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ȼȼȿȾȿɇɂȿ 

 

Ⱦɨɥɝɨɫɪɨɱɧɵɟ ɩɪɨɝɪɚɦɦɵ ɨɫɜɨɟɧɢɹ ȼɨɫɬɨɱɧɨɣ ɋɢɛɢɪɢ ɢ Ⱦɚɥɶɧɟɝɨ 

ȼɨɫɬɨɤɚ ɞɨ 2030 ɝ. ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬ ɮɨɪɦɢɪɨɜɚɧɢɟ ɪɚɡɜɢɬɨɣ ɬɪɚɧɫɩɨɪɬɧɨɣ 

ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ ɜ ɷɬɢɯ ɪɟɝɢɨɧɚɯ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ, ɜ ɬɨɦ ɱɢɫɥɟ 

ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɞɨɪɨɝ ɜ ɭɫɥɨɜɢɹɯ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ ɩɪɢɪɨɞɧɨ-

ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ ɫ ɝɨɪɢɫɬɵɦ ɢ ɯɨɥɦɢɫɬɨ-ɭɜɚɥɢɫɬɵɦ ɪɟɥɶɟɮɚɦɢ 

ɦɟɫɬɧɨɫɬɢ. ɉɪɢɪɨɞɧɨ-ɤɥɢɦɚɬɢɱɟɫɤɢɟ ɮɚɤɬɨɪɵ ɫ ɝɨɪɢɫɬɵɦ ɪɟɥɶɟɮɨɦ ɜ 

ɫɨɱɟɬɚɧɢɢ ɫ ɪɟɡɤɨ ɤɨɧɬɢɧɟɧɬɚɥɶɧɵɦ ɤɥɢɦɚɬɨɦ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɤɚɤ 

ɷɤɫɬɪɟɦɚɥɶɧɵɟ ɢ ɫɭɳɟɫɬɜɟɧɧɵɦ ɨɛɪɚɡɨɦ ɜɥɢɹɸɬ ɧɚ ɫɪɨɤɢ ɢ ɬɟɦɩɵ 

ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɵɯ ɩɨɤɪɵɬɢɣ. 

Ʉɚɤ ɩɨɤɚɡɵɜɚɟɬ ɩɪɚɤɬɢɤɚ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɞɨɪɨɝ, 

ɩɪɢɪɨɞɧɨ-ɤɥɢɦɚɬɢɱɟɫɤɢɟ ɮɚɤɬɨɪɵ ɫ ɝɨɪɢɫɬɵɦ ɪɟɥɶɟɮɨɦ ɦɟɫɬɧɨɫɬɢ, ɜ ɬɨɦ 

ɱɢɫɥɟ ɤɥɢɦɚɬɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ (ɪɟɡɤɨ ɤɨɧɬɢɧɟɧɬɚɥɶɧɵɣ ɤɥɢɦɚɬ), ɚ ɬɚɤɠɟ 

ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɭɫɥɨɜɢɹ ɭɜɟɥɢɱɢɜɚɸɬ 

ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɢ ɫɧɢɠɚɸɬ ɬɟɦɩɵ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɵɯ 

ɩɨɤɪɵɬɢɣ. ȼ ɬɚɤɢɯ ɭɫɥɨɜɢɹɯ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɯ ɤɨɦɩɥɟɤɬɨɜ 

ɦɚɲɢɧ (ɋɄɆ) ɬɚɤɠɟ ɧɟ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɬɟɩɥɨɮɢɡɢɱɟɫɤɚɹ ɧɚɞɟɠɧɨɫɬɶ ɞɨɫɬɚɜɤɢ 

ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ (ȺȻɋ) ɜ ɬɪɚɧɫɩɨɪɬɧɵɯ ɨɩɟɪɚɰɢɹɯ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 

ɩɪɨɟɤɬɚɦɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɪɚɛɨɬ (ɉɉɊ). ɉɥɚɧɢɪɭɟɦɵɟ, ɫɨɝɥɚɫɧɨ ɉɉɊ, ɫɪɨɤɢ 

ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɭɜɟɥɢɱɢɜɚɸɬɫɹ ɧɚ 20-30 % ɩɨ ɱɢɫɥɭ ɤɚɥɟɧɞɚɪɧɵɯ ɞɧɟɣ. 

Ƚɪɚɮɢɤɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɵɯ ɩɨɤɪɵɬɢɣ ɧɚɪɭɲɚɸɬɫɹ ɩɨ ɫɪɨɤɚɦ 

ɢɯ ɧɚɱɚɥɚ ɢ ɜɵɩɨɥɧɟɧɢɹ, ɫɪɨɤɢ ɡɚɜɟɪɲɟɧɢɹ ɪɚɛɨɬ ɩɟɪɟɧɨɫɹɬɫɹ ɧɚ ɨɫɟɧɧɢɟ 

ɦɟɫɹɰɵ. 

ɉɥɚɧɢɪɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɟɣ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɢ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɟ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɦɚɲɢɧ, ɜɯɨɞɹɳɢɯ ɜ ɋɄɆ (ɚɫɮɚɥɶɬɨɭɤɥɚɞɱɢɤɨɜ, 

ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ (Ɍɋ), ɚɫɮɚɥɶɬɨɫɦɟɫɢɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɢ ɞɪɭɝɢɯ 

ɦɚɲɢɧ), ɤɨɬɨɪɵɟ ɧɚɯɨɞɹɬɫɹ ɜ ɩɪɹɦɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɤɨɪɨɫɬɢ ɩɨɬɨɤɚ ɢɥɢ 
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ɬɟɦɩɚ ɫɬɪɨɢɬɟɥɶɫɬɜɚ, ɜ ɭɫɥɨɜɢɹɯ ɜɥɢɹɧɢɹ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ ɮɚɤɬɨɪɨɜ ɢɦɟɸɬ 

ɫɜɨɢ ɨɫɨɛɟɧɧɨɫɬɢ. ɗɬɨ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɪɨɜɟɞɟɧɢɹ 

ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɢ ɫɜɹɡɟɣ 

ɩɚɪɚɦɟɬɪɨɜ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɋɄɆ ɜ ɭɫɥɨɜɢɹɯ ɢɫɩɨɥɶɡɨɜɚɧɢɹ, ɢɯ ɜɥɢɹɧɢɹ ɧɚ 

ɬɟɯɧɢɤɨ-ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɩɨɤɚɡɚɬɟɥɢ. 

Ɉɩɬɢɦɢɡɢɪɭɹ ɩɚɪɚɦɟɬɪɵ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɋɄɆ, ɧɟɨɛɯɨɞɢɦɨ 

ɮɨɪɦɢɪɨɜɚɬɶ ɬɚɤɨɣ ɟɝɨ ɫɨɫɬɚɜ, ɫ ɭɱɟɬɨɦ ɜɥɢɹɧɢɹ ɫɨɜɨɤɭɩɧɨɫɬɢ 

ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɭɫɥɨɜɢɣ ɢ ɩɪɢɪɨɞɧɨ-ɤɥɢɦɚɬɢɱɟɫɤɢɯ 

ɮɚɤɬɨɪɨɜ, ɜ ɤɨɬɨɪɨɦ ɧɚɢɥɭɱɲɢɦ ɨɛɪɚɡɨɦ ɛɭɞɟɬ ɫɨɱɟɬɚɬɶɫɹ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɚɹ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɨɫɧɨɜɧɵɯ ɫɪɟɞɫɬɜ ɦɟɯɚɧɢɡɚɰɢɢ, ɡɚɧɹɬɵɯ ɜ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦ ɩɪɨɰɟɫɫɟ. ɗɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɨɛɟɫɩɟɱɢɬ ɫɨɨɬɜɟɬɫɬɜɢɟ 

ɩɥɚɧɢɪɭɟɦɵɯ ɢ ɮɚɤɬɢɱɟɫɤɢɯ ɬɟɦɩɨɜ ɫɬɪɨɢɬɟɥɶɫɬɜɚ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɨɰɢɚɥɶɧɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɪɚɡɜɢɬɢɟ Ɋɨɫɫɢɢ ɜɨ 

ɦɧɨɝɨɦ ɫɞɟɪɠɢɜɚɟɬɫɹ ɢɡ-ɡɚ ɧɵɧɟɲɧɟɝɨ ɫɨɫɬɨɹɧɢɹ ɢ ɭɪɨɜɧɹ ɪɚɡɜɢɬɢɹ 

ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɞɨɪɨɝ. Ɂɧɚɱɢɬɟɥɶɧɚɹ ɱɚɫɬɶ ɮɟɞɟɪɚɥɶɧɵɯ ɞɨɪɨɝ ɢɦɟɸɬ 

ɜɵɫɨɤɭɸ ɫɬɟɩɟɧɶ ɢɡɧɨɫɚ ɢ ɢɫɱɟɪɩɚɥɢ ɫɜɨɸ ɩɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ. Ɉɤɨɥɨ 

28 ɬɵɫ. ɧɚɫɟɥɟɧɧɵɯ ɩɭɧɤɬɨɜ ɧɟ ɢɦɟɸɬ ɤɪɭɝɥɨɝɨɞɢɱɧɨɣ ɫɜɹɡɢ ɩɨ 

ɚɜɬɨɦɨɛɢɥɶɧɵɦ ɞɨɪɨɝɚɦ ɫ ɬɜɟɪɞɵɦ ɩɨɤɪɵɬɢɟɦ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɫɜɨɪɚɱɢɜɚɧɢɸ 

ɩɪɨɢɡɜɨɞɫɬɜɚ, ɜ ɬɨɦ ɱɢɫɥɟ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ, ɨɬɬɨɤɭ ɧɚɫɟɥɟɧɢɹ ɢɡ ɷɬɢɯ 

ɪɟɝɢɨɧɨɜ. Ɂɚɞɚɱɚ ɭɞɜɨɟɧɢɹ ɜɚɥɨɜɨɝɨ ɜɧɭɬɪɟɧɧɟɝɨ ɩɪɨɞɭɤɬɚ ɤ 2020 ɝɨɞɭ 

ɫɨɝɥɚɫɧɨ ɩɪɨɝɧɨɡɭ ɩɪɢɜɟɞɟɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɨɛɴɟɦɨɜ ɩɟɪɟɜɨɡɨɤ ɜ 1,8 ɪɚɡɚ, ɱɬɨ 

ɟɳɟ ɛɨɥɟɟ ɨɛɨɫɬɪɢɬ ɫɢɬɭɚɰɢɸ, ɫɜɹɡɚɧɧɭɸ ɫ ɨɛɟɫɩɟɱɟɧɢɟɦ ɩɪɨɩɭɫɤɚ ɩɨ 

ɚɜɬɨɦɨɛɢɥɶɧɵɦ ɞɨɪɨɝɚɦ ɜɨɡɪɚɫɬɚɸɳɢɯ ɚɜɬɨɬɪɚɧɫɩɨɪɬɧɵɯ ɩɨɬɨɤɨɜ, ɢ ɦɨɠɟɬ 

ɫɬɚɬɶ ɮɚɤɬɨɪɨɦ, ɫɞɟɪɠɢɜɚɸɳɢɦ ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɪɨɫɬ. 

 Ɍɟɦɩɵ ɪɚɡɜɢɬɢɹ ɞɨɪɨɠɧɨɣ ɫɟɬɢ ɧɟ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɩɨɬɪɟɛɧɨɫɬɢ 

ɷɤɨɧɨɦɢɤɢ Ɋɨɫɫɢɢ. ɗɬɨ ɭɜɟɥɢɱɢɜɚɟɬ ɪɚɡɪɵɜ ɦɟɠɞɭ ɬɟɦɩɚɦɢ ɪɨɫɬɚ 

ɚɜɬɨɦɨɛɢɥɢɡɚɰɢɢ ɢ ɪɚɡɜɢɬɢɟɦ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɞɨɪɨɝ (ɚ/ɞ), ɱɬɨ ɜ ɢɬɨɝɟ ɦɨɠɟɬ 

ɩɪɢɜɟɫɬɢ ɤ ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɫɢɫɬɟɦɧɵɯ ɬɪɚɧɫɩɨɪɬɧɵɯ ɡɚɬɨɪɨɜ ɢ ɫɞɟɪɠɢɜɚɧɢɸ 

ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɪɨɫɬɚ ɫɬɪɚɧɵ. ɉɪɢ ɫɨɯɪɚɧɟɧɢɢ ɫɭɳɟɫɬɜɭɸɳɢɯ ɨɛɴɟɦɨɜ 

ɞɨɪɨɠɧɨɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɫɨɟɞɢɧɟɧɢɟ 28 ɬɵɫ. ɧɚɫɟɥɟɧɧɵɯ ɩɭɧɤɬɨɜ 



 

7 

 

ɚɜɬɨɦɨɛɢɥɶɧɵɦɢ ɞɨɪɨɝɚɦɢ ɫ ɬɜɟɪɞɵɦ ɩɨɤɪɵɬɢɟɦ ɦɨɠɟɬ ɛɵɬɶ ɡɚɜɟɪɲɟɧɨ 

ɬɨɥɶɤɨ ɱɟɪɟɡ 140 ɥɟɬ, ɚ ɦɨɞɟɪɧɢɡɚɰɢɹ ɚɜɬɨɞɨɪɨɝɢ «Ɋɨɫɫɢɹ» Ɇɨɫɤɜɚ - ɋɚɧɤɬ-

ɉɟɬɟɪɛɭɪɝ ɢ ɚɜɬɨɞɨɪɨɝɢ «Ⱦɨɧ» Ɇɨɫɤɜɚ - ɇɨɜɨɪɨɫɫɢɣɫɤ ɛɭɞɟɬ ɡɚɤɨɧɱɟɧɨ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɤ 2023 ɢ 2027 ɝɝ. 

ɉɪɨɝɪɚɦɦɚ ɪɟɦɨɧɬɚ, ɦɨɞɟɪɧɢɡɚɰɢɢ ɢ ɪɚɡɜɢɬɢɹ ɫɟɬɢ ɚɜɬɨɦɨɛɢɥɶɧɵɯ 

ɞɨɪɨɝ ɊɎ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɟ ɧɚɪɚɳɢɜɚɧɢɟ ɨɛɴɟɦɨɜ 

ɫɬɪɨɢɬɟɥɶɫɬɜɚ, ɱɬɨ ɩɨɬɪɟɛɭɟɬ ɪɨɫɬɚ ɨɛɴɟɦɨɜ ɩɪɨɢɡɜɨɞɫɬɜɚ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ 

ɫɦɟɫɢ. ȼɚɠɧɟɣɲɟɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɞɨɥɝɨɜɟɱɧɨɫɬɢ ɩɨɤɪɵɬɢɹ ɞɨɪɨɝɢ ɢɦɟɟɬ 

ɤɚɱɟɫɬɜɨ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɢ ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ. ɋɪɨɤ ɫɥɭɠɛɵ 

ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɵɯ ɩɨɤɪɵɬɢɣ ɜ ɧɚɲɟɣ ɫɬɪɚɧɟ ɫɭɳɟɫɬɜɟɧɧɨ ɧɢɠɟ ɚɧɚɥɨɝɢɱɧɵɯ 

ɩɨɤɚɡɚɬɟɥɟɣ ɩɪɨɦɵɲɥɟɧɧɨ ɪɚɡɜɢɬɵɯ ɫɬɪɚɧ. 

Ɋɚɡɪɚɛɨɬɤɚ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢ ɦɟɬɨɞɨɥɨɝɢɱɟɫɤɢɯ ɨɫɧɨɜ ɤɨɦɩɥɟɤɫɧɨɝɨ 

ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɢɡɜɨɞɫɬɜɨɦ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɝɨ 

ɨɩɟɪɚɬɢɜɧɭɸ ɤɨɦɩɟɧɫɚɰɢɸ ɜɚɪɢɚɰɢɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢɫɯɨɞɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ 

ɜɚɪɢɚɰɢɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɧɟ ɬɨɥɶɤɨ ɩɪɨɢɡɜɨɞɫɬɜɚ 

ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ, ɧɨ ɢ ɟɟ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ, ɭɤɥɚɞɤɢ ɢ ɭɩɥɨɬɧɟɧɢɹ 

ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɩɪɨɛɥɟɦɨɣ, ɪɟɲɟɧɢɟ ɤɨɬɨɪɨɣ ɢɦɟɟɬ ɜɚɠɧɨɟ 

ɧɚɪɨɞɧɨɯɨɡɹɣɫɬɜɟɧɧɨɟ ɡɧɚɱɟɧɢɟ. 

ɋɨɜɪɟɦɟɧɧɵɟ ɚɫɮɚɥɶɬɨɭɤɥɚɞɱɢɤɢ ɨɫɧɚɳɚɸɬɫɹ ɫɢɫɬɟɦɚɦɢ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ (Ⱥɋɍ) ɭɩɥɨɬɧɹɸɳɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 

ɚɫɮɚɥɶɬɨɭɤɥɚɞɱɢɤɚ, ɤɨɬɨɪɵɟ ɨɛɟɫɩɟɱɢɜɚɸɬ ɡɚɞɚɧɧɭɸ ɪɨɜɧɨɫɬɶ ɢ ɭɝɨɥ ɧɚɤɥɨɧɚ 

ɩɨɥɨɬɧɚ ɚɜɬɨɦɨɛɢɥɶɧɨɣ ɞɨɪɨɝɢ. ɉɨɫɥɟɞɧɢɟ ɞɨɫɬɢɠɟɧɢɹ ɜ ɷɬɨɣ ɨɛɥɚɫɬɢ 

ɩɪɢɧɚɞɥɟɠɚɬ ɡɚɪɭɛɟɠɧɵɦ ɢ ɨɬɟɱɟɫɬɜɟɧɧɵɦ ɮɢɪɦɚɦ. Ɉɞɧɚɤɨ ɷɬɢ Ⱥɋɍ ɧɟ 

ɭɱɢɬɵɜɚɸɬ ɧɟɨɞɧɨɪɨɞɧɨɫɬɶ ɩɥɨɬɧɨɫɬɢ ɞɨɪɨɠɧɨɝɨ ɨɫɧɨɜɚɧɢɹ. Ʉ ɬɨɦɭ ɠɟ, ɨɧɢ 

ɭɱɢɬɵɜɚɸɬ ɜɥɢɹɧɢɹ ɫɟɝɪɟɝɚɰɢɢ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɧɚ ɤɚɱɟɫɬɜɨ 

ɞɨɪɨɠɧɨɝɨ ɩɨɥɨɬɧɚ. Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɫɟɝɪɟɝɚɰɢɹ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ 

ɩɪɢɜɨɞɢɬ ɤ ɧɟɪɚɜɧɨɦɟɪɧɨɦɭ ɪɚɫɩɪɟɞɟɥɟɧɢɸ ɩɥɨɬɧɨɫɬɢ ɭɥɨɠɟɧɧɨɣ ɫɦɟɫɢ, ɱɬɨ 

ɜɟɞɟɬ ɤ ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɞɟɮɟɤɬɨɜ ɜ ɞɨɪɨɠɧɨɦ ɩɨɥɨɬɧɟ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ.  

ɋɭɳɟɫɬɜɭɸɳɢɟ ɩɪɨɛɥɟɦɵ ɫɨɜɪɟɦɟɧɧɵɯ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ 

ɭɩɥɨɬɧɹɸɳɢɦ ɨɛɨɪɭɞɨɜɚɧɢɟɦ ɚɫɮɚɥɶɬɨɭɤɥɚɞɱɢɤɚ ɨɩɪɟɞɟɥɢɥɢ ɧɟɨɛɯɨɞɢɦɨɫɬɶ 
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ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ Ⱥɋɍ. ɋɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɰɟɫɫɨɦ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɥɨɹ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɩɨ ɲɢɪɢɧɟ ɞɨɪɨɝɢ, ɤɨɬɨɪɚɹ 

ɨɛɟɫɩɟɱɢɜɚɟɬ ɨɞɧɨɪɨɞɧɭɸ ɫɬɪɭɤɬɭɪɭ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɢ ɢɫɤɥɸɱɚɟɬ 

ɬɟɦɩɟɪɚɬɭɪɧɭɸ ɫɟɝɪɟɝɚɰɢɸ ɢɦɟɟɬ ɜɚɠɧɨɟ ɩɪɚɤɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ. ɉɨɷɬɨɦɭ 

ɬɟɦɚ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

9 

 

1 Ⱥɧɚɥɢɡ ɮɚɤɬɨɪɨɜ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɫɟɝɪɟɝɚɰɢɢ ɢ 

ɫɨɫɬɨɹɧɢɹ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɩɪɢ ɭɤɥɚɞɤɟ 

ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ  

 

1.1 Ⱥɧɚɥɢɡ ɮɚɤɬɨɪɨɜ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɫɟɝɪɟɝɚɰɢɢ 

ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ 

 

Ⱦɨɥɝɨɜɟɱɧɨɫɬɶ ɨɞɟɠɞɵ ɚɜɬɨɦɨɛɢɥɶɧɨɣ ɞɨɪɨɝɢ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ 

ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɨɞɧɨɪɨɞɧɨɫɬɶɸ ɫɬɪɭɤɬɭɪɵ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɢ 

ɩɥɨɬɧɨɫɬɶɸ ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ. ɇɟɨɛɯɨɞɢɦɨ, ɱɬɨɛɵ ɬɟɦɩɟɪɚɬɭɪɚ 

ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɜ ɭɤɥɚɞɵɜɚɟɦɨɦ ɨɛɴɟɦɟ ɛɵɥɚ ɨɞɢɧɚɤɨɜɨɣ. ɉɪɢ 

ɧɟɫɬɚɛɢɥɶɧɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɭɤɥɚɞɵɜɚɟɦɨɦ ɨɛɴɟɦɟ ɫɦɟɫɢ ɩɥɨɬɧɨɫɬɶ 

ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ ɧɟ ɛɭɞɟɬ ɧɟɪɚɜɧɨɦɟɪɧɨɣ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɜ ɫɦɟɫɢ ɜɨɡɧɢɤɚɟɬ 

ɬɟɦɩɟɪɚɬɭɪɧɚɹ ɫɟɝɪɟɝɚɰɢɹ ɢ ɩɪɢ ɭɩɥɨɬɧɟɧɢɢ ɬɚɤɨɣ ɫɦɟɫɢ ɜɨɡɧɢɤɚɸɬ ɞɟɮɟɤɬɵ. 

ɇɚɭɱɧɵɟ ɨɫɧɨɜɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɪɚɛɨɱɢɯ ɨɪɝɚɧɨɜ 

ɭɩɥɨɬɧɹɸɳɢɯ ɦɚɲɢɧ ɫ ɞɨɪɨɠɧɨ-ɫɬɪɨɢɬɟɥɶɧɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ ɡɚɥɨɠɢɥɢ ɬɚɤɢɟ 

ɨɬɟɱɟɫɬɜɟɧɧɵɟ ɭɱɟɧɵɟ: ȼ. Ɏ. Ȼɚɛɤɨɜ, ȼ. ɂ. Ȼɚɥɨɜɧɟɜ, ɇ. ə. ɏɚɪɯɭɬɚ, Ɉ. Ɍ. 

Ȼɚɬɪɚɤɨɜ, Ⱥ. Ʉ. Ȼɢɪɭɥɹ, ɇ. ɇ. ȼɨɳɢɧɢɧ, Ʌ. Ȼ. Ƚɟɡɟɧɰɜɟɣ, ɇ. ȼ. Ƚɨɪɟɥɵɲɟɜ, ȼ. 

ȼ. Ⱦɭɛɤɨɜ, Ɇ. ɉ. Ʉɨɫɬɟɥɶɨɜ, ɇ. ɇ. ɂɜɚɧɨɜ, ȼ. Ȼ. ɉɟɪɦɹɤɨɜ, Ⱥ. Ⱥ. ɒɟɫɬɨɩɚɥɨɜ,             

ɋ. ɇ. ɂɜɚɧɱɟɧɤɨ, Ⱥ. ȼ. Ɂɚɯɚɪɟɧɤɨ, Ⱥ. Ⱥ. ɂɧɨɡɟɦɰɟɜ, Ⱥ. ə. Ʉɚɥɭɠɫɤɢɣ, ɂ. ȼ. 

Ʉɨɪɨɥёɜ, Ɇ. ɇ. Ʌɟɬɨɲɧɟɜ, ɂ. Ⱥ. Ɋɵɛɶɟɜ, Ⱥ. Ɇ. ɏɨɥɨɞɨɜ, Ɇ. Ⱥ. Ɂɚɜɶɹɥɨɜ, Ⱥ. Ɏ. 

Ɂɭɛɤɨɜ, Ƚ. ȼ. Ʉɭɫɬɚɪɟɜ ɢ ɞɪɭɝɢɟ. ɂɡ ɡɚɪɭɛɟɠɧɵɯ ɭɱёɧɵɯ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ 

ɧɚɭɱɧɵɟ ɪɚɛɨɬɵ ɉ. Ȼёɦɟɪɚ, Ʌ. Ɏɨɪɫɛɥɚɞɚ, Ⱦ. ȼɚɣɬɚ, Ɇ. Ⱥ. Ɇɭɧɢ, Ɋ. Ⱥɧɞɢɪɟɝɚ, 

Ʉ. Ʉɚɭɮɦɚɧɧɚ, Ⱦ. Ⱥɞɚɦɚ ɢ ɞɪɭɝɢɯ.  

ɉɨɥɭɱɟɧɧɵɟ ɚɜɬɨɪɚɦɢ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɢ ɷɦɩɢɪɢɱɟɫɤɢɟ ɡɚɜɢɫɢɦɨɫɬɢ 

ɩɨɡɜɨɥɹɸɬ ɪɟɲɚɬɶ ɡɚɞɚɱɢ ɩɪɢɤɥɚɞɧɵɯ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɤɨɧɫɬɪɭɤɰɢɣ ɦɚɲɢɧ, ɭɫɬɚɧɨɜɥɟɧɢɹ ɭɫɢɥɢɣ ɜ 

ɦɟɬɚɥɥɨɤɨɧɫɬɪɭɤɰɢɹɯ ɢ ɬ. ɩ. ɇɨ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ 

ɭɩɪɚɜɥɟɧɢɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɢɦɟɟɬ ɫɭɳɟɫɬɜɟɧɧɵɟ 

ɧɟɞɨɫɬɚɬɤɢ, ɭɱɢɬɵɜɚɹ ɫɥɨɠɧɨɫɬɶ ɢ ɧɟɩɪɟɪɵɜɧɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ 
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ɩɪɨɰɟɫɫɨɜ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɩɨɤɪɵɬɢɣ, ɫɜɨɣɫɬɜɚ ɫɬɨɯɚɫɬɢɱɟɫɤɨɣ ɞɢɧɚɦɢɱɟɫɤɨɣ 

ɫɢɫɬɟɦɵ. 

ɉɪɢ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɟ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɤ ɦɟɫɬɭ ɭɤɥɚɞɤɢ, ɚ ɬɚɤɠɟ 

ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɦ ɯɪɚɧɟɧɢɢ ɟɟ ɜ ɛɭɧɤɟɪɟ ɫɦɟɫɶ ɨɫɬɵɜɚɟɬ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɧɢɠɟ 

ɞɨɩɭɫɬɢɦɨɣ ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɡɚɝɭɫɬɟɧɢɹ ɦɚɬɟɪɢɚɥɚ.  ȼ ɪɟɡɭɥɶɬɚɬɟ 

ɨɛɪɚɡɭɟɬɫɹ ɤɨɪɤɚ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ, ɤɨɬɨɪɚɹ ɩɪɢ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɟɟ ɩɨ 

ɲɢɪɢɧɟ ɚɜɬɨɦɨɛɢɥɶɧɨɣ ɞɨɪɨɝɢ ɩɪɢɜɨɞɢɬ ɤ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɤɨɷɮɮɢɰɢɟɧɬɚ ɭɩɥɨɬɧɟɧɢɹ ɞɨɪɨɠɧɨɝɨ ɩɨɤɪɵɬɢɹ. ɉɟɪɜɨɨɬɤɪɵɜɚɬɟɥɟɦ ɷɬɨɝɨ 

ɹɜɥɟɧɢɹ ɹɜɥɹɟɬɫɹ J. P. Mahoney [65], ɤɨɬɨɪɵɣ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɩɥɨɬɧɨɫɬɢ 

ɭɥɨɠɟɧɧɨɝɨ ɫɥɨɹ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɨɬɦɟɬɢɥ ɨɛɪɚɡɨɜɚɜɲɢɟɫɹ ɞɟɮɟɤɬɵ.  

Ⱦɥɹ ɢɫɤɥɸɱɟɧɢɹ ɮɚɤɬɨɪɚ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɫɟɝɪɟɝɚɰɢɢ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ 

ɧɟɨɛɯɨɞɢɦɨ ɫɜɟɫɬɢ ɤ ɦɢɧɢɦɭɦɭ ɪɚɡɧɢɰɭ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɫɦɟɫɢ ɩɨ 

ɜɫɟɦɭ ɨɛɴɟɦɭ. Ɉɫɧɨɜɧɵɦ ɬɪɟɛɨɜɚɧɢɟɦ ɤ ɬɟɦɩɟɪɚɬɭɪɧɨɦɭ ɫɨɫɬɨɹɧɢɸ 

ɭɤɥɚɞɵɜɚɟɦɨɣ ɫɦɟɫɢ ɜ ɞɨɪɨɠɧɨɟ ɩɨɥɨɬɧɨ ɹɜɥɹɟɬɫɹ ɱɬɨ ɩɟɪɟɞ ɟɟ ɭɤɥɚɞɤɨɣ 

ɪɚɡɧɢɰɚ ɬɟɦɩɟɪɚɬɭɪ ɞɨɥɠɧɚ ɫɜɨɞɢɬɫɹ ɤ ɧɭɥɸ. ɉɨɷɬɨɦɭ   ɮɭɧɤɰɢɟɣ ɰɟɥɢ 

ɢɫɤɥɸɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɫɟɝɪɟɝɚɰɢɢ ȺȻɋ ɛɭɞɟɬ ɦɢɧɢɦɢɡɚɰɢɹ ɪɚɡɧɨɫɬɢ 

ɬɟɦɩɟɪɚɬɭɪ, ɚ ɬɚɤɠɟ ɜɵɛɨɪ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɭɩɥɨɬɧɹɸɳɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 

ɚɫɮɚɥɶɬɨɭɤɥɚɞɱɢɤɚ. 

 ɉɪɢ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɩɟɪɟɩɚɞ ɬɟɦɩɟɪɚɬɭɪ 

ɞɨɫɬɢɝɚɟɬ ɧɢɠɟ +700ɋ. Ɉɫɬɵɜɲɢɟ ɨɛɴɟɦɵ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɩɨɩɚɞɚɸɬ 

ɩɨɞ ɜɢɧɬ ɲɧɟɤɨɜɨɝɨ ɪɚɫɩɪɟɞɟɥɢɬɟɥɹ ɢ ɞɚɥɟɟ ɩɨɞ ɬɪɚɦɛɭɸɳɢɣ ɛɪɭɫ.  ȼ 

ɪɟɡɭɥɶɬɚɬɟ ɬɪɟɛɭɟɦɚɹ ɫɬɟɩɟɧɶ ɭɩɥɨɬɧɟɧɢɹ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɧɟ 

ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ. Ɉɛɪɚɡɭɸɬɫɹ ɬɚɤ ɧɚɡɵɜɚɟɦɵɟ «ɯɨɥɨɞɧɵɟ ɩɹɬɧɚ» ɱɬɨ ɩɪɢɜɨɞɢɬ 

ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɞɟɮɟɤɬɨɜ ɜ ɭɥɨɠɟɧɧɨɦ ɚɫɮɚɥɶɬɨɛɟɬɨɧɟ. 

ɉɪɢ ɭɤɥɚɞɤɟ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɩɪɢ ɧɟɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 

ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ ɜɨɡɧɢɤɚɸɬ ɡɧɚɱɢɬɟɥɶɧɵɟ ɬɟɩɥɨɜɵɟ ɩɨɬɟɪɢ, ɱɬɨ ɬɪɟɛɭɟɬ 

ɛɨɥɟɟ ɬɳɚɬɟɥɶɧɨɝɨ ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɤɨɪɨɫɬɢ 

ɜɪɚɳɟɧɢɹ ɜɢɧɬɚ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɳɧɟɤɚ. Ʉɪɨɦɟ ɷɬɨɝɨ ɩɪɨɢɫɯɨɞɹɬ ɩɨɬɟɪɢ 

ɬɟɩɥɨɬɵ ɜ ɛɭɧɤɟɪɟ ɚɫɮɚɥɶɬɨɭɤɥɚɞɱɢɤɚ. ȼ ɪɚɛɨɬɟ ɬɟɦɩɟɪɚɬɭɪɭ 

ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɮɢɤɫɢɪɨɜɚɥɢ ɫ ɩɨɦɨɳɶɸ ɢɧɮɪɚɤɪɚɫɧɨɣ ɤɚɦɟɪɵ 
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ThermaCAM, ɚ ɩɥɨɬɧɨɫɬɶ ɨɩɪɟɞɟɥɹɥɢ ɪɚɞɢɨɢɡɨɬɨɩɧɵɦ ɩɪɢɛɨɪɨɦ, ɚ ɬɚɤɠɟ 

ɜɡɜɟɲɢɜɚɧɢɟɦ ɨɬɨɛɪɚɧɧɵɯ ɤɟɪɧɨɜ. ɇɚ ɪɢɫɭɧɤɟ1.1 ɩɨɤɚɡɚɧɵ ɬɚɤ ɧɚɡɵɜɚɟɦɵɟ 

«ɯɨɥɨɞɧɨɝɨ ɩɹɬɧɚ». Ɍɟɦɩɟɪɚɬɭɪɚ ɜ ɡɨɧɟ «ɯɨɥɨɞɧɨɝɨ ɩɹɬɧɚ» ɫɨɫɬɚɜɢɥɚ 90 °ɋ, 

ɱɬɨ ɧɢɠɟ ɫɪɟɞɧɟɣ ɧɚ 20°ɋ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɜ ɡɨɧɟ «ɯɨɥɨɞɧɨɝɨ ɩɹɬɧɚ» ɫɦɟɫɶ ɛɭɞɟɬ 

ɧɟɞɨɭɩɥɨɬɧɟɧɚ.  ȼɫɟ ɷɬɨ ɨɫɨɛɨ ɯɚɪɚɤɬɟɪɧɨ, ɤɨɝɞɚ ɭɤɥɚɞɤɚ   ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ 

ɫɦɟɫɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɧɚɱɚɥɟ ɢ ɜ ɤɨɧɰɟ ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɫɟɡɨɧɚ, 

ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟɫɹ ɩɨɧɢɠɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡɞɭɯɚ ɢ ɬɟɦɩɟɪɚɬɭɪɵ 

ɞɨɪɨɠɧɨɝɨ ɨɫɧɨɜɚɧɢɹ.  

 

 

Ɋɢɫɭɧɨɤ 1.1 - Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɫɟɝɪɟɝɚɰɢɹ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɜ ɛɭɧɤɟɪɟ 

ɚɫɮɚɥɶɬɨɭɤɥɚɞɱɢɤɚ 

 

ȼ ɠɭɪɧɚɥɟ "Ⱥɜɬɨɦɨɛɢɥɶɧɵɟ ɞɨɪɨɝɢ" № 8 Ⱥɜɝɭɫɬ 2013ɝ. ɜ ɫɬɚɬɶɟ «ɉɨɛɟɞɚ 

ɧɚɞ ɫɟɝɪɟɝɚɰɢɟɣ» ɩɪɢɜɟɞɟɧɚ ɡɚɩɚɬɟɧɬɨɜɚɧɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ 

ɲɧɟɤɚ ɜ ɧɚɤɨɩɢɬɟɥɶɧɨɦ ɛɭɧɤɟɪɟ ɩɟɪɟɝɪɭɠɚɬɟɥɹ Shuttle Buggy.  ɗɬɚ 

ɤɨɧɫɬɪɭɤɰɢɹ   ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɟɪɟɦɟɲɢɜɚɧɢɟ ɦɚɬɟɪɢɚɥɚ ɩɨ ɜɫɟɦɭ ɨɛɴɟɦɭ 

ɛɭɧɤɟɪɚ ɡɚ ɫɱɟɬ ɩɪɢɦɟɧɟɧɢɹ ɥɢɬɵɯ ɲɧɟɤɨɜ ɫ ɩɟɪɟɦɟɧɧɵɦ ɲɚɝɨɦ.  ɗɬɨ 
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ɢɫɤɥɸɱɚɟɬ ɫɤɨɩɥɟɧɢɟ ɦɚɬɟɪɢɚɥɚ ɜ ɭɝɥɚɯ ɛɭɧɤɟɪɚ, ɩɪɨɢɫɯɨɞɢɬ ɩɟɪɟɦɟɲɢɜɚɧɢɟ 

ɜɫɟɣ ɦɚɫɫɵ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ, ɱɬɨ ɧɟ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ, ɤɨɝɞɚ 

ɩɪɢɦɟɧɹɸɬɫɹ ɲɧɟɤɢ ɩɨɫɬɨɹɧɧɨɝɨ ɲɚɝɚ.  

ȼ ɪɚɛɨɬɟ Ⱥ. ɂ. Ⱦɨɰɟɧɤɨ [23] ɪɚɫɫɦɨɬɪɟɧɵ ɜɨɩɪɨɫɵ, ɩɨɫɜɹɳɟɧɧɵɟ 

ɫɨɡɞɚɧɢɸ ɦɟɬɨɞɨɥɨɝɢɱɟɫɤɨɣ ɨɫɧɨɜɵ ɞɥɹ ɤɨɦɩɥɟɤɫɧɨɣ ɚɜɬɨɦɚɬɢɡɚɰɢɢ 

ɩɪɨɢɡɜɨɞɫɬɜɚ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɫ ɭɱɟɬɨɦ ɩɪɨɰɟɫɫɨɜ ɟё 

ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ, ɭɤɥɚɞɤɢ ɢ ɭɩɥɨɬɧɟɧɢɹ ɧɚ ɛɚɡɟ ɫɨɜɪɟɦɟɧɧɵɯ 

ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ. Ɉɧ ɜɩɟɪɜɵɟ ɩɪɟɞɥɨɠɢɥ ɤɨɦɩɥɟɤɫɧɭɸ 

ɚɜɬɨɦɚɬɢɡɚɰɢɸ ɩɪɨɢɡɜɨɞɫɬɜɚ ɫɦɟɫɢ, ɭɱɢɬɵɜɚɸɳɭɸ ɪɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɦɚɲɢɧ 

ɷɬɚɩɚ ɞɨɪɨɠɧɨɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ – ɭɤɥɚɞɤɢ ɢ ɭɩɥɨɬɧɟɧɢɹ ɚɫɮɚɥɶɬɨɭɤɥɚɞɱɢɤɨɦ 

ɢ ɞɨɪɨɠɧɵɦɢ ɤɚɬɤɚɦɢ, – ɤɨɬɨɪɵɟ ɨɤɚɡɵɜɚɸɬ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ 

ɤɨɧɟɱɧɨɟ ɤɚɱɟɫɬɜɨ ɩɨɤɪɵɬɢɹ. ɇɚ ɨɫɧɨɜɟ ɫɨɜɪɟɦɟɧɧɵɯ ɫɪɟɞɫɬɜ ɚɜɬɨɦɚɬɢɤɢ ɢ 

ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɚɜɬɨɪ ɜɵɞɜɢɧɭɥ ɬɟɯɧɨɥɨɝɢɸ, ɩɪɟɞɩɨɥɚɝɚɸɳɭɸ ɫɜɨɟɜɪɟɦɟɧɧɨɟ 

ɢɧɮɨɪɦɢɪɨɜɚɧɢɟ ɞɢɪɟɤɰɢɣ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɵɯ ɡɚɜɨɞɨɜ (ȺȻɁ) ɨ ɜɨɡɧɢɤɚɸɳɢɯ 

ɞɟɮɟɤɬɚɯ ɜɨ ɜɪɟɦɹ ɭɤɥɚɞɤɢ ɢ ɭɩɥɨɬɧɟɧɢɹ ɫɦɟɫɢ ɜ ɰɟɥɹɯ ɨɩɟɪɚɬɢɜɧɨɣ 

ɤɨɪɪɟɤɬɢɪɨɜɤɢ ɪɟɰɟɩɬɭɪɵ ɫɦɟɫɢ ɢ ɬɟɯɧɨɥɨɝɢɢ ɟɟ ɩɪɨɢɡɜɨɞɫɬɜɚ. Ɍɚɤɚɹ ɢɞɟɹ 

ɹɜɥɹɟɬɫɹ ɨɱɟɧɶ ɩɪɢɜɥɟɤɚɬɟɥɶɧɨɣ, ɧɨ ɞɥɹ ɨɬɪɚɫɥɢ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɩɨ 

ɩɪɨɢɡɜɨɞɫɬɜɭ ɞɨɪɨɠɧɨ-ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɯɚɪɚɤɬɟɪɧɨ ɛɨɥɶɲɨɟ 

ɨɬɥɢɱɢɟ ɬɟɯɧɢɱɟɫɤɨɝɨ ɭɪɨɜɧɹ ɢ ɫɨɫɬɨɹɧɢɹ ɨɛɨɪɭɞɨɜɚɧɢɹ ȺȻɁ ɜ ɪɟɝɢɨɧɚɯ, ɚ 

ɬɚɤɠɟ ɨɬɫɭɬɫɬɜɢɟ ɩɪɟɞɩɪɢɹɬɢɣ ɩɨɥɧɨɝɨ ɰɢɤɥɚ (ɨɬ ɩɪɨɢɡɜɨɞɫɬɜɚ 

ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɞɨ ɩɨɥɭɱɟɧɢɹ ɝɨɬɨɜɨɝɨ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɝɨ 

ɩɨɤɪɵɬɢɹ), ɝɞɟ ɦɨɠɧɨ ɛɵɥɨ ɛɵ ɜɧɟɞɪɹɬɶ ɤɨɦɩɥɟɤɫɧɭɸ ɫɢɫɬɟɦɭ ɭɩɪɚɜɥɟɧɢɹ 

ɤɚɱɟɫɬɜɨɦ ɫɦɟɫɢ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɤɨɧɬɪɚɤɬɵ ɧɚ ɞɨɪɨɠɧɨ-ɫɬɪɨɢɬɟɥɶɧɵɟ ɪɚɛɨɬɵ 

ɡɚɤɥɸɱɚɸɬɫɹ ɫ ɞɨɪɨɠɧɢɤɚɦɢ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɨɬɤɪɵɬɵɯ ɬɟɧɞɟɪɨɜ, ɢɦɟɸɬɫɹ 

ɩɪɨɛɥɟɦɵ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ, ɬɟɯɧɢɱɟɫɤɢɯ ɢ ɤɨɦɦɟɪɱɟɫɤɢɯ ɜɨɡɦɨɠɧɨɫɬɟɣ ɞɥɹ 

ɜɧɟɞɪɟɧɢɹ ɜ Ɋɨɫɫɢɢ ɩɨɞɨɛɧɨɣ ɫɢɫɬɟɦɵ. 

Ⱦɨɰɟɧɤɨ Ⱥ.ɂ. ɜ ɪɚɛɨɬɚɯ [23; 24; 25] ɩɪɟɞɥɨɠɢɥ ɤɥɚɫɫɢɮɢɤɚɰɢɸ ɩɚɪɚɦɟɬɪɨɜ, 

ɨɩɪɟɞɟɥɹɸɳɢɯ ɮɚɤɬɨɪɵ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɫɥɭɠɢɬɶ ɩɪɢɱɢɧɨɣ ɜɨɡɧɢɤɧɨɜɟɧɢɹ 

ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɫɟɝɪɟɝɚɰɢɢ ɜ ɯɨɞɟ ɬɪɚɧɫɩɨɪɬɢɪɨɜɚɧɢɹ ɫɦɟɫɢ ɞɨ ɦɟɫɬɚ ɭɤɥɚɞɤɢ ɜ 

ɩɨɤɪɵɬɢɟ ɞɨɪɨɝɢ: 
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1) ɬɟɦɩɟɪɚɬɭɪɚ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɜ ɧɚɱɚɥɟ ɢ ɤɨɧɰɟ ɬɪɚɧɫɩɨɪɬɢɪɨɜɚɧɢɹ ɤ 

ɦɟɫɬɭ ɭɤɥɚɞɤɢ ɜ ɩɨɥɨɬɧɨ ɞɨɪɨɝɢ;  

2) ɬɟɦɩɟɪɚɬɭɪɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ;  

3) ɜɪɟɦɟɧɹ ɧɚɯɨɠɞɟɧɢɹ ɜ ɩɭɬɢ;  

4) ɪɚɫɫɬɨɹɧɢɟ ɞɨɫɬɚɜɤɢ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɤ ɦɟɫɬɭ ɭɤɥɚɞɤɢ;  

5) ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɩɪɢ ɞɨɫɬɚɜɤɟ ɫɦɟɫɢ ɤ ɦɟɫɬɭ ɭɤɥɚɞɤɢ. 

Ⱥɜɬɨɪɚɦɢ ɦɧɨɝɢɯ ɧɚɭɱɧɵɯ ɪɚɛɨɬ, ɧɚɩɪɢɦɟɪ, ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ 

ɜɚɪɶɢɪɨɜɚɧɢɟ ɪɟɠɢɦɨɜ ɚɫɮɚɥɶɬɨɭɤɥɚɞɱɢɤɚ (ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ, ɪɟɠɢɦɧɵɟ 

ɩɚɪɚɦɟɬɪɵ ɪɚɛɨɬɵ ɬɪɚɦɛɭɸɳɟɝɨ ɛɪɭɫɚ ɢ ɩɥɢɬɵ) ɨɤɚɡɵɜɚɟɬ ɛɨɥɶɲɨɟ ɜɥɢɹɧɢɟ 

ɧɚ ɫɬɟɩɟɧɶ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɭɩɥɨɬɧɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɫɦɟɫɟɣ. ɉɨɥɭɱɟɧɵ 

ɧɟɥɢɧɟɣɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɭɩɥɨɬɧɟɧɢɹ ɨɬ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ, 

ɱɚɫɬɨɬɵ ɬɪɚɦɛɨɜɚɧɢɹ, ɬɢɩɚ ɫɦɟɫɢ.  

Ɂɧɚɱɢɬɟɥɶɧɵɟ ɩɨ ɨɛɴɟɦɭ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɭɩɥɨɬɧɹɸɳɢɯ ɪɚɛɨɱɢɯ ɨɪɝɚɧɨɜ ɩɪɨɜɟɞɟɧɵ ɜ ɇɉɈ «ȼɇɂɂɫɬɪɨɣɞɨɪɦɚɲ». Ɉɧɢ 

ɩɪɨɜɨɞɢɥɢɫɶ ɧɚ ɫɬɟɧɞɟ-ɭɤɥɚɞɱɢɤɟ, ɨɛɨɪɭɞɨɜɚɧɧɨɦ ɬɟɧɡɨɦɟɬɪɢɱɟɫɤɨɣ 

ɚɩɩɚɪɚɬɭɪɨɣ, ɩɪɢ ɭɩɥɨɬɧɟɧɢɢ ɚɧɚɥɨɝɚ ɩɟɫɱɚɧɨɣ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɬɢɩɚ 

«Ⱦ». ȼɢɞ ɩɨɥɭɱɟɧɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ – ɧɟɥɢɧɟɣɧɵɣ, ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ 

ɪɟɡɭɥɶɬɚɬɚɦɢ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ȼ. Ȼ. ɉɟɪɦɹɤɨɜɚ, ɋ. ɇ. ɂɜɚɧɱɟɧɤɨ ɢ 

ɞɪɭɝɢɯ ɚɜɬɨɪɨɜ [51, 67, 85, 103, 117]. 

Ⱥɧɚɥɢɡ ɩɪɢɱɢɧ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɫɟɝɪɟɝɚɰɢɢ 

ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɩɨɤɚɡɚɥ, ɱɬɨ ɩɪɢ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɟ ɭɥɨɠɟɧɧɨɣ 

ɫɦɟɫɢ ɧɢɠɟ 900ɋ ɨɛɪɚɡɭɸɬɫɹ ɬɚɤ ɧɚɡɵɜɚɟɦɵɟ «ɯɨɥɨɞɧɵɟ ɩɹɬɧɚ», ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɱɟɝɨ ɚɫɮɚɥɶɬɨɛɟɬɨɧ ɩɨɥɭɱɚɟɬɫɹ ɫ ɞɟɮɟɤɬɚɦɢ. ȼ ɯɨɥɨɞɧɨɟ ɜɪɟɦɹ ɝɨɞɚ ɜ ɛɭɧɤɟɪɟ 

ɚɫɮɚɥɶɬɨɭɤɥɚɞɱɢɤɚ ɩɟɪɟɩɚɞ ɬɟɦɩɟɪɚɬɭɪ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɦɨɠɟɬ 

ɞɨɫɬɢɝɚɬɶ ɞɨ 700ɋ. ȼɫɟ ɷɬɨ ɩɪɢɜɨɞɢɬ ɤ ɧɟɪɚɜɧɨɦɟɪɧɨɦɭ ɭɩɥɨɬɧɟɧɢɸ 

ɞɨɪɨɠɧɨɝɨ ɩɨɤɪɵɬɢɹ, ɫɧɢɠɟɧɢɸ ɤɚɱɟɫɬɜɚ ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ ɢ ɭɦɟɧɶɲɟɧɢɸ 

ɞɨɥɝɨɜɟɱɧɨɫɬɢ ɚɜɬɨɦɨɛɢɥɶɧɨɣ ɞɨɪɨɝɢ. Ⱦɥɹ ɢɫɤɥɸɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɣ 

ɫɟɝɪɟɝɚɰɢɢ ɬɪɟɛɭɟɬɫɹ ɨɛɟɫɩɟɱɟɧɢɟ ɨɞɧɨɪɨɞɧɨɫɬɢ ɭɤɥɚɞɵɜɚɟɦɨɣ ɫɦɟɫɢ ɡɚ ɫɱɟɬ 

ɤɨɧɬɪɨɥɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɢ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɧɚ ɷɬɨɣ ɨɫɧɨɜɟ ɩɪɨɰɟɫɫɚ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɦɟɫɢ ɩɨ ɲɢɪɢɧɟ ɞɨɪɨɝɢ.  
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1.2 Ⱥɧɚɥɢɡ ɫɨɫɬɨɹɧɢɹ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ 

ɩɪɢ ɭɤɥɚɞɤɟ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ 

 

ȼ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ ɪɚɫɫɦɨɬɪɢɦ ɪɚɡɥɢɱɧɵɟ ɮɢɪɦɵ ɩɪɨɢɡɜɨɞɢɬɟɥɢ 

ɚɜɬɨɦɚɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ (Ⱥɋɍ), ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭɸɬ ɞɥɹ 

ɭɩɪɚɜɥɟɧɢɹ ɪɚɡɥɢɱɧɵɦɢ ɦɨɞɟɥɹɦɢ ɚɫɮɚɥɶɬɨɭɤɥɚɞɱɢɤɨɜ. 

Ɏɢɪɦɨɣ Moba ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɫɢɫɬɟɦɵ Ⱥɋɍ ɧɚ ɪɚɡɥɢɱɧɵɯ ɦɨɞɟɥɹɯ 

ɚɫɮɚɥɶɬɨɭɤɥɚɞɱɢɤɨɜ: Ⱦɋ-191.506, ɆȺɋɎ-Ʉ-2-02, ȺɋɎ-Ʉ-2-03 ɭɫɬɚɧɨɜɥɟɧɚ 

Ⱥɋɍ «MOBA». ɋɢɫɬɟɦɚ MOBA-matic ɪɚɛɨɬɚɟɬ ɫ ɥɸɛɵɦɢ ɬɢɩɚɦɢ 

ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɰɢɥɢɧɞɪɨɜ ɢ ɚɜɬɨɧɨɦɧɨ ɞɥɹ ɤɚɠɞɨɣ ɦɚɲɢɧɵ. MOBA-matic 

ɫɨɫɬɨɢɬ ɢɡ ɦɨɞɭɥɟɣ. ɐɢɮɪɨɜɨɣ ɪɟɝɭɥɹɬɨɪ, ɤɨɬɨɪɵɣ ɨɞɧɨɜɪɟɦɟɧɧɨ ɹɜɥɹɟɬɫɹ 

ɛɥɨɤɨɦ ɨɛɫɥɭɠɢɜɚɧɢɹ, ɢ ɞɚɬɱɢɤɢ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɨɬɞɟɥɶɧɵɟ ɤɨɦɩɨɧɟɧɬɵ. 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɪɢɦɟɧɟɧɢɹ ɪɟɝɭɥɹɬɨɪ ɫɨɟɞɢɧɹɟɬɫɹ ɫ ɞɚɬɱɢɤɨɦ, ɤɨɬɨɪɵɣ 

ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɤɨɧɬɪɨɥɢɪɭɟɬ ɬɟɦɩɟɪɚɬɭɪɧɨɟ ɫɨɫɬɨɹɧɢɟ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ 

ɫɦɟɫɢ.  

Ɏɢɪɦɚ «Vogele» ɪɚɡɪɚɛɨɬɚɥɚ ɧɨɜɭɸ ɭɥɶɬɪɚɡɜɭɤɨɜɭɸ Ⱥɋɍ «Niveltronic», 

ɚ ɚɦɟɪɢɤɚɧɫɤɚɹ «Terex». Ⱥɋɍ ɫɧɚɛɠɚɸɬɫɹ ɩɚɤɟɬɚɦɢ ɭɥɶɬɪɚɡɜɭɤɨɜɵɯ ɞɚɬɱɢɤɨɜ, 

ɱɬɨ ɩɨɜɵɲɚɟɬ ɪɨɜɧɨɫɬɶ ɩɨɥɭɱɚɟɦɨɝɨ ɩɨɤɪɵɬɢɹ. Ɉɞɧɚɤɨ ɨɧɢ ɧɟ ɭɱɢɬɵɜɚɸɬ 

ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɞɨɪɨɠɧɨɝɨ ɨɫɧɨɜɚɧɢɹ. ɉɨɷɬɨɦɭ ɬɪɟɛɭɟɦɚɹ ɪɚɜɧɨɫɬɶ 

ɞɨɪɨɠɧɨɝɨ ɩɨɤɪɵɬɢɹ ɧɟ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ.  

Ⱥɧɚɥɢɡ ɢɡɜɟɫɬɧɵɯ ɫɢɫɬɟɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 

ɚɫɮɚɥɶɬɨɭɤɥɚɞɱɢɤɨɜ ɩɨɤɚɡɚɥ, ɱɬɨ ɨɧɢ ɧɟ ɭɱɢɬɵɜɚɸɬ ɜɥɢɹɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ 

ɫɨɫɬɨɹɧɢɹ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɜɨɡɧɢɤɚɟɬ 

ɬɟɦɩɟɪɚɬɭɪɧɚɹ ɫɟɝɪɟɝɚɰɢɹ ɢ ɩɨɫɥɟɞɭɸɳɟɟ ɭɯɭɞɲɟɧɢɟ ɤɚɱɟɫɬɜɚ ɞɨɪɨɠɧɨɝɨ 

ɩɨɥɨɬɧɚ.  
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1.3. Ⱥɧɚɥɢɡ ɢɫɫɥɟɞɨɜɚɧɢɣ ɦɟɬɨɞɨɜ ɤɨɧɬɪɨɥɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ 

ɫɨɫɬɨɹɧɢɹ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ 

  

Ɇɟɬɨɞɵ ɤɨɧɬɪɨɥɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ 

ɚɫɮɚɥɶɬɨɭɤɥɚɞɱɢɤɨɦ ɩɪɢɜɟɞɟɧɵ ɜ ɪɚɛɨɬɚɯ ɢɡɜɟɫɬɧɵɯ ɭɱɟɧɵɯ [23; 28; 29; 30; 31; 

32; 48; 52; 55].  

ȼ ɋɢɛɢɪɫɤɨɦ ɮɟɞɟɪɚɥɶɧɨɦ ɭɧɢɜɟɪɫɢɬɟɬɟ ɜɟɞɭɬɫɹ ɪɚɛɨɬɵ ɩɨ ɫɨɡɞɚɧɢɸ 

ɧɨɜɵɯ ɫɢɫɬɟɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɚɫɮɚɥɶɬɨɭɤɥɚɞɱɢɤɨɜ. ɇɨɜɢɡɧɚ 

ɪɚɡɪɚɛɨɬɚɧɧɵɯ Ⱥɋɍ ɡɚɳɢɳɟɧɚ ɩɚɬɟɧɬɚɦɢ. ȼ ɩɚɬɟɧɬɟ ɧɚ ɩɨɥɟɡɧɭɸ ɦɨɞɟɥɶ № 

95681 ɩɪɢɜɟɞɟɧɨ ɭɫɬɪɨɣɫɬɜɨ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɰɟɫɫɨɦ ɭɩɥɨɬɧɟɧɢɹ 

ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ. ȼ ɩɚɬɟɧɬɟ ɧɚ ɩɨɥɟɡɧɭɸ ɦɨɞɟɥɶ № 95688 ɩɪɢɜɟɞɟɧɚ 

ɫɢɫɬɟɦɚ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ ɚɫɮɚɥɶɬɨɭɤɥɚɞɱɢɤɚ. ȼ 

ɩɚɬɟɧɬɟ ɧɚ ɩɨɥɟɡɧɭɸ ɦɨɞɟɥɶ № 97742 ɩɪɢɜɟɞɟɧɚ ɫɢɫɬɟɦɚ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ 

ɭɩɪɚɜɥɟɧɢɹ ɩɨɥɨɠɟɧɢɟɦ ɜɵɝɥɚɠɢɜɚɸɳɟɣ ɩɥɢɬɵ ɚɫɮɚɥɶɬɨɭɤɥɚɞɱɢɤɚ. ȼ 

ɩɚɬɟɧɬɟ ɧɚ ɩɨɥɟɡɧɭɸ ɦɨɞɟɥɶ №105307ɩɪɢɜɟɞɟɧɚ ɫɢɫɬɟɦɚ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ 

ɭɩɪɚɜɥɟɧɢɹ ɚɫɮɚɥɶɬɨɭɤɥɚɞɱɢɤɚ.   

ȼ ɪɚɛɨɬɚɯ [28; 29; 30; 31] ɩɪɢɜɨɞɹɬɫɹ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɢɫɬɟɦ 

ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɰɟɫɫɨɦ ɭɩɥɨɬɧɟɧɢɹ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ 

ɚɫɮɚɥɶɬɨɭɤɥɚɞɱɢɤɨɦ. Ɂɚɞɚɱɟɣ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ 

ɩɪɨɰɟɫɫɨɦ ɭɩɥɨɬɧɟɧɢɹ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɹɜɥɹɟɬɫɹ ɩɨɜɵɲɟɧɢɟ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɰɢɮɪɨɜɨɣ ɚɞɚɩɬɢɜɧɨɣ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɰɟɫɫɨɦ 

ɭɩɥɨɬɧɟɧɢɹ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɡɚ ɫɱɟɬ ɩɪɢɦɟɧɟɧɢɹ ɫɟɧɫɨɪɧɨɝɨ ɞɚɬɱɢɤɚ 

ɧɚ ɪɚɦɟ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ ɚɫɮɚɥɶɬɨɭɤɥɚɞɱɢɤɚ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɝɨ ɦɝɧɨɜɟɧɧɨɟ 

ɪɟɚɝɢɪɨɜɚɧɢɟ ɧɚ ɢɡɦɟɧɟɧɢɟ ɤɚɤɨɝɨ-ɥɢɛɨ ɮɚɤɬɨɪɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɢ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ, ɛɥɨɤɚ «ɮɚɡɢɮɢɤɚɬɨɪ», ɨɛɟɫɩɟɱɢɜɚɸɳɟɝɨ ɩɟɪɟɜɨɞ 

ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɫ ɞɚɬɱɢɤɨɜ, ɤɨɧɬɪɨɥɢɪɭɸɳɢɯ ɭɩɪɚɜɥɹɸɳɢɣ ɩɪɨɰɟɫɫ, ɜ 

ɡɧɚɱɟɧɢɹ ɥɢɧɝɜɢɫɬɢɱɟɫɤɢɯ ɩɟɪɟɦɟɧɧɵɯ, ɛɥɨɤɚ ɚɞɚɩɬɢɜɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ, 

ɨɛɟɫɩɟɱɢɜɚɸɳɟɝɨ ɪɟɚɥɢɡɚɰɢɸ ɩɪɨɰɟɞɭɪɵ ɧɟɱɟɬɤɨɝɨ ɜɵɜɨɞɚ ɧɚ ɦɧɨɠɟɫɬɜɟ 

ɩɪɨɞɭɤɰɢɨɧɧɵɯ ɩɪɚɜɢɥ, ɫɨɫɬɚɜɥɹɸɳɢɯ ɛɚɡɭ ɡɧɚɧɢɣ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ, ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɮɨɪɦɢɪɭɸɬɫɹ ɜɵɯɨɞɧɵɟ ɥɢɧɝɜɢɫɬɢɱɟɫɤɢɟ ɡɧɚɱɟɧɢɹ, ɛɥɨɤɚ 
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«ɞɟɮɚɡɢɮɢɤɚɬɨɪ», ɨɛɟɫɩɟɱɢɜɚɸɳɟɝɨ ɩɟɪɟɜɨɞ ɥɢɧɝɜɢɫɬɢɱɟɫɤɢɯ ɡɧɚɱɟɧɢɣ ɜ 

ɬɨɱɧɵɟ ɡɧɚɱɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɜɵɱɢɫɥɟɧɢɣ ɢ ɮɨɪɦɢɪɨɜɚɧɢɟ ɭɩɪɚɜɥɹɸɳɢɯ 

ɜɨɡɞɟɣɫɬɜɢɣ, ɩɨɞɚɜɚɟɦɵɯ ɧɚ ɞɢɫɤɪɟɬɧɵɟ ɝɢɞɪɚɜɥɢɱɟɫɤɢɟ ɩɪɢɜɨɞɵ, ɚ ɬɚɤɠɟ 

ɩɨɜɵɲɟɧɢɟ ɬɨɱɧɨɫɬɢ ɰɢɮɪɨɜɨɝɨ ɚɞɚɩɬɢɜɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɢ ɡɧɚɱɢɬɟɥɶɧɨɟ 

ɫɨɤɪɚɳɟɧɢɟ ɩɪɨɰɟɫɫɚ ɭɤɥɚɞɤɢ ɞɨɪɨɠɧɨɝɨ ɩɨɥɨɬɧɚ ɜɨ ɜɪɟɦɟɧɢ, ɭɜɟɥɢɱɟɧɢɟ 

ɫɪɨɤɚ ɫɥɭɠɛɵ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɝɨ ɩɨɤɪɵɬɢɹ ɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɞɨɪɨɠɧɨ-

ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɚɛɨɬ. 

 Ⱦɨɰɟɧɤɨ Ⱥ.ɂ. [23]   ɜɩɟɪɜɵɟ ɩɪɟɞɥɨɠɢɥ ɤɨɦɩɥɟɤɫɧɭɸ ɚɜɬɨɦɚɬɢɡɚɰɢɸ 

ɩɪɨɢɡɜɨɞɫɬɜɚ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ, ɭɱɢɬɵɜɚɹ ɜ ɨɩɟɪɚɬɢɜɧɨɦ ɭɩɪɚɜɥɟɧɢɢ 

ɩɪɨɢɡɜɨɞɫɬɜɨɦ ɫɦɟɫɢ ɩɨɫɥɟɞɧɟɝɨ ɷɬɚɩɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ 

ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɝɨ ɩɨɤɪɵɬɢɹ – ɭɤɥɚɞɤɢ ɢ ɭɩɥɨɬɧɟɧɢɹ 

ɚɫɮɚɥɶɬɨɭɤɥɚɞɱɢɤɨɦ, ɢ ɭɩɥɨɬɧɟɧɢɹ ɞɨɪɨɠɧɵɦɢ ɤɚɬɤɚɦɢ, ɤɨɬɨɪɵɟ ɨɤɚɡɵɜɚɸɬ 

ɜɥɢɹɧɢɟ ɧɚ ɤɚɱɟɫɬɜɨ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɝɨ ɩɨɤɪɵɬɢɹ ɚɜɬɨɦɨɛɢɥɶɧɨɣ ɞɨɪɨɝɢ. 

Ⱥɜɬɨɪ ɩɪɟɞɥɨɠɢɥ ɬɟɯɧɨɥɨɝɢɸ, ɧɚ ɨɫɧɨɜɟ ɫɨɜɪɟɦɟɧɧɵɯ ɫɪɟɞɫɬɜ ɚɜɬɨɦɚɬɢɤɢ ɢ 

ɚɜɬɨɦɚɬɢɡɚɰɢɢ, ɩɪɟɞɩɨɥɚɝɚɸɳɭɸ ɫɜɨɟɜɪɟɦɟɧɧɨɟ ɢɧɮɨɪɦɢɪɨɜɚɧɢɟ 

ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɵɯ ɡɚɜɨɞɨɜ (ȺȻɁ) ɨ ɜɨɡɧɢɤɚɸɳɢɯ ɞɟɮɟɤɬɚɯ ɜɨ ɜɪɟɦɹ ɭɤɥɚɞɤɢ 

ɢ ɭɩɥɨɬɧɟɧɢɹ ɫɦɟɫɢ, ɞɥɹ ɨɩɟɪɚɬɢɜɧɨɣ ɤɨɪɪɟɤɬɢɪɨɜɤɢ ɪɟɰɟɩɬɭɪɵ ɫɦɟɫɢ, ɢ 

ɬɟɯɧɨɥɨɝɢɢ ɟɟ ɩɪɨɢɡɜɨɞɫɬɜɚ. ɂɞɟɹ ɬɚɤɨɣ ɤɨɦɩɥɟɤɫɧɨɣ ɚɜɬɨɦɚɬɢɡɚɰɢɢ 

ɩɪɨɢɡɜɨɞɫɬɜɚ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɹɜɥɹɟɬɫɹ ɨɱɟɧɶ ɩɪɢɜɥɟɤɚɬɟɥɶɧɨɣ, ɧɨ 

ɞɥɹ ɨɬɪɚɫɥɢ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɩɨ ɩɪɨɢɡɜɨɞɫɬɜɭ ɞɨɪɨɠɧɨ-ɫɬɪɨɢɬɟɥɶɧɵɯ 

ɦɚɬɟɪɢɚɥɨɜ ɯɚɪɚɤɬɟɪɧɵɦ ɹɜɥɹɟɬɫɹ ɛɨɥɶɲɨɣ ɪɚɡɛɪɨɫ ɬɟɯɧɢɱɟɫɤɨɝɨ ɭɪɨɜɧɹ ɢ 

ɫɨɫɬɨɹɧɢɹ ɨɛɨɪɭɞɨɜɚɧɢɹ ȺȻɁ ɜ ɪɟɝɢɨɧɚɯ, ɨɬɫɭɬɫɬɜɢɟ ɩɪɟɞɩɪɢɹɬɢɣ ɩɨɥɧɨɝɨ 

ɰɢɤɥɚ: ɨɬ ɩɪɨɢɡɜɨɞɫɬɜɚ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɞɨ ɩɨɥɭɱɟɧɢɹ ɝɨɬɨɜɨɝɨ 

ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɝɨ ɩɨɤɪɵɬɢɹ, ɝɞɟ ɦɨɠɧɨ ɛɵɥɨ ɛɵ ɜɧɟɞɪɹɬɶ ɤɨɦɩɥɟɤɫɧɭɸ 

ɫɢɫɬɟɦɭ ɭɩɪɚɜɥɟɧɢɹ ɤɚɱɟɫɬɜɨɦ ɫɦɟɫɢ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɤɨɧɬɪɚɤɬɵ ɧɚ ɞɨɪɨɠɧɨ-

ɫɬɪɨɢɬɟɥɶɧɵɟ ɪɚɛɨɬɵ ɡɚɤɥɸɱɚɸɬɫɹ ɫ ɞɨɪɨɠɧɢɤɚɦɢ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɨɬɤɪɵɬɵɯ 

ɬɟɧɞɟɪɨɜ. ɇɚ ɦɨɦɟɧɬ ɧɚɩɢɫɚɧɢɹ ɞɚɧɧɨɣ ɪɚɛɨɬɵ (2011 ɝ.), ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ 

ɨɬɫɭɬɫɬɜɢɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ, ɬɟɯɧɢɱɟɫɤɢɯ ɢ ɤɨɦɦɟɪɱɟɫɤɢɯ ɜɨɡɦɨɠɧɨɫɬɟɣ 

ɞɥɹ ɜɧɟɞɪɟɧɢɹ ɜ Ɋɨɫɫɢɢ ɩɨɞɨɛɧɨɣ ɤɨɦɩɥɟɤɫɧɨɣ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ 

ɩɪɨɢɡɜɨɞɫɬɜɨɦ ɤɚɱɟɫɬɜɟɧɧɨɣ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ.  
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ȼ Ɍɜɟɪɫɤɨɦ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɦ ɬɟɯɧɢɱɟɫɤɨɦ ɭɧɢɜɟɪɫɢɬɟɬɟ ɧɚ ɤɚɮɟɞɪɟ 

«Ⱥɜɬɨɦɚɬɢɡɚɰɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ» ɛɵɥɚ ɨɫɭɳɟɫɬɜɥɟɧɚ ɪɚɡɪɚɛɨɬɤɚ 

ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɧɚ ɮɢɡɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɋȺɊ ɩɨɥɨɠɟɧɢɟɦ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ 

ɚɫɮɚɥɶɬɨɭɤɥɚɞɱɢɤɚ [68]. 

ɋɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɩɨɥɨɠɟɧɢɟɦ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ ɚɫɮɚɥɶɬɨɭɤɥɚɞɱɢɤɚ 

ɛɵɥɚ ɪɟɚɥɢɡɨɜɚɧɚ ɧɚ ɨɫɧɨɜɟ ɭɧɢɜɟɪɫɚɥɶɧɨɝɨ ɉɂȾ-ɪɟɝɭɥɹɬɨɪɚ 

ɜɨɫɶɦɢɤɚɧɚɥɶɧɨɝɨ Ɉȼȿɇ ɌɊɆ148 ɢ ɢɫɫɥɟɞɨɜɚɥɚɫɶ ɜ ɞɜɭɯ ɪɟɠɢɦɚɯ – 

ɚɧɚɥɨɝɨɜɨɝɨ ɢ ɪɟɥɟɣɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ. Ⱦɟɰɟɧɬɪɚɥɢɡɨɜɚɧɧɚɹ – ɬɚɤɠɟ ɜ ɞɜɭɯ 

ɜɚɪɢɚɧɬɚɯ: ɧɚ ɨɫɧɨɜɟ ɢɡɦɟɪɢɬɟɥɹ ɉɂȾ-ɪɟɝɭɥɹɬɨɪɚ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɡɚɞɜɢɠɤɚɦɢ 

ɢ ɬɪɟɯɯɨɞɨɜɵɦɢ ɤɥɚɩɚɧɚɦɢ ɫ ɢɧɬɟɪɮɟɣɫɨɦ RS-485 ɌɊɆ12 ɢ ɢɡɦɟɪɢɬɟɥɹ ɉɂȾ-

ɪɟɝɭɥɹɬɨɪɚ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɡɚɞɜɢɠɤɚɦɢ ɢ ɬɪɟɯɯɨɞɨɜɵɦɢ ɤɥɚɩɚɧɚɦɢ Ɉȼȿɇ 

ɌɊɆ12. 

ȼ ɩɪɨɰɟɫɫɟ ɩɪɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɢ ɜɵɹɜɥɟɧɵ ɨɩɪɟɞɟɥɟɧɧɵɟ 

ɫɥɨɠɧɨɫɬɢ, ɨɛɭɫɥɨɜɥɟɧɧɵɟ ɧɟɬɢɩɨɜɵɦ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɟɝɭɥɹɬɨɪɨɜ 

(ɞɨɪɨɠɧɚɹ ɦɚɲɢɧɚ), ɜ ɱɚɫɬɧɨɫɬɢ, ɩɪɢ ɧɚɫɬɪɨɣɤɟ ɦɨɞɭɥɹ «ɦɨɞɟɥɶ 

ɪɟɝɭɥɢɪɭɸɳɟɝɨ ɨɪɝɚɧɚ». ɂɡ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɜɚɪɢɚɧɬɨɜ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦ 

ɨɤɚɡɚɥɫɹ ɜɚɪɢɚɧɬ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ Ɉȼȿɇ ɌɊɆ12, ɛɥɚɝɨɞɚɪɹ ɛɵɫɬɪɨɞɟɣɫɬɜɢɸ 

ɢ ɭɞɨɛɫɬɜɭ ɧɚɫɬɪɨɣɤɢ. 

ɉɨɦɢɦɨ ɧɚɡɜɚɧɧɵɯ ɩɪɢɛɨɪɨɜ ɜ ɫɯɟɦɚɯ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ 

ɬɚɤɠɟ ɬɚɤɢɟ ɩɪɢɛɨɪɵ Ɉȼȿɇ, ɤɚɤ ɩɚɧɟɥɶ ɨɩɟɪɚɬɨɪɚ Ɉȼȿɇ ɋɆɂ1, 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɚɧɚɥɨɝɨɜɵɯ ɫɢɝɧɚɥɨɜ ɢɡɦɟɪɢɬɟɥɶɧɵɣ ɭɧɢɜɟɪɫɚɥɶɧɵɣ Ɉȼȿɇ 

ɂɌɉ-10, ɚɜɬɨɦɚɬɢɱɟɫɤɢɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɢɧɬɟɪɮɟɣɫɨɜ RS-232/RS-485 Ɉȼȿɇ 

Ⱥɋ3-Ɇ, ɛɥɨɤɢ ɩɢɬɚɧɢɹ Ȼɉ 14, Ȼɉ30.  

 ȼ ɪɚɛɨɬɟ [2] ɩɨɤɚɡɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɫɬɪɨɟɧɢɹ ɫɢɫɬɟɦ ɫ ɧɟɱɟɬɤɨɣ 

ɞɢɧɚɦɢɱɟɫɤɨɣ ɤɨɪɪɟɤɰɢɟɣ ɬɪɚɞɢɰɢɨɧɧɨɝɨ ɉɂȾ-ɪɟɝɭɥɹɬɨɪɚ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ 

ɦɟɬɨɞɨɜ ɧɟɱɟɬɤɨɣ ɥɨɝɢɤɢ ɩɨɡɜɨɥɢɥɨ ɩɨɥɭɱɢɬɶ ɤɚɱɟɫɬɜɟɧɧɵɣ ɩɟɪɟɯɨɞɧɵɣ 

ɩɪɨɰɟɫɫ ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɩɪɨɰɟɞɭɪ, ɯɚɪɚɤɬɟɪɧɵɯ ɞɥɹ 

ɤɥɚɫɫɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. 
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1.4. ɉɨɥɨɠɟɧɢɹ ɧɚ ɡɚɳɢɬɭ 

 

Ⱥɧɚɥɢɡ ɫɨɫɬɨɹɧɢɹ ɜɨɩɪɨɫɚ ɩɨɤɚɡɚɥ, ɱɬɨ ɫɨɜɪɟɦɟɧɧɵɟ ɫɢɫɬɟɦɵ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɚɫɮɚɥɶɬɨɭɤɥɚɞɱɢɤɨɜ ɧɟ ɨɛɟɫɩɟɱɢɜɚɸɬ 

ɢɫɤɥɸɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɫɟɝɪɟɝɚɰɢɢ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ. ɉɪɢ 

ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɲɧɟɤɨɜɵɦ ɪɚɫɩɪɟɞɟɥɢɬɟɥɟɦ 

ɬɟɦɩɟɪɚɬɭɪɚ ɫɦɟɫɢ ɧɟ ɨɞɢɧɚɤɨɜɚɹ, ɱɬɨ ɜɟɞɟɬ ɤ ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɧɨɣ 

ɫɟɝɪɟɝɚɰɢɢ. ɉɨɷɬɨɦɭ ɬɪɟɛɭɟɬɫɹ ɩɪɨɜɟɞɟɧɢɟ ɫɥɟɞɭɸɳɢɯ ɪɚɛɨɬ ɩɨ ɢɫɤɥɸɱɟɧɢɸ 

ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɫɟɝɪɟɝɚɰɢɢ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɩɪɢ ɭɤɥɚɞɤɟ ɟɟ ɞɨɪɨɠɧɨɟ 

ɩɨɥɨɬɧɨ ɜ ɭɫɥɨɜɢɹɯ ɩɨɧɢɠɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ.  

1) Ⱥɧɚɥɢɡ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɫɟɝɪɟɝɚɰɢɢ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ 

ɫɦɟɫɢ ɩɨɤɚɡɚɥ, ɤɨɝɞɚ ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɡɨɧɟ «ɯɨɥɨɞɧɨɝɨ ɩɹɬɧɚ» ɧɢɠɟ ɫɪɟɞɧɟɣ 

ɩɪɢɦɟɪɧɨ ɧɚ 40°ɋ. ɉɪɢ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɟ ɭɥɨɠɟɧɧɨɣ ɫɦɟɫɢ 1300ɋ 

ɜɨɡɧɢɤɚɸɬ «ɯɨɥɨɞɧɵɟ ɩɹɬɧɚ» ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ 80-900ɋ. ȼ ɛɭɧɤɟɪɟ 

ɚɫɮɚɥɶɬɨɭɤɥɚɞɱɢɤɚ ɩɟɪɟɩɚɞ ɬɟɦɩɟɪɚɬɭɪ ɞɨɫɬɢɝɚɟɬ ɜɪɟɦɟɧɚɦɢ 40-500ɋ. ȼɫɟ ɷɬɨ 

ɩɪɢɜɨɞɢɬ ɤ ɧɟɪɚɜɧɨɦɟɪɧɨɦɭ ɭɩɥɨɬɧɟɧɢɸ ɞɨɪɨɠɧɨɝɨ ɩɨɤɪɵɬɢɹ ɢ ɫɧɢɠɟɧɢɸ 

ɤɚɱɟɫɬɜɚ ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ.  

2) Ⱦɥɹ ɢɫɤɥɸɱɟɧɢɹ ɫɟɝɪɟɝɚɰɢɢ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ (ȺȻɋ) ɬɪɟɛɭɟɬɫɹ 

ɭɩɪɚɜɥɟɧɢɟ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɨɣ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ 

ɫɨɫɬɨɹɧɢɹ ȺȻɋ ɩɨɫɪɟɞɫɬɜɨɦ ɭɩɪɚɜɥɹɸɳɟɝɨ ɤɨɧɬɪɨɥɥɟɪɚ ɧɚ ɨɫɧɨɜɟ 

ɢɧɮɨɪɦɚɰɢɢ ɨ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɫɨɫɬɨɹɧɢɢ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ.  
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2 Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ  

 

 2.1 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɰɟɫɫɨɜ ɭɤɥɚɞɤɢ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɫ 

ɢɫɤɥɸɱɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɫɟɝɪɟɝɚɰɢɢ 

 

Ɉɞɧɨɪɨɞɧɨɫɬɶ ɫɬɪɭɤɬɭɪɵ ɢ ɩɥɨɬɧɨɫɬɶ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɜ 

ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɨɛɟɫɩɟɱɢɜɚɸɬ ɞɨɥɝɨɜɟɱɧɨɫɬɶ ɩɨɥɨɬɧɚ ɞɨɪɨɝɢ. Ⱦɥɹ 

ɩɨɥɭɱɟɧɢɹ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɝɨ ɩɨɤɪɵɬɢɹ ɛɟɡ ɞɟɮɟɤɬɨɜ, ɧɟɨɛɯɨɞɢɦɨ 

ɨɛɟɫɩɟɱɢɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɨɞɢɧɚɤɨɜɨɣ ɜɨ ɜɫɟɦ ɨɛɴɟɦɟ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɨɛɪɚɡɭɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɧɚɹ ɫɟɝɪɟɝɚɰɢɹ ɢ ɩɥɨɬɧɨɫɬɶ 

ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɛɭɞɟɬ ɧɟɨɞɢɧɚɤɨɜɨɣ. ȼ ɚɫɮɚɥɶɬɨɛɟɬɨɧɟ ɨɛɪɚɡɭɟɬɫɹ 

ɧɟɨɞɧɨɪɨɞɧɚɹ ɫɬɪɭɤɬɭɪɚ ɢɡ-ɡɚ   ɩɟɪɟɨɯɥɚɠɞɟɧɢɹ ɫɦɟɫɢ ɢ ɧɚ ɞɨɪɨɠɧɨɦ ɩɨɥɨɬɧɟ 

ɨɛɪɚɡɭɸɬɫɹ ɞɟɮɟɤɬɵ [7, 23, 24]. 

 Ɉɞɧɨɪɨɞɧɨɫɬɶ ɫɬɪɭɤɬɭɪɵ ɭɤɥɚɞɵɜɚɟɦɨɣ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ 

ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɪɚɛɨɬɵ ɲɧɟɤɨɜɨɝɨ ɪɚɫɩɪɟɞɟɥɢɬɟɥɹ 

ɚɫɮɚɥɶɬɨɭɤɥɚɞɱɢɤɚ. ɉɪɢ ɩɪɢɦɟɧɟɧɢɢ ɲɧɟɤɨɜɵɯ ɪɚɫɩɪɟɞɟɥɢɬɟɥɟɣ (ɪɢɫɭɧɨɤ 

2.1) ɜɨɡɦɨɠɧɨ ɢɡɦɟɧɟɧɢɟ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɜɚɥɚ ɪɚɫɩɪɟɞɟɥɢɬɟɥɹ. ȼ ɪɟɡɭɥɶɬɚɬɟ 

ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɛɨɥɟɟ ɢɧɬɟɧɫɢɜɧɨɟ ɩɟɪɟɦɟɲɢɜɚɧɢɟ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ. 

 

 

Ɋɢɫɭɧɨɤ 2.1- ɉɪɢɜɨɞ ɲɧɟɤɚ ɢ ɫɤɪɟɛɤɨɜɨɝɨ ɩɢɬɚɬɟɥɹ 
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ɒɧɟɤɨɜɵɣ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ (ɪɢɫɭɧɨɤ 2.2) 

ɫɨɫɬɨɢɬ ɢɡ ɥɟɜɨɝɨ ɢ ɩɪɚɜɨɝɨ ɜɚɥɨɜ - 1, ɤɪɟɩɟɠɧɵɯ ɤɪɨɧɲɬɟɣɧɨɜ - 2, ɥɨɩɚɫɬɟɣ - 

3.  

 

Ɋɢɫɭɧɨɤ 2.2 - ɒɧɟɤɨɜɵɣ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶ 

 

ȼɪɚɳɟɧɢɟ ɥɟɜɨɝɨ ɢ ɩɪɚɜɨɝɨ ɜɚɥɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɟ 

ɫɬɨɪɨɧɵ. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɛɨɥɟɟ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɩɟɪɟɦɟɲɢɜɚɧɢɹ 

ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɲɚɝ ɥɨɩɚɫɬɟɣ ɜɚɥɚ ɜɵɩɨɥɧɹɟɬɫɹ ɩɟɪɟɦɟɧɧɵɦ. 

Ɍɪɚɧɫɩɨɪɬɢɪɭɟɦɵɣ ɦɚɬɟɪɢɚɥ ɢɡ ɛɭɧɤɟɪɚ ɩɟɪɟɦɟɳɚɟɬɫɹ ɜɪɚɳɚɸɳɢɦɢɫɹ 

ɜ ɪɚɡɧɵɟ ɫɬɨɪɨɧɵ ɜɢɧɬɚɦɢ ɧɚ ɞɨɪɨɠɧɭɸ ɩɨɥɨɫɭ. ȼɢɧɬɵ ɢɡɝɨɬɨɜɥɹɸɬ ɨɞɧɨ- ɢ 

ɞɜɭɯɯɨɞɨɜɵɦɢ ɫ ɩɪɚɜɵɦ ɢɥɢ ɥɟɜɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɜɢɬɤɨɜ, ɢɦɟɸɳɢɯ, ɤɚɤ 

ɩɪɚɜɢɥɨ, ɩɨɫɬɨɹɧɧɵɣ ɲɚɝ. ȼɢɧɬ ɤɨɧɜɟɣɟɪɚ ɩɪɢɜɨɞɢɬɫɹ ɜɨ ɜɪɚɳɟɧɢɟ ɨɬ 

ɝɢɞɪɨɞɜɢɝɚɬɟɥɹ ɱɟɪɟɡ ɪɟɞɭɤɬɨɪ.  

   Ɍɟɩɥɨɜɨɟ ɫɨɫɬɨɹɧɢɟ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɜ ɥɸɛɨɣ ɦɨɦɟɧɬ 

ɜɪɟɦɟɧɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɭɪɚɜɧɟɧɢɸ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ (ɪɢɫɭɧɨɤ 2.3): 

 

    ,)( 0  dTTFkdTmcdQdQ ɪɪɤɤɩɚɛɫ       (2.1) 

 

ɝɞɟ    dQɚɛɫ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɜɵɞɟɥɹɟɦɨɟ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɶɸ ɡɚ 

ɜɪɟɦɹ dτ;  

            dQɩ  ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɡɚɬɪɚɱɢɜɚɟɦɨɟ ɧɚ ɩɨɥɟɡɧɭɸ ɪɚɛɨɬɭ;  
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           cɤmɤdT - ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɡɚɬɪɚɱɢɜɚɟɦɨɟ ɧɚ ɧɚɝɪɟɜ ɷɥɟɦɟɧɬɨɜ 

ɤɨɧɫɬɪɭɤɰɢɢ ɧɚ ɬɟɦɩɟɪɚɬɭɪɭ dT;  

          dTTFk ɪɪ )( 0  ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɪɚɫɫɟɢɜɚɟɦɨɟ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ 

ɡɚ ɜɪɟɦɹ d. 

 

 

Ɋɢɫɭɧɨɤ 2.3 - Ɍɟɩɥɨɜɨɣ ɛɚɥɚɧɫ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ 

 

Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ, ɨɩɢɫɵɜɚɸɳɚɹ ɩɪɨɰɟɫɫɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɛɭɧɤɟɪɟ, ɩɨɥɭɱɟɧɚ ɢɫɯɨɞɹ ɢɡ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ 

ɩɨɥɹ ɜ ɨɛɴɟɦɟ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ.   

Ʉɨɪɪɟɤɬɧɨɫɬɶ ɢɫɩɨɥɶɡɭɟɦɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ 

ɫɨɫɬɨɹɧɢɹ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨɥɧɨɬɨɣ ɢ 

ɨɛɨɫɧɨɜɚɧɧɨɫɬɶɸ ɩɪɢɧɹɬɵɯ ɞɨɩɭɳɟɧɢɣ: ɞɢɧɚɦɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ 

ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɩɪɢ ɦɚɥɵɯ ɨɬɤɥɨɧɟɧɢɹɯ ɩɚɪɚɦɟɬɪɨɜ ɨɬ ɢɯ ɭɫɬɚɧɨɜɢɜɲɢɯɫɹ 

ɡɧɚɱɟɧɢɣ. 

 Ɍɟɦɩɟɪɚɬɭɪɚ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɜ ɛɭɧɤɟɪɟ ɨɩɪɟɞɟɥɢɬɫɹ 

ɭɪɚɜɧɟɧɢɟɦ: 

0exp1  














ɤɤ

ɪɪ

ɪɪ

ɚɛɫ
ɚɛɫ cm

Fkt

Fk

Q                  (2.2) 
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ɝɞɟ  ɚɛɫQ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɜɵɞɟɥɹɟɦɨɟ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɶɸ ɡɚ 

ɜɪɟɦɹ dτ;  

           ɫɤ – ɫɪɟɞɧɹɹ ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɛɭɧɤɟɪɚ;  

           Кɪ – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ;  

           Fɪ – ɩɥɨɳɚɞɶ ɜɧɟɲɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɷɥɟɦɟɧɬɨɜ ɛɭɧɤɟɪɚ; 

           mɤ – ɦɚɫɫɚ ɷɥɟɦɟɧɬɨɜ ɛɭɧɤɟɪɚ;  

           τ0 – ɬɟɤɭɳɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ. 

 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɜ 

ɩɪɨɰɟɫɫɟ ɟɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨ ɲɢɪɢɧɟ ɞɨɪɨɝɢ ɪɚɡɪɚɛɨɬɚɧɚ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ 

ɢɫɫɥɟɞɨɜɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɫ ɉɂȾ 

ɪɟɝɭɥɢɪɨɜɚɧɢɟɦ, ɩɪɟɞɫɬɚɜɥɟɧɧɚɹ ɧɚ ɪɢɫɭɧɤɟ 2.4. Ⱦɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɗȼɆ ɫ 

ɩɪɨɝɪɚɦɦɧɵɦ ɨɛɟɫɩɟɱɟɧɢɟɦ MATLAB ɢ ɩɪɢɥɨɠɟɧɢɟɦ ɤ ɩɪɨɝɪɚɦɦɟ 

SIMULINK. SIMULINK ɫɨɞɟɪɠɢɬ ɛɢɛɥɢɨɬɟɤɭ ɩɪɢɥɨɠɟɧɢɣ [15], ɢɡ ɛɥɨɤɨɜ 

ɤɨɬɨɪɵɯ ɫɨɛɪɚɧɚ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɫɨɫɬɨɹɧɢɹ 

ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ. 

 

 

 

Ɋɢɫɭɧɨɤ 2.4 -  ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ 

ɫɨɫɬɨɹɧɢɹ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ 
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ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɨɣ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ 

ɫɨɫɬɨɹɧɢɹ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɪɚɡɪɚɛɨɬɚɧɚ ɛɥɨɤ ɫɯɟɦɚ ɜ ɤɨɦɩɶɸɬɟɪɧɨɣ 

ɫɪɟɞɟ Matlab Simulink, ɤɨɬɨɪɚɹ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.5.  

 

 

 

Ɋɢɫɭɧɨɤ 2.5 -  Ȼɥɨɤ ɫɯɟɦɚ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ 

ɫɦɟɫɢ 

 

ɇɚɱɚɥɶɧɵɟ ɭɫɥɨɜɢɹ: ɫɤ – ɫɪɟɞɧɹɹ ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɛɭɧɤɟɪɚ, 0,453; 

Кɪ – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ 20; Fɪ – ɩɥɨɳɚɞɶ ɜɧɟɲɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ 

ɷɥɟɦɟɧɬɨɜ ɛɭɧɤɟɪɚ 1,5ɦ; mɤ – ɦɚɫɫɚ ɷɥɟɦɟɧɬɨɜ ɛɭɧɤɟɪɚ 240 ɤɝ; τ0 – ɬɟɤɭɳɚɹ 

ɬɟɦɩɟɪɚɬɭɪɚ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ 140 0ɋ. 

Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɫɨɫɬɨɹɧɢɹ 

ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫɭɧɤɚɯ 2.6 - 2.8.  
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Ɋɢɫɭɧɨɤ 2.6 - Ɂɚɜɢɫɢɦɨɫɬɶ ɩɟɪɟɩɚɞɚ ɬɟɦɩɟɪɚɬɭɪ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ 

ɫɦɟɫɢ 

 

 

 

 

Ɋɢɫɭɧɨɤ 2.7 - Ɂɚɜɢɫɢɦɨɫɬɶ ɩɟɪɟɩɚɞɚ ɬɟɦɩɟɪɚɬɭɪ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ 

ɫɦɟɫɢ 
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Ɋɢɫɭɧɨɤ 2.8 - Ɂɚɜɢɫɢɦɨɫɬɶ ɩɟɪɟɩɚɞɚ ɬɟɦɩɟɪɚɬɭɪ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ 

ɫɦɟɫɢ 

 

ɇɚ ɪɢɫɭɧɤɟ 2.9 ɩɪɢɜɟɞɟɧɚ ɨɛɨɛɳɟɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 

ɨɯɥɚɠɞɟɧɢɹ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɩɪɢ ɧɚɱɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɫɦɟɫɢ ɨɬ 140 

ɞɨ 125 ɝɪɚɞ. ɋ. 

 

 

 

Ɋɢɫɭɧɨɤ 2.9 – ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɨɯɥɚɠɞɟɧɢɹ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ 

y = 141,96e-0,039x

R² = Ϭ,ϵϴϵϱ

y = 128,89e-0,04x

R² = Ϭ,ϵϱϲϵ
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R² = Ϭ,ϵϴϴ
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ȼ ɬɟɱɟɧɢɟ 10 ɫɟɤ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɚɹ ɫɦɟɫɶ ɨɯɥɚɠɞɚɟɬɫɹ ɧɚ 25 - 30 ɝɪɚɞ. ɋ. 

ɉɪɨɰɟɫɫ ɨɯɥɚɠɞɟɧɢɹ ɨɩɢɫɵɜɚɸɬɫɹ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɣ ɡɚɜɢɫɢɦɨɫɬɶɸ ɫ 

ɞɨɫɬɨɜɟɪɧɨɫɬɶɸ 0,95 - 0,99. 

 

2.2 Ɋɚɡɪɚɛɨɬɤɚ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɰɟɫɫɨɦ ɭɤɥɚɞɤɢ 

ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ, ɢɫɤɥɸɱɚɸɳɟɣ ɬɟɦɩɟɪɚɬɭɪɧɭɸ ɫɟɝɪɟɝɚɰɢɸ 

 

ɉɪɢ ɭɤɥɚɞɤɟ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɩɪɨɢɫɯɨɞɢɬ ɟɟ ɨɫɬɵɜɚɧɢɟ, ɱɬɨ 

ɜɵɡɵɜɚɟɬ ɬɟɦɩɟɪɚɬɭɪɧɭɸ ɫɟɝɪɟɝɚɰɢɸ. ɋɧɢɠɟɧɢɟ ɭɪɨɜɧɹ ɬɟɦɩɟɪɚɬɭɪɧɨɣ 

ɫɟɝɪɟɝɚɰɢɢ ɢ ɭɥɭɱɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɨɞɧɨɪɨɞɧɨɫɬɢ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ 

ɫɦɟɫɢ ɞɨɫɬɢɝɚɟɬɫɹ ɡɚ ɫɱɟɬ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ 

ɭɩɪɚɜɥɟɧɢɹ ɚɫɮɚɥɶɬɨɭɤɥɚɞɱɢɤɚ ɩɭɬɟɦ ɩɪɢɦɟɧɟɧɢɹ ɞɚɬɱɢɤɨɜ ɬɟɦɩɟɪɚɬɭɪɵ 

(ɪɢɫɭɧɨɤ 2.10) ɜ ɛɭɧɤɟɪɟ ɢ ɜɞɨɥɶ ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ ɜɢɧɬɨɜɨɝɨ ɲɧɟɤɚ, 

ɨɛɟɫɩɟɱɢɜɚɸɳɟɝɨ ɤɨɧɬɪɨɥɶ ɬɟɦɩɟɪɚɬɭɪɵ ɧɟɨɛɯɨɞɢɦɨɝɨ ɤɨɥɢɱɟɫɬɜɚ 

ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɩɟɪɟɞ ɭɩɥɨɬɧɟɧɢɟɦ ɪɚɛɨɱɢɦ ɨɪɝɚɧɨɦ 

ɚɫɮɚɥɶɬɨɭɤɥɚɞɱɢɤɚ ɢ ɢɡɦɟɧɹɸɳɟɝɨ ɩɨɞɚɱɭ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɞɥɹ 

ɭɩɥɨɬɧɹɸɳɟɝɨ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ ɚɫɮɚɥɶɬɨɭɤɥɚɞɱɢɤɚ.  

 

Ɋɢɫɭɧɨɤ 2.10 - ɋɯɟɦɚ ɜɢɧɬɨɜɨɝɨ ɪɚɫɩɪɟɞɟɥɢɬɟɥɹ ɫ ɭɫɬɚɧɨɜɥɟɧɧɵɦɢ ɜ 

ɟɝɨ ɬɟɥɨ ɞɚɬɱɢɤɚɦɢ ɬɟɦɩɟɪɚɬɭɪɵ (Ɍ) 
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Ⱦɥɹ ɷɬɨɝɨ ɬɪɟɛɭɟɬɫɹ ɚɜɬɨɦɚɬɢɱɟɫɤɨɟ ɭɩɪɚɜɥɟɧɢɟ ɪɟɠɢɦɚɦɢ ɪɚɛɨɬɵ 

ɚɫɮɚɥɶɬɨɭɤɥɚɞɱɢɤɚ ɩɭɬɟɦ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɟɪɟɦɟɲɢɜɚɧɢɹ 

ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɩɪɢ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɟɟ ɜɞɨɥɶ ɞɨɪɨɝɢ ɜɢɧɬɨɜɵɦ 

ɪɚɫɩɪɟɞɟɥɢɬɟɥɟɦ ɢ ɢɡɦɟɧɟɧɢɹ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɦɚɲɢɧɵ. 

ɇɚ ɪɢɫɭɧɤɟ 2.11 ɩɪɢɜɟɞɟɧɚ ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɛɥɨɤɨɜ 

ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɜɢɧɬɨɜɨɝɨ ɲɧɟɤɚ ɚɫɮɚɥɶɬɨɭɤɥɚɞɱɢɤɚ. 

ɋɢɫɬɟɦɚ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɜɢɧɬɨɜɨɝɨ ɲɧɟɤɚ ɚɫɮɚɥɶɬɨɭɤɥɚɞɱɢɤɚ, 

ɭɫɬɚɧɨɜɥɟɧɚ ɧɚ ɚɫɮɚɥɶɬɨɭɤɥɚɞɱɢɤɟ ɫ ɬɪɚɦɛɭɸɳɢɦɢ ɛɪɭɫɶɹɦɢ ɢ ɫɨɞɟɪɠɢɬ 

ɞɚɬɱɢɤ ɭɝɥɨɜɨɝɨ ɩɨɥɨɠɟɧɢɹ 1, ɢɦɟɸɳɢɣ ɢɧɞɢɤɚɬɨɪ ɨɲɢɛɤɢ ɢ ɩɟɪɟɤɥɸɱɚɬɟɥɢ 

ɡɚɞɚɬɱɢɤɚ ɫɬɚɛɢɥɢɡɢɪɭɟɦɨɝɨ ɭɝɥɚ, ɞɚɬɱɢɤ ɜɵɫɨɬɧɨɝɨ ɩɨɥɨɠɟɧɢɹ 2 ɫ 

ɢɧɞɢɤɚɬɨɪɨɦ ɨɲɢɛɤɢ, ɬɟɧɡɨɦɟɬɪɢɱɟɫɤɢɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɭɫɢɥɢɹ 3, ɞɚɬɱɢɤ 

ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɧɚɤɨɩɢɬɟɥɶɧɨɦ ɛɭɧɤɟɪɟ 4, ɞɚɬɱɢɤ ɬɟɦɩɟɪɚɬɭɪɵ ɜɞɨɥɶ 

ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ ɜɢɧɬɨɜɨɝɨ ɲɧɟɤɚ 5, ɛɥɨɤ ɭɩɪɚɜɥɟɧɢɹ 6 ɢ ɞɢɫɤɪɟɬɧɵɟ 

ɝɢɞɪɚɜɥɢɱɟɫɤɢɟ ɩɪɢɜɨɞɵ 7. Ⱦɚɬɱɢɤ ɭɝɥɨɜɨɝɨ ɩɨɥɨɠɟɧɢɹ 1 ɜɵɪɚɛɚɬɵɜɚɟɬ 

ɫɢɝɧɚɥ ɨɲɢɛɤɢ, ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɣ ɜɟɥɢɱɢɧɟ ɨɬɤɥɨɧɟɧɢɹ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ 

ɚɫɮɚɥɶɬɨɭɤɥɚɞɱɢɤɚ ɨɬ ɝɪɚɜɢɬɚɰɢɨɧɧɨɣ ɜɟɪɬɢɤɚɥɢ. 

 

Ɋɢɫɭɧɨɤ 2.11 - ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɛɥɨɤɨɜ ɫɢɫɬɟɦɵ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɜɢɧɬɨɜɨɝɨ ɲɧɟɤɚ ɚɫɮɚɥɶɬɨɭɤɥɚɞɱɢɤɚ 
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ɋɢɝɧɚɥ ɨɲɢɛɤɢ ɩɨɫɬɭɩɚɟɬ ɫ ɜɵɯɨɞɚ ɞɚɬɱɢɤɚ ɭɝɥɨɜɨɝɨ ɩɨɥɨɠɟɧɢɹ 1 ɧɚ 

ɩɟɪɜɵɣ ɜɯɨɞ ɛɥɨɤɚ ɭɩɪɚɜɥɟɧɢɹ 6. Ⱦɚɬɱɢɤ ɜɵɫɨɬɧɨɝɨ ɩɨɥɨɠɟɧɢɹ 2 

ɜɵɪɚɛɚɬɵɜɚɟɬ ɫɢɝɧɚɥ ɨɲɢɛɤɢ, ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɣ ɜɟɥɢɱɢɧɟ ɨɬɤɥɨɧɟɧɢɹ 

ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ ɨɬ ɩɨɥɨɠɟɧɢɹ, ɡɚɞɚɧɧɨɝɨ ɤɨɩɢɪɨɦ. ɋɢɝɧɚɥ ɨɲɢɛɤɢ ɩɨɫɬɭɩɚɟɬ 

ɫ ɜɵɯɨɞɚ ɞɚɬɱɢɤɚ ɜɵɫɨɬɧɨɝɨ ɩɨɥɨɠɟɧɢɹ 2 ɧɚ ɜɬɨɪɨɣ ɜɯɨɞ ɛɥɨɤɚ ɭɩɪɚɜɥɟɧɢɹ 6. 

Ɍɟɧɡɨɦɟɬɪɢɱɟɫɤɢɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɭɫɢɥɢɹ 3 ɜɵɪɚɛɚɬɵɜɚɟɬ ɫɢɝɧɚɥ,  

ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɣ ɭɫɢɥɢɸ ɜ ɦɟɬɚɥɥɨɤɨɧɫɬɪɭɤɰɢɢ ɬɪɚɦɛɭɸɳɟɝɨ ɛɪɭɫɚ, 

ɤɨɬɨɪɵɣ ɩɨɫɬɭɩɚɟɬ ɫ ɜɵɯɨɞɚ ɬɟɧɡɨɦɟɬɪɢɱɟɫɤɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɭɫɢɥɢɹ 3 ɧɚ 

ɬɪɟɬɢɣ ɜɯɨɞ ɛɥɨɤɚ ɭɩɪɚɜɥɟɧɢɹ 6. Ⱦɚɬɱɢɤ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɧɚɤɨɩɢɬɟɥɶɧɨɦ 

ɛɭɧɤɟɪɟ 4 ɜɵɪɚɛɚɬɵɜɚɟɬ ɫɢɝɧɚɥ ɨɲɢɛɤɢ, ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɣ ɜɟɥɢɱɢɧɟ 

ɨɬɤɥɨɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɨɬ ɡɚɞɚɧɧɵɯ ɨɩɬɢɦɚɥɶɧɵɯ 

ɡɧɚɱɟɧɢɣ. ɋɢɝɧɚɥ ɨɲɢɛɤɢ ɩɨɫɬɭɩɚɟɬ ɫ ɜɵɯɨɞɚ ɞɚɬɱɢɤɚ ɬɟɦɩɟɪɚɬɭɪɵ ɜ 

ɧɚɤɨɩɢɬɟɥɶɧɨɦ ɛɭɧɤɟɪɟ 4 ɧɚ ɱɟɬɜɟɪɬɵɣ ɜɯɨɞ ɛɥɨɤɚ ɭɩɪɚɜɥɟɧɢɹ 6. Ⱦɚɬɱɢɤ 

ɬɟɦɩɟɪɚɬɭɪɵ ɜɞɨɥɶ ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ ɜɢɧɬɨɜɨɝɨ ɲɧɟɤɚ 5 ɜɵɪɚɛɚɬɵɜɚɟɬ ɫɢɝɧɚɥ 

ɨɲɢɛɤɢ, ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɣ ɜɟɥɢɱɢɧɟ ɨɬɤɥɨɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ 

ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɨɬ ɡɚɞɚɧɧɵɯ ɨɩɬɢɦɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ. ɋɢɝɧɚɥ ɨɲɢɛɤɢ 

ɩɨɫɬɭɩɚɟɬ ɫ ɜɵɯɨɞɚ ɞɚɬɱɢɤɚ ɬɟɦɩɟɪɚɬɭɪɵ ɜɞɨɥɶ ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ ɜɢɧɬɨɜɨɝɨ 

ɲɧɟɤɚ 5 ɧɚ ɩɹɬɵɣ ɜɯɨɞ ɛɥɨɤɚ ɭɩɪɚɜɥɟɧɢɹ 6. Ȼɥɨɤ ɭɩɪɚɜɥɟɧɢɹ 6 ɜɵɪɚɛɚɬɵɜɚɟɬ 

ɫɢɝɧɚɥɵ ɭɩɪɚɜɥɟɧɢɹ ɞɢɫɤɪɟɬɧɵɦɢ ɝɢɞɪɚɜɥɢɱɟɫɤɢɦɢ ɩɪɢɜɨɞɚɦɢ 7 ɞɥɹ 

ɫɜɟɞɟɧɢɹ ɬɟɤɭɳɢɯ ɨɲɢɛɨɤ ɤ ɧɭɥɸ.  

Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ ɭɤɥɚɞɤɢ 

ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ, ɢɫɤɥɸɱɚɸɳɚɹ ɬɟɦɩɟɪɚɬɭɪɧɭɸ ɫɟɝɪɟɝɚɰɢɸ, 

ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.12. Ɉɧɚ ɜɤɥɸɱɚɟɬ ɪɭɱɧɨɣ ɢ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɣ 

ɪɟɠɢɦɵ ɭɩɪɚɜɥɟɧɢɹ ɱɚɫɬɨɬɨɣ ɜɪɚɳɟɧɢɹ ɲɧɟɤɨɜɨɝɨ ɪɚɫɩɪɟɞɟɥɢɬɟɥɹ ɢ ɫɤɨɪɨɫɬɢ 

ɩɟɪɟɞɜɢɠɟɧɢɹ ɚɫɮɚɥɶɬɨɭɤɥɚɞɱɢɤɚ.  
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Ɋɢɫɭɧɨɤ 2.12 - Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ ɭɤɥɚɞɤɢ 

ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ 

 

Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɭɤɥɚɞɤɨɣ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ 

ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.13.  ȼ ɪɭɱɧɨɦ ɪɟɠɢɦɟ ɨɩɟɪɚɬɨɪ ɭɩɪɚɜɥɹɟɬ ɪɚɛɨɬɨɣ 

ɢɫɩɨɥɧɢɬɟɥɶɧɨɝɨ ɦɟɯɚɧɢɡɦɚ. ȼ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ ɪɟɠɢɦɟ ɭɩɪɚɜɥɟɧɢɟ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɤɨɧɬɪɨɥɥɟɪɨɦ, ɧɚ ɤɨɬɨɪɵɣ ɩɨɫɬɭɩɚɸɬ ɫɢɝɧɚɥɵ ɫ 

ɬɟɪɦɨɞɚɬɱɢɤɨɜ, ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɜ ɛɭɧɤɟɪɟ ɚɫɮɚɥɶɬɨɭɤɥɚɞɱɢɤɚ ɢ ɬɟɥɟ ɲɧɟɤɚ 

ɪɚɫɩɪɟɞɟɥɢɬɟɥɹ.  

ɍɫɥɨɜɢɟɦ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɭɤɥɚɞɤɨɣ 

ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɹɜɥɹɟɬɫɹ ɪɚɡɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪ, ɡɚɞɚɧɧɨɣ ɭɫɬɚɧɨɜɤɨɣ 

ɤɨɧɬɪɨɥɥɟɪɚ ɢ ɪɚɛɨɱɟɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɫɦɟɫɢ, ɫɧɹɬɨɣ ɫ ɞɚɬɱɢɤɨɜ ɬɟɦɩɟɪɚɬɭɪɵ. 

Ɏɭɧɤɰɢɹ ɰɟɥɢ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɡɚɩɢɲɟɬɫɹ ɜ 

ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ:  
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0/2;1;4;3;2;1/  ɌȻɌȻɌɌɌɌɌɭ ,  

 

ɝɞɟ  Ɍɭ – ɬɟɦɩɟɪɚɬɭɪɚ, ɡɚɞɚɧɧɚɹ ɭɫɬɚɜɤɨɣ; 

          Ɍ1; Ɍ2; Ɍ3; Ɍ4 – ɪɚɛɨɱɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɫɦɟɫɢ, ɩɨɫɬɭɩɚɸɳɚɹ ɫ ɞɚɬɱɢɤɨɜ, 

ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɜ ɬɟɥɟ ɲɧɟɤɚ ɪɚɫɩɪɟɞɟɥɢɬɟɥɹ;  

         ɌȻ1; ɌȻ2 - ɪɚɛɨɱɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɫɦɟɫɢ, ɩɨɫɬɭɩɚɸɳɚɹ ɫ ɞɚɬɱɢɤɨɜ, 

ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɜ ɛɭɧɤɟɪɟ. 

 

Ɋɢɫɭɧɨɤ 2.13 - Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɭɤɥɚɞɤɨɣ 

ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ 
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3 Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ  

 

ɐɟɥɶɸ ɢɫɫɥɟɞɨɜɚɧɢɣ ɹɜɥɹɟɬɫɹ ɫɛɨɪ ɞɚɧɧɵɯ ɨ ɩɚɪɚɦɟɬɪɚɯ ɫɢɫɬɟɦɵ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɩɪɨɰɟɫɫɚɦɢ 

ɚɫɮɚɥɶɬɨɭɤɥɚɞɱɢɤɚ, ɨɰɟɧɤɢ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜɨɡɦɭɳɚɸɳɢɯ 

ɜɨɡɞɟɣɫɬɜɢɣ ɢ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɪɚɛɨɱɢɯ ɩɪɨɰɟɫɫɨɜ 

Ɂɚɞɚɱɢ ɢɫɫɥɟɞɨɜɚɧɢɣ: 

1)  ɪɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɢɤɢ ɩɨɫɬɪɨɟɧɢɹ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ 

ɭɩɪɚɜɥɟɧɢɹ   ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɩɪɨɰɟɫɫɚɦɢ ɚɫɮɚɥɶɬɨɭɤɥɚɞɱɢɤɚ; 

2) Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ;    

3) ɩɪɨɜɟɞɟɧɢɟ ɥɚɛɨɪɚɬɨɪɧɵɯ ɢɫɩɵɬɚɧɢɣ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ 

ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ; 

4)  ɫɬɚɬɢɫɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɢɡɦɟɪɟɧɧɵɯ ɫɢɝɧɚɥɨɜ. 

 

3.1 Ɇɟɬɨɞɢɤɚ ɢɫɫɥɟɞɨɜɚɧɢɹ  

 

Ⱦɥɹ ɢɡɦɟɪɟɧɢɹ ɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ 

ɩɪɟɞɧɚɡɧɚɱɟɧ ɢɡɦɟɪɢɬɟɥɶ - ɪɟɝɭɥɹɬɨɪ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɣ ɌɊɆ148. Ⱦɥɹ 

ɌɊɆ148 ɪɚɡɪɚɛɨɬɚɧɵ ɲɟɫɬɶ ɬɢɩɨɜɵɯ ɩɪɨɝɪɚɦɦ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ 

ɤɨɧɮɢɝɭɪɢɪɨɜɚɧɢɹ ɩɪɢɛɨɪɚ ɩɨɞ ɨɩɪɟɞɟɥɟɧɧɭɸ ɡɚɞɚɱɭ. Ɍɢɩɨɜɵɟ ɩɪɨɝɪɚɦɦɵ 

ɡɚɩɢɫɚɧɵ ɜ ɩɨɫɬɨɹɧɧɭɸ ɩɚɦɹɬɶ ɩɪɢɛɨɪɚ. ɉɪɟɞɭɫɦɨɬɪɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ 

ɫɨɡɞɚɧɢɹ ɢɧɞɢɜɢɞɭɚɥɶɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ. ɉɪɢɛɨɪ ɢɡɝɨɬɚɜɥɢɜɚɟɬɫɹ ɜ 

ɧɟɫɤɨɥɶɤɢɯ ɜɚɪɢɚɧɬɚɯ ɢɫɩɨɥɧɟɧɢɹ, ɨɬɥɢɱɚɸɳɢɯɫɹ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɬɢɩɨɦ 

ɫɨɟɞɢɧɟɧɢɣ ɫ ɢɫɩɨɥɧɢɬɟɥɶɧɵɦɢ ɦɟɯɚɧɢɡɦɚɦɢ [120]. 

Ɋɟɚɥɢɡɚɰɢɹ ɩɪɢɛɨɪɚ ɌɊɆ148 ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɫɦɟɧɵ 

ɦɨɞɢɮɢɤɚɰɢɢ (ɤɨɧɮɢɝɭɪɚɰɢɢ, ɨɛɟɫɩɟɱɢɜɚɟɦɨɣ ɬɢɩɨɜɨɣ ɩɪɨɝɪɚɦɦɨɣ), 

ɨɫɭɳɟɫɬɜɥɹɟɦɨɣ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ «Ʉɨɧɮɢɝɭɪɚɬɨɪ ɌɊɆ148» ɩɭɬɟɦ 

ɡɚɩɢɫɢ ɜ ɩɪɢɛɨɪ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɮɚɣɥɚ, ɩɨɫɬɚɜɥɹɟɦɨɝɨ ɧɚ ɤɨɦɩɚɤɬ-ɞɢɫɤɟ 

«Ⱦɢɫɤ_ɌɊɆ148_ɏɏ» (XX – ɜɟɪɫɢɹ ɤɨɦɩɚɤɬ-ɞɢɫɤɚ) ɫ ɩɪɨɝɪɚɦɦɧɵɦ 
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ɨɛɟɫɩɟɱɟɧɢɟɦ ɢ ɞɨɤɭɦɟɧɬɚɰɢɟɣ (Ɋɉ, Ɇɉ, Ɋɗ) ɜɦɟɫɬɟ ɫ ɩɪɢɛɨɪɨɦ ɜ 

ɷɥɟɤɬɪɨɧɧɨɦ ɮɨɪɦɚɬɟ. ɋɦɟɧɚ ɦɨɞɢɮɢɤɚɰɢɢ ɩɪɢɛɨɪɚ ɦɨɠɟɬ ɛɵɬɶ 

ɨɫɭɳɟɫɬɜɥɟɧɚ ɢ ɜɪɭɱɧɭɸ, ɫ ɩɨɦɨɳɶɸ ɫɩɟɰɢɚɥɶɧɨɝɨ ɩɭɧɤɬɚ ɦɟɧɸ ɩɪɢɛɨɪɚ. 

Ɂɚɩɢɫɚɧɧɵɟ ɜ ɩɨɫɬɨɹɧɧɭɸ ɩɚɦɹɬɶ ɩɪɢɛɨɪɚ ɌɊɆ148 ɬɢɩɨɜɵɟ ɦɨɞɢɮɢɤɚɰɢɢ 

ɭɩɪɨɳɚɸɬ ɤɨɧɮɢɝɭɪɢɪɨɜɚɧɢɟ ɩɪɢɛɨɪɚ, ɬ.ɤ. ɨɫɧɨɜɧɚɹ ɱɚɫɬɶ ɧɟɨɛɯɨɞɢɦɵɯ 

ɩɚɪɚɦɟɬɪɨɜ ɭɠɟ ɩɪɚɜɢɥɶɧɨ ɡɚɞɚɧɚ ɜ ɷɬɢɯ ɦɨɞɢɮɢɤɚɰɢɹɯ. 

Ɏɭɧɤɰɢɨɧɚɥɶɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɦɧɨɝɨɤɚɧɚɥɶɧɨɝɨ ɉɂȾ - ɪɟɝɭɥɹɬɨɪɚ 

Ɉȼȿɇ ɌɊɆ148: 

1) ɥɢɧɟɣɤɚ ɫɬɚɧɞɚɪɬɧɵɯ ɦɨɞɢɮɢɤɚɰɢɣ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ 

ɢɫɫɥɟɞɭɟɦɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ; 

2) ɜɨɫɟɦɶ ɜɯɨɞɨɜ ɢ ɜɵɯɨɞɨɜ ɞɥɹ ɩɨɞɤɥɸɱɟɧɢɹ ɞɚɬɱɢɤɨɜ ɢɡɦɟɪɹɟɦɵɯ 

ɩɚɪɚɦɟɬɪɨɜ; 

3)  ɤɥɟɦɧɢɤ ɢɡ 8-ɦɢ ɜɵɯɨɞɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɞɥɹ ɩɨɞɤɥɸɱɟɧɢɹ 

ɢɫɩɨɥɧɢɬɟɥɶɧɵɯ ɦɟɯɚɧɢɡɦɨɜ: ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɢ, ɝɢɞɪɨɦɨɬɨɪɵ; 

4) ɩɪɨɢɡɜɨɞɢɬ ɜɵɱɢɫɥɟɧɢɟ   ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ, ɫɢɝɧɚɥ ɫ 

ɤɨɬɨɪɵɯ ɩɨɞɚɟɬɫɹ ɨɬ ɞɚɬɱɢɤɨɜ ɢɡɦɟɪɟɧɧɵɯ ɜɟɥɢɱɢɧ; 

5) ɨɛɟɫɩɟɱɟɧɢɟ ɤɨɪɪɟɤɰɢɢ ɭɫɬɚɜɤɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɪɟɧɢɣ 

ɢɫɫɥɟɞɭɟɦɨɝɨ ɩɚɪɚɦɟɬɪɚ   ɩɨ ɜɪɟɦɟɧɢ; 

6) ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɚɜɬɨɦɚɬɢɱɟɫɤɚɹ ɧɚɫɬɪɨɣɤɚ ɉɂȾ ɪɟɝɭɥɹɬɨɪɨɜ; 

7) ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɪɭɱɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɜɵɯɨɞɧɨɣ ɦɨɳɧɨɫɬɶɸ ɨɛɴɟɤɬɚ; 

8) ɜɫɬɪɨɟɧɧɵɣ ɢɧɬɟɪɮɟɣɫ rs-485 (ɩɪɨɬɨɤɨɥ Ɉȼȿɇ) 

9) ɲɢɪɨɤɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɤɨɧɮɢɝɭɪɢɪɨɜɚɧɢɹ:  

– ɩɪɨɝɪɚɦɦɚ ɛɵɫɬɪɨɝɨ ɫɬɚɪɬɚ EasyGo; 

– ɩɪɨɝɪɚɦɦɚ « Ʉɨɧɮɢɝɭɪɚɬɨɪ ɌɊɆ148 » ɞɥɹ ɫɜɨɛɨɞɧɨɝɨ 

ɤɨɧɮɢɝɭɪɢɪɨɜɚɧɢɹ ɩɪɢɛɨɪɚ; 

– ɡɚɞɚɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɫ ɥɢɰɟɜɨɣ ɩɚɧɟɥɢ ɩɪɢɛɨɪɚ. 

10) ɛɵɫɬɪɵɣ ɞɨɫɬɭɩ ɤ ɭɫɬɚɜɤɚɦ.  

Ⱦɥɹ ɤɨɧɬɪɨɥɹ ɬɟɦɩɟɪɚɬɭɪɵ ɢɫɫɥɟɞɭɟɦɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ 

ɨɛɴɟɤɬɚ ɩɪɢ ɩɪɨɦɵɲɥɟɧɧɨɦ ɢɫɩɨɥɶɡɨɜɚɧɢɢ, ɩɪɢɦɟɧɹɸɬɫɹ ɞɚɬɱɢɤɢ 
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ɫɥɟɞɭɸɳɢɯ ɤɥɚɫɫɨɜ: ɤɪɟɦɧɢɟɜɵɟ ɢ ɛɢɦɟɬɚɥɥɢɱɟɫɤɢɟ ɞɚɬɱɢɤɢ, ɠɢɞɤɨɫɬɧɵɟ ɢ 

ɝɚɡɨɜɵɟ ɬɟɪɦɨɦɟɬɪɵ ɢ ɬɟɪɦɨɢɧɞɢɤɚɬɨɪɵ ɢ ɞɪɭɝɢɟ. 

Ɂɞɟɫɶ ɩɪɢɜɟɞɟɧɵ ɪɚɡɧɨɪɨɞɧɵɟ ɩɪɨɜɨɞɧɢɤɢ ɫ ɪɚɡɧɵɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ 

ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ. Ɍɟɪɦɨɷɥɟɤɬɪɨɞɜɢɠɭɳɚɹ ɫɢɥɚ ɡɚɜɢɫɢɬ ɨɬ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɪɨɜɨɞɧɢɤɨɜ. ȼɯɨɞɧɨɣ ɜɟɥɢɱɢɧɨɣ ɬɟɪɦɨɩɚɪɵ ɹɜɥɹɟɬɫɹ 

ɬɟɦɩɟɪɚɬɭɪɚ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ, ɜɵɯɨɞɧɨɣ- ɬɟɪɦɨɷɥɟɤɬɪɨɞɜɢɠɭɳɚɹ 

ɫɢɥɚ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ   ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ 

ɩɪɨɰɟɫɫɚɦɢ ɚɫɮɚɥɶɬɨɭɤɥɚɞɱɢɤɚ ɩɪɨɜɨɞɢɥɨɫɶ ɩɭɬɟɦ:  

‒ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ ɪɚɛɨɬɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ;    

‒ ɩɪɨɜɟɞɟɧɢɹ ɥɚɛɨɪɚɬɨɪɧɵɯ ɢɫɩɵɬɚɧɢɣ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ 

ɭɩɪɚɜɥɟɧɢɹ; 

‒ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɨɰɟɫɫɚ ɭɤɥɚɞɤɢ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ 

ɫɦɟɫɢ.  

Ʉɨɧɬɭɪ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɩɪɢɜɟɞɟɧ 

ɧɚ ɪɢɫɭɧɤɟ 3.1.  

 

Ɋɢɫɭɧɨɤ 3.1 - Ʉɨɧɬɭɪ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ 

 Ɍɟɦɩɟɪɚɬɭɪɚ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɢɡɦɟɪɹɟɬɫɹ ɞɚɬɱɢɤɨɦ (Ɍ), ɞɚɥɟɟ 

ɷɬɚ ɜɟɥɢɱɢɧɚ ɩɨɫɬɭɩɚɟɬ ɧɚ ɭɫɬɪɨɣɫɬɜɨ ɫɪɚɜɧɟɧɢɹ (ɋɍ) ɢɡɦɟɪɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ 
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ɬɟɦɩɟɪɚɬɭɪɵ (Ɍɢɡɦ) ɢ ɡɚɞɚɧɧɨɝɨ (Tɡɚɞ). ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɡɧɨɫɬɢ ɦɟɠɞɭ 

ɬɟɦɩɟɪɚɬɭɪɨɣ ɭɫɬɚɜɤɢ ɢ ɢɡɦɟɪɟɧɧɵɦ ɡɧɚɱɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɪɟɝɭɥɹɬɨɪ (Ɋ) 

ɜɵɪɚɛɚɬɵɜɚɟɬ ɫɢɝɧɚɥ, ɜɨɡɞɟɣɫɬɜɭɸɳɢɣ ɧɚ ɝɢɞɪɨɩɪɢɜɨɞ (Ƚɉ) ɲɧɟɤɨɜɨɝɨ 

ɪɚɫɩɪɟɞɟɥɢɬɟɥɹ (ɒ). Ƚɢɞɪɨɩɪɢɜɨɞ ɪɟɝɭɥɢɪɭɟɬ ɱɚɫɬɨɬɭ ɜɪɚɳɟɧɢɹ ɝɢɞɪɨɦɨɬɨɪɚ 

ɩɪɢ ɤɨɬɨɪɨɦ ɨɲɢɛɤɚ ε = Tɡɚɞ – Ɍɢɡɦ ɛɭɞɟɬ ɫɬɪɟɦɢɬɶɫɹ ɤ ɧɭɥɸ. 

Ɍɟɪɦɨɷɥɟɤɬɪɢɱɟɫɤɢɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ (ɬɟɪɦɨɩɚɪɚ) ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ 

ɫɨɟɞɢɧɟɧɧɵɯ ɧɚ ɨɞɧɨɦ ɢɡ ɤɨɧɰɨɜ ɩɪɨɜɨɞɧɢɤɨɜ, ɢɡɝɨɬɨɜɥɟɧɧɵɯ ɢɡ ɦɟɬɚɥɥɨɜ, 

ɨɛɥɚɞɚɸɳɢɯ ɪɚɡɧɵɦɢ ɬɟɪɦɨ-ɷɥɟɤɬɪɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ. ɋɨɟɞɢɧɟɧɧɵɟ 

ɤɨɧɰɵ, ɧɚɡɵɜɚɟɦɵɟ ɪɚɛɨɱɢɦ ɫɩɚɟɦ, ɨɩɭɫɤɚɸɬ ɜ ɢɡɦɟɪɹɟɦɭɸ ɫɪɟɞɭ, ɚ 

ɫɜɨɛɨɞɧɵɟ ɤɨɧɰɵ ɬɟɪɦɨɩɚɪɵ (ɯɨɥɨɞɧыɣ ɫɩɚɣ) ɩɨɞɤɥɸɱɚɸɬ ɤɨ ɜɯɨɞɭ ɌɊɆ12 

(ɤɥɟɦɦɵ 10 ɢ 11) (ɪɢɫɭɧɨɤ 3.2). ȿɫɥɢ ɬɟɦɩɟɪɚɬɭɪɵ «ɪɚɛɨɱɟɝɨ» ɢ «ɯɨɥɨɞɧɨɝɨ 

ɫɩɚɟɜ» ɪɚɡɥɢɱɧɵ, ɬɨ ɬɟɪɦɨɩɚɪɚ ɜɵɪɚɛɚɬɵɜɚɟɬ ɬɟɪɦɨɗȾɋ, ɤɨɬɨɪɚɹ ɢ ɩɨɞɚɟɬɫɹ 

ɧɚ ɢɡɦɟɪɢɬɟɥɶ. 

  

 

 

 

 

 

 

 

Ɋɢɫɭɧɨɤ 3.2 - ɋɯɟɦɚ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɤɨɦɩɟɧɫɚɰɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɫɜɨɛɨɞɧɵɯ 

ɤɨɧɰɨɜ ɬɟɪɦɨɩɚɪɵ 

 

Ɇɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɣ ɢɡɦɟɪɢɬɟɥɶ-ɪɟɝɭɥɹɬɨɪ ɌɊɆ151 ɜɵɩɨɥɧɹɟɬ 

ɫɥɟɞɭɸɳɢɟ ɨɫɧɨɜɧɵɟ ɮɭɧɤɰɢɢ: 
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1) ɢɡɦɟɪɟɧɢɟ ɮɢɡɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɨɛɴɟɤɬɚ, ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ɜɯɨɞɧɵɦɢ 

ɩɟɪɜɢɱɧɵɦɢ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹɦɢ; 

2) ɰɢɮɪɨɜɚɹ ɮɢɥɶɬɪɚɰɢɹ ɢɡɦɟɪɟɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɨɬ ɩɪɨɦɵɲɥɟɧɧɵɯ 

ɢɦɩɭɥɶɫɧɵɯ ɩɨɦɟɯ; 

3) ɤɨɪɪɟɤɰɢɹ ɢɡɦɟɪɟɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɞɥɹ ɭɫɬɪɚɧɟɧɢɹ ɩɨɝɪɟɲɧɨɫɬɟɣ 

ɩɟɪɜɢɱɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ; 

4) ɜɵɱɢɫɥɟɧɢɟ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ɨɛɴɟɤɬɚ ɩɨ ɡɚɞɚɧɧɨɣ ɮɨɪɦɭɥɟ; 

5) ɨɬɨɛɪɚɠɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɢɡɦɟɪɟɧɢɣ ɢɥɢ ɜɵɱɢɫɥɟɧɢɣ ɧɚ ɜɫɬɪɨɟɧɧɨɦ 

ɫɜɟɬɨɞɢɨɞɧɨɦ ɱɟɬɵɪɟɯɪɚɡɪɹɞɧɨɦ ɰɢɮɪɨɜɨɦ ɢɧɞɢɤɚɬɨɪɟ; 

6) ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɮɢɡɢɱɟɫɤɨɣ ɜɟɥɢɱɢɧɵ ɩɨ ɉɂȾ ɢɥɢ ɞɜɭɯɩɨɡɢɰɢɨɧɧɨɦɭ 

ɡɚɤɨɧɭ; 

7) ɪɟɚɥɢɡɚɰɢɸ ɤɨɪɪɟɤɰɢɢ ɪɟɝɭɥɢɪɭɟɦɨɣ ɮɢɡɢɱɟɫɤɨɣ ɜɟɥɢɱɢɧɵ ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɡɚɞɚɜɚɟɦɵɦɢ ɝɪɚɮɢɤɚɦɢ ɢɡɦɟɧɟɧɢɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɤɚɤ ɨɬ 

ɜɧɟɲɧɢɯ ɩɚɪɚɦɟɬɪɨɜ, ɬɚɤ ɢ/ɢɥɢ ɨɬ ɜɪɟɦɟɧɢ; 

8) ɪɟɝɢɫɬɪɚɰɢɹ ɢɡɦɟɪɟɧɧɨɣ ɢɥɢ ɜɵɱɢɫɥɟɧɧɨɣ ɮɢɡɢɱɟɫɤɨɣ ɜɟɥɢɱɢɧɵ; 

9) ɮɨɪɦɢɪɨɜɚɧɢɟ ɚɜɚɪɢɣɧɨɝɨ ɫɢɝɧɚɥɚ ɩɪɢ ɨɛɧɚɪɭɠɟɧɢɢ ɧɟɢɫɩɪɚɜɧɨɫɬɢ 

ɩɟɪɜɢɱɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɫ ɨɬɨɛɪɚɠɟɧɢɟɦ ɟɝɨ ɩɪɢɱɢɧɵ ɧɚ ɰɢɮɪɨɜɨɦ 

ɢɧɞɢɤɚɬɨɪɟ; 

10) ɮɨɪɦɢɪɨɜɚɧɢɟ ɚɜɚɪɢɣɧɨɝɨ ɫɢɝɧɚɥɚ ɩɪɢ ɨɛɧɚɪɭɠɟɧɢɢ 

ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɢɫɩɨɥɧɢɬɟɥɶɧɨɝɨ ɦɟɯɚɧɢɡɦɚ (ɤɨɧɬɪɨɥɶ LBA_ɚɜɚɪɢɢ); 

11) ɨɬɨɛɪɚɠɟɧɢɟ ɡɚɞɚɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɧɚ ɜɫɬɪɨɟɧɧɨɦ 

ɫɜɟɬɨɞɢɨɞɧɨɦ ɰɢɮɪɨɜɨɦ ɢɧɞɢɤɚɬɨɪɟ. 

ɋɯɟɦɵ ɩɨɞɤɥɸɱɟɧɢɹ ɌɊɆ 151 ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 3.3. 
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Ɋɢɫɭɧɨɤ 3.3 - Ɉɛɳɚɹ ɫɯɟɦɚ ɩɨɞɤɥɸɱɟɧɢɹ ɪɟɝɭɥɹɬɨɪɚ Ɉȼȿɇ ɌɊɆ 151 

 

Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ Ⱥɋɍ ɱɚɫɬɨɬɨɣ ɜɪɚɳɟɧɢɹ ɞɜɢɝɚɬɟɥɹ 

ɥɚɛɨɪɚɬɨɪɧɨɣ ɭɫɬɚɧɨɜɤɢ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 3.4. 

 

Ɋɢɫɭɧɨɤ 3.4 - Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ Ⱥɋɍ ɱɚɫɬɨɬɨɣ ɜɪɚɳɟɧɢɹ ɞɜɢɝɚɬɟɥɹ 

ɥɚɛɨɪɚɬɨɪɧɨɣ ɭɫɬɚɧɨɜɤɢ: Ɍ - ɞɚɬɱɢɤ ɬɟɦɩɟɪɚɬɭɪɵ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ; 

Ɇ - ɞɜɢɝɚɬɟɥɶ ɭɫɬɚɧɨɜɤɢ 
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 Ʉɚɧɚɥ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɞɜɢɝɚɬɟɥɹ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ 

ɜɯɨɞɧɨɟ ɭɫɬɪɨɣɫɬɜɨ, ɪɟɝɭɥɹɬɨɪ ɢ ɜɵɯɨɞɧɨɟ ɭɫɬɪɨɣɫɬɜɨ.  

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɧɚ ɚɫɮɚɥɶɬɨɭɤɥɚɞɱɢɤɟ 

MARINI MF 805 (ɪɢɫɭɧɨɤ 3.5). 

 

 

 

Ɋɢɫɭɧɨɤ 3.5 -  Ɉɛɳɢɣ ɜɢɞ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 

 

Ɉɰɟɧɤɚ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɬɨɱɧɨɫɬɶɸ ɢɡɦɟɪɟɧɢɣ, ɜɵɛɨɪɨɦ ɱɢɫɥɚ ɧɟɨɛɯɨɞɢɦɵɯ ɨɩɵɬɨɜ, ɦɟɬɨɞɚɦɢ 

ɨɛɪɚɛɨɬɤɢ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɨɛɨɫɧɨɜɚɧɢɟɦ ɫɞɟɥɚɧɧɵɯ ɞɨɩɭɳɟɧɢɣ. 

Ɉɰɟɧɤɚ ɬɨɱɧɨɫɬɢ ɢɡɦɟɪɟɧɢɹ ɤɚɠɞɨɝɨ ɩɚɪɚɦɟɬɪɚ ɩɪɨɢɡɜɨɞɢɥɚɫɶ ɫɥɟɞɭɸɳɢɦ 

ɨɛɪɚɡɨɦ.  

ɋɪɟɞɧɟɟ ɚɪɢɮɦɟɬɢɱɟɫɤɨɟ ɪɹɞɚ ɧɚɛɥɸɞɟɧɢɣ, ɬ.ɟ. ɧɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɨɟ 

ɡɧɚɱɟɧɢɟ ɦɧɨɝɨɤɪɚɬɧɨ ɢɡɦɟɪɟɧɧɨɣ ɜɟɥɢɱɢɧɵ ɪɚɜɧɨ: 

,
n

1i n
i
x

X 


                        (3.1)
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ɝɞɟ    xi – ɪɟɡɭɥɶɬɚɬ i – ɝɨ ɧɚɛɥɸɞɟɧɢɹ;  

          n – ɱɢɫɥɨ ɧɚɛɥɸɞɟɧɢɣ. 

 

Ɉɬɤɥɨɧɟɧɢɟ ɪɟɡɭɥɶɬɚɬɚ ɨɬɞɟɥɶɧɨɝɨ ɧɚɛɥɸɞɟɧɢɹ ɨɬ ɫɪɟɞɧɟɝɨ 

ɚɪɢɮɦɟɬɢɱɟɫɤɨɝɨ ɪɚɜɧɨ: 

XiXiΔ                          (3.2)  

ɋɪɟɞɧɟɟ ɤɜɚɞɪɚɬɢɱɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɩɨɝɪɟɲɧɨɫɬɢ (ɋɄɈ): 

 






n

1i

2
iΔ1n

1σ           (3.3)  

ɋɪɟɞɧɟɟ ɤɜɚɞɪɚɬɢɱɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɢɡɦɟɪɟɧɢɣ: 

n
σ

ɋσ   .            (3.4)  

Ⱦɨɜɟɪɢɬɟɥɶɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɪɚɜɧɨ ɞɨɜɟɪɢɬɟɥɶɧɨɦɭ ɢɧɬɟɪɜɚɥɭ: 

,NσɋtΔ             (3.5)  

ɝɞɟ     tɋ – ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɋɬɶɸɞɟɧɬɚ ɩɪɢ ɡɚɞɚɧɧɨɦ ɡɧɚɱɟɧɢɢ 

ɞɨɜɟɪɢɬɟɥɶɧɨɣ ɜɟɪɨɹɬɧɨɫɬɢ Ɋ (ɬɚɛɥɢɰɚ 3.1). 

 

Ɍɚɛɥɢɰɚ 3.1 - Ɂɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɋɬɶɸɞɟɧɬɚ              

Ɋ =0,68 Ɋ =0,95 Ɋ =0,99 

n tɋ  n tɋ  n tɋ  

2 2,0 2 12,7 2 63,7 

3 1,3 3 4,3 3 9,9 

4 1,3 4 3,2 4 5,8 

5 1,2 5 2,8 5 4,6 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 3.1 

Ɋ =0,68 Ɋ =0,95 Ɋ =0,99 

n tɋ  n tɋ  n tɋ  

6 1,2 6 2,6 6 4,0 

7 1,1 7 2,4 7 3,7 

8 1,1 8 2,4 8 3,5 

9 1,1 9 2,3 9 3,4 

10 1,1 10 2,3 10 3,3 

15 1,1 15 2,1 15 3,0 

20 1,1 20 2,1 20 2,9 

30 1,1 30 2,0 30 2,8 

100 1,0 100 2,0 100 2,6 

 

Ɉɬɧɨɫɢɬɟɥɶɧɨɟ ɞɨɜɟɪɢɬɟɥɶɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

 

100%
X

Δδ 





                                (3.6) 

 

Ɉɤɨɧɱɚɬɟɥɶɧɵɣ ɪɟɡɭɥɶɬɚɬ ɡɚɩɢɫɵɜɚɸɬ ɜ ɜɢɞɟ XX . 

 ɉɪɨɜɟɪɤɚ ɝɢɩɨɬɟɡɵ ɨ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɪɟɡɭɥɶɬɚɬɨɜ ɧɚɛɥɸɞɟɧɢɣ 

ɧɨɪɦɚɥɶɧɨɦɭ ɪɚɫɩɪɟɞɟɥɟɧɢɸ ɜɵɩɨɥɧɹɥɚɫɶ ɫɪɚɜɧɟɧɢɟɦ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ 

ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫ ɩɪɟɞɩɨɥɚɝɚɟɦɨɣ ɬɟɨɪɟɬɢɱɟɫɤɨɣ. ȼ ɢɬɨɝɟ ɢɡɦɟɪɟɧɢɹ 

ɮɢɡɢɱɟɫɤɨɝɨ ɩɚɪɚɦɟɬɪɚ ɫɮɨɪɦɢɪɨɜɚɥɫɹ ɦɚɫɫɢɜ ɏi ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ. 

Ɉɩɪɟɞɟɥɢɬɶ ɜ ɧɟɦ ɦɢɧɢɦɚɥɶɧɨɟ ɏmin ɢ ɦɚɤɫɢɦɚɥɶɧɨɟ ɏmax ɡɧɚɱɟɧɢɹ.  
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3.2 Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ  

 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ ɭɩɪɚɜɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɨɣ ɪɟɝɭɥɹɬɨɪɨɦ ɌɊɆ151 

ɩɪɨɜɨɞɢɥɢɫɶ ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ. ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɥɚɛɨɪɚɬɨɪɧɨɝɨ 

ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 3.7. 

 

 

 

 

 

 

 

 

 

 

Ɋɢɫɭɧɨɤ 3.7 - ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ: 

1 – ɞɚɬɱɢɤ ɬɟɦɩɟɪɚɬɭɪɵ. 2 -ɭɧɢɜɟɪɫɚɥɶɧɵɣ ɩɪɨɝɪɚɦɦɧɵɣ ɉɂȾ 

ɪɟɝɭɥɹɬɨɪ. 3 – ɫɟɪɜɨɡɨɥɨɬɧɢɤ.  4 - ɞɜɢɝɚɬɟɥɶ 

 

 ɉɪɨɰɟɫɫ ɨɯɥɚɠɞɟɧɢɹ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ, ɢɡɦɟɪɟɧɧɵɣ 

ɢɡɦɟɪɢɬɟɥɟɦ-ɪɟɝɭɥɹɬɨɪɨɦ ɌɊɆ151 ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫɭɧɤɟ 3.9.  

 1 

 2 

 3  4 
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Ɋɢɫɭɧɨɤ 3.9 - ɉɪɨɰɟɫɫ ɨɯɥɚɠɞɟɧɢɹ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ, ɨɩɪɟɞɟɥɟɧɧɵɣ 

ɢɡɦɟɪɢɬɟɥɟɦ-ɪɟɝɭɥɹɬɨɪɨɦ ɌɊɆ151 

Ɂɚɜɢɫɢɦɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɠɢɦɚ ɧɚɝɪɟɜɚɬɟɥɟɣ ɥɚɛɨɪɚɬɨɪɧɨɣ 

ɭɫɬɚɧɨɜɤɢ ɫ ɉɂȾ-ɪɟɝɭɥɹɬɨɪɨɦ ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 3.10. 

 

Ɋɢɫɭɧɨɤ 3.10 - Ɂɚɜɢɫɢɦɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɠɢɦɚ ɧɚɝɪɟɜɚɬɟɥɟɣ ɫ 

ɉɂȾ ɪɟɝɭɥɢɪɨɜɚɧɢɟɦ 

y = -348710x3 + 526382x2 - 263334x + 43722

R² = Ϭ,ϵϰϰϳ

y = -340534x3 + 516937x2 - 259911x + 43354

R² = Ϭ,ϵϮϱϰ
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Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɬɟɦɩɟɪɚɬɭɪɧɨɣ 

ɫɟɝɪɟɝɚɰɢɢ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɟɫɥɢ ɬɟɦɩɟɪɚɬɭɪɚ 

«ɯɨɥɨɞɧɨɝɨ ɩɹɬɧɚ» ɜɫɟɝɨ ɧɚ 140C ɦɟɧɶɲɟ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɵ ɭɥɨɠɟɧɧɨɣ 

ɫɦɟɫɢ, ɬɨ ɩɨɫɥɟ ɟɟ ɭɩɥɨɬɧɟɧɢɹ ɜ ɪɚɣɨɧɟ ɩɹɬɧɚ ɜɨɡɞɭɲɧɚɹ ɩɨɪɢɫɬɨɫɬɶ 

ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ ɧɚ 2% ɩɪɟɜɵɲɚɟɬ ɫɪɟɞɧɸɸ. ɉɪɢ ɫɪɟɞɧɟɣ ɩɨɪɢɫɬɨɫɬɢ 

ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ ɜ ɩɨɤɪɵɬɢɢ 5% ɨɧɚ ɩɨɥɭɱɢɬɫɹ ɜ ɡɨɧɟ «ɯɨɥɨɞɧɨɝɨ ɩɹɬɧɚ» 

ɛɨɥɶɲɟ 7%, ɚ ɷɬɨ ɩɪɢɜɟɞɟɬ ɤ ɩɪɟɠɞɟɜɪɟɦɟɧɧɨɦɭ ɩɨɹɜɥɟɧɢɸ ɥɨɤɚɥɶɧɵɯ 

ɩɨɜɪɟɠɞɟɧɢɣ ɩɨɤɪɵɬɢɹ. Ⱦɪɭɝɨɝɨ ɪɨɞɚ «ɯɨɥɨɞɧɵɟ ɩɹɬɧɚ» ɜɨɡɧɢɤɚɸɬ ɨɬ 

ɨɫɬɚɧɨɜɨɤ ɭɤɥɚɞɱɢɤɚ ɜ ɨɠɢɞɚɧɢɢ ɫɦɟɫɢ ɢɥɢ ɟɟ ɡɚɝɪɭɡɤɢ ɢɡ ɫɚɦɨɫɜɚɥɚ. ȼ ɷɬɢɯ 

ɫɥɭɱɚɹɯ ɩɨɥɭɱɚɟɬɫɹ ɛɨɥɶɲɨɟ «ɯɨɥɨɞɧɨɟ ɩɹɬɧɨ», ɜ ɩɪɟɞɟɥɚɯ ɤɨɬɨɪɨɝɨ 

ɬɟɦɩɟɪɚɬɭɪɚ ɫɦɟɫɢ ɩɨɫɥɟ 20-ɦɢɧɭɬɧɨɣ ɨɫɬɚɧɨɜɤɢ ɭɤɥɚɞɱɢɤɚ ɦɨɠɟɬ ɛɵɬɶ ɧɚ 50-

550ɋ ɧɢɠɟ ɬɟɦɩɟɪɚɬɭɪɵ ɨɫɬɚɥɶɧɨɣ ɱɚɫɬɢ ɫɦɟɫɢ. ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɜɨɡɞɭɯɚ ɜ 

ɬɟɧɢ 150ɋ ɦɢɧɢɦɚɥɶɧɚɹ ɬɪɟɛɭɟɦɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɭɥɨɠɟɧɧɨɣ ɫɦɟɫɢ ɫɨɫɬɚɜɥɹɟɬ 

1200ɋ.    ȼ ɩɪɟɞɟɥɚɯ ɬɚɤɨɝɨ ɩɹɬɧɚ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ 70-900ɋ ɬɪɟɛɭɟɦɚɹ ɫɬɟɩɟɧɶ 

ɭɩɥɨɬɧɟɧɢɹ ɫɦɟɫɢ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɞɨɫɬɢɝɧɭɬɚ. 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɨɛɫɥɟɞɨɜɚɧɢɹ ɞɨɪɨɝ ɭɫɬɚɧɨɜɥɟɧɨ [1], ɱɬɨ ɩɪɢ ɧɟɛɨɥɶɲɨɣ 

ɫɟɝɪɟɝɚɰɢɢ ɜɨɡɞɭɲɧɚɹ ɩɨɪɢɫɬɨɫɬɶ ɜ ɟё ɡɨɧɟ ɩɪɢɦɟɪɧɨ ɧɚ 2% ɛɨɥɶɲɟ, ɱɟɦ ɜ ɬɨɣ 

ɡɨɧɟ ɩɨɤɪɵɬɢɹ, ɝɞɟ ɫɟɝɪɟɝɚɰɢɢ ɧɟɬ; ɩɪɢ ɫɪɟɞɧɟɦ ɠɟ ɭɪɨɜɧɟ ɫɟɝɪɟɝɚɰɢɢ 

ɩɨɪɢɫɬɨɫɬɶ ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ ɧɚ 4% ɛɨɥɶɲɟ, ɚ ɩɪɢ ɜɵɫɨɤɨɦ ɭɪɨɜɧɟ ɫɟɝɪɟɝɚɰɢɢ – 

ɫɜɵɲɟ 4%.  

ɂɡ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɩɵɬɚɧɢɣ ɨɛɪɚɡɰɨɜ ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ ɧɚ ɢɡɝɢɛ   ɜ 

ɢɧɬɟɪɜɚɥɟ ɩɨɪɢɫɬɨɫɬɢ ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ 3-13% ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɩɨɪɢɫɬɨɫɬɢ ɧɚ 

ɤɚɠɞɵɣ ɩɪɨɰɟɧɬ ɩɪɨɱɧɨɫɬɶ ɧɚ ɪɚɫɬɹɠɟɧɢɟ ɭɦɟɧɶɲɚɟɬɫɹ ɩɪɢɦɟɪɧɨ ɧɚ 7% [12].  

Ⱥɫɮɚɥɶɬɨɛɟɬɨɧ ɫ ɩɨɪɢɫɬɨɫɬɶɸ 3% ɢɦɟɟɬ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 50ɋ ɢ ɞɥɢɬɟɥɶɧɨɫɬɢ 

ɞɟɣɫɬɜɢɹ ɧɚɝɪɭɡɤɢ ɩɪɨɱɧɨɫɬɶ 10Ɇɉɚ. ɉɪɢ ɬɟɯ ɠɟ ɭɫɥɨɜɢɹɯ ɢ ɩɨɪɢɫɬɨɫɬɢ 6% 

ɚɫɮɚɥɶɬɨɛɟɬɨɧ ɛɭɞɟɬ ɢɦɟɬɶ ɩɪɨɱɧɨɫɬɶ 8Ɇɉɚ, ɬ.ɟ. ɧɚ 20% ɦɟɧɶɲɟ. ɑɢɫɥɨ 

ɩɨɜɬɨɪɧɵɯ ɧɚɝɪɭɡɨɤ, ɤɨɬɨɪɨɟ ɫɩɨɫɨɛɟɧ ɜɵɞɟɪɠɚɬɶ ɩɪɢ ɢɡɝɢɛɟ ɚɫɮɚɥɶɬɨɛɟɬɨɧ 

ɞɨ ɪɚɡɪɭɲɟɧɢɹ, ɩɪɢɦɟɪɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɱɟɬɜɟɪɬɨɣ ɫɬɟɩɟɧɢ ɟɝɨ ɩɪɨɱɧɨɫɬɢ 

ɧɚ ɢɡɝɢɛ. ɋɪɨɤ ɫɥɭɠɛɵ ɞɨ ɩɨɹɜɥɟɧɢɹ ɫɟɬɤɢ ɭɫɬɚɥɨɫɬɧɵɯ ɬɪɟɳɢɧ ɭ 

ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ ɫ ɩɨɪɢɫɬɨɫɬɶɸ 6% ɛɭɞɟɬ ɩɪɢɦɟɪɧɨ ɜ ɜɞɜɨɟ ɦɟɧɶɲɟ, ɱɟɦ ɭ 
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ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ ɫ ɩɨɪɢɫɬɨɫɬɶɸ 3%. Ȼɵɥɢ ɩɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ 

ɢɡɦɟɧɟɧɢɸ ɫɪɟɞɧɟɣ ɩɥɨɬɧɨɫɬɢ ɭɥɨɠɟɧɧɨɝɨ ɫɥɨɹ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɜ 

ɩɨɤɪɵɬɢɹɯ ɫ ɪɚɡɥɢɱɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ. Ⱦɥɹ ɷɬɨɝɨ ɛɵɥ ɜɵɛɪɚɧ ɭɱɚɫɬɨɤ 

ɫɜɟɠɟɭɥɨɠɟɧɧɨɝɨ ɩɨɤɪɵɬɢɹ, ɝɞɟ ɤɚɬɤɢ ɫɞɟɥɚɥɢ ɩɨ 4 ɩɪɨɯɨɞɚ ɩɨ ɨɞɧɨɦɭ ɫɥɟɞɭ. 

ɂɡɦɟɪɟɧɢɟ ɩɥɨɬɧɨɫɬɢ ɩɪɨɜɨɞɢɥɨɫɶ ɫ ɩɨɦɨɳɶɸ ɷɤɫɩɪɟɫɫ-ɩɪɢɛɨɪɚ PQI ɩɨ 

ɫɩɟɰɢɚɥɶɧɨ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɟɬɨɞɢɤɟ. 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɪɟɞɧɹɹ ɩɥɨɬɧɨɫɬɶ ɭɥɨɠɟɧɧɨɣ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ 

ɜ ɬɨɱɤɟ, ɝɞɟ ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɤɪɵɬɢɹ ɛɵɥɚ 83 °ɋ, ɫɨɫɬɚɜɥɹɟɬ 2,44 

ɝ/ɫɦ3, ɚ ɜ ɬɨɱɤɟ, ɝɞɟ ɬɟɦɩɟɪɚɬɭɪɚ ɛɵɥɚ 59,8 °ɋ, ɫɪɟɞɧɹɹ ɩɥɨɬɧɨɫɬɶ ɫɨɫɬɚɜɢɥɚ 2,41 

ɝ/ɫɦ3. ɉɪɢ ɞɚɥɶɧɟɣɲɟɦ ɭɩɥɨɬɧɟɧɢɢ ɪɚɡɧɢɰɚ ɜ ɩɥɨɬɧɨɫɬɹɯ ɧɚ ɞɚɧɧɵɯ ɬɨɱɤɚɯ 

ɫɨɯɪɚɧɹɟɬɫɹ, ɱɬɨ ɜɥɢɹɟɬ ɧɚ ɨɤɨɧɱɚɬɟɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɭɩɥɨɬɧɟɧɢɹ ɢ ɧɚ 

ɞɨɥɝɨɜɟɱɧɨɫɬɶ ɩɨɤɪɵɬɢɹ. ȼ ɪɚɫɫɦɨɬɪɟɧɧɨɦ ɫɥɭɱɚɟ ɪɚɡɧɢɰɚ ɩɨ ɬɟɦɩɟɪɚɬɭɪɟ ɜ 

ɪɚɡɥɢɱɧɵɯ ɬɨɱɤɚɯ ɧɟ ɩɪɟɜɵɲɚɥɚ 23 °ɋ. ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɧɨɣ 

ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜɟɪɨɹɬɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɧɟɞɨɭɩɥɨɬɧɟɧɧɵɯ 

ɭɱɚɫɬɤɨɜ ɩɨɤɪɵɬɢɹ, ɫɤɥɨɧɧɵɯ ɤ ɩɨɜɵɲɟɧɧɨɦɭ ɜɨɞɨɧɚɫɵɳɟɧɢɸ, 

ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯɫɹ ɩɨɧɢɠɟɧɧɨɣ ɩɪɨɱɧɨɫɬɶɸ ɢ ɫɞɜɢɝɨɭɫɬɨɣɱɢɜɨɫɬɶɸ. 
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4 Ɋɟɚɥɢɡɚɰɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ 

 

Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɪɟɠɢɦ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɛɨɱɟɣ 

ɬɟɦɩɟɪɚɬɭɪɨɣ ɜ ɞɢɚɩɚɡɨɧɟ +120ɨɋ   140 ɨɋ. ɉɨɧɢɠɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɫɦɟɫɢ 

ɜɟɞɟɬ ɤ ɩɨɹɜɥɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɫɟɝɪɟɝɚɰɢɢ. Ⱦɥɹ ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɰɟɫɫɨɦ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɫ ɢɫɤɥɸɱɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɧɨɣ 

ɫɟɝɪɟɝɚɰɢɢ ɪɚɡɪɚɛɨɬɚɧɚ ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɧɚ ɛɚɡɟ ɩɪɨɦɵɲɥɟɧɧɨɝɨ 

ɤɨɧɬɪɨɥɟɪɚ Siemens SIMATIC S7-1200.  

ɉɪɟɞɥɚɝɚɟɦɚɹ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɚɹ ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ (ɪɢɫɭɧɨɤ 4.1) 

ɫɧɚɛɠɟɧɚ ɤɨɧɬɪɨɥɟɪɨɦ Siemens SIMATIC S7-1200, ɞɚɬɱɢɤɚɦɢ ɬɟɦɩɟɪɚɬɭɪɵ 

(ɬɟɪɦɨɩɚɪɵ) ɞɚɬɱɢɤɚɦɢ ɩɟɪɟɦɟɳɟɧɢɹ.  

ɋɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɪɚɛɨɬɚɟɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. ɉɟɪɟɞ ɧɚɱɚɥɨɦ 

ɪɚɛɨɬ ɜ ɡɚɞɚɬɱɢɤ ɤɨɧɬɪɨɥɥɟɪɚ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɜɟɥɢɱɢɧɚ ɬɟɦɩɟɪɚɬɭɪɵ 

ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ. Ʉɨɧɬɪɨɥɥɟɪ ɨɩɪɟɞɟɥɹɟɬ ɬɟɦɩɟɪɚɬɭɪɭ 

ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɢ ɫɪɚɜɧɢɜɚɟɬ ɫ ɡɚɞɚɧɧɨɣ. ȿɫɥɢ ɬɪɟɛɭɟɦɵɣ ɩɚɪɚɦɟɬɪ 

ɧɟ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ, ɢɡ ɤɨɧɬɪɨɥɥɟɪɚ ɱɟɪɟɡ ɰɢɮɪɨ-ɚɧɚɥɨɝɨɜɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ 

(ɐȺɉ) ɩɨɫɬɭɩɚɟɬ ɚɧɚɥɨɝɨɜɵɣ ɫɢɝɧɚɥ ɧɚ ɢɫɩɨɥɧɢɬɟɥɶɧɵɣ ɦɟɯɚɧɢɡɦ (ɂɆ) ɞɥɹ 

ɤɨɪɪɟɤɬɢɪɨɜɤɢ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɱɚɫɬɨɬɭ ɜɪɚɳɟɧɢɹ ɜɢɧɬɚ ɪɚɩɪɟɞɟɥɢɬɟɥɹ.  

Ɍɚɤ ɤɚɤ ɜ ɞɚɧɧɨɣ ɜɟɪɫɢɢ ɡɚ ɨɫɧɨɜɭ ɛɵɥɚ ɜɡɹɬɚ ɦɨɞɟɥɶ ɚɫɮɚɥɶɬɨɭɤɥɚɞɱɢɤɚ 

MARINI MF, ɬɨ ɞɥɹ ɫɨɜɦɟɫɬɢɦɨɫɬɢ ɫ ɞɪɭɝɢɦɢ ɬɢɩɚɦɢ ɚɫɮɚɥɶɬɨɭɤɥɚɞɱɢɤɨɜ ɢ 

ɞɥɹ ɭɞɨɛɫɬɜɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɨɝɪɚɦɦɵ ɜɫɟ ɧɟɨɛɯɨɞɢɦɵɟ ɬɟɯɧɢɱɟɫɤɢɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ   ɜɵɧɟɫɟɧɵ ɜ ɛɥɨɤ ɤɨɧɬɪɨɥɥɟɪɚ S7-1200. 

ɂɧɮɨɪɦɚɰɢɹ ɨ ɪɚɛɨɬɟ Ⱥɋɍ ɨɬɨɛɪɚɠɚɟɬɫɹ ɧɚ ɷɤɪɚɧɟ ɞɢɫɩɥɟɹ ɜ ɰɢɮɪɨɜɨɦ 

ɢ ɝɪɚɮɢɱɟɫɤɨɦ ɜɢɞɟ.  

ȼ ɢɧɬɟɪɮɟɣɫɟ ɭɩɪɚɜɥɹɸɳɟɝɨ ɤɨɧɬɪɨɥɥɟɪɚ S7-1200 ɨɬɪɚɠɟɧɵ ɞɜɚ ɪɟɠɢɦɚ 

ɪɚɛɨɬɵ: ɪɭɱɧɨɣ ɢ ɚɜɬɨɦɚɬɢɱɟɫɤɢɣ (ɪɢɫɭɧɨɤ 4.1) ɚ ɬɚɤɠɟ ɞɢɚɩɚɡɨɧ ɪɚɛɨɱɢɯ 

ɬɟɦɩɟɪɚɬɭɪ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ.   

ɍɩɪɚɜɥɟɧɢɟ ɩɪɨɰɟɫɫɨɦ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɦɨɠɟɬ 

ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɤɚɤ ɜ ɪɭɱɧɨɦ, ɬɚɤ ɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ ɪɟɠɢɦɚɯ.  
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Ɋɢɫɭɧɨɤ 4.1 - ɂɧɬɟɪɮɟɣɫ ɭɩɪɚɜɥɹɸɳɟɝɨ ɤɨɧɬɪɨɥɥɟɪɚ S7-1200 

 

Ⱥɩɩɚɪɚɬɧɨ ɪɟɚɥɢɡɨɜɚɧɧɨɟ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ Ⱥɋɍ ɩɪɢɜɟɞɟɧɨ ɧɚ 

ɪɢɫɭɧɤɟ 4.2. 

ɉɪɨɝɪɚɦɦɚ, ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɧɚ ɨɫɧɨɜɟ   ɫɢɝɧɚɥɨɜ, ɩɨɫɬɭɩɚɸɳɢɯ ɨɬ 

ɬɟɪɦɨɩɚɪ, ɨɛɟɫɩɟɱɢɜɚɟɬ ɭɩɪɚɜɥɟɧɢɟ ɩɪɨɰɟɫɫɨɦ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɭɝɥɨɜɨɣ 

ɫɤɨɪɨɫɬɢ ɜɢɧɬɚ ɲɧɟɤɨɜɨɝɨ ɪɚɫɩɪɟɞɟɥɢɬɟɥɹ.  
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Ɋɢɫɭɧɨɤ 4.2 - Ⱥɩɩɚɪɚɬɧɨ ɪɟɚɥɢɡɨɜɚɧɧɨɟ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ Ⱥɋɍ 

1 - ɫɬɚɪɬɨɜɚɹ ɤɧɨɩɤɚ; PS - ɬɪɢɝɝɟɪ; A+ ɬɟɪɦɨɩɚɪɚ; Q - ɤɧɨɩɤɚ 

ɭɩɪɚɜɥɟɧɢɹ; ȼ - ɝɟɧɟɪɚɬɨɪ ɢɦɩɭɥɶɫɚ. 
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5 Ɉɰɟɧɤɚ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɜɧɟɞɪɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ 

ɪɚɛɨɬɵ 

 

Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɧɚɝɪɭɠɟɧɧɨɫɬɢ ɢ 

ɭɩɥɨɬɧɹɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ, ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ ɭɩɥɨɬɧɹɸɳɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɚɫɮɚɥɶɬɨɭɤɥɚɞɱɢɤɚ Ⱦɋ-173 

ɨɫɧɚɳɟɧɧɨɝɨ ɭɩɥɨɬɧɹɸɳɢɦ ɨɛɨɪɭɞɨɜɚɧɢɟɦ ɫ ɤɚɱɚɸɳɢɦɢɫɹ ɛɪɭɫɶɹɦɢ. 

ɉɨɥɭɱɟɧɨ, ɱɬɨ ɜ ɪɟɡɭɥɶɬɚɬɟ ɨɩɬɢɦɢɡɚɰɢɢ ɩɚɪɚɦɟɬɪɨɜ ɭɩɥɨɬɧɹɸɳɟɝɨ 

ɨɛɨɪɭɞɨɜɚɧɢɹ ɨɩɵɬɧɨɝɨ ɨɛɪɚɡɰɚ ɚɫɮɚɥɶɬɨɭɤɥɚɞɱɢɤɚ Ⱦɋ-173, ɦɨɠɧɨ ɞɨɫɬɢɱɶ 

ɫɧɢɠɟɧɢɹ ɧɚɝɪɭɠɟɧɧɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɝɢɞɪɨɩɪɢɜɨɞɚ ɛɨɥɟɟ ɱɟɦ 20%, 

ɭɦɟɧɶɲɢɬɶ ɡɚɬɪɚɬɵ ɦɨɳɧɨɫɬɢ ɧɟ ɩɪɢɜɨɞ ɢ ɩɨɜɵɫɢɬɶ ɞɨɥɝɨɜɟɱɧɨɫɬɶ 

ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɝɢɞɪɨɩɪɢɜɨɞɚ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ ɛɨɥɟɟ ɱɟɦ ɧɚ 20% ɛɟɡ ɫɧɢɠɟɧɢɹ 

ɭɩɥɨɬɧɹɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɚɫɮɚɥɶɬɨɭɤɥɚɞɱɢɤɚ. 

ȼ ɤɚɱɟɫɬɜɟ ɛɚɡɨɜɨɝɨ ɜɚɪɢɚɧɬɚ ɜɵɛɪɚɧ ɫɟɪɢɣɧɨ-ɜɵɩɭɫɤɚɟɦɵɣ ɜ ɧɚɫɬɨɹɳɟɟ 

ɜɪɟɦɹ ɤɨɥɟɫɧɵɣ ɚɫɮɚɥɶɬɨɭɤɥɚɞɱɢɤ Ⱦɋ-155. 

ɉɨ ɫɪɚɜɧɟɧɢɸ ɫ ɫɟɪɢɣɧɨ - ɜɵɩɭɫɤɚɟɦɵɦ ɤɨɥɟɫɧɵɦ ɚɫɮɚɥɶɬɨɭɤɥɚɞɱɢɤɨɦ 

Ⱦɋ-155 ɤɨɥɟɫɧɵɣ ɚɫɮɚɥɶɬɨɭɤɥɚɞɱɢɤ Ⱦɋ-173 ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɟ ɤɨɧɫɬɪɭɤɬɢɜɧɨ 

- ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ: 

- ɭɜɟɥɢɱɟɧɚ ɲɢɪɢɧɚ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ ɫ 4,5 ɞɨ 7ɦ; 

- ɬɪɚɧɫɩɨɪɬɧɚɹ ɫɤɨɪɨɫɬɶ ɦɚɲɢɧɵ ɭɜɟɥɢɱɟɧɚ ɜ 2 ɪɚɡɚ; 

- ɭɜɟɥɢɱɟɧ ɩɨɥɧɵɣ ɪɟɫɭɪɫ ɦɚɲɢɧɵ ɫ 7800 ɞɨ 8100 ɦɨɬɨ.-ɱɚɫ; 

- ɜɦɟɫɬɢɦɨɫɬɶ ɛɭɧɤɟɪɚ ɭɜɟɥɢɱɟɧɚ ɫ 10 ɞɨ 12ɬ; 

- ɭɥɭɱɲɟɧɵ ɭɞɟɥɶɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɦɚɲɢɧɵ; 

- ɫɨɤɪɚɳɟɧɨ ɜɪɟɦɹ ɧɚ ɬɟɯɧɢɱɟɫɤɨɟ ɨɛɫɥɭɠɢɜɚɧɢɟ; 

- ɦɚɤɫɢɦɚɥɶɧɚɹ ɬɨɥɳɢɧɚ ɭɤɥɚɞɵɜɚɟɦɨɝɨ ɫɥɨɹ ɭɜɟɥɢɱɟɧɚ ɫ 0,2 ɞɨ 0,3ɦ. 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 5.1. 
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       Ɍɚɛɥɢɰɚ 5.1- Ɋɚɫɱɟɬ ɝɨɞɨɜɨɣ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɟɣ ɍɫɥɨɜ 
ɧɨɟ 

ɨɛɨɡɧɚɱ
ɟɧɢɟ 

ȿɞɢɧɢɰɚ 
ɢɡɦɟɪɟ- 

ɧɢɹ 

Ɂɧɚɱɟɧɢɟ 
ɩɨɤɚɡɚɬɟɥɟɣ 

ɂɫɬɨɱɧɢɤ 
ɞɚɧɧɵɯ 

ȻɌ ɇɌ ȻɌ ɇɌ 

1 2 3 4 5 6 7 
Ɇɚɫɫɚ ɦɚɲɢɧɵ G ɬ 12,0 17,3 Ɍɍ Ɍɍ 
ɒɢɪɢɧɚ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ ȼɪɨ ɦ 4,5 7,0 Ɍɍ Ɍɍ 
ɋɪɟɞɧɹɹ ɧɚɪɚɛɨɬɤɚ ɧɚ ɨɬɤɚɡ Ɍɨɬɤ ɦɨɬɨ.- ɱ 240 300 Ʉɍ Ʉɍ 
ɋɪɟɞɧɢɣ ɪɟɫɭɪɫ ɞɨɹ ɩɟɪɜɨɝɨ 
ɤɚɩɢɬɚɥɶɧɨɝɨ ɪɟɦɨɧɬɚ 

Ɍɪ ɦɨɬɨ.- ɱ 9360 9720 Ʉɍ Ʉɍ 

Ʉɨɷɮɮɢɰɢɟɧɬ ɝɨɬɨɜɧɨɫɬɢ Ʉɝ - 0,9 0,94 Ʉɍ Ʉɍ 
Ɇɨɳɧɨɫɬɶ ɞɜɢɝɚɬɟɥɹ NeN ɤȼɬ 44 77 Ɍɍ Ɍɍ 
Ʉɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɯɨɞɚ ɨɬ 
ɬɟɯɧɢɱɟɫɤɨɣ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɤ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ 

Ʉɬ - 0,52 0,52 [33] 
ɬɚɛɥ.36 

ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɫɦɟɧɵ tɫɦ ɦɚɲ.-ɱ. 7,53 7,53  

Ʉɨɷɮɮɢɰɢɟɧɬ ɫɦɟɧɧɨɫɬɢ Ʉɫɦ - 1,88 1,88  

Ƚɨɞɨɜɨɣ ɮɨɧɞ ɪɚɛɨɱɟɝɨ 
ɜɪɟɦɟɧɢ 

Ɍɮ ɞɧɟɣ 220 220 [33] 
ɬɚɛɥ.13 

ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɪɚɛɨɬɵ 
ɦɚɲɢɧɵ ɧɚ ɨɛɴɟɤɬɟ 

Ɍɨɛ ɦɚɲ.-ɱ. 2500 1250 [33] 
ɬɚɛɥ.38 

ɑɢɫɥɨ ɪɚɛɨɱɢɯ, 
ɨɫɭɳɟɫɬɜɥɹɸɳɢɯ ɌɈ ɢ 
ɧɟɩɥɚɧɨɜɵɟ ɪɟɦɨɧɬɵ 

Ȼɪ ɱɟɥ. I I  

Ʉɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɜɨɞɚ 
ɨɩɟɪɚɬɢɜɧɨɝɨ ɜɪɟɦɟɧɢ ɜ 
ɨɛɳɟɟ ɜɪɟɦɹ ɪɚɛɨɬɵ 

Ʉɨɜ - 2,1 2,1 [33] 
Ɍɚɛɥ.36 

Ɉɩɬɨɜɚɹ ɰɟɧɚ ɤɚɩɢɬɚɥɶɧɨɝɨ 
ɪɟɦɨɧɬɚ 

ɐɤɪ ɪɭɛ. 8000  Ⱦɚɧɧɵɟ 
ɡɚɤɚɡɱɢɤɚ 

Ɉɩɬɨɜɚɹ ɰɟɧɚ ɦɚɲɢɧɵ ɐ ɪɭɛ. 29400 54680 ɉɪɨɟɤɬ ɡɚɜɨɞɚ 
ɍɞɟɥɶɧɵɟ ɡɚɬɪɚɬɵ ɧɚ 
ɩɟɪɜɨɧɚɱɚɥɶɧɭɸ ɞɨɫɬɚɜɤɭ 
ɬɟɯɧɢɤɢ ɢ ɦɨɧɬɚɠ 

Δɐɨ ɪɭɛ/ɬ 103,2 103,2 ɬɚɛɥ.43 

ɋɪɟɞɧɹɹ ɬɚɪɢɮɧɚɹ ɫɬɚɜɤɚ 
ɪɚɛɨɬɵ ɪɟɦɨɧɬɭ ɦɚɲɢɧɵ 

ɋɪ3 ɱɟɥ.ɱ. 1,0 1,0 [33] 
ɬɚɛɥ.36 

Ɍɚɪɢɮɧɚɹ ɫɬɚɜɤɚ 
ɦɚɲɢɧɢɫɬɚ 

ɋɬ ɪɭɛ./ɱ 1,4 1,4 [33] 
ɬɚɛɥ.3 

Ʉɨɷɮɮɢɰɢɟɧɬ, 
ɭɱɢɬɵɜɚɸɳɢɣ ɩɪɟɦɢɢ 
ɨɛɫɥɭɠɢɜɚɸɳɟɝɨ ɩɟɪɫɨɧɚɥɚ 
ɦɚɲɢɧɵ 

λ - 1,35 1,35 [33] 
ɩ.4.4 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 5.1 
1 2 3 4 5 6 

Ʉɨɷɮɮɢɰɢɟɧɬ, 
ɭɱɢɬɵɜɚɸɳɢɣ ɩɪɟɦɢɢ 
ɪɟɦɨɧɬɧɵɯ ɪɚɛɨɱɢɯ 

λɪ - 1,30 1,30 [33] 
ɩ.6.9 

Ƚɨɞɨɜɨɣ ɪɚɫɯɨɞ ɡɚɩɚɫɧɵɯ 
ɱɚɫɬɟɣ ɧɚ ɬɟɤɭɳɢɣ ɪɟɦɨɧɬ 

ɋ34Ɋ ɪɭɛ. 400 400 Ⱦɚɧɧɵɟ 
ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɇɨɪɦɚ ɧɚɤɥɚɞɧɵɯ ɪɚɫɯɨɞɨɜ ɇɪ - 0,21 0,21 [33] 
ɩ.4.3 

ɇɨɪɦɚ ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɯ 
ɨɬɱɢɫɥɟɧɢɣ ɧɚ ɪɟɧɨɜɚɰɢɸ 

Ɋɚ % 12 12 [33] 
ɬɚɛɥ.36 

ɇɨɪɦɚ ɩɥɚɧɨɜɵɯ 
ɧɚɤɨɩɥɟɧɢɣ 

ɉɧ - 0,08 0,08 [33] 
ɩ.4.3 

ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ qɟɧ 

... ɱɫɥ
ɝ  175 168 [33] 

ɬɚɛɥ.22 

Ʉɨɷɮɮɢɰɢɟɧɬ, 
ɭɱɢɬɵɜɚɸɳɢɣ ɢɡɦɟɧɟɧɢɟ 
ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɚ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɬɟɩɟɧɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɜɢɝɚɬɟɥɹ ɩɨ 
ɦɨɳɧɨɫɬɢ 

ɄN - 1.13 1.13  

Ʉɨɷɮɮɢɰɢɟɧɬ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɜɢɝɚɬɟɥɹ ɜɨ 
ɜɪɟɦɟɧɢ 

Ʉɞɜ  0,78 0,78 [33] 
ɬɚɛɥ.36 

Ʉɨɷɮɮɢɰɢɟɧɬ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɜɢɝɚɬɟɥɹ ɩɨ 
ɦɨɳɧɨɫɬɢ 

Ʉɞɦ - 0,3 0,3 [33] 
ɬɚɛɥ.36 

ɐɟɧɚ ɬɨɩɥɢɜɚ, Ʌ-02 ɐɬ ɪɭɛ/ɤɝ 0,06
8 

0,068 [33] 
ɬɚɛɥ.21 

Ʉɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɯɨɞɚ ɨɬ 
ɡɚɬɪɚɬ ɧɚ ɬɨɩɥɢɜɨ ɤ 
ɡɚɬɪɚɬɚɦ ɧɚ ɫɦɚɡɨɱɧɵɟ 
ɦɚɬɟɪɢɚɥɵ 

Ʉɫɬ - 0,22 0,22 [33] 
ɬɚɛɥ.24 

Ɉɛɴɟɦ ɝɢɞɪɨɫɢɫɬɟɦɵ Vɝ - 160 650 Ɍɍ Ɍɍ 
Ɉɛɴɟɦɧɚɹ ɦɚɫɫɚ ɦɚɫɥɚ Ɉɦ ɤɝ/ɥ 0,90

5 
0,905 [33] 

ɬɚɛɥ.21 
ɐɟɧɚ ɦɚɫɥɚ, ɆȽ-30 ɐɦ ɪɭɛ/ɤɝ 0,29 0,29 [33] 

ɬɚɛɥ.21 
Ʉɨɷɮɮɢɰɢɟɧɬ ɞɨɥɢɜɨɤ Ʉɞ - 1,5 1,5 [33] 

ɬɚɛɥ.24 
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       Ɍɚɛɥɢɰɚ 5. 2 - Ɋɟɦɨɧɬɧɵɣ ɰɢɤɥ ɚɫɮɚɥɶɬɨɭɤɥɚɞɱɢɤɚ 

ȼɢɞ ɌɈ 
ɢ Ɋ 

ɑɢɫɥɨ ɌɈ ɢ Ɋ ɜ 
ɨɞɧɨɦ ɪɟɦɨɧɬɧɨɦ 

ɰɢɤɥɟ, α 

Ɍɪɭɞɨɟɦɤɨɫɬɶ 
ɜɵɩɨɥɧɟɧɢɹ ɨɞɧɨɝɨ 
ɌɈ ɢ Ɋ, τ, ɱɟɥ.-ɱ  

ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬ
ɶ ɨɞɧɨɝɨ ɌɈ ɢ Ɋ, dɪ, 

ɪɚɛ.ɞɧɢ 

ɉɟɪɢɨɞɢɱɧɨɫɬɶ 
ɜɵɩɨɥɧɟɧɢɹ 

ɌɈ ɢ Ɋ, Ɍɪ,ɱɚɫ 

ȻɌ ɇɌ ȻɌ ɇɌ ȻɌ ɇɌ ȻɌ ɇɌ 
ɌɈ-I 117 123 2 1,6 0,2. 0,2 60 60 
ɌɈ-2 29 29 4 3,5 0,8 0,8 240 250 

Ɍ 9 9 380 400 5 5 980 1000 
Ʉ I I 600 600 13 13 9360 9720 

 

Ʉɨɥɢɱɟɫɬɜɨ ɦɚɲɢɧɨ-ɱɚɫɨɜ ɪɚɛɨɬɵ ɬɟɯɧɢɤɢ ɜ ɝɨɞɭ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ 

ɨɛ

n
ɪ

ɫɦɫɦ

ɮ
ɝ

Ɍ
d

D
Кt

Ɍ
Ɍ




1
 ,                                                                               (5.1) 

ɉɨɤɚɡɚɬɟɥɶ DP ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ 

,
)(

1
ɑ

ɈɌКcɦɫɦ

ɈɌК

Ɋ

m

i
inipi

P К
ɌtК

t

Ɍ

add
D






















                                                        (5.2) 

ɝɞɟ   dni – ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɨɠɢɞɚɧɢɹ ɪɟɦɨɧɬɚ, ɞɨɫɬɚɜɤɢ ɜ ɪɟɦɨɧɬ ɢ ɨɛɪɚɬɧɨ;          

dɪi – ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɩɪɟɛɵɜɚɧɢɹ ɬɟɯɧɢɤɢ ɜ i- ɦ  ɪɟɦɨɧɬɟ ɢɥɢ ɌɈ, ɞɧɢ; 

αi – ɤɨɥɢɱɟɫɬɜɨ i-ɯ  ɪɟɦɨɧɬɨɜ ɢɥɢ ɌɈ ɡɚ ɦɟɠɪɟɦɨɧɬɧɵɣ ɰɢɤɥ. 

 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɜɯɨɞɹɳɢɯ ɜ ɩɨɤɚɡɚɬɟɥɶ Dp ɫɨɫɬɚɜɢɦ 

ɪɟɦɨɧɬɧɵɣ ɰɢɤɥ ɫɨɝɥɚɫɧɨ ɬɚɛɥɢɰɟ 5.2. 

ɋɪɟɞɧɟɟ ɜɪɟɦɹ ɧɚ ɭɫɬɪɚɧɟɧɢɟ ɨɞɧɨɝɨ ɨɬɤɚɡɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

 

Ƚ

ɈȼȽɈɌК
ɈɌК К

ККɌ
t

)1( 
 ,                                                                                (5.3) 
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ɨɬɤɚɡɱɦɚɲtɈɌК /.56
9,0

1,2)9,01(240' 


  

ɨɬɤɚɡɱɦɚɲtɈɌК /.2,40
94,0

1,2)94,01(300" 


 . 

 

Ⱦɥɹ ɇɌ ɫ ɨɩɬɢɦɚɥɶɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ: 

 

ɨɬɤɚɡɱɦɚɲtɈɌК /.48,19
97,0

1,2)97,01(300"' 


  

Ɍɨɝɞɚ ɩɨɤɚɡɚɬɟɥɶ Dɪ ɩɨɫɥɟ ɨɩɪɟɞɟɥɟɧɢɹ ɫɪɟɞɧɟɝɨ ɜɪɟɦɟɧɢ ɧɚ ɭɫɬɪɚɧɟɧɢɟ 

ɨɞɧɨɝɨ ɨɬɤɚɡɚ ɩɪɢɦɟɬ ɫɥɟɞɭɸɳɢɟ ɡɧɚɱɟɧɢɹ: 

 

ɱɦɚɲ
ɞɧɢ

DP 











 

.
10076,13,0

24053,788,1

56

9360

9)105(298,01172,0 2'
 

 

ɱɦɚɲ
ɞɧɢ

DP 











 

.
105,83,0

30053,788,1

2,40

9720

9)105(298,01172,0 3"
 

 

ɱɦɚɲ
ɞɧɢ

DɊ 











 

.
1001,73,0

30053,788,1

48,19

9720

9)105(298,01172,0 3'"
 

 

Ɉɬɫɸɞɚ ɤɨɥɢɱɟɫɬɜɨ ɦɚɲɢɧɨ-ɱɚɫɨɜ ɪɚɛɨɬɵ ɬɟɯɧɢɤɢ ɜ ɝɨɞɭ: 

 

ɱɦɚɲɌ Ƚ 







.2678

2500

2
10076,1

53,788,1

1
220

2

'
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ɱɦɚɲɌ Ƚ 







.2726

1250

2
105.8

53,788,1

1
220

3

"
 

 

ɱɦɚɲɌ Ƚ 







.2777

1250

2
1001,7

53,788,1

1
220

3

""  

 

Ƚɨɞɨɜɚɹ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ȻɌ: ȼ" = 184434 ɬ/ɝɨɞ 

ɨɩɪɟɞɟɥɟɧɚ ɢ ɫɨɝɥɚɫɨɜɚɧɚ ɫ ɡɚɤɚɡɱɢɤɨɦ ɧɚ ɫɬɚɞɢɢ ɩɪɢɟɦɨɱɧɵɯ ɢɫɩɵɬɚɧɢɣ ɢ 

ɩɨɫɬɚɧɨɜɤɢ ɧɚ ɫɟɪɢɣɧɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ ɚɫɮɚɥɶɬɨɭɤɥɚɞɱɢɤɚ Ⱦɋ-155. 

Ƚɨɞɨɜɚɹ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɇɌ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ 

 

 '" BB ,                                                                                                   (5.4) 

ɝɞɟ     β – ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɦɟɪɟɧɢɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɇɌ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ȻɌ. 

 

Ʉɨɷɮɮɢɰɢɟɧɬ β ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

ɌȽO   ,                                                                                                (5.5) 

ɝɞɟ  β0 – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɢɡɦɟɧɟɧɢɟ ɱɚɫɨɜɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ; 

βɌȽ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɢɡɦɟɧɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɱɚɫɨɜ ɪɚɛɨɬɵ ɜ 

ɝɨɞ. 

 

ȼ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɬɟɯɧɨɥɨɝɢɹ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬ ɧɟ ɢɡɦɟɧɹɟɬɫɹ ɢ 

ɚɫɮɚɥɶɬɨɭɤɥɚɞɱɢɤ Ⱦɋ-173 ɭɤɥɚɞɵɜɚɟɬ ɞɨɪɨɠɧɨɟ ɩɨɤɪɵɬɢɟ ɲɢɪɢɧɨɣ 7ɦ ɜ ɞɜɚ 

ɪɚɡɚ ɛɵɫɬɪɟɟ ɤɨɷɮɮɢɰɢɟɧɬ β0 = 2. 
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03,2
2678

2726
22

'

"

0 
Ƚ

Ƚ
ɌȽ Ɍ

Ɍ  

ɝɨɞ
Ɍȼ 37548003.2184434"   

ɝɨɞ
Ɍ

Ɍ
Ɍȼȼ

Ƚ

Ƚ 382505
2726

2777
375480

"

"'
""'   

 

Ɋɚɫɱɟɬ ɝɨɞɨɜɵɯ ɬɟɤɭɳɢɯ ɪɚɫɯɨɞɨɜ ɩɨɬɪɟɛɢɬɟɥɹ ɛɟɡ ɨɬɱɢɫɥɟɧɢɣ ɧɚ 

ɪɟɧɨɜɚɰɢɸ: 

Ƚɨɞɨɜɵɟ ɬɟɤɭɳɢɟ ɪɚɫɯɨɞɵ ɧɚ ɤɚɩɢɬɚɥɶɧɵɣ ɪɟɦɨɧɬ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ 

Ɋ

КɊɐȽ
КɊ Ɍ

ɐКɌ
ɋ  ,                                                                                          (5.6) 

ɪɭɛɋКɊ 6878000
9360

3.02678' 


  

ɪɭɛɋКɊ 1252
29400

54680
8000

9720

3.02726" 


  

ɪɭɛɋКɊ 1275
29400

54680
8000

9720

3.02777'" 


  

Ƚɨɞɨɜɵɟ ɬɟɤɭɳɢɟ ɪɚɫɯɨɞɵ ɧɚ ɡɚɪɩɥɚɬɭ ɪɚɛɨɱɢɯ, ɡɚɧɹɬɵɯ ɭɩɪɚɜɥɟɧɢɟɦ 

ɦɚɲɢɧɨɣ, ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 





Ȼ

i
TiȽɞɨɩɊ ɋɌККC

1
3  ,                                                                                 (5.7) 

ɝɞɟ   09,1
6,1

2,1 
ɋɆCɆ

ɞɨɩ tК
К . 

Ɍɨɝɞɚ: 
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          ɪɭɛɋЗ 74484,1267809,135,135,1'  ; 

            ɪɭɛɋЗ 75814,1272609,135,135,1"  ; 

 ɪɭɛɋЗ 77234,1277709,135,135,1"'  . 

 

Ƚɨɞɨɜɵɟ ɬɟɤɭɳɢɟ ɪɚɫɯɨɞɵ ɧɚ ɌɈ, ɌɊ ɢ ɧɟɩɥɚɧɨɜɵɟ ɪɟɦɨɧɬɵ 

ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ  

 

Ɋ
ɈɌК

ɊɈɌК

Ɋ

ii
ɑȽɊɊɊЗɊ ɋ

Ɍ
Ȼt

Ɍ
ra

КɌКɋC 342,1















  ,                                       (5.8)          

ɪɭɛɋɊ 1200'  ; 

        ɪɭɛɋɊ 1213"  ; 

        ɪɭɛɋɊ 1226"'  . 

 

Ƚɨɞɨɜɵɟ ɬɟɤɭɳɢɟ ɪɚɫɯɨɞɵ ɧɚ ɬɨɩɥɢɜɨ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ:  

 

        ȽɌɌЭɌ ɌWɐC  ,                                                                                              (5.9) 

ɝɞɟ   ɐɬ – ɰɟɧɚ ɬɨɩɥɢɜɚ Ʌ-02, ɫɨɝɥɚɫɧɨ ɩɪɟɣɫɤɭɪɚɧɬɭ 04-02  «Ɉɩɬɨɜɵɟ ɰɟɧɵ 

ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɧɚ ɧɟɮɬɟɩɪɨɞɭɤɬɵ»,Ɇ., 1980, ɫɨɫɬɚɜɥɹɟɬ 0,068 ɪɭɛ/ɤɝ;  

        Wɬ – ɱɚɫɨɜɨɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ, ɤɝ/ɱ.   

 

 ɑɚɫɨɜɨɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ Wɬ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

 

ɞɦɞɜNNeNɌ КKKqNW 31003,1  ,                                                                  (5.10) 

ɱ
ɤɝ

WɌ 86,23,078,013,1175601003,1 3'   , 

ɱ
ɤɝ

WɌ 80,43,078,013,11681051003,1 3''   , 
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ɪɭɛCЭɌ 521267886,2068,0'  , 

 

ɪɭɛCЭɌ 89027268,4068,0"  , 

 

ɪɭɛCЭɌ 90627778,4068,0"'  . 

 

Ƚɨɞɨɜɵɟ ɬɟɤɭɳɢɟ ɪɚɫɯɨɞɵ ɧɚ ɫɦɚɡɨɱɧɵɟ ɦɚɬɟɪɢɚɥɵ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ 

ɋɌЭɌCɆ КɋC  ,                                                                                              (5.11) 

ɪɭɛCɋɆ 11522,0521'   

ɪɭɛCɋɆ 19622,0890"   

ɪɭɛCɋɆ 19922,0906'"   

 

Ƚɨɞɨɜɵɟ ɬɟɤɭɳɢɟ ɪɚɫɯɨɞɵ ɧɚ ɦɚɫɥɨ ɞɥɹ ɝɢɞɪɨɫɢɫɬɟɦɵ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ 

Ɇ

Ƚ
qɆɆȽȽɆ Ɍ

ɌКɐɈVC  ,                                                                                (5.12) 

ɪɭɛɋȽɆ 325333/26785,129,0905,0160'  ; 

ɪɭɛɋȽɆ 1265555/27265,129,0905,0650"  ; 

ɪɭɛɋȽɆ 1285555/27775,129,0905,0650'"  . 

 

Ƚɨɞɨɜɵɟ ɬɟɤɭɳɢɟ ɪɚɫɯɨɞɵ ɧɚ ɩɟɪɟɛɚɡɢɪɨɜɤɢ ɬɟɯɧɢɤɢ ɫ ɨɛɴɟɤɬɚ ɧɚ 

ɨɛɴɟɤɬ ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

 

)(06,0 ȽɆɋɆЭɌɊЗКɊɩɛ ɋɋɋɋɋɋC  ,                                         (5.13) 

ɪɭɛɋɩɛ 60006,0)3211552112007448687('  ; 

ɪɭɛɋɩɛ 68406,0)126196890121375811252("   
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ɪɭɛɋɩɛ 68706,0)128199906122677231275('"  . 

 

Ƚɨɞɨɜɵɟ ɬɟɤɭɳɢɟ ɪɚɫɯɨɞɵ ɩɨɬɪɟɛɢɬɟɥɹ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

 

)1)(( ɊɩɛȽɆɋɆЭɌЗКɊɊ ɇɋɋɋɋɋɋCC  ,                              (5.14) 

ɝɞɟ ɇɊ – ɧɨɪɦɚ ɧɚɤɥɚɞɧɵɯ ɪɚɫɯɨɞɨɜ, ɫɜɹɡɚɧɧɵɯ ɫ ɷɤɫɩɥɭɚɬɚɰɢɟɣ 

ɚɫɮɚɥɶɬɨɭɤɥɚɞɱɢɤɚ. 

 

Ɍɨɝɞɚ: 

ɪɭɛɋ 12822)21.01)(6002611552112007448687('   

ɪɭɛɋ 14628)21,01)(684126196890121375811252("   

ɪɭɛɋ 14694)21,01)(687128199906122677231275('"   

 

Ɋɚɫɱɟɬ ɩɨɥɧɵɯ ɝɨɞɨɜɵɯ ɬɟɤɭɳɢɯ ɪɚɫɯɨɞɨɜ ɫ ɭɱɟɬɨɦ ɨɬɱɢɫɥɟɧɢɣ ɧɚ 

ɪɟɧɨɜɚɰɢɸ: 

 

100
ɚ

Ƚ

ɊКɋC


 ,                                                                                         (5.15) 

 

Ȼɚɥɚɧɫɨɜɚɹ ɫɬɨɢɦɨɫɬɶ ɬɟɯɧɢɤɢ: 

 

GɐɐК 00  ,                                                                                        (5.16) 

 

ɪɭɛК 30638122,10329400'   

ɪɭɛК 564653,172,10354680''  . 

 

Ɍɨɝɞɚ: 
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ɪɭɛCȽ 16499100/123063812822'  , 

ɪɭɛCȽ 21404100/125646514628''  , 

ɪɭɛCȽ 21469100/125646514694'''  . 

 

ɋɬɨɢɦɨɫɬɧɚɹ ɨɰɟɧɤɚ ɪɟɡɭɥɶɬɚɬɚ: 

)1('

"
'

ɇ
ȽȽ ɉȼ

ȼɋɊ


 ,                                                                                          (5.17) 

 

ɪɭɛɊȽ 36277)08,01(
184434

375480
16499  , 

 

ɪɭɛɊȽ 23549)08,01(
375480

382505
21404'  . 

 

ɏɨɡɪɚɫɱɟɬɧɵɣ ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɨɬ ɨɞɧɨɣ ɦɚɲɢɧɵ ɡɚ ɝɨɞ ɪɚɛɨɬɵ: 

 

"

1 ȽȽ ɋɊЭ  ,                                                                                                       (5.18) 

 

ɪɭɛЭ 1487321404362771  . 

 

Ⱦɥɹ ɇɌ ɫ ɨɩɬɢɦɚɥɶɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɭɩɥɨɬɧɹɸɳɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ:  

 

ɪɭɛЭ 20802146923549'

1  . 

 

ɗɤɨɧɨɦɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɧɚ ɨɞɧɭ ɦɚɲɢɧɭ ɡɚ ɫɪɨɤ ɟɟ ɫɥɭɠɛɵ: 

 

ɪɭɛ
ЕɊ

ЭЭ
ɚ

67605
1,012,0

148731
2 





 , 
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   ɪɭɛЭ 9455
1,012,0

2080'

2 


 . 

 

ɂɫɯɨɞɹ ɢɡ ɷɬɨɝɨ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɨɠɢɞɚɟɦɵɣ 

ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɨɬ ɜɧɟɞɪɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ 

ɫɨɫɬɚɜɥɹɟɬ 765 273,60 (ɫɟɦɶɫɨɬ ɲɟɫɬɶɞɟɫɹɬ ɩɹɬɶ ɬɵɫɹɱ ɞɜɟɫɬɢ ɫɟɦɶɞɟɫɹɬ ɬɪɢ) 

ɪɭɛɥɹ 60 ɤɨɩɟɟɤ ɧɚ ɨɞɧɭ ɦɚɲɢɧɭ ɜ ɝɨɞ.  

Ɉɫɧɨɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɨɠɢɞɚɟɦɨɣ ɷɤɨɧɨɦɢɱɟɫɤɨɣ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɜɧɟɞɪɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɛɨɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 5.3. 

 
Ɍɚɛɥɢɰɚ 5. 3 - Ɉɫɧɨɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɨɠɢɞɚɟɦɨɣ ɷɤɨɧɨɦɢɱɟɫɤɨɣ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɜɧɟɞɪɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɛɨɬɵ 
ɇɚɢɦɟɧɨɜɚɧɢɟ 

ɩɨɤɚɡɚɬɟɥɟɣ 
ɍɫɥɨɜɧɨɟ 

ɨɛɨɡɧɚɱɟɧɢɟ 
ȿɞɢɧɢɰɚ 

ɢɡɦɟɪɟɧɢɹ 
Ɂɧɚɱɟɧɢɟ ɩɨɤɚɡɚɬɟɥɟɣ 

ȻɌ ɇɌ ɇɌ ɫ 
ɨɩɬɢɦɚɥɶɧɵɦɢ 
ɩɚɪɚɦɟɬɪɚɦɢ 

Ʉɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ Ʉ ɪɭɛ. 30638 56465 56465 
Ƚɨɞɨɜɚɹ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɚɹ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 

ȼ ɬ/ɝɨɞ 184434 375480 382505 

Ƚɨɞɨɜɵɟ ɬɟɤɭɳɢɟ 
ɪɚɫɯɨɞɵ ɩɨɬɪɟɛɢɬɟɥɹ 

ɋ ɪɭɛ. 12822 14628 14694 

ɏɨɡɹɣɫɬɜɟɧɧɵɣ 
ɷɤɨɧɨɦɢɱɟɫɤɢɣ 
ɷɮɮɟɤɬ ɧɚ ɨɞɧɭ 
ɦɚɲɢɧɭ ɜ ɝɨɞ 

ɗ1 ɪɭɛ. - 14873 +765273,6 
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                                   ɁȺɄɅɘɑȿɇɂȿ 

 

1) ȼɩɟɪɜɵɟ ɩɨɫɬɚɜɥɟɧɵ ɢ ɪɟɲɟɧɵ ɢɦɢɬɚɰɢɨɧɧɵɟ ɦɨɞɟɥɢ ɩɪɨɰɟɫɫɚ 

ɨɯɥɚɠɞɟɧɢɹ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ 

ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ ɢ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɝɢɞɪɨɩɪɢɜɨɞɨɦ 

ɜɢɧɬɚ ɲɧɟɤɨɜɨɝɨ ɪɚɫɩɪɟɞɟɥɢɬɟɥɹ.  

2) ȼɵɹɜɥɟɧɨ, ɱɬɨ ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɫɟɝɪɟɝɚɰɢɢ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ 

ɫɦɟɫɢ ɬɪɟɛɭɟɬɫɹ ɪɟɝɭɥɢɪɨɜɚɬɶ ɩɨɞɚɱɭ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɤ 

ɭɩɥɨɬɧɹɸɳɟɦɭ ɪɚɛɨɱɟɦɭ ɨɪɝɚɧɭ ɫɱɟɬ ɩɪɢɦɟɧɟɧɢɹ ɞɚɬɱɢɤɚ ɬɟɦɩɟɪɚɬɭɪɵ ɜɞɨɥɶ 

ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ ɜɢɧɬɨɜɨɝɨ ɲɧɟɤɚ. 

         3) Ɋɚɡɪɚɛɨɬɚɧ ɭɩɪɚɜɥɹɸɳɢɣ ɦɨɞɭɥɶ ɬɟɦɩɟɪɚɬɭɪɧɵɦ ɫɨɫɬɨɹɧɢɟɦ 

ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɧɚ ɨɫɧɨɜɟ ɢɡɦɟɪɢɬɟɥɹ - ɪɟɝɭɥɹɬɨɪɚ ɌɊɆ 151 ɮɢɪɦɵ 

«Ɉɜɟɧ». 

        4) Ɉɠɢɞɚɟɦɵɣ ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɨɬ ɜɧɟɞɪɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɪɚɫɱɟɬɚɦ ɫɨɫɬɚɜɥɹɟɬ ɫɟɦɶɫɨɬ ɲɟɫɬɶɞɟɫɹɬ ɩɹɬɶ ɬɵɫɹɱ ɞɜɟɫɬɢ 

ɫɟɦɶɞɟɫɹɬ ɬɪɢ ɬɵɫɹɱɢ ɲɟɫɬɶɞɟɫɹɬ ɤɨɩɟɟɤ ɧɚ ɨɞɧɭ ɦɚɲɢɧɭ ɜ ɝɨɞ. 
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           ɋɉɂɋɈɄ ɂɋɉɈɅɖɁɍȿɆɈɃ ɅɂɌȿɊȺɌɍɊɕ: 

 

1 Ȼɚɡɢɥɟɜɢɱ,  Ⱥ. Ʌ. ɂ. Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɫɟɪɝɟɝɚɰɢɹ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɵɯ 

ɫɦɟɫɟɣ ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɞɨɪɨɠɧɵɯ ɩɨɤɪɵɬɢɣ [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] / Ⱥ. Ʌ. 

Ȼɚɡɢɥɟɜɢɱ. –  Ɋɟɠɢɦ ɞɨɫɬɭɩɚ:http://lib.8level.ru/lib/open/book/234.  

2 Ȼɟɥɹɟɜ, Ʉ.ȼ. Ɇɨɞɟɥɶ ɩɪɨɰɟɫɫɚ ɭɩɥɨɬɧɟɧɢɹ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ/ Ʉ.ȼ. 

Ȼɟɥɹɟɜ // Ɇɚɲɢɧɵ ɢ ɩɪɨɰɟɫɫɵ ɜ ɫɬɪɨɢɬɟɥɶɫɬɜɟ . –  ɋɢɛȺȾɂ;  Ɉɦɫɤ. 2002. – №4. – 

ɋ. 52-57. 

3 Ȼɥɟɣɡ, ȿ.ɋ. ɋɥɟɞɹɳɢɟ ɩɪɢɜɨɞɵ. / ȿ.ɋ. Ȼɥɟɣɡ, ɘ.Ⱥ. Ⱦɚɧɢɥɨɜ, ȼ.Ɏ. 

Ʉɚɡɦɢɪɟɧɤɨ [ɢ ɞɪ.] ; ɩɨɞ ɪɟɞ. Ȼ.Ʉ.ɑɟɦɨɞɚɧɨɜɚ, ɜ ɞɜɭɯ ɤɧɢɝɚɯ. – Ɇ.: ɗɧɟɪɝɢɹ, 

1976. –141ɫ.  

4 Ȼɨɪɨɜɢɧ, Ƚ.Ʉ. Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ 

ɲɚɝɚɸɳɢɯ ɦɚɲɢɧ / Ƚ.Ʉ. Ȼɨɪɨɜɢɧ, Ⱥ.ȼ. Ʉɨɫɬɸɤ //Ɍɟɡ. ɞɨɤɥ. ɇɚɭɱɧɨ-ɬɟɯɧ. ɤɨɧɮ. 

"Ƚɢɞɪɨɦɚɲɢɧɵ, ɝɢɞɪɨɩɪɢɜɨɞɵ ɢ ɝɢɞɪɨɩɧɟɜɦɨɚɜɬɨɦɚɬɢɤɚ". – Ɇ.: ɆȽɌɍ 

ɢɦ.ɇ.ɗ.Ȼɚɭɦɚɧɚ, 1999.  

5 ȼɨɣɲɜɢɥɥɨ, ȼ.ȼ. Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɝɢɞɪɨɪɚɫɩɪɟɞɟɥɢɬɟɥɹ ɫ 

ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɦ ɭɩɪɚɜɥɟɧɢɟɦ / ȼ.ȼ ȼɨɣɲɜɢɥɥɨ // ȼɟɫɬɧɢɤ ɇɌɍ ɏɉɂ, – 

2001. –  ȼɵɩ. 129. – ɑ. 2.– 408 ɫ. 

6 ȼɨɥɵɧɫɤɢɣ, ȼ. ɂ. ɋɨɡɞɚɧɢɟ ɢ ɜɧɟɞɪɟɧɢɟ ɰɢɮɪɨɜɵɯ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ 

Ƚɇɍ / ȼ. ɂ. ȼɨɥɵɧɫɤɢɣ,  Ƚ. Ʌ. Ʉɟɣɞɚɧɫɤɢɣ,  Ⱥ. ȼ. Ɇɭɪɞɚɱɟɥɶ  // ȼɨɩɪɨɫɵ 

ɤɨɦɩɥɟɤɫɧɨɣ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɩɪɨɤɚɬɧɨɝɨ 

ɩɪɨɢɡɜɨɞɫɬɜɚ: ɋɛɨɪɧɢɤ ɧɚɭɱɧɵɯ ɬɪɭɞɨɜ – Ʉ.:ɄɂȺ, 1988.  

7 Ƚɨɥɶɧɟɜ, Ⱦ.Ɇ. ɋɨɜɪɟɦɟɧɧɵɟ ɢɧɮɨɪɦɚɰɢɨɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɜ 

ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ / Ⱦ.Ɇ. Ƚɨɥɶɧɟɜ., Ɉ.ɘ. Ɇɢɥɨɫɟɪɞɢɢ, 

ɋ.ȼ Ɋɢɦɤɟɜɢɱ, Ⱦ.ɇ. ɋɭɜɨɪɨɜ  // Ɇɚɬɟɪɢɚɥɵ Ɇɟɠɞɭɧɚɪɨɞɧɨɝɨ ɤɨɧɝɪɟɫɫɚ 

"ɋɨɜɪɟɦɟɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ 

ɫɬɪɨɣɢɧɞɭɫɬɪɢɢ", ȼɟɫɬɧɢɤ ȻȽɌɍ. ɑɚɫɬɶ 3. №6. – Ȼɟɥɝɨɪɨɞ, 2003. –  ɋ. 134–136. 

8 Ƚɭɥɶɬɹɟɜ, Ⱥ.Ʉ. ȼɢɡɭɚɥɶɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɜ ɫɪɟɞɟ MATLAB: ɭɱɟɛɧɵɣ 

ɤɭɪɫ / Ⱥ.Ʉ.  Ƚɭɥɶɬɹɟɜ.  –  ɋɉɛ: ɉɢɬɟɪ, 2000. – 432. 

9 Ⱦɨɥɝɭɧɢɧ, ȼ.H. ɋɟɝɪɟɝɚɰɢɹ ɜ ɫɟɪɧɢɫɬɵɯ ɫɪɟɞɚɯ: ɹɜɥɟɧɢɟ ɢ ɟɝɨ 
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ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɟ ɩɪɢɦɟɧɟɧɢɟ / ȼ.H. Ⱦɨɥɝɭɧɢɧ. Ɍɚɦɛɨɜ: ɂɡɞ-ɜɨ Ɍɚɦɛ. ɝɨɫ. ɬɟɯɧ. 

ɭɧ-ɬɚ. 2005. – 180 ɫ. 

10 Ⱦɨɰɟɧɤɨ, Ⱥ.ɂ. Ⱥɧɚɥɢɡ ɜɥɢɹɧɢɹ ɩɪɨɰɟɫɫɨɜ ɭɤɥɚɞɤɢ ɢ ɭɩɥɨɬɧɟɧɢɹ 

ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɧɚ ɤɚɱɟɫɬɜɨ ɝɨɬɨɜɨɝɨ ɩɨɤɪɵɬɢɹ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɞɨɪɨɝ / 

Ⱥ.ɂ. Ⱦɨɰɟɧɤɨ // Ɇɚɬɟɪɢɚɥɵ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ ɆɂɄɏɢɋ 

«Ⱥɤɬɭɚɥɶɧɵɟ ɩɪɨɛɥɟɦɵ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɦɚɲɢɧ ɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɢ 

ɤɨɦɦɭɧɚɥɶɧɨɝɨ ɤɨɦɩɥɟɤɫɚ». –  Ɇ., ɆɂɄɏɢɋ, 2005.  

11 Ⱦɨɰɟɧɤɨ, Ⱥ.ɂ. ɉɪɢɛɨɪ ɷɤɫɩɪɟɫɫ-ɤɨɧɬɪɨɥɹ ɩɥɨɬɧɨɫɬɢ ɫɬɪɨɢɬɟɥɶɧɵɯ 

ɦɚɬɟɪɢɚɥɨɜ ɢ ɦɟɬɨɞɢɤɚ ɟɝɨ ɩɪɢɦɟɧɟɧɢɹ / Ⱥ.ɂ. Ⱦɨɰɟɧɤɨ, ə.Ɋ. Ȼɭɪɟɧɸɤ – Ɇ.: 

ɋɬɪɨɢɬɟɥɶɧɵɟ ɢ ɞɨɪɨɠɧɵɟ ɦɚɲɢɧɵ – 1995. – № 5. 

12 ȿɦɟɥɶɹɧɨɜ, Ɋ.Ɍ. ɍɩɪɚɜɥɟɧɢɟ ɞɢɧɚɦɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɫɢɫɬɟɦ 

ɛɟɡɨɩɚɫɧɨɫɬɢ ɝɪɭɡɨɩɨɞɴɟɦɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ / Ɋ.Ɍ. ȿɦɟɥɶɹɧɨɜ. ɇɨɜɨɫɢɛɢɪɫɤ: 

– ɇȽɍ, 2002. – 149ɫ.   
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http://www.sensor.ru/articles/299/element_1110.html 

55 ɂɧɞɢɤɚɬɨɪɧɚɹ ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ. ‒ Ɋɟɠɢɦ ɞɨɫɬɭɩɚ:  

http://mk.rusgeocom.ru/catalog/technics-control/asfalt/2d-system-five-and-

smoothtrac.html 

http://digitalson.ru/siemens_controllers/programmable_controllers_simatic_s7_1200.php
http://digitalson.ru/siemens_controllers/programmable_controllers_simatic_s7_1200.php
https://www.priborika.ru/katalog/kontrol/to/trm148_rp.pdf



