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. ɉɪɨɜɟɞɟɧɧɹ ɞɨɫɥɿɞɠɟɧɶ ɧɚ ɮɿɡɢɱɧɿɣ ɦɨɞɟɥɿ – ɞɿɸɱɨɦɭ ɦɚɤɟɬɿ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɜɿɞɫɬɿɣɧɢɤɚ ɜɞɨɫɤɨɧɚ-
ɥɟɧɨʀ ɤɨɧɫɬɪɭɤɰɿʀ ɞɥɹ ɡ’ɹɫɭɜɚɧɧɹ ɜɩɥɢɜɭ ɪɿɡɧɢɯ ɝɿɞɪɚɜɥɿɱɧɢɯ ɱɢɧɧɢɤɿɜ ɧɚ ɪɟɠɢɦ ɪɨɛɨɬɢ ɜɿɞɫɬɿɣɧɨʀ ɫɩɨɪɭɞɢ.

. Ɋɟɠɢɦ ɪɨɛɨɬɢ ɡɚɩɪɨɩɨɧɨɜɚɧɨɝɨ ɦɚɤɟɬɭ ɜɿɞɫɬɿɣɧɢɤɚ ɞɨɫɥɿɞɠɭɜɚɜɫɹ ɡɚ ɡɚɝɚɥɶɧɨɩɪɢɣɧɹɬɨɸ ɦɟɬɨ-
ɞɢɤɨɸ ɝɿɞɪɚɜɥɿɱɧɨɝɨ ɪɨɡɪɚɯɭɧɤɭ ɝɨɪɢɡɨɧɬɚɥɶɧɢɯ ɜɿɞɫɬɿɣɧɢɤɿɜ.

. ȼɢɡɧɚɱɟɧɨ ɤɨɟɮɿɰɿɽɧɬ ɜɢɤɨɪɢɫɬɚɧɧɹ ɨɛ’ɽɦɭ ɩɪɨɬɨɱɧɨʀ ɱɚɫɬɢɧɢ ɦɚɤɟɬɭ ɜɿɞɫɬɿɣɧɢɤɚ. ȼɫɬɚɧɨɜɥɟ-
ɧɨ, ɳɨ ɩɨɬɿɤ ɪɿɞɢɧɢ, ɹɤɢɣ ɧɚɞɯɨɞɢɬɶ ɭ ɪɨɛɨɱɭ ɡɨɧɭ ɜɿɞɫɬɿɣɧɨʀ ɫɩɨɪɭɞɢ, ɪɨɡɞɿɥɹɽɬɶɫɹ ɧɚ ɜɟɥɢɤɭ (ɡɚ ɱɢɫɥɨɦ ɨɬɜɨ-
ɪɿɜ ɭ ɩɟɪɟɝɨɪɨɞɤɚɯ) ɤɿɥɶɤɿɫɬɶ ɱɿɬɤɨ ɜɢɪɚɠɟɧɢɯ ɫɬɪɭɦɤɿɜ, ɩɚɪɚɥɟɥɶɧɢɯ ɨɫɿ ɩɨɬɨɤɭ, ɹɤɿ ɧɟ ɡɦɿɲɭɸɬɶɫɹ ɦɿɠ ɫɨɛɨɸ
ɡɚ ɩɟɪɟɬɢɧɨɦ ɜɿɞɫɬɿɣɧɢɤɚ, ɳɨ ɜɤɚɡɭɽ ɧɚ ɧɚɹɜɧɿɫɬɶ ɥɚɦɿɧɚɪɧɨɝɨ ɪɟɠɢɦɭ ɬɟɱɿʀ. Ɋɨɡɪɚɯɨɜɚɧɨ ɨɫɧɨɜɧɿ ɝɟɨɦɟɬɪɢɱɧɿ
ɬɚ ɝɿɞɪɚɜɥɿɱɧɿ ɩɚɪɚɦɟɬɪɢ ɨɬɜɨɪɿɜ ɪɨɡɩɨɞɿɥɶɱɨɝɨ ɥɨɬɤɚ ɿ ɩɟɪɟɝɨɪɨɞɨɤ, ɜɫɬɚɧɨɜɥɟɧɢɯ ɭ ɦɚɤɟɬɿ ɜɿɞɫɬɿɣɧɢɤɚ, ɧɚ ɩɿɞ-
ɫɬɚɜɿ ɹɤɢɯ ɞɨɫɥɿɞɠɭɜɚɜɫɹ ɝɿɞɪɚɜɥɿɱɧɢɣ ɪɟɠɢɦ ɪɨɛɨɬɢ ɜɿɞɫɬɿɣɧɨʀ ɫɩɨɪɭɞɢ.

. ȼɫɬɚɧɨɜɥɟɧɨ ɡɚɥɟɠɧɨɫɬɿ ɦɿɠ ɱɚɫɨɦ ɩɪɨɯɨɞɠɟɧɧɹ ɱɚɫɬɨɤ ɡɚɜɢɫɥɢɯ ɪɟɱɨɜɢɧ ɡɚ ɞɨɜɠɢɧɨɸ ɦɚɤɟ-
ɬɭ ɜɿɞɫɬɿɣɧɢɤɚ, ɫɟɪɟɞɧɶɨɸ ɲɜɢɞɤɿɫɬɸ ɪɭɯɭ ɩɨɬɨɤɭ ɪɿɞɢɧɢ ɱɟɪɟɡ ɩɟɪɟɬɢɧɢ ɨɬɜɨɪɿɜ ɣɨɝɨ ɩɟɪɟɝɨɪɨɞɨɤ ɬɚ ɞɨɜɠɢɧɨɸ.
ȼɢɡɧɚɱɟɧɨ ɡɜ’ɹɡɨɤ ɨɫɧɨɜɧɢɯ ɝɿɞɪɚɜɥɿɱɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɩɟɪɟɝɨɪɨɞɨɤ ɦɚɤɟɬɭ ɜɿɞɫɬɿɣɧɢɤɚ ɿ ɜɢɬɪɚɬɚɦɢ ɩɨɬɨɤɭ ɪɿɞɢɧɢ.

. ȼɧɚɫɥɿɞɨɤ ɫɬɜɨɪɟɧɧɹ ɧɨɜɢɯ ɤɨɧɫɬɪɭɤɬɢɜɧɢɯ ɨɡɧɚɤ ɭ ɡɚɩɪɨɩɨɧɨɜɚɧɨɦɭ ɜɿɞɫɬɿɣɧɢɤɭ ɡɚɛɟɡ-
ɩɟɱɭɽɬɶɫɹ ɛɿɥɶɲ ɪɿɜɧɨɦɿɪɧɢɣ ɪɨɡɩɨɞɿɥ ɲɜɢɞɤɨɫɬɟɣ ɩɨɬɨɤɭ ɡɚ ɣɨɝɨ ɩɟɪɟɬɢɧɨɦ ɬɚ ɦɨɠɥɢɜɟ ɛɿɥɶɲ ɩɨɜɧɟ ɜɢɤɨɪɢɫɬɚɧɧɹ
ɣɨɝɨ ɨɛ’ɽɦɭ. ɐɟ ɫɩɪɢɹɽ ɩɨɥɿɩɲɟɧɧɸ ɝɿɞɪɚɜɥɿɱɧɢɯ ɭɦɨɜ ɪɨɛɨɬɢ ɜɿɞɫɬɿɣɧɨʀ ɫɩɨɪɭɞɢ ɬɚ ɿɧɬɟɧɫɢɮɿɤɚɰɿʀ ɩɪɨɰɟɫɭ ɨɫɜɿɬɥɟɧɧɹ
ɫɬɿɱɧɨʀ ɜɨɞɢ, ɭɧɚɫɥɿɞɨɤ ɱɨɝɨ ɩɿɞɜɢɳɭɽɬɶɫɹ ɟɮɟɤɬɢɜɧɿɫɬɶ ɨɱɢɫɬɤɢ ɩɪɨɦɢɫɥɨɜɢɯ ɫɬɨɤɿɜ ɜɿɞ ɦɟɯɚɧɿɱɧɢɯ ɞɨɦɿɲɨɤ.

: , , , , -

 1 ɇɚɣɛɿɥɶɲ ɩɨɲɢɪɟɧɢɦ ɦɟɬɨɞɨɦ ɛɭɞɶ-ɹɤɨʀ
ɬɟɯɧɨɥɨɝɿɱɧɨʀ ɫɯɟɦɢ ɨɱɢɫɬɤɢ ɩɪɨɦɢɫɥɨɜɢɯ ɫɬɿɱɧɢɯ
ɜɨɞ ɽ ɦɟɯɚɧɿɱɧɚ ɨɱɢɫɬɤɚ ɜɿɞ ɡɚɜɢɫɥɢɯ ɪɟɱɨɜɢɧ. ɇɚ ɛɚ-
ɝɚɬɶɨɯ ɲɚɯɬɚɯ ɍɤɪɚʀɧɢ ɲɚɯɬɧɭ ɚɛɨ ɫɬɿɱɧɭ ɜɨɞɭ ɨɱɢ-
ɳɭɸɬɶ, ɩɟɪɟɜɚɠɧɨ, ɜɿɞɫɬɨɸɜɚɧɧɹɦ, ɬɨɛɬɨ ɲɥɹɯɨɦ
ɨɫɚɞɠɟɧɧɹ ɡɚɜɢɫɥɢɯ ɜɚɠɤɢɯ ɝɪɭɛɨɞɢɫɩɟɪɫɧɢɯ ɞɨɦɿ-
ɲɨɤ ɧɚ ɞɧɨ ɜɿɞɫɬɿɣɧɢɯ ɫɩɨɪɭɞ ɩɿɞ ɞɿɽɸ ɫɢɥɢ ɬɹɠɿɧɧɹ.
Ɍɚɤɚ ɬɟɯɧɨɥɨɝɿɹ ɨɱɢɫɬɤɢ ɲɚɯɬɧɢɯ ɜɨɞ ɭ ɜɿɞɫɬɿɣɧɢɤɚɯ
ɛɟɡ ɩɨɩɟɪɟɞɧɶɨʀ ɨɛɪɨɛɤɢ ɡɧɚɣɲɥɚ ɲɢɪɨɤɟ ɪɨɡɩɨɜɫɸ-
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ɞɠɟɧɧɹ ɹɤ ɧɚɣɛɿɥɶɲ ɩɪɨɫɬɚ ɜ ɨɛɫɥɭɝɨɜɭɜɚɧɧɿ ɬɚ ɭ
ɤɨɧɫɬɪɭɤɬɢɜɧɨɦɭ ɜɢɤɨɧɚɧɧɿ [1]. ɇɚ ɛɿɥɶɲɨɫɬɿ ɲɚɯɬ
ɜɿɞɫɬɿɣɧɢɤɢ ɽ ɫɚɦɨɫɬɿɣɧɢɦɢ ɣ ɨɫɬɚɧɧɿɦɢ ɫɩɨɪɭɞɚɦɢ,
ɩɿɫɥɹ ɹɤɢɯ ɨɱɢɳɟɧɿ ɫɬɨɤɢ ɫɤɢɞɚɸɬɶɫɹ ɞɨ ɜɨɞɨɣɦ.

ɍ ɩɪɚɤɬɢɰɿ ɨɱɢɫɬɤɢ ɲɚɯɬɧɢɯ ɜɨɞ ɲɢɪɨɤɟ ɜɢɤɨɪɢɫ-
ɬɚɧɧɹ ɡɧɚɣɲɥɢ ɝɨɪɢɡɨɧɬɚɥɶɧɿ ɜɿɞɫɬɿɣɧɢɤɢ, ɨɫɤɿɥɶɤɢ ɫɚ-
ɦɟ ɜ ɧɢɯ ɦɨɠɥɢɜɟ ɫɬɜɨɪɟɧɧɹ ɝɿɞɪɚɜɥɿɱɧɨɝɨ ɪɟɠɢɦɭ, ɳɨ
ɫɩɪɢɹɽ ɜɢɩɚɞɿɧɧɸ ɡɚɜɢɫɥɢɯ ɪɟɱɨɜɢɧ. ȼɨɧɢ ɩɪɢɡɧɚɱɟɧɿ
ɞɥɹ ɜɥɨɜɥɸɜɚɧɧɹ ɱɚɫɬɨɤ ɡɚɜɢɫɿ ɤɨɧɤɪɟɬɧɨɝɨ ɪɨɡɦɿɪɭ (d) 
ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɧɟɨɛɯɿɞɧɨʀ ɟɮɟɤɬɢɜɧɨɫɬɿ ɨɱɢɫɬɤɢ.

Ƚɨɥɨɜɧɢɦ ɧɟɞɨɥɿɤɨɦ ɭ ɪɨɛɨɬɿ ɿɫɧɭɸɱɢɯ ɝɨɪɢɡɨɧɬɚ-
ɥɶɧɢɯ ɜɿɞɫɬɿɣɧɢɤɿɜ, ɳɨ ɜɫɬɚɧɨɜɥɟɧɿ ɧɚ ɜɭɝɥɟɜɢɞɨɛɭɜ-
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ɧɢɯ ɩɿɞɩɪɢɽɦɫɬɜɚɯ, ɽ ɬɟ, ɳɨ ɤɿɥɶɤɿɫɬɶ ɡɚɬɪɢɦɭɜɚɧɨʀ ɫɭ-
ɫɩɟɧɡɿʀ ɡɦɟɧɲɭɽɬɶɫɹ, ɚ ʀʀ ɜɢɧɨɫ ɭ ɤɿɧɰɟɜɢɣ ɠɨɥɨɛ ɞɨɧ-
ɧɢɦɢ ɬɟɱɿɹɦɢ ɡɛɿɥɶɲɭɽɬɶɫɹ, ɭɧɚɫɥɿɞɨɤ ɿɧɬɟɧɫɢɜɧɨɝɨ
ɧɟɪɿɜɧɨɦɿɪɧɨɝɨ ɩɟɪɟɦɿɳɟɧɧɹ ɨɫɧɨɜɧɨʀ ɦɚɫɢ ɡɚɜɢɫɥɢɯ
ɪɟɱɨɜɢɧ ɭ ɧɢɠɧɿ ɲɚɪɢ, ɜɬɪɚɬɢ ɫɬɿɣɤɨɫɬɿ ɩɨɬɨɤɭ, ɩɿɞ-
ɜɢɳɟɧɧɹ ɝɨɪɢɡɨɧɬɚɥɶɧɨʀ ɲɜɢɞɤɨɫɬɿ ɿ ɜɟɪɬɢɤɚɥɶɧɨʀ
ɫɤɥɚɞɨɜɨʀ, ɹɤɿ ɩɟɪɟɲɤɨɞɠɚɸɬɶ ɜɢɩɚɞɿɧɧɸ ɬɜɟɪɞɢɯ ɱɚ-
ɫɬɨɤ ɿ ɩɿɞɜɢɳɭɸɬɶ ʀɯ ɤɨɧɰɟɧɬɪɚɰɿɸ ɜ ɩɨɬɨɰɿ ɡ ɜɢɧɨɫɨɦ
ɿɡ ɜɿɞɫɬɿɣɧɢɤɚ. ȼɿɞɫɭɬɧɿɫɬɶ ɩɪɢɫɬɪɨʀɜ ɝɿɞɪɚɜɥɿɱɧɨɝɨ ɪɨ-
ɡɩɨɞɿɥɭ ɩɨɬɨɤɿɜ ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɡɧɢɠɟɧɧɹ ɟɮɟɤɬɢɜɧɨɫɬɿ
ɜɢɤɨɪɢɫɬɚɧɧɹ ɨɛ’ɽɦɭ ɜɿɞɫɬɿɣɧɢɤɚ ɿ, ɹɤ ɧɚɫɥɿɞɨɤ, ɟɮɟɤɬ
ɨɫɜɿɬɥɟɧɧɹ ɜɨɞɢ ɧɟ ɜɿɞɩɨɜɿɞɚɽ ɫɭɱɚɫɧɢɦ ɜɢɦɨɝɚɦ ɜɨ-
ɞɨɨɯɨɪɨɧɧɨɝɨ ɡɚɤɨɧɨɞɚɜɫɬɜɚ ɍɤɪɚʀɧɢ, ɳɨ ɩɿɞɫɢɥɢɥɢɫɹ
ɡɚ ɨɫɬɚɧɧɽ ɞɟɫɹɬɢɥɿɬɬɹ. Ʉɪɿɦ ɬɨɝɨ, ɩɪɨɛɥɟɦɚ ɹɤɨɫɬɿ
ɨɱɢɫɬɤɢ ɜɨɞɢ ɩɨɫɢɥɸɽɬɶɫɹ ɜɿɞɫɭɬɧɿɫɬɸ ɞɨɫɢɬɶ ɟɮɟɤ-
ɬɢɜɧɢɯ ɩɪɢɫɬɪɨʀɜ ɞɥɹ ɱɢɳɟɧɧɹ ɜɿɞɫɬɿɣɧɢɤɿɜ ɜɿɞ ɨɫɚɞɭ ɭ
ɜɢɝɥɹɞɿ ɦɭɥɭ, ɳɨ ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɧɚɤɨɩɢɱɟɧɧɹ ɣɨɝɨ ɜ
ɡɨɧɿ ɨɫɜɿɬɥɟɧɧɹ ɿ ɜɢɧɨɫɭ ɜ ɨɱɢɳɟɧɭ ɜɨɞɭ.

. Ⱦɥɹ ɩɿɞɜɢ-
ɳɟɧɧɹ ɟɮɟɤɬɢɜɧɨɫɬɿ ɪɨɛɨɬɢ ɫɭɱɚɫɧɢɯ ɨɱɢɫɧɢɯ ɫɩɨɪɭɞ
ɡɚɩɪɨɩɨɧɨɜɚɧɚ ɜɞɨɫɤɨɧɚɥɟɧɚ ɤɨɧɫɬɪɭɤɰɿɹ ɝɨɪɢɡɨɧɬɚ-
ɥɶɧɨɝɨ ɜɿɞɫɬɿɣɧɢɤɚ [2], ɹɤɚ ɜɿɞɧɨɫɢɬɶɫɹ ɞɨ ɡɚɫɨɛɿɜ
ɛɟɡɪɟɚɝɟɧɬɧɨʀ ɨɱɢɫɬɤɢ ɩɪɨɦɢɫɥɨɜɢɯ ɫɬɿɱɧɢɯ ɜɨɞ ɪɿɡ-
ɧɨɦɚɧɿɬɧɨɝɨ ɩɨɯɨɞɠɟɧɧɹ, ɡɚɛɪɭɞɧɟɧɢɯ ɦɟɯɚɧɿɱɧɢɦɢ
ɞɨɦɿɲɤɚɦɢ ɩɨɥɿɞɢɫɩɟɪɫɧɨɝɨ ɫɤɥɚɞɭ, ɦɟɬɨɞɨɦ ɝɪɚɜɿ-
ɬɚɰɿɣɧɨɝɨ ɜɿɞɫɬɨɸɜɚɧɧɹ ɜ ɩɨɬɨɰɿ, ɳɨ ɡɧɚɯɨɞɢɬɶɫɹ ɭ
ɫɬɚɧɿ ɫɩɨɤɨɸ ɚɛɨ ɪɭɯɚɽɬɶɫɹ ɡ ɧɟɜɟɥɢɤɨɸ ɲɜɢɞɤɿɫɬɸ.
Ⱥɜɬɨɪɚɦɢ ɫɬɚɜɢɥɨɫɹ ɡɚɜɞɚɧɧɹ ɩɪɨɜɟɞɟɧɧɹ ɞɨɫɥɿɞɠɟɧɶ
ɧɚ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɿɣ ɦɨɞɟɥɿ (ɞɿɸɱɨɦɭ ɦɚɤɟɬɿ) ɝɨɪɢ-
ɡɨɧɬɚɥɶɧɨɝɨ ɜɿɞɫɬɿɣɧɢɤɚ ɜɞɨɫɤɨɧɚɥɟɧɨʀ ɤɨɧɫɬɪɭɤɰɿʀ
ɞɥɹ ɡ’ɹɫɭɜɚɧɧɹ ɜɩɥɢɜɭ ɬɢɯ ɱɢ ɿɧɲɢɯ ɝɿɞɪɚɜɥɿɱɧɢɯ
ɱɢɧɧɢɤɿɜ ɧɚ ɪɟɠɢɦ ɪɨɛɨɬɢ ɜɿɞɫɬɿɣɧɨʀ ɫɩɨɪɭɞɢ, ɚ ɬɚ-
ɤɨɠ ɧɚɞɚɧɧɹ ɪɟɤɨɦɟɧɞɚɰɿɣ ɳɨɞɨ ɩɨɥɿɩɲɟɧɧɹ ɝɿɞɪɚɜ-
ɥɿɱɧɢɯ ɭɦɨɜ ɜɿɞɫɬɿɣɧɢɤɚ ɬɚ ɿɧɬɟɧɫɢɮɿɤɚɰɿʀ ɩɪɨɰɟɫɭ
ɨɫɜɿɬɥɟɧɧɹ ɫɬɿɱɧɨʀ ɜɨɞɢ ɜ ɰɿɥɨɦɭ.

. Ⱦɥɹ ɩɪɨɜɟɞɟɧɧɹ ɟɤɫɩɟɪɢɦɟ-
ɧɬɚɥɶɧɢɯ ɞɨɫɥɿɞɠɟɧɶ ɝɿɞɪɚɜɥɿɱɧɨɝɨ ɪɟɠɢɦɭ ɪɨɛɨɬɢ
ɡɚɩɪɨɩɨɧɨɜɚɧɨɝɨ ɩɪɢɫɬɪɨɸ ɞɥɹ ɨɱɢɫɬɤɢ ɫɬɿɱɧɢɯ ɜɨɞ
ɜɿɞ ɡɚɜɢɫɥɢɯ ɪɟɱɨɜɢɧ, ɧɚ ɩɿɞɫɬɚɜɿ ɤɪɟɫɥɟɧɶ [2] ɪɨɡɪɨ-
ɛɥɟɧɨ ɞɿɸɱɢɣ ɦɚɤɟɬ ɭɞɨɫɤɨɧɚɥɟɧɨɝɨ ɜɿɞɫɬɿɣɧɢɤɚ ɜ
ɦɚɫɲɬɚɛɿ 1:20 (ɪɢɫ. 1), ɹɤɢɣ ɯɚɪɚɤɬɟɪɢɡɭɽɬɶɫɹ ɧɚɫɬɭ-
ɩɧɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ:

. 1. -
 1:20 

– ɡɚɝɚɥɶɧɚ ɞɨɜɠɢɧɚ ɦɚɤɟɬɭ ɜɿɞɫɬɿɣɧɢɤɚ (L) – 
100 ɫɦ;

– ɩɨɱɚɬɤɨɜɚ ɲɢɪɢɧɚ ( 0) – 50 ɫɦ. Ɉɫɤɿɥɶɤɢ ɫɩɿɜ-
ɜɿɞɧɨɲɟɧɧɹ ɤɿɧɰɟɜɨʀ ɲɢɪɢɧɢ ɞɨ ɩɨɱɚɬɤɨɜɨʀ ɫɤɥɚɞɚɽ
1:3, ɤɿɧɰɟɜɭ ɲɢɪɢɧɭ ( ) ɩɪɢɣɦɚɽɦɨ 16,5 ɫɦ;

– ɤɭɬ ɧɚɯɢɥɭ ɞɧɢɳɚ ɤɨɪɩɭɫɭ ɦɚɤɟɬɭ ɜɿɞɫɬɿɣɧɢɤɚ
ɞɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨʀ ɩɥɨɳɢɧɢ ( ) ɫɬɚɧɨɜɢɬɶ 300±20. Ⱦɚ-
ɧɢɣ ɤɭɬ ɧɚɯɢɥɭ ɡɚɛɟɡɩɟɱɭɽ ɭɬɜɨɪɟɧɧɹ ɨɫɚɞɭ ɬɚ ɩɨɞɚ-
ɥɶɲɟ ɣɨɝɨ ɪɿɜɧɨɦɿɪɧɟ ɫɩɨɜɡɚɧɧɹ ɩɿɞ ɞɿɽɸ ɫɢɥɢ ɬɹɠɿɧ-
ɧɹ ɩɨ ɧɚɯɢɥɟɧɨɦɭ ɠɨɥɨɛɭ ɜ ɧɢɠɧɸ ɱɚɫɬɢɧɭ ɤɨɪɩɭɫɭ,
ɹɤɚ ɽ ɡɨɧɨɸ ɡɛɨɪɭ ɨɫɚɞɭ, ɞɨ ɩɪɢɣɦɚɥɶɧɨɝɨ ɛɭɧɤɟɪɚ.
Ɍɚɤɚ ɤɨɧɫɬɪɭɤɰɿɹ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɜɿɞɫɬɿɣɧɢɤɚ ɡ ɧɚ-
ɯɢɥɨɦ ɞɧɢɳɚ ɭ ɛɿɤ ɡɥɢɜɚɥɶɧɨɝɨ ɨɬɜɨɪɭ ɜɢɤɥɸɱɚɽ ɤɚ-
ɥɚɦɭɱɟɧɧɹ ɨɫɚɞɭ, ɳɨ ɭɬɜɨɪɸɽɬɶɫɹ, ɬɚ ɩɿɞɜɢɳɭɽ ɟɮɟɤ-
ɬɢɜɧɿɫɬɶ ɪɨɡɞɿɥɟɧɧɹ ɡɚɜɢɫɿ, ɳɨ ɜɢɩɚɞɚɽ ɧɚ ɞɧɨ ɩɪɢ-
ɫɬɪɨɸ, ɣ ɨɫɜɿɬɥɟɧɨʀ ɜɨɞɢ;

– ɤɭɬ , ɹɤɢɣ ɮɚɤɬɢɱɧɨ ɡɚɛɟɡɩɟɱɭɽ ɩɪɢɛɥɢɡɧɨ ɨɞ-
ɧɚɤɨɜɿ ɜɢɬɪɚɬɢ ɪɿɞɢɧɢ ɭ ɤɨɠɧɨɦɭ ɩɟɪɟɬɢɧɿ ɜɫɿɯ ɪɨɡ-
ɩɨɞɿɥɶɱɢɯ ɩɟɪɟɝɨɪɨɞɨɤ, ɳɨ ɜɫɬɚɧɨɜɥɟɧɿ ɜ ɧɚɩɪɹɦɤɭ
ɪɭɯɭ ɪɨɛɨɱɨɝɨ ɩɨɬɨɤɭ, ɫɬɚɧɨɜɢɬɶ 800±20;

– ɩɨɱɚɬɤɨɜɚ ɝɥɢɛɢɧɚ ( 0) – 0 ɫɦ. Ɉɫɤɿɥɶɤɢ ɤɭɬ
Į=300, ɬɨɛɬɨ tgĮ=0,6, ɤɿɧɰɟɜɚ ɝɥɢɛɢɧɚ ( ) ɧɚ ɜɢɯɨɞɿ
ɨɫɜɿɬɥɟɧɨʀ ɪɿɞɢɧɢ ɞɨɪɿɜɧɸɽ: 60=⋅= αtgLH ɫɦ.

ɉɨɞɚɱɚ ɫɬɿɱɧɨʀ ɪɿɞɢɧɢ ɜ ɪɨɛɨɱɭ ɡɨɧɭ ɦɚɤɟɬɭ ɜɿɞɫ-
ɬɿɣɧɢɤɚ ɡɞɿɣɫɧɸɽɬɶɫɹ ɱɟɪɟɡ ɪɨɡɩɨɞɿɥɶɱɢɣ ɥɨɬɨɤ ɡ
ɨɬɜɨɪɚɦɢ, ɪɨɛɨɱɚ ɞɨɜɠɢɧɚ ɹɤɨɝɨ ɫɤɥɚɞɚɽ 40 ɫɦ, ɲɢ-
ɪɢɧɚ – 8 ɫɦ, ɚ ɜɢɫɨɬɚ – 10 ɫɦ. Ɉɬɜɨɪɢ, ɳɨ ɪɨɡɬɚɲɨɜɚ-
ɧɿ ɧɚ ɞɧɿ ɰɶɨɝɨ ɥɨɬɤɚ, ɦɚɸɬɶ ɤɪɭɝɥɢɣ ɩɟɪɟɬɢɧ ɡ ɞɿɚ-
ɦɟɬɪɨɦ d=0,3 ɫɦ.

ɍ ɦɚɤɟɬɿ ɜɿɞɫɬɿɣɧɢɤɚ ɜɿɞɛɿɪ ɨɫɜɿɬɥɟɧɨʀ ɜɨɞɢ ɩɪɨɩɨ-
ɧɭɽɬɶɫɹ ɡɞɿɣɫɧɸɜɚɬɢ ɱɟɪɟɡ ɜɨɞɨɡɥɢɜɧɭ ɤɢɲɟɧɸ ɧɚ ɬɨɪɰɿ
ɜɿɞɫɬɿɣɧɨʀ ɫɩɨɪɭɞɢ, ɪɨɡɬɚɲɨɜɚɧɭ ɡɨɜɧɿ ɤɨɪɩɭɫɭ ɩɨɛɥɢɡɭ
ɜɿɥɶɧɨʀ ɩɨɜɟɪɯɧɿ ɩɨɬɨɤɭ ɪɿɞɢɧɢ. ɒɢɪɢɧɚ ɜɨɞɨɡɛɿɪɧɨʀ
ɤɢɲɟɧɿ ɜɿɞɩɨɜɿɞɚɽ ɤɿɧɰɟɜɿɣ ɲɢɪɢɧɿ ɤɨɪɩɭɫɭ ɜɿɞɫɬɿɣɧɢɤɚ
(16,5 ɫɦ), ɜɢɫɨɬɚ ɫɬɚɧɨɜɢɬɶ 8 ɫɦ, ɚ ɞɨɜɠɢɧɚ – 9 ɫɦ.

ȼ ɹɤɨɫɬɿ ɩɪɨɦɿɠɧɢɯ ɜɟɪɬɢɤɚɥɶɧɢɯ ɩɟɪɟɝɨɪɨɞɨɤ ɭ
ɦɚɤɟɬɿ ɜɿɞɫɬɿɣɧɢɤɚ ɜɢɫɬɭɩɚɸɬɶ ɩɟɪɮɨɪɨɜɚɧɿ ɦɟɬɚɥɟɜɿ
ɥɢɫɬɢ ɡ ɨɬɜɨɪɚɦɢ ɤɪɭɝɥɨɝɨ ɩɟɪɟɬɢɧɭ, ɞɿɚɦɟɬɪ ɹɤɢɯ
ɫɬɚɧɨɜɢɬɶ d=0,3 ɫɦ, ɳɨ ɫɬɚɰɿɨɧɚɪɧɨ ɜɫɬɚɧɨɜɥɸɸɬɶɫɹ
ɜ ɪɨɛɨɱɭ ɡɨɧɭ ɩɪɢɫɬɪɨɸ, ɿ ɩɪɚɤɬɢɱɧɨ ɩɨɜɧɿɫɬɸ ɩɟɪɟ-
ɤɪɢɜɚɸɬɶ ɭɜɟɫɶ ɣɨɝɨ ɩɨɩɟɪɟɱɧɢɣ ɩɟɪɟɬɢɧ, ɡɚɛɟɡɩɟ-
ɱɭɸɱɢ ɜɤɥɸɱɟɧɧɹ ɜ ɩɪɨɰɟɫ ɨɫɜɿɬɥɟɧɧɹ ɜɫɿɽʀ ɦɚɫɢ ɜɨ-
ɞɢ, ɳɨ ɨɱɢɳɭɽɬɶɫɹ. Ɉɫɧɨɜɧɟ ɩɪɢɡɧɚɱɟɧɧɹ ɩɟɪɮɨɪɨ-
ɜɚɧɢɯ ɩɟɪɟɝɨɪɨɞɨɤ ɽ ɧɟ ɡɚɬɪɢɦɤɚ ɡɚɜɢɫɥɢɯ ɱɚɫɬɨɤ ɿ
ɞɨɦɿɲɨɤ, ɚ ɜɢɪɿɜɧɸɜɚɧɧɹ ɝɨɪɢɡɨɧɬɚɥɶɧɨʀ ɲɜɢɞɤɨɫɬɿ
ɪɭɯɭ ɨɫɜɿɬɥɸɜɚɧɨʀ ɜɨɞɢ ɡɚ ɝɥɢɛɢɧɨɸ ɣ, ɨɞɧɨɱɚɫɧɨ, ʀʀ
ɡɧɢɠɟɧɧɹ ɡɚ ɞɨɜɠɢɧɨɸ ɜɿɞɫɬɿɣɧɨʀ ɫɩɨɪɭɞɢ.

Ɍɚɤɨɠ ɧɟɨɛɯɿɞɧɨ ɜɿɞɡɧɚɱɢɬɢ, ɳɨ, ɜɢɤɨɧɚɜɲɢ ɞɧɢɳɟ
ɤɨɪɩɭɫɭ ɜɞɨɫɤɨɧɚɥɟɧɨɝɨ ɜɿɞɫɬɿɣɧɢɤɚ ɭ ɮɨɪɦɿ ɪɿɜɧɨɛɟɞ-
ɪɟɧɨɝɨ ɬɪɢɤɭɬɧɢɤɚ, ɦɨɠɧɚ ɡɧɚɱɧɨ ɡɦɟɧɲɢɬɢ ɡɜɭɠɟɧɧɹ
ɠɢɜɨɝɨ ɩɟɪɟɬɢɧɭ ɜɿɞɫɬɿɣɧɨʀ ɫɩɨɪɭɞɢ ɲɚɪɨɦ ɨɫɚɞɭ.

Ɍɚɤɢɦ ɱɢɧɨɦ, ɜɧɚɫɥɿɞɨɤ ɨɛɥɚɞɧɚɧɧɹ ɦɚɤɟɬɭ ɜɞɨɫ-
ɤɨɧɚɥɟɧɨɝɨ ɜɿɞɫɬɿɣɧɢɤɚ ɩɪɨɦɿɠɧɢɦɢ ɩɟɪɮɨɪɨɜɚɧɢɦɢ
ɩɟɪɟɝɨɪɨɞɤɚɦɢ ɣ ɧɟɡɚɬɨɩɥɟɧɢɦ ɪɨɡɩɨɞɿɥɶɱɢɦ ɥɨɬɤɨɦ,
ɡɚɛɟɡɩɟɱɭɽɬɶɫɹ ɟɮɟɤɬɢɜɧɟ ɝɚɫɿɧɧɹ ɬɭɪɛɭɥɟɧɬɧɢɯ ɡɚɜɢ-
ɯɪɟɧɶ ɧɚ ɜɯɨɞɿ ɭ ɜɿɞɫɬɿɣɧɭ ɫɩɨɪɭɞɭ, ɚ ɬɚɤɨɠ ɪɿɜɧɨɦɿɪɧɟ
ɪɨɡɩɨɞɿɥɟɧɧɹ ɫɬɿɱɧɨʀ ɜɨɞɢ ɛɟɡɩɨɫɟɪɟɞɧɶɨ ɭ ɫɚɦɨɦɭ
ɩɪɢɫɬɪɨʀ. ɇɚɹɜɧɿɫɬɶ ɩɟɪɟɝɨɪɨɞɨɤ, ɜɫɬɚɧɨɜɥɟɧɢɯ ɡɚ ɩɟ-
ɪɟɬɢɧɨɦ ɜɿɞɫɬɿɣɧɢɤɚ, ɡɦɿɧɧɨɝɨ ɡɚ ɮɨɪɦɨɸ, ɡɚɛɟɡɩɟɱɭɽ
ɡɛɿɥɶɲɟɧɧɹ ɬɪɚɽɤɬɨɪɿʀ ɪɭɯɭ ɩɨɬɨɤɭ ɪɿɞɢɧɢ ɿ ɞɨɞɚɽ ɩɨ-
ɬɨɤɨɜɿ ɨɞɧɨɫɩɪɹɦɨɜɚɧɨɝɨ ɥɚɦɿɧɚɪɧɨɝɨ ɯɚɪɚɤɬɟɪɭ ɬɟɱɿʀ,
ɳɨ, ɭ ɫɜɨɸ ɱɟɪɝɭ, ɫɩɪɢɹɽ ɛɿɥɶɲ ɟɮɟɤɬɢɜɧɨɦɭ ɜɢɩɚɞɿɧ-



100  ISSN 2071-2227, Науковий вісник НГУ, 2012, № 2

Е К О Л О Г І Ч Н А  Б Е З П Е К А ,  О Х О Р О Н А  П Р А Ц І

ɧɸ ɦɟɯɚɧɿɱɧɢɯ ɞɨɦɿɲɨɤ ɧɚ ɞɧɨ ɜɿɞɫɬɿɣɧɨʀ ɫɩɨɪɭɞɢ.
Ʌɚɦɿɧɚɪɧɢɣ ɪɟɠɢɦ ɪɭɯɭ ɩɨɬɨɤɭ ɪɿɞɢɧɢ ɭ ɜɞɨɫɤɨɧɚɥɟ-
ɧɨɦɭ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦɭ ɜɿɞɫɬɿɣɧɢɤɭ ɡɚɩɨɛɿɝɚɽ ɪɭɣɧɭ-
ɜɚɧɧɸ ɫɩɨɜɡɚɸɱɨɝɨ ɲɚɪɭ ɨɫɚɞɭ (ɬɚɤ ɡɜɚɧɨɦɭ „ɟɮɟɤɬɭ
ɩɨɜɬɨɪɧɨɝɨ ɤɚɥɚɦɭɱɟɧɧɹ“), ɨɫɤɿɥɶɤɢ ɲɜɢɞɤɿɫɬɶ ɡɭɫɬɪɿ-
ɱɧɨɝɨ ɩɨɬɨɤɭ ɜ ɩɪɢɞɨɧɧɨɦɭ ɲɚɪɿ ɛɥɢɡɶɤɚ ɞɨ ɧɭɥɹ.
Ʉɪɿɦ ɬɨɝɨ, ɜɿɞɛɭɜɚɽɬɶɫɹ ɩɪɢɫɤɨɪɟɧɧɹ ɩɪɨɰɟɫɭ ɨɫɚ-
ɞɠɟɧɧɹ ɿ ɜɢɞɿɥɟɧɧɹ ɞɪɿɛɧɨɞɢɫɩɟɪɫɧɢɯ ɱɚɫɬɨɤ.

ɍɞɨɫɤɨɧɚɥɟɧɚ ɤɨɧɫɬɪɭɤɰɿɹ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɜɿɞɫɬɿɣ-
ɧɢɤɚ, ɡɚɜɞɹɤɢ ɫɬɜɨɪɟɧɧɸ ɧɨɜɢɯ ɤɨɧɫɬɪɭɤɬɢɜɧɢɯ ɨɡɧɚɤ,
ɡɚɛɟɡɩɟɱɢɬɶ ɮɨɪɦɭɜɚɧɧɹ ɩɨɬɨɤɭ ɡɦɿɧɧɨɝɨ ɩɟɪɟɬɢɧɭ ɜ
ɩɪɨɰɟɫɿ ɨɫɜɿɬɥɟɧɧɹ, ɡɚɩɨɛɿɝɚɧɧɹ ɜɢɧɨɫɭ ɡɚɛɪɭɞɧɟɧɶ ɪɨ-
ɛɨɱɢɦ ɩɨɬɨɤɨɦ, ɡɛɿɥɶɲɟɧɧɹ ɤɨɟɮɿɰɿɽɧɬɚ ɨɛ’ɽɦɧɨɝɨ ɜɢ-
ɤɨɪɢɫɬɚɧɧɹ ɩɪɢɫɬɪɨɸ, ɡɚ ɪɚɯɭɧɨɤ ɜɿɞɫɭɬɧɨɫɬɿ „ɡɚɫɬɿɣ-
ɧɢɯ“ ɡɨɧ ɬɚ ɿɧɬɟɧɫɢɜɧɨɝɨ ɜɢɩɚɞɿɧɧɹ ɡɚɜɢɫɥɢɯ ɱɚɫɬɨɤ ɡɚ
ɪɚɯɭɧɨɤ ɛɿɥɶɲ ɪɿɜɧɨɦɿɪɧɨɝɨ ɪɨɡɩɨɞɿɥɭ ɲɜɢɞɤɨɫɬɟɣ ɩɨ-
ɬɨɤɭ ɩɨ ɜɫɿɣ ɩɥɨɳɿ ɩɨɩɟɪɟɱɧɨɝɨ ɩɟɪɟɬɢɧɭ, ɜɧɚɫɥɿɞɨɤ ɱɨ-
ɝɨ ɩɿɞɜɢɳɭɽɬɶɫɹ ɟɮɟɤɬɢɜɧɿɫɬɶ ɩɪɨɰɟɫɭ ɨɫɜɿɬɥɟɧɧɹ ɫɬɿɱ-
ɧɢɯ ɜɨɞ, ɳɨ ɧɚɞɯɨɞɹɬɶ ɜ ɨɱɢɫɧɭ ɫɩɨɪɭɞɭ. ɉɪɢ ɩɪɨɜɟɞɟɧ-
ɧɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɨɫɥɿɞɠɟɧɶ ɝɿɞɪɚɜɥɿɱɧɨɝɨ ɪɟɠɢɦɭ
ɪɨɛɨɬɢ ɦɚɤɟɬɭ ɜɿɞɫɬɿɣɧɢɤɚ ɰɿ ɡɚɜɞɚɧɧɹ ɜɢɪɿɲɭɜɚɥɢɫɶ ɩɨ-
ɱɟɪɝɨɜɨ, ɫɭɬɶ ɜɢɪɿɲɟɧɧɹ ɹɤɢɯ ɜɢɤɥɚɞɟɧɨ ɧɢɠɱɟ.

’
. ɓɨɛ ɜɢ-

ɡɧɚɱɢɬɢ ɝɿɞɪɚɜɥɿɱɧɭ ɟɮɟɤɬɢɜɧɿɫɬɶ ɦɚɤɟɬɭ ɜɿɞɫɬɿɣɧɢɤɚ
ɧɟɨɛɯɿɞɧɨ ɡɧɚɣɬɢ ɤɨɟɮɿɰɿɽɧɬ ɜɢɤɨɪɢɫɬɚɧɧɹ ɨɛ’ɽɦɭ
ɣɨɝɨ ɩɪɨɬɨɱɧɨʀ ɱɚɫɬɢɧɢ (Kset). Ⱦɥɹ ɰɶɨɝɨ ɛɭɥɨ ɜɢɜɟ-
ɞɟɧɨ ɮɨɪɦɭɥɭ (1), ɳɨ ɞɨɡɜɨɥɹɽ ɪɨɡɪɚɯɭɜɚɬɢ ɝɟɨɦɟɬ-
ɪɢɱɧɢɣ ɿ ɚɤɬɢɜɧɢɣ ɨɛ’ɽɦɢ ɨɱɢɫɧɨʀ ɫɩɨɪɭɞɢ
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ɉɪɢ ɪɨɡɪɚɯɭɧɤɭ ɨɛ’ɽɦɭ ɚɤɬɢɜɧɨʀ ɡɨɧɢ ɦɚɤɟɬɭ ɜɿɞ-
ɫɬɿɣɧɢɤɚ ɩɪɢɣɦɚɽɬɶɫɹ ɧɟ ɡɚɝɚɥɶɧɚ, ɚ ɪɨɛɨɱɚ ɤɿɧɰɟɜɚ
ɝɥɢɛɢɧɚ, ɬɨɛɬɨ ɧɟ ɜɪɚɯɨɜɭɽɬɶɫɹ ɜɢɫɨɬɚ ɛɨɪɬɚ ɩɪɢ-
ɫɬɪɨɸ, ɹɤɚ ɜ ɞɚɧɨɦɭ ɦɚɤɟɬɿ ɫɬɚɧɨɜɢɬɶ 6 ɫɦ. Ɍɚɤɨɠ
ɜɪɚɯɨɜɚɧɨ ɩɨɩɪɚɜɤɭ ɧɚ ɬɨɜɳɢɧɭ ɨɪɝɫɤɥɚ (0,5 ɫɦ), ɡ
ɹɤɨɝɨ ɛɭɥɨ ɜɢɝɨɬɨɜɥɟɧɨ ɦɚɤɟɬ.

ɇɚ ɩɿɞɫɬɚɜɿ ɪɨɡɪɚɯɭɧɤɿɜ ɡɚ ɮɨɪɦɭɥɨɸ (1), ɜɫɬɚɧɨɜ-
ɥɟɧɨ, ɳɨ, ɡɚɜɞɹɤɢ ɫɢɫɬɟɦɚɦ ɪɚɰɿɨɧɚɥɶɧɨɝɨ ɜɩɭɫɤɭ ɫɬɿɱ-
ɧɨʀ ɜɨɞɢ (ɧɟɡɚɬɨɩɥɟɧɢɣ ɪɨɡɩɨɞɿɥɶɱɢɣ ɥɨɬɨɤ) ɿ ɜɢɩɭɫɤɭ
ɨɫɜɿɬɥɟɧɨʀ ɪɿɞɢɧɢ (ɡɛɿɪɧɚ ɜɨɞɨɡɥɢɜɧɚ ɤɢɲɟɧɹ ɧɚ ɬɨɪɰɿ
ɜɿɞɫɬɿɣɧɨʀ ɫɩɨɪɭɞɢ), ɤɨɟɮɿɰɿɽɧɬ Kset ɡɛɿɥɶɲɢɜɫɹ ɞɨ 0,78–
0,88, ɳɨ ɜ 1,6–1,8 ɪɚɡɿɜ ɩɟɪɟɜɢɳɭɽ ɞɚɧɢɣ ɩɨɤɚɡɧɢɤ ɞɥɹ
ɬɪɚɞɢɰɿɣɧɢɯ ɝɨɪɢɡɨɧɬɚɥɶɧɢɯ ɜɿɞɫɬɿɣɧɢɤɿɜ (Kset=0,5). 

. Ⱦɨɫɥɿɞɠɟɧɧɹ ɩɪɨɜɨ-
ɞɢɥɨɫɹ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɬɨɝɨ, ɳɨ ɨɫɧɨɜɧɢɦ ɟɥɟɦɟɧɬɨɦ
ɝɿɞɪɚɜɥɿɱɧɨʀ ɦɨɞɟɥɿ ɩɨɬɨɤɭ ɽ ɣɨɝɨ ɟɥɟɦɟɧɬɚɪɧɚ ɫɬɪɭ-
ɦɤɚ. Ɂɚɝɚɥɶɧɟ ɭɹɜɥɟɧɧɹ ɩɪɨ ɩɟɪɟɦɿɳɟɧɧɹ ɨɤɪɟɦɢɯ ɱɚ-
ɫɬɨɤ ɡɚ ɩɟɪɟɬɢɧɨɦ ɦɚɤɟɬɭ ɜɿɞɫɬɿɣɧɢɤɚ ɞɚɽ ɫɩɨɫɬɟɪɟ-
ɠɟɧɧɹ ɧɚɞ ɩɨɬɨɤɨɦ, ɜ ɹɤɨɦɭ ɫɬɪɭɦɤɢ ɪɿɞɢɧɢ ɡɚɛɚɪɜ-
ɥɟɧɿ (ɞɥɹ ɰɶɨɝɨ ɭ ɜɨɞɭ ɞɨɞɚɜɚɜɫɹ ɤɨɧɰɟɧɬɪɨɜɚɧɢɣ ɪɨ-
ɡɱɢɧ ɩɟɪɦɚɧɝɚɧɚɬɭ ɤɚɥɿɸ). əɫɤɪɚɜɨ ɡɚɮɚɪɛɨɜɚɧɚ ɜɨɞɚ
ɧɚɞɯɨɞɢɬɶ ɭ ɪɨɡɩɨɞɿɥɶɱɢɣ ɥɨɬɨɤ, ɡɜɿɞɤɢ ɱɟɪɟɡ ɨɬɜɨɪɢ
ɧɚ ɣɨɝɨ ɞɧɿ ɩɨɬɪɚɩɥɹɽ ɜ ɪɨɛɨɱɭ ɡɨɧɭ ɜɿɞɫɬɿɣɧɢɤɚ. ɇɚ
ɞɿɥɹɧɰɿ ɜɿɞ ɜɩɭɫɤɭ ɜɨɞɢ ɭ ɜɿɞɫɬɿɣɧɭ ɫɩɨɪɭɞɭ ɞɨ ɩɟɪ-
ɲɨʀ ɩɟɪɟɝɨɪɨɞɤɢ ɫɩɨɫɬɟɪɿɝɚɸɬɶɫɹ ɱɿɬɤɨ ɜɢɪɚɠɟɧɿ
ɩɭɥɶɫɚɰɿʀ ɲɜɢɞɤɨɫɬɟɣ, ɜɧɚɫɥɿɞɨɤ ɱɨɝɨ ɡɚɛɚɪɜɥɟɧɚ ɪɿ-
ɞɢɧɚ ɚɤɬɢɜɧɨ ɩɟɪɟɦɿɲɭɽɬɶɫɹ ɡ ɜɨɞɨɸ, ɳɨ ɪɚɧɿɲɟ ɡɧɚ-

ɯɨɞɢɥɚɫɹ ɭ ɜɿɞɫɬɿɣɧɢɤɭ. Ⱦɨɫɹɝɧɭɜɲɢ ɩɟɪɲɨʀ ɩɟɪɟɝɨ-
ɪɨɞɤɢ, ɿ, ɩɨɱɢɧɚɸɱɢ ɩɪɨɯɨɞɢɬɢ ɱɟɪɟɡ ʀʀ ɨɬɜɨɪɢ, ɤɿɧɟ-
ɦɚɬɢɱɧɚ ɟɧɟɪɝɿɹ ɩɨɬɨɤɭ ɩɨɫɬɭɩɨɜɨ ɡɧɢɠɭɽɬɶɫɹ, ɜɧɚ-
ɫɥɿɞɨɤ ɱɨɝɨ ɜɿɞɛɭɜɚɽɬɶɫɹ ɜɢɪɿɜɧɸɜɚɧɧɹ ɡɚ ɝɥɢɛɢɧɨɸ
ɝɨɪɢɡɨɧɬɚɥɶɧɨʀ ɲɜɢɞɤɨɫɬɿ ɬɟɱɿʀ ɡ ɨɞɧɨɱɚɫɧɢɦ ʀʀ ɡɦɟ-
ɧɲɟɧɧɹɦ ɡɚ ɞɨɜɠɢɧɨɸ ɜɿɞɫɬɿɣɧɨʀ ɫɩɨɪɭɞɢ.

Ɂɚɜɞɹɤɢ ɦɚɥɢɦ ɲɜɢɞɤɨɫɬɹɦ ɬɟɱɿʀ ɱɟɪɟɡ ɩɟɪɟɬɢɧɢ
ɨɬɜɨɪɿɜ ɩɟɪɲɨʀ ɩɟɪɟɝɨɪɨɞɤɢ, ɡɚɛɚɪɜɥɟɧɚ ɪɿɞɢɧɚ ɪɭɯɚ-
ɽɬɶɫɹ ɡɚ ɞɨɜɠɢɧɨɸ ɦɚɤɟɬɭ ɜɿɞɫɬɿɣɧɢɤɚ ɭ ɜɢɝɥɹɞɿ ɱɿɬɤɨ
ɜɢɪɚɠɟɧɢɯ ɬɨɧɤɢɯ ɫɬɪɭɦɤɿɜ, ɹɤɿ ɧɟ ɡɦɿɲɭɸɬɶɫɹ ɡ ɩɨ-
ɬɨɤɨɦ ɧɟɡɚɛɚɪɜɥɟɧɨʀ ɜɨɞɢ, ɳɨ ɜɤɚɡɭɽ ɧɚ ɲɚɪɭɜɚɬɢɣ
ɯɚɪɚɤɬɟɪ ɬɟɱɿʀ ɪɿɞɢɧɢ ɿ ɧɚ ɜɿɞɫɭɬɧɿɫɬɶ ɩɟɪɟɦɿɲɭɜɚɧɧɹ.

ȼɧɚɫɥɿɞɨɤ ɞɨɫɢɬɶ ɦɚɥɨɝɨ ɩɨɩɟɪɟɱɧɨɝɨ ɩɟɪɟɬɢɧɭ
ɟɥɟɦɟɧɬɚɪɧɢɯ ɫɬɪɭɦɤɿɜ, ɳɨ ɭ ɫɜɨɸ ɱɟɪɝɭ ɩɨɜ’ɹɡɚɧɨ ɡ
ɞɨɫɬɚɬɧɶɨ ɧɟɜɟɥɢɤɢɦ ɩɟɪɟɬɢɧɨɦ ɨɬɜɨɪɿɜ ɭ ɩɟɪɟɝɨɪɨ-
ɞɤɚɯ ɦɚɤɟɬɭ ɜɿɞɫɬɿɣɧɢɤɚ (w=0,07065 ɫɦ2), ɲɜɢɞɤɨɫɬɿ
ɭ ɪɿɡɧɢɯ ɬɨɱɤɚɯ ɩɟɪɟɬɢɧɭ ɧɟɡɧɚɱɧɨ ɜɿɞɪɿɡɧɹɸɬɶɫɹ ɨɞ-
ɧɚ ɜɿɞ ɿɧɲɨʀ ɿ ʀɯ ɦɨɠɧɚ ɜɜɚɠɚɬɢ ɨɞɧɚɤɨɜɢɦɢ. ȼɡɞɨɜɠ
ɫɬɪɭɦɤɿɜ, ɡɚ ʀɯ ɞɨɜɠɢɧɨɸ, ɹɤ ɩɨɩɟɪɟɱɧɢɣ ɩɟɪɟɬɢɧ,
ɬɚɤ ɿ ɫɟɪɟɞɧɹ ɲɜɢɞɤɿɫɬɶ ɪɭɯɭ ɜɨɞɢ ɡɦɿɧɸɸɬɶɫɹ, ɭ
ɡɜ’ɹɡɤɭ ɡ ɪɨɡɲɢɪɟɧɧɹɦ ɩɨɬɨɤɭ ɪɿɞɢɧɢ, ɜɧɚɫɥɿɞɨɤ ɱɨɝɨ
ɩɥɨɳɚ ɩɨɩɟɪɟɱɧɢɯ ɩɟɪɟɬɢɧɿɜ ɭɫɿɯ ɨɬɜɨɪɿɜ ɩɟɪɟɝɨɪɨ-
ɞɨɤ ɡɛɿɥɶɲɭɽɬɶɫɹ, ɚ ɲɜɢɞɤɿɫɬɶ, ɧɚɜɩɚɤɢ, ɡɧɢɠɭɽɬɶɫɹ.
əɤɳɨ ɜɡɹɬɢ ɪɹɞ ɬɚɤɢɯ ɟɥɟɦɟɧɬɚɪɧɢɯ ɫɬɪɭɦɤɿɜ, ɬɨ ʀɯ
ɫɭɤɭɩɧɿɫɬɶ ɭɬɜɨɪɸɽ ɩɨɬɿɤ ɪɿɞɢɧɢ. ɍ ɧɟɫɬɚɥɨɦɭ ɩɨɬɨɰɿ
ɮɨɪɦɚ ɟɥɟɦɟɧɬɚɪɧɢɯ ɫɬɪɭɦɤɿɜ ɛɟɡɩɟɪɟɪɜɧɨ ɡɦɿɧɸɽɬɶ-
ɫɹ, ɚ ɜ ɫɬɚɥɨɦɭ, ɧɚɜɩɚɤɢ, ɟɥɟɦɟɧɬɚɪɧɿ ɫɬɪɭɦɤɢ ɡɛɟɪɿ-
ɝɚɸɬɶ ɩɨɫɬɿɣɧɭ ɮɨɪɦɭ, ɳɨ ɣ ɛɭɥɨ ɩɿɞɬɜɟɪɞɠɟɧɨ ɜ
ɩɪɨɰɟɫɿ ɩɪɨɜɟɞɟɧɧɹ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɨɫɥɿɞɠɟɧɶ.

əɤ ɜɿɞɨɦɨ, ɪɭɯ ɪɿɞɢɧɢ ɩɪɢ ɦɚɥɢɯ ɲɜɢɞɤɨɫɬɹɯ, ɤɨ-
ɥɢ ɨɤɪɟɦɿ ɡɚɛɚɪɜɥɟɧɿ ɫɬɪɭɦɤɢ ɪɭɯɚɸɬɶɫɹ ɩɚɪɚɥɟɥɶɧɨ
ɨɫɿ ɩɨɬɨɤɭ, ɧɚɡɢɜɚɸɬɶ ɥɚɦɿɧɚɪɧɢɦ. Ʌɚɦɿɧɚɪɧɢɣ ɯɚɪɚ-
ɤɬɟɪ ɬɟɱɿʀ ɦɨɠɧɚ ɪɨɡɝɥɹɞɚɬɢ ɹɤ ɱɿɬɤɨ ɜɩɨɪɹɞɤɨɜɚɧɢɣ
ɪɭɯ ɨɤɪɟɦɢɯ ɲɚɪɿɜ ɪɿɞɢɧɢ, ɳɨ ɜɿɞɛɭɜɚɽɬɶɫɹ ɛɟɡ ɩɟɪɟ-
ɦɿɲɭɜɚɧɧɹ ɱɚɫɬɨɤ ɿ ɛɟɡ ɩɭɥɶɫɚɰɿʀ ɲɜɢɞɤɨɫɬɟɣ [3]. 

ɉɪɢ ɩɪɨɜɟɞɟɧɧɿ ɞɨɫɥɿɞɠɟɧɶ ɿɡ ɡɚɮɚɪɛɨɜɚɧɢɦɢ
ɫɬɪɭɦɤɚɦɢ ɪɿɞɢɧɢ ɛɭɥɨ ɜɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɜ ɦɚɤɟɬɿ ɜɿɞ-
ɫɬɿɣɧɢɤɚ ɦɚɥɢ ɦɿɫɰɟ ɬɿɥɶɤɢ ɲɜɢɞɤɨɫɬɿ, ɩɚɪɚɥɟɥɶɧɿ ɨɫɿ
ɩɨɬɨɤɭ, ɩɨɩɟɪɟɱɧɿ ɠ ɲɜɢɞɤɨɫɬɿ ɛɭɥɢ ɜɿɞɫɭɬɧɿ, ɳɨ ɳɟ
ɪɚɡ ɩɿɞɬɜɟɪɞɠɭɽ ɧɚɹɜɧɿɫɬɶ ɥɚɦɿɧɚɪɧɨɝɨ ɪɟɠɢɦɭ ɬɟɱɿʀ.
ɍ ɞɚɧɨɦɭ ɜɢɩɚɞɤɭ ɪɿɞɢɧɚ, ɳɨ ɪɭɯɚɽɬɶɫɹ ɜɡɞɨɜɠ ɜɿɞɫ-
ɬɿɣɧɨʀ ɫɩɨɪɭɞɢ, ɹɤ ɛɢ ɪɨɡɞɿɥɹɽɬɶɫɹ ɧɚ ɧɟɫɤɿɧɱɟɧɧɨ ɜɟ-
ɥɢɤɟ ɱɢɫɥɨ ɱɿɬɤɨ ɜɢɪɚɠɟɧɢɯ ɬɨɧɤɢɯ ɫɬɪɭɦɤɿɜ, ɩɚɪɚ-
ɥɟɥɶɧɢɯ ɨɫɿ ɩɨɬɨɤɭ, ɹɤɿ ɩɟɪɟɦɿɳɭɸɬɶɫɹ ɡ ɪɿɡɧɨɸ
ɲɜɢɞɤɿɫɬɸ, ɳɨ ɡɛɿɥɶɲɭɽɬɶɫɹ ɜɿɞ ɫɬɿɧɨɤ ɦɚɤɟɬɭ ɜɿɞɫ-
ɬɿɣɧɢɤɚ ɞɨ ɰɟɧɬɪɚɥɶɧɨʀ ɨɫɿ ɩɨɬɨɤɭ. ɉɪɢ ɰɶɨɦɭ, ɲɜɢɞ-
ɤɿɫɬɶ ɭ ɲɚɪɿ, ɳɨ ɛɟɡɩɨɫɟɪɟɞɧɶɨ ɫɬɢɤɚɽɬɶɫɹ ɡɿ ɫɬɿɧɤɚ-
ɦɢ (ɩɪɢɫɬɿɧɧɢɣ ɲɚɪ), ɞɨɪɿɜɧɸɽ ɧɭɥɸ, ɚ ɦɚɤɫɢɦɚɥɶ-
ɧɨɝɨ ɡɧɚɱɟɧɧɹ ɜɨɧɚ ɞɨɫɹɝɚɽ ɭ ɲɚɪɿ, ɳɨ ɪɭɯɚɽɬɶɫɹ ɡɚ
ɜɿɫɫɸ ɩɨɬɨɤɭ (ɨɫɶɨɜɚ ɫɬɪɭɦɤɚ) (ɪɢɫ. 2). 

ɍ ɦɚɤɟɬɿ ɜɿɞɫɬɿɣɧɢɤɚ (ɡɚɜɞɹɤɢ ɡɜɭɠɟɧɧɸ ɣɨɝɨ ɩɟɪɟ-
ɬɢɧɭ ɞɨ ɜɢɯɨɞɭ) ɲɜɢɞɤɿɫɬɶ ɬɟɱɿʀ ɡɚ ɜɿɫɫɸ ɜɟɫɶ ɱɚɫ ɡɪɨɫ-
ɬɚɽ, ɚ ɭ ɫɬɿɧɨɤ, ɧɚɜɩɚɤɢ, ɡɦɟɧɲɭɽɬɶɫɹ. ɐɟ ɜɿɞɛɭɜɚɽɬɶɫɹ
ɞɨɬɢ, ɞɨɤɢ ɩɪɢɫɬɿɧɧɢɣ ɲɚɪ ɧɟ ɡɚɯɨɩɢɬɶ ɭɫɶɨɝɨ ɩɟɪɟɬɢɧɭ
ɩɨɬɨɤɭ, ɚ ɹɞɪɨ ɧɟ ɛɭɞɟ ɡɜɟɞɟɧɨ ɞɨ ɧɭɥɹ (ɪɢɫ. 3). 

Ⱦɥɹ ɥɚɦɿɧɚɪɧɨɝɨ ɩɨɬɨɤɭ ɪɿɞɢɧɢ, ɳɨ ɮɨɪɦɭɽɬɶɫɹ ɜ
ɦɚɤɟɬɿ ɜɿɞɫɬɿɣɧɢɤɚ, ɯɚɪɚɤɬɟɪɧɢɦ ɽ ɩɚɪɚɛɨɥɿɱɧɢɣ ɪɨɡ-
ɩɨɞɿɥ ɲɜɢɞɤɨɫɬɟɣ, ɬɨɛɬɨ, ɭ ɰɶɨɦɭ ɩɨɬɨɰɿ ɨɫɶɨɜɚ ɲɜɢ-
ɞɤɿɫɬɶ, ɳɨ ɽ ɦɚɤɫɢɦɚɥɶɧɨɸ (vmax), ɭ 2 ɪɚɡɢ ɩɟɪɟɜɢɳɭɽ
ɫɟɪɟɞɧɸ (

cpvv ⋅= 2max
).
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. 2. 
 ( )

. 3. ,

Ɍɚɤɢɦ ɱɢɧɨɦ, ɩɿɞ ɱɚɫ ɩɪɨɜɟɞɟɧɢɯ ɟɤɫɩɟɪɢɦɟɧɬɚ-
ɥɶɧɢɯ ɞɨɫɥɿɞɠɟɧɶ ɭ ɦɚɤɟɬɿ ɜɞɨɫɤɨɧɚɥɟɧɨɝɨ ɜɿɞɫɬɿɣ-
ɧɢɤɚ ɛɭɥɨ ɜɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɩɨɬɿɤ ɪɿɞɢɧɢ, ɹɤɢɣ ɧɚɞɯɨ-
ɞɢɬɶ ɭ ɪɨɛɨɱɭ ɡɨɧɭ ɜɿɞɫɬɿɣɧɨʀ ɫɩɨɪɭɞɢ, ɪɨɡɞɿɥɹɽɬɶɫɹ
ɧɚ ɜɟɥɢɤɭ (ɡɚ ɱɢɫɥɨɦ ɨɬɜɨɪɿɜ) ɤɿɥɶɤɿɫɬɶ ɱɿɬɤɨ ɜɢɪɚɠɟ-
ɧɢɯ ɫɬɪɭɦɤɿɜ, ɩɚɪɚɥɟɥɶɧɢɯ ɨɫɿ ɩɨɬɨɤɭ, ɹɤɿ ɧɟ ɡɦɿɲɭ-
ɸɬɶɫɹ ɦɿɠ ɫɨɛɨɸ ɡɚ ɩɟɪɟɬɢɧɨɦ ɜɿɞɫɬɿɣɧɢɤɚ, ɡɦɿɧɧɨɝɨ
ɡɚ ɮɨɪɦɨɸ, ɳɨ ɜɤɚɡɭɽ ɧɚ ɧɚɹɜɧɿɫɬɶ ɥɚɦɿɧɚɪɧɨɝɨ ɪɟ-
ɠɢɦɭ ɬɟɱɿʀ. Ʉɪɿɦ ɬɨɝɨ, ɜɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɞɥɹ ɥɚɦɿɧɚɪ-
ɧɨɝɨ ɩɨɬɨɤɭ ɪɿɞɢɧɢ, ɹɤɢɣ ɮɨɪɦɭɽɬɶɫɹ ɜ ɦɚɤɟɬɿ ɜɿɞɫ-
ɬɿɣɧɢɤɚ, ɯɚɪɚɤɬɟɪɧɢɦ ɽ ɩɚɪɚɛɨɥɿɱɧɚ ɟɩɸɪɚ ɪɨɡɩɨɞɿɥɭ
ɲɜɢɞɤɨɫɬɟɣ ɭ ɣɨɝɨ ɩɨɩɟɪɟɱɧɢɯ ɩɟɪɟɬɢɧɚɯ.

-
-

. Ɂɚ ɩɟɪɟɬɢɧɨɦ ɦɚɤɟɬɭ ɜɿɞɫɬɿɣɧɢɤɚ,
ɡɦɿɧɧɨɝɨ ɡɚ ɞɨɜɠɢɧɨɸ, ɜɫɬɚɧɨɜɥɟɧɨ 3 ɩɟɪɮɨɪɨɜɚɧɿ
ɜɟɪɬɢɤɚɥɶɧɿ ɩɨɩɟɪɟɱɧɿ ɩɟɪɟɝɨɪɨɞɤɢ. ɉɟɪɲɚ ɩɟɪɟɝɨ-
ɪɨɞɤɚ ɜɫɬɚɧɨɜɥɟɧɚ ɧɚ ɜɿɞɫɬɚɧɿ L1=22,5 ɫɦ ɜɿɞ ɩɨɱɚɬɤɭ
ɜɿɞɫɬɿɣɧɨʀ ɫɩɨɪɭɞɢ, ɞɪɭɝɚ – ɧɚ ɜɿɞɫɬɚɧɿ L2=23 ɫɦ ɜɿɞ
ɩɟɪɲɨʀ ɩɟɪɟɝɨɪɨɞɤɢ, ɬɪɟɬɹ – ɧɚ ɜɿɞɫɬɚɧɿ L3=24 ɫɦ ɜɿɞ
ɞɪɭɝɨʀ. ȼ ɹɤɨɫɬɿ ɦɚɬɟɪɿɚɥɭ, ɡ ɹɤɨɝɨ ɜɢɝɨɬɨɜɥɟɧɨ ɩɟɪɟ-
ɝɨɪɨɞɤɢ ɬɚ ɞɧɨ ɪɨɡɩɨɞɿɥɶɱɨɝɨ ɥɨɬɤɚ, ɜɢɫɬɭɩɚɸɬɶ
ɩɟɪɮɨɪɨɜɚɧɿ ɦɟɬɚɥɟɜɿ ɥɢɫɬɢ ɡ ɨɬɜɨɪɚɦɢ ɤɪɭɝɥɨɝɨ ɩɟ-
ɪɟɬɢɧɭ ɞɿɚɦɟɬɪɨɦ d=0,3 ɫɦ. Ƚɿɞɪɚɜɥɿɱɧɢɣ ɪɟɠɢɦ ɪɨ-
ɛɨɬɢ ɦɚɤɟɬɭ ɜɿɞɫɬɿɣɧɢɤɚ ɞɨɫɥɿɞɠɭɜɚɜɫɹ ɩɪɢ ɜɢɬɪɚɬɚɯ

ɩɨɬɨɤɭ ɪɿɞɢɧɢ, ɳɨ ɩɪɨɯɨɞɢɬɶ ɱɟɪɟɡ ɩɨɩɟɪɟɱɧɿ ɩɟɪɟ-
ɬɢɧɢ ɨɬɜɨɪɿɜ ɩɟɪɟɝɨɪɨɞɨɤ, ɜɟɥɢɱɢɧɨɸ Q=7,7 ɫɦ3/ɫ.

Ⱦɥɹ ɜɢɡɧɚɱɟɧɧɹ ɯɚɪɚɤɬɟɪɭ ɪɟɠɢɦɭ ɪɭɯɭ ɪɿɞɢɧɢ ɭ ɜɿ-
ɞɫɬɿɣɧɿɣ ɫɩɨɪɭɞɿ ɧɟɨɛɯɿɞɧɨ ɜ ɤɨɠɧɨɦɭ ɨɤɪɟɦɨɦɭ ɜɢɩɚɞ-
ɤɭ ɨɛɱɢɫɥɢɬɢ ɱɢɫɥɨ Ɋɟɣɧɨɥɶɞɫɚ (Re) ɬɚ ɡɿɫɬɚɜɢɬɢ ɨɬɪɢ-
ɦɚɧɢɣ ɪɟɡɭɥɶɬɚɬ ɡ ɣɨɝɨ ɤɪɢɬɢɱɧɢɦ ɡɧɚɱɟɧɧɹɦ, ɩɪɢ ɹɤɨ-
ɦɭ ɩɨɬɿɤ ɭɠɟ ɫɬɚɛɿɥɿɡɭɽɬɶɫɹ. Ⱦɥɹ ɨɬɜɨɪɿɜ ɤɪɭɝɥɨɝɨ ɩɟɪɟ-
ɬɢɧɭ ɱɢɫɥɨ Ɋɟɣɧɨɥɶɞɫɚ ɨɛɱɢɫɥɸɸɬɶ ɡɚ ɮɨɪɦɭɥɨɸ [3] 

μ
dv ⋅=Re , (2) 

ɞɟ v – ɲɜɢɞɤɿɫɬɶ ɪɭɯɭ ɩɨɬɨɤɭ ɪɿɞɢɧɢ ɱɟɪɟɡ ɩɨɩɟɪɟɱɧɿ
ɩɟɪɟɬɢɧɢ ɨɬɜɨɪɿɜ, ɫɦ/ɫ; d – ɞɿɚɦɟɬɪ ɨɬɜɨɪɿɜ ɩɟɪɟɝɨɪɨɞɨɤ,
ɫɦ;  – ɤɨɟɮɿɰɿɽɧɬ ɤɿɧɟɦɚɬɢɱɧɨʀ ɜ’ɹɡɤɨɫɬɿ ɪɿɞɢɧɢ, ɫɦ2/ɫ.

Ɍɟɦɩɟɪɚɬɭɪɭ ɜɨɞɢ, ɩɨɞɚɜɚɧɨʀ ɜ ɦɚɤɟɬ ɜɿɞɫɬɿɣɧɢɤɚ,
ɩɪɢɣɦɚɽɦɨ ɪɿɜɧɨɸ 20 0ɋ, ɨɬɠɟ, ɤɨɟɮɿɰɿɽɧɬ ɫɤɥɚɞɚɽ
0,0101 ɫɦ2/ɫ [3]. 

Ʉɪɢɬɢɱɧɟ ɡɧɚɱɟɧɧɹ ɱɢɫɥɚ Ɋɟɣɧɨɥɶɞɫɚ ɞɥɹ ɨɬɜɨɪɿɜ
ɤɪɭɝɥɨɝɨ ɩɟɪɟɬɢɧɭ ɫɬɚɧɨɜɢɬɶ Reɤɪ =2300 [3]. Ɉɬɠɟ,
ɞɥɹ ɩɿɞɬɪɢɦɤɢ ɥɚɦɿɧɚɪɧɨɝɨ ɪɟɠɢɦɭ ɬɟɱɿʀ ɩɨɜɢɧɧɚ ɜɢ-
ɤɨɧɭɜɚɬɢɫɶ ɭɦɨɜɚ .ReRe < , ɩɪɢ ɹɤɿɣ ɪɭɯ ɩɨɬɨɤɭ ɪɿ-
ɞɢɧɢ ɭ ɜɿɞɫɬɿɣɧɢɤɭ ɛɭɞɟ ɰɿɥɤɨɦ ɫɬɿɣɤɢɦ.

Ɋɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɭ ɨɫɧɨɜɧɢɯ ɝɟɨɦɟɬɪɢɱɧɢɯ ɿ
ɝɿɞɪɚɜɥɿɱɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɩɟɪɟɝɨɪɨɞɨɤ ɿ ɪɨɡɩɨɞɿɥɶɱɨɝɨ
ɥɨɬɤɚ ɦɚɤɟɬɭ ɜɿɞɫɬɿɣɧɢɤɚ ɧɚɜɟɞɟɧɨ ɜ ɬɚɛɥɢɰɿ.

Ɉɫɧɨɜɧɿ ɝɟɨɦɟɬɪɢɱɧɿ ɣ ɝɿɞɪɚɜɥɿɱɧɿ ɩɚɪɚɦɟɬɪɢ ɦɚɤɟɬɭ ɜɿɞɫɬɿɣɧɢɤɚ

Ɉɫɧɨɜɧɿ ɩɚɪɚɦɟɬɪɢ Ɋɨɡɩɨɞɿɥɶɱɢɣ ɥɨɬɨɤ ɉɟɪɟɝɨɪɨɞɤɢ
1 2 3 

ɒɢɪɢɧɚ (ȼ), ɫɦ 40,0 41,5 33,5 25,5 
Ɋɨɛɨɱɚ ɝɥɢɛɢɧɚ (ɜɢɫɨɬɚ) (ɇ), ɫɦ 5,5 7,5 21,5 36,0 
Ɋɨɛɨɱɚ ɩɥɨɳɚ (S), ɫɦ2 220,0 311,25 720,25 918,0 
Ɂɚɝɚɥɶɧɚ ɤɿɥɶɤɿɫɬɶ ɨɬɜɨɪɿɜ, N 1056 1472 3478 4424 
ɉɥɨɳɚ ɩɨɩɟɪɟɱɧɢɯ ɩɟɪɟɬɢɧɿɜ ɭɫɿɯ ɨɬɜɨɪɿɜ, F, ɫɦ2 74,61 104 245,72 312,56 
ɋɟɪɟɞɧɹ ɲɜɢɞɤɿɫɬɶ ɪɭɯɭ ɩɨɬɨɤɭ ɪɿɞɢɧɢ ɱɟɪɟɡ ɩɨɩɟɪɟɱɧɿ ɩɟɪɟɬɢɧɢ, vɫɪ, ɫɦ/ɫ 0,1032 0,074 0,031 0,025 
ɑɢɫɥɨ Ɋɟɣɧɨɥɶɞɫɚ ɞɥɹ ɨɬɜɨɪɿɜ ɤɪɭɝɥɨɝɨ ɩɟɪɟɬɢɧɭ, Re 3,1 2,2 0,92 0,74 

Ⱦɥɹ ɪɨɡɪɚɯɭɧɤɭ ɫɟɪɟɞɧɶɨʀ ɲɜɢɞɤɨɫɬɿ ɪɭɯɭ ɩɨɬɨɤɭ
ɪɿɞɢɧɢ ɱɟɪɟɡ ɩɟɪɟɬɢɧɢ ɨɬɜɨɪɿɜ ɩɟɪɟɝɨɪɨɞɨɤ ɦɚɤɟɬɭ
ɜɿɞɫɬɿɣɧɢɤɚ ɡɚɫɬɨɫɨɜɭɜɚɥɚɫɶ ɮɨɪɦɭɥɚ (3) [3] 

2dN
Q

wN
Q

F
Qv

⋅⋅
=

⋅
==

π
. (3) 

ȱɡ ɮɨɪɦɭɥɢ (3) ɜɢɞɧɨ, ɳɨ ɲɜɢɞɤɿɫɬɶ ɪɭɯɭ ɪɿɞɢɧɢ
ɱɟɪɟɡ ɨɬɜɨɪɢ ɬɚ ʀɯ ɤɿɥɶɤɿɫɬɶ ɭ ɩɟɪɟɝɨɪɨɞɤɚɯ ɩɨɜ’ɹɡɚɧɿ

ɡɜɨɪɨɬɧɶɨɩɪɨɩɨɪɰɿɣɧɨɸ ɡɚɥɟɠɧɿɫɬɸ, ɬɨɛɬɨ, ɡɿ ɡɛɿɥɶ-
ɲɟɧɧɹɦ ɤɿɥɶɤɨɫɬɿ ɨɬɜɨɪɿɜ ɭ ɩɟɪɟɝɨɪɨɞɰɿ, ɲɜɢɞɤɿɫɬɶ
ɪɭɯɭ ɩɨɬɨɤɭ ɱɟɪɟɡ ɩɟɪɟɬɢɧɢ ɰɢɯ ɨɬɜɨɪɿɜ ɩɨɫɬɭɩɨɜɨ
ɡɧɢɠɭɽɬɶɫɹ, ɿ ɧɚɜɩɚɤɢ. ɍ ɬɨɣ ɠɟ ɱɚɫ, ɩɥɨɳɚ ɩɨɩɟɪɟɱ-
ɧɢɯ ɩɟɪɟɬɢɧɿɜ ɭɫɿɯ ɨɬɜɨɪɿɜ ɩɟɪɟɝɨɪɨɞɤɢ ɜɿɞɫɬɿɣɧɢɤɚ
ɡɧɚɯɨɞɢɬɶɫɹ ɭ ɩɪɹɦɨɩɪɨɩɨɪɰɿɣɧɨʀ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɤɿ-
ɥɶɤɨɫɬɿ ɨɬɜɨɪɿɜ ɭ ɧɢɯ, ɬɨɛɬɨ, ɱɢɦ ɛɿɥɶɲɟ ɨɬɜɨɪɿɜ
ɡɪɨɛɥɟɧɨ ɜ ɩɟɪɟɝɨɪɨɞɰɿ, ɬɢɦ ɛɿɥɶɲɟ ɛɭɞɟ ɩɥɨɳɚ ʀɯ
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ɩɨɩɟɪɟɱɧɢɯ ɩɟɪɟɬɢɧɿɜ ɿ, ɧɚɜɩɚɤɢ. ɐɟ ɨɡɧɚɱɚɽ, ɳɨ
ɩɥɨɳɚ ɩɨɩɟɪɟɱɧɢɯ ɩɟɪɟɬɢɧɿɜ ɭɫɿɯ ɨɬɜɨɪɿɜ ɭ ɩɟɪɟɝɨ-
ɪɨɞɰɿ ɿ ɫɟɪɟɞɧɹ ɲɜɢɞɤɿɫɬɶ ɪɭɯɭ ɩɨɬɨɤɭ ɪɿɞɢɧɢ ɱɟɪɟɡ
ɰɿ ɩɟɪɟɬɢɧɢ ɬɚɤɨɠ ɩɨɜ’ɹɡɚɧɿ ɡɜɨɪɨɬɧɶɨɩɪɨɩɨɪɰɿɣɧɨɸ
ɡɚɥɟɠɧɿɫɬɸ, ɬɨɛɬɨ, ɡɿ ɡɛɿɥɶɲɟɧɧɹɦ ɩɥɨɳɿ ɩɨɩɟɪɟɱɧɢɯ
ɩɟɪɟɬɢɧɿɜ ɨɬɜɨɪɿɜ ɭ ɩɟɪɟɝɨɪɨɞɰɿ, ɡɧɚɱɟɧɧɹ ɫɟɪɟɞɧɶɨʀ
ɲɜɢɞɤɨɫɬɿ ɪɭɯɭ ɩɨɫɬɭɩɨɜɨ ɡɦɟɧɲɭɸɬɶɫɹ, ɳɨ ɩɿɞɬɜɟ-
ɪɞɠɭɽɬɶɫɹ ɩɪɨɜɟɞɟɧɢɦɢ ɞɨɫɥɿɞɠɟɧɧɹɦɢ.

ɉɥɨɳɚ ɩɨɩɟɪɟɱɧɢɯ ɩɟɪɟɬɢɧɿɜ ɨɬɜɨɪɿɜ ɩɟɪɲɨʀ ɩɟɪɟ-
ɝɨɪɨɞɤɢ (F1) ɽ ɧɚɣɦɟɧɲɨɸ (104 ɫɦ2), ɚ ɫɟɪɟɞɧɹ ɲɜɢɞ-
ɤɿɫɬɶ ɪɭɯɭ ɩɨɬɨɤɭ ɪɿɞɢɧɢ ɱɟɪɟɡ ɰɿ ɨɬɜɨɪɢ (

1
v ) – ɧɚɣ-

ɜɢɳɨɸ (0,074 ɫɦ/ɫ). ɍ ɬɨɣ ɱɚɫ ɹɤ ɩɥɨɳɚ ɩɨɩɟɪɟɱɧɢɯ ɩɟ-
ɪɟɬɢɧɿɜ ɨɬɜɨɪɿɜ ɞɪɭɝɨʀ ɩɟɪɟɝɨɪɨɞɤɢ (F2) ɭ 2,4 ɪɚɡɢ ɛɿɥɶ-
ɲɟ (245,72 ɫɦ2) ɩɟɪɲɨʀ (F1), ɚ ɫɟɪɟɞɧɹ ɲɜɢɞɤɿɫɬɶ ɪɭɯɭ
ɩɨɬɨɤɭ ɪɿɞɢɧɢ ɱɟɪɟɡ ɩɟɪɟɬɢɧɢ ɩɪɢ ɰɶɨɦɭ ɡɦɟɧɲɢɥɚɫɹ ɜ
2,4 ɪɚɡɢ (0,031 ɫɦ/ɫ). Ⱥɧɚɥɨɝɿɱɧɚ ɫɢɬɭɚɰɿɹ ɫɩɨɫɬɟɪɿɝɚ-
ɽɬɶɫɹ ɣ ɩɪɢ ɩɪɨɜɟɞɟɧɧɿ ɞɨɫɥɿɞɠɟɧɶ ɭ ɩɟɪɟɬɢɧɿ ɬɪɟɬɶɨʀ
ɩɟɪɟɝɨɪɨɞɤɢ ɦɚɤɟɬɭ ɜɿɞɫɬɿɣɧɢɤɚ. ɉɥɨɳɚ ɩɨɩɟɪɟɱɧɢɯ
ɩɟɪɟɬɢɧɿɜ ɨɬɜɨɪɿɜ (F3), ɡɚ ɪɚɯɭɧɨɤ ɩɨɫɬɭɩɨɜɨɝɨ ɡɛɿɥɶ-
ɲɟɧɧɹ ɝɥɢɛɢɧɢ ɜɿɞɫɬɿɣɧɨʀ ɫɩɨɪɭɞɢ, ɽ ɧɚɣɛɿɥɶɲɨɸ
(312,56 ɫɦ2) ɿ ɜ 3 ɪɚɡɢ ɩɟɪɟɜɢɳɭɽ F1. ɉɪɢ ɰɶɨɦɭ ɜɟɥɢɱɢ-
ɧɚ ɫɟɪɟɞɧɶɨʀ ɲɜɢɞɤɨɫɬɿ ɪɭɯɭ ɩɨɬɨɤɭ ɪɿɞɢɧɢ, ɧɚɜɩɚɤɢ,
ɡɧɢɠɭɽɬɶɫɹ ɜ 3 ɪɚɡɢ (0,025 ɫɦ/ɫ), ɭ ɩɨɪɿɜɧɹɧɧɿ ɡ

1
v .

Ʉɿɥɶɤɿɫɬɶ ɩɟɪɟɝɨɪɨɞɨɤ, ɳɨ ɜɫɬɚɧɨɜɥɸɸɬɶɫɹ ɭ ɡɚ-
ɩɪɨɩɨɧɨɜɚɧɨɦɭ ɜɿɞɫɬɿɣɧɢɤɭ, ɬɚɤɨɠ ɜɿɞɿɝɪɚɽ ɜɚɠɥɢɜɭ
ɪɨɥɶ ɭ ɩɨɥɿɩɲɟɧɧɿ ɝɿɞɪɚɜɥɿɱɧɨɝɨ ɪɟɠɢɦɭ ɣɨɝɨ ɪɨɛɨɬɢ.
ɉɪɢ ɜɫɬɚɧɨɜɥɟɧɧɿ ɩɟɪɟɝɨɪɨɞɨɤ ɡɚ ɩɟɪɟɬɢɧɨɦ ɜɿɞɫɬɿɣ-
ɧɢɤɚ, ɡɦɿɧɧɨɝɨ ɡɚ ɮɨɪɦɨɸ (ɧɚ ɜɯɨɞɿ ɫɬɿɱɧɨʀ ɜɨɞɢ ɲɢ-
ɪɨɤɨɝɨ, ɚɥɟ ɧɟɜɢɫɨɤɨɝɨ, ɚ ɧɚ ɜɢɯɨɞɿ ɨɫɜɿɬɥɟɧɨʀ ɪɿɞɢɧɢ – 
ɜɭɡɶɤɨɝɨ ɡ ɝɥɢɛɢɧɨɸ, ɳɨ ɞɨɫɹɝɚɽ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚ-
ɱɟɧɧɹ), ɜɿɞɛɭɜɚɽɬɶɫɹ ɪɨɡɲɢɪɟɧɧɹ ɩɨɬɨɤɭ ɪɿɞɢɧɢ ɡɚ ɪɚ-
ɯɭɧɨɤ ɩɨɫɬɭɩɨɜɨɝɨ ɡɛɿɥɶɲɟɧɧɹ ɩɥɨɳɿ ɩɨɩɟɪɟɱɧɢɯ ɩɟ-
ɪɟɬɢɧɿɜ ɨɬɜɨɪɿɜ ɭ ɰɢɯ ɩɟɪɟɝɨɪɨɞɤɚɯ, ɜɧɚɫɥɿɞɨɤ ɩɨɫɬɭ-
ɩɨɜɨɝɨ ɡɪɨɫɬɚɧɧɹ ɝɥɢɛɢɧɢ (ɜɢɫɨɬɢ) ɜɿɞɫɬɿɣɧɨʀ ɫɩɨɪɭɞɢ.

Ɍɚɤɢɦ ɱɢɧɨɦ, ɜɧɚɫɥɿɞɨɤ ɜɫɬɚɧɨɜɥɟɧɧɹ ɩɟɪɮɨɪɨɜɚ-
ɧɢɯ ɜɟɪɬɢɤɚɥɶɧɢɯ ɩɟɪɟɝɨɪɨɞɨɤ ɡɚ ɞɨɜɠɢɧɨɸ ɦɚɤɟɬɭ
ɜɿɞɫɬɿɣɧɢɤɚ ɿ ɪɨɡɲɢɪɟɧɧɹ ɩɨɬɨɤɭ ɪɿɞɢɧɢ ɡɚ ɩɟɪɟɬɢɧɨɦ
ɜɿɞɫɬɿɣɧɨʀ ɫɩɨɪɭɞɢ, ɡɦɿɧɧɨɝɨ ɡɚ ɮɨɪɦɨɸ, ɡɚ ɪɚɯɭɧɨɤ
ɩɨɫɬɭɩɨɜɨɝɨ ɡɛɿɥɶɲɟɧɧɹ ɩɥɨɳɿ ɩɨɩɟɪɟɱɧɢɯ ɩɟɪɟɬɢɧɿɜ
ɨɬɜɨɪɿɜ ɭ ɰɢɯ ɩɟɪɟɝɨɪɨɞɤɚɯ, ɫɟɪɟɞɧɹ ɲɜɢɞɤɿɫɬɶ ɪɭɯɭ
ɩɨɬɨɤɭ ɪɿɞɢɧɢ ɱɟɪɟɡ ɰɿ ɨɬɜɨɪɢ ɜɢɪɿɜɧɸɽɬɶɫɹ ɡɚ ɜɢɫɨ-
ɬɨɸ (ɝɥɢɛɢɧɨɸ) ɣ ɨɞɧɨɱɚɫɧɨ ɡɧɢɠɭɽɬɶɫɹ. ɉɪɢ ɰɶɨɦɭ
ɩɨɞɨɜɠɭɽɬɶɫɹ ɲɥɹɯ ɩɪɨɯɨɞɠɟɧɧɹ ɩɨɬɨɤɭ ɪɿɞɢɧɢ ɜ ɦɟ-
ɠɚɯ ɭɞɨɫɤɨɧɚɥɟɧɨɝɨ ɜɿɞɫɬɿɣɧɢɤɚ, ɚ, ɨɬɠɟ, ɣ ɱɚɫ ɩɟɪɟ-
ɛɭɜɚɧɧɹ ɜɨɞɢ ɜ ɧɶɨɦɭ. ȼɫɟ ɰɟ ɫɩɪɢɹɽ ɩɿɞɜɢɳɟɧɧɸ
ɟɮɟɤɬɢɜɧɨɫɬɿ ɩɪɨɰɟɫɭ ɨɱɢɫɬɤɢ ɩɪɨɦɢɫɥɨɜɢɯ ɫɬɿɱɧɢɯ
ɜɨɞ ɜɿɞ ɦɟɯɚɧɿɱɧɢɯ ɞɨɦɿɲɨɤ ɿɡ ɝɭɫɬɢɧɨɸ ɱɚɫɬɨɤ, ɳɨ
ɩɟɪɟɜɢɳɭɽ ɝɭɫɬɢɧɭ ɜɨɞɢ. Ʉɪɿɦ ɬɨɝɨ, ɨɬɪɢɦɚɧɿ ɡɧɚɱɟɧ-
ɧɹ ɱɢɫɟɥ Ɋɟɣɧɨɥɶɞɫɚ ɞɥɹ ɨɬɜɨɪɿɜ ɤɪɭɝɥɨɝɨ ɩɟɪɟɬɢɧɭ
ɬɚɤɨɠ ɡɦɟɧɲɭɸɬɶɫɹ ɡɚ ɯɨɞɨɦ ɪɭɯɭ ɪɿɞɢɧɢ ɡɚ ɞɨɜɠɢ-
ɧɨɸ ɦɚɤɟɬɭ ɜɿɞɫɬɿɣɧɢɤɚ. ɐɟ ɞɨɡɜɨɥɹɽ ɫɬɜɟɪɞɠɭɜɚɬɢ,
ɳɨ ɪɟɠɢɦ ɪɭɯɭ ɩɨɬɨɤɭ ɪɿɞɢɧɢ ɱɟɪɟɡ ɩɟɪɟɬɢɧɢ ɜɫɿɯ
ɨɬɜɨɪɿɜ ɤɨɠɧɨʀ ɩɟɪɟɝɨɪɨɞɤɢ ɜ ɦɚɤɟɬɿ ɜɞɨɫɤɨɧɚɥɟɧɨɝɨ
ɜɿɞɫɬɿɣɧɢɤɚ ɽ ɥɚɦɿɧɚɪɧɢɦ ɡɿ ɫɬɚɥɨɸ ɬɟɱɿɽɸ.

.
ɉɪɢ ɩɪɨɜɟɞɟɧɧɿ ɞɨɫɥɿɞɠɟɧɶ, ɜɟɥɢɱɢɧɢ ɜɢɬɪɚɬ ɩɨɬɨɤɭ
ɪɿɞɢɧɢ Q, ɳɨ ɩɨɞɚɜɚɥɚɫɶ ɜ ɦɚɤɟɬ ɜɿɞɫɬɿɣɧɢɤɚ, ɡɦɿɧɸ-

ɜɚɥɢɫɹ ɜ ɞɿɚɩɚɡɨɧɿ 7,7–167 ɫɦ3/ɫ. Ɉɬɪɢɦɚɧɿ ɩɿɞ ɱɚɫ
ɩɪɨɜɟɞɟɧɧɹ ɞɨɫɥɿɞɠɟɧɶ ɪɟɡɭɥɶɬɚɬɢ ɩɪɟɞɫɬɚɜɥɟɧɨ ɭ
ɜɢɝɥɹɞɿ ɝɪɚɮɿɤɿɜ (ɪɢɫ. 4, 5). 

. 4. 
-
-

ɇɚ ɩɿɞɫɬɚɜɿ ɨɬɪɢɦɚɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ, ɜɫɬɚɧɨɜɥɟɧɨ,
ɳɨ ɨɫɧɨɜɧɿ ɝɿɞɪɚɜɥɿɱɧɿ ɩɚɪɚɦɟɬɪɢ ɩɟɪɟɝɨɪɨɞɨɤ ɦɚɤɟ-
ɬɭ ɜɿɞɫɬɿɣɧɢɤɚ ɩɨɜ’ɹɡɚɧɿ ɦɿɠ ɫɨɛɨɸ ɩɪɹɦɨɩɪɨɩɨɪɰɿɣ-
ɧɨɸ ɡɚɥɟɠɧɿɫɬɸ, ɚ ɫɚɦɟ, ɩɪɢ ɡɛɿɥɶɲɟɧɧɿ ɜɢɬɪɚɬ ɩɨɬɨ-
ɤɭ ɪɿɞɢɧɢ, ɳɨ ɩɨɞɚɽɬɶɫɹ ɭ ɜɿɞɫɬɿɣɧɭ ɫɩɨɪɭɞɭ, ɜɿɞɩɨ-
ɜɿɞɧɨ ɛɭɞɟ ɩɨɫɬɭɩɨɜɨ ɡɪɨɫɬɚɬɢ ɣ ɫɟɪɟɞɧɹ ɲɜɢɞɤɿɫɬɶ
ɪɭɯɭ ɜɨɞɢ ɱɟɪɟɡ ɩɟɪɟɬɢɧɢ ɨɬɜɨɪɿɜ ɩɟɪɟɝɨɪɨɞɨɤ ɿ, ɹɤ
ɧɚɫɥɿɞɨɤ, ɛɭɞɭɬɶ ɡɛɿɥɶɲɭɜɚɬɢɫɹ ɡɧɚɱɟɧɧɹ ɱɢɫɟɥ Ɋɟɣ-
ɧɨɥɶɞɫɚ ɞɥɹ ɨɬɜɨɪɿɜ ɤɪɭɝɥɨɝɨ ɩɟɪɟɬɢɧɭ ɩɪɢ ɩɨɫɬɿɣ-
ɧɨɦɭ ɪɨɡɦɿɪɿ ʀɯ ɞɿɚɦɟɬɪɚ (d=0,3 ɫɦ). 

-
.

ɉɨɱɢɧɚɸɱɢ ɜɿɞ ɜɩɭɫɤɭ ɜɨɞɢ, ɳɨ ɦɿɫɬɢɬɶ ɡɚɜɢɫɥɿ ɪɟ-
ɱɨɜɢɧɢ, ɱɟɪɟɡ ɧɟɡɚɬɨɩɥɟɧɢɣ ɪɨɡɩɨɞɿɥɶɱɢɣ ɥɨɬɨɤ, ɭ
ɦɿɪɭ ɩɪɨɯɨɞɠɟɧɧɹ ɩɨɬɨɤɭ ɪɿɞɢɧɢ ɜɡɞɨɜɠ ɦɚɤɟɬɭ ɜɿ-
ɞɫɬɿɣɧɢɤɚ, ɫɟɪɟɞɧɹ ɲɜɢɞɤɿɫɬɶ ɪɭɯɭ ɜɨɞɢ ɱɟɪɟɡ ɩɟɪɟ-
ɬɢɧɢ ɨɬɜɨɪɿɜ ɩɟɪɟɝɨɪɨɞɨɤ (v ) ɩɨɫɬɭɩɨɜɨ ɡɦɟɧɲɭ-
ɽɬɶɫɹ ɡɚ ɪɚɯɭɧɨɤ ɪɨɡɲɢɪɟɧɧɹ ɩɨɬɨɤɭ ɪɿɞɢɧɢ ɩɪɢ
ɫɬɚɥɨɦɭ ɥɚɦɿɧɚɪɧɨɦɭ ɪɟɠɢɦɿ ɬɟɱɿʀ ɜɨɞɢ ɭ ɜɿɞɫɬɿɣɧɢ-
ɤɭ. Ɂɧɚɸɱɢ ɡɧɚɱɟɧɧɹ ɫɟɪɟɞɧɿɯ ɝɨɪɢɡɨɧɬɚɥɶɧɢɯ ɲɜɢ-
ɞɤɨɫɬɟɣ ɪɭɯɭ ɩɨɬɨɤɭ ɪɿɞɢɧɢ, ɳɨ ɦɿɫɬɢɬɶ ɡɚɜɢɫɥɿ ɪɟ-
ɱɨɜɢɧɢ, ɡɚ ɩɟɪɟɬɢɧɨɦ ɜɿɞɫɬɿɣɧɢɤɚ, ɡɦɿɧɧɨɝɨ ɡɚ ɮɨɪ-
ɦɨɸ (ɬɚɛɥ. 1), ɣ ɡɚɞɚɧɿ ɩɪɢ ɜɢɝɨɬɨɜɥɟɧɧɿ ɦɚɤɟɬɭ ɜɿɞ-
ɫɬɚɧɿ ɦɿɠ ɩɟɪɟɝɨɪɨɞɤɚɦɢ, ɦɨɠɧɚ ɨɛɱɢɫɥɢɬɢ ɱɚɫ
ɩɪɨɯɨɞɠɟɧɧɹ ɱɚɫɬɨɤ ɡɚɜɢɫɥɢɯ ɪɟɱɨɜɢɧ ɡɚ ɞɨɜɠɢɧɨɸ
ɜɿɞɫɬɿɣɧɨʀ ɫɩɨɪɭɞɢ ɡɚ ɮɨɪɦɭɥɨɸ [4] 

v
Lt = , (4) 

ɞɟ L – ɜɿɞɫɬɚɧɶ ɦɿɠ ɩɟɪɟɝɨɪɨɞɤɚɦɢ ɜɿɞɫɬɿɣɧɢɤɚ, ɫɦ;
vcp – ɫɟɪɟɞɧɹ ɝɨɪɢɡɨɧɬɚɥɶɧɚ ɲɜɢɞɤɿɫɬɶ ɪɭɯɭ ɩɨɬɨɤɭ
ɪɿɞɢɧɢ ɱɟɪɟɡ ɩɟɪɟɬɢɧɢ ɨɬɜɨɪɿɜ ɩɟɪɟɝɨɪɨɞɨɤ, ɫɦ/ɫ.
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. 5. 

-

Ɂɚ ɪɟɡɭɥɶɬɚɬɚɦɢ ɪɨɡɪɚɯɭɧɤɭ ɩɨɛɭɞɨɜɚɧɨ ɝɪɚɮɿɤ ɡɦɿ-
ɧɢ ɱɚɫɭ ɩɪɨɯɨɞɠɟɧɧɹ ɱɚɫɬɨɤ ɡɚɜɢɫɥɢɯ ɪɟɱɨɜɢɧ ɡɚ ɩɟɪɟ-
ɬɢɧɨɦ ɦɚɤɟɬɭ ɜɿɞɫɬɿɣɧɢɤɚ, ɡɦɿɧɧɨɝɨ ɡɚ ɮɨɪɦɨɸ (ɪɢɫ. 6). 

. 6. -

ɇɚ ɩɿɞɫɬɚɜɿ ɪɨɡɪɚɯɭɧɤɿɜ ɜɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɱɚɫɬɤɢ ɡɚɜɢ-
ɫɥɢɯ ɪɟɱɨɜɢɧ, ɹɤɿ ɦɿɫɬɹɬɶɫɹ ɭ ɜɨɞɿ, ɩɪɨɣɞɭɬɶ ɜɿɞɫɬɚɧɶ ɜɿɞ
ɧɟɡɚɬɨɩɥɟɧɨɝɨ ɪɨɡɩɨɞɿɥɶɱɨɝɨ ɥɨɬɤɚ ɞɨ ɜɨɞɨɡɛɿɪɧɨʀ ɤɢɲɟ-
ɧɿ, ɪɿɜɧɭ 99 ɫɦ, ɡɚ 3960 ɫ. Ʉɪɿɦ ɬɨɝɨ, ɫɥɿɞ ɡɚɡɧɚɱɢɬɢ, ɳɨ
ɱɚɫ ɩɪɨɯɨɞɠɟɧɧɹ ɱɚɫɬɨɤ ɡɚɜɢɫɥɢɯ ɪɟɱɨɜɢɧ ɡɚ ɩɟɪɟɬɢɧɨɦ
ɜɿɞɫɬɿɣɧɢɤɚ ɿ ɫɟɪɟɞɧɹ ɲɜɢɞɤɿɫɬɶ ɪɭɯɭ ɩɨɬɨɤɭ ɪɿɞɢɧɢ ɱɟ-
ɪɟɡ ɩɟɪɟɬɢɧɢ ɨɬɜɨɪɿɜ ɩɟɪɟɝɨɪɨɞɨɤ ɩɨɜ’ɹɡɚɧɿ ɡɜɨɪɨɬɧɶɨɩ-
ɪɨɩɨɪɰɿɣɧɨɸ ɡɚɥɟɠɧɿɫɬɸ, ɬɨɛɬɨ, ɡ ɩɨɫɬɭɩɨɜɢɦ ɡɧɢɠɟɧ-
ɧɹɦ ɲɜɢɞɤɨɫɬɿ ɡɚ ɞɨɜɠɢɧɨɸ ɜɿɞɫɬɿɣɧɢɤɚ, ɡɦɿɧɧɨɝɨ ɡɚ ɮɨ-
ɪɦɨɸ, ɱɚɫ ɩɪɨɯɨɞɠɟɧɧɹ ɱɚɫɬɨɤ ɡɚɜɢɫɥɢɯ ɪɟɱɨɜɢɧ ɡɛɿɥɶ-
ɲɭɽɬɶɫɹ,ɳɨ ɩɿɞɬɜɟɪɞɠɭɽɬɶɫɹ ɨɬɪɢɦɚɧɢɦɢ ɪɨɡɪɚɯɭɧɤɚɦɢ.
Ɋɚɡɨɦ ɡ ɬɢɦ, ɱɚɫ ɩɟɪɟɛɭɜɚɧɧɹ ɜɨɞɢ ɭ ɜɿɞɫɬɿɣɧɢɤɭ ɡɦɿɧɸ-
ɽɬɶɫɹ ɩɪɨɩɨɪɰɿɣɧɨ ɣɨɝɨ ɪɨɡɦɿɪɭ, ɬɨɛɬɨ, ɡɿ ɡɛɿɥɶɲɟɧɧɹɦ
ɞɨɜɠɢɧɢ ɜɿɞɫɬɿɣɧɨʀ ɫɩɨɪɭɞɢ ɡɪɨɫɬɚɽ ɬɪɢɜɚɥɿɫɬɶ ɜɿɞɫɬɨɸ-
ɜɚɧɧɹ, ɜɧɚɫɥɿɞɨɤ ɱɨɝɨ ɩɿɞɜɢɳɭɽɬɶɫɹ ɟɮɟɤɬɢɜɧɿɫɬɶ ɨɱɢɫɬ-
ɤɢ ɩɪɨɦɢɫɥɨɜɢɯ ɫɬɿɱɧɢɯ ɜɨɞ ɜɿɞ ɡɚɜɢɫɥɢɯ ɪɟɱɨɜɢɧ.

. ɍ ɪɟɡɭɥɶɬɚɬɿ ɩɪɨɜɟɞɟɧɢɯ ɟɤɫɩɟɪɢɦɟɧ-
ɬɚɥɶɧɢɯ ɞɨɫɥɿɞɠɟɧɶ ɧɚ ɞɿɸɱɨɦɭ ɦɚɤɟɬɿ ɝɨɪɢɡɨɧɬɚɥɶ-

ɧɨɝɨ ɜɿɞɫɬɿɣɧɢɤɚ ɜɞɨɫɤɨɧɚɥɟɧɨʀ ɤɨɧɫɬɪɭɤɰɿʀ ɛɭɥɨ
ɜɫɬɚɧɨɜɥɟɧɨ ɧɚɫɬɭɩɧɟ:

1. ȼɢɡɧɚɱɟɧɨ ɤɨɟɮɿɰɿɽɧɬ ɜɢɤɨɪɢɫɬɚɧɧɹ ɨɛ’ɽɦɭ
ɩɪɨɬɨɱɧɨʀ ɱɚɫɬɢɧɢ ɜɿɞɫɬɿɣɧɨʀ ɫɩɨɪɭɞɢ ( set), ɳɨ ɜɢ-
ɡɧɚɱɚɽ ɝɿɞɪɚɜɥɿɱɧɭ ɟɮɟɤɬɢɜɧɿɫɬɶ ɩɪɢɫɬɪɨɸ, ɬɚ ɜɢɜɟ-
ɞɟɧɨ ɮɨɪɦɭɥɭ ɞɥɹ ɪɨɡɪɚɯɭɧɤɭ ɨɛ’ɽɦɭ ɝɨɪɢɡɨɧɬɚɥɶɧɨ-
ɝɨ ɜɿɞɫɬɿɣɧɢɤɚ ɭɞɨɫɤɨɧɚɥɟɧɨʀ ɤɨɧɫɬɪɭɤɰɿʀ. ȼɧɚɫɥɿɞɨɤ
ɨɛɥɚɞɧɚɧɧɹ ɩɪɢɫɬɪɨɸ ɫɢɫɬɟɦɚɦɢ ɪɚɰɿɨɧɚɥɶɧɨɝɨ ɜɩɭ-
ɫɤɭ ɫɬɿɱɧɨʀ ɜɨɞɢ ɱɟɪɟɡ ɪɨɡɩɨɞɿɥɶɱɢɣ ɥɨɬɨɤ ɡ ɨɬɜɨɪɚɦɢ
ɿ ɜɢɩɭɫɤɭ ɨɫɜɿɬɥɟɧɨʀ ɪɿɞɢɧɢ ɱɟɪɟɡ ɜɨɞɨɡɥɢɜɧɭ ɤɢɲɟ-
ɧɸ ɧɚ ɬɨɪɰɿ ɜɿɞɫɬɿɣɧɨʀ ɫɩɨɪɭɞɢ, ɤɨɟɮɿɰɿɽɧɬ Ʉset ɡɛɿ-
ɥɶɲɢɜɫɹ ɞɨ 0,78–0,88, ɳɨ ɜ 1,6–1,8 ɪɚɡɿɜ ɩɟɪɟɜɢɳɭɽ
ɰɟɣ ɩɨɤɚɡɧɢɤ ɞɥɹ ɬɪɚɞɢɰɿɣɧɢɯ ɝɨɪɢɡɨɧɬɚɥɶɧɢɯ ɜɿɞɫ-
ɬɿɣɧɢɤɿɜ, ɳɨ ɩɟɪɟɜɚɠɧɨ ɫɤɥɚɞɚɽ Ʉset=0,5.

2. ȼɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɩɨɬɿɤ ɪɿɞɢɧɢ, ɹɤɢɣ ɧɚɞɯɨɞɢɬɶ
ɭ ɪɨɛɨɱɭ ɡɨɧɭ ɜɿɞɫɬɿɣɧɨʀ ɫɩɨɪɭɞɢ, ɪɨɡɞɿɥɹɽɬɶɫɹ ɧɚ ɜɟ-
ɥɢɤɭ (ɡɚ ɱɢɫɥɨɦ ɨɬɜɨɪɿɜ) ɤɿɥɶɤɿɫɬɶ ɱɿɬɤɨ ɜɢɪɚɠɟɧɢɯ
ɫɬɪɭɦɤɿɜ, ɩɚɪɚɥɟɥɶɧɢɯ ɨɫɿ ɩɨɬɨɤɭ, ɹɤɿ ɧɟ ɡɦɿɲɭɸɬɶɫɹ
ɦɿɠ ɫɨɛɨɸ ɡɚ ɩɟɪɟɬɢɧɨɦ ɜɿɞɫɬɿɣɧɢɤɚ, ɡɦɿɧɧɨɝɨ ɡɚ ɮɨ-
ɪɦɨɸ, ɳɨ ɜɤɚɡɭɽ ɧɚ ɧɚɹɜɧɿɫɬɶ ɥɚɦɿɧɚɪɧɨɝɨ ɪɟɠɢɦɭ
ɬɟɱɿʀ. Ʉɪɿɦ ɬɨɝɨ, ɜɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɞɥɹ ɥɚɦɿɧɚɪɧɨɝɨ
ɩɨɬɨɤɭ ɪɿɞɢɧɢ, ɹɤɢɣ ɮɨɪɦɭɽɬɶɫɹ ɜ ɦɚɤɟɬɿ ɜɿɞɫɬɿɣɧɢɤɚ,
ɯɚɪɚɤɬɟɪɧɢɦ ɽ ɩɚɪɚɛɨɥɿɱɧɚ ɟɩɸɪɚ ɪɨɡɩɨɞɿɥɭ ɲɜɢɞɤɨ-
ɫɬɟɣ ɭ ɣɨɝɨ ɩɨɩɟɪɟɱɧɢɯ ɩɟɪɟɬɢɧɚɯ.

3. Ɋɨɡɪɚɯɨɜɚɧɨ ɨɫɧɨɜɧɿ ɝɟɨɦɟɬɪɢɱɧɿ ɿ ɝɿɞɪɚɜɥɿɱɧɿ ɩɚ-
ɪɚɦɟɬɪɢ ɨɬɜɨɪɿɜ ɪɨɡɩɨɞɿɥɶɱɨɝɨ ɥɨɬɤɚ ɿ ɩɟɪɟɝɨɪɨɞɨɤ, ɜɫɬɚ-
ɧɨɜɥɟɧɢɯ ɭ ɦɚɤɟɬɿ ɜɿɞɫɬɿɣɧɢɤɚ, ɧɚ ɩɿɞɫɬɚɜɿ ɹɤɢɯ ɞɨɫɥɿɞɠɭ-
ɜɚɜɫɹ ɝɿɞɪɚɜɥɿɱɧɢɣ ɪɟɠɢɦ ɪɨɛɨɬɢ ɜɿɞɫɬɿɣɧɨʀ ɫɩɨɪɭɞɢ.

4. ȼɫɬɚɧɨɜɥɟɧɨ ɡɜ’ɹɡɨɤ ɦɿɠ ɩɥɨɳɟɸ ɩɨɩɟɪɟɱɧɢɯ
ɩɟɪɟɬɢɧɿɜ ɨɬɜɨɪɿɜ ɭ ɩɟɪɟɝɨɪɨɞɤɚɯ (F) ɿ ɫɟɪɟɞɧɶɨɸ
ɲɜɢɞɤɿɫɬɸ ɪɭɯɭ ɩɨɬɨɤɭ ɪɿɞɢɧɢ ɱɟɪɟɡ ɰɿ ɩɟɪɟɬɢɧɢ (v ). 
ȼɧɚɫɥɿɞɨɤ ɜɫɬɚɧɨɜɥɟɧɧɹ ɩɟɪɮɨɪɨɜɚɧɢɯ ɜɟɪɬɢɤɚɥɶɧɢɯ
ɩɟɪɟɝɨɪɨɞɨɤ ɡɚ ɞɨɜɠɢɧɨɸ ɦɚɤɟɬɭ ɜɿɞɫɬɿɣɧɢɤɚ ɿ ɪɨɡɲɢ-
ɪɟɧɧɹ ɩɨɬɨɤɭ ɪɿɞɢɧɢ ɡɚ ɩɟɪɟɬɢɧɨɦ ɜɿɞɫɬɿɣɧɨʀ ɫɩɨɪɭɞɢ,
ɡɦɿɧɧɨʀ ɡɚ ɮɨɪɦɨɸ, ɡɚ ɪɚɯɭɧɨɤ ɩɨɫɬɭɩɨɜɨɝɨ ɡɛɿɥɶɲɟɧ-
ɧɹ ɩɥɨɳɿ ɩɨɩɟɪɟɱɧɢɯ ɩɟɪɟɬɢɧɿɜ ɨɬɜɨɪɿɜ ɭ ɰɢɯ ɩɟɪɟɝɨ-
ɪɨɞɤɚɯ, ɫɟɪɟɞɧɹ ɲɜɢɞɤɿɫɬɶ ɪɭɯɭ ɩɨɬɨɤɭ ɪɿɞɢɧɢ ɱɟɪɟɡ ɰɿ
ɨɬɜɨɪɢ ɜɢɪɿɜɧɸɽɬɶɫɹ ɡɚ ɜɢɫɨɬɨɸ (ɝɥɢɛɢɧɨɸ) ɣ ɨɞɧɨɱɚ-
ɫɧɨ ɞɟɳɨ ɡɧɢɠɭɽɬɶɫɹ. ɉɪɢ ɰɶɨɦɭ, ɨɬɪɢɦɚɧɿ ɡɧɚɱɟɧɧɹ
ɱɢɫɟɥ Ɋɟɣɧɨɥɶɞɫɚ ɞɥɹ ɨɬɜɨɪɿɜ ɤɪɭɝɥɨɝɨ ɩɟɪɟɬɢɧɭ ɬɚ-
ɤɨɠ ɡɦɟɧɲɭɸɬɶɫɹ ɡɚ ɯɨɞɨɦ ɪɭɯɭ ɪɿɞɢɧɢ ɡɚ ɞɨɜɠɢɧɨɸ
ɦɚɤɟɬɭ ɜɿɞɫɬɿɣɧɢɤɚ. ɐɟ ɞɨɡɜɨɥɹɽ ɫɬɜɟɪɞɠɭɜɚɬɢ, ɳɨ ɪɟ-
ɠɢɦ ɪɭɯɭ ɩɨɬɨɤɭ ɪɿɞɢɧɢ ɱɟɪɟɡ ɩɟɪɟɬɢɧɢ ɜɫɿɯ ɨɬɜɨɪɿɜ
ɤɨɠɧɨʀ ɩɟɪɟɝɨɪɨɞɤɢ ɜ ɦɚɤɟɬɿ ɜɞɨɫɤɨɧɚɥɟɧɨɝɨ ɜɿɞɫɬɿɣ-
ɧɢɤɚ ɽ ɥɚɦɿɧɚɪɧɢɦ ɡɿ ɫɬɚɥɨɸ ɬɟɱɿɽɸ.

5. ȼɫɬɚɧɨɜɥɟɧɨ ɡɜ’ɹɡɨɤ ɨɫɧɨɜɧɢɯ ɝɿɞɪɚɜɥɿɱɧɢɯ ɩɚ-
ɪɚɦɟɬɪɿɜ ɩɟɪɟɝɨɪɨɞɨɤ, ɳɨ ɪɨɡɬɚɲɨɜɚɧɿ ɜ ɦɚɤɟɬɿ ɭɞɨ-
ɫɤɨɧɚɥɟɧɨɝɨ ɜɿɞɫɬɿɣɧɢɤɚ, ɿ ɜɢɬɪɚɬɚɦɢ ɩɨɬɨɤɭ ɪɿɞɢɧɢ.
ȼɤɚɡɚɧɿ ɝɿɞɪɚɜɥɿɱɧɿ ɩɚɪɚɦɟɬɪɢ ɩɨɜ’ɹɡɚɧɿ ɦɿɠ ɫɨɛɨɸ
ɩɪɹɦɨɩɪɨɩɨɪɰɿɣɧɨɸ ɡɚɥɟɠɧɿɫɬɸ. Ɍɚɤ, ɩɪɢ ɡɛɿɥɶɲɟɧɧɿ
ɜɢɬɪɚɬ ɩɨɬɨɤɭ ɪɿɞɢɧɢ, ɳɨ ɩɨɞɚɽɬɶɫɹ ɭ ɜɿɞɫɬɿɣɧɢɤ, ɜɿ-
ɞɩɨɜɿɞɧɨ ɛɭɞɟ ɩɨɫɬɭɩɨɜɨ ɡɪɨɫɬɚɬɢ ɣ ɫɟɪɟɞɧɹ ɲɜɢɞ-
ɤɿɫɬɶ ɪɭɯɭ ɜɨɞɢ ɱɟɪɟɡ ɩɟɪɟɬɢɧɢ ɨɬɜɨɪɿɜ ɩɟɪɟɝɨɪɨɞɨɤ,
ɿ, ɹɤ ɧɚɫɥɿɞɨɤ, ɛɭɞɭɬɶ ɡɛɿɥɶɲɭɜɚɬɢɫɹ ɡɧɚɱɟɧɧɹ ɱɢɫɟɥ
Ɋɟɣɧɨɥɶɞɫɚ ɞɥɹ ɨɬɜɨɪɿɜ ɤɪɭɝɥɨɝɨ ɩɟɪɟɬɢɧɭ ɩɪɢ ɩɨɫ-
ɬɿɣɧɨɦɭ ɪɨɡɦɿɪɿ ʀɯ ɞɿɚɦɟɬɪɚ.

6. ȼɫɬɚɧɨɜɥɟɧɨ ɡɜ’ɹɡɨɤ ɦɿɠ ɱɚɫɨɦ ɩɪɨɯɨɞɠɟɧɧɹ
ɱɚɫɬɨɤ ɡɚɜɢɫɥɢɯ ɪɟɱɨɜɢɧ ɡɚ ɞɨɜɠɢɧɨɸ ɦɚɤɟɬɭ ɜɿɞɫ-
ɬɿɣɧɢɤɚ ɿ ɫɟɪɟɞɧɶɨɸ ɲɜɢɞɤɿɫɬɸ ɪɭɯɭ ɩɨɬɨɤɭ ɪɿɞɢɧɢ
ɱɟɪɟɡ ɩɟɪɟɬɢɧɢ ɨɬɜɨɪɿɜ ɩɟɪɟɝɨɪɨɞɨɤ. ɉɪɢ ɩɨɫɬɭɩɨɜɨ-
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ɦɭ ɡɧɢɠɟɧɧɿ ɲɜɢɞɤɨɫɬɿ ɡɚ ɩɟɪɟɬɢɧɨɦ ɜɿɞɫɬɿɣɧɢɤɚ,
ɡɦɿɧɧɨɝɨ ɡɚ ɮɨɪɦɨɸ, ɱɚɫ ɩɪɨɯɨɞɠɟɧɧɹ ɱɚɫɬɨɤ ɡɚɜɢɫ-
ɥɢɯ ɪɟɱɨɜɢɧ ɡɛɿɥɶɲɭɽɬɶɫɹ.

7. ȼɫɬɚɧɨɜɥɟɧɨ ɡɜ’ɹɡɨɤ ɦɿɠ ɱɚɫɨɦ ɩɪɨɯɨɞɠɟɧɧɹ
ɱɚɫɬɨɤ ɡɚɜɢɫɥɢɯ ɪɟɱɨɜɢɧ ɡɚ ɞɨɜɠɢɧɨɸ ɦɚɤɟɬɭ ɜɿɞɫ-
ɬɿɣɧɢɤɚ ɿ ɣɨɝɨ ɪɨɡɦɿɪɨɦ. Ɂɿ ɡɛɿɥɶɲɟɧɧɹɦ ɞɨɜɠɢɧɢ ɜɿ-
ɞɫɬɿɣɧɨʀ ɫɩɨɪɭɞɢ ɡɪɨɫɬɚɽ ɬɪɢɜɚɥɿɫɬɶ ɜɿɞɫɬɨɸɜɚɧɧɹ,
ɜɧɚɫɥɿɞɨɤ ɱɨɝɨ ɩɿɞɜɢɳɭɽɬɶɫɹ ɟɮɟɤɬɢɜɧɿɫɬɶ ɨɱɢɫɬɤɢ
ɩɪɨɦɢɫɥɨɜɢɯ ɫɬɿɱɧɢɯ ɜɨɞ ɜɿɞ ɡɚɜɢɫɥɢɯ ɪɟɱɨɜɢɧ.
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Purpose. To conduct the research on the physical model 
being the working model of the horizontal sedimentation 
tank of improved construction in order to determine the in-
fluence of different hydraulic factors on the regime of sedi-
mentation facility. 

Methodology. Operation mode of the proposed physical 
model of sedimentation tank was investigated by the standard 
methods of hydraulic calculation of horizontal settling tanks. 

Findings. The coefficient of volumetric use for flow 
part of horizontal sedimentation tank model was calcu-
lated. The flow of liquid entering the working zone of the 
sedimentation tank appears divided into a large number 
(meeting the number of holes in the partitions) of parallel 
to the flow axis and separate streams which do not mix in 
cross-section of sedimentation tank. That indicates the 
presence of laminar-flow regime. Basic geometric and hy-
draulic parameters of opening of distribution tray and par-
titions, set by in horizontal sedimentation tank model, 
which was investigated on the basis of the hydraulic re-
gime of sedimentation settler, were calculated. 

Originality. The dependence between time spent on 
drifting suspended particles along the horizontal sedi-
mentation tank model, its length, and average flow veloc-
ity through openings of sedimentation settler partitions 
was established. The basic relationship of hydraulic pa-
rameters of the partitions of sedimentation tank model 
and fluid flow rate was determined. 

Practical value. As a result of new constructive charac-
teristics applied in the proposed horizontal sedimentation 
tank, it provides more uniform distribution of flow velocity 
over its cross-section and more complete use of its volume. 
It leads to improved hydraulic conditions of sedimentation 
constructions and intensification of the waste water purifica-
tion process, thereby increasing the efficiency of industrial 
waste water treatment from mechanical impurities. 

Keywords: waste water, mechanical treatment, hori-
zontal sedimentation tank, hydraulic parameters, laminar-
flow conditions 
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