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ɊȺɁȾȿɅ I.
ɌɊȺɇɋɉɈɊɌɇɈȿ, ȽɈɊɇɈȿ ɂ ɋɌɊɈɂɌȿɅɖɇɈȿ ɆȺɒɂɇɈɋɌɊɈȿɇɂȿ

ɍȾɄ 621.22.011: 622.271.7

ɂɋɋɅȿȾɈȼȺɇɂȿ ɂ ɆɈȾȿɅɂɊɈȼȺɇɂȿ 
ȽɂȾɊɈɉɇȿȼɆɈɍȾȺɊɇɕɏ ɆȿɏȺɇɂɁɆɈȼ, ɉɊɂɆȿɇЯȿɆɕɏ 
ɉɊɂ ɊȺɁɊɍɒȿɇɂɂ ɆȿɊɁɅɕɏ ɂ ɋɄȺɅɖɇɕɏ ȽɊɍɇɌɈȼ 
ȽɈɊɇɕɆɂ ɂ ɋɌɊɈɂɌȿɅɖɇɕɆɂ ɆȺɒɂɇȺɆɂ

ɇ.ɋ. Ƚɚɥɞɢɧ, ɂ.Ⱥ. ɋɟɦɟɧɨɜɚ 
ɎȽȻɈɍ ȼɈ «ɋɢɛȺȾɂ», ɝ. Ɉɦɫɤ, Ɋɨɫɫɢɹ

Аɧɧɨɬаɰиɹ. ȼ ɫɬɚɬɶɟ ɩɪɢɜɟɞɟɧɵ ɫɜɟɞɟɧɢɹ ɩɨ ɜɵɹɜɥɟɧɢɸ ɨɫɧɨɜɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɜ ɢɫɫɥɟɞɨɜɚ-
ɧɢɢ ɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɝɢɞɪɨɩɧɟɜɦɨɭɞɚɪɧɵɯ ɦɟɯɚɧɢɡɦɨɜ, ɩɪɢɦɟɧɹɟɦɵɯ ɩɪɢ ɪɚɡɪɭɲɟɧɢɢ ɩɪɨɱɧɵɯ 
ɢ ɫɤɚɥɶɧɵɯ ɝɪɭɧɬɨɜ ɝɨɪɧɵɦɢ ɢ ɫɬɪɨɢɬɟɥɶɧɵɦɢ ɦɚɲɢɧɚɦɢ. ɉɪɟɞɥɨɠɟɧɵ ɩɪɨɝɪɚɦɦɵ ɢ ɚɥɝɨ-
ɪɢɬɦ ɞɥɹ ɪɚɫɱɟɬɚ ɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɨɫɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɝɢɞɪɨɭɞɚɪɧɢɤɨɜ, ɚ ɬɚɤɠɟ ɩɪɢɜɟɞɟɧɵ 
ɡɚɜɢɫɢɦɨɫɬɢ ɩɚɪɚɦɟɬɪɨɜ ɝɢɞɪɨɭɞɚɪɧɵɯ ɭɫɬɪɨɣɫɬɜ, ɩɪɢɦɟɧɹɟɦɵɯ ɜ ɤɚɱɟɫɬɜɟ ɪɚɛɨɱɢɯ ɨɪɝɚɧɨɜ 
ɞɨɪɨɠɧɨ-ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɲɢɧ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɚɪɚɦɟɬɪɨɜ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɝɨ ɝɪɭɧɬɚ ɢ 
ɩɚɪɚɦɟɬɪɨɜ ɛɚɡɨɜɨɣ ɦɚɲɢɧɵ, ɩɨɫɬɪɨɟɧɧɵɟ ɜ ɩɪɨɝɪɚɦɦɟ MaplО. 

Клɸɱевые ɫлɨва: ɝɢɞɪɨɩɧɟɜɦɨɭɞɚɪɧɵɣ ɦɟɯɚɧɢɡɦ, ɝɪɭɧɬ, ɩɪɨɱɧɵɣ, ɦɟɪɡɥɵɣ, ɫɤɚɥɶɧɵɣ, ɛɚɡɨɜɚɹ 
ɦɚɲɢɧɚ, ɦɨɞɟɥɢɪɨɜɚɧɢɟ.

ȼȼȿȾȿɇɂȿ

Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɞɨɛɵɱɚ ɩɨɥɟɡɧɵɯ ɢɫɤɨɩɚɟ-
ɦɵɯ, ɚ ɬɚɤɠɟ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ 
ɞɥɹ ɷɬɨɝɨ ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ ɜ ɋɢɛɢɪɢ, ɧɚ Ⱦɚɥɶ-
ɧɟɦ ȼɨɫɬɨɤɟ, ɜ Ⱥɪɤɬɢɤɟ ɹɜɥɹɟɬɫɹ ɩɪɢɨɪɢɬɟɬ-
ɧɨɣ ɡɚɞɚɱɟɣ ɞɥɹ ɷɤɨɧɨɦɢɤɢ Ɋɨɫɫɢɢ. Ⱦɥɹ ɛɨɥɟɟ 
ɷɮɮɟɤɬɢɜɧɨɣ ɞɨɛɵɱɢ ɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɜ ɞɚɧ-
ɧɵɯ ɩɪɢɪɨɞɧɵɯ ɡɨɧɚɯ ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨ-
ɜɚɧɢɟ ɫɨɜɪɟɦɟɧɧɵɯ ɦɟɬɨɞɨɜ, ɤɨɬɨɪɵɟ ɭɱɢɬɵ-
ɜɚɸɬ ɞɨɫɬɢɠɟɧɢɹ ɫɨɜɪɟɦɟɧɧɨɣ ɧɚɭɤɢ ɜ ɞɚɧɧɨɣ 
ɨɛɥɚɫɬɢ, ɚ ɬɚɤɠɟ ɜ ɨɛɥɚɫɬɢ ɤɨɦɩɶɸɬɟɪɧɵɯ ɬɟɯ-
ɧɨɥɨɝɢɣ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ ɧɟ ɬɨɥɶɤɨ ɦɨɞɟ-
ɥɢɪɨɜɚɬɶ ɪɚɡɥɢɱɧɵɟ ɞɢɧɚɦɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ, 
ɧɨ ɢ ɫɨɡɞɚɜɚɬɶ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɟ ɫɢɫɬɟɦɵ 
ɭɩɪɚɜɥɟɧɢɹ ɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ.

ɊȺɁɊȺȻɈɌɄȺ (ɊȺɁɊɍɒȿɇɂȿ) 
ɆȿɊɁɅɕɏ ɂ ɋɄȺɅɖɇɕɏ (ȽɈɊɇɕɏ) 
ɉɈɊɈȾ ȽɂȾɊɈɍȾȺɊɇɕɆɂ ɂ 
ɉɇȿȼɆɈɍȾȺɊɇɕɆɂ ɆȿɏȺɇɂɁɆȺɆɂ

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ, ɪɚɡɪɚɛɨɬɤɚ (ɪɚɡɪɭ-
ɲɟɧɢɟ) ɦɟɪɡɥɵɯ ɢ ɫɤɚɥɶɧɵɯ (ɝɨɪɧɵɯ) ɩɨɪɨɞ 
ɝɢɞɪɨɭɞɚɪɧɵɦɢ ɢ ɩɧɟɜɦɨɭɞɚɪɧɵɦɢ ɦɟɯɚɧɢɡ-
ɦɚɦɢ ɦɨɠɟɬ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɤɚɤ ɨɬɤɪɵɬɵɦ (ɫ 
ɩɨɦɨɳɶɸ ɷɤɫɤɚɜɚɬɨɪɨɜ ɫ ɧɚɜɟɫɧɵɦ ɨɛɨɪɭɞɨ-
ɜɚɧɢɟɦ), ɬɚɤ ɢ ɡɚɤɪɵɬɵɦ ɫɩɨɫɨɛɨɦ (ɧɚɩɪɢɦɟɪ, 
ɩɪɢ ɩɨɦɨɳɢ ɩɪɨɯɨɞɱɟɫɤɢɯ ɤɨɦɛɚɣɧɨɜ ɫ ɩɧɟɜ-
ɦɨɦɨɥɨɬɚɦɢ).

Ⱦɚɧɧɵɟ ɦɟɬɨɞɵ ɪɚɡɪɭɲɟɧɢɹ ɨɫɧɨɜɵɜɚɸɬɫɹ 
ɧɚ ɩɪɢɦɟɧɟɧɢɢ ɝɢɞɪɨɩɧɟɜɦɨɭɞɚɪɧɵɯ ɦɟɯɚɧɢɡ-
ɦɨɜ ɞɥɹ ɝɨɪɧɵɯ ɢ ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɲɢɧ, ɨɫɧɨɜ-
ɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ ɤɨɬɨɪɵɯ ɹɜɥɹɸɬɫɹ: ɢɫɬɨɱɧɢɤ 

ɩɢɬɚɧɢɹ (ɧɚɫɨɫ), ɧɚɩɨɪɧɚɹ ɢ ɫɥɢɜɧɚɹ ɝɢɞɪɨ-
ɥɢɧɢɢ ɫ ɫɟɬɟɜɵɦ ɝɢɞɪɨɩɧɟɜɦɨɚɤɤɭɦɭɥɹɬɨɪɨɦ, 
ɢɫɩɨɥɧɢɬɟɥɶɧɵɣ ɦɟɯɚɧɢɡɦ, ɜɤɥɸɱɚɸɳɢɣ ɤɨɪ-
ɩɭɫ ɢ ɩɨɞɜɢɠɧɵɟ ɦɚɫɫɵ (ɩɨɪɲɟɧɶ-ɛɨɟɤ) ɫ ɪɚ-
ɛɨɱɢɦɢ ɤɚɦɟɪɚɦɢ, ɨɪɝɚɧ ɭɩɪɚɜɥɟɧɢɹ Д1, 2, 3, 
4, 5, 6, 7]. 

Ɋɚɡɪɚɛɨɬɤɚ ɦɟɪɡɥɵɯ ɢ ɫɤɚɥɶɧɵɯ ɝɪɭɧɬɨɜ 
ɨɬɤɪɵɬɵɦ ɫɩɨɫɨɛɨɦ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɨɫɧɨɜɧɨɦ 
ɝɢɞɪɨɭɞɚɪɧɵɦɢ ɦɟɡɚɧɢɡɦɚɦɢ, ɞɨɫɬɨɢɧɫɬɜɨɦ 
ɤɨɬɨɪɵɯ ɹɜɥɹɟɬɫɹ ɫɨɡɞɚɧɢɟ ɧɚɢɛɨɥɶɲɢɯ ɞɚɜɥɟ-
ɧɢɣ ɜ ɝɢɞɪɨɫɢɫɬɟɦɟ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɧɟɜɦɚɬɢ-
ɱɟɫɤɢɦɢ ɦɟɯɚɧɢɡɦɚɦɢ. Ʉɚɤ ɩɨɤɚɡɚɥɚ ɩɪɚɤɬɢɤɚ 
Д1,2] ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦɢ ɹɜɥɹɸɬɫɹ ɝɢ-
ɞɪɨɩɧɟɜɦɚɬɢɱɟɫɤɢɟ ɝɢɞɪɨɭɞɚɪɧɵɟ ɦɟɯɚɧɢɡɦɵ.

Ƚɢɞɪɨɩɧɟɜɦɨɭɞɚɪɧɵɟ ɦɟɯɚɧɢɡɦɵ ɢɫɩɨɥɶɡɭ-
ɸɬɫɹ ɜ ɝɨɪɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɩɪɢ ɞɨɛɵɱɢ ɩɨ-
ɥɟɡɧɵɯ ɢɫɤɨɩɚɟɦɵɯ, ɩɪɨɤɥɚɞɤɟ ɤɨɦɦɭɧɢɤɚɰɢɣ 
(ɜ ɬɨɦ ɱɢɫɥɟ ɛɟɫɬɪɚɧɲɟɣɧɨɣ), ɜɛɢɜɚɧɢɢ ɫɜɚɣ 
ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɪɚɡɥɢɱɧɵɯ ɨɛɴɟɤɬɨɜ ɢ ɬ.ɞ.

ɉɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɝɢɞɪɨɭɞɚɪɧɵɯ ɦɟɯɚɧɢɡ-
ɦɨɜ, ɩɪɢɦɟɧɹɟɦɵɯ ɩɪɢ ɪɚɡɪɭɲɟɧɢɢ ɩɪɨɱɧɵɯ ɢ 
ɫɤɚɥɶɧɵɯ ɝɪɭɧɬɨɜ ɩɪɢɦɟɧɹɸɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɹ, 
ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɡɚɤɨɧɚɯ ɮɢɡɢɤɢ (ɜ ɬɨɦ ɱɢɫɥɟ 
ɠɢɞɤɨɫɬɟɣ ɢ ɝɚɡɨɜ), ɦɚɬɟɦɚɬɢɤɢ, ɦɟɯɚɧɢɤɢ 
ɝɪɭɧɬɨɜ.

ɋɬɪɨɝɨɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɪɚɛɨɬɵ 
ɝɢɞɪɨɭɞɚɪɧɨɝɨ ɦɟɯɚɧɢɡɦɚ (ɞɜɢɠɟɧɢɹ ɛɨɣɤɚ ɢ 
ɤɨɪɩɭɫɚ) ɩɪɢɜɨɞɢɬ ɤ ɫɢɫɬɟɦɟ ɧɟɥɢɧɟɣɧɵɯ ɞɢɮ-
ɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ, ɫ ɩɟɪɟɦɟɧɧɵɦɢ 
ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ, ɱɢɫɥɟɧɧɚɹ ɪɟɚɥɢɡɚɰɢɹ ɤɨ-
ɬɨɪɵɯ ɦɨɠɟɬ ɛɵɬɶ ɜɵɩɨɥɧɟɧɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢ-
ɟɦ ɫɬɚɧɞɚɪɬɧɵɯ ɢɥɢ ɫɩɟɰɢɚɥɶɧɨ ɪɚɡɪɚɛɨɬɚɧ-
ɧɵɯ ɩɪɨɝɪɚɦɦ.
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ɊȺɁȾȿɅ I.
ɌɊȺɇɋɉɈɊɌɇɈȿ, ȽɈɊɇɈȿ ɂ ɋɌɊɈɂɌȿɅɖɇɈȿ ɆȺɒɂɇɈɋɌɊɈȿɇɂȿ

ɗɮɮɟɤɬɢɜɧɚɹ ɪɚɛɨɬɚ ɝɢɞɪɨɭɞɚɪɧɵɯ ɦɟ-
ɯɚɧɢɡɦɨɜ ɜɨɡɦɨɠɧɚ ɬɚɤɠɟ ɩɪɢ ɭɱɟɬɟ ɮɢɡɢ-
ɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɝɪɭɧɬɚ Д1]. Ɇɟɪɡɥɵɟ 
ɢ ɫɤɚɥɶɧɵɟ ɝɪɭɧɬɵ ɨɬɧɨɫɹɬɫɹ ɤ ɨɞɧɨɦɭ ɤɥɚɫɫɭ 
ɢ ɢɦɟɸɬ ɨɛɳɢɣ ɯɚɪɚɤɬɟɪ ɫɬɪɭɤɬɭɪɧɵɯ ɫɜɹɡɟɣ. 

Ɇɟɪɡɥɵɟ ɝɪɭɧɬɵ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɱɢɫɥɚ 
ɭɞɚɪɨɜ ɩɥɨɬɧɨɦɟɪɚ ȾɨɪɇИИ ɩɨ ȽɈɋɌ 300067-
93, ɢɡɦɟɧɹɸɬɫɹ ɨɬ ɩɹɬɨɣ ɞɨ ɜɨɫɶɦɨɣ ɤɚɬɟɝɨ-
ɪɢɢ. ɋɤɚɥɶɧɵɟ ɝɪɭɧɬɵ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɲɟɫɬɨɣ 
(ɢ ɜɵɲɟ) ɤɚɬɟɝɨɪɢɢ ɝɪɭɧɬɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɞɚɧɧɵɦ ɫɬɚɧɞɚɪɬɨɦ. Ⱦɚɧɧɵɟ ɩɨ ɮɢɡɢɤɨ-ɦɟɯɚ-
ɧɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɝɪɭɧɬɨɜ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢ-
ɬɵɜɚɬɶ ɩɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ.

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɝɢɞɪɨɭɞɚɪɧɵɯ ɦɟɯɚɧɢɡ-
ɦɨɜ, ɩɪɢɦɟɧɹɟɦɵɯ ɩɪɢ ɪɚɡɪɭɲɟɧɢɢ ɦɟɪɡɥɵɯ ɢ 
ɫɤɚɥɶɧɵɯ ɝɪɭɧɬɨɜ, ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ ɫɨɡɞɚɧɢɢ 
ɰɟɥɨɝɨ ɤɨɦɩɥɟɤɫɚ ɩɪɨɝɪɚɦɦ, ɤɨɬɨɪɵɟ ɜ ɫɜɨɸ 
ɨɱɟɪɟɞɶ ɹɜɥɹɸɬɫɹ ɨɫɧɨɜɨɣ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢ-
ɡɢɪɨɜɚɧɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɞɚɧɧɨɝɨ ɜɢɞɚ ɨɛɨ-
ɪɭɞɨɜɚɧɢɹ Д1,2]. ɇɚ ɪɢɫ. 1 ɢɡɨɛɪɚɠɟɧ ɷɤɫɤɚɜɚ-
ɬɨɪ ɫ ɡɭɛɨɦ – ɪɵɯɥɢɬɟɥɟɦ ɚɤɬɢɜɧɨɝɨ ɞɟɣɫɬɜɢɹ.

Ɋɢɫ. 1. Эɤɫɤɚɜɚɬɨɪ ЭɈ 2621 ɫ ɡɭɛɨɦ-ɪɵɯɥɢɬɟɥɟɦ 
ɚɤɬɢɜɧɨɝɨ ɞɟɣɫɬɜɢɹ ɧɚ ɨɫɧɨɜɟ ɝɢɞɪɨɭɞɚɪɧɨɝɨ 

ɭɫɬɪɨɣɫɬɜɚ

ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɝɢɞɪɨɭɞɚɪɧɵɯ ɦɟɯɚ-
ɧɢɡɦɨɜ, ɪɚɛɨɬɚɸɳɢɯ ɫ ɩɟɪɟɦɟɧɧɵɦɢ ɧɚɝɪɭɡ-
ɤɚɦɢ ɦɨɠɧɨ ɩɨɥɶɡɨɜɚɬɶɫɹ ɱɢɫɥɟɧɧɵɦɢ ɦɟɬɨ-
ɞɚɦɢ ɪɟɚɥɢɡɭɟɦɵɦɢ ɩɪɢ ɩɨɦɨɳɢ ɗȼɆ Д1,2].

ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ ɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ 
ɦɨɞɟɥɢɪɨɜɚɧɢɟ – ɷɬɨ ɩɟɪɟɜɨɞ ɮɢɡɢɱɟɫɤɢɯ 
ɩɪɨɰɟɫɫɨɜ ɜ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɡɚɜɢɫɢɦɨɫɬɢ, ɫ 
ɰɟɥɶɸ ɞɚɥɶɧɟɣɲɟɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɞɚɧɧɨɝɨ 
ɨɛɴɟɤɬɚ Д1,2].

ɇɚ ɪɢɫ. 2 ɩɪɢɜɟɞɟɧɚ ɛɥɨɤ-ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɚ 
ɪɚɫɱɟɬɚ ɝɢɞɪɨɭɞɚɪɧɨɝɨ ɦɟɯɚɧɢɡɦɚ, ɩɪɟɞɧɚɡɧɚ-
ɱɟɧɧɨɝɨ ɞɥɹ ɪɚɡɪɭɲɟɧɢɹ ɦɟɪɡɥɨɝɨ ɢ ɫɤɚɥɶɧɨɝɨ 
ɝɪɭɧɬɚ. Ⱦɚɧɧɵɣ ɚɥɝɨɪɢɬɦ ɪɟɚɥɢɡɨɜɚɧ ɜ ɩɪɨ-
ɝɪɚɦɦɟ DОХi Д8].

ɇɚ ɪɢɫ. 3 ɢ 4 ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɚɛɨɱɢɟ ɨɤɧɚ 
ɩɪɨɝɪɚɦɦ ɞɥɹ ɪɚɫɱɟɬɚ ɨɫɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ 
ɝɢɞɪɨɭɞɚɪɧɵɯ ɦɟɯɚɧɢɡɦɨɜ, ɪɚɡɪɚɛɨɬɚɧɧɵɯ 
ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɝɢɞɪɨɭɞɚɪɧɵɯ ɦɟɯɚɧɢɡ-
ɦɨɜ ɫ ɰɟɥɶɸ ɜɵɹɜɥɟɧɢɹ ɫɥɚɛɵɯ ɦɟɫɬ ɜ ɛɭɞɭ-
ɳɢɯ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɪɟɲɟɧɢɹɯ.

Ɋɢɫ. 2. Ȼɥɨɤ-ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɚ ɪɚɫɱɟɬɚ 
ɝɢɞɪɨɭɞɚɪɧɨɝɨ ɦɟɯɚɧɢɡɦɚ

Ɋɢɫ. 3. Ɋɚɛɨɱɟɟ ɨɤɧɨ ɩɪɨɝɪɚɦɦɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
ɨɫɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɡɭɛɚ-ɪɵɯɥɢɬɟɥɹ ɚɤɬɢɜɧɨɝɨ 

ɞɟɣɫɬɜɢɹ ɧɚ ɨɫɧɨɜɟ ɝɢɞɪɨɩɧɟɜɦɨɭɞɚɪɧɢɤɚ ɞɥɹ 
ɷɤɫɤɚɜɚɬɨɪɚ ЭɈ-2621 (ɝɪɭɧɬ – ɫɭɝɥɢɧɨɤ)

Ɋɢɫ. 4. Ɋɚɛɨɱɟɟ ɨɤɧɨ ɩɪɨɝɪɚɦɦɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
ɨɫɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɡɭɛɚ-ɪɵɯɥɢɬɟɥɹ ɚɤɬɢɜɧɨɝɨ 

ɞɟɣɫɬɜɢɹ ɧɚ ɨɫɧɨɜɟ ɝɢɞɪɨɩɧɟɜɦɨɭɞɚɪɧɢɤɚ ɞɥɹ 
ɷɤɫɤɚɜɚɬɨɪɚ ЭɈ-2621 (ɝɪɭɧɬ – ɝɥɢɧɚ)
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ɊȺɁȾȿɅ I.
ɌɊȺɇɋɉɈɊɌɇɈȿ, ȽɈɊɇɈȿ ɂ ɋɌɊɈɂɌȿɅɖɇɈȿ ɆȺɒɂɇɈɋɌɊɈȿɇɂȿ

В ɧаɫɬɨящɟɟ вɪɟɦя ɫɭщɟɫɬвɭɟɬ ɦɧɨɠɟɫɬɜɨ 
ɩɪɨɝɪɚɦɦ, ɩɨɡɜɨɥɹɸɳɢɯ ɩɪɨɢɡɜɨɞɢɬɶ 
ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɪɚɡɥɢɱ-
ɧɵɯ ɞɢɧɚɦɢɱɟɫɤɢɯ, ɫɥɨɠɧɵɯ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ 
ɩɪɨɰɟɫɫɨɜ, ɫ ɰɟɥɶɸ ɞɚɥɶɧɟɣɲɟɝɨ ɢɡɭɱɟɧɢɹ ɢɯ 
ɨɫɨɛɟɧɧɨɫɬɟɣ ɢ ɪɚɡɪɚɛɨɬɤɢ ɤɨɧɤɪɟɬɧɵɯ ɪɟ-
ɤɨɦɟɧɞɚɰɢɣ ɞɥɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɪɚɡɥɢɱɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ. 

Ɍɚɤɢɟ ɩɪɨɝɪɚɦɦɵ ɤɚɤ MКpХО, MКЭСCКН, 
MКЭСОЦКЭТМК ɢ MКЭLКЛ ɩɨɡɜɨɥɹɸɬ ɫ ɩɨɦɨɳɶɸ 
ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɫɢɦɜɨɥɨɜ ɨɩɢɫɵɜɚɬɶ ɫɥɨɠ-
ɧɵɟ ɩɪɨɰɟɫɫɵ, ɩɪɨɢɫɯɨɞɹɳɢɟ ɜ ɞɢɧɚɦɢɱɟɫɤɢɯ 
ɫɢɫɬɟɦɚɯ, ɫɬɪɨɢɬɶ ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɧɤɪɟɬɧɵɯ 
ɩɚɪɚɦɟɬɪɨɜ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɡɚɞɚɧɧɵɯ ɭɫɥɨ-
ɜɢɣ Д9,10].

Ɍɚɤ ɩɪɢ ɩɨɦɨɳɢ ɩɪɨɝɪɚɦɦɵ MКpХО, ɦɨɠɧɨ 
ɪɚɡɪɚɛɨɬɚɬɶ ɢɦɢɬɚɰɢɨɧɧɵɣ ɤɨɦɩɥɟɤɫ, ɤɨɬɨ-
ɪɵɣ ɛɭɞɟɬ ɨɩɢɫɵɜɚɬɶ ɞɚɧɧɭɸ ɦɟɯɚɧɢɱɟɫɤɭɸ 
ɫɢɫɬɟɦɭ ɩɪɢ ɩɨɦɨɳɢ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɫɢɦɜɨ-
ɥɨɜ. ɇɚ ɪɢɫ. 5 ɩɨɤɚɡɚɧɨ ɪɚɛɨɱɟɟ ɨɤɧɨ ɩɪɨɝɪɚɦ-
ɦɵ MКpХО.

Ɋɢɫ. 5. Ɋɚɛɨɱɟɟ ɨɤɧɨ ɩɪɨɝɪɚɦɦɵ MaplО

ɉɨɥɭɱɟɧɧɵɣ ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɩɪɨɝɪɚɦɦɧɨ-ɢ-
ɦɢɬɚɰɢɨɧɧɵɣ ɤɨɦɩɥɟɤɫ ɦɨɠɟɬ ɨɩɢɫɵɜɚɬɶ ɢ 
ɭɫɬɚɧɚɜɥɢɜɚɬɶ ɜɡɚɢɦɨɫɜɹɡɶ ɦɟɠɞɭ ɩɚɪɚɦɟɬɪɚ-
ɦɢ, ɨɬ ɤɨɬɨɪɵɯ ɡɚɜɢɫɢɬ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɫ-
ɫɦɚɬɪɢɜɚɟɦɨɝɨ ɩɪɨɰɟɫɫɚ.

ɇɚ ɪɢɫ. 6, 7 ɩɪɢɜɟɞɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ, ɪɚɫ-
ɫɱɢɬɚɧɧɵɟ ɜ ɩɪɨɝɪɚɦɦɟ MКpХО (ɦɚɫɫɚ ɩɨɞɜɢɠ-
ɧɵɯ ɱɚɫɬɟɣ ɝɢɞɪɨɭɞɚɪɧɢɤɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɬɪɟɛɭɟɦɨɣ ɷɧɟɪɝɢɢ ɭɞɚɪɚ ɢ ɫɤɨɪɨɫɬɢ ɝɢɞɪɨɭ-
ɞɚɪɧɢɤɚ ɞɥɹ ɲɟɫɬɨɣ ɢ ɫɟɞɶɦɨɣ ɤɚɬɟɝɨɪɢɢ ɝɪɭɧ-
ɬɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.

Ɋɢɫ. 6. Ɂɚɜɢɫɢɦɨɫɬɶ ɦɚɫɫɵ ɩɨɞɜɢɠɧɵɯ ɱɚɫɬɟɣ 
ɝɢɞɪɨɭɞɚɪɧɢɤɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɪɟɛɭɟɦɨɣ 
ɷɧɟɪɝɢɢ ɭɞɚɪɚ ɢ ɨɬ ɫɤɨɪɨɫɬɢ ɝɢɞɪɨɭɞɚɪɧɢɤɚ 

(ɲɟɫɬɚɹ ɤɚɬɟɝɨɪɢɹ ɝɪɭɧɬɚ)

Ɋɢɫ. 7. Ɂɚɜɢɫɢɦɨɫɬɶ ɦɚɫɫɵ ɩɨɞɜɢɠɧɵɯ ɱɚɫɬɟɣ 
ɝɢɞɪɨɭɞɚɪɧɢɤɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɪɟɛɭɟɦɨɣ 
ɷɧɟɪɝɢɢ ɭɞɚɪɚ ɢ ɨɬ ɫɤɨɪɨɫɬɢ ɝɢɞɪɨɭɞɚɪɧɢɤɚ 

(ɫɟɞɶɦɚɹ ɤɚɬɟɝɨɪɢɹ ɝɪɭɧɬɚ)

ȼɕȼɈȾɕ 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɫɫɥɟɞɨɜɚɧɢɟ ɢ ɦɨɞɟɥɢ-
ɪɨɜɚɧɢɟ ɝɢɞɪɨɩɧɟɜɦɨɭɞɚɪɧɵɯ ɦɟɯɚɧɢɡɦɨɜ, 
ɩɪɢɦɟɧɹɟɦɵɯ ɩɪɢ ɪɚɡɪɭɲɟɧɢɢ ɦɟɪɡɥɵɯ ɢ 
ɩɪɨɱɧɵɯ ɝɪɭɧɬɨɜ, ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɢɬɟɪɚ-
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ɊȺɁȾȿɅ I.
ɌɊȺɇɋɉɈɊɌɇɈȿ, ȽɈɊɇɈȿ ɂ ɋɌɊɈɂɌȿɅɖɇɈȿ ɆȺɒɂɇɈɋɌɊɈȿɇɂȿ

ɰɢɨɧɧɵɣ ɩɪɨɰɟɫɫ ɫ ɦɧɨɠɟɫɬɜɨɦ ɩɚɪɚɦɟɬɪɨɜ ɢ 
ɭɫɥɨɜɢɣ, ɜɥɢɹɸɳɢɯ ɧɚ ɪɚɛɨɱɢɣ ɩɪɨɰɟɫɫ. ɋɨɡ-
ɞɚɧɢɹ ɷɮɮɟɤɬɢɜɧɵɯ ɫɢɫɬɟɦ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧ-
ɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɪɚɫɱɟɬɚ ɝɢɞɪɨɭɞɚɪɧɨɝɨ 
ɦɟɯɚɧɢɡɦɚ, ɩɪɢɦɟɧɹɟɦɨɝɨ ɩɪɢ ɪɚɡɪɭɲɟɧɢɢ 
ɦɟɪɡɥɨɝɨ ɢ ɫɤɚɥɶɧɨɝɨ ɝɪɭɧɬɚ, ɫɧɢɠɚɟɬ ɬɪɭɞɨ-
ɟɦɤɨɫɬɶ ɷɬɢɯ ɨɩɟɪɚɰɢɣ ɢ ɩɨɦɨɝɚɟɬ ɜɵɛɪɚɬɶ 
ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɣ ɪɟɠɢɦ ɪɚɛɨɬɵ ɞɚɧ-
ɧɵɯ ɦɟɯɚɧɢɡɦɨɜ, ɱɬɨ ɩɨɜɵɲɚɟɬ ɩɪɨɢɡɜɨɞɢ-
ɬɟɥɶɧɨɫɬɶ ɬɪɭɞɚ ɢ ɫɧɢɠɚɟɬ ɢɯ ɫɬɨɢɦɨɫɬɶ ɩɪɢ 
ɩɪɨɜɟɞɟɧɢɢ ɨɩɵɬɧɵɯ ɩɪɨɟɤɬɧɨ–ɤɨɧɫɬɪɭɤɬɨɪ-
ɫɤɢɯ ɪɚɛɨɬ (ɢ ɪɚɫɱɟɬɨɜ). 
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METHODS OF INVESTIGATION AND SIMULATION OF 
HВDROPNEUMEROUS MECHANISMS APPLIED IN THE 
DESTRUCTION OF FROГEN AND SCALING SOILS BВ MINING 
AND CONSTRUCTION MACHINES

N.S. GalНТn, I.A. SОmОnova

Annotation. TСО artТМlО МontaТns ТnПormatТon on tСО ТНОntТiМatТon oП tСО maТn НТrОМtТons Тn tСО stuНв anН 
НОsТРn oП СвНraulТМ sСoМФ mОМСanТsms usОН Тn tСО НОstruМtТon oП stronР anН roМФв soТls bв mТnТnР anН 
МonstruМtТon maМСТnОs. TСО proРram anН alРorТtСm Пor МalМulatТnР anН moНОlТnР tСО basТМ paramОtОrs 
oП СammОrs arО prОsОntОН, anН also tСО НОpОnНОnМТОs oП tСО paramОtОrs oП СвНrostatТМ НОvТМОs usОН 
as аorФТnР boНТОs oП roaН-buТlНТnР maМСТnОs arО РТvОn, НОpОnНТnР on tСО paramОtОrs oП tСО НОvОlopОН 
soТl anН tСО paramОtОrs oП tСО basО maМСТnО buТlt Тn tСО MaplО proРram.

Keywords: СвНropnОumatТМ ТmpaМt mОМСanТsm, soТl, НurablО, ПroгОn, roМФв, basТМ maМСТnО, moНОlТnР
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