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ȼȼȿȾȿɇɂȿ 

ȼ ɠɢɜɨɬɧɨɜɨɞɱɟɫɤɨɣ ɨɬɪɚɫɥɢ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ, ɧɚɪɹɞɭ ɫ 

ɩɨɜɵɲɟɧɢɟɦ ɩɨɪɨɞɧɨɫɬɢ ɠɢɜɨɬɧɵɯ ɢ ɩɬɢɰɵ, ɨɫɬɚɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɚ 

ɷɮɮɟɤɬɢɜɧɨɝɨ ɫɨɡɞɚɧɢɹ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɤɨɪɦɨɜɵɯ ɪɟɫɭɪɫɨɜ. 

Ⱦɥɹ ɢɧɬɟɧɫɢɜɧɨɝɨ ɪɚɡɜɢɬɢɹ ɠɢɜɨɬɧɨɜɨɞɫɬɜɚ ɨɱɟɧɶ ɜɚɠɧɨ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ 

ɭɥɭɱɲɚɬɶ ɤɚɱɟɫɬɜɨ ɤɨɪɦɨɜ ɢ ɨɫɨɛɟɧɧɨ ɤɨɧɰɟɧɬɪɚɬɨɜ, ɱɬɨɛɵ ɨɧɢ ɞɚɜɚɥɢ 

ɦɚɤɫɢɦɚɥɶɧɵɣ ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɢ ɡɨɨɬɟɯɧɢɱɟɫɤɢɣ ɷɮɮɟɤɬ Д2λЖ. ɇɟɨɛɯɨɞɢɦɵɦ 

ɭɫɥɨɜɢɟɦ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɵɯ ɡɚɞɚɱ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɧɨɜɵɯ ɢ 

ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɢɡɜɟɫɬɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɢ ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ, ɩɨɡɜɨɥɹɸɳɢɯ 

ɭɜɟɥɢɱɢɬɶ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɬɪɭɞɚ ɢ ɫɧɢɡɢɬɶ ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɠɢɜɨɬɧɨɜɨɞɱɟɫɤɨɣ 

ɩɪɨɞɭɤɰɢɢ. Ɂɚɬɪɚɬɵ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɩɪɨɞɭɤɰɢɢ ɠɢɜɨɬɧɨɜɨɞɫɬɜɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɜ 

ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɫɬɨɢɦɨɫɬɶɸ ɤɨɪɦɨɜ ɢ ɢɯ ɤɚɱɟɫɬɜɨɦ Д8]. 

Ɉɫɧɨɜɧɵɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɢ ɬɟɯɧɢɱɟɫɤɢɟ ɬɪɟɛɨɜɚɧɢɹ, ɤɨɬɨɪɵɟ 

ɩɪɟɞɴɹɜɥɹɸɬɫɹ ɤ ɦɚɲɢɧɚɦ ɢ ɨɛɨɪɭɞɨɜɚɧɢɸ ɩɨ ɩɪɢɝɨɬɨɜɥɟɧɢɸ ɤɨɪɦɨɜ ɧɚ 

ɫɨɜɪɟɦɟɧɧɨɦ ɷɬɚɩɟ, ɨɛɭɫɥɨɜɥɟɧɵ ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɫɨɤɪɚɬɢɬɶ ɩɨɬɟɪɢ ɩɢɬɚɬɟɥɶɧɵɯ 

ɜɟɳɟɫɬɜ ɜ ɩɪɨɰɟɫɫɟ ɡɚɝɨɬɨɜɤɢ, ɩɟɪɟɪɚɛɨɬɤɢ, ɯɪɚɧɟɧɢɹ, ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɢ ɪɚɡɞɚɱɢ 

ɤɨɪɦɨɜ Д6]. 

ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɤɨɪɦɨɜ - ɨɞɢɧ ɢɡ ɜɚɠɧɟɣɲɢɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɜ 

ɠɢɜɨɬɧɨɜɨɞɫɬɜɟ. ɇɚɢɛɨɥɟɟ ɬɪɭɞɨɟɦɤɨɣ ɜ ɤɨɪɦɨɩɪɨɢɡɜɨɞɫɬɜɟ ɹɜɥɹɟɬɫɹ ɞɪɨɛɥɟɧɢɟ 

ɤɨɦɩɨɧɟɧɬɨɜ ɤɨɪɦɨɜɨɣ ɫɦɟɫɢ. ɗɮɮɟɤɬɢɜɧɨɟ ɞɪɨɛɥɟɧɢɟ ɤɨɪɦɨɜ ɜɚɠɧɟɣɲɟɟ 

ɭɫɥɨɜɢɟ ɩɪɚɜɢɥɶɧɨɝɨ ɤɨɪɦɥɟɧɢɹ ɠɢɜɨɬɧɵɯ[52,97]. Ʉɨɪɦɨɜɚɹ ɫɦɟɫɶ, 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɡɨɨɬɟɯɧɢɱɟɫɤɢɦ ɬɪɟɛɨɜɚɧɢɹɦ ɢ ɢɦɟɸɳɚɹ ɨɩɪɟɞɟɥɟɧɧɵɣ 

ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɢɣ ɫɨɫɬɚɜ, ɨɛɥɚɞɚɟɬ ɥɭɱɲɟɣ ɭɫɜɨɹɟɦɨɫɬɶɸ ɢ ɩɨɡɜɨɥɹɟɬ 

ɪɚɰɢɨɧɚɥɶɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɨɪɦɨɜɨɟ ɫɵɪɶɟ. 

ɉɪɨɛɥɟɦɚ ɷɮɮɟɤɬɢɜɧɨɝɨ ɞɪɨɛɥɟɧɢɹ ɡɟɪɧɚ ɜɫɟ ɟɳɟ ɨɫɬɚɟɬɫɹ ɧɚɫɭɳɧɨɣ, ɡɞɟɫɶ 

ɪɟɱɶ ɢɞɟɬ ɨ ɤɚɱɟɫɬɜɟ ɡɟɪɧɚ, ɨɛ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɤɨɪɦɨɜɵɯ 

ɰɟɥɹɯ, ɱɬɨ ɨɩɪɟɞɟɥɹɟɬɫɹ ɡɨɨɬɟɯɧɢɱɟɫɤɢɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ. ɉɨɤɚ ɟɳɟ ɧɚ 

ɩɪɨɢɡɜɨɞɫɬɜɟ ɜɵɫɨɤɢɣ ɪɚɫɯɨɞ ɤɨɪɦɨɜ ɢ ɧɢɡɤɚɹ ɩɪɨɞɭɤɬɢɜɧɨɫɬɶ ɫɤɨɬɚ ɢ ɩɬɢɰɵ 

[18]. 

Ɉɫɧɨɜɧɵɦ ɨɛɨɪɭɞɨɜɚɧɢɟɦ ɞɥɹ ɞɪɨɛɥɟɧɢɹ ɡɟɪɧɚ ɜ ɤɨɦɛɢɤɨɪɦɨɜɨɣ 

ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɢ ɜ ɯɨɡɹɣɫɬɜɚɯ ɹɜɥɹɸɬɫɹ ɦɨɥɨɬɤɨɜɵɟ ɞɪɨɛɢɥɤɢ. Ȼɥɚɝɨɞɚɪɹ 

ɩɪɨɫɬɨɬɟ ɤɨɧɫɬɪɭɤɰɢɢ, ɧɚɞɟɠɧɨɫɬɢ ɜ ɪɚɛɨɬɟ ɨɧɢ ɧɚɲɥɢ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ. 
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ɇɟɫɦɨɬɪɹ ɧɚ ɢɯ ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ, ɨɧɢ ɢɦɟɸɬ ɪɹɞ ɫɭɳɟɫɬɜɟɧɧɵɯ 

ɧɟɞɨɫɬɚɬɤɨɜ, ɨɫɧɨɜɧɵɦ ɢɡ ɤɨɬɨɪɵɯ ɹɜɥɹɟɬɫɹ ɜɵɫɨɤɢɣ ɪɚɫɯɨɞ ɷɧɟɪɝɢɢ ɢ 

ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɝɨɬɨɜɨɝɨ ɩɪɨɞɭɤɬɚ [53,99,118]. 

ȼ ɛɟɡɪɟɲɟɬɧɵɯ ɞɪɨɛɢɥɤɚɯ ɧɟɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɟ ɪɚɫɯɨɞɵ ɫɧɢɠɚɸɬɫɹ, ɧɨ ɩɪɢ 

ɷɬɨɦ ɭɯɭɞɲɚɟɬɫɹ ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɝɨɬɨɜɨɝɨ ɩɪɨɞɭɤɬɚ, ɱɬɨ 

ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜɵɜɟɞɟɧɢɹ ɫɟɩɚɪɢɪɭɸɳɢɯ ɭɫɬɪɨɣɫɬɜ ɡɚ ɩɪɟɞɟɥɵ 

ɪɚɛɨɱɟɣ ɤɚɦɟɪɵ ɢ ɩɨɜɬɨɪɧɨɝɨ ɞɪɨɛɥɟɧɢɹ ɤɪɭɩɧɵɯ ɱɚɫɬɢɰ. 

Ƚɥɚɜɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɫɧɢɠɟɧɢɹ ɷɧɟɪɝɨɟɦɤɨɫɬɢ ɩɪɨɰɟɫɫɚ ɞɪɨɛɥɟɧɢɹ ɡɟɪɧɚ 

ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɧɨɜɵɯ ɫɩɨɫɨɛɨɜ ɢ ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɵɯ ɬɟɯɧɨɥɨɝɢɣ, ɚ ɬɚɤɠɟ 

ɦɚɲɢɧ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɫɭɳɟɫɬɜɟɧɧɨɟ ɫɧɢɠɟɧɢɟ ɡɚɬɪɚɬ ɧɚ ɷɬɨɬ ɩɪɨɰɟɫɫ Д4,95]. 

Ⱦɥɹ ɭɥɭɱɲɟɧɢɹ ɪɚɜɧɨɦɟɪɧɨɫɬɢ ɝɨɬɨɜɨɝɨ ɩɪɨɞɭɤɬɚ ɧɟɨɛɯɨɞɢɦɨ 

ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɬɶ ɨɪɝɚɧɢɡɚɰɢɸ ɩɪɨɰɟɫɫɚ ɞɪɨɛɥɟɧɢɹ ɜ ɪɚɛɨɱɟɣ ɤɚɦɟɪɟ ɞɪɨɛɢɥɤɢ ɢ 

ɨɛɪɚɡɨɜɚɧɢɟ ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɝɨɬɨɜɨɝɨ ɩɪɨɞɭɤɬɚ, ɩɪɟɜɪɚɬɢɜ ɟɝɨ ɢɡ 

ɜɟɪɨɹɬɧɨɫɬɧɨɝɨ ɜ ɭɩɪɚɜɥɹɟɦɵɣ. 

ɗɧɟɪɝɨɟɦɤɨɫɬɶ ɩɪɨɰɟɫɫɚ ɞɪɨɛɥɟɧɢɹ ɢ ɤɚɱɟɫɬɜɨ ɤɨɧɟɱɧɨɝɨ ɩɪɨɞɭɤɬɚ - ɞɜɟ 

ɨɫɧɨɜɧɵɟ ɱɚɫɬɢ ɨɞɧɨɣ ɩɪɨɛɥɟɦɵμ ɩɨɥɭɱɟɧɢɹ ɩɪɨɞɭɤɬɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ 

ɡɨɨɬɟɯɧɢɱɟɫɤɢɦ ɬɪɟɛɨɜɚɧɢɹɦ, ɫ ɦɢɧɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɵɦɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɦɢ 

ɡɚɬɪɚɬɚɦɢ. ɉɪɨɛɥɟɦɚ ɷɬɚ ɤɨɦɩɥɟɤɫɧɚɹ ɢ ɚɤɬɭɚɥɶɧɨɫɬɶ ɟɟ ɩɨɫɬɨɹɧɧɚ. ɍɫɩɟɲɧɨɟ 

ɪɟɲɟɧɢɟ ɟɟ ɞɨɥɠɧɨ ɛɚɡɢɪɨɜɚɬɶɫɹ ɧɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɞɨɫɬɢɠɟɧɢɣ ɧɚɭɱɧɨ - 

ɬɟɯɧɢɱɟɫɤɨɝɨ ɩɪɨɝɪɟɫɫɚ ɫ ɝɥɭɛɢɧɨɣ ɩɨɧɢɦɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɢ ɢɯ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ. 

Ɋɟɡɭɥɶɬɚɬɨɦ ɦɨɠɟɬ ɹɜɢɬɶɫɹ ɧɨɜɚɹ ɤɨɧɫɬɪɭɤɬɢɜɧɚɹ ɪɚɡɪɚɛɨɬɤɚ, ɩɨɡɜɨɥɹɸɳɚɹ 

ɪɟɚɥɢɡɨɜɚɬɶ ɧɨɜɭɸ ɬɟɯɧɨɥɨɝɢɱɟɫɤɭɸ ɫɯɟɦɭ ɪɚɡɪɭɲɟɧɢɹ ɡɟɪɧɚ ɢ ɞɪɭɝɢɯ ɫɵɩɭɱɢɯ 

ɦɚɬɟɪɢɚɥɨɜ Д17]. 

Ⱥɧɚɥɢɡ ɫɭɳɟɫɬɜɭɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɦɨɥɨɬɤɨɜɵɯ ɞɪɨɛɢɥɨɤ ɢ ɨɪɝɚɧɢɡɚɰɢɢ 

ɩɪɨɰɟɫɫɚ ɞɪɨɛɥɟɧɢɹ ɜ ɧɢɯ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɜ ɪɚɛɨɬɟ ɩɨ ɫɧɢɠɟɧɢɸ ɷɧɟɪɝɨɟɦɤɨɫɬɢ 

ɩɪɨɰɟɫɫɚ ɞɪɨɛɥɟɧɢɹ ɢ ɭɥɭɱɲɟɧɢɸ ɤɚɱɟɫɬɜɚ ɩɨɥɭɱɚɟɦɨɝɨ ɩɪɨɞɭɤɬɚ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ 

ɩɨɥɧɨɪɚɰɢɨɧɧɵɯ ɤɨɪɦɨɜ ɢɦɟɟɬ ɦɟɫɬɨ ɬɟɧɞɟɧɰɢɹ ɪɚɡɪɚɛɨɬɤɢ ɢ ɩɪɢɦɟɧɟɧɢɹ 

ɢɡɦɟɥɶɱɢɬɟɥɟɣ, ɪɚɛɨɬɚɸɳɢɯ ɩɨ ɩɪɢɧɰɢɩɭ ɭɞɚɪɧɨɝɨ ɪɚɡɪɭɲɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɨ 

ɧɟɩɨɞɜɢɠɧɭɸ ɩɪɟɝɪɚɞɭ [94,98,113]. Ɍɚɤɨɣ ɩɪɢɧɰɢɩ ɞɪɨɛɥɟɧɢɹ ɩɨɡɜɨɥɹɟɬ ɫɧɢɡɢɬɶ 

ɷɧɟɪɝɨɡɚɬɪɚɬɵ ɢ ɨɫɭɳɟɫɬɜɢɬɶ ɰɟɧɬɪɚɥɶɧɵɣ ɭɞɚɪ ɜ ɩɨɥɧɨɣ ɦɟɪɟ ɜ ɛɟɡɪɟɲɟɬɧɵɯ 

ɞɪɨɛɢɥɤɚɯ, ɱɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɦɭ ɪɚɡɪɭɲɟɧɢɸ ɱɚɫɬɢɰɵ ɨɞɧɢɦ 

ɭɞɚɪɨɦ. 
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ɐɟɥɶ ɢɫɫɥɟɞɨɜɚɧɢɹ. ɉɨɜɵɲɟɧɢɟ ɤɚɱɟɫɬɜɚ ɢɡɦɟɥɶɱɟɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɧɚ 

ɨɫɧɨɜɟ ɪɚɡɪɚɛɨɬɤɢ ɤɨɧɫɬɪɭɤɰɢɨɧɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɛɟɡɪɟɲɟɬɧɨɣ 

ɦɨɥɨɬɤɨɜɨɣ ɞɪɨɛɢɥɤɢ. 

Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ. Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɢɡɦɟɥɶɱɟɧɢɹ ɡɟɪɧɚ ɜ 

ɛɟɡɪɟɲɟɬɧɨɣ ɦɨɥɨɬɤɨɜɨɣ ɞɪɨɛɢɥɤɟ. 

ɉɪɟɞɦɟɬ ɢɫɫɥɟɞɨɜɚɧɢɹ.Ɂɚɤɨɧɨɦɟɪɧɨɫɬɢ ɜɥɢɹɧɢɹ ɤɨɧɫɬɪɭɤɰɢɨɧɧɨ-

ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɧɚ ɤɚɱɟɫɬɜɨ ɢɡɦɟɥɶɱɟɧɧɨɝɨ ɩɪɨɞɭɤɬɚ. 

Ɇɟɬɨɞɨɥɨɝɢɹ ɢ ɦɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɣ.ȼ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ 

ɢɫɩɨɥɶɡɨɜɚɧɵ ɩɨɥɨɠɟɧɢɹ ɢ ɦɟɬɨɞɵ ɤɥɚɫɫɢɱɟɫɤɨɣ ɦɟɯɚɧɢɤɢ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ 

ɚɩɩɚɪɚɬɚ. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɵɩɨɥɧɟɧɵ ɧɚ ɫɩɟɰɢɚɥɶɧɨ 

ɢɡɝɨɬɨɜɥɟɧɧɨɦ ɥɚɛɨɪɚɬɨɪɧɨɦ ɨɛɨɪɭɞɨɜɚɧɢɟ. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɬɟɯɧɢɱɟɫɤɢɯ 

ɩɪɨɰɟɫɫɨɜ ɜɵɩɨɥɧɟɧɵ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦ KOMPAS-3D-V13 ɢ SolidWorks2012. 

ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɨɛɪɚɛɚɬɵɜɚɥɢɫɶ ɦɟɬɨɞɚɦɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɫɬɚɬɢɫɬɢɤɢ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɚɤɟɬɨɜ MathCAD 15.0, Statistika 6.1. 

ɇɚɭɱɧɚɹ ɧɨɜɢɡɧɚ: 

1. Ɋɚɡɪɚɛɨɬɚɧɚ ɦɨɞɟɥɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɪɚɛɨɬɵ ɞɪɨɛɢɥɤɢ ɫ 

ɭɱёɬɨɦ ɟɝɨ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. 

2.Ɉɛɨɫɧɨɜɚɧɵ ɩɚɪɚɦɟɬɪɵ ɢ ɪɟɠɢɦɵ ɪɚɛɨɬɵ ɛɟɡɪɟɲɟɬɧɨɣ ɦɨɥɨɬɤɨɜɨɣ 

ɞɪɨɛɢɥɤɢ ɞɥɹ ɢɡɦɟɥɶɱɟɧɢɹ ɡɟɪɧɚ. 

3.Ɉɩɪɟɞɟɥɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɢɡɦɟɥɶɱɟɧɧɨɝɨ 

ɦɚɬɟɪɢɚɥɚ ɨɬ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɢ ɤɢɧɟɦɚɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɪɚɛɨɱɢɯ ɨɪɝɚɧɨɜ ɢ 

ɷɧɟɪɝɨɟɦɤɨɫɬɶ ɩɪɨɰɟɫɫɚ ɢɡɦɟɥɶɱɟɧɢɹ. 

ɇɨɜɢɡɧɚ ɬɟɯɧɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ ɩɨɞɬɜɟɪɠɞɟɧɚ ɩɚɬɟɧɬɨɦ ɧɚ ɩɨɥɟɡɧɭɸ ɦɨɞɟɥɶ 

№ 162595ɜ Ɏɟɞɟɪɚɥɶɧɨɦ ɢɧɫɬɢɬɭɬɟ ɩɪɨɦɵɲɥɟɧɧɨɣ ɫɨɛɫɬɜɟɧɧɨɫɬɢ. 

Ɍɟɨɪɟɬɢɱɟɫɤɚɹ ɡɧɚɱɢɦɨɫɬɶ ɪɚɛɨɬɵ. Ɋɚɡɪɚɛɨɬɚɧɧɵɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ 

ɦɨɞɟɥɢ ɩɨɡɜɨɥɹɸɬ ɨɩɪɟɞɟɥɟɬɶ ɡɚɜɢɫɢɦɨɫɬɢ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ Q ɨɬ 

ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ ɦɨɥɨɬɤɨɜ V, ɭɞɟɥɶɧɨɝɨ ɪɚɫɯɨɞɚ ɷɧɟɪɝɢɢ Ne ɨɬ ɫɤɨɪɨɫɬɢ 

ɜɪɚɳɟɧɢɹ ɦɨɥɨɬɤɨɜ V, ɦɨɞɭɥɹ ɩɨɦɨɥɚ Ɇ ɨɬ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ ɦɨɥɨɬɤɨɜ V, 

ɫɬɟɩɟɧɶ ɢɡɦɟɥɶɱɟɧɢɹ Ȝ (ɪɠɢ, ɩɲɟɧɢɰɵ, ɝɨɪɨɯɚ) ɨɬ ɜɪɟɦɟɧɢ ɧɚɯɨɠɞɟɧɢɹ t ɩɪɨɞɭɤɬɚ 

ɜ ɪɚɛɨɱɟɣ ɤɚɦɟɪɟ. 
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ɉɪɚɤɬɢɱɟɫɤɚɹ ɡɧɚɱɢɦɨɫɬɶ.ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɫɥɟɞɨɜɚɧɢɣ ɨɛɨɫɧɨɜɚɧɵ 

ɤɨɧɫɬɪɭɤɰɢɨɧɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ, ɫɨɡɞɚɧ ɨɩɵɬɧɵɣ ɨɛɪɚɡɟɰ 

ɛɟɡɪɟɲɟɬɧɨɣ ɦɨɥɨɬɤɨɜɨɣ ɞɪɨɛɢɥɤɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ ɛɨɥɟɟ ɤɚɱɟɫɬɜɟɧɧɨɟ 

ɜɵɩɨɥɧɟɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɚɧɚɥɨɝɚɦɢ. 

Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɞɪɨɛɢɥɤɚ ɩɨɡɜɨɥɹɟɬ ɭɦɟɧɶɲɢɬɶ ɷɧɟɪɝɨɡɚɬɪɚɬɵ ɧɚ 7-9%. 

ɋɬɟɩɟɧɶ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɢ ɚɩɪɨɛɚɰɢɹ ɪɟɡɭɥɶɬɚɬɨɜ.Ⱦɨɫɬɨɜɟɪɧɨɫɬɶ 

ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɚɞɟɤɜɚɬɧɨɫɬɶɸ ɩɨɥɭɱɟɧɧɵɯ 

ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ. ɉɪɢ  ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɩɪɢɦɟɧɹɥɨɫɶ ɫɨɜɪɟɦɟɧɧɨɟ 

ɫɟɪɬɢɮɢɰɢɪɨɜɚɧɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɢ ɩɪɢɛɨɪɵ, ɩɪɨɲɟɞɲɢɟ ɩɪɨɜɟɪɤɭ. 

Ɉɫɧɨɜɧɵɟ ɧɚɭɱɧɵɟ ɩɨɥɨɠɟɧɢɹ ɞɨɥɨɠɟɧɵ ɢ ɨɛɫɭɠɞɟɧɵ ɧɚ ɜɫɟɪɨɫɫɢɣɫɤɢɯ ɢ 

ɦɟɠɞɭɧɚɪɨɞɧɵɯ ɧɚɭɱɧɵɯ ɤɨɧɮɟɪɟɧɰɢɹɯ«ɇɚɭɤɚ ɦɨɥɨɞɵɯ – ɢɧɧɨɜɚɰɢɨɧɧɨɦɭ 

ɪɚɡɜɢɬɢɸ ȺɉɄ», «ɋɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɤɨɧɫɬɪɭɤɰɢɢ, ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɬɟɯɧɢɱɟɫɤɨɝɨ 

ɫɟɪɜɢɫɚ ɚɜɬɨɬɪɚɤɬɨɪɧɨɣ ɢ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɨɣ ɬɟɯɧɢɤɢ», «Ⱥɝɪɚɪɧɚɹ ɧɚɭɤɚ ɜ 

ɢɧɧɨɜɚɰɢɨɧɧɨɦ ɪɚɡɜɢɬɢɢ ȺɉɄ», «ɋɨɜɪɟɦɟɧɧɨɟ ɫɨɫɬɨɹɧɢɟ, ɬɪɚɞɢɰɢɢ ɢ 

ɢɧɧɨɜɚɰɢɨɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɜ ɪɚɡɜɢɬɢɢ ȺɉɄ» (Ȼɚɲɤɢɪɫɤɢɣ ȽȺɍ, 2013-2018 ɝ.), 

«ɂɧɠɟɧɟɪɧɚɹ ɧɚɭɤɚ  ɚɝɪɚɪɧɨɦɭ ɩɪɨɢɡɜɨɞɫɬɜɭ» (Ʉɚɡɚɧɫɤɢɣ ȽȺɍ, 2013-201λ ɝ.). 

ȼɤɥɚɞ ɚɜɬɨɪɚ ɜ ɩɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ. Ⱥɜɬɨɪ ɩɪɢɧɢɦɚɥ ɭɱɚɫɬɢɟ ɧɚ 

ɜɫɟɯ ɫɬɚɞɢɹɯ ɩɪɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣμ ɜɵɩɨɥɧɟɧɨ ɬɟɨɪɟɬɢɱɟɫɤɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ 

ɩɪɨɰɟɫɫɚ ɢɡɦɟɥɶɱɟɧɢɹ ɡɟɪɧɚ, ɪɚɡɪɚɛɨɬɚɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɢ ɩɪɨɢɡɜɟɞɟɧɚ 

ɟɟ ɱɢɫɥɟɧɧɚɹ ɪɟɚɥɢɡɚɰɢɹ, ɪɚɡɪɚɛɨɬɚɧ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɣ ɨɛɪɚɡɟɰ ɛɟɡɪɟɲɟɬɧɨɣ 

ɦɨɥɨɬɤɨɜɨɣ ɞɪɨɛɢɥɤɢ, ɜɵɩɨɥɧɟɧɨ ɬɟɨɪɟɬɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɟɝɨ 

ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ, ɩɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɨɩɵɬɧɨɝɨ ɨɛɪɚɡɰɚ ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ ɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɭɫɥɨɜɢɹɯ. 

Ɂɚɞɚɱɢ ɢɫɫɥɟɞɨɜɚɧɢɣ. 

1. ɇɚ ɨɫɧɨɜɟ ɩɪɨɜɟɞɟɧɧɨɣ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɢ ɤɨɧɫɬɪɭɤɰɢɣ ɦɚɲɢɧ ɞɥɹ 

ɞɪɨɛɥɟɧɢɹ ɡɟɪɧɚ ɪɚɡɪɚɛɨɬɚɬɶ ɫɯɟɦɭ ɢ ɤɨɧɫɬɪɭɤɰɢɸ ɞɪɨɛɢɥɤɢ ɡɟɪɧɚ ɦɨɥɨɬɤɨɜɨɝɨ 

ɬɢɩɚ. 

2. ɉɪɨɜɟɫɬɢ ɧɟɨɛɯɨɞɢɦɨɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɢ ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɪɚɫɱɟɬɵ 

ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɞɪɨɛɢɥɤɟ ɦɨɥɨɬɤɨɜɨɝɨ ɬɢɩɚ. 

3. ɉɪɨɜɟɫɬɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ ɞɪɨɛɥɟɧɢɹ ɡɟɪɧɚ ɧɚ ɪɚɡɪɚɛɨɬɚɧɧɨɣ 

ɞɪɨɛɢɥɤɟ ɦɨɥɨɬɤɨɜɨɝɨ ɬɢɩɚ ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ. 
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4. ɉɪɨɜɟɫɬɢ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɭɸ ɢ ɷɧɟɪɝɟɬɢɱɟɫɤɭɸ ɨɰɟɧɤɢ 

ɢɫɫɥɟɞɨɜɚɧɢɣ. 

ɇɚ ɡɚɳɢɬɭ ɜɵɧɨɫɹɬɫɹ ɫɥɟɞɭɸɳɢɟ ɩɨɥɨɠɟɧɢɹ: 

1. Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɛɟɡɪɟɲɟɬɧɨɣ 

ɦɨɥɨɬɤɨɜɨɣ ɞɪɨɛɢɥɤɢ. 

2. Ʉɨɧɫɬɪɭɤɰɢɨɧɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɛɟɡɪɟɲɟɬɧɨɣ 

ɦɨɥɨɬɤɨɜɨɣ ɞɪɨɛɢɥɤɢ. 

3. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɤɨɧɫɬɪɭɤɰɢɨɧɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 

ɩɚɪɚɦɟɬɪɨɜ ɛɟɡɪɟɲɟɬɧɨɣ ɦɨɥɨɬɤɨɜɨɣ ɞɪɨɛɢɥɤɢ. 

4. Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɢ ɷɧɟɪɝɟɬɢɱɟɫɤɚɹ ɨɰɟɧɤɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɛɨɬɵ 

ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɛɟɡɪɟɲɟɬɧɨɣ ɦɨɥɨɬɤɨɜɨɣ ɞɪɨɛɢɥɤɢ 

 

ɉɭɛɥɢɤɚɰɢɢ ɩɨ ɬɟɦɟ ɞɢɫɫɟɪɬɚɰɢɢ. ɉɨ ɬɟɦɟ ɞɢɫɫɟɪɬɚɰɢɢ ɨɩɭɛɥɢɤɨɜɚɧɨ 11 

ɧɚɭɱɧɵɯ ɪɚɛɨɬ, ɩɨɥɭɱɟɧɵ ɩɚɬɟɧɬɵ ɧɚ ɢɡɨɛɪɟɬɟɧɢɹ №25λ6756, №26670λ8, ɧɚ 

ɩɨɥɟɡɧɭɸ ɦɨɞɟɥɶ №1556λ2, №1625λ5, №181466.  

ɋɬɪɭɤɬɭɪɚ ɢ ɨɛɴɟɦ ɞɢɫɫɟɪɬɚɰɢɢ.Ⱦɢɫɫɟɪɬɚɰɢɹ ɫɨɫɬɨɢɬ ɢɡ ɜɜɟɞɟɧɢɹ, ɩɹɬɢ ɝɥɚɜ, 

ȼɵɜɨɞɨɜ, ɫɩɢɫɤɚ ɥɢɬɟɪɚɬɭɪɵ ɢ ɩɪɢɥɨɠɟɧɢɹ. Ɋɚɛɨɬɚ ɢɡɥɨɠɟɧɚ ɧɚ 113 ɫɬɪɚɧɢɰɚɯ 

ɦɚɲɢɧɨɩɢɫɧɨɝɨ ɬɟɤɫɬɚ, ɫɨɞɟɪɠɢɬ 40 ɪɢɫɭɧɤɨɜ, 7 ɬɚɛɥɢɰ ɢ ɩɪɢɥɨɠɟɧɢɣ ɧɚ 5 

ɫɬɪɚɧɢɰɚɯ. ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ ɜɤɥɸɱɚɟɬ 132 ɧɚɢɦɟɧɨɜɚɧɢɣ.  
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ȽɅȺȼȺ 1 ɋɈɋɌɈəɇɂȿ ȼɈɉɊɈɋȺ ɂ ɁȺȾȺɑɂ ɂɋɋɅȿȾɈȼȺɇɂə 

1.1 ɋɨɫɬɨɹɧɢɟ ɜɨɩɪɨɫɚ ɢ ɜɵɛɨɪ ɧɚɩɪɚɜɥɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ 

Ɍɟɯɧɢɱɟɫɤɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɧɚ 

ɫɨɜɪɟɦɟɧɧɨɦ ɷɬɚɩɟ ɞɨɥɠɧɨ ɛɵɬɶ ɧɚɩɪɚɜɥɟɧɨ ɧɚ ɩɨɥɧɨɟ ɭɞɨɜɥɟɬɜɨɪɟɧɢɟ 

ɩɨɬɪɟɛɧɨɫɬɢ ɨɛɳɟɫɬɜɚ ɜ ɩɪɨɞɭɤɬɚɯ ɩɢɬɚɧɢɹ ɧɚ ɨɫɧɨɜɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɪɟɫɭɪɫɨ- ɢ 

ɷɧɟɪɝɨɫɛɟɪɟɝɚɸɳɢɯ ɬɟɯɧɨɥɨɝɢɣ ɜɨ ɜɫɟɯ ɨɬɪɚɫɥɹɯ ɫɟɥɶɫɤɨɝɨ ɯɨɡɹɣɫɬɜɚ. Ɉɞɧɨɣ ɢɡ 

ɝɥɚɜɧɵɯ ɡɚɞɚɱ ɢɧɠɟɧɟɪɧɨ-ɬɟɯɧɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ 

ɷɧɟɪɝɨɫɛɟɪɟɝɚɸɳɢɯ ɬɟɯɧɨɥɨɝɢɣ ɢ ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɢ 

ɩɟɪɟɪɚɛɨɬɤɟ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɨɣ ɩɪɨɞɭɤɰɢɢ. ɉɪɢ ɷɬɨɦ ɧɟɨɛɯɨɞɢɦɨ 

ɨɛɟɫɩɟɱɢɜɚɬɶ ɛɟɡɨɩɚɫɧɨɫɬɶ ɞɥɹ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɢ ɡɞɨɪɨɜɶɹ ɧɚɫɟɥɟɧɢɹ, ɚ ɬɚɤɠɟ 

ɩɨɥɭɱɟɧɢɟ ɷɤɨɥɨɝɢɱɟɫɤɢ ɱɢɫɬɵɯ ɩɪɨɞɭɤɬɨɜ. 

Ɉɛɟɫɩɟɱɟɧɢɟ ɤɚɱɟɫɬɜɟɧɧɵɦɢ ɢ ɜ ɞɨɫɬɚɬɨɱɧɨɦ ɤɨɥɢɱɟɫɬɜɟ ɩɪɨɞɭɤɬɚɦɢ 

ɠɢɜɨɬɧɨɜɨɞɫɬɜɚ ɧɚ ɫɟɝɨɞɧɹ ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ ɫɬɪɚɬɟɝɢɱɟɫɤɢɯ ɡɚɞɚɱ ɫɨɡɞɚɧɢɹ 

ɩɪɨɞɨɜɨɥɶɫɬɜɟɧɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɫɬɪɚɧɵ ɜ ɰɟɥɨɦ. Ɋɟɲɟɧɢɟ ɟɟ ɜɨɡɦɨɠɧɨ ɬɨɥɶɤɨ  

ɩɪɢ ɧɚɥɢɱɢɢ ɦɨɳɧɨɣ ɤɨɪɦɨɜɨɣ ɛɚɡɵ. ȼ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɹɯ 

Ɋɟɫɩɭɛɥɢɤɢ Ɍɚɬɚɪɫɬɚɧ, ɜ ɫɪɟɞɧɟɦ ɡɚ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ (2010…2018 ɝɝ.) ɟɠɟɝɨɞɧɨ 

ɡɚɝɨɬɚɜɥɢɜɚɥɨɫɶ ɧɚ ɤɨɪɦ ɫɤɨɬɭ  ɛɨɥɟɟ 16λ6,2 ɬɵɫ.ɬ ɫɢɥɨɫɚ, 2724,3 ɬɵɫ.ɬ ɫɟɧɚɠɚ, 

807,λ ɬɵɱ.ɬ ɫɟɧɚ ɢ ɬ.ɞ. ȼɫɟɝɨ, ɧɚɩɪɢɦɟɪ, ɜ 2018 ɝɨɞɭ ɛɵɥɨ ɡɚɝɨɬɨɜɥɟɧɨ 32,7 

ɰɟɧɬɧɟɪɨɜ ɤɨɪɦɨɜɵɯ ɟɞɢɧɢɰ ɧɚ ɨɞɧɭ ɭɫɥɨɜɧɭɸ ɝɨɥɨɜɭ. ȼ ɫɬɪɭɤɬɭɪɟ ɪɚɫɯɨɞɚ 

ɤɨɪɦɨɜ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɟ ɤɨɪɦɚ ɡɚɧɢɦɚɸɬ 35,7%, ɫɨɱɧɵɟ – 15,6%, ɝɪɭɛɵɟ – 

18,7%. Ⱥɧɚɥɢɡ ɞɢɧɚɦɢɤɢ ɡɚɝɨɬɨɜɤɢ ɤɨɪɦɨɜ ɩɨ ɪɟɫɩɭɛɥɢɤɟ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ, 

ɧɟɫɦɨɬɪɹ ɧɚ ɮɚɤɬɢɱɟɫɤɨɟ ɫɧɢɠɟɧɢɟ ɨɛɴɟɦɚ ɡɚɝɨɬɨɜɤɢ ɜɢɞɨɜ ɤɨɪɦɨɜ ɩɨ ɝɨɞɚɦ, 

ɢɦɟɟɬɫɹ ɫɬɚɛɢɥɶɧɚɹ ɬɟɧɞɟɧɰɢɹ ɭɜɟɥɢɱɟɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɤɨɪɦɨɜɵɯ ɟɞɢɧɢɰ ɜ 

ɟɞɢɧɢɰɟ ɤɨɪɦɚ ɜ ɪɚɫɱɟɬɟ ɧɚ ɨɞɧɭ ɭɫɥɨɜɧɭɸ ɝɨɥɨɜɭ ɫɤɨɬɚ [37]. ɗɬɨ ɹɜɥɹɟɬɫɹ 

ɪɟɡɭɥɶɬɚɬɨɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɟɪɟɞɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ ɢ ɨɩɵɬɚ ɡɚɝɨɬɨɜɤɢ ɤɨɪɦɨɜ 

(ɫɟɧɚɠɚ «ɜ ɭɩɚɤɨɜɤɟ», ɩɪɢɦɟɧɟɧɢɟ ɤɨɦɛɢɫɢɥɨɫɚ ɢ ɫɭɩɟɪɫɢɥɨɫɚ, ɩɪɢɝɨɬɨɜɥɟɧɢɟ 

ɤɨɦɛɢɤɨɪɦɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɨɛɫɬɜɟɧɧɵɯ ɡɟɪɧɨɜɵɯ ɪɟɫɭɪɫɨɜ ɢ ɩɨɤɭɩɧɵɯ 

ȻɆȼȾ, ɜɨɡɞɟɥɵɜɚɧɢɟ ɧɨɜɵɯ ɜɢɞɨɜ ɤɨɪɦɨɜɵɯ ɤɭɥɶɬɭɪ ɢ ɬ.ɞ.), ɚ ɬɚɤɠɟ ɨɫɨɛɨɝɨ 

ɜɧɢɦɚɧɢɹ ɤ ɭɫɥɨɜɢɹɦ ɯɪɚɧɟɧɢɹ ɤɨɪɦɨɜ ɢ ɨɫɨɛɟɧɧɨ ɩɨɞɝɨɬɨɜɤɢ ɢɯ ɤ 

ɫɤɚɪɦɥɢɜɚɧɢɸ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ  ɜ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɹɯ Ɋɟɫɩɭɛɥɢɤɢ 

Ɍɚɬɚɪɫɬɚɧ ɨɫɧɨɜɧɚɹ ɦɚɫɫɚ ɤɨɪɦɨɜ ɩɨɫɬɭɩɚɟɬ ɨɬ ɩɨɥɟɜɨɝɨ ɤɨɪɦɨɩɪɨɢɡɜɨɞɫɬɜɚ. 
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ɉɨɱɬɢ 40% ɩɨɫɟɜɧɵɯ ɩɥɨɳɚɞɟɣ ɩɪɢɯɨɞɹɬɫɹ ɧɚ ɤɨɪɦɨɜɵɟ ɤɭɥɶɬɭɪɵ [46]. ȿɫɥɢ 

ɭɱɟɫɬɶ, ɱɬɨ ɱɚɫɬɶ ɡɟɪɧɚ ɩɪɨɞɨɜɨɥɶɫɬɜɟɧɧɵɯ ɤɭɥɶɬɭɪ (ɪɨɠɶ, ɩɲɟɧɢɰɚ, ɝɨɪɨɯ), ɚ 

ɬɚɤɠɟ ɨɬɯɨɞɵ ɨɬ ɩɪɨɢɡɜɨɞɫɬɜɚ ɞɪɭɝɢɯ ɩɨɫɟɜɧɵɯ ɤɭɥɶɬɭɪ ɩɨɬɪɟɛɥɹɸɬɫɹ ɧɚ 

ɤɨɪɦɨɜɵɟ ɰɟɥɢ, ɬɨ ɦɨɠɧɨ ɫɱɢɬɚɬɶ, ɱɬɨ ɫɟɝɨɞɧɹ ɡɧɚɱɢɬɟɥɶɧɚɹ ɱɚɫɬɶ ɩɨɫɟɜɧɵɯ 

ɩɥɨɳɚɞɟɣ ɩɪɢɯɨɞɢɬɫɹ ɧɚ ɤɨɪɦɨɜɵɟ ɤɭɥɶɬɭɪɵ. 

ȼɚɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɨɥɹ ɤɨɪɦɨɜ ɜ ɫɬɪɭɤɬɭɪɟ ɡɚɬɪɚɬ ɤɚɤ ɧɚ ɨɫɧɨɜɧɨɟ 

ɩɪɨɢɡɜɨɞɫɬɜɨ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɨɣ ɩɪɨɞɭɤɰɢɢ, ɬɚɤ ɢ ɜ ɫɬɪɭɤɬɭɪɟ ɡɚɬɪɚɬ 

ɨɬɞɟɥɶɧɨɝɨ ɜɢɞɚ, ɧɚɩɪɢɦɟɪ, ɦɨɥɨɤɚ ɨɱɟɧɶ ɜɟɥɢɤɚ. ȼ ɩɟɪɜɨɦ ɫɥɭɱɚɟ ɨɬ ɨɛɳɟɣ ɞɨɥɢ 

ɦɚɬɟɪɢɚɥɶɧɵɯ ɡɚɬɪɚɬ ɜ ɪɚɡɦɟɪɟ 73%, ɤɨɪɦɚ ɡɚɧɢɦɚɸɬ 22% ɢ ɫɨɢɡɦɟɪɢɦɵ ɬɨɥɶɤɨ ɫ 

ɡɚɬɪɚɬɚɦɢ ɧɚ ɡɚɪɚɛɨɬɧɭɸ ɩɥɚɬɭ – 18 %. Ⱦɚɠɟ ɡɚɬɪɚɬɵ ɧɚ ȽɋɆ ɢ ɡɚɩɚɫɧɵɟ ɱɚɫɬɢ 

ɧɚɦɧɨɝɨ ɦɟɧɶɲɟ ɡɚɬɪɚɬ ɧɚ ɤɨɪɦɚ. ɂɡ ɫɬɪɭɤɬɭɪɵ ɡɚɬɪɚɬ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɦɨɥɨɤɚ 

ɜɢɞɧɨ, ɱɬɨ ɞɨɥɹ ɡɚɬɪɚɬ ɧɚ ɤɨɪɦɚ ɩɪɟɜɵɲɚɟɬ 50% ɨɬ  ɜɫɟɯ ɡɚɬɪɚɬ (ɪɢɫɭɧɨɤ 1.1). ɂɡ 

ɚɧɚɥɢɡɚ ɢɦɟɸɳɢɯɫɹ ɞɚɧɧɵɯ (ɞɚɧɧɵɟ Ɋɂȼɐ Ɇɋɏ ɢ ɉ ɊɌ) ɫɬɚɧɨɜɢɬɫɹ ɨɱɟɜɢɞɧɵɦ, 

ɱɬɨ ɞɚɠɟ ɧɟɛɨɥɶɲɚɹ ɷɤɨɧɨɦɢɹ ɦɚɬɟɪɢɚɥɶɧɵɯ ɡɚɬɪɚɬ, ɫɜɹɡɚɧɧɵɯ ɫ ɤɨɪɦɚɦɢ, 

ɫɭɳɟɫɬɜɟɧɧɨ ɩɨɜɵɫɢɬ ɷɤɨɧɨɦɢɱɟɫɤɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɧɟ ɬɨɥɶɤɨ 

ɠɢɜɨɬɧɨɜɨɞɱɟɫɤɨɣ ɨɬɪɚɫɥɢ, ɧɨ ɢ ɜ ɰɟɥɨɦ  ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ.  

ɇɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɨɢɡɜɨɞɫɬɜɚ ɠɢɜɨɬɧɨɜɨɞɱɟɫɤɨɣ ɩɪɨɞɭɤɰɢɢ ɜɥɢɹɟɬ ɢ 

ɤɚɱɟɫɬɜɨ ɩɪɢɝɨɬɚɜɥɢɜɚɟɦɵɯ ɤɨɪɦɨɜ. Ɉɞɧɢɦ ɢɡ ɮɚɤɬɨɪɨɜ, ɜɥɢɹɸɳɢɯ ɧɚ ɤɚɱɟɫɬɜɨ, 

ɹɜɥɹɟɬɫɹ ɫɬɟɩɟɧɶ ɢɡɦɟɥɶɱɟɧɢɹ ɤɨɪɦɨɜ.  

 

Ɋɢɫɭɧɨɤ 1.1 – ɋɬɪɭɤɬɭɪɚ ɡɚɬɪɚɬ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɦɨɥɨɤɚ(ɧɚ 1 ɹɧɜɚɪɹ 201λ ɝ.) 

Ɉɩɥɚɬɚ ɬɪɭɞɚ ɫ 
ɧɚɱɢɫɥɟɧɢɹɦɢ 

21% 

Ʉɨɪɦɚ 51% 

Ⱥɦɦɨɪɬɢɡɚɰɢɹ ɢ 
ɪɟɦɨɧɬ 6% 

ɍɫɥɭɝɢ 13,80% 

ɉɪɨɱɢɟ 8,20% 



10 

 

Ɋɢɫɭɧɨɤ 1.2 – ɉɨɟɞɚɟɦɨɫɬɶ ɤɭɤɭɪɭɡɧɨɝɨ ɫɢɥɨɫɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ  

ɨɬ ɫɬɟɩɟɧɢ ɟɝɨ ɢɡɦɟɥɶɱɟɧɢɹ 

 

Ʉɪɨɦɟ ɬɨɝɨ, ɫɬɟɩɟɧɶ ɢɡɦɟɥɶɱɟɧɢɹ ɜɥɢɹɟɬ ɧɚ ɩɨɟɞɚɟɦɨɫɬɶ ɤɨɪɦɨɜ, ɬɨ ɟɫɬɶ ɧɚ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɹ Д16Ж. Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ 1.2, ɫ ɭɦɟɧɶɲɟɧɢɟɦ 

ɪɚɡɦɟɪɨɜ ɱɚɫɬɢɰ ɤɭɤɭɪɭɡɧɨɝɨ  ɫɢɥɨɫɚ ɨɬ 200 ɞɨ10 ɦɦ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɨɟɞɚɟɦɨɫɬɶ 

ɜɫɟɣ ɦɚɫɫɵ ɧɚ 18%. Ⱦɪɭɝɢɦ, ɧɟ ɦɟɧɟɟ ɜɚɠɧɵɦ ɮɚɤɬɨɪɨɦ, ɜɥɢɹɸɳɢɦ ɧɚ ɤɚɱɟɫɬɜɨ 

ɤɨɪɦɨɜ, ɹɜɥɹɟɬɫɹ ɜɪɟɦɹ ɡɚɝɨɬɨɜɤɢ ɤɨɪɦɨɜ. Ɍɚɤ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɮɚɡɵ ɫɨɡɪɟɜɚɧɢɹ 

ɤɭɤɭɪɭɡɵ ɤɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɜɨɞɚ ɫɭɯɨɝɨ ɜɟɳɟɫɬɜɚ ɜ ɤɨɪɦɨɜɵɟ ɟɞɢɧɢɰɵ 

ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ 0,87 ɞɨ 1,0 (ɪɢɫɭɧɨɤ 1.3). ɂɧɵɦɢ ɫɥɨɜɚɦɢ, ɡɚɝɨɬɚɜɥɢɜɚɹ ɤɭɤɭɪɭɡɭ 

ɧɚ ɤɨɪɦɚ ɜ ɮɚɡɟ ɜɨɫɤɨɜɨɣ ɫɩɟɥɨɫɬɢ, ɦɨɠɧɨ ɭɜɟɥɢɱɢɬɶ ɩɢɬɚɬɟɥɶɧɨɫɬɶ ɤɨɪɦɨɜ ɧɚ 

13%. 

Ⱦɢɧɚɦɢɤɚ ɢɡɦɟɧɟɧɢɹ ɰɟɧ ɧɚ ɷɧɟɪɝɨɪɟɫɭɪɫɵ, ɬɟɯɧɢɤɭ ɢ 

ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɭɸ ɩɪɨɞɭɤɰɢɸ ɧɚɝɥɹɞɧɨ ɞɟɦɨɧɫɬɪɢɪɭɟɬ ɧɚɦ, ɧɚɫɤɨɥɶɤɨ 

ɪɚɡɧɹɬɫɹ  ɨɬɩɭɫɤɧɵɟ ɰɟɧɵ ɧɚ ɞɢɡɬɨɩɥɢɜɨ, ɤɨɦɛɚɣɧɵ ɢ ɬ.ɞ. ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ ɢ ɧɚ 

ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɭɸ ɩɪɨɞɭɤɰɢɸ ɫ ɞɪɭɝɨɣ (ɪɢɫɭɧɨɤ 1.4). ȼ ɭɫɥɨɜɢɹɯ 

ɫɭɳɟɫɬɜɭɸɳɟɝɨ ɞɢɫɩɚɪɢɬɟɬɚ ɰɟɧ ɨɫɨɛɭɸ ɪɨɥɶ ɜ ɩɨɜɵɲɟɧɢɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ  
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Ɋɢɫɭɧɨɤ 1.3 – Ʉɚɱɟɫɬɜɨ ɤɭɤɭɪɭɡɧɨɝɨ ɫɢɥɨɫɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ  

ɨɬ ɮɚɡɵ ɫɨɡɪɟɜɚɧɢɹ 

 

Ɋɢɫɭɧɨɤ 1.4 – Ⱦɢɧɚɦɢɤɚ ɢɡɦɟɧɟɧɢɹ ɰɟɧ ɧɚ ɷɧɟɪɝɨɪɟɫɭɪɫɵ, ɬɟɯɧɢɤɭ 

 

ɢ ɫɟɥɶɯɨɡɩɪɨɞɭɤɬɵɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢɦɟɟɬ ɩɪɨɢɡɜɨɞɫɬɜɨ 

ɩɪɨɞɭɤɰɢɢ ɧɚ ɨɫɧɨɜɟ ɷɧɟɪɝɨɫɛɟɪɟɝɚɸɳɢɯ ɬɟɯɧɨɥɨɝɢɣ ɢ ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ, ɫ 

ɩɪɢɦɟɧɟɧɢɟɦ ɩɟɪɟɞɨɜɵɯ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɢ ɡɚɪɭɛɟɠɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɤɨɦɩɥɟɤɫɨɜ 

ɦɚɲɢɧ. 

  Ɉɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɢ ɷɧɟɪɝɨɟɦɤɢɯ ɫɩɨɫɨɛɨɜ ɢɡɦɟɥɶɱɟɧɢɹ ɹɜɥɹɟɬɫɹ 

ɞɪɨɛɥɟɧɢɟ. ɇɚ ɩɪɚɤɬɢɤɟ ɞɥɹ ɟɝɨ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɩɪɢɦɟɧɹɸɬ ɪɚɡɥɢɱɧɵɟ ɩɨ 
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ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɩɪɨɬɟɤɚɧɢɸ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɞɪɨɛɢɥɤɢ. ȼ 

ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ ɞɥɹ ɢɡɦɟɥɶɱɟɧɢɹ ɤɨɪɦɨɜ ɜ ɬɟɱɟɧɢɟ ɦɧɨɝɢɯ 

ɞɟɫɹɬɢɥɟɬɢɣ ɢɫɩɨɥɶɡɭɸɬ ɦɨɥɨɬɤɨɜɵɟ ɞɪɨɛɢɥɤɢ, ɨɧɢ ɩɨɥɭɱɢɥɢ ɲɢɪɨɤɨɟ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɜɫɥɟɞɫɬɜɢɟ ɩɪɨɫɬɨɬɵ ɤɨɧɫɬɪɭɤɰɢɢ, ɬɟɯɧɨɥɨɝɢɱɧɨɫɬɢ, ɜɵɫɨɤɨɣ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ, ɤɨɦɩɚɤɬɧɨɫɬɢ, ɭɧɢɜɟɪɫɚɥɶɧɨɫɬɢ ɢ ɪɹɞɚ ɞɪɭɝɢɯ ɮɚɤɬɨɪɨɜ. 

ɋɜɨɟ ɧɚɡɜɚɧɢɟ, ɤɚɤ ɢ ɬɟɪɦɢɧ “ɞɪɨɛɥɟɧɢɟ”, ɨɧɢ ɩɨɥɭɱɢɥɢ “ɢɡ ɩɪɚɤɬɢɤɢ 

ɝɨɪɧɨɪɭɞɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ” Д20,33]. 

ȼ ɝɨɪɧɨɪɭɞɧɨɣ ɢ ɰɟɦɟɧɬɧɨɣ ɨɬɪɚɫɥɹɯ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɞɪɨɛɥɟɧɢɟ ɹɜɥɹɟɬɫɹ 

ɨɞɧɢɦ ɢɡ ɩɨɞɝɨɬɨɜɢɬɟɥɶɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɬɚɤ ɤɚɤ ɩɨɥɭɱɚɟɦɵɣ ɩɨɫɥɟ ɞɪɨɛɥɟɧɢɹ 

ɦɚɬɟɪɢɚɥ ɩɨɞɥɟɠɢɬ ɞɚɥɶɧɟɣɲɟɣ ɩɟɪɟɪɚɛɨɬɤɟ. ȼ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɨɦ 

ɩɪɨɢɡɜɨɞɫɬɜɟ ɩɨɫɥɟ ɞɪɨɛɥɟɧɢɹ ɩɨɥɭɱɚɸɬ ɤɨɧɟɱɧɵɣ ɩɪɨɞɭɤɬ, ɬɨ ɟɫɬɶ ɩɪɨɰɟɫɫ 

ɞɪɨɛɥɟɧɢɹ ɢɦɟɟɬ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ. 

 ɉɪɨɰɟɫɫ ɞɪɨɛɥɟɧɢɹ ɢɫɩɨɥɶɡɭɸɬ ɜɨ ɦɧɨɝɢɯ ɨɬɪɚɫɥɹɯ ɧɚɪɨɞɧɨɝɨ ɯɨɡɹɣɫɬɜɚ, ɢ 

ɤɚɠɞɚɹ ɧɚɤɥɚɞɵɜɚɟɬ ɫɜɨɸ ɫɩɟɰɢɮɢɤɭ ɤɚɤ ɧɚ ɫɚɦ ɩɪɨɰɟɫɫ ɞɪɨɛɥɟɧɢɹ, ɬɚɤ ɢ ɧɚ 

ɤɨɧɫɬɪɭɤɰɢɢ ɞɪɨɛɢɥɨɤ Д14,41,54,102,117Ж. ȼ ɪɹɞɟ ɫɥɭɱɚɟɜ ɢɫɯɨɞɧɵɣ ɦɚɬɟɪɢɚɥ 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɦɚɫɫɭ, ɫɨɞɟɪɠɚɳɭɸ ɪɚɡɧɵɟ ɩɨ ɩɪɨɱɧɨɫɬɢ ɤɨɦɩɨɧɟɧɬɵ, ɢ ɢɡ 

ɷɬɨɣ ɦɚɫɫɵ ɬɪɟɛɭɟɬɫɹ ɜɵɞɟɥɢɬɶ ɧɚɢɛɨɥɟɟ ɩɪɨɱɧɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ. ɗɬɨ 

ɞɨɫɬɢɝɚɟɬɫɹ ɩɭɬɟɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɚɤ ɧɚɡɵɜɚɟɦɨɝɨ «ɢɡɛɢɪɚɬɟɥɶɧɨɝɨ ɞɪɨɛɥɟɧɢɹ». 

ɉɪɢ ɷɬɨɦ ɛɨɥɟɟ ɢɧɬɟɧɫɢɜɧɨ ɪɚɡɪɭɲɚɸɬɫɹ ɦɟɧɟɟ ɩɪɨɱɧɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ. 

  Ʉ ɞɪɨɛɢɥɤɚɦ, ɢɫɩɨɥɶɡɭɟɦɵɦ ɞɥɹ ɩɟɪɟɪɚɛɨɬɤɢ ɛɵɬɨɜɵɯ ɨɬɯɨɞɨɜ, 

ɩɪɟɞɴɹɜɥɹɸɬɫɹ ɬɪɟɛɨɜɚɧɢɹ ɩɨ ɞɨɜɨɥɶɧɨ ɛɨɥɶɲɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ, 

ɫɩɨɫɨɛɧɨɫɬɢ ɩɟɪɟɪɚɛɚɬɵɜɚɬɶ ɦɚɬɟɪɢɚɥ ɪɚɡɥɢɱɧɨɣ ɩɪɨɱɧɨɫɬɢ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. 

Ɉɩɪɟɞɟɥɟɧɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɩɪɟɞɴɹɜɥɹɸɬɫɹ ɢ ɤ ɞɪɨɛɢɥɤɚɦ, ɩɪɢɦɟɧɹɟɦɵɦ ɩɪɢ 

ɞɪɨɛɥɟɧɢɢ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɠɤɢ, ɥɨɦɚ ɢ ɬ.ɞ. 

  ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɧɚɡɧɚɱɟɧɢɹ ɢ ɩɪɢɧɰɢɩɚ ɞɟɣɫɬɜɢɹ ɜ ɞɪɨɛɢɥɤɚɯ  

ɢɫɩɨɥɶɡɭɸɬɫɹ ɬɚɤɢɟ ɜɢɞɵ ɧɚɝɪɭɡɨɤ Д12λ,132Ж, ɤɚɤ ɩɥɸɳɟɧɢɟ, ɪɚɫɤɚɥɵɜɚɧɢɟ, 

ɢɡɥɨɦ, ɢɫɬɢɪɚɧɢɟ. Ɉɛɵɱɧɨ ɪɚɡɥɢɱɧɵɟ ɜɢɞɵ ɧɚɝɪɭɡɨɤ ɞɟɣɫɬɜɭɸɬ ɨɞɧɨɜɪɟɦɟɧɧɨ. 

ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ ɧɚɝɪɭɡɨɤ, ɚ ɬɚɤɠɟ ɤɨɧɫɬɪɭɤɰɢɣ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɦɧɨɝɨɨɛɪɚɡɢɟɦ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɨɜ, ɚ ɬɚɤɠɟ ɬɪɟɛɨɜɚɧɢɹɦɢ, 

ɩɪɟɞɴɹɜɥɹɟɦɵɦɢ ɤ ɪɚɡɦɟɪɚɦ ɩɨɥɭɱɚɟɦɨɝɨ ɩɪɨɞɭɤɬɚ. ɉɪɨɮɟɫɫɨɪ Ʌ.Ȼ.Ʌɟɜɢɧɫɨɧ ɜ 

1λ33 ɝ. ɩɢɫɚɥμ “Ɇɨɠɧɨ, ɩɨɠɚɥɭɣ, ɫɤɚɡɚɬɶ, ɱɬɨ ɧɢ ɨɞɢɧ ɤɥɚɫɫ ɦɚɲɢɧ ɧɟ ɨɛɥɚɞɚɟɬ  

ɬɚɤɢɦ ɛɨɝɚɬɫɬɜɨɦ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɮɨɪɦ, ɤɚɤ ɞɪɨɛɢɥɶɧɵɟ ɦɚɲɢɧɵ”. ɗɬɨ 
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ɜɵɫɤɚɡɵɜɚɧɢɟ ɫɩɪɚɜɟɞɥɢɜɨ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɵɦ ɞɪɨɛɢɥɤɚɦ ɢ 

ɜɩɨɥɧɟ ɚɤɬɭɚɥɶɧɨ ɫɟɝɨɞɧɹ. 

 Ȼɨɥɶɲɨɟ ɪɚɡɧɨɨɛɪɚɡɢɟ ɞɪɨɛɢɥɨɤ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɫɥɟɞɭɸɳɢɟ ɨɫɧɨɜɧɵɟ 

ɜɢɞɵμ ɳɟɤɨɜɵɟ, ɤɨɧɭɫɧɵɟ, ɜɚɥɤɨɜɵɟ, ɭɞɚɪɧɨɝɨ ɞɟɣɫɬɜɢɹ. ɉɨɫɥɟɞɧɢɟ, ɜ ɫɜɨɸ 

ɨɱɟɪɟɞɶ, ɩɨɞɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɦɨɥɨɬɤɨɜɵɟ ɢ ɪɨɬɨɪɧɵɟ [78]. ȼ ɦɨɥɨɬɤɨɜɵɯ 

ɞɪɨɛɢɥɤɚɯ ɦɨɥɨɬɤɢ ɩɨɞɜɟɲɟɧɵ ɲɚɪɧɢɪɧɨ, ɚ ɜ ɪɨɬɨɪɧɵɯ ɦɨɥɨɬɤɢ-ɛɢɥɵ ɠɟɫɬɤɨ 

ɩɪɢɤɪɟɩɥɟɧɵ ɤ ɪɨɬɨɪɭ. 

 ɓɟɤɨɜɵɟ ɞɪɨɛɢɥɤɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɤɪɭɩɧɨɝɨ ɢ ɫɪɟɞɧɟɝɨ ɞɪɨɛɥɟɧɢɹ 

ɦɚɬɟɪɢɚɥɨɜ ɜ ɝɨɪɧɨɪɭɞɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɢ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɫɬɪɨɢɬɟɥɶɧɵɯ 

ɦɚɬɟɪɢɚɥɨɜ. ɉɪɢɧɰɢɩ ɬɚɤɢɯ ɞɪɨɛɢɥɨɤ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɤɚɦɟɪɚ ɞɪɨɛɥɟɧɢɹ 

ɢɦɟɟɬ ɮɨɪɦɭ ɤɥɢɧɚ, ɨɛɪɚɡɨɜɚɧɧɭɸ ɞɜɭɦɹ ɳɟɤɚɦɢ, ɨɞɧɚ ɢɡ ɤɨɬɨɪɵɯ ɹɜɥɹɟɬɫɹ ɜ 

ɨɫɧɨɜɧɨɦ ɧɟɩɨɞɜɢɠɧɨɣ, ɚ ɜɬɨɪɚɹ – ɩɨɞɜɢɠɧɨɣ. ɉɪɢ ɩɟɪɢɨɞɢɱɟɫɤɨɦ ɞɜɢɠɟɧɢɢ 

ɩɨɞɜɢɠɧɨɣ ɳɟɤɢ ɩɪɨɢɫɯɨɞɢɬ ɞɪɨɛɥɟɧɢɟ ɦɚɬɟɪɢɚɥɚ ɢ ɨɞɧɨɜɪɟɦɟɧɧɨ ɭɞɚɥɟɧɢɟ 

ɢɡɦɟɥɶɱɟɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢɡ ɪɚɛɨɱɟɣ ɤɚɦɟɪɵ Д71,84,103]. 

 ɉɪɢ ɞɪɨɛɥɟɧɢɢ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɢ ɤɨɧɭɫɧɵɟ ɞɪɨɛɢɥɤɢ Д120Ж. ȼ ɬɚɤɢɯ 

ɦɚɲɢɧɚɯ ɞɪɨɛɥɟɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɡɚ ɫɱɟɬ ɫɠɚɬɢɹ ɢɫɯɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɦɟɠɞɭ 

ɤɨɧɭɫɚɦɢ, ɪɚɫɩɨɥɨɠɟɧɧɵɦɢ ɨɞɢɧ ɜɧɭɬɪɢ ɞɪɭɝɨɝɨ. Ɋɚɛɨɱɚɹ ɤɚɦɟɪɚ ɫɨɜɪɟɦɟɧɧɵɯ 

ɤɨɧɭɫɧɵɯ ɞɪɨɛɢɥɨɤ ɨɛɪɚɡɭɟɬɫɹ ɫɥɨɠɧɵɦɢ, ɱɚɫɬɨ ɤɪɢɜɨɥɢɧɟɣɧɵɦɢ 

ɩɨɜɟɪɯɧɨɫɬɹɦɢ. ɉɟɪɜɵɟ ɦɚɲɢɧɵ ɢɦɟɥɢ ɪɚɛɨɱɢɟ ɤɚɦɟɪɵ, ɨɛɪɚɡɨɜɚɧɧɵɟ ɞɜɭɦɹ 

ɭɫɟɱɟɧɧɵɦɢ ɤɨɧɭɫɚɦɢ, ɷɬɨ ɢ ɩɨɫɥɭɠɢɥɨ ɨɫɧɨɜɚɧɢɟɦ ɞɥɹ ɧɚɡɜɚɧɢɹ ɬɚɤɢɯ ɞɪɨɛɢɥɨɤ 

ɤɨɧɭɫɧɵɦɢ [44,68]. 

 ȼɚɥɤɨɜɵɟ ɞɪɨɛɢɥɤɢ ɨɬɥɢɱɚɸɬɫɹ ɬɟɦ, ɱɬɨ ɢɯ ɪɚɛɨɱɢɦ ɨɪɝɚɧɨɦ ɹɜɥɹɟɬɫɹ 

ɜɚɥɨɤ, ɜɪɚɳɚɸɳɢɣɫɹ ɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɨɫɢ. ɂɡɦɟɥɶɱɚɟɦɵɣ ɦɚɬɟɪɢɚɥ ɜ ɷɬɨɦ 

ɫɥɭɱɚɟ ɩɨɞɚɟɬɫɹ ɫɜɟɪɯɭ, ɡɚɬɹɝɢɜɚɟɬɫɹ ɦɟɠɞɭ ɜɚɥɤɚɦɢ ɢ ɬɟɦ ɫɚɦɵɦ ɞɪɨɛɢɬɫɹ. 

 Ɋɨɬɨɪɧɵɟ ɞɪɨɛɢɥɤɢ Д10λ,130Ж ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɪɚɡɥɢɱɧɵɯ ɨɛɥɚɫɬɹɯ 

ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. ɗɬɨ ɦɚɲɢɧɵ ɭɞɚɪɧɨɝɨ ɞɟɣɫɬɜɢɹ. Ⱦɪɨɛɥɟɧɢɟ ɜ ɧɢɯ ɩɪɨɢɫɯɨɞɢɬ 

ɡɚ ɫɱɟɬ ɛɵɫɬɪɨ ɜɪɚɳɚɸɳɢɯɫɹ ɛɢɥ, ɤɨɬɨɪɵɟ ɠɟɫɬɤɨ ɩɪɢɤɪɟɩɥɟɧɵ ɧɚ ɪɨɬɨɪɟ. Ɋɨɬɨɪ 

ɭɫɬɚɧɨɜɥɟɧ ɜɧɭɬɪɢ ɤɨɪɩɭɫɚ. ɇɚ ɫɬɟɧɤɚɯ ɤɨɪɩɭɫɚ ɭɫɬɚɧɨɜɥɟɧɵ ɩɪɢɟɦɧɵɣ ɥɨɬɨɤ, 

ɨɬɪɚɠɚɬɟɥɶɧɵɟ ɩɥɢɬɵ, ɤɨɥɨɫɧɢɤɨɜɵɟ ɪɟɲɟɬɤɢ, ɤɨɬɨɪɵɟ ɨɛɪɚɡɭɸɬ ɫ ɪɨɬɨɪɨɦ 

ɤɚɦɟɪɭ ɞɪɨɛɥɟɧɢɹ. 

 Ɇɨɥɨɬɤɨɜɵɟ ɞɪɨɛɢɥɤɢ Д108Ж ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɦɚɲɢɧɵ ɭɞɚɪɧɨɝɨ 

ɞɟɣɫɬɜɢɹ ɫ ɦɨɥɨɬɤɚɦɢ, ɲɚɪɧɢɪɧɨ ɡɚɤɪɟɩɥɟɧɧɵɦɢ ɧɚ ɪɨɬɨɪɟ. Ɇɨɥɨɬɤɨɜɵɦ 
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ɞɪɨɛɢɥɤɚɦ ɩɪɢɫɭɳɢ ɜɵɫɨɤɚɹ ɫɬɟɩɟɧɶ ɢɡɦɟɥɶɱɟɧɢɹ, ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɜɵɫɨɤɚɹ 

ɫɬɨɢɦɨɫɬɶ ɢɡɦɟɥɶɱɟɧɢɹ ɦɚɬɟɪɢɚɥɚ. Ʉɨɧɫɬɪɭɤɬɢɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɢ ɩɨɬɪɟɛɧɚɹ 

ɦɨɳɧɨɫɬɶ ɧɚ ɟɞɢɧɢɰɭ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɜ 2…5 ɪɚɡ ɦɟɧɶɲɟ, ɱɟɦ  ɭ ɳɟɤɨɜɵɯ ɢ 

ɤɨɧɭɫɧɵɯ ɞɪɨɛɢɥɨɤ. ȼɨɡɦɨɠɧɨɫɬɶ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɡɚɝɪɭɡɨɱɧɵɯ ɢ ɪɚɡɝɪɭɡɨɱɧɵɯ 

ɤɚɧɚɥɨɜ ɤ ɬɪɭɛɨɩɪɨɜɨɞɚɦ, ɝɟɪɦɟɬɢɱɧɨɫɬɶ ɤɨɪɩɭɫɚ ɫɜɨɞɹɬ ɞɨ ɦɢɧɢɦɭɦɚ ɜɵɛɪɨɫ 

ɩɵɥɢ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ [121,131]. Ɇɨɥɨɬɤɨɜɵɟ ɞɪɨɛɢɥɤɢ ɢɦɟɸɬ ɩɪɨɫɬɭɸ 

ɤɨɧɫɬɪɭɤɰɢɸ, ɭɞɨɛɧɵ ɜ ɨɛɫɥɭɠɢɜɚɧɢɢ. ɇɚɥɢɱɢɟ ɞɢɧɚɦɢɱɟɫɤɢ ɫɛɚɥɚɧɫɢɪɨɜɚɧɧɨɝɨ 

ɪɨɬɨɪɚ ɧɟ ɬɪɟɛɭɟɬ ɫɨɨɪɭɠɟɧɢɹ ɬɹɠɟɥɨɝɨ ɮɭɧɞɚɦɟɧɬɚ.  

 ɉɟɪɜɵɟ ɦɨɥɨɬɤɨɜɵɟ ɞɪɨɛɢɥɤɢ ɛɵɥɢ ɢɡɨɛɪɟɬɟɧɵ ɟɳɟ ɜ БIБ ɜ. ȼ 1860 ɝ. ɜ 

Ʌɨɧɞɨɧɟ ɛɵɥ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧ ɩɚɬɟɧɬ “ɧɚ ɦɚɲɢɧɭ ɭɞɚɪɧɨɝɨ ɞɟɣɫɬɜɢɹ ɞɥɹ 

ɞɪɨɛɥɟɧɢɹ ɤɜɚɪɰɚ ɢ ɬɨɦɭ ɩɨɞɨɛɧɵɯ ɦɚɬɟɪɢɚɥɨɜ” Д27Ж. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ 

ɦɨɥɨɬɤɨɜɵɟ ɞɪɨɛɢɥɤɢ ɧɚɲɥɢ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜɨ ɦɧɨɝɢɯ ɨɬɪɚɫɥɹɯ 

ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɢ ɜ ɫɟɥɶɫɤɨɦ ɯɨɡɹɣɫɬɜɟ. ɂɯ ɢɫɩɨɥɶɡɭɸɬ ɜ ɰɟɦɟɧɬɧɨɣ 

ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɩɪɢ ɢɡɦɟɥɶɱɟɧɢɢ ɨɫɧɨɜɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɰɟɦɟɧɬɚ. ȼ ɚɫɛɟɫɬɨɜɨɣ 

ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɨɧɢ ɷɮɮɟɤɬɢɜɧɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɞɪɨɛɥɟɧɢɹ ɚɫɛɟɫɬɨɜɨɣ ɪɭɞɵ. 

Ɇɨɥɨɬɤɨɜɵɟ ɞɪɨɛɢɥɤɢ ɩɪɢɦɟɧɹɸɬ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɫɬɟɤɥɚ, ɧɚɩɨɥɧɢɬɟɥɹ ɜ 

ɩɥɚɫɬɦɚɫɫɵ, ɞɨɥɨɦɢɬɨɜɨɣ ɦɭɤɢ, ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɤɢɪɩɢɱɚ, ɭɝɥɹ ɢ ɛɨɥɶɲɨɝɨ ɪɹɞɚ 

ɞɪɭɝɢɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɩɪɨɞɭɤɬɨɜ [125]. ȼ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ 

ɦɨɥɨɬɤɨɜɵɟ ɞɪɨɛɢɥɤɢ ɩɨɥɭɱɢɥɢ ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɪɢ ɢɡɦɟɥɶɱɟɧɢɢ 

ɡɟɪɧɚ ɜ ɤɨɦɛɢɤɨɪɦɨɜɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɩɪɢ ɞɪɨɛɥɟɧɢɢ ɮɭɪɚɠɧɨɝɨ ɡɟɪɧɚ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɤɨɪɦɨɰɟɯɚɯ ɯɨɡɹɣɫɬɜɚ ɛɥɚɝɨɞɚɪɹ ɧɚɞɟɠɧɨɫɬɢ ɪɚɛɨɬɵ, ɭɞɨɛɫɬɜɭ 

ɜ ɨɛɫɥɭɠɢɜɚɧɢɢ, ɩɪɨɫɬɨɬɟ ɤɨɧɫɬɪɭɤɰɢɢ. Ɍɚɤɢɟ ɞɪɨɛɢɥɤɢ ɨɛɟɫɩɟɱɢɜɚɸɬ ɞɨɜɨɥɶɧɨ 

ɪɚɜɧɨɦɟɪɧɨɟ ɢɡɦɟɥɶɱɟɧɢɟ ɢɫɯɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɛɵɫɬɪɨɟ ɭɞɚɥɟɧɢɟ ɢɡɦɟɥɶɱɟɧɧɨɝɨ 

ɩɪɨɞɭɤɬɚ ɢɡ ɪɚɛɨɱɟɣ ɤɚɦɟɪɵ, ɜɨɡɦɨɠɧɨɫɬɶ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɬɟɩɟɧɢ ɢɡɦɟɥɶɱɟɧɢɹ ɢ 

ɭɦɟɧɶɲɟɧɢɹ ɨɛɪɚɡɨɜɚɧɢɹ ɩɵɥɟɜɢɞɧɨɣ ɮɪɚɤɰɢɢ, ɦɢɧɢɦɚɥɶɧɵɣ ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ 

ɷɧɟɪɝɢɢ ɧɚ ɞɪɨɛɥɟɧɢɟ, ɜɨɡɦɨɠɧɨɫɬɶ ɦɟɯɚɧɢɡɢɪɨɜɚɬɶ ɡɚɝɪɭɡɤɭ ɢ ɪɚɡɝɪɭɡɤɭ 

ɦɚɬɟɪɢɚɥɚ, ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɬɶ ɭɩɪɚɜɥɟɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɩɪɨɰɟɫɫɨɦ Д19,127]. 

 Ɉɫɧɨɜɨɩɨɥɚɝɚɸɳɢɦɢ ɪɚɛɨɬɚɦɢ ɩɨ ɢɫɫɥɟɞɨɜɚɧɢɸ ɪɚɛɨɱɢɯ ɩɪɨɰɟɫɫɨɜ 

ɢɡɦɟɥɶɱɢɬɟɥɟɣ ɤɨɪɦɨɜ ɹɜɥɹɸɬɫɹ ɬɪɭɞɵ ȼ.ɉ.Ƚɨɪɹɱɤɢɧɚ, ȼ.Ⱥ.ɀɟɥɢɝɨɜɫɤɨɝɨ, 

Ɇ.Ɇ.Ƚɟɪɧɟɬɚ, ɋ.ȼ.Ɇɟɥɶɧɢɤɨɜɚ, ɋ.Ⱦ.ɏɭɫɢɞɚ, ɩɨɥɭɱɢɜɲɢɟ ɞɚɥɶɧɟɣɲɟɟ ɪɚɡɜɢɬɢɟ ɜ 

ɢɫɫɥɟɞɨɜɚɧɢɹɯ ȼ.Ɋ.Ⱥɥɟɲɤɢɧɚ, ȼ.Ƚ.Ⱥɪɬɟɦɶɟɜɚ, ȼ.Ƚ.Ⱥɪɬɟɦɶɟɜɚ,  Ⱥ.Ⱥ. Ⱥɪɬɸɲɢɧɚ, 

Ȼ.ɂ. ȼɚɝɢɧɚ, ȼ.Ⱥ.Ƚɨɥɢɤɨɜɚ, ȼ.Ⱥ.Ⱦɟɧɢɫɨɜɚ, ɉ.ȼ.Ɂɚɣɰɟɜɚ, ȼ.Ⱥ.ȿɥɢɫɟɟɜɚ, 
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Ƚ.Ɇ.Ʉɭɤɬɵ, ȼ.Ɏ.ɇɟɤɪɚɲɟɜɢɱɚ, ɂ.ɂ.Ɋɟɜɟɧɤɨ, ɇ.ȿ.Ɋɟɡɧɢɤɚ, ȼ.ɂ.ɋɵɪɨɜɚɬɤɢ ɢ 

ɦɧɨɝɢɯ ɞɪɭɝɢɯ ɭɱɟɧɵɯ. 

Ȼɨɥɶɲɨɣ ɜɤɥɚɞ ɜ ɪɚɡɜɢɬɢɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɬɟɨɪɢɢ ɞɪɨɛɥɟɧɢɹ ɢ ɫɨɡɞɚɧɢɹ 

ɦɨɥɨɬɤɨɜɵɯ ɞɪɨɛɢɥɨɤ ɜɧɟɫɥɢ ɇ.Ɏ.Ȼɚɪɚɧɨɜ, ɂ.ȿ.ȼɨɥɤɨɜȻ.Ƚ. Ɂɢɝɚɧɲɢɧ, 

ɉ.Ɇ.Ɋɨɳɢɧ, ɏ.Ⱥ.Ɋɚɯ-ɦɚɬɭɥɥɢɧ, ȼ.Ⱥ.Ⱦɟɧɢɫɨɜ, ȼ.Ƚ.Ɇɨɯɧɚɬɤɢɧ, Ɏ.Ƚ.ɉɥɨɯɨɜ, 

ȼ.Ⱥ.ɋɵɫɭɟɜ ɢ ɦɧɨɝɢɟ ɞɪɭɝɢɟ. 

 ɂɫɫɥɟɞɨɜɚɧɢɹ ɷɧɟɪɝɨɟɦɤɨɫɬɢ ɩɪɨɰɟɫɫɚ ɞɪɨɛɥɟɧɢɹ ɩɪɨɜɨɞɢɥɢ Ɏ. Ȼɨɧɞ, 

ȼ.Ʌ.Ʉɢɪɩɢɱɟɜ, Ɏ.Ʉɢɤ, ɉ.Ɋɟɛɢɧɞɟɪ, ɉ.Ɋɢɬɬɢɧɝɟɪ,  Ɋ.Ⱥ.Ɋɨɞɢɧ, Ⱥ.Ʉ.Ɋɭɧɞɤɜɢɫɬ, 

ɋ.ȼ.Ɇɟɥɶɧɢɤɨɜ ɢ ɞɪɭɝɢɟ. 

 ɂɡɭɱɟɧɢɟɦ ɜɨɡɞɭɲɧɨɝɨ ɪɟɠɢɦɚ ɜ ɪɚɛɨɱɟɣ ɤɚɦɟɪɟ ɞɪɨɛɢɥɤɢ ɡɚɧɢɦɚɥɢɫɶ 

Ɇ.ȿ. Ƚɢɪɲɢɧ, ɇ.Ɏ. ɂɝɧɚɬɶɟɜɫɤɢɣ, Ⱥ.Ɇ. Ʉɚɪɧɨɜ, Ɏ.ɋ.Ʉɢɪɩɢɱɧɢɤɨɜ, ɇ.ɉ.ɋɵɱɭɝɨɜ 

ɢ ɞɪɭɝɢɟ. 

 Ⱦɪɨɛɢɥɤɢ ɤɥɚɫɫɢɮɢɰɢɪɭɸɬ ɩɨ ɪɚɡɥɢɱɧɵɦ ɩɪɢɡɧɚɤɚɦμ ɩɨ ɩɪɢɧɰɢɩɭ ɪɚɛɨɬɵ, 

ɩɨ ɤɨɧɫɬɪɭɤɬɢɜɧɵɦ ɢ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɦ ɨɫɨɛɟɧɧɨɫɬɹɦ, ɩɨ ɫɩɨɫɨɛɭ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɢ ɞɪ. ɉɨ ɤɨɧɫɬɪɭɤɬɢɜɧɵɦ ɩɪɢɡɧɚɤɚɦ ɦɨɥɨɬɤɨɜɵɟ 

ɞɪɨɛɢɥɤɢ ɩɨɞɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɨɞɧɨ- ɢ ɞɜɭɯɪɨɬɨɪɧɵɟ, ɫ ɝɨɪɢɡɨɧɬɚɥɶɧɵɦ ɢ 

ɜɟɪɬɢɤɚɥɶɧɵɦ ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɜɚɥɚ ɪɨɬɨɪɚ, ɪɟɜɟɪɫɢɜɧɵɟ ɢ ɧɟɪɟɜɟɪɫɢɜɧɵɟ, 

ɪɟɲɟɬɧɵɟ ɢ ɛɟɡɪɟɲɟɬɧɵɟ ɢ ɬ. ɞ. Ɉɫɧɨɜɧɨɣ ɢ ɧɚɢɛɨɥɟɟ ɦɧɨɝɨɱɢɫɥɟɧɧɵɣ ɬɢɩ 

ɦɨɥɨɬɤɨɜɵɯ ɞɪɨɛɢɥɨɤ – ɨɞɧɨɪɨɬɨɪɧɵɣ, ɤɚɤ ɧɚɢɛɨɥɟɟ ɩɪɨɫɬɨɣ ɩɨ ɤɨɧɫɬɪɭɤɰɢɢ ɢ 

ɭɧɢɜɟɪɫɚɥɶɧɵɣ ɩɨ ɩɪɢɦɟɧɟɧɢɸ [92,111]. 

 Ʉɪɨɦɟ ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɯ ɞɪɨɛɢɥɨɤ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢɡɜɟɫɬɧɵ 

ɞɪɨɛɢɥɤɢ ɞɥɹ ɢɡɦɟɥɶɱɟɧɢɹ ɥɢɩɤɢɯ ɦɚɬɟɪɢɚɥɨɜ, ɚ ɬɚɤɠɟ ɫɩɟɰɢɚɥɶɧɵɟ ɞɪɨɛɢɥɶɧɵɟ 

ɦɚɲɢɧɵ ɞɥɹ ɢɡɦɟɥɶɱɟɧɢɹ ɬɚɤɢɯ ɦɚɬɟɪɢɚɥɨɜ, ɝɞɟ ɧɟɜɨɡɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 

ɞɪɨɛɢɥɤɢ ɨɛɳɟɝɨ ɧɚɡɧɚɱɟɧɢɹ [28,55]. Ʉ ɬɚɤɢɦ ɦɚɲɢɧɚɦ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɞɪɨɛɢɥɤɢ 

ɞɥɹ ɢɡɦɟɥɶɱɟɧɢɹ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɠɤɢ, ɨɬɯɨɞɨɜ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɨɣ 

ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɨɫɨɛɨɩɪɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɦɟɬɚɥɥɨɥɨɦɚ, ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɯ 

ɲɥɚɤɨɜ, ɛɵɬɨɜɵɯ ɨɬɯɨɞɨɜ. 

 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɫɯɟɦɵ ɢɡɦɟɥɶɱɟɧɢɹ ɤɨɪɦɨɜ, ɫ ɭɱɟɬɨɦ 

ɫɨɜɪɟɦɟɧɧɵɯ ɬɪɟɛɨɜɚɧɢɣ, ɞɨɥɠɧɵ ɪɚɡɜɢɜɚɬɶɫɹ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɫɧɢɠɟɧɢɹ 

ɷɧɟɪɝɨɡɚɬɪɚɬ, ɭɥɭɱɲɟɧɢɹ ɤɚɱɟɫɬɜɚ ɩɨɥɭɱɚɟɦɨɝɨ ɩɪɨɞɭɤɬɚ, ɪɚɫɲɢɪɟɧɢɹ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɜɨɡɦɨɠɧɨɫɬɟɣ, ɩɨɥɧɨɣ ɦɟɯɚɧɢɡɚɰɢɢ ɢ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɡɚɝɪɭɡɤɢ ɢ 

ɜɵɝɪɭɡɤɢ ɢɡɦɟɥɶɱɢɬɟɥɟɣ ɤɨɪɦɨɜ. 
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1.2 Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɦɚɲɢɧ ɞɥɹ ɞɪɨɛɥɟɧɢɹ ɡɟɪɧɚ ɢ ɢɯ ɪɚɛɨɱɢɯ ɨɪɝɚɧɨɜ 

 ȼ ɞɪɨɛɢɥɤɚɯ ɢɫɩɨɥɶɡɭɸɬɫɹ ɬɚɤɢɟ ɜɢɞɵ ɧɚɝɪɭɡɨɤ ɤɚɤ ɪɚɡɞɚɜɥɢɜɚɧɢɟ, 

ɪɚɫɤɚɥɵɜɚɧɢɟ, ɢɡɥɨɦ, ɢɫɬɢɪɚɧɢɟ. Ʉɚɤ ɩɪɚɜɢɥɨ ɪɚɡɥɢɱɧɵɟ ɜɢɞɵ ɧɚɝɪɭɡɨɤ 

ɞɟɣɫɬɜɭɸɬ ɨɞɧɨɜɪɟɦɟɧɧɨ. ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ 

ɧɚɝɪɭɡɨɤ, ɚ ɬɚɤɠɟ ɤɨɧɫɬɪɭɤɰɢɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɦɧɨɝɨɨɛɪɚɡɢɟɦ ɫɜɨɣɫɬɜ 

ɦɚɬɟɪɢɚɥɨɜ, ɚ ɬɚɤɠɟ ɬɪɟɛɨɜɚɧɢɹɦɢ ɤ ɪɚɡɦɟɪɚɦ ɩɨɥɭɱɚɟɦɨɝɨ ɩɪɨɞɭɤɬɚ. 

ɉɪɨɮɟɫɫɨɪ Ʌ.Ȼ.Ʌɟɜɟɧɫɨɧ ɜ    1λ33 ɝ. ɩɢɫɚɥμ “Ɇɨɠɧɨ, ɩɨɠɚɥɭɣ, ɫɤɚɡɚɬɶ, ɱɬɨ ɧɢ 

ɨɞɢɧ ɤɥɚɫɫ ɦɚɲɢɧ ɧɟ ɨɛɥɚɞɚɟɬ ɬɚɤɢɦ ɛɨɝɚɬɫɬɜɨɦ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɮɨɪɦ, ɤɚɤ 

ɞɪɨɛɢɥɶɧɵɟ ɦɚɲɢɧɵ”. ɗɬɨ ɜɵɫɤɚɡɵɜɚɧɢɟ ɫɩɪɚɜɟɞɥɢɜɨ ɢ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ 

ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɵɦ ɞɪɨɛɢɥɤɚɦ ɢ ɜɩɨɥɧɟ ɚɤɬɭɚɥɶɧɨ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ 

[90,106,122]. 

 Ⱦɪɨɛɢɥɤɢ ɩɨɞɪɚɡɞɟɥɹɸɬ ɧɚ ɫɥɟɞɭɸɳɢɟ ɨɫɧɨɜɧɵɟ ɜɢɞɵμ ɳɟɤɨɜɵɟ, 

ɤɨɧɭɫɧɵɟ, ɜɚɥɤɨɜɵɟ, ɭɞɚɪɧɨɝɨ ɞɟɣɫɬɜɢɹ. Ⱦɪɨɛɢɥɤɢ ɭɞɚɪɧɨɝɨ ɞɟɣɫɬɜɢɹ 

ɩɨɞɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɦɨɥɨɬɤɨɜɵɟ ɢ ɪɨɬɨɪɧɵɟ [124,126]. ȼ ɦɨɥɨɬɤɨɜɵɯ ɞɪɨɛɢɥɤɚɯ 

ɦɨɥɨɬɤɢ ɩɨɞɜɟɲɟɧɵ ɲɚɪɧɢɪɧɨ, ɚ ɜ ɪɨɬɨɪɧɵɯ - ɠɟɫɬɤɨ ɩɪɢɤɪɟɩɥɟɧɵ ɤ ɪɨɬɨɪɭ.  

 ɓɟɤɨɜɵɟ ɞɪɨɛɢɥɤɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɤɪɭɩɧɨɝɨ ɢ ɫɪɟɞɧɟɝɨ ɞɪɨɛɥɟɧɢɹ 

ɦɚɬɟɪɢɚɥɨɜ ɜ ɝɨɪɧɨɪɭɞɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɢ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɫɬɪɨɢɬɟɥɶɧɵɯ 

ɦɚɬɟɪɢɚɥɨɜ. ɉɪɢɧɰɢɩ ɬɚɤɢɯ ɞɪɨɛɢɥɨɤ ɡɚɤɥɸɱɚɟɬɫɹ, ɜ ɬɨɦ, ɱɬɨ ɤɚɦɟɪɚ 

ɞɪɨɛɥɟɧɢɹ ɢɦɟɟɬ ɮɨɪɦɭ ɤɥɢɧɚ, ɨɛɪɚɡɨɜɚɧɧɭɸ ɞɜɭɦɹ ɳɟɤɚɦɢ. Ɉɞɧɚ ɢɡ ɤɨɬɨɪɵɯ, 

ɜ ɨɫɧɨɜɧɨɦ, ɹɜɥɹɟɬɫɹ ɧɟɩɨɞɜɢɠɧɨɣ, ɚ ɜɬɨɪɚɹ - ɩɨɞɜɢɠɧɨɣ. ɉɪɢ ɩɟɪɢɨɞɢɱɟɫɤɨɦ 

ɞɜɢɠɟɧɢɢ ɩɨɞɜɢɠɧɨɣ ɳɟɤɢ ɩɪɨɢɫɯɨɞɢɬ ɞɪɨɛɥɟɧɢɟ ɦɚɬɟɪɢɚɥɚ ɢ ɨɞɧɨɜɪɟɦɟɧɧɨ 

ɭɞɚɥɟɧɢɟ ɢɡɦɟɥɶɱɟɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢɡ ɪɚɛɨɱɟɣ ɤɚɦɟɪɵ Д15,24]. 

 ȼ ɩɪɨɢɡɜɨɞɫɬɜɟ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɢ ɤɨɧɭɫɧɵɟ ɞɪɨɛɢɥɤɢ. ȼ ɬɚɤɢɯ 

ɦɚɲɢɧɚɯ ɞɪɨɛɥɟɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɡɚ ɫɱɟɬ ɫɠɚɬɢɹ ɢɫɯɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɦɟɠɞɭ 

ɤɨɧɭɫɚɦɢ, ɪɚɫɩɨɥɨɠɟɧɧɵɦɢ ɨɞɢɧ ɜɧɭɬɪɢ ɞɪɭɝɨɝɨ. ȼ ɫɨɜɪɟɦɟɧɧɵɯ ɤɨɧɭɫɧɵɯ 

ɞɪɨɛɢɥɤɚɯ ɪɚɛɨɱɚɹ ɤɚɦɟɪɚ ɨɛɪɚɡɭɟɬɫɹ ɫɥɨɠɧɵɦɢ ɩɨɜɟɪɯɧɨɫɬɹɦɢ. Ɍɚɤ ɤɚɤ 

ɩɟɪɜɵɟ ɦɚɲɢɧɵ ɢɦɟɥɢ ɪɚɛɨɱɢɟ ɤɚɦɟɪɵ, ɨɛɪɚɡɨɜɚɧɧɵɟ ɞɜɭɦɹ ɭɫɟɱɟɧɧɵɦɢ 

ɤɨɧɭɫɚɦɢ, ɬɨ ɷɬɨ ɢ ɩɨɫɥɭɠɢɥɨ ɨɫɧɨɜɚɧɢɟɦ ɞɥɹ ɧɚɡɜɚɧɢɹ ɬɚɤɢɯ ɞɪɨɛɢɥɨɤ 

ɤɨɧɭɫɧɵɦɢ. 

 ȼɚɥɤɨɜɵɟ ɞɪɨɛɢɥɤɢ ɨɬɥɢɱɚɸɬɫɹ ɬɟɦ, ɱɬɨ ɪɚɛɨɱɢɦ ɨɪɝɚɧɨɦ ɢɯ ɹɜɥɹɟɬɫɹ 

ɜɚɥɨɤ, ɜɪɚɳɚɸɳɢɣɫɹ ɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɨɫɢ. ɂɡɦɟɥɶɱɚɟɦɵɣ ɦɚɬɟɪɢɚɥ ɜ ɷɬɨɦ 

ɫɥɭɱɚɟ ɩɨɞɚɟɬɫɹ ɫɜɟɪɯɭ, ɡɚɬɹɝɢɜɚɟɬɫɹ ɦɟɠɞɭ ɜɚɥɤɚɦɢ ɢ ɬɟɦ ɫɚɦɵɦ ɞɪɨɛɢɬɫɹ. 
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 Ɋɨɬɨɪɧɵɟ ɞɪɨɛɢɥɤɢ ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɪɚɡɥɢɱɧɵɯ ɨɛɥɚɫɬɹɯ 

ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. ɗɬɢ ɦɚɲɢɧɵ ɭɞɚɪɧɨɝɨ ɞɟɣɫɬɜɢɹ. Ⱦɪɨɛɥɟɧɢɟ ɜ ɧɢɯ 

ɩɪɨɢɫɯɨɞɢɬ ɡɚ ɫɱɟɬ ɛɵɫɬɪɨ ɜɪɚɳɚɸɳɢɯɫɹ ɛɢɥ, ɤɨɬɨɪɵɟ ɠɟɫɬɤɨ ɩɪɢɤɪɟɩɥɟɧɵ ɧɚ 

ɪɨɬɨɪɟ. Ɋɨɬɨɪ ɭɫɬɚɧɨɜɥɟɧ ɜɧɭɬɪɢ ɤɨɪɩɭɫɚ. ɇɚ ɫɬɟɧɤɚɯ ɤɨɪɩɭɫɚ ɭɫɬɚɧɨɜɥɟɧɵ 

ɩɪɢɟɦɧɵɣ ɥɨɬɨɤ, ɨɬɪɚɠɚɬɟɥɶɧɵɟ ɩɥɢɬɵ, ɤɨɥɨɫɧɢɤɨɜɵɟ ɪɟɲɟɬɤɢ, ɤɨɬɨɪɵɟ 

ɨɛɪɚɡɭɸɬ ɜɦɟɫɬɟ ɫ ɪɨɬɨɪɨɦ ɤɚɦɟɪɭ ɞɪɨɛɥɟɧɢɹ Д25].  

 Ɇɨɥɨɬɤɨɜɵɟ ɞɪɨɛɢɥɤɢ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɦɚɲɢɧɵ ɭɞɚɪɧɨɝɨ ɞɟɣɫɬɜɢɹ, ɫ 

ɦɨɥɨɬɤɚɦɢ, ɲɚɪɧɢɪɧɨ ɡɚɤɪɟɩɥɟɧɧɵɦɢ ɧɚ ɪɨɬɨɪɟ. Ɇɨɥɨɬɤɨɜɵɦ ɞɪɨɛɢɥɤɚɦ 

ɩɪɢɫɭɳɟ ɜɵɫɨɤɚɹ ɫɬɟɩɟɧɶ ɢɡɦɟɥɶɱɟɧɢɹ, ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɜɵɫɨɤɚɹ ɫɬɨɢɦɨɫɬɶ 

ɢɡɦɟɥɶɱɟɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. Ʉɨɧɫɬɪɭɤɬɢɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɢ ɩɨɬɪɟɛɧɚɹ ɦɨɳɧɨɫɬɶ 

ɧɚ ɟɞɢɧɢɰɭ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɜ 2-5 ɪɚɡ ɦɟɧɶɲɟ, ɱɟɦ ɭ ɳɟɤɨɜɵɯ ɢ ɤɨɧɭɫɧɵɯ 

ɞɪɨɛɢɥɨɤ. ȼɨɡɦɨɠɧɨɫɬɶ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɡɚɝɪɭɡɨɱɧɵɯ ɢ ɪɚɡɝɪɭɡɨɱɧɵɯ ɤɚɧɚɥɨɜ ɤ 

ɬɪɭɛɨɩɪɨɜɨɞɚɦ, ɝɟɪɦɟɬɢɱɧɨɫɬɶ ɤɨɪɩɭɫɚ ɫɜɨɞɹɬ ɞɨ ɦɢɧɢɦɭɦɚ ɜɵɛɪɨɫ ɩɵɥɢ ɜ 

ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ. Ɇɨɥɨɬɤɨɜɵɟ ɞɪɨɛɢɥɤɢ ɢɦɟɸɬ ɩɪɨɫɬɭɸ ɤɨɧɫɬɪɭɤɰɢɸ, 

ɭɞɨɛɧɵ ɜ ɨɛɫɥɭɠɢɜɚɧɢɢ. ɇɚɥɢɱɢɟ ɞɢɧɚɦɢɱɟɫɤɢ ɫɛɚɥɚɧɫɢɪɨɜɚɧɧɨɝɨ ɪɨɬɨɪɚ ɧɟ 

ɬɪɟɛɭɟɬ ɫɨɨɪɭɠɟɧɢɹ ɬɹɠɟɥɨɝɨ ɮɭɧɞɚɦɟɧɬɚ Д23Ж.  

 Ɇɨɥɨɬɤɨɜɵɟ ɞɪɨɛɢɥɤɢ ɛɵɥɢ ɢɡɨɛɪɟɬɟɧɵ ɟɳɟ ɜ БIБ ɜɟɤɟ. ȼ 1860ɝ. ɜ 

Ʌɨɧɞɨɧɟ ɛɵɥ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧ ɩɚɬɟɧɬ “ɧɚ ɦɚɲɢɧɭ ɭɞɚɪɧɨɝɨ ɞɟɣɫɬɜɢɹ ɞɥɹ 

ɞɪɨɛɥɟɧɢɹ ɤɜɚɪɰɚ ɢ ɬɨɦɭ ɩɨɞɨɛɧɵɯ ɦɚɬɟɪɢɚɥɨɜ”.  ɋɨɜɪɟɦɟɧɧɵɟ ɦɨɥɨɬɤɨɜɵɟ 

ɞɪɨɛɢɥɤɢ ɧɚɲɥɢ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜɨ ɦɧɨɝɢɯ ɨɬɪɚɫɥɹɯ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɢ 

ɫɟɥɶɫɤɨɦ ɯɨɡɹɣɫɬɜɟ. ɂɯ ɩɪɢɦɟɧɹɸɬ ɜ ɰɟɦɟɧɬɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɩɪɢ 

ɢɡɦɟɥɶɱɟɧɢɢ ɨɫɧɨɜɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɰɟɦɟɧɬɚ. ȼ ɚɫɛɟɫɬɨɜɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ 

ɨɧɢ ɷɮɮɟɤɬɢɜɧɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɞɪɨɛɥɟɧɢɹ ɚɫɛɟɫɬɨɜɨɣ ɪɭɞɵ. Ɇɨɥɨɬɤɨɜɵɟ 

ɞɪɨɛɢɥɤɢ ɩɪɢɦɟɧɹɸɬ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɫɬɟɤɥɚ, ɧɚɩɨɥɧɢɬɟɥɹ ɜ ɩɥɚɫɬɦɚɫɫɵ, 

ɞɨɥɨɦɢɬɨɜɨɣ ɦɭɤɢ, ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɤɢɪɩɢɱɚ, ɭɝɥɹ ɢ ɛɨɥɶɲɨɝɨ ɪɹɞɚ ɞɪɭɝɢɯ 

ɦɚɬɟɪɢɚɥɨɜ ɢ ɩɪɨɞɭɤɬɨɜ Д13Ж. 

ȼ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ ɦɨɥɨɬɤɨɜɵɟ ɞɪɨɛɢɥɤɢ ɩɨɥɭɱɢɥɢ 

ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɪɢ ɢɡɦɟɥɶɱɟɧɢɢ ɡɟɪɧɚ ɜ ɤɨɦɛɢɤɨɪɦɨɜɨɣ 

ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɞɪɨɛɥɟɧɢɢ ɮɭɪɚɠɧɨɝɨ ɡɟɪɧɚ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɯɨɡɹɣɫɬɜɚɯ 

ɛɥɚɝɨɞɚɪɹ ɧɚɞɟɠɧɨɫɬɢ ɪɚɛɨɬɵ, ɭɞɨɛɫɬɜɭ ɨɛɫɥɭɠɢɜɚɧɢɹ, ɩɪɨɫɬɨɬɟ ɤɨɧɫɬɪɭɤɰɢɢ. 

Ɇɨɥɨɬɤɨɜɵɟ ɞɪɨɛɢɥɤɢ ɨɛɟɫɩɟɱɢɜɚɸɬ ɞɨɜɨɥɶɧɨ ɪɚɜɧɨɦɟɪɧɨɟ ɢɡɦɟɥɶɱɟɧɢɟ 

ɢɫɯɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɛɵɫɬɪɨɟ ɭɞɚɥɟɧɢɟ ɢɡɦɟɥɶɱɟɧɧɨɝɨ ɩɪɨɞɭɤɬɚ ɢɡ ɪɚɛɨɱɟɣ 
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ɤɚɦɟɪɵ, ɜɨɡɦɨɠɧɨɫɬɶ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɬɟɩɟɧɢ ɢɡɦɟɥɶɱɟɧɢɹ, ɭɦɟɧɶɲɟɧɢɹ 

ɨɛɪɚɡɨɜɚɧɢɹ ɩɵɥɟɜɢɞɧɨɣ ɮɪɚɤɰɢɢ, ɦɢɧɢɦɚɥɶɧɵɣ ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɷɧɟɪɝɢɢ ɧɚ 

ɞɪɨɛɥɟɧɢɟ, ɜɨɡɦɨɠɧɨɫɬɶ ɦɟɯɚɧɢɡɢɪɨɜɚɬɶ ɡɚɝɪɭɡɤɭ ɢ ɪɚɡɝɪɭɡɤɭ ɦɚɬɟɪɢɚɥɚ, 

ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɬɶ ɭɩɪɚɜɥɟɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɩɪɨɰɟɫɫɨɦ Д21]. 

 ɋɨɜɪɟɦɟɧɧɵɟ ɞɪɨɛɢɥɤɢ ɤɥɚɫɫɢɮɢɰɢɪɭɸɬ ɩɨ ɪɚɡɥɢɱɧɵɦ ɩɪɢɡɧɚɤɚɦμ ɩɨ 

ɩɪɢɧɰɢɩɭ ɪɚɛɨɬɵ, ɩɨ ɤɨɧɫɬɪɭɤɬɢɜɧɵɦ ɢ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɦ ɨɫɨɛɟɧɧɨɫɬɹɦ, ɩɨ 

ɫɩɨɫɨɛɭ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɢ ɞɪ. ɉɨ ɤɨɧɫɬɪɭɤɬɢɜɧɵɦ ɩɪɢɡɧɚɤɚɦ 

ɦɨɥɨɬɤɨɜɵɟ ɞɪɨɛɢɥɤɢ ɪɚɡɥɢɱɚɸɬ ɨɞɧɨ - ɢ ɞɜɭɯɪɨɬɨɪɧɵɟ, ɫ ɝɨɪɢɡɨɧɬɚɥɶɧɵɦ ɢ 

ɜɟɪɬɢɤɚɥɶɧɵɦ ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɜɚɥɚ ɪɨɬɨɪɚ, ɪɟɜɟɪɫɢɜɧɵɟ ɢ ɧɟɪɟɜɟɪɫɢɜɧɵɟ, 

ɪɟɲɟɬɧɵɟ ɢ ɛɟɡɪɟɲɟɬɧɵɟ ɢ ɬ. ɞ. Ɉɫɧɨɜɧɨɣ ɢ ɧɚɢɛɨɥɟɟ ɦɧɨɝɨɱɢɫɥɟɧɧɵɣ ɬɢɩ 

ɦɨɥɨɬɤɨɜɵɯ ɞɪɨɛɢɥɨɤ - ɨɞɧɨɪɨɬɨɪɧɵɣ, ɤɚɤ ɧɚɢɛɨɥɟɟ ɩɪɨɫɬɨɣ ɩɨ ɤɨɧɫɬɪɭɤɰɢɢ ɢ 

ɭɧɢɜɟɪɫɚɥɶɧɵɣ ɩɨ ɩɪɢɦɟɧɟɧɢɸ Д30Ж. 

 Ʉɪɨɦɟ ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɯ ɞɪɨɛɢɥɨɤ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢɡɜɟɫɬɧɵ 

ɞɪɨɛɢɥɤɢ ɞɥɹ ɢɡɦɟɥɶɱɟɧɢɹ ɥɢɩɤɢɯ ɦɚɬɟɪɢɚɥɨɜ, ɚ ɬɚɤɠɟ ɫɩɟɰɢɚɥɶɧɵɟ 

ɞɪɨɛɢɥɶɧɵɟ ɦɚɲɢɧɵ ɞɥɹ ɢɡɦɟɥɶɱɟɧɢɹ ɬɚɤɢɯ ɦɚɬɟɪɢɚɥɨɜ, ɝɞɟ ɧɟɜɨɡɦɨɠɧɨ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɪɨɛɢɥɤɢ ɨɛɳɟɝɨ ɧɚɡɧɚɱɟɧɢɹ. Ʉ ɬɚɤɢɦ ɦɚɲɢɧɚɦ ɦɨɠɧɨ ɨɬɧɟɫɬɢ 

ɞɪɨɛɢɥɤɢ ɞɥɹ ɢɡɦɟɥɶɱɟɧɢɹμ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɠɤɢ, ɨɬɯɨɞɨɜ 

ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɨɫɨɛɨɩɪɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, 

ɦɟɬɚɥɥɨɥɨɦɚ, ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɯ ɲɥɚɤɨɜ, ɛɵɬɨɜɵɯ ɨɬɯɨɞɨɜ Д11Ж. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɫɯɟɦɵ ɢɡɦɟɥɶɱɟɧɢɹ ɤɨɪɦɨɜ, ɫ ɭɱɟɬɨɦ 

ɫɨɜɪɟɦɟɧɧɵɯ ɬɪɟɛɨɜɚɧɢɣ, ɞɨɥɠɧɵ ɪɚɡɜɢɜɚɬɶɫɹ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɫɧɢɠɟɧɢɹ 

ɷɧɟɪɝɨɡɚɬɪɚɬ, ɭɥɭɱɲɟɧɢɹ ɤɚɱɟɫɬɜɚ ɩɨɥɭɱɚɟɦɨɝɨ ɩɪɨɞɭɤɬɚ, ɪɚɫɲɢɪɟɧɢɹ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɜɨɡɦɨɠɧɨɫɬɟɣ, ɩɨɥɧɨɣ ɦɟɯɚɧɢɡɚɰɢɢ ɢ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɡɚɝɪɭɡɤɢ ɢ 

ɜɵɝɪɭɡɤɢ ɢɡɦɟɥɶɱɢɬɟɥɟɣ ɤɨɪɦɨɜ. 
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1.3 Ⱥɧɚɥɢɡ ɩɪɢɦɟɧɹɟɦɵɯ ɜ ɫɟɥɶɫɤɨɦ ɯɨɡɹɣɫɬɜɟ ɦɚɲɢɧɞɥɹ ɞɪɨɛɥɟɧɢɹ ɡɟɪɧɚ 

1.3.1 Ⱥɧɚɥɢɡ ɪɟɲɟɬɧɵɯ ɦɨɥɨɬɤɨɜɵɯ ɞɪɨɛɢɥɨɤ ɤɨɪɦɨɜ 
 

ȼ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ ɦɨɥɨɬɤɨɜɵɟ ɞɪɨɛɢɥɤɢ 

ɩɪɟɞɧɚɡɧɚɱɟɧɵ, ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɞɪɨɛɥɟɧɢɹ ɡɟɪɧɚ ɪɚɡɥɢɱɧɵɯ ɤɭɥɶɬɭɪ. 

Ɉɞɧɚɤɨ ɜ ɧɟɤɨɬɨɪɵɯ ɤɨɧɫɬɪɭɤɰɢɹɯ ɨɧɢ ɭɫɩɟɲɧɨ ɩɪɢɦɟɧɹɸɬɫɹ ɞɥɹ ɞɪɨɛɥɟɧɢɹ 

ɠɦɵɯɚ, ɤɭɤɭɪɭɡɧɵɯ ɩɨɱɚɬɤɨɜ ɢ ɞɪɭɝɢɯ ɤɨɪɦɨɜ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢɡɜɟɫɬɧɨ 

ɡɧɚɱɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɦɨɥɨɬɤɨɜɵɯ ɞɪɨɛɢɥɨɤ, ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɪɚɡɥɢɱɧɵɟ 

ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ Д10, 31]. 

 ɂɡɜɟɫɬɧɚ ɦɨɥɨɬɤɨɜɚɹ ɞɪɨɛɢɥɤɚ[65] (ɪɢɫɭɧɨɤ 1.5), ɩɪɟɞɧɚɡɧɚɱɟɧɧɚɹ ɞɥɹ  

 
Ɋɢɫɭɧɨɤ 1.5 Ʉɨɧɫɬɪɭɤɬɢɜɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɪɟɲɟɬɧɨɣ ɦɨɥɨɬɤɨɜɨɣ               

ɞɪɨɛɢɥɤɢ ɉɚɬɟɧɬ № 410810 

 

ɢɡɦɟɥɶɱɟɧɢɹ ɦɚɬɟɪɢɚɥɨɜ, ɨɬɥɢɱɢɬɟɥɶɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɤɨɬɨɪɨɣ ɹɜɥɹɟɬɫɹ ɧɚɥɢɱɢɟ 

ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ ɬɚɪɟɥɤɢ ɧɚ ɪɨɬɨɪɟ ɞɪɨɛɢɥɤɢ, ɩɨɡɜɨɥɹɸɳɟɣ ɩɨɜɵɫɢɬɶ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɞɪɨɛɥɟɧɢɹ ɢ ɭɦɟɧɶɲɢɬɶ ɫɨɞɟɪɠɚɧɢɟ ɩɵɥɢ ɜ ɢɡɦɟɥɶɱɟɧɧɨɦ 

ɩɪɨɞɭɤɬɟν ɤɨɧɢɱɟɫɤɨɝɨ ɢ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɪɨɬɨɪɚ ɫ ɦɨɥɨɬɤɚɦɢ, ɢɦɟɸɳɢɦɢ 

ɩɟɪɟɦɟɧɧɵɟ ɭɦɟɧɶɲɚɸɳɢɟɫɹ ɦɚɫɫɵ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɤ ɧɢɠɧɟɣ ɱɚɫɬɢ ɪɨɬɨɪɚ Д21Ж. 

Ɉɛɪɚɡɨɜɚɧɧɵɟ ɜ ɤɨɧɫɬɪɭɤɰɢɢ ɞɪɨɛɢɥɤɢ ɞɜɟ ɢɡɨɥɢɪɨɜɚɧɧɵɟ ɡɨɧɵ ɞɥɹ ɨɬɛɨɪɚ 

ɝɨɬɨɜɨɣ ɩɪɨɞɭɤɰɢɢ ɩɨɡɜɨɥɹɸɬ ɩɨɥɭɱɢɬɶ ɢɡ ɩɟɪɜɨɣ ɡɨɧɵ ɩɪɨɞɭɤɬ ɩɨɫɬɨɹɧɧɨɣ 

ɦɟɥɤɨɣ ɮɪɚɤɰɢɢ, ɚ ɢɡ ɜɬɨɪɨɣ - ɩɪɨɞɭɤɬ ɪɚɡɧɨɨɛɪɚɡɧɨɣ ɮɪɚɤɰɢɢ. Ɋɚɛɨɬɚ ɞɪɨɛɢɥɤɢ 

ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ. ɂɫɯɨɞɧɵɣ ɩɪɨɞɭɤɬ ɩɨɞɚɟɬɫɹ ɧɚ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɭɸ 

ɬɚɪɟɥɤɭ, ɤɨɬɨɪɚɹ ɜɪɚɳɚɟɬɫɹ ɩɨ ɯɨɞɭ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ ɢ ɢɦɟɟɬ ɨɬɞɟɥɶɧɵɣ ɩɪɢɜɨɞ. 

ɉɪɢ ɢɡɦɟɥɶɱɟɧɢɢ ɭɞɚɪɧɵɦ ɞɟɣɫɬɜɢɟɦ ɦɨɥɨɬɤɨɜ ɞɨ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ 

ɩɪɨɞɭɤɬ ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɫɢɬɚ ɜ ɩɟɪɜɭɸ ɡɨɧɭ ɢ ɭɞɚɥɹɟɬɫɹ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɨɦ. 
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ɉɪɨɞɭɤɬ ɩɟɪɟɦɟɧɧɨɣ ɮɪɚɤɰɢɢ ɩɨɩɚɞɚɟɬ ɜ ɡɨɧɭ ɞɟɣɫɬɜɢɹ ɦɨɥɨɬɤɨɜ ɩɟɪɟɦɟɧɧɵɯ 

ɦɚɫɫ. ɑɢɫɥɨ ɭɞɚɪɨɜ ɜɨɡɪɚɫɬɚɟɬ ɩɨ ɦɟɪɟ ɩɪɨɞɜɢɠɟɧɢɹ ɩɪɨɞɭɤɬɚ ɜɧɢɡ, ɜɫɥɟɞɫɬɜɢɟ 

ɭɜɟɥɢɱɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɦɨɥɨɬɤɨɜ ɜ ɹɪɭɫɟ, ɚ ɬɚɤɠɟ ɭɜɟɥɢɱɟɧɢɢ ɢɯ ɨɤɪɭɠɧɨɣ 

ɫɤɨɪɨɫɬɢ. ɉɪɟɢɦɭɳɟɫɬɜɨɦ ɞɚɧɧɨɣ ɞɪɨɛɢɥɤɢ ɹɜɥɹɟɬɫɹ ɨɛɟɫɩɟɱɟɧɢɟ ɢɡɦɟɥɶɱɟɧɢɹ 

ɦɚɬɟɪɢɚɥɚ ɫ ɦɢɧɢɦɚɥɶɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɩɵɥɟɜɢɞɧɨɣ ɮɪɚɤɰɢɢ. Ⱦɥɹ ɢɡɦɟɧɟɧɢɹ 

ɫɨɫɬɚɜɚ ɜɬɨɪɨɣ ɮɪɚɤɰɢɢ ɢ ɪɟɝɭɥɢɪɨɜɤɢ ɡɚɡɨɪɚ ɦɟɠɞɭ ɦɨɥɨɬɤɚɦɢ ɫ ɫɢɬɨɦ, 

ɜɫɥɟɞɫɬɜɢɟ ɢɡɧɨɫɚ, ɢɦɟɟɬɫɹ ɭɫɬɪɨɣɫɬɜɨ, ɩɨɡɜɨɥɹɸɳɟɟ ɥɟɝɤɨ ɷɬɨ ɩɪɨɞɟɥɚɬɶ ɛɟɡ 

ɩɟɪɟɧɚɥɚɞɤɢ ɢ ɨɫɬɚɧɨɜɤɢ ɦɚɲɢɧɵ. ɉɪɢ ɢɡɧɨɫɟ ɪɚɛɨɱɢɯ ɭɝɥɨɜ ɦɨɥɨɬɤɨɜ ɫ ɨɞɧɨɣ 

ɫɬɨɪɨɧɵ ɧɟɨɛɯɨɞɢɦɨ ɥɢɲɶ ɢɡɦɟɧɢɬɶ ɧɚɩɪɚɜɥɟɧɢɟ ɜɪɚɳɟɧɢɹ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ 

ɬɚɪɟɥɤɢ ɢ ɪɨɬɨɪɚ ɜ ɨɛɪɚɬɧɭɸ ɫɬɨɪɨɧɭ, ɱɬɨ ɫɭɳɟɫɬɜɟɧɧɨ ɫɧɢɠɚɟɬ ɬɪɭɞɨɟɦɤɨɫɬɶ 

ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɞɪɨɛɢɥɤɢ. 

 Ɉɞɧɢɦ ɢɡ ɧɟɞɨɫɬɚɬɤɨɜ ɞɚɧɧɨɣ ɦɚɲɢɧɵ ɹɜɥɹɟɬɫɹ ɧɚɥɢɱɢɟ ɫɢɬɚ (ɪɟɲɟɬɚ), 

ɤɨɬɨɪɨɟ ɧɟ ɩɨɡɜɨɥɹɟɬ ɢɡɦɟɥɶɱɢɬɶ ɦɚɬɟɪɢɚɥɵ ɩɨɜɵɲɟɧɧɨɣ ɜɥɚɠɧɨɫɬɢ, ɢ 

ɬɪɭɞɨɟɦɤɨɫɬɶ ɡɚɦɟɧɵ ɫɢɬɚ ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɨɥɭɱɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɦɟɥɤɢɯ 

ɮɪɚɤɰɢɣ. Ⱦɥɹ ɪɚɡɥɢɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɭɫɥɨɜɢɹɯ ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ 

ɤɚɠɞɨɝɨ ɫɥɭɱɚɹ ɨɩɪɟɞɟɥɹɬɶ ɦɚɫɫɭ ɢ ɮɨɪɦɭ ɦɨɥɨɬɤɨɜ ɢ ɢɯ ɨɤɪɭɠɧɭɸ ɫɤɨɪɨɫɬɶ. 

Ʉɪɨɦɟ ɬɨɝɨ ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɟ ɧɟɞɨɫɬɚɬɤɢ ɢ ɩɪɟɢɦɭɳɟɫɬɜɚ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɦɟɪɟ 

ɭɞɨɪɨɠɚɸɬ ɢ ɭɫɥɨɠɧɹɸɬ ɤɨɧɫɬɪɭɤɰɢɸ ɦɚɲɢɧɵ.  

Ɇɨɥɨɬɤɨɜɚɹ ɞɪɨɛɢɥɤɚ [7], ɩɪɟɞɧɚɡɧɚɱɟɧɧɚɹ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ 

ɦɭɤɨɦɨɥɶɧɨɣ ɢ ɤɨɦɛɢɤɨɪɦɨɜɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 1.6 

Ɋɚɛɨɬɚ ɞɪɨɛɢɥɤɢ ɩɪɨɢɫɯɨɞɢɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. ɂɫɯɨɞɧɵɣ ɩɪɨɞɭɤɬ ɩɨɞɚɟɬɫɹ 

ɱɟɪɟɡ ɡɚɝɪɭɡɨɱɧɨɟ ɨɤɧɨ ɜ ɞɪɨɛɢɥɶɧɭɸ ɤɚɦɟɪɭ. ɂɡɦɟɥɶɱɟɧɧɵɣ ɩɨɞ ɞɟɣɫɬɜɢɟɦ 

ɦɨɥɨɬɤɨɜ ɩɪɨɞɭɤɬ ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɨɬɜɟɪɫɬɢɹ ɫɢɬɚ ɢ ɭɞɚɥɹɟɬɫɹ ɢɡ ɪɚɛɨɱɟɣ ɤɚɦɟɪɵ.  

 
Ɋɢɫɭɧɨɤ 1.6 Ʉɨɧɫɬɪɭɤɬɢɜɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɪɟɲɟɬɧɨɣ ɦɨɥɨɬɤɨɜɨɣ               

ɞɪɨɛɢɥɤɢ.  Ⱥɜɬɨɪɫɤɨɟ ɫɜɢɞɟɬɟɥɶɫɬɜɨ 321283 
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Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɜɨɡɦɨɠɧɨɫɬɢ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɪɚɛɨɱɟɝɨ ɡɚɡɨɪɚ ɦɟɠɞɭ ɦɨɥɨɬɤɚɦɢ ɢ 

ɩɨɜɟɪɯɧɨɫɬɶɸ ɪɚɛɨɱɟɣ ɤɚɦɟɪɵ, ɢ, ɬɟɦ ɫɚɦɵɦ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 

ɞɪɨɛɥɟɧɢɹ, ɩɪɟɞɭɫɦɨɬɪɟɧɨ ɫɩɟɰɢɚɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ. Ⱦɥɹ ɷɬɨɝɨ ɪɨɬɨɪ ɞɪɨɛɢɥɤɢ 

ɫɧɚɛɠɟɧ ɪɟɝɭɥɢɪɨɜɨɱɧɵɦɢ ɤɨɥɶɰɚɦɢ, ɭɫɬɚɧɨɜɥɟɧɧɵɦɢ ɫ ɬɨɪɰɨɜ. ɉɪɢ ɷɬɨɦ ɤɨɥɶɰɚ 

ɢɦɟɸɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɟɪɟɦɟɳɚɬɶɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɪɨɬɨɪɚ ɜɨɤɪɭɝ ɨɫɢ. ȼ ɞɢɫɤɚɯ 

ɪɨɬɨɪɚ ɢ ɪɟɝɭɥɢɪɨɜɨɱɧɵɯ ɤɨɥɶɰɚɯ ɜɵɩɨɥɧɟɧɵ ɩɚɡɵ, ɜ ɤɨɬɨɪɵɯ ɭɫɬɚɧɨɜɥɟɧɵ ɨɫɢ ɫ 

ɦɨɥɨɬɤɚɦɢ. ɉɪɢ ɷɬɨɦ ɩɚɡɵ ɪɟɝɭɥɢɪɨɜɨɱɧɵɯ ɤɨɥɟɰ ɢ ɞɢɫɤɨɜ ɪɨɬɨɪɚ ɧɚɩɪɚɜɥɟɧɵ 

ɩɨɞ ɭɝɥɨɦ ɞɪɭɝ ɤ ɞɪɭɝɭ. Ⱦɥɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɪɚɛɨɱɟɝɨ ɡɚɡɨɪɚ ɨɫɥɚɛɥɹɸɬ ɛɨɥɬɵ 

ɤɪɟɩɥɟɧɢɹ ɪɟɝɭɥɢɪɨɜɨɱɧɵɯ ɤɨɥɟɰ ɢ ɨɞɧɨɜɪɟɦɟɧɧɨ ɩɨɜɨɪɚɱɢɜɚɸɬ ɢɯ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɤɪɚɣɧɢɯ ɞɢɫɤɨɜ ɪɨɬɨɪɚ ɞɪɨɛɢɥɤɢ ɜɨɤɪɭɝ ɨɫɢ ɜɪɚɳɟɧɢɹ. ɉɪɢ ɷɬɨɦ ɨɫɢ ɫ ɦɨɥɨɬɤɚɦɢ 

ɩɟɪɟɦɟɳɚɸɬɫɹ ɜ ɩɚɡɚɯ ɞɢɫɤɨɜ ɢ ɬɟɦ ɫɚɦɵɦ ɢɡɦɟɧɹɸɬ ɪɚɛɨɱɢɣ ɡɚɡɨɪ. ɉɨɫɥɟ 

ɭɫɬɚɧɨɜɤɢ ɡɚɡɨɪɚ ɪɟɝɭɥɢɪɨɜɨɱɧɵɟ ɤɨɥɶɰɚ ɡɚɬɹɝɢɜɚɸɬɫɹ ɛɨɥɬɨɦ ɧɚ ɤɪɚɣɧɢɯ ɞɢɫɤɚɯ 

ɪɨɬɨɪɚ. ɇɟɞɨɫɬɚɬɤɨɦ ɞɚɧɧɨɣ ɞɪɨɛɢɥɤɢ ɹɜɥɹɟɬɫɹ ɧɚɥɢɱɢɟ ɪɟɲɟɬɚ (ɫɢɬɚ) ɜ ɪɚɛɨɱɟɣ 

ɤɚɦɟɪɟ ɞɥɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɦɨɞɭɥɹ ɩɨɦɨɥɚ. Ʉɪɨɦɟɬɨɝɨ, ɢɡɦɟɧɟɧɢɟ    ɪɚɛɨɱɟɝɨ 

ɡɚɡɨɪɚ ɜ ɞɪɨɛɢɥɶɧɨɣ ɤɚɦɟɪɟ ɧɟ ɫɬɨɥɶ ɫɭɳɟɫɬɜɟɧɧɨ ɜɥɢɹɟɬ ɧɚ ɪɚɡɦɟɪ ɤɨɧɟɱɧɨɝɨ 

ɩɪɨɞɭɤɬɚ, ɤɚɤ ɜ ɫɥɭɱɚɟ ɩɪɢɦɟɧɟɧɢɹ ɞɥɹ ɷɬɢɯ ɰɟɥɟɣ ɪɟɲɟɬ. ɉɨɷɬɨɦɭ ɷɤɨɧɨɦɢɱɟɫɤɢ 

ɧɟɰɟɥɟɫɨɨɛɪɚɡɧɨ ɜ ɞɚɧɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɩɪɢɦɟɧɹɬɶ ɬɚɤɨɟ ɭɫɬɪɨɣɫɬɜɨ. 

 Ⱦɥɹ ɢɡɦɟɥɶɱɟɧɢɹ ɡɟɪɧɨɜɵɯ ɤɭɥɶɬɭɪ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɤɨɪɦɨɜɵɯ ɰɟɥɹɯ, 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɪɨɛɢɥɤɚ, ɩɪɟɞɫɬɚɜɥɟɧɧɚɹ ɧɚ ɪɢɫɭɧɤɟ 1.7 [3Ж. Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɩɪɢ  

 
Ɋɢɫɭɧɨɤ  1.7 Ʉɨɧɫɬɪɭɤɬɢɜɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɪɟɲɟɬɧɨɣ ɦɨɥɨɬɤɨɜɨɣ               

ɞɪɨɛɢɥɤɢ.  Ⱥɜɬɨɪɫɤɨɟ ɫɜɢɞɟɬɟɥɶɫɬɜɨ 152608 

 

ɢɡɦɟɥɶɱɟɧɢɢ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɯ ɤɨɪɦɨɜ ɨɛɪɚɡɭɟɬɫɹ ɩɵɥɟɜɢɞɧɚɹ ɮɪɚɤɰɢɹ, 

ɤɨɬɨɪɚɹ ɨɬɪɢɰɚɬɟɥɶɧɨ ɜɥɢɹɟɬ ɧɚ ɨɪɝɚɧɢɡɦ ɠɢɜɨɬɧɵɯ ɩɪɢ ɜɞɵɯɚɧɢɢ ɢɯ ɜ ɩɪɨɰɟɫɫɟ 

ɩɨɟɞɚɧɢɹ ɤɨɪɦɚ. Ⱦɚɧɧɚɹ ɦɨɥɨɬɤɨɜɚɹ ɞɪɨɛɢɥɤɚ ɞɥɹ ɭɫɬɪɚɧɟɧɢɹ ɷɬɢɯ ɧɟɞɨɫɬɚɬɤɨɜ, 

ɫɧɚɛɠɟɧɚ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦɢ ɪɟɲɟɬɚɦɢ, ɤɨɬɨɪɵɟ ɭɫɬɚɧɨɜɥɟɧɵ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ 
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ɞɪɨɛɢɥɶɧɨɣ ɤɚɦɟɪɟ. ɂɫɯɨɞɧɵɣ ɩɪɨɞɭɤɬ, ɡɟɪɧɨ, ɩɨɫɬɭɩɚɟɬ ɩɨ ɤɨɧɭɫɭ ɤɨɥɶɰɟɜɵɦ 

ɫɥɨɟɦ ɜ ɞɪɨɛɢɥɶɧɭɸ ɤɚɦɟɪɭ. ɉɨɞ ɭɞɚɪɧɵɦ ɞɟɣɫɬɜɢɟɦ ɦɨɥɨɬɤɨɜ ɡɟɪɧɨ 

ɢɡɦɟɥɶɱɚɟɬɫɹ ɢ ɱɚɫɬɢɰɵ, ɧɟ ɩɪɨɲɟɞɲɢɟ ɱɟɪɟɡ ɨɬɜɟɪɫɬɢɹ ɪɟɲɟɬɚ, ɨɩɭɫɤɚɸɬɫɹ ɜɧɢɡ 

ɢ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɢɡɦɟɥɶɱɚɸɬɫɹ ɧɚ ɛɨɥɟɟ ɦɟɥɤɢɟ ɱɚɫɬɢɰɵ ɢ ɩɪɨɫɟɢɜɚɸɬɫɹ ɱɟɪɟɡ 

ɝɨɪɢɡɨɧɬɚɥɶɧɵɟ ɪɟɲɟɬɚ. Ʌɨɩɚɫɬɧɨɣ ɜɟɧɬɢɥɹɬɨɪ ɩɨɫɬɨɹɧɧɨ ɨɬɫɚɫɵɜɚɟɬ ɦɟɥɤɢɟ 

ɱɚɫɬɢɰɵ ɢɡɦɟɥɶɱɟɧɧɨɝɨ ɡɟɪɧɚ ɢɡ ɞɪɨɛɢɥɶɧɨɣ ɤɚɦɟɪɵ ɱɟɪɟɡ ɪɟɲɟɬɚ. 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɞɪɨɛɢɥɤɢ ɪɟɝɭɥɢɪɭɟɬɫɹ ɩɨɞɧɹɬɢɟɦ ɢɥɢ ɨɩɭɫɤɚɧɢɟɦ ɤɨɧɭɫɚ. 

ɇɟɞɨɫɬɚɬɤɚɦɢ ɞɚɧɧɨɣ ɦɚɲɢɧɵ, ɤɚɤ ɢ ɜɵɲɟ ɩɟɪɟɱɢɫɥɟɧɧɵɯ, ɹɜɥɹɟɬɫɹ ɧɚɥɢɱɢɟ 

ɪɟɲɟɬɚ, ɤɨɬɨɪɨɟ ɧɟ ɩɨɡɜɨɥɹɟɬ ɞɪɨɛɢɬɶ ɡɟɪɧɨ ɩɨɜɵɲɟɧɧɨɣ ɜɥɚɠɧɨɫɬɢ. ȼ ɞɚɧɧɨɣ 

ɤɨɧɫɬɪɭɤɰɢɢ ɡɚɦɟɧɚ ɪɟɲɟɬ ɬɚɤɠɟ ɹɜɥɹɟɬɫɹ ɬɪɭɞɨɟɦɤɢɦ ɩɪɨɰɟɫɫɨɦ.  

ɂɡɜɟɫɬɧɚ ɞɪɨɛɢɥɤɚ ɦɨɥɨɬɤɨɜɚɹ [12], ɨɬɥɢɱɢɬɟɥɶɧɨɣ ɱɟɪɬɨɣ ɤɨɬɨɪɨɣ 

ɹɜɥɹɟɬɫɹ ɧɚɥɢɱɢɟ ɠɟɫɬɤɢɯ ɬɹɝ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɵɯ ɲɚɪɧɢɪɧɨ ɫɨɟɞɢɧɟɧɵ ɦɟɠɞɭ 

ɫɨɛɨɣ ɦɨɥɨɬɤɢ (ɪɢɫɭɧɨɤ 1.8). ɉɪɢ ɷɬɨɦ ɜ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ɞɪɨɛɢɥɤɢ ɦɨɥɨɬɤɢ 

ɧɚɧɨɫɹɬ ɩɨ ɢɡɦɟɥɶɱɚɟɦɨɦɭ ɦɚɬɟɪɢɚɥɭ ɡɧɚɱɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɭɞɚɪɨɜ. Ʉɚɤ 

ɢɡɜɟɫɬɧɨ, ɫɢɥɚ ɭɞɚɪɚ ɦɨɥɨɬɤɚ ɡɚɜɢɫɢɬ ɨɬ ɟɝɨ ɫɤɨɪɨɫɬɢ ɢ ɦɚɫɫɵ. Ɍɚɤ ɤɚɤ ɫɤɨɪɨɫɬɶ 

ɦɨɥɨɬɤɨɜ ɩɨɫɬɨɹɧɧɚɹ, ɬɨ ɫɢɥɭ ɭɞɚɪɚ ɩɨɜɵɲɚɸɬ, ɭɜɟɥɢɱɢɜɚɹ ɦɚɫɫɭ ɦɨɥɨɬɤɨɜ ɡɚ 

ɫɱɟɬ ɲɚɪɧɢɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɠɟɫɬɤɨɣ ɬɹɝɨɣ. ɇɟɞɨɫɬɚɬɤɨɦ ɞɚɧɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ 

ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɦɨɥɨɬɤɢ ɬɟɪɹɸɬ ɫɩɨɫɨɛɧɨɫɬɶ ɨɬɤɥɨɧɹɬɶɫɹ ɜɨɤɪɭɝ ɫɜɨɟɣ ɨɫɢ, 

ɩɨɷɬɨɦɭ ɩɪɢ ɩɨɩɚɞɚɧɢɢ ɩɨɫɬɨɪɨɧɧɢɯ ɩɪɟɞɦɟɬɨɜ ɜ ɪɚɛɨɱɭɸ ɤɚɦɟɪɭ ɜɨɡɧɢɤɚɟɬ 

ɚɜɚɪɢɣɧɚɹ ɫɢɬɭɚɰɢɹ.  

 
Ɋɢɫɭɧɨɤ 1.8 ɋɯɟɦɚ ɞɪɨɛɢɥɤɢ.  Ⱥɜɬɨɪɫɤɨɟ ɫɜɢɞɟɬɟɥɶɫɬɜɨ λ48429 

 

Ⱦɪɨɛɢɥɤɚ ɩɪɢɜɟɞɟɧɧɚɹ [5] ɧɚ ɪɢɫɭɧɨɤ 1.9 ɢɦɟɟɬ ɦɨɥɨɬɤɢ ɫ ɝɪɚɧɹɦɢ 

ɤɪɢɜɨɥɢɧɟɣɧɨɣ ɮɨɪɦɵ ɫ ɡɭɛɰɚɦɢ ɧɚ ɤɨɧɰɟɜɨɣ ɱɚɫɬɢ Д2Ж.  Ʉɪɨɦɟ ɬɨɝɨ ɪɟɲɟɬɨ, 

ɢɦɟɟɬ ɨɬɜɟɪɫɬɢɹ ɤɚɤ ɜ ɜɵɫɬɭɩɚɯ, ɬɚɤ ɢ ɦɟɠɞɭ ɧɢɦɢ, ɡɧɚɱɢɬɟɥɶɧɨ ɩɨɜɵɲɚɸɳɢɟ 

ɫɟɩɚɪɢɪɭɸɳɭɸ ɫɩɨɫɨɛɧɨɫɬɶ. ɋɭɳɟɫɬɜɟɧɧɵɦɢ ɧɟɞɨɫɬɚɬɤɚɦɢ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɡɧɚɬɶ 

ɧɟɞɨɥɝɨɜɟɱɧɨɫɬɶ ɪɚɛɨɬɵ ɦɨɥɨɬɤɨɜ ɢ ɪɟɲɟɬ, ɜɫɥɟɞɫɬɜɢɟ ɛɵɫɬɪɨɝɨ ɢɡɧɨɫɚ, 

ɬɪɭɞɨɟɦɤɨɫɬɶ ɜ ɢɯ ɢɡɝɨɬɨɜɥɟɧɢɢ, ɚ ɬɚɤɠɟ ɭɞɨɪɨɠɚɧɢɟ ɤɨɧɫɬɪɭɤɰɢɢ. 
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Ɋɢɫɭɧɨɤ 1.9 ɋɯɟɦɚ ɞɪɨɛɢɥɤɢ. Ⱥɜɬɨɪɫɤɨɟ ɫɜɢɞɟɬɟɥɶɫɬɜɨ 173521 

 

Ⱦɪɨɛɢɥɤɚ ɤɨɪɦɨɜ [9] (ɪɢɫɭɧɨɤ 1.10) ɫɨɞɟɪɠɢɬ ɞɪɨɛɢɥɶɧɭɸ ɤɚɦɟɪɭ ɜɧɭɬɪɢ 

ɤɨɬɨɪɨɣ ɪɚɫɩɨɥɨɠɟɧ ɪɨɬɨɪ ɫ ɦɨɥɨɬɤɚɦɢ ɪɚɡɧɨɣ ɞɥɢɧɵ ɢ ɦɚɫɫɵ, ɤɨɧɭɫɧɭɸ 

ɫɢɬɨɜɭɸ ɨɛɟɱɚɣɤɭ ɫ ɥɨɩɚɫɬɹɦɢ, ɤɨɬɨɪɵɟ ɫɩɨɫɨɛɫɬɜɭɸɬ ɭɞɚɥɟɧɢɸ ɢɡɦɟɥɶɱɟɧɧɨɝɨ 

ɩɪɨɞɭɤɬɚ ɢɡ ɪɚɛɨɱɟɣ ɤɚɦɟɪɵ. ɋɢɬɨɜɚɹ ɨɛɟɱɚɣɤɚ ɜɪɚɳɚɟɬɫɹ ɜ ɨɛɪɚɬɧɭɸ ɫɬɨɪɨɧɭ 

ɜɪɚɳɟɧɢɸ ɪɨɬɨɪɚ, ɱɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɞɨɥɠɧɨ ɩɪɢɜɟɫɬɢ ɤ ɪɚɡɪɭɲɟɧɢɸ ɜɨɡɞɭɲɧɨ-

ɩɪɨɞɭɤɬɨɜɨɝɨ ɫɥɨɹ ɢ ɬɟɦ ɫɚɦɵɦ ɭɥɭɱɲɢɬɶ ɭɫɥɨɜɢɹ ɫɜɨɟɜɪɟɦɟɧɧɨɝɨ ɜɵɜɨɞɚ 

ɢɡɦɟɥɶɱɟɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢɡ ɡɨɧɵ ɞɪɨɛɥɟɧɢɹ. Ɉɞɧɚɤɨ ɞɚɧɧɚɹ ɦɚɲɢɧɚ ɫɥɨɠɧɚ ɩɨ 

ɤɨɧɫɬɪɭɤɰɢɢ, ɬɪɭɞɨɟɦɤɚ ɜ ɨɛɫɥɭɠɢɜɚɧɢɢ, ɜ ɢɡɝɨɬɨɜɥɟɧɢɢ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, 

ɞɨɪɨɝɚɹ. ɇɚɥɢɱɢɟ ɪɟɲɟɬ ɧɟ ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɟɟ ɩɪɢ ɞɪɨɛɥɟɧɢɢ ɜɥɚɠɧɵɯ 

ɦɚɬɟɪɢɚɥɨɜ.  

 
 

Ɋɢɫɭɧɨɤ 1.10 ɋɯɟɦɚ ɞɪɨɛɢɥɤɢ.  Ⱥɜɬɨɪɫɤɨɟ ɫɜɢɞɟɬɟɥɶɫɬɜɨ 622454 

 

 ɇɚ ɪɢɫɭɧɤɟ 1.11 ɩɪɟɞɫɬɚɜɥɟɧɚ ɦɨɥɨɬɤɨɜɚɹ ɞɪɨɛɢɥɤɚ [1], ɫɨɞɟɪɠɚɳɚɹ ɤɨɪɩɭɫ 

ɫ ɩɢɬɚɬɟɥɟɦ, ɦɨɥɨɬɤɨɜɵɣ ɪɨɬɨɪ, ɫɬɚɧɢɧɭ, ɤɨɬɨɪɚɹ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɞɨɥɝɨɜɟɱɧɨɫɬɢ 

ɞɪɨɛɢɥɤɢ ɤɨɧɫɬɪɭɤɬɢɜɧɨ ɜɵɩɨɥɧɟɧɚ ɢɡ ɞɜɭɯ ɱɚɫɬɟɣ, ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɨɞɧɚ ɧɚɞ 

ɞɪɭɝɨɣ. ɉɪɢ ɷɬɨɦ ɪɨɬɨɪ ɞɪɨɛɢɥɤɢ ɭɫɬɚɧɨɜɥɟɧ ɧɚ ɨɞɧɨɣ ɱɚɫɬɢ, ɚ ɤɨɪɩɭɫɧɚ ɞɪɭɝɨɣ. 
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Ɋɢɫɭɧɨɤ 1.11 ɋɯɟɦɚ ɞɪɨɛɢɥɤɢ.  Ⱥɜɬɨɪɫɤɨɟ ɫɜɢɞɟɬɟɥɶɫɬɜɨ 1071308 

 

Ⱦɚɧɧɨɟ ɬɟɯɧɢɱɟɫɤɨɟ ɪɟɲɟɧɢɟ ɩɨɡɜɨɥɹɟɬ ɫɧɢɡɢɬɶ ɜɥɢɹɧɢɟ ɜɢɛɪɚɰɢɨɧɧɵɯ ɧɚɝɪɭɡɨɤ, 

ɜɵɩɨɥɧɢɬɶ ɤɨɧɫɬɪɭɤɰɢɸ ɞɪɨɛɢɥɤɢ ɨɛɥɟɝɱɟɧɧɨɣ ɢ, ɬɟɦ ɫɚɦɵɦ, ɫɧɢɡɢɬɶ 

ɦɟɬɚɥɥɨɟɦɤɨɫɬɶ. ɇɨ ɧɚɥɢɱɢɟ ɪɟɲɟɬɚ, ɚ ɬɚɤ ɠɟ ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɫɥɨɠɧɨɫɬɶ ɫɚɦɨɣ 

ɤɨɧɫɬɪɭɤɰɢɢ ɹɜɥɹɸɬɫɹ ɞɨɜɨɥɶɧɨ ɫɟɪɶɟɡɧɵɦɢ ɧɟɞɨɫɬɚɬɤɚɦɢ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ 

ɞɪɨɛɢɥɤɢ. 

ɂɡɜɟɫɬɧɵ ɞɪɨɛɢɥɤɢ [2], ɤɨɬɨɪɵɟ ɫɨɞɟɪɠɚɬ ɧɟɫɤɨɥɶɤɨ ɫɬɭɩɟɧɟɣ 

ɢɡɦɟɥɶɱɟɧɢɹ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɟɪɬɢɤɚɥɶɧɨɣ ɨɫɢ, ɜ 

ɨɞɧɨɦ ɰɢɥɢɧɞɪɢɱɟɫɤɨɦ ɤɨɪɩɭɫɟ. ɉɨɞɜɢɠɧɵɟ ɪɚɛɨɱɢɟ ɨɪɝɚɧɵ ɜ ɜɢɞɟ ɪɚɡɝɨɧɧɵɯ 

ɞɢɫɤɨɜ (ɪɢɫɭɧɨɤ 1.12) ɰɟɧɬɪɨɛɟɠɧɨɝɨ ɬɢɩɚ ɡɚɤɪɟɩɥɟɧɵ ɧɚ ɜɟɪɬɢɤɚɥɶɧɨɦ ɜɚɥɭ. 

Ʉɚɠɞɚɹ ɫɬɭɩɟɧɶ ɢɡɦɟɥɶɱɟɧɢɹ ɤɪɨɦɟ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ ɫɨɞɟɪɠɢɬ ɬɚɤɠɟ ɨɬɛɨɣɧɭɸ 

ɞɟɤɭ, ɫɤɚɬɧɭɸ ɞɨɫɤɭ ɢ ɪɟɲɟɬɧɵɣ ɤɥɚɫɫɢɮɢɤɚɬɨɪ. ɉɪɟɞɥɚɝɚɟɦɵɣ ɦɧɨɝɨɫɬɚɞɢɣɧɵɣ 

ɫɩɨɫɨɛ ɢɡɦɟɥɶɱɟɧɢɹ ɪɚɡɝɨɧɧɵɦɢ ɞɢɫɤɚɦɢ ɩɨɡɜɨɥɹɟɬ ɫɧɢɡɢɬɶ ɢɡɧɨɫ ɪɚɛɨɱɢɯ 

ɨɪɝɚɧɨɜ ɢ ɷɧɟɪɝɨɟɦɤɨɫɬɶ ɩɪɨɰɟɫɫɚ, ɭɜɟɥɢɱɢɬɶ ɨɞɧɨɪɨɞɧɨɫɬɶ ɩɨɦɨɥɚ. Ɉɞɧɚɤɨ 

ɧɚɥɢɱɢɟ ɪɟɲɟɬɧɨɝɨ ɤɥɚɫɫɢɮɢɤɚɬɨɪɚ, ɞɨɜɨɥɶɧɨ ɡɧɚɱɢɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɥɟɧɧɨɣ 

ɦɨɳɧɨɫɬɢ ɢ ɫɥɨɠɧɨɫɬɶ ɤɨɧɫɬɪɭɤɰɢɢ ɧɟ ɩɨɡɜɨɥɹɸɬ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɬɶ ɞɚɧɧɵɟ 

ɞɪɨɛɢɥɤɢ ɜ ɯɨɡɹɣɫɬɜɚɯ. 

 
Ɋɢɫɭɧɨɤ 1.12 ɋɯɟɦɚ ɰɟɧɬɪɨɛɟɠɧɨɣ ɦɧɨɝɨɫɬɭɩɟɧɱɚɬɨɣ ɞɪɨɛɢɥɤɢ 

 

 Ⱦɪɨɛɢɥɤɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ[56,57] ɧɚ ɪɢɫɭɧɤɚɯ 1.13 ɢ 1.14, ɜ ɩɨɯɨɠɢ ɩɨ 

ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɫɩɨɫɨɛɭ ɪɚɛɨɬɵ ɦɟɠɞɭ ɫɨɛɨɣ. Ɉɞɧɚ ɢɡ ɧɢɯ ɢɦɟɟɬ ɜɨɡɦɨɠɧɨɫɬɶ 

ɪɟɜɟɪɫɢɪɨɜɚɧɢɹ, ɱɬɨ ɧɟɫɨɦɧɟɧɧɨ ɨɛɥɟɝɱɚɟɬ ɨɛɫɥɭɠɢɜɚɧɢɟ ɢ ɭɜɟɥɢɱɢɜɚɟɬ ɫɪɨɤ 
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ɪɚɛɨɬɵ ɞɪɨɛɢɥɤɢ ɞɨ ɡɚɦɟɧɵ ɦɨɥɨɬɤɨɜ. ɇɨ ɧɚɥɢɱɢɟ ɪɟɲɟɬɚ, ɤɨɬɨɪɨɟ ɨɯɜɚɬɵɜɚɟɬ 

ɞɨɜɨɥɶɧɨ ɡɧɚɱɢɬɟɥɶɧɭɸ ɱɚɫɬɶ ɪɚɛɨɱɟɣ ɤɚɦɟɪɵ, ɧɟ ɩɨɡɜɨɥɹɟɬ ɞɪɨɛɢɬɶ ɤɨɪɦɚ 

ɩɨɜɵɲɟɧɧɨɣ ɜɥɚɠɧɨɫɬɢ, ɚ ɬɚɤ ɠɟ ɜɟɞɟɬ ɤ ɩɟɪɟɢɡɦɟɥɶɱɟɧɢɸ ɦɚɬɟɪɢɚɥɚ ɢ 

ɩɨɥɭɱɟɧɢɸ ɩɵɥɟɜɢɞɧɨɣ ɮɪɚɤɰɢɢ. 

 
 

Ɋɢɫɭɧɨɤ 1.13 ɋɯɟɦɚ ɪɟɲɟɬɧɨɣ ɞɪɨɛɢɥɤɢ. ɉɚɬɟɧɬ GB2076310Ⱥ (Ⱥɧɝɥɢɹ) 

 
 

Ɋɢɫɭɧɨɤ 1.14 ɋɯɟɦɚ ɪɟɲɟɬɧɨɣ ɞɪɨɛɢɥɤɢ. ɉɚɬɟɧɬ 24337872 (Ɏɪɚɧɰɢɹ) 
 

Ⱦɜɭɯɪɨɬɨɪɧɚɹ ɞɪɨɛɢɥɤɚ [64] ɢɦɟɟɬ ɛɨɥɶɲɭɸ ɦɟɬɚɥɥɨɟɦɤɨɫɬɶ,  

ɡɧɚɱɢɬɟɥɶɧɭɸ ɷɧɟɪɝɨɟɦɤɨɫɬɶ ɩɪɨɰɟɫɫɚ ɢɡɦɟɥɶɱɟɧɢɹ, ɬɪɭɞɨɟɦɤɢ ɩɪɢ 

ɨɛɫɥɭɠɢɜɚɧɢɢ. ɉɨɷɬɨɦɭ ɟɝɨ ɩɪɢɦɟɧɟɧɢɟ ɨɝɪɚɧɢɱɟɧɨ Д7,24Ж. ɇɚɢɛɨɥɟɟ ɬɢɩɢɱɧɚɹ 

ɤɨɧɫɬɪɭɤɰɢɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 1.15. 

 
 

Ɋɢɫɭɧɨɤ 1.15 ɋɯɟɦɚ ɪɟɲɟɬɧɨɣ ɞɪɨɛɢɥɤɢ. ɉɚɬɟɧɬ 3,224,688 (ɋɒȺ) 
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1.3.2 Ⱥɧɚɥɢɡ ɛɟɡɪɟɲɟɬɧɵɯ ɦɨɥɨɬɤɨɜɵɯ ɞɪɨɛɢɥɨɤ 

Ʉɚɤ ɛɵɥɨ ɫɤɚɡɚɧɨ ɜɵɲɟ, ɟɫɥɢ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɪɟɲɟɬɧɵɯ ɦɨɥɨɬɤɨɜɵɯ 

ɞɪɨɛɢɥɨɤ ɩɨɥɭɱɟɧɢɟ ɪɚɡɧɨɝɨ ɦɨɞɭɥɹ ɩɨɦɨɥɚ ɢ ɪɚɡɧɨɣ ɫɬɟɩɟɧɢ ɢɡɦɟɥɶɱɟɧɢɹ 

ɝɚɪɚɧɬɢɪɭɟɬ ɧɚɥɢɱɢɟ ɪɟɲɟɬɚ, ɬɨ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɨɥɨɬɤɨɜɵɯ ɞɪɨɛɢɥɨɤ 

ɛɟɡɪɟɲɟɬɧɨɝɨ ɬɢɩɚ ɜɨɩɪɨɫ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɬɟɩɟɧɢ ɢɡɦɟɥɶɱɟɧɢɹ ɨɫɬɚɟɬɫɹ 

ɨɬɤɪɵɬɵɦ. 

 ɇɚ ɫɟɝɨɞɧɹ ɢɡɜɟɫɬɧɵ ɛɟɡɪɟɲɟɬɧɵɟ ɦɨɥɨɬɤɨɜɵɟ ɞɪɨɛɢɥɤɢ ȾȻ - 5 ɢ ȾɄɆ - 5, 

ɤɨɬɨɪɵɟ ɦɚɤɫɢɦɚɥɶɧɨ ɭɧɢɮɢɰɢɪɨɜɚɧɵ ɦɟɠɞɭ ɫɨɛɨɣ ɩɨ ɨɫɧɨɜɧɵɦ ɪɚɛɨɱɢɦ   

ɨɪɝɚɧɚɦ. Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɟ   ɨɩɟɪɚɰɢɢ, ɩɪɨɬɟɤɚɸɳɢɟ ɜ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ɞɪɨɛɢɥɤɢ 

ȾȻ - 5 (ɪɢɫɭɧɨɤ 1.16), ɬɟɫɧɨ ɜɡɚɢɦɨɫɜɹɡɚɧɵ ɦɟɠɞɭ ɫɨɛɨɣ ɢ ɢɦɟɸɬ ɧɟɩɪɟɪɵɜɧɵɣ 

ɰɢɤɥ. ɉɪɢ ɪɚɛɨɬɟ ɞɪɨɛɢɥɤɢ ɡɟɪɧɨ ɢɡ ɛɭɧɤɟɪɚ ɩɨɞɚɟɬɫɹ ɞɥɹ ɢɡɦɟɥɶɱɟɧɢɹ ɜ ɪɚɛɨɱɭɸ 

ɤɚɦɟɪɭ. ɂɡɦɟɥɶɱɟɧɧɨɟ ɡɚ ɫɱɟɬ ɞɟɣɫɬɜɢɹ ɲɚɪɧɢɪɧɨ ɩɨɞɜɟɲɟɧɧɵɯ ɦɨɥɨɬɤɨɜ ɢ ɞɟɤ 

ɡɚ ɨɞɢɧ ɧɟɩɨɥɧɵɣ ɨɛɨɪɨɬ ɡɟɪɧɨ ɜɵɧɨɫɢɬɫɹ ɢɡ ɞɪɨɛɢɥɶɧɨɣ ɤɚɦɟɪɵ ɜ 

ɪɚɡɞɟɥɢɬɟɥɶɧɭɸ. ȼ ɪɚɡɞɟɥɢɬɟɥɶɧɨɣ ɤɚɦɟɪɟ ɜɨɡɞɭɲɧɨ-ɩɪɨɞɭɤɬɨɜɵɣ ɫɥɨɣ 

ɩɨɫɬɭɩɚɟɬ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɪɟɲɟɬɧɨɝɨ ɫɟɩɚɪɚɬɨɪɚ. ɂɡɦɟɥɶɱɟɧɧɨɟ ɡɟɪɧɨ, ɤɨɬɨɪɨɟ 

ɩɪɨɲɥɨ ɱɟɪɟɡ ɨɬɜɟɪɫɬɢɹ ɫɟɩɚɪɚɬɨɪɚ, ɜɵɝɪɭɠɚɟɬɫɹ ɲɧɟɤɨɦ, ɚ ɧɟɞɨɢɡɦɟɥɶɱɟɧɧɚɹ 

ɮɪɚɤɰɢɹ ɩɨɫɬɭɩɚɟɬ ɨɛɪɚɬɧɨ ɜ ɞɪɨɛɢɥɶɧɭɸ ɤɚɦɟɪɭ. ɇɟɞɨɫɬɚɬɤɨɦ ɞɪɨɛɢɥɤɢ 

ɹɜɥɹɟɬɫɹ ɧɚɥɢɱɢɟ ɫɟɩɚɪɚɬɨɪɚ, ɜɵɩɨɥɧɹɸɳɟɝɨ ɪɨɥɶ ɪɟɲɟɬɚ. ɉɪɚɤɬɢɱɟɫɤɢ ɪɟɲɟɬɨ 

ɬɨɥɶɤɨ ɜɵɧɟɫɟɧɨ ɡɚ ɩɪɟɞɟɥɵ ɪɚɛɨɱɟɣ ɤɚɦɟɪɵ ɞɪɨɛɢɥɤɢ. 

 

Ɋɢɫɭɧɨɤ 1.16 Ʉɨɧɫɬɪɭɤɬɢɜɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɛɟɡɪɟɲɟɬɧɨɣ ɦɨɥɨɬɤɨɜɨɣ 

ɞɪɨɛɢɥɤɢ ȾȻ – 5 

 

 Ɋɚɛɨɬɭ ɞɪɨɛɢɥɤɢ ȾɄɆ - 5 (ɪɢɫɭɧɨɤ 1.17) ɫɥɟɞɭɟɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ 

ɞɜɭɯɷɬɚɩɧɵɣ ɩɪɨɰɟɫɫ, ɤɚɤ ɩɪɢ ɢɡɦɟɥɶɱɟɧɢɢ ɝɪɭɛɵɯ ɤɨɪɦɨɜ, ɬɚɤ ɢ ɩɪɢ 



27 

ɢɡɦɟɥɶɱɟɧɢɢ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɯ ɤɨɪɦɨɜ. Ɋɚɛɨɬɚ ɞɚɧɧɨɣ ɞɪɨɛɢɥɤɢ, ɤɚɤ ɢ ȾȻ - 5, 

ɫɨɫɬɨɢɬ ɢɡ ɨɩɟɪɚɰɢɣ ɡɚɝɪɭɡɤɢ ɡɟɪɧɚ, ɩɨɞɚɱɢ ɧɚ ɢɡɦɟɥɶɱɟɧɢɟ, ɬɪɚɧɫɩɨɪɬɢɪɨɜɚɧɢɟ 

ɢɡɦɟɥɶɱɟɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢɡ ɪɚɛɨɱɟɣ ɤɚɦɟɪɵ, ɜɵɝɪɭɡɤɚ ɝɨɬɨɜɨɣ ɩɪɨɞɭɤɰɢɢ. 

Ɉɬɥɢɱɢɟ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɭ ȾɄɆ - 5 ɢɦɟɟɬɫɹ ɩɵɥɟɨɬɞɟɥɢɬɟɥɶ ɢ ɜɨɡɦɨɠɧɨɫɬɶ 

ɢɡɦɟɥɶɱɟɧɢɹ ɝɪɭɛɵɯ ɤɨɪɦɨɜ. Ƚɪɭɛɵɟ ɤɨɪɦɚ ɢɡɦɟɥɶɱɚɸɬɫɹ ɚɧɚɥɨɝɢɱɧɨ ɞɪɨɛɥɟɧɢɸ 

ɡɟɪɧɚ. ɇɟɞɨɫɬɚɬɤɨɦ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɩɪɢ ɢɡɦɟɥɶɱɟɧɢɢ ɡɟɪɧɚ ɩɪɢɦɟɧɹɟɬɫɹ ɪɟɲɟɬɨ.  

 

Ɋɢɫɭɧɨɤ 1.17 Ʉɨɧɫɬɪɭɤɬɢɜɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɛɟɡɪɟɲɟɬɧɨɣ 

ɦɨɥɨɬɤɨɜɨɣ ɞɪɨɛɢɥɤɢμ ȾȻ – 5 

Ʉɨɧɫɬɪɭɤɰɢɹ ɛɟɡɪɟɲɟɬɧɨɣ ɞɪɨɛɢɥɤɢ ȾɆȻ - 5 (ɪɢɫɭɧɨɤ 1.18) ɩɨɡɜɨɥɹɟɬ 

ɢɡɦɟɧɢɬɶ ɫɬɟɩɟɧɶ ɢɡɦɟɥɶɱɟɧɢɹ ɡɚ ɫɱɟɬ ɭɦɟɧɶɲɟɧɢɹ ɢɥɢ ɭɜɟɥɢɱɟɧɢɹ ɪɚɛɨɱɟɝɨ 

ɡɚɡɨɪɚ ɦɟɠɞɭ ɦɨɥɨɬɤɚɦɢ ɢ ɞɟɤɨɣ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɡɚɡɨɪɚ ɞɨ 

ɨɩɪɟɞɟɥɟɧɧɨɣ ɜɟɥɢɱɢɧɵ ɫɧɢɠɚɟɬɫɹ ɷɮɮɟɤɬ ɞɪɨɛɥɟɧɢɹ ɢ ɢɡɦɟɥɶɱɚɟɦɵɣ ɦɚɬɟɪɢɚɥ 

ɬɪɚɧɡɢɬɨɦ ɛɭɞɟɬ ɩɪɨɯɨɞɢɬɶ ɱɟɪɟɡ ɪɚɛɨɱɭɸ ɤɚɦɟɪɭ, ɱɬɨ ɧɟɞɨɩɭɫɬɢɦɨ ɩɨ 

ɡɨɨɬɟɯɧɢɱɟɫɤɢɦ ɬɪɟɛɨɜɚɧɢɹɦ. 

 

 

Ɋɢɫɭɧɨɤ 1.18 Ʉɨɧɫɬɪɭɤɬɢɜɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɞɪɨɛɢɥɤɢ ȾɆɄ – 5 

ɂɡɜɟɫɬɧɚ ɬɚɤɠɟ ɦɨɥɨɬɤɨɜɚɹ ɛɟɡɪɟɲɟɬɧɚɹ ɞɪɨɛɢɥɤɚ. Ɉɬɥɢɱɢɬɟɥɶɧɨɣ ɟɟ 

ɨɫɨɛɟɧɧɨɫɬɶɸ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɞɥɹ ɞɪɨɛɥɟɧɢɹ ɢɫɩɨɥɶɡɭɸɬɫɹ ɤɨɥɶɰɟɜɵɟ ɦɨɥɨɬɤɢ, ɚ 

ɞɥɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɦɨɞɭɥɹ ɩɨɦɨɥɚ ɧɚ ɩɭɬɢ ɞɜɢɠɟɧɢɹ ɜɨɡɞɭɲɧɨ-ɩɪɨɞɭɤɬɨɜɨɝɨ 

ɫɥɨɹ ɢɡ ɜɵɝɪɭɡɧɨɣ ɝɨɪɥɨɜɢɧɵ ɭɫɬɚɧɨɜɥɟɧɚ ɩɥɚɫɬɢɧɚ. ɍɝɨɥ ɧɚɤɥɨɧɚ ɩɥɚɫɬɢɧɵ 
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ɭɫɬɚɧɨɜɥɟɧ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨ ɱɚɫɬɢɰɵ, ɢɦɟɸɳɢɟ ɛɨɥɶɲɭɸ ɦɚɫɫɭ, ɚ ɡɧɚɱɢɬ ɢ 

ɛɨɥɶɲɭɸ ɤɢɧɟɬɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ, ɨɬɪɚɠɚɹɫɶ ɨɬ ɧɟɟ ɩɨɩɚɞɚɸɬ ɨɛɪɚɬɧɨ ɜ ɪɚɛɨɱɭɸ 

ɤɚɦɟɪɭ ɧɚ ɞɨɢɡɦɟɥɶɱɟɧɢɟ. ɑɚɫɬɢɰɵ ɢɦɟɸɳɢɟ ɦɟɧɶɲɢɣ ɜɟɫ ɛɭɞɭɬ ɩɪɨɜɚɥɢɜɚɬɶɫɹ ɜ 

ɜɵɝɪɭɡɧɨɟ ɨɤɧɨ (ɪɢɫɭɧɨɤ 1.19). Ɇɟɧɹɹ ɭɝɨɥ ɧɚɤɥɨɧɚ ɩɥɚɫɬɢɧɵ ɦɨɠɧɨ 

ɪɟɝɭɥɢɪɨɜɚɬɶ ɦɨɞɭɥɶ ɩɨɦɨɥɚ ɢɡɦɟɥɶɱɚɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ. ɋɥɚɛɵɦ ɦɟɫɬɨɦ ɜ ɞɚɧɧɨɣ 

ɤɨɧɫɬɪɭɤɰɢɢ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɜɨ ɜɪɟɦɹ ɩɭɫɤɚ ɢ ɨɫɬɚɧɨɜɤɢ ɛɚɪɚɛɚɧɚ ɛɭɞɟɬ ɛɨɥɶɲɨɣ 

ɞɢɫɛɚɥɚɧɫ, ɜɫɥɟɞɫɬɜɢɟ ɩɟɪɟɦɟɳɟɧɢɹ ɰɟɧɬɪɚ ɦɚɫɫ ɤɨɥɶɰɟɜɵɯ ɦɨɥɨɬɤɨɜ. Ɍɚɤ ɠɟ ɩɪɢ 

ɩɨɜɵɲɟɧɧɨɣ ɜɥɚɠɧɨɫɬɢ ɢɡɦɟɥɶɱɟɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɱɚɫɬɢɰɵ ɛɭɞɭɬ ɧɚɥɢɩɚɬɶ ɧɚ 

ɩɥɚɫɬɢɧɭ. 

 

 

Ɋɢɫɭɧɨɤ 1.19 Ʉɨɧɫɬɪɭɤɬɢɜɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɞɪɨɛɢɥɤɢ 

ɫ ɤɨɥɶɰɟɜɵɦɢ ɦɨɥɨɬɤɚɦɢ 

Ɇɨɥɨɬɤɨɜɵɟ ɞɪɨɛɢɥɤɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɧɚ ɪɢɫɭɧɤɚɯ 1.20 ɢ 1.21 [63, 66], 

ɢɦɟɸɬ ɞɨɜɨɥɶɧɨ ɫɥɨɠɧɭɸ ɢ ɞɨɪɨɝɭɸ ɤɨɧɫɬɪɭɤɰɢɸ. ɑɬɨ ɧɟɫɨɦɧɟɧɧɨ  ɡɚɬɪɭɞɧɹɟɬ 

ɷɤɫɩɥɭɚɬɚɰɢɸ ɬɚɤɢɯ ɭɫɬɚɧɨɜɨɤ ɢ ɩɪɢɜɨɞɢɬ ɤ ɭɞɨɪɨɠɚɧɢɸ ɩɨɥɭɱɚɟɦɨɣ ɩɪɨɞɭɤɰɢɢ. 

Ʉɪɨɦɟ ɬɨɝɨ ɷɬɢ ɞɪɨɛɢɥɤɢ ɩɨɡɜɨɥɹɸɬ ɩɨɥɭɱɚɬɶ ɩɨɦɨɥ ɬɨɥɶɤɨ ɨɩɪɟɞɟɥɟɧɧɨɝɨ 

ɪɚɡɦɟɪɚ, ɜɨɡɦɨɠɧɨɫɬɢ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɦɨɞɭɥɹ ɩɨɦɨɥɚ ɧɟɬ, ɱɬɨ ɬɚɤɠɟ ɹɜɥɹɟɬɫɹ 

ɨɞɧɢɦ ɢɡ ɧɟɞɨɫɬɚɬɤɨɜ ɞɚɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ.  ɍ ɛɟɡɪɟɲɟɬɧɵɯ ɦɨɥɨɬɤɨɜɵɯ 

ɞɪɨɛɢɥɨɤ, ɤɚɤ ɜɵɩɭɫɤɚɟɦɵɯ ɫɟɪɢɣɧɨ, ɬɚɤ ɢ ɧɚɯɨɞɹɳɢɯɫɹ ɧɚ ɫɬɚɞɢɢ ɪɚɡɪɚɛɨɬɤɢ, 

ɨɫɧɨɜɧɵɦ ɜɨɩɪɨɫɨɦ ɢɥɢ ɫɥɚɛɵɦ ɦɟɫɬɨɦ ɹɜɥɹɟɬɫɹ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɫɬɟɩɟɧɢ 

ɢɡɦɟɥɶɱɟɧɢɹ. 
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Ɋɢɫɭɧɨɤ 1.20 ɋɯɟɦɚ ɦɨɥɨɬɤɨɜɨɣ ɞɪɨɛɢɥɤɢ ɉɚɬɟɧɬ GB 2058608 (Ⱥɧɝɥɢɹ) 

 

 

Ɋɢɫɭɧɨɤ 1.21 ɋɯɟɦɚ ɦɨɥɨɬɤɨɜɨɣ ɞɪɨɛɢɥɤɢ ɉɚɬɟɧɬ 3,214,105(ɋɒȺ) 

 

 Ȼɟɡɪɟɲɟɬɧɵɟ ɞɪɨɛɢɥɤɢ ɦɨɠɧɨ ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɬɶ ɩɨ ɪɚɫɩɨɥɨɠɟɧɢɸ ɜɚɥɚ 

ɪɨɬɨɪɚ ɞɪɨɛɢɥɤɢ, ɩɨ ɩɪɢɧɰɢɩɭ ɪɚɛɨɬɵ ɢ ɩɨ ɪɟɝɭɥɢɪɨɜɚɧɢɸ ɫɬɟɩɟɧɢ ɢɡɦɟɥɶɱɟɧɢɹ 

ɢɥɢ ɦɨɞɭɥɹ ɩɨɦɨɥ. Ɍɚɤɠɟ ɤɚɤ ɢ ɪɟɲɟɬɧɵɟ ɞɪɨɛɢɥɤɢ, ɛɟɡɪɟɲɟɬɧɵɟ ɞɪɨɛɢɥɤɢ 

ɛɵɜɚɸɬ ɨɬɤɪɵɬɨɝɨ ɢ ɡɚɤɪɵɬɨɝɨ ɬɢɩɚ, ɨɞɧɨ- ɢ ɦɧɨɝɨɫɬɚɞɢɣɧɵɟ. Ɉɬɥɢɱɚɸɬɫɹ ɨɧɢ ɢ 

ɫɩɨɫɨɛɚɦɢ ɨɬɜɨɞɚ ɦɚɬɟɪɢɚɥɨɜ, ɚ ɬɚɤɠɟ ɜɨɡɦɨɠɧɨɫɬɶɸ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɬɟɩɟɧɢ 

ɢɡɦɟɥɶɱɟɧɢɹ ɦɚɬɟɪɢɚɥɚ. ɂɡɜɟɫɬɧɵ ɪɚɡɥɢɱɧɵɟ ɫɩɨɫɨɛɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɬɟɩɟɧɢ 

ɢɡɦɟɥɶɱɟɧɢɹ. ɇɚɩɪɢɦɟɪ, ɫ ɩɨɦɨɳɶɸ ɫɟɩɚɪɚɬɨɪɚ, ɤɚɤ ɭ ȾȻ - 5. ȼ ɷɬɨɦ ɫɥɭɱɚɟ 

ɫɟɩɚɪɚɬɨɪ ɜɵɩɨɥɧɹɟɬ ɪɨɥɶ ɪɟɲɟɬɚ, ɧɨ ɬɨɥɶɤɨ ɜɵɧɟɫɟɧɧɨɝɨ ɢɡ ɪɚɛɨɱɟɣ ɤɚɦɟɪɵ. 

ɂɡɜɟɫɬɧɵ ɬɚɤɠɟ ɬɚɤɢɟ ɫɩɨɫɨɛɵ, ɤɨɝɞɚ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɡɚ ɫɱɟɬ 

ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɢɡɦɟɧɟɧɢɣ ɤɚɤ ɪɨɬɨɪɚ ɬɚɤ ɢ ɫɬɚɬɨɪɚ, ɚ ɬɚɤɠɟ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɦ 

ɫɩɨɫɨɛɨɦ. Ʉɚɤ ɩɨɤɚɡɚɥɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɚɧɚɥɢɡ ɫɭɳɟɫɬɜɭɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ, 

ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦ ɢ ɩɪɨɫɬɵɦ ɫɩɨɫɨɛɨɦ ɹɜɥɹɟɬɫɹ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɣ ɫɩɨɫɨɛ, 

ɤɨɝɞɚ ɢɡɦɟɧɟɧɢɟ ɫɬɟɩɟɧɢ ɢɡɦɟɥɶɱɟɧɢɹ ɩɪɨɢɫɯɨɞɢɬ ɡɚ ɫɱɟɬ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ 

ɩɪɨɰɟɫɫɚ ɞɪɨɛɥɟɧɢɹ ɦɚɬɟɪɢɚɥɚ. Ⱦɨɫɬɢɝɚɟɬɫɹ ɷɬɨ ɩɭɬɟɦ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ 

ɢɡɦɟɧɟɧɢɣ ɫɬɚɬɨɪɚ ɛɟɡɪɟɲɟɬɧɨɣ ɞɪɨɛɢɥɤɢ ɢ ɫɩɟɰɢɚɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ. 
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1.4 Ⱥɧɚɥɢɡ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɪɚɛɨɱɟɝɨɩɪɨɰɟɫɫɚ 

ɞɪɨɛɥɟɧɢɹ ɡɟɪɧɚ 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢɡɜɟɫɬɧɨ ɞɨɜɨɥɶɧɨ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɟɨɪɢɣ 

ɢɡɦɟɥɶɱɟɧɢɹ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɛɵɥɢ ɩɪɟɞɩɪɢɧɹɬɵ ɩɨɩɵɬɤɢ ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɬɶ ɷɬɢ 

ɬɟɨɪɢɢ ɩɨ ɨɞɧɨɣ ɟɞɢɧɨɣ ɫɢɫɬɟɦɟ [22]. ɋɭɳɟɫɬɜɭɸɳɢɟ ɬɟɨɪɢɢ ɢɡɦɟɥɶɱɟɧɢɹ ɦɨɠɧɨ 

ɪɚɡɞɟɥɢɬɶ ɧɚ ɬɪɢ ɝɪɭɩɩɵ. 

ȼ ɩɟɪɜɭɸ ɝɪɭɩɩɭ ɜɯɨɞɹɬ ɬɟɨɪɢɢ, ɹɜɥɹɸɳɢɟɫɹ ɨɫɧɨɜɨɣ ɞɥɹ ɭɦɨɡɪɢɬɟɥɶɧɵɯ 

ɡɚɤɥɸɱɟɧɢɣ ɨ ɩɪɨɰɟɫɫɟ ɢɡɦɟɥɶɱɟɧɢɹ ɢ ɭɫɬɚɧɚɜɥɢɜɚɸɳɢɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɢɡɦɟɧɟɧɢɹ 

ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɢɡɦɟɥɶɱɟɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. 

ȼɬɨɪɚɹ ɝɪɭɩɩɚ ɨɛɴɟɞɢɧɹɟɬ ɜɫɟ ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ ɬɟɨɪɢɢ, ɤɨɬɨɪɵɟ ɜɵɪɚɠɚɸɬ 

ɡɚɤɨɧɨɦɟɪɧɨɫɬɶ ɢɡɦɟɥɶɱɟɧɢɹ ɤɚɤ ɮɭɧɤɰɢɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢɡɦɟɥɶɱɚɟɦɵɯ ɦɚɬɟɪɢɚɥɨɜ 

ɢ ɫɪɟɞɫɬɜ ɢɡɦɟɥɶɱɟɧɢɹ [26]. 

ȼ ɬɪɟɬɶɟɣ ɝɪɭɩɩɟ ɬɟɨɪɢɣ ɢɡɦɟɥɶɱɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɬɟɫɧɨ 

ɫɜɹɡɚɧɧɵɟ ɫ ɮɢɡɢɤɨɣ ɬɜɟɪɞɨɝɨ ɬɟɥɚ. ȼ ɷɬɭ ɝɪɭɩɩɭ ɜɯɨɞɹɬ ɤɥɚɫɫɢɱɟɫɤɢɟ ɡɚɤɨɧɵ 

ɉ.Ɋɢɬɬɢɧɝɟɪɚ, ȼ.Ʌ.Ʉɢɪɩɢɱɟɜɚ, ɉ.Ⱥ. Ɋɟɛɢɧɞɟɪɚ, ɪɚɛɨɱɢɟ ɮɨɪɦɭɥɵ ɋ.ȼ.Ɇɟɥɶɧɢɤɨɜɚ. 

Ɍɟɨɪɢɹ ɢɡɦɟɥɶɱɟɧɢɹ ɬɜɟɪɞɵɯ ɬɟɥ ɪɚɫɫɦɚɬɪɢɜɚɟɬ ɜ ɨɫɧɨɜɧɨɦ ɞɜɚ ɤɨɦɩɥɟɤɫɚ 

ɜɨɩɪɨɫɨɜ. ȼɨ-ɩɟɪɜɵɯ, ɨɧɚ ɢɡɭɱɚɟɬ ɨɫɧɨɜɧɵɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɢɰ 

ɢɡɦɟɥɶɱɟɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɩɨ ɢɯ ɬɢɩɨɪɚɡɦɟɪɚɦ, ɢɥɢ ɮɪɚɤɰɢɹɦ. ɉɪɢ ɷɬɨɦ ɤɨɧɟɱɧɨɣ 

ɰɟɥɶɸ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɩɪɨɫɬɨɝɨ ɢ ɧɚɞɟɠɧɨɝɨ ɦɟɬɨɞɚ ɨɩɪɟɞɟɥɟɧɢɹ ɫɪɟɞɧɢɯ 

ɪɚɡɦɟɪɨɜ ɱɚɫɬɢɰ ɢɡɦɟɥɶɱɟɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɡɧɚɱɟɧɢɣ ɫɬɟɩɟɧɢ ɢɡɦɟɥɶɱɟɧɢɹ ɢ ɬ.ɞ. ȼɨ-

ɜɬɨɪɵɯ, ɨɧɚ ɢɡɭɱɚɟɬ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɦɟɠɞɭ ɡɚɬɪɚɬɚɦɢ ɷɧɟɪɝɢɢ ɧɚ ɢɯ 

ɩɪɨɰɟɫɫ ɢɡɦɟɥɶɱɟɧɢɹ ɢ ɫɬɟɩɟɧɶɸ ɢɡɦɟɥɶɱɟɧɢɹ [86,93,101]. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢɡɦɟɥɶɱɟɧɢɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɪɢɧɹɬɨɣ ɬɟɯɧɨɥɨɝɢɢ, ɤɨɧɫɬɪɭɤɰɢɣ 

ɦɚɲɢɧ, ɪɟɠɢɦɨɜ ɢɯ ɪɚɛɨɬɵ. 

ȼ ɨɫɧɨɜɭ ɬɟɨɪɢɢ ɞɪɨɛɥɟɧɢɹ ɜ ɦɨɥɨɬɤɨɜɵɯ ɞɪɨɛɢɥɤɚɯ ɡɚɥɨɠɟɧɵ ɬɪɭɞɵ 

ȼ.ɉ.Ƚɨɪɹɱɤɢɧɚ, Ɇ.Ɇ.Ƚɟɪɧɟɬɚ, ɋ.ȼ.Ɇɟɥɶɧɢɤɨɜɚ, ȼ.Ⱥ.ȿɥɢɫɟɟɜɚ, ɋ.Ⱦ.ɏɭɫɢɞɚ, 

ȼ.ɂ.ɋɵɪɨɜɚɬɤɢ, ȼ.Ɋ.Ⱥɥɟɲɤɢɧɚ, Ɏ.Ƚ.ɉɥɨɯɨɜɚ, ɉ.Ɇ.Ɋɨɳɢɧɚ, ɂ.ȿ. ȼɨɥɤɨɜɚ ɢ ɞɪ. 

ɂɫɫɥɟɞɨɜɚɧɢɹɦɢ ɷɧɟɪɝɨɟɦɤɨɫɬɢ ɩɪɨɰɟɫɫɚ ɞɪɨɛɥɟɧɢɹ ɡɚɧɢɦɚɥɢɫɶ ɉ.Ɋɢɬɬɢɧɝɟɪ, 

ȼ.Ʌ.Ʉɢɪɩɢɱɟɜ, Ɏ.Ʉɢɤ, ɉ.Ɋɟɛɢɧɞɟɪ, Ɏ.Ȼɨɧɞ, Ⱥ.Ʉ.Ɋɭɧɞɤɜɢɫɬ, Ɋ.Ⱥ.Ɋɨɞɢɧ, 

ɋ.ȼ.Ɇɟɥɶɧɢɤɨɜ ɢ ɞɪ. 

ɇɚɭɱɧɨɣ ɨɫɧɨɜɨɣ ɬɟɨɪɢɢ ɢɡɦɟɥɶɱɟɧɢɹ ɹɜɥɹɸɬɫɹ ɡɚɤɨɧɵ ɮɢɡɢɤɢ ɬɜɟɪɞɨɝɨ ɬɟɥɚ 

ɢ ɦɟɯɚɧɢɡɦ ɟɝɨ ɪɚɡɪɭɲɟɧɢɹ. Ɇɚɫɫɨɜɵɣ ɯɚɪɚɤɬɟɪ ɹɜɥɟɧɢɣ ɩɪɢ ɢɡɦɟɥɶɱɟɧɢɢ ɬɜɟɪɞɵɯ 
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ɬɟɥ ɞɚɟɬ ɨɫɧɨɜɚɧɢɟ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɩɪɨɰɟɫɫ ɪɚɡɪɭɲɟɧɢɹ ɤɚɤ ɫɬɨɯɚɫɬɢɱɟɫɤɢɣ, 

ɨɩɢɫɵɜɚɟɦɵɣ ɜɟɪɨɹɬɧɨɫɬɧɨ-ɫɬɚɬɢɫɬɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ. Ⱦɥɹ ɨɰɟɧɤɢ ɤɚɱɟɫɬɜɟɧɧɵɯ 

ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɨɰɟɫɫɚ ɢɡɦɟɥɶɱɟɧɢɹ ɤɨɪɦɨɜ ɢɫɩɨɥɶɡɭɸɬ ɪɚɡɥɢɱɧɵɟ ɚɧɚɥɢɬɢɱɟɫɤɢɟ 

ɜɵɪɚɠɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɟɤɭɳɟɝɨ ɪɚɡɦɟɪɚ ɱɚɫɬɢɰ ɏ, ɧɚɩɪɢɦɟɪ, Ɋɨɡɢɧɚ - 

Ɋɚɦɥɟɪɚ  ɢɥɢ ɥɨɝɚɪɢɮɦɢɱɟɫɤɢ - ɧɨɪɦɚɥɶɧɨɝɨ ɡɚɤɨɧɚ[26]: 

f x

x

u
( lg ) [

( , )
] e x p ( ) ,

 


1

2 3 0 3 2 2

2

 
                   (1.1) 

 

ɝɞɟ  u  - ɩɚɪɚɦɟɬɪ  [ ( lg lg ) / ] ,u x x         (1.2) 

    - ɫɪɟɞɧɟɟ ɤɜɚɞɪɚɬɢɱɧɨɟ ɨɬɤɥɨɧɟɧɢɟ, ɦɤɦν 

 lg x  - ɫɪɟɞɧɟɟ ɚɪɢɮɦɟɬɢɱɟɫɤɨɟ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵν 

 x - ɬɟɤɭɳɢɣ ɪɚɡɦɟɪ ɱɚɫɬɢɰ ɢɥɢ ɨɬɜɟɪɫɬɢɣ ɫɢɬ, ɦɤɦ. 

Ʌɨɝɚɪɢɮɦɢɱɟɫɤɢ - ɧɨɪɦɚɥɶɧɵɣ ɡɚɤɨɧ ɛɨɥɟɟ ɬɨɱɧɨ ɨɬɪɚɠɚɟɬ ɞɟɣɫɬɜɢɬɟɥɶɧɭɸ 

ɤɚɪɬɢɧɭ ɢ ɹɜɥɹɟɬɫɹ ɫɬɪɨɝɢɦ ɬɟɨɪɟɬɢɱɟɫɤɢɦ ɜɵɪɚɠɟɧɢɟɦ. 

 ɇɚ ɩɪɚɤɬɢɤɟ ɭɞɨɛɧɟɟ ɢɫɩɨɥɶɡɨɜɚɬɶ ɷɦɩɢɪɢɱɟɫɤɭɸ ɮɨɪɦɭɥɭ Ɋɨɡɢɧɚ-

Ɋɚɦɥɟɪɚ [26]:: 

 

R x e
b x

n

 
1 0 0 ,                (1.3) 

 

ɝɞɟ R x - ɨɫɬɚɬɨɤ ɧɚ ɫɢɬɟ ɫ ɞɢɚɦɟɬɪɨɦ ɨɬɜɟɪɫɬɢɣ    ɜ ɫɭɦɦɚɪɧɵɯ ɩɪɨɰɟɧɬɚɯ ɩɨ 

ɦɚɫɫɟν 

 x - ɫɪɟɞɧɢɣ ɪɚɡɦɟɪ ɱɚɫɬɢɰ ɤɥɚɫɫɚ, ɦɤɦν 

 b n,  - ɩɚɪɚɦɟɬɪɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ. 

ɂɫɫɥɟɞɨɜɚɧɢɹɦɢ ɷɧɟɪɝɨɟɦɤɨɫɬɢ ɩɪɨɰɟɫɫɚ ɡɚɧɢɦɚɸɬɫɹ ɞɚɜɧɨ. ȿɳɟ ɜ ɩɪɨɲɥɨɦ 

ɜɟɤɟ ɛɵɥɢ ɜɵɞɜɢɧɭɬɵ ɞɜɟ ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɬɟɨɪɢɢμ ɩɨɜɟɪɯɧɨɫɬɧɚɹ ɢ ɨɛɴɟɦɧɚɹ. 

ɉɪɨɮɟɫɫɨɪ ɉ.Ɋɢɬɬɢɧɝɟɪ ɜ 1867 ɝɨɞɭ ɜɩɟɪɜɵɟ ɜɵɞɜɢɧɭɥ ɝɢɩɨɬɟɡɭ ɨ ɬɨɦ, ɱɬɨ ɪɚɛɨɬɚ, 

ɡɚɬɪɚɱɢɜɚɟɦɚɹ ɧɚ ɢɡɦɟɥɶɱɟɧɢɟ ɦɚɬɟɪɢɚɥɚ ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɜɧɨɜɶ 

ɨɛɪɚɡɨɜɚɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ [28]:: 

 

    A K F  ,       (1.4) 
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ɝɞɟ  A  - ɪɚɛɨɬɚ, ɡɚɬɪɚɱɢɜɚɟɦɚɹ ɧɚ ɢɡɦɟɥɶɱɟɧɢɟ, Ⱦɠν 

K   - ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɢν 

F  - ɩɪɢɪɚɳɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ. 

 ȼ ɞɚɥɶɧɟɣɲɟɦ ɷɬɚ ɝɢɩɨɬɟɡɚ ɛɵɥɚ ɧɚɡɜɚɧɚ ɩɟɪɜɵɦ ɡɚɤɨɧɨɦ ɞɪɨɛɥɟɧɢɹ 

ɢɥɢ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɬɟɨɪɢɟɣ.  

ȼ 1874 ɝɨɞɭ ɩɪɨɮɟɫɫɨɪ ȼ.Ʌ.Ʉɢɪɩɢɱɟɜ, ɚ ɜ 1885 ɩɪɨɮɟɫɫɨɪ Ʉɢɤ, ɩɪɟɞɩɨɥɨɠɢɥɢ, 

ɱɬɨ ɷɧɟɪɝɢɹ, ɡɚɬɪɚɱɢɜɚɟɦɚɹ ɧɚ ɢɡɦɟɥɶɱɟɧɢɟ, ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɨɛɴɟɦɭ 

ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɣ ɱɚɫɬɢ ɬɟɥɚ [56]: 

 

    A
E

V


c g

2

2
,      (1.5) 

 

ɝɞɟ 
cg

  - ɧɚɩɪɹɠɟɧɢɟ, ɜɨɡɧɢɤɚɸɳɟɟ ɩɪɢ ɞɟɮɨɪɦɚɰɢɢν 

V   - ɨɛɴɟɦ ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɬɟɥɚν 

E  - ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ. 

ɗɬɚ ɝɢɩɨɬɟɡɚ ɛɵɥɚ ɧɚɡɜɚɧɚ ɜɬɨɪɵɦ ɡɚɤɨɧɨɦ  ɞɪɨɛɥɟɧɢɹ ɢɥɢ ɨɛɴɟɦɧɨɣ 

ɬɟɨɪɢɟɣ. 

 ȼ 1λ4λ ɝɨɞɭ Ɏ.Ȼɨɧɞ ɜɵɞɜɢɧɭɥ ɝɢɩɨɬɟɡɭ, ɱɬɨ ɪɚɛɨɬɚ, ɡɚɬɪɚɱɢɜɚɟɦɚɹ ɧɚ 

ɞɪɨɛɥɟɧɢɟ, ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɫɪɟɞɧɟɦɭ ɝɟɨɦɟɬɪɢɱɟɫɤɨɦɭ ɢɡ ɨɛɴɟɦɚ ɢ ɩɥɨɳɚɞɢ 

ɩɨɜɟɪɯɧɨɫɬɢ ɢɡɦɟɥɶɱɚɟɦɨɝɨ ɤɭɫɤɚ, ɤɨɬɨɪɭɸ ɨɧ ɧɚɡɜɚɥ ɬɪɟɬɶɢɦ ɡɚɤɨɧɨɦ ɢɡɦɟɥɶɱɟɧɢɹ. 

Ⱥɤɚɞɟɦɢɤ ɉ.Ⱥ.Ɋɟɛɢɧɞɟɪ ɩɪɟɞɥɨɠɢɥ ɜ 1λ28 ɝ. ɨɰɟɧɢɜɚɬɶ ɪɚɛɨɬɭ ɢɡɦɟɥɶɱɟɧɢɹ 

ɤɚɤ ɫɭɦɦɭ ɪɚɛɨɬ, ɡɚɬɪɚɱɢɜɚɟɦɵɯ ɧɚ ɞɟɮɨɪɦɚɰɢɸ ɪɚɡɪɭɲɚɟɦɵɯ ɤɭɫɤɨɜ ɢ ɧɚ 

ɨɛɪɚɡɨɜɚɧɢɟ ɩɨɜɟɪɯɧɨɫɬɟɣ, ɜɩɨɫɥɟɞɫɬɜɢɢ ɧɚɡɜɚɧɧɭɸ ɨɫɧɨɜɧɵɦ ɡɚɤɨɧɨɦ ɢɡɦɟɥɶɱɟɧɢɹ 

[36]:: 

 

    A K V F   ,       (1.6) 

 

ɝɞɟ  K ,   - ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɢν 

V   - ɞɟɮɨɪɦɢɪɨɜɚɧɧɵɣ ɨɛɴɟɦν 

F  - ɜɧɨɜɶ ɨɛɪɚɡɨɜɚɧɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ. 
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ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɧɢ ɨɞɧɚ ɢɡ ɪɚɧɟɟ ɩɪɟɞɥɨɠɟɧɧɵɯ ɝɢɩɨɬɟɡ ɧɟ ɞɚɟɬ 

ɞɨɫɬɚɬɨɱɧɨ ɬɨɱɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɢ ɬɟɨɪɟɬɢɱɟɫɤɨɦ ɨɩɪɟɞɟɥɟɧɢɢ ɡɚɬɪɚɬ ɷɧɟɪɝɢɢ ɧɚ 

ɞɪɨɛɥɟɧɢɟ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɝɢɩɨɬɟɡɵ ɞɪɨɛɥɟɧɢɹ ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ 

ɩɪɢɛɥɢɠɟɧɧɵɦɢ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɩɪɢ ɜɵɜɨɞɟ ɮɨɪɦɭɥɵ ɞɥɹ ɪɚɫɱɟɬɚ ɦɨɳɧɨɫɬɢ 

ɩɪɢɜɨɞɚ ɞɪɨɛɢɥɨɤ, ɭɱɢɬɵɜɚɹ ɡɧɚɱɢɬɟɥɶɧɵɟ ɪɚɫɯɨɠɞɟɧɢɹ ɦɟɠɞɭ ɬɟɨɪɟɬɢɱɟɫɤɢɦɢ ɢ 

ɷɦɩɢɪɢɱɟɫɤɢɦɢ ɞɚɧɧɵɦɢ, ɧɟɨɛɯɨɞɢɦɨ ɜɜɨɞɢɬɶ ɜ ɧɟɟ ɩɨɩɪɚɜɨɱɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ, 

ɩɨɥɭɱɟɧɧɵɟ ɢɡ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. 

ɂɫɩɨɥɶɡɭɹ ɨɫɧɨɜɧɨɣ ɡɚɤɨɧ ɢɡɦɟɥɶɱɟɧɢɹ (1.6) ɋ.ȼ.Ɇɟɥɶɧɢɤɨɜ ɜ 1λ52 ɝ. 

ɩɪɟɞɥɨɠɢɥ ɷɦɩɢɪɢɱɟɫɤɭɸ ɪɚɛɨɱɭɸ ɮɨɪɦɭɥɭ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɛɨɬɵ ɧɚ ɞɪɨɛɥɟɧɢɟ 

[26]:: 

 

Ⱥɢɡɦ=ɋɩɪ ɋvlg
3
+CS (-1)   ,     (1.7) 

 

ɝɞɟ   Ⱥɢɡɦ- ɩɨɥɧɵɟ ɡɚɬɪɚɬɵ ɪɚɛɨɬɵ ɧɚ ɢɡɦɟɥɶɱɟɧɢɟ, Ⱦɠ/ɤɝνν 

 C   - ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɰɟɫɫɚν 

 C C
S V,

 - ɩɨɫɬɨɹɧɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ, Ⱦɠ/ɤɝν 

   - ɫɬɟɩɟɧɶ ɢɡɦɟɥɶɱɟɧɢɹ. 

 ɋɬɟɩɟɧɶ ɢɡɦɟɥɶɱɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟμ 

 

    
D

H

d k
 ,    (1.8) 

 

ɝɞɟ  Dɧ - ɫɪɟɞɧɢɣ ɧɚɱɚɥɶɧɵɣ ɥɢɧɟɣɧɵɣ ɪɚɡɦɟɪ ɦɚɬɟɪɢɚɥɚ, ɦɦν 

 d k  - ɫɪɟɞɧɢɣ ɤɨɧɟɱɧɵɣ ɥɢɧɟɣɧɵɣ ɪɚɡɦɟɪ ɦɚɬɟɪɢɚɥɚ, ɦɦν 

 ɋɨɩɨɫɬɚɜɥɹɹ ɜɟɪɨɹɬɧɨɫɬɧɨɦɭ ɯɚɪɚɤɬɟɪɭ ɩɪɨɰɟɫɫɚ ɞɪɨɛɥɟɧɢɹ 

ɦɚɪɤɨɜɫɤɢɣ ɫɥɭɱɚɣɧɵɣ ɩɪɨɰɟɫɫ ɞɥɹ ɫɬɟɩɟɧɢ ɢɡɦɟɥɶɱɟɧɢɹ    Ⱥɥɟɲɤɢɧɵɦ ȼ.Ɋ. ɛɵɥɨ 

ɩɨɥɭɱɟɧɨ ɫɥɟɞɭɸɳɟɟ ɜɵɪɚɠɟɧɢɟ [13]: 

 

 

     ( )t 1 ,   ɢɥɢ 
 

e
tln ( )1

,     (1.9) 

Ƚɞɟ t  - ɜɪɟɦɹ, ɫν 
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  - ɩɚɪɚɦɟɬɪ ɩɪɨɰɟɫɫɚ.  

Ɏɨɪɦɭɥɚ (1.λ) ɞɚɟɬ ɧɚɦ ɬɟɨɪɟɬɢɱɟɫɤɢ ɧɚɣɞɟɧɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɫɬɟɩɟɧɢ 

ɢɡɦɟɥɶɱɟɧɢɹ ɨɬ ɜɪɟɦɟɧɢ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɩɚɪɚɦɟɬɪ ɩɪɨɰɟɫɫɚ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɢ ɞɨɥɠɟɧ ɛɵɬɶ ɦɟɧɶɲɟ ɟɞɢɧɢɰɵ. ɂɧɚɱɟ, ɱɟɦ ɛɨɥɶɲɟ ɪɚɛɨɬɚɟɬ 

ɦɨɥɨɬɤɨɜɚɹ ɞɪɨɛɢɥɤɚ, ɬɟɦ ɛɵɫɬɪɟɟ ɜɨɡɪɚɫɬɚɟɬ ɫɬɟɩɟɧɶ ɢɡɦɟɥɶɱɟɧɢɹ. ɇɚ ɫɚɦɨɦ ɞɟɥɟ 

ɫɥɟɞɭɟɬ ɨɠɢɞɚɬɶ, ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɜɪɟɦɟɧɢ   ɫɬɟɩɟɧɶ ɢɡɦɟɥɶɱɟɧɢɹ   ɜɨɡɪɚɫɬɚɟɬ ɜɫɟ 

ɦɟɞɥɟɧɧɟɟ Д33,34Ж. ɇɨ ɜ ɥɸɛɨɦ ɫɥɭɱɚɟ ɢɡ ɮɨɪɦɭɥɵ (1.λ) ɫɥɟɞɭɟɬ, ɱɬɨ ɫɬɟɩɟɧɶ 

ɢɡɦɟɥɶɱɟɧɢɹ ɦɨɠɟɬ ɜɨɡɪɚɫɬɚɬɶ ɧɟɨɝɪɚɧɢɱɟɧɧɨ. 

ɉɪɨɰɟɫɫ ɢɡɦɟɥɶɱɟɧɢɹ ɤɨɪɦɨɜ ɦɧɨɝɨɫɬɚɞɢɣɧɵɣ ɢ ɬɟɨɪɟɬɢɱɟɫɤɢ ɩɪɨɞɨɥɠɚɟɬɫɹ 

ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɢɡɦɟɥɶɱɚɟɦɵɣ ɦɚɬɟɪɢɚɥ ɧɚɯɨɞɢɬɫɹ ɜ ɤɚɦɟɪɟ ɢɡɦɟɥɶɱɟɧɢɹ. ɇɚ 

ɩɪɚɤɬɢɤɟ ɦɨɠɧɨ ɞɨɩɭɫɬɢɬɶ ɫɭɳɟɫɬɜɨɜɚɧɢɟ ɩɪɟɞɟɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɢɡɦɟɥɶɱɟɧɢɹ Эɩɪɟɞ, 

ɬɚɤɨɝɨ, ɱɬɨ ɟɫɥɢ ɜɪɟɦɹ ɩɟɪɟɪɚɛɨɬɤɢ ɢɡɦɟɥɶɱɚɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ ɩɪɟɜɵɲɚɟɬ Э ɩɪɟɞ, ɬɨ 

ɞɚɥɶɧɟɣɲɟɝɨ ɢɡɦɟɥɶɱɟɧɢɹ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɩɪɨɢɫɯɨɞɢɬ [34]. 

Ⱦɥɹ ɤɚɠɞɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɫɭɳɟɫɬɜɭɟɬ ɦɚɤɫɢɦɚɥɶɧɚɹ ɫɬɟɩɟɧɶ 

ɢɡɦɟɥɶɱɟɧɢɹ, ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɜɪɟɦɟɧɢ ɪɚɛɨɬɵ t . Ɍɨɝɞɚ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɦɟɧɶɲɟɣ 

ɫɬɟɩɟɧɢ ɢɡɦɟɥɶɱɟɧɢɹ, ɱɟɦ ɦɚɤɫɢɦɚɥɶɧɚɹ, ɧɟɨɛɯɨɞɢɦɨ ɬɨɱɧɟɟ ɡɧɚɬɶ ɡɚɜɢɫɢɦɨɫɬɶ  ( t

), ɱɬɨɛɵ ɨɩɪɟɞɟɥɢɬɶ ɜɪɟɦɹ ɜɵɜɨɞɚ ɝɨɬɨɜɨɝɨ ɩɪɨɞɭɤɬɚ ɛɟɡ ɩɟɪɟɪɚɫɯɨɞɚ ɷɧɟɪɝɢɢ. 

 

1.5 ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ 

 

ɇɚ ɨɫɧɨɜɟ ɩɪɨɜɟɞɟɧɢɹ ɚɧɚɥɢɡɚ ɤɨɧɫɬɪɭɤɰɢɣ ɫɭɳɟɫɬɜɭɸɳɢɯ ɦɨɥɨɬɤɨɜɵɯ 

ɞɪɨɛɢɥɨɤ ɤɨɪɦɨɜ ɢ ɬɟɨɪɢɣ ɢɡɦɟɥɶɱɟɧɢɹ ɜɵɹɜɥɟɧɨ, ɱɬɨ ɫɨɜɪɟɦɟɧɧɵɟ ɞɪɨɛɢɥɤɢ ɧɟ 

ɜ ɩɨɥɧɨɣ ɦɟɪɟ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɩɪɟɞɴɹɜɥɹɟɦɵɦ ɬɪɟɛɨɜɚɧɢɹɦ, ɤɚɤ ɜ ɩɥɚɧɟ 

ɡɨɨɬɟɯɧɢɱɟɫɤɢɯ ɬɪɟɛɨɜɚɧɢɣ ɩɨ ɤɚɱɟɫɬɜɭ ɢɡɦɟɥɶɱɟɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɬɚɤ ɢ ɩɨ 

ɷɧɟɪɝɟɬɢɱɟɫɤɢɦ ɩɨɤɚɡɚɬɟɥɹɦ. ȼ ɬɟɨɪɢɢ ɢɡɦɟɥɶɱɟɧɢɹ ɤɨɪɦɨɜ ɨɫɬɚɥɢɫɶ ɜɨɩɪɨɫɵ, 

ɧɟɪɟɲёɧɧɵɦɢ ɞɨ ɤɨɧɰɚ, ɩɨ ɡɚɬɪɚɬɚɦ ɷɧɟɪɝɢɢ. ɉɨɷɬɨɦɭ ɪɚɡɜɢɬɢɟ ɬɟɨɪɟɬɢɱɟɫɤɢɯ 

ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɢɡɦɟɥɶɱɟɧɢɸ ɤɨɪɦɨɜ ɢ ɪɚɡɪɚɛɨɬɤɚ ɧɨɜɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɹɜɥɹɟɬɫɹ 

ɚɤɬɭɚɥɶɧɨɣ ɩɪɨɛɥɟɦɨɣ. 
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ȽɅȺȼȺ 2 ɌȿɈɊȿɌɂɑȿɋɄɈȿ ɈȻɈɋɇɈȼȺɇɂȿ ɄɈɇɋɌɊɍɄɐɂɂ, 

ɉȺɊȺɆȿɌɊɈȼ ɂ ɊȿɀɂɆɈȼ ɊȺȻɈɌɕ ȻȿɁɊȿɒȿɌɇɈɃ ɆɈɅɈɌɄɈȼɈɃ 

ȾɊɈȻɂɅɄɂ 

2.1 Ɉɫɧɨɜɵ ɬɟɨɪɢɢ ɦɨɥɨɬɤɨɜɵɯ ɞɪɨɛɢɥɨɤ ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ ɩɨ ɟɟ        

ɩɪɢɥɨɠɟɧɢɸ ɤ ɪɚɫɱɟɬɭ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ  ɢɡɦɟɥɶɱɢɬɟɥɟɣ ɤɨɪɦɨɜ 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɦɨɥɨɬɤɨɜɵɯ ɞɪɨɛɢɥɨɤ ɤɚɤ ɦɚɲɢɧ ɞɥɹ ɢɡɦɟɥɶɱɟɧɢɹ ɤɨɪɦɨɜ ɜ 

ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ ɧɚɫɱɢɬɵɜɚɟɬ ɧɟ ɨɞɢɧ ɞɟɫɹɬɨɤ ɥɟɬ. ɉɪɢɧɰɢɩ 

ɪɚɛɨɬɵ ɦɨɥɨɬɤɨɜɨɣ ɞɪɨɛɢɥɤɢ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ. Ⱦɜɢɝɚɬɟɥɶ ɜɪɚɳɚɟɬ ɫ 

ɛɨɥɶɲɨɣ ɫɤɨɪɨɫɬɶɸ ɜ ɤɚɦɟɪɟ ɞɪɨɛɥɟɧɢɹ ɛɚɪɚɛɚɧ ɫ ɩɪɢɤɪɟɩɥɟɧɧɵɦɢ ɤ ɧɟɦɭ 

ɦɨɥɨɬɤɚɦɢ. ɑɚɫɬɢɰɵ ɢɡɦɟɥɶɱɟɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ (ɡɟɪɧɨɜɨɝɨ, ɫɬɟɛɥɟɜɨɝɨ ɢ ɬ.ɞ.) ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɭɞɚɪɨɜ ɦɨɥɨɬɤɨɜ ɞɟɮɨɪɦɢɪɭɸɬɫɹ, ɞɪɨɛɹɬɫɹ, ɪɚɫɩɚɞɚɸɬɫɹ ɧɚ ɛɨɥɟɟ 

ɦɟɥɤɢɟ ɱɚɫɬɢɰɵ, ɨɬɛɪɚɫɵɜɚɸɬɫɹ ɧɚ ɫɬɟɧɤɢ ɤɚɦɟɪɵ (ɝɞɟ ɬɚɤɠɟ ɦɨɝɭɬ ɩɪɢ ɭɞɚɪɟ 

ɪɚɫɩɚɫɬɶɫɹ ɧɚ ɛɨɥɟɟ ɦɟɥɤɢɟ ɱɚɫɬɢɰɵ), ɨɬɪɚɠɚɸɬɫɹ ɨɬ ɫɬɟɧɨɤ ɜɧɭɬɪɶ ɤɚɦɟɪɵ 

ɞɪɨɛɥɟɧɢɹ, ɜ ɤɨɧɟɱɧɨɦ ɫɱɟɬɟ, ɜɧɨɜɶ ɩɨɩɚɞɚɹ ɩɨɞ ɞɟɣɫɬɜɢɟ ɦɨɥɨɬɤɨɜ. Ɉɬɫɸɞɚ 

ɜɢɞɧɨ, ɱɬɨ ɩɪɨɰɟɫɫ ɢɡɦɟɥɶɱɟɧɢɹ ɤɨɪɦɨɜ ɦɧɨɝɨɫɬɚɞɢɣɧɵɣ ɢ ɬɟɨɪɟɬɢɱɟɫɤɢ 

ɩɪɨɞɨɥɠɚɟɬɫɹ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɢɡɦɟɥɶɱɚɟɦɵɣ ɦɚɬɟɪɢɚɥ ɧɚɯɨɞɢɬɫɹ ɜ ɤɚɦɟɪɟ 

ɢɡɦɟɥɶɱɟɧɢɹ. ɇɚ ɩɪɚɤɬɢɤɟ ɦɨɠɧɨ ɞɨɩɭɫɬɢɬɶ ɫɭɳɟɫɬɜɨɜɚɧɢɟ ɩɪɟɞɟɥɶɧɨɝɨ ɜɪɟɦɟɧɢ 

ɢɡɦɟɥɶɱɟɧɢɹ tɩɪɟɞ., ɩɨ ɞɨɫɬɢɠɟɧɢɸ ɤɨɬɨɪɨɝɨ ɞɚɥɶɧɟɣɲɟɝɨ ɢɡɦɟɥɶɱɟɧɢɹ 

ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɩɪɨɢɫɯɨɞɢɬ. 

ɇɚɭɱɧɨɣ ɨɫɧɨɜɨɣ ɬɟɨɪɢɢ ɢɡɦɟɥɶɱɟɧɢɹ ɹɜɥɹɸɬɫɹ ɡɚɤɨɧɵ ɮɢɡɢɤɢ ɬɜɟɪɞɨɝɨ 

ɬɟɥɚ ɢ ɦɟɯɚɧɢɡɦ ɟɝɨ ɪɚɡɪɭɲɟɧɢɹ Д38Ж. Ɇɚɫɫɨɜɵɣ ɯɚɪɚɤɬɟɪ ɹɜɥɟɧɢɣ ɩɪɢ 

ɢɡɦɟɥɶɱɟɧɢɢ ɬɜɟɪɞɵɯ ɬɟɥ ɞɚɟɬ ɨɫɧɨɜɚɧɢɟ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɩɪɨɰɟɫɫ ɪɚɡɪɭɲɟɧɢɹ ɤɚɤ 

ɫɬɨɯɚɫɬɢɱɟɫɤɢɣ, ɨɩɢɫɵɜɚɟɦɵɣ ɜɟɪɨɹɬɧɨɫɬɧɨ-ɫɬɚɬɢɫɬɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ. 

Ɍɟɨɪɢɹ ɦɨɥɨɬɤɨɜɵɯ ɞɪɨɛɢɥɨɤ ɜ ɫɠɚɬɨɦ ɜɢɞɟ ɩɪɢɜɟɞɟɧɚ ɋ.ȼ. Ɇɟɥɶɧɢɤɨɜɵɦ 

[80,91]. 

ɐɟɥɶɸ ɬɟɨɪɢɢ ɹɜɥɹɟɬɫɹ ɪɚɫɱɟɬ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɷɥɟɦɟɧɬɨɜ ɞɪɨɛɢɥɤɢ, 

ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɩɪɢ ɡɚɞɚɧɧɨɣ ɫɬɟɩɟɧɢ ɢɡɦɟɥɶɱɟɧɢɹ ɧɚɢɜɵɫɲɭɸ ɩɪɨɩɭɫɤɧɭɸ 

ɫɩɨɫɨɛɧɨɫɬɶ ɫ ɧɚɢɦɟɧɶɲɢɦɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɦɢ ɡɚɬɪɚɬɚɦɢ. ȼ ɟɟ ɨɫɧɨɜɟ ɥɟɠɢɬ 

ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨ ɫɬɨɯɚɫɬɢɱɟɫɤɨɦ ɯɚɪɚɤɬɟɪɟ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ ɞɪɨɛɢɥɤɢ, 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ ɦɚɪɤɨɜɫɤɨɦɭ ɫɥɭɱɚɣɧɨɦɭ ɩɪɨɰɟɫɫɭ «ɝɢɛɟɥɢ ɢ ɪɚɡɦɧɨɠɟɧɢɹ». 

ɉɪɢ ɷɬɨɦ ɩɪɨɰɟɫɫɵ «ɪɚɡɦɧɨɠɟɧɢɹ» ɨɛɭɫɥɨɜɥɟɧɵ ɞɪɨɛɥɟɧɢɟɦ ɦɚɬɟɪɢɚɥɚ, ɚ 

«ɝɢɛɟɥɢ» - ɩɪɨɯɨɠɞɟɧɢɟɦ ɟɝɨ ɱɟɪɟɡ ɪɟɲɟɬɨ ɛɚɪɚɛɚɧɚ. 
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ɋɪɟɞɢ ɩɚɪɚɦɟɬɪɨɜ, ɮɢɝɭɪɢɪɭɸɳɢɯ ɜ ɬɟɨɪɢɢ, ɧɚɢɛɨɥɟɟ ɜɚɠɧɵɦɢ ɹɜɥɹɸɬɫɹ 

ɫɥɟɞɭɸɳɢɟμ 

Ȝ - ɫɬɟɩɟɧɶ ɢɡɦɟɥɶɱɟɧɢɹν 

α, ȝ - ɩɚɪɚɦɟɬɪɵ ɩɪɨɰɟɫɫɨɜ «ɪɚɡɦɧɨɠɟɧɢɹ» ɢ «ɝɢɛɟɥɢ»ν 

Ȟɭɞ - ɫɤɨɪɨɫɬɶ ɭɞɚɪɚ ɦɨɥɨɬɤɚν 

zɭɞ - ɤɨɥɢɱɟɫɬɜɨ ɭɞɚɪɨɜ, ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɡɚɞɚɧɧɨɣ ɫɬɟɩɟɧɢ 

ɢɡɦɟɥɶɱɟɧɢɹν 

t - ɜɪɟɦɹ ɩɪɟɛɵɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ ɜ ɤɚɦɟɪɟ (ɜɪɟɦɹ ɨɛɪɚɛɨɬɤɢ)ν 

Ʉɰ - ɤɪɚɬɧɨɫɬɶ ɰɢɪɤɭɥɹɰɢɢν 

Ɇɰ - ɦɚɫɫɚ ɰɢɪɤɭɥɢɪɭɸɳɟɣ ɡɚɝɪɭɡɤɢ. 

Ⱦɥɹ ɨɰɟɧɤɢ ɤɚɱɟɫɬɜɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɨɰɟɫɫɚ ɢɡɦɟɥɶɱɟɧɢɹ ɤɨɪɦɨɜ 

ɢɫɩɨɥɶɡɭɸɬ ɪɚɡɥɢɱɧɵɟ ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɜɵɪɚɠɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɬɟɤɭɳɟɝɨ ɪɚɡɦɟɪɚ ɱɚɫɬɢɰ x, ɧɚɩɪɢɦɟɪ, Ɋɨɡɢɧɚ – Ɋɚɦɦɥɟɪɚ ɢɥɢ ɥɨɝɚɪɢɮɦɢɱɟɫɤɢ – 

ɧɨɪɦɚɥɶɧɨɝɨ ɡɚɤɨɧɚ Д12λЖμ                   √                 (2.1) 

ɝɞɟ  u – ɩɚɪɚɦɟɬɪ                 ;     (2.2) 

 σz – ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɟ ɨɬɤɥɨɧɟɧɢɟ, ɦɤɦν 

xlg  – ɫɪɟɞɧɟɟ ɚɪɢɮɦɟɬɢɱɟɫɤɨɟ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ xlg ; 

x – ɬɟɤɭɳɢɣ ɪɚɡɦɟɪ ɱɚɫɬɢɰ ɢɥɢ ɨɬɜɟɪɫɬɢɣ ɫɢɬ. 

 ɉɪɨɜɟɪɤɚ ɩɨ ɤɪɢɬɟɪɢɹɦ ɫɨɝɥɚɫɢɹ ɩɨɤɚɡɚɥɚ, ɱɬɨ ɥɨɝɚɪɢɮɦɢɱɟɫɤɢ – 

ɧɨɪɦɚɥɶɧɵɣ ɡɚɤɨɧ ɛɨɥɟɟ ɬɨɱɧɨ ɨɬɪɚɠɚɟɬ ɞɟɣɫɬɜɢɬɟɥɶɧɭɸ ɤɚɪɬɢɧɭ ɢ ɹɜɥɹɟɬɫɹ 

ɫɬɪɨɝɢɦ ɬɟɨɪɟɬɢɱɟɫɤɢɦ ɜɵɪɚɠɟɧɢɟɦ. 

 ɇɚ ɩɪɚɤɬɢɤɟ ɭɞɨɛɧɟɟ ɢɫɩɨɥɶɡɨɜɚɬɶ ɷɦɩɢɪɢɱɟɫɤɭɸ ɮɨɪɦɭɥɭ Ɋɨɡɢɧɚ – 

Ɋɚɦɦɥɟɪɚμ                  (2.3) 

ɝɞɟ  Rx – ɨɫɬɚɬɨɤ ɧɚ ɫɢɬɟ ɫ ɞɢɚɦɟɬɪɨɦ ɨɬɜɟɪɫɬɢɣ x ɜ ɫɭɦɦɚɪɧɵɯ ɩɪɨɰɟɧɬɚɯ ɩɨ ɦɚɫɫɟν 

x – ɫɪɟɞɧɢɣ ɪɚɡɦɟɪ ɱɚɫɬɢɰ ɤɥɚɫɫɚ, ɦɤɦν 

b, n – ɩɚɪɚɦɟɬɪɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ. 

ɇɚɪɹɞɭ ɫ ɡɚɤɨɧɚɦɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɢɰ ɩɪɨɞɭɤɬɨɜ ɢɡɦɟɥɶɱɟɧɢɹ ɛɨɥɶɲɨɟ 

ɡɧɚɱɟɧɢɟ ɢɦɟɸɬ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɦɟɠɞɭ ɡɚɬɪɚɬɚɦɢ ɷɧɟɪɝɢɢ ɧɚ 

ɩɪɨɰɟɫɫ ɢɡɦɟɥɶɱɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɢ ɫɬɟɩɟɧɶɸ ɢɡɦɟɥɶɱɟɧɢɹ. 
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 ɉɪɢ ɢɡɭɱɟɧɢɢ ɷɬɨɣ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɢɡɦɟɥɶɱɟɧɢɹ ɢɫɯɨɞɹɬ ɢɡ 

ɬɨɝɨ, ɱɬɨ ɤɨɥɢɱɟɫɬɜɨ ɷɧɟɪɝɢɢ, ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɢɡɦɟɥɶɱɟɧɢɹ ɢɫɯɨɞɧɨɝɨ 

ɦɚɬɟɪɢɚɥɚ, ɡɚɜɢɫɢɬ ɨɬ ɦɧɨɝɢɯ ɮɚɤɬɨɪɨɜμ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɫɨɫɬɨɹɧɢɹ 

ɢɡɦɟɥɶɱɚɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ (ɩɪɨɱɧɨɫɬɢ, ɨɞɧɨɪɨɞɧɨɫɬɢ, ɯɪɭɩɤɨɫɬɢ, ɜɥɚɠɧɨɫɬɢ ɢ 

ɬ.ɞ.), ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɢɡɦɟɥɶɱɚɸɳɢɯ ɦɚɲɢɧ 

(ɦɨɥɨɬɤɨɜɵɟ ɞɪɨɛɢɥɤɢ, ɢɡɦɟɥɶɱɢɬɟɥɢ ɞɢɫɤɨɜɵɟ, ɛɚɪɚɛɚɧɧɵɟ, ɜɚɥɶɰɨɜɵɟ ɢ ɞɪ.). 

ɉɨɷɬɨɦɭ ɨɱɟɧɶ ɫɥɨɠɧɨ ɭɫɬɚɧɨɜɢɬɶ ɬɟɨɪɟɬɢɱɟɫɤɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ ɡɚɬɪɚɬɚɦɢ 

ɷɧɟɪɝɢɢ ɧɚ ɢɡɦɟɥɶɱɟɧɢɟ, ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɢɡɦɟɥɶɱɚɟɦɨɝɨ 

ɦɚɬɟɪɢɚɥɚ ɢ ɫɬɟɩɟɧɶɸ ɢɡɦɟɥɶɱɟɧɢɹ, ɬɚɤɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɨɛɵɱɧɨ ɩɪɟɞɫɬɚɜɥɹɸɬ ɜ 

ɛɨɥɟɟ ɨɛɳɟɦ ɜɢɞɟ. 

ȼ ɬɟɯɧɢɤɟ ɫɬɟɩɟɧɶɸ ɢɡɦɟɥɶɱɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɩɪɢɧɹɬɨ ɧɚɡɵɜɚɬɶ ɨɬɧɨɲɟɧɢɟ 

ɫɪɟɞɧɟɝɨ ɪɚɡɦɟɪɚ ɤɭɫɤɨɜ ɢɫɯɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɤ ɫɪɟɞɧɟɦɭ ɪɚɡɦɟɪɭ ɱɚɫɬɢɰ 

ɩɪɨɞɭɤɬɚ ɢɡɦɟɥɶɱɟɧɢɹ. 

ɋɬɟɩɟɧɶ ɢɡɦɟɥɶɱɟɧɢɹ Ȝ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟμ 

       ,      (2.4) 

ɝɞɟ Dɇ – ɫɪɟɞɧɢɣ ɧɚɱɚɥɶɧɵɣ ɥɢɧɟɣɧɵɣ ɪɚɡɦɟɪ ɦɚɬɟɪɢɚɥɚ, ɦɦν 

 dk – ɫɪɟɞɧɢɣ ɤɨɧɟɱɧɵɣ ɥɢɧɟɣɧɵɣ ɪɚɡɦɟɪ ɦɚɬɟɪɢɚɥɚ, ɦɦ. 

Ɉɞɧɨɣ ɢɡ ɜɚɠɧɟɣɲɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɤɢɧɟɬɢɤɢ ɩɪɨɰɟɫɫɚ ɞɪɨɛɥɟɧɢɹ ɹɜɥɹɟɬɫɹ 

ɜɪɟɦɹ ɢɡɦɟɥɶɱɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɜ ɪɚɛɨɱɟɣ ɤɚɦɟɪɟ ɞɪɨɛɢɥɤɢ. ɉɪɢ ɨɩɪɟɞɟɥɟɧɧɵɯ 

ɭɫɥɨɜɢɹɯ ɚɧɚɥɨɝɨɦ ɟɟ ɦɨɠɧɨ ɩɪɢɧɹɬɶ ɱɢɫɥɨ ɭɞɚɪɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɱɚɫɬɢɰɟɣ ɡɚ 

ɜɪɟɦɹ ɞɪɨɛɥɟɧɢɹ. ɗɬɨ ɱɢɫɥɨ ɡɚɜɢɫɢɬ ɤɚɤ ɨɬ ɩɪɨɱɧɨɫɬɧɵɯ ɫɜɨɣɫɬɜ ɢɡɦɟɥɶɱɚɟɦɨɝɨ 

ɦɚɬɟɪɢɚɥɚ, ɬɚɤ ɢ ɨɬ ɫɤɨɪɨɫɬɢ ɫɨɭɞɚɪɟɧɢɣ ɦɨɥɨɬɤɨɜ ɢ ɱɚɫɬɢɰ ɢɡɦɟɥɶɱɚɟɦɨɝɨ 

ɦɚɬɟɪɢɚɥɚ. Ⱥɥɟɲɤɢɧɵɦ ȼ.Ɋ. ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɱɢɫɥɨ ɭɞɚɪɨɜ, ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ 

ɞɨɫɬɢɠɟɧɢɹ ɨɩɪɟɞɟɥɟɧɧɨɣ ɫɬɟɩɟɧɢ ɢɡɦɟɥɶɱɟɧɢɹ Ȝ, ɹɜɥɹɟɬɫɹ ɜɟɥɢɱɢɧɨɣ ɫɥɭɱɚɣɧɨɣ 

ɢ ɢɦɟɟɬ ɥɨɝɚɪɢɮɦɢɱɟɫɤɢ-ɧɨɪɦɚɥɶɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ. 

Ɋɚɫɫɦɨɬɪɢɦ ɞɜɚ ɩɪɨɰɟɫɫɚ, ɢɦɟɸɳɢɯ ɦɟɫɬɨ ɜ ɪɚɛɨɱɟɣ ɤɚɦɟɪɟ ɞɪɨɛɢɥɤɢ. 

ɉɟɪɜɵɣ ɩɪɨɰɟɫɫ «ɱɢɫɬɨɝɨ ɪɚɡɦɧɨɠɟɧɢɹ» ɩɪɨɬɟɤɚɟɬ, ɤɨɝɞɚ ɩɨɫɬɭɩɢɜɲɢɣ ɜ 

ɪɚɛɨɱɭɸ ɤɚɦɟɪɭ ɦɚɬɟɪɢɚɥ ɢɡɦɟɥɶɱɚɟɬɫɹ ɛɟɡ ɨɬɜɨɞɚ ɢɡɦɟɥɶɱɟɧɧɵɯ ɱɚɫɬɢɰ. 

Ɋɚɫɫɦɚɬɪɢɜɚɹ ɩɪɨɰɟɫɫ ɞɪɨɛɥɟɧɢɹ ɫ ɭɱɟɬɨɦ ɟɝɨ ɜɟɪɨɹɬɧɨɫɬɧɨɝɨ ɯɚɪɚɤɬɟɪɚ ɤɚɤ 

ɦɚɪɤɨɜɫɤɢɣ ɫɥɭɱɚɣɧɵɣ ɩɪɨɰɟɫɫ, ȼ.Ɋ. Ⱥɥɟɲɤɢɧ, ɪɟɲɚɹ ɫɢɫɬɟɦɵ ɜɟɪɨɹɬɧɨɫɬɧɵɯ 

ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ, ɩɨɥɭɱɢɥ ɞɥɹ ɫɬɟɩɟɧɢ ɢɡɦɟɥɶɱɟɧɢɹ ɫɥɟɞɭɸɳɟɟ 

ɜɵɪɚɠɟɧɢɟμ 



38           ɢɥɢ    
e

tln ( )1 ,    (2.5) 

ɝɞɟ t – ɜɪɟɦɹ, ɫν 

α – ɩɚɪɚɦɟɬɪ ɩɪɨɰɟɫɫɚ. 

ɂɡ ɷɬɢɯ ɭɪɚɜɧɟɧɢɣ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɚɪɚɦɟɬɪ ɩɪɨɰɟɫɫɚ             .      (2.6) 

Ɏɨɪɦɭɥɚ (2.5) ɞɚɟɬ ɧɚɦ ɬɟɨɪɟɬɢɱɟɫɤɢ ɧɚɣɞɟɧɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɫɬɟɩɟɧɢ 

ɢɡɦɟɥɶɱɟɧɢɹ ɨɬ ɜɪɟɦɟɧɢ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɩɚɪɚɦɟɬɪ ɩɪɨɰɟɫɫɚ α ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɢ ɞɨɥɠɟɧ ɛɵɬɶ ɦɟɧɶɲɟ ɟɞɢɧɢɰɵ. ɂɧɚɱɟ, ɱɟɦ ɩɪɨɞɨɥɠɢɬɟɥɶɧɟɟ 

ɪɚɛɨɬɚɟɬ ɦɨɥɨɬɤɨɜɚɹ ɞɪɨɛɢɥɤɚ, ɬɟɦ ɛɵɫɬɪɟɟ ɜɨɡɪɚɫɬɚɟɬ ɫɬɟɩɟɧɶ ɢɡɦɟɥɶɱɟɧɢɹ Ȝ. ɇɚ 

ɫɚɦɨɦ ɞɟɥɟ ɫɥɟɞɭɟɬ ɨɠɢɞɚɬɶ, ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɜɪɟɦɟɧɢ t ɫɬɟɩɟɧɶ ɢɡɦɟɥɶɱɟɧɢɹ Ȝ 

ɜɨɡɪɚɫɬɚɟɬ ɜɫɟ ɦɟɞɥɟɧɧɟɟ. ɇɨ ɜ ɥɸɛɨɦ ɫɥɭɱɚɟ ɢɡ ɮɨɪɦɭɥɵ (2.5) ɫɥɟɞɭɟɬ, ɱɬɨ 

ɫɬɟɩɟɧɶ ɢɡɦɟɥɶɱɟɧɢɹ ɦɨɠɟɬ ɜɨɡɪɚɫɬɚɬɶ ɧɟɨɝɪɚɧɢɱɟɧɧɨ. 

 Ʉɚɤ ɛɵɥɨ ɨɬɦɟɱɟɧɨ ɪɚɧɟɟ, ɩɪɨɰɟɫɫ ɢɡɦɟɥɶɱɟɧɢɹ ɤɨɪɦɨɜ ɦɧɨɝɨɫɬɚɞɢɣɧɵɣ ɢ 

ɬɟɨɪɟɬɢɱɟɫɤɢ ɩɪɨɞɨɥɠɚɟɬɫɹ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɢɡɦɟɥɶɱɚɟɦɵɣ  ɦɚɬɟɪɢɚɥ ɧɚɯɨɞɢɬɫɹ ɜ 

ɤɚɦɟɪɟ ɢɡɦɟɥɶɱɟɧɢɹ. ɇɚ ɩɪɚɤɬɢɤɟ ɦɨɠɧɨ ɞɨɩɭɫɬɢɬɶ ɫɭɳɟɫɬɜɨɜɚɧɢɟ ɩɪɟɞɟɥɶɧɨɝɨ 

ɜɪɟɦɟɧɢ ɢɡɦɟɥɶɱɟɧɢɹ Эɩɪɟɞ, ɬɚɤɨɝɨ, ɩɨ ɞɨɫɬɢɠɟɧɢɢ ɤɨɬɨɪɨɝɨ ɞɚɥɶɧɟɣɲɟɝɨ 

ɢɡɦɟɥɶɱɟɧɢɹ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɩɪɨɢɫɯɨɞɢɬ. 

 Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɞɥɹ ɤɚɠɞɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɫɭɳɟɫɬɜɭɟɬ 

ɦɚɤɫɢɦɚɥɶɧɚɹ ɫɬɟɩɟɧɶ ɢɡɦɟɥɶɱɟɧɢɹ, ɧɟɡɚɜɢɫɢɦɚɹ ɨɬ ɜɪɟɦɟɧɢ ɪɚɛɨɬɵ ɞɪɨɛɢɥɤɢ. 

Ɍɨɝɞɚ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɦɟɧɶɲɟɣ ɫɬɟɩɟɧɢ ɢɡɦɟɥɶɱɟɧɢɹ, ɱɟɦ ɦɚɤɫɢɦɚɥɶɧɚɹ, 

ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ ɬɨɱɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ Ȝ(t), ɱɬɨɛɵ ɨɩɪɟɞɟɥɢɬɶ ɜɪɟɦɹ ɜɵɜɨɞɚ 

ɝɨɬɨɜɨɝɨ ɩɪɨɞɭɤɬɚ ɫ ɰɟɥɶɸ ɦɢɧɢɦɢɡɚɰɢɢ ɡɚɬɪɚɬ ɷɧɟɪɝɢɢ. 

Ⱦɪɭɝɢɦ, ɩɚɪɚɥɥɟɥɶɧɨ ɩɪɨɬɟɤɚɸɳɢɦ ɜ ɪɚɛɨɱɟɣ ɤɚɦɟɪɟ ɩɪɨɰɟɫɫɨɦ, ɹɜɥɹɟɬɫɹ 

ɩɪɨɰɟɫɫ ɩɪɨɯɨɠɞɟɧɢɹ ɢɡɦɟɥɶɱɟɧɧɵɯ ɱɚɫɬɢɰ ɱɟɪɟɡ ɪɟɲɟɬɨ, ɤɨɬɨɪɵɣ ɬɚɤɠɟ ɦɨɠɧɨ 

ɨɩɢɫɚɬɶ ɭɪɚɜɧɟɧɢɹɦɢ ɤɢɧɟɬɢɤɢ. 

Ɋɚɫɫɦɚɬɪɢɜɚɹ ɨɛɚ ɩɪɨɰɟɫɫɚ ɫɨɜɦɟɫɬɧɨ, ɩɨɥɭɱɟɧɨ Д125,12λЖ ɭɪɚɜɧɟɧɢɟ 

ɤɢɧɟɬɢɤɢμ                  ,     (2.7) 

ɝɞɟ G0 - ɱɢɫɥɨ ɱɚɫɬɢɰ ɜ ɤɚɦɟɪɟ ɩɪɢ 0t ; 

 G - ɱɢɫɥɨ ɱɚɫɬɢɰ ɜ ɦɨɦɟɧɬ t ; 

 ȝ - ɩɚɪɚɦɟɬɪ ɩɪɨɰɟɫɫɚ ɩɪɨɯɨɠɞɟɧɢɹ ɱɚɫɬɢɰ ɱɟɪɟɡ ɪɟɲɟɬɨ. 
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Ⱦɜɢɠɟɧɢɟ ɢɡɦɟɥɶɱɚɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ ɜ ɪɚɛɨɱɟɣ ɤɚɦɟɪɟ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ 

ɤɪɚɬɧɨɫɬɶɸ ɰɢɪɤɭɥɹɰɢɢ, ɬɨ ɟɫɬɶ ɱɢɫɥɨ ɨɛɨɪɨɬɨɜ, ɤɨɬɨɪɨɟ ɫɨɜɟɪɲɢɬ ɦɚɬɟɪɢɚɥ ɡɚ 

ɜɪɟɦɹ t ɞɨ ɞɨɫɬɢɠɟɧɢɹ ɫɬɟɩɟɧɢ ɢɡɦɟɥɶɱɟɧɢɹ Ȝ. Ɉɧɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟμ 

          
,      (2.8) 

ɝɞɟ  D  - ɞɢɚɦɟɬɪ ɛɚɪɚɛɚɧɚν 

Ȟɫɥ – ɫɤɨɪɨɫɬɶ ɰɢɪɤɭɥɢɪɭɸɳɟɝɨ ɫɥɨɹν 

 Ʉɰ – ɤɪɚɬɧɨɫɬɶ ɰɢɪɤɭɥɹɰɢɢ. 

ȿɫɥɢ ɦɚɫɫɭ ɰɢɪɤɭɥɢɪɭɸɳɟɣ ɡɚɝɪɭɡɤɢ ɨɛɨɡɧɚɱɢɬɶ Ɇɰν ɚ q – 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɞɪɨɛɢɥɤɢ, ɬɨ  

 Ɇɰ = qt   ɢ               
.    (2.9) 

ɂɫɫɥɟɞɨɜɚɧɢɹɦɢ Ɏ.Ƚ. ɉɥɨɯɨɜɚ Д87Ж ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ   м  v5,04,0v  , ɚ 

   ɤɨɥɟɛɥɟɬɫɹ ɜ ɞɨɜɨɥɶɧɨ ɛɨɥɶɲɢɯ ɩɪɟɞɟɥɚɯ ɢ ɡɚɜɢɫɢɬ ɨɬ ɩɪɨɱɧɨɫɬɧɵɯ ɫɜɨɣɫɬɜ 

ɢɡɦɟɥɶɱɚɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɫɬɟɩɟɧɢ ɢɡɦɟɥɶɱɟɧɢɹ Ȝ ɢ ɨɤɪɭɠɧɨɣ ɫɤɨɪɨɫɬɢ ɦɨɥɨɬɤɨɜ 

Ȟɦ. 

Ʉɨɧɫɬɪɭɤɰɢɢ ɭɧɢɜɟɪɫɚɥɶɧɨɝɨ ɢɡɦɟɥɶɱɢɬɟɥɹ ɢ ɞɪɨɛɢɥɤɢ ɤɨɪɦɨɜ, 

ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɚɜɬɨɪɨɦ, ɹɜɥɹɸɬɫɹ ɛɟɡɪɟɲɟɬɧɵɦɢ ɢ ɫɨɞɟɪɠɚɬ ɪɹɞ ɧɨɜɵɯ 

ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɷɥɟɦɟɧɬɨɜ. ɉɨɷɬɨɦɭ ɜɵɜɨɞɵ ɫɭɳɟɫɬɜɭɸɳɟɣ ɬɟɨɪɢɢ ɧɟ ɦɨɝɭɬ 

ɛɵɬɶ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɪɢɦɟɧɟɧɵ ɞɥɹ ɟɝɨ ɪɚɫɱɟɬɚ ɜ ɬɨɣ ɱɚɫɬɢ, ɤɨɬɨɪɚɹ ɤɚɫɚɟɬɫɹ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɡɦɟɥɶɱɟɧɢɹ ɢ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɬɪɟɛɧɨɣ ɦɨɳɧɨɫɬɢ. ɉɪɢ 

ɦɨɞɢɮɢɤɚɰɢɢ ɬɟɨɪɢɢ ɫɥɟɞɭɟɬ ɩɨɥɭɱɢɬɶ ɧɨɜɵɟ ɭɪɚɜɧɟɧɢɹ ɤɢɧɟɬɢɤɢ ɩɪɨɰɟɫɫɚ 

ɞɪɨɛɥɟɧɢɹ, ɭɱɬɹ ɨɬɫɭɬɫɬɜɢɟ ɜ ɞɪɨɛɢɥɤɚɯ ɪɟɲɟɬɚ, ɧɚɥɢɱɢɟ ɢ ɪɚɫɩɨɥɨɠɟɧɢɟ ɛɢɱɟɣ ɢ 

ɞɪɭɝɢɯ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ. 

 

2.2 Ɉɫɧɨɜɵ ɬɟɨɪɢɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɡɚɬɪɚɬ ɦɨɥɨɬɤɨɜɨɣ ɞɪɨɛɢɥɤɢ 

Ɋɚɛɨɱɢɣ ɩɪɨɰɟɫɫ ɢɡɦɟɥɶɱɟɧɢɹ ɤɨɪɦɨɜ ɜ ɦɨɥɨɬɤɨɜɨɣ ɞɪɨɛɢɥɤɟ ɦɨɠɧɨ 

ɪɚɡɛɢɬɶ ɧɚ ɬɪɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɫɬɚɞɢɢ Д128]: 

 - ɩɨɞɚɱɚ ɢɫɯɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ (ɩɢɬɚɧɢɟ)ν 

 - ɩɟɪɟɪɚɛɨɬɤɚ ɦɚɬɟɪɢɚɥɚ (ɢɡɦɟɥɶɱɟɧɢɟ)ν 

 - ɨɬɜɨɞ ɤɨɧɟɱɧɨɝɨ ɩɪɨɞɭɤɬɚ (ɷɜɚɤɭɚɰɢɹ). 



40 

ȼɫɟ ɬɪɢ ɫɬɚɞɢɢ ɦɨɝɭɬ ɛɵɬɶ ɫɨɜɦɟɳɟɧɵ ɜɨ ɜɪɟɦɟɧɢ, ɬɨɝɞɚ ɜ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ 

ɦɨɥɨɬɤɨɜɵɯ ɞɪɨɛɢɥɨɤ ɧɟɩɪɟɪɵɜɧɨ ɩɪɨɢɫɯɨɞɢɬ ɩɨɞɚɱɚ ɢɫɯɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɟɝɨ 

ɢɡɦɟɥɶɱɟɧɢɟ ɦɚɬɟɪɢɚɥɚ ɢ ɨɬɜɨɞ ɝɨɬɨɜɨɝɨ ɩɪɨɞɭɤɬɚ. 

ɋ ɮɢɡɢɱɟɫɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ ɜ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ɦɨɥɨɬɤɨɜɨɣ ɞɪɨɛɢɥɤɢ ɱɚɫɬɶ 

ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɜɪɚɳɚɸɳɟɝɨɫɹ ɛɚɪɚɛɚɧɚ ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɜ ɷɧɟɪɝɢɸ 

ɢɡɦɟɥɶɱɟɧɢɹ ɢɫɯɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. Ɉɞɧɨɣ ɢɡ ɡɚɞɚɱ ɬɟɨɪɢɢ ɦɨɥɨɬɤɨɜɵɯ ɞɪɨɛɢɥɨɤ 

ɹɜɥɹɟɬɫɹ ɨɬɜɟɬ ɧɚ ɜɨɩɪɨɫɵ, ɤɚɤɚɹ ɱɚɫɬɶ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɛɚɪɚɛɚɧɚ (ɬɨɱɧɟɟ, 

ɷɧɟɪɝɢɢ ɞɜɢɝɚɬɟɥɹ, ɩɪɢɜɨɞɹɳɟɝɨ ɛɚɪɚɛɚɧ ɜ ɞɜɢɠɟɧɢɟ) ɢɞɟɬ ɧɚ ɩɨɥɟɡɧɭɸ ɪɚɛɨɬɭ – 

ɢɡɦɟɥɶɱɟɧɢɟ ɤɨɪɦɚ, ɢ ɤɚɤ, ɜ ɤɨɧɟɱɧɨɦ ɫɱɟɬɟ, ɫɨɤɪɚɬɢɬɶ ɩɨɬɟɪɢ ɷɧɟɪɝɢɢ. 

Ɉɫɧɨɜɨɣ ɚɧɚɥɢɡɚ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ ɦɨɥɨɬɤɨɜɵɯ ɞɪɨɛɢɥɨɤ ɫɥɭɠɢɬ ɬɟɨɪɢɹ 

ɭɞɚɪɚ ȼ.ɉ. Ƚɨɪɹɱɤɢɧɚ. 

Ʉɚɤ ɛɵɥɨ ɫɤɚɡɚɧɨ ɜɵɲɟ, ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɛɨɬɵ ɢɡɦɟɥɶɱɟɧɢɹ ɛɵɥɨ 

ɩɪɟɞɥɨɠɟɧɨ ɧɟɫɤɨɥɶɤɨ ɩɨɞɯɨɞɨɜ ɢ ɢɡɜɟɫɬɧɵɟ ɬɟɨɪɢɢ ɩɨɡɜɨɥɹɸɬ ɩɪɟɞɫɬɚɜɢɬɶ 

ɨɫɧɨɜɧɨɣ ɡɚɤɨɧ ɢɡɦɟɥɶɱɟɧɢɹ ɜ ɜɢɞɟμ 

SVɌ ААА  ,             ,    (2.10) 

ɝɞɟ AT  - ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɡɚɬɪɚɬɵ ɪɚɛɨɬɵ ɧɚ ɩɪɨɰɟɫɫ ɢɡɦɟɥɶɱɟɧɢɹν 

 AV  - ɡɚɬɪɚɬɵ ɷɧɟɪɝɢɢ ɧɚ ɞɟɮɨɪɦɚɰɢɸ ɢɡɦɟɥɶɱɚɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚν 

 
S

А  - ɡɚɬɪɚɬɵ ɷɧɟɪɝɢɢ ɧɚ ɩɪɢɪɚɳɟɧɢɟ ɭɞɟɥɶɧɨɣ ɩɥɨɳɚɞɢν 

 Aɢɡɦ. - ɩɨɥɧɵɟ ɡɚɬɪɚɬɵ ɪɚɛɨɬɵ ɧɚ ɢɡɦɟɥɶɱɟɧɢɟ ɫ ɭɱɟɬɨɦ ɜɥɢɹɧɢɹ ɫɩɨɫɨ-   

 ɛɚ ɢɡɦɟɥɶɱɟɧɢɹ ɢ ɤɨɧɫɬɪɭɤɰɢɢ ɢɡɦɟɥɶɱɢɬɟɥɹ. 

Ɍɨɝɞɚ                                           , 

ɝɞɟ 
S

ɋ  - ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɪɚɛɨɬɭ, ɡɚɬɪɚɱɢɜɚɟɦɭɸ ɧɚ ɨɛɪɚɡɨɜɚ- 

 ɧɢɟ ɧɨɜɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣν 

 Cɩɪ- ɤɨɷɮɮɢɰɢɟɧɬ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɜɥɢɹɧɢɟ ɧɟɭɱɬɟɧɧɵɯ ɮɚɤɬɨɪɨɜ. 

 ɂɥɢ, ɭɱɢɬɵɜɚɹμ                     ,     (2.11) 

ɝɞɟ ɋ1 ɢ ɋ2 – ɤɨɷɮɮɢɰɢɟɧɬɵ, ɤɨɬɨɪɵɟ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ 

ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɢɫɩɵɬɚɧɢɣ. 
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ȼɟɥɢɱɢɧɭ 
.ɢɡмА  ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɤɚɱɟɫɬɜɟ ɤɪɢɬɟɪɢɹ ɷɧɟɪɝɨɟɦɤɨɫɬɢ ɩɪɢ 

ɫɪɚɜɧɢɬɟɥɶɧɨɣ ɨɰɟɧɤɟ ɪɚɡɧɵɯ ɦɚɲɢɧ ɢɥɢ ɩɪɢ ɜɵɛɨɪɟ ɷɮɮɟɤɬɢɜɧɵɯ ɪɟɠɢɦɨɜ ɢɯ 

ɪɚɛɨɬɵ. 

Ɋɚɛɨɬɚ ɢɡɦɟɥɶɱɟɧɢɹ Ⱥɢɡɦ ɹɜɥɹɟɬɫɹ ɱɚɫɬɶɸ ɩɨɥɟɡɧɨɣ ɪɚɛɨɬɵ Ⱥɩɨɥ., 

ɫɤɥɚɞɵɜɚɸɳɟɣɫɹ ɢɡ ɪɚɛɨɬɵ ɞɟɮɨɪɦɚɰɢɢ ɢɡɦɟɥɶɱɚɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ (ɭɩɪɭɝɨɣ, 

ɧɟɭɩɪɭɝɨɣ ɢ ɬ.ɞ.ν ɫɱɢɬɚɟɬɫɹ, ɱɬɨ ɞɪɨɛɥɟɧɢɟ ɩɪɨɢɫɯɨɞɢɬ, ɤɨɝɞɚ ɞɟɮɨɪɦɚɰɢɢ 

ɩɪɟɜɵɲɚɸɬ ɞɨɩɭɫɬɢɦɵɟ) ɢ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɢɡɦɟɥɶɱɚɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ, 

ɬɚɤɠɟ ɢɞɭɳɟɣ ɩɪɢ ɫɬɨɥɤɧɨɜɟɧɢɢ ɱɚɫɬɢɰ ɦɚɬɟɪɢɚɥɚ ɫɨ ɫɬɟɧɤɚɦɢ ɧɚ ɪɚɡɪɭɲɟɧɢɟ 

ɦɚɬɟɪɢɚɥɚμ                                       ,   (2.12) 

ɝɞɟ Ʉɭɩɪ. - ɤɨɷɮɮɢɰɢɟɧɬ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ (ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɭɩɪɭɝɢɟ ɫɜɨɣɫɬ- 

 ɜɚ ɱɚɫɬɢɰ ɢɡɦɟɥɶɱɚɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ)ν 

 ɧ, ɤ - ɧɚɱɚɥɶɧɚɹ, ɤɨɧɟɱɧɚɹ ɫɤɨɪɨɫɬɢ ɦɨɥɨɬɤɨɜ. 

ȿɫɥɢ ɭɱɟɫɬɶ, ɱɬɨ ɢɡɦɟɥɶɱɚɟɦɵɣ ɦɚɬɟɪɢɚɥ ɰɢɪɤɭɥɢɪɭɟɬ ɜ ɞɪɨɛɢɥɶɧɨɣ ɤɚɦɟɪɟ 

ɜ ɜɢɞɟ ɩɪɨɞɭɤɬɨɜɨ-ɜɨɡɞɭɲɧɨɝɨ ɫɥɨɹ ɬɨɥɳɢɧɨɣ hɫɥ. ɫ ɩɥɨɬɧɨɫɬɶɸ  ɢ ɦɚɫɫɨɜɨɣ 

ɞɨɥɟɣ ɟɝɨ ɜ ɫɥɨɟ , ɬɨ ɷɧɟɪɝɢɹ, ɪɚɫɯɨɞɭɟɦɚɹ ɛɚɪɚɛɚɧɨɦ ɞɪɨɛɢɥɤɢ ɧɚ ɭɞɚɪɵ ɩɨ 

ɫɥɨɸ ɢ ɢɫɬɢɪɚɧɢɟ ɩɨ ɫɥɨɸ, ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ ɩɨ ɮɨɪɦɭɥɟμ                      ,    (2.13) 

ɝɞɟ D, L - ɞɢɚɦɟɬɪ ɢ ɞɥɢɧɚ ɛɚɪɚɛɚɧɚν 

 fɫɥ. - ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫɥɨɹ ɞɜɢɠɟɧɢɸ ɛɚɪɚɛɚɧɚν 

 ɨɬɧ. - ɫɤɨɪɨɫɬɶ ɦɨɥɨɬɤɨɜ ɛɚɪɚɛɚɧɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɥɨɹν 

  - ɤɨɷɮɮɢɰɢɟɧɬ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɤɨɧɫɬɪɭɤɬɢɜɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ         

ɨɫɨɛɟɧɧɨɫɬɢ ɪɚɛɨɱɟɣ ɤɚɦɟɪɵ. 

ȼɟɥɢɱɢɧɵ   ɢ fɫɥ. ɨɩɪɟɞɟɥɹɸɬɫɹ ɮɚɤɬɢɱɟɫɤɢ ɨɩɵɬɧɵɦ ɩɭɬɟɦ. 

Ɇɨɳɧɨɫɬɶ, ɪɚɡɜɢɜɚɟɦɭɸ ɞɜɢɝɚɬɟɥɟɦ ɦɨɥɨɬɤɨɜɨɣ ɞɪɨɛɢɥɤɢ, ɦɨɠɧɨ 

ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ Д114]                 ,     (2.14) 

ɝɞɟ Nɰ - ɦɨɳɧɨɫɬɶ, ɪɚɫɯɨɞɭɟɦɚɹ ɧɚ ɰɢɪɤɭɥɹɰɢɸ ɦɚɬɟɪɢɚɥɚν 

 Nɯ.ɯ. - ɦɨɳɧɨɫɬɶ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ. 

Ɋɚɫɫɦɨɬɪɢɦ ɜɤɥɚɞɵ ɜ (2.14)μ 
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ɝɞɟ q - ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɞɪɨɛɢɥɤɢ. 

                 ,     (2.16) 

ɩɨ ɚɧɚɥɨɝɢɢ ɫ ɢɡɜɟɫɬɧɨɣ ɮɨɪɦɭɥɨɣ ɜɟɧɬɢɥɹɬɨɪɚ           ,  

ɝɞɟ  Ʉɰ - ɤɪɚɬɧɨɫɬɶ ɰɢɪɤɭɥɹɰɢɢ ɦɚɬɟɪɢɚɥɚν 

 ɰ - ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɦɚɬɟɪɢɚɥɚν 

 ɦ - ɫɤɨɪɨɫɬɶ ɦɨɥɨɬɤɨɜν 

 Ʉɜ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɤɨɧɫɬɪɭɤɰɢɸ ɢ ɪɟɠɢɦ ɪɚɛɨɬɵ ɜɟɧɬɢ-

 ɥɹɬɨɪɚ. 

Ɇɨɳɧɨɫɬɶ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɪɚɛɨɬɭ ɫɨ ɫɧɹɬɵɦɢ ɦɨɥɨɬɤɚɦɢ, 

ɬ.ɤ. ɡɚɬɪɚɬɵ ɧɚ ɜɟɧɬɢɥɹɰɢɸ ɜɨɡɞɭɯɚ ɭɠɟ ɭɱɬɟɧɵ ɜ Nɰ. 

ɂɡ-ɡɚ ɨɬɫɭɬɫɬɜɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɨɛɵɱɧɨ ɩɪɢɧɢɦɚɸɬ                        .    (2.17) 

Ɉɬɦɟɬɢɦ, ɱɬɨ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɦɨɥɨɬɤɨɜɨɣ ɞɪɨɛɢɥɤɢ 

[88Ж ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɷɦɩɢɪɢɱɟɫɤɭɸ ɮɨɪɦɭɥɭ                   .    (2.18) 

ɗɧɟɪɝɢɹ, ɪɚɫɯɨɞɭɟɦɚɹ ɜ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ ɧɚ ɩɪɨɰɟɫɫ ɢɡɦɟɥɶɱɟɧɢɹ Д5Жμ         , 

ɝɞɟ P - ɫɭɦɦɚɪɧɨɟ ɨɤɪɭɠɧɨɟ ɭɫɢɥɢɟ ɛɚɪɚɛɚɧɚ, ɡɚɬɪɚɱɢɜɚɟɦɨɟ ɧɚ ɭɞɚɪɵ 

ɦɨɥɨɬɤɨɜ ɩɨ ɦɚɬɟɪɢɚɥɭ ɢ ɧɚ ɩɟɪɟɦɟɳɟɧɢɟ ɩɪɨɞɭɤɬɨɜɨ - ɜɨɡɞɭɲɧɨɝɨ ɫɥɨɹ. 

ȿɫɥɢ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɞɟɤ ɢ ɪɟɲɟɬɚ ɨɰɟɧɢɜɚɬɶ ɜɟɥɢɱɢɧɨɣ  

F = fɩP,  

ɝɞɟ  
n

м

f1

qv
P


 , ɬɨ ɬɨɝɞɚ 

      м  Аɢɡм . 
ɉɨ ɨɩɵɬɧɵɦ ɞɚɧɧɵɦ Д125Ж, ɞɥɹ ɦɨɥɨɬɤɨɜɵɯ ɞɪɨɛɢɥɨɤμ 

9,0...8,0f
n
  ɩɪɢ 100...80v м   ɦ/ɫ. 

ȼ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɵɯ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɢɫɩɨɥɶɡɭɸɬ 

ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɷɧɟɪɝɢɢ  



43     ,      (2.19) 

ɷɧɟɪɝɨɟɦɤɨɫɬɶ ɩɪɨɰɟɫɫɚ ɫ ɭɱɟɬɨɦ ɫɬɟɩɟɧɢ ɢɡɦɟɥɶɱɟɧɢɹ         ,      (2.20) 

ɚ ɬɚɤɠɟ ɨɛɪɚɬɧɵɟ ɢɦ ɜɟɥɢɱɢɧɵ, ɧɚɡɵɜɚɟɦɵɟ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ «ɨɛɳɚɹ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ» ɢ «ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɦɟɯɚɧɢɱɟɫɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ». 

Ɋɚɫɫɦɨɬɪɢɦ ɜɵɲɟɩɪɢɜɟɞɟɧɧɵɟ ɮɨɪɦɭɥɵ ɢ ɩɪɟɞɟɥɵ ɢɯ ɩɪɢɦɟɧɹɟɦɨɫɬɢ. 

Ɏɨɪɦɭɥɚ (2.12) ɩɨɥɭɱɟɧɚ ɧɚ ɨɫɧɨɜɟ ɬɚɤ ɧɚɡɵɜɚɟɦɨɝɨ «ɨɫɧɨɜɧɨɝɨ ɡɚɤɨɧɚ 

ɢɡɦɟɥɶɱɟɧɢɹ Ɋɟɛɢɧɞɟɪɚ», ɫɭɦɦɢɪɭɸɳɟɝɨ ɜɵɜɨɞɵ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɢ ɨɛɴɟɦɧɨɣ 

ɬɟɨɪɢɢ ɢɡɦɟɥɶɱɟɧɢɹ. Ɉɛɟ ɬɟɨɪɢɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɡɞɟɫɶ ɞɥɹ ɡɚɞɚɧɢɹ ɤɚɱɟɫɬɜɟɧɧɨɣ 

ɡɚɜɢɫɢɦɨɫɬɢ Aɢɡɦ. ɨɬ ɫɬɟɩɟɧɢ ɢɡɦɟɥɶɱɟɧɢɹ  (ɜɵɜɨɞɵ ɩɪɢɜɟɞɟɧɵ ɞɥɹ ɫɢɥɶɧɨ 

ɢɞɟɚɥɢɡɢɪɨɜɚɧɧɵɯ ɫɥɭɱɚɟɜ, ɧɨ ɦɨɠɧɨ ɩɪɟɞɩɨɥɚɝɚɬɶ, ɱɬɨ ɤɚɱɟɫɬɜɟɧɧɚɹ 

ɡɚɜɢɫɢɦɨɫɬɶ Aɢɡɦ.() ɩɪɢ ɭɬɨɱɧɟɧɢɢ ɫɭɳɟɫɬɜɟɧɧɨ ɧɟ ɢɡɦɟɧɢɬɫɹ). ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ 

ɩɟɪɜɨɫɬɟɩɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɢɦɟɟɬ ɫɚɦɨ ɩɨɧɹɬɢɟ Aɢɡɦ.. ȿɫɥɢ ɜɟɥɢɱɢɧɭ Aɢɡɦ. 

ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɫɨɛɫɬɜɟɧɧɨ ɪɚɛɨɬɭ ɪɚɡɞɟɥɟɧɢɹ ɱɚɫɬɢɰ ɢɫɯɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɧɚ 

ɛɨɥɟɟ ɦɟɥɤɢɟ, ɬɨ ɨɧɚ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɟɢɡɦɟɪɢɦɚ. ɂ, ɩɨɧɹɬɧɨ, ɱɬɨ ɨɧɚ 

ɫɭɳɟɫɬɜɟɧɧɨ ɡɚɜɢɫɢɬ ɨɬ ɫɩɨɫɨɛɚ ɢɡɦɟɥɶɱɟɧɢɹ, ɚ ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɤɨɷɮɮɢɰɢɟɧɬɵ ɋ1 

ɢ ɋ2 (ɮɨɪɦɭɥɚ 2.11) ɨɩɪɟɞɟɥɹɸɬɫɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɞɥɹ ɤɚɠɞɨɝɨ ɜɢɞɚ ɢɫɯɨɞɧɨɝɨ 

ɦɚɬɟɪɢɚɥɚ ɩɪɢ ɞɚɧɧɨɦ ɫɩɨɫɨɛɟ ɢɡɦɟɥɶɱɟɧɢɹ, ɬ.ɟ. ɞɥɹ ɞɚɧɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɜ 

ɞɚɧɧɨɦ ɪɟɠɢɦɟ. ɉɪɢ ɤɚɤɢɯ-ɥɢɛɨ ɢɡɦɟɧɟɧɢɹɯ ɫɥɟɞɭɟɬ ɨɠɢɞɚɬɶ ɢ ɢɡɦɟɧɟɧɢɹ ɷɬɢɯ 

ɤɨɷɮɮɢɰɢɟɧɬɨɜ.  

ȼɵɲɟ ɭɠɟ ɝɨɜɨɪɢɥɨɫɶ, ɱɬɨ ɞɥɹ ɤɚɠɞɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɪɟɠɢɦɚ ɪɚɛɨɬɵ 

ɫɭɳɟɫɬɜɭɟɬ ɦɚɤɫɢɦɚɥɶɧɚɹ ɫɬɟɩɟɧɶ ɢɡɦɟɥɶɱɟɧɢɹ, ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɜɪɟɦɟɧɢ ɪɚɛɨɬɵ. 

Ɍɨɝɞɚ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɦɟɧɶɲɟɣ ɫɬɟɩɟɧɢ ɢɡɦɟɥɶɱɟɧɢɹ, ɱɟɦ ɦɚɤɫɢɦɚɥɶɧɚɹ, 

ɧɟɨɛɯɨɞɢɦɨ ɬɨɱɧɟɟ ɡɧɚɬɶ ɡɚɜɢɫɢɦɨɫɬɶ (t), ɱɬɨɛɵ ɨɩɪɟɞɟɥɢɬɶ ɜɪɟɦɹ ɜɵɜɨɞɚ 

ɝɨɬɨɜɨɝɨ ɩɪɨɞɭɤɬɚ ɛɟɡ ɩɟɪɟɪɚɫɯɨɞɚ ɷɧɟɪɝɢɢ. 

Ɏɨɪɦɭɥɵ (2.12) – (2.18) ɩɨɡɜɨɥɹɸɬ ɨɰɟɧɢɬɶ ɄɉȾ ɩɪɨɰɟɫɫɚ ɢɡɦɟɥɶɱɟɧɢɹ. 

Ʉɚɤ ɭɠɟ ɛɵɥɨ ɫɤɚɡɚɧɨ, Ⱥɢɡɦ. ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɱɚɫɬɶ ɤɢɧɟɬɢɱɟɫɤɨɣ 

ɷɧɟɪɝɢɢ ɛɚɪɚɛɚɧɚ ɢ ɜ ɮɨɪɦɭɥɟ (2.13) ɩɪɟɞɫɬɚɜɥɟɧɚ ɱɟɪɟɡ ɤɜɚɞɪɚɬ ɨɬɧɨɫɢɬɟɥɶɧɨɣ 

ɫɤɨɪɨɫɬɢ ɛɚɪɚɛɚɧɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɦɚɬɟɪɢɚɥɶɧɨɝɨ ɫɥɨɹ ɢ ɩɥɨɳɚɞɶ ɞɢɚɦɟɬɪɚɥɶɧɨɝɨ 

ɫɟɱɟɧɢɹ ɛɚɪɚɛɚɧɚ (ɩɪɚɤɬɢɱɟɫɤɢ ɫɨɜɩɚɞɚɸɳɭɸ ɫ ɩɥɨɳɚɞɶɸ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ 

ɞɪɨɛɢɥɶɧɨɣ ɤɚɦɟɪɵ) ɫ ɜɤɥɸɱɟɧɢɟɦ ɞɜɭɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ  ɢ tɫɥ., ɨɩɪɟɞɟɥɹɟɦɵɯ 
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ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ. Ɏɨɪɦɭɥɚ (2.13) ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɞɚɥɶɧɟɣɲɟɦ ɜ (2.15) ɞɥɹ 

ɨɩɪɟɞɟɥɟɧɢɹ ɦɨɳɧɨɫɬɢ, ɢɞɭɳɟɣ ɧɚ ɢɡɦɟɥɶɱɟɧɢɟ. Ɉɬɦɟɱɚɥɨɫɶ, ɱɬɨ Ⱥɢɡɦ. (ɢɥɢ Ⱥɩɨɥ.) 

ɜ (2.12) ɢ (2.13), ɞɨɥɠɧɚ ɫɭɳɟɫɬɜɟɧɧɨ ɡɚɜɢɫɟɬɶ ɨɬ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɪɟɠɢɦɚ ɪɚɛɨɬɵ 

ɢɡɦɟɥɶɱɚɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ, ɱɬɨ ɢ ɞɨɥɠɧɨ ɩɪɨɹɜɢɬɶɫɹ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ 

ɨɩɪɟɞɟɥɹɟɦɵɯ ɤɨɷɮɮɢɰɢɟɧɬɚɯ. Ɏɨɪɦɭɥɚ (2.14) ɩɪɟɞɫɬɚɜɥɹɟɬ ɩɨɬɪɟɛɥɹɟɦɭɸ 

ɦɨɳɧɨɫɬɶ ɤɚɤ ɫɭɦɦɭ ɬɪɟɯ ɜɤɥɚɞɨɜμ ɦɨɳɧɨɫɬɢ, ɢɞɭɳɟɣ ɧɚ ɢɡɦɟɥɶɱɟɧɢɟ ɜ ɫɦɵɫɥɟ 

ɮɨɪɦɭɥ (2.12) ɢ (2.13), ɦɨɳɧɨɫɬɢ, ɪɚɫɯɨɞɭɟɦɨɣ ɧɚ ɰɢɪɤɭɥɹɰɢɸ ɦɚɬɟɪɢɚɥɚ ɢ 

ɦɨɳɧɨɫɬɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ. Ɉ ɜɵɱɢɫɥɟɧɢɢ Nɢɡɦ. ɭɠɟ ɝɨɜɨɪɢɥɨɫɶ. ȼɬɨɪɨɣ ɜɤɥɚɞ Nɰ 

ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɜɵɱɢɫɥɹɬɶ ɫɨɩɨɫɬɚɜɥɹɹ ɛɚɪɚɛɚɧ ɫ ɜɟɧɬɢɥɹɬɨɪɨɦ, ɩɪɢɜɨɞɹɳɢɦ ɜ 

ɞɜɢɠɟɧɢɟ ɩɪɨɞɭɤɬɨɜɨ – ɜɨɡɞɭɲɧɭɸ ɫɦɟɫɶ. ɉɨɞ ɯɨɥɨɫɬɵɦ ɯɨɞɨɦ ɩɨɧɢɦɚɟɬɫɹ 

ɪɚɛɨɬɚ ɫɨ ɫɧɹɬɵɦɢ ɦɨɥɨɬɤɚɦɢ ɢ, ɧɚ ɧɚɲ ɜɡɝɥɹɞ, ɷɬɚ ɦɨɳɧɨɫɬɶ ɜɩɨɥɧɟ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ. Ɉɞɧɚɤɨ ɜɵɹɫɧɹɟɬɫɹ, ɱɬɨ ɷɬɨ ɫɚɦɵɣ 

ɧɟɨɩɪɟɞɟɥɟɧɧɵɣ ɜɤɥɚɞ ɢ ɨɧ ɨɛɵɱɧɨ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 15 – 20 % ɨɬ Nɢɡɦ. - 

ɮɨɪɦɭɥɚ (2.17). 

 

2.3 Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɞɪɨɛɢɥɤɢ ɤɨɪɦɨɜ 

ɉɪɢ ɪɚɫɫɦɨɬɪɟɧɢɢ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɜɨɩɪɨɫɨɜ ɪɚɡɪɚɛɨɬɤɢ ɛɟɡɪɟɲɟɬɧɵɯ 

ɞɪɨɛɢɥɨɤ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ, ɱɬɨ ɜ ɤɨɧɰɟ ɩɪɨɰɟɫɫɚ ɢɡɦɟɥɶɱɟɧɢɹ ɪɚɡɦɟɪɵ 

ɱɚɫɬɢɰ ɦɚɬɟɪɢɚɥɚ ɜɚɪɶɢɪɭɸɬɫɹ ɜ ɲɢɪɨɤɢɯ ɩɪɟɞɟɥɚɯμ ɨɬ ɤɪɭɩɧɵɯ ɱɚɫɬɢɰ ɞɨ 

ɱɚɫɬɢɰ, ɪɚɡɦɟɪ ɤɨɬɨɪɵɯ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟ ɫɪɟɞɧɟɝɨ. ɗɬɨ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ ɦɨɠɟɬ 

ɨɤɚɡɚɬɶ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɮɨɪɦɭɥɵ, ɩɨ ɤɨɬɨɪɵɦ ɩɪɨɢɡɜɨɞɢɬɫɹ ɪɚɫɱɟɬ 

ɷɧɟɪɝɨɡɚɬɪɚɬ, ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ, ɫɬɟɩɟɧɢ ɢɡɦɟɥɶɱɟɧɢɹ, ɩɨɫɤɨɥɶɤɭ ɩɨɫɥɟɞɧɢɟ 

ɩɨɥɭɱɟɧɵ, ɤɚɤ ɩɪɚɜɢɥɨ, ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ ɨɛ ɨɞɢɧɚɤɨɜɨɦ ɪɚɡɦɟɪɟ ɱɚɫɬɢɰ 

ɤɨɧɟɱɧɨɝɨ ɩɪɨɞɭɤɬɚ Д58,75Ж. ɉɨɷɬɨɦɭ ɧɟɨɛɯɨɞɢɦɨ ɭɱɟɫɬɶ ɜ ɬɟɨɪɢɢ ɦɨɥɨɬɤɨɜɵɯ 

ɞɪɨɛɢɥɨɤ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨ ɪɚɡɦɟɪɚɦ ɪɚɡɞɪɨɛɥɟɧɧɵɯ ɱɚɫɬɢɰ. 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɷɬɨɣ ɩɪɨɛɥɟɦɵ ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɫɦɨɬɪɟɬɶ ɪɹɞ ɩɪɨɦɟɠɭɬɨɱɧɵɯ 

ɡɚɞɚɱμ 

1) ɪɚɫɱɟɬ ɡɚɜɢɫɢɦɨɫɬɢ ɫɬɟɩɟɧɢ ɢɡɦɟɥɶɱɟɧɢɹ ɨɬ ɜɪɟɦɟɧɢ ɞɪɨɛɥɟɧɢɹ ɱɚɫɬɢɰ, 

ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɤɚɦɟɪɟν 

2) ɭɫɬɚɧɨɜɥɟɧɢɟ ɜɢɞɚ ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɬɢɯ ɱɚɫɬɢɰ ɩɨ 

ɪɚɡɦɟɪɚɦν 
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2) ɪɚɫɱɟɬ ɫ ɭɱɟɬɨɦ ɷɬɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɡɚɬɪɚɬ ɷɧɟɪɝɢɢ, ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ 

ɢ ɞɪɭɝɢɯ ɢɫɤɨɦɵɯ ɜɟɥɢɱɢɧ. 

Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ ɢɫɤɨɦɵɯ ɜɟɥɢɱɢɧ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ ɤɢɧɟɬɢɤɭ ɩɪɨɰɟɫɫɚ 

ɞɪɨɛɥɟɧɢɹ ɦɚɬɟɪɢɚɥɚ Д32,40,59,70,96,104Ж. ɉɪɢ ɷɬɨɦ ɧɟɜɨɡɦɨɠɧɨ ɡɚɪɚɧɟɟ ɬɨɱɧɨ 

ɩɪɟɞɫɤɚɡɚɬɶ, ɡɚ ɫɤɨɥɶɤɨ ɭɞɚɪɨɜ ɞɚɧɧɵɣ ɤɭɫɨɤ ɛɭɞɟɬ ɢɡɦɟɥɶɱɟɧ. 

 ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɛɨɥɶɲɢɦ ɱɢɫɥɨɦ ɮɚɤɬɨɪɨɜ, ɜɥɢɹɸɳɢɯ ɧɚ ɩɪɨɰɟɫɫ ɞɜɢɠɟɧɢɹ ɢ 

ɞɪɨɛɥɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɜ ɞɪɨɛɢɥɤɟ Д35,42,60,67,82,107,116,119Ж. Ɉɞɧɚɤɨ ɩɨɞɨɛɧɵɣ 

ɩɪɨɰɟɫɫ ɦɨɠɧɨ ɨɩɢɫɚɬɶ, ɢɫɩɨɥɶɡɭɹ ɜɟɪɨɹɬɧɨɫɬɧɵɣ ɩɨɞɯɨɞ Д83]. 

Ɉɫɧɨɜɨɩɨɥɚɝɚɸɳɢɦɢ ɪɚɛɨɬɚɦɢ ɜ ɷɬɨɣ ɨɛɥɚɫɬɢ ɹɜɥɹɸɬɫɹ ɪɚɛɨɬɵ ɋ.ȼ. Ɇɟɥɶɧɢɤɨɜɚ, 

ȼ.Ɋ. Ⱥɥɟɲɤɢɧɚ, ɩɪɢɦɟɧɢɜɲɢɯ ɬɟɨɪɢɸ ɦɚɪɤɨɜɫɤɢɯ ɫɥɭɱɚɣɧɵɯ ɩɪɨɰɟɫɫɨɜ ɞɥɹ 

ɨɩɢɫɚɧɢɹ ɤɢɧɟɬɢɤɢ ɢɡɦɟɥɶɱɟɧɢɹ. 

 

2.4 Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚɛɟɡɪɟɲɟɬɧɨɣ 

ɦɨɥɨɬɤɨɜɨɣ ɞɪɨɛɢɥɤɢ 

2.4.1 Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɫɬɟɩɟɧɢ ɢɡɦɟɥɶɱɟɧɢɹ 

ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ 

Ɉɫɧɨɜɧɨɟ ɭɪɚɜɧɟɧɢɟ, ɢɫɩɨɥɶɡɭɟɦɨɟ ɜ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɬɟɨɪɢɢ ɦɨɥɨɬɤɨɜɵɯ 

ɞɪɨɛɢɥɨɤ, ɢɦɟɟɬ ɜɢɞ Д96]: 

 

   
                             ,   (2.21) 

 

ɝɞɟ  Pn(t) – ɜɟɪɨɹɬɧɨɫɬɶ ɬɨɝɨ, ɱɬɨ ɱɟɪɟɡ ɜɪɟɦɹ t ɨɬ ɧɚɱɚɥɚ ɞɪɨɛɥɟɧɢɹ ɢɦɟɟɬɫɹ n 

ɱɚɫɬɢɰ ɞɪɨɛɢɦɨɝɨ ɦɚɬɟɪɢɚɥɚν 

 in – ɤɨɷɮɮɢɰɢɟɧɬ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɩɪɨɰɟɫɫ ɞɪɨɛɥɟɧɢɹ. 

 ɋɨɜɨɤɭɩɧɨɫɬɶ ɭɪɚɜɧɟɧɢɣ ɜɢɞɚ (2.21) ɞɥɹ ɪɚɡɥɢɱɧɵɯ n ɞɚɟɬ ɧɚɦ ɫɢɫɬɟɦɭ 

ɨɛɵɤɧɨɜɟɧɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ 1-ɝɨ ɩɨɪɹɞɤɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ Pn(t). 

Ⱦɚɥɶɧɟɣɲɢɣ ɯɨɞ ɪɟɲɟɧɢɹ ɡɚɜɢɫɢɬ ɨɬ ɜɵɛɨɪɚ ɤɨɷɮɮɢɰɢɟɧɬɨɜ in. ȼ ɩɪɨɰɟɫɫɟ 

ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɪɚɫɫɦɚɬɪɢɜɚɥɨɫɶ ɧɟɫɤɨɥɶɤɨ ɩɭɬɟɣ ɭɱɟɬɚ ɡɚɜɢɫɢɦɨɫɬɢ 

in ɨɬ ɱɢɫɥɚ ɱɚɫɬɢɰ n. 

 Ʉɚɤ ɩɪɚɜɢɥɨ, ɫɱɢɬɚɟɬɫɹ Д6Ж, ɱɬɨμ 

         ,      (2.22) 
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ɝɞɟ  i – ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɩɪɨɰɟɫɫɚ, ɤɨɬɨɪɚɹ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɱɢɫɥɚ ɱɚɫɬɢɰ ɫɦɟɫɢ, ɢɥɢ, 

ɱɬɨ ɬɨɠɟ ɫɚɦɨɟ, ɨɬ ɪɚɡɦɟɪɚ ɱɚɫɬɢɰ.  

  Ȼɵɥɨ ɫɞɟɥɚɧɨ ɩɪɟɞɩɨɥɨɠɟɧɢɟ Д72,100Ж,ɱɬɨ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɩɪɨɰɟɫɫɚ 

ɞɪɨɛɥɟɧɢɹ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɫɥɟɞɭɸɳɟɣ ɡɚɜɢɫɢɦɨɫɬɶɸμ 

 

            ,      (2.23) 

ɝɞɟ io – ɤɨɧɫɬɚɧɬɚ ɩɪɨɰɟɫɫɚ ɞɪɨɛɥɟɧɢɹν 

 t – ɜɪɟɦɹ ɨɬ ɧɚɱɚɥɚ ɩɪɨɰɟɫɫɚ ɞɪɨɛɥɟɧɢɹ, ɫ. 

 Ɉɞɧɚɤɨ ɜɵɪɚɠɟɧɢɟ (2.23) ɨɬɪɚɠɚɟɬ ɱɚɫɬɧɵɣ ɫɥɭɱɚɣ. ɉɪɢ ɬɚɤɨɦ ɜɵɛɨɪɟ 

ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɞɪɨɛɥɟɧɢɹ ɭɦɟɧɶɲɚɟɬɫɹ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɜɪɟɦɟɧɢ (ɜɦɟɫɬɟ ɫ ɪɨɫɬɨɦ 

ɱɢɫɥɚ ɱɚɫɬɢɰ). ɇɚɦɢ ɩɨɥɭɱɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɹɬɶ 

ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɩɪɨɰɟɫɫɚ ɞɪɨɛɥɟɧɢɹ ɜ ɛɨɥɟɟ ɨɛɳɟɦ ɜɢɞɟμ 

 

             ,     (2.24) 

ɝɞɟ  io, , – ɤɨɧɫɬɚɧɬɵ ɩɪɨɰɟɫɫɚ ɞɪɨɛɥɟɧɢɹ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɶ 

ɜɨɡɞɟɣɫɬɜɢɹ ɪɚɛɨɱɢɯ ɨɪɝɚɧɨɜ ɧɚ ɦɚɬɟɪɢɚɥ. 

 ɋ ɭɱɟɬɨɦ ɡɚɜɢɫɢɦɨɫɬɢ (2.24) ɫɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ, ɨɩɢɫɵɜɚɸɳɢɯ ɩɪɨɰɟɫɫ 

ɞɪɨɛɥɟɧɢɹ (2.21), ɡɚɩɢɫɵɜɚɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ Д36,69,89]: 

  

{  
                                                                                                                                (2.25) 

ɋɪɟɞɧɟɟ ɱɢɫɥɨ ɱɚɫɬɢɰ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ t ɨɩɪɟɞɟɥɹɸɬɫɹ ɦɚɬɟɦɚɬɢɱɟɫɤɢɦ 

ɨɠɢɞɚɧɢɟɦ Д47]: 

   ∑           .      (2.26) 

ɍɦɧɨɠɚɹ ɭɪɚɜɧɟɧɢɹ ɫɢɫɬɟɦɵ (2.25) ɧɚ  n  ɢ ɫɭɦɦɢɪɭɹ, ɩɨɥɭɱɢɦμ 

 ∑                     ∑                  ∑               . (2.27) 

ɍɱɢɬɵɜɚɹ, ɱɬɨμ 

                      ,   

ɚ ɬɚɤɠɟμ 
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   ∑          ∑               , 

ɩɨɥɭɱɚɟɦμ 

   
                    .    (2.28) 

 

 Ɋɚɡɞɟɥɹɹ ɩɟɪɟɦɟɧɧɵɟ ɢ ɢɧɬɟɝɪɢɪɭɹ, ɩɨɥɭɱɚɟɦμ 

ɩɪɢ α = 1                      , ∫                    ∫          ,                              ,                     

ɢɥɢ               ቀ    ቁ  
, 

ɝɞɟ  Ȝ(t) – ɫɬɟɩɟɧɶ ɢɡɦɟɥɶɱɟɧɢɹ. 

  Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɫɤɨɥɶɤɭ M(0) = 1 ɩɪɢ α = 1           ቀ    ቁ  
.    (2.29) 

  Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɩɪɢ δ=1 ɡɚɜɢɫɢɦɨɫɬɶ (2.2λ) ɫɨɜɩɚɞɚɟɬ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɪɚɛɨɬɵ 

[6]. 

ɉɪɢ 1  ɢɡ ɫɨɨɬɧɨɲɟɧɢɹ (2.28) ɩɨɫɥɟ ɪɚɡɞɟɥɟɧɢɹ ɩɟɪɟɦɟɧɧɵɯ ɢɦɟɟɦμ                       . 

  ɉɨɫɥɟ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ                                           ɢɥɢ 

          {             [ቀ    ቁ       ]}.   (2.30) 
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2.4.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɩɪɟɞɟɥɶɧɨ ɞɨɫɬɢɠɢɦɨɝɨ ɭɪɨɜɧɹ ɫɬɟɩɟɧɢ 

ɢɡɦɟɥɶɱɟɧɢɹ 

ɂɡɜɟɫɬɧɨ Д39,73,115Ж, ɱɬɨ ɩɨ ɦɟɪɟ ɪɚɛɨɬɵ ɦɨɥɨɬɤɨɜɨɣ ɞɪɨɛɢɥɤɢ ɩɪɨɰɟɫɫ 

ɞɪɨɛɥɟɧɢɹ ɩɨɫɬɟɩɟɧɧɨ ɡɚɦɟɞɥɹɟɬɫɹ ɢ ɫ ɬɟɱɟɧɢɟɦ ɜɪɟɦɟɧɢ ɞɚɥɶɧɟɣɲɟɝɨ 

ɢɡɦɟɥɶɱɟɧɢɹ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɩɪɨɢɫɯɨɞɢɬ. Ɋɚɫɫɦɨɬɪɢɦ ɩɪɢɱɢɧɵ ɷɬɨɝɨ ɹɜɥɟɧɢɹ. 

Ⱦɥɹ ɪɚɫɩɚɞɚ ɱɚɫɬɢɰɵ ɧɟɨɛɯɨɞɢɦɚ ɷɧɟɪɝɢɹ ȿg, ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ ɩɨ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɩɪɨɱɧɨɫɬɢ ɢɡɦɟɥɶɱɚɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɩɪɢ ɷɬɨɦ ɷɧɟɪɝɢɹ ɭɞɚɪɚ ȿr 

ɞɨɥɠɧɚ ɛɵɬɶ ɧɟ ɦɟɧɶɲɟ ȿg. 

ɉɪɢ ɯɚɨɬɢɱɟɫɤɨɦ ɞɜɢɠɟɧɢɢ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɨɡɞɟɣɫɬɜɢɹ ɪɚɛɨɱɢɯ ɨɪɝɚɧɨɜ 

ɦɨɥɨɬɤɨɜɨɣ ɞɪɨɛɢɥɤɢ, ɱɚɫɬɢɰɚ ɩɪɢɨɛɪɟɬɚɟɬ ɫɤɨɪɨɫɬɶ  ⃗ , ɤɨɬɨɪɚɹ ɢɦɟɟɬ 

ɩɪɨɢɡɜɨɥɶɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ. ɋɤɨɪɨɫɬɶ ɟɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɦɨɥɨɬɤɨɜ, ɞɜɢɝɚɸɳɢɯɫɹ ɫɨ 

ɫɤɨɪɨɫɬɶɸ  ⃗м, ɛɭɞɟɬ ɪɚɜɧɚμ  ⃗   ⃗   ⃗м.     (2.31) 

ɇɚɢɛɨɥɶɲɟɟ ɚɛɫɨɥɸɬɧɨɟ ɡɧɚɱɟɧɢɟ ɫɤɨɪɨɫɬɢ  ɩɪɢ ɭɩɪɭɝɢɯ ɨɬɪɚɠɟɧɢɹɯ ɨɬ 

ɦɨɥɨɬɤɨɜ ɢ ɛɢɱɟɣ ɞɨɫɬɢɝɚɟɬɫɹ ɜ ɬɨɦ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɱɚɫɬɢɰɚ ɨɬɫɤɚɤɢɜɚɟɬ ɧɚɜɫɬɪɟɱɭ 

ɦɨɥɨɬɤɭμ  м   .      (2.32) 

Ɍɨɝɞɚ ɦɚɤɫɢɦɚɥɶɧɭɸ ɷɧɟɪɝɢɸ ɭɞɚɪɚ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɤɚɤ 

             м   м     ,   (2.33) 

ɝɞɟ mk – ɦɚɫɫɚ ɱɚɫɬɢɰ. 

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɟɫɥɢ  ɜɵɩɨɥɧɹɟɬɫɹ ɭɫɥɨɜɢɟ Ermax≥ Eg, ɬɨ ɩɪɨɢɫɯɨɞɢɬ  ɪɚɫɩɚɞ 

ɱɚɫɬɢɰ ɢɡɦɟɥɶɱɚɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ. Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɭɫɥɨɜɢɟ ɪɚɫɩɚɞɚμ     м
    .      (2.34) 

Ɉɬɫɸɞɚ ɫɥɟɞɭɟɬ, ɱɬɨ ɞɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɩɪɨɰɟɫɫɚ ɞɪɨɛɥɟɧɢɹ ɦɚɫɫɚ ɱɚɫɬɢɰɵ 

ɞɨɥɠɧɚ ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɭɫɥɨɜɢɸμ        м .      (2.35) 

Ⱥ ɦɢɧɢɦɚɥɶɧɚɹ ɦɚɫɫɚ ɱɚɫɬɢɰ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧɚ ɩɪɢ ɞɪɨɛɥɟɧɢɢ, 

ɦɨɠɟɬ ɛɵɬɶ ɨɰɟɧɟɧɚ ɤɚɤ      м    .      (2.36) 
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Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɷɧɟɪɝɢɢ ɭɞɚɪɚ ɱɚɫɬɢɰ, ɢɦɟɸɳɢɯ ɦɚɫɫɭ ɦɟɧɶɲɟ mmin, 

ɫɬɚɧɨɜɢɬɫɹ ɧɟɞɨɫɬɚɬɨɱɧɨ ɞɥɹ ɞɪɨɛɥɟɧɢɹ. Ɍɨɝɞɚ ɦɚɤɫɢɦɚɥɶɧɭɸ ɫɬɟɩɟɧɶ 

ɢɡɦɟɥɶɱɟɧɢɹ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɮɨɪɦɭɥɟ [45]: 

     √       
 √  

  м    
   ,    (2.37) 

ɝɞɟ dɧ, dɤ – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ «ɧɚɱɚɥɶɧɵɟ» ɢ «ɤɨɧɟɱɧɵɟ» ɫɪɟɞɧɢɟ ɥɢɧɟɣɧɵɟ 

ɪɚɡɦɟɪɵν 

mɧ, mmin– ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ «ɧɚɱɚɥɶɧɚɹ» ɢ «ɦɢɧɢɦɚɥɶɧɚɹ» ɦɚɫɫɚ ɱɚɫɬɢɰɵ.  

 ɉɨɞɪɨɛɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɫ 

ɩɨɦɨɳɶɸ ɗȼɆ. 

 Ɋɚɫɱɟɬɵ, ɩɪɨɜɟɞɟɧɧɵɟ ɧɚ ɗȼɆ Д61,77Ж, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ (2.30) ɫ ɭɱɟɬɨɦ 

ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɦɚɯ  ɩɨɡɜɨɥɹɸɬ ɩɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɞɚɧɧɵɦ ɨɩɪɟɞɟɥɹɬɶ 

ɩɚɪɚɦɟɬɪɵ, ɪɚɫɤɪɵɜɚɸɳɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɛɟɡɪɟɲɟɬɧɨɣ 

ɦɨɥɨɬɤɨɜɨɣ ɞɪɨɛɢɥɤɢ. ɗɬɢ ɩɚɪɚɦɟɬɪɵ ɦɨɝɭɬ ɛɵɬɶ ɩɨɞɨɛɪɚɧɵ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɱɬɨɛɵ ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɡɚɬɪɚɬɵ ɧɚ ɞɪɨɛɥɟɧɢɟ. ȼ ɱɚɫɬɧɨɫɬɢ, 

ɩɨɫɤɨɥɶɤɭ ɫɬɟɩɟɧɶ ɢɡɦɟɥɶɱɟɧɢɹ ɡɚɜɢɫɢɬ ɨɬ ɜɪɟɦɟɧɢ ɧɟɥɢɧɟɣɧɨ (ɪɢɫɭɧɨɤ 2.1),  

 

 

Ɋɢɫɭɧɨɤ 2.1 – Ɍɟɨɪɟɬɢɱɟɫɤɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɫɬɟɩɟɧɢ ɢɡɦɟɥɶɱɟɧɢɹ Ȝ(t)  

ɨɬ ɜɪɟɦɟɧɢ t 

ɞɨɫɬɢɝɚɹ ɧɚɫɵɳɟɧɢɹ ɫ ɪɨɫɬɨɦ ɜɪɟɦɟɧɢ ɞɪɨɛɥɟɧɢɹ, ɬɨ ɞɥɹ ɩɨɧɢɠɟɧɢɹ ɷɧɟɪɝɨɡɚɬɪɚɬ 

ɩɚɪɚɦɟɬɪɵ ɤɨɧɫɬɪɭɤɰɢɢ ɛɟɡɪɟɲɟɬɧɨɣ ɞɪɨɛɢɥɤɢ ɞɨɥɠɧɵ ɛɵɬɶ ɩɨɞɨɛɪɚɧɵ ɬɚɤɢɦ 

λ(t) 

t 
1 

ț1 

λmax2 

λmax1 

λmax3 

ț2 ț3 
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ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɧɟɨɛɯɨɞɢɦɚɹ ɫɬɟɩɟɧɶ ɢɡɦɟɥɶɱɟɧɢɹ ɞɨɫɬɢɝɚɥɚɫɶ ɩɪɢ ɞɨɫɬɚɬɨɱɧɨ 

ɦɚɥɨɦ ɜɪɟɦɟɧɢ ɞɪɨɛɥɟɧɢɹ t ≤ tɧ, ɝɞɟ tɧ – ɧɨɦɢɧɚɥɶɧɨɟ ɜɪɟɦɹ ɞɪɨɛɥɟɧɢɹ, ɩɪɢ 

ɤɨɬɨɪɨɦ ɞɨɫɬɢɝɚɟɬɫɹ ɦɚɤɫɢɦɚɥɶɧɚɹ ɫɬɟɩɟɧɶ ɢɡɦɟɥɶɱɟɧɢɹ ɩɪɢ ɞɚɧɧɵɯ ɭɫɥɨɜɢɹɯ. 

Ⱦɥɹ ɭɜɟɥɢɱɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɫɬɟɩɟɧɢ ɢɡɦɟɥɶɱɟɧɢɹ ɦɚɯ  

ɧɟɨɛɯɨɞɢɦɨ, ɤɚɤ ɫɥɟɞɭɟɬ ɢɡ (2.37), ɭɜɟɥɢɱɢɜɚɬɶ ɨɬɧɨɫɢɬɟɥɶɧɭɸ ɫɤɨɪɨɫɬɶ 

ɫɨɭɞɚɪɟɧɢɣ ɱɚɫɬɢɰ ɢɡɦɟɥɶɱɚɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢ ɦɨɥɨɬɤɨɜ.  

ɉɨɫɤɨɥɶɤɭ ɜ ɛɟɡɪɟɲɟɬɧɨɣ ɞɪɨɛɢɥɤɟ ɨɬɤɪɵɬɨɝɨ ɬɢɩɚ ɩɪɨɰɟɫɫ ɞɪɨɛɥɟɧɢɹ 

ɩɪɨɢɫɯɨɞɢɬ ɡɚ ɜɪɟɦɹ ɨɞɧɨɝɨ ɨɛɨɪɨɬɚ ɦɚɬɟɪɢɚɥɚ, ɬɨ ɨɫɨɛɨɟ ɜɧɢɦɚɧɢɟ ɧɟɨɛɯɨɞɢɦɨ 

ɭɞɟɥɢɬɶ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɞɪɨɛɥɟɧɢɹ, ɱɬɨɛɵ ɜɵɩɨɥɧɹɥɨɫɶ ɨɝɪɚɧɢɱɟɧɢɟ, 

ɧɚɤɥɚɞɵɜɚɟɦɨɟ ɧɚ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɞɪɨɛɥɟɧɢɹ, ɚ ɢɦɟɧɧɨ ɫɨɛɥɸɞɚɥɨɫɶ ɭɫɥɨɜɢɟ 

t ≤ tɧ. Ɉɞɧɚɤɨ, ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɨɟ ɪɚɫɫɦɨɬɪɟɧɢɟ ɩɪɨɰɟɫɫɚ ɞɪɨɛɥɟɧɢɹ ɩɨɡɜɨɥɹɟɬ 

ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɞɨɥɠɧɚ, ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ, ɹɜɧɨ ɡɚɜɢɫɟɬɶ 

ɨɬ ɨɛɴɟɦɚ ɱɚɫɬɢɰ (ɢɥɢ ɨɬ ɢɯ ɱɢɫɥɚ), ɢ ɬɨɥɶɤɨ ɩɨɬɨɦ ɨɬ ɜɪɟɦɟɧɢ. 

 

2.4.3 Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɫɬɟɩɟɧɢ ɢɡɦɟɥɶɱɟɧɢɹ ɫ ɭɱɟɬɨɦ 

ɡɚɜɢɫɢɦɨɫɬɢ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɞɪɨɛɥɟɧɢɹ ɨɬ ɱɢɫɥɚ ɱɚɫɬɢɰ 

 Ɋɚɫɫɦɨɬɪɢɦ ɩɨɞɯɨɞ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɩɪɟɞɩɨɥɨɠɟɧɢɢ, ɱɬɨ ɢɧɬɟɧɫɢɜɧɨɫɬɶ 

ɞɪɨɛɥɟɧɢɹ ɡɚɜɢɫɢɬ ɨɬ ɨɛɴɟɦɚ ɢɥɢ ɱɢɫɥɚ ɱɚɫɬɢɰ. 

Ⱦɨɩɭɫɬɢɦ, ɱɬɨ ɜ ɨɫɧɨɜɧɨɦ ɭɪɚɜɧɟɧɢɢ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɬɟɨɪɢɢ ɞɪɨɛɥɟɧɢɹ 

(2.21)   ɤɨɷɮɮɢɰɢɟɧɬ nn
ni  ,  ɬɨɝɞɚ ɨɧɨ ɩɪɢɦɟɬ ɜɢɞμ 

  
                          .   (2.38) 

 ɂɡ ɷɬɨɝɨ ɜɵɪɚɠɟɧɢɹ ɜɵɬɟɤɚɟɬ ɫɥɟɞɭɸɳɟɟ ɭɪɚɜɧɟɧɢɟ ɞɥɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ 

ɨɠɢɞɚɧɢɹ M(t) ɱɢɫɥɚ ɱɚɫɬɢɰ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ t, ɩɨɥɭɱɟɧɧɨɟ ɚɧɚɥɨɝɢɱɧɨ 

ɭɪɚɜɧɟɧɢɸ (2.28)μ 

  
d M t

d t
n P t

n

n

n

( )
( )





 
1

.    (2.39) 

 Ⱦɚɥɶɧɟɣɲɟɟ ɪɟɲɟɧɢɟ ɡɚɜɢɫɢɬ ɨɬ ɜɢɞɚ δn. 

 ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨμ        1 , 

 ɬɨɝɞɚ 
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 ȼ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɟ ɨɬɤɥɨɧɟɧɢɟ σ(t) ɦɧɨɝɨ ɦɟɧɶɲɟ M(t), 

ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨμ  ∑                            .    (2.41) 

 Ɍɨɝɞɚ ɢɦɟɟɦ                 .     (2.42) 

 ɉɨɫɥɟ ɪɚɡɞɟɥɟɧɢɹ ɩɟɪɟɦɟɧɧɵɯμ                 . 

 ɂɧɬɟɝɪɢɪɭɹ, ɩɨɥɭɱɚɟɦ        |           |   

ɢɥɢ                   . 

 ɍɱɢɬɵɜɚɹ, ɱɬɨ M(0) = 1, ɢɦɟɟɦ              ,        ቀ     ቁ,               . 

 Ɍɚɤ ɤɚɤ ɩɪɢ Ɇ(0) = 1                    .    (2.43) 

 Ɏɨɪɦɭɥɚ (2.43) ɡɧɚɱɢɬɟɥɶɧɨ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɨɛɨɛɳɟɧɧɨɣ ɮɨɪɦɭɥɵ (2.2λ). 

 

2.4.4 ɂɡɭɱɟɧɢɟ ɫɬɟɩɟɧɢ ɢɡɦɟɥɶɱɟɧɢɹ ɫ ɭɱɟɬɨɦ  ɟɟ ɩɪɟɞɟɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ 

 Ɂɚɦɟɬɢɦ, ɱɬɨ ɱɢɫɥɨ ɱɚɫɬɢɰ n ɜ ɢɡɦɟɥɶɱɚɸɳɟɦ ɭɫɬɪɨɣɫɬɜɟ ɜɫɟɝɞɚ ɤɨɧɟɱɧɨ. 

Ⱦɥɹ ɥɸɛɨɝɨ ɧɚɱɚɥɶɧɨɝɨ ɱɢɫɥɚ ɱɚɫɬɢɰ n0, ɩɪɢ ɞɚɧɧɨɦ ɪɟɠɢɦɟ ɪɚɛɨɬɵ ɦɨɥɨɬɤɨɜɨɣ 

ɞɪɨɛɢɥɤɢ, ɫɭɳɟɫɬɜɭɟɬ ɫɜɨɟ ɩɪɟɞɟɥɶɧɨ ɜɨɡɦɨɠɧɨɟ ɤɨɧɟɱɧɨɟ ɱɢɫɥɨ ɱɚɫɬɢɰ N(n0), 

ɬɚɤ ɤɚɤ ɩɪɨɰɟɫɫ ɞɪɨɛɥɟɧɢɹ ɨɝɪɚɧɢɱɟɧ ɧɚɢɦɟɧɶɲɟɣ ɦɚɫɫɨɣ ɱɚɫɬɢɰ (2.37), ɬɨ ɟɫɬɶ 

n N n ( )
0       (2.44) 
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ɜ ɥɸɛɨɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ. ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɩɨ ɦɟɪɟ ɪɚɛɨɬɵ ɦɨɥɨɬɤɨɜɨɣ ɞɪɨɛɢɥɤɢ 

ɩɪɨɰɟɫɫ ɢɡɦɟɥɶɱɟɧɢɹ ɩɨɫɬɟɩɟɧɧɨ ɡɚɦɟɞɥɹɟɬɫɹ. ɉɨ ɢɫɬɟɱɟɧɢɢ ɧɟɤɨɬɨɪɨɝɨ ɜɪɟɦɟɧɢ 

ɞɚɥɶɧɟɣɲɟɝɨ ɢɡɦɟɥɶɱɟɧɢɹ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɩɪɨɢɫɯɨɞɢɬ, ɢ ɱɢɫɥɨ ɱɚɫɬɢɰ  ɧɟ 

ɢɡɦɟɧɹɟɬɫɹ.  

ɏɚɪɚɤɬɟɪɧɵɦɢ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɩɪɨɰɟɫɫɚ ɞɪɨɛɥɟɧɢɹ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ 

ɹɜɥɹɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɦɨɦɟɧɬɵ. 

ȼɨ-ɩɟɪɜɵɯ, ɜ ɩɪɨɰɟɫɫɟ ɞɪɨɛɥɟɧɢɹ ɛɟɡɪɟɲɟɬɧɨɣ ɦɨɥɨɬɤɨɜɨɣ ɞɪɨɛɢɥɤɨɣ, 

ɢɦɟɸɳɟɣ ɪɚɡɨɦɤɧɭɬɵɣ ɰɢɤɥ, ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɞɪɨɛɥɟɧɢɹ ɫɧɢɠɚɟɬɫɹ ɤ ɤɨɧɰɭ 

ɤɚɠɞɨɝɨ ɰɢɤɥɚ. 

ȼɨ-ɜɬɨɪɵɯ, ɫɧɢɠɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɞɪɨɛɥɟɧɢɹ ɩɪɨɢɫɯɨɞɢɬ ɜɜɢɞɭ 

ɭɦɟɧɶɲɟɧɢɹ ɪɚɡɦɟɪɨɜ ɱɚɫɬɢɰ.  

ȼ-ɬɪɟɬɶɢɯ, ɱɢɫɥɨ ɱɚɫɬɢɰ ɜ ɢɡɦɟɥɶɱɚɟɦɨɦ ɭɫɬɪɨɣɫɬɜɟ ɜɫɟɝɞɚ ɤɨɧɟɱɧɨ, ɬɚɤ 

ɤɚɤ ɩɪɨɰɟɫɫ ɞɪɨɛɥɟɧɢɹ ɩɪɟɤɪɚɳɚɟɬɫɹ ɧɚ ɧɟɤɨɬɨɪɨɦ ɷɬɚɩɟ ɩɭɬɟɦ ɨɬɛɨɪɚ 

ɢɡɦɟɥɶɱɟɧɧɨɝɨ ɩɪɨɞɭɤɬɚ, ɥɢɛɨ ɢɡ-ɡɚ ɦɚɥɨɝɨ ɪɚɡɦɟɪɚ ɱɚɫɬɢɰ. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, P′n(t) ɩɨɫɬɟɩɟɧɧɨ ɭɛɵɜɚɟɬ ɞɨ ɧɭɥɹ ɫ ɭɜɟɥɢɱɟɧɢɟɦ n. 

ɉɨɷɬɨɦɭ ɩɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɤɨɷɮɮɢɰɢɟɧɬ in ɜ ɫɢɫɬɟɦɟ ɭɪɚɜɧɟɧɢɹ (2.21) ɢɦɟɟɬ ɜɢɞμ 

  i N n i t
n
 ( ) ( ) ,      (2.45) 

ɝɞɟ )n(Nnn
00

 . 

 Ɍɨɝɞɚ ɫɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ (2.21) ɩɪɢɦɟɬ ɜɢɞμ                                      ,   (2.46) 

ɫ ɧɚɱɚɥɶɧɵɦɢ ɭɫɥɨɜɢɹɦɢμ  ɩɪɢt = 0    

              {            . 

ɍɦɧɨɠɢɦ ɜɵɪɚɠɟɧɢɟ (2.46) ɧɚ n ɢ ɩɪɨɫɭɦɦɢɪɭɟɦ ɩɨɥɭɱɟɧɧɵɟ ɭɪɚɜɧɟɧɢɹ. 

Ɍɨɝɞɚ, ɩɨɫɥɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɩɨɥɭɱɢɦμ 

  
                    .    (2.47) 

ȼ ɢɬɨɝɟ ɩɨɥɭɱɢɥɢ ɥɢɧɟɣɧɨɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɫɪɟɞɧɟɝɨ ɱɢɫɥɚ ɱɚɫɬɢɰ ɜ ɞɪɨɛɢɥɶɧɨɣ ɤɚɦɟɪɟ M(t), ɫɨɞɟɪɠɚɳɟɟ ɞɜɚ 

ɮɟɧɨɦɟɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɚ i(t) ɢ N, ɤɨɬɨɪɵɟ ɦɨɠɧɨ ɭɬɨɱɧɢɬɶ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ 

ɷɤɫɩɟɪɢɦɟɧɬɚ.  

Ɋɚɡɞɟɥɹɹ ɩɟɪɟɦɟɧɧɵɟ, ɩɨɥɭɱɚɟɦ 
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ɂɧɬɟɝɪɢɪɭɹ ∫             ∫         , 

             ∫           , 

            ቀ ∫         ቁ, 

ɢɥɢ            ቀ ∫         ቁ,     (2.48) 

 

ɝɞɟ  C – ɩɨɫɬɨɹɧɧɚɹ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ. 

 ɍɱɢɬɵɜɚɹ, ɱɬɨ 
0

n)0(M  , ɩɨɥɭɱɢɦ 

                    ∫          .   (2.49) 

Ɉɬɫɸɞɚ ɫɬɟɩɟɧɶ ɢɡɦɟɥɶɱɟɧɢɹ μ 

                            ∫          ,  (2.50) 

 

ɝɞɟ Ȝɩ – ɩɪɟɞɟɥɶɧɨ ɞɨɫɬɢɠɢɦɚɹ ɫɬɟɩɟɧɶ ɢɡɦɟɥɶɱɟɧɢɹ, ɨɩɪɟɞɟɥɹɟɦɚɹ 

ɤɨɧɫɬɪɭɤɰɢɟɣ ɞɪɨɛɢɥɤɢ, ɪɟɠɢɦɨɦ ɟɟ ɪɚɛɨɬɵ, ɫɜɨɣɫɬɜɚɦɢ ɢɡɦɟɥɶɱɚɟɦɨɝɨ 

ɦɚɬɟɪɢɚɥɚ, ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɨɬɧɨɲɟɧɢɟμ 

               (2.51) 

  

ɉɪɢ i(t) = i0 ɩɨɥɭɱɢɦ 

                         ,   (2.52) 

 

 Ɍɨ ɟɫɬɶ Ȝ(t) ɜɨɡɪɚɫɬɚɟɬ ɚɫɢɦɩɬɨɬɢɱɟɫɤɢ, ɫɬɪɟɦɹɫɶ ɤ Ȝɩ ɩɨ ɷɤɫɩɨɧɟɧɬɟ 

(ɪɢɫɭɧɨɤ 2.2). 
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Ɋɢɫɭɧɨɤ 2.2 – Ɍɟɨɪɟɬɢɱɟɫɤɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɫɬɟɩɟɧɢ ɢɡɦɟɥɶɱɟɧɢɹ  ɨɬ ɜɪɟɦɟɧɢ t ɞɥɹ 

ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɣ  ɩ, ɪɚɫɫɱɢɬɚɧɧɚɹ ɩɨ ɮɨɪɦɭɥɚɦ (2.52) 

 ɉɨɞɫɬɚɜɥɹɹ (2.24) ɜ ɭɪɚɜɧɟɧɢɟ (2.50), ɩɨɥɭɱɢɦμ 

                  {            [ቀ    ቁ     ]},  ɩɪɢ 1   (2.53) 

ɢ                         ɩɪɢ  = 1.    (2.54) 

 

 ɉɨɥɭɱɟɧɧɚɹ ɬɟɨɪɟɬɢɱɟɫɤɚɹ ɡɚɜɢɫɢɦɨɫɬɶ (2.53) ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ ɜ ɝɥɚɜɟ 4. 

 

2.5 Ɋɚɫɱёɬ ɤɨɧɫɬɪɭɤɰɢɨɧɧɨ- ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɞɪɨɛɢɥɤɢ ɤɨɪɦɨɜ 

 ɉɪɢ ɚɧɚɥɢɬɢɱɟɫɤɨɦ ɪɚɫɫɦɨɬɪɟɧɢɢ ɩɪɨɰɟɫɫɚ ɞɪɨɛɥɟɧɢɹ ɧɚ ɛɚɡɟ ɨɫɧɨɜɧɨɝɨ 

ɭɪɚɜɧɟɧɢɹ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɬɟɨɪɢɢ ɬɪɭɞɧɨ ɭɱɟɫɬɶ ɜ ɨɛɳɟɦ ɜɢɞɟ ɡɚɜɢɫɢɦɨɫɬɶ 

ɜɟɪɨɹɬɧɨɫɬɢ ɞɪɨɛɥɟɧɢɹ ɱɚɫɬɢɰɵ ɩɪɢ ɭɞɚɪɟ ɨɬ ɟɟ ɦɚɫɫɵ (ɨɛɴɟɦɚ). Ɉɞɧɚɤɨ, 

ɨɱɟɜɢɞɧɨ, ɱɬɨ ɷɬɚ ɡɚɜɢɫɢɦɨɫɬɶ ɨɤɚɡɵɜɚɟɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɩɪɨɰɟɫɫ 

ɞɪɨɛɥɟɧɢɹ ɢ ɩɨɷɬɨɦɭ ɞɨɥɠɧɚ ɤɚɤ ɦɨɠɧɨ ɬɨɱɧɟɟ ɭɱɢɬɵɜɚɬɶɫɹ ɩɪɢ ɪɚɫɱɟɬɟ 

ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ. 

 Ⱦɥɹ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɢɡɭɱɟɧɢɹ ɷɬɨɝɨ ɜɨɩɪɨɫɚ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɢɦɢɬɚɰɢɨɧɧɚɹ 

ɦɨɞɟɥɶ ɩɪɨɰɟɫɫɚ ɞɪɨɛɥɟɧɢɹ, ɪɟɚɥɢɡɨɜɚɧɧɚɹ ɧɚ ɗȼɆ ɢ ɨɫɧɨɜɚɧɧɚɹ ɧɚ ɫɥɟɞɭɸɳɢɯ 

ɩɪɟɞɩɨɥɨɠɟɧɢɹɯμ 
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1. ɉɪɢ ɤɚɠɞɨɦ ɭɞɚɪɟ ɥɸɛɚɹ ɱɚɫɬɢɰɚ ɦɨɠɟɬ ɪɚɡɛɢɜɚɬɶɫɹ ɬɨɥɶɤɨ ɧɚ ɞɜɟ 

ɱɚɫɬɢɰɵ ɨɞɢɧɚɤɨɜɨɝɨ ɨɛɴɟɦɚν 

2. ȼɟɪɨɹɬɧɨɫɬɶ ɞɪɨɛɥɟɧɢɹ ɩɪɢ ɭɞɚɪɟ ɡɚɜɢɫɢɬ ɨɬ ɦɚɫɫɵ (ɨɛɴɟɦɚ) ɱɚɫɬɢɰɵ ɩɨ 

ɡɚɞɚɜɚɟɦɨɦɭ ɡɚɤɨɧɭ. 

ɉɪɢ ɪɚɫɱɟɬɚɯ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɜ ɧɚɱɚɥɶɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɢɦɟɟɬɫɹ 

ɨɞɧɚ ɱɚɫɬɢɰɚ ɟɞɢɧɢɱɧɨɝɨ ɨɛɴɟɦɚ, ɤɨɬɨɪɚɹ ɩɨɞɜɟɪɝɚɟɬɫɹ ɡɚɞɚɧɧɨɦɭ ɱɢɫɥɭ ɭɞɚɪɨɜ. 

ɉɨɫɥɟ ɤɚɠɞɨɝɨ ɭɞɚɪɚ ɩɨɞɫɱɢɬɵɜɚɟɬɫɹ ɱɢɫɥɨ ɱɚɫɬɢɰ, ɢɦɟɸɳɢɯ ɨɛɴɟɦɵ 1, 1/2, 1/4, 

1/8, 1/16, 1/32, ɚ ɬɚɤɠɟ ɩɨɞɫɱɢɬɵɜɚɟɬɫɹ ɫɬɟɩɟɧɶ ɢɡɦɟɥɶɱɟɧɢɹ ɢ ɷɧɟɪɝɢɹ, 

ɡɚɬɪɚɱɟɧɧɚɹ ɧɚ ɞɪɨɛɥɟɧɢɟ, ɤɨɬɨɪɚɹ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɬɟɨɪɢɢ. 

Ɋɚɫɱɟɬɵ ɡɚɜɟɪɲɚɸɬɫɹ ɥɢɛɨ ɬɨɝɞɚ, ɤɨɝɞɚ ɛɭɞɭɬ ɫɨɜɟɪɲɟɧɵ ɜɫɟ ɡɚɞɚɧɧɵɟ ɭɞɚɪɵ, 

ɥɢɛɨ ɬɨɝɞɚ, ɤɨɝɞɚ ɪɚɡɨɛɶɟɬɫɹ ɨɞɧɚ ɢɡ ɱɚɫɬɢɰ ɨɛɴɟɦɚ 1/32. Ɂɚɬɟɦ ɨɩɵɬ ɩɨɜɬɨɪɹɟɬɫɹ. 

ɉɨɫɥɟ ɡɚɜɟɪɲɟɧɢɹ ɫɟɪɢɢ ɨɩɵɬɨɜ, ɱɢɫɥɨ ɤɨɬɨɪɵɯ ɡɚɞɚɟɬɫɹ, ɞɥɹ ɤɚɠɞɨɝɨ 

ɭɞɚɪɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɫɪɟɞɧɹɹ ɫɬɟɩɟɧɶ ɢɡɦɟɥɶɱɟɧɢɹ ɢ ɡɚɬɪɚɱɟɧɧɚɹ ɷɧɟɪɝɢɹ. ɗɬɚ 

ɦɨɞɟɥɶ ɪɟɚɥɢɡɨɜɚɧɚ ɧɚ ɉɗȼɆ. 

ȼ ɡɚɤɥɸɱɟɧɢɟ ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɪɚɛɨɬɚɯ Ⱥɥɟɲɤɢɧɚ ȼ.Ɋ. 

ɩɪɟɞɩɨɥɚɝɚɥɨɫɶ, ɱɬɨ ɤɨɷɮɮɢɰɢɟɧɬ ɞɪɨɛɥɟɧɢɹ in ɜ ɭɪɚɜɧɟɧɢɢ (3.2.) 

ɩɪɨɩɨɪɰɢɨɧɚɥɟɧ ɱɢɫɥɭ ɱɚɫɬɢɰ. ɉɨɥɭɱɚɟɬɫɹ, ɱɬɨ ɱɟɦ ɛɨɥɶɲɟ ɫɬɚɧɨɜɢɬɫɹ ɱɚɫɬɢɰ, 

ɬɟɦ ɛɵɫɬɪɟɟ ɢɞɟɬ ɩɪɨɰɟɫɫ ɞɪɨɛɥɟɧɢɹ. ɑɬɨɛɵ ɷɬɨɝɨ ɧɟ ɛɵɥɨ Ⱥɥɟɲɤɢɧ ȼ.Ɋ. ɞɟɥɚɟɬ 

ɜɬɨɪɨɟ ɩɪɟɞɩɨɥɨɠɟɧɢɟμ 
)t1(

i
i

о


 . ɉɪɨɜɟɞɟɧɧɵɟ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɩɨɡɜɨɥɢɥɢ ɧɚɦ ɨɛɨɛɳɢɬɶ ɮɨɪɦɭɥɭ Ⱥɥɟɲɤɢɧɚ ȼ.Ɋ. ɜɜɟɞɟɧɢɟɦ ɞɜɭɯ ɩɚɪɚɦɟɬɪɨɜ α ɢ 

δ. ɉɪɢ α = δ =1 ɩɨɥɭɱɚɟɬɫɹ ɡɚɜɢɫɢɦɨɫɬɶ (2.22.). Ɏɨɪɦɭɥɵ (2.43, 2.53) ɩɨɡɜɨɥɹɸɬ 

ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɤɨɷɮɮɢɰɢɟɧɬ ɞɪɨɛɥɟɧɢɹ inɞɨɥɠɟɧ ɡɚɜɢɫɟɬɶ ɮɚɤɬɢɱɟɫɤɢ ɨɬ 

ɱɢɫɥɚ ɱɚɫɬɢɰ ɢ, ɭɠɟ ɱɟɪɟɡ ɷɬɨ ɱɢɫɥɨ, ɨɬ ɜɪɟɦɟɧɢ. Ɏɨɪɦɭɥɚ (2.43) ɢɫɯɨɞɢɬ ɢɡ ɬɨɝɨ, 

ɱɬɨ ɩɪɨɰɟɫɫ ɢɡɦɟɥɶɱɟɧɢɹ ɧɟ ɩɪɟɤɪɚɳɚɟɬɫɹ, ɩɨɤɚ ɪɚɛɨɬɚɟɬ ɢɡɦɟɥɶɱɢɬɟɥɶ. Ⱥ 

ɮɨɪɦɭɥɚ (2.53) ɩɪɟɞɩɨɥɚɝɚɟɬ ɫɭɳɟɫɬɜɨɜɚɧɢɟ ɞɥɹ ɤɚɠɞɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɪɟɠɢɦɚ 

ɪɚɛɨɬɵ ɫɜɨɟɝɨ ɩɪɟɞɟɥɚ ɢɡɦɟɥɶɱɟɧɢɹ. 

Ʉɚɤ ɨɬɦɟɱɚɥɨɫɶ ɜ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ ɞɥɹ ɤɨɧɤɪɟɬɢɡɚɰɢɢ ɩɨɥɭɱɟɧɧɵɯ 

ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɧɟɨɛɯɨɞɢɦɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɩɭɬɟɦ ɨɩɪɟɞɟɥɢɬɶ 

ɱɢɫɥɨɜɵɟ ɩɚɪɚɦɟɬɪɵ ɩɪɨɰɟɫɫɚ ɞɪɨɛɥɟɧɢɹ ɜ ɛɟɡɪɟɲɟɬɧɨɣ ɦɨɥɨɬɤɨɜɨɣ ɞɪɨɛɢɥɤɟ, 

ɩɪɢ ɷɬɨɦ ɨɰɟɧɢɬɶ ɚɞɟɤɜɚɬɧɨɫɬɶ ɜɵɲɟɭɤɚɡɚɧɧɵɯ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɡɚɜɢɫɢɦɨɫɬɟɣ 

ɪɟɡɭɥɶɬɚɬɚɦ ɷɤɫɩɟɪɢɦɟɧɬɚ. 
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Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɢ ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɪɚɫɱɟɬɵ ɞɪɨɛɢɥɤɢ ɡɟɪɧɚ 

Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɪɟɡɭɥɶɬɚɬ ɪɚɛɨɬɵ ɞɪɨɛɢɥɶɧɵɣ ɦɚɲɢɧɵ ɨɰɟɧɢɜɚɸɬ ɬɪɟɦɹ 

ɨɫɧɨɜɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢμ 

1)  ɪɚɡɦɟɪ ɪɚɡɞɪɨɛɥɟɧɧɵɯ ɱɚɫɬɢɰν 

2)  ɢɯ ɮɨɪɦɚν 

3)  ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɱɚɫɬɢɰ ɩɨ ɪɚɡɦɟɪɧɵɦ ɤɥɚɫɫɚɦ. 

ɇɟɫɦɨɬɪɹ ɧɚ ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɜ ɬɟɯɧɢɤɟ ɢ ɧɚɭɤɟ, ɩɪɨɰɟɫɫ 

ɞɪɨɛɥɟɧɢɹ ɬɟɨɪɟɬɢɱɟɫɤɢ ɦɚɥɨ ɢɡɭɱɟɧ ɢ ɟɳɟ ɧɟɞɨɫɬɚɬɨɱɧɨ ɩɪɚɤɬɢɱɟɫɤɢ ɨɫɜɨɟɧ. ɇɚ 

ɫɨɜɪɟɦɟɧɧɵɯ ɢɡɦɟɥɶɱɚɸɳɢɯ ɦɚɲɢɧɚɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɬɢɩɚ ɧɟɥɶɡɹ ɞɨɫɬɢɱɶ 

ɬɨɱɧɵɯ ɪɚɡɦɟɪɨɜ, ɨɩɪɟɞɟɥɟɧɧɨɣ ɮɨɪɦɵ ɢ ɧɚɩɟɪɟɞ ɡɚɞɚɧɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨ 

ɪɚɡɦɟɪɧɵɦ ɤɥɚɫɫɚɦ ɱɚɫɬɢɰ ɪɚɡɞɪɨɛɥɟɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. Ɉɛɴɹɫɧɹɟɬɫɹ ɷɬɨ ɩɪɟɠɞɟ 

ɜɫɟɝɨ ɬɟɦ, ɱɬɨ ɩɪɨɰɟɫɫ ɞɪɨɛɥɟɧɢɹ ɡɚɜɢɫɢɬ ɨɬ ɨɱɟɧɶ ɦɧɨɝɢɯ ɩɪɢɱɢɧ, ɱɚɫɬɢɱɧɨ 

ɫɨɜɟɪɲɟɧɧɨ ɫɥɭɱɚɣɧɵɯ, ɩɨɷɬɨɦɭ ɩɨ ɫɜɨɟɦɭ ɯɚɪɚɤɬɟɪɭ ɜɟɫɶɦɚ ɫɥɨɠɟɧ. 

Ɉɫɧɨɜɧɵɟ ɮɚɤɬɨɪɵ, ɜɥɢɹɸɳɢɟ ɧɚ ɩɪɨɰɟɫɫ ɞɪɨɛɥɟɧɢɹ, ɫɜɨɞɹɬɫɹ ɤ 

ɫɥɟɞɭɸɳɟɦɭμ 

1) ɫɜɨɣɫɬɜɚ ɦɚɬɟɪɢɚɥɚμ ɩɪɨɱɧɨɫɬɶ, ɬɜɟɪɞɨɫɬɶ, ɜɹɡɤɨɫɬɶ, ɨɞɧɨɪɨɞɧɨɫɬɶ, 

ɫɨɫɬɨɹɧɢɟ ɢ ɜɢɞ ɩɨɜɟɪɯɧɨɫɬɢ, ɫɬɟɩɟɧɶ ɜɥɚɠɧɨɫɬɢ, ɪɚɡɦɟɪɵ, ɮɨɪɦɚ ɢ ɜɡɚɢɦɧɨɟ 

ɪɚɫɩɨɥɨɠɟɧɢɟ ɞɪɨɛɢɦɵɯ ɤɭɫɤɨɜ, ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ   ɦɟɠɞɭ ɱɚɫɬɢɰɚɦɢ 

ɦɚɬɟɪɢɚɥɚ ɢ ɞɪɭɝɢɟν 

2)  ɫɜɨɣɫɬɜɚ ɞɪɨɛɢɥɶɧɨɣ   ɦɚɲɢɧɵμ ɮɨɪɦɚ ɢ   ɫɨɫɬɨɹɧɢɟ ɞɪɨɛɹɳɟɣ 

ɩɨɜɟɪɯɧɨɫɬɢ, ɟɟ ɫɤɨɪɨɫɬɶ ɢ ɯɚɪɚɤɬɟɪ ɞɜɢɠɟɧɢɹ, ɦɚɫɫɚ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ 

(ɫɨɨɬɧɨɲɟɧɢɟ ɦɚɫɫ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ ɢ ɦɚɬɟɪɢɚɥɚ), ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ ɪɚɛɨɱɟɣ 

ɩɨɜɟɪɯɧɨɫɬɢ ɩɨ ɦɚɬɟɪɢɚɥɭ ɢ ɞɪɭɝɢɟ. 

Ⱦɪɨɛɥɟɧɢɟ ɧɟ ɬɨɥɶɤɨ ɩɨ ɤɨɥɢɱɟɫɬɜɭ ɡɚɬɪɚɱɢɜɚɟɦɨɣ ɷɧɟɪɝɢɢ, ɧɨ ɢ ɩɨ ɢɡɧɨɫɭ 

ɪɚɛɨɱɢɯ ɱɚɫɬɟɣ ɦɚɲɢɧɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɟɫɶɦɚ ɞɨɪɨɝɨɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ, 

ɢ ɩɨɷɬɨɦɭ ɨɫɧɨɜɧɨɣ ɩɪɢɧɰɢɩ ɞɪɨɛɥɟɧɢɹ ɜɨ ɜɫɟɯ ɨɬɪɚɫɥɹɯ, ɝɞɟ ɢɡɦɟɥɶɱɟɧɢɟ 

ɦɚɬɟɪɢɚɥɨɜ ɩɪɨɢɡɜɨɞɹɬ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɦɚɫɲɬɚɛɚɯ, — ɧɟ ɞɪɨɛɢɬɶ ɧɢɱɟɝɨ 

ɥɢɲɧɟɝɨ. 

ȼɵɩɨɥɧɟɧɢɟɦ ɷɬɨɝɨ ɬɪɟɛɨɜɚɧɢɹ ɞɨɫɬɢɝɚɸɬμ 

1)  ɭɦɟɧɶɲɟɧɢɹ ɪɚɫɯɨɞɚ ɷɧɟɪɝɢɢν 

2)  ɭɜɟɥɢɱɟɧɢɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢν 

3)  ɭɦɟɧɶɲɟɧɢɹ ɢɡɧɨɫɚ ɪɚɛɨɱɢɯ ɱɚɫɬɟɣ ɦɚɲɢɧɵ. 
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ȼɨɡɦɨɠɧɨ ɛɨɥɟɟ ɬɨɱɧɨɟ ɞɪɨɛɥɟɧɢɟ ɞɨ ɡɚɞɚɧɧɵɯ ɪɚɡɦɟɪɨɜ ɭɦɟɧɶɲɚɟɬ 

ɩɵɥɟɨɛɪɚɡɨɜɚɧɢɟ. ɉɵɥɶ ɧɟɠɟɥɚɬɟɥɶɧɚ ɜ ɬɟɯɧɢɱɟɫɤɨɦ, ɝɢɝɢɟɧɢɱɟɫɤɨɦ ɢ 

ɷɤɨɧɨɦɢɱɟɫɤɨɦ ɨɬɧɨɲɟɧɢɹɯ. Ɉɧɚ ɩɨɜɵɲɚɟɬ ɢɡɧɨɫ ɦɚɲɢɧɵ, ɚ ɬɚɤɠɟ ɢ ɪɚɫɯɨɞ 

ɷɧɟɪɝɢɢ, ɬɚɤ ɤɚɤ ɭɜɟɥɢɱɢɜɚɟɬ ɬɪɟɧɢɟ, ɡɚɬɪɭɞɧɹɟɬ ɨɛɫɥɭɠɢɜɚɧɢɟ ɢ ɜɪɟɞɧɚ ɞɥɹ 

ɥɸɞɟɣ ɢ ɠɢɜɨɬɧɵɯ, ɬɚɤ ɤɚɤ ɡɚɫɨɪɹɟɬ ɢɯ ɞɵɯɚɬɟɥɶɧɵɟ ɩɭɬɢ. ɉɵɥɶ ɩɪɟɞɫɬɚɜɥɹɟɬ 

ɫɨɛɨɣ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɩɨɬɟɪɢ ɩɪɨɞɭɤɬɚ. Ɇɭɱɧɚɹ, ɫɚɯɚɪɧɚɹ, ɭɝɨɥɶɧɚɹ, 

ɚɥɸɦɢɧɢɟɜɚɹ ɩɵɥɶ ɬɚɤɠɟ, ɤɚɤ ɢ ɩɵɥɶ ɦɧɨɝɢɯ ɞɪɭɝɢɯ ɦɚɬɟɪɢɚɥɨɜ, ɧɟ ɫɩɨɫɨɛɧɵɯ ɤ 

ɥɟɝɤɨɦɭ ɜɨɫɩɥɚɦɟɧɟɧɢɸ, ɜɡɪɵɜɨɨɩɚɫɧɚ. ɇɚɩɪɢɦɟɪ, ɚɥɸɦɢɧɢɟɜɚɹ, ɦɚɝɧɢɟɜɚɹ ɢ 

ɞɪɭɝɚɹ ɦɟɬɚɥɥɢɱɟɫɤɚɹ ɩɵɥɶ ɬɚɤɠɟ, ɤɚɤ ɢ ɦɭɱɧɚɹ, ɦɨɠɟɬ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫ 

ɤɢɫɥɨɪɨɞɨɦ ɜɨɡɞɭɯɚ ɜɨɫɩɥɚɦɟɧɹɬɶɫɹ ɢ ɜɡɪɵɜɚɬɶɫɹ ɨɬ ɧɚɝɪɟɜɚɬɟɥɶɧɵɯ ɩɪɢɛɨɪɨɜ, 

ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢɫɤɪɵ ɪɭɛɢɥɶɧɢɤɚ ɢ ɞɪɭɝɢɯ. ȼɡɪɵɜɵ ɩɵɥɢ ɱɪɟɡɜɵɱɚɣɧɨ 

ɪɚɡɪɭɲɢɬɟɥɶɧɵ, ɩɪɟɞɭɩɪɟɠɞɟɧɢɟ ɢɯ ɨɫɧɨɜɚɧɨ ɧɚ ɷɮɮɟɤɬɢɜɧɨɣ ɜɟɧɬɢɥɹɰɢɢ ɢ 

ɩɪɚɜɢɥɶɧɨɣ ɨɪɝɚɧɢɡɚɰɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ. 

ɇɢ ɨɞɧɨ ɢɡ ɫɨɜɪɟɦɟɧɧɵɯ ɢɡɦɟɥɶɱɚɸɳɢɯ ɭɫɬɪɨɣɫɬɜ ɧɟ ɦɨɠɟɬ ɫɨɨɛɳɢɬɶ 

ɢɡɦɟɥɶɱɟɧɧɨɦɭ ɩɪɨɞɭɤɬɭ ɦɨɧɨɞɢɫɩɟɪɫɧɨɟ ɫɨɫɬɨɹɧɢɟ, ɢ ɤɨɥɢɱɟɫɬɜɨ ɫɥɢɲɤɨɦ 

ɤɪɭɩɧɵɯ ɢ ɱɪɟɡɦɟɪɧɨ ɢɡɦɟɥɶɱɟɧɧɵɯ ɱɚɫɬɢɰ ɩɪɨɞɭɤɬɚ ɞɨɯɨɞɢɬ ɨɛɵɱɧɨ ɞɨ 25%. 

Ʉɨɥɢɱɟɫɬɜɨ ɩɵɥɢ ɫɨɫɬɚɜɥɹɟɬ 2% ɢ ɛɨɥɶɲɟ. 

Ⱦɪɨɛɥɟɧɢɟ ɦɨɠɟɬ ɛɵɬɶ ɧɟ ɬɨɥɶɤɨ ɫɭɯɨɟ, ɧɨ ɢ ɦɨɤɪɨɟ (ɫɦɚɱɢɜɚɧɢɟ 

ɞɪɨɛɢɦɨɝɨ ɦɚɬɟɪɢɚɥɚ ɜɨɞɨɣ). ɉɪɢ ɦɨɤɪɨɦ ɞɪɨɛɥɟɧɢɢ ɜɦɟɫɬɨ ɩɵɥɢ ɨɛɪɚɡɭɟɬɫɹ 

ɲɥɚɦ, ɭɫɥɨɜɢɹ ɪɚɛɨɬɵ ɛɥɚɝɨɞɚɪɹ ɷɬɨɦɭ ɛɨɥɟɟ ɝɢɝɢɟɧɢɱɧɵ ɢ ɛɟɡɨɩɚɫɧɵ, ɬɚɤ ɤɚɤ 

ɭɫɬɪɚɧɹɟɬɫɹ ɡɚɩɵɥɟɧɢɟ ɜɨɡɞɭɯɚ ɢ ɢɫɤɥɸɱɚɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɜɡɪɵɜɨɜ. 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɛɨɥɟɟ ɬɨɱɧɨɝɨ ɞɪɨɛɥɟɧɢɹ ɩɪɢɦɟɧɹɸɬ ɫɨɪɬɢɪɭɸɳɢɟ 

ɭɫɬɪɨɣɫɬɜɚ, ɩɪɢ ɩɨɦɨɳɢ ɤɨɬɨɪɵɯ ɧɚɩɪɚɜɥɹɸɬ ɫɥɢɲɤɨɦ ɤɪɭɩɧɵɟ ɤɭɫɤɢ ɨɛɪɚɬɧɨ ɜ 

ɞɪɨɛɢɥɶɧɭɸ ɦɚɲɢɧɭ (ɞɪɨɛɥɟɧɢɟ ɡɚɦɤɧɭɬɵɦ ɰɢɤɥɨɦ). 

ɋɨɜɪɟɦɟɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɬɟɨɪɢɢ ɟɳɟ ɧɟ ɞɚɟɬ ɨɫɧɨɜɚɧɢɣ ɤ ɚɧɚɥɢɬɢɱɟɫɤɨɦɭ 

ɪɚɫɱɟɬɭ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɞɪɨɛɢɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ. 

ɋ ɧɟɤɨɬɨɪɵɦ ɩɪɢɛɥɢɠɟɧɢɟɦ ɦɨɠɧɨ ɪɚɫɫɱɢɬɵɜɚɬɶ ɱɚɫɨɜɭɸ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɦɨɥɨɬɤɨɜɨɣ ɞɪɨɛɢɥɤɢ ɩɨ ɫɥɟɞɭɸɳɟɣ ɷɦɩɢɪɢɱɟɫɤɨɣ ɮɨɪɦɭɥɟμ  

,
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



                                         (2.55) 

ɝɞɟ    ρ — ɩɥɨɬɧɨɫɬɶ ɤɝ/ɦ3
; 

  D — ɞɢɚɦɟɬɪ ɪɨɬɨɪɚ, ɩɨ ɨɤɪɭɠɧɨɫɬɢ ɤɨɧɰɨɜ ɦɨɥɨɬɤɨɜ ɜ ɦν 
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   L — ɞɥɢɧɚ ɪɨɬɨɪɚ ɜ ɦν 

   n — ɱɢɫɥɨ ɨɛɨɪɨɬɨɜ ɜ ɦɢɧɭɬɭν 

   ɤ — ɷɦɩɢɪɢɱɟɫɤɢɣ ɛɟɡɪɚɡɦɟɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬν 
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30027,0327184,085000085,06,3



Q  ɬ/ɱ.                               (2.56) 

 

Ɋɚɫɱɟɬ ɨɫɟɣ ɦɨɥɨɬɤɨɜ 

 

 ȼɨ ɜɪɟɦɹ ɜɪɚɳɟɧɢɹ ɛɚɪɚɛɚɧɚ ɨɫɢ ɧɚɝɪɭɠɟɧɵ ɰɟɧɬɪɨɛɟɠɧɵɦɢ ɫɢɥɚɦɢ, 

ɞɟɣɫɬɜɭɸɳɢɦɢ ɧɚ ɦɨɥɨɬɤɢ Д15Жμ 

 

 Q m r
0

2  ,                                                (2.57) 

 

ɝɞɟ m - ɦɚɫɫɚ ɦɨɥɨɬɤɚ, ɤɝν 

  - ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ, 1/ɫν 

 r - ɪɚɞɢɭɫ ɨɤɪɭɠɧɨɫɬɟɣ ɰɟɧɬɪɨɜ ɦɚɫɫ ɦɨɥɨɬɤɨɜ, ɦ. 

Ɉɫɶ ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɬɪɢ ɞɢɫɤɚ (ɪɢɫɭɧɨɤ 2.3), ɤɨɬɨɪɵɟ ɫɥɭɠɚɬ ɨɩɨɪɚɦɢ. ɇɚ 

ɧɚɝɪɭɠɟɧɧɭɸ ɨɫɶ ɞɟɣɫɬɜɭɸɬ 18 ɫɢɥ Q0, ɬ.ɤ. ɧɚ ɧɟɣ ɪɚɫɩɨɥɨɠɟɧɵ 18 ɦɨɥɨɬɤɨɜ. 

Ɉɫɶ ɪɚМɱɢɬɵɜɚɟɬɫɹ ɤɚɤ ɛɚɥɤɚ ɧɚ ɞɜɭɯ ɨɩɨɪɚɯ (ɪɢɫɭɧɨɤ 2.4). Ⱦɟɣɫɬɜɢɟ 

ɬɪɟɬɶɟɣ, ɫɪɟɞɧɟɣ ɨɩɨɪɵ ɡɚɦɟɧɹɟɬɫɹ ɫɢɥɨɣ R, ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɭɫɥɨɜɢɣ 

ɪɚɜɟɧɫɬɜɚ ɧɭɥɸ ɩɪɨɝɢɛɚ ɜ ɷɬɨɦ ɫɟɱɟɧɢɢ. ɇɚɝɪɭɡɤɚ ɩɪɢ ɷɬɨɦ ɩɪɢɧɢɦɚɟɬɫɹ 

ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣμ 

 

q
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l
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1 8
0

,              (2.58) 

ɝɞɟ Q0 - ɫɢɥɚ, ɞɟɣɫɬɜɭɸɳɚɹ ɧɚ ɨɫɶ, H; 

 l  - ɞɥɢɧɚ ɛɚɥɤɢ, ɦ. 

ɉɪɨɝɢɛ ɜ ɰɟɧɬɪɟ ɛɚɥɤɢ ɩɨɞ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɧɚɝɪɭɡɤɨɣ q ɢ 

ɦɨɦɟɧɬɨɦ Ɇ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɜɵɪɚɠɟɧɢɹμ 
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Ɋɢɫɭɧɨɤ 2.3. ɋɯɟɦɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɦɨɥɨɬɤɨɜ ɛɚɪɚɛɚɧɚ 

 

Ɋɢɫɭɧɨɤ 2.4. Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɨɫɢ ɦɨɥɨɬɤɨɜ 
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,                                             (2.59) 

 

ɝɞɟ l
0  - ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɨɩɨɪɚɦɢ, ɦν 
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 q  - ɪɚɫɩɪɟɞɟɥɟɧɧɚɹ ɧɚɝɪɭɡɤɚ, H/ɦ. 

ɉɪɨɝɢɛ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɢɥɵ R ɜ ɷɬɨɦ ɫɟɱɟɧɢɢ (ɧɚɝɪɭɡɤɚ ɧɚ ɤɨɧɫɨɥɢ 

ɡɚɦɟɧɹɟɬɫɹ ɢɡɝɢɛɚɸɳɢɦ ɦɨɦɟɧɬɨɦ Ɇ) ɨɩɪɟɞɟɥɹɟɬɫɹμ 
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Ɉɬɫɸɞɚ 
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.                                (2.61) 

 

ɉɪɨɝɢɛɵ ɢ ɧɚɩɪɹɠɟɧɢɹ ɞɥɹ ɛɚɥɤɢ (ɪɢɫɭɧɨɤ 2.6) ɨɩɪɟɞɟɥɹɸɬɫɹ ɤɚɤ ɞɥɹ 

ɛɚɥɤɢ ɧɚ 2-ɯ ɨɩɨɪɚɯ, ɧɚɝɪɭɠɟɧɧɨɣ ɪɹɞɨɦ ɫɨɫɪɟɞɨɬɨɱɟɧɧɵɯ ɫɢɥ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɵɯ ɪɚɫɱɟɬɨɜ ɞɥɹ ɦɨɥɨɬɤɨɜ ɦɚɫɫɨɣ 0,15 ɤɝ, ɩɪɢ 

ɱɚɫɬɨɬɟ ɜɪɚɳɟɧɢɹ ɜɚɥɚ 3500 ɦɢɧ 1, ɦɚɤɫɢɦɚɥɶɧɨɣ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ 366,5 ɫ1, 

ɪɚɞɢɭɫɟ ɨɤɪɭɠɧɨɫɬɢ ɰɟɧɬɪɨɜ ɦɚɫɫ ɦɨɥɨɬɤɨɜ 0,2 ɦ ɛɵɥ ɨɩɪɟɞɟɥɟɧ ɞɢɚɦɟɬɪ ɨɫɢ 

ɦɨɥɨɬɤɨɜ Нɨɫ ɪɚɜɧɨɣ 20 ɦɦ. 

Ɉɫɶ ɦɨɥɨɬɤɨɜ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɢɡɝɨɬɚɜɥɢɜɚɬɶ ɢɡ ɫɬɚɥɢ 40 ɏ ɫ HRC 40...45. 

Ɂɚɩɚɫ ɩɪɨɱɧɨɫɬɢ ɨɫɢ ɩɨ ɩɪɟɞɟɥɭ ɬɟɤɭɱɟɫɬɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦμ 
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,
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ɝɞɟ  S
] - ɞɨɩɭɫɬɢɦɵɣ ɩɪɟɞɟɥ ɬɟɤɭɱɟɫɬɢ, ɦɉɚν 

 
S p

 - ɪɚɫɱɟɬɧɵɣ ɩɪɟɞɟɥ ɬɟɤɭɱɟɫɬɢ, ɦɉɚ. 
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ɝɞɟ  
B

 - ɞɨɩɭɫɬɢɦɵɣ ɩɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ, ɦɉɚ, 
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 
B p

 - ɪɚɫɱɟɬɧɵɣ ɩɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ, ɦɉɚ. 

Ɂɚɩɚɫ ɩɪɨɱɧɨɫɬɢ ɩɨ ɩɪɟɞɟɥɭ ɬɟɤɭɱɟɫɬɢ Ф1 ɪɚɜɟɧ 1,6, ɩɨ ɩɪɟɞɟɥɭ ɩɪɨɱɧɨɫɬɢ 

k2 ɪɚɜɟɧ 2,06.  

ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɡɚɩɚɫɚ ɩɪɨɱɧɨɫɬɢ ɛɨɥɶɲɟ ɧɨɪɦɚɬɢɜɧɨɝɨ ɡɧɚɱɟɧɢɹ 

ɦɢɧɢɦɚɥɶɧɨ-ɞɨɩɭɫɬɢɦɨɝɨ ɡɧɚɱɟɧɢɹ ɡɚɩɚɫɚ ɩɪɨɱɧɨɫɬɢ ДСɞɨɩ] = 1,5...2,0. 

Ⱦɟɥɚɟɦ ɜɵɜɨɞ, ɱɬɨ ɩɪɨɱɧɨɫɬɶ ɨɫɢ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ. 

Ⱦɢɫɤ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɤɚɤ ɩɥɨɫɤɚɹ ɞɟɬɚɥɶ ɫ ɨɬɜɟɪɫɬɢɟɦ, ɧɚɝɪɭɠɟɧɧɚɹ 

ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɨɫɶɸ (ɪɢɫɭɧɨɤ 2.5). 

 

 

Ɋɢɫɭɧɨɤ 2.5 ɋɯɟɦɚ ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɞɢɫɤ ɛɚɪɚɛɚɧɚ 

 

 ɇɚɩɪɹɠɟɧɢɟ ɫɪɟɡɚ ɜ ɫɟɱɟɧɢɢ I - I ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɜɵɪɚɠɟɧɢɹμ 

    
 

R

h c2
,

                         (2.64) 

 

ɝɞɟ h - ɬɨɥɳɢɧɚ ɞɢɫɤɚ ɜ ɪɚɫɱɟɬɧɨɦ ɫɟɱɟɧɢɢ, ɦν 

   - ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɤɪɨɦɤɢ ɞɢɫɤɚ ɞɨ ɨɬɜɟɪɫɬɢɹ, ɦν 

 R - ɫɢɥɚ, ɞɟɣɫɬɜɭɸɳɚɹ ɧɚ ɞɢɫɤ, H. 

 ɇɚ ɨɫɧɨɜɚɧɢɢ ɚɧɚɥɢɡɚ ɫɭɳɟɫɬɜɭɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɪɨɬɨɪɨɜ ɞɪɨɛɢɥɨɤ 

ɜɵɛɢɪɚɟɬ ɦɚɬɟɪɢɚɥ ɞɥɹ ɞɢɫɤɚ ɪɨɬɨɪɚ ɫɬɚɥɶ 20. 

 ɉɪɢ С=0,008 ɦɦ, ɫ=0,028 ɦ ɡɚɩɚɫ ɩɪɨɱɧɨɫɬɢ ɪɚɜɟɧ 4,0λ, ɱɬɨ ɛɨɥɶɲɟ 

ɧɨɪɦɚɬɢɜɧɨɝɨ ɡɧɚɱɟɧɢɹ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɧɚɞɟɠɧɚɹ ɪɚɛɨɬɚ. 

ɇɚ ɦɨɥɨɬɨɤ ɞɟɣɫɬɜɭɟɬ ɫɢɥɚ Q0 (ɪɢɫɭɧɨɤ 2.6). 
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 ɉɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɜɵɪɚɠɟɧɢɹμ 

     



Q

c

0

2
,              (2.65) 

 

ɝɞɟ Q0 - ɞɟɣɫɬɜɭɸɳɚɹ ɧɚ ɦɨɥɨɬɨɤ, Hν 

  - ɬɨɥɳɢɧɚ ɦɨɥɨɬɤɚ, ɦν 

            - ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɤɪɨɦɤɢ ɞɨ ɨɬɜɟɪɫɬɢɹ ɦɨɥɨɬɤɚ, ɦ. 

 ɉɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ ɧɚ ɫɪɟɡ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɜɵɪɚɠɟɧɢɹμ 

      
S S
 0 4, ,    (2.66) 

 

ɝɞɟ  
S

 - ɞɨɩɭɫɬɢɦɵɣ ɩɪɟɞɟɥ ɬɟɤɭɱɟɫɬɢ, ɦɉɚ. 

 

 

Ɋɢɫɭɧɨɤ 2.6 Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɦɨɥɨɬɤɚ ɞɪɨɛɢɥɤɢ 

 

ɂɫɯɨɞɹ ɢɡ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɢ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ ɜɵɛɢɪɚɟɦ 

ɦɚɬɟɪɢɚɥ ɦɨɥɨɬɤɚ ɫɬɚɥɶ 20. ɉɪɢ  = 0,04 ɦ, ɫ=0,022 ɡɚɩɚɫ ɩɪɨɱɧɨɫɬɢ ɪɚɜɟɧ 6,7. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɩɪɢ ɪɚɛɨɬɟ ɪɨɬɨɪɚ ɦɨɥɨɬɤɨɜɨɣ ɞɪɨɛɢɥɤɢ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɣ 

ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ =366,5 ɫ1, ɡɚɩɚɫ ɩɪɨɱɧɨɫɬɢ ɨɬɞɟɥɶɧɵɯ ɞɟɬɚɥɟɣ ɦɨɥɨɬɤɨɜɨɝɨ 

ɛɚɪɚɛɚɧɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɧɚɞɟɠɧɭɸ ɢɯ ɪɚɛɨɬɭ. ɋ ɭɱɟɬɨɦ ɜɨɡɦɨɠɧɨɫɬɢ ɩɨɹɜɥɟɧɢɹ 

ɷɤɫɬɪɟɦɚɥɶɧɵɯ ɭɫɥɨɜɢɣ ɧɚɝɪɭɡɤɢ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɜɨɡɧɢɤɧɭɬɶ ɜɨ ɜɪɟɦɹ 

ɷɤɫɩɥɭɚɬɚɰɢɢ ɞɪɨɛɢɥɤɢ, ɩɪɢɧɢɦɚɟɦ ɧɨɦɢɧɚɥɶɧɭɸ ɭɝɥɨɜɭɸ ɫɤɨɪɨɫɬɶ ɪɨɬɨɪɚ 

ɞɪɨɛɢɥɤɢ ɪɚɜɧɨɣ =300 ɫ1, ɱɬɨ ɩɨɡɜɨɥɢɬ ɩɨɜɵɫɢɬɶ ɡɚɩɚɫ ɩɪɨɱɧɨɫɬɢ. 

 

 



63 

2.6 ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ 

 

ȼɵɩɨɥɧɟɧɧɵɟ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɢ ɢɧɠɟɧɟɪɧɵɟ ɪɚɫɱɟɬɵ ɩɨɡɜɨɥɹɸɬ ɨɩɪɟɞɟɥɢɬɶ 

ɨɫɧɨɜɧɵɟ ɤɨɧɫɬɪɭɤɰɢɨɧɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɝɨ 

ɢɡɦɟɥɶɱɢɬɟɥɹ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɯ ɤɨɪɦɨɜ ɢ ɪɚɡɪɚɛɨɬɚɬɶ ɤɨɧɫɬɪɭɤɬɢɜɧɨ-

ɬɟɯɧɨɥɨɝɢɱɟɫɤɭɸ ɫɯɟɦɭ ɞɪɨɛɢɥɤɢ, ɚ ɬɚɤɠɟ ɢɡɝɨɬɨɜɢɬɶ ɤɨɧɫɬɪɭɤɰɢɸ ɛɟɡɪɟɲёɬɧɨɣ 

ɦɨɥɨɬɤɨɜɨɣ ɞɪɨɛɢɥɤɢ ɤɨɪɦɨɜ.  
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ȽɅȺȼȺ 3 ɉɊɈȽɊȺɆɆȺ ɂ ɆȿɌɈȾɂɄȺ ɗɄɋɉȿɊɂɆȿɇɌȺɅɖɇɕɏ 

ɂɋɋɅȿȾɈȼȺɇɂɃ 

3.1 ɉɪɨɝɪɚɦɦɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 

ɉɪɨɝɪɚɦɦɚ ɥɚɛɨɪɚɬɨɪɧɵɯ ɢ ɥɚɛɨɪɚɬɨɪɧɨ-ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ 

ɫɨɫɬɚɜɥɟɧɚ ɫ ɭɱɟɬɨɦ ɬɪɟɛɨɜɚɧɢɣ ɢɡɥɨɠɟɧɧɵɯ ɩɪɨɮ. Ɇɟɥɶɧɢɤɨɜɵɦ ɋ.ȼ., 

Ɍɢɯɨɦɢɪɨɜɵɦ ȼ.Ȼ. ɢ ɞɪ. ɢ ɩɪɟɞɭɫɦɚɬɪɢɜɚɥɚ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ Д26,43]:  

1. ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɡɚɜɢɫɢɦɨɫɬɢ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ Q ɨɬ 

ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ ɦɨɥɨɬɤɨɜ Vν 

2. ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɭɞɟɥɶɧɨɝɨ ɪɚɫɯɨɞɚ ɷɧɟɪɝɢɢ NО ɨɬ ɫɤɨɪɨɫɬɢ 

ɜɪɚɳɟɧɢɹ ɦɨɥɨɬɤɨɜ Vν 

3. ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɦɨɞɭɥɹ ɩɨɦɨɥɚ Ɇ ɨɬ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ ɦɨɥɨɬɤɨɜ 

V; 

4.  ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɫɬɟɩɟɧɢ ɢɡɦɟɥɶɱɟɧɢɹ Ȝ (ɪɠɢ, ɩɲɟɧɢɰɵ, ɝɨɪɨɯɚ) 

ɨɬ ɜɪɟɦɟɧɢ ɧɚɯɨɠɞɟɧɢɹ Э ɩɪɨɞɭɤɬɚ ɜ ɪɚɛɨɱɟɣ ɤɚɦɟɪɟ. 

ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɨɛɪɚɛɚɬɵɜɚɥɢɫɶ ɫɬɚɬɢɫɬɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ. Ⱦɥɹ 

ɩɨɥɭɱɟɧɢɹ ɞɨɫɬɨɜɟɪɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɨɛɴɟɦ 

ɜɵɛɨɪɤɢ ɞɚɧɧɵɯ ɨɩɪɟɞɟɥɹɥɫɹ ɩɨ ɢɡɜɟɫɬɧɨɣ ɦɟɬɨɞɢɤɟ. ɋ ɰɟɥɶɸ ɫɧɢɠɟɧɢɹ 

ɫɥɭɱɚɣɧɵɯ ɨɲɢɛɨɤ ɧɚ ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚ ɨɩɵɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɜ 

ɬɪёɯɤɪɚɬɧɨɣ ɩɨɜɬɨɪɧɨɫɬɢ. 

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɢ ɢɡɝɨɬɨɜɥɟɧɚ ɨɩɵɬɧɚɹ 

ɛɟɡɪɟɲɟɬɧɚɹ ɦɨɥɨɬɤɨɜɚɹ ɞɪɨɛɢɥɤɚ ɤɨɪɦɨɜ (ɪɢɫɭɧɤɢ 3.1, 3.2). 

 Ⱦɪɨɛɢɥɤɚ ɫɨɫɬɨɢɬ ɢɡ ɪɚɦɵ, ɤɨɪɩɭɫɚ ɞɪɨɛɢɥɶɧɨɣ ɤɚɦɟɪɵ (3), ɜɟɪɬɢɤɚɥɶɧɨɝɨ 

ɪɨɬɨɪɚ (10), ɩɪɟɞɫɬɚɜɥɹɸɳɟɝɨ ɫɨɛɨɣ ɦɨɥɨɬɤɨɜɵɣ ɛɚɪɚɛɚɧ, ɭɫɬɚɧɨɜɥɟɧɧɵɣ ɧɚ 

ɜɟɪɬɢɤɚɥɶɧɨɦ ɜɚɥɭ, ɤɨɬɨɪɵɣ ɜɪɚɳɚɟɬɫɹ ɜ ɩɨɞɲɢɩɧɢɤɨɜɨɦ ɭɡɥɟ (11). ɉɪɢɜɨɞ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɨɬ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ (2) ɱɟɪɟɡ ɤɥɢɧɨɪɟɦɟɧɧɭɸ ɩɟɪɟɞɚɱɭ. ɂɦɟɟɬɫɹ 

ɩɪɢɟɦɧɵɣ ɛɭɧɤɟɪ (λ), ɡɚɝɪɭɡɨɱɧɚɹ (6) ɢ ɜɵɝɪɭɡɧɚɹ (7) ɝɨɪɥɨɜɢɧɵ ɫ 

ɪɟɝɭɥɢɪɨɜɨɱɧɵɦɢ ɡɚɫɥɨɧɤɚɦɢ (5,8). ɇɚ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɛɨɱɟɣ ɤɚɦɟɪɵ 

ɭɫɬɚɧɨɜɥɟɧɵ ɫɦɟɧɧɵɟ ɛɢɱɢ (13). 

Ɋɚɛɨɱɢɣ ɩɪɨɰɟɫɫ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. ɂɫɯɨɞɧɵɣ ɦɚɬɟɪɢɚɥ 

(ɡɟɪɧɨ) ɡɚɝɪɭɠɚɟɬɫɹ ɜ ɨɩɪɟɞɟɥɟɧɧɨɦ ɤɨɥɢɱɟɫɬɜɟ ɜ ɩɪɢɟɦɧɵɣ ɛɭɧɤɟɪ (λ). ɉɪɢ  
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1 – ɪɚɦɚ, 2 – ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ, 3 – ɤɨɪɩɭɫ ɞɪɨɛɢɥɶɧɨɣ ɤɚɦɟɪɵ, 4 – ɤɪɵɲɤɚ, 5,8 – 

ɡɚɫɥɨɧɤɢ, 6 - ɡɚɝɪɭɡɧɚɹ ɝɨɪɥɨɜɢɧɚ, 7 – ɜɵɝɪɭɡɧɚɹ ɝɨɪɥɨɜɢɧɚ, λ – ɩɪɢɟɦɧɵɣ ɛɭɧɤɟɪ, 10 – 

ɜɟɪɬɢɤɚɥɶɧɵɣ ɪɨɬɨɪ, 11 – ɩɨɞɲɢɩɧɢɤɨɜɵɣ ɭɡɟɥ, 12 – ɦɨɥɨɬɤɨɜɵɣ ɛɚɪɚɛɚɧ, 13 - ɛɢɱɢ 

Ɋɢɫɭɧɨɤ 3.1 ɋɯɟɦɵ ɨɩɵɬɧɨɣ ɛɟɡɪɟɲɟɬɧɨɣ ɦɨɥɨɬɤɨɜɨɣ ɞɪɨɛɢɥɤɢ 
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Ɋɢɫɭɧɨɤ 3.2 Ɉɛɳɢɣ ɜɢɞ ɛɟɡɪɟɲɟɬɧɨɣ ɦɨɥɨɬɤɨɜɨɣ ɞɪɨɛɢɥɤɢ 

 

ɨɬɤɪɵɬɢɢ ɡɚɫɥɨɧɤɢ (5) ɡɟɪɧɨ ɱɟɪɟɡ ɡɚɝɪɭɡɨɱɧɭɸ ɝɨɪɥɨɜɢɧɭ (6) ɩɨɫɬɭɩɚɟɬ ɜ 

ɪɚɛɨɱɭɸ ɤɚɦɟɪɭ ɞɪɨɛɢɥɤɢ, ɝɞɟ ɩɪɨɢɫɯɨɞɢɬ ɢɡɦɟɥɶɱɟɧɢɟ ɡɚ ɫɱɟɬ ɭɞɚɪɧɵɯ ɞɟɣɫɬɜɢɣ 

ɦɨɥɨɬɤɨɜ, ɭɞɚɪɚ ɨ ɜɧɭɬɪɟɧɧɸɸ ɩɨɜɟɪɯɧɨɫɬɶ ɪɚɛɨɱɟɣ ɤɚɦɟɪɵ, ɢɫɬɢɪɚɧɢɹ ɜ 

ɜɨɡɞɭɲɧɨ-ɩɪɨɞɭɤɬɨɜɨɦ ɫɥɨɟ. ɂɡɦɟɥɶɱɟɧɧɵɣ ɦɚɬɟɪɢɚɥ ɭɞɚɥɹɟɬɫɹ ɢɡ ɤɚɦɟɪɵ ɱɟɪɟɡ 

ɜɵɝɪɭɡɧɭɸ ɝɨɪɥɨɜɢɧɭ (7). Ɂɚɫɥɨɧɤɨɣ (8) ɪɟɝɭɥɢɪɭɟɬɫɹ ɫɬɟɩɟɧɶ ɨɬɤɪɵɬɢɹ 

ɜɵɝɪɭɡɧɨɣ ɝɨɪɥɨɜɢɧɵ, ɬ.ɟ. ɦɟɧɹɟɬɫɹ ɟɟ ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ. ɋ ɩɨɦɨɳɶɸ 

ɡɚɫɥɨɧɤɢ (5) ɢɡɦɟɧɹɟɬɫɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɞɪɨɛɢɥɤɢ. 

Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɫɬɟɩɟɧɢ ɢɡɦɟɥɶɱɟɧɢɹ  ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɟɫɤɨɥɶɤɢɦɢ 

ɫɩɨɫɨɛɚɦɢ. ȼɨ-ɩɟɪɜɵɯ, ɢɡɦɟɧɟɧɢɟɦ ɜɪɟɦɟɧɢ ɩɪɟɛɵɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ ɜ ɪɚɛɨɱɟɣ 

ɤɚɦɟɪɟ ɞɪɨɛɢɥɤɢ. ɗɬɨ ɞɨɫɬɢɝɚɟɬɫɹ ɡɚ ɫɱɟɬ ɩɟɪɟɦɟɳɟɧɢɹ ɡɚɝɪɭɡɨɱɧɨɣ ɝɨɪɥɨɜɢɧɵ 

ɜɦɟɫɬɟ ɫ ɩɪɢɟɦɧɵɦ ɛɭɧɤɟɪɨɦ ɜɜɟɪɯ - ɜɧɢɡ ɩɨ ɤɨɪɩɭɫɭ ɞɪɨɛɢɥɶɧɨɣ ɤɚɦɟɪɵ. ɉɪɢ 

ɪɚɫɩɨɥɨɠɟɧɢɢ ɡɚɝɪɭɡɨɱɧɨɣ ɝɨɪɥɨɜɢɧɵ  ɫ ɩɪɢɟɦɧɵɦ ɛɭɧɤɟɪɨɦ  ɜ ɤɪɚɣɧɟɦ ɜɟɪɯɧɟɦ 

ɩɨɥɨɠɟɧɢɢ ɢ ɡɚɫɥɨɧɤɢ ɧɚ ɜɵɝɪɭɡɧɨɣ ɝɨɪɥɨɜɢɧɟ ɜ ɤɪɚɣɧɟɦ ɧɢɠɧɟɦ ɩɨɥɨɠɟɧɢɢ  

ɨɫɧɨɜɧɚɹ  ɦɚɫɫɚ  ɢɡɦɟɥɶɱɚɟɦɨɝɨ  ɦɚɬɟɪɢɚɥɚ ɫɨɜɟɪɲɚɟɬ ɧɟɫɤɨɥɶɤɨ ɨɛɨɪɨɬɨɜ ɜ 

ɪɚɛɨɱɟɣ ɤɚɦɟɪɟ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɚɯɨɞɢɬɫɹ ɬɚɦ ɦɚɤɫɢɦɚɥɶɧɨɟ ɜɪɟɦɹ, ɩɪɢ ɷɬɨɦ 
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ɫɬɟɩɟɧɶ ɢɡɦɟɥɶɱɟɧɢɹ   ɛɭɞɟɬ ɦɚɤɫɢɦɚɥɶɧɨɣ. Ⱥ ɤɨɝɞɚ ɡɚɝɪɭɡɨɱɧɚɹ ɝɨɪɥɨɜɢɧɚ М 

ɛɭɧɤɟɪɨɦ ɧɚɯɨɞɢɬɫɹ ɜ ɤɪɚɣɧɟɦ ɧɢɠɧɟɦ ɩɨɥɨɠɟɧɢɢ, ɚ ɡɚɫɥɨɧɤɚ ɜ ɤɪɚɣɧɟɦ ɜɟɪɯɧɟɦ 

- ɨɫɧɨɜɧɚɹ ɦɚɫɫɚ ɢɡɦɟɥɶɱɚɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ ɫɨɜɟɪɲɚɟɬ ɨɞɢɧ ɧɟɩɨɥɧɵɣ ɨɛɨɪɨɬ, ɬɨ 

ɟɫɬɶ ɧɚɯɨɞɢɬɫɹ ɜ ɪɚɛɨɱɟɣ ɤɚɦɟɪɟ ɞɪɨɛɢɥɤɢ ɦɢɧɢɦɚɥɶɧɨɟ ɜɪɟɦɹ, ɢ ɩɨɷɬɨɦɭ 

ɫɬɟɩɟɧɶ ɢɡɦɟɥɶɱɟɧɢɹ ɛɭɞɟɬ ɦɢɧɢɦɚɥɶɧɨɣ. ɉɟɪɟɦɟɳɚɹ ɡɚɝɪɭɡɨɱɧɭɸ ɝɨɪɥɨɜɢɧɭ ɫ 

ɛɭɧɤɟɪɨɦ ɢ ɡɚɫɥɨɧɤɭ ɦɟɠɞɭ ɞɜɭɦɹ ɤɪɚɣɧɢɦɢ ɩɨɥɨɠɟɧɢɹɦɢ ɞɨɛɢɜɚɟɦɫɹ ɩɨɥɭɱɟɧɢɹ 

ɪɚɡɥɢɱɧɨɣ ɫɬɟɩɟɧɢ ɢɡɦɟɥɶɱɟɧɢɹ. Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɫɬɟɩɟɧɢ ɢɡɦɟɥɶɱɟɧɢɹ ɫɬɚɧɨɜɢɬɫɹ 

ɜɨɡɦɨɠɧɵɦ ɛɥɚɝɨɞɚɪɹ ɬɨɦɭ, ɱɬɨ ɜɵɫɨɬɚ ɜɵɝɪɭɡɧɨɝɨ ɤɚɧɚɥɚ, ɫɱɢɬɚɹ ɨɬ ɧɢɠɧɟɣ 

ɩɥɨɫɤɨɫɬɢ ɪɚɛɨɱɟɣ ɤɚɦɟɪɵ, ɦɟɧɶɲɟ ɞɥɢɧɵ ɦɨɥɨɬɤɨɜɨɝɨ ɛɚɪɚɛɚɧɚ.  

 ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɫɬɟɧɞɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɚɯ  

3.3 ɢ 3.4. 

 

1 – ɞɪɨɛɢɥɤɚ ɛɟɡɪɟɲɟɬɧɚɹ ɦɨɥɨɬɤɨɜɚɹν 2 – ɤɨɦɩɥɟɤɬ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɚɩɩɚɪɚɬɭɪɵ Ʉ-51; 3 – 

ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ ɂ-520; 4 – ɤɥɚɫɫɢɮɢɤɚɬɨɪ ɪɟɲɟɬɧɵɣ «Thyr-2»ν 5 – ɪɟɲɟɬɚ ɫɦɟɧɧɵɟν 6 – 

ɫɬɪɨɛɨɬɚɯɨɦɟɬɪ 2Ɍɫɬ-32-456; 7 – ɜɟɫɵ ɬɟɯɧɢɱɟɫɤɢɟ ȼɅɌɄ-500Ɇν 8- ɮɨɬɨɚɩɩɚɪɚɬ  

Ɋɢɫɭɧɨɤ 3.3 – ɋɯɟɦɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ 

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɨɰɟɫɫɚ ɞɪɨɛɥɟɧɢɹ ɜ ɛɟɡɪɟɲɟɬɧɨɣ 

ɦɨɥɨɬɤɨɜɨɣ ɞɪɨɛɢɥɤɟ, ɫɨɝɥɚɫɧɨ ɩɪɨɝɪɚɦɦɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, 

ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɢ ɫɨɡɞɚɧɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɭɫɬɚɧɨɜɤɚ. ɍɫɬɚɧɨɜɤɚ 

ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ ɞɪɨɛɥɟɧɢɹ ɫ ɰɟɥɶɸ ɨɩɪɟɞɟɥɟɧɢɹ 

ɜɥɢɹɧɢɹ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɧɚ ɨɫɧɨɜɧɵɟ ɬɟɯɧɢɤɨ-
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ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɛɟɡɪɟɲɟɬɧɨɣ ɦɨɥɨɬɤɨɜɨɣ ɞɪɨɛɢɥɤɢ ɜɟɪɬɢɤɚɥɶɧɨɝɨ 

ɬɢɩɚ Д14Ж.  

 

Ɋɢɫɭɧɨɤ 3.4 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ 

ɇɚ ɪɢɫɭɧɤɚɯ 3.5 ɢ 3.6 ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɚɫɩɨɥɨɠɟɧɢɹ ɛɢɱɟɣ ɢ ɜɵɝɪɭɡɧɨɣ 

ɥɨɩɚɬɤɢɜ ɞɪɨɛɢɥɶɧɨɣ ɤɚɦɟɪɟ. 

 

Ɋɢɫɭɧɨɤ 3.5 Ɋɚɫɩɨɥɨɠɟɧɢɟ ɛɢɱɟɣ ɜ ɛɟɡɪɟɲɟɬɧɨɣ ɦɨɥɨɬɤɨɜɨɣ ɞɪɨɛɢɥɤɟ 
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Ɋɢɫɭɧɨɤ 3.6 Ɋɚɫɩɨɥɨɠɟɧɢɟ ɜɵɝɪɭɡɧɨɣ ɥɨɩɚɬɤɢ 

Ʉɨɧɫɬɪɭɤɰɢɹ ɭɫɬɚɧɨɜɤɢ ɩɨɡɜɨɥɹɟɬμ 

- ɢɡɦɟɧɹɬɶμ 

   ɚ) ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɞɪɨɛɢɥɤɢν 

   ɛ) ɦɨɞɭɥɶ ɩɨɦɨɥɚ ɢɡɦɟɥɶɱɚɟɦɨɝɨ ɩɪɨɞɭɤɬɚν 

   ɜ) ɜɪɟɦɹ ɩɪɟɛɵɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ ɜ ɪɚɛɨɱɟɣ ɤɚɦɟɪɟν 

 - ɢɡɦɟɪɹɬɶμ 

   ɚ) ɫɪɟɞɧɸɸ ɫɤɨɪɨɫɬɶ ɜɨɡɞɭɲɧɨ-ɩɪɨɞɭɤɬɨɜɨɝɨ ɫɥɨɹν 

   ɛ) ɡɚɬɪɚɬɵ ɷɧɟɪɝɢɢ ɧɚ ɩɪɨɰɟɫɫ ɞɪɨɛɥɟɧɢɹν 

 - ɩɪɨɜɨɞɢɬɶμ 

   ɚ) ɨɬɛɨɪ ɢɡɦɟɥɶɱɟɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

    ɜɵɫɨɬɵ ɛɚɪɚɛɚɧɚν 

  ɛ) ɫɢɬɨɜɵɣ ɚɧɚɥɢɡ ɢɡɦɟɥɶɱɟɧɧɨɝɨ ɩɪɨɞɭɤɬɚ. 

Ɉ ɤɚɱɟɫɬɜɟ ɩɪɨɞɭɤɬɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɩɪɢ ɢɡɦɟɥɶɱɟɧɢɢ, ɫɭɞɹɬ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ 

ɫɢɬɨɜɨɝɨ ɚɧɚɥɢɡɚ, ɜɵɩɨɥɧɹɟɦɨɝɨ ɧɚ ɪɟɲɟɬɧɨɦ ɤɥɚɫɫɢɮɢɤɚɬɨɪɟ. ɉɨɤɚɡɚɬɟɥɶ, ɫ 

ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɝɨ ɦɨɠɧɨ ɨɰɟɧɢɬɶ ɬɨɧɤɨɫɬɶ ɩɨɦɨɥɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ȽɈɋɌɨɦ 

8770-58, ɹɜɥɹɟɬɫɹ ɫɪɟɞɧɟɜɡɜɟɲɟɧɧɵɣ ɞɢɚɦɟɬɪ ɱɚɫɬɢɰ (ɦɨɞɭɥɶ), ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ 

ɮɨɪɦɭɥɟ Д20Жμ                                                            (3.1) 

ɝɞɟ Ɇ – ɦɨɞɭɥɶ ɩɨɦɨɥɚ, ɦɦν 



70    – ɦɚɫɫɫɚ ɧɚɜɟɫɤɢ ɧɚ ɞɧɟ ɤɥɚɫɫɢɮɢɤɚɬɨɪɚ, ɝν          – ɦɚɫɫɚ ɧɚɜɟɫɨɤ ɧɚ ɫɢɬɚɯ ɫ ɨɬɜɟɪɫɬɢɹɦɢ ɞɢɚɦɟɬɪɨɦ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ I, 2 ɢ 3 ɦɦ, ɝ.  

 

          ɉɨɦɨɥ ɫɱɢɬɚɟɬɫɹμ  

– ɬɨɧɤɢɦ ɩɪɢ Ɇ = 0,2...1 ɦɦν  

– ɫɪɟɞɧɢɦ ɩɪɢ Ɇ = 1...1,2 ɦɦν  

– ɤɪɭɩɧɵɦ ɩɪɢ Ɇ = 1,8…2,6 ɦɦ.  

           Ɉ ɪɚɛɨɬɟ ɞɪɨɛɢɥɤɢ ɦɨɠɧɨ ɫɭɞɢɬɶ ɩɨ ɫɬɟɩɟɧɢ ɢɡɦɟɥɶɱɟɧɢɹ ɡɟɪɧɚ, 

ɨɩɪɟɞɟɥɹɟɦɨɣ ɢɡ ɜɵɪɚɠɟɧɢɹμ                                             (3.2) 

ɝɞɟ dɫɪ – ɫɪɟɞɧɟɜɡɜɟɲɟɧɧɵɣ ɞɢɚɦɟɬɪ ɱɚɫɬɢɰ (ɦɨɞɭɥɶ) ɢɡɦɟɥɶɱɟɧɧɨɝɨ ɡɟɪɧɚ, 

ɦɦν    - ɞɢɚɦɟɬɪ ɲɚɪɚ ɨɛɴɟɦɨɦ, ɪɚɜɧɵɦ ɨɛɴɟɦɭ ɨɞɧɨɝɨ ɡɟɪɧɚ, ɧɚɡɵɜɚɟɦɵɣ 

ɷɤɜɢɜɚɥɟɧɬɧɵɦ ɞɢɚɦɟɬɪɨɦ ɡɟɪɧɚ,  

ɉɨ ɞɚɧɧɵɦ ɋ.ȼ. Ɇɟɥɶɧɢɤɨɜɚ, ɞɥɹ ɪɚɫɱɟɬɚ ɦɨɠɧɨ ɩɪɢɧɹɬɶ ɡɧɚɱɟɧɢɟ Ⱦɷ ɞɥɹ 

ɹɱɦɟɧɹ ɪɚɜɧɵɦ 4,2 ɦɦν ɨɜɫɚ — 3,7 ɦɦν ɪɠɢ — 3,3 ɦɦν ɩɲɟɧɢɰɵ — 3,8 ɦɦ. 

Ɉɩɪɟɞɟɥɢɬɶ ɭɞɟɥɶɧɭɸ ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɡɟɪɧɚ ɢɡ-ɡɚ ɫɥɨɠɧɨɣ ɟɝɨ ɮɨɪɦɵ 

ɞɨɜɨɥɶɧɨ ɡɚɬɪɭɞɧɢɬɟɥɶɧɨ. ɉɨɷɬɨɦɭ ɨɩɪɟɞɟɥɟɧɢɟ ɭɞɟɥɶɧɨɣ ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɢ 

ɡɟɪɧɚ ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɩɨɧɹɬɢɹ ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɞɢɚɦɟɬɪɚ Ⱦɷ.  

Ɉɩɪɟɞɟɥɹɸɬ ɷɤɜɢɜɚɥɟɧɬɧɵɣ ɞɢɚɦɟɬɪ ɡɟɪɧɚ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ.  

ɂɡ ɩɚɪɬɢɢ ɡɟɪɧɚ ɨɬɛɢɪɚɸɬ ɧɚɜɟɫɤɭ ɦɚɫɫɨɣ 0,5 ɤɝ, ɪɭɤɨɜɨɞɫɬɜɭɹɫɶ 

ɦɟɬɨɞɢɤɨɣ ȽɈɋɌ 3040-55 «Ɂɟɪɧɨ. Ɇɟɬɨɞɵ ɨɩɪɟɞɟɥɟɧɢɹ ɤɚɱɟɫɬɜɚ».  

ɂɡ ɩɪɨɛɵ ɜɵɞɟɥɹɸɬ ɞɜɟ ɧɚɜɟɫɤɢ ɡɟɪɧɚ ɩɨ 5 ɝ ɢ ɨɬ ɤɚɠɞɨɣ ɢɡ ɧɢɯ ɨɬɨɛɪɚɬɶ 

ɩɨ 100 ɡɟɪɟɧ. ȼɡɜɟɲɢɜɚɸɬ ɨɬɨɛɪɚɧɧɵɟ 100 ɡɟɪɟɧ ɢ ɨɩɪɟɞɟɥɹɸɬ ɫɪɟɞɧɸɸ ɦɚɫɫɭ 

ɨɞɧɨɝɨ ɡɟɪɧɚ.  

ȼ ɧɚɩɨɥɧɟɧɧɵɣ ɤɟɪɨɫɢɧɨɦ ɦɟɪɧɵɣ ɰɢɥɢɧɞɪ (ɜ ɦɟɧɡɭɪɤɭ) ɩɨɦɟɳɚɸɬ 100 

ɨɬɨɛɪɚɧɧɵɯ ɡɟɪɟɧ ɢ ɩɨ ɪɚɡɧɢɰɟ ɨɬɦɟɬɨɤ ɭɪɨɜɧɹ ɤɟɪɨɫɢɧɚ ɞɨ ɢ ɩɨɫɥɟ ɩɨɝɪɭɠɟɧɢɹ 

ɡɟɪɟɧ ɧɚɯɨɞɹɬ ɫɪɟɞɧɢɣ ɨɛɴɟɦ ɡɟɪɧɚ   ,    . 

Ɉɩɵɬ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɫɪɟɞɧɟɝɨ ɨɛɴɟɦɚ ɨɞɧɨɝɨ ɡɟɪɧɚ    ɩɨɜɬɨɪɹɸɬ ɟɳɟ ɪɚɡ 

ɧɚ ɞɪɭɝɨɣ ɩɚɪɬɢɢ ɢɡ 100 ɡɟɪɟɧ ɢ ɞɥɹ ɞɚɥɶɧɟɣɲɢɯ ɪɚɫɱɟɬɨɜ ɩɪɢɧɢɦɚɸɬ ɫɪɟɞɧɟɟ 

ɡɧɚɱɟɧɢɟ ɢɡ ɞɜɭɯ ɨɩɪɟɞɟɥɟɧɢɣ.  
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ɉɨ ɩɨɥɭɱɟɧɧɨɦɭ ɡɧɚɱɟɧɢɸ ɨɛɴɟɦɚ ɡɟɪɧɚ ɜɵɱɢɫɥɹɸɬ ɷɤɜɢɜɚɥɟɧɬɧɵɣ 

ɞɢɚɦɟɬɪ ɡɟɪɧɚ Ⱦɷ ɩɨ ɮɨɪɦɭɥɟμ                                                              √   
,       (3.3) 

          ɉɨ ɩɨɥɭɱɟɧɧɨɦɭ ɡɧɚɱɟɧɢɸ Ⱦɷ ɨɩɪɟɞɟɥɹɸɬ ɭɞɟɥɶɧɭɸ ɩɥɨɳɚɞɶ 

ɩɨɜɟɪɯɧɨɫɬɢ Sɇ, ɫɦ2/ɝ ɢɫɯɨɞɧɨɝɨ (ɧɚɱɚɥɶɧɨɝɨ) ɡɟɪɧɨɜɨɝɨ ɦɚɬɟɪɢɚɥɚ ɩɨ ɮɨɪɦɭɥɟμ          ,                                         (3.4) 

 

ɝɞɟ ρ – ɩɥɨɬɧɨɫɬɶ ɡɟɪɧɚ, ɝ/ɫɦ3
 

 

3.2 Ɇɟɬɨɞɢɤɚ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɪɟɡɭɥɶɬɚɬɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚ 

 Ɉɫɧɨɜɧɨɣ ɡɚɞɚɱɟɣ ɩɥɚɧɢɪɨɜɚɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 

ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɢɡɭɱɚɟɦɨɝɨ ɩɪɨɰɟɫɫɚ ɜ ɜɢɞɟ 

ɭɪɚɜɧɟɧɢɹ ɪɟɝɪɟɫɫɢɢμ 
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
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k
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xbxxbxbby

                         (3.5) 

 

Ɉɰɟɧɤɚ ɡɧɚɱɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɟɝɪɟɫɫɢɢ ɩɪɨɜɨɞɢɥɚɫɶ ɩɨ ɤɪɢɬɟɪɢɸ 

ɋɬɶɸɞɟɧɬɚ ɩɪɢ ɜɵɛɪɚɧɧɨɦ ɭɪɨɜɧɟ ɡɧɚɱɢɦɨɫɬɢ.  

 Ʉɨɷɮɮɢɰɢɟɧɬ ɪɟɝɪɟɫɫɢɢ ɛɭɞɟɬ ɡɧɚɱɢɦ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɭɫɥɨɜɢɹμ 

 

    /bi/Sbi t,      (3.6) 

 

ɝɞɟ t - ɬɚɛɥɢɱɧɨɟ ɡɧɚɱɟɧɢɟ ɤɪɢɬɟɪɢɹ ɋɬɶɸɞɟɧɬɚ. 

 ȼ ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ ɤɨɷɮɮɢɰɢɟɧɬ ɪɟɝɪɟɫɫɢɢ ɧɟɡɧɚɱɢɦ, ɩɨɷɬɨɦɭ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɱɥɟɧ ɦɨɠɧɨ ɢɫɤɥɸɱɢɬɶ ɢɡ ɭɪɚɜɧɟɧɢɹ ɪɟɝɪɟɫɫɢɢ. 

 Ⱥɞɟɤɜɚɬɧɨɫɬɶ ɭɪɚɜɧɟɧɢɹ ɪɟɝɪɟɫɫɢɢ ɩɪɨɜɟɪɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɤɪɢɬɟɪɢɹ 

Ɏɢɲɟɪɚ. 

 ɍɪɚɜɧɟɧɢɟ ɪɟɝɪɟɫɫɢɢ ɫɱɢɬɚɟɬɫɹ ɚɞɟɤɜɚɬɧɵɦ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɭɫɥɨɜɢɹμ 

    FpF,      (3.7) 

 

ɝɞɟ F- ɬɚɛɥɢɱɧɨɟ ɡɧɚɱɟɧɢɟ ɤɪɢɬɟɪɢɹ Ɏɢɲɟɪɚ 
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Fp - ɪɚɫɱɟɬɧɨɟ ɡɧɚɱɟɧɢɟ ɤɪɢɬɟɪɢɹ Ɏɢɲɟɪɚ, ɤɨɬɨɪɨɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟμ 

   

F

S S

S S
p

a g y
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
m a x ( , )
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2 2
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                           (3.8) 

 

ɝɞɟ 
S

a g

2

- ɨɰɟɧɤɚ ɞɢɫɩɟɪɫɢɢ ɚɞɟɤɜɚɬɧɨɫɬɢ. 

 ɉɨɥɭɱɟɧɧɨɟ ɭɪɚɜɧɟɧɢɟ ɪɟɝɪɟɫɫɢɢ ɩɨɫɥɟ ɢɫɤɥɸɱɟɧɢɹ ɱɥɟɧɨɜ ɫ ɧɟɡɧɚɱɢɦɵɦɢ 

ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ ɩɪɢɜɨɞɢɥɢɫɶ ɤ ɫɬɚɧɞɚɪɬɧɨɦɭ ɜɢɞɭ. Ɉɛɪɚɛɨɬɤɚ ɞɚɧɧɵɯ 

ɩɪɨɜɨɞɢɥɚɫɶ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɬɚɧɞɚɪɬɧɨɣ ɩɪɨɝɪɚɦɦɵ “SЭКЭТЬЭТФК 5,0” ɜ ɫɪɟɞɟ 

“АТЧНШаЬ - λ5”. 

 ɇɚ ɨɫɧɨɜɟ ɪɚɫɱɟɬɧɵɯ ɞɚɧɧɵɯ ɩɨɫɬɪɨɟɧɚ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɮɢɝɭɪɚ ɫ ɰɟɥɶɸ 

ɨɩɪɟɞɟɥɟɧɢɹ ɨɩɬɢɦɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ ɭɝɥɚ ɧɚɤɥɨɧɚ ɠɚɥɸɡɢ, ɱɢɫɥɚ ɛɢɱɟɣ ɜ ɤɚɦɟɪɟ 

ɞɪɨɛɢɥɤɢ, ɦɟɫɬɨ ɪɚɫɩɨɥɨɠɟɧɢɹ ɡɚɝɪɭɡɨɱɧɨɣ ɝɨɪɥɨɜɢɧɵ. 

 ɉɨɥɭɱɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɨɛɪɚɛɚɬɵɜɚɥɢɫɶ ɢɡɜɟɫɬɧɵɦɢ 

ɦɟɬɨɞɚɦɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɫɬɚɬɢɫɬɢɤɢ. 

 ɋɭɦɦɚɪɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟμ 
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






,      (3.9) 

ɝɞɟ 

( )Q

Q  - ɩɨɝɪɟɲɧɨɫɬɶ ɩɪɢ ɢɡɦɟɪɟɧɢɢ ɭɝɥɚ ɧɚɤɥɨɧɚν 

 

( )H

H  - ɩɨɝɪɟɲɧɨɫɬɶ ɥɢɧɟɣɧɵɯ ɢɡɦɟɪɟɧɢɣν 

 

( )N

N  - ɩɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɣ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɫɬɪɨɛɨɫɬɚɯɨ- 

  ɦɟɬɪɚ. 

 ɉɨ ɮɨɪɦɭɥɟ 3.λ. ɚɧɚɥɨɝɢɱɧɨ ɫɥɟɞɭɟɬ ɨɩɪɟɞɟɥɹɬɶ ɩɨɝɪɟɲɧɨɫɬɢɢɡɦɟɪɟɧɢɹ 

ɦɨɳɧɨɫɬɢ ɢ ɞɪɭɝɢɯ ɩɚɪɚɦɟɬɪɨɜ. 

 Ⱦɥɹ ɨɰɟɧɤɢ ɪɚɛɨɬɵ ɛɟɡɪɟɲɟɬɧɨɣ ɦɨɥɨɬɤɨɜɨɣ ɞɪɨɛɢɥɤɢ ɜ ɤɚɱɟɫɬɜɟ ɤɪɢɬɟɪɢɹ 

ɨɩɬɢɦɢɡɚɰɢɢ ɜɵɛɪɚɧɚ ɜɟɥɢɱɢɧɚ ɷɧɟɪɝɨɡɚɬɪɚɬ, ɨɬɧɟɫɟɧɧɚɹ ɤ ɟɞɢɧɢɰɟ ɫɬɟɩɟɧɢ 

ɢɡɦɟɥɶɱɟɧɢɹ, ɬ.ɤ. ɷɬɚ ɡɚɜɢɫɢɦɨɫɬɶ ɛɨɥɟɟ ɩɨɥɧɨ ɨɬɪɚɠɚɟɬ ɫɜɹɡɶ ɷɧɟɪɝɨɡɚɬɪɚɬ 

ɤɚɱɟɫɬɜɚ ɩɪɨɞɭɤɬɚ. Ɉɧɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ. 
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ɗɩ =(1000Nɢɡɦ)/Q     (3.10) 

 

ɝɞɟ Nɢɡɦ - ɦɨɳɧɨɫɬɶ, ɡɚɬɪɚɱɟɧɧɚɹ ɧɚ ɢɡɦɟɥɶɱɟɧɢɟ ɦɚɬɟɪɢɚɥɚ, ɤȼɬν 

 Q - ɩɨɞɚɱɚ ɦɚɬɟɪɢɚɥɚ ɜ ɞɪɨɛɢɥɤɭ, ɤɝ/ɱν 

  - ɫɬɟɩɟɧɶ ɢɡɦɟɥɶɱɟɧɢɹ ɦɚɬɟɪɢɚɥɚν 

 ɗɩ - ɷɧɟɪɝɨɟɦɤɨɫɬɶ, ɤȼɬɱ/ɬ. 

 

3.3 Ɇɟɬɨɞɢɤɚ ɨɛɪɚɛɨɬɤɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ 

Ɉɛɪɚɛɨɬɤɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɩɪɨɜɨɞɢɥɚɫɶ ɦɟɬɨɞɚɦɢ ɨɛɳɟɣ ɬɟɨɪɢɢ 

ɫɬɚɬɢɫɬɢɤɢ ɢ ɬɟɨɪɢɢ ɩɥɚɧɢɪɨɜɚɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ Д50,62,85Ж ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ȽɈɋɌ 8.207-76. 

Ɋɟɡɭɥɶɬɚɬɵ ɥɚɛɨɪɚɬɨɪɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɨɛɪɚɛɚɬɵɜɚɥɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 

ɦɟɬɨɞɚɦɢ ɜɚɪɢɚɰɢɨɧɧɨɣ ɫɬɚɬɢɫɬɢɤɢ. 

Ɉɩɪɟɞɟɥɹɥɢɫɶ ɩɨ ɜɫɟɦ ɨɩɵɬɚɦ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɜɚɪɶɢɪɭɸɳɢɯ ɜɟɥɢɱɢɧ 

ɫɪɟɞɧɟɟ ɚɪɢɮɦɟɬɢɱɟɫɤɨɟ  , ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɟ ɨɬɤɥɨɧɟɧɢɟ σ, ɞɢɫɩɟɪɫɢɹ D ɢ 

ɤɨɷɮɮɢɰɢɟɧɬ ɜɚɪɢɚɰɢɢ CV. 

                                                           (3.11) 

 

ɝɞɟ Xiɱɢɫɥɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɢɡɦɟɪɢɦɨɣ ɜɟɥɢɱɢɧɵν 

n -ɱɢɫɥɨ ɢɡɦɟɪɟɧɢɣ. 

   √             (3.12) 

 

 

ɝɞɟ xiɡɧɚɱɟɧɢɟ ɜɟɥɢɱɢɧɵν 

ɯ -ɫɪɟɞɧɹɹ ɚɪɢɮɦɟɬɢɱɟɫɤɚɹ ɜɟɥɢɱɢɧɚν 

n - ɪɚɡɦɟɪ ɜɵɛɨɪɤɢ. 

Ⱦɥɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɫɬɟɩɟɧɢ ɢɡɦɟɧɟɧɢɹ ɢɡɦɟɪɹɟɦɵɯ ɜɟɥɢɱɢɧ,ɯɚɪɚɤɬɟɪɢɡɭɸɳɭɸ 

ɢɡɦɟɧɱɢɜɨɫɬɶ ɫɜɨɣɫɬɜ ɢɡɭɱɚɟɦɵɯ ɨɛɴɟɤɬɨɜ, ɜɵɱɢɫɥɹɥɢ 

ɤɨɷɮɮɢɰɢɟɧɬ ɜɚɪɢɚɰɢɢ CV, ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ ɮɨɪɦɭɥɟ 



74            (3.13) 

 

Ɉɲɢɛɤɭ ɨɩɵɬɚ m ɜɵɱɢɫɥɹɥɢ ɩɨ ɮɨɪɦɭɥɟ 

     √                                                            (3.14) 

 

ɉɨɤɚɡɚɬɟɥɶ ɬɨɱɧɨɫɬɢ ɨɩɵɬɚ ɨɩɪɟɞɟɥɹɥɢ ɩɨ ɮɨɪɦɭɥɟ          (3.15) 

 

 

 

3.4 ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ 

 

ɂɫɩɨɥɶɡɭɟɦɵɟ ɢɡɜɟɫɬɧɵɟ ɦɟɬɨɞɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 

ɩɨɡɜɨɥɹɸɬ ɩɨɥɭɱɢɬɶ ɞɨɫɬɨɜɟɪɧɵɟ ɞɚɧɧɵɟ. Ɋɚɡɦɟɪ ɨɲɢɛɨɤ ɢ ɩɨɝɪɟɲɧɨɫɬɟɣ ɧɟ 

ɩɪɟɜɵɲɚɸɬ ɞɨɩɭɫɬɢɦɵɟ ɡɧɚɱɟɧɢɹ.  
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ȽɅȺȼȺ 4ɊȿɁɍɅɖɌȺɌɕ ɗɄɋɉȿɊɂɆȿɇɌȺɅɖɇɕɏ ɂɋɅȿȾɈȼȺɇɂɃ 

4.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɛɟɡɪɟɲɟɬɧɨɣ ɦɨɥɨɬɤɨɜɨɣ ɞɪɨɛɢɥɤɢ 

 

Ɉɬɥɢɱɢɬɟɥɶɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɢɫɫɥɟɞɭɟɦɨɣ ɛɟɡɪɟɲɟɬɧɨɣ ɦɨɥɨɬɤɨɜɨɣ 

ɞɪɨɛɢɥɤɢ ɹɜɥɹɟɬɫɹ ɪɚɛɨɬɚ ɩɨ ɨɬɤɪɵɬɨɦɭ ɰɢɤɥɭ ɢɡɦɟɥɶɱɟɧɢɹ ɫ ɭɝɥɨɦ ɨɛɯɜɚɬɚ 

ɪɚɛɨɱɟɣ ɤɚɦɟɪɵ ɞɨ 300 ɢ ɨɤɪɭɠɧɨɣ ɫɤɨɪɨɫɬɶɸ ɦɨɥɨɬɤɨɜ ɞɨ λ5 ɦ/ɫ Д48,81]. 

 ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɫ ɰɟɥɶɸ ɪɚɫɲɢɪɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 

ɜɨɡɦɨɠɧɨɫɬɟɣ ɢ ɩɨɥɭɱɟɧɢɹ ɜɨɡɦɨɠɧɨɫɬɢ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɬɟɩɟɧɢ ɢɡɦɟɥɶɱɟɧɢɹ ɜ 

ɛɟɡɪɟɲɟɬɧɵɯ ɦɨɥɨɬɤɨɜɵɯ ɞɪɨɛɢɥɤɚɯ.  

 ɂɡɜɟɫɬɧɨ, ɱɬɨ ɧɚ ɫɬɟɩɟɧɶ ɢɡɦɟɥɶɱɟɧɢɹ ɨɤɚɡɵɜɚɸɬ ɜɥɢɹɧɢɟ ɪɚɡɥɢɱɧɵɟ 

ɮɚɤɬɨɪɵ. ȼ ɛɟɡɪɟɲɟɬɧɵɯ ɦɨɥɨɬɤɨɜɵɯ ɞɪɨɛɢɥɤɚɯ ɤ ɧɢɦ ɨɬɧɨɫɹɬɫɹμ ɡɚɡɨɪ ɦɟɠɞɭ 

ɦɨɥɨɬɤɚɦɢ ɢ ɞɟɤɨɣ ɢɥɢ ɛɢɱɚɦɢ, ɩɪɨɮɢɥɶ ɞɪɨɛɢɥɶɧɨɣ ɤɚɦɟɪɵ, ɜɥɚɠɧɨɫɬɶ 

ɢɫɯɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɨɤɪɭɠɧɚɹ ɫɤɨɪɨɫɬɶ ɦɨɥɨɬɤɨɜ, ɜɪɟɦɹ ɩɪɟɛɵɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ 

ɜ ɪɚɛɨɱɟɣ ɤɚɦɟɪɟ, ɦɟɫɬɨɪɚɫɩɨɥɨɠɟɧɢɟ ɡɚɝɪɭɡɨɱɧɨɣ ɝɨɪɥɨɜɢɧɵ, ɫɬɟɩɟɧɶ ɨɬɤɪɵɬɢɹ 

ɜɵɝɪɭɡɧɨɣ ɝɨɪɥɨɜɢɧɵ, ɩɨɥɨɠɟɧɢɟ ɩɨɜɨɪɨɬɧɵɯ ɠɚɥɸɡɢ ɢ ɬ.ɞ. 

 Ɉɰɟɧɤɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɛɨɬɵ ɞɪɨɛɢɥɤɢ ɩɪɨɜɨɞɢɥɚɫɶ ɩɨ ɫɥɟɞɭɸɳɢɦ 

ɩɨɤɚɡɚɬɟɥɹɦμ ɫɬɟɩɟɧɶ ɢɡɦɟɥɶɱɟɧɢɹ , ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ Q, ɦɨɞɭɥɶ ɩɨɦɨɥɚ 

Ɇ, ɭɞɟɥɶɧɚɹ ɷɧɟɪɝɨɟɦɤɨɫɬɶ NО. 

Ɉɫɧɨɜɧɵɦɢ ɡɚɞɚɱɚɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɥɢɫɶ ɢɡɭɱɟɧɢɟ ɜɥɢɹɧɢɹ ɪɚɡɥɢɱɧɵɯ 

ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɨɩɵɬɧɨɣ ɛɟɡɪɟɲɟɬɧɨɣ 

ɦɨɥɨɬɤɨɜɨɣ ɞɪɨɛɢɥɤɢ ɧɚ ɤɚɱɟɫɬɜɨ ɢɡɦɟɥɶɱɟɧɢɹ, ɬ.ɟ. ɧɚ ɦɨɞɭɥɶ ɩɨɦɨɥɚ Ɇ, ɧɚ 

ɭɞɟɥɶɧɭɸ ɷɧɟɪɝɨɟɦɤɨɫɬɶ ɩɪɨɰɟɫɫɚ ɞɪɨɛɥɟɧɢɹ NО, ɧɚ ɩɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ Q.  

 ɋ ɰɟɥɶɸ ɨɛɨɫɧɨɜɚɧɢɹ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɚɬɨɪɚ ɩɪɨɜɟɞɟɧ ɪɹɞ 

ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɫɨ ɫɴɟɦɧɵɦɢ ɛɢɱɚɦɢ. Ʉɨɥɢɱɟɫɬɜɨ ɛɢɱɟɣ ɦɟɧɹɥɨɫɶ ɨɬ 2 ɞɨ 16, ɩɪɢ 

ɷɬɨɦ ɛɢɱɢ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɹɥɢɫɶ ɩɨ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɞɪɨɛɢɥɶɧɨɣ 

ɤɚɦɟɪɵ. ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɨɥɭɱɟɧɧɵɯ ɢ ɨɛɪɚɛɨɬɚɧɧɵɯ ɩɨ ɢɡɜɟɫɬɧɨɣ ɦɟɬɨɞɢɤɟ 

ɞɚɧɧɵɯ, ɛɵɥɢ ɩɨɫɬɪɨɟɧɵ  ɡɚɜɢɫɢɦɨɫɬɢ ɦɨɞɭɥɹ ɩɨɦɨɥɚ Ɇ, ɩɪɨɩɭɫɤɧɨɣ 

ɫɩɨɫɨɛɧɨɫɬɢ Q, ɭɞɟɥɶɧɨɝɨ ɪɚɫɯɨɞɚ ɷɧɟɪɝɢɢ NО ɨɬ ɱɢɫɥɚ ɛɢɱɟɣ n ɜ ɪɚɛɨɱɟɣ ɤɚɦɟɪɟ 

ɞɪɨɛɢɥɤɢ (ɪɢɫɭɧɨɤ 4.1) ɢ ɡɚɜɢɫɢɦɨɫɬɢ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ Q ɢ ɭɞɟɥɶɧɨɝɨ 

ɪɚɫɯɨɞɚ ɷɧɟɪɝɢɢ NО ɨɬ ɦɨɞɭɥɹ ɩɨɦɨɥɚ Ɇ (ɪɢɫɭɧɨɤ 4.2).  
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Ɋɢɫɭɧɨɤ 4.1 – Ɂɚɜɢɫɢɦɨɫɬɶ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ Q ɨɬ ɫɤɨɪɨɫɬɢ 

 ɜɪɚɳɟɧɢɹ ɦɨɥɨɬɤɨɜ V 

 

 

 

Ɋɢɫɭɧɨɤ 4.2 – Ɂɚɜɢɫɢɦɨɫɬɶ ɭɞɟɥɶɧɨɝɨ ɪɚɫɯɨɞɚ ɷɧɟɪɝɢɢ Ne ɨɬ ɫɤɨɪɨɫɬɢ  

ɜɪɚɳɟɧɢɹ ɦɨɥɨɬɤɨɜ V 

 

 ɉɪɢ ɚɧɚɥɢɡɟ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɱɢɫɥɚ 

ɛɢɱɟɣ n ɜ ɪɚɛɨɱɟɣ ɤɚɦɟɪɟ ɞɪɨɛɢɥɤɢ ɭɞɟɥɶɧɵɟ ɡɚɬɪɚɬɵ ɷɧɟɪɝɢɢ ɭɜɟɥɢɱɢɜɚɸɬɫɹ, ɚ 

ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɢ ɦɨɞɭɥɶ ɩɨɦɨɥɚ ɭɦɟɧɶɲɚɸɬɫɹ. ɇɚɱɢɧɚɹ ɫ ɭɫɬɚɧɨɜɤɢ 

ɩɹɬɢ ɛɢɱɟɣ ɢ ɛɨɥɟɟ, ɦɨɞɭɥɶ ɩɨɦɨɥɚ Ɇ ɫɬɚɥ ɦɟɧɶɲɟ ɜɟɪɯɧɟɝɨ ɩɪɟɞɟɥɚ ɫɪɟɞɧɟɝɨ 

ɪɚɡɦɨɥɚ ɢ ɩɪɢɛɥɢɡɢɥɫɹ ɤ ɜɟɪɯɧɟɦɭ ɩɪɟɞɟɥɭ ɦɟɥɤɨɝɨ ɪɚɡɦɨɥɚ, ɱɬɨ ɝɨɜɨɪɢɬ ɨ 

ɯɨɪɨɲɟɦ ɤɚɱɟɫɬɜɟ ɩɨɦɨɥɚ. ɇɨ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɜɨɡɪɚɫɬɚɸɬ ɭɞɟɥɶɧɵɟ ɡɚɬɪɚɬɵ 
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ɷɧɟɪɝɢɢ. ɇɟɨɛɯɨɞɢɦɨ ɧɚɣɬɢ ɨɩɬɢɦɚɥɶɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɢ 

ɭɞɟɥɶɧɵɯ ɡɚɬɪɚɬ ɷɧɟɪɝɢɢ ɩɪɢ ɯɨɪɨɲɟɦ ɤɚɱɟɫɬɜɟ ɩɨɦɨɥɚ. 

 Ⱦɥɹ ɧɚɝɥɹɞɧɨɫɬɢ ɪɚɫɫɦɨɬɪɢɦ ɩɟɪɟɱɢɫɥɟɧɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɧɚ ɪɢɫɭɧɤɟ 4.2. 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɝɪɚɮɢɤɨɜ, ɧɚɱɢɧɚɹ ɫ ɦɨɞɭɥɹ ɩɨɦɨɥɚ, ɪɚɜɧɨɝɨ 1,7 ɦɦ ɢ ɦɟɧɟɟ, ɪɟɡɤɨ 

ɜɨɡɪɚɫɬɚɸɬ ɭɞɟɥɶɧɵɟ ɡɚɬɪɚɬɵ ɷɧɟɪɝɢɢ, ɚ ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɫɭɳɟɫɬɜɟɧɧɨ 

ɩɚɞɚɟɬ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɞɚɥɶɧɟɣɲɟɟ ɭɦɟɧɶɲɟɧɢɟ ɦɨɞɭɥɹ ɩɨɦɨɥɚ ɧɟɠɟɥɚɬɟɥɶɧɨ, 

ɬɚɤ ɤɚɤ ɞɚɧɧɵɣ ɩɨɦɨɥ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɡɨɨɬɟɯɧɢɱɟɫɤɢɦ ɬɪɟɛɨɜɚɧɢɹɦ ɞɥɹ ɤɨɪɦɥɟɧɢɹ 

ɤɚɤ ɤɪɭɩɧɨɝɨ ɪɨɝɚɬɨɝɨ ɫɤɨɬɚ, ɬɚɤ ɢ ɩɬɢɰ. 

 ɂɫɯɨɞɹ ɢɡ ɜɵɲɟɫɤɚɡɚɧɧɨɝɨ ɹɫɧɨ, ɱɬɨ ɨɩɬɢɦɚɥɶɧɨɟ ɱɢɫɥɨ ɛɢɱɟɣ ɞɥɹ ɞɚɧɧɨɣ 

ɛɟɡɪɟɲɟɬɧɨɣ ɞɪɨɛɢɥɤɢ ɪɚɜɧɹɟɬɫɹ 6. Ɉɞɧɚɤɨ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɢɦɟɬɶ ɜɨɡɦɨɠɧɨɫɬɶ 

ɩɨɥɭɱɚɬɶ ɛɨɥɟɟ ɦɟɥɤɢɣ ɩɨɦɨɥ, ɤɨɬɨɪɵɣ ɬɪɟɛɭɟɬɫɹ ɞɥɹ ɤɨɪɦɥɟɧɢɹ ɫɜɢɧɟɣ, ɫɨɝɥɚɫɧɨ 

ɡɨɨɬɟɯɧɢɱɟɫɤɢɦ ɬɪɟɛɨɜɚɧɢɹɦ, ɧɟɨɛɯɨɞɢɦɨ ɫɬɚɜɢɬɶ ɧɚ ɞɪɨɛɢɥɤɭ 8 ɛɢɱɟɣ. 

 ɋ ɰɟɥɶɸ ɞɚɥɶɧɟɣɲɟɝɨ ɭɬɨɱɧɟɧɢɹ ɤɨɧɫɬɪɭɤɰɢɢ ɞɪɨɛɢɥɶɧɨɣ ɤɚɦɟɪɵ 

ɩɪɨɜɨɞɢɥɫɹ ɪɹɞ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɫ ɪɚɡɥɢɱɧɵɦɢ ɧɚɤɥɨɧɚɦɢ ɠɚɥɸɡɢ. ɀɚɥɸɡɢ 

ɨɬɤɥɨɧɹɥɢɫɶ ɨɬ ɫɜɨɟɝɨ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɩɨɥɨɠɟɧɢɹ ɤɚɤ ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ ɜɪɚɳɟɧɢɹ 

ɪɨɬɨɪɚ ɞɪɨɛɢɥɤɢ, ɬɚɤ ɢ ɩɪɨɬɢɜ ɜɪɚɳɟɧɢɹ. ɉɪɢ ɷɬɨɦ ɩɪɟɞɩɨɥɚɝɚɥɨɫɶ, ɱɬɨ ɱɚɫɬɢɰɵ 

ɢɡɦɟɥɶɱɚɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɢɦɟɸɳɢɟ ɨɩɪɟɞɟɥɟɧɧɭɸ ɤɢɧɟɬɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ, 

ɩɨɥɭɱɟɧɧɭɸ ɢɦɢ ɩɨɫɥɟ ɭɞɚɪɚ ɦɨɥɨɬɤɚɦɢ, ɭɞɚɪɹɸɬɫɹ ɨ ɧɚɤɥɨɧɧɭɸ ɠɚɥɸɡɢ ɢ ɩɪɢ 

ɷɬɨɦ ɢɡɦɟɧɹɸɬ ɬɪɚɟɤɬɨɪɢɸ ɫɜɨɟɝɨ ɞɜɢɠɟɧɢɹ ɜɜɟɪɯ ɢɥɢ ɜɧɢɡ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɭɝɥɚ ɧɚɤɥɨɧɚ ɠɚɥɸɡɢ. 

ɉɪɟɞɩɨɥɚɝɚɥɨɫɶ, ɱɬɨ ɩɪɢ ɧɚɤɥɨɧɟ ɠɚɥɸɡɢ ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ 

ɢɡɦɟɥɶɱɚɟɦɵɟ ɱɚɫɬɢɰɵ ɞɨɥɠɧɵ ɨɬɤɥɨɧɹɬɶɫɹ ɧɚ ɧɟɤɨɬɨɪɨɟ ɪɚɫɫɬɨɹɧɢɟ ɜɜɟɪɯ, ɬɟɦ 

ɫɚɦɵɦ ɭɜɟɥɢɱɢɜɚɹ ɜɪɟɦɹ ɫɜɨɟɝɨ ɧɚɯɨɠɞɟɧɢɹ ɜ ɪɚɛɨɱɟɣ ɤɚɦɟɪɟ ɞɪɨɛɢɥɤɢ. ȼ 

ɫɥɭɱɚɟ, ɤɨɝɞɚ ɠɚɥɸɡɢ ɧɚɤɥɨɧɟɧɵ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨ ɜɪɚɳɟɧɢɸ ɪɨɬɨɪɚ ɞɪɨɛɢɥɤɢ, 

ɜɪɟɦɹ ɧɚɯɨɠɞɟɧɢɹ ɢɡɦɟɥɶɱɚɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ ɜ ɪɚɛɨɱɟɣ ɤɚɦɟɪɟ ɭɦɟɧɶɲɚɟɬɫɹ. Ⱥ, 

ɤɚɤ ɢɡɜɟɫɬɧɨ, ɜɪɟɦɹ ɧɚɯɨɠɞɟɧɢɹ ɢɡɦɟɥɶɱɚɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ ɜ ɪɚɛɨɱɟɣ ɤɚɦɟɪɟ 

ɞɪɨɛɢɥɤɢ ɨɤɚɡɵɜɚɟɬ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɦɨɞɭɥɶ ɩɨɦɨɥɚ ɢɥɢ ɫɬɟɩɟɧɶ 

ɢɡɦɟɥɶɱɟɧɢɹ. ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɪɨɜɟɞɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɛɵɥɢ ɩɨɥɭɱɟɧɵ 

ɡɚɜɢɫɢɦɨɫɬɢ ɦɨɞɭɥɹ ɩɨɦɨɥɚ Ɇ, ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ Q, ɭɞɟɥɶɧɨɝɨ ɪɚɫɯɨɞɚ 

ɷɧɟɪɝɢɢ NО ɨɬ ɭɝɥɚ ɧɚɤɥɨɧɚ ɠɚɥɸɡɢ   ɜ ɪɚɛɨɱɟɣ ɤɚɦɟɪɟ ɞɪɨɛɢɥɤɢ (ɪɢɫɭɧɨɤ 4.3). 
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Ɋɢɫɭɧɨɤ 4.3 - Ɂɚɜɢɫɢɦɨɫɬɶ ɦɨɞɭɥɹ ɩɨɦɨɥɚ   ɨɬ ɫɤɨɪɨɫɬɢ  

ɜɪɚɳɟɧɢɹ ɦɨɥɨɬɤɨɜ V 

 

 Ʉɚɤ ɜɢɞɧɨ ɢɡ ɝɪɚɮɢɤɨɜ, ɩɪɢ ɭɦɟɧɶɲɟɧɢɢ ɦɨɞɭɥɹ ɩɨɦɨɥɚ ɢ ɩɪɨɩɭɫɤɧɨɣ 

ɫɩɨɫɨɛɧɨɫɬɢ ɢɞɟɬ ɭɜɟɥɢɱɟɧɢɟ ɭɞɟɥɶɧɨɝɨ ɪɚɫɯɨɞɚ ɷɧɟɪɝɢɢ. ɂɡɦɟɧɹɹ ɩɨɥɨɠɟɧɢɟ 

(ɧɚɤɥɨɧ) ɠɚɥɸɡɢ, ɦɵ ɦɨɠɟɦ ɪɟɝɭɥɢɪɨɜɚɬɶ ɦɨɞɭɥɶ ɩɨɦɨɥɚ ɜ ɩɪɟɞɟɥɚɯ ɨɬ 0,λ ɞɨ 1,1 

ɦɦ ɢ ɜɵɲɟ. ɉɪɢ ɷɬɨɦ ɢɡɦɟɥɶɱɟɧɧɵɣ ɦɚɬɟɪɢɚɥ ɩɨ ɫɜɨɟɦɭ ɤɚɱɟɫɬɜɭ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 

ɡɨɨɬɟɯɧɢɱɟɫɤɢɦ ɬɪɟɛɨɜɚɧɢɹɦ ɤɚɤ ɞɥɹ ɤɨɪɦɥɟɧɢɹ ɤɪɭɩɧɨɝɨ ɪɨɝɚɬɨɝɨ ɫɤɨɬɚ, ɬɚɤ ɢ 

ɫɜɢɧɟɣ. 

ɇɚ ɪɢɫɭɧɤɟ 4.1 ɩɨɤɚɡɚɧɨ ɜɥɢɹɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɛɢɱɟɣ nɜ ɪɚɛɨɱɟɣ ɤɚɦɟɪɟ 

ɞɪɨɛɢɥɤɢ ɧɚ ɫɬɟɩɟɧɶ ɢɡɦɟɥɶɱɟɧɢɹ . Ʉɚɤ ɜɢɞɧɨ ɢɡ ɝɪɚɮɢɤɚ, ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɱɢɫɥɚ 

ɛɢɱɟɣ ɫɬɟɩɟɧɶ ɢɡɦɟɥɶɱɟɧɢɹ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɢ ɞɨɫɬɢɝɧɭɜ ɧɟɤɨɬɨɪɨɝɨ ɡɧɚɱɟɧɢɹ (ɜ 

ɞɚɧɧɨɦ ɫɥɭɱɚɟ 2,4), ɩɪɨɰɟɫɫ ɡɚɦɟɞɥɹɟɬɫɹ. Ⱦɚɥɶɧɟɣɲɟɟ ɭɜɟɥɢɱɟɧɢɟ ɱɢɫɥɚ ɛɢɱɟɣ ɜ 

ɞɚɧɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ, ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɢɡɦɟɧɟɧɢɹ ɫɬɟɩɟɧɢ ɢɡɦɟɥɶɱɟɧɢɹ, ɧɟ 

ɷɮɮɟɤɬɢɜɧɨ. 

Ɂɚɜɢɫɢɦɨɫɬɢ ɫɬɟɩɟɧɢ ɢɡɦɟɥɶɱɟɧɢɹ ɝɨɪɨɯɚ ɪɠɢ ɢ ɩɲɟɧɢɰɵ ɨɬ ɜɪɟɦɟɧɢ 

ɧɚɯɨɠɞɟɧɢɹ ɜ ɪɚɛɨɱɟɣ ɤɚɦɟɪɟ ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫɭɧɤɚɯ 4.4, 4.5 ɢ 4.6. 
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Ɋɢɫɭɧɨɤ 4.4 - Ɂɚɜɢɫɢɦɨɫɬɶ ɫɬɟɩɟɧɶ ɢɡɦɟɥɶɱɟɧɢɹ λ ɩɲɟɧɢɰɵ ɨɬ ɜɪɟɦɟɧɢ  

ɧɚɯɨɠɞɟɧɢɹ t ɩɪɨɞɭɤɬɚ ɜ ɪɚɛɨɱɟɣ ɤɚɦɟɪɟ 

 

 

 

Ɋɢɫɭɧɨɤ 4.5 - Ɂɚɜɢɫɢɦɨɫɬɶ ɫɬɟɩɟɧɶ ɢɡɦɟɥɶɱɟɧɢɹ λ  ɪɠɢ 

ɨɬ ɜɪɟɦɟɧɢ ɧɚɯɨɠɞɟɧɢɹ t ɩɪɨɞɭɤɬɚ ɜ ɪɚɛɨɱɟɣ ɤɚɦɟɪɟ 
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Ɋɢɫɭɧɨɤ 4.6 - Ɂɚɜɢɫɢɦɨɫɬɶ ɫɬɟɩɟɧɶ ɢɡɦɟɥɶɱɟɧɢɹλɝɨɪɨɯɚ ɨɬ ɜɪɟɦɟɧɢ  

ɧɚɯɨɠɞɟɧɢɹ tɩɪɨɞɭɤɬɚ ɜ ɪɚɛɨɱɟɣ ɤɚɦɟɪɟ 

 

4.2 Ɋɟɡɭɥɶɬɚɬɵ ɨɩɪɟɞɟɥɟɧɢɹ ɦɨɞɭɥɹ ɩɨɦɨɥɚ 

Ⱥɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ 

ɬɨɦ, ɱɬɨ ɩɪɟɞɥɨɠɟɧɧɚɹ ɛɟɡɪɟɲɟɬɧɚɹ ɦɨɥɨɬɤɨɜɚɹ ɞɪɨɛɢɥɤɚ ɤɨɪɦɨɜ ɢɦɟɟɬ 

ɜɨɡɦɨɠɧɨɫɬɶ ɢɡɦɟɥɶɱɚɬɶ ɲɢɪɨɤɢɣ ɫɩɟɤɬɪ ɤɨɪɦɨɜ ɪɚɡɥɢɱɧɨɣ ɜɥɚɠɧɨɫɬɢ, ɜ ɬɨɦ 

ɱɢɫɥɟ ɢ ɩɨɜɵɲɟɧɧɨɣ (ɛɨɥɟɟ 17%).  

ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɢɡɦɟɥɶɱɟɧɧɵɟ ɤɨɪɦɚ ɫɨɨɬɜɟɬɫɬɜɨɜɚɥɢ 

ɡɨɨɬɟɯɧɢɱɟɫɤɢɦ ɬɪɟɛɨɜɚɧɢɹɦ. Ɍɚɤɠɟ ɧɚ ɷɬɨɣ ɞɪɨɛɢɥɤɟ ɢɡɦɟɥɶɱɚɥɢɫɶ ɬɚɤɢɟ 

ɦɚɬɟɪɢɚɥɵ, ɤɚɤ ɤɨɪɟɧɶ ɫɨɥɨɞɤɢ ɞɥɹ ɮɚɪɦɚɰɟɜɬɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, 

ɬɟɯɧɢɱɟɫɤɢɣ ɤɚɡɟɢɧ, ɩɨɥɭɱɚɟɦɵɣ ɩɪɢ ɩɟɪɟɪɚɛɨɬɤɟ ɦɨɥɨɤɚ, ɢ ɪɹɞ ɞɪɭɝɢɯ 

ɦɚɬɟɪɢɚɥɨɜ.  ɇɚ ɪɢɫɭɧɤɟ 4.7 ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɟɤɨɬɨɪɵɟ ɨɛɪɚɡɰɵ ɪɚɡɥɢɱɧɵɯ 

ɢɡɦɟɥɶɱɟɧɧɵɯ ɤɨɪɦɨɜ ɢ ɦɚɬɟɪɢɚɥɨɜ.  
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ɚ) 

 

 

ɛ) 

 

ɜ) 

ɚ) ɩɲɟɧɢɰɚ ɛ) ɝɨɪɨɯ ɜ) ɪɨɠɶ 

Ɋɢɫɭɧɨɤ 4.7 – ɂɡɦɟɥɶɱɟɧɧɵɟ ɤɨɪɦɚ 
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4.3 ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ 

 

ɉɨɥɭɱɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɚɛɨɬɵ 

ɦɨɥɨɬɤɨɜɨɣ ɞɪɨɛɢɥɤɢ, ɚ ɬɚɤɠɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɤɚɱɟɫɬɜɚ 

ɢɡɦɟɥɶɱɟɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɩɨɡɜɨɥɹɸɬ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɪɚɡɪɚɛɨɬɚɧɧɚɹ 

ɛɟɡɪɟɲɟɬɧɚɹ ɦɨɥɨɬɤɨɜɚɹ ɞɪɨɛɢɥɤɚ ɤɨɪɦɨɜ ɩɨɡɜɨɥɹɸɬ ɩɨɥɭɱɚɬɶ ɢɡɦɟɥɶɱɟɧɧɵɣ 

ɩɪɨɞɭɤɬ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɡɨɨɬɟɯɧɢɱɟɫɤɢɦ ɬɪɟɛɨɜɚɧɢɹɦ. 
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ȽɅȺȼȺ 5ɈɐȿɇɄȺ ɗɄɈɇɈɆɂɑȿɋɄɈɃ ɂ ɗɇȿɊȽȿɌɂɑȿɋɄɈɃ 

ɗɎɎȿɄɌɂȼɇɈɋɌɂ ɈȻɔȿɄɌɈȼ ɂɋɋɅȿȾɈȼȺɇɂɃ 

5.1 Ɋɚɫɱɟɬ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɧɨɜɵɯ 

ɬɟɯɧɢɱɟɫɤɢɯɫɪɟɞɫɬɜ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɤɨɪɦɨɜ 

 Ɋɚɫɱɟɬ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɩɪɨɢɡɜɟɞɟɧ ɩɨ ɨɛɳɟɣ 

ɢɡɜɟɫɬɧɨɣ ɦɟɬɨɞɢɤɟ 28,94.ɉɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɝɨɞɨɜɨɝɨ ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɷɮɮɟɤɬɚ 

ɧɟɨɛɯɨɞɢɦɨ ɨɛɟɫɩɟɱɢɬɶ ɫɨɩɨɫɬɚɜɢɦɨɫɬɶ ɫɪɚɜɧɢɜɚɟɦɵɯ ɨɛɴɟɤɬɨɜ ɩɨ ɬɚɤɢɦ 

ɩɚɪɚɦɟɬɪɚɦ, ɤɚɤ ɝɨɞɨɜɨɣ ɨɛɴɟɦ ɜɵɩɨɥɧɹɟɦɵɯ ɪɚɛɨɬ, ɤɚɱɟɫɬɜɨ ɜɵɩɨɥɧɟɧɧɨɣ 

ɪɚɛɨɬɵ, ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɦɚɲɢɧ, ɡɚɬɪɚɬɵ ɷɧɟɪɝɢɢ, ɭɫɥɨɜɢɹ ɬɪɭɞɚ ɢ ɜɥɢɹɧɢɟ ɧɚ 

ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɢ ɞɪ. 

Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɛɟɡɪɟɲɟɬɧɨɣ ɦɨɥɨɬɤɨɜɨɣ ɞɪɨɛɢɥɤɢ 

ɫɪɚɜɧɢɜɚɥɢɫɶ ɫ ɩɨɤɚɡɚɬɟɥɹɦɢ ɄȾɍ-2. ɇɟɨɛɯɨɞɢɦɵɟ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 5.1. 

Ȼɚɥɚɧɫɨɜɭɸ ɫɬɨɢɦɨɫɬɶ ɜɵɛɢɪɚɟɦ ɨɞɢɧɚɤɨɜɨɣ ɞɥɹ ɨɛɟɢɯ ɤɨɧɫɬɪɭɤɰɢɣ, ɬɚɤ 

ɤɚɤ ɧɟ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɨɩɪɟɞɟɥɢɬɶ ɫɬɨɢɦɨɫɬɶ 

ɦɚɲɢɧ ɢɡ-ɡɚ ɦɟɧɹɸɳɟɣɫɹ ɨɬɩɭɫɤɧɨɣ ɰɟɧɵ ɢ ɢɧɮɥɹɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜ 

ɷɤɨɧɨɦɢɤɟ. 

Ɍɚɛɥɢɰɚ  5.1 - ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ 

ɛɟɡɪɟɲɟɬɧɨɣ ɞɪɨɛɢɥɤɢ  

ɉɨɤɚɡɚɬɟɥɢ 
ȿɞɢɧɢɰɚ 

ɢɡɦɟɪɟɧɢɹ 

ɉɪɟɞɥɚɝɚɟɦɚɹ 

ɞɪɨɛɢɥɤɚ  
ɄȾɍ-2 

Оɛɴɟм ɝоɞоɜɵх рɚɛот ɬ 8400 8400 

 ɉɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɬ/ɱ 6,0 2,0 

 Ɇɚɫɫɚ ɤɨɧɫɬɪɭɤɰɢɢ ɤɝ 470 1200 

 ɍɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɤȼɬ 30 30 

 Ʉɨɥɢɱɟɫɬɜɨ ɨɛɫɥɭɠɢɜɚɸɳɟɝɨ 

ɩɟɪɫɨɧɚɥɚ 
ɱɟɥ 1 1 

- ɪɚɡɪɹɞ ɪɚɛɨɬɵν 

- ɧɨɪɦɚ ɚɦɨɪɬɢɡɚɰɢɢν 

 

% 

V 

16,6 

V 

16,6 

 Ƚɨɞɨɜɚɹ ɡɚɝɪɭɡɤɚ ɱ 700 2100 

Ɂɚɧɢɦɚɟɦɚɹ ɩɥɨɳɚɞɶ ɦ2
 1,44 1,44 
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Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɨɞɢɧɚɤɨɜɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɭɫɥɨɜɢɣ ɨɛɴɟɦɵ ɝɨɞɨɜɵɯ 

ɪɚɛɨɬ ɩɪɢɧɢɦɚɟɦ ɞɥɹ ɫɭɳɟɫɬɜɭɸɳɟɣ ɢ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɪɚɜɧɵɦɢ. 

 Ƚɨɞɨɜɨɣ ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɨɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɣ 

ɞɪɨɛɢɥɤɢ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɷɤɨɧɨɦɢɢ ɩɪɢɜɟɞɟɧɧɵɯ ɡɚɬɪɚɬ 110: 

 

Э= ( ɋ  +     ) – ( ɋ +     ) А  ,                          (5.1) 

ɝɞɟ  Э – ɝɨɞɨɜɨɣ ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɷɮɮɟɤɬ, ɪɭɛ.ν 

ɋ , ɋ – ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɟɞɢɧɢɰɵ ɪɚɛɨɬɵ ɩɨ ɛɚɡɨɜɨɦɭ ɢ ɧɨɜɨɦɭ ɜɚɪɢɚɧɬɚɦ, ɪɭɛ.ν 

  ,   – ɭɞɟɥɶɧɵɟ ɤɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ ɜ ɛɚɡɨɜɨɦ ɢ ɧɨɜɨɦ ɜɚɪɢɚɧɬɟ, ɪɭɛ.ν 

   – ɧɨɪɦɚɬɢɜɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ, ɪɚɜɧɵɣ 

0,15; 

А – ɨɛɴɟɦ ɜɵɩɨɥɧɹɟɦɵɯ ɪɚɛɨɬ ɜ ɧɚɬɭɪɚɥɶɧɵɯ ɟɞɢɧɢɰɚɯ. 

 Ⱥɧɚɥɨɝɢɱɧɨ ɨɩɪɟɞɟɥɟɧɧɵɟ ɪɚɫɱɟɬɧɵɟ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ 

ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 5.2.  

 

Ɍɚɛɥɢɰɚ  5.2 - Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɛɟɡɪɟɲɟɬɧɨɣ ɞɪɨɛɢɥɤɢ    

ɉɨɤɚɡɚɬɟɥɢ ȿɞɢɧɢɰɚ 

ɢɡɦɟɪɟɧɢɹ 

ɋɭɳɟɫɬɜɭɸɳɚɹ 

ɞɪɨɛɢɥɤɚ  

ɉɪɟɞɥɚɝɚɟɦɚɹ  

ɞɪɨɛɢɥɤɚ 

ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɩɪɨɞɭɤɬɚ % 100 29,6 

Ɇɟɬɚɥɥɨɟɦɤɨɫɬɶ ɤɝ/ɬ 0,029 0,011 

ɗɧɟɪɝɨɟɦɤɨɫɬɶ ɤȼɬ ɱ/ɬ 15 5 

Ɏɨɧɞɨɟɦɤɨɫɬɶ % 100 100 

ɍɞɟɥɶɧɵɟ ɤɚɩɢɬɚɥɶɧɵɟ 

ɜɥɨɠɟɧɢɹ 
% 100 100 

ɉɪɢɜɟɞɟɧɧɵɟ ɡɚɬɪɚɬɵ % 100 30,8 

ɋɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ ɝɨɞ - 0,25 

 

Ⱥɧɚɥɢɡ ɞɚɧɧɵɯ ɬɚɛɥɢɰɵ 5.2 ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 

ɩɪɟɞɥɚɝɚɟɦɨɣ ɞɪɨɛɢɥɤɢ ɫɧɢɠɚɟɬɫɹ ɦɟɬɚɥɥɨɟɦɤɨɫɬɶ ɩɪɨɰɟɫɫɚ, ɚ ɬɚɤɠɟ 

ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɢ ɷɧɟɪɝɨɟɦɤɨɫɬɶ, ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬ ɩɪɟɢɦɭɳɟɫɬɜɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɛɟɡɪɟɲɟɬɧɵɯ ɦɨɥɨɬɤɨɜɵɯ ɞɪɨɛɢɥɨɤ. 
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 Ɉɩɪɟɞɟɥɟɧɢɟ ɫɬɟɩɟɧɢ ɫɧɢɠɟɧɢɹ ɩɨɤɚɡɚɬɟɥɟɣ ɡɚɬɪɚɬμ 

 

100



 

  
t

t

tt
ɋ ,     (5.2) 

 

ɝɞɟ t , t – ɩɨɤɚɡɚɬɟɥɢ ɛɚɡɨɜɨɣ ɢ ɧɨɜɨɣ  ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɣ ɤɨɧɫɬɪɭɤɰɢɢ. 

Ƚɨɞɨɜɚɹ ɷɤɨɧɨɦɢɹ ɡɚɬɪɚɬ ɬɪɭɞɚμ 

   ɝ QttЭ  )( ,    (5.3) 

 

ɝɞɟ Q  –ɝɨɞɨɜɨɣ ɨɛɴɟɦ ɪɚɛɨɬ. 
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5.2  Ɋɚɫɱɟɬ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ 

Ɉɞɧɢɦ ɢɡ ɩɨɤɚɡɚɬɟɥɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɛɨɬɵ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɵɯ 

ɦɚɲɢɧ ɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɩɨɤɚɡɚɬɟɥɶ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ. 

ɋɟɝɨɞɧɹ, ɤɨɝɞɚ ɜ ɫɬɪɚɧɟ ɪɚɡɜɢɬɵ ɢɧɮɥɹɰɢɨɧɧɵɟ ɩɪɨɰɟɫɫɵ, ɧɚɫɬɭɩɚɟɬ 

ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɤɪɢɡɢɫ, ɢɞɟɬ ɪɟɡɤɨɟ ɜɨɡɪɚɫɬɚɧɢɟ ɰɟɧ ɧɚ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɜɫɟɯ ɜɢɞɨɜ. 

Ⱥɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ ɫɬɚɧɨɜɢɬɫɹ ɩɪɨɜɟɞɟɧɢɟ ɧɟ ɬɨɥɶɤɨ ɨɛɳɟɩɪɢɧɹɬɨɝɨ 

ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ, ɧɨ ɢ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɪɚɡɪɚɛɚɬɵɜɚɟɦɵɯ 

ɬɟɯɧɨɥɨɝɢɣ ɢ ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ. ɋɟɝɨɞɧɹ ɢɡɜɟɫɬɧɵ ɦɟɬɨɞɢɤɢ ɪɚɫɱɟɬɚ 
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ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɡɥɢɱɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 

ɩɪɨɰɟɫɫɨɜ ɢ ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ ɜ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ 

[49.76,105]. 

ɗɧɟɪɝɟɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɩɨɡɜɨɥɹɟɬ ɨɰɟɧɢɜɚɬɶ ɤɚɤ ɫɭɳɟɫɬɜɭɸɳɢɟ, ɬɚɤ ɢ 

ɜɧɨɜɶ ɪɚɡɪɚɛɚɬɵɜɚɟɦɵɟ ɬɟɯɧɨɥɨɝɢɢ ɢ ɫɪɟɞɫɬɜɚ ɦɟɯɚɧɢɡɚɰɢɢ. ɉɪɢ ɷɬɨɦ ɡɚ 

ɨɫɧɨɜɧɨɣ ɤɪɢɬɟɪɢɣ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɨɰɟɧɤɢ ɩɪɢɧɢɦɚɸɬ ɩɨɤɚɡɚɬɟɥɶ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ R , ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ Д51,74]:  

 

ɉ
R  ,      (5.4) 

ɝɞɟ ɉ - ɷɧɟɪɝɢɹ, ɫɨɞɟɪɠɚɳɚɹɫɹ ɜ ɤɨɧɟɱɧɨɦ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɨɦ ɩɪɨɞɭɤɬɟ, 

ɆȾɠν 

   - ɷɧɟɪɝɢɹ, ɡɚɬɪɚɱɟɧɧɚɹ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ ɩɪɨɞɭɤɬɚ, 

ɆȾɠ. 

ɗɧɟɪɝɟɬɢɱɟɫɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ 

ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɨɣ ɩɪɨɞɭɤɰɢɢ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɬɚɤ ɠɟ ɩɨ ɮɨɪɦɭɥɟμ 

 

Н
R

iɉ 



,      (5.5) 

ɝɞɟ αɩ - ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɷɤɜɢɜɚɥɟɧɬ ɨɫɧɨɜɧɨɣ ɩɪɨɞɭɤɰɢɢ, ɆȾɠ/ɬν 

 Нi - ɜɵɯɨɞ ɨɫɧɨɜɧɨɣ ɩɪɨɞɭɤɰɢɢ, ɬ/ɝɚ. 

ɉɨɥɧɵɟ ɡɚɬɪɚɬɵ ɷɧɟɪɝɢɢ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɩɪɨɞɭɤɰɢɢ ɠɢɜɨɬɧɨɜɨɞɫɬɜɚ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɫɨɜɨɤɭɩɧɨɫɬɶ ɩɪɹɦɵɯ ɢ ɨɜɟɳɟɫɬɜɥɟɧɧɵɯ ɡɚɬɪɚɬ ɷɧɟɪɝɢɢ, 

ɨɬɧɟɫɟɧɧɵɯ ɤ ɟɞɢɧɢɰɟ ɩɪɨɞɭɤɰɢɢμ 

   j
j

ɩɪjɉ ЭЭЭ ,     (5.6) 

ɝɞɟ Эɉ - ɩɨɥɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɩɪɨɞɭɤɰɢɢ ɠɢɜɨɬɧɨɜɨɞɫɬɜɚ, 

 Ɇɞɠ/ɬν 

 Эɩɪj - ɩɪɹɦɵɟ ɭɞɟɥɶɧɵɟ ɡɚɬɪɚɬɵ ɷɧɟɪɝɢɢ ɩɨ j – ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦɭ ɩɪɨɰɟɫɫɭ, 

ɆȾɠ/ɬν 

 Э j - ɡɚɬɪɚɬɵ, ɨɜɟɳɟɫɬɜɥɟɧɧɵɟ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɷɧɟɪɝɨɧɨɫɢɬɟɥɟɣ ɢ ɞɪɭɝɢɯ 

ɪɟɫɭɪɫɨɜ (ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ, ɪɚɛɨɱɢɯ ɦɚɲɢɧ, ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 

ɨɛɨɪɭɞɨɜɚɧɢɹ ɫ ɭɱɟɬɨɦ ɪɚɫɯɨɞɨɜ ɧɚ ɬɟɯɧɢɱɟɫɤɨɟ ɨɛɫɥɭɠɢɜɚɧɢɟ ɢ ɪɟɦɨɧɬν ɤɨɪɦɨɜ, 
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ɫɵɪɶɹ, ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɬ.ɞ.ν ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɡɞɚɧɢɣ ɢ 

ɫɨɨɪɭɠɟɧɢɣν ɯɪɚɧɢɥɢɳ, ɫɤɥɚɞɨɜ ɢ ɬ.ɞ.), ɩɪɢɯɨɞɹɳɢɯɫɹ ɧɚ j – ɩɪɨɰɟɫɫ, ɆȾɠ/ɬ. 

ɉɪɹɦɵɟ ɭɞɟɥɶɧɵɟ ɡɚɬɪɚɬɵ ɷɧɟɪɝɢɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟμ 

 
к

ккjɩɪj  Н
ɉ

Э
1

,     (5.7) 

ɝɞɟ Нкj - ɪɚɫɯɨɞ ɷɧɟɪɝɨɧɨɫɢɬɟɥɹ ɤ – ɜɢɞɚ, ɤȼɬ.ɱ/ɝɨɞ, ɤɝ.ɭ.ɬ./ɝɨɞ, ɤɝ/ɝɨɞν 

 ɉ - ɝɨɞɨɜɨɣ ɜɵɯɨɞ ɩɪɨɞɭɤɰɢɢ, ɬν 

  к - ɷɧɟɪɝɨɫɨɞɟɪɠɚɧɢɟ ɤ – ɷɧɟɪɝɨɧɨɫɢɬɟɥɹ (ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ – ɆȾɠ/ɤȼɬ.ɱ, 

ɚɜɬɨɬɪɚɤɬɨɪɧɨɝɨ ɬɨɩɥɢɜɚ ɢ ɫɦɚɡɨɱɧɵɯ ɦɚɫɟɥ – ɆȾɠ/ɤɝ, ɜɫɟɯ ɜɢɞɨɜ ɤɨɬɟɥɶɧɨ-

ɩɟɱɧɨɝɨ ɬɨɩɥɢɜɚ – ɆȾɠ/ɤɝ.ɭ.ɬ., ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ – ɆȾɠ/Ɇɤɚɥ ɢ ɬ.ɞ.). 

Ɉɜɟɳɟɫɬɜɥɟɧɧɵɟ ɭɞɟɥɶɧɵɟ ɡɚɬɪɚɬɵ ɷɧɟɪɝɢɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɞɥɹ 

ɷɧɟɪɝɨɧɨɫɢɬɟɥɟɣ ɩɨ ɮɨɪɦɭɥɟμ 

 
к

ккj эj Н
ɉ

Э 
1

,     (5.8) 

ɝɞɟ к  - ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɷɤɜɢɜɚɥɟɧɬ ɤ - ɷɧɟɪɝɨɧɨɫɢɬɟɥɹ, ɬɨ ɟɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬ, 

ɭɱɢɬɵɜɚɸɳɢɣ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɪɚɫɯɨɞ ɷɧɟɪɝɢɢ ɧɚ ɟɝɨ ɞɨɛɵɱɭ, ɩɪɨɢɡɜɨɞɫɬɜɨ ɢ 

ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɭ (ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ – ɆȾɠ/ɤȼɬ.ɱ, ɚɜɬɨɬɪɚɤɬɨɪɧɨɝɨ ɬɨɩɥɢɜɚ ɢ 

ɫɦɚɡɨɱɧɵɯ ɦɚɫɟɥ – ɆȾɠ/ɤɝ, ɜɫɟɯ ɜɢɞɨɜ ɤɨɬɟɥɶɧɨ-ɩɟɱɧɨɝɨ ɬɨɩɥɢɜɚ – ɆȾɠ/ɤɝ.ɭ.ɬ, 

ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ – ɆȾɠ/Ɇɤɚɥ ɢ ɬ.ɞ.). 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɷɧɟɪɝɨɟɦɤɨɫɬɢ ɫɪɟɞɫɬɜ ɦɟɯɚɧɢɡɚɰɢɢ ɢɫɩɨɥɶɡɭɸɬ 

ɫɥɟɞɭɸɳɢɟ ɡɚɜɢɫɢɦɨɫɬɢμ 





l  l

llll

j

ɩj

  j
T

R 

ɉW

Q
Э

)(

10
2


,    (5.9) 

 lj

jllllmp

Mj

ɉɌW

QRaM
Э

2
10

)( 



,     (5.10) 

 
l

llll

jj

pjjаɜт
 j RM

Q

HL
Э )(

10
5




,    (5.11) 

ɝɞɟ Qɩj - ɦɚɫɫɚ ɩɟɪɟɪɚɛɚɬɵɜɚɟɦɨɝɨ ɫɵɪɶɹ, ɬ/ɝɨɞν 

 Wj - ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɬ/ɱν 

 αl - ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɷɤɜɢɜɚɥɟɧɬ ɦɚɲɢɧɵ l – ɬɢɩɚ, ɜɯɨɞɹɳɢɣ ɜ ɨɛɨɪɭɞɨɜɚɧɢɟ 

j – ɩɪɨɰɟɫɫɚ, ɆȾɠ/ɤɝν 
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 Ml  - ɦɚɫɫɚ l – ɦɚɲɢɧɵ, ɤɝν 

 аl– ɝɨɞɨɜɵɟ ɧɨɪɦɚɬɢɜɧɵɟ ɨɬɱɢɫɥɟɧɢɹ ɧɚ ɪɟɧɨɜɚɰɢɸ ɢ ɪɟɦɨɧɬ ɩɨ ɬɢɩɚɦ 

ɦɚɲɢɧ, %ν 

 T l - ɝɨɞɨɜɚɹ ɧɨɪɦɚɬɢɜɧɚɹ ɡɚɝɪɭɡɤɚ l – ɦɚɲɢɧɵ, ɱν 

 Qj - ɝɨɞɨɜɚɹ ɦɚɫɫɚ ɩɟɪɟɜɨɡɢɦɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɬν 

 Lj - ɩɥɟɱɨ ɩɟɪɟɜɨɡɤɢ ɫɵɪɶɹ, ɦɚɬɟɪɢɚɥɨɜ, ɠɢɜɨɬɧɵɯ ɢ ɬ.ɞ.ν 

 Hpj - ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɝɪɭɡɚ ɧɚ ɟɞɢɧɢɰɭ ɩɪɨɞɭɤɰɢɢ, ɬ/ɬν 

 
ll

R,   - ɝɨɞɨɜɵɟ ɨɬɱɢɫɥɟɧɢɹ ɧɚ ɪɟɧɨɜɚɰɢɸ ɢ ɪɟɦɨɧɬ l – ɦɚɲɢɧɵ, ɜɯɨɞɹɳɟɣ 

ɜ ɫɨɫɬɚɜ ɚɜɬɨɩɨɟɡɞɚ (ɚɜɬɨɦɨɛɢɥɹ ɢ ɩɪɢɰɟɩɨɜ), ɧɚ 1000 ɤɦ ɩɪɨɛɟɝɚ, %ν 

 βj - ɤɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɨɛɟɝɚ. 

ɗɧɟɪɝɨɟɦɤɨɫɬɶ ɪɚɡɥɢɱɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɢ ɡɞɚɧɢɣ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟμ 


ɩ

nj ɩЗj Fа
ɉ

Э 
2

10

1

,    (5.12) 

ɝɞɟ αɩ - ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɷɤɜɢɜɚɥɟɧɬ ɡɞɚɧɢɹ ɩ – ɬɢɩɚ, ɆȾɠ/ɦ2
; 

 a  - ɝɨɞɨɜɵɟ ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ, %ν 

 Fɩj - ɩɥɨɳɚɞɶ ɡɞɚɧɢɹ, ɦ2
. 

 ɗɧɟɪɝɨɟɦɤɨɫɬɶ ɤɨɪɦɨɰɟɯɨɜ, ɫɤɥɚɞɨɜ, ɯɪɚɧɢɥɢɳ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟμ 

 к

хɩ к к к
n

j  мn

nn

Зj
Q

GаF

WT

GaF
Э

1001001 3

333


 


,    (5.13) 

ɝɞɟ Эɡj – ɷɧɟɪɝɨɟɦɤɨɫɬɶ ɤɨɪɦɨɰɟɯɨɜ ɢ ɫɤɥɚɞɨɜ, ɆȾɠ/ɦ2
; 

 αɡ - ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɷɤɜɢɜɚɥɟɧɬ ɡɞɚɧɢɣ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɨɦɟɳɟɧɢɣ, 

ɆȾɠ/ɦ2
; 

 Fɡ - ɩɥɨɳɚɞɶ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɩɨɦɟɳɟɧɢɹ, ɦ2
; 

 αɡ - ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ ɡɚ ɝɨɞ, %ν 

 Gɩn - ɤɨɥɢɱɟɫɬɜɨ ɩɟɪɟɪɚɛɨɬɚɧɧɨɝɨ ɩɪɨɞɭɤɬɚ ɡɚ ɝɨɞ, ɬν 

 Tɡɩ - ɩɟɪɢɨɞ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɨɦɟɳɟɧɢɹ ɩɪɢ ɪɚɛɨɬɚɸɳɟɦ ɨɛɨɪɭɞɨɜɚɧɢɢ ɜ 

ɝɨɞɭ, ɱν 

 Wcм - ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɨ ɩɟɪɟɪɚɛɨɬɤɟ ɩɪɨɞɭɤɬɚ ɡɚ ɱɚɫ 

ɫɦɟɧɧɨɝɨ ɜɪɟɦɟɧɢ, ɬ/ɱν 

 α м - ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɷɤɜɢɜɚɥɟɧɬ ɫɤɥɚɞɚ, ɬɪɚɧɲɟɢ, ɆȾɠ/ɦ2
; 

 F к - ɩɥɨɳɚɞɶ ɫɤɥɚɞɚ, ɬɪɚɧɲɟɢ, ɦ2
; 

 а к - ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ, %ν 
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 Q к - ɜɦɟɫɬɢɦɨɫɬɶ ɫɤɥɚɞɚ, ɬɪɚɧɲɟɢ, ɬν 

 Gхn - ɤɨɥɢɱɟɫɬɜɨ ɯɪɚɧɢɦɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɬ. 

Ɉɜɟɳɟɫɬɜɥɟɧɧɵɟ ɜ ɤɨɪɦɚɯ ɡɚɬɪɚɬɵ ɷɧɟɪɝɢɢ ɨɩɪɟɞɟɥɹɸɬ ɢɫɯɨɞɹ ɢɡ 

ɫɥɟɞɭɸɳɟɣ ɡɚɜɢɫɢɦɨɫɬɢμ 

 
m

mmmjкj eH
ɉ

Э )(
1

 .    (5.14) 

Ⱥɧɚɥɨɝɢɱɧɨ ɨɩɪɟɞɟɥɹɸɬ ɡɚɬɪɚɬɵ ɨɜɟɳɟɫɬɜɥɟɧɧɵɟ ɜ ɩɨɞɫɬɢɥɤɚɯ, 

ɩɟɪɟɧɨɫɢɦɵɟ ɜɟɬɩɪɟɩɚɪɚɬɚɦɢ ɢ ɬ.ɞ. 

ɗɧɟɪɝɨɫɨɞɟɪɠɚɧɢɟ ɩɨɥɭɱɚɟɦɨɣ ɩɪɨɞɭɤɰɢɢ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɤɚɠɞɨɦɭ 

ɜɢɞɭ ɢ ɡɚɬɟɦ ɫɭɦɦɢɪɭɟɬɫɹ. ɇɚɩɪɢɦɟɪ, ɷɧɟɪɝɨɫɨɞɟɪɠɚɧɢɟ ɩɪɨɞɭɤɰɢɢ ɄɊɋ ɩɪɢ 

ɩɪɨɢɡɜɨɞɫɬɜɟ ɦɨɥɨɤɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɫɥɟɞɭɸɳɢɯ ɫɨɫɬɚɜɥɹɸɳɢɯμ 

654321
QQQQQQQ

t
 ,   (5.15) 

ɝɞɟ Q1-6 - ɷɧɟɪɝɨɫɨɞɟɪɠɚɧɢɟ ɦɨɥɨɤɚ, ɠɢɜɨɣ ɦɚɫɫɵ ɜɵɛɪɚɤɨɜɚɧɧɵɯ ɠɢɜɨɬɧɵɯ, 

ɩɪɢɩɥɨɞɚ, ɩɪɢɪɨɫɬɚ ɜɵɪɚɳɢɜɚɟɦɵɯ ɠɢɜɨɬɧɵɯ, ɷɤɫɤɪɟɦɟɧɬɨɜ, ɩɨɞɫɬɢɥɤɢ. 

ɗɧɟɪɝɨɫɨɞɟɪɠɚɧɢɟ ɦɨɥɨɤɚ ɨɩɪɟɞɟɥɹɟɬɫɹμ 

мк m  BQ 
1 ,     (5.16) 

ɝɞɟ Bк - ɫɪɟɞɧɟɝɨɞɨɜɨɟ ɩɨɝɨɥɨɜɶɟ ɤɨɪɨɜ ɧɚ ɮɟɪɦɟ, ɝɨɥ.ν 

 m - ɫɪɟɞɧɹɹ ɩɪɨɞɭɤɬɢɜɧɨɫɬɶ ɤɨɪɨɜɵ – ɭɞɨɣ ɧɚ ɤɨɪɨɜɭ, ɤɝ/ɝɨɞν 

  м - ɷɧɟɪɝɨɫɨɞɟɪɠɚɧɢɟ 1 ɤɝ ɦɨɥɨɤɚ ɠɢɪɧɨɫɬɶɸ 3,8%, ɆȾɠ/ɤɝ. 

Ⱥɧɚɥɨɝɢɱɧɨ ɨɩɪɟɞɟɥɹɸɬɫɹ ɢ ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɟ ɨɫɬɚɥɶɧɵɯ ɜɢɞɨɜ 

ɩɪɨɞɭɤɰɢɢ. 

ɉɪɢ ɷɬɨɦ ɧɟɨɛɯɨɞɢɦɨ ɩɨɦɧɢɬɶ, ɱɬɨ ɷɧɟɪɝɨɫɨɞɟɪɠɚɧɢɟ ɤɨɪɦɨɜ 

ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɫ ɭɱɟɬɨɦ ɢɯ ɩɟɪɟɯɨɞɚ ɜ ɩɪɨɞɭɤɬɵ ɠɢɜɨɬɧɨɜɨɞɫɬɜɚ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ 

ɠɢɜɨɬɧɵɟ ɜɵɫɬɭɩɚɸɬ ɜ ɪɨɥɢ ɛɢɨɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɷɧɟɪɝɢɢ ɤɨɪɦɚ ɜ ɷɧɟɪɝɢɸ 

ɩɪɨɞɭɤɬɚ Д112,123]. 

ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɧɨɜɵɯ 

ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ ɢɫɯɨɞɢɥɢ ɢɡ ɬɨɝɨ, ɱɬɨ ɫɪɚɜɧɢɜɚɟɦɵɟ ɦɚɲɢɧɵ ɢ 

ɨɛɨɪɭɞɨɜɚɧɢɟ ɧɚɯɨɞɢɥɢɫɶ ɜ ɨɞɢɧɚɤɨɜɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɭɫɥɨɜɢɹɯ. ɂɫɯɨɞɹ ɢɡ 

ɜɵɲɟɢɡɥɨɠɟɧɧɨɝɨ ɞɥɹ ɜɵɹɜɥɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɷɧɟɪɝɨɡɚɬɪɚɬ ɞɨɫɬɚɬɨɱɧɨ 

ɩɪɨɜɟɫɬɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɤɨɧɫɬɪɭɤɰɢɣ ɦɚɲɢɧ, ɬɚɤ ɤɚɤ ɜɫɟ ɭɫɥɨɜɢɹ ɪɚɛɨɬɵ 

(ɨɛɴɟɦ, ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɫɯɟɦɵ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɤɨɪɦɨɜ, ɜɢɞɵ ɤɨɪɦɨɜ ɢ ɬ.ɞ.) ɛɵɥɢ 

ɨɞɢɧɚɤɨɜɵɦɢ ɞɥɹ ɜɫɟɯ ɫɪɚɜɧɢɜɚɟɦɵɯ ɦɚɲɢɧ. 
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Ɉɰɟɧɤɚ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɦɚɲɢɧ ɩɪɨɜɨɞɢɥɚɫɶ 

ɩɨ ɜɵɲɟɩɪɢɜɟɞɟɧɧɨɣ ɦɟɬɨɞɢɤɟ. 

Ⱦɥɹ ɨɰɟɧɤɢ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɛɟɡɪɟɲɟɬɧɨɣ 

ɦɨɥɨɬɤɨɜɨɣ ɞɪɨɛɢɥɤɢ ɜ ɤɚɱɟɫɬɜɟ ɛɚɡɨɜɨɣ ɦɚɲɢɧɵ ɛɵɥɚ ɩɪɢɧɹɬɚ ɞɪɨɛɢɥɤɚ ɄȾɍ-2 

[79]. ɉɪɢ ɷɬɨɦ ɷɧɟɪɝɨɡɚɬɪɚɬɵ ɧɚ ɢɡɝɨɬɨɜɥɟɧɢɟ ɤɨɧɫɬɪɭɤɰɢɣ ɨɛɟɢɯ ɦɚɲɢɧ 

ɩɪɢɧɢɦɚɥɢɫɶ ɪɚɜɧɵɦɢ, ɬɚɤ ɤɚɤ ɤɨɧɫɬɪɭɤɰɢɢ ɨɬɥɢɱɚɸɬɫɹ ɧɟɡɧɚɱɢɬɟɥɶɧɨ. 

Ɉɰɟɧɤɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɜɨɞɢɥɚɫɶ ɩɨ ɤɨɷɮɮɢɰɢɟɧɬɭ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ 

ɡɚɬɪɚɬμ 

  

  
э

Э

Э
  ,      (5.17) 

ɝɞɟ Э   – ɫɨɜɨɤɭɩɧɵɟ ɡɚɬɪɚɬɵ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɧɨɜɨɣ ɦɚɲɢɧɵ, 

 ɆȾɠ/ɬν 

 Э   – ɫɨɜɨɤɭɩɧɵɟ ɡɚɬɪɚɬɵ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɛɚɡɨɜɨɣ ɦɚɲɢɧɵ, 

 ɆȾɠ/ɬ. 

 Ⱦɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 

6.1. 

ɋɨɜɨɤɭɩɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɨɩɪɟɞɟɥɹɸɬɫɹμ 

Q

ЭЭЭ
ЭЭЭ ɩ м  ɠ

 эɩ 


 ,   (5.18) 

ɝɞɟ Эɩ – ɩɪɹɦɵɟ ɡɚɬɪɚɬɵ ɷɧɟɪɝɢɢ, ɆȾɠ/ɬν 

 Э э – ɨɜɟɳɟɫɬɜɥɟɧɧɵɟ ɡɚɬɪɚɬɵ ɷɧɟɪɝɢɢ, ɆȾɠ/ɬν 

 Эɠ – ɷɧɟɪɝɨɡɚɬɪɚɬɵ ɠɢɜɨɝɨ ɬɪɭɞɚ, ɆȾɠ/ɱν 

 Э   – ɷɧɟɪɝɨɟɦɤɨɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɆȾɠ/ɱν 

 Эɩ м – ɷɧɟɪɝɨɟɦɤɨɫɬɶ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɨɦɟɳɟɧɢɣ, ɆȾɠ/ɱ. 

ɉɪɹɦɵɟ ɡɚɬɪɚɬɵ ɷɧɟɪɝɢɢ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟμ 

ээɩ  ɊЭ  ,      (5.19) 

ɝɞɟ Ɋэ – ɪɚɫɯɨɞ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɤȼɬ-ɱ/ɬν 

  э – ɤɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɜɨɞɚ 1 ɤȼɬ-ɱ ɜ Ɇɞɠ,  э = 3,6. 

ɉɪɢ ɨɬɫɭɬɫɬɜɢɢ ɧɨɪɦ ɪɚɫɯɨɞ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ  

Q

N
Ɋ э


 ,      (5.20) 

ɝɞɟ ΣN – ɩɨɬɪɟɛɥɹɟɦɚɹ ɦɨɳɧɨɫɬɶ, ɤȼɬ. 
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ɉɪɹɦɵɟ ɡɚɬɪɚɬɵ ɞɥɹ ɛɚɡɨɜɨɝɨ ɜɚɪɢɚɧɬɚ ɫɨɫɬɚɜɥɹɸɬμ 

546,3
0,2

30
ɩ Э ɆȾɠ/ɬν 

 ɞɥɹ ɛɟɡɪɟɲɟɬɧɨɣ ɞɪɨɛɢɥɤɢ: 

186,3
6

30
ɩ Э ɆȾɠ/ɬν 

 Ɉɜɟɳɟɫɬɜɥɟɧɧɵɟ ɡɚɬɪɚɬɵ ɷɧɟɪɝɢɢ ɨɩɪɟɞɟɥɹɸɬɫɹμ 

экɜэкɜэ э  
Q

N
 ɊЭ


 ,     (5.21) 

ɝɞɟ  экɜ – ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɷɤɜɢɜɚɥɟɧɬ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ,  

  экɜ = 8,7 ɆȾɠ/ɤȼɬ-ɱν 

5,1307,8
0,2

30
 э Э ɆȾɠ/ɬν 

5,437,8
0,6

30
 э Э ɆȾɠ/ɬν 

 ɗɧɟɪɝɨɡɚɬɪɚɬɵ ɠɢɜɨɝɨ ɬɪɭɞɚ ɨɩɪɟɞɟɥɹɸɬɫɹμ 

ɠɠ nЭ  ,      (5.22) 

ɝɞɟ n – ɤɨɥɢɱɟɫɬɜɨ ɨɛɫɥɭɠɢɜɚɸɳɟɝɨ ɩɟɪɫɨɧɚɥɚ, ɱɟɥν 

 αɠ – ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɷɤɜɢɜɚɥɟɧɬ ɡɚɬɪɚɬ ɠɢɜɨɝɨ ɬɪɭɞɚ,  

 α = 0,λ Ɇɞɠ/ɱɟɥ-ɱ. 

 Ⱦɥɹ ɛɚɡɨɜɨɣ ɢ ɧɨɜɨɣ ɦɚɲɢɧɵ ɢɦɟɟɦμ 

9,09,01 ɠЭ  ɆȾɠ/ɱ. 

 ɗɧɟɪɝɨɟɦɤɨɫɬɶ, ɩɪɢɯɨɞɹɳɚɹɫɹ ɧɚ 1 ɱɚɫ ɪɚɛɨɬɵ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɩɨ ɮɨɪɦɭɥɟμ 

ɝ

  
  

Ɍ

 
Э  ,      (5.23) 

ɝɞɟ Ɍɝ – ɝɨɞɨɜɚɹ ɡɚɝɪɭɡɤɚ ɦɚɲɢɧɵ, ɱν 

     – ɨɛɳɚɹ ɷɧɟɪɝɨɟɦɤɨɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɆȾɠ. 

       , 

ɝɞɟ α   – ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɷɤɜɢɜɚɥɟɧɬ ɨɛɨɪɭɞɨɜɚɧɢɹ, α   = 104 ɆȾɠ/ɤɝν 

   – ɦɚɫɫɚ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɤɝ. 
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 ɗɧɟɪɝɨɟɦɤɨɫɬɶ, ɩɪɢɯɨɞɹɳɚɹɫɹ ɧɚ 1 ɱɚɫ ɪɚɛɨɬɵ ɨɛɨɪɭɞɨɜɚɧɢɹμ 

70,29
4200

1200104



   Э ɆȾɠ/ɱν 

9,34
1400

470104



   Э ɆȾɠ/ɱ. 

 ɗɧɟɪɝɨɟɦɤɨɫɬɶ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɨɦɟɳɟɧɢɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟμ 

ɝ

ɩ  ɩ м
ɩ м

Ɍ

S
Э

1000


 ,      (5.24) 

ɝɞɟ αɩ м – ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɷɤɜɢɜɚɥɟɧɬ ɩɨɦɟɳɟɧɢɹ, αɩ м = 5025 ɆȾɠ/ɦ2
; 

 Sɩ   – ɩɥɨɳɚɞɶ, ɡɚɧɢɦɚɟɦɚɹ ɨɛɨɪɭɞɨɜɚɧɢɟɦ, ɦ2
. 

 ɗɧɟɪɝɨɟɦɤɨɫɬɶ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɥɨɳɚɞɟɣ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɫɨɫɬɚɜɥɹɟɬμ 

017,0
4200100

44,15025





ɩ м Э  ɆȾɠ/ɱν 

051,0
1400100

44,15025





ɩ м Э  ɆȾɠ/ɱ. 

 ɋɨɜɨɤɭɩɧɵɟ ɡɚɬɪɚɬɵ ɫɨɫɬɚɜɥɹɸɬμ 

8,199
0,2

017,07,299,0
5,13054 


  Э  ɆȾɠ/ɬν 

475,67
0,6

051,09,349,0
5,4318 


  Э  ɆȾɠ/ɬ. 

 Ʉɨɷɮɮɢɰɢɟɧɬ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɡɚɬɪɚɬμ 

33,0
8,199

475,67
э . 

 ɇɨɜɚɹ ɛɟɡɪɟɲɟɬɧɚɹ ɞɪɨɛɢɥɤɚ ɢɦɟɟɬ ɫɨɜɨɤɭɩɧɵɟ ɡɚɬɪɚɬɵ ɷɧɟɪɝɢɢ ɧɚ 67% 

ɦɟɧɶɲɟ, ɱɟɦ ɛɚɡɨɜɚɹ ɦɚɲɢɧɚ ɄȾɍ-2. Ɉɛɴɹɫɧɹɟɬɫɹ ɷɬɨ ɬɟɦ, ɱɬɨ ɧɨɜɚɹ ɦɚɲɢɧɚ 

ɢɦɟɟɬ ɛɨɥɶɲɭɸ ɩɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɢ ɦɟɧɶɲɭɸ ɦɚɫɫɭ ɤɨɧɫɬɪɭɤɰɢɢ. 

 Ɉɰɟɧɤɭ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɡɦɟɥɶɱɢɬɟɥɹ ɩɪɨɜɨɞɢɦ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɛɚɡɨɜɨɣ 

ɦɚɲɢɧɨɣ ɂɄɆ-Ɏ-10. ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 6.3. 

Ɋɚɫɱɟɬ ɩɪɨɢɡɜɟɞɟɧ ɩɨ ɜɵɲɟɭɤɚɡɚɧɧɨɣ ɦɟɬɨɞɢɤɟ, ɫɪɚɜɧɢɬɟɥɶɧɵɟ ɩɨɤɚɡɚɬɟɥɢ 

ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 5.6. ɷɧɟɪɝɨɡɚɬɪɚɬɵ ɧɚ ɢɡɝɨɬɨɜɥɟɧɢɟ ɦɚɲɢɧ ɢ ɡɚɧɢɦɚɟɦɚɹ 

ɢɦɢ ɩɥɨɳɚɞɶ ɩɪɢɧɹɬɵ ɪɚɜɧɵɦɢ, ɬɚɤ ɤɚɤ ɡɧɚɱɟɧɢɹ ɨɬɥɢɱɚɸɬɫɹ ɧɟɡɧɚɱɢɬɟɥɶɧɨ. 
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Ɍɚɛɥɢɰɚ 5.6 – ɗɧɟɪɝɟɬɢɱɟɫɤɚɹ ɨɰɟɧɤɚ ɢɡɦɟɥɶɱɢɬɟɥɹ  

ɉɨɤɚɡɚɬɟɥɢ 

ɐɢɮɪɨɜɵɟ ɡɧɚɱɟɧɢɟ 

ɂɄɎ-Ɇ-10 
ɉɪɟɞɥɚɝɚɟɦɚɹ 

ɤɨɧɫɬɪɭɤɰɢɹ 

ɉɪɹɦɵɟ ɡɚɬɪɚɬɵ ɷɧɟɪɝɢɢ, ɆȾɠ/ɬ 5,15 3,6 

Ɉɜɟɳɟɫɬɜɥɟɧɧɵɟ ɡɚɬɪɚɬɵ ɷɧɟɪɝɢɢ, ɆȾɠ/ɬ 12,44 8,7 

ɗɧɟɪɝɨɡɚɬɪɚɬɵ ɠɢɜɨɝɨ ɬɪɭɞɚ, ɆȾɠ/ɱ 0,9 0,9 

ɗɧɟɪɝɨɟɦɤɨɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɆȾɠ/ɱ 115,0 52,6 

ɗɧɟɪɝɨɟɦɤɨɫɬɶ ɩɨɦɟɳɟɧɢɹ, ɆȾɠ/ɱ 0,088 0,088 

ɋɨɜɨɤɭɩɧɵɟ ɡɚɬɪɚɬɵ, ɆȾɠ/ɬ 29,19 23,02 

Ʉɨɷɮɮɢɰɢɟɧɬ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɡɚɬɪɚɬ - 0,79 

Ɋɚɫɫɱɢɬɚɧɧɵɟ ɩɨ ɜɵɲɟɩɪɢɜɟɞɟɧɧɨɣ ɦɟɬɨɞɢɤɟ ɫɪɚɜɧɢɬɟɥɶɧɵɟ 

ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɞɥɹ ɭɧɢɜɟɪɫɚɥɶɧɨɝɨ ɢɡɦɟɥɶɱɢɬɟɥɹ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɢɡɦɟɥɶɱɢɬɟɥɟɦ ɂɊɆ-50, ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ, ɚ ɬɚɤɠɟ ɞɚɧɧɵɟ ɫɪɚɜɧɢɜɚɟɦɵɯ 

ɚɧɚɥɨɝɨɜ ɩɪɢɜɟɞɟɧɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜ ɬɚɛɥɢɰɟ 5.7 

 

Ɍɚɛɥɢɰɚ  5.7  Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɢ ɷɧɟɪɝɟɬɢɱɟɫɤɚɹɨɰɟɧɤɚ ɢɡɦɟɥɶɱɢɬɟɥɹ  

ɉɨɤɚɡɚɬɟɥɢ ɐɢɮɪɨɜɵɟ ɡɧɚɱɟɧɢɟ 

ɂɊɆ-50 ɉɪɟɞɥɚɝɚɟɦɚɹ 

ɤɨɧɫɬɪɭɤɰɢɹ 

Ɇɚɫɫɚ, ɤɝ 2950 950 

ɉɨɬɪɟɛɧɚɹ ɦɨɳɧɨɫɬɶ, ɤȼɬ 90 60 

Ʉɨɥɢɱɟɫɬɜɨ ɨɛɫɥɭɠɢɜɚɸɳɟɝɨ ɩɟɪɫɨɧɚɥɚ, ɱɟɥ. 1 1 

Ɋɚɡɪɹɞ ɪɚɛɨɬ IV IV 

ɇɨɪɦɚ ɚɦɨɪɬɢɡɚɰɢɢ, % 16,6 16,6 

Ƚɨɞɨɜɚɹ ɡɚɝɪɭɡɤɚ, ɱ 1000 1000 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ, ɬ/ɱ 12…15 5…6 

Ɂɚɧɢɦɚɟɦɚɹ ɩɥɨɳɚɞɶ 2,25 2,25 

ɉɪɹɦɵɟ ɡɚɬɪɚɬɵ ɷɧɟɪɝɢɢ, ɆȾɠ/ɬ 32,4 30,8 

Ɉɜɟɳɟɫɬɜɥɟɧɧɵɟ ɡɚɬɪɚɬɵ ɷɧɟɪɝɢɢ, ɆȾɠ/ɬ 78,3 74,5 
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ɗɧɟɪɝɨɡɚɬɪɚɬɵ ɠɢɜɨɝɨ ɬɪɭɞɚ, ɆȾɠ/ɱ 0,9 0,9 

ɗɧɟɪɝɨɟɦɤɨɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɆȾɠ/ɱ 306,8 98,8 

ɗɧɟɪɝɨɟɦɤɨɫɬɶ ɩɨɦɟɳɟɧɢɹ, ɆȾɠ/ɱ 0,113 0,113 

ɋɨɜɨɤɭɩɧɵɟ ɡɚɬɪɚɬɵ, ɆȾɠ/ɬ 141,48 119,56 

Ʉɨɷɮɮɢɰɢɟɧɬ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɡɚɬɪɚɬ - 0,85 

 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɜɵɲɟɫɤɚɡɚɧɧɨɝɨ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɫɥɟɞɭɸɳɢɟ ɜɵɜɨɞɵ, ɱɬɨ 

ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɛɟɡɪɟɲɟɬɧɚɹ ɦɨɥɨɬɤɨɜɚɹ ɞɪɨɛɢɥɤɚ, ɦɨɠɟɬ ɩɪɢɦɟɧɹɬɫɹ ɤɚɤ ɜ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɥɢɧɢɹɯ ɤɨɪɦɨɰɟɯɨɜ, ɬɚɤ ɢ ɤɚɤ ɨɬɞɟɥɶɧɚɹ ɦɚɲɢɧɚ. 

ɉɪɨɜɟɞɟɧɧɚɹ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɢ ɷɧɟɪɝɟɬɢɱɟɫɤɚɹ ɨɰɟɧɤɚ 

ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ ɩɨɡɜɨɥɢɥɚ ɩɨɥɭɱɢɬɶ ɝɨɞɨɜɨɣ ɷɤɨɧɨɦɢɱɟɫɤɢɣ 

ɷɮɮɟɤɬ ɨɬ ɜɧɟɞɪɟɧɢɹ ɬɨɥɶɤɨ ɛɟɡɪɟɲɟɬɧɨɣ ɦɨɥɨɬɤɨɜɨɣ ɞɪɨɛɢɥɤɢ ɜ ɪɚɡɦɟɪɟ 10,6 

ɬɵɫ. ɪɭɛ. (ɜ ɰɟɧɚɯ 2019 ɝɨɞɚ). ɉɪɢ ɷɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɡɚɬɪɚɬ ɞɥɹ 

ɛɟɡɪɟɲɟɬɧɵɯ ɦɨɥɨɬɤɨɜɵɯ ɞɪɨɛɢɥɨɤ ɫɨɫɬɚɜɥɹɟɬ 0,33. 
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ȼɕȼɈȾɕ 

1. ɇɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɫɭɳɟɫɬɜɭɸɳɢɯ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɢ ɡɚɪɭɛɟɠɧɵɯ 

ɤɨɧɫɬɪɭɤɰɢɣ ɞɪɨɛɢɥɨɤ ɤɨɪɦɨɜ ɨɛɨɫɧɨɜɚɧɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɛɟɡɪɟɲɟɬɧɨɣ 

ɦɨɥɨɬɤɨɜɨɣ ɞɪɨɛɢɥɤɢ, ɤɨɬɨɪɚɹ ɫɨɫɬɨɢɬ ɢɡ ɤɨɪɩɭɫɚ ɞɪɨɛɢɥɶɧɨɣ ɤɚɦɟɪɵ, ɡɚɫɥɨɧɤɢ, 

ɡɚɝɪɭɡɧɨɣɢɜɵɝɪɭɡɧɨɣɝɨɪɥɨɜɢɧ,  ɩɪɢɟɦɧɨɝɨ ɛɭɧɤɟɪɚ,        ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɪɨɬɨɪɚ, 

ɩɨɞɲɢɩɧɢɤɨɜɨɝɨ ɭɡɥɚ, ɦɨɥɨɬɤɨɜɨɝɨ ɛɚɪɚɛɚɧɚ, ɛɢɱɟɣ. 

2. ɉɨɥɭɱɟɧɵ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɩɪɨɰɟɫɫɚ ɢɡɦɟɧɟɧɢɹ ɫɬɟɩɟɧɢ 

ɢɡɦɟɥɶɱɟɧɢɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɱɢɫɥɚ ɱɚɫɬɢɰ ɢ ɫ ɭɱɟɬɨɦ ɟɟ ɩɪɟɞɟɥɶɧɨ ɞɨɫɬɢɠɢɦɨɝɨ 

ɡɧɚɱɟɧɢɹ (27), (28). Ɋɚɡɪɚɛɨɬɚɧɵ ɨɛɳɢɟ ɭɪɚɜɧɟɧɢɹ ɤɢɧɟɬɢɤɢ ɩɪɨɰɟɫɫɚ ɞɪɨɛɥɟɧɢɹ 

(20), (21) ɧɚ ɨɫɧɨɜɚɧɢɢ ɤɨɬɨɪɵɯ ɩɨɥɭɱɟɧɵ ɦɟɬɨɞɵ ɚɧɚɥɢɡɚ ɜɥɢɹɧɢɹ ɪɚɡɥɢɱɧɵɯ 

ɮɚɤɬɨɪɨɜ ɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ ɛɟɡɪɟɲɟɬɧɨɣ ɦɨɥɨɬɤɨɜɨɣ 

ɞɪɨɛɢɥɤɢ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɬɢɩɚ. 

3.ȼɵɩɨɥɧɟɧɵ ɥɚɛɨɪɚɬɨɪɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɥɹ ɩɨɞɬɜɟɪɠɞɟɧɢɹ 

ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɩɪɟɞɩɨɫɵɥɨɤ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɩɨɥɭɱɟɧɨ 

ɩɨɞɬɜɟɪɠɞɟɧɢɟ ɚɞɟɤɜɚɬɧɨɫɬɢ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɢɡɦɟɥɶɱɟɧɢɹ ɤɨɪɦɨɜ ɜ 

ɞɪɨɛɢɥɤɟ. ɑɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ i,  ɧɚɯɨɞɹɬɫɹ ɜ 

ɢɧɬɟɪɜɚɥɟμi(0,06…1,33), (-0,43…-0,23), ɞɥɹ ɜɵɪɚɠɟɧɢɹ (20). Ɍɟɨɪɟɬɢɱɟɫɤɢɟ 

ɩɪɟɞɩɨɫɵɥɤɢ ɧɚɲɥɢ ɩɨɥɧɨɟ ɩɨɞɬɜɟɪɠɞɟɧɢɟ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ. 

4. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɞɬɜɟɪɞɢɥɢ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɢ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɟɞɥɨɠɟɧɧɵɯ ɪɟɲɟɧɢɣ ɢ ɢɯ ɨɩɬɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹμ ɜɵɫɨɬɚ 

ɪɚɫɩɨɥɨɠɟɧɢɹ ɡɚɝɪɭɡɨɱɧɨɣ ɝɨɪɥɨɜɢɧɵ 0,2 ɦ, ɤɨɥɢɱɟɫɬɜɨ ɜɵɝɪɭɡɧɵɯ ɝɨɪɥɨɜɢɧ – 3, 

ɤɨɥɢɱɟɫɬɜɨ ɠɚɥɸɡɢ – 3 ɜ ɪɹɞɭ ɩɪɢ 4-ɯ ɤɨɧɰɟɧɬɪɢɱɧɨ-ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɪɹɞɚɯ, 

ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ ɪɟɠɭɳɟɝɨ ɚɩɩɚɪɚɬɚ 330 ɦɢɧ-1, ɞɢɚɦɟɬɪ ɪɚɛɨɱɟɣ ɤɚɦɟɪɵ 

630 ɦɦ. 

5. Ƚɨɞɨɜɨɣ ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɨɬ ɜɧɟɞɪɟɧɢɹ ɬɨɥɶɤɨ ɛɟɡɪɟɲɟɬɧɨɣ 

ɦɨɥɨɬɤɨɜɨɣ ɞɪɨɛɢɥɤɢ ɫɨɫɬɚɜɥɹɟɬ 10,6 ɬɵɫ. ɪɭɛ. (ɜ ɰɟɧɚɯ 201λ ɝɨɞɚ). Ʉɨɷɮɮɢɰɢɟɧɬ 

ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɡɚɬɪɚɬ ɞɥɹ ɛɟɡɪɟɲɟɬɧɵɯ ɦɨɥɨɬɤɨɜɵɯ ɞɪɨɛɢɥɨɤ ɫɨɫɬɚɜɥɹɟɬ 0,33. 
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