɪаɫɫɦаɬɪɢɜаɟɬɫя ɨɩɪɟɞɟɥɟɧɢɟ ɤɨɨɪɞɢɧаɬ ȻɉɅȺ ɧа ɨɫɧɨɜɟ ɤɨɨɪɞɢɧаɬ 
ɪаɫɩɨɥɨɠɟɧɧɵɯ ɧа ɨɬɧɨɫɢɬɟɥɶɧɨ ɛɥɢɡɤɨɦ ɪаɫɫɬɨяɧɢɢ ɨɬ ɧачаɥа ɥɨɤаɥɶɧɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧаɬ 
ɝɪɭɩɩ чɟɬɜɟɪɨɤ ɦаяɤɨɜ ɢ ɞаɥɶɧɨɫɬɢ ɨɬ ȻɉɅȺ ɞɨ ɦаяɤɨɜ. ɇа ɨɫɧɨɜаɧɢɢ ɢɦɟɸɳɢɯɫя ɞаɧɧɵɯ ɞɥя 
ɤаɠɞɨɣ ɝɪɭɩɩɵ ɮɨɪɦɢɪɭɟɬɫя ɜ ɫɬаɧɞаɪɬɧɨɦ ɞɥя ɞаɥɶɧɨɦɟɪɧɨɣ ɧаɜɢɝаɰɢɢ ɫɢɫɬɟɦа чɟɬɵɪɟɯ 
ɭɪаɜɧɟɧɢɣ, ɤɨɬɨɪая ɩɪɟɨɛɪаɡɨɜɵɜаɟɬɫя ɤ СɅȺɍ ɬɪɟɬɶɟɝɨ ɩɨɪяɞɤа. Ɋɟɲɟɧɢɟ ɞаɧɧɨɣ СɅȺɍ ɫ 
ɧɟɩɪɟɪɵɜɧɵɦɢ ɩɟɪɟɦɟɧɧɵɦɢ ɫɜɨɛɨɞɧɵɦɢ чɥɟɧаɦɢ ɨɩɪɟɞɟɥяɟɬ ɤɨɨɪɞɢɧаɬɵ ȻɉɅȺ. ȼ ɪаɛɨɬɟ 
ɪаɫɫɦɨɬɪɟɧɵ ɨɫɨɛɟɧɧɨɫɬɢ аɥɝɨɪɢɬɦɢɡаɰɢɢ ɪɟɲɟɧɢя ɡаɞачɢ ɨɩɪɟɞɟɥɟɧɢя ɦɟɫɬɨɩɨɥɨɠɟɧɢя ȻɉɅȺ 
ɩɪɢ ɧаɡɟɦɧɨɣ ɩɨɞɝɨɬɨɜɤɟ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɡаɞаɧɢя ɢ ɪɟɲɟɧɢɢ ɡаɞачɢ ɧа ɛɨɪɬɭ ȻɉɅȺ ɜ ɪɟɠɢɦɟ 
ɪɟаɥɶɧɨɝɨ ɜɪɟɦɟɧɢ. ɉɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜаɧɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜаɧɢя ɞɟɥɶɬа-ɩɪɟɨɛɪаɡɨɜаɧɢɣ 
ɜɬɨɪɨɝɨ ɩɨɪяɞɤа ɞɥя ɪɟɲɟɧɢя СɅȺɍ ɜ ɩɨɫɬаɜɥɟɧɧɨɣ ɡаɞачɟ ɧа ɪаɡɥɢчɧɵɯ ɩɪɢɦɟɪаɯ ɪаɡɦɟɳɟɧɢя 
ɦаяɤɨɜ. ɉɨɥɭчɟɧɧɵɟ ɪɟɡɭɥɶɬаɬɵ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɫ ɢɫɩɨɥɶɡɨɜаɧɢɟɦ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜаɧɢя 
ɩɨɞɬɜɟɪɠɞаɸɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭчɟɧɢя ɪɟɲɟɧɢя СɅȺɍ ɡа ɨɞɧɭ ɢɬɟɪаɰɢɸ ɜ ɭɫɬаɧɨɜɢɜɲɟɦɫя 
ɩɪɨɰɟɫɫɟ ɫ ɜɪɟɦɟɧɧɵɦ ɲаɝɨɦ, ɩɪɟɞɫɬаɜɥяɸɳɢɦ ɩɪаɤɬɢчɟɫɤɢɣ ɢɧɬɟɪɟɫ, а ɧачаɥɨ ɭɫɬаɧɨɜɢɜɲɟɝɨ 
ɩɪɨɰɟɫɫа ɨɛɟɫɩɟчɢɜаɟɬɫя ɧа ɞɨɫɬаɬɨчɧɨ ɛɨɥɶɲɨɣ ɭɞаɥɟɧɧɨɫɬɢ ɨɬ ɧачаɥа ɤɨɨɪɞɢɧаɬ.  

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: Ɉɩɪɟɞɟɥɟɧɢɟ ɤɨɨɪɞɢɧаɬ ȻɉɅȺ, ɪɟɲɟɧɢɟ СɅȺɍ, ɞɟɥɶɬа-ɩɪɟɨɛɪаɡɨɜаɧɢɟ ɜɬɨɪɨɝɨ 
ɩɨɪяɞɤа, ɛɨɪɬɨɜɨɟ ɫɩɟɰɢаɥɢɡɢɪɨɜаɧɧɨɟ ɜɵчɢɫɥɢɬɟɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ. 

  

ȼɜɟɞɟɧɢɟ 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɡɚɞɚɱɚ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɛɨɪɬɨɜɵɯ ɜɵɫɨɤɨɬɨɱɧɵɯ 
ɢɧɬɟɝɪɢɪɨɜɚɧɧɵɯ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ ɢ ɧɚɜɢɝɚцɢɢ 
ɛɟɫɩɢɥɨɬɧɵɦɢ ɥɟɬɚɬɟɥɶɧɵɦɢ ɚɩɩɚɪɚɬɚɦɢ (ȻɉɅȺ) 
ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ ɫɨɜɪɟɦɟɧɧɵɯ ɩɟɪɫɩɟɤɬɢɜɧɵɯ 
ɡɚɞɚɱ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ ɢ ɢɧɠɟɧɟɪɧɨ-

ɬɟɯɧɢɱɟɫɤɨɝɨ ɯɚɪɚɤɬɟɪɚ. Ɋɟɲɟɧɢɟ ɛɨɪɬɨɜɨɣ ɡɚɞɚɱɢ 
ɥɨɤɚɥɶɧɨɣ ɧɚɜɢɝɚцɢɢ, ɜ ɱɚɫɬɧɨɫɬɢ, ɨɩɪɟɞɟɥɟɧɢɟ 
ɤɨɨɪɞɢɧɚɬ ȻɉɅȺ, ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɪɟɠɢɦɟ 
ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɜ ɭɫɥɨɜɢɹɯ ɨɞɧɨɜɪɟɦɟɧɧɨɝɨ 
ɜɵɩɨɥɧɟɧɢɹ ɞɪɭɝɢɯ ɛɨɪɬɨɜɵɯ ɡɚɞɚɱ ɩɪɢ 
ɨɩɪɟɞɟɥɟɧɧɨɦ ɜɪɟɦɟɧɧɨɦ ɲɚɝɟ ɞɢɫɤɪɟɬɢɡɚцɢɢ 
ɩɪɨцɟɫɫɨɜ ɭɩɪɚɜɥɟɧɢɹ Д1,2Ж. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɜɟɫɶɦɚ 
ɚɤɬɭɚɥɶɧɨɣ ɹɜɥɹɟɬɫɹ ɩɪɨɛɥɟɦɚ ɦɢɧɢɦɢɡɚцɢɢ 
ɜɪɟɦɟɧɧɵɯ ɢ ɚɩɩɚɪɚɬɧɵɯ ɡɚɬɪɚɬ ɞɥɹ ɪɟɲɟɧɢɹ 
ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ ɜ ɩɪɟɞɟɥɚɯ ɜɪɟɦɟɧɧɨɝɨ ɲɚɝɚ, 
ɚ ɬɚɤɠɟ ɨɛɟɫɩɟɱɟɧɢɟ ɦɢɧɢɦɚɥɶɧɨɣ ɡɚɞɟɪɠɤɢ 
ɪɟɲɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɚɱɚɥɚ ɜɪɟɦɟɧɧɨɝɨ ɲɚɝɚ, 
ɱɬɨ ɫɜɹɡɚɧɨ ɫ ɨɝɪɚɧɢɱɟɧɢɟɦ ɜɥɢɹɧɢɹ ɡɚɞɟɪɠɤɢ ɧɚ 
ɨɲɢɛɤɭ ɭɩɪɚɜɥɟɧɢɹ. Ⱦɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɫ 
ɨɝɪɚɧɢɱɟɧɢɹɦɢ ɨɬɦɟɱɟɧɧɨɝɨ ɯɚɪɚɤɬɟɪɚ 
ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ 

ɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɯ ɜɵɱɢɫɥɢɬɟɥɟɣ ɨɛɳɟɝɨ 
ɧɚɡɧɚɱɟɧɢɹ ɨɝɪɚɧɢɱɟɧɵ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɨɡɧɢɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ 
ɜ ɫɨɡɞɚɧɢɢ ɫɩɟцɢɚɥɢɡɢɪɨɜɚɧɧɨɝɨ 
ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ, ɤɨɬɨɪɨɟ ɞɨɥɠɧɨ 
ɨɛɟɫɩɟɱɢɜɚɬɶ ɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɟ ɢ 
ɷɤɨɧɨɦɢɱɧɨɟ ɩɨ ɚɩɩɚɪɚɬɧɵɦ ɡɚɬɪɚɬɚɦ ɪɟɲɟɧɢɟ 
ɡɚɞɚɱɢ ɥɨɤɚɥɶɧɨɣ ɧɚɜɢɝɚцɢɢ, ɢ ɜ ɱɚɫɬɧɨɫɬɢ, 
ɨɩɪɟɞɟɥɟɧɢɟ ɦɟɫɬɨɩɨɥɨɠɟɧɢɹ ȻɉɅȺ ɜ ɪɟɚɥɶɧɨɦ 
ɦɚɫɲɬɚɛɟ ɜɪɟɦɟɧɢ. Ⱦɥɹ ɪɟɲɟɧɢɹ ɞɚɧɧɨɣ ɡɚɞɚɱɢ 
ɜɨɡɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜɨ ɦɧɨɝɢɯ ɫɥɭɱɚɹɯ ɞɥɹ 
ɜɵɱɢɫɥɟɧɢɹ ɤɨɨɪɞɢɧɚɬ ȻɉɅȺ ɧɟ ɬɨɥɶɤɨ 
ɢɬɟɪɚцɢɨɧɧɵɟ ɦɟɬɨɞɵ (ɧɚɩɪɢɦɟɪ, ɦɟɬɨɞ 
ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ, ɤɨɬɨɪɵɣ ɹɜɥɹɟɬɫɹ 
ɫɬɚɧɞɚɪɬɨɦ ɜ ɩɪɢɟɦɧɢɤɚɯ ɫɩɭɬɧɢɤɨɜɵɯ 
ɧɚɜɢɝɚцɢɨɧɧɵɯ ɫɢɫɬɟɦ), ɧɨ ɢ ɤɨɧɟɱɧɵɯ 
ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ, ɨɫɧɨɜɚɧɧɵɯ ɧɚ 
ɩɪɢɜɟɞɟɧɢɢ ɫɢɫɬɟɦɵ ɧɚɜɢɝɚцɢɨɧɧɵɯ ɭɪɚɜɧɟɧɢɣ ɤ 
ɫɢɫɬɟɦɟ ɥɢɧɟɣɧɵɯ ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ ɢ 
ɢɦɟɸɳɢɯ ɫɭɳɟɫɬɜɟɧɧɨ ɛɨɥɟɟ ɧɢɡɤɭɸ 
ɬɪɭɞɨɟɦɤɨɫɬɶ ɪɟɚɥɢɡɚцɢɢ. ȼ ɪɚɦɤɚɯ ɞɚɧɧɨɣ 
ɪɚɛɨɬɵ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɫɬɪɨɟɧɢɹ 
ɫɩɟцɢɚɥɢɡɢɪɨɜɚɧɧɨɝɨ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ 
ɭɫɬɪɨɣɫɬɜɚ ɧɚ ɨɫɧɨɜɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɟɥɶɬɚ-
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ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ, ɩɨɡɜɨɥɹɸɳɢɯ ɩɪɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɢɬɟɪɚцɢɨɧɧɨɝɨ ɦɟɬɨɞɚ ɪɟɲɟɧɢɹ 
ɋɅȺɍ ɨɪɝɚɧɢɡɨɜɵɜɚɬɶ ɜɵɱɢɫɥɢɬɟɥɶɧɵɣ ɩɪɨцɟɫɫ ɫ 
ɢɫɤɥɸɱɟɧɢɟɦ ɨɩɟɪɚцɢɣ ɦɧɨɝɨɪɚɡɪɹɞɧɨɝɨ 
ɭɦɧɨɠɟɧɢɹ ɢ ɫ ɩɨɥɭɱɟɧɢɟɦ ɪɟɡɭɥɶɬɚɬɚ ɡɚ ɨɞɧɭ 
ɢɬɟɪɚцɢɸ ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɩɪɨцɟɫɫɚ Д3-8]. 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ Д7-8Ж ɩɨɤɚɡɚɥɢ 
ɩɪɟɢɦɭɳɟɫɬɜɚ ɞɚɧɧɨɝɨ ɩɨɞɯɨɞɚ ɩɨ ɞɥɢɬɟɥɶɧɨɫɬɢ 
ɜɵɩɨɥɧɟɧɢɹ ɨɞɧɨɣ ɢɬɟɪɚцɢɢ ɢ ɢɬɟɪɚцɢɨɧɧɨɝɨ 
ɩɪɨцɟɫɫɚ ɜ цɟɥɨɦ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɪɟɚɥɢɡɚцɢɟɣ 
ɢɡɜɟɫɬɧɨɝɨ ɦɟɬɨɞɚ «ɩɪɨɫɬɨɣ ɢɬɟɪɚцɢɢ» Д9-12] 

ɩɪɢɦɟɪɧɨ ɜ 1,7 ɪɚɡɚ. ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɞɚɧɧɨɝɨ 
ɫɩɟцɢɚɥɢɡɢɪɨɜɚɧɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ  ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɉɅɂɋ ɨɫɨɛɟɧɧɨɫɬɢ 
ɚɥɝɨɪɢɬɦɢɱɟɫɤɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɩɨɡɜɨɥɹɸɬ 
ɞɨɫɬɢɝɚɬɶ ɧɚɢɛɨɥɟɟ ɜɵɫɨɤɢɯ ɤɚɱɟɫɬɜɟɧɧɵɯ 
ɩɨɤɚɡɚɬɟɥɟɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɩɪɢ 
ɦɢɧɢɦɢɡɢɪɨɜɚɧɧɵɯ ɡɚɬɪɚɬɚɯ ɪɟɫɭɪɫɨɜ 
(ɨɛɨɪɭɞɨɜɚɧɢɹ) ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɢɡɜɟɫɬɧɵɦɢ Д13-

14]. 

ɋ ɬɨɱɤɢ ɡɪɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɝɨ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɪɟɫɭɪɫɨɜ ɛɨɪɬɨɜɵɯ 
ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɫɪɟɞɫɬɜ ɩɪɟɞɫɬɚɜɥɹɟɬ ɢɧɬɟɪɟɫ 
ɬɚɤɚɹ ɨɪɝɚɧɢɡɚцɢɹ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɩɪɨцɟɫɫɚ, 
ɤɨɝɞɚ ɨɛɪɚɛɨɬɤɚ ɢɧɮɨɪɦɚцɢɢ ɧɚ ɭɪɨɜɧɟ ɨɞɧɨɣ 
ɢɬɟɪɚцɢɢ ɜɵɩɨɥɧɹɟɬɫɹ ɫ ɞɨɫɬɚɬɨɱɧɨɣ ɬɨɱɧɨɫɬɶɸ, 
ɜɵɫɨɤɢɦ ɛɵɫɬɪɨɞɟɣɫɬɜɢɟɦ ɢ ɫ ɩɪɟɞɟɥɶɧɨ 
ɛɨɥɶɲɢɦ ɜɪɟɦɟɧɧɵɦ ɲɚɝɨɦ. ȼ ɬɚɤɢɯ ɭɫɥɨɜɢɹɯ 
ɜɨɡɦɨɠɧɨ ɩɪɟɞɴɹɜɥɟɧɢɟ ɧɚɢɛɨɥɟɟ ɧɢɡɤɢɯ 
ɬɪɟɛɨɜɚɧɢɣ ɩɨ ɱɚɫɬɨɬɟ ɮɨɪɦɢɪɨɜɚɧɢɹ ɞɚɧɧɵɯ, 
ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯ ɢɡɦɟɧɹɸɳɢɟɫɹ ɫɜɨɛɨɞɧɵɟ 
ɱɥɟɧɵ ɋɅȺɍ (ɧɚɩɪɢɦɟɪ, ɱɚɫɬɨɬɟ ɮɨɪɦɢɪɨɜɚɧɢɹ 
ɪɚɫɫɬɨɹɧɢɣ ɨɬ ȻɉɅȺ ɞɨ ɦɚɹɤɨɜ ɥɨɤɚɥɶɧɨɣ 
ɫɢɫɬɟɦɵ ɧɚɜɢɝɚцɢɢ Д1,2Ж), ɚ ɬɚɤɠɟ ɤ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɫɪɟɞɫɬɜ ɫ 
ɭɱɟɬɨɦ ɜɨɡɦɨɠɧɨɫɬɢ ɨɞɧɨɜɪɟɦɟɧɧɨɣ ɪɟɚɥɢɡɚцɢɢ 
ɞɪɭɝɢɯ ɚɥɝɨɪɢɬɦɨɜ ɢ ɩɪɨɝɪɚɦɦ. Ⱥɤɬɭɚɥɶɧɨɫɬɶ 
ɷɮɮɟɤɬɢɜɧɨɝɨ ɪɟɲɟɧɢɹ ɋɅȺɍ ɞɚɠɟ ɧɟɜɵɫɨɤɢɯ 
ɩɨɪɹɞɤɨɜ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɭɫɥɨɜɢɹɯ ɪɟɡɤɨ 
ɜɨɡɪɚɫɬɚɟɬ, ɤɨɝɞɚ ɧɟɨɛɯɨɞɢɦɨ ɨɞɧɨɜɪɟɦɟɧɧɨ 
ɪɟɲɚɬɶ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɋɅȺɍ, ɱɬɨ ɢɦɟɟɬ 
ɦɟɫɬɨ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɚɹɤɨɜɨɣ ɫɢɫɬɟɦɵ 
ɥɨɤɚɥɶɧɨɣ ɧɚɜɢɝɚцɢɢ ɫ ɨɞɧɨɜɪɟɦɟɧɧɵɦ ɪɟɲɟɧɢɟɦ 
ɡɚɞɚɱɢ ɨɛɟɫɩɟɱɟɧɢɹ цɟɥɨɫɬɧɨɫɬɢ Д15Ж. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, цɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ 
ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɨɩɪɨɫɨɜ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 
ɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɯ ɷɤɨɧɨɦɢɱɧɵɯ ɩɨ 
ɚɩɩɚɪɚɬɧɵɦ ɪɟɫɭɪɫɚɦ ɫɩɟцɢɚɥɢɡɢɪɨɜɚɧɧɵɯ 
ɜɵɱɢɫɥɢɬɟɥɟɣ ɞɥɹ ɨɞɧɨɜɪɟɦɟɧɧɨɝɨ ɪɟɲɟɧɢɹ 
ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɋɅȺɍ ɧɚ ɨɫɧɨɜɟ ɞɟɥɶɬɚ-

ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɡɚɞɚɱɟ ɨɩɪɟɞɟɥɟɧɢɹ 
ɦɟɫɬɨɩɨɥɨɠɟɧɢɹ ȻɉɅȺ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɱɟɬɵɪɟɯ ɦɚɹɤɨɜ. 

ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ ɨɩɪɟɞɟɥɟɧɢɹ 
ɦɟɫɬɨɩɨɥɨɠɟɧɢɹ ȻɉɅȺ 

Ɉɞɧɚ ɢɡ ɡɚɞɚɱ ɨɩɪɟɞɟɥɟɧɢɹ 
ɦɟɫɬɨɩɨɥɨɠɟɧɢɹ ȻɉɅȺ ɛɚɡɢɪɭɟɬɫɹ ɧɚ 

ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɧɟɫɤɨɥɶɤɢɯ ɪɚɡɧɟɫɟɧɧɵɯ ɜ 
ɩɪɨɫɬɪɚɧɫɬɜɟ ɦɚɹɤɨɜ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɧɚ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɛɥɢɡɤɨɦ ɪɚɫɫɬɨɹɧɢɢ ɨɬ ɧɚɱɚɥɚ 
ɥɨɤɚɥɶɧɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ. Ȼɨɪɬɨɜɨɣ 
ɜɵɱɢɫɥɢɬɟɥɶ ɩɨɥɭɱɚɟɬ ɡɧɚɱɟɧɢɹ ɞɚɥɶɧɨɫɬɟɣ ɨɬ 
ȻɉɅȺ ɞɨ ɦɚɹɤɨɜ. ɇɚ ɨɫɧɨɜɚɧɢɢ ɢɦɟɸɳɢɯɫɹ 
ɤɨɨɪɞɢɧɚɬ ɦɚɹɤɨɜ ɢ ɩɨɥɭɱɟɧɧɵɯ ɞɚɥɶɧɨɫɬɟɣ 
ɦɨɠɧɨ ɫɮɨɪɦɢɪɨɜɚɬɶ ɧɚɜɢɝɚцɢɨɧɧɵɟ ɨɩɪɟɞɟɥɟɧɢɹ 
ɜ ɫɬɚɧɞɚɪɬɧɨɦ ɞɥɹ ɞɚɥɶɧɨɦɟɪɧɵɯ ɧɚɜɢɝɚцɢɨɧɧɵɯ 
ɫɢɫɬɟɦ ɜɢɞɟ Д16Ж:  

,  (1) 

ɝɞɟ – ɤɨɨɪɞɢɧɚɬɵ ȻɉɅȺ;  – 

ɤɨɨɪɞɢɧɚɬɵ i-ɝɨ ɦɚɹɤɚ ɜ ɜɵɛɪɚɧɧɨɣ ɫɢɫɬɟɦɟ 
ɤɨɨɪɞɢɧɚɬ; Di – ɞɚɥɶɧɨɫɬɶ ɞɨ i-ɝɨ ɦɚɹɤɚ. Ɋɟɲɟɧɢɟ 
ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ ɞɥɹ ɜɫɟɯ ɦɚɹɤɨɜ ɩɨɡɜɨɥɹɟɬ 
ɨɩɪɟɞɟɥɢɬɶ ɦɟɫɬɨɩɨɥɨɠɟɧɢɹ ȻɉɅȺ  ɜ 
ɩɪɨɫɬɪɚɧɫɬɜɟ. 

Ɋɟɲɟɧɢɟ ɞɚɧɧɨɣ ɡɚɞɚɱɢ ɧɚ ɛɨɪɬɭ ȻɉɅȺ 
ɜɤɥɸɱɚɟɬ 2 ɷɬɚɩɚ.  

ɉɟɪɜɵɦ ɷɬɚɩɨɦ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ 
ɬɟɤɭɳɢɯ ɤɨɨɪɞɢɧɚɬ ȻɉɅȺ ɩɭɬɟɦ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦ 
ɭɪɚɜɧɟɧɢɣ, ɤɚɠɞɨɟ ɢɡ ɤɨɬɨɪɵɯ ɛɚɡɢɪɭɟɬɫɹ ɧɚ 
ɞɚɧɧɵɯ ɪɚɡɦɟɳɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɷɬɨɣ 
ɫɢɫɬɟɦɟ ɱɟɬɵɪɟɯ ɦɚɹɤɨɜ ɢ ɞɚɥɶɧɨɫɬɟɣ ȻɉɅȺ ɞɨ 
ɷɬɢɯ ɦɚɹɤɨɜ.  

ȼɬɨɪɵɦ ɷɬɚɩɨɦ ɹɜɥɹɟɬɫɹ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ 

цɟɥɨɫɬɧɨɫɬɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɣ ɞɨɫɬɨɜɟɪɧɨɫɬɶ 
ɩɨɥɭɱɚɟɦɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɫ ɭɱɟɬɨɦ ɜɨɡɦɨɠɧɵɯ 
ɧɚɪɭɲɟɧɢɣ ɜ ɪɚɛɨɬɟ ɦɚɹɤɨɜ. ɂɫɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ 
ɞɥɹ ɡɚɞɚɱɢ цɟɥɨɫɬɧɨɫɬɢ ɹɜɥɹɸɬɫɹ ɮɨɪɦɢɪɭɟɦɵɟ 
ɦɧɨɠɟɫɬɜɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɤɨɨɪɞɢɧɚɬɵ ȻɉɅȺ, 
ɩɨɥɭɱɟɧɧɵɟ ɧɚ ɩɟɪɜɨɦ ɷɬɚɩɟ. Ⱦɥɹ ɭɫɩɟɲɧɨɝɨ 
ɪɟɲɟɧɢɹ ɞɚɧɧɨɣ ɡɚɞɚɱɢ ɧɟɨɛɯɨɞɢɦɨ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɝɪɭɩɩ 
ɦɚɹɤɨɜ, ɩɨɡɜɨɥɹɸɳɢɯ ɧɟɡɚɜɢɫɢɦɨ ɮɨɪɦɢɪɨɜɚɬɶ 
ɩɨ ɤɚɠɞɨɣ ɝɪɭɩɩɟ ɤɨɨɪɞɢɧɚɬɵ ȻɉɅȺ. ȼ ɪɚɛɨɬɟ, 
ɫɨɛɫɬɜɟɧɧɨ, ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ цɟɥɨɫɬɧɨɫɬɢ ɧɟ 
ɪɚɫɫɦɚɬɪɢɜɚɥɨɫɶ.  

Ɉɩɪɟɞɟɥɟɧɢɟ ɦɟɫɬɨɩɨɥɨɠɟɧɢɹ ȻɉɅȺ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɱɟɬɵɪɟɯ ɦɚɹɤɨɜ  

ȼ ɩɨɫɬɚɧɨɜɤɟ ɡɚɞɚɱɢ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ:  
- ɤɨɨɪɞɢɧɚɬɵ ɱɟɬɵɪɟɯ ɦɚɹɤɨɜ ɜ 

ɞɟɤɚɪɬɨɜɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ: , 

,  ; ɞɚɧɧɵɟ 
ɤɨɨɪɞɢɧɚɬɵ ɮɨɪɦɢɪɭɸɬɫɹ ɩɪɢ ɭɫɬɚɧɨɜɤɟ ɦɚɹɤɨɜ 
ɩɭɬɟɦ ɜɵɩɨɥɧɟɧɢɹ ɢɡɦɟɪɟɧɢɣ ɧɚ ɦɟɫɬɧɨɫɬɢ; 

- ɪɚɫɫɬɨɹɧɢɹ ɨɬ ɤɚɠɞɨɝɨ ɦɚɹɤɚ ɞɨ ȻɉɅȺ: 
, , , ; ɞɚɧɧɵɟ ɤɨɨɪɞɢɧɚɬɵ 

ɮɨɪɦɢɪɭɸɬɫɹ ɜ ɩɨɥɟɬɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɫɩɟцɢɚɥɶɧɨɣ ɛɨɪɬɨɜɨɣ ɚɩɩɚɪɚɬɭɪɵ. 

ɇɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɤɨɨɪɞɢɧɚɬɵ 
 ȻɉɅȺ. 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ (1) ɤɜɚɞɪɚɬɵ ɪɚɫɫɬɨɹɧɢɣ 
ɨɬ 4-ɯ ɦɚɹɤɨɜ ɞɨ ȻɉɅȺ ɢɦɟɸɬ ɜɢɞ: 

2222 )()()( iiii Dzzyyxx 
zyx ,, ),,( iii zyx

),,( zyx

),,( 111 ZYX

),,( 222 ZYX ),,( 333 ZYX ),,( 444 ZYX

1D 2D 3D 4D

PPP ZYX ,,
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.  

Ɋɚɫɤɪɵɜɚɟɦ ɫɤɨɛɤɢ ɢ ɩɨɥɭɱɚɟɦ: 

 

ȼ ɪɚɦɤɚɯ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɫ цɟɥɶɸ 
ɫɨɡɞɚɧɢɹ ɛɨɥɟɟ ɛɥɚɝɨɩɪɢɹɬɧɵɯ ɭɫɥɨɜɢɣ ɞɥɹ 
ɮɨɪɦɢɪɨɜɚɧɢɹ ɧɨɪɦɵ ɞɨɫɬɚɬɨɱɧɨɣ 
ɨɝɪɚɧɢɱɟɧɧɨɫɬɢ ɩɟɪɟɯɨɞ ɤ ɋɅȺɍ ɬɪɟɬɶɟɝɨ 
ɩɨɪɹɞɤɚ ɩɪɟɞɥɚɝɚɟɬɫɹ ɨɫɭɳɟɫɬɜɥɹɬɶ ɩɭɬɟɦ 
ɫɥɟɞɭɸɳɟɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜɵɱɢɬɚɧɢɣ: (2.1)-
(2.2), (2.2)-(2.3), (2.3)-(2.4). ȼ ɪɟɡɭɥɶɬɚɬɟ 
ɩɨɥɭɱɚɟɦ: 

. 

 (3) 

ɋɯɨɞɢɦɨɫɬɶ ɢɬɟɪɚцɢɨɧɧɨɝɨ ɪɟɲɟɧɢɹ 
ɋɅȺɍ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɭɫɥɨɜɢɹɦɢ ɞɥɹ ɦɟɬɨɞɚ ɩɪɨɫɬɨɣ ɢɬɟɪɚцɢɢ Д9-12], 

ɤɨɬɨɪɵɟ ɮɨɪɦɢɪɭɸɬɫɹ ɧɚ ɨɫɧɨɜɟ ɞɚɧɧɵɯ ɨ 
ɪɚɡɦɟɳɟɧɢɢ ɦɚɹɤɨɜ. 

ɉɪɟɨɛɪɚɡɭɟɦ (3) ɤ ɜɢɞɭ: 

 

. (4) 

Ⱦɚɥɟɟ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɨɪɞɢɧɚɬ 
 ȻɉɅȺ ɧɟɨɛɯɨɞɢɦɨ ɪɟɲɚɬɶ 

ɩɨɥɭɱɟɧɧɭɸ ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ (4) ɨɬɧɨɫɢɬɟɥɶɧɨ
. 

Ɉɫɨɛɟɧɧɨɫɬɢ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ 
ɨɩɪɟɞɟɥɟɧɢɹ ɦɟɫɬɨɩɨɥɨɠɟɧɢɹ ȻɉɅȺ 

ȼ ɪɟɲɟɧɢɢ ɡɚɞɚɱɢ ɨɩɪɟɞɟɥɟɧɢɹ 
ɦɟɫɬɨɩɨɥɨɠɟɧɢɹ ȻɉɅȺ ɢɦɟɟɬ ɦɟɫɬɨ ɞɜɚ ɷɬɚɩɚ: 

ɧɚɡɟɦɧɚɹ ɩɨɞɝɨɬɨɜɤɚ ɩɪɟɞɥɨɠɟɧɧɨɝɨ 
ɡɚɞɚɧɢɹ: ɩɪɢ ɷɬɨɦ ɜɵɩɨɥɧɹɸɬɫɹ ɜɫɟ 
ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ 
ɦɢɧɢɦɢɡɢɪɨɜɚɬɶ ɚɥɝɨɪɢɬɦ ɩɨ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ 
ɬɪɭɞɨɟɦɤɨɫɬɢ ɩɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱɢ ɧɚ ɛɨɪɬɭ 
ȻɉɅȺ, ɚ ɬɚɤɠɟ ɨɩɪɟɞɟɥɹɸɬɫɹ ɬɟ ɝɪɭɩɩɵ ɦɚɹɤɨɜ ɩɨ 
ɱɟɬɵɪɟ, ɤɨɬɨɪɵɟ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɭɫɥɨɜɢɹɦ 
ɨɛɟɫɩɟɱɟɧɢɹ ɫɯɨɞɢɦɨɫɬɢ Д9-12]; 

ɪɟɲɟɧɢɟ ɧɚ ɛɨɪɬɭ ɩɨɞɝɨɬɨɜɥɟɧɧɨɣ ɧɚ 
ɡɟɦɥɟ ɡɚɞɚɱɢ ɜ ɨɛɫɬɚɧɨɜɤɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ. 

ȼ ɭɫɥɨɜɢɹɯ ɧɚɡɟɦɧɨɣ ɩɨɞɝɨɬɨɜɤɢ 
цɟɥɟɫɨɨɛɪɚɡɧɨ ɭɫɬɚɧɚɜɥɢɜɚɬɶ Ч>>4 ɦɚɹɤɨɜ, ɱɬɨ 
ɤɚɤ ɛɵɥɨ ɨɬɦɟɱɟɧɨ ɜ ɪɚɡɞɟɥɟ 1, ɫɜɹɡɚɧɨ ɜ ɩɟɪɜɭɸ 
ɨɱɟɪɟɞɶ ɫ ɨɛɟɫɩɟɱɟɧɢɟɦ ɷɮɮɟɤɬɢɜɧɨɝɨ ɪɟɲɟɧɢɹ 
ɡɚɞɚɱɢ цɟɥɨɫɬɧɨɫɬɢ.  

ɑɢɫɥɨ ɫɨɱɟɬɚɧɢɣ ɢɡ Ч ɦɚɹɤɨɜ ɩɨ Ц 
ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

. 

ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɭɫɬɚɧɨɜɥɟɧɨ Ч=8 
ɦɚɹɤɨɜ, ɬɨɝɞɚ ɱɢɫɥɨ ɫɨɱɟɬɚɧɢɣ ɞɚɧɧɵɯ ɦɚɹɤɨɜ 
ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɞɚɧɧɨɦɭ ɚɥɝɨɪɢɬɦɭ ɛɭɞɟɬ 
ɫɨɫɬɚɜɥɹɬɶ , ɧɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜɫɟɯ 
ɤɨɦɛɢɧɚцɢɢ ɧɟ ɨɛɹɡɚɬɟɥɶɧɨ.   

ȼ ɪɚɦɤɚɯ ɞɚɧɧɨɣ ɪɚɛɨɬɵ 
ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɜɨɡɦɨɠɧɨɫɬɢ ɨɞɧɨɜɪɟɦɟɧɧɨɝɨ 
(ɩɚɪɚɥɥɟɥɶɧɨɝɨ) ɪɟɲɟɧɢɹ ɦɧɨɠɟɫɬɜɚ ɋɅȺɍ ɞɥɹ 4-

ɯ ɦɚɹɤɨɜ ɧɚ ɨɫɧɨɜɟ ɫɩɟцɢɚɥɢɡɢɪɨɜɚɧɧɨɝɨ 
ɜɵɱɢɫɥɢɬɟɥɹ ɫ ɚɥɝɨɪɢɬɦɢɡɚцɢɟɣ ɪɟɲɟɧɢɹ ɧɚ ɛɚɡɟ 
ɞɟɥɶɬɚ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ Д7-8]. 

ɇɚ ɪɢɫɭɧɤɟ 1 ɩɪɟɞɫɬɚɜɥɟɧɚ ɭɤɪɭɩɧɟɧɧɚɹ 
ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɫɩɟцɢɚɥɢɡɢɪɨɜɚɧɧɨɝɨ 
ɛɨɪɬɨɜɨɝɨ ɜɵɱɢɫɥɢɬɟɥɹ, ɨɬɪɚɠɚɸɳɚɹ ɨɫɨɛɟɧɧɨɫɬɢ 
ɜɨɡɦɨɠɧɨɣ ɪɟɚɥɢɡɚцɢɢ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ 
ɨɩɪɟɞɟɥɟɧɢɹ ɦɟɫɬɨɩɨɥɨɠɟɧɢɹ ȻɉɅȺ, ɝɞɟ ɜ ɜɢɞɟ 
ɡɚɲɬɪɢɯɨɜɚɧɧɨɝɨ ɛɥɨɤɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɝɪɭɩɩɚ 
ɫɩɟцɢɚɥɢɡɢɪɨɜɚɧɧɵɯ ɜɵɱɢɫɥɢɬɟɥɟɣ ɞɥɹ ɪɟɲɟɧɢɹ 
ɋɅȺɍ ɧɚ ɨɫɧɨɜɟ ɞɟɥɶɬɚ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɜɬɨɪɨɝɨ 
ɩɨɪɹɞɤɚ ɢ ɩɟɪɟɦɟɧɧɨɝɨ ɤɜɚɧɬɚ,  - ɪɚɫɫɬɨɹɧɢɹ 
ɨɬ ɤɚɠɞɨɝɨ Ч-ɨɝɨ ɦɚɹɤɚ ɞɨ ȻɉɅȺ. 

ȼ ɛɨɪɬɨɜɨɣ ɜɵɱɢɫɥɢɬɟɥɶ ɩɪɢ ɧɚɡɟɦɧɨɣ 
ɩɨɞɝɨɬɨɜɤɟ ɡɚɝɪɭɠɚɸɬɫɹ ɪɚɡɧɨɫɬɢ ɤɨɨɪɞɢɧɚɬ 
ɦɚɹɤɨɜ ɢ ɡɧɚɱɟɧɢɹ ɢɡɜɟɫɬɧɵɯ ɫɭɦɦ ɤɜɚɞɪɚɬɨɜ 
ɫɜɨɛɨɞɧɵɯ ɱɥɟɧɨɜ ɫɢɫɬɟɦɵ (4). ȼ ɩɨɥɟɬɟ ɜ ɪɟɠɢɦɟ 
ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɧɚ ɭɧɢɜɟɪɫɚɥɶɧɵɣ ɛɨɪɬɨɜɨɣ 
ɜɵɱɢɫɥɢɬɟɥɶ (ɩɪɨцɟɫɫɨɪ ɧɚ ɪɢɫɭɧɤɟ 1) ɩɨɫɬɭɩɚɸɬ 
ɡɧɚɱɟɧɢɹ ɞɚɥɶɧɨɫɬɟɣ , , , , ɢ ɞɚɥɟɟ ɜ 
ɩɪɟɞɫɬɚɜɥɟɧɧɨɦ ɧɚ ɪɢɫɭɧɤɟ 1 ɡɚɲɬɪɢɯɨɜɚɧɧɨɦ 
ɛɥɨɤɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɪɟɲɟɧɢɟ ɋɅȺɍ ɧɚ ɨɫɧɨɜɟ 
ɚɥɝɨɪɢɬɦɚ ɞɟɥɶɬɚ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɜɬɨɪɨɝɨ 
ɩɨɪɹɞɤɚД7-8]. 
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3  
4 Ɋɢɫɭɧɨɤ 1 - ɍɤɪɭɩɧɟɧɧɚɹ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ 

ɫɩɟцɢɚɥɢɡɢɪɨɜɚɧɧɨɝɨ ɛɨɪɬɨɜɨɝɨ ɜɵɱɢɫɥɢɬɟɥɹ. 

Ⱥɥɝɨɪɢɬɦ ɪɟɲɟɧɢɹ ɋɅȺɍ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɟɥɶɬɚ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ 
ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɢ ɩɟɪɟɦɟɧɧɨɝɨ ɤɜɚɧɬɚ 

Ɋɚɫɫɦɨɬɪɢɦ ɪɟɲɟɧɢɟ ɋɅȺɍ, ɫɨɞɟɪɠɚɳɭɸ 
ɦɚɬɪɢцɭ ɩɨɫɬɨɹɧɧɵɯ ɤɨɷɮɮɢцɢɟɧɬɨɜ ɢ ɜ ɨɛɳɟɦ 
ɫɥɭɱɚɟ ɩɟɪɟɦɟɧɧɵɟ ɫɜɨɛɨɞɧɵɟ ɱɥɟɧɵ, 
ɭɞɨɜɥɟɬɜɨɪɹɸɳɭɸ ɭɫɥɨɜɢɹɦ ɫɯɨɞɢɦɨɫɬɢ ɞɥɹ 
ɦɟɬɨɞɚ ɩɪɨɫɬɨɣ ɢɬɟɪɚцɢɢ Д9-12Ж, ɢ ɢɦɟɸɳɭɸ ɜɢɞ: 

.  (5) 

ɉɪɟɨɛɪɚɡɭɟɦ ɫɢɫɬɟɦɭ: 
. 

ɉɟɪɟɯɨɞɢɦ ɤ ɮɨɪɦɟ ɡɚɩɢɫɢ ɫ ɜɜɟɞɟɧɢɟɦ 
ɧɟɜɹɡɤɢ  ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɢɬɟɪɚцɢɨɧɧɨɝɨ 
ɦɟɬɨɞɚ: 

.  (6) 

ȼ ɩɪɢɜɟɞɟɧɧɵɯ ɫɢɫɬɟɦɚɯ , 

 - ɦɚɬɪɢцɵ ɤɨɷɮɮɢцɢɟɧɬɨɜ 

ɪɚɡɦɟɪɧɨɫɬɢ ; ,  - ɜɟɤɬɨɪ-ɫɬɨɥɛцɵ 
ɫɜɨɛɨɞɧɵɯ ɱɥɟɧɨɜ ɫɢɫɬɟɦɵ (ɜ ɱɚɫɬɧɨɦ ɫɥɭɱɚɟ ɞɥɹ 
ɫɢɫɬɟɦɵ ɫ ɩɨɫɬɨɹɧɧɵɦɢ ɫɜɨɛɨɞɧɵɦɢ ɱɥɟɧɚɦɢ 

, );  - 

ɜɟɤɬɨɪ-ɫɬɨɥɛɟц ɧɟɢɡɜɟɫɬɧɵɯ ɫɢɫɬɟɦɵ; ,  

- ɜɟɤɬɨɪ-ɫɬɨɥɛцɵ ɧɟɜɹɡɨɤ ɢ ɩɪɢɛɥɢɠɟɧɧɵɯ 
ɡɧɚɱɟɧɢɣ ɧɟɢɡɜɟɫɬɧɵɯ; Э – ɧɟɡɚɜɢɫɢɦɚɹ 
ɩɟɪɟɦɟɧɧɚɹ; . 

Ⱥɥɝɨɪɢɬɦ (7) ɩɚɪɚɥɥɟɥɶɧɨɝɨ ɪɟɲɟɧɢɹ 
ɋɅȺɍ (5) ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɟɥɶɬɚ-

ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɢ ɩɟɪɟɦɟɧɧɨɝɨ 
ɤɜɚɧɬɚ ɩɪɟɞɫɬɚɜɢɦ ɜ ɫɥɟɞɭɸɳɟɣ ɪɚɡɧɨɫɬɧɨɣ 
ɮɨɪɦɟ ɞɥɹ i-ɝɨ ɲɚɝɚ ɩɪɢ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ 

, , , 

,  [3, 7-8]: 

- ɞɟɦɨɞɭɥɹцɢɹ: 

;    (7.1) 

;  (7.2) 

;  (7.3) 

, , ; 

- ɮɨɪɦɢɪɨɜɚɧɢɟ ɜɬɨɪɨɣ ɪɚɡɧɨɫɬɢ 
ɩɪɟɨɛɪɚɡɭɟɦɨɣ ɩɟɪɟɦɟɧɧɨɣ: 

; (7.4) 

- ɮɨɪɦɢɪɨɜɚɧɢɟ ɡɧɚɱɟɧɢɣ ɧɟɜɹɡɨɤ: 
;  (7.5) 

;  (7.6) 

;  (7.7) 

- ɮɨɪɦɢɪɨɜɚɧɢɟ ɡɧɚɱɟɧɢɣ 
ɩɟɪɟɤɥɸɱɚɸɳɢɯ ɮɭɧɤцɢɣ ɢ ɡɧɚɤɨɜ ɤɜɚɧɬɨɜ 
ɜɬɨɪɵɯ ɪɚɡɧɨɫɬɟɣ: 

; (7.8) 

; , .(7.9) 

ȼ ɚɥɝɨɪɢɬɦɟ (7)  - ɜɟɫ ɦɨɞɭɥɹ ɤɜɚɧɬɚ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɧɚ -ɨɦ ɢɬɟɪɚцɢɨɧɧɨɦ цɢɤɥɟ (

), P - ɤɨɥɢɱɟɫɬɜɨ цɢɤɥɨɜ, ɜɵɩɨɥɧɹɟɦɵɯ ɩɪɢ 
ɩɨɫɬɨɹɧɧɵɯ ɩɨ ɦɨɞɭɥɸ ɡɧɚɱɟɧɢɹɯ ɤɜɚɧɬɨɜ,  - 

ɤɨɥɢɱɟɫɬɜɨ ɢɬɟɪɚцɢɣ ɜ цɢɤɥɟ. Ʉɪɨɦɟ ɬɨɝɨ, ɞɥɹ 
ɫɬɵɤɨɜ ɭɱɚɫɬɤɨɜ ɫɨɫɟɞɧɢɯ цɢɤɥɨɜ ɩɪɢ ɪɟɲɟɧɢɢ 

ɋɅȺɍ ɫ ɩɟɪɟɦɟɧɧɵɦɢ ɫɜɨɛɨɞɧɵɦɢ ɱɥɟɧɚɦɢ 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɨɨɬɧɨɲɟɧɢɹ: ; 

.  

ɋɭɳɧɨɫɬɶ ɩɪɨцɟɫɫɚ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦɵ (5) 
ɧɚ ɨɫɧɨɜɟ ɚɥɝɨɪɢɬɦɚ (7) ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ 
ɡɚɞɚɸɬɫɹ ɧɚɱɚɥɶɧɵɟ ɭɫɥɨɜɢɹ , , , 

,  (ɜ ɱɚɫɬɧɨɦ ɫɥɭɱɚɟ, ɧɚɩɪɢɦɟɪ, 
, , ɬɨɝɞɚ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 

, , ) ɢ 
ɨɪɝɚɧɢɡɭɟɬɫɹ ɢɬɟɪɚцɢɨɧɧɵɣ (ɩɟɪɟɯɨɞɧɵɣ) 
ɩɪɨцɟɫɫ ɪɟɲɟɧɢɹ ɞɨ ɜɯɨɠɞɟɧɢɹ ɜ ɭɫɬɚɧɨɜɢɜɲɢɣɫɹ 
ɩɪɨцɟɫɫ, ɤɨɝɞɚ , , , 

ɝɞɟ - ɞɨɫɬɚɬɨɱɧɨ ɦɚɥɵɟ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 
ɨɛɟɫɩɟɱɟɧɢɸ ɡɚɞɚɧɧɨɣ ɬɨɱɧɨɫɬɢ ɪɟɲɟɧɢɹ 

ɫɢɫɬɟɦɵ ɜɟɥɢɱɢɧɵ. Ⱦɢɫɤɪɟɬɧɵɟ ɡɧɚɱɟɧɢɹ , 

,  ɜ ɚɥɝɨɪɢɬɦɟ (7) ɩɪɟɞɩɨɥɚɝɚɸɬɫɹ 
ɱɢɫɥɟɧɧɨ ɨɩɪɟɞɟɥɟɧɧɵɦɢ ɧɚ ɤɚɠɞɨɦ ɲɚɝɟ Д3Ж. 

ȼ ɪɚɛɨɬɚɯ Д7-8Ж ɪɚɡɪɚɛɨɬɚɧɵ 
цɟɥɨɱɢɫɥɟɧɧɵɟ ɨцɟɧɤɢ ɩɚɪɚɦɟɬɪɨɜ ɚɥɝɨɪɢɬɦɚ (7), 
ɨɩɪɟɞɟɥɹɸɳɢɟ ɫɩɨɫɨɛ ɡɚɞɚɧɢɹ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɡɧɚɱɟɧɢɣ ɩɟɪɟɦɟɧɧɵɯ 
ɤɜɚɧɬɨɜ ɜ цɢɤɥɚɯ. ɉɪɟɞɥɨɠɟɧɵ ɫɥɟɞɭɸɳɢɟ 
ɫɨɨɬɧɨɲɟɧɢɹ ɞɥɹ ɤɜɚɧɬɨɜ ɫɨɫɟɞɧɢɯ цɢɤɥɨɜ (  - 

ɫɬɟɩɟɧɶ ɦɢɧɢɦɚɥɶɧɨɝɨ ɤɜɚɧɬɚ, ): 

ɞɥɹ  , ; 

ɞɥɹ  , 
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ȼ ɪɚɛɨɬɚɯ Д7-8Ж ɜɜɟɞɟɧɵ ɢ ɬɟɨɪɟɬɢɱɟɫɤɢ 
ɨɛɨɫɧɨɜɚɧɵ ɷɮɮɟɤɬɢɜɧɵɟ ɭɫɥɨɜɢɹ ɨɤɨɧɱɚɧɢɹ 
ɢɬɟɪɚцɢɨɧɧɨɝɨ ɩɪɨцɟɫɫɚ ɜ ɬɟɤɭɳɟɦ цɢɤɥɟ 
ɚɥɝɨɪɢɬɦɚ (7): 

, 

; 

, ; . 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɟɥɶɬɚ-

ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɞɥɹ 
ɪɟɲɟɧɢɹ ɋɅȺɍ ɜ ɡɚɞɚɱɟ ɨɩɪɟɞɟɥɟɧɢɹ 
ɦɟɫɬɨɩɨɥɨɠɟɧɢɹ ȻɉɅȺ 

ɉɪɨɜɨɞɢɥɨɫɶ ɢɫɫɥɟɞɨɜɚɧɢɟ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɟɥɶɬɚ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɜɬɨɪɨɝɨ 
ɩɨɪɹɞɤɚ ɞɥɹ ɪɟɲɟɧɢɹ ɋɅȺɍ ɜ ɡɚɞɚɱɟ ɨɩɪɟɞɟɥɟɧɢɹ 
ɦɟɫɬɨɩɨɥɨɠɟɧɢɹ ȻɉɅȺ ɧɚ ɪɚɡɥɢɱɧɵɯ ɩɪɢɦɟɪɚɯ 
ɪɚɡɦɟɳɟɧɢɹ ɦɚɹɤɨɜ. Ɉɫɨɛɨɟ ɜɧɢɦɚɧɢɟ ɭɞɟɥɹɥɨɫɶ 
ɜɵɫɨɬɟ ɪɚɫɩɨɥɨɠɟɧɢɹ ɦɚɹɤɨɜ, ɬɚɤ ɤɚɤ ɫ 
ɭɦɟɧɶɲɟɧɢɟɦ ɷɬɢɯ ɜɵɫɨɬ ɜ ɛɨɥɶɲɟɣ ɦɟɪɟ 
ɩɪɨɹɜɥɹɟɬɫɹ ɜɥɢɹɧɢɟ ɜɨɡɦɭɳɟɧɢɣ ɧɚ ɨɲɢɛɤɭ 
ɢɬɟɪɚцɢɨɧɧɨɝɨ ɩɪɨцɟɫɫɚ ɧɚ ɤɚɠɞɨɦ ɲɚɝɟ.  

Ʉɪɨɦɟ ɬɨɝɨ, ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɜɨɞɢɥɨɫɶ ɫ 
ɭɱɟɬɨɦ ɞɜɭɯ ɜɨɡɦɨɠɧɵɯ ɫɩɨɫɨɛɨɜ ɨɪɝɚɧɢɡɚцɢɢ 
ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɩɪɨцɟɫɫɚ: 

1. Зɧɚɱɟɧɢɹ ɬɟɤɭɳɢɯ ɞɚɥɶɧɨɫɬɟɣ 
ɩɨɫɬɭɩɚɸɬ ɧɚ ɤɚɠɞɨɦ ɬɟɤɭɳɟɦ ɲɚɝɟ ɤɚɤ 
ɩɟɪɟɯɨɞɧɨɝɨ, ɬɚɤ ɢ ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɩɪɨцɟɫɫɨɜ; 
ɞɥɢɬɟɥɶɧɨɫɬɶ ɜɫɟɯ ɲɚɝɨɜ (ɢɬɟɪɚцɢɣ) ɮɢɤɫɢɪɨɜɚɧɚ. 

2. ɉɟɪɜɵɣ ɜɪɟɦɟɧɧɨɣ ɲɚɝ ɪɟɲɟɧɢɹ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɪɟɚɥɢɡɚцɢɢ ɩɟɪɟɯɨɞɧɨɝɨ 
ɩɪɨцɟɫɫɚ ɩɪɢ ɮɢɤɫɢɪɨɜɚɧɧɵɯ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 
ɷɬɨɦɭ ɲɚɝɭ ɜɪɟɦɟɧɢ ɡɧɚɱɟɧɢɹɯ ɞɚɥɶɧɨɫɬɟɣ 
(ɞɚɧɧɵɣ ɪɟɠɢɦ ɪɟɚɥɢɡɭɟɬɫɹ ɩɪɢ ɧɚɥɢɱɢɢ 
ɜɨɡɦɨɠɧɨɫɬɢ ɩɟɪɟɞɚɱɢ ɞɥɹ ɞɚɧɧɨɣ ɡɚɞɚɱɢ 
ɧɟɨɛɯɨɞɢɦɵɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɪɟɫɭɪɫɨɜ ɧɚ ɲɚɝɟ). 
ɉɨɫɥɟ ɡɚɜɟɪɲɟɧɢɹ ɞɚɧɧɨɝɨ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨцɟɫɫɚ 
ɩɪɨɞɨɥɠɚɟɬɫɹ ɪɟɲɟɧɢɟ ɧɚ ɩɨɫɥɟɞɭɸɳɢɯ 
ɜɪɟɦɟɧɧɵɯ ɲɚɝɚɯ ɫ ɪɟɚɥɢɡɚцɢɟɣ ɨɞɧɨɣ ɢɬɟɪɚцɢɢ 
ɧɚ ɤɚɠɞɨɦ ɢɡ ɷɬɢɯ ɲɚɝɨɜ. ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ 
ɚɜɬɨɦɚɬɢɱɟɫɤɨɟ ɜɵɹɜɥɟɧɢɟ ɦɨɦɟɧɬɚ ɡɚɜɟɪɲɟɧɢɹ 
ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨцɟɫɫɚ ɢ ɮɨɪɦɢɪɨɜɚɧɢɟ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɩɪɢɡɧɚɤɚ ɜ ɪɟɲɟɧɢɢ ɡɚɞɚɱɢ 
ɭɩɪɚɜɥɟɧɢɹ ȻɉɅȺ ɩɨ ɭɫɬɚɧɨɜɥɟɧɢɸ ɧɚɢɦɟɧɶɲɟɝɨ 
ɡɧɚɱɟɧɢɹ ɤɜɚɧɬɚ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ. 

ɋɥɟɞɭɟɬ ɨɛɪɚɬɢɬɶ ɜɧɢɦɚɧɢɟ ɧɚ ɬɨ, ɱɬɨ ɜ 
ɨɫɧɨɜɟ ɨɪɝɚɧɢɡɚцɢɢ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɩɪɨцɟɫɫɚ ɩɨ 
ɜɬɨɪɨɦɭ ɫɩɨɫɨɛɭ ɪɟɚɥɢɡɭɸɬɫɹ ɩɟɪɟɯɨɞɧɵɟ 
ɩɪɨцɟɫɫɵ, ɤɨɬɨɪɵɟ ɩɨ ɤɪɢɬɟɪɢɸ ɫɯɨɞɢɦɨɫɬɢ 
ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɪɚɫɫɦɨɬɪɟɧɧɵɦ ɜ Д9-12] 

ɩɨɥɨɠɟɧɢɹɦ. ȼ ɫɥɭɱɚɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɚɧɧɨɝɨ  
ɫɩɨɫɨɛɚ ɨɪɝɚɧɢɡɚцɢɢ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨцɟɫɫɚ ɩɪɢ 
ɪɚɛɨɬɟ ɫ ɩɟɪɟɦɟɧɧɵɦɢ ɫɜɨɛɨɞɧɵɦɢ ɱɥɟɧɚɦɢ 
ɩɪɟɞɫɬɚɜɥɹɸɬɫɹ ɜɨɡɦɨɠɧɨɫɬɢ ɫɨɤɪɚɳɟɧɢɹ 
ɤɨɥɢɱɟɫɬɜɚ ɜɪɟɦɟɧɧɵɯ ɲɚɝɨɜ ɪɟɲɟɧɢɹ (ɧɨ ɧɟ 

ɤɨɥɢɱɟɫɬɜɚ ɢɬɟɪɚцɢɣ). 
ɂɫɫɥɟɞɨɜɚɧɢɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɟɥɶɬɚ-

ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɞɥɹ ɪɟɲɟɧɢɹ 
ɋɅȺɍ ɜ ɡɚɞɚɱɟ ɨɩɪɟɞɟɥɟɧɢɹ ɦɟɫɬɨɩɨɥɨɠɟɧɢɹ 
ȻɉɅȺ ɛɭɞɟɦ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɧɚ ɨɬɞɟɥɶɧɵɯ ɝɪɭɩɩɚɯ 
ɦɚɹɤɨɜ ɩɨ ɱɟɬɵɪɟ ɧɚ ɞɜɭɯ ɬɢɩɚɯ ɡɚɞɚɱ. ɉɟɪɜɚɹ 
ɡɚɞɚɱɚ – ɨɩɪɟɞɟɥɟɧɢɟ ɤɨɨɪɞɢɧɚɬ ɩɪɢ ɛɨɥɶɲɨɣ 
ɧɚɱɚɥɶɧɨɣ ɜɵɫɨɬɟ ȻɉɅȺ ɢ ɛɨɥɶɲɨɣ ɫɤɨɪɨɫɬɢ, 
ɜɬɨɪɚɹ ɡɚɞɚɱɚ – ɩɪɢ ɩɨɫɚɞɤɟ ȻɉɅȺ. 

ȼ ɩɟɪɜɨɦ ɬɢɩɟ ɡɚɞɚɱ ɪɚɫɫɦɨɬɪɟɧɵ ɬɪɢ 
ɜɚɪɢɚɧɬɚ ɪɚɫɩɨɥɨɠɟɧɢɹ 4-ɯ ɦɚɹɤɨɜ: 

(-200, -400, 20), (450, -100, 120), (120, 400, 

170), (-100, 450, 420);    (8) 

(-200, -400, 5), (450, -100, 25), (120, 400, 

0), (-100, 450, 25);    (9) 

(100, -40, 1), (150, -100, 0), (10, 400, 0), 

 (-15, 450, 10).      (10) 

ȼɚɪɢɚɧɬ (8) ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɜɚɪɢɚɧɬɚ (9) 
ɡɧɚɱɢɬɟɥɶɧɵɦ ɫɧɢɠɟɧɢɟɦ ɜɵɫɨɬɵ ɪɚɫɩɨɥɨɠɟɧɢɹ 
ɦɚɤɨɜ. ȼɚɪɢɚɧɬ (10) ɢɦɟɟɬ ɨɬɥɢɱɧɵɣ ɜɚɪɢɚɧɬ 
ɪɚɫɩɨɥɨɠɟɧɢɹ ɦɚɹɤɨɜ ɜ ɩɥɨɫɤɨɫɬɢ БOВ, ɚ ɬɚɤɠɟ 
ɢɦɟɟɬ ɩɪɟɞɟɥɶɧɨ ɧɢɡɤɢɟ ɜɵɫɨɬɵ ɦɚɹɤɨɜ. 

ɇɚɱɚɥɶɧɚɹ ɜɵɫɨɬɚ ȻɉɅȺ ɫɨɫɬɚɜɥɹɟɬ 
 ɦ., ɫɤɨɪɨɫɬɶ  ɦ/ɫ ɢ , 

ɭɝɨɥ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɡɟɦɥɢ . 

Ɋɟɲɟɧɢɟ ɜɫɟɯ ɋɅȺɍ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 
ɩɪɟɞɫɬɚɜɥɟɧɧɵɦ ɜɵɲɟ ɤɨɨɪɞɢɧɚɬɚɦ ɦɚɹɤɨɜ ɢ 
ɫɨɫɬɚɜɥɟɧɧɵɦ ɩɨ ɫɢɫɬɟɦɟ (4), ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɩɪɢ 
ɨɛɟɫɩɟɱɟɧɢɢ ɨɞɢɧɚɤɨɜɨɣ ɬɨɱɧɨɫɬɢ , 

ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɣɫɹ ɡɧɚɱɟɧɢɟɦ 0,25 ɦ.  
ȼ ɬɚɛɥɢцɚɯ 1, 2 ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ, 

ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ ɜɪɟɦɟɧɧɵɟ ɲɚɝɢ  ɢ ɜɵɫɨɬɭ 
 ɜ ɦɟɬɪɚɯ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɚɥɝɨɪɢɬɦɚ ɧɚ 

ɛɚɡɟ ɞɟɥɶɬɚ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ Д7-

8Ж. ɉɚɪɚɦɟɬɪ  ɨɬɪɚɠɚɟɬ ɜɵɫɨɬɭ, ɧɚɱɢɧɚɹ ɫ 
ɤɨɬɨɪɨɣ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɪɟɲɟɧɢɟ ɋɅȺɍ ɡɚ ɨɞɧɭ 
ɢɬɟɪɚцɢɸ ɜ ɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɩɪɨцɟɫɫɟ ɫ ɡɚɞɚɧɧɨɣ 
ɨɞɢɧɚɤɨɜɨɣ ɦɚɤɫɢɦɚɥɶɧɨɣ ɬɨɱɧɨɫɬɶɸ ɪɟɲɟɧɢɹ 
ɞɥɹ ɬɪɟɯ ɜɚɪɢɚɧɬɨɜ ɪɚɫɩɨɥɨɠɟɧɢɹ ɦɚɹɤɨɜ (8), (9), 
(10). ȼ ɬɚɛɥɢцɟ 1 ɨɪɝɚɧɢɡɚцɢɹ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ 
ɩɪɨцɟɫɫɚ ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ ɧɚ ɨɫɧɨɜɟ ɩɟɪɜɨɝɨ 
ɫɩɨɫɨɛɚ, ɜ ɬɚɛɥɢцɟ 2 – ɧɚ ɨɫɧɨɜɟ ɜɬɨɪɨɝɨ ɫɩɨɫɨɛɚ. 
ȼ ɬɚɛɥɢцɚɯ 1, 2 ɜ ɫɤɨɛɤɚɯ ɨɛɨɡɧɚɱɟɧɵ ɧɨɦɟɪɚ 
ɨɩɢɫɚɧɢɣ ɤɨɨɪɞɢɧɚɬ ɪɚɫɩɨɥɨɠɟɧɢɹ ɦɚɹɤɨɜ (8), (9), 
(10). 

Ɍɚɛɥɢцɚ 1. Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɨɜ 
ɪɟɲɟɧɢɹ ɋɅȺɍ ɡɚɞɚɱɢ ɨɩɪɟɞɟɥɟɧɢɹ 
ɦɟɫɬɨɩɨɥɨɠɟɧɢɹ ȻɉɅȺ ɧɚ ɨɫɧɨɜɟ ɩɟɪɜɨɝɨ 
ɫɩɨɫɨɛɚ ɨɪɝɚɧɢɡɚцɢɢ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɩɪɨцɟɫɫɚ. 

 

ȼɵɫɨɬɚ ȻɉɅȺ ɞɥɹ ɞɟɥɶɬɚ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ 
ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ,  

 ɦ/ɫ  ɦ/ɫ 

(8) (9) (10) (8) (9) (10) 
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0,02

5 

1436

3 

1101

8 
9652 

1539

7 

1384

7 

1434

2 

0,05 
1030

8 
3249 - 

1486

8 

1221

8 

1172

2 

0,07

5 
7723 - - 

1361

0 
6730 

1032

2 

0,1 - - - 
1210

5 
6084 4088 

 

 

 

Ɍɚɛɥɢцɚ 2. Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɨɜ 
ɪɟɲɟɧɢɹ ɋɅȺɍ ɡɚɞɚɱɢ ɨɩɪɟɞɟɥɟɧɢɹ 
ɦɟɫɬɨɩɨɥɨɠɟɧɢɹ ȻɉɅȺ ɧɚ ɨɫɧɨɜɟ ɜɬɨɪɨɝɨ ɫɩɨɫɨɛɚ 
ɨɪɝɚɧɢɡɚцɢɢ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɩɪɨцɟɫɫɚ 

 

ȼɵɫɨɬɚ ɅȺ ɞɥɹ ɞɟɥɶɬɚ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɜɬɨɪɨɝɨ 
ɩɨɪɹɞɤɚ,  

 ɦ/ɫ  ɦ/ɫ 

(8) (9) (10) (8) (9) (10) 

0,00

5 

1670

5 

1635

8 

1663

2 

1693

8 

1684

3 

1695

1 

0,01 
1586

8 

1288

7 

1564

4 

1673

8 

1661

5 

1669

2 

0,02

5 
9914 6630 9494 

1566

7 

1544

6 

1539

7 

0,05 - - - 
1179

0 
9830 

1133

2 

0,07

5 
- - - 5424 5705 4433 

 

Ⱥɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɜ ɬɚɛɥɢцɚɯ 1, 2 
ɞɚɧɧɵɯ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɪɢ ɪɟɲɟɧɢɢ ɋɅȺɍ ɧɚ 
ɛɚɡɟ ɞɟɥɶɬɚ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ 
ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɭɫɬɚɧɨɜɢɜɲɢɣɫɹ ɩɪɨцɟɫɫ ɢ 
ɪɟɲɟɧɢɟ ɋɅȺɍ ɡɚ ɨɞɧɭ ɢɬɟɪɚцɢɸ ɭɠɟ ɧɚ 
ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɣ ɜɵɫɨɬɟ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ 
ɧɚɱɚɥɶɧɨɣ ɫ ɩɪɟɞɫɬɚɜɥɹɸɳɢɦ ɢɧɬɟɪɟɫ ɞɥɹ 
ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜɪɟɦɟɧɧɵɦ ɲɚɝɨɦ 

. ɉɪɢ ɷɬɨɦ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɩɨɥɭɱɟɧɢɟ 
ɪɟɡɭɥɶɬɚɬɚ ɞɥɹ ɜɫɟɯ ɭɪɚɜɧɟɧɢɣ ɫɢɫɬɟɦɵ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɩɪɟɞɟɥɚɯ з10 ɬɚɤɬɨɜ ɩɪɢ 
ɪɟɚɥɢɡɚцɢɢ ɚɥɝɨɪɢɬɦɚ ɜ ɫɩɟцɢɚɥɢɡɢɪɨɜɚɧɧɨɦ 
ɜɵɱɢɫɥɢɬɟɥɟ ɧɚ ɛɚɡɟ ɉɅɂɋ. Ɉɪɝɚɧɢɡɚцɢɹ 
ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɩɪɨцɟɫɫɚ ɤɚɤ ɩɟɪɜɵɦ, ɬɚɤ ɢ 
ɜɬɨɪɵɦ ɫɩɨɫɨɛɨɦ ɩɨɤɚɡɵɜɚɟɬ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɦɟɪɟ 
ɫɯɨɠɢɟ ɪɟɡɭɥɶɬɚɬɵ, ɨɞɧɚɤɨ ɧɚɛɥɸɞɚɟɬɫɹ 
ɩɪɟɢɦɭɳɟɫɬɜɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜɬɨɪɨɝɨ ɫɩɨɫɨɛɚ 
ɩɪɢ ɪɚɫɩɨɥɨɠɟɧɢɢ ɦɚɹɤɨɜ ɜ ɛɨɥɶɲɟɣ ɛɥɢɡɨɫɬɢ ɤ 
ɩɨɜɟɪɯɧɨɫɬɢ ɡɟɦɥɢ.  

Ⱦɥɹ ɭɩɪɚɜɥɟɧɢɹ ȻɉɅȺ ɦɨɝɭɬ ɛɵɬɶ ɜɡɹɬɵ 
ɜɵɱɢɫɥɹɟɦɵɟ ɤɨɨɪɞɢɧɚɬɵ ɩɨɫɥɟ ɧɚɱɚɥɚ 
ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɩɪɨцɟɫɫɚ, ɬɨ ɟɫɬɶ, ɧɚɱɢɧɚɹ ɫ 
ɜɵɫɨɬɵ . 

ȼɨ ɜɬɨɪɨɦ ɬɢɩɟ ɡɚɞɚɱ (ɩɪɢ ɩɨɫɚɞɤɟ 
ȻɉɅȺ) ɪɚɫɫɦɨɬɪɟɧɵ ɫɥɟɞɭɸɳɢɟ ɜɚɪɢɚɧɬɵ 
ɪɚɫɩɨɥɨɠɟɧɢɹ 4-ɯ ɦɚɹɤɨɜ: 

(100, -40, 1), (150, -100, 0), (10, 400, 0), 

(-15, 450, 10).     (11) 

(100, -40, 5), (150, -100, 25), (10, 400, 0),  

(-15, 450, 25).     (12) 

ɉɪɢɧɢɦɚɟɦ ɬɚɤɠɟ: ɧɚɱɚɥɶɧɚɹ ɜɵɫɨɬɚ 
ȻɉɅȺ , ɫɤɨɪɨɫɬɶ  ɦ/ɫ, ɭɝɨɥ ɤ 

ɩɨɜɟɪɯɧɨɫɬɢ ɡɟɦɥɢ .  

ȼ ɬɚɛɥɢцɟ 3 ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ, 
ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ ɜɪɟɦɟɧɧɵɟ ɲɚɝɢ  ɢ ɜɵɫɨɬɭ 

 ɜ ɦɟɬɪɚɯ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɚɥɝɨɪɢɬɦɚ ɧɚ 
ɛɚɡɟ ɞɟɥɶɬɚ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ Д7-8] 

ɞɥɹ ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ ɫɩɨɫɨɛɨɜ ɨɪɝɚɧɢɡɚцɢɢ 
ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɩɪɨцɟɫɫɚ. ɉɚɪɚɦɟɬɪ  

ɨɬɪɚɠɚɟɬ ɜɵɫɨɬɭ, ɧɚɱɢɧɚɹ ɫ ɤɨɬɨɪɨɣ 
ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɪɟɲɟɧɢɟ ɋɅȺɍ ɡɚ ɨɞɧɭ ɢɬɟɪɚцɢɸ 
ɜ ɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɩɪɨцɟɫɫɟ ɫ ɡɚɞɚɧɧɨɣ 
ɨɞɢɧɚɤɨɜɨɣ ɦɚɤɫɢɦɚɥɶɧɨɣ ɬɨɱɧɨɫɬɶɸ ɪɟɲɟɧɢɹ 

(ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɣɫɹ ɡɧɚɱɟɧɢɟɦ 0,12 ɦ.) ɞɥɹ 
ɞɜɭɯ ɜɚɪɢɚɧɬɨɜ ɪɚɡɦɟɳɟɧɢɹ ɦɚɹɤɨɜ (11), (12).  

Ɍɚɛɥɢцɚ 3. Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɨɜ 
ɪɟɲɟɧɢɹ ɋɅȺɍ ɡɚɞɚɱɢ ɨɩɪɟɞɟɥɟɧɢɹ 
ɦɟɫɬɨɩɨɥɨɠɟɧɢɹ ȻɉɅȺ (ɩɪɢ ɩɨɫɚɞɤɟ ȻɉɅȺ). 

 

ȼɵɫɨɬɚ ȻɉɅȺ ɞɥɹ ɞɟɥɶɬɚ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ 
ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ,  

ɧɚ ɨɫɧɨɜɟ ɩɟɪɜɨɝɨ 
ɫɩɨɫɨɛɚ ɨɪɝɚɧɢɡɚцɢɢ 

ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ 
ɩɪɨцɟɫɫɚ 

ɧɚ ɨɫɧɨɜɟ ɜɬɨɪɨɝɨ 
ɫɩɨɫɨɛɚ ɨɪɝɚɧɢɡɚцɢɢ 

ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ 
ɩɪɨцɟɫɫɚ 

(11) (12) (11) (12) 

0,005 155 169 192 196 

0,01 115 124 183 194 

0,025 30 17 148 191 

0,05   103 159 

0,75    111 

0,1    20 

 

Ⱥɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ, 
ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ ɬɚɛɥɢцɟ 3, ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɪɢ 
ɪɟɲɟɧɢɢ ɡɚɞɚɱɢ ɨɩɪɟɞɟɥɟɧɢɹ ɦɟɫɬɨɩɨɥɨɠɟɧɢɹ 
ȻɉɅȺ ɩɪɢ ɩɨɫɚɞɤɟ, ɜɵɱɢɫɥɢɬɟɥɶɧɵɣ ɩɪɨцɟɫɫ 
цɟɥɟɫɨɨɛɪɚɡɧɨ ɨɪɝɚɧɢɡɨɜɚɬɶ ɧɚ ɨɫɧɨɜɟ ɜɬɨɪɨɝɨ 
ɫɩɨɫɨɛɚ. ɉɪɢ ɷɬɨɦ ɩɟɪɜɵɣ ɜɪɟɦɟɧɧɨɣ ɲɚɝ 
ɪɟɲɟɧɢɹ ɪɟɚɥɢɡɭɟɬɫɹ ɩɪɢ ɮɢɤɫɢɪɨɜɚɧɧɵɯ 
ɡɧɚɱɟɧɢɹɯ ɞɚɥɶɧɨɫɬɟɣ. ɉɨɫɥɟ ɡɚɜɟɪɲɟɧɢɹ 
ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨцɟɫɫɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɪɟɲɟɧɢɟ ɧɚ 
ɨɱɟɪɟɞɧɨɦ ɜɪɟɦɟɧɧɨɦ ɲɚɝɟ ɫ ɪɟɚɥɢɡɚцɢɟɣ ɨɞɧɨɣ 
ɢɬɟɪɚцɢɢ. ɍɫɬɚɧɨɜɢɜɲɢɣɫɹ ɩɪɨцɟɫɫ ɧɚɱɢɧɚɟɬɫɹ ɫ 
ɦɨɦɟɧɬɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɚɢɦɟɧɶɲɟɝɨ ɡɧɚɱɟɧɢɹ 
ɤɜɚɧɬɚ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ. Ⱦɥɹ ɭɩɪɚɜɥɟɧɢɹ ȻɉɅȺ 
ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɜɵɱɢɫɥɹɟɦɵɟ 
ɤɨɨɪɞɢɧɚɬɵ ɩɨɫɥɟ ɧɚɱɚɥɚ ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ 
ɩɪɨцɟɫɫɚ, ɧɚɱɢɧɚɹ ɫ ɜɵɫɨɬɵ .  

ȼ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɪɚɫɫɦɚɬɪɢɜɚɥɨɫɶ 
ɪɟɲɟɧɢɟ ɋɅȺɍ ɛɟɡ ɭɱɟɬɚ ɨɲɢɛɨɤ ɜ ɨцɟɧɤɟ 
ɤɨɨɪɞɢɧɚɬ ɪɚɫɩɨɥɨɠɟɧɢɹ ɦɚɹɤɨɜ ɢ ɢɡɦɟɪɟɧɢɹ 
ɞɚɥɶɧɨɫɬɟɣ, ɜɨɩɪɨɫɵ цɟɥɨɫɬɧɨɫɬɢ ɧɟ 
ɪɚɫɫɦɚɬɪɢɜɚɥɢɫɶ. 
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Ɂɚɤɥɸɱɟɧɢɟ 

ȼ ɪɚɛɨɬɟ ɪɚɫɫɦɨɬɪɟɧɵ ɨɫɨɛɟɧɧɨɫɬɢ 
ɚɥɝɨɪɢɬɦɢɡɚцɢɢ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɨɩɪɟɞɟɥɟɧɢɹ 
ɦɟɫɬɨɩɨɥɨɠɟɧɢɹ ȻɉɅȺ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɱɟɬɵɪɟɯ ɦɚɹɤɨɜ ɩɪɢ ɧɚɡɟɦɧɨɣ ɩɨɞɝɨɬɨɜɤɟ 
ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɡɚɞɚɧɢɹ, ɜ ɤɨɬɨɪɵɯ ɨɩɢɫɚɧɵ ɜɫɟ 
ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹɦɢ, 
ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɢɬɟɪɚцɢɨɧɧɵɯ 
ɦɟɬɨɞɨɜ ɜ цɟɥɨɦ, ɢ ɜ ɱɚɫɬɧɨɫɬɢ, ɞɥɹ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɟɬɨɞɨɜ ɢ ɚɥɝɨɪɢɬɦɨɜ ɧɚ ɨɫɧɨɜɟ 
ɞɟɥɶɬɚ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ. Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɪɚɛɨɬɟ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɨɫɨɛɟɧɧɨɫɬɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱɢ ɧɚ 
ɛɨɪɬɭ ɥɟɬɚɬɟɥɶɧɨɝɨ ɚɩɩɚɪɚɬɚ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ 
ɜɪɟɦɟɧɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɟɥɶɬɚ-

ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ, ɩɨɡɜɨɥɹɸɳɢɟ ɪɟɚɥɢɡɨɜɚɬɶ 
ɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɣ ɷɤɨɧɨɦɢɱɧɵɣ ɩɨ 
ɚɩɩɚɪɚɬɧɵɦ ɪɟɫɭɪɫɚɦ ɫɩɟцɢɚɥɢɡɢɪɨɜɚɧɧɵɣ 
ɜɵɱɢɫɥɢɬɟɥɶ ɞɥɹ ɨɞɧɨɜɪɟɦɟɧɧɨɝɨ ɪɟɲɟɧɢɹ 
ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɋɅȺɍ ɧɚ ɨɫɧɨɜɟ ɞɟɥɶɬɚ-

ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ. 
ȼ ɪɚɛɨɬɟ ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ 

ɜɨɩɪɨɫɨɜ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 
ɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɯ ɷɤɨɧɨɦɢɱɧɵɯ ɩɨ 
ɚɩɩɚɪɚɬɧɵɦ ɪɟɫɭɪɫɚɦ ɫɩɟцɢɚɥɢɡɢɪɨɜɚɧɧɵɯ 
ɜɵɱɢɫɥɢɬɟɥɟɣ ɞɥɹ ɨɞɧɨɜɪɟɦɟɧɧɨɝɨ ɪɟɲɟɧɢɹ 
ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɋɅȺɍ ɧɚ ɨɫɧɨɜɟ ɞɟɥɶɬɚ-

ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ, ɤɨɬɨɪɨɟ 
ɩɨɤɚɡɚɥɨ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɨɩɬɢɦɢɡɢɪɨɜɚɧɧɵɯ 
ɞɟɥɶɬɚ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɪɟɲɟɧɢɹ ɋɅȺɍ ɫ 
ɩɟɪɟɦɟɧɧɵɦɢ ɫɜɨɛɨɞɧɵɦɢ ɱɥɟɧɚɦɢ ɧɚ ɤɚɠɞɨɦ 
ɜɪɟɦɟɧɧɨɦ ɲɚɝɟ ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɩɪɨцɟɫɫɚ ɡɚ 
ɨɞɧɭ ɢɬɟɪɚцɢɸ. ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ 
ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɨɦɩɶɸɬɟɪɧɨɝɨ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɞɬɜɟɪɠɞɚɸɬ ɜɨɡɦɨɠɧɨɫɬɢ 
ɨɩɟɪɢɪɨɜɚɧɢɹ ɫ ɩɪɚɤɬɢɱɟɫɤɢ ɡɧɚɱɢɦɵɦɢ 
ɜɪɟɦɟɧɧɵɦɢ ɲɚɝɚɦɢ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ ɩɪɢ 
ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɣ ɭɞɚɥɟɧɧɨɫɬɢ ɧɚɱɚɥɚ 
ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɩɪɨцɟɫɫɚ ɨɬ ɧɚɱɚɥɚ ɤɨɨɪɞɢɧɚɬ. 

Ɉɞɧɢɦ ɢɡ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ 
ɞɚɥɶɧɟɣɲɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɹɜɥɹɟɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɟ 
ɜɨɡɦɨɠɧɨɫɬɢ ɷɮɮɟɤɬɢɜɧɨɣ ɪɟɚɥɢɡɚцɢɢ ɛɨɪɬɨɜɵɯ 
ɫɩɟцɢɚɥɢɡɢɪɨɜɚɧɧɵɯ ɫɪɟɞɫɬɜ ɞɥɹ ɪɟɲɟɧɢɹ ɋɅȺɍ 
ɜ ɨɩɪɟɞɟɥɟɧɢɢ ɤɨɨɪɞɢɧɚɬ ɅȺ ɧɚ ɨɫɧɨɜɟ 
ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɦɟɬɨɞɨɜ ɢ ɚɥɝɨɪɢɬɦɨɜ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɟɥɶɬɚ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɜɬɨɪɨɝɨ 
ɩɨɪɹɞɤɚ ɧɚ ɨɫɧɨɜɟ ɉɅɂɋ. 
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ɨɩɪɟɞɟɥɟɧɢɹ ɦɟɫɬɨɩɨɥɨɠɟɧɢɹ ɛɟɫɩɢɥɨɬɧɨɝɨ ɥɟɬɚɬɟɥɶɧɨɝɨ ɚɩɩɚɪɚɬɚ. ȼ ɪаɛɨɬɟ 
ɪаɫɫɦаɬɪɢɜаɸɬɫя ɜɨɡɦɨɠɧɨɫɬɢ ɪɟɲɟɧɢя ɡаɞачɢ ɨɩɪɟɞɟɥɟɧɢя ɦɟɫɬɨɩɨɥɨɠɟɧɢя ɛɟɫɩɢɥɨɬɧɨɝɨ 
ɥɟɬаɬɟɥɶɧɨɝɨ аɩɩаɪаɬа (ȻɉɅȺ) ɫɩɟɰɢаɥɢɡɢɪɨɜаɧɧɵɦ ɜɵчɢɫɥɢɬɟɥɶɧɵɦ ɭɫɬɪɨɣɫɬɜɨɦ. ȼ 
ɩɨɫɬаɧɨɜɤɟ ɡаɞачɢ ɪаɫɫɦаɬɪɢɜаɟɬɫя ɨɩɪɟɞɟɥɟɧɢɟ ɤɨɨɪɞɢɧаɬ ȻɉɅȺ ɧа ɨɫɧɨɜɟ ɤɨɨɪɞɢɧаɬ 
ɪаɫɩɨɥɨɠɟɧɧɵɯ ɧа ɨɬɧɨɫɢɬɟɥɶɧɨ ɛɥɢɡɤɨɦ ɪаɫɫɬɨяɧɢɢ ɨɬ ɧачаɥа ɥɨɤаɥɶɧɨɣ ɫɢɫɬɟɦɵ 
ɤɨɨɪɞɢɧаɬ ɝɪɭɩɩ чɟɬɜɟɪɨɤ ɦаяɤɨɜ ɢ ɞаɥɶɧɨɫɬɢ ɨɬ ȻɉɅȺ ɞɨ ɦаяɤɨɜ. ɇа ɨɫɧɨɜаɧɢɢ ɢɦɟɸɳɢɯɫя 
ɞаɧɧɵɯ ɞɥя ɤаɠɞɨɣ ɝɪɭɩɩɵ ɮɨɪɦɢɪɭɟɬɫя ɜ ɫɬаɧɞаɪɬɧɨɦ ɞɥя ɞаɥɶɧɨɦɟɪɧɨɣ ɧаɜɢɝаɰɢɢ 
ɫɢɫɬɟɦа чɟɬɵɪɟɯ ɭɪаɜɧɟɧɢɣ, ɤɨɬɨɪая ɩɪɟɨɛɪаɡɨɜɵɜаɟɬɫя ɤ СɅȺɍ ɬɪɟɬɶɟɝɨ ɩɨɪяɞɤа. Ɋɟɲɟɧɢɟ 
ɞаɧɧɨɣ СɅȺɍ ɫ ɧɟɩɪɟɪɵɜɧɵɦɢ ɩɟɪɟɦɟɧɧɵɦɢ ɫɜɨɛɨɞɧɵɦɢ чɥɟɧаɦɢ ɨɩɪɟɞɟɥяɟɬ ɤɨɨɪɞɢɧаɬɵ 
ȻɉɅȺ. ȼ ɪаɛɨɬɟ ɪаɫɫɦɨɬɪɟɧɵ ɨɫɨɛɟɧɧɨɫɬɢ аɥɝɨɪɢɬɦɢɡаɰɢɢ ɪɟɲɟɧɢя ɡаɞачɢ ɨɩɪɟɞɟɥɟɧɢя 
ɦɟɫɬɨɩɨɥɨɠɟɧɢя ȻɉɅȺ ɩɪɢ ɧаɡɟɦɧɨɣ ɩɨɞɝɨɬɨɜɤɟ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɡаɞаɧɢя ɢ ɪɟɲɟɧɢɢ ɡаɞачɢ ɧа 
ɛɨɪɬɭ ȻɉɅȺ ɜ ɪɟɠɢɦɟ ɪɟаɥɶɧɨɝɨ ɜɪɟɦɟɧɢ. ɉɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜаɧɢɟ ɜɨɡɦɨɠɧɨɫɬɢ 
ɢɫɩɨɥɶɡɨɜаɧɢя ɞɟɥɶɬа-ɩɪɟɨɛɪаɡɨɜаɧɢɣ ɜɬɨɪɨɝɨ ɩɨɪяɞɤа ɞɥя ɪɟɲɟɧɢя СɅȺɍ ɜ ɩɨɫɬаɜɥɟɧɧɨɣ 
ɡаɞачɟ ɧа ɪаɡɥɢчɧɵɯ ɩɪɢɦɟɪаɯ ɪаɡɦɟɳɟɧɢя ɦаяɤɨɜ. ɉɨɥɭчɟɧɧɵɟ ɪɟɡɭɥɶɬаɬɵ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɫ 
ɢɫɩɨɥɶɡɨɜаɧɢɟɦ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜаɧɢя ɩɨɞɬɜɟɪɠɞаɸɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭчɟɧɢя 
ɪɟɲɟɧɢя СɅȺɍ ɡа ɨɞɧɭ ɢɬɟɪаɰɢɸ ɜ ɭɫɬаɧɨɜɢɜɲɟɦɫя ɩɪɨɰɟɫɫɟ ɫ ɜɪɟɦɟɧɧɵɦ ɲаɝɨɦ, 
ɩɪɟɞɫɬаɜɥяɸɳɢɦ ɩɪаɤɬɢчɟɫɤɢɣ ɢɧɬɟɪɟɫ, а ɧачаɥɨ ɭɫɬаɧɨɜɢɜɲɟɝɨ ɩɪɨɰɟɫɫа ɨɛɟɫɩɟчɢɜаɟɬɫя ɧа 
ɞɨɫɬаɬɨчɧɨ ɛɨɥɶɲɨɣ ɭɞаɥɟɧɧɨɫɬɢ ɨɬ ɧачаɥа ɤɨɨɪɞɢɧаɬ.  

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: Ɉɩɪɟɞɟɥɟɧɢɟ ɤɨɨɪɞɢɧаɬ ȻɉɅȺ, ɪɟɲɟɧɢɟ СɅȺɍ, ɞɟɥɶɬа-ɩɪɟɨɛɪаɡɨɜаɧɢɟ 
ɜɬɨɪɨɝɨ ɩɨɪяɞɤа, ɛɨɪɬɨɜɨɟ ɫɩɟɰɢаɥɢɡɢɪɨɜаɧɧɨɟ ɜɵчɢɫɥɢɬɟɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ. 

Pirskaya L.V., Kravchenko P.P. Research on use delta-transformations to determine the position of 

unmanned aircraft. The paper considers the possibility of solving the problem of determining the 

location of an unmanned aerial vehicle (UAV) using specialized computing device. The mission 

statement addresses the determination of the coordinates of UAV based on the coordinates located at 

a relatively short distance from the start of the local coordinate system of groups of fours beacons and 

range from the UAV to the beacons. Based on the available data for each group is formed in the 

standard navigation system rangefinder four equations, which is converted to the third-order linear 

systems. The solution of this linear systems with continuous variables constant terms determines the 

coordinates of the UAV. The paper discusses the features of algorithmization solve the problem of 

determining the location of the UAV ground when preparing the proposed tasks and solving problems 

on board UAVs in real time. The investigation of the possibility of using second-order delta-

transformations for solving linear systems in the task at different examples of beacons placement. The 

results of experiments using computer simulations confirm the possibility of solving the linear in one 

iteration in a steady course with a time step of practical concern, and the beginning set the process is 

provided at a sufficiently large distance from the origin. . 

Keywords: Aircraft position finding, linear system solution, second order delta-transformation, 

aircraft special-purpose calculating unit. 
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