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ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ ɞɨɦɢɧɢɪɭɸɬ ɫɩɨɫɨɛɵ ɥɟɡɜɢɣɧɨɣ ɢ 

ɚɛɪɚɡɢɜɧɨɣ ɨɛɪɚɛɨɬɤɢ ɞɟɬɚɥɟɣ ɦɚɲɢɧ. ɉɪɢ ɷɬɨɦ, ɫ ɪɚɡɜɢɬɢɟɦ ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ, 

ɢɦɟɟɬ ɦɟɫɬɨ ɬɟɧɞɟɧɰɢɹ ɧɟɩɪɟɪɵɜɧɨɝɨ ɢ ɫɭɳɟɫɬɜɟɧɧɨɝɨ ɭɜɟɥɢɱɟɧɢɹ ɞɨɥɢ 

ɬɪɭɞɨɟɦɤɨɫɬɢ ɨɩɟɪɚɰɢɣ ɚɛɪɚɡɢɜɧɨɣ ɨɛɪɚɛɨɬɤɢ ɜ ɨɛɳɟɣ ɬɪɭɞɨɟɦɤɨɫɬɢ ɨɩɟɪɚɰɢɢ 

ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ. ɇɚɩɪɢɦɟɪ, ɩɨ ɞɚɧɧɵɦ ɡɚɜɨɞɨɜ ɩɨ ɢɡɝɨɬɨɜɥɟɧɢɸ 

ɩɨɞɲɢɩɧɢɤɨɜ ɤɚɱɟɧɢɹ ɧɚ ɢɯ ɞɨɥɸ ɩɪɢɯɨɞɢɬɫɹ ɞɨ 90% ɨɬ ɨɛɳɟɣ ɬɪɭɞɨɟɦɤɨɫɬɢ 

ɜɫɟɯ ɜɵɩɨɥɧɹɟɦɵɯ ɨɩɟɪɚɰɢɣ. 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ. ɉɨɷɬɨɦɭ ɨɞɧɨɣ ɢɡ ɜɚɠɧɟɣɲɢɯ ɡɚɞɚɱ ɜ ɨɛɥɚɫɬɢ 

ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ ɹɜɥɹɟɬɫɹ ɩɨɜɵɲɟɧɢɟ ɨɛɳɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɚɛɪɚɡɢɜɧɨɣ 

ɨɛɪɚɛɨɬɤɢ ɢ, ɜ ɱɚɫɬɧɨɫɬɢ, ɞɚɥɶɧɟɣɲɟɟ ɩɨɜɵɲɟɧɢɟ ɬɨɱɧɨɫɬɢ ɫ ɨɞɧɨɜɪɟɦɟɧɧɵɦ 

ɩɨɜɵɲɟɧɢɟɦ ɢ ɞɪɭɝɢɯ ɩɚɪɚɦɟɬɪɨɜ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɚɛɪɚɡɢɜɧɨɣ ɨɛɪɚɛɨɬɤɢ 

ɨɬɜɟɪɫɬɢɣ ɜ ɞɟɬɚɥɹɯ ɦɚɲɢɧ [85]. 

ȼɵɫɨɤɨɬɨɱɧɵɟ ɨɬɜɟɪɫɬɢɹ ɢɦɟɸɬɫɹ ɜ ɤɨɪɩɭɫɧɵɯ ɞɟɬɚɥɹɯ, ɜ ɞɟɬɚɥɹɯ 

ɬɨɩɥɢɜɧɨɣ ɢ ɝɢɞɪɚ- ɚɩɩɚɪɚɬɭɪɵ, ɜ ɰɢɥɢɧɞɪɚɯ ɢ ɛɥɨɤɚɯ ɰɢɥɢɧɞɪɨɜ ɞɜɢɝɚɬɟɥɟɣ, 

ɧɚɫɨɫɨɜ, ɤɨɦɩɪɟɫɫɨɪɨɜ ɝɢɞɪɚ- ɚɝɪɟɝɚɬɨɜ ɢ ɬ.ɞ. Ɂɧɚɱɢɬɟɥɶɧɚɹ ɱɚɫɬɶ ɭɤɚɡɚɧɧɵɯ 

ɨɬɜɟɪɫɬɢɣ ɤɨɧɫɬɪɭɤɬɢɜɧɨ ɜɵɩɨɥɧɟɧɵ ɝɥɭɯɢɦɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɫ ɰɟɥɶɸ ɡɚɳɢɬɵ ɨɬ 

ɤɨɪɪɨɡɢɢ ɢ ɩɨɜɵɲɟɧɢɹ ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɢ ɧɚ ɪɚɛɨɱɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɭɤɚɡɚɧɧɵɯ 

ɨɬɜɟɪɫɬɢɣ ɧɚɧɨɫɹɬ ɢɡɧɨɫɨɫɬɨɣɤɢɟ ɢ ɚɧɬɢɤɨɪɪɨɡɢɨɧɧɵɟ ɩɨɤɪɵɬɢɹ, ɥɢɛɨ ɷɬɢ 

ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɞɜɟɪɝɚɸɬ ɡɚɤɚɥɤɟ ɧɚ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɭɸ ɬɜɟɪɞɨɫɬɶ, ɞɨ 60 – 65 

ɟɞ. ɩɨ HRC. 

ȼ ɷɬɢɯ ɫɥɭɱɚɹɯ ɢɡɦɟɧɹɟɬɫɹ ɢɫɯɨɞɧɚɹ ɝɟɨɦɟɬɪɢɱɟɫɤɚɹ ɮɨɪɦɚ ɢ 

ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɢ, ɱɬɨ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɨɫɥɟɞɭɸɳɟɣ 

ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ, ɤɨɬɨɪɚɹ, ɜ ɫɜɹɡɢ ɫ ɜɵɫɨɤɨɣ ɬɜɟɪɞɨɫɬɶɸ ɩɨɜɟɪɯɧɨɫɬɢ, 

ɦɨɠɟɬ ɩɪɨɢɡɜɨɞɢɬɫɹ ɬɨɥɶɤɨ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɚɥɦɚɡɧɨɝɨ ɢɧɫɬɪɭɦɟɧɬɚ. 

ɂɡ ɢɡɜɟɫɬɧɵɯ ɫɩɨɫɨɛɨɜ ɨɛɪɚɛɨɬɤɢ ɞɥɹ ɞɚɧɧɨɝɨ ɩɟɪɟɱɧɹ ɞɟɬɚɥɟɣ ɧɚɢɛɨɥɟɟ 

ɜɨɫɬɪɟɛɨɜɚɧɧɵɦ ɹɜɥɹɟɬɫɹ ɯɨɧɢɧɝɨɜɚɧɢɟ. ɉɨ ɞɚɧɧɵɦ, ɩɪɢɜɟɞɟɧɧɵɦ ɜ ɪɚɛɨɬɚɯ  

[3, 31, 86, 87], ɚɥɦɚɡɧɨɟ ɯɨɧɢɧɝɨɜɚɧɢɟ ɩɨɜɵɲɚɟɬ ɞɨɥɝɨɜɟɱɧɨɫɬɶ ɢ 

ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɭɸ ɧɚɞɟɠɧɨɫɬɶ ɞɟɬɚɥɟɣ ɦɚɲɢɧ. 
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Ɉɞɧɚɤɨ, ɩɪɢ ɯɨɧɢɧɝɨɜɚɧɢɢ ɝɥɭɯɢɯ ɨɬɜɟɪɫɬɢɣ ɨɬɫɭɬɫɬɜɭɟɬ ɜɨɡɦɨɠɧɨɫɬɶ 

ɨɪɝɚɧɢɡɚɰɢɢ ɰɢɤɥɚ ɨɛɪɚɛɨɬɤɢ ɫ ɨɩɬɢɦɚɥɶɧɨɣ ɜɟɥɢɱɢɧɨɣ ɩɟɪɟɛɟɝɚ ɜ ɡɨɧɟ ɞɧɚ 

ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɨɬɜɟɪɫɬɢɹ, ɱɬɨ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɧɟɢɡɛɟɠɧɨɫɬɶ ɝɟɧɟɪɢɪɨɜɚɧɢɹ 

ɩɨɝɪɟɲɧɨɫɬɢ ɜ ɜɢɞɟ ɤɨɧɭɫɧɨɫɬɢ [4, 8, 9, 15, 18, 19, 20, 21]. ȼ ɱɚɫɬɧɨɫɬɢ, 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɝɥɭɯɢɯ ɨɬɜɟɪɫɬɢɣ ɩɨ 

ɬɪɚɞɢɰɢɨɧɧɨɣ ɫɯɟɦɟ ɯɨɧɢɧɝɨɜɚɧɢɹ, ɜɟɥɢɱɢɧɚ ɝɟɧɟɪɢɪɭɟɦɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɜ ɜɢɞɟ 

ɤɨɧɭɫɧɨɫɬɢ ɞɨɫɬɢɝɚɟɬ ɩɨɪɹɞɤɚ 130 ɦɤɦ [83].  

Ⱦɥɹ ɭɦɟɧɶɲɟɧɢɹ ɜɟɥɢɱɢɧɵ ɷɬɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɪɚɡɪɚɛɨɬɚɧ ɪɹɞ ɫɩɨɫɨɛɨɜ, 

ɤɨɬɨɪɵɟ ɨɩɢɫɚɧɵ ɜ ɬɟɯɧɢɱɟɫɤɨɣ ɥɢɬɟɪɚɬɭɪɟ [78, 80, 55, 85, 83] ɢ ɫɭɬɶ ɤɨɬɨɪɵɯ 

ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɢɦɟɟɬ ɦɟɫɬɨ: 

– ɜɵɧɭɠɞɟɧɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɱɢɫɥɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɟɪɟɯɨɞɨɜ ɢ ɱɢɫɥɚ 

ɩɟɪɢɨɞɢɱɟɫɤɢɯ ɩɪɚɜɨɤ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ, ɫ ɰɟɥɶɸ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɮɨɪɦɵ ɪɚɛɨɱɟɣ ɱɚɫɬɢ ɢɧɫɬɪɭɦɟɧɬɚ; 

– ɭɩɪɚɜɥɟɧɢɟ ɰɢɤɥɚɦɢ ɨɛɪɚɛɨɬɤɢ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨ ɫɧɚɱɚɥɚ 

ɨɫɭɳɟɫɬɜɥɹɸɬ ɞɥɢɧɧɨɯɨɞɨɜɨɟ ɯɨɧɢɧɝɨɜɚɧɢɟ ɩɨ ɜɫɟɣ ɞɥɢɧɟ ɨɬɜɟɪɫɬɢɹ, ɚ ɜ ɤɨɧɰɟ, 

ɜ ɡɨɧɟ ɞɧɚ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɨɬɜɟɪɫɬɢɹ, – ɤɨɪɨɬɤɨɯɨɞɨɜɨɟ; ɥɢɛɨ ɜɚɪɶɢɪɨɜɚɧɢɟ 

ɫɤɨɪɨɫɬɶɸ ɜɨɡɜɪɚɬɧɨ-ɩɨɫɬɭɩɚɬɟɥɶɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɩɨɫɥɟɞɧɟɣ 

ɜ ɡɨɧɟ ɞɧɚ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɨɬɜɟɪɫɬɢɹ ɢ ɬ.ɞ.; 

– ɜɜɟɞɟɧɢɟ ɤɨɦɩɟɧɫɚɰɢɨɧɧɨɣ ɪɚɡɦɟɪɧɨɣ ɩɨɞɧɚɥɚɞɤɢ, ɧɚɩɪɢɦɟɪ, 

ɨɫɭɳɟɫɬɜɥɹɟɦɨɣ ɜ ɜɢɞɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɩɨɜɨɪɨɬɚ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ, 

ɪɟɚɥɢɡɭɟɦɨɝɨ ɫɢɧɯɪɨɧɧɨ ɫ ɪɚɞɢɚɥɶɧɨɣ ɩɨɞɚɱɟɣ ɩɨɫɥɟɞɧɢɯ ɢ ɞɪ.; 

– ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɩɟɰɢɚɥɶɧɵɯ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɫ ɩɟɪɟɦɟɧɧɨɣ 

ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɶɸ ɩɨ ɞɥɢɧɟ ɢ ɬ.ɞ. 

ɗɬɢ ɫɩɨɫɨɛɵ, ɧɚɪɹɞɭ ɫ ɢɯ ɞɨɫɬɨɢɧɫɬɜɚɦɢ, ɨɛɥɚɞɚɸɬ ɫɭɳɟɫɬɜɟɧɧɵɦɢ 

ɧɟɞɨɫɬɚɬɤɚɦɢ ɩɨ ɷɮɮɟɤɬɢɜɧɨɫɬɢ, ɱɬɨ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɢɯ 

ɞɚɥɶɧɟɣɲɟɝɨ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ. 

ɋɜɹɡɶ ɪɚɛɨɬɵ ɫ ɧɚɭɱɧɵɦɢ ɩɪɨɝɪɚɦɦɚɦɢ, ɩɥɚɧɚɦɢ, ɬɟɦɚɦɢ. Ɋɚɛɨɬɚ 

ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɬɟɦɚɬɢɱɟɫɤɢɯ ɩɥɚɧɨɜ ɇɂɊ ɤɚɮɟɞɪɵ «Ɍɟɯɧɨɥɨɝɢɹ 

ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ» Ɉɞɟɫɫɤɨɝɨ ɧɚɰɢɨɧɚɥɶɧɨɝɨ ɩɨɥɢɬɟɯɧɢɱɟɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ ɧɚ 
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ɨɫɧɨɜɟ ɬɟɦɵ «Ɋɨɡɪɨɛɤɚ ɬɚ ɞɨɫɥɿɞɠɟɧɧɹ ɪɟɫɭɪɫɨɡɛɟɪɿɝɚɸɱɢɯ ɬɟɯɧɨɥɨɝɿɣ ɩɪɢ 

ɥɟɡɨɜɿɣ ɬɚ ɚɛɪɚɡɢɜɧɿɣ ɨɛɪɨɛɰɿ» (ȾɊ № 0113U001462). 

ɐɟɥɶ ɢ ɡɚɞɚɱɢ ɢɫɫɥɟɞɨɜɚɧɢɹ. ɐɟɥɶɸ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɩɨɜɵɲɟɧɢɟ 

ɬɨɱɧɨɫɬɢ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɨɛɪɚɛɨɬɤɢ ɝɥɭɯɢɯ ɨɬɜɟɪɫɬɢɣ ɩɨɫɪɟɞɫɬɜɨɦ 

ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɫɭɳɟɫɬɜɭɸɳɢɯ ɢ ɫɨɡɞɚɧɢɹ ɧɨɜɵɯ ɫɩɨɫɨɛɨɜ ɯɨɧɢɧɝɨɜɚɧɢɹ ɢ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɫɧɚɳɟɧɢɹ. 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɰɟɥɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɪɟɲɢɬɶ ɫɥɟɞɭɸɳɢɟ 

ɡɚɞɚɱɢ: 

1. ɉɪɨɜɟɫɬɢ ɚɧɚɥɢɡ ɦɟɯɚɧɢɡɦɚ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɨɝɪɟɲɧɨɫɬɟɣ ɮɨɪɦɵ ɜ 

ɩɪɨɞɨɥɶɧɨɦ ɫɟɱɟɧɢɢ ɧɚ ɨɩɟɪɚɰɢɹɯ ɯɨɧɢɧɝɨɜɚɧɢɹ ɨɬɜɟɪɫɬɢɣ. 

2. Ɋɚɡɪɚɛɨɬɚɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ ɢ ɢɫɫɥɟɞɨɜɚɬɶ ɮɭɧɤɰɢɨɧɚɥɶɧɭɸ 

ɡɚɜɢɫɢɦɨɫɬɶ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ ɪɚɡɦɟɪɧɨɝɨ ɢɡɧɨɫɚ ɩɨ ɞɥɢɧɟ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ 

ɢɧɫɬɪɭɦɟɧɬɚ ɨɬ ɩɚɪɚɦɟɬɪɨɜ ɨɛɪɚɛɨɬɤɢ. 

3. ɋɨɡɞɚɬɶ ɧɨɜɵɟ, ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɟ ɫɩɨɫɨɛɵ ɯɨɧɢɧɝɨɜɚɧɢɹ ɝɥɭɯɢɯ 

ɨɬɜɟɪɫɬɢɣ ɢ ɪɚɡɪɚɛɨɬɚɬɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɟ ɨɫɧɚɳɟɧɢɟ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɷɬɢɯ 

ɫɩɨɫɨɛɨɜ. 

4. ɉɪɨɜɟɫɬɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɭɸ ɩɪɨɜɟɪɤɭ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɩɨɥɨɠɟɧɢɣ 

ɢɫɫɥɟɞɨɜɚɧɢɹ. 

Ɉɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɨɩɟɪɚɰɢɢ ɢ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɟ ɨɫɧɚɳɟɧɢɟ ɚɥɦɚɡɧɨɝɨ ɯɨɧɢɧɝɨɜɚɧɢɹ ɜɵɫɨɤɨɬɨɱɧɵɯ ɝɥɭɯɢɯ 

ɨɬɜɟɪɫɬɢɣ ɞɟɬɚɥɟɣ ɦɚɲɢɧ. 

ɉɪɟɞɦɟɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɬɟɨɪɟɬɢɱɟɫɤɨɟ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ 

ɢɫɫɥɟɞɨɜɚɧɢɟ ɭɫɥɨɜɢɣ ɩɨɜɵɲɟɧɢɹ ɬɨɱɧɨɫɬɢ ɩɪɢ ɯɨɧɢɧɝɨɜɚɧɢɢ ɝɥɭɯɢɯ ɨɬɜɟɪɫɬɢɣ 

ɧɚ ɨɫɧɨɜɟ ɜɵɹɜɥɟɧɢɹ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɨɝɪɟɲɧɨɫɬɟɣ ɜ 

ɩɪɨɞɨɥɶɧɨɦ ɫɟɱɟɧɢɢ ɢ ɫɨɡɞɚɧɢɟ ɧɨɜɵɯ ɤɨɦɩɟɧɫɚɰɢɨɧɧɵɯ ɦɟɯɚɧɢɡɦɨɜ. 

Ɇɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ. Ɍɟɨɪɟɬɢɱɟɫɤɢɟ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɚɡɢɪɭɸɬɫɹ ɧɚ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɩɨɥɨɠɟɧɢɹɯ ɬɟɯɧɨɥɨɝɢɢ 

ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ, ɬɟɨɪɢɢ ɢɡɧɨɫɚ, ɬɟɨɪɢɢ ɪɟɡɚɧɢɹ ɦɚɬɟɪɢɚɥɨɜ, ɬɟɨɪɟɬɢɱɟɫɤɨɣ 

ɦɟɯɚɧɢɤɢ, ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɦɚɬɟɪɢɚɥɨɜ, ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ, 

ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɬɟɨɪɢɢ ɨɛɨɛɳɟɧɧɵɯ ɮɭɧɤɰɢɣ, ɬɟɨɪɢɢ 
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ɜɟɪɨɹɬɧɨɫɬɢ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɫɬɚɬɢɫɬɢɤɢ. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɜɵɩɨɥɧɟɧɵ ɧɚ ɯɨɧɢɧɝɨɜɚɥɶɧɨɦ ɫɬɚɧɤɟ ɦɨɞɟɥɢ 3822 ɨɫɧɚɳɟɧɧɨɦ 

ɬɟɧɡɨɦɟɬɪɢɱɟɫɤɢɦ ɫɬɨɥɨɦ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɦɨɞɭɥɹ ɨɛɪɚɛɨɬɤɢ ɬɟɧɡɨɦɟɬɪɢɱɟɫɤɨɣ 

ɢɧɮɨɪɦɚɰɢɢ ɧɚ ɛɚɡɟ ɛɥɨɤɚ Ⱥɐɉ ɦɨɞɟɥɢ ADS1256. ɉɪɢ ɷɬɨɦ ɞɥɹ ɬɚɪɢɪɨɜɤɢ 

ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɞɢɧɚɦɨɦɟɬɪ RWDF 12, ɚ ɞɥɹ ɤɨɧɬɪɨɥɹ ɪɚɡɦɟɪɨɜ ɨɛɪɚɛɚɬɵɜɚɟɦɵɯ 

ɨɬɜɟɪɫɬɢɣ ɧɭɬɪɨɦɟɪ ɫ ɨɩɬɢɱɟɫɤɢɦ ɦɢɤɪɨɧɧɵɦ ɢɧɞɢɤɚɬɨɪɨɦ. 

ɇɚɭɱɧɚɹ ɧɨɜɢɡɧɚ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɫɨɫɬɨɢɬ ɜ ɫɥɟɞɭɸɳɟɦ. 

1. ȼɩɟɪɜɵɟ ɭɫɬɚɧɨɜɥɟɧɵ (ɧɚ ɨɫɧɨɜɟ ɷɮɮɟɤɬɚ ɜɡɚɢɦɧɨɣ ɩɪɚɜɤɢ) 

ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɪɨɮɢɥɟɣ ɜ ɩɪɨɞɨɥɶɧɵɯ ɫɟɱɟɧɢɹɯ ɯɨɧɢɧɝɭɟɦɵɯ 

ɝɥɭɯɢɯ ɨɬɜɟɪɫɬɢɣ ɢ ɪɚɛɨɱɟɣ ɱɚɫɬɢ ɢɧɫɬɪɭɦɟɧɬɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɚɪɚɦɟɬɪɨɜ 

ɨɛɪɚɛɨɬɤɢ, ɜ ɬɨɦ ɱɢɫɥɟ, ɨɬ ɜɢɞɚ ɢ ɜɟɥɢɱɢɧɵ ɪɚɞɢɚɥɶɧɨɣ ɩɨɞɚɱɢ, ɱɬɨ ɩɨɡɜɨɥɢɥɨ 

ɨɩɪɟɞɟɥɢɬɶ ɜɨɡɦɨɠɧɵɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɦɟɯɚɧɢɡɦɵ ɭɩɪɚɜɥɟɧɢɹ ɬɨɱɧɨɫɬɶɸ 

ɨɛɪɚɛɨɬɤɢ ɝɥɭɯɢɯ ɨɬɜɟɪɫɬɢɣ. 

2. ɉɨɥɭɱɢɥɚ ɞɚɥɶɧɟɣɲɟɟ ɪɚɡɜɢɬɢɟ ɬɟɨɪɢɹ ɭɩɪɚɜɥɟɧɢɹ ɬɨɱɧɨɫɬɶɸ 

ɨɛɪɚɛɨɬɤɢ ɩɪɢ ɯɨɧɢɧɝɨɜɚɧɢɢ ɝɥɭɯɢɯ ɨɬɜɟɪɫɬɢɣ. ȼɩɟɪɜɵɟ ɩɪɟɞɥɨɠɟɧɵ ɪɟɲɟɧɢɹ 

ɪɚɫɲɢɪɹɸɳɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɨɰɟɫɫɚ ɯɨɧɢɧɝɨɜɚɧɢɹ. ɋɭɳɧɨɫɬɶ 

ɷɬɢɯ ɪɟɲɟɧɢɣ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɜ ɩɪɨɰɟɫɫɟ ɫɴɟɦɚ ɩɪɢɩɭɫɤɚ ɢɦɟɟɬ ɦɟɫɬɨ 

ɭɩɪɚɜɥɟɧɢɟ ɧɢɜɟɥɢɪɨɜɚɧɢɟɦ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɨɝɪɟɲɧɨɫɬɟɣ ɡɚ ɫɱɟɬ: 

– ɜɚɪɶɢɪɨɜɚɧɢɹ ɫɨɨɬɧɨɲɟɧɢɟɦ ɜɟɥɢɱɢɧ ɭɞɚɥɹɟɦɨɝɨ ɩɪɢɩɭɫɤɚ ɩɪɢ 

ɩɨɫɬɭɩɚɬɟɥɶɧɨɦ ɢ ɜɨɡɜɪɚɬɧɨɦ ɩɟɪɟɦɟɳɟɧɢɹɯ ɡɚ ɜɪɟɦɹ ɨɞɧɨɝɨ ɞɜɨɣɧɨɝɨ 

ɯɨɞɚ; 

– ɫɬɚɛɢɥɢɡɚɰɢɢ ɪɚɡɦɟɪɧɨɝɨ ɢɡɧɨɫɚ ɩɨ ɞɥɢɧɟ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ 

ɩɨɫɪɟɞɫɬɜɨɦ ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɦɟɧɵ ɢɯ ɨɪɢɟɧɬɚɰɢɢ; 

– ɜɜɟɞɟɧɢɹ ɧɟɡɚɜɢɫɢɦɵɯ ɤɨɦɩɟɧɫɚɰɢɨɧɧɵɯ ɩɟɪɟɦɟɳɟɧɢɣ, ɜɟɥɢɱɢɧɚ 

ɤɨɬɨɪɵɯ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɪɚɡɧɨɫɬɢ ɢɡɧɨɫɨɜ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɩɨ 

ɞɥɢɧɟ. 

3. ȼɩɟɪɜɵɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɟɨɪɢɢ ɨɛɨɛɳɟɧɧɵɯ ɮɭɧɤɰɢɣ ɩɨɥɭɱɟɧɵ 

ɨɛɨɛɳɟɧɧɵɟ ɭɪɚɜɧɟɧɢɹ ɜɨɡɜɪɚɬɧɨ-ɩɨɫɬɭɩɚɬɟɥɶɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ 

ɢɫɩɨɥɧɢɬɟɥɶɧɵɯ ɨɪɝɚɧɨɜ ɫɬɚɧɤɚ ɫ ɝɢɞɪɚɜɥɢɱɟɫɤɢɦ ɩɪɢɜɨɞɨɦ, ɢɡɦɟɧɟɧɢɹ 

ɪɚɞɢɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɢɥ ɪɟɡɚɧɢɹ ɢ, ɧɚ ɢɯ ɨɫɧɨɜɟ, ɭɪɚɜɧɟɧɢɟ ɢɡɧɨɫɚ 
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ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɩɨ ɢɯ ɞɥɢɧɟ ɡɚ ɜɪɟɦɹ ɨɞɧɨɝɨ ɞɜɨɣɧɨɝɨ ɯɨɞɚ, ɤɨɬɨɪɨɟ ɦɨɠɟɬ 

ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɨ ɞɥɹ ɢɡɭɱɟɧɢɹ ɜɥɢɹɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ 

ɨɛɪɚɛɨɬɤɢ ɧɚ ɜɟɥɢɱɢɧɭ ɝɟɧɟɪɢɪɭɟɦɨɣ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɩɨɝɪɟɲɧɨɫɬɢ. 

4. ȼɩɟɪɜɵɟ ɩɨɥɭɱɟɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɞɥɹ ɜɵɛɨɪɚ ɢ 

ɨɩɬɢɦɢɡɚɰɢɢ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɢɧɫɬɪɭɦɟɧɬɚ ɫ ɰɟɥɶɸ ɨɛɟɫɩɟɱɟɧɢɹ 

ɥɢɧɟɣɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɜɟɥɢɱɢɧ ɨɫɟɜɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɪɚɡɠɢɦɧɨɝɨ ɷɥɟɦɟɧɬɚ ɢ 

ɤɨɦɩɟɧɫɚɰɢɨɧɧɨɝɨ ɭɝɥɚ ɩɨɜɨɪɨɬɚ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ. 

5. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜɟɥɢɱɢɧɚ, ɪɚɜɧɚɹ ɨɬɧɨɲɟɧɢɸ ɫɭɦɦɚɪɧɨɣ ɲɢɪɢɧɵ 

ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɤ ɞɥɢɧɟ ɨɤɪɭɠɧɨɫɬɢ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɨɬɜɟɪɫɬɢɹ, ɞɥɹ 

ɢɡɜɟɫɬɧɵɯ ɨɩɟɪɚɰɢɣ ɯɨɧɢɧɝɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɫɥɭɱɚɣɧɨɣ ɢ ɩɨɞɱɢɧɹɟɬɫɹ ɡɚɤɨɧɭ 

ɧɨɪɦɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ. 

ɉɪɚɤɬɢɱɟɫɤɚɹ ɰɟɧɧɨɫɬɶ ɪɚɛɨɬɵ ɫɨɫɬɨɢɬ ɜ ɫɨɡɞɚɧɢɢ ɧɨɜɵɯ ɫɩɨɫɨɛɨɜ 

ɯɨɧɢɧɝɨɜɚɧɢɹ ɝɥɭɯɢɯ ɨɬɜɟɪɫɬɢɣ ɜ ɞɟɬɚɥɹɯ, ɢɡɝɨɬɨɜɥɟɧɧɵɯ ɢɡ 

ɬɪɭɞɧɨɨɛɪɚɛɚɬɵɜɚɟɦɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɱɬɨ ɩɨɡɜɨɥɢɥɨ ɪɚɫɲɢɪɢɬɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ 

ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɨɰɟɫɫɚ ɯɨɧɢɧɝɨɜɚɧɢɹ ɢ, ɨɫɨɛɨ, ɫɭɳɟɫɬɜɟɧɧɨ ɩɨɜɵɫɢɬɶ 

ɝɟɨɦɟɬɪɢɱɟɫɤɭɸ ɬɨɱɧɨɫɬɶ ɨɬɜɟɪɫɬɢɣ ɜ ɩɪɨɞɨɥɶɧɨɦ ɫɟɱɟɧɢɢ (ɉɚɬɟɧɬ UA 

№104785; ɉɚɬɟɧɬ UA №103959; ɉɚɬɟɧɬ UA №107816). 

Ɋɚɡɪɚɛɨɬɚɧɧɵɟ ɫɩɨɫɨɛɵ ɦɨɝɭɬ ɛɵɬɶ ɜɧɟɞɪɟɧɵ ɜ ɞɟɣɫɬɜɭɸɳɢɟ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ ɨɛɪɚɛɨɬɤɢ ɨɬɜɟɪɫɬɢɣ ɫ ɧɟɡɧɚɱɢɬɟɥɶɧɨɣ 

ɦɨɞɟɪɧɢɡɚɰɢɟɣ ɫɭɳɟɫɬɜɭɸɳɟɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɦɨɝɭɬ ɛɵɬɶ ɜɧɟɞɪɟɧɵ ɩɪɢ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɢ ɧɨɜɨɝɨ 

ɩɨɤɨɥɟɧɢɹ ɯɨɧɢɧɝɨɜɚɥɶɧɵɯ ɫɬɚɧɤɨɜ, ɨɫɧɚɳɟɧɧɵɯ ɫɢɫɬɟɦɚɦɢ ɭɩɪɚɜɥɟɧɢɹ 

ɬɨɱɧɨɫɬɶɸ ɨɛɪɚɛɨɬɤɢ ɨɬɜɟɪɫɬɢɣ. 

Ʌɢɱɧɵɣ ɜɤɥɚɞ ɫɨɢɫɤɚɬɟɥɹ. Ɉɫɧɨɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɤ 

ɡɚɳɢɬɟ ɩɨɥɭɱɟɧɧɵɟ ɫɨɢɫɤɚɬɟɥɟɦ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ. ɉɨɫɬɚɧɨɜɤɚ ɧɚɭɱɧɵɯ ɡɚɞɚɱ ɢ 

ɨɛɫɭɠɞɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɨɜɨɞɢɥɢɫɶ ɫɨɜɦɟɫɬɧɨ ɫ ɧɚɭɱɧɵɦ ɪɭɤɨɜɨɞɢɬɟɥɟɦ. ȼ 

ɪɚɛɨɬɚɯ ɨɩɭɛɥɢɤɨɜɚɧɧɵɯ ɜ ɫɨɚɜɬɨɪɫɬɜɟ, ɫɨɢɫɤɚɬɟɥɸ ɩɪɢɧɚɞɥɟɠɚɬ: ɢɫɫɥɟɞɨɜɚɧɢɟ 

ɩɚɪɚɦɟɬɪɨɜ ɢɡɜɟɫɬɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɜɤɥɸɱɚɸɳɢɣ ɜɨɡɦɨɠɧɨɫɬɶ 

ɤɨɦɩɟɧɫɚɰɢɨɧɧɨɝɨ ɩɨɜɨɪɨɬɚ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɜ ɩɪɨɰɟɫɫɟ ɭɞɚɥɟɧɢɹ ɩɪɢɩɭɫɤɚ 

ɢ ɨɩɪɟɞɟɥɟɧɢɹ ɜɨɡɦɨɠɧɨɫɬɟɣ ɟɟ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ Д20Ж; ɜɵɛɨɪ ɧɚɢɛɨɥɟɟ 
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ɯɚɪɚɤɬɟɪɧɵɯ ɨɩɟɪɚɰɢɣ ɯɨɧɢɧɝɨɜɚɧɢɹ ɨɬɜɟɪɫɬɢɣ ɢ ɫɬɚɬɢɫɬɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ 

ɩɚɪɚɦɟɬɪɨɜ ɷɬɢɯ ɨɩɟɪɚɰɢɣ Д21Ж; ɨɛɨɫɧɨɜɚɧɢɟ ɜɵɛɨɪɚ ɩɨɤɚɡɚɬɟɥɹ ɫɬɟɩɟɧɢ ɜ 

ɭɪɚɜɧɟɧɢɢ ɞɥɹ ɜɨɡɜɪɚɬɧɨ-ɩɨɫɬɭɩɚɬɟɥɶɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɢɫɩɨɥɧɢɬɟɥɶɧɵɯ 

ɨɪɝɚɧɨɜ ɫɬɚɧɤɨɜ, ɨɫɧɚɳɟɧɧɵɯ ɝɢɞɪɨɩɪɢɜɨɞɨɦ Д15, 17Ж; ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ 

ɜɵɪɚɠɟɧɢɟ ɢ ɚɥɝɨɪɢɬɦ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨɝɨ ɤɨɦɩɟɧɫɚɰɢɨɧɧɨɝɨ ɭɝɥɚ 

ɩɨɜɨɪɨɬɚ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ Д19Ж; ɭɫɬɚɧɨɜɥɟɧɢɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɢɡɦɟɧɟɧɢɹ 

ɩɪɨɮɢɥɹ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɩɨ ɢɯ ɞɥɢɧɟ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɜɢɞɚɯ ɪɚɞɢɚɥɶɧɨɣ 

ɩɨɞɚɱɢ Д18Ж; ɩɪɟɞɥɨɠɟɧɢɟ ɨ ɜɟɞɟɧɢɢ ɜ ɩɪɨɰɟɫɫ ɪɚɫɬɨɱɤɢ, ɧɚɪɹɞɭ ɫ ɤɪɭɝɨɜɵɦɢ, 

ɫɬɚɧɞɚɪɬɧɵɯ ɪɟɡɰɨɜ ɫ ɪɚɡɞɟɥɟɧɢɟɦ ɩɪɢɩɭɫɤɚ ɦɟɠɞɭ ɧɢɦɢ ɩɨ ɝɥɭɛɢɧɟ ɢ ɩɨɞɚɱɟɣ 

[16]. 

Ⱥɩɪɨɛɚɰɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɞɢɫɫɟɪɬɚɰɢɢ. ɇɚɭɱɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢ ɨɫɧɨɜɧɵɟ 

ɩɨɥɨɠɟɧɢɹ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɞɨɤɥɚɞɵɜɚɥɢɫɶ ɢ ɨɛɫɭɠɞɚɥɢɫɶ ɧɚ 

ɦɟɠɞɭɧɚɪɨɞɧɨɣ ɤɨɧɮɟɪɟɧɰɢɢ: БIV Ɇɟɠɞɭɧɚɪɨɞɧɚɹ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɚɹ 

ɤɨɧɮɟɪɟɧɰɢɹ Ⱥɋ ɉȽɉ «ɉɪɨɦɵɲɥɟɧɧɚɹ ɝɢɞɪɚɜɥɢɤɚ ɢ ɩɧɟɜɦɚɬɢɤɚ». - (Ɉɞɟɫɫɚ 

2013). 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɥɭɱɟɧɵ ɫɥɟɞɭɸɳɢɟ ɨɯɪɚɧɧɵɟ 

ɞɨɤɭɦɟɧɬɵ: ɉɚɬɟɧɬ UA №104785; ɉɚɬɟɧɬ UA №103959; ɉɚɬɟɧɬ UA №107816. 

ɉɭɛɥɢɤɚɰɢɢ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɫɥɟɞɨɜɚɧɢɣ ɨɩɭɛɥɢɤɨɜɚɧɨ ɫɟɦɶ ɧɚɭɱɧɵɯ 

ɪɚɛɨɬ, ɜ ɬɨɦ ɱɢɫɥɟ 5 ɫɬɚɬɟɣ ɜ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɯ ɢɡɞɚɧɢɹɯ ɍɤɪɚɢɧɵ (4 ɢɡ 

ɤɨɬɨɪɵɯ ɜɯɨɞɹɬ ɜ ɦɟɠɞɭɧɚɪɨɞɧɵɟ ɧɚɭɤɨɦɟɬɪɢɱɟɫɤɢɟ ɛɚɡɵ Ɋɂɇɐ, eLIBRARY, 

EBSCOHost, Google Scholar , Index Copernicus, Polish Scholarly Bibliography, 

Ulrisch's Periodicals Directory, DOI CrossRef), 1 ɬɟɡɢɫɵ ɞɨɤɥɚɞɚ ɜ ɫɛɨɪɧɢɤɟ 

ɧɚɭɱɧɵɯ ɬɪɭɞɨɜ ɤɨɧɮɟɪɟɧɰɢɢ. 

ɋɬɪɭɤɬɭɪɚ ɢ ɨɛɴɟɦ ɞɢɫɫɟɪɬɚɰɢɢ. Ⱦɢɫɫɟɪɬɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɫɨɫɬɨɢɬ ɢɡ 

ɜɜɟɞɟɧɢɹ, ɱɟɬɵɪɟɯ ɪɚɡɞɟɥɨɜ, ɡɚɤɥɸɱɟɧɢɹ, ɩɪɢɥɨɠɟɧɢɣ ɢ ɫɩɢɫɤɚ ɢɫɩɨɥɶɡɨɜɚɧɧɨɣ 

ɥɢɬɟɪɚɬɭɪɵ. Ɉɛɳɢɣ ɨɛɴɟɦ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɫɨɫɬɚɜɥɹɟɬ 144 ɫɬɪɚɧɢɰɵ, ɢɡ 

ɧɢɯ 47 ɢɥɥɸɫɬɪɚɰɢɣ, 88 ɧɚɢɦɟɧɨɜɚɧɢɣ ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɧɚ 8 

ɫɬɪɚɧɢɰɚɯ, 5 ɩɪɢɥɨɠɟɧɢɣ ɧɚ 20 ɫɬɪɚɧɢɰɚɯ. 
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ɊȺɁȾȿɅ 1 

 

ɋɈȼɊȿɆȿɇɇɈȿ ɋɈɋɌɈəɇɂȿ ɉɊɈȻɅȿɆɕ ɉɈȼɕɒȿɇɂə 
ɌɈɑɇɈɋɌɂ ɏɈɇɂɇȽɈȼȺɇɂə ȽɅɍɏɂɏ ɈɌȼȿɊɋɌɂɃ 

 

1.1. Ɍɨɱɧɨɫɬɶ ɢɡɝɨɬɨɜɥɟɧɢɹ ɢ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɡɞɟɥɢɣ ɫ 
ɝɥɭɯɢɦɢ ɨɬɜɟɪɫɬɢɹɦɢ ɧɚ ɩɪɢɦɟɪɟ ɚɤɫɢɚɥɶɧɨ-ɩɨɪɲɧɟɜɨɝɨ ɧɚɫɨɫɚ 

 

Ɉɛɪɚɛɨɬɤɚ ɜɵɫɨɤɨɬɨɱɧɵɯ ɨɬɜɟɪɫɬɢɣ ɨɬɧɨɫɢɬɫɹ, ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɤ ɱɢɫɥɭ 

ɞɨɫɬɚɬɨɱɧɨ ɲɢɪɨɤɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ ɜ ɦɚɲɢɧɨ- ɢ 

ɩɪɢɛɨɪɨɫɬɪɨɟɧɢɢ, ɚ ɫ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɨɩɟɪɚɰɢɢ ɨɛɪɚɛɨɬɤɢ ɜɵɫɨɤɨɬɨɱɧɵɯ 

ɨɬɜɟɪɫɬɢɣ, ɜ ɰɟɥɨɦ, ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɫɭɳɟɫɬɜɟɧɧɨ ɛɨɥɶɲɟɣ ɬɪɭɞɨɟɦɤɨɫɬɶɸ, ɱɟɦ 

ɨɛɪɚɛɨɬɤɚ ɬɨɱɧɵɯ ɧɚɪɭɠɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɞɟɬɚɥɟɣ, ɬɚɤ ɤɚɤ ɨɬɜɟɪɫɬɢɹ 

ɫɪɚɜɧɢɬɟɥɶɧɨ ɬɪɭɞɧɨɞɨɫɬɭɩɧɵ, ɚ ɢɧɫɬɪɭɦɟɧɬɵ ɞɥɹ ɢɯ ɨɛɪɚɛɨɬɤɢ ɨɛɥɚɞɚɸɬ 

ɦɟɧɶɲɟɣ ɠɟɫɬɤɨɫɬɶɸ ɢ ɪɚɡɦɟɪɧɨɣ ɫɬɨɣɤɨɫɬɶɸ [59 – 61]. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, ɩɪɢ 

ɩɪɨɱɢɯ ɪɚɜɧɵɯ ɭɫɥɨɜɢɹɯ, ɞɨɩɭɫɤɚɟɦɵɟ ɨɬɤɥɨɧɟɧɢɹ ɪɚɡɦɟɪɨɜ ɨɬɜɟɪɫɬɢɣ ɢ, ɨɫɨɛɨ, 

ɝɥɭɯɢɯ ɨɬɜɟɪɫɬɢɣ ɫɭɳɟɫɬɜɟɧɧɨ ɛɨɥɶɲɟ, ɱɟɦ ɞɨɩɭɫɤɚɟɦɵɟ ɨɬɤɥɨɧɟɧɢɹ ɪɚɡɦɟɪɨɜ 

ɜɚɥɨɜ. 

ȼ ɱɚɫɬɧɨɫɬɢ, ɤ ɨɬɜɟɪɫɬɢɹɦ ɛɥɨɤɚ ɰɢɥɢɧɞɪɨɜ ɚɤɫɢɚɥɶɧɨ-ɩɨɪɲɧɟɜɨɝɨ 

ɧɚɫɨɫɚ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɩɪɟɞɴɹɜɥɹɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɬɪɟɛɨɜɚɧɢɹ: ɞɨɩɭɫɤ ɧɚ 

ɞɢɚɦɟɬɪɚɥɶɧɵɣ ɪɚɡɦɟɪ ɜ 25 ɦɦ ɫɨɫɬɚɜɥɹɟɬ 15 ɦɤɦ (ɷɬɨ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 6 

ɤɜɚɥɢɬɟɬ); ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɢ Ra 0,8 ɦɤɦ; ɨɬɤɥɨɧɟɧɢɟ ɮɨɪɦɵ ɜ 

ɩɪɨɞɨɥɶɧɨɦ ɢ ɩɨɩɟɪɟɱɧɨɦ ɫɟɱɟɧɢɹɯ ɩɪɢ ɝɥɭɛɢɧɟ ɨɬɜɟɪɫɬɢɹ 77 ɦɦ ɦɟɧɟɟ 5 ɦɤɦ. 

ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ ɤ ɩɨɪɲɧɸ, ɩɨɫɥɟ ɟɝɨ ɫɛɨɪɤɢ ɫ ɲɚɬɭɧɨɦ, ɩɪɟɞɴɹɜɥɹɸɬɫɹ 

ɫɥɟɞɭɸɳɢɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɢɡɝɨɬɨɜɥɟɧɢɸ: ɞɨɩɭɫɤ ɧɚ ɞɢɚɦɟɬɪ 25 ɦɦ ɫɨɫɬɚɜɥɹɟɬ 6 

ɦɤɦ (ɷɬɨ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 4 ɤɜɚɥɢɬɟɬ); ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɢ Ra 0,4 ɦɤɦ; 

ɨɬɤɥɨɧɟɧɢɟ ɮɨɪɦɵ ɜ ɩɪɨɞɨɥɶɧɨɦ ɢ ɩɨɩɟɪɟɱɧɨɦ ɫɟɱɟɧɢɹɯ ɩɨ ɞɥɢɧɟ ɩɨɪɲɧɹ  

75 ɦɦ ɦɟɧɟɟ 4 ɦɤɦ. 

Ⱦɚɥɟɟ ɜɵɩɨɥɧɢɦ ɤɪɚɬɤɢɣ ɚɧɚɥɢɡ ɜɡɚɢɦɨɫɜɹɡɢ ɜɟɥɢɱɢɧɵ ɤɨɦɩɪɟɫɫɢɢ 

(ɜɟɥɢɱɢɧɵ ɭɬɟɱɟɤ ɪɚɛɨɱɟɝɨ ɚɝɟɧɬɚ), ɤɚɤ ɨɫɧɨɜɧɨɣ ɬɟɯɧɢɱɟɫɤɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɢɡɞɟɥɢɹ, ɢ ɬɨɱɧɨɫɬɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɭɤɚɡɚɧɧɨɣ ɩɚɪɵ. 
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ɇɚ ɪɢɫ. 1.1 ɢ 1.2 ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɚɫɱɟɬɧɵɟ ɫɯɟɦɵ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 

ɜɟɥɢɱɢɧɵ ɭɬɟɱɟɤ ɦɟɠɞɭ ɞɜɭɦɹ ɰɢɥɢɧɞɪɢɱɟɫɤɢɦɢ ɩɨɜɟɪɯɧɨɫɬɹɦɢ (ɩɨɪɲɧɟɦ ɢ 

ɰɢɥɢɧɞɪɨɦ), ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (1.1) [13 23] 
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aQQЗ     (1.1) 

ɝɞɟ:  Q0 – ɜɟɥɢɱɢɧɚ ɭɬɟɱɟɤ ɩɪɢ ɫɨɨɫɧɨɦ ɪɚɫɩɨɥɨɠɟɧɢɢ ɩɨɪɲɧɹ ɢ ɰɢɥɢɧɞɪɚ; 

ɚ0 =  R – r – ɪɚɡɧɨɫɬɶ ɦɟɠɞɭ ɪɚɞɢɚɥɶɧɵɦɢ ɪɚɡɦɟɪɚɦɢ ɰɢɥɢɧɞɪɚ ɢ ɩɨɪɲɧɹ, 

ɦɦ; 

ε =  e/ɚ0  – ɨɬɧɨɲɟɧɢɟ ɜɟɥɢɱɢɧɵ ɷɤɫɰɟɧɬɪɢɫɢɬɟɬɚ ɟ ɤ ɚ0; 

φ – ɭɝɥɨɜɨɣ ɩɚɪɚɦɟɬɪ; 

pɬɪ – ɪɚɡɧɨɫɬɶ ɞɚɜɥɟɧɢɣ ɜ Ɇɩɚ (ɩɟɪɟɩɚɞ) ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɤɪɚɣɧɢɯ 

ɫɟɱɟɧɢɹɯ ɩɨ ɞɥɢɧɟ ɤɨɧɬɚɤɬɚ ɩɨɪɲɧɹ ɫ ɰɢɥɢɧɞɪɨɦ l = 5,7 ɦɦ; 

ȝ – ɞɢɧɚɦɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɦɨɬɨɪɧɨɝɨ ɦɚɫɥɚ SAE 10 (ɩɪɢ 20 ɋº) 0,065 ɉ∙ɫ 

[71, 81]; 

 

 

Ɋɢɫ. 1.1. Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɜɟɥɢɱɢɧɵ ɭɬɟɱɟɤ ɦɟɠɞɭ ɞɜɭɦɹ 

ɰɢɥɢɧɞɪɢɱɟɫɤɢɦɢ ɩɨɜɟɪɯɧɨɫɬɹɦɢ 

ɚɤɫɢɚɥɶɧɨ-ɩɨɪɲɧɟɜɨɝɨ ɧɚɫɨɫɚ (ɩɚɪɚ 
ɩɨɪɲɟɧɶ – ɰɢɥɢɧɞɪ) 

Ɋɢɫ. 1.2. Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɜɟɥɢɱɢɧɵ ɭɬɟɱɟɤ ɦɟɠɞɭ ɞɜɭɦɹ 

ɰɢɥɢɧɞɪɢɱɟɫɤɢɦɢ ɩɨɜɟɪɯɧɨɫɬɹɦɢ 
ɚɤɫɢɚɥɶɧɨ-ɩɨɪɲɧɟɜɨɝɨ ɧɚɫɨɫɚ (ɩɚɪɚ 

ɩɨɪɲɟɧɶ – ɰɢɥɢɧɞɪ) ɩɪɢ ɫɯɟɦɟ 
ɷɤɫɰɟɧɬɪɢɱɟɫɤɨɝɨ ɡɚɡɨɪɚ ɦɟɠɞɭ ɧɢɦɢ 



  12 
 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɮɨɪɦɭɥɨɣ (1.1) ɢ ɫɯɟɦɚɦɢ (ɪɢɫ. 1.1 ɢ ɪɢɫ. 1.2) ɨɩɪɟɞɟɥɢɦ 

ɜɟɥɢɱɢɧɭ ɭɬɟɱɟɤ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɨɱɧɨɫɬɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɩɪɢ ɞɚɜɥɟɧɢɹɯ ɜ 

ɪɚɛɨɱɟɣ ɩɨɥɨɫɬɢ ɪɬɪ = 1,6; 3,2 ɢ 6,3 Ɇɩɚ. Ⱦɚɧɧɵɟ ɪɚɫɱɟɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 

ɬɚɛɥɢɰɟ 1.1 ɢ ɜ ɜɢɞɟ ɝɪɚɮɢɤɨɜ ɧɚ ɪɢɫ. 1.2. 

Ɍɚɛɥɢɰɚ 1.1 

Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ ɭɬɟɱɟɤ Q ɜ ɤɨɥɶɰɟɜɨɦ ɡɚɡɨɪɟ 

ɉɨɫɚɞɤɚ 

Ɉɬɤɥɨɧɟɧɢɹ 
ɪɚɡɦɟɪɚ 

ɨɬɜɟɪɫɬɢɹ, ɦɦ 

Ɉɬɤɥɨɧɟɧɢɹ 
ɪɚɡɦɟɪɚ ɩɨɪɲɧɹ,  

ɦɦ 

Ɂɚɡɨɪ ɚ0, 

ɦɦ 

ɍɬɟɱɤɢ ɜ ɤɨɥɶɰɟɜɨɦ ɡɚɡɨɪɟ Q, 
ɥ/ɫ ɩɪɢ ɞɚɜɥɟɧɢɹɯ ɜ ɪɚɛɨɱɟɣ 

ɩɨɥɨɫɬɢ Ɋ, Ɇɉɚ 

Ɋ = 1,6 Ɋ = 3,2 Ɋ = 6,3 

H6/f4 0,015/0 -0,018/0,024 0,0195 0,000349 0,000699 0,001388 

H5/f4 0,009/0 -0,018/0,024 0,0165 0,000212 0,000423 0,000841 

H5/g4 0,009/0 -0,007/-0,013 0,011 0,000063 0,000126 0,000249 

H5/h4 0,009/0 0/-0,006 0,006 0,00001 0,00002 0,00004 

 

 

 

Ɋɢɫ. 1.3 Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɭɬɟɱɟɤ Q, ɥ/ɫɟɤ ɨɬ ɬɨɱɧɨɫɬɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɩɚɪɵ 
ɰɢɥɢɧɞɪ ɢ ɩɨɪɲɟɧɶ ɩɪɢ ɫɥɟɞɭɸɳɢɯ ɞɚɜɥɟɧɢɹɯ ɜ ɪɚɛɨɱɟɣ ɩɨɥɨɫɬɢ ɪɬɪ = 1,6; 

3,2 ɢ 6,3 Ɇɩɚ 

 

0,0000

0,0002

0,0004

0,0006

0,0008

0,0010

0,0012

0,0014

0,0016

0,005 0,007 0,009 0,011 0,013 0,015 0,017 0,019 0,021

Q
, ɦ

 3
/ɫ

ɟɤ

ɚ0, ɦɦ

Ɋɬɪ = 1,6Ɇɩɚ

Ɋɬɪ = 3,2 Ɇɩɚ

Ɋɬɪ = 6,3Ɇɩɚ
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ɉɪɢɦɟɱɚɧɢɹ.  
1. Ɋɟɤɨɦɟɧɞɭɟɦɵɟ ɩɨɫɚɞɤɢ ɜ ɨɛɳɟɦ ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ [74, 28] ɞɥɹ ɜɚɥɹ ɢ 

ɨɬɜɟɪɫɬɢɹ ɥɢɛɨ ɪɚɜɧɵ, ɥɢɛɨ ɨɬɥɢɱɚɸɬɫɹ, ɧɨ ɧɟ ɛɨɥɟɟ, ɱɟɦ ɧɚ ɨɞɢɧ ɤɜɚɥɢɬɟɬ. 

2. ɉɨɫɚɞɤɚ H6/f4 ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɭɳɟɫɬɜɭɸɳɢɦ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ 

ɬɟɯɧɢɱɟɫɤɢɦ ɬɪɟɛɨɜɚɧɢɹɦ ɤ ɢɡɝɨɬɨɜɥɟɧɢɸ ɩɚɪɵ ɩɨɪɲɟɧɶ-ɰɢɥɢɧɞɪ ɧɚ Ɉɞɟɫɫɤɨɦ 

ɡɚɜɨɞɟ ɋɬɪɨɣ-Ƚɢɞɪɚɜɥɢɤɚ ɢ ɧɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɟɤɨɦɟɧɞɭɟɦɵɦ ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ 

ɩɨɫɚɞɤɚɦ. Ɉɛɭɫɥɨɜɥɟɧɨ ɷɬɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɨɝɪɚɧɢɱɟɧɢɹɦɢ ɩɨ ɬɨɱɧɨɫɬɢ 

ɢɡɝɨɬɨɜɥɟɧɢɹ ɨɬɜɟɪɫɬɢɣ ɜ ɛɥɨɤɟ ɰɢɥɢɧɞɪɨɜ. 

Ɂɚɦɟɬɢɦ, ɱɬɨ ɷɬɨ ɩɪɨɬɢɜɨɪɟɱɢɟ ɦɨɠɟɬ ɛɵɬɶ ɭɫɬɪɚɧɟɧɨ 

ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɢɡɝɨɬɨɜɥɟɧɢɹ ɝɥɭɯɢɯ 

ɨɬɜɟɪɫɬɢɣ ɜ ɛɥɨɤɟ ɰɢɥɢɧɞɪɨɜ. Ɍɨɝɞɚ ɜɨɡɦɨɠɟɧ ɩɟɪɟɯɨɞ ɜ ɭɤɚɡɚɧɧɨɣ ɩɚɪɟ ɧɚ 

ɩɨɫɚɞɤɭ H5/f4 ɢ, ɛɨɥɟɟ ɬɨɝɨ, ɧɚ ɩɨɫɚɞɤɭ H5/g4. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɭɬɟɱɤɢ ɜ ɩɚɪɟ 

ɭɦɟɧɶɲɚɬɫɹ ɛɨɥɟɟ ɱɟɦ ɜ 5 ɪɚɡ. 

3. Ʉɪɨɦɟ ɭɤɚɡɚɧɧɨɝɨ ɩɪɨɬɢɜɨɪɟɱɢɹ, ɡɞɟɫɶ ɭɦɟɫɬɧɨ ɨɬɦɟɬɢɬɶ ɢ ɞɪɭɝɨɟ, ɧɟ 

ɦɟɧɟɟ ɡɧɚɱɢɦɨɟ ɩɪɨɬɢɜɨɪɟɱɢɟ, ɤɨɬɨɪɨɟ ɫɭɳɟɫɬɜɭɟɬ ɩɪɢ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɢ 

ɞɟɬɚɥɟɣ ɦɚɲɢɧ. Ⱦɨɫɬɚɬɨɱɧɨ ɱɚɫɬɨ, ɩɨ ɮɭɧɤɰɢɨɧɚɥɶɧɨɦɭ ɩɪɢɡɧɚɤɭ, 

ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɜ ɞɟɬɚɥɹɯ ɦɚɲɢɧ ɜɵɩɨɥɧɢɬɶ ɨɬɜɟɪɫɬɢɹ ɤɨɧɫɬɪɭɤɬɢɜɧɨ ɝɥɭɯɢɦɢ. 

Ɉɞɧɚɤɨ, ɫ ɭɱɟɬɨɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɨɝɪɚɧɢɱɟɧɢɣ ɬɚɤɢɟ ɨɬɜɟɪɫɬɢɹ ɤɨɧɫɬɪɭɢɪɭɸɬ 

ɫɤɜɨɡɧɵɦɢ (ɛɨɥɟɟ ɬɟɯɧɨɥɨɝɢɱɧɵɦɢ) ɢ ɢɫɤɭɫɫɬɜɟɧɧɨ ɩɟɪɟɜɨɞɹɬ ɜ ɪɚɡɪɹɞ ɝɥɭɯɢɯ, 

ɡɚɤɪɵɜɚɹ ɨɞɧɭ ɢɡ ɫɬɨɪɨɧ, ɧɚɩɪɢɦɟɪ, ɤɪɵɲɤɨɣ, ɱɬɨ ɫɧɢɠɚɟɬ ɬɟɯɧɢɱɟɫɤɢɟ 

ɩɚɪɚɦɟɬɪɵ ɦɚɲɢɧ (ɝɚɛɚɪɢɬɵ, ɦɟɬɚɥɥɨɟɦɤɨɫɬɶ, ɝɟɪɦɟɬɢɱɧɨɫɬɢ ɢ ɬ.ɞ.). 

ȼɵɜɨɞ. ɂɡɥɨɠɟɧɧɨɟ ɜɵɲɟ ɧɚɝɥɹɞɧɨ, ɧɚ ɤɨɧɤɪɟɬɧɨɦ ɩɪɢɦɟɪɟ, 

ɞɟɦɨɧɫɬɪɢɪɭɟɬ ɚɤɬɭɚɥɶɧɨɫɬɶ ɩɪɨɛɥɟɦɵ ɩɨɜɵɲɟɧɢɹ ɬɨɱɧɨɫɬɢ ɢɡɝɨɬɨɜɥɟɧɢɹ 

ɝɥɭɯɢɯ ɨɬɜɟɪɫɬɢɣ. 
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1.2 Ɏɢɧɢɲɧɵɟ ɫɩɨɫɨɛɵ ɨɛɪɚɛɨɬɤɢ ɜɵɫɨɤɨɬɨɱɧɵɯ ɨɬɜɟɪɫɬɢɣ 

 

Ɉɫɧɨɜɧɵɟ ɦɟɬɨɞɵ ɮɢɧɢɲɧɨɣ ɨɛɪɚɛɨɬɤɢ ɨɬɜɟɪɫɬɢɣ [67, 26, 30, 32, 35, 36, 

43, 48, 49, 51, 76, 79,] ɢ ɨɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ, ɨɛɟɫɩɟɱɢɜɚɟɦɵɟ ɷɬɢɦɢ ɦɟɬɨɞɚɦɢ, 

ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 1.2. ɢ, ɞɥɹ ɧɚɝɥɹɞɧɨɫɬɢ, ɩɪɨɞɭɛɥɢɪɨɜɚɧɵ ɜ ɜɢɞɟ ɝɪɚɮɢɤɨɜ ɧɚ 

ɪɢɫ. 1.4 ÷ 1.6.  

Ɍɚɛɥɢɰɚ 1.2. 

ɉɚɪɚɦɟɬɪɵ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɮɢɧɢɲɧɵɟ ɦɟɬɨɞɵ ɨɛɪɚɛɨɬɤɢ 

Ɇɟɬɨɞ ɨɛɪɚɛɨɬɤɢ 
Ʉɜɚɥɢɬɟɬ 
ɬɨɱɧɨɫɬɢ 

ɉɨɝɪɟɲɧɨɫɬɶ  
ɮɨɪɦɵ, ∆, ɦɦ 

ɒɟɪɨɯɨɜɚɬɨɫɬɶ 
ɩɨɜɟɪɯɧɨɫɬɢ,  

Ra, ɦɤɦ 

Ƚɥɭɛɢɧɚ 
ɞɟɮɟɤɬɧɨɝɨ 
ɫɥɨɹ С, ɦɦ 

Ʌɟɡɜɢɣɧɵɦ 
ɢɧɫɬɪɭɦɟɧ-

ɬɨɦ 

ȼɵɫɨɤɨɫɤɨɪɨɫ
ɬɧɨɟ ɬɨɧɤɨɟ 
ɮɪɟɡɟɪɨɜɚɧɢɟ 

7 8 0,01 0,02 0,63 1,25 0,01 0,05 

Ɍɨɧɤɨɟ 
ɚɥɦɚɡɧɨɟ 
ɪɚɫɬɚɱɢɜɚɧɢɟ 

6 7 0,003 0,01 0,063 0,32 0,01 0,05 

Ɍɨɧɤɨɟ 
ɪɚɡɜɟɪɬɵɜɚɧɢ
ɟ 

7 9 0,05 0,1 0,63 1,25 0,01 0,02 

Ⱥɛɪɚɡɢɜ-
ɧɵɦ 

ɢɧɫɬɪɭɦɟɧ-
ɬɨɦ 

Ɍɨɧɤɨɟ 
ɲɥɢɮɨɜɚɧɢɟ 

5 6 0,002 0,005 0,08 0,32 0,005 0,03 

Ⱥɥɦɚɡɧɨɟ 
ɪɚɡɜɟɪɬɵɜɚɧɢ
ɟ 

6 7 0,02 0,05 0,16 0,32 0,005 0,02 

ɏɨɧɢɧɝɨɜɚɧɢɟ 4 5 0,002 0,003 0,04 0,16 0,005 0,02 

Ⱦɨɜɨɞɤɚ 3 4 0,0001 0,001 0,02 0,08 0,003 0,01 
 

 

 
Ɋɢɫ. 1.4. ɋɪɚɜɧɢɬɟɥɶɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɮɢɧɢɲɧɵɯ ɦɟɬɨɞɨɜ ɨɛɪɚɛɨɬɤɢ 

ɨɬɜɟɪɫɬɢɣ ɩɨ ɬɨɱɧɨɫɬɢ 
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Ɍɨɧɤɨɟ ɚɥɦɚɡɧɨɟ ɪɚɫɬɚɱɢɜɚɧɢɟ

Ɍɨɧɤɨɟ ɪɚɡɜɟɪɬɵɜɚɧɢɟ

Ɍɨɧɤɨɟ ɲɥɢɮɨɜɚɧɢɟ

Ⱥɥɦɚɡɧɨɟ ɪɚɡɜɟɪɬɵɜɚɧɢɟ

ɏɨɧɢɧɝɨɜɚɧɢɟ

Ⱦɨɜɨɞɤɚ
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Ɋɢɫ. 1.5. ɋɪɚɜɧɢɬɟɥɶɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɮɢɧɢɲɧɵɯ ɦɟɬɨɞɨɜ ɨɛɪɚɛɨɬɤɢ 
ɨɬɜɟɪɫɬɢɣ ɩɨ ɲɟɪɚɯɨɜɚɬɨɫɬɢ 

 

 

Ɋɢɫ. 1.6. ɋɪɚɜɧɢɬɟɥɶɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɮɢɧɢɲɧɵɯ ɦɟɬɨɞɨɜ ɨɛɪɚɛɨɬɤɢ 
ɨɬɜɟɪɫɬɢɣ ɩɨ ɜɟɥɢɱɢɧɟ ɞɢɮɟɤɬɧɨɝɨ ɫɥɨɹ 

ɂɡ ɝɪɚɮɢɤɨɜ (ɪɢɫ. 1.4 ÷ 1.6) ɜɢɞɧɨ, ɱɬɨ ɯɨɧɢɧɝɨɜɚɧɢɟ ɢ ɞɨɜɨɞɤɚ ɨɬɜɟɪɫɬɢɣ 

ɩɨɤɚɡɵɜɚɸɬ ɧɚɢɥɭɱɲɢɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨ ɬɨɱɧɨɫɬɢ ɢ ɤɚɱɟɫɬɜɭ ɨɬɜɟɪɫɬɢɣ. Ⱦɨɜɨɞɤɚ 

ɧɚ ɩɪɚɤɬɢɤɟ ɩɪɢɦɟɧɹɟɬɫɹ ɤɪɚɣɧɟ ɪɟɞɤɨ ɜ ɫɢɥɭ ɧɢɡɤɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ [36].  
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ɉɪɢɜɟɞɟɧɧɵɟ ɞɚɧɧɵɟ, ɩɨ ɭɦɨɥɱɚɧɢɸ, ɫɨɨɬɧɨɫɹɬɫɹ ɫ ɨɛɪɚɛɨɬɤɨɣ ɤɥɚɫɫɚ 

ɫɤɜɨɡɧɵɯ ɨɬɜɟɪɫɬɢɣ ɜ ɞɟɬɚɥɹɯ ɢɡ ɬɪɚɞɢɰɢɨɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, 

ɬɚɤɢɯ ɤɚɤ ɫɟɪɵɣ ɱɭɝɭɧ ɢ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɟ ɫɬɚɥɢ ɬɜɟɪɞɨɫɬɶɸ ɞɨ 48 ɟɞ. ɩɨ HRC. 

ɉɪɢ ɷɬɨɦ, ɨɛɪɚɛɨɬɤɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɬɪɚɞɢɰɢɨɧɧɵɦ ɢɧɫɬɪɭɦɟɧɬɨɦ, 

ɤɨɧɫɬɪɭɤɬɢɜɧɚɹ ɫɯɟɦɚ ɤɨɬɨɪɨɝɨ ɡɞɟɫɶ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ. 1.7 ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɞɥɹ 

ɫɥɭɱɚɹ ɯɨɧɢɧɝɨɜɚɧɢɹ ɝɥɭɯɢɯ ɨɬɜɟɪɫɬɢɣ [4, 2, 27, 80].  

ɇɚ ɪɢɫ. 1.7. ɞɥɢɧɚ ɯɨɞɚ ɢɧɫɬɪɭɦɟɧɬɚ ɪɚɜɧɚ 

lx =  lɨɬɜ – lɛɪ +  lɩɟɪ1 +  lɩɟɪ2.    (1.2) 

Ɉɬɦɟɬɢɦ, ɱɬɨ ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɢɧɫɬɪɭɦɟɧɬɚ, 

ɩɚɪɚɦɟɬɪɵ ɧɚɥɚɞɤɢ ɫɬɚɧɤɨɜ ɢ ɪɟɠɢɦɵ ɨɛɪɚɛɨɬɤɢ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɨɩɟɪɚɰɢɣ 

ɯɨɧɢɧɝɨɜɚɧɢɹ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɜɵɛɢɪɚɬɶ ɢɡ ɫɥɟɞɭɸɳɢɯ ɫɨɨɬɧɨɲɟɧɢɣ [42, 70, 83, 

7, 11, 12, 39, 45, 47, 80]: 

lɛɪ =  (1,2 ÷ 0,8)lɨɬɜ     (1.3) 

optll ɛɪnep 


 
4

3

3

1
     (1.4) 

ɢ ɞɨɩɨɥɧɢɬɟɥɶɧɨ, ɫ ɰɟɥɶɸ ɨɛɟɫɩɟɱɟɧɢɹ ɩɟɪɟɤɪɵɬɢɹ ɯɨɞɚ ɛɪɭɫɤɨɜ, 

z

tgD
lɛɪ

2

3         (1.5) 

 
B

D
0,35  0,25 = z        (1.6) 

 
Ɋɢɫ. 1.7. Ʉɨɧɫɬɪɭɤɬɢɜɧɚɹ ɫɯɟɦɚ ɢɧɫɬɪɭɦɟɧɬɚ ɞɥɹ ɯɨɧɢɧɝɨɜɚɧɢɹ ɝɥɭɯɢɯ 

ɨɬɜɟɪɫɬɢɣ 
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ɝɞɟ:  lɨɬɜ. ɢ D ‒ ɞɥɢɧɚ ɢ ɞɢɚɦɟɬɪ ɯɨɧɢɧɝɭɟɦɨɝɨ ɨɬɜɟɪɫɬɢɹ; 

lɛɪ., В ɢ z ‒ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɞɥɢɧɚ, ɲɢɪɢɧɚ ɢ ɤɨɥɢɱɟɫɬɜɨ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ 

(ɚɥɦɚɡɨɧɨɫɧɵɯ ɛɪɭɫɤɨɜ) ɢɧɫɬɪɭɦɟɧɬɚ; 

α – ɭɝɨɥ ɩɨɞɴɟɦɚ ɬɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ ɛɪɭɫɤɨɜ; 

lɩɟɪ.1 
ɢ lɩɟɪ.2 – ɩɟɪɟɛɟɝɢ ɪɟɠɭɳɟɣ ɱɚɫɬɢ ɢɧɫɬɪɭɦɟɧɬɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɫ ɨɞɧɨɣ 

ɢ ɫ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ ɨɬɜɟɪɫɬɢɹ. 

Ɉɞɧɚɤɨ, ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɯɨɧɢɧɝɨɜɚɧɢɹ «ɧɟɫɬɚɧɞɚɪɬɧɵɯ» ɨɬɜɟɪɫɬɢɣ 

ɜɵɩɨɥɧɟɧɢɟ ɭɤɚɡɚɧɧɵɯ ɫɨɨɬɧɨɲɟɧɢɣ ɧɟ ɜɫɟɝɞɚ ɜɨɡɦɨɠɧɨ. ȼ ɱɚɫɬɧɨɫɬɢ, ɩɪɢ 

ɯɨɧɢɧɝɨɜɚɧɢɢ ɤɨɪɨɬɤɢɯ ɨɬɜɟɪɫɬɢɣ (lɨɬɜ./d << 1) ɢ ɞɥɢɧɧɵɯ ɨɬɜɟɪɫɬɢɣ (lɨɬɜ./d >> 1) 

ɧɟɜɨɡɦɨɠɧɨ ɨɛɟɫɩɟɱɢɬɶ ɫɨɨɬɧɨɲɟɧɢɟ (1.3). Ⱥɧɚɥɨɝɢɱɧɨ, ɩɪɢ ɯɨɧɢɧɝɨɜɚɧɢɢ 

ɝɥɭɯɢɯ ɨɬɜɟɪɫɬɢɣ ɧɟɜɨɡɦɨɠɧɨ ɨɛɟɫɩɟɱɢɬɶ ɨɩɬɢɦɚɥɶɧɭɸ ɜɟɥɢɱɢɧɭ ɩɟɪɟɛɟɝɚ ɜ 

ɡɨɧɟ ɞɧɚ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɨɬɜɟɪɫɬɢɹ, ɬ.ɟ. ɫɨɨɬɧɨɲɟɧɢɟ (1.4). ɉɪɢ ɷɬɨɦ, 

ɧɟɢɡɛɟɠɧɨ ɜɨɡɧɢɤɚɸɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɩɨɝɪɟɲɧɨɫɬɢ ɮɨɪɦɵ ɜ ɩɪɨɞɨɥɶɧɨɦ 

ɫɟɱɟɧɢɢ. 

 

1.3 Ɉɫɨɛɟɧɧɨɫɬɢ ɯɨɧɢɧɝɨɜɚɧɢɹ ɝɥɭɯɢɯ ɨɬɜɟɪɫɬɢɣ 

 

ɇɢɠɟ ɨɫɬɚɧɨɜɢɦɫɹ ɧɚ ɧɚɢɛɨɥɟɟ ɯɚɪɚɤɬɟɪɧɵɯ ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɯ ɢ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɟɲɟɧɢɹɯ, ɧɚɩɪɚɜɥɟɧɧɵɯ ɧɚ ɩɨɜɵɲɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 

ɯɨɧɢɧɝɨɜɚɧɢɹ ɝɥɭɯɢɯ ɨɬɜɟɪɫɬɢɣ. 

ɂɡɜɟɫɬɧɨ ɬɟɯɧɢɱɟɫɤɨɟ ɪɟɲɟɧɢɟ [1, 5, 6, 22, 46, 70], ɤɨɬɨɪɨɟ ɡɚɤɥɸɱɚɟɬɫɹ ɜ 

ɬɨɦ, ɱɬɨ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɩɨɜɟɪɯɧɨɫɬɢ ɝɥɭɯɨɝɨ ɨɬɜɟɪɫɬɢɹ ɰɟɥɟɫɨɨɛɪɚɡɧɨ 

ɩɪɢɦɟɧɟɧɢɟ ɬɚɤɨɣ ɮɨɪɦɵ ɯɨɧɢɧɝɨɜɚɥɶɧɵɯ ɛɪɭɫɤɨɜ, ɩɪɢ ɤɨɬɨɪɨɣ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ 

ɪɚɫɩɨɥɨɠɟɧɢɟ ɧɚɢɛɨɥɶɲɟɝɨ ɤɨɥɢɱɟɫɬɜɚ ɪɟɠɭɳɢɯ ɡɟɪɟɧ ɜɨɡɦɨɠɧɨ ɛɥɢɠɟ ɤ ɬɨɪɰɭ 

ɪɚɛɨɱɟɣ ɱɚɫɬɢ ɢɧɫɬɪɭɦɟɧɬɚ ɜ ɡɨɧɟ ɞɧɚ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɨɬɜɟɪɫɬɢɹ (ɛɪɭɫɤɢ 

ɬɪɚɩɟɰɢɟɜɢɞɧɨɣ ɮɨɪɦɵ ɢ ɞɪɭɝɨɣ ɤɨɦɛɢɧɚɰɢɢ ɛɪɭɫɤɨɜ ɪɚɡɧɨɣ ɞɥɢɧɵ, ɤɨɬɨɪɚɹ 

ɷɤɜɢɜɚɥɟɧɬɧɚ ɛɪɭɫɤɭ ɭɤɚɡɚɧɧɨɣ ɮɨɪɦɵ). 

ɇɚ ɪɢɫ. 1.8 ɢ ɜ ɬɚɛɥɢɰɟ 1.3 ɩɪɟɞɫɬɚɜɥɟɧɵ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɤɨɧɫɬɪɭɤɰɢɹ 

ɛɪɭɫɤɚ ɬɪɚɩɟɰɟɢɞɚɥɶɧɨɣ ɮɨɪɦɵ ɢ ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɩɪɨɜɟɪɤɢ ɟɝɨ 

ɢɫɩɪɚɜɥɹɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɩɪɢ ɯɨɧɢɧɝɨɜɚɧɢɢ ɝɥɭɯɢɯ ɨɬɜɟɪɫɬɢɣ. 
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Ɋɢɫ. 1.8 Ʉɨɧɫɬɪɭɤɰɢɹ ɬɪɚɩɟɰɟɢɞɚɥɶɧɨɝɨ ɛɪɭɫɤɚ 

Ɍɚɛɥɢɰɚ 1.3 

Ƚɟɨɦɟɬɪɢɱɟɫɤɚɹ ɬɨɱɧɨɫɬɶ ɨɬɜɟɪɫɬɢɣ ɩɪɢ ɯɨɧɢɧɝɨɜɚɧɢɢ ɬɪɚɩɟɰɟɢɞɚɥɶɧɵɦɢ 

ɛɪɭɫɤɚɦɢ 

Ɏɨɪɦɚ ɛɪɭɫɤɚ 

Ⱦɚɧɧɵɟ ɛɪɭɫɤɚ ɋɪɟɞɧɢɟ ɩɨɤɚɡɚɬɟɥɢ, ɦɄɦ 

L B B1 ε 
F ɤɨɧɭɫɨɨɛɪɚɡɧɨɫɬɢ ɨɜɚɥɶɧɨɫɬɢ ɦɦ ɦɦ2 

ɉɪɹɦɨɭɝɨɥɶɧɚɹ 50 10 10 1,0 2000 +130 10 

Ɍɪɚɩɟɰɟɢɞɚɥɶɧɚɹ 50 10 5 0,5 1500 +74 5 

Ɍɪɚɩɟɰɟɢɞɚɥɶɧɚɹ 50 10 3 0,3 1300 –62 5 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɩɨɥɭɱɟɧɵ ɩɪɢ ɯɨɧɢɧɝɨɜɚɧɢɢ ɝɥɭɯɢɯ 

ɨɬɜɟɪɫɬɢɣ ɜ ɨɛɪɚɡɰɚɯ ɢɡ ɬɟɪɦɢɱɟɫɤɢ ɧɟɨɛɪɚɛɨɬɚɧɧɨɣ ɫɬɚɥɢ 45 (dɨɬɜ = 40 ɦɦ; lɨɬɜ = 

150 ɦɦ) ɫ ɢɫɯɨɞɧɨɣ ɤɨɧɭɫɨɨɛɪɚɡɧɨɫɬɶɸ 0,03 … 0,04 ɦɦ ɛɪɭɫɤɚɦɢ ȺɋɊ 125/100 – 

Ɇ1 – 100 ɫ ɫɭɦɦɚɪɧɨɣ ɩɥɨɳɚɞɶɸ ɪɟɠɭɳɟɣ ɱɚɫɬɢ ɚɥɦɚɡɨɧɨɫɧɨɝɨ ɫɥɨɹ F (ɩɪɢ 

ɱɢɫɥɟ ɛɪɭɫɤɨɜ z = 4). ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɬɟɩɟɧɶ ɢɫɩɪɚɜɥɟɧɢɹ ɤɨɧɭɫɨɨɛɪɚɡɧɨɫɬɢ 

ɨɬɜɟɪɫɬɢɹ ɡɚɜɢɫɢɬ ɨɬ ɨɬɧɨɲɟɧɢɹ ɨɫɧɨɜɚɧɢɣ ɬɪɚɩɟɰɢɢ 

BB1 .      (1.7) 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɬɚɛɥɢɰɵ 1.3, ɞɥɹ ɞɚɧɧɨɝɨ ɤɨɧɤɪɟɬɧɨɝɨ ɫɥɭɱɚɹ, ɷɮɮɟɤɬɢɜɧɨɟ 

ɢɫɩɪɚɜɥɟɧɢɟ ɤɨɧɭɫɧɨɫɬɢ ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ ɡɧɚɱɟɧɢɹɯ ε = 0,35÷0,4.  

ɂɡɜɟɫɬɟɧ ɬɚɤɠɟ ɫɩɨɫɨɛ ɯɨɧɢɧɝɨɜɚɧɢɹ, ɩɪɢ ɤɨɬɨɪɨɦ [83Ж ɢ (ɫɬɪ. 372 Ɋɢɫ. 

14.58. 14.59 [85]), ɜɚɪɶɢɪɭɸɬ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ ɫɴɟɦɚ ɩɪɢɩɭɫɤɚ ɩɨ ɞɥɢɧɟ 

ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɨɬɜɟɪɫɬɢɹ. ɗɬɨɬ ɫɩɨɫɨɛ ɦɨɠɟɬ ɛɵɬɶ ɪɟɚɥɢɡɨɜɚɧ ɩɨ ɧɟɫɤɨɥɶɤɢɦ 

(ɩɪɨɫɬɵɦ ɢ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɦ) ɫɯɟɦɚɦ. 
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Ɂɞɟɫɶ, ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɫɤɜɨɡɧɵɯ ɨɬɜɟɪɫɬɢɣ ɯɨɧɢɧɝɨɜɚɧɢɟ ɨɫɭɳɟɫɬɜɥɹɸɬ 

ɫɪɚɜɧɢɬɟɥɶɧɨ ɤɨɪɨɬɤɢɦɢ ɛɪɭɫɤɚɦɢ ɩɪɢ ɤɨɪɨɬɤɨ-ɯɨɞɨɜɨɦ ɜɨɡɜɪɚɬɧɨ-

ɩɨɫɬɭɩɚɬɟɥɶɧɨɦ ɩɟɪɟɦɟɳɟɧɢɢ ɢɧɫɬɪɭɦɟɧɬɚ ɜ ɨɬɞɟɥɶɧɵɯ ɦɟɫɬɚɯ ɩɨ ɞɥɢɧɟ 

ɯɨɧɢɧɝɭɟɦɨɝɨ ɨɬɜɟɪɫɬɢɹ, ɚ ɢɦɟɧɧɨ ɜ ɬɟɯ ɦɟɫɬɚɯ ɝɞɟ ɞɢɚɦɟɬɪɚɥɶɧɵɣ ɪɚɡɦɟɪ 

ɦɢɧɢɦɚɥɟɧ ɪɢɫ. 1.9. 
 

 

 
Ɋɢɫ. 1.9. ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ 
ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɤɨɪɪɟɤɰɢɢ ɯɨɞɚ 

ɩɪɢ ɢɡɦɟɪɟɧɢɢ ɲɢɪɨɤɢɯ ɢɥɢ 
ɭɡɤɢɯ ɦɟɫɬ ɜ ɨɬɜɟɪɫɬɢɢ: ɚ – 

ɰɢɥɢɧɞɪɢɱɟɫɤɨɦ; ɛ – ɤɨɧɢɱɟɫɤɨɦ 
ɫ ɪɚɫɲɢɪɟɧɢɟɦ ɜɧɢɡɭ;  

ɜ – ɤɨɧɢɱɟɫɤɨɦ ɫ ɪɚɫɲɢɪɟɧɢɟɦ 
ɜɜɟɪɯɭ; ɝ – ɛɨɱɤɨɨɛɪɚɡɧɨɦ; ɞ – 

ɫɟɞɥɨɨɛɪɚɡɧɨɦ; ɟ – ɢɡɦɟɧɟɧɢɟ 
ɞɥɢɧɵ ɯɨɞɚ ɩɨɫɥɟ ɡɚɦɟɪɚ 

ɜɯɨɞɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ; 1 ÷ 3 – 

ɪɚɡɥɢɱɧɵɟ ɭɪɨɜɧɢ ɢɡɦɟɪɟɧɢɣ; 4 – 

ɩɧɟɜɦɚɬɢɱɟɫɤɚɹ ɢɡɦɟɪɢɬɟɥɶɧɚɹ 
ɨɩɪɚɜɤɚ; 5 – ɛɪɭɫɨɤ; LH – ɞɥɢɧɚ 
ɯɨɞɚ; LH0 – ɜɟɪɯɧɹɹ ɤɨɪɪɟɤɰɢɹ; 

LHu – ɧɢɠɧɹɹ ɤɨɪɪɟɤɰɢɹ. 

ɉɪɢ ɨɛɪɚɛɨɬɤɟ ɝɥɭɯɢɯ ɨɬɜɟɪɫɬɢɣ ɩɪɢɦɟɧɹɸɬɫɹ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɟ ɫɯɟɦɵ.  

Ɉɞɧɚ ɢɡ ɫɯɟɦ ɨɬɥɢɱɚɟɬɫɹ ɬɟɦ, ɱɬɨ ɞɥɢɧɧɨ-ɯɨɞɨɜɨɟ ɜɨɡɜɪɚɬɧɨ-

ɩɨɫɬɭɩɚɬɟɥɶɧɨɟ ɞɜɢɠɟɧɢɟ ɢɧɫɬɪɭɦɟɧɬɚ ɫ ɨɞɧɨɫɬɨɪɨɧɧɢɦ ɩɟɪɟɛɟɝɨɦ 

ɩɟɪɢɨɞɢɱɟɫɤɢ ɱɟɪɟɞɭɟɬɫɹ ɤɨɪɨɬɤɨ-ɯɨɞɨɜɵɦ ɜɨɡɜɪɚɬɧɨ- ɩɨɫɬɭɩɚɬɟɥɶɧɵɦ 

ɩɟɪɟɦɟɳɟɧɢɟɦ ɜ ɡɨɧɟ ɞɧɚ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɨɬɜɟɪɫɬɢɹ ɪɢɫ. (1.10 ɛ). 

ɉɨ ɞɪɭɝɨɣ ɫɯɟɦɟ ɞɥɢɧɧɨ-ɯɨɞɨɜɨɟ ɜɨɡɜɪɚɬɧɨ-ɩɨɫɬɭɩɚɬɟɥɶɧɨɟ ɞɜɢɠɟɧɢɟ 

ɢɧɫɬɪɭɦɟɧɬɚ ɫ ɨɞɧɨɫɬɨɪɨɧɧɢɦ ɩɟɪɟɛɟɝɨɦ ɩɟɪɢɨɞɢɱɟɫɤɢ ɱɟɪɟɞɭɟɬɫɹ ɭɩɪɚɜɥɹɟɦɨɣ 

ɤɨɪɨɬɤɨɣ ɡɚɞɟɪɠɤɨɣ ɜɨɡɜɪɚɬɧɨ-ɩɨɫɬɭɩɚɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ (ɚɦɩɥɢɬɭɞɚ ɤɨɪɨɬɤɨ-
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ɯɨɞɨɜɨɝɨ ɜɨɡɜɪɚɬɧɨ-ɩɨɫɬɭɩɚɬɟɥɶɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɪɚɜɧɚ ɧɭɥɸ) ɩɪɢ ɫɨɯɪɚɧɟɧɢɢ 

ɜɪɚɳɚɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ ɢɧɫɬɪɭɦɟɧɬɚ ɜ ɡɨɧɟ ɞɧɚ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɨɬɜɟɪɫɬɢɹ.  

ɂɫɫɥɟɞɨɜɚɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɢɜɟɞɟɧɧɵɯ ɜɵɲɟ ɫɯɟɦɵ ɞɥɹ 

ɯɨɧɢɧɝɨɜɚɧɢɹ ɝɥɭɯɢɯ ɨɬɜɟɪɫɬɢɣ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɪɚɛɨɬɟ [50] ɢ, ɡɞɟɫɶ, ɱɚɫɬɢɱɧɨ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 1.11 ɢ 1.12. 

Ɉɬɦɟɱɚɟɬɫɹ (ɪɢɫ. 1.9), ɱɬɨ ɢɦɟɟɬ 

ɦɟɫɬɨ ɩɨɜɵɲɟɧɢɟ ɬɨɱɧɨɫɬɢ ɡɚ ɫɱɟɬ 

ɭɜɟɥɢɱɟɧɢɹ ɜɪɟɦɟɧɢ ɡɚɞɟɪɠɤɢ 

ɛɪɭɫɤɨɜ ɭ ɞɧɚ ɨɬɜɟɪɫɬɢɹ, ɨɞɧɚɤɨ ɩɪɢ 

ɷɬɨɦ ɤɨɧɫɬɚɬɢɪɭɟɬɫɹ ɫɥɟɞɭɸɳɟɟ. 

Ɂɚɜɢɫɢɦɨɫɬɶ ɩɨɜɵɲɟɧɢɹ 

ɬɨɱɧɨɫɬɢ ɮɨɪɦɵ ɨɬɜɟɪɫɬɢɹ ɨɬ 

ɜɪɟɦɟɧɢ ɡɚɞɟɪɠɤɢ ɛɪɭɫɤɨɜ ɹɜɥɹɟɬɫɹ 

ɷɤɫɬɪɟɦɚɥɶɧɨɣ. ɉɨɷɬɨɦɭ ɭɜɟɥɢɱɟɧɢɟ 

ɜɪɟɦɟɧɢ ɡɚɞɟɪɠɤɢ ɫɜɵɲɟ 

ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɪɢɜɨɞɢɬ ɬɨɥɶɤɨ ɤ 

ɭɜɟɥɢɱɟɧɢɸ ɨɜɚɥɶɧɨɫɬɢ ɢ 

ɨɬɤɥɨɧɟɧɢɹ ɩɪɨɮɢɥɹ ɩɪɨɞɨɥɶɧɨɝɨ 

ɫɟɱɟɧɢɹ. 

ɂɧɵɦɢ ɫɥɨɜɚɦɢ, ɞɨɫɬɢɱɶ 

ɩɨɥɧɨɝɨ ɢɫɩɪɚɜɥɟɧɢɹ 

ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɜ ɜɢɞɟ 

ɤɨɧɭɫɧɨɫɬɢ ɭɤɚɡɚɧɧɵɦ ɫɩɨɫɨɛɨɦ 

ɧɟɜɨɡɦɨɠɧɨ. ɗɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, 

ɱɬɨ ɧɚ ɷɬɚɩɟ ɞɥɢɧɧɨ-ɯɨɞɨɜɨɝɨ ɯɨɧɢɧɝɨɜɚɧɢɹ ɮɨɪɦɢɪɭɟɬɫɹ ɝɟɨɦɟɬɪɢɱɟɫɤɚɹ 

ɩɨɝɪɟɲɧɨɫɬɶ ɜ ɜɢɞɟ ɤɨɧɭɫɧɨɫɬɢ, ɤɚɤ ɧɚ ɨɛɪɚɛɚɬɵɜɚɟɦɨɦ ɨɬɜɟɪɫɬɢɢ, ɬɚɤ ɢ ɧɚ 

ɪɟɠɭɳɟɣ ɱɚɫɬɢ ɢɧɫɬɪɭɦɟɧɬɚ. Ⱦɚɥɟɟ, ɩɪɢ ɩɟɪɟɯɨɞɟ ɧɚ ɤɨɪɨɬɤɨ-ɯɨɞɨɜɨɟ 

ɯɨɧɢɧɝɨɜɚɧɢɟ, ɥɢɛɨ ɧɚ ɯɨɧɢɧɝɨɜɚɧɢɟ ɫ ɧɭɥɟɜɨɣ ɚɦɩɥɢɬɭɞɨɣ ɜɨɡɜɪɚɬɧɨ-

ɩɨɫɬɭɩɚɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ, ɩɪɢɨɛɪɟɬɟɧɧɚɹ ɤɨɧɭɫɨɨɛɪɚɡɧɨɫɬɶ ɪɚɛɨɱɟɣ ɱɚɫɬɢ 

ɢɧɫɬɪɭɦɟɧɬɚ ɫɨɯɪɚɧɹɟɬɫɹ ɢ ɩɟɪɟɧɨɫɢɬɫɹ ɧɚ ɨɛɪɚɛɚɬɵɜɚɟɦɨɟ ɨɬɜɟɪɫɬɢɟ. Ɍɨ ɟɫɬɶ, 

 
Ɋɢɫ. 1.10. Ⱦɜɢɠɟɧɢɟ ɯɨɧɚ ɩɪɢ 

ɜɬɨɪɢɱɧɨɦ ɯɨɧɢɧɝɨɜɚɧɢɢ ɝɥɭɯɢɯ 
ɨɬɜɟɪɫɬɢɣ: ɚ – ɤɨɪɨɬɤɢɦ ɛɪɭɫɤɨɦ (LS = 

3l1), ɨɛɵɱɧɨɟ ɜɨɡɜɪɚɬɧɨ-

ɩɨɫɬɭɩɚɬɟɥɶɧɨɟ ɞɜɢɠɟɧɢɟ, ɧɨɪɦɚɥɶɧɵɣ 
ɩɟɪɟɛɟɝ; ɛ – ɛɪɭɫɤɨɦ ɧɨɪɦɚɥɶɧɨɣ 

ɞɥɢɧɵ; LH – ɞɥɢɧɚ ɯɨɞɚ;  
LS – ɞɥɢɧɚ ɛɪɭɫɤɚ; 11 – ɞɥɢɧɚ ɤɚɧɚɜɤɢ 
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ɫɨɯɪɚɧɹɟɬɫɹ ɤɨɧɭɫɧɨɫɬɶ ɜ ɡɨɧɟ ɞɧɚ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɨɬɜɟɪɫɬɢɹ, ɞɥɢɧɚ ɤɨɬɨɪɨɣ 

ɫɨɢɡɦɟɪɢɦɚ ɫ ɞɥɢɧɨɣ ɪɚɛɨɱɟɣ ɱɚɫɬɢ ɢɧɫɬɪɭɦɟɧɬɚ. 

Ⱦɪɭɝɢɦ ɧɟɞɨɫɬɚɬɤɨɦ ɹɜɥɹɟɬɫɹ ɬɨ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ, ɱɬɨ ɩɪɢ ɩɟɪɟɯɨɞɟ ɧɚ 

ɤɨɪɨɬɤɨ-ɯɨɞɨɜɨɟ ɯɨɧɢɧɝɨɜɚɧɢɟ, ɥɢɛɨ ɧɚ ɯɨɧɢɧɝɨɜɚɧɢɟ ɫ ɧɭɥɟɜɨɣ ɚɦɩɥɢɬɭɞɨɣ 

ɜɨɡɜɪɚɬɧɨ-ɩɨɫɬɭɩɚɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ, ɧɟɢɡɛɟɠɧɨ ɧɚɪɭɲɚɟɬɫɹ ɨɩɬɢɦɚɥɶɧɨɟ 

ɫɨɨɬɧɨɲɟɧɢɟ ɫɤɨɪɨɫɬɟɣ ɜɨɡɜɪɚɬɧɨ-ɩɨɫɬɭɩɚɬɟɥɶɧɨɝɨ ɢ ɜɪɚɳɚɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɣ.  

 
ɚ) ɛ) 

Ɋɢɫ. 1.11 ɂɡɦɟɧɟɧɢɟ ɨɜɚɥɶɧɨɫɬɢ įɨɜ (ɚ) ɢ ɨɬɤɥɨɧɟɧɢɹ ɩɪɨɮɢɥɹ ɩɪɨɞɨɥɶɧɨɝɨ 
ɫɟɱɟɧɢɹ įɩɪ (ɛ) ɩɪɢ ɨɛɪɚɛɨɬɤɟ: 1 – ɫɬɚɧɞɚɪɬɧɵɦɢ ɛɪɭɫɤɚɦɢ; 2 – 

ɬɪɚɩɟɰɢɟɜɢɞɧɨɣ ɮɨɪɦɵ; 3 – ɢɡɦɟɧɹɟɦɨɣ ɞɥɢɧɵ 
 

ɗɬɨ ɩɪɢɜɨɞɢɬ, ɜɨ-ɩɟɪɜɵɯ, ɤ ɩɨɬɟɪɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɢɡ-ɡɚ ɭɦɟɧɶɲɟɧɢɹ ɩɭɬɢ 

ɪɟɡɚɧɢɹ ɪɟɠɭɳɢɯ ɡɟɪɟɧ ɜ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ. ȼɨ-ɜɬɨɪɵɯ, ɧɚ ɪɚɧɟɟ 

ɫɮɨɪɦɢɪɨɜɚɧɧɭɸ ɨɩɬɢɦɚɥɶɧɭɸ ɫɟɬɤɭ ɫɥɟɞɨɜ ɪɟɠɭɳɢɯ ɡɟɪɟɧ, ɤɨɬɨɪɚɹ 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɩɬɢɦɚɥɶɧɨɦɭ ɦɚɫɥɨɭɞɟɪɠɢɜɚɸɳɟɦɭ ɪɟɥɶɟɮɭ, ɩɪɨɢɫɯɨɞɢɬ 

ɧɚɥɨɠɟɧɢɟ ɢɫɤɚɠɟɧɧɨɣ, ɢɡ-ɡɚ ɧɚɪɭɲɟɧɢɹ ɨɩɬɢɦɚɥɶɧɨɝɨ ɫɨɨɬɧɨɲɟɧɢɹ ɫɤɨɪɨɫɬɟɣ, 

ɫɟɬɤɢ ɫɥɟɞɨɜ ɪɟɠɭɳɢɯ ɡɟɪɟɧ. Ɍɨ ɟɫɬɶ, ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɮɨɪɦɢɪɭɸɬɫɹ ɩɨɨɱɟɪɟɞɧɨ 

ɞɜɟ ɪɚɡɧɨɜɢɞɧɨɫɬɢ ɪɟɥɶɟɮɚ: ɨɞɧɚ – ɨɩɬɢɦɚɥɶɧɚɹ, ɞɪɭɝɚɹ – ɨɬɥɢɱɧɚɹ ɨɬ 
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ɨɩɬɢɦɚɥɶɧɨɣ. ɉɪɢ ɷɬɨɦ ɧɟ ɢɡɜɟɫɬɧɨ, ɤɚɤɚɹ ɢɡ ɧɢɯ ɛɭɞɟɬ ɫɮɨɪɦɢɪɨɜɚɧɚ ɜ ɤɨɧɰɟ 

ɨɛɪɚɛɨɬɤɢ. 

 
ɚ) ɛ) 

Ɋɢɫ. 1.12 Ɂɚɜɢɫɢɦɨɫɬɶ ɨɜɚɥɶɧɨɫɬɢ įɨɜ., (ɚ) ɢ ɨɬɤɥɨɧɟɧɢɹ ɩɪɨɮɢɥɹ ɩɪɨɞɨɥɶɧɨɝɨ 
ɫɟɱɟɧɢɹ įɩɪ. (ɛ) ɨɬ ɜɪɟɦɟɧɢ t ɨɛɪɚɛɨɬɤɢ ɢ ɜɪɟɦɟɧɢ ɡɚɞɟɪɠɤɢ ɛɪɭɫɤɨɜ ɭ ɞɧɚ 

ɨɬɜɟɪɫɬɢɹ: τ = 0,25 ɫ; τ = 0,5 ɫ; τ = 1,0 ɫ; τ = 1,25 ɫ 

ɋɥɟɞɭɸɳɢɣ ɧɟɞɨɫɬɚɬɨɤ ɢɡɜɟɫɬɧɨɣ ɫɯɟɦɵ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɞɥɹ ɟɟ 

ɪɟɚɥɢɡɚɰɢɢ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɦɟɧɟɧɢɟ ɚɥɦɚɡɨɧɨɫɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɞɥɢɧɚ ɤɨɬɨɪɵɯ 

ɫɭɳɟɫɬɜɟɧɧɨ ɦɟɧɶɲɟ ɞɥɢɧɵ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɨɬɜɟɪɫɬɢɹ. ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ: 

 ɩɨɬɟɪɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ (ɦɟɧɶɲɟɟ ɱɢɫɥɨ ɡɟɪɟɧ ɭɱɚɫɬɜɭɟɬ ɜ 

ɪɟɡɚɧɢɢ); 

 ɭɜɟɥɢɱɟɧɢɸ ɜɟɥɢɱɢɧɵ ɪɚɞɢɚɥɶɧɨɝɨ ɢɡɧɨɫɚ (ɜɨɡɪɚɫɬɚɟɬ ɭɞɟɥɶɧɚɹ 

ɧɚɝɪɭɡɤɚ ɧɚ ɪɟɠɭɳɢɟ ɡɟɪɧɚ) ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɫɧɢɠɟɧɢɸ ɬɨɱɧɨɫɬɢ; 

– ɭɦɟɧɶɲɟɧɢɸ ɫɩɨɫɨɛɧɨɫɬɢ ɫɯɟɦɵ ɤ ɢɫɩɪɚɜɥɟɧɢɸ ɤɪɢɜɨɥɢɧɟɣɧɨɫɬɢ 

ɨɫɢ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɨɬɜɟɪɫɬɢɹ. 

ȼ ɨɬɧɨɲɟɧɢɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ 

ɬɪɚɩɟɰɢɟɜɢɞɧɨɣ ɮɨɪɦɵ ɡɞɟɫɶ ɨɬɦɟɬɢɦ ɫɥɟɞɭɸɳɟɟ. 

ɂɡ ɢɫɫɥɟɞɨɜɚɧɢɣ ȼ.Ⱥ. Ɉɝɨɪɨɞɨɜɚ (ɪɢɫ. 1.11 ɛ) ɫɥɟɞɭɟɬ, ɱɬɨ ɢɦɟɟɬ ɦɟɫɬɨ 

ɧɟɤɨɬɨɪɨɟ ɩɨɜɵɲɟɧɢɟ ɬɨɱɧɨɫɬɢ, ɨɞɧɚɤɨ, ɩɪɢ ɷɬɨɦ, ɞɟɥɚɟɬɫɹ ɜɵɜɨɞ, ɱɬɨ ɧɢ ɨɞɧɨ 
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ɢɡ ɢɡɜɟɫɬɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɢ ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɯ ɪɟɲɟɧɢɣ (ɜ ɬɨɦ ɱɢɫɥɟ ɢ 

ɩɪɢɦɟɧɟɧɢɟ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɬɪɚɩɟɰɢɟɜɢɞɧɨɣ ɮɨɪɦɵ) ɧɟ ɜ ɫɨɫɬɨɹɧɢɢ 

ɨɛɟɫɩɟɱɢɬɶ ɜɵɩɨɥɧɟɧɢɟ ɡɚɞɚɧɧɵɯ ɬɪɟɛɨɜɚɧɢɣ ɤ ɬɨɱɧɨɫɬɢ ɮɨɪɦɵ ɝɥɭɯɨɝɨ 

ɨɬɜɟɪɫɬɢɹ ɩɪɢ ɯɨɧɢɧɝɨɜɚɧɢɢ. 

ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɩɪɨɜɟɞɟɧɧɵɯ ɜ [5, 6, 22, 

46], ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɢɦɟɟɬ ɦɟɫɬɨ ɧɟ ɱɚɫɬɢɱɧɨɟ ɩɨɜɵɲɟɧɢɟ ɬɨɱɧɨɫɬɢ, ɚ ɩɨɥɧɨɟ 

ɢɫɩɪɚɜɥɟɧɢɟ ɤɨɧɭɫɧɨɫɬɢ, ɢ ɛɨɥɟɟ ɬɨɝɨ, ɩɨɥɭɱɟɧɢɟ ɞɚɠɟ ɨɛɪɚɬɧɨɣ ɤɨɧɭɫɧɨɫɬɢ ɩɪɢ 

ɨɛɪɚɛɨɬɤɟ ɝɥɭɯɢɯ ɨɬɜɟɪɫɬɢɣ ɯɨɧɢɧɝɨɜɚɧɢɟɦ (ɬɚɛɥ. 1.3). 

ɇɟɨɞɧɨɡɧɚɱɧɨɫɬɶ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ 

ɬɪɚɩɟɰɟɢɞɚɥɶɧɵɯ ɛɪɭɫɤɨɜ ɪɚɡɧɵɯ ɚɜɬɨɪɨɜ ɨɛɭɫɥɨɜɢɥɚ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɛɨɥɟɟ 

ɩɨɞɪɨɛɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ ɯɨɧɢɧɝɨɜɚɧɢɹ ɬɚɤɢɦɢ ɛɪɭɫɤɚɦɢ, ɤɨɬɨɪɨɟ 

ɩɪɢɜɟɞɟɧɨ ɜ ɬɪɟɬɶɟɣ ɪɚɡɞɟɥɟ ɞɚɧɧɨɣ ɪɚɛɨɬɵ. 

Ⱦɚɥɟɟ ɨɫɬɚɧɨɜɢɦɫɹ ɟɳɟ ɧɚ ɧɟɫɤɨɥɶɤɢɯ ɫɩɨɫɨɛɚɯ ɯɨɧɢɧɝɨɜɚɧɢɹ, 

ɨɬɥɢɱɢɬɟɥɶɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɤɨɬɨɪɵɯ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɢɦɟɟɬ ɦɟɫɬɨ ɜɜɟɞɟɧɢɟ 

ɤɨɦɩɟɧɫɚɰɢɨɧɧɵɯ ɩɟɪɟɦɟɳɟɧɢɣ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 

ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶɸ ɢɯ ɪɚɡɦɟɪɧɨɝɨ ɢɡɧɨɫɚ ɩɨ ɞɥɢɧɟ.  

ɉɟɪɜɵɣ ɢɡ ɷɬɢɯ ɫɩɨɫɨɛɨɜ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɪɚɛɨɬɟ [55] ɢ ɫɭɬɶ ɟɝɨ 

ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɪɚɞɢɚɥɶɧɚɹ ɩɨɞɚɱɚ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɪɟɚɥɢɡɭɟɬɫɹ 

ɩɨɫɪɟɞɫɬɜɨɦ ɞɜɭɯ ɢɞɟɧɬɢɱɧɵɯ ɪɚɡɠɢɦɧɵɯ ɤɨɧɭɫɨɜ ɪɢɫ. 1.13 ɚ (ɩɨɡ. 5 ɢ 6). 

Ʉɚɠɞɵɣ ɢɡ ɪɚɡɠɢɦɧɵɯ ɤɨɧɭɫɨɜ ɫɜɹɡɚɧ ɫ ɚɜɬɨɧɨɦɧɵɦ ɧɟɡɚɜɢɫɢɦɵɦ ɩɪɢɜɨɞɨɦ 

ɪɚɞɢɚɥɶɧɨɣ ɩɨɞɚɱɢ. ȼ ɩɪɨɰɟɫɫɟ ɯɨɧɢɧɝɨɜɚɧɢɹ, ɩɪɢ ɭɫɥɨɜɢɢ ɪɚɜɟɧɫɬɜɚ ɫɤɨɪɨɫɬɟɣ 

ɨɫɟɜɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɪɚɡɠɢɦɧɵɯ ɤɨɧɭɫɨɜ, ɪɟɠɭɳɢɟ ɷɥɟɦɟɧɬɵ ɩɟɪɟɦɟɳɚɸɬɫɹ 

ɬɨɥɶɤɨ ɪɚɞɢɚɥɶɧɨ. ɉɪɢ ɪɚɫɫɨɝɥɚɫɨɜɚɧɢɢ ɫɤɨɪɨɫɬɟɣ ɨɫɟɜɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ 

ɪɚɡɠɢɦɧɵɯ ɤɨɧɭɫɨɜ ɢɦɟɟɬ ɦɟɫɬɨ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɪɚɫɫɨɝɥɚɫɨɜɚɧɢɟ ɫɤɨɪɨɫɬɟɣ 

ɪɚɞɢɚɥɶɧɨɣ ɩɨɞɚɱɢ ɩɨ ɞɥɢɧɟ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ. ȼɟɥɢɱɢɧɚ ɢ ɡɧɚɤ 

ɧɟɨɛɯɨɞɢɦɨɝɨ ɪɚɫɫɨɝɥɚɫɨɜɚɧɢɹ ɫɤɨɪɨɫɬɟɣ ɨɩɪɟɞɟɥɹɸɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 

ɞɚɧɧɵɦɢ ɚɤɬɢɜɧɨɝɨ ɤɨɧɬɪɨɥɹ ɬɟɤɭɳɟɝɨ ɞɢɚɦɟɬɪɚɥɶɧɨɝɨ ɪɚɡɦɟɪɚ ɜ ɜɟɪɯɧɟɣ ɢ ɜ 

ɧɢɠɧɟɣ ɱɚɫɬɢ ɯɨɧɢɧɝɭɟɦɨɝɨ ɨɬɜɟɪɫɬɢɹ (ɪɢɫ 1.13. ɛ ɢ ɜ; ɩɨɡ. 7). Ɍ. ɟ., ɢɦɟɟɬ ɦɟɫɬɨ, 

ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɭɝɥɨɦ ɩɨɜɨɪɨɬɚ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɫ ɨɛɪɚɬɧɨɣ ɫɜɹɡɶɸ. ɗɬɚ 
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ɫɯɟɦɚ ɢ ɢɧɫɬɪɭɦɟɧɬ, ɪɟɚɥɢɡɭɸɳɢɣ ɷɬɭ ɫɯɟɦɭ, ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɢ 

ɩɨɫɥɟɞɭɸɳɟɝɨ ɢɫɩɪɚɜɥɟɧɢɹ ɢɫɯɨɞɧɨɣ ɤɨɧɭɫɧɨɫɬɢ ɯɨɧɢɧɝɭɟɦɨɝɨ ɨɬɜɟɪɫɬɢɹ. 

 

ɚ ɛ    ɜ 

Ɋɢɫ. 1.13. ɋɯɟɦɚ ɤɨɧɫɬɪɭɤɰɢɢ ɢɧɫɬɪɭɦɟɧɬɚ ɫ ɞɜɭɦɹ ɧɟɡɚɜɢɫɢɦɵɦɢ 
ɪɚɡɠɢɦɧɵɦɢ ɤɨɧɭɫɚɦɢ 

ɋɥɟɞɭɟɬ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɨɩɢɫɚɧɧɵɟ ɜɵɲɟ ɫɯɟɦɚ ɢ ɢɧɫɬɪɭɦɟɧɬ, 

ɪɟɚɥɢɡɭɸɳɢɣ ɷɬɭ ɫɯɟɦɭ (ɪɢɫ. 1.13), ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɯɨɧɢɧɝɨɜɚɧɢɹ ɫɤɜɨɡɧɵɯ 

ɨɬɜɟɪɫɬɢɣ, ɯɚɪɚɤɬɟɪɢɡɭɟɦɵɯ ɧɚɥɢɱɢɟɦ ɫɭɳɟɫɬɜɟɧɧɨ ɡɧɚɱɢɦɨɣ ɢɫɯɨɞɧɨɣ 

ɤɨɧɭɫɧɨɫɬɢ. ɉɨɪɹɞɨɤ ɜɟɥɢɱɢɧ ɷɬɨɣ ɢɫɯɨɞɧɨɣ ɤɨɧɭɫɧɨɫɬɢ – ɷɬɨ ɦɢɤɪɨɧɵ ɢ 

ɞɟɫɹɬɤɢ ɦɢɤɪɨɧ. 

ȿɫɥɢ, ɜ ɢɧɫɬɪɭɦɟɧɬɟ, ɜɵɩɨɥɧɢɬɶ ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɦɨɞɟɪɧɢɡɚɰɢɸ 

(ɭɞɥɢɧɢɬɶ ɜ ɧɢɠɧɟɣ ɱɚɫɬɢ ɤɨɥɨɞɤɢ ɫ ɚɥɦɚɡɨɧɨɫɧɵɦ ɫɥɨɟɦ ɬɚɤ, ɱɬɨɛɵ ɤɨɪɩɭɫ ɢ 

ɢɝɥɚ ɪɚɡɠɢɦɚ ɧɟ ɤɚɫɚɥɢɫɶ ɞɧɚ ɨɬɜɟɪɫɬɢɹ ɜ ɤɪɚɣɧɟɦ ɧɢɠɧɟɦ ɩɨɥɨɠɟɧɢɢ 

ɢɧɫɬɪɭɦɟɧɬɚ), ɬɨ ɩɨɹɜɢɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɟɝɨ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɝɥɭɯɢɯ 

ɨɬɜɟɪɫɬɢɣ. 

ȿɫɥɢ ɩɪɢ ɷɬɨɦ ɡɚ ɫɱɟɬ ɪɚɫɫɨɝɥɚɫɨɜɚɧɢɹ ɫɤɨɪɨɫɬɟɣ ɪɚɞɢɚɥɶɧɵɯ ɩɨɞɚɱ, 

ɩɨɩɵɬɚɬɶɫɹ ɪɟɚɥɢɡɨɜɚɬɶ ɤɨɦɩɟɧɫɚɰɢɸ ɧɟ ɢɫɯɨɞɧɨɣ ɤɨɧɭɫɧɨɫɬɢ, ɚ ɮɨɪɦɢɪɭɟɦɨɣ 

ɜ ɩɪɨɰɟɫɫɟ ɨɛɪɚɛɨɬɤɢ ɩɨ ɩɪɢɱɢɧɟ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ ɪɚɡɦɟɪɧɨɝɨ ɢɡɧɨɫɚ ɩɨ ɞɥɢɧɟ 

ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ, ɬɨ, ɩɨ ɧɚɲɟɦɭ ɦɧɟɧɢɸ, ɷɬɨ ɩɪɨɛɥɟɦɚɬɢɱɧɨ. 

ɋɭɬɶ ɜ ɬɨɦ, ɱɬɨ: 
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–  ɧɟɨɛɯɨɞɢɦɨ ɢɡɦɟɪɹɬɶ ɢ ɤɨɦɩɟɧɫɢɪɨɜɚɬɶ ɫɪɚɜɧɢɬɟɥɶɧɨ ɦɚɥɵɟ 

ɜɟɥɢɱɢɧɵ, ɩɨɪɹɞɨɤ ɤɨɬɨɪɵɯ ɢɫɱɢɫɥɹɟɬɫɹ ɦɢɤɪɨɧɚɦɢ ɢ ɞɨɥɹɦɢ ɦɢɤɪɨɧ, ɬɨɝɞɚ, ɤɚɤ 

ɤɨɧɫɬɪɭɤɰɢɹ ɢɧɫɬɪɭɦɟɧɬɚ ɪɚɫɫɱɢɬɚɧɚ ɧɚ ɫɭɳɟɫɬɜɟɧɧɨ ɛɨɥɶɲɢɣ ɩɨɪɹɞɨɤ ɜɟɥɢɱɢɧ 

(ɤɚɤ ɭɤɚɡɵɜɚɥɨɫɶ ɜɵɲɟ ɧɚ ɦɢɤɪɨɧɵ ɢ ɞɟɫɹɬɤɢ ɦɢɤɪɨɧ); 

–  ɪɚɞɢɚɥɶɧɚɹ ɠɟɫɬɤɨɫɬɶ ɪɚɡɠɢɦɧɨɝɨ ɤɨɧɭɫɚ ɩɨɡ. 5 ɪɢɫ. 1.13 

ɫɭɳɟɫɬɜɟɧɧɨ ɧɢɠɟ ɱɟɦ ɪɚɞɢɚɥɶɧɚɹ ɠɟɫɬɤɨɫɬɶ ɪɚɡɠɢɦɧɨɝɨ ɤɨɧɭɫɚ ɩɨɡ. 6 ɪɢɫ. 1.13 

(ɨɛɭɫɥɨɜɥɟɧɨ ɤɨɧɫɬɪɭɤɬɢɜɧɵɦ ɢɫɩɨɥɧɟɧɢɟɦ), ɱɬɨ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɪɚɞɢɚɥɶɧɨɣ 

ɞɟɮɨɪɦɚɰɢɢ ɪɚɡɠɢɦɧɨɝɨ ɤɨɧɭɫɚ ɩɨɡ. 5 ɢ ɡɚɤɥɢɧɢɜɚɧɢɸ ɪɚɡɠɢɦɧɨɝɨ ɤɨɧɭɫɚ ɩɨɡ. 

6, ɱɬɨ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɢɫɤɥɸɱɢɬ ɧɟɡɚɜɢɫɢɦɨɟ ɩɟɪɟɦɟɳɟɧɢɟ ɪɚɡɠɢɦɧɵɯ 

ɤɨɧɭɫɨɜ; 

–  ɨɩɢɫɚɧɧɵɣ ɢɧɫɬɪɭɦɟɧɬ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɫɥɨɠɧɨɫɬɶɸ, ɩɨɫɤɨɥɶɤɭ 

ɧɟɨɛɯɨɞɢɦɨ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɤɨɧɫɬɪɭɤɬɢɜɧɨ ɪɟɚɥɢɡɨɜɚɬɶ ɪɚɡɦɟɳɟɧɢɟ ɜ ɪɚɛɨɱɟɣ 

ɱɚɫɬɢ ɢɧɫɬɪɭɦɟɧɬɚ ɞɜɭɯ ɧɟɡɚɜɢɫɢɦɨ ɭɩɪɚɜɥɹɟɦɵɯ ɪɚɡɠɢɦɧɵɯ ɤɨɧɭɫɨɜ ɢ ɫɢɫɬɟɦɭ 

ɚɤɬɢɜɧɨɝɨ ɩɧɟɜɦɨɤɨɧɬɪɨɥɹ; 

ɂɡɥɨɠɟɧɧɨɟ ɩɪɟɞɨɩɪɟɞɟɥɹɟɬ 

ɨɝɪɚɧɢɱɟɧɧɵɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɜɨɡɦɨɠɧɨɫɬɢ 

ɢɧɫɬɪɭɦɟɧɬɚ ɢ ɧɟɞɨɫɬɚɬɨɱɧɵɟ ɬɨɱɧɨɫɬɶ 

ɨɛɪɚɛɨɬɤɢ ɢ ɧɚɞɟɠɧɨɫɬɶ ɜ ɩɪɨɰɟɫɫɟ 

ɷɤɫɩɥɭɚɬɚɰɢɢ. 

Ⱦɪɭɝɨɣ ɫɩɨɫɨɛ, ɨɬɥɢɱɢɬɟɥɶɧɨɣ 

ɨɫɨɛɟɧɧɨɫɬɶɸ ɤɨɬɨɪɨɝɨ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ 

ɤɨɦɩɟɧɫɚɰɢɹ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ ɪɚɡɦɟɪɧɨɝɨ 

ɢɡɧɨɫɚ ɩɨ ɞɥɢɧɟ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɡɚ ɫɱɟɬ ɤɨɦɩɟɧɫɚɰɢɨɧɧɨɝɨ 

ɩɨɜɨɪɨɬɚ ɩɨɫɥɟɞɧɢɯ ɜɨɤɪɭɝ ɧɟɩɨɞɜɢɠɧɵɯ ɨɫɟɣ, 

ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɪɚɛɨɬɟ [20].  

Ɂɞɟɫɶ, ɧɚ ɪɢɫ. 1.14, ɩɪɟɞɫɬɚɜɥɟɧ 

ɢɧɫɬɪɭɦɟɧɬ, ɪɟɚɥɢɡɭɸɳɢɣ ɷɬɨɬ ɫɩɨɫɨɛ. 

ɂɧɫɬɪɭɦɟɧɬ ɫɨɫɬɨɢɬ ɢɡ ɤɨɪɩɭɫɚ 1, ɜ 

ɩɪɨɞɨɥɶɧɵɯ ɪɚɞɢɚɥɶɧɵɯ ɩɚɡɚɯ ɤɨɬɨɪɨɝɨ 

 

Ɋɢɫ. 1.14. ɋɯɟɦɚ ɤɨɧɫɬɪɭɤɰɢɢ 
ɢɧɫɬɪɭɦɟɧɬɚ ɫ 

ɮɢɤɫɢɪɨɜɚɧɧɵɦɢ ɨɫɹɦɢ 
ɩɨɜɨɪɨɬɚ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ 
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ɭɫɬɚɧɨɜɥɟɧɵ ɩɨɞɜɢɠɧɨ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɩɨɜɨɪɨɬɚ ɜɨɤɪɭɝ ɨɫɢ 7 ɢ ɤɨɧɬɚɤɬɚ ɫ 

ɪɚɛɨɱɟɣ ɱɚɫɬɶɸ 3 ɢɝɥɵ ɪɚɡɠɢɦɚ 2, ɩɨɞɩɪɭɠɢɧɟɧɧɵɟ ɩɪɭɠɢɧɨɣ 8 ɤɨɥɨɞɤɢ 4 ɫ 

ɚɥɦɚɡɨɧɨɫɧɵɦ ɫɥɨɟɦ 5. ɂɝɥɚ ɪɚɡɠɢɦɚ 2 ɭɫɬɚɧɨɜɥɟɧɚ ɫɨɨɫɧɨ ɤɨɪɩɭɫɭ ɫ 

ɜɨɡɦɨɠɧɨɫɬɶɸ ɩɪɨɞɨɥɶɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɩɨɫɪɟɞɫɬɜɚɦ ɦɟɯɚɧɢɡɦɚ ɪɚɞɢɚɥɶɧɨɣ 

ɩɨɞɚɱɢ ɫɬɚɧɤɚ (ɧɚ ɪɢɫ. ɧɟ ɢɡɨɛɪɚɠɟɧ). ȼ ɩɪɨɰɟɫɫɟ ɯɨɧɢɧɝɨɜɚɧɢɹ, ɤɨɦɩɟɧɫɚɰɢɹ 

ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ ɬɟɦɩɚ ɪɚɡɦɟɪɧɨɝɨ ɢɡɧɨɫɚ ɩɨ ɞɥɢɧɟ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɢɧɯɪɨɧɧɨ ɫ ɪɚɞɢɚɥɶɧɨɣ ɩɨɞɚɱɢ ɡɚ ɫɱɟɬ ɩɨɜɨɪɨɬɚ ɪɟɠɭɳɢɯ 

ɷɥɟɦɟɧɬɨɜ ɜɨɤɪɭɝ ɫɨɛɫɬɜɟɧɧɵɯ ɮɢɤɫɢɪɨɜɚɧɧɵɯ ɨɫɟɣ, ɤɨɬɨɪɵɣ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨɫɪɟɞɫɬɜɨɦ ɨɫɟɜɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɢɝɥɵ ɪɚɡɠɢɦɚ. Ɂɞɟɫɶ, ɫ 

ɛɨɥɶɲɨɣ ɫɬɟɩɟɧɶɸ ɜɟɪɨɹɬɧɨɫɬɢ ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɤɢɧɟɦɚɬɢɤɚ 

ɪɟɚɥɢɡɚɰɢɢ ɪɚɞɢɚɥɶɧɨɣ ɩɨɞɚɱɢ ɫɢɧɯɪɨɧɧɨ ɫ ɤɨɦɩɟɧɫɚɰɢɟɣ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ 

ɢɡɧɨɫɚ ɩɨ ɞɥɢɧɟ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɩɪɢɜɟɞɟɬ ɤ ɬɨɦɭ, ɱɬɨ ɜ ɧɚɱɚɥɟ ɩɪɨɰɟɫɫɚ 

ɯɨɧɢɧɝɨɜɚɧɢɹ ɪɟɠɭɳɢɟ ɷɥɟɦɟɧɬɵ ɛɭɞɭɬ ɤɨɧɬɚɤɬɢɪɨɜɚɬɶ ɫ ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ 

ɩɨɜɟɪɯɧɨɫɬɶɸ ɫɜɨɟɣ ɜɟɪɯɧɟɣ ɱɚɫɬɶɸ, ɚ ɜ ɤɨɧɰɟ ɨɛɪɚɛɨɬɤɢ – ɧɢɠɧɟɣ. ɗɬɨ, 

ɜɫɥɟɞɫɬɜɢɟ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ ɢɡɧɨɫɚ ɩɨ ɞɥɢɧɟ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ, ɦɨɠɟɬ 

ɩɪɢɜɟɫɬɢ ɤ ɮɨɪɦɢɪɨɜɚɧɢɸ ɧɚ ɪɚɛɨɱɟɣ ɱɚɫɬɢ ɢɧɫɬɪɭɦɟɧɬɚ ɩɨɝɪɟɲɧɨɫɬɢ 

ɩɪɨɞɨɥɶɧɨɝɨ ɫɟɱɟɧɢɹ ɜ ɜɢɞɟ ɛɨɱɤɨɨɛɪɚɡɧɨɫɬɢ, ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɤ 

ɮɨɪɦɢɪɨɜɚɧɢɸ ɚɧɚɥɨɝɢɱɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɜ ɨɛɪɚɛɚɬɵɜɚɟɦɨɦ ɨɬɜɟɪɫɬɢɢ. ȼ ɫɜɹɡɢ 

ɫ ɷɬɢɦ ɜɨɡɧɢɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɛɨɥɟɟ ɞɟɬɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 

ɩɪɢɦɟɧɟɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɫɩɨɫɨɛɚ ɢ ɢɧɫɬɪɭɦɟɧɬɚ. ɗɬɨ ɱɚɫɬɶ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɪɚɡɞɟɥɟ 4. 

ɋɥɟɞɭɸɳɢɣ ɯɚɪɚɤɬɟɪɧɵɣ ɫɩɨɫɨɛ ɯɨɧɢɧɝɨɜɚɧɢɹ ɝɥɭɯɢɯ ɨɬɜɟɪɫɬɢɣ 

ɩɪɢɜɟɞɟɧ ɜ ɪɚɛɨɬɟ [80 88]. Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɷɬɨɝɨ ɫɩɨɫɨɛɚ ɩɪɢɦɟɧɹɸɬ 

ɫɩɟɰɢɚɥɶɧɵɟ ɯɨɧɵ. ɇɚ ɪɢɫ. 1.15 ɩɪɢɜɟɞɟɧɚ ɨɞɧɚ ɢɡ ɧɚɢɛɨɥɟɟ ɯɚɪɚɤɬɟɪɧɵɯ 

ɤɨɧɫɬɪɭɤɰɢɣ ɬɚɤɨɝɨ ɯɨɧɚ. ɏɨɧ ɨɫɧɚɳɟɧ ɞɜɭɦɹ ɝɪɭɩɩɚɦɢ ɛɪɭɫɤɨɜ, 

ɪɚɫɲɢɪɹɸɳɢɯɫɹ ɩɨɨɱɟɪɟɞɧɨ. Ȼɪɭɫɤɢ ɩɟɪɜɨɣ ɝɪɭɩɩɵ ɡɚɤɪɟɩɥɟɧɵ ɧɚ ɤɨɧɰɚɯ 

ɩɨɜɨɪɨɬɧɵɯ ɪɵɱɚɝɨɜ ɢ ɪɚɫɲɢɪɹɸɬɫɹ ɩɪɢ ɨɫɟɜɨɦ ɩɟɪɟɦɟɳɟɧɢɢ ɫɪɟɞɧɟɝɨ ɤɨɧɭɫɚ. 

Ȼɪɭɫɤɢ ɜɬɨɪɨɣ ɝɪɭɩɩɵ ɪɚɫɲɢɪɹɸɬɫɹ, ɤɚɤ ɢ ɨɛɵɱɧɨ, ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɤɪɚɣɧɢɯ 

ɤɨɧɭɫɨɜ. ɐɢɤɥ ɯɨɧɢɧɝɨɜɚɧɢɹ ɧɚɱɢɧɚɟɬɫɹ ɫ ɨɛɪɚɛɨɬɤɢ ɬɨɣ ɱɚɫɬɢ ɨɬɜɟɪɫɬɢɹ, 

ɤɨɬɨɪɚɹ ɩɪɢɥɟɝɚɟɬ ɤ ɟɝɨ ɞɧɭ. Ɉɛɪɚɛɨɬɤɭ ɨɫɭɳɟɫɬɜɥɹɸɬ ɛɪɭɫɤɚɦɢ, 
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ɡɚɤɪɟɩɥɟɧɧɵɦɢ ɧɚ ɩɨɜɨɪɨɬɧɵɯ ɪɵɱɚɝɚɯ. ɉɨɫɥɟ ɞɨɫɬɢɠɟɧɢɹ ɡɚɞɚɧɧɨɝɨ ɞɢɚɦɟɬɪɚ 

ɛɪɭɫɤɢ ɩɟɪɜɨɣ ɝɪɭɩɩɵ ɫɠɢɦɚɸɬɫɹ ɢ ɜɜɨɞɹɬ ɜ ɞɟɣɫɬɜɢɟ ɛɪɭɫɤɢ ɜɬɨɪɨɣ ɝɪɭɩɩɵ ɢ 

ɯɨɧɢɧɝɭɸɬ ɜɫɸ ɩɨɜɟɪɯɧɨɫɬɶ ɨɬɜɟɪɫɬɢɹ. ɉɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɬɚɤɚɹ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɦɨɠɟɬ ɛɵɬɶ ɩɨɜɬɨɪɟɧɚ ɧɟɫɤɨɥɶɤɨ ɪɚɡ. 

 
ɚ ɛ 

Ɋɢɫ. 1.15. ɏɨɧ (ɚ) ɫ ɞɜɭɦɹ ɝɪɭɩɩɚɦɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɪɚɛɨɬɚɸɳɢɯ ɛɪɭɫɤɨɜ 
ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɞɟɬɚɥɟɣ (ɛ) ɫ ɝɥɭɯɢɦɢ ɨɬɜɟɪɫɬɢɹɦɢ 

ɂɡ ɨɩɢɫɚɧɢɹ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɟɟ ɪɚɛɨɬɵ ɫɥɟɞɭɟɬ, ɱɬɨ ɷɬɨɬ ɫɩɨɫɨɛ ɢ 

ɤɨɧɫɬɪɭɤɰɢɹ ɫɨɞɟɪɠɚɬ ɨɬɥɢɱɢɬɟɥɶɧɵɟ ɩɪɢɡɧɚɤɢ, ɤɨɬɨɪɵɟ ɩɪɢɫɭɬɫɬɜɭɸɬ ɜ 

ɨɩɢɫɚɧɧɵɯ ɜɵɲɟ ɞɨ ɷɬɨɝɨ ɫɩɨɫɨɛɚ. 

ɇɚɩɪɢɦɟɪ: 

–  ɧɚɥɢɱɢɟ ɜɬɨɪɨɝɨ ɤɨɦɩɥɟɤɬɚ ɤɨɪɨɬɤɢɯ ɛɪɭɫɤɨɜ ɧɚ ɩɨɜɨɪɨɬɧɵɯ 

ɪɵɱɚɝɚɯ ɜ ɫɨɱɟɬɚɧɢɢ ɫ ɩɟɪɜɵɦ ɤɨɦɩɥɟɤɬɨɦ ɞɥɢɧɧɵɯ ɛɪɭɫɤɨɜ ɞɚɟɬ ɷɮɮɟɤɬ 

ɭɜɟɥɢɱɟɧɢɹ ɱɢɫɥɚ ɪɟɠɭɳɢɯ ɡɟɪɟɧ ɜ ɡɨɧɟ ɞɧɚ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɨɬɜɟɪɫɬɢɹ, ɱɬɨ 

ɷɤɜɢɜɚɥɟɧɬɧɨ ɷɮɮɟɤɬɭ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɬɪɚɩɟɰɟɢɞɚɥɶɧɨɣ 

ɮɨɪɦɵ (ɪɢɫ. 1.8); 

– ɰɢɤɥ ɨɛɪɚɛɨɬɤɢ, ɤɨɝɞɚ ɢɦɟɟɬ ɦɟɫɬɨ ɜɧɚɱɚɥɟ ɨɛɪɚɛɨɬɤɚ ɤɨɪɨɬɤɢɦɢ 

ɛɪɭɫɤɚɦɢ ɜ ɡɨɧɟ ɞɧɚ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɨɬɜɟɪɫɬɢɹ, ɚ ɡɚɬɟɦ ɨɫɬɚɥɶɧɨɣ ɱɚɫɬɶɸ 

ɨɬɜɟɪɫɬɢɹ ɞɥɢɧɧɵɦɢ ɛɪɭɫɤɚɦɢ, ɷɤɜɢɜɚɥɟɧɬɟɧ ɰɢɤɥɭ, ɜɤɥɸɱɚɸɳɟɦɭ 

ɯɨɧɢɧɝɨɜɚɧɢɟ ɤɨɪɨɬɤɢɦɢ ɛɪɭɫɤɚɦɢ ɧɚ ɭɱɚɫɬɤɚɯ ɫ ɦɢɧɢɦɚɥɶɧɵɦ ɞɢɚɦɟɬɪɨɦ (ɪɢɫ. 

1.9); 
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– ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɪɟɚɥɢɡɚɰɢɢ ɧɟɡɚɜɢɫɢɦɨɣ ɪɚɞɢɚɥɶɧɨɣ ɩɨɞɚɱɢ ɞɜɭɯ 

ɤɨɦɩɥɟɤɬɨɜ ɛɪɭɫɤɨɜ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɧɚɥɢɱɢɟ ɞɜɭɯ ɧɟɡɚɜɢɫɢɦɵɯ ɩɪɢɜɨɞɨɜ 

ɪɚɡɠɢɦɚ, ɱɬɨ ɜ ɷɬɨɦ ɫɦɵɫɥɟ, ɷɤɜɢɜɚɥɟɧɬɧɨ ɧɚɥɢɱɢɸ ɨɬɥɢɱɢɬɟɥɶɧɨɝɨ ɩɪɢɡɧɚɤɚ ɜ 

ɤɨɧɫɬɪɭɤɰɢɢ ɢɡɨɛɪɚɠɟɧɧɨɣ ɧɚ ɪɢɫ. 1.13. 

ɂɡ ɢɡɥɨɠɟɧɧɨɝɨ ɫɥɟɞɭɟɬ ɜɵɜɨɞ, ɨ ɬɨɦ, ɱɬɨ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɟ ɫɩɨɫɨɛ ɢ 

ɤɨɧɫɬɪɭɤɰɢɹ ɹɜɥɹɸɬɫɹ ɝɢɛɪɢɞɨɦ ɨɩɢɫɚɧɧɵɯ ɜɵɲɟ ɫɩɨɫɨɛɨɜ ɢ ɤɨɧɫɬɪɭɤɰɢɣ. 

ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɟɣ ɩɪɢɫɭɳɢ ɜɫɟ ɞɨɫɬɨɢɧɫɬɜɚ ɢ ɧɟɞɨɫɬɚɬɤɢ ɩɨɫɥɟɞɧɢɯ. 

 

1.4 ȼɵɜɨɞɵ ɩɨ ɨɛɡɨɪɭ. ɐɟɥɶ ɢ ɡɚɞɚɱɢ ɢɫɫɥɟɞɨɜɚɧɢɹ 
 

1. ɉɪɢ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɢ ɞɟɬɚɥɟɣ ɦɚɲɢɧ ɫɭɳɟɫɬɜɭɟɬ ɨɝɪɚɧɢɱɟɧɢɟ ɧɚ 

ɩɪɢɦɟɧɟɧɢɟ ɝɥɭɯɢɯ ɨɬɜɟɪɫɬɢɣ. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɩɪɨɛɥɟɦɨɣ ɬɟɯɧɨɥɨɝɢɱɧɨɫɬɢ, ɢ ɜ 

ɱɚɫɬɧɨɫɬɢ, ɫ ɩɪɨɛɥɟɦɨɣ ɨɛɟɫɩɟɱɟɧɢɹ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɬɨɱɧɨɫɬɢ, ɩɪɢ ɨɛɪɚɛɨɬɤɟ 

ɬɚɤɢɯ ɨɬɜɟɪɫɬɢɣ. 

2. Ɉɛɡɨɪ ɬɟɯɧɢɱɟɫɤɨɣ ɥɢɬɟɪɚɬɭɪɵ ɢ ɩɚɬɟɧɬɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɩɨɤɚɡɚɥ, ɱɬɨ 

ɪɚɡɪɚɛɨɬɚɧ ɪɹɞ ɫɩɟɰɢɚɥɶɧɵɯ ɫɩɨɫɨɛɨɜ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɫɧɚɳɟɧɢɹ ɞɥɹ 

ɩɨɜɵɲɟɧɢɹ ɬɨɱɧɨɫɬɢ ɯɨɧɢɧɝɨɜɚɧɢɹ ɝɥɭɯɢɯ ɨɬɜɟɪɫɬɢɣ. 

3. ɇɚ ɨɫɧɨɜɟ ɩɪɨɜɟɞɟɧɧɨɝɨ ɚɧɚɥɢɡɚ ɯɚɪɚɤɬɟɪɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɢɡɜɟɫɬɧɵɯ 

ɫɩɨɫɨɛɨɜ ɢ ɤɨɧɫɬɪɭɤɰɢɣ ɞɥɹ ɯɨɧɢɧɝɨɜɚɧɢɹ ɝɥɭɯɢɯ ɨɬɜɟɪɫɬɢɣ ɦɨɠɧɨ 

ɫɮɨɪɦɭɥɢɪɨɜɚɬɶ ɧɚɩɪɚɜɥɟɧɢɹ, ɩɨ ɤɨɬɨɪɵɦ ɨɫɭɳɟɫɬɜɥɹɥɢɫɶ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ 

ɤɨɬɨɪɵɟ ɩɨɞɥɟɠɚɬ ɪɚɡɜɢɬɢɸ ɫ ɰɟɥɶɸ ɞɚɥɶɧɟɣɲɟɝɨ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 

ɨɩɟɪɚɰɢɣ ɯɨɧɢɧɝɨɜɚɧɢɹ ɝɥɭɯɢɯ ɨɬɜɟɪɫɬɢɣ. ɗɬɨ: 

– ɜɚɪɶɢɪɨɜɚɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ ɢ ɜɪɟɦɟɧɟɦ ɫɴɟɦɚ ɩɪɢɩɭɫɤɚ ɩɨ ɞɥɢɧɟ 

ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɨɬɜɟɪɫɬɢɹ; 

– ɮɨɪɦɢɪɨɜɚɧɢɟ ɩɟɪɟɦɟɧɧɨɣ ɪɚɡɦɟɪɧɨɣ ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɢ ɩɨ ɞɥɢɧɟ 

ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ; 

– ɜɜɟɞɟɧɢɟ ɤɨɦɩɟɧɫɚɰɢɨɧɧɵɯ ɩɟɪɟɦɟɳɟɧɢɣ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶɸ ɢɯ ɪɚɡɦɟɪɧɨɝɨ ɢɡɧɨɫɚ ɩɨ ɞɥɢɧɟ. 

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɰɟɥɶɸ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɩɨɜɵɲɟɧɢɟ ɬɨɱɧɨɫɬɢ ɢ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɨɛɪɚɛɨɬɤɢ ɝɥɭɯɢɯ ɨɬɜɟɪɫɬɢɣ ɩɨɫɪɟɞɫɬɜɨɦ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ 
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ɫɭɳɟɫɬɜɭɸɳɢɯ ɢ ɫɨɡɞɚɧɢɹ ɧɨɜɵɯ ɫɩɨɫɨɛɨɜ ɯɨɧɢɧɝɨɜɚɧɢɹ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 

ɨɫɧɚɳɟɧɢɹ. 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɰɟɥɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɪɟɲɢɬɶ ɫɥɟɞɭɸɳɢɟ 

ɡɚɞɚɱɢ: 

1. ɉɪɨɜɟɫɬɢ ɚɧɚɥɢɡ ɦɟɯɚɧɢɡɦɚ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɨɝɪɟɲɧɨɫɬɟɣ ɮɨɪɦɵ ɜ 

ɩɪɨɞɨɥɶɧɨɦ ɫɟɱɟɧɢɢ ɧɚ ɨɩɟɪɚɰɢɹɯ ɯɨɧɢɧɝɨɜɚɧɢɹ ɨɬɜɟɪɫɬɢɣ. 

2. Ɋɚɡɪɚɛɨɬɚɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ ɢ ɢɫɫɥɟɞɨɜɚɬɶ ɮɭɧɤɰɢɨɧɚɥɶɧɭɸ 

ɡɚɜɢɫɢɦɨɫɬɶ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ ɪɚɡɦɟɪɧɨɝɨ ɢɡɧɨɫɚ ɩɨ ɞɥɢɧɟ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ 

ɢɧɫɬɪɭɦɟɧɬɚ ɨɬ ɩɚɪɚɦɟɬɪɨɜ ɨɛɪɚɛɨɬɤɢ. 

3. ɋɨɡɞɚɬɶ ɧɨɜɵɟ, ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɟ ɫɩɨɫɨɛɵ ɯɨɧɢɧɝɨɜɚɧɢɹ ɝɥɭɯɢɯ 

ɨɬɜɟɪɫɬɢɣ ɢ ɪɚɡɪɚɛɨɬɚɬɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɟ ɨɫɧɚɳɟɧɢɟ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɷɬɢɯ 

ɫɩɨɫɨɛɨɜ. 

4. ɉɪɨɜɟɫɬɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɭɸ ɩɪɨɜɟɪɤɭ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɩɨɥɨɠɟɧɢɣ 

ɢɫɫɥɟɞɨɜɚɧɢɹ. 
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ɊȺɁȾȿɅ 2. 

 

ȺɇȺɅɂɁ ȽȿɇȿɊɂɊɈȼȺɇɂə ɉɈȽɊȿɒɇɈɋɌɂ ɎɈɊɆɕ ȼ 
ɉɊɈȾɈɅɖɇɈɆ ɋȿɑȿɇɂɂ ɉɊɂ ɈȻɊȺȻɈɌɄȿ ȽɅɍɏɂɏ ɈɌȼȿɊɋɌɂɃ 

 

2.1 ɋɨɜɪɟɦɟɧɧɵɟ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɨ ɩɨɝɪɟɲɧɨɫɬɹɯ ɮɨɪɦɵ ɜ ɩɪɨɞɨɥɶɧɨɦ 

ɫɟɱɟɧɢɢ ɩɪɢ ɯɨɧɢɧɝɨɜɚɧɢɢ ɨɬɜɟɪɫɬɢɣ 

 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɨɩɵɬɚ ɢ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɝɨ ɨɛɴɟɦɚ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɦɧɨɠɟɫɬɜɚ ɚɜɬɨɪɨɜ Ɏɪɚɝɢɧ ɂ.ȿ, ɑɟɩɨɜɟɱɤɢɣ 

ɂ.ɏ., Ʉɭɥɢɤɨɜ ɋ.ɂ., Ʌɟɜɢɧ Ȼ.Ƚ., Ʉɪɟɦɟɧɶ Ɂ.ɂ., Ȼɚɛɚɟɜ ɋ.Ƚ., Ȼɚɛɢɱɟɜ Ⱥ.ɉ., 

Ⱥɧɞɪɟɟɜ Ɇ.ȼ. ɭɫɬɚɧɨɜɥɟɧɵ ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ ɧɚɛɥɸɞɚɟɦɵɟ ɩɨɝɪɟɲɧɨɫɬɢ ɮɨɪɦɵ 

ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɨɬɜɟɪɫɬɢɹ ɜ ɩɪɨɞɨɥɶɧɨɦ ɫɟɱɟɧɢɢ (ɬɚɛɥ. 2.1). ɉɪɢ ɷɬɨɦ 

ɝɟɧɟɪɢɪɨɜɚɧɢɟ ɷɬɢɯ ɩɨɝɪɟɲɧɨɫɬɟɣ, ɜ ɩɨɞɚɜɥɹɸɳɟɦ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ, 

ɮɭɧɤɰɢɨɧɚɥɶɧɨ ɫɜɹɡɵɜɚɸɬ ɫ ɩɚɪɚɦɟɬɪɚɦɢ ɧɚɥɚɞɤɢ ɫɬɚɧɤɚ, ɜ ɱɚɫɬɧɨɫɬɢ, ɫ 

ɜɟɥɢɱɢɧɚɦɢ ɩɟɪɟɛɟɝɚ. 

ɑɚɫɬɶ ɚɜɬɨɪɨɜ ɷɬɢɯ ɪɚɛɨɬ ɩɪɢ ɷɬɨɦ ɩɨɥɚɝɚɸɬ, ɱɬɨ ɢɡɧɚɱɚɥɶɧɨɣ 

ɞɨɦɢɧɢɪɭɸɳɟɣ ɩɪɢɱɢɧɨɣ ɮɨɪɦɢɪɨɜɚɧɢɹ ɭɤɚɡɚɧɧɵɯ ɜ ɬɚɛɥ. 2.1 ɩɨɝɪɟɲɧɨɫɬɟɣ 

ɹɜɥɹɟɬɫɹ ɩɨɞɚɬɥɢɜɨɫɬɶ ɫɢɫɬɟɦɵ, ɚ ɢɦɟɧɧɨ – ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɟ ɤɨɧɬɚɤɬɧɵɯ 

ɪɚɞɢɚɥɶɧɵɯ ɭɫɢɥɢɣ, ɩɪɢɥɨɠɟɧɧɵɯ ɤ ɨɩɨɪɧɵɦ ɢ ɪɟɠɭɳɢɦ ɩɨɜɟɪɯɧɨɫɬɹɦ 

ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ, ɡɚ ɜɪɟɦɹ ɨɞɧɨɝɨ ɞɜɨɣɧɨɝɨ ɯɨɞɚ [42, 72, 37, 38 ɢ ɞɪ.]. 

Ⱥɜɬɨɪɵ ɪɹɞɚ ɞɪɭɝɢɯ ɪɚɛɨɬ ɩɨ ɯɨɧɢɧɝɨɜɚɧɢɸ [41, 70, 83, 80, 84, 68, 8, 9] ɢ 

ɞ.ɪ ɫɱɢɬɚɸɬ, ɱɬɨ ɢɡɧɚɱɚɥɶɧɨɣ ɞɨɦɢɧɢɪɭɸɳɟɣ ɩɪɢɱɢɧɨɣ ɮɨɪɦɢɪɨɜɚɧɢɹ 

ɭɤɚɡɚɧɧɵɯ ɜ ɬɚɛɥ. 2.1 ɩɨɝɪɟɲɧɨɫɬɟɣ ɹɜɥɹɟɬɫɹ ɧɟɪɚɜɧɨɦɟɪɧɵɣ ɢɡɧɨɫ ɩɨ ɞɥɢɧɟ 

ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ. ɉɪɢ ɷɬɨɦ, ɪɚɫɦɚɬɪɢɜɚɟɬɫɹ ɢɧɬɟɝɪɚɥɶɧɵɟ ɜɟɥɢɱɢɧɵ 

ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ ɢɡɧɨɫɚ. 

Ɉɞɧɚɤɨ, ɞɟɬɚɥɶɧɨɟ ɪɚɫɦɨɬɪɟɧɢɟ ɬɨɝɨ, ɤɚɤ ɮɨɪɦɢɪɭɸɬɫɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 

ɩɨɝɪɟɲɧɨɫɬɢ, ɜ ɷɬɢɯ ɪɚɛɨɬɚɯ, ɧɟ ɩɪɢɜɨɞɢɬɫɹ. 
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Ɍɚɥɢɰɚ 2.1. 

ɉɨɝɪɟɲɧɨɫɬɢ ɮɨɪɦɵ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɨɬɜɟɪɫɬɢɹ ɜ ɩɪɨɞɨɥɶɧɨɦ ɫɟɱɟɧɢɢ 

 

№ 
ɋɯɟɦɚ ɧɚɥɚɞɤɢ 

lɛɪ = 0,825 lɨɬɜ 

Ɏɨɪɦɚ ɢ ɜɢɞ ɩɨɝɪɟɲɧɨɫɬɢ 
ɩɪɨɞɨɥɶɧɨɝɨ ɫɟɱɟɧɢɹ 

 

1 2 3 

1 

 

 
 

lɩɟɪ1 =  lɩɟɪ2 ≈ 1/3 lɛɪ ≈ opt 

2 

 

ɋɟɞɥɨɨɛɪɚɡɧɨɫɬɶ 

 

lɩɟɪ1 = lɩɟɪ2 ≈ 1/2 lɛɪ >  opt 

3 

 

Ȼɨɱɤɨɨɛɪɚɡɧɨɫɬɶ 

 
lɩɟɪ1 =  lɩɟɪ2 ≈ 1/4 lɛɪ <  opt 
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1 2 3 

4 

 

Ʉɨɧɭɫɧɨɫɬɶ 

 
 

lɩɟɪ1 ≈ 1/4 lɛɪ <  opt; lɩɟɪ2 ≈ 1/2 lɛɪ >  opt 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɦɟɯɚɧɢɡɦɚ ɮɨɪɦɢɪɨɜɚɧɢɹ 

ɩɨɝɪɟɲɧɨɫɬɟɣ ɮɨɪɦɵ ɜ ɩɪɨɞɨɥɶɧɨɦ ɫɟɱɟɧɢɢ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɨɬɜɟɪɫɬɢɣ ɢ, ɨɫɨɛɨ, 

ɝɥɭɯɢɯ ɨɬɜɟɪɫɬɢɣ, ɚ ɬɚɤɠɟ ɩɪɢɱɢɧɨ-ɫɥɟɞɫɬɜɟɧɧɵɯ ɫɜɹɡɟɣ, ɧɚɩɪɢɦɟɪ, ɦɟɠɞɭ 

ɜɟɥɢɱɢɧɚɦɢ ɩɟɪɟɛɟɝɚ ɢ ɮɨɪɦɢɪɭɸɳɟɣɫɹ ɩɪɢ ɷɬɨɦ ɩɨɝɪɟɲɧɨɫɬɢ. 

 

2.2. ɋɯɟɦɵ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɨɝɪɟɲɧɨɫɬɢ ɮɨɪɦɵ ɨɬɜɟɪɫɬɢɣ ɜ ɩɪɨɞɨɥɶɧɨɦ 
ɫɟɱɟɧɢɢ ɩɪɢ ɪɚɞɢɚɥɶɧɨɣ ɞɢɫɤɪɟɬɧɨɣ ɧɟɩɪɟɪɵɜɧɨɣ ɩɨɞɚɱɟ ɢ ɩɨɞɚɱɟ ɩɨ 
ɞɚɜɥɟɧɢɸ 

 

ȼ ɬɚɛɥ. 2.2, ɜ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɧɚ ɭɪɨɜɧɟ ɮɨɪɦɚɥɶɧɨɣ ɥɨɝɢɤɢ, 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɯɟɦɚ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɨɝɪɟɲɧɨɫɬɟɣ ɜ ɩɪɨɞɨɥɶɧɨɦ ɫɟɱɟɧɢɢ 

ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɨɬɜɟɪɫɬɢɹ, ɟɫɥɢ ɢɡɧɚɱɚɥɶɧɨɣ ɞɨɦɢɧɢɪɭɸɳɟɣ ɩɪɢɱɢɧɨɣ 

ɫɱɢɬɚɬɶ ɬɨɥɶɤɨ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɟ ɤɨɧɬɚɤɬɧɵɯ ɪɚɞɢɚɥɶɧɵɯ ɭɫɢɥɢɣ, 

ɜɨɡɞɟɣɫɬɜɭɸɳɢɟ ɧɚ ɨɩɨɪɧɵɟ ɢ ɪɟɠɭɳɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɡɚ 

ɜɪɟɦɹ ɨɞɧɨɝɨ ɞɜɨɣɧɨɝɨ ɯɨɞɚ. 

ɂɡ ɬɚɛɥɢɰɵ 2.2 ɫɥɟɞɭɟɬ ɨɱɟɜɢɞɧɵɣ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɩɪɢ ɥɸɛɵɯ ɡɧɚɱɟɧɢɹɯ 

ɩɟɪɟɛɟɝɨɜ ɧɟɢɡɛɟɠɧɨ ɞɨɥɠɧɚ ɮɨɪɦɢɪɨɜɚɬɫɹ ɩɨɝɪɟɲɧɨɫɬɶ ɮɨɪɦɵ ɜ ɩɪɨɞɨɥɶɧɨɦ 

ɫɟɱɟɧɢɢ ɜ ɜɢɞɟ ɫɟɞɥɨɨɛɪɚɡɧɨɫɬɢ, ɤɨɬɨɪɚɹ, ɩɨ ɦɟɪɟ ɭɜɟɥɢɱɟɧɢɹ ɜɟɥɢɱɢɧ ɩɟɪɟɛɟɝɚ 

– ɜɨɡɪɚɫɬɚɟɬ. ɉɨɝɪɟɲɧɨɫɬɶ ɜ ɜɢɞɟ ɛɨɱɤɨɨɛɪɚɡɧɨɫɬɢ ɡɞɟɫɶ ɨɬɫɭɬɫɬɜɭɟɬ. 
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Ɍɚɛɥɢɰɚ 2.2 

ɋɯɟɦɚ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɨɝɪɟɲɧɨɫɬɟɣ ɜ ɩɪɨɞɨɥɶɧɨɦ ɫɟɱɟɧɢɢ ɩɪɢ ɞɨɦɢɧɢɪɨɜɚɧɢɢ 

ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɨɧɬɚɤɬɧɵɯ ɪɚɞɢɚɥɶɧɵɯ ɭɫɢɥɢɣ 

№ 
ɋɯɟɦɚ ɤɨɧɬɚɤɬɧɵɯ ɪɚɞɢɚɥɶɧɵɯ ɭɫɢɥɢɣ ɧɚ 

ɨɩɨɪɧɵɯ ɩɨɜɟɪɯɧɨɫɬɹɯ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ 

Ɏɨɪɦɢɪɭɸɳɢɟɫɹ 
ɩɨɝɪɟɲɧɨɫɬɢ ɨɛɪɚɛɨɬɤɢ ɜ 

ɩɪɨɞɨɥɶɧɨɦ ɫɟɱɟɧɢɢ 
 

1 2 3 

1 

 
 

2 

 

ɋɟɞɥɨɨɛɪɚɡɧɨɫɬɶ 

11 DD  ; 
22 DD   

 

3 

 

ɋɟɞɥɨɨɛɪɚɡɧɨɫɬɶ 

11 DD  ; 
222 DDD   
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1 2 3 

4 

 

ɋɟɞɥɨɨɛɪɚɡɧɨɫɬɶ 

11 DD  ; 
2222 DDDD   

 

5 

 

Ʉɨɧɭɫɧɨɫɬɶ (ɚɫɫɢɦɟɬɪɢɱɧɚɹ 
ɫɟɞɥɨɨɛɪɚɡɧɨɫɬɶ) 

11 DD  ; 
22 DD  ; 

23 DD   

 

ȼ ɬɚɛɥɢɰɟ 2.3. ɩɪɢɜɟɞɟɧɚ ɫɯɟɦɚ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɨɝɪɟɲɧɨɫɬɟɣ ɜ 

ɩɪɨɞɨɥɶɧɨɦ ɫɟɱɟɧɢɢ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɨɬɜɟɪɫɬɢɹ, ɟɫɥɢ ɢɡɧɚɱɚɥɶɧɨɣ 

ɞɨɦɢɧɢɪɭɸɳɟɣ ɩɪɢɱɢɧɨɣ ɫɱɢɬɚɬɶ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɬɟɦɩɚ ɢɡɧɨɫɚ ɩɨ ɞɥɢɧɟ 

ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ. 

ɉɪɢ ɷɬɨɦ ɢɦɟɟɬ ɦɟɫɬɨ ɫɥɟɞɭɸɳɟɟ. 

ȼ ɬɟɱɟɧɢɢ ɩɟɪɢɨɞɚ ɜɪɟɦɟɧɢ, ɪɚɜɧɨɝɨ ɨɞɧɨɦɭ ɞɜɨɣɧɨɦɭ ɯɨɞɭ, ɩɚɪɚɦɟɬɪɵ 

ɩɪɨɰɟɫɫɚ ɫɴɟɦɚ ɩɪɢɩɭɫɤɚ ɦɟɧɹɸɬɫɹ ɜ ɞɨɫɬɚɬɨɱɧɨ ɲɢɪɨɤɢɯ ɩɪɟɞɟɥɚɯ, ɬ.ɟ. 

ɜɟɥɢɱɢɧɵ ɫɢɥɨɜɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɪɚɞɢɚɥɶɧɨɝɨ ɢɡɧɨɫɚ 

ɚɥɦɚɡɨɧɨɫɧɨɝɨ ɫɥɨɹ ɧɚ ɪɚɡɥɢɱɧɵɯ ɭɱɚɫɬɤɚɯ ɩɨ ɞɥɢɧɟ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ 

ɧɟɨɞɢɧɚɤɨɜɵ ɢ ɩɟɪɟɦɟɧɧɵ. Ȼɨɥɟɟ ɬɨɝɨ, ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɜɢɞɚɯ ɢ ɜɟɥɢɱɢɧɚɯ 
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ɪɚɞɢɚɥɶɧɨɣ ɩɨɞɚɱɢ, ɩɪɨɰɟɫɫ ɫɴɟɦɚ ɩɪɢɩɭɫɤɚ ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɬɟɦɩ ɢ 

ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɢɡɧɨɫɚ ɩɨ ɞɥɢɧɟ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɫɭɳɟɫɬɜɟɧɧɨ ɨɬɥɢɱɚɸɬɫɹ. 

ɋɭɬɶ ɜ ɬɨɦ, ɱɬɨ ɩɥɨɳɚɞɶ ɤɨɧɬɚɤɬɚ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɫ ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ 

ɩɨɜɟɪɯɧɨɫɬɶɸ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɭɞɟɥɶɧɵɟ ɞɚɜɥɟɧɢɹ ɩɨ ɩɥɨɳɚɞɢ ɤɨɧɬɚɤɬɚ ɡɚ 

ɜɪɟɦɹ ɨɞɧɨɝɨ ɞɜɨɣɧɨɝɨ ɯɨɞɚ – ɰɢɤɥɢɱɟɫɤɢ ɦɟɧɹɸɬɫɹ. ɉɪɢ ɷɬɨɦ ɫɪɟɞɧɹɹ ɱɚɫɬɶ 

ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɤɨɧɬɚɤɬɢɪɭɟɬ ɫ ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɩɨɫɬɨɹɧɧɨ ɢ, 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɧɟɩɪɟɪɵɜɧɨ ɢɡɧɚɲɢɜɚɟɬɫɹ. ɉɟɪɢɮɟɪɢɣɧɵɟ ɠɟ ɱɚɫɬɢ ɪɟɠɭɳɢɯ 

ɷɥɟɦɟɧɬɨɜ ɬɨɥɶɤɨ ɱɚɫɬɶ ɜɪɟɦɟɧɢ ɤɨɧɬɚɤɬɢɪɭɸɬ ɫ ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ, 

ɚ ɱɚɫɬɶ ɜɪɟɦɟɧɢ, ɤɨɬɨɪɚɹ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɜɪɟɦɟɧɢ ɩɟɪɟɛɟɝɚ, ɧɟ ɤɨɧɬɚɤɬɢɪɭɸɬ ɫ 

ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɢɡɧɚɲɢɜɚɸɬɫɹ, ɧɨ ɧɟ 

ɧɟɩɪɟɪɵɜɧɨ, ɚ – ɞɢɫɤɪɟɬɧɨ. 

ɉɪɢ ɯɨɧɢɧɝɨɜɚɧɢɢ ɫ ɪɚɞɢɚɥɶɧɨɣ ɩɨɞɚɱɟɣ ɩɨ ɞɚɜɥɟɧɢɸ ɢ ɫ ɞɨɡɢɪɨɜɚɧɧɨɣ 

ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɞɢɚɥɶɧɨɣ ɩɨɞɚɱɟɣ ɜɟɥɢɱɢɧɵ ɫɧɢɦɚɟɦɵɯ ɩɪɢɩɭɫɤɨɜ ɩɪɢ 

ɩɨɫɬɭɩɚɬɟɥɶɧɨɦ ɢ ɜɨɡɜɪɚɬɧɨɦ ɩɟɪɟɦɟɳɟɧɢɹɯ ɢɧɫɬɪɭɦɟɧɬɚ ɩɪɢɦɟɪɧɨ ɨɞɢɧɚɤɨɜɵ. 

ɉɪɢ ɷɬɨɦ ɩɪɚɜɨɦɨɱɧɵ ɫɥɟɞɭɸɳɢɟ ɭɬɜɟɪɠɞɟɧɢɹ. 

ȼɨ ɜɪɟɦɹ ɩɨɫɬɭɩɚɬɟɥɶɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɢɧɫɬɪɭɦɟɧɬɚ ɧɢɠɧɹɹ ɱɚɫɬɶ 

ɪɟɠɭɳɟɝɨ ɷɥɟɦɟɧɬɚ ɫɬɚɧɨɜɢɬɫɹ ɮɪɨɧɬɚɥɶɧɨɣ ɢ ɢɧɬɟɧɫɢɜɧɟɟ ɢɡɧɚɲɢɜɚɟɬɫɹ, ɱɟɦ 

ɨɫɬɚɥɶɧɵɟ (ɫɪɟɞɧɹɹ ɢ ɜɟɪɯɧɹɹ) ɱɚɫɬɢ ɪɟɠɭɳɟɝɨ ɷɥɟɦɟɧɬɚ. ȼɨ ɜɪɟɦɹ ɜɨɡɜɪɚɬɧɨɝɨ 

ɩɟɪɟɦɟɳɟɧɢɹ ɢɧɫɬɪɭɦɟɧɬɚ ɮɪɨɧɬɚɥɶɧɨɣ ɫɬɚɧɨɜɢɬɫɹ ɜɟɪɯɧɹɹ ɱɚɫɬɶ ɪɟɠɭɳɟɝɨ 

ɷɥɟɦɟɧɬɚ, ɤɨɬɨɪɚɹ ɚɧɚɥɨɝɢɱɧɨ ɛɨɥɟɟ ɢɧɬɟɧɫɢɜɧɨ ɢɡɧɚɲɢɜɚɟɬɫɹ, ɱɟɦ ɨɫɬɚɥɶɧɵɟ 

(ɫɪɟɞɧɹɹ ɢ ɧɢɠɧɹɹ) ɱɚɫɬɢ ɪɟɠɭɳɟɝɨ ɷɥɟɦɟɧɬɚ. Ɍ.ɟ. ɩɪɢ ɩɨɫɬɭɩɚɬɟɥɶɧɨɦ ɢ 

ɜɨɡɜɪɚɬɧɨɦ ɩɟɪɟɦɟɳɟɧɢɹɯ ɮɨɪɦɢɪɭɸɬɫɹ ɩɨɝɪɟɲɧɨɫɬɶ ɮɨɪɦɵ ɢɧɫɬɪɭɦɟɧɬɚ ɜ 

ɩɪɨɞɨɥɶɧɨɦ ɫɟɱɟɧɢɢ ɜ ɜɢɞɟ ɛɨɱɤɨɨɛɪɚɡɧɨɫɬɢ (ɬɚɛɥ. 2.3 ɫɬɪɨɤɢ 4 ɢ 5). 

Ɉɞɧɚɤɨ, ɫɮɨɪɦɢɪɨɜɚɧɧɵɟ ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɢɧɬɟɧɫɢɜɧɨ ɢɡɧɨɲɟɧɧɵɟ 

ɮɪɨɧɬɚɥɶɧɵɟ ɱɚɫɬɢ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɜ ɬɨ ɜɪɟɦɹ, ɤɨɝɞɚ ɧɚɯɨɞɹɬɫɹ ɜɧɟ ɡɨɧɵ 

ɨɛɪɚɛɨɬɤɢ (ɜɪɟɦɹ ɩɟɪɟɛɟɝɚ) ɜ ɩɪɨɰɟɫɫɟ ɫɴɟɦɚ ɩɪɢɩɭɫɤɚ ɧɟ ɭɱɚɫɬɜɭɸɬ ɢ, 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɧɟ ɢɡɧɚɲɢɜɚɸɬɫɹ. 

Ɍɨ ɟɫɬɶ, ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ ɮɨɪɦɢɪɭɟɬɫɹ, ɤɚɤ ɭɤɚɡɵɜɚɥɨɫɶ ɜɵɲɟ, 

ɩɨɝɪɟɲɧɨɫɬɶ ɮɨɪɦɵ ɢɧɫɬɪɭɦɟɧɬɚ ɜ ɩɪɨɞɨɥɶɧɨɦ ɫɟɱɟɧɢɢ ɜ ɜɢɞɟ 

ɛɨɱɤɨɨɛɪɚɡɧɨɫɬɢ, ɚ, ɫ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɢɦɟɟɬ ɦɟɫɬɨ ɧɢɜɟɥɢɪɨɜɚɧɢɟ ɷɬɨɣ 
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ɛɨɱɤɨɨɛɪɚɡɧɨɫɬɢ ɡɚ ɫɱɟɬ ɨɬɫɭɬɫɬɜɢɹ ɢɡɧɨɫɚ ɮɪɨɧɬɚɥɶɧɵɯ ɱɚɫɬɟɣ ɜɨ ɜɪɟɦɹ 

ɩɟɪɟɛɟɝɚ. ɋɬɟɩɟɧɶ ɧɢɜɟɥɢɪɨɜɚɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɟɥɢɱɢɧɨɣ ɩɟɪɟɛɟɝɚ.  

Ɉɬɫɸɞɚ ɫɥɟɞɭɟɬ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɦɨɠɧɨ ɜɵɛɪɚɬɶ ɜɟɥɢɱɢɧɭ ɩɟɪɟɛɟɝɨɜ 

ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɬɟɦɩ ɢɡɧɨɫɚ ɜɟɪɯɧɟɣ ɮɪɨɧɬɚɥɶɧɨɣ, ɧɢɠɧɟɣ ɮɪɨɧɬɚɥɶɧɨɣ 

ɢ ɫɪɟɞɧɟɣ ɱɚɫɬɟɣ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɛɵɥ ɨɞɢɧɚɤɨɜɵɦ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 

ɫɥɭɱɚɸ ɩɨɥɧɨɝɨ ɧɢɜɟɥɢɪɨɜɚɧɢɹ ɬɟɦɩɚ ɢɡɧɨɫɚ ɩɨ ɞɥɢɧɟ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ. 

Ɍɨɝɞɚ, ɢɡɧɚɲɢɜɚɹɫɶ, ɢɧɫɬɪɭɦɟɧɬ ɩɨɫɬɨɹɧɧɨ ɛɭɞɟɬ ɫɨɯɪɚɧɹɬɶ ɮɨɪɦɭ ɩɪɟɞɟɥɶɧɨ 

ɛɥɢɡɤɭɸ ɤ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ (ɬɚɛɥ. 2.3 ɫɬɪɨɤɚ 2). ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɢ ɮɨɪɦɚ 

ɯɨɧɢɧɝɭɟɦɨɝɨ ɨɬɜɟɪɫɬɢɹ ɛɭɞɟɬ ɬɚɤ ɠɟ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ.  

ɉɪɢ ɡɧɚɱɟɧɢɹɯ ɩɟɪɟɛɟɝɚ ɛɨɥɶɲɟ ɨɩɬɢɦɚɥɶɧɨɝɨ ɧɟɢɡɛɟɠɧɨ ɡɚɦɟɞɥɟɧɢɟ 

ɬɟɦɩɚ ɢɡɧɨɫɚ ɩɨ ɤɪɚɹɦ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɫɪɟɞɧɟɣ ɱɚɫɬɢ, ɬ.ɟ. 

ɢɦɟɟɬ ɦɟɫɬɨ «ɧɢɜɟɥɢɪɨɜɚɧɢɟ ɫ ɢɡɛɵɬɤɨɦ» ɜ ɩɪɟɞɟɥɚɯ ɪɚɡɧɨ-ɜɵɫɨɬɧɨɫɬɢ 

ɜɟɥɢɱɢɧɵ ɜɧɟɞɪɟɧɢɹ ɪɟɠɭɳɢɯ ɡɟɪɟɧ. ɗɬɨ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɨɛɭɫɥɚɜɥɢɜɚɟɬ 

ɮɨɪɦɢɪɨɜɚɧɢɟ ɢ ɞɨɫɬɚɬɨɱɧɨ ɞɥɢɬɟɥɶɧɨɟ ɫɨɯɪɚɧɟɧɢɟ ɫɟɞɥɨɨɛɪɚɡɧɨɣ ɮɨɪɦɵ 

ɪɚɛɨɱɟɣ ɱɚɫɬɢ ɢɧɫɬɪɭɦɟɧɬɚ, ɤɨɬɨɪɚɹ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɩɟɪɟɧɨɫɢɬɫɹ ɧɚ 

ɨɛɪɚɛɚɬɵɜɚɟɦɨɟ ɨɬɜɟɪɫɬɢɟ (ɬɚɛɥ. 2.3 ɫɬɪɨɤɚ 1). 

ɉɪɢ ɡɧɚɱɟɧɢɹɯ ɩɟɪɟɛɟɝɚ ɦɟɧɶɲɟ ɨɩɬɢɦɚɥɶɧɨɝɨ ɧɟɢɡɛɟɠɟɧ ɛɨɥɶɲɢɣ ɬɟɦɩ 

ɢɡɧɨɫɚ ɩɨ ɤɪɚɹɦ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɫɪɟɞɧɟɣ ɱɚɫɬɢ, ɬ.ɟ. ɢɦɟɟɬ 

ɦɟɫɬɨ «ɧɢɜɟɥɢɪɨɜɚɧɢɟ ɫ ɧɟɞɨɫɬɚɬɤɨɦ». ɗɬɨ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɨɛɭɫɥɚɜɥɢɜɚɟɬ 

ɮɨɪɦɢɪɨɜɚɧɢɟ ɢ ɞɨɫɬɚɬɨɱɧɨ ɞɥɢɬɟɥɶɧɨɟ ɫɨɯɪɚɧɟɧɢɟ ɛɨɱɤɨɨɛɪɚɡɧɨɣ ɮɨɪɦɵ 

ɪɚɛɨɱɟɣ ɱɚɫɬɢ ɢɧɫɬɪɭɦɟɧɬɚ. ɉɪɢ ɷɬɨɦ ɜɨɡɦɨɠɧɵ ɞɜɚ ɜɚɪɢɚɧɬɚ ɮɨɪɦɢɪɨɜɚɧɢɹ 

ɩɪɨɮɢɥɹ ɨɬɜɟɪɫɬɢɹ. 

ɉɟɪɜɵɣ ɜɚɪɢɚɧɬ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥ. 2.3 ɫɬɪɨɤɚ 3. Ɂɞɟɫɶ ɜɟɥɢɱɢɧɵ 

ɡɚɛɨɪɧɵɯ ɱɚɫɬɟɣ ɦɟɧɶɲɟ ɜɟɥɢɱɢɧ ɩɟɪɟɛɟɝɚ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɜ ɮɨɪɦɢɪɨɜɚɧɢɢ 

ɩɪɨɮɢɥɹ ɨɬɜɟɪɫɬɢɹ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɭɱɚɫɬɜɭɸɬ. Ɏɨɪɦɢɪɨɜɚɧɢɟ ɩɪɨɮɢɥɹ 

ɨɬɜɟɪɫɬɢɹ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɫɪɟɞɧɟɣ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɱɚɫɬɶɸ 

ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ, ɱɬɨ ɨɛɭɫɥɨɜɢɬ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɮɨɪɦɭ ɨɬɜɟɪɫɬɢɹ ɛɥɢɡɤɭɸ 

ɤ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ. 

ȼɬɨɪɨɣ ɜɚɪɢɚɧɬ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥ. 2.3 (ɫɬɪɨɤɢ 4 ɢ 5). Ɂɞɟɫɶ ɜɟɥɢɱɢɧɵ 

ɡɚɛɨɪɧɵɯ ɱɚɫɬɟɣ ɛɨɥɶɲɟ ɜɟɥɢɱɢɧ ɩɟɪɟɛɟɝɚ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɜ ɮɨɪɦɢɪɨɜɚɧɢɢ 
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ɩɪɨɮɢɥɹ ɨɬɜɟɪɫɬɢɹ ɭɱɚɫɬɜɭɸɬ ɫɪɟɞɧɢɟ ɱɚɫɬɢ ɢ ɱɚɫɬɢɱɧɨ ɡɚɛɨɪɧɵɟ ɱɚɫɬɢ 

ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ. Ɍ.ɟ. ɢɦɟɟɬ ɦɟɫɬɨ ɫɢɧɯɪɨɧɧɨɟ ɮɨɪɦɢɪɨɜɚɧɢɟ 

ɛɨɱɤɨɨɛɪɚɡɧɨɝɨ ɩɪɨɮɢɥɹ ɤɚɤ ɧɚ ɪɚɛɨɱɟɣ ɱɚɫɬɢ ɢɧɫɬɪɭɦɟɧɬɚ, ɬɚɤ ɢ ɜ 

ɨɛɪɚɛɚɬɵɜɚɟɦɨɦ ɨɬɜɟɪɫɬɢɢ. 

ȼ ɬɚɛɥɢɰɟ 2.3 (ɫɬɪɨɤɚ 6) ɩɪɟɞɫɬɚɜɥɟɧ ɜɚɪɢɚɧɬ, ɩɪɢ ɤɨɬɨɪɨɦ ɜɟɥɢɱɢɧɵ 

ɩɟɪɟɛɟɝɨɜ ɫɭɳɟɫɬɜɟɧɧɨ ɨɬɥɢɱɚɸɬɫɹ. ɗɬɨ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɮɨɪɦɢɪɭɟɬ ɧɚ ɪɚɛɨɱɟɣ 

ɱɚɫɬɢ ɢɧɫɬɪɭɦɟɧɬɚ ɢ ɜ ɨɛɪɚɛɚɬɵɜɚɟɦɨɦ ɨɬɜɟɪɫɬɢɢ ɚɫɫɢɦɟɬɪɢɱɧɭɸ 

ɛɨɱɤɨɨɛɪɚɡɧɭɸ ɮɨɪɦɭ, ɤɨɬɨɪɚɹ ɜ ɩɪɟɞɟɥɟ ɬɪɚɧɫɮɨɪɦɢɪɭɟɬɫɹ ɜ ɤɨɧɭɫɨɨɛɪɚɡɧɭɸ 

ɮɨɪɦɭ. 

Ɍɚɛɥɢɰɚ 2.3 

ɋɯɟɦɚ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɨɝɪɟɲɧɨɫɬɟɣ ɜ ɩɪɨɞɨɥɶɧɨɦ ɫɟɱɟɧɢɢ ɩɪɢ ɞɨɦɢɧɢɪɨɜɚɧɢɢ 

ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ ɬɟɦɩɚ ɢɡɧɨɫɚ ɩɨ ɞɥɢɧɟ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ 

 

№ ɋɯɟɦɚ 
Ɏɨɪɦɚ ɜɢɞ ɩɨɝɪɟɲɧɨɫɬɢ 

ɩɪɨɞɨɥɶɧɨɝɨ ɫɟɱɟɧɢɹ 
 

1 2 3 

1 

 

ɋɟɞɥɨɨɛɪɚɡɧɨɫɬɶ 

22 DD  ; 
11 DD   

 

2 
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1 2 3 

3 

 
 

 

22 DD  11 DD   

 
 

4 

 
 

 

Ȼɨɱɤɨɨɛɪɚɡɧɨɫɬɶ 

22 DD  ; 
11 DD   

 
 

 

5 

 
 

 

Ȼɨɱɤɨɨɛɪɚɡɧɨɫɬɶ 

22 DD  ; 
1111 DDDD   
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1 2 3 

6 

 

Ʉɨɧɭɫɧɨɫɬɶ 

22 DD  ; 
11 DD   

 

ɋɪɚɜɧɢɜɚɹ ɜɢɞɵ ɩɨɝɪɟɲɧɨɫɬɟɣ ɜ ɬɚɛɥ. 2.2 ɫ ɩɨɝɪɟɲɧɨɫɬɹɦɢ ɜ ɬɚɛɥ. 2.1 

ɜɢɞɢɦ, ɱɬɨ ɩɪɢ ɢɞɟɧɬɢɱɧɵɯ ɜɢɞɚɯ ɩɟɪɟɛɟɝɨɜ ɮɨɪɦɢɪɭɸɳɢɟɫɹ ɩɨɝɪɟɲɧɨɫɬɢ ɧɟ 

ɢɞɟɧɬɢɱɧɵ ɢ, ɛɨɥɟɟ ɬɨɝɨ, ɜ ɬɚɛɥ. 2.2. ɩɨɝɪɟɲɧɨɫɬɶ ɮɨɪɦɵ ɜ ɩɪɨɞɨɥɶɧɨɦ ɫɟɱɟɧɢɢ 

ɜ ɜɢɞɟ ɛɨɱɤɨɨɛɪɚɡɧɨɫɬɢ – ɨɬɫɭɬɫɬɜɭɟɬ, ɬ.ɟ. ɢɦɟɟɬ ɦɟɫɬɨ ɥɨɝɢɱɟɫɤɨɟ 

ɩɪɨɬɢɜɨɪɟɱɢɟ.  

ȿɫɥɢ ɠɟ ɫɪɚɜɧɢɬɶ ɜɢɞɵ ɩɨɝɪɟɲɧɨɫɬɟɣ ɜ ɬɚɛɥ. 2.3 ɫ ɩɨɝɪɟɲɧɨɫɬɹɦɢ ɜ ɬɚɛɥ. 

2.1 ɜɢɞɢɦ, ɱɬɨ ɩɪɢ ɢɞɟɧɬɢɱɧɵɯ ɜɢɞɚɯ ɩɟɪɟɛɟɝɨɜ ɮɨɪɦɢɪɭɸɳɢɟɫɹ ɩɨɝɪɟɲɧɨɫɬɢ ɜ 

ɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ ɫɨɜɩɚɞɚɸɬ, ɱɟɦ ɩɪɢ ɫɪɚɜɧɟɧɢɢ ɩɨɝɪɟɲɧɨɫɬɟɣ ɜ ɬɚɛɥ. 2.2 ɢ 2.1. 

ɤɪɨɦɟ ɬɨɝɨ, ɡɞɟɫɶ ɢɦɟɟɬ ɦɟɫɬɨ ɤɚɤ ɛɨɱɤɨɨɛɪɚɡɧɨɫɬɶ, ɬɚɤ ɢ ɫɟɞɥɨɨɛɪɚɡɧɨɫɬɶ, ɬ.ɟ. 

ɭɩɨɦɹɧɭɬɨɟ ɜɵɲɟ ɥɨɝɢɱɟɫɤɨɟ ɩɪɨɬɢɜɨɪɟɱɢɟ ɨɬɫɭɬɫɬɜɭɟɬ. 

ɇɟɬɪɭɞɧɨ ɩɨɧɹɬɶ, ɱɬɨ, ɫɭɦɦɢɪɭɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɢɞɟɧɬɢɱɧɵɦ 

ɩɟɪɟɛɟɝɚɦ ɩɨɝɪɟɲɧɨɫɬɢ ɜ ɬɚɛɥ. 2.2 ɢ 2.3, ɩɨɥɭɱɢɦ ɪɟɡɭɥɶɬɢɪɭɸɳɭɸ ɩɨɝɪɟɲɧɨɫɬɶ 

ɛɥɢɡɤɭɸ ɤ ɮɨɪɦɟ ɩɨɝɪɟɲɧɨɫɬɢ ɜ ɬɚɛɥ. 2.1.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚ ɷɬɨɦ ɷɬɚɩɟ ɪɚɫɦɨɬɪɟɧɢɹ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ 

ɨɫɧɨɜɨɩɨɥɨɝɚɸɳɢɣ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɮɨɪɦɚ ɝɟɧɟɪɭɟɦɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɧɚ 

ɨɩɟɪɚɰɢɹɯ ɯɨɧɢɧɝɨɜɚɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɞɜɭɦɹ ɜɫɬɪɟɱɧɨ ɧɚɩɪɚɜɥɟɧɧɵɦɢ 

ɮɚɤɬɨɪɚɦɢ, ɚ ɢɦɟɧɧɨ: ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶɸ ɢɡɧɨɫɚ ɩɨ ɞɥɢɧɟ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɢ 

ɪɚɞɢɚɥɶɧɨɣ ɠɟɫɬɤɨɫɬɶɸ ɪɚɛɨɱɟɣ ɱɚɫɬɢ ɢɧɫɬɪɭɦɟɧɬɚ, ɩɪɢ ɱɟɦ ɢɡ ɷɬɢɯ ɞɜɭɯ 

ɮɚɤɬɨɪɨɜ ɫɭɳɟɫɬɜɟɧɧɨ ɛɨɥɟɟ ɜɟɫɨɦɵɦ ɹɜɥɹɟɬɫɹ ɮɚɤɬɨɪ ɢɡɧɨɫɚ. ɉɪɢ ɷɬɨɦ: 
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– ɩɪɢ ɫɪɚɜɧɢɬɟɥɶɧɨ ɦɚɥɵɯ ɜɟɥɢɱɢɧɚɯ ɩɟɪɟɛɟɝɨɜ ɞɨɦɢɧɢɪɭɸɳɢɦ 

ɮɚɤɬɨɪɨɦ ɫɬɚɧɨɜɢɬɫɹ ɧɟɪɚɜɧɨɦɟɪɧɵɣ ɢɡɧɨɫ ɩɨ ɞɥɢɧɟ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ 

ɢɧɫɬɪɭɦɟɧɬɚ (ɞɨɦɢɧɢɪɭɟɬ ɮɨɪɦɚ ɩɨɝɪɟɲɧɨɫɬɢ ɜ ɜɢɞɟ ɛɨɱɤɨɨɛɪɚɡɧɨɫɬɢ);  

– ɩɪɢ ɫɪɚɜɧɢɬɟɥɶɧɨ ɛɨɥɶɲɢɯ ɜɟɥɢɱɢɧɚɯ ɩɟɪɟɛɟɝɨɜ ɞɨɦɢɧɢɪɭɸɳɢɦ 

ɮɚɤɬɨɪɨɦ ɫɬɚɧɨɜɢɬɫɹ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɠɟɫɬɤɨɫɬɢ ɩɨ ɞɥɢɧɟ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ 

ɢɧɫɬɪɭɦɟɧɬɚ (ɞɨɦɢɧɢɪɭɟɬ ɮɨɪɦɚ ɩɨɝɪɟɲɧɨɫɬɢ ɜ ɜɢɞɟ ɫɟɞɥɨɨɛɪɚɡɧɨɫɬɢ); 

– ɩɪɢ ɨɩɬɢɦɚɥɶɧɵɯ ɜɟɥɢɱɢɧɚɯ ɩɟɪɟɛɟɝɨɜ ɞɟɣɫɬɜɢɟ ɷɬɢɯ ɞɜɭɯ ɮɚɤɬɨɪɨɜ 

ɫɭɦɦɢɪɭɟɬɫɹ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɮɨɪɦɢɪɭɟɦɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɦɢɧɢɦɢɡɢɪɭɟɬɫɹ; 

– ɩɪɢ ɚɫɫɢɦɟɬɪɢɱɧɵɯ ɧɢɠɧɟɦ ɢ ɜɟɪɯɧɟɦ ɩɟɪɟɛɟɝɚɯ ɝɟɧɟɪɢɪɭɟɬɫɹ 

ɚɫɫɢɦɟɬɪɢɱɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ, ɛɥɢɡɤɚɹ ɤ ɤɨɧɭɫɨɨɛɪɚɡɧɨɫɬɢ. ɉɪɢ ɷɬɨɦ, ɭɜɟɥɢɱɟɧɢɟ 

ɞɢɚɦɟɬɪɚɥɶɧɨɝɨ ɪɚɡɦɟɪɚ ɤɨɧɭɫɚ ɧɚɩɪɚɜɥɟɧɨ ɜ ɫɬɨɪɨɧɭ ɛɨɥɶɲɟɝɨ ɩɟɪɟɛɟɝɚ. 

Ⱦɚɥɟɟ, ɜ ɫɥɟɞɭɸɳɟ ɩɚɪɚɝɪɚɮɟ ɩɟɪɟɣɞɟɦ ɤ ɫɯɟɦɚɦ ɮɨɪɦɢɪɨɜɚɧɢɹ 

ɩɨɝɪɟɲɧɨɫɬɟɣ ɮɨɪɦɵ ɨɬɜɟɪɫɬɢɣ ɜ ɩɪɨɞɨɥɶɧɨɦ ɫɟɱɟɧɢɢ ɩɪɢ ɞɢɱɤɪɟɬɧɨɣ 

ɞɨɡɢɪɨɜɚɧɧɨɣ ɪɚɞɢɚɥɶɧɨɣ ɩɨɞɚɱɟ. 

 

2.3. ɋɯɟɦɵ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɨɝɪɟɲɧɨɫɬɢ ɮɨɪɦɵ ɨɬɜɟɪɫɬɢɣ ɜ ɩɪɨɞɨɥɶɧɨɦ 
ɫɟɱɟɧɢɢ ɩɪɢ ɞɢɫɤɪɟɬɧɨɣ ɞɨɡɢɪɨɜɚɧɧɨɣ ɪɚɞɢɚɥɶɧɨɣ ɩɨɞɚɱɟ 

 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ, ɨɩɟɪɚɰɢɢ ɯɨɧɢɧɝɨɜɚɧɢɹ ɫ ɪɚɞɢɚɥɶɧɨɣ ɩɨɞɚɱɟɣ ɩɨ 

ɞɚɜɥɟɧɢɸ ɢ ɧɟɩɪɟɪɵɜɧɨɣ ɞɨɡɢɪɨɜɚɧɧɨɣ ɪɚɞɢɚɥɶɧɨɣ ɩɨɞɚɱɟɣ ɩɪɢɦɟɧɹɟɬɫɹ 

ɤɪɚɣɧɟ ɪɟɞɤɨ ɩɨ ɪɚɡɥɢɱɧɵɦ ɩɪɢɱɢɧɚɦ. ɋɭɳɟɫɬɜɟɧɧɨ ɛɨɥɶɲɟɟ ɩɪɢɦɟɧɟɧɢɟ 

ɩɨɥɭɱɢɥɚ ɫɯɟɦɚ ɯɨɧɢɧɝɨɜɚɧɢɹ ɫ ɞɢɫɤɪɟɬɧɨɣ ɞɨɡɢɪɨɜɚɧɧɨɣ ɪɚɞɢɚɥɶɧɨɣ ɩɨɞɚɱɟɣ.  

Ⱦɢɫɤɪɟɬɧɚɹ ɞɨɡɢɪɨɜɚɧɧɨɣ ɪɚɞɢɚɥɶɧɨɣ ɩɨɞɚɱɟɣ ɜ ɫɨɜɪɟɦɟɧɧɵɯ ɫɬɚɧɤɚɯ 

ɪɟɚɥɢɡɭɟɬɫɹ ɜ ɦɨɦɟɧɬ ɪɟɜɟɪɫɚ ɜɨɡɜɪɚɬɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɢɧɫɬɪɭɦɟɧɬɚ ɧɚ 

ɩɨɫɬɭɩɚɬɟɥɶɧɨɟ, ɬ.ɟ. – ɜ ɤɪɚɣɧɟɦ ɜɟɪɯɧɟɦ ɩɨɥɨɠɟɧɢɢ ɢɧɫɬɪɭɦɟɧɬɚ. 

ȼ ɩɪɟɞɵɞɭɳɟɦ ɩɚɪɚɝɪɚɮɟ ɨɬɦɟɱɚɥɨɫɶ, ɱɬɨ ɜ ɫɥɭɱɚɟ ɯɨɧɢɧɝɨɜɚɧɢɹ ɫ 

ɩɨɞɚɱɟɣ ɩɨ ɞɚɜɥɟɧɢɸ ɢ ɞɨɡɢɪɨɜɚɧɧɨɣ ɧɟɩɪɟɪɵɜɧɨɣ ɩɨɞɚɱɟɣ, ɜɟɥɢɱɢɧɵ 

ɫɧɢɦɚɟɦɵɯ ɩɪɢɩɭɫɤɨɜ ɩɪɢ ɩɨɫɬɭɩɚɬɟɥɶɧɨɦ ɢ ɜɨɡɜɪɚɬɧɨɦ ɩɟɪɟɦɟɳɟɧɢɹɯ 

ɨɞɢɧɚɤɨɜɵ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɜɟɥɢɱɢɧɵ ɢɡɧɨɫɚ ɨɛɳɟɝɨ ɢ ɮɪɨɧɬɚɥɶɧɵɯ ɱɚɫɬɟɣ ɩɪɢ 
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ɩɨɫɬɭɩɚɬɟɥɶɧɨɦ ɢ ɜɨɡɜɪɚɬɧɨɦ ɩɟɪɟɦɟɳɟɧɢɹɯ, ɩɪɢ ɯɨɧɢɧɝɨɜɚɧɢɢ ɫɤɜɨɡɧɵɯ 

ɨɬɜɟɪɫɬɢɣ, ɛɭɞɭɬ ɡɟɪɤɚɥɶɧɨ ɨɞɢɧɚɤɨɜɵɦɢ (ɬɚɛɥ. 2.4 ɫɬɪɨɤɚ 1).  

ȼ ɫɥɭɱɚɟ ɯɨɧɢɧɝɨɜɚɧɢɹ ɫɤɜɨɡɧɵɯ ɨɬɜɟɪɫɬɢɣ ɫ ɞɨɡɢɪɨɜɚɧɧɨɣ ɞɢɫɤɪɟɬɧɨɣ 

ɪɚɞɢɚɥɶɧɨɣ ɩɨɞɚɱɟɣ, ɜɟɥɢɱɢɧɵ ɫɧɢɦɚɟɦɵɯ ɩɪɢɩɭɫɤɨɜ ɩɪɢ ɩɨɫɬɭɩɚɬɟɥɶɧɨɦ ɢ 

ɜɨɡɜɪɚɬɧɨɦ ɩɟɪɟɦɟɳɟɧɢɹɯ (ɜ ɨɬɥɢɱɢɟ ɨɬ ɯɨɧɢɧɝɨɜɚɧɢɹ ɫ ɩɨɞɚɱɟɣ ɩɨ ɞɚɜɥɟɧɢɸ ɢ 

ɞɨɡɢɪɨɜɚɧɧɨɣ ɧɟɩɪɟɪɵɜɧɨɣ ɩɨɞɚɱɟɣ), ɫɭɳɟɫɬɜɟɧɧɨ ɨɬɥɢɱɚɸɬɫɹ. Ȼɨɥɶɲɚɹ ɱɚɫɬɶ 

ɩɪɢɩɭɫɤɚ ɭɞɚɥɹɟɬɫɹ ɩɪɢ ɩɨɫɬɭɩɚɬɟɥɶɧɨɦ ɩɟɪɟɦɟɳɟɧɢɢ (ɩɪɨɰɟɫɫ ɢɧɬɟɧɫɢɜɧɨɝɨ 

ɪɟɡɚɧɢɹ), ɚ ɦɟɧɶɲɚɹ ɱɚɫɬɶ – ɩɪɢ ɜɨɡɜɪɚɬɧɨɦ (ɩɪɨɰɟɫɫ ɜɵɯɚɠɢɜɚɧɢɹ) (ɬɚɛɥ. 2.4  

ɫɬɪɨɤɚ 3). ɗɬɨ ɧɟɪɚɜɟɧɫɬɜɨ ɭɞɚɥɹɟɦɵɯ ɩɪɢɩɭɫɤɨɜ ɨɛɭɫɥɚɜɥɢɜɚɟɬ 

ɚɫɢɦɦɟɬɪɢɱɧɨɫɬɶ ɢɡɧɨɫɚ ɡɚɛɨɪɧɵɯ ɱɚɫɬɟɣ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɩɨ ɞɥɢɧɟ. 

ɉɨɫɥɟɞɧɟɟ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɮɨɪɦɢɪɨɜɚɧɢɟ 

ɩɨɝɪɟɲɧɨɫɬɢ ɜ ɜɢɞɟ ɤɨɧɭɫɧɨɫɬɢ ɜ ɨɛɪɚɛɚɬɵɜɚɟɦɨɦ ɨɬɜɟɪɫɬɢɢ.  

Ɉɱɟɜɢɞɧɵɦ, ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ, ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɷɬɭ ɩɨɝɪɟɲɧɨɫɬɶ ɦɨɠɧɨ 

ɭɫɬɪɚɧɢɬɶ, ɧɚɩɪɢɦɟɪ, ɡɚ ɫɱɟɬ ɭɜɟɥɢɱɟɧɢɹ ɜɟɥɢɱɢɧɵ ɧɢɠɧɟɝɨ ɩɟɪɟɛɟɝɚ ɩɨ 

ɨɬɧɨɲɟɧɢɸ ɤ ɜɟɪɯɧɟɦɭ (ɬɚɛɥ. 2.4 ɫɬɪɨɤɚ 4). 

ȼ ɫɥɭɱɚɟ ɯɨɧɢɧɝɨɜɚɧɢɹ, ɫ ɩɨɞɚɱɟɣ ɩɨ ɞɚɜɥɟɧɢɸ ɢ ɞɨɡɢɪɨɜɚɧɧɨɣ 

ɧɟɩɪɟɪɵɜɧɨɣ ɩɨɞɚɱɟɣ ɝɥɭɯɢɯ ɨɬɜɟɪɫɬɢɣ, ɜɟɥɢɱɢɧɵ ɫɧɢɦɚɟɦɵɯ ɩɪɢɩɭɫɤɨɜ ɩɪɢ 

ɩɨɫɬɭɩɚɬɟɥɶɧɨɦ ɢ ɜɨɡɜɪɚɬɧɨɦ ɩɟɪɟɦɟɳɟɧɢɹɯ ɨɞɢɧɚɤɨɜɵ, ɨɞɧɚɤɨ, ɜɟɥɢɱɢɧɵ 

ɢɡɧɨɫɚ ɮɪɨɧɬɚɥɶɧɵɯ ɱɚɫɬɟɣ ɩɪɢ ɩɨɫɬɭɩɚɬɟɥɶɧɨɦ ɢ ɜɨɡɜɪɚɬɧɨɦ ɩɟɪɟɦɟɳɟɧɢɹɯ 

ɛɭɞɭɬ ɚɫɫɢɦɟɬɪɢɱɧɵɦɢ (ɬɚɛɥ. 2.4 ɫɬɪɨɤɚ 2) ɩɨ ɩɪɢɱɢɧɟ ɚɫɢɦɦɟɬɪɢɱɧɨɫɬɢ 

ɜɟɪɯɧɟɝɨ ɢ ɧɢɠɧɟɝɨ ɩɟɪɟɛɟɝɨɜ. ɍɤɚɡɚɧɧɚɹ ɚɫɢɦɦɟɬɪɢɱɧɨɫɬɶ ɢɡɧɨɫɚ ɪɟɠɭɳɢɯ 

ɷɥɟɦɟɧɬɨɜ ɩɨ ɞɥɢɧɟ ɫɥɭɠɢɬ, ɤɚɤ ɭɤɚɡɵɜɚɥɨɫɶ ɪɚɧɧɟɟ, ɩɪɢɱɢɧɨɣ ɮɨɪɦɢɪɨɜɚɧɢɹ 

ɩɨɝɪɟɲɧɨɫɬɢ ɜ ɜɢɞɟ ɤɨɧɭɫɧɨɫɬɢ (ɬɚɛɥ. 2.3 ɫɬɪɨɤɚ 6). 

ɉɪɢ ɯɨɧɢɧɝɨɜɚɧɢɢ ɝɥɭɯɢɯ ɨɬɜɟɪɫɬɢɣ ɫ ɞɨɡɢɪɨɜɚɧɧɨɣ ɞɢɫɤɪɟɬɧɨɣ 

ɪɚɞɢɚɥɶɧɨɣ ɩɨɞɚɱɟɣ ɬɚɤɠɟ ɩɪɢɫɭɬɫɬɜɭɟɬ ɦɟɯɚɧɢɡɦ ɝɟɧɟɪɢɪɨɜɚɧɢɹ ɩɨɝɪɟɲɧɨɫɬɢ 

ɮɨɪɦɵ ɜ ɩɪɨɞɨɥɶɧɨɦ ɫɟɱɟɧɢɢ ɜ ɜɢɞɟ ɤɨɧɭɫɧɨɫɬɢ. ɇɨ ɜ ɷɬɨɦ ɫɥɭɱɚɟ, ɫɤɨɪɨɫɬɶ 

ɝɟɧɟɪɢɪɨɜɚɧɢɹ ɷɬɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɛɭɞɟɬ ɫɭɳɟɫɬɜɟɧɧɨ ɜɵɲɟ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ 

ɢɦɟɟɬ ɦɟɫɬɨ ɫɭɦɦɢɪɨɜɚɧɢɟ ɩɨɝɪɟɲɧɨɫɬɟɣ, ɨɛɭɫɥɨɜɥɟɧɧɵɯ ɤɚɤ ɚɫɢɦɦɟɬɪɢɟɣ 

ɜɟɥɢɱɢɧ ɩɟɪɟɛɟɝɚ, ɬɚɤ ɢ ɚɫɢɦɦɟɬɪɢɟɣ ɜɟɥɢɱɢɧ ɫɧɢɦɚɟɦɵɯ ɩɪɢɩɭɫɤɨɜ (ɬɚɛɥ. 2.4 

ɫɬɪɨɤɚ 5). 
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Ɍɚɛɥ. 2.4 

ɋɯɟɦɵ ɫɴɟɦɚ ɩɪɢɩɭɫɤɨɜ ɡɚ ɨɞɢɧ ɞɜɨɣɧɨɣ ɯɨɞ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɜɢɞɚɯ ɪɚɞɢɚɥɶɧɨɣ 
ɩɨɞɚɱɢ 

№ ɋɯɟɦɚ ɫɴɟɦɚ ɩɪɢɩɭɫɤɚ 
ɩɪɢ ɩɨɫɬɭɩɚɬɟɥɶɧɨɦ 
ɩɟɪɟɦɟɳɟɧɢɢ 

ɋɯɟɦɚ ɫɴɟɦɚ ɩɪɢɩɭɫɤɚ 
ɩɪɢ ɜɨɡɜɪɚɬɧɨɦ 
ɩɟɪɟɦɟɳɟɧɢɢ 

Ɏɨɪɦɚ ɝɟɧɟɪɢɪɭɟɦɨɣ 
ɩɨɝɪɟɲɧɨɫɬɢ 

 

1 2 3 4 

ɉɪɢ ɩɨɞɚɱɟ ɩɨ ɞɚɜɥɟɧɢɸ 

1 

 

 

 
 

 

 
 

2 

 
 

 

 

 

 
 

 



  43 
 

1 2 3 4 

ɉɪɢ ɞɢɫɤɪɟɬɧɨɣ ɞɨɡɢɪɨɜɚɧɧɨɣ ɩɨɞɚɱɟ 

3 

  

 
 

4 

 
 

 
 

 

5 
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2.4. ȼɵɜɨɞɵ ɩɨ ɜɬɨɪɨɦɭ ɪɚɡɞɟɥɭ 

 

1. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɨɝɨ ɚɧɚɥɢɡɚ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɢɡ ɦɧɨɠɟɫɬɜɚ 

ɩɪɢɱɢɧ ɨɫɧɨɜɧɵɦɢ ɩɪɢɱɢɧɚɦɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɨɝɪɟɲɧɨɫɬɢ ɩɪɨɮɢɥɹ ɜ 

ɩɪɨɞɨɥɶɧɨɦ ɫɟɱɟɧɢɢ ɩɪɢ ɯɨɧɢɧɝɨɜɚɧɢɢ ɨɬɜɟɪɫɬɢɣ ɹɜɥɹɸɬɫɹ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶ 

ɢɡɧɨɫɚ ɩɨ ɞɥɢɧɟ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɢ ɩɟɪɟɦɟɧɧɚɹ ɤɨɧɬɚɤɬɧɚɹ ɠɟɫɬɤɨɫɬɶ ɩɨ 

ɞɥɢɧɟ ɪɚɛɨɱɟɣ ɱɚɫɬɢ ɢɧɫɬɪɭɦɟɧɬɚ. 

ɉɪɢ ɷɬɨɦ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɢɡ ɷɬɢɯ ɞɜɭɯ ɨɫɧɨɜɧɵɯ ɩɪɢɱɢɧ ɞɨɦɢɧɢɪɭɸɳɟɣ 

ɩɪɢɱɢɧɨɣ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɨɝɪɟɲɧɨɫɬɢ ɩɪɨɮɢɥɹ ɜ ɩɪɨɞɨɥɶɧɨɦ ɫɟɱɟɧɢɢ ɩɪɢ 

ɯɨɧɢɧɝɨɜɚɧɢɢ ɨɬɜɟɪɫɬɢɣ ɹɜɥɹɟɬɫɹ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɢɡɧɨɫɚ ɩɨ ɞɥɢɧɟ ɪɟɠɭɳɢɯ 

ɷɥɟɦɟɧɬɨɜ. 

2. ɉɪɢ ɨɛɪɚɛɨɬɤɟ ɝɥɭɯɢɯ ɨɬɜɟɪɫɬɢɣ ɫ ɞɨɡɢɪɨɜɚɧɧɨɣ ɧɟɩɪɟɪɵɜɧɨɣ ɩɨɞɚɱɟɣ 

ɢ ɩɨɞɚɱɟɣ ɩɨ ɞɚɜɥɟɧɢɸ ɨɬɫɭɬɫɬɜɭɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɨɛɟɫɩɟɱɟɧɢɹ ɨɩɬɢɦɚɥɶɧɨɣ 

ɜɟɥɢɱɢɧɵ ɩɟɪɟɛɟɝɚ ɜ ɡɨɧɟ ɞɧɚ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɨɬɜɟɪɫɬɢɹ (ɚɫɢɦɦɟɬɪɢɹ 

ɩɟɪɟɛɟɝɨɜ), ɚ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɫ ɞɨɡɢɪɨɜɚɧɧɨɣ ɞɢɫɤɪɟɬɧɨɣ ɩɨɞɚɱɟɣ – ɚɫɢɦɦɟɬɪɢɹ 

ɩɟɪɟɛɟɝɨɜ ɩɥɸɫ ɚɫɢɦɦɟɬɪɢɹ ɜɟɥɢɱɢɧ ɭɞɚɥɹɟɦɵɯ ɩɪɢɩɭɫɤɨɜ ɩɪɢ ɩɨɫɬɭɩɚɬɟɥɶɧɨɦ 

ɢ ɜɨɡɜɪɚɬɧɨɦ ɩɟɪɟɦɟɳɟɧɢɹɯ ɢɧɫɬɪɭɦɟɧɬɚ. 

ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ ɬɨɦɭ, ɱɬɨ ɢɦɟɟɬ ɦɟɫɬɨ ɧɚɤɨɩɢɬɟɥɶɧɚɹ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶ 

ɢɡɧɨɫɚ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɩɨ ɢɯ ɞɥɢɧɟ. Ɍ.ɟ. ɧɚ ɪɚɛɨɱɟɣ ɱɚɫɬɢ ɢɧɫɬɪɭɦɟɧɬɚ 

ɮɨɪɦɢɪɭɟɬɫɹ ɧɚɤɨɩɢɬɟɥɶɧɚɹ ɝɟɨɦɟɬɪɢɱɟɫɤɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɜ ɜɢɞɟ ɤɨɧɭɫɧɨɫɬɢ, 

ɤɨɬɨɪɚɹ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɝɟɧɟɪɢɪɨɜɚɧɢɟ ɚɧɚɥɨɝɢɱɧɨɣ ɧɚɤɨɩɢɬɟɥɶɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ 

ɧɚ ɯɨɧɢɧɝɭɟɦɨɦ ɨɬɜɟɪɫɬɢɢ ɞɟɬɚɥɢ. 
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ɊȺɁȾȿɅ 3.  

 

ɆɈȾȿɅɂɊɈȼȺɇɂȿ ɉɊɈɐȿɋɋȺ ɂɁɇɈɋȺ ɉɈ ȾɅɂɇȿ ɊȿɀɍɓȿɃ 
ɑȺɋɌɂ ɂɇɋɌɊɍɆȿɇɌȺ ɉɊɂ ɈȻɊȺȻɈɌɄȿ ȽɅɍɏɂɏ ɈɌȼȿɊɋɌɂɃ 

 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɫɬɟɩɟɧɶ ɢɡɧɨɫɚ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɢ ɜɟɥɢɱɢɧɚ ɫɴёɦɚ 

ɩɪɢɩɭɫɤɚ ɮɭɧɤɰɢɨɧɚɥɶɧɨ ɫɜɹɡɚɧɵ ɱɟɪɟɡ ɜɟɥɢɱɢɧɭ ɭɞɟɥɶɧɨɝɨ ɢɡɧɨɫɚ ɪɟɠɭɳɢɯ 

ɷɥɟɦɟɧɬɨɜ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɦɨɠɧɨ ɭɬɜɟɪɠɞɚɬɶ, ɱɬɨ ɜɟɥɢɱɢɧɚ ɭɞɟɥɶɧɨɝɨ ɢɡɧɨɫɚ 

ɩɪɨɢɡɜɨɥɶɧɨɝɨ ɷɥɟɦɟɧɬɚɪɧɨɝɨ ɭɱɚɫɬɤɚ ɩɨ ɞɥɢɧɟ ɪɟɠɭɳɟɝɨ ɷɥɟɦɟɧɬɚ 

ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ, ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɭɞɟɥɶɧɨɣ ɜɟɥɢɱɢɧɟ ɭɞɚɥɟɧɧɨɝɨ ɩɪɢɩɭɫɤɚ, ɚ 

ɫ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɷɥɟɦɟɧɬɚɪɧɨɣ ɪɚɛɨɬɟ ɫɨɜɟɪɲɚɟɦɨɣ ɷɬɢɦ 

ɭɱɚɫɬɤɨɦ ɩɨ ɭɞɚɥɟɧɢɸ ɷɬɨɝɨ ɩɪɢɩɭɫɤɚ. ɂɫɯɨɞɹ ɢɡ ɷɬɨɝɨ, ɡɚɩɢɲɟɦ [33] 

  ɰt

VdtPAU

0

      (3.1) 

ɝɞɟ:    η – ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɢ; 

A – ɪɚɛɨɬɚ, ɫɨɜɟɪɲɚɟɦɚɹ ɷɥɟɦɟɧɬɚɪɧɵɦ ɭɱɚɫɬɤɨɦ ɩɨ ɞɥɢɧɟ ɪɟɠɭɳɟɝɨ 

ɷɥɟɦɟɧɬɚ; 

P  – ɡɧɚɱɟɧɢɟ ɫɢɥɵ ɪɟɡɚɧɢɹ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɩɟɪɟɦɟɳɟɧɢɹ ɪɟɠɭɳɢɯ ɡɟɪɟɧ; 

V – ɫɤɨɪɨɫɬɶ ɪɟɡɚɧɢɹ; 

t – ɬɟɤɭɳɟɟ ɜɪɟɦɹ; 

tɰ – ɩɟɪɢɨɞ ɜɪɟɦɟɧɢ ɨɞɧɨɝɨ ɞɜɨɣɧɨɝɨ ɯɨɞɚ ɢɧɫɬɪɭɦɟɧɬɚ. 

Ⱦɚɥɟɟ, ɜ ɫɥɟɞɭɸɳɢɯ ɩɚɪɚɝɪɚɮɚɯ, ɨɩɪɟɞɟɥɢɦ ɜɵɪɚɠɟɧɢɟ ɞɥɹ V ɢ P ɜ (3.1). 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɨɬɦɟɬɢɦ, ɱɬɨ ɩɪɢ ɧɚɩɢɫɚɧɢɢ ɜɵɪɚɠɟɧɢɣ ɞɥɹ V ɢ P 

ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɨɞɧɢɦ ɢɡ ɩɪɢɟɦɨɜ ɦɟɬɨɞɨɥɨɝɢɢ ɬɟɨɪɢɢ ɨɛɨɛɳёɧɧɵɯ ɮɭɧɤɰɢɣ 

[33].  

ɋɭɬɶ ɜ ɫɥɟɞɭɸɳɟɦ. 

ɉɟɪɟɱɟɧɶ ɢɡɜɟɫɬɧɵɯ ɤɥɚɫɫɨɜ ɷɥɟɦɟɧɬɚɪɧɵɯ ɮɭɧɤɰɢɣ (ɩɪɨɫɬɵɯ, ɥɢɛɨ 

ɫɥɨɠɧɵɯ) ɡɚɩɢɫɵɜɚɸɬ ɜ ɜɢɞɟ ɩɪɟɞɟɥɶɧɨɝɨ ɩɟɪɟɯɨɞɚ ɫ ɭɫɬɪɟɦɥɟɧɢɟɦ ɤ ɩɪɟɞɟɥɭ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ [24] (– ɢɯ) ɩɚɪɚɦɟɬɪɚ (– ɨɜ) ɷɬɨɣ (– ɢɯ) ɮɭɧɤɰɢɢ (–ɢɣ). ɋɚɦɚ 

ɡɚɩɢɫɶ ɤɚɠɞɨɝɨ ɤɥɚɫɫɚ ɮɭɧɤɰɢɢ ɜ ɬɚɤɨɦ ɜɢɞɟ ɹɜɥɹɟɬɫɹ ɚɧɚɥɢɬɢɱɟɫɤɢɦ 

ɨɛɨɛɳёɧɧɵɦ ɭɪɚɜɧɟɧɢɟɦ. ȿɫɥɢ ɩɨɫɬɪɨɢɬɶ ɝɪɚɮɢɤɢ ɷɬɢɯ ɨɛɨɛɳɟɧɧɵɯ ɭɪɚɜɧɟɧɢɣ, 
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ɬɨ ɩɨɥɭɱɢɦ ɫɟɦɟɣɫɬɜɨ «ɧɟɫɬɚɧɞɚɪɬɧɵɯ» ɝɪɚɮɢɤɨɜ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɯ ɫɨɛɨɣ ɥɢɛɨ 

ɝɪɚɮɢɤɢ ɜ ɜɢɞɟ ɥɨɦɚɧɵɯ ɥɢɧɢɣ, ɥɢɛɨ ɝɪɚɮɢɤɢ ɜ ɜɢɞɟ ɥɢɧɢɣ ɫ ɪɚɡɪɵɜɚɦɢ ɢ ɬ.ɞ. 

ɂɡ ɷɬɨɝɨ ɫɟɦɟɣɫɬɜɚ ɜɫɟɝɞɚ ɦɨɠɧɨ ɜɵɛɪɚɬɶ ɤɚɤɨɣ-ɬɨ ɨɞɢɧ ɝɪɚɮɢɤ, ɤɨɬɨɪɵɣ ɩɨ 

ɮɨɪɦɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɢɫɤɨɦɨɦɭ. 

 

3.1 ɍɪɚɜɧɟɧɢɟ ɫɤɨɪɨɫɬɢ ɜɨɡɜɪɚɬɧɨ-ɩɨɫɬɭɩɚɬɟɥɶɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɪɟɠɭɳɢɯ 
ɷɥɟɦɟɧɬɨɜ ɢɧɫɬɪɭɦɟɧɬɚ 

 

ȼ ɬɟɯɧɢɱɟɫɤɨɣ ɥɢɬɟɪɚɬɭɪɟ [42] ɤɢɧɟɦɚɬɢɤɚ ɩɪɨɰɟɫɫɚ ɯɨɧɢɧɝɨɜɚɧɢɹ 

ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɤɚɤ ɫɨɜɨɤɭɩɧɨɫɬɶ ɬɪɟɯ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɩɟɪɟɦɟɳɟɧɢɣ ɪɟɠɭɳɢɯ 

ɷɥɟɦɟɧɬɨɜ ɢɧɫɬɪɭɦɟɧɬɚ ɢ ɞɟɬɚɥɢ: ɜɨɡɜɪɚɬɧɨ-ɩɨɫɬɭɩɚɬɟɥɶɧɨɝɨ, ɜɪɚɳɚɬɟɥɶɧɨɝɨ ɢ 

ɪɚɞɢɚɥɶɧɨɝɨ. ɉɪɢ ɷɬɨɦ, ɜɨɡɜɪɚɬɧɨ-ɩɨɫɬɭɩɚɬɟɥɶɧɨɟ ɩɟɪɟɦɟɳɟɧɢɟ ɪɟɚɥɢɡɭɟɬɫɹ, ɜ 

ɩɨɞɚɜɥɹɸɳɟɦ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɝɢɞɪɨɩɪɢɜɨɞɨɦ. ɋɤɨɪɨɫɬɶ ɷɬɨɝɨ 

ɩɟɪɟɦɟɳɟɧɢɹ, ɩɨ ɭɦɨɥɱɚɧɢɸ, ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɬɨɥɶɤɨ ɜ ɩɟɪɢɨɞɵ 

ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɪɟɠɢɦɚ ɞɜɢɠɟɧɢɹ ɢ ɩɪɢɧɢɦɚɟɬɫɹ ɩɨɫɬɨɹɧɧɨɣ ɜɟɥɢɱɢɧɨɣ. ɉɪɢ 

ɬɚɤɨɦ ɪɚɫɫɦɨɬɪɟɧɢɢ, ɜ ɫɚɦɨɦ ɨɛɳɟɦ ɜɢɞɟ, ɫɯɟɦɚɬɢɱɧɨ, ɭɩɪɨɳɟɧɧɵɣ ɝɪɚɮɢɤ 

ɫɤɨɪɨɫɬɢ ɜɨɡɜɪɚɬɧɨ-ɩɨɫɬɭɩɚɬɟɥɶɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɢɧɫɬɪɭɦɟɧɬɚ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɞɟɬɚɥɢ, ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ ɪɢɫ.3.1 ɚ. Ȼɨɥɟɟ ɬɨɱɧɵɣ ɝɪɚɮɢɤ 

ɡɚɤɨɧɚ ɢɡɦɟɧɟɧɢɹ ɫɤɨɪɨɫɬɢ ɜɨɡɜɪɚɬɧɨ-ɩɨɫɬɭɩɚɬɟɥɶɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ 

ɢɧɫɬɪɭɦɟɧɬɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɟɬɚɥɢ ɩɪɢɜɟɞɟɧ ɜ ɚɜɬɨɪɟɮɟɪɚɬɟ ɞɢɫɫɟɪɬɚɰɢɢ [69]. 

ȼɢɞ ɷɬɨɝɨ ɝɪɚɮɢɤɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɥɨɦɚɧɭɸ ɥɢɧɢɸ ɢ, ɡɞɟɫɶ, ɢɡɨɛɪɚɠɟɧ ɧɚ 

ɪɢɫɭɧɤɟ 3.1 ɛ. ɉɪɹɦɨɥɢɧɟɣɧɵɣ ɭɱɚɫɬɨɤ ɦɟɠɞɭ ɬɨɱɤɚɦɢ Ɇ ɢ N ɧɚ ɷɬɨɦ ɝɪɚɮɢɤɟ 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɜɪɟɦɟɧɢ ɪɟɜɟɪɫɚ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ, ɝɪɚɮɢɤ ɧɚ ɪɢɫ. 3.1 ɛ ɦɨɠɟɬ ɛɵɬɶ 

ɬɪɚɧɫɮɨɪɦɢɪɨɜɚɧ ɜ ɟɳɟ ɛɨɥɟɟ ɬɨɱɧɵɣ, ɟɫɥɢ ɫɤɨɪɪɟɤɬɢɪɨɜɚɬɶ. ȼɵɩɨɥɧɢɦ 

ɫɝɥɚɠɢɜɚɧɢɟ ɜ ɬɨɱɤɚɯ Ɇ ɢ N ɬ.ɟ. ɡɚɦɟɧɢɦ ɩɪɹɦɨɥɢɧɟɣɧɵɣ ɭɱɚɫɬɨɤ ɦɟɠɞɭ 

ɬɨɱɤɚɦɢ ɧɚ ɩɥɚɜɧɨ ɢɡɦɟɧɹɸɳɢɣɫɹ ɧɟɥɢɧɟɣɧɵɣ (ɪɢɫ. 3.1 ɜ).  

ȼ ɬɚɤɨɦ ɜɢɞɟ, ɝɪɚɮɢɤ ɧɚ ɪɢɫ. 1ɜ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɝɪɚɮɢɤɚɦ ɧɚ ɪɢɫ 1ɚ ɢ 1ɛ 

ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɛɥɢɡɤɢɦ ɤ ɪɟɚɥɶɧɨɦɭ ɡɚɤɨɧɭ ɢɡɦɟɧɟɧɢɹ ɫɤɨɪɨɫɬɢ ɜɨɡɜɪɚɬɧɨ-

ɩɨɫɬɭɩɚɬɟɥɶɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɢɫɩɨɥɧɢɬɟɥɶɧɨɝɨ ɨɪɝɚɧɚ ɫɬɚɧɤɚ (ɲɩɢɧɞɟɥɶɧɨɣ 

ɛɚɛɤɢ), ɪɟɚɥɢɡɭɟɦɨɝɨ ɝɢɞɪɨɩɪɢɜɨɞɨɦ. Ɂɚɦɟɬɢɦ, ɱɬɨ ɩɪɢ ɬɚɤɨɦ ɜɢɞɨɢɡɦɟɧɟɧɢɢ 
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ɝɪɚɮɢɤɨɜ ɞɥɹ ɭɩɪɨɳɟɧɢɹ ɢɫɤɥɸɱɟɧɚ ɢɡ ɪɚɫɫɦɨɬɪɟɧɢɹ ɫɬɨɯɚɫɬɢɱɟɫɤɚɹ 

ɫɨɫɬɚɜɥɹɸɳɚɹ ɢɧɟɪɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜ ɦɨɦɟɧɬɵ ɪɟɜɟɪɫɚ Д3Ж. 

ȿɫɥɢ ɢɫɯɨɞɢɬɶ ɢɡ ɜɢɞɚ ɝɪɚɮɢɤɨɜ ɧɚ ɪɢɫ. 3.1, ɬɨ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ 

ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ, ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɨɞɧɢɦ ɢɡ ɩɪɢɟɦɨɜ 

ɦɟɬɨɞɨɥɨɝɢɢ ɬɟɨɪɢɢ ɨɛɨɛɳёɧɧɵɯ ɮɭɧɤɰɢɣ. ɋɭɬɶ ɜ ɫɥɟɞɭɸɳɟɦ. 

ɉɟɪɟɱɟɧɶ ɢɡɜɟɫɬɧɵɯ ɤɥɚɫɫɨɜ ɷɥɟɦɟɧɬɚɪɧɵɯ ɮɭɧɤɰɢɣ (ɩɪɨɫɬɵɯ, ɥɢɛɨ 

ɫɥɨɠɧɵɯ) ɡɚɩɢɫɵɜɚɸɬ ɜ ɜɢɞɟ ɩɪɟɞɟɥɶɧɨɝɨ ɩɟɪɟɯɨɞɚ ɫ ɭɫɬɪɟɦɥɟɧɢɟɦ ɤ ɩɪɟɞɟɥɭ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ (– ɢɯ) ɩɚɪɚɦɟɬɪɚ (– ɨɜ) ɷɬɨɣ (– ɢɯ) ɮɭɧɤɰɢɢ (–ɢɣ). ɋɚɦɚ ɡɚɩɢɫɶ 

ɤɚɠɞɨɝɨ ɤɥɚɫɫɚ ɮɭɧɤɰɢɢ ɜ ɬɚɤɨɦ ɜɢɞɟ ɹɜɥɹɟɬɫɹ ɚɧɚɥɢɬɢɱɟɫɤɢɦ ɨɛɨɛɳёɧɧɵɦ 

ɭɪɚɜɧɟɧɢɟɦ. ȿɫɥɢ ɩɨɫɬɪɨɢɬɶ ɝɪɚɮɢɤɢ ɷɬɢɯ ɨɛɨɛɳɟɧɧɵɯ ɭɪɚɜɧɟɧɢɣ, ɬɨ ɩɨɥɭɱɢɦ 

ɫɟɦɟɣɫɬɜɨ «ɧɟɫɬɚɧɞɚɪɬɧɵɯ» ɝɪɚɮɢɤɨɜ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɯ ɫɨɛɨɣ ɥɢɛɨ ɝɪɚɮɢɤɢ ɜ 

ɜɢɞɟ ɥɨɦɚɧɵɯ ɥɢɧɢɣ, ɥɢɛɨ ɝɪɚɮɢɤɢ ɜ ɜɢɞɟ ɥɢɧɢɣ ɫ ɪɚɡɪɵɜɚɦɢ ɢ ɬ.ɞ. ɂɡ ɷɬɨɝɨ 

ɫɟɦɟɣɫɬɜɚ ɜɫɟɝɞɚ ɦɨɠɧɨ ɜɵɛɪɚɬɶ ɤɚɤɨɣ-ɬɨ ɨɞɢɧ ɝɪɚɮɢɤ, ɤɨɬɨɪɵɣ ɩɨ ɮɨɪɦɟ 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɢɫɤɨɦɨɦɭ. 

ɋ ɭɱёɬɨɦ ɢɡɥɨɠɟɧɧɨɝɨ ɧɚɢɛɨɥɟɟ ɩɨɞɯɨɞɹɳɢɦ ɦɚɬɟɦɚɬɢɱɟɫɤɢɦ 

ɜɵɪɚɠɟɧɢɟɦ ɞɥɹ ɝɪɚɮɢɤɨɜ ɧɚ ɪɢɫ. 3.1 ɚ ɢ ɜ ɹɜɥɹɟɬɫɹ ɩɪɟɞɟɥ ɷɥɟɦɟɧɬɚɪɧɨɣ 

ɫɢɧɭɫɨɢɞɚɥɶɧɨɣ ɮɭɧɤɰɢɢ ɜ ɫɬɟɩɟɧɢ 12

1

n  (n = 1, 2, 3, …), ɩɪɢ n → k 

  12

1

sinlimlim   n

knkn
tAy  , ɢɥɢ   12

1

sin  ntAy    (3.2) 

Ƚɪɚɮɢɤɨɦ ɮɭɧɤɰɢɢ (3.2) ɩɪɢ n =  k = 1 ɹɜɥɹɟɬɫɹ ɫɢɧɭɫɨɢɞɚ (ɪɢɫ. 3.2 ɚ).  

ȿɫɥɢ ɠɟ ɭɫɬɪɟɦɢɬɶ n ɞɨ ɛɟɫɤɨɧɟɱɧɨɫɬɢ (n =  k = + ∞), ɬɨ ɩɨɤɚɡɚɬɟɥɶ 

ɫɬɟɩɟɧɢ ɭɫɬɪɟɦɢɬɫɹ ɤ ɧɭɥɸ, ɚ ɥɸɛɨɟ ɡɧɚɱɟɧɢɟ ɮɭɧɤɰɢɢ sin (ωt) ɜ ɧɭɥɟɜɨɣ ɫɬɟɩɟɧɢ 

ɪɚɜɧɨ ɟɞɢɧɢɰɟ, ɬɨ ɟɫɬɶ ɝɪɚɮɢɤ ɜɵɪɚɠɟɧɢɹ (2) ɩɪɢɦɟɬ ɜɢɞ ɢɡɨɛɪɚɠёɧɧɨɝɨ ɧɚ ɪɢɫ. 

3.2 ɛ. 

ȿɫɥɢ ɩɪɢɧɹɬɶ  

А = V
.

.

ɬɚɛɥ
ɜ  =  V

.

.

ɬɚɛɥ
ɩ  = V

.

..

ɬɚɛɥ
ɩɜ  = 1; Ɍɰ =  ωt0 = 2π; ω = 1; Ɍɰ =  t0 = 2π (3) 

ɬɨ ɝɪɚɮɢɤ, ɢɡɨɛɪɚɠɟɧɧɵɣ ɧɚ ɪɢɫ 3.1ɚ., ɫɨɜɩɚɞɟɬ ɫ ɝɪɚɮɢɤɨɦ, ɢɡɨɛɪɚɠɟɧɧɵɦ ɧɚ 

ɪɢɫ. 3.2 ɛ ɤɚɤ ɩɨ ɮɨɪɦɟ, ɬɚɤ ɢ ɩɨ ɚɦɩɥɢɬɭɞɟ ɢ ɩɟɪɢɨɞɭ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɜɫɟ 

ɞɚɥɶɧɟɣɲɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɜɵɪɚɠɟɧɢɹ (3.2) ɛɭɞɭɬ ɨɞɢɧɚɤɨɜɨ 

ɫɩɪɚɜɟɞɥɢɜɵɦɢ ɞɥɹ ɝɪɚɮɢɤɨɜ, ɩɪɢɜɟɞɟɧɧɵɯ ɧɚ ɨɛɨɢɯ ɪɢɫɭɧɤɚɯ. 
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Ⱦɚɥɟɟ, ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ ɩɨɞɫɬɚɧɨɜɤɨɣ ɜɨɡɪɚɫɬɚɸɳɢɯ ɡɧɚɱɟɧɢɣ n ɜ 

ɜɵɪɚɠɟɧɢɟ (3.2), ɦɨɠɧɨ ɭɛɟɞɢɬɶɫɹ, ɱɬɨ ɫɢɧɭɫɨɢɞɚɥɶɧɵɣ ɝɪɚɮɢɤ (ɪɢɫ. 3.2ɚ) ɛɭɞɟɬ 

ɜɢɞɨɢɡɦɟɧɹɬɶɫɹ (ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɝɪɚɮɢɤɢ ɪɢɫ. 3.2 ɜ), ɩɪɢɛɥɢɠɚɹɫɶ ɤ ɜɢɞɭ 

ɝɪɚɮɢɤɚ 3 ɧɚ ɪɢɫ 3.1 ɜ ɢ ɞɚɥɟɟ ɤ ɜɢɞɭ ɝɪɚɮɢɤɚ 3.2 ɛ, ɥɢɛɨ 3.1 ɚ. 

 

 

 

 

 

 

 

ɚ
) 

 

 

 

 

ɛ
) 

 

 

ɜ
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Ɋɢɫ. 3.1 Ƚɪɚɮɢɤ ɫɤɨɪɨɫɬɢ ɜɨɡɜɪɚɬɧɨ ɩɨɫɬɭɩɚɬɟɥɶɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ: ɚ) ɛɟɡ 
ɭɱɟɬɚ ɜɪɟɦɟɧɢ ɪɟɜɟɪɫɚ; ɛ) ɫ ɭɱɟɬɨɦ ɜɪɟɦɟɧɢ ɪɟɜɟɪɫɚ ɢ ɩɪɢ ɭɫɥɨɜɢɢ 

ɫɤɚɱɤɨɨɛɪɚɡɧɨɝɨ ɢɡɦɟɧɟɧɢɹ ɫɤɨɪɨɫɬɢ; ɜ) ɫ ɭɱɟɬɨɦ ɜɪɟɦɟɧɢ ɪɟɜɟɪɫɚ ɢ ɩɪɢ 
ɭɫɥɨɜɢɢ ɩɥɚɜɧɨɝɨ ɢɡɦɟɧɟɧɢɹ ɫɤɨɪɨɫɬɢ 
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ȿɫɬɟɫɬɜɟɧɧɨ, ɬɚɤɠɟ, ɭɬɜɟɪɠɞɚɬɶ, ɱɬɨ ɩɪɢ ɜɨɡɪɚɫɬɚɧɢɢ n, ɜɟɥɢɱɢɧɚ 

ɩɥɨɳɚɞɢ ɨɝɪɚɧɢɱɟɧɧɨɣ ɨɫɶɸ ɚɛɫɰɢɫɫ ɢ ɩɨɥɨɠɢɬɟɥɶɧɨɣ ɜɟɬɜɶɸ 

ɜɢɞɨɢɡɦɟɧɹɸɳɟɣɫɹ ɫɢɧɭɫɨɢɞɵ ɛɭɞɟɬ ɜɨɡɪɚɫɬɚɬɶ, ɩɪɢɛɥɢɠɚɹɫɶ ɤ ɜɟɥɢɱɢɧɟ 

ɩɥɨɳɚɞɢ ɩɨɞ ɩɨɥɨɠɢɬɟɥɶɧɨɣ ɜɟɬɜɶɸ ɝɪɚɮɢɤɚ 3 ɧɚ ɪɢɫ. 3.1.ɜ, ɢ ɩɪɢ ɤɚɤɨɦ-ɬɨ 

ɡɧɚɱɟɧɢɢ n ɜɟɥɢɱɢɧɵ ɷɬɢɯ ɩɥɨɳɚɞɟɣ ɦɚɤɫɢɦɚɥɶɧɨ ɩɪɢɛɥɢɡɹɬɫɹ ɢ ɩɪɚɤɬɢɱɟɫɤɢ 

ɫɬɚɧɭɬ ɪɚɜɧɵɦɢ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɷɬɢ ɝɪɚɮɢɤɢ ɫɬɚɧɭɬ ɜɡɚɢɦɨɡɚɦɟɧɹɟɦɵɦɢ. ɗɬɨ 

ɭɬɜɟɪɠɞɟɧɢɟ ɩɪɚɜɨɦɨɱɧɨ ɜ ɬɨɦ ɫɥɭɱɚɟ, ɟɫɥɢ ɦɧɨɠɟɫɬɜɨ ɝɪɚɮɢɤɨɜ 3 ɧɚ ɪɢɫ. 3.1.ɜ. 

 

ɚ) 

ɛ) 
 

 

ɜ) 
 

Ɋɢɫ. 3.2 Ƚɪɚɮɢɤɢ ɮɭɧɤɰɢɢ (3.2) 
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ɤɨɧɤɪɟɬɢɡɢɪɨɜɚɬɶ, ɧɚɩɪɢɦɟɪ, ɭɫɥɨɜɢɟɦ ɪɚɜɟɧɫɬɜɚ ɩɥɨɳɚɞɢ ɩɨɞ ɩɨɥɨɠɢɬɟɥɶɧɨɣ 

ɜɟɬɜɶɸ ɝɪɚɮɢɤɚ 3 ɧɚ ɪɢɫ. 3.1.ɜ ɩɨɥɨɜɢɧɟ ɫɭɦɦɵ ɩɥɨɳɚɞɟɣ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɨɞ 

ɩɨɥɨɠɢɬɟɥɶɧɵɦɢ ɜɟɬɜɹɦɢ ɝɪɚɮɢɤɨɜ ɧɚ ɪɢɫ. 3.1ɚ ɢ 3.1ɛ, ɬ. ɟ., 
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2
sin

2

0

12

1
r

n
t

tdt
8

4  rt

    (3.4) 

ɉɪɨɢɡɜɟɞɹ ɡɚɦɟɧɭ ɩɟɪɟɦɟɧɧɨɣ ɢ ɩɪɟɞɟɥɨɜ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ sin(ωt) = z;  

dz =cos(ωt)∙d(ωt) (zɧ = 0; zɜ = 1) ɢ ɫ ɭɱɟɬɨɦ ɪɚɜɟɧɫɬɜɚ 
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ɩɟɪɟɩɢɲɟɦ (3.4) ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ 
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Ɂɚɦɟɧɢɦ ɜɵɪɚɠɟɧɢɟ 
21
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z  ɜ (3.5) ɟɝɨ ɪɚɡɥɨɠɟɧɢɟɦ ɜ ɪɹɞ Ɇɚɤɥɨɪɟɧɚ 
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,    (3.6) 

ɝɞɟ:  k – ɩɪɢɧɹɬɨɟ ɤɨɧɟɱɧɨɟ ɱɢɫɥɨ ɫɥɚɝɚɟɦɵɯ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɪɹɞɚ; 

ɢɡ ɡɚɩɢɫɢ (2i – 1)!! – ɫɥɟɞɭɟɬ, ɱɬɨ ɢɡ ɤɚɠɞɨɝɨ ɫɥɚɝɚɟɦɨɝɨ ɩɪɨɢɡɜɟɞɟɧɢɣ 

ɪɹɞɚ ɧɚɬɭɪɚɥɶɧɵɯ ɰɟɥɵɯ ɱɢɫɟɥ ɢɫɤɥɸɱɚɸɬɫɹ ɱɟɬɧɵɟ ɱɢɫɥɚ, ɬ.ɟ. ɨɩɟɪɚɰɢɹ 

ɭɦɧɨɠɟɧɢɹ ɪɟɚɥɢɡɭɟɬɫɹ ɬɨɥɶɤɨ ɞɥɹ ɪɹɞɚ ɰɟɥɵɯ ɧɟɱɟɬɧɵɯ ɱɢɫɟɥ. Ⱦɥɹ ɭɞɨɛɫɬɜɚ 

ɜɵɱɢɫɥɟɧɢɣ ɡɚɩɢɲɟɦ ɭɪɚɜɧɟɧɢɟ, ɷɤɜɢɜɚɥɟɧɬɧɨɟ ɭɪɚɜɧɟɧɢɸ (3.6), ɜ ɤɨɬɨɪɨɦ 

ɨɬɫɭɬɫɬɜɭɟɬ ɞɜɨɣɧɨɣ ɮɚɤɬɨɪɢɚɥ: 
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Ʉɨɪɟɧɶ ɜɵɪɚɠɟɧɢɹ (3.7) ɹɜɥɹɟɬɫɹ ɢɫɤɨɦɵɦ ɡɧɚɱɟɧɢɟɦ n, ɬɨɱɧɨɫɬɶ 

ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɬɨɪɨɝɨ ɮɭɧɤɰɢɨɧɚɥɶɧɨ ɡɚɜɢɫɢɬ ɨɬ ɡɧɚɱɟɧɢɹ k ɢ tr·. 

ɑɟɦ ɛɨɥɶɲɟ ɡɧɚɱɟɧɢɟ k, ɬɟɦ ɬɨɱɧɟɟ ɢɫɤɨɦɨɟ ɡɧɚɱɟɧɢɟ n. 

Ɂɧɚɱɟɧɢɟ , ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɩɪɨɰɟɫɫɭ ɯɨɧɢɧɝɨɜɚɧɢɹ, ɱɢɫɥɟɧɧɨ ɪɚɜɧɨ 

ɱɢɫɥɭ ɞɜɨɣɧɵɯ ɯɨɞɨɜ ɢɧɫɬɪɭɦɟɧɬɚ ɜ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ ɢ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɨ 

ɢɡ ɪɚɜɟɧɫɬɜɚ: 
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  ,     (3.8) 

ɝɞɟ:  
.

..

ɫɪ
ɩɜV  ɢ lx – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɫɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɢ ɚɦɩɥɢɬɭɞɚ ɜɨɡɜɪɚɬɧɨ-

ɩɨɫɬɭɩɚɬɟɥɶɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɢɧɫɬɪɭɦɟɧɬɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɟɬɚɥɢ; 

   lɞ ɢ lɛɪ – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɞɥɢɧɵ ɯɨɧɢɧɝɭɟɦɨɝɨ ɨɬɜɟɪɫɬɢɹ ɢ ɪɟɠɭɳɢɯ 

ɷɥɟɦɟɧɬɨɜ (ɛɪɭɫɤɨɜ); 

    l1 ɢ l2 – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɞɥɢɧɚ ɜɟɪɯɧɟɝɨ ɢ ɧɢɠɧɟɝɨ ɩɟɪɟɛɟɝɚ ɢɧɫɬɪɭɦɟɧɬɚ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɢɛɥɢɠɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ .

..

ɫɪ
ɩɜV  ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɭɫɥɨɜɢɟɦ 

ɚɧɚɥɨɝɢɱɧɵɦ ɭɫɥɨɜɢɸ, ɩɪɢɧɹɬɨɦɭ ɩɪɢ ɧɚɩɢɫɚɧɢɢ ɜɵɪɚɠɟɧɢɹ (3.4). ɉɪɢɦɟɦ .

..

ɫɪ
ɩɜV  

ɪɚɜɧɵɦ ɩɪɨɢɡɜɟɞɟɧɢɸ .

..

ɬɚɛɥ
ɩɜV  ɧɚ ɤɨɷɮɮɢɰɢɟɧɬ, ɡɧɚɱɟɧɢɟ ɤɨɬɨɪɨɝɨ ɨɩɪɟɞɟɥɢɦ, ɤɚɤ 

ɨɬɧɨɲɟɧɢɟ ɭɫɪɟɞɧɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɩɥɨɳɚɞɟɣ ɩɨɞ ɝɪɚɮɢɤɚɦɢ 1, 2 (ɪɢɫ. 3.1ɜ.) ɤ 

ɡɧɚɱɟɧɢɸ ɩɥɨɳɚɞɢ ɩɨɞ ɝɪɚɮɢɤɨɦ 3.1, ɢɥɢ, ɢɧɚɱɟ, ɤɚɤ ɨɬɧɨɲɟɧɢɟ ɩɥɨɳɚɞɢ ɩɨɞ 

ɝɪɚɮɢɤɨɦ 3 ɤ ɩɥɨɳɚɞɢ ɩɨɞ ɝɪɚɮɢɤɨɦ 1 (ɪɢɫ. 3.1ɜ.). 
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ɉɨɞɫɬɚɜɥɹɹ ɡɧɚɱɟɧɢɟ .
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ɫɪ
ɩɜV  ɢɡ (9) ɜ (8) ɢ ɪɟɲɚɹ ɨɬɧɨɫɢɬɟɥɶɧɨ , ɩɨɥɭɱɢɦ 
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ɉɨɞɫɬɚɜɥɹɹ ɡɧɚɱɟɧɢɟ  ɢɡ (3.10) ɜ (3.2) ɫ ɭɱɟɬɨɦ ɮɢɤɫɢɪɨɜɚɧɧɨɝɨ 

ɡɧɚɱɟɧɢɹ n, ɨɩɪɟɞɟɥɟɧɧɨɝɨ, ɤɚɤ ɤɨɪɟɧɶ ɭɪɚɜɧɟɧɢɹ (3.7), ɩɨɥɭɱɢɦ 
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  (3.12) 

ɉɨɥɧɚɹ ɫɤɨɪɨɫɬɶ ɩɪɢ ɯɨɧɢɧɝɨɜɚɧɢɢ  
2

.

2

.. ɜɪɩɜ VVV 
,      (3.13) 

ɝɞɟ: – Vɜɪ – ɨɤɪɭɠɧɚɹ ɫɤɨɪɨɫɬɶ ɢɧɫɬɪɭɦɟɧɬɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɟɬɚɥɢ (ɜ 

ɞɚɧɧɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ Vɜɪ – const). 

ɉɨɞɫɬɚɜɥɹɹ (3.12) ɜ (3.13), ɩɨɥɭɱɢɦ  
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  (3.14) 

ȼɵɜɨɞɵ.  
1. ɉɨɥɭɱɟɧɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɜɵɪɚɠɟɧɢɟ ɡɚɤɨɧɚ ɢɡɦɟɧɟɧɢɹ ɫɤɨɪɨɫɬɢ 

ɜɨɡɜɪɚɬɧɨ-ɩɨɫɬɭɩɚɬɟɥɶɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɢɫɩɨɥɧɢɬɟɥɶɧɵɯ ɨɪɝɚɧɨɜ ɫɬɚɧɤɨɜ ɫ 

ɝɢɞɪɚɜɥɢɱɟɫɤɢɦ ɩɪɢɜɨɞɨɦ. 

2. ɗɬɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɜɵɪɚɠɟɧɢɟ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɨ ɞɥɹ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɭɫɥɨɜɢɣ ɩɪɨɬɟɤɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɨɛɪɚɛɨɬɤɢ (ɧɚɩɪɢɦɟɪ, ɞɢɧɚɦɢɤɢ 

ɩɪɨɰɟɫɫɨɜ ɮɨɪɦɢɪɨɜɚɧɢɹ ɪɟɝɭɥɹɪɧɨɝɨ ɪɟɥɶɟɮɚ, ɤɚɱɟɫɬɜɚ ɩɨɜɟɪɯɧɨɫɬɢ, ɢɡɧɨɫɚ 

ɢɧɫɬɪɭɦɟɧɬɚ, ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɨɝɪɟɲɧɨɫɬɢ ɨɛɪɚɛɨɬɤɢ ɢ ɬ.ɞ.). 

 

3.2 ɍɪɚɜɧɟɧɢɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɭɫɢɥɢɣ ɩɨ ɞɥɢɧɟ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ 

ɢɧɫɬɪɭɦɟɧɬɚ 

 

Ɋɚɧɟɟ ɨɬɦɟɱɚɥɨɫɶ, ɱɬɨ ɯɚɪɚɤɬɟɪɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɤɨɧɬɚɤɬɢɪɨɜɚɧɢɹ 

ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɫ ɯɨɧɢɧɝɭɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɡɚ ɜɪɟɦɹ ɨɞɧɨɝɨ ɞɜɨɣɧɨɝɨ ɯɨɞɚ 

ɹɜɥɹɟɬɫɹ ɫɥɟɞɭɸɳɟɟ. 

1. ɋɪɟɞɧɹɹ ɱɚɫɬɶ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɜɟɥɢɱɢɧɟ lɛ – l1 – 

l2 ɤɨɧɬɚɤɬɢɪɭɟɬ ɫ ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɩɨɫɬɨɹɧɧɨ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 
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ɜɪɟɦɹ ɤɨɧɬɚɤɬɢɪɨɜɚɧɢɹ ɷɬɨɣ ɱɚɫɬɢ ɱɢɫɥɟɧɧɨ ɪɚɜɧɨ ɜɪɟɦɟɧɢ ɨɞɧɨɝɨ ɞɜɨɣɧɨɝɨ 

ɯɨɞɚ ɢɧɫɬɪɭɦɟɧɬɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɟɬɚɥɢ. 

2. ȼɟɪɯɧɢɟ ɢ ɧɢɠɧɢɟ ɱɚɫɬɢ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ, ɤɨɬɨɪɵɟ ɩɨ ɞɥɢɧɟ ɪɚɜɧɵ, 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɞɥɢɧɟ ɜɟɪɯɧɟɝɨ ɩɟɪɟɛɟɝɚ l1 ɢ ɞɥɢɧɟ ɧɢɠɧɟɝɨ ɩɟɪɟɛɟɝɚ l2, 

ɤɨɧɬɚɤɬɢɪɭɸɬ ɫ ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɞɢɫɤɪɟɬɧɨ. ɉɪɢ ɷɬɨɦ, ɜɪɟɦɹ 

ɤɨɧɬɚɤɬɢɪɨɜɚɧɢɹ ɤɚɠɞɨɝɨ ɷɥɟɦɟɧɬɚɪɧɨɝɨ ɭɱɚɫɬɤɚ ɪɟɠɭɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨ 

ɞɥɢɧɟ l1 ɢ l2 ɪɚɡɥɢɱɧɨ ɢ ɜɨɡɪɚɫɬɚɟɬ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɨɬ ɩɟɪɢɮɟɪɢɢ ɤ ɫɟɪɟɞɢɧɟ 

ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ.  

ɂɡ ɩɭɧɤɬɨɜ 1 ɢ 2 ɫɥɟɞɭɟɬ, ɱɬɨ ɢɦɟɟɬ ɦɟɫɬɨ ɩɟɪɟɦɟɧɧɨɫɬɶ ɩɥɨɳɚɞɢ 

ɤɨɧɬɚɤɬɚ ɪɟɠɭɳɟɝɨ ɷɥɟɦɟɧɬɚ ɫ ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 

ɩɟɪɟɦɟɧɧɨɫɬɶ ɜɨ ɜɪɟɦɟɧɢ ɭɞɟɥɶɧɵɯ ɭɫɢɥɢɣ ɩɨ ɞɥɢɧɟ ɤɨɧɬɚɤɬɢɪɨɜɚɧɢɹ. 

3. ɉɪɢ ɩɨɫɬɭɩɚɬɟɥɶɧɨɦ ɩɟɪɟɦɟɳɟɧɢɢ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɢɯ ɧɢɠɧɹɹ 

ɱɚɫɬɶ ɫɬɚɧɨɜɢɬɫɹ ɮɪɨɧɬɚɥɶɧɨɣ, ɚ ɜɟɪɯɧɹɹ – ɬɵɥɶɧɨɣ, ɢ ɧɚɨɛɨɪɨɬ, ɩɪɢ ɜɨɡɜɪɚɬɧɨɦ 

ɩɟɪɟɦɟɳɟɧɢɢ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɢɯ ɜɟɪɯɧɹɹ ɱɚɫɬɶ ɫɬɚɧɨɜɢɬɫɹ ɮɪɨɧɬɚɥɶɧɨɣ, ɚ 

ɧɢɠɧɹɹ – ɬɵɥɶɧɨɣ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɬɚ ɱɚɫɬɶ, ɤɨɬɨɪɚɹ ɮɭɧɤɰɢɨɧɚɥɶɧɨ ɹɜɥɹɟɬɫɹ 

ɮɪɨɧɬɚɥɶɧɨɣ ɫɭɳɟɫɬɜɟɧɧɨ ɛɨɥɟɟ ɧɚɝɪɭɠɟɧɚ, ɱɟɦ ɬɵɥɶɧɚɹ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɜ 

ɦɨɦɟɧɬ ɪɟɜɟɪɫɚ, ɩɪɨɢɫɯɨɞɢɬ ɡɟɪɤɚɥɶɧɨɟ ɢɡɦɟɧɟɧɢɟ ɨɪɢɟɧɬɚɰɢɢ ɷɩɸɪɵ ɭɞɟɥɶɧɵɯ 

ɭɫɢɥɢɣ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɢ ɪɟɜɟɪɫɟ ɦɝɧɨɜɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɭɫɢɥɢɣ ɧɚ ɷɩɸɪɟ, ɜ 

ɤɚɤɨɣ-ɬɨ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɫɬɚɧɨɜɹɬɫɹ ɪɚɜɧɵɦɢ. 

4. ɉɪɢ ɩɨɞɚɱɟ ɩɨ ɞɚɜɥɟɧɢɸ ɢ ɞɨɡɢɪɨɜɚɧɧɨɣ ɧɟɩɪɟɪɵɜɧɨɣ ɩɨɞɚɱɟ, 

ɜɟɥɢɱɢɧɵ ɭɞɚɥɹɟɦɨɝɨ ɩɪɢɩɭɫɤɚ, ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɡɧɚɱɟɧɢɹ ɭɫɢɥɢɹ ɩɪɢ 

ɩɨɫɬɭɩɚɬɟɥɶɧɨɦ ɩɨɫɬɫɪ
ɭɞɪɚɞP

.

.. ɢ ɜɨɡɜɪɚɬɧɨɦ ɜɨɡɜɫɪ
ɭɞɪɚɞP

.

...  ɩɟɪɟɦɟɳɟɧɢɹɯ, ɨɞɢɧɚɤɨɜɵ. ɉɪɢ 

ɞɨɡɢɪɨɜɚɧɧɨɣ ɠɟ ɞɢɫɤɪɟɬɧɨɣ ɩɨɞɚɱɟ, ɤɨɬɨɪɚɹ ɪɟɚɥɢɡɭɟɬɫɹ ɜ ɤɪɚɣɧɟɦ ɜɟɪɯɧɟɦ 

ɩɨɥɨɠɟɧɢɢ ɢɧɫɬɪɭɦɟɧɬɚ, ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɫɴɟɦɚ ɩɪɢɩɭɫɤɚ ɩɪɢ ɩɨɫɬɭɩɚɬɟɥɶɧɨɦ 

ɩɟɪɟɦɟɳɟɧɢɢ ɫɭɳɟɫɬɜɟɧɧɨ ɜɵɲɟ, ɱɟɦ ɩɪɢ ɜɨɡɜɪɚɬɧɨɦ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɢ 

ɡɧɚɱɟɧɢɹ ɭɫɢɥɢɣ ɡɚ ɜɪɟɦɹ ɩɨɫɬɭɩɚɬɟɥɶɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɫɭɳɟɫɬɜɟɧɧɨ ɛɨɥɶɲɟ, 

ɱɟɦ ɩɪɢ ɜɨɡɜɪɚɬɧɨɦ. 

5. ɍɞɟɥɶɧɵɟ ɭɫɢɥɢɹ ɩɨ ɞɥɢɧɟ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɬɚɤɠɟ ɡɚɜɢɫɹɬ ɨɬ: 

– ɪɟɠɢɦɨɜ ɨɛɪɚɛɨɬɤɢ, ɫ ɢɧɬɟɧɫɢɮɢɤɚɰɢɟɣ ɤɨɬɨɪɵɯ ɜɨɡɪɚɫɬɚɸɬ 

ɚɛɫɨɥɸɬɧɵɟ ɡɧɚɱɟɧɢɹ ɫɢɥ ɪɟɡɚɧɢɹ; 
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– ɫɜɨɣɫɬɜ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢ ɢɫɯɨɞɧɨɝɨ ɫɨɫɬɨɹɧɢɹ 

ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɨɬɜɟɪɫɬɢɹ; 

– ɪɟɠɭɳɢɯ ɫɜɨɣɫɬɜ ɪɚɛɨɱɟɣ ɱɚɫɬɢ ɢɧɫɬɪɭɦɟɧɬɚ; 

– ɩɪɢɦɟɧɹɟɦɨɣ ɋɈɌɋ ɢ ɬ.ɞ. 

Ⱦɚɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɜɥɢɹɧɢɹ ɤɚɠɞɨɝɨ ɢɡ ɷɬɢɯ ɮɚɤɬɨɪɨɜ ɢ ɢɯ 

ɫɨɜɦɟɫɬɧɨɝɨ ɜɥɢɹɧɢɹ ɧɚ ɜɢɞ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɭɫɢɥɢɣ ɩɨ ɞɥɢɧɟ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ 

– ɡɚɞɚɱɚ ɤɪɚɣɧɟ ɫɥɨɠɧɚɹ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, ɜ ɞɚɧɧɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ, ɰɟɥɟɫɨɨɛɪɚɡɧɨ 

ɜɜɟɫɬɢ ɭɫɪɟɞɧɟɧɧɨɟ ɷɤɜɢɜɚɥɟɧɬɧɨɟ ɡɧɚɱɟɧɢɟ ɜɟɥɢɱɢɧɵ ɭɞɟɥɶɧɨɝɨ ɭɫɢɥɢɹ. ɗɬɨ 

ɡɧɚɱɟɧɢɟ, ɜ ɫɚɦɨɦ ɨɛɳɟɦ ɜɢɞɟ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɪɚɞɢɚɥɶɧɵɯ ɩɨɞɚɱ ɛɭɞɟɬ 

ɨɬɥɢɱɚɬɫɹ. ȼ ɱɚɫɬɧɨɫɬɢ, ɩɪɢ ɩɨɞɚɱɟ ɩɨ ɞɚɜɥɟɧɢɸ ɢ ɞɨɡɢɪɨɜɚɧɧɨɣ ɧɟɩɪɟɪɵɜɧɨɣ 

ɪɚɞɢɚɥɶɧɨɣ ɩɨɞɚɱɟ 

   ɪɚɞ
ɩɟɪɛ

ɪ
ɤ
ɛ

ɪcp

ɭɞɪɚɞ SɊ
xllzB

Ɋ
lzB

Ɋ
P .. ;   (3.15) 

ɝɞɟ: Ɋɪ, Ɋ(Sɪɚɞ) – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɭɫɢɥɢɟ ɩɪɢɠɢɦɚ ɪɟɠɭɳɟɝɨ ɷɥɟɦɟɧɬɚ ɤ 

ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ (Ɋ – const) ɢ ɭɞɟɥɶɧɨɟ ɭɫɢɥɢɟ, ɨɩɪɟɞɟɥɹɟɦɨɟ 

ɫɤɨɪɨɫɬɶɸ ɪɚɞɢɚɥɶɧɨɣ ɩɨɞɚɱɢ (ɬɚɛɥ. 19 [49]); 

В – ɲɢɪɢɧɚ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ; 

z – ɱɢɫɥɨ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ; 
ɤ
ɛl  ɢ lɩɟɪ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɬɟɤɭɳɟɟ ɡɧɚɱɟɧɢɟ ɞɥɢɧɵ ɤɨɧɬɚɤɬɚ ɪɟɠɭɳɢɯ 

ɷɥɟɦɟɧɬɨɜ ɫ ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɢ ɜɟɥɢɱɢɧɚ ɩɟɪɟɛɟɝɨɜ, 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɜɪɟɦɟɧɢ ɤɨɧɬɚɤɬɢɪɨɜɚɧɢɹ ɷɥɟɦɟɧɬɚɪɧɵɯ ɭɱɚɫɬɤɨɜ ɩɨ ɞɥɢɧɟ 

ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɡɚ ɨɞɢɧ ɞɜɨɣɧɨɣ ɯɨɞ. 

ɇɚ ɪɢɫ. 3.3 ɩɪɢɜɟɞɟɧɚ ɫɯɟɦɚ ɤɨɧɬɚɤɬɢɪɨɜɚɧɢɹ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɫ 

ɯɨɧɢɧɝɭɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɡɚ ɜɪɟɦɹ ɨɞɧɨɝɨ ɞɜɨɣɧɨɝɨ ɯɨɞɚ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 

ɮɨɪɦɚɥɶɧɵɟ ɝɪɚɮɢɤɢ ɢɡɦɟɧɟɧɢɹ ɪɚɞɢɚɥɶɧɵɯ ɫɢɥ ɜɨ ɜɪɟɦɟɧɢ ɢ ɩɨ ɞɥɢɧɟ 

ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ. 

ɇɟɨɛɯɨɞɢɦɨ ɡɚɩɢɫɚɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɜɵɪɚɠɟɧɢɟ, ɷɤɜɢɜɚɥɟɧɬɧɨɟ 

ɝɪɚɮɢɤɚɦ ɧɚ ɪɢɫ. 3.3 ɞ. ɉɪɢ ɷɬɨɦ, ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɬɟ ɠɟ ɩɪɢɟɦɵ ɢ 

ɞɨɩɭɳɟɧɢɹ, ɱɬɨ ɢ ɜ ɩɚɪɚɝɪɚɮɟ 3.1. Ɂɞɟɫɶ, ɜ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɨɣ, ɩɪɢɦɟɦ ɮɭɧɤɰɢɸ 

ɤɨɫɢɧɭɫɚ 
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  12

1

coslimlim   n

knkn
tAy  ,     (3.16) 

ɝɪɚɮɢɤɢ ɤɨɬɨɪɨɣ ɩɪɢ n =  k = 1 ɢ n =  k = 300 (ɤɨɪɧɸ ɭɪɚɜɧɟɧɢɹ (3.7)) ɩɪɢɜɟɞɟɧɵ 

ɧɚ  

ɪɢɫ. 3.4. 

 
Ɋɢɫ. 3.3. Ƚɪɚɮɢɤɢ ɢɡɦɟɧɟɧɢɹ ɪɚɞɢɚɥɶɧɨɝɨ ɭɫɢɥɢɹ ɪɟɡɚɧɢɹ ɜ ɫɟɦɢ 

ɮɢɤɫɢɪɨɜɚɧɧɵɯ ɢ ɪɚɜɧɨɭɞɚɥɟɧɧɵɯ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɩɨ ɞɥɢɧɟ ɪɟɠɭɳɟɝɨ ɷɥɟɦɟɧɬɚ 
ɬɨɱɤɚɯ (ɞ) ɢ ɫɯɟɦɵ ɜɡɚɢɦɧɨɝɨ ɪɚɫɩɨɥɨɠɟɧɢɹ (ɤɨɧɬɚɤɬɢɪɨɜɚɧɢɹ) ɪɟɠɭɳɟɝɨ 

ɷɥɟɦɟɧɬɚ ɢ ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɡɚ ɜɪɟɦɹ ɨɞɧɨɝɨ ɞɜɨɣɧɨɝɨ ɯɨɞɚ (ɚ, ɛ, 
ɜ ɢ ɝ). 

 

ȿɫɥɢ ɩɟɪɟɦɟɫɬɢɬɶ ɥɨɦɚɧɧɵɣ ɝɪɚɮɢɤ ɧɚ ɪɢɫ. 3.4 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɨ ɨɫɢ 

ɚɛɫɰɢɫɫ ɧɚ ɜɟɥɢɱɢɧɭ tɰ/2, ɚ ɩɨ ɨɫɢ ɨɪɞɢɧɚɬ – ɧɚ ɟɞɢɧɢɰɭ ɢ ɩɪɢ ɷɬɨɦ ɡɧɚɱɟɧɢɟ 

ɨɪɞɢɧɚɬɵ ɝɪɚɮɢɤɚ ɭɦɟɧɶɲɢɬɶ ɜ ɞɜɚ ɪɚɡɚ, ɬɨ ɭɪɚɜɧɟɧɢɟ (16) ɢɡɦɟɧɢɬɫɹ 

ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ 
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  12

1

2
cos1

2

n
ɰt

t
A

y      (3.17) 

ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɝɪɚɮɢɤ ɧɚ ɪɢɫ. 3.4 ɬɪɚɧɫɮɨɪɦɢɪɭɟɬɫɹ ɜ ɜɢɞ ɝɪɚɮɢɤɚ ɧɚ ɪɢɫ. 

3.5. Ɂɞɟɫɶ, ɞɥɹ ɭɞɨɛɫɬɜɚ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ, ɩɨɥɨɠɢɦ 1
2

..  cp

ɭɞɪɚɞP
А

 

 

 
Ɋɢɫ. 3.4 ɍɪɚɜɧɟɧɢɟ ɢ ɝɪɚɮɢɤɢ ɢɫɯɨɞɧɨɣ ɮɭɧɤɰɢɢ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɢɡɦɟɧɟɧɢɹ 

ɜɨ ɜɪɟɦɟɧɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɪɚɞɢɚɥɶɧɵɯ ɫɢɥ ɩɨ ɞɥɢɧɟ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ 

 

 

 
Ɋɢɫ. 3.5. ɋɤɨɪɪɟɤɬɢɪɨɜɚɧɧɵɣ ɩɪɨɦɟɠɭɬɨɱɧɵɣ ɜɢɞ ɝɪɚɮɢɤɚ ɢɫɯɨɞɧɨɣ ɮɭɧɤɰɢɢ 

ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɢɡɦɟɧɟɧɢɹ ɜɨ ɜɪɟɦɟɧɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɪɚɞɢɚɥɶɧɵɯ ɫɢɥ ɩɨ 
ɞɥɢɧɟ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ 
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ɇɚ ɩɪɢɜɟɞɟɧɧɵɯ ɝɪɚɮɢɤɚɯ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ t = π ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɪɟɜɟɪɫ 

ɜɨɡɜɪɚɬɧɨ-ɩɨɫɬɭɩɚɬɟɥɶɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ. ɉɪɢ ɷɬɨɦ, ɫ ɭɱɟɬɨɦ ɩ.4 ɞɚɧɧɨɝɨ 

ɩɚɪɚɝɪɚɮɚ, ɢɦɟɟɬ ɦɟɫɬɨ ɫɥɟɞɭɸɳɟɟ. 

Ɍɵɥɶɧɵɟ ɢ ɮɪɨɧɬɚɥɶɧɵɟ ɱɚɫɬɢ ɮɭɧɤɰɢɨɧɚɥɶɧɨ ɦɟɧɹɸɬɫɹ ɦɟɫɬɚɦɢ. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɫ ɭɱɟɬɨɦ ɷɬɨɝɨ, ɧɟɨɛɯɨɞɢɦɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɤɨɪɪɟɤɬɢɪɨɜɤɚ 

ɝɪɚɮɢɤɚ ɧɚ ɪɢɫ. 3.5. ɂɧɵɦɢ ɫɥɨɜɚɦɢ, ɞɥɹ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɪɟɠɭɳɟɝɨ ɷɥɟɦɟɧɬɚ, 

ɤɨɬɨɪɚɹ ɮɭɧɤɰɢɨɧɚɥɶɧɨ ɫɬɚɧɨɜɢɬɫɹ ɮɪɨɧɬɚɥɶɧɨɣ ɩɪɢ ɜɨɡɜɪɚɬɧɨɦ ɞɜɢɠɟɧɢɢ 

ɜɜɟɪɯ, ɭɫɢɥɢɟ ɧɚ ɭɱɚɫɬɤɟ ɝɪɚɮɢɤɚ ɨɬ π ɞɨ 3π/2 ɞɨɥɠɧɨ ɛɵɬɶ ɛɨɥɶɲɢɦ, ɱɟɦ ɧɚ 

ɭɱɚɫɬɤɟ ɨɬ π/2 ɞɨ π, ɚ ɞɥɹ ɧɢɠɧɟɣ, ɤɨɬɨɪɚɹ ɫɬɚɧɨɜɢɬɫɹ ɮɪɨɧɬɚɥɶɧɨɣ ɩɪɢ 

ɩɨɫɬɭɩɚɬɟɥɶɧɨɦ ɞɜɢɠɟɧɢɢ ɜɧɢɡ, – ɧɚɨɛɨɪɨɬ. 

Ⱦɥɹ ɭɱɟɬɚ ɷɬɨɝɨ ɜɜɟɞɟɦ ɤɨɪɪɟɤɬɢɪɭɸɳɭɸ ɮɭɧɤɰɢɸ  
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1

11
2

sin
n

ɰt
tАy  ,    (3.18) 

ɝɪɚɮɢɤ ɤɨɬɨɪɨɣ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫ. 3.6. 

ɗɬɭ ɮɭɧɤɰɢɸ ɭɦɧɨɠɢɦ ɧɚ ɜɬɨɪɨɣ ɫɨɦɧɨɠɢɬɟɥɶ ɮɭɧɤɰɢɢ (3.17) ɢ 

ɪɟɡɭɥɶɬɚɬ ɫɥɨɠɢɦ ɫ ɩɨɫɥɟɞɧɟɣ.  

 
Ɋɢɫ. 3.6. Ƚɪɚɮɢɤ ɤɨɪɪɟɤɬɢɪɭɸɳɟɣ ɮɭɧɤɰɢɣ, ɭɱɢɬɵɜɚɸɳɢɯ ɢɡɦɟɧɟɧɢɟ 
ɜɟɥɢɱɢɧɵ ɭɫɢɥɢɣ ɪɟɡɚɧɢɹ  ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɧɚɩɪɚɜɥɟɧɢɹ ɢɯ ɞɜɢɠɟɧɢɹ 

 

Ⱦɚɥɟɟ ɜɜɟɞɟɦ ɜɬɨɪɭɸ ɤɨɪɪɟɤɬɢɪɭɸɳɭɸ ɮɭɧɤɰɢɸ ɢɞɟɧɬɢɱɧɭɸ ɮɭɧɤɰɢɢ 

(3.18)  
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ɝɪɚɮɢɤ ɤɨɬɨɪɨɣ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫ. 3.7, ɤɨɬɨɪɭɸ ɬɚɤ ɠɟ ɭɦɧɨɠɢɦ ɧɚ ɜɬɨɪɨɣ 

ɫɨɦɧɨɠɢɬɟɥɶ ɮɭɧɤɰɢɢ (3.17) ɢ ɪɟɡɭɥɶɬɚɬ ɫɥɨɠɢɦ ɫ ɩɨɫɥɟɞɧɟɣ ɫɭɦɦɨɣ.  

 

 
Ɋɢɫ. 3.7. Ƚɪɚɮɢɤ ɤɨɪɪɟɤɬɢɪɭɸɳɟɣ ɮɭɧɤɰɢɢ, ɭɱɢɬɵɜɚɸɳɢɣ ɢɡɦɟɧɟɧɢɟ 
ɜɟɥɢɱɢɧɵ ɭɫɢɥɢɣ ɪɟɡɚɧɢɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɨɬɧɨɲɟɧɢɹ ɭɞɚɥɹɟɦɨɝɨ 

ɩɪɢɩɭɫɤɚ ɩɪɢ ɜɨɡɜɪɚɬɧɨɦ ɢ ɩɨɫɬɭɩɚɬɟɥɶɧɨɦ ɩɟɪɟɦɟɳɟɧɢɹɯ ɢɧɫɬɪɭɦɟɧɬɚ ɩɪɢ 
ɯɨɧɢɧɝɨɜɚɧɢɢ ɫ ɞɨɡɢɪɨɜɚɧɧɨɣ ɞɢɫɤɪɟɬɧɨɣ ɪɚɞɢɚɥɶɧɨɣ ɩɨɞɚɱɟɣ ɪɟɚɥɢɡɭɟɦɨɣ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜ ɤɪɚɣɧɢɯ ɜɟɪɯɧɟɦ ɩɨɥɨɠɟɧɢɢ 
 

ȼ ɫɥɭɱɚɟ ɪɟɚɥɢɡɚɰɢɢ ɞɨɡɢɪɨɜɚɧɧɨɣ ɩɨɞɚɱɢ ɜ ɤɪɚɣɧɟɦ ɧɢɠɧɟɦ ɩɨɥɨɠɟɧɢɢ 

ɮɭɧɤɰɢɹ (3.19) ɢɡɦɟɧɢɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ  
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ɝɪɚɮɢɤ ɤɨɬɨɪɨɣ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫ. 3.8. 

Ɂɞɟɫɶ ɧɟɨɛɯɨɞɢɦɨ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɜɪɟɦɹ ɤɨɧɬɚɤɬɢɪɨɜɚɧɢɹ ɤɚɠɞɨɝɨ 

ɷɥɟɦɟɧɬɚɪɧɨɝɨ ɭɱɚɫɬɤɚ ɪɟɠɭɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚ ɭɱɚɫɬɤɚɯ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 

ɡɧɚɱɟɧɢɹɦ ɩɟɪɟɛɟɝɨɜ l1 ɢ l2 ɪɚɡɥɢɱɧɨ ɢ ɜɨɡɪɚɫɬɚɟɬ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɨɬ ɩɟɪɢɮɟɪɢɢ ɤ 

ɫɟɪɟɞɢɧɟ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ. Ⱦɥɹ ɭɱɟɬɚ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɜɜɟɫɬɢ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɤɨɪɪɟɤɬɢɪɨɜɨɱɧɭɸ ɮɭɧɤɰɢɸ ɜ ɭɪɚɜɧɟɧɢɹ (3.17 – 3.20). Ɂɞɟɫɶ, 

ɷɬɨ ɧɚɢɛɨɥɟɟ ɭɞɨɛɧɨ ɨɫɭɳɟɫɬɜɢɬɶ ɩɨɫɪɟɞɫɬɜɨɦ ɡɚɦɟɧɵ ɩɨɫɬɨɹɧɧɨɣ ɜɟɥɢɱɢɧɵ ω 
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ɧɚ ɩɟɪɟɦɟɧɧɭɸ ɜɟɥɢɱɢɧɭ ω1, ɤɨɬɨɪɚɹ ɮɭɧɤɰɢɨɧɚɥɶɧɨ ɫɜɹɡɚɧɚ ɫ ɜɪɟɦɟɧɟɦ 

ɤɨɧɬɚɤɬɢɪɨɜɚɧɢɹ ɷɥɟɦɟɧɬɚɪɧɵɯ ɭɱɚɫɬɤɨɜ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɩɨ ɢɯ ɞɥɢɧɟ.  

 
Ɋɢɫ. 3.8. Ƚɪɚɮɢɤɢ ɤɨɪɪɟɤɬɢɪɭɸɳɟɣ ɮɭɧɤɰɢɢ, ɭɱɢɬɵɜɚɸɳɢɣ ɢɡɦɟɧɟɧɢɟ 
ɜɟɥɢɱɢɧɵ ɭɫɢɥɢɣ ɪɟɡɚɧɢɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɨɬɧɨɲɟɧɢɹ ɭɞɚɥɹɟɦɨɝɨ 

ɩɪɢɩɭɫɤɚ ɩɪɢ ɜɨɡɜɪɚɬɧɨɦ ɢ ɩɨɫɬɭɩɚɬɟɥɶɧɨɦ ɩɟɪɟɦɟɳɟɧɢɹɯ ɢɧɫɬɪɭɦɟɧɬɚ ɩɪɢ 
ɯɨɧɢɧɝɨɜɚɧɢɢ ɫ ɞɨɡɢɪɨɜɚɧɧɨɣ ɞɢɫɤɪɟɬɧɨɣ ɪɚɞɢɚɥɶɧɨɣ ɩɨɞɚɱɟɣ ɪɟɚɥɢɡɭɟɦɨɣ ɜ 

ɤɪɚɣɧɢɯ ɧɢɠɧɟɦ ɩɨɥɨɠɟɧɢɢ ɢɧɫɬɪɭɦɟɧɬɚ 

 

Ɉɬɦɟɬɢɦ, ɱɬɨ ɧɚ ɝɪɚɮɢɤɚɯ ɪɢɫ.3.3 ɞ ɮɢɤɫɢɪɨɜɚɧɧɵɟ ɦɨɦɟɧɬɵ ɜɪɟɦɟɧɢ t0 

ɢ t6 ɩɨ ɨɫɢ t ɫɨɨɬɜɟɬɫɬɜɭɸɬ: 

– t0 ɢ t6 ɦɚɤɫɢɦɚɥɶɧɨɦɭ ɡɧɚɱɟɧɢɸ ɩɟɪɟɛɟɝɚ l1 ɩɪɢ ɩɨɫɬɭɩɚɬɟɥɶɧɨɦ ɢ ɩɪɢ 

ɜɨɡɜɪɚɬɧɨɦ ɩɟɪɟɦɟɳɟɧɢɹɯ ɢɧɫɬɪɭɦɟɧɬɚ (ɤɪɚɣɧɟɟ ɜɟɪɯɧɟɟ ɩɨɥɨɠɟɧɢɟ 

ɢɧɫɬɪɭɦɟɧɬɚ, ɦɨɦɟɧɬ ɜɟɪɯɧɟɝɨ ɪɟɜɟɪɫɚ); 

– t1 ɢ t5 ɧɭɥɟɜɨɦɭ ɡɧɚɱɟɧɢɸ ɩɟɪɟɛɟɝɚ l1 (ɦɨɦɟɧɬɵ ɧɚɱɚɥɚ ɢ ɨɤɨɧɱɚɧɢɹ 

ɤɨɧɬɚɤɬɚ ɩɨ ɜɫɟɣ ɞɥɢɧɟ ɪɟɠɭɳɟɝɨ ɷɥɟɦɟɧɬɚ ɩɪɢ ɩɨɫɬɭɩɚɬɟɥɶɧɨɦ ɢ ɜɨɡɜɪɚɬɧɨɦ 

ɩɟɪɟɦɟɳɟɧɢɹɯ); 

– t2 ɢ t4, ɧɭɥɟɜɨɦɭ ɡɧɚɱɟɧɢɸ ɩɟɪɟɛɟɝɚ l2 (ɦɨɦɟɧɬɵ ɨɤɨɧɱɚɧɢɹ ɢ ɧɚɱɚɥɚ 

ɤɨɧɬɚɤɬɚ ɩɨ ɜɫɟɣ ɞɥɢɧɟ ɪɟɠɭɳɟɝɨ ɷɥɟɦɟɧɬɚ ɩɪɢ ɩɨɫɬɭɩɚɬɟɥɶɧɨɦ ɢ ɜɨɡɜɪɚɬɧɨɦ 

ɩɟɪɟɦɟɳɟɧɢɹɯ); 

– t3, ɦɚɤɫɢɦɚɥɶɧɨɦɭ ɡɧɚɱɟɧɢɸ ɩɟɪɟɛɟɝɚ l2 (ɤɪɚɣɧɟɟ ɧɢɠɧɟɟ ɩɨɥɨɠɟɧɢɟ 

ɢɧɫɬɪɭɦɟɧɬɚ, ɦɨɦɟɧɬ ɧɢɠɧɟɝɨ ɪɟɜɟɪɫɚ).  

Ɂɚɩɢɲɟɦ ɡɧɚɱɟɧɢɹ ɷɬɢɯ ɜɪɟɦɟɧ. 
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t0 =  0; 

t1 =  l1/Vɜ.ɩ.;   ɩɜɛɞ Vlllt .12  ; 

  ɩɜɛɞ Vllllt .213  ; 

  ɩɜɛɞ Vllllt .214 2 ; 

  ɩɜɛɞ Vllllt .215 222  ;   ɰɩɜɛɪɞ TVlllltt  .2136 22 . 

(3.21) 

Ɍɨɝɞɚ ɢɫɤɨɦɨɟ ɜɪɟɦɹ ɤɨɧɬɚɤɬɢɪɨɜɚɧɢɹ (ɩɨɥɨɠɢɬɟɥɶɧɚɹ ɱɚɫɬɶ ɝɪɚɮɢɤɚ ɩɨ 

ɨɫɢ t) ɞɥɹ ɬɨɱɟɤ 1 – 4 ɛɭɞɟɬ ɪɚɜɧɨ: 
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, (3.22) 

ɝɞɟ ɯ0 – ɮɢɤɫɢɪɨɜɚɧɧɵɟ ɡɧɚɱɟɧɢɹ ɤɨɨɪɞɢɧɚɬɵ ɩɨ ɞɥɢɧɟ ɪɟɠɭɳɟɝɨ 

ɷɥɟɦɟɧɬɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜ ɬɨɱɤɚɯ 1 (0), 2 (ɯ0), 3 (2ɯ0) ɢ ɬ.ɞ.  

ɏɚɪɚɤɬɟɪ ɤɨɧɬɚɤɬɢɪɨɜɚɧɢɹ ɪɟɠɭɳɟɝɨ ɷɥɟɦɟɧɬɚ ɫ ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ 

ɩɨɜɟɪɯɧɨɫɬɶɸ ɩɨ ɟɝɨ ɞɥɢɧɟ ɨɬ ɬɨɱɤɢ 1 ɞɨ ɬɨɱɤɢ 4 ɢ ɨɬ ɬɨɱɤɢ 7 ɞɨ ɬɨɱɤɢ 4 

ɡɟɪɤɚɥɶɧɨ ɢɞɟɧɬɢɱɟɧ. ɂɡ ɷɬɨɝɨ ɫɥɟɞɭɟɬ, ɱɬɨ ɫ ɰɟɥɶɸ ɭɩɪɨɳɟɧɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɩɪɢ ɞɚɥɶɧɟɣɲɟɦ ɪɚɫɫɦɨɬɪɟɧɢɟ ɩɪɨɰɟɫɫɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 

ɪɟɠɭɳɟɝɨ ɷɥɟɦɟɧɬɚ ɫ ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɦɨɠɧɨ ɨɝɪɚɧɢɱɢɬɶɫɹ 

ɬɨɥɶɤɨ ɜɟɪɯɧɟɣ ɩɨɥɨɜɢɧɨɣ ɪɟɠɭɳɟɝɨ ɷɥɟɦɟɧɬɚ (ɬɨɱɤɢ 1 ÷ 4), ɚ ɪɟɡɭɥɶɬɚɬɵ 

ɪɚɫɫɦɨɬɪɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɨɛɪɚɡɨɦ (ɡɟɪɤɚɥɶɧɨ) ɩɪɢɦɟɧɢɬɶ ɞɥɹ ɧɢɠɧɟɣ 

ɩɨɥɨɜɢɧɵ ɪɟɠɭɳɟɝɨ ɷɥɟɦɟɧɬɚ. 

ɋ ɭɱɟɬɨɦ ɢɡɥɨɠɟɧɧɨɝɨ ɜɵɲɟ ɢ ɩɪɢ ɭɫɥɨɜɢɢ ɡɚɦɟɧɵ ɮɢɤɫɢɪɨɜɚɧɧɵɯ 

ɡɧɚɱɟɧɢɣ ɤɨɨɪɞɢɧɚɬ ɩɨ ɞɥɢɧɟ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɯ0, 2ɯ0 ɢ ɬ.ɞ. ɧɚ ɧɟɩɪɟɪɵɜɧɨ 

ɢɡɦɟɧɹɸɳɭɸɫɹ ɤɨɨɪɞɢɧɚɬɭ ɯ, ɡɚɩɢɲɟɦ 

)(2
))((

2

21

1
txlll

llll
txc

ɛɞ

ɛɞ 



      (3.23) 

ɝɞɟ: ɞɪɨɛɶ ɜ ɩɪɚɜɨɣ ɱɚɫɬɢ ɪɚɜɧɚ ɨɬɧɨɲɟɧɢɸ ɜɪɟɦɟɧ, ɩɪɢ ɤɨɬɨɪɵɯ Ɋ > 0 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜ ɱɢɫɥɢɬɟɥɟ ɧɚ ɝɪɚɮɢɤɚɯ 1, 2, 3 ɢ 4 ɪɢɫ. 3.3 ɞ ɢ ɜ 

ɡɧɚɦɟɧɚɬɟɥɟ ɧɚ ɝɪɚɮɢɤɟ ɪɢɫ. 3.5. 

ɋ ɭɱɟɬɨɦ ɨɫɧɨɜɧɨɣ ɮɭɧɤɰɢɢ (3.17), ɤɨɪɪɟɤɬɢɪɭɸɳɢɯ ɮɭɧɤɰɢɣ (3.18, 3.19 

ɢ 3.20) ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɢ ɡɚɦɟɧ, ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ 
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     mmcp

ɭɞɪɚɞp tktPɊ 1111. sin1cos1      (3.24) 

ɝɞɟ: 21 AAk  ; 
2

1

ɰt
tt  ; 

12

1


n

m . 

Ɋɟɡɭɥɶɬɢɪɭɸɳɟɟ ɡɧɚɱɟɧɢɟ ɫɢɥ ɪɟɡɚɧɢɹ, ɤɨɬɨɪɨɟ ɨɩɪɟɞɟɥɹɟɬ ɡɧɚɱɟɧɢɟ 

ɪɚɛɨɬɵ ɫɢɥ ɪɟɡɚɧɢɹ, ɡɚɩɢɲɟɬɫɹ ɬɚɤ 

22

ɨɤɪɨɪ ffɊP   ɢɥɢ     (3.25) 

      22

1111. sin1cos1 ɨɤɪɨ
mmcp

ɭɞɪɚɞ fftktPP     (3.26) 

ɝɞɟ: fo ɢ fɨɤɪ – ɤɨɷɮɮɢɰɢɟɧɬɵ ɬɪɟɧɢɹ-ɰɚɪɚɩɚɧɢɹ (ɬɚɛɥ. 3.8 Д65Ж) ɜ ɨɫɟɜɨɦ ɢ 

ɨɤɪɭɠɧɨɦ (ɬɚɧɝɟɧɰɢɚɥɶɧɨɦ) ɧɚɩɪɚɜɥɟɧɢɹɯ. 

ȼɵɜɨɞ. ɉɨɥɭɱɟɧɨ ɭɪɚɜɧɟɧɢɟ, ɤɨɬɨɪɨɟ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɹɬɶ ɯɚɪɚɤɬɟɪ 

ɢɡɦɟɧɟɧɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɭɞɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ ɩɨ ɞɥɢɧɟ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɡɚ 

ɜɪɟɦɹ ɨɞɧɨɝɨ ɞɜɨɣɧɨɝɨ ɯɨɞɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɚɪɚɦɟɬɪɨɜ ɧɚɥɚɞɤɢ ɧɚ ɨɩɟɪɚɰɢɹɯ 

ɯɨɧɢɧɝɨɜɚɧɢɹ. 

ɉɨɞɫɬɚɜɥɹɹ ɡɧɚɱɟɧɢɹ Ɋ ɢɡ (3.26) ɢ V ɢɡ (3.14) ɜ (3.1), ɩɨɥɭɱɢɦ 
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    (3.27) 

Ɂɚɦɟɬɢɦ, ɱɬɨ, ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɢ η ɜ ɷɬɨɦ ɭɪɚɜɧɟɧɢɢ 

ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧ ɱɟɪɟɡ ɜɟɥɢɱɢɧɭ ɭɞɟɥɶɧɨɝɨ ɢɡɧɨɫɚ ɚɥɦɚɡɨɧɨɫɧɨɝɨ ɫɥɨɹ, 

ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ, ɢ ɞɥɹ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ 

ɨɩɟɪɚɰɢɣ ɩɨ ɯɨɧɢɧɝɨɜɚɧɢɸ ɩɪɢɜɨɞɢɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɫɩɪɚɜɨɱɧɢɤɚɯ. 

Ʉɨɷɮɮɢɰɢɟɧɬ 21 AAk   ɬɚɤɠɟ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ. 

ɇɚɩɪɢɦɟɪ, ɟɫɥɢ ɡɚɮɢɤɫɢɪɨɜɚɬɶ (ɢɡɜɟɫɬɧɵɦɢ ɦɟɬɨɞɚɦɢ, ɧɚɩɪɢɦɟɪ, ɩɨɫɪɟɞɫɬɜɨɦ 

ɬɟɧɡɨɦɟɬɪɢɱɟɫɤɢɯ ɞɚɬɱɢɤɨɜ) ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɹ ɨɫɟɜɨɝɨ ɭɫɢɥɢɹ ɩɪɢ 

ɩɨɫɬɭɩɚɬɟɥɶɧɨɦ ɢ ɜɨɡɜɪɚɬɧɨɦ ɩɟɪɟɦɟɳɟɧɢɹɯ ɜ ɩɪɨɰɟɫɫɟ ɨɛɪɚɛɨɬɤɢ ɤɨɧɤɪɟɬɧɨɣ 

ɞɟɬɚɥɢ ɢ, ɞɚɥɟɟ, ɪɚɡɞɟɥɢɬɶ ɦɟɧɶɲɟɟ ɡɧɚɱɟɧɢɟ ɧɚ ɛɨɥɶɲɟɟ, ɢ ɭɦɧɨɠɢɬɶ ɧɚ 

ɜɟɥɢɱɢɧɭ cp

ɭɞɪɚɞP . , ɬɨ ɩɨɥɭɱɢɦ ɜɟɥɢɱɢɧɵ ɚɦɩɥɢɬɭɞ Ⱥ2 ɤɨɪɪɟɤɬɢɪɭɸɳɢɯ ɮɭɧɤɰɢɣ 

3.19 ɢ 3.20. Ⱥɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɜɟɥɢɱɢɧɭ Ⱥ1. 

 



  62 
 

3.3 ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɧɚɥɚɞɤɢ ɧɚ ɬɟɦɩ ɢɡɧɨɫɚ ɪɟɠɭɳɢɯ 
ɷɥɟɦɟɧɬɨɜ ɩɨ ɢɯ ɞɥɢɧɟ ɩɪɢ ɯɨɧɢɧɝɨɜɚɧɢɢ. 

 

Ɋɹɞ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ, ɜɯɨɞɹɳɢɯ ɜ ɭɪɚɜɧɟɧɢɟ (3.27) ɩɪɢɦɟɦ 

ɢɞɟɧɬɢɱɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦ, ɤɨɬɨɪɵɟ ɩɪɢɜɟɞɟɧɵ ɜ ɪɚɛɨɬɚɯ [38, 41, 42, 52, 53, 54, 

63, 64] ɞɥɹ ɨɩɟɪɚɰɢɢ ɯɨɧɢɧɝɨɜɚɧɢɹ. ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɜɨɫɩɨɥɶɡɭɟɦɫɹ 

ɪɟɡɭɥɶɬɚɬɚɦɢ, ɩɪɢɜɟɞɟɧɧɵɦɢ ɜ ɪɚɛɨɬɟ [46] ɞɥɹ ɞɟɬɚɥɢ ɝɢɞɪɨɚɩɩɚɪɚɬɭɪɵ, ɚ 

ɢɦɟɧɧɨ «ɤɥɚɩɚɧɧɨɣ ɤɨɪɨɛɤɢ». 

ɂɬɚɤ: D = 31ɦɦ; lɞ = 50ɦɦ; ɪɭɞ = 3,5 ɤɝ/ɫɦ2; ɛɪɭɫɤɢ 6ɯ4ɯ1ɯ40 ȺɋɆ40 Ɇ1 –

100; z = 6; Vɜɩ = 13,2 ɦ/ɦɢɧ; Vɨ = 30,2 ɦ/ɦɢɧ. Ʉɨɷɮɮɢɰɢɟɧɬɵ fo = 0,58 ɢ fɨɤɪ = 0, 

36 (ɬɚɛɥ. 3.8 Д65Ж). Ⱥɦɩɥɢɬɭɞɵ ɤɨɪɪɟɤɬɢɪɭɸɳɢɯ ɮɭɧɤɰɢɣ Ⱥ1 ɢ Ⱥ2 ɨɩɪɟɞɟɥɢɦ ɜ 

ɩɪɨɰɟɧɬɧɨɦ ɨɬɧɨɲɟɧɢɢ ɨɬ cp

ɭɞɪɚɞP .  ɢ ɭɫɥɨɜɧɨ, ɞɥɹ ɭɞɨɛɫɬɜɚ ɪɚɫɱɟɬɨɜ, ɩɨɥɨɠɢɦ Ⱥ1 

= 0,67 ∙ cp

ɭɞɪɚɞP . , Ⱥ2 = 0,27 ∙ cp

ɭɞɪɚɞP . . ȼ ɩɨɫɥɟɞɭɸɳɢɯ ɪɚɫɱɟɬɚɯ, ɩɨɥɨɠɢɦ ɬɚɤ ɠɟ ɜɦɟɫɬɨ 

ɪɭɞ = 3,5 ɤɝ/ɫɦ2, ɪɭɞ = 6 ɤɝ/ɫɦ2 (ɪɟɤɨɦɟɧɞɭɟɦɵɟ ɡɧɚɱɟɧɢɹ 4 ÷ 6 ɤɝ/ɫɦ2 ɞɥɹ Ø20 ÷ 50 

ɦɦ (ɬɚɛɥ. 19 [42]). 

ɂɧɬɟɝɪɢɪɨɜɚɧɢɟ ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɱɢɫɥɟɧɧɵɦɢ ɦɟɬɨɞɚɦɢ, ɩɨɫɪɟɞɫɬɜɨɦ 

ɬɚɛɥɢɱɧɨɝɨ ɩɪɨɰɟɫɫɨɪɚ MS EXEL. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɡɞɟɫɶ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 

ɜɢɞɟ ɝɪɚɮɢɤɨɜ ɧɚ ɪɢɫ. 3.7 ÷ 3.11.  

ɉɪɢ ɪɚɫɱɟɬɟ ɢɡɧɨɫɚ ɩɨ ɞɥɢɧɟ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɜ ɫɥɭɱɚɟ ɩɨɞɚɱɢ ɩɨ 

ɞɚɜɥɟɧɢɸ ɪɚɫɫɱɢɬɵɜɚɥɫɹ ɩɪɨɮɢɥɶ ɬɨɥɶɤɨ ɜɟɪɯɧɟɣ ɩɨɥɨɜɢɧɵ ɪɟɠɭɳɟɝɨ ɷɥɟɦɟɧɬɚ, 

ɚ ɪɟɡɭɥɶɬɚɬɵ ɩɟɪɟɧɨɫɢɥɢɫɶ ɡɟɪɤɚɥɶɧɨ ɧɚ ɧɢɠɧɸɸ ɩɨɥɨɜɢɧɭ. ɗɬɨ ɰɟɥɟɫɨɨɛɪɚɡɧɨ 

ɩɨɫɤɨɥɶɤɭ ɢɦɟɟɬ ɦɟɫɬɨ ɫɨɦɨɭɫɬɚɧɨɜɥɟɧɢɟ ɛɪɭɫɤɚ ɩɨ ɞɥɢɧɟ ɤɨɧɬɚɤɬɚ ɫ 

ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ ɞɟɬɚɥɶɸ.  

ɉɪɢ ɪɚɫɱɟɬɟ ɢɡɧɨɫɚ ɩɨ ɞɥɢɧɟ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɜ ɫɥɭɱɚɟ ɞɢɫɤɪɟɬɧɨɣ 

ɞɨɡɢɪɨɜɚɧɧɨɣ ɩɨɞɚɱɢ ɪɚɫɫɱɢɬɵɜɚɥɫɹ ɨɬɞɟɥɶɧɨ ɩɪɨɮɢɥɶ ɜɟɪɯɧɟɣ ɡɚɛɨɪɧɨɣ ɱɚɫɬɢ 

ɪɟɠɭɳɟɝɨ ɷɥɟɦɟɧɬɚ ɢ ɨɬɞɟɥɶɧɨ – ɩɪɨɮɢɥɶ ɧɢɠɧɟɣ ɡɚɛɨɪɧɨɣ ɱɚɫɬɢ (ɧɚ ɪɢɫ 3.9 ÷ 

3.10, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɥɟɜɵɟ ɢ ɩɪɚɜɵɟ ɝɪɚɮɢɤɢ). ɉɪɢ ɷɬɨɦ ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ ɩɪɢ 

ɪɚɫɱɟɬɟ ɩɪɨɮɢɥɹ ɜɟɪɯɧɟɣ ɡɚɛɨɪɧɨɣ ɱɚɫɬɢ ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɜ ɩɪɟɞɟɥɚɯ ɜɬɨɪɨɝɨ 

ɩɨɥɭɩɟɪɢɨɞɚ ɰɢɤɥɚ ɜɨɡɜɪɚɬɧɨ-ɩɨɫɬɭɩɚɬɟɥɶɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 

ɩɪɢ ɪɚɫɱɟɬɟ ɩɪɨɮɢɥɹ ɧɢɠɧɟɣ ɡɚɛɨɪɧɨɣ ɱɚɫɬɢ – ɜ ɩɪɟɞɟɥɚɯ ɩɟɪɜɨɝɨ ɩɨɥɭɩɟɪɢɨɞɚ 
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ɰɢɤɥɚ. ɗɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɬɟɦ, ɱɬɨ, ɜɨ-ɩɟɪɜɵɯ, ɩɪɢ ɞɨɡɢɪɨɜɚɧɧɨɣ ɩɨɞɚɱɟ 

ɨɬɫɭɬɫɬɜɭɸɬ ɭɫɥɨɜɢɹ ɫɨɦɨɭɫɬɚɧɨɜɥɟɧɢɹ ɛɪɭɫɤɚ ɩɨ ɞɥɢɧɟ ɤɨɧɬɚɤɬɚ ɫ 

ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ ɞɟɬɚɥɶɸ, ɚ ɜɨ-ɜɬɨɪɵɯ, ɩɪɢ ɞɜɢɠɟɧɢɢ ɢɧɫɬɪɭɦɟɧɬɚ ɜɧɢɡ 

ɢɡɧɚɲɢɜɚɟɬɫɹ, ɜ ɨɫɧɨɜɧɨɦ, ɮɪɨɧɬɚɥɶɧɚɹ ɧɢɠɧɹɹ ɱɚɫɬɶ ɢ ɢɡɧɨɫɨɦ ɜɟɪɯɧɟɣ ɱɚɫɬɢ 

ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ, ɢ ɧɚɨɛɨɪɨɬ, ɩɪɢ ɞɜɢɠɟɧɢɢ ɢɧɫɬɪɭɦɟɧɬɚ 

ɜɜɟɪɯ ɢɡɧɚɲɢɜɚɟɬɫɹ, ɜ ɨɫɧɨɜɧɨɦ, ɮɪɨɧɬɚɥɶɧɚɹ ɜɟɪɯɧɹɹ ɱɚɫɬɶ ɢ ɢɡɧɨɫɨɦ ɧɢɠɧɟɣ 

ɱɚɫɬɢ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ. Ʉɪɨɦɟ ɬɨɝɨ, ɫɥɭɱɚɣ ɨɛɪɚɛɨɬɤɢ ɝɥɭɯɨɝɨ ɨɬɜɟɪɫɬɢɹ ɡɞɟɫɶ 

ɩɪɢɪɚɜɧɢɜɚɥɫɹ ɤ ɫɥɭɱɚɸ ɨɛɪɚɛɨɬɤɢ ɫɤɜɨɡɧɨɝɨ ɨɬɜɟɪɫɬɢɹ ɫ ɫɭɳɟɫɬɜɟɧɧɨɣ 

ɚɫɢɦɦɟɬɪɢɟɣ ɩɟɪɟɛɟɝɨɜ (ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɩɟɪɟɛɟɝɚ – ɜ ɡɨɧɟ ɞɧɚ 

ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɨɬɜɟɪɫɬɢɹ ɢ ɦɚɤɫɢɦɚɥɶɧɨɟ – ɜ ɡɨɧɟ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɣ ɞɧɭ 

ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɨɬɜɟɪɫɬɢɹ). 

ɇɚ ɪɢɫ. 3.9, ɞɥɹ ɫɥɭɱɚɹ ɯɨɧɢɧɝɨɜɚɧɢɹ ɫ ɩɨɞɚɱɟɣ ɩɨ ɞɚɜɥɟɧɢɸ, ɢɡɨɛɪɚɠɟɧ 

ɢɡɧɨɫ ɩɪɨɮɢɥɹ ɪɟɠɭɳɟɝɨ ɷɥɟɦɟɧɬɚ ɩɪɢ ɜɚɪɶɢɪɨɜɚɧɢɢ ɞɥɢɧɨɣ ɩɨɫɥɟɞɧɟɝɨ ɢ ɩɪɢ 

ɭɫɥɨɜɢɢ ɜɵɛɨɪɚ ɜɟɥɢɱɢɧ ɩɟɪɟɛɟɝɨɜ ɛɥɢɡɤɢɯ ɤ ɨɩɬɢɦɚɥɶɧɵɦ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 

ɪɟɤɨɦɟɧɞɚɰɢɹɦɢ, ɩɪɢɜɟɞɟɧɧɵɦɢ ɜ ɬɟɯɧɢɱɟɫɤɨɣ ɥɢɬɟɪɚɬɭɪɟ, ɚ ɧɚ ɪɢɫ. 3.10 – ɩɪɢ 

ɜɚɪɶɢɪɨɜɚɧɢɢ ɞɥɢɧɨɣ ɩɟɪɟɛɟɝɨɜ ɩɪɢ ɭɫɥɨɜɢɢ ɩɨɫɬɨɹɧɫɬɜɚ ɞɥɢɧɵ ɪɟɠɭɳɢɯ 

ɷɥɟɦɟɧɬɨɜ (lɛ = 0,8 lɞ; lɛ = 1,1 lɞ). 

 
Ɋɢɫ. 3.9. Ƚɪɚɮɢɤɢ ɢɡɧɨɫɚ ɡɚɛɨɪɧɵɯ ɱɚɫɬɟɣ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɩɨ ɞɥɢɧɟ ɩɪɢ 
ɪɚɞɢɚɥɶɧɨɣ ɩɨɞɚɱɟ ɩɨ ɞɚɜɥɟɧɢɸ: 1, 2, 3, 4, 5 – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɪɢ lɛ = 35, 40, 

45, 50, 55 ɦɦ 
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ɇɚ ɪɢɫ. 3.12 ɢ 3.15 ɞɥɹ ɫɥɭɱɚɹ ɯɨɧɢɧɝɨɜɚɧɢɹ ɫ ɞɨɡɢɪɨɜɚɧɧɨɣ ɪɚɞɢɚɥɶɧɨɣ 

ɩɨɞɚɱɟɣ ɢɡɨɛɪɚɠɟɧ ɢɡɧɨɫ ɩɪɨɮɢɥɹ ɪɟɠɭɳɟɝɨ ɷɥɟɦɟɧɬɚ ɩɪɢ ɜɚɪɶɢɪɨɜɚɧɢɢ 

ɜɟɥɢɱɢɧɨɣ ɩɟɪɟɛɟɝɨɜ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɩɪɢ ɭɫɥɨɜɢɢ ɢɯ ɫɢɦɦɟɬɪɢɱɧɨɫɬɢ ɢ ɩɪɢ 

ɭɫɥɨɜɢɢ ɢɯ ɚɫɢɦɦɟɬɪɢɢ. Ɂɚɦɟɬɢɦ, ɱɬɨ ɫɥɭɱɚɣ ɫɭɳɟɫɬɜɟɧɧɨɣ ɚɫɢɦɦɟɬɪɢɢ 

ɚɞɟɤɜɚɬɟɧ ɯɨɧɢɧɝɨɜɚɧɢɸ ɝɥɭɯɨɝɨ ɨɬɜɟɪɫɬɢɹ ɫ ɞɨɡɢɪɨɜɚɧɧɨɣ ɪɚɞɢɚɥɶɧɨɣ ɩɨɞɚɱɟɣ. 

 
Ɋɢɫ. 3.10. Ƚɪɚɮɢɤɢ ɢɡɧɨɫɚ ɡɚɛɨɪɧɵɯ ɱɚɫɬɟɣ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɩɨ ɞɥɢɧɟ ɩɪɢ 
ɪɚɞɢɚɥɶɧɨɣ ɩɨɞɚɱɟ ɩɨ ɞɚɜɥɟɧɢɸ: lɛ = 0,8 lɞ; 1; 2; 3; 4; 5 – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɪɢ 

l1 = l2 = 0,25 lɛ; 0,33 lɛ; 0,5 lɛ; 0,62 lɛ; 0,75 lɛ 

 

Ɋɢɫ. 3.11. Ƚɪɚɮɢɤɢ ɢɡɧɨɫɚ ɡɚɛɨɪɧɵɯ ɱɚɫɬɟɣ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɩɨ ɞɥɢɧɟ ɩɪɢ 
ɪɚɞɢɚɥɶɧɨɣ ɩɨɞɚɱɟ ɩɨ ɞɚɜɥɟɧɢɸ: lɛ = 1,1 lɞ; 1; 2; 3; 4; 5 – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɪɢ l1 

= l2 = 0,25 lɛ; 0,33 lɛ; 0,5 lɛ; 0,62 lɛ; 0,75 lɛ 

ɂɡ ɪɢɫ. 3.9 ɜɢɞɧɨ, ɱɬɨ ɦɢɧɢɦɚɥɶɧɚɹ ɪɚɡɧɢɰɚ ɢɡɧɨɫɚ ɩɨ ɞɥɢɧɟ ɪɟɠɭɳɢɯ 

ɷɥɟɦɟɧɬɨɜ ɧɚɯɨɞɢɬɫɹ ɦɟɠɞɭ ɤɪɢɜɵɦɢ 1 – 2, ɬɨ ɟɫɬɶ ɩɪɢ ɞɥɢɧɟ ɛɪɭɫɤɚ 35 – 40 ɦɦ. 
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ɉɪɢ ɷɬɨɦ, ɩɟɪɟɛɟɝɢ l1 = l2 = 1/3 lɛ ɛɥɢɡɤɢɟ ɤ ɨɩɬɢɦɚɥɶɧɵɦ, ɞɥɹ ɨɫɬɚɥɶɧɵɯ ɤɪɢɜɵɯ 

ɷɬɨ ɫɨɨɬɧɨɲɟɧɢɟ ɧɟ ɨɩɬɢɦɚɥɶɧɨɟ, ɚ ɧɚ ɪɢɫ. 3.10 ɢ 3.11 – ɬɨ ɠɟ ɫɚɦɨɟ, ɧɨ ɬɨɥɶɤɨ, 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɦɟɠɞɭ ɤɪɢɜɵɦɢ 2 – 3 ɢ 3 – 4. 

Ɉɬɫɸɞɚ ɫɥɟɞɭɟɬ ɬɟɨɪɟɬɢɱɟɫɤɢɣ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɨɩɬɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ 

ɩɚɪɚɦɟɬɪɨɜ, ɤɨɬɨɪɵɟ ɩɪɢɜɟɞɟɧɵ ɜ ɬɟɯɧɢɱɟɫɤɨɣ ɥɢɬɟɪɚɬɭɪɟ, ɧɚɩɪɢɦɟɪ, lɛɪ =  (1,2 

÷ 0,8)lɨɬɜ ; optll ɛɪnep 


 
4

3

3

1
 ɢ ɞɪ., ɹɜɥɹɸɬɫɹ ɭɫɥɨɜɧɵɦɢ ɢ ɜɡɚɢɦɨɡɚɜɢɫɢɦɵɦɢ ɢ 

ɜ ɤɚɠɞɨɦ ɤɨɧɤɪɟɬɧɨɦ ɫɥɭɱɚɟ ɬɪɟɛɭɸɬ ɭɬɨɱɧɟɧɢɹ. 

Ⱥɧɚɥɢɡɢɪɭɹ ɜɢɞ ɢ ɜɡɚɢɦɧɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ ɝɪɚɮɢɤɨɜ ɧɚ ɪɢɫ. 3.12 ɢ 3.15 

ɦɨɠɧɨ ɫɮɨɪɦɭɥɢɪɨɜɚɬɶ ɫɥɟɞɭɸɳɢɟ ɭɬɜɟɪɠɞɟɧɢɹ. 

1. Ʌɨɝɢɤɚ ɩɨɫɬɪɨɟɧɢɹ ɝɪɚɮɢɤɨɜ ɧɚ ɪɢɫ. 3.14 ɢ 3.15 ɬɚɤɨɜɚ, ɱɬɨ ɜɟɥɢɱɢɧɚ 

ɩɟɪɟɛɟɝɚ l1 ɦɟɧɹɟɬɫɹ ɨɬ 0,5 lɛ ɞɨ 0,25 lɛ, ɬ. ɟ. ɭɦɟɧɶɲɚɟɬɫɹ ɢ ɜ ɩɪɟɞɟɥɟ ɫɬɪɟɦɢɬɫɹ 

ɤ ɧɭɥɸ. Ʌɟɝɤɨ ɩɨɧɹɬɶ, ɱɬɨ ɷɬɨ ɫɨɱɟɬɚɧɢɟ ɚɞɟɤɜɚɬɧɨ ɫɥɭɱɚɸ ɯɨɧɢɧɝɨɜɚɧɢɹ ɝɥɭɯɨɝɨ 

ɨɬɜɟɪɫɬɢɹ, ɤɨɝɞɚ ɩɟɪɟɛɟɝ ɭ ɞɧɚ ɨɬɜɟɪɫɬɢɹ ɪɚɜɟɧ ɧɭɥɸ. ɉɪɢ ɷɬɨɦ, ɦɨɦɟɧɬ 

ɪɟɚɥɢɡɚɰɢɢ ɞɨɡɢɪɨɜɚɧɧɨɣ ɩɨɞɚɱɢ ɫɨɜɩɚɞɚɟɬ ɫ ɦɨɦɟɧɬɨɦ ɧɚɯɨɠɞɟɧɢɹ ɪɟɠɭɳɢɯ 

ɷɥɟɦɟɧɬɨɜ ɜ ɡɨɧɟ ɞɧɚ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɨɬɜɟɪɫɬɢɹ, ɬ.ɟ. ɜ ɡɨɧɟ ɪɟɚɥɢɡɚɰɢɢ ɩɟɪɟɛɟɝɚ 

l1.  

3. ɂɡ ɜɢɞɚ ɢ ɜɡɚɢɦɧɨɝɨ ɪɚɫɩɨɥɨɠɟɧɢɹ ɝɪɚɮɢɤɨɜ ɫɥɟɞɭɟɬ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ, 

ɜɚɪɶɢɪɭɹ ɜɟɥɢɱɢɧɚɦɢ ɩɟɪɟɛɟɝɨɜ ɢ ɢɯ ɚɫɢɦɦɟɬɪɢɟɣ ɜ ɫɨɱɟɬɚɧɢɢ ɫ ɦɨɦɟɧɬɨɦ 

ɪɟɚɥɢɡɚɰɢɢ ɞɨɡɢɪɨɜɚɧɧɨɣ ɩɨɞɚɱɢ ɜ ɡɨɧɟ ɦɟɧɶɲɟɝɨ ɩɟɪɟɛɟɝɚ, ɜɨɡɦɨɠɧɨ 

ɭɫɬɚɧɨɜɢɬɶ ɬɚɤɨɟ ɫɨɱɟɬɚɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ ɯɨɧɢɧɝɨɜɚɧɢɹ, ɩɪɢ 

ɤɨɬɨɪɨɦ ɬɟɦɩ ɢɡɧɨɫɚ ɩɨ ɞɥɢɧɟ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɛɭɞɟɬ ɨɞɢɧɚɤɨɜɵɦ (ɧɚ ɪɢɫ 

3.13 ɢ 3.14 ɤɪɢɜɵɟ 3 ɢ 4) 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɡ ɢɡɥɨɠɟɧɧɨɝɨ ɜɵɲɟ ɫɥɟɞɭɟɬ ɨɛɨɛɳɚɸɳɢɣ ɜɵɜɨɞ, ɱɬɨ 

ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɝɥɭɯɢɯ ɨɬɜɟɪɫɬɢɣ, ɤɨɝɞɚ ɢɦɟɟɬ ɦɟɫɬɨ ɜɵɧɭɠɞɟɧɧɚɹ ɚɫɢɦɦɟɬɪɢɹ 

ɩɟɪɟɛɟɝɨɜ, ɧɟɨɛɯɨɞɢɦɨ ɦɨɦɟɧɬ ɞɨɡɢɪɨɜɚɧɧɨɣ ɩɨɞɚɱɢ ɨɫɭɳɟɫɬɜɥɹɬɶ ɜ ɡɨɧɟ ɞɧɚ 

ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɨɬɜɟɪɫɬɢɹ, ɱɬɨ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɬɪɚɧɫɮɨɪɦɚɰɢɸ ɫɯɟɦɵ 

ɯɨɧɢɧɝɨɜɚɧɢɹ ɝɥɭɯɢɯ ɨɬɜɟɪɫɬɢɣ ɢɡ «ɬɨɥɤɚɸɳɟɣ» ɜ «ɬɹɧɭɳɭɸ». ɉɪɢ ɷɬɨɦ, 

ɫɭɳɟɫɬɜɟɧɧɨ ɪɚɫɲɢɪɹɸɬɫɹ ɜɨɡɦɨɠɧɨɫɬɢ ɩɨ ɩɨɜɵɲɟɧɢɸ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ 

ɬɨɱɧɨɫɬɢ ɯɨɧɢɧɝɨɜɚɧɢɹ ɝɥɭɯɢɯ ɨɬɜɟɪɫɬɢɣ. 
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Ɋɢɫ. 3.12. Ƚɪɚɮɢɤɢ ɢɡɧɨɫɚ ɜɟɪɯɧɟɣ ɡɚɛɨɪɧɨɣ ɱɚɫɬɢ 

ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɩɨ ɞɥɢɧɟ ɩɪɢ ɞɨɡɢɪɨɜɚɧɧɨɣ 
ɪɚɞɢɚɥɶɧɨɣ ɩɨɞɚɱɟ: lɛ = 0,8 lɞ; 1; 2; 3; 4; 5 – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 

ɩɪɢ l1 = l2 = 0,25 lɛ; 0,33 lɛ; 0,5 lɛ; 0,62 lɛ; 0,75 lɛ 

Ɋɢɫ. 3.13. Ƚɪɚɮɢɤɢ ɢɡɧɨɫɚ ɧɢɠɧɟɣ ɡɚɛɨɪɧɨɣ ɱɚɫɬɢ 

ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɩɨ ɞɥɢɧɟ ɩɪɢ ɞɨɡɢɪɨɜɚɧɧɨɣ 
ɪɚɞɢɚɥɶɧɨɣ ɩɨɞɚɱɟ: lɛ = 0,8 lɞ; 1; 2; 3; 4; 5 – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 

ɩɪɢ l1 = l2 = 0,25 lɛ; 0,33 lɛ; 0,5 lɛ; 0,62 lɛ; 0,75 lɛ 
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Ɋɢɫ. 3.14. Ƚɪɚɮɢɤɢ ɢɡɧɨɫɚ ɜɟɪɯɧɢɯ ɡɚɛɨɪɧɵɯ ɱɚɫɬɟɣ 
ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɩɨ ɞɥɢɧɟ ɩɪɢ ɞɨɡɢɪɨɜɚɧɧɨɣ 

ɪɚɞɢɚɥɶɧɨɣ ɩɨɞɚɱɟ: lɛ = 0,8 lɞ; 2; 3; 4 – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɪɢ 

l1 = 0,5 lɛ ɢ l2 = 0,75 lɛ; l1 = 0,33 lɛ ɢ l2 = 0,62 lɛ; l1 = 0,25 lɛ ɢ 
l2 = 0,5 lɛ. 

Ɋɢɫ. 3.15. Ƚɪɚɮɢɤɢ ɢɡɧɨɫɚ ɧɢɠɧɢɯ ɡɚɛɨɪɧɵɯ ɱɚɫɬɟɣ 
ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɩɨ ɞɥɢɧɟ ɩɪɢ ɞɨɡɢɪɨɜɚɧɧɨɣ 

ɪɚɞɢɚɥɶɧɨɣ ɩɨɞɚɱɟ: lɛ = 0,8 lɞ; 2; 3; 4 – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɪɢ 

l1 = 0,5 lɛ ɢ l2 = 0,75 lɛ; l1 = 0,33 lɛ ɢ l2 = 0,62 lɛ; l1 = 0,25 lɛ ɢ 
l2 = 0,5 lɛ. 
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4. Ȼɚɡɢɪɭɹɫɶ ɧɚ ɜɵɜɨɞɚɯ 1 – 3 ɪɚɡɪɚɛɨɬɚɧ ɧɨɜɵɣ ɫɩɨɫɨɛ ɯɨɧɢɧɝɨɜɚɧɢɹ 

[56], ɫɭɬɶ ɤɨɬɨɪɨɝɨ ɛɨɥɟɟ ɞɟɬɚɥɶɧɨ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɩɚɪɚɝɪɚɮɟ 4.1.1. 

 

ȼɵɜɨɞ ɩɨ ɬɪɟɬɶɟɦɭ ɪɚɡɞɟɥɭ 

 

Ɋɚɡɪɚɛɨɬɚɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ, ɩɨɡɜɨɥɹɸɳɚɹ ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ 

ɩɚɪɚɦɟɬɪɵ ɩɪɨɰɟɫɫɚ ɯɨɧɢɧɝɨɜɚɧɢɹ ɢ, ɬɟɦ ɫɚɦɵɦ, ɩɨɜɵɲɚɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 

ɩɪɨɰɟɫɫɚ ɨɛɪɚɛɨɬɤɢ ɞɟɬɚɥɟɣ ɦɚɲɢɧ ɢ ɪɚɫɲɢɪɢɬɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɜɨɡɦɨɠɧɨɫɬɢ 

ɨɩɟɪɚɰɢɣ ɯɨɧɢɧɝɨɜɚɧɢɹ, ɡɚ ɫɱɟɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɦɨɞɟɪɧɢɡɚɰɢɢ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ; ɚ ɬɚɤɠɟ ɫɨɡɞɚɜɚɬɶ ɧɨɜɵɟ ɫɯɟɦɵ ɢ ɫɩɨɫɨɛɵ 

ɯɨɧɢɧɝɨɜɚɧɢɹ ɧɟɫɬɚɧɞɚɪɬɧɵɯ ɨɬɜɟɪɫɬɢɣ. 
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ɊȺɁȾȿɅ 4. 

ɊȺɁɊȺȻɈɌɄȺ ɇɈȼɕɏ ɋɉɈɋɈȻɈȼ ɏɈɇɂɇȽɈȼȺɇɂə 

 

Ɋɚɡɪɚɛɨɬɤɚ ɧɨɜɵɯ ɫɩɨɫɨɛɨɜ ɯɨɧɢɧɝɨɜɚɧɢɹ ɝɥɭɯɢɯ ɨɬɜɟɪɫɬɢɣ ɜ ɷɬɨɦ 

ɪɚɡɞɟɥɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɭɱɟɬɨɦ ɚɧɚɥɢɡɚ ɝɟɧɟɪɢɪɨɜɚɧɢɹ ɩɨɝɪɟɲɧɨɫɬɟɣ ɢ 

ɧɚɩɪɚɜɥɟɧɢɣ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ ɯɨɧɢɧɝɨɜɚɧɢɹ, ɤɨɬɨɪɵɟ ɛɵɥɢ 

ɜɵɹɜɥɟɧɵ ɢ ɫɮɨɪɦɭɥɢɪɨɜɚɧɵ ɜ ɩɪɟɞɲɟɫɬɜɭɸɳɢɯ ɪɚɡɞɟɥɚɯ. Ɂɞɟɫɶ ɨɛɨɡɧɚɱɢɦ ɷɬɢ 

ɧɚɩɪɚɜɥɟɧɢɹ ɜ ɧɟɫɤɨɥɶɤɨ ɢɧɨɣ ɪɟɞɚɤɰɢɢ. ɗɬɨ:  

– ɫɨɡɞɚɧɢɟ ɭɫɥɨɜɢɣ, ɩɪɢ ɤɨɬɨɪɵɯ ɬɟɦɩ ɢɡɧɨɫɚ ɩɨ ɞɥɢɧɟ ɪɟɠɭɳɢɯ 

ɷɥɟɦɟɧɬɨɜ ɨɛɭɫɥɚɜɥɢɜɚɥ ɛɵ ɫɚɦɨ-ɮɨɪɦɢɪɨɜɚɧɢɟ ɰɢɥɢɧɞɪɢɱɧɨɫɬɢ ɪɚɛɨɱɟɣ ɱɚɫɬɢ 

ɢɧɫɬɪɭɦɟɧɬɚ; 

– ɢɡɦɟɧɟɧɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɜɟɤɬɨɪɚ ɝɟɧɟɪɢɪɨɜɚɧɢɹ ɩɨɝɪɟɲɧɨɫɬɢ 

(ɧɚɩɪɚɜɥɟɧɢɹ ɜɡɚɢɦɧɨɣ ɩɪɨɞɨɥɶɧɨɣ ɨɪɢɟɧɬɚɰɢɢ ɢɧɫɬɪɭɦɟɧɬɚ ɢ ɞɟɬɚɥɢ) ɫ ɭɱɟɬɨɦ 

ɷɮɮɟɤɬɚ ɜɡɚɢɦɧɨɣ ɩɪɚɜɤɢ ɜ ɤɨɧɬɚɤɬɟ ɢɧɫɬɪɭɦɟɧɬ – ɞɟɬɚɥɶ; 

– ɜɜɟɞɟɧɢɟ ɤɨɦɩɟɧɫɚɰɢɨɧɧɨɝɨ ɩɨɜɨɪɨɬɚ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ. 

ɉɪɢ ɷɬɨɦ ɫɬɪɭɤɬɭɪɧɨ ɢɡɥɨɠɟɧɢɟ ɦɚɬɟɪɢɚɥɚ ɩɨɫɬɪɨɟɧɨ ɬɚɤ, ɱɬɨ ɢɡɧɚɱɚɥɶɧɨ 

ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɢɡɜɟɫɬɧɵɟ ɫɩɨɫɨɛɵ, ɩɪɢɧɹɬɵɟ ɜ ɤɚɱɟɫɬɜɟ ɩɪɨɬɨɬɢɩɨɜ, ɡɚɬɟɦ 

ɨɩɢɫɵɜɚɸɬɫɹ ɜɧɨɜɶ ɫɨɡɞɚɧɧɵɟ ɢ, ɞɚɥɟɟ, ɩɪɢɜɨɞɢɬɫɹ ɚɧɚɥɢɡ ɢ ɫɪɚɜɧɢɬɟɥɶɧɚɹ 

ɨɰɟɧɤɚ ɢɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɜɨɡɦɨɠɧɨɫɬɟɣ. 

 

4.1 Ɋɚɡɪɚɛɨɬɤɚ ɫɩɨɫɨɛɨɜ ɯɨɧɢɧɝɨɜɚɧɢɹ ɧɚ ɨɫɧɨɜɟ ɫɚɦɨ-ɮɨɪɦɢɪɨɜɚɧɢɹ ɜ 
ɩɪɨɰɟɫɫɟ ɢɡɧɨɫɚ ɰɢɥɢɧɞɪɢɱɧɨɫɬɢ ɪɚɛɨɱɟɣ ɱɚɫɬɢ ɢɧɫɬɪɭɦɟɧɬɚ 

 

4.1.1 Ɋɚɡɪɚɛɨɬɤɚ ɫɩɨɫɨɛɚ ɯɨɧɢɧɝɨɜɚɧɢɹ ɫ ɭɩɪɚɜɥɹɟɦɵɦ ɬɟɦɩɨɦ ɫɴɟɦɚ ɦɟɬɚɥɥɚ 
ɩɪɢ ɩɪɹɦɨɦ ɢ ɜɨɡɜɪɚɬɧɨɦ ɩɟɪɟɦɟɳɟɧɢɹɯ ɢɧɫɬɪɭɦɟɧɬɚ 

 

ȼ ɪɚɡɞɟɥɟ 2 ɛɵɥ ɪɚɫɫɦɨɬɪɟɧ ɦɟɯɚɧɢɡɦ ɢɡɧɨɫɚ ɩɨ ɞɥɢɧɟ ɪɟɠɭɳɢɯ 

ɷɥɟɦɟɧɬɨɜ ɩɪɢ ɬɪɚɞɢɰɢɨɧɧɨɣ ɫɯɟɦɟ ɯɨɧɢɧɝɨɜɚɧɢɹ ɫɤɜɨɡɧɵɯ ɨɬɜɟɪɫɬɢɣ. ɉɪɢ ɷɬɨɦ 

ɨɬɦɟɱɚɥɨɫɶ, ɱɬɨ ɩɪɢ ɯɨɧɢɧɝɨɜɚɧɢɢ ɫ ɩɨɞɚɱɟɣ ɩɨ ɞɚɜɥɟɧɢɸ ɢ ɞɨɡɢɪɨɜɚɧɧɨɣ 

ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɞɢɚɥɶɧɨɣ ɩɨɞɚɱɟɣ ɜɟɥɢɱɢɧɵ ɧɢɠɧɟɝɨ ɜɟɪɯɧɟɝɨ ɩɟɪɟɛɟɝɨɜ ɩɪɢ 

ɧɚɥɚɞɤɟ ɜɵɛɢɪɚɸɬɫɹ ɪɚɜɧɵɦɢ, ɚ ɩɪɢ ɯɨɧɢɧɝɨɜɚɧɢɢ ɫ ɞɨɡɢɪɨɜɚɧɧɨɣ ɞɢɫɤɪɟɬɧɨ 
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ɪɚɞɢɚɥɶɧɨɣ ɩɨɞɚɱɟɣ – ɜɟɥɢɱɢɧɚ ɧɢɠɧɟɝɨ ɩɟɪɟɛɟɝɚ ɩɪɢ ɧɚɥɚɞɤɟ ɜɵɛɢɪɚɟɬɫɹ 

ɜɵɧɭɠɞɟɧɧɨ ɛɨɥɶɲɟɣ, ɱɟɦ ɜɟɥɢɱɢɧɚ ɜɟɪɯɧɟɝɨ ɩɟɪɟɛɟɝɚ. 

ɉɪɢ ɯɨɧɢɧɝɨɜɚɧɢɢ ɠɟ ɝɥɭɯɢɯ ɨɬɜɟɪɫɬɢɣ ɪɟɚɥɢɡɚɰɢɹ ɞɜɭɯɫɬɨɪɨɧɧɟɝɨ 

ɩɟɪɟɛɟɝɚ, ɢ ɬɟɦ ɛɨɥɟɟ ɛɨɥɶɲɟɣ ɜɟɥɢɱɢɧɵ ɩɟɪɟɛɟɝɚ ɜ ɡɨɧɟ ɞɧɚ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ 

ɨɬɜɟɪɫɬɢɹ (ɧɢɠɧɟɝɨ), ɧɟɜɨɡɦɨɠɧɚ ɢɡ-ɡɚ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɬɚɤɢɯ 

ɨɬɜɟɪɫɬɢɣ. 

ɇɚ ɪɢɫ. 4.1 ɞɥɹ ɧɚɝɥɹɞɧɨɫɬɢ ɢɡɥɨɠɟɧɢɹ, ɩɨɜɬɨɪɧɨ ɩɪɢɜɟɞɟɧɚ ɫɯɟɦɚ 

ɮɨɪɦɢɪɨɜɚɧɢɹ ɮɪɨɧɬɚɥɶɧɵɯ ɡɚɛɨɪɧɵɯ ɱɚɫɬɟɣ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɩɪɢ 

ɩɨɫɬɭɩɚɬɟɥɶɧɨɦ (ɚ) ɢ ɜɨɡɜɪɚɬɧɨɦ (ɛ) ɩɟɪɟɦɟɳɟɧɢɹɯ ɞɥɹ ɫɥɭɱɚɹ ɯɨɧɢɧɝɨɜɚɧɢɹ 

ɝɥɭɯɢɯ ɨɬɜɟɪɫɬɢɣ. Ɋɚɧɟɟ ɷɬɚ ɫɯɟɦɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥ. 2.4. ɫɬɪɨɤɚ 5. 

ɚ)  ɛ) 
Ɋɢɫ. 4.1 ɋɯɟɦɚ ɮɨɪɦɢɪɨɜɚɧɢɹ ɮɪɨɧɬɚɥɶɧɵɯ ɡɚɛɨɪɧɵɯ ɱɚɫɬɟɣ ɪɟɠɭɳɢɯ 
ɷɥɟɦɟɧɬɨɜ ɩɪɢ ɯɨɧɢɧɝɨɜɚɧɢɢ ɝɥɭɯɢɯ ɨɬɜɟɪɫɬɢɣ: ɩɨɫɬɭɩɚɬɟɥɶɧɨɦ (ɚ) ɢ 

ɜɨɡɜɪɚɬɧɨɦ (ɛ) ɩɟɪɟɦɟɳɟɧɢɹɯ ɢɧɫɬɪɭɦɟɧɬɚ. 

ɂɡ ɪɢɫ. 4.1 ɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɩɨɫɬɭɩɚɬɟɥɶɧɨɦ ɩɟɪɟɦɟɳɟɧɢɢ ɪɟɠɭɳɢɯ 

ɷɥɟɦɟɧɬɨɜ ɭɞɚɥɹɟɬɫɹ ɫɭɳɟɫɬɜɟɧɧɨ ɛɨɥɶɲɚɹ ɱɚɫɬɶ ɩɪɢɩɭɫɤɚ ɱɟɦ ɩɪɢ ɜɨɡɜɪɚɬɧɨɦ. 

ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɜɟɥɢɱɢɧɚ ɧɢɠɧɟɣ ɡɚɛɨɪɧɨɣ ɱɚɫɬɢ ɫɭɳɟɫɬɜɟɧɧɨ ɛɨɥɶɲɟ, ɱɟɦ 

ɜɟɥɢɱɢɧɚ ɜɟɪɯɧɟɣ ɡɚɛɨɪɧɨɣ ɱɚɫɬɢ. ɗɬɨ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ ɨɛɭɫɥɚɜɥɢɜɚɟɬ 

ɧɟɢɡɛɟɠɧɨɫɬɶ ɧɚɥɢɱɢɹ ɜ ɡɨɧɟ ɞɧɚ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɨɬɜɟɪɫɬɢɹ ɧɟ ɭɞɚɥɟɧɧɨɝɨ 
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ɩɪɢɩɭɫɤɚ, ɱɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɮɨɪɦɢɪɨɜɚɧɢɟ ɩɨɝɪɟɲɧɨɫɬɢ ɮɨɪɦɵ 

ɜ ɜɢɞɟ ɤɨɧɭɫɧɨɫɬɢ.  

ɂɫɯɨɞɹ ɢɡ ɚɧɚɥɢɡɚ ɫɯɟɦɵ ɫɴɟɦɚ ɩɪɢɩɭɫɤɚ ɩɪɢ ɩɨɫɬɭɩɚɬɟɥɶɧɨɦ ɢ 

ɜɨɡɜɪɚɬɧɨɦ ɩɟɪɟɦɟɳɟɧɢɹɯ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɪɚɡɪɚɛɨɬɚɧ ɧɨɜɵɣ ɫɩɨɫɨɛ 

ɯɨɧɢɧɝɨɜɚɧɢɹ, ɜ ɤɨɬɨɪɨɦ ɢɡɦɟɧɟɧ ɰɢɤɥ ɨɛɪɚɛɨɬɤɢ, ɚ ɢɦɟɧɧɨ: ɞɨɡɢɪɨɜɚɧɧɚɹ 

ɪɚɞɢɚɥɶɧɚɹ ɩɨɞɚɱɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɦɨɦɟɧɬ ɪɟɜɟɪɫɚ ɜɨɡɜɪɚɬɧɨ-ɩɨɫɬɭɩɚɬɟɥɶɧɨɝɨ 

ɩɟɪɟɦɟɳɟɧɢɹ ɜ ɡɨɧɟ ɞɧɚ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɨɬɜɟɪɫɬɢɹ [56]. 

Ɋɟɚɥɢɡɚɰɢɹ ɞɨɡɢɪɨɜɚɧɧɨɣ ɩɨɞɚɱɢ ɜ ɡɨɧɟ ɞɧɚ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɨɬɜɟɪɫɬɢɹ 

ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɢɡɜɟɫɬɧɨɣ ɫɯɟɦɨɣ ɯɨɧɢɧɝɨɜɚɧɢɹ, ɤɨɝɞɚ ɞɨɡɢɪɨɜɚɧɧɚɹ ɩɨɞɚɱɚ 

ɪɟɚɥɢɡɭɟɬɫɹ ɜ ɡɨɧɟ, ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɣ ɞɧɭ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɨɬɜɟɪɫɬɢɹ, 

ɡɟɪɤɚɥɶɧɨ ɦɟɧɹɟɬ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɢɡɧɨɫɚ ɮɪɨɧɬɚɥɶɧɵɯ ɱɚɫɬɟɣ. Ⱥ ɢɦɟɧɧɨ, ɩɪɢ 

ɜɨɡɜɪɚɬɧɨɦ ɩɟɪɟɦɟɳɟɧɢɢ ɢɧɫɬɪɭɦɟɧɬɚ ɢɦɟɟɬ ɦɟɫɬɨ ɛɨɥɟɟ ɢɧɬɟɧɫɢɜɧɵɣ ɫɴɟɦ 

ɩɪɢɩɭɫɤɚ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɛɨɥɟɟ ɢɧɬɟɧɫɢɜɧɵɣ ɢɡɧɨɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ 

(ɜɟɪɯɧɟɣ) ɮɪɨɧɬɚɥɶɧɨɣ ɱɚɫɬɢ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɢɡɧɨɫɭ 

ɧɢɠɧɟɣ ɮɪɨɧɬɚɥɶɧɨɣ ɱɚɫɬɢ ɪɟɠɭɳɟɝɨ ɷɥɟɦɟɧɬɚ ɡɚ ɜɪɟɦɹ ɩɨɫɬɭɩɚɬɟɥɶɧɨɝɨ 

ɩɟɪɟɦɟɳɟɧɢɹ. ɉɪɢ ɷɬɨɦ, ɡɚ ɜɪɟɦɹ ɩɟɪɟɛɟɝɚ (ɪɟɚɥɢɡɭɟɦɨɝɨ ɬɨɥɶɤɨ ɜ ɡɨɧɟ 

ɩɪɨɬɢɜɨɛɥɨɲɧɨɣ ɞɧɭ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɨɬɜɟɪɫɬɢɹ) ɢɡɧɨɫ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɪɟɠɭɳɢɯ 

ɷɥɟɦɟɧɬɨɜ ɨɬɫɭɬɫɬɜɭɟɬ, ɱɬɨ ɤɨɦɩɟɧɫɢɪɭɟɬ ɩɨɜɵɲɟɧɧɵɣ ɩɪɟɞɲɟɫɬɜɭɸɳɢɣ ɢɡɧɨɫ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɧɢɜɟɥɢɪɭɸɬɫɹ ɜɟɥɢɱɢɧɵ ɢɡɧɨɫɚ ɜɟɪɯɧɟɣ ɢ ɧɢɠɧɟɣ ɮɪɨɧɬɚɥɶɧɵɯ 

ɱɚɫɬɟɣ ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɛɨɥɟɟ ɜɵɫɨɤɭɸ ɬɨɱɧɨɫɬɶ ɨɛɪɚɛɨɬɤɢ 

ɝɥɭɯɢɯ ɨɬɜɟɪɫɬɢɣ. 

 

4.1.2. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɚɩɪɨɛɚɰɢɹ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɫɩɨɫɨɛɚ 

 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɫɬɟɧɞɚ 

(ɪɢɫ. 4.2; ɩɪɢɥɨɠɟɧɢɟ Ⱦ) ɧɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɨɛɪɚɡɰɚɯ ɢɡ ɫɬɚɥɢ 40ɏ, 

ɬɜɟɪɞɨɫɬɶɸ 42 – 45 ɟɞ. ɩɨ HRC ɩɨ ɫɯɟɦɟ ɫ ɩɥɚɜɚɸɳɟɣ ɯɨɧɢɧɝɨɜɚɥɶɧɨɣ ɝɨɥɨɜɤɨɣ, 

ɨɫɧɚɳɟɧɧɨɣ ɤɨɦɩɥɟɤɬɨɦ ɢɡ ɱɟɬɵɪɟɯ ɛɪɭɫɤɨɜ 5 ɯ 4 ɯ 50 ɯ 2 ɦɚɪɤɢ ɪɟɠɭɳɟɝɨ 

ɦɚɬɟɪɢɚɥɚ Ⱥɋɉ6 Ɇ1 ɤɨɧɰɟɧɬɪɚɰɢɟɣ 100%. Ⱦɥɢɧɚ ɢ ɞɢɚɦɟɬɪ ɯɨɧɢɧɝɭɟɦɨɝɨ 

ɨɬɜɟɪɫɬɢɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 70 ɦɦ ɢ 40 ɦɦ. Ɋɟɠɢɦɵ ɪɟɡɚɧɢɹ: Vɨɤɪ = 45 ɦ/ɦɢɧ; Vɜ.ɩ. 

= 12 ɦ/ɦɢɧ; Sɪ = 0,5 ɦɤɦ/ɞɜ.ɯɨɞ. 
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Ɋɢɫ. 4.2 ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɣ ɫɬɟɧɞ 

Ɇɟɬɨɞɢɤɚ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɜɤɥɸɱɚɥɚ ɨɛɪɚɛɨɬɤɭ ɬɪɟɯ ɩɚɪɬɢɣ 

ɞɟɬɚɥɟɣ ɩɨ 10 ɲɬ. ɜ ɤɚɠɞɨɣ ɩɚɪɬɢɢ. ɉɟɪɜɚɹ ɩɚɪɬɢɹ ɯɨɧɢɧɝɨɜɚɥɚɫɶ ɫ ɪɚɜɧɵɦɢ 

ɜɟɥɢɱɢɧɚɦɢ ɩɟɪɟɛɟɝɨɜ l1 = l2 = 18 ɦɦ. ȼɬɨɪɚɹ ɩɚɪɬɢɹ ɯɨɧɢɧɝɨɜɚɥɚɫɶ ɫ ɜɟɥɢɱɢɧɚɦɢ 

ɩɟɪɟɛɟɝɨɜ l1 = 18 ɦɦ, l2 = 2 ɦɦ (ɢɦɢɬɚɰɢɹ ɩɪɨɰɟɫɫɚ ɯɨɧɢɧɝɨɜɚɧɢɹ ɝɥɭɯɨɝɨ 

ɨɬɜɟɪɫɬɢɹ ɫ ɞɨɡɢɪɨɜɚɧɧɨɣ ɞɢɫɤɪɟɬɧɨɣ ɪɚɞɢɚɥɶɧɨɣ ɩɨɞɚɱɟɣ, ɪɟɚɥɢɡɭɟɦɨɣ ɜ ɡɨɧɟ 

ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɣ ɞɧɭ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɨɬɜɟɪɫɬɢɹ). Ɍɪɟɬɶɹ ɩɚɪɬɢɹ 

ɯɨɧɢɧɝɨɜɚɥɚɫɶ ɫ ɜɟɥɢɱɢɧɚɦɢ ɩɟɪɟɛɟɝɨɜ l1 = 0 ɦɦ, l2 = 18 ɦɦ (ɢɦɢɬɚɰɢɹ ɩɪɨɰɟɫɫɚ 

ɯɨɧɢɧɝɨɜɚɧɢɹ ɝɥɭɯɨɝɨ ɨɬɜɟɪɫɬɢɹ ɫ ɞɨɡɢɪɨɜɚɧɧɨɣ ɞɢɫɤɪɟɬɧɨɣ ɪɚɞɢɚɥɶɧɨɣ 

ɩɨɞɚɱɟɣ, ɪɟɚɥɢɡɭɟɦɨɣ ɜ ɡɨɧɟ ɞɧɚ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɨɬɜɟɪɫɬɢɹ). Ʉɚɠɞɚɹ ɞɟɬɚɥɶ 

ɩɨɞɜɟɪɝɚɥɚɫɶ ɩɹɬɢɞɟɫɹɬɢ ɤɪɚɬɧɨɦɭ ɯɨɧɢɧɝɨɜɚɧɢɸ ɩɨ 30 ɫɟɤ. ɜ ɤɚɠɞɨɦ ɰɢɤɥɟ. 

ɉɨɫɥɟ ɤɚɠɞɨɝɨ ɰɢɤɥɚ ɛɪɭɫɤɢ ɢ ɩɨɜɟɪɯɧɨɫɬɶ ɨɬɜɟɪɫɬɢɹ ɫɦɚɡɵɜɚɥɢɫɶ 

ɢɧɞɭɫɬɪɢɚɥɶɧɵɦ ɦɚɫɥɨɦ 20. ɉɨɫɥɟ ɨɛɪɚɛɨɬɤɢ ɤɚɠɞɨɣ ɩɚɪɬɢɢ ɞɟɬɚɥɢ ɯɨɧ. 

ɝɨɥɨɜɤɚ ɩɪɢɪɚɛɚɬɵɜɚɥɚɫɶ ɧɚ ɤɨɧɬɪɨɥɶɧɨɣ ɩɚɪɬɢɢ ɞɟɬɚɥɟɣ ɫ ɜɚɪɶɢɪɨɜɚɧɢɟɦ 

ɩɟɪɟɛɟɝɨɜ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɥɢɤɜɢɞɢɪɨɜɚɬɶ ɤɨɧɭɫɧɨɫɬɶ ɢɧɫɬɪɭɦɟɧɬɚ ɞɨ 

ɜɟɥɢɱɢɧɵ 2 – 3 ɦɤɦ. ɂɡɦɟɪɹɥɚɫɶ ɪɚɡɧɨɫɬɶ ɞɢɚɦɟɬɪɨɜ (ɤɨɧɭɫɧɨɫɬɶ) ɜ ɤɨɧɰɟ 

ɨɛɪɚɛɨɬɤɢ. ɉɨ ɞɚɧɧɵɦ ɡɚɦɟɪɨɜ ɜ ɤɚɠɞɨɣ ɩɚɪɬɢɢ ɨɩɪɟɞɟɥɹɥɨɫɶ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ 

ɤɨɧɭɫɧɨɫɬɢ. Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 4.1. 
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Ɍɚɛɥɢɰɚ 4.1 

Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ 

 ȼɢɞ ɪɚɞɢɚɥɶɧɨɣ ɩɨɞɚɱɢ 

ɉɨ ɞɚɜɥɟɧɢɸ Ⱦɢɫɤɪɟɬɧɚɹ ɞɨɡɢɪɨɜɚɧɧɚɹ 

Ɂɧɚɱɟɧɢɹ ɜɟɥɢɱɢɧ 

ɩɟɪɟɛɿɝɿɜ, ɦɦ 
l1 = l2 = 18 l1 = 18; l2 = 2 l1 = 0, l2 = 18 

ȼɟɥɢɱɢɧɚ ɩɨɝɪɟɲɧɨɫɬɢ ɜ 
ɜɢɞɟ ɤɨɧɭɫɧɨɫɬɢ, ɦɤɦ 

9 34 4 

 

Ɋɢɫ. 4.3. Ɉɫɰɢɥɥɨɝɪɚɦɦɵ ɨɫɟɜɨɣ ɢ ɬɚɧɝɟɧɰɢɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɢɥɵ 
ɪɟɡɚɧɢɹ 

 

ɉɪɢ ɤɚɠɞɨɦ ɰɢɤɥɟ ɯɨɧɢɧɝɨɜɚɧɢɹ ɩɪɨɢɡɜɨɞɢɥɚɫɶ ɡɚɩɢɫɶ ɫɢɥɨɜɵɯ 

ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ. ɇɚ ɪɢɫ. 4.3 ɩɪɢɜɟɞɟɧɵ ɨɫɰɢɥɥɨɝɪɚɦɦɵ ɨɫɟɜɨɣ ɢ 

ɬɚɧɝɟɧɰɢɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɢɥɵ ɪɟɡɚɧɢɹ (ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜɟɪɯɧɹɹ ɢ ɧɢɠɧɹɹ 

ɨɫɰɢɥɥɨɝɪɚɦɦɵ). Ⱥɧɚɥɨɝɢɱɧɵɟ ɨɫɰɢɥɥɨɝɪɚɦɦɵ ɩɪɢɜɨɞɹɬɫɹ ɜ ɬɟɯɧɢɱɟɫɤɨɣ 

ɥɢɬɟɪɚɬɭɪɟ ɢ ɩɨɥɭɱɟɧɵ ɨɬɟɱɟɫɬɜɟɧɧɵɦɢ ɢ ɡɚɪɭɛɟɠɧɵɦɢ ɚɜɬɨɪɚɦɢ ɞɥɹ ɫɚɦɵɯ 

ɪɚɡɥɢɱɧɵɯ ɨɩɟɪɚɰɢɣ ɩɪɢ ɯɨɧɢɧɝɨɜɚɧɢɢ ɫ ɞɨɡɢɪɨɜɚɧɧɨɣ ɩɨɞɚɱɟɣ. 
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Ɉɫɰɢɥɥɨɝɪɚɦɦɚ ɨɫɟɜɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɢɥɵ ɪɟɡɚɧɢɹ ɬɚɤɠɟ, ɤɚɤ ɢ ɫɯɟɦɚ ɧɚ ɪɢɫ. 

4.1 ɧɚɝɥɹɞɧɨ ɞɟɦɨɧɫɬɪɢɪɭɟɬ ɬɨ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ, ɱɬɨ ɩɪɢ ɩɨɫɬɭɩɚɬɟɥɶɧɨɦ 

ɩɟɪɟɦɟɳɟɧɢɢ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɫɴёɦɚ ɩɪɢɩɭɫɤɚ ɧɚ ɩɨɪɹɞɨɤ ɜɵɲɟ, ɱɟɦ ɩɪɢ 

ɜɨɡɜɪɚɬɧɨɦ ɩɟɪɟɦɟɳɟɧɢɢ, ɢ ɷɬɨ ɬɚɤɠɟ ɫɥɭɠɢɬ ɩɨɞɬɜɟɪɠɞɟɧɢɟɦ ɥɨɝɢɱɧɨɫɬɢ 

ɪɟɚɥɢɡɚɰɢɢ ɞɨɡɢɪɨɜɚɧɧɨɣ ɩɨɞɚɱɢ ɜ ɡɨɧɟ ɞɧɚ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɨɬɜɟɪɫɬɢɹ. 

ȼɵɜɨɞɵ. 
1. Ɉɩɟɪɚɰɢɢ ɯɨɧɢɧɝɨɜɚɧɢɹ ɝɥɭɯɢɯ ɨɬɜɟɪɫɬɢɣ ɫɥɟɞɭɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶ ɩɨ 

ɫɯɟɦɟ ɫ ɢɦɩɭɥɶɫɧɨɣ ɞɨɡɢɪɨɜɚɧɧɨɣ ɪɚɞɢɚɥɶɧɨɣ ɩɨɞɚɱɟɣ, ɪɟɚɥɢɡɭɟɦɨɣ ɜ ɡɨɧɟ ɞɧɚ 

ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɨɬɜɟɪɫɬɢɹ, ɱɬɨ ɩɨɜɵɲɚɟɬ ɬɨɱɧɨɫɬɶ ɨɛɪɚɛɨɬɤɢ ɩɪɢɦɟɪɧɨ ɧɚ 

ɩɨɪɹɞɨɤ. 

2. Ʌɨɝɢɤɚ ɪɚɡɪɚɛɨɬɤɢ ɧɨɜɨɝɨ ɫɩɨɫɨɛɚ ɯɨɧɢɧɝɨɜɚɧɢɹ ɨɛɭɫɥɚɜɥɢɜɚɟɬ 

ɚɥɝɨɪɢɬɦ ɭɩɪɚɜɥɟɧɢɹ ɬɨɱɧɨɫɬɶɸ ɮɨɪɦɵ ɜ ɩɪɨɞɨɥɶɧɨɦ ɫɟɱɟɧɢɢ, ɫɭɬɶ ɤɨɬɨɪɨɝɨ 

ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɞɨɡɢɪɨɜɚɧɧɭɸ ɢɦɩɭɥɶɫɧɭɸ ɩɨɞɚɱɭ ɫɥɟɞɭɟɬ ɪɚɡɞɟɥɢɬɶ ɧɚ 

ɞɜɟ ɱɚɫɬɢ: ɨɞɧɭ ɢɡ ɧɢɯ ɪɟɚɥɢɡɨɜɚɬɶ ɜ ɜɟɪɯɧɟɦ ɩɨɥɨɠɟɧɢɢ ɢɧɫɬɪɭɦɟɧɬɚ, ɚ ɜɬɨɪɭɸ 

– ɜ ɧɢɠɧɟɦ.  

ȼɚɪɶɢɪɭɹ ɜɟɥɢɱɢɧɚɦɢ ɩɨɞɚɱ ɜ ɜɟɪɯɧɟɦ ɢ ɧɢɠɧɟɦ ɩɨɥɨɠɟɧɢɹɯ 

ɢɧɫɬɪɭɦɟɧɬɚ ɦɨɠɧɨ ɭɩɪɚɜɥɹɬɶ ɢɧɬɟɧɫɢɜɧɨɫɬɹɦɢ ɫɴɟɦɚ ɦɟɬɚɥɥɚ ɩɪɢ 

ɩɨɫɬɭɩɚɬɟɥɶɧɨɦ ɢ ɜɨɡɜɪɚɬɧɨɦ ɩɟɪɟɦɟɳɟɧɢɢ ɢɧɫɬɪɭɦɟɧɬɚ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 

ɯɚɪɚɤɬɟɪɨɦ ɢɡɧɨɫɚ ɩɨ ɞɥɢɧɟ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɢ, ɬɟɦ ɫɚɦɵɦ, ɜɢɞɨɦ ɢ 

ɜɟɥɢɱɢɧɨɣ ɝɟɧɟɪɢɪɭɟɦɨɣ ɩɨɝɪɟɲɧɨɫɬɢ. 

3. Ɋɚɡɪɚɛɨɬɚɧɧɵɣ ɫɩɨɫɨɛ ɦɨɠɧɨ ɪɟɚɥɢɡɨɜɚɬɶ ɧɚ ɢɡɜɟɫɬɧɵɯ ɫɬɚɧɤɚɯ, ɡɚ 

ɫɱɟɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɧɟɡɧɚɱɢɬɟɥɶɧɨɣ ɦɨɞɟɪɧɢɡɚɰɢɢ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ 

ɫɬɚɧɤɚ. ɇɚɩɪɢɦɟɪ, ɞɨɫɬɚɬɨɱɧɨ ɫɜɹɡɚɬɶ ɤɨɦɚɧɞɭ ɧɚ ɞɨɡɢɪɨɜɚɧɧɵɣ ɪɚɡɠɢɦ 

ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɫ ɦɨɦɟɧɬɨɦ ɪɟɜɟɪɫɚ ɜ ɡɨɧɟ ɞɧɚ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɨɬɜɟɪɫɬɢɹ. 

 

4.1.3 Ɋɚɡɪɚɛɨɬɤɚ ɫɩɨɫɨɛɚ ɯɨɧɢɧɝɨɜɚɧɢɹ ɫ ɩɟɪɟɦɟɧɧɨɣ ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɶɸ ɩɨ 
ɞɥɢɧɟ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ 

 

Ɋɚɧɧɟɟ, ɜ ɩɚɪɚɝɪɚɮɟ 1.3 ɨɬɦɟɱɟɧɨ, ɱɬɨ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɩɨɜɟɪɯɧɨɫɬɢ ɝɥɭɯɨɝɨ 

ɨɬɜɟɪɫɬɢɹ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɢɦɟɧɟɧɢɟ ɬɚɤɨɣ ɮɨɪɦɵ ɯɨɧɢɧɝɨɜɚɥɶɧɵɯ ɛɪɭɫɤɨɜ, 



  75 
 

ɩɪɢ ɤɨɬɨɪɨɣ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɪɚɫɩɨɥɨɠɟɧɢɟ ɧɚɢɛɨɥɶɲɟɝɨ ɤɨɥɢɱɟɫɬɜɚ ɪɟɠɭɳɢɯ 

ɡɟɪɟɧ ɜɨɡɦɨɠɧɨ ɛɥɢɠɟ ɤ ɬɨɪɰɭ ɪɚɛɨɱɟɣ ɱɚɫɬɢ ɢɧɫɬɪɭɦɟɧɬɚ ɜ ɡɨɧɟ ɞɧɚ 

ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɨɬɜɟɪɫɬɢɹ. ɗɬɨ, ɩɨ ɫɭɬɢ, ɞɚɟɬ ɟɳɟ ɨɞɢɧ ɜɚɪɢɚɧɬ ɭɩɪɚɜɥɟɧɢɹ 

ɦɟɯɚɧɢɡɦɨɦ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɨɝɪɟɲɧɨɫɬɢ ɧɚ ɨɫɧɨɜɟ ɫɨɡɞɚɧɢɹ ɩɟɪɟɦɟɧɧɨɣ 

ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɢ ɩɨ ɞɥɢɧɟ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ. Ɉɞɧɚɤɨ ɷɬɨ ɬɟɯɧɢɱɟɫɤɨɟ ɪɟɲɟɧɢɟ 

ɧɟ ɩɨɥɭɱɢɥɨ ɞɨɥɠɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɚ ɩɪɚɤɬɢɤɟ. 

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, ɜɨɡɧɢɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɛɨɥɟɟ ɬɳɚɬɟɥɶɧɨɝɨ 

ɪɚɫɫɦɨɬɪɟɧɢɹ ɷɬɨɝɨ ɜɚɪɢɚɧɬɚ ɭɩɪɚɜɥɟɧɢɹ ɮɨɪɦɢɪɨɜɚɧɢɟɦ ɩɨɝɪɟɲɧɨɫɬɟɣ ɜ 

ɩɪɨɞɨɥɶɧɨɦ ɫɟɱɟɧɢɢ. 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɬɟɩɟɧɶ ɢɫɩɪɚɜɥɟɧɢɹ ɤɨɧɭɫɨɨɛɪɚɡɧɨɫɬɢ ɨɬɜɟɪɫɬɢɹ 

ɡɚɜɢɫɢɬ ɨɬ ɨɬɧɨɲɟɧɢɹ ɨɫɧɨɜɚɧɢɣ ɬɪɚɩɟɰɢɢ 

BB1 . (4.1) 

ȼ ɤɚɠɞɨɦ ɤɨɧɤɪɟɬɧɨɦ ɫɥɭɱɚɟ ɨɩɬɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ε ɫɥɟɞɭɟɬ ɩɨɞɛɢɪɚɬɶ 

ɨɩɵɬɧɵɦ ɩɭɬɟɦ. Ʉɚɤ ɜɢɞɧɨ ɢɡ ɬɚɛɥɢɰɵ 1.3, ɞɥɹ ɞɚɧɧɨɝɨ ɤɨɧɤɪɟɬɧɨɝɨ ɫɥɭɱɚɹ, 

ɷɮɮɟɤɬɢɜɧɨɟ ɢɫɩɪɚɜɥɟɧɢɟ ɤɨɧɭɫɧɨɫɬɢ ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ ɡɧɚɱɟɧɢɹɯ ε = 0,4÷0,5. 

ɉɨɞɛɨɪ ε ɨɩɵɬɧɵɦ ɩɭɬɟɦ ɩɪɟɞɩɨɥɚɝɚɟɬ ɫɥɟɞɭɸɳɟɟ. 

ɇɟɨɛɯɨɞɢɦɨ ɢɡɧɚɱɚɥɶɧɨ ɢɡɝɨɬɨɜɢɬɶ ɪɟɠɭɳɢɟ ɷɥɟɦɟɧɬɵ ɫ ɩɨɫɬɨɹɧɧɵɦ 

ɡɧɚɱɟɧɢɟɦ ɲɢɪɢɧɵ ɩɨ ɢɯ ɞɥɢɧɟ ɢ ɩɪɨɲɥɢɮɨɜɚɬɶ ɪɟɠɭɳɢɟ ɷɥɟɦɟɧɬɵ ɧɚ ɤɪɭɝɥɨ-

ɲɥɢɮɨɜɚɥɶɧɨɦ ɫɬɚɧɤɟ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɬɪɟɛɭɟɦɨɣ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɮɨɪɦɵ.  

Ⱦɚɥɟɟ, ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɨɛɪɚɛɨɬɤɚ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɣ ɩɚɪɬɢɢ ɞɟɬɚɥɟɣ ɢ 

ɮɢɤɫɢɪɭɟɬɫɹ ɩɨɥɭɱɚɟɦɚɹ ɫɬɚɛɢɥɶɧɚɹ ɤɨɧɭɫɧɨɫɬɶ, ɤɨɬɨɪɚɹ ɩɨɜɬɨɪɹɟɬɫɹ ɨɬ ɞɟɬɚɥɢ 

ɤ ɞɟɬɚɥɢ. Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɨɩɪɟɞɟɥɢɬɶ ɩɪɢɦɟɪɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɞɟɬɚɥɟɣ ɜ ɩɚɪɬɢɢ, 

ɜɵɩɨɥɧɢɦ ɫɥɟɞɭɸɳɢɟ ɨɪɢɟɧɬɢɪɨɜɨɱɧɵɟ ɪɚɫɱɟɬɵ. 

ɉɪɢ ɨɛɪɚɛɨɬɤɟ ɨɞɧɨɣ ɞɟɬɚɥɢ ɭɞɟɥɶɧɵɣ ɪɚɡɦɟɪɧɵɣ ɢɡɧɨɫ ɫɪɚɜɧɢɬɟɥɶɧɨ 

ɦɚɥɚɹ ɜɟɥɢɱɢɧɚ. ɇɚɩɪɢɦɟɪ, ɩɪɢ ɯɨɧɢɧɝɨɜɚɧɢɢ ɫɤɜɨɡɧɵɯ ɨɬɜɟɪɫɬɢɣ ɜ ɲɚɬɭɧɚɯ 

ɋɆȾ14 ɢɡ ɫɬɚɥɢ 45ɏ ɇȼ 250 (dɨɬɜ = 84 ɦɦ; lɨɬɜ = 90 ɦɦ) ɛɪɭɫɤɚɦɢ 8 ɯ 5 ɯ 1 ɯ 50 

Ⱥɋɉ 5 – Ɇ1 – 100 (ɱɢɫɥɨ ɛɪɭɫɤɨɜ z = 8) [42, ɩɪɢɥɨɠɟɧɢɟ Ƚ], ɜɟɥɢɱɢɧɚ 

ɪɚɞɢɚɥɶɧɨɝɨ ɪɚɡɦɟɪɧɨɝɨ ɢɡɧɨɫɚ ɡɚ ɜɪɟɦɹ ɨɛɪɚɛɨɬɤɢ ɨɞɧɨɣ ɞɟɬɚɥɢ ɫɨɫɬɚɜɢɬ 0,29, 

ɦɄɦ. (ɬɨɥщɢɧɚ ɚɥɦɚɡɨɧɨɫɧɨɝɨ ɫɥɨя / ɤɨɥɢɱɟɫɬɜɨ ɨɛɪɚɛɨɬɚɧɧыɯ ɞɟɬɚɥɟɣ =  1 / 

3500 = 0,2λ ɦКɦ.). ȿɫɥɢ ɭɫɥɨɜɧɨ ɩɪɢɧɹɬɶ, ɱɬɨ ɩɪɢ ɯɨɧɢɧɝɨɜɚɧɢɢ ɝɥɭɯɢɯ 
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ɨɬɜɟɪɫɬɢɣ ɬɟɦɩɵ ɢɡɧɨɫɚ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɜ ɜɟɪɯɧɟɣ ɢ ɧɢɠɧɟɣ ɱɚɫɬɹɯ 

ɫɨɨɬɧɨɫɹɬɫɹ ɤɚɤ 1։2, ɬɨ ɩɨɫɥɟ ɨɛɪɚɛɨɬɤɢ ɩɟɪɜɨɣ ɞɟɬɚɥɢ ɩɪɢ ɜɟɥɢɱɢɧɟ ɪɚɡɦɟɪɧɨɝɨ 

ɢɡɧɨɫɚ 0,29 ɦɄɦ ɜ ɫɪɟɞɢɧɟ ɜɟɥɢɱɢɧɚ ɪɚɡɦɟɪɧɨɝɨ ɢɡɧɨɫɚ ɩɨ ɤɪɚɹɦ ɪɟɠɭɳɢɯ 

ɷɥɟɦɟɧɬɨɜ ɫɨɫɬɚɜɢɬ: ɜ ɜɟɪɯɧɟɣ ɱɚɫɬɢ 0,386 ɦɄɦ, ɚ ɜ ɧɢɠɧɟɣ 0,193 ɦɄɦ. Ɍɨ ɟɫɬɶ, 

ɩɪɢɨɛɪɟɬёɧɧɚɹ ɤɨɧɭɫɧɨɫɬɶ ɧɚ ɢɧɫɬɪɭɦɟɧɬɟ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɫɥɭɱɚɟ ɫɨɫɬɚɜɢɬ 

0,193 ɦɄɦ. ɉɪɢ ɨɛɪɚɛɨɬɤɟ ɩɨɫɥɟɞɭɸɳɢɯ ɞɟɬɚɥɟɣ ɛɭɞɟɬ ɢɦɟɬɶ ɦɟɫɬɨ ɭɛɵɜɚɸɳɟɟ 

ɩɪɢɪɚɳɟɧɢɟ ɜɟɥɢɱɢɧɵ ɤɨɧɭɫɧɨɫɬɢ ɢ ɩɪɢ ɤɚɤɨɦ-ɬɨ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɦ ɱɢɫɥɟ 

ɨɛɪɚɛɨɬɚɧɧɵɯ ɞɟɬɚɥɟɣ ɩɪɨɰɟɫɫ ɩɪɢɪɚɳɟɧɢɹ ɤɨɧɭɫɧɨɫɬɢ ɩɪɟɤɪɚɬɢɬɫɹ ɢ ɛɭɞɟɬ 

ɢɦɟɬɶ ɦɟɫɬɨ ɷɤɜɢɞɢɫɬɚɧɬɧɵɣ ɢɡɧɨɫ ɢɧɫɬɪɭɦɟɧɬɚ. 

ɉɪɢɦɟɦ ɝɪɭɛɵɟ ɞɨɩɭɳɟɧɢɹ ɨ ɬɨɦ, ɱɬɨ ɩɪɢɪɚɳɟɧɢɟ ɜɟɥɢɱɢɧɵ ɤɨɧɭɫɧɨɫɬɢ 

ɧɚ ɢɧɫɬɪɭɦɟɧɬɟ ɩɨɫɬɨɹɧɧɨ ɨɬ ɞɟɬɚɥɢ ɤ ɞɟɬɚɥɢ, ɢ ɜɟɥɢɱɢɧɚ ɤɨɧɭɫɧɨɫɬɢ ɧɚ 

ɢɧɫɬɪɭɦɟɧɬɟ ɪɚɜɧɚ ɜɟɥɢɱɢɧɟ ɮɨɪɦɢɪɭɟɦɨɣ ɤɨɧɭɫɧɨɫɬɢ ɧɚ ɞɟɬɚɥɢ. ɉɪɢ ɷɬɢɯ 

ɭɫɥɨɜɢɹɯ, ɟɫɥɢ ɡɧɚɱɟɧɢɟ ɤɨɧɭɫɧɨɫɬɢ ɢɡ ɬɚɛɥ. 1 (130 ɦɄɦ) ɪɚɡɞɟɥɢɬɶ ɧɚ 

ɩɨɥɭɱɟɧɧɭɸ ɜɟɥɢɱɢɧɭ ɭɞɟɥɶɧɨɝɨ ɬɟɦɩɚ ɢɡɧɨɫɚ (0,193 ɦɄɦ), ɬɨ ɩɨɥɭɱɢɦ ɱɢɫɥɨ 

674 ɲɬ. ɗɬɨ ɩɪɢɦɟɪɧɨɟ ɱɢɫɥɨ ɞɟɬɚɥɟɣ, ɤɨɬɨɪɨɟ ɧɟɨɛɯɨɞɢɦɨ ɨɛɪɚɛɨɬɚɬɶ, ɱɬɨɛɵ ɧɚ 

ɢɧɫɬɪɭɦɟɧɬɟ ɫɮɨɪɦɢɪɨɜɚɥɚɫɶ ɤɨɧɭɫɧɨɫɬɶ ɜ 130 ɦɄɦ. 

ɉɨɥɭɱɟɧɧɨɟ ɱɢɫɥɨ ɞɟɬɚɥɟɣ ɜ ɫɢɥɭ ɩɪɢɧɹɬɵɯ ɝɪɭɛɵɯ ɞɨɩɭɳɟɧɢɣ, ɹɜɥɹɟɬɫɹ 

ɫɭɳɟɫɬɜɟɧɧɨ ɡɚɧɢɠɟɧɧɵɦ. Ɋɟɚɥɶɧɨ ɧɟɨɛɯɨɞɢɦɨɟ ɱɢɫɥɨ ɞɟɬɚɥɟɣ ɛɭɞɟɬ 

ɫɭɳɟɫɬɜɟɧɧɨ ɛɨɥɶɲɢɦ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɥɭɱɟɧ ɩɨɪɹɞɨɤ ɱɢɫɥɚ ɞɟɬɚɥɟɣ, ɩɨɞɥɟɠɚɳɢɯ ɨɛɪɚɛɨɬɤɟ, 

ɱɬɨɛɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɡɚɮɢɤɫɢɪɨɜɚɬɶ ɩɨɥɭɱɚɟɦɭɸ ɤɨɧɭɫɧɨɫɬɶ ɩɪɢ İ = 1. 

Ⱦɚɥɟɟ, ɷɬɢ ɠɟ ɞɟɣɫɬɜɢɹ ɧɟɨɛɯɨɞɢɦɨ ɩɨɜɬɨɪɢɬɶ ɩɪɢ İ = 0,5 (ɤɨɧɭɫɧɨɫɬɶ +74 

ɦɄɦ) ɢ İ = 0,3 (ɤɨɧɭɫɧɨɫɬɶ – 62 ɦɄɦ). ɉɪɢ ɷɬɨɦ ɜɵɛɨɪ ɡɧɚɱɟɧɢɹ İ ɧɨɫɢɬ 

ɫɥɭɱɚɣɧɵɣ ɯɚɪɚɤɬɟɪ ɢ ɩɨ ɤɚɠɞɨɦɭ ɢɡ ɧɢɯ ɧɟɨɛɯɨɞɢɦɨ ɯɨɧɢɧɝɨɜɚɧɢɟ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɤɨɥɢɱɟɫɬɜɚ ɞɟɬɚɥɟɣ. Ɇɟɬɨɞɨɦ ɢɧɬɟɪɩɨɥɹɰɢɢ ɨɩɪɟɞɟɥɢɦ, ɱɬɨ 

ɢɫɤɨɦɨɟ ɡɧɚɱɟɧɢɟ İ ≈ 0,35 ÷ 0,4. 

ȼɵɜɨɞ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɢɧɫɬɪɭɦɟɧɬɚ ɫ ɪɟɠɭɳɢɦɢ ɷɥɟɦɟɧɬɚɦɢ 

ɬɪɚɩɟɰɟɢɞɚɥɶɧɨɣ ɮɨɪɦɵ ɩɪɟɞɩɨɥɚɝɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɤɨɧɬɪɨɥɶɧɨɝɨ 

(ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ) ɯɨɧɢɧɝɨɜɚɧɢɹ ɫɪɚɜɧɢɬɟɥɶɧɨ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ 
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ɨɬɜɟɪɫɬɢɣ, ɢɫɱɢɫɥɹɟɦɨɝɨ ɬɵɫɹɱɚɦɢ ɢ ɞɟɫɹɬɤɚɦɢ ɬɵɫɹɱ, ɬ. ɟ. ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ 

ɛɨɥɶɲɨɣ ɬɪɭɞɨɟɦɤɨɫɬɶɸ. 

Ⱦɚɥɟɟ ɧɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɫɭɳɟɫɬɜɭɟɬ ɨɩɬɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ 

ɲɢɪɢɧɵ ɛɪɭɫɤɨɜ, ɩɪɢ ɤɨɬɨɪɨɦ ɩɪɨɰɟɫɫ ɯɨɧɢɧɝɨɜɚɧɢɹ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɟɧ. 

ȼɚɪɶɢɪɨɜɚɧɢɟ ɠɟ ɲɢɪɢɧɨɣ ɛɪɭɫɤɨɜ ɩɨ ɢɯ ɞɥɢɧɟ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɚɛɥɢɰɟɣ 1.3 

(ɛɨɥɟɟ ɱɟɦ ɜ ɞɜɚ ɪɚɡɚ) ɩɪɢɜɟɞɟɬ ɤ ɬɨɦɭ, ɱɬɨ ɯɨɧɢɧɝɨɜɚɧɢɟ ɫɭɳɟɫɬɜɟɧɧɨ ɛɨɥɶɲɟɣ 

ɱɚɫɬɶɸ ɪɚɛɨɱɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɛɪɭɫɤɨɜ ɛɭɞɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɜ ɧɟɨɩɬɢɦɚɥɶɧɨɦ 

ɪɟɠɢɦɟ. ɗɬɨ ɧɟɢɡɛɟɠɧɨ ɨɬɪɚɡɢɬɫɹ ɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɰɟɫɫɚ ɫɴɟɦɚ ɩɪɢɩɭɫɤɚ, 

ɭɞɟɥɶɧɨɝɨ ɢɡɧɨɫɚ ɚɥɦɚɡɨɧɨɫɧɨɝɨ ɫɥɨɹ, ɤɚɱɟɫɬɜɟ ɨɛɪɚɛɨɬɚɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɬ.ɞ. 

ɇɟɨɛɯɨɞɢɦɨ ɬɚɤɠɟ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɤɨɧɫɬɪɭɤɰɢɹɯ ɯɨɧɢɧɝɨɜɚɥɶɧɵɯ 

ɝɨɥɨɜɨɤ ɫɭɦɦɚɪɧɚɹ ɲɢɪɢɧɚ ɛɪɭɫɤɨɜ ɜɵɛɢɪɚɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɮɨɪɦɭɥɨɣ [42, 

77, 83]: 

  ɨɬɜdBz 35,025,0       (4.2) 

ɋɭɦɦɚɪɧɚɹ ɲɢɪɢɧɚ ɛɪɭɫɤɨɜ Bz  ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ ɞɜɨɹɤɨ. 

ɂɡɧɚɱɚɥɶɧɨ, ɩɨ ɷɦɩɢɪɢɱɟɫɤɨɦɭ ɝɪɚɮɢɤɭ [42] ɨɩɪɟɞɟɥɹɟɬɫɹ ɲɢɪɢɧɚ 

ɚɥɦɚɡɧɨɝɨ ɛɪɭɫɤɚ B ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɞɢɚɦɟɬɪɚ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɨɬɜɟɪɫɬɢɹ dɨɬɜ 

ɢ ɡɚɬɟɦ, ɩɨ ɮɨɪɦɭɥɟ (4.2) – ɤɨɥɢɱɟɫɬɜɨ ɛɪɭɫɤɨɜ z. 

Ʌɢɛɨ, ɢɡɧɚɱɚɥɶɧɨ, ɤɨɧɫɬɪɭɤɬɢɜɧɨ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɞɢɚɦɟɬɪɚ 

ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɨɬɜɟɪɫɬɢɹ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨ ɛɪɭɫɤɨɜ, ɡɚɬɟɦ ɩɨ 

ɮɨɪɦɭɥɟ (4.2) – ɲɢɪɢɧɚ ɛɪɭɫɤɨɜ. 

Ⱦɚɥɟɟ, ɟɫɥɢ ɞɨɩɭɫɬɢɬɶ, ɱɬɨ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɝɚɛɚɪɢɬɧɵɯ ɪɚɡɦɟɪɨɜ 

ɬɪɚɩɟɰɟɢɞɚɥɶɧɨɝɨ ɛɪɭɫɤɚ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɮɨɪɦɭɥɚ (4.2), ɬɨ ɧɟɹɫɧɨ, 

ɱɟɦɭ ɛɭɞɟɬ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɢɫɤɨɦɚɹ ɲɢɪɢɧɚ: ɜɟɪɯɧɟɦɭ ɨɫɧɨɜɚɧɢɸ ɬɪɚɩɟɰɢɢ В, 

ɧɢɠɧɟɦɭ ɨɫɧɨɜɚɧɢɸ ɬɪɚɩɟɰɢɢ В1 ɢɥɢ ɤɚɤɨɦɭ-ɬɨ ɩɪɨɦɟɠɭɬɨɱɧɨɦɭ ɡɧɚɱɟɧɢɸ. 

Ʉɪɨɦɟ ɬɨɝɨ, ɨɬɫɭɬɫɬɜɭɟɬ ɢɧɮɨɪɦɚɰɢɹ ɜ ɨɬɧɨɲɟɧɢɢ ɮɚɤɬɨɪɨɜ, 

ɨɩɪɟɞɟɥɹɸɳɢɯ ɡɚɤɨɧ ɢɡɦɟɧɟɧɢɹ ɜɟɥɢɱɢɧɵ x = (zB)/(πDɨɬɜ) ɜ ɞɢɚɩɚɡɨɧɟ 0,25 … 

0,35, ɤɨɬɨɪɵɦ ɪɟɝɥɚɦɟɧɬɢɪɭɟɬɫɹ ɜɵɛɨɪ ɫɭɦɦɚɪɧɨɣ ɲɢɪɢɧɵ ɛɪɭɫɤɨɜ. 

ɉɨɷɬɨɦɭ ɡɞɟɫɶ ɧɟɨɛɯɨɞɢɦɨ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɨ ɭɬɨɱɧɟɧɢɸ 

ɚɥɝɨɪɢɬɦɚ ɜɵɛɨɪɚ ɝɚɛɚɪɢɬɧɵɯ ɪɚɡɦɟɪɨɜ ɬɪɚɩɟɰɟɢɞɚɥɶɧɵɯ ɛɪɭɫɤɨɜ, 
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ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ ɯɨɧɢɧɝɨɜɚɧɢɹ ɝɥɭɯɢɯ ɨɬɜɟɪɫɬɢɣ. Ʉɪɨɦɟ ɬɨɝɨ, ɧɟɨɛɯɨɞɢɦɨ 

ɜ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɨɰɟɧɤɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɬɚɤɢɯ ɛɪɭɫɤɨɜ.  

Ⱦɥɹ ɷɬɨɝɨ, ɢɡ ɢɦɟɸɳɢɯɫɹ ɜ ɥɢɬɟɪɚɬɭɪɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ, 

ɢɧɜɚɪɢɚɧɬɧɨ ɤ ɞɢɚɦɟɬɪɚɥɶɧɨɦɭ ɪɚɡɦɟɪɭ, ɩɚɪɚɦɟɬɪɚɦ ɤɨɧɫɬɪɭɤɰɢɢ ɢɧɫɬɪɭɦɟɧɬɚ 

ɢ ɫɜɨɣɫɬɜɚɦ ɚɥɦɚɡɨɧɨɫɧɨɝɨ ɫɥɨɹ ɢ ɦɚɬɟɪɢɚɥɚ ɡɚɝɨɬɨɜɤɢ, ɜɵɩɨɥɧɢɦ, ɩɨ 

ɨɬɧɨɲɟɧɢɸ ɤ ɜɟɥɢɱɢɧɟ x ɫɬɚɬɢɫɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɜɵɛɨɪɨɤ ɧɚɢɛɨɥɟɟ ɯɚɪɚɤɬɟɪɧɵɯ 

ɨɩɟɪɚɰɢɣ ɯɨɧɢɧɝɨɜɚɧɢɹ ɫɤɜɨɡɧɵɯ ɨɬɜɟɪɫɬɢɣ [38, 41, 42, 52, 53, 54, 63, 64] 

(ɉɪɢɥɨɠɟɧɢɟ Ƚ)  ɢ ɧɚ ɨɫɧɨɜɟ ɪɟɡɭɥɶɬɚɬɨɜ ɷɬɨɝɨ ɚɧɚɥɢɡɚ ɫɮɨɪɦɭɥɢɪɭɟɦ 

ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɜɵɛɨɪɭ ɝɚɛɚɪɢɬɧɵɯ ɪɚɡɦɟɪɨɜ ɬɪɚɩɟɰɟɢɞɚɥɶɧɵɯ ɛɪɭɫɤɨɜ ɞɥɹ 

ɯɨɧɢɧɝɨɜɚɧɢɹ ɝɥɭɯɢɯ ɨɬɜɟɪɫɬɢɣ. 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɭɤɚɡɚɧɧɨɝɨ ɚɧɚɥɢɡɚ ɩɪɢɜɟɞɟɧɵ ɜ 

ɬɚɛɥɢɰɟ 4.2. 

Ɍɚɛɥɢɰɚ 4.2 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɜɟɥɢɱɢɧɵ x =  (zB)/(πDɨɬɜ) 

№ 

n/n 

xj =  (π·Dɨɬɜ. 

j)/(zj·Bj) 

 19 4·6/π·31 = 0,246  39 4·12/π·61 = 0,250  59 10·6/π·92 = 0,207 

 20 4·6/π·32 = 0,238  40 4·12/π·61 = 0,250  60 9·12/π·100 = 0,343 

1 3·2/ π·8 = 0,238  21 4·8/π·35 = 0,291  41 6·6/π·61 = 0,187  61 9·12/π·100 = 0,343 

2 3·3/π·8 = 0,358  22 4·5/π·35 = 0,181  42 6·13/π·65 = 0,382  62 6·12/π·100 = 0,229 

3 3·3/π·10 = 0,286  23 4·11/π·37 = 0,378  43 7·11/π·72 = 0,340  63 6·12/π·10= 0,227 

4 3·4/π·11 = 0,347  24 3·6/π·38 = 0,150  44 7·11/π·72 = 0,340  64 6·12/π·101 = 0,227 

5 3·4/π·12 = 0,318  25 3·6/π·38 = 0,150  45 4·8/π·72 = 0,141  65 6·12/π·103= 0,222 

6 4·3/π·13 = 0,293  26 3·12/π·38 = 0,301  46 6·13/π·75 = 0,331  66 4·20/π·103= 0,247 

7 4·3/π·13 = 0,293  27 6·3/π·38 = 0,150  47 6·13/π·75 = 0,331  67 4·20/π·103= 0,247 

8 4·4/π·15 = 0,339  28 4·10/π·42 = 0,303  48 5·12/π·79 = 0,241  68 6·12/π·105= 0,218 

9 3·4/π·16 = 0,238  29 4·10/π·42 = 0,303  49 5·12/π·79,5=0,240  69 6·12/π·105 = 0,218 

10 3·4/π·16 = 0,238  30 6·6/π·42 = 0,272  50 6·10/π·81 = 0,235  70 6·12/π·111 = 0,206 

11 4·5/π·21 = 0,303  31 4·12/π·42 = 0,363  51 6·8/π·82 = 0,186  71 6·12/π·111 = 0,206 

12 3·8/π·22 = 0,347  32 8·4/π·45 = 0,226  52 6·8/π·82 = 0,186  72 8·12/π·120 = 0,254 

13 4·5/π·22 = 0,299  33 8·4/π·45 = 0,226  53 8·8/π·84 = 0,242  73 8·12/π·120 = 0,254 

14 3·3,5/π·27 = 0,123  34 6·8/π·51 = 0,299  54 6·6/π·85 = 0,134  74 8·12/π·120 = 0,254 

15 3·4/π·27 = 0,141  35 6·8/π·51 = 0,299  55 6·6/π·85 = 0,134  75 12·15/π·120 = 0,47 

16 3·4/π·27 = 0,141  36 5·8/π·52 = 0,244  56 8·10/π·92 = 0,276  76 12·15/π·120 = 0,47 

17 3·8/π·28,5 = 0,267  37 5·8/π·58 = 0,219  57 8·10/π·92 = 0,276  77 15·8/π·145 = 0,263 

18 3·8/π·28,5 = 0,267  38 4·12/π·61 = 0,250  58 10·6/π·92 = 0,207  78 15·8/π·145 = 0,263 



  79 
 

ɉɨ ɞɚɧɧɵɦ ɬɚɛɥɢɰɵ 4.1, ɩɨɫɬɪɨɢɦ ɝɪɚɮɢɤ (ɪɢɫ.4.4) ɪɚɫɫɟɢɜɚɧɢɹ 

ɜɟɥɢɱɢɧɵ xj ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɞɢɚɦɟɬɪɚ ɨɛɪɚɛɨɬɤɢ. 

 
1 – ɞɢɚɦɟɬɪɵ ɨɬɜɟɪɫɬɢɣ; 2 – xj; 3 – ɥɢɧɢɹ ɬɪɟɧɞɚ. 

Ɋɢɫ. 4.4. Ɋɚɫɫɟɢɜɚɧɢɟ ɜɟɥɢɱɢɧɵ xj ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɞɢɚɦɟɬɪɚ ɨɛɪɚɛɨɬɤɢ. 

ɂɡ ɝɪɚɮɢɤɚ ɧɚɝɥɹɞɧɨ ɜɢɞɧɨ, ɱɬɨ ɜɟɥɢɱɢɧɚ xj ɹɜɥɹɟɬɫɹ ɫɥɭɱɚɣɧɨɣ 

ɜɟɥɢɱɢɧɨɣ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɞɢɚɦɟɬɪɭ ɨɛɪɚɛɨɬɤɢ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, ɩɪɢɦɟɧɹɹ 

ɦɟɬɨɞɢɤɭ ɝɪɭɩɩɢɪɨɜɚɧɢɹ ɜ ɢɧɬɟɪɜɚɥɵ [73, 44], ɜɵɩɨɥɧɢɦ ɫɬɚɬɢɫɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ 

ɡɧɚɱɟɧɢɣ xj (ɬɚɛɥɢɰɚ 4.3) ɢ ɞɥɹ ɧɚɝɥɹɞɧɨɫɬɢ ɩɨɫɬɪɨɢɦ ɢ ɩɪɢɜɟɞɟɦ ɡɞɟɫɶ ɤɪɢɜɵɟ 

ɪɚɫɫɟɢɜɚɧɢɹ ɷɬɢɯ ɡɧɚɱɟɧɢɣ (Ɋɢɫ.4.5). 

 

Ɋɢɫ. 4.5. Ɋɚɫɩɪɟɞɟɥɟɧɢɹ ɜɟɥɢɱɢɧ x ɞɥɹ: (1) ɫɬɚɥɟɣ ɢ ɱɭɝɭɧɨɜ 


 
n

m ; (2) ɫɥɟɣ 




 
c

c

n

m ; (3) ɱɭɝɭɧɨɜ 


 
ɱ

ɱ

n

m
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Ɍɚɛɥɢɰɚ 4.3.  

Ɍɚɛɥɢɰɚ ɫɜɨɞɧɵɯ ɞɚɧɧɵɯ 

ɗɦɩɢɪɢɱɟɫɤɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ xj ɩɪɢ ɯɨɧɢɧɝɨɜɚɧɢɢ ɫɬɚɥɶɧɵɯ ɢ ɱɭɝɭɧɧɵɯ ɞɟɬɚɥɟɣ 
Ɇɚɤɫɢɦɚɥɶɧɨɟ 
ɢ ɦɢɧɢɦɚɥɶɧɨɟ 

ɡɧɚɱɟɧɢɹ 
xj = (π·Dɨɬɜ. 

j)/(zj·Bj) 
Ɋɚ

ɡɦ
ɚɯ

 
ɜɵ

ɛɨ
ɪɤ

ɢ 

ɑɢ
ɫɥ

ɨ 
ɢɧ

ɬɟ
ɪɜ

ɚɥ
ɨ

ɜ 
ɒ

ɢɪ
ɢɧ

ɚ 
ɢɧ

ɬɟ
ɪɜ

ɚɥ
ɚ 

Ɉ
ɛɴ

ёɦ
 

ɜɵ
ɛɨ

ɪɤ
ɢ 

ɋɪ
ɟɞ

ɧɟ
ɚɪ

ɢ
ɮɦ

ɟɬ
ɢɱ

ɟɫ
ɤ

ɨɟ
 

ɡɧ
ɚɱ

ɟɧ
ɢɟ

 
ɋɪ

ɟɞ
ɧɟ

ɤɜ
ɚ

ɞɪ
ɚɬ

ɢɱ
ɟɫ

ɤ
ɨɟ

 
ɨɬ

ɤɥ
ɨɧ

ɟɧ
ɢ

ɟ
Ʉɪ

ɢɬ
ɟɪ

ɢɣ
  

Ⱥ
.ɇ

. 
Ʉɨ

ɥɦ
ɨɝ

ɨɪ
ɨɜ

ɚ 

ȼɟ
ɪɨ

ɹɬ
ɧɨ

ɫɬ
ɶ 

xmax xmin W f d n X  S Ȝ Ɋ(Ȝ) 
0,4777 0,123 0,353 8 0,0442 78 0,2599 0,0684 0,8215 0,5441 

№
 ɂ

ɧɬ
ɟɪ

ɜɚ
ɥɚ

 

ɂɧɬɟɪɜɚɥɵ 
ɬɟɤɭɳɟɝɨ 

ɷɦɩɢɪɢɱɟɫɤɨɝɨ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɋɟ
ɪɟ

ɞɢ
ɧɚ

 
ɢɧ

ɬɟ
ɪɜ

ɚɥ
ɚ 

ɑɚ
ɫɬ

ɨɬ
ɚ 

 
ɢɧ

ɬɟ
ɪɜ

ɚɥ
ɚ 

ɑɚ
ɫɬ

ɨɫ
ɬɶ

 
 ɢ

ɧɬ
ɟɪ

ɜɚ
ɥɚ

 

Ɍɟ
ɨɪ

ɟɬ
ɢɱ

ɟɫ
ɤɚ

ɹ 
ɱɚ

ɫɬ
ɨɬ

ɚ 

ɇ
ɚɤ

ɨɩ
ɥɟ

ɧɧ
ɚɹ

 
ɷɦ

ɩɢ
ɪɢ

ɱɟ
ɫɤ

ɚɹ
 

ɱɚ
ɫɬ

ɨɬ
ɚ 

ɇ
ɚɤ

ɨɩ
ɥɟ

ɧɧ
ɚɹ

 
ɬɟ

ɨɪ
ɟɬ

ɢɱ
ɟɫ

ɤɚ
ɹ 

ɱɚ
ɫɬ

ɨɬ
ɚ 

 

xi mi mi/n im  N mi N im  
1 0,12385 0,168 0,145 8 0,10 5,03205 8 5,03205 2,9679 
2 0,168082 0,212 0,190 8 0,10 11,9647 16 16,9967 0,9967 
3 0,212314 0,256 0,234 27 0,34 18,7476 43 35,7443 7,2556 
4 0,256546 0,30 0,278 14 0,18 19,3587 57 55,1031 1,8968 
5 0,300778 0,345 0,322 12 0,1538 13,1733 69 68,2764 0,7235 
6 0,345011 0,389 0,367 6 0,0769 5,90750 75 74,1839 0,8160 
7 0,389243 0,433 0,411 2 0,0256 1,74581 77 75,9298 1,0701 
8 0,433475 0,477 0,455 1 0,0128 0,34000 78 76,2698 1,7301 

ɗɦɩɢɪɢɱɟɫɤɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ xj ɩɪɢ ɯɨɧɢɧɝɨɜɚɧɢɢ ɫɬɚɥɶɧɵɯ ɞɟɬɚɥɟɣ 
xmax xmin Wɫ fɫ dɫ nɫ X ɫ Sɫ Ȝɫ Ɋ(Ȝ)ɫ 

0,477 0,134 0,342 7 0,0489 40 0,272 0,0736 0,2770 0,99 

№
 

ɂɧɬɟɪɜɚɥɵ xiɫ miɫ miɫ/nɫ im ɫ N miɫ N im ɫ 

 

1 0,134882 0,183 0,159 5 0,125 3,293 5 3,29334 1,7066 
2 0,18385 0,232 0,208 7 0,175 7,303 12 10,5969 1,4030 
3 0,23283 0,281 0,257 11 0,275 10,40 23 21,0025 1,9974 
4 0,28180 0,330 0,306 10 0,25 9,524 33 30,5269 2,4730 
5 0,33078 0,379 0,355 4 0,1 5,600 37 36,1275 0,8724 
6 0,37975 0,428 0,404 1 0,025 2,115 38 38,2433 0,2433 
7 0,42873 0,477 0,453 2 0,05 0,513 40 38,7568 1,2431 

ɗɦɩɢɪɢɱɟɫɤɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ xj ɩɪɢ ɯɨɧɢɧɝɨɜɚɧɢɢ ɱɭɝɭɧɧɵɯ ɞɟɬɚɥɟɣ 
xmax xmin Wɱ fɱ dɱ nɱ X ɱ Sɱ Ȝɱ Ɋ(Ȝ)ɱ 

0,347 0,123 0,223 6 0,0372 35 0,2446 0,0551 0,3840 0,99 

№
 

ɂɧɬɟɪɜɚɥɵ xТ ɱ mТ ɱ mТ ɱ/nɱ im ɱ N mТ ɱ N
im ɱ  

1 0,12385 0,161 0,142 3 0,0857 1,6944 3 1,69449 1,3055 
2 0,161112 0,198 0,179 3 0,0857 4,7163 6 6,41088 0,4108 
3 0,198374 0,235 0,217 11 0,3142 8,3169 17 14,7278 2,2721 
4 0,235637 0,272 0,254 7 0,2 9,2918 24 24,0196 0,0196 
5 0,272899 0,310 0,291 5 0,1428 6,5769 29 30,5966 1,5966 
6 0,310161 0,347 0,328 6 0,1714 2,9493 35 33,5459 1,4540 
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ȼɵɜɨɞɵ. 
1. ɂɡ ɡɧɚɱɟɧɢɣ ɬɚɛɥ.4.3 ɫɥɟɞɭɟɬ, ɱɬɨ ɩɨ ɤɪɢɬɟɪɢɸ Ʉɨɥɦɨɝɨɪɨɜɚ (Ɋ(Ȝ) > 

0,05) ɜɨ ɜɫɟɯ ɬɪɟɯ ɫɥɭɱɚɹɯ ɢɦɟɟɬ ɦɟɫɬɨ ɡɚɤɨɧ ɧɨɪɦɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ; 

2. Ɋɚɡɦɚɯ ɫɪɟɞɧɟɚɪɢɮɦɟɬɢɱɟɫɤɢɯ ɡɧɚɱɟɧɢɣ ɩɨ ɬɪɟɦ ɫɥɭɱɚɹɦ ɫɨɫɬɚɜɥɹɟɬ 

0,0274. ɉɨɫɤɨɥɶɤɭ ɷɬɨ ɧɚ ɩɨɪɹɞɨɤ ɦɟɧɶɲɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɪɚɡɦɚɯɨɦ ɜɫɟɣ 

ɜɵɛɨɪɤɢ ɷɦɩɢɪɢɱɟɫɤɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɟɥɢɱɢɧ x, ɬɨ ɦɨɠɧɨ ɭɬɜɟɪɠɞɚɬɶ, ɱɬɨ 

ɨɬɫɭɬɫɬɜɭɟɬ ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ ɡɧɚɱɟɧɢɹɦɢ x ɢ ɫɜɨɣɫɬɜɚɦɢ 

ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ. 

ɂɡ ɩɭɧɤɬɨɜ 1 ɢ 2 ɫɥɟɞɭɟɬ, ɱɬɨ ɩɪɢ ɜɵɛɨɪɟ ɝɚɛɚɪɢɬɧɵɯ ɪɚɡɦɟɪɨɜ 

ɬɪɚɩɟɰɟɢɞɚɥɶɧɵɯ ɛɪɭɫɤɨɜ ɞɥɹ ɯɨɧɢɧɝɨɜɚɧɢɹ ɝɥɭɯɢɯ ɨɬɜɟɪɫɬɢɣ ɧɟɨɛɯɨɞɢɦɨ 

ɜɟɥɢɱɢɧɭ ɫɪɟɞɧɟɣ ɥɢɧɢɢ ɬɪɚɩɟɰɢɢ ɩɪɢɪɚɜɧɹɬɶ ɤ ɪɚɫɱɟɬɧɨɦɭ ɡɧɚɱɟɧɢɸ ɲɢɪɢɧɵ 

ɛɪɭɫɤɨɜ, ɨɩɪɟɞɟɥɟɧɧɨɣ ɞɥɹ ɫɥɭɱɚɹ ɯɨɧɢɧɝɨɜɚɧɢɢ ɫɤɜɨɡɧɵɯ ɨɬɜɟɪɫɬɢɣ (ɩɨ 

ɷɦɩɢɪɢɱɟɫɤɨɦɭ ɝɪɚɮɢɤɭ [42] ɢ ɮɨɪɦɭɥɟ (2)) ɚ ɨɬɧɨɲɟɧɢɟ ɨɫɧɨɜɚɧɢɣ ɬɪɚɩɟɰɢɢ 

BB1  ɨɩɪɟɞɟɥɹɬɶ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɩɭɬɟɦ. 

Ɉɫɬɚɧɨɜɢɦɫɹ ɧɚ ɫɥɟɞɭɸɳɟɣ ɫɯɟɦɟ ɨɛɪɚɛɨɬɤɢ, ɩɪɢ ɤɨɬɨɪɨɣ ɮɢɡɢɤɨ-

ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɜɹɡɤɢ ɩɨ ɞɥɢɧɟ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɜɵɩɨɥɧɟɧɵ 

ɩɟɪɟɦɟɧɧɵɦɢ, ɱɬɨ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɧɢɜɟɥɢɪɨɜɚɧɢɟ ɬɟɦɩɚ 

ɪɚɡɦɟɪɧɨɝɨ ɢɡɧɨɫɚ ɩɨ ɞɥɢɧɟ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ [1]. 

ȼ ɷɬɨɦ ɢɡɨɛɪɟɬɟɧɢɢ ɢɫɩɨɥɶɡɨɜɚɧɚ ɫɜɹɡɤɚ ɧɚ ɨɫɧɨɜɟ ɷɩɨɤɫɢɞɧɨɣ ɫɦɨɥɵ ɫ 

ɨɬɜɟɪɞɢɬɟɥɟɦ, ɚ ɩɟɪɟɦɟɧɧɨɫɬɶ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɫɜɹɡɤɢ ɞɨɫɬɢɝɚɟɬɫɹ ɡɚ ɫɱɟɬ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɩɪɨɰɟɧɬɧɨɝɨ ɫɨɨɬɧɨɲɟɧɢɹ ɫɦɨɥɵ ɢ ɨɬɜɟɪɞɢɬɟɥɹ. 

ɇɟɞɨɫɬɚɬɤɨɦ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɞɥɹ ɫɨɡɞɚɧɢɹ ɩɟɪɟɦɟɧɧɨɣ ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɢ 

ɰɟɥɟɧɚɩɪɚɜɥɟɧɧɨ ɭɦɟɧɶɲɚɸɬɫɹ ɭɫɢɥɢɹ ɭɞɟɪɠɚɧɢɹ ɚɥɦɚɡɧɵɯ ɡɟɪɟɧ ɜ ɫɜɹɡɤɟ, ɱɬɨ 

ɩɪɢɜɨɞɢɬ ɤ ɩɨɜɵɲɟɧɧɨɦɭ ɪɚɫɯɨɞɭ ɩɨɫɥɟɞɧɢɯ. ɋɥɟɞɭɸɳɢɦ ɧɟɞɨɫɬɚɬɤɨɦ ɹɜɥɹɟɬɫɹ 

ɬɨ, ɱɬɨ ɫɨɡɞɚɧɢɟ ɩɟɪɟɦɟɧɧɨɣ ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɢ ɜɨɡɦɨɠɧɨ ɡɚ ɫɱɟɬ ɫɜɹɡɤɢ ɧɚ ɨɫɧɨɜɟ 

ɷɩɨɤɫɢɞɧɨɣ ɫɦɨɥɵ ɫ ɨɬɜɟɪɞɢɬɟɥɟɦ ɢ ɩɪɨɛɥɟɦɚɬɢɱɧɨ – ɡɚ ɫɱɟɬ ɞɪɭɝɢɯ ɬɢɩɨɜ 

ɫɜɹɡɨɤ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɢ ɩɪɢɦɟɧɟɧɢɢ ɞɚɧɧɨɝɨ 

ɢɧɫɬɪɭɦɟɧɬɚ ɨɝɪɚɧɢɱɟɧɵ, ɤɚɤ ɩɨ ɩɟɪɟɱɧɸ ɨɛɪɚɛɚɬɵɜɚɟɦɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɬɚɤ ɢ ɩɨ 

ɞɢɚɩɚɡɨɧɭ ɪɟɠɢɦɨɜ ɨɛɪɚɛɨɬɤɢ. 
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Ⱥɥɶɬɟɪɧɚɬɢɜɨɣ ɭɤɚɡɚɧɧɵɦ ɜɵɲɟ ɫɩɨɫɨɛɚɦ ɯɨɧɢɧɝɨɜɚɧɢɹ, ɹɜɥɹɟɬɫɹ ɫɯɟɦɚ, 

ɩɪɢ ɤɨɬɨɪɨɣ ɩɟɪɟɦɟɧɧɵɟ ɫɜɨɣɫɬɜɚ ɩɨ ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɢ ɩɨ ɞɥɢɧɟ ɪɟɠɭɳɢɯ 

ɷɥɟɦɟɧɬɨɜ ɞɨɫɬɢɝɚɸɬɫɹ ɡɚ ɫɱɟɬ ɩɟɪɟɦɟɧɧɨɫɬɢ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 

ɚɥɦɚɡɧɵɯ ɡɟɪɟɧ. 

ɇɚ ɪɢɫ. 4.6 ɫɯɟɦɚɬɢɱɧɨ ɩɪɟɞɫɬɚɜɥɟɧɚ ɤɨɧɫɬɪɭɤɰɢɹ ɪɟɠɭɳɟɝɨ ɷɥɟɦɟɧɬɚ, 

ɚɥɦɚɡɨɧɨɫɧɵɣ ɫɥɨɣ ɤɨɬɨɪɨɝɨ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ (ɜɨɡɦɨɠɧɨ ɢ ɛɨɥɟɟ ɞɜɭɯ ɤɚɤ ɩɨ 

ɲɢɪɢɧɟ, ɬɚɤ ɢ ɩɨ ɞɥɢɧɟ) ɱɚɫɬɟɣ, ɤɨɬɨɪɵɟ ɨɬɥɢɱɚɸɬɫɹ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɦɢ 

ɫɜɨɣɫɬɜɚɦɢ, ɚ ɢɦɟɧɧɨ, ɩɪɨɱɧɨɫɬɶɸ ɚɥɦɚɡɧɵɯ ɡɟɪɟɧ ɢɥɢ, ɱɬɨ ɬɨɠɟ ɫɚɦɨɟ ɦɚɪɤɚɦɢ 

ɚɥɦɚɡɨɜ: ɜ ɜɟɪɯɧɟɣ ɱɚɫɬɢ – ɜɵɫɨɤɨɩɪɨɱɧɵɟ ɚɥɦɚɡɵ ɦɚɪɤɢ Ⱥɋȼ (ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ 

– q1 ≈ 1,2 ɦɝ/ɝ), ɜ ɧɢɠɧɟɣ ɱɚɫɬɢ – ɩɪɢɪɨɞɧɵɟ ɚɥɦɚɡɵ (ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ – q2 ≈ 0,5 

ɦɝ/ɝ). 

 
ɚ) ɛ) ɜ) ɝ)           ɞ) 
Ɋɢɫ. 4.6 Ʉɨɧɫɬɪɭɤɰɢɢ ɪɟɠɭɳɟɝɨ ɷɥɟɦɟɧɬɚ ɫ ɩɟɪɟɦɟɧɧɵɦɢ ɮɢɡɢɤɨ-

ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɚɥɦɚɡɧɵɯ ɡɟɪɟɧ ɩɨ ɞɥɢɧɟ 

 

ȼɟɥɢɱɢɧɚ ɭɞɟɥɶɧɨɝɨ ɪɚɫɯɨɞɨɜ ɩɨɥɭɱɟɧɵ ɩɪɢ ɯɨɧɢɧɝɨɜɚɧɢɢ ɝɢɥɶɡ 

ɰɢɥɢɧɞɪɨɜ ɞɜɢɝɚɬɟɥɟɣ Ⱦ50 ɢɡ ɡɚɤɚɥɟɧɧɨɝɨ ɱɭɝɭɧɚ (ɫɬɪ. 12-13[80]). 

Ɍɚɤɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɢɧɫɬɪɭɦɟɧɬɚ ɜ ɤɨɬɨɪɨɣ ɪɟɠɭɳɢɟ ɷɥɟɦɟɧɬɵ 

ɜɵɩɨɥɧɟɧɵ ɫ ɩɟɪɟɦɟɧɧɵɦɢ ɩɨ ɢɯ ɞɥɢɧɟ ɫɜɨɣɫɬɜɚɦɢ ɩɨ ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɢ (ɩɨ 
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ɚɧɚɥɨɝɢɢ ɫ ɪɟɠɭɳɢɦɢ ɷɥɟɦɟɧɬɚɦɢ ɫ ɩɟɪɟɦɟɧɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɚɥɦɚɡɧɵɯ ɡɟɪɟɧ, 

ɥɢɛɨ ɬɪɚɩɟɰɟɢɞɚɥɶɧɨɣ ɮɨɪɦɵ), ɨɛɟɫɩɟɱɢɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɧɢɜɟɥɢɪɨɜɚɧɢɟ 

ɬɟɦɩɚ ɪɚɡɦɟɪɧɨɝɨ ɢɡɧɨɫɚ ɩɨ ɞɥɢɧɟ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ. 

Ⱦɢɚɩɚɡɨɧ ɢɡɦɟɧɟɧɢɹ ɬɜɟɪɞɨɫɬɢ ɩɪɢɪɨɞɧɵɯ ɢ ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɚɥɦɚɡɨɜ 

ɦɟɧɹɟɬɫɹ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɦɚɪɤɢ ɢ ɡɟɪɧɢɫɬɨɫɬɢ ɨɬ 130 ɞɨ 2452 ɝɫ. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɜ ɞɨɫɬɚɬɨɱɧɨ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɦɨɠɧɨ 

ɩɨɞɨɛɪɚɬɶ ɬɚɤɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɬɜɟɪɞɨɫɬɟɣ ɜɟɪɯɧɟɣ ɢ ɧɢɠɧɟɣ ɱɚɫɬɟɣ ɛɪɭɫɤɚ, 

ɤɨɬɨɪɨɟ ɨɛɟɫɩɟɱɢɥɨ ɛɵ ɬɪɟɛɭɟɦɭɸ ɬɨɱɧɨɫɬɶ ɮɨɪɦɵ ɨɛɪɚɛɚɬɵɜɚɟɦɵɯ ɝɥɭɯɢɯ 

ɨɬɜɟɪɫɬɢɣ. 

ɉɪɢ ɷɬɨɦ, ɩɨɫɤɨɥɶɤɭ ɱɢɫɥɨ ɪɟɠɭɳɢɯ ɡɟɪɟɧ ɩɨ ɞɥɢɧɟ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ 

ɧɟɢɡɦɟɧɧɨ (ɡɟɪɧɢɫɬɨɫɬɶ ɢ ɤɨɧɰɟɧɬɪɚɰɢɹ ɜ ɜɟɪɯɧɟɣ ɢ ɧɢɠɧɟɣ ɱɚɫɬɢ ɨɞɢɧɚɤɨɜɵ), 

ɬɨ ɢ ɭɫɥɨɜɢɹ ɫɴɟɦɚ ɩɪɢɩɭɫɤɚ ɩɨ ɞɥɢɧɟ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ, ɬɚɤɠɟ ɛɭɞɭɬ 

ɨɞɢɧɚɤɨɜɵɦɢ (az/ρ – const). 

ȼɵɜɨɞ. ɋɩɨɫɨɛ ɨɛɪɚɛɨɬɤɢ, ɜɤɥɸɱɚɸɳɢɣ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɪɟɠɭɳɢɯ 

ɷɥɟɦɟɧɬɨɜ ɫ ɩɟɪɟɦɟɧɧɵɦɢ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɩɨ ɢɯ ɞɥɢɧɟ, ɫ 

ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɝɥɭɯɢɯ ɨɬɜɟɪɫɬɢɣ ɤɨɦɩɟɧɫɚɰɢɸ 

ɤɨɧɭɫɧɨɫɬɢ, ɤɨɬɨɪɚɹ ɝɟɧɟɪɢɪɭɟɬɫɹ ɚɫɢɦɦɟɬɪɢɟɣ ɩɟɪɟɛɟɝɨɜ ɢ, ɫ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, 

ɜɨɡɦɨɠɧɨɫɬɶ ɨɛɪɚɛɨɬɤɢ ɫ ɨɛɟɫɩɟɱɟɧɢɟɦ az/ρ – const.  

ȼɚɪɶɢɪɭɹ ɠɟ ɫɭɦɦɚɪɧɨɣ ɲɢɪɢɧɨɣ ɛɪɭɫɤɨɜ ɦɨɠɧɨ ɨɛɟɫɩɟɱɢɬɶ 

ɨɩɬɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɜɟɥɢɱɢɧɵ az/ρ. 

 

4.2. Ɋɚɡɪɚɛɨɬɤɚ ɫɩɨɫɨɛɚ ɯɨɧɢɧɝɨɜɚɧɢɹ ɡɚ ɫɱɟɬ ɢɡɦɟɧɟɧɢɹ ɩɪɨɞɨɥɶɧɨɣ 
ɨɪɢɟɧɬɚɰɢɢ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ 

 

ɂɡɜɟɫɬɟɧ ɫɩɨɫɨɛ ɯɨɧɢɧɝɨɜɚɧɢɹ, ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɜ ɉɟɪɦɫɤɨɦ 

ɧɚɰɢɨɧɚɥɶɧɨɦ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɦ ɩɨɥɢɬɟɯɧɢɱɟɫɤɨɦ ɭɧɢɜɟɪɫɢɬɟɬɟ (ɉɇɂɉɍ) 

[78] ɜ ɤɨɬɨɪɨɦ, ɜ ɰɢɤɥɟ ɨɛɪɚɛɨɬɤɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɢɡɦɟɧɟɧɢɟ ɩɪɨɞɨɥɶɧɨɣ 

ɨɪɢɟɧɬɚɰɢɢ ɞɟɬɚɥɢ. ɋɯɟɦɚ ɪɟɚɥɢɡɚɰɢɢ ɷɬɨɝɨ ɫɩɨɫɨɛɚ ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 4.7. 

ɐɢɤɥ ɯɨɧɢɧɝɨɜɚɧɢɹ ɜ ɞɚɧɧɨɦ ɫɩɨɫɨɛɟ ɪɚɡɞɟɥɹɸɬ ɤɚɤ ɦɢɧɢɦɭɦ ɧɚ ɞɜɚ ɢ ɛɨɥɟɟ 

ɩɨɞɰɢɤɥɨɜ, ɜ ɤɚɠɞɨɦ ɢɡ ɤɨɬɨɪɵɯ ɨɛɪɚɛɨɬɤɚ ɨɬɜɟɪɫɬɢɹ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɪɚɡɧɵɯ 
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ɫɬɨɪɨɧ. Ɍɚɤɨɣ ɩɪɢɟɦ ɨɛɟɫɩɟɱɢɜɚɟɬ ɛɨɥɟɟ ɪɚɜɧɨɦɟɪɧɵɣ ɤɨɧɬɚɤɬ ɪɚɛɨɱɟɣ 

ɩɨɜɟɪɯɧɨɫɬɢ ɛɪɭɫɤɨɜ ɫɨ ɜɫɟɦɢ ɭɱɚɫɬɤɚɦɢ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɨɬɜɟɪɫɬɢɹ. 

 
Ɋɢɫ. 4.7 ɋɯɟɦɚ ɯɨɧɢɧɝɨɜɚɧɢɹ ɩɨ ɦɟɬɨɞɭ ɜɡɚɢɦɧɨɣ ɩɪɚɜɤɢ 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɫɭɳɟɫɬɜɟɧɧɨ ɭɦɟɧɶɲɚɟɬɫɹ ɤɨɩɢɪɨɜɚɧɢɟ ɢɫɯɨɞɧɨɣ 

ɩɨɝɪɟɲɧɨɫɬɢ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɮɨɪɦɵ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɨɬɜɟɪɫɬɢɹ ɢɧɫɬɪɭɦɟɧɬɨɦ 

ɢ ɧɚɨɛɨɪɨɬ. Ɂɚ ɫɱɟɬ ɷɮɮɟɤɬɚ ɜɡɚɢɦɧɨɣ ɩɪɚɜɤɢ ɢɧɬɟɧɫɢɮɢɰɢɪɭɟɬɫɹ ɢɫɩɪɚɜɥɟɧɢɟ 

ɢɫɯɨɞɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɮɨɪɦɵ ɨɬɜɟɪɫɬɢɹ ɢ ɪɚɛɨɱɟɣ ɱɚɫɬɢ ɯɨɧɢɧɝɨɜɚɥɶɧɨɣ 

ɝɨɥɨɜɤɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɢ ɯɨɧɢɧɝɨɜɚɧɢɢ ɨɬɜɟɪɫɬɢɹ ɫ ɞɜɭɯ ɫɬɨɪɨɧ ɭɦɟɧɶɲɚɟɬɫɹ 

ɜɥɢɹɧɢɟ ɩɨɝɪɟɲɧɨɫɬɢ ɧɚɥɚɞɤɢ, ɧɚɩɪɢɦɟɪ, ɧɟɨɞɢɧɚɤɨɜɨɝɨ ɩɟɪɟɛɟɝɚ ɛɪɭɫɤɨɜ ɧɚ 

ɬɨɱɧɨɫɬɶ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɮɨɪɦɵ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɨɬɜɟɪɫɬɢɹ. 

ɇɚ ɨɫɧɨɜɟ ɩɪɢɜɟɞɟɧɧɨɝɨ ɜɵɲɟ ɢɡɜɟɫɬɧɨɝɨ ɫɩɨɫɨɛɚ ɯɨɧɢɧɝɨɜɚɧɢɹ 

ɪɚɡɪɚɛɨɬɚɧ ɧɨɜɵɣ ɫɩɨɫɨɛ ɯɨɧɢɧɝɨɜɚɧɢɹ [58], ɜ ɤɨɬɨɪɨɦ ɨɬɥɢɱɢɬɟɥɶɧɨɣ 

ɨɫɨɛɟɧɧɨɫɬɶɸ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɫɯɟɦɚ ɜɡɚɢɦɧɨɣ ɩɪɚɜɤɢ ɜ ɤɨɧɬɚɤɬɟ ɢɧɫɬɪɭɦɟɧɬ – 

ɞɟɬɚɥɶ ɪɟɚɥɢɡɭɟɬɫɹ ɡɚ ɫɱɟɬ ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɢɡɦɟɧɟɧɢɹ ɩɪɨɞɨɥɶɧɨɣ ɨɪɢɟɧɬɚɰɢɢ 

ɧɟ ɞɟɬɚɥɢ, ɚ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɢɧɫɬɪɭɦɟɧɬɚ. 

ɇɚ ɪɢɫ. 4.8 ɚ, ɛ, ɜ, ɫɯɟɦɚɬɢɱɧɨ ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɪɨɞɨɥɶɧɵɟ ɢ ɩɨɩɟɪɟɱɧɵɟ 

ɪɚɡɪɟɡɵ ɤɨɧɫɬɪɭɤɰɢɣ ɢɧɫɬɪɭɦɟɧɬɨɜ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɫɩɨɫɨɛɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ: 

 ɫ ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɤɥɢɧɨɜɢɞɧɵɦ ɷɥɟɦɟɧɬɨɦ ɜ ɜɢɞɟ ɞɟɮɨɪɦɢɪɭɟɦɨɣ ɜ 

ɪɚɞɢɚɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ, ɜɬɭɥɤɢ; 
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 ɫ ɩɪɨɦɟɠɭɬɨɱɧɵɦɢ ɤɥɢɧɨɜɢɞɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ, ɤɨɬɨɪɵɟ 

ɭɫɬɚɧɨɜɥɟɧɵ ɦɟɠɞɭ ɤɚɠɞɵɦ ɚɥɦɚɡɨɧɨɫɧɵɦ ɷɥɟɦɟɧɬɨɦ ɢ ɢɝɥɨɣ ɪɚɡɠɢɦɚ; 

 ɫ ɞɜɭɦɹ ɨɞɢɧɚɤɨɜɵɦɢ, ɜɫɬɪɟɱɧɨ ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɦɢ ɨɩɨɪɧɵɦɢ 

ɤɥɢɧɨɜɵɦɢ ɩɨɜɟɪɯɧɨɫɬɹɦɢ ɧɚ ɚɥɦɚɡɨɧɨɫɧɵɯ ɷɥɟɦɟɧɬɚɯ. 

   
ɚ ɛ ɜ 

Ɋɢɫ. 4.8 ɉɪɨɞɨɥɶɧɵɟ ɢ ɩɨɩɟɪɟɱɧɵɟ ɪɚɡɪɟɡɵ ɤɨɧɫɬɪɭɤɰɢɣ ɢɧɫɬɪɭɦɟɧɬɨɜ 

 

ɇɚ ɪɢɫ. 4.9, 4.10 ɢ 4.11 ɢɡɨɛɪɚɠɟɧɵ ɫɯɟɦɵ ɤɨɧɬɚɤɬɢɪɨɜɚɧɢɹ ɢɝɥɵ ɪɚɡɠɢɦɚ 

ɢ ɚɥɦɚɡɨɧɨɫɧɵɯ ɷɥɟɦɟɧɬɨɜ (ɚ – ɞɨ ɩɟɪɟɭɫɬɚɧɨɜɤɢ ɢ ɛ – ɩɨɫɥɟ ɩɟɪɟɭɫɬɚɧɨɜɤɢ) 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜ ɤɨɧɫɬɪɭɤɰɢɹɯ ɢɧɫɬɪɭɦɟɧɬɨɜ ɧɚ 4.6 ɚ, ɛ, ɜ. 

  
Ɋɢɫ. 4.9 Ɋɢɫ. 4.10 
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ɇɚ ɪɢɫ. 4.12 ɢɡɨɛɪɚɠɟɧɚ ɪɚɡɜɟɪɬɤɚ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɤɥɢɧɨɜɢɞɧɨɝɨ 

ɷɥɟɦɟɧɬɚ 5 ɜ ɜɢɞɟ ɞɟɮɨɪɦɢɪɭɟɦɨɣ ɜ ɪɚɞɢɚɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɜɬɭɥɤɢ ɜ 

ɤɨɧɫɬɪɭɤɰɢɢ ɢɧɫɬɪɭɦɟɧɬɚ ɧɚ 4.6 ɚ. 

 

 

Ɋɢɫ. 4.11 Ɋɢɫ. 4.12 

Ɉɛɨɡɧɚɱɟɧɢɹ ɧɚ ɜɫɟɯ ɮɢɝɭɪɚɯ ɢɞɟɧɬɢɱɧɵ. 

ɂɧɫɬɪɭɦɟɧɬɵ ɞɥɹ ɯɨɧɢɧɝɨɜɚɧɢɹ (4.8 ɚ, ɛ, ɜ) ɫɨɫɬɨɹɬ ɢɡ ɤɨɪɩɭɫɚ 1, ɜ 

ɤɨɬɨɪɨɦ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɩɪɨɞɨɥɶɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɩɨɫɪɟɞɫɬɜɚɦ ɦɟɯɚɧɢɡɦɚ 

ɪɚɞɢɚɥɶɧɨɣ ɩɨɞɚɱɢ ɫɬɚɧɤɚ (ɧɚ ɮɢɝ. ɧɟ ɢɡɨɛɪ.) ɭɫɬɚɧɨɜɥɟɧɚ ɢɝɥɚ ɪɚɡɠɢɦɚ 2. ȼ 

ɩɪɨɞɨɥɶɧɵɯ ɩɚɡɚɯ ɤɨɪɩɭɫɚ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɪɚɞɢɚɥɶɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ 

ɭɫɬɚɧɨɜɥɟɧɵ ɩɨɞɩɪɭɠɢɧɟɧɧɵɟ ɩɪɭɠɢɧɚɦɢ 4 ɚɥɦɚɡɨɧɨɫɧɵɟ ɷɥɟɦɟɧɬɵ 3. ɉɪɢ 

ɷɬɨɦ ɚɥɦɚɡɨɧɨɫɧɵɟ ɷɥɟɦɟɧɬɵ ɭɫɬɚɧɨɜɥɟɧɵ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɤɨɧɬɚɤɬɢɪɨɜɚɧɢɹ 

ɫɜɨɟɣ ɪɚɛɨɱɟɣ ɨɩɨɪɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ, ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ (4.8 ɜ), ɥɢɛɨ ɱɟɪɟɡ 

ɩɪɨɦɟɠɭɬɨɱɧɵɣ ɤɥɢɧɨɜɵɣ ɷɥɟɦɟɧɬ 5 (4.8 ɚ, ɛ), ɫ ɪɚɛɨɱɟɣ ɨɩɨɪɧɨɣ ɤɥɢɧɨɜɨɣ 

(ɤɨɧɢɱɟɫɤɨɣ) ɩɨɜɟɪɯɧɨɫɬɶɸ ɢɝɥɵ ɪɚɡɠɢɦɚ 2. ɉɪɨɦɟɠɭɬɨɱɧɵɣ ɤɥɢɧɨɜɵɣ ɷɥɟɦɟɧɬ 

ɧɚ 4.8 ɚ ɹɜɥɹɟɬɫɹ ɨɛɳɢɦ ɞɥɹ ɜɫɟɯ ɚɥɦɚɡɨɧɨɫɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɚ ɧɚ 4.8 ɛ, 

ɩɪɨɦɟɠɭɬɨɱɧɵɣ ɤɥɢɧɨɜɵɣ ɷɥɟɦɟɧɬ ɜɵɩɨɥɧɟɧ ɜ ɜɢɞɟ ɨɬɞɟɥɶɧɵɯ ɤɨɥɨɞɨɤ, ɤɚɠɞɚɹ 

ɢɡ ɤɨɬɨɪɵɯ ɤɨɧɬɚɤɬɢɪɭɟɬ ɫ ɫɨɛɫɬɜɟɧɧɵɦ ɚɥɦɚɡɨɧɨɫɧɵɦ ɷɥɟɦɟɧɬɨɦ. 

ɂɧɫɬɪɭɦɟɧɬ ɪɚɛɨɬɚɟɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. ȼ ɢɫɯɨɞɧɨɦ ɩɨɥɨɠɟɧɢɢ 

ɢɧɫɬɪɭɦɟɧɬ ɧɚɯɨɞɢɬɫɹ ɜɧɟ ɯɨɧɢɧɝɭɟɦɨɝɨ ɨɬɜɟɪɫɬɢɹ; ɢɝɥɚ ɪɚɡɠɢɦɚ 2 ɧɚɯɨɞɢɬɫɹ ɜ 

ɤɪɚɣɧɟɦ ɜɟɪɯɧɟɦ (ɩɨ ɪɢɫ.) ɩɨɥɨɠɟɧɢɢ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɚɥɦɚɡɨɧɨɫɧɵɟ 

ɷɥɟɦɟɧɬɵ 3 ɫɠɚɬɵ ɩɪɭɠɢɧɚɦɢ 4. ɂɧɫɬɪɭɦɟɧɬ ɜɜɨɞɢɬɫɹ ɜ ɨɛɪɚɛɚɬɵɜɚɟɦɨɟ 

ɨɬɜɟɪɫɬɢɟ, ɢ ɜɤɥɸɱɟɧɢɟɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɩɪɢɜɨɞɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 



  87 
 

ɜɨɡɜɪɚɬɧɨ-ɩɨɫɬɭɩɚɬɟɥɶɧɨɟ, ɜɪɚɳɚɬɟɥɶɧɨɟ ɢ ɭɫɤɨɪɟɧɧɵɟ ɪɚɞɢɚɥɶɧɵɟ 

ɩɟɪɟɦɟɳɟɧɢɹ ɚɥɦɚɡɨɧɨɫɧɵɯ ɷɥɟɦɟɧɬɨɜ 3. ȼ ɦɨɦɟɧɬ ɞɨɫɬɢɠɟɧɢɹ ɤɨɧɬɚɤɬɚ 

ɚɥɦɚɡɨɧɨɫɧɵɯ ɷɥɟɦɟɧɬɨɜ ɫ ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɭɫɤɨɪɟɧɧɨɟ 

ɪɚɞɢɚɥɶɧɨɟ ɩɟɪɟɦɟɳɟɧɢɟ ɚɥɦɚɡɨɧɨɫɧɵɯ ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɨɣ ɭɩɪɚɜɥɟɧɢɹ ɫɬɚɧɤɚ 

ɩɟɪɟɤɥɸɱɚɟɬɫɹ ɧɚ ɪɚɛɨɱɟɟ ɩɟɪɟɦɟɳɟɧɢɟ. ɉɪɢ ɷɬɨɦ ɢɡ-ɡɚ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ 

ɨɫɨɛɟɧɧɨɫɬɟɣ ɝɥɭɯɢɯ ɨɬɜɟɪɫɬɢɣ ɜɨɡɜɪɚɬɧɨ-ɩɨɫɬɭɩɚɬɟɥɶɧɨɟ ɩɟɪɟɦɟɳɟɧɢɟ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɨɞɧɨɫɬɨɪɨɧɧɢɦ ɩɟɪɟɛɟɝɨɦ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 

ɫɴɟɦ ɩɪɢɩɭɫɤɚ. ɉɨ ɨɤɨɧɱɚɧɢɢ ɫɴёɦɚ ɩɪɢɩɭɫɤɚ ɢɧɫɬɪɭɦɟɧɬ ɜɵɜɨɞɢɬɫɹ ɢɡ 

ɨɬɜɟɪɫɬɢɹ ɜ ɢɫɯɨɞɧɨɟ ɤɪɚɣɧɟɟ ɩɨɥɨɠɟɧɢɟ. ȼ ɷɬɨɦ ɩɨɥɨɠɟɧɢɢ ɨɫɭɳɟɫɬɜɥɹɸɬ 

ɩɟɪɟɭɫɬɚɧɨɜɤɭ ɚɥɦɚɡɨɧɨɫɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɦɟɧɹɹ ɢɯ ɨɪɢɟɧɬɚɰɢɸ ɧɚ 

ɩɪɨɬɢɜɨɩɨɥɨɠɧɭɸ. Ⱦɚɥɟɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɯɨɧɢɧɝɨɜɚɧɢɟ ɫɥɟɞɭɸɳɟɣ ɞɟɬɚɥɢ. 

ɉɟɪɢɨɞ ɩɟɪɟɭɫɬɚɧɨɜɤɢ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɦɨɠɧɨ ɨɫɭɳɟɫɬɜɥɹɬɶ ɩɨɫɥɟ 

ɤɚɠɞɨɣ ɞɟɬɚɥɢ, ɥɢɛɨ ɩɨɫɥɟ ɨɛɪɚɛɨɬɤɢ ɩɚɪɬɢɢ ɞɟɬɚɥɟɣ, ɜɟɥɢɱɢɧɚ ɤɨɬɨɪɨɣ 

ɪɟɝɥɚɦɟɧɬɢɪɭɟɬɫɹ ɪɚɡɧɨɫɬɶɸ ɬɟɦɩɚ ɪɚɞɢɚɥɶɧɨɝɨ ɪɚɡɦɟɪɧɨɝɨ ɢɡɧɨɫɚ 

ɚɥɦɚɡɨɧɨɫɧɵɯ ɷɥɟɦɟɧɬɨɜ ɩɨ ɞɥɢɧɟ ɢ ɞɨɩɭɫɤɨɦ ɧɚ ɝɟɨɦɟɬɪɢɱɟɫɤɭɸ ɩɨɝɪɟɲɧɨɫɬɶ 

ɩɨ ɞɥɢɧɟ ɯɨɧɢɧɝɭɟɦɨɝɨ ɨɬɜɟɪɫɬɢɹ. Ɋɚɡɪɚɛɨɬɚɧɧɵɣ ɫɩɨɫɨɛ ɧɟ ɢɫɤɥɸɱɚɟɬ 

ɜɨɡɦɨɠɧɨɫɬɢ ɩɟɪɟɭɫɬɚɧɨɜɤɢ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɜɧɭɬɪɢ ɰɢɤɥɚ ɨɛɪɚɛɨɬɤɢ 

ɨɬɞɟɥɶɧɨɣ ɞɟɬɚɥɢ. Ɉɞɧɚɤɨ, ɫɥɟɞɭɟɬ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɬɚɤɢɟ ɫɥɭɱɚɢ ɦɨɝɭɬ ɜɨɡɧɢɤɧɭɬɶ 

ɩɪɢ ɫɪɚɜɧɢɬɟɥɶɧɨ ɦɚɥɵɯ ɞɨɩɭɫɤɚɯ ɢ ɫɪɚɜɧɢɬɟɥɶɧɨ ɛɨɥɶɲɨɣ ɪɚɡɧɨɫɬɢ ɬɟɦɩɨɜ 

ɢɡɧɨɫɚ ɚɥɦɚɡɨɧɨɫɧɵɯ ɷɥɟɦɟɧɬɨɜ ɩɨ ɞɥɢɧɟ, ɱɬɨ ɧɚ ɩɪɚɤɬɢɤɟ ɜɫɬɪɟɱɚɟɬɫɹ ɤɪɚɣɧɟ 

ɪɟɞɤɨ. 

ɉɪɟɢɦɭɳɟɫɬɜɚ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɫɩɨɫɨɛɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɫɥɟɞɭɸɳɟɦ 

ɩɚɪɚɝɪɚɮɟ. 

 

4.2.1 ɋɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɜɨɡɦɨɠɧɨɫɬɟɣ 
ɢɡɜɟɫɬɧɨɝɨ ɢ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɫɩɨɫɨɛɨɜ 

 

1. ɇɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɢɡ ɫɯɟɦɵ ɪɟɚɥɢɡɚɰɢɢ ɢɡɜɟɫɬɧɨɝɨ ɫɩɨɫɨɛɚ (ɪɢɫ. 4.7) 

ɫɥɟɞɭɟɬ, ɱɬɨ ɨɛɥɚɫɬɶɸ ɩɪɢɦɟɧɟɧɢɹ ɷɬɨɝɨ ɫɩɨɫɨɛɚ ɹɜɥɹɟɬɫɹ ɯɨɧɢɧɝɨɜɚɧɢɟ ɬɨɥɶɤɨ 

ɫɤɜɨɡɧɵɯ ɨɬɜɟɪɫɬɢɣ. 
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Ɋɚɡɪɚɛɨɬɚɧɧɵɣ ɠɟ ɫɩɨɫɨɛ ɩɪɢɦɟɧɢɦ ɤɚɤ ɞɥɹ ɫɤɜɨɡɧɵɯ, ɬɚɤ ɢ ɞɥɹ ɝɥɭɯɢɯ 

ɨɬɜɟɪɫɬɢɣ. ɉɪɢ ɷɬɨɦ, ɜ ɩɪɨɰɟɫɫɟ ɯɨɧɢɧɝɨɜɚɧɢɹ ɝɥɭɯɢɯ ɨɬɜɟɪɫɬɢɣ ɫ 

ɨɞɧɨɫɬɨɪɨɧɧɢɦ ɩɟɪɟɛɟɝɨɦ (ɜ ɡɨɧɟ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɣ ɞɧɭ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ 

ɨɬɜɟɪɫɬɢɹ) ɡɚ ɜɪɟɦɹ ɨɛɪɚɛɨɬɤɢ ɨɞɧɨɣ ɞɟɬɚɥɢ (ɢɥɢ ɩɚɪɬɢɢ ɞɟɬɚɥɟɣ) ɪɚɛɨɱɚɹ ɱɚɫɬɶ 

ɚɥɦɚɡɨɧɨɫɧɵɯ ɷɥɟɦɟɧɬɨɜ ɧɟɪɚɜɧɨɦɟɪɧɨ ɢɡɧɚɲɢɜɚɟɬɫɹ ɩɨ ɞɥɢɧɟ. ȼ ɦɟɧɶɲɟɣ 

ɫɬɟɩɟɧɢ ɢɡɧɚɲɢɜɚɟɬɫɹ ɬɚ ɱɚɫɬɶ, ɝɞɟ ɢɦɟɟɬ ɦɟɫɬɨ ɩɟɪɟɛɟɝ ɢ ɜ ɛɨɥɶɲɟɣ – ɝɞɟ 

ɩɟɪɟɛɟɝ ɨɬɫɭɬɫɬɜɭɟɬ. Ɍɨ ɟɫɬɶ, ɧɚ ɪɚɛɨɱɟɣ ɱɚɫɬɢ ɢɧɫɬɪɭɦɟɧɬɚ ɮɨɪɦɢɪɭɟɬɫɹ 

ɩɨɝɪɟɲɧɨɫɬɶ ɮɨɪɦɵ ɜ ɩɪɨɞɨɥɶɧɨɦ ɫɟɱɟɧɢɢ ɜ ɜɢɞɟ ɤɨɧɭɫɨɨɛɪɚɡɧɨɫɬɢ, ɤɨɬɨɪɚɹ 

ɬɪɚɧɫɮɨɪɦɢɪɭɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɩɨɝɪɟɲɧɨɫɬɶ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɨɬɜɟɪɫɬɢɹ 

(ɪɚɡɞɟɥ. 2 ɬɚɛɥ. 2.1 ɫɬɪɨɤɚ 4). ɉɨɫɥɟ ɩɟɪɟɭɫɬɚɧɨɜɤɢ ɦɟɧɟɟ ɢɡɧɨɲɟɧɧɚɹ ɢ ɛɨɥɟɟ 

ɢɡɧɨɲɟɧɧɚɹ ɱɚɫɬɢ ɦɟɧɹɸɬɫɹ ɦɟɫɬɚɦɢ. ɉɪɢ ɨɛɪɚɛɨɬɤɟ ɫɥɟɞɭɸɳɟɣ ɞɟɬɚɥɢ (ɢɥɢ 

ɫɥɟɞɭɸɳɟɣ ɩɚɪɬɢɢ ɞɟɬɚɥɟɣ) ɪɚɧɟɟ ɛɨɥɟɟ ɢɡɧɨɲɟɧɧɚɹ ɱɚɫɬɶ ɢɡɧɚɲɢɜɚɟɬɫɹ ɦɟɧɟɟ 

ɢɧɬɟɧɫɢɜɧɨ, ɚ ɪɚɧɟɟ ɦɟɧɟɟ ɢɡɧɨɲɟɧɧɚɹ ɱɚɫɬɶ  ɛɨɥɟɟ ɢɧɬɟɧɫɢɜɧɨ. Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɩɟɪɟɭɫɬɚɧɨɜɤɚ ɩɪɢɜɨɞɢɬ ɤ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦɭ ɜɵɪɚɜɧɢɜɚɧɢɸ ɬɟɦɩɚ 

ɢɡɧɨɫɚ ɩɨ ɞɥɢɧɟ ɪɚɛɨɱɟɣ ɱɚɫɬɢ ɚɥɦɚɡɨɧɨɫɧɵɯ ɷɥɟɦɟɧɬɨɜ (ɷɮɮɟɤɬ ɜɡɚɢɦɧɨɣ 

ɩɪɚɜɤɢ) ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɩɨɜɵɲɚɟɬɫɹ ɝɟɨɦɟɬɪɢɱɟɫɤɚɹ ɬɨɱɧɨɫɬɶ ɯɨɧɢɧɝɭɟɦɨɝɨ 

ɨɬɜɟɪɫɬɢɹ ɜ ɩɪɨɞɨɥɶɧɨɦ ɫɟɱɟɧɢɢ. 

2. ɉɪɢ ɪɟɚɥɢɡɚɰɢɢ ɢɡɜɟɫɬɧɨɝɨ ɫɩɨɫɨɛɚ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɩɪɢ ɢɡɦɟɧɟɧɢɢ 

ɩɪɨɞɨɥɶɧɨɣ ɨɪɢɟɧɬɚɰɢɢ ɨɬɜɟɪɫɬɢɹ ɞɟɬɚɥɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɟ ɩɨɥɨɠɟɧɢɟ ɨɫɢ 

ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɨɬɜɟɪɫɬɢɹ ɨɫɬɚɟɬɫɹ ɧɟɢɡɦɟɧɧɵɦ, ɚ ɬɨɪɰɵ ɦɟɧɹɸɬɫɹ ɦɟɫɬɚɦɢ. 

ȿɫɥɢ ɷɬɢ ɭɫɥɨɜɢɹ ɨɬɫɭɬɫɬɜɭɸɬ, ɬɨ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɦɟɧɟɧɢɟ ɫɩɟɰɢɚɥɶɧɨ 

ɫɩɪɨɟɤɬɢɪɨɜɚɧɧɵɯ ɩɪɢɫɩɨɫɨɛɥɟɧɢɣ, ɤɨɬɨɪɵɟ ɨɛɟɫɩɟɱɢɜɚɥɢ ɛɵ ɩɨɫɬɨɹɧɫɬɜɨ 

ɩɨɥɨɠɟɧɢɹ ɨɬɜɟɪɫɬɢɹ ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɟɝɨ ɨɪɢɟɧɬɚɰɢɢ, ɱɬɨ ɜ ɪɹɞɟ ɫɥɭɱɚɟɜ ɥɢɛɨ 

ɩɪɨɛɥɟɦɚɬɢɱɧɨ, ɥɢɛɨ ɧɟɜɨɡɦɨɠɧɨ. ȼ ɷɬɨɦ ɤɨɧɬɟɤɫɬɟ, ɩɨ ɤɨɧɫɬɪɭɤɬɢɜɧɵɦ 

ɩɪɢɡɧɚɤɚɦ, ɧɨɦɟɧɤɥɚɬɭɪɚ ɨɛɪɚɛɚɬɵɜɚɟɦɵɯ ɞɟɬɚɥɟɣ ɫ ɫɤɜɨɡɧɵɦɢ ɨɬɜɟɪɫɬɢɹɦɢ 

ɫɭɳɟɫɬɜɟɧɧɨ ɨɝɪɚɧɢɱɟɧɚ. 

ȼ ɢɧɫɬɪɭɦɟɧɬɟ, ɪɟɚɥɢɡɭɸɳɟɦ ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɫɩɨɫɨɛ, ɨɩɨɪɧɵɟ 

ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɡɠɢɦɧɨɝɨ ɢ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ, ɥɢɛɨ ɪɚɡɠɢɦɧɨɝɨ, ɪɟɠɭɳɢɯ ɢ 

ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ɜɵɩɨɥɧɟɧɵ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨ ɩɪɢ ɫɦɟɧɟ 
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ɨɪɢɟɧɬɚɰɢɢ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɨɪɢɟɧɬɚɰɢɹ ɪɟɠɭɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɫɥɟɞɧɢɯ ɜ 

ɪɚɞɢɚɥɶɧɨɦ ɢ ɩɪɨɞɨɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɹɯ ɡɚɧɢɦɚɟɬ ɨɞɧɨ ɢ ɬɨ ɠɟ ɦɟɫɬɨ. 

ȼ ɨɬɥɢɱɢɟ ɨɬ ɢɡɜɟɫɬɧɨɝɨ ɫɩɨɫɨɛɚ ɬɚɤɨɟ ɤɨɧɫɬɪɭɤɬɢɜɧɨɟ ɢɫɩɨɥɧɟɧɢɟ 

ɢɧɫɬɪɭɦɟɧɬɚ ɜ ɪɚɡɪɚɛɨɬɚɧɧɨɦ ɫɩɨɫɨɛɟ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɢɧɜɚɪɢɚɧɬɧɨɫɬɶ ɜ 

ɩɪɢɦɟɧɟɧɢɢ ɩɨɫɥɟɞɧɟɝɨ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɤɨɧɫɬɪɭɤɬɢɜɧɵɦ ɩɪɢɡɧɚɤɚɦ 

ɨɛɪɚɛɚɬɵɜɚɟɦɵɯ ɞɟɬɚɥɟɣ. 

3. Ɋɟɚɥɢɡɚɰɢɹ ɢɡɜɟɫɬɧɨɝɨ ɫɩɨɫɨɛɚ ɫ ɢɡɦɟɧɟɧɢɟɦ ɩɪɨɞɨɥɶɧɨɣ ɨɪɢɟɧɬɚɰɢɢ 

ɨɬɜɟɪɫɬɢɹ ɞɟɬɚɥɢ (ɨɞɢɧ ɢɥɢ ɧɟɫɤɨɥɶɤɨ ɪɚɡ ɜ ɬɟɱɟɧɢɢ ɰɢɤɥɚ) ɨɛɭɫɥɚɜɥɢɜɚɟɬ 

ɧɟɢɡɛɟɠɧɨɫɬɶ ɩɨɹɜɥɟɧɢɹ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɨɝɪɟɲɧɨɫɬɟɣ, ɨɛɭɫɥɨɜɥɟɧɧɵɯ 

ɩɟɪɟɛɚɡɢɪɨɜɚɧɢɟɦ ɢ ɩɟɪɟɡɚɤɪɟɩɥɟɧɢɟɦ ɞɟɬɚɥɢ. 

ȼ ɪɚɡɪɚɛɨɬɚɧɧɨɦ ɫɩɨɫɨɛɟ ɨɬɫɭɬɫɬɜɭɟɬ ɩɟɪɟɛɚɡɢɪɨɜɚɧɢɟ ɢ 

ɩɟɪɟɡɚɤɪɟɩɥɟɧɢɟ ɞɟɬɚɥɢ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɨɬɫɭɬɫɬɜɭɟɬ ɜɨɡɧɢɤɧɨɜɟɧɢɟ 

ɨɝɨɜɨɪɟɧɧɵɯ ɜɵɲɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɨɝɪɟɲɧɨɫɬɟɣ. ɉɨɝɪɟɲɧɨɫɬɢ ɠɟ 

ɜɨɡɧɢɤɚɸɳɢɟ ɩɪɢ ɫɦɟɧɟ ɨɪɢɟɧɬɚɰɢɢ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɜ ɪɚɡɪɚɛɨɬɚɧɧɨɦ 

ɫɩɨɫɨɛɟ ɧɚ ɩɨɪɹɞɨɤ ɦɟɧɶɲɟ, ɱɟɦ ɜ ɢɡɜɟɫɬɧɨɦ ɩɪɢ ɫɦɟɧɟ ɨɪɢɟɧɬɚɰɢɢ ɞɟɬɚɥɢ. ɗɬɨ 

ɨɛɭɫɥɨɜɥɟɧɨ ɬɟɦ, ɱɬɨ ɨɩɨɪɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɡɠɢɦɧɨɝɨ ɢ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ, 

ɥɢɛɨ ɪɚɡɠɢɦɧɨɝɨ ɪɟɠɭɳɢɯ ɢ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ɢɧɫɬɪɭɦɟɧɬɚ, 

ɜɵɩɨɥɧɟɧɵ ɫ ɫɭɳɟɫɬɜɟɧɧɨ ɛɨɥɶɲɟɣ ɬɨɱɧɨɫɬɶɸ, ɱɟɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɛɚɡɨɜɵɟ 

ɩɨɜɟɪɯɧɨɫɬɢ ɯɨɧɢɧɝɭɟɦɵɯ ɞɟɬɚɥɟɣ. Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɢ ɞɥɢɬɟɥɶɧɨɣ ɪɚɛɨɬɟ 

ɢɧɫɬɪɭɦɟɧɬɚ ɢɦɟɟɬ ɦɟɫɬɨ ɜɡɚɢɦɧɚɹ ɩɪɢɬɢɪɤɚ ɭɤɚɡɚɧɧɵɯ ɨɩɨɪɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ, 

ɤɨɬɨɪɚɹ ɧɚɩɪɚɜɥɟɧɚ ɧɚ ɧɢɜɟɥɢɪɨɜɚɧɢɟ ɜɟɥɢɱɢɧɵ ɩɨɝɪɟɲɧɨɫɬɟɣ, ɫɜɹɡɚɧɧɵɯ ɫɨ 

ɫɦɟɧɨɣ ɨɪɢɟɧɬɚɰɢɢ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ. 

4. ɂɡɦɟɧɟɧɢɟ ɩɪɨɞɨɥɶɧɨɣ ɨɪɢɟɧɬɚɰɢɢ ɞɟɬɚɥɢ ɜɧɭɬɪɢ ɰɢɤɥɚ ɨɛɭɫɥɚɜɥɢɜɚɟɬ 

ɪɚɡɞɟɥɟɧɢɟ ɨɛɳɟɝɨ ɰɢɤɥɚ ɤɚɤ ɦɢɧɢɦɭɦ ɧɚ ɞɜɚ ɢ ɛɨɥɟɟ ɩɨɞɰɢɤɥɨɜ, ɜ ɤɚɠɞɨɦ ɢɡ 

ɤɨɬɨɪɵɯ ɨɛɪɚɛɨɬɤɚ ɨɬɜɟɪɫɬɢɹ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɪɚɡɧɵɯ ɫɬɨɪɨɧ. ɉɪɢ ɷɬɨɦ, ɩɪɢ 

ɩɟɪɟɯɨɞɟ ɨɬ ɨɞɧɨɝɨ ɩɨɞɰɢɤɥɚ ɤ ɞɪɭɝɨɦɭ ɢɦɟɟɬ ɦɟɫɬɨ ɩɪɟɪɵɜɚɧɢɟ ɨɛɳɟɝɨ ɰɢɤɥɚ 

ɨɛɪɚɛɨɬɤɢ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɧɟɠɟɥɚɬɟɥɶɧɵɯ ɩɟɪɟɯɨɞɧɵɯ 

ɩɪɨɰɟɫɫɨɜ. ȼ ɱɚɫɬɧɨɫɬɢ, ɧɟɨɛɯɨɞɢɦɨ ɭɦɟɧɶɲɢɬɶ ɞɢɚɦɟɬɪɚɥɶɧɵɣ ɪɚɡɦɟɪ 

ɢɧɫɬɪɭɦɟɧɬɚ, ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɫɧɹɬɶ ɧɚɬɹɝ ɜ ɫɢɫɬɟɦɟ, ɜɵɤɥɸɱɢɬɶ ɩɪɢɜɨɞɵ 

ɫɬɚɧɤɚ ɢ, ɞɚɥɟɟ, ɨɫɭɳɟɫɬɜɢɬɶ ɜɵɜɨɞ ɢɧɫɬɪɭɦɟɧɬɚ ɢɡ ɡɨɧɵ ɨɛɪɚɛɨɬɤɢ. ɉɨɫɥɟ, 
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ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ ɫɦɟɧɭ ɨɪɢɟɧɬɚɰɢɢ ɞɟɬɚɥɢ, ɜɜɟɫɬɢ ɢɧɫɬɪɭɦɟɧɬ ɜ ɡɨɧɭ 

ɨɛɪɚɛɨɬɤɢ ɫ ɨɞɧɨɜɪɟɦɟɧɧɵɦ ɜɤɥɸɱɟɧɢɟɦ ɩɪɢɜɨɞɨɜ ɫɬɚɧɤɚ, ɜɨɫɫɬɚɧɨɜɢɬɶ ɧɚɬɹɝ ɜ 

ɫɢɫɬɟɦɟ ɢ ɩɪɨɞɨɥɠɢɬɶ ɰɢɤɥ. ȼɫɟ ɷɬɨ ɫɭɳɟɫɬɜɟɧɧɨ ɭɜɟɥɢɱɢɜɚɟɬ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ 

ɜɪɟɦɹ ɧɚ ɨɩɟɪɚɰɢɸ ɯɨɧɢɧɝɨɜɚɧɢɹ. 

Ʉɪɨɦɟ ɬɨɝɨ, ɜɨ ɜɪɟɦɹ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ ɦɟɠɞɭ ɩɨɞɰɢɤɥɚɦɢ, ɢɦɟɟɬ 

ɦɟɫɬɨ ɧɟɭɩɪɚɜɥɹɟɦɵɣ ɫɴɟɦ ɩɪɢɩɭɫɤɚ, ɱɬɨ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ 

ɭɜɟɥɢɱɟɧɢɹ ɨɛɳɟɝɨ ɩɪɢɩɭɫɤɚ ɧɚ ɯɨɧɢɧɝɨɜɚɧɢɟ ɢ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɜɧɨɫɢɬ 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɨɝɪɟɲɧɨɫɬɢ, ɞɥɹ ɧɢɜɟɥɢɪɨɜɚɧɢɹ ɤɨɬɨɪɵɯ 

ɬɚɤɠɟ ɧɟɨɛɯɨɞɢɦɨ ɭɜɟɥɢɱɟɧɢɟ ɨɛɳɟɝɨ ɩɪɢɩɭɫɤɚ. 

ȼ ɪɚɡɪɚɛɨɬɚɧɧɨɦ ɫɩɨɫɨɛɟ ɢɡɦɟɧɟɧɢɟ ɩɪɨɞɨɥɶɧɨɣ ɨɪɢɟɧɬɚɰɢɢ ɪɟɠɭɳɢɯ 

ɷɥɟɦɟɧɬɨɜ ɜɧɭɬɪɢ ɰɢɤɥɚ, ɤɚɤ ɨɬɦɟɱɚɥɨɫɶ ɜɵɲɟ, ɢɦɟɟɬ ɦɟɫɬɨ ɜ ɢɫɤɥɸɱɢɬɟɥɶɧɵɯ 

ɫɥɭɱɚɹɯ. ȼ ɩɨɞɚɜɥɹɸɳɟɦ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ, ɢɡɦɟɧɟɧɢɟ ɨɪɢɟɧɬɚɰɢɢ ɪɟɠɭɳɢɯ 

ɷɥɟɦɟɧɬɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɦɟɠɞɭ ɰɢɤɥɚɦɢ ɩɨɫɥɟ ɨɛɪɚɛɨɬɤɢ ɤɚɠɞɨɣ ɞɟɬɚɥɢ, ɥɢɛɨ 

ɩɨɫɥɟ ɨɛɪɚɛɨɬɤɢ ɫɭɳɟɫɬɜɟɧɧɨɣ ɩɚɪɬɢɢ ɞɟɬɚɥɟɣ. 

ɂɡ ɢɡɥɨɠɟɧɧɨɝɨ ɫɥɟɞɭɟɬ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ ɬɪɭɞɨɟɦɤɨɫɬɢ 

ɨɛɪɚɛɨɬɤɢ ɫɜɹɡɚɧɧɚɹ ɫ ɩɟɪɟɨɪɢɟɧɬɚɰɢɟɣ ɜ ɢɡɜɟɫɬɧɨɦ ɫɩɨɫɨɛɟ ɫɭɳɟɫɬɜɟɧɧɨ 

ɛɨɥɶɲɟ, ɱɟɦ ɭɜɟɥɢɱɟɧɢɟ ɬɪɭɞɨɟɦɤɨɫɬɢ ɜ ɪɚɡɪɚɛɨɬɚɧɧɨɦ ɫɩɨɫɨɛɟ. 

5. ȼ ɪɚɡɪɚɛɨɬɚɧɧɨɦ ɫɩɨɫɨɛɟ ɫɭɳɟɫɬɜɟɧɧɨ ɦɟɧɹɸɬɫɹ ɭɫɥɨɜɢɹ ɨɛɪɚɛɨɬɤɢ. 

ɋɭɬɶ ɜ ɫɥɟɞɭɸɳɟɦ. ɉɪɢ ɩɟɪɟɭɫɬɚɧɨɜɤɟ ɮɪɨɧɬɚɥɶɧɵɟ (ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɜɟɤɬɨɪɭ 

ɨɤɪɭɠɧɨɣ ɫɤɨɪɨɫɬɢ) ɱɚɫɬɢ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɫɬɚɧɨɜɹɬɫɹ ɬɵɥɶɧɵɦɢ ɢ, 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɬɵɥɶɧɵɟ ɱɚɫɬɢ – ɮɪɨɧɬɚɥɶɧɵɦɢ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɨɜɵɲɟɧɢɸ 

ɪɟɠɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɩɨɫɥɟɞɧɢɯ. ɗɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɫɥɟɞɭɸɳɢɦ. ȼɨ-ɩɟɪɜɵɯ, ɜ 

ɪɚɛɨɬɭ ɜɫɬɭɩɚɸɬ ɷɤɪɚɧɢɪɭɟɦɵɟ ɪɚɧɟɟ ɪɟɠɭɳɢɟ ɡɟɪɧɚ. ȼɨ-ɜɬɨɪɵɯ, ɭ ɡɚɬɭɩɥɟɧɧɵɯ 

ɪɚɧɟɟ ɡɟɪɟɧ, ɩɪɢ ɫɦɟɧɟ ɨɪɢɟɧɬɚɰɢɢ, ɧɚɱɢɧɚɸɬ ɪɟɡɚɬɶ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɟ ɨɫɬɪɵɟ 

ɝɪɚɧɢ. ɂ ɜ-ɬɪɟɬɶɢɯ, ɭɥɭɱɲɚɸɬɫɹ ɭɫɥɨɜɢɹ ɷɜɚɤɭɚɰɢɢ ɲɥɚɦɚ ɢɡ ɩɪɨɫɬɪɚɧɫɬɜɚ 

ɦɟɠɞɭ ɡɟɪɧɚɦɢ.  

ȼɵɜɨɞɵ. 
1. Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɫɩɨɫɨɛɚ ɫɭɳɟɫɬɜɟɧɧɨ 

ɲɢɪɟ, ɱɟɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɢɡɜɟɫɬɧɨɝɨ. 
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2. ȼ ɫɪɚɜɧɟɧɢɢ ɫ ɬɪɚɞɢɰɢɨɧɧɵɦɢ ɫɩɨɫɨɛɚɦɢ ɨɛɚ ɫɩɨɫɨɛɚ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ 

ɭɜɟɥɢɱɟɧɢɟɦ ɬɪɭɞɨɟɦɤɨɫɬɢ ɨɛɪɚɛɨɬɤɢ. ɉɪɢ ɷɬɨɦ, ɭɜɟɥɢɱɟɧɢɟ ɬɪɭɞɨɟɦɤɨɫɬɢ ɜ 

ɢɡɜɟɫɬɧɨɦ ɫɩɨɫɨɛɟ ɫɭɳɟɫɬɜɟɧɧɨ ɛɨɥɶɲɟ, ɱɟɦ ɜ ɪɚɡɪɚɛɨɬɚɧɧɨɦ. 

3. ȼ ɨɛɨɢɯ ɫɩɨɫɨɛɚɯ ɢɦɟɟɬ ɦɟɫɬɨ ɞɜɚ ɜɫɬɪɟɱɧɵɯ ɹɜɥɟɧɢɹ: 

– ɩɨɜɵɲɟɧɢɟ ɬɨɱɧɨɫɬɢ ɨɛɪɚɛɨɬɤɢ ɡɚ ɫɱɟɬ ɧɢɜɟɥɢɪɨɜɚɧɢɹ 

ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ ɢɡɧɨɫɚ ɩɨ ɞɥɢɧɟ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ (ɷɮɮɟɤɬɚ ɜɡɚɢɦɧɨɣ 

ɩɪɚɜɤɢ); 

– ɭɦɟɧɶɲɟɧɢɟ ɬɨɱɧɨɫɬɢ ɨɛɪɚɛɨɬɤɢ ɨɛɭɫɥɨɜɥɟɧɧɚɹ ɜɨɡɧɢɤɧɨɜɟɧɢɟɦ 

ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɨɝɪɟɲɧɨɫɬɟɣ ɩɪɢ ɩɟɪɟɨɪɢɟɧɬɚɰɢɢ. ɉɪɢ ɷɬɨɦ, ɭɦɟɧɶɲɟɧɢɟ 

ɬɨɱɧɨɫɬɢ ɜ ɢɡɜɟɫɬɧɨɦ ɫɩɨɫɨɛɟ ɫɭɳɟɫɬɜɟɧɧɨ ɛɨɥɶɲɟ, ɱɟɦ ɜ ɪɚɡɪɚɛɨɬɚɧɧɨɦ. 
 

4.3 Ɋɚɡɪɚɛɨɬɤɚ ɫɩɨɫɨɛɚ ɯɨɧɢɧɝɨɜɚɧɢɹ ɧɚ ɨɫɧɨɜɟ ɤɨɦɩɟɧɫɚɰɢɢ 
ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ ɢɡɧɨɫɚ ɩɨ ɞɥɢɧɟ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ 

 

ȼ ɩɟɪɜɨɦ ɪɚɡɞɟɥɟ ɛɵɥɢ ɨɛɨɡɧɚɱɟɧɵ ɧɟɫɤɨɥɶɤɨ ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɯ 

ɫɩɨɫɨɛɨɜ ɢ ɤɨɧɫɬɪɭɤɰɢɣ ɢɧɫɬɪɭɦɟɧɬɨɜ ɞɥɹ ɯɨɧɢɧɝɨɜɚɧɢɹ ɝɥɭɯɢɯ ɨɬɜɟɪɫɬɢɣ. 

Ɉɞɢɧ ɢɡ ɷɬɢɯ ɫɩɨɫɨɛɨɜ, ɚ ɢɦɟɧɧɨ ɫɩɨɫɨɛ ɩɪɢ ɤɨɬɨɪɨɦ ɩɨɜɵɲɟɧɢɟ ɬɨɱɧɨɫɬɢ 

ɨɛɪɚɛɨɬɤɢ ɩɨɜɵɲɚɟɬɫɹ ɡɚ ɫɱɟɬ ɤɨɦɩɟɧɫɚɰɢɢ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ ɪɚɡɦɟɪɧɨɝɨ ɢɡɧɨɫɚ 

ɩɨ ɞɥɢɧɟ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɩɨɫɪɟɞɫɬɜɨɦ ɩɨɜɨɪɨɬɚ ɩɨɫɥɟɞɧɢɯ ɛɨɥɟɟ ɞɟɬɚɥɶɧɨ 

ɪɚɫɫɦɨɬɪɢɦ ɧɢɠɟ. 

 

4.3.1 Ⱥɧɚɥɢɡ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɢ ɢɧɫɬɪɭɦɟɧɬɚ ɫ ɮɢɤɫɢɪɨɜɚɧɧɵɦɢ 
ɨɫɹɦɢ ɩɨɜɨɪɨɬɚ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ 

 

ɇɚ ɪɢɫ.4.13 ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɯɟɦɚ ɤɨɧɫɬɪɭɤɰɢɢ ɢɡɜɟɫɬɧɨɝɨ ɢɧɫɬɪɭɦɟɧɬɚ 

[20], ɢɡɨɛɪɚɠɟɧɧɨɝɨ ɧɚ ɪɢɫ. 1.11 ɢ 1.12 ɩɪɢ ɭɫɥɨɜɢɢ ɨɩɬɢɦɚɥɶɧɨɝɨ ɜɚɪɢɚɧɬɚ 

ɜɡɚɢɦɧɨɝɨ ɪɚɫɩɨɥɨɠɟɧɢɹ ɢɝɥɵ ɪɚɡɠɢɦɚ ɢ ɤɨɥɨɞɤɢ ɫ ɚɥɦɚɡɨɧɨɫɧɵɦ ɫɥɨɟɦ ɜ 

ɦɨɦɟɧɬ ɨɤɨɧɱɚɧɢɹ ɫɴɟɦɚ ɩɪɢɩɭɫɤɚ z ɜ ɨɬɜɟɪɫɬɢɢ ɢɡɞɟɥɢɹ 9. ɉɪɢ ɷɬɨɦ ɪɚɛɨɱɚɹ 

ɱɚɫɬɶ ɢɝɥɵ ɪɚɡɠɢɦɚ ɤɨɧɬɚɤɬɢɪɭɟɬ (ɫɨɩɪɹɝɚɟɬɫɹ) ɫ ɨɩɨɪɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ 

ɤɨɥɨɞɤɢ ɩɨ ɩɪɹɦɨɣ ɥɢɧɢɢ АВ, ɚ ɪɚɛɨɱɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɚɥɦɚɡɨɧɨɫɧɨɝɨ ɫɥɨɹ 

ɤɨɧɬɚɤɬɢɪɭɟɬ ɫ ɨɛɪɚɛɨɬɚɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɢɡɞɟɥɢɹ ɩɨ ɨɛɪɚɡɭɸɳɟɣ CD. ɗɬɨɬ 
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ɜɚɪɢɚɧɬ ɹɜɥɹɟɬɫɹ ɧɟɨɛɯɨɞɢɦɵɦ ɭɫɥɨɜɢɟɦ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɜɵɫɨɤɨɣ 

ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɬɨɱɧɨɫɬɢ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɨɬɜɟɪɫɬɢɹ ɜ ɩɪɨɞɨɥɶɧɨɦ ɫɟɱɟɧɢɢ. 

ɇɚ ɪɢɫ. 4.14 ɢɡɨɛɪɚɠɟɧɨ ɜɡɚɢɦɧɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ ɢɧɫɬɪɭɦɟɧɬɚ ɢ 

ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɢɡɞɟɥɢɹ ɜ ɦɨɦɟɧɬ ɧɚɱɚɥɚ ɫɴɟɦɚ ɩɪɢɩɭɫɤɚ ɫ ɭɱɟɬɨɦ ɭɫɥɨɜɢɹ 

ɨɩɬɢɦɚɥɶɧɨɫɬɢ ɢɯ ɪɚɫɩɨɥɨɠɟɧɢɹ ɜ ɦɨɦɟɧɬ ɨɤɨɧɱɚɧɢɹ ɫɴёɦɚ ɩɪɢɩɭɫɤɚ (ɪɢɫ. 4.13). 

ɉɪɢ ɷɬɨɦ ɪɚɛɨɱɚɹ (ɤɨɧɢɱɟɫɤɚɹ, ɥɢɛɨ ɤɥɢɧɨɜɚɹ) ɱɚɫɬɶ ɢɝɥɵ ɪɚɡɠɢɦɚ ɤɨɧɬɚɤɬɢɪɭɟɬ 

(ɫɨɩɪɹɝɚɟɬɫɹ) ɫ ɨɩɨɪɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɤɨɥɨɞɤɢ ɜ ɬɨɱɤɟ B (ɚ ɧɟ ɩɨ ɥɢɧɢɢ АВ). 

Ɋɚɛɨɱɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɚɥɦɚɡɨɧɨɫɧɨɝɨ ɫɥɨɹ ɤɨɧɬɚɤɬɢɪɭɟɬ ɫ ɨɛɪɚɡɭɸɳɟɣ 

ɧɟɨɛɪɚɛɨɬɚɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɬɜɟɪɫɬɢɹ ɢɡɞɟɥɢɹ ɜ ɬɨɱɤɟ Ɇ (ɚ ɧɟ ɩɨ ɥɢɧɢɢ MN). 

 

Ɋɚɫɫɦɨɬɪɢɦ ɜɨɡɦɨɠɧɵɟ ɜɚɪɢɚɧɬɵ ɪɚɛɨɬɵ ɢɧɫɬɪɭɦɟɧɬɚ. 

Ⱦɨ ɧɚɱɚɥɚ ɨɛɪɚɛɨɬɤɢ ɨɩɪɟɞɟɥɹɸɬ ɩɨɥɨɠɟɧɢɟ ɢɝɥɵ ɪɚɡɠɢɦɚ (ɩɨɥɨɠɟɧɢɟ 

ɚɥɦɚɡɨɧɨɫɧɵɯ ɷɥɟɦɟɧɬɨɜ), ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɬɪɟɛɭɟɦɨɦɭ ɞɢɚɦɟɬɪɚɥɶɧɨɦɭ 

  

Ɋɢɫ. 4.13 ɋɯɟɦɚ ɢɡɜɟɫɬɧɨɣ 
ɤɨɧɫɬɪɭɤɰɢɢ ɢɧɫɬɪɭɦɟɧɬɚ ɫ 

ɨɩɬɢɦɚɥɶɧɵɦ ɜɚɪɢɚɧɬɨɦ ɜɡɚɢɦɧɨɝɨ 
ɪɚɫɩɨɥɨɠɟɧɢɹ ɩɨɞɜɢɠɧɵɯ ɱɚɫɬɟɣ 
ɢɧɫɬɪɭɦɟɧɬɚ ɢ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ 

ɢɡɞɟɥɢɹ ɜ ɦɨɦɟɧɬ ɨɤɨɧɱɚɧɢɹ ɫɴɟɦɚ 
ɩɪɢɩɭɫɤɚ 

Ɋɢɫ. 4.14. ɋɯɟɦɚ ɜɡɚɢɦɧɨɝɨ 
ɪɚɫɩɨɥɨɠɟɧɢɹ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ 

ɢɡɞɟɥɢɹ ɢ ɩɨɞɜɢɠɧɵɯ ɱɚɫɬɟɣ 
ɢɧɫɬɪɭɦɟɧɬɚ, ɢɡɨɛɪɚɠɟɧɧɨɝɨ ɧɚ ɪɢɫ.2, 

ɜ ɦɨɦɟɧɬ ɧɚɱɚɥɚ ɫɴɟɦɚ ɩɪɢɩɭɫɤɚ 
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ɪɚɡɦɟɪɭ ɨɬɜɟɪɫɬɢɹ ɜ ɯɨɧɢɧɝɭɟɦɵɯ ɢɡɞɟɥɢɹɯ. ɗɬɨ ɦɨɠɟɬ ɛɵɬɶ ɨɫɭɳɟɫɬɜɥɟɧɨ, 

ɧɚɩɪɢɦɟɪ, ɩɨ ɷɬɚɥɨɧɧɨɣ ɞɟɬɚɥɢ. Ɂɚɬɟɦ ɩɟɪɟɜɨɞɹɬ ɢɧɫɬɪɭɦɟɧɬ ɜ ɢɫɯɨɞɧɨɟ 

ɩɨɥɨɠɟɧɢɟ. 

ȼ ɢɫɯɨɞɧɨɦ ɩɨɥɨɠɟɧɢɢ ɢɧɫɬɪɭɦɟɧɬ ɧɚɯɨɞɢɬɫɹ ɜɧɟ ɯɨɧɢɧɝɭɟɦɨɝɨ 

ɨɬɜɟɪɫɬɢɹ; ɢɝɥɚ ɪɚɡɠɢɦɚ ɧɚɯɨɞɢɬɫɹ ɜ ɤɪɚɣɧɟɦ ɜɟɪɯɧɟɦ ɩɨɥɨɠɟɧɢɢ (ɩɨ ɪɢɫ.) ɢ, 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɤɨɥɨɞɤɢ ɫ ɚɥɦɚɡɨɧɨɫɧɵɦ ɫɥɨɟɦ ɫɠɚɬɵ ɩɪɭɠɢɧɨɣ ɞɨ 

ɦɢɧɢɦɚɥɶɧɨɝɨ ɞɢɚɦɟɬɪɚɥɶɧɨɝɨ ɪɚɡɦɟɪɚ. ɂɧɫɬɪɭɦɟɧɬ ɜɜɨɞɢɬɫɹ ɜ ɨɛɪɚɛɚɬɵɜɚɟɦɨɟ 

ɨɬɜɟɪɫɬɢɟ, ɢ ɩɨɫɪɟɞɫɬɜɨɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɩɪɢɜɨɞɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 

ɜɨɡɜɪɚɬɧɨ-ɩɨɫɬɭɩɚɬɟɥɶɧɨɟ, ɜɪɚɳɚɬɟɥɶɧɨɟ ɢ ɭɫɤɨɪɟɧɧɵɟ ɪɚɞɢɚɥɶɧɵɟ 

ɩɟɪɟɦɟɳɟɧɢɹ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ. ȼ ɦɨɦɟɧɬ ɞɨɫɬɢɠɟɧɢɹ ɤɨɧɬɚɤɬɚ ɪɟɠɭɳɢɯ 

ɷɥɟɦɟɧɬɨɜ ɫ ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɫɢɫɬɟɦɨɣ ɭɩɪɚɜɥɟɧɢɹ ɫɬɚɧɤɚ 

ɭɫɤɨɪɟɧɧɚɹ ɩɨɞɚɱɚ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɩɟɪɟɤɥɸɱɚɟɬɫɹ ɧɚ ɪɚɛɨɱɭɸ ɩɨɞɚɱɭ ɢ, 

ɞɚɥɟɟ, ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɴɟɦ ɩɪɢɩɭɫɤɚ. ɉɨ ɨɤɨɧɱɚɧɢɢ ɫɴёɦɚ ɩɪɢɩɭɫɤɚ, 

ɢɧɫɬɪɭɦɟɧɬ ɜɵɜɨɞɢɬɫɹ ɢɡ ɨɬɜɟɪɫɬɢɹ ɜ ɢɫɯɨɞɧɨɟ ɤɪɚɣɧɟɟ ɩɨɥɨɠɟɧɢɟ. 

ɉɪɢ ɷɬɨɦ, ɜ ɩɪɨɰɟɫɫɟ ɫɴɟɦɚ ɩɪɢɩɭɫɤɚ ɚɥɦɚɡɨɧɨɫɧɵɣ ɫɥɨɣ ɧɟɢɡɛɟɠɧɨ 

ɢɡɧɚɲɢɜɚɟɬɫɹ (ɧɚ ɪɢɫ. 4.13. ɢɡɧɨɲɟɧɧɵɣ ɫɥɨɣ ɨɛɨɡɧɚɱɟɧ ɤɨɧɬɭɪɨɦ CDMN) ɢ ɜ 

ɫɥɭɱɚɟ ɯɨɧɢɧɝɨɜɚɧɢɹ ɝɥɭɯɢɯ ɨɬɜɟɪɫɬɢɣ, ɜ ɫɜɹɡɢ ɫ ɚɫɢɦɦɟɬɪɢɱɧɨɫɬɶɸ ɩɟɪɟɛɟɝɚ, 

ɧɢɠɧɹɹ ɱɚɫɬɶ ɚɥɦɚɡɨɧɨɫɧɨɝɨ ɫɥɨɹ (ɜɟɥɢɱɢɧɚ DN = ∆ɇ) ɢɡɧɚɲɢɜɚɟɬɫɹ 

ɢɧɬɟɧɫɢɜɧɟɣ, ɱɟɦ ɜɟɪɯɧɹɹ (ɜɟɥɢɱɢɧɚ CM = ∆В). ɗɬɚ ɪɚɡɧɨɫɬɶ ɢɡɧɨɫɨɜ, ɫ ɭɱɟɬɨɦ 

ɞɥɢɧɵ ɚɥɦɚɡɨɧɨɫɧɨɝɨ ɫɥɨɹ l, ɨɩɪɟɞɟɥɹɟɬ ɜɟɥɢɱɢɧɭ ɧɟɨɛɯɨɞɢɦɨɝɨ 

ɤɨɦɩɟɧɫɚɰɢɨɧɧɨɝɨ ɭɝɥɚ ɞɨɜɨɪɨɬɚ α ɡɚ ɜɪɟɦɹ ɨɛɪɚɛɨɬɤɢ ɨɞɧɨɝɨ ɨɬɜɟɪɫɬɢɹ. 

ɂɡ ɪɢɫ. 4.13 ɢ 4.14 ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜɢɞɧɨ, ɱɬɨ, ɩɨ ɦɟɪɟ ɫɴɟɦɚ ɩɪɢɩɭɫɤɚ 

ɢ ɢɡɧɨɫɚ ɚɥɦɚɡɨɧɨɫɧɨɝɨ ɫɥɨɹ ɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɧɫɬɪɭɤɬɢɜɧɨɝɨ ɢɫɩɨɥɧɟɧɢɹ 

ɢɧɫɬɪɭɦɟɧɬɚ, ɜɨɡɦɨɠɧɵ ɱɟɬɵɪɟ ɜɚɪɢɚɧɬɚ ɤɨɧɬɚɤɬɚ ɪɚɛɨɱɟɣ ɱɚɫɬɢ ɢɝɥɵ ɪɚɡɠɢɦɚ 

ɫ ɨɩɨɪɧɨɣ ɱɚɫɬɶɸ ɤɨɥɨɞɤɢ ɫ ɚɥɦɚɡɨɧɨɫɧɵɦ ɫɥɨɟɦ. ɗɬɨ – ɤɨɧɬɚɤɬ ɥɢɛɨ ɬɨɥɶɤɨ ɜ 

ɬɨɱɤɟ В, ɥɢɛɨ ɬɨɥɶɤɨ ɜ ɬɨɱɤɟ А, ɥɢɛɨ ɜ ɧɚɱɚɥɟ ɫɴɟɦɚ ɩɪɢɩɭɫɤɚ ɤɨɧɬɚɤɬ ɜ ɬ. В, ɚ ɜ 

ɤɨɧɰɟ ɫɴɟɦɚ ɩɪɢɩɭɫɤɚ – ɤɨɧɬɚɤɬ ɩɨ ɥɢɧɢɢ АВ ɢɥɢ ɜ ɬ. А.  

ɂɡ ɢɡɥɨɠɟɧɧɨɝɨ ɜɵɲɟ ɫɥɟɞɭɟɬ, ɱɬɨ ɩɪɢ ɪɚɜɧɨɦɟɪɧɨɦ ɩɟɪɟɦɟɳɟɧɢɢ ɢɝɥɵ 

ɪɚɡɠɢɦɚ, ɪɚɞɢɚɥɶɧɚɹ ɩɨɞɚɱɚ ɤɚɠɞɨɝɨ ɪɟɠɭɳɟɝɨ ɡɟɪɧɚ ɛɭɞɟɬ ɪɚɡɧɨɣ ɢ 

ɩɟɪɟɦɟɧɧɨɣ, ɚ ɜ ɦɨɦɟɧɬ ɩɟɪɟɯɨɞɚ ɤɨɧɬɚɤɬɚ ɨɬ ɬɨɱɤɢ B ɤ ɬɨɱɤɟ А ɛɭɞɟɬ ɢɦɟɬɶ 
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ɦɟɫɬɨ ɫɤɚɱɤɨɨɛɪɚɡɧɨɟ ɢɡɦɟɧɟɧɢɟ ɪɚɞɢɚɥɶɧɨɣ ɩɨɞɚɱɢ. ɂɧɵɦɢ ɫɥɨɜɚɦɢ, ɪɟɠɭɳɢɟ 

ɡɟɪɧɚ ɛɭɞɭɬ ɥɢɛɨ ɩɟɪɟɝɪɭɠɟɧɵ, ɥɢɛɨ ɧɟɞɨɝɪɭɠɟɧɵ, ɬ.ɟ. ɪɟɠɭɳɢɟ ɡɟɪɧɚ ɛɭɞɭɬ 

ɪɚɛɨɬɚɬɶ ɜ ɪɟɠɢɦɟ, ɨɬɥɢɱɧɨɦ ɨɬ ɨɩɬɢɦɚɥɶɧɨɝɨ. 

ɂɡ ɪɢɫ. 4.13 ɢ 4.14 ɬɚɤɠɟ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜɢɞɧɨ, ɱɬɨ ɜ ɦɨɦɟɧɬ ɧɚɱɚɥɚ 

ɨɛɪɚɛɨɬɤɢ ɨɬɫɭɬɫɬɜɭɟɬ ɩɨɥɧɨɟ ɩɪɢɥɟɝɚɧɢɟ ɪɟɠɭɳɟɝɨ ɷɥɟɦɟɧɬɚ ɢ ɨɛɪɚɡɭɸɳɟɣ 

ɧɟɨɛɪɚɛɨɬɚɧɧɨɝɨ ɨɬɜɟɪɫɬɢɹ, ɬ.ɟ. ɢɡɧɚɱɚɥɶɧɨ ɫɴɟɦ ɩɪɢɩɭɫɤɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 

ɬɨɥɶɤɨ ɱɚɫɬɶɸ ɪɟɠɭɳɢɯ ɡɟɪɟɧ ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɬ. Ɇ. 

Ⱦɚɥɟɟ ɡɨɧɚ ɢɡɧɨɫɚ ɛɭɞɟɬ ɫɦɟɳɚɬɶɫɹ ɨɬ ɬ. Ɇ ɤ ɬ. N, ɱɬɨ ɨɛɭɫɥɨɜɢɬ 

ɛɨɱɤɨɨɛɪɚɡɧɵɣ ɢɡɧɨɫ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɷɬɨɝɨ ɛɨɱɤɨɨɛɪɚɡɧɚɹ 

ɮɨɪɦɚ ɢɧɫɬɪɭɦɟɧɬɚ ɛɭɞɟɬ ɮɨɪɦɢɪɨɜɚɬɶ ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɝɟɨɦɟɬɪɢɱɟɫɤɭɸ 

ɩɨɝɪɟɲɧɨɫɬɶ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɨɬɜɟɪɫɬɢɹ ɢ, ɩɨ ɦɟɪɟ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɪɚɞɢɚɥɶɧɨɣ 

ɩɨɞɚɱɢ, ɱɢɫɥɨ ɪɟɠɭɳɢɯ ɡɟɪɟɧ ɛɭɞɟɬ ɭɜɟɥɢɱɢɜɚɬɶɫɹ, ɧɨ ɩɨɥɧɨɟ ɩɪɢɥɟɝɚɧɢɟ 

ɨɛɪɚɡɭɸɳɟɣ ɪɟɠɭɳɟɝɨ ɷɥɟɦɟɧɬɚ ɢ ɨɛɪɚɡɭɸɳɟɣ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɨɬɜɟɪɫɬɢɹ ɩɪɢ 

ɷɬɨɦ ɧɟɞɨɫɬɢɠɢɦɨ, ɬɨ ɟɫɬɶ ɛɭɞɟɬ ɢɦɟɬɶ ɦɟɫɬɨ ɱɚɫɬɢɱɧɵɣ ɤɨɧɬɚɤɬ ɪɟɠɭɳɢɯ 

ɷɥɟɦɟɧɬɨɜ ɫ ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ. 

ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɦɨɠɧɨ ɫɤɨɧɫɬɪɭɢɪɨɜɚɬɶ ɢɧɫɬɪɭɦɟɧɬ ɢ ɨɪɝɚɧɢɡɨɜɚɬɶ 

ɩɪɨɰɟɫɫ ɫɴɟɦɚ ɩɪɢɩɭɫɤɚ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɮɚɤɬɢɱɟɫɤɢɣ ɭɝɨɥ ɩɨɜɨɪɨɬɚ 

ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ β, ɤɨɬɨɪɵɣ, ɩɨ ɫɭɬɢ, ɹɜɥɹɟɬɫɹ ɩɪɨɢɡɜɨɞɧɵɦ ɨɬ ɜɟɥɢɱɢɧɵ 

ɫɧɢɦɚɟɦɨɝɨ ɩɪɢɩɭɫɤɚ ɢ ɜɟɥɢɱɢɧɵ ɫɪɟɞɧɟɝɨ ɭɞɟɥɶɧɨɝɨ ɢɡɧɨɫɚ ɚɥɦɚɡɨɧɨɫɧɨɝɨ 

ɫɥɨɹ, ɛɵɥ ɪɚɜɟɧ ɬɪɟɛɭɟɦɨɦɭ ɤɨɦɩɟɧɫɚɰɢɨɧɧɨɦɭ ɭɝɥɭ ɞɨɜɨɪɨɬɚ α. 

ɗɬɨ ɨɩɬɢɦɚɥɶɧɨɟ ɭɫɥɨɜɢɟ ɫɴɟɦɚ ɩɪɢɩɭɫɤɚ, ɩɪɢ ɤɨɬɨɪɨɦ ɢɦɟɟɬ ɦɟɫɬɨ 

ɩɨɥɧɨɟ ɩɪɢɥɟɝɚɧɢɹ ɨɛɪɚɡɭɸɳɢɯ ɪɟɠɭɳɟɝɨ ɷɥɟɦɟɧɬɚ ɢ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ 

ɨɬɜɟɪɫɬɢɹ ɨɬ ɧɚɱɚɥɚ ɢ ɞɨ ɤɨɧɰɚ ɫɴɟɦɚ ɩɪɢɩɭɫɤɚ. 

ɇɚ ɪɢɫ. 4.15 ɩɪɟɞɫɬɚɜɥɟɧɚ ɪɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɨɩɬɢɦɚɥɶɧɨɝɨ ɜɚɪɢɚɧɬɚ ɫɴёɦɚ 

ɩɪɢɩɭɫɤɚ ɢɡɜɟɫɬɧɵɦ ɢɧɫɬɪɭɦɟɧɬɨɦ. 

ɉɪɢɦɟɱɚɧɢɟ. ȼ ɷɬɨɦ ɩɚɪɚɝɪɚɮɟ ɨɛɨɡɧɚɱɟɧɢɹ ɧɚ ɪɢɫ. 4.13, 4.14 ɢ 4.15 

ɢɞɟɧɬɢɱɧɵ. 

R – ɡɧɚɱɟɧɢɟ ɜɟɪɬɢɤɚɥɶɧɨɣ ɤɨɨɪɞɢɧɚɬɵ ɨɫɢ ɩɨɜɨɪɨɬɚ ɪɟɠɭɳɢɯ 

ɷɥɟɦɟɧɬɨɜ; 

l – ɞɥɢɧɚ ɚɥɦɚɡɨɧɨɫɧɨɝɨ ɫɥɨɹ; 
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2φ – ɭɝɨɥ ɩɪɢ ɜɟɪɲɢɧɟ 

ɪɚɛɨɱɟɣ ɱɚɫɬɢ (ɤɨɧɢɱɟɫɤɨɣ, 

ɥɢɛɨ ɤɥɢɧɨɜɢɞɧɨɣ) ɢɝɥɵ 

ɪɚɡɠɢɦɚ;  

α – ɬɪɟɛɭɟɦɵɣ 

ɤɨɦɩɟɧɫɚɰɢɨɧɧɵɣ ɭɝɨɥ 

ɞɨɜɨɪɨɬɚ ɡɚ ɜɪɟɦɹ ɫɴɟɦɚ 

ɩɪɢɩɭɫɤɚ; 

β – ɮɚɤɬɢɱɟɫɤɢɣ ɭɝɨɥ 

ɩɨɜɨɪɨɬɚ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ, 

ɡɚ ɜɪɟɦɹ ɫɴɟɦɚ ɩɪɢɩɭɫɤɚ; 

z – ɫɧɢɦɚɟɦɵɣ ɩɪɢɩɭɫɤ; 

 ∆ɋɊ – ɫɪɟɞɧɢɣ ɭɞɟɥɶɧɵɣ 

ɢɡɧɨɫ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ; 

αmax – ɩɪɟɞɟɥɶɧɨɟ 

ɡɧɚɱɟɧɢɟ ɤɨɦɩɟɧɫɚɰɢɨɧɧɨɝɨ 

ɭɝɥɚ ɞɨɜɨɪɨɬɚ. 

ɂɡ ɪɢɫ. 4.14 ɢ 4.15 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɩɨɥɨɠɟɧɢɢ ɤɨɨɪɞɢɧɚɬɵ ɨɫɢ 

ɩɨɜɨɪɨɬɚ ɪɟɠɭɳɟɝɨ ɷɥɟɦɟɧɬɚ O, ɦɟɧɹɟɬɫɹ ɢ ɜɟɥɢɱɢɧɚ ɭɝɥɚ β, ɬɨ ɟɫɬɶ, ɟɫɥɢ 

ɨɩɪɟɞɟɥɟɧɨ ɡɧɚɱɟɧɢɟ ɭɝɥɚ α, ɬɨ ɦɨɠɧɨ ɨɛɟɫɩɟɱɢɬɶ ɪɚɜɟɧɫɬɜɨ ɭɝɥɨɜ α ɢ β, 

ɧɚɩɪɢɦɟɪ, ɡɚ ɫɱɟɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɤɨɧɫɬɪɭɤɬɢɜɧɨɝɨ ɜɵɛɨɪɚ ɤɨɨɪɞɢɧɚɬ ɨɫɢ 

ɩɨɜɨɪɨɬɚ O ɪɟɠɭɳɟɝɨ ɷɥɟɦɟɧɬɚ. ɇɟɩɨɫɪɟɞɫɬɜɟɧɧɨ, ɷɥɟɦɟɧɬɚɪɧɵɦɢ 

ɝɟɨɦɟɬɪɢɱɟɫɤɢɦɢ ɩɨɫɬɪɨɟɧɢɹɦɢ ɦɨɠɧɨ ɩɨɤɚɡɚɬɶ, ɱɬɨ ɜɚɪɶɢɪɨɜɚɧɢɟ ɤɨɨɪɞɢɧɚɬɨɣ 

ɨɫɢ ɩɨɜɨɪɨɬɚ O ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɦɚɥɨɷɮɮɟɤɬɢɜɧɨ. 

ɇɚ ɪɢɫ. 4.15 ɨɫɶ ɩɨɜɨɪɨɬɚ O ɪɟɠɭɳɟɝɨ ɷɥɟɦɟɧɬɚ ɩɨ ɝɨɪɢɡɨɧɬɚɥɢ 

ɡɚɮɢɤɫɢɪɨɜɚɧɚ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨ ɞɟɥɢɬ ɩɨɩɨɥɚɦ ɫɭɦɦɭ ɫɪɟɞɧɢɯ ɜɟɥɢɱɢɧ 

ɫɧɢɦɚɟɦɨɝɨ ɩɪɢɩɭɫɤɚ ɢ ɭɞɟɥɶɧɨɝɨ ɢɡɧɨɫɚ ɚɥɦɚɡɨɧɨɫɧɨɝɨ ɫɥɨɹ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ 

ɜɜɢɞɭ ɦɚɥɨɫɬɢ ɭɝɥɨɜ α ɢ β, ɫ ɰɟɥɶɸ ɭɩɪɨɳɟɧɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɜɵɤɥɚɞɨɤ, 

 

Ɋɢɫ. 4.15. Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɨɩɬɢɦɚɥɶɧɨɝɨ 
ɜɚɪɢɚɧɬɚ ɜɡɚɢɦɧɨɝɨ ɪɚɫɩɨɥɨɠɟɧɢɹ 
ɚɥɦɚɡɨɧɨɫɧɨɝɨ ɫɥɨɹ ɢɧɫɬɪɭɦɟɧɬɚ ɢ 

ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɢɡɞɟɥɢɹ ɜ ɦɨɦɟɧɬ ɧɚɱɚɥɢ 
ɫɴɟɦɚ ɩɪɢɩɭɫɤɚ (5ɧ) ɢ ɜ ɦɨɦɟɧɬ ɨɤɨɧɱɚɧɢɹ 

ɫɴɟɦɚ ɩɪɢɩɭɫɤɚ (5ɤ). 
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ɜɨɡɦɨɠɧɚ ɡɚɦɟɧɚ ɞɭɝ ɨɤɪɭɠɧɨɫɬɟɣ, ɩɨ ɤɨɬɨɪɵɦ ɩɟɪɟɦɟɳɚɸɬɫɹ ɪɟɠɭɳɢɟ ɡɟɪɧɚ, 

ɧɚ ɯɨɪɞɵ ɷɬɢɯ ɨɤɪɭɠɧɨɫɬɟɣ. 

ɇɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɢɡ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɨɫɬɪɨɟɧɢɣ ɪɢɫ.6 ɫɥɟɞɭɟɬ, ɱɬɨ 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɥɭɱɟɧɨ ɭɪɚɜɧɟɧɢɟ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɜ ɢɡɜɟɫɬɧɨɦ 

ɢɧɫɬɪɭɦɟɧɬɟ ɡɧɚɱɟɧɢɹ ɜɟɪɬɢɤɚɥɶɧɨɣ ɤɨɨɪɞɢɧɚɬɵ ɭɝɥɚ ɩɨɜɨɪɨɬɚ ɪɟɠɭɳɟɝɨ 

ɷɥɟɦɟɧɬɚ, ɩɪɢ ɤɨɬɨɪɨɦ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɨɩɬɢɦɚɥɶɧɵɣ ɫɴɟɦ ɩɪɢɩɭɫɤɚ. 

ɇɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɢɡ ɷɬɨɝɨ ɭɪɚɜɧɟɧɢɹ (ɢ ɢɡ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɨɫɬɪɨɟɧɢɣ ɪɢɫ. 

4.15), ɜɢɞɧɨ, ɱɬɨ ɤɨɧɫɬɪɭɤɬɢɜɧɵɣ ɩɚɪɚɦɟɬɪ R ɩɪɢ ɮɢɤɫɢɪɨɜɚɧɧɵɯ ɡɧɚɱɟɧɢɹɯ l ɢ 

z (ɢ ɭɱɟɬɚ ɭɫɥɨɜɢɹ α = β) ɹɜɥɹɟɬɫɹ ɩɪɨɢɡɜɨɞɧɵɦ ɢ ɡɚɜɢɫɢɬ ɨɬ ɡɧɚɱɟɧɢɣ ∆ɇ ɢ ∆В, 

ɤɨɬɨɪɵɟ, ɩɪɢ ɤɨɧɤɪɟɬɧɵɯ ɭɫɥɨɜɢɹɯ ɨɛɪɚɛɨɬɤɢ, ɦɨɝɭɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɵ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ. ȿɫɥɢ ɩɟɪɟɣɬɢ ɤ ɩɪɟɞɟɥɶɧɨɦɭ ɦɚɤɫɢɦɚɥɶɧɨɦɭ ɡɧɚɱɟɧɢɸ 

ɪɚɡɧɨɫɬɢ ∆ɇ – ∆В (∆ɇ → max; ∆В → 0), ɬɨ ɩɨɥɭɱɢɦ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɭɝɥɚ 

αmax, ɤɨɬɨɪɨɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɦɢɧɢɦɚɥɶɧɨɦɭ ɡɧɚɱɟɧɢɸ ɤɨɧɫɬɪɭɤɬɢɜɧɨɝɨ 

ɩɚɪɚɦɟɬɪɚ R. ȼ ɷɬɨɦ ɫɥɭɱɚɟ, ɟɫɥɢ ɜɟɥɢɱɢɧɭ ɪɚɡɧɨɫɬɢ (∆ɇ – ∆В) ɡɚɦɟɧɢɬɶ 

ɜɟɥɢɱɢɧɨɣ 2∆ɋɊ (ɧɚ ɪɢɫ. 4.15 – ɨɬɪɟɡɨɤ FD =  2TP = 2∆ɋɊ), ɬɨ ɦɨɠɧɨ 

ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɢɧɜɚɪɢɚɧɬɧɵɦɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ ɩɨ ɭɞɟɥɶɧɨɦɭ 
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ɫɪɟɞɧɟɦɭ ɢɡɧɨɫɭ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɞɚɧɧɵɦɢ, 

ɤɨɬɨɪɵɟ ɩɨɥɭɱɟɧɵ ɩɪɢ ɱɟɪɧɨɜɨɦ ɢ ɱɢɫɬɨɜɨɦ ɯɨɧɢɧɝɨɜɚɧɢɢ ɝɢɥɶɡ ɢɡ 

ɥɟɝɢɪɨɜɚɧɧɨɝɨ ɱɭɝɭɧɚ ɬɚɛɥ. 4.4 (2, ɫɬɪ. 148, ɬɚɛɥ. 6 [82]). 

Ɍɚɛɥɢɰɚ. 4.4 

Ɍɚɛɥɢɰɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ 

Ⱦɟɬɚɥɶ, 
ɦɚɬɟɪɢɚɥ, 

ɪɚɡɦɟɪ Ɉ
ɩɟ

ɪɚ
ɰɢ

ɹ 

ɏɚɪɚɤɬɟɪɢ-

ɫɬɢɤɚ 

ɛɪɭɫɤɨɜ 

ɉɪɢɩɭɫɤ, 
ɦɦ 

Ɋɟɠɢɦɵ ɪɟɡɚɧɢɹ ɒɟɪɨɯɨ-

ɜɚɬɨɫɬɶ, 
Ra 

ɋɬɨɣɤɨɫɬɶ 
ɤɨɦɩɥɟɤɬɚ 
ɛɪɭɫɤɨɜ ɜ 

ɞɟɬɚɥɹɯ, ɲɬ 

VВ.ɉ. VКɊ P, 

ɦɉɚ ɦ/ɦɢɧ 

Ƚɢɥɶɡɚ, 
ɥɟɝɢɪɨɜɚɧɧɵɣ 
ɱɭɝɭɧ, HRCɷ 
45, Ø145+0,05,  

L = 280 

1 

Ⱥɋȼ 
160/125 

Ɇ1 

0,03 – 0,17 18 34 

Ɋ1 = 0,4 

Ɋ2 = 2,5  

Ɋ1 = 0,4 

2,5 800 – 600 

2 
ȺɋɆ 20/40 

Ɇ1 
0,01 9 49 – 0,32 1500 – 2000 

ɉɪɢɦɟɱɚɧɢɟ – ɪɚɡɦɟɪɵ ɛɪɭɫɤɨɜ 125ɯ8ɯ3,5ɯ1,5 R72.5. 

ɂɫɯɨɞɹ ɢɡ ɷɬɢɯ ɞɚɧɧɵɯ, ɨɩɪɟɞɟɥɢɦ ɨɪɢɟɧɬɢɪɨɜɨɱɧɵɟ ɡɧɚɱɟɧɢɹ ∆cp. 

ɉɪɢ ɱɟɪɧɨɜɨɦ ɯɨɧɢɧɝɨɜɚɧɢɢ 
800

5,1ɫɪ = 0,001875 ɦɦ/ɞɟɬ. 

ɉɪɢ ɱɢɫɬɨɜɨɦ ɯɨɧɢɧɝɨɜɚɧɢɢ 
1500

5,1ɫɪ = 0,001 ɦɦ/ɞɟɬ. 

ɉɨɞɫɬɚɜɥɹɹ ɷɬɢ ɞɚɧɧɵɟ ɜ ɭɪɚɜɧɟɧɢɟ (4.7) ɩɨɥɭɱɢɦ ɨɪɢɟɧɬɢɪɨɜɨɱɧɵɟ 

ɡɧɚɱɟɧɢɹ ɜɟɪɬɢɤɚɥɶɧɵɯ ɤɨɨɪɞɢɧɚɬ ɭɝɥɨɜ ɩɨɜɨɪɨɬɚ ɪɟɠɭɳɟɝɨ ɷɥɟɦɟɧɬɚ, 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜ ɤɨɧɫɬɪɭɤɰɢɹɯ ɝɨɥɨɜɨɤ ɞɥɹ ɱɟɪɧɨɜɨɝɨ ɢ ɱɢɫɬɨɜɨɝɨ 

ɯɨɧɢɧɝɨɜɚɧɢɹ: Rɱɟɪɧ. = 330299,9 ɦɦ; Rɱɢɫɬ. = 5952443 ɦɦ. 

Ɋɟɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ R (ɫ ɭɱɟɬɨɦ ɬɨɝɨ, ɱɬɨ α << αmax) ɛɭɞɭɬ ɫɭɳɟɫɬɜɟɧɧɨ 

ɛɨɥɶɲɟ, ɩɪɟɞɩɨɥɨɠɢɬɟɥɶɧɨ ɧɚ ɩɨɪɹɞɨɤ ɢ ɛɨɥɟɟ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɤɨɧɫɬɪɭɤɰɢɹ ɫ 

ɞɥɢɧɨɣ ɪɚɛɨɱɟɣ ɱɚɫɬɢ ɛɨɥɟɟ 330 ɦɟɬɪɨɜ ɧɟɩɪɢɟɦɥɟɦɚ. 

ȼɵɜɨɞɵ. 
1. ȼ ɢɡɜɟɫɬɧɭɸ ɫɯɟɦɭ ɯɨɧɢɧɝɨɜɚɧɢɹ ɢ ɤɨɧɫɬɪɭɤɰɢɸ ɢɧɫɬɪɭɦɟɧɬɚ ɞɥɹ 

ɪɟɚɥɢɡɚɰɢɢ ɷɬɨɣ ɫɯɟɦɵ ɡɚɥɨɠɟɧɚ ɩɪɨɝɪɟɫɫɢɜɧɚɹ ɢɞɟɹ ɤɨɦɩɟɧɫɚɰɢɢ 

ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ ɪɚɡɦɟɪɧɨɝɨ ɢɡɧɨɫɚ ɩɨ ɞɥɢɧɟ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɩɨ ɦɟɪɟ ɫɴɟɦɚ 

ɩɪɢɩɭɫɤɚ. ɗɬɨ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨɫɪɟɞɫɬɜɨɦ ɪɟɚɥɢɡɚɰɢɢ ɩɟɪɟɦɟɧɧɨɣ ɪɚɞɢɚɥɶɧɨɣ 

ɩɨɞɚɱɢ ɩɨ ɞɥɢɧɟ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɡɚ ɫɱɟɬ ɢɯ ɩɨɜɨɪɨɬɚ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɮɢɤɫɢɪɨɜɚɧɧɨɣ ɨɫɢ. 
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2. ɂɡɜɟɫɬɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɧɟ ɦɨɠɟɬ ɨɛɟɫɩɟɱɢɬɶ ɨɩɬɢɦɚɥɶɧɵɣ ɩɪɨɰɟɫɫ 

ɫɴɟɦɚ ɩɪɢɩɭɫɤɚ, ɚ ɢɦɟɧɧɨ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɣ ɫɴɟɦ ɩɪɢɩɭɫɤɚ ɜɫɟɦɢ ɪɟɠɭɳɢɦɢ 

ɡɟɪɧɚɦɢ ɩɨ ɞɥɢɧɟ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɡɚ ɜɪɟɦɹ ɰɢɤɥɚ. ɗɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɬɟɦ, ɱɬɨ 

ɜɟɥɢɱɢɧɵ ɪɚɞɢɚɥɶɧɨɣ ɩɨɞɚɱɢ ɢ ɤɨɦɩɟɧɫɚɰɢɨɧɧɨɝɨ ɭɝɥɚ ɩɨɜɨɪɨɬɚ ɪɟɠɭɳɢɯ 

ɷɥɟɦɟɧɬɨɜ ɮɭɧɤɰɢɨɧɚɥɶɧɨ ɜɡɚɢɦɨɡɚɜɢɫɢɦɵ. 

ɇɚ ɨɫɧɨɜɟ ɜɵɜɨɞɨɜ ɩ. 1 ɢ 2 ɦɨɠɧɨ ɫɮɨɪɦɭɥɢɪɨɜɚɬɶ ɨɛɨɛɳɚɸɳɢɣ ɜɵɜɨɞ ɨ 

ɬɨɦ, ɤɚɤ ɫɨɡɞɚɬɶ ɛɨɥɟɟ ɫɨɜɟɪɲɟɧɧɭɸ ɫɯɟɦɭ ɯɨɧɢɧɝɨɜɚɧɢɹ ɢ ɤɨɧɫɬɪɭɤɰɢɸ 

ɢɧɫɬɪɭɦɟɧɬɚ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɷɬɨɣ ɫɯɟɦɵ ɫ ɰɟɥɶɸ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 

ɩɪɨɰɟɫɫɚ ɯɨɧɢɧɝɨɜɚɧɢɹ ɝɥɭɯɢɯ ɨɬɜɟɪɫɬɢɣ.  

ɋɭɬɶ ɜ ɫɥɟɞɭɸɳɟɦ. ɂɡɜɟɫɬɧɭɸ ɫɯɟɦɭ ɯɨɧɢɧɝɨɜɚɧɢɹ ɫɥɟɞɭɟɬ ɢɡɦɟɧɢɬɶ 

ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɤɨɧɫɬɪɭɤɬɢɜɧɨ ɨɛɟɫɩɟɱɢɬɶ ɮɭɧɤɰɢɨɧɚɥɶɧɭɸ 

ɧɟɡɚɜɢɫɢɦɨɫɬɶ ɫɨɨɬɧɨɲɟɧɢɹ ɜɟɥɢɱɢɧɵ ɪɚɞɢɚɥɶɧɨɣ ɩɨɞɚɱɢ ɢ ɜɟɥɢɱɢɧɵ 

ɤɨɦɩɟɧɫɚɰɢɨɧɧɨɝɨ ɭɝɥɚ ɩɨɜɨɪɨɬɚ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ. 

 

4.3.2. Ɋɚɡɪɚɛɨɬɤɚ ɫɩɨɫɨɛɚ ɯɨɧɢɧɝɨɜɚɧɢɹ ɝɥɭɯɢɯ ɨɬɜɟɪɫɬɢɣ ɢ ɢɧɫɬɪɭɦɟɧɬɚ ɞɥɹ 
ɟɝɨ ɪɟɚɥɢɡɚɰɢɢ 

 

ȼ ɷɬɨɦ ɩɚɪɚɝɪɚɮɟ ɩɪɟɞɫɬɚɜɥɟɧ ɧɨɜɵɣ ɫɩɨɫɨɛ ɯɨɧɢɧɝɨɜɚɧɢɹ [57] ɢ 

ɢɧɫɬɪɭɦɟɧɬ ɞɥɹ ɟɝɨ ɪɟɚɥɢɡɚɰɢɢ, ɜ ɤɨɬɨɪɨɦ ɫɨɜɦɟɳɟɧɵ ɩɪɨɝɪɟɫɫɢɜɧɵɟ ɫɜɨɣɫɬɜɚ 

ɢɡɜɟɫɬɧɵɯ ɫɩɨɫɨɛɨɜ ɢ ɢɧɫɬɪɭɦɟɧɬɨɜ ɞɥɹ ɢɯ ɪɟɚɥɢɡɚɰɢɢ. 

ɂɧɫɬɪɭɦɟɧɬ ɪɢɫ. 4.16 ɫɨɫɬɨɢɬ ɢɡ ɤɨɪɩɭɫɚ 1, ɜ ɩɪɨɞɨɥɶɧɵɯ ɪɚɞɢɚɥɶɧɵɯ 

ɩɚɡɚɯ ɤɨɬɨɪɨɝɨ ɭɫɬɚɧɨɜɥɟɧɵ ɩɨɞɜɢɠɧɨ ɢ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɤɨɧɬɚɤɬɢɪɨɜɚɧɢɹ ɫ 

ɢɝɥɨɣ ɪɚɡɠɢɦɚ, ɩɨɞɩɪɭɠɢɧɟɧɧɵɟ ɩɪɭɠɢɧɨɣ 4 ɪɟɠɭɳɢɟ ɷɥɟɦɟɧɬɵ 3. Ʉɚɠɞɵɣ 

ɪɟɠɭɳɢɣ ɷɥɟɦɟɧɬ ɜɵɩɨɥɧɟɧ ɫ ɞɜɭɦɹ, ɪɚɡɧɟɫɟɧɧɵɦɢ ɩɨ ɞɥɢɧɟ, ɨɩɨɪɧɵɦɢ 

(ɧɚɩɪɢɦɟɪ, ɰɢɥɢɧɞɪɢɱɟɫɤɢɦɢ ɫ ɪɚɞɢɭɫɚɦɢ ɤɪɢɜɢɡɧɵ r1 ɢ r2 ɢ ɰɟɧɬɪɚɦɢ ɪɚɞɢɭɫɨɜ 

ɤɪɢɜɢɡɧɵ Ɉ1 ɢ Ɉ2) ɩɨɜɟɪɯɧɨɫɬɹɦɢ ɢ ɭɫɬɚɧɨɜɥɟɧ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɪɚɞɢɚɥɶɧɨɝɨ 

ɩɟɪɟɦɟɳɟɧɢɹ ɢ ɩɨɜɨɪɨɬɚ (ɧɚɩɪɢɦɟɪ, ɜɨɤɪɭɝ ɨɫɢ Ɉ). ɋɨɨɫɧɨ ɤɨɪɩɭɫɭ, ɭɫɬɚɧɨɜɥɟɧɚ 

ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɩɪɨɞɨɥɶɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɩɨɫɪɟɞɫɬɜɚɦ ɦɟɯɚɧɢɡɦɚ ɪɚɞɢɚɥɶɧɨɣ 

ɩɨɞɚɱɢ ɫɬɚɧɤɚ (ɧɚ ɮɢɝ. ɧɟ ɢɡɨɛɪɚɠɟɧ) ɢɝɥɚ ɪɚɡɠɢɦɚ 2. Ɋɚɛɨɱɚɹ ɱɚɫɬɶ ɢɝɥɵ 

ɪɚɡɠɢɦɚ ɜɵɩɨɥɧɟɧɚ ɫ ɞɜɭɦɹ ɪɚɡɧɵɦɢ ɩɨ ɜɟɥɢɱɢɧɟ ɤɨɧɭɫɧɨɫɬɢ (ɥɢɛɨ, ɩɨ 

ɜɟɥɢɱɢɧɟ ɭɝɥɚ ɤɥɢɧɚ) ɢ ɪɚɡɧɟɫɟɧɧɵɦɢ ɩɨ ɞɥɢɧɟ ɪɚɛɨɱɢɦɢ ɨɩɨɪɧɵɦɢ ɱɚɫɬɹɦɢ, 
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ɤɚɠɞɚɹ ɢɡ ɤɨɬɨɪɵɯ ɤɨɧɬɚɤɬɢɪɭɟɬ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɨɩɨɪɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ 

ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ. 

Ɋɚɛɨɬɚ ɢɧɫɬɪɭɦɟɧɬɚ. 

Ⱦɨ ɧɚɱɚɥɚ ɨɛɪɚɛɨɬɤɢ, ɨɩɪɟɞɟɥɹɸɬ 

ɩɨɥɨɠɟɧɢɟ ɢɝɥɵ ɪɚɡɠɢɦɚ (ɩɨɥɨɠɟɧɢɟ 

ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ), ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ 

ɬɪɟɛɭɟɦɨɦɭ ɞɢɚɦɟɬɪɚɥɶɧɨɦɭ ɪɚɡɦɟɪɭ 

ɨɬɜɟɪɫɬɢɹ ɜ ɯɨɧɢɧɝɭɟɦɵɯ ɢɡɞɟɥɢɹɯ. ɗɬɨ 

ɦɨɠɟɬ ɛɵɬɶ ɨɫɭɳɟɫɬɜɥɟɧɨ, ɧɚɩɪɢɦɟɪ, ɩɨ 

ɷɬɚɥɨɧɧɨɣ ɞɟɬɚɥɢ. Ɂɚɬɟɦ ɩɟɪɟɜɨɞɹɬ 

ɢɧɫɬɪɭɦɟɧɬ ɜ ɢɫɯɨɞɧɨɟ ɩɨɥɨɠɟɧɢɟ. 

ȼ ɢɫɯɨɞɧɨɦ ɩɨɥɨɠɟɧɢɢ ɢɧɫɬɪɭɦɟɧɬ 

ɧɚɯɨɞɢɬɫɹ ɜɧɟ ɯɨɧɢɧɝɭɟɦɨɝɨ ɨɬɜɟɪɫɬɢɹ; ɢɝɥɚ 

ɪɚɡɠɢɦɚ 2 ɧɚɯɨɞɢɬɫɹ ɜ ɤɪɚɣɧɟɦ ɜɟɪɯɧɟɦ 

ɩɨɥɨɠɟɧɢɢ (ɩɨ ɮɢɝ.) ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 

ɪɟɠɭɳɢɟ ɷɥɟɦɟɧɬɵ 3 ɫɠɚɬɵ ɩɪɭɠɢɧɨɣ 4. 

ɂɧɫɬɪɭɦɟɧɬ ɜɜɨɞɢɬɫɹ ɜ ɨɛɪɚɛɚɬɵɜɚɟɦɨɟ 

ɨɬɜɟɪɫɬɢɟ, ɢ ɩɨɫɪɟɞɫɬɜɨɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 

ɩɪɢɜɨɞɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜɨɡɜɪɚɬɧɨ-ɩɨɫɬɭɩɚɬɟɥɶɧɨɟ, ɜɪɚɳɚɬɟɥɶɧɨɟ ɢ 

ɭɫɤɨɪɟɧɧɵɟ ɪɚɞɢɚɥɶɧɵɟ ɩɟɪɟɦɟɳɟɧɢɹ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ 3. ȼ ɦɨɦɟɧɬ 

ɞɨɫɬɢɠɟɧɢɹ ɤɨɧɬɚɤɬɚ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɫ ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ 

ɭɫɤɨɪɟɧɧɨɟ ɪɚɞɢɚɥɶɧɨɟ ɩɟɪɟɦɟɳɟɧɢɟ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɨɣ ɭɩɪɚɜɥɟɧɢɹ 

ɫɬɚɧɤɚ ɩɟɪɟɤɥɸɱɚɟɬɫɹ ɧɚ ɪɚɛɨɱɭɸ ɩɨɞɚɱɭ ɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɴɟɦ ɩɪɢɩɭɫɤɚ. ɉɪɢ 

ɷɬɨɦ ɫɴɟɦ ɩɪɢɩɭɫɤɚ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɪɚɞɢɚɥɶɧɵɦ ɢɡɧɨɫɨɦ 

ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ, ɤɨɬɨɪɵɣ ɜ ɫɜɹɡɢ ɫ ɚɫɢɦɦɟɬɪɢɱɧɨɫɬɶɸ ɩɟɪɟɛɟɝɚ 

ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɛɨɥɶɲɟɣ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ ɜ ɧɢɠɧɟɣ ɱɚɫɬɢ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ 

ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ. ɉɨ ɨɤɨɧɱɚɧɢɢ ɫɴёɦɚ 

ɩɪɢɩɭɫɤɚ, ɢɧɫɬɪɭɦɟɧɬ ɜɵɜɨɞɢɬɫɹ ɢɡ ɨɬɜɟɪɫɬɢɹ ɜ ɢɫɯɨɞɧɨɟ ɤɪɚɣɧɟɟ ɩɨɥɨɠɟɧɢɟ. 

Ɉɞɧɚɤɨ, ɩɪɢ ɨɫɟɜɨɦ ɩɟɪɟɦɟɳɟɧɢɢ ɢɝɥɵ ɪɚɡɠɢɦɚ ɟɟ ɜɟɪɯɧɹɹ ɨɩɨɪɧɚɹ ɱɚɫɬɶ 

ɩɟɪɟɦɟɳɚɟɬ ɪɚɞɢɚɥɶɧɨ ɜɟɪɯɧɢɟ ɱɚɫɬɢ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɫ ɦɟɧɶɲɟɣ ɫɤɨɪɨɫɬɶɸ, 

 
Ɋɢɫ. 4.16. ɋɯɟɦɚ ɤɨɧɫɬɪɭɤɰɢɢ 
ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɢɧɫɬɪɭɦɟɧɬɚ ɫ 
ɞɜɨɣɧɵɦ ɤɨɧɭɫɨɦ ɪɚɡɠɢɦɚ ɢ ɫ 
ɩɨɞɜɢɠɧɵɦɢ ɨɫɹɦɢ ɩɨɜɨɪɨɬɚ 

ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ 
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ɱɟɦ ɟɟ ɧɢɠɧɹɹ ɨɩɨɪɧɚɹ ɱɚɫɬɶ ɧɢɠɧɢɟ ɱɚɫɬɢ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ. Ɍɨ ɟɫɬɶ, ɢɦɟɟɬ 

ɦɟɫɬɨ ɨɞɧɨɜɪɟɦɟɧɧɨ ɪɚɞɢɚɥɶɧɚɹ ɩɨɞɚɱɚ ɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɩɨɜɨɪɨɬ ɪɟɠɭɳɢɯ 

ɷɥɟɦɟɧɬɨɜ ɜɨɤɪɭɝ ɨɫɟɣ O ɜ ɩɪɨɞɨɥɶɧɵɯ ɪɚɞɢɚɥɶɧɵɯ ɩɚɡɚɯ ɤɨɪɩɭɫɚ. 

Ⱦɨɩɨɥɧɢɬɟɥɶɧɵɣ ɩɨɜɨɪɨɬ ɜɵɛɢɪɚɟɬɫɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɤɨɦɩɟɧɫɢɪɨɜɚɬɶ 

ɪɚɡɧɨɫɬɶ ɢɡɧɨɫɨɜ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜɟɪɯɧɟɣ ɢ ɧɢɠɧɟɣ ɱɚɫɬɢ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ. 

ɗɬɨ ɢɫɤɥɸɱɚɟɬ ɮɨɪɦɢɪɨɜɚɧɢɟ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɯɨɧɢɧɝɭɟɦɨɝɨ 

ɨɬɜɟɪɫɬɢɹ ɜ ɜɢɞɟ ɤɨɧɭɫɧɨɫɬɢ, ɬɨ ɟɫɬɶ ɩɨɜɵɲɚɟɬɫɹ ɬɨɱɧɨɫɬɶ ɨɛɪɚɛɨɬɤɢ. 

Ɍɪɟɛɭɟɦɵɣ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɩɨɜɨɪɨɬ  ɨɩɪɟɞɟɥɢɬɫɹ ɢɡ ɭɪɚɜɧɟɧɢɹ 
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ɝɞɟ:  l ‒ ɞɥɢɧɚ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ; 

 
2  ɢ 

1  ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜɟɥɢɱɢɧ ɫɪɟɞɧɢɯ ɪɚɞɢɚɥɶɧɵɯ ɢɡɧɨɫɨɜ ɩɨ ɤɪɚɹɦ 

ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɜ ɩɪɨɞɨɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ. 

ȼ ɤɨɧɤɪɟɬɧɵɯ ɭɫɥɨɜɢɹɯ ɯɨɧɢɧɝɨɜɚɧɢɹ ɩɚɪɚɦɟɬɪ  ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ. Ⱦɥɹ ɷɬɨɝɨ, ɞɨɫɬɚɬɨɱɧɨ ɨɛɪɚɛɨɬɚɬɶ ɚɧɚɥɨɝɢɱɧɵɦ ɢɡɜɟɫɬɧɵɦ 

ɢɧɫɬɪɭɦɟɧɬɨɦ (ɫ ɭɝɥɨɦ 1  ɩɪɢ ɜɟɪɲɢɧɟ ɪɚɛɨɱɟɣ ɱɚɫɬɢ ɢɝɥɵ ɪɚɡɠɢɦɚ) ɩɚɪɬɢɸ 

ɩɪɨɛɧɵɯ ɞɟɬɚɥɟɣ. Ɂɚɬɟɦ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɢɡɦɟɪɢɬɶ ɜɟɥɢɱɢɧɵ ɪɚɞɢɚɥɶɧɨɝɨ 

ɢɡɧɨɫɚ ɜ ɤɪɚɣɧɢɯ ɩɨ ɞɥɢɧɟ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɬɨɱɤɚɯ 
1  ɢ 

2 . ȿɫɥɢ 
1  ɢ 

2
ɪɚɡɞɟɥɢɬɶ ɧɚ ɪɚɡɦɟɪ ɩɚɪɬɢɢ, ɬɨ ɩɨɥɭɱɢɦ ɭɫɪɟɞɧɟɧɧɵɟ ɜɟɥɢɱɢɧɵ ɪɚɞɢɚɥɶɧɨɝɨ 

ɢɡɧɨɫɚ ɜ ɤɪɚɣɧɢɯ ɬɨɱɤɚɯ ɩɨ ɞɥɢɧɟ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɡɚ ɜɪɟɦɹ ɫɴɟɦɚ ɩɪɢɩɭɫɤɚ 

ɧɚ ɨɞɧɨɣ ɞɟɬɚɥɢ. Ɍɨ ɟɫɬɶ, ɩɨɥɭɱɢɦ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜɟɥɢɱɢɧɵ 
1  ɢ

 2 . ɉɨɞɫɬɚɜɢɜ 

ɡɧɚɱɟɧɢɹ ɷɬɢɯ ɜɟɥɢɱɢɧ ɢ ɡɧɚɱɟɧɢɟ ɜɟɥɢɱɢɧɵ l ɜ ɩɪɢɜɟɞɟɧɧɭɸ ɮɨɪɦɭɥɭ, 

ɨɩɪɟɞɟɥɢɦ ɜɟɥɢɱɢɧɭ ɭɝɥɚ . 

Ɉɛɟɫɩɟɱɟɧɢɟ ɩɨɜɨɪɨɬɚ ɧɚ ɭɝɨɥ  ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɡɚ ɫɱɟɬ ɜɵɩɨɥɧɟɧɢɹ 

ɪɚɛɨɱɟɣ ɱɚɫɬɢ ɢɝɥɵ ɫ ɭɝɥɚɦɢ ɩɪɢ ɜɟɪɲɢɧɚɯ ɤɨɧɭɫɨɜ ɧɚ ɪɚɛɨɱɟɣ ɱɚɫɬɢ 
1  ɢ 

2 . 

ɉɪɢ ɷɬɨɦ, ɩɪɢ ɮɢɤɫɢɪɨɜɚɧɧɨɦ ɡɧɚɱɟɧɢɢ ɭɝɥɚ 
1 , ɝɟɨɦɟɬɪɢɱɟɫɤɢ ɪɚɫɫɱɢɬɵɜɚɸɬ 

ɡɧɚɱɟɧɢɟ 
2  ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɡɚ ɜɪɟɦɹ ɫɴɟɦɚ ɩɪɢɩɭɫɤɚ, ɩɪɢ ɯɨɧɢɧɝɨɜɚɧɢɢ 

ɝɥɭɯɨɝɨ ɨɬɜɟɪɫɬɢɹ, ɪɟɠɭɳɢɟ ɷɥɟɦɟɧɬɵ ɪɚɞɢɚɥɶɧɨ ɩɟɪɟɦɟɳɚɹɫɶ, ɩɨɜɟɪɧɭɥɢɫɶ ɛɵ 

ɧɚ ɬɪɟɛɭɟɦɵɣ ɤɨɦɩɟɧɫɚɰɢɨɧɧɵɣ ɭɝɨɥ . 
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ɉɨɝɪɟɲɧɨɫɬɶ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɜɟɥɢɱɢɧ 
1  ɢ 

2 , 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɜɟɥɢɱɢɧɵ  ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɮɨɪɦɢɪɨɜɚɧɢɸ ɩɪɢ ɯɨɧɢɧɝɨɜɚɧɢɢ 

ɨɫɬɚɬɨɱɧɨɣ ɤɨɧɭɫɧɨɫɬɢ ɧɚ ɨɛɪɚɛɚɬɵɜɚɟɦɨɦ ɨɬɜɟɪɫɬɢɢ. Ɉɞɧɚɤɨ, ɜɟɥɢɱɢɧɚ ɷɬɨɣ 

ɤɨɧɭɫɧɨɫɬɢ ɫɭɳɟɫɬɜɟɧɧɨ ɦɟɧɶɲɟ (ɧɚ ɩɨɪɹɞɨɤ ɢ ɛɨɥɟɟ), ɱɟɦ ɜ ɫɥɭɱɚɟ ɨɛɪɚɛɨɬɤɢ 

ɛɟɡ ɤɨɦɩɟɧɫɚɰɢɨɧɧɨɝɨ ɩɨɜɨɪɨɬɚ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɧɚ ɭɝɨɥ . ɗɬɨ ɨɫɬɚɬɨɱɧɚɹ 

ɤɨɧɭɫɧɨɫɬɶ ɦɨɠɟɬ ɛɵɬɶ ɭɫɬɪɚɧɟɧɚ ɡɚ ɫɱɟɬ ɧɟɡɧɚɱɢɬɟɥɶɧɨɣ ɤɨɪɪɟɤɬɢɪɨɜɤɢ 

ɜɟɥɢɱɢɧɵ ɩɟɪɟɛɟɝɚ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɜ ɡɨɧɟ, ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɣ ɞɧɭ 

ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɨɬɜɟɪɫɬɢɹ. 

ȼɵɜɨɞɵ. 
1. ɇɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɫɴɟɦɚ ɩɪɢɩɭɫɤɚ ɢɡɜɟɫɬɧɵɦɢ ɫɯɟɦɚɦɢ ɢ ɤɨɧɫɬɪɭɤɰɢɣ 

ɢɧɫɬɪɭɦɟɧɬɨɜ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɷɬɢɯ ɫɯɟɦ, ɪɚɡɪɚɛɨɬɚɧɚ ɛɨɥɟɟ ɫɨɜɟɪɲɟɧɧɚɹ ɫɯɟɦɚ 

ɢ ɤɨɧɫɬɪɭɤɰɢɹ ɢɧɫɬɪɭɦɟɧɬɚ ɞɥɹ ɯɨɧɢɧɝɨɜɚɧɢɹ ɝɥɭɯɢɯ ɨɬɜɟɪɫɬɢɣ. 

2. Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɩɨɡɜɨɥɹɟɬ ɪɟɚɥɢɡɨɜɚɬɶ ɪɚɞɢɚɥɶɧɭɸ ɩɨɞɚɱɭ 

ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ, ɫɨɜɦɟɳɟɧɧɭɸ ɫ ɢɯ ɤɨɦɩɟɧɫɚɰɢɨɧɧɵɦ ɩɨɜɨɪɨɬɨɦ ɜɨɤɪɭɝ 

ɫɨɛɫɬɜɟɧɧɵɯ ɨɫɟɣ. ɉɪɢ ɷɬɨɦ ɩɨɫɥɟɞɧɢɟ ɭɫɬɚɧɨɜɥɟɧɵ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ 

ɪɚɞɢɚɥɶɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɫɨ ɫɤɨɪɨɫɬɶɸ ɪɚɞɢɚɥɶɧɨɣ ɩɨɞɚɱɢ. 

3. Ɉɬɥɢɱɢɬɟɥɶɧɵɦ ɩɪɢɡɧɚɤɨɦ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɫɯɟɦɵ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ 

ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɪɚɞɢɚɥɶɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɨɫɟɣ ɩɨɜɨɪɨɬɚ ɪɟɠɭɳɢɯ 

ɷɥɟɦɟɧɬɨɜ, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɪɟɚɥɢɡɚɰɢɢ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ 

ɫɨɱɟɬɚɧɢɹ ɜɟɥɢɱɢɧ ɪɚɞɢɚɥɶɧɨɣ ɩɨɞɚɱɢ ɢ ɤɨɦɩɟɧɫɚɰɢɨɧɧɨɝɨ ɩɨɜɨɪɨɬɚ ɪɟɠɭɳɢɯ 

ɷɥɟɦɟɧɬɨɜ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɪɟɚɥɢɡɨɜɚɬɶ ɫɯɟɦɭ ɯɨɧɢɧɝɨɜɚɧɢɹ ɩɪɢ ɤɨɬɨɪɨɣ 

ɪɟɠɭɳɢɟ ɡɟɪɧɚ ɩɨ ɞɥɢɧɟ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɭɱɚɫɬɜɭɸɬ ɜ ɩɪɨɰɟɫɫɟ ɪɟɡɚɧɢɹ 

ɩɨɥɧɨɫɬɶɸ ɨɬ ɧɚɱɚɥɚ ɢ ɞɨ ɤɨɧɰɚ ɫɴɟɦɚ ɩɪɢɩɭɫɤɚ. 

4. ȼɵɩɨɥɧɟɧɢɟ ɪɚɛɨɱɟɣ ɱɚɫɬɢ ɢɝɥɵ ɪɚɡɠɢɦɚ, ɜ ɪɚɡɪɚɛɨɬɚɧɧɨɣ 

ɤɨɧɫɬɪɭɤɰɢɢ, ɫ ɞɜɭɦɹ ɪɚɡɧɵɦɢ ɩɨ ɜɟɥɢɱɢɧɟ ɤɨɧɭɫɧɨɫɬɢ (ɥɢɛɨ, ɩɨ ɜɟɥɢɱɢɧɟ ɭɝɥɚ 

ɤɥɢɧɚ) ɢ ɪɚɡɧɟɫɟɧɧɵɦɢ ɩɨ ɞɥɢɧɟ ɪɚɛɨɱɢɦɢ ɨɩɨɪɧɵɦɢ ɱɚɫɬɹɦɢ ɤɨɧɫɬɪɭɤɬɢɜɧɨ 

ɨɝɪɚɧɢɱɢɜɚɟɬ ɜɟɥɢɱɢɧɭ ɫɭɦɦɚɪɧɨɝɨ ɯɨɞɚ ɢɝɥɵ. ɗɬɨɬ ɧɟɞɨɫɬɚɬɨɤ ɥɟɝɤɨ 

ɭɫɬɪɚɧɹɟɬɫɹ ɡɚ ɫɱɟɬ ɧɚɥɢɱɢɹ ɤɨɦɩɥɟɤɬɚ ɢɝɥ ɪɚɡɠɢɦɚ ɫ ɪɚɛɨɱɢɦɢ ɱɚɫɬɹɦɢ 

ɨɬɥɢɱɧɵɦɢ ɩɨ ɞɢɚɦɟɬɪɭ ɢ ɞɥɢɧɟ ɢ ɫ ɢɞɟɧɬɢɱɧɵɦɢ ɭɝɥɚɦɢ 1 ɢ 2. ȼ ɷɬɨɦ ɫɥɭɱɚɟ 

ɜɨɡɦɨɠɧɨ ɩɨɥɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɚɥɦɚɡɨɧɨɫɧɨɝɨ ɫɥɨɹ. 
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4.3.3 ȼɵɜɨɞ ɭɪɚɜɧɟɧɢɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɨɫɧɨɜɧɵɯ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ 
ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɢɧɫɬɪɭɦɟɧɬɚ 

 

ɇɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɢɡ ɪɢɫ. 4.16 ɫɥɟɞɭɟɬ, ɱɬɨ ɡɚɤɨɧ ɢɡɦɟɧɟɧɢɹ ɭɝɥɚ ɩɨɜɨɪɨɬɚ 

ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɡɚɜɢɫɢɬ ɨɬ ɡɚɤɨɧɚ ɨɫɟɜɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɢɝɥɵ ɪɚɡɠɢɦɚ ɢ 

ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɢɧɫɬɪɭɦɟɧɬɚ. ɇɚ ɪɢɫ. 4.17 ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɯɟɦɚ ɞɥɹ 

ɜɵɜɨɞɚ ɭɤɚɡɚɧɧɨɣ ɜɵɲɟ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɡɚɜɢɫɢɦɨɫɬɢ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɩɪɢɦɟɦ, ɱɬɨ ɪɚɛɨɱɚɹ ɱɚɫɬɶ ɢɝɥɵ ɪɚɡɠɢɦɚ ɜɵɩɨɥɧɟɧɚ 

ɜ ɜɢɞɟ ɞɜɭɯ ɤɨɧɭɫɨɜ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɫ ɭɝɥɚɦɢ ɩɪɢ ɜɟɪɲɢɧɚɯ 1 ɢ 2 ɢ 

ɨɛɪɚɡɭɸɳɢɦɢ Аɋ ɢ ɋВ. 

ȼɜɟɞɟɦ ɩɪɹɦɨɭɝɨɥɶɧɭɸ ɫɢɫɬɟɦɭ ɤɨɨɪɞɢɧɚɬ ɢ ɫɜɹɠɟɦ ɟɟ ɫ ɢɧɫɬɪɭɦɟɧɬɨɦ 

ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨ ɤɨɨɪɞɢɧɚɬɚ X ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɨɫɶ ɩɨɜɨɪɨɬɚ ɪɟɠɭɳɟɝɨ 

ɷɥɟɦɟɧɬɚ ɢ ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ ɫɨɜɩɚɞɚɟɬ ɫ ɜɟɤɬɨɪɨɦ ɪɚɞɢɚɥɶɧɨɣ ɩɨɞɚɱɢ. 

Ʉɨɨɪɞɢɧɚɬɚ Y ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɬɨɱɤɭ ɩɟɪɟɫɟɱɟɧɢɹ ɨɛɪɚɡɭɸɳɢɯ ɤɨɧɢɱɟɫɤɢɯ 

ɩɨɜɟɪɯɧɨɫɬɟɣ (ɬɨɱɤɚ ɋ), ɩɚɪɚɥɥɟɥɶɧɚ ɨɫɢ ɢɧɫɬɪɭɦɟɧɬɚ ɢ ɧɚɩɪɚɜɥɟɧɧɚ ɜɫɬɪɟɱɧɨ 

ɜɟɤɬɨɪɭ ɨɫɟɜɨɝɨ ɪɚɛɨɱɟɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɢɝɥɵ ɪɚɡɠɢɦɚ. 

Ɉɛɨɡɧɚɱɟɧɢɹ ɧɚ ɫɯɟɦɟ. 

S(t)  ɜɟɥɢɱɢɧɚ ɨɫɟɜɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɢɝɥɵ ɪɚɡɠɢɦɚ ɡɚ ɜɪɟɦɹ ɪɚɛɨɱɟɝɨ 

ɯɨɞɚ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ. 

O  ɧɚɱɚɥɨ ɨɫɟɣ ɤɨɨɪɞɢɧɚɬ X ɢ Y. 

O1 ɢ 1O    ɩɨɥɨɠɟɧɢɹ ɨɫɢ ɩɨɜɨɪɨɬɚ ɪɟɠɭɳɟɝɨ ɷɥɟɦɟɧɬɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜ 

ɦɨɦɟɧɬɵ ɜɪɟɦɟɧɢ ɞɨ ɢ ɩɨɫɥɟ ɩɟɪɟɦɟɳɟɧɢɹ ɢɝɥɵ ɪɚɡɠɢɦɚ ɧɚ ɜɟɥɢɱɢɧɭ S(t). 

2O  ɢ 2O    ɩɨɥɨɠɟɧɢɹ ɰɟɧɬɪɚ ɪɚɞɢɭɫɚ ɤɪɢɜɢɡɧɵ ɜɟɪɯɧɟɣ (ɩɨ ɫɯɟɦɟ) 

ɨɩɨɪɧɨɣ (ɤɨɧɬɚɤɬɢɪɭɸɳɟɣ ɫ ɜɟɪɯɧɟɣ ɤɨɧɢɱɟɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɢɝɥɵ ɪɚɡɠɢɦɚ) 

ɩɨɜɟɪɯɧɨɫɬɢ ɪɟɠɭɳɟɝɨ ɷɥɟɦɟɧɬɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜ ɦɨɦɟɧɬɵ ɜɪɟɦɟɧɢ ɞɨ ɢ ɩɨɫɥɟ 

ɩɟɪɟɦɟɳɟɧɢɹ ɢɝɥɵ ɪɚɡɠɢɦɚ ɧɚ ɜɟɥɢɱɢɧɭ S(t). 

3O  ɢ 3O   ɩɨɥɨɠɟɧɢɹ ɰɟɧɬɪɚ ɪɚɞɢɭɫɚ ɤɪɢɜɢɡɧɵ ɧɢɠɧɟɣ ɨɩɨɪɧɨɣ 

(ɤɨɧɬɚɤɬɢɪɭɸɳɟɣ ɫ ɧɢɠɧɟɣ ɤɨɧɢɱɟɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɢɝɥɵ ɪɚɡɠɢɦɚ) 

ɩɨɜɟɪɯɧɨɫɬɢ ɪɟɠɭɳɟɝɨ ɷɥɟɦɟɧɬɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜ ɦɨɦɟɧɬɵ ɜɪɟɦɟɧɢ ɞɨ ɢ ɩɨɫɥɟ 

ɩɟɪɟɦɟɳɟɧɢɹ ɢɝɥɵ ɪɚɡɠɢɦɚ ɧɚ ɜɟɥɢɱɢɧɭ S(t). 
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1r  ɢ 2r   ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɪɚɞɢɭɫɵ ɤɪɢɜɢɡɧɵ ɜɟɪɯɧɟɣ ɢ ɧɢɠɧɟɣ ɨɩɨɪɧɵɯ 

(ɧɚɩɪɢɦɟɪ, ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ ɥɢɛɨ, ɫɮɟɪɢɱɟɫɤɢɯ) ɩɨɜɟɪɯɧɨɫɬɟɣ ɪɟɠɭɳɟɝɨ 

ɷɥɟɦɟɧɬɚ. 

А ɢ В  ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɬɨɱɤɢ ɤɨɧɬɚɤɬɚ ɜɟɪɯɧɟɣ ɢ ɧɢɠɧɟɣ ɨɩɨɪɧɵɯ 

ɩɨɜɟɪɯɧɨɫɬɟɣ ɪɟɠɭɳɟɝɨ ɷɥɟɦɟɧɬɚ ɫ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜɟɪɯɧɟɣ ɢ ɧɢɠɧɟɣ ɨɩɨɪɧɵɦɢ 

ɩɨɜɟɪɯɧɨɫɬɹɦɢ ɢɝɥɵ ɪɚɡɠɢɦɚ. 

 
Ɋɢɫ. 4.17 Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɞɥɹ ɜɵɜɨɞɚ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɭɝɥɚ 

ɩɨɜɨɪɨɬɚ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɢ ɨɫɟɜɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɢɝɥɵ ɪɚɡɠɢɦɚ ɫ ɭɱɟɬɨɦ 
ɜɟɥɢɱɢɧ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɢɧɫɬɪɭɦɟɧɬɚ 
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∆  ɜɟɥɢɱɢɧɚ ɪɚɞɢɚɥɶɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɨɫɢ ɩɨɜɨɪɨɬɚ ɪɟɠɭɳɟɝɨ ɷɥɟɦɟɧɬɚ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɩɟɪɟɦɟɳɟɧɢɸ ɢɝɥɵ ɪɚɡɠɢɦɚ ɧɚ ɜɟɥɢɱɢɧɭ S(t). 

(t)  ɜɟɥɢɱɢɧɚ ɭɝɥɚ ɩɨɜɨɪɨɬɚ ɪɟɠɭɳɟɝɨ ɷɥɟɦɟɧɬɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ 

ɩɟɪɟɦɟɳɟɧɢɸ ɢɝɥɵ ɪɚɡɠɢɦɚ ɧɚ ɜɟɥɢɱɢɧɭ S(t).  

OC =  T; OO1 = L; O1O2 = L1; O2O3 = L2 

Ɉɩɪɟɞɟɥɢɦ ɜɟɥɢɱɢɧɵ L1 ɢ L2. 

Ⱦɥɹ ɷɬɨɝɨ ɡɚɩɢɲɟɦ ɤɨɨɪɞɢɧɚɬɵ ɬɨɱɤɢ А (xA;yA) 
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rLFFOFOFy

rLLMNNOLAFx
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.  4.9 

ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ xA = AF  

 
2

1tgTOFAFxA      4.10 
ɉɨɞɫɬɚɜɢɦ ɜ ɜɵɪɚɠɟɧɢɟ 4.10 ɡɧɚɱɟɧɢɟ OF  ɢɡ ɜɵɪɚɠɟɧɢɹ 4.9  

22
sinsin 11

11

 tgTrLAFxA 


     4.11 
ɉɪɢɪɚɜɧɢɜɚɹ ɩɪɚɜɵɟ ɱɚɫɬɢ ɡɧɚɱɟɧɢɹ xA ɢɡ ɜɵɪɚɠɟɧɢɢ 4.9 ɢ 4.11, 

ɡɚɩɢɲɟɦ: 

2
coscos

22
sinsin 1

11
11

11

 rLLtgTrL 


    4.12 
ɉɪɟɨɛɪɚɡɭɹ ɢ ɪɟɲɚɹ ɨɬɧɨɫɢɬɟɥɶɧɨ L1, ɩɨɥɭɱɢɦ: 
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   4.13 

Ⱥɧɚɥɨɝɢɱɧɨ ɨɩɪɟɞɟɥɢɦ ɜɵɪɚɠɟɧɢɟ ɞɥɹ L2. 

Ɂɚɩɢɲɟɦ ɤɨɨɪɞɢɧɚɬɵ ɬɨɱɤɢ В (xВ;yВ): 
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rLLEGOELLKx
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 4.14 
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Ɂɧɚɱɟɧɢɟ K ɢɡ ɭɪɚɜɧɟɧɢɹ ɞɥɹ xB ɢ ɩɨɞɫɬɚɜɢɦ ɜ ɭɪɚɜɧɟɧɢɟ ɞɥɹ yB 

2
sinsin

22
coscos 2

22
22

22

 rLTctgLrL 


    4.15 

Ɉɬɫɸɞɚ 

2
cossin

22
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2
sin
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2

22
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2
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2
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ctg

TctgrrctgL
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    4.16 

Ɂɚɩɢɲɟɦ ɭɪɚɜɧɟɧɢɹ ɩɪɹɦɵɯ I ɢ II, ɤɨɬɨɪɵɟ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɚɪɚɥɥɟɥɶɧɵ 

ɨɛɪɚɡɭɸɳɢɦ ɤɨɧɢɱɟɫɤɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ (ɜɟɪɯɧɟɣ ɢ ɧɢɠɧɟɣ) ɪɚɛɨɱɟɣ ɱɚɫɬɢ ɢɝɥɵ 

ɪɚɡɠɢɦɚ ɢ ɩɪɨɯɨɞɹɬ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɱɟɪɟɡ ɰɟɧɬɪɵ ɪɚɞɢɭɫɨɜ ɤɪɢɜɢɡɧɵ 2O  ɢ 3O  

ɞɨ ɩɟɪɟɦɟɳɟɧɢɹ ɢɝɥɵ ɪɚɡɠɢɦɚ. 
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Tctgxy
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    4.17 

ɉɪɢ ɩɟɪɟɦɟɳɟɧɢɢ ɢɝɥɵ ɪɚɡɠɢɦɚ ɧɚ ɜɟɥɢɱɢɧɭ S(t) ɩɪɹɦɵɟ I ɢ II 

ɩɟɪɟɦɟɫɬɹɬɫɹ ɜ ɩɨɥɨɠɟɧɢɟ I′ ɢ II′. ɉɪɢ ɷɬɨɦ ɭɪɚɜɧɟɧɢɹ ɩɪɹɦɵɯ I′ ɢ II′ ɡɚɩɢɲɭɬɫɹ 

ɬɚɤ 
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Ⱦɚɥɟɟ ɡɚɩɢɲɟɦ ɭɪɚɜɧɟɧɢɹ ɩɪɹɦɵɯ III′ ɢ IV′ ɤɨɬɨɪɵɟ ɩɪɨɯɨɞɹɬ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɱɟɪɟɡ ɨɫɶ ɩɨɜɨɪɨɬɚ ɪɟɠɭɳɟɝɨ ɷɥɟɦɟɧɬɚ 1O  ɢ ɰɟɧɬɪɵ ɪɚɞɢɭɫɨɜ 

ɤɪɢɜɢɡɧɵ ɨɩɨɪɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ 2O  ɢ 3O . 

     )()( ttgLttgxyIII       4.20 
     )()( ttgLttgxyIV       4.21 

Ɉɩɪɟɞɟɥɢɦ ɤɨɨɪɞɢɧɚɬɵ ɬɨɱɟɤ ɩɟɪɟɫɟɱɟɧɢɹ ɩɪɹɦɵɯ  I′ɢ III′ (ɬɨɱɤɚ 2O  ) ɢ II′ 

ɢ IV′ (ɬɨɱɤɚ 3O ). 
Ʉɨɨɪɞɢɧɚɬɚ x ɢ y ɬɨɱɤɢ 2O 

 ɨɩɪɟɞɟɥɹɬɫɹ ɢɡ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ 

ɩɪɹɦɵɯ I′ ɢ III′  
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   4.21

 

Ɉɬɫɸɞɚ, ɩɪɢɪɚɜɧɢɜɚɹ ɩɪɚɜɵɟ ɱɚɫɬɢ ɭɪɚɜɧɟɧɢɣ 4.21 ɢ ɪɟɲɚɹ ɨɬɧɨɫɢɬɟɥɶɧɨ 

x, ɩɨɥɭɱɢɦ
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    4.22

 

ɉɨɞɫɬɚɜɥɹɹ, ɡɧɚɱɟɧɢɟ  2Ox   ɢɡ ɫɨɨɬɧɨɲɟɧɢɹ 4.22 ɜ ɩɟɪɜɨɟ ɭɪɚɜɧɟɧɢɟ 

ɫɢɫɬɟɦɵ 4.21 ɢ ɩɪɟɨɛɪɚɡɭɹ, ɩɨɥɭɱɢɦ
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   4.23 

Ⱥɧɚɥɨɝɢɱɧɨ ɨɩɪɟɞɟɥɹɬɫɹ
 

ɤɨɨɪɞɢɧɚɬɵ x ɢ y ɬɨɱɤɢ 3O
 ɢɡ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦɵ 

ɭɪɚɜɧɟɧɢɣ ɩɪɹɦɵɯ II ′ ɢ VI′  
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   4.24 

Ɉɬɫɸɞɚ, ɩɪɢɪɚɜɧɢɜɚɹ ɩɪɚɜɵɟ ɱɚɫɬɢ ɭɪɚɜɧɟɧɢɣ 4.24 ɢ ɪɟɲɚɹ ɨɬɧɨɫɢɬɟɥɶɧɨ 

x, ɩɨɥɭɱɢɦ 
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4.25
 

ɉɨɞɫɬɚɜɥɹɹ ɡɧɚɱɟɧɢɟ  3Ox   ɢɡ ɫɨɨɬɧɨɲɟɧɢɹ 4.25 ɜ ɩɟɪɜɨɟ ɭɪɚɜɧɟɧɢɟ 

ɫɢɫɬɟɦɵ 4.24 ɢ ɩɪɟɨɛɪɚɡɭɹ, ɩɨɥɭɱɢɦ
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4.26
 

Ⱦɚɥɟɟ ɨɩɪɟɞɟɥɢɦ ɜɟɥɢɱɢɧɵ L1 ɢ L2.  

ɂɡ ∆ 2O  N  1O   ɢ ∆

 

3O E 1O   ɫɥɟɞɭɟɬ:

      2

1

2

2

2

2 LOyOxL 
    

4.27
      2

2

2

3

2

3 LOyOxL 
    

4.28
 ɉɨɞɫɬɚɜɥɹɹ ɜ ɭɪɚɜɧɟɧɢɹ 4.27 ɢ 4.28 ɡɧɚɱɟɧɢɹ  2Ox  ;  2Oy   ɢ  3Ox  ;  3Oy   

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɢɡ ɭɪɚɜɧɟɧɢɣ 4.22 4.23 ɢ 4.25 4.26, ɩɪɟɨɛɪɚɡɭɹ ɢ ɭɩɪɨɳɚɹ, 

ɩɨɥɭɱɢɦ: 
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ɂɫɯɨɞɹ ɢɡ
 

4.29 ɢ 4.30, ɡɚɩɢɲɟɦ
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 ɝɞɟ L1 ɢ L2 ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 4.13 ɢ 4.16
 

Ɉɛɨɡɧɚɱɢɦ: 
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4.32 

ɋ ɭɱɟɬɨɦ ɜɜɟɞɟɧɧɵɯ ɨɛɨɡɧɚɱɟɧɢɣ ɩɟɪɟɩɢɲɟɦ ɜɵɪɚɠɟɧɢɟ 4.31: 
        )(sin)(cos)(sin)(cos 21 tCtLtBtLA   
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 )(sinsin)(coscos 11 tLtLA   

 )(sincos)(cossin tBtB   

 )(sinsin)(coscos 22 tLtL   

 )(sincos)(cossin tCtC   

   sincossincos)(cos 21 CLBLtA  

  0cossincossin)(sin 21   CLBLt    4.33 
ȼɜɟɞɟɦ ɨɛɨɡɧɚɱɟɧɢɹ: 

 sincossincos 21  CLBL    4.34 
 cossincossin 21  CLBL    4.35 

ɉɟɪɟɩɢɲɟɦ 4.33 ɫ ɭɱɟɬɨɦ 4.34 ɢ 4.35 
0)(sin)(cos  ttA      4.36 

ɋ ɭɱɟɬɨɦ ɬɪɢɝɨɧɨɦɟɬɪɢɱɟɫɤɢɯ ɫɨɨɬɧɨɲɟɧɢɣ  

2
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ɩɪɟɨɛɪɚɡɭɟɦ 4.36 ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ
 

0
2

cos
2

sin2
2

sin
2

cos1 22 


  A  

2
cos

2
sin2

2
sin

2
cos

2
sin

2
cos 222  


 


 A  

    0
2

cos
2

sin2
2

sin
2

cos 22   AA  

    0
2

2
2

2   tgtgAA  

    0
2

2
2

2   AtgtgA
   

4.37 
Ɉɬɫɸɞɚ: 



  111 
 

 






A

A
tg

22

2      
4.39 

Ɋɟɲɚɹ 4.39, ɨɬɧɨɫɢɬɟɥɶɧɨ , ɩɨɥɭɱɢɦ: 
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4.40 

ȼɵɜɨɞɵ. 
1. ɉɨɥɭɱɟɧɧɨɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɜɵɪɚɠɟɧɢɟ ɨɬɪɚɠɚɟɬ ɜɡɚɢɦɨɫɜɹɡɶ 

ɬɪɟɛɭɟɦɨɝɨ ɭɝɥɚ ɩɨɜɨɪɨɬɚ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɫ ɩɚɪɚɦɟɬɪɚɦɢ r1, r2, 1, 2 L, T  

ɢ . ɉɚɪɚɦɟɬɪɵ r1, r2, 1, 2 – ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɩɚɪɚɦɟɬɪɵ, ɤɨɬɨɪɵɟ, ɜ ɫɚɦɨɦ 

ɨɛɳɟɦ ɫɥɭɱɚɟ ɦɨɝɭɬ ɛɵɬɶ ɩɟɪɟɦɟɧɧɵɦɢ. ɇɨ, ɜ ɩɨɞɚɜɥɹɸɳɟɦ ɱɢɫɥɟ ɫɥɭɱɚɟɜ, ɩɪɢ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɢɯ ɩɪɢɧɢɦɚɸɬ ɤɨɧɫɬɚɧɬɚɦɢ. ɉɚɪɚɦɟɬɪɵ L, T  ɢ  ɬɚɤ ɠɟ 

ɹɜɥɹɸɬɫɹ ɤɨɧɫɬɪɭɤɬɢɜɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ, ɧɨ ɢɯ ɱɢɫɥɟɧɧɚɹ ɜɟɥɢɱɢɧɚ ɢɡɦɟɧɹɟɬɫɹ 

ɩɨ ɦɟɪɟ ɢɡɧɨɫɚ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɡɚ ɜɪɟɦɹ ɨɛɪɚɛɨɬɤɢ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɝɨ 

ɤɨɥɢɱɟɫɬɜɚ ɞɟɬɚɥɟɣ. ɇɨ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɨɞɧɨɝɨ ɢɡɞɟɥɢɹ ɜɥɢɹɧɢɟɦ ɜɟɥɢɱɢɧɵ 

ɢɡɧɨɫɚ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɧɚ ɜɟɥɢɱɢɧɭ ɢɡɦɟɧɟɧɢɹ ɷɬɢɯ ɩɚɪɚɦɟɬɪɨɜ ɦɨɠɧɨ 

ɩɪɟɧɟɛɪɟɱɶ, ɤɚɤ ɛɟɫɤɨɧɟɱɧɨ ɦɚɥɵɦɢ ɜɟɥɢɱɢɧɚɦɢ ɢ ɜ ɷɬɨɦ ɫɦɵɫɥɟ ɫɱɢɬɚɬɶ ɢɯ 

ɤɨɧɫɬɚɧɬɚɦɢ. ɉɨɷɬɨɦɭ ɷɬɢ ɩɚɪɚɦɟɬɪɵ ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɬɚɤ ɠɟ ɤɚɤ 

ɩɨɫɬɨɹɧɧɵɟ ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɩɚɪɚɦɟɬɪɵ. 

2. ɉɨɥɭɱɟɧɧɨɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɜɵɪɚɠɟɧɢɟ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɨ ɞɥɹ 

ɚɧɚɥɢɡɚ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɢɧɫɬɪɭɦɟɧɬɚ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɫɨɨɬɧɨɲɟɧɢɹɯ ɜɟɥɢɱɢɧ 

ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɜɵɛɨɪɚ ɨɩɬɢɦɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ 

ɜɟɥɢɱɢɧ ɩɨɫɥɟɞɧɢɯ. 

 

4.4. ȼɵɜɨɞ ɩɨ ɱɟɬɜɟɪɬɧɨɦɭ ɪɚɡɞɟɥɭ 

 

1. Ɋɚɡɪɚɛɨɬɚɧ ɧɨɜɵɣ ɫɩɨɫɨɛ ɯɨɧɢɧɝɨɜɚɧɢɹ ɝɥɭɯɢɯ ɨɬɜɟɪɫɬɢɣ  

(ɩɚɬɟɧɬ №103959), ɜ ɤɨɬɨɪɨɦ ɢɡɦɟɧɟɧ ɰɢɤɥ ɨɛɪɚɛɨɬɤɢ, ɚ ɢɦɟɧɧɨ ɪɟɚɥɢɡɚɰɢɹ 

ɞɨɡɢɪɨɜɚɧɧɨɣ ɪɚɞɢɚɥɶɧɚɹ ɩɨɞɚɱɢ, ɨɫɭɳɟɫɬɜɥɹɟɦɨɣ ɧɟ ɜ ɦɨɦɟɧɬ ɪɟɜɟɪɫɚ 

ɜɨɡɜɪɚɬɧɨ-ɩɨɫɬɭɩɚɬɟɥɶɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ, ɚ ɜ ɡɨɧɟ ɞɧɚ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ 
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ɨɬɜɟɪɫɬɢɹ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɡɟɪɤɚɥɶɧɨɦɭ ɢɡɦɟɧɟɧɢɸ ɡɧɚɤɚ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɢɡɧɨɫɚ 

ɮɪɨɧɬɚɥɶɧɵɯ ɱɚɫɬɟɣ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ. 

2. ȼɵɩɨɥɧɟɧɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɚɩɪɨɛɚɰɢɹ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɫɩɨɫɨɛɚ 

(ɩɚɬɟɧɬ №103959), ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɤɨɬɨɪɨɣ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢ ɩɨɫɬɭɩɚɬɟɥɶɧɨɦ 

ɩɟɪɟɦɟɳɟɧɢɢ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɫɴёɦɚ ɩɪɢɩɭɫɤɚ ɧɚ ɩɨɪɹɞɨɤ ɜɵɲɟ, ɱɟɦ ɩɪɢ 

ɜɨɡɜɪɚɬɧɨɦ ɩɟɪɟɦɟɳɟɧɢɢ, ɱɬɨ ɫɥɭɠɢɬ ɩɨɞɬɜɟɪɠɞɟɧɢɟɦ ɥɨɝɢɱɧɨɫɬɢ ɪɟɚɥɢɡɚɰɢɢ 

ɞɨɡɢɪɨɜɚɧɧɨɣ ɩɨɞɚɱɢ ɜ ɡɨɧɟ ɞɧɚ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɨɬɜɟɪɫɬɢɹ. 

3. ɉɪɟɞɥɨɠɟɧ ɢ ɨɛɨɫɧɨɜɚɧ ɧɨɜɵɣ ɫɩɨɫɨɛ ɯɨɧɢɧɝɨɜɚɧɢɹ ɝɥɭɯɢɯ ɨɬɜɟɪɫɬɢɣ 

ɩɪɢ ɤɨɬɨɪɨɦ ɛɪɭɫɤɢ ɜɵɩɨɥɧɟɧɵ ɩɨ ɞɥɢɧɟ ɫ ɩɨɫɬɨɹɧɧɨɣ ɲɢɪɢɧɨɣ, ɚ ɩɟɪɟɦɟɧɧɚɹ 

ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɶ ɩɨ ɞɥɢɧɟ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɩɟɪɟɦɟɧɧɵɦɢ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɦɢ 

ɫɜɨɣɫɬɜɚɦɢ, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɪɚɜɧɨɦɟɪɧɨɫɬɶ ɬɟɦɩɚ ɢɡɧɨɫɚ ɩɨ ɞɥɢɧɟ ɪɟɠɭɳɢɯ 

ɷɥɟɦɟɧɬɨɜ, ɱɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɩɨɜɵɲɚɟɬ ɬɨɱɧɨɫɬɶ ɨɛɪɚɛɨɬɤɢ. 

4. Ɋɚɡɪɚɛɨɬɚɧ ɧɨɜɵɣ ɫɩɨɫɨɛ ɯɨɧɢɧɝɨɜɚɧɢɹ ɝɥɭɯɢɯ ɨɬɜɟɪɫɬɢɣ  

(ɩɚɬɟɧɬ №107816). ɩɪɢ ɤɨɬɨɪɨɦ ɩɟɪɢɨɞɢɱɟɫɤɢ ɢɡɦɟɧɹɸɬ ɨɪɢɟɧɬɚɰɢɸ ɪɟɠɭɳɢɯ 

ɷɥɟɦɟɧɬɨɜ ɜ ɩɪɨɞɨɥɶɧɨɦ ɫɟɱɟɧɢɢ, ɱɬɨ ɢɫɤɥɸɱɚɟɬ ɧɚɤɨɩɢɬɟɥɶɧɵɣ ɯɚɪɚɤɬɟɪ 

ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ ɪɚɡɦɟɪɧɨɝɨ ɢɡɧɨɫɚ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɩɨ ɢɯ ɞɥɢɧɟ, ɱɬɨ ɜ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɢɫɤɥɸɱɚɟɬ ɧɚɤɨɩɢɬɟɥɶɧɵɣ ɯɚɪɚɤɬɟɪ ɝɟɧɟɪɢɪɨɜɚɧɢɹ 

ɤɨɧɭɫɨɨɛɪɚɡɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɮɨɪɦɵ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɨɬɜɟɪɫɬɢɹ. 

5. Ɋɚɡɪɚɛɨɬɚɧ ɧɨɜɵɣ ɫɩɨɫɨɛ ɯɨɧɢɧɝɨɜɚɧɢɹ ɝɥɭɯɢɯ ɨɬɜɟɪɫɬɢɣ (ɩɚɬɟɧɬ 

№104785) ɫɭɬɶ ɤɨɬɨɪɨɝɨ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɜɨ ɜɪɟɦɹ ɯɨɧɢɧɝɨɜɚɧɢɹ 

ɨɫɭɳɟɫɬɜɥɹɸɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ, ɧɟɡɚɜɢɫɢɦɵɣ ɤɨɦɩɟɧɫɚɰɢɨɧɧɵɣ ɩɨɜɨɪɨɬ 

ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɜɟɥɢɱɢɧɚ ɤɨɬɨɪɨɝɨ ɜɵɛɢɪɚɟɬɫɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨ ɢɦɟɟɬ 

ɦɟɫɬɨ ɰɢɥɢɧɞɪɢɱɟɫɤɚɹ ɮɨɪɦɚ ɪɚɛɨɱɟɣ ɱɚɫɬɢ ɢɧɫɬɪɭɦɟɧɬɚ ɜɨ ɜɪɟɦɹ ɜɫɟɝɨ ɰɢɤɥɚ 

ɨɛɪɚɛɨɬɤɢ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɨɛɟɫɩɟɱɢɜɚɟɬ ɬɨɱɧɨɫɬɶ ɨɛɪɚɛɨɬɤɢ. 
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ȼɕȼɈȾɕ 

 

ȼ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɟ ɪɟɲɟɧɚ ɚɤɬɭɚɥɶɧɚɹ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɚɹ ɡɚɞɚɱɚ 

ɨɛɟɫɩɟɱɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɨɛɪɚɛɨɬɤɢ ɜɵɫɨɤɨɬɨɱɧɵɯ ɝɥɭɯɢɯ ɨɬɜɟɪɫɬɢɣ ɧɚ 

ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɦɟɯɚɧɢɡɦɚ ɝɟɧɟɪɢɪɨɜɚɧɢɹ ɩɨɝɪɟɲɧɨɫɬɟɣ ɮɨɪɦɵ ɜ ɩɪɨɞɨɥɶɧɨɦ 

ɫɟɱɟɧɢɢ ɢ ɫɨɡɞɚɧɢɟ ɧɨɜɵɯ ɢ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɫɭɳɟɫɬɜɭɸɳɢɯ ɫɩɨɫɨɛɨɜ 

ɯɨɧɢɧɝɨɜɚɧɢɹ ɨɬɜɟɪɫɬɢɣ, ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɨɫɧɚɫɬɤɢ. 

1. ɉɪɟɞɥɨɠɟɧ ɢ ɨɛɨɫɧɨɜɚɧ ɧɨɜɵɣ ɫɩɨɫɨɛ ɯɨɧɢɧɝɨɜɚɧɢɹ ɝɥɭɯɢɯ ɨɬɜɟɪɫɬɢɣ, 

ɜ ɤɨɬɨɪɨɦ ɢɡɦɟɧɟɧ ɰɢɤɥ ɨɛɪɚɛɨɬɤɢ, ɚ ɢɦɟɧɧɨ ɞɨɡɢɪɨɜɚɧɧɚɹ ɪɚɞɢɚɥɶɧɚɹ ɩɨɞɚɱɚ, 

ɨɫɭɳɟɫɬɜɥɹɟɦɚɹ ɜ ɦɨɦɟɧɬ ɪɟɜɟɪɫɚ ɜɨɡɜɪɚɬɧɨ-ɩɨɫɬɭɩɚɬɟɥɶɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɜ 

ɡɨɧɟ ɞɧɚ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɨɬɜɟɪɫɬɢɹ, ɱɬɨ ɫɭɳɟɫɬɜɟɧɧɨ ɩɨɜɵɲɚɟɬ ɬɨɱɧɨɫɬɶ 

ɨɛɪɚɛɨɬɤɢ ɡɚ ɫɱɟɬ ɡɟɪɤɚɥɶɧɨɝɨ ɢɡɦɟɧɟɧɢɹ ɡɧɚɤɚ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɢɡɧɨɫɚ 

ɮɪɨɧɬɚɥɶɧɵɯ ɱɚɫɬɟɣ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ (ɩɚɬɟɧɬ №103959). 

2. ɉɪɟɞɥɨɠɟɧ ɢ ɨɛɨɫɧɨɜɚɧ ɧɨɜɵɣ ɫɩɨɫɨɛ ɯɨɧɢɧɝɨɜɚɧɢɹ ɝɥɭɯɢɯ ɨɬɜɟɪɫɬɢɣ 

ɩɪɢ ɤɨɬɨɪɨɦ ɛɪɭɫɤɢ ɜɵɩɨɥɧɟɧɵ ɩɨ ɞɥɢɧɟ ɫ ɩɨɫɬɨɹɧɧɨɣ ɲɢɪɢɧɨɣ, ɚ ɩɟɪɟɦɟɧɧɚɹ 

ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɶ ɩɨ ɞɥɢɧɟ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɩɟɪɟɦɟɧɧɵɦɢ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɦɢ 

ɫɜɨɣɫɬɜɚɦɢ, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɪɚɜɧɨɦɟɪɧɨɫɬɶ ɬɟɦɩɚ ɢɡɧɨɫɚ ɩɨ ɞɥɢɧɟ ɪɟɠɭɳɢɯ 

ɷɥɟɦɟɧɬɨɜ, ɱɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɩɨɜɵɲɚɟɬ ɬɨɱɧɨɫɬɶ ɨɛɪɚɛɨɬɤɢ. 

3. ɉɪɟɞɥɨɠɟɧ ɢ ɨɛɨɫɧɨɜɚɧ ɧɨɜɵɣ ɫɩɨɫɨɛ ɯɨɧɢɧɝɨɜɚɧɢɹ ɝɥɭɯɢɯ ɨɬɜɟɪɫɬɢɣ 

ɩɪɢ ɤɨɬɨɪɨɦ ɢɦɟɸɬ ɦɟɫɬɨ ɩɟɪɢɨɞɢɱɟɫɤɢɟ ɢɡɦɟɧɟɧɢɟ ɨɪɢɟɧɬɚɰɢɢ ɪɟɠɭɳɢɯ 

ɷɥɟɦɟɧɬɨɜ ɜ ɩɪɨɞɨɥɶɧɨɦ ɫɟɱɟɧɢɢ, ɱɬɨ ɢɫɤɥɸɱɚɟɬ ɧɚɤɨɩɢɬɟɥɶɧɵɣ ɯɚɪɚɤɬɟɪ 

ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ ɪɚɡɦɟɪɧɨɝɨ ɢɡɧɨɫɚ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɩɨ ɢɯ ɞɥɢɧɟ, ɱɬɨ ɜ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɢɫɤɥɸɱɚɟɬ ɧɚɤɨɩɢɬɟɥɶɧɵɣ ɯɚɪɚɤɬɟɪ ɝɟɧɟɪɢɪɨɜɚɧɢɹ 

ɤɨɧɭɫɨɨɛɪɚɡɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɮɨɪɦɵ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɨɬɜɟɪɫɬɢɹ (ɩɚɬɟɧɬ 

№107816). 

4. ɉɪɟɞɥɨɠɟɧ ɢ ɨɛɨɫɧɨɜɚɧ ɧɨɜɵɣ ɫɩɨɫɨɛ ɯɨɧɢɧɝɨɜɚɧɢɹ ɝɥɭɯɢɯ ɨɬɜɟɪɫɬɢɣ 

ɫɭɬɶ ɤɨɬɨɪɨɝɨ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɜɨ ɜɪɟɦɹ ɯɨɧɢɧɝɨɜɚɧɢɹ ɨɫɭɳɟɫɬɜɥɹɸɬ 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ, ɧɟɡɚɜɢɫɢɦɵɣ ɤɨɦɩɟɧɫɚɰɢɨɧɧɵɣ ɩɨɜɨɪɨɬ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ 

ɜɟɥɢɱɢɧɚ ɤɨɬɨɪɨɝɨ ɜɵɛɢɪɚɟɬɫɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨ ɢɦɟɟɬ ɦɟɫɬɨ ɰɢɥɢɧɞɪɢɱɟɫɤɚɹ 
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ɮɨɪɦɚ ɪɚɛɨɱɟɣ ɱɚɫɬɢ ɢɧɫɬɪɭɦɟɧɬɚ ɜɨ ɜɪɟɦɹ ɜɫɟɝɨ ɰɢɤɥɚ ɨɛɪɚɛɨɬɤɢ, ɜ ɫɜɨɸ 

ɨɱɟɪɟɞɶ ɨɛɟɫɩɟɱɢɜɚɟɬ ɬɨɱɧɨɫɬɶ ɨɛɪɚɛɨɬɤɢ (ɩɚɬɟɧɬ №104785). 

5. ɉɨɥɭɱɟɧɨ ɭɪɚɜɧɟɧɢɟ ɭɫɬɚɧɚɜɥɢɜɚɸɳɟɟ ɡɚɜɢɫɢɦɨɫɬɶ ɯɚɪɚɤɬɟɪɚ ɢɡɧɨɫɚ 

ɩɨ ɞɥɢɧɟ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɧɚɥɚɞɨɱɧɵɯ ɢ ɤɢɧɟɦɚɬɢɱɟɫɤɢɯ 

ɩɚɪɚɦɟɬɪɨɜ ɨɛɪɚɛɨɬɤɢ, ɚ ɬɚɤɠɟ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɢɧɫɬɪɭɦɟɧɬɚ ɢ 

ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɨɬɜɟɪɫɬɢɹ. 

6. ɉɨɥɭɱɟɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɞɥɹ ɜɵɛɨɪɚ ɢ ɨɩɬɢɦɢɡɚɰɢɢ 

ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɢɧɫɬɪɭɦɟɧɬɚ, ɤɨɬɨɪɵɣ ɫɨɞɟɪɠɢɬ ɩɨɜɨɪɨɬɧɵɟ 

ɪɟɠɭɳɢɟ ɷɥɟɦɟɧɬɵ ɫ ɜɨɡɦɨɠɧɨɫɬɶ ɢɯ ɩɨɜɨɪɨɬɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 

ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶɸ ɪɚɡɦɟɪɧɨɝɨ ɢɡɧɨɫɚ ɩɨ ɞɥɢɧɟ ɫ ɰɟɥɶɸ ɨɛɟɫɩɟɱɟɧɢɹ ɥɢɧɟɣɧɨɣ 
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ɤɨɦɩɟɧɫɚɰɢɨɧɧɨɝɨ ɭɝɥɚ ɩɨɜɨɪɨɬɚ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ. 
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ɷɥɟɦɟɧɬɨɜ ɤ ɞɥɢɧɟ ɨɤɪɭɠɧɨɫɬɢ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɨɬɜɟɪɫɬɢɹ, ɞɥɹ ɢɡɜɟɫɬɧɵɯ 

ɨɩɟɪɚɰɢɣ ɯɨɧɢɧɝɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɫɥɭɱɚɣɧɵɦ ɢ ɩɨɞɱɢɧɹɟɬɫɹ ɡɚɤɨɧɭ ɧɨɪɦɚɥɶɧɨɝɨ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɬɟɨɪɟɬɢɱɟɫɤɢ ɨɛɨɫɧɨɜɚɧɧɨ ɜɵɛɢɪɚɬɶ ɱɢɫɥɨ ɢ 

ɲɢɪɢɧɭ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɢ, ɜ ɱɚɫɬɧɨɫɬɢ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɝɨ ɜɨɡɦɨɠɧɨ 

ɬɟɨɪɟɬɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɝɪɚɧɢɰ ɜɚɪɶɢɪɨɜɚɧɢɹ ɲɢɪɢɧɨɣ ɬɪɚɩɟɰɟɢɞɚɥɶɧɵɯ 

ɛɪɭɫɤɨɜ. 
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ɉɪɢɥɨɠɟɧɢɟ Ⱦ «ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɣ ɫɬɟɧɞ» 

 

Ɇɨɞɭɥɶ ɬɟɧɡɨɦɟɬɪɢɱɟɫɤɨɣ ɢɧɮɨɪɦɚɰɢɢ 

 

Ɉɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɨɞɭɥɹ: 

 – ɇɚɩɪɹɠɟɧɢɟ ɩɢɬɚɧɢɹ DC 

9...30ȼ; 

 – ɂɧɬɟɪɮɟɣɫ EЭСОЫЧОЭ ɩɪɨɬɨɤɨɥ 

10Base-T; 

 – Ʉɨɥɢɱɟɫɬɜɨ ɤɚɧɚɥɨɜ ɢɡɦɟɪɟɧɢɹ 

– 4; 

 – Ɇɢɧɢɦɚɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 

ɬɟɧɡɨɞɚɬɱɢɤɚ 100 Ɉɦ; 

 – Ɇɢɧɢɦɚɥɶɧɨɟ ɜɯɨɞɧɨɟ 

ɧɚɩɪɹɠɟɧɢɟ 1ɦȼ; 

 – Ɇɚɤɫɢɦɚɥɶɧɨɟ ɜɯɨɞɧɨɟ 

ɧɚɩɪɹɠɟɧɢɟ 1,5ȼ; 

 – Ɇɚɤɫɢɦɚɥɶɧɚɹ ɱɚɫɬɨɬɚ 

ɢɡɦɟɪɟɧɢɹ 500Ƚɰ; 

 – Ʉɨɥɢɱɟɫɬɜɨ ɡɧɚɱɚɳɢɯ ɪɚɡɪɹɞɨɜ 

– ɧɟ ɦɟɧɟɟ 16. 

ɉɨɞɤɥɸɱɟɧɢɟ ɦɨɞɭɥɹ. 

ɉɨɞɤɥɸɱɟɧɢɟ ɦɨɞɭɥɹ ɫɨɫɬɨɢɬ ɢɡ 

ɫɥɟɞɭɸɳɢɯ ɲɚɝɨɜ: 

1. Ɋɚɡɜɟɪɧɭɬɶ ɉɈ ɧɚ 

ɤɨɦɩɶɸɬɟɪɟ; 

2. ɋɨɝɥɚɫɧɨ Ɋɢɫ.1 ɨɫɭɳɟɫɬɜɢɬɶ ɩɨɞɤɥɸɱɟɧɢɟ ɬɟɧɡɨɦɟɬɪɢɱɟɫɤɢɯ ɞɚɬɱɢɤɨɜ. 

ɉɪɢ ɷɬɨɦ: 

– Uɩɢɬ – ɨɬɪɢɰɚɬɟɥɶɧɚɹ ɤɥɟɦɦɚ ɞɥɹ ɩɢɬɚɧɢɹ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɦɨɫɬɚ, 

+ Uɩɢɬ – ɩɨɥɨɠɢɬɟɥɶɧɚɹ ɤɥɟɦɦɚ ɞɥɹ ɩɢɬɚɧɢɹ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɦɨɫɬɚ, 

 

 

 

Ɋɢɫ.1 Ɋɚɫɩɨɥɨɠɟɧɢɟ ɢ ɧɚɢɦɟɧɨɜɚɧɢɟ 
ɤɚɧɚɥɨɜ 1, 2, 3 ɢ 4 ɦɨɫɬɨɜɵɯ ɞɚɬɱɢɤɨɜ  
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– Uɜɯ – ɨɬɪɢɰɚɬɟɥɶɧɵɣ ɜɵɯɨɞ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɦɨɫɬɚ, 

 + Uɜɯ – ɩɨɥɨɠɢɬɟɥɶɧɵɣ ɜɵɯɨɞ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɦɨɫɬɚ; 

4. ɉɨɞɤɥɸɱɢɬɶ ɦɨɞɭɥɶ ɤ ɤɨɦɩɶɸɬɟɪɭ ɩɨɫɪɟɞɫɬɜɨɦ EЭСОЫЧОЭ ɤɚɛɟɥɹ (ɪɚɡɴɟɦ 

ɧɚ Ɋɢɫ.3); 

3. ɉɨɞɤɥɸɱɢɬɶ ɩɢɬɚɧɢɟ ɦɨɞɭɥɹ. 

ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɦɨɞɭɥɹ. ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɦɨɞɭɥɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 

Ɋɢɫ.2. ɉɪɢɛɨɪ ɢɦɟɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɨɛɪɚɛɚɬɵɜɚɬɶ ɚɧɚɥɨɝɨɜɵɣ ɫɢɝɧɚɥ ɫ ɱɟɬɵɪɟɯ 

ɬɟɧɡɨɞɚɬɱɢɤɨɜ ɢ ɩɨɥɭɱɟɧɧɵɣ ɰɢɮɪɨɜɨɣ ɤɨɞ ɩɟɪɟɞɚɜɚɬɶ ɩɨɫɪɟɞɫɬɜɨɦ 

ɤɨɦɩɶɸɬɟɪɧɨɣ ɫɟɬɢ EЭСОЫЧОЭ. ɉɪɢ ɷɬɨɦ ɫɭɦɦɚɪɧɚɹ ɫɤɨɪɨɫɬɶ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 

ɞɨɥɠɧɚ ɫɨɫɬɚɜɥɹɟɬ ɧɟ ɦɟɧɟɟ 500 ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɜ ɫɟɤɭɧɞɭ ɞɥɹ ɜɫɟɯ ɱɟɬɵɪɟɯ 

ɤɚɧɚɥɨɜ. Ɍɨɱɧɨɫɬɶ ɫɨɫɬɚɜɥɹɟɬ ɧɟ ɦɟɧɟɟ 21 ɪɚɡɪɹɞɚ. Ɉɰɢɮɪɨɜɚɧɵɟ ɞɚɧɧɵɟ 

ɩɟɪɟɞɚɜɚɸɬɫɹ ɧɚ ɗȼɆ ɱɟɪɟɡ ɫɟɬɶ EЭСОЫЧОЭ 10BКЬО-T. 

ɍɫɬɪɨɣɫɬɜɨ ɫɨɫɬɨɢɬ ɢɡ: 

– ɦɭɥɶɬɢɩɥɟɤɫɨɪɚ; 

– ɮɢɥɶɬɪɚ ɧɢɠɧɢɯ ɱɚɫɬɨɬ (Ɏɇɑ); 

– ɭɫɢɥɢɬɟɥɹ; 

– 24-ɪɚɡɪɹɞɧɨɝɨ ɚɧɚɥɨɝɨ-

ɰɢɮɪɨɜɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ 

(Ⱥɐɉ); 

– ɝɟɧɟɪɚɬɨɪɚ ɬɚɤɬɨɜɵɯ 

ɢɦɩɭɥɶɫɨɜ Ⱥɐɉ; 

– ɝɟɧɟɪɚɬɨɪɚ ɨɩɨɪɧɨɝɨ 

ɧɚɩɪɹɠɟɧɢɹ Ⱥɐɉ; 

– 32-ɪɚɡɪɹɞɧɨɝɨ 

ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ; 

– EthОЫЧОЭ ɤɨɧɬɪɨɥɥɟɪɚ. 

ɂɡɦɟɪɢɬɟɥɶɧɚɹ 

ɩɥɚɬɮɨɪɦɚ – ɷɬɨ ɩɥɚɬɮɨɪɦɚ 

ɫɨɞɟɪɠɚɳɚɹ ɧɚɛɨɪ ɬɟɧɡɨɞɚɬɱɢɤɨɜ. Ⱦɚɥɟɟ ɦɭɥɶɬɢɩɥɟɤɫɨɪ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ 

ɩɟɪɟɤɥɸɱɚɟɬɫɹ, ɩɟɪɟɞɚɜɚɹ ɧɚɩɪɹɠɟɧɢɟ ɨɬ ɬɟɧɡɨɞɚɬɱɢɤɨɜ ɜ Ɏɇɑ. Ɏɢɥɶɬɪ ɧɢɠɧɢɯ 

 

Ɋɢɫ.2 ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɦɨɞɭɥɹ 
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ɱɚɫɬɨɬ ɨɬɮɢɥɶɬɪɨɜɵɜɚɟɬ ɜɵɫɨɤɨɱɚɫɬɨɬɧɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ ɫɢɝɧɚɥɚ ɨɬ 

ɬɟɧɡɨɞɚɬɱɢɤɚ. ɉɨɫɥɟ ɷɬɨɝɨ ɭɫɢɥɢɬɟɥɶ ɭɫɢɥɢɜɚɟɬ ɫɢɝɧɚɥ ɞɨ ɧɟɨɛɯɨɞɢɦɨɝɨ Ⱥɐɉ 

ɭɪɨɜɧɹ, ɞɥɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ. Ⱥɧɚɥɨɝɨɜɨ-ɰɢɮɪɨɜɨɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɩɪɟɨɛɪɚɡɭɟɬ 

ɚɧɚɥɨɝɨɜɵɣ ɫɢɝɧɚɥ ɜ ɰɢɮɪɨɜɨɣ. Ⱥɐɉ ɞɥɹ ɪɚɛɨɬɵ ɧɭɠɧɵ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ 

ɫɢɝɧɚɥɵ – ɨɩɨɪɧɨɟ ɧɚɩɪɹɠɟɧɢɟ (ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɨɬɨɪɨɝɨ ɮɨɪɦɢɪɭɟɬɫɹ ɜɵɯɨɞɧɨɣ 

ɰɢɮɪɨɜɨɣ ɤɨɞ) ɢ ɬɚɤɬɨɜɵɟ ɫɢɝɧɚɥɵ. Ⱦɚɥɟɟ ɰɢɮɪɨɜɨɣ ɤɨɞ ɩɟɪɟɞɚɟɬɫɹ ɜ 

ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ ɞɥɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɢ ɩɟɪɟɞɚɱɢ ɩɨ EЭСОЫЧОЭ ɩɪɨɬɨɤɨɥɭ. 

Ȼɥɨɤ Ⱥɐɉ. ȼ ɭɫɬɪɨɣɫɬɜɟ 

ɢɫɩɨɥɶɡɨɜɚɧɨ ɞɟɥɶɬɚ-ɫɢɝɦɚ Ⱥɐɉ 

ɤɨɦɩɚɧɢɢ TОбКЬ IЧЬЭЫЮЦОЧЭЬ ɦɨɞɟɥɢ 

ADS1256, ɭ ɤɨɬɨɪɨɝɨ ɧɚɡɧɚɱɟɧɢɟ ɜɵɜɨɞɨɜ 

ɦɢɤɪɨɫɯɟɦɵ ɢɡɨɛɪɚɠɟɧɨ ɧɚ Ɋɢɫ. 3. ɗɬɨɬ 

Ⱥɐɉ ɢɦɟɟɬ ɧɢɡɤɨɟ ɡɧɚɱɟɧɢɟ ɚɦɩɥɢɬɭɞɧɨɣ 

ɜɟɥɢɱɢɧɵ ɲɭɦɚ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɨɱɟɧɶ 

ɜɚɠɧɵɦ ɩɚɪɚɦɟɬɪɨɦ ɜ ɷɥɟɤɬɪɨɧɧɨɦ 

ɢɡɦɟɪɟɧɢɢ, ɬɚɤ ɤɚɤ ɨɩɪɟɞɟɥɹɟɬ 

ɝɚɪɚɧɬɢɪɨɜɚɧɧɭɸ ɬɨɱɧɨɫɬɶ (ɷɬɨ 

ɤɨɥɢɱɟɫɬɜɨ ɪɚɡɪɹɞɨɜ, ɢɦɟɸɳɢɯ ɡɧɚɱɟɧɢɟ 

ɩɪɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɢ – ɩɪɢ ɛɨɥɶɲɨɣ 

ɚɦɩɥɢɬɭɞɟ ɲɭɦɨɜ, ɪɚɡɪɹɞɧɨɫɬɶ ɦɨɠɟɬ ɭɩɚɫɬɶ ɞɨ ɩɨɥɨɜɢɧɵ). Ɍɚɤɠɟ ADS1256 

ɢɦɟɟɬ ɧɟɛɨɥɶɲɨɟ ɜɥɢɹɧɢɟ ɫɤɨɪɨɫɬɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɜ ɪɚɡɪɹɞɧɨɫɬɶ (ɜɨ ɜɫɟɯ Ⱥɐɉ 

ɫ ɪɨɫɬɨɦ ɫɤɨɪɨɫɬɢ ɤɨɥɢɱɟɫɬɜɨ ɡɧɚɱɢɦɵɯ ɪɚɡɪɹɞɨɜ ɩɚɞɚɟɬ). ȿɳɟ ɧɚ ɤɨɥɢɱɟɫɬɜɨ 

ɷɮɮɟɤɬɢɜɧɵɯ ɪɚɡɪɹɞɨɜ ɨɤɚɡɵɜɚɟɬ ɜɥɢɹɧɢɟ ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɢɥɟɧɢɹ ɜɫɬɪɨɟɧɧɨɝɨ 

ɭɫɢɥɢɬɟɥɹ. ȼ ɨɛɳɟɦ, ɤɨɥɢɱɟɫɬɜɨ ɪɚɡɪɹɞɨɜ ɢɦɟɸɳɢɯ ɞɨɫɬɚɬɨɱɧɵɣ ɭɪɨɜɟɧɶ 

ɞɨɜɟɪɢɹ ɧɚɡɵɜɚɸɬɫɹ – ɷɮɮɟɤɬɢɜɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɡɪɹɞɨɜ. Ɍɚɤɠɟ ɷɬɨɬ Ⱥɐɉ 

ɬɪɟɛɭɟɬ ɬɨɥɶɤɨ ɜɧɟɲɧɟɝɨ ɤɜɚɪɰɟɜɨɝɨ ɝɟɧɟɪɚɬɨɪɚ ɞɥɹ ɡɚɞɚɧɢɹ ɬɚɤɬɨɜɨɣ ɱɚɫɬɨɬɵ ɢ 

ɢɦɟɟɬ ɭɞɨɛɧɵɣ SPI ɢɧɬɟɪɮɟɣɫ. 

Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: 

– 24 - ɪɚɡɪɹɞɧɵɣ Ⱥɐɉ; 

– ɧɟɥɢɧɟɣɧɨɫɬɶ 0,0001% 

 

Ɋɢɫ. 3 ɇɚɡɧɚɱɟɧɢɟ ɜɵɜɨɞɨɜ 
ɦɢɤɪɨɫɯɟɦɵ Ⱥɐɉ 
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– ɦɚɤɫɢɦɚɥɶɧɚɹ ɱɚɫɬɨɬɚ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ 30000 ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ / ɫɟɤɭɧɞɭ; 

– ɚɦɩɥɢɬɭɞɚ ɜɧɟɫɟɧɧɵɯ ɲɭɦɨɜ 27 ɧȼ; 

– ɫɚɦɨ-ɤɚɥɢɛɪɨɜɚɧɢɟ ɭɫɢɥɢɬɟɥɹ ɢ ɮɢɥɶɬɪɚ; 

– SPI ɢɧɬɟɪɮɟɣɫ 

– 5 ȼ ɩɢɬɚɧɢɹ ɚɧɚɥɨɝɨɜɵɯ ɰɟɩɟɣ ɢ 3,6 ȼ ɰɢɮɪɨɜɵɯ ɰɟɩɟɣ; 

– 38 ɦȼɬ ɩɨɬɪɟɛɥɹɟɦɚɹ ɦɨɳɧɨɫɬɶ; 

– ɪɚɛɨɱɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɨɬ – 40ɋ ɞɨ 105ɋ; 

ɇɚ Ɋɢɫ. 4 ɢɡɨɛɪɚɠɟɧɚ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɛɥɨɤɚ Ⱥɐɉ. 

 

Ɋɢɫ. 4 ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɛɥɨɤɚ Ⱥɐɉ 

 

ɋɯɟɦɚ ɜɯɨɞɧɵɯ ɰɟɩɟɣ ɢ ɩɨɞɤɥɸɱɟɧɢɹ ɦɢɤɪɨɫɯɟɦɵ Ⱥɐɉ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 

Ɋɢɫ.5 ɧɚ ɩɪɢɦɟɪɟ ɨɞɧɨɤɚɧɚɥɶɧɨɣ ɦɢɤɪɨɫɯɟɦɵ ADS1255 

 

Ɋɢɫ. 5 ɋɯɟɦɚ ɜɯɨɞɧɵɯ ɰɟɩɟɣ 
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Ɇɨɞɭɥɶ EЭСОЫЧОЭ. Ɇɨɞɭɥɶ EЭСОЫЧОЭ 

ɪɚɛɨɬɚɟɬ ɩɨ ɫɬɚɧɞɚɪɬɭ 10BКЬО-T. 

ɂɫɩɨɥɶɡɨɜɚɧ ɭɞɨɛɧɵɣ ɤɨɧɬɪɨɥɥɟɪ 

ENC28J60 ɮɢɪɦɵ εТМЫШМСТЩ. ɇɚ Ɋɢɫ. 6 

ɧɚɡɧɚɱɟɧɢɟ ɢɡɨɛɪɚɠɟɧɨ ɧɚɡɧɚɱɟɧɢɟ ɟɝɨ 

ɜɵɜɨɞɨɜ. 

Ʉɨɧɬɪɨɥɥɟɪ ɢɦɟɟɬ ɭɞɨɛɧɵɣ 

ɢɧɬɟɪɮɟɣɫ SPI ɢ ɬɪɟɛɭɟɬ ɦɢɧɢɦɭɦ ɜɧɟɲɧɢɯ 

ɷɥɟɦɟɧɬɨɜ. ȼɚɠɧɭɸ ɱɚɫɬɶ ɢɝɪɚɟɬ ɫɟɬɟɜɨɣ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪ, ɨɧ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɡɚɳɢɬɵ ɤɨɧɬɪɨɥɥɟɪɚ ɨɬ ɩɟɪɟɧɚɩɪɹɠɟɧɢɹ. 

 
Ɋɢɫ. 7 ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ EЭСОЫЧОЭ ɤɨɧɬɪɨɥɥɟɪɚ 

 

ɂɫɩɨɥɶɡɨɜɚɧ ɤɨɧɧɟɤɬɨɪ J00-0061Nδ ɫɨ ɜɫɬɪɨɟɧɧɵɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɦ. 

Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: 

 – ɫɨɜɦɟɫɬɢɦ ɫɨ ɫɬɚɧɞɚɪɬɨɦ IEEE 802.3; 

 – ɫɨɜɦɟɫɬɢɦ ɫ ɫɟɬɹɦɢ 10/100/1000BКЬО-T; 

 – ɜɫɬɪɨɟɧɧɵɣ ɤɨɧɬɪɨɥɥɟɪ εAC ɢ ɮɢɡɢɱɟɫɤɨɝɨ ɭɪɨɜɧɹ EЭСОЫЧОЭ; 

 – ɚɜɬɨɦɚɬɢɱɟɫɤɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɢ ɤɨɪɪɟɤɬɢɪɨɜɤɚ ɩɨɥɹɪɧɨɫɬɢ EЭСОЫЧОЭ; 

 
Ɋɢɫ. 6. ɇɚɡɧɚɱɟɧɢɟ ɜɵɜɨɞɨɜ 

EЭСОЫЧОЭ ɤɨɧɬɪɨɥɥɟɪɚ 
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 – ɩɨɞɞɟɪɠɤɚ ɩɨɥɧɨ ɢ ɩɨɥɚ ɞɭɩɥɟɤɫɧɵɯ ɪɟɠɢɦɨɜ; 

 – ɚɜɬɨɦɚɬɢɱɟɫɤɚɹ ɝɟɧɟɪɚɰɢɹ CRC ɤɨɧɬɪɨɥɶɧɨɣ ɫɭɦɦɵ ɜ ɤɚɞɪɟ; 

 – ɚɜɬɨɦɚɬɢɱɟɫɤɢɣ ɨɬɤɥɨɧɟɧɢɹ ɩɨɜɪɟɠɞɟɧɧɵɯ ɤɚɞɪɨɜ; 

 – ɩɪɨɝɪɚɦɦɧɵɟ ɮɢɥɶɬɪɵ ɞɥɹ ɮɢɥɶɬɪɚɰɢɢ ɧɟɠɟɥɚɬɟɥɶɧɵɯ ɩɚɤɟɬɨɜ; 

 – ɪɚɛɨɱɟɟ ɧɚɩɪɹɠɟɧɢɟ ɨɬ 3,3 ȼ ɞɨ 3,6 ȼ; 

 – ɪɚɛɨɱɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɨɬ -40ɋ ɞɨ 105ɋ. 

ɇɚ Ɋɢɫ. 7 ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɤɨɧɬɪɨɥɥɟɪɚ. 

Ⱥɥɝɨɪɢɬɦ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɦɨɞɭɥɹ. Ȼɥɨɤ-ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɚ 

ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɦɨɞɭɥɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ.8 

 

Ɋɢɫ.8 Ȼɥɨɤ-ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɚ ɪɚɛɨɬɵ ɦɨɞɭɥɹ 
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Ɍɟɧɡɨɦɟɬɪɢɱɟɫɤɢɣ ɫɬɨɥ 

 
ɏɨɧɢɧɝɨɜɚɧɢɹ ɝɨɥɨɜɤɚ 
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Ⱦɢɧɚɦɨɦɟɬɪɢɱɟɫɤɢɣ ɤɥɸɱ RWDF 12 
ɂɧɞɢɤɚɬɨɪ ɫ ɫɬɨɣɤɨɣ 18 – 50 ɦɦ 

ȽɈɋɌ 9244 – 75 

 

 

 


