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PHYSICAL AND NUMERAL MODELING OF STRESSED-DEFORMED 
STATE OF THE ROCK MASSIF IN THE WORKING FACE 

. ɂɫɫɥɟɞɨɜɚɧɢɟ ɯɚɪɚɤɬɟɪɚ ɢ ɱɢɫɥɟɧɧɨɟ ɪɟɲɟɧɢɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨɥɹ ɧɚɩɪɹɠɟɧɢɣ ɦɚɫɫɢɜɚ, ɫɮɨɪɦɢɪɨɜɚɜɲɟɝɨɫɹ
ɜɨɤɪɭɝ ɡɚɛɨɹ ɜɵɪɚɛɨɬɤɢ ɞɨ ɩɪɨɜɟɞɟɧɢɹ ɛɭɪɨɜɡɪɵɜɧɵɯ ɪɚɛɨɬ.

. ɉɪɨɜɟɞɟɧɨ ɧɟɫɤɨɥɶɤɨ ɫɟɪɢɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ ɩɨ ɢɡɭɱɟɧɢɸ
ɯɚɪɚɤɬɟɪɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨɥɹ ɧɚɩɪɹɠɟɧɢɣ ɜɨɤɪɭɝ ɡɚɛɨɹ ɜɵɪɚɛɨɬɤɢ ɧɚ ɦɨɞɟɥɹɯ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɚ ɮɨɬɨɭɩɪɭɝɨɫɬɢ
ɢ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɫɬɟɧɞɚ, ɚ ɬɚɤɠɟ ɱɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɦɚɫɫɢɜɚ ɜ ɡɚɛɨɟ
ɩɨɞɝɨɬɨɜɢɬɟɥɶɧɨɣ ɜɵɪɚɛɨɬɤɢ ɦɟɬɨɞɨɦ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ (ɆɄɗ) ɢ ɦɟɯɚɧɢɤɢ ɫɩɥɨɲɧɵɯ ɫɪɟɞ. ɉɪɟɞɥɨɠɟɧɧɵɣ ɤɨɦ-
ɩɥɟɤɫ ɨɛɨɪɭɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɫɨɫɬɚɜɧɨɣ ɱɚɫɬɶɸ ɧɨɜɨɝɨ ɫɩɨɫɨɛɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹɇȾɋ ɜɨɤɪɭɝ ɜɵɪɚɛɨɬɤɢ.

.ɉɪɟɞɫɬɚɜɥɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɇȾɋ ɦɚɫɫɢɜɚ ɩɨ ɩɹɬɢ
ɫɯɟɦɚɦ ɩɪɟɞɥɨɠɟɧɧɨɣ ɦɨɞɟɥɢ ɡɚɛɨɹ ɜɵɪɚɛɨɬɤɢ ɜ ɭɩɪɭɝɨɩɥɚɫɬɢɱɟɫɤɨɣ ɩɨɫɬɚɧɨɜɤɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɆɄɗ. ɂɫɫɥɟɞɨɜɚ-
ɧɢɹɦɢ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ ɡɚɛɨɹɯ ɜɵɪɚɛɨɬɨɤ ɤɚɤ ɩɪɹɦɨɣ, ɬɚɤ ɢ ɤɪɢɜɨɥɢɧɟɣɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɜ ɰɟɧɬɪɚɥɶ-
ɧɨɣ ɱɚɫɬɢ ɜɵɪɚɛɨɬɤɢ ɪɚɫɩɨɥɚɝɚɬɶ ɤɨɦɩɥɟɤɬɵɲɩɭɪɨɜ ɫ ɭɜɟɥɢɱɟɧɧɵɦɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ.ɗɬɨ ɩɨɡɜɨɥɢɬ ɩɟ-
ɪɟɦɟɫɬɢɬɶ ɡɨɧɭ ɪɚɡɝɪɭɡɤɢ ɜɩɟɪɟɞɢ ɡɚɛɨɹ ɜɵɪɚɛɨɬɤɢ ɢ ɭɜɟɥɢɱɢɬɶ ɡɨɧɭ ɩɨɧɢɠɟɧɧɵɯ ɧɚɩɪɹɠɟɧɢɣ.

. ɍɫɬɚɧɨɜɥɟɧɢɟ ɯɚɪɚɤɬɟɪɚ, ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɢɯ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢ ɱɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɩɨɥɟɣ ɧɚɩɪɹ-
ɠɟɧɢɣ ɜɨɤɪɭɝ ɩɨɞɝɨɬɨɜɢɬɟɥɶɧɨɣ ɜɵɪɚɛɨɬɤɢ ɜ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ ɩɨ ɯɨɞɭ ɟɟ ɩɟɪɟɞ ɜɟɞɟɧɢɟɦ ɛɭɪɨɜɡɪɵɜɧɵɯ ɪɚɛɨɬ

. ȼ ɩɪɨɰɟɫɫɟ ɨɬɛɨɣɤɢ ɝɨɪɧɵɯ ɩɨɪɨɞ ɡɚ ɰɢɤɥ ɜɡɪɵɜɚɧɢɹ ɤɨɦɩɥɟɤɬɚ ɜɪɭɛɨɜɵɯ, ɨɬɛɨɣɧɵɯ,
ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɢ ɨɤɨɧɬɭɪɢɜɚɸɳɢɯ ɲɩɭɪɨɜɵɯ ɡɚɪɹɞɨɜ ɩɨ ɜɫɟɦɭ ɫɟɱɟɧɢɸ ɜɵɪɚɛɨɬɤɢ ɭɥɭɱɲɚɬɫɹ ɭɫɥɨɜɢɹ ɢɯ ɪɚɛɨɬɵ ɢ
ɩɨɤɚɡɚɬɟɥɢ ɩɪɨɯɨɞɤɢ.

: , , , -
,

. 5 Ɏɨɪɦɚ ɡɚɛɨɹ, ɧɚɥɢɱɢɟ ɢ ɤɨɥɢɱɟɫɬɜɨ
ɩɪɨɛɭɪɟɧɧɵɯ ɲɩɭɪɨɜ ɢɡɦɟɧɹɸɬ ɩɨɥɟ ɧɚɩɪɹɠɟɧɢɣ ɜɨ-
ɤɪɭɝ ɜɵɪɚɛɨɬɤɢ. ȼɦɟɳɚɸɳɢɟ ɩɨɪɨɞɵ ɪɚɡɝɪɭɠɚɸɬɫɹ
ɨɬ ɝɨɪɧɨɝɨ ɞɚɜɥɟɧɢɹ, ɢɡ ɫɨɫɬɨɹɧɢɹ ɜɫɟɫɬɨɪɨɧɧɟɝɨ
ɫɠɚɬɢɹ ɩɟɪɟɯɨɞɹɬ ɤ ɧɟɪɚɜɧɨɤɨɦɩɨɧɟɧɬɧɨɦɭ.

ɉɪɢ ɜɟɞɟɧɢɢ ɛɭɪɨɜɡɪɵɜɧɵɯ ɪɚɛɨɬ ɢɡɦɟɧɟɧɢɟ ɧɚ-
ɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ (ɇȾɋ) ɦɚɫ-
ɫɢɜɚ ɜ ɩɪɢɡɚɛɨɣɧɨɣ ɡɨɧɟ ɝɨɪɧɨɣ ɜɵɪɚɛɨɬɤɢ ɜɥɢɹɟɬ ɧɚ
ɩɪɨɰɟɫɫ ɬɪɟɳɢɧɨɨɛɪɚɡɨɜɚɧɢɹ ɤɚɤ ɩɪɢ ɮɨɪɦɢɪɨɜɚɧɢɢ
ɜɪɭɛɨɜɨɣ ɩɨɥɨɫɬɢ, ɬɚɤ ɢ ɩɪɢ ɜɡɪɵɜɟ ɨɬɛɨɣɧɵɯ, ɜɫɩɨ-
ɦɨɝɚɬɟɥɶɧɵɯ ɢ ɨɤɨɧɬɭɪɢɜɚɸɳɢɯ ɡɚɪɹɞɨɜ. ɉɨɷɬɨɦɭ
ɨɫɧɨɜɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɜɡɪɵɜɚ: ɤɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶ-
ɡɨɜɚɧɢɹ ɲɩɭɪɨɜ, ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɜɡɪɵɜɱɚɬɵɯ ɜɟ-
ɳɟɫɬɜ, ɤɭɱɧɨɫɬɶ ɧɚɜɚɥɚ ɩɨɪɨɞɵ, ɭɜɟɥɢɱɟɧɢɟ ɪɚɡɛɪɨɫɚ
ɤɨɬɨɪɨɣ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɩɨɜɪɟɠɞɟɧɢɟɦ ɩɪɢɡɚɛɨɣɧɨɣ
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ɤɪɟɩɢ, – ɬɚɤɠɟ ɡɚɜɢɫɹɬ ɨɬ ɧɚɩɪɹɠɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ,
ɫɮɨɪɦɢɪɨɜɚɜɲɟɝɨɫɹ ɜ ɡɚɛɨɟ ɝɨɪɧɨɣ ɜɵɪɚɛɨɬɤɢ ɞɨ
ɩɪɨɜɟɞɟɧɢɹ ɜɡɪɵɜɧɵɯ ɪɚɛɨɬ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɫɫɥɟ-
ɞɨɜɚɧɢɟ ɫɨɛɫɬɜɟɧɧɨɝɨ ɩɨɥɹ ɧɚɩɪɹɠɟɧɢɣ ɦɚɫɫɢɜɚ ɜɨ-
ɤɪɭɝ ɜɵɪɚɛɨɬɤɢ ɫ ɷɥɟɦɟɧɬɚɦɢ ɩɨɞɝɨɬɨɜɤɢ ɤ ɩɪɨɜɟɞɟ-
ɧɢɸ ɛɭɪɨɜɡɪɵɜɧɵɯ ɪɚɛɨɬ – ɮɨɪɦɢɪɨɜɚɧɢɟ ɜ ɡɚɛɨɟ
ɤɨɦɩɥɟɤɬɚ ɜɪɭɛɨɜɵɯ, ɨɬɛɨɣɧɵɯ ɢ ɨɤɨɧɬɭɪɢɜɚɸɳɢɯ
ɲɩɭɪɨɜ – ɩɪɟɞɫɬɚɜɥɹɟɬ ɨɫɨɛɵɣ ɢɧɬɟɪɟɫ.

 – ɢɫɫɥɟɞɨɜɚɧɢɟ ɯɚɪɚɤɬɟɪɚ ɢ ɱɢɫɥɟɧ-
ɧɨɟ ɪɟɲɟɧɢɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨɥɹ ɧɚɩɪɹɠɟɧɢɣ ɦɚɫɫɢ-
ɜɚ, ɫɮɨɪɦɢɪɨɜɚɜɲɟɝɨɫɹ ɜɨɤɪɭɝ ɡɚɛɨɹ ɜɵɪɚɛɨɬɤɢ ɞɨ
ɜɟɞɟɧɢɹ ɜɡɪɵɜɧɵɯ ɪɚɛɨɬ.

. Ɇɟɬɨɞɢ-
ɤɨɣ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɟɞɭɫɦɚɬɪɢɜɚɥɨɫɶ ɩɪɨɜɟɞɟɧɢɟ
ɞɜɭɯ ɷɬɚɩɨɜ ɪɚɛɨɬ:

1. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɮɨɪɦɢɪɨɜɚ-
ɧɢɹ ɩɨɥɹ ɧɚɩɪɹɠɟɧɢɣ ɜ ɡɚɛɨɟ ɜɵɪɚɛɨɬɤɢ ɧɚ ɦɨɞɟɥɹɯ.
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2. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɧɚɩɪɹɠɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɦɚɫ-
ɫɢɜɚ ɝɨɪɧɵɯ ɩɨɪɨɞ ɜ ɡɚɛɨɟ ɜɵɪɚɛɨɬɤɢ ɫ ɢɫɩɨɥɶɡɨɜɚ-
ɧɢɟɦ ɦɟɬɨɞɚ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ.

1. -

. Ⱦɥɹ ɢɡɭɱɟɧɢɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɨɥɹ ɧɚ-
ɩɪɹɠɟɧɢɣ ɜɨɤɪɭɝ ɜɵɪɚɛɨɬɤɢ ɜ ɦɚɫɫɢɜɟ ɝɨɪɧɵɯ ɩɨ-
ɪɨɞ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɦɟɬɨɞ ɮɨɬɨɭɩɪɭɝɨɫɬɢ ɢɥɢ ɨɩɬɢ-
ɤɨ-ɩɨɥɹɪɢɡɚɰɢɨɧɧɵɣ ɦɟɬɨɞ. ȼ ɨɫɧɨɜɟ ɷɬɨɝɨ ɦɟɬɨɞɚ

ɥɟɠɢɬ ɫɩɨɫɨɛɧɨɫɬɶ ɧɟɤɨɬɨɪɵɯ ɩɪɨɡɪɚɱɧɵɯ ɦɚɬɟ-
ɪɢɚɥɨɜ, ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɜɨɡɧɢɤɚɸɳɢɯ ɜ ɧɢɯ ɧɚ-
ɩɪɹɠɟɧɢɣ, ɜɪɟɦɟɧɧɨ ɩɪɢɨɛɪɟɬɚɬɶ ɫɜɨɣɫɬɜɚ ɞɜɨɣɧɨ-
ɝɨ ɥɭɱɟɩɪɟɥɨɦɥɟɧɢɹ ɩɨɥɹɪɢɡɨɜɚɧɧɨɝɨ ɫɜɟɬɚ. Ʉ
ɱɢɫɥɭ ɨɩɬɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɦɨɠɧɨ ɨɬ-
ɧɟɫɬɢ ɤɚɤ ɥɢɫɬɨɜɨɟ, ɬɚɤ ɢ ɨɛɴɟɦɧɨɟ ɨɪɝɚɧɢɱɟɫɤɨɟ
ɫɬɟɤɥɨ (ɩɨɥɢɦɟɬɢɥɦɟɬɚɤɪɢɥɚɬ), ɨɫɧɨɜɧɵɟ ɮɢɡɢɤɨ-
ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɬɨɪɨɝɨ ɩɪɢɜɟɞɟɧɵ
ɜ ɬɚɛɥɢɰɟ.

Ɏɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɫɬɟɤɥɚ

Ɇɚɬɟɪɢɚɥ ɉɥɨɬɧɨɫɬɶ,
·103, ɤɝ/ɦ3

ɋɤɨɪɨɫɬɶ ɩɪɨ-
ɞɨɥɶɧɨɣ ɜɨɥ-
ɧɵ, ɪ, , ɦ/ɫ

ɋɤɨɪɨɫɬɶ ɩɨ-
ɩɟɪɟɱɧɨɣ ɜɨɥ-
ɧɵ, s, ɦ/ɫ

ɉɪɨɱɧɨɫɬɶ ɧɚ
ɪɚɡɪɵɜ,
ɪ , Ɇɉɚ

ɉɪɨɱɧɨɫɬɶ ɧɚ
ɫɠɚɬɢɟ, ɫɠ,
Ɇɉɚ

Ɇɨɞɭɥɶ ɘɧ-
ɝɚ, ȿ·103, Ɇɉɚ

Ɉɪɝɚɧɢɱɟ-
ɫɤɨɟ ɫɬɟɤɥɨ 119,5 2740 1360 60 90 8,7 

ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɦɨɞɟɥɟɣ ɩɪɢ-
ɦɟɧɹɥɨɫɶ ɥɢɫɬɨɜɨɟ ɨɪɝɚɧɢɱɟɫɤɨɟ ɫɬɟɤɥɨ ɩɨɫɬɨɹɧɧɨɣ
ɬɨɥɳɢɧɵ 0,015 ɦ. ɋ ɩɨɦɨɳɶɸ ɥɟɧɬɨɱɧɨɣ ɢɥɢ ɞɢɫɤɨ-
ɜɨɣ ɩɢɥɵ ɜ ɥɚɛɨɪɚɬɨɪɢɢ ɜɵɪɟɡɚɸɬ ɦɨɞɟɥɢ ɪɚɡɦɟɪɨɦ
0,2ɯ0,15 ɦ, ɫ ɩɨɦɨɳɶɸ ɥɨɛɡɢɤɚ – ɷɥɟɦɟɧɬɵ ɜɵɪɚɛɨɬ-
ɤɢ, ɫ ɫɨɛɥɸɞɟɧɢɟɦ ɝɟɨɦɟɬɪɢɱɟɫɤɨɝɨ ɢ ɫɢɥɨɜɨɝɨ ɩɨ-
ɞɨɛɢɹ, ɢ ɞɨɜɨɞɹɬ ɧɚ ɥɟɤɚɥɶɧɵɯ ɩɥɚɧɤɚɯ ɞɨ ɧɭɠɧɨɝɨ
ɪɚɡɦɟɪɚ. ɉɨɜɟɪɯɧɨɫɬɶ ɤɨɧɬɭɪɚ ɦɨɞɟɥɢ ɨɛɪɚɛɚɬɵɜɚɸɬ
ɧɚ ɮɪɟɡɟɪɧɨɦ ɫɬɚɧɤɟ ɢ ɩɨɥɢɪɭɸɬ ɩɚɫɬɚɦɢ, ɧɚɩɪɢɦɟɪ,
ȽɈɂ ɞɨ ɱɢɫɬɨɬɵ ɩɨɜɟɪɯɧɨɫɬɢ ɧɟ ɧɢɠɟ ∇ 13.  

Ɏɨɪɦɢɪɨɜɚɧɢɟ ɷɥɟɦɟɧɬɨɜ ɜɪɭɛɚ ɜ ɡɚɛɨɟ ɜɵɪɚɛɨɬɤɢ
ɨɫɭɳɟɫɬɜɥɹɸɬ ɫɜɟɪɥɟɧɢɟɦ ɲɩɭɪɨɜ ɢɥɢ ɫɤɜɚɠɢɧ ɨɫɬ-
ɪɵɦ ɪɟɠɭɳɢɦ ɢɧɫɬɪɭɦɟɧɬɨɦ, ɧɟ ɦɟɧɟɟ ɱɟɦ ɡɚ 2 ɟɝɨ
ɩɪɨɯɨɞɚ, ɜɨ ɢɡɛɟɠɚɧɢɟ ɡɚɬɹɝɢɜɚɧɢɹ ɫɜɟɪɥɚ ɜ ɨɬɜɟɪɫɬɢɟ,
ɨɛɪɚɡɨɜɚɧɢɹ ɫɤɨɥɨɜ ɢ ɜɧɭɬɪɟɧɧɢɯ ɞɟɮɨɪɦɚɰɢɣ ɦɨɞɟ-
ɥɢ. ȼ ɩɪɨɰɟɫɫɟ ɩɨɞɝɨɬɨɜɤɢ ɦɨɞɟɥɟɣ ɤ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶ-
ɧɵɦ ɢɫɫɥɟɞɨɜɚɧɢɹɦ ɡɟɪɤɚɥɶɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɟɟ ɡɚ-
ɳɢɳɚɸɬ ɨɬ ɰɚɪɚɩɢɧ ɢ ɜɧɟɲɧɢɯ ɩɨɜɪɟɠɞɟɧɢɣ ɧɚɤɥɟɢ-
ɜɚɧɢɟɦ ɛɭɦɚɝɢ ɩɨɥɢɜɢɧɢɥɨɜɵɦ ɫɩɢɪɬɨɦ, ɪɚɫɬɜɨɪɟɧ-
ɧɵɦ ɜ ɝɨɪɹɱɟɣ ɜɨɞɟ. ɇɚ ɩɨɞɝɨɬɨɜɥɟɧɧɵɯ ɡɟɪɤɚɥɶɧɵɯ
ɩɨɜɟɪɯɧɨɫɬɹɯ ɦɨɞɟɥɢ, ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɪɟɡɭɥɶɬɚɬɨɜ
ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɨɥɹ ɧɚɩɪɹɠɟɧɢɣ, ɫ ɩɨɦɨɳɶɸ ɮɥɨɦɚ-
ɫɬɟɪɚ ɧɚɧɨɫɹɬ ɤɜɚɞɪɚɬɧɭɸ ɫɟɬɤɭ ɫ ɲɚɝɨɦ 0,002 ɦ.

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɢ ɜɵɛɪɚɧɵ ɫɥɟɞɭɸɳɢɟ
ɫɯɟɦɵ: ɚ) ɦɨɞɟɥɶ ɡɚɛɨɹ ɫɮɟɪɢɱɟɫɤɨɣ ɮɨɪɦɵ; ɛ) ɦɨ-
ɞɟɥɶ ɡɚɛɨɹ ɫɮɟɪɢɱɟɫɤɨɣ ɮɨɪɦɵ ɫ ɷɥɟɦɟɧɬɨɦ ɜɪɭ-
ɛɚ – ɤɨɦɩɟɧɫɚɰɢɨɧɧɚɹ ɩɨɥɨɫɬɶ ɫ ɞɥɢɧɨɣ, ɪɚɜɧɨɣ
h/2, ɝɞɟ h – ɜɵɫɨɬɚ ɜɵɪɚɛɨɬɤɢ; ɜ) ɦɨɞɟɥɶ ɡɚɛɨɹ
ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɮɨɪɦɵ ɫ ɷɥɟɦɟɧɬɨɦ ɜɪɭɛɚ – ɤɨɦ-
ɩɟɧɫɚɰɢɨɧɧɚɹ ɩɨɥɨɫɬɶ; ɝ) ɦɨɞɟɥɶ ɡɚɛɨɹ ɩɪɹɦɨ-
ɭɝɨɥɶɧɨɣ ɮɨɪɦɵ ɫ ɤɨɦɩɥɟɤɬɨɦ ɜɪɭɛɨɜɵɯ ɲɩɭɪɨɜ.
Ɇɟɬɨɞɢɤɨɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɟ-
ɞɭɫɦɚɬɪɢɜɚɥɨɫɶ ɩɹɬɶ ɫɟɪɢɣ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɫ ɭɤɚ-
ɡɚɧɧɵɦɢ ɦɨɞɟɥɹɦɢ ɫ ɰɟɥɶɸ ɨɩɪɟɞɟɥɟɧɢɹ ɯɚɪɚɤɬɟɪɚ
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨɥɹ ɧɚɩɪɹɠɟɧɢɣ ɜɨɤɪɭɝ ɡɚɛɨɹ ɜɵ-
ɪɚɛɨɬɤɢ. Ɋɟɚɥɢɡɚɰɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ
ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ ɫɨɜɦɟɫɬɧɨ ȽȼɍɁ „ɇȽɍ“
ɢ ɂȽɌɆ ɇȺɇ ɍɤɪɚɢɧɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɬɟɧɞɚ,
ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɧɚɩɪɹɠɟɧɧɨɝɨ
ɫɨɫɬɨɹɧɢɹ ɦɚɫɫɢɜɚ ɝɨɪɧɵɯ ɩɨɪɨɞ, ɜ ɤɨɬɨɪɨɦ ɩɪɨ-
ɜɨɞɢɬɫɹ ɩɨɞɝɨɬɨɜɢɬɟɥɶɧɚɹ ɜɵɪɚɛɨɬɤɚ. ɋɬɟɧɞ ɹɜɥɹ-
ɟɬɫɹ ɫɨɫɬɚɜɧɨɣ ɱɚɫɬɶɸ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɪɟɚɥɢɡɚ-
ɰɢɢ ɫɩɨɫɨɛɚ ɢɦɢɬɚɰɢɢ ɧɚɩɪɹɠɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ
ɜɨɤɪɭɝ ɜɵɪɚɛɨɬɤɢ, ɩɪɢɨɪɢɬɟɬ ɤɨɬɨɪɨɝɨ ɡɚɳɢɳɟɧ
ɩɚɬɟɧɬɨɦ ɍɤɪɚɢɧɵ [1]. ɋɯɟɦɚ ɫɬɟɧɞɚ ɢ ɨɛɳɢɣ ɜɢɞ
ɨɛɨɪɭɞɨɜɚɧɢɹ ɫɬɟɧɞɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 1. 

. 1. :1– ; 2 – ;
3 –  ( ); 4 – ; 5 – - -

 ( ); 6 –  6 RS-232; 7 – ; 8 – ; 9 –USB 
; 10 – 
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ɋɬɟɧɞ ɫɨɫɬɨɢɬ ɢɡ ɫɬɚɰɢɨɧɚɪɧɨ ɪɚɫɩɨɥɨɠɟɧɧɨɝɨ
ɩɪɟɫɫɚ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɢɫɩɵɬɚɬɟɥɶɧɨɝɨ 1 ɞɥɹ ɧɚ-
ɝɪɭɠɟɧɢɹ ɦɨɞɟɥɟɣ, ɦɟɠɞɭ ɩɪɢɠɢɦɧɵɦɢ ɩɥɢɬɚɦɢ 2
ɤɨɬɨɪɨɝɨ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɛɟɫɤɨɧɬɚɤɬɧɵɟ ɦɚɝɧɢɬɧɵɟ
ɞɚɬɱɢɤɢ (ȻɆȾ) 3, ɤɨɬɨɪɵɟ ɤɨɦɦɭɬɢɪɨɜɚɧɵ ɤɚɛɟɥɶɧɨɣ
ɫɢɫɬɟɦɨɣ 4 ɫ ɦɧɨɝɨɤɚɧɚɥɶɧɵɦ ɦɨɞɭɥɟɦ 5 – ɚɧɚɥɨɝɨ-
ɰɢɮɪɨɜɵɦ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɦ (Ⱥɐɉ), ɩɨɞɤɥɸɱɟɧɧɵɣ
ɱɟɪɟɡ ɢɧɬɟɪɮɟɣɫ 6 RS-232 ɤ ɫɢɫɬɟɦɧɨɦɭ ɛɥɨɤɭ ɉɄ 7.
ɐɢɮɪɨɜɚɹ ɮɨɬɨɤɚɦɟɪɚ 8 ɩɨɞɤɥɸɱɟɧɚ ɱɟɪɟɡ USB ɩɨɪɬ
9 ɤ ɫɢɫɬɟɦɧɨɦɭ ɛɥɨɤɭ ɉɄ 7 ɞɥɹ ɜɢɞɟɨɫɴɟɦɤɢ ɢɦɢɬɚ-
ɰɢɢ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɝɨɪ-
ɧɨɝɨ ɦɚɫɫɢɜɚ ɜ ɡɚɛɨɟ ɜɵɪɚɛɨɬɤɢ ɦɨɞɟɥɢ 10 ɢ ɩɟɪɟɞɚ-
ɱɢ ɟɟ ɫɢɫɬɟɦɧɨɦɭ ɛɥɨɤɭ ɉɄ 7 ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ.

ɉɟɪɟɞ ɩɪɨɜɟɞɟɧɢɟɦ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨ-
ɜɚɧɢɣ ɡɚɩɭɫɤɚɸɬ ɩɨɞɝɨɬɨɜɥɟɧɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɩɪɨ-
ɜɟɪɹɸɬ ɫɨɝɥɚɫɨɜɚɧɧɨɫɬɶ ɫɢɫɬɟɦ ɫɬɟɧɞɚ ɢ ɩɪɨɜɨɞɹɬ
ɟɝɨ ɬɚɪɢɪɨɜɤɭ. Ɂɚɬɟɦ ɦɟɠɞɭ ɩɪɢɠɢɦɧɵɦɢ ɩɥɢɬɚɦɢ
ɩɪɟɫɫɚ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɩɨɞɝɨɬɨɜɥɟɧɧɭɸ ɤ ɷɤɫɩɟɪɢ-
ɦɟɧɬɚɥɶɧɵɦ ɢɫɫɥɟɞɨɜɚɧɢɹɦ ɩɥɨɫɤɭɸ ɦɨɞɟɥɶ ɫɨɝɥɚɫ-
ɧɨ ɜɵɛɪɚɧɧɵɦ ɫɯɟɦɚɦ ɢ ɧɚɝɪɭɠɚɸɬ ɟɟ, ɚ ɧɚ ɝɨɪɢɡɨɧ-
ɬɚɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɜɵɫɨɬɟ ɧɢɠ-
ɧɟɣ ɩɥɢɬɵ ɩɪɟɫɫɚ, ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɩɨ ɰɟɧɬɪɭ ɨɩɬɢɱɟ-
ɫɤɨɣ ɥɢɧɢɢ ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ ɢɫɬɨɱɧɢɤ ɫɜɟɬɚ, ɩɨɥɹɪɢ-
ɡɚɬɨɪ, ɚ ɫ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ – ɚɧɚɥɢɡɚɬɨɪ ɢ ɮɨɬɨɤɚɦɟɪɭ.
ɉɨɫɥɟ ɜɤɥɸɱɟɧɢɹ ɢɫɬɨɱɧɢɤɚ ɫɜɟɬɚ ɩɨɥɹɪɢɡɨɜɚɧɧɵɣ
ɫɜɟɬ, ɩɪɨɯɨɞɹ ɱɟɪɟɡ ɦɨɞɟɥɶ, ɧɚɯɨɞɹɳɭɸɫɹ ɜ ɧɚɩɪɹ-
ɠɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɪɚɡɥɚɝɚɟɬɫɹ ɧɚ ɞɜɚ ɥɭɱɚ, ɫɜɟɬɨɜɵɟ
ɜɨɥɧɵ ɤɨɬɨɪɨɝɨ ɨɪɢɟɧɬɢɪɨɜɚɧɵ ɜ ɩɥɨɫɤɨɫɬɹɯ ɞɟɣɫɬ-
ɜɢɹ ɞɜɭɯ ɝɥɚɜɧɵɯ ɧɨɪɦɚɥɶɧɵɯ ɧɚɩɪɹɠɟɧɢɣ. Ⱥ ɩɨ-
ɫɤɨɥɶɤɭ ɨɩɬɢɱɟɫɤɢ ɚɤɬɢɜɧɵɣ ɦɚɬɟɪɢɚɥ ɜ ɧɚɩɪɹɠɟɧ-
ɧɨɦ ɫɨɫɬɨɹɧɢɢ ɚɧɢɡɨɬɪɨɩɟɧ ɢ ɫ ɪɚɡɧɨɣ ɫɤɨɪɨɫɬɶɸ
ɩɪɨɩɭɫɤɚɟɬ ɫɜɟɬɨɜɵɟ ɜɨɥɧɵ ɜɨ ɜɡɚɢɦɧɨ ɩɟɪɩɟɧɞɢɤɭ-
ɥɹɪɧɵɯ ɧɚɩɪɚɜɥɟɧɢɹɯ, ɬɨ ɨɛɪɚɡɭɟɬɫɹ ɬɚɤ ɧɚɡɵɜɚɟɦɚɹ
ɪɚɡɧɨɫɬɶ ɯɨɞɚ ɞɜɭɯ ɭɩɨɦɹɧɭɬɵɯ ɥɭɱɟɣ. ȿɫɥɢ ɨɛɟ
ɩɥɨɫɤɨɫɬɢ, ɜ ɤɨɬɨɪɵɯ ɨɪɢɟɧɬɢɪɨɜɚɧɵ ɥɭɱɢ, ɛɭɞɭɬ
ɜɧɨɜɶ ɫɨɜɦɟɳɟɧɵ, ɬɨ ɩɪɨɢɡɨɣɞɟɬ ɢɧɬɟɪɮɟɪɟɧɰɢɹ ɫɜɟ-
ɬɨɜɵɯ ɜɨɥɧ ɢ ɧɚ ɷɤɪɚɧɟ ɚɧɚɥɢɡɚɬɨɪɚ ɩɨɹɜɢɬɫɹ ɪɹɞ ɩɨ-
ɥɨɫ – ɢɡɨɯɪɨɦ, ɨɤɪɚɲɟɧɧɵɯ ɜ ɪɚɡɥɢɱɧɵɟ ɰɜɟɬɚ ɪɚɡ-
ɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ. ɉɨ ɨɤɪɚɫɤɟ ɷɬɢɯ ɩɨɥɨɫ ɦɨɠɧɨ
ɫɭɞɢɬɶ ɨ ɧɚɩɪɹɠɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ ɦɨɞɟɥɢ, ɩɨɫɤɨɥɶɤɭ
ɤɚɠɞɚɹ ɢɡɨɯɪɨɦɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɩɪɟɞɟɥɟɧɧɨɦɭ ɭɪɨɜ-
ɧɸ ɪɚɡɧɨɫɬɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɢ ɦɢɧɢɦɚɥɶɧɨɣ ɤɨɦɩɨ-
ɧɟɧɬ ɝɥɚɜɧɵɯ ɧɚɩɪɹɠɟɧɢɣ (σ1–σ3). Ⱦɥɹ ɤɚɠɞɨɣ ɢɡ ɢɫ-
ɫɥɟɞɨɜɚɧɧɵɯ ɦɨɞɟɥɟɣ ɜ ɩɪɨɰɟɫɫɟ ɢɯ ɧɚɝɪɭɠɟɧɢɹ ɨɩ-
ɪɟɞɟɥɟɧɨ ɩɨɥɟ ɧɚɩɪɹɠɟɧɢɣ ɜ ɜɢɞɟ ɢɡɨɯɪɨɦ.

Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 2. 
Ⱥɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ ɩɪɨ-
ɜɨɞɢɥɫɹ ɜ ɩɪɨɰɟɫɫɟ ɢɡɦɟɧɟɧɢɹ ɧɚɝɪɭɡɤɢ ɧɚ ɦɨɞɟɥɶ,
ɫɨɫɬɨɹɧɢɟ ɨɛɪɚɡɰɨɜ ɮɢɤɫɢɪɨɜɚɥɨɫɶ ɱɟɪɟɡ ɤɚɠɞɵɟ
2,5 Ɇɉɚ ɧɚɝɪɭɠɟɧɢɹ.

ȼ ɯɨɞɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɨɞɟɥɟɣ ɫ ɪɚɡɥɢɱɧɨɣ ɤɨɧɮɢɝɭ-
ɪɚɰɢɟɣ ɡɚɛɨɹ ɜɵɪɚɛɨɬɤɢ ɢ ɜɢɞɨɜ ɷɥɟɦɟɧɬɨɜ ɜɪɭɛɚ ɯɚ-
ɪɚɤɬɟɪ ɪɚɡɜɢɬɢɹ ɩɨɥɹ ɧɚɩɪɹɠɟɧɢɣ ɫɭɳɟɫɬɜɟɧɧɨ ɢɡɦɟ-
ɧɢɥɫɹ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɧɚɝɪɭɡɤɢ. Ɉɬ ɞɟɣɫɬɜɢɹ ɫɬɚɬɢɱɟ-
ɫɤɨɣ ɫɠɢɦɚɸɳɟɣ ɧɚɝɪɭɡɤɢ ɜ ɦɨɞɟɥɢ ɜɩɟɪɟɞɢ ɡɚɛɨɹ ɜɵ-
ɪɚɛɨɬɤɢ ɜɵɩɭɤɥɨɣ ɮɨɪɦɵ ɩɨɹɜɢɥɨɫɶ ɩɨɥɟ ɫɜɟɬɥɵɯ ɬɨ-
ɧɨɜ, ɤɨɬɨɪɨɟ ɩɪɟɞɲɟɫɬɜɭɟɬ ɩɨɹɜɥɟɧɢɸ ɢɡɨɯɪɨɦɵ ɩɟɪ-
ɜɨɝɨ ɩɨɪɹɞɤɚ. ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɧɚɝɪɭɡɤɢ ɞɨ 5,0 Ɇɉɚ (ɪɢɫ.
2, ) ɜɫɥɟɞ ɡɚ ɢɡɨɯɪɨɦɨɣ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ ɩɟɪɟɦɟɫɬɢ-
ɥɚɫɶ ɢɡɨɯɪɨɦɚ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ. ɉɪɢ ɷɬɨɦ ɩɥɨɳɚɞɶ ɭɱɚ-

ɫɬɤɚ, ɨɝɪɚɧɢɱɟɧɧɨɝɨ ɢɡɨɯɪɨɦɚɦɢ ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ ɩɨ-
ɪɹɞɤɚ, ɫɭɳɟɫɬɜɟɧɧɨ ɧɟ ɢɡɦɟɧɢɥɚɫɶ, ɬɨɝɞɚ ɤɚɤ ɩɪɢ ɧɚ-
ɝɪɭɡɤɟ 10,0–15,0 Ɇɉɚ ɤɚɪɬɢɧɚ ɪɟɡɤɨ ɦɟɧɹɟɬɫɹ. ɉɨ ɤɨɧ-
ɬɭɪɭ ɡɚɛɨɹ ɜɵɪɚɛɨɬɤɢ ɩɨɹɜɢɥɢɫɶ ɩɨɱɬɢ ɤɨɧɰɟɧɬɪɢɱɟ-
ɫɤɢɟ ɢɡɨɯɪɨɦɵ ɜɵɫɨɤɢɯ ɩɨɪɹɞɤɨɜ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ
ɛɨɥɶɲɢɦ ɧɚɩɪɹɠɟɧɢɹɦ. ɋɨɜɟɪɲɟɧɧɨ ɢɧɚɹ ɤɚɪɬɢɧɚ ɩɪɨ-
ɫɥɟɠɢɜɚɟɬɫɹ ɧɚ ɦɨɞɟɥɹɯ ɫ ɷɥɟɦɟɧɬɚɦɢ ɜɪɭɛɚ (ɪɢɫ. 2, -
). ȼ ɦɨɞɟɥɢ ɜɵɪɚɛɨɬɤɢ ɫ ɜɵɩɭɤɥɨɣ ɮɨɪɦɨɣ ɡɚɛɨɹ, ɫ
ɤɨɦɩɟɧɫɚɰɢɨɧɧɨɣ ɫɤɜɚɠɢɧɨɣ ɜ ɰɟɧɬɪɟ, ɧɚ ɩɟɪɜɵɯ ɷɬɚ-
ɩɚɯ ɢɡɦɟɧɟɧɢɹ ɧɚɝɪɭɡɤɢ (2,5 Ɇɉɚ) ɩɨɹɜɢɥɚɫɶ ɢɡɨɯɪɨɦɚ
ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ ɫ ɢɡɦɟɧɟɧɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɟɣ, ɩɪɢɧɢ-
ɦɚɸɳɟɣ ɮɨɪɦɭ ɩɨɜɟɪɯɧɨɫɬɢ ɡɚɛɨɹ ɜɵɪɚɛɨɬɤɢ ɫ ɜɵɪɚ-
ɠɟɧɧɵɦ ɭɫɬɭɩɧɵɦ ɷɥɟɦɟɧɬɨɦ ɧɚ ɝɪɚɧɢɰɟ, ɫɨɨɬɜɟɬɫɬ-
ɜɭɸɳɟɣ ɬɨɪɰɭ ɲɩɭɪɚ. ɉɥɨɳɚɞɶ, ɨɝɪɚɧɢɱɟɧɧɚɹ ɢɡɨɯɪɨ-
ɦɨɣ, ɛɨɥɶɲɟ, ɱɟɦ ɜ ɚɧɚɥɨɝɢɱɧɵɯ ɭɫɥɨɜɢɹɯ ɜ ɦɨɞɟɥɢ ɛɟɡ
ɷɥɟɦɟɧɬɨɜ ɜɪɭɛɚ (ɪɢɫ. 2, ). ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɧɚɝɪɭɡɤɢ ɞɨ
5,0–10,0 Ɇɉɚ ɮɪɨɧɬ ɜɵɫɨɤɢɯ ɧɚɩɪɹɠɟɧɢɣ ɩɟɪɟɦɟɳɚɟɬ-
ɫɹ ɜ ɡɨɧɭ ɜɧɟ ɜɥɢɹɧɢɹ ɩɨɞɝɨɬɨɜɢɬɟɥɶɧɨɣ ɜɵɪɚɛɨɬɤɢ ɢ
ɩɟɪɟɪɚɫɩɪɟɞɟɥɹɟɬɫɹ. ɇɨ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɜ ɩɨɱɜɟ ɢ
ɤɪɨɜɥɟ ɜɵɪɚɛɨɬɤɢ ɩɪɨɢɫɯɨɞɢɬ ɤɨɧɰɟɧɬɪɚɰɢɹ ɧɚɩɪɹɠɟ-
ɧɢɣ – ɢɡɨɯɪɨɦɵ, ɩɪɢɨɛɪɟɬɚɸɳɢɟ ɨɜɚɥɶɧɭɸ ɮɨɪɦɭ, ɜɵ-
ɬɹɧɭɬɭɸ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɩɪɨɜɟɞɟɧɢɹ ɜɵɪɚɛɨɬɤɢ. Ɍɚɤɚɹ
ɠɟ ɤɚɪɬɢɧɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ ɧɚɛɥɸɞɚɟɬɫɹ ɜ
ɦɨɞɟɥɢ ɫ ɩɪɹɦɨɥɢɧɟɣɧɨɣ ɮɨɪɦɨɣ ɡɚɛɨɹ (ɪɢɫ. 2, ). ȿɫɥɢ
ɠɟ ɨɰɟɧɢɜɚɬɶ ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɜ ɦɨɞɟɥɢ ɫ
ɩɨɥɧɵɦ ɤɨɦɩɥɟɤɬɨɦ ɜɪɭɛɨɜɵɯ ɲɩɭɪɨɜ (ɪɢɫ. 2, ), ɬɨ
ɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɛɭɪɟɧɢɢ ɲɩɭɪɨɜ ɜ ɷɬɨɣ ɡɨɧɟ ɩɪɨɢɫɯɨɞɢɬ
ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɟ ɧɚɩɪɹɠɟɧɢɣ ɢ ɪɚɡɝɪɭɡɤɚ ɦɚɫɫɢɜɚ
ɟɳɟ ɞɨ ɜɟɞɟɧɢɹ ɜɡɪɵɜɧɵɯ ɪɚɛɨɬ.

Ɉɞɧɨɜɪɟɦɟɧɧɨ ɫ ɢɡɭɱɟɧɢɟɦ ɯɚɪɚɤɬɟɪɚ ɪɚɫɩɪɟɞɟ-
ɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ ɜ ɦɨɞɟɥɢ ɢɫɫɥɟɞɨɜɚɥɚɫɶ ɞɢɧɚɦɢɤɚ
ɧɚɝɪɭɠɟɧɢɹ ɦɨɞɟɥɢ ɫ ɮɢɤɫɢɪɨɜɚɧɧɵɦ ɲɚɝɨɦ, ɪɚɜɧɵɦ
2,5 Ɇɉɚ. ɉɨɥɭɱɟɧɧɚɹ ɢɧɮɨɪɦɚɰɢɹ ɫɧɢɦɚɥɚɫɶ ɞɚɬɱɢ-
ɤɚɦɢ, ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɤɨɞɢɪɨɜɚɧɢɟɦ ɫɢɝɧɚɥɚ ɜ Ⱥɐɉ,
ɢ ɱɟɪɟɡ ɢɧɬɟɪɮɟɣɫ RS-232 ɩɟɪɟɞɚɜɚɥɚɫɶ ɜ ɫɢɫɬɟɦɧɵɣ
ɛɥɨɤɭ ɉɄ. ɋ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟ-
ɱɟɧɢɹ (ɉɈ), ɚɞɚɩɬɢɪɨɜɚɧɧɨɝɨ ɤ ɩɪɨɝɪɚɦɦɟ EXCEL, 
ɩɨɥɭɱɟɧɧɚɹ ɢɧɮɨɪɦɚɰɢɹ ɨɛɪɚɛɚɬɵɜɚɟɬɫɹ ɜ ɉɄ ɢ ɜɵ-
ɞɚɟɬɫɹ ɜ ɞɢɚɥɨɝɨɜɨɦ ɨɤɧɟ ɧɚ ɦɨɧɢɬɨɪɟ ɉɄ ɜ ɜɢɞɟ
ɞɢɚɝɪɚɦɦɵ „ɧɚɩɪɹɠɟɧɢɟ-ɞɟɮɨɪɦɚɰɢɹ“ (ɪɢɫ. 3).  

Ⱥɧɚɥɢɡ ɧɚɩɪɹɠɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɦɚɫɫɢɜɚ ɜ ɦɨɞɟ-
ɥɹɯ ɜɵɪɚɛɨɬɨɤ ɫ ɪɚɡɥɢɱɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɟɣ ɩɨɜɟɪɯ-
ɧɨɫɬɢ ɡɚɛɨɹ ɢ ɤɨɥɢɱɟɫɬɜɨɦ ɷɥɟɦɟɧɬɨɜ ɜɪɭɛɨɜɵɯ ɲɩɭ-
ɪɨɜ ɩɨɤɚɡɚɥ, ɱɬɨ ɨɫɧɨɜɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɢ ɮɨɪɦɚ
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ ɜɩɟɪɟɞɢ ɢ ɜɨɤɪɭɝ ɡɚɛɨɹ
ɜɵɪɚɛɨɬɤɢ ɮɨɪɦɢɪɭɟɬɫɹ ɩɨ ɨɫɢ ɜɵɪɚɛɨɬɤɢ ɜ ɡɨɧɟ
ɜɥɢɹɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɜɟɞɟɧɢɹ
ɜɵɪɚɛɨɬɤɢ – ɩɪɨɛɭɪɟɧɧɵɟ ɲɩɭɪɵ ɢ ɤɨɧɮɢɝɭɪɚɰɢɹ
ɩɨɜɟɪɯɧɨɫɬɢ ɡɚɛɨɹ. ɗɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɬɨ, ɱɬɨ ɩɪɢ ɪɚɫ-
ɩɨɥɨɠɟɧɢɢ ɜɪɭɛɨɜɵɯ ɲɩɭɪɨɜ ɜ ɫɟɱɟɧɢɢ ɜɵɪɚɛɨɬɤɢ
ɧɟɨɛɯɨɞɢɦɨ ɛɭɪɢɬɶ ɢɯ ɧɚ ɝɥɭɛɢɧɭ, ɩɪɟɜɵɲɚɸɳɭɸ
ɡɨɧɭ ɜɥɢɹɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɜɟɞɟ-
ɧɢɹ ɜɵɪɚɛɨɬɤɢ, ɢ ɬɟɦ ɫɚɦɵɦ ɩɟɪɟɦɟɫɬɢɬɶ ɦɚɤɫɢɦɭɦ
ɝɥɚɜɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɡɨɧɭ ɜɧɟ ɜɥɢɹɧɢɹ ɡɚɛɨɹ ɜɵɪɚ-
ɛɨɬɤɢ. ȼɵɩɨɥɧɟɧɢɟ ɷɬɢɯ ɨɩɟɪɚɰɢɣ ɩɨɡɜɨɥɢɬ ɭɥɭɱ-
ɲɢɬɶ ɪɚɛɨɬɭ ɜɪɭɛɨɜɵɯ ɲɩɭɪɨɜɵɯ ɡɚɪɹɞɨɜ ɩɨ ɨɛɪɚɡɨ-
ɜɚɧɢɸ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ – 
ɜɪɭɛɨɜɨɣ ɩɨɥɨɫɬɢ ɢ ɭɥɭɱɲɢɬɶ ɬɟɦ ɫɚɦɵɦ ɩɨɤɚɡɚɬɟɥɢ
ȻȼɊ.
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. 3.  „ -
“

2.
-

. Ɋɟɲɢɦ
ɡɚɞɚɱɭ ɨɛ ɨɩɪɟɞɟɥɟɧɢɢ ɧɚɩɪɹɠɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɩɨ-
ɪɨɞ ɜ ɡɚɛɨɟ ɜɵɪɚɛɨɬɤɢ, ɩɪɢ ɭɩɪɭɝɨɩɥɚɫɬɢɱɟɫɤɨɣ ɩɨ-
ɫɬɚɧɨɜɤɟ, ɫ ɩɨɦɨɳɶɸ ɦɟɬɨɞɚ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ.
ȼɨɫɩɨɥɶɡɭɟɦɫɹ ɦɟɬɨɞɨɦ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ (ɆɄɗ)
ɜ ɮɨɪɦɟ ɦɟɬɨɞɚ ɩɟɪɟɦɟɳɟɧɢɣ. Ⱥɥɝɨɪɢɬɦ ɪɟɲɟɧɢɹ ɡɚ-
ɞɚɱɢ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɫɥɟɞɭɸɳɭɸ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ
ɩɪɨɜɟɞɟɧɢɹ ɪɚɫɱɟɬɚ ɩɨ ɆɄɗ:

− ɪɚɡɛɢɟɧɢɟ ɬɟɥɚ ɧɚ ɤɨɧɟɱɧɵɟ ɷɥɟɦɟɧɬɵ ɢ ɧɚɡɧɚ-
ɱɟɧɢɟ ɭɡɥɨɜ, ɜ ɤɨɬɨɪɵɯ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɟɪɟɦɟɳɟɧɢɹ;

− ɩɨɫɬɪɨɟɧɢɟ ɦɚɬɪɢɰɵ ɠɟɫɬɤɨɫɬɢ ɢ ɜɟɤɬɨɪɨɜ ɧɚ-
ɝɪɭɡɤɢ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ;

− ɫɨɫɬɚɜɥɟɧɢɟ ɫɢɫɬɟɦɵ ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɭɪɚɜɧɟ-
ɧɢɣ ɢ ɪɟɲɟɧɢɟ ɢɯ;

− ɨɩɪɟɞɟɥɟɧɢɟ ɩɨ ɧɚɣɞɟɧɧɵɦ ɩɟɪɟɦɟɳɟɧɢɹɦ ɧɚ-
ɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɬɟɥɚ.

Ɋɚɫɫɦɨɬɪɢɦ ɫɥɟɞɭɸɳɢɟ ɫɯɟɦɵ ɡɚɛɨɹ ɜɵɪɚɛɨɬɤɢ: I – 
ɡɚɛɨɣ ɫɮɟɪɢɱɟɫɤɨɣ ɮɨɪɦɵ; II – ɡɚɛɨɣ ɫɮɟɪɢɱɟɫɤɨɣ
ɮɨɪɦɵ ɫ ɷɥɟɦɟɧɬɨɦ ɜɪɭɛɚ – ɤɨɦɩɟɧɫɚɰɢɨɧɧɚɹ ɩɨɥɨɫɬɶ
ɞɥɢɧɨɣ h/2; III – ɡɚɛɨɣ ɫɮɟɪɢɱɟɫɤɨɣ ɮɨɪɦɵ ɫ ɷɥɟɦɟɧɬɨɦ
ɜɪɭɛɚ – ɤɨɦɩɟɧɫɚɰɢɨɧɧɚɹ ɩɨɥɨɫɬɶ ɞɥɢɧɨɣ h; IV – ɡɚɛɨɣ
ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɮɨɪɦɵ ɫ ɷɥɟɦɟɧɬɨɦ ɜɪɭɛɚ – ɤɨɦɩɟɧɫɚ-
ɰɢɨɧɧɚɹ ɩɨɥɨɫɬɶ; V – ɦɨɞɟɥɶ ɡɚɛɨɹ ɩɪɹɦɨɭɝɨɥɶɧɨɣ
ɮɨɪɦɵ ɫ ɜɪɭɛɨɦ. Ⱦɥɹ ɨɰɟɧɤɢ ɧɚɩɪɹɠɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ
ɛɭɞɟɦ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɚɪɚɦɟɬɪ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɫɬɟ-
ɩɟɧɶ ɪɚɡɧɨɤɨɦɩɨɧɟɧɬɧɨɫɬɢ ɩɨɥɹ ɧɚɩɪɹɠɟɧɢɣ

Q = ( 1 – 3)/ H,

ɝɞɟ 1, 3 – ɦɚɤɫɢɦɚɥɶɧɚɹ ɢ ɦɢɧɢɦɚɥɶɧɚɹ ɤɨɦɩɨɧɟɧɬɵ
ɬɟɧɡɨɪɚ ɝɥɚɜɧɵɯ ɧɚɩɪɹɠɟɧɢɣ; ҏ – ɭɫɪɟɞɧɟɧɧɚɹ ɩɥɨɬ-
ɧɨɫɬɶ ɜɵɲɟɥɟɠɚɳɢɯ ɝɨɪɧɵɯ ɩɨɪɨɞ; H – ɝɥɭɛɢɧɚ ɪɚɡɪɚ-
ɛɨɬɤɢ.

ɇɚ ɪɢɫ. 4 ɩɨɤɚɡɚɧɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɡɧɚɱɟɧɢɣ ɩɚ-
ɪɚɦɟɬɪɚ Q ɞɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɦɨɞɟɥɟɣ ɩɪɢ ɦɚɤɫɢ-
ɦɚɥɶɧɨɣ ɧɚɝɪɭɡɤɟ.

) ) )

) )
. 4.  Q  I–V: ) ; ) -

 –  h/2; )
 –  h; ) -

 – ; )
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Ɋɚɫɫɦɨɬɪɢɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɧɚɩɪɹɠɟɧɢɣ ɜ ɡɚɛɨɟ
ɜɵɪɚɛɨɬɤɢ ɤɪɢɜɨɥɢɧɟɣɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ. ɇɚ ɪɢɫ. 4, 
ɜɢɞɧɨ, ɱɬɨ ɡɨɧɚ ɩɨɜɵɲɟɧɧɨɣ ɪɚɡɧɨɤɨɦɩɨɧɟɧɬɧɨɫɬɢ

ɮɨɪɦɢɪɭɟɬɫɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ, ɩɪɢɨɛɪɟɬɚɹ ɟɟ ɮɨɪɦɭ
(0,8<Q<1,2).  

ȼ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɡɚɛɨɣ ɢɦɟɟɬ ɩɪɹɦɨɥɢɧɟɣɧɭɸ ɤɨɧ-
ɮɢɝɭɪɚɰɢɸ ɫ ɨɞɢɧɨɱɧɵɦ ɤɨɦɩɟɧɫɚɰɢɨɧɧɵɦ ɲɩɭɪɨɦ
ɞɥɢɧɨɣ h/2, ɡɨɧɚ ɜɨɤɪɭɝ ɲɩɭɪɚ ɧɚɢɛɨɥɟɟ ɪɚɡɝɪɭɠɟɧɚ
(ɪɢɫ. 4, ), ɚ ɦɚɤɫɢɦɚɥɶɧɵɟ ɧɚɝɪɭɡɤɢ (Q = 1,6) ɤɨɧ-
ɰɟɧɬɪɢɪɭɸɬɫɹ ɜ ɬɨɪɰɟ ɲɩɭɪɚ ɢ ɜ ɭɝɥɚɯ ɧɚ ɩɟɪɟɯɨɞɟ
„ɤɪɨɜɥɹ – ɩɨɜɟɪɯɧɨɫɬɶ ɡɚɛɨɹ“ ɢ „ɩɨɱɜɚ – ɩɨɜɟɪɯɧɨɫɬɶ
ɡɚɛɨɹ“. ȼ ɡɚɛɨɟ ɤɪɢɜɨɥɢɧɟɣɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ ɫ ɰɟɧ-
ɬɪɚɥɶɧɵɦɢ ɲɩɭɪɚɦɢ ɞɥɢɧɨɣ h/2 ɢ h (ɪɢɫ. 4, - ), ɯɚ-
ɪɚɤɬɟɪ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ ɜ ɡɨɧɟ ɤɨɦɩɟɧɫɚ-

ɰɢɨɧɧɨɝɨ ɲɩɭɪɚ ɚɧɚɥɨɝɢɱɟɧ. ȼɢɞɧɨ, ɱɬɨ ɡɨɧɚ ɪɚɡ-
ɝɪɭɡɤɢ ɜ ɨɛɥɚɫɬɢ ɤɨɦɩɟɧɫɚɰɢɨɧɧɨɝɨ ɲɩɭɪɚ ɩɪɚɤɬɢɱɟ-
ɫɤɢ ɪɚɜɧɚ ɟɝɨ ɞɥɢɧɟ ɢ ɢɦɟɟɬ ɮɨɪɦɭ ɜɨɪɨɧɤɢ ɝɥɭɛɢɧɨɣ
h/2 ɢ h ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ⱥɧɚɥɨɝɢɱɧɚɹ ɤɚɪɬɢɧɚ ɧɚɛɥɸ-
ɞɚɟɬɫɹ ɞɥɹ ɡɚɛɨɹ ɩɪɹɦɨɥɢɧɟɣɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ ɫ
ɤɨɦɩɥɟɤɬɨɦ ɜɪɭɛɨɜɵɯ ɲɩɭɪɨɜ (ɪɢɫ. 4, ), ɬɨɥɶɤɨ ɪɚɡ-
ɝɪɭɠɟɧɧɚɹ ɡɨɧɚ, ɜ ɤɨɬɨɪɨɣ ɪɚɫɩɨɥɨɠɟɧ ɤɨɦɩɥɟɤɬ
ɜɪɭɛɨɜɵɯ ɲɩɭɪɨɜ, ɢɦɟɟɬ ɛɨɥɶɲɢɟ ɪɚɡɦɟɪɵ. Ɍɚɤɠɟ
ɧɚɛɥɸɞɚɟɬɫɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɧɚɩɪɹɠɟɧɢɣ ɜ ɤɨɧɬɚɤɬ-
ɧɵɯ ɨɛɥɚɫɬɹɯ – „ɝɪɚɧɢɰɚ ɜɪɭɛɚ – ɬɨɪɰɟɜɚɹ ɱɚɫɬɶ
ɲɩɭɪɚ“ (Q > 1,2). 

ɇɚ ɪɢɫ. 5 ɩɪɢɜɟɞɟɧɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɡɧɚɱɟɧɢɣ ɩɚ-
ɪɚɦɟɬɪɚ Q ɜɞɨɥɶ ɨɫɢ, ɩɪɨɯɨɞɹɳɟɣ ɱɟɪɟɡ ɰɟɧɬɪ ɜɵɪɚ-
ɛɨɬɤɢ ɜ ɦɨɞɟɥɢ.

. 5.  Q 

. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ
ɩɨɤɚɡɚɥɢ, ɱɬɨ ɜ ɡɚɛɨɹɯ ɜɵɪɚɛɨɬɨɤ ɤɚɤ ɩɪɹɦɨɣ, ɬɚɤ ɢ
ɤɪɢɜɨɥɢɧɟɣɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɜ ɰɟɧ-
ɬɪɚɥɶɧɨɣ ɱɚɫɬɢ ɜɵɪɚɛɨɬɤɢ ɪɚɫɩɨɥɚɝɚɬɶ ɤɨɦɩɥɟɤɬɵ
ɲɩɭɪɨɜ ɫ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ, ɢɡɦɟɧɟɧɧɵ-
ɦɢ ɜ ɫɬɨɪɨɧɭ ɢɯ ɭɜɟɥɢɱɟɧɢɹ. ɗɬɨ ɩɨɡɜɨɥɢɬ ɭɜɟɥɢɱɢɬɶ
ɡɨɧɭ ɪɚɡɝɪɭɡɤɢ ɢ ɬɟɦ ɫɚɦɵɦ ɭɥɭɱɲɢɬɶ ɭɫɥɨɜɢɹ ɪɚɛɨɬɵ
ɜɪɭɛɨɜɵɯ ɲɩɭɪɨɜɵɯ ɡɚɪɹɞɨɜ ɩɨ ɨɛɪɚɡɨɜɚɧɢɸ ɜɪɭɛɨɜɨɣ
ɩɨɥɨɫɬɢ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɜɡɪɵɜɚɧɢɟɦ ɨɬɛɨɣɧɵɯ, ɜɫɩɨ-
ɦɨɝɚɬɟɥɶɧɵɯ ɢ ɨɤɨɧɬɭɪɢɜɚɸɳɢɯ ɲɩɭɪɨɜɵɯ ɡɚɪɹɞɨɜ ɡɚ
ɰɢɤɥ ɜɡɪɵɜɚɧɢɹ ɩɨ ɜɫɟɦɭ ɫɟɱɟɧɢɸ ɜɵɪɚɛɨɬɤɢ.
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. Ⱦɨɫɥɿɞɠɟɧɧɹ ɯɚɪɚɤɬɟɪɭ ɿ ɱɢɫɟɥɶɧɟ ɪɿɲɟɧɧɹ
ɪɨɡɩɨɞɿɥɭ ɩɨɥɿɜ ɧɚɩɪɭɠɟɧɶ ɦɚɫɢɜɭ, ɳɨ ɮɨɪɦɭɸɬɶɫɹ
ɧɚɜɤɨɥɨ ɡɚɛɨɸ ɜɢɪɨɛɤɢ, ɞɨ ɩɪɨɜɟɞɟɧɧɹ ɛɭɪɨɜɢɛɭɯɨ-
ɜɢɯ ɪɨɛɿɬ.

. ɉɪɨɜɟɞɟɧɨ ɞɟɤɿɥɶɤɚ ɫɟɪɿɣ ɟɤɫɩɟɪɢɦɟɧ-
ɬɚɥɶɧɢɯ ɞɨɫɥɿɞɠɟɧɶ ɭ ɥɚɛɨɪɚɬɨɪɧɢɯ ɭɦɨɜɚɯ ɿɡ ɜɢ-
ɜɱɟɧɧɹ ɯɚɪɚɤɬɟɪɭ ɪɨɡɩɨɞɿɥɭ ɩɨɥɿɜ ɧɚɩɪɭɠɟɧɶ ɧɚɜɤɨɥɨ
ɡɚɛɨɸ ɜɢɪɨɛɤɢ ɧɚ ɦɨɞɟɥɹɯ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɦɟɬɨɞɭ
ɮɨɬɨɩɪɭɠɧɨɫɬɿ ɿ ɪɨɡɪɨɛɥɟɧɨɝɨ ɫɬɟɧɞɭ, ɚ ɬɚɤɨɠ ɱɢɫɟ-
ɥɶɧɟ ɦɨɞɟɥɸɜɚɧɧɹ ɧɚɩɪɭɠɟɧɨ-ɞɟɮɨɪɦɨɜɚɧɨɝɨ ɫɬɚɧɭ
(ɇȾɋ) ɦɚɫɢɜɭ ɜ ɡɚɛɨʀ ɩɿɞɝɨɬɨɜɱɨʀ ɜɢɪɨɛɤɢ ɦɟɬɨɞɨɦ
ɤɿɧɰɟɜɢɯ ɟɥɟɦɟɧɬɿɜ (ɆɄȿ) ɿ ɦɟɯɚɧɿɤɢ ɫɭɰɿɥɶɧɨɝɨ ɫɟ-
ɪɟɞɨɜɢɳɚ. Ɂɚɩɪɨɩɨɧɨɜɚɧɢɣ ɤɨɦɩɥɟɤɫ ɭɫɬɚɬɤɭɜɚɧɧɹ ɽ
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ɫɤɥɚɞɨɜɨɸ ɱɚɫɬɢɧɨɸ ɧɨɜɨɝɨ ɫɩɨɫɨɛɭ ɦɨɞɟɥɸɜɚɧɧɹ
ɇȾɋ ɧɚɜɤɨɥɨ ɜɢɪɨɛɤɢ.

. ɉɪɟɞɫɬɚɜɥɟɧɨ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɿ ɿ ɬɟ-
ɨɪɟɬɢɱɧɿ ɞɨɫɥɿɞɠɟɧɧɹ ɦɨɞɟɥɸɜɚɧɧɹ ɇȾɋ ɦɚɫɢɜɭ ɩɨ
ɩ’ɹɬɢ ɫɯɟɦɚɯ ɡɚɩɪɨɩɨɧɨɜɚɧɨʀ ɦɨɞɟɥɿ ɡɚɛɨɸ ɜɢɪɨɛɤɢ ɜ
ɭɩɪɭɝɨɩɥɚɫɬɢɱɧɿɣ ɩɨɫɬɚɧɨɜɰɿ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɆɄȿ.
Ⱦɨɫɥɿɞɠɟɧɧɹɦɢ ɜɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɜ ɡɚɛɨɹɯ ɜɢɪɨɛɤɢ ɹɤ
ɩɪɹɦɨʀ, ɬɚɤ ɿ ɤɪɢɜɨɥɿɧɿɣɧɨʀ ɤɨɧɮɿɝɭɪɚɰɿʀ ɪɟɤɨɦɟɧɞɭ-
ɽɬɶɫɹ ɜ ɰɟɧɬɪɚɥɶɧɿɣ ɱɚɫɬɢɧɿ ɜɢɪɨɛɤɢ ɪɨɡɬɚɲɨɜɭɜɚɬɢ
ɤɨɦɩɥɟɤɬɢ ɲɩɭɪɿɜ ɡɿ ɡɛɿɥɶɲɟɧɢɦɢ ɬɟɯɧɨɥɨɝɿɱɧɢɦɢ
ɩɚɪɚɦɟɬɪɚɦɢ. ɐɟ ɞɨɡɜɨɥɢɬɶ ɡɦɿɫɬɢɬɢ ɡɨɧɭ ɪɨɡɜɚɧɬɚ-
ɠɟɧɧɹ ɩɨɩɟɪɟɞɭ ɡɚɛɨɸ ɜɢɪɨɛɤɢ ɿ ɡɛɿɥɶɲɢɬɢ ɡɨɧɭ ɡ
ɧɢɡɶɤɢɦɢ ɩɨɤɚɡɧɢɤɚɦɢ ɧɚɩɪɭɠɟɧɶ.

. ȼɫɬɚɧɨɜɥɟɧɧɹ ɯɚɪɚɤɬɟɪɭ, ɡɚɤɨ-
ɧɨɦɿɪɧɨɫɬɟɣ ʀɯ ɪɨɡɩɨɞɿɥɭ ɿ ɱɢɫɟɥɶɧɿ ɡɧɚɱɟɧɧɹ ɩɨɥɿɜ ɧɚ-
ɩɪɭɠɟɧɶ ɧɚɜɤɨɥɨ ɩɿɞɝɨɬɨɜɱɨʀ ɜɢɪɨɛɤɢ ɜ ɰɟɧɬɪɚɥɶɧɿɣ ɱɚ-
ɫɬɢɧɿ ɡɚ ɯɨɞɨɦ ʀʀ ɩɟɪɟɞ ɩɨɱɚɬɤɨɦ ɛɭɪɨɜɢɛɭɯɨɜɢɯ ɪɨɛɿɬ.

. ɍ ɩɪɨɰɟɫɿ ɪɭɣɧɭɜɚɧɧɹ
ɝɿɪɫɶɤɢɯ ɩɨɪɿɞ ɡɚ ɰɢɤɥ ɩɿɞɪɢɜɚɧɧɹ ɤɨɦɩɥɟɤɬɭ ɜɪɭɛɨ-
ɜɢɯ, ɜɿɞɛɿɣɧɢɯ, ɞɨɩɨɦɿɠɧɢɯ ɿ ɨɤɨɧɬɭɪɿɜɚɸɱɢɯ ɲɩɭ-
ɪɨɜɢɯ ɡɚɪɹɞɿɜ ɩɨ ɜɫɶɨɦɭ ɩɟɪɟɬɢɧɭ ɜɢɪɨɛɤɢ ɩɨɥɿɩɲɭ-
ɸɬɶɫɹ ɭɦɨɜɢ ʀɯ ɪɨɛɨɬɢ ɿ ɩɨɤɚɡɧɢɤɢ ɩɪɨɯɨɞɤɢ.
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Purpose. To investigate the stress field character and 
numerical solution for distribution of stress in field that 
forms around working face before drilling and blasting.  

Methodology. A few series of experimental re-
searches of the character of stress field distribution 

around the mining face were conducted in laboratory 
terms by means of photoelasticity method and using the 
developed stand, and the method of the numerical simu-
lation of rock massif stressed-deformed state in the face 
of the preparatory working by the finite element method 
and the method of continuous medium mechanics. The 
offered equipment set is the part of new method of the 
stressed-deformed state modeling.  

Findings. The experimental and theoretical re-
searches of modeling the stressed-deformed state of rock 
massif are presented in five schemes for offered model of 
working face in elastoplastic construction using finite 
element method. It was established by researches that the 
face of working of both line and curve configurations re-
quire mounting of holes with increased technological pa-
rameters in central part of the working. It will allow to 
move an unloading area ahead of the face of working and 
to broaden the unstressed area.  

Originality. Character and laws of distribution of 
numerical values stressed field round the preparatory 
workings in the central part before drilling and blasting 
have been determined. 

Practical value. When driving the working by drill 
and fire system use of the right set of blast holes im-
proves work performance. 

Keywords: stressed state, mining face, drill and fire 
system, method of photoelasticity, numerical simulation 
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