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. Ɉɰɟɧɤɚ ɢɡɦɟɧɟɧɢɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɬɪɟɳɢɧɨɜɚɬɵɯ ɩɨɪɨɞ ɜɫɥɟɞɫɬɜɢɟ ɜɨɡɦɭɳɟɧɢɣ ɧɚɩɪɹɠɟɧɧɨ-
ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜɦɟɳɚɸɳɢɯ ɩɨɪɨɞ, ɨɛɭɫɥɨɜɥɟɧɧɵɯ ɩɨɹɜɥɟɧɢɟɦ ɩɨɞɡɟɦɧɨɣ ɜɵɪɚɛɨɬɤɢ.

Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧ ɥɨɤɚɥɶɧɨɣ ɨɛɥɚɫɬɶɸ ɩɨɪɨɞɧɨɝɨ ɦɚɫɫɢɜɚ ɜɨɤɪɭɝ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɜɵɪɚɛɨ-
ɬɨɤ ɧɚ ɝɥɭɛɢɧɚɯ ɞɨ 900 ɦ, ɯɚɪɚɤɬɟɪɧɵɯ ɞɥɹ ɪɭɞɧɵɯ ɦɟɫɬɨɪɨɠɞɟɧɢɣ ɐɟɧɬɪɚɥɶɧɨɣ ɍɤɪɚɢɧɵ.

. ȼ ɫɬɚɬɶɟ ɩɪɟɞɥɨɠɟɧɚ ɦɟɬɨɞɢɤɚ, ɨɫɧɨɜɚɧɧɚɹ ɧɚ ɱɢɫɥɟɧɧɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɧɚɩɪɹɠɟɧɧɨ-
ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɦɚɫɫɢɜɚ ɢ ɪɚɫɱɟɬɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɮɢɥɶɬɪɚɰɢɢ ɩɨ ɩɚɪɚɦɟɬɪɚɦ ɬɪɟɳɢɧɨɜɚɬɨɫɬɢ, ɱɬɨ
ɩɨɡɜɨɥɹɟɬ ɨɰɟɧɢɬɶ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɬɪɟɳɢɧɨɜɚɬɵɯ ɩɨɪɨɞ ɜ ɡɨɧɟ ɪɚɫɩɨɥɨɠɟɧɢɹ ɩɨɞɡɟɦɧɵɯ ɜɵɪɚɛɨɬɨɤ. ȼɟɪɢɮɢ-
ɤɚɰɢɹ ɦɨɞɟɥɢ ɜɵɩɨɥɧɟɧɚ ɞɥɹ ɝɨɪɧɨ-ɝɟɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɘɠɧɨ-Ȼɟɥɨɡɟɪɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ.

. ɂɡɭɱɟɧ ɯɚɪɚɤɬɟɪ ɢɡɦɟɧɟɧɢɹ ɡɨɧɵ ɚɤɬɢɜɧɨɣ ɬɪɟɳɢɧɨɜɚɬɨɫɬɢ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɝɥɭɛɢɧɚɯ, ɫɜɨɣɫɬɜɚɯ ɩɨ-
ɪɨɞ ɢ ɩɚɪɚɦɟɬɪɚɯ ɬɪɟɳɢɧ: ɞɥɢɧɟ, ɜɟɥɢɱɢɧɟ ɪɚɫɤɪɵɬɢɹ, ɪɚɫɫɬɨɹɧɢɢ ɦɟɠɞɭ ɬɪɟɳɢɧɚɦɢ, ɭɝɥɟ ɧɚɤɥɨɧɚ. ɉɪɚɤɬɢɱɟɫɤɢɣ
ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɟɬ ɢɡɦɟɧɟɧɢɟ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɤɚɤ ɜ ɩɪɟɞɟɥɚɯ ɲɚɯɬɧɨɝɨ ɩɨɥɹ, ɬɚɤ ɢ ɜɨɤɪɭɝ ɨɬɞɟɥɶɧɵɯ ɜɵɪɚɛɨɬɨɤ.
ɍɫɬɚɧɨɜɥɟɧɵ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɢɡɦɟɧɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɮɢɥɶɬɪɚɰɢɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɬɪɟɳɢɧɨɜɚɬɵɯ
ɩɨɪɨɞ. ɍɫɬɚɧɨɜɥɟɧɵ ɡɨɧɵ ɢɡɦɟɧɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɮɢɥɶɬɪɚɰɢɢ ɜ 2–3 ɪɚɡɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɡɧɚɱɟɧɢɣ ɞɥɹ ɧɟɧɚɪɭɲɟɧɧɵɯ
ɩɨɪɨɞ ɜɨɤɪɭɝ ɜɵɪɚɛɨɬɤɢ ɩɪɢ ɭɝɥɟ ɩɚɞɟɧɢɹ ɬɪɟɳɢɧ ɨɬ 0° ɞɨ 90°, ɡɚɜɢɫɹɳɢɟ ɨɬ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɬɪɟɳɢɧɚɦɢ. ɇɚɢ-
ɛɨɥɶɲɢɟ ɢɡɦɟɧɟɧɢɹ ɯɚɪɚɤɬɟɪɧɵ ɞɥɹ ɭɝɥɚ ɩɚɞɟɧɢɹ 45°, ɩɪɢɱɟɦ ɩɪɨɬɹɠɟɧɧɨɫɬɶ ɡɨɧ ɞɨɫɬɢɝɚɟɬ 3–5 ɪɚɞɢɭɫɨɜ ɜɵɪɚɛɨɬɤɢ.

. ɇɚ ɨɫɧɨɜɚɧɢɢ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ
ɩɨɪɨɞ ɜɵɩɨɥɧɟɧ ɚɧɚɥɢɡ ɡɨɧɵ ɥɨɤɚɥɶɧɵɯ ɢɡɦɟɧɟɧɢɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɬɪɟɳɢɧɨɜɚɬɵɯ ɩɨɪɨɞ ɜɨɤɪɭɝ ɩɨɞɡɟɦɧɨɣ ɜɵ-
ɪɚɛɨɬɤɢ ɤɪɭɝɥɨɝɨ ɫɟɱɟɧɢɹ ɩɪɢ ɪɚɡɥɢɱɧɨɦ ɭɝɥɟ ɩɚɞɟɧɢɢ ɬɪɟɳɢɧ.

. ɍɬɨɱɧɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɮɢɥɶɬɪɚɰɢɢ ɜ ɡɨɧɟ ɜɥɢɹɧɢɹ ɩɨɞɡɟɦɧɵɯ
ɜɵɪɚɛɨɬɨɤ ɩɨɡɜɨɥɹɸɬ ɜɵɩɨɥɧɹɬɶ ɨɛɨɫɧɨɜɚɧɧɵɟ ɩɪɨɝɧɨɡɵ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɟɠɢɦɚ ɜ ɧɚɪɭɲɟɧɧɨɦ ɦɚɫɫɢɜɟ
ɩɨɪɨɞ ɩɪɢ ɡɚɬɨɩɥɟɧɢɢ ɲɚɯɬ.
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.4 Ɍɟɨɪɟɬɢɱɟɫɤɚɹ ɨɫɧɨɜɚ ɝɢɞɪɨɝɟɨɦɟɯɚ-
ɧɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɜ ɧɚɪɭɲɟɧɧɨɦ ɬɪɟɳɢɧɨɜɚɬɨɦ
ɦɚɫɫɢɜɟ ɫɮɨɪɦɢɪɨɜɚɥɚɫɶ ɜ ɪɟɡɭɥɶɬɚɬɟ ɦɧɨɝɨɱɢɫɥɟɧ-
ɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɦɧɨɝɢɯ ɞɟɫɹɬɢɥɟ-
ɬɢɣ. Ʉ ɧɢɦ, ɜ ɱɚɫɬɧɨɫɬɢ, ɫɥɟɞɭɟɬ ɨɬɧɟɫɬɢ ɬɟɨɪɢɸ
Ⱥ. Ƚɪɢɮɮɢɬɫɚ ɨ ɡɚɪɨɠɞɟɧɢɢ ɢ ɪɚɡɜɢɬɢɢ ɬɪɟɳɢɧ, ɪɚ-
ɛɨɬɵ [1, 2] ɜ ɨɛɥɚɫɬɢ ɦɟɯɚɧɢɤɢ ɞɟɮɨɪɦɢɪɭɟɦɵɯ ɦɧɨ-
ɝɨɮɚɡɧɵɯ ɫɪɟɞ, ɮɢɥɶɬɪɚɰɢɢ ɜ ɦɚɫɫɢɜɟ ɬɪɟɳɢɧɨɜɚɬɵɯ
ɩɨɪɨɞ. ɉɪɢ ɷɬɨɦ ȼ.ɇ. ɇɢɤɨɥɚɟɜɫɤɢɣ ɪɚɫɫɦɨɬɪɟɥ ɷɮ-
ɮɟɤɬɵ ɢɡɦɟɧɟɧɢɹ ɩɭɫɬɨɬɧɨɫɬɢ ɩɪɢ ɫɞɜɢɝɟ ɢ ɧɚɫɵɳɟ-
ɧɢɢ ɩɨɪ ɢ ɬɪɟɳɢɧ ɠɢɞɤɨɫɬɶɸ. Ʉɪɨɦɟ ɬɨɝɨ, Ɋɭɩɩɟɧɟɣ-
ɬɨɦ Ʉ.ȼ. ɛɵɥ ɩɪɟɞɥɨɠɟɧ ɦɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢɹ ɦɨɞɭɥɟɣ
ɞɟɮɨɪɦɚɰɢɢ ɨɫɥɚɛɥɟɧɧɨɝɨ ɬɪɟɳɢɧɚɦɢ ɦɚɫɫɢɜɚ ɩɨ ɢɡ-
ɜɟɫɬɧɵɦ ɡɧɚɱɟɧɢɹɦ ɦɨɞɭɥɹ ɞɟɮɨɪɦɚɰɢɢ ɧɟɧɚɪɭɲɟɧ-
ɧɨɣ ɝɨɪɧɨɣ ɩɨɪɨɞɵ, ɲɢɪɢɧɵ ɪɚɫɤɪɵɬɢɹ ɬɪɟɳɢɧ,
ɩɥɨɳɚɞɢ ɫɤɚɥɶɧɵɯ ɤɨɧɬɚɤɬɨɜ ɜ ɬɪɟɳɢɧɚɯ ɢ ɪɚɫɫɬɨɹ-
ɧɢɹɦ ɦɟɠɞɭ ɧɢɦɢ.

ȼɥɢɹɧɢɟ ɝɟɨɦɟɯɚɧɢɱɟɫɤɢɯ ɧɚɪɭɲɟɧɢɣ ɧɚ ɮɢɥɶɬ-
ɪɚɰɢɨɧɧɭɸ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɩɨɪɨɞ, ɫ ɭɱɟɬɨɦ ɫɢɫɬɟɦ
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ɜɨɞɨɩɪɨɜɨɞɹɳɢɯ ɬɪɟɳɢɧ ɧɚɞ ɜɵɪɚɛɨɬɤɚɦɢ, ɢɫɫɥɟɞɨ-
ɜɚɥɨɫɶ ɜ [3]. ȼ ɪɚɛɨɬɟ [4] ɛɵɥɚ ɩɪɟɞɥɨɠɟɧɚ ɢ ɩɪɨɬɟɫ-
ɬɢɪɨɜɚɧɚ ɦɨɞɟɥɶ ɮɢɥɶɬɪɚɰɢɢ ɜ ɬɪɟɳɢɧɨɜɚɬɵɯ ɧɚɪɭ-
ɲɟɧɧɵɯ ɩɨɪɨɞɚɯ, ɩɪɢɱɟɦ ɩɚɪɚɦɟɬɪɵ ɬɪɟɳɢɧɨɜɚɬɨɫɬɢ
ɡɚɞɚɜɚɥɢɫɶ ɫɥɭɱɚɣɧɵɦɢ ɩɨɥɹɦɢ.

Ʉ ɧɚɫɬɨɹɳɟɦɭ ɜɪɟɦɟɧɢ ɧɚɤɨɩɥɟɧ ɛɨɥɶɲɨɣ ɨɛɴɟɦ
ɞɚɧɧɵɯ ɩɨ ɞɢɧɚɦɢɤɟ ɜɨɞɨɩɪɢɬɨɤɨɜ ɜ ɩɨɞɡɟɦɧɵɟ ɜɵ-
ɪɚɛɨɬɤɢ, ɨɞɧɚɤɨ ɷɬɢ ɪɟɡɭɥɶɬɚɬɵ ɨɬɧɨɫɹɬɫɹ, ɩɪɟɢɦɭ-
ɳɟɫɬɜɟɧɧɨ, ɤ ɮɢɥɶɬɪɚɰɢɢ ɜ ɦɚɫɲɬɚɛɟ ɲɚɯɬɵ ɢɥɢ
ɝɪɭɩɩɵ ɲɚɯɬ. ɗɬɨ ɧɟ ɩɨɡɜɨɥɹɟɬ ɞɨɫɬɨɜɟɪɧɨ ɨɩɪɟɞɟ-
ɥɹɬɶ ɮɢɥɶɬɪɚɰɢɨɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɜ ɦɚɫɲɬɚɛɟ ɨɬɞɟɥɶ-
ɧɨɝɨ ɛɥɨɤɚ ɫɟɬɤɢ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɢɯ ɩɪɢɯɨɞɢɬɶɫɹ ɭɬɨɱ-
ɧɹɬɶ ɜ ɯɨɞɟ ɪɟɲɟɧɢɹ ɨɛɪɚɬɧɵɯ ɡɚɞɚɱ, ɱɬɨ ɩɨɞɦɟɧɹɟɬ
ɪɟɚɥɶɧɨɟ ɮɢɡɢɱɟɫɤɨɟ ɫɨɞɟɪɠɚɧɢɟ ɩɚɪɚɦɟɬɪɚ ɩɪɨɜɨ-
ɞɢɦɨɫɬɢ ɜ ɛɥɨɤɟ ɫɟɬɤɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɞɥɹ ɧɟɤɨɬɨɪɵɯ
ɜɵɪɚɛɨɬɨɤ ɫɩɟɰɢɚɥɶɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ, ɢɫɩɨɥɶɡɭɟɦɵɯ,
ɧɚɩɪɢɦɟɪ, ɞɥɹ ɞɨɥɝɨɜɪɟɦɟɧɧɨɝɨ ɯɪɚɧɟɧɢɹ ɨɬɪɚɛɨɬɚɧ-
ɧɨɝɨ ɹɞɟɪɧɨɝɨ ɬɨɩɥɢɜɚ, ɧɟɨɛɯɨɞɢɦ ɬɳɚɬɟɥɶɧɵɣ ɚɧɚ-
ɥɢɡ ɞɚɠɟ ɥɨɤɚɥɶɧɵɯ ɢɡɦɟɧɟɧɢɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɢ
ɜɨɡɦɨɠɧɵɯ ɜɨɞɨɩɪɢɬɨɤɨɜ. ɉɨɞɨɛɧɵɟ ɨɰɟɧɤɢ ɨɤɚɡɵ-
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ɜɚɸɬɫɹ ɜɚɠɧɵɦɢ ɢ ɞɥɹ ɜɵɪɚɛɨɬɨɤ, ɮɨɪɦɢɪɭɟɦɵɯ ɩɪɢ
ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɦɟɬɪɨɩɨɥɢɬɟɧɚ.

ɉɪɨɧɢɰɚɟɦɨɫɬɶ ɬɪɟɳɢɧɨɜɚɬɨɝɨ ɦɚɫɫɢɜɚ ɨɩɪɟɞɟɥɹ-
ɟɬɫɹ ɚɡɢɦɭɬɨɦ ɢ ɭɝɥɨɦ ɩɚɞɟɧɢɹ ɬɪɟɳɢɧ, ɢɯ ɞɥɢɧɨɣ,
ɮɨɪɦɨɣ ɢ ɪɚɫɤɪɵɬɢɟɦ, ɚ ɬɚɤɠɟ ɢɯ ɡɚɩɨɥɧɢɬɟɥɟɦ, ɧɚ-
ɩɪɢɦɟɪ, ɩɟɫɤɨɦ ɢɥɢ ɨɛɥɨɦɨɱɧɵɦ ɦɚɬɟɪɢɚɥɨɦ. Ɋɚɫ-
ɤɪɵɬɢɟ ɬɪɟɳɢɧ ɫɭɳɟɫɬɜɟɧɧɨ ɡɚɜɢɫɢɬ ɨɬ ɧɚɩɪɹɠɟɧɢɣ ɢ
ɞɟɮɨɪɦɚɰɢɣ ɩɨɪɨɞ ɤɚɤ ɟɫɬɟɫɬɜɟɧɧɵɯ, ɬɚɤ ɩɨɹɜɢɜɲɢɯɫɹ
ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɟɞɟɧɢɹ ɝɨɪɧɵɯ ɪɚɛɨɬ. ɇɟɫɦɨɬɪɹ ɧɚ ɨɱɟ-
ɜɢɞɧɨɫɬɶ ɬɚɤɨɣ ɩɪɢɱɢɧɧɨ-ɫɥɟɞɫɬɜɟɧɧɨɣ ɫɜɹɡɢ, ɩɪɨ-
ɫɬɪɚɧɫɬɜɟɧɧɵɟ ɢɡɦɟɧɟɧɢɹ ɩɪɨɧɢɰɚɟɦɨɫɬɢ, ɨɛɭɫɥɨɜ-
ɥɟɧɧɵɟ ɢɡɦɟɧɟɧɢɹɦɢ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ
ɫɨɫɬɨɹɧɢɹ ɜɦɟɳɚɸɳɢɯ ɩɨɪɨɞ, ɩɨɤɚ ɧɟ ɢɫɫɥɟɞɨɜɚɧɵ ɜ
ɞɨɥɠɧɨɣ ɦɟɪɟ ɤɨɥɢɱɟɫɬɜɟɧɧɵɦɢ ɦɟɬɨɞɚɦɢ.

Ɏɢɥɶɬɪɚɰɢɹ ɜ ɬɪɟɳɢɧɨɜɚɬɵɯ ɩɨɪɨɞɚɯ ɦɨɠɟɬ ɦɨɞɟ-
ɥɢɪɨɜɚɬɶɫɹ ɤɚɤ ɩɭɬɟɦ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɭɫɪɟɞɧɟɧɢɹ
ɩɚɪɚɦɟɬɪɨɜ ɛɥɨɤɨɜ ɢ ɬɪɟɳɢɧ (ɑɟɪɧɵɲɟɜ ɋ.ɇ.), ɬɚɤ ɢ ɧɚ
ɨɫɧɨɜɟ ɫɬɨɯɚɫɬɢɱɟɫɤɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɬɪɟɳɢɧ ɢ ɫɨɨɬ-
ɧɨɲɟɧɢɣ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɩɨɬɨɤɚ ɜ ɳɟɥɹɯ ɪɚɡɥɢɱɧɨɝɨ
ɪɚɫɤɪɵɬɢɹ [4]. Ⱦɥɹ ɨɛɨɢɯ ɦɟɬɨɞɨɜ ɜɚɠɧɨ ɡɧɚɬɶ ɢɡɦɟɧɟ-
ɧɢɹ ɪɚɫɤɪɵɬɢɹ ɬɪɟɳɢɧ, ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɪɚɫɱɟ-
ɬɚɯ ɥɢɛɨ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ, ɥɢɛɨ ɱɟɪɟɡ ɤɨɷɮɮɢɰɢɟɧɬ
ɮɢɥɶɬɪɚɰɢɢ, ɜɵɱɢɫɥɟɧɧɵɣ ɬɟɧɡɨɪɧɵɦ ɦɟɬɨɞɨɦ. ɉɪɢ
ɷɬɨɦ ɜɨɡɦɨɠɧɨ ɭɱɢɬɵɜɚɬɶ ɧɟɫɤɨɥɶɤɨ ɫɢɫɬɟɦ ɬɪɟɳɢɧ,
ɢɦɟɸɳɢɯ ɫɜɨɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ (ɑɟɪɧɵɲɟɜ ɋ.ɇ.).

. ɉɪɢɧɢɦɚɸɬɫɹ ɫɥɟɞɭɸ-
ɳɢɟ ɞɨɩɭɳɟɧɢɹ: 1) ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɟ ɫɨ-
ɫɬɨɹɧɢɟ ɩɨɪɨɞ ɦɨɞɟɥɢɪɭɟɬɫɹ ɧɚ ɨɫɧɨɜɟ ɩɪɟɞɩɨɥɨɠɟɧɢɹ
ɨɛ ɢɯ ɭɩɪɭɝɢɯ ɞɟɮɨɪɦɚɰɢɹɯ; 2) ɮɢɥɶɬɪɚɰɢɨɧɧɵɟ ɩɪɨ-
ɰɟɫɫɵ ɧɟ ɨɤɚɡɵɜɚɸɬ ɫɭɳɟɫɬɜɟɧɧɨɝɨ ɜɥɢɹɧɢɹ ɧɚ ɩɪɨɱɧɨ-
ɫɬɧɵɟ ɫɜɨɣɫɬɜɚ ɩɨɪɨɞ; 3) ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɤɪɭɩɧɵɟ
ɬɪɟɳɢɧɵ, ɚ ɜɥɢɹɧɢɟ ɦɟɥɤɢɯ ɬɪɟɳɢɧ ɫɱɢɬɚɟɬɫɹ ɧɟɫɭɳɟ-
ɫɬɜɟɧɧɵɦ ɤɚɤ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢ-
ɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ, ɬɚɤ ɢ ɮɢɥɶɬɪɚɰɢɢ.

Ɋɚɫɫɦɨɬɪɢɦ ɫɥɭɱɚɣ ɫɥɨɢɫɬɨɣ ɚɧɢɡɨɬɪɨɩɢɢ ɩɨɪɨɞ,
ɤɨɝɞɚ ɨɞɧɚ ɧɚɢɛɨɥɟɟ ɜɵɪɚɠɟɧɧɚɹ ɫɢɫɬɟɦɚ ɩɚɪɚɥɥɟɥɶ-
ɧɵɯ ɬɪɟɳɢɧ ɩɟɪɟɫɟɤɚɟɬ ɜɵɪɚɛɨɬɤɭ ɤɪɭɝɥɨɝɨ ɩɨɩɟ-
ɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɪɚɞɢɭɫɨɦ R ɩɨɞ ɨɩɪɟɞɟɥɟɧɧɵɦ ɭɝ-
ɥɨɦ. ɉɪɢ ɷɬɨɦ ɰɟɧɬɪ ɜɵɪɚɛɨɬɤɢ ɪɚɫɩɨɥɨɠɟɧ ɧɚ
ɝɥɭɛɢɧɟ h ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɡɟɦɥɢ (ɪɢɫ. 1). 

l

. 1.  (2) 
 (1): l – 

; ȕ – 

ȼ ɨɛɥɚɫɬɢ ɭɩɪɭɝɢɯ ɞɟɮɨɪɦɚɰɢɣ ɫɜɹɡɶ ɦɟɠɞɭ ɞɟ-
ɮɨɪɦɚɰɢɹɦɢ ɢ ɧɚɩɪɹɠɟɧɢɹɦɢ ɨɩɢɫɵɜɚɟɬɫɹ ɡɚɤɨɧɨɦ
Ƚɭɤɚ ɢ ɜɵɪɚɠɚɟɬɫɹ ɭɪɚɜɧɟɧɢɹɦɢ

   ;  
,  (1) 

ɝɞɟ , – „ɩɥɨɫɤɢɟ“ ɚɧɚɥɨ-
ɝɢ ɦɨɞɭɥɹ ɘɧɝɚ ɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɉɭɚɫɫɨɧɚ Ȟ; İ1 ɢ
İ3 – ɭɩɪɭɝɢɟ ɞɟɮɨɪɦɚɰɢɢ ɜɞɨɥɶ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɢ
ɜɟɪɬɢɤɚɥɶɧɨɣ ɨɫɟɣ.

ɉɪɟɞɟɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɜ ɨɛɥɚɫɬɢ ɪɚɫɬɹɠɟɧɢɹ
ɨɝɪɚɧɢɱɢɜɚɸɬɫɹ ɩɪɨɱɧɨɫɬɶɸ ɧɚ ɪɚɫɬɹɠɟɧɢɟ  (  < 0) 

,

ɚ ɜ ɨɛɥɚɫɬɢ ɫɠɚɬɢɹ – ɤɪɢɬɟɪɢɟɦ Ʉɭɥɨɧɚ-Ɇɨɪɚ

. (2) 

ȼɟɥɢɱɢɧɚ ɪɚɫɤɪɵɬɢɹ ɬɪɟɳɢɧ ɦɨɠɟɬ ɛɵɬɶ ɜɵɪɚɠɟ-
ɧɚ ɱɟɪɟɡ ɤɨɷɮɮɢɰɢɟɧɬ ɠɟɫɬɤɨɫɬɢ. Ʉɨɷɮɮɢɰɢɟɧɬ ɧɨɪ-
ɦɚɥɶɧɨɣ ɠɟɫɬɤɨɫɬɢ kn ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɪɢ ɭɱɟɬɟ
ɫɜɨɣɫɬɜ ɜɦɟɳɚɸɳɢɯ ɩɨɪɨɞ

,  (3) 

ɝɞɟ Em – ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ; Ei – ɤɨɷɮɮɢɰɢɟɧɬ ɭɩɪɭɝɨɫɬɢ
ɧɟɧɚɪɭɲɟɧɧɨɝɨ ɝɨɪɧɨɝɨ ɦɚɫɫɢɜɚ; kn – ɤɨɷɮɮɢɰɢɟɧɬ
ɧɨɪɦɚɥɶɧɨɣ ɠɟɫɬɤɨɫɬɢ; l – ɫɪɟɞɧɟɟ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ
ɬɪɟɳɢɧɚɦɢ; Eo – ɦɨɞɭɥɶ ɘɧɝɚ ɦɚɬɟɪɢɚɥɚ, ɡɚɩɨɥɧɹɸɳɟ-
ɝɨ ɬɪɟɳɢɧɭ; b – ɜɟɥɢɱɢɧɚ ɪɚɫɤɪɵɬɢɹ ɬɪɟɳɢɧɵ.

ɂɫɩɨɥɶɡɭɹ ɩɪɟɞɵɞɭɳɭɸ ɮɨɪɦɭɥɭ, ɦɨɠɧɨ ɩɨɥɭ-
ɱɢɬɶ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɫɞɜɢɝɨɜɵɯ ɩɟɪɟɦɟɳɟɧɢɣ

, (4) 

ɝɞɟ Gm – ɦɨɞɭɥɶ ɫɞɜɢɝɚ; Gi – ɢɫɯɨɞɧɵɣ ɦɨɞɭɥɶ ɫɞɜɢ-
ɝɚ; ki – ɤɨɷɮɮɢɰɢɟɧɬ ɫɞɜɢɝɚ; G0 – ɨɛɴɺɦɧɵɣ ɦɨɞɭɥɶ
ɭɩɪɭɝɨɫɬɢ ɦɚɬɟɪɢɚɥɚ, ɡɚɩɨɥɧɹɸɳɟɝɨ ɬɪɟɳɢɧɭ;
l – ɫɪɟɞɧɟɟ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɬɪɟɳɢɧɚɦɢ.

ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɨɥɭɱɟɧɧɵɯ ɪɚɫɩɪɟɞɟɥɟɧɢɣ ɧɚɩɪɹ-
ɠɟɧɢɣ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɫɨɨɬɧɨɲɟɧɢɹɦɢ ɞɥɹ ɪɚɡɪɵ-
ɜɨɜ ɫɦɟɳɟɧɢɣ [5], ɨɩɪɟɞɟɥɹɸɬɫɹ ɞɟɮɨɪɦɚɰɢɢ ɬɪɟɳɢɧ
ɨɬɧɨɫɢɬɟɥɶɧɨ ɢɯ ɩɟɪɜɨɧɚɱɚɥɶɧɨɝɨ ɪɚɫɤɪɵɬɢɹ.

Ʉɨɷɮɮɢɰɢɟɧɬ ɮɢɥɶɬɪɚɰɢɢ ɬɪɟɳɢɧɨɜɚɬɵɯ ɩɨɪɨɞ K
ɦɨɠɟɬ ɪɚɫɫɱɢɬɵɜɚɬɶɫɹ ɩɨ ɧɟɫɤɨɥɶɤɢɦ ɮɨɪɦɭɥɚɦ
(ɑɟɪɧɵɲɟɜ ɋ.ɇ., Ɋɨɦɦ ȿ.ɋ.). ɋɨɝɥɚɫɧɨ ɮɨɪɦɭɥɟ
ȿ.ɋ. Ɋɨɦɦɚ, ɩɨɥɭɱɢɜɲɟɣ ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ,
ɤɨɷɮɮɢɰɢɟɧɬ ɮɢɥɶɬɪɚɰɢɢ ɩɨɪɨɞ, ɩɪɨɧɢɡɚɧɧɵɯ n ɫɢɫ-
ɬɟɦɚɦɢ ɬɪɟɳɢɧ ɫ ɨɞɢɧɚɤɨɜɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ, ɜɵɱɢɫ-
ɥɹɟɬɫɹ ɜ ɜɢɞɟ

(5)

ɝɞɟ g – ɭɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ; v – ɤɢɧɟɦɚɬɢ-
ɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ; bi – ɪɚɫɤɪɵɬɢɟ ɬɪɟɳɢɧ ɜ i-ɬɨɣ ɫɢɫɬɟ-
ɦɟ; l – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɬɪɟɳɢɧɚɦɢ ɜ ɫɢɫɬɟɦɟ;
Įi – ɚɡɢɦɭɬ ɩɚɞɟɧɢɹ i-ɬɨɣ ɫɢɫɬɟɦɵ ɬɪɟɳɢɧ; ȕi – ɭɝɨɥ
ɩɚɞɟɧɢɹ i-ɬɨɣ ɫɢɫɬɟɦɵ ɬɪɟɳɢɧ; ȡi, ĳi, Ȗi – ɭɝɥɵ ɦɟɠɞɭ
ɧɚɩɪɚɜɥɟɧɢɟɦ, ɞɥɹ ɤɨɬɨɪɨɝɨ ɨɰɟɧɢɜɚɟɬɫɹ ɤɨɷɮɮɢɰɢ-
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ɟɧɬ ɮɢɥɶɬɪɚɰɢɢ, ɢ ɤɨɨɪɞɢɧɚɬɧɵɦɢ ɨɫɹɦɢ x, y, z;
Kt – ɤɨɷɮɮɢɰɢɟɧɬ ɮɢɥɶɬɪɚɰɢɢ ɡɚɩɨɥɧɢɬɟɥɹ ɬɪɟɳɢɧ.

. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɧɚ-
ɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɦɚɫɫɢɜɚ ɝɨɪɧɵɯ
ɩɨɪɨɞ ɜɵɩɨɥɧɟɧɨ ɦɟɬɨɞɨɦ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ɜ ɩɪɨ-
ɝɪɚɦɦɟ Phase2 (Rocscience Inc.) (J. Ghaboussi). Ⱦɟɬɚɥɶɧɨ
ɪɚɫɫɦɨɬɪɟɧ ɫɥɭɱɚɣ ɨɞɧɨɣ ɫɢɫɬɟɦɵ ɬɪɟɳɢɧ (n = 1). 

Ⱦɥɹ ɜɵɩɨɥɧɟɧɢɹ ɪɚɫɱɟɬɨɜ ɛɵɥɢ ɩɪɢɧɹɬɵ ɢɫɯɨɞ-
ɧɵɟ ɞɚɧɧɵɟ, ɯɚɪɚɤɬɟɪɧɵɟ ɞɥɹ ɘɠɧɨ-Ȼɟɥɨɡɟɪɫɤɨɝɨ
ɦɟɫɬɨɪɨɠɞɟɧɢɹ. ɗɬɨ ɦɟɫɬɨɪɨɠɞɟɧɢɟ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ
ɜɵɫɨɤɢɦɢ ɜɨɞɨɩɪɢɬɨɤɚɦɢ ɜ ɩɨɞɡɟɦɧɵɟ ɜɵɪɚɛɨɬɤɢ.
ɉɪɢ ɷɬɨɦ ɧɚ ɛɨɥɶɲɢɯ ɝɥɭɛɢɧɚɯ ɡɚɥɟɝɚɸɬ ɜɨɞɨɧɨɫɧɵɟ
ɢɡɜɟɫɬɧɹɤɢ ɢ ɩɟɫɱɚɧɢɤɢ, ɨɛɥɚɞɚɸɳɢɟ ɜɵɫɨɤɨɣ ɩɪɨɱ-
ɧɨɫɬɶɸ. Ⱦɢɚɩɚɡɨɧ ɭɝɥɚ ɩɚɞɟɧɢɹ ɬɪɟɳɢɧ ȕ ɫɨɫɬɚɜɥɹɟɬ
40–75ɨ. Ɋɚɫɫɦɨɬɪɟɧ ɢɧɬɟɪɜɚɥ ɝɥɭɛɢɧ ɨɬɪɚɛɨɬɤɢ ɨɬ
500 ɞɨ 900 ɦ, ɩɪɢɱɟɦ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɬɪɟɳɢɧɚɦɢ ɜ
ɫɢɫɬɟɦɟ ɢɡɦɟɧɹɟɬɫɹ ɨɬ 0,5 ɞɨ 1,5 ɦ. Ɂɧɚɱɟɧɢɹ ɤɨɷɮ-
ɮɢɰɢɟɧɬɚ ɉɭɚɫɫɨɧɚ Ȟ ɢ ɦɨɞɭɥɹ ɘɧɝɚ Eo ɩɪɢɧɹɬɵ
ɪɚɜɧɵɦɢ 0,3 ɢ 20000 Ɇɉɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ɋɚɫɱɟɬ
ɩɪɨɢɡɜɨɞɢɥɫɹ ɩɨ ɤɪɢɬɟɪɢɸ ɭɫɬɨɣɱɢɜɨɫɬɢ Ʉɭɥɨɧɚ-
Ɇɨɪɚ. Ɂɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɬɪɟɳɢɧ, ɩɪɢ ɤɨɬɨɪɵɯ

ɜɵɩɨɥɧɹɥɢɫɶ ɪɚɫɱɟɬɵ, ɫɜɟɞɟɧɵ ɜ ɬɚɛɥ. 1. Ɋɚɫɤɪɵɬɢɟ
ɬɪɟɳɢɧ b ɜ ɧɟɧɚɪɭɲɟɧɧɵɯ ɩɨɪɨɞɚɯ ɫɨɫɬɚɜɥɹɟɬ 0,1 ɦɦ,
ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɮɢɥɶɬɪɚɰɢɢ – 0,12 ɦ/ɫɭɬ. Ɋɟ-
ɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 2–4.

 1  

ȼɚɪɢɚɧɬɵ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ɬɪɟɳɢɧ,
ɢɫɩɨɥɶɡɨɜɚɧɧɵɟ ɩɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ

ȼɚɪɢɚɧɬ ɍɝɨɥ ɩɚɞɟɧɢɹ ɬɪɟ-
ɳɢɧ, ȕ, ɝɪɚɞ. , l, 

1ɚ 0 0,5 
1ɛ 1,0 
1ɜ 1,5 
2ɜ 1,5 
3ɚ 45 0,5 
3ɛ 1,0 
3ɜ 1,5 
4ɜ 1,5 
5ɚ 90 0,5 
5ɛ 1,0 
5ɜ 1,5 

ɚ) ɛ)   

ɜ) ɝ)
. 2.  ( , )  ( )

Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɡɨɧɵ ɫ
ɧɚɢɛɨɥɶɲɢɦ ɡɧɚɱɟɧɢɟɦ ɤɨɷɮɮɢɰɢɟɧɬɚ ɮɢɥɶɬɪɚɰɢɢ
ɪɚɫɩɨɥɨɠɟɧɵ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜɨɡɥɟ ɤɨɧɬɭɪɚ
ɜɵɪɚɛɨɬɤɢ ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ ɩɚɞɟɧɢɹ ɫɢɫɬɟɦɵ ɬɪɟɳɢɧ ɜ

ɨɛɥɚɫɬɢ, ɪɚɡɦɟɪ ɤɨɬɨɪɨɣ ɧɟ ɩɪɟɜɵɲɚɟɬ 2 R. Ɉɛɥɚɫɬɶ
ɫɞɜɢɝɨɜɵɯ ɞɟɮɨɪɦɚɰɢɣ ɨɯɜɚɬɵɜɚɟɬ ɧɟɫɤɨɥɶɤɨ ɛɨɥɶɲɭɸ
ɩɥɨɳɚɞɶ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɡɨɧɨɣ ɢɡɦɟɧɟɧɢɣ
ɤɨɷɮɮɢɰɢɟɧɬɚ ɮɢɥɶɬɪɚɰɢɢ. ȿɝɨ ɧɚɢɛɨɥɶɲɢɟ ɢɡɦɟɧɟɧɢɹ

K, /c Ĳ,z,
z,

x, x,

K, /c Ĳ,z, z,

x, x,
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ɩɪɨɝɧɨɡɢɪɭɸɬɫɹ ɜ ɫ ɦɚɤɫɢɦɚɥɶɧɵɦɢ ɩɨ ɦɨɞɭɥɸ
ɫɞɜɢɝɨɜɵɦɢ ɞɟɮɨɪɦɚɰɢɹɦɢ, ɩɪɢɱɟɦ ɩɨɥɨɠɟɧɢɟ ɡɨɧ
ɡɚɜɢɫɢɬ ɬɚɤɠɟ ɨɬ ɭɝɥɚ ɩɚɞɟɧɢɹ ɬɪɟɳɢɧ. Ɇɚɤɫɢɦɚɥɶɧɨɟ
ɡɧɚɱɟɧɢɟ K ɩɪɢ ɡɚɞɚɧɨɦ ȕ ɛɭɞɟɬ ɪɚɫɩɨɥɨɠɟɧɨ ɜɛɥɢɡɢ
ɤɨɧɬɭɪɚ ɜɵɪɚɛɨɬɤɢ, ɜ ɧɚɩɪɚɜɥɟɧɢɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ
ɭɝɥɭ ɩɚɞɟɧɢɹ ɞɚɧɧɨɣ ɫɢɫɬɟɦɵ ɬɪɟɳɢɧ.

ɋɭɳɟɫɬɜɟɧɧɵɟ ɢɡɦɟɧɟɧɢɹ K ɜɨɤɪɭɝ ɜɵɪɚɛɨɬɤɢ
ɩɪɨɫɥɟɠɢɜɚɸɬɫɹ ɧɚ ɪɚɫɫɬɨɹɧɢɢ ɞɨ 5 R ɨɬ ɤɨɧɬɭɪɚ
ɜɵɪɚɛɨɬɤɢ. Ɍɚɤ ɤɨɷɮɮɢɰɢɟɧɬ ɮɢɥɶɬɪɚɰɢɢ ɧɚ ɤɨɧɬɭɪɟ
ɜɵɪɚɛɨɬɤɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɨɬ 0,14 ɦ/ɫɭɬ ɩɪɢ ȕ = 45ɨ ɞɨ
0,18 ɦ/ɫɭɬ ɩɪɢ ȕ =60ɨ. ɇɚɢɛɨɥɶɲɢɟ ɢɡɦɟɧɟɧɢɹ K ɩɪɢ
ɭɜɟɥɢɱɟɧɢɢ l ɯɚɪɚɤɬɟɪɧɵ ɞɥɹ ȕ = 45ɨ (ɪɢɫ. 3). 

. 3.  K 
 (2–2) 

 l ( ) -
 h = 875 :  = 45  (1),  = 90  (2),  = 0  (3)

ɉɪɢ ɨɞɢɧɚɤɨɜɵɯ ɭɫɥɨɜɢɹɯ ɧɚɢɦɟɧɶɲɟɟ ɡɧɚɱɟɧɢɟ
ɤɨɷɮɮɢɰɢɟɧɬɚ ɮɢɥɶɬɪɚɰɢɢ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɭɝɥɭ ɩɚɞɟ-
ɧɢɹ ȕ=45ɨ ɧɚɞ ɤɨɧɬɭɪɨɦ ɜɵɪɚɛɨɬɤɢ. ɋ ɭɜɟɥɢɱɟɧɢɟɦ
ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɬɪɟɳɢɧɚɦɢ ɫ 0,5 ɦ ɞɨ 1,5 ɦ, ɤɨɷɮ-
ɮɢɰɢɟɧɬ ɮɢɥɶɬɪɚɰɢɢ ɜɨɤɪɭɝ ɜɵɪɚɛɨɬɤɢ ɭɦɟɧɶɲɚɟɬɫɹ,
ɜ ɫɪɟɞɧɟɦ, ɧɚ 25 % ɩɪɢ ȕ = 0ɨ ɢ ɧɚ 50 % ɩɪɢ ȕ = 45ɨ.

ɋ ɭɦɟɧɶɲɟɧɢɟɦ ɝɥɭɛɢɧɵ, ɩɪɢ h = 500 ɦ, ɢɡɦɟɧɟ-
ɧɢɹ K, ɜɫɥɟɞɫɬɜɢɟ ɞɟɮɨɪɦɚɰɢɣ ɜɨɤɪɭɝ ɜɵɪɚɛɨɬɤɢ,
ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟ ɢ ɫɨɫɬɚɜɥɹɸɬ 0,03 – 0,15 ɦ/ɫɭɬ
(ɩɪɢ ȕ = 30ɨ) ɢ 0,04 – 0,16 ɦ/ɫɭɬ (ɩɪɢ ȕ = 60ɨ). 

ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɭɝɥɚ ɩɚɞɟɧɢɹ ɬɪɟɳɢɧ ɨɬ 30ɨ ɞɨ 60ɨ
ɢɯ ɪɚɫɤɪɵɬɢɟ ɛɭɞɟɬ ɦɢɧɢɦɚɥɶɧɵɦ ɜ ɧɚɩɪɚɜɥɟɧɢɢ 3–
3’ ɢ ɦɚɤɫɢɦɚɥɶɧɵɦ ɜ ɧɚɩɪɚɜɥɟɧɢɢ 1–1’ (ɩɨ ɫɟɤɬɨɪɭ
„1 – 1’ – 2’ – 3’ – 3“ ɧɚ ɪɢɫ. 4).  

ɉɪɢ ɪɚɡɥɢɱɧɨɦ ɪɚɫɩɨɥɨɠɟɧɢɢ ɫɢɫɬɟɦɵ ɬɪɟɳɢɧ ɜ
ɩɪɨɫɬɪɚɧɫɬɜɟ, ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɭɝɥɚ ɧɚɤɥɨɧɚ ɬɪɟɳɢɧ,
ɢɯ ɪɚɫɤɪɵɬɢɟ ɭɦɟɧɶɲɚɟɬɫɹ ɩɪɢ ɭɞɚɥɟɧɢɢ ɨɬ ɜɵɪɚɛɨɬ-
ɤɢ ɢ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 7–7,5 ɦ ɩɪɢɛɥɢɠɚɟɬɫɹ ɤ 0,1 ɦɦ.
Ⱦɨɩɨɥɧɢɬɟɥɶɧɨɟ ɪɚɫɤɪɵɬɢɟ ɬɪɟɳɢɧ ɜɫɥɟɞɫɬɜɢɟ ɢɡɦɟ-
ɧɟɧɢɹ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ
ɦɚɫɫɢɜɚ ɜɨɤɪɭɝ ɜɵɪɚɛɨɬɤɢ ɫɨɫɬɚɜɢɥɨ 0,01 – 0,06 ɦɦ
(ɩɪɢ ȕ = 30ɨ, ɜɚɪ. 2, ɜ) ɢ 0,014–0,05 ɦɦ (ɩɪɢ ȕ = 60ɨ,
ɜɚɪ. 4, ɜ). ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ l ɧɚ 1,0 ɦ, ɤɨɷɮɮɢɰɢɟɧɬ
ɮɢɥɶɬɪɚɰɢɢ K ɭɦɟɧɶɲɚɟɬɫɹ ɨɬ 0,1 ɦ/ɫɭɬ (ɩɪɢ ȕ = 0ɨ,
90ɨ) ɞɨ 0,2 ɦ/ɫɭɬ (ɩɪɢ ȕ = 45ɨ). 

. Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɦɟɬɨɞɢɤɚ ɩɨɡɜɨɥɹɟɬ ɜɵ-
ɩɨɥɧɹɬɶ ɤɨɥɢɱɟɫɬɜɟɧɧɵɣ ɚɧɚɥɢɡ ɢɡɦɟɧɟɧɢɹ ɩɪɨɧɢɰɚɟ-
ɦɨɫɬɢ ɬɪɟɳɢɧɨɜɚɬɨɝɨ ɦɚɫɫɢɜɚ, ɧɚɪɭɲɟɧɧɨɝɨ ɩɨɞɡɟɦ-
ɧɵɦɢ ɜɵɪɚɛɨɬɤɚɦɢ. Ɇɟɬɨɞɢɤɚ ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ
ɱɢɫɥɟɧɧɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢ-

ɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɢ ɩɨɫɥɟɞɭɸɳɟɝɨ ɜɵɱɢɫɥɟɧɢɹ ɤɨ-
ɷɮɮɢɰɢɟɧɬɚ ɮɢɥɶɬɪɚɰɢɢ ɤɚɤ ɬɟɧɡɨɪɧɨɣ ɜɟɥɢɱɢɧɵ.

Ⱦɥɹ ɝɨɪɧɨ-ɝɟɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɘɠɧɨ-
Ȼɟɥɨɡɟɪɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ, ɜ ɞɢɚɩɚɡɨɧɟ ɝɥɭɛɢɧ
500 –900 ɦ, ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɨ ɭɜɟɥɢɱɟɧɢɟ ɩɪɨɧɢɰɚɟ-
ɦɨɫɬɢ, ɨɛɭɫɥɨɜɥɟɧɧɨɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɪɚɫɤɪɵɬɢɟɦ
ɬɪɟɳɢɧ. ɍɫɬɚɧɨɜɥɟɧɵ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɢɡɦɟɧɟɧɢɹ ɤɨ-
ɷɮɮɢɰɢɟɧɬɚ ɮɢɥɶɬɪɚɰɢɢ ɨɬ ɩɚɪɚɦɟɬɪɨɜ ɬɪɟɳɢɧɨɜɚ-
ɬɨɫɬɢ ɜ ɡɨɧɟ ɜɥɢɹɧɢɹ ɜɵɪɚɛɨɬɤɢ. Ⱦɚɥɶɧɟɣɲɢɦ ɪɚɡɜɢ-
ɬɢɟɦ ɦɟɬɨɞɢɤɢ ɹɜɥɹɟɬɫɹ ɭɱɟɬ ɛɥɢɡɤɨɝɨ ɪɚɫɩɨɥɨɠɟɧɢɹ
ɧɟɫɤɨɥɶɤɢɯ ɜɵɪɚɛɨɬɨɤ, ɚ ɬɚɤɠɟ ɧɟɫɤɨɥɶɤɢɯ ɫɢɫɬɟɦ
ɬɪɟɳɢɧ ɫ ɪɚɡɥɢɱɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ.

)

)

)

. 4.  b -
 L( )

 1–1’ ( ), 2–2’ ( ), 3–3’ ( ); -
 = 60  (1),  = 45  (2),  = 45  (3) 
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ɫɬɚɧɭ ɜɦɿɳɭɸɱɢ ɩɨɪɿɞ, ɨɛɭɦɨɜɥɟɧɢɯ ɩɪɨɯɨɞɠɟɧɧɹɦ
ɩɿɞɡɟɦɧɨʀ ɜɢɪɨɛɤɢ.

Ɉɛ’ɽɤɬ ɞɨɫɥɿɞɠɟɧɶ ɩɪɟɞɫɬɚɜɥɟɧɨ ɥɨɤɚɥɶɧɨɸ ɨɛɥɚ-
ɫɬɸ ɩɨɪɨɞɧɨɝɨ ɦɚɫɢɜɭ ɧɚɜɤɨɥɨ ɝɨɪɢɡɨɧɬɚɥɶɧɢɯ ɜɢ-
ɪɨɛɨɤ ɧɚ ɝɥɢɛɢɧɚɯ ɞɨ 900 ɦ, ɯɚɪɚɤɬɟɪɧɢɯ ɞɥɹ ɪɭɞɧɢɯ
ɪɨɞɨɜɢɳ ɐɟɧɬɪɚɥɶɧɨʀ ɍɤɪɚʀɧɢ.

. ɍ ɫɬɚɬɬɿ ɡɚɩɪɨɩɨɧɨɜɚɧɨ ɦɟɬɨɞɢɤɭ, ɳɨ
ɡɚɫɧɨɜɚɧɚ ɧɚ ɱɢɫɟɥɶɧɨɦɭ ɦɨɞɟɥɸɜɚɧɧɿ ɧɚɩɪɭɠɟɧɨ-
ɞɟɮɨɪɦɨɜɚɧɨɝɨ ɫɬɚɧɭ ɦɚɫɢɜɭ ɿ ɪɨɡɪɚɯɭɧɤɭ ɤɨɟɮɿɰɿɽɧ-
ɬɚ ɮɿɥɶɬɪɚɰɿʀ ɡɚ ɩɚɪɚɦɟɬɪɚɦɢ ɬɪɿɳɢɧɭɜɚɬɨɫɬɿ, ɳɨ ɞɨ-
ɡɜɨɥɹɽ ɨɰɿɧɢɬɢ ɩɪɨɧɢɤɧɿɫɬɶ ɬɪɿɳɢɧɭɜɚɬɢɯ ɩɨɪɿɞ ɭ ɡɨ-
ɧɿ ɪɨɡɬɚɲɭɜɚɧɧɹ ɩɿɞɡɟɦɧɢɯ ɜɢɪɨɛɨɤ. ȼɟɪɢɮɿɤɚɰɿɹ
ɦɨɞɟɥɿ ɜɢɤɨɧɚɧɚ ɞɥɹ ɝɿɪɧɢɱɨ-ɝɟɨɥɨɝɿɱɧɢɯ ɭɦɨɜ ɉɿɜ-
ɞɟɧɧɨ-Ȼɿɥɨɡɟɪɫɶɤɨɝɨ ɪɨɞɨɜɢɳɚ.

. ȼɢɜɱɟɧɨ ɯɚɪɚɤɬɟɪ ɡɦɿɧ ɡɨɧɢ ɚɤɬɢɜɧɨʀ
ɬɪɿɳɢɧɭɜɚɬɨɫɬɿ ɩɪɢ ɪɿɡɧɢɯ ɝɥɢɛɢɧɚɯ, ɜɥɚɫɬɢɜɨɫɬɹɯ
ɩɨɪɿɞ ɿ ɩɚɪɚɦɟɬɪɚɯ ɬɪɿɳɢɧ: ɞɨɜɠɢɧɿ, ɜɟɥɢɱɢɧɿ ɪɨɡɤ-
ɪɢɬɬɹ, ɜɿɞɫɬɚɧɿ ɦɿɠ ɬɪɿɳɢɧɚɦɢ, ɤɭɬɿ ɧɚɯɢɥɭ. ɉɪɚɤɬɢ-
ɱɧɢɣ ɿɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɸɬɶ ɡɦɿɧɢ ɩɪɨɧɢɤɧɨɫɬɿ ɹɤ ɭ
ɦɟɠɚɯ ɲɚɯɬɧɨɝɨ ɩɨɥɹ, ɬɚɤ ɿ ɧɚɜɤɨɥɨ ɨɤɪɟɦɢɯ ɜɢɪɨ-
ɛɨɤ. ȼɫɬɚɧɨɜɥɟɧɨ ɡɚɤɨɧɨɦɿɪɧɨɫɬɿ ɡɦɿɧɢ ɤɨɟɮɿɰɿɽɧɬɚ
ɮɿɥɶɬɪɚɰɿʀ ɜ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɬɪɿɳɢɧɭɜɚ-
ɬɢɯ ɩɨɪɿɞ. ȼɫɬɚɧɨɜɥɟɧɨ ɡɨɧɢ ɡɦɿɧɢ ɤɨɟɮɿɰɿɽɧɬɚ ɮɿɥɶ-
ɬɪɚɰɿʀ ɜ 2–3 ɪɚɡɢ ɜɿɞɧɨɫɧɨ ɡɧɚɱɟɧɶ ɞɥɹ ɧɟɩɨɪɭɲɟɧɢɯ
ɩɨɪɿɞ ɧɚɜɤɨɥɨ ɜɢɪɨɛɤɢ ɩɪɢ ɤɭɬɿ ɩɚɞɿɧɧɹ ɬɪɿɳɢɧ ɜɿɞ 0ɨ
ɞɨ 90ɨ, ɳɨ ɡɚɥɟɠɚɬɶ ɜɿɞ ɜɿɞɫɬɚɧɿ ɦɿɠ ɬɪɿɳɢɧɚɦɢ. ɇɚɣ-
ɛɿɥɶɲɿ ɡɦɿɧɢ ɯɚɪɚɤɬɟɪɧɿ ɞɥɹ ɤɭɬɚ ɩɚɞɿɧɧɹ 45ɨ, ɩɪɢɱɨ-
ɦɭ ɞɨɜɠɢɧɚ ɡɨɧ ɫɹɝɚɽ 3–5 ɪɚɞɿɭɫɿɜ ɜɢɪɨɛɤɢ.

. ɇɚ ɨɫɧɨɜɿ ɱɢɫɟɥɶɧɨɝɨ ɦɨɞɟɥɸ-
ɜɚɧɧɹ ɧɚɩɪɭɠɟɧɨ-ɞɟɮɨɪɦɨɜɚɧɨɝɨ ɫɬɚɧɭ ɩɨɪɿɞ ɜɢɤɨ-
ɧɚɧɨ ɚɧɚɥɿɡ ɡɨɧɢ ɥɨɤɚɥɶɧɢɯ ɡɦɿɧ ɩɪɨɧɢɤɧɨɫɬɿ ɬɪɿɳɢ-
ɧɭɜɚɬɢɯ ɩɨɪɿɞ ɧɚɜɤɨɥɨ ɩɿɞɡɟɦɧɨʀ ɜɢɪɨɛɤɢ ɤɪɭɝɥɨɝɨ
ɩɟɪɟɪɿɡɭ ɩɪɢ ɪɿɡɧɨɦɭ ɤɭɬɿ ɩɚɞɿɧɧɹ ɬɪɿɳɢɧ.

. ɍɬɨɱɧɟɧɨ ɡɧɚɱɟɧɧɹ ɤɨɟ-
ɮɿɰɿɽɧɬɚ ɮɿɥɶɬɪɚɰɿʀ ɜ ɡɨɧɿ ɜɩɥɢɜɭ ɩɿɞɡɟɦɧɢɯ ɜɢɪɨɛɨɤ
ɞɨɡɜɨɥɹɸɬɶ ɜɢɤɨɧɭɜɚɬɢ ɨɛʉɪɭɧɬɨɜɚɧɿ ɩɪɨɝɧɨɡɢ ɝɿɞɪɨ-
ɞɢɧɚɦɿɱɧɨɝɨ ɪɟɠɢɦɭ ɜ ɩɨɪɭɲɟɧɨɦɭ ɦɚɫɢɜɿ ɩɨɪɿɞ ɩɪɢ
ɡɚɬɨɩɥɟɧɧɿ ɲɚɯɬ.
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Purpose. To estimate changes in the fractured rocks 
permeability caused by the disturbances in the stress-strain 
state of rocks appeared during driving of an underground 
excavation. The studied site is a local zone in rock mass 
around a horizontal working at depths down to 900 m, 
which is characteristic for ore deposits of central part of 
Ukraine. 

Methodology. A method of estimation of permeabili-
ty of fractured rocks around underground excavations 
was developed. It was based on numerical simulation of 
the stress-strain state of rocks and allows calculating hy-
draulic conductivity according to fracture parameters. 
The model was verified in the mining and geological 
conditions of Pivdenno-Bilozerske deposit. The devia-
tions in hydraulic conductivity up to 2–3 times from the 
mean undisturbed value were established. They depend 
on fractured rock parameters such as tilt angle and dis-
tance between joints. The more significant changes were 
predicted for tilt angle of 45°, with extension of these 
zones reaching 3–5 excavation radiuses. 

Findings. The nature of changes in the active zone of 
fractures at different depths, rock properties and parameters 
of joints such as length, the disclosure value, the distance 
between joints, tilt angle have been investigated. Permea-
bility changes both within the mined out zone and around 
the single excavations are of practical interest. However, the 
local excavation impact on shaping the field permeability 
has not been investigated properly yet. 

Originality. Numerical modeling of the stress-strain 
state was used in analysis of local changes of fractured 
rock permeability in the zone around underground exca-
vations of circular cross section at different fracture in-
clination angles. 

Practical value. More exact values of conductivity in 
the zone affected by underground excavation allow for 
more reliable predictions of the hydrodynamic behavior 
in mined out rocks in the mines to be flooded. 

Keywords: rock massif, permeability, underground 
excavation, stress-strain state, hydraulic conductivity, 
fracture system, numerical modeling 
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