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ȼɜɟɞɟɧɢɟ 

 

Аɤɬɭɚɥɶɧɨɫɬɶ ɬɟɦɵ ɢɫɫɥɟɞɨɜɚɧɢɹ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɭɳɟɫɬɜɭɸɳɢɣ ɩɪɨɝɪɟɫɫ ɜ 

ɨɛɥɚɫɬɢ ɦɢɤɪɨɷɥɟɤɬɪɨɧɢɤɢ ɢ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɬɟɯɧɢɤɢ ɩɨɡɜɨɥɹɟɬ ɪɟɚɥɢɡɨɜɵɜɚɬɶ ɚɥɝɨɪɢɬɦɵ 

ɨɛɪɚɛɨɬɤɢ ɩɪɚɤɬɢɱɟɫɤɢ ɥɸɛɨɣ ɫɬɟɩɟɧɢ ɫɥɨɠɧɨɫɬɢ. Ɉɞɧɚɤɨ ɦɟɬɨɞɵ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɨɜ, 

ɨɫɧɨɜɨɣ ɤɨɬɨɪɵɯ ɹɜɥɹɸɬɫɹ ɫɩɟɤɬɪɚɥɶɧɵɣ ɢ ɤɨɪɪɟɥɹɰɢɨɧɧɵɣ ɚɧɚɥɢɡ, ɭɠɟ ɧɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 

ɭɪɨɜɧɸ ɜɨɡɦɨɠɧɨɫɬɟɣ ɫɨɜɪɟɦɟɧɧɨɣ ɦɢɤɪɨɷɥɟɤɬɪɨɧɢɤɢ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɢɫɫɥɟɞɨɜɚɧɢɹ, 

ɪɟɡɭɥɶɬɚɬɨɦ ɤɨɬɨɪɵɯ ɹɜɥɹɸɬɫɹ ɧɨɜɵɟ ɚɥɝɨɪɢɬɦɵ ɨɛɪɚɛɨɬɤɢ ɢɧɮɨɪɦɚɰɢɢ, ɹɜɥɹɸɬɫɹ 

ɚɤɬɭɚɥɶɧɵɦɢ ɢ ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ. ȼ ɧɢɯ ɪɟɲɚɟɬɫɹ ɨɞɧɚ ɢɡ ɨɫɧɨɜɧɵɯ ɡɚɞɚɱ ɧɚɫɬɨɹɳɟɝɨ ɜɪɟɦɟɧɢ 

– ɫɨɡɞɚɧɢɟ ɢ ɪɚɡɜɢɬɢɟ ɧɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɩɪɢɟɦ, ɨɛɪɚɛɨɬɤɭ ɢ ɩɟɪɟɞɚɱɭ 

ɩɨɬɨɤɨɜ ɢɧɮɨɪɦɚɰɢɢ ɧɚ ɫɨɜɪɟɦɟɧɧɨɦ ɭɪɨɜɧɟ. 

ɇɚɢɛɨɥɟɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɢ ɩɨɥɧɨ ɜɨɩɪɨɫɵ ɨɛɪɚɛɨɬɤɢ ɭɡɤɨɩɨɥɨɫɧɵɯ ɨɞɢɧɨɱɧɵɯ 

ɫɢɝɧɚɥɨɜ ɢɡɥɚɝɚɸɬɫɹ ɜ ɬɟɨɪɢɢ ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɪɢɟɦɚ. Ɉɧɚ ɛɚɡɢɪɭɟɬɫɹ ɧɚ ɪɚɛɨɬɚɯ ȼ. Ⱥ. 

Ʉɨɬɟɥɶɧɢɤɨɜɚ, ɇ. ȼɢɧɟɪɚ, Ⱥ. ɇ. Ʉɨɥɦɨɝɨɪɨɜɚ, Ɋ. Ʌ. ɋɬɪɚɬɨɧɨɜɢɱɚ, Ⱥ. ȼɚɥɶɞɚ Д23, 44, 45, 7, 8]. 

ȿɟ ɨɫɧɨɜɵ ɯɨɪɨɲɨ ɢɡɥɨɠɟɧɵ ɜ ɪɚɛɨɬɚɯ ȼ. ɂ. Ɍɢɯɨɧɨɜɚ, Ⱥ. ɉ. Ɍɪɢɮɨɧɨɜɚ, Ⱥ. ɂ. ɉɟɪɨɜɚ ɢ ɞɪ. 

[46, 47, 48, 49 – 53, 32Ж. ȼ ɬɟɨɪɢɢ ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɪɢɟɦɚ ɪɟɲɚɸɬɫɹ ɡɚɞɚɱɢ ɨɛɧɚɪɭɠɟɧɢɹ, 

ɪɚɡɥɢɱɟɧɢɹ, ɨɰɟɧɤɢ ɩɚɪɚɦɟɬɪɨɜ, ɪɚɡɪɟɲɟɧɢɹ, ɮɢɥɶɬɪɚɰɢɢ ɫɢɝɧɚɥɨɜ. Ɉɞɧɚɤɨ ɫɭɳɟɫɬɜɭɸɬ 

ɧɟɞɨɫɬɚɬɤɢ ɜ ɪɟɲɟɧɢɢ ɭɤɚɡɚɧɧɵɯ ɡɚɞɚɱ. Ɍɚɤ ɡɚɞɚɱɚ ɨɛɧɚɪɭɠɟɧɢɹ ɫɢɝɧɚɥɚ ɪɟɲɚɟɬɫɹ, ɜ 

ɨɫɧɨɜɧɨɦ, ɩɪɢ ɩɨɥɧɨɫɬɶɸ ɢɡɜɟɫɬɧɵɯ ɩɚɪɚɦɟɬɪɚɯ ɫɢɝɧɚɥɚ ɢ ɞɢɫɩɟɪɫɢɢ ɲɭɦɚ. ɇɟɢɡɜɟɫɬɧɵɦ 

ɹɜɥɹɟɬɫɹ ɥɢɲɶ ɮɚɤɬ ɧɚɥɢɱɢɹ ɫɢɝɧɚɥɚ ɜ ɩɪɢɧɹɬɨɦ ɫɨɨɛɳɟɧɢɢ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɪɟɲɟɧɢɟ ɹɜɥɹɟɬɫɹ 

ɬɟɨɪɟɬɢɱɟɫɤɢɦ ɢ ɟɝɨ ɫɥɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɤɨɦɩɥɟɤɫɚɯ ɚɩɩɚɪɚɬɭɪɵ. Ɂɚɞɚɱɚ ɨɰɟɧɤɢ 

ɩɚɪɚɦɟɬɪɨɜ ɞɜɭɯ ɢ ɛɨɥɟɟ ɫɢɝɧɚɥɨɜ ɪɟɲɚɟɬɫɹ ɜ ɫɨɜɪɟɦɟɧɧɵɯ ɤɨɦɩɥɟɤɫɚɯ ɚɩɩɚɪɚɬɭɪɵ ɥɢɲɶ ɜ 

ɨɛɥɚɫɬɢ ɢɯ ɨɪɬɨɝɨɧɚɥɶɧɨɫɬɢ, ɤɨɝɞɚ ɤɨɪɪɟɥɹɰɢɨɧɧɵɟ ɢɥɢ ɫɩɟɤɬɪɚɥɶɧɵɟ ɦɚɤɫɢɦɭɦɵ 

ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɤɪɢɬɟɪɢɸ Ɋɟɥɟɹ. Ɂɚɞɚɱɚ ɪɚɡɪɟɲɟɧɢɹ ɩɨɞɨɛɧɵɯ ɫɢɝɧɚɥɨɜ ɜ ɤɨɦɩɥɟɤɫɚɯ 

ɚɩɩɚɪɚɬɭɪɵ ɪɟɲɚɟɬɫɹ, ɜ ɨɫɧɨɜɧɨɦ, ɧɚ ɨɫɧɨɜɚɧɢɢ ɮɭɧɤɰɢɢ ɧɟɨɩɪɟɞɟɥёɧɧɨɫɬɢ. Ɂɚɞɚɱɚ 

ɮɢɥɶɬɪɚɰɢɢ ɫɢɝɧɚɥɨɜ ɜ ɫɭɳɟɫɬɜɭɸɳɢɯ ɤɨɦɩɥɟɤɫɚɯ ɚɩɩɚɪɚɬɭɪɵ ɬɚɤɠɟ ɪɟɲɚɟɬɫɹ ɥɢɲɶ ɜ 

ɨɛɥɚɫɬɢ ɢɯ ɨɪɬɨɝɨɧɚɥɶɧɨɫɬɢ. ɋɨɝɥɚɫɨɜɚɧɧɵɟ, ɨɩɬɢɦɚɥɶɧɵɟ ɮɢɥɶɬɪɵ, ɪɟɚɥɢɡɨɜɚɧɧɵɟ ɜ 

ɰɢɮɪɨɜɨɦ ɢɥɢ ɚɧɚɥɨɝɨɜɨɦ ɜɢɞɟ, ɧɟ ɜ ɫɨɫɬɨɹɧɢɢ ɪɚɡɞɟɥɢɬɶ ɧɟɨɪɬɨɝɨɧɚɥɶɧɵɟ ɫɢɝɧɚɥɵ. 

Ɋɚɡɪɟɲɚɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ, ɫɨɝɥɚɫɧɨ ɩɨɞɚɜɥɹɸɳɟɦɭ ɤɨɥɢɱɟɫɬɜɭ ɢɫɬɨɱɧɢɤɨɜ /Ⱥ. ɂ. 

ɉɟɪɨɜ, ə. Ⱦ. ɒɢɪɦɚɧ ɢ ɞɪ./ [32, 62, 63Ж ɜ ɫɢɫɬɟɦɚɯ ɥɨɤɚɰɢɢ, ɩɟɥɟɧɝɚɰɢɢ, ɧɚɜɢɝɚɰɢɢ, ɫɢɫɬɟɦɚɯ 

ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɜɫɟɯ ɜɢɞɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɡɦɟɪɨɦ ɮɭɧɤɰɢɢ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ (ɬɟɥɚ 

ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ). Ⱥɧɚɥɢɡ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɮɭɧɤɰɢɹ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɷɬɨ, ɩɨ ɫɭɳɟɫɬɜɭ, 

ɧɨɪɦɢɪɨɜɚɧɧɚɹ ɦɧɨɝɨɩɚɪɚɦɟɬɪɢɱɟɫɤɚɹ ɮɭɧɤɰɢɹ ɤɨɪɪɟɥɹɰɢɢ ɫɢɝɧɚɥɚ. Ɉɧɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɨɛɨɛɳɟɧɢɟ ɢɡɜɟɫɬɧɨɝɨ ɤɪɢɬɟɪɢɹ Ɋɟɥɟɹ ɧɚ ɫɥɭɱɚɣ, ɤɨɝɞɚ ɮɭɧɤɰɢɹ ɤɨɪɪɟɥɹɰɢɢ ɡɚɜɢɫɢɬ ɨɬ 

ɦɧɨɝɢɯ ɩɚɪɚɦɟɬɪɨɜ. ɒɢɪɢɧɚ ɨɫɧɨɜɧɨɝɨ ɥɟɩɟɫɬɤɚ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɮɭɧɤɰɢɢ ɫɢɝɧɚɥɚ ɩɨ ɤɚɤɨɦɭ 
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– ɥɢɛɨ ɩɚɪɚɦɟɬɪɭ ɡɚɜɢɫɢɬ ɨɬ ɜɪɟɦɟɧɧɨɣ, ɱɚɫɬɨɬɧɨɣ ɢɥɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɛɚɡɵ ɫɢɝɧɚɥɚ. ȼ 

ɪɟɡɭɥɶɬɚɬɟ ɪɚɡɪɟɲɚɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɫɭɳɟɫɬɜɭɸɳɢɯ ɤɨɦɩɥɟɤɫɨɜ ɚɩɩɚɪɚɬɭɪɵ, ɨɩɪɟɞɟɥɟɧɧɚɹ ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɮɭɧɤɰɢɟɣ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ, ɢɦɟɟɬ ɨɝɪɚɧɢɱɟɧɢɟ ɬɢɩɚ ɨɝɪɚɧɢɱɟɧɢɹ Ɋɟɥɟɹ. ɉɨ 

ɫɭɳɟɫɬɜɭ, ɷɬɨ ɨɝɪɚɧɢɱɟɧɢɟ ɪɚɡɞɟɥɹɟɬ ɫɢɝɧɚɥɵ ɜ ɤɨɦɩɥɟɤɫɚɯ ɚɩɩɚɪɚɬɭɪɵ ɧɚ ɨɪɬɨɝɨɧɚɥɶɧɵɟ, 

ɤɨɝɞɚ ɫɟɱɟɧɢɹ ɮɭɧɤɰɢɢ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɞɜɭɯ ɫɢɝɧɚɥɨɜ ɧɟ ɩɟɪɟɤɪɵɜɚɸɬɫɹ ɢ 

ɧɟɨɪɬɨɝɨɧɚɥɶɧɵɟ, ɤɨɝɞɚ ɫɟɱɟɧɢɹ ɮɭɧɤɰɢɢ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɞɜɭɯ ɫɢɝɧɚɥɨɜ ɩɟɪɟɤɪɵɜɚɸɬɫɹ /Ⱥ. 

ɂ. ɉɟɪɨɜ/ Д32]. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɨɞɚɜɥɹɸɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɡɪɚɛɨɬɨɤ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɢɥɢ 

ɩɪɢɤɥɚɞɧɨɝɨ ɯɚɪɚɤɬɟɪɚ ɫɜɹɡɚɧɨ ɫ ɨɛɥɚɫɬɶɸ ɨɪɬɨɝɨɧɚɥɶɧɨɫɬɢ ɫɢɝɧɚɥɨɜ, ɫ ɪɟɥɟɟɜɫɤɢɦ 

ɪɚɡɪɟɲɟɧɢɟɦ ɫɢɝɧɚɥɨɜ. 

Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɚɜɬɨɪɵ ɉ. Ⱥ. Ȼɚɤɭɥɟɜ ɢ Ⱥ. Ⱥ. ɋɨɫɧɨɜɫɤɢɣ [2] ɪɚɫɫɦɚɬɪɢɜɚɸɬ ɜɨɩɪɨɫɵ 

ɪɚɡɪɟɲɟɧɢɹ ɰɟɥɟɣ ɫ ɩɨɡɢɰɢɢ ɨɪɬɨɝɨɧɚɥɶɧɨɫɬɢ ɫɢɝɧɚɥɨɜ, ɬ.ɟ. ɫ ɩɨɡɢɰɢɢ ɪɟɥɟɟɜɫɤɨɝɨ 

ɪɚɡɪɟɲɟɧɢɹ, ȼ. ɂ. Ɇɟɪɤɭɥɨɜ, Ⱥ. ɂ. Ʉɚɧɚɳɟɧɤɨɜ, Ⱥ. ɂ. ɉɟɪɨɜ [19, 20Ж ɪɚɫɫɦɚɬɪɢɜɚɸɬ 

ɪɚɡɪɟɲɟɧɢɟ ɰɟɥɟɣ ɧɚ ɨɫɧɨɜɟ ɬɟɥɚ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ. ɍ ȼ. ɂ. Ɍɢɯɨɧɨɜɚ [46] ɤɚɤ ɢ ɭ 

Ⱥ. ɂ. ɉɟɪɨɜɚ Д32] ɜɨɩɪɨɫɵ ɪɚɡɪɟɲɟɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɪɚɡɦɟɪɨɜ ɮɭɧɤɰɢɢ 

ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ. Ⱥɜɬɨɪɨɦ ɘ.Ⱥ. Ƚɪɨɦɚɤɨɜɵɦ ɢ ɞɪ. [14] ɪɚɫɫɦɨɬɪɟɧɵ ɜɨɩɪɨɫɵ ɬɟɨɪɢɢ 

ɛɨɥɶɲɢɯ ɫɢɫɬɟɦ (ɦɧɨɝɨɩɨɡɢɰɢɨɧɧɵɯ ɊɅɋ). Ⱥɜɬɨɪɵ ɩɪɢ ɢɡɥɨɠɟɧɢɢ ɦɚɬɟɪɢɚɥɚ ɧɚɯɨɞɹɬɫɹ ɧɚ 

ɩɨɡɢɰɢɢ ɤɥɚɫɫɢɱɟɫɤɨɣ (ɪɟɥɟɟɜɫɤɨɣ) ɬɟɨɪɢɢ ɪɚɡɪɟɲɟɧɢɹ. ɇɟɫɦɨɬɪɹ ɧɚ ɡɧɚɱɢɬɟɥɶɧɨɟ ɪɚɡɜɢɬɢɟ 

ɬɟɯɧɨɥɨɝɢɢ ɰɢɮɪɨɜɵɯ ɮɢɥɶɬɪɨɜ, ɨɧɢ ɧɟ ɜ ɫɨɫɬɨɹɧɢɢ ɪɟɲɢɬɶ ɡɚɞɚɱɭ ɮɢɥɶɬɪɚɰɢɢ ɫɢɝɧɚɥɨɜ ɫ 

ɱɚɫɬɢɱɧɨ ɫɨɜɩɚɞɚɸɳɢɦɢ ɫɩɟɤɬɪɚɦɢ (ɫ ɱɚɫɬɢɱɧɨ ɫɨɜɩɚɞɚɸɳɢɦɢ ɤɨɪɪɟɥɹɰɢɨɧɧɵɦɢ 

ɮɭɧɤɰɢɹɦɢ), ɬ.ɟ. ɡɚɞɚɱɭ ɮɢɥɶɬɪɚɰɢɢ ɧɟɨɪɬɨɝɨɧɚɥɶɧɵɯ ɫɢɝɧɚɥɨɜ. 

Ʉ ɧɚɫɬɨɹɳɟɦɭ ɜɪɟɦɟɧɢ ɧɚɤɨɩɥɟɧɨ ɦɧɨɝɨ ɢɧɮɨɪɦɚɰɢɢ, ɤɨɬɨɪɚɹ ɭɤɚɡɵɜɚɟɬ ɧɚ 

ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɪɟɲɟɧɢɹ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɡɚɞɚɱ ɜ ɪɚɞɢɨɬɟɯɧɢɤɟ ɜ ɨɛɥɚɫɬɢ 

ɧɟɨɪɬɨɝɨɧɚɥɶɧɵɯ ɫɢɝɧɚɥɨɜ. Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɋ. Ʌ. Ɇɚɪɩɥɨɦ (ɦɥ) [30] ɩɪɟɞɫɬɚɜɥɟɧɵ ɦɟɬɨɞɵ 

ɫɜɟɪɯɪɚɡɪɟɲɟɧɢɹ: «ɉɪɨɧɢ», ɩɪɟɞɫɤɚɡɚɧɢɣ, «MЮsТМ», «ɉɢɫɚɪɟɧɤɨ», «ɚɜɬɨɪɟɝɪɟɫɫɢɨɧɧɵɣ», 

«ɫɤɨɥɶɡɹɳɟɝɨ ɫɪɟɞɧɟɝɨ», «ɦɟɬɨɞ ɦɚɤɫɢɦɚɥɶɧɨɣ ɷɧɬɪɨɩɢɢ», «ɦɟɬɨɞ ɦɢɧɢɦɚɥɶɧɨɣ ɞɢɫɩɟɪɫɢɢ». 

Ɉɧɢ ɨɫɧɨɜɚɧɵ ɧɚ ɪɚɡɧɨɫɬɧɨɦ ɭɪɚɜɧɟɧɢɢ, ɢ ɪɟɲɟɧɢɟ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɡɚɞɚɱ ɫɜɹɡɚɧɨ ɫ ɩɥɨɯɨ 

ɨɛɭɫɥɨɜɥɟɧɧɨɣ ɦɚɬɪɢɰɟɣ ɞɚɧɧɵɯ ɢɥɢ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɦɚɬɪɢɰɟɣ ɞɚɧɧɵɯ. Ɉɞɧɚɤɨ ɨɧɢ 

ɨɛɟɫɩɟɱɢɜɚɸɬ ɜ ɨɛɥɚɫɬɢ ɱɚɫɬɨɬɧɨɣ ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɥɭɱɲɟɟ ɪɚɡɪɟɲɟɧɢɟ, ɱɟɦ ɫɩɟɤɬɪɚɥɶɧɵɣ 

ɚɧɚɥɢɡ. Ɉɛɥɚɫɬɶɸ ɢɯ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɜɵɫɨɤɨɟ ɨɬɧɨɲɟɧɢɟ ɫɢɝɧɚɥ/ɲɭɦ. Ɋɚɡɧɨɫɬɧɨɟ ɭɪɚɜɧɟɧɢɟ 

ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɨɣ ɩɪɢ ɫɨɡɞɚɧɢɢ ɬɚɤɢɯ ɮɢɥɶɬɪɨɜ ɤɚɤ ɮɢɥɶɬɪɵ ȼɢɧɟɪɚ, ɮɢɥɶɬɪɵ Ʉɚɥɦɚɧɚ. 

ȼ ɪɚɛɨɬɟ Ʉ. ɏɟɥɫɬɪɨɦɚ [57] ɜɩɟɪɜɵɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɪɟɲɟɧɢɹ 

ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɡɚɞɚɱ ɪɚɞɢɨɬɟɯɧɢɤɢ ɜ ɨɛɥɚɫɬɢ ɧɟɨɪɬɨɝɨɧɚɥɶɧɨɫɬɢ ɞɜɭɯ ɢɥɢ ɛɨɥɟɟ ɫɢɝɧɚɥɨɜ, 

ɬ.ɟ. ɩɪɢ ɤɨɷɮɮɢɰɢɟɧɬɟ ɤɨɪɪɟɥɹɰɢɢ ɞɜɭɯ ɫɢɝɧɚɥɨɜ ɧɟ ɪɚɜɧɨɦ ɧɭɥɸ. 



6 

ȼ ɪɚɛɨɬɚɯ ɋ. Ⱥ. Ʉɥɢɦɨɜɚ, ȼ. ȼ. Ⱥɛɪɚɦɟɧɤɨɜɚ [21, 1Ж ɩɪɟɞɫɬɚɜɥɟɧɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ 

ɞɨɤɚɡɚɬɟɥɶɫɬɜɨ ɫɜɟɪɯɪɚɡɪɟɲɟɧɢɹ ɜ ɨɛɥɚɫɬɢ ɥɨɤɚɰɢɢ. ȼ ɪɚɛɨɬɚɯ ȼ. ɂ. ɋɥɸɫɚɪɚ Д37, 38, 39, 42] 

ɩɨɤɚɡɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɫɨɡɞɚɧɢɹ ɫɢɫɬɟɦ ɫɜɹɡɢ ɧɚ ɧɟɨɪɬɨɝɨɧɚɥɶɧɵɯ ɫɢɝɧɚɥɚɯ. 

ȼ ɪɚɛɨɬɚɯ ȻɎɍ ɢɦ. ɂ. Ʉɚɧɬɚ ɢɫɫɥɟɞɨɜɚɧɵ ɜɨɡɦɨɠɧɨɫɬɢ ɨɛɪɚɛɨɬɤɢ ɧɟɨɪɬɨɝɨɧɚɥɶɧɵɯ 

ɫɢɝɧɚɥɨɜ ɜ ɨɛɥɚɫɬɢ ɫɩɟɤɬɪɨɫɤɨɩɢɢ, ɜ ɨɛɥɚɫɬɢ ɥɨɤɚɰɢɢ, ɜ ɨɛɥɚɫɬɢ ɩɟɥɟɧɝɚɰɢɢ, ɜ ɨɩɬɢɱɟɫɤɢɯ 

ɫɢɫɬɟɦɚɯ Д10, 29, 35]. 

ȼɫɟ ɷɬɢ ɪɚɛɨɬɵ ɞɚɸɬ ɫɭɳɟɫɬɜɟɧɧɭɸ ɬɟɨɪɟɬɢɱɟɫɤɭɸ ɨɫɧɨɜɭ ɞɥɹ ɪɚɡɪɚɛɨɬɨɤ ɤɨɦɩɥɟɤɫɨɜ 

ɚɩɩɚɪɚɬɭɪɵ, ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɨɜ ɜ ɤɨɬɨɪɵɯ ɛɨɥɟɟ ɜɵɫɨɤɚɹ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ ɩɟɪɟɯɨɞ ɨɬ ɩɪɨɫɬɵɯ ɫɢɝɧɚɥɨɜ ɤ ɫɢɝɧɚɥɚɦ ɫ 

ɜɧɭɬɪɢɢɦɩɭɥɶɫɧɨɣ ɦɨɞɭɥɹɰɢɟɣ: ɫɢɝɧɚɥɵ ɧɚ ɨɫɧɨɜɟ ɤɨɞɨɜ Ȼɚɪɤɟɪɚ, ɫɢɝɧɚɥɵ ɫ ɥɢɧɟɣɧɨ 

ɢɡɦɟɧɹɸɳɟɣɫɹ ɱɚɫɬɨɬɨɣ (ɅɑɆ-ɫɢɝɧɚɥɵ), ɫɢɝɧɚɥɵ ɧɚ ɨɫɧɨɜɟ Ɇ-ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ. 

Ɉɫɧɨɜɧɵɦ ɩɪɟɢɦɭɳɟɫɬɜɨɦ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ ɹɜɥɹɟɬɫɹ ɫɭɳɟɫɬɜɟɧɧɨɟ ɩɨɧɢɠɟɧɢɟ ɦɨɳɧɨɫɬɢ 

ɩɪɢ ɫɨɯɪɚɧɟɧɢɢ ɷɧɟɪɝɢɢ ɫɢɝɧɚɥɚ ɢ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɜɵɫɨɤɨɝɨ ɪɚɡɪɟɲɟɧɢɹ. Ɉɫɧɨɜɧɨɣ 

ɨɛɪɚɛɨɬɤɨɣ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ ɹɜɥɹɟɬɫɹ ɤɨɪɪɟɥɹɰɢɨɧɧɚɹ ɨɛɪɚɛɨɬɤɚ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɲɢɪɢɧɚ 

ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɮɭɧɤɰɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɞɥɢɬɟɥɶɧɨɫɬɶɸ ɨɞɧɨɣ ɩɨɡɢɰɢɢ ɜ ɫɢɝɧɚɥɚɯ ɧɚ ɨɫɧɨɜɟ 

ɤɨɞɨɜ Ȼɚɪɤɟɪɚ ɢɥɢ ɞɟɜɢɚɰɢɟɣ ɱɚɫɬɨɬɵ ɜ ɅɑɆ-ɫɢɝɧɚɥɚɯ. Ɉɞɧɚɤɨ ɜɨɩɪɨɫɵ ɨɛɪɚɛɨɬɤɢ ɫɥɨɠɧɵɯ 

ɫɢɝɧɚɥɨɜ ɧɚ ɨɫɧɨɜɟ ɩɨɥɨɠɟɧɢɣ ɬɟɨɪɢɢ ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɪɢɟɦɚ ɪɚɡɪɚɛɨɬɚɧɵ ɧɟɞɨɫɬɚɬɨɱɧɨ. 

Ɉɫɨɛɟɧɧɨ ɷɬɨ ɤɚɫɚɟɬɫɹ ɨɛɥɚɫɬɢ ɧɟɨɪɬɨɝɨɧɚɥɶɧɨɫɬɢ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ. ɗɬɨ ɹɜɥɹɟɬɫɹ 

ɩɪɨɛɥɟɦɨɣ ɜ ɪɟɲɟɧɢɢ ɡɚɞɚɱɢ ɞɚɥɶɧɟɣɲɟɝɨ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɪɚɞɢɨɬɟɯɧɢɱɟɫɤɢɯ ɤɨɦɩɥɟɤɫɨɜ 

ɚɩɩɚɪɚɬɭɪɵ. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɩɨɥɹɪɢɡɚɰɢɨɧɧɵɯ ɚɧɬɟɧɧɵɯ ɫɢɫɬɟɦ ɞɥɹ ɩɪɢɟɦɚ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ 

ɨɬɤɪɵɜɚɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɨɛɪɚɛɨɬɤɢ. Ɍɚɤ ɜɨɩɪɨɫɵ ɪɚɡɪɟɲɟɧɢɹ ɞɜɭɯ ɢɥɢ ɛɨɥɟɟ 

ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ ɦɨɝɭɬ ɛɵɬɶ ɪɟɲɟɧɵ ɧɚ ɨɫɧɨɜɟ ɢɯ ɪɚɡɥɢɱɢɣ ɩɨ ɩɨɥɹɪɢɡɚɰɢɢ. ȼ ɧɚɫɬɨɹɳɟɟ 

ɜɪɟɦɹ ɢɡɜɟɫɬɧɵ ɦɟɬɨɞɵ ɩɨɥɹɪɢɡɚɰɢɨɧɧɨɝɨ ɪɚɡɪɟɲɟɧɢɹ ɩɪɢ ɩɪɢɟɦɟ ɫɢɝɧɚɥɨɜ ɫ ɥɢɧɟɣɧɵɦɢ 

ɨɪɬɨɝɨɧɚɥɶɧɵɦɢ ɩɨɥɹɪɢɡɚɰɢɹɦɢ, ɫɭɳɟɫɬɜɭɟɬ ɫɩɨɫɨɛ ɪɚɡɞɟɥɟɧɢɹ ɰɢɪɤɭɥɹɪɧɨ-ɩɨɥɹɪɢɡɨɜɚɧɧɵɯ 

ɜɨɥɧ Д71Ж, ɨɞɧɚɤɨ ɜɨɩɪɨɫɵ ɪɚɡɪɟɲɟɧɢɹ ɫɢɝɧɚɥɨɜ ɫ ɷɥɥɢɩɬɢɱɟɫɤɢɦɢ ɨɪɬɨɝɨɧɚɥɶɧɵɦɢ 

ɩɨɥɹɪɢɡɚɰɢɹɦɢ ɬɪɟɛɭɸɬ ɫɜɨɟɝɨ ɪɟɲɟɧɢɹ. 

Ɉɫɧɨɜɧɨɣ ɰɟɥɶɸ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɡɜɢɬɢɟ ɩɨɥɨɠɟɧɢɣ ɬɟɨɪɢɢ ɢ ɦɟɬɨɞɨɜ 

ɨɛɪɚɛɨɬɤɢ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɫɢɫɬɟɦɚɦ ɪɚɞɢɨɥɨɤɚɰɢɢ. 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɵɯ ɰɟɥɟɣ ɛɵɥɢ ɪɟɲɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

1. Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ ɨɛɧɚɪɭɠɟɧɢɹ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ ɫ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ 

ɨɛɪɚɛɨɬɤɨɣ ɢ ɫ ɨɰɟɧɤɨɣ ɞɢɫɩɟɪɫɢɢ ɲɭɦɚ ɜ ɩɪɢɧɹɬɨɦ ɫɨɨɛɳɟɧɢɢ. 

2. Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ ɪɚɡɪɟɲɟɧɢɹ ɢ ɡɚɞɚɱɢ ɨɰɟɧɤɢ ɩɚɪɚɦɟɬɪɨɜ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ ɧɚ ɨɫɧɨɜɟ 

ɩɪɟɨɛɪɚɡɨɜɚɧɧɨɝɨ ɮɭɧɤɰɢɨɧɚɥɚ ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɜ ɨɛɥɚɫɬɢ ɢɯ ɧɟɨɪɬɨɝɨɧɚɥɶɧɨɫɬɢ. 
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3. Ɋɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɨɜ ɚɞɚɩɬɢɜɧɨɣ ɮɢɥɶɬɪɚɰɢɢ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ ɧɚ ɮɨɧɟ 

ɧɟɨɪɬɨɝɨɧɚɥɶɧɵɯ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɫɢɝɧɚɥɭ ɩɨɦɟɯ. 

4. Ɋɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɚ ɩɨɥɹɪɢɡɚɰɢɨɧɧɨɝɨ ɪɚɡɪɟɲɟɧɢɹ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ ɫ ɷɥɥɢɩɬɢɱɟɫɤɢɦɢ 

ɨɪɬɨɝɨɧɚɥɶɧɵɦɢ ɩɨɥɹɪɢɡɚɰɢɹɦɢ. 

5. Ɋɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɨɜ ɨɩɬɢɦɢɡɚɰɢɢ ɩɨ ɜɪɟɦɟɧɢ ɚɥɝɨɪɢɬɦɨɜ ɩɨɢɫɤɚ ɝɥɨɛɚɥɶɧɨɝɨ 

ɦɢɧɢɦɭɦɚ ɮɭɧɤɰɢɨɧɚɥɚ ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ. 

ɇɚɭɱɧɚɹ ɧɨɜɢɡɧɚ ɢ ɩɪɚɤɬɢɱɟɫɤɚɹ ɡɧɚɱɢɦɨɫɬɶ ɪɚɛɨɬɵ. ȼ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɟ 

ɚɜɬɨɪɨɦ ɩɨɥɭɱɟɧɵ ɫɥɟɞɭɸɳɢɟ ɧɨɜɵɟ ɧɚɭɱɧɵɟ ɪɟɡɭɥɶɬɚɬɵ: 

1. Ɇɟɬɨɞ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɨɛɧɚɪɭɠɟɧɢɹ ɫɥɨɠɧɨɝɨ ɫɢɝɧɚɥɚ ɫ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ 

ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɨɛɪɚɛɨɬɤɨɣ ɢ ɨɰɟɧɤɨɣ ɞɢɫɩɟɪɫɢɢ ɲɭɦɚ ɜ ɩɪɢɧɹɬɨɣ ɪɟɚɥɢɡɚɰɢɢ. 

2. Ɍɟɯɧɨɥɨɝɢɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɮɭɧɤɰɢɨɧɚɥɚ ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɞɥɹ ɪɟɲɟɧɢɹ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ 

ɡɚɞɚɱ ɪɚɞɢɨɬɟɯɧɢɤɢ ɜ ɨɛɥɚɫɬɢ ɧɟɨɪɬɨɝɨɧɚɥɶɧɨɫɬɢ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ. 

3. Ɇɟɬɨɞ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɨɰɟɧɤɢ ɩɚɪɚɦɟɬɪɨɜ ɢ ɡɚɞɚɱɢ ɪɚɡɪɟɲɟɧɢɹ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ ɧɚ 

ɨɫɧɨɜɟ ɩɪɟɨɛɪɚɡɨɜɚɧɧɨɝɨ ɮɭɧɤɰɢɨɧɚɥɚ ɩɪɚɜɞɨɩɨɞɨɛɢɹ. 

4. ɉɨɥɭɱɟɧɚ ɨɰɟɧɤɚ ɪɚɛɨɱɟɣ ɨɛɥɚɫɬɢ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɪɚɡɪɟɲɟɧɢɹ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ. Ⱦɥɹ 

ɞɜɭɯ ɫɢɝɧɚɥɨɜ ɨɧɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɞɢɚɩɚɡɨɧɨɦ ɢɡɦɟɧɟɧɢɣ ɦɨɞɭɥɹ ɤɨɷɮɮɢɰɢɟɧɬɚ 

ɤɨɪɪɟɥɹɰɢɢ ɨɬ 0 ɞɨ 0.9. 

5. Ɍɟɯɧɨɥɨɝɢɹ ɚɞɚɩɬɢɜɧɨɣ ɮɢɥɶɬɪɚɰɢɢ ɫɥɨɠɧɨɝɨ ɫɢɝɧɚɥɚ ɧɚ ɮɨɧɟ ɧɟɨɪɬɨɝɨɧɚɥɶɧɵɯ 

ɩɨɦɟɯ. 

6. Ɇɟɬɨɞ ɩɨɥɹɪɢɡɚɰɢɨɧɧɨɝɨ ɪɚɡɪɟɲɟɧɢɹ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ ɫ ɷɥɥɢɩɬɢɱɟɫɤɢɦɢ 

ɨɪɬɨɝɨɧɚɥɶɧɵɦɢ ɩɨɥɹɪɢɡɚɰɢɹɦɢ. 

7. Ɇɟɬɨɞɵ ɛɵɫɬɪɨɣ ɦɢɧɢɦɢɡɚɰɢɢ ɮɭɧɤɰɢɨɧɚɥɨɜ ɩɪɚɜɞɨɩɨɞɨɛɢɹ, ɫɭɳɟɫɬɜɟɧɧɨ 

ɭɜɟɥɢɱɢɜɚɸɳɢɟ ɛɵɫɬɪɨɞɟɣɫɬɜɢɟ ɩɪɟɞɥɨɠɟɧɧɵɯ ɚɥɝɨɪɢɬɦɨɜ. 

ɉɪɚɤɬɢɱɟɫɤɭɸ ɰɟɧɧɨɫɬɶ ɪɚɛɨɬɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɪɚɡɪɚɛɨɬɚɧɧɵɟ ɦɟɬɨɞɵ, ɚɥɝɨɪɢɬɦɵ ɢ 

ɬɟɯɧɨɥɨɝɢɢ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɪɚɞɢɨɬɟɯɧɢɤɢ. Ɉɫɧɨɜɧɵɦɢ ɹɜɥɹɸɬɫɹ ɫɥɟɞɭɸɳɢɟ. 

1. Ɍɟɯɧɨɥɨɝɢɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɮɭɧɤɰɢɨɧɚɥɚ ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱ 

ɪɚɡɪɟɲɟɧɢɹ ɢ ɨɰɟɧɤɢ ɩɚɪɚɦɟɬɪɨɜ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ ɜ ɨɛɥɚɫɬɢ ɢɯ ɧɟɨɪɬɨɝɨɧɚɥɶɧɨɫɬɢ. 

2. Ɇɟɬɨɞ ɚɞɚɩɬɢɜɧɨɣ ɮɢɥɶɬɪɚɰɢɢ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ ɧɚ ɮɨɧɟ ɢɦɩɭɥɶɫɧɵɯ ɢ 

ɫɨɫɪɟɞɨɬɨɱɟɧɧɵɯ ɩɨɦɟɯ. 

3. Ɇɟɬɨɞ ɩɨɥɹɪɢɡɚɰɢɨɧɧɨɝɨ ɪɚɡɞɟɥɟɧɢɹ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ ɫ ɷɥɥɢɩɬɢɱɟɫɤɢɦɢ 

ɨɪɬɨɝɨɧɚɥɶɧɵɦɢ ɩɨɥɹɪɢɡɚɰɢɹɦɢ; 

4. Ȼɵɫɬɪɵɟ ɚɥɝɨɪɢɬɦɵ ɩɨɢɫɤɚ ɦɢɧɢɦɭɦɚ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɟɨɛɪɚɡɨɜɚɧɧɵɯ ɮɭɧɤɰɢɨɧɚɥɨɜ 

ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ. 

5. Ɇɟɬɨɞ ɨɰɟɧɤɢ ɞɢɫɩɟɪɫɢɢ ɲɭɦɚ ɜ ɩɪɢɧɹɬɨɦ ɫɨɨɛɳɟɧɢɢ. 

6. Ɇɟɬɨɞ ɨɰɟɧɤɢ ɪɚɛɨɱɟɣ ɨɛɥɚɫɬɢ ɩɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱɢ ɪɚɡɪɟɲɟɧɢɹ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ. 
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ɉɨɥɨɠɟɧɢɹ, ɜɵɧɨɫɢɦɵɟ ɧɚ ɡɚɳɢɬɭ: 

1. Ɍɟɯɧɨɥɨɝɢɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɨɰɟɧɤɢ ɩɚɪɚɦɟɬɪɨɜ ɢ ɡɚɞɚɱɢ ɪɚɡɪɟɲɟɧɢɹ ɞɜɭɯ ɢɥɢ ɛɨɥɟɟ 

ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ ɜ ɨɛɥɚɫɬɢ ɢɯ ɧɟɨɪɬɨɝɨɧɚɥɶɧɨɫɬɢ. 

2. Ɍɟɯɧɨɥɨɝɢɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɮɢɥɶɬɪɚɰɢɢ ɫɥɨɠɧɨɝɨ ɫɢɝɧɚɥɚ ɧɚ ɮɨɧɟ ɧɟɨɪɬɨɝɨɧɚɥɶɧɨɣ ɩɨ 

ɨɬɧɨɲɟɧɢɸ ɤ ɫɢɝɧɚɥɭ ɩɨɦɟɯɢ. 

3. Ɇɟɬɨɞ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɨɛɧɚɪɭɠɟɧɢɹ ɫɥɨɠɧɨɝɨ ɫɢɝɧɚɥɚ ɫ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ 

ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɨɛɪɚɛɨɬɤɨɣ ɢ ɨɰɟɧɤɨɣ ɞɢɫɩɟɪɫɢɢ ɲɭɦɚ ɜ ɩɪɢɧɹɬɨɣ ɪɟɚɥɢɡɚɰɢɢ. 

4. Ɇɟɬɨɞ ɩɨɥɹɪɢɡɚɰɢɨɧɧɨɝɨ ɪɚɡɪɟɲɟɧɢɹ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ ɫ ɷɥɥɢɩɬɢɱɟɫɤɢɦɢ 

ɨɪɬɨɝɨɧɚɥɶɧɵɦɢ ɩɨɥɹɪɢɡɚɰɢɹɦɢ. 

5. Ɇɟɬɨɞɵ ɨɩɬɢɦɢɡɚɰɢɢ ɚɥɝɨɪɢɬɦɨɜ ɩɨɢɫɤɚ ɷɤɫɬɪɟɦɭɦɚ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɟɨɛɪɚɡɨɜɚɧɧɨɝɨ 

ɮɭɧɤɰɢɨɧɚɥɚ ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɩɨ ɜɪɟɦɟɧɢ ɪɚɛɨɬɵ. 

6. Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɬɟɧɰɢɚɥɶɧɵɯ ɜɨɡɦɨɠɧɨɫɬɟɣ ɪɚɡɪɚɛɨɬɚɧɧɵɯ 

ɦɟɬɨɞɨɜ ɨɛɪɚɛɨɬɤɢ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ. 

7. Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɞɨɫɬɢɠɢɦɵɯ ɜɨɡɦɨɠɧɨɫɬɟɣ 

ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɦɟɬɨɞɨɜ ɨɛɪɚɛɨɬɤɢ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ. 

ɋɬɟɩɟɧɶ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɢ ɚɩɪɨɛɚɰɢɹ ɪɟɡɭɥɶɬɚɬɨɜ. Ⱦɨɫɬɨɜɟɪɧɨɫɬɶ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ 

ɞɢɫɫɟɪɬɚɰɢɢ ɪɟɡɭɥɶɬɚɬɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɨɪɪɟɤɬɧɵɦ ɩɪɢɦɟɧɟɧɢɟɦ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ, 

ɫɯɨɞɢɦɨɫɬɶɸ ɨɫɧɨɜɧɵɯ ɜɵɪɚɠɟɧɢɣ, ɩɨɥɭɱɟɧɧɵɯ ɞɥɹ ɨɛɥɚɫɬɢ ɧɟɨɪɬɨɝɨɧɚɥɶɧɨɫɬɢ ɫɥɨɠɧɵɯ 

ɫɢɝɧɚɥɨɜ, ɤ ɱɚɫɬɧɨɦɭ ɫɥɭɱɚɸ ɨɛɪɚɛɨɬɤɢ ɨɪɬɨɝɨɧɚɥɶɧɵɯ ɫɢɝɧɚɥɨɜ, ɩɨɞɬɜɟɪɠɞɟɧɢɟɦ ɨɫɧɨɜɧɵɯ 

ɩɨɥɨɠɟɧɢɣ ɬɟɨɪɢɢ ɪɟɡɭɥɶɬɚɬɚɦɢ ɦɨɞɟɥɶɧɵɯ ɪɚɫɱɟɬɨɜ, ɩɨɞɬɜɟɪɠɞɟɧɢɟɦ ɨɫɧɨɜɧɵɯ ɩɨɥɨɠɟɧɢɣ 

ɬɟɨɪɢɢ ɪɟɡɭɥɶɬɚɬɚɦɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɪɢɡɧɚɧɵ 

ɧɚɭɱɧɨɣ ɨɛɳɟɫɬɜɟɧɧɨɫɬɶɸ ɩɪɢ ɨɛɫɭɠɞɟɧɢɹɯ ɧɚ ɦɟɠɞɭɧɚɪɨɞɧɵɯ ɧɚɭɱɧɵɯ ɤɨɧɮɟɪɟɧɰɢɹɯ ɢ 

ɩɨɞɬɜɟɪɠɞɟɧɵ ɩɨɥɨɠɢɬɟɥɶɧɵɦɢ ɪɟɰɟɧɡɢɹɦɢ ɨɩɭɛɥɢɤɨɜɚɧɧɵɯ ɫɬɚɬɟɣ ɜ ɧɚɭɱɧɵɯ ɠɭɪɧɚɥɚɯ. 

Ɉɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢɹ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɞɨɤɥɚɞɵɜɚɥɢɫɶ ɢ ɨɛɫɭɠɞɚɥɢɫɶ ɧɚ БII, 

БIII ɢ БIV ɧɚɭɱɧɨ–ɩɪɚɤɬɢɱɟɫɤɢɯ ɤɨɧɮɟɪɟɧɰɢɹɯ «Ɇɟɠɜɭɡɨɜɫɤɚɹ ɧɚɭɱɧɨ–ɬɟɯɧɢɱɟɫɤɚɹ 

ɤɨɧɮɟɪɟɧɰɢɹ ɚɫɩɢɪɚɧɬɨɜ, ɞɨɤɬɨɪɚɧɬɨɜ, ɫɨɢɫɤɚɬɟɥɟɣ ɢ ɦɚɝɢɫɬɪɨɜ» (Ʉɚɥɢɧɢɧɝɪɚɞ, ȻȽȺɊɎ, 2012 

– 2014); БV, БVI, БVII, БVIII ɦɟɠɞɭɧɚɪɨɞɧɵɯ ɤɨɧɮɟɪɟɧɰɢɹɯ «ɐɢɮɪɨɜɚɹ ɨɛɪɚɛɨɬɤɚ ɫɢɝɧɚɥɨɜ 

ɢ ɟɟ ɩɪɢɦɟɧɟɧɢɟ (DSPA)» (Ɇɨɫɤɜɚ, 2013 – 2016); БIБ, ББ, ББI ɧɚɭɱɧɨ–ɬɟɯɧɢɱɟɫɤɢɯ 

ɤɨɧɮɟɪɟɧɰɢɹɯ «Ɋɚɞɢɨɥɨɤɚɰɢɹ, ɧɚɜɢɝɚɰɢɹ, ɫɜɹɡɶ», (ȼɨɪɨɧɟɠ, 2013 – 2015). 

ɉɭɛɥɢɤɚɰɢɢ. ɉɨ ɦɚɬɟɪɢɚɥɚɦ ɞɢɫɫɟɪɬɚɰɢɢ ɨɩɭɛɥɢɤɨɜɚɧɨ 26 ɧɚɭɱɧɵɯ ɪɚɛɨɬ, ɢɡ ɧɢɯ 5 

ɫɬɚɬɟɣ ɜ ɠɭɪɧɚɥɚɯ, ɜɯɨɞɹɳɢɯ ɜ ɉɟɪɟɱɟɧɶ ɪɨɫɫɢɣɫɤɢɯ ɪɟɰɟɧɡɢɪɭɟɦɵɯ ɢɡɞɚɧɢɣ, 

ɪɟɤɨɦɟɧɞɨɜɚɧɧɵɯ ȼȺɄ Ɇɢɧɨɛɪɚɡɨɜɚɧɢɹ ɢ ɧɚɭɤɢ ɊɎ, 4 ɫɜɢɞɟɬɟɥɶɫɬɜɚ ɨɛ ɨɮɢɰɢɚɥɶɧɨɣ 

ɪɟɝɢɫɬɪɚɰɢɢ ɩɪɨɝɪɚɦɦ ɞɥɹ ɗȼɆ, 13 ɪɚɛɨɬ ɜ ɬɪɭɞɚɯ ɦɟɠɞɭɧɚɪɨɞɧɵɯ ɤɨɧɮɟɪɟɧɰɢɣ ɢ 4 ɪɚɛɨɬɵ 

ɧɚ ɤɨɧɮɟɪɟɧɰɢɹɯ ɦɟɫɬɧɨɝɨ ɭɪɨɜɧɹ. Ɉɛɳɢɣ ɨɛɴɟɦ, ɨɩɭɛɥɢɤɨɜɚɧɧɵɯ ɩɨ ɬɟɦɟ ɞɢɫɫɟɪɬɚɰɢɢ 

ɪɚɛɨɬ, ɫɨɫɬɚɜɢɥ ɨɤɨɥɨ 150 ɦɩ. ɫɬɪɚɧɢɰ. 
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Ʌɢɱɧɵɣ ɜɤɥɚɞ. Ⱥɜɬɨɪ ɩɪɢɧɢɦɚɥ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɭɱɚɫɬɢɟ ɜ ɩɪɨɪɚɛɨɬɤɟ ɬɟɨɪɟɬɢɱɟɫɤɢɯ 

ɩɨɥɨɠɟɧɢɣ, ɪɚɡɪɚɛɨɬɤɟ ɚɥɝɨɪɢɬɦɨɜ ɰɢɮɪɨɜɨɣ ɨɛɪɚɛɨɬɤɢ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ, ɩɪɨɜɟɞɟɧɢɢ ɢɯ 

ɧɚɬɭɪɧɵɯ ɢ ɦɨɞɟɥɶɧɵɯ ɢɫɩɵɬɚɧɢɣ. 

1. ɉɨɫɬɚɧɨɜɤɚ ɪɟɲɚɟɦɵɯ ɡɚɞɚɱ ɨɩɪɟɞɟɥɹɥɚɫɶ ɫɨɜɦɟɫɬɧɨ ɧɚɭɱɧɵɦ ɪɭɤɨɜɨɞɢɬɟɥɟɦ ɢ 

ɫɨɢɫɤɚɬɟɥɟɦ. 

2. ɉɨɥɭɱɚɟɦɵɟ ɬɟɨɪɟɬɢɱɟɫɤɢɟ, ɦɨɞɟɥɶɧɵɟ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɨɛɫɭɠɞɚɥɢɫɶ 

ɫɨɢɫɤɚɬɟɥɟɦ ɫɨɜɦɟɫɬɧɨ ɫ ɧɚɭɱɧɵɦ ɪɭɤɨɜɨɞɢɬɟɥɟɦ. 

3. ȼɵɜɨɞ ɨɫɧɨɜɧɵɯ ɜɵɪɚɠɟɧɢɣ, ɩɪɨɜɟɞɟɧɢɟ ɦɨɞɟɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɩɪɨɜɟɞɟɧɢɟ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɨɜɨɞɢɥɢɫɶ ɫɨɢɫɤɚɬɟɥɟɦ. 

4. ɋɨɢɫɤɚɬɟɥɟɦ ɩɪɟɞɥɨɠɟɧɵ ɢ ɪɟɚɥɢɡɨɜɚɧɵ ɦɟɬɨɞɵ ɨɩɬɢɦɢɡɚɰɢɢ ɚɥɝɨɪɢɬɦɨɜ ɩɨɢɫɤɚ 

ɷɤɫɬɪɟɦɭɦɚ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɟɨɛɪɚɡɨɜɚɧɧɨɝɨ ɮɭɧɤɰɢɨɧɚɥɚ ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɩɨ ɜɪɟɦɟɧɢ 

ɪɚɛɨɬɵ, ɚɞɚɩɬɢɜɧɨɣ ɮɢɥɶɬɪɚɰɢɢ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ ɧɚ ɮɨɧɟ ɧɟɨɪɬɨɝɨɧɚɥɶɧɵɯ ɩɨ 

ɨɬɧɨɲɟɧɢɸ ɤ ɫɢɝɧɚɥɭ ɩɨɦɟɯ. 

5. ɉɨɞɝɨɬɨɜɤɚ ɢ ɩɭɛɥɢɤɚɰɢɹ ɧɚɭɱɧɵɯ ɪɚɛɨɬ ɩɪɨɜɨɞɢɥɚɫɶ ɫɨɢɫɤɚɬɟɥɟɦ. 

ɋɬɪɭɤɬɭɪɚ ɞɢɫɫɟɪɬɚɰɢɢ. Ⱦɢɫɫɟɪɬɚɰɢɹ ɫɨɫɬɨɢɬ ɢɡ ɜɜɟɞɟɧɢɹ, ɬɪɟɯ ɝɥɚɜ, ɡɚɤɥɸɱɟɧɢɹ, 

ɫɩɢɫɤɚ ɢɫɩɨɥɶɡɭɟɦɨɣ ɥɢɬɟɪɚɬɭɪɵ ɢ ɨɞɧɨɝɨ ɩɪɢɥɨɠɟɧɢɹ. Ɋɚɛɨɬɚ ɢɡɥɨɠɟɧɚ ɧɚ 160 ɫɬɪɚɧɢɰɚɯ ɢ 

ɜɤɥɸɱɚɟɬ 6 ɬɚɛɥɢɰ ɢ 125 ɪɢɫɭɧɤɨɜ. 

ȼɨ ɜɜɟɞɟɧɢɢ ɪɚɫɤɪɵɜɚɟɬɫɹ ɚɤɬɭɚɥɶɧɨɫɬɶ ɜɵɛɪɚɧɧɨɣ ɬɟɦɵ, ɨɩɪɟɞɟɥɹɸɬɫɹ ɰɟɥɢ, ɡɚɞɚɱɢ, 

ɪɚɫɤɪɵɜɚɟɬɫɹ ɧɚɭɱɧɚɹ ɧɨɜɢɡɧɚ, ɬɟɨɪɟɬɢɱɟɫɤɚɹ ɢ ɩɪɚɤɬɢɱɟɫɤɚɹ ɡɧɚɱɢɦɨɫɬɶ ɢ ɮɨɪɦɭɥɢɪɭɸɬɫɹ 

ɨɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢɹ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ, ɜɵɧɨɫɢɦɵɟ ɧɚ ɡɚɳɢɬɭ. 

ɉɟɪɜɚɹ ɝɥɚɜɚ ɫɨɫɬɨɢɬ ɢɡ 10 ɩɚɪɚɝɪɚɮɨɜ, ɜ ɧɟɣ ɢɡɥɨɠɟɧɵ ɜɨɩɪɨɫɵ, ɤɚɫɚɸɳɢɟɫɹ ɪɚɡɜɢɬɢɹ 

ɬɟɨɪɢɢ ɢ ɦɟɬɨɞɨɜ ɨɛɪɚɛɨɬɤɢ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ (ɫɢɝɧɚɥɵ ɧɚ ɨɫɧɨɜɟ Ɇ – ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ, 

ɫɢɝɧɚɥɵ ɫ ɥɢɧɟɣɧɨ ɦɟɧɹɸɳɟɣɫɹ ɱɚɫɬɨɬɨɣ (ɅɑɆ – ɫɢɝɧɚɥɵ), ɫɢɝɧɚɥɵ ɧɚ ɨɫɧɨɜɟ ɤɨɞɨɜ 

Ȼɚɪɤɟɪɚ). Ɋɚɫɫɦɨɬɪɟɧɵ ɫɥɟɞɭɸɳɢɟ ɜɨɩɪɨɫɵ: ɨɛɧɚɪɭɠɟɧɢɟ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ, ɨɰɟɧɤɚ 

ɩɚɪɚɦɟɬɪɨɜ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ ɜ ɨɛɥɚɫɬɢ ɢɯ ɧɟɨɪɬɨɝɨɧɚɥɶɧɨɫɬɢ, ɚɞɚɩɬɢɜɧɚɹ ɮɢɥɶɬɪɚɰɢɹ ɧɚ 

ɮɨɧɟ ɧɟɨɪɬɨɝɨɧɚɥɶɧɵɯ ɩɨɦɟɯ, ɩɨɥɹɪɢɡɚɰɢɨɧɧɨɟ ɪɚɡɪɟɲɟɧɢɟ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ. Ɍɚɤ ɠɟ 

ɪɚɫɫɦɨɬɪɟɧɵ ɜɨɩɪɨɫɵ ɛɵɫɬɪɨɞɟɣɫɬɜɢɹ ɩɨɥɭɱɚɟɦɵɯ ɚɥɝɨɪɢɬɦɨɜ ɢ ɫɩɨɫɨɛɵ ɭɫɤɨɪɟɧɢɹ ɫɱɟɬɚ. 

ȼɬɨɪɚɹ ɝɥɚɜɚ ɫɨɫɬɨɢɬ ɢɡ 8 ɩɚɪɚɝɪɚɮɨɜ, ɜ ɧɟɣ ɩɪɟɞɫɬɚɜɥɟɧɵ ɨɫɧɨɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ 

ɦɨɞɟɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɨɡɦɨɠɧɨɫɬɟɣ ɚɥɝɨɪɢɬɦɨɜ ɨɛɪɚɛɨɬɤɢ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ, 

ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɜ ɩɟɪɜɨɣ ɝɥɚɜɟ. 

Ɍɪɟɬɶɹ ɝɥɚɜɚ ɫɨɫɬɨɢɬ ɢɡ 4 ɩɚɪɚɝɪɚɮɨɜ, ɜ ɧɟɣ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɨɡɦɨɠɧɨɫɬɟɣ ɨɛɪɚɛɨɬɤɢ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ ɩɨ 

ɩɪɟɞɥɚɝɚɟɦɨɣ ɬɟɯɧɨɥɨɝɢɢ. 

ȼ ɡɚɤɥɸɱɟɧɢɢ ɫɮɨɪɦɭɥɢɪɨɜɚɧɵ ɨɫɧɨɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ. 
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ȼ ɩɪɢɥɨɠɟɧɢɢ ɨɩɢɫɵɜɚɟɬɫɹ ɪɚɡɪɚɛɨɬɚɧɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɪɚɡɞɟɥɟɧɢɹ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ ɜ 

ɨɛɥɚɫɬɢ ɧɟɨɪɬɨɝɨɧɚɥɶɧɨɫɬɢ ɧɚ ɨɫɧɨɜɟ ɉɅɂɋ, ɮɭɧɤɰɢɨɧɢɪɭɸɳɟɟ ɧɚ ɨɫɧɨɜɟ ɚɥɝɨɪɢɬɦɚ 

ɫɜɟɪɯɪɚɡɪɟɲɟɧɢɹ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɜ ɞɢɫɫɟɪɬɚɰɢɢ. 
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Ƚɥɚɜɚ1. Ɍɟɨɪɟɬɢɱɟɫɤɢɟ ɨɫɧɨɜɵ ɨɩɬɢɦɚɥɶɧɨɣ ɨɛɪɚɛɨɬɤɢ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ 

 

§1.1. ɉɪɟɞɫɬɚɜɥɟɧɢɟ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ ɜ ɥɢɧɟɣɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ 

 

Ʌɢɧɟɣɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ ɫɢɝɧɚɥɨɜ Д4Ж ɩɨɡɜɨɥɹɟɬ ɫ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ 

ɩɪɟɞɫɬɚɜɢɬɶ ɩɪɨɰɟɫɫ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɨɜ ɢ, ɜ ɤɨɧɟɱɧɨɦ ɫɱɟɬɟ, ɫɨɡɞɚɜɚɬɶ ɭɧɢɮɢɰɢɪɨɜɚɧɧɵɟ 

ɚɥɝɨɪɢɬɦɵ ɨɛɪɚɛɨɬɤɢ. 

Ɋɚɫɫɦɨɬɪɢɦ ɨɫɧɨɜɧɵɟ ɷɥɟɦɟɧɬɵ ɨɛɪɚɛɨɬɤɢ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ. Ɍɟɪɦɢɧ «ɫɥɨɠɧɵɟ 

ɫɢɝɧɚɥɵ» ɨɩɪɟɞɟɥɹɟɬ ɫɢɝɧɚɥɵ ɫ ɛɨɥɶɲɨɣ ɱɚɫɬɨɬɧɨɣ ɢɥɢ ɜɪɟɦɟɧɧɨɣ ɛɚɡɨɣ: ɫɢɝɧɚɥɵ ɧɚ ɨɫɧɨɜɟ 

ɤɨɞɨɜ Ȼɚɪɤɟɪɚ, ɫɢɝɧɚɥɵ ɫ ɥɢɧɟɣɧɨ ɢɡɦɟɧɹɸɳɟɣɫɹ ɱɚɫɬɨɬɨɣ (ɅɑɆ-ɫɢɝɧɚɥɵ), ɫɢɝɧɚɥɵ ɧɚ 

ɨɫɧɨɜɟ Ɇ-ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ. 

Ɂɚɩɢɲɟɦ ɫɥɨɠɧɵɣ ɫɢɝɧɚɥ ɜ ɨɛɳɟɦ ɜɢɞɟ 

     0 0

0 0
ˆ ˆ,

i t t
S t U e t t

   , (1.1.1) 

ɝɞɟ 0Û  – ɤɨɦɩɥɟɤɫɧɚɹ ɚɦɩɥɢɬɭɞɚ ɫɢɝɧɚɥɚ, 0  – ɤɪɭɝɨɜɚɹ ɱɚɫɬɨɬɚ, 0t  – ɜɪɟɦɹ ɩɪɢɯɨɞɚ ɫɢɝɧɚɥɚ, 

 0t t   – ɦɨɞɭɥɢɪɭɸɳɚɹ ɮɭɧɤɰɢɹ,   – ɜɟɤɬɨɪ ɩɚɪɚɦɟɬɪɨɜ ɫɢɝɧɚɥɚ (ɜɤɥɸɱɚɟɬ ɩɚɪɚɦɟɬɪɵ 0Û , 

0  ɢ 0t ). Ɂɞɟɫɶ ɢ ɞɚɥɟɟ ɞɥɢɬɟɥɶɧɨɫɬɶ ɫɥɨɠɧɨɝɨ ɫɢɝɧɚɥɚ ɛɭɞɟɬ ɩɪɢɧɹɬɚ ɪɚɜɧɨɣ T  (ɬɚɤɠɟ 

ɜɤɥɸɱɚɟɬɫɹ ɜ  ). ɋɢɦɜɨɥ «ˆ» ɭɤɚɡɵɜɚɟɬ ɧɚ ɤɨɦɩɥɟɤɫɧɨɫɬɶ ɫɢɝɧɚɥɨɜ ɢ ɩɚɪɚɦɟɬɪɨɜ. 

Ⱦɥɹ ɫɢɝɧɚɥɨɜ ɧɚ ɨɫɧɨɜɟ Ɇ-ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ (ɤɨɞɨɜ Ȼɚɪɤɟɪɚ) ɦɨɞɭɥɢɪɭɸɳɚɹ 

ɮɭɧɤɰɢɹ  0t t   ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɨɜɨɤɭɩɧɨɫɬɶ ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɢ ɨɬɪɢɰɚɬɟɥɶɧɵɯ 

ɜɢɞɟɨɢɦɩɭɥɶɫɨɜ ɟɞɢɧɢɱɧɨɣ ɚɦɩɥɢɬɭɞɵ ɫ ɞɥɢɬɟɥɶɧɨɫɬɶɸ ɉ  ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɨɞɨɜɨɣ 

ɤɨɦɛɢɧɚɰɢɟɣ (ɬɚɛɥɢɰɟɣ ɤɨɞɨɜ Ȼɚɪɤɟɪɚ). Ⱦɥɹ ɅɑɆ-ɫɢɝɧɚɥɨɜ ɦɨɞɭɥɢɪɭɸɳɚɹ ɮɭɧɤɰɢɹ 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɡɚɜɢɫɢɦɨɫɬɶ 

   2

0

0

iA t t
t t e   , (1.1.2) 

ɝɞɟ  0

2

ɤ
A

T

 
 , ɤ  – ɤɨɧɟɱɧɚɹ ɤɪɭɝɨɜɚɹ ɱɚɫɬɨɬɚ, 0  – ɧɚɱɚɥɶɧɚɹ ɤɪɭɝɨɜɚɹ ɱɚɫɬɨɬɚ. 

ɉɪɢ ɢɧɬɟɝɪɢɪɨɜɚɧɢɢ ɩɨ ɜɪɟɦɟɧɢ ɤɜɚɞɪɚɬɚ ɦɨɞɭɥɹ ɫɢɝɧɚɥɚ (1.1.1) ɜɪɟɦɟɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ 

ɢɫɱɟɡɚɟɬ, ɨɫɬɚɟɬɫɹ ɡɚɜɢɫɢɦɨɫɬɶ ɬɨɥɶɤɨ ɨɬ ɜɟɤɬɨɪɚ ɩɚɪɚɦɟɬɪɨɜ  , ɱɬɨ ɢ ɨɬɪɚɠɚɟɬ ɜɵɪɚɠɟɧɢɟ 

ɞɥɹ ɷɧɟɪɝɢɢ ɫɢɝɧɚɥɚ (1.1.3). 

       0 0

2 2
2

0 0 0

0 0

ˆ ˆ ˆ,

T T
i t t

E S t dt U e t t dt U T
       , (1.1.3) 

ɝɞɟ ɭɱɬɟɧɨ ɱɬɨ   2

1t  . 
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Ʉɜɚɞɪɚɬɧɵɣ ɤɨɪɟɧɶ ɢɡ ɷɧɟɪɝɢɢ ɫɢɝɧɚɥɚ ɨɩɪɟɞɟɥɹɟɬ ɧɨɪɦɭ ɜ ɥɢɧɟɣɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ 

ɫɢɝɧɚɥɨɜ 

   ˆ ,S t E  . (1.1.4) 

ɇɨɪɦɚ ɫɢɝɧɚɥɚ ɨɩɪɟɞɟɥɹɟɬ ɞɥɢɧɭ ɜɟɤɬɨɪɚ ɫɢɝɧɚɥɚ  S   ɜ ɥɢɧɟɣɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ. ȼ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɚɪɚɦɟɬɪɨɜ   ɷɬɨɬ ɜɟɤɬɨɪ ɦɨɠɟɬ ɢɡɦɟɧɹɬɶ ɫɜɨɸ ɞɥɢɧɭ ɢ ɧɚɩɪɚɜɥɟɧɢɟ ɜ ɷɬɨɦ 

ɩɪɨɫɬɪɚɧɫɬɜɟ. ɗɧɟɪɝɟɬɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɫɢɝɧɚɥɚ  S   ɬɚɤɢɟ ɤɚɤ ɚɦɩɥɢɬɭɞɚ ɢ ɞɥɢɬɟɥɶɧɨɫɬɶ 

ɭɜɟɥɢɱɢɜɚɸɬ ɷɧɟɪɝɢɸ ɫɢɝɧɚɥɚ, ɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ ɞɥɢɧɭ ɜɟɤɬɨɪɚ ɫɢɝɧɚɥɚ. ɇɟɷɧɟɪɝɟɬɢɱɟɫɤɢɟ 

ɩɚɪɚɦɟɬɪɵ ɫɢɝɧɚɥɚ, ɬɚɤɢɟ ɤɚɤ ɱɚɫɬɨɬɚ, ɜɪɟɦɹ ɩɪɢɯɨɞɚ ɢ ɧɚɱɚɥɶɧɚɹ ɮɚɡɚ ɦɟɧɹɸɬ ɧɚɩɪɚɜɥɟɧɢɟ 

ɜɟɤɬɨɪɚ ɫɢɝɧɚɥɚ  S   ɜ ɥɢɧɟɣɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ. ɍɝɥɨɜɨɟ ɪɚɡɥɢɱɢɟ   ɞɜɭɯ ɜɟɤɬɨɪɨɜ 

ɫɢɝɧɚɥɨɜ  1S   ɢ  2S   ɨɩɪɟɞɟɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɫɤɚɥɹɪɧɨɝɨ ɩɪɨɢɡɜɟɞɟɧɢɹ (1.1.5) («*» – 

ɨɩɟɪɚɬɨɪ ɤɨɦɩɥɟɤɫɧɨɝɨ ɫɨɩɪɹɠɟɧɢɹ) 

      
     

*

1 1 2 2

*

1 1 2 2

ˆ ˆ,
ˆ

ˆ ˆ
i

S S
e R

S S

 
 


 

    


. (1.1.5) 

ȼ ɪɚɞɢɨɬɟɯɧɢɤɟ Д4] ɜɵɪɚɠɟɧɢɟ (1.1.5) ɨɩɪɟɞɟɥɟɧɨ ɤɚɤ ɤɨɪɪɟɥɹɰɢɨɧɧɚɹ ɮɭɧɤɰɢɹ ɦɟɠɞɭ 

ɞɜɭɦɹ ɫɢɝɧɚɥɚɦɢ 
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. (1.1.6) 

ȿɫɥɢ ɫɢɝɧɚɥɵ ɩɨɞɨɛɧɵ ɢ ɢɡɦɟɧɹɟɦɵɦ ɩɚɪɚɦɟɬɪɨɦ ɹɜɥɹɟɬɫɹ ɱɚɫɬɨɬɚ, ɬɨɝɞɚ 

ɤɨɪɪɟɥɹɰɢɨɧɧɚɹ ɮɭɧɤɰɢɹ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ (1.1.5) ɢɥɢ (1.1.6) ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɨɝɥɚɫɧɨ 

ɜɵɪɚɠɟɧɢɸ (1.1.7). Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, 
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, (1.1.7) 

ɝɞɟ 1 2      – ɪɚɡɧɨɫɬɶ ɧɚɱɚɥɶɧɵɯ ɮɚɡ, 1 2      – ɪɚɡɧɨɫɬɶ ɱɚɫɬɨɬ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ. 

ȼ ɥɢɧɟɣɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫɢɝɧɚɥɨɜ ɚɥɝɨɪɢɬɦ ɨɛɪɚɛɨɬɤɢ ɜ ɱɚɫɬɨɬɧɨɣ ɨɛɥɚɫɬɢ (1.1.7) 

ɦɨɠɧɨ ɩɨɹɫɧɢɬɶ ɫ ɩɨɦɨɳɶɸ ɪɢɫɭɧɤɚ 1.1.1. 
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Ɋɢɫɭɧɨɤ 1.1.1 – ɂɥɥɸɫɬɪɚɰɢɹ ɚɥɝɨɪɢɬɦɚ ɨɛɪɚɛɨɬɤɢ (1.1.7) 

 

ɇɚ ɪɢɫɭɧɤɟ 1.1.1 ɩɨɤɚɡɚɧ ɜɟɤɬɨɪ ɫɢɝɧɚɥɚ  1S  , ɩɨɥɨɠɟɧɢɟ ɤɨɬɨɪɨɝɨ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɱɚɫɬɨɬɨɣ 1 . ȼɬɨɪɨɣ ɜɟɤɬɨɪ  1S     ɨɩɪɟɞɟɥɹɟɬɫɹ ɱɚɫɬɨɬɨɣ, ɨɬɥɢɱɧɨɣ ɨɬ ɱɚɫɬɨɬɵ ɩɟɪɜɨɝɨ 

ɫɢɝɧɚɥɚ ɧɚ  . ȿɫɥɢ 2

T

   , ɬɨɝɞɚ ɫɢɝɧɚɥɵ  1S   ɢ  1S     ɹɜɥɹɸɬɫɹ 

ɨɪɬɨɝɨɧɚɥɶɧɵɦɢ, ɭɝɨɥ 90    ɢ  ˆ 0R   . ɉɪɢ ɢɡɦɟɧɟɧɢɢ   ɨɬ 2

T

   ɞɨ 2

T

    

ɜɟɤɬɨɪ  1S     ɩɨɜɨɪɚɱɢɜɚɟɬɫɹ ɢ ɩɪɢ 0   ɡɚɧɢɦɚɟɬ ɩɨɥɨɠɟɧɢɟ ɫɨɜɩɚɞɚɸɳɟɟ ɫ 

ɧɚɩɪɚɜɥɟɧɢɟɦ ɜɟɤɬɨɪɚ  1S  . ȼ ɷɬɨɦ ɫɥɭɱɚɟ 0   ɢ  ˆ 1R   . ȼɫɥɟɞɫɬɜɢɟ ɧɨɪɦɢɪɨɜɤɢ, 

ɚɦɩɥɢɬɭɞɵ ɜɟɤɬɨɪɨɜ  1S   ɢ  1S     ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɪɚɜɧɵɦɢ ɟɞɢɧɢɰɟ. ɇɚɱɚɥɶɧɵɟ ɮɚɡɵ 

ɜɟɤɬɨɪɨɜ ɨɞɢɧɚɤɨɜɵ, ɬ.ɟ. 0  . 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɛɪɚɛɨɬɤɚ ɫɥɨɠɧɨɝɨ ɫɢɝɧɚɥɚ ɜ ɱɚɫɬɨɬɧɨɣ ɨɛɥɚɫɬɢ (1.1.7) ɜ ɩɪɟɞɫɬɚɜɥɟɧɢɢ 

ɥɢɧɟɣɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɫɢɝɧɚɥɨɜ ɡɚɤɥɸɱɚɟɬɫɹ ɜɨ ɜɪɚɳɟɧɢɢ ɤɨɩɢɢ ɫɢɝɧɚɥɚ ɫ ɟɞɢɧɢɱɧɨɣ 

ɚɦɩɥɢɬɭɞɨɣ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɢɝɧɚɥɚ  1S   ɢ ɜɵɱɢɫɥɟɧɢɢ ɭɝɥɨɜɨɣ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ 

ɨɬ  :  R̂   ɢɥɢ   cos   . 

ȿɫɥɢ ɫɢɝɧɚɥɵ ɩɨɞɨɛɧɵ ɢ ɢɡɦɟɧɹɟɦɵɦ ɩɚɪɚɦɟɬɪɨɦ ɹɜɥɹɟɬɫɹ ɜɪɟɦɹ ɩɪɢɯɨɞɚ, ɬɨɝɞɚ 

ɤɨɪɪɟɥɹɰɢɨɧɧɵɟ ɮɭɧɤɰɢɢ (1.1.5) ɢɥɢ (1.1.6) ɨɩɪɟɞɟɥɹɸɬ ɢɡɜɟɫɬɧɭɸ ɮɭɧɤɰɢɸ ɤɨɪɪɟɥɹɰɢɢ. 

Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, 

 

       

       

1

1 2

2

1 2

1 2
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, (1.1.8) 

ɝɞɟ 2 1t t   , 1t , 2t  – ɜɪɟɦɟɧɚ ɩɪɢɯɨɞɚ ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ ɫɢɝɧɚɥɨɜ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
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ȼɵɱɢɫɥɹɹ (1.1.8), ɩɨɥɭɱɢɦ ɫɥɟɞɭɸɳɟɟ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɮɭɧɤɰɢɢ ɤɨɪɪɟɥɹɰɢɢ ɫɥɨɠɧɵɯ 

ɫɢɝɧɚɥɨɜ 

 
 

   
1

2

*

1 2
ˆ

t Ti

t

e
R t t t t dt

T

 

  
 

    , (1.1.9) 

ɝɞɟ 1 2      – ɪɚɡɧɨɫɬɶ ɧɚɱɚɥɶɧɵɯ ɮɚɡ ɞɜɭɯ ɫɢɝɧɚɥɨɜ. 

ȼ ɥɢɧɟɣɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɚɥɝɨɪɢɬɦ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɨɛɪɚɛɨɬɤɢ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ 

ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɚɧɚɥɨɝɢɱɧɨ ɜɵɲɟɩɪɢɜɟɞɟɧɧɨɦɭ ɢ ɡɚɤɥɸɱɚɟɬɫɹ ɜɨ ɜɪɚɳɟɧɢɢ ɤɨɩɢɢ ɜɟɤɬɨɪɚ 

 0S t   ɫ ɟɞɢɧɢɱɧɨɣ ɚɦɩɥɢɬɭɞɨɣ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɟɤɬɨɪɚ ɫɢɝɧɚɥɚ  0S t  ɡɚ ɫɱɟɬ ɢɡɦɟɧɟɧɢɹ   ɢ 

ɩɨɥɭɱɟɧɢɢ ɮɭɧɤɰɢɢ  R̂   (ɪɢɫɭɧɨɤ 1.1.2). ȿɫɥɢ  ˆ 0R   , ɬɨɝɞɚ ɜɟɤɬɨɪɵ ɫɢɝɧɚɥɨɜ  0S t  ɢ 

 0S t   ɨɪɬɨɝɨɧɚɥɶɧɵ ɢ 90   , ɟɫɥɢ 0  , ɬɨɝɞɚ  0 0     ɢ  ˆ 0 1R    . 

 

Ɋɢɫɭɧɨɤ 1.1.2 – ɂɥɥɸɫɬɪɚɰɢɹ ɚɥɝɨɪɢɬɦɚ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɨɜ (1.1.9) 

 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɢɡɥɨɠɟɧɧɨɝɨ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɞɜɚ ɡɚɤɥɸɱɟɧɢɹ: 

1. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɩɪɟɞɫɬɚɜɥɟɧɢɣ ɥɢɧɟɣɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɨɛɪɚɛɨɬɤɚ ɫɢɝɧɚɥɨɜ ɜ 

ɫɩɟɤɬɪɚɥɶɧɨɣ ɢ ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ ɢɞɟɧɬɢɱɧɚ. Ɉɬɥɢɱɢɹ ɡɚɤɥɸɱɚɸɬɫɹ ɥɢɲɶ ɜ ɜɚɪɶɢɪɭɟɦɵɯ 

ɩɚɪɚɦɟɬɪɚɯ:   ɢɥɢ  . 

2. ɉɟɪɟɯɨɞ ɨɬ ɫɢɝɧɚɥɨɜ, ɤɚɤ ɮɭɧɤɰɢɣ ɨɬ ɜɪɟɦɟɧɢ, ɤ ɫɢɝɧɚɥɚɦ ɜ ɥɢɧɟɣɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ 

ɹɜɥɹɟɬɫɹ ɫɢɥɶɧɨɣ ɮɨɪɦɚɥɢɡɚɰɢɟɣ. ȼɦɟɫɬɨ ɦɧɨɝɨɨɛɪɚɡɢɹ ɫɢɝɧɚɥɨɜ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɯ ɫɨɛɨɣ 

ɮɭɧɤɰɢɢ ɨɬ ɜɪɟɦɟɧɢ, ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɦɧɨɝɨɨɛɪɚɡɢɟ ɬɨɱɟɤ (ɜɟɤɬɨɪɨɜ) ɜ ɥɢɧɟɣɧɨɦ ɜɟɤɬɨɪɧɨɦ 

ɩɪɨɫɬɪɚɧɫɬɜɟ ɫɢɝɧɚɥɨɜ. ɋɥɨɠɧɟɣɲɢɟ ɫɢɝɧɚɥɵ ɤɚɤ ɮɭɧɤɰɢɢ ɨɬ ɜɪɟɦɟɧɢ ɩɪɟɞɫɬɚɜɥɹɸɬɫɹ ɜ 

ɥɢɧɟɣɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫɢɝɧɚɥɨɜ ɨɛɵɱɧɵɦɢ ɜɟɤɬɨɪɚɦɢ, ɤ ɤɨɬɨɪɵɦ ɜɨɡɦɨɠɧɨ ɩɪɢɦɟɧɟɧɢɟ 

ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ ɜɟɤɬɨɪɧɨɣ ɚɥɝɟɛɪɵ. 

ɇɚ ɪɢɫɭɧɤɟ 1.1.3 ɩɨɤɚɡɚɧɚ ɞɟɣɫɬɜɢɬɟɥɶɧɚɹ ɢ ɦɧɢɦɚɹ ɫɨɫɬɚɜɥɹɸɳɢɟ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ 

ɮɭɧɤɰɢɢ (1.1.9), ɚ ɬɚɤɠɟ ɨɝɢɛɚɸɳɚɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 2 1t t    ɞɥɹ 16-ɬɢ ɩɨɡɢɰɢɨɧɧɨɣ Ɇ-

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɫ ɤɨɞɨɦ 0бМ44Л. 
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Ɋɢɫɭɧɨɤ 1.1.3 – Ⱦɟɣɫɬɜɢɬɟɥɶɧɚɹ ɢ ɦɧɢɦɚɹ ɫɨɫɬɚɜɥɹɸɳɢɟ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɮɭɧɤɰɢɢ Ɇ-

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ (ɫɩɥɨɲɧɚɹ ɡɟɥɟɧɚɹ ɢ ɪɨɡɨɜɚɹ ɩɭɧɤɬɢɪɧɚɹ ɥɢɧɢɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ), ɚ ɬɚɤɠɟ 

ɦɨɞɭɥɶ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɮɭɧɤɰɢɢ (ɨɪɚɧɠɟɜɚɹ ɥɢɧɢɹ) 

 

ɇɚ ɪɢɫɭɧɤɟ 1.1.4 ɩɨɤɚɡɚɧɚ ɞɟɣɫɬɜɢɬɟɥɶɧɚɹ ɢ ɦɧɢɦɚɹ ɫɨɫɬɚɜɥɹɸɳɢɟ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ 

ɮɭɧɤɰɢɢ ɅɑɆ-ɫɢɝɧɚɥɚ, ɚ ɬɚɤɠɟ ɦɨɞɭɥɶ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɮɭɧɤɰɢɢ. 
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Ɋɢɫɭɧɨɤ 1.1.4 – Ⱦɟɣɫɬɜɢɬɟɥɶɧɚɹ ɢ ɦɧɢɦɚɹ ɫɨɫɬɚɜɥɹɸɳɢɟ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɮɭɧɤɰɢɢ ɅɑɆ-

ɫɢɝɧɚɥɚ (ɫɩɥɨɲɧɚɹ ɡɟɥɟɧɚɹ ɢ ɪɨɡɨɜɚɹ ɩɭɧɤɬɢɪɧɚɹ ɥɢɧɢɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ), ɚ ɬɚɤɠɟ ɦɨɞɭɥɶ 

ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɮɭɧɤɰɢɢ (ɨɪɚɧɠɟɜɚɹ ɥɢɧɢɹ). 

 

ɒɢɪɢɧɚ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɮɭɧɤɰɢɢ ɫɢɝɧɚɥɨɜ ɧɚ ɨɫɧɨɜɟ Ɇ-ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɢɥɢ 

ɤɨɞɨɜ Ȼɚɪɤɟɪɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɞɥɢɬɟɥɶɧɨɫɬɶɸ ɨɞɧɨɣ ɫɢɝɧɚɥɶɧɨɣ ɩɨɡɢɰɢɢ ɉ . Ⱦɥɢɬɟɥɶɧɨɫɬɶ 

ɨɞɧɨɣ ɩɨɡɢɰɢɢ ɨɩɪɟɞɟɥɹɟɬ ɢ ɲɢɪɢɧɭ ɫɩɟɤɬɪɚ ɫɥɨɠɧɨɝɨ ɫɢɝɧɚɥɚ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɛɚɡɚ ɫɢɝɧɚɥɚ 

ɛɭɞɟɬ ɪɚɜɧɚ 

ɉ

T
B T f N


    ,  

ɝɞɟ N  – ɤɨɥɢɱɟɫɬɜɨ ɩɨɡɢɰɢɣ Ɇ-ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɢɥɢ ɤɨɞɨɜ Ȼɚɪɤɟɪɚ. 

Ⱦɥɹ ɅɑɆ-ɫɢɝɧɚɥɚ ɲɢɪɢɧɚ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɮɭɧɤɰɢɢ ɡɚɜɢɫɢɬ ɨɬ ɞɟɜɢɚɰɢɢ ɱɚɫɬɨɬɵ: 

 0

1
ɉ

ɤf f
 


,  

ɝɞɟ ɤf  – ɤɨɧɟɱɧɚɹ ɱɚɫɬɨɬɚ ɩɪɢ 0t t T  , 0f  – ɧɚɱɚɥɶɧɚɹ ɱɚɫɬɨɬɚ ɩɪɢ 0t t . 

Ȼɚɡɚ ɅɑɆ-ɫɢɝɧɚɥɚ ɪɚɜɧɚ 

 0ɤB f f T    

ɢ ɫɭɳɟɫɬɜɟɧɧɨ ɩɪɟɜɵɲɚɟɬ ɟɞɢɧɢɰɭ. 
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Ȼɚɡɚ ɩɪɨɫɬɵɯ ɫɢɝɧɚɥɨɜ ɪɚɜɧɚ 

1ɫB T f   ,  

ɝɞɟ ɫf  – ɲɢɪɢɧɚ ɫɩɟɤɬɪɚ ( 1
ɫf

T
  ). 

ɋɨɝɥɚɫɧɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹɦ ɥɢɧɟɣɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɫɢɝɧɚɥɨɜ, ɫɥɨɠɧɵɟ ɫɢɝɧɚɥɵ ɹɜɥɹɸɬɫɹ 

ɜɟɤɬɨɪɚɦɢ, ɞɥɢɧɵ ɤɨɬɨɪɵɯ ɩɨɫɬɨɹɧɧɵ ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɷɧɟɪɝɢɟɣ. Ʉɨɪɪɟɥɹɰɢɨɧɧɚɹ ɮɭɧɤɰɢɹ 

ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ ɹɜɥɹɟɬɫɹ ɦɧɨɝɨɦɟɪɧɨɣ ɢ ɡɚɜɢɫɢɬ ɨɬ ɜɪɟɦɟɧɢ ɩɪɢɯɨɞɚ, ɬɢɩɚ ɦɨɞɭɥɢɪɭɸɳɟɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɱɚɫɬɨɬɵ ɢ ɧɚɱɚɥɶɧɨɣ ɮɚɡɵ. ɂɡɦɟɧɟɧɢɟ ɜɫɟɯ ɷɬɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɢɜɨɞɢɬ ɤ 

ɢɡɦɟɧɟɧɢɸ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɮɭɧɤɰɢɢ ɨɬ –1 ɞɨ 1. ȼ ɪɟɡɭɥɶɬɚɬɟ ɞɜɚ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɚ ɦɨɝɭɬ 

ɛɵɬɶ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɦɢ ( 1R   ), ɨɪɬɨɝɨɧɚɥɶɧɵɦɢ ( 0R  ), ɧɟɨɪɬɨɝɨɧɚɥɶɧɵɦɢ ( 0R  ). ȼ 

ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɨɛɪɚɛɨɬɤɚ ɫɨɜɨɤɭɩɧɨɫɬɢ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ ɜ ɨɫɧɨɜɧɨɦ ɩɪɨɜɨɞɢɬɫɹ ɥɢɲɶ ɜ 

ɨɛɥɚɫɬɢ ɢɯ ɨɪɬɨɝɨɧɚɥɶɧɨɫɬɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɪɢɬɟɪɢɹ Ɋɟɥɟɹ. ȼ ɞɚɧɧɨɣ ɠɟ ɪɚɛɨɬɟ ɨɫɧɨɜɧɨɟ 

ɜɧɢɦɚɧɢɟ ɨɛɪɚɳɟɧɨ ɧɚ ɨɛɪɚɛɨɬɤɭ ɫɨɜɨɤɭɩɧɨɫɬɢ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ ɜ ɨɛɥɚɫɬɢ ɢɯ 

ɧɟɨɪɬɨɝɨɧɚɥɶɧɨɫɬɢ. 

 

§1.2. Ɉɫɧɨɜɵ ɬɟɨɪɢɢ ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɪɢɟɦɚ 

 

Ɍɟɨɪɢɹ ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɪɢɟɦɚ ɫɢɝɧɚɥɨɜ ɜ ɪɚɞɢɨɬɟɯɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦɚɯ ɢɡɜɟɫɬɧɚ 

ɞɨɫɬɚɬɨɱɧɨ ɲɢɪɨɤɨ Д26, 32, 46, 48, 57 ɢ ɞɪ.Ж. Ɉɧɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɞɥɹ ɪɟɲɟɧɢɹ 

ɞɜɭɯ ɨɫɧɨɜɧɵɯ ɡɚɞɚɱ: ɚɧɚɥɢɡɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ ɫɢɧɬɟɡɚ ɫɬɪɭɤɬɭɪɵ ɫɥɨɠɧɵɯ ɪɚɞɢɨɬɟɯɧɢɱɟɫɤɢɯ 

ɤɨɦɩɥɟɤɫɨɜ ɚɩɩɚɪɚɬɭɪɵ, ɪɚɛɨɬɚɸɳɢɯ ɧɚ ɨɫɧɨɜɟ ɜɨɥɧ ɪɚɡɥɢɱɧɨɣ ɩɪɢɪɨɞɵ. Ɉɫɧɨɜɧɵɦɢ 

ɡɚɞɚɱɚɦɢ ɬɟɨɪɢɢ ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɪɢɟɦɚ ɹɜɥɹɸɬɫɹ ɫɥɟɞɭɸɳɢɟ: 

1) ɡɚɞɚɱɚ ɨɛɧɚɪɭɠɟɧɢɹ ɫɢɝɧɚɥɚ ɜ ɩɪɢɧɹɬɨɦ ɫɨɨɛɳɟɧɢɢ; 

2) ɡɚɞɚɱɚ ɪɚɡɥɢɱɟɧɢɹ ɞɜɭɯ ɢɥɢ ɧɟɫɤɨɥɶɤɢɯ ɫɢɝɧɚɥɨɜ; 

3) ɡɚɞɚɱɚ ɨɰɟɧɤɢ ɩɚɪɚɦɟɬɪɨɜ ɫɢɝɧɚɥɚ, ɫɨɞɟɪɠɚɳɟɝɨɫɹ ɜ ɩɪɢɧɹɬɨɣ ɪɟɚɥɢɡɚɰɢɢ; 

4) ɡɚɞɚɱɚ ɪɚɡɪɟɲɟɧɢɹ ɫɢɝɧɚɥɨɜ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɩɪɢɧɹɬɨɣ ɪɟɚɥɢɡɚɰɢɢ; 

5) ɡɚɞɚɱɚ ɮɢɥɶɬɪɚɰɢɢ ɩɪɢɧɹɬɨɝɨ ɫɨɨɛɳɟɧɢɹ. 

ɗɬɢ ɡɚɞɚɱɢ ɜ ɬɨɦ ɢɥɢ ɢɧɨɦ ɜɢɞɟ ɪɟɲɚɸɬɫɹ ɜ ɥɸɛɨɦ ɪɚɞɢɨɬɟɯɧɢɱɟɫɤɨɦ ɤɨɦɩɥɟɤɫɟ 

ɚɩɩɚɪɚɬɭɪɵ. 

Ɍɟɨɪɢɹ ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɪɢɟɦɚ ɩɨɥɭɱɢɥɚ ɫɭɳɟɫɬɜɟɧɧɨɟ ɪɚɡɜɢɬɢɟ ɩɪɢ ɩɟɪɟɯɨɞɟ ɨɬ 

ɚɧɚɥɨɝɨɜɵɯ ɤɨɦɩɥɟɤɫɨɜ ɚɩɩɚɪɚɬɭɪɵ ɤ ɰɢɮɪɨɜɵɦ, ɩɨɡɜɨɥɹɸɳɢɦ ɫɨɡɞɚɜɚɬɶ ɫɥɨɠɧɵɟ, ɧɨ ɛɨɥɟɟ 

ɷɮɮɟɤɬɢɜɧɵɟ ɦɟɬɨɞɵ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɨɜ. 

Ɋɚɫɫɦɨɬɪɢɦ ɨɫɧɨɜɵ ɬɟɨɪɢɢ ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɪɢɟɦɚ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ 

ɢɡɥɨɠɟɧɢɹ, ɩɪɢɞɟɪɠɢɜɚɹɫɶ ɥɨɝɢɤɢ ɢɡɥɨɠɟɧɢɹ [32, 46Ж, ɞɨɛɚɜɥɹɹ ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɷɥɟɦɟɧɬɵ 

ɩɪɟɞɫɬɚɜɥɟɧɢɣ, ɪɚɡɜɢɬɵɟ ɜ ɥɢɧɟɣɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫɢɝɧɚɥɨɜ. ȼ ɬɟɨɪɢɢ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ 
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ɪɟɲɟɧɢɣ [46Ж ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɞɜɚ ɜɟɤɬɨɪɚ ɩɚɪɚɦɟɬɪɨɜ ɫɢɝɧɚɥɚ: ɨɰɟɧɢɜɚɟɦɵɣ ɜɟɤɬɨɪ 

ɩɚɪɚɦɟɬɪɨɜ ' ɢ ɜɟɤɬɨɪ ɩɚɪɚɦɟɬɪɨɜ  , ɫɨɞɟɪɠɚɳɢɣɫɹ ɜ ɩɪɢɧɹɬɨɦ ɫɨɨɛɳɟɧɢɢ. Ɏɭɧɤɰɢɹ 

ɪɚɡɧɨɫɬɢ ɷɬɢɯ ɞɜɭɯ ɜɟɤɬɨɪɨɜ ɨɩɪɟɞɟɥɹɟɬ ɮɭɧɤɰɢɸ ɩɨɬɟɪɶ  ',C   . 

ȼ ɪɚɞɢɨɬɟɯɧɢɤɟ, ɜ ɬɟɨɪɢɢ ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɪɢɟɦɚ, ɜ ɨɫɧɨɜɧɨɦ, ɢɫɩɨɥɶɡɭɸɬɫɹ ɤɜɚɞɪɚɬɢɱɧɚɹ 

ɮɭɧɤɰɢɹ ɩɨɬɟɪɶ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɜɵɪɚɠɟɧɢɟɦ 

  2
' ',C      .  

Ɏɭɧɤɰɢɹ ɩɨɬɟɪɶ ɹɜɥɹɟɬɫɹ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɨɣ, ɩɨɷɬɨɦɭ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɪɟɲɟɧɢɹ ɨɧɚ 

ɫɬɚɬɢɫɬɢɱɟɫɤɢ ɭɫɪɟɞɧɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɞɜɭɦɟɪɧɨɣ ɩɥɨɬɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ  0, tP Y , ɝɞɟ 
0

tY  

– ɦɧɨɠɟɫɬɜɨ ɪɟɚɥɢɡɚɰɢɣ. Ɍɚɤɚɹ ɫɬɚɬɢɫɬɢɱɟɫɤɢ ɭɫɪɟɞɧɟɧɧɚɹ ɮɭɧɤɰɢɹ ɩɨɬɟɪɶ ɧɨɫɢɬ ɧɚɡɜɚɧɢɟ 

«ɫɪɟɞɧɢɣ ɪɢɫɤ» 

      0 0 0, ,t t t
r u C u Y P Y d dY     ,  

ɝɞɟ  0

tu Y  – ɪɟɲɚɸɳɟɟ ɩɪɚɜɢɥɨ,  0, tP Y  – ɫɨɜɦɟɫɬɧɚɹ ɩɥɨɬɧɨɫɬɶ ɜɟɪɨɹɬɧɨɫɬɢ ɫɥɭɱɚɣɧɨɣ 

ɜɟɥɢɱɢɧɵ   ɢ ɫɥɭɱɚɣɧɨɣ ɪɟɚɥɢɡɚɰɢɢ 
0

tY . ɂɫɩɨɥɶɡɭɹ ɬɟɨɪɟɦɭ Ȼɚɣɟɫɚ Д32Ж, ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ 

ɜɧɭɬɪɟɧɧɢɣ ɢɧɬɟɝɪɚɥ, ɤɨɬɨɪɵɣ ɧɨɫɢɬ ɧɚɡɜɚɧɢɟ – ɚɩɨɫɬɟɪɢɨɪɧɵɣ ɪɢɫɤ 

      0 0 0, , |t t t

psr Y u C u Y P Y d    .  

ɍɫɥɨɜɧɚɹ ɩɥɨɬɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ  0| t
p Y  ɧɨɫɢɬ ɧɚɡɜɚɧɢɟ ɚɩɨɫɬɟɪɢɨɪɧɨɣ ɩɥɨɬɧɨɫɬɢ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ. Ⱥɧɚɥɨɝɢɱɧɨ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɞɪɭɝɨɣ ɜɧɭɬɪɟɧɧɢɣ ɢɧɬɟɝɪɚɥ, ɤɨɬɨɪɵɣ ɧɨɫɢɬ 

ɧɚɡɜɚɧɢɟ – ɮɭɧɤɰɢɹ ɪɢɫɤɚ 

      0 0 0, , |t t t
r u C u Y P Y dY    .  

ɍɫɥɨɜɧɚɹ ɩɥɨɬɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ  0 |tP Y   ɧɨɫɢɬ ɧɚɡɜɚɧɢɟ ɮɭɧɤɰɢɢ ɩɪɚɜɞɨɩɨɞɨɛɢɹ 

 L  . 

Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ «ɨɩɬɢɦɚɥɶɧɨɝɨ» ɪɟɲɟɧɢɹ 0u  ɧɟɨɛɯɨɞɢɦɨ ɦɢɧɢɦɢɡɢɪɨɜɚɬɶ ɫɪɟɞɧɢɣ ɪɢɫɤ 

ɩɨ ɦɧɨɠɟɫɬɜɭ ɪɟɲɟɧɢɣ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ 

      0 0 0 0min , ,t t t

u
r u C u Y P Y d dY     , 

      0 0 0 0, min , |t t t

ps
u

r Y u C u Y P Y d    , 

      0 0 0 0, min , |t t t

u
r u C u Y P Y dY    . 

 

Ɋɟɲɟɧɢɟ ɧɚ ɨɫɧɨɜɟ ɚɩɨɫɬɟɪɢɨɪɧɨɝɨ ɪɢɫɤɚ (ɧɚ ɨɫɧɨɜɟ ɚɩɨɫɬɟɪɢɨɪɧɨɣ ɩɥɨɬɧɨɫɬɢ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ) ɧɨɫɢɬ ɧɚɡɜɚɧɢɟ ɛɚɣɟɫɨɜɫɤɨɝɨ ɪɟɲɟɧɢɹ. ȿɫɥɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɮɭɧɤɰɢɹ ɪɢɫɤɚ 

(ɮɭɧɤɰɢɹ ɩɪɚɜɞɨɩɨɞɨɛɢɹ), ɬɨ ɪɟɲɟɧɢɟ ɧɨɫɢɬ ɧɚɡɜɚɧɢɟ – ɪɟɲɟɧɢɟ ɦɟɬɨɞɨɦ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 
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ɩɪɚɜɞɨɩɨɞɨɛɢɹ. ɉɪɢ ɧɚɥɢɱɢɢ ɫɬɚɬɢɫɬɢɤɢ ɜɟɤɬɨɪɚ ɩɚɪɚɦɟɬɪɨɜ  , ɤɚɤ ɩɪɚɜɢɥɨ, ɢɫɩɨɥɶɡɭɸɬ 

ɛɚɣɟɫɨɜɫɤɢɣ ɩɨɞɯɨɞ ɤ ɪɟɲɟɧɢɸ ɡɚɞɚɱ ɬɟɨɪɢɢ ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɪɢɟɦɚ. ȿɫɥɢ ɚɩɪɢɨɪɧɨɣ 

ɫɬɚɬɢɫɬɢɤɢ ɜɟɤɬɨɪɚ ɩɚɪɚɦɟɬɪɨɜ   ɧɟɬ ɢɥɢ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɪɚɜɧɨɦɟɪɧɨɟ, ɬɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɟɬɨɞ 

ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɩɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱ ɬɟɨɪɢɢ ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɪɢɟɦɚ. ȼ ɧɚɫɬɨɹɳɟɣ 

ɪɚɛɨɬɟ ɞɥɹ ɨɰɟɧɤɢ ɩɚɪɚɦɟɬɪɨɜ ɫɢɝɧɚɥɨɜ ɢ ɩɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱɢ ɨɛɧɚɪɭɠɟɧɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ 

ɦɟɬɨɞ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɪɚɜɞɨɩɨɞɨɛɢɹ. 

ȼ ɪɚɛɨɬɚɯ [32, 46Ж ɜɵɜɨɞɢɬɫɹ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɮɭɧɤɰɢɢ ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ, 

ɱɬɨ ɲɭɦɨɜɨɣ ɩɪɨɰɟɫɫ ɹɜɥɹɟɬɫɹ ɫɬɚɰɢɨɧɚɪɧɵɦ, ɚɞɞɢɬɢɜɧɵɦ, ɧɨɪɦɚɥɶɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɵɦ ɫɨ 

ɫɪɟɞɧɢɦ ɡɧɚɱɟɧɢɟɦ ɪɚɜɧɵɦ ɧɭɥɸ ɢ ɞɢɫɩɟɪɫɢɟɣ 2 : 

 
 

    2

2
12 2

1 1 ˆˆexp ,
2

2

N

n nN
n

L y t S t 
 

 
   

 
 , 

(1.2.1) 

ɝɞɟ  ˆ
n

y t  – ɩɪɢɧɹɬɚɹ ɪɟɚɥɢɡɚɰɢɹ, ɫɮɨɪɦɢɪɨɜɚɧɧɚɹ ɫɢɝɧɚɥɶɧɵɦɢ ɨɬɫɱёɬɚɦɢ ɜ ɦɨɦɟɧɬɵ 

ɜɪɟɦɟɧɢ nt ,  ˆ , nS t  – ɨɠɢɞɚɟɦɵɣ ɫɢɝɧɚɥ. 

ɍɞɨɛɧɨ ɩɟɪɟɩɢɫɚɬɶ ɜɵɪɚɠɟɧɢɟ (1.2.1) ɜ ɢɧɬɟɝɪɚɥɶɧɨɦ ɜɢɞɟ. ȼ ɩɪɟɞɩɨɥɨɠɟɧɢɢ, ɱɬɨ 

ɨɬɫɱɟɬɵ ɫɢɝɧɚɥɚ ɫɧɢɦɚɸɬɫɹ ɫ ɞɢɫɤɪɟɬɧɨɫɬɶɸ 
k , ɪɚɜɧɨɣ ɢɧɬɟɪɜɚɥɭ ɤɨɪɪɟɥɹɰɢɢ ɲɭɦɚ, ɢ ɩɪɢ 

ɭɫɥɨɜɢɢ 1T  , ɝɞɟ   – ɲɢɪɢɧɚ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɫɩɟɤɬɪɚ ɲɭɦɚ, ɤɨɬɨɪɵɣ ɫɱɢɬɚɟɬɫɹ 

ɪɚɜɧɨɦɟɪɧɵɦ ɜ ɩɨɥɨɫɟ ɱɚɫɬɨɬ, ɦɨɠɧɨ ɩɪɢɛɥɢɠɟɧɧɨ ɩɪɟɞɫɬɚɜɢɬɶ (1.2.1) ɜ ɜɢɞɟ 
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2

0

1 ˆˆexp ,
2

T

k

L const y t S t dt 
 

 
    

 
 . (1.2.2) 

ȼ ɜɵɪɚɠɟɧɢɢ (1.2.2) const  ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ ɧɨɪɦɢɪɨɜɤɢ ɮɭɧɤɰɢɢ 

ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɢ ɧɟ ɜɥɢɹɟɬ ɧɚ ɪɟɡɭɥɶɬɚɬ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɬɟɨɪɢɢ ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɪɢɟɦɚ. 

Ɏɭɧɤɰɢɹ ɩɪɚɜɞɨɩɨɞɨɛɢɹ (1.2.2), ɹɜɥɹɹɫɶ ɭɫɥɨɜɧɨɣ ɩɥɨɬɧɨɫɬɶɸ ɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɜ 

ɦɚɤɫɢɦɭɦɟ ɨɩɪɟɞɟɥɹɟɬ ɧɚɢɛɨɥɟɟ ɩɪɚɜɞɨɩɨɞɨɛɧɵɟ ɨɰɟɧɤɢ ɩɚɪɚɦɟɬɪɨɜ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, ɨɰɟɧɤɢ 

ɩɚɪɚɦɟɬɪɨɜ ɢ ɨɩɬɢɦɚɥɶɧɵɟ ɚɥɝɨɪɢɬɦɵ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɨɜ ɧɚɯɨɞɹɬ ɢɡ ɭɪɚɜɧɟɧɢɣ 

ɩɪɚɜɞɨɩɨɞɨɛɢɹ, ɩɨɥɭɱɟɧɧɵɯ ɩɪɢɪɚɜɧɢɜɚɧɢɟɦ ɞɢɮɮɟɪɟɧɰɢɚɥɚ ɮɭɧɤɰɢɢ ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɩɨ 

ɢɫɤɨɦɨɦɭ ɩɚɪɚɦɟɬɪɭ ɤ ɧɭɥɸ 
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ɂɧɨɝɞɚ ɭɞɨɛɧɨ ɜɦɟɫɬɨ  L   ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɨɬɧɨɲɟɧɢɟ ɩɪɚɜɞɨɩɨɞɨɛɢɹ, ɬ.ɟ. 

ɧɨɪɦɢɪɨɜɚɧɧɭɸ ɮɭɧɤɰɢɸ    
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, ɨɞɧɚɤɨ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɬɚɤɨɣ ɩɟɪɟɯɨɞ 

ɧɟ ɢɫɩɨɥɶɡɭɟɬɫɹ, ɬ.ɤ. ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɬɟɪɹɟɬɫɹ ɢɧɮɨɪɦɚɰɢɹ ɨ ɲɭɦɟ ɜ ɩɪɢɧɹɬɨɣ ɪɟɚɥɢɡɚɰɢɢ. 
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Ʌɨɝɚɪɢɮɦ ɨɬ ɮɭɧɤɰɢɢ (1.2.2) ɩɪɢɦɟɬ ɜɢɞ 

      2
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   . (1.2.4) 

Ɍ.ɤ. ɩɟɪɜɨɟ ɫɥɚɝɚɟɦɨɟ ɜ ɮɨɪɦɭɥɟ (1.2.4) ɩɪɢ ɪɟɲɟɧɢɢ ɭɪɚɜɧɟɧɢɹ (1.2.3) ɧɟ ɜɥɢɹɟɬ ɧɚ 

ɪɟɡɭɥɶɬɚɬ, ɩɪɟɧɟɛɪɟɠɟɦ ɷɬɢɦ ɫɥɚɝɚɟɦɵɦ ɢ ɛɭɞɟɦ ɫɱɢɬɚɬɶ, ɱɬɨ 

      2
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1 ˆˆln ,
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   . (1.2.5) 

Ɉɩɹɬɶ ɠɟ ɦɭɥɶɬɢɩɥɢɤɚɬɢɜɧɵɣ ɦɧɨɠɢɬɟɥɶ ɩɟɪɟɞ ɢɧɬɟɝɪɚɥɨɦ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɨɰɟɧɢɜɚɟɦɵɯ 

ɩɚɪɚɦɟɬɪɨɜ ɫɢɝɧɚɥɚ  , ɩɨɷɬɨɦɭ ɜ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɨɩɨɥɚɝɚɸɳɟɣ ɮɭɧɤɰɢɢ ɞɥɹ ɨɰɟɧɨɤ 

ɩɚɪɚɦɟɬɪɨɜ ɩɪɢɦɟɦ ɮɭɧɤɰɢɨɧɚɥ ɩɪɚɜɞɨɩɨɞɨɛɢɹ (1.2.6): 

      2

0

ˆˆ ,

T

L y t S t dt   . (1.2.6) 

Ɋɟɲɚɹ ɭɪɚɜɧɟɧɢɹ (1.2.3) ɨɬɧɨɫɢɬɟɥɶɧɨ  L   ɩɨɥɭɱɢɦ ɨɰɟɧɤɭ ɜɟɤɬɨɪɚ ɩɚɪɚɦɟɬɪɨɜ 

ɫɢɝɧɚɥɚ '  ɫɨɜɩɚɞɚɸɳɭɸ ɫ ɨɰɟɧɤɨɣ, ɩɨɥɭɱɚɟɦɨɣ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɮɭɧɤɰɢɢ ɩɪɚɜɞɨɩɨɞɨɛɢɹ 

(1.2.2). 

ȼ ɥɢɧɟɣɧɨɦ ɜɟɤɬɨɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɬɪɢ ɜɟɤɬɨɪɚ: ɜɟɤɬɨɪ ɩɪɢɧɹɬɨɝɨ 

ɫɨɨɛɳɟɧɢɹ y , ɜɟɤɬɨɪ ɤɨɩɢɢ ɫɢɝɧɚɥɚ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣɫɹ ɜɟɤɬɨɪɨɦ ɨɰɟɧɢɜɚɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ 

' , ɜɟɤɬɨɪ ɪɚɡɧɨɫɬɢ  'd y S    (ɪɢɫ 1.2.1). 

 

Ɋɢɫɭɧɨɤ 1.2.1 – ȼɡɚɢɦɧɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ ɜɟɤɬɨɪɨɜ y ,  '
S  ,  'd y S    ɜ ɥɢɧɟɣɧɨɦ 

ɜɟɤɬɨɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫɢɝɧɚɥɨɜ 

 

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɨɛɪɚɳɚɟɬɫɹ ɜɧɢɦɚɧɢɟ ɧɚ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɭɱɟɬɚ ɤɚɤ ɜɟɤɬɨɪɚ  '
S  , 

ɬɚɤ ɢ ɜɟɤɬɨɪɚ d  ɩɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɨɜ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɟɟ ɨɬɥɢɱɢɬɟɥɶɧɨɣ 

ɨɫɨɛɟɧɧɨɫɬɶɸ. 
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Ɍɚɤ ɧɚ ɨɫɧɨɜɟ ɜɟɤɬɨɪɚ  '
S   ɪɟɚɥɢɡɭɟɬɫɹ ɤɨɪɪɟɥɹɰɢɨɧɧɵɣ (1.1.7) ɢ ɫɩɟɤɬɪɚɥɶɧɵɣ ɚɧɚɥɢɡ 

(1.1.9), ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɜɟɤɬɨɪ d  ɨɩɪɟɞɟɥɹɟɬ ɮɭɧɤɰɢɸ ɩɪɚɜɞɨɩɨɞɨɛɢɹ (1.2.6). ȿɫɥɢ '  , ɬɨ 

ɜɟɤɬɨɪ  '
S   ɤɨɥɥɢɧɟɚɪɟɧ ɜɟɤɬɨɪɭ y , ɚ ɜɟɤɬɨɪ d  ɨɩɪɟɞɟɥɹɟɬ ɞɢɫɩɟɪɫɢɸ ɲɭɦɚ ɜ ɩɪɢɧɹɬɨɣ 

ɪɟɚɥɢɡɚɰɢɢ, ɱɬɨ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɟɟ ɨɰɟɧɤɢ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɨɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ 

ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɨɛɧɚɪɭɠɟɧɢɹ ɫɢɝɧɚɥɚ ɫ ɭɱɟɬɨɦ ɢɧɮɨɪɦɚɰɢɢ, ɩɪɢɜɧɨɫɢɦɨɣ ɜɟɤɬɨɪɨɦ d . Ɍɚɤ 

ɠɟ ɭɱɟɬ ɜɟɤɬɨɪɚ d  ɩɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱ ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɪɢɟɦɚ ɩɨɡɜɨɥɹɟɬ ɫɧɹɬɶ ɪɟɥɟɟɜɫɤɨɟ 

ɨɝɪɚɧɢɱɟɧɢɟ ɪɚɡɪɟɲɟɧɢɹ ɩɨɞɨɛɧɵɯ ɫɢɝɧɚɥɨɜ. 

 

§1.3. Ɂɚɞɚɱɚ ɨɛɧɚɪɭɠɟɧɢɹ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ ɫ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ 

ɨɛɪɚɛɨɬɤɨɣ ɢ ɫ ɨɰɟɧɤɨɣ ɞɢɫɩɟɪɫɢɢ ɲɭɦɚ ɜ ɩɪɢɧɹɬɨɦ ɫɨɨɛɳɟɧɢɢ 

 

Ɍɪɚɞɢɰɢɨɧɧɨ ɡɚɞɚɱɚ ɨɛɧɚɪɭɠɟɧɢɹ ɫɥɨɠɧɨɝɨ ɫɢɝɧɚɥɚ ɪɟɲɚɟɬɫɹ ɦɟɬɨɞɨɦ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 

ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɩɪɢ ɫɪɚɜɧɟɧɢɢ ɫɬɚɬɢɫɬɢɤ ɞɜɭɯ ɮɭɧɤɰɢɣ ɩɪɚɜɞɨɩɨɞɨɛɢɹ: ɩɪɢ ɧɚɥɢɱɢɢ ɜ 

ɩɪɢɧɹɬɨɦ ɫɨɨɛɳɟɧɢɢ ɫɢɝɧɚɥɚ ɢ ɩɪɢ ɟɝɨ ɨɬɫɭɬɫɬɜɢɢ ɜ ɩɪɢɧɹɬɨɦ ɫɨɨɛɳɟɧɢɢ. Ɂɚɞɚɱɚ ɪɟɲɚɟɬɫɹ 

ɩɪɢ ɩɨɥɧɨɫɬɶɸ ɢɡɜɟɫɬɧɵɯ ɩɚɪɚɦɟɬɪɚɯ ɫɢɝɧɚɥɚ, ɧɟɢɡɜɟɫɬɟɧ ɥɢɲɶ ɮɚɤɬ ɟɝɨ ɧɚɥɢɱɢɹ ɜ ɩɪɢɧɹɬɨɣ 

ɪɟɚɥɢɡɚɰɢɢ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɢɦɟɟɬ ɬɟɨɪɟɬɢɱɟɫɤɢɣ ɯɚɪɚɤɬɟɪ, ɢ ɟɝɨ ɫɥɨɠɧɨ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɤɨɦɩɥɟɤɫɚɯ ɚɩɩɚɪɚɬɭɪɵ. ȼ ɥɢɬɟɪɚɬɭɪɟ Д27, 53Ж ɩɪɟɞɫɬɚɜɥɟɧɵ ɦɟɬɨɞɵ ɪɟɲɟɧɢɹ 

ɡɚɞɚɱɢ ɨɛɧɚɪɭɠɟɧɢɹ ɫɢɝɧɚɥɚ ɩɪɢ ɧɚɥɢɱɢɢ ɫɥɭɱɚɣɧɵɯ ɩɚɪɚɦɟɬɪɨɜ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ 

ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɩɪɨɜɨɞɢɬɶ ɨɩɟɪɚɰɢɸ ɭɫɪɟɞɧɟɧɢɹ ɮɭɧɤɰɢɢ ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɩɨ ɧɟɢɡɜɟɫɬɧɨɦɭ 

ɩɚɪɚɦɟɬɪɭ. Ɉɞɧɚɤɨ, ɱɚɫɬɨ ɩɚɪɚɦɟɬɪɵ ɫɢɝɧɚɥɚ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɫɬɨɹɧɧɵ ɧɚ ɢɧɬɟɪɜɚɥɟ ɨɛɪɚɛɨɬɤɢ 

ɢ ɦɟɧɹɸɬɫɹ ɥɢɲɶ ɨɬ ɨɞɧɨɝɨ ɩɪɢɧɹɬɨɝɨ ɫɨɨɛɳɟɧɢɹ ɤ ɞɪɭɝɨɦɭ. ɋɭɳɟɫɬɜɭɸɬ ɦɟɬɨɞɵ ɪɟɲɟɧɢɹ 

ɡɚɞɚɱɢ ɨɛɧɚɪɭɠɟɧɢɹ ɫɢɝɧɚɥɚ ɩɪɢ ɧɚɥɢɱɢɢ ɧɟɢɡɜɟɫɬɧɵɯ ɩɚɪɚɦɟɬɪɨɜ Д49, 50, 51, 53Ж ɤɨɬɨɪɵɟ 

ɨɩɟɪɢɪɭɸɬ ɩɪɚɜɞɨɩɨɞɨɛɧɵɦɢ ɢɥɢ ɤɜɚɡɢɩɪɚɜɞɨɩɨɞɨɛɧɵɦɢ ɨɰɟɧɤɚɦɢ ɧɟɢɡɜɟɫɬɧɵɯ ɩɚɪɚɦɟɬɪɨɜ 

ɢ ɢɡɜɟɫɬɧɵɦ ɡɧɚɱɟɧɢɟɦ ɲɭɦɚ. 

Ɋɚɫɫɦɨɬɪɢɦ ɢɧɨɣ ɩɨɞɯɨɞ ɤ ɪɟɲɟɧɢɸ ɡɚɞɚɱɢ ɨɛɧɚɪɭɠɟɧɢɹ ɫɥɨɠɧɨɝɨ ɫɢɝɧɚɥɚ. ɋɧɚɱɚɥɚ, 

ɫɨɝɥɚɫɧɨ ɩɪɟɞɥɚɝɚɟɦɨɣ ɬɟɯɧɨɥɨɝɢɢ, ɫ ɩɨɦɨɳɶɸ ɤɨɪɪɟɥɹɰɢɨɧɧɨɝɨ ɢɥɢ ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ 

ɩɪɢɧɹɬɨɟ ɫɨɨɛɳɟɧɢɟ ɩɟɪɟɜɨɞɢɬɫɹ ɜ ɱɚɫɬɨɬɧɭɸ ɢɥɢ ɤɨɪɪɟɥɹɰɢɨɧɧɭɸ ɨɛɥɚɫɬɶ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ 

ɪɟɚɥɢɡɭɸɬɫɹ ɫɢɝɧɚɥɶɧɵɟ ɢ ɲɭɦɨɜɵɟ ɦɚɤɫɢɦɭɦɵ. ɋɢɝɧɚɥɶɧɵɟ ɦɚɤɫɢɦɭɦɵ ɩɨɡɜɨɥɹɸɬ ɨɰɟɧɢɬɶ 

ɬɚɤɢɟ ɧɟɢɡɜɟɫɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɫɢɝɧɚɥɚ ɤɚɤ ɚɦɩɥɢɬɭɞɚ, ɧɚɱɚɥɶɧɚɹ ɮɚɡɚ, ɱɚɫɬɨɬɚ, ɜɪɟɦɹ ɩɪɢɯɨɞɚ. 

Ɉɰɟɧɤɚ ɚɦɩɥɢɬɭɞɵ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɨɰɟɧɢɬɶ ɷɧɟɪɝɢɸ ɫɢɝɧɚɥɚ. Ɇɢɧɢɦɭɦ ɮɭɧɤɰɢɨɧɚɥɚ 

ɩɪɚɜɞɨɩɨɞɨɛɢɹ (1.2.6) ɩɨɡɜɨɥɹɟɬ ɨɰɟɧɢɬɶ ɞɢɫɩɟɪɫɢɸ ɲɭɦɚ ɜ ɩɪɢɧɹɬɨɣ ɪɟɚɥɢɡɚɰɢɢ. ȼ ɫɜɹɡɢ ɫ 

ɥɢɧɟɣɧɨɫɬɶɸ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɩɪɢ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɢɥɢ ɫɩɟɤɬɪɚɥɶɧɨɣ ɨɛɪɚɛɨɬɤɟ ɤɜɚɞɪɚɬɭɪɧɵɟ 

ɫɨɫɬɚɜɥɹɸɳɢɟ ɜ ɥɸɛɨɣ ɬɨɱɤɟ ɩɪɢɧɹɬɨɝɨ ɫɨɨɛɳɟɧɢɹ ɢɦɟɸɬ ɧɨɪɦɚɥɶɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɫɪɚɜɧɢɜɚɹ ɫɬɚɬɢɫɬɢɤɢ ɮɭɧɤɰɢɢ ɤɨɪɪɟɥɹɰɢɢ (ɫɩɟɤɬɪɚɥɶɧɨɣ ɮɭɧɤɰɢɢ) ɩɪɢ 
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ɧɚɥɢɱɢɢ ɫɢɝɧɚɥɚ ɢ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɫɢɝɧɚɥɚ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɜɟɪɨɹɬɧɨɫɬɶ ɨɛɧɚɪɭɠɟɧɢɹ 

ɫɢɝɧɚɥɚ, ɜɟɪɨɹɬɧɨɫɬɶ ɩɪɨɩɭɫɤɚ ɰɟɥɢ, ɜɟɪɨɹɬɧɨɫɬɶ ɥɨɠɧɨɣ ɬɪɟɜɨɝɢ. Ɉɰɟɧɤɢ ɚɦɩɥɢɬɭɞɵ ɜ 

ɩɪɢɧɹɬɨɦ ɫɨɨɛɳɟɧɢɢ ɩɨ ɡɧɚɱɟɧɢɸ ɦɚɤɫɢɦɭɦɚ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɮɭɧɤɰɢɢ ɢ ɨɰɟɧɤɢ ɞɢɫɩɟɪɫɢɢ 

ɲɭɦɚ ɩɨ ɡɧɚɱɟɧɢɸ ɦɢɧɢɦɭɦɚ ɮɭɧɤɰɢɨɧɚɥɚ ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɨɤɚɡɵɜɚɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɞɥɹ 

ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɨɛɧɚɪɭɠɟɧɢɹ ɫɢɝɧɚɥɚ. ɉɨɪɨɝɨɜɵɣ ɭɪɨɜɟɧɶ ɦɨɠɟɬ ɛɵɬɶ ɭɫɬɚɧɨɜɥɟɧ ɫɨɝɥɚɫɧɨ 

ɤɪɢɬɟɪɢɸ ɇɟɣɦɚɧɚ-ɉɢɪɫɨɧɚ ɩɪɢ ɮɢɤɫɢɪɨɜɚɧɧɨɦ ɡɧɚɱɟɧɢɢ ɥɨɠɧɨɣ ɬɪɟɜɨɝɢ ɩɨ ɫɬɚɬɢɫɬɢɤɟ 

ɮɭɧɤɰɢɢ ɤɨɪɪɟɥɹɰɢɢ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɫɢɝɧɚɥɚ ɜ ɩɪɢɧɹɬɨɣ ɪɟɚɥɢɡɚɰɢɢ. ɉɪɟɜɵɲɟɧɢɟ 

ɦɚɤɫɢɦɭɦɨɦ ɮɭɧɤɰɢɢ ɤɨɪɪɟɥɹɰɢɢ ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɩɨɪɨɝɨɜɨɝɨ ɭɪɨɜɧɹ ɨɩɪɟɞɟɥɹɟɬ ɜɟɪɨɹɬɧɨɫɬɶ 

ɨɛɧɚɪɭɠɟɧɢɹ ɫɢɝɧɚɥɚ ɢ ɜɟɪɨɹɬɧɨɫɬɶ ɩɪɨɩɭɫɤɚ ɰɟɥɢ. ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɚɦɩɥɢɬɭɞɵ ɦɚɤɫɢɦɭɦɚ 

ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɮɭɧɤɰɢɢ ɜɟɪɨɹɬɧɨɫɬɶ ɨɛɧɚɪɭɠɟɧɢɹ ɫɢɝɧɚɥɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɨɬ 0.5 ɞɨ 1. 

ȼɟɪɨɹɬɧɨɫɬɶ ɩɪɨɩɭɫɤɚ ɰɟɥɢ ɭɦɟɧɶɲɚɟɬɫɹ ɨɬ 0.5 ɞɨ ɧɭɥɹ. ɉɪɢ ɩɟɪɟɯɨɞɟ ɤ ɦɨɞɭɥɸ 

ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɮɭɧɤɰɢɢ ɨɬ ɤɜɚɞɪɚɬɭɪɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɫɬɚɬɢɫɬɢɤɚ ɲɭɦɚ ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɜ 

ɫɬɚɬɢɫɬɢɤɭ Ɋɷɥɟɹ, ɚ ɫɬɚɬɢɫɬɢɤɚ ɫɢɝɧɚɥɚ ɫ ɲɭɦɨɦ ɜ ɫɬɚɬɢɫɬɢɤɭ Ɋɚɣɫɚ. Ɉɞɧɚɤɨ ɦɟɬɨɞ ɪɟɲɟɧɢɹ 

ɨɫɬɚɟɬɫɹ ɩɪɟɠɧɢɦ. 

Ɋɚɫɫɦɨɬɪɢɦ ɞɚɧɧɭɸ ɬɟɯɧɨɥɨɝɢɸ ɪɟɲɟɧɢɹ ɛɨɥɟɟ ɩɨɞɪɨɛɧɨ. Ɂɚɩɢɲɟɦ ɩɪɢɧɹɬɨɟ 

ɫɨɨɛɳɟɧɢɟ ɜ ɜɢɞɟ ɤɜɚɞɪɚɬɭɪɧɵɯ ɤɨɦɩɨɧɟɧɬ 

            0 0 0cos sin Шy t A t t B t t t t U t        , (1.3.1) 

ɝɞɟ  0 0cosA U  ,  0 0sinB U    – ɚɦɩɥɢɬɭɞɵ ɤɜɚɞɪɚɬɭɪɧɵɯ ɤɨɦɩɨɧɟɧɬ, 0U , 0 , 0t  – 

ɚɦɩɥɢɬɭɞɚ, ɮɚɡɚ ɢ ɜɪɟɦɹ ɩɪɢɯɨɞɚ ɫɢɝɧɚɥɚ,  0t t   – ɦɨɞɭɥɢɪɭɸɳɚɹ ɮɭɧɤɰɢɹ ɫɥɨɠɧɨɝɨ 

ɫɢɝɧɚɥɚ,  ШU t  – ɚɞɞɢɬɢɜɧɵɣ ɧɨɪɦɚɥɶɧɵɣ ɲɭɦ ɫɨ ɫɪɟɞɧɢɦ ɡɧɚɱɟɧɢɟɦ ɪɚɜɧɵɦ ɧɭɥɸ, 

ɞɢɫɩɟɪɫɢɟɣ 2  ɢ ɢɧɬɟɪɜɚɥɨɦ ɤɨɪɪɟɥɹɰɢɢ k . 

ɇɚ ɨɫɧɨɜɚɧɢɢ (1.3.1 ɢ 1.2.5) ɡɚɩɢɲɟɦ ɥɨɝɚɪɢɮɦ ɮɭɧɤɰɢɢ ɩɪɚɜɞɨɩɨɞɨɛɢɹ 

            
2

' ' ' ' ' '

0 0 02

1
ln cos sin

2 k t

L y t A t t B t t t t dt   
 

       , (1.3.2) 

ɝɞɟ '  – ɜɟɤɬɨɪ ɩɚɪɚɦɟɬɪɨɜ ɫɢɝɧɚɥɚ, ɫɨɞɟɪɠɚɳɢɣ ɫɥɟɞɭɸɳɢɟ ɧɟɢɡɜɟɫɬɧɵɟ ɡɧɚɱɟɧɢɹ: '
A , '

B , '

0t . 

ɍɱɢɬɵɜɚɹ, ɱɬɨ ɮɭɧɤɰɢɹ ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɹɜɥɹɟɬɫɹ ɭɫɥɨɜɧɨɣ ɩɥɨɬɧɨɫɬɶɸ ɪɚɫɩɪɟɞɟɥɟɧɢɹ, 

ɦɚɤɫɢɦɭɦ ɤɨɬɨɪɨɣ ɨɩɪɟɞɟɥɹɟɬ ɧɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɵɟ ɨɰɟɧɤɢ ɩɚɪɚɦɟɬɪɨɜ ɫɢɝɧɚɥɚ, 

ɩɪɨɞɢɮɮɟɪɟɧɰɢɪɭɟɦ (1.3.2) ɩɨ '
A  ɢ '

B  ɢ ɩɪɢɪɚɜɧɹɟɦ ɞɢɮɮɟɪɟɧɰɢɚɥ ɤ ɧɭɥɸ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɭɱɢɦ ɫɢɫɬɟɦɭ 
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(1.3.3) 

ɍɱɢɬɵɜɚɹ, ɱɬɨ  2 '

0 1t t    ɜ ɨɛɥɚɫɬɢ 0 0t t t T    ɢ ɨɪɬɨɝɨɧɚɥɶɧɨɫɬɶ ɮɭɧɤɰɢɣ 

  '

0cos t t   ɢ   '

0sin t t   ɞɥɹ ɭɡɤɨɩɨɥɨɫɧɵɯ ɫɢɝɧɚɥɨɜ, ɫɢɫɬɟɦɚ (1.3.3) ɪɚɫɩɚɞɚɟɬɫɹ ɧɚ ɞɜɚ 

ɭɪɚɜɧɟɧɢɹ, ɢɡ ɤɨɬɨɪɵɯ ɫɥɟɞɭɟɬ 

        
'
0

'
0

' ' ' '

0 0 0

2
cos

t T

t

A t y t t t t t dt
T

 


   , 

        
'
0

'
0

' ' ' '

0 0 0

2
sin

t T

t

B t y t t t t t dt
T

 


   . 

(1.3.4) 

Ɋɟɲɟɧɢɟ (1.3.4) ɨɩɪɟɞɟɥɹɟɬ ɤɨɪɪɟɥɹɰɢɨɧɧɵɣ ɚɧɚɥɢɡ ɤɜɚɞɪɚɬɭɪɧɵɯ ɤɨɦɩɨɧɟɧɬ ɫɢɝɧɚɥɚ. 

ɋɬɪɭɤɬɭɪɚ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɮɭɧɤɰɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɨɩɟɪɚɰɢɟɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɠɢɞɚɧɢɹ ɨɬ 
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(1.3.5) 

Ɉɧɢ ɩɪɟɨɛɪɚɡɭɸɬɫɹ ɜ ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 
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     , (1.3.6) 
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'
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'
0

' ' ' '0
0 0 0 0 0 0sin

t T

t

U
M B t t t t t t t dt

T
   



      . 

Ɇɨɞɭɥɢɪɭɸɳɢɟ ɮɭɧɤɰɢɢ ɜ (1.3.6) ɨɩɪɟɞɟɥɹɸɬ ɜɢɞ ɨɝɢɛɚɸɳɟɣ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɮɭɧɤɰɢɢ 

ɫɥɨɠɧɨɝɨ ɫɢɝɧɚɥɚ. Ɏɭɧɤɰɢɢ   '

0 0 0cos t t    ɢ   '

0 0 0sin t t    ɨɩɪɟɞɟɥɹɸɬ 

ɜɵɫɨɤɨɱɚɫɬɨɬɧɨɟ ɡɚɩɨɥɧɟɧɢɟ ɤɨɪɪɟɥɹɰɢɨɧɧɵɯ ɮɭɧɤɰɢɣ ɫɥɨɠɧɨɝɨ ɫɢɝɧɚɥɚ. ɉɪɢ '

0 0t t  

ɪɟɚɥɢɡɭɟɬɫɹ ɦɚɤɫɢɦɭɦ ɦɨɞɭɥɹ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɮɭɧɤɰɢɢ, ɜ ɤɨɬɨɪɨɦ 

   '
0 0

'

0 0cos
t t

M A U 


 , 

   '
0 0

'

0 0sin
t t

M B U 


  . 
(1.3.7) 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ ɦɚɤɫɢɦɭɦ ɦɨɞɭɥɹ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɮɭɧɤɰɢɢ ɨɩɪɟɞɟɥɹɟɬ ɧɟɫɦɟɳɟɧɧɭɸ 

ɨɰɟɧɤɭ ɚɦɩɥɢɬɭɞɵ 0U  ɢ ɮɚɡɵ 0  ɫɢɝɧɚɥɚ. 

ɉɪɢ ɨɬɫɭɬɫɬɜɢɢ ɫɢɝɧɚɥɚ ɧɚ ɭɱɚɫɬɤɟ ɩɪɢɧɹɬɨɝɨ ɫɨɨɛɳɟɧɢɹ, ɤɨɝɞɚ    Шy t U t , 

ɜɵɪɚɠɟɧɢɹ (1.3.4) ɨɩɪɟɞɟɥɹɸɬ ɩɪɨɰɟɫɫ ɮɢɥɶɬɪɚɰɢɢ ɲɭɦɚ ɤɨɪɪɟɥɹɰɢɨɧɧɵɦɢ ɮɢɥɶɬɪɚɦɢ ɫ 

ɢɦɩɭɥɶɫɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ 

    ' '

0 0

2
cosAh t t t t

T
    , 

    ' '

0 0

2
sinBh t t t t

T
    . 

(1.3.8) 

Ⱦɢɫɩɟɪɫɢɹ ɲɭɦɚ ɧɚ ɜɵɯɨɞɟ ɷɬɢɯ ɮɢɥɶɬɪɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɪɚɠɟɧɢɹɦɢ 

 
2

2
' 2

A BD D M A
N


   , (1.3.9) 

ɝɞɟ 
k

T
N


  – ɤɨɥɢɱɟɫɬɜɨ ɧɟɤɨɪɪɟɥɢɪɨɜɚɧɧɵɯ ɨɬɫɱɟɬɨɜ ɲɭɦɚ ɧɚ ɢɧɬɟɪɜɚɥɟ ɫɢɝɧɚɥɚ T . 

Ⱦɢɫɩɟɪɫɢɹ ɲɭɦɚ ɤɜɚɞɪɚɬɭɪɧɵɯ ɤɨɦɩɨɧɟɧɬ ɩɪɢ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɨɛɪɚɛɨɬɤɟ ɭɦɟɧɶɲɚɟɬɫɹ ɜ 
2

N
 

ɪɚɡ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɵɩɨɥɧɹɹ ɤɨɪɪɟɥɹɰɢɨɧɧɭɸ ɨɛɪɚɛɨɬɤɭ ɩɪɢɧɹɬɨɝɨ ɫɨɨɛɳɟɧɢɹ ɦɨɠɧɨ 

ɩɨɥɭɱɢɬɶ ɞɜɟ ɡɚɜɢɫɢɦɨɫɬɢ  ' '

0A t  ɢ  ' '

0B t , ɫɨɞɟɪɠɚɳɢɟ ɲɭɦɨɜɵɟ ɢ ɫɢɝɧɚɥɶɧɵɟ ɦɚɤɫɢɦɭɦɵ. 

Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɷɬɢɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɩɪɢ ɥɸɛɨɦ ɡɧɚɱɟɧɢɢ '

0t  ɹɜɥɹɟɬɫɹ ɧɨɪɦɚɥɶɧɵɦ ɜ ɫɜɹɡɢ ɫ 

ɥɢɧɟɣɧɨɫɬɶɸ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ. 

Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ ɨɬ  ' '

0A t  ɢ  ' '

0B t  ɩɪɢ '

0t , ɝɞɟ ɧɟɬ ɫɢɝɧɚɥɚ ɪɚɜɧɨ ɧɭɥɸ. 

Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ ɨɬ  ' '

0A t  ɢ  ' '

0B t  ɜ ɦɨɦɟɧɬ '

0 0t t , ɝɞɟ ɫɢɝɧɚɥ ɩɪɢɫɭɬɫɬɜɭɟɬ ɪɚɜɧɨ

    ' '

0 0 0 0cosɆ A t t A U     ɢ     ' '

0 0 0 0sinɆ B t t B U     . 
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ȼ ɦɚɤɫɢɦɭɦɟ ɤɚɠɞɨɣ ɤɜɚɞɪɚɬɭɪɧɨɣ ɤɨɦɩɨɧɟɧɬɵ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ ɨɬ  ' '

0A t  ɢɥɢ 

 ' '

0B t  ɛɭɞɟɬ ɪɚɜɧɨ   ' '

0 0max
Ɇ A t U  ɢɥɢ   ' '

0 0max
Ɇ B t U . 

Ⱦɢɫɩɟɪɫɢɢ ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ  ' '

0A t  ɢ  ' '

0B t  ɩɪɢ ɥɸɛɨɦ '

0t  ɪɚɜɧɵ 
22

A BD D
N


  . ɉɪɢ 

ɩɟɪɟɯɨɞɟ ɨɬ ɤɜɚɞɪɚɬɭɪɧɵɯ ɤɨɦɩɨɧɟɧɬ  ' '

0A t  ɢ  ' '

0B t  ɤ ɦɨɞɭɥɸ  

     2 2
' ' ' ' ' '

0 0 0U t A t B t         (1.3.10) 

ɢɡɦɟɧɹɟɬɫɹ ɩɥɨɬɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ  ' '

0U t . Ɉɧɚ ɛɭɞɟɬ ɪɚɫɩɪɟɞɟɥɟɧɚ ɩɨ 

ɡɚɤɨɧɭ Ɋɟɥɟɹ, ɟɫɥɢ ɫɢɝɧɚɥ ɨɬɫɭɬɫɬɜɭɟɬ ɢ ɩɨ ɡɚɤɨɧɭ Ɋɚɣɫɚ ɩɪɢ ɧɚɥɢɱɢɢ ɫɢɝɧɚɥɚ. Ɂɚɞɚɱɚ 

ɨɛɧɚɪɭɠɟɧɢɹ ɫɢɝɧɚɥɚ ɦɨɠɟɬ ɛɵɬɶ ɪɟɲɟɧɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɥɸɛɨɣ ɢɡ ɮɭɧɤɰɢɣ  ' '

0A t ,  ' '

0B t  ɢɥɢ 

 ' '

0U t . 

Ɋɚɫɫɦɨɬɪɢɦ ɫɥɭɱɚɣ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɤɨɫɢɧɭɫɧɨɣ ɤɜɚɞɪɚɬɭɪɧɨɣ ɤɨɦɩɨɧɟɧɬɵ ɞɥɹ ɪɟɲɟɧɢɹ 

ɡɚɞɚɱɢ ɨɛɧɚɪɭɠɟɧɢɹ ɫɢɝɧɚɥɚ. 

ɉɥɨɬɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ  ' '

0q A t  ɜ ɟɟ ɦɚɤɫɢɦɭɦɟ ɩɪɢ ɧɚɥɢɱɢɢ 

ɫɢɝɧɚɥɚ ɜ ɩɪɢɧɹɬɨɦ ɫɨɨɛɳɟɧɢɢ ɢ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɫɢɝɧɚɥɚ ɜ ɩɪɢɧɹɬɨɦ ɫɨɨɛɳɟɧɢɢ ɛɭɞɭɬ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɢɦɟɬɶ ɜɢɞ: 

 2
'

0

1

1
( ) exp

22 AA

q U
Ɋ q

DD

   
 
 

, 

2

2

1
( ) exp

22 AA

qɊ q
DD

 
  

 
, 

(1.3.11) 

ɝɞɟ '

0U  – ɨɰɟɧɢɜɚɟɦɨɟ ɡɧɚɱɟɧɢɟ ɚɦɩɥɢɬɭɞɵ ɫɢɝɧɚɥɚ. 

ɉɥɨɬɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 2 ( )Ɋ q  ɫɜɹɡɚɧɚ ɬɨɥɶɤɨ ɫɨ ɫɬɚɬɢɫɬɢɤɨɣ ɲɭɦɚ. ɂɫɩɨɥɶɡɭɹ 

ɤɪɢɬɟɪɢɣ ɇɟɣɦɚɧɚ-ɉɢɪɫɨɧɚ, ɭɫɬɚɧɨɜɢɦ ɜɟɪɨɹɬɧɨɫɬɶ ɥɨɠɧɨɣ ɬɪɟɜɨɝɢ ɢ ɡɚɮɢɤɫɢɪɭɟɦ ɟɟ ɧɚ 

ɭɪɨɜɧɟ C. 

2

. . 2

1
( ) exp 1

22
ɥ ɬ

Ah hA A

q h
P ɋ P q Нq Нq Ɏ

DD D

    
             

  , (1.3.12) 

ɝɞɟ 
21

( ) exp
22

x
tɎ б Нt

 

 
  

 
  – ɢɧɬɟɝɪɚɥ ɜɟɪɨɹɬɧɨɫɬɢ. 

ɂɡ ɜɵɪɚɠɟɧɢɹ (1.3.12) ɥɟɝɤɨ ɜɵɪɚɡɢɬɶ ɩɨɪɨɝɨɜɵɣ ɭɪɨɜɟɧɶ, ɪɚɡɞɟɥɹɸɳɢɣ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

1( )Ɋ q  ɢ 2 ( )Ɋ q , 
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1 12
(1 ) (1 )Ah D Ɏ C Ɏ C

N
     , (1.3.13) 

ɝɞɟ 1( )Ɏ б  – ɮɭɧɤɰɢɹ, ɨɛɪɚɬɧɚɹ ɢɧɬɟɝɪɚɥɭ ɜɟɪɨɹɬɧɨɫɬɢ. 

Ⱦɥɹ ɞɚɧɧɨɝɨ ɜɜɟɞɟɧɧɨɝɨ ɩɨɪɨɝɚ (1.3.13) ɧɚɣɞɟɦ ɜɟɪɨɹɬɧɨɫɬɶ ɨɛɧɚɪɭɠɟɧɢɹ ɫɢɝɧɚɥɚ ɜ 

ɫɥɭɱɚɟ ɨɩɪɟɞɟɥɟɧɢɹ ɟɝɨ ɚɦɩɥɢɬɭɞɵ ɡɧɚɱɟɧɢɟɦ '

0U : 

2

0 0 0
. 1

( )1
( ) exp 1 1

22 2 /
ɨɛɧ

Ah hA A

q U h U h U
P P q dq dq Ɏ Ɏ

DD D N 

                         
  . (1.3.14) 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɡɚɞɚɱɚ ɨɛɧɚɪɭɠɟɧɢɹ ɫɢɝɧɚɥɚ ɨɤɚɡɵɜɚɟɬɫɹ ɪɟɲɟɧɧɨɣ. 

ȿɫɥɢ ɨɰɟɧɨɱɧɨɟ ɡɧɚɱɟɧɢɟ ɚɦɩɥɢɬɭɞɵ ɫɢɝɧɚɥɚ 0U   ɪɚɜɧɨ ɭɫɬɚɧɨɜɥɟɧɧɨɦɭ ɩɨɪɨɝɭ h , ɬɨɝɞɚ 

ɜɟɪɨɹɬɧɨɫɬɶ ɨɛɧɚɪɭɠɟɧɢɹ ɪɚɜɧɚ 0.5. ȼɟɪɨɹɬɧɨɫɬɶ ɩɪɨɩɭɫɤɚ ɰɟɥɢ ɪɚɜɧɚ ɬɚɤɠɟ 0.5. ɉɪɢ 

ɭɜɟɥɢɱɟɧɢɢ 0U   ɜɟɪɨɹɬɧɨɫɬɶ ɨɛɧɚɪɭɠɟɧɢɹ ɜɨɡɪɚɫɬɚɟɬ ɢ ɩɪɢ 0 2U h   ɛɭɞɟɬ ɪɚɜɧɚ 

. 1ɨɛɧP C  , (1.3.15) 

ɩɪɢɱɟɦ, ɜɟɪɨɹɬɧɨɫɬɶ ɩɪɨɩɭɫɤɚ ɰɟɥɢ ɪɚɜɧɚ ɜɟɪɨɹɬɧɨɫɬɢ ɥɨɠɧɨɣ ɬɪɟɜɨɝɢ. 

Ɋɚɫɫɦɨɬɪɢ ɜɨɩɪɨɫ ɨ ɡɧɚɱɟɧɢɢ ɩɨɪɨɝɨɜɨɝɨ ɭɪɨɜɧɹ, ɪɚɡɞɟɥɹɸɳɟɝɨ ɫɢɝɧɚɥɶɧɵɟ ɢ ɲɭɦɨɜɵɟ 

ɦɚɤɫɢɦɭɦɵ ɩɪɟɨɛɪɚɡɨɜɚɧɧɨɣ ɪɟɚɥɢɡɚɰɢɢ    ' ' '

0 0q t U t . ȼɜɟɞɟɧɧɚɹ ɜɟɥɢɱɢɧɚ  '

0q t  ɹɜɥɹɟɬɫɹ 

ɜɵɯɨɞɨɦ ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɪɢɟɦɧɢɤɚ, ɜ ɤɨɬɨɪɨɦ ɪɟɚɥɢɡɭɟɬɫɹ ɚɥɝɨɪɢɬɦ ɨɛɪɚɛɨɬɤɢ (1.3.10). 

Ɉɩɪɟɞɟɥɢɦ ɞɜɟ ɜɟɪɨɹɬɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ  '

0q t  ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ '

0t , 

ɤɨɝɞɚ ɧɟɬ ɫɢɝɧɚɥɚ ɢ ɤɨɝɞɚ ɫɢɝɧɚɥ ɩɪɢɫɭɬɫɬɜɭɟɬ ɜ ɫɨɨɛɳɟɧɢɢ: 

 
2

1 exp
2A A

q q
p q

D D

 
  

 
, 

(1.3.16) 

 
2 2

2 0exp
2A A A

q q q
p q I

D D D

    
    

   
, 

ɝɞɟ    2 2
' '

0 0A t B t    – ɨɰɟɧɢɜɚɟɦɨɟ ɡɧɚɱɟɧɢɟ ɚɦɩɥɢɬɭɞɵ ɫɢɝɧɚɥɚ. 

ɗɬɢ ɩɥɨɬɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 1.3.1 ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ 0t , ɤɨɝɞɚ 

ɪɟɚɥɢɡɭɟɬɫɹ ɦɚɤɫɢɦɭɦ ɦɨɞɭɥɹ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɮɭɧɤɰɢɢ ɫɢɝɧɚɥɚ.  



27 

 

Ɋɢɫɭɧɨɤ 1.3.1 – ɂɥɥɸɫɬɪɚɰɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɣ ɧɚ ɜɵɯɨɞɟ ɨɛɧɚɪɭɠɢɬɟɥɹ (1.3.10) 

 

ɋɨɝɥɚɫɧɨ ɤɪɢɬɟɪɢɸ ɢɞɟɚɥɶɧɨɝɨ ɧɚɛɥɸɞɚɬɟɥɹ, ɩɨɪɨɝɨɜɨɟ ɡɧɚɱɟɧɢɟ ɜɵɫɬɚɜɥɹɟɬɫɹ ɩɨ ɬɨɱɤɟ 

ɩɟɪɟɫɟɱɟɧɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɣ  1p q  ɢ  2p q . Ɉɞɧɚɤɨ ɩɪɢɦɟɧɢɬɶ ɬɚɤɨɟ ɩɨɪɨɝɨɜɨɟ ɡɧɚɱɟɧɢɟ 

ɫɥɨɠɧɨ ɜ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɡɧɚɱɟɧɢɟ   ɦɨɠɟɬ ɛɵɬɶ ɪɚɡɥɢɱɧɵɦ, ɚ ɞɚɧɧɨɟ ɩɨɪɨɝɨɜɨɟ ɡɧɚɱɟɧɢɟ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɫɯɨɞɹ ɢɡ ɭɪɨɜɧɹ ɫɢɝɧɚɥɚ. 

Ɉɩɪɟɞɟɥɢɦ ɩɨɪɨɝɨɜɵɣ ɭɪɨɜɟɧɶ ɢɫɯɨɞɹ ɢɡ ɞɢɫɩɟɪɫɢɢ ɲɭɦɚ. Ⱦɥɹ ɷɬɨɝɨ ɧɚɣɞɟɦ 

ɜɟɪɨɹɬɧɨɫɬɶ ɥɨɠɧɨɣ ɬɪɟɜɨɝɢ ɢ ɡɚɮɢɤɫɢɪɭɟɦ ɟɟ 

 1

h

ɋ P q Нq


  . (1.3.17) 

ɉɨɞɫɬɚɜɥɹɹ ɜ (1.3.17) ɜɵɪɚɠɟɧɢɟ ɞɥɹ  1p q  ɢɡ (1.3.16) ɢ ɪɚɡɪɟɲɚɹ ɟɝɨ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɩɨɪɨɝɚ h , ɩɨɥɭɱɢɦ 

 2 ln /h C N  . (1.3.18) 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɵɪɚɠɟɧɢɟ (1.3.18) ɨɩɪɟɞɟɥɹɟɬ ɩɨɪɨɝɨɜɵɣ ɭɪɨɜɟɧɶ ɞɥɹ ɪɚɡɞɟɥɟɧɢɹ 

ɲɭɦɨɜɵɯ ɢ ɫɢɝɧɚɥɶɧɵɯ ɦɚɤɫɢɦɭɦɨɜ. ɉɨɪɨɝɨɜɵɣ ɭɪɨɜɟɧɶ ɭɫɬɚɧɨɜɥɟɧ ɢɫɯɨɞɹ ɢɡ 

ɮɢɤɫɢɪɨɜɚɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɥɨɠɧɨɣ ɬɪɟɜɨɝɢ C. 

Ɂɚɬɟɦ, ɨɩɪɟɞɟɥɹɹ ɩɨ ɫɢɝɧɚɥɭ ɡɧɚɱɟɧɢɟ   ɧɚɣɞɟɦ ɜɟɪɨɹɬɧɨɫɬɶ ɩɪɚɜɢɥɶɧɨɝɨ ɨɛɧɚɪɭɠɟɧɢɹ 

ɬɚɤɨɝɨ ɫɢɝɧɚɥɚ ɩɨ ɮɨɪɦɭɥɟ (1.3.19). 

 . . 2ɩɪ ɨɛɧ
h

P P q dq



  . (1.3.19) 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɡɚɞɚɱɚ ɪɟɲɟɧɚ. 
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Ɉɫɬɚɟɬɫɹ ɪɚɫɫɦɨɬɪɟɬɶ ɜɨɩɪɨɫ ɨɛ ɨɰɟɧɤɟ ɞɢɫɩɟɪɫɢɢ ɜ ɩɪɢɧɹɬɨɦ ɫɨɨɛɳɟɧɢɢ. Ⱦɥɹ ɷɬɨɝɨ 

ɡɚɩɢɲɟɦ ɮɭɧɤɰɢɨɧɚɥ ɩɪɚɜɞɨɩɨɞɨɛɢɹ (1.3.20) ɫɨɝɥɚɫɧɨ (1.2.6) ɢ (1.3.1): 

            
2

' ' ' ' ' ' ' '

0 0 0 0

0

, , cos sin

T

t A B y t A t t B t t t t dt         . (1.3.20) 

ɉɨɞɫɬɚɜɢɦ ɜ ɧɟɝɨ ɡɧɚɱɟɧɢɹ '
A  ɢ '

B  ɢɡ (1.3.4) ɢ ɜɨɡɜɟɞɟɦ ɜ ɤɜɚɞɪɚɬ ɫ ɭɱɟɬɨɦ (1.3.3). ȼ 

ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɭɱɢɦ 

            

        

2

' ' ' '

0 0 0 0

0 0

' ' '

0 0 0

0

cos

sin .

T T

T

t y t dt A t y t t t t t dt

B t y t t t t t dt

 

 

     

  

 


 (1.3.21) 

Ɉɩɪɟɞɟɥɢɦ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ ɨɬ ɮɭɧɤɰɢɨɧɚɥɚ ɩɪɚɜɞɨɩɨɞɨɛɢɹ (1.3.21) ɜ ɬɨɱɤɟ 
'

0 0t t : 

  ' 2

0 0M t t T   . (1.3.22) 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ ɮɭɧɤɰɢɨɧɚɥ ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɜ ɬɨɱɤɟ ɦɢɧɢɦɭɦɚ, ɤɨɝɞɚ '

0 0t t , ɨɩɪɟɞɟɥɹɟɬ 

ɨɰɟɧɤɭ ɞɢɫɩɟɪɫɢɢ ɲɭɦɚ 2 . Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɵɪɚɠɟɧɢɹ (1.3.19) ɢ (1.3.21) ɩɨɥɧɨɫɬɶɸ ɪɟɲɚɸɬ 

ɡɚɞɚɱɭ ɨɛɧɚɪɭɠɟɧɢɹ ɫɢɝɧɚɥɚ ɜ ɩɪɢɧɹɬɨɣ ɪɟɚɥɢɡɚɰɢɢ. ɉɪɢ ɷɬɨɦ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɩɨɪɨɝ h  ɩɪɢ 

ɮɢɤɫɢɪɨɜɚɧɧɨɦ ɭɪɨɜɧɟ ɜɟɪɨɹɬɧɨɫɬɢ ɥɨɠɧɨɣ ɬɪɟɜɨɝɢ. 

 

§1.4. Ɉɰɟɧɤɚ ɩɚɪɚɦɟɬɪɨɜ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ 

 

Ɋɚɫɫɦɨɬɪɢɦ ɡɚɞɚɱɭ ɨɩɬɢɦɚɥɶɧɨɣ ɨɰɟɧɤɢ ɩɚɪɚɦɟɬɪɨɜ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ. ȿɟ ɪɟɲɟɧɢɟ 

ɨɩɪɟɞɟɥɹɟɬ ɫɬɪɭɤɬɭɪɭ ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɪɢɟɦɧɢɤɚ (ɚɥɝɨɪɢɬɦ ɨɛɪɚɛɨɬɤɢ) ɢ ɨɰɟɧɤɭ ɞɢɫɩɟɪɫɢɢ 

ɩɚɪɚɦɟɬɪɨɜ ɫɢɝɧɚɥɚ (ɞɢɫɩɟɪɫɢɸ Ɋɚɨ-Ʉɪɚɦɟɪɚ). 

Ɏɨɪɦɭɥɵ ɩɪɢɜɟɞɟɧɧɵɯ ɨɰɟɧɨɤ ɲɢɪɨɤɨ ɢɡɜɟɫɬɧɵ ɞɥɹ ɨɛɳɟɝɨ ɫɥɭɱɚɹ ɫɢɝɧɚɥɨɜ, ɜ ɞɚɧɧɨɦ 

ɩɚɪɚɝɪɚɮɟ ɩɪɢɜɟɞɟɧɵ ɞɚɧɧɵɟ ɨɰɟɧɤɢ ɞɥɹ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ, ɱɬɨ ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ 

ɩɨɫɬɪɨɟɧɢɹ ɚɥɝɨɪɢɬɦɨɜ ɰɢɮɪɨɜɨɣ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɨɜ ɢ ɫɪɚɜɧɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ. 

Ɉɬɥɢɱɢɬɟɥɶɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɨɰɟɧɤɢ ɩɚɪɚɦɟɬɪɨɜ 

ɫɥɨɠɧɨɝɨ ɫɢɝɧɚɥɚ ɩɪɨɜɨɞɢɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɨɥɨɠɟɧɢɹɦɢ ɬɟɨɪɢɢ ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɪɢɟɦɚ 

[32]. 

Ɋɚɫɫɦɨɬɪɢɦ ɛɨɥɟɟ ɩɨɞɪɨɛɧɨ ɞɚɧɧɵɣ ɜɨɩɪɨɫ. Ɂɚɩɢɲɟɦ ɜ ɨɛɳɟɦ ɜɢɞɟ ɩɪɢɧɹɬɨɟ 

ɫɨɨɛɳɟɧɢɟ, ɫɨɞɟɪɠɚɳɟɟ ɫɥɨɠɧɵɣ ɫɢɝɧɚɥ: 

       0 0

0 0
ˆ ˆˆ i t t

Шy t U e t t U t
    , 0 0t t t T   , (1.4.1) 
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ɝɞɟ 0Û  – ɤɨɦɩɥɟɤɫɧɚɹ ɚɦɩɥɢɬɭɞɚ ɫɥɨɠɧɨɝɨ ɫɢɝɧɚɥɚ,  0t t   – ɦɨɞɭɥɢɪɭɸɳɚɹ ɮɭɧɤɰɢɹ, 0t  – 

ɜɪɟɦɹ ɩɪɢɯɨɞɚ ɫɥɨɠɧɨɝɨ ɫɢɝɧɚɥɚ, T  – ɞɥɢɬɟɥɶɧɨɫɬɶ ɫɥɨɠɧɨɝɨ ɫɢɝɧɚɥɚ, 0  – ɤɪɭɝɨɜɚɹ ɱɚɫɬɨɬɚ, 

 ˆ
ШU t  – ɚɞɞɢɬɢɜɧɵɣ ɧɨɪɦɚɥɶɧɵɣ ɲɭɦ ɫɨ ɫɪɟɞɧɢɦ ɡɧɚɱɟɧɢɟɦ ɪɚɜɧɵɦ ɧɭɥɸ, ɞɢɫɩɟɪɫɢɟɣ 2  ɢ 

ɢɧɬɟɪɜɚɥɨɦ ɤɨɪɪɟɥɹɰɢɢ 
k . 

Ɇɨɞɭɥɢɪɭɸɳɚɹ ɮɭɧɤɰɢɹ ɨɩɪɟɞɟɥɹɟɬ ɤɨɞɨɜɭɸ ɤɨɦɛɢɧɚɰɢɸ ɢɡ ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɢ 

ɨɬɪɢɰɚɬɟɥɶɧɵɯ ɜɢɞɟɨɢɦɩɭɥɶɫɨɜ ɞɥɢɬɟɥɶɧɨɫɬɶɸ ɉ  ɟɞɢɧɢɱɧɨɣ ɚɦɩɥɢɬɭɞɵ, ɟɫɥɢ ɫɥɨɠɧɵɣ 

ɫɢɝɧɚɥ ɫɨɡɞɚɧ ɧɚ ɨɫɧɨɜɟ Ɇ-ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɢɥɢ ɤɨɞɨɜ Ȼɚɪɤɟɪɚ. Ɇɨɞɭɥɢɪɭɸɳɚɹ ɮɭɧɤɰɢɹ 

ɨɩɪɟɞɟɥɹɟɬ ɮɭɧɤɰɢɨɧɚɥɶɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɜɢɞɚ 

   2

0

0

iA t t
t t e   , (1.4.2) 

ɝɞɟ 0

2

ɤA
T

 



, ɤ  – ɤɨɧɟɱɧɚɹ ɤɪɭɝɨɜɚɹ ɱɚɫɬɨɬɚ, ɟɫɥɢ ɫɥɨɠɧɵɣ ɫɢɝɧɚɥ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɫɢɝɧɚɥ ɫ ɥɢɧɟɣɧɨ ɦɟɧɹɸɳɟɣɫɹ ɱɚɫɬɨɬɨɣ (ɅɑɆ-ɫɢɝɧɚɥ). 

Ɉɩɬɢɦɚɥɶɧɵɣ ɚɥɝɨɪɢɬɦ ɨɛɪɚɛɨɬɤɢ ɩɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱɢ ɨɰɟɧɤɢ ɩɚɪɚɦɟɬɪɨɜ ɫɢɝɧɚɥɚ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɭɪɚɜɧɟɧɢɹɦɢ ɩɪɚɜɞɨɩɨɞɨɛɢɹ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɡɚɩɢɲɟɦ ɥɨɝɚɪɢɮɦ ɮɭɧɤɰɢɢ 

ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɜɢɞɚ (1.2.5): 
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    , (1.4.3) 

ɝɞɟ '  – ɜɟɤɬɨɪ ɨɰɟɧɢɜɚɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ ɫɢɝɧɚɥɚ, ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɜɪɟɦɟɧɢ ɜ 

ɩɪɢɧɹɬɨɣ ɪɟɚɥɢɡɚɰɢɢ. 

ɉɪɢ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɢ ɩɨ ɚɦɩɥɢɬɭɞɟ '

0Û  ɢ ɩɪɢɪɚɜɧɢɜɚɧɢɢ ɞɢɮɮɟɪɟɧɰɢɚɥɚ ɤ ɧɭɥɸ, 

ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ 

       
' '
0 0' ' ' * '

0 0 0 0

1ˆ ˆ,
i t t

t

U t y t e t t dt
T

  
  . (1.4.4) 

Ⱦɚɧɧɨɟ ɜɵɪɚɠɟɧɢɟ ɨɩɪɟɞɟɥɹɟɬ ɫɬɪɭɤɬɭɪɭ ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɪɢɟɦɧɢɤɚ. ɋɨɝɥɚɫɧɨ 

ɩɪɟɞɫɬɚɜɥɟɧɢɹɦ ɥɢɧɟɣɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɫɢɝɧɚɥɨɜ – ɷɬɨ ɫɤɚɥɹɪɧɨɟ ɩɪɨɢɡɜɟɞɟɧɢɟ ɜɟɤɬɨɪɚ 

ɩɪɢɧɹɬɨɝɨ ɫɨɨɛɳɟɧɢɹ ɢ ɜɟɤɬɨɪɚ ɤɨɩɢɢ ɫɢɝɧɚɥɚ ɫ ɟɞɢɧɢɱɧɨɣ ɷɧɟɪɝɢɟɣ. Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ 

ɨɠɢɞɚɧɢɟ ɨɬ (1.4.4) ɩɪɢɜɨɞɢɬ ɤ ɡɚɜɢɫɢɦɨɫɬɢ 

          
'
0' ' '

0 0 0 0 0 0
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' ' ' * '0
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   . (1.4.5) 

ɗɬɨ ɞɜɭɦɟɪɧɚɹ ɤɨɪɪɟɥɹɰɢɨɧɧɚɹ ɮɭɧɤɰɢɹ, ɡɚɜɢɫɹɳɚɹ ɨɬ ɢɡɦɟɧɟɧɢɹ ɱɚɫɬɨɬɵ '

0  ɢ ɨɬ 

ɢɡɦɟɧɟɧɢɹ ɜɪɟɦɟɧɢ ɩɪɢɯɨɞɚ ɫɢɝɧɚɥɚ '

0t . 

ȼ ɦɚɤɫɢɦɭɦɟ ɩɪɢ '

0 0t t  ɢ '

0 0   
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  ' ' '

0 0 0 0 0 0
ˆ ˆ,M U t t U    , (1.4.6) 

ɱɬɨ ɝɨɜɨɪɢɬ ɨ ɧɟɫɦɟɳɟɧɧɨɫɬɢ ɪɟɲɟɧɢɹ. Ɇɚɤɫɢɦɭɦ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɮɭɧɤɰɢɢ ɨɩɪɟɞɟɥɹɟɬ 

ɨɰɟɧɤɢ ɚɦɩɥɢɬɭɞɵ '

0Û , ɧɚɱɚɥɶɧɨɣ ɮɚɡɵ '

0 , ɜɪɟɦɟɧɢ ɩɪɢɯɨɞɚ '

0t  ɢ ɱɚɫɬɨɬɵ '

0 . 

Ɋɚɫɫɦɨɬɪɢɦ ɫɬɪɭɤɬɭɪɭ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɮɭɧɤɰɢɢ ɜɧɚɱɚɥɟ ɞɥɹ ɫɢɝɧɚɥɨɜ ɧɚ ɨɫɧɨɜɟ Ɇ-

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ (ɤɨɞɨɜ Ȼɚɪɤɟɪɚ). ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɩɪɢ '

0 0t t  ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɪɚɡɪɟɡ 

ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɮɭɧɤɰɢɢ ɩɨ ɱɚɫɬɨɬɧɨɣ ɨɫɢ 
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. (1.4.7) 

ȼɵɪɚɠɟɧɢɟ (1.4.7) ɮɚɤɬɢɱɟɫɤɢ ɨɩɪɟɞɟɥɹɟɬ ɫɩɟɤɬɪ ɫɥɨɠɧɨɝɨ ɫɢɝɧɚɥɚ, ɩɨɥɭɲɢɪɢɧɚ 

ɫɩɟɤɬɪɚɥɶɧɨɣ ɥɢɧɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ 

2

T

  . (1.4.8) 

ȿɫɥɢ '

0 0t t , ɬɨ ɫɩɟɤɬɪ ɫɨɞɟɪɠɢɬ ɪɹɞ ɫɩɟɤɬɪɚɥɶɧɵɯ ɥɢɧɢɣ. ɉɪɢ ɭɫɥɨɜɢɢ '

0 0   

ɜɵɪɚɠɟɧɢɟ (1.4.4) ɨɩɪɟɞɟɥɹɟɬ ɪɚɡɪɟɡ ɮɭɧɤɰɢɢ ɤɨɪɪɟɥɹɰɢɢ ɩɨ ɜɪɟɦɟɧɧɨɣ ɨɫɢ '

0t : 
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    . (1.4.9) 

ɗɬɨ ɤɨɪɪɟɥɹɰɢɨɧɧɚɹ ɮɭɧɤɰɢɹ ɫɢɝɧɚɥɚ ɧɚ ɨɫɧɨɜɟ Ɇ-ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɫ 

ɜɵɫɨɤɨɱɚɫɬɨɬɧɵɦ ɡɚɩɨɥɧɟɧɢɟɦ. ɉɨɥɭɲɢɪɢɧɚ ɨɫɧɨɜɧɨɝɨ ɥɟɩɟɫɬɤɚ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɞɥɢɬɟɥɶɧɨɫɬɶɸ ɨɞɧɨɣ ɩɨɡɢɰɢɢ ɤɨɞɚ ɉ . 

Ɋɚɫɫɦɨɬɪɢɦ ɫɬɪɭɤɬɭɪɭ ɞɜɭɦɟɪɧɨɣ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɮɭɧɤɰɢɢ ɞɥɹ ɅɑɆ-ɫɢɝɧɚɥɨɜ. ȼ ɷɬɨɦ 

ɫɥɭɱɚɟ (1.4.5) ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ: 
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  . (1.4.10) 

ɋɟɱɟɧɢɟ ɮɭɧɤɰɢɢ (1.4.10) ɜɞɨɥɶ ɨɫɢ '

0  ɩɪɢ ɭɫɥɨɜɢɢ '

0 0t t  ɩɪɢɜɨɞɢɬ ɤ ɜɵɪɚɠɟɧɢɸ 

(1.4.7). 

ɋɟɱɟɧɢɟ ɮɭɧɤɰɢɢ (1.4.10) ɜɞɨɥɶ ɨɫɢ '

0t  ɩɪɢ ɭɫɥɨɜɢɢ '

0 0   ɩɪɢɜɨɞɢɬ ɤ ɜɵɪɚɠɟɧɢɸ 
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   . (1.4.11) 

ȼɵɩɨɥɧɹɹ ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ, ɩɨɥɭɱɢɦ 
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ɢɥɢ 

    
 

 0' ' '
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, 

ɝɞɟ '

0 0t t   . 

Ɉɩɪɟɞɟɥɢɦ ɬɨɱɤɢ, ɜ ɤɨɬɨɪɵɯ ɜɵɪɚɠɟɧɢɟ (1.4.12) ɨɛɪɚɳɚɟɬɫɹ ɜ ɧɨɥɶ. ɉɪɢɪɚɜɧɢɜɚɹ 

ɚɪɝɭɦɟɧɬ ɫɢɧɭɫɚ ɡɧɚɱɟɧɢɸ n  ɢ ɪɟɲɚɹ ɤɜɚɞɪɚɬɧɨɟ ɭɪɚɜɧɟɧɢɟ 

 A T n    ,  

ɩɨɥɭɱɢɦ ɞɜɚ ɪɟɲɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ  : 

1 T  , 2

0ɤ

n

f f
 


. (1.4.13) 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɫɟɱɟɧɢɟ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɮɭɧɤɰɢɢ ɢɦɟɟɬ ɩɨɥɭɲɢɪɢɧɭ   1

2 0ɤf f    ɢ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɞɟɜɢɚɰɢɟɣ ɱɚɫɬɨɬɵ. ɇɚ ɪɢɫɭɧɤɟ 1.4.1 ɩɨɤɚɡɚɧɨ ɫɟɱɟɧɢɟ ɦɨɞɭɥɹ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ 

ɮɭɧɤɰɢɢ ɜɞɨɥɶ ɨɫɢ '

0 . 

 

Ɋɢɫɭɧɨɤ 1.4.1 – Ɋɚɡɪɟɡ ɦɨɞɭɥɹ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɮɭɧɤɰɢɢ ɅɑɆ-ɫɢɝɧɚɥɚ (T  = 0.2 ɦɫ, 

0ɤf f  = 50 ɤȽɰ) ɩɨ ɱɚɫɬɨɬɟ. Ɉɧ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɩɟɤɬɪ ɪɚɞɢɨɢɦɩɭɥɶɫɚ ɞɥɢɬɟɥɶɧɨɫɬɶɸ 

Ɍ=0.2 ɦɫ, ɩɨɥɭɲɢɪɢɧɚ ɫɩɟɤɬɪɚɥɶɧɨɣ ɥɢɧɢɢ ɧɚ ɭɪɨɜɧɟ 0.5 ɨɬ ɦɚɤɫɢɦɭɦɚ ɪɚɜɧɚ 3 ɤȽɰ 

 

ɇɚ ɪɢɫɭɧɤɟ 1.4.2 ɩɨɤɚɡɚɧɨ ɫɟɱɟɧɢɟ ɦɨɞɭɥɹ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɮɭɧɤɰɢɢ ɜɞɨɥɶ ɨɫɢ '

0t . 
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Ɋɢɫɭɧɨɤ 1.4.2 – Ɋɚɡɪɟɡ ɦɨɞɭɥɹ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɮɭɧɤɰɢɢ ɅɑɆ-ɫɢɝɧɚɥɚ (T  = 0.2 ɦɫ, 

0ɤf f  = 50 ɤȽɰ) ɩɨ ɜɪɟɦɟɧɢ. ɉɨɥɭɲɢɪɢɧɚ ɫɠɚɬɨɝɨ ɢɦɩɭɥɶɫɚ ɧɚ ɭɪɨɜɧɟ 0.5 ɨɬ ɦɚɤɫɢɦɭɦɚ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɞɟɜɢɚɰɢɟɣ ɱɚɫɬɨɬɵ ɢ ɪɚɜɧɚ 0.012 ɦɫ 

 

ɇɚ ɪɢɫɭɧɤɟ 1.4.3 ɩɨɤɚɡɚɧɨ ɫɟɱɟɧɢɟ ɞɜɭɦɟɪɧɨɣ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɮɭɧɤɰɢɢ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ 

ɩɥɨɫɤɨɫɬɶɸ ɧɚ ɭɪɨɜɧɟ 0.5 ɨɬ ɦɚɤɫɢɦɭɦɚ. 

 

Ɋɢɫɭɧɨɤ 1.4.3 – Ɋɚɡɪɟɡ ɧɚ ɭɪɨɜɧɟ 0.5 ɨɬ ɦɚɤɫɢɦɭɦɚ ɦɨɞɭɥɟɣ ɞɜɭɦɟɪɧɵɯ ɮɭɧɤɰɢɣ ɤɨɪɪɟɥɹɰɢɢ 

ɅɑɆ-ɫɢɝɧɚɥɨɜ (T  = 0.2 ɦɫ) ɫ ɞɟɜɢɚɰɢɹɦɢ ɱɚɫɬɨɬ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɪɚɜɧɵɦɢ 0, 50, 100 ɤȽɰ. 

ɉɟɪɟɫɟɱɟɧɢɹ ɷɥɥɢɩɫɨɜ ɫ ɜɟɪɬɢɤɚɥɶɧɨɣ ɢ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɨɫɹɦɢ ɨɩɪɟɞɟɥɹɸɬ ɩɨɥɭɲɢɪɢɧɭ 

ɫɩɟɤɬɪɚɥɶɧɨɣ ɥɢɧɢɢ ɢ ɩɨɥɭɲɢɪɢɧɭ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɮɭɧɤɰɢɢ 

 

Ɋɢɫɭɧɨɤ 1.4.3 ɝɟɨɦɟɬɪɢɱɟɫɤɢ ɨɩɪɟɞɟɥɹɟɬ ɜɡɚɢɦɨɫɜɹɡɶ 2  ɫ ɞɟɜɢɚɰɢɟɣ ɱɚɫɬɨɬɵ 0ɤf f . 

ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɞɟɜɢɚɰɢɢ ɱɚɫɬɨɬɵ ɷɥɥɢɩɫ ɫɤɨɥɶɡɢɬ ɩɨ ɞɜɭɦ ɧɚɩɪɚɜɥɹɸɳɢɦ, ɩɨɜɨɪɚɱɢɜɚɹɫɶ 
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ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɨɱɤɢ 1, ɱɬɨ ɜɵɡɵɜɚɟɬ ɭɦɟɧɶɲɟɧɢɟ 
2 . Ɉɞɧɚɤɨ ɅɑɆ-ɫɢɝɧɚɥɵ ɦɨɝɭɬ ɫɨɡɞɚɜɚɬɶɫɹ 

ɢ ɩɪɢ ɮɢɤɫɢɪɨɜɚɧɧɨɦ ɡɧɚɱɟɧɢɢ ɞɟɜɢɚɰɢɢ ɱɚɫɬɨɬɵ. Ⱦɥɹ ɷɬɨɝɨ ɩɪɢ ɮɢɤɫɢɪɨɜɚɧɧɨɦ ɩɨɥɨɠɟɧɢɢ 

ɬɨɱɤɢ 2, ɨɩɪɟɞɟɥɹɸɳɟɣ ɡɧɚɱɟɧɢɟ 
2 , ɷɥɥɢɩɫ ɜɪɚɳɚɟɬɫɹ ɡɚ ɫɱɟɬ ɭɜɟɥɢɱɟɧɢɹ ɞɥɢɬɟɥɶɧɨɫɬɢ T , 

ɱɬɨ ɜɵɡɵɜɚɟɬ ɭɦɟɧɶɲɟɧɢɟ ɲɢɪɢɧɵ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɮɭɧɤɰɢɢ ɩɨ ɱɚɫɬɨɬɧɨɣ ɨɫɢ. Ɍɚɤɚɹ 

ɬɟɯɧɨɥɨɝɢɹ ɩɪɢɦɟɧɟɧɢɹ ɅɑɆ-ɫɢɝɧɚɥɨɜ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ Д16]. 

Ɋɚɫɫɦɨɬɪɢɦ ɜɨɩɪɨɫ ɨɛ ɨɰɟɧɤɟ ɞɢɫɩɟɪɫɢɣ ɩɚɪɚɦɟɬɪɨɜ ɫɢɝɧɚɥɚ: ɚɦɩɥɢɬɭɞɵ '

0Û , ɧɚɱɚɥɶɧɨɣ 

ɮɚɡɵ '

0 , ɜɪɟɦɟɧɢ ɩɪɢɯɨɞɚ '

0t  ɢ ɱɚɫɬɨɬɵ '

0 . Ɉɰɟɧɤɚ ɞɢɫɩɟɪɫɢɢ ɩɪɨɜɨɞɢɬɫɹ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ 

'

0 0t t , ɬ.ɟ. ɜ ɦɚɤɫɢɦɭɦɟ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɮɭɧɤɰɢɢ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɨɰɟɧɢɜɚɟɦɵɟ ɩɚɪɚɦɟɬɪɵ 

ɪɚɜɧɵ ɩɚɪɚɦɟɬɪɚɦ ɫɢɝɧɚɥɚ, ɫɨɞɟɪɠɚɳɢɯɫɹ ɜ ɩɪɢɧɹɬɨɦ ɫɨɨɛɳɟɧɢɢ. ɋɨɝɥɚɫɧɨ ɬɟɨɪɢɢ, ɷɥɟɦɟɧɬɵ 

ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɦɚɬɪɢɰɵ Ɏɢɲɟɪɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɜɵɪɚɠɟɧɢɟɦ 
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, , 1i j N  . (1.4.14) 

Ɋɚɫɫɦɨɬɪɢɦ ɜɧɚɱɚɥɟ ɜɨɩɪɨɫ ɨ ɞɢɫɩɟɪɫɢɢ ɚɦɩɥɢɬɭɞɵ UD  ɢ ɧɚɱɚɥɶɧɨɣ ɮɚɡɵ 
0

D  ɩɪɢ 

ɢɡɜɟɫɬɧɵɯ 0t  ɢ 0 . Ⱦɥɹ ɷɬɨɝɨ ɞɜɨɣɧɵɦ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɟɦ (1.4.3) ɩɨɥɭɱɢɦ ɷɥɟɦɟɧɬɵ 

ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɦɚɬɪɢɰɵ Ɏɢɲɟɪɚ 

2

2

0

2

0

ˆ
0

N

J
U N





 
 
   
  
 

.  

Ɇɚɬɪɢɰɚ ɞɢɫɩɟɪɫɢɣ ɹɜɥɹɟɬɫɹ ɨɛɪɚɬɧɨɣ ɤ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɦɚɬɪɢɰɟ Ɏɢɲɟɪɚ. ȼɵɱɢɫɥɹɹ 

ɷɥɟɦɟɧɬɵ ɨɛɪɚɬɧɨɣ ɦɚɬɪɢɰɵ, ɩɨɥɭɱɢɦ 
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 , (1.4.15) 

ɝɞɟ 
ɤ

T
N


 . 

Ɋɚɫɫɦɨɬɪɢɦ ɞɢɫɩɟɪɫɢɢ ɜɪɟɦɟɧɢ ɩɪɢɯɨɞɚ 
0t

D  ɢ ɱɚɫɬɨɬɵ 
0

D  ɫɥɨɠɧɨɝɨ ɫɢɝɧɚɥɚ. 

ɂɫɩɨɥɶɡɭɹ (1.4.3), ɩɨɥɭɱɢɦ ɢɧɮɨɪɦɚɰɢɨɧɧɭɸ ɦɚɬɪɢɰɭ Ɏɢɲɟɪɚ 
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. (1.4.16) 

Ⱦɢɚɝɨɧɚɥɶɧɵɟ ɷɥɟɦɟɧɬɵ ɨɛɪɚɬɧɨɣ ɦɚɬɪɢɰɵ ɨɩɪɟɞɟɥɹɸɬ ɞɢɫɩɟɪɫɢɢ 
0t

D  ɢ 
0

D : 
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 . (1.4.17) 

ȼɵɪɚɠɟɧɢɹ ɞɢɫɩɟɪɫɢɣ Ɋɚɨ-Ʉɪɚɦɟɪɚ (1.4.15) ɢ (1.4.17) ɞɥɹ ɩɚɪɚɦɟɬɪɨɜ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ 

ɧɚ ɨɫɧɨɜɟ Ɇ-ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ (ɧɚ ɨɫɧɨɜɟ ɤɨɞɨɜ Ȼɚɪɤɟɪɚ) ɫɨɜɩɚɞɚɸɬ ɫ ɚɧɚɥɨɝɢɱɧɵɦɢ 

ɜɵɪɚɠɟɧɢɹɦɢ ɞɥɹ ɞɢɫɩɟɪɫɢɢ ɩɚɪɚɦɟɬɪɨɜ ɪɚɞɢɨɢɦɩɭɥɶɫɨɜ (ɩɪɨɫɬɵɟ ɫɢɝɧɚɥɵ). Ⱦɥɹ ɅɑɆ-

ɫɢɝɧɚɥɨɜ ɜɵɪɚɠɟɧɢɹ ɞɥɹ ɞɢɫɩɟɪɫɢɣ ɚɦɩɥɢɬɭɞɵ, ɧɚɱɚɥɶɧɨɣ ɮɚɡɵ ɢ ɜɪɟɦɟɧɢ ɩɪɢɯɨɞɚ 

ɨɩɪɟɞɟɥɹɸɬɫɹ ɜɵɪɚɠɟɧɢɹɦɢ (1.4.15), (1.4.17), ɨɞɧɚɤɨ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɞɢɫɩɟɪɫɢɢ ɱɚɫɬɨɬɵ ɢɦɟɟɬ 

ɛɨɥɟɟ ɫɥɨɠɧɵɣ ɜɢɞ: 
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. (1.4.18) 

Ⱦɢɫɩɟɪɫɢɹ ɱɚɫɬɨɬɵ ɢɦɟɟɬ ɤɜɚɞɪɚɬɢɱɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɨɬ ɨɬɧɨɲɟɧɢɹ ɤɨɧɟɱɧɨɣ ɱɚɫɬɨɬɵ 

ɤ  ɤ ɧɚɱɚɥɶɧɨɣ ɱɚɫɬɨɬɟ 0 . 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɧɚɫɬɨɹɳɟɦ ɩɚɪɚɝɪɚɮɟ ɫ ɩɨɦɨɳɶɸ ɬɟɨɪɢɢ ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɪɢɟɦɚ 

(ɦɟɬɨɞɨɦ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɪɚɜɞɨɩɨɞɨɛɢɹ) ɤɨɧɤɪɟɬɢɡɢɪɨɜɚɧɵ ɢɡɜɟɫɬɧɵɟ ɨɛɳɢɟ ɜɵɪɚɠɟɧɢɹ ɞɥɹ 

ɨɰɟɧɨɤ ɩɚɪɚɦɟɬɪɨɜ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ. 

 

§1.5. Ɂɚɞɚɱɚ ɪɚɡɪɟɲɟɧɢɹ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ ɧɚ ɨɫɧɨɜɟ ɩɪɟɨɛɪɚɡɨɜɚɧɧɨɝɨ ɮɭɧɤɰɢɨɧɚɥɚ 

ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɜ ɨɛɥɚɫɬɢ ɢɯ ɧɟɨɪɬɨɝɨɧɚɥɶɧɨɫɬɢ 

 

ȼ ɞɚɧɧɨɦ ɩɚɪɚɝɪɚɮɟ ɪɚɫɫɦɨɬɪɢɦ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɪɚɡɪɟɲɟɧɢɹ ɞɜɭɯ ɢɥɢ ɛɨɥɟɟ ɫɞɜɢɧɭɬɵɯ 

ɩɨ ɜɪɟɦɟɧɢ ɫɢɝɧɚɥɨɜ ɧɚ ɨɫɧɨɜɟ Ɇ-ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ (ɤɨɞɨɜ Ȼɚɪɤɟɪɚ), ɨɫɧɨɜɚɧɧɨɟ ɧɚ 

ɩɪɢɦɟɧɟɧɢɢ ɩɪɟɨɛɪɚɡɨɜɚɧɧɨɝɨ ɮɭɧɤɰɢɨɧɚɥɚ ɩɪɚɜɞɨɩɨɞɨɛɢɹ. 

ɉɪɢɧɹɬɚɹ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɬɟɨɪɢɹ ɪɚɡɪɟɲɟɧɢɹ ɫɢɝɧɚɥɨɜ ɨɫɧɨɜɚɧɚ ɧɚ ɩɪɟɞɫɬɚɜɥɟɧɢɹɯ, 

ɜɜɟɞɟɧɧɵɯ ȼɭɞɜɨɪɞɨɦ, ɨ ɮɭɧɤɰɢɢ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ. Ɉɧɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ 

         *

0 0

1 ˆ ˆ, , exp
2

S t S t j t dt
E

        




         , (1.5.1) 

ɝɞɟ 
0  – ɜɟɤɬɨɪ ɩɚɪɚɦɟɬɪɨɜ ɫɢɝɧɚɥɚ  0

ˆ ,S t ,   – ɨɬɤɥɨɧɟɧɢɟ ɜɟɤɬɨɪɚ ɩɚɪɚɦɟɬɪɨɜ ɨɬ ɜɟɤɬɨɪɚ 

0  ɩɨ ɤɚɤɨɦɭ-ɥɢɛɨ ɩɚɪɚɦɟɬɪɭ, E  – ɷɧɟɪɝɢɹ ɫɢɝɧɚɥɚ,   2

0

0

ˆ ,

T

E S t dt  . 

ȼɵɪɚɠɟɧɢɟ (1.5.1) ɩɨ ɫɭɳɟɫɬɜɭ ɨɩɪɟɞɟɥɹɟɬ ɧɨɪɦɢɪɨɜɚɧɧɭɸ ɦɧɨɝɨɦɟɪɧɭɸ ɮɭɧɤɰɢɸ 

ɤɨɪɪɟɥɹɰɢɢ. ȼ ɨɞɧɨɦɟɪɧɨɦ ɫɥɭɱɚɟ ɟɫɥɢ ɜɦɟɫɬɨ ɜɟɤɬɨɪɚ ɩɚɪɚɦɟɬɪɨɜ ɜɡɹɬɶ ɱɚɫɬɨɬɭ 0 , ɬɨ 

ɜɵɪɚɠɟɧɢɟ (1.5.1) ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶ ɧɨɪɦɢɪɨɜɚɧɧɵɣ «ɫɩɟɤɬɪ» ɫɢɝɧɚɥɚ, ɩɨɥɭɲɢɪɢɧɚ ɨɫɧɨɜɧɨɝɨ 
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ɥɟɩɟɫɬɤɚ ɤɨɬɨɪɨɝɨ ɪɚɜɧɚ 2

T

  . ɉɨ ɤɪɢɬɟɪɢɸ Ɋɟɥɟɹ ɞɜɚ ɪɚɞɢɨɢɦɩɭɥɶɫɚ ɨɬɥɢɱɚɸɳɢɟɫɹ 

ɱɚɫɬɨɬɨɣ ɧɚ   ɦɨɝɭɬ ɛɵɬɶ ɪɚɡɪɟɲɟɧɵ. Ɉɧɢ ɹɜɥɹɸɬɫɹ ɨɪɬɨɝɨɧɚɥɶɧɵɦɢ. ȼɵɪɚɠɟɧɢɟ (1.5.1) 

ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶ ɤɨɪɪɟɥɹɰɢɨɧɧɭɸ ɮɭɧɤɰɢɸ ɪɚɞɢɨɢɦɩɭɥɶɫɚ ɞɥɢɬɟɥɶɧɨɫɬɶɸ Ɍ, ɟɫɥɢ ɜɦɟɫɬɨ 
0  

ɜɡɹɬɶ ɜɪɟɦɹ ɩɪɢɯɨɞɚ ɪɚɞɢɨɢɦɩɭɥɶɫɚ. ɉɨ ɤɪɢɬɟɪɢɸ Ɋɟɥɟɹ ɪɚɡɪɟɲɟɧɢɟ ɩɨ ɜɪɟɦɟɧɢ ɩɪɢɯɨɞɚ ɞɜɭɯ 

ɪɚɞɢɨɢɦɩɭɥɶɫɨɜ ɜɨɡɦɨɠɧɨ, ɟɫɥɢ ɪɚɡɧɨɫɬɶ ɜɪɟɦɟɧ ɩɪɢɯɨɞɚ t T   . ȼ ɞɜɭɦɟɪɧɨɦ ɫɥɭɱɚɟ, 

ɤɨɝɞɚ ɜɟɤɬɨɪ ɢɡɦɟɧɹɟɬɫɹ ɡɚ ɫɱɟɬ ɞɜɭɯ ɩɚɪɚɦɟɬɪɨɜ (ɧɚɩɪɢɦɟɪ, ɡɚ ɫɱɟɬ ɜɪɟɦɟɧɢ ɩɪɢɯɨɞɚ   ɢ 

ɱɚɫɬɨɬɵ  ), ɜɵɪɚɠɟɧɢɟ (1.5.1) ɨɩɪɟɞɟɥɹɟɬ ɮɭɧɤɰɢɸ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ. 

Ɉɛɴɟɦ ɮɭɧɤɰɢɢ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɨɝɪɚɧɢɱɟɧ ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ (1.5.2). 

 2 , 1V d d    
 

 

    . (1.5.2) 

ɋɟɱɟɧɢɟ ɮɭɧɤɰɢɢ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɧɚ ɭɪɨɜɧɟ 0.5 ɨɬ ɦɚɤɫɢɦɭɦɚ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ 

ɩɥɨɫɤɨɫɬɶɸ ɨɩɪɟɞɟɥɹɟɬ ɷɥɥɢɩɫ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ, ɚɧɚɥɨɝɢɱɧɵɣ ɩɪɟɞɫɬɚɜɥɟɧɧɨɦɭ ɧɚ ɪɢɫɭɧɤɟ 

1.4.3 ɩɪɟɞɵɞɭɳɟɝɨ ɩɚɪɚɝɪɚɮɚ. 

ȿɫɥɢ ɞɜɚ ɫɢɝɧɚɥɚ ɧɟ ɢɦɟɸɬ ɩɟɪɟɫɟɱɟɧɢɣ ɷɥɥɢɩɫɚ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ, ɬɨ ɨɧɢ ɹɜɥɹɸɬɫɹ 

ɨɪɬɨɝɨɧɚɥɶɧɵɦɢ ɢ ɦɨɝɭɬ ɛɵɬɶ ɪɚɡɪɟɲɟɧɵ. ɂɯ ɩɚɪɚɦɟɬɪɵ ɦɨɝɭɬ ɛɵɬɶ ɨɰɟɧɟɧɵ ɩɨ ɨɬɞɟɥɶɧɨɫɬɢ. 

ȿɫɥɢ ɞɜɚ ɫɢɝɧɚɥɚ ɢɦɟɸɬ ɨɛɥɚɫɬɶ ɩɟɪɟɫɟɱɟɧɢɹ ɷɥɥɢɩɫɨɜ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ, ɬɨɝɞɚ, ɫɨɝɥɚɫɧɨ 

ɬɟɨɪɢɢ, ɨɧɢ ɧɟ ɦɨɝɭɬ ɛɵɬɶ ɪɚɡɪɟɲɟɧɵ, ɚ ɢɯ ɩɚɪɚɦɟɬɪɵ ɢɦɟɸɬ ɫɢɥɶɧɵɟ ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɵɟ 

ɢɫɤɚɠɟɧɢɹ. 

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɡɚɞɚɱɚ ɪɚɡɪɟɲɟɧɢɹ ɞɜɭɯ ɢɥɢ ɛɨɥɟɟ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ ɪɟɲɚɟɬɫɹ ɧɚ 

ɨɫɧɨɜɟ ɩɨɥɨɠɟɧɢɣ ɬɟɨɪɢɢ ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɪɢɟɦɚ. ȼɩɟɪɜɵɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɨɩɪɨɫɨɜ ɪɚɡɪɟɲɟɧɢɹ 

ɫɢɝɧɚɥɨɜ ɧɚ ɨɫɧɨɜɟ ɩɨɥɨɠɟɧɢɣ ɬɟɨɪɢɢ ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɪɢɟɦɚ ɩɪɨɜɟɞɟɧɨ ɏɟɥɫɬɪɨɦɨɦ [57Ж. ȼ 

ɨɛɥɚɫɬɢ ɩɟɥɟɧɝɚɰɢɢ, ɪɚɞɢɨɥɨɤɚɰɢɢ, ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɨɩɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɷɬɢ ɩɨɥɨɠɟɧɢɹ ɛɵɥɢ 

ɫɭɳɟɫɬɜɟɧɧɨ ɪɚɡɜɢɬɵ ɜ ɪɚɛɨɬɚɯ ȻɎɍ ɢɦ ɂ. Ʉɚɧɬɚ [10, 29, 35Ж. ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ 

ɪɚɫɫɦɨɬɪɟɧɵ ɩɨɥɨɠɟɧɢɹ ɬɟɨɪɢɢ ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɪɢɟɦɚ ɜ ɩɪɢɥɨɠɟɧɢɢ ɤ ɫɥɨɠɧɵɦ ɫɢɝɧɚɥɚɦ: 

ɫɢɝɧɚɥɚɦ ɧɚ ɨɫɧɨɜɟ Ɇ-ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ, ɫɢɝɧɚɥɚɦ ɧɚ ɨɫɧɨɜɟ ɤɨɞɨɜ Ȼɚɪɤɟɪɚ, ɅɑɆ-

ɫɢɝɧɚɥɚɦ. Ɉɫɧɨɜɨɣ ɪɚɫɫɦɨɬɪɟɧɢɹ ɞɚɧɧɨɝɨ ɜɨɩɪɨɫɚ ɹɜɥɹɟɬɫɹ ɪɚɡɞɟɥɟɧɢɟ ɫɨɜɨɤɭɩɧɨɫɬɢ 

ɫɢɝɧɚɥɨɜ ɧɚ ɨɪɬɨɝɨɧɚɥɶɧɵɟ, ɤɨɝɞɚ ɤɪɢɬɟɪɢɣ Ɋɟɥɟɹ ɜɵɩɨɥɧɹɟɬɫɹ, ɢ ɧɟɨɪɬɨɝɨɧɚɥɶɧɵɟ, ɤɨɝɞɚ 

ɤɪɢɬɟɪɢɣ Ɋɟɥɟɹ ɧɟ ɜɵɩɨɥɧɹɟɬɫɹ, ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɪɪɟɥɹɰɢɢ ɦɟɠɞɭ ɫɢɝɧɚɥɚɦɢ ɨɬɥɢɱɟɧ ɨɬ 

ɧɭɥɹ. ȼɨ ɜɬɨɪɨɦ ɫɥɭɱɚɟ ɩɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱɢ ɪɚɡɪɟɲɟɧɢɹ ɩɨɞɨɛɧɵɯ ɫɢɝɧɚɥɨɜ ɢɫɩɨɥɶɡɭɟɬɫɹ 

ɢɧɮɨɪɦɚɰɢɹ ɨ ɜɟɤɬɨɪɟ ɪɚɡɧɨɫɬɢ d  ɦɟɠɞɭ ɜɟɤɬɨɪɨɦ ɩɪɢɧɹɬɨɝɨ ɫɨɨɛɳɟɧɢɹ y  ɢ ɜɟɤɬɨɪɨɦ 

ɤɨɩɢɢ ɫɢɝɧɚɥɚ S . 

ȼɵɜɟɞɟɦ ɨɫɧɨɜɧɵɟ ɜɵɪɚɠɟɧɢɹ, ɨɩɪɟɞɟɥɹɸɳɢɟ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɪɚɡɪɟɲɟɧɢɹ ɫɥɨɠɧɵɯ 

ɫɢɝɧɚɥɨɜ ɫɧɚɱɚɥɚ ɞɥɹ ɞɜɭɯ ɫɢɝɧɚɥɨɜ. ɉɭɫɬɶ ɩɪɢɧɹɬɨɟ ɫɨɨɛɳɟɧɢɟ ɢɦɟɟɬ ɜɢɞ: 
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           0 1 0 2

1 1 2 2
ˆ ˆ ˆˆ i t t i t t

Шy t U e t t U e t t U t
        , (1.5.3) 

ɝɞɟ 1Û , 2Û  – ɤɨɦɩɥɟɤɫɧɵɟ ɚɦɩɥɢɬɭɞɵ ɫɢɝɧɚɥɨɜ, 
1t , 

2t  – ɜɪɟɦɟɧɚ ɩɪɢɯɨɞɚ ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ 

ɫɢɝɧɚɥɨɜ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 0  – ɧɟɫɭɳɚɹ ɤɪɭɝɨɜɚɹ ɱɚɫɬɨɬɚ,  1t t  ,  2t t   – ɦɨɞɭɥɢɪɭɸɳɢɟ 

ɮɭɧɤɰɢɢ ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ ɫɢɝɧɚɥɨɜ,  ˆ
ШU t  – ɚɞɞɢɬɢɜɧɵɣ ɧɨɪɦɚɥɶɧɵɣ ɲɭɦ ɫɨ ɫɪɟɞɧɢɦ 

ɡɧɚɱɟɧɢɟɦ ɪɚɜɧɵɦ ɧɭɥɸ, ɞɢɫɩɟɪɫɢɟɣ 2  ɢ ɢɧɬɟɪɜɚɥɨɦ ɤɨɪɪɟɥɹɰɢɢ 
k . 

ɇɚ ɨɫɧɨɜɚɧɢɢ (1.5.3) ɢ (1.2.6) ɡɚɩɢɲɟɦ ɮɭɧɤɰɢɨɧɚɥ ɩɪɚɜɞɨɩɨɞɨɛɢɹ 

           
' '

0 1 0 2

2

' ' ' ' '

1 1 2 2
ˆ ˆˆ i t t i t t

t

L y t U e t t U e t t dt
 

  
 

     , (1.5.4) 

ɝɞɟ '  – ɜɟɤɬɨɪ ɨɰɟɧɢɜɚɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ ɫɢɝɧɚɥɚ, ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɜɪɟɦɟɧɢ ɜ 

ɩɪɢɧɹɬɨɣ ɪɟɚɥɢɡɚɰɢɢ. 

Ⱦɢɮɮɟɪɟɧɰɢɪɭɹ (1.5.4) ɩɨ '

1Û  ɢ '

2Û  ɢ ɩɪɢɪɚɜɧɢɜɚɹ ɞɢɮɮɟɪɟɧɰɢɚɥɵ ɤ ɧɭɥɸ, ɩɨɥɭɱɢɦ 

ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ ɩɪɚɜɞɨɩɨɞɨɛɢɹ: 

             
' ' '
1 1 1' ' '

0 1 0 1 2

' ' '
1 1 2

* ' ' 2 ' ' * ' '

1 1 1 2 1 2
ˆ ˆˆ

t T t T t T
i t t i t t

t t t

y t e t t dt U t t dt U e t t t t dt
    

  
  

        , 

             
' ' '
2 1 2' ' '

0 2 0 1 2

' ' '
2 2 2

* ' ' ' * ' ' 2 '

2 1 1 2 2 2
ˆ ˆˆ

t T t T t T
i t t i t t

t t t

y t e t t dt U e t t t t dt U t t dt
    

  
   

        . 

(1.5.5) 

Ɋɟɲɚɹ ɷɬɢ ɭɪɚɜɧɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ '

1Û  ɢ '

2Û , ɩɨɥɭɱɢɦ: 
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1 2' '
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0 2 0 1

' '
2 1

* ' * '

2 1

' ' '

2 1 2 2

ˆˆ ˆ
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ˆ1
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. 

(1.5.6) 

Ⱦɚɧɧɵɟ ɜɵɪɚɠɟɧɢɹ ɹɜɥɹɸɬɫɹ ɛɨɥɟɟ ɨɛɳɢɦɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɤɨɪɪɟɥɹɰɢɨɧɧɵɦ ɚɧɚɥɢɡɨɦ, 

ɬ.ɤ. ɨɧɢ ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɪɪɟɥɹɰɢɢ R̂ : 

     
'
1 ' '

0 1 2

'
2

' * '

1 2

1ˆ
t T

i t t

t

R e t t t t dt
T

  


 
   .  

ɉɪɢ ˆ 0R   ɜɵɪɚɠɟɧɢɹ (1.5.6) ɨɩɪɟɞɟɥɹɸɬ ɤɨɪɪɟɥɹɰɢɨɧɧɵɣ ɚɧɚɥɢɡ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ. 
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Ɋɚɫɫɦɨɬɪɢɦ ɫɬɪɭɤɬɭɪɭ ɩɨɥɭɱɟɧɧɵɯ ɪɟɲɟɧɢɣ. ɉɭɫɬɶ ɩɪɢɧɹɬɨɟ ɫɨɨɛɳɟɧɢɟ  ŷ t  ɫɨɞɟɪɠɢɬ 

ɥɢɲɶ ɩɟɪɜɵɣ ɫɢɝɧɚɥ, ɬɨɝɞɚ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɨɠɢɞɚɧɢɹ ɨɬ  ' ' '

1 1 2
ˆ ,U t t  ɢ  ' ' '

2 1 2
ˆ ,U t t  ɛɭɞɭɬ ɪɚɜɧɵ: 

  
           

' '
1 1' '

0 1 1 0 2 1

' '
1 2

* ' * * '

1 1 1 2

' ' ' 1
1 1 2 2

ˆ
ˆˆ ,

ˆ1

t T t T
i t t i t t

t t

e t t t t dt R e t t t t dt
U

M U t t
T R

    
 

  
     

 
  

 
 
 

 
, 
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(1.5.7) 

ɉɪɢ '

1 1t t  ɩɨɥɭɱɢɦ 

  ' ' '

1 1 2 1
ˆ ˆ,M U t t U , 

  ' ' '

2 1 2
ˆ , 0M U t t  . 

(1.5.8ɚ) 

Ⱥɧɚɥɨɝɢɱɧɨ, ɟɫɥɢ ɩɪɢɧɹɬɨɟ ɫɨɨɛɳɟɧɢɟ ɫɨɞɟɪɠɢɬ ɥɢɲɶ ɜɬɨɪɨɣ ɫɢɝɧɚɥ, ɬɨ 

  ' ' '

1 1 2
ˆ , 0M U t t  , 

  ' ' '

2 1 2 2
ˆ ˆ,M U t t U . 

(1.5.8ɛ) 

ȿɫɥɢ ɩɪɢɧɹɬɨɟ ɫɨɨɛɳɟɧɢɟ ɫɨɞɟɪɠɢɬ ɫɨɜɨɤɭɩɧɨɫɬɶ ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ ɫɢɝɧɚɥɨɜ, ɬɨɝɞɚ 

  ' ' '

1 1 2 1
ˆ ˆ,M U t t U , 

  ' ' '

2 1 2 2
ˆ ˆ,M U t t U . 

(1.5.8ɜ) 

Ʉɚɤ ɢ ɫɥɟɞɨɜɚɥɨ ɨɠɢɞɚɬɶ, ɪɟɲɟɧɢɹ (1.5.6) ɹɜɥɹɸɬɫɹ ɧɟɫɦɟɳɟɧɧɵɦɢ. Ɉɞɧɚɤɨ ɷɬɢ 

ɜɵɪɚɠɟɧɢɹ ɧɟ ɦɨɝɭɬ ɪɟɲɢɬɶ ɡɚɞɚɱɭ ɪɚɡɪɟɲɟɧɢɹ ɞɜɭɯ ɫɢɝɧɚɥɨɜ. ȼ ɬɨɱɤɚɯ '

1 1t t  ɢ '

2 2t t  ɨɧɢ 

ɨɩɪɟɞɟɥɹɸɬ ɢɫɬɢɧɧɵɟ ɡɧɚɱɟɧɢɹ 1Û  ɢ 2Û , ɨɞɧɚɤɨ ɧɟɬ ɤɪɢɬɟɪɢɹ ɨɬɛɨɪɚ ɷɬɢɯ ɬɨɱɟɤ. Ɇɚɤɫɢɦɭɦɵ 

(1.5.6) ɞɨɫɬɢɝɚɸɬɫɹ ɩɪɢ ɞɪɭɝɢɯ ɡɧɚɱɟɧɢɹɯ '

1t  ɢ '

2t . Ⱦɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɪɚɡɪɟɲɟɧɢɹ ɞɜɭɯ 

ɫɢɝɧɚɥɨɜ ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɢɧɮɨɪɦɚɰɢɸ, ɤɨɬɨɪɭɸ ɞɚɟɬ ɜɟɤɬɨɪ 

ɪɚɡɧɨɫɬɢ d  ɦɟɠɞɭ ɩɪɢɧɹɬɵɦ ɫɨɨɛɳɟɧɢɟɦ y  ɢ ɜɟɤɬɨɪɨɦ ɤɨɩɢɢ ɫɢɝɧɚɥɚ S . 

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, ɩɨɞɫɬɚɜɢɦ (1.5.6) ɜ ɮɭɧɤɰɢɨɧɚɥ ɩɪɚɜɞɨɩɨɞɨɛɢɹ (1.5.4), ɩɪɟɨɛɪɚɡɭɟɦ 

ɩɨɥɭɱɟɧɧɨɟ ɜɵɪɚɠɟɧɢɟ ɫ ɭɱɟɬɨɦ (1.5.5) ɢ ɩɪɢɞɟɦ ɤ ɫɨɨɬɧɨɲɟɧɢɸ (1.5.9): 
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 (1.5.9) 

Ⱦɚɧɧɨɟ ɜɵɪɚɠɟɧɢɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɨɜɟɪɯɧɨɫɬɶ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɩɚɪɚɦɟɬɪɨɜ '

1t  ɢ '

2t . ȼ 

ɬɨɱɤɟ '

1 1t t  ɢ '

2 2t t  ɷɬɚ ɩɨɜɟɪɯɧɨɫɬɶ ɢɦɟɟɬ ɝɥɨɛɚɥɶɧɵɣ ɦɢɧɢɦɭɦ, ɤɨɬɨɪɵɣ ɹɜɥɹɟɬɫɹ 

ɤɪɢɬɟɪɢɟɦ ɨɬɛɨɪɚ ɪɟɲɟɧɢɣ. ȼ ɷɬɨɣ ɬɨɱɤɟ '

1 1t t , '

2 2t t , 
'

1 1
ˆ ˆU U , 

'

2 2
ˆ ˆU U . ɋɥɟɞɨɜɚɬɟɥɶɧɨ, 

ɦɟɧɹɹ '

1t  ɢ '

2t  ɜ ɨɛɥɚɫɬɢ ɢɯ ɨɩɪɟɞɟɥɟɧɢɹ ɦɨɠɧɨ ɩɨɫɬɪɨɢɬɶ ɩɨɜɟɪɯɧɨɫɬɶ ɮɭɧɤɰɢɨɧɚɥɚ 

ɩɪɚɜɞɨɩɨɞɨɛɢɹ (1.5.9) ɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɢɧɢɦɭɦ ɩɨɜɟɪɯɧɨɫɬɢ ɮɭɧɤɰɢɨɧɚɥɚ ɤɚɤ ɤɪɢɬɟɪɢɣ 

ɨɬɛɨɪɚ ɪɟɲɟɧɢɣ. Ⱦɨɩɨɥɧɢɬɟɥɶɧɨ ɡɧɚɱɟɧɢɟ ɦɢɧɢɦɭɦɚ ɮɭɧɤɰɢɨɧɚɥɚ ɨɩɪɟɞɟɥɹɟɬ ɞɢɫɩɟɪɫɢɸ 

ɲɭɦɚ ɜ ɩɪɢɧɹɬɨɣ ɪɟɚɥɢɡɚɰɢɢ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɡɚɞɚɱɚ ɪɚɡɪɟɲɟɧɢɹ ɞɜɭɯ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ ɨɤɚɡɵɜɚɟɬɫɹ ɪɟɲɟɧɧɨɣ. 

Ɉɛɨɛɳɢɦ ɩɨɥɭɱɟɧɧɵɣ ɪɟɡɭɥɶɬɚɬ ɧɚ ɫɥɭɱɚɣ M ɩɨɞɨɛɧɵɯ ɫɢɝɧɚɥɨɜ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ 

ɩɪɢɧɹɬɨɟ ɫɨɨɛɳɟɧɢɟ ɢɦɟɟɬ ɜɢɞ 
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   . (1.5.10) 

Ɏɭɧɤɰɢɨɧɚɥ ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ 
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   . (1.5.11) 

ɍɪɚɜɧɟɧɢɹ ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɜ ɦɚɬɪɢɱɧɨɦ ɜɢɞɟ: 
'AU  , (1.5.12) 

ɝɞɟ 
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   – ɷɥɟɦɟɧɬɵ ɜɟɤɬɨɪ-ɫɬɨɥɛɰɚ  , 

'

nU  – ɨɰɟɧɢɜɚɟɦɵɟ ɚɦɩɥɢɬɭɞɵ (ɷɥɟɦɟɧɬɵ ɜɟɤɬɨɪ-ɫɬɨɥɛɰɚ '
U ), 
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    – ɷɥɟɦɟɧɬɵ ɦɚɬɪɢɰɵ A . 

(1.5.13) 

Ɋɟɲɚɹ ɭɪɚɜɧɟɧɢɹ (1.5.12) ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɨɰɟɧɨɱɧɵɟ ɡɧɚɱɟɧɢɹ '

nU  ɚɦɩɥɢɬɭɞ ɩɪɢ 

ɡɚɞɚɧɧɵɯ ɡɧɚɱɟɧɢɹɯ ' '

1 Mt t . ɉɨɞɫɬɚɜɥɹɹ ɩɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ '

nU  ɜ ɮɭɧɤɰɢɨɧɚɥ 

ɩɪɚɜɞɨɩɨɞɨɛɢɹ, ɩɨɥɭɱɢɦ: 
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    . (1.5.14) 

Ɏɭɧɤɰɢɨɧɚɥ ɩɪɚɜɞɨɩɨɞɨɛɢɹ (1.5.14) ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɨɜɟɪɯɧɨɫɬɶ ɜ M – ɦɟɪɧɨɦ 

ɩɪɨɫɬɪɚɧɫɬɜɟ ɩɚɪɚɦɟɬɪɨɜ '

nt . Ɇɢɧɢɦɭɦ ɷɬɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɩɪɟɞɟɥɹɟɬ ɪɟɲɟɧɢɟ, ɬ.ɟ. ɧɚɛɨɪ 

ɩɚɪɚɦɟɬɪɨɜ: '

nt , 
'ˆ
n

U  ( 1n M  ). 

ɉɪɟɞɫɬɚɜɥɟɧɧɨɟ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɪɚɡɪɟɲɟɧɢɹ M ɩɨɞɨɛɧɵɯ ɫɢɝɧɚɥɨɜ ɢɦɟɟɬ ɞɜɟ 

ɨɫɨɛɟɧɧɨɫɬɢ. ɉɟɪɜɚɹ ɫɜɹɡɚɧɚ ɫɨ ɡɧɚɱɢɬɟɥɶɧɵɦ ɭɜɟɥɢɱɟɧɢɟɦ ɦɚɲɢɧɧɨɝɨ ɜɪɟɦɟɧɢ ɫ 

ɭɜɟɥɢɱɟɧɢɟɦ M. ɉɪɢ M = 2, 3 ɤɨɦɩɶɸɬɟɪɵ ɫɪɟɞɧɟɣ ɦɨɳɧɨɫɬɢ ɦɨɝɭɬ ɪɟɲɢɬɶ ɡɚɞɚɱɭ ɜ 

ɩɪɢɟɦɥɟɦɨɟ ɜɪɟɦɹ. Ɉɞɧɚɤɨ, ɟɫɥɢ M > 3, ɬɨ ɬɪɟɛɭɟɬɫɹ ɩɪɢɧɢɦɚɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɦɟɪɵ ɞɥɹ 

ɭɫɤɨɪɟɧɢɹ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɩɪɨɰɟɫɫɚ (ɩɪɨɰɟɞɭɪɚɦ ɦɢɧɢɦɢɡɚɰɢɢ ɮɭɧɤɰɢɨɧɚɥɚ ɨɬɜɟɞɟɧɵ 

ɧɟɫɤɨɥɶɤɨ ɨɬɞɟɥɶɧɵɯ ɩɚɪɚɝɪɚɮɨɜ). 

ȼɬɨɪɚɹ ɨɫɨɛɟɧɧɨɫɬɶ ɫɜɹɡɚɧɚ ɫ ɬɟɦ, ɱɬɨ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɪɟɲɟɧɢɹ ɫ ɛɨɥɶɲɢɦ ɡɧɚɱɟɧɢɟɦ M 

ɬɪɟɛɭɟɬɫɹ ɜɵɫɨɤɨɟ ɨɬɧɨɲɟɧɢɟ ɫɢɝɧɚɥ/ɲɭɦ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɚɩɩɚɪɚɬɭɪɟ ɧɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɨɞɯɨɞ ɤ ɫɜɟɪɯɪɚɡɪɟɲɟɧɢɸ 

ɨɩɢɫɵɜɚɟɦɵɣ ɜ ɞɚɧɧɨɦ ɩɚɪɚɝɪɚɮɟ, ɨɫɧɨɜɧɨɣ ɩɪɢɱɢɧɨɣ ɩɪɟɩɹɬɫɬɜɭɸɳɟɣ ɜɧɟɞɪɟɧɢɸ ɬɚɤɨɣ 

ɬɟɯɧɨɥɨɝɢɢ ɨɫɬɚɟɬɫɹ ɨɝɪɨɦɧɚɹ ɜɵɱɢɫɥɢɬɟɥɶɧɚɹ ɫɥɨɠɧɨɫɬɶ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ, ɱɬɨ ɧɢɜɟɥɢɪɭɟɬ ɟɝɨ 

ɩɪɟɢɦɭɳɟɫɬɜɚ. Ɉɞɧɚɤɨ ɫɨɜɪɟɦɟɧɧɵɟ ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɫɪɟɞɫɬɜɚ ɩɨɡɜɨɥɹɸɬ ɩɪɢɦɟɧɹɬɶ ɞɚɧɧɵɣ 

ɦɟɬɨɞ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ, ɱɬɨ ɛɭɞɟɬ ɩɨɤɚɡɚɧɨ ɞɚɥɟɟ. 

ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɤɥɚɫɫɢɱɟɫɤɨɝɨ ɩɨɞɯɨɞɚ, ɨɫɧɨɜɚɧɧɨɝɨ ɧɚ ɮɭɧɤɰɢɢ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ, 

ɩɪɢ ɫɛɥɢɠɟɧɢɢ ɱɚɫɬɨɬ ɫɢɝɧɚɥɨɜ (ɜɪɟɦɟɧ ɩɪɢɯɨɞɚ) ɫɛɥɢɠɚɸɬɫɹ ɮɭɧɤɰɢɢ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɢ 

ɩɨɹɜɥɹɟɬɫɹ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɢɯ ɪɚɡɪɟɲɟɧɢɹ. ɉɪɢ ɷɬɨɦ ɫɨɜɟɪɲɚɟɬɫɹ ɨɲɢɛɤɚ: ɩɪɢɧɹɬɨɟ 

ɫɨɨɛɳɟɧɢɟ ɢ ɤɨɩɢɹ ɫɨɜɨɤɭɩɧɨɫɬɢ ɫɢɝɧɚɥɨɜ ɞɨɥɠɧɵ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɞɪɭɝ ɞɪɭɝɭ ɩɨ ɤɨɥɢɱɟɫɬɜɭ 

ɫɢɝɧɚɥɨɜ. Ɇɚɤɫɢɦɭɦ ɥɨɝɚɪɢɮɦɚ ɮɭɧɤɰɢɢ ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɞɥɹ ɫɨɜɨɤɭɩɧɨɫɬɢ ɫɢɝɧɚɥɨɜ 

ɨɩɪɟɞɟɥɹɟɬ ɨɰɟɧɤɢ ɜɫɟɯ ɩɚɪɚɦɟɬɪɨɜ ɫɨɜɨɤɭɩɧɨɫɬɢ ɫɢɝɧɚɥɨɜ. Ɍɟɪɦɢɧɚ «ɪɚɡɪɟɲɟɧɢɟ» 

(ɪɚɡɪɟɲɚɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ) ɡɞɟɫɶ ɧɟ ɬɪɟɛɭɟɬɫɹ, ɬ.ɤ. ɜɫɟ ɩɚɪɚɦɟɬɪɵ ɨɩɪɟɞɟɥɹɸɬɫɹ ɜ ɨɞɧɨɦ 

ɝɥɨɛɚɥɶɧɨɦ ɦɚɤɫɢɦɭɦɟ. ȼ ɧɚɫɬɨɹɳɟɦ ɩɚɪɚɝɪɚɮɟ ɪɚɫɤɪɵɜɚɟɬɫɹ ɬɟɯɧɨɥɨɝɢɹ ɩɨɥɭɱɟɧɢɹ ɪɟɲɟɧɢɹ 

ɡɚɞɚɱɢ ɨɰɟɧɤɢ ɩɚɪɚɦɟɬɪɨɜ ɫɨɜɨɤɭɩɧɨɫɬɢ ɫɢɝɧɚɥɨɜ, ɫɨɞɟɪɠɚɳɢɯɫɹ ɜ ɩɪɢɧɹɬɨɦ ɫɨɨɛɳɟɧɢɢ. ȼ 

ɞɚɥɶɧɟɣɲɟɦ ɛɭɞɟɬ ɩɨɤɚɡɚɧɚ ɬɟɯɧɨɥɨɝɢɹ ɩɨɢɫɤɚ ɦɢɧɢɦɭɦɚ ɩɪɟɨɛɪɚɡɨɜɚɧɧɨɝɨ ɥɨɝɚɪɢɮɦɚ 

ɮɭɧɤɰɢɢ ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɰɢɮɪɨɜɵɦɢ ɦɟɬɨɞɚɦɢ. ɗɬɨ ɧɨɜɚɹ ɬɟɯɧɨɥɨɝɢɹ ɪɟɲɟɧɢɹ. ȼɨ ɜɬɨɪɨɣ 

ɝɥɚɜɟ ɩɪɨɜɟɞɟɧ ɜɫɟɫɬɨɪɨɧɧɢɣ ɚɧɚɥɢɡ ɜɨɡɦɨɠɧɨɫɬɟɣ ɷɬɨɣ ɬɟɯɧɨɥɨɝɢɢ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɨɰɟɧɤɢ 

ɩɚɪɚɦɟɬɪɨɜ ɫɨɜɨɤɭɩɧɨɫɬɢ ɫɢɝɧɚɥɨɜ. 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɭɪɚɜɧɟɧɢɣ (1.5.12) ɧɟɨɛɯɨɞɢɦɨ ɨɫɭɳɟɫɬɜɢɬɶ ɨɩɟɪɚɰɢɸ ɨɛɪɚɳɟɧɢɹ ɦɚɬɪɢɰɵ 

A , ɷɬɚ ɨɩɟɪɚɰɢɹ ɧɟɫɟɬ ɨɫɧɨɜɧɭɸ ɜɵɱɢɫɥɢɬɟɥɶɧɭɸ ɧɚɝɪɭɡɤɭ ɢ ɨɩɪɟɞɟɥɹɟɬ ɜ ɤɨɧɟɱɧɨɦ ɫɱɟɬɟ 

ɪɟɲɟɧɢɟ. ɉɨ ɩɨɫɬɪɨɟɧɢɸ ɦɚɬɪɢɰɚ A  ɧɟ ɫɨɞɟɪɠɢɬ ɲɭɦɨɜɵɯ ɨɬɫɱɟɬɨɜ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɪɚɛɨɬɚɬɶ 
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ɫ ɛɨɥɟɟ ɧɢɡɤɢɦɢ ɨɬɧɨɲɟɧɢɹɦɢ ɫɢɝɧɚɥ ɲɭɦ, ɱɟɦ ɩɪɢɦɟɧɹɟɦɵɟ ɦɟɬɨɞɵ ɫɜɟɪɯɪɚɡɪɟɲɟɧɢɹ: 

MUSIC, ɚɜɬɨɪɟɝɪɟɫɫɢɨɧɧɵɟ ɢ ɬ.ɞ. Ʉɪɨɦɟ ɬɨɝɨ ɪɚɡɦɟɪ ɦɚɬɪɢɰɵ A  ɫɭɳɟɫɬɜɟɧɧɨ ɦɟɧɶɲɟ, 

ɩɪɢɦɟɧɹɟɦɵɯ ɜ ɭɩɨɦɹɧɭɬɵɯ ɦɟɬɨɞɚɯ. 

ȼ ɫɥɭɱɚɟ ɩɪɢɦɟɧɟɧɢɹ ɞɚɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɧɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɬɨɱɧɨɝɨ ɡɧɚɧɢɹ ɱɢɫɥɚ 

ɫɢɝɧɚɥɨɜ, ɟɞɢɧɫɬɜɟɧɧɨɟ ɨɝɪɚɧɢɱɟɧɢɟ – ɩɪɢɦɟɧɹɟɦɵɣ ɚɥɝɨɪɢɬɦ ɞɨɥɠɟɧ ɛɵɬɶ ɪɚɫɫɱɢɬɚɧ ɧɚ ɧɟ 

ɦɟɧɶɲɟɟ ɱɢɫɥɨ ɫɢɝɧɚɥɨɜ, ɱɟɦ ɩɪɢɧɹɬɨ ɜ ɞɟɣɫɬɜɢɬɟɥɶɧɨɫɬɢ. ɋɨɝɥɚɫɧɨ ɮɨɪɦɭɥɚɦ (1.5.8) 

ɧɚɣɞɟɧɧɵɟ ɚɦɩɥɢɬɭɞɧɵɟ ɨɰɟɧɤɢ ɜɨ ɜɪɟɦɟɧɧɵɟ ɦɨɦɟɧɬɵ, ɤɨɝɞɚ ɫɢɝɧɚɥɚ ɜ ɞɟɣɫɬɜɢɬɟɥɶɧɨɫɬɢ ɧɟ 

ɛɵɥɨ ɛɭɞɭɬ ɧɚɯɨɞɢɬɶɫɹ ɧɚ ɭɪɨɜɧɟ ɲɭɦɚ ɢ ɢɯ ɥɟɝɤɨ ɭɛɪɚɬɶ, ɜɜɟɞɹ ɩɨɪɨɝ, ɧɚɩɪɢɦɟɪ, ɫɨɝɥɚɫɧɨ 

ɢɞɟɨɥɨɝɢɢ, ɨɩɢɫɚɧɧɨɣ ɜ §1.3. 

 

§1.6. Ɋɚɛɨɱɚɹ ɨɛɥɚɫɬɶ ɩɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱɢ ɪɚɡɪɟɲɟɧɢɹ ɩɨɞɨɛɧɵɯ ɫɢɝɧɚɥɨɜ 

 

Ʉɪɢɬɟɪɢɣ Ɋɟɥɟɹ ɪɚɡɞɟɥɹɟɬ ɫɥɨɠɧɵɟ ɫɢɝɧɚɥɵ ɧɚ ɨɪɬɨɝɨɧɚɥɶɧɵɟ ɢ ɧɟɨɪɬɨɝɨɧɚɥɶɧɵɟ. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɨɫɧɨɜɧɵɦ ɩɚɪɚɦɟɬɪɨɦ, ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɹɟɬ ɪɟɲɟɧɢɟ ɞɚɧɧɨɣ ɡɚɞɚɱɢ ɹɜɥɹɟɬɫɹ 

ɦɨɞɭɥɶ ɤɨɷɮɮɢɰɢɟɧɬɚ ɤɨɪɪɟɥɹɰɢɢ ɦɟɠɞɭ ɫɢɝɧɚɥɚɦɢ. ɉɪɢ ɟɝɨ ɩɪɢɛɥɢɠɟɧɢɢ ɤ ɟɞɢɧɢɰɟ 

ɨɛɭɫɥɨɜɥɟɧɧɨɫɬɶ ɦɚɬɪɢɰɵ A  ɢɡ ɭɪɚɜɧɟɧɢɹ (1.5.12) ɭɯɭɞɲɚɟɬɫɹ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɪɟɡɤɨɦɭ 

ɧɚɪɚɫɬɚɧɢɸ ɨɲɢɛɨɤ ɢ ɞɟɥɚɟɬ ɧɟɜɨɡɦɨɠɧɵɦ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɪɚɡɪɟɲɟɧɢɹ ɫɢɝɧɚɥɨɜ (ɯɨɬɹ 

ɩɨɫɥɟɞɧɟɟ ɜɨɡɦɨɠɧɨ ɩɪɢ ɛɨɥɶɲɢɯ ɨɬɧɨɲɟɧɢɹɯ ɫɢɝɧɚɥ/ɲɭɦ). ɉɨɷɬɨɦɭ ɨɩɪɟɞɟɥɟɧɢɟ ɪɚɛɨɱɟɣ 

ɨɛɥɚɫɬɢ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɪɚɡɪɟɲɟɧɢɹ ɩɨɞɨɛɧɵɯ ɫɢɝɧɚɥɨɜ ɹɜɥɹɟɬɫɹ ɜɚɠɧɵɦ ɦɨɦɟɧɬɨɦ ɢ 

ɬɪɟɛɭɟɬ ɪɚɫɫɦɨɬɪɟɧɢɹ ɜ ɨɬɞɟɥɶɧɨɦ ɩɚɪɚɝɪɚɮɟ. Ɉɰɟɧɢɬɶ ɪɚɛɨɱɭɸ ɨɛɥɚɫɬɶ ɦɨɠɧɨ ɩɨ ɞɢɫɩɟɪɫɢɢ 

ɨɰɟɧɨɤ ɩɚɪɚɦɟɬɪɨɜ ɫɢɝɧɚɥɚ, ɱɬɨ ɢ ɨɫɭɳɟɫɬɜɥɟɧɨ ɜ ɞɚɧɧɨɦ ɩɚɪɚɝɪɚɮɟ. 

Ɋɚɫɫɦɨɬɪɢɦ ɷɬɨɬ ɜɨɩɪɨɫ ɩɨɞɪɨɛɧɟɟ. ɉɭɫɬɶ ɩɪɢɧɹɬɨɟ ɫɨɨɛɳɟɧɢɟ ɫɨɞɟɪɠɢɬ ɞɜɚ ɩɨɞɨɛɧɵɯ 

ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɚ (1.5.3), ɚ ɥɨɝɚɪɢɮɦ ɮɭɧɤɰɢɢ ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɢɦɟɟɬ ɜɢɞ 
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Ɉɰɟɧɢɦ ɞɢɫɩɟɪɫɢɢ ɚɦɩɥɢɬɭɞ ɷɬɢɯ ɞɜɭɯ ɫɢɝɧɚɥɨɜ, ɢɫɩɨɥɶɡɭɹ ɮɨɪɦɭɥɭ ɞɥɹ ɷɥɟɦɟɧɬɨɜ 

ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɦɚɬɪɢɰɵ Ɏɢɲɟɪɚ 

  2 ln

ij

i j

d L
J M

d d



 

 
  
 
 

. (1.6.2) 

Ⱦɢɮɮɟɪɟɧɰɢɪɭɹ (1.6.1) ɩɨ '

1Û  ɢ '

2Û  ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ (1.6.2), ɩɨɥɭɱɢɦ ɢɧɮɨɪɦɚɰɢɨɧɧɭɸ 

ɦɚɬɪɢɰɭ Ɏɢɲɟɪɚ 
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, (1.6.3) 

ɝɞɟ N  – ɱɢɫɥɨ ɨɬɫɱɟɬɨɜ ɜ ɩɪɢɧɹɬɨɦ ɫɥɨɠɧɨɦ ɫɢɝɧɚɥɟ. 

Ⱦɢɚɝɨɧɚɥɶɧɵɟ ɷɥɟɦɟɧɬɵ ɦɚɬɪɢɰɵ, ɨɛɪɚɬɧɨɣ ɦɚɬɪɢɰɟ Ɏɢɲɟɪɚ, ɨɩɪɟɞɟɥɹɸɬ ɞɢɫɩɟɪɫɢɢ 

ɚɦɩɥɢɬɭɞ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ 
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(1.6.4) 

ȿɫɥɢ ɜɜɟɫɬɢ ɞɢɫɩɟɪɫɢɸ 
0

2

UD
N


  ɩɪɢ ˆ 0R  , ɬ.ɟ. ɩɪɢ ɨɪɬɨɝɨɧɚɥɶɧɵɯ ɫɢɝɧɚɥɚɯ, ɬɨ 

ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɞɢɫɩɟɪɫɢɹ ɚɦɩɥɢɬɭɞ ɛɭɞɟɬ ɢɦɟɬɶ ɩɪɨɫɬɨɣ ɜɢɞ 

ɗɬɚ ɡɚɜɢɫɢɦɨɫɬɶ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 1.6.1. 

 

Ɋɢɫɭɧɨɤ 1.6.1 – Ƚɪɚɮɢɱɟɫɤɚɹ ɢɥɥɸɫɬɪɚɰɢɹ ɡɚɜɢɫɢɦɨɫɬɢ (1.6.5) 

 

ȼ ɨɛɥɚɫɬɢ ɢɡɦɟɧɟɧɢɣ ɦɨɞɭɥɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɤɨɪɪɟɥɹɰɢɢ ɦɟɠɞɭ ɫɢɝɧɚɥɚɦɢ ˆ 0 0.9R    

ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɞɢɫɩɟɪɫɢɹ ɦɟɧɹɟɬɫɹ ɫɥɚɛɨ, ɭɜɟɥɢɱɢɜɚɹɫɶ ɧɚ 7ɞȻ ɤ ˆ 0.9R  . ɗɬɭ ɨɛɥɚɫɬɶ ɦɨɠɧɨ 

ɫɱɢɬɚɬɶ ɪɚɛɨɱɟɣ ɨɛɥɚɫɬɶɸ ɪɚɡɪɟɲɟɧɢɹ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ ɦɟɬɨɞɨɦ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 

ɩɪɚɜɞɨɩɨɞɨɛɢɹ. 

ȿɫɥɢ ɜ ɩɪɢɧɹɬɨɦ ɫɨɨɛɳɟɧɢɢ ɫɨɞɟɪɠɢɬɫɹ M ɩɨɞɨɛɧɵɯ ɫɢɝɧɚɥɨɜ, ɬɨɝɞɚ ɢɧɮɨɪɦɚɰɢɨɧɧɚɹ 

ɦɚɬɪɢɰɚ Ɏɢɲɟɪɚ ɢɦɟɟɬ ɜɢɞ 
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. (1.6.6) 

ɉɭɫɬɶ ɨɩɪɟɞɟɥɢɬɟɥɶ ɷɬɨɣ ɦɚɬɪɢɰɵ ɛɭɞɟɬ ɪɚɜɟɧ 0 , ɬɨɝɞɚ ɞɢɚɝɨɧɚɥɶɧɵɟ ɷɥɟɦɟɧɬɵ 

ɨɛɪɚɬɧɨɣ ɦɚɬɪɢɰɵ (ɦɚɬɪɢɰɵ ɞɢɫɩɟɪɫɢɣ ɚɦɩɥɢɬɭɞ) ɛɭɞɭɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɜɵɪɚɠɟɧɢɟɦ 

0

ii
ii
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 , 1i M  , (1.6.6) 

ɝɞɟ iiA  – ɚɥɝɟɛɪɚɢɱɟɫɤɨɟ ɞɨɩɨɥɧɟɧɢɟ ɞɢɚɝɨɧɚɥɶɧɨɝɨ ɷɥɟɦɟɧɬɚ ɦɚɬɪɢɰɵ Ɏɢɲɟɪɚ, 

ɨɩɪɟɞɟɥɹɟɦɨɝɨ ɢɧɞɟɤɫɨɦ i . ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɨɡɦɨɠɧɨɫɬɶ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɪɚɡɪɟɲɟɧɢɹ M 

ɫɢɝɧɚɥɨɜ ɨɛɭɫɥɨɜɥɢɜɚɟɬɫɹ ɡɧɚɱɟɧɢɟɦ ɨɩɪɟɞɟɥɢɬɟɥɹ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɦɚɬɪɢɰɵ Ɏɢɲɟɪɚ. 

 

§1.7. Аɞɚɩɬɢɜɧɚɹ ɮɢɥɶɬɪɚɰɢɹ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ ɧɚ ɮɨɧɟ ɧɟɨɪɬɨɝɨɧɚɥɶɧɵɯ ɩɨ 

ɨɬɧɨɲɟɧɢɸ ɤ ɫɢɝɧɚɥɭ ɩɨɦɟɯ 

 

Ɏɢɥɶɬɪɚɰɢɹ ɫɢɝɧɚɥɨɜ ɧɚ ɮɨɧɟ ɩɨɦɟɯ ɹɜɥɹɟɬɫɹ ɱɪɟɡɜɵɱɚɣɧɨ ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ. Ⱦɥɹ ɟɟ 

ɪɟɲɟɧɢɹ ɢɫɩɨɥɶɡɭɸɬɫɹ ɪɚɡɥɢɱɧɵɟ ɮɢɥɶɬɪɵ ɤɚɤ ɚɧɚɥɨɝɨɜɵɟ, ɬɚɤ ɢ ɰɢɮɪɨɜɵɟ. ɋɭɳɟɫɬɜɭɸɳɢɟ ɜ 

ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɮɢɥɶɬɪɵ ɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɫɨɝɥɚɫɨɜɚɧɧɵɟ ɢ ɨɩɬɢɦɚɥɶɧɵɟ. ɋɨɝɥɚɫɨɜɚɧɧɵɟ ɩɨ 

ɱɚɫɬɨɬɟ ɮɢɥɶɬɪɵ ɢɦɟɸɬ ɩɨɥɨɫɭ ɩɪɨɩɭɫɤɚɧɢɹ ɪɚɜɧɭɸ ɲɢɪɢɧɟ ɫɩɟɤɬɪɚ ɫɢɝɧɚɥɚ. Ɉɩɬɢɦɚɥɶɧɵɟ 

ɮɢɥɶɬɪɵ ɨɩɪɟɞɟɥɹɸɬɫɹ ɮɨɪɦɨɣ ɫɩɟɤɬɪɚ ɫɢɝɧɚɥɚ Д9]. 

ȼ ɞɚɧɧɨɦ ɩɚɪɚɝɪɚɮɟ ɩɪɟɞɥɨɠɟɧ ɧɨɜɵɣ ɦɟɬɨɞ ɮɢɥɶɬɪɚɰɢɢ ɫɢɝɧɚɥɚ ɧɚ ɮɨɧɟ ɩɨɦɟɯɢ. Ɉɧ 

ɨɫɧɨɜɚɧ ɧɚ ɩɪɟɞɩɨɥɨɠɟɧɢɢ ɨ ɬɨɦ, ɱɬɨ ɢɧɬɟɪɜɚɥ ɤɨɪɪɟɥɹɰɢɢ ɩɨɦɟɯɢ ɛɨɥɶɲɟ ɢɥɢ ɫɨɢɡɦɟɪɢɦ ɫ 

ɞɥɢɬɟɥɶɧɨɫɬɶɸ ɫɥɨɠɧɨɝɨ ɫɢɝɧɚɥɚ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɩɨɦɟɯɚ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɜɢɞɟ 

ɮɭɧɤɰɢɢ ɫ ɩɨɫɬɨɹɧɧɵɦɢ, ɧɨ ɧɟɢɡɜɟɫɬɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ. ȿɟ ɜɡɚɢɦɨɫɜɹɡɶ ɫ ɫɢɝɧɚɥɨɦ 

ɩɨɥɧɨɫɬɶɸ ɨɩɢɫɵɜɚɟɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɤɨɪɪɟɥɹɰɢɢ. ɂɫɩɨɥɶɡɭɹ ɬɟɨɪɢɸ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 

ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɦɨɠɧɨ ɪɟɲɢɬɶ ɡɚɞɚɱɭ ɨɰɟɧɤɢ ɩɚɪɚɦɟɬɪɨɜ ɩɨɦɟɯɢ ɢ ɢɫɤɥɸɱɢɬɶ ɟɟ ɢɡ ɩɪɢɧɹɬɨɝɨ 

ɫɨɨɛɳɟɧɢɹ. 

ȼɜɟɞɟɦ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨ ɬɚɤɨɣ ɮɢɥɶɬɪɚɰɢɢ ɫɢɝɧɚɥɚ ɧɚ ɮɨɧɟ ɩɨɦɟɯ ɧɚ ɨɫɧɨɜɚɧɢɢ 

ɥɢɧɟɣɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɫɢɝɧɚɥɨɜ. ȼ ɷɬɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɤɚɤ ɫɢɝɧɚɥ, ɬɚɤ ɢ ɩɨɦɟɯɚ (ɢɦɩɭɥɶɫɧɚɹ 

ɢɥɢ ɫɨɫɪɟɞɨɬɨɱɟɧɧɚɹ ɩɨ ɱɚɫɬɨɬɟ) ɩɪɟɞɫɬɚɜɥɹɸɬɫɹ ɜ ɜɢɞɟ ɜɟɤɬɨɪɚ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɦɨɝɭɬ ɛɵɬɶ 

ɨɪɬɨɝɨɧɚɥɶɧɵ (ɟɫɥɢ ɫɩɟɤɬɪɵ ɫɢɝɧɚɥɚ ɢ ɩɨɦɟɯɢ ɧɟ ɩɟɪɟɫɟɤɚɸɬɫɹ, ɬ.ɟ. ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɪɪɟɥɹɰɢɢ 

ɫɢɝɧɚɥɚ ɢ ɩɨɦɟɯɢ ɩɨ ɱɚɫɬɨɬɚɦ ɪɚɜɟɧ ɧɭɥɸ, ɢɥɢ ɟɫɥɢ ɤɨɪɪɟɥɹɰɢɨɧɧɵɟ ɮɭɧɤɰɢɢ ɩɨɦɟɯɢ ɢ 

ɫɢɝɧɚɥɚ ɧɟ ɩɟɪɟɫɟɤɚɸɬɫɹ, ɬ.ɟ. ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɪɪɟɥɹɰɢɢ ɩɨ ɜɪɟɦɟɧɢ ɩɪɢɯɨɞɚ ɫɢɝɧɚɥɚ ɢ ɩɨɦɟɯɢ 

ɪɚɜɟɧ ɧɭɥɸ). ɋɭɳɟɫɬɜɭɸɳɟɟ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɛɨɥɶɲɨɟ ɦɧɨɝɨɨɛɪɚɡɢɟ ɚɧɚɥɨɝɨɜɵɯ ɢ 
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ɰɢɮɪɨɜɵɯ ɮɢɥɶɬɪɨɜ ɩɨɡɜɨɥɹɟɬ ɨɬɮɢɥɶɬɪɨɜɚɬɶ ɫɢɝɧɚɥ ɥɢɲɶ ɩɪɢ ɨɪɬɨɝɨɧɚɥɶɧɨɣ ɩɨɦɟɯɟ. ȿɫɥɢ 

ɩɨɦɟɯɚ ɧɟɨɪɬɨɝɨɧɚɥɶɧɚ ɫɢɝɧɚɥɭ, ɬɨ ɮɢɥɶɬɪɵ ɬɚɤɨɝɨ ɪɨɞɚ ɭɫɬɪɚɧɹɬ ɥɢɲɶ ɨɪɬɨɝɨɧɚɥɶɧɭɸ ɩɨ 

ɨɬɧɨɲɟɧɢɸ ɤ ɫɢɝɧɚɥɭ ɱɚɫɬɶ ɩɨɦɟɯɢ, ɧɟɨɪɬɨɝɨɧɚɥɶɧɚɹ ɠɟ ɱɚɫɬɶ ɩɨɦɟɯɢ ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɮɢɥɶɬɪ. 

Ɍɚɤɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨ ɮɢɥɶɬɪɚɰɢɢ ɫɢɝɧɚɥɚ ɧɚ ɮɨɧɟ ɩɨɦɟɯ ɩɨɡɜɨɥɹɟɬ ɫ ɟɞɢɧɨɣ ɩɨɡɢɰɢɢ 

ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɮɢɥɶɬɪɚɰɢɢ ɫ ɩɨɦɨɳɶɸ ɨɞɧɨɝɨ ɩɚɪɚɦɟɬɪɚ – ɤɨɷɮɮɢɰɢɟɧɬɚ 

ɤɨɪɪɟɥɹɰɢɢ ɦɟɠɞɭ ɫɢɝɧɚɥɨɦ ɢ ɩɨɦɟɯɨɣ. ɉɪɟɞɵɞɭɳɢɟ ɩɚɪɚɝɪɚɮɵ (§1.5 ɢ §1.6) ɩɨɡɜɨɥɹɸɬ 

ɫɞɟɥɚɬɶ ɨɫɧɨɜɧɨɣ ɜɵɜɨɞ: ɫ ɩɨɦɨɳɶɸ ɦɟɬɨɞɚ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɦɨɠɧɨ ɫɨɡɞɚɬɶ 

ɮɢɥɶɬɪɵ ɧɨɜɨɝɨ ɬɢɩɚ. ɗɬɢ ɮɢɥɶɬɪɵ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɫɭɳɟɫɬɜɭɸɳɢɯ, ɫɩɨɫɨɛɧɵ ɨɬɮɢɥɶɬɪɨɜɚɬɶ 

ɫɢɝɧɚɥ ɨɬ ɩɨɦɟɯ ɤɚɤ ɨɪɬɨɝɨɧɚɥɶɧɵɯ, ɬɚɤ ɢ ɧɟɨɪɬɨɝɨɧɚɥɶɧɵɯ ɤ ɧɟɦɭ. ɉɪɢ ɷɬɨɦ ɜ ɜɵɪɚɠɟɧɢɹɯ 

§1.5 ɞɨɫɬɚɬɨɱɧɨ ɜɬɨɪɨɣ ɫɢɝɧɚɥ ɡɚɦɟɧɢɬɶ ɧɚ ɩɨɦɟɯɭ. ȼ §1.6 ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɛɨɱɚɹ ɨɛɥɚɫɬɶ 

ɪɚɡɪɟɲɟɧɢɹ ɞɜɭɯ ɫɢɝɧɚɥɨɜ, ɡɚɞɚɜɚɟɦɚɹ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɤɨɪɪɟɥɹɰɢɢ. ȼ ɪɚɛɨɱɟɣ ɨɛɥɚɫɬɢ 

ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɪɪɟɥɹɰɢɢ ɦɟɧɹɟɬɫɹ ɜ ɩɪɟɞɟɥɚɯ 0 0.9R   , ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ ɜɨɡɦɨɠɧɨɫɬɶ 

ɮɢɥɶɬɪɚɰɢɢ ɫɢɝɧɚɥɚ ɨɬ ɩɨɦɟɯɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɚɤɨɣ ɠɟ ɪɚɛɨɱɟɣ ɨɛɥɚɫɬɶɸ ɢɡɦɟɧɟɧɢɹ 

ɤɨɷɮɮɢɰɢɟɧɬɚ ɤɨɪɪɟɥɹɰɢɢ ɦɟɠɞɭ ɫɢɝɧɚɥɨɦ ɢ ɩɨɦɟɯɨɣ. ɉɪɢɜɟɞɟɧɧɵɟ ɜɵɲɟ ɩɪɟɞɫɬɚɜɥɟɧɢɹ 

ɫɩɪɚɜɟɞɥɢɜɵ ɤɚɤ ɞɥɹ ɩɪɨɫɬɵɯ ɫɢɝɧɚɥɨɜ, ɬɚɤ ɢ ɞɥɹ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ. 

ɉɪɟɞɫɬɚɜɢɦ ɛɨɥɟɟ ɩɨɞɪɨɛɧɨ ɬɟɯɧɨɥɨɝɢɸ ɮɢɥɶɬɪɚɰɢɢ ɫɥɨɠɧɨɝɨ ɫɢɝɧɚɥɚ ɧɚ ɮɨɧɟ 

ɫɨɫɪɟɞɨɬɨɱɟɧɧɨɣ ɩɨ ɱɚɫɬɨɬɟ ɩɨɦɟɯɢ ɮɢɥɶɬɪɚɦɢ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɪɚɜɞɨɩɨɞɨɛɢɹ. ɉɭɫɬɶ 

ɩɪɢɧɹɬɨɟ ɫɨɨɛɳɟɧɢɟ ɢɦɟɟɬ ɜɢɞ 

       0

0
ˆ ˆ ˆˆ ɋ ɉi t t i t

ɋ ɉ Шy t U e t t U e U t
     , (1.7.1) 

ɝɞɟ ˆ
ɋU  – ɤɨɦɩɥɟɤɫɧɚɹ ɚɦɩɥɢɬɭɞɚ ɫɥɨɠɧɨɝɨ ɫɢɝɧɚɥɚ,  0t t   – ɦɨɞɭɥɢɪɭɸɳɚɹ ɮɭɧɤɰɢɹ 

ɫɥɨɠɧɨɝɨ ɫɢɝɧɚɥɚ, 0t  – ɜɪɟɦɹ ɩɪɢɯɨɞɚ ɫɥɨɠɧɨɝɨ ɫɢɝɧɚɥɚ, 0  – ɪɚɛɨɱɚɹ ɤɪɭɝɨɜɚɹ ɱɚɫɬɨɬɚ 

ɫɢɝɧɚɥɚ, ˆ
ɉU , ɉ  – ɤɨɦɩɥɟɤɫɧɚɹ ɚɦɩɥɢɬɭɞɚ ɢ ɱɚɫɬɨɬɚ ɩɨɦɟɯɢ. ɋɩɟɤɬɪ ɩɨɦɟɯɢ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɞɥɢɬɟɥɶɧɨɫɬɶɸ ɩɪɢɧɹɬɨɣ ɪɟɚɥɢɡɚɰɢɢ. ɋɩɟɤɬɪ ɫɥɨɠɧɨɝɨ ɫɢɝɧɚɥɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɲɢɪɢɧɨɣ 

ɨɬɞɟɥɶɧɨɣ ɩɨɡɢɰɢɢ Ɇ-ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɉ . 

ɉɨɦɟɯɚ, ɮɢɝɭɪɢɪɭɸɳɚɹ ɜ ɞɚɧɧɨɦ ɜɵɪɚɠɟɧɢɢ, ɦɨɠɟɬ ɫɭɳɟɫɬɜɟɧɧɨ ɜɥɢɹɬɶ ɧɚ 

ɤɨɪɪɟɥɹɰɢɨɧɧɵɣ ɚɧɚɥɢɡ ɩɪɢɧɢɦɚɟɦɨɝɨ ɫɢɝɧɚɥɚ, ɞɟɥɚɹ ɧɟɜɨɡɦɨɠɧɵɦ ɩɪɚɜɢɥɶɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ 

ɜɪɟɦɟɧɢ ɩɪɢɯɨɞɚ ɫɢɝɧɚɥɚ, ɩɨɷɬɨɦɭ ɡɚɞɚɱɚ ɮɢɥɶɬɪɚɰɢɢ ɱɪɟɡɜɵɱɚɣɧɨ ɜɚɠɧɚ. 

Ɉɩɢɫɵɜɚɟɦɵɣ ɞɚɥɟɟ ɮɢɥɶɬɪ ɪɚɛɨɬɚɟɬ ɫ ɫɢɝɧɚɥɨɦ ɜɨ ɜɪɟɦɟɧɧɨɣ ɨɛɪɚɫɬɢ, ɩɪɨɢɡɜɨɞɹ 

ɨɛɪɚɛɨɬɤɭ ɜ ɫɤɨɥɶɡɹɳɟɦ ɨɤɧɟ, ɪɚɜɧɨɦ ɞɥɢɬɟɥɶɧɨɫɬɢ ɫɥɨɠɧɨɝɨ ɫɢɝɧɚɥɚ. ɉɪɢ ɷɬɨɦ ɧɚ ɤɚɠɞɨɦ 

ɢɧɬɟɪɜɚɥɟ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɧɚɥɢɱɢɹ ɤɚɤ ɩɨɦɟɯɢ, ɬɚɤ ɢ ɩɨɥɟɡɧɨɝɨ ɫɢɝɧɚɥɚ 

(ɚɧɚɥɨɝɢɱɧɨ ɜɵɪɚɠɟɧɢɸ (1.7.1)). ɉɨ ɦɟɪɟ ɮɢɥɶɬɪɚɰɢɢ ɨɤɧɨ ɫɞɜɢɝɚɟɬɫɹ ɩɨ ɫɢɝɧɚɥɭ ɞɥɹ 

ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɨɛɪɚɛɨɬɤɢ. ȼ ɷɬɨɦ ɫɦɵɫɥɟ ɞɚɧɧɵɣ ɮɢɥɶɬɪ ɷɤɜɢɜɚɥɟɧɬɟɧ ɤɥɚɫɫɢɱɟɫɤɨɦɭ 

ɫɜɟɪɬɨɱɧɨɦɭ ɮɢɥɶɬɪɭ, ɨɞɧɚɤɨ ɩɪɨɰɟɞɭɪɚ ɮɢɥɶɬɪɚɰɢɢ, ɩɪɨɢɡɜɨɞɢɦɚɹ ɩɪɢ ɤɚɠɞɨɦ 

ɮɢɤɫɢɪɨɜɚɧɧɨɦ ɩɨɥɨɠɟɧɢɢ ɨɤɧɚ ɮɢɥɶɬɪɚ, ɝɨɪɚɡɞɨ ɫɥɨɠɧɟɟ. 
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ɉɪɨɰɟɞɭɪɭ ɩɨɥɭɱɟɧɢɹ ɨɰɟɧɨɱɧɨɝɨ ɡɧɚɱɟɧɢɹ ɫɢɝɧɚɥɚ ɧɚ ɜɵɯɨɞɟ ɮɢɥɶɬɪɚ ɩɪɢ ɬɟɤɭɳɟɦ 

ɩɨɥɨɠɟɧɢɢ ɨɤɧɚ ɨɛɪɚɛɨɬɤɢ ɧɚɡɨɜɟɦ ɢɬɟɪɚɰɢɟɣ. Ɉɩɢɲɟɦ ɦɚɬɟɦɚɬɢɱɟɫɤɢ ɜɫɟ ɨɩɟɪɚɰɢɢ, 

ɨɫɭɳɟɫɬɜɥɹɟɦɵɟ ɧɚ ɤɚɤɨɣ-ɥɢɛɨ ɢɬɟɪɚɰɢɢ ɚɥɝɨɪɢɬɦɚ ɮɢɥɶɬɪɚɰɢɢ. Ⱦɥɹ ɷɬɨɝɨ ɡɚɩɢɲɟɦ ɧɚ 

ɨɫɧɨɜɚɧɢɢ (1.7.1) ɮɭɧɤɰɢɨɧɚɥ ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɜ ɧɚɢɛɨɥɟɟ ɨɛɳɟɦ ɜɢɞɟ – ɜɫɟ ɩɚɪɚɦɟɬɪɵ ɫɢɝɧɚɥɚ 

ɢ ɩɨɦɟɯɢ ɧɟɢɡɜɟɫɬɧɵ (ɡɚɬɟɦ ɛɭɞɭɬ ɪɚɫɫɦɨɬɪɟɧɵ ɱɚɫɬɧɵɟ ɫɥɭɱɚɢ): 
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ɝɞɟ '  – ɜɟɤɬɨɪ ɨɰɟɧɢɜɚɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ ɫɢɝɧɚɥɚ ɢ ɩɨɦɟɯɢ, ɨɛɪɚɛɨɬɤɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ 

ɩɪɟɞɟɥɚɯ ɨɤɧɚ [ ; ]i it t T , ɝɞɟ it  – ɬɟɤɭɳɟɟ ɩɨɥɨɠɟɧɢɟ ɨɤɧɚ, T  – ɞɥɢɬɟɥɶɧɨɫɬɶ ɫɥɨɠɧɨɝɨ 

ɫɢɝɧɚɥɚ, i  – ɧɨɦɟɪ ɬɟɤɭɳɟɣ ɢɬɟɪɚɰɢɢ. 

ɉɨ ɦɟɪɟ ɭɜɟɥɢɱɟɧɢɹ ɧɨɦɟɪɚ ɢɬɟɪɚɰɢɢ ɚɥɝɨɪɢɬɦɚ ɨɤɧɨ ɨɛɪɚɛɨɬɤɢ ɫɦɟɳɚɟɬɫɹ ɬɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɱɬɨ ɩɨɥɟɡɧɵɣ ɫɢɝɧɚɥ ɦɨɠɟɬ ɥɢɲɶ ɱɚɫɬɢɱɧɨ ɩɨɩɚɞɚɬɶ ɜ ɧɟɝɨ, ɱɬɨ ɭɱɢɬɵɜɚɟɬɫɹ ɜ 

ɡɚɩɢɫɢ ɜɵɪɚɠɟɧɢɹ (1.7.2) ɩɭɬɟɦ ɜɜɟɞɟɧɢɹ ɩɚɪɚɦɟɬɪɚ '

0t  (ɨɰɟɧɤɚ ɜɪɟɦɟɧɢ ɩɪɢɯɨɞɚ ɫɥɨɠɧɨɝɨ 

ɫɢɝɧɚɥɚ), ɢɡɦɟɪɹɟɦɨɝɨ ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɟɤɭɳɟɝɨ ɩɨɥɨɠɟɧɢɹ ɨɤɧɚ ɜ ɩɪɟɞɟɥɚɯ ɨɬ T  ɞɨ T . 

Ⱦɢɮɮɟɪɟɧɰɢɪɭɹ (1.7.2) ɩɨ ɚɦɩɥɢɬɭɞɚɦ 'ˆ
ɋU  ɢ 'ˆ

ɉU  ɢ ɩɪɢɪɚɜɧɢɜɚɹ ɞɢɮɮɟɪɟɧɰɢɚɥɵ ɤ ɧɭɥɸ, 

ɩɨɥɭɱɢɦ ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ: 
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(1.7.3) 

Ɉɛɨɡɧɚɱɢɦ ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɪɪɟɥɹɰɢɢ ɦɟɠɞɭ ɫɢɝɧɚɥɨɦ ɢ ɩɨɦɟɯɨɣ ɧɚ i -ɬɨɣ ɢɬɟɪɚɰɢɢ ɤɚɤ 
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ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɪɟɲɟɧɢɟ: 
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(1.7.4) 

ɝɞɟ  2 '
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   –ɞɥɢɬɟɥɶɧɨɫɬɶ ɫɥɨɠɧɨɝɨ ɫɢɝɧɚɥɚ ɜ ɨɤɧɟ ɨɛɪɚɛɨɬɤɢ. 
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ɉɪɨɢɡɜɨɞɹ ɨɰɟɧɤɭ ɩɨɦɟɯɢ ɞɥɹ ɤɚɠɞɨɝɨ ɦɨɦɟɧɬɚ ɜɪɟɦɟɧɢ i , ɦɨɠɧɨ ɜɵɱɟɫɬɶ ɟɟ ɢɡ 

ɢɫɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ, ɬɟɦ ɫɚɦɵɦ ɨɫɭɳɟɫɬɜɥɹɹ ɮɢɥɶɬɪɚɰɢɸ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɫɢɝɧɚɥ ɧɚ ɜɵɯɨɞɟ 

ɮɢɥɶɬɪɚ ɛɭɞɟɬ ɨɩɢɫɵɜɚɬɶɫɹ ɜɵɪɚɠɟɧɢɟɦ (1.7.5): 

     'ˆˆ ˆ
i i ɉ ix t y t U t  . (1.7.5) 

Ⱦɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɮɢɥɶɬɪɚɰɢɢ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɢɡɜɨɞɢɬɶ ɨɰɟɧɤɭ ɜɪɟɦɟɧɢ ɩɪɢɯɨɞɚ 

ɫɢɝɧɚɥɚ '

0t  ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɟɤɭɳɟɝɨ ɜɪɟɦɟɧɢ 
it  ɨɬɞɟɥɶɧɨ, ɬ.ɤ. ɜɵɪɚɠɟɧɢɹ (1.7.4) ɧɟ ɞɚɸɬ ɬɚɤɨɣ 

ɜɨɡɦɨɠɧɨɫɬɢ. 

Ɉɞɧɚɤɨ, ɨɲɢɛɤɚ ɦɟɠɞɭ ɢɫɯɨɞɧɵɦ ɫɢɝɧɚɥɨɦ  ŷ t  ɧɚ ɢɧɬɟɪɜɚɥɟ ɨɛɪɚɛɨɬɤɢ [ ; ]i it t T  ɢ 

ɜɨɫɫɬɚɧɨɜɥɟɧɧɵɦ ɩɨ ɮɨɪɦɭɥɚɦ (1.7.4) ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɤɪɢɬɟɪɢɟɦ ɨɰɟɧɤɢ ɩɚɪɚɦɟɬɪɚ '

0t . 

Ɉɩɪɟɞɟɥɢɦ ɟɟ ɤɚɤ ɫɭɦɦɭ ɤɜɚɞɪɚɬɨɜ ɪɚɡɧɨɫɬɢ ɡɧɚɱɟɧɢɣ ɜɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ ɢ ɜɵɯɨɞɧɨɝɨ 

ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɝɨ ɫɢɝɧɚɥɚ ɮɢɥɶɬɪɚ (ɞɥɹ ɫɥɭɱɚɹ ɞɢɫɤɪɟɬɧɨɝɨ ɫɢɝɧɚɥɚ): 
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ɝɞɟ nt  – ɜɪɟɦɹ ɜɧɭɬɪɢ ɨɤɧɚ ɨɛɪɚɛɨɬɤɢ, nt  ɦɨɠɟɬ ɢɡɦɟɧɹɬɶɫɹ ɨɬ 0 ɞɨ T . 

ȼɧɢɦɚɬɟɥɶɧɨɟ ɪɚɫɫɦɨɬɪɟɧɢɟ ɜɵɪɚɠɟɧɢɹ (1.7.6), ɝɨɜɨɪɢɬ ɨ ɟɝɨ ɷɤɜɢɜɚɥɟɧɬɧɨɫɬɢ 

ɜɵɪɚɠɟɧɢɸ (1.7.2), ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɜɨɡɦɨɠɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɢɧɢɦɭɦɚ 

ɮɭɧɤɰɢɨɧɚɥɚ ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ ɨɰɟɧɤɢ '

0t . Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɨɰɟɧɟɧɧɵɟ 

ɡɧɚɱɟɧɢɹ ɚɦɩɥɢɬɭɞɵ ɩɨɦɟɯɢ ɢ ɫɢɝɧɚɥɚ ɩɨɫɬɚɜɢɬɶ ɜ ɢɫɯɨɞɧɨɟ ɜɵɪɚɠɟɧɢɟ (1.7.2), ɩɨɥɭɱɢɜɲɟɟɫɹ 

ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɫɥɭɱɚɹ ɞɢɫɤɪɟɬɧɨɝɨ ɫɢɝɧɚɥɚ ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ 
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       . (1.7.7) 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɨɰɟɧɤɚ ɜɪɟɦɟɧɢ ɩɪɢɯɨɞɚ ɫɢɝɧɚɥɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɭɬɟɦ ɧɚɯɨɠɞɟɧɢɹ 

ɡɧɚɱɟɧɢɹ '

0t , ɦɢɧɢɦɢɡɢɪɭɸɳɟɝɨ ɮɭɧɤɰɢɨɧɚɥ (1.7.7). 

Ɋɚɫɫɦɨɬɪɢɦ ɱɚɫɬɧɵɟ ɫɥɭɱɚɢ. 

1. ɉɭɫɬɶ ɱɚɫɬɨɬɚ ɫɢɝɧɚɥɚ C  ɢ ɱɚɫɬɨɬɚ ɩɨɦɟɯɢ ɉ  ɢɡɜɟɫɬɧɵ. ɇɟɢɡɜɟɫɬɧɵ ɚɦɩɥɢɬɭɞɵ ˆ
ɋU , ˆ

ɉU  

ɢ ɜɪɟɦɹ ɩɪɢɯɨɞɚ ɫɢɝɧɚɥɚ 0t . 

ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɜɵɪɚɠɟɧɢɹ (1.7.4) – (1.7.5) ɩɪɢ ɭɱɟɬɟ (1.7.7) (ɩɪɢ ɡɚɦɟɧɟ ɨɰɟɧɨɤ ɱɚɫɬɨɬ 

ɫɢɝɧɚɥɚ ɢ ɩɨɦɟɯɢ ɢɯ ɢɫɬɢɧɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ) ɩɨɥɧɨɫɬɶɸ ɪɟɲɚɸɬ ɡɚɞɚɱɭ ɮɢɥɶɬɪɚɰɢɢ, 

ɪɟɡɭɥɶɬɚɬɨɦ ɤɨɬɨɪɨɣ ɛɭɞɟɬ ɨɱɢɳɟɧɧɵɣ ɨɬ ɩɨɦɟɯɢ ɜɯɨɞɧɨɣ ɫɢɝɧɚɥ. 

ɉɪɨɰɟɞɭɪɭ ɩɨɢɫɤɚ ɡɧɚɱɟɧɢɹ '

0t  ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ: ɭ ɧɚɫ ɟɫɬɶ ɫɥɨɜɚɪɶ 

ɜɨɡɦɨɠɧɵɯ ɨɛɪɚɡɨɜ ɩɪɢɧɢɦɚɟɦɨɝɨ ɫɢɝɧɚɥɚ, ɤɨɬɨɪɵɟ ɨɬɥɢɱɚɸɬɫɹ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɫɜɨɢɦ 

ɩɨɥɨɠɟɧɢɟɦ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɤɧɚ ɨɛɪɚɛɨɬɤɢ, ɱɬɨ ɨɬɪɚɠɚɟɬ ɮɨɪɦɭɥɚ (1.7.8): 
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mT t T   . (1.7.8) 

Ɍɨɝɞɚ ɮɢɥɶɬɪɚɰɢɹ ɫɜɨɞɢɬɫɹ ɤ ɜɵɪɚɠɟɧɢɸ: 
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(1.7.9) 

ɝɞɟ ˆ
m

R  ɨɩɪɟɞɟɥɹɟɬɫɹ ɨɛɪɚɡɨɦ ɫɢɝɧɚɥɚ ɩɪɢ ɢɡɜɟɫɬɧɨɣ ɱɚɫɬɨɬɟ ɩɨɦɟɯɢ 
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  .  

Ⱦɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɮɢɥɶɬɪɚɰɢɢ ɧɟɨɛɯɨɞɢɦɨ ɧɚ ɤɚɠɞɨɣ ɢɬɟɪɚɰɢɢ ɨɫɭɳɟɫɬɜɥɹɬɶ 

ɚɞɚɩɬɚɰɢɸ ɤ ɨɛɪɚɡɭ ɫɢɝɧɚɥɚ ɜ ɨɤɧɟ ɨɛɪɚɛɨɬɤɢ, ɱɬɨɛɵ ɬɨɱɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɚɪɚɦɟɬɪɵ ɩɨɦɟɯɢ ɢ 

ɫɤɨɦɩɟɧɫɢɪɨɜɚɬɶ ɟɟ (ɚɞɚɩɬɚɰɢɹ ɨɩɢɪɚɟɬɫɹ ɧɚ ɧɚɯɨɠɞɟɧɢɟ ɦɢɧɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ 

ɮɭɧɤɰɢɨɧɚɥɚ ɩɪɚɜɞɨɩɨɞɨɛɢɹ (1.7.7), ɢɫɬɢɧɧɵɦ ɹɜɥɹɟɬɫɹ ɬɨɬ ɨɛɪɚɡ, ɱɬɨ ɞɚɟɬ ɫɚɦɨɟ ɦɚɥɨɟ 

ɡɧɚɱɟɧɢɟ ɮɭɧɤɰɢɨɧɚɥɚ ɩɪɚɜɞɨɩɨɞɨɛɢɹ). Ɉɩɪɟɞɟɥɢɜ ɨɛɪɚɡ ɫɢɝɧɚɥɚ, ɩɪɨɢɡɜɨɞɢɬɫɹ ɨɰɟɧɤɚ 

ɡɧɚɱɟɧɢɹ ɩɨɦɟɯɢ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ 
it . ȼɵɱɢɬɚɹ ɷɬɨ ɡɧɚɱɟɧɢɟ ɢɡ ɢɫɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ ɩɨɥɭɱɢɦ 

ɪɟɡɭɥɶɬɚɬ ɮɢɥɶɬɪɚɰɢɢ (1.7.9). 

Ɉɩɢɫɚɧɧɵɣ ɮɢɥɶɬɪ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧ ɤɚɤ ɚɞɚɩɬɢɜɧɵɣ ɮɢɥɶɬɪ, ɤɨɬɨɪɵɣ ɧɚ ɤɚɠɞɨɦ 

ɲɚɝɟ ɮɢɥɶɬɪɚɰɢɢ ɨɫɭɳɟɫɬɜɥɹɟɬ ɩɨɞɫɬɪɨɣɤɭ ɤ ɨɛɪɚɡɭ ɫɢɝɧɚɥɚ. ȼ ɬɚɤɨɦ ɜɢɞɟ ɫɬɪɭɤɬɭɪɚ ɮɢɥɶɬɪɚ 

(1.7.9) ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɫɬɚ. Ɉɧɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ (1.7.1) 
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Ɋɢɫɭɧɨɤ 1.7.1 – ɋɯɟɦɚ ɚɞɚɩɬɢɜɧɨɝɨ ɮɢɥɶɬɪɚ 

 

ɇɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɫɚɦ ɛɥɨɤ ɮɢɥɶɬɪɚɰɢɢ ɪɚɛɨɬɚɟɬ ɫɨɝɥɚɫɧɨ ɭɪɚɜɧɟɧɢɹɦ (1.7.4) ɢ 

ɩɪɨɢɡɜɨɞɢɬ ɨɰɟɧɤɭ ɚɦɩɥɢɬɭɞ ɩɨɦɟɯɢ ɢ ɩɨɥɟɡɧɨɝɨ ɫɢɝɧɚɥɚ ɩɪɢ ɞɚɧɧɨɦ ɨɛɪɚɡɟ, ɜɵɞɚɜɚɟɦɨɦ 
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ɚɞɚɩɬɢɜɧɨɣ ɱɚɫɬɶɸ ɮɢɥɶɬɪɚ. ɉɟɪɟɛɢɪɚɹ ɨɛɪɚɡɵ ɢ ɨɰɟɧɢɜɚɹ ɜɵɲɟɭɤɚɡɚɧɧɵɟ ɩɚɪɚɦɟɬɪɵ, 

ɚɞɚɩɬɢɜɧɚɹ ɱɚɫɬɶ ɮɢɥɶɬɪɚ ɜɵɛɢɪɚɟɬ ɪɟɲɟɧɢɟ ɫ ɦɢɧɢɦɚɥɶɧɨɣ ɧɟɜɹɡɤɨɣ (1.7.7) ɢ ɜɵɞɚɟɬ ɨɰɟɧɤɭ 

ɡɧɚɱɟɧɢɹ ɩɨɦɟɯɢ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ 
it  ɧɚ ɫɭɦɦɚɬɨɪ, ɝɞɟ ɩɪɨɢɫɯɨɞɢɬ ɜɵɱɢɬɚɧɢɟ ɞɚɧɧɨɝɨ 

ɡɧɚɱɟɧɢɹ ɢɡ ɢɫɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ. 

Ⱦɚɧɧɵɣ ɮɢɥɶɬɪ ɥɟɝɨɤ ɜ ɪɟɚɥɢɡɚɰɢɢ ɢ ɨɛɥɚɞɚɟɬ ɧɟɩɥɨɯɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ, ɨɞɧɚɤɨ 

ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɜ ɭɤɚɡɚɧɧɨɦ ɜɢɞɟ ɤɪɚɣɧɟ ɦɚɥɨɜɟɪɨɹɬɧɚ, ɬ.ɤ. ɱɚɫɬɨɬɚ ɩɪɢɧɹɬɨɣ 

ɩɨɦɟɯɢ ɨɛɵɱɧɨ ɧɟ ɨɩɪɟɞɟɥɟɧɚ ɡɚɪɚɧɟɟ. 

2. ɉɭɫɬɶ ɱɚɫɬɨɬɚ ɫɢɝɧɚɥɚ 
C  ɢɡɜɟɫɬɧɚ, ɚ ɱɚɫɬɨɬɚ ɫɨɫɪɟɞɨɬɨɱɟɧɧɨɣ ɩɨɦɟɯɢ ɉ  ɧɟɢɡɜɟɫɬɧɚ, ɬɚɤ 

ɠɟ ɧɟɢɡɜɟɫɬɧɵ ɚɦɩɥɢɬɭɞɵ ɫɢɝɧɚɥɚ ɢ ɩɨɦɟɯɢ ˆ
ɋU , ˆ

ɉU  ɢ ɜɪɟɦɹ ɩɪɢɯɨɞɚ ɫɢɝɧɚɥɚ 0t . 

ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɜɵɪɚɠɟɧɢɣ (1.7.4) – (1.7.5) + (1.7.7) ɧɟɞɨɫɬɚɬɨɱɧɨ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ 

ɮɢɥɶɬɪɚɰɢɢ ɩɨɦɟɯɢ. 

ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɨɩɹɬɶ ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜɟɤɬɨɪ d  – ɜɟɤɬɨɪ ɪɚɡɧɨɫɬɢ ɦɟɠɞɭ 

ɩɪɢɧɹɬɵɦ ɫɨɨɛɳɟɧɢɟɦ y  ɢ ɤɨɩɢɟɣ ɫɢɝɧɚɥɚ S  ɞɥɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɚɧɚɥɢɡɚ, ɧɚɰɟɥɟɧɧɨɝɨ ɧɚ 

ɨɩɪɟɞɟɥɟɧɢɟ ɱɚɫɬɨɬɵ ɩɨɦɟɯɢ. Ɇɵ ɭɠɟ ɞɟɥɚɥɢ ɷɬɨ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɜɪɟɦɟɧɢ '

0t  ɛɟɡ ɚɤɰɟɧɬɚ ɧɚ 

ɫɪɚɜɧɟɧɢɟ ɜɟɤɬɨɪɨɜ ɫɢɝɧɚɥɨɜ. ɉɨɞɫɬɚɜɢɦ ɜɵɪɚɠɟɧɢɹ (1.7.4) (ɡɚɦɟɧɢɜ ɨɰɟɧɤɭ ɱɚɫɬɨɬɵ ɫɢɝɧɚɥɚ 

ɧɚ ɟɟ ɢɫɬɢɧɧɨɟ ɡɧɚɱɟɧɢɟ) ɜ ɮɭɧɤɰɢɨɧɚɥ ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɚɧɚɥɨɝɢɱɧɵɣ (1.7.2) 
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     . (1.7.10) 

ɉɪɟɨɛɪɚɡɭɹ (1.7.10), ɩɨɥɭɱɢɦ ɜɵɪɚɠɟɧɢɟ ɚɧɚɥɨɝɢɱɧɨɟ (1.7.7), ɧɨ ɞɥɹ ɨɞɧɨɜɪɟɦɟɧɧɨɝɨ 

ɨɩɪɟɞɟɥɟɧɢɹ ɞɜɭɯ ɩɚɪɚɦɟɬɪɨɜ – ɩɨɥɨɠɟɧɢɹ ɩɨɥɟɡɧɨɝɨ ɫɢɝɧɚɥɚ '

0t  ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɤɧɚ 

ɨɛɪɚɛɨɬɤɢ ɢ ɱɚɫɬɨɬɵ ɩɨɦɟɯɢ '

ɉ . 
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        (1.7.11) 

Ɏɭɧɤɰɢɨɧɚɥ ɩɪɚɜɞɨɩɨɞɨɛɢɹ (1.7.11) ɨɩɪɟɞɟɥɹɟɬ ɩɨɜɟɪɯɧɨɫɬɶ ɜ ɞɜɭɦɟɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ 
'

0t , '

ɉ . Ɇɢɧɢɦɭɦ ɷɬɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɪɟɚɥɢɡɭɟɬɫɹ ɜ ɬɨɱɤɟ '

0 0t t , '

ɉ ɉ  . ɉɪɢ ɷɬɨɦ 'ˆ ˆ
ɋ CU U  ɢ 

'ˆ ˆ
ɉ ɉU U . Ɇɢɧɢɦɭɦ ɩɨɜɟɪɯɧɨɫɬɢ ɮɭɧɤɰɢɨɧɚɥɚ ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɹɜɥɹɟɬɫɹ ɤɪɢɬɟɪɢɟɦ ɨɬɛɨɪɚ 

ɪɟɲɟɧɢɣ ɩɪɢ ɩɟɪɟɛɨɪɟ ɜ (1.7.11) ɩɚɪɚɦɟɬɪɨɜ '

0t , '

ɉ  ɜ ɨɛɥɚɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ. 

ɋɬɪɭɤɬɭɪɚ ɞɚɧɧɨɝɨ ɮɢɥɶɬɪɚ ɹɜɥɹɟɬɫɹ ɫɥɨɠɧɨɣ. ɉɪɢɧɹɬɨɟ ɫɨɨɛɳɟɧɢɟ  ŷ t  ɧɚ ɢɧɬɟɪɜɚɥɟ 

i it t T   ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɜ ɩɨɜɟɪɯɧɨɫɬɶ ɮɭɧɤɰɢɨɧɚɥɚ  ' '

0 , ɉt   ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɜɵɪɚɠɟɧɢɹɦɢ 

(1.7.4) ɢ (1.7.11). ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ ɩɪɨɢɡɜɨɞɢɬɫɹ, ɧɚɩɪɢɦɟɪ, ɦɟɬɨɞɨɦ ɩɟɪɟɛɨɪɚ ɩɚɪɚɦɟɬɪɨɜ '

0t , 

'

ɉ  ɧɚ ɭɤɚɡɚɧɧɨɣ ɩɥɨɳɚɞɤɟ. ɇɚɯɨɞɢɬɫɹ ɦɢɧɢɦɭɦ ɩɨɜɟɪɯɧɨɫɬɢ ɮɭɧɤɰɢɨɧɚɥɚ, ɤɨɬɨɪɵɣ 
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ɨɩɪɟɞɟɥɹɟɬ ɩɚɪɚɦɟɬɪɵ '

0 0t t , '

ɉ ɉ  , 
'ˆ ˆ
ɋ CU U  ɞɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɮɢɥɶɬɪɚɰɢɢ ɩɨ ɮɨɪɦɭɥɟ 

(1.7.4) ɩɪɢ ɮɢɤɫɢɪɨɜɚɧɧɵɯ ɡɧɚɱɟɧɢɹɯ '

0 0t t  ɢ '

ɉ ɉ  . 

3. ɉɭɫɬɶ ɧɟɢɡɜɟɫɬɧɵɦɢ ɹɜɥɹɸɬɫɹ ɩɚɪɚɦɟɬɪɵ: ɱɚɫɬɨɬɚ ɫɢɝɧɚɥɚ 
C , ɱɚɫɬɨɬɚ ɩɨɦɟɯɢ ɉ , ɜɪɟɦɹ 

ɩɪɢɯɨɞɚ 
0t , ɚɦɩɥɢɬɭɞɚ ɫɢɝɧɚɥɚ ˆ

ɋU  ɢ ɩɨɦɟɯɢ ˆ
ɉU . 

ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɡɚɜɢɫɢɦɨɫɬɶ ɮɭɧɤɰɢɨɧɚɥɚ ɩɪɚɜɞɨɩɨɞɨɛɢɹ (1.7.11) ɭɫɥɨɠɧɹɟɬɫɹ – 

 ' ' '

0 , ,ɉ Ct   . Ɉɞɧɚɤɨ ɫɬɪɭɤɬɭɪɚ ɪɟɲɟɧɢɹ ɨɫɬɚɟɬɫɹ ɩɪɟɠɧɟɣ. ɉɪɢ ɷɬɨɦ ɜɪɟɦɟɧɢ ɞɥɹ ɩɟɪɟɛɨɪɚ 

ɬɪɟɯ ɩɚɪɚɦɟɬɪɨɜ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɮɭɧɤɰɢɨɧɚɥɚ ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɬɪɟɛɭɟɬɫɹ ɝɨɪɚɡɞɨ 

ɛɨɥɶɲɟ. ȼɪɟɦɹ ɗȼɆ ɞɥɹ ɪɚɫɱɟɬɚ ɧɚɯɨɞɢɬɫɹ ɩɨ ɡɚɤɨɧɭ: 

 0

n
t t   ,  

ɝɞɟ n  – ɤɨɥɢɱɟɫɬɜɨ ɩɟɪɟɦɟɧɧɵɯ ɜ ɩɪɨɰɟɞɭɪɟ ɩɟɪɟɛɨɪɚ, 0t  – ɜɪɟɦɹ ɪɚɫɱɟɬɚ ɮɭɧɤɰɢɨɧɚɥɚ 

ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɜ ɨɞɧɨɦɟɪɧɨɦ ɫɥɭɱɚɟ. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɮɢɥɶɬɪɵ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɪɚɜɞɨɩɨɞɨɛɢɹ 

ɨɬɧɨɫɹɬɫɹ ɤ ɤɥɚɫɫɭ ɚɞɚɩɬɢɜɧɵɯ ɮɢɥɶɬɪɨɜ. Ⱥɦɩɥɢɬɭɞɚ ɩɨɦɟɯɢ, ɟɟ ɱɚɫɬɨɬɚ, ɧɚɱɚɥɶɧɚɹ ɮɚɡɚ 

ɨɰɟɧɢɜɚɸɬɫɹ ɜ ɩɪɨɰɟɫɫɟ ɮɢɥɶɬɪɚɰɢɢ ɧɚ ɢɧɬɟɪɜɚɥɟ ɨɛɪɚɛɨɬɤɢ T . 

 

§1.8. Ɉɫɨɛɟɧɧɨɫɬɢ ɚɞɚɩɬɢɜɧɨɣ ɮɢɥɶɬɪɚɰɢɢ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ ɧɚ ɮɨɧɟ ɢɦɩɭɥɶɫɧɵɯ 

ɩɨɦɟɯ 

 

Ɋɚɫɫɦɨɬɪɢɦ ɨɫɨɛɟɧɧɨɫɬɢ ɮɢɥɶɬɪɚɰɢɢ ɫɢɝɧɚɥɨɜ ɧɚ ɮɨɧɟ ɢɦɩɭɥɶɫɧɵɯ ɩɨɦɟɯ ɮɢɥɶɬɪɚɦɢ 

ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɪɚɜɞɨɩɨɞɨɛɢɹ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɜ ɡɚɩɢɫɢ ɩɪɢɧɹɬɨɝɨ ɫɨɨɛɳɟɧɢɹ ɫɥɟɞɭɟɬ ɭɱɟɫɬɶ 

ɜɪɟɦɹ ɩɪɢɯɨɞɚ ɢɦɩɭɥɶɫɚ ɩɨɦɟɯɢ ɉt  ɢ ɮɨɪɦɭ ɟɟ ɨɝɢɛɚɸɳɟɣ  ɉ t , ɤɨɬɨɪɚɹ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ 

ɢɡɜɟɫɬɧɨɣ: 

           0

0
ˆ ˆ ˆˆ ɋ ɉ ɉi t t i t t

ɋ ɉ ɉ ɉ Шy t U e t t U e t t U t
         (1.8.1) 

Ɏɭɧɤɰɢɨɧɚɥ ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɞɥɹ i -ɬɨɣ ɢɬɟɪɚɰɢɢ ɛɭɞɟɬ ɡɚɩɢɫɚɧ ɜ ɜɢɞɟ 

           
' ' ' '

0

2

' ' ' ' '

0
ˆ ˆˆ

i

ɋ ɉ ɉ

i

t T
i t t i t t

ɋ ɉ ɉ ɉi
t

L y t U e t t U e t t dt
   


 

     , (1.8.2) 

ɝɞɟ '

0t  – ɨɰɟɧɤɚ ɜɪɟɦɟɧɢ ɩɪɢɯɨɞɚ ɩɨɥɟɡɧɨɝɨ ɫɢɝɧɚɥɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɤɧɚ ɨɛɪɚɛɨɬɤɢ, '

ɉt  – ɨɰɟɧɤɚ 

ɩɨɥɨɠɟɧɢɹ ɢɦɩɭɥɶɫɚ ɩɨɦɟɯɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɤɧɚ ɨɛɪɚɛɨɬɤɢ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɤɨɪɪɟɥɹɰɢɢ ɦɟɠɞɭ ɫɢɝɧɚɥɨɦ ɢ ɩɨɦɟɯɨɣ ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ: 

       
'

' ' ' '
0

'

* ' '

0

1ˆ
ɉ ɉ

ɉ ɉ ɋ

ɉ

t T
i t t i t t

i ɉ ɉ
t

R e e t t t t
T

   


  
   , (1.8.3) 
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ɝɞɟ ɫɥɟɞɭɟɬ ɭɱɟɫɬɶ, ɱɬɨ ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ ɜ (1.8.3) ɜ ɞɟɣɫɬɜɢɬɟɥɶɧɨɫɬɢ ɜɟɞɟɬɫɹ ɩɨ ɜɪɟɦɟɧɢ 

ɩɟɪɟɫɟɱɟɧɢɹ ɫɢɝɧɚɥɚ ɢ ɩɨɦɟɯɢ, ɩɪɢɬɨɦ, ɱɬɨ ɩɨɦɟɯɚ ɢɦɟɟɬ ɞɥɢɬɟɥɶɧɨɫɬɶ ɉT  ɜ ɨɤɧɟ ɨɛɪɚɛɨɬɤɢ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɜɟɤɬɨɪ ɨɰɟɧɢɜɚɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ ɜɤɥɸɱɚɟɬ 'ˆ
ɋU , 

'ˆ
ɉU , '

0t , '

ɉt , '

ɉT , '

C , '

ɉ . 

Ɉɛɥɚɫɬɶ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɚɥɝɨɪɢɬɦɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɭɫɥɨɜɢɟɦ ˆ 0.9iR i  . 

Ɋɟɲɟɧɢɹ ɭɪɚɜɧɟɧɢɣ ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɷɤɜɢɜɚɥɟɧɬɧɵɟ (1.7.4) ɛɭɞɭɬ ɢɦɟɬɶ ɜɢɞ: 

           
' '

' ' ' '
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, 

(1.8.4) 

ɝɞɟ  2 '

0

i

i

t T

t

t t dt 


   – ɞɥɢɬɟɥɶɧɨɫɬɶ ɫɥɨɠɧɨɝɨ ɫɢɝɧɚɥɚ ɜ ɨɤɧɟ ɨɛɪɚɛɨɬɤɢ, 

 
' '

'

2 '
ɉ ɉ

ɉ

t T

ɉ ɉ
t

t t dt 


  . 

ɗɬɢɦɢ ɜɵɪɚɠɟɧɢɹɦɢ ɨɩɪɟɞɟɥɟɧɚ ɬɟɯɧɨɥɨɝɢɹ ɫɨɜɦɟɫɬɧɨɝɨ ɫɩɟɤɬɪɚɥɶɧɨ-ɤɨɪɪɟɥɹɰɢɨɧɧɨɝɨ 

ɚɧɚɥɢɡɚ. 

ɉɪɢ ɩɟɪɟɯɨɞɟ ɤ ɜɟɤɬɨɪɭ ɪɚɡɧɨɫɬɢ d  ɦɟɠɞɭ ɩɪɢɧɹɬɵɦ ɫɨɨɛɳɟɧɢɟɦ y  ɢ ɜɟɤɬɨɪɨɦ ɤɨɩɢɢ 

ɫɢɝɧɚɥɚ S , ɮɭɧɤɰɢɨɧɚɥ ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ: 

         

     

' '
0

' '

' '

'

2' ' ' ' ' ' * '

0 0

' * '

ˆˆ ˆ, , , ,

ˆ

i i

ɋ

i i

ɉ ɉ
ɉ ɉ

ɉ

t T t T
i t t

i ɉ ɉ C ɉ C
t t

t T
i t t

ɉ ɉ ɉ
t

t t T y t dt U y t e t t dt

U y t e t t dt





  



 





    

 

 


 (1.8.5) 

ɉɨɜɟɪɯɧɨɫɬɶ ɮɭɧɤɰɢɨɧɚɥɚ ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɩɹɬɢɦɟɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ 

ɩɚɪɚɦɟɬɪɨɜ '

0t , '

ɉt , '

ɉ , '

C , '

ɉT . ɉɨɥɧɨɟ ɪɟɲɟɧɢɟ ɞɚɧɧɨɣ ɡɚɞɚɱɢ ɚɞɚɩɬɢɜɧɨɣ ɮɢɥɶɬɪɚɰɢɢ 

ɬɪɟɛɭɟɬ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɦɚɲɢɧɧɨɝɨ ɜɪɟɦɟɧɢ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɦɢɧɢɦɭɦ ɩɨɜɟɪɯɧɨɫɬɢ 

ɮɭɧɤɰɢɨɧɚɥɚ ɩɪɚɜɞɨɩɨɞɨɛɢɹ (1.8.5) ɦɨɠɧɨ ɨɩɪɟɞɟɥɹɬɶ ɦɟɬɨɞɚɦɢ ɝɥɨɛɚɥɶɧɨɣ ɨɩɬɢɦɢɡɚɰɢɢ, 

ɤɨɬɨɪɵɟ ɫɭɳɟɫɬɜɟɧɧɨ ɫɧɢɠɚɸɬ ɤɨɥɢɱɟɫɬɜɨ ɦɚɲɢɧɧɨɝɨ ɜɪɟɦɟɧɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɟɪɟɛɨɪɨɦ ɩɨ 

ɫɟɬɤɟ. 

ȼɵɪɚɠɟɧɢɹɦɢ (1.8.4) ɢ (1.8.5) ɪɟɲɚɟɬɫɹ ɡɚɞɚɱɚ ɚɞɚɩɬɢɜɧɨɣ ɮɢɥɶɬɪɚɰɢɢ ɫɥɨɠɧɨɝɨ ɫɢɝɧɚɥɚ 

ɧɚ ɮɨɧɟ ɢɦɩɭɥɶɫɧɨɣ ɲɢɪɨɤɨɩɨɥɨɫɧɨɣ ɩɨɦɟɯɢ. Ɂɧɚɱɟɧɢɟ ɦɨɞɭɥɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɤɨɪɪɟɥɹɰɢɢ 

ɦɟɠɞɭ ɫɥɨɠɧɵɦ ɫɢɝɧɚɥɨɦ ɢ ɩɨɦɟɯɨɣ ɩɨɡɜɨɥɹɟɬ ɨɰɟɧɢɬɶ ɤɚɱɟɫɬɜɟɧɧɨ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɧɨɣ 
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ɮɢɥɶɬɪɚɰɢɢ ɩɨɦɟɯɢ. ȼ ɫɥɭɱɚɟ ɫɨɫɪɟɞɨɬɨɱɟɧɧɨɣ ɩɨ ɱɚɫɬɨɬɟ ɩɨɦɟɯɢ ɲɢɪɢɧɚ ɫɩɟɤɬɪɨɜ ɫɥɨɠɧɨɝɨ 

ɫɢɝɧɚɥɚ ɢ ɩɨɦɟɯɢ ɪɚɡɥɢɱɚɸɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɫɢɥɶɧɨ. Ɉɧɢ ɨɬɥɢɱɚɸɬɫɹ ɜ N  ɪɚɡ, ɝɞɟ N  – 

ɤɨɥɢɱɟɫɬɜɨ ɩɨɡɢɰɢɣ ɦɨɞɭɥɢɪɭɸɳɟɣ ɮɭɧɤɰɢɢ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɦɨɞɭɥɶ ɤɨɷɮɮɢɰɢɟɧɬɚ ɤɨɪɪɟɥɹɰɢɢ 

ɦɟɠɞɭ ɫɢɝɧɚɥɨɦ ɢ ɩɨɦɟɯɨɣ ɧɟ ɩɪɟɜɵɲɚɟɬ ɡɧɚɱɟɧɢɹ 0.5. Ⱥɧɚɥɨɝɢɱɧɨ ɜ ɫɥɭɱɚɟ ɢɦɩɭɥɶɫɧɨɣ 

ɩɨɦɟɯɢ ɫ ɞɥɢɬɟɥɶɧɨɫɬɶɸ ɨɬɞɟɥɶɧɨɝɨ ɢɦɩɭɥɶɫɚ ɉT T , ɫɩɟɤɬɪ ɫɥɨɠɧɨɝɨ ɫɢɝɧɚɥɚ ɡɧɚɱɢɬɟɥɶɧɨ 

ɩɪɟɜɵɲɚɟɬ ɲɢɪɢɧɭ ɫɩɟɤɬɪɚ ɩɨɦɟɯɢ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɦɨɞɭɥɶ ɤɨɷɮɮɢɰɢɟɧɬɚ ɤɨɪɪɟɥɹɰɢɢ ɢ ɜ ɷɬɨɦ 

ɫɥɭɱɚɟ ɧɟ ɩɪɟɜɵɲɚɟɬ ɡɧɚɱɟɧɢɹ 0.5. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɪɟɲɟɧɢɹ ɜ ɷɬɢɯ ɞɜɭɯ ɫɥɭɱɚɹɯ ɯɨɪɨɲɨ 

ɨɛɭɫɥɨɜɥɟɧɵ. ɇɚɢɛɨɥɟɟ ɫɥɨɠɧɵɦ ɫɥɭɱɚɟɦ ɹɜɥɹɟɬɫɹ ɫɥɭɱɚɣ, ɤɨɝɞɚ ɩɨɦɟɯɚ ɩɨɞɨɛɧɚ ɫɢɝɧɚɥɭ. ɇɚ 

ɨɫɧɨɜɚɧɢɢ ɩɨɥɨɠɟɧɢɣ §1.5 ɦɨɠɧɨ ɫɱɢɬɚɬɶ, ɱɬɨ ɩɨɦɟɯɚ ɩɨɞɨɛɧɚɹ ɫɢɝɧɚɥɭ ɦɨɠɟɬ ɛɵɬɶ 

ɨɬɮɢɥɶɬɪɨɜɚɧɚ ɜ ɪɚɛɨɱɟɣ ɨɛɥɚɫɬɢ, ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɧɬɟɪɜɚɥɨɦ ɢɡɦɟɧɟɧɢɣ ɦɨɞɭɥɹ 

ɤɨɷɮɮɢɰɢɟɧɬɚ ɤɨɪɪɟɥɹɰɢɢ 0 0.9R   . 

Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɨɩɢɫɚɧɧɨɝɨ ɮɢɥɶɬɪɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜɨ ɜɬɨɪɨɣ ɝɥɚɜɟ 

ɪɚɛɨɬɵ. 

 

§1.9. Ɇɟɬɨɞɵ ɨɩɬɢɦɢɡɚɰɢɢ ɩɨ ɜɪɟɦɟɧɢ ɚɥɝɨɪɢɬɦɨɜ ɩɨɢɫɤɚ ɝɥɨɛɚɥɶɧɨɝɨ ɦɢɧɢɦɭɦɚ 

ɮɭɧɤɰɢɨɧɚɥɚ ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ 

 

1.9.1 Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ ɦɢɧɢɦɢɡɚɰɢɢ ɮɭɧɤɰɢɨɧɚɥɚ ɩɪɚɜɞɨɩɨɞɨɛɢɹ, ɨɫɧɨɜɚɧɧɨɟ ɧɚ ɩɪɢɦɟɧɟɧɢɢ 

ɝɥɨɛɚɥɶɧɨɣ ɨɩɬɢɦɢɡɚɰɢɢ 

 

Ɉɬɞɟɥɶɧɨɝɨ ɪɚɫɫɦɨɬɪɟɧɢɹ ɬɪɟɛɭɟɬ ɜɨɩɪɨɫ ɨ ɩɨɢɫɤɟ ɝɥɨɛɚɥɶɧɨɝɨ ɦɢɧɢɦɭɦɚ ɮɭɧɤɰɢɨɧɚɥɚ, 

ɜɨɡɧɢɤɚɸɳɟɝɨ ɜ ɯɨɞɟ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɨɰɟɧɤɢ ɩɚɪɚɦɟɬɪɨɜ ɫɢɝɧɚɥɚ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɬɟɨɪɢɢ 

ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɪɢɟɦɚ. Ʉɚɤ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɩɨɩɵɬɤɚ ɩɨɥɭɱɟɧɢɹ ɨɰɟɧɨɤ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 

ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɞɥɹ ɬɚɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɫɢɝɧɚɥɚ ɤɚɤ ɜɪɟɦɹ ɩɪɢɯɨɞɚ ɢɥɢ ɱɚɫɬɨɬɚ ɧɟɢɡɛɟɠɧɨ 

ɩɪɢɜɨɞɢɬ ɤ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɱɢɫɥɟɧɧɨɝɨ ɩɨɢɫɤɚ ɦɢɧɢɦɭɦɚ ɮɭɧɤɰɢɨɧɚɥɚ ɩɪɚɜɞɨɩɨɞɨɛɢɹ, ɬ.ɤ. 

ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɪɟɲɟɧɢɹ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɩɨɥɭɱɢɬɶ ɧɟ ɭɞɚɟɬɫɹ. 

ɉɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɬɚɤɚɹ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜɨɡɧɢɤɚɟɬ ɩɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱɢ 

ɫɜɟɪɯɪɚɡɪɟɲɟɧɢɹ ɞɜɭɯ ɢɥɢ ɛɨɥɟɟ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ, ɩɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱɢ ɮɢɥɶɬɪɚɰɢɢ ɫ ɰɟɥɶɸ 

ɨɩɪɟɞɟɥɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɩɨɦɟɯɢ ɢ ɫɢɝɧɚɥɚ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɪɚɡɦɟɪɧɨɫɬɶ ɩɪɨɫɬɪɚɧɫɬɜɚ ɩɨɢɫɤɚ 

ɪɚɜɧɚ ɱɢɫɥɭ ɧɟɢɡɜɟɫɬɧɵɯ ɩɚɪɚɦɟɬɪɨɜ. Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ ɧɚɩɪɹɦɭɸ (ɩɭɬɟɦ ɩɟɪɟɛɨɪɚ ɩɨ 

ɮɢɤɫɢɪɨɜɚɧɧɨɣ ɫɟɬɤɟ) ɯɨɬɶ ɢ ɩɪɢɜɨɞɢɬ ɤ ɩɪɚɜɢɥɶɧɨɦɭ ɪɟɡɭɥɶɬɚɬɭ, ɧɨ ɹɜɥɹɟɬɫɹ ɨɱɟɧɶ 

ɪɟɫɭɪɫɨɟɦɤɢɦ ɩɪɨɰɟɫɫɨɦ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɧɟɩɨɡɜɨɥɢɬɟɥɶɧɨ ɞɨɥɝɨɦɭ ɜɪɟɦɟɧɢ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ. 

ȼɪɟɦɹ, ɡɚɬɪɚɱɢɜɚɟɦɨɟ ɧɚ ɩɨɥɭɱɟɧɢɟ ɪɟɲɟɧɢɹ, ɦɨɠɧɨ ɨɰɟɧɢɬɶ ɮɨɪɦɭɥɨɣ 

 N
t n   , (1.9.1) 
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ɝɞɟ n  – ɱɢɫɥɨ ɭɡɥɨɜ ɜ ɨɞɧɨɦɟɪɧɨɣ ɫɟɬɤɟ,   – ɜɪɟɦɹ, ɡɚɬɪɚɱɢɜɚɟɦɨɟ ɧɚ ɜɵɱɢɫɥɟɧɢɟ ɮɭɧɤɰɢɢ ɜ 

ɨɞɧɨɦ ɢɡ ɭɡɥɨɜ ɫɟɬɤɢ, N  – ɪɚɡɦɟɪɧɨɫɬɶ ɩɪɨɫɬɪɚɧɫɬɜɚ ɩɨɢɫɤɚ. 

Ɉɫɨɛɟɧɧɨɫɬɶɸ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ ɹɜɥɹɟɬɫɹ ɫɥɨɠɧɨɫɬɶ ɦɢɧɢɦɢɡɢɪɭɟɦɨɝɨ 

ɮɭɧɤɰɢɨɧɚɥɚ, ɚ ɢɦɟɧɧɨ ɨɝɪɨɦɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɥɨɤɚɥɶɧɵɯ ɦɢɧɢɦɭɦɨɜ, ɨɛɭɫɥɨɜɥɟɧɧɵɯ 

ɜɥɢɹɧɢɟɦ ɲɭɦɨɜ ɢ ɫɬɪɭɤɬɭɪɨɣ ɫɚɦɨɝɨ ɮɭɧɤɰɢɨɧɚɥɚ, ɫɚɦ ɠɟ ɝɥɨɛɚɥɶɧɵɣ ɦɚɤɫɢɦɭɦ ɜɟɫɶɦɚ 

ɭɡɨɤ, ɱɬɨ ɭɜɟɥɢɱɢɜɚɟɬ ɜɟɪɨɹɬɧɨɫɬɶ ɩɪɨɦɚɯɚ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɚɥɝɨɪɢɬɦɨɜ ɝɥɨɛɚɥɶɧɨɣ 

ɨɩɬɢɦɢɡɚɰɢɢ. ɉɪɟɞɫɬɚɜɥɟɧɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɮɭɧɤɰɢɨɧɚɥɚ ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɧɟ ɩɨɡɜɨɥɹɸɬ 

ɩɨɥɶɡɨɜɚɬɶɫɹ ɩɨɩɭɥɹɪɧɵɦɢ ɚɥɝɨɪɢɬɦɚɦɢ ɥɨɤɚɥɶɧɨɣ ɦɢɧɢɦɢɡɚɰɢɢ, ɬɚɤɢɦɢ ɤɚɤ ɝɪɚɞɢɟɧɬɧɵɣ 

ɫɩɭɫɤ, ɦɟɬɨɞ ɇɟɥɞɟɪɚ – Ɇɢɞɚ, ɜɜɢɞɭ ɟɫɬɟɫɬɜɟɧɧɵɯ ɨɝɪɚɧɢɱɟɧɢɣ, ɧɚɤɥɚɞɵɜɚɟɦɵɯ ɫɩɟɰɢɮɢɤɨɣ 

ɦɢɧɢɦɢɡɢɪɭɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. 

ɋɭɳɟɫɬɜɭɟɬ ɨɝɪɨɦɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɚɥɝɨɪɢɬɦɨɜ ɝɥɨɛɚɥɶɧɨɣ ɨɩɬɢɦɢɡɚɰɢɢ, ɨɬɥɢɱɚɸɳɢɯɫɹ 

ɩɪɢɧɰɢɩɨɦ ɞɟɣɫɬɜɢɹ, ɫɤɨɪɨɫɬɶɸ ɫɯɨɞɢɦɨɫɬɢ, ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ ɤ ɥɨɤɚɥɶɧɵɦ ɷɤɫɬɪɟɦɭɦɚɦ ɢ 

ɬ. ɩ. Ɉɝɪɨɦɧɨɟ ɪɚɡɧɨɨɛɪɚɡɢɟ ɷɬɢɯ ɚɥɝɨɪɢɬɦɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɧɢ ɨɞɢɧ ɢɡ ɧɢɯ ɧɟ ɧɨɫɢɬ 

ɭɧɢɜɟɪɫɚɥɶɧɵɣ ɯɚɪɚɤɬɟɪ. Ɍɚɤ ɤɚɤɢɟ-ɬɨ ɚɥɝɨɪɢɬɦɵ ɥɭɱɲɟ ɩɪɢɫɩɨɫɨɛɥɟɧɵ ɞɥɹ ɪɟɲɟɧɢɹ ɨɞɧɢɯ 

ɡɚɞɚɱ, ɚ ɞɪɭɝɢɟ ɞɥɹ ɞɪɭɝɢɯ. 

ɉɪɢɦɟɧɟɧɢɟ ɬɚɤɢɯ ɩɨɩɭɥɹɪɧɵɯ ɚɥɝɨɪɢɬɦɨɜ ɤɚɤ DIRECT [64, 65], ISRES [69, 70], CRS 

[66, 67, 68Ж ɩɨɤɚɡɚɥɨ ɢɯ ɧɟɞɨɫɬɚɬɨɱɧɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɢ ɪɟɲɟɧɢɢ ɭɤɚɡɚɧɧɨɣ ɡɚɞɚɱɢ (ɜ 

ɩɪɨɰɟɫɫɟ ɬɟɫɬɢɪɨɜɚɧɢɹ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɪɟɚɥɢɡɚɰɢɢ ɭɤɚɡɚɧɧɵɯ ɚɥɝɨɪɢɬɦɨɜ ɢɡ ɩɨɩɭɥɹɪɧɨɣ 

ɛɢɛɥɢɨɬɟɤɢ NLopt), ɩɨɷɬɨɦɭ ɚɜɬɨɪɨɦ ɩɪɟɞɥɨɠɟɧ ɚɥɝɨɪɢɬɦ CRSM_LGM (ɤɨɧɬɪɨɥɢɪɭɟɦɵɣ 

ɫɥɭɱɚɣɧɵɣ ɩɨɢɫɤ ɫ ɥɨɤɚɥɶɧɵɦɢ ɢ ɝɥɨɛɚɥɶɧɵɦɢ ɦɭɬɚɰɢɹɦɢ). 

Ⱦɚɧɧɵɣ ɚɥɝɨɪɢɬɦ ɹɜɥɹɟɬɫɹ ɦɨɞɢɮɢɤɚɰɢɟɣ ɚɥɝɨɪɢɬɦɚ CRS, ɩɪɟɞɥɨɠɟɧɧɨɝɨ W. L. Price 

[67, 68Ж. Ȼɚɡɨɜɵɣ ɚɥɝɨɪɢɬɦ CRS ɧɚɯɨɞɢɬ ɧɨɜɨɝɨ ɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɢɧɞɢɜɢɞɚ ɜ ɩɨɩɭɥɹɰɢɢ ɧɚ 

ɨɫɧɨɜɚɧɢɢ ɫɥɭɱɚɣɧɨɣ ɤɨɦɛɢɧɚɰɢɢ n  ɢɧɞɢɜɢɞɭɭɦɨɜ ( n  – ɪɚɡɦɟɪɧɨɫɬɶ ɩɪɨɫɬɪɚɧɫɬɜɚ ɩɨɢɫɤɚ), 

ɭɠɟ ɩɪɢɧɚɞɥɟɠɚɳɢɯ ɩɨɩɭɥɹɰɢɢ ɫɨɝɥɚɫɧɨ ɮɨɪɦɭɥɟ (1.9.2). 

2* mP G R  , (1.9.2) 

ɝɞɟ P  – ɜɟɤɬɨɪ, ɡɚɞɚɸɳɢɣ ɩɨɥɨɠɟɧɢɟ ɧɨɜɨɝɨ ɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɢɧɞɢɜɢɞɭɭɦɚ, G  – ɜɟɤɬɨɪ, 

ɡɚɞɚɸɳɢɣ ɰɟɧɬɪ ɦɚɫɫ ɫɥɭɱɚɣɧɨɣ ɤɨɦɛɢɧɚɰɢɢ ɜɵɛɪɚɧɧɵɯ ɢɧɞɢɜɢɞɭɭɦɨɜ, 
mR  – ɜɟɤɬɨɪ, 

ɡɚɞɚɸɳɢɣ ɩɨɥɨɠɟɧɢɟ ɨɞɧɨɝɨ, ɫɥɭɱɚɣɧɨ ɜɵɛɪɚɧɧɨɝɨ ɢɧɞɢɜɢɞɭɭɦɚ ɩɨɩɭɥɹɰɢɢ. 

ȼ ɫɥɭɱɚɟ ɟɫɥɢ ɞɚɧɧɵɣ ɩɨɬɟɧɰɢɚɥɶɧɵɣ ɢɧɞɢɜɢɞ ɥɭɱɲɟ ɫɚɦɨɝɨ ɯɭɞɲɟɝɨ ɢɧɞɢɜɢɞɭɭɦɚ ɜ 

ɩɨɩɭɥɹɰɢɢ, ɬɨ ɨɧ ɡɚɦɟɧɹɟɬ ɟɝɨ. 

Ɇɵ ɞɨɛɚɜɢɦ ɜ ɚɥɝɨɪɢɬɦ ɩɪɨɰɟɞɭɪɭ ɝɥɨɛɚɥɶɧɨɣ ɢ ɥɨɤɚɥɶɧɨɣ ɦɭɬɚɰɢɢ ɞɥɹ ɭɬɨɱɧɟɧɢɹ 

ɪɟɲɟɧɢɹ ɤɚɤ ɝɥɨɛɚɥɶɧɨ, ɬɚɤ ɢ ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɧɟɤɨɝɨ ɥɨɤɚɥɶɧɨɝɨ ɦɢɧɢɦɭɦɚ. 

Ɋɚɛɨɬɚ ɜɫɟɝɞɚ ɜɟɞɟɬɫɹ ɫ ɧɚɢɯɭɞɲɢɦ ɢɧɞɢɜɢɞɨɦ ɜ ɩɨɩɭɥɹɰɢɢ ɢɥɢ ɫ ɧɨɜɵɦ ɢɧɞɢɜɢɞɨɦ, 

ɡɚɦɟɧɢɜɲɢɦ ɟɝɨ ɜ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ɛɚɡɨɜɨɝɨ CRS ɲɚɝɚ. 
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ɉɪɨɰɟɞɭɪɵ ɥɨɤɚɥɶɧɨɣ ɢ ɝɥɨɛɚɥɶɧɨɣ ɦɭɬɚɰɢɢ ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɧɟ ɨɬɥɢɱɚɸɬɫɹ ɞɪɭɝ ɨɬ 

ɞɪɭɝɚ, ɪɚɡɥɢɱɢɹ ɜ ɧɢɯ ɥɢɲɶ ɜ ɫɬɟɩɟɧɢ ɜɧɨɫɢɦɨɝɨ ɜ ɤɨɨɪɞɢɧɚɬɵ ɢɧɞɢɜɢɞɚ «ɲɭɦɚ». ɒɭɦ 

ɨɩɪɟɞɟɥɟɧ ɤɚɤ ɚɞɞɢɬɢɜɧɵɣ ɝɚɭɫɫɨɜɫɤɢɣ ɫɨ ɫɪɟɞɧɢɦ ɡɧɚɱɟɧɢɟɦ ɪɚɡɧɵɦ ɧɭɥɸ ɢ ɧɟɤɢɦ 

ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɵɦ ɨɬɤɥɨɧɟɧɢɟɦ (ɋɄɈ), ɨɩɪɟɞɟɥɟɧɧɵɦ ɩɨɥɶɡɨɜɚɬɟɥɟɦ. ɋɬɚɧɞɚɪɬɧɨ ɋɄɈ ɞɥɹ 

ɥɨɤɚɥɶɧɨɣ ɦɭɬɚɰɢɢ – 25 ɦɢɧɢɦɚɥɶɧɵɯ ɲɚɝɨɜ ɚɥɝɨɪɢɬɦɚ, ɚ ɞɥɹ ɝɥɨɛɚɥɶɧɨɣ ɦɭɬɚɰɢɢ ɱɟɬɜɟɪɬɶ 

ɨɛɥɚɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ ɨɞɧɨɣ ɢɡ ɩɟɪɟɦɟɧɧɵɯ. 

ɉɨɫɥɟ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɫɬɚɧɞɚɪɬɧɨɝɨ CRS ɲɚɝɚ, ɦɵ ɩɪɨɢɡɜɨɞɢɦ ɨɩɟɪɚɰɢɸ ɝɥɨɛɚɥɶɧɨɣ 

ɦɭɬɚɰɢɢ, ɩɪɢɱɟɦ ɞɟɥɚɟɦ ɟɟ ɩɨɤɨɨɪɞɢɧɚɬɧɨ, ɚ ɢɦɟɧɧɨ «ɲɚɬɚɟɦ» ɡɧɚɱɟɧɢɹ ɨɞɧɨɣ ɢɡ ɤɨɨɪɞɢɧɚɬ 

ɢɧɞɢɜɢɞɭɭɦɚ ɢ ɫɦɨɬɪɢɦ ɧɚ ɡɧɚɱɟɧɢɟ ɟɝɨ ɩɪɢɝɨɞɧɨɫɬɢ. ȿɫɥɢ ɨɧɚ ɭɥɭɱɲɢɥɚɫɶ, ɬɨ ɡɚɦɟɧɹɟɦ 

ɫɬɚɪɨɝɨ ɢɧɞɢɜɢɞɚ ɧɚ ɧɨɜɨɝɨ. Ɍɚɤ ɠɟ ɩɨɫɬɭɩɚɟɦ ɞɥɹ ɜɫɟɯ ɨɫɬɚɥɶɧɵɯ ɤɨɨɪɞɢɧɚɬ. 

ɋɥɟɞɭɸɳɢɦ ɲɚɝɨɦ ɛɭɞɟɬ ɚɧɚɥɨɝɢɱɧɚɹ ɩɪɨɰɟɞɭɪɟ ɝɥɨɛɚɥɶɧɨɣ ɦɭɬɚɰɢɢ ɥɨɤɚɥɶɧɚɹ 

ɦɭɬɚɰɢɹ, ɩɪɢɡɜɚɧɧɚɹ ɭɥɭɱɲɢɬɶ ɡɧɚɱɟɧɢɹ ɨɫɨɛɢ ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɧɟɤɨɝɨ ɦɢɧɢɦɭɦɚ. 

ɂɬɚɤ, ɲɚɝ ɚɥɝɨɪɢɬɦɚ CRSM_LGM ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ: 

1) ɛɚɡɨɜɵɣ CRS ɲɚɝ; 

2) ɝɥɨɛɚɥɶɧɚɹ ɩɨɤɨɨɪɞɢɧɚɬɧɚɹ ɦɭɬɚɰɢɹ ɢɧɞɢɜɢɞɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɧɚ ɩɪɟɞɵɞɭɳɟɦ ɲɚɝɟ 

(ɢɥɢ ɧɚɢɯɭɞɲɟɝɨ ɢɧɞɢɜɢɞɚ ɜ ɩɨɩɭɥɹɰɢɢ ɜ ɫɥɭɱɚɟ ɧɟɭɞɚɱɧɨɝɨ CRS ɲɚɝɚ); 

3) ɥɨɤɚɥɶɧɚɹ ɩɨɤɨɨɪɞɢɧɚɬɧɚɹ ɦɭɬɚɰɢɹ ɢɧɞɢɜɢɞɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɧɚ ɩɪɟɞɵɞɭɳɟɦ ɲɚɝɟ. 

Ȼɥɨɤ ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɚ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 1.9.1. 
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Ɋɢɫɭɧɨɤ 1.9.1 – Ȼɥɨɤ ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɚ CRSM_LGM 

 

1.9.2. Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ ɦɢɧɢɦɢɡɚɰɢɢ ɮɭɧɤɰɢɨɧɚɥɚ ɩɪɚɜɞɨɩɨɞɨɛɢɹ, ɨɫɧɨɜɚɧɧɨɟ ɧɚ ɩɪɢɦɟɧɟɧɢɢ 

ɬɟɯɧɨɥɨɝɢɢ CUDA 

 

ȼ ɩɪɟɞɵɞɭɳɟɦ ɪɚɡɞɟɥɟ ɩɨɤɚɡɚɧ ɚɥɝɨɪɢɬɦ ɦɢɧɢɦɢɡɚɰɢɢ ɮɭɧɤɰɢɨɧɚɥɚ ɩɪɚɜɞɨɩɨɞɨɛɢɹ, 

ɜɨɡɧɢɤɚɸɳɟɝɨ, ɧɚɩɪɢɦɟɪ, ɜ ɩɪɨɰɟɫɫɟ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɫɜɟɪɯɪɚɡɪɟɲɟɧɢɹ ɧɟɫɤɨɥɶɤɢɯ ɫɢɝɧɚɥɨɜ. 

ȼ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ ɩɪɟɞɥɚɝɚɟɬɫɹ ɟɳɟ ɨɞɢɧ ɫɩɨɫɨɛ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ, ɚ ɢɦɟɧɧɨ 
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ɪɟɲɟɧɢɟ, ɨɫɧɨɜɚɧɧɨɟ ɧɚ ɩɪɢɦɟɧɟɧɢɢ ɝɪɚɮɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɪɨɜ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɫɭɳɟɫɬɜɟɧɧɨ 

ɭɦɟɧɶɲɢɬɶ ɜɪɟɦɹ ɩɨɥɭɱɟɧɢɹ ɤɨɧɟɱɧɨɝɨ ɪɟɡɭɥɶɬɚɬɚ. 

ȼ ɧɚɫɬɨɹɳɟɦ ɩɚɪɚɝɪɚɮɟ ɜɧɢɦɚɧɢɟ ɭɞɟɥɹɟɬɫɹ ɮɭɧɤɰɢɨɧɚɥɚɦ ɩɪɚɜɞɨɩɨɞɨɛɢɹ, 

ɜɨɡɧɢɤɚɸɳɢɦ ɜ ɩɪɨɰɟɫɫɟ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɪɚɡɪɟɲɟɧɢɹ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ ɧɚ ɩɪɢɦɟɪɟ 

ɞɜɭɦɟɪɧɨɝɨ ɫɥɭɱɚɹ. 

ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɜɫɟ ɛɨɥɶɲɟɟ ɱɢɫɥɨ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɜɵɩɨɥɧɹɟɬɫɹ ɜ 

ɩɚɪɚɥɥɟɥɶɧɨɦ ɤɨɞɟ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɫɭɳɟɫɬɜɟɧɧɵɣ ɜɵɢɝɪɵɲ ɜ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ 

ɚɥɝɨɪɢɬɦɚ ɪɟɲɟɧɢɹ ɬɨɣ ɢɥɢ ɢɧɨɣ ɡɚɞɚɱɢ. ɋɨɤɪɚɳɟɧɢɟ ɜɪɟɦɟɧɢ ɪɚɫɱɟɬɨɜ ɜ ɩɪɟɧɟɛɪɟɠɟɧɢɢ 

ɧɚɤɥɚɞɤɚɦɢ ɧɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɟ ɨɩɟɪɚɰɢɢ ɧɚɫɬɪɨɣɤɢ ɦɨɠɧɨ ɜɵɪɚɡɢɬɶ ɮɨɪɦɭɥɨɣ 

0

1
1t t

Q

 
   

 
, (1.9.3) 

ɝɞɟ Q  – ɱɢɫɥɨ ɨɞɧɨɜɪɟɦɟɧɧɨ ɢɫɩɨɥɧɹɟɦɵɯ ɧɢɬɟɣ, 0t  – ɜɪɟɦɹ ɜɵɩɨɥɧɟɧɢɹ ɪɚɫɱɟɬɚ ɜ 

ɨɞɧɨɩɨɬɨɱɧɨɦ ɜɚɪɢɚɧɬɟ ɚɥɝɨɪɢɬɦɚ. 

Ⱦɜɚ ɨɫɧɨɜɧɵɯ ɧɚɩɪɚɜɥɟɧɢɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɚɪɚɥɥɟɥɶɧɵɯ ɬɟɯɧɨɥɨɝɢɣ: 

1) ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɯ ɤɥɚɫɬɟɪɨɜ, ɢɦɟɸɳɢɯ «ɧɚ ɛɨɪɬɭ» ɫɨɬɧɢ ɹɞɟɪ; 

2) ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɝɪɚɮɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɪɨɜ (GPU) ɞɥɹ ɧɟɝɪɚɮɢɱɟɫɤɢɯ ɜɵɱɢɫɥɟɧɢɣ. 

ȼɬɨɪɨɣ ɜɚɪɢɚɧɬ ɝɨɪɚɡɞɨ ɩɪɨɳɟ ɪɟɚɥɢɡɨɜɚɬɶ, ɬ.ɤ. ɦɵ ɠɟɪɬɜɭɟɬ ɥɢɲɶ 

ɤɪɨɫɫɩɥɚɬɮɨɪɦɟɧɧɨɫɬɶɸ ɤɨɞɚ ɢ ɩɨɥɭɱɚɟɦ ɫɭɳɟɫɬɜɟɧɧɵɣ ɩɪɢɪɨɫɬ ɜ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ, 

ɩɪɢɬɨɦ, ɱɬɨ ɚɩɩɚɪɚɬɧɚɹ ɱɚɫɬɶ ɩɪɢ ɬɚɤɨɦ ɩɨɞɯɨɞɟ ɡɚɧɢɦɚɟɬ ɫɨɜɫɟɦ ɧɟɦɧɨɝɨ ɦɟɫɬɚ, ɚ GPU 

ɢɦɟɟɬɫɹ ɜ ɧɚɥɢɱɢɟ ɧɚ ɥɸɛɨɦ ɤɨɦɩɶɸɬɟɪɟ. 

Ɋɟɚɥɢɡɚɰɢɹ ɩɟɪɜɨɝɨ ɜɚɪɢɚɧɬɚ ɬɪɟɛɭɟɬ ɨɛɹɡɚɬɟɥɶɧɨɝɨ ɧɚɥɢɱɢɹ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɝɨ 

ɤɥɚɫɬɟɪɚ, ɤɨɬɨɪɵɣ ɧɟ ɜɫɟɝɞɚ ɟɫɬɶ ɜ ɧɚɥɢɱɢɢ, ɩɨɷɬɨɦɭ ɚɤɰɟɧɬɢɪɭɟɦ ɜɧɢɦɚɧɢɟ ɧɚ ɜɬɨɪɨɦ 

ɫɩɨɫɨɛɟ. 

ɇɚɢɛɨɥɟɟ ɢɡɜɟɫɬɧɨɣ ɩɥɚɬɮɨɪɦɨɣ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɧɟɝɪɚɮɢɱɟɫɤɢɯ ɜɵɱɢɫɥɟɧɢɣ ɧɚ 

ɝɪɚɮɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɪɚɯ ɹɜɥɹɟɬɫɹ CUDA. CUDA (Compute Unified Device Architecture) – ɷɬɨ 

ɚɪɯɢɬɟɤɬɭɪɚ ɩɚɪɚɥɥɟɥɶɧɵɯ ɜɵɱɢɫɥɟɧɢɣ ɨɬ NVIDIA, ɩɨɡɜɨɥɹɸɳɚɹ ɫɭɳɟɫɬɜɟɧɧɨ ɭɜɟɥɢɱɢɬɶ 

ɜɵɱɢɫɥɢɬɟɥɶɧɭɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɛɥɚɝɨɞɚɪɹ ɢɫɩɨɥɶɡɨɜɚɧɢɸ GPU (ɝɪɚɮɢɱɟɫɤɢɯ 

ɩɪɨɰɟɫɫɨɪɨɜ) Д17]. 

Ⱦɚɧɧɚɹ ɚɪɯɢɬɟɤɬɭɪɚ ɩɨɡɜɨɥɹɟɬ ɡɚɩɭɫɤɚɬɶ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ (ɡɚɜɢɫɹɳɟɟ ɨɬ ɤɨɧɤɪɟɬɧɨɣ 

ɩɥɚɬɮɨɪɦɵ) ɩɚɪɚɥɥɟɥɶɧɵɯ ɧɢɬɟɣ, ɜɵɩɨɥɧɹɸɳɢɯ ɭɧɢɤɚɥɶɧɵɟ ɡɚɞɚɱɢ. ɂɦɟɧɧɨ ɷɬɨɣ 

ɨɫɨɛɟɧɧɨɫɬɶɸ ɦɵ ɢ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɞɥɹ ɦɢɧɢɦɢɡɚɰɢɢ ɰɟɥɟɜɨɝɨ ɮɭɧɤɰɢɨɧɚɥɚ, ɜɨɡɧɢɤɚɸɳɟɝɨ ɜ 

ɩɪɨɰɟɫɫɟ ɪɟɲɟɧɢɹ ɡɚɞɚɱ, ɨɫɧɨɜɚɧɧɵɯ ɧɚ ɩɪɢɦɟɧɟɧɢɢ ɬɟɨɪɢɢ ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɪɢɟɦɚ. 

Ɍɚɤ ɤɚɤ ɤɚɠɞɚɹ ɧɢɬɶ ɪɚɛɨɬɚɟɬ ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɞɪɭɝɨɣ ɩɚɪɚɥɥɟɥɶɧɨɣ ɧɢɬɢ, ɬɨ ɦɵ ɦɨɠɟɦ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɷɬɭ ɨɫɨɛɟɧɧɨɫɬɶ ɞɥɹ ɨɞɧɨɜɪɟɦɟɧɧɨɝɨ ɪɚɫɱɟɬɚ ɦɧɨɝɢɯ ɡɧɚɱɟɧɢɣ ɮɭɧɤɰɢɨɧɚɥɚ, ɚ 

ɡɚɬɟɦ ɥɢɲɶ ɨɫɬɚɧɟɬɫɹ ɧɚɣɬɢ ɦɢɧɢɦɭɦ ɜ ɩɨɥɭɱɢɜɲɟɦɫɹ ɦɚɫɫɢɜɟ. 
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Ɋɚɫɫɦɨɬɪɢɦ ɨɫɧɨɜɧɵɟ ɲɚɝɢ, ɧɟɨɛɯɨɞɢɦɵɟ, ɞɥɹ ɨɪɝɚɧɢɡɚɰɢɢ ɜɵɱɢɫɥɟɧɢɹ ɦɢɧɢɦɭɦɚ 

ɮɭɧɤɰɢɨɧɚɥɚ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɩɚɪɚɥɥɟɥɶɧɵɯ ɩɨɬɨɤɨɜ. 

ɒɚɝ 1. Ɉɩɪɟɞɟɥɹɟɦ ɦɢɧɢɦɢɡɢɪɭɟɦɭɸ ɮɭɧɤɰɢɸ ɞɥɹ ɜɵɡɨɜɚ ɫ GPU (ɷɬɨ ɧɚɲ ɮɭɧɤɰɢɨɧɚɥ 

ɩɪɚɜɞɨɩɨɞɨɛɢɹ): 

__device__ float func_2d(float x, float y), 

ɝɞɟ x ɢ y – ɜɯɨɞɧɵɟ ɩɟɪɟɦɟɧɧɵɟ, ɮɭɧɤɰɢɹ ɜɨɡɜɪɚɳɚɟɬ ɡɧɚɱɟɧɢɟ ɮɭɧɤɰɢɨɧɚɥɚ ɜ ɭɤɚɡɚɧɧɵɯ 

ɬɨɱɤɚɯ. 

ɒɚɝ 2. Ɋɟɚɥɢɡɭɟɦ ɹɞɪɨ, ɨɫɭɳɟɫɬɜɥɹɸɳɟɟ ɪɚɫɱɟɬ ɡɧɚɱɟɧɢɣ ɩɨɥɭɱɟɧɧɨɣ ɮɭɧɤɰɢɢ ɫ 

ɫɨɯɪɚɧɟɧɢɟɦ ɞɚɧɧɵɯ ɡɧɚɱɟɧɢɣ ɜ ɦɚɫɫɢɜ (ɩɪɢɦɟɪ ɞɥɹ ɞɜɭɦɟɪɧɨɝɨ ɫɥɭɱɚɹ): 

__global__ void kernel_2d(float *result, uint64_t size_x, uint64_t size_y, float step, float 

begin_x, float begin_y) 

{ 

uint64_t tid = threadIdx.x + blockIdx.x * blockDim.x; 

uint64_t idx = tid % size_x; 

uint64_t idy = tid / size_x; 

if (tid < size_x*size_y) 

*(result + tid) = func_2d (begin_x + step*idx, begin_y + step*idy); 

} 

ȼ ɞɚɧɧɨɦ ɩɪɢɦɟɪɟ tid – ɢɞɟɧɬɢɮɢɤɚɬɨɪ ɡɚɩɭɳɟɧɧɨɣ ɧɢɬɢ, idx – ɩɟɪɟɦɟɧɧɚɹ, 

ɨɫɭɳɟɫɬɜɥɹɸɳɚɹ ɢɧɞɟɤɫɚɰɢɸ ɜɞɨɥɶ ɧɚɩɪɚɜɥɟɧɢɹ x ɜ ɞɜɭɦɟɪɧɨɣ ɫɟɬɤɟ, idy – ɩɟɪɟɦɟɧɧɚɹ, 

ɨɫɭɳɟɫɬɜɥɹɸɳɚɹ ɢɧɞɟɤɫɚɰɢɸ ɜɞɨɥɶ ɧɚɩɪɚɜɥɟɧɢɹ y ɜ ɞɜɭɦɟɪɧɨɣ ɫɟɬɤɟ, step – ɲɚɝ ɫɟɬɤɢ, 

begin_x, begin_y – ɧɚɱɚɥɶɧɵɟ ɩɨɥɨɠɟɧɢɹ ɭɡɥɨɜ ɫɟɬɤɢ ɞɥɹ ɨɫɟɣ x ɢ y ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, size_x ɢ 

size_y – ɪɚɡɦɟɪɵ ɫɟɬɤɢ ɜ ɧɚɩɪɚɜɥɟɧɢɹɯ x ɢ y, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ʉɚɤ ɜɢɞɧɨ, ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ 

ɨɫɭɳɟɫɬɜɥɟɧ ɩɟɪɟɯɨɞ ɨɬ ɞɜɨɣɧɨɣ ɢɧɞɟɤɫɚɰɢɢ ɤ ɨɞɧɨɦɟɪɧɨɣ. ɇɚɫɱɢɬɚɧɧɵɟ ɡɧɚɱɟɧɢɹ 

ɫɨɯɪɚɧɹɸɬɫɹ ɜ ɦɚɫɫɢɜ result. 

ɍɤɚɡɚɧɧɚɹ ɪɚɧɟɟ ɩɟɪɟɦɟɧɧɚɹ tid, ɤɨɬɨɪɚɹ ɢɞɟɧɬɢɮɢɰɢɪɭɟɬ ɧɨɦɟɪ ɡɚɩɭɫɤɚɟɦɨɝɨ ɩɨɬɨɤɚ, 

ɫɤɥɚɞɵɜɚɟɬɫɹ ɢɡ ɧɨɦɟɪɚ ɛɥɨɤɚ blockIdx.x ɩɨ ɨɫɢ ɯ, threadIdx.x – ɧɨɦɟɪɚ ɧɢɬɢ ɜ ɛɥɨɤɟ ɩɨ ɷɬɨɣ ɠɟ 

ɨɫɢ (CUDA ɩɨɞɞɟɪɠɢɜɚɟɬ ɬɪɟɯɦɟɪɧɭɸ ɢɧɞɟɤɫɚɰɢɸ). Ʉɨɧɫɬɚɧɬɚ blockDim.x ɭɤɚɡɵɜɚɟɬ 

ɦɚɤɫɢɦɚɥɶɧɨɟ ɱɢɫɥɨ ɧɢɬɟɣ ɜ ɨɞɧɨɦ ɛɥɨɤɟ ɜɞɨɥɶ ɡɚɞɚɧɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ. 

ɍɫɥɨɜɢɟ if (tid < size_x*size_y) ɧɟ ɞɚɟɬ ɹɞɪɭ ɜɵɣɬɢ ɡɚ ɩɪɟɞɟɥɵ ɦɚɫɫɢɜɚ, ɬ.ɤ. ɨɛɵɱɧɨ ɱɢɫɥɨ 

ɡɚɩɭɫɤɚɟɦɵɯ ɩɨɬɨɤɨɜ ɛɨɥɶɲɟ ɪɚɡɦɟɪɚ ɦɚɫɫɢɜ. Ʉɜɚɥɢɮɢɤɚɬɨɪ __global__ ɭɤɚɡɵɜɚɟɬ ɧɚ ɬɨ, ɱɬɨ 

ɹɞɪɨ, ɛɭɞɭɱɢ ɜɵɡɜɚɧɧɵɦ ɧɚ ɨɫɧɨɜɧɨɣ ɦɚɲɢɧɟ (host), ɛɭɞɟɬ ɢɫɩɨɥɧɟɧɨ ɧɚ ɜɢɞɟɨɚɞɚɩɬɟɪɟ 

(device). ɂɫɩɨɥɶɡɨɜɚɧɧɵɣ ɪɚɧɟɟ ɤɜɚɥɢɮɢɤɚɬɨɪ __device__ ɭɤɚɡɵɜɚɟɬ ɧɚ ɬɨ, ɱɬɨ ɮɭɧɤɰɢɹ ɛɭɞɟɬ 

ɜɵɡɜɚɧɚ ɫ ɭɫɬɪɨɣɫɬɜɚ (device) ɢ ɜɵɩɨɥɧɟɧɚ ɧɚ ɧɟɦ. 
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ɒɚɝ 3. ɇɚɩɢɫɚɧɢɟ ɹɞɪɚ ɮɭɧɤɰɢɢ, ɪɟɚɥɢɡɭɸɳɟɣ ɩɨɢɫɤ ɦɢɧɢɦɚɥɶɧɨɝɨ ɷɥɟɦɟɧɬɚ ɜ ɦɚɫɫɢɜɟ 

ɧɚɫɱɢɬɚɧɧɵɯ ɡɧɚɱɟɧɢɣ. 

__global__ void distance_min(float *a, uint64_t size, float *min, uint64_t *pos); 

ȼ ɞɚɧɧɨɣ ɮɭɧɤɰɢɢ a – ɜɯɨɞɧɨɣ ɦɚɫɫɢɜ ɡɧɚɱɟɧɢɣ, ɜ ɤɨɬɨɪɨɦ ɛɭɞɟɬ ɨɫɭɳɟɫɬɜɥɟɧ ɩɨɢɫɤ 

ɦɢɧɢɦɚɥɶɧɨɝɨ ɷɥɟɦɟɧɬɚ, size – ɪɚɡɦɟɪ ɜɯɨɞɧɨɝɨ ɦɚɫɫɢɜɚ, min ɢ pos – ɭɤɚɡɚɬɟɥɢ ɧɚ ɡɧɚɱɟɧɢɟ ɢ 

ɩɨɥɨɠɟɧɢɟ ɜ ɦɚɫɫɢɜɟ ɦɢɧɢɦɚɥɶɧɨɝɨ ɷɥɟɦɟɧɬɚ, ɧɚɣɞɟɧɧɨɝɨ ɜ ɩɪɨɰɟɫɫɟ ɜɵɩɨɥɧɟɧɢɹ ɞɚɧɧɨɝɨ 

ɹɞɪɚ. 

Ɋɟɚɥɢɡɚɰɢɹ ɹɞɪɚ distance_min ɦɨɠɟɬ ɢɦɟɬɶ ɜɢɞ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɢɠɟ. 

__global__ void distance_min(float *a, uint64_t size, float *min, uint64_t *pos) 

{ 

// threadsPerBlock – ɱɢɫɥɨ ɩɨɬɨɤɨɜ, ɡɚɩɭɫɤɚɟɦɵɯ ɜ ɨɞɧɨɦ ɛɥɨɤɟ 

 __shared__ float cache[threadsPerBlock]; 

 __shared__ uint64_t pos_cache[threadsPerBlock]; 

 uint64_t tid = threadIdx.x + blockIdx.x * blockDim.x; 

 uint64_t cacheIndex = threadIdx.x; 

 

 if (tid == 0) 

  *min = CUDART_INF_F; 

 

 cache[cacheIndex] = CUDART_INF_F; 

 pos_cache[cacheIndex] = 0; 

 

 if (tid < size) 

 { 

  cache[cacheIndex] = a[tid]; 

  pos_cache[cacheIndex] = tid; 

 } 

 

 // ɫɢɧɯɪɨɧɢɡɚɰɢɹ ɜɫɟɯ ɧɢɬɟɣ 

 __syncthreads(); 

 

 uint64_t i = blockDim.x / 2; 

 while (i != 0) 

 { 

  if (cacheIndex < i) 
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  { 

   pos_cache[cacheIndex] = pos_min(cache[cacheIndex], cache[cacheIndex + 

i],  

    pos_cache[cacheIndex], pos_cache[cacheIndex + i]); 

   cache[cacheIndex] = minimum(cache[cacheIndex], cache[cacheIndex + i]); 

  } 

  __syncthreads(); 

  i /= 2; 

 } 

 

 if (cacheIndex == 0) 

  atomicMin(min, cache[0], pos, pos_cache[0]); 

} 

ɒɚɝ 4. Ɉɫɭɳɟɫɬɜɥɹɟɦ ɦɢɧɢɦɢɡɚɰɢɸ ɮɭɧɤɰɢɢ. 

kernel_2d << < blocks, threadsPerBlock >> >(dev_funcvals, number_x, number_y, step, 

begin_x, begin_y); 

distance_min << < blocks, threadsPerBlock >> >(dev_funcvals, number_x*number_y, dev_m, 

dev_position); 

Ɏɢɝɭɪɢɪɭɟɦɵɟ ɜ ɫɤɨɛɤɚɯ <<<>>> ɡɧɚɱɟɧɢɹ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɩɚɪɚɦɟɬɪɵ ɡɚɩɭɫɤɚ ɹɞɪɚ: 

blocks – ɱɢɫɥɨ ɛɥɨɤɨɜ, ɡɚɞɟɣɫɬɜɨɜɚɧɧɵɯ ɧɚ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ, ɨɩɢɫɚɧɧɨɣ ɜ ɹɞɪɟ, threadsPerBlock 

– ɱɢɫɥɨ ɧɢɬɟɣ, ɡɚɩɭɳɟɧɧɵɯ ɧɚ ɛɥɨɤ. ȼɵɛɢɪɚɹ threadsPerBlock ɪɚɜɧɵɦ ɧɟɤɨɬɨɪɨɦɭ ɡɧɚɱɟɧɢɸ, 

blocks ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɮɨɪɦɭɥɟ, ɭɤɚɡɚɧɧɨɣ ɧɢɠɟ: 

uint64_t threadsPerBlock = 1024; 

uint64_t blocks = (number_x * number_y+ threadsPerBlock - 1) / threadsPerBlock; 

ɝɞɟ number – ɱɢɫɥɨ ɭɡɥɨɜ ɜ ɫɟɬɤɟ, ɩɨ ɤɨɬɨɪɨɣ ɩɪɨɢɡɜɨɞɢɬɫɹ ɪɚɫɱɟɬ ɡɧɚɱɟɧɢɣ ɮɭɧɤɰɢɨɧɚɥɚ. 

ɂɫɤɨɦɵɟ ɡɧɚɱɟɧɢɹ x ɢ y, ɦɨɠɧɨ ɜɵɪɚɡɢɬɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

float x = ((*host_position % number_x)*step + begin_x); 

float y = ((*host_position / number_x)*step + begin_y), 

ɝɞɟ host_position – ɥɨɤɚɥɶɧɚɹ ɩɟɪɟɦɟɧɧɚɹ ɯɪɚɧɹɳɟɟ ɡɧɚɱɟɧɢɟ ɩɟɪɟɦɟɧɧɨɣ dev_position. 

Ɉɩɢɫɚɧɧɚɹ ɜ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɩɪɨɰɟɞɭɪɚ ɩɨɢɫɤɚ ɦɢɧɢɦɭɦɚ ɮɭɧɤɰɢɨɧɚɥɚ ɩɨɡɜɨɥɹɟɬ 

ɩɨɥɭɱɢɬɶ ɫɭɳɟɫɬɜɟɧɧɵɣ ɩɪɢɪɨɫɬ ɜ ɫɤɨɪɨɫɬɢ ɪɚɛɨɬɵ ɩɪɢɥɨɠɟɧɢɹ, ɨɫɭɳɟɫɬɜɥɹɸɳɟɝɨ ɨɰɟɧɤɭ 

ɩɚɪɚɦɟɬɪɨɜ ɫɢɝɧɚɥɚ ɧɚ ɨɫɧɨɜɟ ɬɟɨɪɢɢ ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɪɢɟɦɚ, ɜ ɬɨ ɠɟ ɜɪɟɦɹ, ɪɟɲɟɧɢɟ, 

ɩɨɥɭɱɚɟɦɨɟ ɫ ɩɨɦɨɳɶɸ ɨɩɢɫɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ, ɹɜɥɹɟɬɫɹ ɢɫɬɢɧɧɵɦ ɝɥɨɛɚɥɶɧɵɦ ɦɢɧɢɦɭɦɨɦ, 

ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɫɧɢɡɢɬɶ ɨɲɢɛɤɢ, ɫɜɹɡɚɧɧɵɟ ɫ ɩɪɨɦɚɯɚɦɢ ɩɪɢ ɩɪɢɦɟɧɟɧɢɢ ɤɚɤɢɯ-ɥɢɛɨ 

ɚɥɝɨɪɢɬɦɨɜ ɨɩɬɢɦɢɡɚɰɢɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɨɩɢɫɚɧɧɵɣ ɫɩɨɫɨɛ ɦɢɧɢɦɢɡɚɰɢɢ ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɦɟɧɟɧ 
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ɢ ɤ ɞɪɭɝɢɦ ɡɚɞɚɱɚɦ, ɜɨɡɧɢɤɚɸɳɢɦ ɜ ɪɚɞɢɨɬɟɯɧɢɤɟ ɢ ɬɪɟɛɭɸɳɢɦ ɞɥɹ ɪɟɲɟɧɢɹ ɦɢɧɢɦɢɡɚɰɢɸ 

ɧɟɤɨɬɨɪɨɣ ɮɭɧɤɰɢɢ. 

 

§1.10. Ɉɛɪɚɛɨɬɤɚ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ ɫ ɭɱɟɬɨɦ ɩɨɥɹɪɢɡɚɰɢɨɧɧɨɣ ɫɬɪɭɤɬɭɪɵ 

 

ȼ ɬɪɟɬɶɟɣ ɝɥɚɜɟ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɢɡɥɨɠɟɧɵ ɜɨɩɪɨɫɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 

ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɨɡɦɨɠɧɨɫɬɟɣ ɨɛɪɚɛɨɬɤɢ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɩɪɨɜɟɞɟɧɵ ɧɚ ɨɫɧɨɜɟ ɞɚɧɧɵɯ, ɩɨɥɭɱɚɟɦɵɯ ɫ ɩɨɦɨɳɶɸ ɫɬɚɧɰɢɢ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɡɨɧɞɢɪɨɜɚɧɢɹ 

ɢɨɧɨɫɮɟɪɵ «ȼɟɤɬɨɪ». ɍɱɟɬ ɩɨɥɹɪɢɡɚɰɢɨɧɧɨɣ ɫɬɪɭɤɬɭɪɵ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ, ɨɬɪɚɠɟɧɧɵɯ ɨɬ 

ɢɨɧɨɫɮɟɪɵ, ɨɩɪɟɞɟɥɹɟɬ ɬɟɯɧɨɥɨɝɢɸ ɨɛɪɚɛɨɬɤɢ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɜ ɧɚɫɬɨɹɳɟɦ ɩɚɪɚɝɪɚɮɟ 

ɢɡɥɨɠɟɧɵ ɨɫɧɨɜɧɵɟ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɨ ɩɨɥɹɪɢɡɚɰɢɢ ɪɚɞɢɨɜɨɥɧ, ɦɟɬɨɞɚɯ ɨɛɪɚɛɨɬɤɢ. Ɉɫɧɨɜɧɨɟ 

ɜɧɢɦɚɧɢɟ ɩɪɢ ɷɬɨɦ ɭɞɟɥɟɧɨ ɩɨɥɹɪɢɡɚɰɢɨɧɧɨɦɭ ɪɚɡɞɟɥɟɧɢɸ ɷɥɥɢɩɬɢɱɟɫɤɢ ɩɨɥɹɪɢɡɨɜɚɧɧɵɯ 

ɨɪɬɨɝɨɧɚɥɶɧɵɯ ɦɚɝɧɢɬɨɢɨɧɧɵɯ ɤɨɦɩɨɧɟɧɬ. 

 

1.10.1. Ɉɫɧɨɜɧɵɟ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɩɪɟɞɫɬɚɜɥɟɧɢɹ 

 

ɉɪɟɞɫɬɚɜɢɦ ɤɪɚɬɤɨ ɨɫɧɨɜɧɭɸ ɬɟɪɦɢɧɨɥɨɝɢɸ, ɨɩɢɫɵɜɚɸɳɭɸ ɫɬɪɭɤɬɭɪɭ ɩɨɥɹɪɢɡɨɜɚɧɧɵɯ 

ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɜɨɥɧ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɜ ɢɨɧɨɫɮɟɪɟ. 

Ɍɟɪɦɢɧ ɩɨɥɹɪɢɡɚɰɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɜɨɥɧ ɨɩɪɟɞɟɥɹɟɬ ɯɚɪɚɤɬɟɪ ɢɡɦɟɧɟɧɢɹ ɜ 

ɩɪɨɫɬɪɚɧɫɬɜɟ ɜɟɤɬɨɪɚ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɩɨɥɹ E  ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɜɨɥɧɵ. ȿɫɥɢ ɷɥɟɤɬɪɢɱɟɫɤɢɣ 

ɜɟɤɬɨɪ E  ɜ ɤɚɠɞɨɣ ɬɨɱɤɟ ɩɪɨɫɬɪɚɧɫɬɜɚ, ɡɚɧɹɬɨɝɨ ɜɨɥɧɨɣ, ɫɨɜɟɪɲɚɹ ɤɨɥɟɛɚɧɢɹ, ɨɫɬɚёɬɫɹ ɜɫё 

ɜɪɟɦɹ ɜ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ ɩɥɨɫɤɨɫɬɢ, ɩɪɨɯɨɞɹɳɟɣ ɱɟɪɟɡ ɧɚɩɪɚɜɥɟɧɢɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɜɨɥɧɵ, ɬɨ 

ɩɨɥɹɪɢɡɚɰɢɸ ɧɚɡɵɜɚɸɬ ɥɢɧɟɣɧɨɣ. ȿɫɥɢ ɩɪɨɟɤɰɢɹ ɤɨɧɰɚ ɜɟɤɬɨɪɚ E  ɧɚ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɭɸ 

ɩɥɨɫɤɨɫɬɶ ɨɩɢɫɵɜɚɟɬ ɨɤɪɭɠɧɨɫɬɶ, ɬɨɝɞɚ ɩɨɥɹɪɢɡɚɰɢɹ ɤɪɭɝɨɜɚɹ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɜɨɡɦɨɠɧɨ 

ɜɪɚɳɟɧɢɟ ɜɟɤɬɨɪɚ E  ɤɚɤ ɩɨ ɱɚɫɨɜɨɣ, ɬɚɤ ɢ ɩɪɨɬɢɜ ɱɚɫɨɜɨɣ ɫɬɪɟɥɤɢ. 

ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɜɨɥɧɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɷɥɥɢɩɬɢɱɟɫɤɨɣ ɩɨɥɹɪɢɡɚɰɢɟɣ. Ɉɧɚ ɨɩɢɫɵɜɚɟɬɫɹ ɜ 

ɩɥɨɫɤɨɫɬɢ X, Y ɞɜɭɦɹ ɜɵɪɚɠɟɧɢɹɦɢ (1.10.1): 

 
0 0
cosx x xE E t   , 

 
0 0
cosy y yE E t   , 

(1.10.1) 

ɝɞɟ 
0xE  ɢ 

0yE  – ɚɦɩɥɢɬɭɞɵ ɷɥɥɢɩɬɢɱɟɫɤɢ ɩɨɥɹɪɢɡɨɜɚɧɧɨɣ ɜɨɥɧɵ ɜ ɧɚɩɪɚɜɥɟɧɢɹɯ X ɢ Y, 

2 f   – ɤɪɭɝɨɜɚɹ ɱɚɫɬɨɬɚ, 
0x  ɢ 

0y  – ɧɚɱɚɥɶɧɵɟ ɮɚɡɵ. 

ȿɫɥɢ ɢɫɤɥɸɱɢɬɶ ɱɚɫɬɨɬɭ ɢ ɜɪɟɦɹ ɢɡ ɜɵɪɚɠɟɧɢɣ (1.10.1), ɬɨ ɩɨɥɭɱɢɦ ɫɨɨɬɧɨɲɟɧɢɟ 
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0 0 0 0

0 0 0 0

2 2

2
2

cos sin
y x yx

x y x y

x y x y

E E EE

E E E E
   

   
          

   
. (1.10.2) 

ɗɬɨ ɫɨɨɬɧɨɲɟɧɢɟ ɨɩɢɫɵɜɚɟɬ ɷɥɥɢɩɫ ɜ ɥɢɧɟɣɧɨɦ ɛɚɡɢɫɟ X, Y (ɪɢɫɭɧɨɤ 1.10.1). 

 

 

Ɋɢɫɭɧɨɤ 1.10.1 – ɗɥɥɢɩɫ ɩɨɥɹɪɢɡɚɰɢɢ ɜ ɥɢɧɟɣɧɨɦ ɛɚɡɢɫɟ X, Y 

 

Ɉɧ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɫɥɟɞɭɸɳɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ: a  – ɛɨɥɶɲɚɹ ɩɨɥɭɨɫɶ ɷɥɥɢɩɫɚ 

ɩɨɥɹɪɢɡɚɰɢɢ, b  – ɦɚɥɚɹ ɩɨɥɭɨɫɶ ɷɥɥɢɩɫɚ ɩɨɥɹɪɢɡɚɰɢɢ,   - ɭɝɨɥ ɨɪɢɟɧɬɚɰɢɢ ɷɥɥɢɩɫɚ 

ɩɨɥɹɪɢɡɚɰɢɢ ɜ ɥɢɧɟɣɧɨɦ ɛɚɡɢɫɟ X, Y. ɇɚɩɪɚɜɥɟɧɢɟ ɜɪɚɳɟɧɢɹ ɜɟɤɬɨɪɚ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɩɨɥɹ 

ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɜɨɥɧɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɚɩɪɚɜɥɟɧɢɟɦ ɦɚɥɨɣ ɩɨɥɭɨɫɢ b . 

ɋɨɝɥɚɫɧɨ (1.10.2) ɩɨɥɹɪɢɡɚɰɢɹ ɛɭɞɟɬ ɥɢɧɟɣɧɨɣ, ɟɫɥɢ 
0 0

0x y      , ɬɨɝɞɚ 

0 0

2

0
yx

x y

EE

E E

 
   

 
 ɢɥɢ 

0 0

yx

x y

EE

E E
  .  

ȼ ɫɥɭɱɚɟ 
2

  , ɩɨɥɭɱɢɦ 

0 0

2 2

1
yx

x y

EE

E E

   
       

   
. (1.10.3) 

ɗɬɨ ɭɪɚɜɧɟɧɢɟ ɷɥɥɢɩɫɚ, ɛɨɥɶɲɚɹ ɨɫɶ ɤɨɬɨɪɨɝɨ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɜɞɨɥɶ ɨɫɢ X ɢɥɢ ɜɞɨɥɶ ɨɫɢ 

Y. ȿɫɥɢ ɞɨɩɨɥɧɢɬɟɥɶɧɨ 
0 0x yE E , ɬɨ ɜɵɪɚɠɟɧɢɟ (1.10.3) ɨɩɪɟɞɟɥɹɟɬ ɨɤɪɭɠɧɨɫɬɶ ɢ ɩɨɥɹɪɢɡɚɰɢɹ 

ɛɭɞɟɬ ɤɪɭɝɨɜɨɣ. 
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Ɂɚɩɢɲɟɦ ɤɨɦɩɥɟɤɫɧɵɣ ɜɟɤɬɨɪ ɩɨɥɹɪɢɡɚɰɢɢ 

ˆ
ˆ ˆ

y i

x

E
q qe

E

  ,  

ɝɞɟ 
0 0y x     – ɮɚɡɨɪ ɜɟɤɬɨɪɚ ɩɨɥɹɪɢɡɚɰɢɢ. 

ɍɝɨɥ ɨɪɢɟɧɬɚɰɢɢ ɷɥɥɢɩɫɚ ɩɨɥɹɪɢɡɚɰɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ 

  2

2 cos
2

1

q
tg

q

 


.  

Ʉɨɷɮɮɢɰɢɟɧɬ ɷɥɥɢɩɬɢɱɧɨɫɬɢ K ɪɚɜɟɧ 

 
 

1/2
2 2 2

2 2 2

sin sin 2 cos cos

cos sin 2 cos sin

q qb
K

a q q

   
   

  
      

.  

ȿɫɥɢ 0  , ɬɨ q tg  ɢ 0K   – ɩɨɥɹɪɢɡɚɰɢɹ ɥɢɧɟɣɧɚɹ. 

ȿɫɥɢ 
2

  , ɬɨ 0   ɢ K q   – ɩɨɥɹɪɢɡɚɰɢɹ ɷɥɥɢɩɬɢɱɟɫɤɚɹ ɫ ɛɨɥɶɲɨɣ ɨɫɶɸ ɜɞɨɥɶ ɨɫɢ 

X ɢɥɢ Y. 

ȼ ɫɜɹɡɢ ɫ ɚɧɢɡɨɬɪɨɩɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɢɨɧɨɫɮɟɪɵ ɷɧɟɪɝɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɜɨɥɧɵ ɨɬ 

ɢɡɥɭɱɚɬɟɥɹ ɪɚɡɞɟɥɹɟɬɫɹ ɧɚ ɞɜɟ ɫɨɫɬɚɜɥɹɸɳɢɟ – ɞɜɟ ɦɚɝɧɢɬɨɢɨɧɧɵɟ ɤɨɦɩɨɧɟɧɬɵ. Ɉɬɧɨɲɟɧɢɟ 

ɷɧɟɪɝɢɣ ɦɚɝɧɢɬɨɢɨɧɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɬɪɭɤɬɭɪɨɣ ɨɛɥɚɫɬɢ ɢɨɧɨɫɮɟɪɵ ɜ ɬɨɱɤɟ 

ɜɯɨɞɚ ɥɭɱɟɣ ɜ ɢɨɧɨɫɮɟɪɭ. ȼ ɱɚɫɬɧɨɫɬɢ, ɨɬɧɨɲɟɧɢɟ ɷɧɟɪɝɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɭɝɥɨɦ ɦɟɠɞɭ 

ɜɟɤɬɨɪɨɦ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ Ɂɟɦɥɢ 0H  ɢ ɜɨɥɧɨɜɵɦ ɜɟɤɬɨɪɨɦ k . ɉɪɢ ɞɚɥɶɧɟɣɲɟɦ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɢ ɞɜɭɯ ɦɚɝɧɢɬɨɢɨɧɧɵɯ ɤɨɦɩɨɧɟɧɬ ɢɯ ɩɨɥɹɪɢɡɚɰɢɹ ɦɨɠɟɬ ɫɭɳɟɫɬɜɟɧɧɨ 

ɦɟɧɹɬɶɫɹ, ɨɞɧɚɤɨ ɜ ɬɨɱɤɭ ɩɪɢɟɦɚ ɩɪɢɯɨɞɹɬ ɞɜɟ ɦɚɝɧɢɬɨɢɨɧɧɵɟ ɤɨɦɩɨɧɟɧɬɵ ɫ ɩɪɟɞɟɥɶɧɵɦɢ 

ɩɨɥɹɪɢɡɚɰɢɨɧɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ. Ɉɧɢ ɮɨɪɦɢɪɭɸɬɫɹ ɧɢɠɧɟɣ ɨɛɥɚɫɬɶɸ ɢɨɧɨɫɮɟɪɵ ɜ 

ɬɨɱɤɟ ɜɵɯɨɞɚ ɥɭɱɟɣ ɢɡ ɢɨɧɨɫɮɟɪɵ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɬɪɭɤɬɭɪɚ ɩɨɥɹɪɢɡɚɰɢɢ ɢɨɧɨɫɮɟɪɧɵɯ ɜɨɥɧ 

ɫɜɹɡɚɧɚ ɫ ɞɜɭɦɹ ɥɨɤɚɥɶɧɵɦɢ ɨɛɥɚɫɬɹɦɢ ɢɨɧɨɫɮɟɪɵ: ɧɢɠɧɹɹ ɝɪɚɧɢɰɚ ɢɨɧɨɫɮɟɪɵ ɜ ɬɨɱɤɟ ɜɯɨɞɚ 

ɥɭɱɚ ɜ ɢɨɧɨɫɮɟɪɭ ɢ ɧɢɠɧɹɹ ɝɪɚɧɢɰɚ ɢɨɧɨɫɮɟɪɵ ɜ ɬɨɱɤɟ ɜɵɯɨɞɚ ɥɭɱɚ ɢɡ ɢɨɧɨɫɮɟɪɵ. ɉɟɪɜɚɹ 

ɨɛɥɚɫɬɶ ɨɩɪɟɞɟɥɹɟɬ ɨɬɧɨɲɟɧɢɟ ɷɧɟɪɝɢɢ ɦɟɠɞɭ ɦɚɝɧɢɬɨɢɨɧɧɵɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ ɩɪɢ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɢ ɜ ɢɨɧɨɫɮɟɪɟ. ȼɬɨɪɚɹ ɨɛɥɚɫɬɶ ɨɩɪɟɞɟɥɹɟɬ ɷɥɥɢɩɫɵ ɩɨɥɹɪɢɡɚɰɢɢ 

ɦɚɝɧɢɬɨɢɨɧɧɵɯ ɤɨɦɩɨɧɟɧɬ ɧɚ ɜɵɯɨɞɟ ɢɡ ɢɨɧɨɫɮɟɪɵ. 

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɢɡɥɨɠɟɧɵ ɨɫɧɨɜɵ ɩɨɥɹɪɢɡɚɰɢɨɧɧɨɝɨ ɪɚɡɞɟɥɟɧɢɹ ɷɥɥɢɩɬɢɱɟɫɤɢ 

ɩɨɥɹɪɢɡɨɜɚɧɧɵɯ ɨɪɬɨɝɨɧɚɥɶɧɵɯ ɦɚɝɧɢɬɨɢɨɧɧɵɯ ɤɨɦɩɨɧɟɧɬ ɫ ɩɨɹɫɧɹɸɳɢɦɢ ɢɥɥɸɫɬɪɚɰɢɹɦɢ. 

Ⱥɥɝɨɪɢɬɦ ɪɚɡɞɟɥɟɧɢɹ ɹɜɥɹɟɬɫɹ ɧɨɜɵɦ ɢ ɨɪɢɝɢɧɚɥɶɧɵɦ. 

ɉɨɥɹɪɢɡɚɰɢɹ ɨɛɵɤɧɨɜɟɧɧɨɣ ɢ ɧɟɨɛɵɤɧɨɜɟɧɧɨɣ ɜɨɥɧ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɩɨɝɥɨɳɟɧɢɹ 

ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɨɝɥɚɫɧɨ Д12Ж ɜɵɪɚɠɟɧɢɟɦ  
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1,2

1,2

1,2
22 2 4 2

2 1 cos

sin sin 4 1 cos

y

x

E u
q i

E u u u

 

   


  

 
, (1.10.4) 

ɝɞɟ ɜɟɪɯɧɢɣ ɡɧɚɤ ɩɟɪɟɞ ɤɨɪɧɟɦ ɨɬɧɨɫɢɬɫɹ ɤ ɨɛɵɤɧɨɜɟɧɧɨɣ ɜɨɥɧɟ, ɚ ɧɢɠɧɢɣ ɡɧɚɤ ɤ 

ɧɟɨɛɵɤɧɨɜɟɧɧɨɣ ɜɨɥɧɟ, 
1,2q  – ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɨɥɹɪɢɡɚɰɢɢ,   – ɭɝɨɥ ɦɟɠɞɭ ɜɟɤɬɨɪɨɦ 

ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ Ɂɟɦɥɢ 0H  ɢ ɜɨɥɧɨɜɵɦ ɜɟɤɬɨɪɨɦ k  ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɜɨɥɧɵ, 
2

0

2




 , 

2

2

Hu



 ,   – ɱɚɫɬɨɬɚ ɩɨɥɹ ɜɨɥɧɵ, 
H  – ɝɢɪɨɫɤɨɩɢɱɟɫɤɚɹ ɱɚɫɬɨɬɚ ɷɥɟɤɬɪɨɧɨɜ, 

2
2

0

4 e N

m

  , N  

– ɤɨɧɰɟɧɬɪɚɰɢɹ ɷɥɟɤɬɪɨɧɨɜ, m  – ɦɚɫɫɚ ɷɥɟɤɬɪɨɧɚ. ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ, ɤɚɤ ɫɥɟɞɭɟɬ ɢɡ (1.10.4), 

ɜɨɥɧɵ ɨɛɨɢɯ ɬɢɩɨɜ ɷɥɥɢɩɬɢɱɟɫɤɢ ɩɨɥɹɪɢɡɨɜɚɧɵ, ɩɪɢɱɟɦ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɩɨɝɥɨɳɟɧɢɹ ɨɫɢ 

ɷɥɥɢɩɫɨɜ, ɨɩɢɫɵɜɚɟɦɵɯ ɤɨɧɰɨɦ ɩɪɨɟɤɰɢɢ ɜɟɤɬɨɪɚ E  ɧɚ ɩɥɨɫɤɨɫɬɶ XY, ɩɚɪɚɥɥɟɥɶɧɵ ɨɫɹɦ X ɢ 

Y (ɨɫɢ ɜɵɛɪɚɧɵ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨ ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ ɥɟɠɢɬ ɜ ɩɥɨɫɤɨɫɬɢ YZ). Ⱦɚɥɟɟ ɥɟɝɤɨ 

ɜɢɞɟɬɶ, ɱɬɨ 

1 2 1q q  .  

ɉɪɢ 0   ɢɦɟɟɦ 1q i  , 2q i  , ɬ.ɟ. ɨɛɟ ɜɨɥɧɵ ɩɨɥɹɪɢɡɨɜɚɧɵ ɩɨ ɤɪɭɝɭ. ɉɪɢ 
2

   

ɢɦɟɟɦ 1 0q  , 2q i   , ɬ.ɟ. 
2

0xE   ɢ 
1

0yE  , ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɥɢɧɟɣɧɨɣ ɩɨɥɹɪɢɡɚɰɢɢ 

ɜɟɤɬɨɪɚ E  ɧɚ ɩɥɨɫɤɨɫɬɶ XY. 

ɉɨɥɟ zE  ɜ ɜɨɥɧɚɯ ɨɩɪɟɞɟɥɹɟɬɫɹ ɮɨɪɦɭɥɨɣ (1.10.5) ɢ ɩɪɢ ɜɵɯɨɞɟ ɢɡ ɢɨɧɨɫɮɟɪɵ 

ɨɛɪɚɳɚɟɬɫɹ ɜ ɧɨɥɶ: 

   2 2

2 sin cos sin

1 cos 1 cos
z x y

u u
E i E E

u u u u

    
     

  
     

. (1.10.5) 

ȼɚɠɧɵɦ ɩɨɧɹɬɢɟɦ ɜ ɪɚɞɢɨɩɨɥɹɪɢɦɟɬɪɢɢ ɹɜɥɹɟɬɫɹ ɩɨɧɹɬɢɟ ɨɪɬɨɝɨɧɚɥɶɧɨ 

ɩɨɥɹɪɢɡɨɜɚɧɧɵɯ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɜɨɥɧ. Ⱦɜɟ ɜɨɥɧɵ ɨɪɬɨɝɨɧɚɥɶɧɨ ɩɨɥɹɪɢɡɨɜɚɧɵ, ɟɫɥɢ ɢɯ 

ɷɥɥɢɩɫɵ ɢɦɟɸɬ ɨɞɢɧɚɤɨɜɭɸ ɮɨɪɦɭ ( 1 2
ˆ ˆq q ), ɛɨɥɶɲɢɟ ɨɫɢ ɷɥɥɢɩɫɨɜ ɜɡɚɢɦɧɨ 

ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵ, ɚ ɧɚɩɪɚɜɥɟɧɢɟ ɜɪɚɳɟɧɢɹ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵ (ɪɢɫɭɧɨɤ 1.10.2). 
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Ɋɢɫɭɧɨɤ 1.10.2 – Ɉɪɬɨɝɨɧɚɥɶɧɨ ɩɨɥɹɪɢɡɨɜɚɧɧɵɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɟ ɜɨɥɧɵ (ɨɪɬɨɝɨɧɚɥɶɧɨɫɬɶ 

ɩɨɧɢɦɚɟɬɫɹ ɜ ɪɚɦɤɚɯ ɫɤɚɥɹɪɧɨɝɨ ɩɪɨɢɡɜɟɞɟɧɢɹ) 

 

Ɉɪɬɨɝɨɧɚɥɶɧɨɫɬɶ ɬɚɤɢɯ ɜɨɥɧ ɩɨɧɢɦɚɟɬɫɹ ɜ ɪɚɦɤɚɯ ɫɤɚɥɹɪɧɨɝɨ ɩɪɨɢɡɜɟɞɟɧɢɹ 

  1 2 1 2

* * *

1 2
ˆ ˆ ˆ ˆ ˆ ˆ 0x x y yE E E E E E   . (1.10.6) 

ɋɨɝɥɚɫɧɨ ɪɢɫɭɧɤɭ 1.10.2, ɞɜɟ ɷɥɥɢɩɬɢɱɟɫɤɢ ɩɨɥɹɪɢɡɨɜɚɧɧɵɟ ɜɨɥɧɵ ɜ ɥɢɧɟɣɧɨɦ ɛɚɡɢɫɟ 

ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɜ ɜɢɞɟ 

2 2

1 1 1 1 1
ˆ cos sin , sin cos

T

i t i t
i t i t

E A e B e A e B e
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2 2 2 2 2
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(1.10.7) 

ɋɤɚɥɹɪɧɨɟ ɩɪɨɢɡɜɟɞɟɧɢɟ ɷɬɢɯ ɜɟɤɬɨɪɨɜ ɪɚɜɧɨ ɧɭɥɸ: 

 * 2 22 2
1 2 1 2 1 2 1 2

2 2
1 2 1 2 1 2

2 2
1 2 1 2

ˆ ˆ sin cos cos sin

sin cos sin cos sin

cos sin cos 0.

i i

i
i

i
i

E E A A A B e B A e

B B e A A A B e

B A e B B e

 







   

    

  

  

  

  

 
(1.10.8) 

 

1.10.2. Ɇɟɬɨɞ ɩɨɥɹɪɢɡɚɰɢɨɧɧɨɝɨ ɪɚɡɪɟɲɟɧɢɹ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ ɫ ɷɥɥɢɩɬɢɱɟɫɤɢɦɢ 

ɨɪɬɨɝɨɧɚɥɶɧɵɦɢ ɩɨɥɹɪɢɡɚɰɢɹɦɢ 

 

Ʉɚɤ ɛɵɥɨ ɩɨɤɚɡɚɧɨ ɜ §1.6, ɪɚɛɨɱɚɹ ɨɛɥɚɫɬɶ ɞɥɹ ɚɥɝɨɪɢɬɦɚ ɪɚɡɞɟɥɟɧɢɹ ɫɢɝɧɚɥɨɜ, 

ɨɫɧɨɜɚɧɧɨɝɨ ɧɚ ɩɪɢɦɟɧɟɧɢɢ ɬɟɨɪɢɢ ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɪɢɟɦɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɬɟɩɟɧɶɸ ɩɟɪɟɤɪɵɬɢɹ 
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ɞɜɭɯ ɫɢɝɧɚɥɨɜ, ɱɬɨ ɦɚɬɟɦɚɬɢɱɟɫɤɢ ɮɨɪɦɭɥɢɪɭɟɬɫɹ ɡɚɞɚɧɢɟɦ ɞɨɩɭɫɬɢɦɨɝɨ ɞɢɚɩɚɡɨɧɚ ɞɥɹ 

ɤɨɷɮɮɢɰɢɟɧɬɚ ɤɨɪɪɟɥɹɰɢɢ ɞɜɭɯ ɫɢɝɧɚɥɨɜ: ˆ 0 0.9R   . 

ȼ ɫɥɭɱɚɟ ɩɪɢɟɦɚ ɫɢɝɧɚɥɨɜ, ɢɦɟɸɳɢɯ ɪɚɡɧɭɸ ɩɨɥɹɪɢɡɚɰɢɸ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ 

ɢɯ ɩɨɥɧɨɟ ɪɚɡɞɟɥɟɧɢɟ, ɨɞɧɚɤɨ, ɩɪɢɟɦɧɚɹ ɚɩɩɚɪɚɬɭɪɚ ɭɫɥɨɠɧɹɟɬɫɹ ɡɚ ɫɱɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɢ 

ɧɚɥɢɱɢɹ ɞɜɭɯ ɩɪɢɟɦɧɵɯ ɚɧɬɟɧɧ. 

ȼ ɧɚɫɬɨɹɳɟɦ ɩɚɪɚɝɪɚɮɟ ɨɩɢɫɚɧ ɚɥɝɨɪɢɬɦ ɩɨɥɧɨɝɨ ɩɨɥɹɪɢɡɚɰɢɨɧɧɨɝɨ ɪɚɡɞɟɥɟɧɢɹ ɞɜɭɯ 

ɷɥɥɢɩɬɢɱɟɫɤɢ ɩɨɥɹɪɢɡɨɜɚɧɧɵɯ ɜɨɥɧ, ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɡɚɞɚɱɟ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɡɨɧɞɢɪɨɜɚɧɢɹ 

ɢɨɧɨɫɮɟɪɵ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɨɫɧɨɜɧɵɦ ɫɩɨɫɨɛɨɦ ɪɚɡɞɟɥɟɧɢɹ Ɉ ɢ Б ɜɨɥɧ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 

ɩɚɪɵ ɨɪɬɨɝɨɧɚɥɶɧɨ-ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɯ ɚɧɬɟɧɧ ɜ ɧɚɩɪɚɜɥɟɧɢɹɯ ɏ ɢ В ɫ ɩɪɢɦɟɧɟɧɢɟɦ 

ɩɪɟɞɩɨɥɨɠɟɧɢɹ ɨ ɤɪɭɝɨɜɨɦ ɯɚɪɚɤɬɟɪɟ ɩɨɥɹɪɢɡɚɰɢɢ ɩɪɢɧɹɬɵɯ ɜɨɥɧ Д71Ж. ɗɬɢ ɜɨɥɧɵ ɫ 

ɚɦɩɥɢɬɭɞɚɦɢ oE  ɢ eE  ɫɨɡɞɚɞɭɬ ɧɚ ɜɵɯɨɞɟ ɚɧɬɟɧɧ ɫɢɝɧɚɥɵ 

cos cos( ) cos cosx o e o eE E t E t E t E t        , 

sin sin( ) sin siny o e o eE E t E t E t E t        . 
(1.10.9) 

Ⱦɥɹ ɪɚɡɞɟɥɟɧɢɹ ɨɛɵɤɧɨɜɟɧɧɨɣ ɢ ɧɟɨɛɵɤɧɨɜɟɧɧɨɣ ɜɨɥɧ ɧɟɨɛɯɨɞɢɦɨ ɜɧɟɫɬɢ ɮɚɡɨɜɵɣ 

ɫɞɜɢɝ 90   ɜ ɥɸɛɨɣ ɢɡ ɷɬɢɯ ɫɢɝɧɚɥɨɜ, ɧɚɩɪɢɦɟɪ, ɜ 
xE : 

cos cos sin sin
2 2

x o e o eE E t E t E t E t
                 

   
, 

cos cos sin sin
2 2

x o e o eE E t E t E t E t
                

   
. 

(1.10.10) 

ɋɥɨɠɟɧɢɟ 
yE  ɢ xE  ɜɵɞɟɥɢɬ ɨɛɵɤɧɨɜɟɧɧɭɸ ɜɨɥɧɭ, ɚ 

yE  ɢ xE  ɧɟɨɛɵɤɧɨɜɟɧɧɭɸ: 

2 sino y x oE E E E t   , 

2 sinx y x eE E E E t    . 
(1.10.11) 

Ⱦɚɧɧɵɣ ɫɩɨɫɨɛ ɪɚɡɞɟɥɟɧɢɹ Ɉ ɢ ɏ ɜɨɥɧ ɩɨɞɯɨɞɢɬ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɞɥɹ ɰɢɪɤɭɥɹɪɧɨ-

ɩɨɥɹɪɢɡɨɜɚɧɧɵɯ ɜɨɥɧ. ȼ ɫɥɭɱɚɟ ɩɪɢɟɦɚ ɷɥɥɢɩɬɢɱɟɫɤɢ ɩɨɥɹɪɢɡɨɜɚɧɧɵɯ ɜɨɥɧ ɞɚɧɧɵɣ ɫɩɨɫɨɛ ɧɟ 

ɩɨɞɯɨɞɢɬ. 

ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɧɚ ɜɵɯɨɞɟ ɢɡ ɢɨɧɨɫɮɟɪɵ ɜɨɥɧɚ ɢɦɟɟɬ ɷɥɥɢɩɬɢɱɟɫɤɭɸ ɩɨɥɹɪɢɡɚɰɢɸ [28]. 

Ɉɩɢɲɟɦ ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɫɩɨɫɨɛ ɪɚɡɞɟɥɟɧɢɹ ɬɚɤɢɯ ɜɨɥɧ. 

Ⱦɚɧɧɵɣ ɫɩɨɫɨɛ ɨɫɧɨɜɚɧ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɞɜɭɯ ɥɢɧɟɣɧɵɯ ɜɡɚɢɦɧɨ ɨɪɬɨɝɨɧɚɥɶɧɵɯ 

ɜɢɛɪɚɬɨɪɨɜ. ȼɜɟɞɟɦ ɫɢɫɬɟɦɭ ɤɨɨɪɞɢɧɚɬ ɜɞɨɥɶ ɢɯ ɨɫɟɣ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɛɨɥɶɲɢɟ ɨɫɢ ɷɥɥɢɩɫɨɜ 

ɩɨɥɹɪɢɡɚɰɢɢ ɩɪɢɧɢɦɚɟɦɵɯ ɢɨɧɨɫɮɟɪɧɵɯ ɜɨɥɧ ɛɭɞɭɬ ɪɚɫɩɨɥɚɝɚɬɶɫɹ ɩɨɞ ɭɝɥɚɦɢ   ɢ / 2   

ɤ ɨɫɢ ɏ (ɪɢɫɭɧɨɤ 1.10.2).  

ȼɵɪɚɠɟɧɢɹ ɞɥɹ ɜɨɥɧ, ɩɪɢɧɢɦɚɟɦɵɯ ɚɧɬɟɧɧɨɣ ɡɚɩɢɲɟɦ ɜ ɜɢɞɟ 
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1 2

1 2

1 2

cos coscos sin sin cos

sin cos cos sinsin sin
,

x

y

E t t
A A

E q t q t

      

      

  
 

  
 (1.10.12) 

ɝɞɟ 1

1

B
q

A
 . 

Ⱦɥɹ ɪɚɡɞɟɥɟɧɢɹ ɦɚɝɧɢɬɨɢɨɧɧɵɯ ɤɨɦɩɨɧɟɧɬ ɧɭɠɧɨ ɩɪɨɢɡɜɟɫɬɢ ɫɥɟɞɭɸɳɢɟ ɞɟɣɫɬɜɢɹ: 

I. ɉɨɜɟɪɧɭɬɶ ɫɢɫɬɟɦɭ ɤɨɨɪɞɢɧɚɬ ɧɚ ɭɝɨɥ  , ɫ ɩɨɦɨɳɶɸ ɦɚɬɪɢɰɵ ɩɨɜɨɪɨɬɚ 

cos sin

sin cos
A

 
 




, ɩɨɥɭɱɢɦ 

 
 

 
 

1 2

1 2

1 2

cos cos1 0 0 1

0 1 1 0sin sin

x

y

t tE
A A

E q t q t

   

   

  
 

  
. (1.10.13) 

II. Ⱦɨɛɚɜɢɬɶ ɤ ɫɢɝɧɚɥɭ 
yE  ɮɚɡɭ / 2  : 

 
 

 
 

1 2

1 2

1 2

cos sin1 0 0 1

0 1 1 0cos sin

x

y

t tE
A A

E q t q t

   

   

   
 

  
. (1.10.14) 

III. ɉɨɜɟɪɧɭɬɶ ɫɢɫɬɟɦɭ ɤɨɨɪɞɢɧɚɬ ɧɚ ɭɝɨɥ  arctg q   ɫ ɩɨɦɨɳɶɸ ɦɚɬɪɢɰɵ ɩɨɜɨɪɨɬɚ 

cos sin

sin cos
B

 
 




, ɩɨɥɭɱɢɦ 

  
  

 
 

2

1 1 1 1

2
2 2

2 2

cos cos sin 1 cos

sin cos sin 1 sin

x

y

A t q A q tE

E A t q A q t

     

     

    
 

    
, (1.10.15) 

ɝɞɟ xE  ɢ 
yE  ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɪɚɡɞɟɥɟɧɧɵɟ ɦɚɝɧɢɬɨɢɨɧɧɵɟ ɤɨɦɩɨɧɟɧɬɵ. 

ɇɟɞɨɫɬɚɬɤɨɦ ɞɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɹɜɥɹɟɬɫɹ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɚɩɪɢɨɪɧɨɣ ɨɩɪɟɞɟɥɟɧɧɨɫɬɢ 

ɩɚɪɚɦɟɬɪɨɜ   ɢ  . 

ɉɨɫɬɪɨɢɦ ɚɞɚɩɬɢɜɧɵɣ ɚɥɝɨɪɢɬɦ ɞɥɹ ɪɟɲɟɧɢɹ ɷɬɨɣ ɠɟ ɡɚɞɚɱɢ ɜ ɭɫɥɨɜɢɹɯ ɩɨɥɧɨɣ 

ɚɩɪɢɨɪɧɨɣ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɩɚɪɚɦɟɬɪɨɜ ɩɨɥɹɪɢɡɚɰɢɢ ɩɪɢɧɹɬɵɯ ɫɢɝɧɚɥɨɜ, ɨɫɭɳɟɫɬɜɥɹɸɳɢɣ 

ɩɨɢɫɤ ɪɟɲɟɧɢɹ ɩɭɬɟɦ ɦɢɧɢɦɢɡɚɰɢɢ ɨɲɢɛɤɢ 

         2 2

1 1 2 2
ˆ ˆ ˆ ˆ

i ii i
K X A K M t t K Y A K M t t              , (1.10.16) 

ɝɞɟ K̂  – ɨɩɟɪɚɬɨɪ ɩɨɥɭɱɟɧɢɹ ɦɨɞɭɥɹ ɧɟɧɨɪɦɢɪɨɜɚɧɧɨɣ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɮɭɧɤɰɢɢ, 1 2,A A  – 

ɚɦɩɥɢɬɭɞɵ ɩɪɢɧɹɬɵɯ ɫɢɝɧɚɥɨɜ ɜ ɪɚɡɞɟɥɟɧɧɵɯ ɩɨ ɩɨɥɹɪɢɡɚɰɢɢ ɪɟɚɥɢɡɚɰɢɹɯ X ɢ Y, 1 2,t t  – 

ɜɪɟɦɟɧɚ ɩɪɢɯɨɞɚ ɢɨɧɨɫɮɟɪɧɵɯ ɫɢɝɧɚɥɨɜ, ( )M t  – ɨɛɪɚɡ ɢɡɥɭɱɚɟɦɨɝɨ ɫɢɝɧɚɥɚ ɟɞɢɧɢɱɧɨɣ 

ɚɦɩɥɢɬɭɞɵ. 
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ɉɨɜɟɪɯɧɨɫɬɶ ɮɭɧɤɰɢɨɧɚɥɚ (1.10.16) ɝɥɚɞɤɚɹ ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɬɨɱɤɢ ɝɥɨɛɚɥɶɧɨɝɨ ɦɢɧɢɦɭɦɚ, 

ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɚɤɨɣ-ɥɢɛɨ ɦɟɬɨɞ ɥɨɤɚɥɶɧɨɣ ɦɢɧɢɦɢɡɚɰɢɢ ɞɥɹ ɩɨɢɫɤɚ ɩɚɪɚɦɟɬɪɨɜ 

ɩɨɥɹɪɢɡɚɰɢɢ ɫɢɝɧɚɥɨɜ, ɧɚɩɪɢɦɟɪ, ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɚɥɝɨɪɢɬɦ ɇɟɥɞɟɪɚ-Ɇɢɞɚ. 
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Ƚɥɚɜɚ 2. Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɨɡɦɨɠɧɨɫɬɟɣ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɨɜ ɫ 

ɛɨɥɶɲɨɣ ɛɚɡɨɣ 

 

§2.1. ɉɨɬɟɧɰɢɚɥɶɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɨɛɧɚɪɭɠɟɧɢɹ ɫɢɝɧɚɥɨɜ ɧɚ ɨɫɧɨɜɟ Ɇ-

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɫ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɨɛɪɚɛɨɬɤɨɣ ɢ ɫ ɨɰɟɧɤɨɣ 

ɞɢɫɩɟɪɫɢɢ ɲɭɦɚ ɜ ɩɪɢɧɹɬɨɦ ɫɨɨɛɳɟɧɢɢ 

 

ȼ §1.3 ɢɡɥɨɠɟɧɵ ɨɫɧɨɜɵ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɨɛɧɚɪɭɠɟɧɢɹ ɫɥɨɠɧɨɝɨ ɫɢɝɧɚɥɚ ɫ 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɨɛɪɚɛɨɬɤɨɣ, ɩɨɡɜɨɥɹɸɳɟɣ ɨɰɟɧɢɬɶ ɩɚɪɚɦɟɬɪɵ ɫɢɝɧɚɥɚ ɢ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɢɯ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɩɨɪɨɝɨɜɨɝɨ ɭɪɨɜɧɹ. ɉɪɟɞɫɬɚɜɢɦ ɫ ɩɨɦɨɳɶɸ ɦɨɞɟɥɶɧɵɯ 

ɪɚɫɱɟɬɨɜ ɜɨɡɦɨɠɧɨɫɬɢ ɨɛɧɚɪɭɠɟɧɢɹ ɫɢɝɧɚɥɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɟɨɪɟɬɢɱɟɫɤɢɦɢ ɩɨɥɨɠɟɧɢɹɦɢ 

§1.3. Ⱦɥɹ ɦɨɞɟɥɶɧɵɯ ɪɚɫɱɟɬɨɜ ɢɫɩɨɥɶɡɭɟɦ ɫɢɝɧɚɥ ɧɚ ɨɫɧɨɜɟ 16-ɩɨɡɢɰɢɨɧɧɨɣ Ɇ-

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. ɉɚɪɚɦɟɬɪɵ ɫɢɝɧɚɥɚ ɫɥɟɞɭɸɳɢɟ: ɚɦɩɥɢɬɭɞɚ 0 2.0U ȼ , ɧɚɱɚɥɶɧɚɹ ɮɚɡɚ 

0 30  , ɪɚɛɨɱɚɹ ɱɚɫɬɨɬɚ 0 465f ɤȽɰ , ɢɧɬɟɪɜɚɥ ɦɟɠɞɭ ɨɬɫɱɟɬɚɦɢ 0.2t ɦɤɫ  , ɤɨɥɢɱɟɫɬɜɨ 

ɨɬɫɱɟɬɨɜ ɧɚ ɨɞɧɭ ɩɨɡɢɰɢɸ ɫɢɝɧɚɥɚ 2 150N  , ɤɨɥɢɱɟɫɬɜɨ ɨɬɫɱɟɬɨɜ ɜɨ ɜɫɟɦ ɫɢɝɧɚɥɟ 2400N  , 

ɞɥɢɬɟɥɶɧɨɫɬɶ ɨɞɧɨɣ ɩɨɡɢɰɢɢ 30 ɦɤɫ  , ɞɥɢɬɟɥɶɧɨɫɬɶ ɫɥɨɠɧɨɝɨ ɫɢɝɧɚɥɚ 480T ɦɤɫ . ɇɚ 

ɪɢɫɭɧɤɟ 2.1.1 ɩɨɤɚɡɚɧɚ ɦɨɞɭɥɢɪɭɸɳɚɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ, ɫɨɞɟɪɠɚɳɚɹ 16 ɩɨɡɢɰɢɣ ɫ ɤɨɞɨɦ 

1100010001001011. 

 

Ɋɢɫɭɧɨɤ 2.1.1 – Ɇɨɞɭɥɢɪɭɸɳɚɹ 16-ɬɢ ɩɨɡɢɰɢɨɧɧɚɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ 

 

ɇɚ ɪɢɫɭɧɤɟ 2.1.2 ɩɨɤɚɡɚɧɨ ɩɪɢɧɹɬɨɟ ɫɨɨɛɳɟɧɢɟ, ɫɨɞɟɪɠɚɳɟɟ ɫɢɝɧɚɥ ɧɚ ɨɫɧɨɜɟ 16-

ɩɨɡɢɰɢɨɧɧɨɣ Ɇ-ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. Ȼɟɥɵɦ ɰɜɟɬɨɦ ɨɬɦɟɱɟɧɚ ɦɨɞɭɥɢɪɭɸɳɚɹ Ɇ-

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ. 
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Ɋɢɫɭɧɨɤ 2.1.2 – ɉɪɢɧɹɬɨɟ ɫɨɨɛɳɟɧɢɟ ɫ ɲɭɦɨɦ. Ȼɟɥɵɦ ɰɜɟɬɨɦ ɨɬɨɛɪɚɠɟɧɚ ɦɨɞɭɥɢɪɭɸɳɚɹ Ɇ-

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ. Ⱥɦɩɥɢɬɭɞɚ ɫɢɝɧɚɥɚ ɪɚɜɧɚ 2.0 ȼ, ɞɢɫɩɟɪɫɢɹ ɲɭɦɚ – 0.1 ȼ 

 

ɇɚ ɪɢɫɭɧɤɟ 2.1.3 ɩɨɤɚɡɚɧ ɦɨɞɭɥɶ, ɚ ɧɚ ɪɢɫɭɧɤɟ 2.1.4 ɤɨɫɢɧɭɫɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ 

ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɮɭɧɤɰɢɢ (ɫɜɟɪɬɤɢ ɫ ɨɛɪɚɡɨɦ ɩɨɥɟɡɧɨɝɨ ɫɢɝɧɚɥɚ) ɫɥɨɠɧɨɝɨ ɫɢɝɧɚɥɚ, 

ɢɡɨɛɪɚɠɟɧɧɨɝɨ ɧɚ ɪɢɫɭɧɤɟ 2.1.2. 

 

Ɋɢɫɭɧɨɤ 2.1.3 – Ɇɨɞɭɥɶ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɮɭɧɤɰɢɢ ɫɢɝɧɚɥɚ ɧɚ ɨɫɧɨɜɟ 16-ɬɢ ɩɨɡɢɰɢɨɧɧɨɣ Ɇ-

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 

 

Ɋɢɫɭɧɨɤ 2.1.4 – Ʉɨɫɢɧɭɫɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɮɭɧɤɰɢɢ ɫɥɨɠɧɨɝɨ ɫɢɝɧɚɥɚ 
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ɉɨɥɭɲɢɪɢɧɚ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɮɭɧɤɰɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɞɥɢɬɟɥɶɧɨɫɬɶɸ ɨɞɧɨɣ ɩɨɡɢɰɢɢ Ɇ-

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ (30 ɦɤɫ). Ɂɧɚɱɟɧɢɟ ɦɚɤɫɢɦɭɦɚ ɨɩɪɟɞɟɥɹɟɬ ɚɦɩɥɢɬɭɞɭ ɫɢɝɧɚɥɚ. 

Ʉɨɫɢɧɭɫɧɚɹ ɢ ɫɢɧɭɫɧɚɹ ɫɨɫɬɚɜɥɹɸɳɢɟ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɮɭɧɤɰɢɢ ɨɩɪɟɞɟɥɹɸɬ ɧɚɱɚɥɶɧɭɸ ɮɚɡɭ 

ɫɢɝɧɚɥɚ. ɉɨɥɨɠɟɧɢɟ ɦɚɤɫɢɦɭɦɚ ɦɨɞɭɥɹ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɮɭɧɤɰɢɢ ɨɩɪɟɞɟɥɹɟɬ ɜɪɟɦɹ ɩɪɢɯɨɞɚ 

ɫɢɝɧɚɥɚ. ɇɚ ɪɢɫɭɧɤɟ 2.1.5 ɩɨɤɚɡɚɧ ɮɭɧɤɰɢɨɧɚɥ ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɞɥɹ ɫɢɝɧɚɥɚ, ɢɡɨɛɪɚɠɟɧɧɨɝɨ ɧɚ 

ɪɢɫɭɧɤɟ 2.1.2. 

 

Ɋɢɫɭɧɨɤ 2.1.5 – Ɏɭɧɤɰɢɨɧɚɥ ɩɪɚɜɞɨɩɨɞɨɛɢɹ. ȿɝɨ ɦɢɧɢɦɭɦ ɨɩɪɟɞɟɥɹɟɬ ɜɪɟɦɹ ɩɪɢɯɨɞɚ 

ɫɥɨɠɧɨɝɨ ɫɢɝɧɚɥɚ. Ɂɧɚɱɟɧɢɟ ɦɢɧɢɦɭɦɚ ɮɭɧɤɰɢɨɧɚɥɚ ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɨɩɪɟɞɟɥɹɟɬ ɞɢɫɩɟɪɫɢɸ 

ɲɭɦɚ ɜ ɩɪɢɧɹɬɨɣ ɪɟɚɥɢɡɚɰɢɢ. Ȼɨɤɨɜɵɟ ɥɟɩɟɫɬɤɢ ɩɪɚɤɬɢɱɟɫɤɢ ɨɬɫɭɬɫɬɜɭɸɬ 

 

ȿɝɨ ɜɨɡɦɨɠɧɨɫɬɢ ɜ ɨɰɟɧɤɟ ɩɚɪɚɦɟɬɪɨɜ ɫɥɟɞɭɸɳɢɟ: ɦɢɧɢɦɭɦ ɮɭɧɤɰɢɨɧɚɥɚ 

ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɨɩɪɟɞɟɥɹɟɬ ɜɪɟɦɹ ɩɪɢɯɨɞɚ ɫɢɝɧɚɥɚ ɢ ɤɨɦɩɥɟɤɫɧɭɸ ɚɦɩɥɢɬɭɞɭ (ɩɨɫɪɟɞɫɬɜɨɦ 

ɜɵɪɚɠɟɧɢɣ (1.3.4)), ɡɧɚɱɟɧɢɟ ɦɢɧɢɦɭɦɚ ɮɭɧɤɰɢɨɧɚɥɚ ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɨɩɪɟɞɟɥɹɟɬ ɞɢɫɩɟɪɫɢɸ 

ɲɭɦɚ ɜ ɩɪɢɧɹɬɨɣ ɪɟɚɥɢɡɚɰɢɢ, ɟɝɨ ɛɨɤɨɜɵɟ ɥɟɩɟɫɬɤɢ ɩɪɚɤɬɢɱɟɫɤɢ ɨɬɫɭɬɫɬɜɭɸɬ, ɜɟɪɯɧɢɣ 

ɭɪɨɜɟɧɶ ɫɜɹɡɚɧ ɫ ɷɧɟɪɝɢɟɣ ɫɢɝɧɚɥɚ ɢ ɞɢɫɩɟɪɫɢɟɣ ɲɭɦɚ 2

cE  . ɇɚ ɪɢɫɭɧɤɟ 2.1.6. ɩɨɤɚɡɚɧɚ 

ɜɨɡɦɨɠɧɨɫɬɶ ɨɰɟɧɤɢ ɞɢɫɩɟɪɫɢɢ ɲɭɦɚ ɜ ɩɪɢɧɹɬɨɣ ɪɟɚɥɢɡɚɰɢɢ ɩɨ ɡɧɚɱɟɧɢɸ ɦɢɧɢɦɭɦɚ 

ɮɭɧɤɰɢɨɧɚɥɚ ɩɪɚɜɞɨɩɨɞɨɛɢɹ. 
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Ɋɢɫɭɧɨɤ 2.1.6 – Ɂɚɜɢɫɢɦɨɫɬɶ ɞɢɫɩɟɪɫɢɢ ɲɭɦɚ, ɨɰɟɧɟɧɧɨɣ ɩɨ ɦɢɧɢɦɭɦɭ ɮɭɧɤɰɢɨɧɚɥɚ 

ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɨɬ ɡɚɞɚɧɧɨɣ ɜ ɦɨɞɟɥɢ ɞɢɫɩɟɪɫɢɢ ɲɭɦɚ. Ɂɚɜɢɫɢɦɨɫɬɶ ɥɢɧɟɣɧɚɹ ɧɚ ɢɧɬɟɪɜɚɥɟ 

ɢɡɦɟɧɟɧɢɣ ɨɬɧɨɲɟɧɢɣ ɫɢɝɧɚɥ/ɲɭɦ -20 ɞȻ÷20 ɞȻ 

 

ɇɚ ɢɧɬɟɪɜɚɥɟ ɢɡɦɟɧɟɧɢɹ ɨɬɧɨɲɟɧɢɹ ɫɢɝɧɚɥ/ɲɭɦ ɨɬ -20 ɞȻ ɞɨ 20 ɞȻ ɨɬɦɟɱɚɟɬɫɹ ɥɢɧɟɣɧɚɹ 

ɡɚɜɢɫɢɦɨɫɬɶ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɨɛɪɚɛɨɬɤɢ ɩɪɢɧɹɬɨɝɨ ɫɨɨɛɳɟɧɢɹ (ɚɦɩɥɢɬɭɞɚ ɫɢɝɧɚɥɚ 

ɪɚɜɧɚ 0.44 ȼ, ɞɢɫɩɟɪɫɢɹ ɲɭɦɚ 3.16 ȼ) ɨɬɦɟɱɚɸɬɫɹ (ɪɢɫɭɧɨɤ 2.1.7) ɲɭɦɨɜɵɟ ɦɚɤɫɢɦɭɦɵ ɢ 

ɫɢɝɧɚɥɶɧɵɣ ɦɚɤɫɢɦɭɦ. 

 

Ɋɢɫɭɧɨɤ 2.1.7 – Ʉɨɪɪɟɥɹɰɢɨɧɧɚɹ ɨɛɪɚɛɨɬɤɚ ɫɢɝɧɚɥɚ (ɚɦɩɥɢɬɭɞɚ ɫɢɝɧɚɥɚ ɪɚɜɧɚ 0.44 ȼ, 

ɞɢɫɩɟɪɫɢɹ ɲɭɦɚ 3.16 ȼ). Ɉɬɦɟɱɚɸɬɫɹ ɲɭɦɨɜɵɟ ɦɚɤɫɢɦɭɦɵ ɢ ɫɢɝɧɚɥɶɧɵɣ ɦɚɤɫɢɦɭɦ. 

ɋɢɝɧɚɥɶɧɵɣ ɦɚɤɫɢɦɭɦ ɨɬɦɟɱɚɟɬɫɹ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ 100 ɦɤɫ. ɉɨɪɨɝɨɜɵɣ ɭɪɨɜɟɧɶ ɭɫɬɚɧɨɜɥɟɧ 

ɩɨ ɋɄɈ ɲɭɦɚ ɜ ɩɪɢɧɹɬɨɣ ɪɟɚɥɢɡɚɰɢɢ. ȼɟɪɨɹɬɧɨɫɬɶ ɩɪɟɜɵɲɟɧɢɹ ɲɭɦɚ ɪɚɜɧɚ 0.01 

 

ɒɭɦɨɜɵɟ ɦɚɤɫɢɦɭɦɵ ɨɛɭɫɥɨɜɥɟɧɵ ɞɟɣɫɬɜɢɟɦ ɤɨɪɪɟɥɹɰɢɨɧɧɨɝɨ ɮɢɥɶɬɪɚ ɜ ɨɬɫɭɬɫɬɜɢɟ 

ɫɢɝɧɚɥɚ. ɋɢɝɧɚɥɶɧɵɟ ɦɚɤɫɢɦɭɦɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɫɭɩɟɪɩɨɡɢɰɢɸ ɫɢɝɧɚɥɚ ɢ ɲɭɦɚ. 

ɋɬɚɬɢɫɬɢɤɚ ɤɚɤ ɫɢɝɧɚɥɶɧɵɯ, ɬɚɤ ɢ ɲɭɦɨɜɵɯ ɦɚɤɫɢɦɭɦɨɜ ɡɚɞɚɟɬɫɹ ɧɨɪɦɚɥɶɧɵɦ 
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ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɫ ɞɢɫɩɟɪɫɢɟɣ 
2

2

1

2

N

  , ɝɞɟ N  - ɤɨɥɢɱɟɫɬɜɨ ɧɟɤɨɪɪɟɥɢɪɨɜɚɧɧɵɯ ɨɬɫɱɟɬɨɜ 

ɲɭɦɚ ɧɚ ɢɧɬɟɪɜɚɥɟ ɞɥɢɬɟɥɶɧɨɫɬɢ ɫɢɝɧɚɥɚ T , 2  - ɞɢɫɩɟɪɫɢɹ ɲɭɦɚ ɜ ɩɪɢɧɹɬɨɣ ɪɟɚɥɢɡɚɰɢɢ. ȼ 

ɦɨɞɟɥɢ ɡɚɞɚɧɨ ɡɧɚɱɟɧɢɟ 3.16 ȼ  , ɚɦɩɥɢɬɭɞɚ ɫɢɝɧɚɥɚ 0.44A ȼ . ȼ ɪɟɡɭɥɶɬɚɬɟ 

ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɨɛɪɚɛɨɬɤɢ ɡɧɚɱɟɧɢɟ 
1  ɦɟɧɶɲɟ   ɜ 35

2

N
  ɪɚɡ ( 1 0.1  ). ɉɨɪɨɝɨɜɵɣ 

ɭɪɨɜɟɧɶ ɜɵɫɬɚɜɥɟɧ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɜɵɪɚɠɟɧɢɟɦ (1.3.13) –  1 0.01 0.22Ɏ ɋ   . 

Ɉɫɨɛɟɧɧɨɫɬɶɸ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɷɬɨɬ ɩɨɪɨɝɨɜɵɣ ɭɪɨɜɟɧɶ ɨɩɪɟɞɟɥɹɟɬɫɹ ɞɜɭɦɹ ɩɚɪɚɦɟɬɪɚɦɢ: 
1  

(ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɲɭɦɚ) ɢ ɩɪɢɧɹɬɵɦ ɭɪɨɜɧɟɦ ɜɟɪɨɹɬɧɨɫɬɢ ɥɨɠɧɨɣ ɬɪɟɜɨɝɢ ɋ. 

ȼɟɪɨɹɬɧɨɫɬɶ ɥɨɠɧɨɣ ɬɪɟɜɨɝɢ ɨɩɪɟɞɟɥɹɟɬ ɜɟɪɨɹɬɧɨɫɬɶ ɩɪɟɜɵɲɟɧɢɹ ɩɨɪɨɝɨɜɨɝɨ ɭɪɨɜɧɹ 

ɲɭɦɨɜɵɦɢ ɦɚɤɫɢɦɚɦɢ. ɉɪɢ ɭɦɟɧɶɲɟɧɢɢ ɜɟɪɨɹɬɧɨɫɬɢ ɥɨɠɧɨɣ ɬɪɟɜɨɝɢ ɩɨɪɨɝɨɜɵɣ ɭɪɨɜɟɧɶ 

ɭɜɟɥɢɱɢɜɚɟɬɫɹ. ɂɧɮɨɪɦɚɰɢɹ ɨɛ ɚɦɩɥɢɬɭɞɟ ɫɢɝɧɚɥɚ ɭɱɢɬɵɜɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ɟɫɥɢ 

ɚɦɩɥɢɬɭɞɚ ɫɢɝɧɚɥɚ 2CU h , ɬɨɝɞɚ ɫɢɝɧɚɥ ɨɛɧɚɪɭɠɢɜɚɟɬɫɹ ɫ ɜɟɪɨɹɬɧɨɫɬɶɸ ɨɛɧɚɪɭɠɟɧɢɹ 

. 1ɨɛɧP ɋ  ; ɟɫɥɢ ɚɦɩɥɢɬɭɞɚ ɫɢɝɧɚɥɚ 2CU h , ɬɨ ɜɟɪɨɹɬɧɨɫɬɶ ɨɛɧɚɪɭɠɟɧɢɹ ɭɜɟɥɢɱɢɜɚɟɬɫɹ; 

ɟɫɥɢ 2CU h , ɬɨ ɜɟɪɨɹɬɧɨɫɬɶ ɨɛɧɚɪɭɠɟɧɢɹ ɭɦɟɧɶɲɚɟɬɫɹ ɡɚ ɫɱɟɬ ɭɜɟɥɢɱɟɧɢɹ ɜɟɪɨɹɬɧɨɫɬɢ 

ɩɪɨɩɭɫɤɨɜ ɫɢɝɧɚɥɚ. 

ɇɚ ɪɢɫɭɧɤɟ 2.1.7 ɚɦɩɥɢɬɭɞɚ ɫɢɝɧɚɥɚ ɪɚɜɧɚ 2CU h , ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɟɪɨɹɬɧɨɫɬɶ 

ɨɛɧɚɪɭɠɟɧɢɹ ɪɚɜɧɚ . 0.99ɨɛɧP  . ɗɬɨ ɭɬɜɟɪɠɞɟɧɢɟ ɤɚɱɟɫɬɜɟɧɧɨ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɫɬɚɬɢɫɬɢɤɨɣ, 

ɩɪɢɜɟɞɟɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 2.1.8. 

ɇɚ ɷɬɨɦ ɪɢɫɭɧɤɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɞɜɟ ɝɢɫɬɨɝɪɚɦɦɵ, ɩɨɥɭɱɟɧɧɵɟ ɩɨ 100 ɬɵɫɹɱɚɦ 

ɧɟɡɚɜɢɫɢɦɵɯ ɪɟɚɥɢɡɚɰɢɣ. ɉɟɪɜɚɹ ɝɢɫɬɨɝɪɚɦɦɚ ɹɜɥɹɟɬɫɹ ɝɢɫɬɨɝɪɚɦɦɨɣ ɲɭɦɚ, ɨɩɪɟɞɟɥɟɧɧɨɣ ɜ 

ɨɛɥɚɫɬɢ, ɝɞɟ ɧɟɬ ɫɢɝɧɚɥɚ. ȼɬɨɪɚɹ ɝɢɫɬɨɝɪɚɦɦɚ ɹɜɥɹɟɬɫɹ ɝɢɫɬɨɝɪɚɦɦɨɣ ɲɭɦɚ ɜ ɨɛɥɚɫɬɢ ɫɢɝɧɚɥɚ 

ɩɪɢ 1 100t ɦɤɫ  (ɫ ɭɱɟɬɨɦ ɩɨɩɪɚɜɤɢ ɧɚ ɮɚɡɭ ɫɢɝɧɚɥɚ). ɉɨɪɨɝɨɜɵɣ ɭɪɨɜɟɧɶ ɨɬɦɟɱɟɧ 

ɜɟɪɬɢɤɚɥɶɧɨɣ ɥɢɧɢɟɣ ( 0.22h  ). ȼɟɪɨɹɬɧɨɫɬɶ ɨɛɧɚɪɭɠɟɧɢɹ ɫɢɝɧɚɥɚ ɩɨ ɞɚɧɧɵɦ ɪɢɫɭɧɤɚ 2.1.8 

ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 99%. 
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Ɋɢɫɭɧɨɤ 2.1.8 – Ƚɢɫɬɨɝɪɚɦɦɚ ɲɭɦɚ, ɩɨɥɭɱɟɧɧɚɹ ɜɧɟ ɨɛɥɚɫɬɢ ɫɢɝɧɚɥɚ ɢ ɝɢɫɬɨɝɪɚɦɦɚ ɫɢɝɧɚɥɚ ɫ 

ɲɭɦɨɦ. ɉɨɪɨɝɨɜɵɣ ɭɪɨɜɟɧɶ ɪɚɜɟɧ 0.22 ȼ. Ⱥɦɩɥɢɬɭɞɚ ɫɢɝɧɚɥɚ ɪɚɜɧɚ 0.44 ȼ. ɋɄɈ ɲɭɦɚ ɩɨɫɥɟ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɪɚɜɧɨ 0.1 ȼ. Ƚɢɫɬɨɝɪɚɦɦɵ ɩɨɫɬɪɨɟɧɵ ɩɨ 100 ɬɵɫɹɱɚɦ ɧɟɡɚɜɢɫɢɦɵɯ 

ɪɟɚɥɢɡɚɰɢɣ 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɧɚɫɬɨɹɳɟɦ ɩɚɪɚɝɪɚɮɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɦɟɬɨɞɢɤɚ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ 

ɨɛɧɚɪɭɠɟɧɢɹ ɫɢɝɧɚɥɚ ɩɨɫɥɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɨɛɪɚɛɨɬɤɢ ɩɪɢɧɹɬɨɝɨ 

ɫɨɨɛɳɟɧɢɹ ɧɚ ɦɨɞɟɥɶɧɵɯ ɞɚɧɧɵɯ. ɉɨɪɨɝɨɜɵɣ ɭɪɨɜɟɧɶ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɢɫɯɨɞɹ ɢɡ ɨɰɟɧɤɢ 

ɞɢɫɩɟɪɫɢɢ ɲɭɦɚ. ɉɪɢ ɚɦɩɥɢɬɭɞɟ ɫɢɝɧɚɥɚ ɩɪɟɜɵɲɚɸɳɟɣ ɞɜɨɣɧɨɣ ɩɨɪɨɝɨɜɵɣ ɭɪɨɜɟɧɶ 

ɜɟɪɨɹɬɧɨɫɬɶ ɨɛɧɚɪɭɠɟɧɢɹ ɫɢɝɧɚɥɚ ɩɪɟɜɵɲɚɟɬ ɡɚɹɜɥɟɧɧɵɣ ɭɪɨɜɟɧɶ 
. . .1ɨɛɧ ɥ ɬɪP P  . 

 

§2.2. ɋɬɚɬɢɫɬɢɤɚ ɨɰɟɧɨɤ ɩɚɪɚɦɟɬɪɨɜ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ ɧɚ ɨɫɧɨɜɟ ɩɪɟɨɛɪɚɡɨɜɚɧɧɨɝɨ 

ɮɭɧɤɰɢɨɧɚɥɚ ɩɪɚɜɞɨɩɨɞɨɛɢɹ 

 

ȼ §1.4 ɢɡɥɨɠɟɧɵ ɨɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢɹ ɬɟɨɪɢɢ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɨɰɟɧɤɢ ɩɚɪɚɦɟɬɪɨɜ 

ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ. ȼ ɧɚɫɬɨɹɳɟɦ ɩɚɪɚɝɪɚɮɟ ɩɪɢɜɟɞɟɦ ɡɚɜɢɫɢɦɨɫɬɢ ɨɰɟɧɨɤ ɩɨɥɭɱɚɟɦɵɯ 

ɪɟɲɟɧɢɣ ɨɬ ɨɬɧɨɲɟɧɢɹ ɫɢɝɧɚɥ/ɲɭɦ ɞɥɹ Ɇ-ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ. ȼ ɦɨɞɟɥɶɧɵɯ ɪɚɫɱɟɬɚɯ 

ɩɪɢɧɹɬɨ ɫɥɟɞɭɸɳɟɟ: ɚɦɩɥɢɬɭɞɚ ɫɢɝɧɚɥɚ 0 2.0U ȼ , ɧɚɱɚɥɶɧɚɹ ɮɚɡɚ 
0 30  , ɪɚɛɨɱɚɹ ɱɚɫɬɨɬɚ 

0 465f ɤȽɰ , ɢɧɬɟɪɜɚɥ ɦɟɠɞɭ ɨɬɫɱɟɬɚɦɢ 0.2t ɦɤɫ  , ɤɨɥɢɱɟɫɬɜɨ ɨɬɫɱɟɬɨɜ ɧɚ ɨɞɧɭ ɩɨɡɢɰɢɸ 

ɫɢɝɧɚɥɚ 2 150N  , ɤɨɥɢɱɟɫɬɜɨ ɨɬɫɱɟɬɨɜ ɜɨ ɜɫɟɦ ɫɢɝɧɚɥɟ 2400N  , ɞɥɢɬɟɥɶɧɨɫɬɶ ɨɞɧɨɣ 

ɩɨɡɢɰɢɢ 30 ɦɤɫ  , ɞɥɢɬɟɥɶɧɨɫɬɶ ɫɥɨɠɧɨɝɨ ɫɢɝɧɚɥɚ 480T ɦɤɫ . Ɉɰɟɧɤɢ ɩɚɪɚɦɟɬɪɨɜ 

ɨɩɪɟɞɟɥɹɸɬɫɹ ɜ ɦɢɧɢɦɭɦɟ ɩɪɟɨɛɪɚɡɨɜɚɧɧɨɝɨ ɮɭɧɤɰɢɨɧɚɥɚ ɩɪɚɜɞɨɩɨɞɨɛɢɹ, ɨɞɧɚɤɨ ɞɥɹ ɫɥɭɱɚɹ 

ɨɞɧɨɝɨ ɫɢɝɧɚɥɚ ɞɚɧɧɵɟ ɨɰɟɧɤɢ ɷɤɜɢɜɚɥɟɧɬɧɵ ɨɰɟɧɤɚɦ, ɨɩɪɟɞɟɥёɧɧɵɦ ɩɨ ɜɵɪɚɠɟɧɢɸ (1.4.4), 
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ɨɩɢɫɵɜɚɸɳɟɦɭ ɤɨɪɪɟɥɹɰɢɨɧɧɭɸ ɨɛɪɚɛɨɬɤɭ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ. Ɉɰɟɧɢɜɚɸɬɫɹ ɚɦɩɥɢɬɭɞɚ, 

ɧɚɱɚɥɶɧɚɹ ɮɚɡɚ, ɜɪɟɦɹ ɩɪɢɯɨɞɚ ɫɥɨɠɧɨɝɨ ɫɢɝɧɚɥɚ. 

Ɇɨɞɭɥɢɪɭɸɳɚɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɢ ɩɪɢɧɹɬɨɟ ɫɨɨɛɳɟɧɢɟ ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫɭɧɤɟ 2.1.1 ɢ 

2.1.2. Ɇɨɞɭɥɶ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɮɭɧɤɰɢɢ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 2.1.3. Ɏɭɧɤɰɢɨɧɚɥ ɩɪɚɜɞɨɩɨɞɨɛɢɹ 

(ɪɢɫɭɧɨɤ 2.1.5) ɩɪɢɜɟɞɟɧ ɤ ɜɢɞɭ, ɩɪɢ ɤɨɬɨɪɨɦ ɦɢɧɢɦɭɦ ɮɭɧɤɰɢɨɧɚɥɚ ɨɩɪɟɞɟɥɹɟɬ ɋɄɈ ɲɭɦɚ ɜ 

ɩɪɢɧɹɬɨɣ ɪɟɚɥɢɡɚɰɢɢ. 

ɇɚ ɪɢɫ 2.2.1 ɩɪɟɞɫɬɚɜɥɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɋɄɈ ɨɰɟɧɨɤ ɚɦɩɥɢɬɭɞɵ ɫɥɨɠɧɨɝɨ ɫɢɝɧɚɥɚ ɨɬ 

ɨɬɧɨɲɟɧɢɹ ɫɢɝɧɚɥ/ɲɭɦ ɜ ɩɪɢɧɹɬɨɣ ɪɟɚɥɢɡɚɰɢɢ. 

 

Ɋɢɫɭɧɨɤ 2.2.1 – Ɂɚɜɢɫɢɦɨɫɬɶ ɋɄɈ ɨɰɟɧɨɤ ɚɦɩɥɢɬɭɞɵ ɫɥɨɠɧɨɝɨ ɫɢɝɧɚɥɚ ɨɬ ɨɬɧɨɲɟɧɢɹ 

ɫɢɝɧɚɥ/ɲɭɦ ɜ ɩɪɢɧɹɬɨɣ ɪɟɚɥɢɡɚɰɢɢ. Ʌɢɧɢɟɣ ɩɪɟɞɫɬɚɜɥɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɋɄɈ ɨɰɟɧɨɤ 

ɚɦɩɥɢɬɭɞɵ ɫɢɝɧɚɥɚ, ɨɩɪɟɞɟɥɟɧɧɚɹ ɩɨ ɜɵɪɚɠɟɧɢɸ Ɋɚɨ – Ʉɪɚɦɟɪɚ, ɬɨɱɤɚɦɢ ɩɪɟɞɫɬɚɜɥɟɧɵ 

ɡɧɚɱɟɧɢɹ, ɩɨɥɭɱɟɧɧɵɟ ɩɨ ɦɨɞɟɥɶɧɨɦɭ ɫɢɝɧɚɥɭ 

 

Ʌɢɧɢɟɣ ɩɪɟɞɫɬɚɜɥɟɧɨ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɚɦɩɥɢɬɭɞɵ ɫɢɝɧɚɥɚ, ɨɩɪɟɞɟɥɟɧɧɨɟ 

ɜ ɫɨɨɬɜɟɬɫɬɜɢɟ ɫ ɜɵɪɚɠɟɧɢɟɦ Ɋɚɨ-Ʉɪɚɦɟɪɚ: 

/ 2
U

N

  , (2.2.1) 

ɝɞɟ   – ɋɄɈ ɲɭɦɚ ɜ ɩɪɢɧɹɬɨɣ ɪɟɚɥɢɡɚɰɢɢ, U  – ɋɄɈ ɲɭɦɚ ɩɨɫɥɟ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ 

ɨɛɪɚɛɨɬɤɢ. 

Ɋɢɫɭɧɨɤ 2.2.1 ɞɟɦɨɧɫɬɪɢɪɭɟɬ ɯɨɪɨɲɟɟ ɤɚɱɟɫɬɜɟɧɧɨɟ ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɨɟ ɫɨɨɬɜɟɬɫɬɜɢɟ 

ɬɟɨɪɢɢ ɢ ɦɨɞɟɥɶɧɵɯ ɪɚɫɱɟɬɨɜ. 

ɇɚ ɪɢɫɭɧɤɟ 2.2.2 ɩɨɤɚɡɚɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɋɄɈ ɨɰɟɧɨɤ ɜɪɟɦɟɧɢ ɩɪɢɯɨɞɚ ɫɥɨɠɧɨɝɨ ɫɢɝɧɚɥɚ 

ɨɬ ɨɬɧɨɲɟɧɢɹ ɫɢɝɧɚɥ/ɲɭɦ ɜ ɩɪɢɧɹɬɨɣ ɪɟɚɥɢɡɚɰɢɢ. 
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Ɋɢɫɭɧɨɤ 2.2.2 – Ɂɚɜɢɫɢɦɨɫɬɶ ɋɄɈ ɨɰɟɧɨɤ ɜɪɟɦɟɧɢ ɩɪɢɯɨɞɚ ɫɥɨɠɧɨɝɨ ɫɢɝɧɚɥɚ ɨɬ ɨɬɧɨɲɟɧɢɹ 

ɫɢɝɧɚɥ/ɲɭɦ ɜ ɩɪɢɧɹɬɨɣ ɪɟɚɥɢɡɚɰɢɢ. ɉɪɟɞɫɬɚɜɥɟɧɵ ɞɜɟ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɋɄɈ 

ɜɪɟɦɟɧɢ ɩɪɢɯɨɞɚ ɫɢɝɧɚɥɚ: ɩɨ ɜɵɪɚɠɟɧɢɸ Ɋɚɨ-Ʉɪɚɦɟɪɚ ɢ ɩɨ ɜɵɪɚɠɟɧɢɸ ȼɭɞɜɨɪɞɚ 

 

ɇɚ ɪɢɫɭɧɤɟ ɥɢɧɢɹɦɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɞɜɟ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɡɚɜɢɫɢɦɨɫɬɢ. ɉɟɪɜɚɹ ɨɩɪɟɞɟɥɹɟɬ 

ɋɄɈ ɜɪɟɦɟɧɢ ɩɪɢɯɨɞɚ ɩɨ ɮɨɪɦɭɥɟ ȼɭɞɜɨɪɞɚ – ɩɨ ɦɚɤɫɢɦɭɦɭ ɨɝɢɛɚɸɳɟɣ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ 

ɮɭɧɤɰɢɢ: 

0

0

1

2
t

U N




 , (2.2.2) 

ɝɞɟ   – ɩɨɥɭɲɢɪɢɧɚ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɮɭɧɤɰɢɢ, N  – ɤɨɥɢɱɟɫɬɜɨ ɧɟɤɨɪɪɟɥɢɪɨɜɚɧɧɵɯ ɨɬɫɱɟɬɨɜ 

ɧɚ ɞɥɢɬɟɥɶɧɨɫɬɢ T  ɫɥɨɠɧɨɝɨ ɫɢɝɧɚɥɚ,   – ɋɄɈ ɲɭɦɚ ɜ ɩɪɢɧɹɬɨɣ ɪɟɚɥɢɡɚɰɢɢ. 

ȼɬɨɪɚɹ ɬɟɨɪɟɬɢɱɟɫɤɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɨɩɪɟɞɟɥɹɟɬ ɋɄɈ ɜɪɟɦɟɧɢ ɩɪɢɯɨɞɚ ɩɨ ɮɨɪɦɭɥɟ Ɋɚɨ-

Ʉɪɚɦɟɪɚ: 

0

0 0

2
t

U N




 , (2.2.3) 

ɝɞɟ 0  – ɧɟɫɭɳɚɹ ɤɪɭɝɨɜɚɹ ɱɚɫɬɨɬɚ. Ⱦɚɧɧɚɹ ɨɰɟɧɤɚ ɜɪɟɦɟɧɢ ɩɪɢɯɨɞɚ ɫɜɹɡɚɧɚ ɫ 

ɜɵɫɨɤɨɱɚɫɬɨɬɧɵɦ ɡɚɩɨɥɧɟɧɢɟɦ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɮɭɧɤɰɢɢ ɢ ɹɜɧɨ ɡɚɜɢɫɢɬ ɨɬ ɧɟɫɭɳɟɣ ɱɚɫɬɨɬɵ 

0 . ɗɬɚ ɨɰɟɧɤɚ ɧɟ ɫɜɹɡɚɧɚ ɫ ɞɥɢɬɟɥɶɧɨɫɬɶɸ ɫɢɝɧɚɥɚ. Ɉɧɚ ɥɭɱɲɟ ɨɰɟɧɢɜɚɟɬ ɜɪɟɦɹ ɩɪɢɯɨɞɚ 

ɫɥɨɠɧɨɝɨ ɫɢɝɧɚɥɚ ɩɪɢ ɛɨɥɶɲɢɯ ɨɬɧɨɲɟɧɢɹɯ ɫɢɝɧɚɥ/ɲɭɦ (ɛɨɥɟɟ -5 ɞȻ). 

ɉɪɢ ɨɬɧɨɲɟɧɢɢ ɫɢɝɧɚɥ/ɲɭɦ ɦɟɧɟɟ -5 ɞȻ ɫɬɚɬɢɫɬɢɤɚ ɜɪɟɦɟɧɢ ɩɪɢɯɨɞɚ ɫɥɨɠɧɨɝɨ ɫɢɝɧɚɥɚ 

ɫɭɳɟɫɬɜɟɧɧɨ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɭɤɚɡɚɧɧɵɯ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɡɚɜɢɫɢɦɨɫɬɟɣ. 

ɇɚ ɪɢɫɭɧɤɟ 2.2.3 ɩɨɤɚɡɚɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɋɄɈ ɨɰɟɧɨɤ ɧɚɱɚɥɶɧɨɣ ɮɚɡɵ ɫɥɨɠɧɨɝɨ ɫɢɝɧɚɥɚ 

ɨɬ ɨɬɧɨɲɟɧɢɹ ɫɢɝɧɚɥ/ɲɭɦ ɜ ɩɪɢɧɹɬɨɣ ɪɟɚɥɢɡɚɰɢɢ. 
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Ɋɢɫɭɧɨɤ 2.2.3 – Ɂɚɜɢɫɢɦɨɫɬɶ ɋɄɈ ɨɰɟɧɨɤ ɧɚɱɚɥɶɧɨɣ ɮɚɡɵ ɫɥɨɠɧɨɝɨ ɫɢɝɧɚɥɚ ɨɬ ɨɬɧɨɲɟɧɢɹ 

ɫɢɝɧɚɥ/ɲɭɦ ɜ ɩɪɢɧɹɬɨɣ ɪɟɚɥɢɡɚɰɢɢ. ɉɪɟɞɫɬɚɜɥɟɧɚ ɤɪɢɜɚɹ ɋɄɈ ɧɚɱɚɥɶɧɨɣ ɮɚɡɵ ɫɢɝɧɚɥɚ ɩɨ 

Ɋɚɨ-Ʉɪɚɦɟɪɭ 

 

ɉɪɟɞɫɬɚɜɥɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɝɨ ɨɬɤɥɨɧɟɧɢɹ ɧɚɱɚɥɶɧɨɣ ɮɚɡɵ, 

ɪɚɫɫɱɢɬɚɧɧɚɹ ɩɨ ɜɵɪɚɠɟɧɢɸ Ɋɚɨ-Ʉɪɚɦɟɪɚ: 

0

0

2

U N


  . (2.2.4) 

ȼ ɨɛɥɚɫɬɢ ɦɟɧɟɟ 0 ɞȻ ɨɬɧɨɲɟɧɢɹ ɫɢɝɧɚɥ/ɲɭɦ ɨɬɦɟɱɚɸɬɫɹ ɡɧɚɱɢɬɟɥɶɧɵɟ ɨɬɤɥɨɧɟɧɢɹ 

ɨɰɟɧɨɤ ɧɚɱɚɥɶɧɨɣ ɮɚɡɵ ɫɢɝɧɚɥɚ ɨɬ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɡɚɜɢɫɢɦɨɫɬɢ (2.2.4). Ɉɧɢ ɫɜɹɡɚɧɵ ɫ ɬɟɦ, ɱɬɨ 

ɜɪɟɦɹ ɩɪɢɯɨɞɚ ɜ ɷɬɢɯ ɬɨɱɤɚɯ ɨɰɟɧɢɜɚɟɬɫɹ ɧɟɬɨɱɧɨ. ɗɬɨ ɢ ɩɪɢɜɨɞɢɬ ɤ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ 

ɩɨɝɪɟɲɧɨɫɬɢ ɧɚɱɚɥɶɧɨɣ ɮɚɡɵ. Ⱦɢɫɩɟɪɫɢɹ ɧɚɱɚɥɶɧɨɣ ɮɚɡɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ: 

0

'

t
D D wD   . (2.2.5) 

ȼɨɡɦɨɠɧɨɫɬɶ ɨɰɟɧɢɜɚɬɶ ɋɄɈ ɲɭɦɚ ɜ ɩɪɢɧɹɬɨɦ ɫɨɨɛɳɟɧɢɢ ɩɨ ɦɢɧɢɦɭɦɭ 

ɩɪɟɨɛɪɚɡɨɜɚɧɧɨɝɨ ɮɭɧɤɰɢɨɧɚɥɚ ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɨɰɟɧɤɢ ɞɢɫɩɟɪɫɢɣ 

ɩɚɪɚɦɟɬɪɨɜ Ɋɚɨ – Ʉɪɚɦɟɪɚ, ɬ.ɤ. ɜɵɪɚɠɟɧɢɹ ɞɥɹ ɞɢɫɩɟɪɫɢɣ ɩɚɪɚɦɟɬɪɨɜ Ɋɚɨ – Ʉɪɚɦɟɪɚ ɫɢɝɧɚɥɚ 

(§1.4) ɫɨɞɟɪɠɚɬ ɜ ɫɟɛɟ ɞɢɫɩɟɪɫɢɸ ɲɭɦɚ. 

ɇɢɠɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɋɄɈ ɨɰɟɧɨɤ ɩɚɪɚɦɟɬɪɨɜ ɫɢɝɧɚɥɚ ɨɬ ɋɄɈ ɲɭɦɚ ɧɚ 

ɜɵɯɨɞɟ ɤɨɪɪɟɥɹɰɢɨɧɧɨɝɨ ɮɢɥɶɬɪɚ (1.4.4), ɡɧɚɱɟɧɢɟ ɤɨɬɨɪɨɝɨ ɫ ɬɨɱɧɨɫɬɶɸ ɞɨ 

ɦɭɥɶɬɢɩɥɢɤɚɬɢɜɧɨɣ ɤɨɧɫɬɚɧɬɵ 2

N
 ɪɚɜɧɨ ɡɧɚɱɟɧɢɸ ɦɢɧɢɦɭɦɚ ɮɭɧɤɰɢɨɧɚɥɚ ɩɪɚɜɞɨɩɨɞɨɛɢɹ, 

ɤɨɬɨɪɵɣ ɞɚɟɬ ɨɰɟɧɤɭ ɋɄɈ ɲɭɦɚ ɜ ɩɪɢɧɹɬɨɣ ɪɟɚɥɢɡɚɰɢɢ. 

ɇɚ ɪɢɫɭɧɤɟ 2.2.4 ɩɨɤɚɡɚɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɋɄɈ ɨɰɟɧɨɤ ɚɦɩɥɢɬɭɞɵ ɫɥɨɠɧɨɝɨ ɫɢɝɧɚɥɚ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɋɄɈ ɲɭɦɚ ɧɚ ɜɵɯɨɞɟ ɤɨɪɪɟɥɹɰɢɨɧɧɨɝɨ ɮɢɥɶɬɪɚ (1.4.4), ɨɰɟɧɟɧɧɨɝɨ ɩɨ 

ɦɢɧɢɦɭɦɭ ɮɭɧɤɰɢɨɧɚɥɚ ɩɪɚɜɞɨɩɨɞɨɛɢɹ. 
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Ɋɢɫɭɧɨɤ 2.2.4 – Ɂɚɜɢɫɢɦɨɫɬɶ ɋɄɈ ɨɰɟɧɨɤ ɚɦɩɥɢɬɭɞɵ ɫɥɨɠɧɨɝɨ ɫɢɝɧɚɥɚ ɨɬ ɋɄɈ ɲɭɦɚ ɧɚ 

ɜɵɯɨɞɟ ɤɨɪɪɟɥɹɰɢɨɧɧɨɝɨ ɮɢɥɶɬɪɚ (1.4.4), ɨɰɟɧɟɧɧɨɝɨ ɜ ɦɢɧɢɦɭɦɟ ɮɭɧɤɰɢɨɧɚɥɚ 

ɩɪɚɜɞɨɩɨɞɨɛɢɹ 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ 2.2.4, ɨɩɪɟɞɟɥɟɧɧɵɟ ɩɨ ɦɨɞɟɥɶɧɵɦ ɞɚɧɧɵɦ ɡɧɚɱɟɧɢɹ ɋɄɈ 

ɚɦɩɥɢɬɭɞɵ ɤɚɱɟɫɬɜɟɧɧɨ ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɨ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɬɟɨɪɟɬɢɱɟɫɤɢɦ ɡɧɚɱɟɧɢɹɦ 

 c noise
ɋɄɈ U  , ɝɞɟ noise  – ɲɭɦ ɧɚ ɜɵɯɨɞɟ ɤɨɪɪɟɥɹɰɢɨɧɧɨɝɨ ɮɢɥɶɬɪɚ (1.4.4). ɋɥɟɞɨɜɚɬɟɥɶɧɨ, 

ɩɨ ɡɧɚɱɟɧɢɸ ɋɄɈ ɲɭɦɚ ɜ ɩɪɢɧɹɬɨɦ ɫɨɨɛɳɟɧɢɢ, ɨɰɟɧɟɧɧɨɦɭ ɜ ɦɢɧɢɦɭɦɟ ɮɭɧɤɰɢɨɧɚɥɚ 

ɩɪɚɜɞɨɩɨɞɨɛɢɹ, ɜɩɨɥɧɟ ɜɨɡɦɨɠɧɨ ɨɰɟɧɢɬɶ ɞɢɫɩɟɪɫɢɸ ɚɦɩɥɢɬɭɞɵ ɜ ɩɪɢɧɹɬɨɦ ɫɨɨɛɳɟɧɢɢ. 

ɇɚ ɪɢɫɭɧɤɟ 2.2.5 ɩɨɤɚɡɚɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɋɄɈ ɨɰɟɧɨɤ ɜɪɟɦɟɧɢ ɩɪɢɯɨɞɚ ɫɥɨɠɧɨɝɨ ɫɢɝɧɚɥɚ 

ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɋɄɈ ɲɭɦɚ ɜ ɩɪɢɧɹɬɨɣ ɪɟɚɥɢɡɚɰɢɢ ɩɨɫɥɟ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɨɛɪɚɛɨɬɤɢ. 

 

Ɋɢɫɭɧɨɤ 2.2.5 – Ɂɚɜɢɫɢɦɨɫɬɶ ɋɄɈ ɨɰɟɧɨɤ ɜɪɟɦɟɧɢ ɩɪɢɯɨɞɚ ɫɥɨɠɧɨɝɨ ɫɢɝɧɚɥɚ ɨɬ ɋɄɈ ɲɭɦɚ ɧɚ 

ɜɵɯɨɞɟ ɤɨɪɪɟɥɹɰɢɨɧɧɨɝɨ ɮɢɥɶɬɪɚ (1.4.4). ɇɚ ɪɢɫɭɧɤɟ ɬɚɤɠɟ ɨɩɪɟɞɟɥɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɋɄɈ 

ɜɪɟɦɟɧɢ ɩɪɢɯɨɞɚ ɩɨ ȼɭɞɜɨɪɞɭ ɢ ɩɨ Ɋɚɨ – Ʉɪɚɦɟɪɭ 
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Ʌɢɧɢɹɦɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɨɰɟɧɤɢ ɋɄɈ ɜɪɟɦɟɧɢ ɩɪɢɯɨɞɚ, ɪɚɫɫɱɢɬɚɧɧɵɟ ɩɨ ɮɨɪɦɭɥɟ 

ȼɭɞɜɨɪɞɚ ɢ ɮɨɪɦɭɥɟ Ɋɚɨ-Ʉɪɚɦɟɪɚ. ɉɪɢ ɦɚɥɵɯ ɡɧɚɱɟɧɢɹɯ ɋɄɈ ɲɭɦɚ ɧɚ ɜɵɯɨɞɟ 

ɤɨɪɪɟɥɹɰɢɨɧɧɨɝɨ ɮɢɥɶɬɪɚ (1.4.4) (ɦɟɧɟɟ 0.075) ɛɨɥɟɟ ɚɞɟɤɜɚɬɧɨɣ ɹɜɥɹɟɬɫɹ ɨɰɟɧɤɚ ɋɄɈ 

ɜɪɟɦɟɧɢ ɩɪɢɯɨɞɚ ɩɨ Ɋɚɨ-Ʉɪɚɦɟɪɭ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɰɟɧɤɚ ɞɢɫɩɟɪɫɢɢ ɜ ɩɪɢɧɹɬɨɣ ɪɟɚɥɢɡɚɰɢɢ 

ɦɨɠɟɬ ɛɵɬɶ ɡɚɦɟɧɟɧɚ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɨɰɟɧɤɨɣ ɞɢɫɩɟɪɫɢɢ ɜɪɟɦɟɧɢ ɩɪɢɯɨɞɚ. 

Ⱥɧɚɥɨɝɢɱɧɨɟ ɩɨɫɬɪɨɟɧɢɟ ɞɥɹ ɧɚɱɚɥɶɧɨɣ ɮɚɡɵ ɫɥɨɠɧɨɝɨ ɫɢɝɧɚɥɚ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ 

ɪɢɫɭɧɤɟ 2.2.6. 

 

Ɋɢɫɭɧɨɤ 2.2.6 – Ɂɚɜɢɫɢɦɨɫɬɶ ɋɄɈ ɨɰɟɧɨɤ ɧɚɱɚɥɶɧɨɣ ɮɚɡɵ ɫɥɨɠɧɨɝɨ ɫɢɝɧɚɥɚ ɨɬ ɋɄɈ ɲɭɦɚ ɧɚ 

ɜɵɯɨɞɟ ɤɨɪɪɟɥɹɰɢɨɧɧɨɝɨ ɮɢɥɶɬɪɚ (1.4.4). ɇɚ ɪɢɫɭɧɤɟ ɬɚɤɠɟ ɨɩɪɟɞɟɥɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶɸ ɋɄɈ 

ɧɚɱɚɥɶɧɨɣ ɮɚɡɵ ɩɨ Ɋɚɨ – Ʉɪɚɦɟɪɭ 

 

Ʉɚɤ ɩɨɤɚɡɵɜɚɟɬ ɪɢɫɭɧɨɤ 2.2.6 ɋɄɈ ɨɰɟɧɨɤ ɧɚɱɚɥɶɧɨɣ ɮɚɡɵ ɫɨɩɨɫɬɚɜɢɦɵ ɫ ɋɄɈ 

ɧɚɱɚɥɶɧɨɣ ɮɚɡɵ, ɪɚɫɫɱɢɬɚɧɧɵɦɢ ɩɨ ɜɵɪɚɠɟɧɢɸ Ɋɚɨ-Ʉɪɚɦɟɪɚ ɩɪɢ ɦɚɥɵɯ ɡɧɚɱɟɧɢɹɯ ɲɭɦɚ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɭɪɚɜɧɟɧɢɹ ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɩɨɡɜɨɥɹɸɬ ɞɚɬɶ ɨɰɟɧɤɢ ɨɫɧɨɜɧɵɦ ɩɚɪɚɦɟɬɪɚɦ 

ɫɥɨɠɧɨɝɨ ɫɢɝɧɚɥɚ ɩɨ ɩɪɢɧɹɬɨɣ ɪɟɚɥɢɡɚɰɢɢ. Ⱦɨɩɨɥɧɢɬɟɥɶɧɨ ɦɢɧɢɦɭɦ ɮɭɧɤɰɢɨɧɚɥɚ 

ɩɪɚɜɞɨɩɨɞɨɛɢɹ, ɫɜɹɡɚɧɧɵɣ ɫ ɜɟɤɬɨɪɨɦ ɪɚɡɧɨɫɬɢ d  ɦɟɠɞɭ ɩɪɢɧɹɬɵɦ ɫɨɨɛɳɟɧɢɟɦ y  ɢ 

ɜɟɤɬɨɪɨɦ ɤɨɩɢɢ ɫɢɝɧɚɥɚ S , ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɨɰɟɧɢɬɶ ɞɢɫɩɟɪɫɢɢ ɩɚɪɚɦɟɬɪɨɜ. 

 

§2.3. ɋɬɚɬɢɫɬɢɤɚ ɨɰɟɧɨɤ ɩɚɪɚɦɟɬɪɨɜ ɅЧɆ-ɫɢɝɧɚɥɨɜ ɧɚ ɨɫɧɨɜɟ ɩɪɟɨɛɪɚɡɨɜɚɧɧɨɝɨ 

ɮɭɧɤɰɢɨɧɚɥɚ ɩɪɚɜɞɨɩɨɞɨɛɢɹ 

 

ɉɪɢɜɟɞɟɦ ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɢɝɧɚɥɨɜ ɫ ɥɢɧɟɣɧɨɣ ɱɚɫɬɨɬɧɨɣ 

ɦɨɞɭɥɹɰɢɟɣ (ɅɑɆ-ɫɢɝɧɚɥɨɜ). ɅɑɆ-ɫɢɝɧɚɥɵ ɢɦɟɸɬ ɪɹɞ ɨɫɨɛɟɧɧɨɫɬɟɣ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɢ 

ɬɪɟɛɭɸɬ ɨɬɞɟɥɶɧɨɝɨ ɪɚɫɫɦɨɬɪɟɧɢɹ. ɉɚɪɚɦɟɬɪɵ ɫɢɝɧɚɥɚ, ɩɪɢɧɹɬɵɟ ɜ ɦɨɞɟɥɶɧɵɯ ɪɚɫɱɟɬɚɯ 
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ɫɥɟɞɭɸɳɢɟ: ɚɦɩɥɢɬɭɞɚ 
0 2.0U B , ɧɚɱɚɥɶɧɚɹ ɮɚɡɚ 

0 30  , ɧɚɱɚɥɶɧɚɹ ɱɚɫɬɨɬɚ 0 450f ɤȽɰ , 

ɞɟɜɢɚɰɢɹ ɱɚɫɬɨɬɵ 0 0 50ɤf f f ɤȽɰ    , ɞɥɢɬɟɥɶɧɨɫɬɶ ɫɢɝɧɚɥɚ 0.48T ɦɫ , ɢɧɬɟɪɜɚɥ 

ɞɢɫɤɪɟɬɢɡɚɰɢɢ 0.2t ɦɤɫ  , ɜɪɟɦɹ ɩɪɢɯɨɞɚ ɅɑɆ-ɫɢɝɧɚɥɚ 
0 0.1t ɦɫ . Ⱦɥɹ ɨɛɪɚɛɨɬɤɢ ɅɑɆ-

ɫɢɝɧɚɥɨɜ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜɵɪɚɠɟɧɢɹ, ɩɪɢɜɟɞɟɧɧɵɟ ɜ §1.4. 

ɇɚ ɪɢɫɭɧɤɟ 2.3.1. ɩɨɤɚɡɚɧ ɅɑɆ-ɫɢɝɧɚɥ, ɫɨɞɟɪɠɚɳɢɣɫɹ ɜ ɩɪɢɧɹɬɨɣ ɪɟɚɥɢɡɚɰɢɢ ɩɪɢ 

ɨɬɧɨɲɟɧɢɢ ɫɢɝɧɚɥ/ɲɭɦ ɪɚɜɧɨɦ 10 ɞȻ. ɇɚ ɪɢɫɭɧɤɟ 2.3.2. ɩɨɤɚɡɚɧ ɦɨɞɭɥɶ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ 

ɮɭɧɤɰɢɢ ɅɑɆ-ɫɢɝɧɚɥɚ. 

 

Ɋɢɫɭɧɨɤ 2.3.1 – ɉɪɢɧɹɬɚɹ ɪɟɚɥɢɡɚɰɢɹ ɅɑɆ-ɫɢɝɧɚɥɚ. ȼɪɟɦɹ ɩɪɢɯɨɞɚ ɪɚɜɧɨ 0.1 ɦɫ, ɚɦɩɥɢɬɭɞɚ – 

U=2.0 ȼ, ɞɟɜɢɚɰɢɹ ɱɚɫɬɨɬɵ – 50f ɤȽɰ  , ɨɬɧɨɲɟɧɢɟ ɫɢɝɧɚɥ/ɲɭɦ – 10 ɞȻ 

 

Ɋɢɫɭɧɨɤ 2.3.2 – Ɇɨɞɭɥɶ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɮɭɧɤɰɢɢ ɅɑɆ-ɫɢɝɧɚɥɚ, ɢɡɨɛɪɚɠɟɧɧɨɝɨ ɧɚ ɪɢɫ. 2.3.1 

 

ɉɨɥɭɲɢɪɢɧɚ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɮɭɧɤɰɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ, ɤɚɤ ɫɥɟɞɭɟɬ ɢɡ ɬɟɨɪɢɢ, ɞɟɜɢɚɰɢɟɣ 

ɱɚɫɬɨɬɵ 
0

1
20 ɦɤɫ

f
  


. Ȼɨɤɨɜɵɟ ɥɟɩɟɫɬɤɢ ɧɟ ɩɪɟɜɵɲɚɸɬ ɡɧɚɱɟɧɢɹ 0.25 ɨɬ ɦɚɤɫɢɦɭɦɚ. ȼ 

ɪɟɡɭɥɶɬɚɬɟ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɨɛɪɚɛɨɬɤɢ ɨɬɧɨɲɟɧɢɟ ɫɢɝɧɚɥ/ɲɭɦ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜ / 2 35N   
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ɪɚɡ. Ȼɨɤɨɜɵɟ ɥɟɩɟɫɬɤɢ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɮɭɧɤɰɢɢ ɅɑɆ-ɫɢɝɧɚɥɚ ɨɝɪɚɧɢɱɢɜɚɸɬ ɞɢɧɚɦɢɱɟɫɤɢɣ 

ɞɢɚɩɚɡɨɧ ɨɛɧɚɪɭɠɟɧɢɹ ɜɬɨɪɨɝɨ ɫɥɚɛɨɝɨ ɫɢɝɧɚɥɚ ɧɚ ɮɨɧɟ ɫɢɥɶɧɨɝɨ. 

ɇɚ ɪɢɫɭɧɤɟ 2.3.3 ɥɢɧɢɟɣ ɩɨɤɚɡɚɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɋɄɈ ɨɰɟɧɨɤ ɚɦɩɥɢɬɭɞɵ ɅɑɆ-ɫɢɝɧɚɥɚ ɨɬ 

ɨɬɧɨɲɟɧɢɹ ɫɢɝɧɚɥ/ɲɭɦ ɜ ɩɪɢɧɹɬɨɣ ɪɟɚɥɢɡɚɰɢɢ – ɷɬɨ ɬɟɨɪɟɬɢɱɟɫɤɚɹ ɨɰɟɧɤɚ Ɋɚɨ - Ʉɪɚɦɟɪɚ. 

Ɍɨɱɤɚɦɢ ɨɬɦɟɱɟɧɵ ɡɧɚɱɟɧɢɹ, ɩɨɥɭɱɟɧɧɵɟ ɩɨ ɦɨɞɟɥɶɧɵɦ ɞɚɧɧɵɦ. Ɉɬɦɟɱɚɟɬɫɹ ɯɨɪɨɲɟɟ 

ɤɚɱɟɫɬɜɟɧɧɨɟ ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɨɟ ɫɨɨɬɜɟɬɫɬɜɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɦɨɞɟɥɶɧɵɯ ɪɚɫɱɟɬɨɜ ɢ ɬɟɨɪɢɢ. 

Ⱦɢɫɩɟɪɫɢɸ ɚɦɩɥɢɬɭɞɵ Ɋɚɨ-Ʉɪɚɦɟɪɚ ɦɨɠɧɨ ɜɩɨɥɧɟ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɨɰɟɧɨɤ ɬɨɱɧɨɫɬɢ 

ɨɩɪɟɞɟɥɟɧɢɹ ɚɦɩɥɢɬɭɞɵ ɅɑɆ-ɫɢɝɧɚɥɚ. 

 

Ɋɢɫɭɧɨɤ 2.3.3 – Ɂɚɜɢɫɢɦɨɫɬɶ ɋɄɈ ɨɰɟɧɨɤ ɚɦɩɥɢɬɭɞɵ ɅɑɆ-ɫɢɝɧɚɥɚ ɨɬ ɨɬɧɨɲɟɧɢɹ ɫɢɝɧɚɥ/ɲɭɦ 

ɜ ɩɪɢɧɹɬɨɣ ɪɟɚɥɢɡɚɰɢɢ. Ɍɨɱɤɚɦɢ ɨɬɦɟɱɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɶɧɵɯ ɪɚɫɱɟɬɨɜ. Ʌɢɧɢɟɣ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɋɄɈ ɩɨ ɜɵɪɚɠɟɧɢɸ Ɋɚɨ-Ʉɪɚɦɟɪɚ 

 

ɇɚ ɪɢɫɭɧɤɟ 2.3.4 ɬɨɱɤɚɦɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɋɄɈ ɨɰɟɧɨɤ ɜɪɟɦɟɧɢ ɩɪɢɯɨɞɚ ɅɑɆ-

ɫɢɝɧɚɥɚ ɨɬ ɨɬɧɨɲɟɧɢɹ ɫɢɝɧɚɥ/ɲɭɦ, ɩɨɥɭɱɟɧɧɚɹ ɩɨ ɦɨɞɟɥɶɧɵɦ ɞɚɧɧɵɦ. Ʌɢɧɢɹɦɢ ɩɨɤɚɡɚɧɵ 

ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɋɄɈ ɜɪɟɦɟɧɢ ɩɪɢɯɨɞɚ ɨɬ ɨɬɧɨɲɟɧɢɹ ɫɢɝɧɚɥ/ɲɭɦ ɩɨ ɮɨɪɦɭɥɟ Ɋɚɨ-

Ʉɪɚɦɟɪɚ ɢ ɩɨ ɮɨɪɦɭɥɟ ȼɭɞɜɨɪɞɚ. Ʌɭɱɲɟɟ ɫɨɝɥɚɫɢɟ ɫ ɦɨɞɟɥɶɧɵɦɢ ɪɚɫɱɟɬɚɦɢ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ 

ɋɄɈ ɩɨ Ɋɚɨ-Ʉɪɚɦɟɪɭ ɩɪɢ ɨɬɧɨɲɟɧɢɹɯ ɫɢɝɧɚɥ/ɲɭɦ ɛɨɥɶɲɢɯ 5 Ⱦɛ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɬɚɬɢɫɬɢɤɚ ɩɚɪɚɦɟɬɪɨɜ ɅɑɆ-ɫɢɝɧɚɥɨɜ ɩɨɞɨɛɧɚ ɫɬɚɬɢɫɬɢɤɟ ɫɢɝɧɚɥɨɜ ɧɚ 

ɨɫɧɨɜɟ Ɇ-ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ. 
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Ɋɢɫɭɧɨɤ 2.3.4 – Ɂɚɜɢɫɢɦɨɫɬɶ ɋɄɈ ɜɪɟɦɟɧɢ ɩɪɢɯɨɞɚ ɅɑɆ – ɫɢɝɧɚɥɚ ɨɬ ɨɬɧɨɲɟɧɢɹ ɫɢɝɧɚɥ/ɲɭɦ 

ɜ ɩɪɢɧɹɬɨɣ ɪɟɚɥɢɡɚɰɢɢ. Ɍɨɱɤɚɦɢ ɨɬɦɟɱɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɶɧɵɯ ɪɚɫɱɟɬɨɜ. Ʌɢɧɢɹɦɢ 

ɨɩɪɟɞɟɥɟɧɵ ɋɄɈ ɜɪɟɦɟɧɢ ɩɪɢɯɨɞɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɜɵɪɚɠɟɧɢɟɦ Ɋɚɨ-Ʉɪɚɦɟɪɚ ɢ ɫ ɜɵɪɚɠɟɧɢɟɦ 

ȼɭɞɜɨɪɞɚ. 

 

§2.4. Ɋɚɡɪɟɲɟɧɢɟ ɫɢɝɧɚɥɨɜ, ɦɨɞɭɥɢɪɨɜɚɧɧɵɯ Ɇ-ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶɸ ɧɚ ɨɫɧɨɜɟ 

ɩɪɟɨɛɪɚɡɨɜɚɧɧɨɝɨ ɮɭɧɤɰɢɨɧɚɥɚ ɩɪɚɜɞɨɩɨɞɨɛɢɹ 

 

Ɍɟɨɪɢɹ ɞɚɧɧɨɝɨ ɜɨɩɪɨɫɚ ɢɡɥɨɠɟɧɚ ɜ §1.5, §1.6. ȼ ɷɬɢɯ ɩɚɪɚɝɪɚɮɚɯ ɜɵɜɟɞɟɧɵ ɨɫɧɨɜɧɵɟ 

ɫɨɨɬɧɨɲɟɧɢɹ, ɨɩɪɟɞɟɥɹɸɳɢɟ ɨɩɬɢɦɚɥɶɧɵɣ ɚɥɝɨɪɢɬɦ ɨɛɪɚɛɨɬɤɢ ɞɜɭɯ ɢ ɛɨɥɟɟ ɫɢɝɧɚɥɨɜ, 

ɦɨɞɭɥɢɪɨɜɚɧɧɵɯ Ɇ-ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ. Ʉɪɨɦɟ ɬɨɝɨ, ɜɵɜɟɞɟɧɵ ɜɵɪɚɠɟɧɢɹ ɞɥɹ ɞɢɫɩɟɪɫɢɣ 

Ɋɚɨ-Ʉɪɚɦɟɪɚ, ɧɚ ɨɫɧɨɜɚɧɢɢ ɤɨɬɨɪɵɯ ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɛɨɱɚɹ ɨɛɥɚɫɬɶ ɪɚɡɪɟɲɟɧɢɹ ɫɢɝɧɚɥɨɜ. Ɉɧɚ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɤɨɪɪɟɥɹɰɢɢ ɦɟɠɞɭ ɫɢɝɧɚɥɚɦɢ, ɬɚɤ ɞɥɹ ɞɜɭɯ ɫɢɝɧɚɥɨɜ ɪɚɛɨɱɟɣ 

ɨɛɥɚɫɬɶɸ ɹɜɥɹɟɬɫɹ ɞɢɚɩɚɡɨɧ ɢɡɦɟɧɟɧɢɹ 0 0.9R   . 

ȼ ɧɚɫɬɨɹɳɟɦ ɩɚɪɚɝɪɚɮɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɶɧɵɯ ɪɚɫɱɟɬɨɜ, 

ɢɥɥɸɫɬɪɢɪɭɸɳɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɪɚɡɪɟɲɟɧɢɹ ɞɜɭɯ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ. Ⱦɨɩɨɥɧɢɬɟɥɶɧɨ ɞɥɹ 

ɫɨɩɨɫɬɚɜɥɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɶɧɵɯ ɪɚɫɱɟɬɨɜ, ɩɨɥɭɱɟɧɧɵɟ ɫ ɩɨɦɨɳɶɸ 

ɤɨɪɪɟɥɹɰɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ (ɪɟɥɟɟɜɫɤɨɟ ɪɚɡɪɟɲɟɧɢɟ). 

ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɦɨɞɟɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɢɧɹɬɵ ɫɥɟɞɭɸɳɢɟ ɩɚɪɚɦɟɬɪɵ ɫɢɝɧɚɥɨɜ:

1 2.0U ȼ , 2 1.5U ȼ , ɧɟɫɭɳɚɹ ɱɚɫɬɨɬɚ 0 465f ɤȽɰ , ɞɥɢɬɟɥɶɧɨɫɬɶ ɨɞɧɨɣ ɩɨɡɢɰɢɢ Ɇ-

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 30 ɦɤɫ  , ɞɥɢɬɟɥɶɧɨɫɬɶ ɫɢɝɧɚɥɚ 480T ɦɤɫ , ɢɧɬɟɪɜɚɥ ɞɢɫɤɪɟɬɢɡɚɰɢɢ 

0.2t ɦɤɫ  , ɜɪɟɦɹ ɩɪɢɯɨɞɚ ɩɟɪɜɨɝɨ ɫɢɝɧɚɥɚ 1 0.6t ɦɫ . ȼɪɟɦɹ ɩɪɢɯɨɞɚ ɜɬɨɪɨɝɨ ɫɢɝɧɚɥɚ 

ɦɨɠɟɬ ɦɟɧɹɬɶɫɹ ɜ ɲɢɪɨɤɢɯ ɩɪɟɞɟɥɚɯ, ɨɛɟɫɩɟɱɢɜɚɹ ɭɫɥɨɜɢɹ ɨɪɬɨɝɨɧɚɥɶɧɨɫɬɢ ɢɥɢ 

ɧɟɨɪɬɨɝɨɧɚɥɶɧɨɫɬɢ ɞɜɭɯ ɫɢɝɧɚɥɨɜ. Ɇɨɞɭɥɢɪɭɸɳɚɹ Ɇ-ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɫɨɫɬɨɢɬ ɢɡ 16-ɬɢ 

ɩɨɡɢɰɢɣ. Ɉɧɚ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.1.1. 
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ɉɪɟɞɫɬɚɜɢɦ ɨɫɧɨɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɨɛɪɚɛɨɬɤɢ ɦɟɬɨɞɨɦ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɪɚɜɞɨɩɨɞɨɛɢɹ 

ɞɜɭɯ ɫɢɝɧɚɥɨɜ, ɦɨɞɭɥɢɪɨɜɚɧɧɵɯ 16-ɬɢ ɩɨɡɢɰɢɨɧɧɨɣ Ɇ-ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶɸ. ɇɚ ɪɢɫɭɧɤɟ 2.4.1 

ɩɨɤɚɡɚɧɚ ɩɪɢɧɹɬɚɹ ɪɟɚɥɢɡɚɰɢɹ, ɫɨɞɟɪɠɚɳɚɹ ɞɜɚ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɚ, ɪɚɡɧɨɫɬɶ ɜɪɟɦɟɧ ɩɪɢɯɨɞɚ 

ɤɨɬɨɪɵɯ ɨɬɥɢɱɚɟɬɫɹ ɧɚ 32 ɦɤɫ (ɞɥɢɬɟɥɶɧɨɫɬɶ ɨɞɧɨɣ ɩɨɡɢɰɢɢ 30 ɦɤɫ), ɚ ɮɚɡɵ ɫɢɝɧɚɥɨɜ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɪɚɜɧɵ 30  ɢ 158 , ɬɚɤɠɟ ɧɚ ɪɢɫɭɧɤɟ ɩɨɤɚɡɚɧɵ ɦɨɞɭɥɢɪɭɸɳɢɟ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. Ʉɪɢɬɟɪɢɟɦ ɨɬɛɨɪɚ ɪɟɲɟɧɢɣ ɜ ɦɟɬɨɞɟ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɪɚɜɞɨɩɨɞɨɛɢɹ 

ɹɜɥɹɟɬɫɹ ɦɢɧɢɦɭɦ ɩɪɟɨɛɪɚɡɨɜɚɧɧɨɝɨ ɮɭɧɤɰɢɨɧɚɥɚ ɩɪɚɜɞɨɩɨɞɨɛɢɹ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɜɪɟɦɟɧ 

ɩɪɢɯɨɞɚ ɫɢɝɧɚɥɨɜ  1 2,t t . 

 

Ɋɢɫɭɧɨɤ 2.4.1 – ɉɪɢɧɹɬɨɟ ɫɨɨɛɳɟɧɢɟ, ɫɨɞɟɪɠɚɳɟɟ ɞɜɚ ɫɢɝɧɚɥɚ, ɦɨɞɭɥɢɪɨɜɚɧɧɵɯ 16-ɬɢ 

ɩɨɡɢɰɢɨɧɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶɸ, ɢ ɚɞɞɢɬɢɜɧɵɣ ɲɭɦ. Ɉɬɧɨɲɟɧɢɟ ɫɢɝɧɚɥ/ɲɭɦ ɪɚɜɧɨ 10 ɞȻ. 

Ɋɚɡɥɢɱɢɟ ɜɪɟɦɟɧ ɩɪɢɯɨɞɚ ɪɚɜɧɨ 32 ɦɤɫ. ɉɪɟɞɫɬɚɜɥɟɧɧɵɟ ɫɢɝɧɚɥɵ ɩɪɚɤɬɢɱɟɫɤɢ ɨɪɬɨɝɨɧɚɥɶɧɵ. 

Ɉɬɦɟɱɚɟɬɫɹ ɫɢɥɶɧɚɹ ɢɧɬɟɪɮɟɪɟɧɰɢɹ ɦɟɠɞɭ ɫɢɝɧɚɥɚɦɢ 

 

ɇɚ ɪɢɫɭɧɤɟ 2.4.2 ɩɨɤɚɡɚɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɨɛɪɚɬɧɨɝɨ ɮɭɧɤɰɢɨɧɚɥɚ ɩɪɚɜɞɨɩɨɞɨɛɢɹ 
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. ȼɵɛɨɪ ɮɭɧɤɰɢɨɧɚɥɚ  1

1 2,t t  ɞɥɹ ɨɬɨɛɪɚɠɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɫɨɨɛɪɚɠɟɧɢɹɦɢ ɧɚɝɥɹɞɧɨɫɬɢ, ɬ.ɤ. ɦɚɤɫɢɦɭɦ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ 

ɥɭɱɲɟ, ɱɟɦ ɦɢɧɢɦɭɦ. Ƚɥɨɛɚɥɶɧɵɣ ɦɚɤɫɢɦɭɦ ɮɭɧɤɰɢɨɧɚɥɚ ɩɪɚɜɞɨɩɨɞɨɛɢɹ  1

1 2,t t  

ɨɩɪɟɞɟɥɹɟɬ ɨɞɧɨɜɪɟɦɟɧɧɨ ɫɨɜɨɤɭɩɧɨɫɬɶ ɨɰɟɧɨɤ ɩɚɪɚɦɟɬɪɨɜ ɞɜɭɯ ɫɢɝɧɚɥɨɜ, ɚ ɢɦɟɧɧɨ: 

ɤɨɦɩɥɟɤɫɧɵɯ ɚɦɩɥɢɬɭɞ '

1Û , 
'

2Û  ɢ ɜɪɟɦɟɧ ɩɪɢɯɨɞɚ '

1t  ɢ '

2t . Ɍɚɤɨɟ ɪɟɲɟɧɢɟ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧɨ 

ɤɚɤ ɜ ɨɛɥɚɫɬɢ ɨɪɬɨɝɨɧɚɥɶɧɨɫɬɢ ɞɜɭɯ ɫɢɝɧɚɥɨɜ 2 1 30t t   ɦɤɫ, ɬɚɤ ɢ ɜ ɨɛɥɚɫɬɢ 

ɧɟɨɪɬɨɝɨɧɚɥɶɧɨɫɬɢ, ɤɨɝɞɚ 2 1 30t t   ɦɤɫ (ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ 2 1t t ). 
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Ɋɢɫɭɧɨɤ 2.4.2 – ɉɨɜɟɪɯɧɨɫɬɶ ɨɛɪɚɬɧɨɝɨ ɮɭɧɤɰɢɨɧɚɥɚ ɩɪɚɜɞɨɩɨɞɨɛɢɹ. Ɉɬɧɨɲɟɧɢɟ ɫɢɝɧɚɥ/ɲɭɦ 

ɪɚɜɧɨ 10 ɞȻ. Ɋɚɡɥɢɱɢɟ ɜɪɟɦɟɧ ɩɪɢɯɨɞɚ ɪɚɜɧɨ 32 ɦɤɫ. ɉɪɟɞɫɬɚɜɥɟɧɧɵɟ ɫɢɝɧɚɥɵ ɩɪɚɤɬɢɱɟɫɤɢ 

ɨɪɬɨɝɨɧɚɥɶɧɵ. ȿɞɢɧɫɬɜɟɧɧɵɣ ɝɥɨɛɚɥɶɧɵɣ ɦɚɤɫɢɦɭɦ ɮɭɧɤɰɢɨɧɚɥɚ ɨɩɪɟɞɟɥɹɟɬ ɩɚɪɚɦɟɬɪɵ ɞɜɭɯ 

ɫɢɝɧɚɥɨɜ: 1 2 1 2
ˆ ˆ, , ,U U t t  

 

ɇɚ ɪɢɫɭɧɤɟ 2.4.3 ɩɨɤɚɡɚɧɚ ɫɨɜɦɟɫɬɧɚɹ ɤɨɪɪɟɥɹɰɢɨɧɧɚɹ ɮɭɧɤɰɢɹ ɞɜɭɯ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ 

ɢ ɞɜɟ ɤɨɪɪɟɥɹɰɢɨɧɧɵɟ ɮɭɧɤɰɢɢ, ɨɩɪɟɞɟɥɟɧɧɵɟ ɩɨ ɨɰɟɧɤɚɦ ɚɦɩɥɢɬɭɞ '

1Û , 
'

2Û  ɢ ɨɰɟɧɤɚɦ 

ɜɪɟɦɟɧ ɩɪɢɯɨɞɚ '

1t  ɢ '

2t , ɩɨɥɭɱɟɧɧɵɯ ɫ ɩɨɦɨɳɶɸ ɦɟɬɨɞɚ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɪɚɜɞɨɩɨɞɨɛɢɹ. Ʉɚɤ 

ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ, ɜ ɨɛɥɚɫɬɢ ɨɪɬɨɝɨɧɚɥɶɧɨɫɬɢ ɞɜɭɯ ɫɢɝɧɚɥɨɜ ɨɬɞɟɥɶɧɵɟ ɤɨɪɪɟɥɹɰɢɨɧɧɵɟ 

ɮɭɧɤɰɢɢ ɯɨɪɨɲɨ ɜɩɢɫɵɜɚɸɬɫɹ ɜ ɫɬɪɭɤɬɭɪɭ ɫɨɜɦɟɫɬɧɨɣ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɮɭɧɤɰɢɢ. 
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Ɋɢɫɭɧɨɤ 2.4.3 – Ɋɟɡɭɥɶɬɚɬ ɨɛɪɚɛɨɬɤɢ ɫɨɨɛɳɟɧɢɹ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɧɚ ɪɢɫɭɧɤɟ 2.4.1. ȼ 

ɪɟɡɭɥɶɬɚɬɟ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɨɛɪɚɛɨɬɤɢ ɩɨɥɭɱɟɧɚ ɤɨɪɪɟɥɹɰɢɨɧɧɚɹ ɮɭɧɤɰɢɹ ɫ ɞɜɭɦɹ 

ɦɚɤɫɢɦɭɦɚɦɢ (1). Ɉɛɪɚɛɨɬɤɚ ɦɟɬɨɞɨɦ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɞɜɟ 

ɪɚɡɞɟɥɶɧɵɟ ɤɨɪɪɟɥɹɰɢɨɧɧɵɟ ɮɭɧɤɰɢɢ (2) ɢ (3). Ɋɟɲɟɧɢɹ, ɩɨɥɭɱɟɧɧɵɟ ɦɟɬɨɞɨɦ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 

ɩɪɚɜɞɨɩɨɞɨɛɢɹ, ɢɦɟɸɬ ɛɨɥɶɲɭɸ ɬɨɱɧɨɫɬɶ ɜ ɨɰɟɧɤɟ ɩɚɪɚɦɟɬɪɨɜ 

 

ɇɚ ɪɢɫɭɧɤɟ 2.4.4 ɩɨɤɚɡɚɧɨ ɩɪɢɧɹɬɨɟ ɫɨɨɛɳɟɧɢɟ, ɫɨɞɟɪɠɚɳɟɟ ɞɜɚ ɫɢɝɧɚɥɚ, 

ɦɨɞɭɥɢɪɨɜɚɧɧɵɯ 16-ɬɢ ɩɨɡɢɰɢɨɧɧɨɣ Ɇ-ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶɸ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɩɪɟɞɵɞɭɳɟɝɨ 

ɫɥɭɱɚɹ ɪɚɡɧɨɫɬɶ ɜɪɟɦɟɧ ɩɪɢɯɨɞɚ ɨɬɥɢɱɚɟɬɫɹ ɜɫɟɝɨ ɧɚ 4 ɦɤɫ, ɚ ɮɚɡɵ ɫɢɝɧɚɥɨɜ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 

ɪɚɜɧɵ 30  ɢ 68 . ɋɢɝɧɚɥɵ ɹɜɥɹɸɬɫɹ ɧɟɨɪɬɨɝɨɧɚɥɶɧɵɦɢ ɩɨ ɜɪɟɦɟɧɢ ɩɪɢɯɨɞɚ. ɉɨɜɟɪɯɧɨɫɬɶ 

ɨɛɪɚɬɧɨɝɨ ɮɭɧɤɰɢɨɧɚɥɚ ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɞɥɹ ɷɬɨɝɨ ɫɥɭɱɚɹ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.4.5. Ɇɚɤɫɢɦɭɦ 

ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɬɧɨɝɨ ɮɭɧɤɰɢɨɧɚɥɚ ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɢ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɩɨɡɜɨɥɹɟɬ ɨɰɟɧɢɬɶ 

ɩɚɪɚɦɟɬɪɵ ɞɜɭɯ ɫɢɝɧɚɥɨɜ ɨɞɧɨɜɪɟɦɟɧɧɨ: 1Û , 2Û , 1t , 2t , ɯɨɬɹ ɨɧ ɭɠɟ ɧɟ ɬɚɤ ɹɜɧɨ ɜɵɪɚɠɟɧ ɤɚɤ 

ɧɚ ɪɢɫɭɧɤɟ 2.4.2. 
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Ɋɢɫɭɧɨɤ 2.4.4 – ɉɪɢɧɹɬɨɟ ɫɨɨɛɳɟɧɢɟ, ɫɨɞɟɪɠɚɳɟɟ ɞɜɚ ɫɢɝɧɚɥɚ, ɦɨɞɭɥɢɪɨɜɚɧɧɵɯ 16-ɬɢ 

ɩɨɡɢɰɢɨɧɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶɸ, ɢ ɚɞɞɢɬɢɜɧɵɣ ɲɭɦ. Ɉɬɧɨɲɟɧɢɟ ɫɢɝɧɚɥ/ɲɭɦ ɪɚɜɧɨ 10 ɞȻ. 

Ɋɚɡɥɢɱɢɟ ɜɪɟɦɟɧ ɩɪɢɯɨɞɚ ɪɚɜɧɨ 4 ɦɤɫ. ɉɪɟɞɫɬɚɜɥɟɧɧɵɟ ɫɢɝɧɚɥɵ ɧɟɨɪɬɨɝɨɧɚɥɶɧɵ 

 

Ɋɢɫɭɧɨɤ 2.4.5 – ɉɨɜɟɪɯɧɨɫɬɶ ɨɛɪɚɬɧɨɝɨ ɮɭɧɤɰɢɨɧɚɥɚ ɩɪɚɜɞɨɩɨɞɨɛɢɹ. Ɉɬɧɨɲɟɧɢɟ ɫɢɝɧɚɥ/ɲɭɦ 

ɪɚɜɧɨ 10 ɞȻ. Ɋɚɡɥɢɱɢɟ ɜɪɟɦɟɧ ɩɪɢɯɨɞɚ ɞɜɭɯ ɫɢɝɧɚɥɨɜ ɪɚɜɧɨ 4 ɦɤɫ. ɉɪɟɞɫɬɚɜɥɟɧɧɵɟ ɫɢɝɧɚɥɵ 

ɹɜɥɹɸɬɫɹ ɧɟɨɪɬɨɝɨɧɚɥɶɧɵɦɢ. ȿɞɢɧɫɬɜɟɧɧɵɣ ɦɚɤɫɢɦɭɦ ɮɭɧɤɰɢɨɧɚɥɚ ɨɩɪɟɞɟɥɹɟɬ ɩɚɪɚɦɟɬɪɵ 

ɞɜɭɯ ɫɢɝɧɚɥɨɜ : 1 2 1 2
ˆ ˆ, , ,U U t t  
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ɇɚ ɪɢɫɭɧɤɟ 2.4.6 ɩɪɨɜɟɞɟɧɨ ɫɨɩɨɫɬɚɜɥɟɧɢɟ ɨɛɳɟɣ (ɫɨɜɦɟɫɬɧɨɣ) ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ 

ɮɭɧɤɰɢɢ ɢ ɞɜɭɯ ɤɨɪɪɟɥɹɰɢɨɧɧɵɯ ɮɭɧɤɰɢɣ, ɩɨɥɭɱɟɧɧɵɯ ɩɨ ɨɰɟɧɤɚɦ ɩɚɪɚɦɟɬɪɨɜ ɫɢɝɧɚɥɨɜ, 

ɨɩɪɟɞɟɥɟɧɧɵɯ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɚ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɪɚɜɞɨɩɨɞɨɛɢɹ. 

 

Ɋɢɫɭɧɨɤ 2.4.6 – Ɋɟɡɭɥɶɬɚɬ ɨɛɪɚɛɨɬɤɢ ɫɨɨɛɳɟɧɢɹ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɧɚ ɪɢɫɭɧɤɟ 2.4.4. ȼ 

ɪɟɡɭɥɶɬɚɬɟ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɨɛɪɚɛɨɬɤɢ ɩɨɥɭɱɟɧɚ ɫɨɜɦɟɫɬɧɚɹ ɤɨɪɪɟɥɹɰɢɨɧɧɚɹ ɮɭɧɤɰɢɹ (1). 

Ɉɛɪɚɛɨɬɤɚ ɦɟɬɨɞɨɦ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɞɜɟ ɪɚɡɞɟɥɶɧɵɟ 

ɤɨɪɪɟɥɹɰɢɨɧɧɵɟ ɮɭɧɤɰɢɢ (2) ɢ (3) 

 

ȼ ɨɛɥɚɫɬɢ ɧɟɨɪɬɨɝɨɧɚɥɶɧɨɫɬɢ ɞɜɭɯ ɫɢɝɧɚɥɨɜ ɫɨɜɦɟɫɬɧɚɹ ɤɨɪɪɟɥɹɰɢɨɧɧɚɹ ɮɭɧɤɰɢɹ ɢɦɟɟɬ 

ɜɢɞ ɮɭɧɤɰɢɢ ɫ ɨɞɧɢɦ ɦɚɤɫɢɦɭɦɨɦ. Ʉɨɪɪɟɥɹɰɢɨɧɧɵɟ ɮɭɧɤɰɢɢ, ɩɨɫɬɪɨɟɧɧɵɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɨɰɟɧɨɤ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɪɚɜɞɨɩɨɞɨɛɢɹ, ɪɟɲɚɸɬ ɡɚɞɚɱɭ ɪɚɡɪɟɲɟɧɢɹ ɞɜɭɯ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ. 

ɇɚ ɫɥɟɞɭɸɳɢɯ ɞɜɭɯ ɪɢɫɭɧɤɚɯ ɩɪɟɞɫɬɚɜɥɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɨɰɟɧɨɤ ɚɦɩɥɢɬɭɞ ɞɜɭɯ 

ɫɢɝɧɚɥɨɜ '

1Û  ɢ '

2Û , ɚ ɬɚɤɠɟ ɨɰɟɧɨɤ ɜɪɟɦɟɧ ɩɪɢɯɨɞɚ ɫɢɝɧɚɥɨɜ '

1t  ɢ '

2t  ɨɬ ɪɚɡɧɨɫɬɢ ɜɪɟɦɟɧ 

ɩɪɢɯɨɞɚ 2 1t t t   . Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɬɚɤɨɝɨ ɚɥɝɨɪɢɬɦɚ ɨɛɪɚɛɨɬɤɢ ɜɪɟɦɹ ɩɪɢɯɨɞɚ ɩɟɪɜɨɝɨ 

ɫɢɝɧɚɥɚ ɨɫɬɚɜɚɥɨɫɶ ɩɨɫɬɨɹɧɧɵɦ 1 0.6t ɦɤɫ , ɚ ɜɪɟɦɹ ɩɪɢɯɨɞɚ ɜɬɨɪɨɝɨ ɫɢɝɧɚɥɚ ɦɟɧɹɥɨɫɶ 

ɥɢɧɟɣɧɨ ɨɬ ɪɟɚɥɢɡɚɰɢɢ ɤ ɪɟɚɥɢɡɚɰɢɢ. Ɍɚɤɨɣ ɚɥɝɨɪɢɬɦ ɨɛɪɚɛɨɬɤɢ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɨɰɟɧɢɬɶ 

ɩɪɟɞɟɥɶɧɨɟ ɪɚɡɪɟɲɟɧɢɟ ɩɪɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ ɡɧɚɱɟɧɢɢ ɨɬɧɨɲɟɧɢɹ ɫɢɝɧɚɥ/ɲɭɦ. 

ɇɚ ɪɢɫɭɧɤɟ 2.4.7 ɩɨɤɚɡɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɪɚɡɪɟɲɟɧɢɹ ɞɜɭɯ ɫɥɨɠɧɵɯ 

ɫɢɝɧɚɥɨɜ. ɉɪɢ ɨɬɧɨɲɟɧɢɢ ɫɢɝɧɚɥ/ɲɭɦ 5 ɞȻ ɪɚɡɪɟɲɟɧɢɟ ɫɢɝɧɚɥɨɜ ɜɨɡɦɨɠɧɨ, ɞɚɠɟ ɟɫɥɢ 
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ɪɚɡɧɨɫɬɶ ɜɪɟɦɟɧ ɞɨɫɬɢɝɚɟɬ 3t ɦɤɫ  . ɋɨɝɥɚɫɧɨ ɬɟɨɪɢɢ (§1.5, §1.6), ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɪɪɟɥɹɰɢɢ 

ɦɟɠɞɭ ɫɢɝɧɚɥɚɦɢ ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ ɡɧɚɱɟɧɢɹ 0.9. ɗɬɨ ɷɤɜɢɜɚɥɟɧɬɧɨ ɪɚɡɧɨɫɬɢ ɜɪɟɦɟɧ ɡɚɞɟɪɠɤɢ 

0,1 3t ɦɤɫ   . 

 

Ɋɢɫɭɧɨɤ 2.4.7 – Ɂɚɜɢɫɢɦɨɫɬɶ ɨɰɟɧɨɤ ɜɪɟɦɟɧ ɩɪɢɯɨɞɚ ɞɜɭɯ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ ɨɬ ɪɚɡɧɨɫɬɢ 

ɜɪɟɦɟɧ ɩɪɢɯɨɞɚ, ɩɨɥɭɱɟɧɧɚɹ ɦɟɬɨɞɨɦ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɪɚɜɞɨɩɨɞɨɛɢɹ. ȼɪɟɦɹ ɩɪɢɯɨɞɚ ɜɬɨɪɨɝɨ 

ɫɢɝɧɚɥɚ ɦɟɧɹɟɬɫɹ ɥɢɧɟɣɧɨ. Ɉɛɥɚɫɬɶɸ ɨɪɬɨɝɨɧɚɥɶɧɨɫɬɢ ɹɜɥɹɟɬɫɹ ɨɛɥɚɫɬɶ ɫ ɪɚɡɧɨɫɬɶɸ ɜɪɟɦɟɧ 

ɩɪɢɯɨɞɚ ɛɨɥɶɲɟ 30 ɦɤɫ. Ɉɬɧɨɲɟɧɢɟ ɫɢɝɧɚɥ/ɲɭɦ ɪɚɜɧɨ 5 ɞȻ. Ɋɚɡɪɟɲɟɧɢɟ ɫɢɝɧɚɥɨɜ ɜɨɡɦɨɠɧɨ 

ɩɪɢ ɪɚɡɧɨɫɬɢ 3t   ɦɤɫ 

 

ɇɚ ɪɢɫɭɧɤɟ 2.4.8 ɩɨɤɚɡɚɧɵ ɨɰɟɧɤɢ ɚɦɩɥɢɬɭɞ ɞɜɭɯ ɫɢɝɧɚɥɨɜ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɡɧɨɫɬɢ 

ɜɪɟɦɟɧ ɩɪɢɯɨɞɚ t . Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ, ɚɦɩɥɢɬɭɞɵ ɞɜɭɯ ɫɢɝɧɚɥɨɜ ( 1 2.0U ȼ , 2 1.5U ȼ ) 

ɨɰɟɧɢɜɚɸɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɬɨɱɧɨ ɞɚɠɟ ɩɪɢ 3t ɦɤɫ  . Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ ɨɰɟɧɨɤ ɚɦɩɥɢɬɭɞ ɢ ɜɪɟɦɟɧ 

ɩɪɢɯɨɞɚ ɞɜɭɯ ɫɢɝɧɚɥɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɦɟɬɨɞɨɜ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɪɚɜɞɨɩɨɞɨɛɢɹ, 

ɪɚɫɫɱɢɬɚɧɵ ɨɰɟɧɤɢ ɚɦɩɥɢɬɭɞ ɢ ɜɪɟɦɟɧ ɩɪɢɯɨɞɚ ɦɟɬɨɞɨɦ ɤɨɪɪɟɥɹɰɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ. 

Ⱥɦɩɥɢɬɭɞɵ ɞɜɭɯ ɫɢɝɧɚɥɨɜ, ɨɰɟɧёɧɧɵɟ ɦɟɬɨɞɨɦ ɤɨɪɪɟɥɹɰɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ (ɪɢɫɭɧɨɤ 2.4.9) 

ɜ ɨɛɥɚɫɬɢ ɨɪɬɨɝɨɧɚɥɶɧɨɫɬɢ ( 30t ɦɤɫ  ), ɢɦɟɸɬ ɡɧɚɱɢɬɟɥɶɧɵɟ ɨɬɤɥɨɧɟɧɢɹ ɜ ɫɜɹɡɢ ɫ ɜɥɢɹɧɢɟɦ 

ɛɨɤɨɜɵɯ ɥɟɩɟɫɬɤɨɜ ɤɨɪɪɟɥɹɰɢɨɧɧɵɯ ɮɭɧɤɰɢɣ. ȼ ɨɛɥɚɫɬɢ ɧɟɨɪɬɨɝɨɧɚɥɶɧɨɫɬɢ ( 30t ɦɤɫ  ) 

ɨɰɟɧɤɢ ɚɦɩɥɢɬɭɞ ɧɟɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵɟ. 
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Ɋɢɫɭɧɨɤ 2.4.8 – Ɂɚɜɢɫɢɦɨɫɬɶ ɨɰɟɧɨɤ ɚɦɩɥɢɬɭɞ ɞɜɭɯ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ ɨɬ ɪɚɡɧɨɫɬɢ ɜɪɟɦɟɧ 

ɩɪɢɯɨɞɚ, ɩɨɥɭɱɟɧɧɚɹ ɦɟɬɨɞɨɦ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɪɚɜɞɨɩɨɞɨɛɢɹ. Ɉɛɥɚɫɬɶɸ ɨɪɬɨɝɨɧɚɥɶɧɨɫɬɢ 

ɹɜɥɹɟɬɫɹ ɨɛɥɚɫɬɶ ɫ ɪɚɡɧɨɫɬɶɸ ɜɪɟɦɟɧ ɩɪɢɯɨɞɚ ɛɨɥɶɲɟ 30 ɦɤɫ. Ɉɬɧɨɲɟɧɢɟ ɫɢɝɧɚɥ/ɲɭɦ ɪɚɜɧɨ 

5 ɞȻ 

 

Ɋɢɫɭɧɨɤ 2.4.9 – Ɂɚɜɢɫɢɦɨɫɬɶ ɨɰɟɧɨɤ ɚɦɩɥɢɬɭɞ ɞɜɭɯ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ ɨɬ ɪɚɡɧɨɫɬɢ ɜɪɟɦɟɧ 

ɩɪɢɯɨɞɚ, ɩɨɥɭɱɟɧɧɚɹ ɦɟɬɨɞɨɦ ɤɨɪɪɟɥɹɰɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ. Ɉɛɥɚɫɬɶɸ ɨɪɬɨɝɨɧɚɥɶɧɨɫɬɢ ɹɜɥɹɟɬɫɹ 

ɨɛɥɚɫɬɶ ɫ ɪɚɡɧɨɫɬɶɸ ɜɪɟɦɟɧ ɩɪɢɯɨɞɚ ɛɨɥɶɲɟ 30 ɦɤɫ. Ɉɬɧɨɲɟɧɢɟ ɫɢɝɧɚɥ/ɲɭɦ ɪɚɜɧɨ 5 ɞȻ 

 

ɉɨɥɭɱɟɧɢɟ ɨɰɟɧɨɤ ɜɪɟɦɟɧ ɩɪɢɯɨɞɚ ɞɜɭɯ ɫɢɝɧɚɥɨɜ ɫ ɩɨɦɨɳɶɸ ɤɨɪɪɟɥɹɰɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ 

ɜɨɡɦɨɠɧɨ ɥɢɲɶ ɜ ɨɛɥɚɫɬɢ ɨɪɬɨɝɨɧɚɥɶɧɨɫɬɢ ɩɪɢ 35t ɦɤɫ   (ɪɢɫɭɧɨɤ 2.4.10). ȼ ɨɛɥɚɫɬɢ 

ɧɟɨɪɬɨɝɨɧɚɥɶɧɨɫɬɢ ɞɨɫɬɨɜɟɪɧɨɣ ɹɜɥɹɟɬɫɹ ɥɢɲɶ ɨɰɟɧɤɚ ɜɪɟɦɟɧɢ ɩɪɢɯɨɞɚ ɩɟɪɜɨɝɨ ɫɢɝɧɚɥɚ  

( 1 0.6t ɦɤɫ ), ɚɦɩɥɢɬɭɞɚ ɤɨɬɨɪɨɝɨ ɩɪɟɜɵɲɚɟɬ ɚɦɩɥɢɬɭɞɭ ɜɬɨɪɨɝɨ ɫɢɝɧɚɥɚ. ɉɪɢ ɨɛɪɚɬɧɨɦ 

ɫɨɨɬɧɨɲɟɧɢɢ ɚɦɩɥɢɬɭɞ ɧɟɞɨɫɬɨɜɟɪɧɨɣ ɛɭɞɟɬ ɨɰɟɧɤɚ ɜɪɟɦɟɧɢ ɩɪɢɯɨɞɚ ɩɟɪɜɨɝɨ ɫɢɝɧɚɥɚ. 
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Ɋɢɫɭɧɨɤ 2.4.10 – Ɂɚɜɢɫɢɦɨɫɬɶ ɨɰɟɧɨɤ ɜɪɟɦɟɧ ɩɪɢɯɨɞɚ ɞɜɭɯ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ ɨɬ ɪɚɡɧɨɫɬɢ 

ɜɪɟɦɟɧ ɩɪɢɯɨɞɚ, ɩɨɥɭɱɟɧɧɚɹ ɦɟɬɨɞɨɦ ɤɨɪɪɟɥɹɰɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ. ȼɪɟɦɹ ɩɪɢɯɨɞɚ ɜɬɨɪɨɝɨ 

ɫɢɝɧɚɥɚ ɦɟɧɹɟɬɫɹ ɥɢɧɟɣɧɨ. Ɉɛɥɚɫɬɶɸ ɨɪɬɨɝɨɧɚɥɶɧɨɫɬɢ ɹɜɥɹɟɬɫɹ ɨɛɥɚɫɬɶ ɫ ɪɚɡɧɨɫɬɶɸ ɜɪɟɦɟɧ 

ɩɪɢɯɨɞɚ ɛɨɥɶɲɟ 30 ɦɤɫ. Ɉɬɧɨɲɟɧɢɟ ɫɢɝɧɚɥ/ɲɭɦ ɪɚɜɧɨ 5 ɞȻ. Ɋɚɡɪɟɲɟɧɢɟ ɫɢɝɧɚɥɨɜ ɜɨɡɦɨɠɧɨ 

ɩɪɢ ɪɚɡɧɨɫɬɢ 35t  ɦɤɫ 

 

ȼɚɠɧɵɦ ɫɥɭɱɚɟɦ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɪɚɡɪɟɲɟɧɢɹ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ ɹɜɥɹɟɬɫɹ ɫɥɭɱɚɣ, ɤɨɝɞɚ 

ɢɫɬɢɧɧɨɟ ɱɢɫɥɨ ɫɢɝɧɚɥɨɜ ɨɫɬɚɟɬɫɹ ɧɟɢɡɜɟɫɬɧɵɦ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɜɚɠɧɨ, ɱɬɨɛɵ ɱɢɫɥɨ ɫɢɝɧɚɥɨɜ, 

ɞɟɣɫɬɜɢɬɟɥɶɧɨ ɩɪɢɫɭɬɫɬɜɭɸɳɢɯ ɜ ɩɪɢɧɹɬɨɣ ɪɟɚɥɢɡɚɰɢɢ, ɛɵɥɨ ɧɟ ɛɨɥɶɲɟ, ɱɟɦ ɡɚɥɨɠɟɧɨ ɜ 

ɚɥɝɨɪɢɬɦ ɨɛɪɚɛɨɬɤɢ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɬɟɨɪɢɹ (§1.5, §1.6), ɢɫɩɨɥɶɡɭɹ ɩɪɨɰɟɞɭɪɭ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ 

ɨɠɢɞɚɧɢɹ ɨɬ ɜɵɪɚɠɟɧɢɣ, ɨɩɪɟɞɟɥɹɸɳɢɯ ɚɦɩɥɢɬɭɞɵ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ, ɭɤɚɡɵɜɚɟɬ, ɱɬɨ 

ɪɟɲɟɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɧɟɫɭɳɟɫɬɜɭɸɳɢɦ ɫɢɝɧɚɥɚɦ, ɛɭɞɭɬ ɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶɫɹ ɧɭɥɟɜɨɣ 

ɚɦɩɥɢɬɭɞɨɣ. 

ȼ ɪɟɚɥɶɧɵɯ ɜɵɱɢɫɥɟɧɢɹɯ ɚɦɩɥɢɬɭɞɵ ɧɟɫɭɳɟɫɬɜɭɸɳɢɯ ɫɢɝɧɚɥɨɜ ɧɟ ɛɭɞɭɬ ɪɚɜɧɵ ɧɭɥɸ, ɚ 

ɛɭɞɭɬ ɫɜɹɡɚɧɵ ɫ ɨɞɧɢɦ ɢɡ ɲɭɦɨɜɵɯ ɦɚɤɫɢɦɭɦɨɜ, ɧɨ ɜ ɪɟɡɭɥɶɬɚɬɟ ɞɚɧɧɵɟ ɚɦɩɥɢɬɭɞɵ ɛɭɞɭɬ 

ɛɥɢɡɤɢ ɤ ɚɦɩɥɢɬɭɞɟ ɲɭɦɚ. ɗɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɪɟɡɭɥɶɬɚɬɨɦ ɦɨɞɟɥɶɧɵɯ ɪɚɫɱɟɬɨɜ, ɩɪɢ ɤɨɬɨɪɵɯ 

ɧɚ ɜɯɨɞ ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɪɢɟɦɧɢɤɚ, ɨɠɢɞɚɸɳɟɝɨ ɩɪɢɟɦ 4-ɯ ɫɢɝɧɚɥɨɜ, ɩɨɞɚɸɬɫɹ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɨɬ 1 ɞɨ 4-ɯ ɫɢɝɧɚɥɨɜ (ɪɢɫɭɧɨɤ 2.4.11). Ʉɚɤ ɪɟɡɭɥɶɬɚɬ, ɧɚ ɜɵɯɨɞɟ 

ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɪɢɟɦɧɢɤɚ ɜɫɟɝɞɚ ɢɦɟɟɦ ɪɟɲɟɧɢɟ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ 4-ɦ ɨɠɢɞɚɟɦɵɦ ɫɢɝɧɚɥɚɦ, 

ɨɞɧɚɤɨ ɚɦɩɥɢɬɭɞɵ ɧɟɫɭɳɟɫɬɜɭɸɳɢɯ ɫɢɝɧɚɥɨɜ ɢɦɟɸɬ ɚɦɩɥɢɬɭɞɭ ɛɥɢɡɤɭɸ ɤ ɭɪɨɜɧɸ ɲɭɦɚ, ɬɚɤ 

ɱɬɨ ɬɚɤɢɟ ɪɟɲɟɧɢɹ ɥɟɝɤɨ ɦɨɝɭɬ ɛɵɬɶ ɢɫɤɥɸɱɟɧɵ ɢɡ ɞɚɥɶɧɟɣɲɟɝɨ ɚɧɚɥɢɡɚ. 
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Ɋɢɫɭɧɨɤ 2.4.11 – Ɋɟɡɭɥɶɬɚɬ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɪɚɡɪɟɲɟɧɢɹ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɢɯ ɱɢɫɥɚ (N) ɜ ɩɪɢɧɹɬɨɣ ɪɟɚɥɢɡɚɰɢɢ ɞɥɹ ɚɥɝɨɪɢɬɦɚ, ɨɠɢɞɚɸɳɟɝɨ ɧɚ ɜɯɨɞɟ ɫɦɟɫɶ ɢɡ 4-ɯ 

ɫɢɝɧɚɥɨɜ ɢ ɚɞɞɢɬɢɜɧɨɝɨ ɝɚɭɫɫɨɜɫɤɨɝɨ ɲɭɦɚ. ȼɪɟɦɟɧɚ ɩɪɢɯɨɞɚ ɫɢɝɧɚɥɨɜ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɪɚɜɧɵ: 

0.6 ɦɫ, 0.632 ɦɫ, 1.2 ɦɫ, 1.22 ɦɫ, ɚ ɢɯ ɚɦɩɥɢɬɭɞɵ: 2.0 ȼ, 1.5 ȼ, 1.75 ȼ, 1.35 ȼ 

 

§2.5. Ɋɚɡɪɟɲɟɧɢɟ ɅЧɆ-ɫɢɝɧɚɥɨɜ ɧɚ ɨɫɧɨɜɟ ɩɪɟɨɛɪɚɡɨɜɚɧɧɨɝɨ ɮɭɧɤɰɢɨɧɚɥɚ 

ɩɪɚɜɞɨɩɨɞɨɛɢɹ 

 

ȼ §2.3 ɩɪɟɞɫɬɚɜɥɟɧɵ ɅɑɆ – ɫɢɝɧɚɥɵ ɢ ɩɪɢɜɟɞɟɧɵ ɨɰɟɧɤɢ ɩɚɪɚɦɟɬɪɨɜ ɨɞɢɧɨɱɧɨɝɨ 

ɅɑɆ – ɫɢɝɧɚɥɚ. ȼ ɧɚɫɬɨɹɳɟɦ ɩɚɪɚɝɪɚɮɟ ɪɚɫɫɦɨɬɪɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɶɧɵɯ ɪɚɫɱɟɬɨɜ, 

ɢɥɥɸɫɬɪɢɪɭɸɳɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɪɚɡɪɟɲɟɧɢɹ ɞɜɭɯ ɅɑɆ – ɫɢɝɧɚɥɨɜ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɦɟɬɨɞɨɦ 

ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɪɚɜɞɨɩɨɞɨɛɢɹ. 

ȼ ɦɨɞɟɥɶɧɵɯ ɪɚɫɱɟɬɚɯ ɩɪɢɧɹɬɵ ɫɥɟɞɭɸɳɢɟ ɩɚɪɚɦɟɬɪɵ ɞɜɭɯ ɅɑɆ-ɫɢɝɧɚɥɨɜ: ɚɦɩɥɢɬɭɞɵ 

1 2.0U ȼ  ɢ 2 1.5U ȼ , ɧɚɱɚɥɶɧɵɟ ɮɚɡɵ 
1 30   ɢ 

2 120  , ɧɚɱɚɥɶɧɚɹ ɱɚɫɬɨɬɚ 0 450f ɤȽɰ , 

ɤɨɧɟɱɧɚɹ ɱɚɫɬɨɬɚ 500ɤf ɤȽɰ , ɞɥɢɬɟɥɶɧɨɫɬɶ ɫɢɝɧɚɥɨɜ 480T ɦɤɫ , ɢɧɬɟɪɜɚɥ ɞɢɫɤɪɟɬɢɡɚɰɢɢ 

0.2t ɦɤɫ  , ɜɪɟɦɹ ɩɪɢɯɨɞɚ ɩɟɪɜɨɝɨ ɅɑɆ-ɫɢɝɧɚɥɚ 1 0.6t ɦɫ . ȼɪɟɦɹ ɩɪɢɯɨɞɚ ɜɬɨɪɨɝɨ ɅɑɆ-

ɫɢɝɧɚɥɚ ɦɨɠɟɬ ɢɡɦɟɧɹɬɶɫɹ ɥɢɧɟɣɧɨ ɜ ɲɢɪɨɤɢɯ ɩɪɟɞɟɥɚɯ, ɨɛɟɫɩɟɱɢɜɚɹ ɤɚɤ ɨɪɬɨɝɨɧɚɥɶɧɨɫɬɶ, 

ɬɚɤ ɢ ɧɟɨɪɬɨɝɨɧɚɥɶɧɝɨɫɬɶ ɞɜɭɯ ɅɑɆ – ɫɢɝɧɚɥɨɜ. 
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Ɂɚɤɨɧɨɦɟɪɧɨɫɬɢ ɩɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱɢ ɪɚɡɪɟɲɟɧɢɹ ɞɜɭɯ ɅɑɆ – ɫɢɝɧɚɥɨɜ ɬɚɤɢɟ ɠɟ, ɤɚɤ ɢ 

ɩɪɢ ɪɚɡɪɟɲɟɧɢɢ ɞɜɭɯ ɫɢɝɧɚɥɨɜ, ɦɨɞɭɥɢɪɨɜɚɧɧɵɯ Ɇ – ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ. Ɉɧɢ ɩɪɟɞɫɬɚɜɥɟɧɵ 

ɧɚ ɪɢɫɭɧɤɚɯ 2.5.1 – 2.5.6. 

 

Ɋɢɫɭɧɨɤ 2.5.1 – ɉɪɢɧɹɬɨɟ ɫɨɨɛɳɟɧɢɟ, ɫɨɞɟɪɠɚɳɟɟ ɞɜɚ ɅɑɆ – ɫɢɝɧɚɥɚ (ɫɥɟɜɚ), ɤɨɪɪɟɥɹɰɢɨɧɧɚɹ 

ɮɭɧɤɰɢɹ (ɜ ɰɟɧɬɪɟ), ɩɨɜɟɪɯɧɨɫɬɶ ɨɛɪɚɬɧɨɝɨ ɮɭɧɤɰɢɨɧɚɥɚ ɩɪɚɜɞɨɩɨɞɨɛɢɹ (ɫɩɪɚɜɚ). ɅɑɆ –

 ɫɢɝɧɚɥɵ ɩɨɱɬɢ ɨɪɬɨɝɨɧɚɥɶɧɵ. Ɋɚɡɥɢɱɢɟ ɜɪɟɦɟɧ ɩɪɢɯɨɞɚ ɪɚɜɧɨ 22 ɦɤɫ. Ɉɬɧɨɲɟɧɢɟ ɫɢɝɧɚɥ/ɲɭɦ 

– 20 ɞȻ 

 

Ɋɢɫɭɧɨɤ 2.5.2 – ɉɪɢɧɹɬɨɟ ɫɨɨɛɳɟɧɢɟ, ɫɨɞɟɪɠɚɳɟɟ ɞɜɚ ɅɑɆ – ɫɢɝɧɚɥɚ (ɫɥɟɜɚ), ɤɨɪɪɟɥɹɰɢɨɧɧɚɹ 

ɮɭɧɤɰɢɹ (ɜ ɰɟɧɬɪɟ), ɩɨɜɟɪɯɧɨɫɬɶ ɨɛɪɚɬɧɨɝɨ ɮɭɧɤɰɢɨɧɚɥɚ ɩɪɚɜɞɨɩɨɞɨɛɢɹ (ɫɩɪɚɜɚ). ɅɑɆ – 

ɫɢɝɧɚɥɵ ɧɟɨɪɬɨɝɨɧɚɥɶɧɵ. Ɋɚɡɥɢɱɢɟ ɜɪɟɦɟɧ ɩɪɢɯɨɞɚ ɪɚɜɧɨ 4 ɦɤɫ. Ɉɬɧɨɲɟɧɢɟ ɫɢɝɧɚɥ/ɲɭɦ – 

20 ɞȻ 
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Ɋɢɫɭɧɨɤ 2.5.3 – ɋɬɚɬɢɫɬɢɤɚ ɚɦɩɥɢɬɭɞ, ɜɪɟɦɟɧ ɩɪɢɯɨɞɚ ɞɜɭɯ ɅɑɆ – ɫɢɝɧɚɥɨɜ ɨɬ ɪɚɡɧɨɫɬɢ 

ɜɪɟɦɟɧ ɩɪɢɯɨɞɚ, ɩɨɥɭɱɟɧɧɚɹ ɩɪɢɦɟɧɟɧɢɟɦ ɦɟɬɨɞɚ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɪɚɜɞɨɩɨɞɨɛɢɹ. Ɉɬɧɨɲɟɧɢɟ 

ɫɢɝɧɚɥ/ɲɭɦ – 0 ɞȻ 

 

Ɋɢɫɭɧɨɤ 2.5.4 – ɋɬɚɬɢɫɬɢɤɚ ɚɦɩɥɢɬɭɞ, ɜɪɟɦɟɧ ɩɪɢɯɨɞɚ ɞɜɭɯ ɅɑɆ-ɫɢɝɧɚɥɨɜ ɨɬ ɪɚɡɧɨɫɬɢ ɜɪɟɦɟɧ 

ɩɪɢɯɨɞɚ, ɩɨɥɭɱɟɧɧɚɹ ɩɪɢɦɟɧɟɧɢɟɦ ɦɟɬɨɞɚ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɪɚɜɞɨɩɨɞɨɛɢɹ. Ɉɬɧɨɲɟɧɢɟ 

ɫɢɝɧɚɥ/ɲɭɦ – -10 ɞȻ 
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Ɋɢɫɭɧɨɤ 2.5.5 – Ɂɚɜɢɫɢɦɨɫɬɶ ɚɦɩɥɢɬɭɞ, ɜɪɟɦɟɧ ɩɪɢɯɨɞɚ ɞɜɭɯ ɅɑɆ – ɫɢɝɧɚɥɨɜ ɨɬ ɪɚɡɧɨɫɬɢ 

ɜɪɟɦɟɧ ɩɪɢɯɨɞɚ, ɩɨɥɭɱɟɧɧɚɹ ɩɪɢɦɟɧɟɧɢɟɦ ɦɟɬɨɞɚ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɪɚɜɞɨɩɨɞɨɛɢɹ. Ⱥɦɩɥɢɬɭɞɚ 

ɜɬɨɪɨɝɨ ɫɢɝɧɚɥɚ ɪɚɜɧɚ 0.1 ȼ. Ɉɬɧɨɲɟɧɢɟ ɫɢɝɧɚɥ/ɲɭɦ ɪɚɜɧɨ 15 ɞȻ 

 

Ɋɢɫɭɧɨɤ 2.5.6 – Ɂɚɜɢɫɢɦɨɫɬɶ ɩɚɪɚɦɟɬɪɨɜ ɞɜɭɯ ɅɑɆ ɫɢɝɧɚɥɨɜ ɨɬ ɪɚɡɧɨɫɬɢ ɜɪɟɦɟɧ ɩɪɢɯɨɞɚ, 

ɩɨɥɭɱɟɧɧɚɹ ɦɟɬɨɞɨɦ ɤɨɪɪɟɥɹɰɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ. Ɉɬɧɨɲɟɧɢɟ ɫɢɝɧɚɥ/ɲɭɦ ɪɚɜɧɨ 5 ɞȻ 

 

ɇɚ ɪɢɫɭɧɤɟ 2.5.1 ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɨɤɚɡɚɧɨ ɩɪɢɧɹɬɨɟ ɫɨɨɛɳɟɧɢɟ, ɫɨɞɟɪɠɚɳɟɟ ɞɜɚ ɅɑɆ –

 ɫɢɝɧɚɥɚ, ɫɢɝɧɚɥɵ ɩɨɫɥɟ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɨɛɪɚɛɨɬɤɢ ɢ ɩɨɜɟɪɯɧɨɫɬɶ ɨɛɪɚɬɧɨɝɨ ɮɭɧɤɰɢɨɧɚɥɚ 

ɩɪɚɜɞɨɩɨɞɨɛɢɹ, ɦɚɤɫɢɦɭɦ ɤɨɬɨɪɨɝɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɨɰɟɧɤɭ ɫɨɜɨɤɭɩɧɨɫɬɢ ɩɚɪɚɦɟɬɪɨɜ ɞɜɭɯ 

ɅɑɆ – ɫɢɝɧɚɥɨɜ. Ɋɚɡɧɨɫɬɶ ɜɪɟɦɟɧ ɩɪɢɯɨɞɚ ɞɜɭɯ ɅɑɆ – ɫɢɝɧɚɥɨɜ 22t ɦɤɫ   ɨɛɟɫɩɟɱɢɜɚɟɬ 

ɩɪɢɛɥɢɡɢɬɟɥɶɧɭɸ ɨɪɬɨɝɨɧɚɥɶɧɨɫɬɶ ɷɬɢɯ ɫɢɝɧɚɥɨɜ, ɬ.ɤ. 1
t

f



 ( f  – ɞɟɜɢɚɰɢɹ ɱɚɫɬɨɬɵ 
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ɅɑɆ – ɫɢɝɧɚɥɨɜ, 50f ɤȽɰ  ). ɋɭɩɟɪɩɨɡɢɰɢɹ ɞɜɭɯ ɅɑɆ-ɫɢɝɧɚɥɨɜ ɫɨɞɟɪɠɢɬ ɹɪɤɨ 

ɜɵɪɚɠɟɧɧɭɸ ɦɨɞɭɥɹɰɢɸ. ȼ ɩɪɢɧɹɬɨɦ ɫɨɨɛɳɟɧɢɢ ɨɝɢɛɚɸɳɚɹ ɫɨɞɟɪɠɢɬ ɩɪɢɦɟɪɧɨ ɨɞɢɧ ɩɟɪɢɨɞ 

ɛɢɟɧɢɣ ɅɑɆ – ɫɢɝɧɚɥɨɜ. 

ɇɚ ɪɢɫ 2.5.2 ɩɨɤɚɡɚɧ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɣ ɫɥɭɱɚɣ, ɤɨɝɞɚ ɞɜɚ ɅɑɆ – ɫɢɝɧɚɥɚ ɧɟ ɹɜɥɹɸɬɫɹ 

ɨɪɬɨɝɨɧɚɥɶɧɵɦɢ. Ɉɝɢɛɚɸɳɚɹ ɞɜɭɯ ɅɑɆ – ɫɢɝɧɚɥɨɜ ɫɨɞɟɪɠɢɬ ɥɢɲɶ ɱɟɬɜɟɪɬɶ ɩɟɪɢɨɞɚ ɛɢɟɧɢɣ. 

ɉɪɢ ɷɬɨɦ ɪɚɡɧɨɫɬɶ ɜɪɟɦɟɧ ɩɪɢɯɨɞɚ ɞɜɭɯ ɫɢɝɧɚɥɨɜ ɪɚɜɧɚ 4t ɦɤɫ  . ɋɨɜɦɟɫɬɧɚɹ 

ɤɨɪɪɟɥɹɰɢɨɧɧɚɹ ɮɭɧɤɰɢɹ ɢɦɟɟɬ ɥɢɲɶ ɨɞɢɧ ɦɚɤɫɢɦɭɦ. Ʉɪɢɬɟɪɢɣ Ɋɟɥɟɹ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɧɟ 

ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɪɚɡɪɟɲɟɧɢɟ ɞɜɭɯ ɅɑɆ – ɫɢɝɧɚɥɨɜ. ɋɩɪɚɜɚ ɧɚ ɪɢɫɭɧɤɟ ɩɨɤɚɡɚɧɚ 

ɩɨɜɟɪɯɧɨɫɬɶ ɨɛɪɚɬɧɨɝɨ ɮɭɧɤɰɢɨɧɚɥɚ ɩɪɚɜɞɨɩɨɞɨɛɢɹ, ɨɩɪɟɞɟɥɹɸɳɚɹ ɨɰɟɧɤɢ ɩɚɪɚɦɟɬɪɨɜ ɞɜɭɯ 

ɫɢɝɧɚɥɨɜ. 

ɇɚ ɪɢɫɭɧɤɟ 2.5.3 ɩɨɤɚɡɚɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɨɰɟɧɨɤ ɚɦɩɥɢɬɭɞ ɞɜɭɯ ɅɑɆ – ɫɢɝɧɚɥɨɜ (ɫɥɟɜɚ), 

ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɪɚɡɧɨɫɬɢ ɜɪɟɦɟɧ ɩɪɢɯɨɞɚ ɷɬɢɯ ɫɢɝɧɚɥɨɜ. ɋɩɪɚɜɚ ɧɚ ɪɢɫɭɧɤɟ 

ɩɨɤɚɡɚɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɨɰɟɧɨɤ ɜɪɟɦɟɧ ɩɪɢɯɨɞɚ ɞɜɭɯ ɅɑɆ – ɫɢɝɧɚɥɨɜ ɨɬ ɪɚɡɧɨɫɬɢ ɜɪɟɦɟɧ 

ɩɪɢɯɨɞɚ ɷɬɢɯ ɫɢɝɧɚɥɨɜ. ɗɬɢ ɪɢɫɭɧɤɢ ɩɨɡɜɨɥɹɸɬ ɨɩɪɟɞɟɥɢɬɶ ɤɚɱɟɫɬɜɨ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ 

ɪɚɡɪɟɲɟɧɢɹ ɞɜɭɯ ɅɑɆ – ɫɢɝɧɚɥɨɜ ɢ ɩɪɟɞɟɥ ɪɚɡɪɟɲɟɧɢɹ. ɉɪɟɞɟɥ ɪɚɡɪɟɲɟɧɢɹ ɩɨ ɜɪɟɦɟɧɢ 

ɩɪɢɯɨɞɚ ɪɚɜɟɧ 2 ɦɤɫ. ɉɪɢ ɷɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɪɪɟɥɹɰɢɢ ɞɨɫɬɢɝɚɟɬ ɡɧɚɱɟɧɢɹ 0.9R  . ɗɬɨ 

ɩɨɞɬɜɟɪɠɞɚɟɬ ɬɟɨɪɟɬɢɱɟɫɤɢɣ ɜɵɜɨɞ ɨ ɜɨɡɦɨɠɧɨɫɬɢ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɪɚɡɪɟɲɟɧɢɹ ɞɜɭɯ ɫɥɨɠɧɵɯ 

ɫɢɝɧɚɥɨɜ ɩɪɢ ɤɨɷɮɮɢɰɢɟɧɬɟ ɤɨɪɪɟɥɹɰɢɢ, ɞɨɫɬɢɝɚɸɳɢɦ ɡɧɚɱɟɧɢɹ 0.9R  . Ɉɬɧɨɲɟɧɢɟ 

ɫɢɝɧɚɥ/ɲɭɦ ɪɚɜɧɨ 0 ɞȻ. 

ɉɪɢ ɭɦɟɧɶɲɟɧɢɢ ɨɬɧɨɲɟɧɢɹ ɫɢɝɧɚɥ/ɲɭɦ ɞɨ -10 ɞȻ (ɪɢɫɭɧɨɤ 2.5.4), ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɵɟ 

ɨɬɤɥɨɧɟɧɢɹ ɚɦɩɥɢɬɭɞ ɫɬɚɧɨɜɹɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɤɪɢɬɢɱɟɫɤɢɦɢ. Ɉɞɧɚɤɨ ɨɰɟɧɤɚ ɜɪɟɦɟɧ ɩɪɢɯɨɞɚ 

ɫɢɝɧɚɥɨɜ ɜɩɨɥɧɟ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɚ. ɋɄɈ ɜɪɟɦɟɧɢ ɩɪɢɯɨɞɚ ɧɟ ɩɪɟɜɵɲɚɟɬ ɡɧɚɱɟɧɢɹ з3 ɦɤɫ ɜ 

ɩɪɟɞɟɥɚɯ ɪɚɛɨɱɟɣ ɨɛɥɚɫɬɢ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɪɚɡɪɟɲɟɧɢɹ ɫɢɝɧɚɥɨɜ. 

Ⱦɢɧɚɦɢɱɟɫɤɢɣ ɞɢɚɩɚɡɨɧ ɨɛɧɚɪɭɠɟɧɢɹ ɫɥɚɛɨɝɨ ɫɢɝɧɚɥɚ ɧɚ ɮɨɧɟ ɫɢɥɶɧɨɝɨ ɨɝɪɚɧɢɱɟɧ ɜ 

ɦɟɬɨɞɟ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɭɪɨɜɧɟɦ ɲɭɦɚ. ɇɚ ɪɢɫɭɧɤɟ 2.5.5 ɩɨɤɚɡɚɧɚ ɫɬɚɬɢɫɬɢɤɚ 

ɨɰɟɧɨɤ ɚɦɩɥɢɬɭɞ (ɫɥɟɜɚ) ɢ ɨɰɟɧɨɤ ɜɪɟɦɟɧ ɩɪɢɯɨɞɚ (ɫɩɪɚɜɚ) ɞɜɭɯ ɅɑɆ – ɫɢɝɧɚɥɨɜ. Ⱥɦɩɥɢɬɭɞɚ 

ɜɬɨɪɨɝɨ ɫɢɝɧɚɥɚ ɢɦɟɟɬ ɡɧɚɱɟɧɢɟ 0.1 ȼ. Ɉɬɧɨɲɟɧɢɟ ɫɢɝɧɚɥ/ɲɭɦ ɪɚɜɧɨ 15 ɞȻ. Ʉɚɤ ɜɢɞɧɨ ɢɡ 

ɪɢɫɭɧɤɚ ɨɰɟɧɤɢ ɫɥɚɛɨɝɨ ɩɨ ɚɦɩɥɢɬɭɞɟ ɫɢɝɧɚɥɚ ɜɩɨɥɧɟ ɯɨɪɨɲɢ ɜ ɪɚɛɨɱɟɣ ɨɛɥɚɫɬɢ ɪɟɲɟɧɢɹ 

ɡɚɞɚɱɢ ɪɚɡɪɟɲɟɧɢɹ ɞɜɭɯ ɅɑɆ – ɫɢɝɧɚɥɨɜ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɨɛɧɚɪɭɠɢɬɶ ɬɚɤɨɣ ɫɢɝɧɚɥ ɫ ɩɨɦɨɳɶɸ 

ɤɨɪɪɟɥɹɰɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ ɦɟɲɚɸɬ ɛɨɤɨɜɵɟ ɥɟɩɟɫɬɤɢ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɮɭɧɤɰɢɢ ɦɨɳɧɨɝɨ 

ɫɢɝɧɚɥɚ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɶɧɵɯ ɪɚɫɱɟɬɨɜ ɩɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱɢ ɪɚɡɪɟɲɟɧɢɹ ɞɜɭɯ 

ɅɑɆ – ɫɢɝɧɚɥɨɜ ɩɨɥɧɨɫɬɶɸ ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɨɫɧɨɜɧɵɦɢ ɬɟɨɪɟɬɢɱɟɫɤɢɦɢ ɩɨɥɨɠɟɧɢɹɦɢ. Ⱦɥɹ 

ɫɪɚɜɧɟɧɢɹ ɧɚ ɪɢɫ 2.5.6 ɩɨɤɚɡɚɧɚ ɫɬɚɬɢɫɬɢɤɚ ɨɰɟɧɨɤ ɚɦɩɥɢɬɭɞ ɢ ɜɪɟɦɟɧ ɩɪɢɯɨɞɚ ɞɜɭɯ ɅɑɆ –

 ɫɢɝɧɚɥɨɜ, ɩɨɥɭɱɟɧɧɚɹ ɦɟɬɨɞɨɦ ɤɨɪɪɟɥɹɰɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ. Ʉɪɨɦɟ ɨɝɪɚɧɢɱɟɧɢɹ ɪɚɡɪɟɲɟɧɢɹ 



93 

ɞɜɭɯ ɫɢɝɧɚɥɨɜ ɫɨɝɥɚɫɧɨ ɤɪɢɬɟɪɢɸ Ɋɟɥɟɹ, ɨɬɦɟɱɚɟɬɫɹ ɫɢɥɶɧɨɟ ɜɥɢɹɧɢɟ ɛɨɤɨɜɵɯ ɥɟɩɟɫɬɤɨɜ 

ɤɨɪɪɟɥɹɰɢɨɧɧɵɯ ɮɭɧɤɰɢɣ ɅɑɆ – ɫɢɝɧɚɥɨɜ. Ɉɧɢ ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɜɚɸɬ ɋɄɈ ɤɚɤ 

ɚɦɩɥɢɬɭɞ, ɬɚɤ ɢ ɜɪɟɦɟɧ ɩɪɢɯɨɞɚ. 

 

§2.6. Ɇɨɞɟɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɚɥɝɨɪɢɬɦɚ ɚɞɚɩɬɢɜɧɨɣ ɮɢɥɶɬɪɚɰɢɢ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ ɧɚ 

ɮɨɧɟ ɧɟɨɪɬɨɝɨɧɚɥɶɧɵɯ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɫɢɝɧɚɥɭ ɩɨɦɟɯ 

 

ȼ §1.7 ɢ §1.8 ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɨɫɧɨɜɵ ɬɟɨɪɢɢ ɮɢɥɶɬɪɚɰɢɢ ɫɥɨɠɧɵɯ 

ɫɢɝɧɚɥɨɜ ɧɚ ɮɨɧɟ ɩɨɦɟɯ. Ɉɬɥɢɱɢɬɟɥɶɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɟɞɫɬɚɜɥɟɧɢɹ 

ɫɢɝɧɚɥɚ ɢ ɩɨɦɟɯɢ ɜ ɜɢɞɟ ɜɟɤɬɨɪɨɜ ɜ ɥɢɧɟɣɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫɢɝɧɚɥɨɜ, ɜɡɚɢɦɨɫɜɹɡɶ ɦɟɠɞɭ 

ɤɨɬɨɪɵɦɢ ɞɚɟɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɤɨɪɪɟɥɹɰɢɢ (ɭɝɥɨɦ ɦɟɠɞɭ ɜɟɤɬɨɪɚɦɢ). ɉɪɢ ɨɪɬɨɝɨɧɚɥɶɧɨɫɬɢ 

ɫɢɝɧɚɥɚ ɢ ɩɨɦɟɯɢ ɢɯ ɪɚɡɞɟɥɟɧɢɟ ɜɨɡɦɨɠɧɨ ɫɭɳɟɫɬɜɭɸɳɢɦɢ ɮɢɥɶɬɪɚɦɢ (ɰɢɮɪɨɜɵɦɢ ɢɥɢ 

ɚɧɚɥɨɝɨɜɵɦɢ). ȼ ɫɥɭɱɚɟ ɧɟɨɪɬɨɝɨɧɚɥɶɧɨɫɬɢ ɫɢɝɧɚɥɚ ɢ ɩɨɦɟɯɢ ɫɭɳɟɫɬɜɭɸɳɢɦɢ ɮɢɥɶɬɪɚɦɢ 

ɩɨɞɚɜɢɬɶ ɩɨɦɟɯɭ ɫɥɨɠɧɨ. ɇɟɨɪɬɨɝɨɧɚɥɶɧɚɹ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɫɢɝɧɚɥɭ ɱɚɫɬɶ ɩɨɦɟɯɢ ɩɪɨɣɞɟɬ 

ɱɟɪɟɡ ɮɢɥɶɬɪ. ɉɪɢ ɫɨɫɪɟɞɨɬɨɱɟɧɧɨɣ ɩɨ ɱɚɫɬɨɬɟ ɩɨɦɟɯɟ, ɤɨɝɞɚ ɲɢɪɢɧɚ ɫɩɟɤɬɪɚ ɩɨɦɟɯɢ ɦɧɨɝɨ 

ɦɟɧɶɲɟ ɲɢɪɢɧɵ ɫɩɟɤɬɪɚ ɫɢɝɧɚɥɚ, ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɩɨɞɚɜɥɟɧɢɹ ɩɨɦɟɯɢ ɪɟɠɟɤɬɨɪɧɵɟ 

ɮɢɥɶɬɪɵ, ɧɚɫɬɪɨɟɧɧɵɟ ɧɚ ɱɚɫɬɨɬɭ ɩɨɦɟɯɢ. ɉɪɢ ɷɬɨɦ ɢɫɤɚɠɟɧɢɹ ɫɢɝɧɚɥɚ ɨɤɚɡɵɜɚɸɬɫɹ 

ɦɢɧɢɦɚɥɶɧɵɦɢ. Ɉɞɧɚɤɨ ɷɬɨ ɱɚɫɬɧɵɣ ɫɥɭɱɚɣ. ȼ ɧɚɫɬɨɹɳɟɦ ɩɚɪɚɝɪɚɮɟ ɪɚɫɫɦɨɬɪɟɧɵ ɪɟɡɭɥɶɬɚɬɵ 

ɦɨɞɟɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɨɡɦɨɠɧɨɫɬɟɣ ɮɢɥɶɬɪɚɰɢɢ ɫɢɝɧɚɥɚ ɧɚ ɨɫɧɨɜɟ Ɇ-ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 

ɧɚ ɮɨɧɟ ɩɨɦɟɯ. ȼ ɤɚɱɟɫɬɜɟ ɩɨɦɟɯɢ ɪɚɫɫɦɨɬɪɟɧɚ ɫɨɫɪɟɞɨɬɨɱɟɧɧɚɹ ɩɨ ɱɚɫɬɨɬɟ ɩɨɦɟɯɚ, ɩɨɦɟɯɚ, 

ɨɪɬɨɝɨɧɚɥɶɧɚɹ ɩɨ ɜɪɟɦɟɧɢ ɩɪɢɯɨɞɚ, ɧɨ ɧɟɨɪɬɨɝɨɧɚɥɶɧɚɹ ɩɨ ɱɚɫɬɨɬɟ, ɩɨɦɟɯɚ, ɧɟɨɪɬɨɝɨɧɚɥɶɧɚɹ 

ɤɚɤ ɩɨ ɜɪɟɦɟɧɢ ɩɪɢɯɨɞɚ, ɬɚɤ ɢ ɩɨ ɱɚɫɬɨɬɟ. 

ɇɚ ɪɢɫɭɧɤɟ 2.6.1 ɩɨɤɚɡɚɧɨ ɩɪɢɧɹɬɨɟ ɫɨɨɛɳɟɧɢɟ, ɫɨɞɟɪɠɚɳɟɟ ɞɜɚ ɫɢɝɧɚɥɚ ɧɚ ɨɫɧɨɜɟ 16-ɬɢ 

ɩɨɡɢɰɢɨɧɧɨɣ Ɇ-ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɢ ɚɞɞɢɬɢɜɧɨɝɨ ɲɭɦɚ (ɩɪɟɞɫɬɚɜɥɟɧɨ ɬɟɦɧɨ-ɫɟɪɵɦ 

ɰɜɟɬɨɦ). ȼɪɟɦɹ ɩɪɢɯɨɞɚ ɩɟɪɜɨɝɨ ɫɢɝɧɚɥɚ ɪɚɜɧɨ 1.0 ɦɫ, ɜɪɟɦɹ ɩɪɢɯɨɞɚ ɜɬɨɪɨɝɨ ɫɢɝɧɚɥɚ ɪɚɜɧɨ 

3.0 ɦɫ. ɋɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɚɦɩɥɢɬɭɞɵ: 1 0.2U ȼ , 2 0.1U ȼ . ɋɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɟ ɨɬɤɥɨɧɟɧɢɟ 

ɲɭɦɚ (ɋɄɈ) 0.025ȼ  . ɋɜɟɬɥɨ-ɫɟɪɵɦ ɰɜɟɬɨɦ ɩɪɟɞɫɬɚɜɥɟɧɚ ɥɢɧɟɣɧɚɹ ɫɜɟɪɬɤɚ ɫ ɨɛɪɚɡɨɦ 16-

ɬɢ ɩɨɡɢɰɢɨɧɧɨɣ Ɇ – ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ (ɤɨɪɪɟɥɹɰɢɨɧɧɚɹ ɮɭɧɤɰɢɹ). ɂɧɬɟɪɜɚɥ ɨɛɪɚɛɨɬɤɢ 

ɪɚɜɟɧ ɞɥɢɬɟɥɶɧɨɫɬɢ ɫɥɨɠɧɨɝɨ ɫɢɝɧɚɥɚ 480T ɦɤɫ . ɉɪɢ ɬɚɤɨɣ ɞɥɢɬɟɥɶɧɨɫɬɢ ɫɢɝɧɚɥɚ 

ɤɨɪɪɟɥɹɰɢɨɧɧɵɣ ɮɢɥɶɬɪ ɡɧɚɱɢɬɟɥɶɧɨ ɩɨɞɚɜɥɹɟɬ ɲɭɦɨɜɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ. ɉɪɢ ɷɬɨɦ 

ɨɬɧɨɲɟɧɢɟ ɫɢɝɧɚɥ ɲɭɦ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜ / 2 35N   ɪɚɡ ( N  – ɤɨɥɢɱɟɫɬɜɨ ɧɟɤɨɪɪɟɥɢɪɨɜɚɧɧɵɯ 

ɨɬɫɱɟɬɨɜ ɲɭɦɚ ɧɚ ɢɧɬɟɪɜɚɥɟ ɨɛɪɚɛɨɬɤɢ). ɇɚ ɪɢɫɭɧɤɟ 2.6.2 ɩɨɤɚɡɚɧ ɫɩɟɤɬɪ ɫɨɜɨɤɭɩɧɨɫɬɢ ɞɜɭɯ 

ɞɚɧɧɵɯ ɫɢɝɧɚɥɨɜ ɢ ɲɭɦɚ. 
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Ɋɚɫɫɦɨɬɪɢɦ ɫɥɭɱɚɣ ɫɨɫɪɟɞɨɬɨɱɟɧɧɨɣ ɩɨ ɱɚɫɬɨɬɟ ɩɨɦɟɯɢ. Ɉɧɚ ɞɨɛɚɜɥɹɟɬɫɹ ɤ ɢɫɯɨɞɧɨɦɭ 

ɫɢɝɧɚɥɭ, ɢɡɨɛɪɚɠɟɧɧɨɦɭ ɧɚ ɪɢɫɭɧɤɟ 2.6.1. ɉɚɪɚɦɟɬɪɵ ɩɨɦɟɯɢ: ɱɚɫɬɨɬɚ 455 ɤȽɰ, ɚɦɩɥɢɬɭɞɚ 

0.35 ȼ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɢɧɹɬɨɟ ɫɨɨɛɳɟɧɢɟ ɨɤɚɡɵɜɚɟɬɫɹ ɩɨɪɚɠɟɧɧɵɦ ɩɨɦɟɯɨɣ (ɪɢɫ 2.6.3). ɇɚ 

ɢɧɬɟɪɜɚɥɟ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɨɛɪɚɛɨɬɤɢ ɩɨɦɟɯɚ ɩɪɢɫɭɬɫɬɜɭɟɬ ɜɫɟɝɞɚ ɜ ɜɢɞɟ ɪɚɞɢɨɢɦɩɭɥɶɫɚ 

ɞɥɢɬɟɥɶɧɨɫɬɢ T . Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ 2.6.3, ɤɨɪɪɟɥɹɰɢɨɧɧɚɹ ɨɛɪɚɛɨɬɤɚ ɭɦɟɧɶɲɚɟɬ ɩɨɦɟɯɭ 

ɥɢɲɶ ɜ 3.5 ɪɚɡɚ – ɫ ɭɪɨɜɧɹ 0.35 ȼ ɞɨ ɭɪɨɜɧɹ 0.1 ȼ. Ʉɨɪɪɟɥɹɰɢɨɧɧɵɦ ɮɢɥɶɬɪɨɦ 

ɨɬɮɢɥɶɬɪɨɜɵɜɚɟɬɫɹ ɥɢɲɶ ɨɪɬɨɝɨɧɚɥɶɧɚɹ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɫɢɝɧɚɥɭ ɫɨɫɬɚɜɥɹɸɳɚɹ ɩɨɦɟɯɢ. 

ɉɪɨɞɨɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɩɨɦɟɯɢ ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɤɨɪɪɟɥɹɰɢɨɧɧɵɣ ɮɢɥɶɬɪ. ɇɚ ɪɢɫɭɧɤɟ 2.6.4 

ɩɨɤɚɡɚɧ ɫɨɜɦɟɫɬɧɵɣ ɫɩɟɤɬɪ ɞɜɭɯ ɫɢɝɧɚɥɨɜ ɢ ɩɨɦɟɯɢ. 

 

Ɋɢɫɭɧɨɤ 2.6.1 – ɋɨɜɨɤɭɩɧɨɫɬɶ ɞɜɭɯ ɫɢɝɧɚɥɨɜ ɧɚ ɨɫɧɨɜɟ 16-ɬɢ ɩɨɡɢɰɢɨɧɧɨɣ Ɇ-

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɢ ɚɞɞɢɬɢɜɧɨɝɨ ɲɭɦɚ (ɬɟɦɧɨ-ɫɟɪɵɣ ɰɜɟɬ). ȼɪɟɦɹ ɩɪɢɦɚ ɩɟɪɜɨɝɨ ɫɢɝɧɚɥɚ 

ɪɚɜɧɨ 1.0 ɦɫ, ɜɬɨɪɨɝɨ ɫɢɝɧɚɥɚ – 3.0 ɦɫ, ɚɦɩɥɢɬɭɞɚ ɩɟɪɜɨɝɨ ɫɢɝɧɚɥɚ – 0.2 ȼ, ɜɬɨɪɨɝɨ – 0.1 ȼ, 

ɋɄɈ ɲɭɦɚ – 0.025 ȼ. ɋɜɟɬɥɨ-ɫɟɪɵɦ ɰɜɟɬɨɦ ɩɪɟɞɫɬɚɜɥɟɧɵ ɤɨɪɪɟɥɹɰɢɨɧɧɵɟ ɮɭɧɤɰɢɢ ɫɢɝɧɚɥɨɜ 
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Ɋɢɫɭɧɨɤ 2.6.2 – ɋɩɟɤɬɪ ɫɨɜɨɤɭɩɧɨɫɬɢ ɞɜɭɯ ɫɢɝɧɚɥɨɜ ɢ ɲɭɦɚ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 2.6.1 

 

Ɋɢɫɭɧɨɤ 2.6.3 – ɋɨɜɨɤɭɩɧɨɫɬɶ ɞɜɭɯ ɫɢɝɧɚɥɨɜ, ɢɡɨɛɪɚɠɟɧɧɵɯ ɧɚ ɪɢɫɭɧɤɟ 2.6.1, ɞɨɩɨɥɧɟɧɧɚɹ 

ɝɚɪɦɨɧɢɱɟɫɤɨɣ ɩɨɦɟɯɨɣ ɫ ɧɟɫɭɳɟɣ ɱɚɫɬɨɬɨɣ 455 ɤȽɰ ɢ ɚɦɩɥɢɬɭɞɨɣ 0.35ȼ (ɬɟɦɧɨ-ɫɟɪɵɣ ɰɜɟɬ). 

ɋɜɟɬɥɨ-ɫɟɪɵɦ ɰɜɟɬɨɦ ɩɪɟɞɫɬɚɜɥɟɧ ɪɟɡɭɥɶɬɚɬ ɨɛɪɚɛɨɬɤɢ ɤɨɪɪɟɥɹɰɢɨɧɧɵɦ ɮɢɥɶɬɪɨɦ. 

ɇɟɨɪɬɨɝɨɧɚɥɶɧɚɹ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɫɢɝɧɚɥɚɦ ɱɚɫɬɶ ɩɨɦɟɯɢ ɨɫɬɚёɬɫɹ ɧɚ ɜɵɯɨɞɟ ɮɢɥɶɬɪɚ 
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Ɋɢɫɭɧɨɤ 2.6.4 – ɋɨɜɨɤɭɩɧɵɣ ɫɩɟɤɬɪ ɞɜɭɯ ɫɢɝɧɚɥɨɜ ɢ ɩɨɦɟɯɢ. ɋɢɝɧɚɥɵ ɢ ɩɨɦɟɯɚ 

ɧɟɨɪɬɨɝɨɧɚɥɶɧɵ ɩɨ ɱɚɫɬɨɬɟ. ɂɯ ɫɩɟɤɬɪɵ ɩɟɪɟɤɪɵɜɚɸɬɫɹ. ɇɚɤɨɩɥɟɧɧɚɹ ɫɩɟɤɬɪɨɦ ɚɦɩɥɢɬɭɞɚ 

ɩɨɦɟɯɢ ɡɧɚɱɢɬɟɥɶɧɨ ɩɪɟɜɨɫɯɨɞɢɬ ɚɦɩɥɢɬɭɞɵ ɫɢɝɧɚɥɨɜ 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ 2.6.4, ɫɩɟɤɬɪ ɩɨɦɟɯɢ ɧɚɤɥɚɞɵɜɚɟɬɫɹ ɧɚ ɫɩɟɤɬɪ ɫɢɝɧɚɥɨɜ. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɨ ɱɚɫɬɨɬɟ ɫɢɝɧɚɥ ɢ ɩɨɦɟɯɚ ɧɟ ɨɪɬɨɝɨɧɚɥɶɧɵ. ȿɫɥɢ ɩɨɞɚɜɢɬɶ ɩɨɦɟɯɭ 

ɪɟɠɟɤɬɨɪɧɵɦ ɮɢɥɶɬɪɨɦ, ɬɨ ɱɚɫɬɶ ɢɧɮɨɪɦɚɰɢɢ ɨ ɫɢɝɧɚɥɟ ɛɭɞɟɬ ɩɨɬɟɪɹɧɚ. 

ɇɚ ɪɢɫɭɧɤɟ 2.6.5 ɩɪɟɞɫɬɚɜɥɟɧ ɪɟɡɭɥɶɬɚɬ ɮɢɥɶɬɪɚɰɢɢ ɪɟɚɥɢɡɚɰɢɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɧɚ 

ɪɢɫɭɧɤɟ 2.6.3, ɮɢɥɶɬɪɨɦ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɪɚɜɞɨɩɨɞɨɛɢɹ (ɬɟɦɧɨ-ɫɟɪɵɣ ɰɜɟɬ) ɢ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɪɟɡɭɥɶɬɚɬ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɨɛɪɚɛɨɬɤɢ (ɫɜɟɬɥɨ-ɫɟɪɵɣ ɰɜɟɬ). Ʉɚɤ ɜɢɞɧɨ ɢɡ 

ɪɢɫɭɧɤɚ, ɩɨɦɟɯɚ ɨɬɫɭɬɫɬɜɭɟɬ ɜ ɨɬɮɢɥɶɬɪɨɜɚɧɧɨɣ ɪɟɚɥɢɡɚɰɢɢ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɩɨɫɥɟ 

ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɨɛɪɚɛɨɬɤɢ. ɇɚ ɪɢɫɭɧɤɟ 2.6.6 ɩɪɟɞɫɬɚɜɥɟɧ ɫɩɟɤɬɪ ɫɢɝɧɚɥɚ ɧɚ ɜɵɯɨɞɟ ɮɢɥɶɬɪɚ 

ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɪɚɜɞɨɩɨɞɨɛɢɹ. 
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Ɋɢɫɭɧɨɤ 2.6.5 – Ɋɟɡɭɥɶɬɚɬ ɮɢɥɶɬɪɚɰɢɢ ɫɨɜɨɤɭɩɧɨɫɬɢ ɞɜɭɯ ɫɢɝɧɚɥɨɜ ɢ ɩɨɦɟɯɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ 

ɧɚ ɪɢɫɭɧɤɟ 2.6.3 ɮɢɥɶɬɪɨɦ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɪɚɜɞɨɩɨɞɨɛɢɹ (ɬɟɦɧɨ-ɫɟɪɵɣ ɰɜɟɬ). 

Ʉɨɪɪɟɥɹɰɢɨɧɧɵɟ ɮɭɧɤɰɢɢ ɞɜɭɯ ɫɢɝɧɚɥɨɜ (ɫɜɟɬɥɨ-ɫɟɪɵɣ ɰɜɟɬ) ɧɟ ɫɨɞɟɪɠɚɬ ɩɨɦɟɯɢ. ɉɨɦɟɯɚ 

ɩɨɥɧɨɫɬɶɸ ɢɫɤɥɸɱɟɧɚ ɢɡ ɩɪɢɧɹɬɨɝɨ ɫɨɨɛɳɟɧɢɹ ɢ ɤɚɤ ɫɥɟɞɫɬɜɢɟ ɢɡ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɮɭɧɤɰɢɢ 

 

Ɋɢɫɭɧɨɤ 2.6.6 – ɋɩɟɤɬɪ ɫɨɜɨɤɭɩɧɨɫɬɢ ɞɜɭɯ ɫɢɝɧɚɥɨɜ, ɢɡɨɛɪɚɠɟɧɧɵɯ ɧɚ ɪɢɫɭɧɤɟ 2.6.3, ɩɨɫɥɟ 

ɨɛɪɚɛɨɬɤɢ ɮɢɥɶɬɪɨɦ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɪɚɜɞɨɩɨɞɨɛɢɹ. ɋɩɟɤɬɪ ɬɨɠɞɟɫɬɜɟɧɟɧ ɫɩɟɤɬɪɭ, 

ɢɡɨɛɪɚɠɟɧɧɨɦɭ ɧɚ ɪɢɫɭɧɤɟ 2.6.2. Ʉɚɤɢɯ-ɥɢɛɨ ɱɚɫɬɨɬɧɵɯ ɢɫɤɚɠɟɧɢɣ ɧɟ ɨɬɦɟɱɚɟɬɫɹ 

 

Ⱦɚɞɢɦ ɤɪɚɬɤɨɟ ɩɨɹɫɧɟɧɢɟ ɩɨɥɭɱɟɧɧɵɦ ɪɟɡɭɥɶɬɚɬɚɦ ɮɢɥɶɬɪɚɰɢɢ. Ɏɢɥɶɬɪ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 

ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɪɟɲɚɟɬ ɡɚɞɚɱɭ ɨɰɟɧɤɢ ɩɚɪɚɦɟɬɪɨɜ ɤɚɤ ɫɢɝɧɚɥɚ, ɬɚɤ ɢ ɩɨɦɟɯɢ. Ʉɨɷɮɮɢɰɢɟɧɬ 

ɤɨɪɪɟɥɹɰɢɢ ɦɟɠɞɭ ɫɢɝɧɚɥɨɦ ɢ ɩɨɦɟɯɨɣ ɧɟ ɩɪɟɜɨɫɯɨɞɢɬ ɡɧɚɱɟɧɢɹ 0.7. ȼ ɪɟɡɭɥɶɬɚɬɟ ɢɡ 

ɢɫɯɨɞɧɨɣ ɪɟɚɥɢɡɚɰɢɢ, ɫɨɞɟɪɠɚɳɟɣ ɩɨɦɟɯɭ, ɦɨɠɧɨ ɜɵɱɟɫɬɶ ɜɨɫɫɬɚɧɨɜɥɟɧɧɭɸ ɩɨɦɟɯɭ. Ʉɚɤ 
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ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ 2.6.5, ɬɨɱɧɨɫɬɶ ɨɰɟɧɨɤ ɩɚɪɚɦɟɬɪɨɜ ɩɨɦɟɯɢ ɨɱɟɧɶ ɜɵɫɨɤɚɹ, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ 

ɩɨɥɧɨɟ ɢɫɤɥɸɱɟɧɢɟ ɩɨɦɟɯɢ ɢɡ ɢɫɯɨɞɧɨɣ ɪɟɚɥɢɡɚɰɢɢ. ɉɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ ɪɢɫɭɧɤɟ 2.6.6 ɫɩɟɤɬɪ 

ɪɟɚɥɢɡɚɰɢɢ ɩɨɫɥɟ ɟɟ ɨɛɪɚɛɨɬɤɢ ɮɢɥɶɬɪɨɦ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɬɨɠɞɟɫɬɜɟɧɟɧ 

ɫɩɟɤɬɪɭ, ɢɡɨɛɪɚɠɟɧɧɨɦɭ ɧɚ ɪɢɫɭɧɤɟ 2.6.2. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɨɬɟɪɶ ɢɧɮɨɪɦɚɰɢɢ ɨ ɫɢɝɧɚɥɟ ɧɟ 

ɨɬɦɟɱɚɟɬɫɹ. 

Ɍɟɩɟɪɶ ɪɚɫɫɦɨɬɪɢɦ ɜɨɡɦɨɠɧɨɫɬɶ ɮɢɥɶɬɪɚɰɢɢ ɫɢɝɧɚɥɚ ɧɚ ɮɨɧɟ ɢɦɩɭɥɶɫɧɨɣ ɩɨɦɟɯɢ, ɧɟ 

ɫɨɜɩɚɞɚɸɳɟɣ ɩɨ ɜɪɟɦɟɧɢ ɩɪɢɯɨɞɚ ɫ ɫɢɝɧɚɥɚɦɢ (ɪɢɫɭɧɨɤ 2.6.7). ɉɚɪɚɦɟɬɪɵ ɩɨɦɟɯɢ: ɜɪɟɦɹ 

ɩɪɢɯɨɞɚ ɪɚɜɧɨ 2.0 ɦɫ, ɞɥɢɬɟɥɶɧɨɫɬɶ – 0.4 ɦɫ, ɚɦɩɥɢɬɭɞɚ – 0.35 ȼ. 

 

Ɋɢɫɭɧɨɤ 2.6.7 – ɋɨɜɨɤɭɩɧɨɫɬɶ ɞɜɭɯ ɫɢɝɧɚɥɨɜ, ɢɡɨɛɪɚɠɟɧɧɵɯ ɧɚ ɪɢɫɭɧɤɟ 2.6.1, ɞɨɩɨɥɧɟɧɧɚɹ 

ɢɦɩɭɥɶɫɧɨɣ ɩɨɦɟɯɨɣ, ɪɚɫɩɨɥɚɝɚɸɳɟɣɫɹ ɩɨ ɜɪɟɦɟɧɢ ɩɪɢɯɨɞɚ ɦɟɠɞɭ ɞɜɭɦɹ ɫɢɝɧɚɥɚɦɢ ɧɚ 

ɨɫɧɨɜɟ Ɇ – ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ (ɬɟɦɧɨ-ɫɟɪɵɣ ɰɜɟɬ). ɋɜɟɬɥɨ-ɫɟɪɵɦ ɰɜɟɬɨɦ ɩɨɤɚɡɚɧɵ 

ɤɨɪɪɟɥɹɰɢɨɧɧɵɟ ɮɭɧɤɰɢɢ ɞɜɭɯ ɫɢɝɧɚɥɨɜ ɢ ɩɨɦɟɯɢ. Ʉɨɪɪɟɥɹɰɢɨɧɧɚɹ ɨɛɪɚɛɨɬɤɚ ɢɫɤɥɸɱɚɟɬ 

ɨɪɬɨɝɨɧɚɥɶɧɭɸ ɩɨ ɜɪɟɦɟɧɢ ɩɪɢɯɨɞɚ ɢɦɩɭɥɶɫɧɭɸ ɩɨɦɟɯɭ, ɨɞɧɚɤɨ ɧɟɨɪɬɨɝɨɧɚɥɶɧɚɹ ɱɚɫɬɶ 

ɩɨɦɟɯɢ ɨɫɬɚɟɬɫɹ ɜ ɩɪɢɧɹɬɨɣ ɪɟɚɥɢɡɚɰɢɢ ɩɨɫɥɟ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɨɛɪɚɛɨɬɤɢ 
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Ɋɢɫɭɧɨɤ 2.6.8 – ɋɩɟɤɬɪ ɫɨɜɨɤɭɩɧɨɫɬɢ ɫɢɝɧɚɥɨɜ ɢ ɢɦɩɭɥɶɫɧɨɣ ɩɨɦɟɯɢ, ɢɡɨɛɪɚɠɟɧɧɨɣ ɧɚ 

ɪɢɫɭɧɤɟ 2.6.7. ɋɩɟɤɬɪ ɩɨɦɟɯɢ ɡɚɧɢɦɚɟɬ ɡɧɚɱɢɬɟɥɶɧɭɸ ɱɚɫɬɶ ɫɩɟɤɬɪɚ ɫɢɝɧɚɥɚ. ɋɢɝɧɚɥɵ ɢ 

ɩɨɦɟɯɚ ɨɪɬɨɝɨɧɚɥɶɧɵ ɩɨ ɜɪɟɦɟɧɢ ɩɪɢɯɨɞɚ, ɧɨ ɧɟɨɪɬɨɝɨɧɚɥɶɧɵ ɩɨ ɱɚɫɬɨɬɟ 

 

Ɍɚɤɨɣ ɫɥɭɱɚɣ ɱɚɫɬɨ ɪɟɚɥɢɡɭɟɬɫɹ ɧɚ ɩɪɚɤɬɢɤɟ. ȼ ɩɪɢɧɰɢɩɟ, ɬɚɤɭɸ ɩɨɦɟɯɭ ɦɨɠɧɨ 

ɭɫɬɪɚɧɢɬɶ ɢɡ ɩɪɢɧɹɬɨɣ ɪɟɚɥɢɡɚɰɢɢ ɫ ɩɨɦɨɳɶɸ ɫɬɪɨɛɢɪɨɜɚɧɢɹ (ɜɵɪɟɡɚɧɢɟ ɱɚɫɬɢ ɩɪɢɧɹɬɨɣ 

ɪɟɚɥɢɡɚɰɢɢ), ɨɞɧɚɤɨ ɷɬɚ ɨɩɟɪɚɰɢɹ ɬɪɟɛɭɟɬ ɭɱɚɫɬɢɹ ɨɩɟɪɚɬɨɪɚ ɜ ɩɪɨɰɟɫɫɟ ɨɛɪɚɛɨɬɤɢ ɩɪɢɧɹɬɨɝɨ 

ɫɨɨɛɳɟɧɢɹ. Ʉɨɪɪɟɥɹɰɢɨɧɧɚɹ ɨɛɪɚɛɨɬɤɚ (ɫɜɟɬɥɨ-ɫɟɪɵɣ ɰɜɟɬ ɧɚ ɪɢɫɭɧɤɟ 2.6.7) ɧɟ ɩɨɡɜɨɥɹɟɬ 

ɢɫɤɥɸɱɢɬɶ ɢɦɩɭɥɶɫɧɭɸ ɩɨɦɟɯɭ ɢɡ ɩɪɢɧɹɬɨɝɨ ɫɨɨɛɳɟɧɢɹ. ɋɩɟɤɬɪɚɥɶɧɚɹ ɨɛɪɚɛɨɬɤɚ ɩɪɢɧɹɬɨɝɨ 

ɫɨɨɛɳɟɧɢɹ (ɪɢɫɭɧɨɤ 2.6.8) ɬɚɤɠɟ ɧɟ ɦɨɠɟɬ ɢɫɤɥɸɱɢɬɶ ɩɨɦɟɯɭ. 

ɇɚ ɪɢɫɭɧɤɟ 2.6.9 ɩɨɤɚɡɚɧ ɪɟɡɭɥɶɬɚɬ ɮɢɥɶɬɪɚɰɢɢ ɩɪɢɧɹɬɨɝɨ ɫɨɨɛɳɟɧɢɹ, ɫɨɞɟɪɠɚɳɟɝɨ ɞɜɚ 

ɫɢɝɧɚɥɚ ɢ ɢɦɩɭɥɶɫɧɭɸ ɩɨɦɟɯɭ, ɦɟɬɨɞɨɦ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɪɚɜɞɨɩɨɞɨɛɢɹ. Ʉɚɤ ɜɢɞɧɨ ɢɡ 

ɪɢɫɭɧɤɚ, ɢɦɩɭɥɶɫɧɚɹ ɩɨɦɟɯɚ ɩɨɥɧɨɫɬɶɸ ɢɫɤɥɸɱɟɧɚ ɢɡ ɩɪɢɧɹɬɨɝɨ ɫɨɨɛɳɟɧɢɹ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, 

ɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɟɝɨ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɨɛɪɚɛɨɬɤɢ. ȼ ɫɩɟɤɬɪɟ ɩɪɢɧɹɬɨɝɨ ɫɨɨɛɳɟɧɢɹ ɩɨɫɥɟ 

ɮɢɥɶɬɪɚɰɢɢ (ɪɢɫɭɧɨɤ 2.6.10) ɩɨ ɦɟɬɨɞɭ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɧɟ ɨɬɦɟɱɚɟɬɫɹ ɤɚɤɢɯ-

ɥɢɛɨ ɢɡɦɟɧɟɧɢɣ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɫɩɟɤɬɪɭ, ɢɡɨɛɪɚɠɟɧɧɨɦɭ ɧɚ ɪɢɫɭɧɤɟ 2.6.2. 
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Ɋɢɫɭɧɨɤ 2.6.9 – ɋɢɝɧɚɥ (ɬɟɦɧɨ-ɫɟɪɵɣ ɰɜɟɬ), ɢɡɨɛɪɚɠɟɧɧɵɣ ɧɚ ɪɢɫɭɧɤɟ 2.6.7, ɢ ɟɝɨ 

ɤɨɪɪɟɥɹɰɢɨɧɧɚɹ ɮɭɧɤɰɢɹ (ɫɜɟɬɥɨ-ɫɟɪɵɣ ɰɜɟɬ) ɧɚ ɜɵɯɨɞɟ ɮɢɥɶɬɪɚ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 

ɩɪɚɜɞɨɩɨɞɨɛɢɹ. ɂɦɩɭɥɶɫɧɨɣ ɩɨɦɟɯɢ, ɨɪɬɨɝɨɧɚɥɶɧɨɣ ɩɨ ɜɪɟɦɟɧɢ ɩɪɢɯɨɞɚ, ɧɨ ɧɟɨɪɬɨɝɨɧɚɥɶɧɨɣ 

ɩɨ ɱɚɫɬɨɬɟ ɧɚ ɜɵɯɨɞɟ ɮɢɥɶɬɪɚ ɧɟɬ, ɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ ɧɟɬ ɜɤɥɚɞɚ ɨɬ ɩɨɦɟɯɢ ɜ 

ɤɨɪɪɟɥɹɰɢɨɧɧɭɸ ɮɭɧɤɰɢɸ 

 

Ɋɢɫɭɧɨɤ 2.6.10 – ɋɩɟɤɬɪ ɫɨɜɨɤɭɩɧɨɫɬɢ ɫɢɝɧɚɥɨɜ, ɢɡɨɛɪɚɠɟɧɧɵɯ ɧɚ ɪɢɫɭɧɤɟ 2.6.7, ɧɚ ɜɵɯɨɞɟ 

ɮɢɥɶɬɪɚ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɪɚɜɞɨɩɨɞɨɛɢɹ. Ʉɚɤɢɯ-ɥɢɛɨ ɢɡɦɟɧɟɧɢɣ ɫɩɟɤɬɪɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ 

ɫɩɟɤɬɪɨɦ, ɢɡɨɛɪɚɠɟɧɧɵɦ ɧɚ ɪɢɫɭɧɨɤ 2.6.2 ɧɟ ɨɬɦɟɱɚɟɬɫɹ 

 

Ɋɚɫɫɦɨɬɪɢɦ ɫɥɭɱɚɣ ɱɚɫɬɢɱɧɨɝɨ ɩɟɪɟɤɪɵɬɢɹ ɩɨ ɜɪɟɦɟɧɢ ɩɟɪɜɨɝɨ ɫɢɝɧɚɥɚ ɢ ɢɦɩɭɥɶɫɧɨɣ 

ɩɨɦɟɯɢ. ȼɪɟɦɹ ɩɪɢɯɨɞɚ ɩɟɪɜɨɝɨ ɫɢɝɧɚɥɚ, ɤɚɤ ɨɛɵɱɧɨ, ɫɨɫɬɚɜɥɹɟɬ 1.0 ɦɫ, ɜɪɟɦɹ ɩɪɢɯɨɞɚ 

ɢɦɩɭɥɶɫɧɨɣ ɩɨɦɟɯɢ ɫɨɫɬɚɜɥɹɟɬ 1.2 ɦɫ, ɟɟ ɞɥɢɬɟɥɶɧɨɫɬɶ – 0.6 ɦɫ, ɱɚɫɬɨɬɚ – 455 ɤȽɰ (ɪɟɚɥɢɡɚɰɢɹ 
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ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.6.11 ɬɟɦɧɨ-ɫɟɪɵɦ ɰɜɟɬɨɦ). ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɩɨɦɟɯɚ ɜɨɡɧɢɤɚɟɬ ɜ 

ɦɨɦɟɧɬ ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɩɟɪɜɨɝɨ ɫɢɝɧɚɥɚ ɢ ɢɫɱɟɡɚɟɬ ɧɟɡɚɞɨɥɝɨ ɩɨɫɥɟ ɟɝɨ ɨɤɨɧɱɚɧɢɹ. ɉɟɪɜɵɣ 

ɫɢɝɧɚɥ ɢ ɢɦɩɭɥɶɫɧɚɹ ɩɨɦɟɯɚ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɧɟɨɪɬɨɝɨɧɚɥɶɧɵ ɩɨ ɜɪɟɦɟɧɢ ɩɪɢɯɨɞɚ. 

Ʉɨɪɪɟɥɹɰɢɨɧɧɚɹ ɨɛɪɚɛɨɬɤɚ (ɫɜɟɬɥɨ-ɫɟɪɵɣ ɰɜɟɬ ɧɚ ɪɢɫɭɧɤɟ 2.6.11) ɧɟ ɦɨɠɟɬ ɨɬɮɢɥɶɬɪɨɜɚɬɶ 

ɫɢɝɧɚɥ ɨɬ ɢɦɩɭɥɶɫɧɨɣ ɩɨɦɟɯɢ. 

 

Ɋɢɫɭɧɨɤ 2.6.11 – ɋɨɜɨɤɭɩɧɨɫɬɶ ɫɢɝɧɚɥɨɜ, ɢɡɨɛɪɚɠɟɧɧɵɯ ɧɚ ɪɢɫɭɧɤɟ 2.6.1, ɞɨɩɨɥɧɟɧɧɚɹ 

ɢɦɩɭɥɶɫɧɨɣ ɩɨɦɟɯɨɣ, ɱɚɫɬɢɱɧɨ ɩɟɪɟɤɪɵɜɚɸɳɟɣɫɹ ɜɨ ɜɪɟɦɟɧɢ ɫ ɩɟɪɜɵɦ ɫɢɝɧɚɥɨɦ. ɉɟɪɜɵɣ 

ɫɢɝɧɚɥ ɧɟɨɪɬɨɝɨɧɚɥɟɧ ɩɨɦɟɯɟ ɩɨ ɜɪɟɦɟɧɢ ɩɪɢɯɨɞɚ. Ʉɨɪɪɟɥɹɰɢɨɧɧɚɹ ɮɭɧɤɰɢɹ ɩɟɪɜɨɝɨ ɫɢɝɧɚɥɚ 

(ɫɜɟɬɥɨ-ɫɟɪɵɣ ɰɜɟɬ) ɫɢɥɶɧɨ ɢɫɤɚɠɟɧɚ ɩɨɦɟɯɨɣ 

 

ɇɚ ɪɢɫɭɧɤɟ 2.6.12 ɩɨɤɚɡɚɧ ɫɩɟɤɬɪ ɞɜɭɯ ɫɢɝɧɚɥɨɜ ɢ ɢɦɩɭɥɶɫɧɨɣ ɩɨɦɟɯɢ, ɢɡɨɛɪɚɠɟɧɧɵɯ ɧɚ 

ɪɢɫɭɧɤɟ 2.6.11. Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ, ɫɩɟɤɬɪɵ ɩɨɦɟɯɢ ɢ ɫɢɝɧɚɥɚ ɫɢɥɶɧɨ ɩɟɪɟɤɪɵɜɚɸɬɫɹ. 

ɋɢɝɧɚɥɵ ɢ ɩɨɦɟɯɚ ɧɟɨɪɬɨɝɨɧɚɥɶɧɵ ɩɨ ɱɚɫɬɨɬɟ. 
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Ɋɢɫɭɧɨɤ 2.6.12 – ɋɩɟɤɬɪ ɫɨɜɨɤɭɩɧɨɫɬɢ ɫɢɝɧɚɥɨɜ ɢ ɩɨɦɟɯɢ, ɢɡɨɛɪɚɠɟɧɧɵɯ ɧɚ ɪɢɫɭɧɤɟ 2.6.11. 

ɉɨɦɟɯɚ ɢ ɫɢɝɧɚɥɵ ɧɟɨɪɬɨɝɨɧɚɥɶɧɵ ɩɨ ɱɚɫɬɨɬɟ 

 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɮɢɥɶɬɪɚɰɢɢ ɩɪɢɧɹɬɨɝɨ ɫɨɨɛɳɟɧɢɹ ɮɢɥɶɬɪɨɦ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 

ɩɪɚɜɞɨɩɨɞɨɛɢɹ (ɪɢɫɭɧɨɤ 2.6.13) ɢɦɩɭɥɶɫɧɚɹ ɩɨɦɟɯɚ ɩɨɥɧɨɫɬɶɸ ɢɫɤɥɸɱɚɟɬɫɹ ɢɡ ɩɪɢɧɹɬɨɝɨ 

ɫɨɨɛɳɟɧɢɹ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɨɛɪɚɛɨɬɤɢ. ɋɩɟɤɬɪ ɩɪɢɧɹɬɨɝɨ 

ɫɨɨɛɳɟɧɢɹ ɩɨɫɥɟ ɮɢɥɶɬɪɚɰɢɢ ɮɢɥɶɬɪɨɦ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɪɚɜɞɨɩɨɞɨɛɢɹ (ɪɢɫɭɧɨɤ 2.6.14) 

ɬɨɠɞɟɫɬɜɟɧɟɧ ɫɩɟɤɬɪɭ ɦɨɞɟɥɶɧɨɝɨ ɫɢɝɧɚɥɚ (ɪɢɫɭɧɨɤ 2.6.2). ɉɨɬɟɪɶ ɢɧɮɨɪɦɚɰɢɢ ɨ ɫɢɝɧɚɥɟ ɧɟɬ. 

 

Ɋɢɫɭɧɨɤ 2.6.13 – ɋɢɝɧɚɥ (ɬɟɦɧɨ-ɫɟɪɵɣ ɰɜɟɬ), ɢɡɨɛɪɚɠɟɧɧɵɣ ɧɚ ɪɢɫɭɧɤɟ 2.6.11, ɢ ɟɝɨ 

ɤɨɪɪɟɥɹɰɢɨɧɧɚɹ ɮɭɧɤɰɢɹ (ɫɜɟɬɥɨ-ɫɟɪɵɣ ɰɜɟɬ) ɧɚ ɜɵɯɨɞɟ ɮɢɥɶɬɪɚ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 

ɩɪɚɜɞɨɩɨɞɨɛɢɹ. ɇɟɨɪɬɨɝɨɧɚɥɶɧɚɹ ɩɨ ɜɪɟɦɟɧɢ ɩɪɢɯɨɞɚ ɢ ɱɚɫɬɨɬɟ ɢɦɩɭɥɶɫɧɚɹ ɩɨɦɟɯɚ 

ɩɨɥɧɨɫɬɶɸ ɢɫɤɥɸɱɟɧɚ ɫ ɫɨɯɪɚɧɟɧɢɟɦ ɮɨɪɦɵ ɤɨɪɪɟɥɹɰɢɨɧɧɵɯ ɮɭɧɤɰɢɣ ɞɜɭɯ ɫɢɝɧɚɥɨɜ 
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Ɋɢɫɭɧɨɤ 2.6.14 – ɋɩɟɤɬɪ ɫɨɜɨɤɭɩɧɨɫɬɢ ɞɜɭɯ ɫɢɝɧɚɥɨɜ, ɢɡɨɛɪɚɠɟɧɧɵɯ ɧɚ ɪɢɫɭɧɤɟ 2.6.11, ɧɚ 

ɜɵɯɨɞɟ ɮɢɥɶɬɪɚ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɪɚɜɞɨɩɨɞɨɛɢɹ. ɋɩɟɤɬɪ ɬɨɠɞɟɫɬɜɟɧɟɧ ɫɩɟɤɬɪɭ, 

ɢɡɨɛɪɚɠɟɧɧɨɦɭ ɧɚ ɪɢɫɭɧɤɟ 2.6.2. ɂɫɤɚɠɟɧɢɣ ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ 

 

ɇɚ ɪɢɫɭɧɤɟ 2.6.15 ɩɨɤɚɡɚɧɚ ɩɪɢɧɹɬɚɹ ɪɟɚɥɢɡɚɰɢɹ, ɫɨɞɟɪɠɚɳɚɹ ɞɜɚ ɫɢɝɧɚɥɚ ɢ ɢɦɩɭɥɶɫɧɭɸ 

ɩɨɦɟɯɭ, ɩɨɥɧɨɫɬɶɸ ɜɦɟɳɚɸɳɭɸɫɹ ɜ ɩɟɪɜɵɣ ɫɢɝɧɚɥ. ɉɚɪɚɦɟɬɪɵ ɩɨɦɟɯɢ: ɜɪɟɦɹ ɩɪɢɯɨɞɚ 

ɩɨɦɟɯɢ ɪɚɜɧɨ 1.1 ɦɫ, ɟɟ ɞɥɢɬɟɥɶɧɨɫɬɶ – 0.34 ɦɫ, ɱɚɫɬɨɬɚ – 455 ɤȽɰ, ɚɦɩɥɢɬɭɞɚ - 0.35ȼ. 

 

Ɋɢɫɭɧɨɤ 2.6.15 – ɋɨɜɨɤɭɩɧɨɫɬɶ ɞɜɭɯ ɫɢɝɧɚɥɨɜ ɢ ɩɨɦɟɯɢ, ɩɨɥɧɨɫɬɶɸ ɜɦɟɳɚɸɳɟɣɫɹ ɜ ɩɟɪɜɵɣ 

ɫɢɝɧɚɥ (ɨɬɨɛɪɚɠɚɟɬɫɹ ɬɟɦɧɨ-ɫɟɪɵɦ ɰɜɟɬɨɦ) ɢ ɤɨɪɪɟɥɹɰɢɨɧɧɚɹ ɮɭɧɤɰɢɹ (ɩɨɤɚɡɚɧɚ ɫɜɟɬɥɨ-

ɫɟɪɵɦ ɰɜɟɬɨɦ). Ʉɨɪɪɟɥɹɰɢɨɧɧɚɹ ɮɭɧɤɰɢɹ ɩɟɪɜɨɝɨ ɫɢɝɧɚɥɚ ɡɧɚɱɢɬɟɥɶɧɨ ɢɫɤɚɠɟɧɚ ɜɥɢɹɧɢɟɦ 

ɩɨɦɟɯɢ 
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Ɋɢɫɭɧɨɤ 2.6.16 – ɋɩɟɤɬɪ ɫɨɜɨɤɭɩɧɨɫɬɢ ɫɢɝɧɚɥɚ ɢ ɩɨɦɟɯɢ, ɢɡɨɛɪɚɠɟɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 2.6.15. 

ɉɨɦɟɯɚ ɢ ɫɢɝɧɚɥ ɧɟɨɪɬɨɝɨɧɚɥɶɧɵ ɩɨ ɱɚɫɬɨɬɟ, ɢɯ ɫɩɟɤɬɪɵ ɫɢɥɶɧɨ ɩɟɪɟɤɪɵɜɚɸɬɫɹ 

 

ɋɩɟɤɬɪ ɩɪɢɧɹɬɨɣ ɪɟɚɥɢɡɚɰɢɢ ɧɚ ɜɯɨɞɟ ɮɢɥɶɬɪɚ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɪɚɜɞɨɩɨɞɨɛɢɹ (ɪɢɫɭɧɨɤ 

2.6.16) ɢ ɫɩɟɤɬɪ ɫɢɝɧɚɥɚ ɧɚ ɜɵɯɨɞɟ ɮɢɥɶɬɪɚ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɪɚɜɞɨɩɨɞɨɛɢɹ (ɪɢɫɭɧɨɤ 2.6.18) 

ɩɨɡɜɨɥɹɸɬ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɩɨɥɧɨɦ ɜɵɞɟɥɟɧɢɢ ɫɢɝɧɚɥɚ ɧɚ ɮɨɧɟ ɩɨɦɟɯɢ ɛɟɡ ɢɫɤɚɠɟɧɢɹ 

ɢɧɮɨɪɦɚɰɢɢ ɨ ɫɢɝɧɚɥɟ. ɇɚ ɪɢɫɭɧɤɟ 2.6.17 ɢɡɨɛɪɚɠɟɧ ɫɢɝɧɚɥ ɧɚ ɜɵɯɨɞɟ ɮɢɥɶɬɪɚ 

ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɪɚɜɞɨɩɨɞɨɛɢɹ. 

 

Ɋɢɫɭɧɨɤ 2.6.17 – ɋɢɝɧɚɥ (ɬɟɦɧɨ-ɫɟɪɵɣ ɰɜɟɬ), ɢɡɨɛɪɚɠɟɧɧɵɣ ɧɚ ɪɢɫɭɧɤɟ 2.6.15, ɢ ɟɝɨ 

ɤɨɪɪɟɥɹɰɢɨɧɧɚɹ ɮɭɧɤɰɢɹ (ɫɜɟɬɥɨ-ɫɟɪɵɣ ɰɜɟɬ) ɧɚ ɜɵɯɨɞɟ ɮɢɥɶɬɪɚ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 

ɩɪɚɜɞɨɩɨɞɨɛɢɹ. ɇɟɨɪɬɨɝɨɧɚɥɶɧɚɹ ɩɨ ɜɪɟɦɟɧɢ ɩɪɢɯɨɞɚ ɢ ɱɚɫɬɨɬɟ ɢɦɩɭɥɶɫɧɚɹ ɩɨɦɟɯɚ 

ɩɨɥɧɨɫɬɶɸ ɢɫɤɥɸɱɟɧɚ ɫ ɫɨɯɪɚɧɟɧɢɟɦ ɮɨɪɦɵ ɤɨɪɪɟɥɹɰɢɨɧɧɵɯ ɮɭɧɤɰɢɣ ɞɜɭɯ ɫɢɝɧɚɥɨɜ 
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Ɋɢɫɭɧɨɤ 2.6.18 – ɋɩɟɤɬɪ ɫɨɜɨɤɭɩɧɨɫɬɢ ɞɜɭɯ ɫɢɝɧɚɥɨɜ, ɢɡɨɛɪɚɠɟɧɧɵɯ ɧɚ ɪɢɫɭɧɤɟ 2.6.15, ɧɚ 

ɜɵɯɨɞɟ ɮɢɥɶɬɪɚ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɪɚɜɞɨɩɨɞɨɛɢɹ. ɋɩɟɤɬɪ ɬɨɠɞɟɫɬɜɟɧɟɧ ɫɩɟɤɬɪɭ ɢɫɯɨɞɧɨɝɨ 

ɦɨɞɟɥɶɧɨɝɨ ɫɢɝɧɚɥɚ, ɢɡɨɛɪɚɠɟɧɧɨɦɭ ɧɚ ɪɢɫɭɧɤɟ 2.6.2. ɂɫɤɚɠɟɧɢɣ ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɶɧɵɯ ɪɚɫɱɟɬɨɜ ɩɨɤɚɡɚɥɢ ɜɵɫɨɤɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 

ɮɢɥɶɬɪɨɜ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɩɪɢ ɮɢɥɶɬɪɚɰɢɢ ɫɥɨɠɧɨɝɨ ɫɢɝɧɚɥɚ ɜ ɭɫɥɨɜɢɹɯ 

ɧɚɥɢɱɢɹ ɫɨɫɪɟɞɨɬɨɱɟɧɧɨɣ ɢɥɢ ɢɦɩɭɥɶɫɧɨɣ ɩɨɦɟɯ. Ɍɟɨɪɟɬɢɱɟɫɤɢɟ ɩɨɥɨɠɟɧɢɹ §1.7 ɢ §1.8 

ɩɨɞɬɜɟɪɠɞɚɸɬɫɹ ɪɟɡɭɥɶɬɚɬɚɦɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɥɧɨɫɬɶɸ. 

 

§2.7. Ɍɟɫɬɢɪɨɜɚɧɢɟ ɦɟɬɨɞɨɜ ɨɩɬɢɦɢɡɚɰɢɢ ɩɨ ɜɪɟɦɟɧɢ ɚɥɝɨɪɢɬɦɨɜ ɩɨɢɫɤɚ ɝɥɨɛɚɥɶɧɨɝɨ 

ɦɢɧɢɦɭɦɚ ɮɭɧɤɰɢɨɧɚɥɚ ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ 

 

2.7.1. Ɍɟɫɬɢɪɨɜɚɧɢɟ ɚɥɝɨɪɢɬɦɚ, ɨɫɧɨɜɚɧɧɨɝɨ ɧɚ ɩɪɢɦɟɧɟɧɢɢ ɝɥɨɛɚɥɶɧɨɣ ɨɩɬɢɦɢɡɚɰɢɢ 

 

ɉɪɢɦɟɧɢɦ ɨɩɢɫɚɧɧɵɣ ɜ §1.9 ɚɥɝɨɪɢɬɦ CRSM_LGM ɞɥɹ ɩɨɢɫɤɚ ɦɢɧɢɦɭɦɚ 

ɩɪɟɨɛɪɚɡɨɜɚɧɧɨɝɨ ɮɭɧɤɰɢɨɧɚɥɚ ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɡɚɞɚɱɟ ɪɚɡɞɟɥɟɧɢɹ Ɇ-

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ.  

Ⱦɥɹ ɧɚɝɥɹɞɧɨɫɬɢ ɪɚɫɫɦɨɬɪɢɦ ɫɥɭɱɚɣ ɩɪɢɯɨɞɚ ɞɜɭɯ ɫɢɝɧɚɥɨɜ, ɬɨɝɞɚ ɩɪɢɧɹɬɨɟ ɫɨɨɛɳɟɧɢɟ 

ɛɭɞɟɬ ɨɩɢɫɵɜɚɬɶɫɹ ɮɨɪɦɭɥɨɣ (1.5.3). Ɋɚɫɫɦɨɬɪɢɦ ɪɟɚɥɢɡɚɰɢɸ, ɢɡɨɛɪɚɠɟɧɧɭɸ ɧɚ ɪɢɫɭɧɤɟ 2.7.1 

ɢ ɢɦɢɬɢɪɭɸɳɭɸ ɨɬɪɚɠёɧɧɵɣ ɨɬ ɢɨɧɨɫɮɟɪɵ ɫɢɝɧɚɥ. ɋɢɝɧɚɥ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɟ ɩɚɪɚɦɟɬɪɵ: 

ɜɪɟɦɟɧɚ ɩɪɢɯɨɞɚ ɩɟɪɜɨɣ ɢ ɜɬɨɪɨɣ ɨɬɪɚɠɟɧɧɨɣ Ɇ-ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɪɚɜɧɵ 

1.6 ɦɫ ɢ 1.8 ɦɫ. Ⱥɦɩɥɢɬɭɞɵ ɫɢɝɧɚɥɨɜ ɨɞɢɧɚɤɨɜɵ ɢ ɪɚɜɧɵ 1.0 ȼ, ɋɄɈ ɝɚɭɫɫɨɜɨɝɨ ɲɭɦɚ ɪɚɜɧɨ 

0.25 ȼ. 

A
m

p
li

tu
d

e 



106 

 

Ɋɢɫɭɧɨɤ 2.7.1 – Ɇɨɞɟɥɶɧɵɣ ɫɢɝɧɚɥ (ɨɬɨɛɪɚɠɚɟɬɫɹ ɤɪɚɫɧɵɦ ɰɜɟɬɨɦ) ɢ ɟɝɨ ɤɨɪɪɟɥɹɰɢɨɧɧɚɹ 

ɮɭɧɤɰɢɹ (ɨɬɨɛɪɚɠɚɟɬɫɹ ɡɟɥɟɧɵɦ ɰɜɟɬɨɦ) 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ 2.7.1 ɞɚɧɧɵɣ ɫɥɭɱɚɣ ɧɟ ɨɬɧɨɫɢɬɶɫɹ ɤ ɫɥɭɱɚɸ ɫɜɟɪɯɪɚɡɪɟɲɟɧɢɹ, ɢ 

ɪɟɲɟɧɢɟ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧɨ ɤɥɚɫɫɢɱɟɫɤɢ, ɨɞɧɚɤɨ ɜɫɟ ɷɬɨ ɫɞɟɥɚɧɨ ɞɥɹ ɧɚɝɥɹɞɧɨɫɬɢ. 

Ⱦɥɹ ɞɚɧɧɨɝɨ ɫɢɝɧɚɥɚ ɩɨɫɬɪɨɢɦ ɮɭɧɤɰɢɨɧɚɥ ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɫ ɲɚɝɨɦ 5 ɦɤɫ. ɐɜɟɬɧɚɹ ɤɚɪɬɚ 

ɩɨɜɟɪɯɧɨɫɬɢ ɮɭɧɤɰɢɨɧɚɥɚ ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.7.2, ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ ɱɬɨ 2 1t t . 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ 2.7.2, ɮɭɧɤɰɢɨɧɚɥ ɢɦɟɟɬ ɹɪɤɨ ɜɵɪɚɠɟɧɧɵɣ ɝɥɨɛɚɥɶɧɵɣ ɦɢɧɢɦɭɦ ɜ 

ɬɨɱɤɟ Д1.6ɦɫ; 1.8ɦɫЖ. Ɍɚɤ ɠɟ ɫɭɳɟɫɬɜɭɟɬ ɪɹɞ ɹɪɤɨ ɜɵɪɚɠɟɧɧɵɯ ɥɨɤɚɥɶɧɵɯ ɦɢɧɢɦɭɦɨɜ ɜ 

ɬɨɱɤɚɯ, ɤɨɝɞɚ ɨɞɧɨ ɢɡ ɡɧɚɱɟɧɢɣ  ɪɚɜɧɨ ɢɫɬɢɧɧɨɦɭ ɡɧɚɱɟɧɢɸ. Ɉɫɬɚɥɶɧɵɟ ɥɨɤɚɥɶɧɵɟ 

ɦɢɧɢɦɭɦɵ ɜɵɪɚɠɟɧɵ ɦɟɧɟɟ ɫɢɥɶɧɨ ɢ ɫɜɹɡɚɧɵ ɫ ɜɢɞɨɦ ɫɢɝɧɚɥɚ, ɚ ɢɦɟɧɧɨ ɫ ɧɚɥɢɱɢɟɦ ɛɨɤɨɜɵɯ 

ɥɟɩɟɫɬɤɨɜ ɭ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɮɭɧɤɰɢɢ Ɇ-ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɚ ɬɚɤɠɟ ɫ ɜɥɢɹɧɢɟɦ ɲɭɦɚ. 

ɉɨ ɜɧɟɲɧɟɦɭ ɜɢɞɭ ɮɭɧɤɰɢɨɧɚɥɚ ɥɟɝɤɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɟɝɨ ɦɢɧɢɦɢɡɚɰɢɹ 

ɧɟɬɪɢɜɢɚɥɶɧɚɹ ɡɚɞɚɱɚ. Ɍ.ɤ. ɝɥɨɛɚɥɶɧɵɣ ɦɢɧɢɦɭɦ ɨɱɟɧɶ ɭɡɨɤ, ɬɨ ɥɟɝɤɨ ɩɪɨɦɚɯɧɭɬɶɫɹ, ɬ.ɟ. 

ɜɟɥɢɤɚ ɜɟɪɨɹɬɧɨɫɬɶ ɨɫɬɚɧɨɜɤɢ ɚɥɝɨɪɢɬɦɚ ɜ ɨɞɧɨɦ ɢɡ ɥɨɤɚɥɶɧɵɯ ɦɢɧɢɦɭɦɨɜ. 

  

it

Ƚɥɨɛɚɥɶɧɵɣ 

ɦɢɧɢɦɭɦ ɝɥɨɛɚɥɶɧɵɣ 

ɦɢɧɢɦɭɦ 

ɥɨɤɚɥɶɧɵɟ 

ɦɢɧɢɦɭɦ
ɵ 
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Ɋɢɫɭɧɨɤ 2.7.2 – Ɏɭɧɤɰɢɨɧɚɥ ɩɪɚɜɞɨɩɨɞɨɛɢɹ 

 

ɇɚ ɪɢɫɭɧɤɟ 2.7.3 ɩɪɢɜɟɞɟɧɵ ɲɚɝɢ ɚɥɝɨɪɢɬɦɚ ɩɨ ɞɨɫɬɢɠɟɧɢɸ ɝɥɨɛɚɥɶɧɨɝɨ ɦɢɧɢɦɭɦɚ. 

ɐɜɟɬɨɦ ɨɬɦɟɱɟɧɚ ɞɢɧɚɦɢɤɚ ɚɥɝɨɪɢɬɦɚ, ɬɚɤ, ɧɚɩɪɢɦɟɪ, ɩɟɪɜɵɟ 500 ɪɚɫɱɟɬɨɜ ɮɭɧɤɰɢɢ ɛɭɞɭɬ 

ɨɬɨɛɪɚɠɚɸɬɫɹ ɡɟɥɟɧɵɦɢ ɬɨɱɤɚɦɢ, ɩɨɫɥɟɞɧɢɟ 500 ɪɚɫɱɟɬɨɜ – ɤɪɚɫɧɵɦɢ. ȼɢɞɧɨ, ɤɚɤ ɚɥɝɨɪɢɬɦ 

ɛɵɫɬɪɨ ɫɯɨɞɢɬɫɹ ɤ ɢɫɬɢɧɧɨɦɭ ɪɟɲɟɧɢɸ, ɢɫɫɥɟɞɭɹ ɥɨɤɚɥɶɧɵɟ ɦɢɧɢɦɭɦɵ ɜ ɟɝɨ ɨɤɪɟɫɬɧɨɫɬɢ. 

 

Ɋɢɫɭɧɨɤ 2.7.3 – ɂɬɟɪɚɰɢɨɧɧɵɣ ɯɨɞ ɚɥɝɨɪɢɬɦɚ CRSM_LGM 

 

ɉɪɢɛɥɢɠɟɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɱɢɫɥɚ ɜɵɱɢɫɥɟɧɢɣ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ ɨɬ ɪɚɡɦɟɪɧɨɫɬɢ 

ɩɪɨɫɬɪɚɧɫɬɜɚ ɩɨɢɫɤɚ – 1 0.65lnn
Q N

 , ɝɞɟ – ɱɢɫɥɨ, ɜɵɱɢɫɥɟɧɢɣ, ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɪɚɫɱɟɬɚ 

ɨɞɧɨɦɟɪɧɨɣ ɡɚɞɚɱɢ, n  – ɪɚɡɦɟɪɧɨɫɬɶ ɩɪɨɫɬɪɚɧɫɬɜɚ ɩɨɢɫɤɚ, ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.7.4. 

N
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Ɋɢɫɭɧɨɤ 2.7.4 – Ɂɚɜɢɫɢɦɨɫɬɶ ɱɢɫɥɚ ɜɵɱɢɫɥɟɧɢɣ ɮɭɧɤɰɢɢ ɞɨ ɫɯɨɞɢɦɨɫɬɢ ɚɥɝɨɪɢɬɦɚ ɨɬ 

ɪɚɡɦɟɪɧɨɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɚ ɩɨɢɫɤɚ 

 

ȼɵɢɝɪɵɲ ɨɬ ɩɪɢɦɟɧɟɧɢɹ ɭɤɚɡɚɧɧɨɝɨ ɬɢɩɚ ɨɩɬɢɦɢɡɚɰɢɢ ɫɭɳɟɫɬɜɟɧɟɧ ɩɪɢ ɛɨɥɶɲɨɦ 

ɡɧɚɱɟɧɢɢ ɩɪɨɫɬɪɚɧɫɬɜɚ ɩɨɢɫɤɚ, ɬ.ɤ. ɜ ɫɥɭɱɚɟ ɩɟɪɟɛɨɪɚ ɩɨ ɫɟɬɤɟ ɫɥɨɠɧɨɫɬɶ ɧɚɪɚɫɬɚɟɬ ɤɚɤ 
n

Q N  (ɪɢɫɭɧɨɤ 2.7.5). 

 

Ɋɢɫɭɧɨɤ 2.7.5 – ɇɚɪɚɫɬɚɧɢɟ ɫɥɨɠɧɨɫɬɢ ɚɥɝɨɪɢɬɦɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɞɧɨɦɟɪɧɵɦ ɫɥɭɱɚɟɦ ɞɥɹ 

ɩɟɪɟɛɨɪɚ ɩɨ ɫɟɬɤɟ (ɫɜɟɬɥɨ-ɫɟɪɵɣ ɰɜɟɬ) ɢ ɚɥɝɨɪɢɬɦɚ CRSM_LGM (ɬɟɦɧɨ-ɫɟɪɵɣ ɰɜɟɬ) 

 

ɉɪɢɜɟɞɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɤɚɡɵɜɚɸɬ ɜɚɠɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɨɩɬɢɦɢɡɚɰɢɢ ɜ ɚɥɝɨɪɢɬɦɚɯ, 

ɩɨɫɬɪɨɟɧɧɵɯ ɧɚ ɩɪɢɦɟɧɟɧɢɢ ɬɟɨɪɢɢ ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɪɢɟɦɚ. 
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2.7.2. Ɍɟɫɬɢɪɨɜɚɧɢɟ ɚɥɝɨɪɢɬɦɚ, ɨɫɧɨɜɚɧɧɨɝɨ ɧɚ ɩɪɢɦɟɧɟɧɢɢ ɬɟɯɧɨɥɨɝɢɢ CUDA 

 

Ʉɚɤ ɛɵɥɨ ɫɤɚɡɚɧɨ ɜ §1.10 ɩɪɢɦɟɧɟɧɢɟ ɩɚɪɚɥɥɟɥɶɧɵɯ ɚɥɝɨɪɢɬɦɨɜ ɩɨɡɜɨɥɹɟɬ ɫɭɳɟɫɬɜɟɧɧɨ 

ɩɨɜɵɫɢɬɶ ɫɤɨɪɨɫɬɶ ɪɚɫɱɟɬɨɜ. ɉɪɨɢɡɜɟɞɟɦ ɫɪɚɜɧɟɧɢɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɚɥɝɨɪɢɬɦɚ ɞɥɹ 

ɡɚɞɚɱɢ ɨɰɟɧɤɢ ɜɪɟɦɟɧ ɩɪɢɯɨɞɚ ɞɜɭɯ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ. Ɏɭɧɤɰɢɨɧɚɥ, ɦɢɧɢɦɢɡɢɪɭɟɦɵɣ ɜ 

ɞɚɧɧɨɣ ɡɚɞɚɱɟ, ɨɩɢɫɵɜɚɟɬɫɹ ɮɨɪɦɭɥɨɣ (1.5.9). 

ɉɪɢɜɟɞɟɦ ɞɚɧɧɵɟ ɫɪɚɜɧɟɧɢɹ ɫɤɨɪɨɫɬɢ ɧɚɯɨɠɞɟɧɢɹ ɦɢɧɢɦɭɦɚ ɬɚɤɨɣ ɮɭɧɤɰɢɢ ɧɚ CPU ɢ 

ɧɚ GPU (ɬɚɛɥ. 2.7.1 ɢ ɪɢɫɭɧɤɢ 2.7.6, 2.7.7). 

 

Ɍɚɛɥɢɰɚ 2.7.1. ɋɪɚɜɧɟɧɢɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ GPU/CPU. 

ɑɢɫɥɨ 

ɢɬɟɪɚɰɢɣ, ɬɵɫ 

ȼɪɟɦɹ ɜɵɩɨɥɧɟɧɢɹ ɧɚ 

GPU: T_GPU, ɦɫ 

ȼɪɟɦɹ ɜɵɩɨɥɧɟɧɢɹ ɧɚ 

CPU: T_CPU, ɦɫ 

Ɉɬɧɨɲɟɧɢɟ ɜɪɟɦɟɧ 

T_CPU/T_GPU 

200 0.468 62.497 133.5406 

300 0.674 109.376 162.2789 

550 1.028 187.518 182.4105 

1250 2.031 406.252 200.0256 

5000 7.656 1609.404 210.2147 

20000 29.794 6464.256 216.965 

55000 82.146 18077.79 220.0691 

500000 739.833 165119.5 223.1848 
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Ɋɢɫɭɧɨɤ 2.7.6 – ɋɪɚɜɧɟɧɢɟ ɜɪɟɦɟɧ ɜɵɩɨɥɧɟɧɢɹ ɦɢɧɢɦɢɡɚɰɢɢ ɮɭɧɤɰɢɨɧɚɥɚ ɧɚ CPU (ɨɪɚɧɠɟɜɚɹ 

ɥɢɧɢɹ) ɢ GPU (ɫɢɧɹɹ ɥɢɧɢɹ) 

 

Ɋɢɫɭɧɨɤ 2.7.7 – ȼɵɢɝɪɵɲ, ɩɨɥɭɱɚɟɦɵɣ ɨɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ GPU ɜ ɪɚɫɱɟɬɚɯ ɦɢɧɢɦɭɦɚ 

ɮɭɧɤɰɢɨɧɚɥɚ 
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Ʉɚɤ ɩɨɤɚɡɵɜɚɸɬ ɝɪɚɮɢɤɢ 2.7.6 ɢ 2.7.7, ɢɫɩɨɥɶɡɨɜɚɧɢɟ GPU ɜɦɟɫɬɨ CPU ɩɨɡɜɨɥɹɟɬ 

ɫɭɳɟɫɬɜɟɧɧɨ ɭɫɤɨɪɢɬɶ ɩɪɨɰɟɞɭɪɭ ɦɢɧɢɦɢɡɚɰɢɢ ɢɫɤɨɦɨɣ ɮɭɧɤɰɢɢ. Ʉɨɧɮɢɝɭɪɚɰɢɹ 

ɨɛɨɪɭɞɨɜɚɧɢɹ, ɧɚ ɤɨɬɨɪɨɣ ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɫɪɚɜɧɟɧɢɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ GPU/CPU 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 2.7.2. 

 

Ɍɚɛɥɢɰɚ 2.7.2 - ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ CPU/GPU. 

Ɍɢɩ ɢ ɩɚɪɚɦɟɬɪɵ GPU Ɍɢɩ ɢ ɩɚɪɚɦɟɬɪɵ CPU 

 ɬɢɩ: Т5-4210H 

 ɛɚɡɨɜɚɹ ɬɚɤɬɨɜɚɹ ɱɚɫɬɨɬɚ: 2.9 GHг 

 Ɇɚɤɫɢɦɚɥɶɧɚɹ ɬɚɤɬɨɜɚɹ ɱɚɫɬɨɬɚ ɫ 

ɬɟɯɧɨɥɨɝɢɟɣ TЮrЛШ BШШsЭ: 3.5 GHг 

 ɬɢɩ: GTБ 860M 

 ɑɢɫɥɨ CUDA ɹɞɟɪ: 640 

 ɑɚɫɬɨɬɚ: Up ЭШ 2500 MHг 

 ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ CUDA: 5.0 

 

ȼɢɞɟɨɤɚɪɬɚ, ɧɚ ɤɨɬɨɪɨɣ ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɬɟɫɬɢɪɨɜɚɧɢɟ ɚɥɝɨɪɢɬɦɚ, ɨɩɢɫɚɧɧɨɝɨ ɜ §1.10, 

ɨɬɧɨɫɢɬɶɫɹ ɤ ɜɢɞɟɨɤɚɪɬɚɦ ɫɪɟɞɧɟɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ, ɬ.ɤ. ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɦɨɛɢɥɶɧɵɯ 

ɩɥɚɬɮɨɪɦ. Ʉ ɫɨɠɚɥɟɧɢɸ, ɚɜɬɨɪ ɧɟ ɫɦɨɝ ɩɪɨɜɟɪɢɬɶ ɫɤɨɪɨɫɬɶ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɧɚ ɛɨɥɟɟ 

ɦɨɳɧɨɣ ɜɢɞɟɨɤɚɪɬɟ. Ɉɞɧɚɤɨ, ɤɚɤ ɩɨɞɫɤɚɡɵɜɚɟɬ ɡɞɪɚɜɵɣ ɫɦɵɫɥ, ɩɪɢɦɟɧɟɧɢɟ ɛɨɥɟɟ ɦɨɳɧɨɣ 

ɜɢɞɟɨɤɚɪɬɵ ɩɨɡɜɨɥɢɬ ɟɳɟ ɛɨɥɶɲɟ ɭɜɟɥɢɱɢɬɶ ɜɵɢɝɪɵɲ ɨɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ. 

ɉɪɢɜɟɞɟɧɧɵɟ ɬɟɫɬɵ ɞɚɸɬ ɨɩɬɢɦɢɫɬɢɱɧɵɣ ɩɪɨɝɧɨɡ ɨ ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɧɟɝɪɚɮɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ, ɤɚɫɚɸɳɢɯɫɹ ɩɪɨɰɟɫɫɨɜ ɦɢɧɢɦɢɡɚɰɢɢ ɮɭɧɤɰɢɨɧɚɥɨɜ ɩɪɚɜɞɨɩɨɞɨɛɢɹ, 

ɜ ɩɪɢɤɥɚɞɧɵɯ ɬɟɯɧɢɱɟɫɤɢɯ ɡɚɞɚɱɚɯ ɧɚ ɝɪɚɮɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɪɚɯ. 

 

§2.8. Ɍɟɫɬɢɪɨɜɚɧɢɟ ɚɥɝɨɪɢɬɦɚ ɩɨɥɹɪɢɡɚɰɢɨɧɧɨɝɨ ɪɚɡɪɟɲɟɧɢɹ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ ɫ 

ɷɥɥɢɩɬɢɱɟɫɤɢɦɢ ɨɪɬɨɝɨɧɚɥɶɧɵɦɢ ɩɨɥɹɪɢɡɚɰɢɹɦɢ 

 

Ɉɫɭɳɟɫɬɜɢɦ ɬɟɫɬɢɪɨɜɚɧɢɟ ɚɥɝɨɪɢɬɦɚ ɩɨɥɹɪɢɡɚɰɢɨɧɧɨɝɨ ɪɚɡɞɟɥɟɧɢɹ, ɨɩɢɫɚɧɧɨɝɨ ɜ §1.10, 

ɧɚ ɦɨɞɟɥɶɧɵɯ ɞɚɧɧɵɯ. ȼ ɤɚɱɟɫɬɜɟ ɬɚɤɨɜɵɯ ɢɫɩɨɥɶɡɭɟɦ ɫɢɝɧɚɥɵ (Ɇ-ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ) ɫɨ 

ɫɥɟɞɭɸɳɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ: 1 1

2

3
B A , 1 2.0A ȼ , 2 1.5A ȼ , 50  , ɜɪɟɦɟɧɚ ɩɪɢɯɨɞɚ 

ɫɢɝɧɚɥɨɜ ɪɚɜɧɵ 1 1.6t ɦɫ , 2 1.8t ɦɫ , ɮɚɡɵ ɤɨɦɩɨɧɟɧɬ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɪɚɜɧɵ 
1 50  , 

2 120  , 1

1

2
33.69

3

B
arctg arctg

A


        
  

(ɪɢɫɭɧɨɤ 2.8.1 ɢ ɪɢɫɭɧɨɤ 2.8.2). 
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Ɋɢɫɭɧɨɤ 2.8.1 – Ɇɨɞɟɥɶɧɵɣ ɫɢɝɧɚɥ ɫ ɚɧɬɟɧɧɵ X (ɬɟɦɧɨ-ɫɟɪɵɣ ɰɜɟɬ) ɢ ɟɝɨ ɫɜɟɪɬɤɚ ɫ ɨɛɪɚɡɨɦ 

ɢɡɥɭɱɟɧɧɨɝɨ ɫɨɨɛɳɟɧɢɹ (ɫɜɟɬɥɨ-ɫɟɪɵɣ ɰɜɟɬ) 

 

Ɋɢɫɭɧɨɤ 2.8.2 – Ɇɨɞɟɥɶɧɵɣ ɫɢɝɧɚɥ ɫ ɚɧɬɟɧɧɵ Y (ɬɟɦɧɨ-ɫɟɪɵɣ ɰɜɟɬ) ɢ ɟɝɨ ɫɜɟɪɬɤɚ ɫ ɨɛɪɚɡɨɦ 

ɢɡɥɭɱɟɧɧɨɝɨ ɫɨɨɛɳɟɧɢɹ (ɫɜɟɬɥɨ-ɫɟɪɵɣ ɰɜɟɬ) 

 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ, ɨɩɢɫɚɧɧɵɯ ɜ §1.10 ɞɥɹ ɢɡɜɟɫɬɧɵɯ ɡɧɚɱɟɧɢɣ   ɢ  , 

ɩɨɥɭɱɢɦ ɪɚɡɞɟɥɟɧɧɵɟ ɫɢɝɧɚɥɵ ɦɚɝɧɢɬɨɢɨɧɧɵɯ ɤɨɦɩɨɧɟɧɬ. Ɋɟɡɭɥɶɬɚɬɵ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ 

ɨɬɪɚɠɟɧɵ ɧɚ ɪɢɫɭɧɤɚɯ 2.8.3 ɢ 2.8.4. 
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Ɋɢɫɭɧɨɤ 2.8.3 – ɉɟɪɜɵɣ ɜɵɞɟɥɟɧɧɵɣ ɫɢɝɧɚɥ ɫ ɩɨɦɨɳɶɸ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ, ɨɩɢɫɚɧɧɨɝɨ ɜ §1.10, 

ɞɥɹ ɢɡɜɟɫɬɧɵɯ ɡɧɚɱɟɧɢɣ   ɢ   (ɬɟɦɧɨ-ɫɟɪɵɣ ɰɜɟɬ) ɢ ɟɝɨ ɫɜɟɪɬɤɚ ɫ ɨɛɪɚɡɨɦ ɢɡɥɭɱɟɧɧɨɝɨ 

ɫɨɨɛɳɟɧɢɹ (ɫɜɟɬɥɨ-ɫɟɪɵɣ ɰɜɟɬ) 

Ɋɢɫɭɧɨɤ 2.8.4 – ȼɬɨɪɨɣ ɜɵɞɟɥɟɧɧɵɣ ɫɢɝɧɚɥ ɫ ɩɨɦɨɳɶɸ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ, ɨɩɢɫɚɧɧɨɝɨ ɜ §1.10, 

ɞɥɹ ɢɡɜɟɫɬɧɵɯ ɡɧɚɱɟɧɢɣ   ɢ   (ɬɟɦɧɨ-ɫɟɪɵɣ ɰɜɟɬ) ɢ ɟɝɨ ɫɜɟɪɬɤɚ ɫ ɨɛɪɚɡɨɦ ɢɡɥɭɱɟɧɧɨɝɨ 

ɫɨɨɛɳɟɧɢɹ (ɫɜɟɬɥɨ-ɫɟɪɵɣ ɰɜɟɬ) 

 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ   ɢ   ɦɨɠɧɨ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɨɩɢɫɚɧɧɵɦ ɜ §1.10 

ɦɟɬɨɞɨɦ, ɨɫɧɨɜɚɧɧɵɦ ɧɚ ɚɧɚɥɢɡɟ ɮɭɧɤɰɢɨɧɚɥɚ (1.10.16). ɉɨɜɟɪɯɧɨɫɬɶ ɮɭɧɤɰɢɨɧɚɥɚ (1.10.16) 

ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.8.5. ɂɡ ɪɢɫɭɧɤɚ ɨɬɱɟɬɥɢɜɨ ɜɢɞɟɧ ɝɥɨɛɚɥɶɧɵɣ ɦɢɧɢɦɭɦ, ɩɪɚɜɢɥɶɧɨ 
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ɨɩɪɟɞɟɥɹɸɳɢɣ ɦɨɞɟɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ   ɢ  , ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɡɚɜɢɫɢɦɨɫɬɢ (1.10.16) ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɢɫɤɨɦɵɯ ɩɚɪɚɦɟɬɪɨɜ. 

 

Ɋɢɫɭɧɨɤ 2.8.5 – Ʉɚɪɬɚ ɩɨɜɟɪɯɧɨɫɬɢ ɮɭɧɤɰɢɨɧɚɥɚ (1.10.16) 

 

ɉɪɟɞɫɬɚɜɢɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɢɡɦɟɧɟɧɢɹ ɫɢɝɧɚɥɚ ɜ ɩɪɨɰɟɫɫɟ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɜɫɟɯ ɲɚɝɨɜ 

ɚɥɝɨɪɢɬɦɚ ɩɨɥɹɪɢɡɚɰɢɨɧɧɨɝɨ ɪɚɡɞɟɥɟɧɢɹ ɧɚ ɩɪɢɦɟɪɟ ɫɢɝɧɚɥɨɜ, ɢɡɨɛɪɚɠɟɧɧɵɯ ɧɚ ɪɢɫɭɧɤɚɯ 

2.8.1 ɢ 2.8.2. 

ɇɚ ɪɢɫɭɧɤɟ 2.8.6 ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɨɜɨɤɭɩɧɨɫɬɶ ɩɪɢɧɹɬɵɯ ɫɢɝɧɚɥɨɜ ɜ ɩɨɥɹɪɧɨɣ ɋɄ. Ⱦɜɚ 

ɷɥɥɢɩɫɚ 1 ɢ 2 ɨɩɪɟɞɟɥɹɸɬ ɷɥɥɢɩɫɵ ɦɚɝɧɢɬɨɢɨɧɧɵɯ ɤɨɦɩɨɧɟɧɬ. Ɉɧɢ ɮɨɪɦɢɪɭɸɬɫɹ ɩɟɪɜɨɣ ɢ 

ɩɨɫɥɟɞɧɟɣ ɧɟɩɟɪɟɤɪɵɜɚɸɳɢɦɢɫɹ ɨɛɥɚɫɬɹɦɢ ɫɢɝɧɚɥɨɜ. Ⱦɜɚ ɜɬɨɪɵɯ ɷɥɥɢɩɫɚ ɩɨɥɹɪɢɡɚɰɢɢ (3 ɢ 

4) ɮɨɪɦɢɪɭɸɬɫɹ ɩɟɪɟɤɪɵɜɚɸɳɢɦɢɫɹ ɱɚɫɬɹɦɢ ɫɢɝɧɚɥɨɜ. ȿɫɥɢ ɜɪɟɦɟɧɧɨɟ ɪɚɡɥɢɱɢɟ ɦɟɠɞɭ 

ɦɚɝɧɢɬɨɢɨɧɧɵɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ ɛɨɥɶɲɟ ɞɥɢɬɟɥɶɧɨɫɬɢ ɫɢɝɧɚɥɚ T, ɬɨ ɷɬɢ ɷɥɥɢɩɫɵ ɢɫɱɟɡɚɸɬ. 
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Ɋɢɫɭɧɨɤ 2.8.6 – ɉɪɢɧɹɬɵɣ ɫɢɝɧɚɥ ɜ ɩɨɥɹɪɧɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ. ɗɥɥɢɩɫɵ 1 ɢ 2 ɨɬɧɨɫɹɬɫɹ ɤ 

ɧɟɩɟɪɟɤɪɵɜɚɸɳɢɦɫɹ ɨɛɥɚɫɬɹɦ ɫɨɜɨɤɭɩɧɨɫɬɢ ɦɚɝɧɢɬɨɢɨɧɧɵɯ ɤɨɦɩɨɧɟɧɬ. ɗɥɥɢɩɫɵ 3 ɢ 4 

ɨɬɧɨɫɹɬɫɹ ɤ ɩɟɪɟɤɪɵɜɚɸɳɢɦɫɹ ɨɛɥɚɫɬɹɦ ɫɨɜɨɤɭɩɧɨɫɬɢ ɦɚɝɧɢɬɨɢɨɧɧɵɯ ɤɨɦɩɨɧɟɧɬ 

 

Ɉɫɭɳɟɫɬɜɢɦ ɩɨɜɨɪɨɬ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ (ɋɄ) ɧɚ ɭɝɨɥ   (ɪɢɫɭɧɨɤ 2.8.7). 

 

Ɋɢɫɭɧɨɤ 2.8.7 – ɉɪɢɧɹɬɵɣ ɫɢɝɧɚɥ ɜ ɩɨɥɹɪɧɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ ɩɨɫɥɟ ɩɨɜɨɪɨɬɚ ɋɄ ɧɚ ɭɝɨɥ   

 

ȼɵɩɨɥɧɢɦ ɫɞɜɢɝ ɧɚ / 2  (ɜɵɩɨɥɧɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ƚɢɥɶɛɟɪɬɚ) (ɪɢɫɭɧɨɤ 

2.8.8). 

1 

2 

3 

4 

1 

2 

3 

4 
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Ɋɢɫɭɧɨɤ 2.8.8 – ɉɪɢɧɹɬɵɣ ɫɢɝɧɚɥ ɜ ɩɨɥɹɪɧɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ ɩɨɫɥɟ ɩɨɜɨɪɨɬɚ ɋɄ ɧɚ ɭɝɨɥ   

ɢ ɞɨɛɚɜɥɟɧɢɹ / 2  ɤ ɫɢɝɧɚɥɭ «В» 

 

Ɋɟɚɥɢɡɭɟɦ ɩɨɜɨɪɨɬ ɧɚ ɭɝɨɥ   (ɪɢɫɭɧɨɤ 2.8.9). 

 

Ɋɢɫɭɧɨɤ 2.8.9 - ɉɪɢɧɹɬɵɣ ɫɢɝɧɚɥ ɜ ɩɨɥɹɪɧɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ ɩɨɫɥɟ ɩɨɜɨɪɨɬɚ ɋɄ ɧɚ ɭɝɨɥ 

  , ɞɨɛɚɜɥɟɧɢɹ / 2  ɤ ɫɢɝɧɚɥɭ «В» ɢ ɩɨɜɨɪɨɬɚ ɋɄ ɧɚ ɭɝɨɥ   

 

Ɋɟɡɭɥɶɬɚɬɨɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɪɚɡɞɟɥɟɧɢɟ ɩɨɥɹɪɢɡɚɰɢɢ ɦɚɝɧɢɬɨɢɨɧɧɵɯ 

ɤɨɦɩɨɧɟɧɬ: ɜɞɨɥɶ ɜɟɪɬɢɤɚɥɶɧɨɣ ɨɫɢ ɨɬɨɛɪɚɠɚɟɬɫɹ ɢɧɮɨɪɦɚɰɢɹ ɨɛ ɨɞɧɨɣ ɦɚɝɧɢɬɨɢɨɧɧɨɣ 

ɤɨɦɩɨɧɟɧɬɟ, ɜɞɨɥɶ ɝɨɪɢɡɨɧɬɚɥɶɧɨ – ɨ ɞɪɭɝɨɣ. Ⱥɦɩɥɢɬɭɞɵ ɤɨɦɩɨɧɟɧɬ ɪɚɜɧɵ: 2 2

1 1 1U A B   ɢ 

2 2

2 2 2U A B  , ɧɚɱɚɥɶɧɵɟ ɮɚɡɵ ɫɨɯɪɚɧɹɸɬɫɹ. Ɉɬɧɨɲɟɧɢɟ ɫɢɝɧɚɥ/ɲɭɦ ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɭɜɟɥɢɱɢɜɚɟɬɫɹ. 

ɉɪɟɞɫɬɚɜɥɟɧɧɚɹ ɬɟɯɧɨɥɨɝɢɹ ɪɚɡɪɟɲɟɧɢɹ ɦɚɝɧɢɬɨɢɨɧɧɵɯ ɤɨɦɩɨɧɟɧɬ ɦɨɠɟɬ 

ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɬɚɤɠɟ ɞɥɹ ɪɚɡɞɟɥɟɧɢɹ ɞɜɭɯ ɫɢɝɧɚɥɨɜ ɥɢɧɟɣɧɵɯ ɢ ɤɪɭɝɨɜɵɯ ɨɪɬɨɝɨɧɚɥɶɧɵɯ 

ɩɨɥɹɪɢɡɚɰɢɣ. ȼ ɩɟɪɜɨɦ ɫɥɭɱɚɟ ɩɨɜɨɪɨɬ ɧɚ ɭɝɨɥ   ɪɟɲɚɟɬ ɡɚɞɚɱɭ ɩɨɥɹɪɢɡɚɰɢɨɧɧɨɝɨ 

2 

1 

3

1 

4 

2

3 4 
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ɪɚɡɞɟɥɟɧɢɹ ɫɢɝɧɚɥɨɜ. Ⱦɨɛɚɜɤɚ ɮɚɡɵ / 2  ɢ ɩɨɜɨɪɨɬ ɧɚ ɭɝɨɥ 0   ɧɟ ɦɟɧɹɸɬ ɩɨɥɹɪɢɡɚɰɢɢ. ȼɨ 

ɜɬɨɪɨɦ ɫɥɭɱɚɟ (ɤɪɭɝɨɜɵɟ ɩɨɥɹɪɢɡɚɰɢɢ) ɩɨɜɨɪɨɬ ɧɚ ɭɝɨɥ   ɧɟ ɦɟɧɹɟɬ ɩɨɥɹɪɢɡɚɰɢɢ. Ⱦɜɚ 

ɨɫɬɚɜɲɢɯɫɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɩɨɡɜɨɥɹɸɬ ɪɟɲɢɬɶ ɡɚɞɚɱɭ ɩɨɥɹɪɢɡɚɰɢɨɧɧɨɝɨ ɪɚɡɞɟɥɟɧɢɹ 

ɫɢɝɧɚɥɨɜ. 

ɍɤɚɡɚɧɧɚɹ ɬɟɯɧɨɥɨɝɢɹ ɩɨɥɹɪɢɡɚɰɢɨɧɧɨɝɨ ɪɚɡɞɟɥɟɧɢɹ ɦɚɝɧɢɬɨɢɨɧɧɵɯ ɤɨɦɩɨɧɟɧɬ ɦɨɠɟɬ 

ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɩɪɢ ɩɪɨɢɡɜɨɥɶɧɵɯ ɜɪɟɦɟɧɚɯ ɩɪɢɯɨɞɚ ɫɢɝɧɚɥɨɜ, ɜɤɥɸɱɚɹ ɫɥɭɱɚɣ ɪɚɜɟɧɫɬɜɚ 

ɜɪɟɦɟɧ ɩɪɢɯɨɞɚ ɩɨɫɥɟɞɧɢɯ. ɗɬɨ ɹɜɥɹɟɬɫɹ ɜɚɠɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ: ɩɨɥɹɪɢɡɚɰɢɨɧɧɨɟ ɪɚɡɞɟɥɟɧɢɟ 

ɦɚɝɧɢɬɨɢɨɧɧɵɯ ɤɨɦɩɨɧɟɧɬ ɩɪɢɜɨɞɢɬ ɤ ɪɟɲɟɧɢɸ ɡɚɞɚɱɢ ɪɚɡɪɟɲɟɧɢɹ ɫɢɝɧɚɥɨɜ ɩɨ ɜɪɟɦɟɧɢ 

ɩɪɢɯɨɞɚ (ɪɢɫɭɧɨɤ 2.8.10). ɇɚ ɪɢɫɭɧɤɟ 2.8.11 ɩɨɤɚɡɚɧɚ ɢɧɮɨɪɦɚɰɢɹ ɨɛ ɢɡɦɟɧɟɧɢɢ ɷɥɥɢɩɫɨɜ 

ɩɨɥɹɪɢɡɚɰɢɢ ɫɢɝɧɚɥɨɜ ɦɚɝɧɢɬɨɢɨɧɧɵɯ ɤɨɦɩɨɧɟɧɬ ɜ ɩɪɨɰɟɫɫɟ ɩɨɥɹɪɢɡɚɰɢɨɧɧɨɣ ɨɛɪɚɛɨɬɤɢ ɩɪɢ 

ɩɨɥɧɨɦ ɫɨɜɩɚɞɟɧɢɢ ɜɪɟɦɟɧ ɩɪɢɯɨɞɚ ɫɢɝɧɚɥɨɜ ɦɚɝɧɢɬɨɢɨɧɧɵɯ ɤɨɦɩɨɧɟɧɬ. 

Ɂɚɦɟɱɚɧɢɟ: ɜ ɫɥɭɱɚɟ ɩɪɢɟɦɚ ɩɨɥɧɨɫɬɶɸ ɫɨɜɩɚɞɚɸɳɢɯ ɩɨ ɜɪɟɦɟɧɢ ɩɪɢɯɨɞɚ 

ɦɚɝɧɢɬɨɢɨɧɧɵɯ ɤɨɦɩɨɧɟɧɬ ɬɟɯɧɨɥɨɝɢɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ   ɢ   ɫ ɩɨɦɨɳɶɸ 

ɜɵɪɚɠɟɧɢɹ 1.10.16 ɧɟ ɪɚɛɨɬɚɟɬ. 

  

  

Ɋɢɫɭɧɨɤ 2.8.10 – Ɋɟɡɭɥɶɬɚɬ ɩɨɥɹɪɢɡɚɰɢɨɧɧɨɝɨ ɪɚɡɞɟɥɟɧɢɹ ɩɨɥɧɨɫɬɶɸ ɫɨɜɩɚɞɚɸɳɢɯ Ɇ-

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ. 1 – ɢɫɯɨɞɧɵɣ ɫɢɝɧɚɥ ɧɚ ɚɧɬɟɧɧɟ X, 2 – ɢɫɯɨɞɧɵɣ ɫɢɝɧɚɥ ɧɚ ɚɧɬɟɧɧɟ Y, 3 

– ɜɵɞɟɥɟɧɧɵɣ ɫɢɝɧɚɥ ɩɟɪɜɨɣ ɦɚɝɧɢɬɨɢɨɧɧɨɣ ɤɨɦɩɨɧɟɧɬɵ, 4 – ɜɵɞɟɥɟɧɧɵɣ ɫɢɝɧɚɥ ɜɬɨɪɨɣ 

ɦɚɝɧɢɬɨɢɨɧɧɨɣ ɤɨɦɩɨɧɟɧɬɵ 

 

1 

2 

3 

4 
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Ɋɢɫɭɧɨɤ 2.8.11 – ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ ɷɥɥɢɩɫɨɜ ɩɨɥɹɪɢɡɚɰɢɢ ɜ ɩɪɨɰɟɫɫɟ ɨɫɭɳɟɫɬɜɥɟɧɢɹ 

ɩɨɥɹɪɢɡɚɰɢɨɧɧɨɝɨ ɪɚɡɞɟɥɟɧɢɹ ɩɨɥɧɨɫɬɶɸ ɫɨɜɩɚɞɚɸɳɢɯ Ɇ-ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ. 1 – 

ɢɫɯɨɞɧɵɣ ɷɥɥɢɩɫ ɩɨɥɹɪɢɡɚɰɢɢ, 2 –ɷɥɥɢɩɫ ɩɨɥɹɪɢɡɚɰɢɢ ɩɨɫɥɟ ɩɨɜɨɪɨɬɚ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ɧɚ 

ɭɝɨɥ  , 3 –ɷɥɥɢɩɫ ɩɨɥɹɪɢɡɚɰɢɢ ɩɨɫɥɟ ɩɨɜɨɪɨɬɚ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ɧɚ ɭɝɨɥ   ɢ ɜɧɟɫɟɧɢɹ 

ɮɚɡɨɜɨɝɨ ɫɞɜɢɝɚ ɜ ɫɢɝɧɚɥ '

yE , 4 – ɢɬɨɝɨɜɵɣ ɷɥɥɢɩɫ ɩɨɥɹɪɢɡɚɰɢɢ ɩɨɫɥɟ ɩɨɜɨɪɨɬɚ ɫɢɫɬɟɦɵ 

ɤɨɨɪɞɢɧɚɬ ɧɚ ɭɝɨɥ  , ɜɧɟɫɟɧɢɹ ɮɚɡɨɜɨɝɨ ɫɞɜɢɝɚ ɜ ɫɢɝɧɚɥ '

yE  ɢ ɩɨɜɨɪɨɬɚ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ɧɚ 

ɭɝɨɥ   

  

1 2 

3 4 
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Ƚɥɚɜɚ 3. Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɚɥɝɨɪɢɬɦɨɜ ɰɢɮɪɨɜɨɣ 

ɨɛɪɚɛɨɬɤɢ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ 

 

ȼ ɞɚɧɧɨɣ ɝɥɚɜɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɞɨɤɚɡɚɬɟɥɶɫɬɜɚ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɚɥɝɨɪɢɬɦɨɜ ɰɢɮɪɨɜɨɣ 

ɨɛɪɚɛɨɬɤɢ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɪɚɧɟɟ, ɩɭɬɟɦ ɩɪɢɦɟɧɟɧɢɹ ɢɯ ɤ ɪɟɚɥɶɧɵɦ 

ɞɚɧɧɵɦ. ȼɫɟ ɪɟɡɭɥɶɬɚɬɵ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɵ ɧɚ ɞɚɧɧɵɯ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɡɨɧɞɢɪɨɜɚɧɢɹ 

ɢɨɧɨɫɮɟɪɵ. 

ɉɪɢɦɟɧɟɧɢɟ ɚɥɝɨɪɢɬɦɚ ɫɜɟɪɯɪɚɡɪɟɲɟɧɢɹ, ɨɫɧɨɜɚɧɧɨɝɨ ɧɚ ɩɪɢɦɟɧɟɧɢɢ ɬɟɨɪɢɢ 

ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɪɢɟɦɚ, ɤ ɷɯɨ-ɫɢɝɧɚɥɚɦ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɡɨɧɞɢɪɨɜɚɧɢɹ ɩɨɡɜɨɥɹɟɬ ɧɚɝɥɹɞɧɨ 

ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɬɶ ɩɪɟɢɦɭɳɟɫɬɜɚ ɬɟɨɪɢɢ ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɪɢɟɦɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɤɥɚɫɫɢɱɟɫɤɢɦ ɚɧɚɥɢɡɨɦ, ɨɫɧɨɜɚɧɧɵɦ ɧɚ ɮɭɧɤɰɢɢ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ. 

ȼ ɫɥɭɱɚɟ ɧɚɥɢɱɢɹ ɫɢɫɬɟɦɵ ɢɡ ɞɜɭɯ ɨɪɬɨɝɨɧɚɥɶɧɨ ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɯ ɩɪɢɟɦɧɵɯ ɚɧɬɟɧɧ 

ɜɨɡɦɨɠɧɨ ɩɪɢɦɟɧɟɧɢɟ ɚɥɝɨɪɢɬɦɚ ɩɨɥɹɪɢɡɚɰɢɨɧɧɨɝɨ ɪɚɡɞɟɥɟɧɢɹ ɞɥɹ ɩɨɥɧɨɝɨ ɪɚɡɞɟɥɟɧɢɹ ɞɜɭɯ 

ɦɚɝɧɢɬɨɢɨɧɧɵɯ ɤɨɦɩɨɧɟɧɬ. ɉɪɢɦɟɧɟɧɢɟ ɞɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɬɚɤ ɠɟ ɫɭɳɟɫɬɜɟɧɧɨ ɩɨɜɵɲɚɟɬ 

ɤɚɱɟɫɬɜɨ ɩɨɥɭɱɚɟɦɨɣ ɢɧɮɨɪɦɚɰɢɢ. 

ɉɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɨ ɩɪɢɦɟɧɟɧɢɟ ɚɞɚɩɬɢɜɧɨɝɨ ɮɢɥɶɬɪɚ ɞɥɹ ɨɱɢɫɬɤɢ ɪɟɚɥɶɧɵɯ ɫɢɝɧɚɥɨɜ 

ɨɬ ɤɨɪɪɟɥɢɪɨɜɚɧɧɵɯ ɩɨɦɟɯ. 

ȼ ɧɚɱɚɥɟ ɝɥɚɜɵ ɫɤɚɠɟɦ ɧɟɫɤɨɥɶɤɨ ɫɥɨɜ ɨɛ ɢɫɩɨɥɶɡɭɟɦɨɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɟ. 

 

§3.1. Ɉɩɢɫɚɧɢɟ ɤɨɦɩɥɟɤɫɚ ɚɩɩɚɪɚɬɭɪɵ ɞɥɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 

ɜɨɡɦɨɠɧɨɫɬɟɣ ɨɛɪɚɛɨɬɤɢ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ ɩɪɢ ɜɟɪɬɢɤɚɥɶɧɨɦ ɡɨɧɞɢɪɨɜɚɧɢɢ 

ɢɨɧɨɫɮɟɪɵ 

 

ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɦɟɬɨɞɨɦ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɡɨɧɞɢɪɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ 

ɢɦɩɭɥɶɫɧɵɣ ɦɟɬɨɞ. 

ȼ ɤɥɚɫɫɢɱɟɫɤɨɦ ɜɚɪɢɚɧɬɟ ɪɟɚɥɢɡɚɰɢɢ ɢɦɩɭɥɶɫɧɨɝɨ ɦɟɬɨɞɚ ɢɦɩɭɥɶɫɵ ɢɡɥɭɱɚɸɬɫɹ 

ɜɟɪɬɢɤɚɥɶɧɨ ɜɜɟɪɯ, ɚ ɩɪɢɟɦɧɢɤ ɧɚɯɨɞɢɬɫɹ ɜ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ ɛɥɢɡɨɫɬɢ ɨɬ ɩɟɪɟɞɚɬɱɢɤɚ. ȼ 

ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɜɪɟɦɹ ɡɚɩɚɡɞɵɜɚɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɞɜɨɣɧɵɦ ɩɪɨɯɨɠɞɟɧɢɟɦ ɢɦɩɭɥɶɫɚ 

ɪɚɫɫɬɨɹɧɢɹ ɨɬ ɬɨɱɤɢ ɢɡɥɭɱɟɧɢɹ – ɩɪɢɟɦɚ ɞɨ ɨɛɥɚɫɬɢ, ɜ ɤɨɬɨɪɨɣ ɫɮɨɪɦɢɪɨɜɚɥɨɫɶ ɨɬɪɚɠɟɧɢɟ. 

ɂɫɬɢɧɧɭɸ ɜɵɫɨɬɭ ɬɨɱɤɢ, ɜ ɤɨɬɨɪɨɣ ɩɪɨɢɡɨɲɥɨ ɨɬɪɚɠɟɧɢɟ ɢɦɩɭɥɶɫɚ, ɨɩɪɟɞɟɥɢɬɶ ɫɥɨɠɧɨ. 

ɉɨɷɬɨɦɭ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɠɭɳɚɹɫɹ ɜɵɫɨɬɚ ɨɬɪɚɠɟɧɢɹ ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ, ɱɬɨ ɜɟɫɶ ɩɭɬɶ ɞɨ ɬɨɱɤɢ 

ɨɬɪɚɠɟɧɢɹ ɢ ɨɛɪɚɬɧɨ ɢɦɩɭɥɶɫ ɩɪɨɯɨɞɢɬ ɫ ɩɨɫɬɨɹɧɧɨɣ ɫɤɨɪɨɫɬɶɸ ɫ. Ɍɨɝɞɚ ɞɟɣɫɬɜɭɸɳɚɹ ɜɵɫɨɬɚ 

ɬɨɱɤɢ ɨɬɪɚɠɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɢɡɦɟɪɟɧɧɨɦɭ ɢɧɬɟɪɜɚɥɭ ɜɪɟɦɟɧɢ t  ɫ ɩɨɦɨɳɶɸ 

ɫɥɟɞɭɸɳɟɝɨ ɩɪɨɫɬɨɝɨ ɫɨɨɬɧɨɲɟɧɢɹ / 2h c t   . 
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Ɉɫɧɨɜɧɨɣ ɡɚɞɚɱɟɣ ɢɦɩɭɥɶɫɧɨɝɨ ɦɟɬɨɞɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɨɧɨɫɮɟɪɵ ɹɜɥɹɟɬɫɹ ɩɨɥɭɱɟɧɢɟ 

ɩɪɨɮɢɥɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɥɟɤɬɪɨɧɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɨ ɜɵɫɨɬɟ. 

ȿɫɥɢ ɢɡɦɟɧɹɬɶ ɧɟɫɭɳɭɸ ɱɚɫɬɨɬɭ ɩɟɪɟɞɚɬɱɢɤɚ, ɬɨ ɢɦɩɭɥɶɫɵ, ɯɚɪɚɤɬɟɪɢɡɭɟɦɵɟ ɪɚɡɧɵɦɢ 

ɡɧɚɱɟɧɢɹɦɢ ɧɟɫɭɳɟɣ ɱɚɫɬɨɬɵ, ɛɭɞɭɬ ɨɬɪɚɠɚɬɶɫɹ ɨɬ ɨɛɥɚɫɬɟɣ ɫ ɪɚɡɧɨɣ ɷɥɟɤɬɪɨɧɧɨɣ 

ɩɥɨɬɧɨɫɬɶɸ. Ɍɚɤ ɤɚɤ ɷɥɟɤɬɪɨɧɧɚɹ ɩɥɨɬɧɨɫɬɶ ɦɟɧɹɟɬɫɹ ɫ ɜɵɫɨɬɨɣ, ɬɨ ɢɦɩɭɥɶɫɵ ɢɫɩɵɬɵɜɚɸɬ 

ɪɚɡɥɢɱɧɨɟ ɩɨ ɜɟɥɢɱɢɧɟ ɡɚɩɚɡɞɵɜɚɧɢɟ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɨɡɧɢɤɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɩɭɬɟɦ ɩɨɥɭɱɢɬɶ ɩɪɨɮɢɥɶ ɷɥɟɤɬɪɨɧɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜ ɢɨɧɨɫɮɟɪɟ. 

ɇɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɪɟɡɭɥɶɬɚɬɟ ɢɡɦɟɪɟɧɢɣ ɩɨɥɭɱɚɸɬ ɜɵɫɨɬɧɨ-ɱɚɫɬɨɬɧɭɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ 

(ȼɑɏ) – ɡɚɜɢɫɢɦɨɫɬɶ ɞɟɣɫɬɜɭɸɳɟɣ ɜɵɫɨɬɵ ɨɬɪɚɠɟɧɢɹ ɪɚɞɢɨɢɦɩɭɥɶɫɚ ɨɬ ɟɝɨ ɧɟɫɭɳɟɣ 

ɱɚɫɬɨɬɵ. ɇɚ ɨɫɧɨɜɚɧɢɢ ɚɧɚɥɢɡɚ ɤɨɧɮɢɝɭɪɚɰɢɢ  h f  ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɪɹɞ ɢɨɧɨɫɮɟɪɧɵɯ 

ɩɚɪɚɦɟɬɪɨɜ: ɤɪɢɬɢɱɟɫɤɢɟ ɱɚɫɬɨɬɵ ɫɥɨɟɜ ɢɨɧɨɫɮɟɪɵ ɢ ɢɯ ɜɵɫɨɬɵ – ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɡɧɚɧɢɟ 

ɤɨɬɨɪɵɯ ɢɦɟɟɬ ɩɟɪɜɨɫɬɟɩɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɭɫɬɨɣɱɢɜɨɣ ɢ ɧɚɞɟɠɧɨɣ ɪɚɞɢɨɫɜɹɡɢ. 

Ⱥɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ, ɩɨɥɭɱɚɟɦɵɯ ɢɦɩɭɥɶɫɧɵɦ ɦɟɬɨɞɨɦ ɡɨɧɞɢɪɨɜɚɧɢɹ ɢɨɧɨɫɮɟɪɵ ɧɚ 

ɩɟɪɟɦɟɧɧɨɣ ɱɚɫɬɨɬɟ, ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɢɨɧɢɡɚɰɢɨɧɧɨ-ɪɟɤɨɦɛɢɧɚɰɢɨɧɧɵɟ ɤɨɧɫɬɚɧɬɵ 

ɢɨɧɨɫɮɟɪɧɵɯ ɩɪɨɰɟɫɫɨɜ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɡɨɧɞɢɪɨɜɚɧɢɟ ɢɨɧɨɫɮɟɪɵ ɤɨɪɨɬɤɢɦɢ 

ɪɚɞɢɨɢɦɩɭɥɶɫɚɦɢ ɩɨɡɜɨɥɹɟɬ ɩɪɨɫɬɵɦɢ ɫɪɟɞɫɬɜɚɦɢ ɩɨɥɭɱɢɬɶ ɛɨɥɶɲɨɣ ɨɛɴɟɦ ɢɧɮɨɪɦɚɰɢɢ ɨ 

ɫɨɫɬɨɹɧɢɢ ɢɨɧɨɫɮɟɪɵ ɢ ɩɨɷɬɨɦɭ ɹɜɥɹɟɬɫɹ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚɢɛɨɥɟɟ ɲɢɪɨɤɨ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɦɟɬɨɞɨɦ ɩɨɥɭɱɟɧɢɹ ɫɜɟɞɟɧɢɣ ɨɛ ɨɫɧɨɜɧɵɯ ɢɨɧɨɫɮɟɪɧɵɯ ɩɚɪɚɦɟɬɪɚɯ. 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɷɯɨ-ɫɢɝɧɚɥɨɜ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɡɨɧɞɢɪɨɜɚɧɢɹ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɆɊɅɄ 

«ȼɟɤɬɨɪ» ɩɪɨɢɡɜɨɞɫɬɜɚ ɇɂɂȾȺɊ. ȿɝɨ ɨɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɩɪɢɧɰɢɩ ɪɚɛɨɬɵ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɢɠɟ. 

Ɇɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɵɣ ɪɚɞɢɨɥɨɤɚɰɢɨɧɧɵɣ ɤɨɦɩɥɟɤɫ (ɆɊɅɄ) ɞɥɹ ɦɨɧɢɬɨɪɢɧɝɚ 

ɫɨɫɬɨɹɧɢɹ ɢɨɧɨɫɮɟɪɵ «ȼɟɤɬɨɪ» ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɡɨɧɞɢɪɨɜɚɧɢɹ ɢɨɧɨɫɮɟɪɵ ɫ 

ɰɟɥɶɸ ɩɨɥɭɱɟɧɢɹ ɜɵɫɨɬɧɨ-ɱɚɫɬɨɬɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɪɚɫɱɟɬɚ ɧɚ ɟɟ ɨɫɧɨɜɟ ɩɪɨɮɢɥɹ 

ɢɫɬɢɧɧɵɯ ɜɵɫɨɬ. 

ɉɪɢɧɰɢɩ ɪɚɛɨɬɵ ɆɊɅɄ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɜɟɪɬɢɤɚɥɶɧɨɦ ɢɡɥɭɱɟɧɢɢ ɢ ɩɪɢɟɦɟ ɨɬɪɚɠɟɧɧɨɝɨ 

ɨɬ ɫɥɨɟɜ ɢɨɧɨɫɮɟɪɵ ɮɚɡɨɦɨɞɭɥɢɪɨɜɚɧɧɨɝɨ ɫɢɝɧɚɥɚ ɜ ɞɢɚɩɚɡɨɧɟ ɱɚɫɬɨɬ ɨɬ 1 ɞɨ 20 ɆȽɰ. ɇɚ 

ɤɚɠɞɨɣ ɱɚɫɬɨɬɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɫɨɬɚ ɨɬɪɚɠɟɧɢɹ ɫ ɩɨɫɬɪɨɟɧɢɟɦ ɜɵɫɨɬɧɨ-ɱɚɫɬɨɬɧɨɣ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɪɨɮɢɥɶ ɷɥɟɤɬɪɨɧɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ. 

ɍɩɪɚɜɥɟɧɢɟ ɷɥɟɦɟɧɬɚɦɢ ɆɊɅɄ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɚɩɩɚɪɚɬɧɨ-ɩɪɨɝɪɚɦɦɧɵɦ ɦɨɞɭɥɟɦ 

(ȺɉɆ). ɍɩɪɚɜɥɹɸɳɢɣ ɫɢɝɧɚɥ ɩɨɫɬɭɩɚɟɬ ɧɚ ɮɨɪɦɢɪɨɜɚɬɟɥɶ ɢɦɩɭɥɶɫɧɵɯ ɫɢɝɧɚɥɨɜ, ɤɨɬɨɪɵɣ 

ɮɨɪɦɢɪɭɟɬ ɡɨɧɞɢɪɭɸɳɢɣ ɢɦɩɭɥɶɫɧɵɣ ɫɢɝɧɚɥ ɫ ɡɚɞɚɧɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ. Ɂɨɧɞɢɪɭɸɳɢɣ 

ɫɢɝɧɚɥ ɩɨɫɬɭɩɚɟɬ ɧɚ ɢɦɩɭɥɶɫɧɵɣ ɭɫɢɥɢɬɟɥɶ ɦɨɳɧɨɫɬɢ, ɝɞɟ ɭɫɢɥɢɜɚɟɬɫɹ ɢ ɧɚɩɪɚɜɥɹɟɬɫɹ ɧɚ 

ɩɟɪɟɞɚɸɳɭɸ ɡɟɧɢɬɧɭɸ ɚɧɬɟɧɧɭ (ɉɁȺ). ɉɁȺ ɢɡɥɭɱɚɟɬ ɫɢɝɧɚɥ ɜ ɩɪɨɫɬɪɚɧɫɬɜɨ. 
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ɋɢɝɧɚɥɵ, ɨɬɪɚɠɟɧɧɵɟ ɨɬ ɫɥɨɟɜ ɢɨɧɨɫɮɟɪɵ, ɩɪɢɧɢɦɚɸɬɫɹ ɦɚɥɨɝɚɛɚɪɢɬɧɨɣ 

ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɚɧɬɟɧɧɨɣ (ɆȽȺ), ɭɫɢɥɢɜɚɸɬɫɹ ɢ ɩɨɫɬɭɩɚɸɬ ɩɨ ɞɜɭɦ ɤɚɧɚɥɚɦ ɜ ɪɚɞɢɨɩɪɢɟɦɧɨɟ 

ɭɫɬɪɨɣɫɬɜɨ (Ɋɉɍ). Ɋɉɍ ɩɪɨɢɡɜɨɞɢɬ ɨɰɢɮɪɨɜɤɭ ɢɡɥɭɱɟɧɧɨɝɨ ɢ ɨɬɪɚɠɟɧɧɨɝɨ ɫɢɝɧɚɥɨɜ, ɩɟɪɟɞɚɟɬ 

ɢɯ ɜ ȺɉɆ. 

ɉɨɫɥɟ ɤɚɠɞɨɝɨ ɫɤɚɧɢɪɨɜɚɧɢɹ ɩɨ ɱɚɫɬɨɬɚɦ ɩɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɫɨɯɪɚɧɹɸɬɫɹ ɜ ɨɬɞɟɥɶɧɵɟ 

ɤɚɬɚɥɨɝɢ. ȺɉɆ ɫ ɭɫɬɚɧɨɜɥɟɧɧɵɦ ɮɭɧɤɰɢɨɧɚɥɶɧɵɦ ɩɪɨɝɪɚɦɦɧɵɦ ɨɛɟɫɩɟɱɟɧɢɟɦ ɚɧɚɥɢɡɢɪɭɟɬ 

ɩɪɢɧɹɬɵɟ ɫɢɝɧɚɥɵ, ɩɪɨɢɡɜɨɞɢɬ ɧɟɨɛɯɨɞɢɦɵɟ ɪɚɫɱɟɬɵ ɢ ɜɵɜɨɞɢɬ ɬɪɟɛɭɟɦɵɟ ɞɚɧɧɵɟ. 

ȼ ɫɨɫɬɚɜ ɆɊɅɄ «ȼɟɤɬɨɪ» ɜɯɨɞɹɬ: 

 ɪɚɞɢɨɩɪɢɟɦɧɨɟ ɭɫɬɪɨɣɫɬɜɨ «ȻɍɇɂɅ» 2.1; 

 ɮɨɪɦɢɪɨɜɚɬɟɥɶ ɢɦɩɭɥɶɫɧɵɯ ɫɢɝɧɚɥɨɜ Ⱦ-Ɏɂɋ; 

 ɢɦɩɭɥɶɫɧɵɣ ɭɫɢɥɢɬɟɥɶ ɦɨɳɧɨɫɬɢ Ⱦ-ɍɆɂ-600; 

 ɦɚɥɨɝɚɛɚɪɢɬɧɚɹ ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ ɚɧɬɟɧɧɚ Ⱦ-ɆȽȺ-ɍ-1.1; 

 ɩɟɪɟɞɚɸɳɚɹ ɡɟɧɢɬɧɚɹ ɚɧɬɟɧɧɚ Ⱦ-ɉɁȺ-3; 

 ɚɩɩɚɪɚɬɧɨ-ɩɪɨɝɪɚɦɦɧɵɣ ɦɨɞɭɥɶ; 

 ɮɭɧɤɰɢɨɧɚɥɶɧɨɟ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ. 

Ɋɚɞɢɨɩɪɢɟɦɧɨɟ ɭɫɬɪɨɣɫɬɜɨ «ȻɍɇɂɅ» 2.1 ɨɛɟɫɩɟɱɢɜɚɟɬ ɧɟɡɚɜɢɫɢɦɵɣ ɩɪɢɟɦ 

ɪɚɞɢɨɫɢɝɧɚɥɨɜ ɩɨ ɤɚɠɞɨɦɭ ɢɡ ɞɜɭɯ ɤɚɧɚɥɨɜ ɨɬ Ⱦ-ɆȽȺ-1.1 ɧɚ ɟɞɢɧɨɣ ɱɚɫɬɨɬɟ ɨɬ 1 ɞɨ 40 ɆȽɰ ɫ 

ɲɚɝɨɦ, ɤɪɚɬɧɵɦ 1 ɤȽɰ, ɢ ɜɵɞɚɟɬ ɜ ɰɢɮɪɨɜɨɦ ɜɢɞɟ ɫɢɝɧɚɥ ɫ ɞɚɧɧɵɦɢ ɨɬ ɞɜɭɯ ɤɚɧɚɥɨɜ. Ɋɉɍ 

ɫɨɫɬɨɢɬ ɢɡ ɫɥɟɞɭɸɳɢɯ ɛɥɨɤɨɜ: ɩɢɬɚɧɢɹ Ȼ3-04, ɪɚɞɢɨɤɚɧɚɥɚ Ȼ2-01.1, ɫɢɧɬɟɡɚɬɨɪɚ ɱɚɫɬɨɬ ɢ 

ɭɩɪɚɜɥɟɧɢɹ Ȼ1-01 ɢ Ⱥɐɉ Ȼ9-01.1, ɫɦɨɧɬɢɪɨɜɚɧɧɵɯ ɜ ɨɞɧɨɦ ɤɨɪɩɭɫɟ. 

Ȼɥɨɤ ɩɢɬɚɧɢɹ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɢɬɚɧɢɟɦ ɜɫɟ ɛɥɨɤɢ ɪɚɞɢɨɩɪɢɟɦɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ, ɤɚɤ ɨɬ ɫɟɬɢ 

(220  20) ȼ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ ɱɚɫɬɨɬɨɣ (50  2.5) Ƚɰ, ɬɚɤ ɢ ɨɬ 12 ȼ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɫ 

ɩɪɟɞɟɥɶɧɵɦ ɨɬɤɥɨɧɟɧɢɟɦ –1.5 ȼ, +2.5 ȼ. Ȼɥɨɤ ɫɢɧɬɟɡɚɬɨɪɚ ɱɚɫɬɨɬ ɢ ɭɩɪɚɜɥɟɧɢɹ ɮɨɪɦɢɪɭɟɬ 

ɫɟɬɤɭ ɱɚɫɬɨɬ ɢ ɨɫɭɳɟɫɬɜɥɹɟɬ ɭɩɪɚɜɥɟɧɢɟ Ɋɉɍ ɩɨ ɢɧɬɟɪɮɟɣɫɭ RS-232. Ȼɥɨɤ ɪɚɞɢɨɤɚɧɚɥɚ 

ɩɪɢɧɢɦɚɟɬ ɪɚɞɢɨɫɢɝɧɚɥɵ ɨɬ ɞɜɭɯ ɚɧɬɟɧɧ, ɨɫɭɳɟɫɬɜɥɹɟɬ ɮɢɥɶɬɪɚɰɢɸ ɢ ɩɟɪɟɧɨɫ ɪɚɞɢɨɫɢɝɧɚɥɨɜ 

ɧɚ ɩɪɨɦɟɠɭɬɨɱɧɭɸ ɱɚɫɬɨɬɭ 465 ɤȽɰ. Ȼɥɨɤ Ⱥɐɉ ɨɰɢɮɪɨɜɵɜɚɟɬ ɫɢɝɧɚɥ ɧɚ ɩɪɨɦɟɠɭɬɨɱɧɨɣ 

ɱɚɫɬɨɬɟ ɢ ɩɟɪɟɞɚɟɬ ɟɝɨ ɩɨ ɢɧɬɟɪɮɟɣɫɭ USB 2.0 ɜ ȺɉɆ. 

Ɏɨɪɦɢɪɨɜɚɬɟɥɶ ɢɦɩɭɥɶɫɧɵɯ ɫɢɝɧɚɥɨɜ Ⱦ-Ɏɂɋ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ 

ɮɚɡɨɤɨɞɨɦɚɧɢɩɭɥɢɪɨɜɚɧɧɵɯ (ɎɄɆ) ɡɨɧɞɢɪɭɸɳɢɯ ɪɚɞɢɨɫɢɝɧɚɥɨɜ ɢ ɫɢɝɧɚɥɨɜ ɫɢɧɯɪɨɧɢɡɚɰɢɢ. 

Ɏɂɋ ɮɨɪɦɢɪɭɟɬ ɎɄɆ ɫɢɝɧɚɥ ɩɨ ɡɚɪɚɧɟɟ ɡɚɞɚɧɧɨɣ ɛɢɬɨɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɤɚɠɞɨɦɭ 

ɛɢɬɭ ɤɨɬɨɪɨɣ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ȼɑ ɢɦɩɭɥɶɫ ɫ ɨɩɪɟɞɟɥɟɧɧɨɣ ɧɚɱɚɥɶɧɨɣ ɮɚɡɨɣ ɢ ɚɦɩɥɢɬɭɞɨɣ. Ɏɚɡɚ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɡɧɚɱɟɧɢɟɦ ɛɢɬɚ ɜ ɛɢɬɨɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɚ ɚɦɩɥɢɬɭɞɚ ɡɚɞɚɟɬɫɹ ɞɥɹ ɜɫɟɯ 

ȼɑ ɢɦɩɭɥɶɫɨɜ. ɉɟɪɟɞɚɱɚ ɤɨɞɨɜɵɯ ɩɨɫɵɥɨɤ ɦɨɠɟɬ ɢɧɢɰɢɢɪɨɜɚɬɶɫɹ ɬɪɟɦɹ ɫɩɨɫɨɛɚɦɢ: 

 ɩɨ ɜɧɭɬɪɟɧɧɟɦɭ ɬɚɣɦɟɪɭ ɝɟɧɟɪɚɬɨɪɚ ɫ ɡɚɞɚɧɧɵɦɢ ɢɧɬɟɪɜɚɥɚɦɢ (ɜɧɭɬɪɟɧɧɹɹ 

ɫɢɧɯɪɨɧɢɡɚɰɢɹ); 
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 ɩɨ ɮɪɨɧɬɭ ɜɧɟɲɧɟɝɨ ɌɌɅ-ɫɢɝɧɚɥɚ (ɜɧɟɲɧɹɹ ɫɢɧɯɪɨɧɢɡɚɰɢɹ); 

 ɩɨ ɤɨɦɚɧɞɟ ɨɬ ȺɉɆ. 

Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ Ɏɋ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.1.1. 

 

Ɍɚɛɥɢɰɚ 3.1.1 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ Ɏɋ 

ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 

ɑɢɫɥɨ ɷɥɟɦɟɧɬɨɜ ɎɄɆ ɫɢɝɧɚɥɚ 16 

Ⱦɢɚɩɚɡɨɧ ɱɚɫɬɨɬ, ɆȽɰ 1-25 

 

ɍɫɢɥɢɬɟɥɶ ɦɨщɧɨɫɬɢ ɢɦɩɭɥɶɫɧɵɣ Ⱦ-ɍɆɂ-600 ɭɫɢɥɢɜɚɟɬ ɡɨɧɞɢɪɭɸɳɢɣ ɪɚɞɢɨɫɢɝɧɚɥ ɜ 

ɞɢɚɩɚɡɨɧɟ ɱɚɫɬɨɬ ɨɬ 1 ɞɨ 25 ɆȽɰ. ɍɆɂ ɩɨɫɬɪɨɟɧ ɩɨ ɞɜɭɯɤɨɧɬɚɤɬɧɨɣ ɦɨɞɭɥɶɧɨɣ ɫɯɟɦɟ. 

Ɇɨɳɧɨɫɬɶ ɤɚɠɞɨɝɨ ɦɨɞɭɥɹ ɫɨɫɬɚɜɥɹɟɬ 150 ȼɬ. Ⱦɚɧɧɵɣ ɭɫɢɥɢɬɟɥɶ ɹɜɥɹɟɬɫɹ ɲɢɪɨɤɨɩɨɥɨɫɧɵɦ 

ɬɪɚɧɡɢɫɬɨɪɧɵɦ ɭɫɢɥɢɬɟɥɟɦ ɦɨɳɧɨɫɬɢ, ɨɛɟɫɩɟɱɢɜɚɟɬ ɦɨɳɧɨɫɬɶ ɩɟɪɟɞɚɜɚɟɦɨɝɨ ɫɢɝɧɚɥɚ ɞɨ 600 

ȼɬ ɜ ɢɦɩɭɥɶɫɟ. ɇɚ ɜɯɨɞ ɍɆɂ ɩɨɞɚɟɬɫɹ ɫɮɨɪɦɢɪɨɜɚɧɧɵɣ ɧɚ ɡɚɞɚɧɧɨɣ ɱɚɫɬɨɬɟ ɎɄɆ ɫɢɝɧɚɥ, 

ɤɨɬɨɪɵɣ ɭɫɢɥɢɜɚɟɬɫɹ ɞɨ ɧɟɨɛɯɨɞɢɦɨɣ ɦɨɳɧɨɫɬɢ. Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢɜɟɞɟɧɵ ɜ 

ɬɚɛɥɢɰɟ 3.1.2. 

 

Ɍɚɛɥɢɰɚ 3.1.2 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɍɆɂ 

ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 

ɉɨɬɪɟɛɥɹɟɦɚɹ ɦɨɳɧɨɫɬɶ, ɧɟ ɛɨɥɟɟ ȼɬ 130 

ɂɡɥɭɱɚɟɦɚɹ ɦɨɳɧɨɫɬɶ (ɢɦɩɭɥɶɫɧɚɹ), ȼɬ 600 

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɢɦɩɭɥɶɫɚ ɪɚɞɢɨɫɢɝɧɚɥɚ ɧɚ ɜɯɨɞɟ 

ȼɑ, ɦɤɫ 
600 

Ʉɋȼɇ ɧɚ ɜɯɨɞɟ ɜ ɪɚɛɨɱɟɦ ɞɢɚɩɚɡɨɧɟ ɱɚɫɬɨɬ, ɧɟ ɛɨɥɟɟ 1.5 

 

Ɇɚɥɨɝɚɛɚɪɢɬɧɚɹ ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ ɚɧɬɟɧɧɚ Ⱦ-ɆȽȺ-ɍ-1.1 – ɚɤɬɢɜɧɚɹ ɞɜɭɯɤɚɧɚɥɶɧɚɹ 

ɩɪɢɟɦɧɚɹ ɚɧɬɟɧɧɚ, ɨɫɭɳɟɫɬɜɥɹɸɳɚɹ ɩɪɢɟɦ ɨɬɪɚɠɟɧɧɵɯ ɡɨɧɞɢɪɭɸɳɢɯ ɪɚɞɢɨɫɢɝɧɚɥɨɜ, ɢɯ 

ɭɫɢɥɟɧɢɟ ɢ ɩɟɪɟɞɚɱɭ ɜ Ɋɉɍ. 

ɆȽȺ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɚɧɬɟɧɧ ɆȽȺ-ɍ-1, ɦɚɱɬɵ Ɇ-2-2, ɛɥɨɤɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢ ɩɢɬɚɧɢɹ 

ȻɊɂɉ. 

Ɉɛɳɢɣ ɜɢɞ ɦɚɱɬɵ ɫ ɆȽȺ-ɍ-1 ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 3.1.1. 
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Ɋɢɫɭɧɨɤ 3.1.1 – Ɇɚɱɬɚ ɫ ɆȽȺ-ɍ-1. Ɉɛɳɢɣ ɜɢɞ: 1, 2 – ɆȽȺ-ɍ-1; 3 – ɦɚɱɬɚ; 4,5,6 – ɨɬɬɹɠɤɢ 

ɦɚɱɬɵ 

 

ɆȽȺ-ɍ-1 – ɞɢɩɨɥɶɧɚɹ ɚɧɬɟɧɧɚ, ɫɨɫɬɨɹɳɚɹ ɢɡ ɞɜɭɯ ɜɢɛɪɚɬɨɪɨɜ ɫ ɞɥɢɧɨɣ ɩɥɟɱɚ ɩɨ 1,5 ɦ ɢ 

ɦɚɥɨɲɭɦɹɳɟɝɨ ɲɢɪɨɤɨɩɨɥɨɫɧɨɝɨ ɭɫɢɥɢɬɟɥɹ. ɋɢɝɧɚɥ, ɩɪɢɧɹɬɵɣ ɜɢɛɪɚɬɨɪɚɦɢ ɢ ɩɨɫɬɭɩɢɜɲɢɣ 

ɧɚ ɜɯɨɞ ɲɢɪɨɤɨɩɨɥɨɫɧɨɝɨ ɚɧɬɟɧɧɨɝɨ ɭɫɢɥɢɬɟɥɹ (ɒȺɍ), ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɫɯɟɦɭ ɫɨɝɥɚɫɨɜɚɧɢɹ 

ɜɯɨɞɚ ɭɡɥɚ ɭɫɢɥɟɧɢɹ, ɫɯɟɦɭ ɡɚɳɢɬɵ ɜɯɨɞɚ ɭɡɥɚ ɭɫɢɥɟɧɢɹ, ɭɡɟɥ ɭɫɢɥɟɧɢɹ ɢ ɩɨɞɚɟɬɫɹ ɱɟɪɟɡ 

ɫɯɟɦɭ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɢɬɚɧɢɹ ɧɚ ɜɵɯɨɞ ɭɫɢɥɢɬɟɥɹ. ɆȽȺ ɢɦɟɟɬ ɞɢɚɝɪɚɦɦɭ ɧɚɩɪɚɜɥɟɧɧɨɫɬɢ ɜ 

ɜɢɞɟ ɞɜɭɯ ɝɨɪɢɡɨɧɬɚɥɶɧɨ ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜɨɫɶɦɟɪɨɤ. ȻɊɂɉ ɨɫɭɳɟɫɬɜɥɹɟɬ ɩɢɬɚɧɢɟ ɢ ɤɨɧɬɪɨɥɶ 

ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɲɢɪɨɤɨɩɨɥɨɫɧɨɝɨ ɚɧɬɟɧɧɨɝɨ ɭɫɢɥɢɬɟɥɹ. 

Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɚɥɨɝɚɛɚɪɢɬɧɨɣ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɚɧɬɟɧɧɵ Ⱦ-ɆȽȺ-ɍ-1.1 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.1.3. 

 

Ɍɚɛɥɢɰɚ 3.1.3 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɆȽȺ 

ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 

Ɋɚɛɨɱɢɣ ɞɢɚɩɚɡɨɧ ɱɚɫɬɨɬ, ɆȽɰ 1.5-30.0 

Ʉɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɞɚɱɢ ɜ ɪɚɛɨɱɟɦ ɞɢɚɩɚɡɨɧɟ ɱɚɫɬɨɬ, ɞȻ 20  1 

Ʉɨɷɮɮɢɰɢɟɧɬ ɫɬɨɹɱɟɣ ɜɨɥɧɵ ɩɨ ɧɚɩɪɹɠɟɧɢɸ ɩɨ ɜɯɨɞɭ ɢ ɜɵɯɨɞɭ ɜ 

ɪɚɛɨɱɟɦ ɞɢɚɩɚɡɨɧɟ ɱɚɫɬɨɬ ɩɪɢ ɫɨɩɪɨɬɢɜɥɟɧɢɢ ɧɚɝɪɭɡɤɢ 75 Ɉɦ, ɧɟ ɛɨɥɟɟ 
1.5 

ɋɩɟɤɬɪɚɥɶɧɚɹ ɩɥɨɬɧɨɫɬɶ ɦɨɳɧɨɫɬɢ ɫɨɛɫɬɜɟɧɧɵɯ ɲɭɦɨɜ ɜ ɪɚɛɨɱɟɦ 

ɞɢɚɩɚɡɨɧɟ ɱɚɫɬɨɬ, ɤɌ, ɧɟ ɛɨɥɟɟ 

3 

Ⱦɢɧɚɦɢɱɟɫɤɢɣ ɞɢɚɩɚɡɨɧ ɩɨ ɤɨɦɛɢɧɚɰɢɨɧɧɵɦ ɫɨɫɬɚɜɥɹɸɳɢɦ ɜɬɨɪɨɝɨ ɢ 90 
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ɬɪɟɬɶɟɝɨ ɩɨɪɹɞɤɨɜ, ɩɪɢɜɟɞɟɧɧɵɣ ɤ ɜɯɨɞɭ, ɞȻ/ɦɤȼ, ɧɟ ɦɟɧɟɟ 

ɉɨɬɪɟɛɥɹɟɦɚɹ ɦɨɳɧɨɫɬɶ, ȼɬ, ɧɟ ɛɨɥɟɟ 12 

 

ɉɟɪɟɞɚɸщɚɹ ɚɧɬɟɧɧɚ Ⱦ-ɉɁȺ-3 ɢɡɥɭɱɚɟɬ ɡɨɧɞɢɪɭɸɳɢɣ ɫɢɝɧɚɥ ɜ ɩɪɨɫɬɪɚɧɫɬɜɨ. ɋɨɫɬɨɢɬ 

ɢɡ ɩɨɥɨɬɧɚ ɩɟɪɟɞɚɸɳɟɣ ɚɧɬɟɧɧɵ, ɩɟɪɟɞɚɸɳɟɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ Ⱦ-Ɍɉ-680 ɢ ɦɚɱɬɵ ɆɌɉ-12ɍ. 

Ɉɛɳɢɣ ɜɢɞ ɉɁȺ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 3.1.2. 

 

Ɋɢɫɭɧɨɤ 3.1.2 – ɉɁȺ. Ɉɛɳɢɣ ɜɢɞ: 1 – ɩɟɪɟɞɚɸɳɢɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ; 2, 4, 7 – ɨɬɬɹɠɤɢ; 3, 6 – 

ɩɨɥɨɬɧɨ ɩɟɪɟɞɚɸɳɟɣ ɚɧɬɟɧɧɵ; 5 – ɦɚɱɬɚ; 8, 9, 10 – ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɤɨɥɶɹ 

 

ɎɄɆ ɫɢɝɧɚɥ ɨɬ ɍɆɂ ɩɨɫɬɭɩɚɟɬ ɧɚ ɩɟɪɟɞɚɸɳɢɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ, ɝɞɟ ɩɪɟɨɛɪɚɡɭɟɬɫɹ, 

ɩɟɪɟɞɚɟɬɫɹ ɧɚ ɩɨɥɨɬɧɨ ɚɧɬɟɧɧɵ ɢ ɢɡɥɭɱɚɟɬɫɹ ɜ ɩɪɨɫɬɪɚɧɫɬɜɨ. ɉɁȺ ɢɦɟɟɬ ɜɟɪɬɢɤɚɥɶɧɭɸ 

ɞɢɚɝɪɚɦɦɭ ɧɚɩɪɚɜɥɟɧɧɨɫɬɢ. ȼ ɬɚɛɥɢɰɟ 3.1.4 ɩɪɢɜɟɞɟɧɵ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɉɁȺ. 

 

Ɍɚɛɥɢɰɚ 3.1.4 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɉɁȺ 

ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 

Ɋɚɛɨɱɢɣ ɞɢɚɩɚɡɨɧ ɱɚɫɬɨɬ, ɆȽɰ 1-25 

Ʉɨɷɮɮɢɰɢɟɧɬ ɫɬɨɹɱɟɣ ɜɨɥɧɵ, ɧɟ ɛɨɥɟɟ  3 

 

Ⱥɩɩɚɪɚɬɧɨ-ɩɪɨɝɪɚɦɦɧɵɣ ɦɨɞɭɥɶ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɭɸ 

ɦɧɨɝɨɹɞɟɪɧɭɸ ɉɗȼɆ. ɉɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɪɚɛɨɬɨɣ ɫɨɫɬɚɜɧɵɯ ɱɚɫɬɟɣ 

ɪɚɞɢɨɷɥɟɤɬɪɨɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ (ɊɗɄ), ɨɛɪɚɛɨɬɤɢ ɩɨɥɭɱɟɧɧɨɣ ɢɧɮɨɪɦɚɰɢɢ, ɜɵɩɨɥɧɟɧɢɹ 

ɧɟɨɛɯɨɞɢɦɵɯ ɪɚɫɱɟɬɨɜ ɢ ɜɵɞɚɱɢ ɬɪɟɛɭɟɦɵɯ ɞɚɧɧɵɯ ɨɩɟɪɚɬɨɪɭ. ɂɦɟɟɬ ɫɥɟɞɭɸɳɢɟ 

ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: 

 ɰɟɧɬɪɚɥɶɧɵɣ ɩɪɨɰɟɫɫɨɪ – Intel® Core
TM

 i7-2600K; 
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 ɤɨɥɢɱɟɫɬɜɨ ɹɞɟɪ ɐɉ – 4; 

 ɨɛɴɟɦ ɈɁɍ – 4 ȽȻ; 

 ɨɛɴɟɦ ɞɢɫɤɨɜɨɣ ɩɚɦɹɬɢ – 240 ȽȻ; 

 ɨɩɬɢɱɟɫɤɢɣ ɩɪɢɜɨɞ DVD-R/RW; 

 ɩɨɪɬɵ RS-232 (COM) – 4, USB – 4. 

Ɏɭɧɤɰɢɨɧɚɥɶɧɨɟ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɜɵɫɨɬɧɨ-ɱɚɫɬɨɬɧɵɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɨɧɨɫɮɟɪɵ ɩɪɢ ɜɟɪɬɢɤɚɥɶɧɨɦ ɡɨɧɞɢɪɨɜɚɧɢɢ ɜ Ʉȼ ɞɢɚɩɚɡɨɧɟ. 

 

§3.2. Аɞɚɩɬɢɜɧɚɹ ɮɢɥɶɬɪɚɰɢɹ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ ɧɚ ɮɨɧɟ ɧɟɨɪɬɨɝɨɧɚɥɶɧɵɯ ɩɨ 

ɨɬɧɨɲɟɧɢɸ ɤ ɫɢɝɧɚɥɭ ɩɨɦɟɯ ɩɪɢ ɜɟɪɬɢɤɚɥɶɧɨɦ ɡɨɧɞɢɪɨɜɚɧɢɢ ɢɨɧɨɫɮɟɪɵ 

 

ȼ ɞɚɧɧɨɦ ɩɚɪɚɝɪɚɮɟ ɞɟɦɨɧɫɬɪɢɪɭɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɚɞɚɩɬɢɜɧɨɣ ɮɢɥɶɬɪɚɰɢɢ, ɨɩɢɫɚɧɧɨɣ ɜ 

§1.7 ɢ §1.8 ɤ ɪɟɚɥɶɧɵɦ ɞɚɧɧɵɦ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɡɨɧɞɢɪɨɜɚɧɢɹ ɢɨɧɨɫɮɟɪɵ. 

ɇɚ ɪɢɫɭɧɤɟ 3.2.1 ɩɪɟɞɫɬɚɜɥɟɧɚ ɜɵɫɨɬɧɨ-ɱɚɫɬɨɬɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɨɧɨɫɮɟɪɵ, 

ɩɨɫɬɪɨɟɧɧɚɹ ɢɡ ɩɪɢɧɹɬɵɯ ɞɚɧɧɵɯ «ɤɚɤ ɟɫɬɶ», ɬ.ɟ. ɛɟɡ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɤɚɤɨɣ-ɥɢɛɨ ɮɢɥɶɬɪɚɰɢɢ. 

Ⱥɥɝɨɪɢɬɦ, ɩɨɥɨɠɟɧɧɵɣ ɜ ɨɫɧɨɜɭ ɨɩɪɟɞɟɥɟɧɢɹ ɜɪɟɦɟɧ, ɨɫɧɨɜɚɧ ɧɚ ɩɪɢɦɟɧɟɧɢɢ ɬɟɨɪɢɢ 

ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɪɢɟɦɚ §1.5. 
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Ɋɢɫɭɧɨɤ 3.2.1 – ȼɵɫɨɬɧɨ-ɱɚɫɬɨɬɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɨɧɨɫɮɟɪɵ, ɩɨɫɬɪɨɟɧɧɚɹ ɫ ɩɪɢɦɟɧɟɧɢɟɦ 

ɬɟɨɪɢɢ ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɪɢɟɦɚ ɤ ɚɧɚɥɢɡɭ ɩɪɢɧɹɬɵɯ ɷɯɨ-ɫɢɝɧɚɥɨɜ ɛɟɡ ɮɢɥɶɬɪɚɰɢɢ ɩɨɦɟɯ 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɪɢɫɭɧɤɚ, ɧɚ ȼɑɏ ɩɪɢɫɭɬɫɬɜɭɟɬ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ 

ɩɪɨɩɭɫɤɨɜ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨɛ ɨɬɫɭɬɫɬɜɢɢ ɪɟɲɟɧɢɹ ɧɚ ɤɚɤɢɯ-ɬɨ ɱɚɫɬɨɬɚɯ. ɇɚɢɛɨɥɟɟ 

ɜɟɪɨɹɬɧɨɣ ɩɪɢɱɢɧɨɣ ɨɬɫɭɬɫɬɜɢɹ ɪɟɲɟɧɢɹ ɹɜɥɹɟɬɫɹ ɜɥɢɹɧɢɟ ɤɨɪɪɟɥɢɪɨɜɚɧɧɵɯ ɫ ɫɢɝɧɚɥɨɦ 

ɩɨɦɟɯ, ɤɨɬɨɪɵɟ ɦɚɫɤɢɪɭɸɬ ɫɢɝɧɚɥ, ɞɟɥɚɹ ɧɟɜɨɡɦɨɠɧɵɦ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɨɩɪɟɞɟɥɟɧɢɹ 

ɩɚɪɚɦɟɬɪɨɜ ɫɢɝɧɚɥɚ. Ʉɪɨɦɟ ɬɨɝɨ, ɜɢɞɧɨ, ɱɬɨ ɬɨɱɤɢ ɜɞɨɥɶ ɫɥɟɞɚ ɨɬɪɚɠɟɧɢɹ ɧɟɦɧɨɝɨ 

«ɞɪɟɣɮɭɸɬ», ɱɬɨ ɬɚɤ ɠɟ ɨɛɴɹɫɧɹɟɬɫɹ ɧɚɥɢɱɢɟɦ ɩɨɦɟɯ, ɧɨ ɝɨɪɚɡɞɨ ɦɟɧɟɟ ɢɧɬɟɧɫɢɜɧɵɯ. 

ɇɚ ɪɢɫɭɧɤɟ 3.2.2 ɩɪɢɜɟɞɟɧɚ ȼɑɏ, ɩɨɫɬɪɨɟɧɧɚɹ ɢɡ ɬɟɯ ɠɟ ɞɚɧɧɵɯ, ɧɨ ɫ ɩɪɢɦɟɧɟɧɢɟɦ 

ɚɞɚɩɬɢɜɧɨɣ ɮɢɥɶɬɪɚɰɢɢ, ɨɩɢɫɚɧɧɨɣ ɜ §1.7 ɢ §1.8. ȼɢɞɧɨ, ɱɬɨ ɩɪɢɦɟɧɟɧɢɟ ɮɢɥɶɬɪɚɰɢɢ 

ɩɨɡɜɨɥɹɟɬ ɧɟ ɬɨɥɶɤɨ ɩɨɥɭɱɢɬɶ ɪɟɲɟɧɢɟ ɜ ɨɛɥɚɫɬɹɯ, ɝɞɟ ɪɚɧɟɟ ɪɟɲɟɧɢɹ ɧɟ ɛɵɥɨ, ɧɨ ɢ ɩɨɜɵɫɢɬɶ 

ɞɨɫɬɨɜɟɪɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɞɟɣɫɬɜɭɸɳɟɣ ɜɵɫɨɬɵ ɨɬɪɚɠɟɧɢɹ. 
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Ɋɢɫɭɧɨɤ 3.2.2 – ȼɵɫɨɬɧɨ-ɱɚɫɬɨɬɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɨɧɨɫɮɟɪɵ, ɩɨɫɬɪɨɟɧɧɚɹ ɫ ɩɪɢɦɟɧɟɧɢɟɦ 

ɬɟɨɪɢɢ ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɪɢɟɦɚ ɤ ɚɧɚɥɢɡɭ ɩɪɢɧɹɬɵɯ ɷɯɨ-ɫɢɝɧɚɥɨɜ ɫ ɮɢɥɶɬɪɚɰɢɟɣ ɩɨɦɟɯ ɫɨɝɥɚɫɧɨ 

ɩɪɟɞɫɬɚɜɥɟɧɧɨɦɭ ɜ §1.7 ɢ §1.8 ɚɥɝɨɪɢɬɦɭ ɮɢɥɶɬɪɚɰɢɢ 

 

ɉɪɢɜɟɞɟɦ ɧɟɫɤɨɥɶɤɨ ɩɪɢɦɟɪɨɜ ɮɢɥɶɬɪɚɰɢɢ ɡɚɩɢɫɟɣ ɧɚ ɧɟɤɨɬɨɪɵɯ ɱɚɫɬɨɬɚɯ. ɇɚ ɪɢɫɭɧɤɟ 

3.2.3 ɬɟɦɧɨ-ɫɟɪɵɦ ɰɜɟɬɨɦ ɩɪɢɜɟɞɟɧ ɫɢɝɧɚɥ, ɫɢɥɶɧɨ ɦɚɫɤɢɪɨɜɚɧɧɵɣ ɩɨɦɟɯɨɣ ɫ ɱɚɫɬɨɬɨɣ ɨɤɨɥɨ 

443 ɤȽɰ. ɋɢɝɧɚɥ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɱɚɫɬɨɬɟ 3500 ɤȽɰ ɧɚ ȼɑɏ (ɪɢɫɭɧɨɤ 3.2.1). ɋɜɟɬɥɨ-ɫɟɪɵɦ ɰɜɟɬɨɦ 

ɢɡɨɛɪɚɠɟɧɚ ɫɜɟɪɬɤɚ ɞɚɧɧɨɣ ɪɟɚɥɢɡɚɰɢɢ ɫ ɨɛɪɚɡɨɦ ɢɡɥɭɱɟɧɧɨɝɨ ɫɢɝɧɚɥɚ (16-ɬɢ ɩɨɡɢɰɢɨɧɧɚɹ Ɇ-

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ). Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ, ɨɩɪɟɞɟɥɟɧɢɟ ɜɪɟɦɟɧɢ ɩɪɢɯɨɞɚ ɫɢɝɧɚɥɚ ɞɥɹ ɞɚɧɧɨɣ 

ɪɟɚɥɢɡɚɰɢɢ ɡɚɬɪɭɞɧɢɬɟɥɶɧɨ. ɋɩɟɤɬɪ ɞɚɧɧɨɣ ɪɟɚɥɢɡɚɰɢɢ ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫɭɧɤɟ 3.2.4. 
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Ɋɢɫɭɧɨɤ 3.2.3 – ɉɪɢɧɹɬɚɹ ɪɟɚɥɢɡɚɰɢɹ, ɫɨɞɟɪɠɚɳɚɹ ɷɯɨ-ɫɢɝɧɚɥ, ɨɬɪɚɠɟɧɧɵɣ ɨɬ ɢɨɧɨɫɮɟɪɵ ɫ 

ɧɟɫɭɳɟɣ ɱɚɫɬɨɬɨɣ 3500 ɤȽɰ. Ɍɟɦɧɨ-ɫɟɪɵɦ ɰɜɟɬɨɦ ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɚɦɚ ɩɪɢɧɹɬɚɹ ɪɟɚɥɢɡɚɰɢɹ, 

ɫɜɟɬɥɨ-ɫɟɪɵɦ ɰɜɟɬɨɦ – ɫɜɟɪɬɤɚ ɩɪɢɧɹɬɨɣ ɪɟɚɥɢɡɚɰɢɢ ɫ ɨɛɪɚɡɨɦ ɢɡɥɭɱɟɧɧɨɝɨ ɫɢɝɧɚɥɚ 

 

Ɋɢɫɭɧɨɤ 3.2.4 – ɋɩɟɤɬɪ ɪɟɚɥɢɡɚɰɢɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 3.2.3 

 

ɇɚ ɪɢɫɭɧɤɚɯ 3.2.5 ɢ 3.2.6 ɩɪɟɞɫɬɚɜɥɟɧ ɪɟɡɭɥɶɬɚɬ ɮɢɥɶɬɪɚɰɢɢ ɩɪɢɜɟɞɟɧɧɨɣ ɜɵɲɟ 

ɪɟɚɥɢɡɚɰɢɢ ɢ ɫɩɟɤɬɪ ɪɟɚɥɢɡɚɰɢɢ ɧɚ ɜɵɯɨɞɟ ɮɢɥɶɬɪɚ. Ɋɢɫɭɧɤɢ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨɛ 

ɷɮɮɟɤɬɢɜɧɨɣ ɤɨɦɩɟɧɫɚɰɢɢ ɩɨɦɟɯɢ, ɩɪɢɫɭɬɫɬɜɭɸɳɟɣ ɜ ɩɨɥɨɫɟ ɩɪɨɩɭɫɤɚɧɢɹ ɩɪɢɟɦɧɢɤɚ. 
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Ɋɢɫɭɧɨɤ 3.2.5 – Ɉɱɢɳɟɧɧɚɹ ɪɟɚɥɢɡɚɰɢɹ, ɫɨɞɟɪɠɚɳɚɹ ɷɯɨ-ɫɢɝɧɚɥ, ɨɬɪɚɠɟɧɧɵɣ ɨɬ ɢɨɧɨɫɮɟɪɵ ɫ 

ɧɟɫɭɳɟɣ ɱɚɫɬɨɬɨɣ 3500 ɤȽɰ. Ɍɟɦɧɨ-ɫɟɪɵɦ ɰɜɟɬɨɦ ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɚɦɚ ɪɟɚɥɢɡɚɰɢɹ, ɫɜɟɬɥɨ-

ɫɟɪɵɦ ɰɜɟɬɨɦ – ɫɜɟɪɬɤɚ ɩɪɢɧɹɬɨɣ ɪɟɚɥɢɡɚɰɢɢ ɫ ɨɛɪɚɡɨɦ ɢɡɥɭɱɟɧɧɨɝɨ ɫɢɝɧɚɥɚ. 

 

Ɋɢɫɭɧɨɤ 3.2.6 - ɋɩɟɤɬɪ ɪɟɚɥɢɡɚɰɢɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 3.2.5 

 

ɉɪɢɜɟɞɟɦ ɟɳɟ ɨɞɢɧ ɩɪɢɦɟɪ ɩɪɢɧɹɬɨɣ ɪɟɚɥɢɡɚɰɢɢ ɷɯɨ-ɫɢɝɧɚɥɚ ɫ ɧɟɫɭɳɟɣ ɱɚɫɬɨɬɨɣ 

8090 ɤȽɰ. Ⱦɚɧɧɵɣ ɫɢɝɧɚɥ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 3.2.7, ɚ ɟɝɨ ɫɩɟɤɬɪ ɧɚ ɪɢɫɭɧɤɟ 3.2.8. 
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Ɋɢɫɭɧɨɤ 3.2.7 – ɉɪɢɧɹɬɚɹ ɪɟɚɥɢɡɚɰɢɹ, ɫɨɞɟɪɠɚɳɚɹ ɷɯɨ-ɫɢɝɧɚɥ, ɨɬɪɚɠɟɧɧɵɣ ɨɬ ɢɨɧɨɫɮɟɪɵ ɫ 

ɧɟɫɭɳɟɣ ɱɚɫɬɨɬɨɣ 8090 ɤȽɰ. Ɍɟɦɧɨ-ɫɟɪɵɦ ɰɜɟɬɨɦ ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɚɦɚ ɩɪɢɧɹɬɚɹ ɪɟɚɥɢɡɚɰɢɹ, 

ɫɜɟɬɥɨ-ɫɟɪɵɦ – ɫɜɟɪɬɤɚ ɩɪɢɧɹɬɨɣ ɪɟɚɥɢɡɚɰɢɢ ɫ ɨɛɪɚɡɨɦ ɢɡɥɭɱɟɧɧɨɝɨ ɫɢɝɧɚɥɚ 

 

Ɋɢɫɭɧɨɤ 3.2.8 – ɋɩɟɤɬɪ ɪɟɚɥɢɡɚɰɢɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 3.2.7 

 

Ⱦɚɧɧɵɟ ɪɢɫɭɧɤɢ ɧɚɝɥɹɞɧɨ ɩɨɤɚɡɵɜɚɸɬ ɧɚɥɢɱɢɟ ɞɜɭɯ ɩɨɦɟɯ ɜ ɩɨɥɨɫɟ ɩɪɨɩɭɫɤɚɧɢɹ 

ɩɪɢɟɦɧɢɤɚ, ɩɨɷɬɨɦɭ ɞɥɹ ɩɨɥɧɨɣ ɤɨɦɩɟɧɫɚɰɢɢ ɩɨɦɟɯ ɧɟɨɛɯɨɞɢɦɨ ɡɚɩɭɫɬɢɬɶ ɚɥɝɨɪɢɬɦ 

ɮɢɥɶɬɪɚɰɢɢ ɞɜɚɠɞɵ. Ɋɟɡɭɥɶɬɚɬ ɮɢɥɶɬɪɚɰɢɢ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɚɯ 3.2.9 ɢ 3.2.10. Ɋɢɫɭɧɤɢ 

ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨɛ ɷɮɮɟɤɬɢɜɧɨɣ ɤɨɦɩɟɧɫɚɰɢɢ ɩɨɦɟɯ ɛɟɡ ɢɫɤɚɠɟɧɢɹ ɫɩɟɤɬɪɚ ɫɢɝɧɚɥɚ. 
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Ɋɢɫɭɧɨɤ 3.2.9 – Ɉɱɢɳɟɧɧɚɹ ɪɟɚɥɢɡɚɰɢɹ, ɫɨɞɟɪɠɚɳɚɹ ɷɯɨ-ɫɢɝɧɚɥ, ɨɬɪɚɠɟɧɧɵɣ ɨɬ ɢɨɧɨɫɮɟɪɵ ɫ 

ɧɟɫɭɳɟɣ ɱɚɫɬɨɬɨɣ 8090 ɤȽɰ. Ɍɟɦɧɨ-ɫɟɪɵɦ ɰɜɟɬɨɦ ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɚɦɚ ɪɟɚɥɢɡɚɰɢɹ, ɫɜɟɬɥɨ-

ɫɟɪɵɦ – ɫɜɟɪɬɤɚ ɩɪɢɧɹɬɨɣ ɪɟɚɥɢɡɚɰɢɢ ɫ ɨɛɪɚɡɨɦ ɢɡɥɭɱɟɧɧɨɝɨ ɫɢɝɧɚɥɚ 

 

Ɋɢɫɭɧɨɤ 3.2.10 – ɋɩɟɤɬɪ ɪɟɚɥɢɡɚɰɢɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 3.2.9 
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ɉɪɢɜɟɞɟɦ ɟɳɟ ɨɞɢɧ ɢɧɬɟɪɟɫɧɵɣ ɩɪɢɦɟɪ ɩɪɢɧɹɬɨɣ ɪɟɚɥɢɡɚɰɢɢ (ɪɢɫɭɧɨɤ 3.2.11). ȿɟ 

ɫɩɟɤɬɪ ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫɭɧɤɟ 3.2.12. 

 

Ɋɢɫɭɧɨɤ 3.2.11 – ɉɪɢɧɹɬɚɹ ɪɟɚɥɢɡɚɰɢɹ, ɫɨɞɟɪɠɚɳɚɹ ɷɯɨ-ɫɢɝɧɚɥ, ɨɬɪɚɠɟɧɧɵɣ ɨɬ ɢɨɧɨɫɮɟɪɵ. 

Ɍɟɦɧɨ-ɫɟɪɵɦ ɰɜɟɬɨɦ ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɚɦɚ ɩɪɢɧɹɬɚɹ ɪɟɚɥɢɡɚɰɢɹ, ɫɜɟɬɥɨ-ɫɟɪɵɦ – ɫɜɟɪɬɤɚ 

ɩɪɢɧɹɬɨɣ ɪɟɚɥɢɡɚɰɢɢ ɫ ɨɛɪɚɡɨɦ ɢɡɥɭɱɟɧɧɨɝɨ ɫɢɝɧɚɥɚ 

 

Ɋɢɫɭɧɨɤ 3.2.12 - ɋɩɟɤɬɪ ɪɟɚɥɢɡɚɰɢɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 3.2.11 

 

ȼɢɞɧɨ, ɱɬɨ ɩɨɥɟɡɧɵɣ ɫɢɝɧɚɥ ɫɢɥɶɧɨ ɦɚɫɤɢɪɨɜɚɧ ɩɨɦɟɯɚɦɢ. ɉɪɢɜɟɞɟɦ ɪɟɡɭɥɶɬɚɬ 

ɮɢɥɶɬɪɚɰɢɢ ɫ ɩɨɦɨɳɶɸ ɨɩɢɫɚɧɧɨɝɨ ɜɵɲɟ ɚɥɝɨɪɢɬɦɚ (ɱɢɫɥɨ ɩɪɨɝɨɧɨɜ ɮɢɥɶɬɪɚ - 3). 
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Ɋɢɫɭɧɨɤ 3.2.13 – Ɉɱɢɳɟɧɧɚɹ ɪɟɚɥɢɡɚɰɢɹ, ɫɨɞɟɪɠɚɳɚɹ ɷɯɨ-ɫɢɝɧɚɥ, ɨɬɪɚɠɟɧɧɵɣ ɨɬ ɢɨɧɨɫɮɟɪɵ. 

Ɍɟɦɧɨ-ɫɟɪɵɦ ɰɜɟɬɨɦ ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɚɦɚ ɪɟɚɥɢɡɚɰɢɹ, ɫɜɟɬɥɨ-ɫɟɪɵɦ – ɫɜɟɪɬɤɚ ɩɪɢɧɹɬɨɣ 

ɪɟɚɥɢɡɚɰɢɢ ɫ ɨɛɪɚɡɨɦ ɢɡɥɭɱɟɧɧɨɝɨ ɫɢɝɧɚɥɚ 

 

Ɋɢɫɭɧɨɤ 3.2.14 – ɋɩɟɤɬɪ ɪɟɚɥɢɡɚɰɢɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 3.2.13 

 

Ɋɢɫɭɧɨɤ 3.2.13 ɢ ɪɢɫɭɧɨɤ 3.2.14 ɧɚɝɥɹɞɧɨ ɞɟɦɨɧɫɬɪɢɪɭɸɬ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɮɢɥɶɬɪɚɰɢɢ, 

ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ ɜɵɞɟɥɢɬɶ ɫɢɝɧɚɥ ɞɚɠɟ ɜ ɫɬɨɥɶ ɫɥɨɠɧɨɣ ɲɭɦɨɜɨɣ ɨɛɫɬɚɧɨɜɤɟ. 

 

Ɋɟɡɭɥɶɬɚɬɵ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ ɞɚɧɧɨɦ ɩɚɪɚɝɪɚɮɟ, ɩɨɡɜɨɥɹɸɬ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨɛ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɮɢɥɶɬɪɚɰɢɢ, ɨɩɢɫɚɧɧɨɣ ɜ §1.7 ɢ §1.8. 

  



134 

§3.3. Ɋɚɡɪɟɲɟɧɢɟ ɦɚɝɧɢɬɨɢɨɧɧɵɯ ɤɨɦɩɨɧɟɧɬ ɩɪɢ ɜɟɪɬɢɤɚɥɶɧɨɦ ɡɨɧɞɢɪɨɜɚɧɢɢ 

ɢɨɧɨɫɮɟɪɵ 

 

ȼ ɞɚɧɧɨɦ ɩɚɪɚɝɪɚɮɟ ɩɪɨɜɟɞɟɧɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɫɪɚɜɧɟɧɢɟ ɞɜɭɯ ɚɥɝɨɪɢɬɦɨɜ 

ɪɚɡɪɟɲɟɧɢɹ. ɉɟɪɜɵɣ ɢɡ ɧɢɯ ɨɫɧɨɜɚɧ ɧɚ ɩɪɢɦɟɧɟɧɢɢ ɤɥɚɫɫɢɱɟɫɤɨɣ ɮɭɧɤɰɢɢ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ 

ɢ ɜɵɩɨɥɧɹɟɬɫɹ ɜɫɬɪɨɟɧɧɵɦ ɉɈ ɆɊɅɄ «ȼɟɤɬɨɪ», ɚ ɜɬɨɪɨɣ ɜɵɩɨɥɧɹɟɬɫɹ ɧɚ ɨɫɧɨɜɟ ɚɥɝɨɪɢɬɦɚ, 

ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɜ §1.5. ɉɪɢɦɟɪ ȼɑɏ, ɩɨɥɭɱɟɧɧɨɣ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɚɥɝɨɪɢɬɦɚ, ɢɫɩɨɥɶɡɭɟɦɨɝɨ 

ɆɊɅɄ «ȼɟɤɬɨɪ», ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫɭɧɤɟ 3.3.1. 

 

Ɋɢɫɭɧɨɤ 3.3.1 – ȼɑɏ, ɩɨɥɭɱɟɧɧɚɹ ɫ ɩɨɦɨɳɶɸ ɉɈ ɆɊɅɄ «ȼɟɤɬɨɪ» 

 

ȼ ɩɪɨɬɢɜɨɜɟɫ ɧɚ ɪɢɫɭɧɤɟ 3.3.2 ɩɪɢɜɟɞɟɧɚ ȼɑɏ, ɩɨɫɬɪɨɟɧɧɚɹ ɢɡ ɬɟɯ ɠɟ ɞɚɧɧɵɯ, ɧɨ ɫ 

ɩɪɢɦɟɧɟɧɢɟɦ ɚɥɝɨɪɢɬɦɚ, ɨɫɧɨɜɚɧɧɨɝɨ ɧɚ ɩɪɢɦɟɧɟɧɢɢ ɬɟɨɪɢɢ ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɪɢɟɦɚ (§1.5). 
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Ɋɢɫɭɧɨɤ 3.3.2 – ȼɑɏ, ɩɨɥɭɱɟɧɧɚɹ ɫ ɩɨɦɨɳɶɸ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ, ɨɫɧɨɜɚɧɧɨɝɨ ɧɚ 

ɩɪɢɦɟɧɟɧɢɢ ɬɟɨɪɢɢ ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɪɢɟɦɚ. 

 

ɉɪɟɞɫɬɚɜɥɟɧɧɵɟ ɪɢɫɭɧɤɢ ɹɜɧɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɩɪɟɢɦɭɳɟɫɬɜɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɚɥɝɨɪɢɬɦɚ, ɨɫɧɨɜɚɧɧɨɝɨ ɧɚ ɩɪɢɦɟɧɟɧɢɢ ɬɟɨɪɢɢ ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɪɢɟɦɚ ɜ ɩɨɫɬɪɨɟɧɢɢ ȼɑɏ. 

Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɚɤɰɟɧɬɢɪɨɜɚɬɶ ɜɧɢɦɚɧɢɟ ɧɚ ɬɟ ɨɛɥɚɫɬɢ, ɜ ɤɨɬɨɪɵɯ ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ 

ɚɥɝɨɪɢɬɦ ɢɦɟɟɬ ɩɪɟɢɦɭɳɟɫɬɜɨ, ɨɧɢ ɩɨɞɫɜɟɱɟɧɵ ɨɪɚɧɠɟɜɵɦ ɰɜɟɬɨɦ ɧɚ ɩɟɪɜɨɣ ȼɑɏ. Ʉɚɤ ɢ 

ɫɥɟɞɭɟɬ ɢɡ ɬɟɨɪɢɢ, ɷɬɢ ɨɛɥɚɫɬɢ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɫɥɭɱɚɹɦ, ɤɨɝɞɚ ɫɬɟɩɟɧɶ ɩɟɪɟɤɪɵɬɢɹ ɞɜɭɯ 

ɫɢɝɧɚɥɨɜ ɫɬɪɟɦɢɬɶɫɹ ɤ ɤɥɚɫɫɢɱɟɫɤɢ ɧɟɪɚɡɪɟɲɢɦɨɦɭ ɡɧɚɱɟɧɢɸ ɢ ɫɥɭɱɚɹɦ, ɤɨɝɞɚ ɜɬɨɪɨɣ ɫɢɝɧɚɥ 

ɦɚɫɤɢɪɭɟɬɫɹ ɛɨɤɨɜɵɦɢ ɥɟɩɟɫɬɤɚɦɢ ɩɟɪɜɨɝɨ ɦɨɳɧɨɝɨ ɫɢɝɧɚɥɚ. 

ɉɪɢɦɟɪ ɫɢɝɧɚɥɚ ɢɡ ɬɚɤɨɣ ɨɛɥɚɫɬɢ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 3.3.3 (ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɱɚɫɬɨɬɟ 

4710 ɤȽɰ ɧɚ ɪɢɫɭɧɤɟ 3.3.2). 
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Ɋɢɫɭɧɨɤ 3.3.3 – ɉɪɢɦɟɪ ɩɪɢɧɹɬɨɣ ɪɟɚɥɢɡɚɰɢɢ ɧɚ ɱɚɫɬɨɬɟ 4710 ɤȽɰ. Ɍɟɦɧɨ-ɫɟɪɵɦ ɰɜɟɬɨɦ 

ɩɪɟɞɫɬɚɜɥɟɧ ɫɚɦ ɫɢɝɧɚɥ, ɚ ɫɜɟɬɥɨ-ɫɟɪɵɦ ɟɝɨ ɫɜɟɪɬɤɚ ɫ ɨɛɪɚɡɨɦ ɢɡɥɭɱɟɧɧɨɝɨ ɫɢɝɧɚɥɚ 

 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɬɟɨɪɢɢ ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɪɢɟɦɚ ɩɨɡɜɨɥɹɟɬ ɪɚɡɞɟɥɢɬɶ ɞɜɚ ɫɢɝɧɚɥɚ ɜ 

ɪɟɚɥɢɡɚɰɢɢ, ɢɡɨɛɪɚɠɟɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 3.3.3, ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɜ ɦɨɦɟɧɬɵ ɜɪɟɦɟɧɢ 1.7698 ɦɫ ɢ 

1.7998 ɦɫ, ɚɦɩɥɢɬɭɞɵ ɫɢɝɧɚɥɨɜ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɪɚɜɧɵ 0.033 ȼ ɢ 0.01 ȼ, ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ 

ɪɢɫɭɧɤɨɦ 3.3.4. 

 

Ɋɢɫɭɧɨɤ 3.3.4 – ȼɨɫɫɬɚɧɨɜɥɟɧɧɵɣ ɫɢɝɧɚɥ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɟɨɪɢɢ ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɪɢɟɦɚ 

(ɜɪɟɦɟɧɚ ɩɪɢɯɨɞɨɜ ɫɢɝɧɚɥɨɜ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɪɚɜɧɵ 1.7698 ɦɫ ɢ 1.7998 ɦɫ, ɚɦɩɥɢɬɭɞɵ – 

0.033 ȼ ɢ 0.01 ȼ) 
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ȿɳɟ ɨɞɢɧ ɩɪɢɦɟɪ ɫɢɝɧɚɥɚ, ɞɟɦɨɧɫɬɪɢɪɭɸɳɢɣ ɩɪɟɢɦɭɳɟɫɬɜɨ ɬɟɨɪɢɢ ɨɩɬɢɦɚɥɶɧɨɝɨ 

ɩɪɢɟɦɚ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 3.3.5 (ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɱɚɫɬɨɬɟ 4850 ɤȽɰ ɧɚ ɪɢɫɭɧɤɟ 3.3.2). 

 

Ɋɢɫɭɧɨɤ 3.3.5 – ɉɪɢɦɟɪ ɩɪɢɧɹɬɨɣ ɪɟɚɥɢɡɚɰɢɢ ɧɚ ɱɚɫɬɨɬɟ 4850 ɤȽɰ. Ɍɟɦɧɨ-ɫɟɪɵɦ ɰɜɟɬɨɦ 

ɩɪɟɞɫɬɚɜɥɟɧ ɫɚɦ ɫɢɝɧɚɥ, ɚ ɫɜɟɬɥɨ-ɫɟɪɵɦ ɟɝɨ ɫɜɟɪɬɤɚ ɫ ɨɛɪɚɡɨɦ ɢɡɥɭɱɟɧɧɨɝɨ ɫɢɝɧɚɥɚ 

 

Ɋɢɫɭɧɨɤ 3.3.6 – ȼɨɫɫɬɚɧɨɜɥɟɧɧɵɣ ɫɢɝɧɚɥ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɟɨɪɢɢ ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɪɢɟɦɚ 

(ɜɪɟɦɟɧɚ ɩɪɢɯɨɞɨɜ ɫɢɝɧɚɥɨɜ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɪɚɜɧɵ 1.7724 ɦɫ ɢ 1.8364 ɦɫ, ɚɦɩɥɢɬɭɞɵ – 

0.042 ȼ ɢ 0.006 ȼ) 

 

ɇɚ ɪɢɫɭɧɤɟ 3.3.5 ɩɪɟɞɫɬɚɜɥɟɧ ɫɥɭɱɚɣ ɦɚɫɤɢɪɨɜɚɧɢɹ ɫɥɚɛɨɝɨ ɫɢɝɧɚɥɚ ɛɨɤɨɜɵɦɢ 

ɥɟɩɟɫɬɤɚɦɢ ɫɢɥɶɧɨɝɨ, ɬɚɤ ɱɬɨ ɤɥɚɫɫɢɱɟɫɤɢɣ ɤɨɪɪɟɥɹɰɢɨɧɧɵɣ ɚɧɚɥɢɡ ɧɟ ɫɩɪɚɜɥɹɟɬɫɹ ɫ ɡɚɞɚɱɟɣ 

ɩɨɢɫɤɚ ɞɜɭɯ ɫɢɝɧɚɥɨɜ (ɪɢɫɭɧɨɤ 3.3.1). 
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Ɋɟɡɭɥɶɬɚɬ ɨɰɟɧɤɢ ɩɚɪɚɦɟɬɪɨɜ ɫɢɝɧɚɥɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɟɨɪɢɢ ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɪɢɟɦɚ ɜ 

ɞɜɭɯɫɢɝɧɚɥɶɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɞɚɟɬ ɫɥɟɞɭɸɳɟɟ: ɜɪɟɦɟɧɚ ɩɪɢɯɨɞɚ ɫɢɝɧɚɥɨɜ ɪɚɜɧɵ 1.7724 ɦɫ ɢ 

1.8364 ɦɫ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɚɦɩɥɢɬɭɞɵ ɫɢɝɧɚɥɨɜ ɪɚɜɧɵ 0.042 ȼ ɢ 0.006 ȼ (ɪɢɫɭɧɨɤ 3.3.6). 

Ɋɟɡɭɥɶɬɚɬɵ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ ɞɚɧɧɨɦ ɩɚɪɚɝɪɚɮɟ, ɩɨɡɜɨɥɹɸɬ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨɛ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɚɥɝɨɪɢɬɦɚ ɫɜɟɪɯɪɚɡɪɟɲɟɧɢɹ, ɨɩɢɫɚɧɧɨɝɨ ɜ §1.5. 

 

§3.4. ɉɨɥɹɪɢɡɚɰɢɨɧɧɨɟ ɪɚɡɪɟɲɟɧɢɟ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ ɫ ɷɥɥɢɩɬɢɱɟɫɤɢɦɢ 

ɨɪɬɨɝɨɧɚɥɶɧɵɦɢ ɩɨɥɹɪɢɡɚɰɢɹɦɢ ɩɪɢ ɜɟɪɬɢɤɚɥɶɧɨɦ ɡɨɧɞɢɪɨɜɚɧɢɢ ɢɨɧɨɫɮɟɪɵ 

 

ȼ ɩɚɪɚɝɪɚɮɟ ɪɚɫɫɦɨɬɪɟɧ ɜɨɩɪɨɫ ɩɪɢɦɟɧɟɧɢɹ ɚɥɝɨɪɢɬɦɚ ɩɨɥɹɪɢɡɚɰɢɨɧɧɨɝɨ ɪɚɡɪɟɲɟɧɢɹ 

(§1.10) ɤ ɪɟɚɥɶɧɵɦ ɫɢɝɧɚɥɚɦ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɡɨɧɞɢɪɨɜɚɧɢɹ ɢɨɧɨɫɮɟɪɵ. ɇɚ ɪɢɫɭɧɤɟ 3.4.1 

ɩɨɤɚɡɚɧɚ ȼɑɏ (F-ɫɥɨɣ), ɩɨɫɬɪɨɟɧɧɚɹ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɚɥɝɨɪɢɬɦɚ ɩɨɥɹɪɢɡɚɰɢɨɧɧɨɝɨ ɪɚɡɞɟɥɟɧɢɹ 

ɫɢɝɧɚɥɨɜ ɦɚɝɧɢɬɨɢɨɧɧɵɯ ɤɨɦɩɨɧɟɧɬ. Ʉɚɤ ɜɢɞɧɨ, ɚɥɝɨɪɢɬɦ ɩɨɡɜɨɥɹɟɬ ɩɨɥɧɨɫɬɶɸ ɪɚɡɪɟɲɢɬɶ 

ɞɜɚ ɩɟɪɟɤɪɵɜɚɸɳɢɯɫɹ ɷɯɨ-ɫɢɝɧɚɥɚ ɪɚɡɧɵɯ ɩɨɥɹɪɢɡɚɰɢɣ, ɫɧɢɦɚɹ ɨɝɪɚɧɢɱɟɧɢɟ ɚɥɝɨɪɢɬɦɚ, 

ɨɫɧɨɜɚɧɧɨɝɨ ɧɚ ɩɪɢɦɟɧɟɧɢɢ ɬɟɨɪɢɢ ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɪɢɟɦɚ, ɧɚ ɪɚɛɨɱɭɸ ɨɛɥɚɫɬɶ ɞɨ 

ɤɨɷɮɮɢɰɢɟɧɬɚ ɤɨɪɪɟɥɹɰɢɢ ɪɚɜɧɨɝɨ 0.9. 

 

Ɋɢɫɭɧɨɤ 3.4.1 – ȼɑɏ (F-ɫɥɨɣ), ɩɨɫɬɪɨɟɧɧɚɹ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɚɥɝɨɪɢɬɦɚ ɩɨɥɹɪɢɡɚɰɢɨɧɧɨɝɨ 

ɪɚɡɞɟɥɟɧɢɹ ɫɢɝɧɚɥɨɜ ɦɚɝɧɢɬɨɢɨɧɧɵɯ ɤɨɦɩɨɧɟɧɬ 

 

ɉɪɢɜɟɞɟɦ ɩɪɢɦɟɪ ɪɚɛɨɬɵ ɞɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɧɚ ɪɟɚɥɶɧɨɦ ɫɢɝɧɚɥɟ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ 

7720 ɤȽɰ ɧɚ ȼɑɏ. Ɂɞɟɫɶ ɢ ɞɚɥɟɟ ɫɢɝɧɚɥ ɩɪɟɞɫɬɚɜɥɟɧ ɬɟɦɧɨ-ɫɟɪɵɦ ɰɜɟɬɨɦ, ɚ ɟɝɨ ɫɜɟɪɬɤɚ ɫ 

ɨɛɪɚɡɨɦ ɢɡɥɭɱɟɧɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ – ɫɜɟɬɥɨ-ɫɟɪɵɦ ɰɜɟɬɨɦ. 
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Ɋɢɫɭɧɨɤ 3.4.2 – ɉɪɢɧɹɬɚɹ ɪɟɚɥɢɡɚɰɢɹ ɷɯɨ-ɫɢɝɧɚɥɚ ɧɚ ɚɧɬɟɧɧɟ ɏ 

 

Ɋɢɫɭɧɨɤ 3.4.3 - ɉɪɢɧɹɬɚɹ ɪɟɚɥɢɡɚɰɢɹ ɷɯɨ-ɫɢɝɧɚɥɚ ɧɚ ɚɧɬɟɧɧɟ Y 

 

ɇɚ ɪɢɫɭɧɤɚɯ ɜɵɲɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɚɥɢɡɚɰɢɢ, ɩɪɢɧɹɬɵɟ ɞɜɭɦɹ ɨɪɬɨɝɨɧɚɥɶɧɵɦɢ 

ɚɧɬɟɧɧɚɦɢ X ɢ Y. ɇɚ ɨɛɨɢɯ ɪɢɫɭɧɤɚɯ ɜɢɞɧɵ ɜɤɥɚɞɵ ɨɬ ɤɚɠɞɨɣ ɢɡ ɦɚɝɧɢɬɨɢɨɧɧɵɯ ɤɨɦɩɨɧɟɧɬ. 

Ɋɟɡɭɥɶɬɚɬ ɩɨɥɹɪɢɡɚɰɢɨɧɧɨɝɨ ɪɚɡɞɟɥɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɚɯ 3.4.4 – 3.4.5. Ʉɚɤ 

ɜɢɞɧɨ, ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɚɥɝɨɪɢɬɦ ɩɨɡɜɨɥɹɟɬ ɩɨɥɧɨɫɬɶɸ ɪɚɡɞɟɥɢɬɶ ɫɢɝɧɚɥɵ ɦɚɝɧɢɬɨɢɨɧɧɵɯ 

ɤɨɦɩɨɧɟɧɬ. 
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Ɋɢɫɭɧɨɤ 3.4.4 – ȼɵɞɟɥɟɧɧɵɣ ɫɢɝɧɚɥ ɩɟɪɜɨɣ ɦɚɝɧɢɬɨɢɨɧɧɨɣ ɤɨɦɩɨɧɟɧɬɵ 

 

Ɋɢɫɭɧɨɤ 3.4.5 – ȼɵɞɟɥɟɧɧɵɣ ɫɢɝɧɚɥ ɜɬɨɪɨɣ ɦɚɝɧɢɬɨɢɨɧɧɨɣ ɤɨɦɩɨɧɟɧɬɵ 

 

Ɋɚɡɪɚɛɨɬɚɧɧɵɣ ɚɥɝɨɪɢɬɦ ɩɨɡɜɨɥɹɟɬ ɨɬɤɚɡɚɬɶɫɹ ɨɬ ɬɪɭɞɨɟɦɤɨɝɨ ɚɥɝɨɪɢɬɦɚ ɪɚɡɪɟɲɟɧɢɹ, 

ɨɫɧɨɜɚɧɧɨɝɨ ɧɚ ɩɪɢɦɟɧɟɧɢɢ ɬɟɨɪɢɢ ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɪɢɟɦɚ ɢ ɧɚɯɨɞɢɬɶ ɜɪɟɦɟɧɚ ɩɪɢɯɨɞɚ 

ɫɢɝɧɚɥɨɜ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɤɥɚɫɫɢɱɟɫɤɢ ɜ ɜɵɞɟɥɟɧɧɵɯ ɪɟɚɥɢɡɚɰɢɹɯ ɜɜɢɞɭ ɬɨɝɨ, ɱɬɨ ɩɟɪɟɤɪɵɬɢɹ 

ɫɢɝɧɚɥɨɜ ɜ ɩɨɥɭɱɟɧɧɵɯ ɪɟɚɥɢɡɚɰɢɹɯ ɭɠɟ ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ. 

ȼ ɧɚɲɟɦ ɩɪɢɦɟɪɟ ɜɪɟɦɟɧɚ ɩɪɢɯɨɞɚ ɫɢɝɧɚɥɨɜ ɛɭɞɭɬ 1.77 ɢ 1.70 ɦɫ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

Ɏɭɧɤɰɢɨɧɚɥ, ɜ ɦɢɧɢɦɭɦɟ ɤɨɬɨɪɨɝɨ ɨɰɟɧɢɜɚɸɬɫɹ ɡɧɚɱɟɧɢɹ ɭɝɥɨɜ   ɢ  , ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫɭɧɤɟ 

3.4.6. 



141 

 

Ɋɢɫɭɧɨɤ 3.4.6 – Ɏɭɧɤɰɢɨɧɚɥ ɨɲɢɛɤɢ 

 

ɉɪɢɜɟɞɟɦ ɫɪɚɜɧɟɧɢɟ ɪɚɛɨɬɵ ɞɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɫ ɪɚɛɨɬɨɣ ɚɥɝɨɪɢɬɦɚ ɩɨɥɹɪɢɡɚɰɢɨɧɧɨɝɨ 

ɪɚɡɞɟɥɟɧɢɹ, ɩɪɢɧɹɜ ɝɢɩɨɬɟɡɭ ɨ ɤɪɭɝɨɜɨɣ ɩɨɥɹɪɢɡɚɰɢɢ ɫɢɝɧɚɥɨɜ ɦɚɝɧɢɬɨɢɨɧɧɵɯ ɤɨɦɩɨɧɟɧɬ. 

Ɋɟɡɭɥɶɬɚɬ ɬɚɤɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫɭɧɤɟ 3.4.7 – 3.4.8. 

 

Ɋɢɫɭɧɨɤ 3.4.7 – ȼɵɞɟɥɟɧɧɵɣ ɫɢɝɧɚɥ ɩɟɪɜɨɣ ɦɚɝɧɢɬɨɢɨɧɧɨɣ ɤɨɦɩɨɧɟɧɬɵ ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ 

ɤɪɭɝɨɜɨɣ ɩɨɥɹɪɢɡɚɰɢɢ ɫɢɝɧɚɥɚ 
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Ɋɢɫɭɧɨɤ 3.4.8 – ȼɵɞɟɥɟɧɧɵɣ ɫɢɝɧɚɥ ɜɬɨɪɨɣ ɦɚɝɧɢɬɨɢɨɧɧɨɣ ɤɨɦɩɨɧɟɧɬɵ ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ 

ɤɪɭɝɨɜɨɣ ɩɨɥɹɪɢɡɚɰɢɢ ɫɢɝɧɚɥɚ 

 

Ɋɢɫɭɧɤɢ 3.4.7 – 3.4.8 ɫɨɜɦɟɫɬɧɨ ɫ ɮɭɧɤɰɢɨɧɚɥɨɦ 3.4.6 ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɥɨɠɧɨɫɬɢ 

ɝɢɩɨɬɟɡɵ ɨ ɤɪɭɝɨɜɨɣ ɩɨɥɹɪɢɡɚɰɢɢ ɜɨɥɧ ɢ ɧɟɜɨɡɦɨɠɧɨɫɬɢ ɬɨɱɧɨɝɨ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɫ 

ɩɪɢɦɟɧɟɧɢɟɦ ɬɚɤɨɝɨ ɩɨɞɯɨɞɚ. 

ɂɬɚɤ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɜ ɩɚɪɚɝɪɚɮɟ ɦɚɬɟɪɢɚɥ ɫɥɭɠɢɬ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ 

ɩɨɞɬɜɟɪɠɞɟɧɢɟɦ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɚɥɝɨɪɢɬɦɚ ɩɨɥɹɪɢɡɚɰɢɨɧɧɨɝɨ ɪɚɡɞɟɥɟɧɢɹ ɦɚɝɧɢɬɨɢɨɧɧɵɯ 

ɤɨɦɩɨɧɟɧɬ, ɨɩɢɫɚɧɧɨɝɨ ɜ §1.10. 
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Ɂɚɤɥɸɱɟɧɢɟ 

 

Ɉɫɧɨɜɧɵɟ ɧɚɭɱɧɵɟ ɢ ɩɪɚɤɬɢɱɟɫɤɢɟ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɡɚɤɥɸɱɚɸɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ: 

1. ɉɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱɢ ɨɛɧɚɪɭɠɟɧɢɹ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ ɩɨɥɭɱɟɧɨ ɫɥɟɞɭɸɳɟɟ: 

− ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɡɧɚɱɟɧɢɟ ɦɢɧɢɦɭɦɚ ɮɭɧɤɰɢɨɧɚɥɚ ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɨɩɪɟɞɟɥɹɟɬ 

ɞɢɫɩɟɪɫɢɸ ɲɭɦɚ ɜ ɩɪɢɧɹɬɨɦ ɫɨɨɛɳɟɧɢɢ; 

− ɩɪɟɞɥɨɠɟɧɨ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɬɚɬɢɫɬɢɤɭ ɲɭɦɚ ɢ ɫɬɚɬɢɫɬɢɤɭ 

ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɮɭɧɤɰɢɢ ɜ ɬɨɱɤɟ ɦɚɤɫɢɦɭɦɚ, ɢɫɩɨɥɶɡɭɹ ɨɰɟɧɤɭ ɞɢɫɩɟɪɫɢɢ ɜ ɩɪɢɧɹɬɨɦ 

ɫɨɨɛɳɟɧɢɢ; 

− ɩɪɟɞɥɨɠɟɧɨ ɜ ɤɨɦɩɥɟɤɫɚɯ ɚɩɩɚɪɚɬɭɪɵ ɩɨɪɨɝɨɜɵɣ ɭɪɨɜɟɧɶ ɭɫɬɚɧɚɜɥɢɜɚɬɶ ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɪɢɬɟɪɢɟɦ ɇɟɣɦɚɧɚ–ɉɢɪɫɨɧɚ ɫ ɭɱɟɬɨɦ ɨɰɟɧɤɢ ɞɢɫɩɟɪɫɢɢ ɲɭɦɚ, 

ɨɩɪɟɞɟɥɟɧɧɨɣ ɩɨ ɦɢɧɢɦɭɦɭ ɮɭɧɤɰɢɨɧɚɥɚ ɩɪɚɜɞɨɩɨɞɨɛɢɹ. 

2. Ɋɚɡɪɚɛɨɬɚɧɵ ɜɨɩɪɨɫɵ ɬɟɨɪɢɢ ɢ ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɨɬɟɧɰɢɚɥɶɧɨ ɞɨɫɬɢɠɢɦɵɯ ɨɰɟɧɨɤ 

ɩɚɪɚɦɟɬɪɨɜ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ ɧɚ ɨɫɧɨɜɟ ɩɪɟɨɛɪɚɡɨɜɚɧɧɨɝɨ ɮɭɧɤɰɢɨɧɚɥɚ ɩɪɚɜɞɨɩɨɞɨɛɢɹ. 

ɉɨɥɭɱɟɧɨ ɫɥɟɞɭɸɳɟɟ: 

− ɜɵɜɟɞɟɧɵ ɜɵɪɚɠɟɧɢɹ, ɨɩɪɟɞɟɥɹɸɳɢɟ ɨɩɬɢɦɚɥɶɧɵɣ ɚɥɝɨɪɢɬɦ ɨɛɪɚɛɨɬɤɢ ɩɪɢ ɨɰɟɧɤɟ 

ɚɦɩɥɢɬɭɞɵ, ɮɚɡɵ, ɱɚɫɬɨɬɵ, ɜɪɟɦɟɧɢ ɩɪɢɯɨɞɚ ɫɥɨɠɧɨɝɨ ɫɢɝɧɚɥɚ; 

− ɜɵɜɟɞɟɧɵ ɜɵɪɚɠɟɧɢɹ, ɨɩɪɟɞɟɥɹɸɳɢɟ ɞɢɫɩɟɪɫɢɢ Ɋɚɨ – Ʉɪɚɦɟɪɚ ɞɥɹ ɚɦɩɥɢɬɭɞɵ, 

ɧɚɱɚɥɶɧɨɣ ɮɚɡɵ, ɱɚɫɬɨɬɵ, ɜɪɟɦɟɧɢ ɩɪɢɯɨɞɚ ɫɥɨɠɧɨɝɨ ɫɢɝɧɚɥɚ; 

− ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɨɬɟɧɰɢɚɥɶɧɨ ɞɨɫɬɢɠɢɦɚɹ ɬɨɱɧɨɫɬɶ ɨɰɟɧɨɤ ɚɦɩɥɢɬɭɞɵ ɢ ɮɚɡɵ 

ɫɥɨɠɧɨɝɨ ɫɢɝɧɚɥɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɞɢɫɩɟɪɫɢɢ Ɋɚɨ – Ʉɪɚɦɟɪɚ. Ɍɨɱɧɨɫɬɶ ɨɰɟɧɨɤ ɜɪɟɦɟɧɢ 

ɩɪɢɯɨɞɚ ɩɪɢ ɦɚɥɵɯ ɨɬɧɨɲɟɧɢɹɯ ɫɢɝɧɚɥ/ɲɭɦ ɧɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɧɢ ɞɢɫɩɟɪɫɢɢ Ɋɚɨ – 

Ʉɪɚɦɟɪɚ, ɧɢ ɞɢɫɩɟɪɫɢɢ ȼɭɞɜɨɪɞɚ. 

3. Ɋɚɡɪɚɛɨɬɚɧɵ ɩɨɥɨɠɟɧɢɹ ɬɟɨɪɢɢ ɢ ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɨɩɪɨɫɨɜ ɪɚɡɪɟɲɟɧɢɹ ɫɥɨɠɧɵɯ 

ɫɢɝɧɚɥɨɜ ɜ ɨɛɥɚɫɬɢ ɢɯ ɧɟɨɪɬɨɝɨɧɚɥɶɧɨɫɬɢ ɧɚ ɨɫɧɨɜɟ ɩɪɟɨɛɪɚɡɨɜɚɧɧɨɝɨ ɮɭɧɤɰɢɨɧɚɥɚ 

ɩɪɚɜɞɨɩɨɞɨɛɢɹ. ɉɪɢ ɷɬɨɦ ɩɨɥɭɱɟɧɨ ɫɥɟɞɭɸɳɟɟ: 

− ɨɩɪɟɞɟɥɟɧ ɚɥɝɨɪɢɬɦ ɨɛɪɚɛɨɬɤɢ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ ɩɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱɢ ɢɯ ɪɚɡɪɟɲɟɧɢɹ ɜ 

ɨɛɥɚɫɬɢ ɧɟɨɪɬɨɝɨɧɚɥɶɧɨɫɬɢ; 

− ɩɨɥɭɱɟɧɵ ɜɵɪɚɠɟɧɢɹ, ɨɩɪɟɞɟɥɹɸɳɢɟ ɞɢɫɩɟɪɫɢɢ Ɋɚɨ – Ʉɪɚɦɟɪɚ ɞɥɹ ɫɨɜɨɤɭɩɧɨɫɬɢ 

ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ. 

− ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜɨɡɦɨɠɧɨɫɬɶ ɪɚɡɪɟɲɟɧɢɹ ɞɜɭɯ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ ɜ ɨɛɥɚɫɬɢ ɢɯ 

ɧɟɨɪɬɨɝɨɧɚɥɶɧɨɫɬɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɦɨɞɭɥɟɦ ɤɨɷɮɮɢɰɢɟɧɬɚ ɜɡɚɢɦɧɨɣ ɤɨɪɪɟɥɹɰɢɢ ɢ 

ɨɬɧɨɲɟɧɢɟɦ ɫɢɝɧɚɥ/ɲɭɦ. 
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− ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɪɚɛɨɱɚɹ ɨɛɥɚɫɬɶ ɩɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱɢ ɪɚɡɪɟɲɟɧɢɹ ɞɜɭɯ ɫɥɨɠɧɵɯ 

ɫɢɝɧɚɥɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɡɧɚɱɟɧɢɟɦ ɦɨɞɭɥɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɤɨɪɪɟɥɹɰɢɢ, ɢɡɦɟɧɹɸɳɟɝɨɫɹ ɜ 

ɩɪɟɞɟɥɚɯ ɨɬ 0 ɞɨ 0.9. 

4. Ɋɚɡɪɚɛɨɬɚɧɵ ɨɫɧɨɜɵ ɬɟɨɪɢɢ ɢ ɩɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɨɡɦɨɠɧɨɫɬɟɣ ɚɞɚɩɬɢɜɧɨɣ 

ɮɢɥɶɬɪɚɰɢɢ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ ɧɚ ɮɨɧɟ ɩɨɦɟɯ. ɉɪɢ ɷɬɨɦ ɩɨɥɭɱɟɧɨ ɫɥɟɞɭɸɳɟɟ: 

− ɪɚɡɪɚɛɨɬɚɧɚ ɬɟɯɧɨɥɨɝɢɹ ɰɢɮɪɨɜɨɣ ɚɞɚɩɬɢɜɧɨɣ ɮɢɥɶɬɪɚɰɢɢ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ ɜ 

ɨɛɥɚɫɬɢ ɧɟɨɪɬɨɝɨɧɚɥɶɧɨɫɬɢ ɫɢɝɧɚɥɚ ɢ ɩɨɦɟɯɢ, ɨɫɧɨɜɚɧɧɚɹ ɧɚ ɦɟɬɨɞɟ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 

ɩɪɚɜɞɨɩɨɞɨɛɢɹ; 

− ɩɨɤɚɡɚɧɨ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɫɥɨɠɧɵɦɢ ɹɜɥɹɸɬɫɹ ɩɨɦɟɯɢ ɧɟɨɪɬɨɝɨɧɚɥɶɧɵɟ ɫɢɝɧɚɥɭ. 

ɋɭɳɟɫɬɜɭɸɳɢɟ ɮɢɥɶɬɪɵ ɦɨɝɭɬ ɩɨɞɚɜɢɬɶ ɥɢɲɶ ɨɪɬɨɝɨɧɚɥɶɧɭɸ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ 

ɫɢɝɧɚɥɭ ɩɨɦɟɯɭ. 

− ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɞɚɜɥɟɧɢɹ ɤɚɤ ɫɨɫɪɟɞɨɬɨɱɟɧɧɵɯ ɩɨ ɱɚɫɬɨɬɟ, ɬɚɤ ɢ 

ɢɦɩɭɥɶɫɧɵɯ ɩɨɦɟɯ ɨɩɪɟɞɟɥɹɟɬɫɹ ɦɨɞɭɥɟɦ ɤɨɷɮɮɢɰɢɟɧɬɚ ɤɨɪɪɟɥɹɰɢɢ ɦɟɠɞɭ ɫɢɝɧɚɥɨɦ 

ɢ ɩɨɦɟɯɨɣ, ɢɡɦɟɧɹɸɳɢɦɫɹ ɜ ɩɪɟɞɟɥɚɯ ɨɬ 0 ɞɨ 0.9. 

5. Ɋɚɡɪɚɛɨɬɚɧɵ ɜɨɩɪɨɫɵ ɩɨɥɹɪɢɡɚɰɢɨɧɧɨɝɨ ɪɚɡɪɟɲɟɧɢɹ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ ɫ ɷɥɥɢɩɬɢɱɟɫɤɢɦɢ 

ɨɪɬɨɝɨɧɚɥɶɧɵɦɢ ɩɨɥɹɪɢɡɚɰɢɹɦɢ. ɉɪɢ ɷɬɨɦ ɩɨɥɭɱɟɧɨ ɫɥɟɞɭɸɳɟɟ: 

− ɪɚɡɪɚɛɨɬɚɧ ɚɥɝɨɪɢɬɦ ɩɨɥɹɪɢɡɚɰɢɨɧɧɨɝɨ ɪɚɡɪɟɲɟɧɢɹ ɞɜɭɯ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ ɫ 

ɨɪɬɨɝɨɧɚɥɶɧɵɦɢ ɷɥɥɢɩɬɢɱɟɫɤɢɦɢ ɩɨɥɹɪɢɡɚɰɢɹɦɢ; 

− ɧɚ ɞɚɧɧɵɯ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɡɨɧɞɢɪɨɜɚɧɢɹ ɢɨɧɨɫɮɟɪɵ ɩɨɤɚɡɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɧɨɝɨ 

ɪɚɡɪɟɲɟɧɢɹ ɞɜɭɯ ɦɚɝɧɢɬɨɢɨɧɧɵɯ ɤɨɦɩɨɧɟɧɬ ɞɚɠɟ ɩɪɢ ɫɨɜɩɚɞɟɧɢɢ ɢɯ ɜɪɟɦɟɧ ɩɪɢɯɨɞɚ. 

6. Ɋɚɡɪɚɛɨɬɚɧɵ ɦɟɬɨɞɵ ɛɵɫɬɪɨɣ ɦɢɧɢɦɢɡɚɰɢɢ ɮɭɧɤɰɢɨɧɚɥɨɜ ɩɪɚɜɞɨɩɨɞɨɛɢɹ, ɫɭɳɟɫɬɜɟɧɧɨ 

ɭɫɤɨɪɹɸɳɢɟ ɚɥɝɨɪɢɬɦ ɩɨɢɫɤɚ ɦɢɧɢɦɭɦɚ. ɉɪɢ ɷɬɨɦ ɩɨɥɭɱɟɧɨ ɫɥɟɞɭɸɳɟɟ: 

− ɪɚɡɪɚɛɨɬɚɧ ɚɥɝɨɪɢɬɦ ɛɵɫɬɪɨɣ ɦɢɧɢɦɢɡɚɰɢɢ ɮɭɧɤɰɢɨɧɚɥɨɜ ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɧɚ ɨɫɧɨɜɟ 

ɬɟɯɧɨɥɨɝɢɢ ɩɚɪɚɥɥɟɥɶɧɵɯ ɜɵɱɢɫɥɟɧɢɣ CUDA; 

− ɪɚɡɪɚɛɨɬɚɧ ɚɥɝɨɪɢɬɦ ɛɵɫɬɪɨɣ ɦɢɧɢɦɢɡɚɰɢɢ ɮɭɧɤɰɢɨɧɚɥɨɜ ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɧɚ ɨɫɧɨɜɟ 

ɚɥɝɨɪɢɬɦɚ ɝɥɨɛɚɥɶɧɨɣ ɨɩɬɢɦɢɡɚɰɢɢ CRSИLGM. 
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ɉɪɢɥɨɠɟɧɢɟ А 

Ɋɚɡɪɚɛɨɬɚɧɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɪɚɡɞɟɥɟɧɢɹ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ ɜ ɨɛɥɚɫɬɢ ɧɟɨɪɬɨɝɨɧɚɥɶɧɨɫɬɢ 

ɧɚ ɨɫɧɨɜɟ ɉɅɂɋ 

 

ɉɪɢɥɨɠɟɧɢɟ ɞɟɦɨɧɫɬɪɢɪɭɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɉɅɂɋ ɤɚɤ ɫɨɩɪɨɰɟɫɫɨɪɚ ɩɪɢ 

ɪɟɲɟɧɢɢ ɡɚɞɚɱɢ ɫɜɟɪɯɪɚɡɪɟɲɟɧɢɹ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ, ɨɫɧɨɜɚɧɧɨɣ ɧɚ ɩɪɢɦɟɧɟɧɢɢ ɬɟɨɪɢɢ 

ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɪɚɜɞɨɩɨɞɨɛɢɹ (§1.5), ɞɥɹ ɭɫɤɨɪɟɧɢɹ ɟɟ ɪɟɲɟɧɢɹ. 

Ⱦɥɹ ɩɪɢɦɟɪɚ ɜɨɡɶɦɟɦ ɫɢɧɬɟɬɢɱɟɫɤɢɣ ɫɢɝɧɚɥ ɫɨ ɫɬɚɧɰɢɢ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɡɨɧɞɢɪɨɜɚɧɢɹ 

ɆɊɅɄ «ȼɟɤɬɨɪ» (§3.1), ɫɨɞɟɪɠɚɳɢɣ ɫɦɟɫɶ ɞɜɭɯ ɧɟɨɪɬɨɝɨɧɚɥɶɧɵɯ ɫɢɝɧɚɥɨɜ ɢ ɲɭɦ (ɪɢɫɭɧɨɤ 1).  

 

Ɋɢɫɭɧɨɤ 1 – ɍɱɚɫɬɨɤ ɫɢɧɬɟɬɢɱɟɫɤɨɣ ɡɚɩɢɫɢ ɫɨ ɫɬɚɧɰɢɢ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɡɨɧɞɢɪɨɜɚɧɢɹ ɆɊɅɄ 

«ȼɟɤɬɨɪ» 

 

ɇɚ ɪɢɫɭɧɤɟ 1 ɜ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɩɪɟɞɫɬɚɜɥɟɧ ɭɱɚɫɬɨɤ ɩɪɢɧɹɬɨɣ ɫɢɧɬɟɬɢɱɟɫɤɨɣ 

ɪɟɚɥɢɡɚɰɢɢ, ɫɨɞɟɪɠɚɳɢɣ ɫɦɟɫɶ ɞɜɭɯ Ɇ-ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ (ɞɥɢɬɟɥɶɧɨɫɬɶ ɨɞɧɨɝɨ ɫɢɦɜɨɥɚ 

ɪɚɜɧɚ 30 ɦɤɫ) ɫ ɩɟɪɟɤɪɵɬɢɟɦ ɩɨ ɜɪɟɦɟɧɢ ɪɚɜɧɵɦ 15 ɦɤɫ ɢ ɲɭɦ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɤɥɚɫɫɢɱɟɫɤɢ 

ɧɟɪɚɡɪɟɲɢɦɨɦɭ ɫɥɭɱɚɸ. Ɉɬɧɨɲɟɧɢɟ ɫɢɝɧɚɥ ɲɭɦ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 10 ɞȻ. Ɉɪɚɧɠɟɜɵɦ ɢ ɡɟɥɟɧɵɦ 

ɰɜɟɬɚɦɢ ɨɬɦɟɱɟɧɵ ɢɫɬɢɧɧɵɟ ɩɨɥɨɠɟɧɢɹ ɢ ɤɨɞɵ ɩɨɫɵɥɨɤ ɞɜɭɯ ɫɢɝɧɚɥɨɜ. Ɇɚɥɢɧɨɜɵɦ 

ɩɪɟɞɫɬɚɜɥɟɧ ɦɨɞɭɥɶ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɫɜɟɪɬɤɢ ɩɪɢɧɹɬɨɣ ɪɟɚɥɢɡɚɰɢɢ ɫ ɨɛɪɚɡɨɦ ɢɡɥɭɱɟɧɧɨɝɨ 

ɫɢɝɧɚɥɚ, ɩɨɞɬɜɟɪɠɞɚɸɳɢɣ ɫɢɥɶɧɭɸ ɤɨɪɪɟɥɹɰɢɨɧɧɭɸ ɜɡɚɢɦɨɫɜɹɡɶ ɫɢɝɧɚɥɨɜ. 

ɉɨɥɧɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɪɢɧɹɬɨɣ ɪɟɚɥɢɡɚɰɢɢ ɫɨɫɬɚɜɥɹɟɬ 6.18 ɦɫ. Ⱦɥɹ ɜɵɩɨɥɧɟɧɢɹ 

ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɨɜ ɢɨɧɨɫɮɟɪɵ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ ɧɭɠɧɨ ɭɫɬɪɨɣɫɬɜɨ, ɤɨɬɨɪɨɟ ɨɛɟɫɩɟɱɢɬ 

ɪɚɫɱɟɬ ɜɪɟɦɟɧ ɩɪɢɯɨɞɚ ɫɢɝɧɚɥɨɜ ɡɚ ɜɪɟɦɹ ɦɟɧɶɲɟɟ ɞɥɢɬɟɥɶɧɨɫɬɢ ɨɞɧɨɣ ɪɟɚɥɢɡɚɰɢɢ. Ɍɚɤɨɟ 



154 

ɭɫɬɪɨɣɫɬɜɨ ɩɨɡɜɨɥɢɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜɫɟ ɩɥɸɫɵ ɬɟɨɪɢɢ ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɪɢɟɦɚ, ɨɩɢɫɚɧɧɵɟ ɪɚɧɟɟ 

ɜ ɬɟɤɫɬɟ ɪɚɛɨɬɵ, ɧɚɩɪɢɦɟɪ, ɨɩɪɟɞɟɥɢɬɶ ɢɫɬɢɧɧɵɟ ɜɪɟɦɟɧɚ ɩɪɢɯɨɞɚ ɫɢɝɧɚɥɨɜ, ɢɡɨɛɪɚɠɟɧɧɵɯ ɧɚ 

ɪɢɫɭɧɤɟ 1, ɚ ɬɚɤɠɟ ɧɢɜɟɥɢɪɨɜɚɬɶ ɧɟɭɞɨɛɫɬɜɚ, ɫɜɹɡɚɧɧɵɟ ɫ ɜɪɟɦɟɧɧɵɦɢ ɢɡɞɟɪɠɤɚɦɢ. 

ȼɜɢɞɭ ɡɧɚɱɢɬɟɥɶɧɨɣ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɡɚɝɪɭɡɤɢ ɬɚɤɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɟɝɨ ɝɥɚɜɧɵɦ 

ɤɨɦɩɨɧɟɧɬɨɦ ɞɨɥɠɧɚ ɜɵɫɬɭɩɚɬɶ ɉɅɂɋ ɢɥɢ ɫɜɹɡɤɚ ɉɅɂɋ + ɩɪɨɰɟɫɫɨɪ (ɢɥɢ ɫɢɫɬɟɦɚ ɧɚ 

ɤɪɢɫɬɚɥɥɟ). 

Ⱦɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɚɧɚɥɢɡɚ ɜ ɤɚɱɟɫɬɜɟ ɮɭɧɤɰɢɢ, ɤɨɬɨɪɭɸ ɫɥɟɞɭɟɬ ɷɮɮɟɤɬɢɜɧɨ ɪɚɫɫɱɢɬɚɬɶ, 

ɛɭɞɟɬ ɜɵɫɬɭɩɚɬɶ ɮɭɧɤɰɢɹ ɦɢɧɢɦɢɡɚɰɢɢ ɮɭɧɤɰɢɨɧɚɥɚ ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɩɨ ɫɟɬɤɟ. ɏɨɬɹ ɞɚɧɧɵɣ 

ɦɟɬɨɞ ɧɚɯɨɠɞɟɧɢɹ ɦɢɧɢɦɭɦɚ ɩɪɨɫɬ ɢ ɧɟ ɨɩɬɢɦɚɥɟɧ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɛɵɫɬɪɨɞɟɣɫɬɜɢɹ, ɧɨ ɨɧ 

ɩɨɡɜɨɥɹɟɬ ɛɟɡ ɩɪɨɦɚɯɨɜ ɢ ɚɛɫɨɥɸɬɧɨ ɬɨɱɧɨ ɧɚɣɬɢ ɢɫɬɢɧɧɵɣ ɝɥɨɛɚɥɶɧɵɣ ɦɢɧɢɦɭɦ, ɢ ɞɥɹ 

ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɫɫɦɨɬɪɟɧɢɹ ɜɵɛɪɚɧ ɢɦɟɧɧɨ ɨɧ. 

Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɭɫɬɪɨɣɫɬɜɚ ɛɵɥɚ ɜɵɛɪɚɧɚ ɩɥɚɬɚ ГОНBШКrН, ɩɨɫɬɪɨɟɧɧɚɹ ɧɚ ГВNQ – ɹɞɪɟ 

(Zync-7020), ɜɤɥɸɱɚɸɳɟɦ 2 ARM ɩɪɨɰɟɫɫɨɪɧɵɯ ɹɞɪɚ ɢ FPGA (ɪɢɫɭɧɨɤ 2). ȼɵɱɢɫɥɢɬɟɥɶɧɵɟ 

ɜɨɡɦɨɠɧɨɫɬɢ ɞɚɧɧɨɣ ɩɥɚɬɵ ɞɨɫɬɚɬɨɱɧɨ ɫɤɪɨɦɧɵɟ, ɨɞɧɚɤɨ ɩɨɡɜɨɥɹɸɬ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɬɶ 

ɩɪɟɢɦɭɳɟɫɬɜɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɉɅɂɋ. ɉɪɢɦɟɧɟɧɢɟ ɛɨɥɟɟ ɦɨɳɧɨɣ ɉɅɂɋ ɩɨɡɜɨɥɢɬ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɚɧɧɵɣ ɚɥɝɨɪɢɬɦ ɜ ɡɚɞɚɱɚɯ ɥɨɤɚɰɢɢ, ɫɭɳɟɫɬɜɟɧɧɨ ɭɜɟɥɢɱɢɜɚɹ ɪɚɡɪɟɲɟɧɢɟ 

ɩɪɢɟɦɧɵɯ ɥɨɤɚɬɨɪɨɜ ɛɟɡ ɢɡɦɟɧɟɧɢɹ ɮɨɪɦ ɫɢɝɧɚɥɨɜ ɢ ɩɪɢɟɦɨ-ɩɟɪɟɞɚɸɳɢɯ ɛɥɨɤɨɜ. 

 

Ɋɢɫɭɧɨɤ 2 – ȼɧɟɲɧɢɣ ɜɢɞ ɩɥɚɬɵ, ɜɵɛɪɚɧɧɨɣ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɭɫɬɪɨɣɫɬɜɚ 

 

ȼɚɠɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɹɜɥɹɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɹɡɵɤɚ ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ C++ 

ɧɚ ɜɫɟɯ ɫɬɚɞɢɹɯ ɪɚɡɪɚɛɨɬɤɢ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɫɭɳɟɫɬɜɟɧɧɨ ɷɤɨɧɨɦɢɬɶ ɜɪɟɦɹ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ 

ɤɨɧɟɱɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɢ ɧɟ ɬɪɟɛɭɟɬ ɡɧɚɧɢɣ ɹɡɵɤɨɜ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɚɩɩɚɪɚɬɭɪɵ. ɗɬɨ 

ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟɦ ɫɪɟɞɵ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ VТЯКНШ HLS ɨɬ БТХТЧб. ɉɪɨɢɡɜɨɞɢɬɟɥɶ 
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ɡɚɹɜɥɹɟɬ, ɱɬɨ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɚɧɧɨɣ ɫɢɫɬɟɦɵ ɦɨɠɧɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɬɶ ɭɫɬɪɨɣɫɬɜɚ ɧɚ 

ɉɅɂɋ, ɢɫɩɨɥɶɡɭɹ ɢɫɤɥɸɱɢɬɟɥɶɧɨ C++. ɉɨɷɬɨɦɭ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɭɫɬɪɨɣɫɬɜɚ ɪɟɲɟɧɨ ɛɵɥɨ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɚɧɧɭɸ ɜɨɡɦɨɠɧɨɫɬɶ, ɱɬɨ ɭɩɪɨɳɚɟɬ ɠɢɡɧɶ ɪɚɡɪɚɛɨɬɱɢɤɭ, ɚ ɡɚɨɞɧɨ ɩɨɡɜɨɥɹɟɬ 

ɭɛɟɞɢɬɶɫɹ ɜ ɜɨɡɦɨɠɧɨɫɬɢ ɬɚɤɨɝɨ ɩɨɞɯɨɞɚ ɤ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɸ ɉɅɂɋ (ɛɟɡ ɩɪɢɦɟɧɟɧɢɹ ɹɡɵɤɨɜ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɚɩɩɚɪɚɬɭɪɵ). ȼ ɪɭɫɫɤɨɹɡɵɱɧɨɣ ɥɢɬɟɪɚɬɭɪɟ ɦɨɠɧɨ ɧɚɣɬɢ ɭɩɨɦɢɧɚɧɢɹ ɨ 

ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɞɚɧɧɨɣ ɫɪɟɞɵ, ɚ ɬɚɤɠɟ ɫɪɟɞɵ MКЭХКЛ ɞɥɹ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɉɅɂɋ, 

ɨɞɧɚɤɨ ɪɟɚɥɶɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɮɭɧɤɰɢɨɧɢɪɭɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɟ ɛɵɥɨ. Ⱥɜɬɨɪɨɦ 

ɫɨɡɞɚɧɨ ɪɚɛɨɬɚɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ ɛɟɡ ɹɜɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɹɡɵɤɨɜ VОrТХШР, VHDL ɢ ɬ.ɩ. 

ɇɚ ɪɢɫɭɧɤɟ 3 ɩɪɟɞɫɬɚɜɥɟɧɵ ɜɨɡɦɨɠɧɨɫɬɢ ɫɪɟɞɵ Vivado HLS ɩɨ ɫɢɧɬɟɡɭ ɮɚɣɥɨɜ Verilog 

ɢɡ ɢɫɯɨɞɧɵɯ ɤɨɞɨɜ ɧɚ C++. 

 

Ɋɢɫɭɧɨɤ 3 – ȼɨɡɦɨɠɧɨɫɬɢ ɫɪɟɞɵ VТЯКНШ HLS ɩɨ ɤɨɧɜɟɪɬɚɰɢɢ ɤɨɞɚ C, ɋ++ ɜ VОrТХШР, 

ɧɟɨɛɯɨɞɢɦɵɣ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɫɢɧɬɟɡɚ ɫɢɫɬɟɦɵ 

 

ɉɨɦɢɦɨ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɤɨɞɚ ɢɡ C++ ɜ ɤɨɞ ɩɨɧɹɬɧɵɣ ɉɅɂɋ ɫɪɟɞɚ Vivado 

HLS ɨɬɤɪɵɜɚɟɬ ɲɢɪɨɤɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɩɨ ɨɩɬɢɦɢɡɚɰɢɢ ɤɨɞɚ. ɉɪɢɦɟɪɨɦ ɨɞɧɨɣ ɢɡ ɜɨɡɦɨɠɧɵɯ 

ɨɩɬɢɦɢɡɚɰɢɣ ɫɥɭɠɢɬ ɨɩɬɢɦɢɡɚɰɢɹ “pipeline”, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ ɜɵɩɨɥɧɹɬɶ ɨɬɞɟɥɶɧɵɟ 

ɨɩɟɪɚɰɢɢ ɰɢɤɥɚ ɩɚɪɚɥɥɟɥɶɧɨ, ɬɟɦ ɫɚɦɵɦ ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɜɚɹ ɛɵɫɬɪɨɞɟɣɫɬɜɢɟ (ɪɢɫɭɧɨɤ 4). 
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Ɋɢɫɭɧɨɤ 4 – ɉɪɢɦɟɪ ɨɩɬɢɦɢɡɚɰɢɢ ɬɢɩɚ “pТpОХТЧО” ɜ ɫɪɟɞɟ VТЯКНШ HLS, ɩɨɡɜɨɥɹɸɳɟɣ 

ɜɵɩɨɥɧɹɬɶ ɧɟɫɤɨɥɶɤɨ ɨɩɟɪɚɰɢɣ ɰɢɤɥɚ ɩɚɪɚɥɥɟɥɶɧɨ 

 

ɉɪɢɦɟɪ ɩɪɢɦɟɧɟɧɢɹ ɞɚɧɧɨɝɨ ɬɢɩɚ ɨɩɬɢɦɢɡɚɰɢɢ ɤ ɮɭɧɤɰɢɢ ɦɢɧɢɦɢɡɚɰɢɢ ɮɭɧɤɰɢɨɧɚɥɚ 

ɩɪɚɜɞɨɩɨɞɨɛɢɹ OptMin, ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɮɭɧɤɰɢɟɣ OptTime2Def (ɪɢɫɭɧɨɤ 6), ɩɪɢɜɟɞɟɧ ɧɚ 

ɪɢɫɭɧɤɟ 5. ɉɪɢɦɟɧɟɧɢɟ ɞɢɪɟɤɬɢɜɵ “HLS PIPELINE” ɩɨɡɜɨɥɹɟɬ ɫɨɤɪɚɬɢɬɶ ɜɪɟɦɹ ɪɚɫɱɟɬɨɜ ɜ 

ɞɚɧɧɨɦ ɤɨɧɤɪɟɬɧɨɦ ɫɥɭɱɚɟ ɜ 100 ɪɚɡ. 

 

Ɋɢɫɭɧɨɤ 5 – ɉɪɢɦɟɪ ɩɪɢɦɟɧɟɧɢɹ ɨɩɬɢɦɢɡɚɰɢɢ ɤɨɞɚ ɜ ɫɪɟɞɟ VТЯКНШ HLS ɧɚ ɩɪɢɦɟɪɟ 

ɨɩɬɢɦɢɡɚɰɢɢ ɮɭɧɤɰɢɢ OpЭMТЧ, ɨɫɭɳɟɫɬɜɥɹɸɳɟɣ ɦɢɧɢɦɢɡɚɰɢɸ ɮɭɧɤɰɢɨɧɚɥɚ ɩɪɚɜɞɨɩɨɞɨɛɢɹ, 

ɡɚɞɚɜɚɟɦɨɝɨ ɮɭɧɤɰɢɟɣ OpЭTТЧО2DОП ɩɨ ɫɟɬɤɟ Ц*Ч 
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Ɋɢɫɭɧɨɤ 6 – Ʉɨɞ ɮɭɧɤɰɢɢ, ɨɫɭɳɟɫɬɜɥɹɸɳɟɣ ɪɚɫɱɟɬ ɡɧɚɱɟɧɢɹ ɮɭɧɤɰɢɨɧɚɥɚ ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɜ 

ɦɨɦɟɧɬɵ ɜɪɟɦɟɧ ɩɪɢɯɨɞɚ ɫɢɝɧɚɥɨɜ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɪɚɜɧɵɟ ɦɨɦɟɧɬɚɦ 1t  ɢ 2t , R_REAL[i] 

(R_IMAG[i]) – ɡɧɚɱɟɧɢɟ ɞɟɣɫɬɜɢɬɟɥɶɧɨɣ (ɦɧɢɦɨɣ) ɱɚɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɤɨɪɪɟɥɹɰɢɹ ɞɜɭɯ 

ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɞɜɢɝɚ ɩɨ ɜɪɟɦɟɧɢ i, corrCos[i] (corrSin[i]) - ɡɧɚɱɟɧɢɹ 

ɞɟɣɫɬɜɢɬɟɥɶɧɨɣ (ɦɧɢɦɨɣ) ɱɚɫɬɢ ɫɜɟɪɬɤɢ ɩɪɢɧɹɬɨɣ ɪɟɚɥɢɡɚɰɢɢ ɫ ɩɨɥɟɡɧɵɦ ɫɢɝɧɚɥɨɦ ɜ ɦɨɦɟɧɬ 

ɜɪɟɦɟɧɢ i 

 

Ɉɫɧɨɜɨɣ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɉɅɂɋ ɜ ɤɚɱɟɫɬɜɟ ɫɨɩɪɨɰɟɫɫɨɪɚ ɫɥɭɠɢɬ Ɉɋ БТХТЧЮб 

[http://xillybus.com/downloads/doc/xillybus_getting_started_zynq.pdf], ɩɪɟɞɫɬɚɜɥɹɸɳɚɹ ɫɨɛɨɣ 

LТЧЮб ɞɢɫɬɪɢɛɭɬɢɜ ɞɥɹ ɩɥɚɬɵ ГОНBШКrН ɧɚ ɛɚɡɟ UЛЮЧЭЮ LTS 12.04 ɞɥɹ ARM. ɂɫɩɨɥɶɡɨɜɚɧɢɟ 

ɞɚɧɧɨɣ ɩɥɚɬɮɨɪɦɵ ɜɦɟɫɬɟ ɫ ɩɪɨɝɪɚɦɦɧɵɦ ɩɪɨɞɭɤɬɨɦ HLS ɨɬ VТЯКНШ ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ 

ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɹɡɵɤ ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ C++ ɞɥɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ ɰɢɮɪɨɜɨɣ ɨɛɪɚɛɨɬɤɢ 

ɫɢɝɧɚɥɨɜ Дhttp://www.xilinx.com/support/documentation/sw_manuals/xilinx2012_2/ug902-vivado-

high-level-synthesis.pdf]. 

Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɫɢɫɬɟɦɵ ɩɪɨɰɟɫɫɨɪ + ɫɨɩɪɨɰɟɫɫɨɪ ɧɚ ɉɅɂɋ ɧɟɨɛɯɨɞɢɦɵ ɬɪɢ ɦɨɞɭɥɹ: 

a) ɯɨɫɬ-ɩɪɨɝɪɚɦɦɚ (C/C ++), ɪɚɛɨɬɚɸɳɚɹ ɩɨɞ ɭɩɪɚɜɥɟɧɢɟɦ БТХХТЧЮб ɧɚ ГвЧМ-ɩɪɨɰɟɫɫɨɪɟ (1 

ɢɥɢ 2 ɹɞɪɚ). Ⱦɚɧɧɚɹ ɩɪɨɝɪɚɦɦɚ ɨɫɭɳɟɫɬɜɥɹɟɬ ɩɨɞɝɨɬɨɜɤɭ ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɩɟɪɟɞɚɱɢ 

ɧɚ ɉɅɂɋ. ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ ɬɚɤɢɦɢ ɞɚɧɧɵɦɢ ɫɥɭɠɢɬ ɫɢɝɧɚɥ ɫɨ ɫɬɚɧɰɢɢ ɜɟɪɬɢɤɚɥɶɧɨɝɨ 

ɡɨɧɞɢɪɨɜɚɧɢɹ. 
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b) ɫɢɧɬɟɡɢɪɨɜɚɧɧɚɹ ɮɭɧɤɰɢɹ ɧɚ C/C++ ɞɥɹ ɤɨɬɨɪɨɣ ɠɟɥɚɬɟɥɶɧɨ ɚɩɩɚɪɚɬɧɨɟ ɭɫɤɨɪɟɧɢɟ 

(ɞɚɧɧɚɹ ɮɭɧɤɰɢɹ ɛɭɞɟɬ ɪɚɛɨɬɚɬɶ ɧɚ ɉɅɂɋ). ȼ ɤɚɱɟɫɬɜɟ ɬɚɤɨɜɨɣ ɜɵɫɬɭɩɚɟɬ ɮɭɧɤɰɢɹ, 

ɨɫɭɳɟɫɬɜɥɹɸɳɚɹ ɦɢɧɢɦɢɡɚɰɢɸ ɮɭɧɤɰɢɨɧɚɥɚ ɩɟɪɟɛɨɪɨɦ ɩɨ ɫɟɬɤɟ – OptMin. 

c) ɮɭɧɤɰɢɹ-ɨɛɟɪɬɤɚ – ɧɟɛɨɥɶɲɚɹ ɱɚɫɬɶ ɤɨɞɚ, ɤɨɬɨɪɚɹ ɨɛɪɚɛɚɬɵɜɚɟɬ ɢɧɬɟɪɮɟɣɫ ɦɟɠɞɭ 

ɩɪɢɧɢɦɚɸɳɟɣ ɩɪɨɝɪɚɦɦɨɣ ɢ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɣ ɮɭɧɤɰɢɟɣ. ɗɬɚ ɮɭɧɤɰɢɹ ɤɨɦɩɢɥɢɪɭɟɬɫɹ 

ɜɦɟɫɬɟ ɫ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɣ ɮɭɧɤɰɢɟɣ ɢ ɬɚɤɠɟ ɪɚɛɨɬɚɟɬ ɧɚ ɉɅɂɋ. 

ȼ ɨɬɥɢɱɢɟ ɨɬ ɨɛɵɱɧɨɝɨ C/C++ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɯɨɫɬ-ɩɪɨɝɪɚɦɦɚ ɧɟ ɜɵɡɵɜɚɟɬ 

ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɟ ɮɭɧɤɰɢɢ, ɚ ɨɪɝɚɧɢɡɭɟɬ ɞɚɧɧɵɟ ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɮɭɧɤɰɢɢ ɜ 

ɫɬɪɭɤɬɭɪɟ ɞɚɧɧɵɯ ɢ ɩɟɪɟɞɚɟɬ ɢɯ ɤɚɤ ɩɚɪɚɦɟɬɪɵ ɞɥɹ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɣ ɮɭɧɤɰɢɢ. Ɂɚɬɟɦ ɨɧɚ 

ɫɨɛɢɪɚɟɬ ɜɨɡɜɪɚɳɚɟɦɵɟ ɞɚɧɧɵɟ ɜ ɜɢɞɟ ɫɬɪɭɤɬɭɪɵ ɞɚɧɧɵɯ, ɩɟɪɟɞɚɜɚɟɦɵɯ ɨɬ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɣ 

ɮɭɧɤɰɢɢ. 

Ⱦɥɹ ɨɛɳɟɧɢɹ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɣ ɮɭɧɤɰɢɢ ɢ ɯɨɫɬ-ɩɪɨɝɪɚɦɦɵ ɧɟɨɛɯɨɞɢɦ ɫɩɟɰɢɚɥɶɧɵɣ 

ɞɪɚɣɜɟɪ, ɤɨɬɨɪɵɣ ɩɨ ɭɦɨɥɱɚɧɢɸ ɜɯɨɞɢɬ ɜ ɫɨɫɬɚɜ БТХХТЧЮб. 

Ȼɥɨɤ-ɫɯɟɦɚ, ɩɪɢɜɟɞɟɧɧɚɹ ɧɚ ɪɢɫɭɧɤɟ 7, ɧɚɝɥɹɞɧɨ ɞɟɦɨɧɫɬɪɢɪɭɟɬ ɩɨɫɬɪɨɟɧɢɟ ɫɢɫɬɟɦɵ, 

ɢɫɩɨɥɶɡɭɸɳɟɣ ɉɅɂɋ ɤɚɤ ɫɨɩɪɨɰɟɫɫɨɪ. 

CPU FPGA

Xillinux Driver

ˁ̛̦те̛̬̚о̦̦̏̌̌́ 
̴у̦ќ̶̛

Фу̦ќ̶̛ о̍е̬тк̌

Host C++ 

п̬о̬̥̥̐̌̌

 ʿ̛̬е  ̵̥̏од̵̦̼ 
д̵̦̦̼̌

 ʿе̬ед̌ч̌ д̵̦̦̼̌ ̦̌ 
ʿЛʰˁ ̏ ̛̏де 
̭т̬укту̬̼

 ʿолуче̛̦е 
̬е̚ул̽т̌т̌ от ʿЛʰˁ ̏ 
̛̏де ̭т̬укту̬̼

ʿе̬ед̌ч̌ 
д̵̦̦̼̌ от CPU 

к ʿЛʰˁ ̛ 
̦̌о̍о̬от

 ʺ̶̛̛̛̛̦̥̌́̚ ̴у̦к̶̛о̦̌л̌ 
п̬̌̏доподо̛̍  ́дл  ́получе̛̦́ 
̬̏е̥е̦ п̵̛̬од̌ ̛̭̦̐̌ло̏

 ʿ̛̬е  ̥д̵̦̦̼̌ дл  ́
о̭уще̭т̏ле̛̦́ ̬̭̌чет̌  ̭
по̥ощ̽  ̛̭̦̀те̛̬̚о̦̦̏̌о̜ 
̴у̦к̶̛̛

 Отп̬̌̏к̌ ̬е̚ул̽т̌то̏ 
̼̏ч̛̭ле̛̦́

 

Ɋɢɫɭɧɨɤ 7 – ɋɬɪɭɤɬɭɪɚ ɫɢɫɬɟɦɵ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɜɪɟɦɟɧ ɩɪɢɯɨɞɚ ɨɬɪɚɠɟɧɧɵɯ ɫɢɝɧɚɥɨɜ 

 

ɉɨɹɫɧɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɮɭɧɤɰɢɣ, ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ, 

ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 8. БТХХТЧЮs ɨɛɟɫɩɟɱɢɜɚɟɬ ɨɛɦɟɧ ɞɚɧɧɵɦɢ ɦɟɠɞɭ ɉɅɂɋ ɢ ɥɨɤɚɥɶɧɵɦ 

ɩɪɨɰɟɫɫɨɪɨɦ ɩɭɬɟɦ ɡɚɩɢɫɢ ɢ ɱɬɟɧɢɹ ɫɩɟɰɢɚɥɶɧɵɯ ɫɢɫɬɟɦɧɵɯ ɮɚɣɥɨɜ, ɡɚɩɢɫɶ ɞɚɧɧɵɯ ɜ ɮɚɣɥ 

ɢɧɢɰɢɢɪɭɟɬ ɡɚɩɭɫɤ ɮɭɧɤɰɢɢ-ɨɛɟɪɬɤɢ ɧɚ ɉɅɂɋ. 

Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɉɅɂɋ ɹɜɥɹɟɬɫɹ ɱɪɟɡɜɵɱɚɣɧɨ ɩɪɨɫɬɵɦ: ɪɚɡɪɚɛɨɬɱɢɤɭ ɧɟ 

ɧɭɠɧɨ ɩɢɫɚɬɶ ɤɨɞ ɉɅɂɋ ɧɚ ɹɡɵɤɟ VОrТХШР, ɨɬɫɭɬɫɬɜɭɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɫɨɩɪɹɠɟɧɢɹ ɉɅɂɋ ɫ 

ɫɢɫɬɟɦɨɣ, ɬ.ɤ. БТХХТЧЮб ɭɠɟ ɩɨɞɞɟɪɠɢɜɚɟɬ ɬɚɤɨɣ ɪɟɠɢɦ ɪɚɛɨɬɵ. ɉɪɟɞɫɬɚɜɥɟɧɧɵɣ ɩɨɞɯɨɞ 



159 

HOST - ʿˀОʧˀʤʺʺʤ

1. оп̬еделе̛̦е ̛ ̌̚пол̦е̛̦е ̭т̬укту̬̼ 
пе̬ед̌в̌е̵̥̼ д̦̦̼̌  ̵̦̌ ПЛИС:

struct

{

float tmp[N];

} tologic;

2. оп̬еделе̛̦е ̭т̬укту̬̼ п̛̛̬̦̥̌е̵̥̼ д̦̦̼̌  ̵
от ПЛИС:

struct

{

uint32_t t1;

uint32_t t2;

} fromlogic;

3. ̭т̬̌т п̬о̶еду̬̼ ̭чет :̌

fdr = open("/dev/xillybus_read_32", O_RDONLY);

fdw = open("/dev/xillybus_write_32", O_WRONLY);

write(fdw, (void *) &tologic, sizeof(tologic));

read(fdr, (void *) &fromlogic, sizeof(fromlogic));

4. д̦̦̼̌е от ПЛИС получе̦̼.

                

Ф˄ʻКЦʰЯ - ОʥЕˀ˃Кʤ

void xillybus_wrapper(int *in, int *out)

{

#pragma AP interface ap_fifo port=in

#pragma AP interface ap_fifo port=out

#pragma AP interface ap_ctrl_none port=return

1. о̬̍̌̍отк̌ д̦̦̼̌  ̵по̬т̌ in:

uint32_t input;

float y[N];

for(i = 0; i < N; i++)

{

input = *in++;

y[i] = *((float *) &input);

}

2. ̌̚пу̭к ̛̭̦те̛̬̚ов̦̦̌о̜ ̴у̦к̶̛̛ 
OptMin(...):

OptMin(&x1, &x2, &val, begin_point);

3. ̌̚п̛̭̽ ̬е̚ул̽т̌т̌ в по̬т out:

*out++ = x1;

*out++ = x2;

}

ˁʰʻ˃ЕʯʰˀОʦʤʻʻʤЯ 
Ф˄ʻКЦʰЯ

1. М̶̛̛̛̛̦̥̌̚я ̴у̦к̶̛о̦̌л̌ п̬̌вдоподо̛̍я

void OptMin(int *x1, int *x2, float *min, int begin)

{

*min = INFINITY;

unsigned int i, n = 25000, m = 20;

main_loop:for(i = 0; i < n*m; i++)

{

#pragma HLS PIPELINE

float val = OptTime2Def(begin + i/n, i%n);

if(val < *min)

{

*min = val;

*x1 = begin + i/n;

*x2 = i%n;

}

}

}

float OptTime2Def(int t1, int t2)

{

#pragma HLS PIPELINE

...

return val;

}

 

Ɋɢɫɭɧɨɤ 8 – ɉɨɞɪɨɛɧɚɹ ɫɯɟɦɚ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɫɢɫɬɟɦɵ. Ɂɟɥɟɧɵɦ ɰɜɟɬɨɦ ɨɬɦɟɱɟɧɵ ɮɭɧɤɰɢɢ, ɜɵɩɨɥɧɹɸɳɢɟɫɹ ɧɚ ɉɅɂɋ, ɪɨɡɨɜɵɦ – ɧɚ CPU 
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ɹɜɥɹɟɬɫɹ ɨɱɟɧɶ ɩɟɪɫɩɟɤɬɢɜɧɵɦ, ɬ.ɤ. ɨɬɤɪɵɜɚɟɬ ɨɝɪɨɦɧɵɟ ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ 

ɩɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱ. 

ɇɚ ɪɢɫɭɧɤɟ 9 ɩɪɟɞɫɬɚɜɥɟɧ ɪɟɡɭɥɶɬɚɬ ɚɧɚɥɢɡɚ ɫɢɧɬɟɡɚ ɫɢɫɬɟɦɵ. ɉɪɟɞɫɬɚɜɥɟɧɧɚɹ 

ɢɧɮɨɪɦɚɰɢɹ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ, ɱɬɨ ɜɪɟɦɹ ɪɚɛɨɬɵ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɚɥɝɨɪɢɬɦɚ ɫɨɫɬɚɜɢɬ 4.5 ɦɫ 

ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɩɪɢɧɹɬɨɣ ɪɟɚɥɢɡɚɰɢɢ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɨɫɬɚɜɥɟɧɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ 

ɪɚɛɨɬɵ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ. 

 

Ɋɢɫɭɧɨɤ 9 – Ɋɟɡɭɥɶɬɚɬ ɫɢɧɬɟɡɚ ɫɢɫɬɟɦɵ 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɟɚɥɶɧɨ ɨɫɭɳɟɫɬɜɢɬɶ ɫɢɫɬɟɦɭ, ɨɛɪɚɛɚɬɵɜɚɸɳɭɸ ɫɢɝɧɚɥ ɫɨɝɥɚɫɧɨ 

ɩɪɟɞɥɨɠɟɧɧɨɦɭ ɚɥɝɨɪɢɬɦɭ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ, ɬɚɤɚɹ ɫɢɫɬɟɦɚ ɫɨɱɟɬɚɟɬ ɜ ɫɟɛɟ 

ɩɪɟɢɦɭɳɟɫɬɜɚ ɨɩɬɢɦɚɥɶɧɨɣ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɨɜ, ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɉɅɂɋ ɢ 

ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɫɜɟɪɯɪɚɡɪɟɲɟɧɢɹ ɩɨɡɜɨɥɹɟɬ ɫɭɳɟɫɬɜɟɧɧɨ ɩɨɜɵɫɢɬɶ ɤɚɱɟɫɬɜɨ 

ɫɭɳɟɫɬɜɭɸɳɢɯ ɥɨɤɚɬɨɪɨɜ. 

 


