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ʈɸɿʈɸɹʆʊʂɸ ʊɽʍʅʆʃʆɻʀʁ ʆɹʒɽʄʅʆɻʆ ʀ
ʇʆɺɽʈʍʅʆʉʊʅʆɻʆ ʋʇʈʆʏʅɽʅʀʗ ʄɽʊɸʃʃʆɺ ʀ ʉʇʃɸɺʆɺ

ɹʦʨʠʩ ɹʫʪʘʢʦʚ

ʅʠʢʦʣʘʝʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʽʚʝʨʩʠʪʝʪ
54029 ʋʢʨʘʠʥʘ, ʛ. ʅʠʢʦʣʘʝʚ, ʫʣ. ʇʘʨʠʞʩʢʦʡ ʢʦʤʫʥʥʳ 9

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʚʝ ʪʝʭʥʦʣʦʛʠʠ ʫʧʨʦʯʥʝʥʠʷ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ: ʦʙʲʝʤ-
ʥʦʝ ʫʧʨʦʯʥʝʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʟʘʛʦʪʦʚʦʢ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʠʟ ʞʠʜʢʦʛʦ ʩʦʩʪʦʷʥʠʷ
ʚ ʪʚʝʨʜʦʝ, ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʫʧʨʦʯʥʝʥʠʝ ʜʝʪʘʣʝʡ ʩ ʧʦʤʦʱʴʶ ʦʙʢʘʪʳʚʘʥʠʷ ʠʭ ʨʦʣʠʢʘʤʠ. ʆʧʠʩʘ-
ʥʘ ʛʠʧʦʪʝʟʘ ʤʝʭʘʥʠʟʤʘ ʠʟʤʝʣʴʯʝʥʠʷ ʤʘʢʨʦïʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʤʝʪʘʣʣʘ ʧʨʠ ʵʣʝʢʪʨʦʛʠʜʨʦʠʤ-
ʧʫʣʴʩʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ – ʩʦʟʜʘʥʠʝ ʬʘʢʪʠʯʝʩʢʦʛʦ ʧʝʨʝʦʭʣʘʞʜʝʥʠʷ ʨʘʩʧʣʘʚʘ ʜʦ 14 ʂ ʠ ʟʘʨʦʞ-
ʜʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʮʝʥʪʨʦʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʨʘʟʨʫʰʝʥʠʝ ʜʝʥʜʨʠʪʦʚ ʥʘ ʛʨʘʥʠʮʝ ʪʚʝʨʜʦʡ
ʠ ʞʠʜʢʦʡ ʬʘʟ ʩ ʧʦʤʦʱʴʶ ʚʦʣʥʳ ʩʞʘʪʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʤʝʪʦʜʠʢʘ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʩʠ-
ʣʠʷ ʦʙʢʘʪʳʚʘʥʠʷ ʨʦʣʠʢʘʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʜʝʪʘʣʠ ʠ ʨʦʣʠʢʘ ʠ
ʪʚʝʨʜʦʩʪʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʜʝʪʘʣʠ.

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɼʝʛʘʟʘʮʠʷ, ʨʘʬʠʥʠʨʦʚʘʥʠʝ, ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ, ʦʙʢʘʪʳʚʘʥʠʝ ʨʦʣʠʢʘʤʠ

ɺɺɽɼɽʅʀɽ
ʇʨʦʙʣʝʤʘ ʧʦʚʳʰʝʥʠʷ ʜʦʣʛʦʚʝʯʥʦ-

ʩʪʠ ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʤʘʰʠʥ ʠ ʦʙʦ-
ʨʫʜʦʚʘʥʠʷ ʩʚʷʟʘʥʘ ʩ ʫʣʫʯʰʝʥʠʝʤ ʢʘʯʝ-
ʩʪʚʘ ʤʝʪʘʣʣʘ ʠ ʦʙʝʩʧʝʯʝʥʠʝʤ ʧʦʚʳ-
ʰʝʥʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʝʛʦ ʨʘʟʨʫʰʝ-
ʥʠʶ, ʵʪʦ ʧʨʝʞʜʝ ʚʩʝʛʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ
ʦʜʥʦʨʦʜʥʦʩʪʴʶ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ
ʤʝʪʘʣʣʘ ʚ ʨʘʟʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ [1].
ɿʘʛʦʪʦʚʢʠ ʥʘʠʙʦʣʝʝ ʦʪʚʝʪʩʪʚʝʥʥʳʭ

ʜʝʪʘʣʝʡ ʪʷʞʝʣʦïʥʘʛʨʫʞʝʥʥʳʭ ʤʘʰʠʥ
ʧʦʩʣʝ ʟʘʪʚʝʨʜʝʚʘʥʠ  ̫ ʩʣʠʪʢʦʚ ʧʝʨʝʜ ʤʝ-
ʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ
ʬʠʟʠʢʦïʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʜʚʝʨ-
ʛʘʶʪ ʢʦʚʢʝ ʠʣʠ ʰʪʘʤʧʦʚʢʝ, ʚ ʧʨʦʮʝʩʩʝ
ʢʦʪʦʨʳʭ ʠʟʤʝʣʴʯʘʶʪʩʷ ʤʘʢʨʦ– ʠ ʤʠʢʨʦ-
ʩʪʨʫʢʪʫʨʘ ʤʝʪʘʣʣʘ, ʧʦʚʳʰʘʝʪʩʷ ʝʝ ʦʜʥʦ-
ʨʦʜʥʦʩʪʴ. ʆʜʥʘʢʦ ʤʥʦʛʠʝ ʜʝʬʝʢʪʳ, ʦʙʨʘ-
ʟʫʶʱʠʝʩʷ ʧʨʠ ʟʘʪʚʝʨʜʝʚʘʥʠʠ ʩʣʠʪʢʘ,
ʧʦʩʣʝ ʚʩʝʭ ʩʪʘʜʠʡ ʠʟʛʦʪʦʚʣʝʥʠ  ̫ ʧʝʨʝʭʦ-
ʜʷʪ ʚ ʛʦʪʦʚʦʝ ʠʟʜʝʣʠʝ. ʆʙʨʘʟʫʶʱʘʷʩʷ
ʧʨʠ ʟʘʪʚʝʨʜʝʚʘʥʠʠ ʩʪʨʫʢʪʫʨʘ ʦʪʣʠʚʢʠ
ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʝʪ ʝʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ
ʩʣʫʞʝʙʥʳʝ ʩʚʦʡʩʪʚʘ. ɺʪʦʨʦʡ ʧʫʪʴ ʧʦʚʳ-
ʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʜʝʪʘʣʝʡ ʤʘʰʠʥ – ʧʦʚʳ-
ʰʝʥʠʝ ʬʠʟʠʢʦïʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠʭ
ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ. ʅʘʠʙʦʣʝʝ ʜʝʰʝʚʳʡ
ʠ ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ ʧʦ-
ʚʝʨʭʥʦʩʪʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ, ʵʪʦ ʧʦʚʝʨʭ
ʥʦʩʪʥʦʝ ʧʣʘʩʪʠʯʝʩʢʦʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ.

ʕʃɽʂʊʈʆɻʀɼʈʆʀʄʇʋʃʔʉʅɸʗ
ʆɹʈɸɹʆʊʂɸ ɾʀɼʂʀʍ
ʄɽʊɸʃʃʆɺ ʀ ʉʇʃɸɺʆɺ
ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʞʠʜʢʠʝ ʤʝʪʘʣʣʳ

ʤʠʢʨʦʥʝʦʜʥʦʨʦʜʥʳ ʧʦ ʩʪʨʫʢʪʫʨʝ ʠ ʭʠ-
ʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ,
ʯʝʤ ʪʚʝʨʜʳʝ [2, 3]. ʇʦʪʦʤʫ ʧʨʠ ʢʨʠ-
ʩʪʘʣʣʠʟʘʮʠʠ ʫʩʠʣʠʚʘʝʪʩʷ ʤʠʢʨʦʥʝʦʜ-
ʥʦʨʦʜʥʦʩʪʴ ʤʝʪʘʣʣʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ
ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝ-
ʦʙʭʦʜʠʤʦ ʫʤʝʥʴʰʘʪʴ ʦʙʱʝʝ ʩʦʜʝʨʞʘ-
ʥʠʝ ʛʘʟʦʚ ʠ ʚʨʝʜʥʳʭ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ
ʧʨʠʤʝʩʝʡ ʚ ʧʦʢʦʚʢʘʭ ʠ ʦʪʣʠʚʢʘʭ.
ʉ ʮʝʣʴʶ ʜʝʛʘʟʘʮʠʠ, ʨʘʬʠʥʠʨʦʚʘʥʠʷ

ʠ ʫʤʝʥʴʰʝʥʠʷ ʤʘʢʨʦ– ʠ ʤʠʢʨʦʥʝʦʜʥʦ-
ʨʦʜʥʦʩʪʠ ʧʦʢʦʚʦʢ ʠ ʦʪʣʠʚʦʢ ʰʠʨʦʢʦ
ʧʨʠʤʝʥʷʶʪ ʤʝʪʦʜʳ ʚʥʝʰʥʝʛʦ ʬʠʟʠʯʝ-
ʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʞʠʜʢʠʡ ʠ ʢʨʠ-
ʩʪʘʣʣʠʟʫʶʱʠʡʩʷ ʤʝʪʘʣʣ. ʂ ʥʠʤ ʤʦʞʥʦ
ʦʪʥʝʩʪʠ: ʥʠʟʢʦʯʘʩʪʦʪʥʫʶ ʚʠʙʨʘʮʠʶ,
ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʠ
ʫʣʴʪʨʘʟʚʫʢʦʚʫʶ ʦʙʨʘʙʦʪʢʫ.
ʀʥʩʪʠʪʫʪʦʤ ʠʤʧʫʣʴʩʥʳʭ ʧʨʦʮʝʩʩʦʚ

ʠ ʪʝʭʥʦʣʦʛʠʡ ʅɸʅ ʋʢʨʘʠʥʳ ʩʦʚʤʝʩʪʥʦ
ʩ ʋʢʨʅʀʀïʤʝʪʘʣʣʦʚ, ʛ ʍʘʨʴʢʦʚ, ʠ ʜʨʫ-
ʛʠʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ
ʵʣʝʢʪʨʦʛʠʜʨʦʠʤʧʫʣʴʩʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ
(ʕɻʀɺ) ʥʘ ʞʠʜʢʠʡ ʠ ʢʨʠʩʪʘʣʣʠʟʫʶ-
ʱʠʡʩʷ ʤʝʪʘʣʣ ʫʜʘʨʥʳʤʠ ʠʤʧʫʣʴʩʘʤʠ,
ʩʦʟʜʘʚʘʝʤʳʤʠ ʵʣʝʢʪʨʦʨʘʟʨʷʜʥʳʤʠ
ʚʠʙʨʘʪʦʨʘʤʠ [4].
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ʇʨʠ ʚʳʩʦʢʦʚʦʣʴʪʥʦʤ ʧʨʦʙʦʝ ʧʨʦ-
ʤʝʞʫʪʢʘ ʤʝʞʜʫ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʵʣʝʢ-
ʪʨʦʜʦʤ ʠ ʧʣʘʩʪʠʥʦʡ ʚʠʙʨʘʪʦʨʘ ʵʣʝʢ-
ʪʨʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ, ʟʘʧʘʩʝʥʥʘʷ ʚ ʢʦʥ-
ʜʝʥʩʘʪʦʨʝ ʛʝʥʝʨʘʪʦʨʘ ʠʤʧʫʣʴʩʥʳʭ ʪʦ-
ʢʦʚ (ɻʀʊ), ʚʳʜʝʣʷʝʪʩʷ ʚ ʢʘʥʘʣʝ ʨʘʟʨʷʜʘ
– ʦʙʣʘʩʪʠ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʚ ʞʠʜʢʦ-
ʩʪʠ, ʧʝʨʝʚʝʜʝʥʥʦʡ ʚ ʧʣʘʟʤʝʥʥʦʝ ʩʦ-
ʩʪʦʷʥʠʝ. ɺʨʝʤʷ ʚʳʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʩʦ-
ʩʪʘʚʣʷʝʪ ʦʪ 1  ʜʦ 100 ʤʢʩ.  ɺ ʨʝʟʫʣʴʪʘʪʝ
ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ
ʚ ʪʝʧʣʦʚʫʶ ʚʝʱʝʩʪʚʦ ʢʘʥʘʣʘ ʨʘʟʨʷʜʘ
ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʧʣʦʪʥʫʶ ʥʠʟʢʦʪʝʤʧʝ-
ʨʘʪʫʨʥʫʶ ʧʣʘʟʤʫ (40·103 ʂ). ɼʘʚʣʝʥʠʝ
ʚ ʢʘʥʘʣʝ ʜʦʩʪʠʛʘʝʪ 109 ʇʘ. ɺʳʩʦʢʠʝ
ʧʘʨʘʤʝʪʨʳ ʧʣʘʟʤʳ ʢʘʥʘʣʘ ʨʘʟʨʷʜʘ ʧʨʠ-
ʚʦʜʷʪ ʢ ʝʛʦ ʨʘʩʰʠʨʝʥʠʶ ʩʦ ʩʢʦʨʦʩʪʴʶ
ʜʝʩʷʪʢʦʚ ʤʝʪʨʦʚ ʚ ʩʝʢʫʥʜʫ,  ʯʪʦ ʚʳʟʳ-
ʚʘʝʪ ʧʦʷʚʣʝʥʠʝ ʩʠʣʴʥʦʡ ʚʦʣʥʳ ʩʞʘʪʠʷ,
ʢʦʪʦʨʘʷ ʯʝʨʝʟ ʧʣʘʩʪʠʥʫ ʚʠʙʨʘʪʦʨʘ ʧʝ-
ʨʝʜʘʝʪʩʷ ʞʠʜʢʦʤʫ ʠʣʠ ʢʨʠʩʪʘʣʣʠʟʫʶ-
ʱʝʤʫʩʷ ʤʝʪʘʣʣʫ.
ʇʨʠ ʵʣʝʢʪʨʦʛʠʜʨʦʠʤʧʫʣʴʩʥʦʡ ʦʙ-

ʨʘʙʦʪʢʝ (ʕɻʀʆ) ʵʣʝʢʪʨʦʨʘʟʨʷʜʥʳʝ
ʚʠʙʨʘʪʦʨʳ ʧʦʜʞʠʤʘʶʪʩʷ ʠʣʠ ʥʝʧʦ-
ʩʨʝʜʩʪʚʝʥʥʦ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʪʚʝʨʜʝ-
ʚʘʶʱʝʡ ʟʘʛʦʪʦʚʢʠ ʚʦ ʚʪʦʨʠʯʥʦʡ ʟʦʥʝ
ʦʭʣʘʞʜʝʥʠʷ ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʡ ʨʘʟʣʠʚʢʝ
ʩʪʘʣʠ, ʠʣʠ ʢ ʩʪʝʥʢʝ ʠʟʣʦʞʥʠʮʳ, ʠʣʠ
ʚʦʣʥʘ ʩʞʘʪʠʷ ʦʪ ʧʣʘʩʪʠʥʳ ʚʠʙʨʘʪʦʨʘ
ʧʝʨʝʜʘʝʪʩʷ ʯʝʨʝʟ ʚʦʣʥʦʚʦʜ ʚ ʞʠʜʢʠʡ
ʤʝʪʘʣʣ,  ʟʘʣʠʪʳʡ ʚ ʢʦʚʰ.  ʇʨʠ ʚʘʢʫʫʤ-
ʥʦïʜʫʛʦʚʦʤ ʧʝʨʝʧʣʘʚʝ ʧʣʘʩʪʠʥʘ ʚʠʙʨʘ-
ʪʦʨʘ, ʠʟʣʫʯʘʶʱʘʷ ʚʦʣʥʫ ʩʞʘʪʠʷ, ʷʚʣʷ-
ʝʪʩʷ ʧʦʜʜʦʥʦʤ, ʥʘ ʢʦʪʦʨʳʡ ʥʘʧʣʘʚʣʷ-
ʝʪʩʷ ʩʣʠʪʦʢ.
ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʞʠʤʦʚ ʕɻʀʆ ʠ

ʠʟʫʯʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʠʟʤʝʣʴʯʝʥʠʷ ʟʝʨʥʘ
ʘʚʪʦʨʦʤ ʠʟʤʝʨʝʥʳ ʩʠʣʘ ʫʜʘʨʘ ʧʣʘʩʪʠʥʳ
ʚʠʙʨʘʪʦʨʘ ʧʦ ʦʙʨʘʙʘʪʳʚʘʝʤʦʤʫ ʤʝʪʘʣ-
ʣʫ, ʜʘʚʣʝʥʠʝ, ʩʢʦʨʦʩʪʴ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ
ʚ ʚʦʣʥʝ ʩʞʘʪʠʷ, ʩʦʟʜʘʚʘʝʤʦʡ ʵʣʝʢʪʨʦ-
ʨʘʟʨʷʜʥʳʤ ʚʠʙʨʘʪʦʨʦʤ.
ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʠʣʳ ʫʜʘʨʘ ʧʣʘ-

ʩʪʠʥʳ ʚʠʙʨʘʪʦʨʘ ʧʦ ʟʘʪʚʝʨʜʝʚʘʶʱʝʤʫ
ʩʣʠʪʢʫ ʧʨʠʤʝʥʷʶʪ ʫʧʨʫʛʦïʢʦʥʪʘʢʪʥʳʡ
ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʟʤʝʨʝʥʠʠ ʤʝʩʪ-
ʥʳʭ ʫʧʨʫʛʠʭ ʜʝʬʦʨʤʘʮʠʡ ʧʨʠ ʩʦʫʜʘʨʝ-
ʥʠʠ ʟʘʢʘʣʝʥʥʳʭ ʪʝʣ ʩʦ ʩʬʝʨʠʯʝʩʢʠʤ ʠ
ʧʣʦʩʢʠʤ ʪʦʨʮʘʤʠ [5]. ʈʝʛʠʩʪʨʘʮʠʷ ʧʦ-
ʢʘʟʘʥʠʡ ʩʚʦʜʠʪʩʷ ʢ ʠʟʤʝʨʝʥʠʶ ʧʦʜ
ʤʠʢʨʦʩʢʦʧʦʤ ʜʠʘʤʝʪʨʘ ʦʢʨʫʞʥʦʩʪʠ,

ʷʚʣʷʶʱʝʡʩʷ ʛʨʘʥʠʮʝʡ ʧʦʚʝʨʭʥʦʩʪʠ
ʫʧʨʫʛʦʛʦ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʪʝʣ ʧʨʠ
ʫʜʘʨʝ. ʏʪʦʙʳ ʵʪʘ ʛʨʘʥʠʮʘ ʙʳʣʘ ʚʠʜʠ-
ʤʦʡ, ʦʜʥʫ ʠʟ ʢʦʥʪʘʢʪʠʨʫʝʤʳʭ ʧʦʚʝʨʭ-
ʥʦʩʪʝʡ ʧʦʢʨʳʚʘʶʪ ʩʣʦʝʤ ʚʝʱʝʩʪʚʘ (ʥʘ-
ʧʨʠʤʝʨ, ʪʨʝʭʧʨʦʮʝʥʪʥʳʤ ʨʘʩʪʚʦʨʦʤ
ʧʘʨʘʬʠʥʘ ʥʘ ʙʝʥʟʦʣʝ), ʢʦʪʦʨʦʝ ʧʨʦʷʚ-
ʣʷʝʪ ʟʦʥʫ ʫʧʨʫʛʦʛʦ ʢʦʥʪʘʢʪʘ. ʈʘʩʪʚʦʨ
ʥʘʥʦʩʠʣʠ ʢʠʩʪʦʯʢʦʡ ʥʘ ʧʣʦʩʢʫʶ ʧʣʘ-
ʩʪʠʥʫ, ʧʨʠ ʠʩʧʘʨʝʥʠʠ ʙʝʥʟʦʣʘ ʥʘ ʧʣʘ-
ʩʪʠʥʝ ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʪʦʥʢʠʡ ʩʣʦʡ ʧʘ-
ʨʘʬʠʥʘ. ʉʪʘʪʠʯʝʩʢʦʝ ʪʘʨʠʨʦʚʘʥʠʝ ʫʩʪ-
ʨʦʡʩʪʚʘ ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʨʝʩʩʝ. ʈʘʜʠʫʩ
ʩʬʝʨʠʯʝʩʢʦʛʦ ʥʘʢʦʥʝʯʥʠʢʘ ʨʘʩʩʯʠʪʳ-
ʚʘʣʠ ʧʦ ʨʝʢʦʤʝʥʜʘʮʠʷʤ ʨʘʙʦʪʳ [6] ʜʣʷ
ʠʩʢʣʶʯʝʥʠʷ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ
ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ. ʇʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝ-
ʥʠʷ ʥʝ ʧʨʝʚʳʰʘʝʪ 10%.
ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ, ʩʢʦʨʦ-

ʩʪʠ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʚʦʣʥʝ ʩʞʘʪʠʷ,
ʩʦʟʜʘʚʘʝʤʦʡ ʵʣʝʢʪʨʦʨʘʟʨʷʜʥʳʤ ʚʠʙʨʘ-
ʪʦʨʦʤ ʧʨʠ ʥʘʣʠʯʠʠ ʙʦʣʴʰʠʭ ʠʤʧʫʣʴʩ-
ʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ, ʘʚʪʦʨʦʤ
ʧʨʠʤʝʥʝʥ ʤʝʪʦʜ ʤʝʨʥʳʭ ʩʪʝʨʞʥʝʡ ɻʦʧ-
ʢʠʥʩʦʥʘ [7, 8]. ʅʘ ʰʣʠʬʦʚʘʥʥʫʶ ʧʦ-
ʚʝʨʭʥʦʩʪʴ ʧʣʘʩʪʠʥʳ ʚʠʙʨʘʪʦʨʘ, ʧʦʢʨʳ-
ʪʫʶ ʪʦʥʢʠʤ ʩʣʦʝʤ ʩʤʘʟʦʯʥʦʛʦ ʤʘʪʝ-
ʨʠʘʣʘ, ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʤʝʨʥʳʝ ʩʪʝʨʞʥʠ
ʩʦ ʰʣʠʬʦʚʘʥʥʳʤʠ ʪʦʨʮʘʤʠ. ɺʦʣʥʘ
ʩʞʘʪʘʷ, ʛʝʥʝʨʠʨʫʝʤʘʷ ʚ ʧʣʘʩʪʠʥʝ ʚʠʙ-
ʨʘʪʦʨʘ ʧʨʠ ʚʳʩʦʢʦʚʦʣʴʪʥʦʤ ʧʨʦʙʦʝ
ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ

r/ɽʉ =  (E — ʤʦʜʫʣʴ ʧʨʦʜʦʣʴʥʦʡ
ʫʧʨʫʛʦʩʪʠ ʠ r  – ʧʣʦʪʥʦʩʪʴ ʩʪʘʣʠ),
ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʢʦʥʪʘʢʪ ʩʪʝʨʞʥʷ ʩ ʧʣʘ-
ʩʪʠʥʦʡ, ʜʦʭʦʜʠʪ ʜʦ ʚʝʨʭʥʝʛʦ ʪʦʨʮʘ,
ʦʪʨʘʞʘʝʪʩʷ ʦʪ ʥʝʛʦ ʠ ʚ ʚʠʜʝ ʚʦʣʥʳ ʨʘʩ-
ʪʷʞʝʥʠʷ ʠʜʝʪ ʢ ʧʣʘʩʪʠʥʝ ʚʠʙʨʘʪʦʨʘ.
ʂʦʛʜʘ ʩʫʤʤʘʨʥʦʝ ʜʘʚʣʝʥʠʝ ʥʘ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʚʠʙʨʘʪʦʨʘ ʙʫʜʝʪ ʨʘʩʪʷʛʠ-
ʚʘʶʱʠʤ ʠ ʧʨʝʚʳʩʠʪ ʤʘʩʩʫ ʩʪʝʨʞʥʷ,
ʧʦʩʣʝʜʥʠʡ ʧʝʨʝʤʝʩʪʠʪʩʷ ʚʚʝʨʭ ʥʘ ʚʝ-
ʣʠʯʠʥʫ h  ʩʦ ʩʢʦʨʦʩʪʴʶ ghvʛʨ 2= , ʛʜʝ

g  – ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ.
ʂʦʣʠʯʝʩʪʚʦ ʜʚʠʞʝʥʠʷ (ʠʤʧʫʣʴʩ ʩʠ-

ʣʳ), ʢʦʪʦʨʦʝ ʟʘʭʚʘʪʠʪ ʩ ʩʦʙʦʡ ʩʪʝʨ-
ʞʝʥʴ, ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʬʦʨʤʫʣʝ:

ʛʨmvPt = ,                 (1)
ʛʜʝ P – ʩʠʣʘ ʥʘ ʪʦʨʮʝ ʩʪʝʨʞʥʷ, ʅ;
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t — ʚʨʝʤʷ, ʟʘ ʢʦʪʦʨʦʝ ʚʦʣʥʘ ʩʞʘʪʠʷ
ʧʨʦʡʜʝʪ ʨʘʩʩʪʦʷʥʠʝ, ʨʘʚʥʦʝ ʫʜʚʦʝʥʥʦʡ
ʜʣʠʥʝ ʩʪʝʨʞʥʷïʛʨʫʟʘ, ʛʨl2 , ʩ:

ʉ
l

t ʛʨ2
= ,                    (2)

ʛʜʝ C = 5Ā103 ʤ /ʩ.
ɹʳʣʠ ʧʨʠʥʷʪʳ ʩʪʝʨʞʥʠ ʨʘʟʣʠʯʥʦʡ

ʜʣʠʥʳ ( ʛʨl  = 12,5; 25; 50; 100; 200; 400

ʤʤ) ʠ ʜʠʘʤʝʪʨʦʤ ʛʨd  = 40 ʤʤ (ʧʦʛʦʥ-
ʥʘʷ ʤʘʩʩʘ 0,01 ʢʛ/ʤʤ ʜʣʠʥʳ). ɺʳʩʦʪʫ
ʧʦʜʲʝʤʘ ʛʨʫʟʦʚ ʨʘʟʥʦʡ ʜʣʠʥʳ,  ʘ ʩʣʝʜʦ-
ʚʘʪʝʣʴʥʦ, ʠ ʨʘʟʥʦʡ ʤʘʩʩʳ ʬʠʢʩʠʨʦʚʘʣʠ
ʚʠʟʫʘʣʴʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʠʥʝʡʢʠ ʩ ʮʝ-
ʥʦʡ ʜʝʣʝʥʠʷ 1 ʤʤ, ʘ ʧʨʠ ʚʳʩʦʪʝ ʧʦʜʲʝ-
ʤʘ, ʤʝʥʴʰʝʡ 50 ʤʤ, ʠʟʤʝʨʷʣʠ ʚʝʣʠʯʠ-
ʥʳ ʩʤʷʪʠʷ ʧʣʘʩʪʠʣʠʥʦʚʳʭ ʩʪʦʣʙʠʢʦʚ,
ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʥʘʜ ʛʨʫʟʦʤ.
ɼʣʷ ʛʨʫʟʘ ʜʠʘʤʝʪʨʦʤ 40 ʤʤ ʚ ʩʦʦʪ-

ʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʘʤʠ (1) ʠ (2) ʦʧʨʝʜʝ-
ʣʷʶʪ ʩʠʣʫ ʥʘ ʝʛʦ ʪʦʨʮʝ:

h
Cl
ghm

P
ʛʨ

108
/2

2
== , ʥʘʭʦʜʷʪ ʩʨʝʜʥʝʝ

ʜʘʚʣʝʥʠʝ ʥʘ ʪʦʨʮʝ ʛʨʫ-
ʟʘ: h

d
pp
ʛʨ

864~
2 º=

p
.                             (3)

ʉʨʝʜʥʶʶ ʩʢʦʨʦʩʪʴ ʚ ʚʦʣʥʝ ʩʞʘʪʠʷ
ʦʧʨʝʜʝʣʷʶʪ ʢʘʢ ʧʦʣʦʚʠʥʫ ʩʢʦʨʦʩʪʠ
ʚʳʣʝʪʘ ʛʨʫʟʘ:

h
v

v ʛʨ 20,2
2

~ == .            (4)

ʉʨʝʜʥʷʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚ ʚʦʣʥʝ
ʩʞʘʪʠʷ:

hpvI 190~~~ == .              (5)
ɻʨʘʜʠʝʥʪ ʩʨʝʜʥʝʛʦ ʜʘʚʣʝʥʠʷ ʚ ʚʦʣ-

ʥʝ ʩʞʘʪʠʷ ʥʘ ʝʝ ʧʝʨʝʜʥʝʤ ʬʨʦʥʪʝ ʤʦʞ-
ʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦ ʬʦʨʤʫʣʝ:

minmin 2
86

2

~~
ʛʨʛʨ l

h
l

ppgrad == .

ʇʨʠ minʛʨl  =12,5 ʤʤ,

hpgrad 4,3~ = .                  (6)
ʇʨʠ ʧʝʨʝʜʘʯʝ ʫʜʘʨʥʦʛʦ ʠʤʧʫʣʴʩʘ

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʣʘʩʪʠʥʦʡ ʚ ʦʙʨʘʙʘ-
ʪʳʚʘʝʤʫʶ ʩʨʝʜʫ (ʥʘʧʨʠʤʝʨ, ʧʨʠ ʚʘʢʫ-
ʫʤʥʦïʜʫʛʦʚʦʤ ʧʝʨʝʧʣʘʚʝ ʩʧʣʘʚʦʚ),
ʫʯʠʪʳʚʘʷ ʚʦʣʥʦʚʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ Ñr

ʤʘʪʝʨʠʘʣʘ ʧʣʘʩʪʠʥʳ ʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ
ʩʨʝʜʳ, ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʥʘ ʛʨʘ-
ʥʠʮʝ ʧʣʘʩʪʠʥʘ – ʦʙʨʘʙʘʪʳʚʘʝʤʘʷ ʩʨʝʜʘ
ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʙʦʪʦʡ [4] ʦʧʨʝʜʝʣʷ-
ʶʪ ʧʦ ʬʦʨʤʫʣʝ:

ʩʩʧʧ

ʩʩʧʧ

CC
CC

K
rr
rr

+
-

= ,                   (7)

ʛʜʝ ʧr  ʠ ʧC  – ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ
ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʧʣʘʩʪʠʥʳ ʠ ʩʢʦ-
ʨʦʩʪʴ ʟʚʫʢʘ ʚ ʥʝʤ; ʩr  ʠ ʩC  – ʩʦʦʪʚʝʪʩʪ-
ʚʝʥʥʦ ʧʣʦʪʥʦʩʪʴ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʩʨʝ-
ʜʳ ʠ ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʚ ʥʝʡ.
ʇʨʠ ʚʘʢʫʫʤʥʦïʜʫʛʦʚʦʤ ʧʝʨʝʧʣʘʚʝ

ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ ʥʘ ʤʝʜʥʦʤ ʦʭʣʘʞ-
ʜʘʝʤʦʤ ʧʦʜʜʦʥʝ, ʷʚʣʷʶʱʝʤʩʷ ʧʣʘʩʪʠ-
ʥʦʡ ʚʠʙʨʘʪʦʨʘ, ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝ-
ʥʠʷ ʚʦʣʥʳ ʩʞʘʪʠʷ ʧʨʠ ʧʧCr  = 33·105

ʛ/ʩʤ2Ŀʩ ʠ ʩʩCr  = 22,9·105 ʛ/ʩʤ2Ŀʩ, ʪ. ʝ.
ʘʤʧʣʠʪʫʜʘ ʜʘʚʣʝʥʠʷ ʚ ʚʦʣʥʝ ʩʞʘʪʠʷ
ʫʤʝʥʴʰʠʪʩ  ̫ ʧʨʠ ʧʝʨʝʭʦʜʝ ʝʝ ʠʟ ʤʝʜʠ ʚ
ʪʠʪʘʥʦʚʳʡ ʩʧʣʘʚ ʥʘ 18%.

18,0
109,221033
109,221033
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ʉ ʫʯʝʪʦʤ ʟʥʘʯʝʥʠʡ ʚʦʣʥʦʚʳʭ ʩʦʧʨʦ-
ʪʠʚʣʝʥʠʡ ʜʣʷ ʩʪʘʣʠ ʠ ʘʣʶʤʠʥʠʝʚʳʭ
ʩʧʣʘʚʦʚ (39,4 ʠ 13,7 ʛ/ʩʤ2·ʩ ʩʦʦʪʚʝʪʩʪ-
ʚʝʥʥʦ) ʩʣʝʜʫʝʪ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʧʨʠ ʕɻʀʆ
ʚ ʢʦʚʰʝ ʞʠʜʢʦʡ ʩʪʘʣʠ ʧʨʠʤʝʥʝʥʠʝ ʩʪʘʣʴ-
ʥʦʛʦ ʚʦʣʥʦʚʦʜʘ,  ʘ ʧʨʠ ʕɻʀʆ ʘʣʶʤʠʥʠʝ-
ʚʳʭ ʩʧʣʘʚʦʚ – ʚʦʣʥʦʚʦʜʘ ʠʟ ʪʠʪʘʥʦʚʳʭ
ʩʧʣʘʚʦʚ. ʇʨʠ ʵʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝ-
ʥʠʷ ʚʦʣʥʳ ʩʞʘʪʠʷ, ʨʘʩʩʯʠʪʘʥʥʳʡ ʧʦ
ʬʦʨʤʫʣʝ (7), ʜʣʷ ʧʝʨʚʦʛʦ ʩʣʫʯʘʷ (ʚʦʣʥʦ-
ʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʞʠʜʢʦʡ ʩʪʘʣʠ ññCr  =
7,35Ā5Ā105 = 36,5Ā105 ʛ/cʤ2Āc K  =  0,05  ʠ
ʜʣʷ ʚʪʦʨʦʛʦ ʩʣʫʯʘʷ K  = 0,25. ɺ ʪʘʙʣʠʮʝ
ʧʨʠʚʝʜʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʜʘʚʣʝʥʠʷ,
ʩʢʦʨʦʩʪʠ, ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʛʨʘʜʠʝʥʪʘ
ʜʘʚʣʝʥʠ  ̫ ʚ ʚʦʣʥʝ ʩʞʘʪʠ  ̫ ʜʣ  ̫ ʤʝʪʦʜʦʚ
ʚʥʝʰʥʝʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ
ʧʨʦʮʝʩʩ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʪʘʣʝʡ. ɼʣʷ
ʕɻʀʆ ʧʨʠʚʝʜʝʥ  rʜʘʥʥʳʝ ʨʘʩʯʝʪʘ ʭʘʨʘʢ-
ʪʝʨʠʩʪʠʢ ʚʦʣʥʳ ʩʞʘʪʠʷ ʧʦ ʬʦʨʤʫʣʘʤ (3)
– (7) ʜʣ  ̫ ʚʠʙʨʘʪʦʨʘ ʩʦ ʩʪʘʣʴʥʦʡ ʧʣʘʩʪʠ-
ʥʦʡ ʪʦʣʱʠʥʦʡ d  =  10  ʤʤ,  ʜʠʘʤʝʪʨʦʤ
185 ʤʤ ʧʨʠ ʵʥʝʨʛʠʠ ʨʘʟʨʷʜʘ Q= 0,625
ʢɼʞ,  ʟʘʨʷʜʥʦʤ ʥʘʧʨʷʞʝʥʠʠ U  =  50  ʢɺ,
ʝʤʢʦʩʪʠ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ɻʀʊ, c  =  0,3
ʤʢʌ, ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʨʘʟʨʷʜʥʦʛʦ ʢʦʥʪʫʨʘ
L = 10 ʤʢɻʥ,  ʚʳʩʦʢʦʚʦʣʴʪʥʦʤ ʨʘʟʨʷʜʝ ʥʘ
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ʧʣʘʩʪʠʥʫ, ʤʝʞʵʣʝʢʪʨʦʜʥʦʤ ʧʨʦʤʝʞʫʪʢʝ

ʈl  = 50 ʤʤ.
ɼʣ  ̫ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʠʥʫʩʦʠʜʘʣʴʥʳʭ

ʢʦʣʝʙʘʥʠʡ ʧʨʠ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʚʠʙʨʘ-
ʮʠʠ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ
ʠ ʫʣʴʪʨʘʟʚʫʢʝ ʛʨʘʜʠʝʥʪ ʜʘʚʣʝʥʠʷ grad p~

ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʬʦʨʤʫʣʝ:

C
fppgrad p2~

max= ,

ʛʜʝ: maxp  – ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʜʘʚʣʝ-
ʥʠ ,̫ ʄʇʘ; f – ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ, ɻʮ.
ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʤʝʭʘʥʠʟʤʘ
ʕɻʀɺ ʥʘ ʧʨʦʮʝʩʩʳ ʜʝʛʘʟʘʮʠʠ, ʨʘʬʠʥʠ-
ʨʦʚʘʥʠʷ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʝʪʘʣʣʦʚ. ʇʨʠ
ʨʘʟʨʘʙʦʪʢʝ ʵʪʦʡ ʩʭʝʤʳ ʟʘ ʦʩʥʦʚʫ ʚʟʷʪʘ
ʩʭʝʤʘ ʤʝʭʘʥʠʟʤʘ ʚʦʟʜʝʡʩʪʚʠ  ̫ʫʣʴʪʨʘʟʚʫ-
ʢʘ ʥʘ ʧʨʦʮʝʩʩʳ ʜʝʛʘʟʘʮʠʠ ʠ ʢʨʠʩʪʘʣʣʠʟʘ-
ʮʠʠ ʤʝʪʘʣʣʦʚ [9-12]. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ
ʤʦʱʥʳʭ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʛʝʥʝʨʘʪʦʨʦʚ
ʫʜʘʝʪʩʷ ʧʦʣʫʯʠʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʣʝʙʘ-
ʥʠʡ J ʜʦ 300 ɺʪ/ʩʤ2. ʇʨʠʤʝʥʠʚ ʟʘʚʠʩʠ-
ʤʦʩʪʴ Cvp r~~ =  ʩ ʫʯʝʪʦʤ (5), ʠʤʝʝʤ

CJp r~~ = ;  ʜʣʷ ʩʪʘʣʠ ʧʦʣʫʯʠʤ 8,10~ =p
ʄʇʘ; 3,0~ =v  ʤ/ʩ.  ʊʘʢʦʝ ʜʘʚʣʝʥʠʝ ʥʝ
ʤʦʞʝʪ ʩʦʟʜʘʪʴ ʬʘʢʪʠʯʝʩʢʦʝ ʧʝʨʝʦʭʣʘʞ-
ʜʝʥʠʝ ʨʘʩʧʣʘʚʘ,  ʧʨʠ ʢʦʪʦʨʦʤ ʤʦʛʣʠ ʙʳ
ʦʙʨʘʟʦʚʘʪʴʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʮʝʥʪʨʳ
ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʙʦ-
ʪʦʡ [13] ʧʨʠ ʜʘʚʣʝʥʠʠ 1 ʄʇʘ ʧʝʨʝʦʭʣʘʞ-
ʜʝʥʠʝ ʩʦʩʪʘʚʠʪ (3 – 5)·10–2 ʂ. ʇʦʵʪʦʤʫ
ʜʣʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʚ ʢʘʯʝʩʪʚʝ
ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʨʦ-
ʮʝʩʩ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʯʠʪʘʶʪ ʥʘʣʠʯʠʝ
ʢʘʚʠʪʘʮʠʠ ʚ ʨʘʩʧʣʘʚʝ ʠ ʘʢʫʩʪʠʯʝʩʢʠʭ
ʧʦʪʦʢʦʚ. ʂʘʚʠʪʘʮʠʷ ʧʨʠʚʦʜʠʪ ʧʨʠ ʟʘʭʣʦ-
ʧʳʚʘʥʠʠ ʢʘʚʠʪʘʮʠʦʥʥʳʭ ʢʘʚʝʨʥ ʢ ʦʙʨʘ-
ʟʦʚʘʥʠʶ ʤʠʢʨʦʫʜʘʨʥʳʭ ʚʦʣʥ, ʩʧʦʩʦʙʩʪ-
ʚʫʶʱʠʭ ʜʨʦʙʣʝʥʠʶ ʢʨʠʩʪʘʣʣʦʚ, ʦʙʨʘʟʦ-
ʚʘʥʠʶ ʥʦʚʳʭ ʮʝʥʪʨʦʚ ʥʘ ʘʢʪʠʚʠʨʦʚʘʥ-
ʥʳʭ ʟʘ ʩʯʝʪ ʫʜʘʨʥʳʭ ʚʦʣʥ ʥʝʨʘʩʪʚʦʨʠʤ
ʧʨʠʤʝʩʷʭ. ɸʢʫʩʪʠʯʝʩʢʠʝ ʧʦʪʦʢʠ ʧʨʠʚʦ-
ʜʷʪ ʢ ʧʝʨʝʤʝʰʠʚʘʥʠ  ʁ ʠ ʜʠʩʧʝʨʛʠʨʦʚʘ-
ʥʠʶ ʢʨʠʩʪʘʣʣʦʚ.
ɹʦʣʝʝ ʤʦʱʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʧʦ ʩʨʘʚ-

ʥʝʥʠʶ ʩ ʫʣʴʪʨʘʟʚʫʢʦʤ ʥʘ ʧʨʦʮʝʩʩ  rʜʠʩ-
ʧʝʨʛʠʨʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ, ʠʭ ʟʘʨʦʞʜʝʥʠʷ
ʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʨʘʩʧʣʘʚʘ ʦʩʫʱʝʩʪʚʣʷ-
ʝʪʩʷ ʧʨʠ ʕɻʀʆ. ʅʘ ʠʟʣʫʯʘʶʱʝʡ ʩʪʘʣʴ-
ʥʦʡ ʧʣʘʩʪʠʥʝ ʵʣʝʢʪʨʦʟʘʨʷʜʥʦʛʦ ʚʠʙʨʘʪʦ-

ʨʘ ʩʦʟʜʘʝʪʩʷ ʚʦʣʥʘ ʩʞʘʪʠʷ ʠʥʪʝʥʩʠʚʥʦ-
ʩʪʴʶ J =200·103 ɺʪ/ʩʤ2 (ʩʤ. ʪʘʙʣʠʮʫ), ʯʪʦ
ʥʘ ʜʚʘïʪʨʠ ʧʦʨʷʜʢʘ ʚʳʰʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ
ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʚʦʣʥʳ. ɼʘʚʣʝʥʠʝ ʚ ʚʦʣʥʝ
ʩʞʘʪʠʷ ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʝʥʠʡ p~  = 288
ʄʇʘ, ʩʢʦʨʦʩʪʴ v~  = 7 ʤ/ʩ. ʇʨʠ ʵʪʦʤ ʜʘʚ-
ʣʝʥʠʠ ʬʘʢʪʠʯʝʩʢʦʝ ʧʝʨʝʦʭʣʘʞʜʝʥʠʝ ʨʘʩ-
ʧʣʘʚʘ ʩʦʩʪʘʚʠʪ 8,5 – 14 ʂ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ
ʚʦʟʤʦʞʥʦ ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʮʝʥʪʨʦʚ ʢʨʠ-
ʩʪʘʣʣʠʟʘʮʠʠ ʚ ʨʘʩʧʣʘʚʝ.
ɻʨʘʜʠʝʥʪ ʜʘʚʣʝʥʠʷ (ʜʦ 11 ʄʇʘ/ʤʤ)

ʥʘ ʧʝʨʝʜʥʝʤ ʬʨʦʥʪʝ ʚʦʣʥʳ ʩʞʘʪʠʷ ʚʳʟʳ-
ʚʘʝʪ ʜʨʦʙʣʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʙʝʟ ʢʘʚʠʪʘ-
ʮʠʠ, ʦʩʦʙʝʥʥʦ ʥʘ ʛʨʘʥʠʮʝ ʪʚʝʨʜʦʡ ʠ
ʞʠʜʢʦʡ ʬʘʟ, ʩʤ ʨʠʩ. 1.

ʈʠʩ. 1. ʉʭʝʤʘ ʤʝʭʘʥʠʟʤʘ ʕɻʀɺ ʥʘ ʧʨʦ-
ʮʝʩʩʳ ʜʝʛʘʟʘʮʠʠ, ʨʘʬʠʥʠʨʦʚʘʥʠʷ ʠ ʢʨʠ-

ʩʪʘʣʣʠʟʘʮʠʠ ʤʝʪʘʣʣʦʚ
Fig. 1. The EGIV mechanism scheme

on processes of decontamination, refinement
and crystallization of metals

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʤʧʫʣʴʩʥʦʝ ʚʚʝʜʝ-
ʥʠʝ ʵʥʝʨʛʠʠ ʚ ʞʠʜʢʠʡ ʠ ʢʨʠʩʪʘʣʣʠʟʫʶ-
ʱʝʡʩʷ ʤʝʪʘʣʣ ʧʨʠ ʕɻʀʆ ʩʦʟʜʘʝʪ ʚʦʟ-
ʤʦʞʥʦʩʪʴ ʦʙʨʘʙʘʪʳʚʘʪʴ ʙʦʣʴʰʠʝ
ʤʘʩʩʳ ʤʝʪʘʣʣʘ (50 ʪ ʠ ʙʦʣʝʝ) ʩ ʤʘʣʳʤʠ
ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʟʘʪʨʘʪʘʤʠ (2 – 10 ʄɼʞ
ʥʘ 1 ʪ ʨʘʩʧʣʘʚʘ). ʇʦ ʫʜʝʣʴʥʳʤ ʵʥʝʨʛʝʪʠ-
ʯʝʩʢʠʤ ʟʘʪʨʘʪʘʤ ʕɻʀʆ ʠʤʝʝʪ ʩʫʱʝʩʪ-
ʚʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʦ ʩʨʘʚʥʝʥʠ  ʁ ʩ
ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʚʥʝʰʥʝʛʦ ʬʠ-
ʟʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʧʨʠʚʝʜʝʥʥʳʤʠ ʚ
ʪʘʙʣʠʮʝ.
ʋʩʪʘʥʦʚʢʠ ʜʣʷ ʕɻʀʆ ʞʠʜʢʦʡ ʩʪʘʣʠ

ʚ ʢʦʚʰʘʭ ʝʤʢʦʩʪʴʶ ʦʪ 6 ʜʦ 30 ʪ ʚʥʝʜʨʝʥʳ
ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʏʝʨʥʦʤʦʨʩʢʦʤ ʠ
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ʊʘʙʣʠʮʘ 1. ɼʘʚʣʝʥʠʝ, ʩʢʦʨʦʩʪʴ, ʛʨʘʜʠʝʥʪ ʜʘʚʣʝʥʠʷ ʚ ʚʦʣʥʝ ʩʞʘʪʠʷ ʧʨʠ ʤʝʪʦʜʘʭ
ʚʥʝʰʥʝʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʨʦʮʝʩʩ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʪʘʣʝʡ

Table 1. Pressure, speed, a pressure gradient in a compression wave at methods of ex-
ternal physical impact on process of crystallization staly

ʄʝʪʦʜʳ ʚʥʝʰʥʝʛʦ ʬʠʟʠ-
ʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ

ʏʘʩʪʦʪʘ
ʠʤʧʫʣʴʩʦʚ
ʠʣʠ ʢʦʣʝʙʘ-

ʥʠʡ f ,
ʄʇʘ

ɼʘʚʣʝʥʠʝ

p~ ,ʄʇa
ʉʢʦʨʦʩʪʴ

v~ , ʤ/c
ʀʥʪʝʥʩʠʚ J ,
ɺʪ/cʤ2

ɻʨʘʜʠʝʥʪ
ʜʘʚʣʝʥʠʷ

grad p~ ,
ʄʇa/ʤʤ

ʅʠʟʢʦʯʘʩʪʦʪʥʘʷ ʚʠʙʨʘ-
ʮʠʷ
ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʝʨʝ-
ʤʝʰʠʚʘʥʠʝ
ʋʣʴʪʨʘʟʚʫʢ
ʕɻʀʆ

50

50
20000

–

4,7

36,4
10,8

288,0

0,13

1,0
0,28
7,0

60,0

3540
300

200·103

2,6·10–4

2·10–3

3·10–1

11,5

ɹʘʣʪʠʡʩʢʦʤ ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʳʭ ʟʘʚʦʜʘʭ,
ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʡ ʨʘʟʣʠʚʢʝ ʩʪʘʣʠ – ʥʘ
ʈʫʩʪʘʚʩʢʦʤ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤ ʟʘʚʦʜʝ.
ʆʧʳʪʥʘʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʪʠ-
ʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ ʧʨʠ ʚʘʢʫʫʤʥʦ–
ʜʫʛʦʚʦʤ ʧʝʨʝʧʣʘʚʝ ʫʩʧʝʰʥʦ ʠʩʧʳʪʘʥʘ
ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʩʣʠʪʢʘ ʜʠʘʤʝʪʨʦʤ 450
ʤʤ ʥʘ ɺʝʨʭʥʝʩʘʣʜʠʥʩʢʦʤ ʤʝʪʘʣʣʫʨʛʠ-
ʯʝʩʢʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʦʙʲʝʜʠʥʝ-
ʥʠʠ.
ʇʨʠ ʕɻʀʆ ʫʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ ʧʦ-

ʚʳʰʘʝʪʩʷ ʜʦ 30%, ʧʦʨʦʛ ʭʣʘʜʥʦʣʦʤʢʦ-
ʩʪʠ ʩʥʠʞʘʝʪʩʷ ʦʪ –40 ʜʦ –65°ʉ [4]. ɺʳ-
ʭʦʜ ʛʦʜʥʦʛʦ ʧʦʚʳʰʘʝʪʩʷ ʥʘ 2 – 3%.

ʇʆɺɽʈʍʅʆʉʊʅʆɽ
ʋʇʈʆʏʅɽʅʀɽ ɼɽʊɸʃɽʁ
ʄɸʐʀʅ ʉ ʇʆʄʆʑʔʖ

ʆɹʂɸʊʓɺɸʅʀʗ ʀʍ ʈʆʃʀʂɸʄʀ
ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʧʦʚʳʰʝʥʠʷ ʵʢʩ-

ʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʜʝʪʘʣʝʡ, ʢʦʪʦ-
ʨʳʝ ʢʦʤʧʝʥʩʠʨʫʶʪ ʜʝʬʝʢʪʳ ʤʝʭʘʥʠʯʝ-
ʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʷʚʣʷʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪ-
ʥʦʝ ʧʣʘʩʪʠʯʝʩʢʦʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ
(ʇʇɼ).  ʉ ʧʦʤʦʱʴʶ ʇʇɼ ʜʝʪʘʣʝʡ ʚ
ʧʨʦʮʝʩʩʝ ʠʭ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ
ʜʦʩʪʠʛʘʶʪ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʙʦʣʴ-
ʰʫʶ ʩʪʝʧʝʥʴ ʥʘʢʣʝʧʘ (ʜʦ 100%), ʚʳʩʦ-
ʢʠʡ ʫʨʦʚʝʥʴ ʦʩʪʘʪʦʯʥʳʭ ʩʞʠʤʘʶʱʠʭ
ʥʘʧʨʷʞʝʥʠʡ (ʜʦ 350 ʄʇʘ), ʧʦʣʫʯʘʶʪ
ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭ-
ʥʦʩʪʠ Ra = 0,1 – 0,16 ʤʢʤ.  ʕʪʦ ʩʧʦʩʦʙ-
ʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʫʩʪʘʣʦʩʪʥʦʡ ʧʨʦʯ-
ʥʦʩʪʠ ʜʝʪʘʣʝʡ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʧʘʨ
ʪʨʝʥʠʷ.

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʇʇɼ ʷʚ-
ʣʷʝʪʩʷ ʨʝʰʝʥʠʝ ʚʦʧʨʦʩʘ ʩʦʚʤʝʱʝʥʠʷ
ʯʠʩʪʦʚʦʡ ʠ ʫʧʨʦʯʥʷʶʱʝʡ ʦʙʨʘʙʦʪʢʠ.
ɼʣʷ ʫʧʨʦʯʥʷʶʱʝʛʦ ʠ ʯʠʩʪʦʚʦʛʦ ʦʙʢʘ-
ʪʳʚʘʥʠʷ ʩʪʘʣʴʥʳʭ ʜʝʪʘʣʝʡ ʰʠʨʦʢʦ
ʧʨʠʤʝʥʷʶʪ ʫʩʪʨʦʡʩʪʚʘ ʩ ʪʦʨʦʦʙʨʘʟʥʳʤ
ʨʦʣʠʢʦʤ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʙʦʣʴ-
ʰʠʭ ʫʛʣʘʭ ʚʜʘʚʣʠʚʘʥʠʷ ʨʦʣʠʢʘ ʥʘ ʦʙ-
ʢʘʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʠ ʧʦʷʚʣʷ-
ʝʪʩʷ ʚʦʣʥʠʩʪʦʩʪʴ ʩ ʰʘʛʦʤ, ʦʪʣʠʯʥʳʤ ʦʪ
ʚʝʣʠʯʠʥʳ ʧʦʜʘʯʠ ʨʦʣʠʢʘ. ʇʨʠ ʵʪʦʤ
ʪʦʨʮʦʚʦʝ ʙʠʝʥʠʝ ʨʦʣʠʢʘ ʩʯʠʪʘʝʪʩʷ ʦʩ-
ʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʧʦʷʚʣʝʥʠʷ ʚʦʣʥʠʩʪʦ-
ʩʪʠ [14, 15].
ʇʨʠ ʫʧʨʦʯʥʷʶʱʝʤ ʦʙʢʘʪʳʚʘʥʠʠ

ʪʦʥʢʠʡ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʜʣʷ ʠʩ-
ʢʣʶʯʝʥʠʷ ʚʦʣʥʠʩʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ
ʧʦʩʣʝ ʦʙʢʘʪʳʚʘʥʠʷ ʠʣʠ ʩʪʘʯʠʚʘʶʪ, ʯʪʦ
ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʝʪ ʵʬʬʝʢʪʠʚ-
ʥʦʩʪʴ ʫʧʨʦʯʥʝʥʠʷ, ʘ ʧʨʠ ʯʠʩʪʦʚʦʤ ʦʙ-
ʢʘʪʳʚʘʥʠʠ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʦʷʚ-
ʣʝʥʠʷ ʚʦʣʥʠʩʪʦʩʪʠ ʦʛʨʘʥʠʯʠʚʘʶʪ ʟʘʜ-
ʥʠʡ ʫʛʦʣ ʚʜʘʚʣʠʚʘʥʠʷ ʨʦʣʠʢʘ ʚ ʧʣʦʩʢʦ-
ʩʪʠ ʧʦʜʘʯʠ űa ʜʦ 2  –  3°,  ʯʪʦ,  ʦʜʥʘʢʦ,
ʦʛʨʘʥʠʯʠʚʘʝʪ ʯʠʩʪʦʚʦʡ ʵʬʬʝʢʪ ʦʙʢʘʪʳ-
ʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʤ ʰʝʨʦʭʦʚʘʪʦʩʪʠ 40 Ò
Rz Ò 160 ʤʢʤ.
ʋʥʠʚʝʨʩʘʣʴʥʳʤ ʜʠʥʘʤʦʤʝʪʨʦʤ

ʋɼʄ ʠʟʤʝʨʝʥʳ ʩʦʩʪʘʚʣʷʶʱʠʝ ʫʩʠʣʠʷ
ʈ ʦʙʢʘʪʳʚʘʥʠʷ ʪʦʨʦʦʙʨʘʟʥʳʤ ʨʦʣʠʢʦʤ
ʚʘʣʦʚ ʜʠʘʤʝʪʨʦʤ 100 – 120 ʤʤ ʥʘ ʪʦ-
ʢʘʨʥʦʤ ʩʪʘʥʢʝ.
ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʘ ʦʩʮʠʣʣʦʛʨʘʤ-

ʤʘ ʩʦʩʪʘʚʣʷʶʱʠʭ ʫʩʠʣʠʷ ʈ ʧʨʠ ʦʙʢʘ-
ʪʳʚʘʥʠʠ ʚʘʣʘ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘ-
ʥʝʥʥʦʡ ʩʪʘʣʠ 40  (ʅɺ 200), ʧʦʣʫʯʝʥʥʘʷ
ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʨʦʣʠʢʦʚʦʛʦ ʫʟʣʘ ʥʘ ʦʧʦ-
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ʨʘʭ ʩʢʦʣʴʞʝʥʠʷ, ʪ. ʝ. ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ
ʢʦʥʩʪʨʫʢʮʠʠ ʫʩʪʨʦʡʩʪʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ
ʥʘ ʟʘʚʦʜʘʭ ʜʣʷ ʫʧʨʦʯʥʷʶʱʝʛʦ ʠ ʯʠʩʪʦ-
ʚʦʛʦ ʘʙʢʘʪʳʚʘʥʠʷ ʩʪʘʣʴʥʳʭ ʜʝʪʘʣʝʡ.
ʇʨʠ ʵʪʦʤ ʥʦʤʠʥʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ Pʫʥ = 5
ʢʅ, ʘ ʩʦʦʪʥʦʰʝʦʥʠʝ: ʈʭʥ:ʈʫʥ:ʈzʥ =
0,15:5:1,5.

ʈʠʩ. 2. ʆʩʮʠʣʣʦʛʨʘʤʤʘ ʩʦʩʪʘʚʣʷʶ-
ʱʠʭ ʫʩʠʣʠʷ ʈ ʦʙʢʘʪʳʚʘʥʠʷ:
ʈʭ – ʩʠʣʘ ʢʘʯʝʥʠʷ ʨʦʣʠʢʘ; ʈʫ – ʩʠʣʘ
ʧʦʜʞʠʤʘ ʨʦʣʠʢʘ ʢ ʜʝʪʘʣʠ; ʈz – ʩʠʣʘ

ʧʦʜʘʯʠ
Fig. 2. The oscillogram of R making

effort about-katyvaniya:
ʈʭ – force of a kacheniye of a roller;

ʈʫ – force podzhy a roller to a detail; ʈz –
force of giving

ʀʟ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʚʠʜʥʦ, ʯʪʦ ʩʠʣʘ
ʈʭ ʚ ʧʨʦʮʝʩʩʝ ʦʙʢʘʪʳʚʘʥʠʷ ʦʩʪʘʝʪʩʷ
ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʦʡ, ʘ ʩʠʣʳ ʈʫ ʠ ʈz
– ʩ ʢʘʞʜʳʤ ʦʙʦʨʦʪʦʤ ʨʦʣʠʢʘ ʧʝʨʠʦʜʠ-
ʯʝʩʢʠ ʠʟʤʝʥʷʶʪʩʷ; ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘ-
ʥʠʷ ʩʠʣʳ ʈʫ ʩʦʩʪʘʚʣʷʝʪ ȹʈʫ = 0,45Pʫʥ,
ʩʠʣʘ ʈz ʠʟʤʝʥʷʝʪʩʷ ʤʝʥʝʝ ʟʘʤʝʪʥʦ. ʇʨʠ
ʫʩʪʘʥʦʚʢʝ ʨʦʣʠʢʦʚʦʛʦ ʫʟʣʘ ʥʘ ʧʦʜʰʠʧ-
ʥʠʢʘʭ ʢʘʯʝʥʠʷ, ʢʘʢ ʧʦʢʘʟʘʣʠ ʠʟʤʝʨʝ-
ʥʠʷ, ȹʈʫ Ò 0,03·ʈʫʥ, ʘ ʢʦʣʝʙʘʥʠʡ ʩʠʣ ʈʭ
ʠ ʈz ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʙʥʘʨʫʞʝʥʦ.
 ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʚ ʧʦʜ-

ʰʠʧʥʠʢʘʭ ʩʢʦʣʴʞʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ fc =
0,05 – 0,1, ʘ ʚ ʧʦʜʰʠʧʥʠʢʘʭ ʢʘʯʝʥʠʷ fʢ
= 0,003 – 0,008, ʧʦʵʪʦʤʫ ʩʪʘʙʠʣʠʟʘʮʠʷ
ʩʠʣʳ ʈ ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʨʦʣʠʢʦʚʦʛʦ ʫʟʣʘ
ʥʘ ʧʦʜʰʠʧʥʠʢʘʭ ʢʘʯʝʥʠʷ ʜʦʩʪʠʛʘʝʪʩʷ
ʩʫʱʝʩʪʚʝʥʥʳʤ ʫʤʝʥʴʰʝʥʠʝʤ ʩʠʣ ʪʨʝ-
ʥʠʷ ʚ ʦʧʦʨʘʭ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦ-
ʞʠʪʴ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʧʦʷʚʣʝ-
ʥʠʷ ʚʦʣʥʠʩʪʦʩʪʠ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʢʦ-
ʣʝʙʘʥʠʷ ʫʩʠʣʠʷ ʈ ʦʙʢʘʪʳʚʘʥʠʷ ʧʨʠ ʢʘ-
ʞʜʦʤ ʦʙʦʨʦʪʝ ʨʦʣʠʢʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʝʛʦ
ʨʘʜʠʘʣʴʥʦʛʦ ʙʠʝʥʠʷ [16].
ʅʘ ʨʠʩ. 3 ʧʨʠʚʝʜʝʥʘ ʥʦʤʦʛʨʘʤʤʘ

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʠʣʠʷ ʦʙʢʘʪʳʚʘʥʠʷ
ʜʝʪʘʣʝʡ ʠʟ ʩʪʘʣʠ 20 (ʈ20) ʧʦ ʟʘʜʘʥʥʳʤ
ʧʨʦʬʠʣʴʥʦʤʫ ʨʘʜʠʫʩʫ ʨʦʣʠʢʘ rʨ, ʝʛʦ

ʜʠʘʤʝʪʨʫ Dp ʠ ʜʝʪʘʣʠ Dʜ ʠ ʧʨʠʤʝʨ ʚʳ-
ʙʦʨʘ ʫʩʠʣʠʷ ʈ20 ʜʣʷ ʨʘʩʢʘʪʳʚʘʥʠʷ ʚ
ʩʪʘʣʴʥʦʡ ʜʝʪʘʣʠ (ʩʪʘʣʴ 20) ʦʪʚʝʨʩʪʠʷ
ʜʠʘʤʝʪʨʦʤ Dʜ =  100  ʤʤ ʨʦʣʠʢʦʤ ʜʠʘ-
ʤʝʪʨʦʤ Dp = 40 ʤʤ ʩ ʧʨʦʬʠʣʴʥʳʤ ʨʘ-
ʜʠʫʩʦʤ rʨ = 8 ʤʤ. ʇʦʣʫʯʝʥʥʦʝ ʧʦʩʪʨʦʝ-
ʥʠʝʤ ʨʝʰʝʥʠʝ (ʪʦʯʢʘ ɸ) ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ
ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʫʩʪʨʦʡʩʪʚʘ ʩ ʨʦʣʠ-
ʢʦʚʳʤ ʫʟʣʦʤ ʥʘ ʦʧʦʨʘʭ ʩʢʦʣʴʞʝʥʠʷ
ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʠ ʵʬʬʝʢʪʘ ʫʧʨʦʯʥʝʥʠʷ
ʠʟïʟʘ ʦʧʘʩʥʦʩʪʠ ʧʦʷʚʣʝʥʠʷ ʚʦʣʥʠʩʪʦ-
ʩʪʠ ʥʘ ʦʙʢʘʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʫʩʠʣʠʝ
ʈ20 (2,5) = 0,5 ʢʅ ʦʛʨʘʥʠʯʝʥʦ ʫʛʣʦʤ űa =
2,5°; ʚ ʩʣʫʯʘʝ ʞʝ ʧʨʠʤʝʥʝʥʠʷ ʫʩʪʨʦʡʩʪ-
ʚʘ ʩ ʨʦʣʠʢʦʚʳʤ ʫʟʣʦʤ ʥʘ ʧʦʜʰʠʧʥʠʢʘʭ
ʢʘʯʝʥʠʷ ʩ ʮʝʣʴʶ ʩʦʚʤʝʱʝʥʠʷ ʯʠʩʪʦʚʦʛʦ
ʠ ʫʧʨʦʯʥʷʶʱʝʛʦ ʦʙʢʘʪʳʚʘʥʠʷ ʈ20 (5) = 5
ʢʅ, ʩʨʝʜʥʠʡ ʫʛʦʣ ʚʜʘʚʣʠʚʘʥʠʷ ʨʦʣʠʢʘ ű
=  5°.  ʇʨʠ ʦʙʢʘʪʳʚʘʥʠʠ ʜʝʪʘʣʝʡ ʧʦʚʳ-
ʰʝʥʥʦʡ ʪʚʝʨʜʦʩʪʠ ʫʩʠʣʠʝ ʈ20 ʥʝʦʙʭʦ-
ʜʠʤʦ ʫʤʥʦʞʠʪʴ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʪʚʝʨ-
ʜʦʩʪʠ [14].
ʇʨʠ ʦʙʢʘʪʳʚʘʥʠʠ ʚʠʥʪʦʚ ʠ ʯʝʨʚʷ-

ʢʦʚ ʩ ʢʨʫʧʥʳʤ ʰʘʛʦʤ ʧʨʠʤʝʥʷʶʪ ʩ ʮʝ-
ʣʴʶ ʩʦʚʤʝʱʝʥʠʷ ʯʠʩʪʦʚʦʛʦ ʫʧʨʦʯʥʷʶ-
ʱʝʛʦ ʦʙʢʘʪʳʚʘʥʠʷ ʠʛʦʣʴʯʘʪʳʝ ʨʦʣʠʢʠ
ʤʘʣʦʛʦ ʜʠʘʤʝʪʨʘ, Dp = 3 – 4 ʤʤ [16].
ʇʨʠ ʵʪʦʤ ʟʘ ʪʨʠ ʧʨʦʭʦʜʘ ʜʦʩʪʠʛʘʝʪʩʷ
ʜʝʬʦʨʤʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʚʠʪʢʦʚ ʧʦ
ʚʩʝʤʫ ʧʨʦʬʠʣʶ ʨʝʟʴʙʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ
ʧʦʚʝʨʭʥʦʩʪʠ, ʠʤʝʶʱʝʡ ʰʝʨʦʭʦʚʘʪʦʩʪʴ
Ra = 0,16 – 0,32 ʤʢʤ ʧʨʠ ʠʩʭʦʜʥʦʡ ʰʝ-
ʨʦʭʦʚʘʪʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ Rz =
12,5 – 50 ʤʢʤ (ʧʦʛʦʥʥʦʝ ʫʩʠʣʠʝ q ʥʘ
ʨʦʣʠʢʝ, ʨʘʚʥʦʝ 1,4 – 1,6 ʢʅ/ʤʤ, ʨʘʩʩʯʠ-
ʪʘʥʦ ʧʦ ʟʘʚʠʩʠʤʦʩʪʠ q = 0,02 HʄűDʨ
[17]), ʛʜʝ ʅʄ – ʪʚʝʨʜʦʩʪʴ ʧʦ ʄʝʡʝʨʫ.
ɿʫʙʴʷ ʢʨʫʧʥʦʤʦʜʫʣʴʥʳʭ ʰʝʩʪʝʨʝʥ ʦʙ-
ʢʘʪʳʚʘʶʪ ʢʦʥʠʯʝʩʢʠʤʠ ʨʦʣʠʢʘʤʠ ʩʦ
ʩʨʝʜʥʠʤ ʜʠʘʤʝʪʨʦʤ Dʨ = 6 ʤʤ [18].
ʇʨʠ ʦʙʢʘʪʳʚʘʥʠʠ ʧʣʦʩʢʠʭ ʠ ʚʦʣʥʠ-

ʩʪʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʤʝʜʥʳʭ ʧʣʠʪ ʢʨʠ-
ʩʪʘʣʣʠʟʘʪʦʨʦʚ ʫʩʪʘʥʦʚʦʢ ʥʝʧʨʝʨʳʚʥʦʡ
ʨʘʟʣʠʚʢʠ ʩʪʘʣʠ ʩ ʫʯʝʪʦʤ ʤʘʣʦʡ ʪʚʝʨʜʦ-
ʩʪʠ ʤʝʜʠ ʧʨʠʤʝʥʝʥʳ ʨʦʣʠʢʠ ʙʦʣʴʰʝʛʦ
ʜʠʘʤʝʪʨʘ (Dʨ = 40 ʤʤ) ʩ ʧʨʷʤʦʣʠʥʝʡ-
ʥʦʡ ʦʙʨʘʟʫʶʱʝʡ ʜʣʠʥʦʡ 25 ʤʤ. ʆʙʢʘ-
ʪʳʚʘʥʠʝ ʚʳʧʦʣʥʷʣʦʩʴ ʩ ʧʦʜʘʯʝʡ S = 5 –
8 ʤʤ/ʜʚ. ʭʦʜ ʧʨʠ ʫʩʠʣʠʠ 11 ʢʅ. ʇʨʠ
ʠʩʭʦʜʥʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ Ra =  10  –  20
ʤʢʤ ʧʦʣʫʯʝʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʩ ʰʝʨʦʭʦʚʘ-
ʪʦʩʪʴʶ Ra = 0,63 – 1,25 ʤʢʤ [19].
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ʈʠʩ. 3. ʅʦʤʦʛʨʘʤʤʘ ʜʣ  ̫ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʠʣʠʷ ʦʙʢʘʪʳʚʘʥʠʷ ʜʝʪʘʣʝʡ ʠʟ ʩʪʘʣʠ 20
( )(ʚʜD  – ʜʠʘʤʝʪʨ ʦʙʢʘʪʳʚʘʝʤʦʛʦ ʚʘʣʘ; )(ʦʜD  – ʜʠʘʤʝʪʨ ʨʘʩʢʘʪʳʚʘʝʤʦʛʦ ʦʪʚʝʨʩʪʚʠʷ;

)/1/(12 ʜʨʧʨ DDR °= )
Fig. 3. The nomogram for definition of effort of an obkatyvaniye of details from steel 20

( )(ʚʜD  – diameter of a run-in shaft; )(ʦʜD  – diameter of an unrolled slots

)/1/(12 ʜʨʧʨ DDR °= )

ɻʣʫʙʠʥʫ ʥʘʢʣʝʧʘ ʧʨʠ ʧʦʚʝʨʭʥʦʩʪ-
ʥʦʤ ʧʣʘʩʪʠʯʝʩʢʦʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ
ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʧʨʠʙʣʠʞʝʥʥʦʡ ʬʦʨ-
ʤʫʣʝ ʉ.  ɻ.  ʍʝʡʬʝʮʘ ʜʣʷ ʢʨʫʛʦʚʳʭ ʠ
ʙʣʠʟʢʠʤ ʢ ʥʠʤ ʦʪʧʝʯʘʪʢʦʚ. ɼʣʷ ʧʨʦʠʟ-
ʚʦʣʴʥʳʭ ʦʪʧʝʯʘʪʢʦʚ ʥʝʦʙʭʦʜʠʤʦ ʠʩ-
ʧʦʣʴʟʦʚʘʪʴ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʦʨʠʠ ʫʧʨʫ-
ʛʦʩʪʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʛʠʧʦʪʝʟʦʡ ɻʫʙʝ-
ʨʘïʄʠʟʝʩʘ ʩʨʝʜʥʠʭ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷ-
ʞʝʥʠʡ [20]. ʅʘʠʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʦ ʩ
ʤʝʥʴʰʠʤʠ ʜʦʚʝʨʠʪʝʣʴʥʳʤʠ ʠʥʪʝʨʚʘʣʘʤʠ
ʛʣʫʙʠʥʫ ʥʘʢʣʝʧʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ
ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʠʩʩʣʝʜʫʷ ʫʩʣʦʚʥʳʡ
ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ʧʨʠ ʨʘʟʨʳʚʝ ʤʠʢʨʦʦʙ-
ʨʘʟʮʦʚ, ʚʳʨʝʟʘʥʥʳʭ ʠʟ ʜʝʪʘʣʠ ʥʘ ʨʘʟʣʠʯ-
ʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ [20].

ɺʓɺʆɼʓ
1. ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥ ʤʝʪʦʜ ʤʝʨ-

ʥʳʭ ʩʪʝʨʞʥʝʡ ɻʦʧʢʠʥʩʦʥʘ ʜʣʷ ʦʧʨʝʜʝ-
ʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʣʥʳ ʩʞʘʪʠʷ ʥʘ
ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʩʪʠʥʳ ʵʣʝʢʪʨʦʨʘʟʨʷʜ-
ʥʦʛʦ ʚʠʙʨʘʪʦʨʘ (ʜʘʚʣʝʥʠʷ, ʩʢʦʨʦʩʪʠ,
ʫʩʢʦʨʝʥʠʷ, ʠʥʪʝʥʩʠʚʥʦʩʪʠ). ʄʝʪʦʜ ʦʩ-
ʥʦʚʘʥ ʥʘ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠ-
ʞʝʥʠʷ, ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʧʣʘʩʪʠʥʦʡ ʚʠʙ-
ʨʘʪʦʨʘ ʚ ʤʝʨʥʳʝ ʩʪʝʨʞʥʠ.

2. ʇʨʝʜʩʪʘʚʣʝʥʘ ʛʠʧʦʪʝʟʘ ʤʝʭʘʥʠʟ-
ʤʘ ʠʟʤʝʣʴʯʝʥʠʷ ʤʘʢʨʦ– ʠ ʤʠʢʨʦʩʪʨʫʢ-
ʪʫʨʳ ʤʝʪʘʣʣʘ ʧʨʠ ʵʣʝʢʪʨʦʛʠʜʨʦʠʤ-
ʧʫʣʴʩʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ – ʩʦʟʜʘʥʠʝ ʬʘʢ-
ʪʠʯʝʩʢʦʛʦ ʧʝʨʝʦʭʣʘʞʜʝʥʠʷ ʨʘʩʧʣʘʚʘ ʜʦ
14 ʂ ʠ ʟʘʨʦʞʜʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ
ʮʝʥʪʨʦʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʨʘʟʨʫʰʝʥʠʝ
ʜʝʥʜʨʠʪʦʚ ʥʘ ʛʨʘʥʠʮʝ ʪʚʝʨʜʦʡ ʠ ʞʠʜ-
ʢʦʡ ʬʘʟ ʩ ʧʦʤʦʱʴʶ ʚʦʣʥʳ ʩʞʘʪʠʷ,
ʠʤʝʶʱʝʡ ʛʨʘʜʠʝʥʪ ʜʘʚʣʝʥʠʷ ʚʳʰʝ 10
ʄʇʘ/ʤʤ.

3. ɿʘʤʝʥʦʡ ʚ ʦʧʦʨʘʭ ʨʦʣʠʢʦʚʦʛʦ ʫʟ-
ʣʘ ʦʙʢʘʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʦʜʰʠʧʥʠʢʦʚ
ʩʢʦʣʴʞʝʥʠʷ ʧʦʜʰʠʧʥʠʢʘʤʠ ʢʘʯʝʥʠʷ
ʜʦʩʪʠʛʘʝʪʩʷ ʩʪʘʙʠʣʠʟʘʮʠʷ ʫʩʠʣʠʷ ʦʙʢʘ-
ʪʳʚʘʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ
ʚʦʣʥʠʩʪʦʩʪʴ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʫʛʣʘʭ
ʚʜʘʚʣʠʚʘʥʠʷ ʨʦʣʠʢʦʚ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ
ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʚʤʝʱʝʥʠʷ ʯʠʩʪʦʚʦʛʦ ʠ
ʫʧʨʦʯʥʷʶʱʝʛʦ ʦʙʢʘʪʳʚʘʥʠʷ.

4. ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ,
ʚʳʙʦʨʘ ʫʩʠʣʠʷ ʦʙʢʘʪʳʚʘʥʠʷ ʪʦʨʦʦʙ-
ʨʘʟʥʳʤʠ, ʙʦʯʢʦʦʙʨʘʟʥʳʤʠ ʠ ʮʠʣʠʥʜ-
ʨʠʯʝʩʢʠʤʠ ʨʦʣʠʢʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ
ʧʦʣʫʯʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʝʡ ʩ ʧʘ-
ʨʘʤʝʪʨʦʤ ʰʝʨʦʭʦʚʘʪʦʩʪʠ Ra = 0,8 – 0,32
ʤʢʤ.
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DEVELOPMENT OF
TECHNOLOGIES OF VOLUME

AND SUPERFICIAL HARDENING
OF METALS AND ALLOYS.

Abstract. In article two technologies of
hardening of metals and alloys are presented:
volume hardening of metal preparations in the
course of their hardening from a liquid state in
firm, superficial hardening of details by means
of an obkatyvaniye their rollers. The hypothe-
sis of the mechanism of crushing macro – and
metal microstructures is described at electro-
hydropulse influence – creation of the actual
overcooling ʨʘʩʧʣʘʚʘ to 14 To and origin of
the additional centers of crystallization, de-
struction of dendrites on border of firm and
liquid phases by means of a compression
wave. The technique of a choice of optimum
effort of an obkatyvaniye by rollers depending
on the geometrical sizes of a detail and a roller
and hardness of a processed detail is presented.

Key words: Decontamination, refine-
ment, crystallization, obkatyvaniye rollers.
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ʊɽʆʈɽʊʀʏɽʉʂʀɽ ɸʉʇɽʂʊʓ ʀʉʉʃɽɼʆɺɸʅʀʗ ʇʈʆʎɽʉʉɸ
ʉɽʇɸʈɸʎʀʀ ʊɽʍʅʆʃʆɻʀʏɽʉʂʆʁ ʉɽʄɽʅʅʆʁ ʄɸʉʉʓ

ʆɺʆʑɽɹɸʍʏɽɺʓʍ ʂʋʃʔʊʋʈ

ʉʝʨʛʝʡ ʇʘʩʪʫʰʝʥʢʦ, ʅʠʢʦʣʘʡ ʆʛʠʝʥʢʦ

ʏʝʨʥʦʤʦʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʇʝʪʨʘ ʄʦʛʠʣʳ
54003 ʋʢʨʘʠʥʘ, ʅʠʢʦʣʘʝʚʩʢʘʷ ʦʙʣ., ʛ. ʅʠʢʦʣʘʝʚ, ʫʣ. 68 ɼʝʩʘʥʪʥʠʢʦʚ 10

ʅʠʢʦʣʘʝʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʽʚʝʨʩʠʪʝʪ
54028, ʋʢʨʘʠʥʘ, ʅʠʢʦʣʘʝʚʩʢʘʷ ʦʙʣ., ʛ. ʅʠʢʦʣʘʝʚ, ʫʣ. ʂʨʳʣʦʚʘ 17ɸ

ɸʥʥʦʪʘʮʠʷ. ʈʘʟʨʘʙʦʪʘʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚʠʭʨʝʚʦʛʦ
ʪʝʯʝʥʠʷ ʦʜʥʦʨʦʜʥʦʡ ʠ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ, ʦʧʨʝʜʝʣʝʥʘ ʜʠʥʘʤʠʢʘ ʪʷʞʝʣʳʭ ʠ ʣʝʛʢʠʭ ʯʘʩʪʠʮ ʩʝ-
ʤʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʤʘʩʩʳ, ʧʦʜ ʚʣʠʷʥʠʝʤ ʢʘʚʠʪʘʮʠʠ ʠ ʙʘʨʙʦʪʘʠʠ ʚ ʮʝʥʪʨʦʙʝʞʥʦʤ ʧʦʣʝ
ʛʠʜʨʦʧʥʝʚʤʦʩʝʧʘʨʘʪʦʨʘ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ
ʜʚʠʞʝʥʠʷ ʢʨʫʧʥʦʡ ʬʨʘʢʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʤʘʩʩʳ ʦʚʦʱʝʙʘʭʯʝʚʳʭ ʢʫʣʴʪʫʨ ʚ ʮʠʣʠʥʜʨʠʯʝʩ-
ʢʦʤ ʥʘʢʣʦʥʥʦʤ ʩʝʧʘʨʘʪʦʨʝ.
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʂʦʤʧʣʝʢʩ ʤʘʰʠʥ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʣʠʥʠʷ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʪʝʦʨʝ-
ʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ.

ɺɺɽɼɽʅʀɽ

ʈʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ
ʦʙʦʨʫʜʦʚʘʥʠʷ ʤʝʭʘʥʠʟʠʨʦʚʘʥʦʛʦ ʧʨʦ-
ʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʩʝʤʷʥ ʦʚʦʱʝʙʘʭʯʝʚʳʭ
ʢʫʣʴʪʫʨ ʧʨʝʜʧʦʣʘʛʘʝʪ ʛʣʫʙʦʢʦʝ ʪʝʦʨʝ-
ʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʚʩʝʭ ʩʦʩʪʘʚʣʷ-
ʶʱʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʤʘ-
ʰʠʥʝ,  ʩ ʮʝʣʴʶ ʧʨʘʚʠʣʴʥʦʛʦ ʚʳʙʦʨʘ ʝʝ
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʥʩʪʨʫ-
ʢʮʠʠ ʠ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ.
ʆʜʥʘ ʠʟ ʤʘʰʠʥ [1], ʯʪʦ ʧʨʝʜʣʦʞʝʥʘ
ʘʚʪʦʨʘʤʠ ʜʣʷ ʜʦʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʯʝʩ-
ʢʦʡ ʤʘʩʩʳ ʦʚʦʱʝ-ʙʘʭʯʝʚʳʭ ʢʫʣʴʪʫʨ
ʨʠʩ 1. ʠ ʧʦʣʫʯʝʥʠʷ ʠʭ ʩʝʤʷʥ ʦʙʲʝʜʠʥʷ-
ʝʪ ʜʚʘ ʩʧʦʩʦʙʘ ʩʝʧʘʨʘʮʠʠ: ʛʠʜʨʘʚʣʠʯʝ-
ʩʢʠʡ ʠ ʧʥʝʚʤʘʪʠʯʝʩʢʠʡ. ʈʘʩʩʤʘʪʨʠʚʘʷ
ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ʩʝʧʘʨʘʮʠʠ
ʩʚʝʞʝʚʳʜʝʣʝʥʥʳʭ ʩʝʤʷʥ, ʤʦʞʥʦ ʦʪʤʝ-
ʪʠʪʴ, ʯʪʦ ʪʚʝʨʜʳʝ ʯʘʩʪʠʮʳ, ʥʘʭʦʜʷʩʴ ʚ
ʧʦʪʦʢʝ ʚʨʘʱʘʶʱʝʡʩʷ ʞʠʜʢʦʩʪʠ ʧʦʜʚʝ-
ʨʛʘʶʪʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʮʝʥʪʨʦʙʝʞʥʦʡ
ʩʠʣʳ.  ʇʨʠ ʵʪʦʤ ʯʘʩʪʠʮʳ ʙʦʣʴʰʝʡ ʤʘʩ-
ʩʳ (ʢʘʢ ʧʨʘʚʠʣʦ ʵʪʦ ʢʦʥʜʠʮʠʦʥʥʳʝ
ʩʝʤʝʥʘ) ʧʝʨʝʥʦʩʷʪʩʷ ʢ ʧʝʨʠʬʝʨʠʠ, ʘ
ʯʘʩʪʠʮʳ ʤʝʥʴʰʝʡ ʦʙʲʝʤʥʦʡ ʤʘʩʩʳ
(ʬʨʘʛʤʝʥʪʳ ʢʦʞʫʨʳ, ʤʷʢʦʪʴ, ʥʝʢʦʥʜʠ-
ʮʠʦʥʥʳʝ ʩʝʤʝʥʘ ʠ ʜʨʫʛʠʝ ʚʢʣʶʯʝʥʠʷ)

ʩʦʙʠʨʘʶʪʩʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ, ʧʦ-
ʜʥʠʤʘʶʪʩʷ ʠ ʚʳʥʦʩʷʪʩʷ ʯʝʨʝʟ ʩʣʠʚʥʦʝ
ʦʪʚʝʨʩʪʠʝ.
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ʈʠʩ. 1. ʉʭʝʤʘ ʛʠʜʨʦʧʥʝʚʤʦʩʝʧʘʨʘʪʦʨʘ:
Fig. 1. Gidropnevmoseparatora scheme:
1 – ʢʦʨʧʫʩ ʩʝʧʘʨʘʪʦʨʘ; 2 – ʚʦʜʘ ʩ ʯʘʩ-
ʪʠʯʢʘʤʠ ʧʣʦʜʘ, ʩʝʤʝʥʘʤʠ ʠ ʪ.ʜ.; 3 –
ʩʝʤʝʥʘ; 4 – ʪʨʫʙʢʠ ʜʣʷ ʧʦʜʘʯʠ ʚʦʜʳ; 5

– ʩʣʠʚʥʘʷ ʚʦʨʦʥʢʘ; 6 – ʦʪʭʦʜʳ

ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʦʩʪʘʪʢʦʚ ʩʝʤʷʥ
ʠʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʝʨʝʨʘʙʦʪʘʥʥʦʡ
ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʤʘʩʩʳ ʦʚʦʱʝ-
ʙʘʭʯʝʚʳʭ ʢʫʣʴʪʫʨ ʧʨʝʜʣʦʞʝʥʦ ʥʘʢʣʦʥ-
ʥʳʡ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʩʝʧʘʨʘʪʦʨ [2],
ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ
ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʧʦʣʫ-
ʯʝʥʠʷ ʩʝʤʷʥ, ʠʣʠ ʢʘʢ ʦʪʜʝʣʴʥʳʡ ʵʣʝ-
ʤʝʥʪ ʧʦʪʦʯʥʦʡ ʣʠʥʠʠ ʜʣʷ ʜʦʨʘʙʦʪʢʠ
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ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʤʘʩʩʳ. ʎʠʣʠʥʜʨʠʯʝʩ-
ʢʠʡ ʨʦʪʦʨʥʳʡ ʩʝʧʘʨʘʪʦʨ (ʨʠʩ. 2) ʧʨʝʜ-
ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʝʪʯʘʪʳʡ ʙʘʨʘʙʘʥ, ʚʨʘ-
ʱʘʶʱʠʡʩʷ ʚʦʢʨʫʛ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ
ʧʦʜ ʫʛʣʦʤ ʢ ʛʦʨʠʟʦʥʪʫ. ʂʨʫʧʥʳʝ ʯʘʩ-
ʪʠʮʳ ʢʦʨʢʠ ʜʳʥʠ ʠʣʠ ʦʛʫʨʮʘ ʧʦʜʘʶʪʩʷ
ʥʘ ʚʥʫʪʨʝʥʥʶ ʧʦʚʝʨʭʥʦʩʪʴ ʙʘʨʘʙʘʥʘ.
ʇʘʨʘʤʝʪʨʳ ʨʦʪʦʨʥʦʛʦ ʩʝʧʘʨʘʪʦʨʘ (ʜʠ-
ʘʤʝʪʨ,  ʯʠʩʣʦ ʦʙʦʨʦʪʦʚ ʚ ʤʠʥʫʪʫ,  ʥʘ-
ʢʣʦʥ) ʧʦʜʙʠʨʘʶʪʩʷ ʪʘʢ, ʯʪʦʙʳ ʧʝʨʝʤʝ-
ʱʝʥʠʝ ʦʙʲʝʤʥʳʭ ʤʘʩʩ ʧʦ ʨʝʰʝʪʫ ʧʨʦʠ-
ʩʭʦʜʠʣʦ ʙʝʟ ʦʪʨʳʚʘ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ
ʙʘʨʘʙʘʥʘ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʥʠʷ ʢʦʨ-
ʢʠ, ʠʥʪʝʥʩʠʬʠʮʠʨʫʷ ʧʨʠ ʵʪʦʤ ʧʨʦʮʝʩʩ
ʧʨʦʩʝʠʚʘʥʠʷ ʩʝʤʷʥ ʩʢʚʦʟʴ ʨʝʰʝʪʦ.

ʈʠʩ. 2. ʉʭʝʤʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʨʦʪʦʨ-
ʥʦʛʦ ʩʝʧʘʨʘʪʦʨʘ
1 – ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ, 2 – ʨʘʤʘ, 3 – ʨʝ-
ʜʫʢʪʦʨ; 4 – ʧʦʜʘʶʱʠʡ ʣʦʪʦʢ; 5 – ʩʝʪʯʘ-
ʪʳʡ ʙʘʨʘʙʘʥ; 6 – ʧʦʜʙʘʨʘʙʘʥʴʝ

Fig. 2. The scheme of the
cylindrical rotary separator

ʎɽʃʔ ʈɸɹʆʊʓ

ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʦʩʪʦʪʫ ʢʦʥʩʪʨʫ-
ʢʮʠʠ ʩʝʧʘʨʘʪʦ-ʨʦʚ, ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ
ʤʦʜʝʣʴ ʠʭ ʨʘʙʦʪʳ ʜʦʩʪʘʪʦʯʥʦ ʥʝ ʦʜʥʦ-
ʟʥʘʯʥʘʷ, ʧʦʵʪʦʤʫ ʧʨʦʛʨʘʤʤʫ ʘʥʘʣʠʪʠ-
ʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʩʪʨʦʠʤ ʠʟ ʜʚʫʭ
ʵʪʘʧʦʚ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʦʧʨʝʜʝʣʷʝʤ
ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʧʦʣʝ ʚʠʭʨʝʚʦʛʦ
ʪʝʯʝʥʠʷ ʫʩʣʦʚʥʦ ʦʜʥʦʨʦʜʥʦʡ ʠ ʩʧʣʦʰ-
ʥʦʡ ʩʨʝʜʳ ʩ ʥʝʢʦʪʦʨʦʡ ʧʣʦʪʥʦʩʪʴʶ, ʘ
ʪʘʢʞʝ ʜʠʥʘʤʠʢʫ ʪʷʞʝʣʳʭ (ʢʦʥʜʠʮʠʦʥ-
ʥʳʝ ʩʝʤʝʥʘ) ʠ ʣʝʛʢʠʭ ʯʘʩʪʠʮ (ʤʝʟʛʘ,
ʧʫʩʪʳʝ ʩʝʤʝʥʘ ʠ ʜʨʫʛʠʝ ʚʢʣʶʯʝʥʠʷ) ʚ
ʮʝʥʪʨʦʙʝʞʥʦʤ ʧʦʣʝ ʞʠʜʢʦʩʪʠ ʧʦʜ ʚʣʠ-
ʷʥʠʝʤ ʢʘʚʠʪʘʮʠʠ ʠ ʙʘʨʙʦʪʘʮʠʠ, ʘ ʥʘ
ʚʪʦʨʦʤ, ʨʘʩʩʤʦʪʨʠʤ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ
ʤʦʜʝʣʴ ʨʘʙʦʪʳ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʩʝʧʘ-
ʨʘʪʦʨʘ.

ɸʅɸʃʀɿ ʆʉʅʆɺʅʓʍ
ʀʉʉʃɽɼʆɺɸʅʀʁ ʀ ʇʋɹʃʀʂɸʎʀʁ

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩ-
ʭʦʜʷʱʠʭ ʚ ʤʘ-ʰʠʥʝ ʧʨʠ ʦʢʨʫʞʥʦʡ ʧʦ-
ʜʘʯʝ ʚʦʜʳ,  ʦʧʠʩʘʥʦ ʚ ʨʘʙʦʪʘʭ ʤʥʦʛʠʭ
ʫʯʝʥʳʭ. ɺ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ
ʢʦʦʨʜʠʥʘʪ ʜʚʠʞʝʥʠʝ ʪʘʢʦʡ ʩʨʝʜʳ ʚ
ʦʙʱʝʤ ʚʠʜʝ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ
ʅʘʚʴʝ-ʉʪʦʢʩʘ [2]. ʆʜʥʘʢʦ ʠʩʩʣʝʜʦʚʘ-
ʥʠʷ ʚʠʭʨʝʚʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʚʷʟʢʦʡ
ʞʠʜʢʦʩʪʠ ʦʙʨʘʟʦʚʘʥʥʦʡ ʩʝʤʝʥʥʦʡ ʪʝʭ-
ʥʦʣʦʛʠʯʝʩʢʦʡ ʤʘʩʩʦʡ ʜʦ ʩʠʭ ʧʦʨ ʥʝ
ʚʩʪʨʝʯʘʣʠʩʴ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ.

ʇʨʦʙʣʝʤʝ ʢʘʚʠʪʘʮʠʠ, ʧʦʩʚʷʱʝʥʦ
ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ [2-6]. ɹʦʣʴ-
ʰʠʥʩʪʚʦ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʙʦʪ ʢʘʩʘʶʪʩʷ
ʨʘʟʨʘʙʦʪʢʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ
ʜʠʥʘʤʠʢʠ ʦʜʠʥʦʯʥʦʛʦ ʧʫʟʳʨʴʢʘ. ʇʨʠ
ʵʪʦʤ ʚ ʫʧʨʦʱʝʥʥʳʭ ʤʦʜʝʣʷʭ [2] ʞʠʜ-
ʢʦʩʪʴ ʩʯʠʪʘʣʘʩʴ ʥʝʩʞʠʤʘʝʤʦʡ. ɺ ʜʨʫ-
ʛʠʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʟʨʘʙʦʪʢʘʭ ʫʯʠʪʳ-
ʚʘʝʪʩʷ ʩʞʠʤʘʝʤʦʩʪʴ ʞʠʜʢʦʩʪʠ [3, 4]. ʉ
ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ,
ʟʘʜʘʯʠ ʦ ʜʠʥʘʤʠʢʝ ʧʫʟʳʨʴʢʦʚ ʷʚʣʷʶʪʩʷ
ʢʨʘʝʚʳʤʠ ʟʘʜʘʯʘʤʠ ʩ ʧʦʜʚʠʞʥʳʤʠ
ʛʨʘʥʠʮʘʤʠ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʃʘʧʣʘʩʘ ʠʣʠ
ʚʦʣʥʦʚʦʛʦ ʫʨʘʚʥʝʥʠʷ. ɺ ʧʦʩʣʝʜʥʠʝ ʜʝ-
ʩʷʪʠʣʝʪʠʷ ʨʘʟʨʘʙʦʪʘʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ
ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʪʘʢʠʭ ʟʘʜʘʯ [7]. ɸʥʘ-
ʣʠʟʫ ʧʨʦʮʝʩʩʘ ʙʘʨʙʦʪʘʮʠʠ, ʚʩʧʣʳʪʠʷ
ʛʘʟʦʚʦʛʦ ʧʫʟʳʨʴʢʘ, ʪʘʢʞʝ ʧʦʩʚʷʱʝʥʦ
ʤʥʦʞʝʩʪʚʦ ʨʘʙʦʪ. ʆʪʜʝʣʴʥʳʝ ʥʘʫʯʥʳʝ
ʨʘʙʦʪʳ, ʠʩʩʣʝʜʦʚʘʣʠ ʢʦʣʣʝʢʪʠʚʥʦʝ ʧʦ-
ʚʝʜʝʥʠʝ ʧʫʟʳʨʴʢʦʚ ʚ ʞʠʜʢʦʩʪʠ. ʅʘʣʠ-
ʯʠʝ ʧʫʟʳʨʴʢʦʚ ʚ ʞʠʜʢʠʭ ʩʨʝʜʘʭ ʤʝʥʷʝʪ
ʠʭ ʩʚʦʡʩʪʚʘ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʜʠʥʘʤʠʢʫ
ʛʘʟʦʞʠʜʢʦʩʪʥʳʭ (ʜʚʫʭʬʘʟʥʳʭ) ʩʨʝʜ [8, 9].

ʀʟʫʯʝʥʠʶ ʤʝʭʘʥʠʟʤʦʚ ʪʨʝʥʠʷ ʠ
ʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʤʦʜʝʣʷʤ ʧʦʩʚʷʱʝ-
ʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ. ʉʣʝʜʫʷ
[5], ʨʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ
ʧʨʦʮʝʩʩʘ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ
ʪʨʝʥʠʷ.

ʈ.  ɸʤʦʥʪ ʠ ʐ.  ʂʫʣʦʥ ʚʚʝʣʠ ʧʦ-
ʥʷʪʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʢʘʢ ʦʪʥʦ-
ʰʝʥʠʝ ʩʠʣʳ ʪʨʝʥʠʷ ʢ ʥʘʛʨʫʟʢʝ:

NfF ʪʨʪʨ Ö= ,         (1)
ʛʜʝ: N – ʩʠʣʘ ʥʦʨʤʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ;

ʪʨF – ʩʠʣʘ ʪʨʝʥʠʷ; ʪʨf – ʢʦʵʬʬʠʮʠ-
ʝʥʪ ʪʨʝʥʠʷ.
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ɿʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ
ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʘʨ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠʚʦ-
ʜʷʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʭ
ʩʧʨʘʚʦʯʥʠʢʘʭ, ʥʘʧʨʠʤʝʨ ʚ [6].

ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʚʝ-
ʩʪʥʳʭ ʫʯʝʥʳʭ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʦʵʬʬʠ-
ʮʠʝʥʪ ʪʨʝʥʠʷ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʚʠʜʘ
ʤʘʪʝʨʠʘʣʘ ʪʨʫʱʠʭʩʷ ʪʝʣ, ʥʦ ʠ ʦʪ ʩʪʝʧʝ-
ʥʠ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʠʭ ʩʤʘʟ-
ʢʠ. ɼʘʣʝʝ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʩʠʣʘ ʩʪʘʪʠ-
ʯʝʩʢʦʛʦ ʪʨʝʥʠʷ (ʧʨʠ ʩʜʚʠʛʝ ʩ ʤʝʩʪʘ)
ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʠʣʳ ʪʨʝʥʠʷ ʜʚʠʞʝʥʠʷ.
ʂʫʣʦʥ ʠʟʫʯʘʣ ʩʠʣʫ ʪʨʝʥʠʷ ʧʨʠ ʤʝʜʣʝʥ-
ʥʦʤ ʩʤʝʱʝʥʠʠ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʪʝʣ.

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʩʤʘʟʢʠ ʠ
ʧʨʦʩʪʦ ʩʤʘʯʠʚʘʥʠʝ ʚʦʜʦʡ ʫʤʝʥʴʰʘʝʪ
ʪʨʝʥʠʝ. ʊʝʦʨʠʷ ʩʤʘʟʢʠ (ʚʷʟ-ʢʦʛʦ ʪʨʝ-
ʥʠʷ) ʙʳʣʘ ʜʘʥʘ ʚʧʝʨʚʳʝ ʈʝʡʥʦʣʴʜʩʦʤ ʚ
1886 ʛ. ɽʩʣʠ ʩʤʘʟʢʠ ʥʝʜʦʩʪʘʪʦʯʥʦ, ʪʦ
ʜʝʡʩʪʚʫʶʪ ʚʩʝ ʪʨʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʠʣʳ
ʪʨʝʥʠʷ: ʩʠʣʘ ʩʪʘʪʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝ-
ʥʠʷ ʩʜʚʠʛʘ ʩ ʤʝʩʪʘ,  ʢʫʣʦʥʦʚʘ ʩʠʣʘ ʠ
ʩʠʣʘ ʚʷʟʢʦʛʦ ʪʨʝʥʠʷ. ɺ 1902 ʛ. ʐʪʨʦ-
ʙʝʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ
ʦʪʩʫʪʩʪʚʠʠ ʩʤʘʟʢʠ ʩʠʣʘ ʪʨʝʥʠʷ ʧʨʠ
ʩʜʚʠʛʝ ʥʝ ʧʘʜʘʝʪ ʦʪʥʦʩʠʪʝʥʦ ʢʫʣʦʥʦʚʦʡ
ʩʠʣʳ, ʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʦʝ ʝʝ
ʩʥʠʞʝʥʠʝ.

ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝ-
ʥʠʷ ʦʪ ʩʢʦʨʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ (ʦʪʥʦʩʠ-
ʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʪʨʫʱʠʭʩʷ ʪʝʣ) ʢʨʫ-
ʧʥʦʡ ʢʦʨʢʠ ʜʳʥʠ ʠʣʠ ʦʛʫʨʮʘ ʚ ʥʘʠʙʦ-
ʣʴʰʝʡ ʤʝʨʝ ʦʪʦʙʨʘʞʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ
ʧʨʝʜʣʦʞʝʥʥʳʤ ʀ. ɺ. ʂʨʘʛʝʣʴʩʢʦʡ ʠ ɺ.
ʉ. ʑʝʜʨʦʚʳʤ [7] ʚ ʚʠʜʝ:

( ) devbaf vc
ʪʨ +Ö+= - ,                      (2)

ʛʜʝ:  ʘ,  b, ʩ,  d – ʧʦʩʪʦʷʥʥʳʝ,  ʭʘʨʘʢʪʝʨʠ-
ʟʫʶʱʠʝ ʨʝʞʠʤ ʩʢʦʣʴʞʝʥʠʷ ʠ ʩʚʦʡʩʪʚʘ
ʤʘʪʝʨʠʘʣʦʚ ʧʘʨʳ (ʠʟʤʝʣʴʯʝʥʥʘʷ ʢʦʨʢʘ,
ʤʷʢʦʪʴ, ʨʝʰʝʪʥʦʝ ʧʦʣʦʪʥʦ);

ʀɿʃʆɾɽʅʀɽ ʄɸʊɽʈʀɸʃɸ

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʞʠʜʢʫʶ ʩʨʝʜʫ ʩ
ʨʘʟʣʠʯʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʩʯʠʪʘʝʤ
ʫʩʣʦʚʥʦ ʦʜʥʦʨʦʜʥʦʡ, ʚʷʟʢʦʡ, ʥʝʩʞʠʤʘ-
ʝʤʦʡ ʞʠʜʢʦʩʪʴʶ. ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ
ʨʘʥʝʝ, ʜʚʠʞʝʥʠʝ ʪʘʢʦʡ ʩʨʝʜʳ ʚ ʦʙʱʝʤ
ʚʠʜʝ ʦʧʠʩʳʚʘʝʪʩʷ ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʡ
ʅʘʚʴʝ-ʉʪʦʢʩʘ, ʢʦʪʦʨʘʷ ʚ ʮʠʣʠʥʜʨʠʯʥʦʤ
ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʠʤʝʝʪ ʚʠʜ:
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ʛʜʝ u,  V,  w  –  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʜʠʘʣʴ-
ʥʘʷ,  ʦʢʨʫʞʥʘʷ ʠ ʦʩʝʚʘʷ ʩʢʦʨʦʩʪʠ;  ɡ –
ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ; ɟ – ʧʣʦʪ-
ʥʦʩʪʴ ʞʠʜʢʦʩʪʠ;

zr FFF ,, j
 – ʧʨʦʝʢʮʠʠ

ʤʘʩʩʦʚʳʭ ʩʠʣ ʥʘ ʦʩʠ ʢʦʦʨʜʠʥʘʪ; t –
ʚʨʝʤʷ; p – ʜʘʚʣʝʥʠʝ.

ʂ ʩʠʩʪʝʤʝ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ
(2) ʩʣʝʜʫʝʪ ʜʦʙʘʚʠʪʴ ʫʨʘʚʥʝʥʠʷ ʥʝʨʘʟ-
ʨʳʚʥʦʩʪʠ ʜʣʷ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ:
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1   = 0.           (3)

ɺʩʶ ʦʙʣʘʩʪʴ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʡ
ʩʨʝʜʳ (ʨʠʩ.1) ʨʘʟʦʙʲʝʤ ʥʘ ʜʚʝ: ʥʠʞʝ
ʧʠʪʘʶʱʠʭ ʪʨʫʙʦʢ ʠ ʚʳʰʝ ʧʠʪʘʶʱʠʭ
ʪʨʫʙʦʢ. ɺ ʥʠʞʥʝʡ ʦʙʣʘʩʪʠ ʜʚʠʞʝʥʠʝ
ʞʠʜʢʦʩʪʠ ʠʟʤʝʥʷʝʪʩʷ ʚʜʦʣʴ ʦʩʠ z ʠ ʧʨʠ
z  =  0  ʩʯʠʪʘʝʤ,  ʯʪʦ ʩʨʝʜʘ ʥʘʭʦʜʠʪʩʷ ʚ
ʧʦʢʦʝ. ɺ ʚʝʨʭʥʝʡ ʦʙʣʘʩʪʠ ʩʯʠʪʘʝʤ, ʯʪʦ
ʩʨʝʜʘ ʜʚʠʞʝʪʩʷ ʩ ʦʜʠʥʘʢʦʚʦʡ ʦʩʝʚʦʡ
ʩʢʦʨʦʩʪʴʶ ʚʜʦʣʴ ʢʦʦʨʜʠʥʘʪʳ z.

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʨʘʩʩʤʦʪʨʠʤ ʜʚʠ-
ʞʝʥʠʝ ʞʠʜʢʦʩʪʠ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ. ʏʝʨʝʟ
ʫʩʪʘʥʦʚʠʚʰʠʡʩʷ ʨʝʞʠʤ ʜʚʠʞʝʥʠʷ ʤʘʩ-
ʩʳ ʧʨʦʠʟʚʦʜʥʳʝ ʧʦ ʚʨʝʤʝʥʠ ʨʘʚʥʳ ʥʫ-
ʣʶ ö

÷
õ

æ
ç
å =
µ
µ 0
t

. ʋʯʠʪʳʚʘʷ ʦʩʝʩʠʤʤʝʪʨʠʯ-

ʥʦʡ ʭʘʨʘʢʪʝʨ ʢʦʥʩʪʨʫʢʮʠʠ ʛʠʜʨʦʧʥʝʚ-
ʤʦʩʝʧʘʨʘʪʦʨʘ ʩʯʠʪʘʝʤ, ʯʪʦ ʧʨʦʠʟʚʦʜ-
ʥʳʝ ʧʦ ʢʦʦʨʜʠʥʘʪʝ (ʫʛʣʫ)j  ʨʘʚʥʳ ʥʫ-
ʣʶ. ʄʘʩʩʦʚʳʝ ʩʠʣʳ ʪʘʢʞʝ ʨʘʚʥʳ ʥʫʣʶ,
ʪ.ʝ. 0=== zr FFF j . ɼʘʣʝʝ, ʠʟ-ʟʘ ʤʘ-

ʣʦʩʪʠ, ʧʨʝʥʝʙʨʝʛʘʝʤ ʦʩʝʚʳʤ ʠ ʨʘʜʠʘ-
ʣʴʥʳʤ ʜʚʠʞʝʥʠʝʤ ʞʠʜʢʦʩʪʠ. ɺ ʨʝʟʫʣʴ-
ʪʘʪʝ ʧʨʠʥʷʪʳʭ ʜʦʧʫʱʝʥʠʡ ʩʠʩʪʝʤʘ ʫʨʘ-
ʚʥʝʥʠʡ (2), (3) ʧʨʠʥʠʤʘʝʪ ʚʠʜ:
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ʛʜʝ: r – ʨʘʜʠʘʣʴʥʘʷ ʢʦʦʨʜʠʥʘʪʘ
( )21 RrR ¢¢ ;  z – ʦʩʝʚʘʷ ʢʦʦʨʜʠʥʘʪʘ
ʥʘʧʨʘʚʣʝʥʥʘʷ ʚʚʝʨʭ, ʥʘ ʢʦʪʦʨʦʡ ʪʦʯʢʘ
0 ʨʦʩʧʦʣʦʞʝʥʘ ʚ ʮʝʥʪʨʝ ʢʨʫʛʘ (ʜʥʠʱʝ
ʩʝʧʘʨʘʪʦʨʘ) ( ).0 Hz ¢¢
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ɼʣʷ ʧʦʣʷ ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʠ ʚ ʩʝ-
ʧʘʨʘʪʦʨʝ ʧʦʣʫʯʘʝʤ ʩʣʝʜʫʶʱʝʝ ʧʨʝʜʩʪʘʚ-
ʣʝʥʠʝ:
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ʅʘ ʨʠʩ.  3  ʪʘ ʨʠʩ.  4  ʠʟʦʙʨʘʞʝʥʘ ʟʘ-
ʚʠʩʠʤʦʩʪʴ:
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ʦʪ ʨʘʜʠʫʩʘ ʠ ʛʣʫʙʠʥʳ ʝʤʢʦʩʪʠ ʧʥʝʚʤʦʩʝ-
ʧʘʨʘʪʦʨʘ.

V, ʤ/ʩ

R, ʤ
ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʦʢʨʫʞʥʦʡ

ʩʢʦʨʦʩʪʠ ʦʪ ʨʘʜʠʫʩʘ ʝʤʢʦʩʪʠ ʛʠʜʨʦʧ-
ʥʝʚʤʦʩʝʧʘʨʘʪʦʨʘ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʚʝʣʠ-
ʯʠʥʝ ʧʦʜʘʯʠ ʚʦʜʳ

Fig. 3. The dependence of the
circumferential speed of the radius
gidropnevmoseparatora capacity for
different values of the water

ʄʘʢʩʠʤʘʣʴʥʘʷ ʢʨʫʛʦʚʘʷ ʩʢʦʨʦʩʪʴ
ʧʦʪʦʢʘ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ z = 0 ʠ

2
2Rr = .

ʆʜʥʦʡ ʠʟ ʟʘʜʘʯ ʜʘʥʥʦʛʦ ʠʩʩʣʝ-
ʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʤʘʪʝʤʘʪʠ-
ʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚʣʠʷʥʠʷ ʧʨʦʮʝʩʩʘ ʙʘʨ-
ʙʦʪʘʮʠʠ ʥʘ ʦʪʤʳʚʘʥʠʝ ʩʝʤʷʥ ʦʪ ʩʦʩʪʘ-
ʚʣʷʶʱʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʤʘʩʩʳ.
ɸʜʝʢʚʘʪʥʦʩʪʴ ʪʘʢʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ
ʤʦʜʝʣʠ, ʦʧʠʩʳʚʘʶʱʝʡ ʬʠʟʠʯʝʩʢʫʶ
ʩʫʱʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʦʯʠʩʪʢʠ ʪʝʭʥʦʣʦʛʠ-
ʯʝʩʢʦʡ ʩʝʤʝʥʥʦʡ ʤʘʩʩʳ, ʢ ʨʝʘʣʴʥʳʤ
ʧʨʦʮʝʩʩʘʤ, ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ
ʚʳʙʦʨ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝ-
ʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʘʰʠʥʳ.

ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʴ ʢʨʫʛʦʚʦʡ ʩʢʦʨʦʩʪʠ
ʦʪ ʛʣʫʙʠʥʳ ʛʠʜʨʦʧʥʝʚʤʦʩʝʧʘʨʘʪʦʨʘ
Fig. 4. Dependence on the depth of the

circular velocity gidropnevmoseparatora
ʅʘʤʠ ʙʳʣʦ ʩʧʨʦʝʢʪʠʨʦʚʘʥʦ ʠ

ʨʘʟʨʘʙʦʪʘʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʟʣʳ ʜʣʷ
ʧʦʜʘʯʠ ʚʦʟʜʫʭʘ (ʙʘʨʙʦʪʝʨʳ), ʢʦʪʦʨʳʝ
ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʛʠʜʨʦʩʝʧʘʨʘʪʦʨʝ ʠ ʪʨʝ-
ʙʫʶʪ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ
ʚʣʠʷʥʠʷ ʠʭ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʢʘʯʝʩʪʚʦ
ʧʨʦʮʝʩʩʘ ʜʦʨʘʙʦʪʢʠ ʩʝʤʝʥʥʦʡ ʤʘʩʩʳ.
ɿʘ ʩʯʝʪ ʙʘʨʙʦʪʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʠʥʪʝʥ-
ʩʠʚʥʦʝ ʪʨʝʥʠʝ ʩʣʦʝʚ ʞʠʜʢʦʩʪʠ, ʯʪʦ
ʧʦʟʚʦʣʷʝʪ ʨʘʟʤʳʚʘʪʴ ʩʣʠʟʴ ʠ ʞʝʣʘʪʠ-
ʥʦʧʦʜʦʙʥʫʶ ʧʣʝʥʢʫ ʜʦ ʩʦʩʪʦʷʥʠʷ ʢʣʝ-
ʪʯʘʪʢʠ ʠ ʩʦʢʘ,  ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʣʫʯʰʫʶ
ʦʯʠʩʪʢʫ ʩʝʤʷʥ.

ʏʪʦ ʢʘʩʘʝʪʩʷ ʧʦʣʫʯʝʥʥʳʭ ʨʘʥʝʝ
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʯʠʩʣʝʥʥʳʭ
ʦʮʝʥʦʢ ʩʢʦʨʦʩʪʠ ʚʩʧʣʳʪʠʷ u, ʪʦ ʦʥʠ
ʦʪʥʦʩʷʪʩʷ ʢ ʚʦʜʝ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʞʠʜ-
ʢʦʩʪʴ ʠʤʝʝʪ ʚʷʟʢʦʩʪʴ ʥʘ ʧʦʨʷʜʦʢ ʙʦʣʴ-
ʰʫʶ ʯʝʤ ʚʦʜʘ.  ʇʨʦʠʟʚʝʜʝʤ ʦʮʝʥʢʫ
ʩʢʦʨʦʩʪʠ ʚʩʧʣʳʪʠʷ ʧʫʟʳʨʴʢʦʚ ʜʠʘʤʝʪ-
ʨʦʤ (5 ÷ 6) ʤʤ ʩ ʫʯʝʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪʘ
ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ cʤV 2610 -= .
ʈʘʚʥʦʚʝʩʥʫʶ ʩʢʦʨʦʩʪʴ ʚʩʧʣʳʪʠʷ u0
ʦʧʨʝʜʝʣʠʤ ʠʟ ʫʩʣʦʚʠʷ ʨʘʚʝʥʩʪʚʘ ʩʠʣʳ
ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʜʲʝʤʥʦʡ ʩʠʣʝ:

( )
23

4 2
02

0
3

0
uacga ʞyʞT prrrp =- ,   (6)

ʪʫʪ ʩʫ – ʢʦʵʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ; ʘ0
3–

ʨʘʜʠʫʩ ʧʫʟʳʨʴʢʘ ʚ ʤʦʤʝʥʪ ʦʪʨʳʚʘ; ɟʊ –
ʧʣʦʪʥʦʩʪʴ ʤʘʩʩʳ; d0 – ʜʠʘʤʝʪʨ ʦʪʚʝʨʩʪʠʷ
ʙʘʨʙʦʪʝʨʘ; ɟʞ – ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ; g –
ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ.

ʆʪʢʫʜʘ ʧʦʣʫʯʘʝʤ, ʯʪʦ

Q=10 ʣ/ʭʚ
Q=8 ʣ/ʭʚ

Q=4 ʣ/ʭʚ

Q=6 ʣ/ʭʚ

Q=2 ʣ/ʭʚ
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ɼʘʣʝʝ ʥʘʭʦʜʠʤ:
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246,81134,0yc ,   (8)

n
002Re ua= .                         (9)

ʋʨʘʚʥʝʥʠʷ (7), (8), (9) ʧʦʟʚʦʣʷʶʪ
ʥʘʡʪʠ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʨʘʚʥʦʚʝʩʥʦʡ ʩʢʦ-
ʨʦʩʪʠ ʚʩʧʣʳʪʠʷ ʧʫʟʳʨʴʢʘ. ʇʦʜʩʪʘʚʣʷʷ
(9) ʚ (8) ʠ ʪʦʛʜʘ ʚ (7), ʧʦʣʫʯʠʤ ʫʨʘʚʥʝ-
ʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 0u :

000

0
0 6,31)(

18,2
Ra

Ru
+
Ö=

n
,    (10)

ʛʜʝ:
0a  – ʨʘʜʠʫʩ; v – ʚʷʟʢʦʩʪʴ.
ʆʮʝʥʠʤ ʩʢʦʨʦʩʪʴ ʚʩʧʣʳʪʠʷ ʧʫ-

ʟʳʨʴʢʘ ʤʤR 5,20 =  ʧʦ ʬʦʨʤʫʣʝ (10)

ʧʨʠ 100 =n :

ʩʤu 1,0
5,26,315,210

5,22,2
0 º

Ö+
Ö

º .

ʂʦʣʠʯʝʩʪʚʦ ʜʚʠʞʝʥʠʷ ʧʫʟʳʨʴʢʦʚ
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uaum ʞʞ
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ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʜʝʩʴ ʠʩ-
ʧʦʣʴʟʦʚʘʥʘ ʥʝ ʤʘʩʩʘ ʛʘʟʘ ʚ ʧʫʟʳʨʴʢʝ,  ʘ
ʧʨʠʩʦʝʜʠʥʸʥʥʘʷ ʤʘʩʩʘ ʞʠʜʢʦʩʪʠ.

ʇʨʠ ʚʩʧʣʳʪʠʠ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ
ʧʫʟʳʨʴʢʦʚ, ʚ ʩʣʫʯʘʝ ʠʭ ʨʘʚʥʦʤʝʨʥʦʛʦ
ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʦʙʲʝʤʫ, ʩʢʦʨʦʩʪʴ
ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʚʩʧʣʳʪʠʷ ʤʦʞʥʦ ʦʮʝ-
ʥʠʪʴ ʬʦʨʤʫʣʝ:
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ʛʜʝ: 0u  – ʩʢʦʨʦʩʪʴ ʚʩʧʣʳʪʠʷ ʦʜʠʥʦʯʥʦ-

ʛʦ ʧʫʟʳʨʴʢʘ; ku  – ʩʢʦʨʦʩʪʴ ʢʦʣʝʢʪʠʚ-
ʥʦʛʦ ʚʩʧʣʳʪʠʷ; k – ʢʦʵʬʠʮʠʝʥʪ, ʢʦʪʦ-
ʨʳʡ ʫʯʠʪʳʚʘʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩ-
ʧʨʝʜʝʣʝʥʠʝ ʧʫʟʳʨʴʢʦʚ (k = 1,3÷2,1); J
– ʦʙʲʝʤʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʫʟʳʨʴʢʦʚ.

ʈʘʩʩʤʦʪʨʠʤ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ
ʤʦʜʝʣʴ ʨʘʙʦʪʳ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ

ʩʝʧʘʨʘʪʦʨʘ, ʢʘʢ ʩʣʫʯʘʡ ʢʚʘʟʠʩʪʘʪʠʢʠ
(ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʣʦʛʦ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ)
ʯʘʩʪʠʮʳ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ
ʙʘʨʘʙʘʥʘ [8]. ʉʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ
ʩʝʤʷ ʚ ʝʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʜʚʠʞʝʥʠʠ
ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 5.

ʈʠʩ.5. ʉʭʝʤʘ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʪʝʣʦ
Fig.5. Diagram of the forces acting on the

body

ʉʯʠʪʘʝʤ,  ʯʪʦ ʪʝʣʦ ʥʘʭʦʜʠʪʩʷ ʚ
ʫʩʣʦʚʠʷʭ ʨʘʥʦʚʝʩʠʷ ʩʠʣ

0sin =-Ö ʪʨFG b ,

ʛʜʝ: b  – ʫʛʣʦʚʘʷ ʢʦʦʨʜʠʥʘʪʘ;
G  – ʚʝʩ ʪʝʣʘ ( mgG = ),

m  – ʤʘʩʩʘ ʪʝʣʘ,

ʪʨF  – ʩʠʣʘ ʪʨʝʥʠʷ.
ʉʠʣʫ ʪʨʝʥʠʷ ʦʧʨʝʜʝʣʠʤ ʩ ʫʯʝʪʦʤ

ʚʨʘʱʝʥʠʷ:
( ) ʪʨʪʨ fCGF +Ö= bcos ,          (12)

ʛʜʝ: ʉ – ʦʪʮʝʥʪʨʦʚʘʷ ʩʠʣʘ ʜʘʚʣʝʥʠʷ

R
V

mC
2

0= ,                          (13)

ʛʜʝ:
0V  – ʧʦʩʪʦʷʥʥʘʷ ʦʢʨʫʞʥʘʷ ʩʢʦʨʦ-

ʩʪʴ; R – ʨʘʜʠʫʩ.
ʇʦʩʣʝ ʨʷʜʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʨʠ-

ʚʝʜʝʥʥʷʭ ʚʳʰʝ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʦʣʫʯʠʤ
ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʚʥʦʚʝʩ-
ʥʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʪʝʣʘ:

ö
ö
÷

õ
æ
æ
ç

å
-= b

b
cos

sin
0

ʪʨf
RgV ,     (14)
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C

rV
C



Cɽʈɻɽʁ ʇɸʉʊʋʐɽʅʂʆ, ʅʀʂʆʃɸʁ ʆɻʀɽʅʂʆ18

ʫʯʠʪʳʚʘʷ, ʯʪʦ:

300
nRV p= ,                (15)

ʛʜʝ n  – ʯʠʩʣʦ ʦʙʦʨʦʪʦʚ ʩʝʧʘʨʘʪʦʨʘ.
ʅʘʡʜʝʤ ʯʠʩʣʦ ʦʙʦʨʦʪʦʚ ʙʘʨʘʙʘʥʘ

ʠʟ (15):

2
1

cossin30
ö
ö
÷

õ
æ
æ
ç

å
-öö

÷

õ
ææ
ç

å
= bb

p ʪʨfg
Rn , (16)

ʛʜʝ bb cossin >
ʪʨf

.

ɼʚʠʞʝʥʠʝ ʩʝʤʝʥʠ ʚʤʝʩʪʝ ʩ ʙʘʨʘ-
ʙʘʥʦʤ - ʵʪʦ ʧʝʨʝʥʦʩʥʦʝ ʜʚʠʞʝʥʠʝ ʩ
ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ɤ.

ʈʘʩʩʤʦʪʨʠʤ ʜʠʥʘʤʠʢʫ ʜʚʠʞʝʥʠʷ
ʢʦʨʢʠ ʥʝʢʦʪʦʨʦʡ ʤʘʩʩʳ m ʧʦ ʚʥʫʪʨʝʥ-
ʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʝʧʘʨʘʪʦʨʘ. ʊʝʢʫʱʝʝ
ʝʝ ʧʦʣʦʞʝʥʠʷ ʦʧʨʝʜʝʣʠʤ ʫʛʣʦʚʦʡ ʢʦ-
ʦʨʜʠʥʘʪʦʡ ( )tb .

ʋʨʘʚʥʝʥʠʷ ʜʠʥʘʤʠʢʠ ʢʦʨʢʠ ʚ
ʦʙʱʝʤ ʚʠʜʝ:

ä
=

=
1

0
i

iM ,                    (17)

ʛʜʝ: iM  –i-ʪʳʡ ʤʦʤʝʥʪ, ʢʦʪʦʨʳʡ ʜʝʡʩ-
ʪʚʫʝʪ ʥʘ ʪʝʣʦ.

ʄʦʤʝʥʪ ʩʠʣʠ ʠʥʝʨʮʠʠ:
b##JM =1 ,            (18)

ʛʜʝ b##  – ʫʛʣʦʚʦʝ ʫʩʢʦʨʝʥʠʝ,
J  – ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʪʝʣʘ ʧʨʠʥʠʤʘʝʤ

2mRJ = .                      (19)
ʄʦʤʝʥʪ ʩʠʣʳ ʩʢʘʪʳʚʘʥʠʷ:

bsin2 RmgM = .          (20)
ʄʦʤʝʥʪ ʩʠʣʠ ʪʨʝʥʠʷ:

( )
R

R
R

mmgfM ʪʨ
ù
ù
ú

ø

é
é
ê

è
+-=

2

3 cos
bb
#

.  (21)

ʉʫʤʤʠʨʫʷ ʤʦʤʝʥʪʳ ʩ ʫʯʝʪʦʤ ʠʭ ʟʥʘ-
ʢʦʚ, ʧʦʣʫʯʘʝʤ:

( )
0cossin

2
2 =

ù
ù
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ø

é
é
ê

è
+-+ R

R
RmmgfmgmR ʪʨ
bbbb
###

  (22)

ʪʫʪ b#  – ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ.
ʇʦʩʣʝ ʨʷʜʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ:

ù
ù
ú

ø

é
é
ê

è
öö
÷

õ
ææ
ç

å
+=öö

÷

õ
ææ
ç

å
+ bbbb cossin

2
2

2

R
gf

R
g

ʪʨ
### .  (23)

ʅʘ ʨʠʩ.  6  ʠ 7  ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ
ʨʘʩʯʝʪʘ ʘʚʪʦʢʦʣʝʙʘʥʠʡ ʢʦʨʢʠ ʚʥʫʪʨʠ

ʙʘʨʘʙʘʥʘ ʧʦ ʫʨʘʚʥʝʥʠʶ (23) ʧʨʠ ʧʦʩʪʦ-
ʷʥʥʦʤ ʟʥʘʯʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ
ʚ ʧʨʝʜʝʣʘʭ 0,3  ...  0,4  ʧʨʠ ʢʦʪʦʨʦʤ ʚʦʟ-
ʤʦʞʥʦ ʙʝʟʦʪʨʳʚʥʦʝ ʧʝʨʝʤʝʰʝʥʠʝ ʩ
ʧʨʦʪʠʨʘʥʠʝʤ ʢʦʨʢʠ ʧʦ ʨʝʰʝʪʫ.

                                   ʘ)

                                ʙ)
ʈʠʩ. 6. ɸʚʪʦʢʦʣʝʙʘʥʠʷ ʪʝʣʘ ʧʦ ʦʢʨʫʞ-

ʥʦʩʪʠ ʩʝʧʘʨʘʪʦʨʘ, ʧʨʠ
Fig. 6. Self-oscillations of the body along
the circumference of the separator, under

ʘ) 3,0=ʪʨf ,          ʙ) 35,0=ʪʨf
– ɓ(Ű);          –  0,1Ād/dtĀɓ(Ű).

ʀʟ ʨʠʩ.  6,  7,  ʘ,  ʚʠʜʥʦ,  ʯʪʦ ʚ
ʧʨʝʜʝʣʘʭ ʠʟʤʝʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ
ʪʨʝʥʠʷ ʦʪ 0,3 ʜʦ 0,4 ʥʘʙʣʶʜʘʝʪʩʷ ʣʠ-
ʥʝʡʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ (ʚ ʨʘ-
ʜʠʘʥʘʭ)  ʧʦʜʲʝʤʘ ʢʦʨʢʠ.  ʅʘ ʨʠʩ.  7,  ʙ
ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʘʚʪʦʢʦ-
ʣʝʙʘʥʠʡ ʢʦʨʢʠ ʧʦ ʫʨʘʚʥʝʥʠʶ (23) ʧʨʠ
ʧʝʨʝʤʝʥʥʦʤ ʢʦʵʬʬʠʮʠʝʥʪʝ ʪʨʝʥʠʷ.
ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ
ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʢʦʨʢʠ ʥʝʚʦʟ-
ʤʦʞʥʦ, ʪʘʢ ʢʘʢ ʦʥʘ ʙʫʜʝʪ ʜʚʠʛʘʪʴʩʷ ʧʦ
ʦʢʨʫʞʥʦʩʪʠ ʚʤʝʩʪʝ ʩ ʙʘʨʘʙʘʥʦʤ ʙʝʟ
ʧʨʦʪʠʨʘʥʠʷ.

ʨʘʜ,b

ʨʘʜ,b

ct,

ct,



ʊɽʆʈɽʊʀʏɽʉʂʀɽ ɸʉʇɽʂʊʓ ʀʉʉʃɽɼʆɺɸʅʀʗ ʇʈʆʎɽʉʉɸ…         19

                        ʘ)

                                         ʙ)
ʈʠʩ. 7. ɸʚʪʦʢʦʣʝʙʘʥʠʷ ʪʝʣʘ ʧʦ
ʦʢʨʫʞʥʦʩʪʠ ʩʝʧʘʨʘʪʦʨʘ, ʧʨʠ

Fig. 7. Self-oscillations of the body
in a circle the separator, the

ʘ) 4,0=ʪʨf ,          ʙ) 1. ( )tb ;

2. bb
## ---+= 65,062,035,0 efʪʨ

ɸʥʘʣʠʟʠʨʫʷ ʧʦʣʫʯʝʥʥʳʝ ʛʨʘʬʠ-
ʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʙʣʶʜʘʝʤ ʫʚʝʣʠ-
ʯʝʥʠʝ ʫʛʣʘ ʧʦʜʲʝʤʘ ʢʦʨʢʠ ʧʨʠ ʠʟʤʝʥʝ-
ʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ, ʚ ʩʚʷʟʠ ʩ
ʵʪʠʤ ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʜʣʷ ʨʘʙʦ-
ʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʝʧʘʨʠʨʫʶʱʝʛʦ ʙʘʨʘ-
ʙʘʥʘ ʥʫʞʥʦ ʧʦʜʙʠʨʘʪʴ ʤʘʪʝʨʠʘʣʳ, ʢʦ-
ʪʦʨʳʝ ʙʳ ʦʙʝʩʧʝʯʠʚʘʣʠ ʜʚʠʞʝʥʠʝ ʬʨʘ-
ʛʤʝʥʪʦʚ ʢʦʨʢʠ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʨʝ-
ʥʠʷ 0,37 ... 0,4, ʪʘʢ ʢʘʢ ʧʨʠ ʜʘʥʥʳʭ
ʟʥʘʯʝʥʠʷʭ ʜʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʫʚʝʣʠʯʠ-
ʚʘʝʪʩʷ ʧʫʪʴ ʧʨʦʭʦʞʜʝʥʠʷ ʢʦʨʢʠ ʧʦ
ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʙʘʨʘʙʘʥʘ, ʠ
ʵʪʠʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʙʦʣʝʝ ʧʦʣʥʦʝ ʦʪ-
ʜʝʣʝʥʠʝ ʩʝʤʷʥ.

ɺʓɺʆɼʓ

1. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ
ʧʦʣʫʯʝʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʢʨʫ-
ʛʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ, ʠ ʦʧʨʝʜʝ-

ʣʝʥʦ ʢʦʣʠʯʝʩʪʚʦ ʧʦʜʘʯʠ ʚʦʜʳ (Q = 5 ...
8 ʣ / ʤʠʥ) ʧʨʠ ʢʦʪʦʨʦʡ ʜʦʩʪʠʛʘʝʪʩʷ ʥʘ-
ʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝ-
ʥʠʷ ʞʠʜʢʦʡ ʩʨʝʜʳ (V = 0,3 ...  0,6 ʤ /ʩ)
ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʦʪʤʳʚʘʥʠʷ ʩʝʤʷʥ.

ʉ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ
ʥʘ ʦʯʠʩʪʢʫ ʩʝʤʷʥ ʧʨʦʮʝʩʩʘ ʙʘʨʙʦʪʘʮʠʠ
ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʧʨʝʜʣʦʞʝʥʘ  ʤʘʪʝʤʘʪʠ-
ʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘ-
ʮʠʷ ʢʦʪʦʨʦʡ ʧʦʟʚʦʣʠʣʘ ʧʦʣʫʯʠʪʴ ʣʠ-
ʥʝʡʥʳʡ ʟʘʢʦʥ ʨʦʩʪʘ ʧʫʟʳʨʴʢʦʚ ʚ ʙʘʨ-
ʙʦʪʝʨʝ, ʘ ʪʘʢʞʝ ʫʩʪʘʥʦʚʠʪʴ ʟʘʚʠʩʠ-
ʤʦʩʪʴ ʯʘʩʪʦʪʳ ʠʭ ʦʪʨʳʚʘ (f = 2-9 ʰʪ/ʩ)
ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʧʦʜʘʯʠ ʚʦʟʜʫʭʘ ʧʨʠ ʦʪ-
ʤʳʚʘʥʠʠ ʩʝʤʷʥ ʦʪ ʩʦʩʪʘʚʣʷʶʱʠʭ ʪʝʭ-
ʥʦʣʦʛʠʯʝʩʢʦʡ ʤʘʩʩʳ.

2. ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘ-
ʪʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ
ʜʚʠʞʝʥʠʷ ʢʨʫʧʥʦʡ ʬʨʘʢʮʠʠ ʪʝʭʥʦʣʦ-
ʛʠʯʝʩʢʦʡ ʤʘʩʩʳ ʦʚʦʱʝ-ʙʘʭʯʝʚʳʭ ʢʫʣʴ-
ʪʫʨ, ʘ ʠʤʝʥʥʦ ʜʳʥʠ ʠ ʦʛʫʨʮʘ. ʇʦʣʫʯʝ-
ʥʳ ʫʨʘʚʥʝʥʠʷ ʨʘʩʯʝʪʘ ʘʚʪʦʢʦʣʝʙʘʥʠʡ
ʯʘʩʪʠʮ ʢʦʨʢʠ ʠ ʧʦʩʪʨʦʝʥʳ ʜʠʘʛʨʘʤʤʳ
ʟʘʚʠʩʠʤʦʩʪʝʡ ʫʛʣʘ ʧʦʜʲʝʤʘ ʢʦʨʢʠ ʫʢʘ-
ʟʘʥʥʳʭ ʢʫʣʴʪʫʨ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝ-
ʥʠʷʭ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʯʪʦ ʧʦʟʚʦ-
ʣʠʣʦ, ʘʥʘʣʠʟʠʨʫʷ ʛʨʘʬʠʢʠ, ʦʧʨʝʜʝʣʠʪʴ
ʚʳʩʦʪʫ (ɓ = 0 ...  1 ʨʘʜ.)  ʧʦʜʲʸʤʘ ʢʦʨʢʠ
ʠ ʚʨʝʤʷ ʝʝ ʧʨʦʭʦʞʜʝʥʠʷ ʚʜʦʣʴ ʙʘʨʘʙʘ-
ʥʘ ʩʝʧʘʨʘʪʦʨʘ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʟʥʘʯʝʥʠʡ
ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ.
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THEORETICAL ASPECTS OF
SEPARATION TECHNOLOGY
RESEARCH MASS SEED CROPS
AND MELONS CULTURES

Abstract. The mathematical model of
hydrodynamic vortex flow field of a homoge-
neous and continuous medium, and defined
the dynamics of heavy and light particles of
seed technology of mass, under the influence
of cavitation and barbotaiyi in a centrifugal
field hidropnevmoseparatora. The results of
mathematical modeling of traffic a large frac-
tion of technological supply vegetable and
melon crops in the old cylindrical separator.

Key words: Set of machines, techno-
logical lines, mathematical models, theoretical
research.
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ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ɹɸɿɸ ɼʃʗ ʀʉʉʃɽɼʆɺɸʅʀʗ
ʂʆʅɺɽʈʉʀʀ ɹʀʆʕʊɸʅʆʃɸ ʈɽɻɽʅɽʈɸʎʀɽʁ ʉɹʈʆʉʅʆɻʆ

ʊɽʇʃɸ ɻɸɿʆʊʋʈɹʀʅʅʆɻʆ ɼɺʀɻɸʊɽʃʗ

ɸʣʝʢʩʘʥʜʨ ʏʝʨʝʜʥʠʯʝʥʢʦ, ʄʠʭʘʠʣ ʊʢʘʯ
ʅʠʢʦʣʘʝʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʢʦʨʘʙʣʝʩʪʨʦʝʥʠʷ ʠʤ. ʘʜʤʠʨʘʣʘ ʄʘʢʘʨʦʚʘ

54025, ʛ. ʅʠʢʦʣʘʝʚ, ʧʨ. ɻʝʨʦʝʚ ʉʪʘʣʠʥʛʨʘʜʘ, 9

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥ ʘʥʘʣʠʟ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʢʦʥʚʝʨʩʠʠ ʫʛʣʝʚʦʜʦ-
ʨʦʜʥʦʛʦ ʪʦʧʣʠʚʘ ʥʘ ʦʩʥʦʚʝ ʙʠʦʵʪʘʥʦʣʘ ʚʪʦʨʠʯʥʳʤʠ ʵʥʝʨʛʦʨʝʩʫʨʩʘʤʠ ɻʊɼ. ʇʨʠʚʝʜʝʥʘ ʩʭʝʤʘ
ʩʪʝʥʜʘ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʮʝʩʩʦʚ ʪʝʨʤʦʭʠʤʠʯʝʩʢʦʡ ʢʦʥʚʝʨʩʠʠ ʧʫʪʝʤ
ʨʝʛʝʥʝʨʘʮʠʠ ʪʝʧʣʘ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ ʛʘʟʦʪʫʨʙʠʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʥʚʝʨʩʠʷ ʪʦʧʣʠʚʘ, ʛʘʟʦʪʫʨʙʠʥʥʳʡ ʜʚʠʛʘʪʝʣʴ, ʵʪʘʥʦʣ, ʪʝʨʤʦʭʠʤʠʯʝʩʢʘʷ
ʨʝʛʝʥʝʨʘʮʠ  ̫ʪʝʧʣʘ

ɺɺɽɼɽʅʀɽ

ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ ʧʦʚʳʰʝʥʠʷ ʵʬ-
ʬʝʢʪʠʚʥʦʩʪʠ ʪʝʧʣʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ ʷʚ-
ʣʷʝʪʩʷ ʪʝʨʤʦʭʠʤʠʯʝʩʢʘʷ ʨʝʛʝʥʝʨʘʮʠʷ
ʪʝʧʣʘ, ʢʦʪʦʨʘʷ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʫʪʠʣʠ-
ʟʘʮʠʶ ʪʝʧʣʘ ʦʪʭʦʜʷʱʠʭ ʛʘʟʦʚ ʧʫʪʝʤ
ʪʝʨʤʦʭʠʤʠʯʝʩʢʦʡ ʢʦʥʚʝʨʩʠʠ ʙʘʟʦʚʦʛʦ
ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʪʦʧʣʠʚʘ ʚ ʩʤʝʩʴ ʚʦ-
ʜʦʨʦʜʦʩʦʜʝʨʞʘʱʠʭ ʛʘʟʦʚʳʭ ʩʤʝʩʝʡ
(ʩʠʥʪʝʟ-ʛʘʟʘ), ʩʦʧʨʦʚʦʞʜʘʶʱʝʡʩʷ ʵʥ-
ʜʦʪʝʨʤʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ [1-22].

ɸʅɸʃʀɿ ʇʋɹʃʀʂɸʎʀʁ

ɹʘʟʦʚʦʝ ʪʦʧʣʠʚʦ ʜʣʷ ʪʝʧʣʦʩʠʣʦ-
ʚʳʭ ʫʩʪʘʥʦʚʦʢ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʪʨʘʜʠ-
ʮʠʦʥʥʳʤ, ʥʘ ʙʘʟʝ ʠʩʢʦʧʘʝʤʳʭ ʫʛʣʝʚʦ-
ʜʦʨʦʜʦʚ, ʪʘʢ ʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ - ʦʪʭʦ-
ʜʳ ʪʝʨʤʦʧʣʘʩʪʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʦʚ, ʵʪʘ-
ʥʦʣ, ʤʝʪʘʥʦʣ, ʜʠʤʝʪʠʣʦʚʳʡ ʵʬʠʨ [3].

ɺ ʢʦʤʧʣʝʢʩʝ ʩ ʨʝʘʢʪʦʨʦʤ-
ʛʘʟʠʬʠʢʘʪʦʨʦʤ ʪʚʝʨʜʳʭ ʙʳʪʦʚʳʭ, ʧʨʦ-
ʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ ʠʣʠ ʥʠʟʢʦʩʦʨʪʥʦ-
ʛʦ ʚʳʩʦʢʦʟʦʣʴʥʦʛʦ ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ
ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ
ʥʘ ʦʩʥʦʚʝ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ
ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʚʳʨʘʙʦʪʢʠ
ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʠʟ
ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʩʳʨʴʷ [4].

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʚʠʜʦʚ
ʢʦʥʚʝʨʩʠʦʥʥʳʭ ʪʦʧʣʠʚ ʷʚʣʷʝʪʩʷ ʙʠʦ-
ʪʦʧʣʠʚʦ – ʙʠʦʵʪʘʥʦʣ, ʙʠʦʜʠʟʝʣʴ, ʙʠʦʛʘʟ
[5,6].

ʀʟʚʝʩʪʥʳ ʨʘʙʦʪʳ, ʧʦʩʚʷʱʝʥʥʳʝ
ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ

ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʦʟʤʦʞʥʦʩʪʠ ʪʝʨʤʦʭʠ-
ʤʠʯʝʩʢʦʡ ʨʝʛʝʥʝʨʘʮʠʠ ʪʝʧʣʘ (ʊʍʈ)
ʦʪʭʦʜʷʱʠʭ ʛʘʟʦʚ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥ-
ʥʝʛʦ ʩʛʦʨʘʥʠʷ (ɼɺʉ), ʛʘʟʦʪʫʨʙʠʥʥʳʭ
ʜʚʠʛʘʪʝʣʝʡ (ɻʊɼ), ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʩʦʚʤʝ-
ʩʪʥʦʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʠ ʪʝʨʤʦʭʠ-
ʤʠʯʝʩʢʦʡ ʨʝʛʝʥʝʨʘʮʠʝʡ ʪʝʧʣʘ, ʘ ʪʘʢʞʝ
ʚ ʧʘʨʦʛʘʟʦʪʫʨʙʠʥʥʳʭ ʫʩʪʘʥʦʚʢʘʭ [7-
17].

ʎɽʃʔ ʀ ʇʆʉʊɸʅʆɺʂɸ ɿɸɼɸʏ
ʀʉʉʃɽɼʆɺɸʅʀʗ

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʙʘʟʳ ʜʣʷ ʠʩʩʣʝʜʦ-
ʚʘʥʠʷ ʚʟʘʠʤʦʩʚʷʟʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ
ʧʘʨʘʤʝʪʨʦʚ ʛʘʟʦʪʫʨʙʠʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ
ʠ ʪʝʭʥʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʫʛʣʝ-
ʚʦʜʦʨʦʜʥʦʛʦ ʪʦʧʣʠʚʘ ʥʘ ʦʩʥʦʚʝ ʙʠʦ-
ʵʪʘʥʦʣʘ ʧʨʠ ʝʛʦ ʪʝʨʤʦʭʠʤʠʯʝʩʢʦʡ ʢʦʥ-
ʚʝʨʩʠʠ, ʯʪʦ ʪʨʝʙʫʝʪ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤʳ
ʠʟʤʝʨʝʥʠʷ ʠ ʨʝʛʠʩʪʨʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ
ʨʘʙʦʯʠʭ ʩʨʝʜ.

ʈɽɿʋʃʔʊɸʊʓ ʀ ʀʍ ɸʅɸʃʀɿ

ʕʥʜʦʪʝʨʤʠʯʝʩʢʘʷ ʪʝʨʤʦʭʠʤʠʯʝ-
ʩʢʘʷ ʨʝʛʝʥʝʨʘʮʠʷ ʚʦʟʤʦʞʥʘ ʧʨʠ ʫʩʣʦ-
ʚʠʠ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʢʦʥʚʝʨ-
ʪʠʨʫʝʤʦʛʦ ʧʨʦʜʫʢʪʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʭʠ-
ʤʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ
ʢʦʥʚʝʨʩʠʠ ʥʠʞʝ ʩʨʝʜʥʝʛʦ ʪʝʤʧʝʨʘʪʫʨ-
ʥʦʛʦ ʫʨʦʚʥʷ ʚʳʧʫʩʢʥʳʭ ʛʘʟʦʚ [18].

ʇʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʵʥʜʦʪʝʨʤʠʯʝ-
ʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʢʦʥʚʝʨʩʠʠ ʚ ʫʩʣʦʚʠʷʭ
ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ ʚʘʞʥʳʤ ʚʦʧʨʦʩʦʤ



ɸʣʝʢʩʘʥʜʨ ʏʝʨʝʜʥʠʯʝʥʢʦ, ʄʠʭʘʠʣ ʊʢʘʯ22

ʈʠʩ. 1 ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʘ
Fig. 1 Scheme of the experimental stand

ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʙʘʟʦʚʦʛʦ ʫʛʣʝʚʦʜʦʨʦʜ-
ʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʩʧʦʩʦʙʥʦʛʦ ʧʨʠ ʦʪʥʦ-
ʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʦʤ ʩʨʝʜʥʝʤ ʫʨʦʚʥʝ
ʩʙʨʦʩʥʦʛʦ ʪʝʧʣʘ ʢʦʥʚʝʨʪʠʨʦʚʘʪʴ ʚ ʮʝ-
ʣʝʚʳʝ ʛʘʟʦʦʙʨʘʟʥʳʝ ʧʨʦʜʫʢʪʳ ʟʘʜʘʥʥʦ-
ʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ (ʤʦʥʦʦʢʩʠʜ
ʫʛʣʝʨʦʜʘ ʠ ʚʦʜʦʨʦʜ).

ʋʤʝʨʝʥʥʳʡ ʪʝʧʣʦʚʦʡ ʧʦʪʝʥʮʠʘʣ
ʚʪʦʨʠʯʥʳʭ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ɼɺʉ ʧʨʠ-
ʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʜʣʷ ʪʘʢʠʭ ʜʚʠʛʘʪʝʣʝʡ
ʪʝʨʤʦʭʠʤʠʯʝʩʢʘʷ ʨʝʛʝʥʝʨʘʮʠʷ ʮʝʣʝʩʦ-
ʦʙʨʘʟʥʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ
ʙʘʟʦʚʦʛʦ ʩʳʨʴʷ ʨʷʜʘ ʣʝʛʢʠʭ ʛʦʤʦʣʦʛʦʚ
ʧʨʝʜʝʣʴʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ (ʘʣʢʘʥʦʚ),
ʥʠʟʰʠʭ ʩʧʠʨʪʦʚ ʠ ʧʨʦʩʪʳʭ ʵʬʠʨʦʚ
ɺʳʷʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʛʘʟʦʪʫʨʙʠʥʥʳʭ

ʫʩʪʘʥʦʚʦʢ ʊʍʈ ʚʦʟʤʦʞʥʘ ʩ ʨʘʟʥʦʡ ʩʪʝ-
ʧʝʥʴʶ ʢʦʥʚʝʨʩʠʠ ʜʣʷ ʪʘʢʠʭ ʪʦʧʣʠʚ, ʢʘʢ
ʧʨʠʨʦʜʥʳʡ ʛʘʟ, ʤʝʪʘʥ ʠ ʝʛʦ ʛʦʤʦʣʦʛʠ,
ʙʝʥʟʠʥ, ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ, ʩʧʠʨʪʳ, ʚ
ʪʦʤ ʯʠʩʣʝ ʙʠʦʵʪʘʥʦʣ [19,20].  ʇʝʨʩʧʝʢ-
ʪʠʚʥʳʤ ʚʘʨʠʘʥʪʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʠʦ-
ʪʦʧʣʠʚʘ ʤʦʞʝʪ ʙʳʪʴ ʢʦʤʧʣʝʢʩ ʠʟ ʛʘʟʦ-
ʪʫʨʙʠʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ ʪʝʨʤʦʭʠʤʠʯʝ-
ʩʢʦʡ ʨʝʛʝʥʝʨʘʮʠʝʡ ʚʪʦʨʠʯʥʳʭ ʵʥʝʨʛʦ-
ʨʝʩʫʨʩʦʚ ʠ ʜʚʠʛʘʪʝʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦ-

ʨʘʥʠʷ ʨʘʙʦʪʘʶʱʝʛʦ ʥʘ ʧʨʦʜʫʢʪʘʭ ʢʦʥ-
ʚʝʨʩʠʠ ʙʠʦʪʦʧʣʠʚʘ.

ʉʪʨʫʢʪʫʨʘ ʩʪʝʥʜʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦ
ʩʬʦʨʤʠʨʦʚʘʥʘ ʠʟ ʧʷʪʠ  ʧʦʜʩʠʩʪʝʤ:
ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ, ʪʦʧʣʠʚʥʦʡ, ʥʘʛʨʫʞʝ-
ʥʠʷ, ʪʝʨʤʦʭʠʤʠʯʝʩʢʦʡ ʨʝʛʝʥʝʨʘʮʠʠ ʠ
ʠʟʤʝʨʝʥʠʷ.
ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʧʦʜʩʠʩʪʝʤʘ ʷʚʣʷʝʪ-

ʩʷ ʦʩʥʦʚʦʡ ʩʪʝʥʜʘ (ʨʠʩ. 1) ʠ ʩʦʟʜʘʥʘ ʥʘ
ʙʘʟʝ ʛʘʟʦʪʫʨʙʠʥʥʦʛʦ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ
ʜʚʠʛʘʪʝʣʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʦʩʪʘʚʝ ʙʦʨʪʦʚʳʭ ʠ ʥʘ-
ʟʝʤʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʘʚʪʦʥʦʤʥʦʛʦ ʵʣʝʢ-
ʪʨʦʩʥʘʙʞʝʥʠʷ. ɼʚʠʛʘʪʝʣʴ ʦʜʥʦʢʘʩʢʘʜ-
ʥʳʡ, ʩʦ ʩʚʦʙʦʜʥʦʡ ʩʠʣʦʚʦʡ ʪʫʨʙʠʥʦʡ
11 (ʪʫʨʙʠʥʦʡ ʛʝʥʝʨʘʪʦʨʘ). ɹʣʦʢ ʛʘʟʦʛʝ-
ʥʝʨʘʪʦʨʘ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʩʦʩʪʦʠʪ ʠʟ
ʢʦʤʧʨʝʩʩʦʨʘ 9 ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʪʠʧʘ ʠ
ʧʨʠʚʦʜʥʦʡ ʪʫʨʙʠʥʳ 10 ʪʫʨʙʦʢʦʤʧʨʝʩ
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ʩʦʨʘ. ʂʘʤʝʨʘ ʩʛʦʨʘʥʠʷ ʢʦʣʴʮʝʚʘʷ ʩ ʰʝ-
ʩʪʴʶ ʬʦʨʩʫʥʢʘʤʠ.  ʇʦʜʚʦʜ ʚʦʟʜʫʭʘ ʜʣʷ
ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ
ʧʣʘʩʪʠʥʯʘʪʦ-ʨʝʙʨʠʩʪʳʡ ʦʭʣʘʜʠʪʝʣʴ
ʤʘʩʣʘ 8.  ʆʪʨʘʙʦʪʘʚʰʠʝ ʛʘʟʳ ʧʦ ʚʳʧʫ-
ʩʢʥʦʤʫ ʪʨʫʙʦʧʨʦʚʦʜʫ ʦʪʚʦʜʷʪʩʷ ʚ ʛʘʟʦ-
ʚʳʧʫʩʢʥʦʡ ʪʨʫʙʦʧʨʦʚʦʜ. ʕʥʝʨʛʝʪʠʯʝ-
ʩʢʘʷ ʧʦʜʩʠʩʪʝʤʘ ʦʙʦʨʫʜʦʚʘʥʘ ʰʪʘʪʥʦʡ
ʩʠʩʪʝʤʦʡ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ
ɻʊɼ.
ɺ ʧʦʜʩʠʩʪʝʤʝ ʥʘʛʨʫʞʝʥʠʷ ɻʊɼ, ʯʝ-

ʨʝʟ ʨʝʜʫʢʪʦʨ 13 ʧʨʠʚʦʜʠʪ ʰʪʘʪʥʳʡ
ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʛʝʥʝʨʘʪʦʨ ʧʦʩʪʦʷʥʥʦʛʦ
ʪʦʢʘ 12,  ʢʦʪʦʨʳʡ ʩʚʷʟʘʥ ʩ ʘʢʪʠʚʥʦʡ
ʥʘʛʨʫʟʢʦʡ 15, ʚʳʧʦʣʥʝʥʥʦʡ ʚ ʚʠʜʝ ʙʣʦ-
ʢʘ ʊʕʅ. ɼʣʷ ʩʦʛʣʘʩʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ
ʛʝʥʝʨʘʪʦʨʘ ʠ ʥʘʛʨʫʟʢʠ ʧʨʝʜʫʩʤʦʪʨʝʥ
ʠʥʚʝʨʪʦʨ 14.
ʊʦʧʣʠʚʥʘʷ ʧʦʜʩʠʩʪʝʤʘ ʚʳʧʦʣʥʝʥʘ

ʧʦ ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʝ. ʇʦʜʘʯʘ ʞʠʜʢʦʛʦ
ʪʦʧʣʠʚʘ ʠʟ ʜʚʫʭʩʝʢʮʠʦʥʥʦʡ ʮʠʩʪʝʨʥʳ
1, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʰʝʩʪʝʨʝʥʥʳʤ ʪʦʧ-
ʣʠʚʦʧʦʜʢʘʯʠʚʘʶʱʠʤ ʥʘʩʦʩʦʤ 2 ʚ ʪʦʧ-
ʣʠʚʥʫʶ ʩʠʩʪʝʤʫ ɻʊɼ ʯʝʨʝʟ ʪʦʧʣʠʚʥʳʡ
ʬʠʣʴʪʨ 3 ʠ ʪʫʨʙʠʥʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ
ʨʘʩʭʦʜʘ 4. ʊʨʝʙʫʝʤʘʷ ʚʝʣʠʯʠʥʘ ʜʘʚʣʝ-
ʥʠʷ ʪʦʧʣʠʚʘ ʧʝʨʝʜ ʬʦʨʩʫʥʢʘʤʠ ʦʙʝʩʧʝ-
ʯʠʚʘʝʪʩʷ ʥʘʚʝʰʝʥʥʳʤ ʪʦʧʣʠʚʥʳʤ ʥʘ-
ʩʦʩʦʤ 5 ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʪʠʧʘ.
ʇʦʜʩʠʩʪʝʤʘ ʪʝʨʤʦʭʠʤʠʯʝʩʢʦʡ ʨʝʛʝ-

ʥʝʨʘʮʠʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʨʘʟʤʝʱʝʥʠʝ
ʟʘ ʛʘʟʦʚʳʭʣʦʧʦʤ ɻʊɼ ʨʝʘʢʪʦʨʘ 20 ʢʦʥ-
ʚʝʨʩʠʠ ʙʠʦʵʪʘʥʦʣʘ. ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ
ʪʝʧʣʦʚʳʭ ʧʦʪʝʨʴ ʧʨʠʤʝʥʝʥʘ ʪʝʧʣʦʠʟʦ-
ʣʷʮʠʷ ʢʦʨʧʫʩʘ ʪʝʨʤʦʭʠʤʠʯʝʩʢʦʛʦ ʨʝʘʢ-
ʪʦʨʘ. ʊʝʤʧʝʨʘʪʫʨʘ ʥʘʨʫʞʥʦʛʦ ʩʣʦʷ ʠʟʦ-
ʣʷʮʠʠ (ʚʥʝʰʥʝʛʦ ʟʘʱʠʪʥʦʛʦ ʢʦʞʫʭʘ) ʥʝ
ʧʨʝʚʳʰʘʝʪ 40 ¯ʉ.   ɺʦʜʥʳʡ ʨʘʩʪʚʦʨ
ʵʪʘʥʦʣʘ ʠʟ ʙʘʢʘ 16 ʪʦʧʣʠʚʥʳʤ ʥʘʩʦʩʦʤ
17 ʯʝʨʝʟ ʬʠʣʴʪʨ 18 ʧʦʜʘʝʪʩʷ ʥʘ ʪʫʨ-
ʙʠʥʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʨʘʩʭʦʜʘ 19.
ʅʝʦʙʭʦʜʠʤʘʷ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʨʘʩ-
ʭʦʜʘ ʙʠʦʵʪʘʥʦʣʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʝʨʝ-
ʢʨʳʪʠʝʤ ʨʘʩʭʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘ-
ʞʜʦʛʦ ʠʟ ʪʫʨʙʠʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ.
ʇʨʠ ʵʪʦʤ ʚʝʨʭʥʠʡ ʧʨʝʜʝʣ ʠʟʤʝʨʝʥʠʡ
ʦʜʥʦʛʦ ʜʘʪʯʠʢʘ ʩ ʥʝʙʦʣʴʰʠʤ ʟʘʧʘʩʦʤ

ʧʨʝʚʳʰʘʝʪ ʥʠʞʥʠʡ ʧʨʝʜʝʣ ʠʟʤʝʨʝʥʠʡ
ʜʨʫʛʦʛʦ ʜʘʪʯʠʢʘ.
ʇʨʦʡʜʷ ʩʪʘʜʠʶ ʪʝʨʤʦʭʠʤʠʯʝʩʢʦʛʦ

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʜʫʢʪʳ ʢʦʥʚʝʨʩʠʠ
ʵʪʘʥʦʣʘ (ʇʂʕ) ʧʦʩʪʫʧʘʶʪ ʚ ʦʭʣʘʜʠʪʝʣʴ
21, ʦʙʜʫʚʘʝʤʳʡ ʦʩʝʚʳʤ ʚʝʥʪʠʣʷʪʦʨʦʤ
ʠ ʜʘʣʝʝ ʚ ʙʣʦʢ 22 ʠʟʤʝʨʝʥʠʷ ʨʘʩʭʦʜʘ ʠ
ʪʝʧʣʦʪʳ ʩʛʦʨʘʥʠʷ ʇʂʕ.
ʆʩʥʦʚʫ ʧʦʜʩʠʩʪʝʤʳ ʠʟʤʝʨʝʥʠʷ ʧʘ-

ʨʘʤʝʪʨʦʚ ʩʦʩʪʘʚʣʷʶʪ ʰʪʘʪʥʳʝ ʠʟʤʝʨʠ-
ʪʝʣʴʥʳʝ ʧʨʠʙʦʨʳ ɻʊɼ ʠ ʵʣʝʢʪʨʦʛʝʥʝ-
ʨʘʪʦʨʘ. ʇʦʜʩʠʩʪʝʤʘ ʜʦʦʩʥʘʱʝʥʘ ʢʦʥ-
ʪʨʦʣʴʥʳʤʠ ʠʟʤʝʨʠʪʝʣʴʥʳʤʠ ʧʨʠʙʦʨʘ-
ʤʠ ʠ ʩʠʩʪʝʤʦʡ ʧʝʨʚʠʯʥʳʭ ʜʘʪʯʠʢʦʚ ʜʣʷ
ʦʙʝʩʧʝʯʝʥʠʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʚʝʜʝ-
ʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ.
ʇʨʠ ʫʩʪʘʥʦʚʢʝ ʜʘʪʯʠʢʦʚ ʢʦʥʪʨʦʣʷ ʧʘ-
ʨʘʤʝʪʨʦʚ ʨʘʙʦʯʠʭ ʩʨʝʜ (ʜʘʪʯʠʢʦʚ ʪʝʤ-
ʧʝʨʘʪʫʨʳ, ʜʘʚʣʝʥʠʷ, ʯʘʩʪʦʪʳ ʚʨʘʱʝ-
ʥʠʷ) ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ
ʰʪʘʪʥʳʝ ʧʨʠʩʦʝʜʠʥʠʪʝʣʴʥʳʝ ʧʘʪʨʫʙʢʠ
ʠ ʧʨʠʚʦʜʳ ʜʣʷ ʠʭ ʧʨʠʩʦʝʜʠʥʝʥʠʷ.
ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʥʚʝʨʩʠʠ ʙʠʦʵʪʘʥʦ-

ʣʘ ʚ ʧʨʠʥʷʪʦʡ ʩʭʝʤʝ ʪʝʨʤʦʭʠʤʠʯʝʩʢʦʡ
ʨʝʛʝʥʝʨʘʮʠʠ ʪʝʧʣʘ ʦʪʭʦʜʷʱʠʭ ʛʘʟʦʚ ɻʊɼ
ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥʘ ʧʦ ʨʘʩʭʦʜʫ ʇʂʕ ʠ
ʪʝʧʣʦʪʝ ʩʛʦʨʘʥʠʷ ʧʦʣʫʯʝʥʥʦʡ ʩʤʝʩʠ.
ʈʘʟʨʘʙʦʪʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ

ʩʪʝʥʜʘ ʧʦʪʨʝʙʦʚʘʣʘ ʩʦʟʜʘʥʠʷ ʵʬʬʝʢ-
ʪʠʚʥʳʭ, ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʭ ʠ ʜʦʩʪʘ-
ʪʦʯʥʦ ʧʨʦʩʪʳʭ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʷ ʪʝʧ-
ʣʦʪʳ ʩʛʦʨʘʥʠʷ ʇʂʕ.
ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ

ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʥʬʦʨʤʘ-
ʮʠʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʧʦʩʦ-
ʙʳ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʧʣʦʪʳ ʩʛʦʨʘʥʠʷ ʛʦ-
ʨʶʯʠʭ ʛʘʟʦʚ ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʧʨʷʤʳʭ ʠ
ʢʦʩʚʝʥʥʳʭ ʤʝʪʦʜʘʭ ʠʟʤʝʨʝʥʠʷ . ʉʧʦʩʦ-
ʙʳ, ʢʦʪʦʨʳʝ ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʧʨʷʤʳʭ
ʤʝʪʦʜʘʭ ʠʟʤʝʨʝʥʠʷ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ
ʩʞʠʛʘʥʠʠ ʛʘʟʘ ʚ ʢʘʣʦʨʠʤʝʪʨʝ  ʠʣʠ ʦʩ-
ʥʦʚʘʥʳ ʥʘ ʨʝʛʠʩʪʨʘʮʠʠ ʪʝʧʣʦʚʦʛʦ ʧʦ-
ʪʦʢʘ ʦʪ ʤʠʥʠ-ʬʘʢʝʣʘ. ʀʟʤʝʨʝʥʠʝ ʪʘʢʠ-
ʤʠ ʩʧʦʩʦʙʘʤʠ ʪʨʝʙʫʶʪ ʜʦʩʪʘʪʦʯʥʦ
ʤʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʫʤʝ-
ʨʝʥʥʦʡ ʪʦʯʥʦʩʪʴʶ.
ʇʨʝʜʣʘʛʘʝʤʘʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ

ʙʘʟʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʢʦʩ-
ʚʝʥʥʳʭ ʩʧʦʩʦʙʦʚ, ʦʩʥʦʚʘʥʳʭ ʥʘ ʬʫʥʢ-
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ʮʠʦʥʘʣʴʥʳʭ ʩʚʷʟʷʭ ʧʣʦʪʥʦʩʪʠ ʠʩʭʦʜʥʦʛʦ
ʛʘʟʘ ʩ ʪʝʧʣʦʪʦʡ ʩʛʦʨʘʥʠʷ ʧʨʦʜʫʢʪʦʚ ʢʦʥ-
ʚʝʨʩʠʠ.

ɺʓɺʆɼʓ

1. ʉʦʟʜʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩ-
ʪʘʥʦʚʢʘ ʥʘ ʙʘʟʝ ʘʚʪʦʥʦʤʥʦʛʦ ʛʘʟʦʪʫʨ-
ʙʦʛʝʥʝʨʘʪʦʨʘ ʩ ʪʝʨʤʦʭʠʤʠʯʝʩʢʦʡ ʨʝʛʝ-
ʥʝʨʘʮʠʝʡ ʪʝʧʣʘ ʦʪʭʦʜʷʱʠʭ ʛʘʟʦʚ, ʧʦ-
ʟʚʦʣʷʶʱʠʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʩʩʣʝ-
ʜʦʚʘʪʴ ʚʣʠʷʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ
ʧʘʨʘʤʝʪʨʦʚ ɻʊɼ ʥʘ ʪʝʭʥʦʭʠʤʠʯʝʩʢʠʝ
ʧʦʢʘʟʘʪʝʣʠ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʪʦʧʣʠʚʘ
ʥʘ ʦʩʥʦʚʝ ʙʠʦʵʪʘʥʦʣʘ ʧʨʠ ʝʛʦ ʪʝʨʤʦʭʠ-
ʤʠʯʝʩʢʦʡ ʢʦʥʚʝʨʩʠʠ.

2. ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝ-
ʥʠʷ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʪʝʨʤʦ-
ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʛʘʟʦʪʫʨʙʠʥʥʦ-
ʛʦ ʜʚʠʛʘʪʝʣ  ̫ʠ ʪʝʭʥʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘ-
ʪʝʣʝʡ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʪʦʧʣʠʚʘ ʥʘ ʦʩʥʦ-
ʚʝ ʙʠʦʵʪʘʥʦʣʘ ʧʨʠ ʝʛʦ ʪʝʨʤʦʭʠʤʠʯʝʩʢʦʡ
ʢʦʥʚʝʨʩʠʠ.
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TEST BENCH FOR RESEARCH OF
CONVERSION OF BIOETHANOL BY
USE OF THE WASTE HEAT OF GAS

TURBINE ENGINE

Abstract. The usefulness of the con-
version of bioethanol by use of the waste
heat of gas turbine engine is proved. The
scheme of the test bench for experimental
studies of processes of thermochemical
conversion by heat recovery of exhaust
gas turbine engine is given.

Key words: conversion of fuel, gas
turbine engine, ethanol, thermochemical
regeneration of heat.
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʚʘʨʠʘʥʪʳ ʧʦʩʪʨʦʝʥʠʷ ʜʦʭʦʜʥʦʡ ʤʦʜʝʣʠ ʘʨʝʥʜʥʦʡ ʧʣʘʪʳ
ʟʝʤʝʣʴʥʦʛʦ ʫʯʘʩʪʢʘ. ʇʨʝʜʣʦʞʝʥʦ ʦʧʪʠʤʠʟʘʮʠʶ ʧʨʦʮʝʩʩʘ ʚ ʨʘʩʯʝʪʝ ʘʨʝʥʜʥʦʡ ʧʣʘʪʳ ʩ ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʝʤ ʵʢʦʥʦʤʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʆʧʨʝʜʝʣʝʥʳ ʨʘʩʯʝʪʥʳʝ ʦʧʪʠʤʘʣʴʥʳʝ
ʧʘʨʘʤʝʪʨʳ ʨʘʟʤʝʨʘ ʘʨʝʥʜʥʦʡ ʧʣʘʪʳ

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʘʢʪʦʨʳ, ʦʮʝʥʢʘ, ʨʳʥʦʯʥʘʷ ʩʪʦʠʤʦʩʪʴ, ʟʝʤʝʣʴʥʳʡ ʫʯʘʩʪʦʢ, ʘʨʝʥʜʘ, ʵʬ-
ʬʝʢʪʠʚʥʦʩʪʴ.

ɺɺɽɼɽʅʀɽ

ɸʨʝʥʜʘ ʟʝʤʣʠ ʷʚʣʷʝʪʩʷ ʨʝʘʣʴʥʦʡ ʠ
ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʦʡ ʘʣʴʪʝʨʥʘ-
ʪʠʚʦʡ ʧʦʢʫʧʢʝ ʟʝʤʣʠ. ʆʜʥʠʤ ʠʟ ʛʣʘʚ-
ʥʳʭ ʮʝʥʦʦʙʨʘʟʫʶʱʠʭ ʬʘʢʪʦʨʦʚ ʨʳ-
ʥʦʯʥʦʡ ʩʪʦʠʤʦʩʪʠ ʟʝʤʣʠ ʷʚʣʷʝʪʩʷ ʝʝ
ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʠ ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʝ. ʋʩʪʘʥʦʚʣʝʥʠʝ ʨʳʥʦʯʥʦʡ
ʩʪʦʠʤʦʩʪʠ ʟʝʤʣʠ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘ-
ʥʠʷ ʧʨʦʮʝʜʫʨʳ ʝʝ ʥʝʟʘʚʠʩʠʤʦʡ ʦʮʝʥʢʠ,
ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ, ʩʚʷ-
ʟʘʥʥʳʝ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʦ ʩʧʝʮʠʬʠ-
ʢʦʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʝʤʝʣʴ ʚ ʩʝʣʴʩʢʦʭʦ-
ʟʷʡʩʪʚʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ.

ɸʅɸʃʀɿ ʇʋɹʃʀʂɸʎʀʁ

ɺʦʧʨʦʩ ʦ ʟʝʤʝʣʴʥʳʭ ʠ ʠʤʫʱʝʩʪ-
ʚʝʥʥʳʭ ʘʨʝʥʜʥʳʭ ʦʪʥʦʰʝʥʠʡ ʨʘʩʩʤʦʪ-
ʨʝʥʳ ʚ ʥʘʫʯʥʳʭ ʪʨʫʜʘʭ ʪʘʢʠʭ ʫʯʝʥʳʭ-
ʵʢʦʥʦʤʠʩʪʦʚ, ʢʘʢ ɺ.ɸʤʙʨʦʩʦʚ,
ɸ.ɼʘʥʢʝʚʠʯ, ɸ.ɽʨʤʘʢʦʚ, ʄ.ʄʘʣʠʢʘ,
ɺ.ʄʝʩʝʣʴ-ɺʝʩʝʣʷʢʘ, ʇ.ɻʘʡʜʫʮʢʠʡ,
ʇ.ʉʘʙʣʫʢ, ʀ.ʏʝʨʚʝʥ, ɽ.ʐʝʙʘʥʠʥʘ,
ɸ.ʐʧʠʢʫʣʷʢ, ɺ. ʖʨʯʠʰʠʥ ʠ ʜʨʫʛʠʭ [1-
24].

ʎɽʃʔ ʀ ʇʆʉʊɸʅʆɺʂɸ ɿɸɼɸʏ
ʀʉʉʃɽɼʆɺɸʅʀʗ

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝ-
ʥʠʝ ʧʫʪʝʡ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʘʨʝʥʜ-
ʥʳʭ ʦʪʥʦʰʝʥʠʡ ʚ ʵʢʦʥʦʤʠʢʦ-

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʘʛʨʘʨ-
ʥʳʭ ʬʦʨʤʠʨʦʚʘʥʠʡ ʨʳʥʦʯʥʦʛʦ ʥʘʧʨʘʚ-
ʣʝʥʠʷ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʭ ʨʘʟʚʠʪʠʷ ʩ
ʫʯʝʪʦʤ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʥʜʝʥʮʠʡ ʠʭ ʨʘʟ-
ʚʠʪʠʷ.

ʈɽɿʋʃʔʊɸʊʓ ʀ ʀʍ ɸʅɸʃʀɿ

ʅʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʨʝʜʣʘ-
ʛʘʶʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʘʨʝʥʜʥʫʶ ʧʣʘʪʫ
ʢʘʢ ʩʧʝʮʠʬʠʯʝʩʢʫʶ ʬʦʨʤʫ ʢʨʝʜʠʪʦʚʘ-
ʥʠʷ ʘʨʝʥʜʦʜʘʪʝʣʷʤʠ ʘʨʝʥʜʘʪʦʨʦʚ ʨʝ-
ʘʣʴʥʳʤ ʟʝʤʝʣʴʥʳʤ ʨʝʩʫʨʩʦʤ, ʘ ʟʥʘʯʠʪ,
ʢʘʢ ʚ ʣʶʙʳʭ ʢʨʝʜʠʪʥʳʭ ʦʪʥʦʰʝʥʠʷʭ
ʘʨʝʥʜʥʘʷ ʧʣʘʪʘ ʜʦʣʞʥʘ ʚʳʧʣʘʯʠʚʘʪʴʩʷ
ʙʝʟʫʩʣʦʚʥʦ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʨʠʩʢʦʚ ʘʛ-
ʨʘʨʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ [22].
ʀ.ʇʘʥʯʝʥʢʦ ʧʨʝʜʣʘʛʘʝʪ ʦʧʨʝʜʝʣʷʪʴ

ʥʦʨʤʫ ʘʨʝʥʜʥʦʡ ʧʣʘʪʳ (q) ʧʦ ʬʦʨʤʫʣʝ
[14]:

r
greq )( +Ö= ,               (1)

ʛʜʝ: ʝ - ʩʪʘʚʢʘ ʜʠʩʢʦʥʪʠʨʦʚʘʥʠʷ;
r - ʥʦʨʤʘ ʢʘʧʠʪʘʣʠʟʘʮʠʠ;

g - ʥʦʨʤʘʪʠʚ ʥʘʣʦʛʦʚʳʭ ʦʪʯʠʩʣʝ-
ʥʠʡ.
ɺ ʪʝʨʤʠʥʘʭ ʝʛʦ ʤʦʜʝʣʠ ʫʯʝʪʥʘʷ

ʩʪʘʚʢʘ ʩʣʫʞʠʪ ʥʦʨʤʘʪʠʚʦʤ ʧʨʠʙʳʣʠ ʥʘ
ʢʘʧʠʪʘʣ, ʠʥʚʝʩʪʠʨʦʚʘʥʥʳʡ ʚ ʦʙʫʩʪʨʦʡ-
ʩʪʚʦ ʪʝʨʨʠʪʦʨʠʠ (ʦʙʱʝʛʦʨʦʜʩʢʠʝ ʟʝ-
ʤʝʣʴʥʳʝ ʫʣʫʯʰʝʥʠʷ). ʉʪʘʚʢʘ ʢʘʧʠʪʘʣʠ-
ʟʘʮʠʠ -  ʵʪʦ ʥʦʨʤʘ ʦʪʜʘʯʠ ʥʘ ʟʝʤʣʶ ʢʘʢ
ʥʝʠʩʯʝʨʧʘʝʤʳʡ ʨʝʩʫʨʩ (ʘʢʪʠʚ ʥʝ ʘʤʦʨ-
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ʪʠʟʠʨʫʝʪʩʷ), ʩʧʦʩʦʙʝʥ ʛʝʥʝʨʠʨʦʚʘʪʴ
ʥʝʦʛʨʘʥʠʯʝʥʥʦʝ ʚʦ ʚʨʝʤʝʥʠ ʧʦʪʦʢ ʜʝ-
ʥʝʞʥʳʭ ʧʦʩʪʫʧʣʝʥʠʡ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ
ʟʝʤʝʣʴʥʦʛʦ ʥʘʣʦʛʘ). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ
ʨʘʩʯʝʪʘʭ ʩʠʩʪʝʤʳ ʥʘʣʦʛʦʦʙʣʦʞʝʥʠʷ (g
=  0,01)  ʠ ʥʦʨʤʘʪʠʚʥʫʶ ʙʘʟʫ ʤʘʩʩʦʚʦʡ
ʜʝʥʝʞʥʦʡ ʦʮʝʥʢʠ (ʝ = 0,06; r = 0,03)
ʠʩʩʣʝʜʦʚʘʪʝʣʴ ʜʦʩʪʠʛʘʝʪ ʦʧʨʝʜʝʣʝʥʥʦ-
ʛʦ ʦʨʠʝʥʪʠʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʘʣʴʥʦʛʦ
ʥʘ ʪʦ ʚʨʝʤʷ ʫʨʦʚʥʷ ʘʨʝʥʜʥʳʭ ʦʪʯʠʩʣʝ-
ʥʠʡ - 8% ʦʪ ʩʪʦʠʤʦʩʪʠ ʟʝʤʣʠ. ɺʝʣʠʯʠ-
ʥʫ ʘʨʝʥʜʥʦʡ ʧʣʘʪʳ ʜʣʷ ʦʪʜʝʣʴʥʦʛʦ ʟʝ-
ʤʝʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʠʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʧ-
ʨʝʜʝʣʷʪʴ ʧʦ ʬʦʨʤʫʣʝ:

mn

1n
i0

=
ÖÖ= ʇʂqVR ii ,               (2)

ʛʜʝ: Ri – ʝʞʝʛʦʜʥʘʷ ʘʨʝʥʜʥʘʷ ʧʣʘʪʘ ʜʣʷ
i-ʛʦ ʟʝʤʝʣʴʥʦʛʦ ʫʯʘʩʪʢʘ;
Vi – ʩʪʦʠʤʦʩʪʴ i-ʛʦ ʫʯʘʩʪʢʘ;
q0 –  ʙʘʟʦʚʘʷ ʥʦʨʤʘ ʘʨʝʥʜʥʳʭ ʦʪ-
ʯʠʩʣʝʥʠʡ (ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦ ʝʛʦ
ʤʦʜʝʣʴʶ ʨʘʩʯʝʪʘ ʘʨʝʥʜʥʦʡ ʧʣʘ-
ʪʳ); ʂi – ʟʥʘʯʝʥʠʝ n-ʛʦ ʢʦʨʨʝʢʪʠ-
ʨʫʶʱʝʛʦ ʬʘʢʪʦʨʘ (ʩʨʦʢ ʘʨʝʥʜʳ,
ʨʘʟʤʝʨ ʫʯʘʩʪʢʘ, ʧʨʠʩʫʪʩʪʚʠʝ ʦʧʨʝ-
ʜʝʣʝʥʥʳʭ ʦʙʨʝʤʝʥʝʥʠʡ ʠʣʠ ʩʝʨʚʠ-
ʪʫʪʦʚ) ʜʣʷ i-ʛʦ ʫʯʘʩʪʢʘ.
ʇʦ ʝʛʦ ʤʥʝʥʠʶ,  ʪʘʢʘʷ ʤʦʜʝʣʴ ʦʧ-

ʨʝʜʝʣʝʥʠʷ ʘʨʝʥʜʥʳʭ ʧʣʘʪʝʞʝʡ ʠʤʝʝʪ
ʯʝʪʢʦʝ ʥʘʫʯʥʦʝ ʦʩʥʦʚʘʥʠʝ, ʦʧʠʨʘʝʪʩʷ
ʥʘ ʦʙʲʝʢʪʠʚʥʳʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʨʦ-
ʮʝʩʩʳ ʠ ʷʚʣʝʥʠʷ (ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʚʦʟ-
ʤʦʞʥʦʩʪʠ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ, ʦʙʝʩʮʝ-
ʥʝʥʠʝ ʜʝʥʝʛ ʚʦ ʚʨʝʤʝʥʠ ʠ ʪ.ʧ.). ɽʝ ʠʩ-
ʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʦʟʚʦʣʷʶʪ ʘʜʝʢʚʘʪ-
ʥʦ ʫʯʠʪʳʚʘʪʴ ʩʫʱʝʩʪʚʝʥʥʳʝ ʘʨʝʥʜʥʳʝ
ʫʩʣʦʚʠʷ, ʢʦʪʦʨʳʝ ʧʦʜʢʨʝʧʣʝʥʳ ʛʝʥʝʪʠ-
ʯʝʩʢʦʶ ʩʚʷʟʴʶ ʨʘʩʯʝʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ
ʩ ʜʝʡʩʪʚʫʶʱʠʤʠ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦ-
ʥʦʨʤʘʪʠʚʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ.
ɸ.ɽʨʤʘʢʦʚ ʠ ɸ.ʂʨʘʚʯʝʥʢʦ, ʨʘʩ-

ʩʤʘʪʨʠʚʘʷ ʚʦʧʨʦʩʳ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ
ʤʝʭʘʥʠʟʤʘ ʟʝʤʝʣʴʥʳʭ ʘʨʝʥʜʥʳʭ ʦʪʥʦ-
ʰʝʥʠʡ, ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʦʧʨʝʜʝʣʝʥʠʝ
ʫʨʦʚʥʷ ʘʨʝʥʜʥʦʡ ʧʣʘʪʳ ʟʘʚʠʩʠʪ ʦʪ ʩʣʝ-
ʜʫʶʱʠʭ ʬʘʢʪʦʨʦʚ: ʢʘʯʝʩʪʚʘ (ʧʣʦʜʦʨʦ-
ʜʠʷ) ʟʝʤʝʣʴʥʦʛʦ ʫʯʘʩʪʢʘ, ʝʛʦ ʤʝʩʪʦʧʦ-
ʣʦʞʝʥʠʷ, ʮʝʥ ʥʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʫʶ
ʧʨʦʜʫʢʮʠʶ, ʢʦʪʦʨʘʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ
ʘʨʝʥʜʦʚʘʥʥʦʡ ʟʝʤʣʝ, ʩʧʨʦʩʘ ʥʘ ʵʪʦʪ
ʨʝʩʫʨʩ ʠ ʧʨʝʜʣʦʞʝʥʠʷ ʝʛʦ ʚ ʩʦʦʪʚʝʪʩʪ-
ʚʫʶʱʝʤ ʨʝʛʠʦʥʝ. ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʦʪʤʝ-
ʯʘʶʪ,  ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʡ ʘʨʝʥʜʘ ʟʝʤʣʠ

ʤʦʞʝʪ ʙʳʪʴ ʪʦʛʜʘ, ʢʦʛʜʘ ʘʨʝʥʜʘʪʦʨ ʙʫ-
ʜʝʪ ʯʝʪʢʦ ʦʩʦʟʥʘʚʘʪʴ ʩʚʦʶ ʦʪʚʝʪʩʪʚʝʥ-
ʥʦʩʪʴ, ʠʤʝʪʴ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ
ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ,
ʯʪʦʙʳ ʘʨʝʥʜʘ ʟʝʤʣʠ ʧʨʠʥʦʩʠʣʘ ʧʨʠ-
ʙʳʣʴ ʠ ʙʳʣʘ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʦʡ
ʢʘʢ ʜʣʷ ʘʨʝʥʜʦʜʘʪʝʣʷ, ʪʘʢ ʠ ʜʣʷ ʘʨʝʥʜʘ-
ʪʦʨʘ [6].
ʖ.ʇʨʫʩ, ʠʩʩʣʝʜʫʷ ʵʢʦʥʦʤʠʯʝʩʢʫʶ

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʨʝʥ-
ʜʫʝʤʳʭ ʟʝʤʝʣʴ, ʦʪʤʝʯʘʝʪ, ʯʪʦ ʩʪʘʥ-
ʜʘʨʪʥʘʷ ʤʝʪʦʜʠʢʘ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬ-
ʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʝʤʣʠ ʚ
ʫʩʣʦʚʠʷʭ ʘʨʝʥʜʳ ʜʦʣʞʥʘ ʙʳʪʴ ʜʦʧʦʣ-
ʥʝʥʘ ʧʦʢʘʟʘʪʝʣʷʤʠ ʘʨʝʥʜʥʦʡ ʧʣʘʪʳ,
ʧʨʠʙʳʣʠ ʜʦ ʫʧʣʘʪʳ ʘʨʝʥʜʥʦʡ ʧʣʘʪʳ,
ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʜʦʭʦʜʘ ʧʦʩʣʝ ʫʧ-
ʣʘʪʳ ʘʨʝʥʜʥʦʡ ʧʣʘʪʳ. ʇʨʠ ʘʥʘʣʠʟʝ
ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʷ ʟʝʤʣʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦʮʝʩʩʘ
ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ, ʧʨʠʙʳʣʴ ʮʝʣʝʩʦʦʙ-
ʨʘʟʥʦ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʥʘ ʠʥʜʝʢʩ ʨʦʩʪʘ
ʨʘʩʭʦʜʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʜʝʣʘʪʴ ʙʦʣʝʝ
ʦʙʦʩʥʦʚʘʥʥʳʝ ʚʳʚʦʜʳ ʦʪʥʦʩʠʪʝʣʴʥʦ
ʝʛʦ ʫʨʦʚʥʷ ʠ ʜʠʥʘʤʠʢʠ. ʀʤ ʧʨʝʜʣʦʞʝʥʘ
ʤʝʪʦʜʠʢʘ, ʢʦʪʦʨʘʷ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ
ʫʩʪʘʥʦʚʣʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠ ʜʦʛʦ-
ʚʦʨʥʦʛʦ ʫʨʦʚʥʷ ʘʨʝʥʜʥʦʡ ʧʣʘʪʳ ʠ ʦʩʫ-
ʱʝʩʪʚʣʝʥʠʷ ʘʥʘʣʠʟʘ ʚʦʟʤʦʞʥʦʩʪʝʡ ʝʝ
ʫʧʣʘʪʳ. ʈʘʩʯʝʪ ʜʦʛʦʚʦʨʥʦʡ ʘʨʝʥʜʥʦʡ
ʧʣʘʪʳ (ʥʘʯʠʩʣʝʥʥʦʡ ʚ ʪʝʢʫʱʝʤ ʛʦʜʫ ʠ
ʦʙʝʩʧʝʯʠʚʘʪʴ ʥʦʨʤʘʪʠʚʥʫʶ ʨʝʥʪʘʙʝʣʴ-
ʥʦʩʪʴ ʩ ʫʯʝʪʦʤ ʘʨʝʥʜʥʦʡ ʧʣʘʪʳ ʚ ʩʝʙʝ-
ʩʪʦʠʤʦʩʪʠ) ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʩʫʱʝʩʪʚʣʷʪʴ
ʧʦ ʬʦʨʤʫʣʝ [15]:

ä

ä
ä

ÖÖ+

+Ö+
-

-
ÖÖ+

-ÖÖ+
=

ʽ

ʪ

ʽ

ʙʝʟʦʨ

ʪʩʥ

ʤʠʥʧʩʥ

ʪʩʥ

ʥʚʪ
ʥʚ
ʩʩ

ʧʦʪ

ʂʉʈ

ʆʨɺʈ

ʂʉʈ

ʈʈʉʉʉ
ʆʨ

1

1

11

)1(

)()1(

)1(

)(()(

  (3)

ʛʜʝ: ʆʈʧʦʪ – ʘʨʝʥʜʥʘʷ ʧʣʘʪʘ, ʥʘʯʠʩʣʝʥ-
ʥʘʷ ʪʝʢʫʱʝʛʦ ʛʦʜʘ, ʛʨʥ;
ʉʩ1 – ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʩʝʙʝʩʪʦʠ-
ʤʦʩʪʴ ʽ-ʪʦʡ ʧʨʦʜʫʢʮʠʠ ʨʘʩʪʝʥʠʝ-
ʚʦʜʩʪʚʘ (ʙʝʟ ʘʨʝʥʜʥʦʡ ʧʣʘʪʳ ʪʝ-
ʢʫʱʝʛʦ ʛʦʜʘ ʠ ʩʪʦʠʤʦʩʪʠ ʩʝʤʷʥ),
ʛʨʥ;
ʉʥʚʩ1 – ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʥʝʟʘʚʝʨʰʝʥ-
ʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʽ-ʪʦʡ ʧʨʦʜʫʢ-
ʮʠʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʥʘ ʢʦʥʝʮ ʪʝ-
ʢʫʱʝʛʦ ʛʦʜʘ (ʙʝʟ ʘʨʝʥʜʥʦʡ ʧʣʘʪʳ
ʪʝʢʫʱʝʛʦ ʛʦʜʘ ʠ ʩʪʦʠʤʦʩʪʠ ʩʝ-
ʤʷʥ), ʛʨʥ;

,
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ʉʪʙʝʟʦʨ – ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʩʝʙʝ-
ʩʪʦʠʤʦʩʪʴ ʪʦʚʘʨʥʦʡ ʧʨʦʜʫʢʮʠʠ
(ʙʝʟ ʘʨʝʥʜʥʦʡ ʧʣʘʪʳ ʟʘ ʟʝʤʣʶ),
ʛʨʥ;
ʈʚ – ʠʩʭʦʜʥʘʷ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ;
ʈʥ – ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʥʦʨʤʘʪʠʚʥʘʷ;
ɺʧʩ – ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨʘʩʭʦʜʳ,
ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪʩʷ ʚ ʧʦʣʥʦʡ ʩʝ-
ʙʝʩʪʦʠʤʦʩʪʠ ʨʝʘʣʠʟʦʚʘʥʥʦʡ ʧʨʦ-
ʜʫʢʮʠʠ, ʛʨʥ;
ʆʈʤʧʥ – ʘʨʝʥʜʥʘʷ ʧʣʘʪʘ ʧʨʦʰʣʳʭ
ʣʝʪ ʚ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʪʦʚʘʨʥʦʡ
ʧʨʦʜʫʢʮʠʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ, ʛʨʥ.;
ʢʪʽ – ʢʦʵʬʬʠʮʠʝʥʪ ʪʦʚʘʨʥʦʩʪʠ ʧʦ
ʽ-ʦʡ ʧʨʦʜʫʢʮʠʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ.

ɺ ʦʙʱʝʪʝʦʨʝʪʠʯʝʩʢʦʤ ʩʤʳʩʣʝ ʩʦ-
ʜʝʨʞʘʥʠʝ ʢʘʪʝʛʦʨʠʠ ʠ ʩʫʱʥʦʩʪʠ ʵʬ-
ʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʩʩʤʘʪʨʠ-
ʚʘʝʪʩʷ ʢʘʢ ʧʦʢʘʟʘʪʝʣʴ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ
ʵʢʦʥʦʤʠʠ ʟʘʪʨʘʪ ʩʦʚʦʢʫʧʥʦʛʦ ʪʨʫʜʘ ʩ
ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʧʦʣʝʟʥʦʛʦ ʵʬʬʝʢʪʘ,
ʦʪʦʙʨʘʞʘʶʱʠʡ ʫʨʦʚʥʝʡ ʢʘʯʝʩʪʚʘ ʭʦ-
ʟʷʡʩʪʚʦʚʘʥʠʷ ʠ ʷʚʣʷʝʪʩʷ ʬʦʨʤʦʡ ʦʧʨʝ-
ʜʝʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʪʥʦʰʝʥʠʡ.
ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʤʦʜʝʣʴ ʢʨʠʪʝʨʠʷ
ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʪʨʘʞʘʝʪ
ʨʝʟʫʣʴʪʘʪ ʠʥʪʝʥʩʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʚʟʘʠ-
ʤʦʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥ-
ʥʳʭ ʬʘʢʪʦʨʦʚ [7]:
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ʛʜʝ: ɽ – ʢʨʠʪʝʨʽʡ ʽʥʪʝʛʨʘʣʴʥʦʾ ʝʢʦʥʦʤʽ-

ʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ,
Q –ʚʠʨʦʙʣʝʥʘ ʧʨʦʜʫʢʮʽʷ ʫ ʚʘʨʪʽʩ-
ʥʦʤʫ ʚʠʨʘʞʝʥʥʽ, ʪʳʩ. ʛʨʥ,
ʨ0M –ʤʘʪʝʨʽʘʣʴʥʽ ʚʠʪʨʘʪʠ, ʪʠʩ.
ʛʨʥ;
ʘF – ʘʤʦʨʪʠʟʘʮʽʷ ʚʠʨʦʙʥʠʯʠʭ ʬʦ-
ʥʜʽʚ, ʪʳʩ. ʛʨʥ,
ɚ0L – ʨʦʟʨʘʭʫʥʢʠ ʟʘ ʦʨʝʥʜʦʚʘʥʫ
ʟʝʤʣʶ, ʪʳʩ. ʛʨʥ,
d  – ʩʫʤʘ ʽʥʰʠʭ ʚʠʪʨʘʪ, ʪʠʩ. ʛʨʥ.
ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʝ-

ʤʝʣʴʥʳʭ ʫʛʦʜʠʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʦ-
ʠʟʚʦʜʩʪʚʦʤ ʧʨʦʜʫʢʮʠʠ ʥʘ 100 ʛʘ ʧʣʦ-
ʱʘʜʠ ʫʛʦʜʠʡ. ʀʟʫʯʝʥʠʝ ʜʦʩʪʠʛʥʫʪʦʛʦ
ʫʨʦʚʥʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʠʩ-
ʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʮʝʥʢʠ ʜʦʩʪʠʛʥʫʪʳʭ
ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʧʨʦʚʝʨʢʠ
ʩʦʩʪʦʷʥʠʷ ʧʣʘʥʦʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ
ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʧʨʦʠʟ-
ʚʦʜʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʚ ʧʣʘʥʘʭ ʭʦ-

ʟʷʡʩʪʚʘ ʥʘ ʧʨʝʜʩʪʦʷʱʠʡ ʧʝʨʠʦʜ. ʇʨʦ-
ʠʟʚʦʜʩʪʚʦ ʧʨʦʜʫʢʮʠʠ ʚ ʩʦʧʦʩʪʘʚʠʤʳʭ
ʮʝʥʘʭ ʥʘ 100 ʛʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ
ʫʛʦʜʠʡ ʩʯʠʪʘʝʪʩʷ ʦʩʥʦʚʥʳʤ ʦʙʦʙʱʘʶ-
ʱʠʤ ʨʝʟʫʣʴʪʘʪʠʚʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ
ʫʨʦʚʥʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʝʣʴʩʢʦʛʦ ʭʦ-
ʟʷʡʩʪʚʘ, ʢʦʪʦʨʳʡ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʜʨʫ-
ʛʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʩʪʝ-
ʧʝʥʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ ʧʨʦʠʟ-
ʚʦʜʩʪʚʘ, ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʠ ʨʝʥʪʘʙʝʣʴ-
ʥʦʩʪʴ ʧʨʦʜʫʢʮʠʠ, ʧʨʠʙʳʣʴ ʠ ʦʙʱʫʶ
ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʭʦʟʷʡʩʪʚʘ. ʉʦʧʦʩʪʘʚʣʷʷ
ʨʘʩʯʝʪʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʩ ʬʘʢʪʠʯʝʩʢʠʤ
ʠʩʩʣʝʜʫʶʪ ʚʣʠʷʥʠʝ ʥʘ ʦʙʲʝʤ ʧʨʦʠʟʚʦʜ-
ʩʪʚʘ ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦ-
ʩʪʠ ʭʦʟʷʡʩʪʚʘ. ʄʘʪʝʤʘʪʠʯʝʩʢʠ ʘʥʘʣʠ-
ʪʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʦʪʨʘʞʘʶʪʩʷ ʩʣʝʜʫʶ-
ʱʠʤ ʦʙʨʘʟʦʤ [13]:
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ʛʜʝ: y,  y1,  y0 – ʧʦʢʘʟʘʪʝʣʠ ʩʪʦʠʤʦʩʪʠ
ʚʘʣʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʥʘ 100 ʛʘ ʩʝʣʴ-
ʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ: ʩʦʦʪʚʝʪ-
ʩʪʚʝʥʥʦ ʬʘʢʪʠʯʝʩʢʠʡ, ʨʘʩʯʝʪʥʳʡ ʠ
ʙʘʟʠʩʥʳʡ,
ʭ1 -  ʨʘʟʤʝʨʳ ʦʪʨʘʩʣʠ ʚ ʨʘʩʯʝʪʝ ʥʘ
100 ʛʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦ-
ʜʠʡ,
ʭ2 - ʩʪʦʠʤʦʩʪʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴ-
ʥʦʩʪʴ ʝʜʠʥʠʮʳ ʦʪʨʘʩʣʠ,
Dy(x1) ʠ Dy(x2) - ʦʪʢʣʦʥʝʥʠʷ ʚ ʧʦʢʘ-
ʟʘʪʝʣʷʭ ʚʘʣʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ
ʧʨʦʜʫʢʮʠʠ ʟʘ ʩʯʝʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ
ʨʘʟʤʝʨʦʚ ʦʪʨʘʩʣʝʡ ʠ ʫʨʦʚʥʷ ʧʨʦʠʟ-
ʚʦʜʠʪʝʣʴʥʦʩʪʠ.
ɺʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʝ-

ʤʝʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʠ ʧʣʦʜʦʨʦʜʠʝ ʧʦʯʚʳ
ʦʧʨʝʜʝʣʷʶʪ ʮʝʥʥʦʩʪʴ ʟʝʤʝʣʴ ʩʝʣʴʩʢʦ-
ʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʠʩʭʦʜʷ ʠʟ
ʝʛʦ ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʨʝʣʴʝ-
ʬʘ,  ʧʦʯʚʳ,  ʚʦʜʥʦʛʦ ʨʝʞʠʤʘ).  ʀʟ ʚʩʝʭ
ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ
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ʚʳʙʠʨʘʝʪʩʷ ʪʦʪ, ʦʪ ʢʦʪʦʨʦʛʦ ʦʞʠʜʘʶʪ
ʥʘʠʙʦʣʴʰʠʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ.
ʉ ʮʝʣʴʶ ʦʮʝʥʢʠ ʧʦʢʘʟʘʪʝʣʝʡ ʧʣʦ-

ʜʦʨʦʜʠʷ ʧʦʯʚʳ ʥʘ ʫʯʘʩʪʢʝ ʟʝʤʣʠ ʠʩ-
ʧʦʣʴʟʫʶʪ ʙʦʥʠʪʠʨʦʚʢʠ ʧʦʯʚ (ʩʨʘʚʥʠ-
ʪʝʣʴʥʫʶ ʦʮʝʥʢʫ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚ ʧʨʠ
ʩʭʦʞʠʭ ʘʛʨʦʥʦʤʠʯʝʩʢʠʭ ʠ ʢʣʠʤʘʪʠʯʝ-
ʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ ʚ ʫʩʣʦʚʠʷʭ ʦʜʠʥʘʢʦ-
ʚʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʟʝʤʣʝʜʝʣʠʷ). ʇʨʠ
ʙʦʥʠʪʠʨʦʚʢʠ ʧʦʯʚ ʚʳʜʝʣʷʶʪ ʦʩʥʦʚʥʳʝ
ʧʨʠʟʥʘʢʠ, ʚʣʠʷʶʱʠʝ ʥʘ ʫʨʦʞʘʡʥʦʩʪʴ
ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ: ʩʦʜʝʨ-
ʞʘʥʠʝ ʛʫʤʫʩʘ ʚ ʧʘʰʥʝ, ʤʦʱʥʦʩʪʴ ʛʫʤʫ-
ʩʦʚʦʛʦ ʛʦʨʠʟʦʥʪʘ, ʨʝʘʢʮʠʷ ʩʨʝʜʳ ʧʦʯ-
ʚʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʠ ʪ.ʧ.  ɺ ʩʚʷʟʠ ʩʦ
ʩʣʦʞʥʦʩʪʴʶ ʠ ʪʨʫʜʦʝʤʢʦʩʪʴʶ ʵʪʦʡ
ʧʨʦʮʝʜʫʨʳ, ʧʨʠ ʦʮʝʥʢʝ ʩʝʣʴʩʢʦʭʦʟʷʡ-
ʩʪʚʝʥʥʳʭ ʟʝʤʝʣʴ, ʠʩʧʦʣʴʟʫʶʪ ʛʦʪʦʚʳʝ
ʰʢʘʣʳ ʙʦʥʠʪʠʨʦʚʢʠ.
ʆʧʨʝʜʝʣʝʥʠʝ ʚʘʨʠʘʥʪʘ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ ʟʝʤʝʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʠ ʝʛʦ ʧʣʦʜʦʨʦ-
ʜʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʩʪʨʦʠʪʴ ʜʦʭʦʜʥʫʶ
ʤʦʜʝʣʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟ-
ʚʦʜʩʪʚʘ ʥʘ ʵʪʦʤ ʫʯʘʩʪʢʝ. ʄʦʜʝʣʴ ʫʯʠ-
ʪʳʚʘʝʪ ʨʘʩʭʦʜʳ ʩʦʙʩʪʚʝʥʥʠʢʘ ʧʦ ʦʨʛʘ-
ʥʠʟʘʮʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦ-
ʮʝʩʩʘ ʠ ʝʛʦ ʜʦʭʦʜʳ ʦʪ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦ-
ʜʫʢʮʠʠ ʟʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʝʨʠʦʜ ʚʨʝ-
ʤʝʥʠ (ʥʘʧʨʠʤʝʨ, ʟʘ ʛʦʜ). ʂ ʨʘʩʭʦʜʘʤ ʚ
ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʪʥʦʩʷʪʩʷ ʨʘʩʭʦʜʳ ʥʘ
ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʫʶ ʪʝʭʥʠʢʫ, ʦʧʣʘʪʫ
ʪʨʫʜʘ ʨʘʙʦʪʥʠʢʦʚ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚʣʘ-
ʜʝʣʴʮʘ ʫʯʘʩʪʢʘ, ʝʩʣʠ ʦʥ ʩʘʤʦʩʪʦʷʪʝʣʴ-
ʥʦ ʦʙʨʘʙʘʪʳʚʘʝʪ ʟʝʤʣʶ), ʧʨʦʮʝʥʪʳ ʟʘ
ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʧʠʪʘʣʘ, ʧʨʝʜʧʨʠʥʠʤʘ-
ʪʝʣʴʩʢʠʡ ʜʦʭʦʜ ʠ ʨʠʩʢʠ ʵʪʦʡ ʜʝʷʪʝʣʴ-
ʥʦʩʪʠ. ʇʦʣʦʞʠʪʝʣʴʥʘʷ ʨʘʟʥʠʮʘ ʤʝʞʜʫ
ʜʦʭʦʜʘʤʠ ʠ ʨʘʩʭʦʜʘʤʠ ʜʠʩʢʦʥʪʠʨʫʝʪʩʷ
ʚ ʪʝʢʫʱʠʝ ʧʦʢʘʟʘʪʝʣʠ ʩʪʦʠʤʦʩʪʠ ʠ ʵʪʘ
ʜʠʩʢʦʥʪʠʨʦʚʘʥʥʘʷ ʚʝʣʠʯʠʥʘ ʚʳʩʪʫʧʘʝʪ
ʨʳʥʦʯʥʦʡ ʩʪʦʠʤʦʩʪʠ ʟʝʤʝʣʴʥʦʛʦ ʫʯʘ-
ʩʪʢʘ.
ʋʯʠʪʳʚʘʷ ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʥʘʯʠ-

ʤʦʩʪʴ ʚʦʧʨʦʩʘ, ʩʯʠʪʘʝʤ ʮʝʣʝʩʦʦʙʨʘʟ-
ʥʳʤ ʠʟʣʦʞʠʪʴ ʩʦʙʩʪʚʝʥʥʦʝ ʚʠʜʝʥʠʝ ʚ
ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʂ ʦʩʥʦʚʥʳʤ ʥʘ-
ʧʨʘʚʣʝʥʠʷʤ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʨʘʟ-
ʤʝʨ ʘʨʝʥʜʥʦʡ ʧʣʘʪʳ ʟʘ ʘʨʝʥʜʫʝʤʳʡ
ʟʝʤʝʣʴʥʳʡ ʫʯʘʩʪʦʢ ʦʪʥʦʩʠʤ:
ʘ) ʧʣʦʱʘʜʴ ʫʯʘʩʪʢʘ – R;
ʙ) ʧʨʦʮʝʥʪʥʘʷ ʩʪʘʚʢʘ ʘʨʝʥʜʥʦʡ

ʧʣʘʪʳ – P;

ʚ) ʥʦʨʤʘʪʠʚʥʘʷ ʦʮʝʥʢʘ ʩʪʦʠʤʦʩʪʠ
ʟʝʤʝʣʴʥʦʛʦ ʫʯʘʩʪʢʘ – Sʊ;
ʛ) ʩʨʦʢ ʜʝʡʩʪʚʠʷ ʜʦʛʦʚʦʨʘ ʘʨʝʥʜʳ –

S;
 ʜ) ʢʦʣʠʯʝʩʪʚʦ ʟʘʢʣʶʯʝʥʥʳʭ ʜʦʛʦ-

ʚʦʨʦʚ ʘʨʝʥʜʳ ʟʝʤʝʣʴʥʦʛʦ ʫʯʘʩʪʢʘ - N;
ʝ) ʧʨʦʠʟʚʦʜʩʪʚʦ ʚʘʣʦʚʦʡ ʧʨʦʜʫʢ-

ʮʠʠ ʧʨʝʜʧʨʠʷʪʠʝʤ – V;
ʞ) ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ

ʬʦʨʩ-ʤʘʞʦʨʥʳʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚ - F.
ɿʥʘʯʝʥʠʝ ʫʢʘʟʘʥʥʳʭ ʬʘʢʪʦʨʦʚ ʦʩ-

ʥʦʚʳʚʘʝʪʩʷ ʥʘ ʥʦʨʤʘʪʠʚʥʦ ʦʧʨʝʜʝʣʝʥ-
ʥʳʭ (ʈ; ST, R) ʠ ʨʘʩʯʝʪʥʦ-ʧʨʦʛʥʦʟʥʳʤ
(S, N; V; F) ʚ ʪʘʢʠʭ ʰʢʘʣʘʭ (ʛʨʘʥʠʮʘʭ):

P,%: 3; 5; 7; 9; 11; > 11;
ST, ʪʳʩ. ʛʨʥ: < 10; 10,1-20,0; 20,1-

30,0; 30,1-40,0; 40,1-50,0;
R, ʛʘ: < 500; 501-1000; 1001-2000;

2001-5000; 5001-10000;
S, ʣʝʪ : < 10; 11-20; 21-30; 31-40;

41-49;
N, ʝʜʠʥʠʮ:< 20; 21-30; 31-40; 41-50;

> 51;
V, ʤʣʥ ʛʨʥ. : < 1,0; 1,1-2,0; 2,1-5,0;

5,1-10,0; 10,1-15,0.
ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʵʢʦʥʦʤʠʢʦ-

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦ-
ʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʨʘʟʤʝʨ ʘʨʝʥʜʥʦʡ
ʧʣʘʪʳ ʟʘ ʘʨʝʥʜʦʚʘʥʥʳʡ ʟʝʤʝʣʴʥʳʡ ʫʯʘ-
ʩʪʦʢ (ʜʦʣʶ, ʧʘʡ). ʎʝʣʝʚʘʷ ʬʫʥʢʮʠʷ ʦʧ-
ʨʝʜʝʣʝʥʠʷ ʨʘʟʤʝʨʘ ʘʨʝʥʜʥʦʡ ʧʣʘʪʳ
ʬʦʨʤʘʣʠʟʦʚʘʥʳ ʦʙʲʝʜʠʥʷʝʪ ʢʨʠʪʝʨʠʠ -
ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʨʠʙʳʣʴ ʦʪ ʩʜʘʯʠ ʚ
ʘʨʝʥʜʫ ʟʝʤʣʠ ʩ ʫʯʝʪʦʤ ʩʪʨʘʭʦʚʘʥʠʷ ʦʪ
ʚʦʟʤʦʞʥʳʭ ʬʦʨʩ-ʤʘʞʦʨʥʳʭ ʦʙʩʪʦʷ-
ʪʝʣʴʩʪʚ ʠ ʦʙʲʝʤ ʧʨʠʚʣʝʯʝʥʥʳʭ ʠʥʚʝ-
ʩʪʠʮʠʡ ʩʦ ʩʪʦʨʦʥʳ ʘʨʝʥʜʘʪʦʨʘ:
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ʇʝʨʚʦʝ ʩʣʘʛʘʝʤʦʝ ʬʦʨʤʫʣʳ (6) ʦʪ-
ʨʘʞʘʝʪ ʦʩʥʦʚʥʫʶ ʩʪʦʠʤʦʩʪʴ ʘʨʝʥʜʳ,



30                                ʀʚʘʥ ʂʠʱʘʢ, ɺʘʣʝʨʠʡ ɻʘʚʨʠʰ, ʀʨʠʥʘ ʉʘʚʘʨʠʥʘ

ʚʪʦʨʦʡ - ʟʘʪʨʘʪʳ ʥʘ ʦʙʷʟʘʪʝʣʴʥʦʝ ʩʪʨʘ-
ʭʦʚʘʥʠʝ ʦʪ ʬʦʨʩ-ʤʘʞʦʨʥʳʭ ʦʙʩʪʦʷ-
ʪʝʣʴʩʪʚ, ʪʨʝʪʠʡ - ʩʚʦʜʥʳʝ ʠʥʚʝʩʪʠʮʠ-
ʦʥʥʳʝ ʨʘʩʭʦʜʳ ʘʨʝʥʜʘʪʦʨʘ. ʌʦʨʤʫʣʘ
(7) ʧʦʢʘʟʳʚʘʝʪ ʦʙʱʫʶ ʪʝʥʜʝʥʮʠʶ ʦʧ-
ʪʠʤʠʟʘʮʠʠ ʘʨʝʥʜʥʦʡ ʧʣʘʪʳ - ʤʘʢʩʠʤʘ-
ʣʠʟʘʮʠʷ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʧʨʠ ʩʪʨʝʤ-
ʣʝʥʠʠ ʢ ʥʫʣʶ ʢʦʵʬʬʠʮʠʝʥʪʘ µ.
ʇʘʨʘʤʝʪʨʘʤʠ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʷʚ-

ʣʷʶʪʩʷ: µ – ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʢʦʵʬʬʠʮʠ-
ʝʥʪ ʚʣʠʷʥʠʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʠ
ʦʪʩʫʪʩʪʚʠʷ ʢʦʥʢʫʨʝʥʪʥʦʡ ʩʨʝʜʳ ʥʘ
ʨʳʥʢʝ ʘʨʝʥʜʳ ʟʝʤʣʠ (ʝʩʣʠ ʦʩʥʦʚʥʳʝ
ʬʘʢʪʦʨʳ ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʬʦʨʤʠʨʦʚʘʥʠʝ
ʘʨʝʥʜʥʦʡ ʧʣʘʪʳ ʥʘ 85%, ʪʦ ʥʘ ʯʝʣʦʚʝ-
ʯʝʩʢʦʝ ʚʣʠʷʥʠʝ ʠ ʦʪʩʫʪʩʪʚʠʝ ʢʦʥʢʫʨʝʥ-
ʮʠʠ ʧʨʠʭʦʜʠʪʩʷ 15%, ʘ ʦʪʥʦʩʠʪʝʣʴʥʳʡ
ʢʦʵʬʬʠʮʠʝʥʪ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ

ʙʫʜʝʪ ʨʘʚʥʘ: m =
85
15  =

17
3  = 0,18 ʦʪ

ʚʣʠʷʥʠʷ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ);
ʽ – ʢʦʵʬʬʠʮʠʝʥʪ ʠʥʬʣʷʮʠʠ;
N – ʢʦʣʠʯʝʩʪʚʦ ʟʘʢʣʶʯʝʥʥʳʭ ʜʦʛʦ-
ʚʦʨʦʚ;
m – ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥ-
ʪʦʚ ʨʘʟʚʠʪʠʷ ʜʣʷ j-ʛʦ ʦʙʲʝʢʪʘ;
ʘik – ʣʦʛʠʯʝʩʢʘʷ ʧʝʨʝʤʝʥʥʘʷ, ʦʪʨʘ-
ʞʘʶʱʘʷ ʚʳʙʦʨ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʦʧ-
ʨʝʜʝʣʝʥʥʦʛʦ ʚʘʨʠʘʥʪʘ ʨʘʟʚʠʪʠʷ;
Rj – ʧʣʦʱʘʜʴ j-ʛʦ ʫʯʘʩʪʢʘ;
Pjk – ʧʨʦʮʝʥʪʥʘʷ ʩʪʘʚʢʘ ʧʣʘʪʳ ʟʘ
ʘʨʝʥʜʫ j-ʛʦ ʫʯʘʩʪʢʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ
ʧʦ k-ʠʤ ʚʘʨʠʘʥʪʦʤ ʨʘʟʚʠʪʠʷ;
STjk – ʥʦʨʤʘʪʠʚʥʘʷ ʦʮʝʥʢʘ ʩʪʦʠʤʦ-
ʩʪʠ j-ʡ ʟʝʤʝʣʴʥʦʛʦ ʫʯʘʩʪʢʘ k-ʛʦ ʚʘ-
ʨʠʘʥʪʘ ʨʘʟʚʠʪʠʷ;

Sjk –  ʩʨʦʢ ʜʝʡʩʪʚʠʷ ʜʦʛʦʚʦʨʘ ʘʨʝʥ-
ʜʳ j-ʡ ʟʝʤʝʣʴʥʦʛʦ ʫʯʘʩʪʢʘ, ʠʩʧʦʣʴʟʫʝ-
ʤʦʛʦ ʧʦ k-ʠʤ ʚʘʨʠʘʥʪʦʤ ʨʘʟʚʠʪʠʷ;

In jk – ʩʪʦʠʤʦʩʪʴ ʩʪʨʘʭʦʚʘʥʠʷ j-ʡ
ʟʝʤʝʣʴʥʦʛʦ ʫʯʘʩʪʢʘ k-ʛʦ ʚʘʨʠʘʥʪʘ
ʨʘʟʚʠʪʠʷ ʦʪ ʚʦʟʤʦʞʥʳʭ ʬʦʨʩ-
ʤʘʞʦʨʥʳʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚ;
ʩ – ʢʦʵʬʬʠʮʠʝʥʪ ʵʢʦʥʦʤʠʯʝʩʢʦʡ
ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʥʚʝʩʪʠʮʠʡ;
Ijk – ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʥʚʝʩʪʠʮʠ-
ʦʥʥʳʝ ʟʘʪʨʘʪʳ ʘʨʝʥʜʘʪʦʨʘ j-ʡ ʟʝ-
ʤʝʣʴʥʦʛʦ ʫʯʘʩʪʢʘ k-ʛʦ ʚʘʨʠʘʥʪʘ
ʨʘʟʚʠʪʠʷ.
ʆʛʨʘʥʠʯʝʥʠʝʤ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʷʚ-

ʣʷʝʪʩʷ ʥʝʨʘʚʝʥʩʪʚʦ
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ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪ ʤʘʢʩʠʤʘʣʴʥʦ
ʚʦʟʤʦʞʥʳʡ ʦʙʲʝʤ ʟʘʪʨʘʪ ʧʨʝʜʧʨʠʷʪʠʷ,
ʛʜʝ lik ʠ Vik– ʵʪʦ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʢʦʵʬ-
ʬʠʮʠʝʥʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ
j-ʡ ʟʝʤʝʣʴʥʦʛʦ ʫʯʘʩʪʢʘ k-ʛʦ ʚʘʨʠʘʥʪʘ
ʨʘʟʚʠʪʠʷ ʠ ʝʝ ʚʦʟʤʦʞʥʳʡ ʦʙʲʝʤ ʚʘʣʦ-
ʚʦʡ ʧʨʦʜʫʢʮʠʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, V –
ʩʫʤʤʘʨʥʳʡ ʦʙʲʝʤ ʚʘʣʦʚʦʡ ʧʨʦʜʫʢʮʠʠ
ʧʨʝʜʧʨʠʷʪʠʷ.
ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦ-

ʨʦʚ, ʧʦʜ ʚʣʠʷʥʠʝʤ ʢʦʪʦʨʳʭ ʬʦʨʤʠʨʫ-
ʝʪʩʷ ʨʘʟʤʝʨ ʘʨʝʥʜʥʦʡ ʧʣʘʪʳ, ʧʨʦʚʝʜʝʥʦ
ʛʨʫʧʧʠʨʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ
ʝʝ ʨʦʩʪ ʧʨʦʠʩʭʦʜʠʪ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦ-
ʥʘʣʴʥʦ ʫʚʝʣʠʯʝʥʠʶ ʧʣʦʱʘʜʠ ʘʨʝʥʜʫʝ-
ʤʳʭ ʟʝʤʝʣʴ ʠ ʠʭ ʜʝʥʝʞʥʦʡ ʦʮʝʥʢʝ (ʧʨʠ
ʫʩʣʦʚʠʠ ʥʝʠʟʤʝʥʥʦʩʪʠ ʥʦʨʤʘʪʠʚʥʦʡ
ʦʮʝʥʢʠ ʟʝʤʣʠ).
ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ

ʨʘʩʯʝʪʦʚ ʧʦ ʦʧʨʝʜʝʣʝʥʠ  ʁʨʘʟʤʝʨʘ ʘʨʝʥʜ-
ʥʦʡ ʧʣʘʪʳ ʟʘ ʘʨʝʥʜʫʝʤʳʝ ʟʝʤʝʣʴʥʳʝ ʫʯʘ-
ʩʪʢʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.

ʊʘʙʣʠʮʘ 1. ʈʘʩʯʝʪʥʳʝ ʦʧʪʠʤʘʣʴʥʳʝ
ʧʘʨʘʤʝʪʨʳ ʨʘʟʤʝʨʘ ʘʨʝʥʜʥʦʡ ʧʣʘʪʳ

Table 1. The calculated optimal pa-
rameters for determining the rent

ʈʘʩʯʝʪʥʳʝ

ʇ
ʣʦ
ʱ
ʘʜ
ʴ
ʟʝ
ʤʝ
ʣʴ
ʥʦ
ʛʦ
ʫʯ
ʘʩ
ʪʢ
ʘ,
ʛʘ

ʉ
ʨʦ
ʢ
ʜʝ
ʡʩ
ʪʚ
ʠʷ
ʜʦ
ʛʦ
ʚʦ
ʨʘ
ʘʨ
ʝʥ
ʜʳ

,ʛ
ʦʜ
ʠ

ʆ
ʙʲ
ʝʤ
ʧʨ
ʦʠ
ʟʚ
ʦʜ
ʩʪ
ʚʘ
ʚʘ
ʣʦ
ʚʦ
ʡ
ʧʨ
ʦʜ
ʫʢ
ʮʠ
ʠ,
ʤʣ
ʥ.
ʛʨ
ʥ

ʂ
ʦʣ
ʠʯ
ʝʩ
ʪʚ
ʦ
ʟʘ
ʢʣ
ʶ
ʯʝ
ʥʥ
ʳ
ʭ
ʜʦ
ʛʦ
ʚʦ
ʨʦ
ʤ
ʘʨ
ʝʥ
ʜʳ

,ʝ
ʜʠ
ʥʠ
ʮ

ʇ
ʨʦ
ʮʝ
ʥʪ
ʥʘ
ʷ
ʩʪ
ʘʚ
ʢʘ
ʘʨ
ʝʥ
ʜʥ
ʦʡ
ʧʣ
ʘʪ
ʳ

,%

ɺ
ʦʟ
ʤʦ
ʞ
ʥʳ
ʝ
ʬʦ
ʨʩ

-ʤ
ʘʞ
ʦʨ
ʥʳ
ʝ
ʫʩ
ʣʦ
ʚʠ
ʷ

R S V N P F

ʇ
ʨʦ
ʠʟ
ʚʦ
ʜʩ
ʪʚ
ʦ
ʧʨ
ʦʜ
ʫʢ
ʮʠ
ʠ,
ʪʳ
ʩ.
ʛʨ
ʥ/
ʛʘ

ʈʘ
ʟʤ
ʝʨ
ʘʨ
ʝʥ
ʜʥ
ʦʡ
ʧʣ
ʘʪ
ʳ

,%

500 5 0,5 10 3 0,1 6,250 3,7

750 10 1,5 25 5 0,12 9,375 6,5

1500 15 2,5 35 7 0,15 18,750 7,8

3500 20 7,5 45 9 0,18 43,750 10,5

5000 25 12,5 75 11 0,2 62,500 12,7
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ʇʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʩʠʩʪʝʤʳ
ʦʮʝʥʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʤʝʨʘ ʘʨʝʥʜʥʦʡ
ʧʣʘʪʳ ʟʘ ʘʨʝʥʜʫʝʤʳʝ ʟʝʤʝʣʴʥʳʝ ʫʯʘʩʪ-
ʢʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʦʩʫʱʝʩʪʚʣʝʥʠʝ
ʘʥʘʣʠʟʘ ʠ ʦʮʝʥʢʠ ʨʘʩʯʝʪʘ ʦʧʪʠʤʘʣʴʥʦʡ
ʧʨʦʮʝʥʪʥʦʡ ʩʪʘʚʢʠ ʜʣʷ ʟʘʢʣʶʯʝʥʠʷ
ʜʦʛʦʚʦʨʘ ʘʨʝʥʜʳ ʩʦʛʣʘʩʥʦ ʧʨʠʥʷʪʳʭ
ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʥʘ ʦʩʥʦʚʘ-
ʥʠʠ: ʘ) ʵʢʩʧʝʨʪʥʦʡ ʦʮʝʥʢʠ ʙ) ʨʝʘʣʠʟʘ-
ʮʠʠ ʵʢʦʥʦʤʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝ-
ʣʠ.

ɺʓɺʆɼʓ

ɺʳʰʝʠʟʣʦʞʝʥʥʦʝ ʧʦʟʚʦʣʷʝʪ ʫʪ-
ʚʝʨʞʜʘʪʴ, ʯʪʦ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʦʪʥʦʰʝ-
ʥʠʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ
ʟʝʤʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʩʦʩʪʦʷʥʠʠ ʧʨʦʚʝ-
ʜʝʥʠʷ ʨʘʩʯʝʪʦʚ ʟʘ ʘʨʝʥʜʫ ʟʝʤʝʣʴʥʳʭ
ʫʯʘʩʪʢʦʚ ʷʚʣʷʶʪʩʷ ʛʣʘʚʥʳʤʠ ʩʦʩʪʘʚ-
ʣʷʶʱʠʤʠ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪ ʦʩʥʦʚʳ
ʩʪʘʥʦʚʣʝʥʠʷ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʟʝ-
ʤʝʣʴʥʦ-ʘʨʝʥʜʥʳʭ ʦʪʥʦʰʝʥʠʡ ʚ ʨʳʥʦʯ-
ʥʦʡ ʩʨʝʜʝ. ʅʘʨʷʜʫ ʩ ʵʪʠʤ ʧʝʨʩʧʝʢʪʠʚ-
ʥʦʝ ʨʘʟʚʠʪʠʝ ʘʨʝʥʜʳ ʟʝʤʝʣʴʥʳʭ ʫʯʘʩʪ-
ʢʦʚ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ
ʨʘʚʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ
ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʝʜʧʨʠʷʪʠʡ ʚʩʝʭ
ʬʦʨʤ ʩʦʙʩʪʚʝʥʥʦʩʪʠ, ʫʯʝʪ ʬʘʢʪʦʨʦʚ ʠ
ʧʘʨʘʤʝʪʨʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʧʨʝʜʝʣʠʪʴ
ʨʘʟʤʝʨ ʘʨʝʥʜʥʦʡ ʧʣʘʪʳ ʟʘ ʟʝʤʝʣʴʥʳʡ
ʫʯʘʩʪʦʢ; ʙʣʘʛʦʧʨʠʷʪʥʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥ-
ʥʦʡ ʧʦʣʠʪʠʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʫʙʲʝʢʪʦʚ
ʭʦʟʷʡʩʪʚʦʚʘʥʠʷ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʜʝʷ-
ʪʝʣʴʥʦʩʪʴ ʧʦ ʨʘʩʯʝʪʘʤ ʟʘ ʘʨʝʥʜʦʚʘʥ-
ʥʫʶ ʟʝʤʣʶ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʣʫʯʰʠʤʠ
ʤʠʨʦʚʳʤʠ ʪʨʘʜʠʮʠʷʤʠ.
ʕʪʦ ʪʨʝʙʫʝʪ ʨʝʘʣʠʟʘʮʠʠ ʩʣʝʜʫʶ-

ʱʠʭ ʤʝʨʦʧʨʠʷʪʠʡ:
- ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʟʤʝʨʦʚ ʘʛʨʘʨʥʳʭ

ʬʦʨʤʠʨʦʚʘʥʠʡ ʠ ʠʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʩ
ʫʯʝʪʦʤ ʩʧʝʮʠʘʣʠʟʘʮʠʠ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ
ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ;

- ʩʦʟʜʘʥʠʝ ʨʘʚʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ
ʫʩʣʦʚʠʡ ʜʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʘʟ-
ʣʠʯʥʳʭ ʬʦʨʤ ʭʦʟʷʡʩʪʚʦʚʘʥʠʷ;

- ʨʘʮʠʦʥʘʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʩʝʣʴ-
ʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʨʘʟ-
ʣʠʯʥʳʭ ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʬʦʨʤʠʨʦʚʘʥʠʷʭ
ʥʘ ʦʩʥʦʚʝ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʪʝʭʥʠʢʦ-
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʘ-
ʨʘʤʝʪʨʦʚ;

- ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʛʦ ʨʝʛʫʣʠʨʦ-
ʚʘʥʠʷ ʜʦʛʦʚʦʨʥʳʭ ʦʪʥʦʰʝʥʠʡ ʦʪʥʦʩʠ-
ʪʝʣʴʥʦ ʘʨʝʥʜʳ ʟʝʤʣʠ, ʦʙʝʩʧʝʯʝʥʠʝ
ʧʨʠʦʨʠʪʝʪʥʦʩʪʠ ʧʨʘʚ ʘʨʝʥʜʦʜʘʪʝʣʝʡ ʠ
ʥʘ ʵʪʦʡ ʦʩʥʦʚʝ ʩʪʘʙʠʣʠʟʘʮʠʠ ʦʙʱʝʩʪ-
ʚʝʥʥʦ-ʩʦʮʠʘʣʴʥʳʭ ʦʪʥʦʰʝʥʠʡ ʚ ʩʝʣʴ-
ʩʢʦʡ ʤʝʩʪʥʦʩʪʠ;

- ʧʨʠʚʣʝʯʝʥʠʝ ʢʘʧʠʪʘʣʘ ʦʪʝʯʝʩʪ-
ʚʝʥʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʩʪʨʫʢ-
ʪʫʨ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʮʝʣʦʩʪʥʳʭ ʟʝ-
ʤʝʣʴʥʳʭ ʠ ʠʤʫʱʝʩʪʚʝʥʥʳʭ ʩʝʣʴʩʢʦʭʦ-
ʟʷʡʩʪʚʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʫʩʣʦʚʠʷʭ
ʧʘʨʪʥʝʨʩʪʚʘ ʠ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ;

- ʩʦʟʜʘʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʨʘ-
ʚʦʚʦʛʦ ʧʦʣʷ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟ-
ʤʦʚ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʨʘʟʚʠʪʠʷ ʩʝʣʴ-
ʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ ʥʘ ʦʩʥʦʚʝ ʵʬʬʝʢʪʠʚ-
ʥʦʛʦ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴ-
ʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ.
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ECONOMIC AND
MATHEMATICAL MODELING IN

DETERMINING OF THE LAND
RENT

Abstract. The variants of the reve-
nue model of the land rent have been
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put in the paper. An optimization proc-
ess of calculating the amount of rent
with the economic and mathematical
modeling has been suggested. The esti-
mated optimal parameters for determin-
ing rent have been determined.

Key words: factors, evaluation,
market value, land, rent, efficiency.
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ʀʉʉʃɽɼʆɺɸʅʀʗ ʊʆʏʅʆʉʊʀ ɺɸʃʆɺ ʆɹʂɸʊɸʅʓʍ
ʋʉʊʈʆʁʉʊɺʆʄ ʉʆ ʉʊɸɹʀʃʀɿɸʎʀɽʁ ʈɸɹʆʏɽɻʆ ʋʉʀʃʀʗ

ʆɹʂɸʊʓɺɸʅʀʗ

ɹʦʨʠʩ ɹʫʪʘʢʦʚ, ɺʠʪʘʣʠʡ ɸʨʪʶʭ
ʅʠʢʦʣʘʝʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ

54029 ʛ. ʅʠʢʦʣʘʝʚ ʫʣ. ʂʨʳʣʦʚʘ 17ɸ

ɸʥʥʦʪʘʮʠʷ. ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʦʯʥʦʩʪʠ ʜʠʘʤʝʪʨʦʚ ʚʘʣʦʚ ʧʦʩʣʝ ʦʙʢʘʪʳʚʘʥʠʷ ʜʝ-
ʪʘʣʝʡ ʨʦʣʠʢʘʤʠ ʫʩʪʨʦʡʩʪʚʦʤ ʩʦ ʩʪʘʙʠʣʠʟʘʮʠʝʡ ʨʘʙʦʯʝʛʦ ʫʩʠʣʠʷ ʦʙʢʘʪʳʚʘʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ
ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʩʣʝ ʦʙʢʘʪʳʚʘʥʠʷ ʪʦʯʥʦʩʪʴ ʜʝʪʘʣʝʡ ʥʝ ʚʳʭʦʜʠʪ ʟʘ ʧʨʝʜʝʣʳ
ʜʦʧʫʩʢʘ.
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʙʢʘʪʳʚʘʥʠʝ ʨʦʣʠʢʘʤʠ, ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʜʝʬʦʨʤʘʮʠʷ, ʢʘʯʝʩʪʚʦ

ʦʙʨʘʙʦʪʢʠ, ʧʦʣʝ ʜʦʧʫʩʢʘ.

ɺɺɽɼɽʅʀɽ
ʆʙʢʘʪʳʚʘʥʠʝ ʜʝʪʘʣʝʡ ʨʦʣʠʢʘʤʠ ʩ

ʧʦʤʦʱʴʶ ʫʩʪʨʦʡʩʪʚʘ ʩʦ ʩʪʘʙʠʣʠʟʘʮʠʝʡ
ʨʘʙʦʯʝʛʦ ʫʩʠʣʠʷ ʦʙʢʘʪʳʚʘʥʠʷ ʩʦʧʨʦ-
ʚʦʞʜʘʝʪʩʷ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʤʝʪʘʣ-
ʣʘ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʠ ʠʟʤʝʥʝʥʠʝʤ
ʥʘʨʫʞʥʦʛʦ ʜʠʘʤʝʪʨʘ ʜʝʪʘʣʠ ʚ ʟʘʚʠʩʠ-
ʤʦʩʪʠ ʦʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ
ʧʨʦʮʝʩʩʘ ʠ ʠʩʭʦʜʥʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ
ʧʦʚʝʨʭʥʦʩʪʠ ʧʝʨʝʜ ʦʙʢʘʪʳʚʘʥʠʝʤ [1-6].
ʇʨʠʤʝʥʝʥʠʝ ʩʧʦʩʦʙʘ ʦʙʢʘʪʳʚʘʥʠʷ

ʨʦʣʠʢʘʤʠ ʚ ʢʘʯʝʩʪʚʝ ʬʠʥʠʰʥʦʡ ʦʧʝʨʘ-
ʮʠʠ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦ-
ʩʪʝʡ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ, ʚ
ʯʘʩʪʥʦʩʪʠ ʚʘʣʦʚ, ʦʧʨʝʜʝʣʠʣʦ ʥʝʦʙʭʦ-
ʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʦʯ-
ʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʪʦʛʦ ʩʧʦʩʦʙʘ.

ʄɽʊʆɼʀʂɸ ʀʉʉʃɽɼʆɺɸʅʀʗ
ɽʩʣʠ ʜʦʧʫʩʢ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʚʘʣʘ ʧʦ ʚʝʣʠʯʠʥʝ ʩʨʘʚʥʠʤ ʩ
ʦʞʠʜʘʝʤʳʤ ʠʟʤʝʥʝʥʠʝʤ ʜʠʘʤʝʪʨʘ ʠʣʠ
ʤʝʥʴʰʝ ʝʛʦ, ʪʦ ʚʘʣ ʜʦʣʞʝʥ ʙʳʪʴ ʧʦʜʛʦ-
ʪʦʚʣʝʥ ʧʦʜ ʦʙʢʘʪʳʚʘʥʠʝ ʩ ʪʨʝʙʫʝʤʳʤ
ʜʦʧʫʩʢʦʤ, ʥʦ ʩ ʠʟʤʝʥʝʥʥʳʤ ʥʘ ʚʝʣʠʯʠʥʫ
ʫʩʘʜʢʠ ʥʦʤʠʥʘʣʴʥʳʤ ʨʘʟʤʝʨʦʤ ʢʦʪʦʨʘʷ
ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣ.1 [6]
ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʷʣʦʩʴ ʥʘ ʦʙʨʘʟ-

ʮʘʭ ʚʘʣʦʚ ʜʠʘʤʝʪʨʦʤ 50 ʤʤ , ʠʟʛʦʪʦʚʣʝʥ-
ʥʳʭ ʠʟ ʩʪʘʣʠ 40 (200 ʅɺ) ʚ ʢʦʣʠʯʝʩʪʚʝ
200 ʰʪ. ʦʙʨʘʙʦʪʘʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ
ʰʣʠʬʦʚʘʥʠʝʤ ʠ ʦʙʢʘʪʳʚʘʥʠʝʤ ʩʦ ʩʪʘʙʠ-
ʣʠʟʘʮʠʝʡ ʨʘʙʦʯʝʛʦ ʫʩʠʣʠʷ ʦʙʢʘʪʳʚʘʥʠʷ
ʧʦʩʣʝ ʪʦʯʝʥʠʷ (ʧʨʦʬʠʣʴʥʳʡ ʨʘʜʠʫʩ ʨʦ-
ʣʠʢʘ rʨʦʣ = 6 ʤʤ, ʫʩʠʣʠʝ ʦʙʢʘʪʳʚʘʥʠʷ P =
3 ʢʅ, ʠʩʭʦʜʥʘʷ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦ-
ʩʪʠ Ra = 2,5 ʤʢʤ).

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣ.1 ʠʩʭʦʜʥʘ  ̫ʰʝʨʦʭʦ-
ʚʘʪʦʩʪ  ɹ ʧʦʚʝʨʭʥʦʩʪʠ ʚʘʣʘ ʧʦʩʣʝ ʪʦʯʝʥʠʷ
ʩʦʦʪʚʝʪʩʪʚʫʝʪ 6 ʢʣʘʩʩʫ, ʧʦʵʪʦʤʫ ʧʝʨʝʜ ʦʙ-
ʢʘʪʳʚʘʥʠʝʤ ʦʩʪʘʚʣʷʣʠ ʧʨʠʧʫʩʢ 0,015ʤʤ.
ɸʥʘʣʠʟ ʪʦʯʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʦʙʨʘʟʮʦʚ

ʚʘʣʦʚ ʚʳʧʦʣʥʷʣʩ  ̫ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʤʝʪʦ-
ʜʦʤ (ʧʦ ʢʨʠʚʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ [7-9].
ɿʘʤʝʨ  r ʜʝʪʘʣʝʡ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʧʦʩʣʝ
ʢʘʞʜʦʛʦ ʚʠʜʘ ʦʙʨʘʙʦʪʢʠ ʨʳʯʘʞʥʳʤ ʤʠʢ-
ʨʦʤʝʪʨʦʤ "ʂʘʨʣ ʎʝʡʩ ʁʝʥʘ"  (ʟʘʚ.  ˉ
46370) ʩ ʧʨʝʜʝʣʘʤʠ ʠʟʤʝʨʝʥʠʷ 0-50 ʤʤ ʠ
ʮʝʥʦʡ ʜʝʣʝʥʠʷ 0,002 ʤʤ ʚ ʜʚʫʭ ʧʦʧʝʨʝ-
ʯʥʳʭ ʩʝʯʝʥʠʷʭ, ʧʦ ʜʚʫʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʚ
ʢʘʞʜʦʤ ʩʝʯʝʥʠʠ. ʀʟ ʯʝʪʳʨʝʭ ʧʦʣʫʯʝʥʥʳʭ
ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʯʠʩʣʷʣʦʩ  ɹ ʩʨʝʜʥʝʝ ʘʨʠʬ-
ʤʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʠʘʤʝʪʨʦʚ, ʢʦʪʦʨʦʝ
ʠ ʧʨʠʥʠʤʘʣʦʩʴ ʟʘ ʨʘʟʤʝʨ ʚʘʣʘ.

ʊʘʙʣʠʮʘ 1. ʋʤʝʥʴʰʝʥʠʝ ʜʠʘʤʝʪʨʦʚ
ʚʘʣʦʚ ʧʨʠ ʦʙʢʘʪʳʚʘʥʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ
ʦʪ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʩʧʦ-
ʩʦʙʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ

Table 1. Reduction of diameters of
shaft at ʦʙʢʘʪʳʚʘʥʠʠ depending on a
roughness of a surface and ʩʧʦ-ʩʦʙʘ pre-
liminary processing
ʉʧʦʩʦʙ ʧʨʝʜ-
ʚʘʨʠʪʝʣʴʥʦʡ
ʦʙʨʘʙʦʪʢʠ

ʂʣʘʩʩ ʰʝʨʦʭʦ-
ʚʘʪʦʩʪʠ ʧʦʜʛʦ-
ʪʦʚʣʝʥʥʦʡ
ʧʦʚʝʨʭʥʦʩʪʠ

ʀʟʤʝʥʝʥʠʝ
ʜʠʘʤʝʪʨʘ
ʧʦʩʣʝ ʦʙʢʘ-
ʪʳʚʘʥʠʷ ʚ
ʤʤ

4 0,03 – 0,06

5 0,02 – 0,04ʊʦʯʝʥʠʝ
6 0,01 – 0,02

5 0,01 – 0,02
ʐʣʠʬʦʚʘʥʠʝ

6 0,005 – 0,015
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ʆʪʢʣʦʥʝʥʠʷ ʦʪ ʢʨʫʛʣʦʩʪʠ ʦʙʨʘʟʮʦʚ
ʚʘʣʦʚ ʦʧʨʝʜʝʣʷʣʦʩʴ ʥʘ ʢʨʫʛʣʦʤʝʨʝ
“TALYROND”. ʇʨʠʤʝʨʳ ʢʨʫʛʣʦʛʨʘʤʤ
ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ.1.
ʄʝʨʘ ʨʘʩʩʝʷʥʠʷ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ

ʨʘʟʤʝʨʦʚ ʜʠʘʤʝʪʨʘ ʚʘʣʦʚ ʦʧʨʝʜʝʣʷʣʘʩʴ
ʧʦ ʬʦʨʤʫʣʝ:

M=Dmax-Dmin,                  (1)
ʛʜʝ: Dmax - ʥʘʠʙʦʣʴʰʠʡ, Dmin - ʤʠʥʠ-
ʤʘʣʴʥʳʡ ʜʠʘʤʝʪʨ ʚʘʣʦʚ ʠʟ ʢʦʥʪʨʦʣʠ-
ʨʫʝʤʦʡ ʧʘʨʪʠʠ.
ʉʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ

ʨʘʟʤʝʨʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝ ʮʝʥʪʨ ʛʨʫʧ-
ʧʠʨʦʚʘʥʠʷ (ʨʘʩʧʨʝʜʝʣʝʥʠʷ), ʦʧʨʝʜʝʣʷ-
ʣʦʩʴ ʧʦ ʬʦʨʤʫʣʝ:
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ʛʜʝ: Di - ʩʝʨʝʜʠʥʳ ʠʥʪʝʨʚʘʣʦʚ ʨʘʟʤʝʨʦʚ,
       mi - ʵʤʧʠʨʠʯʝʩʢʠʝ ʯʘʩʪʦʪʳ,
       n - ʢʦʣʠʯʝʩʪʚʦ ʠʥʪʝʨʚʘʣʦʚ.
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ʈʠʩ.1. ʂʨʫʛʣʦʛʨʘʤʤʳ ʦʙʨʘʟʮʦʚ ʚʘ-
ʣʦʚ ʧʦʩʣʝ ʰʣʠʬʦʚʘʥʠʷ (ʘ) ʠ ʦʙʢʘʪʳʚʘ-
ʥʠʷ ʫʩʪʨʦʡʩʪʚʦʤ ʩʦ ʩʪʘʙʠʣʠʟʘʮʠʝʡ ʨʘ-
ʙʦʯʝʛʦ ʫʩʠʣʠʷ ʦʙʢʘʪʳʚʘʥʠʷ (ʙ)

Fig.1. Circlegrams of samples of shaft
after grinding (ʘ) and ʦʙʢʘʪʳʚʘʥʠʷ an
arrangement with stabilization of working
effort ʦʙʢʘʪʳʚʘʥʠʷ (ʙ)

ʕʤʧʠʨʠʯʝʩʢʦʝ ʩʨʝʜʥʝʝ ʢʚʘʜʨʘʪʠʯʝ-
ʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ
ʨʘʟʤʝʨʘ ʦʧʨʝʜʝʣʷʣʦʩʴ ʧʦ ʬʦʨʤʫʣʝ:
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ʅʘ ʨʠʩ.2. ʧʨʠʚʝʜʝʥʳ ʧʦʣʠʛʦʥʳ ʨʘʩ-
ʧʨʝʜʝʣʝʥʠʡ,  ʛʜʝ ʢʨʠʚʘʷ 1  -  ʜʣʷ ʚʘʣʦʚ ʧʦ-
ʩʣʝ ʰʣʠʬʦʚʘʥʠ ,̫ ʢʨʠʚʘʷ 2 - ʜʣʷ ʚʘʣʦʚ ʧʦ-
ʩʣʝ ʦʙʢʘʪʳʚʘʥʠʷ ʫʩʪʨʦʡʩʪʚʦʤ ʩʦ ʩʪʘʙʠʣʠ-
ʟʘʮʠʝʡ ʨʘʙʦʯʝʛʦ ʫʩʠʣʠʷ ʦʙʢʘʪʳʚʘʥʠ .̫
ɸʥʘʣʠʟ ʵʤʧʠʨʠʯʝʩʢʠʭ ʢʨʠʚʳʭ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠ  ̫ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢʘʢ ʧʦʩʣʝ
ʰʣʠʬʦʚʘʥʠʷ, ʪʘʢ ʠ ʧʦʩʣʝ ʦʙʢʘʪʳʚʘʥʠʷ
ʦʥʠ ʙʣʠʟʢʠ ʢ ʢʨʠʚʳʤ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩ-
ʧʨʝʜʝʣʝʥʠʷ. ʅʘʙʣʶʜʘʝʪʩ  ̫ʩʤʝʱʝʥʠʝ ʮʝʥ-
ʪʨʘ ʛʨʫʧʧʠʨʦʚʘʥʠʷ (ʨʘʩʧʨʝʜʝʣʝʥʠʷ) ʨʘʟ-
ʤʝʨʦʚ ʜʝʪʘʣʝʡ ʧʦʩʣʝ ʦʙʢʘʪʳʚʘʥʠʷ ʥʘ
ʚʝʣʠʯʠʥʫ ɽ = 0,003, ʯʪʦ ʤʦʞʥʦ ʦʙʲʷʩ-
ʥʠʪʴ ʠʟʤʝʥʝʥʠʝʤ ʜʠʘʤʝʪʨʘ ʦʙʢʘʪʘʥʥʳʭ
ʚʘʣʦʚ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠ  ̫ʧʣʦʪʥʦʩʪʠ ʜʠʩ-
ʣʦʢʘʮʠʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ.
ʇʨʠ ʩʙʦʨʢʝ ʚʘʣʦʚ ʩʦ ʚʪʫʣʢʦʡ ʚʝʣʠʯʠ-

ʥʘ ʟʘʟʦʨʘ ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ 0,01-0,02
ʤʤ, ʧʦʵʪʦʤʫ ʠʟʤʝʥʝʥʠʝ ʜʠʘʤʝʪʨʦʚ ʚʘʣʦʚ
ʥʘ 0,003  ʤʤ ʥʝ ʧʦʚʣʝʯʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʢ
ʫʚʝʣʠʯʝʥʠʶ ʪʨʫʜʦʝʤʢʦʩʪʠ ʧʨʠʤʝʥʷʝʤʦʡ
ʧʦ ʜʝʡʩʪʚʫʶʱʝʡ ʪʝʭʥʦʣʦʛʠʠ ʜʦʚʦʜʢʠ,
ʜʣ  ̫ʜʦʩʪʠʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʥʘʯʘʣʴʥʦʡ
ʧʣʦʱʘʜʠ ʢʦʥʪʘʢʪʠʨʦʚʘʥʠʷ.
ɺʳʨʘʚʥʠʚʘʥʠʝ ʵʤʧʠʨʠʯʝʩʢʦʛʦ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʦ ʟʘʢʦʥʫ
ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (ɻʘʫʩʩʘ).
ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʨʠʚʳʭ ʥʦʨʤʘʣʴʥʦ-

ʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 1ʘ - ʧʦʩʣʝ ʰʣʠʬʦʚʘ-
ʥʠʷ ʠ 2ʘ - ʧʦʩʣʝ ʦʙʢʘʪʳʚʘʥʠʷ ʫʩʪʨʦʡʩʪ-
ʚʦʤ ʩʦ ʩʪʘʙʠʣʠʟʘʮʠʝʡ ʨʘʙʦʯʝʛʦ ʫʩʠʣʠʷ
ʦʙʢʘʪʳʚʘʥʠʷ (ʨʠʩ.2), ʜʦʩʪʘʪʦʯʥʦ ʦʧʨʝ-
ʜʝʣʠʪʴ ʢʦʦʨʜʠʥʘʪʳ ʰʝʩʪʠ-ʩʝʤʠ ʪʦʯʝʢ,
ʚ ʪʦʤ ʯʠʩʣʝ ʯʝʪʳʨʝʭ ʭʘʨʘʢʪʝʨʥʳʭ ʪʦ-
ʯʝʢ. ʆʜʥʘ ʠʟ ʭʘʨʘʢʪʝʨʥʳʭ ʪʦʯʝʢ, ʩʦʦʪ-
ʚʝʪʩʪʚʫʶʱʘʷ ʘʙʩʮʠʩʩʝ cpDxx == ,
ʷʚʣʷʝʪʩʷ ʚʝʨʰʠʥʦʡ ʢʨʠʚʦʡ, ʘ ʦʩʪʘʣʴ-
ʥʳʝ ʪʨʠ ʙʝʨʫʪʩʷ ʩ ʘʙʩʮʠʩʩʘʤʠ Sx °= ,

Sx 2°= , Sx 3°= (ʪʘʙʣ. 2).
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ʈʠʩ. 2. ʇʦʣʠʛʦʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (1, 2) ʠ ʢʨʠʚʳʝ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (1,ʘ ʠ 2,ʘ).

1, 1,ʘ – ʧʦʩʣʝ ʰʣʠʬʦʚʘʥʠʷ; 2, 2,ʘ – ʧʦʩʣʝ ʦʙʢʘʪʳʚʘʥʠʷ
Fig. 2. Ranges of distribution (1, 2) and curves a normalth of distribution (1a, 2a,)

1, 1a  – after grinding; 2, 2a, – after rolling

ʊʘʙʣʠʮʘ 2 ʂʦʦʨʜʠʥʘʪʳ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ
ʢʨʠʚʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ
Table 2. Coordinates for plotting distribu-
tion
X -

3
S
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2
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5
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,
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Y
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S
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S
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S
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S
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S
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S
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S
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S
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Y(1
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5
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61 7
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6
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0

Y(2
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4
0
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2

9 0

ʂʘʢ ʫʞʝ ʫʢʘʟʳʚʘʣʦʩʴ ʚʳʰʝ,  ʜʣʷ
ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ
ʨʘʟʤʝʨoʚ ʜʠʘʤʝʪʨʦʚ ʚʘʣʦʚ ʙʳʣ ʧʨʠʥʷʪ
ʟʘʢʦʥ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ.
ɺ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʢʘʯʝʩʪʚʝʥ-

ʥʘʷ ʦʮʝʥʢʘ ʩʪʝʧʝʥʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʵʤʧʠ-
ʨʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʢʦʥʫ ʥʦʨ-

ʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʙʳʣʘ ʧʨʦʠʟʚʝ-
ʜʝʥʘ ʚʠʟʫʘʣʴʥʦ, ʩʦʚʤʝʱʝʥʥʳʝ ʢʨʠʚʳʝ
ʵʤʧʠʨʠʯʝʩʢʦʛʦ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʨʘʩ-
ʧʨʝʜʝʣʝʥʠʷ (ʨʠʩ.2).
ɼʣʷ ʙʦʣʝʝ ʦʙʲʝʢʪʠʚʥʦʡ ʦʮʝʥʢʠ ʩʪʝ-

ʧʝʥʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʵʤʧʠʨʠʯʝʩʢʦʛʦ ʨʘʩ-
ʧʨʝʜʝʣʝʥʠʷ ʟʘʢʦʥʫ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩ-
ʧʨʝʜʝʣʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʨʠʪʝʨʠʠ
ʩʦʛʣʘʩʠʷ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʚʦʩʧʦʣʴʟʫʝʤʩʷ
ʢʨʠʪʝʨʠʝʤ ʩʦʛʣʘʩʠʷ ɢ 2- ʇʠʨʩʦʥʘ, ʢʘʢ
ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʫʧʦʪʨʝʙʣʷʝʤʳʤ ʢʨʠʪʝ-
ʨʠʝʤ ʜʣʷ ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟʳ ʦ ʟʘʢʦʥʝ
ʨʘʩʧʨʝʜʝʣʝʥʠʷ:

( )ä
=

-
=

e

i i

ii

np
npm

1

2
2l

,                        (4)

ʛʜʝ: mi - ʵʤʧʠʨʠʯʝʩʢʘʷ ʯʘʩʪʦʪʘ ʢʘʞʜʦʛʦ
ʠʥʪʝʨʚʘʣʘ;
e - ʯʠʩʣʦ ʠʥʪʝʨʚʘʣʦʚ;
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n=× mi - ʯʠʩʣʦ ʚʩʝʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝ-
ʨʝʥʠʡ;
pi - ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʧʘʜʘʥʠʷ ʨʘʟʤʝʨʘ ʚ
ʜʘʥʥʳʡ ʠʥʪʝʨʚʘʣ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʟʘ-
ʢʦʥʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ:

öö÷

õ
ææç

å -
-öö÷

õ
ææç

å -
= -

S
DD

F
S

DD
F cpicpi

i
1r

,          (5)

ʛʜʝ F - ʠʥʪʝʛʨʘʣ ʚʝʨʦʷʪʥʦʩʪʝʡ [10-13];
Dcp - ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʨʝʟʫʣʴʪʘ-
ʪʦʚ ʠʟʤʝʨʝʥʠʷ;
S - ʵʤʧʠʨʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʩʨʝʜʥʝʛʦ
ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ;
Di-1 ʠ Di - ʛʨʘʥʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ʠʥʪʝʛʨʘ-
ʣʦʚ.
ʇʦʩʣʝ ʧʦʜʩʯʝʪʘ ɚ2 - ʢʨʠʪʝʨʠʷ ʩʣʝʜʫ-

ʝʪ ʧʨʦʠʟʚʝʩʪʠ ʝʛʦ ʩʨʘʚʥʝʥʠʝ ʩ ʚʝʣʠʯʠ-
ʥʦʡ ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ ɚ2p; f [14-
16] ʧʨʠ ʥʝʢʦʪʦʨʦʡ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝ-
ʨʦʷʪʥʦʩʪʠ p ʠ ʯʠʩʣʝ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ f
= e-3.
ʇʨʠʤʝʤ ʜʦʚʝʨʠʪʝʣʴʥʫʶ ʚʝʨʦʷʪ-

ʥʦʩʪʴ p= 0,05, ʯʠʩʣʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ
f = 6-3= 3. ʂʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ɢ20,05=
7,8 [17].
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʪ ʦʩʥʦʚʘʥʠʡ ʩʦ-

ʤʥʝʚʘʪʴʩʷ ʚ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʧʨʠʥʷʪʦʡ
ʛʠʧʦʪʝʟʳ ʦ ʟʘʢʦʥʝ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩ-
ʧʨʝʜʝʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ ʚʘ-
ʣʦʚ ʢʘʢ ʧʦʩʣʝ ʰʣʠʬʦʚʘʥʠʷ, ʪʘʢ ʠ ʧʦʩʣʝ
ʦʙʢʘʪʳʚʘʥʠʷ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʘʥ-
ʥʳʤʠ ʨʘʙʦʪʳ [18-22].

ɺʓɺʆɼʓ

1. ʈʘʩʩʝʠʚʘʥʠʝ ʧʦʛʨʝʰʥʦʩʪʝʡ ʧʨʠ
ʦʙʢʘʪʳʚʘʥʠʠ ʚʘʣʦʚ ʫʩʪʨʦʡʩʪʚʦʤ ʩʦ
ʩʪʘʙʠʣʠʟʘʮʠʝʡ ʨʘʙʦʯʝʛʦ ʫʩʠʣʠʷ ʦʙʢʘ-
ʪʳʚʘʥʠʷ ʭʦʨʦʰo ʦʧʠʩʳʚʘʝʪʩʷ ʟʘʢʦʥʦʤ
ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ.

2. ʆʙʢʘʪʳʚʘʥʠʝ ʫʩʪʨʦʡʩʪʚʦʤ ʩʦ ʩʪʘ-
ʙʠʣʠʟʘʮʠʝʡ ʨʘʙʦʯʝʛʦ ʫʩʠʣʠʷ ʤʦʞʝʪ
ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʢʘʢ ʩʧʦʩʦʙ ʦʢʦʥʯʘ-
ʪʝʣʴʥʦʡ ʨʘʟʤʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ.

3. ɽʩʣʠ ʜʦʧʫʩʢ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦ-
ʚʝʨʭʥʦʩʪʠ ʧʦ ʚʝʣʠʯʠʥʝ ʩʨʘʚʥʠʤ ʩ ʦʞʠ-
ʜʘʝʤʳʤ ʠʟʤʝʥʝʥʠʝʤ ʜʠʘʤʝʪʨʘ ʠʣʠ
ʤʝʥʴʰʝ ʝʛʦ,  ʜʝʪʘʣʴ ʜʦʣʞʥʘ ʙʳʪʴ ʧʦʜʛʦ-
ʪʦʚʣʝʥʘ ʧʦʜ ʦʙʢʘʪʳʚʘʥʠʷ ʩ ʪʨʝʙʫʝʤʳʤ
ʜʦʧʫʩʢʦʤ, ʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʥʘ ʚʝʣʠʯʠʥʫ
ʫʩʘʜʢʠ ʥʦʤʠʥʘʣʴʥʳʤ ʨʘʟʤʝʨʦʤ ʫʚʝʣʠ-
ʯʝʥʥʳʤ ʜʣ  ̫ʚʘʣʦʚ.

ʃʀʊɽʈɸʊʋʈɸ

1. ɹʨʘʩʣʘʚʩʢʠʡ ɺ.ʄ. 1975. ʊʝʭʥʦʣʦʛʠʷ ʦʙ-
ʢʘʪʢʠ ʢʨʫʧʥʳʭ ʜʝʪʘʣʝʡ ʨʦʣʠʢʘʤʠ / ɺ.ʄ. ɹʨʘ-
ʩʣʘʚʩʢʠʡ.  2-ʝ ʠʟʜ. – ʄ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, –
160.
2. ɹʫʪʘʢʦʚ ɹ.ʀ. 1984. ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ
ʧʨʦʮʝʩʩʘ ʯʠʩʪʦʚʦʛʦ ʦʙʢʘʪʳʚʘʥʠ  ̫ ʜʝʪʘʣʝʡ
ʨʦʣʠʢʘʤʠ /  ɹ.ʀ.  ɹʫʪʘʢʦʚ.  ɺʝʩʪʥʠʢ ʤʘʰʠʥʦ-
ʩʪʨʦʝʥʠʷ. - ̄  7. - 50 – 53.
3. ɹʘʙʝʡʖ.ʀ. 1995. ʇʦʚʝʨʭʥʦʩʪʥʦʝ ʫʧʨʦʯ-
ʥʝʥʠʝ ʤʝʪʘʣʣʦʚ/[ʖ.ʀ. ɹʘʙʝʡ, ɹ.ʀ. ɹʫʪʘʢʦʚ,
ɺ.ɻ. ʉʳʩʦʝʚ] - ʂ.: ʅʘʫʢʦʚʘ ʜʫʤʢʘ, – 256.
4. ɸʟʘʨʝʚʠʯ ɻ.ʄ. 1963. ʏʠʩʪʦʚʘʷ ʦʙʨʘʙʦʪʢʘ
ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʣʘʩʪʠʯʝʩʢʠʤ
ʜʝʬʦʨʤʠʨʦʚʘʥʠʝʤ / [ɻ.ʄ. ɸʟʘʨʝʚʠʯ ɻ.ʐ.
ɹʝʨʰʪʝʡʥ]  -  ʄ.:  ʆʅʊʀ ʅʀʀ   ʊʨʘʢʪʦʨʩʝʣʴ-
ʭʦʟʤʘʰʘ, - 43.
5. ɹʨʘʩʣʘʚʩʢʠʡ ɺ.ʄ. 1989. ʆʙʢʘʪʢʘ ʜʝʪʘʣʝʡ
ʨʦʣʠʢʘʤʠ ʢʘʢ ʩʨʝʜʩʪʚʦ ʧʦʚʳʰʝʥʠʷ ʠʟʥʦʩʦ-
ʩʪʦʡʢʦʩʪʠ / [ɺ.ʄ. ɹʨʘʩʣʘʚʩʢʠʡ, ɺ.ɺ. ʊʦʧʳʯ-
ʢʘʥʦʚ]. ʇʨ-ʚʦ ʢʨʫʧʥʳʭ ʤʘʰʠʥ,
ʅʀʀʊʗɾʄɸʐ ʋʨʘʣʤʘʰʟʮʟʦʜʘ, — ɺʳʧ.
XIX. — 136 — 144.
6. ɹʨʘʩʣʘʚʩʢʠʡ ɺ.ʄ. 1975. ʊʝʭʥʦʣʦʛʠ  ̫ ʦʙ-
ʢʘʪʢʠ ʢʨʫʧʥʳʭ ʜʝʪʘʣʝʡ ʨʦʣʠʢʘʤʠ /  -  ʄ.:  ʄʘ-
ʰʠʥʦʩʪʨʦʝʥʠʝ, - 160.
7. ɹʨʘʩʣʘʚʩʢʠʡ ɺ.ʄ. 1985. ʇʦʚʳʰʝʥʠʝ
ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʚʠʥʪʦʚʳʭ ʧʘʨ ʦʙʢʘʪʳʚʘʥʠʝʤ
ʨʦʣʠʢʘʤʠ /  [ɺ.ʄ.  ɹʨʘʩʣʘʚʩʢʠʡ,  ɹ.ʀ.  ɹʫʪʘʢʦʚ,
ʖ.ʗ. ʐʠʣʢʦʚ]. ʊʝʭʥʦʣʦʛʠʷ, ʦʨʛʘʥʠʟʘʮʠʷ ʠ
ʤʝʭʘʥʠʟʘʮʠʷ ʤʝʭʘʥʦʩʙʦʨʦʯʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪ-
ʚʘ. — ʄ.: ʅʀʀʬʦʨʤʊʗɾʄɸʐ, — 15 — 17.
8. ɹʫʪʘʢʦʚ ɹ.ʀ. ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʨʦ-
ʮʝʩʩʘ ʯʠʩʪʦʚʦʛʦ ʦʙʢʘʪʳʚʘʥʠ  ̫ʜʝʪʘʣʝʡʨʦʣʠʢʘ-
ʤʠ / ɹ.ʀ. ɹʫʪʘʢʦʚ. ɺʝʩʪʥ. ʤʘʰʠʥʦʩʪʨʦʝʥʠ .̫ —
1984. —  ̄7.—ʉ. 50—53.ʩ
9. ʀʚʘʥʦʚ ɺ.ɺ. 1980. ʀʟʥʦʩʦʩʪʦʡʢʦʩʪʴ
ʩʪʘʣʴʥʳʭ ʜʝʪʘʣʝʡ, ʫʧʨʦʯʥʝʥʥʳʭ ʦʙʢʘʪʢʦʡ
ʨʦʣʠʢʦʤ / ɺ.ɺ. ʀʚʘʥʦʚ. ʊʨ. ʎʅʀʀʊʄɸʐʘ,
ʢʥ. 2. — ʄ., — 67—75.
10. ʂʘʱʝʝʚ ɺ.ʅ. 1985. ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʥʘ-
ʢʣʝʧ ʠ ʘʙʨʘʟʠʚʥʦʝ ʨʘʟʨʫh ʝʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʦʡ
ʧʦʚʝʨʭʥʦʩʪʠ / ɺ.ʅ. ʂʘ ʝɦʝʚ ʉʝʣʴʭʦʟʤʘʰʠʥʘ.
— ˉ 1.- 20-26.
11. ʂʨaʛʝʣʴʩʢʠʡ ʀ.ɺ. 1985. ʆʩʥʦʚʳ ʨʘʩʯʝʪʦʚ
ʥʘ ʪʨʝʥʠʝ ʠ ʠʟʥʦʩ / [ʀ.ɺ. ʂʨaʛʝʣʴʩʢʠʡ, ʄ.ʅ.
ɼʦʙʳʯʠʥ, ɺ.ʉ. ʂʦʤʙʘʣʦʚ] — ʄ.: ʄʘʰʠʥʦ-
ʩʪʨʦʝʥʠʝ, — 526.
12. ʂʫʜʨʷʚʮʝʚ ʀ.ɺ. 1984. ʅʦʚʳʝ ʩʧʦʩʦʙʳ
ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘ-
ʥʠ  ̫/ [ʀ.ɺ. ʂʫʜʨʷʚʮʝʚ, ʈ.ɽ. ɻʨʫʜʩʢʘʷ]. ʄʘʰʠ-
ʥʦʩʪʨʦʠʪʝʣʴ, ˉ 7, 28-29.
13. ʄʘʨʢʦʚ ɸ .ʀ. 1980. ʋʣʴʪʨʘʟʚʫʢʦʚʘ  ̫ʦʙʨʘ-
ʙʦʪʢʘ ʤʘʪʝʨʠʘʣʦʚ / ɸ.ʀ. ʄʘʨʢʦʚ – ʄ.: ʄʘʰʠ-
ʥʦʩʪʨʦʝʥʠʝ, — 238.



ɹʦʨʠʩ ɹʫʪʘʢʦʚ, ɺʠʪʘʣʠʡ ɸʨʪʶʭ38

14. ʌʨʠʜʤʘʥ ʗ.ɹ. 1987. ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩ-
ʪʚʘ ʤʝʪʘʣʣʦʚ /  ʗ.ɹ.  ʌʨʠʜʤʘʥ — ʄ.:  ʆʙʦʨʦʥ-
ʛʠʟ, — 556.
15. ʆʜʠʥʮʦʚ ʃ. ɻ. 1981. ʌʠʥʠʰʥʘ  ̫ʦʙʨʘʙʦʪʢʘ
ʜʝʪʘʣʝʡ ʘʣʤʘʟʥʳʤ ʚʳʛʣʘʞʠʚʘʥʠʝʤ ʠ ʚʠʙʨʦ-
ʚʳʛʣʘʞʠʚʘʥʠʝʤ / ʃ. ɻ. ʆʜʠʥʮʦʚ – ʄ.: ʄʘʰʠ-
ʥʦʩʪʨʦʝʥʠʝ, – 160.
16. ʇʘʧʰʝʚ ɼ.ɼ. 1983. ʆʪʜʝʣʦʯʥʦ-
ʫʧʨʦʯʥʷʶʱʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʧʣʘ-
ʩʪʠʯʝʩʢʠʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝʤ / ɼ.ɼ. ʇʘʧʰʝʚ –
ʄ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, – 152.
17. ʈʳʞʦʚ ʕ.ɺ. 1979. ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʝʩ-
ʧʝʯʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʜʝʪʘʣʝʡ
ʤʘʰʠʥ / [ʕ.ɺ. ʈʳʞʦʚ, ɸ.ɻ. ʉʫʩʣʦʚ, ɺ.ʇ. ʌʝ-
ʜʦʨʦʚ] - ʄ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, — 176.
18. ʉʪʝʧʥʦʚ ʄ.ʅ. 1980. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘ-
ʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ /
ʄ. ʅ. ʉʪʝʧʥʦʚ – ʄ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, – 232.
19. ʍʨʫɦ ʦʚ ʄ.ʄ. 1984. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ
ʦʩʥʦʚʳ ʪʝʦʨʠʠ ʘʙʨʘʟʠʚʥʦʛʦ ʠʟʥʘʰʠʚʘʥʠʷ /
[ʄ.ʄ. ʍʨʫɦ ʦʚ, ʄ.ɸ. ɹʘʙʠʯʝʚ] ɺʝʩʪʠ, ʤʘʰʠ-
ʥʦʩʪʨʦʝʥʠ .̫ — ˉ 6. — 56 — 62.
20. ʐʢʦʣʴʥʠʢ ʃ.ʄ., ʐʘʭʦʚ ɺ.ʀ. 1964. ʊʝʭ-
ʥʦʣʦʛʠʷ ʠ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʜʣʷ ʫʧʨʦʯʥʝʥʠʷ
ʠ ʦʪʜʝʣʢʠ ʜʝʪʘʣʝʡ ʥʘʢʘʪʳʚʘʥʠʝʤ. – ʄ.:
ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ. – 184.
21. Aleksey Popov ʅʦʚʘʷ ʪʝʦʨʠʷ ʢʦʥʪʘʢʪ-
ʥʦʡ ʧʨʦʯʥʦʩʪʠ  ʫʧʨʫʛʦ ʩʞʘʪʳʭ ʪʝʣ / Motrol,
Motoryzacja I energetyka rolnictwa. – Lublin
2010. - Tom12A. 223 – 232.
22. Holoptsev A. W. ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʠʤʝʥʝ-
ʥʠʷ ʤʥʦʞʝʩʪʚʝʥʥʦ-ʨʝʛʨʝʩʠʦʥʥʳʭ ʤʦʜʝʣʝʡ
ʜʠʥʘʤʠʢʠ ʘʢʪʠʚʥʦʩʪʽ Sr-90 ʚ ʪʘʰʣʳʢʩʢʦʤ
ʚʦʜʦʭʨʘʥʠʣʠʱʥʦʤ ʚʦʜʦʝʤʝ ʖʞʥʦʫʢʨʘʠʥʩ-
ʢʦʡ ɸɽʉ ʧʨʠ ʝʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ / Zhebet
L.S. // Motrol, Motoryzacja I energetyka
rolnictwa. – Lublin 2011. – Tom13. 137 – 149.

INVESTIGATION MADE
GROSS ROLLING

PROCESSING DEVICES SB
STABILIZE A WORKING

STRONG ROLLING
Abstract. Conducted the study accuracy

razmerov Valov ambassadors obkatʳvanyya
details rollers up your device co stabilize a
working usylyya rolling. As a result of
research podtverdylos that after rolling
precision parts not vʳhodyt predel for
admission.

Key words: rolling rollers, the law of
apportionment, deformation, the quality of data
processing, field access.



MOTROL, 2012, Vol. 14-ˉ2, 39-45                                        39

ʉʊʈɸʊɽɻʀʗ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ʕʅɽʈɻɽʊʀʏɽʉʂʆɻʆ
ɹʀʆʉʓʈʔʗ

ɺʘʣʝʨʠʡ ɻʘʚʨʠʰ, ɺʣʘʜʠʤʠʨ ʇʠʣʠʧ

ʅʠʢʦʣʘʝʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ
ʛ. ʅʠʢʦʣʘʝʚ, ʫʣ. ʂʨʳʣʦʚʘ 17ʘ

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʬʬʝʢʪʠʚ-
ʥʦʩʪʠ ʧʝʨʝʨʘʙʦʪʢʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʘ ʵʢʩʧʦʨʪʫ ʙʠʦʜʠ-
ʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ. ʉʪʨʘʪʝʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʵʢʩʧʦʨʪʘ ʜʠʟʝʣʴʥʦʛʦ ʙʠʦʪʦʧʣʠʚʘ ʷʚʣʷʝʪʩʷ ʧʝʨ-
ʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ.

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʠʦʵʪʘʥʦʣ, ʙʠʦʜʠʟʝʣʴ, ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ, ʨʘʧʩ, ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢ-
ʪʠʚʥʦʩʪʴ, ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ, ʩʝʙʝʩʪʦʠʤʦʩʪʴ

ɺɺɽɼɽʅʀɽ

ʇʨʘʚʠʪʝʣʴʩʪʚʦ, ʇʨʝʟʠʜʝʥʪ ʠ ɺʝʨ-
ʭʦʚʥʘʷ ʈʘʜʘ ʋʢʨʘʠʥʳ ʨʘʟʨʘʙʦʪʘʣʠ ʨʷʜ
ʟʘʢʦʥʦʚ, ʫʢʘʟʦʚ ʠ ʧʨʦʛʨʘʤʤ, ʥʘʧʨʘʚ-
ʣʝʥʥʳʭ ʥʘ ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʚʳʧʫʩʢʘ
ʪʦʧʣʠʚ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ,
ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʙʠʦʵʪʠʣʦʚʦʛʦ ʠ ʤʝ-
ʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʨʘʧʩʦʚʦʛʦ ʤʘʩʣʘ (ʜʠ-
ʟʝʣʴʥʦʝ ʙʠʦʪʦʧʣʠʚʦ). ʕʪʠ ʜʦʢʫʤʝʥʪʳ
ʥʘʮʝʣʠʚʘʶʪ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ
ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʦʚ
ʚʳʨʘʱʠʚʘʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ
ʢʫʣʴʪʫʨ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʢʘʯʝʩʪʚʝ ʩʳ-
ʨʴʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʪʦʧʣʠʚʘ. ɹʦ-
ʣʝʝ ʪʦʛʦ, ʦʥʠ ʩʦʟʜʘʶʪ ʵʢʦʥʦʤʠʯʝʩʢʠʝ
ʩʪʠʤʫʣʳ ʜʣʷ ʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʨʘʩ-
ʰʠʨʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʆʜʥʘʢʦ ʚʩʪʘʝʪ
ʚʦʧʨʦʩ ʥʘʩʢʦʣʴʢʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʥʝ-
ʜʨʷʪʴ ʜʘʥʥʳʝ ʧʨʦʝʢʪʳ ʩ ʫʯʝʪʦʤ ʵʢʦʥʦ-
ʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʩʦʚʨʝʤʝʥ-
ʥʳʭ ʫʩʣʦʚʠʷʭ.

ɸʅɸʃʀɿ ʇʋɹʃʀʂɸʎʀʁ

ʉʫʱʝʩʪʚʫʶʪ ʜʚʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ
ʤʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦ-
ʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʪʦʧʣʠʚʘ ʚ ʋʢʨʘʠ-
ʥʝ. ʅʘʧʨʠʤʝʨ, ʀ.ɻ. ʂʠʨʠʣʝʥʦ ʦʪʤʝʯʘʝʪ
ʩʣʝʜʫʶʱʠʭ ʧʨʝʠʤʫʱʝʩʪʚʘʭ ʵʪʦʛʦ ʧʫʪʠ:
ʫʣʫʯʰʠʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʩʠʪʫʘʮʠʷ;
ʋʢʨʘʠʥʘ ʧʦʣʫʯʠʪ ʚʦʟʦʙʥʦʚʣʷʝʤʳʡ ʠʩ-
ʪʦʯʥʠʢ ʵʥʝʨʛʠʠ; ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʥʝʟʘ-
ʚʠʩʠʤʦʩʪʴ; ʜʝʡʩʪʚʫʶʱʘʷ ʧʦʜʜʝʨʞʢʘ
ʘʛʨʘʨʥʦʛʦ ʩʝʢʪʦʨʘ ʵʢʦʥʦʤʠʢʠ [1]. ɺ
ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠʜʫʪ ʩʪʨʘʥʳ ɽʉ ʠ
ʉʐɸ [2].

ʆʧʧʦʥʝʥʪʳ ʵʪʦʛʦ ʧʫʪʠ ʧʨʠʚʦʜʷʪ
ʩʣʝʜʫʶʱʫʶ ʘʨʛʫʤʝʥʪʘʮʠʶ. ɺ ʩʦʚʨʝ-
ʤʝʥʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʩʝʣʴ-
ʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʦʣʝʝ
ʚʳʛʦʜʥʦ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʩʳʨʴʝ ʜʣʷ ʧʨʦ-
ʠʟʚʦʜʩʪʚʘ ʙʠʦʪʦʧʣʠʚʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʟʘ
ʛʨʘʥʠʮʫ, ʯʝʤ ʝʛʦ ʧʨʦʠʟʚʦʜʠʪʴ, ʘ ʥʘ ʧʦ-
ʣʫʯʝʥʥʳʝ ʩʨʝʜʩʪʚʘ ʧʦʢʫʧʘʪʴ ʤʦʪʦʨʥʳʝ
ʪʦʧʣʠʚʘ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʚʦʧʨʦʩʘ ʵʢʦʣʦ-
ʛʠʯʝʩʢʦʡ ʯʠʩʪʦʪʳ, ʪʦ ʥʝʢʦʪʦʨʳʝ ʦʪʝʯʝ-
ʩʪʚʝʥʥʳʝ ʩʧʝʮʠʘʣʠʩʪʳ ʩʯʠʪʘʶʪ ʝʛʦ ʥʝ
ʘʢʪʫʘʣʴʥʳʤ [3].

ʎɽʃʔ ʀ ʇʆʉʊɸʅʆɺʂɸ ɿɸɼɸʏ
ʀʉʉʃɽɼʆɺɸʅʀʗ

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʵʢʦ-
ʥʦʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʣ  ̫ ʦʧʨʝʜʝ-
ʣʝʥʠ  ̫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʝʨʝʨʘʙʦʪʢʠ ʩʝʣʴ-
ʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʥʘ ʙʠʦʪʦʧ-
ʣʠʚʦ ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ ʪʦʚʘʨʦʧʨʦʠʟʚʦʜʠ-
ʪʝʣʷʤʠ.

ʈɽɿʋʃʔʊɸʊʓ ʀ ʀʍ ɸʅɸʃʀɿ

ɼʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ
ʧʝʨʝʨʘʙʦʪʢʠ ʙʠʦʩʳʨʴʷ ʥʘ ʙʠʦʪʦʧʣʠʚʦ
ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʵʢʦʥʦʤʠʯʝʩʢʦʝ
ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ
ʫʯʝʩʪʴ ʨʷʜ ʬʘʢʪʦʨʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʦ-
ʙʦʯʥʳʝ ʧʨʦʜʫʢʪʳ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʪʝʧʣʦ-
ʪʫ ʩʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ ʨʘʩʪʠʪʝʣʴʥʦʛʦ
ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʷ ʙʠʦʪʦʧʣʠʚʘ ʚ ʜʚʠʛʘʪʝʣʷʭ
ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ ʠ ʪ.ʜ.
[4]. ʆʜʥʘʢʦ ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʠʟʫʯʝʥʥʦʩʪʴ
ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʪʦʧ-
ʣʠʚʘ, ʝʝ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ
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ʟʥʘʯʠʤʦʩʪʴ ʪʨʝʙʫʶʪ ʜʘʣʴʥʝʡʰʝʡ ʧʨʦ-
ʨʘʙʦʪʢʠ.
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦʟʤʦʞʥʦ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʜʚʫʭ ʚʠʜʦʚ ʪʦʧʣʠʚʘ ʨʘʩʪʠ-
ʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʚ ʩʝʣʴʩʢʦʭʦ-
ʟʷʡʩʪʚʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ: ɹʀʆ-100 -
ʜʣʷ ʪʝʭʥʠʢʠ ʩ ʙʝʥʟʠʥʦʚʳʤʠ ʜʚʠʛʘʪʝʣʷ-
ʤʠ ʠ ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʨʘʧʩʦʚʦʛʦ ʤʘʩ-
ʣʘ (ʄʕʈʄ) ʠʣʠ ʜʠʟʝʣʴʥʦʝ ʙʠʦʪʦʧʣʠʚʦ
ʜʣʷ ʪʝʭʥʠʢʠ ʩ ʜʠʟʝʣʴʥʳʤʠ ʜʚʠʛʘʪʝʣʷ-
ʤʠ. ɸʛʨʘʨʥʳʡ ʩʝʢʪʦʨ ʵʢʦʥʦʤʠʢʠ ʋʢ-
ʨʘʠʥʳ ʚ ʦʩʥʦʚʥʦʤ ʧʦʪʨʝʙʣʷʝʪ ʜʠʟʝʣʴ-
ʥʦʝ ʪʦʧʣʠʚʦ (ʧʨʠʤʝʨʥʦ 70 % ʦʪ ʦʙʱʝʛʦ
ʢʦʣʠʯʝʩʪʚʘ), ʧʦʵʪʦʤʫ ʨʘʩʩʤʦʪʨʠʤ ʵʬ-
ʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʝʨʘʙʦʪʢʠ ʨʘʧʩʘ ʥʘ ʤʝ-
ʪʠʣʦʚʳʡ ʵʬʠʨ ʨʘʧʩʦʚʦʛʦ ʤʘʩʣʘ.
ɺ ʋʢʨʘʠʥʝ ʚʦʟʤʦʞʥʳ ʪʨʠ ʚʘʨʠʘʥʪʘ

ʩʪʨʘʪʝʛʠʠ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʠ ʧʦʪʨʝʙʣʝ-
ʥʠʶ ʜʠʟʝʣʴʥʦʛʦ ʙʠʦʪʦʧʣʠʚʘ ʩʝʣʴʩʢʦʭʦ-
ʟʷʡʩʪʚʝʥʥʳʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ:

1) ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʨʝʘʣʠʟʘʮʠʷ ʥʘ
ʨʳʥʦʯʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳ-
ʨʴʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʪʦʧʣʠʚʘ ʠ
ʟʘʢʫʧʢʘ ʟʘ ʧʦʣʫʯʝʥʥʳʝ ʩʨʝʜʩʪʚʘ ʥʝʬʪʝ-
ʧʨʦʜʫʢʪʦʚ;

2) ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʧʦʪʨʝʙʣʝʥʠʝ
ʙʠʦʪʦʧʣʠʚʘ ʭʦʟʷʡʩʪʚʦʤ;

3) ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʵʢʩʧʦʨʪ ʙʠʦʪʦʧ-
ʣʠʚʘ.
ʈʝʘʣʠʟʘʮʠʷ ʧʝʨʚʦʡ ʩʪʨʘʪʝʛʠʠ ʥʝ

ʪʨʝʙʫʝʪ ʩʫʱʝʩʪʚʝʥʥʳʭ ʜʦʧʦʣʥʠʪʝʣʴ-
ʥʳʭ ʠʥʚʝʩʪʠʮʠʡ ʠ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʛʦ
ʨʝʛʫʣʠʨʦʚʘʥʠʷ. ʇʦ ʤʥʝʥʠʶ ʘʢʘʜʝʤʠʢʘ
ʇ.ʊ. ʉʘʙʣʫʢʘ, ʨʝʘʣʠʟʘʮʠʷ ʘʛʨʘʨʥʦʛʦ
ʧʦʪʝʥʮʠʘʣʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘ ʩʯʝʪ
ʵʢʩʧʦʨʪʘ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʧʦʪʨʝʙʥʦʩʪʠ ʚ
ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʘʭ ʥʝ ʪʦʣʴʢʦ ʘʛ-
ʨʘʨʥʦʛʦ ʩʝʢʪʦʨʘ ʵʢʦʥʦʤʠʢʠ, ʥʦ ʠ ʛʦʩʫ-
ʜʘʨʩʪʚʘ ʚ ʮʝʣʦʤ [5].
ɼʣʷ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʡ ʩʪʨʘʪʝ-

ʛʠʠ, ʥʝʦʙʭʦʜʠʤʦ ʩʨʘʚʥʠʪʴ ʠʭ ʵʢʦʥʦʤʠ-
ʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʘ ʠʤʝʥʥʦ ʨʝʥ-
ʪʘʙʝʣʴʥʦʩʪʴ ʚʳʨʘʱʠʚʘʥʠʷ ʨʘʩʪʠʪʝʣʴ-
ʥʦʛʦ ʩʳʨʴʷ ʠʣʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʪʦʧ-
ʣʠʚʘ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ
ʥʝ ʪʦʣʴʢʦ ʩʪʦʠʤʦʩʪʴ ʪʦʧʣʠʚʘ, ʥʦ ʩʦʧʫʪ-
ʩʪʚʫʶʱʠʭ ʧʨʦʜʫʢʪʦʚ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ
ʨʘʙʦʪʳ ʪʝʭʥʠʢʠ ʥʘ ʙʠʦʪʦʧʣʠʚʝ. ɼʘʣʝʝ
ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʣʠʷʥʠʝ ʚʳʙʦʨʘ
ʥʘ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʇʨʦ-
ʜʘʞʘ ʫʨʦʞʘʷ ʧʦ ʨʳʥʦʯʥʳʤ ʮʝʥʘʤ ʜʘʝʪ
ʜʦʭʦʜ (ɼ):

,ʈʈ ʄʎɼ Ö=                             (1)
ʛʜʝ: ʈʎ  – ʮʝʥʘ ʧʨʦʜʫʢʮʠʠ ʨʘʩʪʝʥʠʝ-
ʚʦʜʩʪʚʘ, ʛʨʥ/ʪ;

ʈʄ  – ʚʘʣʦʚʠʡ ʩʙʦʨ ʫʨʦʞʘʷ, ʪ.
ʅʘ ʧʦʣʫʯʝʥʥʫʶ ʩʫʤʤʫ ʤʦʞʥʦ ʧʨʠ-

ʦʙʨʝʩʪʠ ʤʦʪʦʨʥʦʝ  ʪʦʧʣʠʚʦ ʚ ʢʦʣʠʯʝʩʪ-
ʚʝ (Vʪ):

,
ʪ

ʪ ʎ
ɼV =                                 (2)

ʛʜʝ: ʪʎ  – ʮʝʥʘ ʪʦʧʣʠʚʘ, ʛʨʥ/ʣ.
ʇʨʠ ʵʪʦʤ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ ʩʦʩʪʘʚʠʪ (ʈ):
,

ʉ
ʉɼ

ʈ
-

=                               (3)

ʛʜʝ: ʉ – ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʨʦʜʫʢʮʠʠ,
ʛʨʥ/ʪ.
ɸʥʘʣʠʟ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʝʤʷʥ ʧʦʢʘ-

ʟʳʚʘʝʪ, ʯʪʦ ʜʘʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦ-
ʣʦʛʠʠ ʩʨʝʜʥʝʛʦ ʫʨʦʚʥʷ ʧʨʠ ʙʣʘʛʦʧʨʠ-
ʷʪʥʳʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʟʚʦʣʷʝʪ
ʜʦʩʪʠʯʴ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ,
ʥʝ ʤʝʥʝʝ 50 %.
ʀʟ ʵʪʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʘʩʪʠʪʝʣʴʥʦʛʦ

ʩʳʨʴʷ ʤʦʞʥʦ ʧʨʦʠʟʚʝʩʪʠ ʙʠʦʪʦʧʣʠʚʦ -
ʤʝʪʠʣʦʚʳʡ ʵʬʠʨ ʨʘʧʩʦʚʦʛʦ ʤʘʩʣʘ. ɺ
ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʩʥʦʚʥʦʡ ʧʨʦ-
ʜʫʢʮʠʠ ʧʦʣʫʯʘʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ
ʧʨʦʜʫʢʪʳ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ
ʥʘ ʨʳʥʢʝ. ʕʪʦ ʰʨʦʪ ʠ ʛʣʠʮʝʨʠʥʦʚʘʷ
ʤʘʩʩʘ. ʊʦʛʜʘ ʩʪʦʠʤʦʩʪʴ ʧʦʣʫʯʝʥʥʦʛʦ
ʪʦʧʣʠʚʘ (ʆʇ) ʨʘʚʥʘ:

( ) ( ),
1

ʍɺɿʄʎʄʄʎɺʇ ʨ

n

ʽ
ʽʧʽʈʈ +Ö+Ö-Ö= ä

=

  (4)

ʛʜʝ: ʧʽʄ  – ʤʘʩʩʘ i-ʦʛʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ-
ʛʦ ʧʨʦʜʫʢʪʘ, ʢʛ

ʽʎ  – ʮʝʥʘ i-ʦʛʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ
ʧʨʦʜʫʢʪʘ, ʛʨʥ/ʢʛ,
n – ʢʦʣʠʯʝʩʪʚʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ

ʧʨʦʜʫʢʪʦʚ,
ɺɿ – ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʟʘʪʨʘʪʳ,

ʛʨʥ/ʢʛ,
ʍ – ʩʪʦʠʤʦʩʪʴ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʪʠ-

ʚʦʚ, ʛʨʥ/ʢʛ.
ʂʦʣʠʯʝʩʪʚʦ ʧʦʣʫʯʝʥʥʦʛʦ ʪʦʧʣʠʚʘ

(ʄʙʪ)
ʩʦʩʪʘʚʣʷʝʪ:

,ʈʙʪ ʄʄ Ö= j                              (5)
ʛʜʝ: j – ʚʳʭʦʜ ʙʠʦʪʦʧʣʠʚʘ;
ʠʣʠ
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,
ʙʪ

ʨ

ʙʪ

ʙʦ
ʙʪ

ʄʄ
V

r
j

r
Ö

==                          (6)

ʛʜʝ: ʙʪr  – ʧʣʦʪʥʦʩʪʴ ʙʠʦʪʦʧʣʠʚʘ, ʪ/ʤ3.
ʉʝʙʝʩʪʦʠʤʦʩʪʴ ʙʠʦʪʦʧʣʠʚʘ (ʎʙʪ)

ʩʦʩʪʘʚʠʪ:

.
10001000 j

r
ÖÖ

Ö
=

Ö
=

ʨ

ʙʪ

ʙʪ
ʙʪ ʄ

ɺʇ
V

ɺʇʎ       (7)

ʈʝʘʣʠʟʘʮʠʷ ʩʪʨʘʪʝʛʠʠ ʤʦʞʝʪ ʦʙʝʩ-
ʧʝʯʠʪʴ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ
(ʈʙ) ʥʘ ʫʨʦʚʥʝ:

( )
,1

ʉʙ

ʉʙʎʄʧ
Qʥ
Qʎʥʄʨ

ʈʙ

n

ʽ
ʽʽ

ʥ

ʙʪ ä
=

-Ö+ÖÖÖÖ
= r

hj
 (8)

ʛʜʝ: ʉʙ – ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ
ʧʨʦʜʫʢʮʠʠ, ʛʨʥ/ʪ.;
ʥʎ  – ʮʝʥʘ ʥʝʬʪʷʥʦʛʦ ʪʦʧʣʠʚʘ,

ʛʨʥ/ʣ,
ʙʪQ  ʪʘ ʥQ  – ʥʠʟʰʘʷ ʪʝʧʣʦʪʘ ʩʛʦ-
ʨʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʙʠʦʪʦʧʣʠʚʘ
ʠ ʥʝʬʪʷʥʦʛʦ ʪʦʧʣʠʚʘ, ʄɼʞ/ʢʛ,
ʥr  – ʧʣʦʪʥʦʩʪʴ ʥʝʬʪʷʥʦʛʦ ʪʦʧʣʠ-
ʚʘ, ʛʨʥ/ʣ,
h – ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ
ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ
ʙʠʦʪʦʧʣʠʚʘ.
ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʚʝʣʠʯʠʥʳ ʩʝʙʝ-

ʩʪʦʠʤʦʩʪʠ ʧʨʦʜʫʢʮʠʠ (ʉʙ) ʥʝʦʙʭʦʜʠʤʦ
ʫʯʠʪʳʚʘʪʴ ʢʘʢ ʩʪʦʠʤʦʩʪʴ ʩʝʤʷʥ,  ʪʘʢ ʠ
ʟʘʪʨʘʪʳ ʥʘ ʠʭ ʧʝʨʝʨʘʙʦʪʢʫ, ʩʪʦʠʤʦʩʪʴ
ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʪʠʚʦʚ ʠ ʪ.ʜ. ɽʝ ʤʦʞʥʦ
ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʬʦʨʤʫʣʝ:

( )ɺɿʍʎʨʄʨʉʙ ++Ö= .           (9)
ɽʩʣʠ ʈʙ/ʈ>1, ʪʦ ʚʳʛʦʜʥʦ ʩʦʙʣʶ-

ʜʘʪʴ ʚʪʦʨʦʶ ʩʪʨʘʪʝʛʠʠ. ɽʩʣʠ ʞ ʈʙ/ʈ<1,
ʪʦ ʚʳʛʦʜʥʝʝ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʧʝʨʚʫʶ
ʩʪʨʘʪʝʛʠʶ.
ʅʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ

ʙʠʦʪʦʧʣʠʚʘ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘʣʦ-
ʛʦʚʘʷ ʩʠʩʪʝʤʘ ʛʦʩʫʜʘʨʩʪʚʘ. ʆʥʘ ʤʦʞʝʪ
ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠʣʠ ʚ
ʬʝʨʤʝʨʩʢʠʭ ʢʦʦʧʝʨʘʪʠʚʘʭ, ʠʣʠ ʚ ʢʨʫʧ-
ʥʳʭ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠ-
ʷʭ. ɺ ʋʢʨʘʠʥʝ ʧʦ ʩʦʩʪʦʷʥʠʶ 29.03.07
ʛʦʜʘ ʩʪʘʚʢʘ ʘʢʮʠʟʘ ʥʘ ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠ-
ʚʦ ʟʘʚʠʩʠʪ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʳ ʠ ʩʦ-
ʩʪʘʚʣʷʝʪ, EUR/ʪ [6]: ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ
ʜʦ 0,005% – 20, ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʜʦ
0,035% – 30, ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʜʦ 0,2%

– 35; ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʩʚʳʰʝ 0,2% –
45. ʋʢʘʟʘʥʥʳʝ ʩʪʘʚʢʠ ʦʜʥʦʛʦ ʫʨʦʚʥʷ ʩ
ʘʥʘʣʦʛʠʯʥʳʤ ʥʘʣʦʛʦʤ ʚ ʉʐɸ
(USD64/ʤ3) [7].
ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʫʩ-

ʣʦʚʠʷʭ ʋʢʨʘʠʥʘ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʜʠʟʝʣʴ-
ʥʦʛʦ ʙʠʦʪʦʧʣʠʚʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʣʠʙʦ
ʭʦʟʷʡʩʪʚʘʤʠ-ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʩʳʨʴʷ,
ʠʣʠ ʚ ʠʭ ʘʩʩʦʮʠʘʮʠʷʭ. ʇʨʠʤʝʨʘʤʠ ʤʦ-
ʛʫʪ ʩʣʫʞʠʪʴ ʆʆʆ «ɿʦʣʦʪʘʷ ʅʠʚʘ»,
ʆʆʆ ʄʊʉ «ʗʪʨʘʥʴ» ʠ ʜʨʫʛʠʝ.
ɸʚʪʦʨʘʤʠ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʨʘʩʯʝ-

ʪʳ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʷ, ʢʦʪʦʨʦʝ ʧʨʦʠʟʚʦ-
ʜʠʪ ʜʠʟʝʣʴʥʦʝ ʙʠʦʪʦʧʣʠʚʦ ʠʟ ʩʦʙʩʪʚʝʥ-
ʥʦʛʦ ʩʳʨʴʷ (ʩʝʤʷʥ), ʢʦʪʦʨʦʡ ʚ ʜʦʩʪʘ-
ʪʦʯʥʦʤ ʢʦʣʠʯʝʩʪʚʝ. ʆʪʥʦʰʝʥʠʝ ʨʝʥʪʘ-
ʙʝʣʴʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʝʨʦ ʢ ʨʝʥʪʘ-
ʙʝʣʴʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʝʤʷʥ (ʉʙ/ʈ)
ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 1. ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘ-
ʬʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʧʨʠ ʩʦʚʨʝʤʝʥ-
ʥʦʤ ʫʨʦʚʥʝ ʮʝʥ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʪʦʨʫʶ
ʩʪʨʘʪʝʛʠʶ ʮʝʣʝʩʦʦʙʨʘʟʥʦ, ʝʩʣʠ ʨʳʥʦʯ-
ʥʘʷ ʮʝʥʘ ʨʘʧʩʘ ʙʫʜʝʪ ʥʝ ʚʳʰʝ 260
ʛʨʥ./ʪ, ʠʣʠ ʮʝʥʘ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ
ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʩʠʪ 10,00 ʛʨʥ/ʣ.

ʈʠʩ. 1. ʆʪʥʦʰʝʥʠʝ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ
ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʠʟʝʣʴʥʦʛʦ ʙʠʦʪʦʧʣʠʚʘ
ʉʙ ʢ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʚʳʨʘʱʠʚʘʥʠʷ

ʨʘʧʩʘ ʈ
Fig. 1. The ratio of profitability of

biodiesel to the profitability rapeseed

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʝʣʴʥʦʛʦ
ʫʨʦʚʥʷ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ
ʜʠʟʝʣʴʥʦʛʦ ʙʠʦʪʦʧʣʠʚʘ ʥʝʦʙʭʦʜʠʤʦ
ʨʘʩʩʯʠʪʘʪʴ ʝʛʦ ʤʘʢʩʠʤʘʣʴʥʫʶ ʧʨʠʝʤ-

0,20

0,40

0,60

0,80

1,00

1,20

1,40

1,60

1,80

2500 2750 3000 3150 3500 3750 4000

ʈʳʥʦʯʥʘʷ ʮʝʥʘ ʨʘʧʩʘ, ʛʨʥ./ʪ

ʈ
ʙ/
ʈ

ʧʨʠ ʮʝʥʝ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ 9,0 ʛʨʥ./ʣ

ʧʨʠ ʮʝʥʝ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ 10,0 ʛʨʥ./ʣ

ʧʨʠ ʮʝʥʝ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ 11,0 ʛʨʥ./ʣ



42                 ʉʊʈɸʊɽɻʀʗ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ʕʅɽʈɻɽʊʀʏɽʉʂʆɻʆ ɹʀʆʉʓʈʔʗ

ʣʝʤʫʶ ʮʝʥʫ. ɼʣʷ ʵʪʦʛʦ ʙʫʜʝʤ ʠʩʭʦʜʠʪʴ
ʠʟ ʪʦʛʦ, ʯʪʦ ʩʪʦʠʤʦʩʪʴ ʵʥʝʨʛʠʠ (ʉʕ)
ʄʕʈʄ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ ʘʥʘʣʦ-
ʛʠʯʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʜʣʷ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧ-
ʣʠʚʘ ʥʝʬʪʷʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ɼʘʣʝʝ
ʙʫʜʝʤ ʧʨʠʤʝʥʷʪʴ ʠʥʜʝʢʩ «ʙ» ʜʣʷ ʚʝʣʠ-
ʯʠʥ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʙʠʦʪʦʧʣʠʚʘ ʠ «ʥ» -
ʢ ʪʦʧʣʠʚʘʤ ʥʝʬʪʷʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ.
ɺʳʰʝʫʧʦʤʷʥʫʪʘʷ ʫʩʣʦʚʠʝ ʠʤʝʝʪ ʩʣʝ-
ʜʫʶʱʠʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʟʘʧʠʩʴ:

.ɺɽʥɺɽʙ <                           (10)
ʉʪʦʠʤʦʩʪʴ ʵʥʝʨʛʠʠ ʤʦʞʥʦ ʦʧʨʝʜʝ-

ʣʠʪʴ ʩ ʧʦʤʦʱʴʶ ʬʦʨʤʫʣ:

,
ʥQʥ

ʎʥɺɽʥ
rÖ

=                       (11)

ʠ

.
ʙQʙ

ʎʙɺɽʙ
rÖ

=                       (12)

ʊʦʛʜʘ ʮʝʥʘ ʙʠʦʪʦʧʣʠʚʘ ʥʝ ʜʦʣʞʥʦ
ʧʨʝʚʳʰʘʪʴ ʟʥʘʯʝʥʠʷ:

.
ʥQʥ
ʙQʙʎʥʎʙ
r
r
Ö
ÖÖ<                (13)

ʇʦ ʮʝʥʘʤ, ʢʦʪʦʨʳʝ ʩʣʦʞʠʣʠʩʴ ʥʘ
ʤʘʡ 2012 ʛʦʜʘ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʢʦʥʦ-
ʤʠʯʝʩʢʦʡ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ ʄʕʈʄ,
ʝʛʦ ʮʝʥʘ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 2,20
ʛʨʥ/ʣ. ɸʥʘʣʠʟ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʝʤʷʥ ʧʦ-
ʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʘʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭ-
ʥʦʣʦʛʠʠ ʩʨʝʜʥʝʛʦ ʫʨʦʚʥʷ ʧʦʟʚʦʣʷʝʪ
ʜʦʩʪʠʯʴ ʩʝʙʝʩʪʦʠʤʦʩʪʴ 2000 ʛʨʥ/ʪ [8].
ʈʝʥʪʘʙʝʣʴʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʠʟʝʣʴ-
ʥʦʛʦ ʙʠʦʪʦʧʣʠʚʘ, ʧʨʠ ʜʘʥʥʳʭ ʫʩʣʦʚʠ-
ʷʭ,  ʤʦʞʝʪ ʜʦʩʪʠʯʴ 29  %.  ʕʪʦ ʩʫʱʝʩʪ-
ʚʝʥʥʦ ʤʝʥʴʰʝ ʘʥʘʣʦʛʠʯʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ
ʚʳʨʘʱʠʚʘʥʠʷ ʠ ʨʝʘʣʠʟʘʮʠʠ ʩʝʤʷʥ.
ʇʦʵʪʦʤʫ ʤʘʣʦʚʝʨʦʷʪʥʦ, ʯʪʦ ʩʝʣʴ-

ʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ, ʙʝʟ
ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʪʠ-
ʤʫʣʦʚ, ʙʫʜʫʪ ʚʳʙʠʨʘʪʴ ʚʪʦʨʫʶ ʩʪʨʘʪʝ-
ʛʠʶ. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʦʪʝʯʝʩʪʚʝʥʥʳʡ
ʦʧʳʪ,  ʜʘʥʥʳʤ ʧʫʪʝʤ ʠʜʫʪ ʪʦʣʴʢʦ ʵʥʪʫ-
ʟʠʘʩʪʳ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ
ʵʥʝʨʛʠʠ.
ʈʘʩʩʤʦʪʨʠʤ ʫʨʦʚʝʥʴ ʨʝʥʪʘʙʝʣʴʥʦ-

ʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʜʠ-
ʟʝʣʴʥʦʛʦ ʙʠʦʪʦʧʣʠʚʘ ʝʩʣʠ ʦʥʦ ʥʝ ʠʤʝʝʪ
ʩʦʙʩʪʚʝʥʥʦʡ ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʠ ʚʳʥʫʞ-
ʜʝʥʳ ʧʦʢʫʧʘʪʴ ʩʝʤʝʥʘ ʨʘʧʩʘ ʧʦ ʨʳʥʦʯ-
ʥʳʤ ʮʝʥʘʤ (ʪʨʝʪʴʷ ʩʪʨʘʪʝʛʠʷ). ʈʝʟʫʣʴ-
ʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 2. ʂʘʢ
ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʚ

ʩʦʚʨʝʤʝʥʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ
ʋʢʨʘʠʥʘ, ʵʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʝ ʤʦʞʝʪ
ʙʳʪʴ ʧʨʠʙʳʣʴʥʳʤ.  ʇʦ ʮʝʥʘʤ ʤʘʷ 2012
ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʄʕʈʄ ʩʦʩʪʘʚʠʪ ʧʨʠ-
ʤʝʨʥʦ 13,00 ʛʨʥ/ʣ. ʇʨʠ ʪʘʢʦʡ ʩʪʦʠʤʦ-
ʩʪʠ ʜʠʟʝʣʴʥʦʝ ʙʠʦʪʦʧʣʠʚʦ ʤʦʞʝʪ ʠʩ-
ʧʦʣʴʟʦʚʘʪʴʩʷ ʣʠʰʴ ʢʘʢ ʧʨʠʩʘʜʢʘ ʢ ʜʠ-
ʟʝʣʴʥʦʤʫ ʪʦʧʣʠʚʫ ʩ ʤʘʣʳʤ ʩʦʜʝʨʞʘʥʠ-
ʝʤ ʩʝʨʳ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʩʤʘʟʳʚʘʶʱʠʭ
ʩʚʦʡʩʪʚ ʚ ʢʦʣʠʯʝʩʪʚʝ ʜʦ 5 %.

ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʨʝʥʪʘʙʝʣʴʥʦ-
ʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʠʟʝʣʴʥʦʛʦ ʙʠʦʪʦʧ-
ʣʠʚʘ ʉʙ ʦʪ ʨʳʥʦʯʥʦʡ ʮʝʥʳ ʨʘʧʩʘ

Fig. 2. The dependence of the profit-
ability of production properties of bio-
diesel on the market price of rapeseed

ɼʠʥʘʤʠʢʘ ʮʝʥ ʥʘ ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠ-
ʚʦ ʚ ʋʢʨʘʠʥʝ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʛʦʜʘ
ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ.3. ʂʘʢ ʚʠʜʥʦ, ʜʠʟʝʣʴ-
ʥʦʝ ʙʠʦʪʦʧʣʠʚʦ ʥʝ ʤʦʞʝʪ ʢʦʥʢʫʨʠʨʦ-
ʚʘʪʴ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ ʜʠʟʝʣʴʥʳʤ ʪʦʧ-
ʣʠʚʦʤ, ʝʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʧʩ, ʧʨʠʦʙ-
ʨʝʪʝʥʥʳʡ ʥʘ ʨʳʥʦʯʥʳʭ ʫʩʣʦʚʠʷʭ.
ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʧʫʪʝʡ ʩʥʠʞʝʥʠʷ ʩʝ-

ʙʝʩʪʦʠʤʦʩʪʠ ʄʕʈʄ ʨʘʩʩʤʦʪʨʠʤ ʩʪʨʫʢ-
ʪʫʨʫ ʨʘʩʭʦʜʦʚ ʥʘ ʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʦ
(ʨʠʩ. 4). ʇʨʠʤʝʨʥʦ 80% ʚʩʝʭ ʨʘʩʭʦʜʦʚ
ʩʦʩʪʘʚʣʷʝʪ ʩʪʦʠʤʦʩʪʴ ʩʝʤʷʥ. ʇʦʵʪʦʤʫ
ʠʤʝʥʥʦ ʟʜʝʩʴ ʟʘʣʦʞʝʥʳ ʨʝʟʝʨʚʳ ʧʦ
ʫʤʝʥʴʰʝʥʠʶ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʙʠʦʪʦʧʣʠ-
ʚʘ. ʈʝʰʠʪʴ ʵʪʦ ʤʦʞʥʦ ʧʫʪʝʤ ʛʦʩʫʜʘʨʩʪ-
ʚʝʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ: 1) ʚʚʝʜʝʥʠʝʤ
ʢʚʦʪ ʥʘ ʵʢʩʧʦʨʪ ʵʪʦʡ ʧʨʦʜʫʢʮʠʠ (ʵʪʦ
ʧʨʠʚʝʜʝʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʮʝʥ ʥʘ ʚʥʫʪ-
ʨʝʥʥʝʤ ʨʳʥʢʝ) 2) ʜʘʪʠʨʦʚʘʥʥʘʷ ʧʨʦʠʟ-
ʚʦʜʠʪʝʣʝʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦ-
ʜʫʢʮʠʠ; 3) ʧʨʠʤʝʥʝʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠʭ
ʨʝʛʫʣʷʪʦʨʦʚ, ʥʘʧʨʠʤʝʨ, ʥʘʣʦʛʦʚʦʛʦ
ʢʨʝʜʠʪʘ ʥʘ ʙʠʦʪʦʧʣʠʚʘ.
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ʈʠʩ. 3. ɼʠʥʘʤʠʢʘ ʮʝʥ ʥʘ ʜʠʟʝʣʴʥʦʝ
ʪʦʧʣʠʚʦ ʚ
ʋʢʨʘʠʥʝ

Fig. 3. Changes in prices for diesel
fuel in Ukraine
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ʈʠʩ. 4. ʉʪʨʫʢʪʫʨʘ ʟʘʪʨʘʪ ʧʨʠ ʧʨʦʠʟʚʦʜ-
ʩʪʚʝ ʜʠʟʝʣʴʥʦʛʦ ʙʠʦʪʦʧʣʠʚʘ

Fig. 4. The cost structure in the pro-
duction of biodiesel

ʉʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʩʪʦʠʤʦʩʪʴ
ʙʠʦʪʦʧʣʠʚʘ ʩʪʦʠʤʦʩʪʴ ʨʘʩʪʠʪʝʣʴʥʦʛʦ
ʩʳʨʴʷ, ʢʦʪʦʨʘʷ ʟʘʚʠʩʠʪ ʦʪ ʫʨʦʞʘʡʥʦʩʪʠ
ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ, ʚʳʙʦʨʘ
ʚʠʜʘ ʢʫʣʴʪʫʨʳ, ʪʝʭʥʦʣʦʛʠʠ ʠʭ ʧʝʨʝʨʘ-
ʙʦʪʢʠ ʠ ʜʦʪʘʮʠʡ ʩʝʣʴʭʦʟʧʨʦʠʟʚʦʜʠʪʝ-
ʣʷʤ. ʊʘʢ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʵʪʘʥʦʣʘ ʚ ʉʐɸ
ʦʪʢʨʳʣʦ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤ ʢʫʢʫʨʫʟʳ
ʥʦʚʳʡ ʨʳʥʦʢ ʩʙʳʪʘ ʠ ʜʘʣʦ ʠʤ ʚʦʟʤʦʞ-
ʥʦʩʪʴ ʧʦʣʫʯʘʪʴ ʚʳʩʦʢʫʶ ʧʨʠʙʳʣʴ. ʕʪʦ,
ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ,  ʧʨʠʚʝʣʦ ʢ ʧʦʜʲʝʤʫ ʚ
ʦʙʣʘʩʪʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʯʪʦ ʧʦ-
ʟʚʦʣʠʣʦ ʩʦʢʨʘʪʠʪʴ ʨʘʩʭʦʜʳ ʥʘ ʧʨʦ-

ʛʨʘʤʤʳ ʧʦ ʧʦʜʜʝʨʞʢʝ ʬʝʨʤʝʨʦʚ, ʢʦʪʦ-
ʨʳʝ ʬʠʥʘʥʩʠʨʫʶʪʩʷ ʟʘ ʩʯʝʪ ʥʘʣʦʛʦʚ.
ʇʦ ʜʘʥʥʳʤ ʘʩʩʦʮʠʘʮʠʠ ʧʨʦʠʟʚʦʜʠʪʝ-
ʣʝʡ ʟʝʨʥʦʚʳʭ, ʧʨʷʤʦʡ ʠ ʢʦʩʚʝʥʥʳʡ
ʚʢʣʘʜ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʪʘʥʦʣʘ ʚ ʵʢʦʥʦʤʠ-
ʢʫ ʉʐɸ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 6 ʤʣʨʜ USD
ʚ ʛʦʜ ʧʫʪʝʤ ʧʦʜʜʝʨʞʢʠ ʩʤʝʞʥʳʭ ʦʪ-
ʨʘʩʣʝʡ [13]. ʇʨʠ ʵʪʦʤ ʜʦʪʘʮʠʠ ʬʝʨʤʝʨ-
ʩʢʠʤ ʭʦʟʷʡʩʪʚʘʤ, ʢʦʪʦʨʳʝ ʧʨʦʠʟʚʦʜʷʪ
ʢʫʢʫʨʫʟʫ ʥʝ ʧʨʝʚʳʰʘʶʪ 1,5 ʤʣʨʜ USD
ʚ ʛʦʜ.
ɸʥʘʣʦʛʠʯʥʘʷ ʩʠʪʫʘʮʠʷ ʠ ʚ ʩʪʨʘʥʘʭ

ɽʉ, ʛʜʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪ-
ʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʧʦʣʫʯʘʶʪ ʩʫʱʝʩʪ-
ʚʝʥʥʳʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʜʦʪʘʮʠʠ, ʯʪʦ
ʫʤʝʥʴʰʘʝʪ ʩʪʦʠʤʦʩʪʴ ʨʘʩʪʠʪʝʣʴʥʦʛʦ
ʩʳʨʴʷ. ɹʦʣʴʰʠʝ ʨʝʟʝʨʚʳ ʚ ʩʥʠʞʝʥʠʠ
ʙʠʦʪʦʧʣʠʚʘ ʣʝʞʘʪ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦ-
ʮʝʩʩʘ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʊʘʢ, ʧʨʦʮʝʩʩ ʧʨʦ-
ʠʟʚʦʜʩʪʚʘ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʚ ʉʐɸ
ʧʨʦʚʦʜʠʪʩʷ ʚ ʢʦʦʧʝʨʘʪʠʚʘʭ, ʥʘʩʯʠʪʳ-
ʚʘʶʱʠʭ ʜʦ 1000 ʘʢʮʠʦʥʝʨʦʚ, ʙʦʣʴʰʠʥ-
ʩʪʚʦ ʢʦʪʦʨʳʭ - ʬʝʨʤʝʨʳ. ʊʘʢʠʤ ʦʙʨʘ-
ʟʦʤ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʪʦʧʣʠʚʘ ʧʨʦʠʩʭʦʜʠʪ
ʚ ʚʝʨʪʠʢʘʣʴʥʦ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʢʦʤ-
ʧʘʥʠʷʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ
ʥʘ ʟʘʢʫʧʢʫ ʩʳʨʴʷ, ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʜʫʢ-
ʮʠʠ ʠ ʥʘʣʦʛʠ. ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ
ʦʩʥʦʚʥʦʡ ʧʨʦʜʫʢʮʠʠ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ,
ʤʦʛʫʪ ʚʳʧʫʩʢʘʪʴʩʷ ʠ ʨʷʜ ʜʨʫʛʠʭ ʧʨʦ-
ʜʫʢʪʦʚ: ʢʫʢʫʨʫʟʥʦʝ ʤʘʩʣʦ, ʜʚʫʦʢʠʩʴ
ʫʛʣʝʨʦʜʘ, ʧʦʜʩʣʘʩʪʠʪʝʣʠ, ʛʣʶʪʝʥʦʚʘʷ
ʢʦʨʤ ʠ ʩʫʭʦʡ «Distillers Dried Grains».
ʕʪʠ ʧʦʙʦʯʥʳʝ ʧʨʦʜʫʢʪʳ ʟʘʯʘʩʪʫʶ ʧʨʠ-
ʥʦʩʷʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʜʦʭʦʜʳ ʠ ʧʦʟʚʦ-
ʣʷʶʪ ʫʤʝʥʴʰʠʪʴ ʥʘ 15...20 % ʨʘʩʭʦʜʳ
ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʵʪʘʥʦʣʘ. ʈʘʩʭʦʜʳ ʥʘ
ʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʟʘʚʠʩʷʪ ʠ ʦʪ ʤʘʩʰʪʘ-
ʙʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʥʘ ʟʘʚʦʜʘʭ ʩ ʧʨʦʠʟ-
ʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 12...15 ʤ3/ʯʘʩ ʨʘʩʭʦʜʳ
ʚʜʚʦʝ ʤʝʥʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʤʠ, ʛʜʝ
ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 6...8
ʤ3/ʯʘʩ) [12]. ʉʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʩʝ-
ʙʝʩʪʦʠʤʦʩʪʴ ʧʨʦʜʫʢʮʠʠ ʠ ʧʨʠʤʝʥʝʥʠʷ
ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ ʦʪʭʦʜʦʚ ʙʠʦʤʘʩʩʳ,
ʚʤʝʩʪʦ ʙʦʣʝʝ ʜʦʨʦʛʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ
[13].ʇʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʙʠʦʜʠʟʝʣʷ ʠʟ
ʨʘʧʩʘ ʠʣʠ ʜʨʫʛʦʛʦ ʩʳʨʴʷ ʪʘʢʞʝ ʥʝʦʙʭʦ-
ʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠʙʳʣʴ ʦʪ ʨʝʘʣʠʟʘ-
ʮʠʠ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʘ ʠʤʝʥʥʦ:
ʰʨʦʪʘ (ʦʢʦʣʦ 2/3 ʤʘʩʩʳ ʩʝʤʷʥ) ʛʣʠʮʝ-
ʨʠʥʘ (ʦʢʦʣʦ 200 ʢʛ ʥʘ ʦʜʥʫ ʪʦʥʥʫ ʙʠʦ-
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ʜʠʟʝʣʷ)  ʠ ʫʜʦʙʨʝʥʠʡ.  ʊʘʢ,  ʚ ʌʈɻ ʩʝʙʝ-
ʩʪʦʠʤʦʩʪʴ ʙʠʦʜʠʟʝʣʷ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ
718,46 EUR / ʪ ʧʨʠ ʩʪʦʠʤʦʩʪʠ ʨʘʩʪʠ-
ʪʝʣʴʥʦʛʦ ʩʳʨʴʷ (3 ʪʦʥʥʳ ʩʝʤʷʥ) 696
EUR ʠ ʩʪʦʠʤʦʩʪʠ ʚʩʝʭ ʩʦʩʪʘʚʣʷʶʱʠʭ
ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ 269,94
EUR. ʊʦ ʝʩʪʴ, ʙʝʟ ʨʝʘʣʠʟʘʮʠʠ ʧʦʙʦʯ-
ʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʰʨʦ-
ʪʘ, ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʙʠʦʜʠʟʝʣʷ ʜʦʩʪʠʛʣʦ
ʙʳ 965,9 EUR/ʪ. ʉʪʨʫʢʪʫʨʘ ʟʘʪʨʘʪ ʜʘʥ-
ʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 5
[10].
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ʈʠʩ. 5. ʉʦʩʪʘʚ ʩʝʙʝʩʪʦʠʤʦʩʪʠ 1
ʪʦʥʥʳ ʙʠʦʜʠʟʝʣʷ ʚ ʌʈɻ: 1 - ʩʪʦʠʤʦʩʪʴ
ʩʝʤʷʥ, 2 - ʪʨʘʥʩʧʦʨʪʥʳʝ ʨʘʩʭʦʜʳ 3 -
ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʤʘʩʣʘ, 4 - ʩʪʦ-
ʠʤʦʩʪʴ ʰʨʦʪʘ, ʩʪʦʠʤʦʩʪʴ ʧʨʦʮʝʩʩʘ ʵʪʝ-

ʨʠʬʠʢʘʮʠʠ
Fig. 5. The composition of the cost of

1 ton of biodiesel in Germany: 1 – the
cost of seed, 2 –shipping costs, 3 – the

cost of producing oil, 4 – the cost of meal,
the cost of the process of etherification

ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʩʝʙʝʩʪʦʠʤʦʩʪʠ
ʜʠʟʝʣʴʥʦʛʦ ʙʠʦʪʦʧʣʠʚʘ ʩʣʝʜʫʝʪ ʙʦʣʴʰʝ
ʫʜʝʣʷʪʴ ʚʥʠʤʘʥʠʝ ʧʦʜʩʦʣʥʝʯʥʠʢʫ, ʨʳ-
ʥʦʯʥʘʷ ʮʝʥʘ ʢʦʪʦʨʦʛʦ ʩʫʱʝʩʪʚʝʥʥʦ
ʤʝʥʴʰʝ, ʯʝʤ ʫ ʨʘʧʩʘ (ʨʠʩ. 6) [9].
ʈʝʘʣʠʟʘʮʠʷ ʪʨʝʪʴʝʛʦ ʩʪʨʘʪʝʛʠʠ

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʵʢʩʧʦʨʪ ʜʠʟʝʣʴʥʦʛʦ
ʙʠʦʪʦʧʣʠʚʘ ʚ ʩʪʨʘʥʳ ɽʉ. ʕʪʦ ʤʦʞʝʪ
ʙʳʪʴ ʵʢʦʥʦʤʠʯʝʩʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʦ
ʩʣʝʜʫʶʱʠʤ ʩʦʦʙʨʘʞʝʥʠʷʤ. ʉʝʙʝʩʪʦʠ-
ʤʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʄʕʈʄ, ʧʦ ʮʝʥʝ
ʩʝʤʷʥ ʨʘʧʩʘ 3500 ʛʨʥ/ʪ ʩʦʩʪʘʚʣʷʝʪ
ʧʨʠʤʝʨʥʦ EUR (500 ... 550)/ʤ3. ʕʪʦ
ʤʝʥʴʰʝ ʯʝʤ ʚ ʩʪʨʘʥʘʭ ɽʉ, ʛʜʝ ʩʝʙʝ-
ʩʪʦʠʤʦʩʪʴ ʵʪʦʛʦ ʚʠʜʘ ʪʦʧʣʠʚʘ ʜʦʩʪʠʛʘ-
ʝʪ EUR700/ʤ3 [10, 11].
ʉʦʚʨʝʤʝʥʥʳʡ ʫʨʦʚʝʥʴ ʚʥʫʪʨʝʥʥʠʭ

ʮʝʥ ʥʘ ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ, ʩʝʤʝʥʘ ʨʘʧ-

ʩʘ ʠ ʩʫʱʝʩʪʚʫʶʱʘʷ ʥʘʣʦʛʦʚʘʷ ʩʠʩʪʝʤʘ
ʥʝ ʩʪʠʤʫʣʠʨʫʶʪ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʝ
ʧʨʦʠʟʚʦʜʩʪʚʦ ʜʠʟʝʣʴʥʦʛʦ ʙʠʦʪʦʧʣʠʚʘ.
ʇʦʵʪʦʤʫ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ
ʧʝʨʚʫʶ ʩʪʨʘʪʝʛʠʶ, ʯʪʦ ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚ
ʋʢʨʘʠʥʝ.
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ʈʠʩ. 6. ɺʥʫʪʨʝʥʥʠʝ ʮʝʥʳ ʧʦʜʩʦʣʥʝʯʥʠ-
ʢʘ ʧʦ ʤʘʨʢʝʪʠʥʛʦʚʳʤ ʛʦʜʘʤ (ʄʈ)

Fig. 6. Domestic prices of sunflower
in marketing year (MR)

ɺʓɺʆɼʓ

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚ-
ʣʷʝʪʩʷ ʩʪʨʘʪʝʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʵʢʩ-
ʧʦʨʪʘ ʜʠʟʝʣʴʥʦʛʦ ʙʠʦʪʦʧʣʠʚʘ. ɽʝ ʨʝʘ-
ʣʠʟʘʮʠʷ ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʪʴ ʩʦʙʩʪʚʝʥʥʫʶ
ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʪʦʧ-
ʣʠʚʘ; ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʴ ʪʦʚʘʨʦ-
ʦʙʦʨʦʪ ʚ ʦʙʣʘʩʪʠ ʤʘʩʣʠʯʥʳʭ ʢʫʣʴʪʫʨ ʠ
ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʠʦʪʦ-
ʧʣʠʚʦ ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʨʳʥʢʝ ʚ ʩʣʫʯʘʝ
ʩʦʟʜʘʥʠʷ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʵʢʦʥʦʤʠʯʝ-
ʩʢʠʭ ʫʩʣʦʚʠʡ.
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STRATEGY OF ENERGY RAW
MATERIAL USE

Abstract. The article deals with the eco-
nomic study to determine the efficiency of
processing of agricultural products for export
is the biodiesel. The strategy of production and
export of biodiesel is a promising direction.
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fuel, rapeseed, economic efficiency, profitabil-
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ʄɽʊʆɼʀʂɸ ʀ ʈɽɿʋʃʔʊɸʊʓ ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓʍ
ʀʉʉʃɽɼʆɺɸʅʀʁ ʊɽʍʅʆʃʆɻʀʏɽʉʂʆɻʆ ʇʈʆʎɽʉʉɸ
ʆɹʂɸʊʓɺɸʅʀʗ ʉʊɸʃʔʅʓʍ ɼɽʊɸʃɽʁ ʉ ʎɽʃʔʖ
ʇʆɺʓʐɽʅʀʗ ʂʆʅʊɸʂʊʅʆʁ ʇʈʆʏʅʆʉʊʀ.

ɹʦʨʠʩ ɹʫʪʘʢʦʚ, ɼʤʠʪʨʠʡ ʄʘʨʯʝʥʢʦ

ʅʠʢʦʣʘʝʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ
54029 ʋʢʨʘʠʥʘ, ʛ. ʅʠʢʦʣʘʝʚ, ʫʣ. ʇʘʨʠʞʩʢʦʡ ʢʦʤʫʥʥʳ 9

ɸʥʥʦʪʘʮʠʷ. ʆʧʠʩʘʥʘ ʤʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩ-
ʩʘ ʦʙʢʘʪʳʚʘʥʠʷ ʢʘʥʘʪʥʳʭ ʙʣʦʢʦʚ ʩ ʧʦʤʦʱʴʶ ʫʩʪʨʦʡʩʪʚʘ ʩ ʢʣʠʥʦʚʳʤ ʨʦʣʠʢʦʤ. ʇʨʠʚʝʜʝʥʳ
ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ ʭʦʜʝ ʯʝʛʦ, ʤʝʪʦʜʦʤ ʢʨʫʪʦʛʦ ʚʦʩʭʦʞʜʝʥʠʷ,
ʚʳʷʩʥʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦ-ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʫʩʪʨʦʡʩʪʚʘ.

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʙʢʘʪʳʚʘʥʠʝ ʨʦʣʠʢʘʤʠ, ʢʦʥʪʘʢʪʥʘʷ ʧʨʦʯʥʦʩʪʴ, ʧʣʘʥʠʨʦʚʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥ-
ʪʘ, ʢʘʥʘʪʥʳʝ ʙʣʦʢʠ, ʫʩʪʨʦʡʩʪʚʦ ʩ ʢʣʠʥʦʚʳʤ ʨʦʣʠʢʦʤ.

ɺɺɽɼɽʅʀɽ
ʉʦʟʜʘʥʠʝ ʩʧʦʩʦʙʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ,

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʜʣʷ
ʫʧʨʦʯʥʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ ʠʟʥʦʩʦʩʪʦʡ-
ʢʦʩʪʠ, ʢʦʥʪʘʢʪʥʦʡ ʧʨʦʯʥʦʩʪʠ ʜʝʪʘʣʝʡ
ʧʫʪʝʤ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ
ʜʝʬʦʨʤʘʮʠʠ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ [1,
2]. ʈʝʟʫʣʴʪʘʪʳ ʥʘʫʯʥʦ-
ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʧʦ ʵʢʩʧʝʨʠ-
ʤʝʥʪʘʣʴʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʚʣʠʷʥʠʷ
ʦʙʢʘʪʳʚʘʥʠʷ ʨʦʣʠʢʘʤʠ ʥʘ ʜʦʣʛʦʚʝʯ-
ʥʦʩʪʴ ʩʪʘʣʴʥʳʭ ʜʝʪʘʣʝʡ, ʨʘʙʦʪʘʶʱʠʭ
ʧʨʠ ʢʦʥʪʘʢʪʥʦʤ ʩʤʷʪʠʠ, ʧʨʦʚʝʨʝʥʳ ʚ
ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʨʘʙʦʪʝ
ʢʘʥʘʪʥʳʭ ʙʣʦʢʦʚ ʩʦ ʩʪʘʣʴʥʳʤʠ ʢʘʥʘʪʘ-
ʤʠ [3 – 6].

ʄɽʊʆɼʀʂɸ ʀ ʈɽɿʋʃʔʊɸʊʓ
ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓʍ
ʀʉʉʃɽɼʆɺɸʅʀʁ

ɼʣ  ̫ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʝʭ-
ʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ
ʫʧʨʦʯʥʝʥʠʷ ʢʘʥʘʪʥʳʭ ʙʣʦʢʦʚ ʩ ʧʦʤʦʱʴʶ
ʦʙʢʘʪʳʚʘʥʠʷ ʨʦʣʠʢʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʵʢʩ-
ʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ (ʨʠʩ. 1), ʢʦ-
ʪʦʨʦʝ ʩʦʜʝʨʞʠʪ ʨʦʣʠʢʦʚʳʡ ʫʟʝʣ ʠ ʨʳ-
ʯʘʞʥʳʡ ʩʠʣʦʚʦʡ ʧʨʫʞʠʥʥʳʡ ʤʝʭʘʥʠʟʤ
ʧʦʜʞʘʪʠʷ ʨʦʣʠʢʘ ʢ ʜʝʪʘʣʠ, ʩʤʦʥʪʠʨʦʚʘʥ-
ʥʳʡ ʚ ʢʦʨʧʫʩʝ ʫʩʪʨʦʡʩʪʚʘ [7]. ʈʦʣʠʢ ʫʩʪ-
ʨʦʡʩʪʚʘ ʜʣʷ ʦʙʢʘʪʳʚʘʥʠʷ ʚʳʧʦʣʥʝʥ ʢʣʠ-
ʥʦʦʙʨʘʟʥʦʡ ʬʦʨʤʳ ʩ ʚʳʧʫʢʣʦʡ ʦʙʨʘ-
ʟʫʶʱʝʡ ʨʘʙʦʯʝʛʦ ʧʨʦʬʠʣʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ
ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʢʘʪʳʚʘʪʴ ʢʘʢ ʢʦʥʠʯʝ-
ʩʢʠʝ, ʪʘʢ ʠ ʪʦʨʦʠʜʘʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʠ

ʢʘʥʘʪʥʦʛʦ ʙʣʦʢʘ ʠ ʦʙʣʝʛʯʘʝʪ ʪʝʭʥʦʣʦʛʠʶ
ʯʠʩʪʦʚʦʛʦ ʠ ʫʧʨʦʯʥʷʶʱʝʛʦ ʦʙʢʘʪʳʚʘʥʠʷ
[8 – 10].
ʇʨʠ ʦʙʢʘʪʳʚʘʥʠʠ ʢʦʥʠʯʝʩʢʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʨʫʯʴʷ ʢʘʥʘʪʥʦʛʦ ʙʣʦʢʘ ʢʣʠʥʦ-
ʚʳʤ ʨʦʣʠʢʦʤ ʩ ʧʦʩʪʦʷʥʥʦʡ ʢʨʠʚʠʟʥʦʡ
ʧʦʚʝʨʭʥʦʩʪʠ ʪʦʨʮʝʚ ʨʦʣʠʢʘ ʧʨʠʚʝʜʝʥʥʘʷ
ʢʨʠʚʠʟʥʘ ʢʦʥʪʘʢʪʘ ʨʦʣʠʢʘ ʩ ʜʝʪʘʣʴʶ ʚ
ʧʣʦʩʢʦʩʪʠ ʧʦʜʘʯʠ ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʦ
ʙʦʣʴʰʠʝ ʚʝʣʠʯʠʥʳ, ʯʝʤ ʧʨʠ ʦʙʢʘʪʳʚʘ-
ʥʠʠ ʢʨʫʛʦʚʦʡ ʚʧʘʜʠʥʳ, ʥʘ ʢʦʥʠʯʝʩʢʦʡ
ʧʦʚʝʨʭʥʦʩʪʠ ʩʨʝʜʥʠʡ ʫʛʦʣ ű ʚʜʘʚʣʠʚʘʥʠʷ
ʨʦʣʠʢʘ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʩʠʪ 5ʦ ʠ ʩʣʝʜʦ-
ʚʘʪʝʣʴʥʦ, ʙʫʜʝʪ ʠʤʝʪʴ ʤʝʩʪʦ ʧʝʨʝʥʘʢʣʝʧ
ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʷʚʠʪʩʷ ʥʝʜʦʧʫʩʪʠʤʘʷ
ʚʦʣʥʠʩʪʦʩʪʴ ʥʘ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦ-
ʩʪʠ [11]. ʇʦʵʪʦʤʫ ʨʘʙʦʯʘʷ ʧʦʚʝʨʭʥʦʩʪʴ
ʢʣʠʥʦʚʦʛʦ ʨʦʣʠʢʘ ʩʜʝʣʘʥʘ ʩ ʧʝʨʝʤʝʥʥʦʡ
ʢʨʠʚʠʟʥʦʡ.

ʈʠʩ. 1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʫʩʪ-
ʨʦʡʩʪʚʦ ʜʣʷ ʦʙʢʘʪʳʚʘʥʠʷ ʢʘʥʘʪʥʳʭ
ʙʣʦʢʦʚ ʢʣʠʥʦʚʳʤ ʨʦʣʠʢʦʤ

Fig. 1. The experimental device for
an obkatyvaniye of rope sheaves a maple

roller
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ʈʳʯʘʞʥʳʡ ʩʠʣʦʚʦʡ ʧʨʫʞʠʥʥʳʡ
ʤʝʭʘʥʠʟʤ ʫʩʪʘʥʦʚʣʝʥ ʩ ʢʣʠʥʦʚʳʤ ʨʦ-
ʣʠʢʦʤ ʥʘ ʧʦʜʰʠʧʥʠʢʘʭ ʢʘʯʝʥʠʷ. ʇʨʠ
ʫʩʪʘʥʦʚʢʝ ʧʦʜʰʠʧʥʠʢʦʚ ʩʢʦʣʴʞʝʥʠʷ ʚ
ʧʨʦʮʝʩʩʝ ʦʙʢʘʪʳʚʘʥʠʷ ʚʦʟʥʠʢʥʝʪ ʥʝ-
ʨʘʚʥʦʤʝʨʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʢʦʥʠʯʝʩʢʦʡ
ʧʦʚʝʨʭʥʦʩʪʠ ʨʫʯʴʷ ʢʘʥʘʪʥʦʛʦ ʙʣʦʢʘ, ʠ
ʟʥʘʯʠʪʝʣʴʥʳʝ ʩʠʣʳ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ,
ʚʦʟʥʠʢʘʶʱʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʦʩʠ ʠ
ʙʦʢʦʚʳʭ ʩʪʝʥʦʢ ʨʳʯʘʛʘ ʚʦ ʚʨʝʤʷ ʧʦʚʦ-
ʨʦʪʘ ʧʦʩʣʝʜʥʝʛʦ ʚʦʢʨʫʛ ʩʚʦʝʡ ʦʩʠ ʟʘ
ʩʯʝʪ ʙʠʝʥʠʷ ʧʨʦʬʠʣʷ ʢʣʠʥʦʚʦʛʦ ʨʦʣʠ-
ʢʘ,  ʙʫʜʫʪ ʪʦ ʚʳʯʠʪʘʪʴʩʷ ʠʟ ʩʠʣʳ ʧʨʫ-
ʞʠʥʳ, ʪʦ ʩʢʣʘʜʳʚʘʪʴʩʷ ʩ ʥʝʡ, ʚ ʟʘʚʠʩʠ-
ʤʦʩʪʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʷ
ʨʦʣʠʢʦʚʦʛʦ ʫʟʣʘ. ʂʘʢ ʧʦʢʘʟʘʣʠ ʠʩʩʣʝ-
ʜʦʚʘʥʠʷ, ʢʦʣʝʙʘʥʠʝ ʫʩʠʣʠʷ ʦʙʢʘʪʳʚʘ-
ʥʠʷ ʩʦʩʪʘʚʣʷʶʪ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʜʦ 45  %
[12], ʯʪʦ ʠ ʧʨʠʚʝʜʝʪ ʢ ʧʦʷʚʣʝʥʠʶ ʚʦʣ-
ʥʠʩʪʦʩʪʠ ʥʘ ʙʦʢʦʚʳʭ ʢʦʥʠʯʝʩʢʠʭ ʧʦ-
ʚʝʨʭʥʦʩʪʷʭ ʨʫʯʴʷ ʢʘʥʘʪʥʦʛʦ ʙʣʦʢʘ.
ʇʨʦʮʝʩʩ ʦʙʢʘʪʳʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ

ʫʩʪʨʦʡʩʪʚʘ ʩ ʢʣʠʥʦʚʳʤ ʨʦʣʠʢʦʤ ʦʩʫ-
ʱʝʩʪʚʣʷʣʩʷ ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʦʤ ʪʦʢʘʨʥʦ-
ʚʠʥʪʦʨʝʟʥʦʤ ʩʪʘʥʢʝ 1ʂ65 (ʨʠʩ. 2). ʈʝ-
ʛʫʣʠʨʦʚʘʥʠʝ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʘʢ
ʩʢʦʨʦʩʪʴ ʦʙʢʘʪʳʚʘʥʠʷ ʠ ʯʠʩʣʦ ʦʙʦʨʦ-
ʪʦʚ ʙʣʦʢʘ ʢʦʥʪʨʦʣʠʨʦʚʘʣʦʩʴ ʥʘ ʩʪʘʥʢʝ
ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʝʛʦ ʥʘʩʪʨʦʡʢʝ.
ʋʛʦʣ ʥʘʢʣʦʥʘ ʧʨʦʬʠʣʷ ʨʫʯʴʷ ʠ ʦʪʢʣʦ-
ʥʝʥʠʷ ʝʛʦ ʬʦʨʤʳ ʦʪ ʧʨʷʤʦʣʠʥʝʡʥʦʡ
ʠʟʤʝʨʷʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʠʥʜʠʢʘʪʦʨʘ.
ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʦʙʢʘʪʳʚʘ-
ʥʠʷ ʥʘ ʢʘʯʝʩʪʚʦ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʥʘ ʩʪʝ-
ʧʝʥʴ ʫʧʨʦʯʥʝʥʠʷ ʠʟʛʦʪʦʚʣʷʣʠʩʴ ʢʣʠʥʦ-
ʚʳʝ ʨʦʣʠʢʠ ʩ ʧʝʨʝʤʝʥʥʳʤ ʧʨʦʬʠʣʴʥʳʤ
ʨʘʜʠʫʩʦʤ ʝʛʦ ʪʦʨʮʝʚ.
ʇʨʦʮʝʩʩ ʦʙʢʘʪʳʚʘʥʠʷ ʢʣʠʥʦʚʳʤ

ʨʦʣʠʢʦʤ ʢʘʥʘʪʥʳʭ ʙʣʦʢʦʚ ʥʘ ʵʢʩʧʝʨʠ-
ʤʝʥʪʘʣʴʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʩʥʠʤʘʣʠ
ʚʠʜʝʦʢʘʤʝʨʦʡ (Panasonic SDR – S26) ʩ
ʧʦʩʣʝʜʫʶʱʠʤ ʧʦʢʘʜʨʦʚʳʤ ʠʟʫʯʝʥʠʝʤ.
ʂʘʥʘʪʥʳʡ ʙʣʦʢ 2 (ʨʠʩ. 2) ʫʩʪʘʥʘʚ-

ʣʠʚʘʣʠ ʦʪʚʝʨʩʪʠʝʤ ʚ ʮʝʥʪʨ ʧʘʪʨʦʥʘ
ʩʪʘʥʢʘ ʠ ʧʦʜʞʠʤʘʣʠ ʮʝʥʪʨʦʤ 3 ʟʘʜʥʝʡ
ʙʘʙʢʠ 4 ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʪʦʢʘʨʥʦ-
ʚʠʥʪʦʨʝʟʥʦʛʦ ʩʪʘʥʢʘ. ʋʩʪʨʦʡʩʪʚʦ 1
ʢʨʦʥʰʪʝʡʥʦʤ ʟʘʢʨʝʧʣʷʣʠ ʚ ʨʝʟʮʝʜʝʨ-
ʞʘʪʝʣʴ ʩʫʧʧʦʨʪʘ ʩʪʘʥʢʘ. ʇʝʨʝʤʝʱʝʥʠ-
ʝʤ ʩʫʧʧʦʨʪʘ ʩʪʘʥʢʘ ʨʦʣʠʢ ʚʚʦʜʠʣʠ ʚ
ʨʫʯʝʡ ʢʘʥʘʪʥʦʛʦ ʙʣʦʢʘ ʪʘʢ, ʯʪʦʙʳ ʦʥ
ʩʚʦʝʡ ʫʟʢʦʡ ʯʘʩʪʴʶ ʨʘʙʦʯʝʛʦ ʧʨʦʬʠʣʷ

ʢʦʩʥʫʣʩʷ ʚʧʘʜʠʥʳ ʨʫʯʴʷ ʢʘʥʘʪʥʦʛʦ
ʙʣʦʢʘ. ʋʩʠʣʠʝ ʥʘ ʨʦʣʠʢʝ ʫʩʪʘʥʘʚʣʠʚʘ-
ʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʚʨʘʱʝʥʠʷ ʛʘʡʢʠ ʪʷʛʠ
ʥʘ ʪʷʛʝ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʩʞʘʪʠʷ ʧʨʫʞʠ-
ʥʳ ʥʘ ʥʝʦʙʭʦʜʠʤʫʶ ʚʝʣʠʯʠʥʫ (ʧʨʠ
ʩʞʘʪʠʠ ʧʨʫʞʠʥʳ ʥʘ 3,5 ʤʤ ʫʩʠʣʠʝ ʥʘ
ʨʦʣʠʢʝ ʩʦʩʪʘʚʣʷʣʦ 1 ʢʅ).

ʈʠʩ. 2. ʆʙʱʠʡ ʚʠʜ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-
ʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ:

1 – ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʦʙʢʘʪʳʚʘʥʠʷ ʢʘ-
ʥʘʪʥʳʭ ʙʣʦʢʦʚ;

2 – ʢʘʥʘʪʥʳʡ ʙʣʦʢ; 3 – ʦʧʨʘʚʢʘ;
4 – ʟʘʜʥʷʷ ʙʘʙʢʘ ʪʦʢʘʨʥʦʛʦ ʩʪʘʥʢʘ

Fig. 2. General view of the experimental
equipment:

1 – the device for an obkatyvaniye of
rope sheaves;

2 – rope sheave; 3 – mandrel; 4 –back
grandma of the lathe

ʆʙʢʘʪʳʚʘʝʤʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʙʣʦʢʘ
ʩʤʘʟʳʚʘʶʪ ʤʘʰʠʥʥʳʤ ʤʘʩʣʦʤ ʠ ʚʢʣʶ-
ʯʘʶʪ ʝʛʦ ʚʨʘʱʝʥʠʝ ʩʦ ʩʢʦʨʦʩʪʴʶ 40 –
50 ʤ/ʤʠʥ.
ɺ ʧʨʦʮʝʩʩʝ ʚʨʘʱʝʥʠʷ ʢʘʥʘʪʥʦʛʦ

ʙʣʦʢʘ ʟʘ ʩʯʝʪ ʩʠʣ ʪʨʝʥʠʷ ʚʨʘʱʘʝʪʩʷ
ʨʦʣʠʢ ʫʩʪʨʦʡʩʪʚʘ ʠ ʨʘʙʦʯʠʝ ʪʦʨʮʳ ʨʦ-
ʣʠʢʘ ʦʩʪʘʚʣʷʶʪ ʥʘ ʦʙʢʘʪʳʚʘʝʤʦʡ ʧʦ-
ʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʠ ʜʚʘ ʩʠʥʫʩʦʠʜʘʣʴʥʳʭ
ʩʣʝʜʘ, ʢʦʪʦʨʳʝ ʧʦ ʤʝʨʝ ʚʨʘʱʝʥʠʷ ʙʣʦʢʘ
ʠ ʨʦʣʠʢʘ ʧʦʩʪʝʧʝʥʥʦ ʩʤʝʱʘʶʪʩʷ ʚ ʢʨʫ-
ʛʦʚʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʦʢʘ ʚʩʷ ʧʦʚʝʨʭ-
ʥʦʩʪʴ ʨʫʯʴʷ ʥʝ ʦʢʘʞʝʪʩʷ ʧʨʦʜʝʬʦʨʤʠ-
ʨʦʚʘʥʥʦʡ.
ʋʩʠʣʠʝ ʥʘ ʨʦʣʠʢʝ ʢʦʣʝʙʣʝʪʩʷ ʚ

ʧʨʝʜʝʣʘʭ     ± 5 %, ʪʘʢ ʢʘʢ ʩʠʣʘ ʪʨʝʥʠʷ
ʚ ʧʦʜʰʠʧʥʠʢʘʭ ʢʘʯʝʥʠʷ ʤʘʣʘ, ʧʦʩʢʦʣʴ-
ʢʫ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ fʢ ʚ ʧʦʜʰʠʧʥʠ-
ʢʘʭ ʢʘʯʝʥʠʷ ʥʝ ʙʦʣʴʰʝ 0,008. ʕʪʠʤ
ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʨʘʚʥʦʤʝʨʥʘʷ ʜʝʬʦʨʤʘ-
ʮʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʨʫʯʴʷ ʙʣʦʢʘ.
ʉʪʝʧʝʥʴ ʥʘʢʣʝʧʘ ʠʟʤʝʨʷʣʠ ʠ ʦʧʨʝ-

ʜʝʣʷʣʠ ʧʦʩʣʝ ʦʙʢʘʪʳʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ
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ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʜʠʥʘ-
ʤʠʯʝʩʢʦʛʦ ʪʚʝʨʜʦʤʝʨʘ TIME Hardness
Tester TH130 (ʨʠʩ. 3), ʢʦʪʦʨʳʡ ʦʙʝʩʧʝ-
ʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠ ʰʠʨʦʢʠʡ
ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʷ, ʘ ʪʘʢʞʝ ʤʦʞʝʪ
ʙʳʪʴ ʧʦʜʩʦʝʜʠʥʝʥ ʢ ʇɽʆʄ.

ʈʠʩ. 3. ʇʨʦʮʝʩʩ ʠʟʤʝʨʝʥʠʷ ʪʚʝʨʜʦ-
ʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʬʠʣʷ ʢʘʥʘʪʥʦʛʦ

ʙʣʦʢʘ ʧʦʩʣʝ ʦʙʢʘʪʳʚʘʥʠʷ
Fig. 3. Process of measurement of

hardness of a surface of a profile of a rope
sheave after an obkatyvaniye

ʐʝʨʦʭʦʚʘʪʦʩʪʴ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦ-
ʩʪʠ ʜʦ ʠ ʧʦʩʣʝ ʦʙʢʘʪʳʚʘʥʠʷ ʢʘʥʘʪʥʦʛʦ
ʙʣʦʢʘ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʜʚʫʤʷ ʤʝʪʦʜʘʤʠ.
ɼʦ ʦʙʢʘʪʳʚʘʥʠʷ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʢʘʥʘʪʥʦʛʦ ʙʣʦʢʘ ʙʳʣʘ ʦʧʨʝ-
ʜʝʣʝʥʘ ʩ ʧʦʤʦʱʴʶ ʵʪʘʣʦʥʥʳʭ ʦʙʨʘʟʮʦʚ
ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʆʐ (ɻʆʉʊ 9378 – 93,
ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦ-
ʚʘʥʠʷʤʠ ɻʆʉʊ 2789 – 73). ʇʦʩʣʝ ʦʙʢʘ-
ʪʳʚʘʥʠʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʨʝʞʠʤʘʤʠ ʚ
ʧʨʦʬʠʣʴ ʢʘʥʘʪʥʦʛʦ ʙʣʦʢʘ ʟʘʣʠʚʘʣʘʩʴ
ʩʘʤʦʪʚʝʨʜʝʶʱʘʷ ʧʣʘʩʪʤʘʩʩʘ ʥʘ ʦʩʥʦʚʝ
ʘʢʨʠʣʦʚʳʭ ʩʤʦʣ «ʇʈʆʊɸʂʈʀʃ – ʄ»,
ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʜʝʣʘʣʠʩʴ ʨʝʧʣʠʢʠ [13].
ʈʘʙʦʯʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʧʨʦʬʠʣʷ ʙʣʦʢʘ ʚ
ʤʝʩʪʘʭ ʩʥʷʪʠʷ ʨʝʧʣʠʢ ʦʙʝʟʞʠʨʠʚʘʣʠ
ʘʮʝʪʦʥʦʤ. ʇʦʩʣʝ ʚʳʩʳʭʘʥʠʷ ʧʘʩʪʳ
(ʚʨʝʤʷ ʧʦʣʠʤʝʨʠʟʘʮʠʠ 25 – 30 ʤʠʥ ʧʨʠ
ʪʝʤʧʝʨʘʪʫʨʝ 35 – 40 ºʉ) ʰʣʠʬʦʚʘʣʘʩʴ
ʧʨʦʪʠʚʦʧʦʣʦʞʥʘʷ ʩʪʦʨʦʥʘ ʨʝʧʣʠʢʠ.
ʂʨʦʤʝ ʪʦʛʦ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʠ ʚʦʣʥʠ-

ʩʪʦʩʪʴ ʦʙʢʘʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʤʝʨʷ-
ʣʘʩʴ ʩ ʧʦʤʦʱʴ  ʁ ʧʨʦʬʠʣʦʛʨʘʬʘ-
ʧʨʦʬʠʣʦʤʝʪʨʘ ʪʠʧʘ ɸ1 (ɻʆʉʊ 19299 – 73
ʠ ɻʆʉʊ 19300 – 73), ʤʦʜʝʣʴ 252 ʟʘʚʦʜʘ
çʂʘʣʠʙʨ» (ʨʠʩ. 4), ʘ ʧʦ ʧʨʦʬʠʣʦʛʨʘʤʘʤ
ʦʧʨʝʜʝʣʷʣʠʩʴ ʟʥʘʯʝʥʠʷ Ra.

ʇʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠ  ̫ ʰʝʨʦʭʦ-
ʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʝ-
ʧʣʠʢ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʴʰʝ 8 %.
ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝ-

ʜʦʚʘʥʠʡ ʘʥʘʣʠʟ ʵʢʩʧʝʨʪʥʦʡ ʦʮʝʥʢʠ
(«ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʡ ʵʢʩʧʝʨʠʤʝʥʪ») ʠ
ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʟʥʘʯʝʥʠʡ
ʬʘʢʪʦʨʦʚ [14 – 19] ʧʦʟʚʦʣʠʣʠ ʩʜʝʣʘʪʴ
ʚʳʚʦʜ ʦ ʥʘʠʙʦʣʴʰʝʤ ʚʣʠʷʥʠʠ ʥʘ ʢʘʯʝ-
ʩʪʚʦ ʚʳʧʦʣʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ
ʧʨʦʮʝʩʩʘ ʩʣʝʜʫʶʱʠʭ ʯʝʪʳʨʝʭ ʬʘʢʪʦ-
ʨʦʚ: ʫʛʦʣ ʚʜʘʚʣʠʚʘʥʠʷ ʨʦʣʠʢʘ; ʧʨʦ-
ʬʠʣʴʥʳʡ ʨʘʜʠʫʩ ʨʦʣʠʢʘ; ʢʦʣʠʯʝʩʪʚʦ
ʦʙʦʨʦʪʦʚ ʙʣʦʢʘ; ʩʢʦʨʦʩʪʴ ʦʙʢʘʪʳʚʘʥʠʷ.
ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʪʨʝʭ-
ʫʨʦʚʥʝʚʳʡ, ʯʝʪʳʨʝʭ ʬʘʢʪʦʨʥʳʡ ʧʣʘʥ
ɹʦʢʩʘ 2-ʛʦ ʧʦʨʷʜʢʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝ-
ʨʠʤʝʥʪʘ [3].

ʈʠʩ. 4. ʆʙʱʠʡ ʚʠʜ ʧʨʦʬʠʣʦʛʨʘʬʘ-
ʧʨʦʬʠʣʦʤʝʪʨʘ ʄ – 252

Fig. 4. A general view profilografa-
profilometra M – 252

ʇʦʩʣʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʥʘ ʇɽʆʄ
(ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤ Statistica  ʠ
Excel) ʧʦʣʫʯʝʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝ-
ʣʠ ʜʣʷ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ
(ʐʇ) ʠ ʩʪʝʧʝʥʠ ʥʘʢʣʝʧʘ (ʉʅ), ʢʦʪʦʨʳʝ
ʦʧʠʩʳʚʘʶʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ
ʦʙʢʘʪʳʚʘʥʠʷ ʢʘʥʘʪʥʳʭ ʙʣʦʢʦʚ.
ʋʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ ʠʤʝʶʪ ʚʠʜ:
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ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ [20
–  22]  ʚʣʠʷʥʠʷ ʦʙʢʘʪʳʚʘʥʠ  ̫ ʨʦʣʠʢʘʤʠ ʥʘ
ʢʦʥʪʘʢʪʥʫʶ ʧʨʦʯʥʦʩʪʴ ʙʳʣʠ ʧʨʠʥʷʪʳ
ʢʘʥʘʪʥʳʝ ʙʣʦʢʠ, ʜʦʣʛʦʚʝʯʥʦʩʪ  ɹ ʨʘʙʦʯʝʛʦ
ʧʨʦʬʠʣʷ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʣʘ ʥʝ ʙʦʣʴʰʝ 3
– 4-ʭ ʤʝʩʷʮʝʚ.

ɺʓɺʆɼʓ
ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʧʨʠʤʝʥʝ-
ʥʠʝʤ ʤʝʪʦʜʘ ʢʨʫʪʦʛʦ ʚʦʩʭʦʞʜʝʥʠʷ ʦʧ-
ʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʢʦʥʩʪʨʫʢʪʦʨ-
ʩʢʦ-ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦ-
ʮʝʩʩʘ ʦʙʢʘʪʳʚʘʥʠʷ. ʉ ʧʦʤʦʱʴʶ ʧʣʘʥʠ-
ʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠ ʦʧʪʠʤʠʟʘ-
ʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙʢʘ-
ʪʳʚʘʥʠʷ ʢʘʥʘʪʥʦʛʦ ʙʣʦʢʘ ʢʣʠʥʦʚʳʤ
ʨʦʣʠʢʦʤ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʧʪʠ-
ʤʘʣʴʥʳʝ ʨʝʞʠʤʳ ʦʙʨʘʙʦʪʢʠ: ʧʨʦʬʠʣʴ-
ʥʳʡ ʨʘʜʠʫʩ ʨʦʣʠʢʘ (ʍ1) 15 ʤʤ, ʩʢʦʨʦʩʪʴ
ʦʙʢʘʪʳʚʘʥʠʷ (ʍ2) 40 – 50 ʤ/ʤʠʥ, ʦʧʪʠ-
ʤʘʣʴʥʳʡ ʫʛʦʣ ʚʜʘʚʣʠʚʘʥʠʷ ʨʦʣʠʢʘ (ʍ3)
5 ʛʨʘʜ, ʢʦʣʠʯʝʩʪʚʦ ʦʙʦʨʦʪʦʚ ʙʣʦʢʘ (ʍ4)
160 – 180 ʦʙ.
ʀʭ ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʯʝʪʘʥʠʝ ʬʦʨʤʠ-

ʨʫʝʪ ʢʘʯʝʩʪʚʦ ʚʳʧʦʣʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠ-
ʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʫʧ-
ʨʦʯʥʝʥʠʷ ʩʪʘʣʴʥʳʭ ʜʝʪʘʣʝʡ ʦʙʢʘʪʳʚʘ-
ʥʠʝʤ ʨʦʣʠʢʘʤʠ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʧʦʢʘ-
ʟʘʪʝʣʷʤʠ: ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ
(ʐʇ) – 1...1,9 ʤʢʤ; ʩʪʝʧʝʥʴ ʥʘʢʣʝʧʘ
(ʉʅ) – 46,5…56 %.
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TECHNIQUE AND RESULTS OF
PILOT STUDIES OF

TECHNOLOGICAL PROCESS OF
ROLLING OF STEEL DETAILS FOR

THE PURPOSE OF INCREASE OF
CONTACT DURABILITY.

Abstract. The technique of pilot studies
of technological process of an rolling of
rope sheaves by means of the device with a
maple roller is described. Results of pilot
studies during that, the method of an abrupt
ascension, found out optimum design and
kinematic parameters of the device are
given.

Key words: rolling rollers, contact du-
rability, experiment planning, rope sheaves,
the device with a maple roller.
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇʈʆʎɽʉʉɸ ʆɹɽʉʇɽʏɽʅʀʗ ʅɸɼɽɾʅʆ-
ʉʊʀ ɿɽʈʅʆʋɹʆʈʆʏʅʓʍ ʂʆʄɹɸʁʅʆɺ

ʂʦʥʩʪʘʥʪʠʥ ɼʫʤʝʥʢʦ, ɽʢʘʪʝʨʠʥʘ ʐʝʚʯʝʥʢʦ

ʅʠʢʦʣʘʝʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ
54030, ʛ. ʅʠʢʦʣʘʝʚ, ʫʣ. ʂʨʳʣʦʚʘ 17 ʘ

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʦ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʦʙʦʙʱʝʥʠʝ ʠ ʥʦʚʳʝ ʩʧʦʩʦʙʳ ʨʝʰʝʥʠʝ ʥʘ-
ʫʯʥʦʡ ʧʨʦʙʣʝʤʳ, ʢʦʪʦʨʘʷ ʦʢʘʟʳʚʘʝʪʩʷ ʚ ʨʘʟʨʘʙʘʪʳʚʘʥʠʠ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʦʩʥʦʚ ʦʙʝʩʧʝ-
ʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʟʝʨʥʦʫʙʦʨʦʯʥʳʭ ʢʦʤʙʘʡʥʦʚ ʧʫʪʝʤ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʠʭ ʪʝʭ-
ʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. ʅʦʚʦʝ ʨʝʰʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʥʘʰʣʦ ʩʚʦʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-
ʥʦʝ ʜʦʧʦʣʥʝʥʠʝ ʠ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʪʦʢʦʚ ʦʪʢʘʟʦʚ ʠ
ʚʦʟʦʙʥʦʚʣʝʥʠʡ ʩʪʘʨʝʶʱʝʡ ʪʝʭʥʠʢʠ.

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʝʨʥʦʫʙʦʨʦʯʥʳʡ ʢʦʤʙʘʡʥ, ʩʠʩʪʝʤʘ, ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ, ʥʘ-
ʜʝʞʥʦʩʪʴ, ʦʪʢʘʟ, ʚʦʟʦʙʥʦʚʣʝʥʠʝ, ʢʦʵʬʬʠʮʠʝʥʪ ʛʦʪʦʚʥʦʩʪʠ, ʢʦʵʬʬʠʮʠʝʥʪ ʚʦʟʦʙʥʦʚʣʝʥʠʷ,
ʘʚʘʨʠʡʥʦʝ ʧʦʚʨʝʞʜʝʥʠʝ, ʵʢʩʧʣʫʘʪʘʮʠʷ, ʧʨʦʩʪʦʠ, ʧʦʪʝʨʠ ʫʨʦʞʘʷ, ʛʠʩʪʦʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ.

ʇʆʉʊɸʅʆɺʂɸ ʇʈʆɹʃɽʄʓ

ɸʛʨʘʨʥʳʡ ʩʝʢʪʦʨ ʟʘʥʠʤʘʝʪ ʚʝʜʫʱʝʝ
ʤʝʩʪʦ ʚ ʥʘʨʦʜʥʦʤ ʭʦʟʷʡʩʪʚʝ ʋʢʨʘʠʥʳ.
ʅʘ ʩʝʛʦʜʥ  ̫ʦʩʥʦʚʫ ʝʛʦ ʩʦʩʪʘʚʣʷʝʪ ʨʘʩʪʝ-
ʥʠʝʚʦʜʩʪʚʦ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʳʡ
ʧʝʨʠʦʜ ʩʙʦʨʘ ʫʨʦʞʘ  ̫ʥʝ ʧʨʝʫʚʝʣʠʯʠʚʘʝʪ
3-4 ʥʝʜʝʣʴ, ʥʘ ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʧʨʦʚʝʜʝ-
ʥʠʝ ʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʦʢʦʣʦ 120
ʪʳʩʷʯ ʟʝʨʥʦʫʙʦʨʦʯʥʳʭ ʢʦʤʙʘʡʥʦʚ, ʢʦ-
ʪʦʨʳʝ ʨʘʟʜʝʣʷʶʪʩʷ ʟʘ ʪʨʝʤʷ ʢʣʘʩʩʘʤʠ
ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. ʂʦʤʙʘʡʥʳ
ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ ʜʦʣʞʥ  r ʩʢʣʘʜʳʚʘʪʴ
15% ʦʪ ʦʙʱʝʛʦ ʧʘʨʢʘ ʤʘʰʠʥ. ʉʨʝʜʥʠʡ
ʢʣʘʩʩ 50% ʠ ʤʦʱʥʝʡʰʠʝ ʤʘʰʠʥʳ 8-12
ʢʛ/ʩʦ ʩʢʣʘʜʳʚʘʶʪ 35%.
ʆʜʥʘʢʦ ʥʘʣʠʯʠʝ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʦʣʠ-

ʯʝʩʪʚʘ ʤʘʰʠʥ ʝʱʝ ʥʝ ʦʟʥʘʯʘʝʪ ʨʝʰʝʥʠʷ
ʧʨʦʙʣʝʤʳ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʩʙʦʨʘ ʫʨʦʞʘʷ.
ʀʭ ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʘʚʠʩʠʪ
ʦʪ ʥʘʜʝʞʥʦʩʪʠ ʪʝʭʥʠʢʠ ʠ ʩʦʩʪʦʷʥʠʷ ʙʘʟʳ
ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ.

ɸʅɸʃʀɿ ʇʆʉʃɽɼʅʀʍ ʀʉʉʃɽ-
ɼʆɺɸʅʀʁ

ʈʝʘʣʴʥʘʷ ʢʘʨʪʠʥʘ, ʢʦʪʦʨʘʷ ʩʣʦʞʠʣʘʩʴ
ʚ ʩʪʨʘʥʝ ʩ ʟʝʨʥʦʫʙʦʨʦʯʥʳʤʠ ʤʘʰʠʥʘʤʠ
ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʤʝʭʘʥʠʟʘʮʠʷ ʨʘʙʦʪ ʠʟ
ʩʙʦʨʘ ʟʝʨʥʦʚʳʭ ʦʙʝʩʧʝʯʝʥʘ ʥʘ ʜʦʣʞʥʦʤ
ʫʨʦʚʥʠ ʣʠʰʴ ʥʘ 50%. ɺ ʵʢʩʧʣʫʘʪʘʮʠʠ
ʥʘʭʦʜʠʪʩ  ̫ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʤʙʘʡ-
ʥʦʚ, ʢʦʪʦʨʳʝ ʦʪʨʘʙʦʪʘʣʠ ʙʦʣʴʰʫ  ʁʯʘʩʪʴ

ʩʚʦʝʛʦ ʨʝʩʫʨʩʘ ʠ ʪʨʝʙʫʶʪ ʧʦʩʪʦʷʥʥʳʭ
ʨʘʙʦʪ ʠʟ ʧʦʜʜʝʨʞʢʠ ʠʭ ʚ ʨʘʙʦʪʦʩʧʦʩʦʙ-
ʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʢʩʧʣʫʘ-
ʪʘʮʠʦʥʥʘʷ ʥʘʜʝʞʥʦʩʪʴ ʟʝʨʥʦʫʙʦʨʦʯʥʦʡ
ʪʝʭʥʠʢʠ ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ ʪʝʭʥʠʯʝʩʢʦʛʦ
ʩʦʩʪʦʷʥʠ  ̫ ʤʘʰʠʥ, ʪʘʢ ʠ ʦʪ ʩʦʩʪʦʷʥʠʷ
ʨʝʤʦʥʪʥʦʡ ʙʘʟʳ, ʯʪʦ ʝʝ ʦʙʩʣʫʞʠʚʘʝʪ.

ʎɽʃʔ ʈɸɹʆʊʓ

ʎʝʣʴʶ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʷʚ-
ʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʟʝʨʥʦ-
ʫʙʦʨʦʯʥʳʭ ʢʦʤʙʘʡʥʦʚ ʥʘ ʦʩʥʦʚʝ ʩʠʩ-
ʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʩʦʩʪʦʷʥʠʶ ʪʝʭʥʠʢʠ ʠ
ʨʘʟʥʳʭ ʫʨʦʚʥʝʡ ʙʘʟʳ ʝʝ ʪʝʭʥʠʯʝʩʢʦʛʦ
ʦʙʩʣʫʞʠʚʘʥʠʷ.

ʈɽɿʋʃʔʊɸʊʓ ʀʉʉʃɽɼʆɺɸʅʀʁ

ɼʦʩʪʘʪʦʯʥʳʤ ʫʨʦʚʥʝʤ ʥʘʜʝʞʥʦʩʪʠ
ʟʘ ʧʦʢʘʟʘʪʝʣʝʤ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʩʣʦʞʥʦʡ
ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ ʩʣʝʜʫʝʪ
ʩʯʠʪʘʪʴ ʩʨʝʜʥʠʡ ʥʘʨʘʙʦʪʦʢ ʥʘ ʦʪʢʘʟ
140-180 ʯʘʩ., ʯʪʦ ʦʪʚʝʯʘʝʪ 3% ʧʨʦʩʪʦʝʚ.
ʋʨʦʚʝʥʴ ʥʘʜʝʞʥʦʩʪʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ
ʟʝʨʥʦʫʙʦʨʦʯʥʳʭ ʢʦʤʙʘʡʥʦʚ ʩʦʛʣʘʩʥʦ
ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪ
11-40 ʯʘʩ., ʯʪʦ ʜʘʝʪ 15-35 % ʧʨʦʩʪʦʝʚ.
ɺʳʷʚʣʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʪʨʝʙʫʝʪ ʩʠʩ-

ʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʥʘ ʦʩʥʦʚʝ ʨʘʟʨʝʰʝʥʠʷ
ʧʨʦʪʠʚʦʨʝʯʠʡ ʤʝʞʜʫ ʩʪʘʨʝʥʠʝʤ ʩʫʱʝ-
ʩʪʚʫʶʱʝʛʦ ʟʝʨʥʦʫʙʦʨʦʯʥʦʛʦ ʧʘʨʢʘ
ʢʦʤʙʘʡʥʦʚ ʠ ʩʬʝʨʦʡ ʠʭ ʪʝʭʥʠʯʝʩʢʦʛʦ
ʦʙʩʣʫʞʠʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʧʦʪʝʥ-
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ʮʠʘʣʴʥʦ ʠʟʤʝʥʷʪʴ ʩʚʦʠ ʚʦʟʤʦʞʥʦʩʪʠ ʦʪ
ʜʝʛʨʘʜʠʨʦʚʘʥʠʷ ʢ ʨʘʟʚʠʪʠʶ ʠ ʤʦʙʠʣʠ-
ʟʘʮʠʠ ʩʚʦʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ.
ʉʦʟʜʘʥʠʶ ʩʦʚʨʝʤʝʥʥʦʡ ʟʝʨʥʦʫʙʦ-

ʨʦʯʥʦʡ ʪʝʭʥʠʢʠ ʧʦʩʚʷʱʝʥʦ ʠʩʩʣʝʜʦʚʘ-
ʥʠʝ ʤʥʦʛʠʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞ-
ʥʳʭ ʫʯʝʥʳʭ. ʉʨʝʜʠ ʥʠʭ ʠʟʚʝʩʪʥʳʝ ʨʘ-
ʙʦʪʳ: ʇʦʛʦʨʝʣʦʛʦ ʃ. ɺ., ʃʠʪʚʠʥʦʚʘ ʆ.
ʀ., ʇʫʩʪʠʛʠʥʘ ʄ. ɸ., ʊʨʫʭʘʥʦʚʘ ɺ.ʄ.,
ʂʫʟʥʝʮʘ ʉ.ɺ., ɾʘʣʥʠʤʘ ɽ.ɺ., ʀʟʘʢʩʦʥʘ
ʍ.ʀ., ʉʘʥʜʣʝʨʘ ɼ.ɻ., ʉʠʩʦʣʠʥʘ ʇ. ɺ.,
ʂʦʟʘʯʝʥʢʘ ʆ. ɺ., ʅʝʜʦʚʝʩʦʚʘ ɺ.ʀ. ʠ ʜʨʫ-
ʛʠʭ. ʉʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ
ʥʘʫʢʠ ʦ ʥʘʜʝʞʥʦʩʪʠ ʟʝʨʥʦʫʙʦʨʦʯʥʳʭ
ʤʘʰʠʥ ʢʘʢ ʩʣʦʞʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩ-
ʪʝʤ ʩʜʝʣʘʣʠ ɸʥʠʣʦʚʠʯ ɺ.ʗ., ʉʝʚʝʨʥʝʚ
ʄ. ʄ., ɹʦʡʢʦ ɸ.ʀ. ʠ ʜʨʫʛʠʝ.
ɼʦʩʪʘʪʦʯʥʳʤ ʫʨʦʚʥʝʤ ʥʘʜʝʞʥʦʩʪʠ

ʟʘ ʧʦʢʘʟʘʪʝʣʝʤ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʩʣʦʞʥʦʡ
ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ ʩʣʝʜʫʝʪ
ʩʯʠʪʘʪʴ ʩʨʝʜʥʠʡ ʥʘʨʘʙʦʪʦʢ ʥʘ ʦʪʢʘʟ
140-180 ʯʘʩ., ʯʪʦ ʦʪʚʝʯʘʝʪ 3% ʧʨʦʩʪʦʝʚ.
ʋʨʦʚʝʥʴ ʥʘʜʝʞʥʦʩʪʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ
ʟʝʨʥʦʫʙʦʨʦʯʥʳʭ ʢʦʤʙʘʡʥʦʚ ʩʦʛʣʘʩʥʦ
ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪ
11-40 ʯʘʩ., ʯʪʦ ʜʘʝʪ 15-35 % ʧʨʦʩʪʦʝʚ.
ɺ ʮʝʣʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʮʝʥʢʠ

ʠ ʨʘʩʯʝʪʘ ʫʨʦʚʥʷ ʥʘʜʝʞʥʦʩʪʠ ʩʫʱʝʩʪ-
ʚʫʶʱʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩʚʦʜʠʪʩʷ
ʢ ʪʘʢʠʤ ʵʪʘʧʘʤ: ʬʠʢʩʘʮʠʷ ʫʩʣʦʚʠʡ ʵʢʩ-
ʧʣʫʘʪʘʮʠʠ ʠ ʫʨʦʚʥʷ ʥʘʛʨʫʟʦʢ ʩʠʩʪʝʤʳ;
ʚʚʝʜʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ
ʦʮʝʥʢʠ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʨʘʙʦʪʫ
ʩʠʩʪʝʤʳ; ʨʘʟʣʦʞʝʥʠʝ ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʳ
ʥʘ ʦʪʜʝʣʴʥʳʝ ʧʦʜʩʠʩʪʝʤʳ ʠ ʵʣʝʤʝʥʪʳ,
ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʩʚʷʟʘʥʥʳʝ ʤʝʞʜʫ ʩʦ-
ʙʦʡ; ʩʢʣʘʜʳʚʘʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ
ʩʭʝʤ ʩʠʩʪʝʤ; ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ
ʥʘʜʝʞʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʠ ʧʦʜʩʠʩʪʝʤ, ʠ
ʚʳʷʚʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʠʭ ʩʦʩʪʦʷʥʠʡ ʚ
ʧʨʦʠʟʚʦʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ;
ʫʩʪʘʥʦʚʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ʩʦʩʪʦʷʥʠʡ
ʚʩʝʡ ʩʠʩʪʝʤʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʦʷ-
ʥʠʡ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʧʦʜʩʠʩʪʝʤ;
ʧʨʦʚʝʜʝʥʠʝ ʦʙʱʝʡ ʦʮʝʥʢʠ ʧʦʢʘʟʘʪʝʣʝʡ
ʥʘʜʝʞʥʦʩʪʠ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʩʦʩʪʦʷʥʠʡ
ʩʠʩʪʝʤʳ.
ɸʢʪʠʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʧʦʜʜʝʨʞʢʠ

ʥʝʦʙʭʦʜʠʤʦʛʦ ʫʨʦʚʥʷ ʥʘʜʝʞʥʦʩʪʠ ʪʝʭ-
ʥʠʢʠ ʷʚʣʷʶʪʩʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦ-
ʪʝʭʥʠʯʝʩʢʠʝ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʝʨʠʦʜʠʯʥʦ-
ʩʪʴʶ ʧʨʦʚʝʜʝʥʠʷ ʨʝʛʣʘʤʝʥʪʥʳʭ ʨʘʙʦʪ

ʠʟ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ ʚ ʩʣʫʯʘʝ
ʪʘʢʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʠ.
ɺʪʦʨʫʶ ʛʨʫʧʧʫ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ

ʬʘʢʪʦʨʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʜʝʡʩʪʚʠʝʤ
ʥʘʛʨʫʟʦʢ, ʚʣʠʷʥʠʝʤ ʩʨʝʜʳ ʠ ʫʩʣʦʚʠʷʤʠ
ʵʢʩʧʣʫʘʪʘʮʠʠ, ʥʘʧʨʦʪʠʚ, ʥʘʧʨʘʚʣʝʥʦ ʥʘ
ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʪʢʘʟʦʚ ʵʣʝʤʝʥʪʦʚ ʠ
ʩʠʩʪʝʤ ʚ ʮʝʣʦʤ.
ʋʩʣʦʚʥʦ ʟʝʨʥʦʫʙʦʨʦʯʥʳʡ ʢʦʤʙʘʡʥ ʤʦ-
ʞʝʪ ʙʳʪʴ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥ ʥʘ ʧʦʜʩʠʩʪʝ-
ʤʳ, ʢʦʪʦʨʳʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʫʯʘʩʪ-
ʚʫʶʪ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʩʙʦ-
ʨʘ ʫʨʦʞʘʷ: ʞʘʪʢʘ, ʤʦʣʦʪʠʣʴʥʳʡ ʘʧʧʘ-
ʨʘʪ, ʢʣʘʚʠʰʥʳʡ ʩʦʣʦʤʦʪʨʷʩ, ʛʨʦʭʦʪ,
ʵʣʝʚʘʪʦʨʳ, ʨʝʰʝʪʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʙʫʥʢʝʨ
ʩ ʚʳʛʨʫʟʦʯʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ. ʇʦʩʣʝʜʦ-
ʚʘʪʝʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʧʦʜʩʠʩʪʝʤ ʩʥʠ-
ʞʘʝʪ ʦʙʱʠʡ ʫʨʦʚʝʥʴ ʥʘʜʝʞʥʦʩʪʠ ʢʦʤ-
ʙʘʡʥʘ. ʂʨʦʤʝ ʪʦʛʦ, ʢʘʞʜʘʷ ʠʟ ʧʦʜʩʠʩ-
ʪʝʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʥʘʰʠʚʘʥʠʷ, ʫʩʪʘʣʦ-
ʩʪʠ, ʢʦʨʨʦʟʠʠ, ʟʘʙʠʚʘʥʠʝ ʠ ʪʦʤʫ ʧʦ-
ʜʦʙʥʦʝ ʝʝ ʵʣʝʤʝʥʪʦʚ, ʥʘʢʘʧʣʠʚʘʷ ʧʦ-
ʚʨʝʞʜʝʥʠʝ, ʪʝʨʷʝʪ ʩʚʦʶ ʨʘʙʦʪʦʩʧʦʩʦʙ-
ʥʦʩʪʴ. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ
ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʥʳʤʠ,  ʦʜʥʘʢʦ,  ʜʣʷ ʢʘʞ-
ʜʦʡ ʠʟ ʧʦʜʩʠʩʪʝʤ ʚ ʦʧʠʩʘʥʠʠ ʝʝ ʧʦʚʝ-
ʜʝʥʠʷ ʭʘʨʘʢʪʝʨʥʦʝ ʩʪʘʨʝʥʠʝ ʩ ʧʦʩʪʝ-
ʧʝʥʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ
ʦʪʢʘʟʦʚ l(t).
ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʬʦʨʤʘʣʠʟʘʮʠʠ ʘʥʘ-

ʣʠʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʩʠʩ-
ʪʝʤ ʚʚʝʜʝʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʬʠʢʪʠʚ-
ʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʢʦʪʦʨʦʝ ʜʘʝʪ ʚʦʟʤʦʞ-
ʥʦʩʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘ-
ʥʠʷ, ʥʦ ʫʩʣʦʞʥʷʝʪ ʦʧʠʩʘʥʠʝ ʩʠʩʪʝʤʳ ʚ
ʨʝʟʫʣʴʪʘʪʝ ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʝʝ
ʚʦʟʤʦʞʥʳʭ ʩʦʩʪʦʷʥʠʡ (ʨʠʩ.1).
ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʩʪʨʦʝʥʥʦʛʦ ʨʘʟʤʝ-

ʯʝʥʥʦʛʦ ʛʨʘʬʘ ʧʝʨʝʭʦʜʦʚ (ʨʠʩ.1) ʩʦ-
ʩʪʘʚʣʝʥʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝ-
ʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ ʜʣʷ ʚʝʨʦ-
ʷʪʥʦʩʪʝʡ ʩʦʩʪʦʷʥʠʡ ʩʠʩʪʝʤʳ (ʩʠʩʪʝʤʳ
ʫʨʘʚʥʝʥʠʷ ʂʦʣʤʦʛʦʨʦʚʘ):
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ɺʘʞʥʦʡ ʧʨʠʯʠʥʦʡ ʥʝʛʘʪʠʚʥʦʛʦ
ʚʣʠʷʥʠʷ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʥʘʜʝʞʥʦʩʪʠ
ʟʝʨʥʦʫʙʦʨʦʯʥʦʡ ʪʝʭʥʠʢʠ ʩʣʝʜʫʝʪ ʩʯʠ-
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ʪʘʪʴ ʥʝʜʦʩʪʘʪʦʯʥʳʡ ʦʙʲʝʤ ʠ ʫʨʦʚʝʥʴ
ʩʚʦʝʚʨʝʤʝʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʦʙʩʣʫʞʠ-
ʚʘʥʠʡ ʤʘʰʠʥ.

ʈʠʩ.1. ɻʨʘʬ ʩʦʩʪʦʷʥʠʡ ʠ ʧʝʨʝʭʦʜʦʚ ʩʠʩ-
ʪʝʤʳ, ʫ  ʢʦʪʦʨʦʛʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʢʘ-
ʟʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ (ʪʝʭʥʠʢʘ ʩʪʘʨʝʝʪ), ʘ
ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʦʟʦʙʥʦʚʣʝʥʠʡ ʧʦʩʪʦ-
ʷʥʥʘ (ʙʘʟʘ ʪʝʭʥʠʯʝʩʢʠʭ ʦʙʩʣʫʞʠʚʘʥʠʡ
ʥʝʠʟʤʝʥʥʘ): «0» – ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʝ

ʩʦʩʪʦʷʥʠʝ;
«1» – ʥʝʨʘʙʦʪʦʩʧʦʩʦʙʥʦʝ ʩʦʩʪʦʷʥʠʝ
(ʚʦʟʦʙʥʦʚʣʝʥʠʝ); «2» – ʧʨʦʤʝʞʫʪʦʯʥʳʡ
(ʬʠʢʪʠʚʥʦʝ ʩʦʩʪʦʷʥʠʝ); 120 ,, mll  –
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʝʨʝ-
ʭʦʜʦʚ.
Fig. 1. Count of the states and transitions

of the system, which intensity of refuses is
increased (a technique gets older) at, and
intensity of renewals is permanent (the
base of technical services unchanging):

«0» – capable of working state;
«1» – disabled state (renewal);
«2» – intermediate (fictitious state);

120 ,, mll – proper intensities of tran-
sitions.

ɻʨʘʬ ʧʝʨʝʭʦʜʦʚ ʜʣʷ «ʩʪʘʨʝʶʱʠʭ»
ʧʦʜʩʠʩʪʝʤ ʢʦʤʙʘʡʥʦʚ ʠ «ʩʪʘʨʝʶʱʠʭ»
ʙʘʟ ʠʭ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ
ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 2.
ʇʨʦʮʝʩʩ ʧʦʩʪʝʧʝʥʥʦʛʦ ʩʥʠʞʝʥʠʷ

ʫʨʦʚʥʷ ʥʘʜʝʞʥʦʩʪʠ ʧʦʜʩʠʩʪʝʤ ʟʝʨʥʦ-
ʫʙʦʨʦʯʥʳʭ ʢʦʤʙʘʡʥʦʚ ʷʚʣʷʝʪʩʷ ʧʨʠ-
ʨʦʜʥʳʤ ʷʚʣʝʥʠʝʤ ʜʣʷ ʟʥʘʯʠʪʝʣʴʥʦʛʦ
ʧʝʨʠʦʜʘ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʕʪʦʪ ʧʝʨʠʦʜ
ʧʨʦʜʣʝʚʘʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʥʘʣʘʞʠʚʘʥʠʷ
ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ
ʠʣʠ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʩʪʘʚʦʢ ʟʘʛʨʘʥʠʯ-
ʥʦʡ. ʅʝʧʦʣʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʭʦʟʷʡʩʪʚ
ʤʘʰʠʥʘʤʠ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʥʝʦʙʭʦʜʠ-
ʤʦʩʪʴ ʫʜʣʠʥʝʥʠʷ ʩʨʦʢʘ ʠʭ ʵʢʩʧʣʫʘʪʘ-

ʮʠʠ ʫʞʝ ʟʘ ʧʨʝʜʝʣʘʤʠ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ
ʨʝʩʫʨʩʘ.

ʈʠʩ. 2. ɻʨʘʬ ʩʦʩʪʦʷʥʠʡ ʠ ʧʝʨʝʭʦʜʦʚ
ʩʪʘʨʝʶʱʠʭ ʧʦʜʩʠʩʪʝʤ ʟʝʨʥʦʫʙʦʨʦʯʥʦ-
ʛʦ ʢʦʤʙʘʡʥʘ ʧʨʠ «ʩʪʘʨʝʶʱʠʭ» ʙʘʟʘʭ ʠʭ

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ:
«0» – ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʝ ʩʦʩʪʦʷʥʠʝ;

«1» – ʥʝʨʘʙʦʪʦʩʧʦʩʦʙʥʦʝ ʩʦʩʪʦʷʥʠʝ
(ʚʦʟʦʙʥʦʚʣʝʥʠʝ); «0’», «1’» – ʧʨʦʤʝʞʫ-
ʪʦʯʥʳʝ (ʬʠʢʪʠʚʥʳʝ) ʩʦʩʪʦʷʥʠʷ, ʩʦʦʪ-
ʚʝʪʩʪʚʝʥʥʦ ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʡ ʠ ʥʝʨʘʙʦ-
ʪʦʩʧʦʩʦʙʥʳʡ.

Fig. 2. Count of the states and transi-
tions of senescent subsystems of combine
harvester at the «senescent» bases of their

technical service:
«0» – capable of working state;
«1» – disabled state (renewal);
«0’», «1’» – transient (fictitious)

states, accordingly capable of working
and disabled

ɽʩʪʝʩʪʚʝʥʥʳʡ ʧʨʦʮʝʩʩ ʩʪʘʨʝʥʠʷ
ʤʘʰʠʥ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʩʜʝʨʞʠʚʘʝʪʩʷ
ʩʬʝʨʦʡ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ
ʨʝʤʦʥʪʘ ʪʝʭʥʠʢʠ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚ
ʩʚʷʟʠ ʩ ʧʦʩʪʦʷʥʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠ-
ʯʝʩʪʚʘ ʠʤʧʦʨʪʠʨʦʚʘʥʥʳʭ ʤʘʰʠʥ ʤʦʞ-
ʥʦ ʥʘʙʣʶʜʘʪʴ ʨʘʟʚʠʪʠʝ ʙʘʟʳ ʪʝʭʥʠʯʝ-
ʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ (ʩʝʨʚʠʩʥʳʭ ʮʝʥ-
ʪʨʦʚ) ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ. ʌʠʨʤʝʥʥʳʡ
ʩʝʨʚʠʩ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʚʥʦʩʠʪ ʥʦʚʳʝ
ʵʣʝʤʝʥʪʳ ʪʝʭʥʦʣʦʛʠʡ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ
ʜʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʤʘʰʠʥ. ɺ ʧʝʨʚʫʶ
ʦʯʝʨʝʜʴ ʵʪʦ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦ-
ʚʘʥʠʝ ʩ ʧʝʨʝʜʦʚʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ
ʢʦʤʧʴʶʪʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ
ʠʟʤʝʨʝʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʦʙʥʦʚʣʝʥʠʝ
ʩʬʝʨʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ
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ʟʝʨʥʦʫʙʦʨʦʯʥʳʭ ʢʦʤʙʘʡʥʦʚ ʩʚʷʟʘʥʦ ʩ
ʙʦʣʝʝ ʰʠʨʦʢʠʤ ʚʥʝʜʨʝʥʠʝʤ ʚ ʢʦʥʩʪ-
ʨʫʢʮʠʠ ʤʘʰʠʥ ʛʠʜʨʦʩʠʩʪʝʤ ʠ ʧʦʚʦʜʦʚ,
ʵʣʝʤʝʥʪʦʚ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʟʘ
ʩʦʩʪʦʷʥʠʝʤ ʧʦʜʩʠʩʪʝʤ, ʧʨʝʜʫʧʨʝʞʜʝ-
ʥʠʷ ʚʦʟʤʦʞʥʳʭ ʧʝʨʝʛʨʫʟʦʢ, ʟʘʙʠʚʘʥʠʡ
ʠ ʘʚʘʨʠʡʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ. ʊʘʢʠʤ ʦʙ-
ʨʘʟʦʤ, ʩ ʧʦʟʠʮʠʡ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ
ʥʘʜʝʞʥʦʩʪʠ ʟʝʨʥʦʫʙʦʨʦʯʥʳʭ ʢʦʤʙʘʡ-
ʥʦʚ ʚ ʧʨʝʜʣʘʛʘʝʤʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʩ-
ʩʤʘʪʨʠʚʘʝʪʩʷ ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʤʘʰʠʥʳ
ʧʦʩʪʝʧʝʥʥʦ ʩʥʠʞʘʶʪ ʩʚʦʡ ʪʝʭʥʠʯʝʩʢʠʡ
ʫʨʦʚʝʥʴ, ʘ ʨʝʤʦʥʪʥʘʷ ʙʘʟʘ ʠʭ ʪʝʭʥʠʯʝ-
ʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʥʘʧʨʦʪʠʚ, ʧʦʚʳ-
ʰʘʝʪ ʩʚʦʠ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦ-
ʩʪʠ. ɺ ʠʪʦʛʝ ʢʘʢ ʦʜʥʘ, ʪʘʢ ʠ ʚʪʦʨʘʷ ʧʦʜ-
ʩʠʩʪʝʤʳ ʥʘʭʦʜʷʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʧʝʨʝ-
ʤʝʥʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʨʦʪʝʢʘʥʠʷ
ʩʦʙʳʪʠʡ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪ ʩʚʦʠ
ʦʩʦʙʝʥʥʳʝ ʧʦʪʦʢʠ. ʈʘʟʤʝʯʝʥʥʳʡ ʛʨʘʬ
ʩʦʩʪʦʷʥʠʡ ʠ ʧʝʨʝʭʦʜʦʚ ʪʘʢʦʡ ʩʠʩʪʝʤʳ
ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 3.
ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷʤʠ ʧʨʝʜʚʠʜʝʥʦ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ
ʜʦʧʦʣʥʝʥʠʷ ʜʘʥʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ
ʘʥʘʣʠʟʘ ʥʘʜʝʞʥʦʩʪʠ ʟʝʨʥʦʫʙʦʨʦʯʥʳʭ
ʢʦʤʙʘʡʥʦʚ ʢʘʢ ʩʣʦʞʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ
ʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʟʘʢʦ-
ʥʦʤʝʨʥʦʩʪʝʡ ʜʠʥʘʤʠʢʠ ʠʟʤʝʥʝʥʠʡ ʦʪ-
ʢʘʟʦʚ ʠ ʚʦʟʦʙʥʦʚʣʝʥʠʡ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩ-
ʧʣʫʘʪʘʮʠʠ.
ʇʨʦʛʨʘʤʤʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʜʝʨʞʠʪ

ʪʘʢʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʙʦʪ:
1. ʆʮʝʥʢʘ ʥʘʨʘʙʦʪʢʘ ʢʦʤʙʘʡʥʦʚ

ʨʘʟʥʳʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ ʚ ʠʜʝʥʪʠʯ-
ʥʳʭ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ ʨʝʘʣʴʥʦʡ ʵʢʩ-
ʧʣʫʘʪʘʮʠʠ.

2. ɺʳʷʚʣʝʥʠʝ ʚʠʜʘ ʠ ʭʘʨʘʢʪʝʨʘ ʧʦ-
ʚʨʝʞʜʝʥʠʡ ʦʩʥʦʚʥʳʭ ʧʦʜʩʠʩʪʝʤ (ʫʟʣʦʚ
ʠ ʘʛʨʝʛʘʪʦʚ) ʢʦʤʙʘʡʥʦʚ.

3. ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʜʠʥʘʤʠ-
ʢʠ ʠʟʤʝʥʝʥʠʷ ʧʦʚʨʝʞʜʝʥʠʡ ʧʨʠ ʧʦʩʪʝ-
ʧʝʥʥʦʤ ʠʭ ʥʘʢʦʧʣʝʥʳ ʠ ʩʪʘʨʝʥʠʠ ʪʝʭ-
ʥʠʢʠ.

4. ʋʩʪʘʥʦʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ
ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʢʘʟʦʚ ʟʝʨʥʦʫʙʦʨʦʯ-
ʥʳʭ ʤʘʰʠʥ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʵʢʩʧʣʫʘʪʘ-
ʮʠʠ.

5. ɺʳʷʚʣʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʙʥʦ-
ʚʠʪʝʣʴʥʳʭ ʨʘʙʦʪ ʟʘ ʠʭ ʩʣʦʞʥʦʩʪʴʶ ʠ
ʚʨʝʤʝʥʝʤ ʚʳʧʦʣʥʝʥʠʝ.

6. ʆʮʝʥʢʘ ml ,  - ʭʘʨʘʢʪʝʨʠʩʪʠʢ
ʧʦʜʩʠʩʪʝʤ ʢʦʤʙʘʡʥʦʚ ʢʘʢ ʦʩʥʦʚʥʳʭ
ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʠʭ
ʥʘʜʝʞʥʦʩʪʴ.
ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʥʘʧʨʘʚʣʝʥʠʷ ʨʝʘʣʠ-

ʟʘʮʠʠ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ. ʇʝʨʚʳʡ ʩʚʷ-
ʟʘʥ ʩ ʦʧʪʠʤʠʟʘʮʠʝʡ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ
ʧʨʦʚʝʜʝʥʠʷ ʨʝʛʣʘʤʝʥʪʥʳʭ ʨʘʙʦʪ ʠʟ
ʦʙʩʣʫʞʠʚʘʥʠʷ ʤʘʰʠʥ. ɺʪʦʨʦʝ ʥʘʧʨʘʚ-
ʣʝʥʠʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʫʩʦʚʝʨʰʝʥʩʪ-
ʚʦʚʘʥʠʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʘʟʳ ʪʝʭʥʠ-
ʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩ ʮʝʣʴʶ ʩʦʢʨʘ-
ʱʝʥʠʷ ʚʨʝʤʝʥʠ ʧʨʦʩʪʦʷ ʪʝʭʥʠʢʠ ʥʘ
ʧʨʦʚʝʜʝʥʠʝ ʨʘʙʦʪ ʠʟ ʚʦʟʦʙʥʦʚʣʝʥʠʷ ʝʝ
ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ.
ɺ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʟʝʨʥʦʫʙʦʨʦʯʥʳʝ

ʢʦʤʙʘʡʥʳ ʠʤʝʶʪ ʩʝʟʦʥʥʳʡ ʨʝʞʠʤ ʵʢʩ-
ʧʣʫʘʪʘʮʠʠ ʠ ʥʘʭʦʜʷʪʩʷ ʚ ʨʘʙʦʪʝ ʪʦʣʴʢʦ
ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʝ ʧʝʨʠʦʜʳ
ʩʙʦʨʘ ʫʨʦʞʘʷ, ʢʦʪʦʨʳʝ ʞʝʣʘʪʝʣʴʥʦ ʩʦ-
ʢʨʘʱʘʪʴ ʢ ʤʠʥʠʤʫʤʫ, ʧʦʢʘʟʘʪʝʣʝʤ ʨʘ-
ʙʦʪʦʩʧʦʩʦʙʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʠʥʷʪʘ
ʬʫʥʢʮʠʷ ʛʦʪʦʚʥʦʩʪʠ )(tʂ ʛʦ , ʘ ʥʝʨʘ-
ʙʦʪʦʩʧʦʩʦʙʥʦʡ ʬʫʥʢʮʠʶ ʚʦʟʦʙʥʦʚʣʝ-

ʥʠʷ )(tʂʚ .

ʈʠʩ. 3. ɻʨʘʬ ʩʦʩʪʦʷʥʠʡ ʠ ʧʝʨʝʭʦʜʦʚ
ʜʣʷ ʩʪʘʨʝʶʱʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ
ʤʦʣʦʜʝʶʱʝʡ ʙʘʟʳ ʠʭ ʪʝʭʥʠʯʝʩʢʦʛʦ
ʦʙʩʣʫʞʠʚʘʥʠʷ.

Fig.3. Count of the states and transi-
tions for the senescent technical systems
and rejuvenescent base of their technical
service.

ʃʶʙʘʷ ʠʟ ʘʜʘʧʪʠʚʥʳʭ ʩʪʨʘʪʝʛʠʡ
ʧʦʜʜʝʨʞʢʠ ʠʣʠ ʨʘʟʚʠʪʠʷ ʙʘʟʳ ʪʝʭʥʠʯʝ-
ʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʜʦʧʦʣ-
ʥʠʪʝʣʴʥʳʤ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʚʳʠʛʨʳʰʘʤ
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ʚ ʩʬʝʨʝ ʪʦʚʘʨʦʧʨʦʠʟʚʦʜʩʪʚʘ ʟʝʨʥʦʚʳʭ.
ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʩʪʨʘʪʝʛʠʝʡ,
ʢʦʪʦʨʘʷ ʧʨʠʚʦʜʠʪ ʢ ʤʘʢʩʠʤʘʣʴʥʳʤ
ʧʨʠʙʳʣʷʤ ʝʩʪʴ ʩʪʨʘʪʝʛʠʷ ʫʩʦʚʝʨʰʝʥʩʪ-
ʚʦʚʘʥʠʷ ʙʘʟʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘ-
ʥʠʷ.

ɺʓɺʆɼʓ
ɺʳʷʚʣʝʥʳ ʜʦʤʠʥʠʨʫʶʱʠʝ ʧʨʠʯʠʥʳ

ʦʪʢʘʟʦʚ ʜʝʪʘʣʝʡ ʠ ʫʟʣʦʚ ʟʝʨʥʦʫʙʦʨʦʯ-
ʥʳʭ ʢʦʤʙʘʡʥʦʚ, ʢʦʪʦʨʳʤʠ ʷʚʣʷʝʪʩʷ
ʠʟʥʘʰʠʚʘʥʠʝ ʠ ʘʚʘʨʠʡʥʳʝ ʧʦʚʨʝʞʜʝ-
ʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʛʨʫʟʦʢ ʠ ʧʦʧʘʜʘ-
ʥʠʷ ʚ ʤʝʭʘʥʠʟʤʳ ʧʦʩʪʦʨʦʥʥʠʭ ʧʨʝʜʤʝ-
ʪʦʚ.
ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʟ-

ʨʘʙʦʪʘʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʥʘ-
ʜʝʞʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʥʦʚʳʝ
ʦʪʣʠʯʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʧʠʩʘʥʠʷ ʧʝʨʝ-
ʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʜʣʷ ʩʠʩʪʝʤ: «ʩʪʘ-
ʨʝʶʱʘʷ ʪʝʭʥʠʢʘ - ʥʝʠʟʤʝʥʥʘʷ ʙʘʟʘ ʪʝʭ-
ʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ»; «ʩʪʘʨʝʶʱʘʷ
ʪʝʭʥʠʢʘ - ʩʪʘʨʝʶʱʘʷ ʙʘʟʘ ʪʝʭʥʠʯʝʩʢʦʛʦ
ʦʙʩʣʫʞʠʚʘʥʠʷ»; «ʩʪʘʨʝʶʱʘʷ ʪʝʭʥʠʢʘ -
ʤʦʣʦʜʝʶʱʘʷ ʙʘʟʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫ-
ʞʠʚʘʥʠʷ», ʢʘʢʠʝ ʜʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ
ʚʳʷʚʠʪʴ ʚʠʜ ʠ ʭʘʨʘʢʪʝʨ ʬʫʥʢʮʠʡ ʛʦ-
ʪʦʚʥʦʩʪʠ ʚʦʟʦʙʥʦʚʣʝʥʠʷ, ʢʘʢ ʦʩʥʦʚʥʳʭ
ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʜʝʞʥʦ-
ʩʪʠ ʫʢʘʟʘʥʥʳʭ ʩʠʩʪʝʤ.
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DESIGN OF PROCESS OF
PROVIDING OF RELIABILITY OF

COMBINE HARVESTERS

Abstract. In the article theoretical
generalization and new methods is re-
sulted decision of scientific problem
which appears in development of scien-
tific and technical bases of providing of

reliability of combine harvesters by the
improvement of the system of their tech-
nical service. The new decision of the put
task was found by the experimental addi-
tion and confirmation in determination of
basic parameters of streams of refuses and
proceedings in a senescent technique.

Key words: combine harvester, sys-
tem, technical service, reliability, refuse,
renewals, coefficient of readiness, coeffi-
cient of renewal, emergency damage, ex-
ploitation, outages, losses of harvest, dis-
tributing histogram.
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ɺɼʆʉʂʆʅɸʃɽʅʅʗ ʂʆʅʉʊʈʋʂʎɯɰ ɺʆɼʗʅʆɻʆ ʅɸʉʆʉʋ
ɼɺʀɻʋʅɸ ʋʄɿ - 4216

ʄʠʢʦʣʘ ɻʨʽʧʘʯʝʚʩʴʢʠʡ, ɼʤʠʪʨʦ ʄʘʨʯʝʥʢʦ

ʄʠʢʦʣʘʾʚʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ
54029 ʋʢʨʘʾʥʘ, ʛ. ʄʠʢʦʣʘʾʚ, ʚʫʣ. ʇʘʨʠʟʴʢʦʾ ʢʦʤʫʥʠ 9

ɸʥʦʪʘʮʽʷ. ʇʨʦʧʦʥʫʻʪʴʩʷ ʢʦʥʩʪʨʫʢʮʽʷ ʚʦʜʷʥʦʛʦ ʥʘʩʦʩʫ, ʷʢʠʡ ʚʢʣʶʯʘʻ ʧʦʩʪʽʡʥʠʡ ʧʨʠʚʽʜ ʥʘʩʦ-
ʩʘ ʽ ʚʝʥʪʠʣʷʪʦʨʘ ʟʘʣʝʞʥʦ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʜʚʠʛʫʥʘ. ʎʝ ʜʦʟʚʦʣʷʻ ʧʨʠʩʢʦʨʠʪʠ ʧʨʦʛʨʽʚʘʥʥʷ ʜʚʠ-
ʛʫʥʘ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʛʦ ʟʥʠʞʝʥʥʷ ʟʥʦʩʫ ʜʚʠʛʫʥʘ, ʷʢʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʧʦʥʠʞʝʥʽʡ
ʪʝʤʧʝʨʘʪʫʨʽ.
ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʪʫʨʙʽʥʥʝ ʢʦʣʝʩʦ, ʥʘʩʦʩʥʝ ʢʦʣʝʩʦ, ʚʦʜʷʥʠʡ ʥʘʩʦʩ, ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʥʦʛʦ
ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʪʘʥʫ.

ɺʉʊʋʇ
ʋ ʧʨʦʮʝʩʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽ-

ʣʽʚ ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʜʽʣʷʶʪʴ ʪʝʭʥʽʯ-
ʥʦʤʫ ʩʪʘʥʫ ʜʚʠʛʫʥʽʚ, ʤʦʪʦʨʝʩʫʨʩ ʷʢʠʭ
ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʩʪʨʫʢ-
ʪʠʚʥʠʭ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ.

ɺɼʆʉʂʆʅɸʃɽʅʅʗ ʂʆʅʉʊʈʋʂʎɯɰ
ʅɸʉʆʉʋ

ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʛʽʜʨʦʤʫʬʪʘ ʦʙ'ʻʜʥʘ-
ʥʘ ʚ ʦʜʠʥ ʢʦʨʧʫʩ ʟ ʚʦʜʷʥʠʤ ʥʘʩʦʩʦʤ
ʜʠʟʝʣʷ (ʨʠʩ. 1).

ʈʠʩ. 1. ɺʜʦʩʢʦʥʘʣʝʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʛʽʜ-
ʨʦʤʫʬʪʠ

Fig. 1. Advanced design of the hydrocou-
pling

ʂʨʠʣʴʯʘʪʢʘ 1 ʚʦʜʷʥʦʛʦ ʥʘʩʦʩʫ ʤʘʻ
ʧʦʩʪʽʡʥʠʡ ʢʽʥʝʤʘʪʠʯʥʠʡ ʟʚ'ʷʟʦʢ ʟ ʚʘʣʦʤ 7
ʽ ʪʫʨʙʽʥʥʠʤ ʢʦʣʝʩʦʤ 3  ʪʘ ʩʪʫʧʠʮʝʶ 6
ʚʝʥʪʠʣʷʪʦʨʘ. ɿʘ ʜʦʧʦʤʦʛʦ  ʁ ʧʨʠʚʽʜʥʦʛʦ
ʰʢʽʚʘ 4 ʦʙʝʨʪʘʻʪʴʩ  ̫ ʥʘʩʦʩʥʝ ʢʦʣʝʩʦ 2.
ʅʘʩʦʩʥʝ ʢʦʣʝʩʦ 2 ʽʟ ʪʫʨʙʽʥʥʠʤ 3 ʫʪʚʦ-
ʨʶʶʪʴ ʨʦʙʦʯʫ ʧʦʨʦʞʥʠʥʫ ʛʽʜʨʦʤʫʬʪʠ, ʚ
ʷʢʫ ʧʦʜʘʻʪʴʩʷ ʤʦʪʦʨʥʝ ʤʘʩʣʦ ʯʝʨʝʟ ʦʪʚʽʨ
8. ɿʘʟʦʨ ʤʽʞ ʪʫʨʙʽʥʥʠʤ ʽ ʥʘʩʦʩʥʠʤ ʢʦʣʝ-
ʩʘʤʠ ʟʘʙʝʟʧʝʯʫʻʪʴʩ  ̫ʨʦʟʤʽʨʥʠʤ ʣʘʥʮʶʞ-
ʢʦʤ ʚ ʤʝʞʘʭ 1,5 – 2 ʤʤ. ɺʤʠʢʘʯ ʛʽʜʨʦʜʠ-
ʥʘʤʽʯʥʦʾ ʤʫʬʪʠ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʚʽʜ-

ʢʣʶʯʝʥʥʷ ʧʦʜʘʯʽ ʤʘʩʣʘ ʚ ʛʽʜʨʦʤʫʬʪʫ
ʯʝʨʝʟ ʦʪʚʽʨ 8 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʦʭʦʣʦ-
ʜʞʫʶʯʦʾ ʨʽʜʠʥʠ ʤʝʥʰʦʶ ʥʠʞʥʴʦʾ ʤʝʞʽ
ʨʝʛʫʣʶʚʘʥʥ  ̫ (80ºʉ) ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʟ-
ʨʘʭʫʥʢʦʚʦʾ ʧʦʜʘʯʽ ʤʘʩʣʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ
ʦʭʦʣʦʜʞʫʶʯʦʾ ʨʽʜʠʥʠ ʚʠʱʝ ʟʘ ʚʝʨʭʥʶ
ʤʝʞʫ ʨʝʛʫʣʶʚʘʥʥʷ (88º - 90ºʉ) ʧʨʠ ʪʠʩʢʫ
ʦʣʠʚʠ ʚ ʩʠʩʪʝʤʽ ʤʘʱʝʥʥʷ ʜʚʠʛʫʥʘ ʥʝ ʥʠ-
ʞʯʝ 100 ʢʇʘ.  ʗʢ ʯʫʪʣʠʚʠʡ ʝʣʝʤʝʥʪ ʷʢʠʡ
ʨʝʘʛʫʻ ʥʘ ʟʤʽʥʫ ʪʝʤʧʝʨʘʪʫʨʠ ʦʭʦʣʦʜʞʫ-
ʶʯʽʡ ʨʽʜʠʥʽ ʫ ʚʤʠʢʘʯʽ ʟʘʩʪʦʩʦʚʘʥʠʡ ʪʝʨ-
ʤʦʩʠʣʦʚʠʡ ʜʘʪʯʠʢ ʊʉ 108-1306090-10.
ɺ ʧʝʨʽʦʜ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ

ʚʠʧʨʦʙʫʚʘʥʴ ʘʚʪʦʤʦʙʽʣʽʚ ʟ ʘʚʪʦʤʘʪʠʯʥʦ
ʢʝʨʦʚʘʥʠʤʠ ʚʝʥʪʠʣʷʪʦʨʘʤʠ ʚ ʦʩʽʥʴʦ -
ʟʠʤʦʚʠʡ ʧʝʨʽʦʜ ʜʚʠʛʫʥʠ ʚʽʜʧʨʘʮʶʚʘʣʠ ʚ
ʩʝʨʝʜʥʴʦʤʫ ʜʦ 20  ʪʠʩ.  ʢʤ ʧʨʦʙʽʛʫ (ʪʘʙʣ.
1). ʇʨʠ ʮʴʦʤʫ ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ ʟʤʝʥʰʠʣʘ-
ʩʷ ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 7% ʥʘ ʧʦʨʽʚʥʷʥʥʶ ʫ
ʚʠʪʨʘʪʦʶ ʧʘʣʠʚʘ ʧʨʠ ʨʦʙʦʪʽ ʘʚʪʦʤʦʙʽʣʽʚ
ʟ ʧʦʩʪʽʡʥʠʤ ʧʨʠʚʦʜʦʤ ʚʝʥʪʠʣʷʪʦʨʘ.
ʗʢ ʙʫʣʦ ʩʢʘʟʘʥʦ ʚʠʱʝ ʚʠʢʦʨʠʩʪʦʚʫ-

ʚʘʥʥʷ ʘʚʪʦʤʘʪʠʯʥʦ ʢʝʨʦʚʘʥʦʾ ʛʽʜʨʦʤʫʬʪʠ
ʜʦʟʚʦʣʷʻ ʧʽʜʪʨʠʤʫʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʥʠʡ
ʨʝʞʠʤ ʜʚʠʛʫʥʘ ʥʘ ʨʽʚʥʽ,  ʙʣʠʟʴʢʦʤʫ ʜʦ
ʦʧʪʠʤʘʣʴʥʦʛʦ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ ʨʦʟ-
ʛʣʷʥʝʤʦ, ʷʢ ʚʧʣʠʚʘʻ ʦʧʪʠʤʘʣʴʥʠʡ ʪʝʤʧʝ-
ʨʘʪʫʨʥʠʡ ʨʝʞʠʤ ʜʚʠʛʫʥʘ ʥʘ ʚʤʽʩʪ ʤʝʭʘ-
ʥʽʯʥʠʭ ʜʦʤʽʰʦʢ ʚ ʤʘʩʣʽ SAE10W40  ʽ
ʷʢʽʩʪʴ ʚʽʜʢʣʘʜʝʥʴ ʚ ʮʝʥʪʨʠʬʫʟʽ.
ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʪʨʠʚʘʣʽʩʪʴ

ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʦʪʦʯʫʶ-
ʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ.
ʅʘ ʨʠʩ.  3  ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʤʽʥʘ ʚʤʽʩʪʫ

ʤʝʭʘʥʽʯʥʠʭ ʜʦʤʽʰʦʢ ʚ ʤʘʩʣʽ ʟʘʣʝʞʥʦ ʚʽʜ
ʪʨʠʚʘʣʦʩʪʽ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ. ʂʦʥʮʝʥʪʨʘʮʽʷ
ʤʝʭʘʥʽʯʥʠʭ ʜʦʤʽʰʦʢ ʜʣ  ̫ ʘʚʪʦʤʦʙʽʣʽʚ ʟ
ʧʦʩʪʽʡʥʦ ʚʢʣʶʯʝʥʠʤ ʚʝʥʪʠʣʷʪʦʨʦʤ (ʢʨʠ-
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ʚʘ 1)  ʜʦʩʠʪʴ ʚʝʣʠʢʘ ʽ ʩʢʣʘʜʘʻ ʧʽʩʣʷ 240
ʛʦʜʠʥ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ ʙʣʠʟʴʢʦ 2,12%.
ʊʘʙʣʠʮʷ 1 - ʇʦʢʘʟʥʠʢʠ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ
ʋʄɿ -  4216 ʟ ʘʚʪʦʤʘʪʠʯʥʦ ʢʝʨʦʚʘʥʠʤʠ
ʚʝʥʪʠʣʷʪʦʨʘʤʠ ʽ ʚʦʜʷʥʠʤ ʥʘʩʦʩʦʤ ʧʨʠ
ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʧʨʦʙʫʚʘʥʥʷʭ
Table 1 - Indicators of operation of the
engine UMS - 4216 with automatically
operated  fans  and  the  water  pump  at  op-
erational tests

ʅʦʤʝʨʠ ʘʚʪʦʤʦʙʽʣʽʚ
ʇʦʢʘʟʥʠʢʠ

1 2 3 4

ʇʨʦʙʽʛ, ʪʠʩ. ʢʤ 18 17 21 22
ɺʠʪʨʘʪʘ ʧʘʣʠʚʘ, ʢʛ 3740 3550 3800 3900

ɺʽʜʧʨʘʮʴʦʚʘʥʦ
ʤʦʪʦʛʦʜʠʥ

760 770 795 810

ɺʠʪʨʘʪʘ ʧʘʣʠʚʘ,
ʢʛ/100 ʢʤ

22,0 21,1 23,0 21,0

ʈʠʩ. 2. ʊʨʠʚʘʣʽʩʪʴ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ (ʚ %)
ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʨʝʞʠʤʘʭ:

1 - ʧʦʩʪʽʡʥʠʡ ʧʨʠʚʽʜ ʚʝʥʪʠʣʷʪʦʨʘ ʽ ʥʘ-
ʩʦʩʘ;

2 - ʘʚʪʦʤʘʪʠʯʥʠʡ ʧʨʠʚʽʜ ʚʝʥʪʠʣʷʪʦʨʘ ʽ
ʥʘʩʦʩʘ

Fig. 2. Period of operation of the engine
(in %) at different temperature modes:

1-constant occasion of the fan and pump;
2-automatic occasion of the fan and pump

ʇʨʠ ʨʦʙʦʪʽ ʜʚʠʛʫʥʘ ʟ ʘʚʪʦʤʘʪʠʯʥʠʤ
ʢʝʨʦʚʘʥʠʤ ʚʝʥʪʠʣʷʪʦʨʦʤ ʽ ʥʘʩʦʩʦʤ,
ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʝʭʘʥʽʯʥʠʭ ʩʫʤʽʰʝʡ
(ʢʨʠʚʘ 2)  ʤʝʥʰʝ ʥʽʞ ʟ ʧʦʩʪʽʡʥʦ ʚʚʽʤʢ-
ʥʝʥʠʤ ʚʝʥʪʠʣʷʪʦʨʦʤ ʽ ʨʽʚʥʘ 1,75%,  ʱʦ
ʜʝʱʦ ʚʠʱʠʡ (1+5%), ʥʽʞ ʧʨʠ ʣʽʪʥʽʭ
ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʧʨʦʙʫʚʘʥʥʷʭ. ʇʦʷʩ-
ʥʶʻʪʴʩʷ ʮʝ ʥʘʩʪʫʧʥʠʤ: ʽʟ ʟʘʩʪʦʩʫʚʘʥ-
ʥʷʤ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʤʫʬʪʠ ʚʝʥʪʠʣʷ-
ʪʦʨʘ, ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ ʜʚʠʛʫʥʘ
ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʦʧʪʠʤʘʣʴʥʦʛʦ. ʆʪʞʝ,
ʚʦʜʷʥʽ ʧʘʨʠ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʢʘʤʝʨʽ
ʟʛʦʨʷʻ ʫ ʤʝʥʰʽʡ ʤʽʨʽ ʢʦʥʜʝʥʩʫʶʪʴʩʷ ʟ
ʫʪʚʦʨʝʥʥʷʤ ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱ,

ʟʜʘʪʥʠʭ ʟʙʽʣʴʰʫʚʘʪʠ ʭʽʤʽʯʥʫ ʽ ʝʣʝʢʪʨʦ-
ʭʽʤʽʯʥʫ ʢʦʨʦʟʽʶ, ʱʦ ʟʥʠʞʫʻ ʟʥʦʩ ʜʚʠ-
ʛʫʥʘ, ʘ ʟʥʘʯʠʪʴ ʽ ʫʪʚʦʨʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ
ʜʦʤʽʰʦʢ.

ʈʠʩ. 3. ɿʤʽʥʘ ʚʤʽʩʪʫ ʤʝʭʘʥʽʯʥʠʭ ʜʦʤʽ-
ʰʦʢ ʚ ʤʘʩʣʽ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠ-

ʧʨʦʙʫʚʘʥʥʷʭ:
1 - ʨʦʙʦʪʘ ʜʚʠʛʫʥʘ ʧʨʠ ʧʦʥʠʞʝʥʦʤʫ
ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʨʝʞʠʤʽ; 2 - ʨʦʙʦʪʘ

ʜʚʠʛʫʥʘ ʟ ʛʽʜʨʦʤʫʬʪʦʶ
Fig. 3. Change of contents of mechanical

impurity in oil at operational tests:
1-operation of the engine at the lowered

temperature mode; 2-operation of the
engine with the hydrocoupling

ɿʚʘʞʘʶʯʠ ʥʘ ʰʚʠʜʢʝ ʧʨʦʛʨʽʚʘʥʥʷ
ʜʚʠʛʫʥʘ ʟʤʝʥʰʫʻʪʴʩʷ ʧʫʩʢʦʚʠʡ ʟʥʦʩ,
ʱʦ ʪʘʢʽ ʩʧʨʠʷʻ ʟʤʝʥʰʝʥʥʶ ʢʽʣʴʢʦʩʪʽ
ʤʝʭʘʥʽʯʥʠʭ ʜʦʤʽʰʦʢ.
ɿʤʽʥʘ ʚʘʛʠ ʫʪʨʠʤʫʶʯʠʭ ʚʽʜʢʣʘʜʝʥʴ

ʚ ʮʝʥʪʨʠʬʫʟʽ ʟʘʣʝʞʥʦ ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ
ʨʦʙʦʪʠ ʜʚʠʛʫʥ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 4.
ʍʘʨʘʢʪʝʨ ʟʤʽʥʠ ʚʘʛʠ ʫʪʨʠʤʫʚʘʥʠʭ ʚʽʜ-
ʢʣʘʜʝʥʴ ʘʥʘʣʦʛʽʯʥʠʡ ʭʘʨʘʢʪʝʨʫ ʟʤʽʥʠ
ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʝʭʘʥʽʯʥʠʭ ʜʦʤʽʰʦʢ ʚ
ʤʘʩʣʽ,  ʦʩʢʽʣʴʢʠ ʯʠʤ ʙʽʣʴʰʝ ʦʩʪʘʥʥʽʭ ʚ
ʤʘʩʣʽ, ʪʠʤ ʙʽʣʴʰʝ ʢʽʣʴʢʦʩʪʽ ʾʭ ʚʽʜʢʣʘ-
ʜʘʪʠʤʝʪʴʩʷ ʚ ʨʦʪʦʨʽ ʮʝʥʪʨʠʬʫʛʠ.
ɺ ʜʚʠʛʫʥʘʭ ʧʨʘʮʶʶʯʠʭ ʟ ʧʦʩʪʽʡʥʦ

ʚʢʣʶʯʝʥʠʤ ʚʝʥʪʠʣʷʪʦʨʦʤ, ʮʝʥʪʨʠʬʫʛʠ
ʚʽʜʙʠʨʘʣʠ ʚʽʜʢʣʘʜʝʥʥʷ, ʚʘʛʘ ʷʢʠʭ ʩʢʣʘʜʘ-
ʣʘ ʚ ʩʝʨʝʜʥʴʦʤʫ 300 ʛʨ. ʂʽʣʴʢʽʩʪʴ ʚʽʜʢʣʘ-
ʜʝʥʴ ʜʣʷ ʜʚʠʛʫʥʽʚ ʟ ʘʚʪʦʤʘʪʠʯʥʦ ʢʝʨʦʚʘ-
ʥʠʤ ʚʝʥʪʠʣʷʪʦʨʦʤ ʤʝʥʰʝ ʽ ʩʢʣʘʚ 250 ʛʨ.
ʇʨʠ ʣʽʪʥʽʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʧʨʦʙʫʚʘʥ-
ʥʷʭ ʢʽʣʴʢʽʩʪʴ ʚʽʜʢʣʘʜʝʥʥʽ ʨʽʚʥʦ 200.
ʈʦʟʛʣʷʜʘʶʯʠ ʜʠʥʘʤʽʢʫ ʫʪʨʠʤʘʥʥʷ

ʚʽʜʢʣʘʜʝʥʴ ʤʘʩʣʷʥʠʤʠ ʮʝʥʪʨʠʬʫʛʘʤʠ
ʚʠʜʥʦ, ʱʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʫʪʨʠʤʘʥʥʽ ʚʽʜ-
ʢʣʘʜʝʥʴ ʧʨʘʢʪʠʯʥʦ ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʩʪʽʡ-
ʥʦ  ʁ ʧʨʠ ʧʨʦʙʽʛʫ 15-20 ʪʠʩ. ʢʤ. ʅʘ ʧʽʜ-
ʩʪʘʚʽ ʚʠʱʝʚʠʢʣʘʜʝʥʦʛʦ ʧʝʨʽʦʜʠʯʥʽʩʪʴ, ʱʦ
ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ, ʧʦ ʧʨʦʤʠʚʮʽ ʨʝʘʢʪʠʚʥʠʭ
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ʤʘʩʣʷʥʠʭ ʮʝʥʪʨʠʬʫʛ ʘʚʪʦʤʦʙʽʣʽʚ - ʯʝʨʝʟ
5-10 ʪʠʩ.  ʢʤ ʧʨʦʙʽʛʫ ʻ ʧʝʨʝʜʯʘʩʥʦʶ ʽ ʱʦ
ʧʨʠ ʨʦʙʦʪʽ ʜʚʠʛʫʥʘ ʟ ʘʚʪʦʤʘʪʠʯʥʦ ʢʝʨʦ-
ʚʘʥʠʤ ʚʝʥʪʠʣʷʪʦʨʦʤ ʥʘ ʤʘʩʣʽ SAE10W40
ʪʝʨʤʽʥʠ ʨʦʙʦʪʠ ʤʘʩʣʷʥʠʭ ʮʝʥʪʨʠʬʫʛ ʜʦ
ʧʨʦʤʠʚʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʟʙʽʣʴʰʝʥʠʡ ʜʦ
15-20 ʪʠʩ. ʢʤ ʧʨʦʙʽʛʫ.

ʈʠʩ. 4. ɿʤʽʥʘ ʚʘʛʠ ʫʪʨʠʤʫʶʯʠʭ ʚʽʜʢʣʘ-
ʜʝʥʴ ʚ ʮʝʥʪʨʠʬʫʟʽ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ

ʚʠʧʨʦʙʫʚʘʥʥʷʭ:
1 - ʨʦʙʦʪʘ ʜʚʠʛʫʥʘ ʧʨʠ ʟʥʠʞʝʥʦʤʫ ʪʝʤ-
ʧʝʨʘʪʫʨʥʦʤʫ ʨʝʞʠʤʽ; 2 - ʨʦʙʦʪʘ ʜʚʠʛʫ-

ʥʘ ʟ ʛʽʜʨʦʤʫʬʪʦʶ
Fig. 4. Change of weight of holding

deposits in a centrifuge at operational
tests:

1-operation of the engine at the lowered
temperature mode; 2-operation of the

engine with the hydrocoupling

ʗʢ ʚʽʜʦʤʦ, ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ ʨʦ-
ʙʠʪʴ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʟʥʦʩ ʜʝʪʘʣʝʡ ʮʠ-
ʣʽʥʜʨʦ - ʧʦʨʰʥʝʚʦʾ ʛʨʫʧʠ ʅʘ ʨʠʩ. 5 ʧʨʝʜ-
ʩʪʘʚʣʝʥʠʡ ʟʥʦʩ ʜʝʪʘʣʝʡ ʜʚʠʛʫʥʘ ʧʨʠ ʟʘ-
ʩʪʦʩʫʚʘʥʥʽ ʘʚʪʦʤʘʪʠʯʥʦ ʢʝʨʦʚʘʥʦʛʦ ʚʝʥ-
ʪʠʣʷʪʦʨʘ,  ʷʢʠʡ ʚ ʩʝʨʝʜʥʴʦʤʫ ʨʽʚʥʠʡ 2,95
ʛʨ, ʱʦ 1,4 ʨʘʟʠ ʤʝʥʰʝ ʥʽʞ ʧʨʠ ʨʦʙʦʪʽ
ʜʚʠʛʫʥʘ ʟ ʧʦʩʪʽʡʥʦ ʚʢʣʶʯʝʥʠʤ ʚʝʥʪʠʣʷ-
ʪʦʨʦʤ (4,18 ʛʨ).
ɿʥʠʞʝʥʠʡ ʟʥʦʩ ʜʝʪʘʣʝʡ ʮʠʣʽʥʜʨʦ-

ʧʦʨʰʥʝʚʦʾ ʛʨʫʧʠ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʘʚʪʦ-
ʤʘʪʠʯʥʦ ʢʝʨʦʚʘʥʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ ʧʦʷʩ-
ʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ, ʧʦ-ʧʝʨʰʝ: ʩʢʦʨʦʯʫʻʪʴ-
ʩʷ ʯʘʩ ʧʨʦʛʨʽʚʘʥʥʷ ʜʚʠʛʫʥʘ,  ʘ ʟʥʘʯʠʪʴ ʽ
ʟʤʝʥʰʫʻʪʴʩʷ ʟʥʦʩ ʚ ʧʝʨʽʦʜ ʧʫʩʢʫ ʧʨʦʛʨʽ-
ʚʘʥʥʷ, ʧʦ-ʜʨʫʛʝ, ʧʽʜʪʨʠʤʢʘ ʦʧʪʠʤʘʣʴʥʦʛʦ
ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʩʪʚʦʨʶʻ ʥʦʨʤʘ-
ʣʴʥʽ ʫʤʦʚʠ ʜʣʷ ʤʘʩʪʠʣʘ ʜʚʠʛʫʥʘ ʽ ʧʝʨʝ-
ʰʢʦʜʞʘʻ ʫʪʚʦʨʝʥʥ  ʁ ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦ-
ʚʠʱ, ʩʧʨʠʷʶʯʠʭ ʢʦʨʦʟʽʡʥʦʤʫ ʟʥʦʩʫ.
ʊʘʢʠʤ ʯʠʥʦʤ, ʧʽʜʪʨʠʤʢʘ ʦʧʪʠʤʘʣʴ-

ʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʜʚʠʛʫʥʘ
ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʚʪʦʤʘʪʠʯʥʦ ʢʝʨʦʚʘʥʦʛʦ

ʚʝʥʪʠʣʷʪʦʨʘ ʩʧʨʠʷʻ ʟʤʝʥʰʝʥʥʶ ʫʪʚʦ-
ʨʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʜʦʤʽʰʦʢ ʽ ʢʽʣʴʢʦʩʪʽ
ʚʽʜʢʣʘʜʝʥʴ ʚ ʮʝʥʪʨʠʬʫʟʽ ʚ 1,2 ʨʘʟʠ; ʧʨʠ
ʮʴʦʤʫ ʟʥʦʩ ʜʚʠʛʫʥʘ ʟʤʝʥʰʫʻʪʴʩʷ ʚ 1,4
ʨʘʟʠ, ʘ ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ - ʥʘ 7%.

ʈʠʩ. 5. ɿʥʦʩ ʜʝʪʘʣʝʡ ʜʚʠʛʫʥʽʚ ʧʨʠ ʟʘ-
ʩʪʦʩʫʚʘʥʥʽ ʘʚʪʦʤʘʪʠʯʥʦ ʢʝʨʦʚʘʥʦʾ ʛʽʜ-

ʨʦʤʫʬʪʠ ʚʦʜʷʥʦʛʦ ʥʘʩʦʩʫ
Fig. 5. Wear of details of engines at use of

automatically operated hydrocoupling
water to the pump

ʂʨʽʤ ʮʴʦʛʦ, ʥʘʤʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʽ
ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʘʚʪʦʤʦ-
ʙʽʣʽʚ ɻɸɿ-5307 ʚ ʢʽʣʴʢʦʩʪʽ 3-ʭ ʟ ʚʠʢʦ-
ʨʠʩʪʘʥʥʷʤ ʤʘʩʝʣ ʛʨʫʧ ʄ10ɻ2ʢ,
SAE5W40 ʽ SAE10W40. ʈʝʟʫʣʴʪʘʪʠ
ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʨʽʟʥʠʮʷ
ʤʽʞ ʥʘʢʦʧʠʯʝʥʥʷʤ ʚʽʜʢʣʘʜʝʥʴ ʮʝʥʪʨʠ-
ʬʫʛʠ, ʥʘʷʚʥʽʩʪʴ ʤʝʭʘʥʽʯʥʠʭ ʜʦʤʽʰʦʢ ʚ
ʤʘʩʣʽ ʥʝ ʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʦʜʠʥ ʚʽʜ
ʽʥʰʦʛʦ, ʱʦ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʚ ʜʚʠ-
ʛʫʥʘʭ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʴ ʤʦʜʝʨʥʽʟʦʚʘʥʽ
ʥʘʩʦʩʠ ʟ ʛʽʜʨʦʧʨʠʚʦʜʦʤ ʚʘʣʫ ʥʘʩʦʩʫ ʪʘ
ʚʝʥʪʠʣʷʪʦʨʦʤ.

ɺʀʉʅʆɺʂʀ
ʏʠʤ ʰʚʠʜʰʝ ʤʘʩʣʦ ʧʦʯʠʥʘʻ ʧʨʦʢʘʯʫ-

ʚʘʪʠʩʷ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʟʤʘʱʫʚʘʥʥʷ, ʪʠʤ
ʥʠʞʯʝ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʫʩʢʦʚʦʛʦ ʟʥʦʩʫ;
ʯʠʤ ʤʝʥʰʝ ʯʘʩ ʧʨʦʛʨʽʚʫ ʜʚʠʛʫʥʘ,  ʪʠʤ
ʤʝʥʰʝ ʜʝʪʘʣʽ ʜʚʠʛʫʥʘ ʙʫʜʫʪʴ ʟʥʦʰʫʚʘ-
ʪʠʩʴ ʧʨʠ ʭʦʣʦʜʥʦʤʫ ʧʫʩʢʫ ʽ ʰʚʠʜʰʝ ʧʦ-
ʯʠʥʘʻ ʧʨʠʡʤʘʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ ʤʽʨʫ
ʧʨʦʛʨʽʚʘʥʥʷ; ʧʨʠ ʥʠʟʴʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʚ
ʟʠʤʦʚʠʡ ʧʝʨʽʦʜ ʦʧʪʠʤʘʣʴʥʠʤ ʜʣʷ ʝʬʝʢ-
ʪʠʚʥʦʾ ʨʦʙʦʪʠ ʚʫʟʣʽʚ ʪʝʨʪʷ ʜʚʠʛʫʥʘ ʷʚʣʷ-
ʻʪʴʩʷ ʤʘʩʣʦ ʟ ʤʝʥʰʦʶ ʚôʷʟʢʽʩʪʶ,  ʥʘʧʨʠ-
ʢʣʘʜ 5 ʟʘʤʽʩʪʴ 10, 40 ʟʘʤʽʩʪʴ 50; ʧʨʠ ʤʦ-
ʜʝʨʥʽʟʘʮʽʾ ʢʦʥʩʪʨʫʢʮʽʾ ʚʦʜʷʥʦʛʦ ʥʘʩʦʩʫ
ʜʚʠʛʫʥʘ ʋʄɿ – 4216 ʟʥʦʩ ʜʚʠʛʫʥʘ ʟʤʝʥ-
ʰʫʻʪʴʩʷ ʜʦ 12%,  ʘ ʧʝʨʽʦʜʠʯʥʽʩʪʴ ʟʤʽʥʠ
ʤʘʩʣʘ ʪʘʢʦʞ ʟʙʽʣʴʰʫʻʪʴʩʷ ʜʦ 15%.
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PERFECTION OF CONSTRUCTION
OF AQUATIC TO PUMP ENGINE

OF UʄZ – 4216.
Abstract. A construction is offered aquatic to

the pump that includes the permanent occasion of
pump and ventilator depending on the temperature
of engine. It allows to accelerate warming up of
engine, that results in the considerable decline of
wear of engine, that takes place at a mionectic tem-
perature.

Key words: turbine wheel, pumping wheel, wa-
ter pump, system of automatic control of the tem-
perature state.
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ʇʈʀʄɽʅɽʅʀɽ ɻʈɸɺʀʊɸʎʀʆʅʅʆɻʆ ɺʆɼʆʇʆɼʒɪʄɸ, ʂɸʂ
ɸʃʔʊɽʈʅɸʊʀɺʅʆɻʆ ʀʉʊʆʏʅʀʂɸ ʕʅɽʈɻʀʀ, ɼʃʗ ʋʉʃʆɺʀʁ
ʇʈʆʀɿɺʆɼʉʊɺɸ ʉɽʃʔʉʂʆʍʆɿʗʁʉʊɺɽʅʅʆʁ ʇʈʆɼʋʂʎʀʀ

ɸʣʝʢʩʘʥʜʨ ʐʢʘʪʦʚ, ɽʣʝʥʘ ɻʦʨʙʝʥʢʦ, ʅʘʪʘʣʠʷ ʂʠʤ

ʅʠʢʦʣʘʝʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʽʚʝʨʩʠʪʝʪ
54028 ʋʢʨʘʠʥʘ, ʅʠʢʦʣʘʝʚʩʢʘʷ ʦʙʣ., ʛ. ʅʠʢʦʣʘʝʚ, ʫʣ. ʂʨʠʣʦʚʘ 17ʘ

ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʩʠʣʳ ʚʦʜʳ, ʢʦʪʦʨʘʷ ʜʚʠʞʝʪʩʷ, ʢʘʢ
ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ, ʪʨʘʜʠʮʠʦʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ
ʫʩʣʦʚʠʷʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ. ʇʦʢʘʟʘʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʵʪʦʛʦ
ʚʠʜʘ ʵʥʝʨʛʠʠ, ʧʦʣʫʯʝʥʥʦʡ ʥʘ ʪʠʧʠʯʥʳʭ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʢʘʭ, ʧʨʠ
ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ ʠ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʘʩʣʘ ʠʟ ʩʝʤʷʥ.

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʦʧʦʩʪʘʚʣʝʥʠʝ, ʛʨʘʚʠʪʘʮʠʷ, ʥʘʧʦʨ, ʤʫʣʴʪʠʧʣʠʢʘʪʦʨ.

ʇʆʉʊɸʅʆɺʂɸ ʇʈʆɹʃɽʄʓ
ʉʪʝʧʝʥʴ ʦʩʚʦʝʥʠʷ ʠ

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʯʝʣʦʚʝʢʦʤ ʥʦʚʳʭ
ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ
ʩʪʦʣʝʪʠʡ ʦʩʪʘʚʘʣʘʩʴ ʦʯʝʥʴ ʥʠʟʢʦʡ.
ʂʦʨʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʚ ʪʝʭʥʠʯʝʩʢʦʡ
ʤʳʩʣʠ ʯʝʣʦʚʝʯʝʩʪʚʘ ʧʨʦʠʟʦʰʣʦ
ʦʢʦʣʦ 3-ʭ ʩʪʦʣʝʪʠʡ ʥʘʟʘʜ, ʢʦʛʜʘ
ʧʘʨʦʚʘʷ ʤʘʰʠʥʘ ɼʞʝʡʤʩʘ ʋʘʪʪʘ
ʧʦʪʨʝʙʦʚʘʣʘ ʣʫʯʰʝʛʦ ʪʦʧʣʠʚʘ, ʙʦʣʝʤ
ʢʘʯʝʩʪʚʝʥʥʳʭ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ
ʤʘʪʝʨʠʘʣʦʚ, ʙʦʣʝʝ
ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ
(ʩʪʘʥʢʠ) ʠ ʪ.ʜ. ʠ ʧʨʠʚʝʣʦ ʢ
ʧʨʦʤʳʰʣʝʥʥʦʡ ʨʝʚʦʣʶʮʠʠ. ʀ ʪʫʪ
ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ
ʧʨʦʛʨʝʩʩʘ ʯʝʣʦʚʝʯʝʩʪʚʘ ʥʝʦʙʭʦʜʠʤʘ
ʵʥʝʨʛʠʷ ʠ ʧʨʠʪʦʤ ʝʸ ʥʝʦʙʭʦʜʠʤʦ
ʠʤʝʪʴ ʚ ʜʦʩʪʘʪʦʯʥʦʤ ʢʦʣʠʯʝʩʪʚʝ,
ʢʦʪʦʨʫʶ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ
ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʪʦʣʴʢʦ ʩ ʫʯʸʪʦʤ
ʪʝʤʧʘ ʝʸ ʧʦʪʨʝʙʥʦʩʪʠ ʠ ʚʝʣʠʯʠʥʫ
ʨʘʩʭʦʜʘ ʵʥʝʨʛʦʥʦʩʠʪʝʣʝʡ. ʊʘʢ ʚ ʢʦʥʮʝ
ʍɯʍ ʚʝʢʘ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʙʝʥʟʠʥʝ ʜʣʷ
ʘʚʪʦʤʦʙʠʣʝʡ ʥʝ ʧʨʝʚʳʰʘʣʘ ʜʝʩʷʪʢʦʚ
ʪʦʥʥ,  ʘ ʚ ʢʦʥʮʝ ʍʍ ʚʝʢʘ,  ʪʦʣʴʢʦ ʜʣʷ
ʣʝʛʢʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʧʦʪʨʝʙʦʚʘʣʦʩʴ
ʝʛʦ ʙʦʣʝʝ ʤʠʣʣʠʦʥʘ ʪʦʥʥ ʚ ʩʫʪʢʠ. ʅʝ
ʤʝʥʴʰʠʡ ʪʝʤʧ ʨʦʩʪʘ ʧʦʪʨʝʙʣʝʥʠʷ
ʦʢʘʟʘʣʩʷ ʠ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʤʠʨʦʚʘʷ
ʚʳʨʘʙʦʪʢʘ ʢʦʪʦʨʦʡ ʚ 1970 ʛʦʜʫ
ʜʦʩʪʠʛʣʘ 5000 ʤʠʣʣʠʘʨʜʦʚ ʢʠʣʦʚʘʪʪ ʚ
ʯʘʩ, ʘ ʢ 2000 ʛʦʜʫ ʧʨʝʚʳʩʠʣʘ 30000

ʤʠʣʣʠʘʨʜʦʚ ʢʠʣʦʚʘʪʪ ʚ ʯʘʩ, ʪʦ ʝʩʪʴ
ʩʪʦʢʨʘʪʥʳʡ ʧʨʠʨʦʩʪ ʟʘ 70  ʣʝʪ.
ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʩʠʪʫʘʮʠʷ ʚʦ ʚʩʝʭ
ʩʪʨʘʥʘʭ ʤʠʨʘ,  ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʫ ʥʘʩ ʚ
ʋʢʨʘʠʥʝ, ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʚʩʝ
ʩʪʦʨʦʥʳ ʞʠʟʥʠ ʥʘʩʝʣʝʥʠʷ ʠ
ʧʨʦʙʣʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ ʠʟ ʛʦʜʘ ʚ ʛʦʜ
ʟʘʥʠʤʘʶʪʩʷ ʚʩʸ ʙʦʣʴʰʝ ʩʧʝʮʠʘʣʠʩʪʦʚ
ʧʦ ʚʩʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʝʸ
ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɺ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ,
ʩʙʦʨʥʠʢʘʭ ʪʨʫʜʦʚ ʨʘʟʥʳʭ ʫʨʦʚʥʝʡ ʠ
ʥʘʟʥʘʯʝʥʠʡ, ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ
ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʘʪʠʢʠ ʩ
ʨʘʟʥʳʭ ʪʦʯʝʢ ʟʨʝʥʠʷ ʠ ʦʜʥʠʤ ʠʟ
ʛʣʘʚʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʵʪʠʭ
ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ
ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʧʦʪʨʝʙʥʦʩʪʝʡ ʠ
ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʦʣʫʯʝʥʠʷ ʵʥʝʨʛʠʠ ʦʪ
ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʧʦʟʚʦʣʷʶʱʝʡ
ʚʳʨʘʟʠʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʱʝʛʦ
ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʠʠ ʧʦ ʦʪʜʝʣʴʥʳʤ
ʝʸ ʠʩʪʦʯʥʠʢʘʤ ʧʦʣʫʯʝʥʠʷ.

ʋʢʘʟʘʥʥʦʝ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʪʘʢʞʝ
ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ
ʧʷʪʠ ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ
ʧʝʨʚʠʯʥʦʡ ʵʥʝʨʛʠʠ (ʪʚʝʨʜʦʝ ʪʦʧʣʠʚʦ,
ʞʠʜʢʦʝ ʪʦʧʣʠʚʦ, ʧʨʠʨʦʜʥʳʡ ʛʘʟ,
ʚʦʜʥʘʷ ʠ ʘʪʦʤʥʳʝ ʵʥʝʨʛʠʠ), ʜʦʣʷ
ʚʦʜʥʦʡ ʵʥʝʨʛʠʠ, ʢʘʢ ʦʪʜʝʣʴʥʦʛʦ
ʵʥʝʨʛʦʥʦʩʠʪʝʣʷ ʚ ʦʙʱʝʤ ʤʠʨʦʚʦʤ
ʧʦʪʨʝʙʣʝʥʠʠ ʧʝʨʚʠʯʥʦʡ ʵʥʝʨʛʠʠ,
ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 6,9% [3].

ʆʜʥʘʢʦ, ʦʩʚʦʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʚ
ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʨʝʟʫʣʴʪʘʪʦʚ
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ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ
ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʚʦʧʨʦʩʫ
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ
ʚʦʜʦʧʦʜʲʝʤʘ ʜʚʠʞʫʱʝʛʦʩʷ ʧʦʪʦʢʘ
ʚʦʜʳ, ʥʝʩʦʤʥʝʥʥʦ, ʧʦʚʳʩʷʪ ʚʝʣʠʯʠʥʫ
ʵʪʦʛʦ ʧʨʦʮʝʥʪʘ ʙʦʣʝʝ ʯʝʤ ʥʘ ʧʦʨʷʜʦʢ,
ʘ ʜʣʷ ʫʩʣʦʚʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʩʝʭ
ʚʠʜʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ
ʧʨʦʜʫʢʮʠʠ ʨʝʟʢʦ ʧʦʚʳʩʠʪ ʝʛʦ
ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ [1, 2, 4-7].

ʀɿʃʆɾɽʅʀɽ ʆʉʅʆɺʅʆɻʆ
ʄɸʊɽʈʀɸʃɸ

ʇʨʝʜʣʘʛʘʝʪʩʷ ʨʘʩʩʤʦʪʨʝʪʴ
ʧʨʠʤʝʥʝʥʠʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʵʥʝʨʛʠʠ
ʢʘʢ ʘʣʴʪʝʨʥʘʪʠʚʫ ʠʩʧʦʣʴʟʫʝʤʦʤʫ
ʚʠʜʫ ʵʥʝʨʛʠʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ
ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʜʣʷ 2-ʭ ʪʠʧʦʚ
ʧʨʦʠʟʚʦʜʩʪʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ
ʧʨʦʜʫʢʮʠʠ: ʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ – ʧʨʠ
ʩʦʜʝʨʞʘʥʠʠ ʩʢʦʪʘ ʚ ʣʝʪʥʠʭ ʣʘʛʝʨʷʭ
[5, 6] ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʩʪʠʪʝʣʴʥʦʛʦ
ʤʘʩʣʘ ʠʟ ʤʘʩʣʦʩʦʜʝʨʞʘʱʠʭ ʩʝʤʷʥ [4, 7].

ʀʟʚʝʩʪʥʦ,  ʯʪʦ ʚ
ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ ʢʦʨʤʦʚʳʝ
ʝʩʪʝʩʪʚʝʥʥʳʝ ʫʛʦʜʴʷ, ʟʘʥʠʤʘʷ
ʦʙʰʠʨʥʳʝ ʧʣʦʱʘʜʠ, ʷʚʣʷʶʪʩʷ
ʛʣʘʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʟʝʣʸʥʦʛʦ ʢʦʨʤʘ
ʜʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʩʢʦʪʘ ʠ
ʧʦʟʚʦʣʷʶʪ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʟʙʳʪʦʢ,
ʧʦʣʫʯʘʝʤʳʡ ʩ ʥʠʭ ʨʘʩʪʠʪʝʣʴʥʦʡ
ʤʘʩʩʳ ʜʣʷ ʟʘʛʦʪʦʚʢʠ ʩʝʥʘ, ʩʠʣʦʩʘ ʠ
ʪʨʘʚʷʥʦʡ ʤʫʢʠ, ʢʦʪʦʨʳʤʠ
ʩʢʘʨʤʣʠʚʘʶʪ ʞʠʚʦʪʥʳʭ ʟʠʤʦʡ.
ʆʜʥʘʢʦ, ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ
ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʘʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ
ʫʢʘʟʘʥʥʦʡ ʟʝʣʸʥʦʡ ʤʘʩʩʳ (å20-30
ʮ/ʛʘ). ʇʦʵʪʦʤʫ ʧʨʦʚʦʜʷʪ ʧʦʩʪʦʷʥʥʦ
ʨʘʙʦʪʳ ʥʘ ʵʪʠʭ ʫʛʦʜʴʷʭ ʧʦ ʠʭ
ʧʦʚʝʨʭʥʦʩʪʥʦʤʫ ʠ ʢʦʨʝʥʥʦʤʫ
ʫʣʫʯʰʝʥʠʶ, ʩʦʟʜʘʚʘʷ ʥʘ ʵʪʦʡ ʦʩʥʦʚʝ
ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʢʫʣʴʪʫʨʥʳʝ
ʧʘʩʪʙʠʱʘ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʢʦʪʦʨʳʭ
ʧʦ, ʩʨʘʚʥʝʥʠʶ ʩ ʝʩʪʝʩʪʚʝʥʥʳʤʠ
ʢʦʨʤʦʚʳʤʠ ʫʛʦʜʴʷʤʠ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ
ʚ 3-4 ʨʘʟʘ [5]. ɺ ʪʘʢʠʭ 1ʧʘʩʪʙʠʱʘʭ
(ʣʘʛʝʨʷʭ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʩʪʥʳʭ
ʫʩʣʦʚʠʡ ʧʨʠʤʝʥʷʶʪ ʨʘʟʣʠʯʥʳʝ ʩʭʝʤʳ
ʥʘʩʦʩʥʦ - ʩʠʣʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ
ʚʳʧʦʣʥʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ
ʪʝʭʥʦʣʦʛʠʡ, ʪʨʝʙʫʶʱʠʭ ʙʦʣʴʰʠʭ
ʟʘʪʨʘʪ ʠ ʢʘʢ ʧʨʘʚʠʣʦ, ʵʥʝʨʛʦʝʤʢʠ.

ʇʦʵʪʦʤʫ ʜʣʷ ʩʫʱʝʩʪʚʝʥʥʦʛʦ
ʩʥʠʞʝʥʠʷ ʵʪʠʭ ʟʘʪʨʘʪ ʠ ʧʦʚʳʰʝʥʠʷ
ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ
ʣʝʪʥʠʭ ʣʘʛʝʨʝʡ ʜʣʷ ʩʦʜʝʨʞʘʥʠʷ
ʞʠʚʦʪʥʳʭ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ
ʜʨʫʛʠʝ, ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʝ,
ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʳʝ
ʠʩʧʦʣʴʟʫʶʪ ʧʦʩʣʝʜʥʠʝ ʜʦʩʪʠʞʝʥʠʷ
ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. ʀʤʝʥʥʦ ʪʘʢʦʡ
ʪʝʭʥʦʣʦʛʠʝʡ [4, 5, 6], ʠʩʧʦʣʴʟʫʷ
ʧʨʠʨʦʜʥʳʝ ʫʩʣʦʚʠʷ ɿʝʤʣʠ, ʷʚʣʷʝʪʩʷ,
ʧʦ ʩʫʪʠ ʠʥʥʦʚʘʮʠʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʩ
ʜʝʰʝʚʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʝʡ,
ʧʦʣʫʯʘʝʤʦʡ ʦʪ ʪʠʧʦʚʦʡ
ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ
ʫʩʪʘʥʦʚʢʠ (ʊɻʕʋ), ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʡ
ʚʭʦʜʷʪ (ʨʠʩ.1): ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ
(ʀʇ) ʩ ʦʛʦʣʦʚʢʦʤ 8, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ
ʚʝʣʠʯʠʥʫ ʨʘʩʧʦʣʘʛʘʝʤʦʛʦ ʥʘʧʦʨʘ –
ʅʨʘʩʧ.=ɔh (ʛʜʝ ɔh – ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ
ʩʠʣʘ ʚ ʚʠʜʝ ʚʝʩʘ ʩʪʦʣʙʘ ʚʦʜʳ ʚ ʀʇ, ɔ
–  ʫʜʝʣʴʥʳʡ ʦʙʲʸʤʥʳʡ ʚʝʩ ʚʦʜʳ,  h  –
ʚʳʩʦʪʘ ʩʪʦʣʙʘ ʚʦʜʳ ʚ ʀʇ);  ʙʘʟʦʚʳʝ
ʝʤʢʦʩʪʠ ʆ1 ʠ ʆ2 ʜʣʷ ʩʞʘʪʠʷ ʚ ʥʠʭ
ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ
ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʩʠʣʦʡ
(ʢʦʤʧʨʝʩʩʦʨʘ); ʪʨʘʥʟʠʪʥʳʝ ʝʤʢʦʩʪʠ 1,
2, …, n; ʤʘʛʠʩʪʨʘʣʴ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ
ʘʪʤʦʩʬʝʨʳ ɿʝʤʣʠ – ʄ; ʥʘʧʦʨʥʳʝ
ʪʨʫʙʦʧʨʦʚʦʜʳ – ʊ;  ʢʨʘʥʳ ʜʣʷ ʚʦʜʳ ʠ
ʚʦʟʜʫʭʘ – ʂ1, …, ʂn; ʂʆ1 ʠ ʂʆ2; ʢʨʘʥʳ
ʩʣʠʚʘ – ʂʉ1 ʠ ʂʉ2; ʢʨʘʥʳ ʥʘʧʦʣʥʝʥʠʷ
–  ʂʅ1 ʠ ʂʅ2; ʢʣʘʧʘʥ ʛʝʨʤʝʪʠʟʘʮʠʠ ʠ
ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʠ – ɺ; ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ
ʙʘʰʥʷ –  1;  ʚʦʜʦʧʨʦʚʦʜ ʢ ʪʫʨʙʠʥʝ (ʢ
ʧʦʪʨʝʙʠʪʝʣʶ)  –  2;  ʪʫʨʙʠʥʘ –  3;  ʙʣʦʢ
ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ – 6;
ʚʳʚʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʢ ʧʦʪʨʝʙʠʪʝʣʶ
– 7; ʨʘʙʦʯʠʡ ʥʘʢʦʧʠʪʝʣʴ – ʈʅ. ʇʨʠ
ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʥʥʦʚʘʮʠʦʥʥʦʡ
ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʊɻʕʋ ʚʩʝ
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ
ʚʢʣʶʯʝʥʠʷ ʠ ʚʳʢʣʶʯʝʥʠʷ,
ʚʳʧʦʣʥʷʶʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ, ʩʦʛʣʘʩʥʦ
ʧʨʠʯʠʥʥʦ - ʩʣʝʜʩʪʚʝʥʥʦʡ ʩʚʷʟʠ
ʤʝʞʜʫ ʥʠʤʠ ʠ ʩʧʝʮʠʘʣʴʥʦʡ
ʵʣʝʢʪʨʦʩʭʝʤʳ, ʧʦ ʢʦʪʦʨʦʡ
ʚʳʧʦʣʥʝʥʠʝ ʫʢʘʟʘʥʥʦʡ
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʩʝʭ ʜʝʡʩʪʚʠʡ ʥʘ
ʊɻʕʋ – ʩʦʭʨʘʥʷʝʪʩʷ ʧʦʣʥʦʩʪʴʶ,
ʚʢʣʶʯʘʷ ʧʦʩʣʝʜʥʶʶ ʪʨʘʥʟʠʪʥʫʶ
ʸʤʢʦʩʪʴ nʪ, ʢʦʪʦʨʘʷ ʥʘʧʦʣʥʷʝʪ ʚʦʜʦʡ
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ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʨʘʙʦʯʠʡ ʥʘʢʦʧʠʪʝʣʴ
ʈʅ. ʉ ʈʅ ʚʦʜʫ, ʦʙʣʘʜʘʶʱʝʡ
ʤʘʢʩʠʤʘʣʴʥʦʡ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʩʠʣʦʡ
ʚ ʚʠʜʝ ʚʝʩʘ ʩʪʦʣʙʘ ʚʦʜʳ, ʦʙʱʝʛʦ
ʨʘʩʧʦʣʘʛʘʝʤʦʛʦ ʥʘʧʦʨʘ ʫʩʪʘʥʦʚʢʠ
ʅʨʘʩʧ.ʤʝʭ. = ɔhɯ ʥʘʧʨʘʚʣʷʶʪ ʢ ʪʫʨʙʠʥʝ 3
ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʝʛʦ ʚ
ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʚ
ʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʝ ʦʪʢʫʜʘ ʫʞʝ
ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʥʘʧʨʘʚʣʷʶʪ ʥʘ
ʚʳʚʦʜ 7  ʢ ʧʦʪʨʝʙʠʪʝʣʶ.  ɺʤʝʩʪʝ ʩ
ʧʦʣʫʯʝʥʠʝʤ ʜʝʰʝʚʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ
ʥʘ ʊɻʕʋ, ʠʩʧʦʣʴʟʫʷ ʩʪʦʢʠ ʚʦʜʳ ʠʟ
ʙʘʟʦʚʳʭ ʝʤʢʦʩʪʝʡ ʆ1 ʠ ʆ2 ʠ
ʚʦʟʤʦʞʥʦʡ ʚʳʩʦʢʦʥʘʧʦʨʥʦʡ ʯʘʩʪʠ ʠʟ
ʈʅ, ʨʝʰʘʶʪ ʪʘʢʞʝ ʧʨʦʙʣʝʤʫ
ʚʦʜʦʩʥʘʙʞʝʥʠʷ, ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ
ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ʚ ʣʶʙʳʭ
ʧʘʩʪʙʠʱʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʣʝʪʥʠʭ
ʣʘʛʝʨʷʭ.

ʈʠʩ. 1. ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʤʥʦʛʦʢʨʘʪʥʦʛʦ
ʫʚʝʣʠʯʝʥʠʷ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʥʘʧʦʨʘ

Fig. 1. Installation for a multiple
increase gravitational pressure
ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʨʘʩʯʝʪʳ

ʧʦʣʫʯʘʝʤʦʡ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ ʥʘ
ʊɻʕʋ ʠ ʜʝʡʩʪʚʫʶʱʠʭ
ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ ʩ ʦʜʠʥʘʢʦʚʳʤ
ʨʘʩʭʦʜʦʤ Q  ʚʦʜʳ,  ʥʘʧʦʨʦʤ ʅ ʠ
ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʝʤ,
ʠʟʛʦʪʦʚʣʷʝʤʦʛʦ ʩʝʨʠʡʥʦ ʩ 1991 ʛʦʜʘ,
ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʊɻʕʋ
ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʤʦʱʥʦʩʪʴ ʚ 4,9
ʨʘʟʘ ʚʳʰʝ [2,  5,  6,  7]  ʯʝʤ ʥʘ
ʜʝʡʩʪʚʫʶʱʠʭ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ.
ɺʤʝʩʪʝ ʩ ʪʝʤ ʜʣʷ ʩʦʜʝʨʞʘʥʠʷ
ʞʠʚʦʪʥʳʭ ʥʘ ʣʝʪʥʠʭ ʧʘʩʪʙʠʱʘʭ ʧʦ
ʵʢʦʣʦʛʠʯʝʩʢʦʤʫ ʧʨʠʟʥʘʢʫ

ʠʥʥʦʚʘʮʠʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʚ
ʢʦʤʧʣʝʢʩʝ ʩ ʊɻʕʋ ʥʘʭʦʜʠʪʩʷ ʚʥʝ
ʢʦʥʢʫʨʝʥʮʠʠ, ʪʘʢ ʢʘʢ ʦʥʘ ʜʣʷ
ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ
ʊɻʕʋ ʥʝ ʪʨʝʙʫʝʪ ʧʦʣʥʦʛʦ ʧʝʨʝʢʨʳʪʠʷ
ʚʳʩʦʢʦʡ ʧʣʘʪʠʥʦʡ ʚʩʝʛʦ ʧʦʪʦʢʘ ʚʦʜʳ
ʚ ʨʝʢʘʭ ʜʦ ʩʘʤʦʛʦ ʫʩʪʴʷ ʠ ʫʩʪʨʘʥʷʝʪʩʷ
ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʦʙʰʠʨʥʳʭ
ʚʦʜʦʭʨʘʥʠʣʠʱ ʩ ʟʘʪʦʧʣʝʥʠʝʤ
ʦʛʨʦʤʥʳʭ ʧʣʦʱʘʜʝʡ ʧʣʦʜʦʨʦʜʥʳʭ
ʟʝʤʝʣʴ ʠ ʧʘʩʪʙʠʱ. ʇʨʠ ʵʪʦʤ,
ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʝʪʩʷ ʵʢʦʣʦʛʠʷ
ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ,  ʚ ʪʦʤ ʯʠʩʣʝ ʠ
ʜʣʷ ʤʝʩʪ ʩʦʜʝʨʞʘʥʠʷ ʞʠʚʦʪʥʳʭ ʚ
ʣʝʪʥʠʭ ʣʘʛʝʨʷʭ.

ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʧʨʠʚʝʜʸʥʥʳʝ
ʚʳʰʝ ʬʘʢʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ
ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʩʠʣ ʜʣʷ
ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ
ʢʦʤʧʣʝʢʩʝ ʩ ʊɻʕʋ ʙʘʟʠʨʫʝʪʩʷ
ʪʝʦʨʝʪʠʯʝʩʢʠ ʥʘ ʫʩʣʦʚʠʷʭ, ʢʦʪʦʨʳʝ
ʠʜʝʥʪʠʯʥʳ ʧʦ ʠʩʧʦʣʥʝʥʠʶ ʚ ʜʨʫʛʠʭ
ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ʚ ʪʦʤ
ʯʠʩʣʝ: ʧʨʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʤ ʫʜʘʨʝ, ʠʟ
ʛʠʜʨʦʜʠʥʘʤʠʢʠ, ʧʨʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ
ʠʟʛʠʙʝ ʠ ʢʘʣʠʙʨʦʚʢʠ ʟʘʛʦʪʦʚʢʠ ʧʦ
ʤʘʪʨʠʮʝ ʠʟ ʩʦʧʨʦʪʠʚʣʝʥʠʷ
ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʟ ʷʚʣʝʥʠʷ «ʉʦʣʠʪʦʥ» –
ʧʨʠ ʪʫʨʙʫʣʝʥʪʥʦʤ ʜʚʠʞʝʥʠʠ ʚʦʜʳ ʚ
ʪʨʫʙʝ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʢ ʩʦʟʜʘʥʠʶ
ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ
ʢʦʤʧʣʝʢʩʝ ʩ ʊɻʕʋ ʜʣʷ ʩʦʜʝʨʞʘʥʠʷ
ʩʢʦʪʘ ʚ ʣʝʪʥʠʭ ʣʘʛʝʨʷʭ ʝʱʸ ʙʦʣʝʝ
ʫʚʝʣʠʯʠʚʘʝʪ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʘ [4, 5,
6, 7].

ʂʘʢ ʚʳʰʝ ʫʢʘʟʳʚʘʣʦʩʴ,
ʨʘʩʩʤʦʪʨʠʤ ʚ ʢʘʯʝʩʪʚʝ ʚʪʦʨʦʛʦ
ʧʨʠʤʝʨʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ
ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʵʥʝʨʛʠʠ ʚ ʚʠʜʝ
ʘʣʴʪʝʨʥʘʪʠʚʳ ʧʨʠʤʝʥʷʝʤʦʤʫ ʚʠʜʫ
ʵʥʝʨʛʠʠ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ
ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʤʘʩʣʘ. ʀʩʧʦʣʴʟʫʝʤʳʝ
ʚ ʥʘʩʪʦʷʱʠʝ ʚʨʝʤʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ
ʧʨʦʮʝʩʩʳ ʧʨʦʠʟʚʦʜʩʪʚʘ
ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʤʘʩʣʘ ʠʟ
ʤʘʩʣʦʩʦʜʝʨʞʘʱʠʭ ʩʝʤʷʥ ʩʧʦʩʦʙʦʤ
ʧʨʝʩʩʦʚʘʥʠʷ ʠ ʤʝʪʦʜʦʤ ʧʨʷʤʦʡ
ʵʢʩʪʨʘʢʮʠʠ ʠʤʝʶʪ ʥʝʜʦʩʪʘʪʦʢ – ʦʥʠ
ʚʳʩʦʢʦʟʘʪʨʘʪʥʳ. ʆʩʚʦʝʥʠʝ ʞʝ
ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ
ʢʦʤʧʣʝʢʩʝ ʩ ʊɻʕʋ ʥʘ ʚʩʝʭ ʤʝʪʦʜʘʭ ʠ
ʩʧʦʩʦʙʘʭ ʧʨʝʩʩʦʚʘʥʠʷ
























































































































































































































































































