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ʋʚʦʜ

ʇʲʨʚʠʪʝ ʜʘʥʥʠ ʟʘ ʢʦʥʪʨʦʣʠʨʘʥʝ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʩʨʝʜʘʪʘ ʧʨʠ ʦʪʛʣʝʞʜʘʥʝ ʥʘ
ʞʠʚʦʪʥʠ ʩʘ ʦʱʝ ʦʪ ʦʢʦʣʦ 1620 ʛʦʜʠʥʘ, ʢʦʛʘʪʦ ʭʦʣʘʥʜʩʢʠʷ ʠʟʦʙʨʝʪʘʪʝʣ ʂʦʨʥʝʣʠʩ ɼʨʝʙʝʣ,
ʢʦʡʪʦ ʧʦ ʪʦʚʘ ʚʨʝʤʝ ʞʠʚʝʝ ʚ ɸʥʛʣʠʷ, ʠʟʦʙʨʝʪʷʚʘ ʞʠʚʘʯʝʥ ʪʝʨʤʦʩʪʘʪ ʩ ʦʙʨʘʪʥʘ ʚʨʲʟʢʘ ʟʘ ʜʘ
ʢʦʥʪʨʦʣʠʨʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʚ ʠʥʢʫʙʘʪʦʨ ʟʘ ʧʠʣʝʪʘ. ʇʨʝʟ 1830 h ʦʪʣʘʥʜʩʢʠʷ ʭʠʤʠʢ ɸʥʜʨʶ ʋʨʝ
ʠʟʦʙʨʝʪʷʚʘ ʙʠʤʝʪʘʣʥʠʷ ʪʝʨʤʦʩʪʘʪ, ʘ ʧʨʝʟ 1886ʛ. ɸʣʙʝʨʪ ɹʫʮ ʠʟʦʙʨʝʪʷʚʘ ʠ ʧʘʪʝʥʪʦʚʘ
ʝʣʝʢʪʨʠʯʝʩʢʠʷ ʪʝʨʤʦʩʪʘʪ. ʇʦ ʚʨʝʤʝʪʦ ʥʘ ʪʝʟʠ ʦʪʢʨʠʪʠʷ ʪʝʨʤʦʩʪʘʪʠʪʝ ʟʘʧʦʯʚʘʪ ʤʘʩʦʚʦ ʜʘ ʩʝ
ʠʟʧʦʣʟʚʘʪ ʚ ʠʥʢʫʙʘʪʦʨʠʪʝ ʟʘ ʧʠʣʝʪʘ.

ɿʘ ʥʘʯʘʣʦ ʥʘ ʩʲʚʨʝʤʝʥʥʦʪʦ ʘʚʪʦʤʘʪʠʟʠʨʘʥʦ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ
ʞʠʚʦʪʥʦʚʲʜʥʠ ʬʝʨʤʠ ʤʦʞʝ ʜʘ ʩʝ ʦʧʨʝʜʝʣʷʪ 70ʪʝ ʛʦʜʠʥʠ ʥʘ 20ʪʠ ʚʝʢ, ʢʦʛʘʪʦ ʟʘʧʦʯʚʘʪ ʜʘ ʩʝ
ʠʟʧʦʣʟʚʘʪ ʪʝʨʤʦʩʪʘʪʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʚʝʥʪʠʣʘʪʦʨʠ ʠ ʦʪʦʧʣʝʥʠʝ. ʇʦ-ʢʲʩʥʦ ʩ ʧʦʷʚʘʪʘ ʥʘ
ʧʲʨʚʠʪʝ ʤʠʢʨʦʧʨʦʮʝʩʦʨʠ ʠ ʢʦʥʪʨʦʣʝʨʠ, ʟʘʧʦʯʚʘ ʤʘʩʦʚʦ ʚʥʝʜʨʷʚʘʥʝ ʥʘ ʩʠʩʪʝʤʠ ʟʘ
ʢʦʥʪʨʦʣʠʨʘʥʝ ʥʘ ʚʝʥʪʠʣʘʮʠʷʪʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʠʣʠ ʚʣʘʞʥʦʩʪ ʥʘ ʚʲʟʜʫʭʘ. ʇʨʝʟ 90ʪʝ ʛʦʜʠʥʠ ʥʘ
20ʪʠ ʚʝʢ ʩʝ ʧʦʷʚʷʚʘʪ ʢʦʤʧʶʪʲʨʥʠ ʩʠʩʪʝʤʠ ʢʦʠʪʦ ʟʘ ʧʨʲʚ ʧʲʪ ʝʜʥʦʚʨʝʤʝʥʥʦ ʦʪʯʠʪʘʪ,
ʫʧʨʘʚʣʷʚʘʪ ʠ ʩʲʙʠʨʘʪ ʜʘʥʥʠ ʟʘ ʥʷʢʦʣʢʦ ʧʘʨʘʤʝʪʲʨʘ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ ʢʘʪʦ ʪʝʤʧʝʨʘʪʫʨʘ,
ʚʣʘʞʥʦʩʪ, ʩʢʦʨʦʩʪ ʥʘ ʜʚʠʞʝʥʠʝ ʥʘ ʚʲʟʜʫʭʘ, ʦʩʚʝʪʝʥʦʩʪ ʠ ʜʨ. ʉʣʝʜ 2000ʪʘ ʛʦʜʠʥʘ ʩʣʝʜ
ʰʠʨʦʢʦʪʦ ʥʘʚʣʠʟʘʥʝ ʥʘ ʙʝʟʞʠʯʥʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʠʥʪʝʨʥʝʪ ʩʝ ʧʦʷʚʷʚʘʪ ʠ ʩʠʩʪʝʤʠ ʟʘ
ʜʠʩʪʘʥʮʠʦʥʥʦ ʥʘʙʣʶʜʝʥʠʝ ʠ ʢʦʥʪʨʦʣ. ʇʦʷʚʷʚʘʪ ʩʝ ʠ ʩʠʩʪʝʤʠ ʢʦʠʪʦ ʩʣʝʜʷʪ ʢʘʯʝʩʪʚʦʪʦ ʥʘ
ʚʲʟʜʫʭʘ, ʢʘʪʦ ʩʝ ʩʣʝʜʷʪ ʨʘʟʣʠʯʥʠ ʚʨʝʜʥʠ ʛʘʟʦʚʝ ʢʘʪʦ ʘʤʦʥʷʢ NH3, ʚʲʛʣʝʨʦʜʝʥ ʜʠʦʢʩʠʜ CO2,
ʚʲʛʣʝʨʦʜʝʥ ʦʢʩʠʜ CO, ʩʝʨʦʚʦʜʦʨʦʜ H2S, ʤʝʪʘʥ CH4, ʢʘʢʪʦ ʠ ʥʘʣʠʯʠʝʪʦ ʥʘ ʬʠʥʠ ʧʨʘʭʦʚʠ
ʯʘʩʪʠʮʠ ʠʣʠ ʙʘʢʪʝʨʠʘʣʥʘʪʘ ʢʦʥʪʘʤʠʥʘʮʠʷ ʚʲʚ ʚʲʟʜʫʭʘ.

ʎʝʣʪʘ ʥʘ ʪʦʟʠ ʪʨʫʜ ʝ ʜʘ ʩʝ ʨʘʟʨʘʙʦʪʠ ʂʠʙʝʨ-ʬʠʟʠʯʥʘ ʩʠʩʪʝʤʘ (ʂʌʉ) ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ
ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ʢʦʤʧʣʝʢʩʠʪʝ ʟʘ ʦʪʛʣʝʞʜʘʥʝ ʥʘ ʞʠʚʦʪʥʠ ʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʩʨʝʜʘʪʘ ʧʨʠ
ʦʪʛʣʝʞʜʘʥʝ ʥʘ ʨʠʙʘ ʥʘ ʙʘʟʘʪʘ ʥʘ openHAB.

ʆʙʝʢʪ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ ʝ ʥʝ ʩʘʤʦ ʧʨʦʫʯʚʘʥʝʪʦ ʥʘ ʚʲʟʤʦʞʥʦʩʪʪʘ ʟʘ ʨʝʘʣʠʟʠʨʘʥʝ ʥʘ
ʂʌʉ ʩ ʠʟʙʨʘʥʠʷ ʩʦʬʪʫʝʨ, ʥʦ ʠ ʘʥʘʣʠʟʠʨʘʥʝʪʦ ʥʘ ʚʣʠʷʥʠʝʪʦ ʥʘ ʩʨʝʜʘʪʘ ʚʲʨʭʫ
ʧʨʦʜʫʢʪʠʚʥʦʩʪʪʘ ʠ ʟʜʨʘʚʦʩʣʦʚʥʦʪʦ ʩʲʩʪʦʷʥʠʝ ʥʘ ʞʠʚʦʪʥʠʪʝ.

 ʇʨʝʜʤʝʪʘ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ ʚʢʣʶʯʚʘ ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʜʘ ʩʝ ʨʘʟʛʣʝʜʘʪ ʨʘʟʣʠʯʥʠʪʝ
ʧʘʨʘʤʝʪʨʠ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ʞʠʚʦʪʥʦʚʲʜʥʠʪʝ ʬʝʨʤʠ ʠ ʚʣʠʷʥʠʝʪʦ ʢʦʝʪʦ ʦʢʘʟʚʘʪ ʚʲʨʭʫ
ʜʘʜʝʥʠʷ ʚʠʜ ʞʠʚʦʪʥʠ ʜʠʨʝʢʪʥʦ ʠ ʠʥʜʠʨʝʢʪʥʦ. ʈʘʟʛʣʝʞʜʘ ʩʝ ʠ ʚʣʠʷʥʠʝʪʦ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ʠ
ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʚʦʜʘʪʘ ʧʨʠ ʦʪʛʣʝʞʜʘʥʝ ʥʘ ʨʠʙʠ ʠʣʠ ʜʨʫʛʠ ʚʦʜʥʠ ʞʠʚʦʪʥʠ ʚ ʟʘʪʚʦʨʝʥʘ
ʝʢʦʩʠʩʪʝʤʘ ʠʣʠ ʪ.ʥ. ʘʢʚʘʧʦʥʠʯʥʘ ʩʠʩʪʝʤʘ. ʈʘʟʛʣʝʞʜʘʪ ʩʝ ʨʘʟʣʠʯʥʠ ʩʧʦʩʦʙʠ ʟʘ
ʢʦʥʪʨʦʣʠʨʘʥʝʪʦ ʥʘ ʪʝʟʠ ʧʘʨʘʤʝʪʨʠ, ʟʘʱʦʪʦ ʩʨʝʜʘʪʘ ʦʢʘʟʚʘ ʚʣʠʷʥʠʝ ʢʘʢʪʦ ʥʘ ʟʜʨʘʚʦʩʣʦʚʥʦʪʦ
ʩʲʩʪʦʷʥʠʝ ʥʘ ʞʠʚʦʪʥʠʪʝ, ʪʘʢʘ ʠ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪʪʘ ʠʤ ʠ ʥʝ ʥʘ ʧʦʩʣʝʜʥʦ ʤʷʩʪʦ ʠ ʥʘ
ʭʫʤʘʥʥʦʪʦ ʦʪʥʦʰʝʥʠʝ ʢʲʤ ʪʷʭ. ɿʘʪʦʚʘ ʝ ʤʥʦʛʦ ʚʘʞʥʦ ʜʘ ʩʝ ʨʘʟʨʘʙʦʪʷʪ ʩʠʩʪʝʤʠ ʢʦʠʪʦ ʤʦʛʘʪ
ʥʘʜʝʞʜʥʦ ʜʘ ʢʦʥʪʨʦʣʠʨʘʪ ʩʨʝʜʘʪʘ, ʢʘʪʦ ʟʘ ʮʝʣʪʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʤʠʥʠʤʘʣʥʠ ʨʝʩʫʨʩʠ.

ɸʢʪʫʘʣʥʦʩʪ ʥʘ ʪʝʤʘʪʘ

ɺ ʥʘʰʠ ʜʥʠ ʫʧʨʘʚʣʝʥʠʝʪʦ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ʞʠʚʦʪʥʦʚʲʜʥʠʪʝ ʬʝʨʤʠ ʧʨʠʜʦʙʠʚʘ ʚʩʝ
ʧʦ-ʛʦʣʷʤʦ ʟʥʘʯʝʥʠʝ. ʊʦʚʘ ʩʝ ʜʲʣʞʠ ʥʝ ʩʘʤʦ ʥʘ ʥʘʨʘʩʪʚʘʱʠʪʝ ʠʟʠʩʢʚʘʥʠʷ ʟʘ
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ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪ, ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʪʘ ʠ ʫʩʪʦʡʯʠʚʦʩʪ, ʥʦ ʠ ʥʘ ʭʫʤʘʥʥʦʪʦ
ʦʪʥʦʰʝʥʠʝ ʢʲʤ ʞʠʚʦʪʥʠʪʝ. ʄʠʢʨʦʢʣʠʤʘʪʲʪ ʝ ʩʲʚʢʫʧʥʦʩʪ ʦʪ ʧʘʨʘʤʝʪʨʠ ʢʘʪʦ ʪʝʤʧʝʨʘʪʫʨʘ,
ʚʣʘʞʥʦʩʪ, ʩʢʦʨʦʩʪ ʥʘ ʜʚʠʞʝʥʠʝ ʥʘ ʚʲʟʜʫʭʘ, ʦʩʚʝʪʝʥʦʩʪ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʚʨʝʜʥʠ ʛʘʟʦʚʝ ʠ
ʜʨ. ʢʦʠʪʦ ʦʢʘʟʚʘʪ ʧʨʷʢʦ ʠ ʢʦʩʚʝʥʦ ʚʲʟʜʝʡʩʪʚʠʝ ʚʲʨʭʫ ʟʜʨʘʚʝʪʦ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʪʘ ʠ
ʙʣʘʛʦʩʲʩʪʦʷʥʠʝʪʦ ʥʘ ʞʠʚʦʪʥʠʪʝ. ʅʝʧʦʜʭʦʜʷʱʠʪʝ ʫʩʣʦʚʠʷ ʤʦʛʘʪ ʜʘ ʜʦʚʝʜʘʪ ʜʦ ʟʘʙʘʚʝʥ
ʨʘʩʪʝʞ, ʥʘʤʘʣʝʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪ ʥʘ ʤʝʩʦ, ʤʣʷʢʦ, ʷʡʮʘ, ʧʦʚʠʰʝʥʘ ʟʘʙʦʣʝʚʘʝʤʦʩʪ ʠ
ʩʤʲʨʪʥʦʩʪ.

ʊʝʤʘʪʘ ʝ ʦʩʦʙʝʥʦ ʘʢʪʫʘʣʥʘ ʠ ʚ ʢʦʥʪʝʢʩʪʘ ʥʘ ʢʣʠʤʘʪʠʯʥʠʪʝ ʧʨʦʤʝʥʠ ʠ ʚʲʚʝʞʜʘʥʝʪʦ ʥʘ
ʚʩʝ ʧʦ-ʩʪʨʦʛʠʪʝ ʝʢʦʣʦʛʠʯʥʠ ʨʝʛʫʣʘʮʠʠ. ɸʚʪʦʤʘʪʠʟʠʨʘʥʠʪʝ ʩʠʩʪʝʤʠ ʤʦʛʘʪ ʜʘ ʧʦʤʦʛʥʘʪ ʟʘ ʧʦ-
ʝʬʝʢʪʠʚʥʦ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʨʝʩʫʨʩʠ ʢʘʪʦ ʝʣʝʢʪʨʦʝʥʝʨʛʠʷ, ʚʦʜʘ ʠ ʚʨʝʤʝ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ
ʩʪʦʧʘʥʩʪʚʦʪʦ. ʆʩʚʝʥ ʪʦʚʘ, ʮʠʬʨʦʚʠʟʘʮʠʷʪʘ ʠ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ „ʫʤʥʠ“ ʪʝʭʥʦʣʦʛʠʠ ʩʝ ʚʧʠʩʚʘʪ
ʚ ʪʝʥʜʝʥʮʠʷʪʘ ʢʲʤ ʠʟʛʨʘʞʜʘʥʝ ʥʘ ʫʩʪʦʡʯʠʚʦ ʠ ʧʨʝʮʠʟʥʦ ʟʝʤʝʜʝʣʠʝ.

ɺʲʚʝʞʜʘʥʝʪʦ ʥʘ ʘʚʪʦʤʘʪʠʟʠʨʘʥʠ ʩʠʩʪʝʤʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ ʝ ʢʣʶʯʦʚʦ
ʟʘ ʤʦʜʝʨʥʠʟʘʮʠʷʪʘ ʥʘ ʬʝʨʤʠʪʝ. ʊʝ ʧʦʟʚʦʣʷʚʘʪ ʧʨʝʮʠʟʝʥ ʢʦʥʪʨʦʣ ʥʘ ʚʲʪʨʝʰʥʘʪʘ ʩʨʝʜʘ ʯʨʝʟ
ʩʝʥʟʦʨʠ ʠ ʘʣʛʦʨʠʪʤʠ, ʢʦʠʪʦ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ ʤʦʛʘʪ ʜʘ ʫʧʨʘʚʣʷʚʘʪ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʩʨʝʜʘʪʘ.
ʂʘʪʦ ʩʝ ʠʤʘ ʧʨʝʜʚʠʜ ʮʝʥʘʪʘ ʥʘ ʩʲʱʝʩʪʚʫʚʘʱʠʪʝ ʩʠʩʪʝʤʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ
ʞʠʚʦʪʥʦʚʲʜʥʠʪʝ ʬʝʨʤʠ ʝ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ ʥʘ ʥʦʚʠ ʩʠʩʪʝʤʠ, ʢʦʠʪʦ ʩʘ ʜʦʩʪʲʧʥʠ
ʟʘ ʧʦ-ʰʠʨʦʢ ʢʨʲʛ ʧʦʪʨʝʙʠʪʝʣʠ.

ʇʨʝʜʣʦʞʝʥʠʷ ʜʠʩʝʨʪʘʮʠʦʥʝʥ ʪʨʫʜ ʩʲʜʲʨʞʘ ʩʝʜʝʤ ʛʣʘʚʠ ʢʦʠʪʦ ʩʘ ʧʦʢʘʟʘʪʝʣʥʠ ʟʘ
ʨʝʰʘʚʘʥʝʪʦ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʟʘʜʘʜʝʥʠʪʝ ʤʫ ʟʘʜʘʯʠ.

ɻʃɸɺɸ 1. ʆʙʟʦʨ, ʘʥʘʣʠʟ ʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʥʘ ʩʲʱʝʩʪʚʫʚʘʱʠ ʠʟʩʣʝʜʚʘʥʠʷ ʠ ʧʨʘʢʪʠʢʠ
ʧʦ ʪʝʤʘʪʘ: ɺ ʛʣʘʚʘʪʘ ʩʘ ʨʘʟʛʣʝʜʘʥʠ ʦʩʥʦʚʥʠʪʝ ʚʣʠʷʥʠʷ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ ʢʲʤ
ʧʨʦʜʫʢʪʠʚʥʦʩʪʪʘ ʠ ʟʜʨʘʚʦʩʣʦʚʥʦʪʦ ʩʲʩʪʦʷʥʠʝ ʥʘ ʞʠʚʦʪʥʠʪʝ ʢʘʪʦ ʮʷʣʦ. ʈʘʟʛʣʝʞʜʘ ʩʝ ʠ
ʚʣʠʷʥʠʝʪʦ ʥʘ ʩʨʝʜʘʪʘ ʟʘ ʦʩʲʱʝʩʪʚʷʚʘʥʝ ʥʘ ʙʘʣʘʥʩ ʚ ʘʢʚʘʧʦʥʠʯʥʘ ʩʠʩʪʝʤʘ.

ɻʃɸɺɸ 2. ʀʟʩʣʝʜʚʘʥʝ ʥʘ ʩʲʱʝʩʪʚʫʚʘʱʠ ʤʝʪʦʜʠ ʠ ʩʨʝʜʩʪʚʘ: ɺʲʚ ʪʘʟʠ ʛʣʘʚʘ ʩʘ ʨʘʟʛʣʝʜʘʥʠ
ʤʝʪʦʜʠʪʝ ʠ ʩʨʝʜʩʪʚʘʪʘ ʟʘ ʢʦʥʪʨʦʣ ʥʘ ʩʨʝʜʘʪʘ ʢʘʢʪʦ ʚ ʞʠʚʦʪʥʦʚʲʜʥʠʪʝ ʬʝʨʤʠ, ʪʘʢʘ ʠ ʚ
ʘʢʚʘʧʦʥʠʯʥʘ ʩʠʩʪʝʤʘ. ʅʘʧʨʘʚʝʥʦ ʝ ʩʨʘʚʥʝʥʠʝ ʥʘ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʠ ʥʝʜʦʩʪʘʪʲʮʠʪʝ ʥʘ
ʩʠʩʪʝʤʠʪʝ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʨʘʟʣʠʯʥʠ ʧʨʦʠʟʚʦʜʠʪʝʣʠ, ʢʘʢʪʦ ʠ ʥʘ ʥʷʢʦʠ ʧʨʝʜʣʦʞʝʥʠ ʥʘʫʯʥʠ
ʨʘʟʨʘʙʦʪʢʠ.

ɻʃɸɺɸ 3. ʈʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʢʦʥʮʝʧʮʠʷ ʩ ʠʟʠʩʢʚʘʥʠʷ ʟʘ ʩʲʟʜʘʚʘʥʝ ʥʘ ʂʌʉ ʟʘ
ʠʥʪʝʣʠʛʝʥʪʥʦ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʢʦʤʧʣʝʢʩʠ ʟʘ ʦʪʛʣʝʞʜʘʥʝ ʥʘ ʞʠʚʦʪʥʠ: ɺ ʪʨʝʪʘ ʛʣʘʚʘ ʝ
ʥʘʧʨʘʚʝʥʘ ʧʲʨʚʘ ʩʪʲʧʢʘ ʟʘ ʨʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʂʌʉ, ʢʘʪʦ ʚ ʢʦʥʮʝʧʮʠʷʪʘ ʟʘ ʩʲʟʜʘʚʘʥʝʪʦ ʠ ʩʘ
ʩʧʦʤʝʥʘʪʠ ʚʩʠʯʢʠ ʩʪʲʧʢʠ, ʧʘʨʘʤʝʪʨʠ ʠ ʥʘʩʦʢʠ ʥʘ ʢʦʠʪʦ ʪʨʷʙʚʘ ʜʘ ʩʝ ʦʙʲʨʥʝ ʚʥʠʤʘʥʠʷ ʧʨʠ
ʨʝʘʣʠʟʠʨʘʥʝ ʥʘ ʩʠʩʪʝʤʘʪʘ.

ɻʃɸɺɸ 4. ʀʟʩʣʝʜʚʘʥʝ ʠ ʘʥʘʣʠʟ ʥʘ ʩʦʬʪʫʝʨ ʠ ʩʠʩʪʝʤʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʂʌʉ.
ʈʘʟʨʘʙʦʪʢʘ ʥʘ ʢʦʥʮʝʧʮʠʷ ʟʘ ʩʦʬʪʫʝʨʥʘ ʩʠʩʪʝʤʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʂʌʉ ʚ ʢʦʤʧʣʝʢʩ ʟʘ
ʦʪʛʣʝʞʜʘʥʝ ʥʘ ʞʠʚʦʪʥʠ: ɺ ʪʘʟʠ ʛʣʘʚʘ ʝ ʨʘʟʛʣʝʜʘʥʘ ʥʫʞʜʘʪʘ ʦʪ ʩʧʝʮʠʬʠʯʥʠ ʬʫʥʢʮʠʠ ʥʘ
ʩʦʬʪʫʝʨʘ ʥʝʦʙʭʦʜʠʤ ʟʘ ʨʝʘʣʠʟʠʨʘʥʝʪʦ ʥʘ ʧʦʜʦʙʥʘ ʂʌʉ. ʀʟʙʨʘʥʘ ʝ  ʧʦʜʭʦʜʷʱʘ ʦʧʝʨʘʮʠʦʥʥʘ
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ʩʠʩʪʝʤʘ, ʢʘʢʪʦ ʠ ʜʦʧʲʣʥʠʪʝʣʝʥ ʩʦʬʪʫʝʨ ʥʝʦʙʭʦʜʠʤ ʟʘ ʥʝ ʩʘʤʦ ʟʘ ʨʘʙʦʪʘʪʘ ʥʘ ʩʠʩʪʝʤʘʪʘ, ʥʦ
ʠ ʟʘ ʥʝʡʥʦʪʦ ʩʲʟʜʘʚʘʥʝ.

ɻʃɸɺɸ 5. ʀʟʩʣʝʜʚʘʥʝ ʠ ʠʟʙʦʨ ʥʘ IoT ʠʟʧʲʣʥʠʪʝʣʥʠ ʫʩʪʨʦʡʩʪʚʘ ʠ ʩʝʥʟʦʨʠ ʩ
ʥʝʦʙʭʦʜʠʤʠʪʝ ʧʘʨʘʤʝʪʨʠ ʟʘ ʠʟʧʦʣʟʚʘʥʝ ʚ ʂʠʙʝʨ-ʬʠʟʠʯʥʘʪʘ ʩʠʩʪʝʤʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ
ʢʦʤʧʣʝʢʩ ʟʘ ʦʪʛʣʝʞʜʘʥʝ ʥʘ ʞʠʚʦʪʥʠ: ɺ ʧʝʪʘ ʛʣʘʚʘ ʩʘ ʠʟʙʨʘʥʠ ʠ ʪʝʩʪʚʘʥʠ ʨʘʟʣʠʯʥʠʪʝ
ʢʦʤʧʦʥʝʥʪʠ ʥʝʦʙʭʦʜʠʤʠ ʟʘ ʨʝʘʣʠʟʠʨʘʥʝʪʦ ʥʘ ʂʌʉ ʢʘʪʦ ʩʝʥʟʦʨʠ ʠ ʜʦʧʲʣʥʠʪʝʣʥʠ
ʢʦʥʪʨʦʣʝʨʠ.

ɻʃɸɺɸ 6. ʈʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʠʥʪʝʣʠʛʝʥʪʥʦʪʦ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʂʌʉ ʟʘ ʦʪʛʣʝʞʜʘʥʝ ʥʘ
ʞʠʚʦʪʥʠ ʥʘ ʙʘʟʘʪʘ ʥʘ openHAB: ɺ ʪʘʟʠ ʛʣʘʚʘ ʝ ʦʧʠʩʘʥʘ ʦʩʥʦʚʥʘʪʘ ʟʘʜʘʯʘ ʥʘ
ʜʠʩʝʨʪʘʮʠʦʥʥʠʷ ʪʨʫʜ. ʊʷ ʚʢʣʶʯʚʘ ʧʨʦʫʯʚʘʥʠʷ ʟʘ ʠʟʠʩʢʚʘʥʠʷʪʘ ʟʘ ʦʪʛʣʝʞʜʘʥʝ ʥʘ ʨʘʟʣʠʯʥʠʪʝ
ʜʦʤʘʰʥʠ ʞʠʚʦʪʥʠ, ʨʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʘʣʛʦʨʠʪʤʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʂʌʉ ʠ ʧʨʦʚʝʜʝʥʠ ʪʝʩʪʦʚʝ
ʠ ʝʢʩʧʝʨʠʤʝʥʪʠ. ʈʘʟʛʣʝʜʘʥ ʝ ʠ ʥʘʯʠʥʘ ʥʘ ʠʥʩʪʘʣʠʨʘʥʝ ʠ ʢʦʥʬʠʛʫʨʠʨʘʥʝ ʥʘ ʩʠʩʪʝʤʘʪʘ.

ɻʃɸɺɸ 7. ʀʟʩʣʝʜʚʘʥʝ ʠ ʨʘʟʨʘʙʦʪʢʘ ʥʘ ʛʨʘʬʠʯʝʥ ʠʥʪʝʨʬʝʡʩʠ ʟʘ ʂʌʉ ʟʘ ʠʥʪʝʣʠʛʝʥʪʥʦ
ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʢʦʤʧʣʝʢʩʠʪʝ ʟʘ ʦʪʛʣʝʞʜʘʥʝ ʥʘ ʞʠʚʦʪʥʠ ʩ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʜʠʩʪʘʥʮʠʦʥʥʦ
ʫʧʨʘʚʣʝʥʠʝ ʧʨʝʟ ʀʥʪʝʨʥʝʪ, ʙʘʟʠʨʘʥ ʥʘ openHAB: ɺ ʧʦʩʣʝʜʥʘʪʘ ʛʣʘʚʘ ʩʘ ʨʘʟʨʘʙʦʪʝʥʠ ʜʚʘ
ʚʠʜʘ ʧʦʪʨʝʙʠʪʝʣʩʢʠ ʛʨʘʬʠʯʥʠ ʠʥʪʝʨʬʝʡʩʘ ʢʦʠʪʦ ʧʦʟʚʦʣʷʚʘʪ ʩʠʩʪʝʤʘʪʘ ʜʘ ʙʲʜʝ ʥʘʙʣʶʜʘʚʘʥʘ
ʠ ʫʧʨʘʚʣʷʚʘʥʘ ʧʨʝʟ ʨʘʟʣʠʯʥʠ ʫʩʪʨʦʡʩʪʚʘ ʢʘʪʦ ʧʝʨʩʦʥʘʣʝʥ ʢʦʤʧʶʪʲʨ, ʪʘʙʣʝʪ ʠʣʠ ʩʤʘʨʪʬʦʥ.
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ɻʃɸɺɸ 1. ʆʙʟʦʨ, ʘʥʘʣʠʟ ʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʥʘ ʩʲʱʝʩʪʚʫʚʘʱʠ ʠʟʩʣʝʜʚʘʥʠʷ
ʠ ʧʨʘʢʪʠʢʠ ʧʦ ʪʝʤʘʪʘ

1.1 ɺʲʚʝʜʝʥʠʝ

ʆʩʥʦʚʥʘ ʮʝʣ ʥʘ ʧʲʨʚʠʪʝ ʜʚʝ ʛʣʘʚʠ ʝ ʜʘ ʩʝ ʧʦʢʘʞʝ ʥʫʞʜʘʪʘ ʦʪ ʪʦʚʘ ʠʟʩʣʝʜʚʘʥʝ ʠ ʜʘ ʩʝ
ʜʝʬʠʥʠʨʘ ʧʨʦʙʣʝʤʥʘʪʘ ʦʙʣʘʩʪ. ʊʫʢ ʩʝ ʨʘʟʛʣʝʞʜʘ ʤʦʪʠʚʘʮʠʷʪʘ, ʧʨʝʜʩʪʘʚʷʪ ʩʝ ʮʝʣʠʪʝ,
ʤʝʪʦʜʦʣʦʛʠʷʪʘ ʠ ʨʘʟʛʣʝʞʜʘʥʠʪʝ ʟʘʜʘʯʠ ʥʘ ʜʠʩʝʨʪʘʮʠʷʪʘ.

1.1.1 ɼʝʬʠʥʠʨʘʥʝ ʥʘ ʧʨʦʙʣʝʤʘ

ɺ ʧʲʨʚʘ ʠ ʚʪʦʨʘ ʛʣʘʚʘ ʩʘ ʨʘʟʛʣʝʜʘʥʠ ʦʩʥʦʚʥʠʪʝ ʧʨʦʙʣʝʤʠ ʢʦʠʪʦ ʩʪʦʷʪ ʥʘ ʜʥʝʚʝʥ ʨʝʜ
ʚ ʩʲʚʨʝʤʝʥʥʦʪʦ ʞʠʚʦʪʥʦʚʲʜʩʪʚʦ ʠ ʤʝʪʦʜʠ ʠ ʧʨʘʢʪʠʢʠ ʟʘ ʧʦʜʦʙʨʷʚʘʥʝʪʦ ʠ ʨʘʟʚʠʪʠʝʪʦ ʤʫ. ʇʦ
ʢʦʥʢʨʝʪʥʦ ʝ ʦʙʲʨʥʘʪʦ ʚʥʠʤʘʥʠʝ ʥʘ ʤʝʪʦʜʠʪʝ ʠ ʩʨʝʜʩʪʚʘʪʘ ʟʘ ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ
ʚ ʟʘʪʚʦʨʝʥʠ ʞʠʚʦʪʥʦʚʲʜʥʠ ʩʪʦʧʘʥʩʪʚʘ ʟʘ ʦʪʛʣʝʞʜʘʥʝ ʥʘ ʜʦʡʥʠ ʢʨʘʚʠ, ʧʨʘʩʝʪʘ ʠ ʙʨʦʡʣʝʨʠ.
ʈʘʟʛʣʝʜʘʥʠ ʩʘ ʠ ʥʷʢʦʠ ʦʩʥʦʚʥʠ ʧʨʦʙʣʝʤʠ ʧʨʠ ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ ʩʨʝʜʘʪʘ ʟʘ ʦʪʛʣʝʞʜʘʥʝ ʥʘ ʨʠʙʠ
ʠ ʨʘʩʪʝʥʠʷ ʚ ʘʢʚʘʧʦʥʠʯʥʠ ʩʠʩʪʝʤʠ. ʈʘʟʛʣʝʜʘʥʦ ʝ ʜʠʨʝʢʪʥʦʪʦ ʠ ʢʦʩʚʝʥʦʪʦ ʚʣʠʷʥʠʝ ʥʘ
ʤʠʢʨʦʢʣʠʤʘʪʘ ʚʲʨʭʫ ʠʢʦʥʦʤʠʯʝʩʢʠʪʝ ʧʦʢʘʟʘʪʝʣʠ ʥʘ ʩʪʦʧʘʥʩʪʚʘ ʟʘ ʦʪʛʣʝʞʜʘʥʝ ʥʘ ʞʠʚʦʪʥʠ.
ʇʦʢʘʟʘʥʠ ʩʘ ʩʲʱʝʩʪʚʫʚʘʱʠ ʩʠʩʪʝʤʠ ʟʘ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ ʩ ʦʩʥʦʚʥʠʪʝ ʠʤ
ʧʦʜʩʠʩʪʝʤʠ ʥʘ ʚʦʜʝʱʠ ʬʠʨʤʠ ʚ ʩʚʝʪʦʚʝʥ ʤʘʱʘʙ, ʢʘʢʪʦ ʠ ʩʘ ʨʘʟʛʣʝʜʘʥʠ ʥʷʢʦʠ ʥʘʫʯʥʠ
ʨʘʟʨʘʙʦʪʢʠ ʦʪ ʧʦʩʣʝʜʥʠʪʝ ʥʷʢʦʣʢʦ ʛʦʜʠʥʠ, ʩ ʮʝʣ ʜʘ ʩʝ ʜʦʙʠʝ ʦʙʱʘ ʧʨʝʜʩʪʘʚʘ ʜʦ ʢʲʜʝ ʝ
ʩʪʠʛʥʘʣʦ ʨʘʟʚʠʪʠʝʪʦ ʚ ʜʘʜʝʥʘʪʘ ʦʙʣʘʩʪ.

1.1.2 ʄʦʪʠʚʘʮʠʷ

ʇʨʝʟ ʛʦʜʠʥʠʪʝ ʢʦʥʩʫʤʘʮʠʷʪʘ ʥʘ ʤʝʩʦ ʚ ɹʲʣʛʘʨʠʷ ʠ ɽʚʨʦʧʘ ʥʘʨʘʩʪʚʘ ʩ ʙʘʚʥʠ ʪʝʤʧʦʚʝ,
ʢʘʪʦ ʟʘ ʧʦʩʣʝʜʥʠʪʝ 60 ʛʦʜʠʥʠ ʩʝ ʝ ʫʚʝʣʠʯʠʣʘ ʦʢʦʣʦ 2,5 ʧʲʪʠ, ʜʦʢʘʪʦ ʚ ɸʟʠʷ ʪʝʥʜʝʥʮʠʷʪʘ ʝ ʟʘ
ʙʲʨʟʦ ʥʘʨʘʩʪʚʘʥʝ ʠʣʠ ʦʢʦʣʦ 15 ʧʲʪʠ ʟʘ ʪʦʟʠ ʧʝʨʠʦʜ. ʇʨʠ ʤʣʝʯʥʠʪʝ ʧʨʦʜʫʢʪʠ ʪʝʥʜʝʥʮʠʷʪʘ ʝ
ʩʲʱʦ ʢʲʤ ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʢʦʥʩʫʤʘʮʠʷʪʘ ʥʦ ʚ ʧʦ-ʙʘʚʥʠ ʪʝʤʧʦʚʝ. ʆʪ ʜʨʫʛʘ ʩʪʨʘʥʘ ʩʘ ʠʟʢʫʧʥʠʪʝ
ʮʝʥʠ ʥʘ ʩʫʨʦʚʦʪʦ ʤʣʷʢʦ ʠ ʤʝʩʦʪʦ. ʊʝ ʠʤʘʪ ʪʝʥʜʝʥʮʠʷʪʘ ʜʘ ʦʩʪʘʚʘʪ ʩʨʘʚʥʠʪʝʣʥʦ ʧʦʩʪʦʷʥʥʠ
ʠ ʜʦʨʠ ʜʘ ʥʘʤʘʣʷʚʘʪ ʩʧʨʷʤʦ ʨʲʩʪʘ ʥʘ ʠʥʬʣʘʮʠʷʪʘ. ʊʦʚʘ ʩʝ ʧʦʩʪʠʛʘ ʩ ʚʲʚʝʞʜʘʥʝ ʥʘ ʥʦʚʠ
ʪʝʭʥʦʣʦʛʠʠ ʠ ʦʧʪʠʤʠʟʠʨʘʥʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʠʪʝ ʧʨʦʮʝʩʠ. ɺ ɽʚʨʦʧʝʡʩʢʠʷ ʩʲʶʟ ʦʪ 1983ʛ (
ʉʲʩʪʦʷʱ ʩʝ ʦʪ 10 ʯʣʝʥʢʠ ʪʦʛʘʚʘ) ʜʦ 2014ʛ ʜʦʡʥʠʪʝ ʢʨʘʚʠ ʥʘʤʘʣʷʚʘʪ ʟʥʘʯʠʪʝʣʥʦ ʦʪ 25.8
ʤʠʣʠʦʥʘ ʛʣʘʚʠ ʜʦ 16.3 ʤʠʣʠʦʥʘ (ʬʠʛ.1.1) [1], ʢʘʪʦ ʟʘ ʩʲʱʠʷ ʧʝʨʠʦʜ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʤʣʷʢʦ
ʝ ʨʝʛʫʣʠʨʘʥʦ ʩ ʢʚʦʪʠ, ʢʦʠʪʦ ʧʦʟʚʦʣʷʚʘʪ ʤʠʥʠʤʘʣʥʦ ʫʚʝʣʠʯʝʥʠʝ ʬʠʛ.1.2 [1].
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ʌʠʛʫʨʘ 1.1 ʂʦʣʠʯʝʩʪʚʦ ʝʜʲʨ ʨʦʛʘʪ ʜʦʙʠʪʲʢ ʚ ɽʉ.

ʊʦʚʘ ʩʝ ʜʲʣʞʠ ʥʘ ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʪʘ ʥʘ ʛʣʘʚʘ ʜʦʙʠʪʲʢ. ɿʘʪʦʚʘ ʝ ʪʦʣʢʦʚʘ
ʚʘʞʥʦ ʜʘ ʩʝ ʦʙʲʨʥʝ ʩʝʨʠʦʟʥʦ ʚʥʠʤʘʥʠʝ ʥʘ ʦʧʪʠʤʠʟʠʨʘʥʝʪʦ ʥʘ ʨʘʟʭʦʜʠʪʝ ʠ ʧʦʚʠʰʘʚʘʥʝ ʥʘ
ʧʨʦʜʫʢʪʠʚʥʦʩʪʪʘ ʥʘ ʩʪʦʧʘʥʩʪʚʘʪʘ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʤʣʷʢʦ ʠ ʤʝʩʦ.

ʌʠʛʫʨʘ 1.2 ʂʚʦʪʠ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʤʣʷʢʦ ʚ ɽʉ.

ʅʘ ʬʦʥʘ ʥʘ ʧʨʦʜʲʣʞʘʚʘʱʘʪʘ ʩʚʝʪʦʚʥʘ ʠʢʦʥʦʤʠʯʝʩʢʘ ʢʨʠʟʘ ʦʪ 2020 ʧʦʨʦʜʝʥʘ ʦʪ COVID 19,
ʧʦʩʪʦʷʥʥʦ ʥʘʨʘʩʪʚʘʱʠʪʝ ʮʝʥʠ ʟʘ ʤʦʜʝʨʥʠʟʘʮʠʷ ʥʘ ʩʲʱʝʩʪʚʫʚʘʱʠ, ʠ ʩʪʨʦʝʞʠ ʥʘ ʥʦʚʠ
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ʞʠʚʦʪʥʦʚʲʜʥʠ ʩʪʦʧʘʥʩʪʚʘ ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʥʦʚʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʟʘʝʜʥʦ ʩ ʮʝʥʦʚʦ
ʦʨʠʝʥʪʠʨʘʥʠ ʢʦʤʧʦʥʝʥʪʠ ʟʘ ʩʲʟʜʘʚʘʥʝ ʥʘ ʥʦʚ ʢʣʘʩ ʩʠʩʪʝʤʠ ʟʘ ʢʦʥʪʨʦʣ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ
ʞʠʚʦʪʥʦʚʲʜʥʠʪʝ ʩʪʦʧʘʥʩʪʚʘ.

1.2 ɺʣʠʷʥʠʝ ʥʘ ʩʨʝʜʘʪʘ ʚʲʨʭʫ ʧʨʦʜʫʢʪʠʚʥʦʩʪʪʘ ʚ ʞʠʚʦʪʥʦʚʲʜʥʠ ʬʝʨʤʠ

1.2.1 ɺʣʠʷʥʠʝ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚʲʨʭʫ ʤʣʝʢʦʥʘʜʦʷ ʚ ʢʨʘʚʝʬʝʨʤʘ

ʄʠʢʨʦʢʣʠʤʘʪʘ ʚʣʠʷʝ ʢʘʢʪʦ ʜʠʨʝʢʪʥʦ, ʪʘʢʘ ʠ ʠʥʜʠʨʝʢʪʥʦ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪʪʘ. ʆʪ
ʝʜʥʘ ʩʪʨʘʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ ʜʠʨʝʢʪʥʦ ʦʢʘʟʚʘ ʚʣʠʷʥʠʝ ʥʘ ʤʣʝʢʦʥʘʜʦʷ ʚ ʤʥʦʛʦ ʰʠʨʦʢʠ
ʛʨʘʥʠʮʠ. ʊʝʤʧʝʨʘʪʫʨʘʪʘ ʝ ʦʩʥʦʚʥʠʷ ʬʘʢʪʦʨ ʢʦʡʪʦ ʪʨʷʙʚʘ ʜʘ ʩʝ ʢʦʥʪʨʦʣʠʨʘ. ʊʝʨʤʦ
ʥʝʫʪʨʘʣʥʘʪʘ ʟʦʥʘ TNZ (Thermoneutral Zone) ʝ ʪʝʤʧʝʨʘʪʫʨʝʥ ʜʠʘʧʘʟʦʥ ʚ ʢʦʡʪʦ ʞʠʚʦʪʥʠʪʝ ʥʝ
ʠʟʨʘʟʭʦʜʚʘʪ ʜʦʧʲʣʥʠʪʝʣʥʘ ʝʥʝʨʛʠʷ ʟʘ ʧʦʜʜʲʨʞʘʥʝ ʥʘ ʪʝʣʝʩʥʘʪʘ ʩʠ ʪʝʤʧʝʨʘʪʫʨʘ. ɿʘ ʛʦʚʝʜʘʪʘ
ʪʦʚʘ ʝ ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʞʜʫ 0.5°C ʠ 25°C . ʇʨʠ ʧʦ-ʥʠʩʢʠ ʠ ʩʲʦʪʚʝʪʥʦ ʧʦ-ʚʠʩʦʢʠ ʪʝʤʧʝʨʘʪʫʨʠ
ʞʠʚʦʪʥʠʪʝ ʠʟʧʘʜʘʪ ʚ ʪʝʤʧʝʨʘʪʫʨʝʥ ʩʪʨʝʩ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʜ 28 °C, ʜʦʨʠ ʠ ʧʨʠ ʥʠʩʢʘ
ʦʪʥʦʩʠʪʝʣʥʘ ʚʣʘʞʥʦʩʪ ʢʨʘʚʠʪʝ ʧʦʢʘʟʚʘʪ ʩʲʩʪʦʷʥʠʝ ʥʘ ʭʠʧʝʨʪʦʥʠʷ ʠ ʪʦʧʣʠʥʝʥ ʩʪʨʝʩ [2,3] ʧʨʠ
ʢʦʝʪʦ ʧʨʠʝʤʘ ʥʘ ʬʫʨʘʞ, ʤʣʝʢʦʥʘʜʦʷ, ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʤʣʝʯʥʘ ʤʘʟʥʠʥʘ ʠ ʧʨʦʪʝʠʥʠ, ʢʘʢʪʦ
ʠ ʩʪʝʧʝʥʪʘ ʥʘ ʧʣʦʜʦʚʠʪʦʩʪ ʥʘʤʘʣʷʚʘʪ [4]. ɺʣʠʷʥʠʝʪʦ ʢʦʝʪʦ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʦʢʘʟʚʘ ʥʘ
ʞʠʚʦʪʥʠʪʝ ʝ ʚ ʧʨʷʢʘ ʟʘʚʠʩʠʤʦʩʪ ʩ ʦʪʥʦʩʠʪʝʣʥʘʪʘ ʚʣʘʞʥʦʩʪ RH. ʊʦʚʘ ʩʝ ʦʧʨʝʜʝʣʷ ʦʪ ʪ.ʥ.
ʪʝʤʧʝʨʘʪʫʨʥʦ - ʚʣʘʞʥʦʩʪʝʥ ʠʥʜʝʢʩ THI (temperature-humidity index) (ʌʠʛʫʨʘ 1.3) [5].

ʌʠʛʫʨʘ 1.3 ́ʝʤʧʝʨʘʪʫʨʥʦ - ʚʣʘʞʥʦʩʪʝʥ ʠʥʜʝʢʩ THI, ʦʧʨʝʜʝʣʷʱ ʟʦʥʘʪʘ ʥʘ ʢʦʤʬʦʨʪ ʠʣʠ
ʪʦʧʣʠʥʝʥ ʩʪʨʝʩ ʧʨʠ ʢʨʘʚʠ.

ʊʦʡ ʩʲʱʦ ʝ ʧʦʢʘʟʘʪʝʣ ʟʘ ʪʦʧʣʠʥʥʠʷ ʩʪʨʝʩ ʧʨʠ ʞʠʚʦʪʥʠʪʝ. ʄʦʞʝ ʜʘ ʩʝ ʠʟʯʠʩʣʠ ʧʦ
ʩʣʝʜʥʘʪʘ ʬʦʨʤʫʣʘ:

ʌʦʨʤʫʣʘ 1.1 THI = 0.8*T + RH*(T-14.4) + 46.4
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ʢʲʜʝʪʦ T = ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ ʚ °C ʠ RH ʝ ʦʪʥʦʩʠʪʝʣʥʘ ʚʣʘʞʥʦʩʪ ʥʘ ʚʲʟʜʫʭʘ
(ʢʘʪʦ ʩʪʦʡʥʦʩʪ ʥʘʧʨʠʤʝʨ 50% ʩʝ ʟʘʧʠʩʚʘ ʢʘʪʦ 0,5).

ʇʨʠ ʩʪʦʡʥʦʩʪʠ ʥʘ THI ʜʦ 71 ʥʝ ʩʝ ʥʘʙʣʶʜʘʚʘ ʪʦʧʣʠʥʝʥ ʩʪʨʝʩ ʧʨʠ ʜʦʡʥʠʪʝ ʢʨʘʚʠ.
ɿʘʪʦʚʘ ʠ ʥʘʡ-ʙʣʘʛʦʧʨʠʷʪʥʠʷ ʜʠʘʧʘʟʦʥ ʥʘ THI ʝ ʚ  ʛʨʘʥʠʮʠʪʝ ʤʝʞʜʫ 66 ʠ 71. ʊʦʚʘ ʝ ʪ.ʥ. ʟʦʥʘ
ʥʘ ʢʦʤʬʦʨʪ ʠʣʠ ʪʝʨʤʦ ʥʝʫʪʨʘʣʥʘ ʟʦʥʘ. ʇʨʠ ʩʪʦʡʥʦʩʪʠ ʥʘ THI ʦʪ 72 ʜʦ 79 ʩʝ ʥʘʙʣʶʜʘʚʘ
ʫʤʝʨʝʥ ʪʦʧʣʠʥʝʥ ʩʪʨʝʩ. ʇʨʠ ʩʪʦʡʥʦʩʪʠ ʦʪ 80 ʜʦ 99 ʩʝ ʜʦʩʪʠʛʘ ʜʦ ʪ.ʥ. ʪʝʞʲʢ ʪʦʧʣʠʥʝʥ ʩʪʨʝʩ
ʢʦʡʪʦ ʦʢʘʟʚʘ ʚʣʠʷʥʠʝ ʦʩʚʝʥ ʥʘ ʤʣʝʢʦʥʘʜʦʷ, ʠ ʥʘ ʟʜʨʘʚʦʩʣʦʚʥʦʪʦ ʩʲʩʪʦʷʥʠʝ ʥʘ ʢʨʘʚʠʪʝ. ʇʨʠ
ʩʪʦʡʥʦʩʪʠ ʦʪ 100 ʠ ʧʦʚʝʯʝ ʤʦʞʝ ʜʘ ʩʝ ʩʪʠʛʥʝ ʜʦ ʩʤʲʨʪ ʧʨʠ ʢʨʘʚʠʪʝ. ʇʨʦʤʝʥʠʪʝ ʥʘ THI ʠʟʚʲʥ
ʟʦʥʘʪʘ ʥʘ ʢʦʤʬʦʨʪ ʦʢʘʟʚʘʪ ʚʣʠʷʥʠʝ ʚʲʨʭʫ ʭʨʘʥʠʪʝʣʥʠʷ ʨʝʞʠʤ, ʢʘʪʦ ʩʝ ʥʘʤʘʣʷʚʘ ʧʨʠʝʤʘ ʥʘ
ʩʫʭʦ ʚʝʱʝʩʪʚʦ DMI (Dry Matter Intake). ʇʨʠ ʥʠʩʢʠ ʩʪʦʡʥʦʩʪʠ ʥʘ THI ʚʣʠʷʥʠʝʪʦ ʝ ʧʦ-ʤʘʣʢʦ,
ʥʦ ʧʨʠ ʧʦʚʠʰʘʚʘʥʝʪʦ ʥʘ THI ʚʣʠʷʥʠʝʪʦ ʥʘʨʘʩʪʚʘ ʠ ʦʪ ʪʘʤ ʠ ʜʦʙʠʚʘ ʥʘ ʤʣʷʢʦ ʥʘʤʘʣʷʚʘ
ʟʥʘʯʠʪʝʣʥʦ. ɺʠʩʦʢʠʪʝ ʩʪʦʡʥʦʩʪʠ ʥʘ THI ʦʢʘʟʚʘʪ ʥʘʡ-ʛʦʣʷʤʦ ʚʣʠʷʥʠʝ ʥʘ ʤʣʝʢʦʥʘʜʦʷ ʩʣʝʜ ʜʚʘ
ʜʥʠ [6].

ʇʨʠ ʩʪʦʡʥʦʩʪ ʥʘ THI ʦʢʦʣʦ 68 ʠʤʘʤʝ ʥʘʡ-ʛʦʣʷʤ ʤʣʝʢʦʥʘʜʦʡ, a ʧʦʚʠʰʘʚʘʥʝʪʦ ʥʘ
ʩʪʦʡʥʦʩʪʪʘ ʥʘ THI ʦʪ 68 ʥʘ 78 ʥʘʤʘʣʷʚʘ DMI ʩ 9,6% ʠ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʤʣʷʢʦ ʩ 21% [7], ʘ
ʧʨʠ ʧʦʚʠʰʘʚʘʥʝʪʦ ʥʘ THI  ʜʦ 83 ʤʦʞʝ ʜʘ ʩʝ ʩʪʠʛʥʝ ʜʦ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʜʦʙʠʚʘ ʩ ʜʦ 30%. ʂʘʪʦ
ʪʦʚʘ ʩʝ ʧʦʣʫʯʘʚʘ ʧʨʠ ʟʘʧʘʟʚʘʥʝ ʥʘ ʜʨʫʛʠʪʝ ʬʘʢʪʦʨʠ ʢʦʠʪʦ ʩʲʱʦ ʦʢʘʟʚʘʪ ʚʣʠʷʥʠʝ, ʢʘʪʦ ʚʠʜʘ
ʥʘ ʭʨʘʥʘʪʘ ʥʘʧʨʠʤʝʨ. ɼʦʙʠʚʲʪ ʥʘ ʤʣʷʢʦ ʥʘʤʘʣʷʚʘ ʩ 0,41 ʢʛ ʟʘ ʝʜʥʘ ʢʨʘʚʘ ʥʘ ʜʝʥ ʟʘ ʚʩʷʢʦ
ʫʚʝʣʠʯʝʥʠʝ ʥʘ THI ʩ ʝʜʥʘ ʝʜʠʥʠʮʘ ʥʘʜ 69.  ʉʲʱʦ ʩʝ ʦʪʙʝʣʷʟʚʘ, ʯʝ ʧʨʠʝʤʲʪ ʥʘ ʭʨʘʥʘ ʟʘʧʦʯʚʘ
ʜʘ ʥʘʤʘʣʷʚʘ ʥʘ ʩʣʝʜʚʘʱʠʷ ʜʝʥ ʩʣʝʜ ʟʘʧʦʯʚʘʥʝ ʥʘ ʪʦʧʣʠʥʥʠʷ ʩʪʨʝʩ HS, ʜʦʢʘʪʦ ʜʦʙʠʚʲʪ ʥʘ
ʤʣʷʢʦ ʥʘʤʘʣʷʚʘ ʥʘ ʚʪʦʨʠʷ ʜʝʥ ʩʣʝʜ HS [8].

ʉʧʦʨʝʜ ʜʨʫʛʠ ʠʟʩʣʝʜʚʘʥʠʷ [9], THI ʥʝ ʦʢʘʟʚʘ ʚʣʠʷʥʠʝ ʥʘ ʤʣʝʢʦʥʘʜʦʷ ʧʨʠ ʩʪʦʡʥʦʩʪʠ
ʤʝʞʜʫ 35 ʠ 72. ʊʦʚʘ ʚʲʚ ʚʩʝʢʠ ʩʣʫʯʘʡ ʟʘʚʠʩʠ ʠ ʦʪ ʧʦʨʦʜʘʪʘ ʥʘ ʢʨʘʚʠʪʝ, ʢʘʪʦ ʤʦʞʝ ʜʘ ʩʝ
ʫʩʪʘʥʦʚʠ ʦʧʠʪʥʦ ʠ ʜʘ ʩʝ ʥʘʤʝʨʷʪ ʩʪʦʡʥʦʩʪʠ THI ʟʘ ʦʧʪʠʤʘʣʝʥ ʤʣʝʢʦʥʘʜʦʡ ʩʲʦʙʨʘʟʝʥ ʩ
ʨʘʟʭʦʜʠʪʝ ʟʘ ʧʦʜʜʨʲʞʢʘ ʥʘ THI ʚ ʩʲʦʪʚʝʪʥʠʪʝ ʛʨʘʥʠʮʠ ʩʧʨʷʤʦ ʩʝʟʦʥʘ ʠ ʚʲʥʰʥʠʪʝ
ʪʝʤʧʝʨʘʪʫʨʠ.

ʊʦʧʣʠʥʥʠʷ ʩʪʨʝʩ ʦʢʘʟʚʘ ʚʣʠʷʥʠʝ ʠ ʥʘ ʟʜʨʘʚʦʩʣʦʚʥʦʪʦ ʩʲʩʪʦʷʥʠʝ ʥʘ ʢʨʘʚʠʪʝ. ʂʦʛʘʪʦ
ʩʘ ʠʟʣʦʞʝʥʠ ʥʘ ʪʦʧʣʠʥʝʥ ʩʪʨʝʩ, ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʪʝʣʝʩʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʠ ʨʝʢʪʘʣʥʘʪʘ ʠʤ
ʪʝʤʧʝʨʘʪʫʨʘ ʩʝ ʫʚʝʣʠʯʘʚʘʪ, ʯʝʩʪʦʪʘʪʘ ʥʘ ʜʠʰʘʥʝ ʥʘʨʘʩʪʚʘ, ʢʦʝʪʦ ʦʪ ʩʚʦʷ ʩʪʘʥʘ ʧʦʚʠʰʘʚʘ ʠ
ʩʲʨʜʝʯʥʘʪʘ ʯʝʩʪʦʪʘ. ɼʦʩʪʠʛʘʥʝʪʦ ʥʘ ʨʝʢʪʘʣʥʘ ʪʝʤʧʝʨʘʪʫʨʘ 39°C ʠʣʠ ʧʦ-ʚʠʩʦʢʘ ʠ ʯʝʩʪʦʪʘ ʥʘ
ʜʠʰʘʥʝ ʥʘʜ 60/ʤʠʥ ʦʟʥʘʯʘʚʘ, ʯʝ ʢʨʘʚʠʪʝ ʩʘ ʙʠʣʠ ʠʟʣʦʞʝʥʠ ʜʦʩʪʘʪʲʯʥʦ ʜʲʣʛʦ ʚʨʝʤʝ ʥʘ
ʪʦʧʣʠʥʝʥ ʩʪʨʝʩ, ʟʘ ʜʘ ʧʦʚʣʠʷʝ ʪʦʚʘ ʥʘ ʨʝʧʨʦʜʫʢʪʠʚʥʘʪʘ ʠʤ ʩʧʦʩʦʙʥʦʩʪ [10]. ʇʨʠ
ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʚʲʟʜʫʭʘ ʥʘʜ ʦʪ 25-26°C ʧʨʠʝʤʲʪ ʥʘ ʬʫʨʘʞ ʥʘ ʤʣʝʢʦʜʘʡʥʠʪʝ ʢʨʘʚʠ ʟʘʧʦʯʚʘ
ʜʘ ʥʘʤʘʣʷʚʘ, ʢʘʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʜ 30°C ʚʣʠʷʥʠʝʪʦ ʝ ʦʱʝ ʧʦ ʩʠʣʥʦ. ʇʨʠ ʫʤʝʨʝʥʠ
ʢʣʠʤʘʪʠʯʥʠ ʫʩʣʦʚʠʷ ʠ ʧʨʠ 40°C ʤʦʞʝ ʜʘ ʥʘʤʘʣʝʝ ʩ ʜʦ 40% [11]. ʇʦʚʠʰʘʚʘʥʝʪʦ ʥʘ
ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʚʲʟʜʫʭʘ ʧʨʦʤʝʥʷ ʦʩʥʦʚʥʠʪʝ ʬʠʟʠʦʣʦʛʠʯʥʠ ʤʝʭʘʥʠʟʤʠ ʥʘ ʪʲʨʙʫʭʘ ʥʘ
ʧʨʝʞʠʚʥʠʪʝ ʞʠʚʦʪʥʠ, ʢʦʝʪʦ ʧʦʚʠʰʘʚʘ ʨʠʩʢʘ ʦʪ ʤʝʪʘʙʦʣʠʪʥʠ ʥʘʨʫʰʝʥʠʷ ʠ ʟʜʨʘʚʦʩʣʦʚʥʠ
ʧʨʦʙʣʝʤʠ [12]. ʉ ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʚʲʟʜʫʭʘ ʩʝ ʥʘʙʣʶʜʘʚʘ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ
ʩʣʫʯʘʠʪʝ ʥʘ ʦʢʫʮʷʚʘʥʝ [13], ʢʦʝʪʦ ʤʦʞʝ ʜʘ ʜʦʚʝʜʝ ʜʦ ʜʨʫʛʠ ʟʘʙʦʣʷʚʘʥʠʷ ʠ ʧʦ-ʨʘʥʥʦ
ʙʨʘʢʫʚʘʥʝ ʥʘ ʞʠʚʦʪʥʠʪʝ. ʋʚʝʣʠʯʘʚʘʥʝʪʦ ʥʘ THI ʥʘʜ ʪʝʨʤʦ ʥʝʫʪʨʘʣʥʘʪʘ ʟʦʥʘ ʚʦʜʠ ʜʦ
ʧʦʚʠʰʝʥʘ ʯʝʩʪʦʪʘ ʥʘ ʤʘʩʪʠʪ ʧʨʠ ʜʦʡʥʠʪʝ ʢʨʘʚʠ [14].
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1.2.2 ɺʣʠʷʥʠʝ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚʲʨʭʫ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʤʝʩʦ ʚ ʩʚʠʥʝʬʝʨʤʠ ʠ ʧʪʠʮʝʬʝʨʤʠ

ʄʠʢʨʦʢʣʠʤʘʪʲʪ ʦʢʘʟʚʘ ʩʝʨʠʦʟʥʦ ʚʣʠʷʝ ʚʲʨʭʫ ʟʜʨʘʚʦʩʣʦʚʥʦʪʦ ʩʲʩʪʦʷʥʠʝ ʠ
ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʚʩʠʯʢʠ ʚʲʟʨʘʩʪʦʚʠ ʢʘʪʝʛʦʨʠʠ ʩʚʠʥʝ [15,16]. ʆʪ ʚʩʠʯʢʠ ʬʘʢʪʦʨʠ, ʥʘʡ-
ʛʦʣʷʤʦ ʚʣʠʷʥʠʝ ʚʲʨʭʫ ʤʝʪʘʙʦʣʠʟʤʘ ʠ ʟʜʨʘʚʝʪʦ ʥʘ ʧʨʘʩʝʪʘʪʘ ʦʢʘʟʚʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ.
ʇʦʚʠʰʘʚʘʥʝʪʦ ʠ ʥʘʜ ʟʦʥʘʪʘ ʥʘ ʢʦʤʬʦʨʪ ʚʦʜʠ ʜʦ ʥʘʤʘʣʷʚʘʥʝ ʧʨʠʝʤʘ ʥʘ ʭʨʘʥʘ ʠ ʦʪ ʪʘʚʘ
ʧʨʦʛʨʝʩʠʚʥʦ ʥʘʤʘʣʷʚʘ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪʪʘ ʥʘ ʧʨʘʩʝʪʦ [17]. ʊʷ ʚʣʠʷʝ ʥʘ ʨʝʧʨʦʜʫʢʪʠʚʥʠʪʝ
ʩʧʦʩʦʙʥʦʩʪʠ, ʨʘʩʪʝʞʘ ʠ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʪʷʣʦʪʦ, ʢʘʯʝʩʪʚʦʪʦ ʠ ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ ʧʨʦʜʫʢʮʠʷʪʘ,
ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʥʦʚʠ ʟʘʙʦʣʷʚʘʥʠʷ ʠ ʩʤʲʨʪʥʦʩʪʪʘ [18]. ʊʝʤʧʝʨʘʪʫʨʠ ʧʦ-ʚʠʩʦʢʠ ʦʪ ʟʦʥʘʪʘ ʥʘ
ʢʦʤʬʦʨʪ ʠʣʠ ʪ.ʥ. ʪʝʨʤʦ ʥʝʫʪʨʘʣʥʘ ʟʦʥʘ ʟʘ ʩʲʦʪʚʝʪʥʘʪʘ ʢʘʪʝʛʦʨʠʷ ʧʨʘʩʝʪʘ, ʚʦʜʷʪ ʜʦ ʩʣʝʜʥʠʪʝ
ʧʨʦʤʝʥʠ: ʥʘʤʘʣʝʥ ʘʧʝʪʠʪ ʠ ʢʦʥʩʫʤʘʮʠʷ ʥʘ ʭʨʘʥʘ, ʧʦʚʠʰʝʥʘ ʞʘʞʜʘ ʩʲʦʪʚʝʪʥʦ ʫʚʝʣʠʯʝʥ
ʧʨʠʝʤ ʥʘ ʚʦʜʘ, ʧʦ-ʥʠʩʢʠ ʥʠʚʘ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʧʨʦʤʷʥʘ ʥʘ ʤʝʪʘʙʦʣʠʟʤʘ, ʧʦʚʠʰʝʥʘ ʯʝʩʪʦʪʘ
ʥʘ ʜʠʰʘʥʝ, ʧʦʚʠʰʝʥʘ ʩʲʨʜʝʯʥʘ ʯʝʩʪʦʪʘ ʠ ʧʨʦʤʝʥʠ ʚ ʧʦʚʝʜʝʥʠʝʪʦ [19]. ʇʨʠ ʧʦʚʠʰʘʚʘʥʝ ʥʘ
ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʦʪ 27ºC ʜʦ 33ºC, ʥʘʨʘʩʪʚʘʥʝʪʦ ʥʘ ʪʝʛʣʦʪʦ ʥʘ ʧʨʘʩʝʪʘʪʘ ʥʘʤʘʣʷʚʘ ʩ 21%[20].

ʆʪʢʣʦʥʝʥʠʝʪʦ ʦʪ ʥʦʤʠʥʘʣʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ʧʦʤʝʱʝʥʠʝʪʦ ʚʦʜʠ ʜʦ
ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʩʨʝʜʥʦʜʥʝʚʥʦʪʦ ʥʘʜʜʘʚʘʥʝ ʥʘ ʪʝʛʣʦ ʠ ʚʣʠʷʝ ʚʲʨʭʫ ʙʝʟʦʧʘʩʥʦʩʪʪʘ ʥʘ ʧʪʠʮʠʪʝ,
ʦʩʦʙʝʥʦ ʧʨʝʟ ʝʩʝʥʥʦ-ʟʠʤʥʠʷ ʧʝʨʠʦʜ, ʢʘʢʪʦ ʠ ʚʲʨʭʫ ʧʨʦʜʫʢʪʠʚʥʘʪʘ [21]. ʆʧʪʠʤʘʣʥʠʷʪ
ʤʠʢʨʦʢʣʠʤʘʪ ʚ ʧʪʠʮʝʬʝʨʤʠʪʝ ʥʘʤʘʣʷʚʘ ʮʝʥʘʪʘ ʥʘ ʧʨʦʜʫʢʪʠʪʝ ʧʨʠ ʧʪʠʮʠʪʝ ʩ 15-20%. ɺ
ʩʪʫʜʝʥʠ, ʚʣʘʞʥʠ ʠ ʣʦʰʦ ʚʝʥʪʠʣʠʨʘʥʠ ʧʪʠʮʝʬʝʨʤʠ ʧʪʠʮʠʪʝ ʩʘ ʜʦ 4 ʧʲʪʠ ʧʦ-ʧʦʜʘʪʣʠʚʠ ʥʘ
ʟʘʙʦʣʷʚʘʥʠʷ, ʘ ʪʷʭʥʘʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪ ʥʘʤʘʣʷʚʘ ʩ 10-50%, ʚʲʧʨʝʢʠ ʯʝ  ʢʦʥʩʫʤʘʮʠʷʪʘ ʥʘ
ʬʫʨʘʞ ʩʝ ʫʚʝʣʠʯʘʚʘ ʩ 10-30% [22]. ɿʜʨʘʚʦʩʣʦʚʥʦʪʦ ʩʲʩʪʦʷʥʠʝ ʥʘ ʙʨʦʡʣʝʨʠ ʝ ʩʠʣʥʦ ʧʦʚʣʠʷʥʦ
ʦʪ ʬʘʢʪʦʨʠ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ ʢʘʪʦ ʧʨʝʢʦʤʝʨʥʘʪʘ ʚʣʘʞʥʦʩʪ, ʩʢʦʨʦʩʪʪʘ ʥʘ ʜʚʠʞʝʥʠʝ ʥʘ
ʚʲʟʜʫʭʘ ʠ ʪʝʤʧʝʨʘʪʫʨʘʪʘ. ʆʪ ʪʝʟʠ ʩʪʨʝʩʦʚʠ ʬʘʢʪʦʨʠ ʥʘʡ-ʩʝʨʠʦʟʥʠʷʪ ʝ ʪʦʧʣʠʥʥʠʷʪ ʩʪʨʝʩ,
ʧʨʠʯʠʥʝʥ ʦʪ ʚʠʩʦʢʠʪʝ ʪʝʤʧʝʨʘʪʫʨʠ. ʊʦʡ ʠʤʘ ʦʪʨʠʮʘʪʝʣʥʦ ʚʲʟʜʝʡʩʪʚʠʝ ʚʲʨʭʫ ʧʦʪʨʝʙʣʝʥʠʝʪʦ
ʥʘ ʬʫʨʘʞʠ, ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʬʫʨʘʞʠʪʝ, ʠʥʜʝʢʩʘ ʥʘ ʪʝʣʝʩʥʘ ʤʘʩʘ, ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʤʝʩʦʪʦ ʠ
ʩʤʲʨʪʥʦʩʪʪʘ [23]. ɺʲʧʨʝʢʠ ʥʘʧʨʝʜʲʢʘ ʥʘ ʪʝʭʥʦʣʦʛʠʠʪʝ ʠ ʤʦʜʝʨʥʠʟʘʮʠʠʪʝ ʩʝʢʪʦʨʘ,
ʧʪʠʮʝʚʲʜʩʪʚʦʪʦ ʚ ʩʚʝʪʦʚʝʥ ʤʘʱʘʙ ʝ ʟʥʘʯʠʪʝʣʥʦ ʟʘʩʝʛʥʘʪʦ ʦʪ ʛʣʝʜʥʘ ʪʦʯʢʘ ʥʘ
ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪʪʘ, ʟʜʨʘʚʝʪʦ ʠ ʮʷʣʦʩʪʥʦʪʦ ʙʣʘʛʦʩʲʩʪʦʷʥʠʝ ʥʘ ʧʠʣʝʪʘʪʘ ʦʪ ʪʦʧʣʠʥʥʠʷ ʩʪʨʝʩ
[24]. ʊʦʧʣʠʥʥʠʷʪ ʩʪʨʝʩ ʧʨʝʜʠʟʚʠʢʚʘ ʤʥʦʞʝʩʪʚʦ ʬʠʟʠʦʣʦʛʠʯʥʠ, ʟʜʨʘʚʥʠ ʠ ʧʦʚʝʜʝʥʯʝʩʢʠ
ʧʨʦʙʣʝʤʠ, ʢʘʪʦ ʥʘʤʘʣʝʥʘ ʢʦʥʩʫʤʘʮʠʷ ʥʘ ʬʫʨʘʞʠ, ʝʣʝʢʪʨʦʣʠʪʝʥ ʜʠʩʙʘʣʘʥʩ, ʥʝʚʨʦ-
ʝʥʜʦʢʨʠʥʥʠ ʥʘʨʫʰʝʥʠʷ ʠ ʩʠʩʪʝʤʥʘ ʠʤʫʥʥʘ ʜʠʩʨʝʛʫʣʘʮʠʷ, ʢʦʝʪʦ ʦʪ ʩʚʦʷ ʩʪʨʘʥʘ ʧʦʚʣʠʷʚʘ
ʥʝʙʣʘʛʦʧʨʠʷʪʥʦ ʫʩʚʦʷʚʘʥʝʪʦ ʥʘ ʭʨʘʥʠʪʝʣʥʠʪʝ ʚʝʱʝʩʪʚʘ ʠ ʦʧʦʣʟʦʪʚʦʨʷʚʘʥʝʪʦ ʠʤ, ʩʪʝʧʝʥʪʘ
ʥʘ ʨʘʩʪʝʞ ʠ ʦʮʝʣʷʚʘʥʝ [25]. ʅʝʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ ʧʪʠʮʠʪʝ ʜʘ ʩʝ ʩʧʨʘʚʷʪ ʩ ʚʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ
ʚʦʜʠ ʜʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʧʦʚʝʯʝ ʤʝʪʘʙʦʣʠʪʥʘ ʪʦʧʣʠʥʘ, ʦʪʢʦʣʢʦʪʦ ʤʦʛʘʪ ʜʘ ʦʩʚʦʙʦʜʷʪ.
ʉʲʩʪʦʷʥʠʝ, ʠʟʚʝʩʪʥʦ ʢʘʪʦ ʭʠʧʝʨʪʝʨʤʠʷ, ʧʨʠ ʢʦʝʪʦ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʪʷʣʦʪʦ ʩʝ ʧʦʚʠʰʘʚʘ
ʥʝʥʦʨʤʘʣʥʦ, ʧʨʝʜʠʟʚʠʢʚʘ ʪʦʧʣʠʥʝʥ ʩʪʨʝʩ. ʇʨʠ ʜʦʤʘʰʥʠʪʝ ʧʪʠʮʠ, ʠʟʣʦʞʝʥʠ ʥʘ ʪʦʧʣʠʥʝʥ
ʩʪʨʝʩ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʦʪʢʣʦʥʝʥʠʷ ʚ ʠʤʫʥʥʘʪʘ ʩʠʩʪʝʤʘ, ʭʦʨʤʦʥʘʣʥʠ ʥʝʨʝʜʥʦʩʪʠ, ʜʠʭʘʪʝʣʥʠʪʝ
ʟʘʪʨʫʜʥʝʥʠʷ ʠ ʝʣʝʢʪʨʦʣʠʪʥʠʷ ʜʠʩʙʘʣʘʥʩ [26, 27]. ɿʘ ʜʘ ʩʝ ʧʨʝʤʘʭʥʝ ʪʦʧʣʠʥʥʠʷ ʩʪʨʝʩ ʝ
ʥʝʦʙʭʦʜʠʤʦ ʥʝ ʩʘʤʦ ʜʘ ʩʝ ʧʦʜʲʨʞʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʚ ʥʝʦʙʭʦʜʠʤʠʪʝ ʛʨʘʥʠʮʠ ʩʧʨʷʤʦ ʚʲʟʨʘʩʪʪʘ
ʥʘ ʧʠʣʝʪʘʪʘ, ʥʦ ʠ ʜʘ ʥʝ ʩʝ ʧʨʝʚʠʰʘʚʘ ʤʘʢʩʠʤʘʣʥʦ ʜʦʧʫʩʪʠʤʘʪʘ ʦʪʥʦʩʠʪʝʣʥʘ ʚʣʘʞʥʦʩʪ RH.
ɿʘʪʦʚʘ ʠ ʧʨʠ ʧʠʣʝʪʘʪʘ ʝ ʧʨʠʣʦʞʠʤʦ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ THI ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʪʝʨʤʦ ʥʝʫʪʨʘʣʥʘ
ʟʦʥʘ ʢʦʷʪʦ ʝ ʩʝ ʦʧʨʝʜʝʣʷ ʦʪ ʚʲʟʨʘʩʪʪʘ ʥʘ ʧʠʣʝʪʘʪʘ ʠ ʧʨʠ ʧʨʦʤʷʥʘ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʠ
ʦʪʥʦʩʠʪʝʣʥʘʪʘ ʚʣʘʞʥʦʩʪ RH, ʥʦ ʟʘʧʘʟʚʘʥʝ ʥʘ THI ʥʝ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʧʨʦʤʝʥʠ ʚʲʚ
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ʬʠʟʠʦʣʦʛʠʷʪʘ ʠ ʧʦʚʝʜʝʥʠʝʪʦ ʥʘ ʙʨʦʡʣʝʨʠʪʝ [28]. ʇʨʠ ʥʝʚʲʟʤʦʞʥʦʩʪ ʜʘ ʩʝ ʧʦʜʲʨʞʘ THI ʚ
ʪʝʨʤʦ ʥʝʫʪʨʘʣʥʘʪʘ ʟʦʥʘ ʪʨʷʙʚʘ ʜʘ ʩʝ ʫʚʝʣʠʯʠ ʩʢʦʨʦʩʪʪʘ ʥʘ ʜʚʠʞʝʥʠʝ ʥʘ ʚʲʟʜʫʭʘ ʢʘʪʦ ʩʝ
ʠʟʧʦʣʟʚʘ ʪ.ʥ. Windchill effect ʠʣʠ ʦʭʣʘʞʜʘʥʝ ʦʪ ʚʷʪʲʨʘ.

ʆʩʚʝʥ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʠ ʦʪʥʦʩʠʪʝʣʥʘʪʘ ʚʣʘʞʥʦʩʪ RH ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʧʦʜʲʨʞʘ ʠ
ʨʘʚʥʦʤʝʨʥʦ ʜʚʠʞʝʥʠʝ ʥʘ ʚʲʟʜʫʭʘ ʚ ʞʠʚʦʪʥʦʚʲʜʥʠʪʝ ʬʝʨʤʠ, ʢʦʝʪʦ ʩʝ ʦʩʠʛʫʨʷʚʘ ʩ ʧʦʤʦʱʪʘ
ʥʘ ʧʦʜʭʦʜʷʱʘ ʚʝʥʪʠʣʘʮʠʷ. ʉʢʦʨʦʩʪʪʘ ʥʘ ʜʚʠʞʝʥʠʝ ʥʘ ʚʲʟʜʫʭʘ ʪʨʷʙʚʘ ʜʘ ʝ ʩʲʦʙʨʘʟʝʥʘ ʥʝ ʩʘʤʦ
ʩ ʚʠʜʘ ʠ ʚʲʟʨʘʩʪʪʘ ʥʘ ʞʠʚʦʪʥʠʪʝ, ʥʦ ʠ ʩ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʚ ʩʛʨʘʜʘʪʘ, ʢʘʪʦ ʧʨʝʟ ʩʪʫʜʝʥʠʪʝ
ʧʝʨʠʦʜʠ ʤʘʢʩʠʤʘʣʥʘʪʘ ʜʦʧʫʩʪʠʤʘ ʩʢʦʨʦʩʪ ʥʘ ʜʚʠʞʝʥʠʝ ʥʘ ʚʲʟʜʫʭʘ ʟʘ ʜʘʜʝʥʦ ʞʠʚʦʪʥʦ ʝ ʧʦ-
ʥʠʩʢʘ ʦʪ ʢʦʣʢʦʪʦ ʧʨʝʟ ʪʦʧʣʠʪʝ ʧʝʨʠʦʜʠ.

ɺʝʥʪʠʣʘʮʠʷʪʘ ʦʢʘʟʚʘ ʩʝʨʠʦʟʥʦ ʚʣʠʷʥʠʝ ʥʘ ʚʩʠʯʢʠ ʧʘʨʘʤʝʪʨʠ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ
ʩʛʨʘʜʘʪʘ. ʊʷ ʚʣʠʷʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ, ʢʘʪʦ ʤʦʞʝ ʜʘ ʷ ʧʨʦʤʝʥʷ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʚʲʥʰʥʘʪʘ
ʪʝʤʧʝʨʘʪʫʨʘ. ɺ ʦʙʱʠʷ ʩʣʫʯʘʡ ʚʝʥʪʠʣʘʮʠʷ ʥʘʤʘʣʷʚʘ ʦʪʥʦʩʠʪʝʣʥʘʪʘ ʚʣʘʞʥʦʩʪ ʚʲʚ ʬʝʨʤʘʪʘ.
ʊʷ ʦʩʠʛʫʨʷʚʘ ʠ ʩʚʝʞ ʚʲʟʜʫʭ ʟʘ ʞʠʚʦʪʥʠʪʝ, ʢʘʪʦ ʢʦʥʪʨʦʣʠʨʘ ʜʨʫʛ ʚʘʞʝʥ ʬʘʢʪʦʨ ʟʘ
ʧʦʜʜʲʨʞʘʥʝ ʥʘ ʙʣʘʛʦʧʨʠʷʪʝʥ ʤʠʢʨʦʢʣʠʤʘʪ. ʊʦʚʘ ʝ ʦʪʩʲʩʪʚʠʝʪʦ ʥʘ ʚʨʝʜʥʠ ʛʘʟʦʚʝ ʚ
ʞʠʚʦʪʥʦʚʲʜʥʠʪʝ ʬʝʨʤʠ. ɺ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʚʠʜʘ ʥʘ ʞʠʚʦʪʥʠʪʝ ʠ ʥʘʯʠʥʘ ʥʘ ʦʪʛʣʝʞʜʘʥʝ ʧʨʠ
ʩʣʘʙʘ ʚʝʥʪʠʣʘʮʠʷ ʤʦʛʘʪ ʜʘ ʩʝ ʦʙʨʘʟʫʚʘʪ ʛʘʟʦʚʝ, ʯʠʷʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʝʚʠʰʘʚʘ ʜʦʧʫʩʪʠʤʠʪʝ
ʥʦʨʤʠ ʟʘ ʚʲʟʨʘʩʪʪʘ ʠ ʚʠʜʘ ʥʘ ʦʪʛʣʝʞʜʘʥʠʪʝ ʞʠʚʦʪʥʠ. ʊʦʚʘ ʩʘ ʛʘʟʦʚʝ ʢʘʪʦ ʚʲʛʣʝʨʦʜʝʥ ʜʠʦʢʩʠʜ
CO2, ʚʲʛʣʝʨʦʜʝʥ ʦʢʩʠʜ CO, ʘʤʦʥʷʢ NH3, ʩʝʨʦʚʦʜʦʨʦʜ H2S ʠ ʤʝʪʘʥ CH4.

ʂʘʪʦ ʩʝ ʚʟʝʤʝ ʧʨʝʜʚʠʜ ʧʦ-ʛʦʨʥʦʪʦ, ʩʪʠʛʘʤʝ ʜʦ ʠʟʚʦʜʘ, ʯʝ ʙʣʘʛʦʩʲʩʪʦʷʥʠʝʪʦ, ʟʜʨʘʚʝʪʦ
ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪʪʘ ʥʘ ʦʪʛʣʝʞʜʘʥʠʪʝ ʞʠʚʦʪʥʠ ʩʘ ʩʠʣʥʦ ʟʘʚʠʩʠʤʠ ʦʪ ʢʦʥʪʨʦʣʘ ʥʘ ʦʢʦʣʥʘʪʘ
ʩʨʝʜʘ ʚ ʞʠʚʦʪʥʦʚʲʜʥʠʪʝ ʬʝʨʤʠ. ɿʘʪʦʚʘ ʝ ʥʝʦʙʭʦʜʠʤʦ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʜʦʩʪʲʧʥʠ ʩʠʩʪʝʤʠ ʟʘ
ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʠʟʧʦʣʟʚʘʥʠ ʟʘ ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ ʫʩʣʦʚʠʷʪʘ
ʚ ʤʘʣʢʠʪʝ ʠ ʩʨʝʜʥʠ ʬʝʨʤʠ ʠʟʦʩʪʘʚʘʱʠ ʦʪ ʪʝʥʜʝʥʮʠʷʪʘ ʥʘ ʛʦʣʝʤʠʪʝ ʬʝʨʤʠ ʠʟʧʦʣʟʚʘʱʠ
ʤʦʜʝʨʥʠ ʠ ʩʢʲʧʦʩʪʨʫʚʘʱʠ ʩʠʩʪʝʤʠ.

1.3 ɺʣʠʷʥʠʝ ʥʘ ʩʨʝʜʘʪʘ ʚʲʨʭʫ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʘʢʚʘʢʫʣʪʫʨʠ ʚ ʘʢʚʘʧʦʥʠʯʥʘ ʩʠʩʪʝʤʘ

ɺʲʚ ʚʨʲʟʢʘ ʩ ʧʦʚʠʰʝʥʘʪʘ ʢʦʥʩʫʤʘʮʠʷ ʥʘ ʭʨʘʥʠʪʝʣʥʠ ʧʨʦʜʫʢʪʠ ʧʨʝʟ ʧʦʩʣʝʜʥʠʪʝ
ʛʦʜʠʥʠ ʦʪʛʣʝʞʜʘʥʝʪʦ ʥʘ ʘʢʚʘʢʫʣʪʫʨʠ ʩʲʱʦ ʩʝ ʨʘʟʚʠʚʘ ʟʥʘʯʠʪʝʣʥʦ. ʊʦʚʘ ʩʘ ʠʟʢʫʩʪʚʝʥʦ
ʟʘʛʨʘʜʝʥʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʝʩʪʝʩʪʚʝʥʠ ʚʦʜʦʝʤʠ, ʠʣʠ ʠʟʢʫʩʪʚʝʥʦ ʩʲʟʜʘʜʝʥʠ ʪʘʢʠʚʘ ʩ ʮʝʣ
ʦʪʛʣʝʞʜʘʥʝ ʥʘ ʨʘʟʣʠʯʥʠ ʚʠʜʦʚʝ ʨʠʙʘ ʠʣʠ ʤʦʨʩʢʠ ʜʘʨʦʚʝ ʧʨʠ ʢʦʝʪʦ ʩʨʝʜʘʪʘ ʥʘ ʦʪʛʣʝʞʜʘʥʝ ʩʝ
ʢʦʥʪʨʦʣʠʨʘ ʧʦ ʥʷʢʘʢʲʚ ʥʘʯʠʥ. ʇʨʝʟ ʧʦʩʣʝʜʥʠʪʝ 20 ʛʦʜʠʥʠ ʚ ɽʉ ʘʢʚʘʢʫʣʪʫʨʠʪʝ ʠʤʘʪ
ʫʩʪʦʡʯʠʚ ʪʝʤʧ ʥʘ ʨʘʩʪʝʞ ʢʘʪʦ ʜʦʙʠʚʘ ʥʘ ʨʠʙʘ ʯʨʝʟ ʘʢʚʘʢʫʣʪʫʨʠ ʦʪ ʦʙʱʠʷ ʜʦʙʠʚ, ʝ ʥʘʨʘʩʥʘʣ
ʦʪ ʦʢʦʣʦ 15% ʧʨʝʟ 2000ʛ ʜʦ ʦʢʦʣʦ 20% ʧʨʝʟ 2021ʛ [29]. ɺ ʩʲʱʦʪʦ ʚʨʝʤʝ ʧʨʠ ʘʢʚʘʢʫʣʪʫʨʠʪʝ
ʰʠʨʦʢʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʧʠʣʦʥʥʠ ʤʨʝʞʠ [30]. ʆʙʨʲʱʘ ʩʝ ʚʥʠʤʘʥʠʝ ʠ ʥʘ ʨʝʮʠʨʢʫʣʘʮʠʷʪʘ ʥʘ
ʦʪʧʘʜʲʯʥʠ ʚʦʜʠ ʢʦʝʪʦ ʠʤʘ ʛʦʣʷʤʦ ʚʲʟʜʝʡʩʪʚʠʝ ʚʲʨʭʫ ʥʘʤʘʣʷʚʘʥʝʪʦ ʥʘ ʟʘʤʲʨʩʷʚʘʥʝʪʦ ʚ
ʘʢʚʘʢʫʣʪʫʨʠʪʝ [31].

ɺʩʝ ʧʦ-ʯʝʩʪʦ ʩʝʟʦʥʥʠ ʢʫʣʪʫʨʠ ʩʝ ʪʲʨʩʷʪ ʮʝʣʦʛʦʜʠʰʥʦ, ʢʦʝʪʦ ʦʪʚʘʨʷ ʥʦʚʘ ʥʠʰʘ. ʅʘ
ʪʦʚʘ ʪʲʨʩʝʥʝ ʤʦʞʝ ʜʘ ʦʪʛʦʚʦʨʠ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʘʢʚʘʧʦʥʠʯʥʠ ʩʠʩʪʝʤʠ ʢʦʠʪʦ ʦʩʠʛʫʨʷʚʘʪ
ʥʝʧʨʝʢʲʩʥʘʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʘʢʪʦ ʥʘ ʨʠʙʘ ʠ ʤʦʨʩʢʠ ʜʘʨʦʚʝ, ʪʘʢʘ ʠ ʥʘ ʧʨʝʩʥʠ ʟʝʣʝʥʯʫʮʠ,
ʧʣʦʜʦʚʝ ʠ ʙʠʣʢʠ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʝʟʦʥʘ, ʯʨʝʟ ʢʦʥʪʨʦʣʠʨʘʥʝ ʥʘ ʩʨʝʜʘʪʘ. ɸʢʚʘʧʦʥʠʢʘʪʘ
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ʩʲʯʝʪʘʚʘ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʭʠʜʨʦʧʦʥʠʢʘ, ʟʘ ʦʪʛʣʝʞʜʘʥʝ ʥʘ ʟʝʤʝʜʝʣʩʢʠ ʢʫʣʪʫʨʠ ʙʝʟ ʧʦʯʚʘ ʠ
ʨʝʮʠʨʢʫʣʠʨʘʱʠ ʘʢʚʘʢʫʣʪʫʨʠ [32].

ʅʘʡ-ʨʘʥʥʘʪʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʘʢʚʘʧʦʥʠʢʘ ʝ ʦʪ ʦʢʦʣʦ 12 ʚʝʢ.
ʉʧʦʤʝʥʘʚʘ ʩʝ, ʯʝ ʘʮʪʝʢʠʪʝ ʩʘ ʦʪʛʣʝʞʜʘʣʠ ʨʘʩʪʝʥʠʷ ʚʲʨʭʫ ʩʘʣʦʚʝ ʚʲʚ ʚʦʜʦʝʤʠ ʚ ʢʦʠʪʦ ʠʤʘʣʦ
ʨʠʙʘ. ɸʢʚʘʧʦʥʠʢʘʪʘ ʚʲʚ ʚʠʜʘ ʚ ʢʦʡʪʦ ʝ ʧʦʟʥʘʪʘ ʟʘʧʦʯʚʘ ʨʘʟʚʠʪʠʝʪʦ ʩʠ ʧʨʝʟ 70ʪʝ ʛʦʜʠʥʠ ʥʘ
20ʚʝʢ, ʥʦ ʥʘʙʠʨʘ ʚʩʝ ʧʦ-ʛʦʣʷʤʘ ʧʦʧʫʣʷʨʥʦʩʪ ʧʨʝʟ ʧʦʩʣʝʜʥʠʪʝ ʛʦʜʠʥʠ. ʆʩʦʙʝʥʦ ʚ ʨʝʛʠʦʥʠ
ʢʲʜʝʪʦ ʣʠʧʩʘʪʘ ʥʘ ʚʦʜʘ, ʧʣʦʜʦʨʦʜʥʘ ʧʦʯʚʘ ʠʣʠ ʩʚʦʙʦʜʥʦ ʤʷʩʪʦ ʩʘ ʦʛʨʘʥʠʯʝʥʠ.

ʇʨʠ ʦʪʛʣʝʞʜʘʥʝ ʥʘ ʘʢʚʘʢʫʣʪʫʨʠ ʩ ʚʠʩʦʢʘ ʧʣʲʪʥʦʩʪ, ʟʘʤʲʨʩʷʚʘʥʝʪʦ ʥʘ ʚʦʜʘʪʘ ʦʪ
ʦʪʧʘʜʲʯʥʠ ʧʨʦʜʫʢʪʠ ʢʘʪʦ ʝʢʩʢʨʝʤʝʥʪʠ, ʦʩʪʘʪʲʮʠ ʦʪ ʭʨʘʥʘ ʠ ʜʨʫʛʠ ʩʝ ʧʨʝʚʨʲʱʘ ʚʲʚ ʚʨʝʜʥʠ
ʚʝʱʝʩʪʚʘ ʢʘʪʦ ʘʤʦʥʷʢ NH3, ʥʠʪʨʠʪʠ NO2 ʠ ʩʝʨʦʚʦʜʦʨʦʜ H2S. ʊʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ
ʠʟʢʣʶʯʠʪʝʣʥʦ ʦʧʘʩʥʠ ʚʲʚ ʚʠʩʦʢʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘ ʦʪʛʣʝʞʜʘʥʠ ʘʢʚʘʢʫʣʪʫʨʠ. ʊʦʚʘ ʤʦʞʝ ʜʘ
ʜʦʚʝʜʝ ʜʦ ʛʦʣʝʤʠ ʠʢʦʥʦʤʠʯʝʩʢʠ ʟʘʛʫʙʠ, ʢʘʢʪʦ ʠ ʜʦ ʦʪʨʠʮʘʪʝʣʥʠ ʚʲʟʜʝʡʩʪʚʠʷ ʚʲʨʭʫ ʦʢʦʣʥʘʪʘ
ʩʨʝʜʘ ʚ ʛʣʦʙʘʣʝʥ ʤʘʱʘʙ [33,34]. ɽʜʥʦ ʦʪ ʧʨʝʜʠʤʩʪʚʘʪʘ ʥʘ ʘʢʚʘʧʦʥʠʢʘʪʘ ʝ ʟʘʪʚʦʨʝʥʠʷʪ ʮʠʢʲʣ,
ʧʨʠ ʢʦʡʪʦ ʨʠʙʥʠʪʝ ʦʪʧʘʜʲʮʠ, ʦʩʚʦʙʦʜʝʥʠ ʧʨʝʟ ʭʨʠʣʝʪʝ ʠ ʢʘʪʦ ʫʨʠʥʘ, ʢʦʠʪʦ ʩʘ ʦʩʥʦʚʥʦ
ʘʤʦʥʷʢ, ʩʝ ʧʨʝʦʙʨʘʟʫʚʘʪ ʯʨʝʟ ʧʨʦʮʝʩʠʪʝ ʥʘ ʥʠʪʨʠʬʠʢʘʮʠʷ [32] ʠ ʤʠʥʝʨʘʣʠʟʘʮʠʷ [35].
ʆʪʜʝʣʷʪ ʩʝ ʠ ʪʚʲʨʜʠ ʦʪʧʘʜʲʮʠ, ʯʘʩʪ ʦʪ ʢʦʠʪʦ ʩʝ ʧʨʝʚʨʲʱʘʪ ʚ ʘʤʦʥʷʢ ʯʨʝʟ ʤʠʢʨʦʙʥʘ
ʘʢʪʠʚʥʦʩʪ[32]. ʊʦʚʘ ʥʘʤʘʣʷʚʘ ʙʠʦʣʦʛʠʯʥʦʪʦ ʟʘʤʲʨʩʷʚʘʥʝ ʥʘ ʦʪʧʘʜʲʯʥʠʪʝ ʚʦʜʠ. ɺ
ʘʢʚʘʧʦʥʠʢʘʪʘ ʩʝ ʠʟʧʦʣʟʚʘ ʤʠʥʠʤʘʣʝʥ ʚʦʜʝʥ ʨʝʩʫʨʩ, ʪʲʡ ʢʘʪʦ ʚ ʝʜʥʘ ʜʦʙʨʝ ʙʘʣʘʥʩʠʨʘʥʘ
ʩʠʩʪʝʤʘ ʝʜʠʥʩʪʚʝʥʠʪʝ ʟʘʛʫʙʠ ʥʘ ʚʦʜʘ ʩʘ ʦʪ ʠʟʧʘʨʝʥʠʝ [36]. ɺ ʘʢʚʘʧʦʥʠʢʘʪʘ ʠʤʘ ʚʠʩʦʢ ʜʦʙʠʚ
ʦʪ ʝʜʠʥʠʮʘ ʧʣʦʱ, ʢʘʢʪʦ ʟʘ ʦʪʛʣʝʞʜʘʥʠʪʝ ʨʠʙʠ, ʪʘʢʘ ʠ ʟʘ ʨʘʩʪʝʥʠʷʪʘ. ʅʝ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ
ʠʟʧʦʣʟʚʘʪ ʠʟʢʫʩʪʚʝʥʠ ʪʦʨʦʚʝ ʟʘ ʨʘʩʪʝʥʠʷʪʘ, ʩ ʠʟʢʣʶʯʝʥʠʝ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ ʥʷʢʦʠ
ʤʘʢʨʦʝʣʝʤʝʥʪʠ, ʪʲʡ ʢʘʪʦ ʧʨʦʮʝʩʲʪ ʥʘ ʥʠʪʨʠʬʠʢʘʮʠʷ ʦʩʠʛʫʨʷʚʘ ʥʝʦʙʭʦʜʠʤʠʪʝ ʥʠʪʨʘʪʠ ʟʘ
ʨʘʩʪʝʥʠʷʪʘ[37,38]. ɽʜʠʥ ʦʪ ʦʩʥʦʚʥʠʪʝ ʧʨʦʙʣʝʤʠ ʚʲʚ ʚʦʜʥʠʪʝ ʩʠʩʪʝʤʠ ʝ ʙʠʦʦʙʨʘʩʪʚʘʥʝʪʦ.
[39]. ɺʘʞʥʠ ʠʟʠʩʢʚʘʥʠʷ ʟʘ ʚʩʷʢʘ ʘʢʚʘʢʫʣʪʫʨʘ ʩʘ ʜʦʙʨʦʪʦ ʢʘʯʝʩʪʚʦ ʥʘ ʚʦʜʘʪʘ ʠ ʥʝʡʥʘʪʘ
ʧʦʜʜʨʲʞʢʘ. ʇʦʨʘʜʠ ʚʠʩʦʢʘʪʘ ʧʣʲʪʥʦʩʪ ʥʘ ʨʠʙʘʪʘ ʚ ʘʢʚʘʨʠʫʤʠ, ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʚʦʜʘʪʘ
ʧʨʦʛʨʝʩʠʚʥʦ ʩʝ ʚʣʦʰʘʚʘ ʠ ʨʘʟʣʠʯʥʠ ʚʠʜʦʚʝ ʧʘʪʦʛʝʥʥʠ ʙʘʢʪʝʨʠʠ (ʚʢʣʶʯʠʪʝʣʥʦ ʨʦʜʦʚʝʪʝ
Flavobacterium, Pseudomonas, Staphylococcus ʠ ʜʨ.) ʩʝ ʨʘʟʚʠʚʘʪ ʧʨʝʢʘʣʝʥʦ ʤʥʦʛʦ, ʢʦʝʪʦ
ʟʘʩʷʛʘ ʟʜʨʘʚʝʪʦ ʥʘ ʨʠʙʠʪʝ. ɸ ʧʦʪʦʮʠʪʝ ʦʪ ʦʪʧʘʜʲʮʠ ʚʣʠʷʷʪ ʦʪʨʠʮʘʪʝʣʥʦ ʥʘ ʩʚʲʨʟʘʥʠʪʝ ʚʦʜʥʠ
ʩʠʩʪʝʤʠ. ʀʟʚʝʩʪʥʦ ʝ, ʯʝ ʪʝʟʠ ʧʨʦʙʣʝʤʠ ʩʘ ʪʷʩʥʦ ʩʚʲʨʟʘʥʠ ʩ ʦʙʨʘʟʫʚʘʥʝʪʦ ʥʘ ʟʘʤʲʨʩʷʚʘʥʝ ʠ
ʤʠʢʨʦʙʝʥ ʙʠʦʬʠʣʤ.

ʀʤʘ ʨʘʟʣʠʯʥʠ ʪʝʭʥʠʢʠ ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ ʨʝʘʣʠʟʠʨʘʥʝʪʦ ʥʘ ʝʜʥʘ
ʘʢʚʘʧʦʥʠʯʥʘ ʩʠʩʪʝʤʘ, ʢʘʪʦ ʥʘʡ-ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʪʝ ʩʘ ʪ.ʥ. „ʉʠʩʪʝʤʠ ʩ ʥʘʚʦʜʥʷʚʘʥʝ ʠ
ʦʪʪʠʯʘʥʝ“ (Media bed technique), „ʊʝʭʥʠʢʘ ʥʘ ʭʨʘʥʠʪʝʣʥʠʪʝ ʬʠʣʤʠ“ (Nutrient film technique
ʠʣʠ NFT) ʠ „ʊʝʭʥʠʢʘ ʩ ʜʲʣʙʦʢʦʚʦʜʥʠ ʢʫʣʪʫʨʠ“  (Deep water culture technique ʠʣʠ DWC).
ɺʩʷʢʘ ʦʪ ʪʷʭ ʠʤʘ ʧʨʝʜʠʤʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʲʮʠ. ʉʠʩʪʝʤʠʪʝ ʩ ʥʘʚʦʜʥʷʚʘʥʝ ʠ ʦʪʪʠʯʘʥʝ ʠʤʘʪ
ʦʧʨʦʩʪʝʥ ʜʠʟʘʡʥ ʠ ʩʘ ʧʦʜʭʦʜʷʱʠ ʟʘ ʚʩʠʯʢʠ ʚʠʜʦʚʝ ʨʘʩʪʝʥʠʷ, ʦʩʚʝʥ ʪʦʚʘ ʠʟʧʦʣʟʚʘʪ ʤʘʣʢʦ
ʝʣʝʢʪʨʠʯʝʩʢʘ ʠ ʩʘ ʧʦʜʭʦʜʷʱʠ ʟʘ ʥʘʯʠʥʘʝʱʠ. ʅʦ ʩʘ ʜʦʩʪʘ ʪʝʞʢʠ ʠ ʪʨʫʜʦʝʤʢʠ ʟʘ ʠʟʛʨʘʞʜʘʥʝ.
NFT ʩʠʩʪʝʤʠʪʝ ʩʘ ʨʝʥʪʘʙʠʣʥʠ ʦʪ ʧʲʨʚʠʪʝ ʢʘʪʦ ʠʟʧʦʣʟʚʘʪ ʧʦ-ʤʘʣʢʦ ʚʦʜʘ, ʩʠʩʪʝʤʘʪʘ ʝ ʧʦ-ʣʝʢʘ
ʠ ʠʤʘʪ ʧʦ-ʣʝʩʥʦ ʦʙʩʣʫʞʚʘʥʝ. ʆʪ ʜʨʫʛʘ ʩʪʨʘʥʘ ʚʦʜʘʪʘ ʩʝ ʬʠʣʪʨʠʨʘ ʧʦ-ʪʨʫʜʥʦ ʠ ʨʘʩʪʝʥʠʷʪʘ ʥʝ
ʤʦʛʘʪ ʜʘ ʩʝ ʟʘʩʷʚʘʪ ʜʠʨʝʢʪʥʦ. ʇʦʨʘʜʠ ʥʘʣʠʯʠʝʪʦ ʥʘ ʧʦ-ʤʘʣʢʦ ʚʦʜʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʠ ʩʝ
ʧʨʦʤʝʥʷ ʙʲʨʟʦ ʢʦʝʪʦ ʤʦʞʝ ʜʘ ʩʪʨʝʩʠʨʘ ʨʠʙʠʪʝ. DWC ʩʠʩʪʝʤʠʪʝ ʠʤʘʪ ʥʘʡ ʤʥʦʛʦ ʧʨʝʜʠʤʩʪʚʘ,
ʢʘʪʦ ʧʨʠ ʪʷʭ ʠʤʘʤʝ ʥʘʡ-ʤʘʣʢʦ ʠʟʧʘʨʝʥʠʝ, ʛʦʣʷʤʦʪʦ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʘ ʧʨʘʚʠ ʩʠʩʪʝʤʘʪʘ ʧʦ-
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ʠʥʝʨʪʥʘ. ɺʩʠʯʢʠ ʧʘʨʘʤʝʪʨʠ ʥʘ ʩʨʝʜʘʪʘ ʩʝ ʧʨʦʤʝʥʷʪ ʧʣʘʚʥʦ, ʢʘʪʦ ʪʘʢʘ ʥʝ ʩʝ ʩʪʨʝʩʠʨʘʪ ʨʠʙʠʪʝ.
ʊʦʚʘ ʧʦʟʚʦʣʷʚʘ ʧʦ-ʣʝʩʥʦʪʦ ʠʤ ʢʦʥʪʨʦʣʠʨʘʥʝ. ʅʝ ʩʝ ʚʣʠʷʝ ʦʪ ʢʨʘʪʢʠ ʧʨʝʢʲʩʚʘʥʠʷ ʥʘ ʪʦʢʘ.
ʈʘʩʪʝʥʠʷʪʘ ʩʝ ʦʪʛʣʝʞʜʘʪ ʚ ʤʘʣʢʠ ʦʪʚʦʨʠ ʚ ʧʣʦʯʠ ʠʣʠ ʩʘʣʦʚʝ ʦʪ ʧʦʣʠʩʪʠʨʦʣ, ʘ ʢʦʨʝʥʠʪʝ ʩʘ
ʧʦʪʦʧʝʥʠ ʜʠʨʝʢʪʥʦ ʚʲʚ ʚʦʜʘʪʘ ʦʪ ʢʲʜʝʪʦ ʩʠ ʦʩʠʛʫʨʷʚʘʪ ʭʨʘʥʠʪʝʣʥʠ ʚʝʱʝʩʪʚʘ ʠ ʢʠʩʣʦʨʦʜ.
ʇʦʣʠʩʪʠʨʦʣʦʚʠʪʝ ʩʘʣʦʚʝ ʠʟʦʣʠʨʘʪ ʚʦʜʘʪʘ, ʢʘʪʦ ʷ ʧʨʝʜʧʘʟʚʘʪ ʥʝ ʩʘʤʦ ʦʪ ʧʨʦʤʷʥʘ ʥʘ
ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʦ ʠ ʦʪ ʠʟʧʘʨʝʥʠʝ ʠ ʚ ʩʲʱʦʪʦ ʚʨʝʤʝ ʠʛʨʘʷʪ ʨʦʣʷʪʘ ʥʘ ʙʠʦʬʠʣʪʲʨʥʘ
ʧʦʚʲʨʭʥʦʩʪ. ɿʘʩʘʞʜʘʥʝʪʦ ʠ ʦʙʠʨʘʥʝʪʦ ʥʘ ʧʨʦʜʫʢʮʠʷʪʘ ʩʲʱʦ ʝ ʧʦ-ʣʝʩʥʦ. ʊʦʟʠ ʤʝʪʦʜ ʩʝ
ʠʟʧʦʣʟʚʘ ʛʣʘʚʥʦ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʤʘʨʫʣʷ ʠ ʙʦʩʠʣʝʢ, ʥʦ ʝ ʧʦʜʭʦʜʷʱ ʟʘ ʚʩʷʢʘʢʚʠ ʚʠʜʦʚʝ
ʥʠʩʢʦʩʪʲʙʣʝʥʠ ʟʝʣʝʥʯʫʮʠ. ʇʦʨʘʜʠ ʪʘʟʠ ʧʨʠʯʠʥʘ ʚ ʪʦʟʠ ʪʨʫʜ ʱʝ ʙʲʜʝ ʠʟʩʣʝʜʚʘʥ ʩʘʤʦ ʤʝʪʦʜʘ
DWC.

ɸʢʚʘʧʦʥʠʯʥʠʪʝ ʩʠʩʪʝʤʠ ʤʦʛʘʪ ʜʘ ʩʝ ʨʘʟʧʦʣʦʞʘʪ ʥʘ ʦʪʢʨʠʪʦ ʠʣʠ ʥʘ ʟʘʢʨʠʪʦ.
ʉʧʝʮʠʬʠʢʘʪʘ ʥʘ ʢʣʠʤʘʪʘ ʚ ʜʘʜʝʥ ʨʝʛʠʦʥ ʦʧʨʝʜʝʣʷ ʜʘʣʠ ʜʘʜʝʥʘ ʩʠʩʪʝʤʘ ʤʦʞʝ ʜʘ ʩʝ ʨʝʘʣʠʟʠʨʘ
ʥʘ ʦʪʢʨʠʪʦ, ʥʦ ʚʲʚ ʚʩʝʢʠ ʩʣʫʯʘʡ ʟʘ ʧʨʝʜʧʦʯʠʪʘʥʝ ʝ ʩʠʩʪʝʤʘʪʘ ʜʘ ʙʲʜʝ ʥʘ ʟʘʢʨʠʪʦ [40], ʢʘʪʦ
ʪʘʢʘ ʩʝ ʦʩʠʛʫʨʷʚʘʪ ʧʦʩʪʦʷʥʥʠ ʫʩʣʦʚʠʷ, ʧʦ-ʤʘʣʢʦ ʨʘʟʭʦʜʠ ʟʘ ʧʦʜʜʲʨʞʘʥʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ
ʥʘ ʚʦʜʘʪʘ ʚ ʩʪʫʜʝʥʠʪʝ ʜʥʠ ʠ ʚʘʣʝʞʠʪʝ ʥʝ ʦʢʘʟʚʘʪ ʚʣʠʷʥʠʷ ʥʘ ʢʘʯʝʩʪʚʘʪʘ ʥʘ ʚʦʜʘʪʘ. ʀʤʘ ʤʥʦʛʦ
ʧʨʠʤʝʨʠ ʧʨʠ ʢʦʠʪʦ ʩʝ ʢʦʤʙʠʥʠʨʘ ʘʢʚʘʧʦʥʠʢʘ ʠ ʦʨʘʥʞʝʨʠʠ ʠ ʪʦʟʠ ʧʦʜʭʦʜ ʩʝ ʨʘʟʚʠʚʘ
ʥʝʧʨʝʢʲʩʥʘʪʦ[41,42,43].

1.4 ʆʙʦʙʱʝʥʠʝ

ʉʣʝʜ ʚʥʠʤʘʪʝʣʝʥ ʧʨʝʛʣʝʜ ʠ ʘʥʘʣʠʟ ʥʘ ʧʦʢʘʟʘʥʠʪʝ ʧʦ-ʛʦʨʝ ʬʘʢʪʠ ʦʪʥʦʩʥʦ ʚʣʠʷʥʠʝʪʦ
ʥʘ ʩʨʝʜʘʪʘ ʠ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚʲʨʭʫ ʦʪʛʣʝʞʜʘʥʠʪʝ ʞʠʚʦʪʥʠ, ʤʦʞʝʤ ʜʘ ʟʘʢʣʶʯʠʤ, ʯʝ
ʦʩʲʱʝʩʪʚʷʚʘʥʝʪʦ ʥʘ ʢʦʥʪʨʦʣ ʥʘ ʦʧʨʝʜʝʣʝʥʠ ʧʘʨʘʤʝʪʨʠ ʥʘ ʩʨʝʜʘʪʘ ʝ ʦʪ ʠʟʢʣʶʯʠʪʝʣʥʦ
ʟʥʘʯʝʥʠʝ ʟʘ ʙʣʘʛʦʩʲʩʪʦʷʥʠʝʪʦ ʠʤ. ʋʧʨʘʚʣʝʥʠʝʪʦ ʥʘ ʩʨʝʜʘʪʘ ʩʧʦʤʘʛʘ ʢʘʢʪʦ ʟʘ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ
ʧʨʦʜʫʢʪʠʚʥʦʩʪʪʘ, ʪʘʢʘ ʠ ʟʘ ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ ʟʜʨʘʚʦʩʣʦʚʥʦʪʦ ʩʲʩʪʦʷʥʠʝ ʥʘ ʞʠʚʦʪʥʠʪʝ ʠ ʥʝ ʥʘ
ʧʦʩʣʝʜʥʦ ʤʷʩʪʦ ʦʩʠʛʫʨʷʚʘ ʭʫʤʘʥʥʦ ʦʪʥʦʰʝʥʠʝ ʢʲʤ ʪʷʭ.

ʄʦʞʝʤ ʜʘ ʦʙʦʙʱʠʤ, ʯʝ ʚ ʟʘʪʚʦʨʝʥʠ ʞʠʚʦʪʥʦʚʲʜʥʠ ʩʪʦʧʘʥʩʪʚʘ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ
ʢʦʥʪʨʦʣʠʨʘʪ ʪʝʤʧʝʨʘʪʫʨʘʪʘ, ʚʣʘʞʥʦʩʪʪʘ ʠ ʩʢʦʨʦʩʪʪʘ ʥʘ ʜʚʠʞʝʥʠʝ ʥʘ ʚʲʟʜʫʭʘ, ʥʘʣʠʯʠʝʪʦ ʥʘ
ʟʘʤʲʨʩʠʪʝʣʠ ʚʲʚ ʚʲʟʜʫʭʘ ʢʘʪʦ ʚʨʝʜʥʠ ʛʘʟʦʚʝ, ʧʨʘʭʦʚʠ ʯʘʩʪʠʮʠ ʠ ʤʠʢʨʦʙʥʘ ʢʦʥʪʘʤʠʥʘʮʠʷ,
ʢʘʢʪʦ ʠ ʦʩʚʝʪʝʥʦʩʪʪʘ ʠ ʦʢʦʣʥʠʷ ʰʫʤ. ɺʲʚ ʚʪʦʨʠʷ ʩʣʫʯʘʡ ʚ ʝʜʥʘ ʘʢʚʘʧʦʥʠʯʥʘ ʩʠʩʪʝʤʘ ʝ
ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʢʦʥʪʨʦʣʠʨʘ ʥʝ ʩʘʤʦ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʚʦʜʘʪʘ, ʥʦ ʠ ʜʨʫʛʠ ʧʘʨʘʤʝʪʨʠ ʥʘ
ʩʨʝʜʘʪʘ. ʊʦʚʘ ʩʘ ʪʝʤʧʝʨʘʪʫʨʘ ʠ pH ʥʘ ʚʦʜʘʪʘ,  ʨʘʟʪʚʦʨʝʥ ʢʠʩʣʦʨʦʜ ʠ ʚʲʛʣʝʨʦʜʝʥ ʜʠʦʢʩʠʜ,
ʘʤʦʥʷʢ, ʥʠʪʨʠʪʠ, ʥʠʪʨʘʪʠ ʠ ʜʨʫʛʠ ʧʘʨʘʤʝʪʨʠ, ʢʘʢʪʦ ʠ ʠʟʣʘʛʘʥʝʪʦ ʥʘ ʧʨʷʢʘ ʩʣʲʥʯʝʚʘ
ʩʚʝʪʣʠʥʘ.

ɿʘʪʦʚʘ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʨʘʟʛʣʝʜʘʪ ʠ ʩʨʘʚʥʷʪ ʩʲʱʝʩʪʚʫʚʘʱʠʪʝ ʤʝʪʦʜʠ ʠ ʩʨʝʜʩʪʚʘ ʟʘ
ʢʦʥʪʨʦʣ ʥʘ ʩʨʝʜʘʪʘ ʠ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ʞʠʚʦʪʥʦʚʲʜʥʠʪʝ ʬʝʨʤʠ ʠ ʧʨʠ ʘʢʚʘʧʦʥʠʯʥʠʪʝ ʩʠʩʪʝʤʠ.
ʊʦʚʘ ʩʨʘʚʥʝʥʠʝ ʙʠ ʜʘʣʦ ʚʲʟʤʦʞʥʦʩʪ ʜʘ ʩʝ ʘʥʘʣʠʟʠʨʘʪ ʥʷʢʦʠ ʧʨʦʧʫʩʢʠ ʠ ʩʣʘʙʦʩʪʠ, ʢʘʪʦ ʩʝ
ʧʨʝʜʣʦʞʘʪ ʥʦʚʠ ʤʝʪʦʜʠ ʠʣʠ ʧʦ-ʜʦʩʪʲʧʥʠ ʥʘʯʠʥʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ.
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ɻʃɸɺɸ 2. ʀʟʩʣʝʜʚʘʥʝ ʥʘ ʩʲʱʝʩʪʚʫʚʘʱʠ ʤʝʪʦʜʠ ʠ ʩʨʝʜʩʪʚʘ

2.1 ʉʲʱʝʩʪʚʫʚʘʱʠ ʤʝʪʦʜʠ ʟʘ ʧʦʜʜʲʨʞʘʥʝ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ʞʠʚʦʪʥʦʚʲʜʥʠ
ʩʪʦʧʘʥʩʪʚʘ

ʂʘʪʦ ʧʨʠʤʝʨʠ ʟʘ ʣʠʜʝʨʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʩʠʩʪʝʤʠ ʟʘ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʠ ʢʦʥʪʨʦʣ ʥʘ
ʞʠʚʦʪʥʦʚʲʜʥʠ ʬʝʨʤʠ ʤʦʞʝ ʜʘ  ʨʘʟʛʣʝʜʘʤʝ ʬʠʨʤʠ ʢʘʪʦ Big Dutchman, Fancom, SKOV ʠ ʜʨ.

2.1.1 ʀʟʧʲʣʥʠʪʝʣʥʠ ʤʝʭʘʥʠʟʤʠ

ʊʝ ʧʨʝʜʣʘʛʘʪ ʨʘʟʥʦʦʙʨʘʟʠʝ ʦʪ ʦʙʦʨʫʜʚʘʥʝ ʟʘ ʧʦʜʜʲʨʞʘʥʝ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ. ʀʤʘʪ
ʨʘʟʣʠʯʥʠ ʚʠʜʦʚʝ ʢʣʘʧʠ ʟʘ ʩʚʝʞ ʚʲʟʜʫʭ, ʞʘʣʫʟʠ, ʢʦʤʠʥʠ ʟʘ ʩʚʝʞ ʚʲʟʜʫʭ ʠʣʠ ʮʠʨʢʫʣʘʮʠʷ,
ʚʝʥʪʠʣʘʪʦʨʠ, ʦʪʦʧʣʠʪʝʣʥʠ ʩʠʩʪʝʤʠ ʧʨʲʩʢʘʯʢʠ ʟʘ ʠʟʧʘʨʠʪʝʣʥʦ ʦʭʣʘʞʜʘʥʝ ʠ ʜʨ. ʇʦ-ʜʦʣʫ ʩʘ
ʨʘʟʛʣʝʜʘʥʠ ʥʷʢʦʠ ʦʩʥʦʚʥʠ ʢʦʤʧʦʥʝʥʪʠ ʟʘ ʫʧʨʘʚʣʷʚʘʥʝ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ʞʠʚʦʪʥʦʚʲʜʥʠʪʝ
ʩʪʦʧʘʥʩʪʚʘ.

ɺʝʥʪʠʣʘʮʠʦʥʥʠʪʝ ʢʣʘʧʠ ʟʘ ʩʪʝʥʘ (ʌʠʛʫʨʘ 2.1) [44,45,46] ʠʣʠ ʟʘ ʪʘʚʘʥ (ʌʠʛʫʨʘ 2.2)
[44,45] ʧʦʟʚʦʣʷʚʘʪ ʣʝʩʥʦ ʫʧʨʘʚʣʝʥʠʝ ʯʨʝʟ ʩʝʨʚʦʤʦʪʦʨ (ʌʠʛʫʨʘ 2.3) [44,45], ʢʘʪʦ ʧʨʠʥʮʠʧʘ
ʥʘ ʨʘʙʦʪʘ ʝ ʩʣʝʜʥʠʷ. ʊʝ ʩʘ ʦʙʦʨʫʜʚʘʥʠ ʩ ʧʨʫʞʠʥʘ ʢʦʷʪʦ ʛʠ ʜʲʨʞʠ ʧʣʲʪʥʦ ʟʘʪʚʦʨʝʥʠ, ʢʘʪʦ
ʩʝʨʚʦʤʦʪʦʨʘ ʠʟʜʲʨʧʚʘ ʩʪʦʤʘʥʝʥʦ ʞʠʣʦ ʠʣʠ ʚʦʜʝʱʘ ʨʝʡʢʘ ʟʘ ʢʦʷʪʦ ʝ ʩʚʲʨʟʘʥʦ ʚʲʞʝʥʮʝ
ʟʘʢʘʯʝʥʦ ʟʘ ʧʦʜʚʠʞʥʘʪʘ ʯʘʩʪ ʥʘ ʢʣʘʧʘʪʘ. ɺʲʞʝʥʮʝʪʦ ʠʣʠ ʩʪʦʤʘʥʝʥʦʪʦ ʞʠʣʦ ʤʠʥʘʚʘʪ ʧʦ
ʨʦʣʢʘ, ʢʦʷʪʦ ʦʙʨʲʱʘ ʧʦʩʦʢʘʪʘ ʥʘ ʜʚʠʞʝʥʠʝ.

ʌʠʛʫʨʘ 2.1 ɺʝʥʪʠʣʘʮʠʦʥʥʠ ʢʣʘʧʠ ʟʘ ʩʪʝʥʘ ʘ) Big Dutchman  CL-1211, ʙ) Fancom, ʚ) SKOV.

ʇʨʠ ʟʘʜʚʠʞʚʘʥʝ ʥʘ ʩʝʨʚʦʤʦʪʦʨʘ ʚ ʦʙʨʘʪʥʘ ʧʦʩʦʢʘ, ʧʨʫʞʠʥʠʪʝ ʥʘ ʢʣʘʧʠʪʝ ʛʠ ʟʘʪʚʘʨʷʪ
ʦʙʨʘʪʥʦ. ʊʦʚʘ ʧʦʟʚʦʣʷʚʘ ʙʝʟʩʪʝʧʝʥʥʦ ʨʝʛʫʣʠʨʘʥʝ ʥʘ ʦʪʚʦʨʘ, ʢʘʢʪʦ ʠ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʛʨʫʧʠ ʦʪ
ʧʦ ʥʷʢʦʣʢʦ ʝʣʝʤʝʥʪʘ ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʩʝ ʫʧʨʘʚʣʷʚʘʪ ʩ ʝʜʠʥ ʩʝʨʚʦʤʦʪʦʨ. ɺʝʥʪʠʣʘʮʠʦʥʥʠʪʝ
ʢʣʘʧʠ ʤʦʛʘʪ ʜʘ ʥʘʩʦʯʚʘʪ ʚʣʠʟʘʱʠʷ ʚʲʟʜʫʭ ʪʘʢʘ, ʯʝ ʪʦʡ ʜʘ ʩʝ ʩʤʝʩʚʘ ʩ ʪʦʧʣʠʷ ʚʲʟʜʫʭ ʚ ʛʦʨʥʘʪʘ
ʯʘʩʪ ʥʘ ʧʦʤʝʱʝʥʠʝʪʦ. ʊʘʢʘ ʥʝ ʩʝ ʧʦʟʚʦʣʷʚʘ ʚʣʠʟʘʱʠʷʪ ʩʪʫʜʝʥ ʚʲʟʜʫʭ ʜʘ ʧʘʜʥʝ ʜʠʨʝʢʪʥʦ ʢʲʤ
ʞʠʚʦʪʥʠʪʝ ʠʣʠ ʧʦʜʘ. ɿʘʪʦʚʘ ʪʝ ʥʝ ʩʝ ʦʪʚʘʨʷʪ ʥʘʧʲʣʥʦ, ʘ ʩʘʤʦ ʜʦ ʦʧʨʝʜʝʣʝʥ ̡ ʛʲʣ, ʢʦʡʪʦ ʟʘʚʠʩʠ
ʦʪ ʢʦʥʢʨʝʪʥʘʪʘ ʠʤ ʢʦʥʩʪʨʫʢʮʠʷ [44,45,46].
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ʌʠʛʫʨʘ 2.2 ɺʝʥʪʠʣʘʮʠʦʥʥʠ ʢʣʘʧʠ ʟʘ ʪʘʚʘʥ ʘ) Big Dutchman  CL-1540, ʙ) Fancom.

ɺʝʥʪʠʣʘʮʠʦʥʥʠʪʝ ʢʣʘʧʠ ʟʘ ʪʘʚʘʥ ʩʝ ʠʟʧʦʣʟʚʘʪ ʦʩʥʦʚʥʦ ʚ ʧʦ-ʛʦʣʝʤʠ ʧʦʤʝʱʝʥʠʷ, ʚ
ʢʦʠʪʦ ʢʣʘʧʠʪʝ ʤʦʥʪʠʨʘʥʠ ʧʦ ʩʪʝʥʠʪʝ ʥʝ ʤʦʛʘʪ ʜʘ ʦʩʠʛʫʨʷʪ ʥʝʦʙʭʦʜʠʤʦʪʦ ʢʦʣʠʯʝʩʪʚʦ ʩʚʝʞ
ʚʲʟʜʫʭ [44,45].

ʌʠʛʫʨʘ 2.3 ʉʝʨʚʦʤʦʪʦʨ ʟʘ ʦʪʚʘʨʷʥʝ ʥʘ ʢʣʘʧʠ ʠ ʞʘʣʫʟʠ ʘ) Big Dutchman CL 175  ʙ) SKOV.

ʂʣʘʧʠʪʝ ʪʠʧ ʢʦʤʠʥ (ʌʠʛʫʨʘ 2.4) [44,45] ʠʤʘʪ ʧʨʝʜʠʤʩʪʚʦʪʦ ʧʨʝʜ ʜʨʫʛʠʪʝ ʪʘʚʘʥʥʠ
ʢʣʘʧʠ, ʟʘʱʦʪʦ ʥʝ ʩʝ ʚʣʠʷʷʪ ʦʪ ʩʢʦʨʦʩʪʪʘ ʥʘ ʚʷʪʲʨʘ.
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 ʌʠʛʫʨʘ 2.4 ʂʦʤʠʥʥʠ ʢʣʘʧʠ ʟʘ ʪʘʚʘʥ ʩ ʠʣʠ ʙʝʟ ʚʝʥʪʠʣʘʪʦʨ ʘ) Big Dutchman F.C.A., ʙ)  ʟʘ ʩʚʝʞ
ʚʲʟʜʫʭ SKOV DA 60-820, ʚ) ʟʘ ʦʪʚʝʞʜʘʥʝ ʥʘ ʚʲʟʜʫʭʘ SKOV DA 600

ʊʝ ʩʝ ʨʘʟʜʝʣʷʪ ʥʘ ʜʚʘ ʚʠʜʘ ʩʧʦʨʝʜ ʥʘʯʠʥʘ ʥʘ ʠʟʧʦʣʟʚʘʥʝ. ʇʲʨʚʠʪʝ ʩʘ ʢʦʤʠʥʥʠ ʢʣʘʧʠ
ʟʘ ʦʪʚʝʞʜʘʥʝ ʥʘ ʚʲʟʜʫʭʘ, ʢʘʪʦ ʪʝ ʥʘʡ-ʯʝʩʪʦ ʩʘ ʦʙʦʨʫʜʚʘʥ ʩ ʚʝʥʪʠʣʘʪʦʨ. ɺʪʦʨʠʪʝ ʩʘ ʢʦʤʠʥʥʠ
ʢʣʘʧʠ ʟʘ ʩʚʝʞ ʚʲʟʜʲʭ, ʢʘʪʦ ʠ ʪʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʩ ʠʣʠ ʙʝʟ ʚʝʥʪʠʣʘʪʦʨ [44,45,46].

ʅʘ ʬʠʛʫʨʘ 2.5 [45] ʝ ʧʦʢʘʟʘʥʘ ʚʝʥʪʠʣʘʮʠʦʥʥʘ ʢʣʘʧʘ ʩ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ
ʚʠʩʦʯʠʥʘʪʘ ʥʘ ʦʪʚʦʨʘ, ʥʘ ʢʦʷʪʦ ʞʘʣʫʟʠʪʝ ʤʦʛʘʪ ʜʘ ʩʝ ʨʝʛʫʣʠʨʘʪ ʨʲʯʥʦ ʟʘ ʜʘ ʩʝ ʥʘʩʦʯʠ ʚʲʟʜʫʭʘ
ʚ ʞʝʣʘʥʘʪʘ ʧʦʩʦʢʘ. ʋʧʨʘʚʣʝʥʠʝʪʦ ʦʪʥʦʚʦ ʝ ʯʨʝʟ ʩʝʨʚʦʤʦʪʦʨ, ʢʦʡʪʦ ʠʟʜʲʨʧʚʘ ʠʣʠ ʦʪʧʫʩʢʘ
ʚʲʞʝ, ʟʘ ʢʦʝʪʦ ʝ ʟʘʢʘʯʝʥ ʧʦʜʚʠʞʥʠʷ ʢʘʧʘʢ [45].

ʌʠʛʫʨʘ 2.5 ʂʣʘʧʘ ʟʘ ʩʪʝʥʘ Fancom.

ɾʘʣʫʟʠʪʝ ʩʝ ʠʟʧʦʣʟʚʘʪ ʢʦʛʘʪʦ ʝ ʥʝʦʙʭʦʜʠʤʦ ʚʝʥʪʠʣʘʮʠʦʥʥʠʪʝ ʦʪʚʦʨʠ ʜʘ ʩʘ ʧʦ-
ʛʦʣʝʤʠ. ʅʘʧʨʠʤʝʨ ʧʨʠ ʧʦ-ʪʦʧʲʣ ʢʣʠʤʘʪ, ʧʨʠ ʝʩʪʝʩʪʚʝʥʘ ʚʝʥʪʠʣʘʮʠʷ, ʧʨʠ ʪʫʥʝʣʥʘ
ʚʝʥʪʠʣʘʮʠʷ. ʋʧʨʘʚʣʝʥʠʝʪʦ ʠʤ ʝ ʧʦʜʦʙʥʦ ʥʘ ʧʦʢʘʟʘʥʠʪʝ ʧʦ-ʛʦʨʝ ʢʣʘʧʠ, ʥʦ ʥʷʢʦʠ ʞʘʣʫʟʠ ʥʝ
ʩʘ ʩʥʘʙʜʝʥʠ ʩ ʧʨʫʞʠʥʘ ʟʘ ʟʘʪʚʘʨʷʥʝ. ʊʦʛʘʚʘ ʟʘʪʚʘʨʷʥʝʪʦ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʩ ʠʟʜʲʨʧʚʘʥʝ ʥʘ
ʚʲʞʝʪʦ ʦʪ ʦʙʨʘʪʥʘʪʘ ʩʪʨʘʥʘ, ʦʪʥʦʚʦ ʧʨʝʟ ʨʦʣʢʘ, ʟʘ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʝʜʠʥ ʩʝʨʚʦʤʦʪʦʨ ʟʘ
ʫʧʨʘʚʣʝʥʠʝʪʦ[44,46]. ʅʘ ʬʠʛʫʨʘ 2.6 [44,46] ʩʘ ʧʦʢʘʟʘʥʠ ʞʘʣʫʟʠ ʟʘ ʛʦʣʝʤʠ ʦʪʚʦʨʠ ʥʘ Big
Dutchman, SKOV.

ʌʠʛʫʨʘ 2.6 ʞʘʣʫʟʠ ʟʘ ʛʦʣʝʤʠ ʦʪʚʦʨʠ ʘ) Big Dutchman MultiVent, ʙ) SKOV.
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ɿʘ ʪʫʥʝʣʥʘ ʚʝʥʪʠʣʘʮʠʷ, ʦʩʚʝʥ ʞʘʣʫʟʠ,  ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʠ ʢʣʘʧʠ ʩ ʚʝʨʪʠʢʘʣʥʦ
ʦʪʚʘʨʷʥʝ (ʌʠʛʫʨʘ 2.7) [45] ʠʣʠ ʛʦʣʝʤʠ ʧʘʥʝʣʥʠ ʢʣʘʧʠ (ʌʠʛʫʨʘ 2.8) [44]. ʇʨʝʜʠʤʩʪʚʦʪʦ ʥʘ
ʚʝʨʪʠʢʘʣʥʠʪʝ ʢʣʘʧʠ ʝ, ʯʝ ʟʘʝʤʘʪ ʧʦ ʤʘʣʢʦ ʤʷʩʪʦ, ʩʧʨʷʤʦ ʚʪʦʨʠʪʝ. ʀ ʜʚʝʪʝ ʠʤʘʪ ʧʦ-ʤʘʣʢʦ
ʚʲʟʜʫʰʥʦ ʩʲʧʨʦʪʠʚʣʝʥʠʝ ʩʧʨʷʤʦ ʞʘʣʫʟʠʪʝ [44,45].

ʌʠʛʫʨʘ 2.7 ʂʣʘʧʘ ʟʘ ʪʫʥʝʣʝʥ ʦʪʚʦʨ ʩ ʚʝʨʪʠʢʘʣʥʦ ʦʪʚʘʨʷʥʝ Fancom.

ʇʘʥʝʣʥʠʪʝ ʢʣʘʧʠ ʦʩʠʛʫʨʷʚʘʪ ʥʘʡ-ʜʦʙʨʘʪʘ ʪʦʧʣʦʠʟʦʣʘʮʠʷ ʦʪ ʚʩʠʯʢʠ ʚʘʨʠʘʥʪʠ
ʠʟʙʨʦʝʥʠ ʧʦ-ʛʦʨʝ. ʊʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʩ ʜʲʣʞʠʥʘ ʜʦ 40ʤ.

ʌʠʛʫʨʘ 2.8 ʇʘʥʝʣʥʘ ʢʣʘʧʘ ʟʘ ʪʫʥʝʣʥʘ ʚʝʥʪʠʣʘʮʠʷ-Big-Dutchman TD-L.

ɺ ʤʥʦʛʦ ʩʣʫʯʘʠ ʝ ʧʦ-ʫʜʦʙʥʦ ʠ ʝʚʪʠʥʦ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʱʦʨʠ (ʌʠʛʫʨʘ 2.9) [44 ] ʚʤʝʩʪʦ
ʢʣʘʧʠ ʠʣʠ ʞʘʣʫʟʠ. ʑʦʨʠʪʝ ʩʝ ʠʟʧʦʣʟʚʘʪ ʯʝʩʪʦ ʢʦʛʘʪʦ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʜʦʩʪʘʚʷʪ ʛʦʣʝʤʠ
ʢʦʣʠʯʝʩʪʚʘ ʩʚʝʞ ʚʲʟʜʫʭ ʠ ʥʝ ʝ ʥʝʦʙʭʦʜʠʤʦ ʧʦʤʝʱʝʥʠʝʪʦ ʜʘ ʩʝ ʟʘʪʚʘʨʷ ʧʣʲʪʥʦ ʜʦʨʠ ʠ ʧʨʝʟ
ʩʪʫʜʝʥʠʪʝ ʤʝʩʝʮʠ. ʊʝ ʥʘʡ-ʯʝʩʪʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʚ ʢʨʘʚʝʬʝʨʤʠ ʠʣʠ ʧʪʠʮʝʬʝʨʤʠ. ʆʩʥʦʚʥʦ ʩʝ
ʜʝʣʷʪ ʥʘ ʜʚʘ ʚʠʜʘ. ʉ ʛʦʨʥʦ ʦʪʚʘʨʷʥʝ ʠʣʠ ʩ ʜʦʣʥʦ ʦʪʚʘʨʷʥʝ. ɺ ʧʲʨʚʠʷ ʩʣʫʯʘʡ ʪʨʲʙʘʪʘ ʟʘ
ʥʘʚʠʚʘʥʝ ʝ ʚ ʜʦʣʥʘʪʘ ʯʘʩʪ ʥʘ ʦʪʚʦʨʘ, ʘ ʧʣʘʪʥʦʪʦ ʝ ʦʢʘʯʝʥʦ ʥʘ ʧʨʦʬʠʣ ʠʟʜʲʨʧʚʘʥ ʦʪ ʩʪʦʤʘʥʝʥʠ
ʚʲʞʝʪʘ. ʇʨʠ ʜʚʠʞʝʥʠʝ ʥʘ ʤʦʪʦʨʘ ʚ ʝʜʥʘʪʘ ʧʦʩʦʢʘ ʪʦʡ ʟʘʚʲʨʪʘ ʪʨʲʙʘʪʘ ʠ ʧʣʘʪʥʦʪʦ ʩʝ ʥʘʚʠʚʘ
ʚʲʨʭʫ ʥʝʷ, ʢʘʪʦ ʚ ʩʲʱʦʪʦ ʚʨʝʤʝ ʨʘʟʚʠʚʘ ʩʪʦʤʘʥʝʥʠʪʝ ʚʲʞʝʪʘ, ʢʦʡʪʦ ʦʪʧʫʩʢʘʪ ʧʨʦʬʠʣʘ
ʜʲʨʞʘʱ ʜʨʫʛʠʷ ʢʨʘʡ ʥʘ ʧʣʘʪʥʦʪʦ. ɺ ʦʙʨʘʪʥʘʪʘ ʧʦʩʦʢʘ ʚʲʞʝʪʘʪʘ ʦʧʲʚʘʪ ʧʨʦʬʠʣʘ ʥʘʛʦʨʝ ʘ
ʧʣʘʪʥʦʪʦ ʩʝ ʨʘʟʚʠʚʘ ʦʪ ʪʨʲʙʘʪʘ. ʑʦʨʠʪʝ ʩ ʜʦʣʥʦ ʦʪʚʘʨʷʥʝ ʩʘ ʜʚʘ ʚʠʜʘ. ɽʜʥʠʪʝ ʩʘ ʩ ʪʨʲʙʘ ʚ
ʛʦʨʥʠʷ ʢʨʘʡ ʥʘ ʢʦʷʪʦ ʝ ʥʘʚʠʪʦ ʧʣʘʪʥʦʪʦ ʘ ʚ ʜʨʫʛʠʷ ʢʨʘʡ ʥʘ ʧʣʘʪʥʦʪʦ ʝ ʟʘʢʨʝʧʝʥ ʪʝʞʲʢ
ʧʨʦʬʠʣ ʢʦʡʪʦ ʠʟʜʲʨʧʚʘ ʧʣʘʪʥʦʪʦ ʥʘʜʦʣʫ ʧʨʠ ʨʘʟʚʠʚʘʥʝ ʥʘ ʪʨʲʙʘʪʘ. ʇʨʠ ʚʪʦʨʠʷ ʚʘʨʠʘʥʪ
ʛʦʨʥʠʷ ʢʨʘʡ ʥʘ ʧʣʘʪʥʦʪʦ ʝ ʟʘʢʨʝʧʝʥ ʥʝʧʦʜʚʠʞʥʦ ʥʘʜ ʦʪʚʦʨʘ, ʘ ʪʨʲʙʘʪʘ ʩʝ ʜʚʠʞʠ ʥʘʛʦʨʝ ʠ
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ʥʘʜʦʣʫ ʜʦʢʘʪʦ ʥʘʚʠʚʘ ʠʣʠ ʨʘʟʚʠʚʘ ʧʣʘʪʥʦʪʦ. ʀʤʘ ʚʘʨʠʘʥʪʠ ʧʨʠ ʢʦʠʪʦ ʤʦʪʦʨʘ ʩʝ ʜʚʠʞʠ
ʥʘʛʦʨʝ ʠ ʥʘʜʦʣʫ ʟʘʝʜʥʦ ʩ ʪʨʲʙʘʪʘ, ʥʦ ʤʦʞʝ ʜʘ ʙʲʜʝ ʤʦʥʪʠʨʘʥ ʥʝʧʦʜʚʠʞʥʦ, ʘ ʚʨʲʟʢʘʪʘ ʤʝʞʜʫ
ʥʝʛʦ ʠ ʪʨʲʙʘʪʘ ʝ ʧʦʩʨʝʜʩʪʚʦʤ ʢʘʨʜʘʥ [44].

ʌʠʛʫʨʘ 2.9 ʑʦʨʠ ʘ) ʩ ʛʦʨʥʦ ʦʪʚʘʨʷʥʝ ʙ) ʩ ʜʦʣʥʦ ʦʪʚʘʨʷʥʝ.

ɺʝʥʪʠʣʘʪʦʨʠʪʝ ʠʟʧʦʣʟʚʘʥʠ ʚ ʞʠʚʦʪʥʦʚʲʜʥʠʪʝ ʩʪʦʧʘʥʩʪʚʘ ʤʦʛʘʪ ʜʘ ʩʝ ʨʘʟʜʝʣʷʪ ʥʘ
ʥʷʢʦʣʢʦ ʛʨʫʧʠ ʩʧʨʷʤʦ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝʪʦ ʠʤ. ʊʦʚʘ ʩʘ ʚʝʥʪʠʣʘʪʦʨʠ ʟʘ ʩʚʝʞ ʠʣʠ ʦʪʨʘʙʦʪʝʥ
ʚʲʟʜʫʭ (ʥʘʛʥʝʪʷʚʘʱʠ ʠʣʠ ʠʟʩʤʫʢʚʘʱʠ), ʮʠʨʢʫʣʘʮʠʦʥʥʠ ʚʝʥʪʠʣʘʪʦʨʠ ʠʣʠ ʚʝʥʪʠʣʘʪʦʨʠ ʦʪ
ʩʤʝʩʝʥ ʪʠʧ [44,45,46].

ʉʧʨʷʤʦ ʢʦʥʩʪʨʫʢʮʠʷʪʘ ʥʘ ʧʝʨʢʠʪʝ, ʚʝʥʪʠʣʘʪʦʨʠʪʝ ʤʦʛʘʪ ʜʘ ʩʝ ʨʘʟʜʝʣʷʪ ʥʘ ʘʢʩʠʘʣʥʠ
ʠʣʠ ʨʘʜʠʘʣʥʠ (ʮʝʥʪʨʦʙʝʞʥʠ). ʀʤʘ ʚʝʥʪʠʣʘʪʦʨʠ ʩ ʠʣʠ ʙʝʟ ʢʣʘʧʠ ʟʘ ʟʘʪʚʘʨʷʥʝ ʥʘ ʦʪʚʦʨʘ. ʊʝ
ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʙʝʟ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʨʝʛʫʣʠʨʘʥʝ ʥʘ ʩʢʦʨʦʩʪʪʘ, ʩʲʩ ʩʪʲʧʢʦʚʦ ʨʝʛʫʣʠʨʘʥʝ ʠʣʠ ʩ
ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʙʝʟʩʪʝʧʝʥʥʦ ʨʝʛʫʣʠʨʘʥʝ. ɺ ʧʦʩʣʝʜʥʠʪʝ ʛʦʜʠʥʠ ʩʝ ʧʦʷʚʠʭʘ ʠ ʪ.ʥ. ʩʤʘʨʪ
ʚʝʥʪʠʣʘʪʦʨʠ [45].

ʅʘ ʬʠʛʫʨʘ 2.10 [44] ʩʘ ʧʦʢʘʟʘʥʠ ʥʝʨʝʛʫʣʠʨʫʝʤʠ ʘʢʩʠʘʣʥʠ ʚʝʥʪʠʣʘʪʦʨʠ ʩ ʘʚʪʦʤʘʪʠʯʥʦ
ʦʪʚʘʨʷʥʝ ʥʘ ʞʘʣʫʟʠʪʝ ʠʣʠ ʢʣʘʧʠʪʝ.

ʌʠʛʫʨʘ 2.10 ʅʝʨʝʛʫʣʠʨʫʝʤʠ ʘʢʩʠʘʣʥʠ ʚʝʥʪʠʣʘʪʦʨʠ ʩ ʘʚʪʦʤʘʪʠʯʥʦ ʦʪʚʘʨʷʥʝ Big Dutchman  ʘ)
AirMaster 140C ʩ ʞʘʣʫʟʠ, ʙ) AirMaster Flex 140C ʩ ʢʣʘʧʘ.
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ʇʨʝʜʠʤʩʪʚʦʪʦ ʥʘ ʪʝʟʠ ʚʝʥʪʠʣʘʪʦʨʠ ʝ ʧʦ-ʥʠʩʢʘʪʘ ʠʤ ʮʝʥʘ ʩʧʨʷʤʦ ʪʝʟʠ ʩ ʚʲʟʤʦʞʥʦʩʪ
ʟʘ ʨʝʛʫʣʠʨʘʥʝ. ʀʤʘʪ ʘʚʪʦʤʘʪʠʯʥʦʪʦ ʦʪʚʘʨʷʥʝ ʥʘ ʞʘʣʫʟʠʪʝ ʠʣʠ ʢʣʘʧʘʪʘ ʦʪ ʚʲʟʜʫʰʥʦʪʦ
ʪʝʯʝʥʠʝ, ʢʘʪʦ ʪʝ ʩʘ ʩʥʘʙʜʝʥʠ ʩ ʧʨʦʪʠʚʦʪʝʞʝʩʪʠ ʟʘ ʤʠʥʠʤʘʣʥʦ ʩʲʧʨʦʪʠʚʣʝʥʠʝ ʧʦ ʚʨʝʤʝ ʥʘ
ʨʘʙʦʪʘ. ʇʨʠ ʚʪʦʨʠʷ ʚʘʨʠʘʥʪ ʠʤʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʘʚʘʨʠʡʥʦ ʦʪʚʘʨʷʥʝ ʥʘ ʢʣʘʧʘʪʘ [44].

ɺʝʥʪʠʣʘʪʦʨʠʪʝ ʩ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʨʝʛʫʣʠʨʘʥʝ ʥʘ ʦʙʦʨʦʪʠʪʝ (ʌʠʛʫʨʘ 2.11) [44] ʩʘ ʧʦ-
ʩʢʲʧʠ ʥʝ ʩʘʤʦ ʟʘʨʘʜʠ ʜʚʠʛʘʪʝʣʠʪʝ, ʥʦ ʠ ʟʘʨʘʜʠ ʜʦʧʲʣʥʠʪʝʣʥʦʪʦ ʟʘʜʚʠʞʚʘʥʝ ʥʘ ʢʣʘʧʠʪʝ ʠʣʠ
ʞʘʣʫʟʠʪʝ. ʊʝ ʥʝ ʤʦʛʘʪ ʜʘ ʩʝ ʦʪʚʘʨʷʪ ʩʘʤʠ, ʟʘʱʦʪʦ ʧʨʠ ʥʠʩʢʠ ʦʙʦʨʦʪʠ ʚʲʟʜʫʰʥʦʪʦ ʪʝʯʝʥʠʝ
ʥʝ ʝ ʜʦʩʪʘʪʲʯʥʦ ʩʠʣʥʦ. ʆʪ ʜʨʫʛʘ ʩʪʨʘʥʘ ʪʝ ʧʦʟʚʦʣʷʚʘʪ ʧʦ-ʧʨʝʮʠʟʥʦ ʨʝʛʫʣʠʨʘʥʝ ʥʘ
ʚʝʥʪʠʣʘʮʠʷʪʘ ʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠ ʫʩʣʦʚʠʷ ʩʘ ʧʦ-ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠ [44,45].

4

ʌʠʛʫʨʘ 2.11 ɺʝʥʪʠʣʘʪʦʨʠ ʩ ʙʝʟʩʪʝʧʝʥʥʦ ʨʝʛʫʣʠʨʘʥʝ ʘ) ʩ ʞʘʣʫʟʠ Big Dutchman AirMaster Blue
130C ʙ) ʩ ʢʣʘʧʠ I-Fan 145 Xtra.

ʈʘʜʠʘʣʥʠʪʝ ʚʝʥʪʠʣʘʪʦʨʠ (ʌʠʛʫʨʘ 2.12) [47] ʩʝ ʠʟʧʦʣʟʚʘʪ ʢʦʛʘʪʦ ʠʤʘ ʧʦ-ʛʦʣʷʤʦ
ʚʲʟʜʫʰʥʦ ʩʲʧʨʦʪʠʚʣʝʥʠʝ, ʥʘʡ-ʯʝʩʪʦ ʚ ʩʠʩʪʝʤʠ ʦʪ ʚʲʟʜʫʭʦʚʦʜʠ.  ʆʩʠʛʫʨʷʚʘʪ ʚʠʩʦʢʦ ʥʘʣʷʛʘʥʝ
ʜʦ 1500 Pa, ʠ ʜʝʙʠʪ ʜʦ 100 000 m3. ɼʚʠʛʘʪʝʣʷ ʤʦʞʝ ʜʘ ʝ ʤʦʥʪʠʨʘʥ ʢʘʢʪʦ ʚʲʚ ʚʝʥʪʠʣʘʪʦʨʘ,
ʪʘʢʘ ʠ ʜʘ ʙʲʜʝ ʚʲʥʰʝʥ ʩ ʨʝʤʲʯʥʘ ʧʨʝʜʘʚʢʘ [47].

ʌʠʛʫʨʘ 2.12 ʈʘʜʠʘʣʥʠ ʚʝʥʪʠʣʘʪʦʨʠ ʟʘ ʤʦʥʪʘʞ ʚʲʚ ʚʲʟʜʫʭʦʚʦʜʠ Lion King ʘ) ʩ ʚʛʨʘʜʝʥ
ʜʚʠʛʘʪʝʣ ʙ) ʟʘ ʚʲʥʰʝʥ ʜʚʠʛʘʪʝʣ.

ʎʠʨʢʫʣʘʮʠʦʥʥʠʪʝ ʚʝʥʪʠʣʘʪʦʨʠ (ʌʠʛʫʨʘ 2.13) [44,45] ʦʩʠʛʫʨʷʚʘʪ ʜʚʠʞʝʥʠʝʪʦ ʥʘ
ʚʲʟʜʫʭʘ ʚʲʪʨʝ ʚ ʩʛʨʘʜʘʪʘ. ʏʨʝʟ ʪʷʭ ʩʝ ʧʦʩʪʠʛʘ ʨʘʚʥʦʤʝʨʥʦ ʜʚʠʞʝʥʠʝ ʥʘ ʚʲʟʜʫʭʘ ʠ ʧʨʝʤʘʭʚʘʥʝ
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ʥʘ ʤʲʨʪʚʠ ʟʦʥʠ ʧʨʠ ʛʦʣʝʤʠ ʩʛʨʘʜʠ. ʊʷʭʥʘʪʘ ʨʘʙʦʪʘ ʝ ʦʩʦʙʝʥʦ ʚʘʞʥʘ ʢʦʛʘʪʦ ʚʝʥʪʠʣʘʪʦʨʠʪʝ ʟʘ
ʩʚʝʞ ʚʲʟʜʫʭ ʩʘ ʠʟʢʣʶʯʝʥʠ ʠʣʠ ʨʘʙʦʪʷʪ ʥʘ ʤʠʥʠʤʫʤ ʧʨʝʟ ʩʪʫʜʝʥʠʪʝ ʧʝʨʠʦʜʠ. ʊʝ ʦʢʘʟʚʘʪ
ʚʘʞʥʘ ʨʦʣʷ ʚ ʠʢʦʥʦʤʠʷʪʘ ʥʘ ʨʘʟʭʦʜʠ ʟʘ ʦʪʦʧʣʝʥʠʝ, ʢʘʪʦ ʩʚʘʣʷʪ ʪʦʧʣʠʷ ʚʲʟʜʫʭ ʦʪ ʛʦʨʥʘʪʘ
ʯʘʩʪ ʥʘ ʧʦʤʝʱʝʥʠʷʪʘ. ʊʝ ʩʲʱʦ ʤʦʛʘʪ ʥʘ ʙʲʜʘʪ ʩ ʠʣʠ ʙʝʟ ʨʝʛʫʣʘʮʠʷ, ʢʘʪʦ ʥʘʡ-ʯʝʩʪʦ ʩʝ
ʠʟʧʦʣʟʚʘʪ ʜʚʘ ʪʠʧʘ ʤʦʥʪʘʞ. ʅʝʧʦʜʚʠʞʥʦ ʤʦʥʪʠʨʘʥʠ ʠʣʠ ʚʠʩʷʱʠ. ʇʨʠ ʚʪʦʨʠʪʝ
ʚʝʥʪʠʣʘʪʦʨʠʪʝ ʩʝ ʟʘʢʘʯʘʪ ʚ ʛʦʨʥʠʷ ʠʤ ʢʨʘʡ ʥʘ ʜʚʝ ʠʣʠ ʯʝʪʠʨʠ ʚʝʨʠʛʠ. ʂʦʛʘʪʦ ʨʘʙʦʪʷʪ ʥʘ
ʥʠʩʢʘ ʤʦʱʥʦʩʪ, ʪʝ ʚʠʩʷʪ ʚʝʨʪʠʢʘʣʥʦ, ʘ ʚʲʟʜʫʰʥʦʪʦ ʪʝʯʝʥʠʝ ʩʝ ʜʚʠʞʠ ʭʦʨʠʟʦʥʪʘʣʥʦ. ʉ
ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʤʦʱʥʦʩʪʪʘ ʠʤ ʪʝ ʟʘʧʦʯʚʘʪ ʜʘ ʩʝ ʥʘʢʣʘʥʷʪ ʦʪ ʚʲʟʜʫʰʥʘʪʘ ʩʪʨʫʷ ʢʦʷʪʦ ʦʪ
ʭʦʨʠʟʦʥʪʘʣʥʘ ʩʝ ʧʨʦʤʝʥʷ ʢʲʤ ʚʝʨʪʠʢʘʣʥʘ. ɺ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʪʦʚʘ ʜʘʣʠ ʩʝ ʠʟʧʦʣʟʚʘʪ ʜʚʝ ʠʣʠ
ʯʝʪʠʨʠ ʚʝʨʠʛʠ ʠ ʨʘʟʩʪʦʷʥʠʝʪʦ ʤʝʞʜʫ ʧʨʝʜʥʠʪʝ ʠ ʟʘʜʥʠʪʝ ʚʝʨʠʛʠ ʤʦʞʝ ʜʘ ʩʝ ʨʝʛʫʣʠʨʘ
ʪʷʭʥʦʪʦ ʥʘʢʣʘʥʷʥʝ ʠ ʩʲʦʪʚʝʪʥʦ ʧʨʦʤʷʥʘʪʘ ʥʘ ʧʦʩʦʢʘʪʘ ʥʘ ʚʲʟʜʫʰʥʘʪʘ ʩʪʨʫʷ ʩʧʨʷʤʦ
ʤʦʱʥʦʩʪʪʘ [44,45,46].

ʌʠʛʫʨʘ 2.13 ʎʠʨʢʫʣʘʮʠʦʥʥʠ ʚʝʥʪʠʣʘʪʦʨʠ ʘ) ʥʝʧʦʜʚʠʞʝʥ Fancom, ʙ) ʥʝʧʦʜʚʠʞʝʥ Big
Dutchman 4ɽ45, ʚ) ʦʢʘʯʝʥ ʥʘ ʚʝʨʠʛʠ Big Dutchman FCO-050-4EQ.

ɺʝʥʪʠʣʘʪʦʨʠʪʝ ʦʪ ʩʤʝʩʝʥ (ʌʠʛʫʨʘ 2.14) [44] ʪʠʧ ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʢʦʤʙʠʥʘʮʠʷ ʦʪ ʢʣʘʧʘ
ʟʘ ʩʚʝʞ ʚʲʟʜʫʭ ʠ ʚʝʥʪʠʣʘʪʦʨ.

ʌʠʛʫʨʘ 2.14 ɺʝʥʪʠʣʘʪʦʨ ʦʪ ʩʤʝʩʝʥ ʪʠʧ Big-Dutchman.
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ɺʝʥʪʠʣʘʪʦʨʘ ʥʘʛʥʝʪʷʚʘ ʩʚʝʞʠʷ ʚʲʟʜʫʭ ʧʨʝʟ ʨʘʟʧʨʝʜʝʣʠʪʝʣʷ ʚ ʧʦʤʝʱʝʥʠʝʪʦ.
ʆʙʦʨʫʜʚʘʥ ʝ ʩ ʜʨʦʩʝʣʦʚʘ ʢʣʘʧʘ, ʨʘʟʧʦʣʦʞʝʥʘ ʥʘʜ ʚʝʥʪʠʣʘʪʦʨʘ, ʢʘʪʦ ʯʨʝʟ ʥʝʷ ʩʝ ʨʝʛʫʣʠʨʘ
ʢʦʣʠʯʝʩʪʚʦʪʦ ʟʘʩʤʫʢʘʥ ʚʲʟʜʫʭ. ɺ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʧʦʣʦʞʝʥʠʝʪʦ ʥʘ ʢʣʘʧʘʪʘ (ʚʝʨʪʠʢʘʣʥʦ ʠʣʠ
ʭʦʨʠʟʦʥʪʘʣʥʦ) ʚ ʧʦʤʝʱʝʥʠʝʪʦ ʩʝ ʜʦʩʪʘʚʷ ʜʦ 100 % ʩʚʝʞ ʚʲʟʜʫʭ ʠʣʠ ʮʠʨʢʫʣʠʨʘ ʜʦ 100 %
ʦʙʦʨʦʪʝʥ ʚʲʟʜʫʭ. ʇʨʠ ʚʩʠʯʢʠ ʜʨʫʛʠ ʧʦʟʠʮʠʠ ʥʘ ʢʣʘʧʘʪʘ, ʩʚʝʞʠʷʪ ʚʲʟʜʫʭ ʩʝ ʩʤʝʩʚʘ ʩ ʚʲʟʜʫʭʘ
ʦʪ ʧʦʤʝʱʝʥʠʝʪʦ. ʇʦʩʣʝʜʥʠʷʪ ʩʝ ʟʘʩʤʫʢʚʘ ʚ ʢʦʤʠʥʘ ʧʨʝʟ ʧʨʦʮʝʧ ʩ ʰʠʨʠʥʘ 10 ʩʤ. ʇʦ ʪʦʟʠ
ʥʘʯʠʥ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʠʟʠʩʢʚʘʥʠʷʪʘ ʟʘ ʚʝʥʪʠʣʘʮʠʷ ʚ ʢʦʥʢʨʝʪʥʦʪʦ ʧʦʤʝʱʝʥʠʝ, ʤʦʞʝ ʜʘ ʩʝ
ʦʩʠʛʫʨʠ ʩʚʝʞ, ʩʤʝʩʝʥ ʠʣʠ ʦʙʨʘʙʦʪʝʥ ʚʲʟʜʫʭ[44].

ʊʘʢʘ ʥʘʨʝʯʝʥʠʪʝ ʩʤʘʨʪ ʚʝʥʪʠʣʘʪʦʨʠ ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʚʝʥʪʠʣʘʪʦʨʠ ʩ ʚʲʟʤʦʞʥʦʩʪ ʟʘ
ʨʝʛʫʣʠʨʘʥʝ ʩ ʠʣʠ ʙʝʟ ʢʣʘʧʠ, ʢʦʠʪʦ ʩʘ ʦʙʦʨʫʜʚʘʥʠ ʩʲʩ ʩʦʙʩʪʚʝʥ ʫʧʨʘʚʣʷʚʘʱ ʙʣʦʢ, ʩʝʥʟʦʨʠ ʟʘ
ʪʝʤʧʝʨʘʪʫʨʘ, ʚʣʘʞʥʦʩʪ ʠ ʩʝʥʟʦʨ ʟʘ ʚʨʝʜʥʠ ʛʘʟʦʚʝ, ʥʘʡ ʯʝʩʪʦ ʟʘ ʚʲʛʣʝʨʦʜʝʥ ʜʠʦʢʩʠʜ. ʇʨʠ
ʟʘʛʫʙʘ ʥʘ ʫʧʨʘʚʣʷʚʘʱ ʩʠʛʥʘʣ ʦʪ ʩʠʩʪʝʤʘʪʘ, ʚʝʥʪʠʣʘʪʦʨʘ ʤʦʞʝ ʩʘʤ ʜʘ ʩʝ ʚʢʣʶʯʚʘ ʠ ʨʝʛʫʣʠʨʘ
ʩʢʦʨʦʩʪʪʘ ʩʠ ʩʧʨʷʤʦ ʦʪʯʝʪʥʠʪʝ ʧʘʨʘʤʝʪʨʠ. ʊʦʚʘ ʧʦʟʚʦʣʷʚʘ ʚ ʩʣʫʯʘʡ ʥʘ ʘʚʘʨʠʡʥʘ ʩʠʪʫʘʮʠʷ
ʧʨʠ ʧʦʚʨʝʜʘ ʥʘ ʩʠʩʪʝʤʘʪʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʜʘ ʩʝ ʛʘʨʘʥʪʠʨʘ ʜʦʩʪʲʧʘ ʥʘ ʩʚʝʞ ʚʲʟʜʫʭ ʚ ʩʛʨʘʜʘʪʘ.
ʉʤʘʨʪ ʚʝʥʪʠʣʘʪʦʨʠʪʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʦʙʦʨʫʜʚʘʥʠ ʠ ʩ ʘʢʫʤʫʣʘʪʦʨ, ʢʦʡʪʦ ʜʘ ʦʩʠʛʫʨʠ
ʟʘʭʨʘʥʚʘʥʝ ʟʘ ʦʧʨʝʜʝʣʝʥʦ ʚʨʝʤʝ ʠ ʧʨʠ ʦʪʧʘʜʘʥʝ ʥʘ ʦʩʥʦʚʥʦʪʦ ʟʘʭʨʘʥʚʘʥʝ [45].

ʅʘ ʧʘʟʘʨʘ ʤʦʛʘʪ ʜʘ ʩʝ ʥʘʤʝʨʷʪ ʨʘʟʣʠʯʥʠ ʩʠʩʪʝʤʠ ʟʘ ʦʪʦʧʣʝʥʠʝ. ʆʩʚʝʥ
ʢʦʥʚʝʥʮʠʦʥʘʣʥʦʪʦ ʧʘʨʥʦ ʦʪʦʧʣʝʥʠʝ ʩ ʨʘʜʠʘʪʦʨʠ ʠʣʠ ʣʠʨʠ, ʠʤʘ ʨʘʟʣʠʯʥʠ ʤʝʪʦʜʠ ʟʘ
ʦʪʦʧʣʝʥʠʝ. ʅʘ ʬʠʛʫʨʘ 2.15 [44] ʩʘ ʧʦʢʘʟʘʥʠ ʨʘʟʣʠʯʥʠ ʚʘʨʠʘʥʪʠ ʥʘ ʛʘʟʦʚʦ ʦʪʦʧʣʝʥʠʝ.
ɻʘʟʦʚʠʪʝ ʛʦʨʝʣʢʠ ʩ ʧʲʣʥʦ ʦʪʜʘʚʘʥʝ ʥʘ ʪʦʧʣʠʥʘʪʘ ʠʤʘʪ ʥʘʡ-ʛʦʣʷʤʦ ʂʇɼ ʩʧʨʷʤʦ ʜʨʫʛʠʪʝ
ʛʘʟʦʚʠ ʦʪʦʧʣʠʪʝʣʠ, ʥʦ ʦʙʨʘʟʫʚʘʪ ʚʲʛʣʝʨʦʜʝʥ ʜʚʫʦʢʠʩ ʧʨʠ ʠʟʛʘʨʷʥʝʪʦ ʠ ʚʣʦʰʘʚʘʪ ʢʘʯʝʩʪʚʦʪʦ
ʥʘ ʚʲʟʜʫʭʘ [44]. ʊʝ ʩʘ ʧʦʜʭʦʜʷʱʠ ʟʘ ʧʦʤʝʱʝʥʠʷ ʚ ʢʦʠʪʦ ʚʝʥʪʠʣʘʮʠʷʪʘ ʝ ʧʦ-ʠʥʪʝʥʟʠʚʥʘ.
ɻʦʨʝʣʢʠʪʝ ʩ ʠʥʜʠʨʝʢʪʥʦ ʠʟʛʘʨʷʥʝ ʠʤʘʪ ʟʘʪʚʦʨʝʥʘ ʛʦʨʠʚʥʘ ʢʘʤʝʨʘ, ʢʘʪʦ ʠʟʛʦʨʝʣʠʪʝ ʛʘʟʦʚʝ ʩʝ
ʦʪʩʪʨʘʥʷʚʘʪ ʧʨʝʟ ʢʦʤʠʥ. ʊʝ ʠʤʘʪ ʧʦ ʥʠʩʢʦ ʂʇɼ, ʥʦ ʥʝ ʚʣʦʰʘʚʘʪ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʚʲʟʜʫʭʘ ʠ ʩʘ
ʧʦʜʭʦʜʷʱʠ ʟʘ ʚʩʷʢʘʢʲʚ ʚʠʜ ʧʦʤʝʱʝʥʠʷ [44]. ɻʦʨʝʣʢʠʪʝ ʟʘ ʠʥʬʨʘʯʝʨʚʝʥʦ ʣʲʯʠʩʪʦ ʦʪʦʧʣʝʥʠʝ
ʩʝ ʠʟʧʦʣʟʚʘʪ ʛʣʘʚʥʦ ʧʨʠ ʦʪʛʣʝʞʜʘʥʝ ʥʘ ʧʠʣʝʪʘ, ʢʘʪʦ ʧʨʠ ʪʷʭ ʪʦʧʣʠʥʘʪʘ ʩʝ ʥʘʩʦʯʚʘ ʢʲʤ
ʦʧʨʝʜʝʣʝʥʘ ʟʦʥʘ, ʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʚʲʟʜʫʭʘ ʚ ʧʦʤʝʱʝʥʠʝʪʦ ʤʦʞʝ ʜʘ ʩʝ ʧʦʜʲʨʞʘ ʧʦ ʥʠʩʢʘ,
ʦʪ ʢʦʝʪʦ ʩʝ ʧʦʣʫʯʘʚʘ ʠʢʦʥʦʤʠʷ ʥʘ ʝʥʝʨʛʠʷ ʟʘ ʦʪʦʧʣʝʥʠʝ [44,45,46].

ʌʠʛʫʨʘ 2.15 ɻʘʟʦʚʠ ʦʪʦʧʣʠʪʝʣʠ Big-Dutchman ʘ) ʩ ʧʲʣʥʦ ʦʪʜʘʚʘʥʝ ʥʘ ʪʦʧʣʠʥʘʪʘ, ʙ) ʩ
ʠʥʜʠʨʝʢʪʥʦ ʠʟʛʘʨʷʥʝ, ʚ) ʟʘ ʠʥʬʨʘʯʝʨʚʝʥʦ ʣʲʯʠʩʪʦ ʦʪʦʧʣʝʥʠʝ.
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ʇʨʝʟ ʧʦʩʣʝʜʥʠʪʝ ʛʦʜʠʥʠ ʚʩʝ ʧʦ-ʯʝʩʪʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʉʠʩʪʝʤʠ ʟʘ ʦʪʦʧʣʝʥʠʝ ʩ
ʪʦʧʣʦʦʙʤʝʥʥʠʮʠ (ʌʠʛʫʨʘ 2.16) [44] ʚ ʞʠʚʦʪʥʦʚʲʜʥʠʪʝ ʬʝʨʤʠ. ʇʨʠ ʪʷʭ ʨʘʟʭʦʜʠʪʝ ʟʘ
ʦʪʦʧʣʝʥʠʝ ʤʦʞʝ ʜʘ ʩʝ ʥʘʤʘʣʷʪ ʩ ʥʘʜ 50% [44]. ʇʨʠʥʮʠʧʘ ʠʤ ʥʘ ʨʘʙʦʪʘ ʝ ʩʣʝʜʥʠʷ. ʊʦʧʣʠʷ
ʦʪʨʘʙʦʪʝʥ ʚʲʟʜʫʭ, ʢʦʡʪʦ ʩʝ ʠʟʚʝʞʜʘ ʦʪ ʧʦʤʝʱʝʥʠʷʪʘ, ʤʠʥʘʚʘ ʧʨʝʟ ʪʦʧʣʦʦʙʤʝʥʥʠʢʘ ʠ ʥʘʛʨʷʚʘ
ʩʪʫʜʝʥʠʷ ʚʲʟʜʫʭ ʙʝʟ ʜʘ ʩʝ ʩʤʝʩʚʘʪ. ʉʣʝʜ ʪʦʚʘ ʩʪʫʜʝʥʠʷ ʚʲʟʜʫʭ ʩʝ ʥʘʛʨʷʚʘ ʜʦʧʲʣʥʠʪʝʣʥʦ ʠ ʩʝ
ʚʲʚʝʞʜʘ ʚ ʧʦʤʝʱʝʥʠʝʪʦ. ʊʝʟʠ ʩʠʩʪʝʤʠ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʦʙʦʨʫʜʚʘʥʠ ʩ ʬʠʣʪʨʠ ʟʘ ʦʪʨʘʙʦʪʝʥʠʷ
ʚʲʟʜʫʭ, ʢʘʪʦ ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʩʝ ʥʘʤʘʣʷʚʘʪ ʠʟʧʫʩʢʘʥʠʪʝ ʚ ʘʪʤʦʩʬʝʨʘʪʘ ʝʤʠʩʠʠ ʥʘ ʘʤʦʥʷʢ,
ʥʝʧʨʠʷʪʥʠʪʝ ʤʠʨʠʟʤʠ ʠ ʬʠʥʠʪʝ ʧʨʘʭʦʚʠ ʯʘʩʪʠʮʠ.

ʌʠʛʫʨʘ 2.16 ʉʠʩʪʝʤʘ ʟʘ ʦʪʦʧʣʝʥʠʝ ʩ ʪʦʧʣʦʦʙʤʝʥʥʠʢ Big Dutchman Earny 2.

ʇʨʲʩʢʘʯʢʠʪʝ (ʌʠʛʫʨʘ 2.17) [46,48] ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ ʦʭʣʘʞʜʘʥʝ ʥʘ ʚʲʟʜʫʭʘ ʠ
ʢʦʥʪʨʦʣʠʨʘʥʝ ʥʘ ʚʣʘʞʥʦʩʪʪʘ ʚ ʧʦʤʝʱʝʥʠʷʪʘ, ʟʘ ʜʠʨʝʢʪʥʦ ʥʘʤʦʢʨʷʥʝ ʥʘ ʞʠʚʦʪʥʠʪʝ ʩ ʮʝʣ
ʦʭʣʘʞʜʘʥʝ, ʟʘ ʨʘʟʢʠʩʚʘʥʝ ʥʘ ʟʘʩʲʭʥʘʣʘ ʤʨʲʩʦʪʠʷ ʧʦ ʩʪʝʥʠʪʝ ʠ ʧʦʜʘ, ʢʘʢʪʦ ʠ ʟʘ ʜʝʟʠʥʬʝʢʮʠʷ
ʥʘ ʧʦʤʝʱʝʥʠʷʪʘ [46,48]. ʄʦʛʘʪ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʚ ʧʪʠʮʝʬʝʨʤʠ, ʩʚʠʥʝʬʝʨʤʠ ʠ ʢʨʘʚʝʬʝʨʤʠ
ʢʘʪʦ ʦʩʥʦʚʥʦʪʦ ʠʤ ʧʨʝʜʠʤʩʪʚʦ ʩʧʨʷʤʦ ʜʨʫʛʠ ʩʠʩʪʝʤʠ ʟʘ ʦʭʣʘʞʜʘʥʝ ʝ ʧʦ-ʥʠʩʢʘʪʘ ʮʝʥʘ. ʊʝ ʩʘ
ʥʘʡ-ʝʬʝʢʪʠʚʥʠ ʧʨʠ ʩʫʭ ʢʣʠʤʘʪ ʠ ʚʠʩʦʢʠ ʪʝʤʧʝʨʘʪʫʨʠ.

ʌʠʛʫʨʘ 2.17 ʇʨʲʩʢʘʯʢʠ   ʘ) ʧʨʲʩʢʘʯʢʘ ʥʠʩʢʦ ʥʘʣʷʛʘʥʝ ʟʘ ʜʝʟʠʥʬʝʢʮʠʷ ʠ ʦʭʣʘʞʜʘʥʝ ʥʘ ʢʨʘʚʠ,
ʙ) ʢʦʤʙʠʥʠʨʘʥʘ ʧʨʲʩʢʘʯʢʘ ʥʠʩʢʦ ʥʘʣʷʛʘʥʝ ʟʘ ʦʭʣʘʞʜʘʥʝ ʠ ʥʘʤʦʢʨʷʥʝ Meier-Brakenberg
MBWeich200, ʚ) ʧʨʲʩʢʘʯʢʘ ʚʠʩʦʢʦ ʥʘʣʷʛʘʥʝ ʟʘ ʦʭʣʘʞʜʘʥʝ Meier-Brakenberg, ʛ) ʧʨʲʩʢʘʯʢʘ
ʚʠʩʦʢʦ ʥʘʣʷʛʘʥʝ ʟʘ ʦʭʣʘʞʜʘʥʝ SKOV.



29

29

ʂʘʪʦ ʥʝʜʦʩʪʘʪʲʮʠ ʤʦʞʝ ʜʘ ʩʝ ʧʦʩʦʯʘʪ ʯʝʩʪʠ ʟʘʧʫʰʚʘʥʠʷ ʥʘ ʜʶʟʠʪʝ ʧʨʠ ʠʟʧʦʣʟʚʘʥʝ
ʥʘ ʚʘʨʦʚʠʪʘ ʚʦʜʘ, ʜʦʨʠ ʠ ʜʘ ʝ ʬʠʣʪʨʠʨʘʥʘ, ʢʘʢʪʦ ʠ ʪʦʚʘ, ʯʝ ʧʨʠ ʚʠʩʦʢʘ ʚʣʘʞʥʦʩʪ ʥʝ ʪʨʷʙʚʘ
ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ, ʟʘʱʦʪʦ ʪʦʛʘʚʘ ʥʝ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʘʨʠ ʮʷʣʦʪʦ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʘ. ɺ ʟʘʚʠʩʠʤʦʩʪ
ʦʪ ʩʠʪʫʘʮʠʷʪʘ ʤʦʞʝ ʜʘ ʩʝ ʩʪʠʛʥʝ ʜʦ ʫʤʦʢʨʷʥʝ ʥʘ ʧʦʩʪʝʣʷʪʘ ʠ ʚʣʦʰʘʚʘʥʝ ʥʘ ʫʩʣʦʚʠʷʪʘ ʚ
ʧʦʤʝʱʝʥʠʷʪʘ. ʇʨʲʩʢʘʯʢʠʪʝ ʥʠʩʢʦ ʥʘʣʷʛʘʥʝ ʤʦʛʘʪ ʜʘ ʩʝ ʩʚʲʨʞʘʪ ʜʠʨʝʢʪʥʦ ʢʲʤ ʚʦʜʦʧʨʦʚʦʜʘ
ʇɺʎ ʪʨʲʙʠ, ʢʘʪʦ ʨʘʙʦʪʥʦʪʦ ʠʤʘ ʥʘʣʘʛʘʥʝ ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ ʥʘʜ 3,5 bar, a ʟʘ ʧʨʲʩʢʘʯʢʠʪʝ ʚʠʩʦʢʦ
ʥʘʣʷʛʘʥʝ ʝ ʥʝʦʙʭʦʜʠʤʘ ʩʠʩʪʝʤʘ ʦʪ ʪʨʲʙʠ ʦʪ ʥʝʨʲʞʜʘʝʤʘ ʩʪʦʤʘʥʘ, ʢʘʢʪʦ ʠ ʧʦʤʧʘ ʩ ʨʘʙʦʪʥʦ
ʥʘʣʘʛʘʥʝ ʦʢʦʣʦ 70 bar. ʅʦ ʟʘ ʩʤʝʪʢʘ ʥʘ ʧʦ-ʩʢʲʧʘʪʘ ʧʲʨʚʦʥʘʯʘʣʥʘ ʠʥʚʝʩʪʠʮʠʷ, ʩʝ ʧʦʫʯʘʚʘ
ʤʥʦʛʦ ʬʠʥʦ ʨʘʟʧʨʲʩʢʚʘʥʝ ʥʘ ʚʦʜʘʪʘ ʢʦʝʪʦ ʚʦʜʠ ʜʦ ʧʦ-ʜʦʙʨʦ ʠʟʧʘʨʝʥʠʝ ʠ ʧʦ ʚʠʩʦʢʘ
ʝʬʝʢʪʠʚʥʦʩʪ.

ʀʟʧʘʨʠʪʝʣʥʠʪʝ ʦʭʣʘʜʠʪʝʣʥʠ ʧʠʪʠ (ʌʠʛʫʨʘ 2.18) [44,46] ʥʘʤʠʨʘʪ ʰʠʨʦʢʦ ʧʨʠʣʦʞʝʥʠʝ
ʚ ʨʘʟʣʠʯʥʠ ʚʠʜʦʚʝ ʩʪʦʧʘʥʩʪʚʘ, ʢʘʪʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʧʨʠ ʪʫʥʝʣʥʘʪʘ ʚʝʥʪʠʣʘʮʠʷ. ʊʝ ʩʝ ʤʦʥʪʠʨʘʪ
ʥʘ ʪʫʥʝʣʥʠʪʝ ʚʭʦʜʦʚʝ ʢʘʪʦ ʧʨʠʥʮʠʧʘ ʠʤ ʥʘ ʨʘʙʦʪʘ ʝ ʩʣʝʜʥʠʷ. ɺ ʛʦʨʥʠʷ ʠʤ ʢʨʘʡ ʩʝ ʦʙʣʠʚʘʪ ʩ
ʚʦʜʘ, ʢʘʪʦ ʪʘʢʘ ʩʝ ʫʤʦʢʨʷʪ ʮʝʣʠʪʝ ʧʠʪʠ. ʇʨʠ ʧʨʝʤʠʥʘʚʘʥʝ ʥʘ ʚʲʟʜʫʭʘ ʧʨʝʟ ʪʷʭ, ʚʦʜʘʪʘ ʩʝ
ʠʟʧʘʨʷʚʘ ʠ ʩʝ ʧʦʣʫʯʘʚʘ ʦʭʣʘʞʜʘʥʝ ʥʘ ʚʲʟʜʫʭʘ ʙʝʟ ʚ ʥʝʛʦ ʜʘ ʦʩʪʘʚʘʪ ʚʦʜʥʠ ʢʘʧʢʠ ʢʦʠʪʦ ʤʦʛʘʪ
ʜʘ ʥʘʤʦʢʨʷʪ ʧʦʩʪʝʣʷʪʘ ʠ ʜʘ ʚʣʦʰʘʪ ʫʩʣʦʚʠʷʪʘ ʚ ʧʦʤʝʱʝʥʠʝʪʦ. ʅʘʡ-ʯʝʩʪʦ ʠʟʧʘʨʠʪʝʣʥʠʪʝ
ʦʭʣʘʜʠʪʝʣʥʠ ʧʠʪʠ ʩʘ ʥʘʧʨʘʚʝʥʠ ʦʪ ʮʝʣʫʣʦʟʘ [46], ʢʦʷʪʦ ʧʦʧʠʚʘ ʚʦʜʘʪʘ, ʥʦ ʚʝʯʝ ʠʤʘ ʠ ʪʘʢʠʚʘ
ʥʘʧʨʘʚʝʥʠ ʦʪ ʧʣʘʩʪʤʘʩʘ [44]. ʊʝ ʠʤʘʪ ʧʦ ʜʲʣʲʛ ʞʠʚʦʪ, ʤʦʛʘʪ ʜʘ ʩʝ ʧʦʯʠʩʪʚʘʪ ʧʦ-ʣʝʩʥʦ ʠ
ʧʨʝʜʦʪʚʨʘʪʷʚʘʪ ʚʲʟʤʦʞʥʦʩʪʪʘ ʚ ʪʷʭ ʜʘ ʩʝ ʟʘʩʝʣʷʪ ʛʨʠʟʘʯʠ.

ʌʠʛʫʨʘ 2.18 ʀʟʧʘʨʠʪʝʣʥʘ ʦʭʣʘʜʠʪʝʣʥʘ ʧʠʪʘ ʘ) ʦʪ ʧʣʘʩʪʤʘʩʘ Big Dutchman, ʙ) ʦʪ ʮʝʣʫʣʦʟʘ
SKOV DA 150B.

2.1.2 ʉʝʥʟʦʨʠ

ʉʝʥʟʦʨʠʪʝ ʢʦʠʪʦ ʤʘʩʦʚʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ ʢʦʥʪʨʦʣʠʨʘʥʝ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ
ʞʠʚʦʪʥʦʚʲʜʥʠ ʬʝʨʤʠ ʩʣʝʜʷʪ ʩʘʤʦ ʥʷʢʦʡ ʦʪ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʩʨʝʜʘʪʘ. ʊʦʚʘ ʩʘ ʩʝʥʟʦʨʠ ʟʘ
ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʦʪʥʦʩʠʪʝʣʥʘ ʚʣʘʞʥʦʩʪ RH, ʢʘʪʦ ʦʙʠʢʥʦʚʝʥʦ ʝ ʝʜʠʥ ʢʦʤʙʠʥʠʨʘʥ ʩʝʥʟʦʨ,
ʩʝʥʟʦʨ ʟʘ ʘʤʦʥʷʢ NH3,  ʟʘ ʚʲʛʣʝʨʦʜʝʥ ʜʠʦʢʩʠʜ CO2, ʟʘ ʥʘʣʷʛʘʥʝ, ʟʘ ʩʢʦʨʦʩʪ ʥʘ ʜʚʠʞʝʥʠʝ ʥʘ
ʚʲʟʜʫʭʘ ʠ ʟʘ ʦʩʚʝʪʝʥʦʩʪ. ɼʦʨʠ ʩʚʝʪʦʚʥʠ ʣʠʜʝʨʠ ʚ ʘʚʪʦʤʘʪʠʟʘʮʠʷʪʘ ʥʝ ʠʟʧʦʣʟʚʘʪ ʩʝʥʟʦʨʠ ʟʘ
ʧʦʩʪʦʷʥʥʦ ʥʘʙʣʶʜʝʥʠʝ ʥʘ ʚʲʛʣʝʨʦʜʝʥ ʦʢʩʠʜ CO, ʤʝʪʘʥ CH4, ʩʝʨʦʚʦʜʦʨʦʜ H2S ʠ ʬʠʥʠ
ʧʨʘʭʦʚʠ ʯʘʩʪʠʮʠ [44,45,46]. ɺ ʪʘʢʲʚ ʩʣʫʯʘʡ, ʟʘ ʜʘ ʩʝ ʛʘʨʘʥʪʠʨʘ ʦʪʩʲʩʪʚʠʝʪʦ ʠʤ ʝ ʥʝʦʙʭʦʜʠʤʦ
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ʚʝʥʪʠʣʘʮʠʷʪʘ ʜʘ ʨʘʙʦʪʠ ʥʘ ʧʦ-ʚʠʩʦʢʘ ʤʦʱʥʦʩʪ ʘ ʦʪ ʪʘʤ ʩʧʘʜʘ ʠ ʝʥʝʨʛʠʡʥʘʪʘ ʝʬʝʢʪʠʚʥʦʩʪ.
ʅʘ ʬʠʛʫʨʘ 2.19 [49] ʠ ʬʠʛʫʨʘ 2.20 [49] ʩʘ ʧʦʢʘʟʘʥʠ ʩʝʥʟʦʨʠ ʥʘ ʬʠʨʤʘ Dol, ʢʦʠʪʦ ʩʝ ʠʟʧʦʣʟʚʘʪ
ʚ ʩʠʩʪʝʤʠʪʝ ʥʘ ʨʘʟʣʠʯʥʠ ʜʦʩʪʘʚʯʠʮʠ ʥʘ ʘʚʪʦʤʘʪʠʟʠʨʘʥʠ ʩʠʩʪʝʤʠ ʟʘ ʞʠʚʦʪʥʦʚʲʜʥʠ ʬʝʨʤʠ
[44,45,46,49].

ʌʠʛʫʨʘ 2.19 ʩʝʥʟʦʨʠ Dol ʘ) ʟʘ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʦʪʥʦʩʠʪʝʣʥʘ ʚʣʘʞʥʦʩʪ RH - DOL114 ʙ) ʟʘ
ʚʲʛʣʝʨʦʜʝʥ ʜʠʦʢʩʠʜ CO2 - DOL119 ʚ) ʟʘ ʘʤʦʥʷʢ NH3 - DOL53.

ʊʝ ʩʘ ʩʧʝʮʠʘʣʠʟʠʨʘʥʠ ʚ ʦʙʣʘʩʪʪʘ ʥʘ ʩʝʣʩʢʦʪʦ ʩʪʦʧʘʥʩʪʚʦ, ʥʘʜʝʞʜʥʠ ʩʘ, ʥʦ ʩ ʜʦʩʪʘ
ʚʠʩʦʢʘ ʮʝʥʘ.

ʌʠʛʫʨʘ 2.20 ʩʝʥʟʦʨʠ Dol ʘ) ʟʘ ʦʩʚʝʪʝʥʦʩʪ - DOL16 ʙ) ʟʘ ʪʝʤʧʝʨʘʪʫʨʘ - DOL12 ʚ) ʟʘ
ʜʠʬʝʨʝʥʮʠʘʣʥʦ ʥʘʣʷʛʘʥʝ – DOL18, ʛ) ʟʘ ʧʦʩʦʢʘ ʠ ʩʢʦʨʦʩʪ ʥʘ ʜʚʠʞʝʥʠʝ ʥʘ ʚʲʟʜʫʭʘ ʠ
ʘʪʤʦʩʬʝʨʥʦ ʥʘʣʷʛʘʥʝ – DOL58.

2.1.3 ʂʦʤʧʶʪʨʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ʞʠʚʦʪʥʦʚʲʜʥʠ ʬʝʨʤʠ

ʅʘ ʧʘʟʘʨʘ ʩʲʱʝʩʪʚʫʚʘʪ ʨʘʟʥʦʦʙʨʘʟʥʠ ʨʝʰʝʥʠʷ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ
ʞʠʚʦʪʥʦʚʲʜʥʠʪʝ ʬʝʨʤʠ. ɺ ʝʜʥʘʪʘ ʢʨʘʡʥʦʩʪ ʫʧʨʘʚʣʝʥʠʷʪʘ ʚʘʨʠʨʘʪ ʦʪ ʩʠʩʪʝʤʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ
ʥʘ 1 ʧʦʤʝʱʝʥʠʝ ʩ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʚʢʣʶʯʚʘʥʝ ʥʘ ʥʷʢʦʣʢʦ ʩʝʥʟʦʨʘ ʟʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʧʨʠ ʢʦʝʪʦ
ʩʧʨʷʤʦ ʥʝʷ ʤʦʞʝ ʜʘ ʩʝ ʚʢʣʶʯʚʘ ʠʣʠ ʠʟʢʣʶʯʚʘ ʦʪʦʧʣʝʥʠʝ ʠ ʦʭʣʘʞʜʘʥʝ, ʘ ʤʦʱʥʦʩʪʪʘ ʥʘ
ʚʝʥʪʠʣʘʮʠʷʪʘ ʩʝ ʥʘʩʪʨʦʡʚʘ ʨʲʯʥʦ ʠ ʥʝ ʩʝ ʢʦʨʠʛʠʨʘ ʦʪ ʠʟʤʝʨʝʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ. ɺ ʜʨʫʛʘʪʘ
ʢʨʘʡʥʦʩʪ ʩʘ ʩʠʩʪʝʤʠ ʩ ʤʥʦʛʦʟʦʥʦʚ ʢʦʥʪʨʦʣ, ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʚʢʣʶʯʚʘʥʝ ʥʘ ʩʝʥʟʦʨʠ ʟʘ
ʚʲʪʨʝʰʥʘ ʠ ʚʲʥʰʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʦʪʥʦʩʠʪʝʣʥʘ ʚʣʘʞʥʦʩʪ RH, ʩʢʦʨʦʩʪ ʥʘ ʜʚʠʞʝʥʠʝ ʥʘ
ʚʲʟʜʫʭʘ, ʟʘ ʥʘʣʠʯʠʝ ʥʘ ʘʤʦʥʷʢ NH3 ʠ ʚʲʛʣʝʨʦʜʝʥ ʜʠʦʢʩʠʜ CO2, ʦʩʚʝʪʝʥʦʩʪ, ʠʟʤʝʨʚʘʥʝ ʥʘ
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ʧʦʪʨʝʙʣʝʥʠʝ ʥʘ ʚʦʜʘ, ʪʝʛʣʦ ʥʘ ʞʠʚʦʪʥʠʪʝ ʠ ʜʨʫʛʠ. ʊʝ ʤʦʛʘʪ ʜʘ ʢʦʥʪʨʦʣʠʨʘʪ ʤʦʱʥʦʩʪʪʘ ʥʘ
ʦʪʦʧʣʝʥʠʝʪʦ, ʦʭʣʘʞʜʘʥʝʪʦ, ʚʝʥʪʠʣʘʮʠʷʪʘ ʟʘ ʜʘ ʙʘʣʘʥʩʠʨʘʪ ʪʝʤʧʝʨʘʪʫʨʘʪʘ. ʄʦʛʘʪ ʜʘ
ʢʦʥʪʨʦʣʠʨʘʪ ʦʪʥʦʩʠʪʝʣʥʘʪʘ ʚʣʘʞʥʦʩʪ RH ʯʨʝʟ ʚʝʥʪʠʣʘʮʠʷʪʘ ʠ ʧʨʲʩʢʘʯʢʠʪʝ, ʫʧʨʘʚʣʷʚʘʪ
ʧʦʜʘʚʘʥʝʪʦ ʥʘ ʭʨʘʥʘ, ʨʝʛʫʣʠʨʘʪ ʦʩʚʝʪʣʝʥʠʝʪʦ. ʄʦʛʘʪ ʜʘ ʩʝ ʫʧʨʘʚʣʷʚʘʪ ʜʠʩʪʘʥʮʠʦʥʥʦ ʠ
ʩʲʦʪʚʝʪʥʦ ʜʘ ʘʢʪʠʚʠʨʘʪ ʘʣʘʨʤʠ ʧʨʠ ʫʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʥʝʨʝʜʥʦʩʪ [44,45].

ʂʘʪʦ ʧʨʠʤʝʨʠ ʟʘ ʪʘʢʠʚʘ ʩʠʩʪʝʤʠ ʤʦʛʘʪ ʜʘ ʩʝ ʜʘʜʘʪ ʫʧʨʘʚʣʷʚʘʱʠʪʝ ʢʦʤʧʶʪʨʠ ʥʘ
ʬʠʨʤʘ Fancom ʠ ʥʘ Big Dutchman, ʟʘʱʦʪʦ ʪʝ ʠʣʶʩʪʨʠʨʘʪ ʜʚʝʪʝ ʦʩʥʦʚʥʠ ʩʪʨʘʪʝʛʠʠ ʟʘ
ʫʧʨʘʚʣʝʥʠʝ. Fancom ʧʨʝʜʣʘʛʘ ʜʚʝ ʦʩʥʦʚʥʠ ʛʨʫʧʠ ʢʦʤʧʶʪʨʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ. ʇʲʨʚʠʪʝ ʩʘ ʦʪ
ʧʦ-ʥʠʩʲʢ ʢʣʘʩ, ʩ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʯʘʩʪʠʯʥʦ ʢʦʥʪʨʦʣʠʨʘʥʝ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʝʜʥʦ ʧʦʤʝʱʝʥʠʝ.
ɺʪʦʨʠʪʝ ʠʤʘʪ ʚʲʟʤʦʞʥʦʩʪ ʜʘ ʫʧʨʘʚʣʷʚʘʪ ʜʦ 24 ʧʦʤʝʱʝʥʠʷ  ʚ ʝʜʥʘ ʩʛʨʘʜʘ ʧʣʶʩ ʢʦʥʪʨʦʣ ʥʘ
ʮʝʥʪʨʘʣʥʘ ʚʝʥʪʠʣʘʮʠʷ. Big Dutchman ʧʨʝʜʣʘʛʘʪ ʢʦʤʧʶʪʨʠ ʦʪ ʚʠʩʦʢ ʢʣʘʩ ʢʦʠʪʦ ʩʘ
ʧʨʝʜʥʘʟʥʘʯʝʥʠ ʜʘ ʫʧʨʘʚʣʷʚʘʪ ʩʘʤʦ ʝʜʥʦ ʧʦʤʝʱʝʥʠʝ, ʥʦ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʩʚʲʨʟʘʥʠ
ʧʦʩʨʝʜʩʪʚʦʤ ʤʨʝʞʘ ʠ ʩʦʬʪʫʝʨ ʢʲʤ ʧʝʨʩʦʥʘʣʝʥ ʢʦʤʧʶʪʲʨ ʦʪ ʢʦʡʪʦ ʜʘ ʙʲʜʝ ʠʟʚʲʨʰʚʘʥʦ
ʫʧʨʘʚʣʝʥʠʝʪʦ ʥʘ ʮʷʣʘ ʩʛʨʘʜʘ. ʂʦʤʧʶʪʨʠʪʝ ʥʘ Fancom  ʩʲʱʦ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʩʚʲʨʟʘʥʠ ʚ ʤʨʝʞʘ
ʩ ʧʦʤʦʱʪʘ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʘʥ ʩʦʬʪʫʝʨ ʠ ʜʘ ʙʲʜʘʪ ʫʧʨʘʚʣʷʚʘʥʠ ʜʠʩʪʘʥʮʠʦʥʥʦ. ʅʘ ʬʠʛʫʨʘ 2.21
[44], ʬʠʛʫʨʘ 2.22 [45] ʠ ʬʠʛʫʨʘ 2.23 [45] ʩʘ ʧʦʢʘʟʘʥʠ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʟʘ ʩʚʲʨʟʚʘʥʝ ʥʘ ʩʝʥʟʦʨʠ,
ʢʘʢʪʦ ʠ ʢʘʢʚʦ ʤʦʞʝ ʜʘ ʩʝ ʫʧʨʘʚʣʷʚʘ ʦʪ ʩʠʩʪʝʤʘʪʘ ʩʲʦʪʚʝʪʥʦ ʥʘ Big Dutchman ʠ ʥʘ Fancom.

ʌʠʛʫʨʘ 2.21 ɺʲʟʤʦʞʥʦʩʪʠ ʟʘ ʩʚʲʨʟʚʘʥʝ ʥʘ ʢʦʤʧʶʪʲʨ ʟʘ ʫʧʨʘʚʣʝʥʠʝ Big Dutchman Vento III.
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ʌʠʛʫʨʘ 2.22 ɺʲʟʤʦʞʥʦʩʪʠ ʟʘ ʩʚʲʨʟʚʘʥʝ ʥʘ ʢʦʤʧʶʪʨʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ Fancom ʩʝʨʠʠ Aura ʠ
Lumina.

ɼʚʝʪʝ ʩʠʩʪʝʤʠ ʠʤʘʪ ʧʨʠʣʠʢʠ ʠ ʨʘʟʣʠʢʠ ʢʦʠʪʦ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʨʘʟʛʣʝʜʘʪ, ʟʘ ʜʘ ʩʝ
ʜʦʙʠʝ ʷʩʥʘ ʧʨʝʜʩʪʘʚʘ ʟʘ ʥʘʯʠʥʘ ʥʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ. ʀ ʧʨʠ ʜʚʝʪʝ ʩʠʩʪʝʤʠ ʝ
ʟʘʣʦʞʝʥ ʧʨʠʥʮʠʧʘ ʥʘ ʤʠʥʠʤʘʣʥʘ ʠ ʤʘʢʩʠʤʘʣʥʘ ʚʝʥʪʠʣʘʮʠʷ. ʄʠʥʠʤʘʣʥʘʪʘ ʚʝʥʪʠʣʘʮʠʷ ʩʝ
ʙʘʟʠʨʘ ʥʘ ʥʝʦʙʭʦʜʠʤʦʪʦ ʢʦʣʠʯʝʩʪʚʦ ʩʚʝʞ ʚʲʟʜʲʭ ʚ m3/h ʟʘ ʝʜʥʦ ʞʠʚʦʪʥʦ ʩʧʨʷʤʦ ʚʲʟʨʘʩʪʪʘ
ʤʫ. ʅʝʦʙʭʦʜʠʤʦ ʝ ʟʘʜʘʚʘʥʝ ʥʘ ʙʨʦʷ ʥʘ ʞʠʚʦʪʥʠʪʝ ʚ ʜʘʜʝʥʦʪʦ ʧʦʤʝʱʝʥʠʝ ʠ ʚʲʟʨʘʩʪʪʘ ʧʨʠ
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ʥʘʩʪʘʥʷʚʘʥʝ, ʢʘʪʦ ʠ ʜʚʝʪʝ ʩʠʩʪʝʤʠ ʠʤʘʪ ʯʘʩʦʚʥʠʮʠ, ʦʪʯʠʪʘʱʠ ʧʨʦʤʷʥʘʪʘ ʥʘ ʚʲʟʨʘʩʪʪʘ ʠ
ʘʚʪʦʤʘʪʠʯʥʦ ʢʦʨʠʛʠʨʘʪ ʧʘʨʘʤʝʪʨʠʪʝ, ʩʧʨʷʤʦ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʟʘʜʘʜʝʥʠ ʪʘʙʣʠʮʠ.

ʌʠʛʫʨʘ 2.23 ɺʲʟʤʦʞʥʦʩʪʠ ʟʘ ʩʚʲʨʟʚʘʥʝ ʥʘ ʢʦʤʧʶʪʨʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ Fancom ʩʝʨʠʠ Aura ʠ
Lumina.

ɿʘ ʜʘ ʨʘʙʦʪʷʪ ʢʦʨʝʢʪʥʦ ʝ ʥʝʦʙʭʦʜʠʤʦ ʚʩʝʢʠ ʜʝʥ ʚ ʪʷʭ ʜʘ ʩʝ ʟʘʧʠʩʚʘʪ ʧʨʦʤʝʥʠ ʚ ʙʨʦʷ
ʥʘ ʞʠʚʦʪʥʠʪʝ ʘʢʦ ʠʤʘ ʪʘʢʠʚʘ, ʠ ʩʤʲʨʪʥʠʪʝ ʩʣʫʯʘʡ. ʄʘʢʩʠʤʘʣʥʘʪʘ ʚʝʥʪʠʣʘʮʠʷ ʩʝ ʥʘʩʪʨʦʡʚʘ
ʥʘ ʙʘʟʘ ʥʘ ʚʠʜʘ ʠ ʚʲʟʨʘʩʪʪʘ ʥʘ ʞʠʚʦʪʥʠʪʝ ʚ ʜʘʜʝʥʦ ʧʦʤʝʱʝʥʠʝ, ʢʘʪʦ ʪʷ ʩʝ ʩʲʦʙʨʘʟʷʚʘ ʩ
ʥʦʨʤʠʪʝ ʟʘ ʩʲʦʪʚʝʪʥʦʪʦ ʞʠʚʦʪʥʦ. ʉʠʩʪʝʤʠʪʝ ʢʦʥʪʨʦʣʠʨʘʪ ʚʝʥʪʠʣʘʮʠʷʪʘ ʤʝʞʜʫ
ʤʠʥʠʤʘʣʥʘʪʘ ʠ ʤʘʢʩʠʤʘʣʥʘʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʚʲʪʨʝʰʥʘʪʘ ʠ ʚʲʥʰʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʠ
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ʦʪʥʦʩʠʪʝʣʥʘʪʘ ʚʣʘʞʥʦʩʪ RH. ʈʝʘʣʥʦ ʧʨʠ ʩʠʩʪʝʤʘʪʘ ʥʘ Big Dutchman ʚʝʥʪʠʣʘʮʠʷʪʘ ʥʝ ʟʘʚʠʩʠ
ʦʪ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʚʲʟʜʫʭʘ, ʟʘʱʦʪʦ ʪʷ ʥʝ ʩʝ ʧʨʦʤʝʥʷ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʠʟʤʝʨʝʥʠʪʝ ʚʲʛʣʝʨʦʜʝʥ
ʜʠʦʢʩʠʜ CO2 ʠ ʘʤʦʥʷʢ NH3. ʇʨʠ ʥʘʣʠʯʠʝ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘʜ ʥʦʨʤʠʪʝ ʩʠʩʪʝʤʘʪʘ ʘʢʪʠʚʠʨʘ
ʘʣʘʨʤʘ ʧʨʠ ʢʦʝʪʦ ʧʝʨʩʦʥʘʣʘ ʪʨʷʙʚʘ ʠʣʠ ʜʘ ʫʚʝʣʠʯʠ ʤʠʥʠʤʘʣʥʘʪʘ ʚʝʥʪʠʣʘʮʠʷ, ʠʣʠ ʜʘ
ʧʦʜʦʙʨʠ ʧʦʯʠʩʪʚʘʥʝʪʦ ʟʘ ʜʘ ʩʝ ʩʧʨʝ ʧʨʝʚʠʰʘʚʘʥʝ ʥʘ ʜʦʧʫʩʪʠʤʘʪʘ ʢʦʥʮʝʥʪʨʘʮʠʷ. ɼʦʢʘʪʦ ʧʨʠ
ʥʷʢʦʠ ʩʠʩʪʝʤʠ, ʢʘʪʦ ʪʘʟʠ ʥʘ Fancom, ʩʠʩʪʝʤʘʪʘ ʘʚʪʦʤʘʪʠʯʥʦ ʧʦʚʠʰʘʚʘ ʤʠʥʠʤʘʣʥʘʪʘ
ʚʝʥʪʠʣʘʮʠʷ ʧʨʝʟ ʦʧʨʝʜʝʣʝʥʠ ʩʪʲʧʢʠ ʠ ʦʧʨʝʜʝʣʝʥʦ ʚʨʝʤʝ, ʢʘʪʦ ʩʲʦʪʚʝʪʥʦ ʠ ʫʚʝʣʠʯʘʚʘ ʦʪʚʦʨʘ
ʥʘ ʢʣʘʧʠʪʝ ʜʦ ʜʦʩʪʠʛʘʥʝ ʥʘ ʜʦʧʫʩʪʠʤʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʩʲʦʪʚʝʪʥʠʪʝ ʛʘʟʦʚʝ. ʆʪ ʪʫʢ ʩʣʝʜʚʘ ʠ
ʦʩʥʦʚʥʘʪʘ ʨʘʟʣʠʢʘ ʚ ʧʨʠʥʮʠʧʠʪʝ ʥʘ ʨʘʙʦʪʘ ʥʘ ʜʚʝʪʝ ʩʠʩʪʝʤʠ. ʉʠʩʪʝʤʘʪʘ ʥʘ Big Dutchman
ʨʘʙʦʪʠ ʩ ʥʘʩʪʨʦʡʢʘʪʘ ʥʘ ʪ.ʥ. ʤʘʪʨʠʮʠ ʧʨʠ ʢʦʠʪʦ ʥʘʧʨʠʤʝʨ ʟʘ ʦʧʨʝʜʝʣʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚ
ʧʦʤʝʱʝʥʠʝʪʦ ʩʲʦʪʚʝʪʩʪʚʘ ʦʧʨʝʜʝʣʝʥʘ ʩʪʝʧʝʥ ʥʘ ʚʝʥʪʠʣʘʮʠʷʪʘ, ʢʘʪʦ ʚ ʩʣʫʯʘʷ ʩʘ 64 ʩʪʲʧʢʠ
ʤʝʞʜʫ ʤʠʥʠʤʘʣʥʘʪʘ ʠ ʤʘʢʩʠʤʘʣʥʘʪʘ ʟʘʜʘʜʝʥʘ. ʉʲʦʪʚʝʪʥʦ ʦʪ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʯʨʝʟ ʜʨʫʛʠ
ʤʘʪʨʠʮʠ ʩʝ ʦʧʨʝʜʝʣʷ ʜʘʣʠ ʜʘ ʩʝ ʚʢʣʶʯʠ ʦʪʦʧʣʝʥʠʝ ʠʣʠ ʦʭʣʘʞʜʘʥʝ. ʀʤʘ ʤʘʪʨʠʮʠ ʟʘ
ʦʪʥʦʩʠʪʝʣʥʘʪʘ ʚʣʘʞʥʦʩʪ RH, ʢʦʠʪʦ ʩʲʱʦ ʤʦʛʘʪ ʜʘ ʫʚʝʣʠʯʘʪ ʦʪʦʧʣʝʥʠʝʪʦ, ʜʘ ʩʧʨʘʪ
ʠʟʧʘʨʠʪʝʣʥʦʪʦ ʦʭʣʘʞʜʘʥʝ ʠʣʠ ʜʘ ʧʦʚʣʠʷʷʪ ʥʘ ʚʝʥʪʠʣʘʮʠʷʪʘ ʧʦ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʟʘʜʘʜʝʥʠ
ʩʪʲʧʢʠ. ʉʠʩʪʝʤʘʪʘ ʥʘ Fancom ʨʘʙʦʪʠ ʧʦ ʩʣʝʜʥʠʷ ʥʘʯʠʥ. ɺʤʝʩʪʦ ʤʘʪʨʠʮʠ, ʚ ʥʝʷ ʩʝ ʟʘʜʘʚʘʪ
ʢʨʠʚʠ ʢʦʠʪʦ ʧʦ ʧʦʜʦʙʝʥ ʥʘʯʠʥ ʢʦʥʪʨʦʣʠʨʘʪ ʠʟʧʲʣʥʠʪʝʣʥʠʪʝ ʤʝʭʘʥʠʟʤʠ. ʈʘʟʣʠʢʘʪʘ ʝ, ʯʝ ʧʨʠ
ʪʘʟʠ ʩʠʩʪʝʤʘ ʩʝ ʨʘʙʦʪʠ ʩ ʧʦʪʦʮʠ ʥʘ ʚʣʠʷʥʠʝ. ʅʘʧʨʠʤʝʨ, ʘʢʦ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʚ ʧʦʤʝʱʝʥʠʝʪʦ ʝ
ʚ ʥʦʨʤʘ, ʥʦ ʦʪʥʦʩʠʪʝʣʥʘʪʘ ʚʣʘʞʥʦʩʪ RH ʥʝ ʝ, ʩʠʩʪʝʤʘʪʘ ʧʨʦʤʝʥʷ ʚʝʥʪʠʣʘʮʠʷʪʘ ʠ
ʦʪʦʧʣʝʥʠʝʪʦ ʠʣʠ ʦʭʣʘʞʜʘʥʝʪʦ ʩ ʦʧʨʝʜʝʣʝʥʘ ʩʪʲʧʢʘ ʟʘ ʜʘʜʝʥʦ ʚʨʝʤʝ ʟʘ ʜʘ ʚʣʝʟʝ
ʦʪʥʦʩʠʪʝʣʥʘʪʘ ʚʣʘʞʥʦʩʪ ʚ ʟʘʜʘʜʝʥʠʪʝ ʥʦʨʤʠ. ɸʢʦ ʪʦʚʘ ʥʝ ʩʝ ʩʣʫʯʠ ʩʣʝʜ ʢʘʪʦ ʠʟʪʝʯʝ ʚʨʝʤʝʪʦ,
ʩʠʩʪʝʤʘʪʘ ʫʚʝʣʠʯʘʚʘ ʚʣʠʷʥʠʝʪʦ ʩʠ ʩ ʦʱʝ ʝʜʥʘ ʩʪʲʧʢʘ. ʊʦʚʘ ʩʝ ʩʣʫʯʚʘ ʠʣʠ ʜʦʢʘʪʦ ʧʘʨʘʤʝʪʨʠʪʝ
ʩʝ ʚʢʘʨʘʪ ʚ ʥʦʨʤʘ, ʠʣʠ ʜʦʢʘʪʦ ʩʠʩʪʝʤʘʪʘ ʜʦʩʪʠʛʥʝ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʟʘʜʘʜʝʥʘʪʘ ʤʘʢʩʠʤʘʣʥʘ
ʩʪʦʡʥʦʩʪ ʟʘ ʜʘʜʝʥʦʪʦ ʚʣʠʷʥʠʝ. ɺʲʥʰʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩʲʱʦ ʤʦʞʝ ʜʘ ʧʨʠʣʦʞʠ ʚʣʠʷʥʠʝ ʥʘ
ʚʝʥʪʠʣʘʮʠʷʪʘ. ɼʚʝʪʝ ʚʣʠʷʥʠʷ ʠʣʠ ʧʦʚʝʯʝ ʘʢʦ ʠʤʘ ʪʘʢʠʚʘ ʤʦʛʘʪ ʜʘ ʩʝ ʩʫʤʠʨʘʪ ʠʣʠ ʘʢʦ ʩʘ ʩ
ʦʙʨʘʪʥʘ ʧʦʩʦʢʘ ʜʘ ʩʝ ʠʟʚʘʜʷʪ ʠ ʥʘʢʨʘʷ ʩʝ ʧʨʦʤʝʥʷ ʜʘʜʝʥʠʷ ʧʘʨʘʤʝʪʲʨ ʢʘʪʦ ʧʨʦʤʷʥʘʪʘ ʩʲʱʦ
ʠʤʘ  ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʟʘʜʘʜʝʥʘ ʤʘʢʩʠʤʘʣʥʘ ʩʪʦʡʥʦʩʪ. ɼʦʨʠ ʠ ʩʫʤʘʪʘ ʦʪ ʚʣʠʷʥʠʷʪʘ ʜʘ ʝ ʧʦ
ʛʦʣʷʤʘ, ʟʘ ʜʘʜʝʥʠʷ ʧʝʨʠʦʜ ʩʝ ʠʟʧʲʣʥʷʚʘ ʤʘʢʩʠʤʘʣʥʦ ʟʘʜʘʜʝʥʘʪʘ ʩʪʦʡʥʦʩʪ ʥʘ ʚʣʠʷʥʠʝʪʦ.

2.2 ʉʲʱʝʩʪʚʫʚʘʱʠ ʤʝʪʦʜʠ ʟʘ ʧʦʜʜʲʨʞʘʥʝ ʥʘ ʩʨʝʜʘʪʘ ʠ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʘʢʚʘʧʦʥʠʯʥʠ
ʩʠʩʪʝʤʠ

ʂʦʛʘʪʦ ʩʪʘʚʘ ʚʲʧʨʦʩ ʟʘ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʚ ʩʲʱʝʩʪʚʫʚʘʱʠʪʝ ʠ ʧʨʝʜʣʘʛʘʥʠ ʥʘ ʧʘʟʘʨʘ ʚ
ʤʦʤʝʥʪʘ ʘʢʚʘʧʦʥʠʯʥʠʪʝ ʩʠʩʪʝʤʠ, ʤʦʞʝʤ ʜʘ ʢʘʞʝʤ , ʯʝ ʪʷ ʝ ʚ ʥʘʯʘʣʦʪʦ ʥʘ ʨʘʟʚʠʪʠʝʪʦ ʩʠ.
ɸʢʚʘʧʦʥʠʯʥʠʪʝ ʩʠʩʪʝʤʠ ʚʝʯʝ ʩʘ ʦʙʩʪʦʡʥʦ ʠʟʩʣʝʜʚʘʥʠ, ʢʘʪʦ ʝ ʩʲʙʨʘʥʘ ʜʦʩʪʘʪʲʯʥʘ
ʠʥʬʦʨʤʘʮʠʷ, ʢʦʷʪʦ ʧʦʟʚʦʣʷʚʘ ʜʘ ʙʲʜʘʪ ʩʲʟʜʘʜʝʥʠ ʩʠʩʪʝʤʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʦʩʥʦʚʥʠʪʝ
ʧʘʨʘʤʝʪʨʠ ʥʘ ʩʨʝʜʘʪʘ, ʥʦ ʥʘ ʧʨʘʢʪʠʢʘ ʪʘʢʠʚʘ ʧʦʯʪʠ ʥʝ ʩʲʱʝʩʪʚʫʚʘʪ. ʉʠʩʪʝʤʠʪʝ ʟʘ
ʘʢʚʘʧʦʥʠʢʘ ʢʦʠʪʦ ʩʝ ʧʨʝʜʣʘʛʘʪ ʦʪ ʨʝʥʦʤʠʨʘʥʠ ʩʚʝʪʦʚʥʠ ʤʘʨʢʠ ʩ ʜʲʣʛʦʛʦʜʠʰʝʥ ʦʧʠʪ
ʧʨʝʜʣʘʛʘʪ ʤʠʥʠʤʘʣʥʘ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʢʘʪʦ ʧʘʨʘʤʝʪʨʠʪʝ ʢʦʠʪʦ ʩʝ ʩʣʝʜʷʪ ʘʚʪʦʤʘʪʠʟʠʨʘʥʦ ʩʝ
ʠʟʯʝʨʧʚʘʪ ʩ ʠʟʤʝʨʚʘʥʝ ʠ ʨʝʛʫʣʠʨʘʥʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʚʦʜʘʪʘ ʚ ʨʝʟʝʨʚʦʘʨʠʪʝ ʠ
ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʚʲʟʜʫʭʘ ʚ ʧʦʤʝʱʝʥʠʝʪʦ ʚ ʢʦʝʪʦ ʩʝ ʥʘʤʠʨʘ ʩʠʩʪʝʤʘʪʘ. ʅʷʢʦʠ ʜʦʩʪʘʚʯʠʮʠ
ʥʘ ʦʙʦʨʫʜʚʘʥʝ ʟʘ ʘʢʚʘʧʦʥʠʢʘʪʘ ʧʨʝʜʣʘʛʘʪ ʠ ʫʨʝʜʠ ʟʘ ʩʣʝʜʝʥʝ ʥʘ pH, ʢʦʠʪʦ ʠʤʘʪ ʚʲʟʤʦʞʥʦʩʪ
ʟʘ ʧʦʜʘʚʘʥʝ ʥʘ ʩʠʛʥʘʣ ʢʲʤ ʘʚʪʦʤʘʪʠʟʠʨʘʥʘʪʘ ʩʠʩʪʝʤʘ ʟʘ ʥʘʙʣʶʜʝʥʠʝ. ʇʨʠ ʜʨʫʛʠ ʩʝ ʠʟʤʝʨʚʘ
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ʠ ʚʲʥʰʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʲʟʜʫʭʘ. ʉʣʝʜʠ ʩʝ ʧʦʪʦʢʘ ʥʘ ʚʦʜʘʪʘ ʯʨʝʟ ʜʝʙʠʪʦʤʝʨʠ ʟʘ ʜʘ ʩʝ
ʛʘʨʘʥʪʠʨʘ ʥʝʦʙʭʦʜʠʤʠʷ ʜʝʙʠʪ ʠʣʠ ʯʨʝʟ ʩʝʥʟʦʨʠ ʟʘ ʥʘʣʷʛʘʥʝ ʩʝ ʧʨʦʚʝʨʷʚʘ ʜʘʣʠ ʨʘʙʦʪʠ
ʚʲʟʜʫʰʥʘʪʘ ʧʦʤʧʘ. ʈʘʟʨʘʙʦʪʝʥʠ ʩʘ ʘʚʪʦʤʘʪʠʟʠʨʘʥʠ ʭʨʘʥʠʣʢʠ, ʥʦ ʥʘʩʪʨʦʡʢʘʪʘ ʩʝ ʩʚʝʞʜʘ ʜʦ
ʟʘʜʘʚʘʥʝ ʢʦʥʢʨʝʪʥʠ ʯʘʩʦʚʝ ʟʘ ʭʨʘʥʝʥʝ ʠ ʧʦʜʘʚʘʥʝ ʥʘ ʬʠʢʩʠʨʘʥʦ ʢʦʣʠʯʝʩʪʚʦ ʭʨʘʥʘ. ʀʤʘ
ʩʠʩʪʝʤʠ ʢʦʠʪʦ ʧʨʠ ʟʘʩʠʯʘʥʝ ʥʘ ʥʷʢʘʢʲʚ ʚʠʜ ʧʨʦʙʣʝʤ ʢʘʪʦ ʧʨʝʢʲʩʚʘʥʝ ʥʘ ʟʘʭʨʘʥʚʘʥʝʪʦ,
ʧʨʦʤʷʥʘ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘʜ ʟʘʜʘʜʝʥʠʪʝ ʛʨʘʥʠʮʠ, ʣʠʧʩʘ ʥʘ ʜʝʙʠʪ ʥʘ ʚʦʜʘ ʠʣʠ ʚʲʟʜʫʭ ʤʦʛʘʪ
ʜʘ ʧʦʜʘʜʘʪ ʘʣʘʨʤʝʥ ʩʠʛʥʘʣ ʯʨʝʟ ʪʝʣʝʬʦʥʥʦ ʦʙʘʞʜʘʥʝ, SMS ʠʣʠ ʠʤʝʡʣ. ʆʩʪʘʥʘʣʠʪʝ
ʧʘʨʘʤʝʪʨʠ ʥʘ ʩʨʝʜʘʪʘ ʢʘʪʦ ʪʚʲʨʜʦʩʪ ʥʘ ʚʦʜʘʪʘ, ʨʘʟʪʚʦʨʝʥ ʢʠʩʣʦʨʦʜ, ʚʲʛʣʝʨʦʜʝʥ ʜʠʦʢʩʠʜ
CO2, ʘʤʦʥʷʢNH3, ʘʤʦʥʠʡ NH4ī, ʥʠʪʨʠʪʠ NO2ī ʠ ʥʠʪʨʘʪʠNO3ī ʩʝ ʩʣʝʜʷʪ ʨʲʯʥʦ ʯʨʝʟ ʪʝʩʪʦʚʠ
ʢʦʤʧʣʝʢʪʠ ʩ ʨʝʘʢʪʠʚʠ ʠ ʣʘʢʤʫʩ ʣʝʥʪʠ.

ʇʨʝʟ ʧʦʩʣʝʜʥʠʪʝ ʛʦʜʠʥʠ ʩ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʩʝʥʟʦʨʠʪʝ ʩʝ ʧʦʷʚʠʭʘ ʜʦʩʪʘ ʥʘʫʯʥʠ
ʨʘʟʨʘʙʦʪʢʠ ʢʦʠʪʦ ʩʣʝʜʷʪ ʘʚʪʦʤʘʪʠʟʠʨʘʥʦ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʩʨʝʜʘʪʘ ʚ ʘʢʚʘʧʦʥʠʯʥʠʪʝ ʩʠʩʪʝʤʠ,
ʥʦ ʙʝʟ ʜʘ ʩʝ ʧʨʠʣʘʛʘ ʘʚʪʦʤʘʪʠʯʥʦʪʦ ʠʤ ʨʝʛʫʣʠʨʘʥʝ ʩ ʠʟʢʣʶʯʝʥʠʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ. ʇʦ-ʜʦʣʫ
ʩʘ ʧʦʢʘʟʘʥʠ ʥʷʢʦʠ ʧʨʠʤʝʨʠ ʟʘ ʩʲʱʝʩʪʚʫʚʘʱʠ ʩʠʩʪʝʤʠ ʠ ʨʘʟʨʘʙʦʪʢʠ ʦʪʥʘʩʷʱʠ ʩʝ ʦʩʥʦʚʥʦ ʟʘ
DWC ʩʠʩʪʝʤʠʪʝ.

2.2.1 ʀʟʧʲʣʥʠʪʝʣʥʠ ʤʝʭʘʥʠʟʤʠ

ʅʘ ʬʠʛʫʨʘ 2.24 [50] ʩʘ ʧʦʢʘʟʘʥʠ ʚʲʟʜʫʰʥʠ ʧʦʤʧʠ ʟʘ ʘʝʨʠʨʘʥʝ ʥʘ ʚʦʜʘʪʘ. ʄʥʦʛʦ ʚʘʞʥʦ
ʝ ʪʝ ʜʘ ʩʝ ʧʦʜʙʝʨʘʪ ʧʨʘʚʠʣʥʦ, ʟʘ ʜʘ ʦʩʠʛʫʨʷʪ ʥʝʦʙʭʦʜʠʤʦʪʦ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʪʚʦʨʝʥ ʢʠʩʣʦʨʦʜ
(Dissolved Oxygen – DO). ʇʦʤʧʠʪʝ ʦʩʥʦʚʥʦ ʩʝ ʜʝʣʷʪ ʥʘ ʜʚʘ ʚʠʜʘ ʩʧʨʷʤʦ ʢʦʥʩʪʨʫʢʮʠʷʪʘ ʠʤ.
ʇʲʨʚʠʪʝ ʩʘ ʙʫʪʘʣʥʠ, ʘ ʚʪʦʨʠʪʝ ʩʘ ʪʫʨʙʠʥʥʠ. ʊʝ ʦʩʥʦʚʥʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʚ ʧʦ-ʛʦʣʝʤʠ ʚʦʜʥʠ
ʨʝʟʝʨʚʦʘʨʠ, ʧʦ-ʩʢʲʧʠ ʩʘ ʠ ʩ ʧʦ ʜʲʣʲʛ ʞʠʚʦʪ. ɹʫʪʘʣʠʪʝ ʧʦʤʧʠ ʦʪ ʩʚʦʷ ʩʪʨʘʥʘ ʩʘ ʩʨʘʚʥʠʪʝʣʥʦ
ʧʦ-ʝʚʪʠʥʠ, ʥʦ ʠʤʘʪ ʦʛʨʘʥʠʯʝʥ ʚʲʚ ʚʨʝʤʝʪʦ ʨʝʩʫʨʩ ʧʦʨʘʜʠ ʠʟʥʦʩʚʘʥʝ ʥʘ ʙʫʪʘʣʘʪʘ ʠ
ʩʝʛʤʝʥʪʠʪʝ ʠʤ. ɺ ʩʲʱʝʩʪʚʫʚʘʱʠʪʝ ʥʘ ʧʘʟʘʨʘ ʘʢʚʘʧʦʥʠʯʥʠ ʩʠʩʪʝʤʠ ʚʲʟʜʫʰʥʠʪʝ ʧʦʤʧʠ
ʨʘʙʦʪʷʪ ʥʝʧʨʝʢʲʩʥʘʪʦ, ʘ ʨʘʟʪʚʦʨʝʥʠʷ ʢʠʩʣʦʨʦʜ DO ʥʝ ʩʝ ʠʟʤʝʨʚʘ ʧʦʩʪʦʷʥʥʦ. ʂʘʪʦ ʩʝ ʠʤʘ ʚ
ʧʨʝʜʚʠʜ, ʯʝ DO ʟʘʚʠʩʠ ʦʪ ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ ʦʪʛʣʝʞʜʘʥʘʪʘ ʨʠʙʘ, ʦʪ ʤʠʢʨʦʙʥʘʪʘ ʢʦʥʪʘʤʠʥʘʮʠʷ
ʠ ʢʦʣʠʯʝʩʪʚʦʪʦ ʧʦʧʘʜʥʘʣʘ ʩʚʝʪʣʠʥʘ ʚʲʚ ʚʦʜʥʠʷ ʨʝʟʝʨʚʦʘʨ [32] , DO ʩʝ ʧʨʦʤʝʥʷ ʥʝʧʨʝʢʲʩʥʘʪʦ
ʧʨʝʟ ʜʝʥʦʥʦʱʠʝʪʦ. ɿʘ ʜʘ ʩʝ ʛʘʨʘʥʪʠʨʘ ʥʝʦʙʭʦʜʠʤʦʪʦ ʢʦʣʠʯʝʩʪʚʦ ʥʘ ʨʘʟʪʚʦʨʝʥʠʷ ʢʠʩʣʦʨʦʜ
ʪʨʷʙʚʘ ʜʘ ʩʝ ʧʦʜʙʝʨʝ ʜʦʩʪʘʪʲʯʥʦ ʛʦʣʷʤʘ ʧʦʤʧʘ, ʢʦʝʪʦ ʦʪ ʩʚʦʷ ʩʪʨʘʥʘ ʚʣʦʰʘʚʘ ʝʥʝʨʛʠʡʥʘʪʘ
ʝʬʝʢʪʠʚʥʦʩʪ ʥʘ ʩʠʩʪʝʤʘʪʘ, ʩʧʨʷʤʦ ʩʠʩʪʝʤʘ ʩ ʢʦʥʪʨʦʣʠʨʘʥʝ ʥʘ ʨʘʙʦʪʘʪʘ ʥʘ ʧʦʤʧʘʪʘ.

ʌʠʛʫʨʘ 2.24 ʚʲʟʜʫʰʥʠ ʧʦʤʧʠ ʟʘ ʘʝʨʠʨʘʥʝ ʥʘ ʚʦʜʘ ʘ) ʠ ʙ) ʙʫʪʘʣʥʠ ʙ) ʪʫʨʙʠʥʥʘ.
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ɿʘ ʜʘ ʙʲʜʝ ʝʬʝʢʪʠʚʥʘ ʩʠʩʪʝʤʘʪʘ ʠ ʟʘ ʜʘ ʤʦʞʝ ʧʦʚʝʯʝ ʢʠʩʣʦʨʦʜ ʜʘ ʧʨʝʤʠʥʘʚʘ ʦʪ
ʙʘʣʦʥʯʝʪʘʪʘ ʚʲʟʜʫʭ ʚʲʚ ʚʦʜʘʪʘ ʝ ʥʝʦʙʭʦʜʠʤʦ ʪʝ ʜʘ ʩʘ ʚʲʟʤʦʞʥʦ ʥʘʡ-ʤʘʣʢʠ [32]. ɿʘ ʪʘʟʠ ʮʝʣ
ʩʝ ʠʟʧʦʣʟʚʘʪ ʜʠʬʫʟʝʨʠ (ʌʠʛʫʨʘ 2.25) [50,51]. ʊʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʥʘʧʨʘʚʝʥʠ ʦʪ ʨʘʟʣʠʯʥʠ
ʧʦʨʝʩʪʠ ʤʘʪʝʨʠʘʣʠ ʢʘʪʦ ʚʫʣʢʘʥʠʯʝʥ ʢʘʤʲʢ ʥʘʧʨʠʤʝʨ. ʄʦʛʘʪ ʜʘ ʙʲʜʘʪ ʠʟʨʘʙʦʪʝʥʠ ʩʲʱʦ ʦʪ
ʨʘʟʣʠʯʥʠ ʚʠʜʦʚʝ ʧʣʘʩʪʤʘʩʘ, ʢʝʨʘʤʠʢʘ ʠʣʠ ʤʝʪʘʣ. ɼʠʬʫʟʝʨʠʪʝ ʩ ʧʦ-ʤʘʣʢʠ ʦʪʚʦʨʠ ʩʘ ʧʦ
ʝʬʝʢʪʠʚʥʠ, ʥʦ ʟʘ ʪʷʭ ʝ ʥʝʦʙʭʦʜʠʤʦ ʧʦ-ʚʠʩʦʢʦ ʥʘʣʷʛʘʥʝ ʥʘ ʚʲʟʜʫʭʘ. ʆʩʚʝʥ ʪʦʚʘ ʩʝ ʟʘʧʫʰʚʘʪ
ʧʦ ʣʝʩʥʦ ʠ ʝ ʥʝʦʙʭʦʜʠʤʘ ʧʦ-ʯʝʩʪʘ ʧʨʦʬʠʣʘʢʪʠʢʘ [32].

ʌʠʛʫʨʘ 2.25 ʜʠʬʫʟʝʨʠ ʘ) ʦʪ ʚʫʣʢʘʥʠʯʝʥ ʢʘʤʲʢ ʙ) ʦʪ ʢʝʨʘʤʠʢʘ ʚ) ʦʪ ʧʦʣʠʝʪʠʣʝʥ ʛ) ʦʪ ABS
ʧʣʘʩʪʤʘʩʘ.

ɸʢʚʘʧʦʥʠʯʥʠʪʝ ʩʠʩʪʝʤʠ ʩʘ ʪʘʢʘ ʧʨʦʝʢʪʠʨʘʥʠ, ʯʝ ʟʘ ʮʠʨʢʫʣʘʮʠʷʪʘ ʥʘ ʚʦʜʘʪʘ ʜʘ ʩʝ
ʠʟʧʦʣʟʚʘ ʝʜʥʘ ʧʦʤʧʘ, ʢʦʷʪʦ ʢʘʯʚʘ ʚʦʜʘʪʘ ʦʪ ʥʘʡ-ʥʠʩʢʘʪʘ ʪʦʯʢʘ ʥʘ ʩʠʩʪʝʤʘʪʘ, ʜʦ ʥʘʡ-
ʚʠʩʦʢʘʪʘ.  ʇʦ ʦʩʪʘʥʘʣʘʪʘ ʯʘʩʪ ʦʪ ʩʠʩʪʝʤʠʪʝ ʚʦʜʘʪʘ ʩʝ ʜʚʠʞʠ ʧʦ ʛʨʘʚʠʪʘʯʝʥ ʧʲʪ.
ʎʠʨʢʫʣʘʮʠʦʥʥʠʪʝ ʧʦʤʧʠ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʦʪ ʚʩʷʢʘʢʲʚ ʚʠʜ, ʥʦ ʦʩʥʦʚʥʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʪʘʢʠʚʘ ʟʘ
ʛʦʣʷʤ ʜʝʙʠʪ ʠ ʩ ʥʠʩʲʢ ʚʦʜʝʥ ʩʪʲʣʙ, ʟʘʱʦʪʦ ʚ ʩʣʫʯʘʷ ʩʘ ʥʘʡ-ʝʬʝʢʪʠʚʥʠ.

ɿʘ ʧʦʜʜʲʨʞʘʥʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʚ ʘʢʚʘʧʦʥʠʯʥʠʪʝ ʩʠʩʪʝʤʠ ʦʩʥʦʚʥʦ ʩʝ ʠʟʧʦʣʟʚʘʪ
ʝʣʝʢʪʨʠʯʝʩʢʠ ʥʘʛʨʝʚʘʪʝʣʠ (ʌʠʛʫʨʘ 2.26) [50,51,52]. ʏʝʩʪʦ ʩʘ ʠʟʨʘʙʦʪʝʥʠ ʦʪ ʪʠʪʘʥ, ʟʘʨʘʜʠ
ʚʠʩʦʢʘʪʘ ʤʫ ʢʦʨʦʟʠʦʥʥʘ ʫʩʪʦʡʯʠʚʦʩʪ. ʅʘʛʨʝʚʘʪʝʣʠʪʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʦʙʦʨʫʜʚʘʥʠ ʩʲʩ ʩʝʥʟʦʨʠ
ʟʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʘ ʥʷʢʦʡ ʩʘ ʦʙʦʨʫʜʚʘʥʠ ʠ ʩ ʢʦʥʪʨʦʣʝʨ. ʄʦʞʝ ʜʘ ʩʝ ʤʦʥʪʠʨʘʪ ʧʦʪʦʧʝʥʠ ʚ
ʨʝʟʝʨʚʦʘʨʠʪʝ ʠʣʠ ʥʘ ʪʨʲʙʥʠʷ ʧʲʪ ʥʘ ʮʠʨʢʫʣʠʨʘʱʘʪʘ ʚʦʜʘ  [50,51,52].
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ʌʠʛʫʨʘ 2.26 ʅʘʛʨʝʚʘʪʝʣʠ ʘ) ʪʠʪʘʥʠʝʚ TH-C800 800W ʙ) Jager EHEIM 300W  ʩ ʚʛʨʘʜʝʥ
ʪʝʨʤʦʨʝʛʫʣʘʪʦʨ ʚ) Pentair EASYPLUG ʩ ʤʦʱʥʦʩʪʠ ʜʦ 6000W ʩ ʚʛʨʘʜʝʥ ʩʝʥʟʦʨ ʟʘ
ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʚʲʥʰʝʥ ʢʦʥʪʨʦʣʝʨ ʛ) ʧʨʦʪʦʯʝʥ ʪʠʪʘʥʠʝʚ Pentair TILO-- ʩ ʤʦʱʥʦʩʪ ʜʦ 18kW.

ʇʨʠ ʧʦ-ʩʪʫʜʝʥ ʢʣʠʤʘʪ ʝ ʧʦ-ʠʟʛʦʜʥʦ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʪʝʨʤʦ ʧʦʤʧʝʥʠ ʠʥʩʪʘʣʘʮʠʠ ʢʦʝʪʦ
ʧʦʟʚʦʣʷʚʘ ʨʘʟʭʦʜʘ ʟʘ ʦʪʦʧʣʝʥʠʝ ʥʘ ʚʦʜʘ ʜʘ ʩʝ ʥʘʤʘʣʠ ʟʥʘʯʠʪʝʣʥʦ, ʥʦ ʧʨʠ ʧʦ-ʚʠʩʦʢʘ
ʧʲʨʚʦʥʘʯʘʣʥʘ ʠʥʚʝʩʪʠʮʠʷ. ʊʝʨʤʦʧʦʤʧʠʪʝ ʤʦʛʘʪ ʠ ʜʘ ʦʭʣʘʞʜʘʪ ʚʦʜʘʪʘ, ʢʦʝʪʦ ʝ ʦʪ
ʩʲʱʝʩʪʚʝʥʦ ʟʥʘʯʝʥʠʝ ʧʨʠ ʦʪʛʣʝʞʜʘʥʝ ʥʘ ʩʪʫʜʝʥʦʚʦʜʥʠ ʨʠʙʠ ʢʦʠʪʦ ʥʝ ʤʦʛʘʪ ʜʘ ʩʝ ʦʪʛʣʝʞʜʘʪ
ʝʬʝʢʪʠʚʥʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʜ 18°C [32]. ʊʝʨʤʦʧʦʤʧʠʪʝ ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʠ ʟʘ ʛʦʣʝʤʠ
ʨʝʟʝʨʚʦʘʨʠ, ʢʘʪʦ ʪʠʧʠʯʥʦ ʩʝ ʧʨʝʜʣʘʛʘʪ ʪʘʢʠʚʘ ʩ ʤʦʱʥʦʩʪ ʜʦ 21000 BTU [50]. ʅʘ ʬʠʛʫʨʘ 2.27
[50] ʦʩʚʝʥ ʪʝʨʤʦʧʦʤʧʘ ʝ ʧʦʢʘʟʘʥ ʩʧʠʨʘʣʝʥ ʦʭʣʘʜʠʪʝʣ ʟʘ ʚʦʜʘ ʪʠʧ ʯʠʣʲʨ ʧʨʠ ʢʦʡʪʦ
ʦʭʣʘʞʜʘʥʝʪʦ ʝ ʧʦʩʨʝʜʩʪʚʦʤ ʩʧʠʨʘʣʘ ʧʦʪʦʧʝʥʘ ʚʲʚ ʚʦʜʘʪʘ. ʇʨʠ ʥʝʛʦ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʠʤʘ
ʜʦʩʪʘʪʲʯʥʘ ʮʠʨʢʫʣʘʮʠʷ ʥʘ ʚʦʜʘʪʘ ʦʢʦʣʦ ʩʧʠʨʘʣʘʪʘ, ʟʘ ʜʘ ʥʝ ʟʘʤʨʲʟʥʝ. ʊʦʚʘ ʩʝ ʧʦʩʪʠʛʘ ʠʣʠ
ʢʘʪʦ ʩʝ ʤʦʥʪʠʨʘ ʜʦ ʪʨʲʙʘʪʘ ʥʘ ʚʭʦʜʷʱʘʪʘ ʚ ʨʝʟʝʨʚʦʘʨʘ ʚʦʜʘ, ʠʣʠ ʥʘʜ ʜʠʬʫʟʝʨʘ ʟʘ ʦʙʦʛʘʪʷʚʘʥʝ
ʥʘ ʚʦʜʘʪʘ ʩ ʢʠʩʣʦʨʦʜ. ʉʧʠʨʘʣʥʠʪʝ ʦʭʣʘʜʠʪʝʣʠ ʥʝ ʩʘ ʧʦʜʭʦʜʷʱʠ ʟʘ ʛʦʣʝʤʠ ʙʘʩʝʡʥʠ ʧʦʨʘʜʠ
ʦʛʨʘʥʠʯʝʥʠʝʪʦ ʚ ʤʦʱʥʦʩʪʪʘ ʠʤ ʦʙʠʢʥʦʚʝʥʦ ʜʦ ʦʢʦʣʦ 6000 BTU.

ʌʠʛʫʨʘ 2.27 ʘ) ʊʝʨʤʦʧʦʤʧʘ ʚʲʟʜʫʭ ʚʦʜʘ Pentair DSHP-4 4000BTU ʙ) ʉʧʠʨʘʣʝʥ ʦʭʣʘʜʠʪʝʣ
Pentair AE3D 3000BTU.

ɿʘ ʭʨʘʥʝʥʝʪʦ ʥʘ ʨʠʙʠʪʝ ʩʝ ʠʟʧʦʣʟʚʘʪ ʘʚʪʦʤʘʪʠʯʥʠ ʭʨʘʥʠʣʢʠ ʢʦʠʪʦ ʤʦʛʘʪ ʤʥʦʛʦ ʪʦʯʥʦ ʜʘ
ʜʦʟʠʨʘʪ ʭʨʘʥʘʪʘ (ʌʠʛʫʨʘ 2.28) [50,51]. ʇʨʠ ʩʲʱʝʩʪʚʫʚʘʱʠʪʝ ʩʠʩʪʝʤʠ ʭʨʘʥʠʣʢʠʪʝ ʩʝ
ʫʧʨʘʚʣʷʚʘʪ ʩʘʤʦ ʧʦ ʪʘʡʤʝʨ ʢʦʡʪʦ ʟʘʜʘʚʘ ʯʘʩʦʚʝʪʝ ʦʪ ʜʝʥʷ ʠ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪʪʘ ʥʘ
ʧʦʜʘʚʘʥʝʪʦ ʥʘ ʭʨʘʥʘ. ʇʨʠ ʥʷʢʦʠ ʩʠʩʪʝʤʠ ʥʘ ʧʘʟʘʨʘ, ʪʝ ʤʦʛʘʪ ʜʘ ʩʝ ʢʦʥʪʨʦʣʠʨʘʪ ʦʪ
ʦʙʠʢʥʦʚʝʥʠ ʪʘʡʤʝʨʠ,  ʘ ʧʨʠ ʜʨʫʛʠ – ʦʪ ʩʧʝʮʠʘʣʠʟʠʨʘʥʠ ʢʦʤʧʶʪʨʠ ʢʦʠʪʦ ʩʣʝʜʷʪ ʠ ʫʧʨʘʚʣʷʚʘʪ
ʯʘʩʪ ʦʪ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʩʨʝʜʘʪʘ ʢʘʢʪʦ ʠ ʩʣʝʜʷʪ ʟʘ ʨʘʟʣʠʯʥʠ ʚʠʜʦʚʝ ʘʣʘʨʤʠ. ɺʠʙʨʘʮʠʦʥʥʠʪʝ
ʭʨʘʥʠʣʢʠ ʩʘ ʧʦʜʭʦʜʷʱʠ ʟʘ ʚʩʷʢʘʢʲʚ ʚʠʜ ʭʨʘʥʘ, ʢʘʪʦ ʜʦʨʠ ʠ ʧʦ-ʤʘʟʥʠ ʭʨʘʥʠ ʧʨʝʤʠʥʘʚʘʪ ʙʝʟ
ʜʘ ʟʘʧʫʰʚʘʪ ʭʨʘʥʠʣʢʘʪʘ. ʍʨʘʥʠʣʢʠʪʝ ʩ ʨʦʪʘʮʠʦʥʝʥ ʚʘʣʷʢ ʠʤʘʪ ʤʥʦʛʦ ʪʦʯʥʦ ʧʦʜʘʚʘʥʝ ʥʘ
ʢʦʣʠʯʝʩʪʚʦʪʦ ʭʨʘʥʘ, ʘ ʭʨʘʥʠʣʢʠʪʝ ʩ ʨʘʟʧʨʲʩʢʚʘʯ ʩʘ ʧʦʜʭʦʜʷʱʠ ʟʘ ʧʦ-ʛʦʣʝʤʠ ʧʣʦʱʠ, ʟʘʱʦʪʦ
ʥʝ ʠʟʩʠʧʚʘʪ ʭʨʘʥʘʪʘ ʥʘ ʝʜʥʦ ʤʷʩʪʦ.
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ʌʠʛʫʨʘ 2.28 ʘ) ɺʠʙʨʘʮʠʦʥʥʘ ʭʨʘʥʠʣʢʘ Pentair ʙ) ʍʨʘʥʠʣʢʘ ʩ ʨʦʪʘʮʠʦʥʝʥ ʚʘʣʷʢ Arvo-Tec T
Drum 2000 ʚ) ʭʨʘʥʠʣʢʘ ʩ ʰʥʝʢ ʠ ʨʘʟʧʨʲʩʢʚʘʯ Fiap.

2.2.2 ʉʝʥʟʦʨʠ

ɿʘ ʥʘʙʣʶʜʝʥʠʝ ʥʘ ʨʘʙʦʪʘʪʘ ʥʘ ʚʲʟʜʫʰʥʘʪʘ ʧʦʤʧʘ ʠ ʥʘ ʚʦʜʥʘʪʘ ʮʠʨʢʫʣʘʮʠʦʥʥʘ ʧʦʤʧʘ
ʩʝ ʠʟʧʦʣʟʚʘʪ ʜʝʙʠʪʦʤʝʨʠ (ʌʠʛʫʨʘ 2.29) [50]. ɺ ʦʙʱʠʷ ʩʣʫʯʘʡ ʪʝ ʩʘ ʦʙʦʨʫʜʚʘʥʠ ʩ ʝʜʠʥ ʙʨʦʡ
ʥʦʨʤʘʣʥʦ ʦʪʚʦʨʝʥ ʠʣʠ ʧʨʝʚʢʣʶʯʚʘʱ ʢʦʥʪʘʢʪ, ʢʦʡʪʦ ʩʨʘʙʦʪʚʘ ʧʨʠ ʧʨʝʤʠʥʘʚʘʥʝ ʩʲʦʪʚʝʪʥʦ ʥʘ
ʚʲʟʜʫʭ ʠʣʠ ʚʦʜʘ ʧʨʝʟ ʪʷʭ. ʀʤʘ ʠ ʪʘʢʠʚʘ ʧʨʠ ʢʦʠʪʦ ʜʝʙʠʪʘ ʥʘ ʩʨʘʙʦʪʚʘʥʝ ʤʦʞʝ ʜʘ ʩʝ ʨʝʛʫʣʠʨʘ,
ʢʘʪʦ ʪʘʢʘ ʤʦʞʝ ʜʘ ʩʝ ʫʩʪʘʥʦʚʠ ʥʝ ʩʘʤʦ ʜʘʣʠ ʧʦʤʧʘʪʘ ʝ ʩʧʨʷʣʘ ʠʣʠ ʨʘʙʦʪʠ, ʘ ʜʘʣʠ ʠʤʘ
ʟʘʧʫʰʚʘʥʝ ʥʘ ʜʠʬʫʟʝʨʘ ʥʘʧʨʠʤʝʨ. ʇʨʠ ʩʨʘʙʦʪʚʘʥʝ ʪʝ ʧʦʜʘʚʘʪ ʩʠʛʥʘʣ ʟʘ ʘʣʘʨʤʘ ʢʲʤ
ʫʧʨʘʚʣʷʚʘʱʠʷ ʢʦʥʪʨʦʣʝʨ [50,51].

ʌʠʛʫʨʘ 2.29 ʘ) ɼʝʙʠʪʦʤʝʨ ʟʘ ʚʲʟʜʫʭ Pentair ʙ) ɼʝʙʠʪʦʤʝʨ ʟʘ ʚʲʟʜʫʭ Pentair ʩ ʨʝʛʫʣʠʨʘʥʝ ʥʘ
ʧʦʪʦʢʘ ʥʘ ʩʨʘʙʦʪʚʘʥʝ ʚ) ɼʝʙʠʪʦʤʝʨ ʟʘ ʚʦʜʘ Nelson and Pade.

ʇʨʝʜʣʘʛʘʪ ʩʝ ʩʲʱʦ ʠ ʩʝʥʟʦʨʠ ʟʘ ʩʣʝʜʝʥʝ ʥʘ pH (ʌʠʛʫʨʘ 2.30ʘ) ) [53] ʢʦʠʪʦ ʠʤʘʪ
ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʧʦʜʘʚʘʥʝ ʥʘ ʘʣʘʨʤʘ ʢʦʛʘʪʦ ʩʪʦʡʥʦʩʪʪʘ ʧʨʝʚʠʰʠ ʠʣʠ ʧʘʜʥʝ ʧʦʜ ʦʧʨʝʜʝʣʝʥʘ
ʩʪʦʡʥʦʩʪ. ɸʣʘʨʤʘʪʘ ʤʦʞʝ ʜʘ ʘʢʪʠʚʠʨʘ ʩʠʛʥʘʣʥʘ ʣʘʤʧʘ, ʩʠʨʝʥʘ ʠʣʠ ʜʘ ʙʲʜʝ ʧʦʜʘʜʝʥʘ ʢʲʤ
ʩʠʩʪʝʤʘʪʘ ʟʘ ʤʦʥʠʪʦʨʠʥʛ ʥʘ ʘʢʚʘʧʦʥʠʯʥʘʪʘ ʩʠʩʪʝʤʘ [50,53]. ɼʨʫʛʠ ʩʝʥʟʦʨʠ ʠʟʧʦʣʟʚʘʥʠ ʚ
ʘʢʚʘʧʦʥʠʢʘʪʘ ʠʟʤʝʨʚʘʪ pH ʯʨʝʟ ʩʦʥʜʠ ʤʦʥʪʠʨʘʥʠ ʥʘ ʦʧʨʝʜʝʣʝʥʦ ʨʘʟʩʪʦʷʥʠʝ ʝʜʥʘ ʦʪ ʜʨʫʛʘ
ʠʣʠ ʚ ʪʨʲʙʘʪʘ ʧʦ ʢʦʷʪʦ ʮʠʨʢʫʣʠʨʘ ʚʦʜʘʪʘ (ʌʠʛʫʨʘ 2.30 ʙ) ) [54].
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ʌʠʛʫʨʘ 2.30 ʉʝʥʟʦʨʠ ʘ) ʩʝʥʟʦʨ ʟʘ pH Milwaukee MC 122 ʙ) ʉʝʥʟʦʨ ʟʘ pH, ʪʝʤʧʝʨʘʪʫʨʘ ʠ
ʝʣʝʢʪʨʦ ʧʨʦʚʦʜʠʤʦʩʪ EC, Agrowtek SXHM.

2.2.3 ʂʦʤʧʶʪʨʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʘʢʚʘʧʦʥʠʯʥʠ ʩʠʩʪʝʤʠ

ʊʘʡʤʝʨʠʪʝ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʭʨʘʥʠʣʢʠʪʝ (ʌʠʛʫʨʘ 2.31) [50] ʢʦʠʪʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʩʘ
ʨʘʟʥʦʚʠʜʥʠ, ʢʘʪʦ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʦʙʠʢʥʦʚʝʥʠ ʪʘʡʤʝʨʠ ʩ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʥʘʩʪʨʦʡʢʘ ʥʘ ʚʨʝʤʝʪʦ
ʠ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪʪʘ ʥʘ ʚʢʣʶʯʚʘʥʝ, ʜʦ ʩʧʝʮʠʘʣʠʟʠʨʘʥʠ ʪʘʡʤʝʨʠ ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʫʧʨʘʚʣʷʚʘʪ
ʝʜʥʘ ʠʣʠ ʥʷʢʦʣʢʦ ʭʨʘʥʠʣʢʠ [50]. ʉʲʱʦ ʝʜʠʥ ʪʘʡʤʝʨ ʤʦʞʝ ʜʘ ʫʧʨʘʚʣʷʚʘ ʥʷʢʦʣʢʦ ʭʨʘʥʠʣʢʠ
ʝʜʥʦʚʨʝʤʝʥʥʦ.

ʌʠʛʫʨʘ 2.31 ʘ) ʊʘʡʤʝʨ ʟʘ ʚʠʙʨʘʮʠʦʥʥʠ ʭʨʘʥʠʣʢʠ Pentair DFT3 ʙ) ʂʦʥʪʨʦʣʝʨ ʟʘ ʫʧʨʘʚʣʝʥʠʝ
ʥʘ ʜʦ 4 ʭʨʘʥʠʣʢʠ Fiap Proficontrol.

ʂʘʪʦ ʩʠʩʪʝʤʘ ʟʘ ʤʦʥʠʪʦʨʠʥʛ ʠ ʦʪʜʘʣʝʯʝʥ ʜʦʩʪʲʧ ʛʦʣʷʤʘ ʯʘʩʪ ʦʪ ʜʦʩʪʘʚʯʠʮʠʪʝ ʥʘ
ʦʙʦʨʫʜʚʘʥʝ ʟʘ ʘʢʚʘʧʦʥʠʢʘʪʘ ʠʟʧʦʣʟʚʘʪ ʢʦʥʪʨʦʣʝʨ Sensaphone 800 (ʌʠʛʫʨʘ 2.32) [50,51]
ʢʦʡʪʦ ʠʤʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʩʣʝʜʝʥʝ ʥʘ ʥʷʢʦʣʢʦ ʪʝʤʧʝʨʘʪʫʨʠ ʠ ʚʭʦʜʦʚʝ ʟʘ ʨʘʟʣʠʯʥʠ ʘʣʘʨʤʠ.
ʇʨʠ ʧʨʝʚʠʰʘʚʘʥʝ ʥʘ ʥʘʩʪʨʦʝʥʠʷ ʣʠʤʠʪ ʠʣʠ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʘʣʘʨʤʘ ʦʪ ʢʦʥʢʨʝʪʝʥ ʩʝʥʟʦʨ,
ʜʝʙʠʪʦʤʝʨ ʠʣʠ ʜʨʫʛʦ, ʢʦʥʪʨʦʣʝʨʘ ʤʦʞʝ ʜʘ ʩʝ ʦʙʘʜʠ ʧʦ ʪʝʣʝʬʦʥ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʥʘʩʪʨʦʝʥʠ
ʥʦʤʝʨʘ, ʢʘʪʦ ʠʟʧʨʘʪʠ ʨʘʟʣʠʯʥʠ ʟʘʧʠʩʘʥʠ ʛʣʘʩʦʚʠ ʩʲʦʙʱʝʥʠʷ, ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʘʣʘʨʤʘʪʘ ʢʦʷʪʦ
ʛʦ ʝ ʟʘʜʝʡʩʪʚʘʣʘ. ʂʦʥʪʨʦʣʝʨʘ ʧʦʟʚʦʣʷʚʘ ʠ ʜʠʩʪʘʥʮʠʦʥʥʘ ʧʨʦʤʷʥʘ ʥʘ ʥʘʩʪʨʦʝʥʘʪʘ
ʪʝʤʧʝʨʘʪʫʨʘ.
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ʌʠʛʫʨʘ 2.32 ʂʦʥʪʨʦʣʝʨ ʟʘ ʜʠʩʪʘʥʮʠʦʥʝʥ ʤʦʥʠʪʦʨʠʥʛ Sensaphone 800.

2.2.4 ʇʨʠʤʝʨʠ ʟʘ ʩʲʱʝʩʪʚʫʚʘʱʠ ʥʘʫʯʥʠ ʨʘʟʨʘʙʦʪʢʠ ʥʘ ʩʠʩʪʝʤʠ ʟʘ ʤʦʥʠʪʦʨʠʥʛ ʠ ʢʦʥʪʨʦʣ ʚ
ʘʢʚʘʧʦʥʠʢʘʪʘ

ʉ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʠʥʪʝʨʥʝʪ ʥʘ ʚʝʱʠʪʝ (IoT – Internet of Things) ʠ ʧʦʷʚʘʪʘ ʥʘ ʜʦʩʪʲʧʥʠ
ʝʣʝʢʪʨʦʥʥʠ ʩʝʥʟʦʨʠ ʩʝ ʧʦʷʚʠʭʘ ʜʦʩʪʘ ʨʘʟʨʘʙʦʪʢʠ ʟʘ ʥʝʧʨʝʢʲʩʥʘʪ ʤʦʥʠʪʦʨʠʥʛ ʠ ʦʪʜʘʣʝʯʝʥ
ʜʦʩʪʲʧ ʜʦ ʠʥʬʦʨʤʘʮʠʷʪʘ, ʢʦʠʪʦ ʚʢʣʶʯʚʘʪ ʠ ʯʘʩʪʠʯʝʥ ʢʦʥʪʨʦʣ ʚʲʨʭʫ ʘʢʚʘʧʦʥʠʯʥʠʪʝ
ʩʠʩʪʝʤʠ.

ʈʘʟʨʘʙʦʪʝʥʘ ʝ ʩʠʩʪʝʤʘ ʟʘ ʤʦʥʠʪʦʨʠʥʛ ʥʘ ʘʢʚʘʧʦʥʠʯʥʘ ʩʠʩʪʝʤʘ [55] ʚ ʢʦʷʪʦ ʝ
ʫʩʪʘʥʦʚʝʥʦ, ʯʝ ʤʝʪʘʙʦʣʠʟʤʘ ʥʘ ʨʠʙʠʪʝ ʝ ʧʨʷʢʦ ʩʚʲʨʟʘʥ ʩ ʢʦʣʠʯʝʩʪʚʦʪʦ ʢʠʩʣʦʨʦʜ ʢʦʝʪʦ
ʢʦʥʩʫʤʠʨʘʪ. ʆʪ ʜʨʫʛʘ ʩʪʨʘʥʘ ʧʨʠ ʘʢʪʠʚʥʦ ʜʚʠʞʝʥʠʝ ʥʘ ʨʠʙʠʪʝ, ʢʦʥʩʫʤʠʨʘʥʠʷ ʢʠʩʣʦʨʦʜ
ʥʘʨʘʩʪʚʘ, ʢʦʝʪʦ ʚʦʜʠ ʜʦ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʨʘʟʪʚʦʨʝʥʠʷ ʢʠʩʣʦʨʦʜʘ DO ʚʲʚ ʚʦʜʘʪʘ [55].
ɸʢʪʠʚʥʦʪʦ ʜʚʠʞʝʥʠʝ ʥʘ ʨʠʙʠʪʝ ʝ ʧʠʢʦʚʦ ʟʘ ʧʝʨʠʦʜʘ ʦʪ ʧʨʝʜʠ, ʧʦ ʚʨʝʤʝ ʠ ʩʣʝʜ ʭʨʘʥʝʥʝʪʦ, ʟʘ
ʦʢʦʣʦ 15 ʜʦ 30 ʤʠʥʫʪʠ [55]. ʂʘʪʦ ʩʝ ʚʟʝʤʝ ʪʦʚʘ ʚ ʧʨʝʜʚʠʜ ʝ ʥʝʦʙʭʦʜʠʤʦ ʥʦʚʦʪʦ ʥʘ DO ʜʘ ʩʝ
ʩʣʝʜʠ ʧʦ ʚʨʝʤʝ ʥʘ ʘʢʪʠʚʥʦʪʦ ʜʚʠʞʝʥʠʝ, ʘ ʥʝ ʩʘʤʦ ʢʦʛʘʪʦ ʨʠʙʠʪʝ ʩʘ ʚ ʧʦʢʦʡ.

ʇʨʠ ʜʨʫʛʘ ʩʠʩʪʝʤʘ ʟʘ ʢʦʥʪʨʦʣ ʠ ʤʦʥʠʪʦʨʠʥʛ [56] ʩʝ ʠʟʤʝʨʚʘʪ pH, ʥʠʚʦ, ʪʝʤʧʝʨʘʪʫʨʘ
ʠ ʝʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪ EC ʥʘ ʚʦʜʘʪʘ, ʦʙʱʦ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʪʚʦʨʝʥʠ ʩʦʣʠ TDS, ʘʤʦʥʠʝʚʠ
NH4+, ʥʠʪʨʠʪʥʠ NO2ī ʠ ʥʠʪʨʘʪʥʠ NO3ī ʡʦʥʠ. ʉʠʩʪʝʤʘʪʘ ʩʲʱʦ ʠʟʤʝʨʚʘ ʠ ʪʝʤʧʝʨʘʪʫʨʘ,
ʦʪʥʦʩʠʪʝʣʥʘ ʚʣʘʞʥʦʩʪ RH ʠ ʚʲʛʣʝʨʦʜʝʥ ʜʠʦʢʩʠʜ CO2 ʥʘ ʚʲʟʜʫʭʘ, ʢʘʢʪʦ ʠ ʦʩʚʝʪʝʥʦʩʪ. ʊʷ
ʠʟʧʦʣʟʚʘ NodeMCU ʢʦʥʪʨʦʣʝʨ ʟʘ ʦʪʯʠʪʘʥʝ ʠ ʫʧʨʘʚʣʝʥʠʝ. ʅʦ ʩʘʤʦʪʦ ʫʧʨʘʚʣʝʥʠʝ ʥʘ
ʘʢʚʘʧʦʥʠʯʥʘʪʘ ʩʠʩʪʝʤʘ ʩʝ ʠʟʯʝʨʧʚʘ ʩʘʤʦ ʩ ʢʦʥʪʨʦʣʠʨʘʥʝ ʥʘ ʮʠʨʢʫʣʘʮʠʦʥʥʘʪʘ ʧʦʤʧʘ ʠ
ʢʦʥʪʨʦʣʠʨʘʥʝ ʥʘ ʝʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪʪʘ ʥʘ ʚʦʜʘʪʘ, ʢʘʢʪʦ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʘʤʦʥʷʢʘ, ʢʘʪʦ
ʥʝ ʝ ʦʙʷʩʥʝʥʦ ʢʘʢ ʝ ʨʝʘʣʠʟʠʨʘʥʦ ʩʘʤʦʪʦ ʫʧʨʘʚʣʝʥʠʝ. ʉʧʦʤʝʥʘʪʦ ʝ, ʯʝ ʪʘʟʠ ʩʠʩʪʝʤʘ ʤʦʞʝ ʜʘ
ʢʦʥʪʨʦʣʠʨʘ ʩʲʱʦ ʪʝʤʧʝʨʘʪʫʨʘʪʘ, ʦʪʥʦʩʠʪʝʣʥʘʪʘ ʚʣʘʞʥʦʩʪ RH, ʚʲʛʣʝʨʦʜʥʠʷ ʜʠʦʢʩʠʜ CO2 ,
ʢʘʢʪʦ ʠ ʦʩʚʝʪʝʥʦʩʪʪʘ ʚ ʧʦʤʝʱʝʥʠʝʪʦ.

ʇʨʠ ʥʷʢʦʠ ʩʠʩʪʝʤʠ ʨʝʘʣʠʟʠʨʘʥʠ ʩʲʩ ʩʲʱʠʷ ʢʦʥʪʨʦʣʝʨ NodeMCU [57] ʩʝ ʥʘʙʣʶʜʘʚʘ
ʝʜʠʥʩʪʚʝʥʦ ʤʦʥʠʪʦʨʠʥʛ ʥʘ ʧʘʨʘʤʝʪʨʠ ʢʘʪʦ pH, ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʦʜʘʪʘ, ʨʘʟʪʚʦʨʝʥ ʢʠʩʣʦʨʦʜ
DO ʠ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʘʤʦʥʷʢNH3. ɼʦʢʘʪʦ ʧʲʨʚʠʪʝ ʪʨʠ ʧʘʨʘʤʝʪʲʨʘ ʩʝ ʦʪʯʠʪʘʪ ʜʠʨʝʢʪʥʦ
ʯʨʝʟ ʩʝʥʟʦʨʠ, ʘʤʦʥʷʢʘ ʩʝ ʦʪʯʠʪʘ ʧʦʩʨʝʜʩʪʚʦʤ ʪʝʩʪʦʚʘ ʣʝʥʪʘ ʧʦʪʦʧʝʥʘ ʚʲʚ ʚʦʜʘʪʘ ʢʘʪʦ ʩʝ
ʥʘʙʣʶʜʘʚʘ ʦʪ ʩʝʥʟʦʨ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʮʚʝʪʘ. ʊʦʚʘ ʨʘʟʙʠʨʘ ʩʝ ʥʘʣʘʛʘ ʩʤʷʥʘ ʥʘ ʪʝʩʪʦʚʘʪʘ ʣʝʥʪʘ
ʧʨʠ ʧʨʝʚʠʰʘʚʘʥʝ ʥʘ ʟʘʜʘʜʝʥʘʪʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʘʤʦʥʷʢʘ, ʟʘʱʦʪʦ ʧʨʠ ʧʦʩʣʝʜʚʘʱʦ
ʥʘʤʘʣʷʚʘʥʝ ʣʝʥʪʘʪʘ ʥʝ ʚʲʟʩʪʘʥʦʚʷʚʘ ʮʚʝʪʘ ʩʠ. ʉʠʩʪʝʤʘʪʘ ʝ ʫʝʙ ʙʘʟʠʨʘʥʘ, ʢʘʪʦ ʧʘʨʘʤʝʪʨʠʪʝ
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ʤʦʛʘʪ ʜʘ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʧʨʝʟ ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʫʩʪʨʦʡʩʪʚʦ ʩ Android, ʢʘʪʦ ʧʨʠ ʠʟʣʠʟʘʥʝ ʥʘ
ʥʷʢʦʡ ʦʪ ʠʟʤʝʨʝʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ʠʟʚʲʥ ʟʘʜʘʜʝʥʠʪʝ ʛʨʘʥʠʮʠ ʩʠʩʪʝʤʘʪʘ ʠʟʧʨʘʱʘ ʩʲʦʙʱʝʥʠʝ ʟʘ
ʘʣʘʨʤʘ.

ɼʨʫʛʘ ʩʠʩʪʝʤʘ ʟʘ ʢʦʥʪʨʦʣ ʠ ʤʦʥʠʪʦʨʠʥʛ [58], ʦʩʚʝʥ ʯʝ ʫʧʨʘʚʣʷʚʘ ʚʦʜʥʘʪʘ ʧʦʤʧʘ ʠ
ʦʩʚʝʪʝʥʦʩʪʪʘ ʠʤʘ ʚʲʟʤʦʞʥʦʩʪ ʠ ʟʘ ʘʚʪʦʥʦʤʥʦ ʭʨʘʥʝʥʝ ʥʘ ʨʠʙʠʪʝ. ʊʷ ʦʪʯʠʪʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ,
pH ʠ ʥʠʚʦʪʦ ʥʘ ʚʦʜʘʪʘ, ʢʘʪʦ ʜʘʥʥʠʪʝ ʤʦʛʘʪ ʜʘ ʩʝ ʧʨʝʛʣʝʞʜʘʪ ʦʪ ʫʝʙ ʩʪʨʘʥʠʮʘ ʧʦʜʲʨʞʘʥʘ ʦʪ
Raspberry Pi.

2.3 ʆʙʦʙʱʝʥʠʝ

ʇʨʠ ʦʙʩʪʦʡʥʠʷ ʧʨʝʛʣʝʜ ʥʘ ʠʟʧʦʣʟʚʘʥʠʪʝ ʚ ʞʠʚʦʪʥʦʚʲʜʥʠʪʝ ʬʝʨʤʠ ʨʘʟʣʠʯʥʠ ʪʠʧʦʚʝ
ʢʨʘʡʥʠ ʫʧʨʘʚʣʷʚʘʱʠ ʫʩʪʨʦʡʩʪʚʘ ʠ ʠʟʧʲʣʥʠʪʝʣʥʠ ʤʝʭʘʥʠʟʤʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ
ʤʠʢʨʦʢʣʠʤʘʪʘ, ʩʝ ʫʩʪʘʥʦʚʠ, ʯʝ ʥʘ ʧʘʟʘʨʘ ʩʝ ʧʨʝʜʣʘʛʘ ʛʦʣʷʤʦ ʨʘʟʥʦʦʙʨʘʟʠʝ ʦʪ ʪʷʭ. ʆʩʚʝʥ, ʯʝ
ʠʤʘ ʤʥʦʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʥʘ ʪʘʢʦʚʘ ʦʙʦʨʫʜʚʘʥʝ, ʚʩʝʢʠ ʝʜʠʥ ʦʪ ʪʷʭ ʧʨʝʜʣʘʛʘ ʰʠʨʦʢʘ ʛʘʤʘ ʦʪ
ʥʦʤʝʥʢʣʘʪʫʨʠ ʟʘ ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʨʘʟʣʠʯʥʠ ʧʨʦʝʢʪʠ. ʊʦʚʘ ʚʢʣʶʯʚʘ ʨʘʟʣʠʯʥʠ ʚʠʜʦʚʝ ʩʪʝʥʥʠ,
ʪʘʚʘʥʥʠ ʠ ʢʦʤʠʥʥʠ ʚʝʥʪʠʣʘʮʠʦʥʥʠ ʢʣʘʧʠ ʢʘʢʪʦ ʠ ʫʩʪʨʦʡʩʪʚʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝʪʦ ʠʤ,
ʚʝʥʪʠʣʘʪʦʨʠ, ʩʠʩʪʝʤʠ ʟʘ ʦʪʦʧʣʝʥʠʝ ʠ ʦʭʣʘʞʜʘʥʝ, ʟʘ ʜʝʟʠʥʬʝʢʮʠʷ ʠ ʜʨ. ʀʤʘ ʩʲʱʦ ʠ ʛʦʣʷʤʦ
ʨʘʟʥʦʦʙʨʘʟʠʝ ʦʪ ʩʝʥʟʦʨʠ, ʢʘʪʦ ʩʧʝʮʠʘʣʠʟʠʨʘʥʠʪʝ ʟʘ ʠʟʧʦʣʟʚʘʥʝ ʚ ʞʠʚʦʪʥʦʚʲʜʥʠ ʬʝʨʤʠ ʩʝ
ʧʨʝʜʣʘʛʘʪ ʥʘ ʩʨʘʚʥʠʪʝʣʥʦ ʚʠʩʦʢʠ ʮʝʥʠ. ʆʪ ʜʨʫʛʘʪʘ ʩʪʨʘʥʘ ʩʘ ʢʦʤʧʶʪʲʨʥʠʪʝ ʩʠʩʪʝʤʠ ʟʘ
ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ. ʈʘʟʣʠʯʥʠʪʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʧʨʝʜʣʘʛʘʪ ʰʠʨʦʢʘ ʛʘʤʘ ʦʪ ʪʘʢʠʚʘ,
ʥʦ ʧʨʠ ʠʟʙʦʨʘ ʥʘ ʧʦʚʝʯʝʪʦ ʦʪ ʪʷʭ ʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʜʘ ʩʝ ʧʨʝʜʚʠʜʷʪ ʚʩʠʯʢʠ
ʢʘʥʘʣʠ ʟʘ ʩʝʥʟʦʨʠ ʠ ʢʨʘʡʥʠ ʫʩʪʨʦʡʩʪʚʘ ʢʦʠʪʦ ʱʝ ʩʘ ʥʝʦʙʭʦʜʠʤʠ. ʉʠʩʪʝʤʠʪʝ ʥʷʤʘʪ
ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʜʦʧʲʣʥʠʪʝʣʥʦ ʨʘʟʰʠʨʷʚʘʥʝ ʚ ʙʲʜʝʱʝ, ʘ ʮʝʥʘʪʘ ʥʘ ʤʥʦʛʦʢʘʥʘʣʥʠʪʝ ʩʠʩʪʝʤʠ ʝ
ʪʚʲʨʜʝ ʚʠʩʦʢʘ ʠ ʝ ʧʨʝʯʢʘ ʟʘ ʚʥʝʜʨʷʚʘʥʝʪʦ ʠʤ ʚ ʤʘʣʢʠ ʠ ʩʨʝʜʥʦʛʦʣʝʤʠ ʩʪʦʧʘʥʩʪʚʘ.

ʇʨʠ ʧʨʝʛʣʝʜʘ ʥʘ ʩʲʱʝʩʪʚʫʚʘʱʠʪʝ ʩʠʩʪʝʤʠʪʝ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʩʨʝʜʘʪʘ ʚ ʘʢʚʘʧʦʥʠʯʥʘ
ʩʠʩʪʝʤʘ ʩʝ ʫʩʪʘʥʦʚʠ, ʯʝ ʥʘ ʧʘʟʘʨʘ ʥʝ ʩʝ ʧʨʝʜʣʘʛʘʪ ʪʘʢʠʚʘ ʢʦʠʪʦ ʜʘ ʧʨʝʜʣʘʛʘʪ ʧʲʣʝʥ ʢʦʥʪʨʦʣ,
ʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʩʠʩʪʝʤʠ ʟʘ ʩʣʝʜʝʥʝ ʥʘ ʯʘʩʪ ʦʪ ʥʝʦʙʭʦʜʠʤʠʪʝ ʧʘʨʘʤʝʪʨʠ. ʆʩʪʘʥʘʣʠʪʝ ʩʝ ʩʣʝʜʷʪ
ʥʝ ʘʚʪʦʤʘʪʠʟʠʨʘʥʦ, ʯʨʝʟ ʠʟʤʝʨʚʘʥʝ ʥʘʡ-ʯʝʩʪʦ ʩ ʣʘʢʤʫʩ ʣʝʥʪʠ. ɺʲʧʨʝʢʠ ʯʝ ʠʤʘ ʥʷʢʦʡ
ʨʘʟʨʘʙʦʪʢʠ ʟʘ ʩʠʩʪʝʤʠ ʟʘ ʯʘʩʪʠʯʝʥ ʢʦʥʪʨʦʣ ʥʘ ʩʨʝʜʘʪʘ ʚ ʘʢʚʘʧʦʥʠʯʥʠ ʩʠʩʪʝʤʠ, ʪʝ ʩʘ ʜʘʣʝʯ
ʦʪ ʞʝʣʘʥʠʷ ʨʝʟʫʣʪʘʪ ʟʘ ʧʦʩʪʠʛʘʥʝ ʥʘ ʙʘʣʘʥʩ ʠ ʫʧʨʘʚʣʝʥʠʝ ʙʝʟ ʜʘ ʩʘ ʥʝʦʙʭʦʜʠʤʠ
ʩʧʝʮʠʘʣʠʟʠʨʘʥʠ ʧʦʟʥʘʥʠʷ ʟʘ ʘʢʚʘʧʦʥʠʢʘʪʘ.

ɺ ʪʘʟʠ ʥʘʩʦʢʘ ʙʠ ʙʠʣʦ ʜʦʙʨʝ ʜʘ ʩʝ ʨʘʟʨʘʙʦʪʷʪ ʧʦʚʝʯʝ ʩʠʩʪʝʤʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ
ʩʨʝʜʘʪʘ, ʢʦʠʪʦ ʩʘ ʤʦʜʫʣʥʠ, ʤʦʛʘʪ ʣʝʩʥʦ ʜʘ ʩʝ ʥʘʜʛʨʘʞʜʘʪ ʢʘʢʪʦ ʩ ʨʘʟʰʠʨʝʥʠʝ ʙʨʦʷ ʠ ʚʠʜʘ ʥʘ
ʫʧʨʘʚʣʷʚʘʥʠʪʝ ʧʘʨʘʤʝʪʨʠ, ʪʘʢʘ ʠ ʩ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʧʨʦʤʝʥʷʱʘ ʩʝ ʣʦʛʠʢʘ ʥʘ ʫʧʨʘʚʣʝʥʠʝ. ʊʦʚʘ
ʱʝ ʛʠ ʥʘʧʨʘʚʠ ʣʝʩʥʦʜʦʩʪʲʧʥʠ ʠ ʟʘ ʧʦ-ʰʠʨʦʢ ʢʨʲʛ ʧʦʪʨʝʙʠʪʝʣʠ. ɿʘ ʪʘʟʠ ʮʝʣ ʝ ʥʝʦʙʭʦʜʠʤʦ
ʧʲʨʚʦ ʜʝ ʩʝ ʩʲʟʜʘʜʝ ʢʦʥʮʝʧʮʠʷ ʩ ʥʝʦʙʭʦʜʠʤʠʪʝ ʠʟʠʩʢʚʘʥʠʷ ʟʘ ʨʝʘʣʠʟʠʨʘʥʝʪʦ ʥʘ ʪʘʢʘʚʘ
ʩʠʩʪʝʤʘ.
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ɻʃɸɺɸ 3. ʈʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʢʦʥʮʝʧʮʠʷ ʩ ʠʟʠʩʢʚʘʥʠʷ ʟʘ ʩʲʟʜʘʚʘʥʝ ʥʘ ʂʌʉ
ʟʘ ʠʥʪʝʣʠʛʝʥʪʥʦ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʢʦʤʧʣʝʢʩʠ ʟʘ ʦʪʛʣʝʞʜʘʥʝ ʥʘ ʞʠʚʦʪʥʠ

3.1 ɼʝʬʠʥʠʮʠʠ ʥʘ ʂʠʙʝʨ ʬʠʟʠʯʥʘ ʩʠʩʪʝʤʘ

ʆʙʱʘʪʘ ʘʨʭʠʪʝʢʪʫʨʘ ʥʘ ʂʠʙʝʨ-ʬʠʟʠʯʥʘʪʘ ʩʠʩʪʝʤʘ (ʂʌʉ) ʚʢʣʶʯʚʘ ʤʦʜʝʣʠ ʥʘ
ʬʠʟʠʯʝʩʢʠ ʧʨʦʮʝʩʠ, ʤʦʜʝʣʠ ʥʘ ʩʦʬʪʫʝʨ, ʠʟʯʠʩʣʠʪʝʣʥʠ ʧʣʘʪʬʦʨʤʠ ʠ ʤʨʝʞʠ. ɺʝʨʠʛʘʪʘ ʟʘ
ʦʙʨʘʪʥʘ ʚʨʲʟʢʘ ʤʝʞʜʫ ʬʠʟʠʯʝʩʢʠʪʝ ʧʨʦʮʝʩʠ ʠ ʠʟʯʠʩʣʝʥʠʷʪʘ ʦʙʭʚʘʱʘ ʩʝʥʟʦʨʠ, ʟʘʜʚʠʞʚʘʱʠ
ʤʝʭʘʥʠʟʤʠ, ʬʠʟʠʯʝʩʢʘ ʜʠʥʘʤʠʢʘ, ʠʟʯʠʩʣʝʥʠʷ, ʩʦʬʪʫʝʨʥʦ ʧʣʘʥʠʨʘʥʝ ʠ ʤʨʝʞʠ ʩ ʢʦʥʢʫʨʝʥʮʠʷ
ʠ ʟʘʙʘʚʷʥʝ ʥʘ ʢʦʤʫʥʠʢʘʮʠʷʪʘ [59]. ʂʠʙʝʨ-ʬʠʟʠʯʥʠʪʝ ʩʠʩʪʝʤʠ ʩʘ ʠʥʪʝʛʨʘʮʠʠ ʥʘ
ʠʟʯʠʩʣʠʪʝʣʥʠ ʠ ʬʠʟʠʯʝʩʢʠ ʧʨʦʮʝʩʠ. ɺʛʨʘʜʝʥʠʪʝ ʢʦʤʧʶʪʨʠ ʠ ʤʨʝʞʠ ʥʘʙʣʶʜʘʚʘʪ ʠ
ʢʦʥʪʨʦʣʠʨʘʪ ʬʠʟʠʯʝʩʢʠʪʝ ʧʨʦʮʝʩʠ, ʦʙʠʢʥʦʚʝʥʦ ʩ ʦʙʨʘʪʥʘ ʚʨʲʟʢʘ, ʢʲʜʝʪʦ ʬʠʟʠʯʝʩʢʠʪʝ
ʧʨʦʮʝʩʠ ʚʣʠʷʷʪ ʥʘ ʠʟʯʠʩʣʝʥʠʷʪʘ ʠ ʦʙʨʘʪʥʦ [60]. ʀʤʘ ʤʥʦʛʦ ʦʧʨʝʜʝʣʷʥʠʷ ʟʘ ʪʦʚʘ ʢʘʢʚʦ
ʧʨʝʜʩʪʘʚʣʷʚʘ ʝʜʥʘ ʂʌʉ. ʊʷ ʚʢʣʶʯʚʘ ʤʥʦʞʝʩʪʚʦ ʢʦʤʧʦʥʝʥʪʠ ʠ ʩʣʦʝʚʝ. ɺ ʥʝʷ ʩʝ ʧʨʝʧʣʠʪʘʪ
ʬʠʟʠʯʝʩʢʠ ʠ ʚʠʨʪʫʘʣʥʠ ʢʦʤʧʦʥʝʥʪʠ, ʢʘʪʦ ʩʝ ʟʘʧʦʯʥʝ ʩʲʩ ʩʝʥʟʦʨʠ, ʭʘʨʜʫʝʨʥʠ ʢʦʤʧʦʥʝʥʪʠ,
ʠʟʧʲʣʥʠʪʝʣʥʠ ʤʝʭʘʥʠʟʤʠ, ʩʲʦʪʚʝʪʥʦ ʠ ʧʦʜʭʦʜʷʱ ʩʦʬʪʫʝʨ. ʀʟʧʦʣʟʚʘʪ ʩʝ ʨʘʟʣʠʯʥʠ ʚʠʜʦʚʝ
ʪʝʣʝʢʦʤʫʥʠʢʘʮʠʦʥʥʠ ʤʨʝʞʠ ʯʨʝʟ ʢʦʠʪʦ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʚʨʲʟʢʘ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʠʪʝ.
ɺʢʣʶʯʚʘʪ ʩʝ ʨʘʟʣʠʯʥʠ ʧʦʜʭʦʜʠ ʦʪ ʢʠʙʝʨʥʝʪʠʢʘʪʘ, ʤʝʭʘʪʨʦʥʠʢʘʪʘ ʠ ʚʛʨʘʜʝʥʠʪʝ ʩʠʩʪʝʤʠ. ʅʦ
ʟʘ ʨʘʟʣʠʢʘ ʦʪ ʪʷʭ ʝʜʥʘ ʂʌʉ ʦʙʠʢʥʦʚʝʥʦ ʧʨʝʜʩʪʘʚʣʷʚʘ ʤʨʝʞʘ ʦʪ ʚʟʘʠʤʦʩʚʲʨʟʘʥʠ
ʚʟʘʠʤʦʜʝʡʩʪʚʘʱʠ ʝʣʝʤʝʥʪʠ ʩ ʬʠʟʠʯʝʩʢʠ ʚʭʦʜ ʠ ʠʟʭʦʜ.

3.2 ʀʟʠʩʢʚʘʥʠʷ ʢʲʤ ʂʌʉ

ɿʘ ʨʝʘʣʠʟʠʨʘʥʝʪʦ ʥʘ ʂʌʉ ʧʨʠʛʦʜʥʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʢʦʤʧʣʝʢʩʠ ʟʘ ʦʪʛʣʝʞʜʘʥʝ ʥʘ
ʞʠʚʦʪʥʠ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʨʘʟʛʣʝʜʘʪ ʥʝʦʙʭʦʜʠʤʠʪʝ ʢʦʤʧʦʥʝʥʪʠ ʩ ʢʦʥʢʨʝʪʥʠʪʝ ʠʟʠʩʢʚʘʥʠʷ
ʢʲʤ ʪʷʭ. ʂʦʤʧʦʥʝʥʪʠʪʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʬʠʟʠʯʝʩʢʠ ʠʣʠ ʚʠʨʪʫʘʣʥʠ, ʢʘʪʦ ʟʘ ʮʝʣʪʘ ʪʨʷʙʚʘ ʜʘ
ʙʲʜʘʪ ʚʥʠʤʘʪʝʣʥʦ ʘʥʘʣʠʟʠʨʘʥʠ ʚʩʠʯʢʠ ʬʘʢʪʦʨʠ ʥʘ ʚʲʥʰʥʦ ʠ ʚʲʪʨʝʰʥʦ ʚʣʠʷʥʠʝ ʚʲʨʭʫ ʪʷʭ.
ɿʘ ʪʘʟʠ ʮʝʣ ʤʦʞʝ ʜʘ ʩʝ ʧʦʜʭʦʜʠ ʢʘʪʦ ʩʝ ʦʧʨʝʜʝʣʠ ʨʝʜ ʧʨʠ ʢʦʡʪʦ ʤʦʞʝʤ ʜʘ ʨʝʘʣʠʟʠʨʘʤʝ ʝʜʥʘ
ʂʌʉ ʟʘ ʥʫʞʜʠʪʝ ʥʘ ʩʲʦʪʚʝʪʥʦʪʦ ʞʠʚʦʪʥʦʚʲʜʥʦ ʩʪʦʧʘʥʩʪʚʦ. ʇʦ ʜʦʣʫ ʩʘ ʦʧʠʩʘʥʠ
ʥʝʦʙʭʦʜʠʤʠʪʝ ʩʪʲʧʢʠ, ʢʘʪʦ ʚ ʩʣʫʯʘʷ ʪʝ ʩʘ ʚʘʣʠʜʥʠ ʟʘ ʂʌʉ ʟʘ ʧʦʜʜʲʨʞʘʥʝ ʥʘ ʩʨʝʜʘʪʘ (
ʤʠʢʨʦʢʣʠʤʘʪʘ) ʚ ʝʜʥʦ ʩʪʦʧʘʥʩʪʚʦ.

3.2.1 ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʩʝ ʢʦʥʪʨʦʣʠʨʘʪ

ɿʘ ʝʜʥʦ ʞʠʚʦʪʥʦʚʲʜʥʦ ʩʪʦʧʘʥʩʪʚʦ ʪʦʚʘ ʥʘʡ-ʯʝʩʪʦ ʩʘ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʩʢʦʨʦʩʪ ʥʘ
ʜʚʠʞʝʥʠʝ ʥʘ ʚʲʟʜʫʭʘ ʚ ʧʦʤʝʱʝʥʠʷʪʘ, ʦʪʥʦʩʠʪʝʣʥʘ ʚʣʘʞʥʦʩʪ, ʦʩʚʝʪʝʥʦʩʪ ʠ ʥʘʣʠʯʠʝ ʥʘ
ʚʨʝʜʥʠ ʛʘʟʦʚʝ ʢʘʪʦ ʘʤʦʥʷʢ NH3, ʩʝʨʦʚʦʜʦʨʦʜ H2S, ʚʲʛʣʝʨʦʜʝʥ ʦʢʩʠʜ CO, ʚʲʛʣʝʨʦʜʝʥ
ʜʠʦʢʩʠʜ CO2 ʠ ʤʝʪʘʥ CH4. ʄʦʞʝ ʩʲʱʦ ʜʘ ʩʝ ʢʦʥʪʨʦʣʠʨʘ ʠ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʚʦʜʘʪʘ ʚ
ʧʦʠʣʢʠʪʝ ʥʘʧʨʠʤʝʨ.

ʇʨʠ ʦʪʛʣʝʞʜʘʥʝʪʦ ʥʘ ʨʠʙʠ ʠʣʠ ʜʨʫʛʠ ʚʦʜʥʠ ʞʠʚʦʪʥʠ ʚ ʘʢʚʘʧʦʥʠʯʥʘ ʩʠʩʪʝʤʘ ʤʦʛʘʪ ʜʘ
ʩʝ ʢʦʥʪʨʦʣʠʨʘʪ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʩʨʝʜʘʪʘ, ʢʘʪʦ ʪʫʢ ʩʨʝʜʘʪʘ ʩʝ ʨʘʟʜʝʣʷ ʥʘ ʜʚʘ ʚʠʜʘ. ɺʦʜʥʘ ʩʨʝʜʘ
ʠ ʟʘʦʙʠʢʘʣʷʱʘʪʘ ʛʠ ʚʲʟʜʫʰʥʘ ʩʨʝʜʘ ʢʦʷʪʦ ʚʣʠʷʝ ʢʘʢʪʦ ʜʠʨʝʢʪʥʦ ʠ ʠʥʜʠʨʝʢʪʥʦ ʥʘ ʚʦʜʥʘʪʘ
ʩʨʝʜʘ, ʪʘʢʘ ʠ ʥʘ ʦʪʛʣʝʞʜʘʥʠʪʝ ʨʠʙʠ ʠ ʨʘʩʪʝʥʠʷ. ʆʪ ʜʨʫʛʘ ʛʣʝʜʥʘ ʪʦʯʢʘ, ʚʲʟʜʫʰʥʘʪʘ ʩʨʝʜʘ
ʤʦʞʝ ʜʘ ʩʝ ʨʘʟʛʣʝʜʘ ʢʘʪʦ ʚʲʥʰʥʘ ʟʘ ʩʠʩʪʝʤʘʪʘ, ʘʢʦ ʘʢʚʘʧʦʥʠʯʥʘʪʘ ʩʠʩʪʝʤʘ ʝ ʧʦʟʠʮʠʦʥʠʨʘʥʘ
ʥʘ ʦʪʢʨʠʪʦ, ʠʣʠ ʢʘʪʦ ʯʘʩʪ ʦʪ ʩʠʩʪʝʤʘʪʘ, ʢʦʛʘʪʦ ʩʝ ʥʘʤʠʨʘ ʥʘ ʟʘʢʨʠʪʦ. ɺ ʧʲʨʚʠʷ ʩʣʫʯʘʡ,
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ʧʘʨʘʤʝʪʨʠ ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʢʦʥʪʨʦʣʠʨʘʥʠ ʠ ʦʢʘʟʚʘʪ ʚʣʠʷʥʠʝ ʥʘ ʩʠʩʪʝʤʘʪʘ ʩʘ
ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʚʦʜʥʘʪʘ ʩʨʝʜʘ. ʊʦʚʘ ʩʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʦʜʘʪʘ, pH, ʨʘʟʪʚʦʨʝʥ ʢʠʩʣʦʨʦʜ DO,
ʪʚʲʨʜʦʩʪ ʥʘ ʚʦʜʘʪʘ, (ʚʨʝʤʝʥʥʘ ʠʣʠ ʪ.ʥ. ʢʘʨʙʦʥʘʪʥʘ ʪʚʲʨʜʦʩʪ KH ʠ ʧʦʩʪʦʷʥʥʘ ʪʚʲʨʜʦʩʪ GH),
ʚʲʛʣʝʨʦʜʝʥ ʜʠʦʢʩʠʜ CO2, ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʥʠʪʨʠʪʠ NO2ī, ʥʠʪʨʘʪʠ NO3ī, ʘʤʦʥʷʢ ʚ ʜʚʝʪʝ ʤʫ
ʬʦʨʤʠ (ʘʤʦʥʷʢ NH3ʠ ʘʤʦʥʠʡ NH +), ʝʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪ EC ʠ ʦʙʱʦ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʪʚʦʨʝʥʠ
ʩʦʣʠ TDS. ʂʦʛʘʪʦ ʩʠʩʪʝʤʘʪʘ ʝ ʥʘ ʟʘʢʨʠʪʦ ʤʦʛʘʪ ʜʘ ʩʝ ʢʦʥʪʨʦʣʠʨʘʪ ʠ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ
ʚʲʟʜʫʰʥʘʪʘ ʩʨʝʜʘ ʢʦʠʪʦ ʦʢʘʟʚʘʪ ʚʣʠʷʥʠʝ ʥʘ ʩʠʩʪʝʤʘʪʘ. ʊʦʚʘ ʩʘ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʦʪʥʦʩʠʪʝʣʥʘ
ʚʣʘʞʥʦʩʪ ʥʘ ʚʲʟʜʫʭʘ RH ʚ ʧʦʤʝʱʝʥʠʝʪʦ, ʥʘʣʠʯʠʝ ʥʘ ʚʲʛʣʝʨʦʜʝʥ ʜʠʦʢʩʠʜ CO2, ʠ
ʫʣʪʨʘʚʠʦʣʝʪʦʚʦ ʣʲʯʝʥʠʝ, ʢʦʝʪʦ ʦʢʘʟʚʘ ʚʣʠʷʥʠʝ ʢʘʢʪʦ ʥʘ ʨʘʩʪʝʥʠʷʪʘ ʠ ʨʠʙʠʪʝ, ʪʘʢʘ ʠ ʥʘ
ʙʘʢʪʝʨʠʘʣʥʦʪʦ ʨʘʟʚʠʪʠʝ ʚʲʚ ʚʦʜʘʪʘ ʠ ʥʘ ʙʠʦʦʙʨʘʩʪʚʘʥʝʪʦ (ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʤʠʢʨʦ ʠ ʤʘʢʨʦ
ʚʦʜʦʨʘʩʣʠ)

3.2.2 ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ʢʦʠʪʦ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʢʦʥʪʨʦʣʠʨʘʪ ʘʚʪʦʤʘʪʠʟʠʨʘʥʦ

ʊʦʚʘ ʩʘ ʯʘʩʪ ʦʪ ʠʟʙʨʦʝʥʠʪʝ ʧʦ-ʛʦʨʝ ʧʘʨʘʤʝʪʨʠ, ʯʠʝʪʦ ʘʚʪʦʤʘʪʠʟʠʨʘʥʦ ʫʧʨʘʚʣʝʥʠʝ ʙʠ
ʜʦʚʝʣʦ ʜʦ ʞʝʣʘʥʠʷ ʝʬʝʢʪ ʟʘ ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪʪʘ ʥʘ ʞʠʚʦʪʥʦʚʲʜʥʘʪʘ ʬʝʨʤʘ
ʠʣʠ ʘʢʚʘʧʦʥʠʯʥʘʪʘ ʩʠʩʪʝʤʘ. ɿʘ ʝʜʥʘ ʢʨʘʚʝʬʝʨʤʘ ʥʘʧʨʠʤʝʨ ʤʦʞʝ ʜʘ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ
ʢʦʥʪʨʦʣʠʨʘʪ ʚʩʠʯʢʠʪʝ ʠʟʙʨʦʝʥʠ ʧʘʨʘʤʝʪʨʠ ʧʦ-ʛʦʨʝ. ɺ ʧʪʠʮʝʬʝʨʤʘ, ʦʪʜʝʣʷʥʠʷ ʤʝʪʘʥ
ʥʘʧʨʠʤʝʨ ʝ ʥʝʟʥʘʯʠʪʝʣʝʥ ʠ ʥʝ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʩʣʝʜʠ ʠ ʫʧʨʘʚʣʷʚʘ. ɺ ʝʜʥʘ ʘʢʚʘʧʦʥʠʯʥʘ
ʩʠʩʪʝʤʘ, ʟʘ ʜʘ ʩʝ ʧʦʜʲʨʞʘ ʙʘʣʘʥʩʘ ʩʲʱʦ ʥʝ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʩʣʝʜʷʪ ʠ ʫʧʨʘʚʣʷʚʘʪ ʚʩʠʯʢʠ
ʚʲʟʤʦʞʥʠ ʧʘʨʘʤʝʪʨʠ ʥʘ ʩʨʝʜʘʪʘ. ʊʨʷʙʚʘ ʜʘ ʩʝ ʦʧʨʝʜʝʣʠ ʟʣʘʪʥʘʪʘ ʩʨʝʜʘ, ʚ ʢʦʷʪʦ ʜʦʩʪʘʪʲʯʝʥ
ʙʨʦʡ ʧʘʨʘʤʝʪʨʠ ʩʝ ʩʣʝʜʷʪ ʠ ʫʧʨʘʚʣʷʚʘʪ, ʢʦʝʪʦ ʛʘʨʘʥʪʠʨʘ ʧʦʩʪʠʛʘʥʝ ʥʘ ʦʧʨʝʜʝʣʝʥʠ ʨʝʟʫʣʪʘʪʠ,
ʘ ʦʪ ʜʨʫʛʘʪʘ ʩʪʨʘʥʘ ʝ ʩʣʦʞʥʦʩʪʪʘ ʠ ʮʝʥʘʪʘ ʥʘ ʩʠʩʪʝʤʘʪʘ.

3.2.3 ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʫʧʨʘʚʣʷʚʘʥʘʪʘ ʩʨʝʜʘ ʯʠʷʪʦ ʩʪʦʡʥʦʩʪ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ
ʩʝ ʟʥʘʝ

ʊʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʨʘʟʣʠʯʥʠ ʦʪ ʧʘʨʘʤʝʪʨʠʪʝ, ʯʠʷʪʦ ʩʪʦʡʥʦʩʪ ʝ  ʥʝʦʙʭʦʜʠʤʦ ʠʣʠ ʤʦʞʝ
ʜʘ ʩʝ ʠʟʤʝʨʚʘ. ʅʷʢʦʠ ʧʘʨʘʤʝʪʨʠ ʥʘ ʩʨʝʜʘʪʘ ʥʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʠʟʤʝʨʝʥʠ ʜʠʨʝʢʪʥʦ ʩʲʩ
ʩʲʱʝʩʪʚʫʚʘʱʠʪʝ ʢʲʤ ʜʥʝʰʥʦ ʚʨʝʤʝ ʝʣʝʢʪʨʦʥʥʠ ʩʝʥʟʦʨʠ. ɿʘ ʜʘ ʩʝ ʦʧʨʝʜʝʣʠ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ
ʥʘ ʪʦʢʩʠʯʥʘʪʘ ʟʘ ʨʠʙʠʪʝ ʬʦʨʤʘ ʥʘ ʘʤʦʥʷʢʘ NH3 ʥʘʧʨʠʤʝʨ ʝ ʥʫʞʥʦ ʜʘ ʩʝ ʠʟʤʝʨʠ
ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʘʤʦʥʠʡ NH + ʠʣʠ ʦʙʱʦʪʦ ʢʦʣʠʯʝʩʪʚʦ ʘʤʦʥʷʢ TAN ʚʲʚ ʚʦʜʘʪʘ, ʦʩʚʝʥ ʪʦʚʘ
ʝ ʥʫʞʥʦ ʜʘ ʩʝ ʟʥʘʝ pH ʠ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʚʦʜʘʪʘ ʠ ʯʘʢ ʪʦʛʘʚʘ ʤʦʞʝ ʜʘ ʩʝ ʠʟʯʠʩʣʠ
ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʘʤʦʥʷʢʘ NH3.

3.2.4 ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ʢʦʠʪʦ ʱʝ ʙʲʜʘʪ ʠʟʤʝʨʚʘʥʠ ʜʠʨʝʢʪʥʦ ʯʨʝʟ ʩʝʥʟʦʨʠ

ʊʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʢʘʢʪʦ ʩʧʦʤʝʥʘʪʠʪʝ ʧʦ-ʛʦʨʝ ʧʘʨʘʤʝʪʨʠ, ʪʘʢʘ ʠ ʚʲʥʰʥʠ ʟʘ ʩʠʩʪʝʤʘʪʘ
ʧʘʨʘʤʝʪʨʠ, ʢʦʠʪʦ ʙʠʭʘ ʤʦʛʣʠ ʜʘ ʦʢʘʞʘʪ ʚʣʠʷʥʠʝ ʥʘ ʩʠʩʪʝʤʘʪʘ. ʊʦʚʘ ʤʦʞʝ ʜʘ ʝ ʪʝʤʧʝʨʘʪʫʨʘ
ʥʘ ʚʲʟʜʫʭʘ ʠʟʚʲʥ ʞʠʚʦʪʥʦʚʲʜʥʘʪʘ ʬʝʨʤʘ, ʩ ʢʦʷʪʦ ʪʨʷʙʚʘ ʜʘ ʩʝ ʩʲʦʙʨʘʟʠ ʚʝʥʪʠʣʘʮʠʷʪʘ,
ʚʲʥʰʥʘʪʘ ʦʪʥʦʩʠʪʝʣʥʘ ʚʣʘʞʥʦʩʪ RH ʩ ʢʦʷʪʦ ʜʘ ʩʝ ʩʲʦʙʨʘʟʷʚʘ ʨʘʙʦʪʘʪʘ ʥʘ ʠʟʧʘʨʠʪʝʣʥʦʪʦ
ʦʭʣʘʞʜʘʥʝ, ʧʦʩʦʢʘʪʘ ʠ ʩʢʦʨʦʩʪʪʘ ʥʘ ʚʷʪʲʨʘ ʠ ʪ.ʥ.

3.2.5 ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʚʠʜʘ ʥʘ ʩʝʥʟʦʨʠʪʝ

ʉʝʥʟʦʨʠʪʝ ʪʨʷʙʚʘ ʜʘ ʦʪʛʦʚʘʨʷʪ ʥʘ ʦʧʨʝʜʝʣʝʥʠ ʢʨʠʪʝʨʠʠ ʢʦʠʪʦ ʜʘ ʧʦʟʚʦʣʷʪ ʥʦʨʤʘʣʥʘʪʘ ʠʤ
ʝʢʩʧʣʦʘʪʘʮʠʷ.
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- ʜʘ ʠʤʘʪ ʩʪʘʥʜʘʨʪʝʥ ʠʥʪʝʨʬʝʡʩ ʟʘ ʢʦʤʫʥʠʢʘʮʠʷ ʢʦʠʪʦ ʧʦʟʚʦʣʷʚʘ ʥʘʜʝʞʜʥʘ ʚʨʲʟʢʘ.

- ʜʘ ʠʤʘʪ ʥʠʩʢʦ ʥʠʚʦ ʥʘ ʦʪʢʘʟ ʚ ʫʩʣʦʚʠʷʪʘ ʚ ʢʦʠʪʦ ʱʝ ʩʝ ʠʟʧʦʣʟʚʘʪ

- ʜʘ ʠʤʘʪ ʦʙʭʚʘʪ ʠ ʪʦʯʥʦʩʪ ʢʦʷʪʦ ʜʘ ʧʦʟʚʦʣʷʚʘ ʥʘ ʂʌʉ ʜʘ ʨʘʙʦʪʠ ʢʦʨʝʢʪʥʦ

- ʜʘ ʠʤʘʪ ʢʨʘʪʢʦ ʚʨʝʤʝ ʟʘ ʠʟʤʝʨʚʘʥʝ ʩʲʦʙʨʘʟʝʥʦ ʩ ʥʫʞʜʠʪʝ ʥʘ ʩʠʩʪʝʤʘʪʘ

3.2.6 ʆʧʨʝʜʝʣʷʥʝ ʙʨʦʷ ʥʘ ʩʝʥʟʦʨʠʪʝ ʟʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʝʜʠʥ ʠ ʩʲʱ ʧʘʨʘʤʝʪʲʨ ʥʘ ʩʨʝʜʘʪʘ

ɼʫʙʣʠʨʘʥʝʪʦ ʥʘ ʩʝʥʟʦʨʠ ʦʪ ʝʜʠʥ ʠ ʩʲʱ ʚʠʜ ʥʦʩʠ ʥʷʢʦʣʢʦ ʧʨʝʜʠʤʩʪʚʘ. ʇʨʠ ʛʦʣʝʤʠ
ʧʦʤʝʱʝʥʠʷ, ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʤʦʥʪʠʨʘʪ ʩʝʥʟʦʨʠ ʥʘ ʥʷʢʦʣʢʦ ʤʝʩʪʘ, ʪʲʡ ʢʘʪʦ ʧʘʨʘʤʝʪʨʠʪʝ
ʥʘ ʩʨʝʜʘʪʘ ʤʦʛʘʪ ʜʘ ʩʝ ʨʘʟʣʠʯʘʚʘʪ ʜʦ ʥʷʢʘʢʚʘ ʩʪʝʧʝʥ ʚ ʨʘʟʣʠʯʥʠʪʝ ʯʘʩʪʠ ʥʘ ʧʦʤʝʱʝʥʠʝʪʦ.
ʊʦʚʘ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʠ ʟʘ ʧʦ-ʜʦʙʨʦ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʩʠʩʪʝʤʠʪʝ ʟʘ ʢʦʥʪʨʦʣ ʥʘ ʩʨʝʜʘʪʘ, ʢʘʪʦ
ʮʝʣʪʘ ʝ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʨʘʚʥʦʤʝʨʥʠ ʫʩʣʦʚʠʷ ʚ ʮʷʣʦʪʦ ʧʦʤʝʱʝʥʠʝ. ʆʪ ʜʨʫʛʘ ʩʪʨʘʥʘ ʥʘʣʠʯʠʝʪʦ
ʥʘ ʧʦʚʝʯʝ ʦʪ ʝʜʠʥ ʩʝʥʟʦʨ  ʦʪ ʚʠʜ ʛʘʨʘʥʪʠʨʘ ʥʝʧʨʝʢʲʩʥʘʪʘ ʨʘʙʦʪʘ ʥʘ ʩʠʩʪʝʤʘʪʘ ʜʦʨʠ ʘʢʦ ʥʷʢʦʡ
ʦʪ ʪʷʭ ʩʝ ʧʦʚʨʝʜʠ, ʠʣʠ ʟʘʧʦʯʥʝ ʜʘ ʦʪʯʠʪʘ ʥʝʢʦʨʝʢʪʥʠ ʩʪʦʡʥʦʩʪʠ.

3.2.7 ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝʪʦ ʥʘ ʩʝʥʟʦʨʠʪʝ

3.2.7.1 ɺ ʞʠʚʦʪʥʦʚʲʜʥʠ ʩʪʦʧʘʥʩʪʚʘ

- ʜʘ ʩʝ ʨʘʟʧʦʣʘʛʘʪ ʥʘ ʥʠʚʦʪʦ ʥʘ ʞʠʚʦʪʥʠʪʝ (ʥʝ ʚʘʞʠ ʟʘ ʩʝʥʟʦʨʠ ʢʦʠʪʦ ʦʪʯʠʪʘʪ ʚʲʥʰʥʠ ʟʘ
ʩʨʝʜʘʪʘ ʧʘʨʘʤʝʪʨʠ ʠʣʠ ʪʘʢʠʚʘ ʢʦʠʪʦ ʠʟʧʲʣʥʷʚʘʪ ʩʧʦʤʘʛʘʪʝʣʥʠ ʟʘ ʩʠʩʪʝʤʘʪʘ ʬʫʥʢʮʠʠ)

- ʜʘ ʙʲʜʘʪ ʟʘʱʠʪʝʥʠ ʦʪ ʧʨʷʢ ʢʦʥʪʘʢʪ ʩ ʞʠʚʦʪʥʠʪʝ, ʟʘ ʜʘ ʥʝ ʛʠ ʧʦʚʨʝʜʷʪ

- ʜʘ ʩʘ ʟʘʱʠʪʝʥʠ ʦʪ ʧʨʷʢʘ ʩʣʲʥʯʝʚʘ ʩʚʝʪʣʠʥʘ

- ʜʘ ʥʝ ʩʝ ʤʦʥʪʠʨʘʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʦ ʙʣʠʟʦ ʜʦ ʚʭʦʜʷʱʠ ʚʝʥʪʠʣʘʮʠʦʥʥʠ ʦʪʚʦʨʠ

-ʜʘ ʥʝ ʩʝ ʤʦʥʪʠʨʘʪ ʚ ʲʛʣʠ ʠ ʥʘ ʤʝʩʪʘ ʢʲʜʝʪʦ ʥʷʤʘ ʜʚʠʞʝʥʠʝ ʥʘ ʚʲʟʜʫʭʘ

3.2.7.2 ɺ ʘʢʚʘʧʦʥʠʯʥʘ ʩʠʩʪʝʤʘ

- ʜʘ ʩʝ ʨʘʟʧʦʣʘʛʘʪ ʥʘ ʤʝʩʪʘ ʢʲʜʝʪʦ ʠʤʘ ʜʚʠʞʝʥʠʝ ʥʘ ʚʦʜʘʪʘ

- ʜʘ ʥʝ ʩʝ ʤʦʥʪʠʨʘʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʦ ʥʘʜ ʘʝʨʘʪʦʨʠʪʝ ʠʣʠ ʧʦʜ ʪʨʲʙʘʪʘ ʟʘ ʚʭʦʜʷʱʘʪʘ ʚʦʜʘ ʚ
ʜʘʜʝʥʠʷ ʨʝʟʝʨʚʦʘʨ.

- ʜʘ ʥʝ ʩʘ ʙʣʠʟʦ ʜʦ ʥʘʛʨʝʚʘʪʝʣʠʪʝ.

- ʜʘ ʥʝ ʩʘ ʠʟʣʦʞʝʥʠ ʥʘ ʧʨʷʢʘ ʩʣʲʥʯʝʚʘ ʩʚʝʪʣʠʥʘ.

- ʜʘ ʥʝ ʩʝ ʤʦʥʪʠʨʘʪ ʥʘ ʜʲʥʦʪʦ ʥʘ ʨʝʟʝʨʚʦʘʨʠʪʝ, ʢʲʜʝʪʦ ʤʦʞʝ ʜʘ ʠʤʘ ʫʪʘʡʢʠ ʢʦʠʪʦ ʜʘ ʧʦʚʣʠʷʷʪ
ʥʘ ʦʪʯʝʪʝʥʠʪʝ ʜʘʥʥʠ.

- ʜʘ ʠʤʘ ʣʝʩʝʥ ʜʦʩʪʲʧ ʜʦ ʪʷʭ, ʘʢʦ ʩʝ ʥʘʣʦʞʠ ʧʦʯʠʩʪʚʘʥʝ, ʢʘʣʠʙʨʠʨʘʥʝ ʠʣʠ ʧʦʜʤʷʥʘ.

- ʜʘ ʙʲʜʘʪ ʟʘʱʠʪʝʥʠ ʦʪ ʧʦʚʨʝʜʠ ʦʪ ʨʠʙʠʪʝ.
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3.2.8 ʀʟʙʦʨ ʥʘ ʚʠʜʘ ʥʘ ʩʚʲʨʟʚʘʥʝ ʥʘ ʩʝʥʟʦʨʠʪʝ ʢʲʤ ʩʠʩʪʝʤʘʪʘ

ʉʚʲʨʟʚʘʥʝʪʦ ʥʘ ʩʝʥʟʦʨʠʪʝ ʤʦʞʝ ʜʘ ʙʲʜʝ ʞʠʯʥʦ ʠʣʠ ʙʝʟʞʠʯʥʦ. ɺ ʟʘʚʠʩʠʤʦʩʪ ʦʪ
ʢʦʥʢʨʝʪʥʦʪʦ ʨʘʟʧʦʣʦʞʝʥʠʝ ʠ ʙʨʦʷ ʥʘ ʩʝʥʟʦʨʠ ʚ ʨʘʟʣʠʯʥʠ ʪʦʯʢʠ ʥʘ ʩʪʦʧʘʥʩʪʚʦʪʦ, ʘʢʦ ʥʝ ʤʦʞʝ
ʠʣʠ ʝ ʥʝʠʟʛʦʜʥʦ ʜʘ ʩʝ ʦʩʠʛʫʨʠ ʜʦʙʨʦ ʧʦʢʨʠʪʠʝ ʥʘ ʜʘʜʝʥ ʚʠʜ ʙʝʟʞʠʯʥʘ ʤʨʝʞʘ, ʝ ʧʦ-ʜʦʙʨʝ ʜʘ
ʩʝ ʨʝʘʣʠʟʠʨʘ ʞʠʯʥʘ ʚʨʲʟʢʘ ʥʘ ʩʝʥʟʦʨʠʪʝ ʢʲʤ ʩʠʩʪʝʤʘʪʘ, ʥʘʧʨʠʤʝʨ ʧʦ Modbus ʠʣʠ ʜʨʫʛ
ʧʨʦʪʦʢʦʣ. ɸʢʦ ʩʪʦʧʘʥʩʪʚʦʪʦ ʝ ʩ ʛʦʣʝʤʠ ʨʘʟʤʝʨʠ, ʥʦ ʝ ʦʙʦʩʦʙʝʥʦ ʦʪ ʝʜʥʦ ʧʦʤʝʱʝʥʠʝ ʝ ʧʦ-
ʫʜʦʙʥʦ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʙʝʟʞʠʯʥʠ ʩʝʥʟʦʨʠ ʠʣʠ ʪʝ ʜʘ ʩʝ ʩʚʲʨʞʘʪ ʢʲʤ ʢʦʥʪʨʦʣʝʨ ʢʦʡʪʦ ʜʘ
ʦʩʲʱʝʩʪʚʠ ʙʝʟʞʠʯʥʘ ʚʨʲʟʢʘ ʢʘʪʦ Wi-fi, ZigBee, Bluetooth ʠʣʠ ʜʨʫʛʘ, ʢʘʪʦ ʪʘʢʘ ʩʝ ʫʣʝʩʥʷʚʘ
ʦʢʘʙʝʣʷʚʘʥʝʪʦ ʠ ʩʝ ʥʘʤʘʣʷʚʘ ʚʨʝʤʝʪʦ ʟʘ ʠʥʩʪʘʣʠʨʘʥʝ ʥʘ ʩʠʩʪʝʤʘʪʘ.

3.2.9 ʀʟʙʦʨ ʥʘ ʨʝʣʝʪʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʫʧʨʘʚʣʷʚʘʱʠ ʤʝʭʘʥʠʟʤʠ ʠ ʢʨʘʡʥʠ ʫʩʪʨʦʡʩʪʚʘ

ʇʨʠ ʠʟʙʦʨʘ ʥʘ ʨʝʣʝʪʘ ʪʨʷʙʚʘ ʜʘ ʩʝ ʚʟʝʤʝ ʧʨʝʜ ʚʠʜ ʥʝ ʩʘʤʦ ʚʠʜʘ ʥʘ ʨʝʣʝʪʘʪʘ, ʥʦ ʠ
ʪʝʭʥʠʪʝ ʧʘʨʘʤʝʪʨʠ. ʈʝʣʝʪʘʪʘ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠ, ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʠ (Solid-state
relay – SSR) ʠʣʠ IoT ʨʝʣʝʪʘ ʩ ʚʛʨʘʜʝʥʘ ʙʝʟʞʠʯʥʘ ʤʨʝʞʘ. ɺʠʜʘ ʥʘ ʠʟʙʨʘʥʦʪʦ ʨʝʣʝ ʩʝ ʦʧʨʝʜʝʣʷ
ʢʘʢʪʦ ʦʪ ʞʝʣʘʥʠʪʝ ʧʘʨʘʤʝʪʨʠ, ʫʜʦʙʩʪʚʦʪʦ ʧʨʠ ʦʢʘʙʝʣʷʚʘʥʝʪʦ ʠ ʥʝ ʥʘ ʧʦʩʣʝʜʥʦ ʤʷʩʪʦ ʦʪ
ʮʝʥʘʪʘ. ɸʢʦ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʫʧʨʘʚʣʷʚʘʪ ʥʷʢʦʣʢʦ ʢʨʘʡʥʠ ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʝʜʥʦ ʤʷʩʪʦ, ʢʘʪʦ
ʫʧʨʘʚʣʝʥʠʝʪʦ ʩʝ ʩʲʩʪʦʠ ʦʪ ʚʢʣʶʯʚʘʥʝ ʠ ʠʟʢʣʶʯʚʘʥʝ ʥʘ ʘʢʪʠʚʥʠ ʪʦʚʘʨʠ, ʝ ʥʘʡ ʜʦʙʨʝ ʜʘ ʩʝ
ʠʟʙʝʨʘʪ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠ ʨʝʣʝʪʘ, ʢʘʪʦ ʪʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʫʧʨʘʚʣʷʚʘʥʠ ʧʨʝʟ ʤʝʞʜʠʥʝʥ ʤʦʜʫʣ
ʩ ʚʛʨʘʜʝʥʘ ʙʝʟʞʠʯʥʘ ʤʨʝʞʘ ʢʘʪʦ Node-MCU ʥʘʧʨʠʤʝʨ. ɸʢʦ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʠʟʚʲʨʰʚʘ
ʰʠʨʦʯʠʥʥʘ ʠʤʧʫʣʩʥʘ ʤʦʜʫʣʘʮʠʷ (ʐʀʄ) ʪʨʷʙʚʘ ʜʘ ʩʝ ʠʟʙʝʨʝ SSR ʨʝʣʝ. ɺ ʩʣʫʯʘʡ, ʯʝ ʪʨʷʙʚʘ
ʜʘ ʩʝ ʫʧʨʘʚʣʷʚʘ ʩʘʤʦ ʝʜʥʦ ʢʨʘʡʥʦ ʠʣʠ ʥʷʢʦʣʢʦ ʢʨʘʡʥʠ ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʜʘʜʝʥʦ ʤʷʩʪʦ, ʤʦʞʝ ʜʘ
ʩʝ ʠʟʧʦʣʟʚʘ ʝʜʥʦʢʘʥʘʣʥʠ ʠʣʠ ʤʥʦʛʦʢʘʥʘʣʥʦ ʙʝʟʞʠʯʥʦ ʨʝʣʝ ʢʘʪʦ “Sonoff” ʥʘʧʨʠʤʝʨ.

ʈʝʣʝʪʘʪʘ ʪʨʷʙʚʘ ʜʘ ʙʲʜʘʪ ʩʲʛʣʘʩʫʚʘʥʠ ʩʧʨʷʤʦ ʪʝʭʥʠʪʝ ʧʘʨʘʤʝʪʨʠ.

- ʋʧʨʘʚʣʷʚʘʱʦ (ʟʘʭʨʘʥʚʘʱʦ) ʥʘʧʨʝʞʝʥʠʝ – ʦʩʚʝʥ ʩʪʦʡʥʦʩʪʪʘ, ʪʨʷʙʚʘ ʜʘ ʩʝ ʩʲʛʣʘʩʫʚʘ ʠ ʜʘʣʠ
ʝ ʟʘ ʧʦʩʪʦʷʥʥʦ ʠʣʠ ʧʨʦʤʝʥʣʠʚʦ ʥʘʧʨʝʞʝʥʠʝ, ʢʘʢʪʦ ʠ ʯʝʩʪʦʪʘʪʘ ʤʫ.

- ʂʦʥʩʫʤʘʮʠʷ – ʢʦʥʩʫʤʘʮʠʷʪʘ ʥʘ ʨʝʣʝʪʦ ʪʨʷʙʚʘ ʜʘ ʩʝ ʩʲʦʙʨʘʟʠ ʩ ʤʘʢʩʠʤʘʣʥʠʷ ʜʦʧʫʩʪʠʤ ʪʦʢ
ʥʘ ʫʧʨʘʚʣʷʚʘʱʠʷ ʛʦ ʤʦʜʫʣ. ʇʨʠ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠ ʨʝʣʝʪʘ ʠ ʢʦʥʪʘʢʪʦʨʠ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ
ʚʟʝʤʝ ʧʦʜ ʚʥʠʤʘʥʠʝ ʠ ʧʫʩʢʦʚʠʷ ʪʦʢ ʦʪ ʤʦʤʝʥʪʘ ʥʘ ʩʨʘʙʦʪʚʘʥʝ ʜʦ ʟʘʪʚʘʨʷʥʝ ʥʘ ʢʦʪʚʘʪʘ ʥʘ
ʨʝʣʝʪʦ.

- ʋʧʨʘʚʣʷʚʘʥʦ ʥʘʧʨʝʞʝʥʠʝ – ʧʦʩʪʦʷʥʥʦ ʠʣʠ ʧʨʦʤʝʥʣʠʚʦ, ʢʘʪʦ ʫʧʨʘʚʣʷʚʘʥʦʪʦ ʥʘʧʨʝʞʝʥʠʝ
ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ ʧʦ-ʥʠʩʢʦ ʠʣʠ ʨʘʚʥʦ ʥʘ ʜʦʧʫʩʪʠʤʦʪʦ ʟʘ ʨʝʣʝʪʦ

- ʋʧʨʘʚʣʷʚʘʥ ʪʦʢ, ʠʣʠ ʤʦʱʥʦʩʪ. ʅʝ ʪʨʷʙʚʘ ʜʘ ʩʝ ʧʨʝʚʠʰʘʚʘ ʤʘʢʩʠʤʘʣʥʦ ʜʦʧʫʩʪʠʤʘʪʘ
ʩʪʦʡʥʦʩʪ.

- ɺʠʜ ʥʘ ʪʦʚʘʨʘ – ʘʢʪʠʚʝʥ, ʠʥʜʫʢʪʠʚʝʥ ʠʣʠ ʢʘʧʘʮʠʪʠʚʝʥ. ʇʨʠ ʘʢʪʠʚʝʥ ʪʦʚʘʨ ʤʦʞʝ ʜʘ ʩʝ
ʠʟʧʦʣʟʚʘʪ ʚʩʠʯʢʠ ʚʠʜʦʚʝ ʨʝʣʝʪʘ, ʥʦ ʘʢʦ ʪʦʚʘʨʘ ʝ ʩʠʣʥʦ ʠʥʜʫʢʪʠʚʝʥ, ʜʦʨʠ ʠ ʧʨʠ ʤʘʣʢʘ
ʤʦʱʥʦʩʪ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʢʦʥʪʘʢʪʦʨʠ ʩ ʜʲʛʦʛʘʩʷʱʠ ʢʘʤʝʨʠ, ʢʦʠʪʦ ʦʪ ʩʚʦʷ
ʩʪʨʘʥʘ ʠʤʘʪ ʧʦ-ʛʦʣʷʤʘ ʢʦʥʩʫʤʘʮʠʷ ʥʘ ʫʧʨʘʚʣʷʚʘʱʘʪʘ ʙʦʙʠʥʘ ʩʧʨʷʤʦ ʨʝʣʝʪʘʪʘ. ʇʨʠ
ʥʝʦʙʭʦʜʠʤʦʩʪ ʦʪ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʛʦʣʝʤʠ ʤʦʱʥʦʩʪʠ ʤʦʞʝ ʜʘ ʩʝ ʥʘʣʦʞʠ ʩʘʤʠʷ ʢʦʥʪʘʢʪʦʨ ʜʘ ʩʝ
ʫʧʨʘʚʣʷʚʘ ʯʨʝʟ ʤʝʞʜʠʥʥʦ ʨʝʣʝ.
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3.2.10 ʀʟʙʦʨ ʥʘ ʫʧʨʘʚʣʷʚʘʱʠ ʤʝʭʘʥʠʟʤʠ

ʋʧʨʘʚʣʷʚʘʱʠʪʝ ʤʝʭʘʥʠʟʤʠ ʤʦʛʘʪ ʜʘ ʩʘ ʯʘʩʪ ʦʪ ʢʨʘʡʥʠʪʝ ʫʩʪʨʦʡʩʪʚʘ, ʥʦ ʚ ʥʷʢʦʠ
ʩʣʫʯʘʡ ʤʦʛʘʪ ʜʘ ʫʧʨʘʚʣʷʚʘʪ ʤʥʦʞʝʩʪʚʦ ʢʨʘʡʥʠ ʫʩʪʨʦʡʩʪʚʘ, ʢʘʪʦ ʟʘ ʪʘʟʠ ʮʝʣ ʪʝ ʪʨʷʙʚʘ ʜʘ ʩʝ
ʠʟʙʝʨʘʪ ʩʧʨʷʤʦ ʥʝʦʙʭʦʜʠʤʠʪʝ ʧʘʨʘʤʝʪʨʠ ʟʘ ʧʨʘʚʠʣʥʦʪʦ ʬʫʥʢʮʠʦʥʠʨʘʥʝ ʥʘ ʩʠʩʪʝʤʘʪʘ.
ʋʧʨʘʚʣʷʚʘʱʠʪʝ ʫʩʪʨʦʡʩʪʚʘ ʚ ʝʜʥʘ ʂʌʉ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʨʘʟʣʠʯʥʠ ʚʠʜʦʚʝ ʧʦʩʪʦʷʥʥʦʪʦʢʦʚʠ
ʠʣʠ ʧʨʦʤʝʥʣʠʚʦ ʪʦʢʦʚʠ ʝʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ, ʩʪʲʧʢʦʚʠ ʜʚʠʛʘʪʝʣʠ ʠʣʠ ʪʘʢʠʚʘ ʢʦʠʪʦ
ʧʨʝʦʙʨʘʟʫʚʘʪ ʚʲʨʪʝʣʠʚʦʪʦ ʜʚʠʞʝʥʠʝ ʚ ʣʠʥʝʡʥʦ, ʢʘʪʦ ʢʲʤ ʪʷʭ ʩʝ ʩʚʲʨʟʚʘʪ ʩʠʩʪʝʤʠ ʦʪ
ʢʘʨʜʘʥʠ, ʨʝʤʲʯʥʠ ʧʨʝʜʘʚʢʠ ʠʣʠ ʚʲʞʝʪʘ ʠ ʤʘʢʘʨʠ ʢʦʠʪʦ ʛʠ ʩʚʲʨʟʚʘʪ ʩ ʢʨʘʡʥʠʪʝ ʫʩʪʨʦʡʩʪʚʘ.
ʉʲʦʪʚʝʪʥʦ ʪʨʷʙʚʘ ʜʘ ʩʝ ʩʲʦʙʨʘʟʷʪ ʩʣʝʜʥʠʪʝ ʧʘʨʘʤʝʪʨʠ:

- ʥʦʤʠʥʘʣʥʘ ʤʦʱʥʦʩʪ

- ʲʛʣʦʚʘ ʩʢʦʨʦʩʪ

- ʚʲʨʪʷʱ ʤʦʤʝʥʪ

- ʜʠʘʧʘʟʦʥ ʥʘ ʣʠʥʝʡʥʦ ʧʨʝʤʝʩʪʚʘʥʝ

- ʣʠʥʝʡʥʘ ʩʢʦʨʦʩʪ

- ʤʘʢʩʠʤʘʣʥʘ ʩʠʣʘ ʥʘ ʦʧʲʥ/ʥʘʪʠʩʢ

- ʪʦʯʥʦʩʪ ʟʘ ʧʦʟʠʮʠʦʥʠʨʘʥʝ

3.2.11 ʀʟʙʦʨ ʥʘ ʢʨʘʡʥʠ ʫʩʪʨʦʡʩʪʚʘ

ʂʨʘʡʥʠʪʝ ʫʩʪʨʦʡʩʪʚʘ ʚ ʩʠʩʪʝʤʠʪʝ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʞʠʚʦʪʥʦʚʲʜʥʠ ʩʪʦʧʘʥʩʪʚʘ ʩʘ
ʤʥʦʛʦ ʨʘʟʥʦʦʙʨʘʟʥʠ. ʊʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʨʘʟʣʠʯʥʠ ʚʠʜʦʚʝ ʚʝʥʪʠʣʘʮʠʦʥʥʠ ʢʣʘʧʠ, ʞʘʣʫʟʠ,
ʱʦʨʠ, ʟʘʚʝʩʠ, ʚʝʥʪʠʣʘʪʦʨʠ ʟʘ ʩʚʝʞ ʚʲʟʜʫʭ, ʮʠʨʢʫʣʘʮʠʦʥʥʠ ʚʝʥʪʠʣʘʪʦʨʠ, ʢʦʤʠʥʥʠ
ʚʝʥʪʠʣʘʪʦʨʠ. ɼʨʫʛʠ ʪʘʢʠʚʘ ʫʩʪʨʦʡʩʪʚʘ ʩʘ ʩʠʩʪʝʤʠ ʟʘ ʦʪʦʧʣʝʥʠʝ ʠ ʦʭʣʘʞʜʘʥʝ, ʨʘʟʣʠʯʥʠ
ʚʠʜʦʚʝ ʘʚʪʦʤʘʪʠʯʥʠ ʭʨʘʥʠʣʢʠ, ʧʦʠʣʢʠ, ʚʦʜʥʠ ʧʦʤʧʠ, ʧʦʤʧʠ ʟʘ ʚʲʟʜʫʭ, ʘʝʨʘʪʦʨʠ ʟʘ
ʦʙʦʛʘʪʷʚʘʥʝ ʥʘ ʚʦʜʘʪʘ ʩ ʢʠʩʣʦʨʦʜ. ʈʘʟʣʠʯʥʠ ʚʠʜʦʚʝ ʝʣʝʢʪʨʦʤʘʛʥʠʪʥʠ ʚʝʥʪʠʣʠ, ʧʨʲʩʢʘʯʢʠ ʥʘ
ʥʠʩʢʦ ʠ ʚʠʩʦʢʦ ʥʘʣʷʛʘʥʝ, ʦʭʣʘʜʠʪʝʣʥʠ ʠʟʧʘʨʠʪʝʣʥʠ ʧʠʪʠ ʠ ʜʨʫʛʠ, ʢʘʪʦ ʟʘ ʚʩʠʯʢʠ ʪʷʭ ʪʨʷʙʚʘ
ʜʘ ʩʝ ʧʦʜʙʝʨʘʪ ʦʧʪʠʤʘʣʝʥ ʙʨʦʡ, ʨʘʟʤʝʨ, ʤʦʱʥʦʩʪ, ʩʧʨʷʤʦ ʢʦʥʢʨʝʪʥʠʪʝ ʥʫʞʜʠ ʥʘ
ʩʪʦʧʘʥʩʪʚʦʪʦ ʠ ʦʪʛʣʝʞʜʘʥʠʪʝ ʞʠʚʦʪʥʠ.

3.2.12 ʀʟʙʦʨ ʥʘ ʫʧʨʘʚʣʷʚʘʱ ʢʦʤʧʶʪʲʨ

ʋʧʨʘʚʣʷʚʘʱʠʷ ʢʦʤʧʶʪʲʨ ʪʨʷʙʚʘ ʜʘ ʩʝ ʧʦʜʙʝʨʝ ʪʘʢʘ, ʯʝ ʜʘ ʦʪʛʦʚʘʨʷ ʥʘ ʦʧʨʝʜʝʣʝʥʠ
ʢʨʠʪʝʨʠʠ.

- ʜʘ ʙʲʜʝ ʜʦʩʪʘʪʲʯʥʦ ʤʦʱʝʥ, ʟʘ ʜʘ ʦʩʠʛʫʨʷʚʘ ʨʘʙʦʪʘ ʥʘ ʂʌʉ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ, ʢʦʝʪʦ ʪʨʷʙʚʘ ʜʘ
ʩʝ ʧʨʦʚʝʨʠ ʯʨʝʟ ʪʝʩʪʦʚʝ

-ʜʘ ʠʤʘ ʜʦʩʪʘʪʲʯʥʦ ʤʷʩʪʦ ʟʘ ʩʲʭʨʘʥʝʥʠʝ, ʥʝʦʙʭʦʜʠʤʦ ʟʘ ʩʲʙʠʨʘʥʝ ʥʘ ʜʘʥʥʠ ʟʘ
ʧʨʦʜʲʣʞʠʪʝʣʝʥ ʧʝʨʠʦʜ ʦʪ ʚʨʝʤʝ, ʢʦʠʪʦ ʜʘ ʤʦʛʘʪ ʜʘ ʩʝ ʘʥʘʣʠʟʠʨʘʪ ʧʦ-ʢʲʩʥʦ

-ʜʘ ʠʤʘ ʨʘʟʣʠʯʥʠ ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʚʨʲʟʢʘ ʢʘʪʦ Enternet,  Wi-Fi, Bluetooth, USB, Modbus, ʢʦʝʪʦ
ʧʦʟʚʦʣʷʚʘ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʨʘʟʣʠʯʥʘ ʧʝʨʠʬʝʨʠʷ, ʩʝʥʟʦʨʠ, ʩʠʣʦʚʠ ʫʩʪʨʦʡʩʪʚʘ ʠ ʜʨ.
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-ʜʘ ʠʤʘ ʯʘʩʦʚʥʠʢ ʩ ʨʝʘʣʥʦ ʚʨʝʤʝ

-ʜʘ ʠʤʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʠʥʩʪʘʣʠʨʘʥʝ ʥʘ ʦʧʝʨʘʮʠʦʥʥʘ ʩʠʩʪʝʤʘ ʠ ʩʧʝʮʠʘʣʠʟʠʨʘʥ ʩʦʬʪʫʝʨ ʢʦʠʪʦ
ʜʘ ʧʦʟʚʦʣʷʚʘʪ ʫʧʨʘʚʣʝʥʠʝʪʦ ʥʘ ʂʌʉ

- ʜʘ ʠʤʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʦʩʠʛʫʨʷʚʘʥʝ ʥʘ ʩʠʛʫʨʥʘ ʠ ʟʘʱʠʪʝʥʘ ʚʨʲʟʢʘ, ʢʘʪʦ ʩʝ ʠʟʢʣʶʯʠ
ʚʲʟʤʦʞʥʦʩʪʪʘ ʟʘ ʥʝʦʪʦʨʠʟʠʨʘʥ ʜʦʩʪʲʧ

3.2.13 ʀʟʙʦʨ ʥʘ ʦʧʝʨʘʮʠʦʥʥʘ ʩʠʩʪʝʤʘ

ʆʧʝʨʘʮʠʦʥʥʘʪʘ ʩʠʩʪʝʤʘ ʠʛʨʘʝ ʢʣʶʯʦʚʘ ʨʦʣʷ ʟʘ ʨʝʘʣʠʟʠʨʘʥʝʪʦ ʥʘ ʝʜʥʘ ʂʌʉ. ʊʷ
ʪʨʷʙʚʘ ʜʘ ʦʪʛʦʚʘʨʷ ʥʘ ʩʣʝʜʥʠʪʝ ʫʩʣʦʚʠʷ.

- ʜʘ ʧʦʜʲʨʞʘ ʨʘʙʦʪʘ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ ʢʘʪʦ ʪʦʚʘ ʱʝ ʠ ʧʦʟʚʦʣʠ ʩʚʦʝʚʨʝʤʝʥʥʘ ʨʝʘʢʮʠʷ ʧʨʠ
ʢʨʠʪʠʯʥʠ ʩʠʪʫʘʮʠʠ.

- ʪʨʷʙʚʘ ʜʘ ʝ ʥʘʧʲʣʥʦ ʩʲʚʤʝʩʪʠʤʘ ʩ ʠʟʙʨʘʥʠʷ ʭʘʨʜʫʝʨ, ʢʘʪʦ ʧʦʜʲʨʞʘ ʰʠʨʦʢ ʥʘʙʦʨ ʦʪ ʚʭʦʜʥʦ
ʠʟʭʦʜʥʠ ʠʥʪʝʨʬʝʡʩʠ.

- ʪʨʷʙʚʘ ʜʘ ʧʦʜʜʲʨʞʘ ʨʘʟʣʠʯʥʠ ʪʠʧʦʚʝ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠ ʧʨʦʪʦʢʦʣʠ.

- ʪʨʷʙʚʘ ʜʘ ʧʦʜʲʨʞʘ ʩʧʝʮʠʘʣʠʟʠʨʘʥʠ ʩʦʬʪʫʝʨʥʠ ʧʨʦʛʨʘʤʠ ʥʝʦʙʭʦʜʠʤʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝʪʦ ʠ
ʥʘʙʣʶʜʝʥʠʝʪʦ ʥʘ ʂʠʙʝʨ-ʬʠʟʠʯʥʘʪʘ ʩʠʩʪʝʤʘ, ʢʘʢʪʦ ʠ ʟʘ ʘʥʘʣʠʟ ʥʘ ʩʲʙʨʘʥʠʪʝ ʜʘʥʥʠ

- ʪʨʷʙʚʘ ʜʘ ʨʘʙʦʪʠ ʩʪʘʙʠʣʥʦ ʙʝʟ ʧʨʝʢʲʩʚʘʥʝ, ʜʘ ʥʝ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʛʨʝʰʢʠ ʠ ʜʘ ʠʤʘ ʤʥʦʛʦ
ʥʠʩʢʦ ʥʠʚʦ ʥʘ ʦʪʢʘʟʠ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʩʘ ʢʨʠʪʠʯʥʠ ʟʘ ʟʜʨʘʚʝʪʦ ʥʘ ʞʠʚʦʪʥʠʪʝ.

- ʜʘ ʠʟʠʩʢʚʘ ʤʠʥʠʤʘʣʥʠ ʨʝʩʫʨʩʠ ʦʪ ʭʘʨʜʫʝʨʥʘʪʘ ʢʦʥʬʠʛʫʨʘʮʠʷ (ʧʨʦʮʝʩʦʨʥʘ ʤʦʱ,
ʦʧʝʨʘʪʠʚʥʘ ʧʘʤʝʪ, ʧʦʪʨʝʙʠʪʝʣʩʢʘ ʧʘʤʝʪ ʠ ʜʨ.).

- ʜʘ ʙʲʜʝ ʟʘʱʠʪʝʥʘ ʦʪ ʥʝʦʪʦʨʠʟʠʨʘʥ ʜʦʩʪʲʧ, ʢʘʪʦ ʠʤʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʟʘʜʘʚʘʥʝ ʥʘ ʨʘʟʣʠʯʥʠ
ʥʠʚʘ ʥʘ ʜʦʩʪʲʧʘ. ɿʘ ʥʘʙʣʶʜʝʥʠʝ ʠʣʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʩʠʩʪʝʤʘʪʘ ʥʘʧʨʠʤʝʨ.

- ʜʘ ʧʦʟʚʦʣʷʚʘ ʢʘʢʪʦ ʣʦʢʘʣʝʥ, ʪʘʢʘ ʠ ʦʪʜʘʣʝʯʝʥ ʜʦʩʪʲʧ ʧʨʝʟ ʠʥʪʝʨʥʝʪ.

3.2.14 ʀʟʙʦʨ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʘʥ ʩʦʬʪʫʝʨ

ʀʟʠʩʢʚʘʥʠʷʪʘ ʢʲʤ ʩʧʝʮʠʘʣʠʟʠʨʘʥʠʷ ʩʦʬʪʫʝʨ ʩʘ ʧʦʜʦʙʥʠ ʥʘ ʪʝʟʠ ʥʘ ʦʧʝʨʘʮʠʦʥʥʘʪʘ
ʩʠʩʪʝʤʘ. ʅʘ ʧʲʨʚʦ ʤʷʩʪʦ ʝ ʚʨʝʤʝʪʦ ʟʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʚʭʦʜʥʠʪʝ ʜʘʥʥʠ ʠ ʚʨʝʤʝʪʦ ʟʘ ʨʝʘʢʮʠʷ.

- ʪʨʷʙʚʘ ʜʘ ʝ ʩʲʚʤʝʩʪʠʤ ʩ ʠʟʙʨʘʥʘʪʘ ʦʧʝʨʘʮʠʦʥʥʘ ʩʠʩʪʝʤʘ ʠ ʭʘʨʜʫʝʨʘ

- ʪʨʷʙʚʘ ʜʘ ʠʤʘ ʙʦʛʘʪ ʥʘʙʦʨ ʦʪ ʙʠʙʣʠʦʪʝʢʠ ʠ ʜʨʘʡʚʝʨʠ, ʢʦʠʪʦ ʤʫ ʧʦʟʚʦʣʷʚʘʪ ʜʘ  ʨʘʙʦʪʠ ʩ
ʨʘʟʣʠʯʥʠ ʢʨʘʡʥʠ ʫʩʪʨʦʡʩʪʚʘ ʢʘʪʦ ʩʝʥʟʦʨʠ, ʠʟʧʲʣʥʠʪʝʣʥʠ ʤʝʭʘʥʠʟʤʠ  ʠ ʜʨʫʛʠ.

- ʪʨʷʙʚʘ ʜʘ ʨʘʙʦʪʠ ʩʪʘʙʠʣʥʦ ʙʝʟ ʧʨʝʢʲʩʚʘʥʝ ʠ ʙʝʟ ʜʘ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʛʨʝʰʢʠ ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ
ʩʘ ʢʨʠʪʠʯʥʠ ʟʘ ʟʜʨʘʚʝʪʦ ʥʘ ʞʠʚʦʪʥʠʪʝ.

- ʨʘʟʣʠʯʥʠʪʝ ʩʦʬʪʫʝʨʥʠ ʧʨʦʛʨʘʤʠ ʪʨʷʙʚʘ ʜʘ ʠʤʘʪ ʫʜʦʙʝʥ ʠ ʠʥʪʫʠʪʠʚʝʥ ʠʥʪʝʨʬʝʡʩ.

- ʪʨʷʙʚʘ ʜʘ ʧʦʟʚʦʣʷʚʘʪ ʧʨʠʦʨʠʪʠʟʠʨʘʥʝ ʥʘ ʧʨʦʮʝʩʠʪʝ, ʩ ʮʝʣ ʜʘ ʩʝ ʨʝʘʛʠʨʘ ʧʲʨʚʦ ʥʘ
ʞʠʚʦʪʦʟʘʩʪʨʘʰʘʚʘʱʠʪʝ ʬʘʢʪʦʨʠ.



48

48

- ʜʘ ʠʤʘʪ ʤʠʥʠʤʘʣʥʘ ʢʦʥʩʫʤʘʮʠʷ ʥʘ ʨʝʩʫʨʩʠ ʢʘʪʦ ʧʨʦʮʝʩʦʨʥʘ ʤʦʱ, ʦʧʝʨʘʪʠʚʥʘ ʠ RAM ʧʘʤʝʪ
ʠ ʪ.ʥ.

- ʩʦʬʪʫʝʨʲʪ ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ ʪʝʩʪʚʘʥ ʧʨʝʜʠ ʚʥʝʜʨʷʚʘʥʝʪʦ ʤʫ ʚ ʩʠʩʪʝʤʠ, ʢʦʠʪʦ ʦʪʛʦʚʘʨʷʪ ʟʘ
ʞʠʚʦʪʘ ʠ ʙʣʘʛʦʩʲʩʪʦʷʥʠʝʪʦ ʥʘ ʞʠʚʦʪʥʠʪʝ.

- ʩʦʬʪʫʝʨʲʪ ʪʨʷʙʚʘ ʜʘ ʝ ʣʠʮʝʥʟʠʨʘʥʠ ʠʣʠ ʪʘʢʲʚ ʩ ʦʪʚʦʨʝʥ ʢʦʜ, ʢʘʪʦ ʧʨʦʪʠʚʥʦʪʦ ʤʦʞʝ ʜʘ
ʜʦʚʝʜʝ ʜʦ ʚʥʝʟʘʧʥʦ ʩʧʠʨʘʥʝ ʥʘ ʨʘʙʦʪʘ ʠ ʢʦʤʧʨʦʤʝʪʠʨʘʥʝ ʥʘ ʩʠʩʪʝʤʘʪʘ.

- ʜʘ ʙʲʜʝ ʟʘʱʠʪʝʥ ʦʪ ʥʝʦʪʦʨʠʟʠʨʘʥ ʜʦʩʪʲʧ.

3.3 ʆʙʦʙʱʝʥʠʝ

ʉʲʟʜʘʚʘʥʝʪʦ ʥʘ ʢʦʥʮʝʧʮʠʷ ʟʘ ʨʝʘʣʠʟʠʨʘʥʝʪʦ ʥʘ ʂʌʉ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʢʦʤʧʣʝʢʩʠʪʝ
ʟʘ ʦʪʛʣʝʞʜʘʥʝ ʥʘ ʞʠʚʦʪʥʠ ʥʠ ʜʘʚʘ ʧʦ-ʷʩʥʠ ʥʘʩʦʢʠ ʢʘʢʚʠ ʩʪʲʧʢʠ ʪʨʷʙʚʘ ʜʘ ʩʝ ʧʨʝʜʧʨʠʝʤʘʪ ʟʘ
ʨʝʘʣʠʟʠʨʘʥʝʪʦ ʥʘ ʩʠʩʪʝʤʘʪʘ. ʉʣʝʜ ʢʘʪʦ ʚʝʯʝ ʩʘ ʦʧʨʝʜʝʣʝʥʠ ʠʟʠʩʢʚʘʥʠʷʪʘ ʟʘ ʚʩʠʯʢʠ ʝʣʝʤʝʥʪʠ
ʦʪ ʩʠʩʪʝʤʘʪʘ ʦʩʪʘʚʘ ʩʘʤʦ ʪʝ ʜʘ ʩʝ ʧʦʜʙʝʨʘʪ ʧʦ ʟʘʜʘʜʝʥʠʪʝ ʢʨʠʪʝʨʠʠ ʠ ʜʘ ʩʝ ʪʝʩʪʚʘʪ ʟʘ
ʩʲʚʤʝʩʪʠʤʦʩʪ.

ʉʣʝʜ ʦʯʝʨʪʘʚʘʥʝ ʥʘ ʦʩʥʦʚʥʠʪʝ ʠʟʠʩʢʚʘʥʠʷ ʠ ʥʘʩʦʢʠ ʟʘ ʨʝʘʣʠʟʠʨʘʥʝʪʦ ʥʘ ʂʌʉ ʝ
ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʧʦʜʙʝʨʝ ʠ ʪʝʩʪʚʘ ʢʘʢʪʦ ʦʧʝʨʘʮʠʦʥʥʘ ʩʠʩʪʝʤʘ, ʪʘʢʘ ʠ ʩʲʚʤʝʩʪʠʤ ʩ ʥʝʷ
ʩʦʬʪʫʝʨ ʥʝʦʙʭʦʜʠʤ ʟʘ ʨʘʙʦʪʘʪʘ ʠ. ʆʩʚʝʥ ʪʦʚʘ ʪʨʷʙʚʘ ʜʘ ʩʝ ʠʟʙʝʨʝ ʠ ʩʦʬʪʫʝʨ ʟʘ ʧʲʨʚʦʥʘʯʘʣʥʘ
ʠʥʩʪʘʣʘʮʠʷ ʠ ʥʘʩʪʨʦʡʢʘ ʢʦʡʪʦ ʜʘ ʠʤʘ ʚʲʟʤʦʞʥʦʩʪ ʜʠʩʪʘʥʮʠʦʥʝʥ ʜʦʩʪʲʧ ʜʦ ʩʠʩʪʝʤʘʪʘ.
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ɻʃɸɺɸ 4. ʀʟʩʣʝʜʚʘʥʝ ʠ ʘʥʘʣʠʟ ʥʘ ʩʦʬʪʫʝʨ ʠ ʩʠʩʪʝʤʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ
ʂʌʉ. ʈʘʟʨʘʙʦʪʢʘ ʥʘ ʢʦʥʮʝʧʮʠʷ ʟʘ ʩʦʬʪʫʝʨʥʘ ʩʠʩʪʝʤʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ
ʂʌʉ ʚ ʢʦʤʧʣʝʢʩ ʟʘ ʦʪʛʣʝʞʜʘʥʝ ʥʘ ʞʠʚʦʪʥʠ

4.1 ʀʟʠʩʢʚʘʥʠʷ ʢʲʤ ʦʧʝʨʘʮʠʦʥʥʘʪʘ ʩʠʩʪʝʤʘ ʠ ʩʦʬʪʫʝʨʘ

ʊʫʢ ʱʝ ʨʘʟʛʣʝʜʘʤʝ ʧʦ-ʧʦʜʨʦʙʥʦ ʠʟʠʩʢʚʘʥʠʷʪʘ ʢʲʤ ʩʦʬʪʫʝʨʘ, ʧʨʝʜʠ ʥʝʛʦʚʠʷ ʠʟʙʦʨ.
ʆʧʝʨʘʮʠʦʥʥʘʪʘ ʩʠʩʪʝʤʘ, ʟʘʝʜʥʦ ʩ ʜʦʧʲʣʥʠʪʝʣʥʠʷ ʩʦʬʪʫʝʨ, ʢʘʢʪʦ ʠ ʙʠʙʣʠʦʪʝʢʠʪʝ ʠ
ʜʨʘʡʚʝʨʠʪʝ ʢʲʤ ʥʝʛʦ ʪʨʷʙʚʘ ʜʘ ʨʘʙʦʪʷʪ ʚ ʩʠʤʙʠʦʟʘ, ʢʘʪʦ ʪʦʚʘ ʪʨʷʙʚʘ ʜʘ ʩʝ ʦʙʩʣʝʜʚʘ ʦʙʩʪʦʡʥʦ
ʧʨʝʜʠ ʚʥʝʜʨʷʚʘʥʝʪʦ ʥʘ ʩʠʩʪʝʤʘʪʘ ʚ ʨʝʘʣʥʘ ʩʨʝʜʘ.

ʅʘ ʧʲʨʚʦ ʤʷʩʪʦ, ʦʧʝʨʘʮʠʦʥʥʘʪʘ ʩʠʩʪʝʤʘ ʪʨʷʙʚʘ ʜʘ ʧʦʜʲʨʞʘ ʨʘʙʦʪʘ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ
(Real Time Operating System - RTOS), ʢʘʪʦ ʟʘ ʪʦʚʘ ʝ ʥʫʞʥʦ ʜʘ ʧʦʜʲʨʞʘ ʧʨʦʪʦʢʦʣʠ ʟʘ
ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʥʘ ʚʨʝʤʝʪʦ ʢʘʪʦ NTP (Network Time Protocol) ʟʘ ʦʩʥʦʚʥʘ ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʥʘ
ʚʨʝʤʝʪʦ ʠʣʠ PTP (Precision Time Protocol, IEEE 1588) ʟʘ ʚʠʩʦʢʘ ʪʦʯʥʦʩʪ ʥʘ ʚʨʝʤʝʚʘʪʘ
ʩʠʥʭʨʦʥʠʟʘʮʠʷ. ʊʦʚʘ ʝ ʥʝʦʙʭʦʜʠʤʦ ʟʘ ʜʘ ʤʦʞʝ ʩʠʩʪʝʤʘʪʘ ʜʘ ʠʟʚʲʨʰʚʘ ʧʨʝʜʚʘʨʠʪʝʣʥʦ
ʟʘʜʘʜʝʥʠ ʜʝʡʩʪʚʠʷ ʚ ʢʦʥʢʨʝʪʝʥ ʤʦʤʝʥʪ, ʢʘʢʪʦ ʠ ʜʘ ʩʠʛʥʘʣʠʟʠʨʘ ʟʘ ʩʲʙʠʪʠʷ ʢʘʪʦ ʧʦʩʦʯʚʘ ʠ
ʪʦʯʥʠʷ ʤʦʤʝʥʪ ʚ ʢʦʡʪʦ ʩʘ ʩʝ ʩʣʫʯʠʣʠ. ʆʩʚʝʥ ʪʦʚʘ ʪʷ ʪʨʷʙʚʘ ʜʘ ʝ ʥʘʧʲʣʥʦ ʩʲʚʤʝʩʪʠʤʘ ʩ
ʠʟʙʨʘʥʠʷ ʭʘʨʜʫʝʨ, ʢʘʪʦ ʧʦʜʲʨʞʘ ʰʠʨʦʢ ʥʘʙʦʨ ʦʪ ʚʭʦʜʥʦ ʠʟʭʦʜʥʠ ʠʥʪʝʨʬʝʡʩʠ.

ʇʦʜʜʲʨʞʘʥʝʪʦ ʥʘ ʛʦʣʷʤ ʥʘʙʦʨ ʦʪ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠ ʧʨʦʪʦʢʦʣʠ ʧʨʘʚʠ ʩʠʩʪʝʤʘʪʘ
ʛʲʚʢʘʚʘ ʠ ʨʘʟʰʠʨʷʚʘ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ. ʊʦʚʘ ʝ ʝʜʠʥ ʦʪ ʚʘʞʥʠʪʝ ʢʨʠʪʝʨʠʠ ʟʘ
ʠʟʙʦʨ ʥʘ ʦʧʝʨʘʮʠʦʥʥʘ ʩʠʩʪʝʤʘ, ʩʦʬʪʫʝʨ ʠ ʭʘʨʜʫʝʨ ʟʘ ʫʧʨʘʚʣʝʥʠʝʪʦ ʥʘ ʪʘʢʲʚ ʪʠʧ ʂʌʉ.
ʂʦʤʫʥʠʢʘʮʠʦʥʥʠʪʝ ʧʨʦʪʦʢʦʣʠ ʤʦʛʘʪ ʜʘ ʩʝ ʨʘʟʜʝʣʷʪ ʥʘ ʥʷʢʦʣʢʦ ʦʩʥʦʚʥʠ ʛʨʫʧʠ, ʥʝʦʙʭʦʜʠʤʠ
ʟʘ ʠʟʛʨʘʞʜʘʥʝʪʦ ʥʘ ʩʠʩʪʝʤʘʪʘ, ʢʘʪʦ ʥʝ ʝ ʟʘʜʲʣʞʠʪʝʣʥʦ ʜʘ ʩʝ ʧʦʜʲʨʞʘʪ ʚʩʠʯʢʠ ʠʟʙʨʦʝʥʠ ʧʦ-
ʜʦʣʫ ʧʨʦʪʦʢʦʣʠ, ʥʦ ʧʦʜʜʲʨʞʘʥʝʪʦ ʥʘ ʧʦ-ʛʦʣʷʤ ʙʨʦʡ ʧʨʦʪʦʢʦʣʠ ʜʘʚʘ ʧʦ-ʛʦʣʷʤʘ ʩʚʦʙʦʜʘ ʧʨʠ
ʨʝʘʣʠʟʠʨʘʥʝʪʦ ʥʘ ʩʠʩʪʝʤʘʪʘ.

ʄʨʝʞʦʚʠ ʧʨʦʪʦʢʦʣʠ ʢʘʪʦ: TCP/IP (Transmission Control Protocol/Internet Protocol)
ʩʲʜʲʨʞʘ ʚ ʩʝʙʝ ʩʠ ʤʥʦʞʝʩʪʚʦ ʧʨʦʪʦʢʦʣʠ ʟʘ ʢʦʤʫʥʠʢʘʮʠʷ ʤʝʞʜʫ ʢʦʤʧʶʪʨʠʪʝ, HTTP/HTTPS
(Hypertext Transfer Protocol/Hypertext Transfer Protocol Secure) – ʦʩʥʦʚʝʥ ʧʨʦʪʦʢʦʣ ʟʘ ʧʨʝʥʦʩ
ʥʘ ʠʥʬʦʨʤʘʮʠʷ ʚ ʢʦʤʧʶʪʲʨʥʠ ʤʨʝʞʠ ʠ ʠʥʪʝʨʥʝʪ, FTP/SFTP - ʧʨʝʜʩʪʘʚʣʷʚʘ ʤʨʝʞʦʚ ʧʨʦʪʦʢʦʣ
ʦʪ ʪʠʧ ʢʣʠʝʥʪ – ʩʲʨʚʲʨ, ʧʨʝʜʦʩʪʘʚʷʱ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʦʙʤʝʥ ʥʘ ʬʘʡʣʦʚʝ ʤʝʞʜʫ ʤʘʰʠʥʠ,
ʩʚʲʨʟʘʥʠ ʚ ʣʦʢʘʣʥʘ ʤʨʝʞʘ ʠʣʠ ʚ ʠʥʪʝʨʥʝʪ, SSH (Secure SHell) - ʤʨʝʞʦʚ ʧʨʦʪʦʢʦʣ,
ʧʦʟʚʦʣʷʚʘʱ ʢʨʠʧʪʠʨʘʥʦ ʧʨʝʜʘʚʘʥʝ ʥʘ ʜʘʥʥʠ. EtherNet/IP ( Industrial Protocol) – ʠʥʜʫʩʪʨʠʘʣʝʥ
ʤʨʝʞʦʚ ʧʨʦʪʦʢʦʣ ʢʦʡʪʦ ʘʜʘʧʪʠʨʘ CIP (Common Industrial Protocol) ʢʲʤ ʩʪʘʥʜʘʨʪʝʥ EnterNet
ʧʨʦʪʦʢʦʣ. WebSocket - ʤʨʝʞʦʚ ʧʨʦʪʦʢʦʣ, ʦʩʠʛʫʨʷʚʘʱ ʝʜʥʦʚʨʝʤʝʥʥʘ ʥʝʧʨʝʢʲʩʥʘʪʘ
ʢʦʤʫʥʠʢʘʮʠʷ ʤʝʞʜʫ ʢʣʠʝʥʪ ʠ ʩʲʨʚʲʨ ʧʦ ʝʜʠʥ ʢʘʥʘʣ ʧʨʝʟ TCP). MQTT (Message Queuing
Telemetry Transport) ʝ ʤʨʝʞʦʚ ʧʨʦʪʦʢʦʣ, ʢʦʡʪʦ ʟʘʜʲʣʞʠʪʝʣʥʦ ʪʨʷʙʚʘ ʜʘ ʩʝ ʧʦʜʲʨʞʘ ʦʪ
ʦʧʝʨʘʮʠʦʥʥʘʪʘ ʩʠʩʪʝʤʘ ʠ ʩʦʬʪʫʝʨʘ, ʟʘ ʨʝʘʣʠʟʠʨʘʥʝ ʥʘ ʮʝʣʠʪʝ ʧʦʩʪʘʚʝʥʠ ʚ ʪʦʚʘ ʠʟʩʣʝʜʚʘʥʝ.
ʇʦʜʜʨʲʞʢʘʪʘ ʥʘ ʠʥʜʫʩʪʨʠʘʣʥʠ ʧʨʦʪʦʢʦʣʠ ʩʲʱʦ ʝ ʦʪ ʛʦʣʷʤʦ ʟʥʘʯʝʥʠʝ. ʅʘ ʧʲʨʚʦ ʤʷʩʪʦ
ʨʘʟʛʣʝʞʜʘʤʝ Modbus - ʧʨʦʪʦʢʦʣ ʟʘ ʢʦʤʫʥʠʢʘʮʠʷ ʥʘ ʜʘʥʥʠ ʦʪ ʪʠʧʘ ʢʣʠʝʥʪ/ʩʲʨʚʲʨ ʚ
ʧʨʠʣʦʞʥʠʷ ʩʣʦʡ. ʊʦʡ ʝ ʰʠʨʦʢʦ ʨʘʟʧʨʦʩʪʨʘʥʝʥ ʧʨʠ ʨʘʟʣʠʯʥʠ ʚʠʜʦʚʝ ʩʝʥʟʦʨʠ ʠ IoT
ʫʩʪʨʦʡʩʪʚʘ, ʢʘʪʦ ʜʘʚʘ ʨʝʜʠʮʘ ʧʨʝʜʠʤʩʪʚʘ. ʂʘʪʦ ʦʩʥʦʚʥʠ ʠ ʟʘʜʲʣʞʠʪʝʣʥʠ ʧʨʦʪʦʢʦʣʠ ʟʘ
ʨʝʘʣʠʟʠʨʘʥʝʪʦ ʥʘ ʧʨʝʜʣʦʞʝʥʘʪʘ ʂʌʉ, MQTT ʠ Modbus ʩʘ ʨʘʟʛʣʝʜʘʥʠ ʧʦ-ʜʦʣʫ. OPC UA - ʝ
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ʢʦʤʫʥʠʢʘʮʠʦʥʝʥ ʧʨʦʪʦʢʦʣ ʤʘʰʠʥʘ/ʤʘʰʠʥʘ, ʠʟʧʦʣʟʚʘʥ ʟʘ ʠʥʜʫʩʪʨʠʘʣʥʘ ʘʚʪʦʤʘʪʠʟʘʮʠʷ.
Profinet ʝ ʜʨʫʛ ʠʥʜʫʩʪʨʠʘʣʝʥ ʧʨʦʪʦʢʦʣ ʟʘ ʢʦʤʫʥʠʢʘʮʠʷ ʥʘ ʜʘʥʥʠ ʧʨʝʟ ʠʥʜʫʩʪʨʠʘʣʥʠʷ
EtherNet, ʧʨʝʜʥʘʟʥʘʯʝʥ ʟʘ ʩʲʙʠʨʘʥʝ ʥʘ ʜʘʥʥʠ ʠ ʢʦʥʪʨʦʣʠʨʘʥʝ ʥʘ ʦʙʦʨʫʜʚʘʥʝ ʚ ʠʥʜʫʩʪʨʠʘʣʥʠ
ʩʠʩʪʝʤʠ, ʧʨʠ ʩʪʨʦʛʠ ʦʛʨʘʥʠʯʝʥʠʷ ʚʲʚ ʚʨʝʤʝʪʦ. EtherCAT (EtherNet for Control Automation
Technology) ʝ EtherNet - ʙʘʟʠʨʘʥ ʧʨʦʪʦʢʦʣ, ʧʦʜʭʦʜʷʱ ʟʘ ʠʟʯʠʩʣʝʥʠʷ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ ʚ
ʪʝʭʥʦʣʦʛʠʠʪʝ ʟʘ ʘʚʪʦʤʘʪʠʟʘʮʠʷ.

ʇʨʦʪʦʢʦʣʠ ʟʘ ʨʝʘʣʠʟʠʨʘʥʝʪʦ ʥʘ ʙʝʟʞʠʯʥʠ ʤʨʝʞʠ, ʥʘʤʠʨʘʱʠ ʰʠʨʦʢʦ ʧʨʠʣʦʞʝʥʠʝ ʧʨʠ
ʨʝʘʣʠʟʠʨʘʥʝʪʦ ʥʘ ʂʌʉ ʠ IoT ʫʩʪʨʦʡʩʪʚʘ, ʩʲʱʦ ʪʨʷʙʚʘ ʜʘ ʙʲʜʘʪ ʧʦʜʲʨʞʘʥʠ. ʊʦʚʘ ʩʘ IEEE
802.11 (Wi-Fi) ʚ ʨʘʟʣʠʯʥʠʪʝ ʠʤ ʚʝʨʩʠʠ ʩʘ ʯʘʩʪ ʦʪ ʪʝʭʥʠʯʝʩʢʠʷ ʩʪʘʥʜʘʨʪ IEEE 802 ʟʘ
ʣʦʢʘʣʥʘʪʘ ʤʨʝʞʘ (LAN) ʠ ʦʧʨʝʜʝʣʷʪ ʥʘʙʦʨʘ ʦʪ ʧʨʦʪʦʢʦʣʠ ʟʘ ʧʨʠʣʘʛʘʥʝ ʥʘ ʢʦʤʧʶʪʲʨʥʘ
ʢʦʤʫʥʠʢʘʮʠʷ ʚ ʙʝʟʞʠʯʥʘ ʣʦʢʘʣʥʘ ʤʨʝʞʘ (WLAN). ɼʨʫʛ ʪʘʢʲʚ ʧʨʦʪʦʢʦʣ ʝ Zigbee - ʧʨʦʪʦʢʦʣ
ʙʘʟʠʨʘʥ ʥʘ IEEE 802.15.4. ʀʟʧʦʣʟʚʘ ʩʝ ʟʘ ʩʲʟʜʘʚʘʥʝ ʥʘ ʤʘʣʢʠ ʤʨʝʞʠ ʩ ʥʠʩʢʘ ʤʦʱʥʦʩʪ, ʢʘʪʦ
ʥʘʧʨʠʤʝʨ ʟʘ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʥʘ ʜʦʤʘ ʠʣʠ ʩʲʙʠʨʘʥʝ ʥʘ ʜʘʥʥʠ ʦʪ ʩʝʥʟʦʨʠ ʩ ʥʠʩʢʘ ʤʦʱʥʦʩʪ.
Zigbee ʝ ʙʝʟʞʠʯʥʘ ad hoc ʤʨʝʞʘ ʢʦʷʪʦ ʝ ʥʠʩʢʦʝʥʝʨʛʠʡʥʘ, ʩ ʥʠʩʢʘ ʩʢʦʨʦʩʪ ʥʘ ʧʨʝʜʘʚʘʥʝ ʥʘ
ʜʘʥʥʠ ʠ ʝ ʟʘ ʤʘʣʢʠ ʨʘʟʩʪʦʷʥʠʷ. BT/BLE (Bluetooth/Bluetooth Low Energy) ʝ ʩʪʘʥʜʘʨʪ ʟʘ
ʙʝʟʞʠʯʥʘ PAN (Personal Area Network) ʤʨʝʞʘ. ʊʝʭʥʦʣʦʛʠʷʪʘ ʦʩʠʛʫʨʷʚʘ ʙʝʟʞʠʯʝʥ ʥʘʯʠʥ ʟʘ
ʩʚʲʨʟʚʘʥʝ ʠ ʧʨʝʥʦʩ ʥʘ ʠʥʬʦʨʤʘʮʠʷ ʥʘ ʢʲʩʠ ʨʘʟʩʪʦʷʥʠʷ ʤʝʞʜʫ ʨʘʟʣʠʯʥʠ ʫʩʪʨʦʡʩʪʚʘ. BLE ʝ
ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʘ ʦʩʠʛʫʨʠ ʟʥʘʯʠʪʝʣʥʦ ʥʘʤʘʣʝʥʦ ʧʦʪʨʝʙʣʝʥʠʝ ʥʘ ʝʥʝʨʛʠʷ, ʢʘʪʦ ʩʲʱʝʚʨʝʤʝʥʥʦ
ʧʦʜʜʲʨʞʘ ʧʦʜʦʙʝʥ ʢʦʤʫʥʠʢʘʮʠʦʥʝʥ ʜʠʘʧʘʟʦʥ ʢʘʪʦ BT. Z-Wave ʝ ʙʝʟʞʠʯʝʥ ʢʦʤʫʥʠʢʘʮʠʦʥʝʥ
ʧʨʦʪʦʢʦʣ, ʠʟʧʦʣʟʚʘʥ ʧʨʝʜʠʤʥʦ ʟʘ ʩʛʨʘʜʥʘ ʘʚʪʦʤʘʪʠʟʘʮʠʷ. ʊʦʡ ʠʟʧʦʣʟʚʘ ʥʠʩʢʦʝʥʝʨʛʠʡʥʠ
ʨʘʜʠʦʚʲʣʥʠ, ʟʘ ʢʦʤʫʥʠʢʘʮʠʷ ʤʝʞʜʫ ʫʩʪʨʦʡʩʪʚʘʪʘ, ʢʘʪʦ ʧʦʟʚʦʣʷʚʘ ʙʝʟʞʠʯʥʦ ʫʧʨʘʚʣʝʥʠʝ ʥʘ
ʠʥʪʝʣʠʛʝʥʪʥʠ ʫʩʪʨʦʡʩʪʚʘ ʢʘʪʦ ʠʥʪʝʣʠʛʝʥʪʥʠ ʪʝʨʤʦʩʪʘʪʠ, ʩʝʥʟʦʨʠ, ʩʚʝʪʣʠʥʠ, ʩʠʩʪʝʤʠ ʟʘ
ʩʠʛʫʨʥʦʩʪ, ʙʨʘʚʠ ʠ ʜʨ. 6LoWPAN (IPv6 over Low-Power Wireless Personal Area Networks) ʝ
ʧʨʦʪʦʢʦʣ ʟʘ ʙʝʟʞʠʯʥʘ ʤʨʝʞʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʟʘ ʤʘʣʦʤʦʱʥʠ ʫʩʪʨʦʡʩʪʚʘ ʩ ʦʛʨʘʥʠʯʝʥʠ
ʠʟʯʠʩʣʠʪʝʣʥʠ ʚʲʟʤʦʞʥʦʩʪʠ ʧʨʝʜʠʤʥʦ ʟʘ IoT ʫʩʪʨʦʡʩʪʚʘ. LPWAN (Low-Power Wide Area
Networks) ʝ ʤʨʝʞʦʚʠ ʧʨʦʪʦʢʦʣ ʢʦʡʪʦ ʥʘʧʦʜʦʙʷʚʘ ʢʣʝʪʲʯʥʠʪʝ ʤʨʝʞʠ ʧʨʠ ʧʦ ʜʦʙʨʘ
ʧʦʜʜʨʲʞʢʘ ʥʘ ʂʌʉ ʠ IoT ʢʦʤʫʥʠʢʘʮʠʷʪʘ. ɼʚʘʪʘ ʥʘʡ-ʠʟʚʝʩʪʥʠ ʧʘʪʝʥʪʦʚʘʥʠ ʩʪʘʥʜʘʨʪʘ ʦʪ ʪʦʟʠ
ʢʣʘʩ ʩʘ LoRa ʠ SigFox. ʎʝʣʪʘ ʥʘ ʜʚʝʪʝ ʩʠʩʪʝʤʠ ʝ ʜʘ ʧʦʜʜʲʨʞʘʪ ʦʛʨʦʤʝʥ ʙʨʦʡ ʙʝʟʞʠʯʥʠ
ʩʝʥʟʦʨʠ ʠ ʫʩʪʨʦʡʩʪʚʘ ʩ ʫʣʪʨʘ ʥʠʩʢʘ ʩʢʦʨʦʩʪ ʠ ʫʣʪʨʘ ʥʠʩʢʘ ʤʦʱʥʦʩʪ.

4.1.1 MQTT ʧʨʦʪʦʢʦʣ

MQTT ʝ ʪʨʘʥʩʧʦʨʪʝʥ ʧʨʦʪʦʢʦʣ ʢʦʠʪʦ ʧʨʝʜʩʪʘʚʣʷʚʘ ʢʣʠʝʥʪʩʢʠ ʩʲʨʚʲʨ
ʧʫʙʣʠʢʫʚʘʥʝ/ʘʙʦʥʠʨʘʥʝ ʥʘ ʩʲʦʙʱʝʥʠʷ. ʊʦʡ ʝ ʣʝʢ, ʦʪʚʦʨʝʥ, ʦʧʨʦʩʪʝʥ ʧʨʦʪʦʢʦʣ ʠ e
ʧʨʦʝʢʪʠʨʘʥ ʜʘ ʙʲʜʝ ʣʝʩʝʥ ʟʘ ʠʟʧʲʣʥʷʚʘʥʝ [61]. ʊʝʟʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʦ ʧʨʘʚʷʪ ʠʜʝʘʣʝʥ ʟʘ
ʠʟʧʦʣʟʚʘʥʝ ʚ ʤʥʦʛʦ ʩʠʪʫʘʮʠʠ, ʚʢʣʶʯʠʪʝʣʥʦ ʦʛʨʘʥʠʯʝʥʠ ʩʨʝʜʠ, ʢʘʪʦ ʥʘʧʨʠʤʝʨ ʟʘ
ʢʦʤʫʥʠʢʘʮʠʷ ʚ ʤʘʰʠʥʥʘ ʢʲʤ ʤʘʰʠʥʘ (M2M) ʠ ʀʥʪʝʨʥʝʪ ʥʘ ʥʝʱʘʪʘ (IoT). ʇʨʦʪʦʢʦʣʲʪ
ʧʨʝʤʠʥʘʚʘ ʧʨʝʟ TCP/IP ʠʣʠ ʧʨʝʟ ʜʨʫʛʠ ʤʨʝʞʦʚʠ ʧʨʦʪʦʢʦʣʠ, ʢʦʠʪʦ ʧʨʝʜʦʩʪʘʚʷʪ ʧʦʜʨʝʜʝʥʠ,
ʙʝʟ ʟʘʛʫʙʠ, ʜʚʫʧʦʩʦʯʥʠ ʚʨʲʟʢʠ. ʅʝʛʦʚʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʚʢʣʶʯʚʘʪ: ʀʟʧʦʣʟʚʘʥʝ ʥʘ ʤʦʜʝʣʘ
ʥʘ ʩʲʦʙʱʝʥʠʝʪʦ ʟʘ ʧʫʙʣʠʢʫʚʘʥʝ/ʘʙʦʥʠʨʘʥʝ, ʢʦʡʪʦ ʧʨʝʜʦʩʪʘʚʷ ʝʜʥʦ ʩʲʦʙʱʝʥʠʝ ʢʲʤ ʤʥʦʛʦ
ʘʙʦʥʘʪʠ. ʊʨʘʥʩʧʦʨʪ ʥʘ ʩʲʦʙʱʝʥʠʷ, ʢʦʡʪʦ ʥʝ ʟʘʚʠʩʠ ʦʪ ʩʲʜʲʨʞʘʥʠʝʪʦ ʠʤ. ʊʨʠ ʚʠʜʘ ʥʘ
ʫʩʣʫʛʘʪʘ ʟʘ ʜʦʩʪʘʚʢʘ ʥʘ ʩʲʦʙʱʝʥʠʷ: (1) „ʅʘʡ-ʤʥʦʛʦ ʚʝʜʥʲʞ“, ʢʲʜʝʪʦ ʩʲʦʙʱʝʥʠʷʪʘ ʩʝ
ʜʦʩʪʘʚʷʪ ʩʧʦʨʝʜ ʥʘʡ-ʜʦʙʨʠʪʝ ʫʩʠʣʠʷ ʥʘ ʨʘʙʦʪʥʘʪʘ ʩʨʝʜʘ. ʄʦʞʝ ʜʘ ʚʲʟʥʠʢʥʝ ʟʘʛʫʙʘ ʥʘ
ʩʲʦʙʱʝʥʠʝ. ʊʦʚʘ ʥʠʚʦ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ, ʥʘʧʨʠʤʝʨ, ʩ ʜʘʥʥʠ ʦʪ ʩʝʥʟʦʨʠ ʟʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ,
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ʢʲʜʝʪʦ ʥʷʤʘ ʟʥʘʯʝʥʠʝ ʜʘʣʠ ʠʥʜʠʚʠʜʫʘʣʥʦʪʦ ʯʝʪʝʥʝ ʝ ʟʘʛʫʙʝʥʦ, ʪʲʡ ʢʘʪʦ ʩʣʝʜʚʘʱʦʪʦ ʱʝ ʙʲʜʝ
ʧʫʙʣʠʢʫʚʘʥʦ ʩʢʦʨʦ ʩʣʝʜ ʪʦʚʘ. (2) „ʇʦʥʝ ʚʝʜʥʲʞ“, ʢʲʜʝʪʦ ʝ ʩʠʛʫʨʥʦ, ʯʝ ʩʲʦʙʱʝʥʠʷʪʘ ʱʝ
ʧʨʠʩʪʠʛʥʘʪ, ʥʦ ʤʦʛʘʪ ʜʘ ʚʲʟʥʠʢʥʘʪ ʜʫʙʣʠʢʘʪʠ. (3) „ʊʦʯʥʦ ʚʝʜʥʲʞ“, ʢʲʜʝʪʦ ʝ ʩʠʛʫʨʥʦ, ʯʝ
ʩʲʦʙʱʝʥʠʷʪʘ ʱʝ ʧʨʠʩʪʠʛʥʘʪ ʪʦʯʥʦ ʚʝʜʥʲʞ. ʊʦʚʘ ʥʠʚʦ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ, ʥʘʧʨʠʤʝʨ, ʩʲʩ
ʩʠʩʪʝʤʠ ʟʘ ʪʘʢʩʫʚʘʥʝ, ʢʲʜʝʪʦ ʜʫʙʣʠʨʘʱʠ ʩʝ ʠʣʠ ʟʘʛʫʙʝʥʠ ʩʲʦʙʱʝʥʠʷ ʤʦʛʘʪ ʜʘ ʜʦʚʝʜʘʪ ʜʦ
ʧʨʠʣʘʛʘʥʝ ʥʘ ʥʝʧʨʘʚʠʣʥʠ ʪʘʢʩʠ [61]. ʊʦʡ ʠʟʠʩʢʚʘ ʪʷʩʥʘ ʯʝʩʪʦʪʥʘ ʣʝʥʪʘ ʠ ʤʘʣʲʢ ʦʙʤʝʥ, ʟʘ ʜʘ
ʩʝ ʥʘʤʘʣʠ ʤʨʝʞʦʚʠʷʪ ʪʨʘʬʠʢ. ʀʤʘ ʤʝʭʘʥʠʟʲʤ ʟʘ ʫʚʝʜʦʤʷʚʘʥʝ ʥʘ ʟʘʠʥʪʝʨʝʩʦʚʘʥʠʪʝ ʩʪʨʘʥʠ
ʧʨʠ ʚʲʟʥʠʢʚʘʥʝ ʥʘ ʥʝʦʙʠʯʘʡʥʦ ʧʨʝʢʲʩʚʘʥʝ ʥʘ ʚʨʲʟʢʘʪʘ.

MQTT ʧʨʦʪʦʢʦʣʘ ʠʟʧʦʣʟʚʘ ʤʝʞʜʠʥʝʥ ʙʨʦʢʝʨ ʢʦʡʪʦ ʨʘʟʧʨʝʜʝʣʷ ʠ ʫʧʨʘʚʣʷʚʘ
ʢʦʤʫʥʠʢʘʮʠʷʪʘ (ʌʠʛʫʨʘ 4.1). ʄʦʞʝʤ ʜʘ ʦʧʠʰʝʤ ʨʘʙʦʪʘʪʘ ʤʫ ʧʦ ʩʣʝʜʥʠʷ ʥʘʯʠʥ. ʉʝʥʟʦʨʠʪʝ
ʠ ʢʨʘʡʥʠʪʝ ʫʩʪʨʦʡʩʪʚʘ ʧʫʙʣʠʢʫʚʘʪ ʩʲʦʙʱʝʥʠʷ ʢʦʠʪʦ ʩʝ ʫʧʨʘʚʣʷʚʘʪ ʠ ʦʨʛʘʥʠʟʠʨʘʪ ʦʪ ʙʨʦʢʝʨʘ
ʚ ʜʘʜʝʥʠ ʪʝʤʠ. ʂʣʠʝʥʪʠʪʝ ʩʝ ʘʙʦʥʠʨʘʪ ʟʘ ʜʘʜʝʥʘ ʪʝʤʘ ʠ ʧʦʣʫʯʘʚʘʪ ʩʘʤʦ ʩʲʦʙʱʝʥʠʷʪʘ ʢʦʠʪʦ
ʩʝ ʩʲʜʲʨʞʘʪ ʚ ʥʝʷ.

ʌʠʛʫʨʘ 4.1 MQTT ʧʨʦʪʦʢʦʣ – ʥʘʯʠʥ ʥʘ  ʨʘʙʦʪʘ.

4.1.2 Modbus ʧʨʦʪʦʢʦʣ

Modbus e ʢʦʤʫʥʠʢʘʮʠʦʥʝʥ ʧʨʦʪʦʢʦʣ ʟʘ ʜʘʥʥʠ ʢʣʠʝʥʪ/ʩʲʨʚʲʨ ʚ ʧʨʠʣʦʞʥʠʷ ʩʣʦʡ.
ʇʲʨʚʦʥʘʯʘʣʥʦ ʝ ʧʨʦʝʢʪʠʨʘʥ ʟʘ ʠʟʧʦʣʟʚʘʥʝ ʩ ʧʨʦʛʨʘʤʠʨʫʝʤʠ ʣʦʛʠʯʝʩʢʠ ʢʦʥʪʨʦʣʝʨʠ (PLC),
ʥʦ ʚʝʯʝ ʩʝ ʠʟʧʦʣʟʚʘ ʢʘʪʦ ʩʪʘʥʜʘʨʪʝʥ ʢʦʤʫʥʠʢʘʮʠʦʥʝʥ ʧʨʦʪʦʢʦʣ ʟʘ ʢʦʤʫʥʠʢʘʮʠʷ ʤʝʞʜʫ
ʠʥʜʫʩʪʨʠʘʣʥʠ ʝʣʝʢʪʨʦʥʥʠ ʫʩʪʨʦʡʩʪʚʘ ʚ ʰʠʨʦʢ ʜʠʘʧʘʟʦʥ ʦʪ ʰʠʥʠ ʠ ʤʨʝʞʠ. ʊʦʡ ʝ ʨʘʟʨʘʙʦʪʝʥ
ʟʘ ʧʨʦʤʠʰʣʝʥʠ ʧʨʠʣʦʞʝʥʠʷ, ʩʨʘʚʥʠʪʝʣʥʦ ʣʝʩʝʥ ʝ ʟʘ ʚʥʝʜʨʷʚʘʥʝ ʠ ʧʦʜʜʨʲʞʢʘ ʚ ʩʨʘʚʥʝʥʠʝ ʩ
ʜʨʫʛʠ ʩʪʘʥʜʘʨʪʠ ʠ ʧʦʩʪʘʚʷ ʤʘʣʢʦ ʦʛʨʘʥʠʯʝʥʠʷ ʚʲʨʭʫ ʬʦʨʤʘʪʘ ʥʘ ʜʘʥʥʠʪʝ, ʢʦʠʪʦ ʪʨʷʙʚʘ ʜʘ
ʩʝ ʧʨʝʜʘʚʘʪ. ʊʦʡ ʠʟʧʦʣʟʚʘ ʩʝʨʠʡʥʠ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠ ʣʠʥʠʠ, Ethernet ʠʣʠ ʥʘʙʦʨ ʦʪ ʠʥʪʝʨʥʝʪ
ʧʨʦʪʦʢʦʣʠ ʢʘʪʦ ʪʨʘʥʩʧʦʨʪʝʥ ʩʣʦʡ. Modbus ʧʦʜʜʲʨʞʘ ʢʦʤʫʥʠʢʘʮʠʷ ʢʲʤ ʠ ʦʪ ʤʥʦʞʝʩʪʚʦ
ʫʩʪʨʦʡʩʪʚʘ, ʩʚʲʨʟʘʥʠ ʢʲʤ ʝʜʠʥ ʠ ʩʲʱ ʢʘʙʝʣ ʠʣʠ Ethernet ʤʨʝʞʘ. ʆʩʚʝʥ Enternet,  ʢʘʪʦ
ʪʨʘʥʩʧʦʨʪʥʠ ʧʨʦʪʦʢʦʣʠ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʠʟʧʦʣʟʚʘʥʠ RS232 ʠʣʠ RS485

ɿʘ ʩʲʞʘʣʝʥʠʝ, ʥʘ Modbus ʤʫ ʣʠʧʩʚʘʪ ʦʩʥʦʚʥʠ ʤʝʭʘʥʠʟʤʠ ʟʘ ʩʠʛʫʨʥʦʩʪ ʠ ʪʦʚʘ ʚʦʜʠ ʜʦ
ʤʥʦʞʝʩʪʚʦ ʫʷʟʚʠʤʦʩʪʠ, ʜʲʣʞʘʱʠ ʩʝ ʢʘʢʪʦ ʥʘ ʜʠʟʘʡʥʘ, ʪʘʢʘ ʠ ʥʘ ʠʟʧʲʣʥʝʥʠʝʪʦ. ɿʘ ʜʘ ʦʩʠʛʫʨʠ
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ʤʝʭʘʥʠʟʤʠ ʟʘ ʩʠʛʫʨʥʦʩʪ ʥʘ ʧʨʦʪʦʢʦʣʘ, ʦʨʛʘʥʠʟʘʮʠʷʪʘ Modbus ʝ ʧʫʩʥʘʣʘ ʩʧʝʮʠʬʠʢʘʮʠʠ ʟʘ
ʩʠʛʫʨʥʦʩʪ, ʢʦʠʪʦ ʦʩʠʛʫʨʷʚʘʪ ʩʪʘʙʠʣʥʘ ʟʘʱʠʪʘ ʯʨʝʟ ʩʤʝʩʚʘʥʝʪʦ ʥʘ ʟʘʱʠʪʝʥ ʪʨʘʥʩʧʦʨʪʝʥ ʩʣʦʡ
(TLS) ʩ ʪʨʘʜʠʮʠʦʥʥʠ  ̫ʧʨʦʪʦʢʦʣ Modbus. TLS  ʢʘʧʩʫʣʠʨʘ Modbus ʧʘʢʝʪʠʪʝ, ʟʘ ʜʘ ʦʩʠʛʫʨʠ
ʢʘʢʪʦ ʫʜʦʩʪʦʚʝʨʷʚʘʥʝ, ʪʘʢʘ ʠ ʟʘʱʠʪʘ ʥʘ ʮʝʣʦʩʪʪʘ ʥʘ ʩʲʦʙʱʝʥʠʷʪʘ [62].

4.2 ʀʟʙʦʨ ʥʘ ʦʧʝʨʘʮʠʦʥʥʘ ʩʠʩʪʝʤʘ

ɿʘ ʮʝʣʪʘ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ ʝ ʠʟʙʨʘʥʘ Linux ʙʘʟʠʨʘʥʘʪʘ ʩʠʩʪʝʤʘ OpenHABian, ʢʦʷʪʦ
ʚʢʣʶʯʚʘ ʚ ʩʝʙʝ ʩʠ ʥʝʟʘʚʠʩʠʤʘʪʘ ʧʣʘʪʬʦʨʤʘ, ʙʘʟʠʨʘʥʘ ʥʘ java - OpenHAB.

4.2.1 OpenHAB

OpenHAB (Open Home Automation Bus) ʝ ʧʣʘʪʬʦʨʤʘ ʟʘ ʠʥʪʝʣʠʛʝʥʪʥʘ ʘʚʪʦʤʘʪʠʟʘʮʠʷ
ʥʘ ʜʦʤʘ ʩ ʦʪʚʦʨʝʥ ʢʦʜ. ʊʷ ʧʦʟʚʦʣʷʚʘ ʫʧʨʘʚʣʝʥʠʝ ʠ ʠʥʪʝʛʨʘʮʠʷ ʥʘ ʨʘʟʣʠʯʥʠ IoT ʫʩʪʨʦʡʩʪʚʘ,
ʢʘʪʦ ʩʝʥʟʦʨʠ, ʪʝʨʤʦʩʪʘʪʠ, ʢʘʤʝʨʠ, ʫʤʥʠ ʢʨʫʰʢʠ, ʘʣʘʨʤʝʥʠ ʩʠʩʪʝʤʠ, ʢʦʥʪʨʦʣʝʨʠ ʠ ʜʨʫʛʠ
ʧʦʜʦʙʥʠ ʫʩʪʨʦʡʩʪʚʘ. ʊʷ ʤʦʞʝ ʜʘ ʙʲʜʝ ʠʥʩʪʘʣʠʨʘʥʘ ʥʘ ʨʘʟʣʠʯʥʠ ʦʧʝʨʘʮʠʦʥʥʠ ʩʠʩʪʝʤʠ
ʙʘʟʠʨʘʥʠ ʥʘ Linux, Windows, Raspberry Pi OS ʠʣʠ macOS, ʢʦʝʪʦ ʦʟʥʘʯʘʚʘ, ʯʝ ʨʘʙʦʪʠ ʢʘʢʪʦ
ʥʘ ARM ʪʘʢʘ ʠ ʥʘ x86 ʧʨʦʮʝʩʦʨʥʠ ʭʘʨʜʫʝʨʥʠ ʧʣʘʪʬʦʨʤʠ. OpenHAB ʦʙʝʜʠʥʷʚʘ ʫʩʪʨʦʡʩʪʚʘ
ʦʪ ʨʘʟʣʠʯʥʠ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʠ ʩ ʨʘʟʣʠʯʥʠ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠ ʧʨʦʪʦʢʦʣʠ ʚ ʝʜʥʘ ʩʠʩʪʝʤʘ.
ʇʨʝʜʦʩʪʘʚʷ ʫʝʙ ʠʥʪʝʨʬʝʡʩ, ʤʦʙʠʣʥʠ ʧʨʠʣʦʞʝʥʠʷ ʟʘ Android ʠ iOS, ʢʘʢʪʦ ʠ ʧʦʜʜʨʲʞʢʘ ʥʘ
ʛʣʘʩʦʚʠʪʝ ʘʩʠʩʪʝʥʪʠ Amazon Alexa ʠ Google Assistant [63]. ʇʦʟʚʦʣʷʚʘ ʛʲʚʢʘʚʦʩʪ ʠ
ʤʘʱʘʙʠʨʫʝʤʦʩʪ ʥʘ ʩʠʩʪʝʤʘʪʘ ʢʘʪʦ ʤʦʞʝ ʜʘ ʨʘʟʰʠʨʷʚʘ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʪʘ ʩʠ ʯʨʝʟ ʧʣʲʛʠʥʠ
(Bindings). ʆʩʚʝʥ ʪʦʚʘ ʧʦʟʚʦʣʷʚʘ ʣʦʢʘʣʝʥ ʢʦʥʪʨʦʣ ʠ ʟʘ ʨʘʟʣʠʢʘ ʦʪ ʤʥʦʛʦ ʜʨʫʛʠ ʦʙʣʘʯʥʠ
ʧʣʘʪʬʦʨʤʠ, OpenHAB ʤʦʞʝ ʜʘ ʨʘʙʦʪʠ ʠʟʮʷʣʦ ʣʦʢʘʣʥʦ ʙʝʟ ʥʫʞʜʘ ʦʪ ʠʥʪʝʨʥʝʪ. ʇʦʟʚʦʣʷʚʘ
ʩʲʟʜʘʚʘʥʝ ʥʘ ʩʣʦʞʥʠ ʩʮʝʥʘʨʠʠ ʟʘ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʯʨʝʟ ʩʲʟʜʘʚʘʥʝ ʥʘ ʧʨʘʚʠʣʘ ʠ ʩʢʨʠʧʪʦʚʝ.
ɼʘʥʥʠʪʝ ʩʝ ʩʲʭʨʘʥʷʚʘʪ ʣʦʢʘʣʥʦ, ʙʝʟ ʥʫʞʜʘ ʦʪ ʦʙʣʘʯʥʠ ʫʩʣʫʛʠ [63].

OpenHAB ʧʦʜʲʨʞʘ ʩʣʝʜʥʠʪʝ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠ ʧʨʦʪʦʢʦʣʠ: Z-Wave, Zigbee, Wi-Fi,
Bluetooth, Bluetooth Low Energy, Modbus, RS232, RS485, HTTP/HTTPS, MQTT, WebSocket
Thread (ʄʨʝʞʦʚ ʧʨʦʪʦʢʦʣ ʟʘ ʠʥʪʝʣʠʛʝʥʪʥʠ ʫʩʪʨʦʡʩʪʚʘ, ʠʟʧʦʣʟʚʘʥ ʟʘ IoT), KNX (ʧʨʦʪʦʢʦʣ ʟʘ
ʜʦʤʘʰʥʘ ʠ ʩʛʨʘʜʥʘ ʘʚʪʦʤʘʪʠʟʘʮʠʷ, ʠʟʧʦʣʟʚʘʱ ʞʠʯʥʠ ʚʨʲʟʢʠ), DMX (ʧʨʦʪʦʢʦʣ ʟʘ
ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʦʩʚʝʪʣʝʥʠʝ ʢʦʡʪʦ ʩʝ ʠʟʧʦʣʟʚʘ ʥʘʡ-ʯʝʩʪʦ ʚ ʩʮʝʥʠʯʥʠ ʠʣʠ ʘʨʭʠʪʝʢʪʫʨʥʠ ʩʨʝʜʠ),
REST (ʉʦʬʪʫʝʨʥʘ ʘʨʭʠʪʝʢʪʫʨʘ ʟʘ ʨʝʘʣʠʟʘʮʠʷ ʥʘ ʫʝʙ ʫʩʣʫʛʠ), IFTTT (ʆʩʠʛʫʨʷʚʘ ʠʥʪʝʛʨʘʮʠʷ
ʟʘ ʘʚʪʦʤʘʪʠʟʠʨʘʥʠ ʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʨʘʟʣʠʯʥʠ ʫʩʣʫʛʠ), HomeKit (ʇʨʦʪʦʢʦʣ ʟʘ ʢʦʤʫʥʠʢʘʮʠʷ
ʟʘ ʫʩʪʨʦʡʩʪʚʘ ʚ ʝʢʦʩʠʩʪʝʤʘʪʘ ʥʘ Apple), Hue (ʇʨʦʪʦʢʦʣ ʟʘ ʫʤʥʠ ʢʨʫʰʢʠ ʠ ʘʢʩʝʩʦʘʨʠ Philips),
LIFX (ʧʨʦʪʦʢʦʣ ʟʘ Wi-Fi ʙʘʟʠʨʘʥʠ ʩʤʘʨʪ ʢʨʫʰʢʠ), Nest (ʇʨʦʪʦʢʦʣ ʟʘ ʩʤʘʨʪ ʪʝʨʤʦʩʪʘʪʠ ʠ
ʫʩʪʨʦʡʩʪʚʘ ʦʪ Google), Sonos (ʇʨʦʪʦʢʦʣ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʘʫʜʠʦ ʩʠʩʪʝʤʠ), EnOcean
(ɽʥʝʨʛʠʡʥʦ ʝʬʝʢʪʠʚʝʥ ʩʪʘʥʜʘʨʪ ʟʘ ʩʝʥʟʦʨʠ ʠ ʠʟʧʲʣʥʠʪʝʣʥʠ ʤʝʭʘʥʠʟʤʠ), Xiaomi Mi Home
(ɿʘ ʩʝʥʟʦʨʠ ʠ ʫʩʪʨʦʡʩʪʚʘ ʦʪ Xiaomi), Open Weather Map ʠ ʜʨʫʛʠ ʤʝʪʝʦʨʦʣʦʛʠʯʥʠ ʫʩʣʫʛʠ
(ʇʦʢʘʟʚʘʪ ʜʘʥʥʠ ʟʘ ʚʨʝʤʝʪʦ), SolarEdge, SMA, Fronius (ʇʣʘʪʬʦʨʤʠ ʟʘ ʧʦʜʦʙʨʷʚʘʥʝ ʠ
ʦʧʪʠʤʠʟʘʮʠʷ ʥʘ ʨʘʙʦʪʘʪʘ ʥʘ ʩʦʣʘʨʥʠ ʧʘʥʝʣʠ ʠ ʠʥʚʝʨʪʦʨʠ), Kodi (ʋʩʣʫʛʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ
ʤʝʜʠʡʥʠ ʮʝʥʪʨʦʚʝ), MySensors (ʇʣʘʪʬʦʨʤʘ ʟʘ IoT ʫʩʪʨʦʡʩʪʚʘ ʠ ʜʦʤʘʰʥʘ ʘʚʪʦʤʘʪʠʟʘʮʠʷ),
DLNA/UPnP (ʇʨʦʪʦʢʦʣʠ ʟʘ ʩʚʲʨʟʘʥʠ ʤʝʜʠʡʥʠ ʫʩʪʨʦʡʩʪʚʘ) ʠ ʜʨʫʛʠ [63].
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4.2.2 OpenHABian

OpenHABian ʝ Linux ʩʠʩʪʝʤʘ ʙʘʟʠʨʘʥʘ ʥʘ ʦʧʝʨʘʮʠʦʥʥʘʪʘ ʩʠʩʪʝʤʘ Raspberry Pi OS
Lite, ʢʦʷʪʦ ʚʩʲʱʥʦʩʪ ʝ ʦʣʝʢʦʪʝʥʘ ʚʝʨʩʠʷ ʥʘ Debian, ʦʧʪʠʤʠʟʠʨʘʥʘ ʟʘ ʨʘʟʣʠʯʥʠʪʝ ʚʝʨʩʠʠ ʥʘ
ʝʜʥʦʧʣʘʪʢʦʚʠʷ ʢʦʤʧʶʪʲʨ Raspberry Pi. OpenHABian ʝ ʩʧʝʮʠʘʣʥʦ ʘʜʘʧʪʠʨʘʥʘ, ʟʘ ʜʘ ʦʩʠʛʫʨʠ
ʣʝʩʥʘ ʥʘʩʪʨʦʡʢʘ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʟʘ ʨʘʙʦʪʘ ʩ OpenHAB. ʊʷ ʘʚʪʦʤʘʪʠʟʠʨʘ ʠʥʩʪʘʣʘʮʠʷʪʘ ʠ
ʢʦʥʬʠʛʫʨʘʮʠʷʪʘ ʥʘ ʚʩʠʯʢʠ ʥʝʦʙʭʦʜʠʤʠ ʢʦʤʧʦʥʝʥʪʠ, ʟʘ ʜʘ ʫʣʝʩʥʠ ʧʦʪʨʝʙʠʪʝʣʠʪʝ ʚ
ʥʘʩʪʨʦʡʚʘʥʝʪʦ ʥʘ OpenHAB. ɺʲʧʨʝʢʠ, ʯʝ ʝ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʟʘ  ʨʘʙʦʪʘ ʩ ʫʩʪʨʦʡʩʪʚʘ ʢʘʪʦ
Raspberry Pi, OpenHABian ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʠ ʥʘ ʜʨʫʛʠ Linux-ʙʘʟʠʨʘʥʠ ʩʠʩʪʝʤʠ, ʢʘʪʦ ʠ
ʥʘ ʢʦʤʧʶʪʨʠ ʩ x86 ʘʨʭʠʪʝʢʪʫʨʘ.

4.3 ʀʟʙʦʨ ʥʘ ʜʦʧʲʣʥʠʪʝʣʝʥ ʩʦʬʪʫʝʨ

ɿʘ ʨʝʘʣʠʟʠʨʘʥʝ ʥʘ ʧʨʝʜʣʦʞʝʥʘʪʘ ʂʌʉ ʩʘ ʠʟʧʦʣʟʚʘʥʠ ʠʟʙʨʦʝʥʠʪʝ ʧʦ-ʜʦʣʫ ʩʦʬʪʫʝʨʥʠ
ʧʨʦʜʫʢʪʠ. ɺʲʧʨʝʢʠ, ʯʝ ʥʷʢʦʠ ʦʪ ʪʷʭ ʠʤʘʪ ʠ ʣʠʮʝʥʟʠʨʘʥʠ ʚʝʨʩʠʠ, ʚʩʠʯʢʠ ʧʨʠʪʝʞʘʚʘʪ
ʙʝʟʧʣʘʪʥʠ ʚʝʨʩʠʠ ʩ ʦʪʚʦʨʝʥ ʢʦʜ.

4.3.1 Eclipse Mosquitto MQTT Broker

Eclipse Mosquitto ʝ ʙʨʦʢʝʨ ʥʘ ʩʲʦʙʱʝʥʠʷ ʩ ʦʪʚʦʨʝʥ ʢʦʜ, ʢʦʡʪʦ ʠʟʧʲʣʥʷʚʘ MQTT
ʧʨʦʪʦʢʦʣ ʚʝʨʩʠʠ 5.0, 3.1.1 ʠ 3.1. ʊʦʡ ʝ ʣʝʢ ʠ ʝ ʧʦʜʭʦʜʷʱ ʟʘ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʚʩʠʯʢʠ ʚʠʜʦʚʝ
ʫʩʪʨʦʡʩʪʚʘ, ʢʘʢʪʦ ʥʘ ʝʜʥʦʧʣʘʪʢʦʚʠ ʢʦʤʧʶʪʨʠ ʩ ʥʠʩʢʘ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪ, ʪʘʢʘ ʠ ʥʘ
ʩʪʘʥʜʘʨʪʥʠ ʩʲʨʚʲʨʠ [64]. Eclipse Mosquitto ʤʦʞʝ ʜʘ ʨʘʙʦʪʠ ʩ ʦʙʠʢʥʦʚʝʥʘ ʚʝʨʩʠʷ ʥʘ MQTT
ʧʨʦʪʦʢʦʣ, ʩ MQTT ʧʨʝʟ TLS, ʩ MQTT ʧʨʝʟ TLS ʩ ʢʣʠʝʥʪʩʢʠ ʩʝʨʪʠʬʠʢʘʪ, ʩ MQTT ʧʨʝʟ
WebSocket, ʢʘʢʪʦ ʠ ʩ MQTT ʧʨʝʟ WebSocket ʩ TLS. Eclipse Mosquitto ʠʤʘ ʨʘʟʣʠʯʥʠ ʚʝʨʩʠʠ
ʢʘʪʦ ʤʦʞʝ ʜʘ ʩʝ ʠʥʩʪʘʣʠʨʘ ʥʘ ʨʘʟʣʠʯʥʠ ʦʧʝʨʘʮʠʦʥʥʠ ʩʠʩʪʝʤʠ ʢʘʪʦ Windows (x86 ʠʣʠ x64),
MacOS, ʢʘʢʪʦ ʠ ʨʘʟʣʠʯʥʠ ʚʝʨʩʠʠ ʥʘ Linux ʢʘʪʦ Debian, Ubuntu Raspberry Pi OS ʠ
OpenHABian. Eclipse Mosquitto ʠʤʘ ʪʨʠ ʯʘʩʪʠ. ʊʦʚʘ ʩʘ ʦʩʥʦʚʥʠʷʪ Mosquitto ʩʲʨʚʲʨ,
ʧʦʤʦʱʥʠʪʝ ʧʨʦʛʨʘʤʠ mosquitto_pub ʠ mosquitto_sub, ʢʦʠʪʦ ʩʘ ʝʜʠʥ ʦʪ ʤʝʪʦʜʠʪʝ ʟʘ
ʢʦʤʫʥʠʢʘʮʠʷ ʩ MQTT ʩʲʨʚʲʨʘ ʠ MQTT ʢʣʠʝʥʪʩʢʘ ʙʠʙʣʠʦʪʝʢʘ, ʥʘʧʠʩʘʥʘ ʥʘ C, ʩ C++ ʦʙʚʠʚʢʘ
[65].

ɿʘ ʮʝʣʠʪʝ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ Eclipse Mosquitto MQTT Broker ʩʝ ʠʥʩʪʘʣʠʨʘ ʥʘ ʩʲʨʚʲʨʘ
ʥʘ ʂʌʉ ʠ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʞʠʯʥʘ ʠʣʠ ʙʝʟʞʠʯʥʘ ʢʦʤʫʥʠʢʘʮʠʷ ʤʝʞʜʫ ʩʝʥʟʦʨʠ, ʢʦʥʪʨʦʣʝʨʠ ʠ
ʫʧʨʘʚʣʷʚʘʱʠ ʫʩʪʨʦʡʩʪʚʘ ʦʪ ʝʜʥʘ ʩʪʨʘʥʘ ʠ ʩʲʨʚʲʨʘ ʦʪ ʜʨʫʛʘ.

4.3.2 InfluxDB

InfluxDB ʝ ʙʘʟʘ ʜʘʥʥʠ ʟʘ ʚʨʝʤʝʚʠ ʩʝʨʠʠ (TSDB - Time Series Database) ʩ ʦʪʚʦʨʝʥ ʢʦʜ.
ʊʷ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʩʲʭʨʘʥʝʥʠʝ ʠ ʠʟʚʣʠʯʘʥʝ ʥʘ ʜʘʥʥʠ ʦʪ ʚʨʝʤʝʚʠ ʨʝʜʦʚʝ ʚ ʦʙʣʘʩʪʠ ʢʘʪʦ
ʤʦʥʠʪʦʨʠʥʛ ʥʘ ʦʧʝʨʘʮʠʠʪʝ, ʜʘʥʥʠ ʦʪ ʩʝʥʟʦʨʠ, ʜʘʥʥʠ ʦʪ ʩʤʘʨʪ ʫʩʪʨʦʡʩʪʚʘ, ʦʪ IoT ʫʩʪʨʦʡʩʪʚʘ,
ʘʥʘʣʠʟʠ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ ʠ ʜʨʫʛʠ. InfluxDB ʦʩʠʛʫʨʷʚʘ ʝʟʠʢ ʟʘ ʩʪʨʫʢʪʫʨʠʨʘʥʠ ʟʘʧʠʪʚʘʥʠʷ (SQL
- Structured Query Language) ʢʦʡʪʦ ʝʟʠʢ ʠʤʘ ʚʛʨʘʜʝʥʠ ʚʨʝʤʝʚʠ ʬʫʥʢʮʠʠ ʟʘ ʪʲʨʩʝʥʝ ʥʘ
ʩʪʨʫʢʪʫʨʘ ʦʪ ʜʘʥʥʠ, ʩʲʩʪʘʚʝʥʘ ʦʪ ʠʟʤʝʨʚʘʥʠʷ, ʩʝʨʠʠ ʠ ʪʦʯʢʠ. ɺʩʷʢʘ ʪʦʯʢʘ ʩʝ ʩʲʩʪʦʠ ʦʪ
ʥʷʢʦʣʢʦ ʜʚʦʡʢʠ ʩʪʦʡʥʦʩʪʠ, ʥʘʨʝʯʝʥʠ ʧʦʣʝʪʘ ʠ ʚʨʝʤʝʚʠ ʧʝʯʘʪ. ʂʦʛʘʪʦ ʩʝ ʛʨʫʧʠʨʘʪ ʥʘʙʦʨ ʦʪ
ʜʚʦʡʢʠ ʩʪʦʡʥʦʩʪʠ, ʥʘʨʝʯʝʥʠ ʪʘʛʦʚʝ, ʪʝ ʦʧʨʝʜʝʣʷʪ ʩʝʨʠʷ. ʀ ʥʘʢʨʘʷ, ʩʝʨʠʠʪʝ ʩʘ ʛʨʫʧʠʨʘʥʠ
ʟʘʝʜʥʦ ʯʨʝʟ ʧʦʨʝʜʠʮʘ ʦʪ ʠʜʝʥʪʠʬʠʢʘʪʦʨʠ, ʟʘ ʜʘ ʦʙʨʘʟʫʚʘʪ ʠʟʤʝʨʚʘʥʝ. ʉʪʦʡʥʦʩʪʠʪʝ ʤʦʛʘʪ ʜʘ
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ʙʲʜʘʪ 64-ʙʠʪʦʚʠ ʯʠʩʣʘ, 64-ʙʠʪʦʚʠ ʯʠʩʣʘ ʩ ʧʣʘʚʘʱʘ ʟʘʧʝʪʘʷ, ʧʦʨʝʜʠʮʠ ʠ ʙʫʣʝʚʠ ʩʪʦʡʥʦʩʪʠ.
ʊʦʯʢʠʪʝ ʩʝ ʠʥʜʝʢʩʠʨʘʪ ʧʦ ʩʚʦʝʪʦ ʚʨʝʤʝ ʠ ʪʘʛ. ʇʨʘʚʠʣʘʪʘ ʟʘ ʩʲʭʨʘʥʝʥʠʝ ʩʝ ʦʧʨʝʜʝʣʷʪ ʦʪ
ʠʟʤʝʨʚʘʥʝʪʦ ʠ ʢʦʥʪʨʦʣʠʨʘʪ ʢʘʢ ʜʘʥʥʠʪʝ ʩʝ ʩʚʘʣʷʪ ʠ ʠʟʪʨʠʚʘʪ. ʅʝʧʨʝʢʲʩʥʘʪʠʪʝ ʟʘʷʚʢʠ ʩʝ
ʠʟʧʲʣʥʷʚʘʪ ʧʝʨʠʦʜʠʯʥʦ, ʩʲʭʨʘʥʷʚʘʡʢʠ ʨʝʟʫʣʪʘʪʠʪʝ ʚ ʮʝʣʝʚʦ ʠʟʤʝʨʚʘʥʝ [63,66].

ɿʘ ʮʝʣʠʪʝ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ InfluxDB ʩʝ ʠʥʩʪʘʣʠʨʘ ʥʘ ʩʲʨʚʲʨʘ ʥʘ ʂʌʉ ʠ ʩʝ ʠʟʧʦʣʟʚʘ
ʟʘ ʩʲʭʨʘʥʝʥʠʝ ʥʘ ʠʟʤʝʨʝʥʠʪʝ ʦʪ ʩʝʥʟʦʨʠʪʝ ʩʪʦʡʥʦʩʪʠ, ʟʘ ʟʘʧʠʩʚʘʥʝ ʥʘ ʪʝʢʫʱʦʪʦ ʩʲʩʪʦʷʥʠʝ
ʥʘ ʫʧʨʘʚʣʷʚʘʱʠ ʫʩʪʨʦʡʩʪʚʘ ʠ ʤʝʭʘʥʠʟʤʠ, ʢʘʪʦ ʠʥʬʦʨʤʘʮʠʷʪʘ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʦʩʚʝʥ ʦʪ
ʩʠʩʪʝʤʘʪʘ ʟʘ ʠʟʚʲʨʰʚʘʥʝ ʥʘ ʘʚʪʦʤʘʪʠʟʠʨʘʥʦʪʦ ʫʧʨʘʚʣʝʥʠʝ, ʪʘʢʘ ʠ ʦʪ ʧʦʪʨʝʙʠʪʝʣʷ ʧʨʠ
ʧʦʠʩʢʚʘʥʝ. ɼʘʥʥʠʪʝ ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʚʣʠʯʘʪ ʧʦ ʨʘʟʣʠʯʝʥ ʥʘʯʠʥ ʢʘʪʦ ʥʘʡ-ʯʝʩʪʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ
ʧʦʢʘʟʚʘʥʝ ʥʘ ʛʨʘʬʠʢʠ, ʥʦ ʝ ʚʲʟʤʦʞʥʦ ʜʘ ʩʝ ʠʟʚʣʝʢʘʪ ʠ ʢʘʪʦ ʯʠʩʣʦʚʠ ʨʝʜʠʮʠ. ɹʘʟʘʪʘ ʜʘʥʥʠ
ʩʲʱʦ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʘʥʘʣʠʟʠ ʢʦʠʪʦ ʩʧʦʤʘʛʘʪ ʟʘ ʥʘʩʪʨʦʡʚʘʥʝ ʥʘ ʩʠʩʪʝʤʘʪʘ ʠ ʧʦ-ʜʦʙʨʦ
ʫʧʨʘʚʣʝʥʠʝ.

4.3.3 Grafana

Grafana ʝ ʤʫʣʪʠʧʣʘʪʬʦʨʤʝʥʦ ʫʝʙ ʧʨʠʣʦʞʝʥʠʝ ʩ ʦʪʚʦʨʝʥ ʢʦʜ. ʇʨʝʜʥʘʟʥʘʯʝʥʦ ʝ ʟʘ
ʠʥʪʝʨʘʢʪʠʚʥʘ ʚʠʟʫʘʣʠʟʘʮʠʷ ʠ ʘʥʘʣʠʟʠ. ʊʦ ʤʦʞʝ ʜʘ ʩʲʟʜʘʚʘ ʜʠʘʛʨʘʤʠ, ʛʨʘʬʠʢʠ ʠ
ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʟʘ ʤʨʝʞʘʪʘ, ʢʦʛʘʪʦ ʝ ʩʚʲʨʟʘʥ ʢʲʤ ʧʦʜʜʲʨʞʘʥʠ ʠʟʪʦʯʥʠʮʠ ʥʘ ʜʘʥʥʠ. Grafana
ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʥʘ ʨʘʟʣʠʯʥʠ ʦʧʝʨʘʮʠʦʥʥʠ ʩʠʩʪʝʤʠ ʙʘʟʠʨʘʥʠ ʥʘ Windows, Linux ʠʣʠ
MacOS. ʄʦʞʝ ʜʘ ʠʟʚʣʠʯʘ ʜʘʥʥʠ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ ʦʪ ʨʘʟʣʠʯʥʠ ʟʘ ʙʘʟʠ ʜʘʥʥʠ. ʆʩʚʝʥ
ʠʟʧʦʣʟʚʘʥʘʪʘ ʚ ʪʦʚʘ ʧʨʦʫʯʚʘʥʝ InfluxDB, Grafana ʧʦʜʜʲʨʞʘ ʦʱʝ 158 ʧʣʘʪʬʦʨʤʠ ʟʘ ʩʲʙʠʨʘʥʝ
ʥʘ ʜʘʥʥʠ ʢʘʪʦ ClickHouse, Alertmanager, Azure Monitor, CloudWatch, Elasticsearch, Google
Cloud Monitoring, Grafana Pyroscope, Graphite, Jaeger, Loki, Microsoft SQL Server, MySQL,
OpenTSDB, PostgreSQL, Prometheus, Tempo, TestData, Zipkin, Google Analytics, Adobe
Analytics, Aggregations.io, Akvorado, Altinity plugin for ClickHouse, Amazon Athena, Amazon
Aurora, Amazon Managed Service for Prometheus, Amazon Redshift, Amazon Timestream,
Anodot Datasource, Apache Cassandra, Apache IoTDB, AppDynamics, AstraDB, Atlassian
Statuspage, AWS IoT SiteWise, AWS X-Ray, Axiom, Azure Cosmos DB, Azure Data Explorer
Datasource, Azure DevOps, Business Input, Business News, Business Satellite, Catchpoint, Chaos
Mesh, Checkmk data source for Checkmk Cloud & MSP, Cloudflare, CloudWatch Alarm,
CnosDB, CockroachDB, Cognite Data Fusion, CompareQueries, Cribl Search, CSV, Databricks,
Datadog, Destiny Datasource, Drone, Druid, DynamoDB, Dynatrace, Factry Historian Datasource,
Falcon LogScale, Finnhub, Firestore, Flowhook Webhooks Datasource, FROST SensorThings API
Plugin, GCP Status, GitHub, GitLab, Google BigQuery, Google Cloud Logging, Google Cloud
Trace, Google Sheets, Groonga, hackerone-datasource, Haystack, Hetzner Cloud, Honeycomb,
IBM Security QRadar, Infinity, Instana, ITRS Group Obcerv, Jira, JSON, JSON API, JSON
Fetcher, Kafka, kdb+, Looker, Materialize, MaxCompute, Mock, MonetDB, MongoDB, MQTT,
MUX-Datasource, Neo4j Datasource, Netdata, Netlify, New Relic, Node Graph API, OData,
openGemini, openHistorian, OpenSearch, Optimiz-SevOne Plugin, Oracle Cloud Infrastructure
Logs, Oracle Cloud Infrastructure Metrics, Oracle Database, OSIsoft-PI, PagerDuty, Parseable,
Pixie Grafana Datasource Plugin, PNP, Prometheus AlertManager Datasource, QuestDB,
Quickwit, Rabbitmq, Redis, Riemann streams, RunReveal, Salesforce, SAP HANA®, Scanner,
Sentry, ServiceNow, ServiceNow Cloud Observability, Shoreline, simple grpc datasource,
SkyWalking, Snowflake, SPARQL, Splunk, Splunk Infrastructure Monitoring, SQLite, Sqlyze
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Datasource, Strava, Streamr, Sumo Logic, Sun and Moon, SurrealDB, SurrealDB, TDengine
Datasource, Thruk, Tokio Console, Trino, Vercel, Vertica, VictoriaLogs, VictoriaMetrics,
Wavefront, WebSocket API, Wild GraphQL Data Source, YDB, Yugabyte, Zendesk, Zendesk
Datasource Plugin [67].

ɿʘ ʮʝʣʠʪʝ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ Grafana ʩʝ ʠʥʩʪʘʣʠʨʘ ʥʘ ʩʲʨʚʲʨʘ ʥʘ ʂʌʉ ʠ ʩʣʫʞʠ ʟʘ
ʛʨʘʬʠʯʥʘ ʚʠʟʫʘʣʠʟʘʮʠʷ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʩʠʩʪʝʤʘʪʘ, ʢʘʪʦ ʤʦʞʝ ʜʘ ʩʝ ʠʟʙʠʨʘ ʦʧʨʝʜʝʣʝʥ
ʧʝʨʠʦʜ ʦʪ ʚʨʝʤʝ ʢʦʡʪʦ ʠʩʢʘʤʝ ʜʘ ʥʘʙʣʶʜʘʚʘʤʝ.

4.3.4 Samba

Samba ʝ ʙʝʟʧʣʘʪʝʥ ʩʦʬʪʫʝʨ, ʢʦʡʪʦ ʚʥʝʜʨʷʚʘ ʠʟʧʲʣʥʝʥʠʝʪʦ ʥʘ ʤʨʝʞʦʚʠʷ ʧʨʦʪʦʢʦʣ
SMB (Server Message Block). ʊʦʡ ʧʨʝʜʦʩʪʘʚʷ ʬʘʡʣʦʚʠ ʠ ʧʝʯʘʪʥʠ ʫʩʣʫʛʠ ʟʘ ʨʘʟʣʠʯʥʠ ʢʣʠʝʥʪʠ
ʥʘ Microsoft Windows. Samba ʨʘʙʦʪʠ ʥʘ ʧʦʚʝʯʝʪʦ Unix ʙʘʟʠʨʘʥʠ ʩʠʩʪʝʤʠ, ʢʘʪʦ Linux, Solaris,
AIX ʠ BSD ʚʘʨʠʘʥʪʠʪʝ, ʚʢʣʶʯʠʪʝʣʥʦ MacOS ʠ MacOS Server, ʢʘʢʪʦ ʠ ʥʘ ʨʝʜʠʮʘ ʜʨʫʛʠ
ʦʧʝʨʘʮʠʦʥʥʠ ʩʠʩʪʝʤʠ ʢʘʪʦ OpenVMS ʠ IBM i.

Samba ʧʦʟʚʦʣʷʚʘ ʜʦʩʪʲʧʘ ʜʦ ʬʘʡʣʦʚʘʪʘ ʩʠʩʪʝʤʘ ʥʘ Linux ʙʘʟʠʨʘʥʠʷ ʩʲʨʚʲʨ ʥʘ
ʧʨʝʜʣʦʞʝʥʘʪʘ ʂʌʉ, ʢʘʢʪʦ ʦʪ ʢʦʤʧʶʪʲʨ ʩ Windows, ʪʘʢʘ ʠ ʦʪ ʫʩʪʨʦʡʩʪʚʦ ʩ Android, ʢʘʪʦ
ʩʤʘʨʪʬʦʥ ʠʣʠ ʪʘʙʣʝʪ. ʊʘʢʘ ʣʝʩʥʦ ʤʦʞʝ ʜʘ ʩʝ ʜʦʩʪʲʧʠ ʩʠʩʪʝʤʘʪʘ, ʠ ʜʘ ʩʝ ʧʨʦʤʝʥʷʪ
ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʠʪʝ ʬʘʡʣʦʚʝ ʧʨʠ ʥʘʩʪʨʦʡʢʘ ʠʣʠ ʨʘʙʦʪʘ ʥʘ ʩʠʩʪʝʤʘʪʘ.

4.3.5 Frontail

Frontail e Log viewer ʢʦʡʪʦ ʝ ʥʝʦʙʭʦʜʠʤ ʢʘʢʪʦ ʧʨʠ ʧʫʩʢʘʥʝʪʦ ʠ ʥʘʩʪʨʦʡʢʘʪʘ ʥʘ
ʩʲʨʚʲʨʘ, ʪʘʢʘ ʠ ʧʦ ʚʨʝʤʝ ʥʘ ʨʘʙʦʪʘʪʘ ʥʘ ʂʌʉ. ʊʦʡ ʥʠ ʜʘʚʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʪʝʢʫʱʠʪʝ ʣʦʛʦʚʝ
ʥʘ ʩʠʩʪʝʤʘʪʘ, ʥʘʣʠʯʠʝ ʥʘ ʛʨʝʰʢʠ, ʧʨʝʢʲʩʥʘʪʠ ʚʨʲʟʢʠ ʩʲʩ ʩʝʥʟʦʨʠ ʠʣʠ ʜʨʫʛʠ ʢʦʤʧʦʥʝʥʪʠ,
ʢʘʪʦ ʪʦʚʘ ʫʣʝʩʥʷʚʘ ʦʪʩʪʨʘʥʷʚʘʥʝʪʦ ʥʘ ʧʨʦʙʣʝʤʠ ʧʦ ʩʠʩʪʝʤʘʪʘ.

4.3.6 Amanda Backup

Amanda (Advanced Maryland Automatic Network Disk Archiver) Backup ʝ ʩʦʬʪʫʝʨ ʩ
ʦʪʚʦʨʝʥ ʢʦʜ ʟʘ ʘʨʭʠʚʠʨʘʥʝ ʥʘ ʢʦʤʧʶʪʨʠ, ʢʦʡʪʦ ʝ ʚ ʩʲʩʪʦʷʥʠʝ ʜʘ ʘʨʭʠʚʠʨʘ ʜʘʥʥʠ, ʥʘʤʠʨʘʱʠ
ʩʝ  ʥʘ ʤʥʦʞʝʩʪʚʦ ʢʦʤʧʶʪʨʠ ʚ ʤʨʝʞʘ. ʊʦʡ ʠʟʧʦʣʟʚʘ ʤʦʜʝʣʘ ʢʣʠʝʥʪ-ʩʲʨʚʲʨ, ʧʨʠ ʢʦʡʪʦ
ʩʲʨʚʲʨʲʪ ʩʝ ʩʚʲʨʟʚʘ ʩ ʚʩʝʢʠ ʢʣʠʝʥʪ, ʟʘ ʜʘ ʠʟʚʲʨʰʠ ʨʝʟʝʨʚʥʦ ʢʦʧʠʝ ʚ ʧʣʘʥʠʨʘʥʦ ʚʨʝʤʝ.
Amanda ʨʘʙʦʪʠ ʥʘ ʧʦʯʪʠ ʚʩʠʯʢʠ Unix ʠʣʠ Unix-ʧʦʜʦʙʥʠ ʩʠʩʪʝʤʠ, ʢʘʪʦ ʧʦʜʜʲʨʞʘ ʠ Windows
ʩʠʩʪʝʤʠ, ʠʟʧʦʣʟʚʘʱʠ Samba [68].

ɿʘʜʲʣʞʠʪʝʣʥʦ ʝ ʩʣʝʜ ʨʝʘʣʠʟʠʨʘʥʝʪʦ ʥʘ ʦʧʨʝʜʝʣʝʥʘ ʂʌʉ ʜʘ ʩʝ ʥʘʧʨʘʚʠ ʨʝʟʝʨʚʥʦ
ʢʦʧʠʝ ʥʘ ʜʘʥʥʠʪʝ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʚʘ ʜʘʣʠ ʩʝ ʠʟʧʦʣʟʚʘ Amanda Backup ʠʣʠ ʜʨʫʛ ʧʦʜʦʙʝʥ
ʩʦʬʪʫʝʨ, ʢʦʡʪʦ ʜʘ ʧʦʟʚʦʣʷʚʘ ʢʦʨʝʢʪʥʦ ʠ ʣʝʩʥʦ ʚʲʟʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʩʠʩʪʝʤʘʪʘ.

4.3.7 Visual Studio Code

Visual Studio Code ʝ ʨʝʜʘʢʪʦʨ ʥʘ ʧʨʦʛʨʘʤʝʥ ʢʦʜ ʢʦʡʪʦ ʤʦʞʝ ʜʘ ʨʘʙʦʪʠ ʧʦʜ Windows,
Linux ʠ MacOS ʠ ʝ ʥʘʧʲʣʥʦ ʙʝʟʧʣʘʪʝʥ. ʇʦʜʜʲʨʞʘ ʙʦʛʘʪ ʥʘʙʦʨ ʦʪ ʠʥʩʪʨʫʤʝʥʪʠ ʠ ʙʠʙʣʠʦʪʝʢʠ
(ʥʘʜ 11000) ʢʦʠʪʦ ʫʣʝʩʥʷʚʘʪ ʨʘʙʦʪʘʪʘ ʧʨʠ ʚʲʚʝʞʜʘʥʝ ʥʘ ʢʦʜ ʧʨʠ ʨʘʟʣʠʯʥʠ ʧʨʦʛʨʘʤʥʠ ʝʟʠʮʠ.
ʀʤʘ ʨʘʟʨʘʙʦʪʝʥʠ ʠʥʩʪʨʫʤʝʥʪʠ ʟʘ ʜʝʙʲʛʚʘʥʝ, ʧʦʟʚʦʣʷʚʘ ʨʘʙʦʪʘ ʝʜʥʦʚʨʝʤʝʥʥʦ ʚʲʨʭʫ 2 ʬʘʡʣʘ
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ʦʪʚʦʨʝʥʠ ʝʜʠʥ ʜʦ ʜʨʫʛ ʠ ʜʨ. ʊʦʡ ʩʲʱʦ ʪʘʢʘ ʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʧʝʨʩʦʥʘʣʠʟʠʨʘʥʝ,
ʧʦʪʨʝʙʠʪʝʣʠʪʝ ʤʦʛʘʪ ʜʘ ʧʨʦʤʝʥʷʪ ʪʝʤʘʪʘ ʥʘ ʨʝʜʘʢʪʦʨʘ, ʢʣʘʚʠʰʥʠʪʝ ʢʦʤʙʠʥʘʮʠʠ,
ʥʘʩʪʨʦʡʢʠʪʝ ʠ ʜʨ. Visual Studio Code ʝ ʙʘʟʠʨʘʥ ʥʘ Electron, ʢʦʡʪʦ ʝ ʙʘʟʠʨʘʥ ʥʘ Chromium
[69].

Visual Studio Code ʟʘʝʤʘ ʦʩʥʦʚʥʘ ʨʦʣʷ ʚ ʧʨʦʛʨʘʤʠʨʘʥʝʪʦ ʥʘ ʧʨʝʜʣʦʞʝʥʘʪʘ ʂʌʉ. ʊʦʡ
ʩʝ ʠʥʩʪʘʣʠʨʘ ʥʘ ʚʲʥʰʝʥ ʟʘ ʂʌʉ ʢʦʤʧʶʪʲʨ, ʢʘʪʦ ʯʨʝʟ ʥʝʛʦ ʥʘʡ-ʣʝʩʥʦ ʠ ʯʝʪʠʤʦ ʤʦʛʘʪ ʜʘ ʩʝ
ʩʲʟʜʘʚʘʪ ʠ ʨʝʜʘʢʪʠʨʘʪ ʬʘʡʣʦʚʝʪʝ ʫʧʨʘʚʣʷʚʘʱʠ ʩʠʩʪʝʤʘʪʘ. ɿʘ ʨʝʘʣʠʟʠʨʘʥʝʪʦ ʠ ʩʘ ʠʟʧʦʣʟʚʘʥʠ
ʨʘʟʰʠʨʝʥʠʷ ʢʘʪʦ OpenHAB ʠ OpenHAB Alignment Tool.

4.3.8 Solar-PuTTY

Solar-PuTTY ʝ ʩʘʤʦʩʪʦʷʪʝʣʝʥ ʙʝʟʧʣʘʪʝʥ ʤʨʝʞʦʚ ʪʝʨʤʠʥʘʣʝʥ, ʢʦʡʪʦ ʧʦʟʚʦʣʷʚʘ ʠ
ʧʨʝʭʚʲʨʣʷʥʝ ʥʘ ʬʘʡʣʦʚʝ. ʊʦʡ ʝ ʙʘʟʠʨʘʥ ʥʘ ʜʦʙʨʝ ʧʦʟʥʘʪʠʷ PuTTY ʟʘ Windows ʠ ʧʦʜʜʲʨʞʘ
ʰʠʨʦʢ ʥʘʙʦʨ ʦʪ ʤʨʝʞʦʚʠ ʧʨʦʪʦʢʦʣʠ, ʚʢʣʶʯʠʪʝʣʥʦ SSH, Telnet, SCP ʠʣʠ SFTP. ʀʤʘ ʤʥʦʛʦ
ʥʘʩʪʨʦʡʢʠ ʠ ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʢʦʥʬʠʛʫʨʘʮʠʷ, ʢʦʝʪʦ ʧʨʘʚʠ ʨʘʙʦʪʘʪʘ ʧʨʝʟ ʥʝʛʦ ʧʦ-ʫʜʦʙʥʘ. ʊʦʡ
ʧʦʟʚʦʣʷʚʘ ʦʪʚʘʨʷʥʝ ʥʘ ʥʷʢʦʣʢʦ ʘʢʪʠʚʥʠ ʩʝʩʠʠ ʦʪ ʝʜʥʘ ʢʦʥʟʦʣʘ ʩ ʠʥʪʝʨʬʝʡʩ ʟʘ ʪʘʙʫʣʠʨʘʥʝ ʠ
ʤʦʞʝ ʜʘ ʟʘʧʘʟʚʘ ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʠ ʜʘʥʥʠ ʠʣʠ ʯʘʩʪʥʠ ʢʣʶʯʦʚʝ ʟʘ ʚʩʷʢʘ ʩʝʩʠʷ ʟʘ ʧʦ-ʙʲʨʟʦ
ʚʣʠʟʘʥʝ.

Solar-PuTTY ʩʝ ʠʥʩʪʘʣʠʨʘ ʥʘ ʚʲʥʰʝʥ ʟʘ ʂʌʉ ʢʦʤʧʶʪʲʨ. ʊʦʡ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʜʦʩʪʲʧ
ʜʦ ʩʠʩʪʝʤʘʪʘ ʟʘ ʠʥʩʪʘʣʠʨʘʥʝ, update ʠ upgrade ʢʘʢʪʦ ʥʘ ʠʥʩʪʘʣʠʨʘʥʠʷ ʩʦʬʪʫʝʨ ʪʘʢʘ ʠ ʥʘ
ʦʧʝʨʘʮʠʦʥʥʘʪʘ ʩʠʩʪʝʤʘ. ɿʘ ʥʘʩʪʨʦʡʢʠ ʠ ʨʝʜʘʢʮʠʠ ʥʘ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʠ ʬʘʡʣʦʚʝ ʥʘ ʩʲʨʚʲʨʘ.
ʏʨʝʟ ʥʝʛʦ ʤʦʛʘʪ ʜʘ ʩʝ ʩʲʟʜʘʚʘʪ ʠ ʨʝʜʘʢʪʠʨʘʪ ʬʘʡʣʦʚʝ ʠ ʜʠʨʝʢʪʦʨʠʠ ʠ ʜʘ ʩʝ ʢʦʥʬʠʛʫʨʠʨʘ
ʩʘʤʘʪʘ ʩʠʩʪʝʤʘ.

4.3.9 Tasmotizer

Tasmotizer ʩʝ ʠʟʧʦʣʟʚʘ ʥʘ ʚʲʥʰʝʥ ʟʘ ʩʠʩʪʝʤʘʪʘ ʢʦʤʧʶʪʲʨ. ʊʦʚʘ ʝ ʩʦʬʪʫʝʨ ʩ ʧʦʤʦʱʪʘ
ʥʘ ʢʦʡʪʦ ʤʦʞʝ ʜʘ ʩʝ ʟʘʤʝʥʠ ʦʨʠʛʠʥʘʣʥʠʷ ʬʲʨʤʫʝʨ ʥʘ ʢʦʥʪʨʦʣʝʨʠ ʦʪ ʪʠʧʘ ʥʘ ESP32 ʠ
ESP8266, ʩ ʬʲʨʤʫʝʨ Tasmota. Tasmotizer ʤʦʞʝ ʜʘ ʙʲʜʝ ʠʥʩʪʘʣʠʨʘʥ ʥʘ ʦʧʝʨʘʮʠʦʥʥʠ ʩʠʩʪʝʤʠ
ʢʘʪʦ Windows, ʨʘʟʣʠʯʥʠ ʜʠʩʪʨʠʙʫʮʠʠ ʥʘ Linux, ʢʘʢʪʦ ʠ ʥʘ MacOS. ʊʦʡ ʠʤʘ ʫʜʦʙʝʥ ʠ ʣʝʩʝʥ
ʟʘ ʠʟʧʦʣʟʚʘʥʝ ʛʨʘʬʠʯʝʥ ʠʥʪʝʨʬʝʡʩ. ʂʘʯʚʘʥʝʪʦ ʥʘ Tasmota ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʯʨʝʟ USB-to-serial
ʘʜʘʧʪʝʨʠ ʢʘʪʦ FTDI (Future Technology Devices International Limited) ʠʣʠ CP2102 ʢʦʠʪʦ
ʦʩʲʱʝʩʪʚʷʚʘʪ ʚʨʲʟʢʘʪʘ ʤʝʞʜʫ ʩʪʘʥʜʘʨʪʥʦ USB  ʠ ʩʝʨʠʡʥʠ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠ ʩʪʘʥʜʘʨʪʠ
(ʩʝʨʠʡʥʠ ʧʦʨʪʦʚʝ) ʢʘʪʦ RS-232, RS-485, RS-422, UART (universal asynchronous receiver-
transmitter) ʠʣʠ ʜʦʨʠ RS-423. ʉʣʝʜ ʬʣʘʰʚʘʥʝ ʥʘ ʢʦʥʪʨʦʣʝʨʠʪʝ ʩ Tasmota, Tasmotizer
ʧʦʟʚʦʣʷʚʘ OTA (over the air) ʲʧʜʝʡʪʠ ʥʘ ʬʲʨʤʫʝʨʘ, ʢʦʝʪʦ ʦʟʥʘʯʘʚʘ, ʯʝ ʥʝ ʝ ʥʝʦʙʭʦʜʠʤʦ
ʢʦʥʪʨʦʣʝʨʘ ʜʘ ʙʲʜʝ ʩʚʲʨʟʘʥ ʩ ʢʘʙʝʣ ʘ ʧʨʦʮʝʩʘ ʤʦʞʝ ʜʘ ʙʲʜʝ ʦʩʲʱʝʩʪʚʝʥ ʙʝʟʞʠʯʥʦ ʯʨʝʟ Wi-
Fi. ʆʩʚʝʥ ʪʦʚʘ ʠʤʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʢʦʥʬʠʛʫʨʠʨʘʥʝ ʥʘ ʥʘʩʪʨʦʡʢʠʪʝ ʟʘ Wi-Fi
ʤʨʝʞʘʪʘ ʠ MQTT ʙʨʦʢʝʨʘ, ʢʦʝʪʦ ʫʣʝʩʥʷʚʘ ʧʨʝʜʚʘʨʠʪʝʣʥʘʪʘ ʧʦʜʛʦʪʦʚʢʘ ʢʦʛʘʪʦ ʩʘ
ʥʝʦʙʭʦʜʠʤʠ ʛʦʣʷʤ ʙʨʦʡ ʢʦʥʪʨʦʣʝʨʠ ʟʘ ʝʜʥʘ ʂʌʉ.

Tasmota ʝ ʬʲʨʤʫʝʨ ʩ ʦʪʚʦʨʝʥ ʢʦʜ, ʢʦʡʪʦ ʧʦʟʚʦʣʷʚʘ ʣʦʢʘʣʝʥ ʢʦʥʪʨʦʣ ʥʘ ʩʤʘʨʪ
ʫʩʪʨʦʡʩʪʚʘ ʙʝʟ ʥʫʞʜʘ ʦʪ ʦʙʣʘʯʥʠ ʫʩʣʫʛʠ. ʉʲʚʤʝʩʪʠʤ ʝ ʩ ʨʘʟʣʠʯʥʠ ʩʤʘʨʪ ʫʩʪʨʦʡʩʪʚʘ ʢʘʪʦ
Shelly, Sonoff, BlitzWolf, Tuya, ʢʘʢʪʦ ʠ ʩ ʢʦʥʪʨʦʣʝʨʠ ʦʪ ʪʠʧʘ ESP32 ʠ ESP8266. ʇʦʜʲʨʞʘʪ ʩʝ
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ʧʨʦʪʦʢʦʣʠ ʢʘʪʦ MQTT, HTTP, ʢʦʝʪʦ ʧʦʟʚʦʣʷʚʘ ʠʥʪʝʛʨʘʮʠʷ ʩ ʧʣʘʪʬʦʨʤʠ ʢʘʪʦ OpenHAB,
Home Assistant, ʠ Domoticz ʠ ʜʨʫʛʠ [70]. Tasmota ʠʤʘ ʫʝʙ ʙʘʟʠʨʘʥ ʠʥʪʝʨʬʝʡʩ, ʯʨʝʟ ʢʦʡʪʦ
ʢʦʥʪʨʦʣʝʨʠʪʝ ʤʦʛʘʪ ʜʘ ʩʝ ʢʦʥʬʠʛʫʨʠʨʘʪ ʯʨʝʟ ʚʭʦʜʥʦ ʠʟʭʦʜʥʠ GPIO (general-purpose
input/output) ʧʠʥʦʚʝ ʟʘ ʚʨʲʟʢʘ ʩ ʨʘʟʣʠʯʥʠ ʢʨʘʡʥʠ ʫʩʪʨʦʡʩʪʚʘ ʢʘʪʦ ʩʝʥʟʦʨʠ, ʨʝʣʝʪʘ, ʜʠʩʧʣʝʠ
ʠʣʠ ʜʨʫʛʠ ʢʦʤʧʦʥʝʥʪʠ. ʀʤʘ ʩʲʱʦ ʠ ʚʛʨʘʜʝʥʘ ʢʦʥʟʦʣʘ ʢʲʜʝʪʦ ʤʦʛʘʪ ʜʘ ʩʝ ʚʲʚʝʞʜʘʪ ʜʠʨʝʢʪʥʦ
ʢʦʤʘʥʜʠ ʠ ʜʘ ʩʝ ʫʧʨʘʚʣʷʚʘʪ ʢʨʘʡʥʠʪʝ ʫʩʪʨʦʡʩʪʚʘ.

ɿʘ ʮʝʣʠʪʝ ʥʘ ʧʨʝʜʣʦʞʝʥʘʪʘ ʂʌʉ Tasmotizer ʩʝ ʠʟʧʦʣʟʚʘ ʧʨʠ ʬʣʘʰʚʘʥʝ ʠ
ʧʨʝʜʚʘʨʠʪʝʣʥʘ ʧʦʜʛʦʪʦʚʢʘ ʥʘ ʢʦʥʪʨʦʣʝʨʠ NodeMCU ʙʘʟʠʨʘʥʠ ʥʘ ESP8266, ʘ Tasmota ʢʘʪʦ
ʬʲʨʤʫʝʨ ʦʩʲʱʝʩʪʚʷʚʘ ʚʨʲʟʢʘʪʘ ʤʝʞʜʫ ʨʘʟʣʠʯʥʠ ʢʦʥʪʨʦʣʝʨʠ ʯʨʝʟ Wi-Fi ʤʨʝʞʘʪʘ ʢʲʤ
ʩʲʨʚʲʨʘ ʥʘ ʂʌʉ. ʆʪ ʜʨʫʛʘʪʘ ʩʪʨʘʥʘ ʢʦʥʪʨʦʣʝʨʠʪʝ ʩʝ ʠʟʧʦʣʟʚʘʪ ʠ ʟʘ ʚʨʲʟʢʘ ʥʘ ʨʘʟʣʠʯʥʠ
ʩʝʥʟʦʨʠ, ʙʫʪʦʥʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ, ʩʠʛʥʘʣʥʠ ʣʘʤʧʠ, ʨʝʣʝʪʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʢʨʘʡʥʠ ʫʩʪʨʦʡʩʪʚʘ
ʠ ʜʨʫʛʠ. ʅʘ ʬʠʛʫʨʘ 4.2 ʩʘ ʧʦʢʘʟʘʥʠ ʥʘʩʪʨʦʡʢʠ ʥʘ ʬʲʨʤʫʝʨʘ Tasmota ʠʥʩʪʘʣʠʨʘʥ ʥʘ
NodeMCU, ʩʲʦʪʚʝʪʥʦ:

ʘ) - ʢʦʥʬʠʛʫʨʘʮʠʷ ʥʘ GPIO ʧʠʥʦʚʝʪʝ ʟʘ ʚʨʲʟʢʘ ʩʲʩ ʩʝʥʟʦʨ ʟʘ ʚʲʛʣʝʨʦʜʝʥ ʜʠʦʢʩʠʜ CO2

(MH-Z19B) ʩ ʧʦʤʦʱʪʘ ʥʘ ʩʝʨʠʡʥʘ ʢʦʤʫʥʠʢʘʮʠʷ UART (ʧʠʥʦʚʝ GPIO1 – Serial Tx ʠ GPIO3 –
Serial Rx), ʩʝʥʟʦʨ ʟʘ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʚʣʘʞʥʦʩʪ AM2302 ʩ ʧʦʜʘʚʘʥʝ ʥʘ ʩʠʛʥʘʣʘ ʧʦ 1 ʧʨʦʚʦʜʥʠʢ
(ʧʠʥ GPIO3 – AM2301) ʢʲʜʝʪʦ ʜʨʘʡʚʝʨʘ AM2301 ʧʦʜʲʨʞʘ ʩʝʥʟʦʨʠ AM2301 (DHT21),
AM2302 (DHT22), AM2320 ʠ AM2321, ʩʝʥʟʦʨ ʟʘ ʦʩʚʝʪʝʥʦʩʪ BH1750 ʯʨʝʟ ʧʨʦʪʦʢʦʣ I2C (
GPIO4 – I2C SDA ʠ GPIO14 – I2C SCL), ʙʫʪʦʥ ʙʝʟ ʟʘʜʲʨʞʘʥʝ ʩ ʢʨʘʪʢʦ ʥʘʪʠʩʢʘʥʝ (GPIO5 –
Button / 1) ʠ ʨʝʣʝ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʢʨʘʡʥʦ ʫʩʪʨʦʡʩʪʚʦ (GPIO15 – Relay_i / 1).

ʙ) ʢʦʥʬʠʛʫʨʘʮʠʷ ʥʘ ʛʣʘʚʥʘ ʠ ʨʝʟʝʨʚʥʘ ʙʝʟʞʠʯʥʘ ʤʨʝʞʘ ʠ Hostname

ʚ) ʢʦʥʬʠʛʫʨʘʮʠʷ ʟʘ ʚʨʲʟʢʘ ʩ MQTT ʙʨʦʢʝʨʘ ʚ ʢʦʷʪʦ ʩʝ ʟʘʜʘʚʘʪ IP ʘʜʨʝʩ, ʧʦʨʪ,
ʧʦʪʨʝʙʠʪʝʣ ʠ ʧʘʨʦʣʘ ʟʘ ʜʦʩʪʲʧ ʜʦ ʙʨʦʢʝʨʘ, ʢʘʢʪʦ ʠ “Topic” ʟʘ ʢʦʡʪʦ ʜʘ ʩʝ ʘʙʦʥʠʨʘʤʝ.
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ʌʠʛʫʨʘ 4.2 ʋʝʙ ʙʘʟʠʨʘʥ ʠʥʪʝʨʬʝʡʩ ʥʘ Tasmota.

4.3.10 MQTT.fx

MQTT.fx ʝ ʠʥʩʪʨʫʤʝʥʪ ʟʘ ʪʝʩʪʚʘʥʝ ʥʘ IoT ʤʘʨʰʨʫʪʠ ʚ ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ ʠ
ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ. ʊʦʡ ʩʲʱʦ ʩʝ ʠʟʧʦʣʟʚʘ ʥʘ ʚʲʥʰʝʥ ʟʘ ʂʌʉ ʢʦʤʧʶʪʲʨ. ʊʦʡ ʧʦʟʚʦʣʷʚʘ ʚʨʲʟʢʘ
ʩ ʨʘʟʚʦʡʥʠʷ ʠ / ʠʣʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʠʷ ʙʨʦʢʝʨ, ʢʘʢʪʦ ʠ ʪʝʩʪʚʘʥʝʪʦ ʥʘ ʨʘʟʨʘʙʦʪʚʘʥʠʷ ʧʨʦʝʢʪ,
ʧʨʝʜʠ ʜʘ ʩʝ ʟʘʧʦʯʥʝ ʧʠʩʘʥʝʪʦ ʥʘ ʢʦʜ ʚ ʥʝʛʦ. ʊʲʡ ʢʘʪʦ ʤʦʛʘʪ ʜʘ ʩʝ ʩʪʘʨʪʠʨʘʪ ʪʝʟʠ ʪʝʩʪʦʚʠ
ʩʣʫʯʘʠ ʙʝʟ ʧʨʦʛʨʘʤʠʨʘʥʝ, ʪʦʚʘ ʥʝ ʩʘʤʦ ʦʟʥʘʯʘʚʘ ʟʥʘʯʠʪʝʣʥʦ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʨʲʯʥʘʪʘ ʨʘʙʦʪʘ,
ʥʦ ʠ ʠʟʢʣʶʯʠʪʝʣʥʦ ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʥʘʧʠʩʘʥʠʷ ʩʦʬʪʫʝʨ [71]. ʏʨʝʟ Pluggable
Payload Decoder ʧʦʣʫʯʝʥʠʪʝ MQTT ʩʲʦʙʱʝʥʠʷ ʩʝ ʧʦʢʘʟʚʘʪ ʜʝʢʦʜʠʨʘʥʠ ʚʲʟ ʦʩʥʦʚʘ ʥʘ
ʠʟʙʨʘʥʠʷ ʜʝʢʦʜʝʨ. MQTT.fx ʠʜʚʘ ʩ ʥʘʙʦʨ ʦʪ ʜʝʢʦʜʝʨʠ ʧʦ ʧʦʜʨʘʟʙʠʨʘʥʝ ʢʘʪʦ Plain Text, JSON
Pretty Format, Base64, Hex, Hex Pretty Format, Binary Msgpack, Sparkplug, Sparkplug Pretty
Format. MQTT.fx ʧʦʜʜʲʨʞʘ ʠʥʪʝʨʬʝʡʩ ʟʘ Payload Decoder, ʢʦʡʪʦ ʩʲʱʦ ʧʦʟʚʦʣʷʚʘ ʜʦʙʘʚʷʥʝ
ʥʘ ʧʝʨʩʦʥʘʣʠʟʠʨʘʥ ʜʝʢʦʜʝʨ ʟʘ ʥʫʞʜʠʪʝ ʥʘ ʧʦʪʨʝʙʠʪʝʣʷ [71]. MQTT.fx Topic Explorer ʤʦʞʝ
ʜʘ ʩʢʘʥʠʨʘ ʟʘ ʘʢʪʠʚʥʠ ʪʝʤʠ (ʪʦʧʠʢ), ʢʘʪʦ ʦʪʢʨʠʪʠʪʝ ʪʝʤʠ ʩʝ ʩʲʭʨʘʥʷʚʘʪ ʚ ʩʧʠʩʲʢ, ʧʦʜʨʝʜʝʥ
ʧʦ ʘʟʙʫʯʝʥ ʨʝʜ. ʄʦʞʝ ʜʘ ʩʝ ʠʟʚʲʨʰʠ ʥʝʟʘʙʘʚʥʦ ʘʙʦʥʠʨʘʥʝ ʟʘ ʩʲʙʨʘʥʘ ʪʝʤʘ ʩ ʜʚʦʡʥʦ
ʱʨʘʢʚʘʥʝ, ʢʘʪʦ ʩʧʠʩʲʢʲʪ ʩ ʪʝʤʠ ʤʦʞʝ ʜʘ ʙʲʜʝ ʢʦʧʠʨʘʥ ʟʘ ʧʦ-ʥʘʪʘʪʲʰʥʘ ʦʙʨʘʙʦʪʢʘ ʩʧʦʨʝʜ
ʥʫʞʜʠʪʝ ʥʘ ʧʦʪʨʝʙʠʪʝʣʠʪʝ.
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MQTT.fx (ʌʠʛʫʨʘ 4.4) ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʧʨʝʜʣʦʞʝʥʘʪʘ ʂʌʉ, ʢʘʪʦ
ʧʦʟʚʦʣʷʚʘ ʜʘ ʩʝ ʚʠʜʷʪ ʠʟʧʨʘʱʘʥʠʪʝ ʦʪ ʩʝʥʟʦʨʠʪʝ ʠ ʢʨʘʡʥʠʪʝ ʫʩʪʨʦʡʩʪʚʘ ʜʘʥʥʠ ʠ ʬʦʨʤʘʪʘ ʠʤ
ʢʘʪʦ ʦʪʜʝʣʥʘ ʪʝʤʘ ʧʨʝʟ MQTT ʧʨʦʪʦʢʦʣʘ, ʢʦʝʪʦ ʫʣʝʩʥʷʚʘ ʧʨʦʛʨʘʤʠʨʘʥʝʪʦ ʥʘ ʩʲʨʚʲʨʘ ʠ
ʥʘʩʪʨʦʡʢʠʪʝ ʥʘ Eclipse Mosquitto MQTT Broker. ʆʩʚʝʥ ʪʦʚʘ ʯʨʝʟ MQTT.fx ʤʦʛʘʪ ʜʘ ʩʝ
ʧʦʜʘʚʘʪ ʜʘʥʥʠ ʧʨʝʟ ʦʧʨʝʜʝʣʝʥʘ ʪʝʤʘ ʟʘ ʢʦʷʪʦ ʝ ʘʙʦʥʠʨʘʥ Mosquitto MQTT ʙʨʦʢʝʨʘ ʠ ʧʦ ʪʦʟʠ
ʥʘʯʠʥ ʩʝ ʪʝʩʪʚʘ ʨʘʙʦʪʘʪʘ ʥʘ ʂʌʉ, ʙʝʟ ʜʘ ʠʤʘʤʝ ʨʝʘʣʥʠ ʩʝʥʟʦʨʠ ʢʦʠʪʦ ʩʘ ʩʚʲʨʟʘʥʠ ʢʲʤ ʥʝʷ.
ʊʘʢʘ ʤʦʞʝ ʜʘ ʧʦʜʘʜʝʤ ʩʪʦʡʥʦʩʪʠ ʥʘ ʨʘʟʣʠʯʥʠ ʧʘʨʘʤʝʪʨʠ, ʢʦʠʪʦ ʜʦʨʠ ʠ ʚ ʨʝʘʣʥʘ ʩʨʝʜʘ ʙʠ
ʦʪʥʝʣʦ ʤʥʦʛʦ ʚʨʝʤʝ ʟʘ ʜʘ ʩʝ ʧʦʣʫʯʘʪ ʠ ʜʘ ʩʝ ʧʨʦʚʝʨʠ ʨʝʘʢʮʠʷʪʘ ʥʘ ʩʠʩʪʝʤʘʪʘ. ʇʨʠ ʩʲʟʜʘʚʘʥʝ
ʥʘ ʪʝʤʠ ʚʩʷʢʘ ʦʪʛʦʚʘʨʷʱʘ ʥʘ ʜʘʥʥʠʪʝ ʧʨʠ ʢʦʠʪʦ ʞʝʣʘʝʤ ʜʘ ʪʝʩʪʚʘʤʝ ʩʠʩʪʝʤʘʪʘ,  ʠ ʦʪʛʦʚʘʨʷʱʘ
ʥʘ ʚʩʝʢʠ ʝʜʠʥ ʩʝʥʟʦʨ ʥʝʦʙʭʦʜʠʤ ʟʘ ʨʘʙʦʪʘʪʘ ʥʘ ʩʠʩʪʝʤʘʪʘ ʤʦʞʝʤ ʜʘ ʧʨʦʚʝʨʠʤ ʢʦʤʧʣʝʢʩʥʦ
ʥʝʡʥʘʪʘ ʨʝʘʢʮʠʷ.

ʌʠʛʫʨʘ 4.3 ɸʙʦʥʠʨʘʥʝ ʟʘ ʜʘʜʝʥʘ ʪʝʤʘ ʯʨʝʟ MQTT.fx

4.3.11 MG Configuration

MG Configuration (Modbus Gateway Administrator Configuration – VOLISON) ʝ
ʩʦʬʪʫʝʨ ʟʘ ʢʦʥʬʠʛʫʨʠʨʘʥʝ ʥʘ ʢʦʥʪʨʦʣʝʨʠ ʢʘʪʦ ADM-5850G , ADM-5832G ʠ IDM-7842MG.
ʄʦʞʝ ʜʘ ʩʝ ʠʥʩʪʘʣʠʨʘ ʥʘ ʢʦʤʧʶʪʨʠ ʩ ʨʘʟʣʠʯʥʠ ʚʝʨʩʠʠ ʥʘ Windows. ʊʦʡ ʠʤʘ ʬʫʥʢʮʠʷ ʟʘ
ʘʚʪʦʤʘʪʠʯʥʦ ʦʪʢʨʠʚʘʥʝ ʥʘ Modbus Gateway ʫʩʪʨʦʡʩʪʚʘ ʠ ʧʦʟʚʦʣʷʚʘ ʧʨʦʤʷʥʘ ʥʘ ʨʘʟʣʠʯʥʠ



60

60

ʧʘʨʘʤʝʪʨʠ ʢʘʪʦ ʠʟʙʦʨ ʥʘ ʨʝʞʠʤ ʥʘ ʨʘʙʦʪʘ, ʦʛʨʘʥʠʯʘʚʘʥʝ ʙʨʦʷ ʥʘ ʚʨʲʟʢʠʪʝ, ʧʨʦʤʷʥʘ ʥʘ TCP
ʧʦʨʪʘ, ʢʘʢʪʦ ʠ ʢʦʥʬʠʛʫʨʠʨʘʥʝ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʩʝʨʠʡʥʠʷ ʧʦʨʪ ʯʨʝʟ ʠʟʙʦʨ ʥʘ ʠʥʪʝʨʬʝʡʩʘ
(RS485, RS422 ʠʣʠ RS 232), ʧʨʦʤʷʥʘ ʥʘ Baud Rate, Data Bit, Parity, Stop Bit ʠ ʜʨʫʛʠ [72].

ɿʘ ʮʝʣʠʪʝ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ MG Configuration (ʌʠʛʫʨʘ 4.4) ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ
ʢʦʥʬʠʛʫʨʠʨʘʥʝ ʥʘ ʢʦʥʪʨʦʣʝʨʘ ADM-5832G ʠʟʧʦʣʟʚʘʥ ʟʘ ʚʨʲʟʢʘ ʥʘ ʨʘʟʣʠʯʥʠ ʩʝʥʟʦʨʠ (ʩ
ʠʥʪʝʨʬʝʡʩ Modbus RS485) ʩʲʩ ʩʲʨʚʲʨʘ ʥʘ ʂʌʉ.

ʌʠʛʫʨʘ 4.4 ʆʩʥʦʚʝʥ ʠʟʛʣʝʜ ʥʘ MG Configuration.

4.4 ʆʙʦʙʱʝʥʠʝ

ʀʟʙʦʨʘ ʥʘ ʩʦʬʪʫʝʨ ʝ ʝʜʥʘ ʦʪ ʩʪʲʧʢʠʪʝ ʟʘ ʨʝʘʣʠʟʠʨʘʥʝʪʦ ʥʘ ʂʌʉ. ʀʟʙʨʘʥʠʷ ʩʦʬʪʫʝʨ
ʦʪʛʦʚʘʨʷ ʥʘ ʠʟʠʩʢʚʘʥʠʷʪʘ ʟʘʣʦʞʝʥʠ ʚ ʢʦʥʮʝʧʮʠʷʪʘ ʟʘ ʠʟʛʨʘʞʜʘʥʝ ʥʘ ʩʠʩʪʝʤʘʪʘ. ɺ ʩʲʱʦʪʦ
ʚʨʝʤʝ ʧʲʨʚʦʥʘʯʘʣʥʦ ʝ ʯʘʩʪʠʯʥʦ ʪʝʩʪʚʘʥ, ʢʘʪʦ ʩʘ ʧʨʦʚʝʨʝʥʠ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʤʫ ʟʘ
ʢʦʥʬʠʛʫʨʠʨʘʥʝ ʥʘ ʩʠʩʪʝʤʘʪʘ. ʅʦ ʢʲʤ ʨʝʘʣʥʦʪʦ ʤʫ ʪʝʩʪʚʘʥʝ ʟʘ ʩʲʚʤʝʩʪʠʤʦʩʪ ʤʦʞʝ ʜʘ ʩʝ
ʧʨʠʩʪʲʧʠ ʝʜʚʘ ʩʣʝʜ ʢʘʪʦ ʩʘ ʧʦʜʙʨʘʥʠ ʚʩʠʯʢʠ ʭʘʨʜʫʝʨʥʠ ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʩʠʩʪʝʤʘʪʘ ʠ ʩʘ
ʨʝʘʣʠʟʠʨʘʥʠ ʧʨʝʜʚʠʜʝʥʠʪʝ ʚ ʪʦʚʘ ʠʟʩʣʝʜʚʘʥʝ ʘʣʛʦʨʠʪʤʠ ʟʘ ʨʘʙʦʪʘ ʧʨʠ ʦʪʛʣʝʞʜʘʥʝ ʥʘ
ʨʘʟʣʠʯʥʠʪʝ ʚʠʜʦʚʝ ʞʠʚʦʪʥʠ. ɿʘʪʦʚʘ ʩʣʝʜʚʘʱʘʪʘ ʩʪʲʧʢʘ ʝ ʠʟʙʦʨʘ ʥʘ ʩʝʥʟʦʨʠ ʠ ʜʦʧʲʣʥʠʪʝʣʥʠ
ʢʦʥʪʨʦʣʝʨʠ.
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ɻʃɸɺɸ 5. ʀʟʩʣʝʜʚʘʥʝ ʠ ʠʟʙʦʨ ʥʘ IoT ʠʟʧʲʣʥʠʪʝʣʥʠ ʫʩʪʨʦʡʩʪʚʘ ʠ ʩʝʥʟʦʨʠ
ʩ ʥʝʦʙʭʦʜʠʤʠʪʝ ʧʘʨʘʤʝʪʨʠ ʟʘ ʠʟʧʦʣʟʚʘʥʝ ʚ ʂʠʙʝʨ-ʬʠʟʠʯʥʘʪʘ ʩʠʩʪʝʤʘ ʟʘ
ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʢʦʤʧʣʝʢʩ ʟʘ ʦʪʛʣʝʞʜʘʥʝ ʥʘ ʞʠʚʦʪʥʠ

ʅʘ ʧʘʟʘʨʘ ʠʤʘ ʛʦʣʷʤ ʠʟʙʦʨ ʦʪ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʥʘ ʩʝʥʟʦʨʠ, ʢʦʥʪʨʦʣʝʨʠ, ʨʝʣʝʪʘ ʠ ʜʨʫʛʠ
ʫʩʪʨʦʡʩʪʚʘ, ʢʦʠʪʦ ʩʘ ʩʧʝʮʠʘʣʠʟʠʨʘʥʠ ʚ ʠʟʛʨʘʞʜʘʥʝʪʦ ʥʘ ʩʠʩʪʝʤʠ ʟʘ ʢʦʥʪʨʦʣ ʥʘ
ʞʠʚʦʪʥʦʚʲʜʥʠ ʬʝʨʤʠ. ʆʩʥʦʚʥʠʷ ʧʨʦʙʣʝʤ e ʚʲʚ ʚʠʩʦʢʘʪʘ ʮʝʥʘ ʥʘ ʪʝʟʠ ʤʘʪʝʨʠʘʣʠ. ʊʘʢʘ
ʥʘʧʨʠʤʝʨ ʮʝʥʘʪʘ ʝʜʠʥ ʩʧʝʮʠʘʣʠʟʠʨʘʥ ʩʝʥʟʦʨ ʟʘ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʦʪʥʦʩʠʪʝʣʥʘ ʚʣʘʞʥʦʩʪ ʥʘ
ʬʠʨʤʘ DOL ʢʘʪʦ ʤʦʜʝʣʘ DOL114 ʥʘʧʨʠʤʝʨ ʝ ʦʢʦʣʦ 200€, ʥʘ ʩʝʥʟʦʨ ʟʘ ʘʤʦʥʷʢ NH3 ʤʦʜʝʣ
DOL53 ʝ ʦʢʦʣʦ 1000€, ʘ ʥʘ ʩʝʥʟʦʨ ʟʘ ʚʲʛʣʝʨʦʜʝʥ ʜʠʦʢʩʠʜ CO2 ʤʦʜʝʣ DOL119 – ʥʘʜ 2000€.
ʂʘʪʦ ʟʘ ʨʝʘʣʠʟʠʨʘʥʝʪʦ ʥʘ ʝʜʥʘ ʧʦʜʦʙʥʘ ʩʠʩʪʝʤʘ ʤʦʞʝ ʜʘ ʩʘ ʥʝʦʙʭʦʜʠʤʠ ʧʦ ʥʷʢʦʣʢʦ ʩʝʥʟʦʨʘ
ʦʪ ʚʠʜ, ʮʝʥʘʪʘ ʩʘʤʦ ʟʘ ʩʝʥʟʦʨʠ ʤʦʞʝ ʜʘ ʥʘʜʭʚʲʨʣʠ 10000€. ʆʪ ʜʨʫʛʘ ʩʪʨʘʥʘ ʝ ʥʘʣʠʯʠʝʪʦ ʥʘ
ʦʛʨʦʤʥʦ ʨʘʟʥʦʦʙʨʘʟʠʝ ʦʪ ʩʝʥʟʦʨʠ ʩ ʥʠʩʢʘ ʮʝʥʘ ʠ ʩʲʦʪʚʝʪʥʦ ʧʦ-ʥʠʩʢʦ ʢʘʯʝʩʪʚʦ. ʆʪ ʟʥʘʯʝʥʠʝ
ʝ ʠ ʩʨʝʜʘʪʘ ʚ ʢʦʷʪʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʩʝʥʟʦʨʠʪʝ. ʉʝʥʟʦʨʠʪʝ ʧʨʝʜʥʘʟʥʘʯʝʥʠ ʟʘ ʠʟʤʝʨʚʘʥʝ ʥʘ
ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʚʲʟʜʫʭʘ ʩʘ ʧʦ-ʧʨʦʩʪʦ ʫʩʪʨʦʝʥʠ ʠ ʩʲʦʪʚʝʪʥʦ ʩ ʧʦ-ʥʠʩʢʘ ʮʝʥʘ ʦʪ ʩʝʥʟʦʨʠʪʝ
ʧʨʝʜʥʘʟʥʘʯʝʥʠ ʟʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʚʦʜʘʪʘ. ʉʝʥʟʦʨʠ ʟʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʧʘʨʘʤʝʪʨʠ
ʥʘ ʚʦʜʘʪʘ ʢʘʪʦ ʘʤʦʥʠʡ NH4+, ʥʠʪʨʠʪʠ NO2ī ʠʣʠ ʥʠʪʨʘʪʠ NO3ī ʥʘʧʨʠʤʝʨ ʨʘʙʦʪʷʪ ʥʘ
ʧʨʠʥʮʠʧʘ ʦʧʪʠʯʝʥ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʲʨ ʧʨʠ ʢʦʝʪʦ ʜʦʨʠ ʠ ʥʝʟʥʘʯʠʤʠ ʟʘʤʲʨʩʷʚʘʥʠʷ ʥʘ ʣʝʱʘʪʘ
ʤʦʛʘʪ ʜʘ ʜʦʚʝʜʘʪ ʜʦ ʦʪʢʣʦʥʝʥʠʷ ʚ ʠʟʤʝʨʚʘʥʝʪʦ. ɿʘ ʪʘʟʠ ʮʝʣ ʚ ʂʌʉ ʝ ʧʦ-ʜʦʙʨʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ
ʚʠʩʦʢʦʢʘʯʝʩʪʚʝʥʠ ʩʝʥʟʦʨʠ ʩʲʩ ʩʠʩʪʝʤʠ ʟʘ ʩʘʤʦʧʦʯʠʩʪʚʘʥʝ, ʢʦʠʪʦ ʠʤʘʪ ʚʲʟʤʦʞʥʦʩʪ ʟʘ
ʠʟʚʲʨʰʚʘʥʝ ʥʘ ʘʚʪʦʤʘʪʠʟʠʨʘʥʦ ʦʪʯʠʪʘʥʝ ʥʘ ʢʦʨʝʢʪʥʠ ʩʪʦʡʥʦʩʪʠ ʚ ʧʨʦʜʲʣʞʠʪʝʣʝʥ ʧʝʨʠʦʜ ʦʪ
ʚʨʝʤʝ, ʙʝʟ ʜʘ ʩʝ ʥʘʣʘʛʘ ʝʞʝʜʥʝʚʥʦ ʨʲʯʥʦ ʧʦʯʠʩʪʚʘʥʝ ʥʘ ʩʝʥʟʦʨʠʪʝ. ɺ ʪʝʟʠ ʥʘʩʦʢʠ ʱʝ ʙʲʜʘʪ
ʨʘʟʛʣʝʜʘʥʠ ʨʘʟʣʠʯʥʠ ʩʝʥʟʦʨʠ ʠ ʜʨʫʛʠ ʫʩʪʨʦʡʩʪʚʘ ʢʦʠʪʦ ʩʘ ʧʦʜʭʦʜʷʱʠ ʟʘ ʠʟʧʦʣʟʚʘʥʝ ʚ ʂʌʉ
ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʢʦʤʧʣʝʢʩʠ ʟʘ ʦʪʛʣʝʞʜʘʥʝ ʥʘ ʞʠʚʦʪʥʠ.

5.1 ʉʝʥʟʦʨʠ

ɿʘ ʮʝʣʠʪʝ ʥʘ ʪʦʚʘ ʠʟʩʣʝʜʚʘʥʝ ʩʘ ʨʘʟʛʣʝʜʘʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʨʘʟʣʠʯʥʠ ʩʝʥʟʦʨʠ
(ʦʩʥʦʚʥʦ ʮʝʥʦʚʦ ʦʨʠʝʥʪʠʨʘʥʠ) ʟʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʦʪʥʦʩʠʪʝʣʥʘ ʚʣʘʞʥʦʩʪ RH,
ʘʤʦʥʷʢ NH3, ʘʤʦʥʠʡ NH4+ , ʚʲʛʣʝʨʦʜʝʥ ʜʠʦʢʩʠʜ CO2, ʤʝʪʘʥ CH4, ʚʲʛʣʝʨʦʜʝʥ ʦʢʩʠʜ CO,
ʩʝʨʦʚʦʜʦʨʦʜ H2S, ʬʠʥʠ ʧʨʘʭʦʚʠ ʯʘʩʪʠʮʠ 2,5µm ʠ 10µm, ʩʢʦʨʦʩʪ ʥʘ ʜʚʠʞʝʥʠʝ ʥʘ ʚʲʟʜʫʭʘ
SAF, ʦʩʚʝʪʝʥʦʩʪ, ʜʠʬʝʨʝʥʮʠʘʣʥʦ ʥʘʣʷʛʘʥʝ æp, ʨʘʟʪʚʦʨʝʥ ʢʠʩʣʦʨʦʜ, DO, ʥʠʪʨʠʪʠ, NO2ī,
ʥʠʪʨʘʪʠ, NO3ī, ʚʦʜʦʨʦʜʝʥ ʧʦʢʘʟʘʪʝʣ, pH, ʠ ʟʘ ʥʠʚʦ ʥʘ ʚʦʜʘʪʘ,  ʢʘʪʦ ʥʷʢʦʠ ʦʪ ʩʝʥʟʦʨʠʪʝ ʩʘ
ʢʦʤʙʠʥʠʨʘʥʠ ʟʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʧʦʚʝʯʝ ʦʪ ʝʜʥʘ ʚʝʣʠʯʠʥʘ. ʇʦʚʝʯʝʪʦ ʦʪ ʠʟʙʨʦʝʥʠʪʝ ʧʦ-ʜʦʣʫ
ʩʝʥʟʦʨʠ ʩʘ ʪʝʩʪʚʘʥʠ ʟʘ ʧʨʦʜʲʣʞʠʪʝʣʝʥ ʧʝʨʠʦʜ ʦʪ ʚʨʝʤʝ, ʟʘ ʜʘ ʩʝ ʠʟʩʣʝʜʚʘ ʢʘʢʪʦ ʩʪʘʙʠʣʥʦʩʪʪʘ
ʥʘ ʚʨʲʟʢʘʪʘ ʩ ʪʷʭ, ʪʘʢʘ ʠ ʥʘʜʝʞʜʥʦʩʪʪʘ ʠʤ.

5.1.1 ʉʝʥʟʦʨʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʦʪʥʦʩʠʪʝʣʥʘ ʚʣʘʞʥʦʩʪ.

ɿʘ ʮʝʣʠʪʝ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ ʩʘ ʪʝʩʪʚʘʥʠ ʝʜʠʥ ʚʠʜ ʩʝʥʟʦʨ ʟʘ ʪʝʤʧʝʨʘʪʫʨʘ (DS18B20) ʠ
ʪʨʠ ʚʠʜʘ ʩʝʥʟʦʨʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʦʪʥʦʩʠʪʝʣʥʘ ʚʣʘʞʥʦʩʪ (AM2302, SHT31 ʠ SHT35) ʢʦʠʪʦ
ʦʪʛʦʚʘʨʷʪ ʥʘ ʫʩʣʦʚʠʷʪʘ ʟʘ ʠʟʧʦʣʟʚʘʥʝ ʚ ʧʨʝʜʣʦʞʝʥʘʪʘ ʂʌʉ.
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5.1.1.1 ʉʝʥʟʦʨ ʟʘ ʪʝʤʧʝʨʘʪʫʨʘ DS18B20, Maxim Integrated – Analog Device

DS18B20 (ʌʠʛʫʨʘ 5.1) [73] ʦʩʠʛʫʨʷʚʘ ʦʪ 9 ʜʦ 12-ʙʠʪʦʚʠ ʠʟʤʝʨʚʘʥʠʷ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘ
ʧʦ ʎʝʣʟʠʡ ʠ ʠʤʘ ʘʣʘʨʤʝʥʘ ʬʫʥʢʮʠʷ ʩ ʝʥʝʨʛʦʥʝʟʘʚʠʩʠʤʠ ʧʨʦʛʨʘʤʠʨʫʝʤʠ ʦʪ ʧʦʪʨʝʙʠʪʝʣʷ
ʛʦʨʥʠ ʠ ʜʦʣʥʠ ʪʦʯʢʠ ʥʘ ʟʘʜʝʡʩʪʚʘʥʝ. ʀʤʘ ʨʘʙʦʪʝʥ ʪʝʤʧʝʨʘʪʫʨʝʥ ʜʠʘʧʘʟʦʥ ʦʪ -55°C ʜʦ
+125°C ʠ ʝ ʩ ʪʦʯʥʦʩʪ ʜʦ ±0,5°C ʚ ʜʠʘʧʘʟʦʥʘ ʦʪ -10°C ʜʦ +85°C. ʊʦʡ ʠʟʧʦʣʟʚʘ ʢʦʤʫʥʠʢʘʮʠʷ
ʧʦ 1-ʧʨʦʚʦʜʥʠʢʦʚʘ ʰʠʥʘ, ʢʦʷʪʦ ʧʦ ʜʝʬʠʥʠʮʠʷ ʠʟʠʩʢʚʘ ʩʘʤʦ ʝʜʥʘ ʣʠʥʠʷ ʟʘ ʜʘʥʥʠ (ʧʣʶʩ
ʟʘʟʝʤʷʚʘʥʝ) ʟʘ ʢʦʤʫʥʠʢʘʮʠʷ ʩ ʮʝʥʪʨʘʣʝʥ ʤʠʢʨʦʧʨʦʮʝʩʦʨ. ʊʦʡ ʝ ʧʦʜʭʦʜʷʱ ʢʘʢʪʦ ʟʘ
ʠʟʤʝʨʚʘʥʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʲʟʜʫʭʘ, ʪʘʢʘ ʠ ʟʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʚʦʜʘʪʘ [73].

ʌʠʛʫʨʘ 5.1 ʉʝʥʟʦʨ ʟʘ ʪʝʤʧʝʨʘʪʫʨʘ DS18B20, Maxim Integrated - Analog Device ʘ)
ʚʣʘʛʦʟʘʱʠʪʝʥ ʚ ʤʝʪʘʣʝʥ ʢʦʨʧʫʩ ʠ ʢʘʙʝʣ ʙ) ʤʦʜʫʣ.

ʂʣʘʩʘ ʥʘ ʪʦʯʥʦʩʪ ʠ ʜʠʘʧʘʟʦʥʘ ʥʘ ʠʟʤʝʨʚʘʥʝ ʩʘ ʧʦʜʭʦʜʷʱʠ ʟʘ ʮʝʣʠʪʝ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ.
ɺʨʲʟʢʘʪʘ ʩʲʩ ʩʠʩʪʝʤʘʪʘ ʟʘ ʨʝʘʣʠʟʠʨʘʥʝʪʦ ʥʘ ʂʌʉ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʥʘʡ-ʯʝʩʪʦ ʧʦʩʨʝʜʩʪʚʦʤ
ʜʦʧʲʣʥʠʪʝʣʝʥ ʢʦʥʪʨʦʣʝʨ NodeMCU ʯʠʡʪʦ GPIO ʧʠʥʦʚʝ ʩʝ ʢʦʥʬʠʛʫʨʠʨʘʪ ʟʘ ʚʨʲʟʢʘ ʢʲʤ
ʩʝʥʟʦʨʘ. ɺʨʲʟʢʘʪʘ ʝ ʩʪʘʙʠʣʥʘ, ʢʘʪʦ ʥʝ ʩʘ ʥʘʙʣʶʜʘʚʘʥʠ ʧʨʝʢʲʩʚʘʥʠʷ ʥʘ ʧʦʣʫʯʘʚʘʥʠʪʝ ʜʘʥʥʠ
ʦʪ ʩʲʨʚʲʨʘ. ʊʦʟʠ ʩʝʥʟʦʨ ʝ ʧʦʜʭʦʜʷʱ ʟʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʤʝʩʪʘ ʥʘ ʢʦʠʪʦ ʠʤʘ ʥʫʞʜʘ ʜʘ ʩʝ ʠʟʤʝʨʚʘ
ʩʘʤʦ ʪʝʤʧʝʨʘʪʫʨʘ, ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪ ʦʪ ʠʟʤʝʨʚʘʥʝ ʥʘ ʦʪʥʦʩʠʪʝʣʥʘ ʚʣʘʞʥʦʩʪ RH, ʢʘʢʪʦ ʠ ʟʘ
ʠʟʤʝʨʚʘʥʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʚʦʜʘʪʘ ʚ ʧʦʠʣʢʠ ʚ ʢʨʘʚʝʬʝʨʤʠ. ʅʘ ʬʠʛʫʨʘ 5.2 ʝ ʧʦʢʘʟʘʥʘ
ʛʨʘʬʠʢʘ ʩ ʧʦʤʦʱʪʘ ʥʘ Grafana ʟʘ ʧʝʨʠʦʜ ʦʪ 2 ʜʥʠ ʥʘ 4 ʙʨʦʷ ʩʝʥʟʦʨʠ DS18B20 ʠʟʧʦʣʟʚʘʥʠ ʟʘ
ʠʟʤʝʨʚʘʥʝ ʥʘ ʚʲʥʰʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʢʘʪʦ ʩʝʥʟʦʨ 1 ʝ ʨʘʟʧʦʣʦʞʝʥ ʦʪ ʶʞʥʘʪʘ ʩʪʨʘʥʘ ʥʘ ʢʲʱʘ, 2
ʦʪ ʠʟʪʦʢ, 3 ʦʪ ʟʘʧʘʜ ʠ 4 ʦʪ ʩʝʚʝʨ. ɺʩʠʯʢʠʪʝ ʩʘ ʟʘʱʠʪʝʥʠ ʦʪ ʧʨʷʢʘ ʩʣʲʥʯʝʚʘ ʩʚʝʪʣʠʥʘ.
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ʌʠʛʫʨʘ 5.1 ɻʨʘʬʠʢʘ ʥʘ ʠʟʤʝʨʝʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʦʪ 4 ʙʨʦʷ ʩʝʥʟʦʨʠDS18B20.

5.1.1.2 ʉʝʥʟʦʨ ʟʘ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʦʪʥʦʩʠʪʝʣʥʘ ʚʣʘʞʥʦʩʪ AM2302, Aosong Electronics

AM2302 (ʌʠʛʫʨʘ 5.3) [74] ʝ ʮʠʬʨʦʚ ʤʦʜʫʣ ʟʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʠ
ʦʪʥʦʩʠʪʝʣʥʘ ʚʣʘʞʥʦʩʪ, ʩʲʜʲʨʞʘʱ ʢʘʣʠʙʨʠʨʘʥ ʢʦʤʙʠʥʠʨʘʥ ʩʝʥʟʦʨ ʟʘ ʪʝʤʧʝʨʘʪʫʨʘ ʠ
ʚʣʘʞʥʦʩʪ. ʊʦʡ ʠʟʧʦʣʟʚʘ ʩʧʝʮʠʘʣʥʘ ʪʝʭʥʦʣʦʛʠʷ ʟʘ ʜʘ ʛʘʨʘʥʪʠʨʘ, ʯʝ ʧʨʦʜʫʢʪʠʪʝ ʩʘ ʩ ʚʠʩʦʢʘ
ʥʘʜʝʞʜʥʦʩʪ ʠ ʦʪʣʠʯʥʘ ʜʲʣʛʦʩʨʦʯʥʘ ʩʪʘʙʠʣʥʦʩʪ. ʉʝʥʟʦʨʲʪ ʚʢʣʶʯʚʘ ʢʘʧʘʮʠʪʠʚʝʥ
ʯʫʚʩʪʚʠʪʝʣʝʥ ʝʣʝʤʝʥʪ ʟʘ ʚʣʘʞʥʦʩʪ ʠ ʚʠʩʦʢʦʧʨʝʮʠʟʥʠ ʫʩʪʨʦʡʩʪʚʘ ʟʘ ʠʟʤʝʨʚʘʥʝ ʥʘ
ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʩʚʲʨʟʘʥʠ ʩ ʚʠʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʝʥ 8-ʙʠʪʦʚ ʤʠʢʨʦʢʦʥʪʨʦʣʝʨ. ɺʩʝʢʠ ʩʝʥʟʦʨ ʩʝ
ʢʘʣʠʙʨʠʨʘ ʚ ʧʨʝʮʠʟʥʘ ʢʘʤʝʨʘ ʟʘ ʢʘʣʠʙʨʠʨʘʥʝ ʥʘ ʚʣʘʞʥʦʩʪʪʘ, ʘ ʢʦʝʬʠʮʠʝʥʪʠʪʝ ʥʘ
ʢʘʣʠʙʨʠʨʘʥʝ ʩʝ ʩʲʭʨʘʥʷʚʘʪ ʧʦʜ ʬʦʨʤʘʪʘ ʥʘ ʧʨʦʛʨʘʤʘ ʥʘ ʤʠʢʨʦʢʦʥʪʨʦʣʝʨʘ. ʂʘʢʪʦ DS18B20,
ʪʦʡ ʠʟʧʦʣʟʚʘ ʢʦʤʫʥʠʢʘʮʠʷ ʧʦ 1-ʧʨʦʚʦʜʥʠʢʦʚʘ ʰʠʥʘ. ʀʤʘ ʥʠʩʢʘ ʢʦʥʩʫʤʘʮʠʷ ʥʘ ʝʥʝʨʛʠʷ, ʠ
ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʧʨʝʜʘʚʘʥʝ ʥʘ ʩʠʛʥʘʣʘ ʥʘ ʨʘʟʩʪʦʷʥʠʝ ʜʦ 20 ʤʝʪʨʘ. ɿʘʭʨʘʥʚʘʱʦʪʦ ʤʫ
ʥʘʧʨʝʞʝʥʠʝ ʝ ʦʪ 3.3 ʜʦ 5.5V DC, ʜʠʘʧʘʟʦʥ ʥʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʦʪ -40°C ʜʦ +80°C ʩ
ʪʦʯʥʦʩʪ ʚ ʦʙʭʚʘʪʘ ʦʪ 0°C ʜʦ +60°C ±0,3°C. ʀʟʤʝʨʚʘ ʦʪʥʦʩʠʪʝʣʥʘ ʚʣʘʞʥʦʩʪ ʦʪ 0 ʜʦ 99.9%, ʩ
ʪʦʯʥʦʩʪ ±3% ʚ ʜʠʘʧʘʟʦʥʘ ʦʪ 10 ʜʦ 90% ʠ ʜʦ 5% ʚ ʦʩʪʘʥʘʣʠʪʝ ʜʠʘʧʘʟʦʥʠ. ʇʨʠ ʧʨʘʚʠʣʥʘ
ʝʢʩʧʣʦʘʪʘʮʠʷ ʩʝʥʟʦʨʘ ʠʤʘ ʜʨʠʬʪ ʟʘ 1 ʛʦʜʠʥʘ < 1% ʟʘ ʦʪʥʦʩʠʪʝʣʥʘʪʘ ʚʣʘʞʥʦʩʪ RH ʠ < ±0.3
[74].

ʌʠʛʫʨʘ 5.3 ʉʝʥʟʦʨ ʟʘ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʚʣʘʞʥʦʩʪ AM2302, Aosong Electronics.
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ɿʘ ʨʝʘʣʠʟʠʨʘʥʝʪʦ ʥʘ ʧʨʝʜʣʦʞʝʥʘʪʘ ʂʌʉ ʩʝʥʟʦʨʘ AM2302 ʩʝ ʠʟʧʦʣʟʚʘ ʦʩʥʦʚʥʦ ʯʨʝʟ
ʢʦʥʪʨʦʣʝʨ NodeMCU ʟʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʦʪʥʦʩʠʪʝʣʥʘ ʚʣʘʞʥʦʩʪ RH ʢʘʢʪʦ ʚʲʪʨʝ
ʚ ʧʦʤʝʱʝʥʠʷʪʘ, ʪʘʢʘ ʠ ʦʪʚʲʥ. ʅʦ ʠʤʘ ʦʩʦʙʝʥʦʩʪʠ ʧʨʠ ʫʧʦʪʨʝʙʘʪʘ ʥʘ ʩʝʥʟʦʨʘ ʟʘ ʢʦʠʪʦ ʪʨʷʙʚʘ
ʜʘ ʩʝ ʚʥʠʤʘʚʘ. ʉʝʥʟʦʨʘ ʤʦʞʝ ʜʘ ʩʝ ʧʦʚʨʝʜʠ ʧʨʠ ʧʨʦʜʲʣʞʠʪʝʣʥʦ ʠʟʣʘʛʘʥʝ ʥʘ ʚʠʩʦʢʠ
ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʚʨʝʜʥʠ ʛʘʟʦʚʝ ʢʘʪʦ ʘʤʦʥʷʢ NH3 ʠ ʩʝʨʦʚʦʜʦʨʦʜ H2S ʥʘʧʨʠʤʝʨ. ʉʲʱʦ ʝ
ʧʨʝʧʦʨʲʯʠʪʝʣʥʦ ʩʝʥʟʦʨʘ ʜʘ ʙʲʜʝ ʟʘʱʠʪʝʥ ʦʪ ʧʨʘʭ ʠ ʥʘʩʝʢʦʤʠ ʢʦʠʪʦ ʩʲʱʦ ʤʦʛʘʪ ʜʘ ʧʦʚʣʠʷʷʪ
ʥʘ ʪʦʯʥʦʩʪʪʘ ʤʫ. ʊʨʷʙʚʘ ʜʘ ʩʝ ʠʟʙʷʛʚʘ ʠʟʣʘʛʘʥʝʪʦ ʥʘ ʧʨʷʢʘ ʩʣʲʥʯʝʚʘ ʩʚʝʪʣʠʥʘ ʠʣʠ
ʚʲʟʤʦʞʥʦʩʪʪʘ ʟʘ ʢʦʥʜʝʥʟ ʚʲʨʭʫ ʥʝʛʦ. ɿʘ ʧʦ-ʘʛʨʝʩʠʚʥʘ ʩʨʝʜʘ ʝ ʥʝʦʙʭʦʜʠʤʦ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ
ʜʨʫʛ ʪʠʧ ʩʝʥʟʦʨʠ. ʅʘ ʬʠʛʫʨʘ 5.4 ʝ ʧʦʢʘʟʘʥʘ ʛʨʘʬʠʢʘ ʩ ʧʦʤʦʱʪʘ ʥʘ Grafana ʦʪ ʩʝʥʟʦʨ AM2302
ʧʦʩʪʘʚʝʥ ʚʲʪʨʝ ʚ ʩʪʘʷ.

ʌʠʛʫʨʘ 5.4 ɻʨʘʬʠʢʘ ʦʪ ʠʟʤʝʨʝʥʠ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʦʪʥʦʩʠʪʝʣʥʘ ʚʣʘʞʥʦʩʪ ʩʲʩ ʩʝʥʟʦʨ AM2302.

5.1.1.3 ʉʝʥʟʦʨʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʦʪʥʦʩʠʪʝʣʥʘ ʚʣʘʞʥʦʩʪ SHT31 ʠ SHT35, Sensirion

ʉʝʥʟʦʨʠʪʝ SHT3x (ʌʠʛʫʨʘ 5.5) [75] ʩʘ ʩʣʝʜʚʘʱʦʪʦ ʧʦʢʦʣʝʥʠʝ ʩʝʥʟʦʨʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨʘ
ʠ ʚʣʘʞʥʦʩʪ ʥʘ Sensirion. ʊʦ ʩʝ ʦʩʥʦʚʘʚʘ ʥʘ ʥʦʚ ʩʝʥʟʦʨʝʥ ʯʠʧ CMOSens, ʢʦʡʪʦ ʝ ʚ ʦʩʥʦʚʘʪʘ
ʥʘ ʥʦʚʘʪʘ ʧʣʘʪʬʦʨʤʘ ʟʘ ʚʣʘʞʥʦʩʪ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ Sensirion. SHT3x ʠʤʘʪ ʧʦʚʠʰʝʥʘ
ʠʥʪʝʣʠʛʝʥʪʥʦʩʪ, ʥʘʜʝʞʜʥʦʩʪ ʠ ʧʦʜʦʙʨʝʥʠ ʩʧʝʮʠʬʠʢʘʮʠʠ ʟʘ ʪʦʯʥʦʩʪ ʚ ʩʨʘʚʥʝʥʠʝ ʩ
ʧʨʝʜʰʝʩʪʚʝʥʠʮʠʪʝ ʩʠ. ʊʷʭʥʘʪʘ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ ʚʢʣʶʯʚʘ ʧʦʜʦʙʨʝʥʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʩʠʛʥʘʣʘ,
ʜʚʘ ʦʪʣʠʯʠʪʝʣʥʠ ʠ ʠʟʙʠʨʘʝʤʠ ʦʪ ʧʦʪʨʝʙʠʪʝʣʷ I2C ʘʜʨʝʩʘ ʠ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠ ʩʢʦʨʦʩʪʠ ʜʦ 1
MHz. ʈʘʟʤʝʨʘ ʥʘ ʩʝʥʟʦʨʘ ʝ 2.5ʭ2.5.0.9ʤʤ, ʢʦʝʪʦ ʧʦʟʚʦʣʷʚʘ ʠʥʪʝʛʨʠʨʘʥʝʪʦ ʠʤ ʚ ʛʦʣʷʤʦ
ʨʘʟʥʦʦʙʨʘʟʠʝ ʦʪ ʧʨʠʣʦʞʝʥʠʷ. ʊʦʡ ʨʘʟʧʦʣʘʛʘ ʠ ʩ ʬʠʣʪʲʨʥʘ ʤʝʤʙʨʘʥʘ, ʢʦʷʪʦ ʛʦ ʧʨʝʜʧʘʟʚʘ ʦʪ
ʧʨʘʭ ʠ ʜʨʫʛʠ ʟʘʤʲʨʩʠʪʝʣʠ. ɿʘʭʨʘʥʚʘʱʦʪʦ ʥʘʧʨʝʞʝʥʠʝ ʥʘ SHT3x ʝ ʦʪ 2.15 ʜʦ 5.5V DC,
ʜʠʘʧʘʟʦʥʘ ʥʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʦʪ ī40°C ʜʦ +125°C, ʘ ʥʘ ʚʣʘʞʥʦʩʪ ʦʪ 0 ʜʦ 100%.
ʊʦʯʥʦʩʪʪʘ ʥʘ SHT31 ʚ ʦʙʭʚʘʪʘ ʦʪ 0°C ʜʦ +90°C ±0,2°C, ī20°C ʜʦ +100°C ±0,3°C. ɿʘ
ʦʪʥʦʩʠʪʝʣʥʘ ʚʣʘʞʥʦʩʪ ʪʠʧʠʯʥʦ ʝ ±2% ʚ ʮʝʣʠʷ ʜʠʘʧʘʟʦʥ. ʊʦʯʥʦʩʪʪʘ ʥʘ SHT35 ʚ ʦʙʭʚʘʪʘ ʦʪ
20°C ʜʦ +60°C ±0,1°C, ī40°C ʜʦ +80°C ±0,2°C. ɿʘ ʦʪʥʦʩʠʪʝʣʥʘ ʚʣʘʞʥʦʩʪ ʦʪ 0 ʜʦ 80% ʝ ±1.5%
ʠ ±2% ʚ ʦʩʪʘʥʘʣʠʷ ʜʠʘʧʘʟʦʥ [75].
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ɿʘ ʮʝʣʠʪʝ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ ʛʦʨʥʠʪʝ ʜʚʘ ʩʝʥʟʦʨʘ ʩʘ ʧʨʠʣʦʞʠʤʠ ʢʘʢʪʦ ʟʘ ʚʲʪʨʝʰʥʘ, ʪʘʢʘ
ʠ ʟʘ ʚʲʥʰʥʘ ʫʧʦʪʨʝʙʘ, ʢʘʪʦ ʝ ʥʝʦʙʭʦʜʠʤʦ ʪʝ ʜʘ ʩʘ ʤʦʥʪʠʨʘʥʠ ʚ ʟʘʱʠʪʝʥ ʢʦʨʧʫʩ ʟʘ
ʠʥʜʫʩʪʨʠʘʣʥʠ ʧʨʠʣʦʞʝʥʠʷ ʢʦʠʪʦ ʚʢʣʶʯʚʘʤʠʢʨʦʧʦʨʝʩʪʘ ʤʝʪʘʣʥʘ ʤʨʝʞʘ ʢʘʢʪʦ ʧʦʢʘʟʘʥʘʪʘ ʥʘ
ʬʠʛʫʨʘ 5.5. ʊʦʡ ʧʨʝʜʧʘʟʚʘ ʦʪ ʧʨʘʭ, ʥʘʩʝʢʦʤʠ ʠ ʦʩʠʛʫʨʷʚʘ ʟʘʱʠʪʘ ʦʪ ʚʦʜʥʠ ʧʨʲʩʢʠ ʠ ʜʦʨʠ
ʦʙʣʠʚʘʥʝ ʩ ʚʦʜʘ, ʢʦʝʪʦ ʝ ʛʦʣʷʤʦ ʧʨʝʜʠʤʩʪʚʦ ʧʨʠ ʥʘʣʠʯʠʝ ʥʘ ʨʘʟʣʠʯʥʠ ʚʠʜʦʚʝ ʧʨʲʩʢʘʯʢʠ ʚ
ʞʠʚʦʪʥʦʚʲʜʥʠʪʝ ʬʝʨʤʠ.

ʌʠʛʫʨʘ 5.5 ʉʝʥʟʦʨ ʟʘ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʚʣʘʞʥʦʩʪ SHT3x, Sensirion, ʘ) ʟʘ ʠʥʜʫʩʪʨʠʘʣʥʦ
ʧʨʠʣʦʞʝʥʠʝ ʩʲʩ ʟʘʱʠʪʥʘ ʧʘʨʦʧʨʦʧʫʩʢʣʠʚʘ ʤʠʢʨʦʧʦʨʝʩʪʘ ʤʝʪʘʣʥʘ ʤʨʝʞʘ, ʙ) ʯʠʧ ʩʲʩ
ʟʘʱʠʪʥʘ ʤʝʤʙʨʘʥʘ, ʙ) ʯʠʧ ʙʝʟ ʟʘʱʠʪʥʘ ʤʝʤʙʨʘʥʘ.

ʀ ʜʚʘʪʘ ʩʝʥʟʦʨʘ ʩʘ ʧʦ-ʫʩʪʦʡʯʠʚʠ ʥʘ ʚʨʝʜʥʠ ʛʘʟʦʚʝ ʚ ʩʨʘʚʥʝʥʠʝ ʩ AM2302, ʠʤʘʪ ʧʦ-
ʛʦʣʷʤʘ ʪʦʯʥʦʩʪ ʠ ʧʦ-ʜʲʣʲʛ ʞʠʚʦʪ, ʥʦ ʠ ʧʦ-ʚʠʩʦʢʘ ʮʝʥʘ.

5.1.2 ʉʝʥʟʦʨʠ ʟʘ ʚʲʛʣʝʨʦʜʝʥ ʜʠʦʢʩʠʜ CO2

ʊʝʩʪʚʘʥʠ ʩʘ ʪʨʠ ʤʦʜʝʣʘ ʩʝʥʟʦʨʠ ʟʘ ʚʲʛʣʝʨʦʜʝʥ ʜʠʦʢʩʠʜ ʢʦʠʪʦ (MH-Z19B, Senseair S88
ʠ SCD30) ʢʦʠʪʦ ʦʪʛʦʚʘʨʷʪ  ʥʘ ʫʩʣʦʚʠʷʪʘ ʟʘ ʠʟʧʦʣʟʚʘʥʝ ʚ ʧʨʝʜʣʦʞʝʥʘʪʘ ʂʌʉ ʠ ʨʘʙʦʪʷʪ ʙʝʟ
ʧʨʦʙʣʝʤʠ ʧʨʠ ʧʨʦʜʲʣʞʠʪʝʣʥʠ ʪʝʩʪʦʚʝ.

5.1.2.1 ʉʝʥʟʦʨ ʟʘ ʚʲʛʣʝʨʦʜʝʥ ʜʠʦʢʩʠʜ MH-Z19B (MH-Z19C), Winson

ʉʝʥʟʦʨʲʪ MH-Z19B (ʌʠʛʫʨʘ 5.6) [76] ʝ ʠʥʬʨʘʯʝʨʚʝʥ ʛʘʟʦʚ ʤʦʜʫʣ ʩ ʤʘʣʲʢ ʨʘʟʤʝʨ,
ʠʟʧʦʣʟʚʘʱ ʥʝʜʠʩʧʝʨʩʠʚʝʥ ʠʥʬʨʘʯʝʨʚʝʥ ʧʨʠʥʮʠʧ ʟʘ ʦʪʢʨʠʚʘʥʝ ʥʘ ʥʘʣʠʯʠʝʪʦ ʥʘ ʚʲʛʣʝʨʦʜʝʥ
ʜʠʦʢʩʠʜ CO2 ʚʲʚ ʚʲʟʜʫʭʘ, ʩ ʜʦʙʨʘ ʩʝʣʝʢʪʠʚʥʦʩʪ ʠ ʥʝʟʘʚʠʩʠʤʦʩʪ ʦʪ ʢʠʩʣʦʨʦʜʘ. ʀʤʘ ʜʲʣʲʛ
ʝʢʩʧʣʦʘʪʘʮʠʦʥʝʥ ʞʠʚʦʪ, ʚʛʨʘʜʝʥʘ ʪʝʤʧʝʨʘʪʫʨʥʘ ʢʦʤʧʝʥʩʘʮʠʷ,  UART ʠʟʭʦʜ ʠ PWM ʠʟʭʦʜ.
ʊʦʡ ʠʟʧʦʣʟʚʘ ʪʝʭʥʦʣʦʛʠʷ ʟʘ ʦʪʢʨʠʚʘʥʝ ʥʘ ʛʘʟ ʯʨʝʟ ʧʦʛʣʲʱʘʥʝ ʥʘ ʠʥʬʨʘʯʝʨʚʝʥʠ ʣʲʯʠ. MH-
Z19B NDIR ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʤʦʥʠʪʦʨʠʥʛ ʥʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʚʲʟʜʫʭʘ ʚ ʧʦʤʝʱʝʥʠʷʪʘ, ʫʤʥʠ
ʜʦʤʘʢʠʥʩʢʠ ʫʨʝʜʠ, ʧʨʝʯʠʩʪʚʘʪʝʣʠ ʥʘ ʚʲʟʜʫʭʘ ʠ ʜʨ. ɿʘʭʨʘʥʚʘʱʦ ʥʘʧʨʝʞʝʥʠʝ ʦʪ 4.5 ʜʦ 5.5V,
ʨʘʙʦʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘ MH-Z19B ʦʪ 0°C ʜʦ +50°C. ʆʙʭʚʘʪʘ ʤʫ ʝ ʦʪ 400 ʜʦ 5000ppm, ʘ
ʪʦʯʥʦʩʪʪʘ ʝ ±50ppm ±3% [76].

ɿʘ ʮʝʣʠʪʝ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦMH-Z19B ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʦʪʢʨʠʚʘʥʝ ʥʘ ʚʲʛʣʝʨʦʜʝʥ ʜʠʦʢʩʠʜ
CO2 ʚʲʪʨʝ ʚ ʞʠʚʦʪʥʦʚʲʜʥʠʪʝ ʬʝʨʤʠ. ʄʦʥʪʘʞʘ ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ ʥʘ ʥʠʚʦʪʦ ʥʘ ʞʠʚʦʪʥʠʪʝ, ʢʘʪʦ
ʥʝ ʪʨʷʙʚʘ ʜʘ ʠʤʘ ʜʠʨʝʢʪʝʥ ʢʦʥʪʘʢʪ ʩ ʧʦʩʪʲʧʚʘʱʠʷ ʚ ʧʦʤʝʱʝʥʠʝʪʦ ʩʚʝʞ ʚʲʟʜʫʭ. ʊʦʡ ʩʝ
ʩʚʲʨʟʚʘ ʢʲʤ ʩʠʩʪʝʤʘʪʘ ʩ ʧʦʤʦʱʪʘ ʥʘ NodeMCU, ʢʘʪʦ ʩʝ ʠʟʧʦʣʟʚʘUART ʧʨʦʪʦʢʦʣ.
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ɺ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʧʦʜʲʨʞʘʥʠʪʝ ʫʩʣʦʚʠʷ ʚ ʢʨʘʚʝʬʝʨʤʘ ʤʦʞʝ ʜʘ ʝ ʥʝʦʙʭʦʜʠʤʦ
ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʩʝʥʟʦʨ MH-Z19C ʢʦʡʪʦ ʠʤʘ ʨʘʙʦʪʝʥ ʪʝʤʧʝʨʘʪʫʨʝʥ ʜʠʘʧʘʟʦʥ ʦʪ ī10°C ʜʦ
+50°C.

ʌʠʛʫʨʘ 5.6 ʉʝʥʟʦʨ ʟʘ ʚʲʛʣʝʨʦʜʝʥ ʜʠʦʢʩʠʜ  MH-Z19B, Winson.

5.1.2.2 ʉʝʥʟʦʨ ʟʘ ʚʲʛʣʝʨʦʜʝʥ ʜʠʦʢʩʠʜ Senseair S88 LP, Senseair

ʉʝʥʟʦʨʲʪ Senseair S88 LP (ʌʠʛʫʨʘ 5.7) [77] ʝ ʥʘʡ-ʝʥʝʨʛʠʡʥʦ ʝʬʝʢʪʠʚʥʘʪʘ ʚʝʨʩʠʷ ʥʘ
S88. ʊʦʚʘ ʝ ʩʝʥʟʦʨ ʟʘ ʚʲʛʣʝʨʦʜʝʥ ʜʠʦʢʩʠʜ CO2 ʧʨʝʜʥʘʟʥʘʯʝʥ ʢʘʢʪʦ ʟʘ ʜʦʤʘʰʥʘ
ʘʚʪʦʤʘʪʠʟʘʮʠʷ, ʪʘʢʘ ʠ ʟʘ ʧʨʦʤʠʰʣʝʥʠ ʩʨʝʜʠ, ʩʝʣʩʢʦ ʩʪʦʧʘʥʩʪʚʦ ʠ ʩʢʣʘʜʦʚʝ. ʈʘʙʦʪʠ ʯʨʝʟ
ʥʝʜʠʩʧʝʨʩʠʚʝʥ ʠʥʬʨʘʯʝʨʚʝʥ ʧʨʠʥʮʠʧ. ʊʦʡ ʩʲʱʦ ʦʪʛʦʚʘʨʷ ʥʘ ʥʘʡ-ʥʦʚʠʪʝ ʩʪʘʥʜʘʨʪʠ,
ʚʢʣʶʯʠʪʝʣʥʦ ASHRAE 62.1-2022 ʜʦʧʲʣʥʝʥʠʝ ab. ʃʝʩʥʘʪʘ ʤʫ ʠʥʪʝʛʨʘʮʠʷ ʛʦ ʧʨʘʚʠ ʧʦʜʭʦʜʷʱ
ʟʘ ʫʧʦʪʨʝʙʘ ʚ ʨʘʟʣʠʯʥʠ ʩʬʝʨʠ. ɼʠʘʧʘʟʦʥʲʪ ʤʫ ʥʘ ʠʟʤʝʨʚʘʥʝ ʝ ʦʪ 400 ʜʦ 10 000ppm, ʘ
ʪʦʯʥʦʩʪʪʘ ±30 ppm ±3%. ʀʤʘ ʨʘʙʦʪʝʥ ʜʠʘʧʘʟʦʥ ʦʪ 0°C ʜʦ +50°C ʧʨʠ ʦʪʥʦʩʠʪʝʣʥʘ ʚʣʘʞʥʦʩʪ
RH ʜʦ 85%. ɺʨʝʤʝʪʦ ʤʫ ʟʘ ʨʝʘʢʮʠʷ ʝ <30 s, ʟʘʭʨʘʥʚʘʱʦ ʥʘʧʨʝʞʝʥʠʝ 4.5 - 5.25 V. ʇʦʜʜʲʨʞʘ
ʢʦʤʫʥʠʢʘʮʠʦʥʝʥ ʧʨʦʪʦʢʦʣ Modbus ʠ UART ʠ ʠʤʘ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪ ʥʘ ʞʠʚʦʪ >15 ʛʦʜʠʥʠ
[77].

ɿʘ ʮʝʣʠʪʝ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ Senseair S88 LP ʝ ʪʝʩʪʚʘʥ ʚ ʢʦʥʬʠʛʫʨʘʮʠʷ ʩ NodeMCU,
ʢʘʪʦ ʩʝ ʠʟʧʦʣʟʚʘ UART  ʧʨʦʪʦʢʦʣ. ʉʝʥʟʦʨʘ ʠʤʘ ʥʝʦʙʭʦʜʠʤʘʪʘ ʪʦʯʥʦʩʪ ʠ ʨʘʙʦʪʠ ʩʪʘʙʠʣʥʦ
ʙʝʟ ʧʨʝʢʲʩʚʘʥʠʷ.

ʌʠʛʫʨʘ 5.7 ʉʝʥʟʦʨ ʟʘ ʚʲʛʣʝʨʦʜʝʥ ʜʠʦʢʩʠʜ  Senseair S88 LP, Senseair.

5.1.2.3 ʉʝʥʟʦʨ ʟʘ ʚʲʛʣʝʨʦʜʝʥ ʜʠʦʢʩʠʜ SCD30, Sensirion

ʉʝʥʟʦʨʲʪ CSD30 (ʌʠʛʫʨʘ 5.8) [75] ʝ ʚʠʩʦʢʦʧʨʝʮʠʟʝʥ ʩʝʥʟʦʨ ʟʘ ʦʪʯʠʪʘʥʝ ʥʘ
ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ CO2 ʙʘʟʠʨʘʥ ʥʘ ʧʘʪʝʥʪʦʚʘʥʘ CMOSens ʪʝʭʥʦʣʦʛʠʷ ʥʘ Sensirion, ʢʘʪʦ
ʠʟʤʝʨʚʘ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʚʣʘʞʥʦʩʪ. ʄʦʜʫʣʘ ʧʦʟʚʦʣʷʚʘ ʦʪʣʠʯʥʘ ʜʲʣʛʦʩʨʦʯʥʘ ʩʪʘʙʠʣʥʦʩʪ, ʘ
ʥʝʛʦʚʠʷʪ ʫʣʪʨʘ-ʪʲʥʲʢ ʨʘʟʤʝʨ ʧʦʟʚʦʣʷʚʘ ʣʝʩʥʘ ʠʥʪʝʛʨʘʮʠʷ ʜʦʨʠ ʚ ʥʘʡ-ʚʟʠʩʢʘʪʝʣʥʠʪʝ
ʧʨʠʣʦʞʝʥʠʷ. ɿʘʭʨʘʥʚʘʱʦʪʦ ʥʘʧʨʝʞʝʥʠʝ ʝ ʦʪ 3.3 – 5.5V DC, ʚʨʝʤʝʪʦ ʟʘ ʨʝʘʢʮʠʷ ʝ ʧʦʜ 10s ʟʘ
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ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʚʣʘʞʥʦʩʪ ʠ ʧʦʜ 20s ʟʘ CO2. ʉʝʥʟʦʨʘ ʨʘʟʧʦʣʘʛʘ ʩ ʨʘʟʣʠʯʥʠ ʠʥʪʝʨʬʝʡʩʠ ʢʘʪʦ
UART (Modbus Point to Point; TTL Logic), PWM ʠ I2C.  ɼʠʘʧʘʟʦʥʘ ʥʘ ʠʟʤʝʨʚʘʥʝ ʟʘ CO2 ʝ ʦʪ
400 ʜʦ10000ppm, ʘ ʪʦʯʥʦʩʪʪʘ ±30 ppm ±3%, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʠ ʦʪ 0°C ʜʦ +50°C. ʀʟʤʝʨʚʘ
ʪʝʤʧʝʨʘʪʫʨʘ ʦʪ ī40°C ʜʦ +70°C ʩ ʪʦʯʥʦʩʪ ±0.4°C + 0.023 × (T [°C] – 25°C). ʆʪʥʦʩʠʪʝʣʥʘ
ʚʣʘʞʥʦʩʪ ʦʪ 0 ʜʦ 100% ʩ ʪʦʯʥʦʩʪ ±3% [75].

ɿʘ ʮʝʣʠʪʝ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ, ʩʝʥʟʦʨʘ ʝ SCD30 ʝ ʪʝʩʪʚʘʥ ʩ ʢʦʥʪʨʦʣʝʨ NodeMCU, ʢʘʪʦ ʩʝ
ʠʟʧʦʣʟʚʘ UART  ʧʨʦʪʦʢʦʣ. ʉʝʥʟʦʨʘ ʨʘʙʦʪʠ ʩʪʘʙʠʣʥʦ ʙʝʟ ʧʨʝʢʲʩʚʘʥʠʷ.

ʌʠʛʫʨʘ 5.8 ʉʝʥʟʦʨ ʟʘ ʚʲʛʣʝʨʦʜʝʥ ʜʠʦʢʩʠʜ SCD30, Sensirion.

5.1.3 ʉʝʥʟʦʨ ʟʘ ʘʤʦʥʷʢ KM21, KLHA

ʉʝʥʟʦʨʲʪ KM21 (ʌʠʛʫʨʘ 5.9) [78] ʝ ʚʠʩʦʢʦ ʧʨʝʮʠʟʝʥ ʩʝʥʟʦʨ ʟʘ ʦʪʢʨʠʚʘʥʝ ʥʘ
ʘʤʦʥʷʢ NH3 ʧʨʠ ʨʘʟʣʠʯʥʠ ʧʨʠʣʦʞʝʥʠʷ, ʢʘʪʦ ʧʨʦʤʠʰʣʝʥʘ ʙʝʟʦʧʘʩʥʦʩʪ, ʩʝʣʩʢʦ ʩʪʦʧʘʥʩʪʚʦ
ʠʣʠ ʤʦʥʠʪʦʨʠʥʛ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ. ʊʦʡ ʠʤʘ ʦʙʭʚʘʪ ʥʘ ʠʟʤʝʨʚʘʥʝ ʦʪ 0 ʜʦ 200ppm, ʨʝʟʦʣʶʮʠʷ
1ppm, ʢʣʘʩ ʥʘ ʪʦʯʥʦʩʪ 3%, ʟʘʭʨʘʥʚʘʥʝ ʦʪ 9 ʜʦ 24V DC, 1ɸ. ʀʤʘ ʜʚʘ ʚʘʨʠʘʥʪʘ ʥʘ ʠʟʭʦʜʥʠʷ
ʩʠʛʥʘʣ – ʥʘʧʨʝʞʝʥʦʚ ʠʟʭʦʜ ʦʪ 0V ʜʦ 10V DC ʠʣʠ Modbus ʧʨʝʟ RS485. ʈʘʙʦʪʥʠʷ ʤʫ ʜʠʘʧʘʟʦʥ
ʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʠ ʦʪ ī10°C ʜʦ +65°C ʠ ʦʪʥʦʩʠʪʝʣʥʘ ʚʣʘʞʥʦʩʪ ʦʪ 0% ʜʦ 90%, IP65 [78].

ʉʝʥʟʦʨʘ ʦʪʛʦʚʘʨʷ ʥʘ ʠʟʠʩʢʚʘʥʠʷʪʘ ʪʝʭʥʠʯʝʩʢʠʪʝ ʠʟʠʩʢʚʘʥʠʷ, ʢʘʪʦ ʟʘ ʮʝʣʠʪʝ ʥʘ
ʠʟʩʣʝʜʚʘʥʝʪʦ ʝ ʠʟʙʨʘʥʘ ʚʝʨʩʠʷʪʘ ʩ Modbus, ʢʦʷʪʦ ʩʝ ʩʚʲʨʟʚʘ ʩʲʩ ʩʠʩʪʝʤʘʪʘ ʧʦʩʨʝʜʩʪʚʦʤ
Modbus gateway ADM-5832G. ʉʝʥʟʦʨʘ ʥʝ ʝ ʪʝʩʪʚʘʥ ʚ ʨʝʘʣʥʘ ʩʨʝʜʘ ʩ ʥʘʣʠʯʠʝ ʥʘ ʤʝʪʘʥ, ʥʦ
ʧʨʠ ʪʝʩʪʦʚʝʪʝ ʠʟʧʨʘʱʘ ʜʘʥʥʠ ʩ ʧʦʢʘʟʘʥʠʷ 0ppm, ʢʘʢʪʦ ʩʝ ʦʯʘʢʚʘ.

ʌʠʛʫʨʘ 5.9 ʉʝʥʟʦʨ ʟʘ ʘʤʦʥʷʢ KM21, KLHA.
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5.1.4 ʉʝʥʟʦʨ ʟʘ ʤʝʪʘʥ MH-Z1341B, Winson

MH-Z1341B (ʌʠʛʫʨʘ 5.10) [76] ʝ ʩʝʥʟʦʨ ʟʘ ʤʝʪʘʥ CH4, ʢʦʡʪʦ ʠʟʧʦʣʟʚʘ
ʥʝʜʠʩʧʝʨʩʠʦʥʝʥ ʠʥʬʨʘʯʝʨʚʝʥ ʧʨʠʥʮʠʧʘ (NDIR) ʟʘ ʦʪʢʨʠʚʘʥʝ ʥʘ ʛʦʨʠʤʠ ʛʘʟʦʚʝ ʚʲʚ ʚʲʟʜʫʭʘ.
ʀʤʘ ʜʦʙʨʘ ʩʝʣʝʢʪʠʚʥʦʩʪ, ʣʠʧʩʘ ʥʘ ʢʠʩʣʦʨʦʜʥʘ ʟʘʚʠʩʠʤʦʩʪ, ʜʲʣʲʛ ʞʠʚʦʪ, ʚʛʨʘʜʝʥʘ
ʪʝʤʧʝʨʘʪʫʨʥʘ ʢʦʤʧʝʥʩʘʮʠʷ, ʮʠʬʨʦʚ ʠʟʭʦʜ ʠ ʝ ʫʜʦʙʝʥ ʟʘ ʠʟʧʦʣʟʚʘʥʝ. ʉʝʥʟʦʨʘ ʠʟʤʝʨʚʘ
ʩʪʦʡʥʦʩʪʠ ʦʪ 0 ʜʦ 100LEL ʠʣʠ ʦʪ 0 ʜʦ 5%VOL, ʢʦʝʪʦ ʦʟʥʘʯʘʚʘ ʦʪ 0 ʜʦ 50000ppm ʩʲʩ ʩʪʲʧʢʘ
ʦʪ 100ppm. ʀʤʘ ʢʣʘʩ ʥʘ ʪʦʯʥʦʩʪ 0.15% ʚ ʜʠʘʧʘʟʦʥʘ ʦʪ 10°C ʜʦ +40°C ʠ 0.25% ʧʨʠ
ʪʝʤʧʝʨʘʪʫʨʘ ʦʪ ī10°C ʜʦ +10°C ʠ ʦʪ +40°C ʜʦ +60°C. ɿʘʭʨʘʥʚʘʥʝ ʦʪ 3.3V ʜʦ 5V DC, ʢʘʪʦ ʩʝ
ʧʨʝʧʦʨʲʯʚʘ ʟʘ ʧʦ ʩʪʘʙʠʣʥʘ ʨʘʙʦʪʘ ʜʘ ʝ 5V. ʀʤʘ ʩʝʨʠʝʥ UART ʠʥʪʝʨʬʝʡʩ, ʚʨʝʤʝ ʥʘ ʨʝʘʢʮʠʷ
<30s ʠ ʝʢʩʧʣʦʘʪʘʮʠʦʥʝʥ ʞʠʚʦʪ >10 ʛʦʜʠʥʠ. ʈʘʙʦʪʠ ʧʨʠ ʦʪʥʦʩʠʪʝʣʥʘ ʚʣʘʞʥʦʩʪ ʦʪ 0% ʜʦ 95%
[76].

MH-Z1341B ʦʪʛʦʚʘʨʷ ʥʘ ʠʟʠʩʢʚʘʥʠʷʪʘ ʟʘ ʠʟʧʦʣʟʚʘʥʝ ʚ ʧʨʝʜʣʦʞʝʥʘʪʘ ʂʌʉ, ʢʘʪʦ ʟʘ
ʚʨʲʟʢʘ ʩ ʥʝʷ ʝ ʥʝʦʙʭʦʜʠʤ ʢʦʥʪʨʦʣʝʨ NodeMCU.

ʌʠʛʫʨʘ 5.10 ʉʝʥʟʦʨ ʟʘ ʤʝʪʘʥ MH-Z1341B, Winson.

5.1.5 ʉʝʥʟʦʨ ʟʘ ʚʲʛʣʝʨʦʜʝʥ ʦʢʩʠʜ, ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʦʪʥʦʩʠʪʝʣʥʘ ʚʣʘʞʥʦʩʪ - JXBS-3001-CO/TH-
RS, Jingxun

JXBS-3001-CO (ʌʠʛʫʨʘ 5.11) [79] ʝ ʚʠʩʦʢʦʧʨʝʮʠʟʝʥ ʝʣʝʢʪʨʦʭʠʤʠʯʝʥ ʩʝʥʟʦʨ ʟʘ
ʚʲʛʣʝʨʦʜʝʥ ʦʢʩʠʜ. ʊʦʡ ʠʤʘ ʥʷʢʦʣʢʦ ʚʘʨʠʘʥʪʘ, ʢʦʠʪʦ ʠʤʘʪ ʨʘʟʣʠʯʥʠ ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʚʨʲʟʢʘ
ʠ ʜʦʧʲʣʥʠʪʝʣʥʠ ʩʦʥʜʠ. ʀʤʘ ʚʘʨʠʘʥʪʠ ʩ Modbus RS485, ʘʥʘʣʦʛʦʚʠ ʠʟʭʦʜʠ, ʠ ʪʘʢʠʚʘ ʩ NB-
IoT, LoRa, Enternet ʠʣʠ ʤʦʙʠʣʥʘ 4G ʤʨʝʞʘ. JXBS-3001-CO ʩʝ ʠʟʧʦʣʟʚʘ ʰʠʨʦʢʦ ʚ ʭʦʪʝʣʠ,
ʠʟʣʦʞʙʝʥʠ ʟʘʣʠ, ʪʲʨʛʦʚʩʢʠ ʮʝʥʪʨʦʚʝ, ʛʘʨʠ, ʟʘʣʠ ʟʘ ʟʘʙʘʚʣʝʥʠʷ, ʪʝʘʪʨʠ ʠ ʜʨʫʛʠ ʦʙʱʝʩʪʚʝʥʠ
ʤʝʩʪʘ; ʬʘʙʨʠʢʠ, ʨʘʙʦʪʠʣʥʠʮʠ, ʯʠʩʪʠ ʩʪʘʠ ʠ ʜʨʫʛʠ ʠʥʜʫʩʪʨʠʘʣʥʠ ʧʨʠʣʦʞʝʥʠʷ. ɺʘʨʠʘʥʪʘ ʥʘ
ʩʝʥʟʦʨʘ JXBS-3001-CO/TH-RS ʢʦʡʪʦ ʝ ʩ Modbus RS485 ʠʤʘ ʩʣʝʜʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.
ʀʟʤʝʨʚʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʚʲʛʣʝʨʦʜʝʥ ʦʢʩʠʜ CO ʦʪ 0 ʜʦ 1000ppm ʠ ʨʝʟʦʣʶʮʠʷ 1ppm, ʠ ʢʣʘʩ
ʥʘ ʪʦʯʥʦʩʪ ʧʨʠ 25°C – 3%. ɿʘʭʨʘʥʚʘʥʝ ʦʪ 12V ʜʦ 24V DC, ʨʘʙʦʪʝʥ ʜʠʘʧʘʟʦʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʠ
ʦʪ ī20°C ʜʦ +40°C (ʢʨʘʪʢʦʪʨʘʡʥʦ ʦʪ ī30°C ʜʦ +50°C), ʥʘʣʷʛʘʥʝ ʦʪ 0.9atm ʜʦ 1.1atm [79].

ɿʘ ʮʝʣʠʪʝ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ ʝ ʪʝʩʪʚʘʥ ʩʝʥʟʦʨʘ JXBS-3001-CO/TH-RS, ʢʦʡʪʦ ʦʩʚʝʥ
ʚʲʛʣʝʨʦʜʝʥ ʦʢʩʠʜ CO ʤʦʞʝ ʜʘ ʠʟʤʝʨʚʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʦʪʥʦʩʠʪʝʣʥʘ ʚʣʘʞʥʦʩʪ. ɼʠʘʧʘʟʦʥʘ ʥʘ
ʠʟʤʝʨʚʘʥʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʝ ʦʪ ī20°C ʜʦ +40°C ʧʨʠ ʪʦʯʥʦʩʪ ±0.5°C ʧʨʠ 25°C ʠ ʚʣʘʞʥʦʩʪ
ʦʪ 0% ʜʦ 100% ʠ ʪʦʯʥʦʩʪ ±3% ʚ ʜʠʘʧʘʟʦʥ ʦʪ 5% ʜʦ 95% ʧʨʠ 25 . ʊʦʡ ʦʪʛʦʚʘʨʷ ʥʘ
ʠʟʠʩʢʚʘʥʠʷʪʘ ʥʘ ʩʠʩʪʝʤʘʪʘ, ʢʘʪʦ ʝ ʠʟʙʨʘʥ ʚʘʨʠʘʥʪʘ ʩ Modbus, ʘ ʚʨʲʟʢʘʪʘ ʢʲʤ ʩʠʩʪʝʤʘʪʘ ʩʝ
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ʦʩʲʱʝʩʪʚʷʚʘ ʧʦʩʨʝʜʩʪʚʦʤ Modbus gateway ADM-5832G ʧʨʠ ʩʢʦʨʦʩʪ ʥʘ ʧʨʝʜʘʚʘʥʝ 9600
Baud.

ʌʠʛʫʨʘ 5.11 ʉʝʥʟʦʨ ʟʘ ʚʲʛʣʝʨʦʜʝʥ ʦʢʩʠʜ JXBS-3001-CO/TH-RS, Jingxun.

5.1.6 ʉʝʥʟʦʨ ʟʘ ʩʝʨʦʚʦʜʦʨʦʜ JXBS-3001-H2S, Jingxun

JXBS-3001-H2S (ʌʠʛʫʨʘ 5.12) [79] ʝ ʚʠʩʦʢʦʧʨʝʮʠʟʝʥ ʝʣʝʢʪʨʦʭʠʤʠʯʝʥ ʩʝʥʟʦʨ ʟʘ
ʩʝʨʦʚʦʜʦʨʦʜ H2S. ʊʦʡ ʠʤʘ ʥʷʢʦʣʢʦ ʚʘʨʠʘʥʪʘ, ʢʦʠʪʦ ʠʤʘʪ ʨʘʟʣʠʯʥʠ ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʚʨʲʟʢʘ ʠ
ʜʦʧʲʣʥʠʪʝʣʥʠ ʩʦʥʜʠ. ʀʤʘ ʚʘʨʠʘʥʪʠ ʩ Modbus RS485, ʩ ʘʥʘʣʦʛʦʚʠ ʠʟʭʦʜʠ, ʠ ʪʘʢʠʚʘ ʩ NB-IoT,
LoRa, Enternet ʠʣʠ ʤʦʙʠʣʥʘ 4G ʤʨʝʞʘ. ʀʤʘ ʜʠʘʧʘʟʦʥ ʥʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʩʝʨʦʚʦʜʦʨʦʜ H2S ʦʪ 0
ʜʦ 100ppm ʩ ʨʝʟʦʣʶʮʠʷ 0.1ppm, ʠ ʢʣʘʩ ʥʘ ʪʦʯʥʦʩʪ ʧʨʠ 25°C – 2%. ɿʘʭʨʘʥʚʘʥʝ ʦʪ 12V ʜʦ 24V
DC, ʨʘʙʦʪʝʥ ʜʠʘʧʘʟʦʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʠ ʦʪ ī20°C ʜʦ +40°C (ʢʨʘʪʢʦʪʨʘʡʥʦ ʦʪ ī30°C ʜʦ
+50°C), ʥʘʣʷʛʘʥʝ ʦʪ 0.9atm ʜʦ 1.1atm [79].

ɿʘ ʮʝʣʠʪʝ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ ʝ ʠʟʙʨʘʥ ʚʘʨʠʘʥʪʘ ʩ Modbus ʢʘʪʦ ʚʨʲʟʢʘʪʘ ʢʲʤ
ʩʠʩʪʝʤʘʪʘ ʦʪʥʦʚʦ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʧʦʩʨʝʜʩʪʚʦʤ Modbus gateway ADM-5832G ʧʨʠ ʩʢʦʨʦʩʪ ʥʘ
ʧʨʝʜʘʚʘʥʝ 9600 Baud.

ʌʠʛʫʨʘ 5.12 ʉʝʥʟʦʨ ʟʘ ʩʝʨʦʚʦʜʦʨʦʜ JXBS-3001-H2S, Jingxun.

5.1.7 ʉʝʥʟʦʨ ʟʘ ʬʠʥʠ ʧʨʘʭʦʚʠ ʯʘʩʪʠʮʠ (PM2.5 ʠ PM10) RS-PM-2-EX, Renke

RS-PM-2-EX (ʌʠʛʫʨʘ 5.13) [80] ʝ ʧʨʦʤʠʰʣʝʥ ʩʝʥʟʦʨ ʟʘ ʢʘʯʝʩʪʚʦ ʥʘ ʚʲʟʜʫʭʘ ʩ ʚʠʩʦʢʘ
ʪʦʯʥʦʩʪ ʥʘ ʠʟʤʝʨʚʘʥʝ ʠ ʰʠʨʦʢʘ ʛʘʤʘ ʦʪ ʫʧʦʪʨʝʙʘ. ʉʝʥʟʦʨʲʪ RS-PM-2-EX ʠʟʤʝʨʚʘ
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ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʧʨʘʭʦʚʠ ʯʘʩʪʠʮʠ PM2.5 ʠ PM10, ʢʘʪʦ ʨʘʙʦʪʠ ʥʘ ʧʨʠʥʮʠʧʘ ʥʘ ʣʘʟʝʨʥʦ
ʨʘʟʩʝʡʚʘʥʝ ʠ ʠʟʧʦʣʟʚʘ ʫʥʠʢʘʣʝʥ ʘʣʛʦʨʠʪʲʤ ʟʘ ʠʟʯʠʩʣʷʚʘʥʝ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʤʘʩʘʪʘ ʥʘ
ʯʘʩʪʠʮʠʪʝ ʥʘ ʝʢʚʠʚʘʣʝʥʪʥʠʷ ʨʘʟʤʝʨ ʥʘ ʯʘʩʪʠʮʠʪʝ ʥʘ ʝʜʠʥʠʮʘ ʦʙʝʤ. ʊʦʡ ʦʩʠʛʫʨʷʚʘ ʙʲʨʟʘ,
ʪʦʯʥʘ ʠ ʩʪʘʙʠʣʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪ. ɿʘʭʨʘʥʚʘʥʝ ʦʪ 10V ʜʦ 30V DC. ʀʤʘ ʚʘʨʠʘʥʪʠ ʩ
ʠʥʪʝʨʬʝʡʩ Modbus RS485 ʠʣʠ ʘʥʘʣʦʛʦʚʠ ʠʟʭʦʜʠ 4-20mA, 0-5V, 0-10V. ɼʠʘʧʘʟʦʥʘ ʥʘ
ʠʟʤʝʨʚʘʥʝ ʝ ʟʘ PM2.5 – ʦʪ 0 ʜʦ 1000µg/m3, PM10 – ʦʪ 0 ʜʦ 1000µg/m3 ʩ ʨʝʟʦʣʶʮʠʷ 1µg/m3.
ʊʦʯʥʦʩʪʪʘ ʝ 3%(ʧʨʠ 100µg/m3, 25  ʠ 50% ʦʪʥʦʩʠʪʝʣʥʘ ʚʣʘʞʥʦʩʪ), ʘ ʚʨʝʤʝʪʦ ʟʘ ʨʝʘʢʮʠʷ
<90s. ʉʝʥʟʦʨʘ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʥʘʙʣʶʜʝʥʠʝ ʥʘ ʚʲʥʰʥʠ ʤʝʪʝʦʨʦʣʦʛʠʯʥʠ ʩʨʝʜʠ ʠʣʠ ʥʘ
ʟʘʢʨʠʪʦ ʚ ʙʠʙʣʠʦʪʝʢʠ, ʩʢʣʘʜʦʚʝ, ʩʫʧʝʨʤʘʨʢʝʪʠ, ʦʬʠʩ ʩʛʨʘʜʠ, ʦʨʘʥʞʝʨʠʠ ʠ ʚ ʞʠʚʦʪʥʦʚʲʜʥʠ
ʬʝʨʤʠ [80].

ɿʘ ʮʝʣʠʪʝ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ ʝ ʠʟʙʨʘʥ ʚʘʨʠʘʥʪʘ ʩ Modbus RS485 ʢʘʪʦ ʟʘ ʚʨʲʟʢʘ ʩʲʩ
ʩʠʩʪʝʤʘʪʘ ʦʪʥʦʚʦ ʩʝ ʠʟʧʦʣʟʚʘ  Modbus gateway ADM-5832G. ʂʘʪʦ ʬʫʥʢʮʠʷ ʚ ʂʌʉ, ʩʝʥʟʦʨʘ
ʟʘ ʧʨʘʭʦʚʠ ʯʘʩʪʠʮʠ ʩʝ ʠʟʧʦʣʟʚʘ ʝʜʠʥʩʪʚʝʥʦ ʩ ʠʥʬʦʨʤʘʪʠʚʥʘ ʮʝʣ, ʢʘʪʦ ʧʨʠ ʧʨʝʚʠʰʘʚʘʥʝ ʥʘ
ʟʘʜʘʜʝʥʠʪʝ ʥʦʨʤʠ ʩʠʩʪʝʤʘʪʘ ʠʟʧʨʘʱʘ ʫʚʝʜʦʤʠʪʝʣʥʠ ʩʲʦʙʱʝʥʠʷ ʟʘ ʪʦʚʘ.

ʌʠʛʫʨʘ 5.13 ʉʝʥʟʦʨ ʟʘ ʬʠʥʠ ʧʨʘʭʦʚʠ ʯʘʩʪʠʮʠ RS-PM-2-EX, Renke.

5.1.8 ʉʝʥʟʦʨ ʟʘ ʩʢʦʨʦʩʪ ʠ ʧʦʩʦʢʘ ʥʘ ʜʚʠʞʝʥʠʝ ʥʘ ʚʲʟʜʫʭʘ (ʘʥʝʤʦʤʝʪʲʨ) RS-CFSFX-N01-3-
EX, Renke

ʋʣʪʨʘʟʚʫʢʦʚʠʷʪ ʘʥʝʤʦʤʝʪʲʨ RS-CFSFX-N01-3-EX (ʌʠʛʫʨʘ 5.14) [80] ʝ ʠʟʤʝʨʚʘʪʝʣʝʥ
ʫʨʝʜ, ʢʦʡʪʦ ʠʟʧʦʣʟʚʘ ʫʣʪʨʘʟʚʫʢʦʚʠ ʚʲʣʥʠ ʨʘʟʧʨʦʩʪʨʘʥʷʚʘʥʠ ʚʲʚ ʚʲʟʜʫʭʘ ʟʘ ʠʟʤʝʨʚʘʥʝ ʥʘ
ʩʢʦʨʦʩʪʪʘ ʠ ʧʦʩʦʢʘʪʘ ʥʘ ʚʷʪʲʨʘ. ɹʣʘʛʦʜʘʨʝʥʠʝ ʥʘ ʥʦʚʘʪʘ ʪʝʭʥʦʣʦʛʠʷ, ʩʪʨʫʢʪʫʨʘʪʘ ʝ ʧʦ-
ʢʦʤʧʘʢʪʥʘ. ʀʟʨʘʙʦʪʝʥʘ ʦʪ ABS ʤʘʪʝʨʠʘʣ ʩ ʚʠʩʦʢʘ ʷʢʦʩʪ, ʢʦʡʪʦ ʝ ʫʜʦʙʝʥ ʟʘ ʠʟʧʦʣʟʚʘʥʝ ʦʪ
ʧʦʪʨʝʙʠʪʝʣʠʪʝ ʚ ʨʘʟʣʠʯʥʠ ʩʨʝʜʠ, ʢʘʪʦ ʥʝ ʩʝ ʚʣʠʷʝ ʦʪ ʟʘʧʨʘʰʝʥʦʩʪʪʘ. ɿʘʭʨʘʥʚʘʥʝ ʦʪ 10V ʜʦ
30V DC. ʀʤʘ Modbus RS485 ʠ ʘʥʘʣʦʛʦʚʠ ʠʟʭʦʜʠ 4-20mA, 0-5V, 0-10V. ɼʠʘʧʘʟʦʥʘ ʥʘ
ʠʟʤʝʨʚʘʥʝ ʝ ʟʘ ʩʢʦʨʦʩʪʪʘ ʥʘ ʚʷʪʲʨʘ ʝ ʦʪ 0 ʜʦ 40m/s ʧʨʠ 360°. ʉʪʲʧʢʘʪʘ ʥʘ ʠʟʤʝʨʚʘʥʝ ʥʘ
ʩʢʦʨʦʩʪʪʘ ʝ 0.01m/s, ʘ ʥʘ ʧʦʩʦʢʘʪʘ 1°. ʊʦʯʥʦʩʪʪʘ ʥʘ ʩʢʦʨʦʩʪʪʘ ʝ ±0.5+2% (ʧʨʠ 25  ʠ
60%RH), ʘ ʥʘ ʧʦʩʦʢʘʪʘ ʝ  ±3° (ʧʨʠ 25  ʠ 60%RH). ɼʠʘʧʘʟʦʥʘ ʥʘ ʨʘʙʦʪʘ ʟʘ ʪʝʤʧʝʨʘʪʫʨʘ ʝ ʦʪ
ī40°C ʜʦ +80°C ʠ ʦʪʥʦʩʠʪʝʣʥʘ ʚʣʘʞʥʦʩʪ ʦʪ 0% ʜʦ 95% ʠ ʝ ʫʩʪʦʡʯʠʚ ʥʘ ʚʷʪʲʨ ʜʦ 75m/s [80].
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RS-CFSFX-N01-3-EX ʦʪʛʦʚʘʨʷ ʥʘ ʠʟʠʩʢʚʘʥʠʷʪʘ ʥʘ ʂʌʉ, ʢʘʪʦ ʟʘ ʚʨʲʟʢʘ ʩʲʩ ʩʠʩʪʝʤʘʪʘ
ʦʪʥʦʚʦ ʝ ʥʝʦʙʭʦʜʠʤ Modbus gateway ADM-5832G.

ʌʠʛʫʨʘ 5.14 ɸʥʝʤʦʤʝʪʲʨ RS-CFSFX-N01-3-EX, Renke.

5.1.9 ʉʝʥʟʦʨ ʟʘ ʜʠʬʝʨʝʥʮʠʘʣʥʦ ʥʘʣʷʛʘʥʝ A2G-50, WIKA

ʉʝʥʟʦʨʲʪ A2G-50 (ʌʠʛʫʨʘ 5.15) [81] ʝ ʧʨʝʜʥʘʟʥʘʯʝʥ ʟʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʜʠʬʝʨʝʥʮʠʘʣʥʦ
ʥʘʣʷʛʘʥʝ ʠ ʩʪʘʪʠʯʥʦ ʥʘʣʷʛʘʥʝ, ʟʘ ʤʦʥʠʪʦʨʠʥʛ ʥʘ ʬʠʣʪʨʠ, ʟʘ ʤʦʥʠʪʦʨʠʥʛ ʥʘ ʩʚʨʲʭʥʘʣʷʛʘʥʝ ʚ
ʯʠʩʪʠ ʧʦʤʝʱʝʥʠʷ ʠ ʣʘʙʦʨʘʪʦʨʠʠ. ʆʩʥʦʚʘʚʘ ʩʝ ʥʘ ʧʠʝʟʦʨʝʟʠʩʪʠʚʝʥ ʧʨʠʥʮʠʧ ʥʘ ʠʟʤʝʨʚʘʥʝ.
ʀʤʘ ʜʚʘ ʚʘʨʠʘʥʪʘ ʟʘ ʠʟʭʦʜʝʥ ʩʠʛʥʘʣ. ʇʲʨʚʠʷ ʝ ʩ ʘʥʘʣʦʛʦʚʠ ʠʟʭʦʜʥʠ ʩʠʛʥʘʣʠ ʟʘ ʜʚʝʪʝ
ʠʟʤʝʨʚʘʥʠ ʚʝʣʠʯʠʥʠ (0-10 V ʠʣʠ 4-20 mA), ʘ ʚʪʦʨʠʷ ʝ ʮʠʬʨʦʚʠʪʝ ʚʝʨʩʠʠ Modbus, ʢʦʡʪʦ
ʧʦʟʚʦʣʷʚʘ ʜʠʨʝʢʪʥʘ ʚʨʲʟʢʘ ʢʲʤ ʩʠʩʪʝʤʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʠʣʠ ʩʠʩʪʝʤʘ ʟʘ ʩʛʨʘʜʥʘ
ʘʚʪʦʤʘʪʠʟʘʮʠʷ. ɼʠʘʧʘʟʦʥʲʪ ʥʘ ʥʘʣʷʛʘʥʝʪʦ ʠ ʚʨʝʤʝʪʦ ʟʘ ʨʝʘʢʮʠʷ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ
ʠʥʜʠʚʠʜʫʘʣʥʦ ʘʜʘʧʪʠʨʘʥʠ ʚ ʠʥʩʪʨʫʤʝʥʪʘ ʯʨʝʟ ʜʞʲʤʧʝʨʠ. ʀʟʤʝʨʝʥʦʪʦ ʜʠʬʝʨʝʥʮʠʘʣʥʦ
ʥʘʣʷʛʘʥʝ ʩʲʱʦ ʩʝ ʧʦʢʘʟʚʘ ʥʘ LC ʜʠʩʧʣʝʷ ʠ ʩʝ ʧʨʝʜʘʚʘ ʯʨʝʟ ʘʥʘʣʦʛʦʚʠ ʠʣʠ ʮʠʬʨʦʚʠ ʠʟʭʦʜʥʠ
ʩʠʛʥʘʣʠ [81].

ɿʘ ʮʝʣʠʪʝ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ ʝ ʠʟʙʨʘʥ ʩʝʥʟʦʨ ɺʘʨʠʘʥʪ 1 ʩ ʦʙʭʚʘʪ ʟʘ ʠʟʤʝʨʚʘʥʝ ʥʘ
ʜʠʬʝʨʝʥʮʠʘʣʥʦ ʥʘʣʘʛʘʥʝ ʦʪ -100 Pa ʜʦ 2500 Pa ʩ Modbus ʠʟʭʦʜʝʥ ʩʠʛʥʘʣ, ʟʘʭʨʘʥʚʘʱʦ
ʥʘʧʨʝʞʝʥʠʝ 24V DC. ɺ ʠʟʙʨʘʥʠʷ ʜʠʘʧʘʟʦʥ ʥʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʜʠʬʝʨʝʥʮʠʘʣʥʦ ʥʘʣʷʛʘʥʝ ʜʦ 250
Pa (ʥʘʩʪʨʦʝʥ ʚ ʩʝʥʟʦʨʘ ʜʠʘʧʘʟʦʥ ʦʪ -100 Pa ʜʦ 100 Pa) ʩʝʥʟʦʨʘ ʠʤʘ ʢʣʘʩ ʥʘ ʪʦʯʥʦʩʪ ʦʪ 1 % ±2
Pa. ʉʝʥʟʦʨʘ ʥʘʤʠʨʘ ʧʨʠʣʦʞʝʥʠʝ ʚ ʩʠʩʪʝʤʘʪʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ʧʪʠʮʝʬʝʨʤʘ
ʧʨʠ ʨʝʞʠʤʠ ʥʘ ʤʠʥʠʤʘʣʥʘ ʠ ʧʨʝʭʦʜʥʘ ʚʝʥʪʠʣʘʮʠʷ. ɺʨʲʟʢʘʪʘ ʩʲʩ ʩʠʩʪʝʤʘʪʘ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ
ʧʦʩʨʝʜʩʪʚʦʤ Modbus gateway ADM-5832G.

ʌʠʛʫʨʘ 5.15 ʉʝʥʟʦʨ ʟʘ ʜʠʬʝʨʝʥʮʠʘʣʥʦ ʥʘʣʷʛʘʥʝ A2G-50, WIKA.
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5.1.10 ʉʝʥʟʦʨ ʟʘ ʦʩʚʝʪʝʥʦʩʪ BH1750, ROHM Semiconductor

BH1750 (ʌʠʛʫʨʘ 5.16) [82] ʝ ʜʠʛʠʪʘʣʝʥ ʩʝʥʟʦʨ ʟʘ ʦʩʚʝʪʝʥʦʩʪ ʢʦʠʪʦ ʠʟʧʦʣʟʚʘ
ʢʦʤʫʥʠʢʘʮʠʦʥʝʥ ʧʨʦʪʦʢʦʣ I2C. ʀʤʘ ʰʠʨʦʢ ʜʠʘʧʘʟʦʥ ʧʨʠ ʚʠʩʦʢʘ ʨʘʟʜʝʣʠʪʝʣʥʘ ʩʧʦʩʦʙʥʦʩʪ
ʦʪ 1 ʜʦ 65535 lx ʠ ʥʠʩʢʘ ʢʦʥʩʫʤʘʮʠʷ ʥʘ ʝʥʝʨʛʠʷ ʩ ʬʫʥʢʮʠʷ ʟʘ ʠʟʢʣʶʯʚʘʥʝ. ʀʤʘ ʤʥʦʛʦ ʤʘʣʢʘ
ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʠʟʪʦʯʥʠʢʘ ʥʘ ʩʚʝʪʣʠʥʘ (ʣʘʤʧʘ ʩ ʥʘʞʝʞʘʝʤʘ ʞʠʯʢʘ, ʬʣʫʦʨʝʩʮʝʥʪʥʘ ʣʘʤʧʘ,
ʭʘʣʦʛʝʥʥʘ ʣʘʤʧʘ. ʙʷʣ ʩʚʝʪʦʜʠʦʜ ʠʣʠ ʩʣʲʥʯʝʚʘ ʩʚʝʪʣʠʥʘ) ʊʦʯʥʦʩʪʪʘ ʤʫ ʝ ±20% [82].

ɿʘ ʮʝʣʠʪʝ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ ʩʝʥʟʦʨʘ ʩʝ ʠʟʧʦʣʟʚʘ ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʥʪʨʦʣʝʨ NodeMCU ʟʘ
ʚʢʣʶʯʚʘʥʝ, ʠʟʢʣʶʯʚʘʥʝ ʠʣʠ ʜʠʤʠʨʘʥʝ ʥʘ ʦʩʚʝʪʣʝʥʠʝʪʦ ʧʦ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʟʘʜʘʜʝʥʘ ʩʭʝʤʘ.

ʌʠʛʫʨʘ 5.16 ʄʦʜʫʣʠ ʩʲʩ ʩʝʥʟʦʨ ʟʘ ʦʩʚʝʪʝʥʦʩʪ BH1750.

5.1.11 ʉʝʥʟʦʨ ʟʘ ʦʩʚʝʪʝʥʦʩʪ TSL2561, ams-OSRAM AG

ʉʝʥʟʦʨʲʪ ʟʘ ʦʩʚʝʪʝʥʦʩʪ TSL2561 (ʌʠʛʫʨʘ 5.17) [83] ʝ ʫʩʲʚʲʨʰʝʥʩʪʚʘʥ ʮʠʬʨʦʚ ʩʝʥʟʦʨ
ʟʘ ʩʚʝʪʣʠʥʘ, ʠʜʝʘʣʝʥ ʟʘ ʠʟʧʦʣʟʚʘʥʝ ʚ ʰʠʨʦʢ ʜʠʘʧʘʟʦʥ ʦʪ ʩʚʝʪʣʠʥʥʠ ʩʠʪʫʘʮʠʠ. ʀʤʘ ʜʠʘʧʘʟʦʥ
ʥʘ ʠʟʤʝʨʚʘʥʝ ʦʪ 0,1 ʜʦ 40 000 lx. ʊʦʡ ʩʲʜʲʨʞʘ ʢʘʢʪʦ ʠʥʬʨʘʯʝʨʚʝʥʠ, ʪʘʢʘ ʠ ʜʠʦʜʠ ʩ ʧʲʣʝʥ
ʩʧʝʢʪʲʨ, ʢʦʝʪʦ ʧʦʟʚʦʣʷʚʘ ʦʪʜʝʣʥʦ ʜʘ ʩʝ ʠʟʤʝʨʚʘ ʠʥʬʨʘʯʝʨʚʝʥʘʪʘ ʠ ʚʠʜʠʤʘʪʘ ʩʚʝʪʣʠʥʘ.
ʀʥʪʝʨʬʝʡʩʲʪ ʟʘ ʚʨʲʟʢʘ ʝ I2C, ʟʘʭʨʘʥʚʘʱʦʪʦ ʥʘʧʨʝʞʝʥʠʝ ʦʙʠʢʥʦʚʝʥʦ ʝ 3.3V, ʥʦ ʠʤʘ ʧʣʘʪʢʠ
ʧʨʠ ʢʦʠʪʦ ʝ 5V [83].

ʉʝʥʟʦʨʘ TSL2561 ʩʝ ʠʟʧʦʣʟʚʘ ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʥʪʨʦʣʝʨ NodeMCU ʟʘ ʚʢʣʶʯʚʘʥʝ,
ʠʟʢʣʶʯʚʘʥʝ ʠʣʠ ʜʠʤʠʨʘʥʝ ʥʘ ʦʩʚʝʪʣʝʥʠʝʪʦ ʧʦ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʟʘʜʘʜʝʥʘ ʩʭʝʤʘ, ʢʘʪʦ ʟʘ ʮʝʣʠʪʝ
ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ ʤʦʞʝ ʝ ʠʟʧʦʣʟʚʘʥ ʧʦ ʩʲʱʠʷ ʥʘʯʠʥ ʢʘʢʪʦ ʠ ʩʝʥʟʦʨʘ BH1750.

ʌʠʛʫʨʘ 5.17 ʄʦʜʫʣ ʩʲʩ ʩʝʥʟʦʨ ʟʘ ʦʩʚʝʪʝʥʦʩʪ TSL2561.



73

73

5.1.12 ʉʝʥʟʦʨ ʟʘ ʨʘʟʪʚʦʨʝʥ ʢʠʩʣʦʨʦʜ ʠ ʪʝʤʧʝʨʘʪʫʨʘ TriOxmatic 700 IQ, YSI Incorporated

TriOxmatic 700 IQ (ʌʠʛʫʨʘ 5.18) [84] ʝ ʫʥʠʚʝʨʩʘʣʝʥ ʩʝʥʟʦʨ ʟʘ ʠʟʤʝʨʚʘʥʝ ʥʘ  ʨʘʟʪʚʦʨʝʥ
ʢʠʩʣʦʨʦʜ DO ʧʨʠ ʧʨʦʮʝʩʠ ʥʘ ʙʠʦʣʦʛʠʯʥʦ ʪʨʝʪʠʨʘʥʝ ʥʘ ʦʪʧʘʜʲʯʥʠ ʚʦʜʠ. ʀʤʘ ʤʥʦʛʦ
ʠʟʜʨʲʞʣʠʚʘ ʭʠʜʨʦʬʦʙʥʘ ʤʝʤʙʨʘʥʘ ʩ ʜʝʙʝʣʠʥʘ 50 ʤʠʢʨʦʥʘ ʠ ʚʨʝʤʝ ʟʘ ʨʝʘʢʮʠʷ ʧʨʠ 25°C - 180
ʩʝʢʫʥʜʠ. ʉʝʥʟʦʨʘ ʧʨʝʜʦʪʚʨʘʪʷʚʘ ʩʤʫʱʝʥʠʷʪʘ ʚ ʩʠʛʥʘʣʘ ʦʪ ʠʟʜʠʛʘʱʠ ʩʝ ʚʲʟʜʫʰʥʠ ʤʝʭʫʨʯʝʪʘ
ʚ ʘʝʨʘʮʠʦʥʥʠ ʨʝʟʝʨʚʦʘʨʠ. ʉʝʥʟʦʨʘ ʤʦʞʝ ʜʘ ʨʘʙʦʪʠ ʧʨʠ ʥʘʣʷʛʘʥʝ ʜʦ 10bar, ʠʤʘ ʠʥʪʝʛʨʠʨʘʥʘ
ʟʘʱʠʪʘ ʦʪ ʚʲʥʰʥʘ ʩʚʝʪʣʠʥʘ, ʨʘʙʦʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ 0°C ʜʦ +60°C ʠ ʦʙʭʚʘʪ ʥʘ ʠʟʤʝʨʚʘʥʝ ʟ
ʨʘʟʪʚʦʨʝʥ ʢʠʩʣʦʨʦʜ DO ʦʪ 0.0 ʜʦ 60.0 mg/L. ʆʩʚʝʥ ʪʦʚʘ ʠʟʤʝʨʚʘ ʠ ʢʠʩʣʦʨʦʜʥʘ ʩʘʪʫʨʘʮʠʷ ʦʪ
0 ʜʦ 600% [84].

ʉʝʥʟʦʨʘ TriOxmatic 700 IQ ʦʪʛʦʚʘʨʷ ʥʘ ʚʩʠʯʢʠ ʠʟʠʩʢʚʘʥʠʷ ʟʘ ʨʝʘʣʠʟʠʨʘʥʝ ʥʘ
ʧʨʝʜʣʦʞʝʥʘʪʘ ʂʌʉ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʘʢʚʘʧʦʥʠʯʥʘ ʩʠʩʪʝʤʘ, ʢʘʪʦ ʦʪ ʛʦʣʷʤʦ ʟʥʘʯʝʥʠʝ ʦʩʚʝʥ
ʪʦʯʥʦʩʪʪʘ ʝ ʠ ʥʘʜʝʞʜʥʦʩʪʪʘ ʠ ʚʲʟʤʦʞʥʦʩʪʪʘ ʟʘ ʧʨʦʜʲʣʞʠʪʝʣʥʘ ʨʘʙʦʪʘ ʙʝʟ ʜʘ ʝ ʥʝʦʙʭʦʜʠʤʘ
ʯʝʩʪʘ ʧʨʦʬʠʣʘʢʪʠʢʘ ʠ ʧʦʯʠʩʪʚʘʥʝ. ɿʘ ʚʨʲʟʢʘ ʩʲʩ ʩʝʥʟʦʨʘ ʝ ʥʝʦʙʭʦʜʠʤʦ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ
ʜʦʧʲʣʥʠʪʝʣʝʥ ʢʦʥʪʨʦʣʝʨ IQ SensorNet 282 ʠʣʠ 284.

ʌʠʛʫʨʘ 5.18 ʉʝʥʟʦʨ ʟʘ ʨʘʟʪʚʦʨʝʥ ʢʠʩʣʦʨʦʜ ʠ ʪʝʤʧʝʨʘʪʫʨʘ TriOxmatic 700 IQ, YSI
Incorporated.

5.1.13 ʉʝʥʟʦʨ ʟʘ ʘʤʦʥʠʡ ʠ ʢʘʣʠʡ AmmoLyt Plus 700 IQ, YSI Incorporated

AmmoLyt Plus 700 IQ (ʌʠʛʫʨʘ 5.19) [84] ʝ ʩʝʥʟʦʨ ʦʪ ʪʠʧʘ ʡʦʥ ʩʝʣʝʢʪʠʚʝʥ ʝʣʝʢʪʨʦʜ
(Ion Selective Electrode- ISE) ʠ ʝ ʯʘʩʪ ʦʪ ʩʠʩʪʝʤʘʪʘ ʟʘ ʤʦʥʠʪʦʨʠʥʛ IQ SensorNet. ʊʦʡ
ʦʩʠʛʫʨʷʚʘ ʥʝʧʨʝʢʲʩʥʘʪ ʤʦʥʠʪʦʨʠʥʛ ʥʘ ʘʤʦʥʠʡ NH4+ ʠ ʢʘʣʠʡ K ʙʝʟ ʨʝʘʢʪʠʚʠ, ʢʘʪʦ ʠʟʧʦʣʟʚʘ
ʥʘʡ-ʧʨʝʮʠʟʥʠʪʝ ʠ ʥʘʜʝʞʜʥʠ ʝʣʝʢʪʨʦʜʠ ʥʘ ʧʘʟʘʨʘ, a ʠʥʜʠʚʠʜʫʘʣʥʦ ʩʤʝʥʷʝʤʠʪʝ ʝʣʝʢʪʨʦʜʠ
ʠʤʘʪ ʪʠʧʠʯʝʥ ʞʠʚʦʪ ʜʦ 24 ʤʝʩʝʮʘ. ʀʤʘ ʜʠʘʧʘʟʦʥ ʥʘ ʠʟʤʝʨʚʘʥʝ ʜʦ 2000 mg/l - NH4-N, 2580
mg/l - NH4+ ʠ ʜʦ 1000 mg/l - K. ʀʤʘ ʬʫʥʢʮʠʷ ʟʘ ʣʝʩʥʦ ʢʘʣʠʙʨʠʨʘʥʝ ʥʘ ʤʷʩʪʦ, ʠ ʠʥʪʝʛʨʠʨʘʥ
NTC ʪʝʤʧʝʨʘʪʫʨʝʥ ʩʝʥʟʦʨ ʟʘ ʪʝʤʧʝʨʘʪʫʨʥʘ ʢʦʤʧʝʥʩʘʮʠʷ. ʇʨʠ ʠʟʤʝʨʚʘʥʝ ʥʘ ʘʤʦʥʠʡ NH4+
ʤʦʞʝ ʜʘ ʩʝ ʥʘʩʪʨʦʡ ʜʠʘʧʘʟʦʥ ʥʘ ʠʟʤʝʨʚʘʥʝ ʦʪ 0.1 ... 129.0 mg/l ʩʲʩ ʩʪʲʧʢʘ ʥʘ ʠʟʤʝʨʚʘʥʝ 0.1
mg/l. ʈʘʙʦʪʥʠʷ ʜʠʘʧʘʟʦʥ ʝ ʟʘ ʪʝʤʧʝʨʘʪʫʨʘ ʦʪ 0°C ʜʦ +40°C ʠ ʟʘ ʚʦʜʦʨʦʜʝʥ ʧʦʢʘʟʘʪʝʣ pH ʦʪ 4
ʜʦ 8.5. ɺʨʝʤʝʪʦ ʤʫ ʟʘ ʨʝʘʢʮʠʷ ʝ ʧʦ-ʤʘʣʢʦ ʦʪ 20 ʩʝʢʫʥʜʠ. ɺʦʜʦʫʩʪʦʡʯʠʚ e ʜʦ 0,2 bar [84].

ɿʘ ʮʝʣʠʪʝ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ AmmoLyt Plus 700 IQ ʦʪʛʦʚʘʨʷ ʥʘ ʠʟʠʩʢʚʘʥʠʷʪʘ ʠ ʤʦʞʝ ʜʘ
ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʘʤʦʥʠʷ ʚ ʘʢʚʘʧʦʥʠʯʥʘ ʩʠʩʪʝʤʘ, ʢʘʪʦ ʟʘ ʚʨʲʟʢʘ ʩʲʩ ʩʠʩʪʝʤʘʪʘ ʝ
ʥʝʦʙʭʦʜʠʤ ʜʦʧʲʣʥʠʪʝʣʝʥ ʢʦʥʪʨʦʣʝʨ IQ SensorNet 282 ʠʣʠ 284.

ʌʠʛʫʨʘ 5.19 ʉʝʥʟʦʨ ʟʘ ʘʤʦʥʠʡ ʠ ʢʘʣʠʠ AmmoLyt Plus 700 IQ ,YSI Incorporated.
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5.1.14 ʉʝʥʟʦʨ ʟʘ ʥʠʪʨʠʪʠ ʠ ʥʠʪʨʘʪʠ NiCaVis 701 IQ NI, YSI Incorporated

NiCaVis 701 IQ NI (ʌʠʛʫʨʘ 5.20) [84] ʝ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʲʨ ʙʝʟ ʨʝʘʛʝʥʪ, ʙʘʟʠʨʘʥ ʥʘ
ʦʧʪʠʢʘ, ʚʛʨʘʜʝʥ ʚ ʟʜʨʘʚʘ, ʫʩʪʦʡʯʠʚʘ ʥʘ ʢʦʨʦʟʠʷ ʧʦʣʝʚʘ ʩʦʥʜʘ ʟʘ ʩʠʩʪʝʤʘʪʘ IQ SensorNet. ʊʦʡ
ʤʦʞʝ ʜʘ ʦʪʯʝʪʝ ʜʦ 5 ʧʘʨʘʤʝʪʲʨʘ, ʚʢʣʶʯʠʪʝʣʥʦ: ʥʠʪʨʘʪʠ NO2ī, ʥʠʪʨʠʪʠ NO3ī, COD
(ʭʠʤʠʯʝʩʢʘ ʧʦʪʨʝʙʥʦʩʪ ʦʪ ʢʠʩʣʦʨʦʜ), BOD (ʙʠʦʭʠʤʠʯʥʘ ʧʦʪʨʝʙʥʦʩʪ ʦʪ ʢʠʩʣʦʨʦʜ), UVT-254
(UV ʧʨʦʧʫʩʢʣʠʚʦʩʪ ʧʨʠ 254 nm ʜʲʣʞʠʥʘ ʥʘ ʚʲʣʥʘʪʘ), TOC (ʦʙʱ ʦʨʛʘʥʠʯʝʥ ʚʲʛʣʝʨʦʜ), DOC
(ʨʘʟʪʚʦʨʝʥ ʦʨʛʘʥʠʯʝʥ ʚʲʛʣʝʨʦʜ) ʠ SAC (ʉʧʝʢʪʨʘʣʝʥ ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʘʙʩʦʨʙʮʠʷ). ʉʦʥʜʘʪʘ
NiCaVis ʩʢʘʥʠʨʘ 256 ʜʲʣʞʠʥʠ ʥʘ ʚʲʣʥʘʪʘ ʥʘ ʠʟʤʝʨʚʘʥʝ, ʟʘ ʜʘ ʧʨʝʜʦʩʪʘʚʠ ʥʘʡ-ʪʦʯʥʠʪʝ ʜʘʥʥʠ
ʩ ʧʨʝʮʠʟʥʘ ʢʦʤʧʝʥʩʘʮʠʷ ʟʘ ʩʤʫʱʝʥʠʷ ʢʘʪʦ ʤʲʪʥʦʩʪ ʥʘ UV-VIS ʩʦʥʜʘʪʘ. NiCaVis ʧʨʝʜʦʩʪʘʚʷ
ʥʝʧʨʝʢʲʩʥʘʪʠ ʜʘʥʥʠ, ʟʘ ʜʘ ʧʦʤʦʛʥʝ ʧʨʠ ʨʝʰʝʥʠʷ ʟʘ ʦʧʝʨʘʪʠʚʥʠ ʧʦʜʦʙʨʝʥʠʷ. ɺʛʨʘʜʝʥʘʪʘ ʚ
ʩʦʥʜʘʪʘ ʪʝʭʥʦʣʦʛʠʷ ʟʘ ʫʣʪʨʘʟʚʫʢʦʚʦ ʧʦʯʠʩʪʚʘʥʝ Ultra Clean ʥʘʤʘʣʷʚʘ ʠʟʠʩʢʚʘʥʠʷʪʘ ʟʘ
ʨʫʪʠʥʥʘ ʧʦʜʜʨʲʞʢʘ. ɼʠʘʧʘʟʦʥ ʥʘ ʠʟʤʝʨʚʘʥʝ ʟʘ ʥʠʪʨʠʪʠ ʝ NO2ī ʝ ʦʪ 0,0 ʜʦ 120,0 mg/l ʩʲʩ
ʩʪʲʧʢʘ 0,1 mg/l, ʘ ʟʘ ʥʠʪʨʘʪʠ ʝ NO3ī ʝ ʦʪ 0,0 ʜʦ 300,0 mg/l ʩʲʩ ʩʪʲʧʢʘ 0,1 mg/l. ʈʘʙʦʪʥʠʷ
ʜʠʘʧʘʟʦʥ ʝ ʟʘ ʪʝʤʧʝʨʘʪʫʨʘ ʦʪ 0°C ʜʦ +45°C ʠ ʟʘ ʚʦʜʦʨʦʜʝʥ ʧʦʢʘʟʘʪʝʣ pH ʦʪ 4 ʜʦ 12 [84].

ɿʘ ʮʝʣʠʪʝ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ ʩʝʥʟʦʨʘ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʠʟʤʝʨʚʘʥʝ ʩʘʤʦ ʥʘ ʥʠʪʨʠʪʠ NO2ī ʠ
ʥʠʪʨʘʪʠ NO3ī ʚ ʘʢʚʘʧʦʥʠʯʥʘ ʩʠʩʪʝʤʘ, ʢʘʪʦ ʦʪʥʦʚʦ ʝ ʥʝʦʙʭʦʜʠʤ ʜʦʧʲʣʥʠʪʝʣʝʥ ʢʦʥʪʨʦʣʝʨ IQ
SensorNet 282 ʠʣʠ 284 ʟʘ ʦʩʲʱʝʩʪʚʷʚʘʥʝ ʥʘ ʚʨʲʟʢʘʪʘ.

ʌʠʛʫʨʘ 5.20 ʉʝʥʟʦʨ ʟʘ ʥʠʪʨʠʪʠ ʠ ʥʠʪʨʘʪʠ NiCaVis 701 IQ NI, YSI Incorporated.

5.1.15 ʉʝʥʟʦʨ ʟʘ pH (ʚʦʜʦʨʦʜʝʥ ʧʦʢʘʟʘʪʝʣ) SensoLyt 700 IQ, YSI Incorporated

SensoLyt 700 IQ (ʌʠʛʫʨʘ 5.21) [84] ʝ ʩʦʥʜʘ ʟʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʚʦʜʦʨʦʜʝʥ ʧʦʢʘʟʘʪʝʣ pH
ʩ ʚʠʩʦʢʘ ʪʦʯʥʦʩʪ ʠ ʥʘʜʝʞʜʥʦʩʪ ʟʘ ʩʠʩʪʝʤʘʪʘ IQ SensorNet. ʀʤʘ ʜʠʘʧʘʟʦʥ ʥʘ ʠʟʤʝʨʚʘʥʝ ʥʘ pH
ʦʪ 0 ʜʦ 14 ʩ ʨʝʟʦʣʶʮʠʷ 0.01 ʠ ʨʘʙʦʪʝʥ ʜʠʘʧʘʟʦʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘ ʦʪ 0°C ʜʦ +60°C.
ɺʦʜʦʫʩʪʦʡʯʠʚ e ʜʦ 6 bar [84].

ɿʘ ʮʝʣʠʪʝ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ ʩʝʥʟʦʨʘ ʦʪʛʦʚʘʨʷ ʥʘ ʠʟʠʩʢʚʘʥʠʷʪʘ ʟʘ ʨʝʘʣʠʟʠʨʘʥʝ ʥʘ
ʧʨʝʜʣʦʞʝʥʘʪʘ ʂʌʉ ʢʘʪʦ ʝ ʥʝʦʙʭʦʜʠʤ ʠʟʤʝʨʚʘʥʝ ʥʘ pH ʚ ʘʢʚʘʧʦʥʠʯʥʘʪʘ ʩʠʩʪʝʤʘ. ɿʘ ʚʨʲʟʢʘ
ʩ ʂʌʉ ʦʪʥʦʚʦ ʝ ʦʪʥʦʚʦ ʝ ʥʝʦʙʭʦʜʠʤ ʜʦʧʲʣʥʠʪʝʣʝʥ ʢʦʥʪʨʦʣʝʨ IQ SensorNet 282 ʠʣʠ 284.

ʌʠʛʫʨʘ 5.21 ʉʝʥʟʦʨ ʟʘ pH SensoLyt® 700 IQ, YSI Incorporated
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5.1.16 ʉʝʥʟʦʨ ʟʘ ʥʠʚʦ ʥʘ ʪʝʯʥʦʩʪʠ  SL-M5, ʅʅ ɽʃɽʂʊʈʆʅʀʂ

ɿʘ ʨʝʘʣʠʟʠʨʘʥʝʪʦ ʥʘ ʧʨʝʜʣʦʞʝʥʘʪʘ ʂʌʉ ʝ ʪʝʩʪʚʘʥ ʤʘʛʥʠʪʝʥ ʩʝʥʟʦʨ ʟʘ ʥʠʚʦ ʥʘ
ʪʝʯʥʦʩʪʠ SL-M5 (ʌʠʛʫʨʘ 5.22) [85], ʢʦʠʪʦ ʠʤʘ 1 ʙʨʦʡ ʥʦʨʤʘʣʥʦ ʦʪʚʦʨʝʥ ʢʦʥʪʘʢʪ ʠ ʝ ʩʲʩ
ʩʪʝʧʝʥ ʥʘ ʟʘʱʠʪʘ IP68, ʨʘʙʦʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ī20°C ʜʦ +60°C, ʤʘʢʩʠʤʘʣʝʥ ʨʘʙʦʪʝʥ ʪʦʢ ʥʘ
ʢʦʥʪʘʢʪʥʠʷ ʝʣʝʤʝʥʪ 300mA, ʤʘʢʩʠʤʘʣʥʦ ʜʦʧʫʩʪʠʤʦ ʥʘʧʨʝʞʝʥʠʝ 100V [85]. ɿʘ ʚʨʲʟʢʘ ʩʲʩ
ʩʠʩʪʝʤʘʪʘ ʩʝʥʟʦʨʘ ʩʝ ʩʚʲʨʟʚʘ ʧʨʝʟ ʢʦʥʪʨʦʣʝʨ NodeMCU ʧʨʠ ʨʘʙʦʪʥʦ ʥʘʧʨʝʞʝʥʠʝ 3.3V, ʢʘʪʦ
ʬʫʥʢʮʠʷʪʘ ʤʫ ʝ ʜʘ ʦʪʯʠʪʘ ʜʘʣʠ ʥʦʚʦʪʦ ʥʘ ʚʦʜʘʪʘ ʚ ʠʟʤʝʨʚʘʥʠʷ ʨʝʟʝʨʚʦʘʨ ʝ ʧʦ-ʥʠʩʢʦ ʦʪ
ʟʘʜʘʜʝʥʦʪʦ. ʉʝʥʟʦʨʘ ʥʝ ʩʝ ʨʝʛʫʣʠʨʘ, ʘ ʩʘʤʦ ʩʝ ʧʦʩʪʘʚʷ ʥʘ ʦʧʨʝʜʝʣʝʥʦʪʦ ʥʠʚʦ ʧʨʠ ʢʦʝʪʦ
ʠʩʢʘʤʝ ʜʘ ʩʨʘʙʦʪʚʘ.

ʌʠʛʫʨʘ 5.22 ʉʝʥʟʦʨ ʟʘ ʥʠʚʦ ʥʘ ʪʝʯʥʦʩʪʠ  SL-M5.

5.2 ʂʦʥʪʨʦʣʝʨʠ

5.2.1 ʂʦʥʪʨʦʣʝʨ NodeMCU

ʂʦʥʪʨʦʣʝʨʲʪ NodeMCU (ʌʠʛʫʨʘ 5.21) ʧʲʨʚʦʥʘʯʘʣʥʦ ʨʘʟʨʘʙʦʪʝʥ ʦʪ NodeMCU Team
ʝ ʧʨʦʜʫʢʪ ʩ ʦʪʚʦʨʝʥ ʢʦʜ.ʇʨʦʠʟʚʝʞʜʘ ʩʝ ʦʪ ʨʘʟʣʠʯʥʠ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʢʘʪʦ Amica, Lolin, DOIT,
Devkit ʠ ʤʥʦʛʦ ʜʨʫʛʠ, ʢʘʪʦ ʠʤʘ ʥʷʢʦʣʢʦ ʚʝʨʩʠʠ ʥʘ NodeMCU ʢʘʪʦ V0.9, V1, V2 ʠ V3. V0.9 ʝ
ʙʘʟʠʨʘʥʘ ʥʘ ʧʦ-ʩʪʘʨʘ ʚʝʨʩʠʷ ʥʘ ʯʠʧʘ ESP8266 (ESP-12) ʠ ʥʝ ʝ ʪʝʩʪʚʘʥʘ. ɿʘ ʮʝʣʠʪʝ ʥʘ
ʠʟʩʣʝʜʚʘʥʝʪʦ ʩʘ ʪʝʩʪʚʘʥʠ ʨʘʟʣʠʯʥʠ ʚʝʨʩʠʠ ʠ ʚʘʨʠʘʥʪʠ NodeMCU ʢʘʪʦ V1, V2 ʠ V3 ʢʦʠʪʦ ʩʘ
ʙʘʟʠʨʘʥʠ ʥʘ ʚʝʨʩʠʠ ʥʘ ESP8266 ʢʘʪʦESP-12E ʠ ESP-12F. ɺʪʦʨʘʪʘ ʨʘʟʣʠʢʘ ʚʲʚ ʚʘʨʠʘʥʪʠʪʝ ʥʘ
NodeMCU ʝ ʚ ʯʠʧʘ ʢʦʡʪʦ ʦʩʲʱʝʩʪʚʷʚʘ ʚʨʲʟʢʘʪʘ USB-to-serial, ʢʦʝʪʦ ʝ ʪʠʧ ʢʦʥʚʝʨʪʦʨ ʥʘ
ʧʨʦʪʦʢʦʣʠ, ʢʦʡʪʦ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʢʦʥʚʝʨʪʠʨʘʥʝ ʥʘ USB ʩʠʛʥʘʣʠ ʟʘ ʜʘʥʥʠ ʢʲʤ ʠ ʦʪ ʩʝʨʠʡʥʠ
ʢʦʤʫʥʠʢʘʮʠʦʥʥʠ ʩʪʘʥʜʘʨʪʠ (ʩʝʨʠʡʥʠ ʧʦʨʪʦʚʝ). ʀʤʘ ʜʚʘ ʚʘʨʠʘʥʪʘ ʩ ʯʠʧ CP2102 ʠʣʠ ʩ CH340.
ɺʲʧʨʝʢʠ, ʯʝ CP2102 ʠʤʘ ʧʦ-ʚʠʩʦʢʘ ʮʝʥʘ ʦʪ CH340 ʠ ʩʲʦʪʚʝʪʥʦ ʢʦʥʪʨʦʣʝʨʠʪʝ NodeMCU
ʦʙʦʨʫʜʚʘʥʠ ʩ ʥʝʛʦ ʩʲʱʦ ʩʘ ʥʘ ʧʦ-ʚʠʩʦʢʘ ʮʝʥʘ, ʧʨʠ ʪʝʩʪʦʚʝʪʝ ʥʘ ʨʘʟʣʠʯʥʠʪʝ ʚʘʨʠʘʥʪʠ ʥʝ ʩʝ
ʫʩʪʘʥʦʚʠ ʨʘʟʣʠʢʘ ʚ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪʪʘ ʠʣʠ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʪʘ ʠʤ. ɼʨʫʛʘʪʘ ʨʘʟʣʠʢʘ ʝ ʚ
ʨʘʟʤʝʨʠʪʝ ʥʘ ʢʦʥʪʨʦʣʝʨʘ ʢʘʪʦ ʧʦʚʝʯʝʪʦ ʩʘ ʩ ʨʘʟʤʝʨʠ ʙʣʠʟʢʠ ʜʦ 48mm x 25mm, ʥʦ ʥʷʢʦʠ
ʧʣʘʪʢʠ ʩ ʯʠʧ CH340 ʩʘ ʧʦ-ʰʠʨʦʢʠ ʩ ʨʘʟʤʝʨʠ ʙʣʠʟʢʠ ʜʦ 56mm x 31mm. NodeMCU ʩʝ ʟʘʭʨʘʥʚʘ
ʧʨʝʟ micro USB – 5V, ʠʤʘ ʨʘʟʣʠʯʥʠ ʧʠʥʦʚʝ ʟʘ ʚʨʲʟʢʘ ʩ ʥʝʛʦ ʢʘʪʦ I2C, PWM, UART, SPI, 3.3V,
ʢʘʢʪʦ ʠ GPIO ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʢʦʥʬʠʛʫʨʠʨʘʥʠ ʢʘʪʦ I2C, I2S, UART, PWM ʥʘʧʨʠʤʝʨ.
ʈʘʟʧʦʣʘʛʘ ʩ Wi-Fi 802.11 b/g/n. ʀʤʘ ʠ ʚʝʨʩʠʷ ʩ ESP32S ʢʦʷʪʦ ʨʘʟʧʦʣʘʛʘ ʠ ʩ Bluetooth BLE
4.2. ʈʘʙʦʪʥʠʷ ʜʠʘʧʘʟʦʥ ʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʠ ʦʪ ī40°C ʜʦ +125°C.
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ɿʘ ʮʝʣʠʪʝ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ NodeMCU ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʦʩʲʱʝʩʪʚʷʚʘʥʝ ʥʘ ʚʨʲʟʢʘ ʤʝʞʜʫ
ʩʝʥʟʦʨʠ, ʙʫʪʦʥʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ, ʨʝʣʝʪʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʢʨʘʡʥʠ ʫʩʪʨʦʡʩʪʚʘ, ʩʠʛʥʘʣʥʠ ʣʘʤʧʠ
ʠ ʜʨ. ʦʪ ʝʜʥʘ ʩʪʨʘʥʘ ʠ ʩʲʨʚʲʨʘ ʥʘ ʂʌʉ ʦʪ ʜʨʫʛʘ.

ʌʠʛʫʨʘ 5.22 ʂʦʥʪʨʦʣʝʨ NodeMCU ʘ) ʩ USB-to-serial ʯʠʧ CH340 ʙ) USB-to-serial ʯʠʧ CP2102.

5.2.2 ʂʦʥʪʨʦʣʝʨ Modbus gateway ADM-5832G

ADM-5832G (ʌʠʛʫʨʘ 5.22) [72] ʝ ʠʥʜʫʩʪʨʠʘʣʝʥ Modbus gateway ʢʦʡʪʦ ʤʦʞʝ ʣʝʩʥʦ ʜʘ
ʙʲʜʝ ʠʟʧʦʣʟʚʘʥ ʟʘ ʙʝʟʧʨʦʙʣʝʤʥʦ ʠʥʪʝʛʨʠʨʘʥʝ ʥʘ ʫʩʪʨʦʡʩʪʚʘ ʩʲʩ ʩʝʨʠʝʥ Modbus (MODBUS-
RTU/ASCII) ʠ ʫʩʪʨʦʡʩʪʚʘ ʩ Modbus Ethernet (MODBUS-TCP). ʄʦʥʪʠʨʘ ʩʝ ʥʘ DIN ʰʠʥʘ, ʘ
ʟʘʭʨʘʥʚʘʥʝʪʦ ʤʫ ʝ ʦʪ 9V ʜʦ 48V DC. ADM-5832G ʠʤʘ 1 ʧʦʨʪ 10/100MEthernet ʠ 2 ʧʦʨʪʘ RS-
485/422 ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʢʦʥʬʠʛʫʨʠʨʘʥʠ ʥʝʟʘʚʠʩʠʤʦ ʝʜʠʥ ʦʪ ʜʨʫʛ ʩʲʩ ʩʲʦʪʚʝʪʥʠʷ
ʩʦʬʪʫʝʨ. ʄʦʛʘʪ ʩʲʱʦ ʜʘ ʩʝ ʠʟʙʠʨʘʪ ʠ Baud rate, Data bit, Stop bit ʠ Parity bit. ʇʦʜʜʲʨʞʘʪ ʩʝ
ʩʣʝʜʥʠʪʝ ʧʨʦʪʦʢʦʣʠ: ARP, IP, ICMP, IGMP, UDP, TCP, DHCP, DNS, MODBUS TCP,
MODBUS RTU, MODBUS ASCII. ʀʤʘ 4 ʨʝʞʠʤʘ ʥʘ ʨʘʙʦʪʘ – „RTU Master - TCP Slaver“,
„TCP Master - RTU Slaver“, „ASCII Master - TCP Slaver“ ʠ „TCP Master - ASCII Slaver“.
ʇʦʜʜʲʨʞʘ ʜʦ 32 Modbus TCP master ʫʩʪʨʦʡʩʪʚʘ ʠ  ʜʦ 4 Modbus TCP slave ʫʩʪʨʦʡʩʪʚʘ ʠʣʠ ʜʦ
2 Modbus RTU/ASCII master ʫʩʪʨʦʡʩʪʚʘ ʠ 1 Modbus slave ʚʨʲʟʢʘ. ʈʘʙʦʪʥʠʷ ʜʠʘʧʘʟʦʥ ʝ ʧʨʠ
ʪʝʤʧʝʨʘʪʫʨʠ ʦʪ ī20°C ʜʦ +70°C ʠ ʧʨʠ RH ʦʪ 5% ʜʦ 95% [72].

ɿʘ ʮʝʣʠʪʝ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ NodeMCU ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʦʩʲʱʝʩʪʚʷʚʘʥʝ ʥʘ ʚʨʲʟʢʘ ʤʝʞʜʫ
ʠʟʧʦʣʟʚʘʥʠʪʝ ʩʝʥʟʦʨʠ ʩ ʠʥʪʝʨʬʝʡʩ Modbus RS485 ʠ ʩʠʩʪʝʤʘʪʘ. ɼʚʘʪʘ ʧʦʨʪʘ RS-485/422
ʧʦʟʚʦʣʷʚʘʪ ʚʨʲʟʢʘʪʘ ʥʘ ʩʝʥʟʦʨʠ ʩ ʨʘʟʣʠʯʝʥ Baud rate ʢʘʪʦ ʚ ʦʙʱʠʷ ʩʣʫʯʘʡ ʝʜʠʥ ʪʘʢʲʚ
ʢʦʥʪʨʦʣʝʨ ʝ ʜʦʩʪʘʪʲʯʝʥ ʟʘ ʜʘ ʩʝ ʩʚʲʨʞʘʪ ʚʩʠʯʢʠ ʥʝʦʙʭʦʜʠʤʠ ʩʝʥʟʦʨʠ ʩ ʢʦʠʪʦ ʨʘʙʦʪʷʪ ʧʦ
Modbus ʧʨʦʪʦʢʦʣ (ʦʙʱʦ ʜʦ 32 ʙʨʦʷ ʥʘ ʜʚʘʪʘ ʧʦʨʪʘ RS-485/422).



77

77

ʌʠʛʫʨʘ 5.22 Modbus gateway ADM-5832G.

5.2.3 IQ SensorNet 282 ʠ 284, YSI Incorporated

ʂʦʥʪʨʦʣʝʨʠʪʝ IQ SensorNet 282 ʠ 284 (ʌʠʛʫʨʘ 5.23) [84] ʦʩʲʱʝʩʪʚʷʚʘʪ ʚʨʲʟʢʘʪʘ
ʤʝʞʜʫ ʩʝʥʟʦʨʠʪʝ YSI, (ʢʘʪʦ ʚʨʲʟʢʘʪʘ ʝ plug and play), ʠ ʩʲʨʚʲʨʘ ʥʘ ʂʌʉ. ʊʘʟʠ ʚʨʲʟʢʘ ʦʪ ʩʚʦʷ
ʩʪʨʘʥʘ ʤʦʞʝ ʜʘ ʙʲʜʝ ʦʩʲʱʝʩʪʚʝʥʘ ʩ ʧʦʯʪʠ ʚʩʝʢʠ ʢʦʤʫʥʠʢʘʮʠʦʥʝʥ ʧʨʦʪʦʢʦʣ, ʚʢʣʶʯʠʪʝʣʥʦ
Modbus TCP, Modbus RTU, PROFIBUS ʠ PROFINET. ʊʝ ʠʤʘʪ ʣʝʩʝʥ ʟʘ ʯʝʪʝʥʝ ʮʠʬʨʦʚ
ʜʠʩʧʣʝʡ ʠ USB ʠʥʪʝʨʬʝʡʩ ʠ ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʨʝʛʠʩʪʨʠʨʘʥʝ ʥʘ ʜʘʥʥʠ ʟʘ ʧʦ-ʥʘʪʘʪʲʰʝʥ ʘʥʘʣʠʟ
ʠ ʦʪʩʪʨʘʥʷʚʘʥʝ ʥʘ ʥʝʠʟʧʨʘʚʥʦʩʪʠ. YSI IQ SensorNet 282 ʠʤʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʚʨʲʟʢʘ ʩ ʜʦ 2
ʩʝʥʟʦʨʘ, ʘ 284 ʩ ʜʦ 4 ʩʝʥʟʦʨʘ [84]. ʊʝ ʦʪʛʦʚʘʨʷʪ ʥʘ ʚʩʠʯʢʠ ʠʟʠʩʢʚʘʥʠʷ ʥʘ ʂʌʉ ʠ ʩʘ ʧʦʜʭʦʜʷʱʠ
ʩʘ ʠʟʧʦʣʟʚʘʥʝ ʚ ʧʨʝʜʣʦʞʝʥʘʪʘ ʘʢʚʘʧʦʥʠʯʥʘ ʩʠʩʪʝʤʘ.

ʌʠʛʫʨʘ 5.23 ʂʦʥʪʨʦʣʝʨ YSI IQ SensorNet 282.

5.3 ʆʙʦʙʱʝʥʠʝ

ɺ ʪʘʟʠ ʛʣʘʚʘ ʩʘ ʨʘʟʛʣʝʜʘʥʠ ʨʝʜʠʮʘ ʩʝʥʟʦʨʠ ʢʦʠʪʦ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪʛʦʚʘʨʷʪ ʢʘʢʪʦ ʥʘ
ʠʟʠʩʢʚʘʥʠʷʪʘ ʟʘ ʩʲʚʤʝʩʪʠʤʦʩʪ ʥʘ ʩʚʲʨʟʚʘʱʠʷ ʛʠ ʠʥʪʝʨʬʝʡʩ, ʪʘʢʘ ʠ ʧʦ ʦʙʭʚʘʪ ʠ ʨʝʟʦʣʶʮʠʷ
ʩʧʨʷʤʦ ʬʫʥʢʮʠʠʪʝ ʢʦʠʪʦ ʩʝ ʠʟʠʩʢʚʘ ʜʘ ʠʟʧʲʣʥʷʚʘʪ ʚ ʘʣʛʦʨʠʪʤʠʪʝ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ
ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ʨʘʟʣʠʯʥʠʪʝ ʞʠʚʦʪʥʦʚʲʜʥʠ ʩʪʦʧʘʥʩʪʚʘ. ʀʟʙʨʘʥʠʪʝ ʩʝʥʟʦʨʠ ʩʘ ʯʘʩʪ ʦʪ
ʧʨʝʜʣʘʛʘʥʠʪʝ ʥʘ ʧʘʟʘʨʘ ʮʝʥʦʚʦ ʦʨʠʝʥʪʠʨʘʥʠ ʩʝʥʟʦʨʠ. ʆʩʚʝʥ ʪʷʭ, ʥʘ ʧʘʟʘʨʘ ʩʝ ʧʨʝʜʣʘʛʘ ʛʦʣʷʤ
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ʠʟʙʦʨ ʥʘ ʩʝʥʟʦʨʠ ʥʘ ʜʨʫʛʠ ʧʨʦʠʟʚʦʜʠʪʝʣʠ, ʩ ʧʦʜʦʙʥʠ ʧʘʨʘʤʝʪʨʠ ʠ ʜʦʩʪʲʧʥʘ ʮʝʥʘ, ʢʦʠʪʦ ʩʲʱʦ
ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʠʟʧʦʣʟʚʘʥʠ ʟʘ ʨʝʘʣʠʟʠʨʘʥʝ ʥʘ ʩʠʩʪʝʤʘʪʘ.

 ʀʟʙʨʘʥʠʪʝ ʜʦʧʲʣʥʠʪʝʣʥʠ ʢʦʥʪʨʦʣʝʨʠ ʟʘ ʚʨʲʟʢʘ ʥʘ ʩʝʥʟʦʨʠʪʝ ʠ ʢʨʘʡʥʠʪʝ ʫʩʪʨʦʡʩʪʚʘ
ʩʲʩ ʩʲʨʚʲʨʘ ʥʘ ʩʠʩʪʝʤʘʪʘ  ʧʨʝʜʣʘʛʘʪ ʨʘʟʣʠʯʥʠ ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʚʨʲʟʢʘ. ɹʨʦʷ ʠʤ ʟʘ ʠʟʛʨʘʞʜʘʥʝ
ʥʘ ʝʜʥʘ ʠʣʠ ʜʨʫʛʘ ʂʌʉ ʟʘʚʠʩʠ ʦʪ ʙʨʦʷ ʠ ʚʠʜʘ ʥʘ ʩʝʥʟʦʨʠʪʝ ʠ ʢʨʘʡʥʠʪʝ ʫʩʪʨʦʡʩʪʚʘ, ʘ ʪʝ ʦʪ
ʩʚʦʷ ʩʪʨʘʥʘ ʟʘʚʠʩʷʪ ʠ ʦʪ ʘʣʛʦʨʠʪʲʤʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ
ʠʟʧʦʣʟʚʘʥʠ ʠ ʜʨʫʛʠ ʧʦʜʦʙʥʠ ʢʦʥʪʨʦʣʝʨʠ.

ʂʘʪʦ ʩʣʝʜʚʘʱʘ ʩʪʲʧʢʘ ʚ ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ ʠ ʪʝʩʪʚʘʥʝʪʦ ʥʘ ʨʘʟʛʣʝʞʜʘʥʘʪʘ ʂʌʉ ʟʘ
ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ʢʦʤʧʣʝʢʩʠʪʝ ʟʘ ʦʪʛʣʝʞʜʘʥʝ ʥʘ ʞʠʚʦʪʥʠ ʝ ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ ʥʘ
ʦʪʜʝʣʥʠ ʘʣʛʦʨʠʪʤʠ ʠʟʨʘʟʷʚʘʱʠ ʩʧʝʮʠʬʠʢʘʪʘ ʠ ʥʫʞʜʠʪʝ ʥʘ ʨʘʟʣʠʯʥʠʪʝ ʚʠʜʦʚʝ ʞʠʚʦʪʥʠ.
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ɻʃɸɺɸ 6. ʈʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʠʥʪʝʣʠʛʝʥʪʥʦʪʦ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʂʌʉ ʟʘ
ʦʪʛʣʝʞʜʘʥʝ ʥʘ ʞʠʚʦʪʥʠ ʥʘ ʙʘʟʘʪʘ ʥʘ OpenHAB

ʇʨʝʜʣʦʞʝʥʘʪʘ ʂʌʉ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ
ʞʠʚʦʪʥʦʚʲʜʥʠ ʩʪʦʧʘʥʩʪʚʘ  ʧʨʝʜʥʘʟʥʘʯʝʥʠ ʟʘ ʦʪʛʣʝʞʜʘʥʝ ʥʘ ʨʘʟʣʠʯʥʠ ʧʦ ʚʠʜ ʠ
ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ ʜʦʤʘʰʥʠ ʞʠʚʦʪʥʠ. ɿʘ ʜʘ ʙʲʜʝ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʘ, ʜʘ ʧʦʚʠʰʘʚʘ
ʧʨʦʜʫʢʪʠʚʥʦʩʪʪʘ ʠ ʧʦʜʦʙʨʷʚʘ ʟʜʨʘʚʦʩʣʦʚʥʦʪʦ ʠʤ ʩʲʩʪʦʷʥʠʝ, ʩʠʩʪʝʤʘʪʘ ʪʨʷʙʚʘ ʜʘ ʦʪʛʦʚʘʨʷ
ʥʘ ʩʪʨʦʛʠ ʢʨʠʪʝʨʠʠ ʩʲʦʙʨʘʟʝʥʠ ʩ ʥʫʞʜʠʪʝ ʥʘ ʞʠʚʦʪʥʠʪʝ ʠ ʮʝʣʠʪʝ ʥʘ ʦʪʛʣʝʞʜʘʥʝʪʦ. ʄʥʦʛʦ
ʚʘʞʥʦ ʝ ʜʘ ʩʝ ʧʨʦʫʯʠ ʦʙʩʪʦʡʥʦ ʚʣʠʷʥʠʝʪʦ ʚʲʨʭʫ ʞʠʚʦʪʥʠʪʝ ʥʘ ʚʩʠʯʢʠ ʧʘʨʘʤʝʪʨʠ ʥʘ ʩʨʝʜʘʪʘ,
ʢʘʪʦ ʝ ʦʪ ʟʥʘʯʝʥʠʝ ʜʘʣʠ ʩʝ ʦʪʛʣʝʞʜʘʪ ʟʘ ʤʝʩʦ, ʤʣʷʢʦ, ʷʡʮʘ ʠ ʪ.ʥ. ɿʘʪʦʚʘ ʚ ʪʦʚʘ ʠʟʩʣʝʜʚʘʥʝ ʩʘ
ʧʨʦʫʯʝʥʠ ʫʩʣʦʚʠʷʪʘ ʟʘ ʦʪʛʣʝʞʜʘʥʝ ʠ ʩʘ ʨʘʟʨʘʙʦʪʝʥʠ ʘʣʛʦʨʠʪʤʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʥʘʡ-ʤʘʩʦʚʦ
ʦʪʛʣʝʞʜʘʥʠʪʝ ʜʦʤʘʰʥʠ ʞʠʚʦʪʥʠ. ʊʦʚʘ ʚʢʣʶʯʚʘ ʂʌʉ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ
ʞʠʚʦʪʥʦʚʲʜʥʠ ʩʪʦʧʘʥʩʪʚʘ ʟʘ ʦʪʛʣʝʞʜʘʥʝ ʥʘ ʜʦʡʥʠ ʢʨʘʚʠ, ʟʘ ʧʨʘʩʝʪʘ ʦʪʛʣʝʞʜʘʥʠ ʟʘ ʤʝʩʦ, ʠ
ʟʘ ʙʨʦʡʣʝʨʠ ʦʪʛʣʝʞʜʘʥʠ ʟʘ ʤʝʩʦ. ʈʘʟʨʘʙʦʪʝʥʘ ʝ ʠ ʂʌʉ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʩʨʝʜʘʪʘ ʚ
ʘʢʚʘʧʦʥʠʯʥʘ ʩʠʩʪʝʤʘ ʟʘ ʦʪʛʣʝʞʜʘʥʝ ʥʘ ʨʠʙʘ ʠ ʨʘʩʪʝʥʠʷ. ʇʦ-ʜʦʣʫ ʩʘ ʨʘʟʛʣʝʜʘʥʠ ʧʦʜʨʦʙʥʦ
ʠʟʙʨʦʝʥʠʪʝ ʩʠʩʪʝʤʠ.

ɺ ʛʣʘʚʘʪʘ ʝ ʨʘʟʛʣʝʜʘʥ ʠ ʥʘʯʠʥʘ ʥʘ ʠʥʩʪʘʣʠʨʘʥʝ, ʢʦʥʬʠʛʫʨʘʮʠʷ ʠ ʥʘʩʪʨʦʡʢʘ ʥʘ
ʩʠʩʪʝʤʘʪʘ ʢʘʪʦ ʩʘ ʧʦʢʘʟʘʥʠ ʦʩʥʦʚʥʠʪʝ ʚʲʟʣʠ ʠ ʦʩʲʱʝʩʪʚʷʚʘʥʝʪʦ ʥʘ ʚʨʲʟʢʘʪʘ ʤʝʞʜʫ
ʦʪʜʝʣʥʠʪʝ ʢʦʤʧʦʥʝʥʪʠ.

6.1 ʈʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʠʥʪʝʣʠʛʝʥʪʥʦʪʦ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʂʌʉ ʟʘ ʦʪʛʣʝʞʜʘʥʝ ʥʘ ʜʦʡʥʠ ʢʨʘʚʠ

6.1.1 ʉʧʝʮʠʬʠʢʠ ʠ ʠʟʠʩʢʚʘʥʠʷ ʢʲʤ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ ʧʨʠ ʦʪʛʣʝʞʜʘʥʝʪʦ ʥʘ ʜʦʡʥʠ ʢʨʘʚʠ

ɽʜʠʥ ʦʪ ʚʘʞʥʠʪʝ ʘʩʧʝʢʪʠ ʥʘ ʬʫʥʢʮʠʦʥʠʨʘʥʝʪʦ ʥʘ ʩʲʚʨʝʤʝʥʥʠʪʝ ʞʠʚʦʪʥʦʚʲʜʥʠ
ʬʝʨʤʠ ʝ ʦʩʠʛʫʨʷʚʘʥʝʪʦ ʥʘ ʦʧʪʠʤʘʣʥʘ ʠ ʟʜʨʘʚʦʩʣʦʚʥʘ ʩʨʝʜʘ, ʢʘʢʪʦ ʠ ʧʦʚʠʰʘʚʘʥʝʪʦ ʥʘ
ʧʨʦʜʫʢʪʠʚʥʦʩʪʪʘ ʥʘ ʞʠʚʦʪʥʠʪʝ ʯʨʝʟ ʧʨʝʮʠʟʝʥ ʢʦʥʪʨʦʣ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ, ʧʦʩʪʠʛʘʥʝ ʥʘ ʧʦ-
ʥʠʩʢʘ ʝʥʝʨʛʠʡʥʘ ʢʦʥʩʫʤʘʮʠʷ ʥʘ ʩʛʨʘʜʠʪʝ ʠ ʦʧʪʠʤʘʣʥʠ ʢʦʣʠʯʝʩʪʚʘ ʭʨʘʥʘ, ʧʨʠʝʤʘʥʘ ʦʪ
ʞʠʚʦʪʥʠʪʝ. ʆʩʥʦʚʥʦ ʠʟʠʩʢʚʘʥʝ ʢʲʤ ʚʩʷʢʘ ʞʠʚʦʪʥʦʚʲʜʥʘ ʩʛʨʘʜʘ ʝ ʪʷ ʜʘ ʦʩʠʛʫʨʷʚʘ
ʥʝʦʙʭʦʜʠʤʠʪʝ ʫʩʣʦʚʠʷ, ʩʲʦʙʨʘʟʝʥʠ ʩ ʬʠʟʠʦʣʦʛʠʯʥʠʪʝ ʥʫʞʜʠ ʥʘ ʥʘʩʪʘʥʝʥʠʪʝ ʚ ʥʝʷ ʞʠʚʦʪʥʠ
ʯʨʝʟ ʪʝʭʥʦʣʦʛʠʯʥʦ ʤʦʜʝʣʠʨʘʥʝ ʥʘ ʝʩʪʝʩʪʚʝʥʠʪʝ ʤʠʢʨʦʢʣʠʤʘʪʠʯʥʠ ʬʘʢʪʦʨʠ ʠ ʧʦʩʪʠʛʘʥʝ ʥʘ
ʞʝʣʘʥʘʪʘ ʪʝʭʥʦʛʝʥʥʘ ʩʨʝʜʘ [86]. ɿʘ ʜʘ ʦʩʠʛʫʨʠ ʦʧʪʠʤʘʣʥʘ ʠ ʟʜʨʘʚʦʩʣʦʚʥʘ ʩʨʝʜʘ ʟʘ ʜʦʡʥʠʪʝ
ʢʨʘʚʠ ʠ ʜʘ ʫʚʝʣʠʯʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʪʘ, ʧʨʝʜʣʦʞʝʥʘʪʘ ʂʌʉ ʪʨʷʙʚʘ ʜʘ ʦʩʠʛʫʨʷʚʘ ʢʦʥʪʨʦʣ ʥʘ
ʫʩʣʦʚʠʷʪʘ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ ʢʦʝʪʦ ʚʢʣʶʯʚʘ ʥʝ ʩʘʤʦ ʠʟʤʝʨʚʘʥʝ ʠ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʧʘʨʘʤʝʪʨʠ
ʢʘʪʦ ʪʝʤʧʝʨʘʪʫʨʘ, ʦʪʥʦʩʠʪʝʣʥʘ ʚʣʘʞʥʦʩʪ, ʩʚʝʪʣʠʥʘ, ʚʝʥʪʠʣʘʮʠʷ, ʩʢʦʨʦʩʪ ʥʘ ʜʚʠʞʝʥʠʝ ʥʘ
ʚʲʟʜʫʭʘ. ʊʨʷʙʚʘ ʠ ʜʘ ʩʝ ʥʘʙʣʶʜʘʚʘ ʠ ʢʦʥʪʨʦʣʠʨʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʚʲʟʜʫʭʘ ʠ ʥʠʚʘʪʘ ʥʘ ʚʨʝʜʥʠ
ʛʘʟʦʚʝ ʢʘʪʦ ʘʤʦʥʷʢ NH3, ʚʲʛʣʝʨʦʜʝʥ ʜʠʦʢʩʠʜ CO2, ʚʲʛʣʝʨʦʜʝʥ ʦʢʩʠʜ CO, ʩʝʨʦʚʦʜʦʨʦʜ H2S,
ʤʝʪʘʥ CH4. ʄʘʢʩʠʤʘʣʥʠʪʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʪʝʟʠ ʛʘʟʦʚʝ ʩʘ ʫʩʪʘʥʦʚʝʥʠ, ʢʘʪʦ ʠʤʘ ʠ ʨʝʜʠʮʘ
ʥʦʨʤʘʪʠʚʥʠ ʜʦʢʫʤʝʥʪʠ ʢʦʠʪʦ ʩʲʱʦ ʛʠ ʦʧʨʝʜʝʣʷʪ. ɸʤʦʥʷʢ NH3, ʥʝ ʪʨʷʙʚʘ ʜʘ ʧʨʝʚʠʰʘʚʘ
ʩʪʦʡʥʦʩʪʠ ʦʪ 20mg/m3 (28ppm) [87] ʟʘ ʤʣʝʯʥʠ ʢʨʘʚʠ ʠ 5mg/m3 (7,2ppm) [88] ʟʘ ʪʝʣʝʪʘ ʜʦ 6
ʤʝʩʝʮʘ. ʂʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʚʲʛʣʝʨʦʜʥʠʷ ʜʠʦʢʩʠʜ CO2  ʦʪʥʦʩʥʦ ʦʪʛʣʝʞʜʘʥʠʪʝ ʤʣʝʯʥʠ ʢʨʘʚʠ
ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ ʧʦʜ 3000ppi [87], ʥʦ ʧʨʠ ʫʩʣʦʚʠʝ, ʯʝ ʪʘʤ ʚʣʠʟʘʪ ʭʦʨʘ ʩʝ ʜʦʧʫʩʢʘ
ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʜʘ ʙʲʜʝ ʜʦ 2500ppm [89], ʘ ʧʨʠ ʦʪʛʣʝʞʜʘʥʝ ʥʘ ʪʝʣʝʪʘ ʜʦ 6 ʤʝʩʝʮʘ ʥʦʨʤʘʪʘ ʝ
ʜʦ 3600 mg/m3 (2000ppm) [88]. ʄʝʪʘʥ CH4ʜʦ 500mg/m3 (762ppm) [89]. ɺʲʛʣʝʨʦʜʝʥ ʦʢʩʠʜ CO
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ʜʦ 0,005 mg/l (4,4ppm) [87]. ʉʝʨʦʚʦʜʦʨʦʜ H2S ʜʦ 10mg/m3 (7,2ppm) [87].
ɾʠʚʦʪʦʟʘʩʪʨʘʰʘʚʘʱʠ ʩʘ ʠ ʚʠʩʦʢʠʪʝ ʩʪʦʡʥʦʩʪʠ ʥʘ THI ʥʘʜ 100 [90], ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʜʦʚʝʜʘʪ
ʜʦ ʩʤʲʨʪ ʥʘ ʤʣʝʯʥʠʪʝ ʢʨʘʚʠ, ʢʘʢʪʦ ʠ ʠʟʢʣʶʯʠʪʝʣʥʦ ʥʠʩʢʠʪʝ ʪʝʤʧʝʨʘʪʫʨʠ, ʧʨʠ ʢʦʠʪʦ ʤʦʛʘʪ
ʜʘ ʚʲʟʥʠʢʥʘʪ ʟʘʙʦʣʷʚʘʥʠʷ ʠʣʠ ʠʟʤʨʲʟʚʘʥʝ ʧʨʝʟ ʟʠʤʥʠʪʝ ʤʝʩʝʮʠ ʧʨʠ ʩʪʦʡʥʦʩʪʠ ʧʦʜ ī15°C.
ʄʠʥʠʤʘʣʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘ ʦʪʛʣʝʞʜʘʥʝ ʥʘ ʢʨʘʚʠ ʥʘ ʟʘʢʨʠʪʦ ʝ 5°C, ʘ ʟʘ ʪʝʣʝʪʘ ʝ 10°C [87
61]. ʆʩʚʝʥ ʪʦʚʘ ʝ ʥʝʦʙʭʦʜʠʤʦ  ʜʘ ʩʝ ʩʣʝʜʠ ʠ ʨʝʛʫʣʠʨʘ ʩʢʦʨʦʩʪʪʘ ʥʘ ʜʚʠʞʝʥʠʝ ʥʘ ʚʲʟʜʫʭʘ SAF
(Speed of air flow). ʆʧʪʠʤʘʣʥʠʪʝ ʪʝʤʧʝʨʘʪʫʨʠ, ʦʪʥʦʩʠʪʝʣʥʘ ʚʣʘʞʥʦʩʪ ʠ ʩʢʦʨʦʩʪʪʘ ʥʘ
ʜʚʠʞʝʥʠʝ ʥʘ ʚʲʟʜʫʭʘ ʤʦʛʘʪ ʜʘ ʩʝ ʚʠʜʷʪ ʚ ʪʘʙʣʠʮʘ 6.1 [87]. ʇʨʠ ʚʠʩʦʢʠ ʪʝʤʧʝʨʘʪʫʨʠ ʝ ʧʦ-
ʚʘʞʥʦ ʩʨʝʜʘʪʘ ʜʘ ʩʝ ʫʧʨʘʚʣʷʚʘ ʩʧʨʷʤʦ THI, ʘ ʥʝ ʩʧʨʷʤʦ ʪʝʤʧʝʨʘʪʫʨʘʪʘ. ɿʘʪʦʚʘ ʧʨʠ
ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʧʨʲʩʢʘʯʢʠ ʚ ʢʨʘʚʝʬʝʨʤʘ ʝ ʧʦ-ʜʦʙʨʝ ʪʝ ʜʘ ʙʲʜʘʪ ʟʘ ʥʠʩʢʦ ʥʘʣʷʛʘʥʝ ʩ ʝʜʨʠ
ʢʘʧʢʠ, ʢʘʪʦ ʦʭʣʘʞʜʘʥʝʪʦ ʥʘ ʢʨʘʚʠʪʝ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʯʨʝʟ ʜʠʨʝʢʪʥʦʪʦ ʠʤ ʥʘʤʦʢʨʷʥʝ.
ʇʨʲʩʢʘʯʢʠʪʝ ʟʘ ʠʟʧʘʨʠʪʝʣʥʦ ʦʭʣʘʞʜʘʥʝ ʧʦʚʠʰʘʚʘʪ ʧʨʝʢʘʣʝʥʦ ʤʥʦʛʦ ʦʪʥʦʩʠʪʝʣʥʘʪʘ
ʚʣʘʞʥʦʩʪ RH ʠ ʩʘ ʧʦʜʭʦʜʷʱʠ ʝʜʠʥʩʪʚʝʥʦ ʧʨʠ ʠʟʢʣʶʯʠʪʝʣʥʦ ʩʫʭ ʢʣʠʤʘʪ. ʋʩʪʘʥʦʚʝʥʦ ʝ, ʯʝ
ʧʨʲʩʢʘʯʢʠʪʝ ʟʘ ʦʭʣʘʞʜʘʥʝ ʚ ʢʨʘʚʝʬʝʨʤʘ ʩʘ ʥʘʡ-ʝʬʝʢʪʠʚʥʠ ʢʦʛʘʪʦ ʨʘʙʦʪʷʪ ʚ ʮʠʢʲʣ, ʧʨʠ ʢʦʡʪʦ
ʩʝ ʚʢʣʶʯʚʘʪ ʟʘ ʥʷʢʦʣʢʦ ʤʠʥʫʪʠ, ʘ ʩʣʝʜ ʪʦʚʘ ʩʝ ʠʟʢʣʶʯʚʘʪ. ʉʧʦʨʝʜ ʥʷʢʦʠ ʘʚʪʦʨʠ [91] ʧʨʠ
ʧʦʨʦʜʘ ʍʦʣʱʘʡʥ ʤʣʝʢʦʥʘʜʦʷ ʤʦʞʝ ʜʘ ʩʝ ʧʦʚʠʰʠ ʟʥʘʯʠʪʝʣʥʦ ʧʨʠ ʧʨʦʤʷʥʘ ʩʲʦʪʥʦʰʝʥʠʝʪʦ
ʥʘ ʚʨʝʤʝʪʦ ʚʢʣʶʯʝʥʦ/ʠʟʢʣʶʯʝʥʦ ʥʘ ʧʨʲʩʢʘʯʢʠʪʝ. ʇʨʠ ʮʠʢʲʣ 3/3 (3 ʤʠʥʫʪʠ ʨʘʙʦʪʘ/3 ʤʠʥʫʪʠ
ʠʟʢʣʶʯʝʥʠ) ʜʦʙʠʚʘ ʥʘ ʤʣʷʢʦ ʝ ʩ ʜʦ 2ʢʛ/ʜʝʥ ʧʦ-ʚʠʩʦʢ ʩʧʨʷʤʦ ʮʠʢʲʣ 3/9 (3 ʤʠʥʫʪʠ ʨʘʙʦʪʘ/3
ʤʠʥʫʪʠ ʠʟʢʣʶʯʝʥʠ).

ʂʘʪʝʛʦʨʠʷ ʊʝʤʧʝʨʘʪʫʨʘ, °C ʆʪʥʦʩʠʪʝʣʥʘ ʚʣʘʞʥʦʩʪ
RH, %

ʆʧʪʠʤʘʣʥʘ ʩʢʦʨʦʩʪ ʥʘ
ʜʚʠʞʝʥʠʝ ʥʘ

ʚʲʟʜʫʭʘ SAF, m/s

ʤʠʥ. ʦʧʪ. ʤʘʢʩ. ʤʠʥ. ʦʧʪ. ʤʘʢʩ.
ʊʦʧʣʠ
ʧʝʨʠʦʜʠ
15-28°C

ʉʪʫʜʝʥʠ
ʧʝʨʠʦʜʠ
5-12°C

ɼʦʡʥʠ ʢʨʘʚʠ 5 10-15 28 50 70-75 85 0,5 - 1 0,3
ɹʠʚʦʣʠʮʠ 8 15-18 28 50 70-75 85 0,5 - 1 0,2
ʈʦʜʠʣʥʦ 10 12-15 28 - - - 0,3 - 05 0,2
ʊʝʣʝʪʘ
ʧʨʦʬʠʣʘʢʪʦʨʠʫʤ 10 15-20 28 50 60-75 80 0,3 0 - 0,2

ʊʝʣʝʪʘ ʜʦ 3
ʤʝʩʝʮʘ 10 15-18 28 50 60-75 80 0,3 - 0,5 0 - 0,2

ʄʘʣʘʯʝʪʘ
ʧʨʦʬʠʣʘʢʪʦʨʠʫʤ 12 18-20 28 50 67-70 75 0,3 0,1

ʄʘʣʘʯʝʪʘ ʜʦ 3
ʤʝʩʝʮʘ 12 15-18 28 50 70-75 80 0,3 0,1

ʄʘʣʘʯʝʪʘ ʜʦ 6
ʤʝʩʝʮʘ 12 15-18 28 50 70-75 80 0,3 0,2

ʊʘʙʣʠʮʘ 6.1 ʀʟʠʩʢʚʘʥʠʷ ʢʲʤ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʞʠʟʥʝʥʘʪʘ ʩʨʝʜʘ ʟʘ ʛʦʚʝʜʘ ʠ ʙʠʚʦʣʠ.

ʌʠʥʠ ʧʨʘʭʦʚʠ ʯʘʩʪʠʮʠ ʥʝ ʪʨʷʙʚʘ ʜʘ ʥʘʜʚʠʰʘʚʘʪ 3 mg/m3 [87]. ʅʦ ʪʝ ʥʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ
ʜʠʨʝʢʪʥʦ ʢʦʥʪʨʦʣʠʨʘʥʠ ʚ ʦʧʨʝʜʝʣʝʥʠ ʛʨʘʥʠʮʠ, ʪʲʡ ʢʘʪʦ ʩʠʩʪʝʤʠʪʝ ʟʘ ʚʲʟʜʫʰʝʥ ʬʠʣʪʲʨ ʥʝ
ʩʘ ʠʢʦʥʦʤʠʯʝʩʢʠ ʦʧʨʘʚʜʘʥʠ. ɺʠʩʦʢʘʪʘ ʠʤ ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʦʞʝ ʜʘ ʩʝ ʧʨʝʜʦʪʚʨʘʪʠ ʯʨʝʟ ʧʦ-
ʜʦʙʨʦ ʧʦʯʠʩʪʚʘʥʝ ʥʘ ʧʦʤʝʱʝʥʠʷʪʘ. ʆʩʚʝʪʝʥʦʩʪʪʘ ʚ ʧʦʤʝʱʝʥʠʷʪʘ ʩʲʱʦ ʪʨʷʙʚʘ ʜʘ ʩʝ ʧʦʜʲʨʞʘ
ʥʘ ʥʝʦʙʭʦʜʠʤʦʪʦ ʥʠʚʦ ʟʘ ʦʧʨʝʜʝʣʝʥ ʧʝʨʠʦʜ ʦʪ ʚʨʝʤʝ. ɺʲʧʨʝʢʠ, ʯʝ ʠʤʘ ʨʝʜʠʮʘ ʠʟʩʣʝʜʚʘʥʠʷ
ʟʘ ʚʣʠʷʥʠʝʪʦ ʥʘ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪʪʘ ʥʘ ʩʚʝʪʣʠʷ ʧʝʨʠʦʜ ʚʲʨʭʫ ʜʦʙʠʚʘ ʥʘ ʤʣʷʢʦ, ʥʷʤʘ ʝʜʠʥʥʠ
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ʨʝʟʫʣʪʘʪʠ ʟʘ ʥʘʡ-ʜʦʙʲʨ ʜʦʙʠʚ. ʉʲʱʦ ʪʘʢʘ ʫʜʲʣʞʘʚʘʥʝʪʦ ʥʘ ʩʚʝʪʣʠʷ ʧʝʨʠʦʜ, ʢʦʝʪʦ ʚʦʜʠ ʧʨʠ
ʥʷʢʦʠ ʧʦʨʦʜʠ ʢʨʘʚʠ ʜʦ ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʜʦʙʠʚʘ, ʤʦʞʝ ʜʘ ʚʣʦʰʠ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʤʣʷʢʦʪʦ ʢʘʪʦ
ʩʝ ʫʚʝʣʠʯʘʪ ʥʠʚʘʪʘ ʥʘ ʥʝʥʘʩʠʪʝʥʠ ʤʘʩʪʥʠ ʢʠʩʝʣʠʥʠ, ʛʣʘʚʥʦ ʦʣʝʠʥʦʚʘ ʢʠʩʝʣʠʥʘ [92]. ʂʘʪʦ
ʮʷʣʦ ʩʝ ʩʤʷʪʘ, ʯʝ ʩʚʝʪʣʠʷ ʧʝʨʠʦʜ ʟʘ ʜʦʡʥʠʪʝ ʢʨʘʚʠ ʪʨʷʙʚʘ ʜʘ ʝ ʦʪ 16 ʜʦ 18 ʯʘʩʘ. ʆʩʚʝʪʝʥʦʩʪʪʘ
ʩʧʦʨʝʜ ʥʷʢʦʠ ʥʘʨʝʜʙʠ ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ ʥʘʜ 30lx ʠʣʠ 50lx ʥʘ ʤʷʩʪʦʪʦ ʥʘ ʜʦʝʥʝ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ
ʪʘʚʘ ʜʘʣʠ ʢʨʘʚʘʪʘ ʝ ʚʲʨʟʘʥʘ ʠʣʠ ʥʝ, ʜʦ ʥʘʜ 100lx ʟʘ ʤʘʥʠʧʫʣʘʮʠʦʥʥʘ ʟʘʣʘ [87], ʥʦ ʚ ʦʙʱʠʷ
ʩʣʫʯʘʡ ʩʝ ʩʤʷʪʘ, ʯʝ ʦʩʚʝʪʝʥʦʩʪʪʘ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʤʷʩʪʦʪʦ ʪʨʷʙʚʘ ʜʘ ʝ ʧʦʥʝ 200lx. ʇʨʠ
ʦʪʛʣʝʞʜʘʥʝ ʥʘ ʢʨʘʚʠ ʩʲʱʦ ʥʝ ʩʝ ʜʦʧʫʩʪʠʤʦʪʦ ʥʠʚʦ ʥʘ ʰʫʤ ʥʘʜ 75 dB [87], ʢʘʪʦ ʠʟʤʝʨʚʘʥʝʪʦ
ʤʦʞʝ ʜʘ ʩʝ ʥʘʧʨʘʚʠ ʧʨʠ ʪʝʩʪʚʘʥʝ ʥʘ ʩʠʩʪʝʤʘʪʘ ʠ ʤʘʢʩʠʤʘʣʥʘ ʩʪʝʧʝʥ ʥʘ ʚʝʥʪʠʣʘʮʠʷʪʘ, ʢʘʪʦ
ʦʩʪʘʥʘʣʠʪʝ ʩʠʩʪʝʤʠ ʢʘʪʦ ʩʠʩʪʝʤʠ ʟʘ ʧʦʯʠʩʪʚʘʥʝ, ʜʦʝʥʝ ʠ ʜʨʫʛʠ ʧʦʜʦʙʥʠ ʪʨʷʙʚʘ ʜʘ ʩʘ
ʩʲʦʙʨʘʟʝʥʠ ʩ ʪʝʟʠ ʥʦʨʤʠ.

6.1.2 ʉʝʥʟʦʨʠ ʠ ʩʠʩʪʝʤʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ

ɺ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʥʘʣʠʯʥʦʪʦ ʦʙʦʨʫʜʚʘʥʝ ʚ ʢʨʘʚʝʬʝʨʤʘʪʘ, ʧʦ ʚʨʝʤʝ ʥʘ ʧʲʨʚʦʥʘʯʘʣʥʘʪʘ
ʠʥʩʪʘʣʘʮʠʷ ʥʘ ʩʠʩʪʝʤʘʪʘ ʝ ʚʲʟʤʦʞʥʦ ʜʘ ʩʝ ʠʟʙʝʨʘʪ ʧʘʨʘʤʝʪʨʠʪʝ, ʢʦʠʪʦ ʜʘ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʠ
ʟʘʧʠʩʚʘʪ. ʊʦʚʘ ʩʪʘʚʘ ʩ ʧʦʤʦʱʪʘ ʥʘ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʠ ʬʘʡʣʦʚʝ, ʢʘʪʦ ʠʤʘ ʦʧʨʝʜʝʣʝʥʠ
ʧʘʨʘʤʝʪʨʠ ʥʘ ʩʨʝʜʘʪʘ, ʢʦʠʪʦ ʟʘʜʲʣʞʠʪʝʣʥʦ ʪʨʷʙʚʘ ʜʘ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʟʘ ʜʘ ʤʦʞʝ ʂʌʉ ʜʘ
ʨʘʙʦʪʠ (ʊʘʙʣʠʮʘ 6.2).

ʉʝʥʟʦʨʠ ʅʝʦʙʭʦʜʠʤʦʩʪ ʇʨʦʪʦʢʦʣ
ɺʲʪʨʝʰʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ɼʘ Modbus/MQTT

ʆʪʥʦʩʠʪʝʣʥʘ ʚʣʘʞʥʦʩʪ ʚ ʧʦʤʝʱʝʥʠʝʪʦ ɼʘ Modbus/MQTT
ɺʲʥʰʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ɼʘ/ʅʝ Modbus/MQTT

ɸʤʦʥʷʢ NH3 ɼʘ/ʅʝ Modbus/MQTT
ɺʲʛʣʝʨʦʜʝʥ ʜʠʦʢʩʠʜ CO2 ɼʘ/ʅʝ Modbus/MQTT

ʄʝʪʘʥ CH4 ɼʘ/ʅʝ Modbus/MQTT
ɺʲʛʣʝʨʦʜʝʥ ʦʢʩʠʜ CO ɼʘ/ʅʝ Modbus/MQTT
ʉʝʨʦʚʦʜʦʨʦʜ H2S ɼʘ/ʅʝ Modbus/MQTT

ʌʠʥʠ ʧʨʘʭʦʚʠ ʯʘʩʪʠʮʠ ɼʘ/ʅʝ Modbus/MQTT
ʉʢʦʨʦʩʪ ʥʘ ʜʚʠʞʝʥʠʝ ʥʘ ʚʲʟʜʫʭʘ SAF ɼʘ/ʅʝ Modbus/MQTT

ʆʩʚʝʪʝʥʦʩʪ ʚ ʧʦʤʝʱʝʥʠʝʪʦ ɼʘ/ʅʝ Modbus/MQTT
ʊʘʙʣʠʮʘ 6.2 ʅʝʦʙʭʦʜʠʤʠ ʩʝʥʟʦʨʠ ʟʘ ʨʝʘʣʠʟʠʨʘʥʝ ʥʘ ʂʌʉ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ
ʢʨʘʚʝʬʝʨʤʘ.

ɺ ʪʘʙʣʠʮʘ 6.3 ʩʘ ʧʦʢʘʟʘʥʠ ʢʘʢʚʠ ʩʠʩʪʝʤʠ ʟʘ ʢʦʥʪʨʦʣ ʥʘ ʩʨʝʜʘʪʘ ʤʦʞʝ ʜʘ ʫʧʨʘʚʣʷʚʘ
ʧʨʝʜʣʦʞʝʥʘʪʘ ʂʌʉ. ɺʲʧʨʝʢʠ, ʯʝ ʩʠʩʪʝʤʘʪʘ ʤʦʞʝ ʜʘ ʨʘʙʦʪʠ ʢʘʪʦ ʠʟʤʝʨʚʘ ʩʘʤʦ ʪʝʤʧʝʨʘʪʫʨʘ
ʠ ʦʪʥʦʩʠʪʝʣʥʘ ʚʣʘʞʥʦʩʪ, ʠ ʥʷʤʘ ʧʲʣʝʥ ʥʘʙʦʨ ʦʪ ʩʠʩʪʝʤʠʪʝ ʟʘ ʢʦʥʪʨʦʣ, ʟʘ ʜʘ ʙʲʜʝ ʝʥʝʨʛʦ
ʝʬʝʢʪʠʚʥʘ, ʠ ʜʘ ʦʩʠʛʫʨʷʚʘ ʥʝʦʙʭʦʜʠʤʠʪʝ ʧʘʨʘʤʝʪʨʠ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ʩʛʨʘʜʘʪʘ, ʢʘʢʪʦ ʠ
ʙʝʟʦʧʘʩʥʦʩʪʪʘ ʠ ʟʜʨʘʚʝʪʦ ʥʘ ʞʠʚʦʪʥʠʪʝ, ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʠʤʘ ʧʲʣʝʥ ʥʘʙʦʨ ʦʪ ʠʟʙʨʦʝʥʠʪʝ
ʩʝʥʟʦʨʠ ʠ ʩʠʩʪʝʤʠ ʟʘ ʢʦʥʪʨʦʣ.

ʉʠʩʪʝʤʠ ʟʘ ʢʦʥʪʨʦʣ ʥʘ ʩʨʝʜʘʪʘ ʅʝʦʙʭʦʜʠʤʦʩʪ ʄʝʪʦʜ ʟʘ ʢʦʥʪʨʦʣ
ʑʦʨʠ / ɾʘʣʫʟʠ ɼʘ/ʅʝ ʆʪʚʦʨʝʥʦ/ɿʘʪʚʦʨʝʥʦ/ʇʦʟʠʮʠʷ

ʎʠʨʢʫʣʘʮʠʦʥʥʠ ʚʝʥʪʠʣʘʪʦʨʠ ɼʘ/ʅʝ ɺʢʣ./ʀʟʢʣ.; ʐʀʄ;
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ɺʝʥʪʠʣʘʮʠʷ ɼʘ/ʅʝ ɺʢʣ./ʀʟʢʣ.; ʐʀʄ;
ʆʪʦʧʣʝʥʠʝ ɼʘ/ʅʝ ɺʢʣ./ʀʟʢʣ.; ʐʀʄ;

ʇʦʜʛʨʷʚʘʥʝ ʥʘ ʚʦʜʘʪʘ ʟʘ ʧʦʠʣʢʠʪʝ ɼʘ/ʅʝ ɺʢʣ./ʀʟʢʣ.; ʐʀʄ;
ʇʨʲʩʢʘʯʢʠ ɼʘ/ʅʝ ɺʢʣ./ʀʟʢʣ.
ʆʩʚʝʪʣʝʥʠʝ ɼʘ/ʅʝ ɺʢʣ./ʀʟʢʣ.

ʊʘʙʣʠʮʘ 6.3 ʅʝʦʙʭʦʜʠʤʠ ʩʠʩʪʝʤʠ ʟʘ ʢʦʥʪʨʦʣ ʥʘ ʩʨʝʜʘʪʘ ʟʘ ʨʝʘʣʠʟʠʨʘʥʝ ʥʘ ʂʌʉ ʟʘ
ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ʢʨʘʚʝʬʝʨʤʘ.

ɺ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʪʠʧʘ ʥʘ ʩʠʩʪʝʤʘʪʘ ʟʘ ʢʦʥʪʨʦʣ ʥʘ ʩʨʝʜʘʪʘ, ʂʌʉ ʠʤʘ ʚʲʟʤʦʞʥʦʩʪ ʜʘ ʷ
ʫʧʨʘʚʣʷʚʘ ʜʠʨʝʢʪʥʦ, ʠʣʠ ʚ ʩʣʫʯʘʡ, ʯʝ ʩʠʩʪʝʤʘʪʘ ʠʤʘ ʩʦʙʩʪʚʝʥ ʢʦʥʪʨʦʣʝʨ, ʂʌʉ ʤʦʞʝ ʜʘ
ʟʘʜʘʜʝ ʮʝʣʝʚʠ ʢʦʥʪʨʦʣʥʠ ʩʪʦʡʥʦʩʪʠ (ʯʨʝʟ ʢʦʤʫʥʠʢʘʮʠʷ ʯʨʝʟ ʨʘʟʣʠʯʥʠ ʧʨʦʪʦʢʦʣʠ) ʠʣʠ ʩʘʤʦ
ʜʘ ʷ ʚʢʣʶʯʚʘ ʠ ʠʟʢʣʶʯʚʘ ʟʘ ʦʧʨʝʜʝʣʝʥʦ ʚʨʝʤʝ, ʢʦʛʘʪʦ ʝ ʥʝʦʙʭʦʜʠʤʦ. ɺʲʟ ʦʩʥʦʚʘ ʥʘ
ʥʘʩʪʦʷʱʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʠ ʧʨʦʫʯʚʘʥʠʷ ʚ ʂʌʉ ʩʘ ʟʘʜʘʜʝʥʠ ʩʪʦʡʥʦʩʪʠ ʧʦ ʧʦʜʨʘʟʙʠʨʘʥʝ ʟʘ
ʧʘʨʘʤʝʪʨʠʪʝ, ʢʦʠʪʦ ʪʨʷʙʚʘ ʜʘ ʩʝ ʧʦʜʜʲʨʞʘʪ. ʉʧʦʨʝʜ ʢʦʥʢʨʝʪʥʠʪʝ ʥʫʞʜʠ, ʧʘʨʘʤʝʪʨʠʪʝ ʤʦʛʘʪ
ʜʘ ʩʝ ʧʨʦʤʝʥʷʪ, ʢʘʢʪʦ ʧʨʠ ʧʲʨʚʦʥʘʯʘʣʥʘʪʘ ʠʥʩʪʘʣʘʮʠʷ ʥʘ ʂʌʉ, ʪʘʢʘ ʠ ʚʧʦʩʣʝʜʩʪʚʠʝ ʟʘ
ʥʘʜʛʨʘʞʜʘʥʝ ʠ ʦʧʪʠʤʠʟʠʨʘʥʝ ʥʘ ʩʠʩʪʝʤʘʪʘ. ʅʘʩʪʨʦʡʢʠʪʝ ʚʢʣʶʯʚʘʪ ʜʦʧʫʩʪʠʤʠ ʦʪʢʣʦʥʝʥʠʷ,
ʚ ʨʘʤʢʠʪʝ ʥʘ ʢʦʠʪʦ ʪʝʟʠ ʧʘʨʘʤʝʪʨʠ ʤʦʛʘʪ ʜʘ ʩʝ ʧʨʦʤʝʥʷʪ.

ʋʧʨʘʚʣʝʥʠʝʪʦ ʥʘ ʂʌʉ ʚʟʠʤʘ ʧʨʝʜʚʠʜ ʧʨʠʦʨʠʪʠʟʠʨʘʥʝʪʦ ʥʘ ʢʦʥʢʨʝʪʥʠ ʜʝʡʩʪʚʠʷ,
ʢʦʠʪʦ ʪʨʷʙʚʘ ʜʘ ʙʲʜʘʪ ʧʨʝʜʧʨʠʝʪʠ, ʟʘ ʜʘ ʩʝ ʦʩʠʛʫʨʠ ʙʝʟʦʧʘʩʝʥ ʠ ʦʧʪʠʤʘʣʝʥ ʤʠʢʨʦʢʣʠʤʘʪ ʚ
ʢʨʘʚʝʬʝʨʤʘʪʘ. ʅʘ ʧʲʨʚʦ ʤʷʩʪʦ ʩʝ ʜʘʚʘ ʧʨʠʦʨʠʪʝʪ ʥʘ ʘʚʘʨʠʡʥʠʪʝ ʨʝʞʠʤʠ, ʧʨʠ ʢʦʠʪʦ ʞʠʚʦʪʲʪ
ʥʘ ʢʨʘʚʠʪʝ ʠ ʦʙʩʣʫʞʚʘʱʠʷʪ ʧʝʨʩʦʥʘʣ ʩʘ ʠʟʣʦʞʝʥʠ ʥʘ ʨʠʩʢ. ʊʦʚʘ ʩʘ ʚʠʩʦʢʠʪʝ ʢʦʥʮʝʥʪʨʘʮʠʠ
ʥʘ ʚʨʝʜʥʠʪʝ ʠ ʪʦʢʩʠʯʥʠ ʛʘʟʦʚʝ ʠʟʙʨʦʝʥʠ ʧʦ-ʛʦʨʝ.

6.1.3 ɸʣʛʦʨʠʪʲʤ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʂʌʉ ʟʘ ʢʦʥʪʨʦʣ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ʢʨʘʚʝʬʝʨʤʘ ʧʨʠ
ʘʚʘʨʠʝʥ ʨʝʞʠʤ

ʇʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪʪʘ ʥʘ ʘʣʛʦʨʠʪʲʤʘ ʚ ʘʚʘʨʠʡʥʠ ʨʝʞʠʤʠ (ʌʠʛʫʨʘʠʛ.6.1) ʤʦʞʝ ʜʘ ʩʝ
ʦʧʠʰʝ ʧʦ ʩʣʝʜʥʠʷ ʥʘʯʠʥ. ʉʪʦʡʥʦʩʪʠʪʝ ʥʘ ʩʲʦʪʚʝʪʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ʩʝ ʧʨʦʚʝʨʷʚʘʪ ʧʦ
ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʟʘʜʘʜʝʥ ʨʝʜ ʩʧʦʨʝʜ ʩʪʝʧʝʥʪʘ ʥʘ ʦʧʘʩʥʦʩʪ. ʇʨʠ ʦʪʯʝʪʝʥʘ ʩʪʦʡʥʦʩʪ ʠʟʚʲʥ
ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʟʘʜʘʜʝʥʠ ʜʠʘʧʘʟʦʥʠ ʩʝ ʧʨʝʜʧʨʠʝʤʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ ʦʪ ʜʝʡʩʪʚʠʷ, ʢʦʠʪʦ
ʮʝʣʷʪ ʧʨʦʤʷʥʘ ʥʘ ʧʘʨʘʤʝʪʲʨʘ. ɺ ʩʣʫʯʘʡ, ʯʝ ʠʤʘ ʚʠʩʦʢʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʥʷʢʦʡ ʦʪ ʛʘʟʦʚʝʪʝ,
ʧʲʨʚʦ ʩʝ ʧʨʦʚʝʨʷʚʘ ʩʲʩʪʦʷʥʠʝʪʦ ʥʘ ʱʦʨʠʪʝ. ɸʢʦ ʪʝ ʥʝ ʩʘ ʦʪʚʦʨʝʥʠ ʠʣʠ ʩʘ ʯʘʩʪʠʯʥʦ ʦʪʚʦʨʝʥʠ
ʩʝ ʦʪʚʘʨʷʪ ʥʘʧʲʣʥʦ. ʉʲʱʦʪʦ ʩʝ ʧʨʘʚʠ ʠ ʩ ʚʝʥʪʠʣʘʮʠʦʥʥʠʪʝ ʩʠʩʪʝʤʠ (ʚʝʥʪʠʣʘʪʦʨʠʪʝ ʟʘ ʩʚʝʞ
ʚʲʟʜʫʭ ʥʘʨʠʯʘʥʠ ʟʘ ʢʨʘʪʢʦʩʪ „ʚʝʥʪʠʣʘʮʠʷ“ ʠ ʮʠʨʢʫʣʘʮʠʦʥʥʠʪʝ ʚʝʥʪʠʣʘʪʦʨʠ ʥʘʨʠʯʘʥʠ
„ʮʠʨʢʫʣʘʮʠʷ“), ʢʘʪʦ ʪʝ ʩʝ ʚʢʣʶʯʚʘʪ ʜʘ ʨʘʙʦʪʷʪ ʥʘ ʤʘʢʩʠʤʘʣʥʘ ʩʢʦʨʦʩʪ. ɺʲʧʨʝʢʠ, ʯʝ ʧʨʠ
ʩʪʫʜʝʥ ʩʝʟʦʥ ʩʢʦʨʦʩʪʪʘ ʥʘ ʜʚʠʞʝʥʠʝ ʥʘ ʚʲʟʜʫʭʘ ʥʝ ʪʨʷʙʚʘ ʜʘ ʧʨʝʚʠʰʘʚʘ ʦʧʨʝʜʝʣʝʥʠʪʝ ʧʦ
ʛʦʨʝ ʩʪʦʡʥʦʩʪʠ, ʧʦʥʠʞʘʚʘʥʝʪʦ ʥʘ ʚʠʩʦʢʘʪʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʚʨʝʜʥʠʪʝ ʛʘʟʦʚʝ ʝ ʦʪ
ʧʲʨʚʦʩʪʝʧʝʥʥʦ ʟʥʘʯʝʥʠʝ, ʢʘʪʦ ʚʨʝʤʝʪʦ ʟʘ ʨʘʙʦʪʘ ʥʘ ʩʠʩʪʝʤʘʪʘ ʚ ʪʝʟʠ ʨʝʞʠʤʠ ʝ ʥʷʢʦʣʢʦ
ʤʠʥʫʪʠ. ʉʣʝʜ ʪʦʚʘ ʩʠʩʪʝʤʘʪʘ ʠʟʧʨʘʱʘ ʠʟʚʝʩʪʠʝ ʧʦ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʟʘʜʘʜʝʥ ʢʘʥʘʣ, ʢʘʪʦ SMS
ʠʣʠ ʠʤʝʡʣ, ʩ ʠʟʤʝʨʝʥʘʪʘ ʩʪʦʡʥʦʩʪ ʢʦʷʪʦ ʝ ʠʟʚʲʥ ʥʦʨʤʠʪʝ.  ʉʠʩʪʝʤʘʪʘ ʧʨʦʚʝʨʷʚʘ ʠ
ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʚ ʧʦʤʝʱʝʥʠʝʪʦ tin, ʠ ʚ ʩʣʫʯʘʡ, ʯʝ ʝ ʧʦ-ʥʠʩʢʘ ʦʪ ʟʘʜʘʜʝʥʘʪʘ ʩʪʦʡʥʦʩʪ ʚʢʣʶʯʚʘ
ʦʪʦʧʣʝʥʠʝʪʦ ʠ ʧʦʜʛʨʷʚʘʥʝʪʦ ʥʘ ʚʦʜʘʪʘ ʚ ʧʦʠʣʢʠʪʝ. ɸʢʦ ʝ ʧʦ ʚʠʩʦʢʘ ʛʠ ʦʩʪʘʚʷ ʚ ʪʝʢʫʱʦʪʦ ʠʤ
ʩʲʩʪʦʷʥʠʝ. ʉʣʝʜ ʪʦʚʘ, ʩʠʩʪʝʤʘʪʘ ʧʨʦʜʲʣʞʘʚʘ ʜʘ ʨʘʙʦʪʠ ʪʘʢʘ ʟʘ ʦʧʨʝʜʝʣʝʥʦ ʧʨʝʜʚʘʨʠʪʝʣʥʦ
ʟʘʜʘʜʝʥʦ ʚʨʝʤʝ ʟʘ ʠʟʯʘʢʚʘʥʝ t1, ʢʘʪʦ ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʩʝ ʠʟʙʷʛʚʘ ʥʝʧʨʝʢʲʩʥʘʪʦʪʦ ʚʢʣʶʯʚʘʥʝ ʠ
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ʠʟʢʣʶʯʚʘʥʝ ʥʘ ʦʪʜʝʣʥʠʪʝ ʢʦʤʧʦʥʝʥʪʠ. ɺʨʝʤʝʪʦ ʥʝ ʪʨʷʙʚʘ ʜʘ ʝ ʪʚʲʨʜʝ ʜʲʣʛʦ, ʢʘʪʦ ʩʝ
ʩʲʦʙʨʘʟʷʚʘ ʩ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʩʛʨʘʜʘʪʘ, ʚʝʥʪʠʣʘʮʠʷʪʘ ʠ ʱʦʨʠʪʝ, ʢʘʢʪʦ ʚ ʩʲʱʦʪʦ ʚʨʝʤʝ ʤʦʞʝ
ʜʘ ʩʝ ʧʨʦʤʝʥʷ (ʥʘʤʘʣʷʚʘ) ʧʨʠ ʦʪʯʠʪʘʥʝ ʥʘ ʥʠʩʢʘ ʚʲʥʰʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ. ʊʦʚʘ ʛʘʨʘʥʪʠʨʘ, ʯʝ
ʩʠʩʪʝʤʘʪʘ ʥʷʤʘ ʜʘ ʦʩʪʘʥʝ ʚ ʪʦʟʠ ʨʝʞʠʤ ʧʦʚʝʯʝ ʦʪ ʥʝʦʙʭʦʜʠʤʦʪʦ, ʢʘʪʦ ʩʝ ʠʟʙʷʛʚʘ ʧʨʝʢʦʤʝʨʥʦ
ʦʭʣʘʞʜʘʥʝ ʥʘ ʧʦʤʝʱʝʥʠʝʪʦ, ʘ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦ ʩʝ ʧʨʦʚʝʨʷʚʘ ʜʘʣʠ ʥʝ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ
ʧʨʝʜʧʨʠʝʤʘʪ ʜʨʫʛʠ ʤʝʨʢʠ. ʉʣʝʜ ʠʟʪʠʯʘʥʝ ʥʘ ʟʘʜʘʜʝʥʦʪʦ ʚʨʝʤʝ, ʩʠʩʪʝʤʘʪʘ ʧʨʦʚʝʨʷʚʘ ʦʪʥʦʚʦ
ʧʘʨʘʤʝʪʨʠʪʝ ʚ ʘʚʘʨʠʡʥʠʷ ʨʝʞʠʤ ʝʜʠʥ ʧʦ ʝʜʠʥ ʠ ʘʢʦ ʦʪʥʦʚʦ ʧʨʝʚʠʰʠ ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ ʩʲʱʠʷ
ʧʘʨʘʤʝʪʲʨ, ʦʩʪʘʚʘ ʚ ʩʲʱʠʷ ʨʝʞʠʤ ʙʝʟ ʜʘ ʠʟʧʨʘʱʘ ʥʦʚʦ ʩʲʦʙʱʝʥʠʝ. ʅʦʚʦ ʩʲʦʙʱʝʥʠʝ ʩʲʩ
ʩʲʱʦʪʦ ʠʟʚʝʩʪʠʝ ʱʝ ʙʲʜʝ ʠʟʧʨʘʪʝʥʦ ʩʣʝʜ ʦʧʨʝʜʝʣʝʥ ʙʨʦʡ ʮʠʢʣʠ, ʘʢʦ ʩʪʦʡʥʦʩʪʠʪʝ ʥʝ ʚʣʷʟʘʪ
ʚ ʟʘʜʘʜʝʥʠʪʝ ʛʨʘʥʠʮʠ. ɸʢʦ ʩʝ ʦʪʯʝʪʝ ʧʨʝʢʘʣʝʥʦ ʚʠʩʦʢʘ ʩʪʦʡʥʦʩʪ ʥʘ THI ʦʪʥʦʚʦ ʱʦʨʠʪʝ ʩʝ
ʦʪʚʘʨʷʪ ʥʘʧʲʣʥʦ, ʚʝʥʪʠʣʘʮʠʷʪʘ ʠ ʮʠʨʢʫʣʘʮʠʦʥʥʠʪʝ ʚʝʥʪʠʣʘʪʦʨʠ ʩʝ ʟʘʜʝʡʩʪʚʘʪ ʥʘ
ʤʘʢʩʠʤʘʣʥʘ ʩʪʦʡʥʦʩʪ. ɺʲʧʨʝʢʠ, ʯʝ ʠʥʪʝʨʚʘʣʲʪ ʟʘ ʨʘʙʦʪʘ ʥʘ ʪʦʟʠ ʮʠʢʲʣ ʝ ʧʦ-ʜʲʣʲʛ, ʠ ʪʦʡ
ʤʦʞʝ ʜʘ ʩʝ ʧʦʚʪʘʨʷ ʤʥʦʛʦʢʨʘʪʥʦ ʚ ʛʦʨʝʱʠ ʣʝʪʥʠ ʜʥʠ, ʝ ʜʦʧʫʩʪʠʤʦ SAF ʜʘ ʧʨʝʚʠʰʘʚʘ
ʧʨʝʧʦʨʲʯʘʥʠʪʝ ʢʘʪʦ ʤʘʢʩʠʤʘʣʥʠ ʩʪʦʡʥʦʩʪʠ ʟʘ ʜʦʡʥʠ ʢʨʘʚʠ 3m/s  [93]. ɺʢʣʶʯʚʘʪ ʩʝ ʠ
ʧʨʲʩʢʘʯʢʠʪʝ ʟʘ ʦʭʣʘʞʜʘʥʝ ʥʘ ʢʨʘʚʠʪʝ (ʩʘʤʦ ʚ ʧʦʤʝʱʝʥʠʷ ʟʘ ʜʦʡʥʠ ʢʨʘʚʠ, ʥʝ ʧʨʠ ʪʝʣʝʪʘ ʠ ʚ
ʨʦʜʠʣʥʦ) ʧʨʠ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʥʘʩʪʨʦʝʥ ʮʠʢʲʣ ʚʢʣʶʯʝʥʦ/ʠʟʢʣʶʯʝʥʦ. ʀʟʧʨʘʱʘ ʩʝ ʩʲʦʙʱʝʥʠʝ
ʠ ʩʣʝʜ ʢʘʪʦ ʠʟʪʝʯʝ ʥʘʩʪʨʦʝʥʦʪʦ ʚʨʝʤʝ t2 ʧʨʦʚʝʨʢʘʪʘ ʟʘʧʦʯʚʘ ʦʪ ʥʘʯʘʣʦ.
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ʌʠʛʫʨʘ 6.1 ɸʣʛʦʨʠʪʲʤ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʂʌʉ ʟʘ ʢʦʥʪʨʦʣ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ʧʦʤʝʱʝʥʠʝ ʟʘ
ʜʦʡʥʠ ʢʨʘʚʠ ʧʨʠ ʘʚʘʨʠʝʥ ʨʝʞʠʤ.

ʇʦʩʣʝʜʥʠʷ ʩʣʫʯʘʡ ʝ ʧʨʠ ʦʪʯʠʪʘʥʝ ʥʘ ʧʨʝʢʘʣʝʥʦ ʥʠʩʢʘ ʪʝʤʧʝʨʘʪʫʨʘ. ɺ ʪʦʟʠ ʩʣʫʯʘʡ
ʱʦʨʠʪʝ ʩʝ ʟʘʪʚʘʨʷʪ ʥʘʧʲʣʥʦ, ʚʝʥʪʠʣʘʮʠʷʪʘ ʝ ʠʟʢʣʶʯʝʥʘ, ʘ ʮʠʨʢʫʣʘʮʠʦʥʥʠʪʝ ʚʝʥʪʠʣʘʪʦʨʠ
ʨʘʙʦʪʷʪ ʧʨʠ ʤʠʥʠʤʘʣʥʘ ʩʪʦʡʥʦʩʪ, ʠʣʠ ʘʢʦ ʠʤʘ ʩʝʥʟʦʨ ʟʘ ʠʟʤʝʨʚʘʥʝ ʩʢʦʨʦʩʪʪʘ ʥʘ ʚʲʟʜʫʭʘ
(SAF) ʮʠʨʢʫʣʘʮʠʦʥʥʠʪʝ ʚʝʥʪʠʣʘʪʦʨʠ ʩʝ ʫʧʨʘʚʣʷʚʘʪ ʜʦ ʧʦʩʪʠʛʘʥʝ ʥʘ ʩʢʦʨʦʩʪ ʦʪ 0,2-0,3m/s
ʚʲʪʨʝ ʚ ʧʦʤʝʱʝʥʠʝʪʦ. ʆʪʥʦʚʦ ʩʝ ʠʟʧʨʘʱʘ ʩʲʦʙʱʝʥʠʝ ʩ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʠ ʩʣʝʜ ʠʟʪʠʯʘʥʝ ʥʘ
ʚʨʝʤʝʪʦ t3 ʧʨʦʚʝʨʢʘʪʘ ʟʘʧʦʯʚʘ ʦʪ ʥʘʯʘʣʦ. ɸʢʦ ʥʠʢʦʡ ʦʪ ʧʘʨʘʤʝʪʨʠʪʝ ʥʝ ʝ ʚ ʢʨʠʪʠʯʥʘ
ʩʪʦʡʥʦʩʪ, ʩʠʩʪʝʤʘʪʘ ʧʨʝʤʠʥʘʚʘ ʚ ʨʘʙʦʪʝʥ ʮʠʢʲʣ.

6.1.4 ɸʣʛʦʨʠʪʲʤ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʂʌʉ ʟʘ ʢʦʥʪʨʦʣ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ʢʨʘʚʝʬʝʨʤʘ ʧʨʠ
ʥʦʨʤʘʣʝʥ ʨʝʞʠʤ

ɺ ʥʦʨʤʘʣʝʥ ʨʝʞʠʤ ʥʘ ʨʘʙʦʪʘ ʂʌʉ ʦʩʠʛʫʨʷʚʘ ʦʧʪʠʤʘʣʥʠ ʧʘʨʘʤʝʪʨʠ ʥʘ ʩʨʝʜʘʪʘ, ʢʘʪʦ
ʧʦʜʜʲʨʞʘ THI ʚ ʦʧʨʝʜʝʣʝʥʠ ʛʨʘʥʠʮʠ. ʆʪ ʝʜʥʘ ʩʪʨʘʥʘ ʝ ʚʘʞʥʦ ʜʘ ʩʝ ʢʦʥʪʨʦʣʠʨʘ ʩʨʝʜʘʪʘ ʚ
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ʩʲʦʪʚʝʪʩʪʚʠʝ ʩ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪʪʘ, ʬʠʟʠʯʝʩʢʦʪʦ ʠ ʟʜʨʘʚʦʩʣʦʚʥʦ ʩʲʩʪʦʷʥʠʝ ʥʘ ʞʠʚʦʪʥʠʪʝ,
ʘ ʦʪ ʜʨʫʛʘ ʩʪʨʘʥʘ ʩ ʝʥʝʨʛʠʡʥʘʪʘ ʝʬʝʢʪʠʚʥʦʩʪ ʠ ʥʘʡ-ʠʢʦʥʦʤʠʯʥʠʪʝ ʫʩʣʦʚʠʷ ʟʘ ʨʘʙʦʪʘ ʥʘ
ʩʲʱʝʩʪʚʫʚʘʱʠʪʝ ʩʠʩʪʝʤʠ ʟʘ ʢʦʥʪʨʦʣ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ʩʛʨʘʜʘʪʘ. ʇʨʠ ʪʘʢʘ ʧʨʦʝʢʪʠʨʘʥʘʪʘ
ʂʌʉ ʠʤʘ ʰʘʙʣʦʥʥʠ ʩ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʚʲʚʝʜʝʥʠ ʜʘʥʥʠ ʩʧʦʨʝʜ ʠʟʠʩʢʚʘʥʠʷ ʟʘ ʧʦʜʜʲʨʞʘʥʝ ʥʘ
ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ʧʦʤʝʱʝʥʠʷʪʘ. ʊʝʟʠ ʰʘʙʣʦʥʠ ʩʘ ʟʘ ʨʘʟʣʠʯʥʠ ʚʠʜʦʚʝ ʧʦʤʝʱʝʥʠʷ - ʟʘ ʤʣʝʯʥʠ
ʢʨʘʚʠ, ʟʘ ʪʝʣʝʪʘ ʠʣʠ ʟʘ ʨʦʜʠʣʥʠ ʟʘʣʠ. ʆʧʪʠʤʠʟʠʨʘʥʝʪʦ ʠ ʦʧʨʦʩʪʷʚʘʥʝʪʦ ʥʘ ʮʷʣʦʩʪʥʠʷ
ʘʣʛʦʨʠʪʲʤ ʥʘ ʂʌʉ ʚʦʜʠ ʜʦ ʧʦ-ʥʘʜʝʞʜʥʘ ʨʘʙʦʪʘ ʠ ʠʟʠʩʢʚʘ ʧʦ-ʤʘʣʢʦ ʨʝʩʫʨʩʠ (ʌʠʛʫʨʘʠʛ.6.2).

ɺ ʩʣʫʯʘʷ ʥʝ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʚʩʠʯʢʠ ʧʘʨʘʤʝʪʨʠ ʥʘ ʩʨʝʜʘʪʘ
ʝʜʥʦʚʨʝʤʝʥʥʦ, ʧʦʨʘʜʠ ʠʥʝʨʪʥʦʩʪʪʘ ʥʘ ʩʨʝʜʘʪʘ ʠ ʫʧʨʘʚʣʷʚʘʱʠʪʝ ʩʠʩʪʝʤʠ. ɺʤʝʩʪʦ ʪʦʚʘ
ʧʘʨʘʤʝʪʨʠʪʝ ʩʝ ʧʨʦʚʝʨʷʚʘʪ ʝʜʠʥ ʧʦ ʝʜʠʥ ʟʘ ʧʝʨʠʦʜ ʦʪ ʚʨʝʤʝ (ʨʘʟʣʠʯʝʥ ʟʘ ʚʩʝʢʠ ʨʝʞʠʤ),
ʢʦʡʪʦ ʝ ʥʝʦʙʭʦʜʠʤ ʟʘ ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʨʝʞʠʤʘ. ʊʦʟʠ ʠʥʪʝʨʚʘʣ ʤʦʞʝ ʜʘ ʩʝ ʨʝʛʫʣʠʨʘ ʩʧʦʨʝʜ
ʢʦʥʢʨʝʪʥʘʪʘ ʩʠʪʫʘʮʠʷ ʚ ʩʛʨʘʜʘʪʘ, ʢʘʪʦ ʥʘʧʨʠʤʝʨ ʚʨʝʤʝʪʦ ʟʘ ʦʙʤʝʥ ʥʘ ʚʲʟʜʫʭ ʚ ʩʛʨʘʜʘʪʘ ʧʨʠ
ʧʨʝʢʦʤʝʨʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʝʜʠʥ ʦʪ ʥʘʙʣʶʜʘʚʘʥʠʪʝ ʚʨʝʜʥʠ ʛʘʟʦʚʝ ʩʧʦʨʝʜ ʪʝʭʥʠʯʝʩʢʠʪʝ
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʚʝʥʪʠʣʘʮʠʷʪʘ ʟʘ ʩʚʝʞ ʚʲʟʜʫʭ. ʇʨʠ ʪʦʚʘ ʧʨʝʜʧʨʠʝʪʦ ʜʝʡʩʪʚʠʝ, ʜʦ ʠʟʪʠʯʘʥʝ
ʥʘ ʚʨʝʤʝʪʦ, ʟʘ ʢʦʝʪʦ ʩʝ ʠʟʚʲʨʰʚʘ, ʥʝ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʩʣʝʜʠ ʟʘ ʥʘʣʠʯʠʝʪʦ ʥʘ ʜʨʫʛʠ ʚʨʝʜʥʠ
ʛʘʟʦʚʝ, ʪʲʡ ʢʘʪʦ ʟʘ ʦʪʩʪʨʘʥʷʚʘʥʝʪʦ ʠʤ ʱʝ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʧʨʝʜʧʨʠʝʤʘʪ ʩʲʱʠʪʝ ʜʝʡʩʪʚʠʷ.

ʇʨʠ ʠʟʧʲʣʥʝʥʠʝʪʦ ʥʘ ʘʣʛʦʨʠʪʲʤʘ ʠʤʘʤʝ ʩʣʝʜʥʘʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ ʦʪ ʜʝʡʩʪʚʠʷ:
ʉʠʩʪʝʤʘʪʘ ʧʨʦʚʝʨʷʚʘ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʘʤʦʥʷʢʘ ʥʘ NH3. ɸʢʦ ʪʷ ʝ ʥʘʜ ʜʦʧʫʩʪʠʤʠʪʝ ʥʦʨʤʠ,
ʩʠʩʪʝʤʘʪʘ ʚʣʠʟʘ ʚ ʘʚʘʨʠʝʥ ʨʝʞʠʤ ʠ ʩʝ ʧʨʝʜʧʨʠʝʤʘʪ ʜʝʡʩʪʚʠʷ ʦʧʠʩʘʥʠ ʧʦ-ʛʦʨʝ ʧʨʠ ʚʠʩʦʢʘ
ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ NH3. ʉʣʝʜ ʥʦʨʤʘʣʠʟʠʨʘʥʝ ʥʘ ʧʦʢʘʟʘʪʝʣʠʪʝ ʩʠʩʪʝʤʘʪʘ ʦʪʥʦʚʦ ʚʣʠʟʘ ʚ
ʨʘʙʦʪʝʥ ʨʝʞʠʤ, ʢʘʪʦ ʧʨʦʚʝʨʢʘʪʘ ʟʘʧʦʯʚʘ ʦʪ ʥʘʯʘʣʦ. ɸʢʦ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ NH3 ʝ ʥʘʜ 15ppm,
ʥʦ ʙʝʟ ʜʘ ʧʨʝʚʠʰʘʚʘ ʜʦʧʫʩʪʠʤʠʪʝ ʩʪʦʡʥʦʩʪʠ, ʩʠʩʪʝʤʘʪʘ ʫʚʝʣʠʯʘʚʘ ʚʝʥʪʠʣʘʮʠʷʪʘ ʩ 10%, ʘ
ʘʢʦ ʥʝ ʝ ʚʢʣʶʯʝʥʘ ʷ ʚʢʣʶʯʚʘ, ʢʘʪʦ ʪʘʟʠ ʢʦʨʝʢʮʠʷ ʥʘ ʚʝʥʪʠʣʘʮʠʷʪʘ ʩʝ ʟʘʧʘʟʚʘ ʜʦ ʥʘʯʘʣʦʪʦ ʥʘ
ʩʣʝʜʚʘʱʠʷ ʮʠʢʲʣ ʟʘ ʧʨʦʚʝʨʢʘ ʠʣʠ ʜʦ ʥʘʯʘʣʦʪʦ ʥʘ ʚʣʠʟʘʥʝ ʚ ʘʚʘʨʠʝʥ ʨʝʞʠʤ. ʉʠʩʪʝʤʘʪʘ
ʦʪʥʦʚʦ ʠʟʧʨʘʱʘ ʝʜʥʦʢʨʘʪʥʦ ʩʲʦʙʱʝʥʠʝ ʩ ʠʟʤʝʨʝʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʠ ʧʨʝʤʠʥʘʚʘ ʢʲʤ ʧʨʦʚʝʨʢʘ
ʥʘ ʩʣʝʜʚʘʱʠʷ ʧʘʨʘʤʝʪʲʨ. ɸʢʦ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʝ ʧʦʜ 15ppm, ʩʠʩʪʝʤʘʪʘ ʧʨʝʤʠʥʘʚʘ ʜʠʨʝʢʪʥʦ
ʢʲʤ ʧʨʦʚʝʨʢʘ ʥʘ ʩʣʝʜʚʘʱʠʷ ʧʘʨʘʤʝʪʲʨ. ʊʦʚʘ ʩʝ ʧʦʚʪʘʨʷ ʟʘ ʜʨʫʛʠʪʝ ʥʘʙʣʶʜʘʚʘʥʠ ʛʘʟʦʚʝ.

ʇʨʠ ʧʨʦʚʝʨʢʘ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʦ ʚʣʘʞʥʦʩʪʥʠʷ ʠʥʜʝʢʩ THI, ʩʪʦʡʥʦʩʪʠʪʝ ʤʦʛʘʪ ʜʘ
ʧʦʧʘʜʥʘʪ ʚ  5 ʜʠʘʧʘʟʦʥʘ. ʇʲʨʚʠʷʪ ʝ ʧʨʠ ʩʪʦʡʥʦʩʪʠ ʧʦ-ʚʠʩʦʢʠ ʦʪ 90. ʊʦʟʠ ʨʝʞʠʤ ʝ ʘʚʘʨʠʝʥ ʠ
ʩʠʩʪʝʤʘʪʘ ʜʠʨʝʢʪʥʦ ʧʨʝʤʠʥʘʚʘ ʚ ʩʲʦʪʚʝʪʥʠʷ ʢʣʦʥ ʥʘ ʘʚʘʨʠʡʥʠʪʝ ʨʝʞʠʤʠ. ʇʨʠ ʩʪʦʡʥʦʩʪʠ ʥʘ
THI ʦʪ 80 ʜʦ 90 ʱʦʨʠʪʝ ʠʣʠ ʞʘʣʫʟʠʪʝ ʩʝ ʦʪʚʘʨʷʪ ʥʘ 100%. ɺʝʥʪʠʣʘʪʦʨʠʪʝ ʟʘ ʩʚʝʞ ʚʲʟʜʫʭ ʩʝ
ʟʘʜʝʡʩʪʚʘʪ ʥʘ 100%, ʘ ʮʠʨʢʫʣʘʮʠʦʥʥʠʪʝ ʚʝʥʪʠʣʘʪʦʨʠ  ʩʝ ʨʝʛʫʣʠʨʘʪ ʜʦ ʧʦʩʪʠʛʘʥʝ ʥʘ ʚ
ʜʠʘʧʘʟʦʥʘ ʦʪ 2 ʜʦ 3m/s. ʇʨʲʩʢʘʯʢʠʪʝ ʩʝ ʚʢʣʶʯʚʘʪ ʧʨʠ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʟʘʜʘʜʝʥ ʮʠʢʲʣ
ʚʢʣʶʯʝʥʦ/ʠʟʢʣʶʯʝʥʦ. ʀʟʧʨʘʱʘ ʩʝ ʝʜʥʦʢʨʘʪʥʦ ʩʲʦʙʱʝʥʠʝ ʩʲʩ ʩʲʦʪʚʝʪʥʘʪʘ ʩʪʦʡʥʦʩʪ ʥʘ THI,
ʢʘʪʦ ʩʠʩʪʝʤʘʪʘ ʦʩʪʘʚʘ ʚ ʪʦʟʠ ʨʝʞʠʤ ʟʘ ʚʨʝʤʝʪʦ t4. ʉʣʝʜ ʢʘʪʦ ʪʝʢʫʱʠʷ ʮʠʢʲʣ ʧʨʠʢʣʶʯʠ,
ʩʠʩʪʝʤʘʪʘ ʩʝ ʚʨʲʱʘ ʚ ʥʘʯʘʣʦʪʦ ʠ ʟʘʧʦʯʚʘ ʦʪʥʦʚʦ ʧʨʦʚʝʨʢʘ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ʩ ʧʦ-ʚʠʩʦʢ
ʧʨʠʦʨʠʪʝʪ, ʜʦʢʘʪʦ ʦʪʥʦʚʦ ʜʦʩʪʠʛʥʝʪʝ ʧʨʦʚʝʨʢʘʪʘ ʥʘ THI. ɸʢʦ ʩʪʦʡʥʦʩʪʪʘ ʥʘ THI ʝ ʥʘʤʘʣʷʣʘ
ʠ ʝ ʚ ʜʠʘʧʘʟʦʥʘ ʦʪ 72 ʜʦ 80 (ʚ ʟʦʥʘʪʘ ʥʘ ʣʝʢ ʪʦʧʣʠʥʝʥ ʩʪʨʝʩ), ʩʝ ʩʪʘʨʪʠʨʘʪ ʩʣʝʜʥʠʪʝ
ʧʦʩʣʝʜʦʚʘʪʝʣʥʠ ʜʝʡʩʪʚʠʷ: ʇʲʨʚʦ ʩʝ ʧʨʦʚʝʨʷʚʘ ʧʦʟʠʮʠʷʪʘ ʥʘ ʱʦʨʠʪʝ, ʠ ʘʢʦ ʝ ʨʘʟʣʠʯʥʘ ʦʪ
ʥʘʧʲʣʥʦ ʦʪʚʦʨʝʥʘ ʩʝ ʦʪʚʘʨʷʪ ʜʦʢʨʘʡ. ɺʝʥʪʠʣʘʮʠʷ ʟʘ ʩʚʝʞ ʚʲʟʜʫʭ ʩʝ ʠʟʢʣʶʯʚʘ ʩ ʮʝʣ ʠʢʦʥʦʤʠʷ
ʥʘ ʝʥʝʨʛʠʷ. ʇʨʦʚʝʨʷʚʘ ʩʝ ʩʢʦʨʦʩʪʪʘ ʥʘ ʚʲʟʜʫʭʘ (SAF ʪʨʷʙʚʘ ʜʘ ʝ ʚ ʛʨʘʥʠʮʠʪʝ ʤʝʞʜʫ 1 ʠ 1,2
m/s) ʠ ʘʢʦ ʝ ʥʝʦʙʭʦʜʠʤʦ ʩʝ ʨʝʛʫʣʠʨʘ ʩʢʦʨʦʩʪʪʘ ʥʘ ʮʠʨʢʫʣʘʮʠʦʥʥʠʪʝ ʚʝʥʪʠʣʘʪʦʨʠ.



86

86

ʇʨʲʩʢʘʯʢʠʪʝ ʩʝ ʟʘʜʝʡʩʪʚʘʪ, ʧʨʠ ʦʧʨʝʜʝʣʝʥ ʮʠʢʲʣ ʚʢʣʶʯʝʥʦ/ʠʟʢʣʶʯʝʥʦ, ʢʦʡʪʦ ʤʦʞʝ ʜʘ ʝ
ʨʘʟʣʠʯʝʥ ʦʪ ʪʦʟʠ ʚ ʛʦʨʥʠʪʝ ʨʝʞʠʤʠ. ʇʨʠ ʩʪʦʡʥʦʩʪʠ ʥʘ THI ʚ ʟʦʥʘʪʘ ʥʘ ʢʦʤʬʦʨʪ ʱʦʨʠʪʝ
ʦʩʪʘʚʘʪ ʥʘʧʲʣʥʦ ʦʪʚʦʨʝʥʠ, ʧʨʲʩʢʘʯʢʠʪʝ ʩʝ ʠʟʢʣʶʯʚʘʪ,  ʘ ʮʠʨʢʫʣʘʮʠʦʥʥʠʪʝ ʚʝʥʪʠʣʘʪʦʨʠ ʩʝ
ʨʝʛʫʣʠʨʘʪ ʜʦ ʧʦʩʪʠʛʘʥʝ ʥʘ SAF ʚ ʛʨʘʥʠʮʠʪʝ ʦʪ 0,5 ʜʦ 0,7m/s. ɺ ʩʣʫʯʘʡ, ʯʝ ʝʩʪʝʩʪʚʝʥʘʪʘ
ʮʠʨʢʫʣʘʮʠʷ ʥʘ ʚʲʟʜʫʭʘ ʧʨʠ ʥʘʧʲʣʥʦ ʦʪʚʦʨʝʥʠ ʱʦʨʠ ʝ ʧʦ-ʛʦʣʷʤʘ,  ʮʠʨʢʫʣʘʮʠʦʥʥʠʪʝ
ʚʝʥʪʠʣʘʪʦʨʠ ʩʝ ʠʟʢʣʶʯʚʘʪ.

ɿʘ ʧʦʩʣʝʜʥʠʷ ʧʝʪʠ ʜʠʘʧʘʟʦʥ, ʧʨʠ THI < 66, ʩʠʩʪʝʤʘʪʘ ʧʨʝʤʠʥʘʚʘ ʚ ʨʝʞʠʤ ʥʘ
ʫʧʨʘʚʣʝʥʠʝ ʩʧʨʷʤʦ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʚ ʩʛʨʘʜʘʪʘ tin, ʢʘʪʦ ʥʝ ʩʝ ʚʟʠʤʘ ʧʦʜ ʚʥʠʤʘʥʠʝ
ʦʪʥʦʩʠʪʝʣʥʘʪʘ ʚʣʘʞʥʦʩʪ RH. ʇʨʠ ʩʪʦʡʥʦʩʪʠ ʥʘ tin < ī15°C ʩʠʩʪʝʤʘʪʘ ʜʠʨʝʢʪʥʦ ʚʣʠʟʘ ʚ
ʘʚʘʨʠʝʥ ʨʝʞʠʤ. ʇʨʠ tin ʤʝʞʜʫ ī15  ʠ +5°C ʩʝ ʠʟʧʲʣʥʷʚʘʪ ʩʣʝʜʥʠʪʝ ʜʝʡʩʪʚʠʷ: ʑʦʨʠʪʝ ʩʝ
ʟʘʪʚʘʨʷʪ ʥʘʧʲʣʥʦ ʠ ʚʝʥʪʠʣʘʮʠʷʪʘ ʩʝ ʩʧʠʨʘ. ʆʪʦʧʣʝʥʠʝʪʦ ʠ ʧʦʜʛʨʷʚʘʥʝʪʦ ʥʘ ʚʦʜʘʪʘ ʚ
ʧʦʠʣʢʠʪʝ ʩʝ ʚʢʣʶʯʚʘʪ. ʎʠʨʢʫʣʘʮʠʦʥʥʠʪʝ ʚʝʥʪʠʣʘʪʦʨʠ ʩʝ ʨʝʛʫʣʠʨʘʪ ʜʦ ʜʦʩʪʠʛʘʥʝʪʦ ʥʘ SAF
ʦʪ ʧʦʨʷʜʲʢʘ 0,2 ʜʦ 0,3m/s ʠ ʩʝ ʠʟʧʨʘʱʘ ʩʲʦʙʱʝʥʠʝ ʟʘ ʥʠʩʢʘ ʪʝʤʧʝʨʘʪʫʨʘ. ʇʨʠ tin ʤʝʞʜʫ +5
ʠ +10°C ʚʝʥʪʠʣʘʮʠʷʪʘ ʦʪʥʦʚʦ ʦʩʪʘʚʘ ʠʟʢʣʶʯʝʥʘ, ʱʦʨʠʪʝ ʩʝ ʦʪʚʘʨʷʪ ʥʘ 20%, ʘ ʦʪʦʧʣʝʥʠʝʪʦ
ʩʝ ʠʟʢʣʶʯʚʘ ʘʢʦ ʝ ʚʢʣʶʯʝʥʦ. ʊʦʧʣʠʥʘʪʘ ʢʦʷʪʦ ʩʝ ʦʪʜʝʣʷ ʦʪ ʞʠʚʦʪʥʠʪʝ ʚ ʦʙʱʠʷ ʩʣʫʯʘʡ ʝ
ʜʦʩʪʘʪʲʯʥʘ ʟʘ ʧʦʜʜʲʨʞʘʥʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ. ʎʠʨʢʫʣʘʮʠʦʥʥʠʪʝ ʚʝʥʪʠʣʘʪʦʨʠ ʩʝ ʟʘʜʝʡʩʪʚʘʪ
ʘʢʦ SAF ʝ ʧʦ-ʥʠʩʢʦ ʦʪ 0,2m/s ʠ ʛʦ ʧʦʜʲʨʞʘʪ ʦʪ 0,2 ʜʦ 0,3m/s. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʜ +10°C
ʱʦʨʠʪʝ ʩʝ ʦʪʚʘʨʷʪ ʥʘ 50%, ʘ ʦʩʪʘʥʘʣʠʪʝ ʩʠʩʪʝʤʠ ʦʩʪʘʚʘʪ ʢʘʢʪʦ ʚ ʛʦʨʥʠʷ ʨʝʞʠʤ.

ʇʨʠ ʪʝʟʠ ʧʨʝʜʧʨʠʝʪʠ ʜʝʡʩʪʚʠʷ ʥʘ ʩʠʩʪʝʤʘʪʘ ʩʝ ʮʝʣʠ ʜʘ ʩʝ ʜʦʩʪʠʛʥʘʪ ʪʝʤʧʝʨʘʪʫʨʥʠ
ʩʪʦʡʥʦʩʪʠ ʧʦ-ʚʠʩʦʢʠ ʦʪ ʤʠʥʠʤʘʣʥʠʪʝ +5°C ʠʣʠ, ʘʢʦ ʝ ʚʲʟʤʦʞʥʦ, ʚ ʨʘʤʢʠʪʝ ʥʘ ʦʧʪʠʤʘʣʥʠʷ
ʜʠʘʧʘʟʦʥ ʦʪ 10-15°C. ʊʦʚʘ ʩʝ ʧʦʩʪʠʛʘ ʥʝ ʩʘʤʦ ʯʨʝʟ ʚʢʣʶʯʚʘʥʝ ʥʘ ʦʪʦʧʣʝʥʠʝʪʦ, ʥʦ ʠ ʯʨʝʟ
ʨʝʛʫʣʠʨʘʥʝ ʥʘ ʧʦʟʠʮʠʷʪʘ ʥʘ ʱʦʨʘʪʘ. ʇʲʣʥʦʪʦ ʟʘʪʚʘʨʷʥʝ ʥʘ ʱʦʨʘʪʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʠ ʙʣʠʟʢʠ
ʜʦ ʦʧʪʠʤʘʣʥʠʪʝ ʙʠ ʙʠʣʦ ʧʨʝʜʧʦʩʪʘʚʢʘ ʟʘ ʯʝʩʪʠ ʩʠʪʫʘʮʠʠ, ʧʨʠ ʢʦʠʪʦ ʠʤʘʤʝ ʚʠʩʦʢʠ ʩʪʦʡʥʦʩʪʠ
ʥʘ ʚʨʝʜʥʠ ʛʘʟʦʚʝ, ʟʘʪʦʚʘ ʪʨʷʙʚʘ ʜʘ ʩʝ ʥʘʤʝʨʠ ʙʘʣʘʥʩ ʤʝʞʜʫ ʪʦʚʘ ʢʦʣʢʦ ʦʪʚʦʨʝʥʘ ʝ ʱʦʨʘʪʘ ʚ
ʨʘʟʣʠʯʥʠʪʝ ʨʝʞʠʤʠ ʧʨʠ ʥʠʩʢʠ ʪʝʤʧʝʨʘʪʫʨʠ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʚʨʝʜʥʠ ʛʘʟʦʚʝ, ʩʲʦʙʨʘʟʝʥʦ
ʠ ʩʲʩ ʩʧʝʮʠʬʠʢʘʪʘ ʠ ʨʘʟʤʝʨʠʪʝ ʥʘ ʢʨʘʚʘʨʥʠʢʘ, ʨʘʟʤʝʨʠʪʝ ʥʘ ʱʦʨʠʪʝ ʠʣʠ ʞʘʣʫʟʠʪʝ ʠ ʙʨʦʷ ʥʘ
ʞʠʚʦʪʥʠʪʝ. ɿʘʪʦʚʘ ʩʪʲʧʢʠʪʝ ʥʘ ʦʪʚʘʨʷʥʝ ʥʘ ʱʦʨʠʪʝ ʤʦʛʘʪ ʣʝʩʥʦ ʜʘ ʩʝ ʨʝʛʫʣʠʨʘʪ.
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ʌʠʛʫʨʘ 6.2 ɸʣʛʦʨʠʪʲʤ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʂʌʉ ʟʘ ʢʦʥʪʨʦʣ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ʧʦʤʝʱʝʥʠʝ ʟʘ
ʜʦʡʥʠ ʢʨʘʚʠ ʧʨʠ ʥʦʨʤʘʣʝʥ ʨʝʞʠʤ.
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6.1.5 ʇʨʦʚʝʜʝʥʠ ʪʝʩʪʦʚʝ ʥʘ ʂʌʉ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ʢʨʘʚʝʬʝʨʤʘ

ɺʲʟ ʦʩʥʦʚʘ ʥʘ ʧʨʝʜʣʦʞʝʥʠʪʝ ʘʣʛʦʨʠʪʤʠ ʙʝʰʝ ʨʘʟʨʘʙʦʪʝʥ ʧʨʦʪʦʪʠʧ ʥʘ ʂʌʉ. ɿʘ ʩʲʨʚʲʨ
ʙʝʰʝ ʠʟʧʦʣʟʚʘʥ ʝʜʥʦʧʣʘʪʢʦʚ ʢʦʤʧʶʪʲʨ Raspberry PI 4, ʠʟʧʦʣʟʚʘʡʢʠ OpenHAB ʩʲʨʚʲʨ ʩ
ʦʪʚʦʨʝʥ ʢʦʜ.  ʏʨʝʟ ʢʦʥʬʠʛʫʨʘʮʠʷ ʥʘ ʪʝʢʩʪʦʚʠ ʬʘʡʣʦʚʝ ʩʝ ʦʧʠʩʚʘʪ ʚʨʲʟʢʠʪʝ ʢʲʤ ʩʝʥʟʦʨʠʪʝ,
ʫʧʨʘʚʣʷʚʘʱʠʪʝ ʫʩʪʨʦʡʩʪʚʘ, ʧʨʘʚʠʣʘʪʘ ʟʘ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʠ ʜʨ. ʉʝʥʟʦʨʠ ʦʪ ʚʩʠʯʢʠ ʦʧʠʩʘʥʠ
ʧʦ-ʛʦʨʝ ʪʠʧʦʚʝ ʙʷʭʘ ʩʚʲʨʟʘʥʠ ʢʲʤ ʩʠʩʪʝʤʘʪʘ ʩ ʧʦʤʦʱʪʘ ʥʘ ʧʨʦʪʦʢʦʣʠ Modbus ʠ MQTT, ʟʘ
ʜʘ ʩʝ ʪʝʩʪʚʘ ʩʲʚʤʝʩʪʠʤʦʩʪʪʘ ʠ ʚʲʟʤʦʞʥʠ ʧʨʦʙʣʝʤʠ ʚ ʢʦʤʫʥʠʢʘʮʠʠʪʝ. ʇʦʢʘʟʘʥʠʷʪʘ ʦʪ
ʩʝʥʟʦʨʠʪʝ ʙʷʭʘ ʠʟʧʦʣʟʚʘʥʠ ʟʘ ʩʲʙʠʨʘʥʝ ʥʘ ʜʘʥʥʠ ʠ ʥʘʙʣʶʜʝʥʠʝ ʥʘ ʛʨʘʬʠʢʠ. ɹʷʭʘ ʠʟʧʦʣʟʚʘʥʠ,
ʠʤʠʪʠʨʘʱʠ ʫʩʪʨʦʡʩʪʚʘ, ʧʦʜʦʙʥʠ ʥʘ ʠʩʪʠʥʩʢʠʪʝ ʢʦʠʪʦ ʪʨʷʙʚʘ ʜʘ ʩʝ ʫʧʨʘʚʣʷʚʘʪ ʚ ʨʝʘʣʥʘ ʩʨʝʜʘ
ʚʲʚ ʬʝʨʤʘ ʟʘ ʤʣʝʯʥʠ ʢʨʘʚʠ. ʂʲʤ ʩʠʩʪʝʤʘʪʘ ʙʷʭʘ ʩʚʲʨʟʘʥʠ ʝʣʝʢʪʨʠʯʝʩʢʠ ʥʘʛʨʝʚʘʪʝʣ,
ʚʝʥʪʠʣʘʪʦʨ ʩ ʐʀʄ ʫʧʨʘʚʣʝʥʠʝ, ʚʝʥʪʠʣʘʪʦʨ ʩ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʚʢʣʶʯʚʘʥʝ ʠ ʠʟʢʣʶʯʚʘʥʝ,
ʦʙʠʢʥʦʚʝʥʠ ʠ ʜʠʤʠʨʫʝʤʠ (ʩ ʐʀʄ)  LED ʣʘʤʧʠ ʠ ʤʘʣʢʘ ʱʦʨʘ, ʟʘʜʚʠʞʚʘʥʘ ʦʪ
ʧʦʩʪʦʷʥʥʦʪʦʢʦʚ ʜʚʠʛʘʪʝʣ. ʂʦʛʘʪʦ ʩʝ ʠʟʠʩʢʚʘʰʝ ʦʪ ʪʝʩʪʦʚʝʪʝ, ʙʝʰʝ ʠʟʧʦʣʟʚʘʥ ʩʠʤʫʣʠʨʘʥ
ʩʝʥʟʦʨʝʥ ʚʭʦʜ ʧʨʝʟ MQTT Brocker, ʥʘʧʨʠʤʝʨ ʟʘ ʩʠʤʫʣʠʨʘʥʝ ʥʘ ʚʠʩʦʢʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ
ʚʨʝʜʥʠ ʭʠʤʠʯʝʩʢʠ ʛʘʟʦʚʝ ʚ ʩʠʩʪʝʤʘʪʘ.

ʊʝʩʪʚʘʥʠʷ ʩʲʨʚʲʨ ʜʦʢʘʟʘ, ʯʝ ʤʦʞʝ ʜʘ ʩʝ ʩʧʨʘʚʠ ʩ ʥʘʪʦʚʘʨʚʘʥʝʪʦ ʦʪ ʘʚʪʦʤʘʪʠʟʠʨʘʥʝ ʥʘ
ʤʘʣʢʠ ʜʦ ʩʨʝʜʥʦ ʛʦʣʝʤʠ ʞʠʚʦʪʥʦʚʲʜʥʠ ʬʝʨʤʠ. ɿʘ ʛʦʣʝʤʠʪʝ ʬʝʨʤʠ ʩ ʛʦʣʷʤ ʙʨʦʡ ʩʝʥʟʦʨʠ,
ʠʟʧʲʣʥʠʪʝʣʥʠ ʤʝʭʘʥʠʟʤʠ ʠ ʜʨʫʛʦ ʦʙʦʨʫʜʚʘʥʝ ʟʘ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʪʨʷʙʚʘ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʧʦ-
ʤʦʱʝʥ ʧʝʨʩʦʥʘʣʝʥ ʢʦʤʧʶʪʲʨ ʟʘ ʩʲʨʚʲʨ. ɹʷʭʘ ʩʠʤʫʣʠʨʘʥʠ ʠ ʪʝʩʪʚʘʥʠ ʨʘʟʣʠʯʥʠ ʩʮʝʥʘʨʠʠ ʟʘ
ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʚʲʟʥʠʢʥʘʪ ʚ ʨʝʘʣʥʘ ʞʠʚʦʪʥʦʚʲʜʥʘ ʬʝʨʤʘ, ʧʨʠʣʦʞʠʤʠ ʢʘʢʪʦ
ʢʲʤ ʛʦʣʝʤʠ ʬʝʨʤʠ ʟʘ ʠʥʪʝʥʟʠʚʥʦ ʞʠʚʦʪʥʦʚʲʜʩʪʚʦ, ʪʘʢʘ ʠ ʟʘ ʤʘʣʢʠ ʩʝʤʝʡʥʠ ʬʝʨʤʠ. ɹʷʭʘ
ʪʝʩʪʚʘʥʠ ʢʦʤʫʥʠʢʘʮʠʷʪʘ ʠ ʫʧʨʘʚʣʝʥʠʝʪʦ ʥʘ ʨʘʟʣʠʯʥʠʪʝ ʩʝʥʟʦʨʠ, ʟʘʜʚʠʞʚʘʱʠ ʤʝʭʘʥʠʟʤʠ ʠ
ʧʦʜʩʠʩʪʝʤʠ ʟʘ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʯʨʝʟ ʰʠʨʦʢʦ ʠʟʧʦʣʟʚʘʥʠ ʠʥʜʫʩʪʨʠʘʣʥʠ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠ
ʧʨʦʪʦʢʦʣʠ.

ʇʦʨʘʜʠ ʥʝʚʲʟʤʦʞʥʦʩʪʪʘ ʨʘʙʦʪʘʪʘ ʥʘ ʩʠʩʪʝʤʘʪʘ ʜʘ ʩʝ ʧʨʦʚʝʨʠ ʚ ʨʝʘʣʥʘ ʦʙʩʪʘʥʦʚʢʘ
ʙʷʭʘ ʠʟʚʲʨʰʝʥʠ ʩʣʝʜʥʠʪʝ ʪʝʩʪʦʚʝ. ɿʘ ʧʨʦʙʘʪʘ ʙʝʰʝ ʠʟʧʦʣʟʚʘʥʘ ʩʧʘʣʥʷ ʚ ʘʧʘʨʪʘʤʝʥʪ, ʢʦʡʪʦ
ʠʤʘ ʨʝʢʫʧʝʨʘʮʠʦʥʝʥ ʤʦʜʫʣ, ʚʢʘʨʚʘʱ ʯʠʩʪ ʚʲʟʜʫʭ ʚ ʩʪʘʷʪʘ. ʈʝʢʫʧʝʨʘʪʦʨʘ ʙʝʰʝ ʩʚʲʨʟʘʥ ʢʲʤ
ʩʠʩʪʝʤʘʪʘ ʯʨʝʟ ʨʝʣʝ, ʪʘʢʘ ʯʝ ʪʷ ʜʘ ʤʦʞʝ ʜʘ ʛʦ ʚʢʣʶʯʚʘ ʠ ʠʟʢʣʶʯʚʘ. ʉʠʩʪʝʤʘʪʘ ʙʝʰʝ
ʥʘʩʪʨʦʝʥʘ ʜʘ ʧʦʜʜʲʨʞʘ ʥʠʚʦʪʦ ʥʘ CO2 ʧʦʜ 2000ppm. ʅʘ ʬʠʛʫʨʘ 6.3 ʤʦʞʝʪʝ ʜʘ ʩʝ ʚʠʜʠ
ʨʝʟʫʣʪʘʪʲʪ ʦʪ ʝʢʩʧʝʨʠʤʝʥʪʘ.
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ʌʠʛʫʨʘ 6.3 ʇʦʜʜʲʨʞʘʥʝ ʥʠʚʦʪʦ ʥʘ CO2 ʚ ʧʨʦʜʲʣʞʝʥʠʝ ʥʘ 8 ʜʥʠ.

ʉʠʩʪʝʤʘʪʘ ʫʩʧʷ ʜʘ ʧʦʜʜʲʨʞʘ ʥʠʚʦʪʦ ʥʘ CO2 ʚ ʩʧʘʣʥʷʪʘ ʧʦʜ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʟʘʜʘʜʝʥʘʪʘ
ʩʪʦʡʥʦʩʪ, ʚ ʧʨʦʜʲʣʞʝʥʠʝ ʥʘ ʥʷʢʦʣʢʦ ʜʥʠ ʜʦʢʘʪʦ ʪʨʘʝʭʘ ʪʝʩʪʦʚʝʪʝ, ʜʦʢʘʪʦ ʥʘʤʠʨʘʱʠʪʝ ʩʝ ʚ
ʩʪʘʷʪʘ ʭʦʨʘ ʠʟʜʠʰʚʘʭʘ CO2 ʠ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʤʫ ʚ ʩʪʘʷʪʘ ʩʝ ʧʦʚʠʰʘʚʘʰʝ.

ʂʦʥʪʨʦʣʲʪ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʙʝʰʝ ʪʝʩʪʚʘʥ ʚ ʧʨʘʟʥʘ, ʥʝ ʜʦʙʨʝ ʠʟʦʣʠʨʘʥʘ ʩʪʘʷ ʩ
ʧʨʦʟʦʨʮʠ ʩ ʶʞʥʦ ʠʟʣʦʞʝʥʠʝ, ʯʨʝʟ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʝʣʝʢʪʨʠʯʝʩʢʠ ʥʘʛʨʝʚʘʪʝʣ ʠ ʚʝʥʪʠʣʘʪʦʨ
ʢʦʡʪʦ ʠʟʩʤʫʢʚʘ ʚʲʟʜʫʭʘ ʦʪ ʩʪʘʷʪʘ, ʢʘʪʦ ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʚ ʥʝʷ ʥʘʚʣʠʟʘ ʩʚʝʞ ʚʲʟʜʫʭ ʦʪ ʚʲʥ. ɺ
ʪʦʟʠ ʪʝʩʪ (ʌʠʛʫʨʘ 6.4), ʩʠʩʪʝʤʘʪʘ ʫʩʧʷ ʜʘ ʧʦʜʜʲʨʞʘ ʫʩʧʝʰʥʦ ʩʪʘʡʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚ
ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʟʘʜʘʜʝʥʠʷ ʜʠʘʧʘʟʦʥ (ʤʝʞʜʫ 18°C ʠ 20°C), ʚʲʧʨʝʢʠ ʜʦʧʨʠʥʘʩʷʱʠʪʝ ʬʘʢʪʦʨʠ
ʢʘʪʦ ʧʨʦʤʝʥʣʠʚʠ ʚʲʥʰʥʠ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʜʦʧʲʣʥʠʪʝʣʥʦ ʦʪʦʧʣʝʥʠʝ ʦʪ ʩʣʲʥʮʝʪʦ ʧʨʝʟ
ʧʨʦʟʦʨʮʠʪʝ ʩ ʶʞʥʦ ʠʟʣʦʞʝʥʠʝ ʚ ʥʷʢʦʠ ʯʘʩʪʠ ʥʘ ʜʝʥʷ.

ʌʠʛʫʨʘ 6.4 ʇʦʜʜʲʨʞʘʥʝ ʥʠʚʦʪʦ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʚ ʧʨʦʜʲʣʞʝʥʠʝ ʥʘ 5 ʜʥʠ.
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ɿʘ ʜʘ ʪʝʩʪʚʘʤʝ ʨʝʘʢʮʠʷʪʘ ʥʘ ʘʣʛʦʨʠʪʲʤʘ ʚ ʘʚʘʨʠʡʥʘ ʩʠʪʫʘʮʠʷ (ʚʠʩʦʢʘ ʢʦʥʮʝʥʪʨʘʮʠʷ
ʥʘ ʚʨʝʜʥʠ ʭʠʤʠʯʝʩʢʠ ʛʘʟʦʚʝ ʚ ʦʙʦʨʘ), ʩʠʤʫʣʠʨʘʭʤʝ ʚʭʦʜʥʠ ʩʪʦʡʥʦʩʪʠ ʥʘ ʩʝʥʟʦʨʘ ʠʟʚʲʥ
ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʟʘʜʘʜʝʥʠʪʝ ʙʝʟʦʧʘʩʥʠ ʛʨʘʥʠʮʠ ʟʘ ʨʘʟʣʠʯʥʠʪʝ ʩʝʥʟʦʨʠ - NH3, CO2, CH4, H2S,
CO ʩ ʧʦʤʦʱʪʘ ʥʘ MQTT Broker. ʉʠʩʪʝʤʘʪʘ ʚʩʝʢʠ ʧʲʪ ʨʝʘʛʠʨʘʰʝ ʩʲʦʪʚʝʪʥʦ, ʯʨʝʟ
ʥʘʩʪʨʦʡʚʘʥʝ ʥʘ ʚʝʥʪʠʣʘʮʠʷʪʘ ʠ ʥʘ ʮʠʨʢʫʣʘʮʠʦʥʥʠʪʝ ʚʝʥʪʠʣʘʪʦʨʠ (ʚ ʩʣʫʯʘʷ ʥʘ 2 ʙʨʦʷ ʪʝʩʪʦʚʠ
ʚʝʥʪʠʣʘʪʦʨʘ)  ʥʘ ʤʘʢʩʠʤʘʣʥʘ ʤʦʱʥʦʩʪ, ʦʪʚʘʨʷʰʝ ʥʘʧʲʣʥʦ ʟʘʚʝʩʠʪʝ ( 1 ʙʨʦʡ ʝʣʝʢʪʨʠʯʝʩʢʘ
ʱʦʨʘ) ʠ ʥʝʟʘʙʘʚʥʦ ʠʥʬʦʨʤʠʨʘʰʝ ʦʧʝʨʘʪʦʨʘ ʟʘ ʘʚʘʨʠʡʥʘ ʩʠʪʫʘʮʠʷ, ʢʘʪʦ ʠʟʧʨʘʱʘʰʝ ʠʤʝʡʣ
ʩʲʦʙʱʝʥʠʝ ʩʲʩ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʩʲʦʪʚʝʪʥʠʷ ʛʘʟ. ʇʦʜʦʙʝʥ ʪʝʩʪ ʙʝʰʝ ʠʟʚʲʨʰʝʥ ʟʘ ʥʠʚʦʪʦ
ʥʘ ʬʠʥʠ ʧʨʘʭʦʚʠ ʯʘʩʪʠʮʠ ʩ ʨʘʟʤʝʨʠ ʜʦ 2.5µm ʠ ʜʦ 10 µm (ʌʇʏ2.5 ʠ ʌʇʏ10). ɿʘ ʜʘ ʩʝ ʠʟʧʨʦʙʚʘ
ʩʠʩʪʝʤʘʪʘ ʥʠʚʦʪʦ ʟʘ ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ ʙʝʰʝ ʥʘʤʘʣʝʥʦ ʢʘʪʦ ʧʨʠ ʦʪʯʠʪʘʥʝ ʥʘ ʥʠʚʦ ʥʘʜ
ʟʘʜʘʜʝʥʦʪʦ ʩʠʩʪʝʤʘʪʘ ʠʟʧʨʘʪʠ ʩʲʦʙʱʝʥʠʝ ʩʲʩ ʩʪʦʡʥʦʩʪʪʘ. ɺ ʩʣʫʯʘʡ ʥʘ ʚʠʩʦʢʠ ʥʠʚʘ ʥʘ ʌʇʏ,
ʩʠʩʪʝʤʘʪʘ ʟʘ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʥʝ ʤʦʞʝ ʜʘ ʢʦʥʪʨʦʣʠʨʘ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʠʤ, ʘ ʝʜʠʥʩʪʚʝʥʦ
ʠʟʧʨʘʱʘ ʩʲʦʙʱʝʥʠʝ ʟʘ ʜʘ ʩʝ ʧʨʝʜʧʨʠʝʤʘʪ ʤʝʨʢʠ ʟʘ ʧʦ ʜʦʙʨʦ ʧʦʯʠʩʪʚʘʥʝ. ʋʚʝʣʠʯʘʚʘʥʝʪʦ ʥʘ
ʚʝʥʪʠʣʘʮʠʷʪʘ ʩʲʱʦ ʥʝ ʝ ʨʝʰʝʥʠʝ ʥʘ ʧʨʦʙʣʝʤʘ, ʟʘʱʦʪʦ ʤʦʞʝ ʜʘ ʧʨʝʜʠʟʚʠʢʘ ʥʝʞʝʣʘʥʘ
ʧʨʦʤʷʥʘ ʚ ʪʝʤʧʝʨʘʪʫʨʘʪʘ, ʘ ʝʬʝʢʪʘ ʟʘ ʥʘʤʘʣʷʚʘʥʝʪʦ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʌʇʏ ʝ ʚʨʝʤʝʥʝʥ
ʠ ʤʠʥʠʤʘʣʝʥ.

ɺ ʜʨʫʛ ʝʢʩʧʝʨʠʤʝʥʪ ʜʠʤʠʨʫʝʤa LED ʣʘʤʧʘ ʚ ʩʪʘʷ ʙʝʰʝ ʫʩʧʝʰʥʦ ʢʦʥʪʨʦʣʠʨʘʥʘ ʦʪ
ʘʣʛʦʨʠʪʲʤʘ, ʦʩʠʛʫʨʷʚʘʡʢʠ ʥʠʚʦʪʦ ʥʘ ʦʩʚʝʪʝʥʦʩʪ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʤʘʩʘ ʜʘ ʙʲʜʝ ʦʢʦʣʦ
ʟʘʜʘʜʝʥʠʪʝ 200lx ʚ ʧʨʦʜʲʣʞʝʥʠʝ ʥʘ 16 ʯʘʩʘ ʥʘ ʜʝʥ ʧʨʠ ʧʨʦʤʝʥʷʱʦ ʩʝ ʝʩʪʝʩʪʚʝʥʦ ʦʩʚʝʪʣʝʥʠʝ,
ʘ ʧʨʠ ʧʨʝʚʠʰʘʚʘʥʝ ʥʘ ʦʩʚʝʪʝʥʦʩʪʪʘ ʥʘʜ 210lx, LED ʣʘʤʧʘʪʘ ʩʝ ʠʟʢʣʶʯʚʘʰʝ.

6.2 ʈʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʠʥʪʝʣʠʛʝʥʪʥʦʪʦ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʂʌʉ ʟʘ ʦʪʛʣʝʞʜʘʥʝ ʥʘ ʩʚʠʥʝ

6.2.1 ʉʧʝʮʠʬʠʢʠ ʠ ʠʟʠʩʢʚʘʥʠʷ ʢʲʤ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ ʧʨʠ ʦʪʛʣʝʞʜʘʥʝʪʦ ʥʘ ʩʚʠʥʝ

ʇʨʠ ʦʪʛʣʝʞʜʘʥʝ ʥʘ ʩʚʠʥʝ ʝ ʥʝʦʙʭʦʜʠʤʦ ʩʪʨʦʛʦʪʦ ʩʲʙʣʶʜʘʚʘʥʝ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ
ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ. ɺʘʞʥʦ ʝ ʜʘ ʩʝ ʢʦʥʪʨʦʣʠʨʘʪ ʥʝ ʩʘʤʦ ʬʘʢʪʦʨʠʪʝ ʦʢʘʟʚʘʱʠ ʚʣʠʷʥʠʝ ʥʘ
ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪʪʘ, ʥʦ ʠ ʪʝʟʠ ʢʦʠʪʦ ʙʣʘʛʦʧʨʠʷʪʩʪʚʘʪ ʜʦʙʨʦʪʦ ʟʜʨʘʚʦʩʣʦʚʥʦ ʩʲʩʪʦʷʥʠʝ ʥʘ
ʞʠʚʦʪʥʠʪʝ. ʊʦʚʘ ʩʘ ʬʘʢʪʦʨʠ ʢʘʪʦ ʪʝʤʧʝʨʘʪʫʨʘ, ʦʪʥʦʩʠʪʝʣʥʘ ʚʣʘʞʥʦʩʪ RH, ʩʢʦʨʦʩʪ ʥʘ
ʜʚʠʞʝʥʠʝ ʥʘ ʚʲʟʜʫʭʘ. ʅʝʦʙʭʦʜʠʤʦ ʝ ʜʘ ʩʝ ʩʣʝʜʠ ʠ ʟʘ ʚʠʩʦʢʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʥʷʢʦʣʢʦ
ʪʦʢʩʠʯʥʠ ʛʘʟʘ ʢʘʪʦ ʘʤʦʥʷʢ NH3, ʩʝʨʦʚʦʜʦʨʦʜ H2S ʠ ʚʲʛʣʝʨʦʜʝʥ ʜʠʦʢʩʠʜ CO2. ʊʷ ʝ ʦʧʘʩʥʘ
ʢʘʢʪʦ ʟʘ ʟʜʨʘʚʝʪʦ ʥʘ ʞʠʚʦʪʥʠʪʝ, ʪʘʢʘ ʠ ʟʘ ʦʙʩʣʫʞʚʘʱʠʷ ʧʝʨʩʦʥʘʣ. ʉʝʨʦʚʦʜʦʨʦʜʘ  ʤʦʞʝ ʜʘ
ʧʨʠʯʠʥʠ ʩʘʤʦʩʪʦʷʪʝʣʥʦ ʨʝʩʧʠʨʘʪʦʨʥʠ ʟʘʙʦʣʷʚʘʥʠʷ,  ʘ ʜʦʨʠ ʠ ʧʨʠ ʤʥʦʛʦ ʥʠʩʢʘ ʢʦʥʮʝʥʪʨʘʮʠʷ
ʩʧʦʤʘʛʘ ʟʘ ʦʪʩʣʘʙʚʘʥʝ ʥʘ ʠʤʫʥʥʘʪʘ ʩʠʩʪʝʤʘ ʥʘ ʧʨʘʩʝʪʘʪʘ ʧʨʠ ʢʦʝʪʦ ʧʦ-ʣʝʩʥʦ ʩʝ ʨʘʟʙʦʣʷʚʘʪ
ʦʪ ʚʠʨʫʩʥʠ ʟʘʙʦʣʷʚʘʥʠʷ ʪʠʧ ɸ (IAV - Influenza A virus) ʥʘʧʨʠʤʝʨ [94]. ʇʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷ
ʧʦʜ 5ppm ʩʝ ʫʩʝʱʘ ʥʝʧʨʠʷʪʥʘ ʤʠʨʠʟʤʘ, ʘ ʧʨʠ ʧʦ-ʚʠʩʦʢʘ ʤʠʨʠʟʤʘʪʘ ʠʟʯʝʟʚʘ, ʥʦ ʩʝ
ʧʨʠʯʠʥʷʚʘʪ ʪʝʞʢʠ ʨʝʩʧʠʨʘʪʦʨʥʠ ʟʘʙʦʣʷʚʘʥʠʷ ʥʘ ʩʚʠʥʝʪʝ ʠ ʧʝʨʩʦʥʘʣʘ ʠ ʜʦʨʠ ʤʦʞʝ ʜʘ ʩʝ
ʩʪʠʛʥʝ ʜʦ ʩʤʲʨʪ [95]. ʋʩʪʘʥʦʚʝʥʦ ʝ, ʯʝ ʠʟʣʘʛʘʥʝʪʦ ʥʘ ʚʠʩʦʢʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʘʤʦʥʷʢ ʦʪ
50ppm ʟʘ ʮʝʣʠʷ ʧʝʨʠʦʜ ʥʘ ʦʪʛʣʝʞʜʘʥʝ ʥʘ ʧʨʘʩʝʪʘ (ʦʪ ʦʪʙʠʚʘʥʝ ʜʦ ʧʘʟʘʨʥʘ ʚʲʟʨʘʩʪ) ʧʨʠʯʠʥʷʚʘ
ʪʝʞʢʠ ʨʝʩʧʠʨʘʪʦʨʥʠ ʠ ʩʠʩʪʝʤʥʠ ʧʘʪʦʣʦʛʠʯʥʠ ʣʝʟʠʠ, ʚʢʣʶʯʠʪʝʣʥʦ ʭʨʦʥʠʯʝʥ ʪʨʘʭʝʠʪ,
ʝʧʠʪʝʣʥʘ ʤʝʪʘʧʣʘʩʪʠʷ ʥʘ ʪʨʘʭʝʷʪʘ, ʪʝʞʢʘ ʠʥʪʝʨʩʪʠʮʠʘʣʥʘ ʧʥʝʚʤʦʥʠʷ, ʤʠʦʢʘʨʜʠʪ ʠ
ʠʥʪʝʨʩʪʠʮʠʘʣʝʥ ʥʝʬʨʠʪ, ʩʨʘʚʥʝʥʦ ʩ ʜʨʫʛʘ ʛʨʫʧʘ ʠʟʣʦʞʝʥʘ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʜʦ 8ppm [96].
ʇʨʘʩʝʪʘʪʘ ʩʝ ʦʪʛʣʝʞʜʘʪ ʧʨʠ ʨʘʟʣʠʯʥʠ ʫʩʣʦʚʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʚʲʟʨʘʩʪʪʘ ʠʤ ʠ
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ʧʨʝʜʥʘʟʥʘʯʝʥʠʝʪʦ ʠʤ. ʊʝ ʩʝ  ʨʘʟʜʝʣʷʪ ʥʘ 14 ʢʘʪʝʛʦʨʠʠ ʦʧʠʩʘʥʠ ʚ ʪʘʙʣʠʮʘ 6.4 [87], ʢʘʪʦ
ʧʦʢʘʟʘʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʨʘʟʣʠʯʥʠ ʟʘ ʨʘʟʣʠʯʥʠʪʝ ʚʠʜʦʚʝ ʧʦʨʦʜʠ. ɿʘʪʦʚʘ ʝ
ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʠʟʚʲʨʰʠ ʧʨʦʚʝʨʢʘ ʢʘʪʦ ʟʘ ʚʩʝʢʠ ʭʠʙʨʠʜ ʠʣʠ ʧʦʨʦʜʘ, ʧʘʨʘʤʝʪʨʠʪʝ ʩʝ
ʩʲʦʙʨʘʟʷʚʘʪ ʩ ʧʨʝʧʦʨʲʯʘʥʠʪʝ ʦʪ ʩʝʣʝʢʮʠʦʥʝʨʘ.

ʊʘʙʣʠʮʘ 6.4 ʀʟʠʩʢʚʘʥʠʷ ʢʲʤ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʞʠʟʥʝʥʘʪʘ ʩʨʝʜʘ ʧʨʠ ʦʪʛʣʝʞʜʘʥʝ ʥʘ ʩʚʠʥʝ.

ʅʝ ʪʨʷʙʚʘ ʜʘ ʩʝ ʜʦʧʫʩʢʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ  ʪʦʢʩʠʯʥʠ ʛʘʟʦʚʝ ʥʘʜ ʦʧʨʝʜʝʣʝʥʠ ʩʪʦʡʥʦʩʪʠ
ʦʧʨʝʜʝʣʝʥʠ ʚ ʩʲʦʪʚʝʪʥʠʪʝ ʩʪʘʥʜʘʨʪʠ, ʢʘʪʦ ʚ ʩʣʫʯʘʷ ʩʘ ʢʘʢʪʦ ʩʣʝʜʚʘ; ɿʘ ʘʤʦʥʷʢ NH3 ʜʦ 5ppm,
ʚʲʛʣʝʨʦʜʝʥ ʜʠʦʢʩʠʜ CO2 ʜʦ 2500ppm [87]. ɿʘ ʩʝʨʦʚʦʜʦʨʦʜ H2S ʩʧʦʨʝʜ ʥʷʢʦʠ ʠʟʪʦʯʥʠʮʠ ʝ
ʜʦʧʫʩʪʠʤʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʜʦ 5ppm ʠʣʠ ʜʦʨʠ ʜʦ 10ppm [97], ʘ ʩʧʦʨʝʜ ʜʨʫʛʠ ʥʝ ʪʨʷʙʚʘ ʜʘ ʩʝ
ʜʦʧʫʩʢʘ ʚʲʦʙʱʝ [87]. ʉʯʠʪʘ, ʯʝ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ H2S ʪʨʷʙʚʘ ʜʘ ʩʝ ʧʦʜʲʨʞʘ ʟʥʘʯʠʪʝʣʥʦ ʧʦ
ʥʠʩʢʘ ʦʪ ʤʘʢʩʠʤʘʣʥʦ ʜʦʧʫʩʪʠʤʘʪʘ, ʢʘʪʦ ʥʘʣʠʯʠʝʪʦ ʤʫ ʩʝ ʜʦʧʫʩʢʘ ʟʘ ʢʨʘʪʢʠ ʧʝʨʠʦʜʠ.

ʆʪʥʦʩʠʪʝʣʥʘʪʘ ʚʣʘʞʥʦʩʪ ʢʘʢʪʦ ʩʝ ʚʠʞʜʘ ʚ ʪʘʙʣʠʮʘ 6.3 ʝ ʦʪʥʦʩʠʪʝʣʥʦ ʚʠʩʦʢʘ, ʟʘʪʦʚʘ
ʚ ʪʦʧʣʠʪʝ ʜʥʠ ʟʘ ʦʭʣʘʞʜʘʥʝ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʩʠʩʪʝʤʠ ʟʘ ʦʭʣʘʞʜʘʥʝ ʩ ʧʨʲʩʢʘʯʢʠ ʟʘ ʥʠʩʢʦ
ʠʣʠ ʚʠʩʦʢʦ ʥʘʣʷʛʘʥʝ. ʇʨʲʩʢʘʯʢʠʪʝ ʩʝ ʠʟʧʦʣʟʚʘʪ ʠ ʟʘ ʢʦʥʪʨʦʣ ʥʘ ʦʪʥʦʩʠʪʝʣʥʘʪʘ ʚʣʘʞʥʦʩʪ ʚ
ʩʛʨʘʜʘʪʘ.

ʂʘʪʝʛʦʨʠʷ ˉ ʊʝʤʧʝʨʘʪʫʨʘ, °C ʆʪʥʦʩʠʪʝʣʥʘ ʚʣʘʞʥʦʩʪ
RH, %

ʆʧʪʠʤʘʣʥʘ
ʩʢʦʨʦʩʪ ʥʘ
ʜʚʠʞʝʥʠʝ ʥʘ

ʚʲʟʜʫʭʘ SAF, m/s

 ʤʠʥ. ʦʧʪ. ʤʘʢʩ. ʤʠʥ. ʦʧʪ. ʤʘʢʩ. ʊʦʧʣʠ
ʧʝʨʠʦʜʠ

ʉʪʫʜʝʥʠ
ʧʝʨʠʦʜʠ

1 - 3 ʜʥʠ 1 30 32 34 50 60 70 0,4 0,2
4 - 7 ʜʥʠ 2 28 30 32 50 60 70 0,4 0,2
8 - 14 ʜʥʠ 3 25 28 30 50 60 70 0,4 0,2

14 - 21 ʜʥʠ 4 22 25 26 50 60 70 0,4 0,2

21 - 28 ʜʥʠ 5 20 23 25 50 60 70 0,4 0,2
28 - 35 ʜʥʠ 6 18 20 25 50 60 70 0,4 0,2
ʇʦʜʨʘʩʪʚʘʱʠ 7 17 19 25 50 60 70 0,6 0,2
ʇʨʘʩʝʪʘ ʟʘ
ʫʛʦʷʚʘʥʝ:
ʆʪ 50 ʜʦ 80 ʢʛ 8 15 18 22 60 70 85 0,8 0,3
ʆʪ 80 ʜʦ 110 ʢʛ 9 15 17 22 60 70 85 0,8 0,3
ʅʘʜ 110 ʢʛ 10 12 16 20 60 70 85 0,8 0,3
ʅʝʨʝʟʠ 11 8 15 25 60 70 85 1,0 0,3
ʉʚʠʥʝ ʤʘʡʢʠ:
ʅʝʟʘʧʣʦʜʝʥʠ ʠ
ʫʩʣʦʚʥʦ ʙʨʝʤʝʥʥʠ 12 12 15 25 60 70 85 0,4 0,2

ɹʨʝʤʝʥʥʠ 13 30 32 34 60 70 85 0,4 0,2
ʆʧʨʘʩʝʥʠ 14 28 30 32 60 70 85 0,4 0,2
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ʉʢʦʨʦʩʪʪʘ ʥʘ ʜʚʠʞʝʥʠʝ ʥʘ ʚʲʟʜʫʰʥʠʪʝ ʧʦʪʦʮʠ ʚ ʞʠʟʥʝʥʘʪʘ ʟʦʥʘ ʥʘ ʩʚʠʥʝʪʝ ʩʲʱʦ
ʪʨʷʙʚʘ ʜʘ ʩʝ ʩʣʝʜʠ ʠ ʫʧʨʘʚʣʷʚʘ, ʢʘʪʦ ʧʨʠ ʧʦ-ʥʠʩʢʠ ʪʝʤʧʝʨʘʪʫʨʠ ʝ ʦʪ ʧʲʨʚʦʩʪʝʧʝʥʥʦ ʟʥʘʯʝʥʠʝ
ʜʘ ʥʝ ʩʝ ʧʨʝʚʠʰʘʚʘʪ ʥʦʨʤʠʪʝ ʟʘ ʧʨʦʜʲʣʞʠʪʝʣʝʥ ʧʝʨʠʦʜ. ʌʠʥʠ ʧʨʘʭʦʚʠ ʯʘʩʪʠʮʠ ʥʝ ʪʨʷʙʚʘ ʜʘ
ʥʘʜʚʠʰʘʚʘʪ 3 mg/m3 [87]. ʅʠʚʦʪʦ ʥʘ ʰʫʤʘ ʚ ʧʦʤʝʱʝʥʠʷʪʘ ʟʘ ʩʚʠʥʝ ʝ ʠʥʪʝʛʨʘʣʥʘ ʚʝʣʠʯʠʥʘ
ʦʪ ʰʫʤʦʚʠʷ ʬʦʥ ʚ ʨʘʡʦʥʘ ʥʘ ʬʝʨʤʘʪʘ, ʰʫʤʘ ʦʪ ʤʝʭʘʥʠʟʘʮʠʷʪʘ ʚ ʧʦʤʝʱʝʥʠʝʪʦ ʠ ʰʫʤʘ ʦʪ
ʞʠʚʦʪʥʠʪʝ. ʇʨʦʝʢʪʠʨʘʥʝʪʦ, ʠʟʛʨʘʞʜʘʥʝʪʦ ʠ ʝʢʩʧʣʦʘʪʘʮʠʷʪʘ ʥʘ ʩʛʨʘʜʠʪʝ ʪʨʷʙʚʘ ʜʘ ʦʩʠʛʫʨʷʚʘ
ʥʠʚʦ ʥʘ ʰʫʤʘ ʚ ʞʠʟʥʝʥʘʪʘ ʟʦʥʘ ʥʘ ʞʠʚʦʪʥʠʪʝ ʥʝ ʧʦʚʝʯʝ ʦʪ 85 dB [87]. B ʠʥʪʝʥʟʠʚʥʘʪʘ ʯʘʩʪ
ʦʪ ʜʝʥʦʥʦʱʠʝʪʦ ʟʘ ʦʧʪʠʤʘʣʥʦ ʩʝ ʧʨʠʝʤʘ ʦʩʚʝʪʣʝʥʠʝ ʩ ʠʥʪʝʥʟʠʚʥʦʩʪ ʤʠʥʠʤʫʤ 75 lux [87].
ɺʲʧʨʝʢʠ, ʯʝ ʥʷʢʦʠ ʠʟʪʦʯʥʠʮʠ ʜʘʚʘʪ ʨʘʟʣʠʯʥʠ ʜʘʥʥʠ ʟʘ ʥʝʦʙʭʦʜʠʤʠʷ ʠʥʪʝʥʟʠʪʝʪ ʥʘ
ʦʩʚʝʪʣʝʥʠʝʪʦ, ʠʤʘ ʜʦʢʘʟʘʪʝʣʩʪʚʘ ʯʝ ʧʨʘʩʝʪʘʪʘ ʩʘ ʧʨʠʩʧʦʩʦʙʠʤʠ ʜʦʩʪʘ ʧʨʠʩʧʦʩʦʙʠʤʠ ʢʲʤ
ʦʩʚʝʪʝʥʦʩʪʪʘ ʠ ʧʨʠ ʠʟʚʲʨʰʝʥʠ ʧʨʦʜʲʣʞʠʪʝʣʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʧʨʠ ʢʦʠʪʦ ʨʘʟʣʠʯʥʠ ʛʨʫʧʠ ʩʘ
ʧʦʜʣʦʞʝʥʠ ʥʘ  ʦʩʚʝʪʝʥʦʩʪ ʦʪ 45lux, 198lux ʠ 968lux ʝ ʫʩʪʘʥʦʚʝʥʦ, ʯʝ ʨʘʟʣʠʯʥʠʪʝ ʠʥʪʝʥʟʠʪʝʪʠ
ʥʘ ʩʚʝʪʣʠʥʘʪʘ ʥʝ ʩʘ ʠʤʘʣʠ ʷʩʥʦ ʚʲʟʜʝʡʩʪʚʠʝ ʚʲʨʭʫ ʧʦʚʝʜʝʥʠʝʪʦ ʥʘ ʩʚʠʥʝʪʝ, ʟʜʨʘʚʝʪʦ ʠ
ʨʘʩʪʝʞʘ [98].

6.2.2 ʉʝʥʟʦʨʠ ʠ ʩʠʩʪʝʤʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ

ʇʨʝʜʣʦʞʝʥʘʪʘ ʂʌʉ ʠʤʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʧʲʨʚʦʥʘʯʘʣʝʥ ʠ ʧʦʩʣʝʜʚʘʱ ʠʟʙʦʨ ʦʪʥʦʩʥʦ
ʥʘʣʠʯʥʠʪʝ ʩʠʩʪʝʤʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ, ʢʘʢʪʦ ʠ ʥʘ ʥʘʣʠʯʥʠʪʝ ʩʝʥʟʦʨʠ ʟʘ ʠʟʤʝʨʚʘʥʝ ʥʘ
ʥʝʦʙʭʦʜʠʤʠʪʝ ʧʘʨʘʤʝʪʨʠ, ʢʘʪʦ ʝ ʚʲʟʤʦʞʥʦ ʧʦʩʣʝʜʚʘʱʦ ʨʘʟʰʠʨʝʥʠʝ ʩ ʥʦʚʠ ʩʠʩʪʝʤʠ ʠ
ʩʝʥʟʦʨʠ. ɺʩʠʯʢʠ ʦʧʮʠʠ ʩʘ ʦʧʠʩʘʥʠ ʚ ʪʘʙʣʠʮʘ 6.5.

ʉʝʥʟʦʨʠ ʅʝʦʙʭʦʜʠʤʦʩʪ ʇʨʦʪʦʢʦʣ

ɺʲʪʨʝʰʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ɼʘ Modbus/MQTT

ʆʪʥʦʩʠʪʝʣʥʘ ʚʣʘʞʥʦʩʪ ʚ ʧʦʤʝʱʝʥʠʝʪʦ ɼʘ Modbus/MQTT

ɺʲʥʰʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ɼʘ/ʅʝ Modbus/MQTT

ɸʤʦʥʷʢ NH3 ɼʘ/ʅʝ Modbus/MQTT

ɺʲʛʣʝʨʦʜʝʥ ʜʠʦʢʩʠʜ CO2 ɼʘ/ʅʝ Modbus/MQTT

ʉʝʨʦʚʦʜʦʨʦʜ H2S ɼʘ/ʅʝ Modbus/MQTT
ʌʠʥʠ ʧʨʘʭʦʚʠ ʯʘʩʪʠʮʠ ɼʘ/ʅʝ Modbus/MQTT

ʉʢʦʨʦʩʪ ʥʘ ʜʚʠʞʝʥʠʝ ʥʘ ʚʲʟʜʫʭʘ SAF ɼʘ/ʅʝ Modbus/MQTT
ʆʩʚʝʪʝʥʦʩʪ ɼʘ/ʅʝ Modbus/MQTT

ʊʘʙʣʠʮʘ 6.5 ʅʝʦʙʭʦʜʠʤʠ ʩʝʥʟʦʨʠ ʟʘ ʨʝʘʣʠʟʠʨʘʥʝ ʥʘ ʂʌʉ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ
ʩʚʠʥʝʬʝʨʤʘ.

ɺ ʪʘʙʣʠʮʘ 6.6 ʩʘ ʧʦʢʘʟʘʥʠ ʢʘʢʚʠ ʩʠʩʪʝʤʠ ʟʘ ʢʦʥʪʨʦʣ ʥʘ ʩʨʝʜʘʪʘ ʤʦʞʝ ʜʘ ʫʧʨʘʚʣʷʚʘ
ʧʨʝʜʣʦʞʝʥʘʪʘ ʂʌʉ ʠ ʢʦʠ ʩʘ ʟʘʜʲʣʞʠʪʝʣʥʠ. ɺʲʧʨʝʢʠ, ʯʝ ʩʠʩʪʝʤʘʪʘ ʤʦʞʝ ʜʘ ʨʘʙʦʪʠ ʢʘʪʦ
ʠʟʤʝʨʚʘ ʩʘʤʦ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʦʪʥʦʩʠʪʝʣʥʘ ʚʣʘʞʥʦʩʪ, ʠ ʝ ʟʘʜʲʣʞʠʪʝʣʥʦ ʜʘ ʠʤʘ ʧʦʥʝ ʧʲʨʚʠʪʝ
ʪʨʠ ʦʪ ʠʟʙʨʦʝʥʠʪʝ ʧʦ-ʜʦʣʫ ʩʠʩʪʝʤʠ ʟʘ ʢʦʥʪʨʦʣ ʥʘ ʩʨʝʜʘʪʘ, ʟʘ ʜʘ ʙʲʜʝ ʝʥʝʨʛʦ ʝʬʝʢʪʠʚʥʘ, ʠ ʜʘ
ʦʩʠʛʫʨʷʚʘ ʧʦʜʭʦʜʷʱ ʟʘ ʞʠʚʦʪʥʠʪʝ ʤʠʢʨʦʢʣʠʤʘʪ ʚ ʩʛʨʘʜʘʪʘ, ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʠʤʘ ʧʲʣʝʥ
ʥʘʙʦʨ ʦʪ ʠʟʙʨʦʝʥʠʪʝ ʩʝʥʟʦʨʠ ʠ ʩʠʩʪʝʤʠ ʟʘ ʢʦʥʪʨʦʣ.
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ʉʠʩʪʝʤʠ ʟʘ ʢʦʥʪʨʦʣ ʥʘ ʩʨʝʜʘʪʘ ʅʝʦʙʭʦʜʠʤʦʩʪ ʄʝʪʦʜ ʟʘ ʢʦʥʪʨʦʣ

ɾʘʣʫʟʠ ɼʘ ʆʪʚʦʨʝʥʦ/ɿʘʪʚʦʨʝʥʦ/ʇʦʟʠʮʠʷ

ɺʝʥʪʠʣʘʮʠʷ ʟʘ ʩʚʝʞ ʚʲʟʜʫʭ ɼʘ ɺʢʣ./ʀʟʢʣ.; ʐʀʄ;

ʆʪʦʧʣʝʥʠʝ ɼʘ ɺʢʣ./ʀʟʢʣ.; ʐʀʄ;

ʆʭʣʘʞʜʘʥʝ (ʢʣʠʤʘʪʠʯʥʘ ʩʠʩʪʝʤʘ) ɼʘ/ʅʝ ɺʢʣ./ʀʟʢʣ.

ʇʨʲʩʢʘʯʢʠ ʟʘ ʦʭʣʘʞʜʘʥʝ ʠ ʢʦʥʪʨʦʣ ʥʘ ʚʣʘʞʥʦʩʪʪʘ ɼʘ/ʅʝ ɺʢʣ./ʀʟʢʣ.

ʇʨʲʩʢʘʯʢʠ ʟʘ ʫʤʦʢʨʷʥʝ/ʨʘʟʢʠʩʚʘʥʝ ʠ ʜʝʟʠʥʬʝʢʮʠʷ ɼʘ/ʅʝ ɺʢʣ./ʀʟʢʣ.

ɼʝʟʠʥʬʝʢʪʘʥʪ ɼʘ/ʅʝ ɺʢʣ./ʀʟʢʣ.

ʆʩʚʝʪʣʝʥʠʝ ɼʘ/ʅʝ ɺʢʣ./ʀʟʢʣ.
ʊʘʙʣʠʮʘ 6.6 ʅʝʦʙʭʦʜʠʤʠ ʩʠʩʪʝʤʠ ʟʘ ʢʦʥʪʨʦʣ ʥʘ ʩʨʝʜʘʪʘ ʟʘ ʨʝʘʣʠʟʠʨʘʥʝ ʥʘ ʂʌʉ ʟʘ
ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ʩʚʠʥʝʬʝʨʤʘ.

ɺ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʪʠʧʘ ʥʘ ʩʠʩʪʝʤʘʪʘ ʟʘ ʢʦʥʪʨʦʣ ʥʘ ʩʨʝʜʘʪʘ, ʂʌʉ ʠʤʘ ʚʲʟʤʦʞʥʦʩʪ ʜʘ ʷ
ʫʧʨʘʚʣʷʚʘ ʜʠʨʝʢʪʥʦ, ʠʣʠ ʚ ʩʣʫʯʘʡ, ʯʝ ʩʠʩʪʝʤʘʪʘ ʠʤʘ ʩʦʙʩʪʚʝʥ ʢʦʥʪʨʦʣʝʨ, ʂʌʉ ʤʦʞʝ ʜʘ
ʟʘʜʘʜʝ ʮʝʣʝʚʠ ʢʦʥʪʨʦʣʥʠ ʩʪʦʡʥʦʩʪʠ (ʯʨʝʟ ʢʦʤʫʥʠʢʘʮʠʷ ʯʨʝʟ ʨʘʟʣʠʯʥʠ ʧʨʦʪʦʢʦʣʠ) ʠʣʠ ʩʘʤʦ
ʜʘ ʷ ʚʢʣʶʯʚʘ ʠ ʠʟʢʣʶʯʚʘ ʟʘ ʦʧʨʝʜʝʣʝʥʦ ʚʨʝʤʝ, ʢʦʛʘʪʦ ʝ ʥʝʦʙʭʦʜʠʤʦ. ɿʘʜʘʜʝʥʠʪʝ ʩʪʦʡʥʦʩʪʠ
ʧʦ ʧʦʜʨʘʟʙʠʨʘʥʝ ʟʘ ʧʘʨʘʤʝʪʨʠʪʝ ʚ ʂʌʉ ʟʘ ʨʘʟʣʠʯʥʠʪʝ ʢʘʪʝʛʦʨʠʠ ʧʨʘʩʝʪʘ ʩʘ ʚʟʝʪʠ ʦʪ
ʩʧʦʤʝʥʘʪʠʪʝ ʧʦ-ʛʦʨʝ ʥʘʨʝʜʙʠ. ɺʩʠʯʢʠ ʩʪʦʡʥʦʩʪʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʚʣʘʞʥʦʩʪ, ʩʢʦʨʦʩʪ ʥʘ
ʜʚʠʞʝʥʠʝ ʥʘ ʚʲʟʜʫʭʘ, ʤʘʢʩʠʤʘʣʥʦ ʜʦʧʫʩʪʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʚʨʝʜʥʠ ʛʘʟʦʚʝ ʤʦʛʘʪ ʜʘ ʩʝ
ʧʨʦʤʝʥʷʪ ʧʦ ʫʩʤʦʪʨʝʥʠʝ ʥʘ ʪʝʭʥʦʣʦʛʘ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʧʦʨʦʜʘʪʘ ʠ ʩʝʣʝʢʮʠʷʪʘ ʥʘ ʩʚʠʥʝʪʝ.
ʆʩʚʝʥ ʪʦʚʘ ʤʦʛʘʪ ʜʘ ʩʝ ʩʲʟʜʘʚʘʪ ʜʦʧʲʣʥʠʪʝʣʥʠ ʢʘʪʝʛʦʨʠʠ ʠʟʚʲʥ ʧʦʩʦʯʝʥʠʪʝ 14 ʙʨʦʷ, ʚ ʢʦʠʪʦ
ʜʘ ʩʝ ʥʘʩʪʨʦʷʪ ʧʘʨʘʤʝʪʨʠ ʧʦʜʭʦʜʷʱʠ ʟʘ ʦʪʛʣʝʞʜʘʥʝ ʥʘ ʧʨʘʩʝʪʘ ʦʪ ʨʘʟʣʠʯʥʠ ʢʘʪʝʛʦʨʠʠ ʚ ʝʜʥʦ
ʧʦʤʝʱʝʥʠʝ. ʊʘʢʘ ʤʦʛʘʪ ʜʘ ʩʝ ʧʦʣʟʚʘʪ ʛʦʪʦʚʠ ʥʘʩʪʨʦʡʢʠ ʙʝʟ ʜʘ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʧʨʦʤʝʥʷ
ʚʩʝʢʠ ʧʘʨʘʤʝʪʲʨ ʧʦ ʦʪʜʝʣʥʦ.

6.2.3 ɸʣʛʦʨʠʪʲʤ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʂʌʉ ʟʘ ʢʦʥʪʨʦʣ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ʩʚʠʥʝʬʝʨʤʘ

ʇʦʨʘʜʠ ʩʧʝʮʠʬʠʢʘʪʘ ʧʨʠ ʦʪʛʣʝʞʜʘʥʝ ʥʘ ʧʨʘʩʝʪʘ ʪʨʷʙʚʘ ʜʘ ʩʝ ʥʘʧʨʘʚʠ ʫʪʦʯʥʝʥʠʝ, ʯʝ
ʩʠʩʪʝʤʘʪʘ ʥʝ ʤʦʞʝ ʜʘ ʙʲʜʝ  ʥʘʧʲʣʥʦ ʘʚʪʦʥʦʤʥʘ, ʠ ʝ ʥʝʦʙʭʦʜʠʤʘ ʥʘʤʝʩʘʪʘ ʥʘ ʯʦʚʝʢ.
ʇʨʘʩʝʪʘʪʘ ʩʝ ʦʪʛʣʝʞʜʘʪ ʚ ʨʘʟʣʠʯʥʠ ʧʦʤʝʱʝʥʠʷ, ʩʧʨʷʤʦ ʢʘʪʝʛʦʨʠʷʪʘ ʚ ʢʦʷʪʦ ʧʦʧʘʜʘʪ. ʇʨʝʜʠ
ʚʩʷʢʦ ʚʲʚʝʞʜʘʥʝ ʥʘ ʞʠʚʦʪʥʠ ʚ ʜʘʜʝʥʦ ʧʦʤʝʱʝʥʠʝ, ʟʘʜʲʣʞʠʪʝʣʥʦ ʩʝ ʠʟʚʲʨʰʚʘ ʨʲʯʥʦ
ʧʦʯʠʩʪʚʘʥʝ ʠ ʜʝʟʠʥʬʝʢʮʠʷ.

ɸʣʛʦʨʠʪʲʤʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʂʌʉ ʝ ʧʦʢʘʟʘʥ ʥʘ ʬʠʛʫʨʘ 6.5. ʋʩʣʦʚʥʦ ʘʣʛʦʨʠʪʲʤʘ
ʤʦʞʝ ʜʘ ʙʲʜʝ ʨʘʟʜʝʣʝʥ ʥʘ ʜʚʝ ʯʘʩʪʠ. ɺ ʧʲʨʚʘʪʘ ʯʘʩʪ ʩʝ ʠʟʚʲʨʰʚʘʪ ʥʘʯʘʣʥʠʪʝ ʥʘʩʪʨʦʡʢʠ ʠ ʩʝ
ʠʟʧʲʣʥʷʚʘ ʮʠʢʲʣʘ ʟʘ ʧʦʯʠʩʪʚʘʥʝ ʠ ʜʝʟʠʥʬʝʢʮʠʷ ʢʦʛʘʪʦ ʝ ʠʟʙʨʘʥ. ɺʲʚ ʚʪʦʨʘʪʘ ʯʘʩ ʩʝ
ʠʟʚʲʨʰʚʘ ʘʚʪʦʥʦʤʥʦʪʦ ʧʦʜʜʲʨʞʘʥʝ ʥʘ ʩʨʝʜʘʪʘ ʜʦʢʘʪʦ ʥʝ ʩʝ ʧʨʦʤʝʥʠ ʢʘʪʝʛʦʨʠʷʪʘ ʥʘ
ʧʨʘʩʝʪʘʪʘ ʠʣʠ ʮʠʢʲʣʘ ʥʝ ʙʲʜʝ ʩʧʨʷʥ ʨʲʯʥʦ. ɸʣʛʦʨʠʪʲʤʘ ʩʪʘʨʪʠʨʘ ʩ ʠʟʙʦʨʘ ʥʘ ʧʦʤʝʱʝʥʠʝ, ʟʘ
ʢʦʝʪʦ ʱʝ ʙʲʜʘʪ ʧʨʠʣʦʞʝʥʠ ʩʲʦʪʚʝʪʥʠʪʝ ʥʘʩʪʨʦʡʢʠ. ʉʠʩʪʝʤʘʪʘ ʤʦʞʝ ʜʘ ʫʧʨʘʚʣʷʚʘ
ʤʥʦʞʝʩʪʚʦ ʥʘ ʙʨʦʡ ʧʦʤʝʱʝʥʠʷ ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʨʘʟʧʦʣʘʛʘʪ ʩ ʝʜʥʘʢʚʠ ʠʣʠ ʨʘʟʣʠʯʥʠ
ʢʦʥʬʠʛʫʨʘʮʠʠ ʥʘ ʩʝʥʟʦʨʠ ʠ ʫʧʨʘʚʣʷʚʘʱʠ ʩʠʩʪʝʤʠ, ʩ ʮʝʣ ʧʦʝʚʪʠʥʷʚʘʥʝ ʠʣʠ ʦʧʪʠʤʠʟʘʮʠʷ ʥʘ
ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ. ʉʣʝʜ ʪʦʚʘ ʩʝ ʠʟʙʠʨʘ ʢʘʪʝʛʦʨʠʷʪʘ ʚ ʢʦʷʪʦ ʧʦʧʘʜʘʪ ʧʨʘʩʝʪʘʪʘ ʚ ʧʦʤʝʱʝʥʠʝʪʦ
ʠʣʠ ʩʝ ʠʟʙʠʨʘ ʨʝʞʠʤʘ ʜʝʟʠʥʬʝʢʮʠʷ. ʇʨʠ ʥʦʚʦʨʦʜʝʥʠ, ʢʘʪʝʛʦʨʠʷʪʘ ʟʘʚʠʩʠ ʦʪ ʚʲʟʨʘʩʪʪʘ ʚ ʜʥʠ,
ʟʘʪʦʚʘ ʧʨʠ ʠʟʙʦʨ ʥʘ ʢʘʪʝʛʦʨʠʷ ʦʪ 1 ʜʦ 6 ʩʝ ʟʘʜʝʡʩʪʚʘ ʪʘʡʤʝʨ t1, ʩ ʧʦʤʦʱʪʘ ʥʘ ʢʦʡʪʦ ʩʠʩʪʝʤʘʪʘ
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ʘʚʪʦʤʘʪʠʯʥʦ ʩʤʝʥʷ ʢʘʪʝʛʦʨʠʷʪʘ ʢʲʤ ʧʦ-ʛʦʨʥʘ ʜʦ ʜʦʩʪʠʛʘʥʝʪʦ ʥʘ ʢʘʪʝʛʦʨʠʷ 7. ʉʣʝʜ ʠʟʙʦʨʘ ʥʘ
ʢʘʪʝʛʦʨʠʷ ʩʝ ʧʨʘʚʠ ʥʘʯʘʣʥʘ ʧʨʦʚʝʨʢʘ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʚ ʧʦʤʝʱʝʥʠʝʪʦ ʠ ʩʝ ʟʘʜʘʚʘʪ
ʥʘʩʪʨʦʡʢʠʪʝ ʟʘ ʩʲʦʪʚʝʪʥʘʪʘ ʢʘʪʝʛʦʨʠʷ. ʉʣʝʜ ʪʦʚʘ ʩʝ ʧʨʠʩʪʲʧʚʘ ʢʲʤ ʠʟʧʲʣʥʷʚʘʥʝʪʦ ʥʘ
ʩʲʦʪʚʝʪʥʠʪʝ ʮʠʢʣʠ ʦʪ ʚʪʦʨʘʪʘ ʯʘʩʪ ʥʘ ʘʣʛʦʨʠʪʲʤʘ.

ʇʨʠ ʠʟʙʦʨ ʥʘ ʨʝʞʠʤ ʟʘ ʧʦʯʠʩʪʚʘʥʝ ʠ ʜʝʟʠʥʬʝʢʮʠʷ, ʩʠʩʪʝʤʘʪʘ ʠʟʧʲʣʥʷʚʘ ʘʚʪʦʤʘʪʠʯʥʦ
ʩʣʝʜʥʠʪʝ ʜʝʡʩʪʚʠʷ. ʀʟʧʲʣʥʷʚʘ ʩʝ ʮʠʢʲʣ ʥʘ ʥʘʤʦʢʨʷʥʝ ʩ ʧʦʤʦʱʪʘ ʥʘ ʧʨʲʩʢʘʯʢʠ ʟʘ ʥʠʩʢʦ
ʥʘʣʷʛʘʥʝ (ʇʨʲʩʢʘʯʢʠ2) ʟʘ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʥʘʩʪʨʦʝʥʦʪʦ ʚʨʝʤʝ t2, ʩʣʝʜ ʢʦʝʪʦ ʩʣʝʜʚʘ ʧʝʨʠʦʜ ʥʘ
ʨʘʟʢʠʩʚʘʥʝ ʩ ʚʢʣʶʯʝʥʘ ʚʝʥʪʠʣʘʮʠʷ ʥʘ ʤʘʢʩʠʤʘʣʥʘ ʩʢʦʨʦʩʪ ʟʘ ʧʝʨʠʦʜʘ t3. ʊʘʢʘ ʩʝ ʠʟʙʷʛʚʘ
ʟʘʜʲʨʞʘʥʝʪʦ ʥʘ ʚʨʝʜʥʠʪʝ ʛʘʟʦʚʝ ʚ ʧʦʤʝʱʝʥʠʝʪʦ ʦʪʜʝʣʝʥʠ ʧʨʝʟ ʪʦʟʠ ʧʨʦʮʝʩ. ʉʣʝʜ
ʟʘʚʲʨʰʚʘʥʝ ʥʘ ʪʦʟʠ ʮʠʢʲʣ ʧʦʤʝʱʝʥʠʝʪʦ ʝ ʛʦʪʦʚʦ ʟʘ ʨʲʯʥʦ ʧʦʯʠʩʪʚʘʥʝ ʠ ʠʟʤʠʚʘʥʝ ʥʘ ʧʦʜʘ ʠ
ʩʪʝʥʠʪʝ. ʉʣʝʜ ʢʘʪʦ ʧʦʯʠʩʪʚʘʥʝʪʦ ʧʨʠʢʣʶʯʠ, ʦʪʥʦʚʦ ʝ ʥʝʦʙʭʦʜʠʤʦ ʨʲʯʥʦ ʜʘ ʩʝ ʧʨʦʜʲʣʞʠ
ʮʠʢʲʣʘ ʟʘ ʜʝʟʠʥʬʝʢʮʠʷ, ʢʘʪʦ ʩʠʩʪʝʤʘʪʘ ʘʚʪʦʤʘʪʠʯʥʦ ʜʦʟʠʨʘ ʜʝʟʠʥʬʝʢʪʘʥʪʘ ʢʦʡʪʦ ʩʝ ʧʦʜʘʚʘ
ʜʠʨʝʢʪʥʦ ʚ ʥʘʤʦʢʨʷʱʘʪʘ ʩʠʩʪʝʤʘ (ʇʨʲʩʢʘʯʢʠ2) ʟʘ ʥʝʦʙʭʦʜʠʤʦʪʦ ʚʨʝʤʝ t4. ʆʪʥʦʚʦ ʩʣʝʜʚʘ
ʧʝʨʠʦʜ ʟʘ ʧʨʦʚʝʪʨʷʚʘʥʝ ʥʘ ʧʦʤʝʱʝʥʠʝʪʦ t5 ʩʣʝʜ ʢʦʡʪʦ ʪʦ ʝ ʛʦʪʦʚʦ ʟʘ ʠʟʧʦʣʟʚʘʥʝ.

ɺʲʚ ʚʪʦʨʘʪʘ ʯʘʩʪ ʥʘ ʘʣʛʦʨʠʪʲʤʘ ʟʘʧʦʯʚʘʪ ʮʠʢʣʠ ʩ ʢʦʠʪʦ ʧʝʨʠʦʜʠʯʥʦ ʩʝ ʠʟʚʲʨʰʚʘʪ
ʧʨʦʚʝʨʢʠ ʥʘ ʩʣʝʜʝʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ʠ ʩʝ ʧʨʝʜʧʨʠʝʤʘʪ ʜʝʡʩʪʚʠʷ ʟʘ ʫʩʪʦʡʯʠʚʦ ʩʲʩʪʦʷʥʠʝ ʥʘ
ʤʠʢʨʦʢʣʠʤʘʪʘ. ʇʲʨʚʦ ʩʝ ʠʟʧʲʣʥʷʚʘʪ ʧʨʦʚʝʨʢʠʪʝ ʟʘ ʥʘʣʠʯʠʝʪʦ ʥʘ ʚʠʩʦʢʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ
ʚʨʝʜʥʠ ʛʘʟʦʚʝ, ʢʘʪʦ ʘʤʦʥʷʢ NH3, ʚʲʛʣʝʨʦʜʝʥ ʜʠʦʢʩʠʥ CO2 ʠ ʩʝʨʦʚʦʜʦʨʦʜ H2S. ɸʢʦ ʢʦʡʪʦ ʠ
ʜʘ ʝ ʦʪ ʪʷʭ ʧʨʝʚʠʰʘʚʘ ʟʘʜʘʜʝʥʠʪʝ ʥʦʨʤʠ ʩʝ ʩʪʠʛʘ ʜʦ ʘʚʘʨʠʝʥ ʨʝʞʠʤ, ʚ ʢʦʡʪʦ ʩʝ ʫʚʝʜʦʤʷʚʘ
ʦʧʝʨʘʪʦʨʘ ʟʘ ʚʠʩʦʢʘʪʘ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʩʲʦʪʚʝʪʥʠʷ ʛʘʟ ʠ ʩʪʦʡʥʦʩʪʪʘ ʠ, ʠ  ʩʝ ʧʨʝʜʧʨʠʝʤʘʪ
ʤʝʨʢʠ ʟʘ ʫʚʝʣʠʯʘʚʘʥʝ ʧʨʠʪʦʢʘ ʥʘ ʩʚʝʞ ʚʲʟʜʫʭ. ɾʘʣʫʟʠʪʝ ʩʝ ʦʪʚʘʨʷʪ ʥʘʧʲʣʥʦ, ʠʣʠ ʘʢʦ
ʚʲʥʰʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʝ ʧʨʝʢʘʣʝʥʦ ʥʠʩʢʘ ʩʝ ʦʪʚʘʨʷʪ ʥʘʧʦʣʦʚʠʥʘ. ɺʝʥʪʠʣʘʮʠʷʪʘ ʩʝ ʫʚʝʣʠʯʘʚʘ
ʢʘʪʦ ʩʢʦʨʦʩʪʪʘ ʥʘ ʜʚʠʞʝʥʠʝ ʥʘ ʚʲʟʜʫʭʘ SAF ʥʝ ʪʨʷʙʚʘ ʜʘ ʧʨʝʚʠʰʘʚʘ ʜʚʘ ʧʲʪʠ ʟʘʜʘʜʝʥʘʪʘ ʟʘ
ʩʲʦʪʚʝʪʥʘʪʘ ʢʘʪʝʛʦʨʠʷ, ʟʘʨʘʜʠ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪʪʘ ʥʘ ʧʨʘʩʝʪʘʪʘ ʢʲʤ ʪʦʟʠ ʧʦʢʘʟʘʪʝʣ.
ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʚʘ ʜʘʣʠ ʨʘʙʦʪʠ ʦʪʦʧʣʝʥʠʝʪʦ, ʠʣʠ ʦʭʣʘʞʜʘʥʝʪʦ (ʩ ʢʣʠʤʘʪʠʯʥʘ ʩʠʩʪʝʤʘ),
ʩʠʩʪʝʤʘʪʘ ʩʝ ʩʪʨʝʤʠ ʜʘ ʧʦʜʜʲʨʞʘ ʟʘʜʘʜʝʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʠ ʚ ʩʣʫʯʘʠʪʝ ʥʘ ʚʢʘʨʚʘʥʝ ʥʘ
ʛʦʣʷʤʦ ʢʦʣʠʯʝʩʪʚʦ ʩʪʫʜʝʥ ʠʣʠ ʛʦʨʝʱ ʚʲʟʜʫʭ ʦʪ ʚʝʥʪʠʣʘʮʠʷʪʘ. ɸʢʦ ʠʤʘ ʚʢʣʶʯʝʥʠ ʧʨʲʩʢʘʯʢʠ
ʟʘ ʦʭʣʘʞʜʘʥʝ ʠʣʠ ʦʚʣʘʞʥʷʚʘʥʝ (ʇʨʲʩʢʘʯʢʠ1), ʪʝ ʩʝ ʠʟʢʣʶʯʚʘʪ, ʟʘ ʜʘ ʩʝ ʥʘʤʘʣʠ ʚʣʘʞʥʦʩʪʪʘ
ʥʘ ʚʲʟʜʫʭʘ, ʘ ʦʪ ʪʦʚʘ ʠ ʦʪʜʝʣʷʥʝʪʦ ʥʘ ʚʨʝʜʥʠ ʛʘʟʦʚʝ ʥʘʤʘʣʷʚʘ. ɸʢʦ ʧʨʝʟ ʟʠʤʘʪʘ ʩʝ ʩʪʠʛʥʝ ʜʦ
ʩʠʣʥʦ ʧʦʥʠʞʘʚʘʥʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʧʨʠ ʪʦʟʠ ʨʝʞʠʤ ʥʘʧʨʠʤʝʨ ʚ ʧʦʤʝʱʝʥʠʝ ʩ ʥʦʚʦʨʦʜʝʥʠ
ʧʨʘʩʝʪʘ, ʪʦʚʘ ʤʦʞʝ ʜʘ ʜʦʚʝʜʝ ʨʘʟʙʦʣʷʚʘʥʝ ʥʘ ʞʠʚʦʪʥʠʪʝ ʠ ʜʦ ʛʦʣʝʤʠ ʟʘʛʫʙʠ. ʇʦʨʘʜʠ ʪʘʟʠ
ʧʨʠʯʠʥʘ ʧʨʠ ʩʧʘʜ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʚ ʧʦʤʝʱʝʥʠʝʪʦ ʧʦʜ tmin, ʩʠʩʪʝʤʘʪʘ ʘʚʪʦʤʘʪʠʯʥʦ
ʥʘʤʘʣʷʚʘ ʚʝʥʪʠʣʘʮʠʷʪʘ ʦʪ 200% ʜʦ 150% ʦʪ ʟʘʜʘʜʝʥʘʪʘ ʟʘ ʩʲʦʪʚʝʪʥʘʪʘ ʢʘʪʝʛʦʨʠʷ. ʊʘʢʘ
ʚʨʝʤʝʪʦ ʟʘ ʧʨʦʚʝʪʨʷʚʘʥʝ ʥʘʨʘʩʪʚʘ, ʥʦ ʟʘ ʩʤʝʪʢʘ ʥʘ ʪʦʚʘ ʩʝ ʦʛʨʘʥʠʯʘʚʘʪ ʜʨʫʛʠ ʱʝʪʠ. ʊʦʟʠ
ʮʠʢʲʣ ʧʨʦʜʲʣʞʘʚʘ ʜʦʢʘʪʦ ʠʟʪʝʯʝ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʟʘʜʘʜʝʥʦʪʦ ʩʧʦʨʝʜ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʩʛʨʘʜʘʪʘ
ʠ ʚʝʥʪʠʣʘʮʠʷʪʘ ʚʨʝʤʝ t6.
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ɺ ʩʣʫʯʘʷ ʢʦʛʘʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʢʦʡʪʦ ʠ ʜʘ ʝ ʦʪ ʚʨʝʜʥʠʪʝ ʛʘʟʦʚʝ ʜʦʩʪʠʛʥʝ
ʜʦ 70% ʦʪ ʟʘʜʘʜʝʥʠʪʝ ʤʘʢʩʠʤʘʣʥʦ ʜʦʧʫʩʪʠʤʠ ʩʪʦʡʥʦʩʪʠ, ʩʠʩʪʝʤʘʪʘ ʧʨʝʜʧʨʠʝʤʘ ʜʝʡʩʪʚʠʷ
ʧʦʜʦʙʥʠ ʥʘ ʛʦʨʥʠʪʝ, ʥʦ ʚ ʪʫʢ ʚʝʥʪʠʣʘʮʠʷʪʘ ʩʝ ʢʦʥʪʨʦʣʠʨʘ ʪʘʢʘ, ʯʝ ʩʢʦʨʦʩʪʪʘ ʥʘ ʜʚʠʞʝʥʠʝ ʥʘ
ʚʲʟʜʫʭʘ ʜʘ ʝ ʚ ʛʨʘʥʠʮʠʪʝ ʦʪ 120% ʜʦ 150% ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʚ ʧʦʤʝʱʝʥʠʝʪʦ,
ʢʘʪʦ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪʪʘ ʦʪʥʦʚʦ ʝ t6.

ɸʢʦ ʚʩʠʯʢʠ ʠʟʤʝʨʚʘʥʠ ʛʘʟʦʚʝ ʩʘ ʚ ʥʦʨʤʘ, ʩʠʩʪʝʤʘʪʘ ʧʨʦʚʝʨʷʚʘ ʊʘʡʤʝʨ t1 ʠ ʘʢʦ ʪʦʡ ʝ
ʜʦʩʪʠʛʥʘʣ ʣʠʤʠʪʘ ʟʘ ʜʘʜʝʥʘ ʢʘʪʝʛʦʨʠʷ, ʩʠʩʪʝʤʘʪʘ ʘʚʪʦʤʘʪʠʯʥʦ ʧʨʝʤʠʥʘʚʘ ʢʲʤ ʥʘʩʪʨʦʡʢʠ ʟʘ
ʩʣʝʜʚʘʱʘʪʘ ʢʘʪʝʛʦʨʠʷ ʠ ʪʘʢʘ ʜʦ ʜʦʩʪʠʛʘʥʝ ʜʦ ʢʘʪʝʛʦʨʠʷ 7. ɸʢʦ ʊʘʡʤʝʨ t1 ʥʝ ʝ ʟʘʜʝʡʩʪʚʘʥ ʥʝ
ʩʝ ʧʨʝʜʧʨʠʝʤʘʪ ʜʝʡʩʪʚʠʷ ʟʘ ʩʤʷʥʘ ʥʘ ʢʘʪʝʛʦʨʠʷʪʘ, ʩʣʝʜ ʢʦʝʪʦ ʩʠʩʪʝʤʘʪʘ ʧʨʦʚʝʨʷʚʘ
ʪʝʤʧʝʨʘʪʫʨʘʪʘ. ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʜ ʤʠʥʠʤʘʣʥʘʪʘ ʩʝ ʩʯʠʪʘ ʟʘ ʘʚʘʨʠʡʥʘ ʩʠʪʫʘʮʠʷ ʠ ʩʠʩʪʝʤʘʪʘ
ʠʟʧʨʘʱʘ ʫʚʝʜʦʤʣʝʥʠʝ ʜʦ ʦʧʝʨʘʪʦʨʘ. ʇʨʦʚʝʨʷʚʘ ʩʝ ʩʲʩʪʦʷʥʠʝʪʦ ʥʘ ʞʘʣʫʟʠʪʝ ʟʘ ʝʩʪʝʩʪʚʝʥʘ
ʚʝʥʪʠʣʘʮʠʷ, ʠ ʘʢʦ ʩʘ ʦʪʚʦʨʝʥʠ ʩʝ ʟʘʪʚʘʨʷʪ. ɺʝʥʪʠʣʘʮʠʷʪʘ ʩʝ ʥʘʤʘʣʷʚʘ ʜʦ ʥʠʚʘ ʧʨʠ ʢʦʠʪʦ
ʩʢʦʨʦʩʪʪʘ ʥʘ ʜʚʠʞʝʥʠʝ ʥʘ ʚʲʟʜʫʭʘ SAF ʝ ʧʦ-ʥʠʩʢʘ ʦʪ ʧʨʝʧʦʨʲʯʠʪʝʣʥʠʪʝ ʟʘ ʜʘʜʝʥʘʪʘ
ʢʘʪʝʛʦʨʠʷ ʠ ʦʪʦʧʣʝʥʠʝʪʦ ʩʝ ʚʢʣʶʯʚʘ ʥʘ ʤʘʢʩʠʤʘʣʥʘ ʩʪʦʡʥʦʩʪ. ʇʦ ʩʲʱʦʪʦ ʚʨʝʤʝ ʩʝ ʧʨʦʚʝʨʷʚʘ
ʠ ʦʪʥʦʩʠʪʝʣʥʘʪʘ ʚʣʘʞʥʦʩʪ RH ʚ ʧʦʤʝʱʝʥʠʝʪʦ ʠ ʘʢʦ ʝ ʧʦ-ʥʠʩʢʘ ʦʪ ʤʠʥʠʤʘʣʥʘʪʘ,
ʢʨʘʪʢʦʚʨʝʤʝʥʥʦ ʩʝ ʟʘʜʝʡʩʪʚʘʪ ʧʨʲʩʢʘʯʢʠʪʝ ʟʘ ʦʭʣʘʞʜʘʥʝ ʠ ʦʚʣʘʞʥʷʚʘʥʝ  (ʇʨʲʩʢʘʯʢʠ1).
ʀʟʯʘʢʚʘ ʩʝ ʜʘ ʠʟʪʠʯʘʥʝ ʚʨʝʤʝʪʦ t7 ʠ ʩʠʩʪʝʤʘʪʘ ʩʝ ʚʨʲʱʘ ʚ ʨʝʞʠʤʘ ʟʘ ʧʨʦʚʝʨʢʘ ʥʘ ʚʨʝʜʥʠʪʝ
ʛʘʟʦʚʝ. ɺʨʝʤʝʪʦ t7 ʝ ʟʥʘʯʠʪʝʣʥʦ ʧʦ-ʢʨʘʪʢʦ ʦʪ ʚʨʝʤʝʥʘʪʘ ʟʘ ʨʘʙʦʪʘ ʥʘ ʮʠʢʣʠʪʝ ʧʨʠ
ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʜ ʤʠʥʠʤʘʣʥʘʪʘ, ʟʘʱʦʪʦ ʧʨʠ ʧʦ ʧʨʦʜʲʣʞʠʪʝʣʝʥ ʧʝʨʠʦʜ ʩʲʩ ʩʣʘʙʘ ʚʝʥʪʠʣʘʮʠʷ
ʤʦʞʝ ʜʘ ʩʝ ʩʪʠʛʥʝ ʜʦ ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʚʨʝʜʥʠ ʛʘʟʦʚʝ.

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʞʜʫ ʤʠʥʠʤʘʣʥʘʪʘ ʠ ʦʧʪʠʤʘʣʥʘʪʘ ʦʪʥʦʚʦ ʞʘʣʫʟʠʪʝ ʦʩʪʘʚʘʪ
ʟʘʪʚʦʨʝʥʠ, ʚʝʥʪʠʣʘʮʠʷʪʘ ʩʝ ʧʦʜʲʨʞʘ ʩʧʦʨʝʜ ʢʘʪʝʛʦʨʠʷʪʘ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʪʝ ʥʦʨʤʠ ʟʘ SAF, ʘ
ʦʪʦʧʣʝʥʠʝʪʦ ʩʝ ʨʝʛʫʣʠʨʘ ʪʘʢʘ, ʯʝ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʜʘ ʢʣʦʥʠ ʢʲʤ ʦʧʪʠʤʘʣʥʘʪʘ, ʥʦ ʜʘ ʥʝ ʷ
ʧʨʝʚʠʰʘʚʘ. ʆʪʥʦʚʦ ʧʨʠ ʦʪʥʦʩʠʪʝʣʥʘʪʘ ʚʣʘʞʥʦʩʪ RH ʧʦʜ ʤʠʥʠʤʘʣʥʘʪʘ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦ ʩʝ
ʟʘʜʝʡʩʪʚʘʪ ʧʨʲʩʢʘʯʢʠ1. ʉʣʝʜ ʠʟʪʠʯʘʥʝ ʥʘ ʚʨʝʤʝʪʦ t8, ʩʠʩʪʝʤʘʪʘ ʦʪʥʦʚʦ ʩʝ ʚʨʲʱʘ ʚ ʨʝʞʠʤʘ
ʟʘ ʧʨʦʚʝʨʢʘ ʥʘ ʚʨʝʜʥʠʪʝ ʛʘʟʦʚʝ.

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʞʜʫ ʦʧʪʠʤʘʣʥʘʪʘ ʠ ʤʘʢʩʠʤʘʣʥʘʪʘ ʟʘʧʦʯʚʘ ʦʪʚʘʨʷʥʝ ʥʘ ʞʘʣʫʟʠʪʝ
ʟʘ ʝʩʪʝʩʪʚʝʥʘ ʚʝʥʪʠʣʘʮʠʷ, ʢʘʪʦ ʧʨʦʮʝʥʪʘ ʥʘ ʦʪʚʘʨʷʥʝ ʟʘʚʠʩʠ ʦʪ ʚʲʥʰʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ. ʇʨʠ
ʧʦ-ʚʠʩʦʢʘ ʚʲʥʰʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʞʘʣʫʟʠʪʝ ʩʝ ʦʪʚʘʨʷʪ ʧʦʚʝʯʝ. ɺʝʥʪʠʣʘʮʠʷʪʘ ʩʝ ʨʝʛʫʣʠʨʘ ʪʘʢʘ,
ʯʝ ʩʢʦʨʦʩʪʪʘ ʥʘ ʜʚʠʞʝʥʠʝ ʥʘ ʚʲʟʜʫʭʘ SAF ʢʦʷʪʦ ʟʘʚʠʩʠ ʦʪ ʝʩʪʝʩʪʚʝʥʘʪʘ ʚʝʥʪʠʣʘʮʠʷ ʧʨʝʟ
ʞʘʣʫʟʠʪʝ ʠ ʧʨʠʥʫʜʠʪʝʣʥʘʪʘ ʚʝʥʪʠʣʘʮʠʷ ʜʘ ʦʪʛʦʚʘʨʷ ʥʘ ʟʘʜʘʜʝʥʘʪʘ ʢʘʪʝʛʦʨʠʷ. ɿʘ ʥʘʤʘʣʷʚʘʥʝ
ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʩʝ ʟʘʜʝʡʩʪʚʘʪ ʧʨʲʩʢʘʯʢʠ1, ʥʘ ʦʧʨʝʜʝʣʝʥʠ ʠʥʪʝʨʚʘʣʠ. ɸʢʦ ʪʝʤʧʝʨʘʪʫʨʘʪʘ
ʥʝ ʤʦʞʝ ʜʘ ʩʝ ʥʘʤʘʣʠ ʜʦʩʪʘʪʲʯʥʦ ʩʝ ʟʘʜʝʡʩʪʚʘ ʠ ʦʭʣʘʞʜʘʥʝ ʯʨʝʟ ʢʣʠʤʘʪʠʯʥʘʪʘ ʩʠʩʪʝʤʘ. ʇʨʠ
ʜʦʩʪʠʛʘʥʝ ʥʘ ʚʣʘʞʥʦʩʪ ʥʘʜ ʤʘʢʩʠʤʘʣʥʘʪʘ, ʧʨʲʩʢʘʯʢʠ1 ʩʝ ʠʟʢʣʶʯʚʘʪ ʠ ʦʩʪʘʚʘ ʜʘ ʨʘʙʦʪʠ ʩʘʤʦ
ʢʣʠʤʘʪʠʯʥʘʪʘ ʩʠʩʪʝʤʘ ʜʦʢʘʪʦ ʚʣʘʞʥʦʩʪʪʘ ʥʝ ʩʧʘʜʥʝ ʚ ʦʧʨʝʜʝʣʝʥʠʪʝ ʥʦʨʤʠ. ʎʠʢʲʣʘ
ʧʨʦʜʲʣʞʘʚʘ ʟʘ ʚʨʝʤʝʪʦ t9.

ʊʝʤʧʝʨʘʪʫʨʘ ʧʦ-ʚʠʩʦʢʘ ʦʪ ʤʘʢʩʠʤʘʣʥʘʪʘ ʩʲʱʦ ʩʝ ʩʯʠʪʘ ʟʘ ʘʚʘʨʠʡʥʘ ʠ ʩʠʩʪʝʤʘʪʘ
ʦʪʥʦʚʦ ʫʚʝʜʦʤʷʚʘ ʦʧʝʨʘʪʦʨʘ.  ɾʘʣʫʟʠʪʝ ʩʝ ʦʪʚʘʨʷʪ ʜʦʢʨʘʡ, ʧʦʜʜʲʨʞʘ ʩʝ ʩʢʦʨʦʩʪʪʘ ʥʘ
ʜʚʠʞʝʥʠʝ ʥʘ ʚʲʟʜʫʭʘ SAF ʜʘ ʜʦʩʪʠʛʘ ʦʪ 100% ʜʦ 150% ʩʧʨʷʤʦ ʢʘʪʝʛʦʨʠʷʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ
ʪʦʚʘ ʩ ʢʦʣʢʦ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʚ ʧʦʤʝʱʝʥʠʝʪʦ tin e ʧʦ-ʚʠʩʦʢʘ ʦʪ ʤʘʢʩʠʤʘʣʥʦ ʜʦʧʫʩʪʠʤʘʪʘ
ʥʘʩʪʨʦʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ tmax ʟʘ ʩʲʦʪʚʝʪʥʘʪʘ ʢʘʪʝʛʦʨʠʷ. ʆʭʣʘʞʜʘʥʝʪʦ ʝ ʚʢʣʶʯʝʥʦ,  ʢʘʢʪʦ ʠ
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ʧʨʲʩʢʘʯʢʠʪʝ ʟʘ ʦʭʣʘʞʜʘʥʝ ʠ ʦʚʣʘʞʥʷʚʘʥʝ (ʇʨʲʩʢʘʯʢʠ1) ʜʦ ʧʨʝʚʠʰʘʚʘʥʝ ʥʘ ʤʘʢʩʠʤʘʣʥʘʪʘ
ʚʣʘʞʥʦʩʪ ʚ ʧʦʤʝʱʝʥʠʝʪʦ. ʉʣʝʜ ʠʟʪʠʯʘʥʝ ʥʘ ʚʨʝʤʝʪʦ t10, ʩʠʩʪʝʤʘʪʘ ʦʪʥʦʚʦ ʩʝ ʚʨʲʱʘ ʟʘ
ʧʨʦʚʝʨʢʘ ʟʘ ʚʠʩʦʢʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʚʨʝʜʥʠʪʝ ʛʘʟʦʚʝ. ʊʦʚʘ ʧʨʦʜʲʣʞʘʚʘ ʜʦʢʘʪʦ ʩʠʩʪʝʤʘʪʘ ʥʝ
ʧʦʣʫʯʠ ʩʠʛʥʘʣ ʟʘ ʨʲʯʝʥ ʩʪʦʧ, ʟʘ ʩʲʦʪʚʝʪʥʦʪʦ ʧʦʤʝʱʝʥʠʝ, ʢʦʡʪʦ ʩʝ ʧʦʜʘʚʘ ʦʪ ʦʧʝʨʘʪʦʨʘ ʩʣʝʜ
ʠʟʚʝʞʜʘʥʝʪʦ ʥʘ ʞʠʚʦʪʥʠʪʝ ʦʪ ʜʘʜʝʥʦʪʦ ʧʦʤʝʱʝʥʠʝ.

6.2.4  ʇʨʦʚʝʜʝʥʠ ʪʝʩʪʦʚʝ ʥʘ ʂʌʉ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ʩʚʠʥʝʬʝʨʤʘ

ɹʷʭʘ ʧʨʦʚʝʜʝʥʠ ʪʝʩʪʦʚʝ ʩ ʠʟʛʨʘʜʝʥʘ ʦʧʠʪʥʘ ʧʦʩʪʘʥʦʚʢʘ ʚ ʣʘʙʦʨʘʪʦʨʠʷ, ʢʘʪʦ ʟʘ ʮʝʣʪʘ
ʙʝʰʝ ʠʟʛʨʘʜʝʥʘ ʂʌʉ ʚʢʣʶʯʚʘʱʘ ʯʘʩʪ ʦʪ ʚʩʠʯʢʠ ʚʲʟʤʦʞʥʠ ʢʦʤʧʦʥʝʥʪʠ ʠʟʙʨʦʝʥʠ ʧʦ ʛʦʨʝ, ʘ
ʠʤʝʥʥʦ Raspbery Pi4 ʢʘʪʦ ʩʲʨʚʲʨ, ʩʝʥʟʦʨʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʚʣʘʞʥʦʩʪ AM2302 ʚ
ʧʦʤʝʱʝʥʠʝʪʦ ʠ ʦʪʚʲʥ, ʩʝʥʟʦʨ ʟʘ CO2 – SCD30. ʉʠʩʪʝʤʘʪʘ ʠʤʘʰʝ ʥʘ ʨʘʟʧʦʣʦʞʝʥʠʝ ʟʘ
ʫʧʨʘʚʣʝʥʠʝ ʝʣʝʢʪʨʠʯʝʩʢʠ ʥʘʛʨʝʚʘʪʝʣ, ʨʝʢʫʧʝʨʘʪʦʨ ʟʘ ʩʚʝʞ ʚʲʟʜʫʭ ʢʦʠʪʦ ʠʟʧʲʣʥʷʚʘ ʨʦʣʷʪʘ
ʥʘ ʚʝʥʪʠʣʘʮʠʷ, ʠ ʨʦʣʝʪʥʘ ʱʦʨʘ (ʚʤʝʩʪʦ ʞʘʣʫʟʠ) ʢʦʷʪʦ ʤʦʞʝ ʜʘ ʩʝ ʧʦʟʠʮʠʦʥʠʨʘ ʚ ʨʘʟʣʠʯʥʦ
ʧʦʣʦʞʝʥʠʝ. ʊʝʩʪʦʚʝʪʝ ʙʷʭʘ ʥʘʧʨʘʚʝʥʠ ʧʨʠ ʚʲʥʰʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦ-ʥʠʩʢʘ ʩ ʦʢʦʣʦ 15 ʛʨʘʜʫʩʘ
ʦʪ ʟʘʜʘʜʝʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʢʦʠʪʦ ʪʨʷʙʚʘ ʜʘ ʩʝ ʧʦʜʲʨʞʘʪ ʘ ʠʤʝʥʥʦ ʟʘ  ʢʘʪʝʛʦʨʠʷ 5 – 20/23/25°C,
ʢʘʪʦ ʪʘʡʤʝʨʘ ʟʘ ʢʘʪʝʛʦʨʠʷʪʘ ʙʝʰʝ ʥʘʤʘʣʝʥ ʦʪ 7 ʜʥʠ ʥʘ 7 ʯʘʩʘ ʟʘ ʮʝʣʠʪʝ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ. ʇʨʠ
ʟʘʜʘʚʘʥʝ ʥʘ ʢʘʪʝʛʦʨʠʷʪʘ ʠ ʩʪʘʨʪʠʨʘʥʝ ʥʘ ʩʠʩʪʝʤʘʪʘ, ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʚ ʣʘʙʦʨʘʪʦʨʠʷʪʘ ʙʝʰʝ
18°C (ʌʠʛʫʨʘ 6.6). ʉʠʩʪʝʤʘʪʘ ʠʟʧʨʘʪʠ ʩʲʦʙʱʝʥʠʝ ʧʦ ʠʤʝʡʣ ʟʘ ʥʠʩʢʘ ʪʝʤʧʝʨʘʪʫʨʘ,
ʧʦʟʠʮʠʦʥʠʨʘ ʱʦʨʘʪʘ ʚ ʟʘʪʚʦʨʝʥʦ ʩʲʩʪʦʷʥʠʝ, ʩʪʘʨʪʠʨʘ ʦʪʦʧʣʝʥʠʝʪʦ ʠ ʚʢʣʶʯʠ ʨʝʢʫʧʝʨʘʪʦʨʘ,
ʢʘʪʦ ʧʨʠ ʜʦʩʪʠʛʘʥʝ ʥʘ ʤʠʥʠʤʘʣʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʦʪ 20°C ʥʘʤʘʣʠ ʤʦʱʥʦʩʪʪʘ ʥʘ ʥʘʛʨʝʚʘʪʝʣʷ
ʥʘ 50% ʯʨʝʟ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʐʀʄ. ʇʨʠ ʜʦʩʪʠʛʥʘʪʘ ʦʧʪʠʤʘʣʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʦʪ 23°C ʩʠʩʪʝʤʘʪʘ
ʠʟʢʣʶʯʠ ʥʘʛʨʝʚʘʪʝʣʷ.

ʌʠʛʫʨʘ 6.6 ʈʝʛʫʣʠʨʘʥʝ ʥʠʚʦʪʦ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʚ ʧʨʦʜʲʣʞʝʥʠʝ ʥʘ 8 ʯʘʩʘ.

ʊʝʤʧʝʨʘʪʫʨʘʪʘ ʩʧʘʜʥʘ ʜʦ 22,4°C ʧʨʠ ʢʦʝʪʦ ʥʘʛʨʝʚʘʪʝʣʷ ʧʘʢ ʩʝ ʚʢʣʶʯʠ ʥʘ 50%. ʉʣʝʜ
15 ʤʠʥʫʪʠ ʚ ʧʦʤʝʱʝʥʠʝʪʦ ʙʝʰʝ ʚʢʣʶʯʝʥ ʚʪʦʨʠ ʥʘʛʨʝʚʘʪʝʣ, ʢʦʡʪʦ ʥʝ ʝ ʩʚʲʨʟʘʥ ʩʲʩ ʩʠʩʪʝʤʘʪʘ,
ʟʘ ʜʘ ʩʠʤʫʣʠʨʘ ʟʘʪʦʧʣʷʥʝ. ʉʣʝʜ ʢʘʪʦ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʧʨʝʤʠʥʘ ʦʧʪʠʤʘʣʥʘʪʘ ʩʲʩ ʟʘʜʘʜʝʥʘ
ʩʪʲʧʢʘ ʦʪ 0,2°C ʘ ʠʤʝʥʥʦ 23,2°C, ʱʦʨʘʪʘ ʩʝ ʦʪʚʦʨʠ ʥʘ 30%.ʂʦʛʘʪʦ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʜʦʩʪʠʛʥʘ
24°C, ʚʪʦʨʠʷʪ ʥʘʛʨʝʚʘʪʝʣ ʙʝʰʝ ʠʟʢʣʶʯʝʥ ʠ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʟʘʧʦʯʥʘ ʜʘ ʩʧʘʜʘ. ɿʘ ʧʦ ʙʲʨʟʦ
ʦʭʣʘʞʜʘʥʝ ʙʝʰʝ ʦʪʚʦʨʝʥ ʧʨʦʟʦʨʝʮ, ʢʘʪʦ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʟʘʧʦʯʥʘ ʜʘ ʩʧʘʜʘ ʧʦ ʙʲʨʟʦ.
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ʄʝʞʜʫʚʨʝʤʝʥʥʦ ʩʠʩʪʝʤʘʪʘ ʙʝʰʝ ʧʨʝʤʠʥʘʣʘ ʦʪ ʢʘʪʝʛʦʨʠʷ 5 ʥʘ ʢʘʪʝʛʦʨʠʷ 6. ʇʨʠ ʜʦʩʪʠʛʘʥʝ
ʥʘ 19.8°C ʩʠʩʪʝʤʘʪʘ ʟʘʪʚʦʨʠ ʨʦʣʝʪʥʘʪʘ ʱʦʨʘ. ʊʦʛʘʚʘ ʙʝʰʝ ʟʘʪʚʦʨʝʥ ʠ ʧʨʦʟʦʨʝʮʘ ʟʘ ʜʘ ʩʝ ʩʧʨʝ
ʠʥʪʝʥʟʠʚʥʦʪʦ ʦʭʣʘʞʜʘʥʝ. ʇʨʠ ʜʦʩʪʠʛʘʥʝ ʥʘ 19.4°C, ʩʠʩʪʝʤʘʪʘ ʦʪʥʦʚʦ ʚʢʣʶʯʠ ʥʘʛʨʝʚʘʪʝʣʷ.

ɹʝʰʝ ʠʟʚʲʨʰʝʥ ʠ ʪʝʩʪ ʟʘ ʘʚʘʨʠʡʥʘ ʩʠʪʫʘʮʠʷ ʩ ʚʠʩʦʢʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ CO2. ɿʘ ʮʝʣʪʘ
ʤʘʢʩʠʤʘʣʥʘʪʘ ʩʪʦʡʥʦʩʪ ʙʝʰʝ ʥʘʤʘʣʝʥʘ ʦʪ 2500ppm ʥʘ 1000ppm. ʈʝʢʫʧʝʨʘʪʦʨʘ ʙʝʰʝ ʟʘʤʝʥʝʥ
ʦʪ ʚʝʥʪʠʣʘʪʦʨ ʥʘ ʢʦʡʪʦ ʤʦʞʝʤ ʜʘ ʫʧʨʘʚʣʷʚʘʤʝ ʦʙʦʨʦʪʠʪʝ. ɹʝʰʝ ʟʘʜʘʜʝʥʘ ʢʘʪʝʛʦʨʠʷ 5, ʢʘʪʦ
ʥʘʛʨʝʚʘʪʝʣʷ ʧʦʜʜʲʨʞʘʰʝ ʟʘʜʘʜʝʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʱʦʨʘʪʘ ʙʝʰʝ ʟʘʪʚʦʨʝʥʘ, ʘ ʚʝʥʪʠʣʘʪʦʨʘ ʩʝ
ʚʲʨʪʝʰʝ ʩ 1200prm. ʇʨʠ ʜʦʩʪʠʛʘʥʝ ʥʘ CO2 ʥʘʜ 1000ppm, ʦʙʦʨʦʪʠʪʝ ʥʘ ʚʝʥʪʠʣʘʪʦʨʘ ʩʝ
ʧʦʚʠʰʠʭʘ ʜʦ 2500rpm, ʱʦʨʘʪʘ ʩʝ ʦʪʚʦʨʠ ʥʘ 100% ʠ ʩʠʩʪʝʤʘʪʘ ʠʟʧʨʘʪʠ ʠʤʝʡʣ ʟʘ ʚʠʩʦʢʘ
ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ CO2. ɿʘ ʜʘ ʧʦʩʪʠʛʥʝʤ ʧʦʥʠʞʘʚʘʥʝ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ CO2, ʢʘʢʪʦ ʠ ʥʘ
ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʙʝʰʝ ʦʪʚʦʨʝʥ ʧʨʦʟʦʨʝʮ. ɼʦʢʘʪʦ ʪʝʯʝʰʝ ʮʠʢʲʣʘ ʥʘ ʧʨʦʚʝʪʨʷʚʘʥʝ,
ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʩʝ ʧʦʥʠʞʠ, ʧʦʜ ʤʠʥʠʤʘʣʥʘʪʘ, ʧʨʠ ʢʦʝʪʦ ʱʦʨʘʪʘ ʩʝ ʟʘʪʚʦʨʠ ʥʘ 50%, ʘ
ʥʘʛʨʝʚʘʪʝʣʷ ʩʝ ʚʢʣʶʯʠ ʥʘ ʤʘʢʩʠʤʘʣʥʘ ʩʪʦʡʥʦʩʪ.

6.3 ʈʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʠʥʪʝʣʠʛʝʥʪʥʦʪʦ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʂʌʉ ʟʘ ʦʪʛʣʝʞʜʘʥʝ ʥʘ ʙʨʦʡʣʝʨʠ

6.3.1 ʉʧʝʮʠʬʠʢʠ ʠ ʠʟʠʩʢʚʘʥʠʷ ʢʲʤ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ ʧʨʠ ʦʪʛʣʝʞʜʘʥʝʪʦ ʥʘ ʙʨʦʡʣʝʨʠ

ʆʪʛʣʝʞʜʘʥʝʪʦ ʥʘ ʙʨʦʡʣʝʨʠ ʠʟʠʩʢʚʘ ʧʦʚʝʯʝ ʢʦʥʪʨʦʣ ʚʲʨʭʫ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ, ʦʪʢʦʣʢʦʪʦ
ʦʪʛʣʝʞʜʘʥʝʪʦ ʥʘ ʜʨʫʛʠ ʤʝʩʦʜʘʡʥʠ ʞʠʚʦʪʥʠ ʢʘʪʦ ʢʨʘʚʠ ʠʣʠ ʦʚʮʝ, ʥʘʧʨʠʤʝʨ. ɺʩʷʢʦ
ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʦʧʪʠʤʘʣʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ʫʚʝʣʠʯʘʚʘ ʩʤʲʨʪʥʦʩʪʪʘ, ʦʩʦʙʝʥʦ ʚ ʧʲʨʚʠʪʝ ʜʥʠ ʥʘ
ʙʨʫʜʠʥʛʘ, ʘ ʚ ʧʦʩʣʝʜʩʪʚʠʝ ʥʘʤʘʣʷʚʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʪʘ [99]. ʆʪ ʜʨʫʛʘ ʩʪʨʘʥʘ, ʦʪʛʣʝʞʜʘʥʝʪʦ
ʥʘ ʙʨʦʡʣʝʨʠ ʩʝ ʦʩʥʦʚʘʚʘ ʥʘ ʨʝʜʠʮʘ ʧʦʜ ʥʘʫʢʠ, ʥʘʡ-ʚʘʞʥʠʪʝ ʦʪ ʢʦʠʪʦ ʩʘ ʞʠʚʦʪʥʦʚʲʜʩʪʚʦ,
ʭʨʘʥʝʥʝ ʠ ʨʝʧʨʦʜʫʢʮʠʷ [100].

ʇʨʠ ʦʪʛʣʝʞʜʘʥʝ ʥʘ ʙʨʦʡʣʝʨʠ ʩʠʩʪʝʤʘʪʘ ʟʘ ʢʦʥʪʨʦʣ ʪʨʷʙʚʘ ʜʘ ʩʣʝʜʠ ʧʘʨʘʤʝʪʨʠ ʢʘʪʦ
ʪʝʤʧʝʨʘʪʫʨʘ, ʦʪʥʦʩʠʪʝʣʥʘ ʚʣʘʞʥʦʩʪ RH, ʩʢʦʨʦʩʪ ʥʘ ʜʚʠʞʝʥʠʝ ʥʘ ʚʲʟʜʫʭʘ SAF,
ʜʠʬʝʨʝʥʮʠʘʣʥʦ ʥʘʣʷʛʘʥʝ ȹp ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʚʨʝʜʥʠ ʛʘʟʦʚʝ ʢʘʪʦ ʘʤʦʥʷʢ NH3 [101],
ʚʲʛʣʝʨʦʜʝʥ ʜʠʦʢʩʠʜ CO2, ʚʲʛʣʝʨʦʜʝʥ ʦʢʩʠʜ CO ʠ ʩʝʨʦʚʦʜʦʨʦʜ H2S [87,99]. ʇʨʘʭʲʪ ʠ
ʤʠʢʨʦʙʥʦʪʦ ʟʘʤʲʨʩʷʚʘʥʝ ʩʲʱʦ ʪʨʷʙʚʘ ʜʘ ʩʝ ʥʘʙʣʶʜʘʚʘʪ [99]. ɺʘʞʥʠ ʬʘʢʪʦʨʠ ʩʘ
ʠʥʪʝʥʟʠʪʝʪʲʪ ʠ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪʪʘ ʥʘ ʦʩʚʝʪʣʝʥʠʝʪʦ ʚ ʧʦʤʝʱʝʥʠʷʪʘ ʠ ʥʠʚʦʪʦ ʥʘ ʰʫʤ
[102,103], ʢʘʪʦ ʥʠʚʦʪʦ ʥʘ ʰʫʤ ʚʲʪʨʝ ʚ ʩʛʨʘʜʘʪʘ ʠ ʦʢʦʣʦ ʥʝʷ ʥʝ ʪʨʷʙʚʘ ʜʘ ʧʨʝʚʠʰʘʚʘ 70dB
[87]. ʅʦʨʤʘʪʠʚʥʠ ʘʢʪʦʚʝ ʠʟʠʩʢʚʘʪ ʦʩʚʝʪʝʥʦʩʪʪʘ ʚ ʧʲʨʚʠʪʝ 3 ʜʥʠ ʦʪ ʠʟʣʶʧʚʘʥʝʪʦ ʜʘ ʙʲʜʝ ʧʦʥʝ
100lx ʚ ʧʨʦʜʲʣʞʝʥʠʝ ʥʘ 24 ʯʘʩʘ, ʘ ʟʘ ʧʦ ʛʦʣʝʤʠ ʧʠʣʝʪʘ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪʪʘ ʥʘ ʦʩʚʝʪʝʥʦʩʪ
ʥʘʤʘʣʷʚʘ ʜʦ 14-20 ʯʘʩʘ, ʩ ʦʩʚʝʪʝʥʦʩʪ ʦʪ 5lx. [87]. ɺ ʥʷʢʦʠ ʜʦʢʣʘʜʠ ʩʝ ʧʨʝʧʦʨʲʯʚʘ
ʦʩʚʝʪʝʥʦʩʪʪʘ ʜʘ ʝ ʧʦʥʝ 20lx [104]. ʇʨʝʟ ʧʲʨʚʠʪʝ ʩʝʜʤʠʮʠ ʦʪ ʦʪʛʣʝʞʜʘʥʝʪʦ ʥʘ ʧʠʣʝʪʘʪʘ
ʦʩʚʝʪʝʥʦʩʪʪʘ ʥʝ ʩʝ ʦʪʨʘʟʷʚʘ ʥʘ ʟʜʨʘʚʦʩʣʦʚʥʦʪʦ ʩʲʩʪʦʷʥʠʝ ʥʘ ʧʠʣʝʪʘʪʘ, ʘ ʩʝ ʦʪʨʘʟʷʚʘ ʛʣʘʚʥʦ
ʥʘ ʚʨʝʤʝʪʦ ʥʘ ʘʢʪʠʚʥʦʩʪ ʠ ʭʨʘʥʝʥʝ [102,103 ]. ɿʘ ʧʦ-ʛʦʣʝʤʠʪʝ ʧʠʣʝʪʘ ʧʦ-ʜʲʣʛʠʪʝ ʧʝʨʠʦʜʠ ʥʘ
ʦʩʚʝʪʷʚʘʥʝ ʠ ʧʦ-ʚʠʩʦʢʠʷʪ ʠʥʪʝʥʟʠʪʝʪ ʥʘ ʩʚʝʪʣʠʥʘʪʘ ʤʦʛʘʪ ʜʘ ʠʤʘʪ ʦʙʨʘʪʥʠʷ ʝʬʝʢʪ. ʊʦʚʘ
ʤʦʞʝ ʜʘ ʜʦʚʝʜʝ ʜʦ ʢʘʥʠʙʘʣʠʟʲʤ, ʫʤʦʨʘ ʥʘ ʧʠʣʝʪʘʪʘ, ʨʘʟʣʠʯʥʠ ʟʘʙʦʣʷʚʘʥʠʷ ʠ ʜʦʨʠ ʩʤʲʨʪ
[105,106,107]. ʅʷʢʦʠ ʘʚʪʦʨʠ ʧʨʝʧʦʨʲʯʚʘʪ 16 ʯʘʩʘ ʩʚʝʪʣʠʥʘ ʠ 8 ʯʘʩʘ ʪʲʤʥʠʥʘ [108,109],
ʜʦʢʘʪʦ ʜʨʫʛʠ ʩʲʦʙʱʘʚʘʪ ʟʘ ʧʦ-ʚʠʩʦʢʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪ ʩ ʨʝʜʫʚʘʥʝ ʥʘ ʧʦ-ʢʨʘʪʢʠ ʩʚʝʪʣʠ ʠ ʪʲʤʥʠ
ʧʝʨʠʦʜʠ [110,111,112].
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ʉʲʱʦ ʪʘʢʘ ʝ ʚʘʞʥʦ ʜʘ ʩʝ ʦʪʙʝʣʝʞʠ, ʯʝ ʥʘʡ-ʚʘʞʥʠʷʪ ʧʘʨʘʤʝʪʲʨ, ʢʦʡʪʦ ʦʧʨʝʜʝʣʷ ʟʦʥʘʪʘ
ʥʘ ʢʦʤʬʦʨʪ ʥʘ ʧʠʣʝʪʘʪʘ, ʝ ʫʩʝʱʘʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ [99,113,114,115]. ʏʝʩʪʦ ʝ ʨʘʟʣʠʯʥʘ ʦʪ
ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʚʲʟʜʫʭʘ ʚ ʧʦʤʝʱʝʥʠʷʪʘ ʠ ʟʘʚʠʩʠ ʦʪ ʤʥʦʛʦ ʬʘʢʪʦʨʠ: ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ
ʚʲʟʜʫʭʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʦʜʘ ʚ ʧʦʤʝʱʝʥʠʝʪʦ, ʦʪʥʦʩʠʪʝʣʥʘ ʚʣʘʞʥʦʩʪ RH, ʩʢʦʨʦʩʪ ʥʘ
ʚʲʟʜʫʰʥʠʷ ʧʦʪʦʢ SAF, ʚʲʟʨʘʩʪ ʠ ʦʧʝʨʝʥʠʝ ʥʘ ʧʠʣʝʪʘʪʘ. ʂʦʛʘʪʦ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʚʲʟʜʫʭʘ,
ʚʣʘʞʥʦʩʪʪʘ ʠ ʩʢʦʨʦʩʪʪʘ ʥʘ ʚʷʪʲʨʘ ʩʘ ʚ ʜʦʧʫʩʪʠʤʠ ʛʨʘʥʠʮʠ, ʫʩʝʪʝʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ
ʩʲʦʪʚʝʪʩʪʚʘ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʚ ʧʦʤʝʱʝʥʠʷʪʘ. ʇʨʠ ʧʦ-ʚʠʩʦʢʠ ʪʝʤʧʝʨʘʪʫʨʠ, ʟʘ ʜʘ ʥʝ ʩʝ ʠʟʣʠʟʘ
ʦʪ ʟʦʥʘʪʘ ʥʘ ʢʦʤʬʦʨʪ, ʪʨʷʙʚʘ ʜʘ ʩʝ ʫʚʝʣʠʯʠ ʩʢʦʨʦʩʪʪʘ ʥʘ ʜʚʠʞʝʥʠʝ ʥʘ ʚʲʟʜʫʭʘ ʚ
ʧʦʤʝʱʝʥʠʝʪʦ [99]. ʉ ʧʨʝʜʣʦʞʝʥʠʪʝ ʤʝʪʦʜʠ ʫʩʝʱʘʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʤʦʞʝ ʜʘ ʙʲʜʝ ʠʟʯʠʩʣʝʥʘ
ʠ ʠʟʧʦʣʟʚʘʥʘ ʟʘ ʨʘʙʦʪʘ ʥʘ ʩʠʩʪʝʤʘʪʘ.

ʆʭʣʘʞʜʘʥʝʪʦ ʚ ʧʪʠʮʝʬʝʨʤʠʪʝ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʯʨʝʟ ʠʟʧʘʨʠʪʝʣʥʦ ʦʭʣʘʞʜʘʥʝ.
ʀʟʧʘʨʠʪʝʣʥʠʪʝ ʦʭʣʘʜʠʪʝʣʥʠ ʧʠʪʠ ʩʘ ʩʝ ʥʘʣʦʞʠʣʠ ʧʨʝʜ ʩʠʩʪʝʤʠʪʝ ʩ ʧʨʲʩʢʘʯʢʠ, ʟʘʱʦʪʦ ʩʘ ʧʦ-
ʣʝʩʥʠ ʟʘ ʤʝʥʘʞʠʨʘʥʝ, ʧʦ-ʝʬʝʢʪʠʚʥʠ ʠ ʥʝ ʩʝ ʥʘʤʦʢʨʷ ʧʦʩʪʝʣʷʪʘ ʢʦʝʪʦ ʝ ʧʨʝʜʧʦʩʪʘʚʢʘ ʟʘ
ʦʙʨʘʟʫʚʘʥʝ ʥʘ ʚʨʝʜʥʠ ʠʟʧʘʨʝʥʠʷ. ɻʦʣʷʤʘ ʯʘʩʪ ʦʪ ʩʲʱʝʩʪʚʫʚʘʱʠʪʝ ʧʪʠʮʝʬʝʨʤʠ ʚ ɹʲʣʛʘʨʠʷ
ʨʘʟʧʦʣʘʛʘʪ ʩ ʪʦʚʘ ʦʙʦʨʫʜʚʘʥʝ, ʥʦ ʧʦʚʝʯʝʪʦ ʦʪ ʪʷʭ ʥʷʤʘʪ ʩʠʩʪʝʤʠ ʟʘ ʘʚʪʦʥʦʤʥʦ ʫʧʨʘʚʣʝʥʠʝ
ʥʘ ʮʷʣʦʪʦ ʩʠ ʦʙʦʨʫʜʚʘʥʝ. ɸʚʪʦʤʘʪʠʟʘʮʠʷʪʘ ʝ ʯʘʩʪʠʯʥʘ, ʘ ʚʠʩʦʢʦʢʚʘʣʠʬʠʮʠʨʘʥ ʧʝʨʩʦʥʘʣ
ʧʦʩʪʦʷʥʥʦ ʩʣʝʜʠ ʫʩʣʦʚʠʷʪʘ, ʟʘ ʜʘ ʧʨʝʜʧʨʠʝʤʝ ʜʝʡʩʪʚʠʷ ʠ ʜʘ ʧʦʜʜʲʨʞʘ ʙʣʘʛʦʧʨʠʷʪʥʘ ʩʨʝʜʘ
ʟʘ ʧʠʣʝʪʘ. ʇʨʝʜʣʦʞʝʥʘʪʘ ʂʌʉ ʝ ʧʦʜʭʦʜʷʱʘ ʢʘʢʪʦ ʟʘ ʩʲʱʝʩʪʚʫʚʘʱʠ ʪʘʢʠʚʘ, ʪʘʢʘ ʠ ʟʘ
ʥʦʚʦʧʦʩʪʨʦʝʥʠ ʧʪʠʮʝʬʝʨʤʠ.

ɿʘ ʜʘ ʩʝ ʧʦʜʜʲʨʞʘ ʙʣʘʛʦʧʨʠʷʪʝʥ ʤʠʢʨʦʢʣʠʤʘʪ, ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ  ʪʨʷʙʚʘ
ʜʘ ʩʘ ʚ ʦʧʨʝʜʝʣʝʥʠ ʛʨʘʥʠʮʠ. ʂʦʥʮʝʥʪʨʘʮʠʠʪʝ ʥʘ ʚʨʝʜʥʠ ʛʘʟʦʚʝ ʩʲʛʣʘʩʥʦ ʥʦʨʤʘʪʠʚʥʘʪʘ
ʫʨʝʜʙʘ [87] ʥʝ ʪʨʷʙʚʘ ʜʘ ʧʨʝʚʠʰʘʚʘʪ ʜʘʜʝʥʠʪʝ ʥʦʨʤʠ, ʘ ʠʤʝʥʥʦ: ʟʘ ʘʤʦʥʷʢ NH3 < 15 ppm, ʟʘ
ʚʲʛʣʝʨʦʜʝʥ ʜʠʦʢʩʠʜ CO2 < 3000 ppm, ʟʘ ʚʲʛʣʝʨʦʜʝʥ ʦʢʩʠʜ CO < 4,4 ppm, ʢʘʪʦ ʚ ʩʲʱʦʪʦ ʚʨʝʤʝ
ʥʝ ʩʝ ʜʦʧʫʩʢʘ ʧʨʠʩʲʩʪʚʠʝʪʦ ʥʘ ʩʝʨʦʚʦʜʦʨʦʜ H2S. ʅʘʣʠʯʠʝʪʦ ʥʘ ʬʠʥʠ ʧʨʘʭʦʚʠ ʯʘʩʪʠʮʠ ʧʨʠ
ʦʪʛʣʝʞʜʘʥʝ ʚʲʨʭʫ ʧʦʩʪʝʣʷ ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ < 5 mg/m3, ʘ  ʙʝʟ ʧʦʩʪʝʣʷ < 3,5 mg/m3. ɺ
ʧʦʤʝʱʝʥʠʝʪʦ ʪʨʷʙʚʘ ʜʘ ʩʝ ʧʦʜʜʲʨʞʘ ʦʧʪʠʤʘʣʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʦʪʥʦʩʠʪʝʣʥʘ ʚʣʘʞʥʦʩʪ PH ʚ
ʩʲʦʪʚʝʪʩʪʚʠʝ ʩ ʚʲʟʨʘʩʪʪʘ ʥʘ ʧʠʣʝʪʘʪʘ, ʢʘʢʪʦ ʠ ʜʘ ʩʝ ʦʩʠʛʫʨʠ ʧʨʠʪʦʢ ʥʘ ʯʠʩʪ ʚʲʟʜʫʭ. ʇʦʯʪʠ
4000 ʢʠʣʦʪʦʥʘ ʘʤʦʥʷʢ ʩʝ ʦʪʜʝʣʷʪ ʛʦʜʠʰʥʦ ʦʪ ʟʝʤʝʜʝʣʩʢʠʷ ʩʝʢʪʦʨ ʚ ɽʚʨʦʧʝʡʩʢʠʷ ʩʲʶʟ. ʊʦʚʘ
ʝ ʦʢʦʣʦ 94% ʦʪ ʦʙʱʠʪʝ ʝʤʠʩʠʠ ʥʘ ʘʤʦʥʷʢ NH3 [116]. ʏʝʩʪʦ ʩʝ ʧʦʩʪʘʚʷʪ ʜʲʨʚʝʥʠʪʝ
ʩʪʲʨʛʦʪʠʥʠ ʢʘʪʦ ʧʦʩʪʝʣʷ, ʢʦʠʪʦ ʘʙʩʦʨʙʠʨʘʪ ʚʣʘʛʘʪʘ ʠ ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʥʘʤʘʣʷʚʘʪ ʦʪʜʝʣʷʥʝʪʦ
ʥʘ ʘʤʦʥʷʢ NH3 [117,118]. ɼʨʫʛ ʤʝʪʦʜ ʟʘ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʠʟʧʘʨʷʚʘʥʝʪʦ ʥʘ ʘʤʦʥʷʢʘ NH3 ʝ
ʜʦʙʘʚʷʥʝʪʦ ʥʘ ʘʣʫʤʠʥʠʝʚ ʩʫʣʬʘʪ Al2(SO4)3 ʚ ʧʦʩʪʝʣʷʪʘ, ʢʦʝʪʦ ʜʦʧʨʠʥʘʩʷ ʠ ʟʘ ʥʘʤʘʣʷʚʘʥʝʪʦ
ʥʘ ʩʤʲʨʪʥʦʩʪʪʘ ʥʘ ʧʠʣʝʪʘʪʘ ʧʨʝʟ ʧʲʨʚʠʪʝ 3-4 ʩʝʜʤʠʮʠ [119]. ɺʲʪʨʝʰʥʘʪʘ ʪʝʣʝʩʥʘ
ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʪʠʮʠʪʝ ʝ ʤʝʞʜʫ 39 ʠ 42,2°C [120,121,122]. ɿʘ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʤʘʢʩʠʤʘʣʥʘ
ʧʨʦʜʫʢʪʠʚʥʦʩʪ, ʪʨʷʙʚʘ ʜʘ ʩʝ ʧʦʜʜʲʨʞʘ ʪʝʤʧʝʨʘʪʫʨʥʘ ʟʦʥʘ, ʧʦ-ʪʷʩʥʘ ʦʪ ʟʦʥʘʪʘ ʥʘ ʢʦʤʬʦʨʪ ʥʘ
ʧʠʣʝʪʘʪʘ. ʂʦʛʘʪʦ ʪʝʤʧʝʨʘʪʫʨʥʘʪʘ ʟʦʥʘ ʩʝ ʧʦʜʜʲʨʞʘ ʧʨʘʚʠʣʥʦ, ʝʥʝʨʛʠʡʥʠʷʪ ʠʟʣʠʰʲʢ ʦʪ
ʭʨʘʥʝʥʝʪʦ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʨʘʩʪʝʞ ʠ ʥʘʜʜʘʚʘʥʝ ʥʘ ʪʝʛʣʦ, ʘ ʥʝ ʟʘ ʦʩʠʛʫʨʷʚʘʥʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʝʥ
ʢʦʤʬʦʨʪ ʥʘ ʙʨʦʡʣʝʨʘ. ʊʘʟʠ ʟʦʥʘ ʩʝ ʦʧʨʝʜʝʣʷ ʦʪ ʫʩʝʱʘʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ. ɿʘʪʦʚʘ ʪʨʷʙʚʘ ʜʘ ʩʝ
ʦʩʠʛʫʨʷʪ ʦʧʪʠʤʘʣʥʠ ʫʩʣʦʚʠ  ̫ ʥʘ ʙʨʦʡʣʝʨʠʪʝ ʧʨʠ ʢʦʠʪʦ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʚʲʟʜʫʭʘ,
ʦʪʥʦʩʠʪʝʣʥʘʪʘ ʚʣʘʞʥʦʩʪ ʠ ʩʢʦʨʦʩʪʪʘ ʥʘ ʜʚʠʞʝʥʠʝ ʥʘ ʚʲʟʜʫʭʘ ʩʘ ʚ ʦʧʨʝʜʝʣʝʥʠ ʛʨʘʥʠʮʠ.
ʇʦʜʜʲʨʞʘʥʝʪʦ ʥʘ ʪʝʟʠ ʫʩʣʦʚʠʷ ʛʘʨʘʥʪʠʨʘ ʥʝ ʩʘʤʦ ʜʦʙʨʘ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪ ʥʘ ʙʨʦʡʣʝʨʠʪʝ,
ʥʦ ʩʲʱʦ ʪʘʢʘ ʛʘʨʘʥʪʠʨʘ, ʯʝ ʟʜʨʘʚʝʪʦ ʠ ʙʣʘʛʦʩʲʩʪʦʷʥʠʝʪʦ ʥʘ ʧʪʠʮʠʪʝ ʥʝ ʩʘ ʢʦʤʧʨʦʤʝʪʠʨʘʥʠ.
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ɸʢʦ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʚʲʟʜʫʭʘ ʩʝ ʧʦʚʠʰʠ ʥʘʜ ʬʠʢʩʠʨʘʥʠʪʝ ʛʨʘʥʠʮʠ, ʪʨʷʙʚʘ ʜʘ ʩʝ ʧʨʠʣʦʞʠ
ʦʭʣʘʞʜʘʱ ʚʲʟʜʫʰʝʥ ʧʦʪʦʢ, ʪʘʢʘ ʯʝ ʫʩʝʱʘʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʜʘ ʦʩʪʘʥʝ ʥʝʧʨʦʤʝʥʝʥʘ. ʅʷʢʦʠ
ʘʚʪʦʨʠ [123] ʧʨʝʧʦʨʲʯʚʘʪ ʪʝʤʧʝʨʘʪʫʨʘ ʦʪ 30–32°C ʧʨʝʟ ʧʲʨʚʘʪʘ ʩʝʜʤʠʮʘ ʠ ʥʘʤʘʣʷʚʘʥʝ ʩ 3–
4°C ʥʘ ʩʝʜʤʠʮʘ, ʜʦʢʘʪʦ ʧʠʣʝʪʘʪʘ ʜʦʩʪʠʛʥʘʪ 4-ʩʝʜʤʠʯʥʘ ʚʲʟʨʘʩʪ. ʅʦ ʦʧʪʠʤʘʣʥʘʪʘ
ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʦʪʥʦʩʠʪʝʣʥʘ ʚʣʘʞʥʦʩʪ, ʢʦʠʪʦ ʪʨʷʙʚʘ ʜʘ ʩʝ ʧʦʜʜʲʨʞʘʪ, ʤʦʛʘʪ ʜʘ ʩʝ ʚʠʜʷʪ ʚ
ʪʘʙʣʠʮʘ 6.7 [87].

ʇʨʠ ʚʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ, ʙʨʦʡʣʝʨʠʪʝ ʧʦʜʜʲʨʞʘʪ ʪʝʨʤʦ-ʥʝʫʪʨʘʣʥʘ
ʪʝʤʧʝʨʘʪʫʨʘ ʯʨʝʟ ʟʘʛʫʙʘ ʥʘ ʪʦʧʣʠʥʘ ʛʣʘʚʥʦ ʯʨʝʟ ʪʦʧʣʦʧʨʦʚʦʜʠʤʦʩʪ, ʢʦʥʚʝʢʮʠʷ, ʣʲʯʝʥʠʝ ʠ
ʠʟʧʘʨʠʪʝʣʥʦ ʦʭʣʘʞʜʘʥʝ [124,125]. ʇʪʠʮʠʪʝ ʥʝ ʩʝ ʧʦʪʷʪ ʠ ʥʝ ʤʦʛʘʪ ʜʘ ʩʝ ʦʭʣʘʜʷʪ ʝʬʝʢʪʠʚʥʦ
ʧʨʠ ʚʠʩʦʢʠ ʪʝʤʧʝʨʘʪʫʨʠ. ʆʪʥʦʩʠʪʝʣʥʘʪʘ ʚʣʘʞʥʦʩʪ RH ʟʘʩʷʛʘ ʛʣʘʚʥʦ ʜʠʰʘʥʝʪʦ. ʇʨʠ ʧʦ-
ʥʠʩʢʘ ʚʣʘʞʥʦʩʪ ʩ ʠʟʜʠʰʘʥʠʷ ʚʲʟʜʫʭ ʩʝ ʠʟʧʘʨʷʚʘ ʧʦʚʝʯʝ ʚʦʜʘ, ʢʦʝʪʦ ʧʦʜʧʦʤʘʛʘ ʦʭʣʘʞʜʘʥʝʪʦ.
ʇʨʠ ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ, ʢʦʛʘʪʦ ʠʟʣʷʟʘʪ ʦʪ ʟʦʥʘʪʘ ʩʠ ʥʘ ʢʦʤʬʦʨʪ, ʧʠʣʝʪʘʪʘ
ʟʘʧʦʯʚʘʪ ʜʘ ʜʠʰʘʪ ʫʯʝʩʪʝʥʦ, ʟʘ ʜʘ ʫʚʝʣʠʯʘʪ ʦʭʣʘʞʜʘʥʝʪʦ ʩʠ. ʇʨʠ ʚʠʩʦʢʘ ʦʪʥʦʩʠʪʝʣʥʘ
ʚʣʘʞʥʦʩʪ ʠʟʧʘʨʝʥʠʝʪʦ ʝ ʧʦ-ʤʘʣʢʦ ʠ ʦʭʣʘʞʜʘʥʝʪʦ ʩʲʱʦ ʝ ʥʘʤʘʣʝʥʦ. ɺʣʘʞʥʦʩʪʪʘ ʪʨʷʙʚʘ ʜʘ ʩʝ
ʢʦʥʪʨʦʣʠʨʘ ʜʦʙʨʝ, ʟʘʱʦʪʦ ʢʦʛʘʪʦ ʝ ʪʚʲʨʜʝ ʚʠʩʦʢʘ, ʪʷ ʧʦʜʧʦʤʘʛʘ ʨʘʟʚʠʪʠʝʪʦ ʥʘ
ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ, ʢʘʪʦ ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʠʟʣʘʛʘ ʧʪʠʮʠʪʝ ʥʘ ʨʠʩʢ ʦʪ ʨʘʟʣʠʯʥʠ ʟʘʙʦʣʷʚʘʥʠʷ [126].
ɼʨʫʛ ʧʨʠʟʥʘʢ ʢʦʡʪʦ ʧʦʢʘʟʚʘ, ʯʝ ʥʘ ʙʨʦʡʣʝʨʠʪʝ ʠʤ ʝ ʛʦʨʝʱʦ, ʝ ʧʨʠʙʠʨʘʥʝʪʦ ʥʘ ʧʝʨʘʪʘ ʢʲʤ
ʪʷʣʦʪʦ ʠ ʥʝʧʨʝʢʲʩʥʘʪʦʪʦ ʧʦʚʜʠʛʘʥʝ ʠʣʠ ʩʧʫʩʢʘʥʝ ʥʘ ʢʨʠʣʘʪʘ, ʟʘ ʜʘ ʩʝ ʨʘʟʢʨʠʝ ʪʷʣʦʪʦ ʦʪ
ʧʣʲʪʥʦʪʦ ʦʧʝʨʝʥʠʝ ʠ ʜʘ ʩʝ ʦʭʣʘʜʠ ʧʦ-ʜʦʙʨʝ. ʊʝ ʩʲʱʦ ʩʝ ʧʨʝʤʝʩʪʚʘʪ ʢʲʤ ʤʝʩʪʘ ʩ ʧʦ-ʚʠʩʦʢʘ
ʩʢʦʨʦʩʪ ʥʘ ʜʚʠʞʝʥʠʝ ʥʘ ʚʲʟʜʫʭʘ SAF. ʂʦʛʘʪʦ ʠʤ ʝ ʩʪʫʜʝʥʦ, ʪʝ ʩʝ ʩʲʙʠʨʘʪ ʥʘ ʛʨʫʧʠ,
ʧʨʠʢʣʷʢʚʘʪ ʠ ʩʝ ʧʨʠʪʠʩʢʘʪ ʢʲʤ ʧʦʜʘ, ʢʘʪʦ ʚ ʩʲʱʦʪʦ ʚʨʝʤʝ ʥʘʩʪʨʲʭʚʘʪ, ʟʘ ʜʘ ʫʚʝʣʠʯʘʪ
ʠʟʦʣʘʮʠʷʪʘ ʥʘ ʧʝʨʘʪʘ ʩʠ. ʂʦʛʘʪʦ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʝ ʚ ʟʦʥʘʪʘ ʥʘ ʢʦʤʬʦʨʪ, SAF ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ
ʤʝʞʜʫ 0,2 ʜʦ 0,3 m/s [99]. ʂʦʛʘʪʦ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʚʲʟʜʫʭʘ ʩʝ ʧʦʚʠʰʠ ʥʘʜ ʟʦʥʘʪʘ ʥʘ
ʢʦʤʬʦʨʪ, ʩʢʦʨʦʩʪʪʘ ʥʘ ʚʲʟʜʫʰʥʠʷ ʧʦʪʦʢ SAF ʪʨʷʙʚʘ ʜʘ ʩʝ ʫʚʝʣʠʯʠ ʧʨʦʧʦʨʮʠʦʥʘʣʥʦ ʥʘ
ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʜʦ 0,8–1 m/s [87] ʧʨʠ ʧʦ-ʤʣʘʜʠʪʝ ʙʨʦʡʣʝʨʠ ʠ ʜʦ 2,5 m/s ʠʣʠ 3 m/s [99] ʧʨʠ
ʚʲʟʨʘʩʪʥʠ.

ʊʘʙʣʠʮʘ 6.7 ʀʟʠʩʢʚʘʥʠʷ ʢʲʤ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʞʠʟʥʝʥʘʪʘ ʩʨʝʜʘ ʧʨʠ ʦʪʛʣʝʞʜʘʥʝ ʥʘ ʙʨʦʡʣʝʨʠ.

ˉ ɺʲʟʨʘʩʪ ʥʘ
ʙʨʦʡʣʝʨʘ, ʜʥʠ

ʊʝʤʧʝʨʘʪʫʨʘ,
°C

ʆʪʥʦʩʠʪʝʣʥʘ
ʚʣʘʞʥʦʩʪ RH, %

ʆʧʪʠʤʘʣʥʘ ʩʢʦʨʦʩʪ ʥʘ ʜʚʠʞʝʥʠʝ
ʥʘ

ʚʲʟʜʫʭʘ SAF, m/s

ʤʠʥ. ʤʘʢʩ. ʤʠʥ. ʤʘʢʩ. ɺ ʪʝʨʤʦ
ʥʝʫʪʨʘʣʥʘʪʘ ʟʦʥʘ

ɻʦʨʝʱʠ
ʧʝʨʠʦʜʠ

1 1-2 33 36 72 75 0,2-0,3 ɼʦ 0,3
2 3 - 4 31 33 72 75 0,2-0,3 ɼʦ 0,3
3 5 - 6 30 31 72 75 0,2-0,3 ɼʦ 0,3
4 7 - 10 27 30 70 75 0,2-0,3 ɼʦ 0,5
5 11 - 15 24 27 70 75 0,2-0,3 ɼʦ 0,8
6 16 - 20 22 24 65 70 0,2-0,3 ɼʦ 1
7 21 - 25 21 22 65 70 0,2-0,3 ɼʦ 1,5
8 26 – 30 20 21 60 65 0,2-0,3 ɼʦ 2
9 31 - 35 19 20 60 65 0,2-0,3 ɼʦ 2,5
10 ʅʘʜ 35 18 18 60 65 0,2-0,3 ɼʦ 3
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ɿʘ ʜʘ ʨʘʙʦʪʠ ʩʠʩʪʝʤʘʪʘ ʧʨʘʚʠʣʥʦ, ʩʝʥʟʦʨʠʪʝ ʟʘ ʚʲʪʨʝʰʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ti, ʚʲʪʨʝʰʥʘ
ʦʪʥʦʩʠʪʝʣʥʘ ʚʣʘʞʥʦʩʪ RH, ʩʢʦʨʦʩʪʪʘ ʥʘ ʜʚʠʞʝʥʠʝ ʥʘ ʚʲʟʜʫʭʘ SAF, ʘʤʦʥʷʢ NH3, ʚʲʛʣʝʨʦʜʝʥ
ʜʠʦʢʩʠʜ CO2, ʚʲʛʣʝʨʦʜʝʥ ʦʢʩʠʜ CO, ʩʝʨʦʚʦʜʦʨʦʜ H2S ʠ ʬʠʥʠ ʧʨʘʭʦʚʠ ʯʘʩʪʠʮʠ ʪʨʷʙʚʘ ʜʘ ʩʘ
ʤʦʥʪʠʨʘʥʠ ʚ ʞʠʟʥʝʥʘʪʘ ʟʦʥʘ ʥʘ ʧʠʣʝʪʘʪʘ, ʢʦʝʪʦ ʟʥʘʯʠ ʜʦ 20 ʩʘʥʪʠʤʝʪʨʘ ʦʪ ʧʦʜʘ. ʀʟʢʣʶʯʝʥʠʝ
ʧʨʘʚʷʪ ʜʘʪʯʠʮʠʪʝ ʟʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʜ ʧʦʢʨʠʚʘ ʥʘ ʩʛʨʘʜʘʪʘ tih, ʢʘʢʪʦ ʠ ʪʝʟʠ ʟʘ
ʚʲʥʰʥʘ ʪʝʤʧʝʨʘʪʫʨʘ to, ʚʲʥʰʥʘ ʦʪʥʦʩʠʪʝʣʥʘ ʚʣʘʞʥʦʩʪ RHout ʠ ʜʠʬʝʨʝʥʮʠʘʣʥʦ ʥʘʣʷʛʘʥʝ ȹp.

ɿʘ ʜʘ ʩʝ ʦʧʨʦʩʪʠ ʘʣʛʦʨʠʪʲʤʲʪ, ʩʝʥʟʦʨʠʪʝ ʟʘ ʬʠʥʠ ʧʨʘʭʦʚʠ ʯʘʩʪʠʮʠ ʠ ʤʠʢʨʦʙʥʦ
ʟʘʤʲʨʩʷʚʘʥʝ ʥʝ ʩʘ ʚʢʣʶʯʝʥʠ ʚ ʨʘʟʛʣʝʞʜʘʥʘʪʘ ʂʌʉ, ʪʲʡ ʢʘʪʦ ʘʚʪʦʤʘʪʠʟʠʨʘʥʠʪʝ ʜʝʡʩʪʚʠʷ ʟʘ
ʥʘʤʘʣʷʚʘʥʝʪʦ ʠʤ ʥʝ ʤʦʞʝ ʜʘ ʙʲʜʝ ʦʩʲʱʝʩʪʚʝʥʦ. ʀʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʪʝʟʠ ʩʝʥʟʦʨʠ ʤʦʞʝ ʜʘ ʝ
ʩʘʤʦ ʟʘ ʠʥʬʦʨʤʘʮʠʦʥʥʠ ʮʝʣʠ. ʇʨʠ ʥʘʣʠʯʠʝʪʦ ʥʘ ʪʘʢʠʚʘ ʩʝʥʟʦʨʠ ʩʠʩʪʝʤʘʪʘ ʱʝ ʠʟʧʨʘʪʠ
ʩʲʦʙʱʝʥʠʝ, ʢʦʛʘʪʦ ʠʟʤʝʨʝʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʧʨʝʚʠʰʘʪ ʤʘʢʩʠʤʘʣʥʦ ʟʘʜʘʜʝʥʠʪʝ.

ʇʪʠʮʠʪʝ ʛʝʥʝʨʠʨʘʪ ʪʦʧʣʠʥʘ ʠ ʚʦʜʥʠ ʧʘʨʠ, ʢʦʠʪʦ ʦʢʘʟʚʘʪ ʩʠʣʥʦ ʚʣʠʷʥʠʝ ʚʲʨʭʫ
ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ʩʛʨʘʜʘʪʘ. ʊʝ ʩʘ ʧʨʘʚʦ ʧʨʦʧʦʨʮʠʦʥʘʣʥʠ ʥʘ ʪʝʛʣʦʪʦ ʠʤ. ʆʪʜʝʣʝʥʘʪʘ ʪʦʧʣʠʥʘ
ʝ ʩʨʝʜʥʦ 11,6 kJ/h/kg [99]. ʀ ʪʘʢʘ, ʚ ʩʨʝʜʥʦ ʛʦʣʷʤʘ ʩʛʨʘʜʘ ʩ ʢʘʧʘʮʠʪʝʪ 20 000 ʙʨʦʡʣʝʨʘ ʩʲʩ
ʩʨʝʜʥʦ ʪʝʛʣʦ 2 ʢʛ ʥʘ ʙʨʦʡʣʝʨ, ʦʪʜʝʣʝʥʘʪʘ ʪʦʧʣʠʥʘ ʝ 130 kW/h. ʉʲʱʦʪʦ ʩʪʘʜʦ ʤʦʞʝ ʜʘ ʠʟʧʘʨʠ
ʜʦ 4000 ʣʠʪʨʘ ʚʦʜʘ ʥʘ ʜʝʥ. ɺ ʜʦʧʲʣʥʝʥʠʝ, ʧʪʠʮʠʪʝ ʠʟʜʠʰʚʘʪ ʠ ʚʲʛʣʝʨʦʜʝʥ ʜʠʦʢʩʠʜ CO2,
ʢʦʡʪʦ ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ ʦʪʩʪʨʘʥʝʥ ʩ ʧʦʤʦʱʪʘ ʥʘ ʚʝʥʪʠʣʘʮʠʷ. ʄʦʢʨʘʪʘ ʧʦʩʪʝʣʷ ʧʨʠʯʠʥʷʚʘ
ʘʢʪʠʚʥʦʩʪ ʥʘ ʢʦʢʮʠʜʠʦʟʘ ʠ ʭʦʣʝʩʪʨʠʜʠʠ ʠ ʚʦʜʠ ʜʦ ʟʘʛʫʙʘ ʥʘ ʪʝʛʣʦ ʧʨʠ ʧʪʠʮʠʪʝ, ʢʦʝʪʦ
ʥʘʤʘʣʷʚʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʪʘ [127,128].

ʇʨʝʜʠ ʜʘ ʩʝ ʥʘʩʪʘʥʷʪ ʧʠʣʝʪʘʪʘ ʚ ʧʦʤʝʱʝʥʠʝʪʦ ʪʨʷʙʚʘ ʜʘ ʩʝ ʦʩʠʛʫʨʠ ʧʦʩʪʦʷʥʥʘ
ʪʝʤʧʝʨʘʪʫʨʘ ʟʘ ʧʦʥʝ 24 ʜʦ 48 ʯʘʩʘ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʚʠʜʘ ʥʘ ʦʪʦʧʣʝʥʠʝʪʦ, ʪʘʢʘ ʯʝ ʧʦʩʪʝʣʷʪʘ
ʜʘ ʤʦʞʝ ʜʘ ʩʝ ʟʘʪʦʧʣʠ ʜʦ 30 °C. ɸʢʦ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʝ ʪʚʲʨʜʝ ʥʠʩʢʘ ʠʣʠ ʚʠʩʦʢʘ, ʩʤʲʨʪʥʦʩʪʪʘ
ʟʘ ʧʲʨʚʠʪʝ 7 ʜʥʠ ʤʦʞʝ ʜʘ ʩʝ ʫʚʝʣʠʯʠ ʦʪ 0,7% ʜʦ 14% [99].

6.3.2 ɺʠʜʦʚʝ ʚʝʥʪʠʣʘʮʠʷ ʚ ʧʪʠʮʝʬʝʨʤʘ

ɿʘ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʜʦʙʲʨ ʤʠʢʨʦʢʣʠʤʘʪ ʚ ʧʦʤʝʱʝʥʠʷʪʘ, ʚʝʥʪʠʣʘʮʠʦʥʥʘʪʘ ʩʠʩʪʝʤʘ
ʪʨʷʙʚʘ ʜʘ ʝ ʜʦʙʨʝ ʧʨʦʝʢʪʠʨʘʥʘ. ʊʷ ʪʨʷʙʚʘ ʜʘ ʩʲʜʲʨʞʘ ʦʧʨʝʜʝʣʝʥ ʙʨʦʡ ʚʝʥʪʠʣʘʪʦʨʠ ʢʦʠʪʦ
ʠʟʩʤʫʢʚʘʪ ʚʲʟʜʫʭʘ ʦʪ ʚʲʪʨʝʰʥʦʩʪʪʘ ʥʘ ʩʛʨʘʜʘʪʘ, ʧʨʠ ʢʦʝʪʦ ʩʚʝʞʠʷ ʚʲʟʜʲʭ ʧʦʩʪʲʧʚʘ ʧʨʝʟ
ʤʥʦʞʝʩʪʚʦ ʨʘʟʧʨʝʜʝʣʝʥʠ ʢʣʘʧʠ ʩ ʨʝʛʫʣʠʨʫʝʤʦ ʦʪʚʘʨʷʥʝ ʠʣʠ ʯʨʝʟ ʛʦʣʝʤʠ ʪʫʥʝʣʥʠ ʦʪʚʦʨʠ ʚ
ʝʜʠʥʠʷ ʢʨʘʡ ʥʘ ʩʛʨʘʜʘʪʘ. ʄʦʛʘʪ ʜʘ ʩʝ ʦʙʦʩʦʙʷʪ ʪʨʠ ʪʠʧʘ ʚʝʥʪʠʣʘʮʠʷ: ʤʠʥʠʤʘʣʥʘ ʚʝʥʪʠʣʘʮʠʷ,
ʧʨʝʭʦʜʥʘ ʚʝʥʪʠʣʘʮʠʷ ʠ ʪʫʥʝʣʥʘ ʚʝʥʪʠʣʘʮʠʷ.

6.3.2.1 ʄʠʥʠʤʘʣʥʘ ʚʝʥʪʠʣʘʮʠʷ

ʇʨʠ ʩʪʫʜʝʥʦ ʚʨʝʤʝ ʩʝ ʧʨʠʣʘʛʘ ʤʠʥʠʤʘʣʥʘ ʚʝʥʪʠʣʘʮʠʷ, ʢʦʛʘʪʦ ʪʦʧʣʠʥʘʪʘ, ʛʝʥʝʨʠʨʘʥʘ
ʦʪ ʙʨʦʡʣʝʨʠʪʝ, ʥʝ ʝ ʜʦʩʪʘʪʲʯʥʘ ʟʘ ʧʦʩʪʠʛʘʥʝ ʥʘ ʞʝʣʘʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʩʛʨʘʜʘʪʘ. ʊ  ̫ʪʨʷʙʚʘ
ʜʘ ʦʩʠʛʫʨʷʚʘ ʜʦʩʪʘʪʲʯʥʦ ʩʚʝʞ ʚʲʟʜʫʭ ʟʘ ʧʦʜʜʲʨʞʘʥʝ ʥʘ ʞʝʣʘʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ʠ ʢʘʯʝʩʪʚʦ ʥʘ
ʚʲʟʜʫʭʘ, ʢʘʪʦ ʚ ʩʲʱʦʪʦ ʚʨʝʤʝ ʥʝ ʩʝ ʜʦʧʫʩʢʘ ʧʨʝʚʠʰʘʚʘʥʝ ʥʘ ʥʦʨʤʠʪʝ ʥʘ ʚʨʝʜʥʠ ʛʘʟʦʚʝ ʢʘʪʦ
NH3, CO2, CO ʠ H2S [87,99,115]. ʊʨʷʙʚʘ ʜʘ ʩʝ ʦʙʲʨʥʝ ʚʥʠʤʘʥʠʝ ʥʘ ʚʲʟʤʦʞʥʦʩʪʪʘ ʦʪ
ʠʟʤʨʲʟʚʘʥʝ ʧʨʠ ʤʘʣʢʠʪʝ ʧʠʣʝʪʘ, ʢʦʝʪʦ ʤʦʞʝ ʟʥʘʯʠʪʝʣʥʦ ʜʘ ʫʚʝʣʠʯʠ ʩʤʲʨʪʥʦʩʪʪʘ [99]. ʅʦ ʦʪ
ʜʨʫʛʘ ʩʪʨʘʥʘ ʪʨʷʙʚʘ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʙʘʣʘʥʩ ʤʝʞʜʫ ʚʭʦʜʷʱʠʷ ʩʚʝʞ ʚʲʟʜʫʭ ʠ ʝʥʝʨʛʠʡʥʘʪʘ
ʝʬʝʢʪʠʚʥʦʩʪ ʧʨʠ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʦʪʦʧʣʝʥʠʝ. ʄʠʥʠʤʘʣʥʘʪʘ ʚʝʥʪʠʣʘʮʠʷ ʩʝ ʭʘʨʘʢʪʝʨʠʟʠʨʘ ʩ
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ʪʦʚʘ, ʯʝ ʚʝʥʪʠʣʘʪʦʨʠʪʝ ʨʘʙʦʪʷʪ ʟʘ ʦʧʨʝʜʝʣʝʥ ʧʝʨʠʦʜ ʦʪ ʚʨʝʤʝ, ʧʨʝʟ ʢʦʡʪʦ ʚʢʘʨʚʘʪ ʩʚʝʞ
ʚʲʟʜʫʭ ʧʨʝʟ ʤʥʦʞʝʩʪʚʦ ʚʝʥʪʠʣʘʮʠʦʥʥʠ ʢʣʘʧʠ, ʧʦʩʣʝʜʚʘʥ ʦʪ ʧʝʨʠʦʜ ʥʘ ʠʟʯʘʢʚʘʥʝ ʩʲʩ ʩʧʨʷʥʘ
ʚʝʥʪʠʣʘʮʠʷ ʠ ʟʘʪʚʦʨʝʥʠ ʢʣʘʧʠ. ʉ ʚʨʝʤʝʪʦ ʝ ʫʩʪʘʥʦʚʝʥʦ, ʯʝ ʥʘʡ-ʧʦʜʭʦʜʷʱʠʪʝ ʠʥʪʝʨʚʘʣʠ ʩʘ
ʦʢʦʣʦ 5 ʤʠʥʫʪʠ, ʢʘʪʦ ʟʘ ʚʩʝʢʠ ʪʨʷʙʚʘ ʜʘ ʠʤʘ ʦʢʦʣʦ 30 ʩʝʢʫʥʜʠ ʚʝʥʪʠʣʘʮʠʷ. [99]. ʉʲʱʦ ʪʘʢʘ
ʪʨʷʙʚʘ ʜʘ ʩʝ ʧʨʠʣʦʞʠ ʮʠʨʢʫʣʘʮʠʦʥʥʘ ʚʝʥʪʠʣʘʮʠʷ, ʢʦʷʪʦ ʨʘʟʤʝʩʚʘ ʪʦʧʣʠʷ ʚʲʟʜʫʭ ʦʪ ʛʦʨʥʘʪʘ
ʯʘʩʪ ʥʘ ʩʛʨʘʜʘʪʘ ʩ ʧʦ-ʩʪʫʜʝʥʠʷ ʢʦʡʪʦ ʩʝ ʥʘʤʠʨʘ ʥʠʩʢʦ ʜʦʣʫ, ʧʨʝʟ ʚʨʝʤʝʪʦ ʚ ʢʦʝʪʦ
ʚʝʥʪʠʣʘʮʠʷʪʘ ʝ ʠʟʢʣʶʯʝʥʘ. ʊʘʢʘ ʩʝ ʧʦʩʪʠʛʘʪ ʠʢʦʥʦʤʠʠ ʥʘ ʦʪʦʧʣʝʥʠʝ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ
ʜʦʩʪʠʛʥʘʪ ʜʦ 20% ʚ ʥʦʚʠ ʠ ʜʦʙʨʝ ʧʨʦʝʢʪʠʨʘʥʠ ʩʛʨʘʜʠ ʠ ʜʦ 40% ʚ ʩʛʨʘʜʠ ʩ ʢʦʥʚʝʥʮʠʦʥʘʣʥʦ
ʦʪʦʧʣʝʥʠʝ ʠ ʚʠʩʦʢʠ ʧʦʢʨʠʚʠ [99]. ɺ ʜʦʧʲʣʥʝʥʠʝ, ʮʠʨʢʫʣʘʮʠʦʥʥʘʪʘ ʚʝʥʪʠʣʘʮʠʷ ʩʧʦʤʘʛʘ ʟʘ
ʠʟʩʫʰʘʚʘʥʝʪʦ ʥʘ ʧʦʩʪʝʣʷʪʘ, ʧʨʠ ʢʦʝʪʦ ʩʝ ʦʪʜʝʣʷʪ ʤʥʦʛʦ ʧʦ-ʤʘʣʢʦ ʚʨʝʜʥʠ ʛʘʟʦʚʝ ʠ ʩʝ
ʦʩʠʛʫʨʷʚʘ ʥʝʦʙʭʦʜʠʤʦʪʦ ʜʚʠʞʝʥʠʝ ʥʘ ʚʲʟʜʫʭʘ ʦʪ 0,2 ʜʦ 0,3 m/s. ɿʘ ʜʘ ʩʝ ʧʨʝʜʦʪʚʨʘʪʠ
ʥʘʚʣʠʟʘʱʠʷ ʩʪʫʜʝʥ ʚʲʟʜʫʭ ʜʘ ʧʘʜʘ ʜʠʨʝʢʪʥʦ ʢʲʤ ʧʦʜʘ ʠ ʧʠʣʝʪʘʪʘ, ʪʨʷʙʚʘ ʪʦʡ ʜʘ ʥʘʚʣʠʟʘ ʚ
ʩʛʨʘʜʘʪʘ ʩ ʦʧʨʝʜʝʣʝʥʘ ʩʢʦʨʦʩʪ. ʊʦʚʘ ʚʦʜʠ ʜʦ ʩʤʝʩʚʘʥʝ ʥʘ ʩʪʫʜʝʥʠʷ ʠ ʪʦʧʣʠʷ ʚʲʟʜʫʭ ʠ ʧʦ-
ʨʘʚʥʦʤʝʨʥʘ ʪʝʤʧʝʨʘʪʫʨʘ. ʆʩʚʝʥ ʪʦʚʘ ʧʨʝʜʧʘʟʚʘ ʧʦʩʪʝʣʢʘʪʘ ʦʪ ʥʘʤʦʢʨʷʥʝ, ʢʦʛʘʪʦ ʚʣʝʟʝ ʚ
ʢʦʥʪʘʢʪ ʩʲʩ ʩʪʫʜʝʥʠ ʚʲʟʜʫʰʥʠ ʤʘʩʠ. ʇʦʜʜʲʨʞʘʥʝʪʦ ʥʘ ʪʘʟʠ ʩʢʦʨʦʩʪ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʯʨʝʟ
ʠʟʤʝʨʚʘʥʝ ʥʘ ʜʠʬʝʨʝʥʮʠʘʣʥʦʪʦ ʥʘʣʷʛʘʥʝ, ʢʦʝʪʦ ʝ ʨʘʟʣʠʢʘʪʘ ʤʝʞʜʫ ʥʘʣʷʛʘʥʝʪʦ ʚ ʩʛʨʘʜʘʪʘ ʠ
ʚʲʥʰʥʦʪʦ ʘʪʤʦʩʬʝʨʥʦ ʥʘʣʷʛʘʥʝ. ʉʤʫʢʘʪʝʣʥʠʪʝ ʚʝʥʪʠʣʘʪʦʨʠ ʧʦʥʠʞʘʚʘʪ ʥʘʣʷʛʘʥʝʪʦ ʚ
ʩʛʨʘʜʘʪʘ, ʘ ʢʣʘʧʠʪʝ ʩʘ ʦʪʚʦʨʝʥʠ ʢʘʪʦ ʦʪʚʦʨʘ ʥʝ ʪʨʷʙʚʘ ʜʘ ʝ ʪʚʲʨʜʝ ʤʘʣʲʢ, ʧʨʠ ʢʦʝʪʦ ʩʚʝʞʠʷ
ʚʲʟʜʫʭ ʥʘʚʣʠʟʘ ʨʘʚʥʦʤʝʨʥʦ ʚ ʮʷʣʘʪʘ ʩʛʨʘʜʘ. ʄʠʥʠʤʘʣʥʘʪʘ ʚʝʥʪʠʣʘʮʠʷ ʪʨʷʙʚʘ ʜʘ ʨʘʙʦʪʠ ʧʨʠ
ʜʠʬʝʨʝʥʮʠʘʣʥʦ ʥʘʣʷʛʘʥʝ ȹp ʤʝʞʜʫ 17,5 Pa ʠ 30 Pa ʟʘ ʜʦʙʨʘ ʝʬʝʢʪʠʚʥʦʩʪ. ʊʦʚʘ ʩʝ ʧʦʩʪʠʛʘ
ʯʨʝʟ ʨʝʛʫʣʠʨʘʥʝ ʥʘ ʦʪʚʦʨʘ ʥʘ ʢʣʘʧʠʪʝ ʠ ʤʦʱʥʦʩʪʪʘ ʥʘ ʚʝʥʪʠʣʘʪʦʨʠʪʝ, ʧʨʠ ʫʩʣʦʚʠʝ ʯʝ
ʚʝʥʪʠʣʘʮʠʷʪʘ ʪʨʷʙʚʘ ʜʘ ʦʩʠʛʫʨʷʚʘ ʥʝʦʙʭʦʜʠʤʦʪʦ ʢʦʣʠʯʝʩʪʚʦ ʩʚʝʞ ʚʲʟʜʫʭ ʟʘ ʙʨʦʡʣʝʨʠʪʝ.

6.3.2.2 ʇʨʝʭʦʜʥʘ ʚʝʥʪʠʣʘʮʠʷ

ʇʨʝʭʦʜʥʘʪʘ ʚʝʥʪʠʣʘʮʠʷ ʩʝ ʠʟʧʦʣʟʚʘ, ʢʦʛʘʪʦ ʪʦʧʣʠʥʘʪʘ, ʦʪʜʝʣʝʥʘ ʦʪ ʧʠʣʝʪʘʪʘ, ʪʨʷʙʚʘ
ʜʘ ʙʲʜʝ ʦʪʚʝʜʝʥʘ ʦʪ ʩʛʨʘʜʘʪʘ, ʟʘ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʪʝʤʧʝʨʘʪʫʨʝʥ ʙʘʣʘʥʩ. ʊʷ ʝ ʧʦʜʦʙʥʘ ʥʘ
ʤʠʥʠʤʘʣʥʘʪʘ ʚʝʥʪʠʣʘʮʠʷ, ʥʦ ʧʨʠ ʥʝʷ ʚʝʥʪʠʣʘʪʦʨʠʪʝ ʨʘʙʦʪʷʪ ʙʝʟ ʧʨʝʢʲʩʚʘʥʝ ʠ ʢʣʘʧʠʪʝ ʩʝ
ʧʦʟʠʮʠʦʥʠʨʘʪ ʚ ʨʘʟʣʠʯʥʠ ʧʦʟʠʮʠʠ, ʟʘ ʜʘ ʦʩʠʛʫʨʷʪ ʩʲʦʪʚʝʪʥʦ ʧʦ-ʛʦʣʷʤʦ ʢʦʣʠʯʝʩʪʚʦ ʩʪʫʜʝʥ
ʚʲʟʜʫʭ ʚʲʪʨʝ ʚ ʩʛʨʘʜʘʪʘ. ʊʫʢ ʦʪʥʦʚʦ ʪʨʷʙʚʘ ʜʘ ʩʝ ʧʦʜʜʲʨʞʘ ʜʠʬʝʨʝʥʮʠʘʣʥʦʪʦ ʥʘʣʷʛʘʥʝ ȹp ʚ
ʦʧʨʝʜʝʣʝʥʠʪʝ ʛʨʘʥʠʮʠ. ʇʨʠ ʤʠʥʠʤʘʣʥʘ ʚʝʥʪʠʣʘʮʠʷ ʠ ʧʨʝʭʦʜʥʘ ʚʝʥʪʠʣʘʮʠʷ ʩʢʦʨʦʩʪʪʘ ʥʘ
ʚʲʟʜʫʰʥʠʷ ʧʦʪʦʢ SAF ʪʨʷʙʚʘ ʜʘ ʩʝ ʧʦʜʜʲʨʞʘ ʚ ʛʨʘʥʠʮʠʪʝ ʦʪ 0,2 ʜʦ 0,3 m/s, ʢʦʝʪʦ ʥʝ ʚʣʠʷʝ
ʥʘ ʫʩʝʱʘʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ [99].

6.3.2.3 ʊʫʥʝʣʥʘ ʚʝʥʪʠʣʘʮʠʷ

ʊʫʥʝʣʥʘ ʚʝʥʪʠʣʘʮʠʷ ʩʝ ʧʨʠʣʘʛʘ, ʢʦʛʘʪʦ ʧʨʝʭʦʜʥʘʪʘ ʚʝʥʪʠʣʘʮʠʷ ʥʝ ʝ ʜʦʩʪʘʪʲʯʥʘ ʟʘ
ʧʦʩʪʠʛʘʥʝ ʥʘ ʥʝʦʙʭʦʜʠʤʦʪʦ ʦʭʣʘʞʜʘʥʝ ʥʘ ʙʨʦʡʣʝʨʠʪʝ. ʇʨʠ ʪʦʟʠ ʪʠʧ ʚʝʥʪʠʣʘʮʠʷ
ʚʝʥʪʠʣʘʪʦʨʠʪʝ ʩʘ ʨʘʟʧʦʣʦʞʝʥʠ ʦʪ ʢʲʩʘʪʘ ʩʪʨʘʥʘ ʥʘ ʩʛʨʘʜʘʪʘ, ʘ ʚ ʜʨʫʛʠʷ ʠ ʢʨʘʡ ʩʝ ʦʪʚʘʨʷʪ
ʛʦʣʝʤʠ ʦʪʚʦʨʠ, ʥʘʨʝʯʝʥʠ ʪʫʥʝʣʥʠ ʦʪʚʦʨʠ, ʪʫʥʝʣʥʠ ʢʣʘʧʠ ʠʣʠ ʪʫʥʝʣʥʠ ʞʘʣʫʟʠ. ʂʦʛʘʪʦ
ʚʝʥʪʠʣʘʪʦʨʠʪʝ ʩʘ ʚʢʣʶʯʝʥʠ, ʚʲʟʜʫʭʲʪ ʚʣʠʟʘ ʧʨʝʟ ʪʷʭ, ʩʲʟʜʘʚʘʡʢʠ ʨʘʚʥʦʤʝʨʝʥ ʚʲʟʜʫʰʝʥ
ʧʦʪʦʢ ʧʦ ʮʷʣʘʪʘ ʜʲʣʞʠʥʘ ʥʘ ʩʛʨʘʜʘʪʘ. ʇʦ ʪʦʟʠ ʥʘʯʠʥ, ʜʦʨʠ ʧʨʠ ʧʦ-ʚʠʩʦʢʠ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ
ʚʲʟʜʫʭʘ, ʚʲʟʜʫʰʥʠʷʪ ʧʦʪʦʢ ʦʭʣʘʞʜʘ ʙʨʦʡʣʝʨʠʪʝ ʠ ʪʝʤʧʝʨʘʪʫʨʘʪʘ, ʢʦʷʪʦ ʫʩʝʱʘʪ, ʝ ʧʦ-ʥʠʩʢʘ
ʦʪ ʨʝʘʣʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʩʛʨʘʜʘʪʘ. ʅʘ ʪʫʥʝʣʥʠʪʝ ʢʣʘʧʠ ʪʨʷʙʚʘ ʜʘ ʩʝ ʤʦʥʪʠʨʘʪ ʠʟʧʘʨʠʪʝʣʥʠ
ʦʭʣʘʜʠʪʝʣʥʠ ʧʠʪʠ, ʢʦʠʪʦ ʩʧʦʤʘʛʘʪ ʟʘ ʦʭʣʘʞʜʘʥʝ ʧʨʠ ʚʠʩʦʢʠ ʪʝʤʧʝʨʘʪʫʨʠ. ʆʭʣʘʞʜʘʥʝʪʦ ʩ
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ʧʨʲʩʢʘʯʢʠ ʟʘ ʥʠʩʢʦ ʠʣʠ ʚʠʩʦʢʦ ʥʘʣʷʛʘʥʝ ʚʲʪʨʝ ʚ ʩʛʨʘʜʘʪʘ ʥʝ ʝ ʧʨʝʧʦʨʲʯʠʪʝʣʥʦ ʧʨʠ ʢʣʠʤʘʪ,
ʧʦʜʦʙʝʥ ʥʘ ʪʦʟʠ ʚ ɹʲʣʛʘʨʠʷ, ʟʘʱʦʪʦ ʤʥʦʛʦ ʯʝʩʪʦ ʩʝ ʧʦʣʫʯʘʚʘ ʥʘʤʦʢʨʷʥʝ ʥʘ ʧʦʩʪʝʣʷʪʘ ʠ
ʩʲʦʪʚʝʪʥʦ ʦʪʜʝʣʷʥʝ ʥʘ ʚʨʝʜʥʠ ʛʘʟʦʚʝ ʠ ʧʨʦʙʣʝʤʠ ʩʲʩ ʟʜʨʘʚʝʪʦ ʥʘ ʧʠʣʝʪʘʪʘ. ʊʦʟʠ ʪʠʧ
ʦʭʣʘʞʜʘʥʝ ʝ ʧʦʜʭʦʜʷʱ ʩʘʤʦ ʟʘ ʤʥʦʛʦ ʩʫʭ ʢʣʠʤʘʪ. ʊʦʟʠ ʧʨʦʙʣʝʤ ʥʝ ʩʲʱʝʩʪʚʫʚʘ ʧʨʠ
ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʠʟʧʘʨʠʪʝʣʥʠ ʦʭʣʘʜʠʪʝʣʥʠ ʧʠʪʠ. ʇʨʠ ʪʷʭ ʝ ʚʘʞʥʦ ʧʨʘʚʠʣʥʦ ʜʘ ʩʝ ʠʟʙʝʨʝ
ʧʣʦʱʪʘ ʠʤ, ʟʘ ʜʘ ʤʦʞʝ ʧʨʝʟ ʪʫʥʝʣʥʠʪʝ ʦʪʚʦʨʠ ʜʘ ʚʣʠʟʘ ʜʦʩʪʘʪʲʯʥʦ ʚʲʟʜʫʭ. ʉʢʦʨʦʩʪʪʘ ʥʘ
ʚʲʟʜʫʭʘ, ʢʦʡʪʦ ʧʨʝʤʠʥʘʚʘ ʧʨʝʟ ʧʠʪʠʪʝ ʧʨʠ ʥʝʦʙʭʦʜʠʤʘʪʘ ʤʘʢʩʠʤʘʣʥʘ ʩʪʦʡʥʦʩʪ ʥʘ ʩʢʦʨʦʩʪʪʘ
ʥʘ ʚʲʟʜʫʰʥʠʷ ʧʦʪʦʢ ʚ ʩʛʨʘʜʘʪʘ, ʥʝ ʪʨʷʙʚʘ ʜʘ ʥʘʜʚʠʰʘʚʘ ʦʧʨʝʜʝʣʝʥʠ ʩʪʦʡʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪ
ʦʪ ʩʧʝʮʠʬʠʢʘʮʠʠʪʝ ʠʤ. ɺ ʧʨʦʪʠʚʝʥ ʩʣʫʯʘʡ ʪʷʭʥʘʪʘ ʝʬʝʢʪʠʚʥʦʩʪ ʥʘʤʘʣʷʚʘ. ɺ ʪʝʟʠ ʩʛʨʘʜʠ, ʟʘ
ʚʩʠʯʢʠ ʚʠʜʦʚʝ ʚʝʥʪʠʣʘʮʠʷ, ʪʨʷʙʚʘ ʜʘ ʩʝ ʦʩʠʛʫʨʠ ʜʦʙʨʦ ʫʧʣʲʪʥʷʚʘʥʝ ʥʘ ʚʩʠʯʢʠ ʚʨʘʪʠ,
ʚʝʥʪʠʣʘʮʠʦʥʥʠ ʢʣʘʧʠ ʠ ʪʫʥʝʣʥʠ ʦʪʚʦʨʠ, ʢʦʛʘʪʦ ʩʘ ʟʘʪʚʦʨʝʥʠ, ʢʘʢʪʦ ʠ ʜʘ ʩʝ ʦʩʠʛʫʨʠ ʨʝʜʦʚʥʦ
ʧʦʯʠʩʪʚʘʥʝ. ʊʘʢʘ ʩʝ ʛʘʨʘʥʪʠʨʘ, ʯʝ ʚʲʟʜʫʭʘ ʱʝ ʧʨʝʤʠʥʘʚʘ ʪʦʯʥʦ ʦʪ ʢʲʜʝʪʦ ʪʨʷʙʚʘ ʟʘ
ʤʘʢʩʠʤʘʣʥʘ ʝʬʝʢʪʠʚʥʦʩʪ.

6.3.3ʉʝʥʟʦʨʠ ʠ ʩʠʩʪʝʤʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ

ɿʘ ʜʘ ʤʦʞʝ ʧʨʝʜʣʦʞʝʥʘʪʘ ʂʌʉ ʜʘ ʦʩʠʛʫʨʠ ʥʘʧʲʣʥʦ ʘʚʪʦʥʦʤʝʥ ʢʦʥʪʨʦʣ ʥʘ
ʤʠʢʨʦʢʣʠʤʘʪʘ, ʚʩʠʯʢʠ ʦʩʥʦʚʥʠ ʧʘʨʘʤʝʪʨʠ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ ʪʨʷʙʚʘ ʜʘ ʩʝ ʩʣʝʜʷʪ ʩʲʩ
ʩʝʥʟʦʨʠ, ʢʘʢʪʦ ʠ ʧʦʥʝ ʝʜʠʥ ʦʪ ʦʪʜʝʣʷʥʠʪʝ ʚʨʝʜʥʠ ʛʘʟʦʚʝ (ʊʘʙʣʠʮʘ 6.8).

ʉʝʥʟʦʨʠ ʅʝʦʙʭʦʜʠʤʦʩʪ ʇʨʦʪʦʢʦʣ
ɺʲʪʨʝʰʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʥʠʚʦʪʦ ʥʘ ʧʠʣʝʪʘʪʘ ɼʘ Modbus/MQTT

ɺʲʪʨʝʰʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʜʦ ʪʘʚʘʥʘ ɼʘ Modbus/MQTT
ʆʪʥʦʩʠʪʝʣʥʘ ʚʣʘʞʥʦʩʪ ʚ ʧʦʤʝʱʝʥʠʝʪʦ ɼʘ Modbus/MQTT

ʆʪʥʦʩʠʪʝʣʥʘ ʚʣʘʞʥʦʩʪ ʦʪ ʚʲʥ ɼʘ Modbus/MQTT
ɺʲʥʰʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ɼʘ/ʅʝ Modbus/MQTT

ɸʤʦʥʷʢ NH3 ɼʘ Modbus/MQTT
ɺʲʛʣʝʨʦʜʝʥ ʜʠʦʢʩʠʜ CO2 ɼʘ/ʅʝ Modbus/MQTT
ɺʲʛʣʝʨʦʜʝʥ ʦʢʩʠʜ CO ɼʘ/ʅʝ Modbus/MQTT
ʉʝʨʦʚʦʜʦʨʦʜ H2S ɼʘ/ʅʝ Modbus/MQTT

ʌʠʥʠ ʧʨʘʭʦʚʠ ʯʘʩʪʠʮʠ ɼʘ/ʅʝ Modbus/MQTT
ʉʢʦʨʦʩʪ ʥʘ ʜʚʠʞʝʥʠʝ ʥʘ ʚʲʟʜʫʭʘ SAF ɼʘ Modbus/MQTT
ɼʠʬʝʨʝʥʮʠʘʣʥʦ ʥʘʣʷʛʘʥʝ ʚʲʥ/ʚʲʪʨʝ ɼʘ Modbus/MQTT

ʆʩʚʝʪʝʥʦʩʪ ʚ ʧʦʤʝʱʝʥʠʝʪʦ ɼʘ/ʅʝ Modbus/MQTT
ʊʘʙʣʠʮʘ 6.8 ʅʝʦʙʭʦʜʠʤʠ ʩʝʥʟʦʨʠ ʟʘ ʨʝʘʣʠʟʠʨʘʥʝ ʥʘ ʂʌʉ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ
ʧʪʠʮʝʬʝʨʤʘ.

ʉʛʨʘʜʘʪʘ ʪʨʷʙʚʘ ʜʘ ʨʘʟʧʦʣʘʛʘ ʠ ʩ ʥʝʦʙʭʦʜʠʤʠʪʝ ʩʠʩʪʝʤʠ ʟʘ ʢʦʥʪʨʦʣ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ.
ɿʘ ʛʝʦʛʨʘʬʩʢʠʪʝ ʰʠʨʠʥʠ ʥʘ ɹʲʣʛʘʨʠʷ ʪʦʚʘ ʩʘ ʦʪʦʧʣʝʥʠʝ, ʚʝʥʪʠʣʘʪʦʨʠ ʟʘ ʩʚʝʞ ʚʲʟʜʫʭ
(ʥʘʨʠʯʘʥʠ ʟʘ ʢʨʘʪʢʦʩʪ „ɺʝʥʪʠʣʘʮʠʷ“), ʮʠʨʢʫʣʘʮʠʦʥʥʠ ʚʝʥʪʠʣʘʪʦʨʠ (ʥʘʨʠʯʘʥʠ ʧʦ ʜʦʣʫ
„ʎʠʨʢʫʣʘʮʠʷ“), ʪʫʥʝʣʥʠ ʚʝʥʪʠʣʘʪʦʨʠ (ʥʘʨʠʯʘʥʠ „ʊʫʥʝʣʥʘ ʚʝʥʪʠʣʘʮʠʷ“) ʢʣʘʧʠ ʟʘ ʩʚʝʞ
ʚʲʟʜʫʭ, ʪʫʥʝʣʥʠ ʚʝʥʪʠʣʘʮʠʦʥʥʠ ʦʪʚʦʨʠ (ʪʫʥʝʣʥʠ ʢʣʘʧʠ) , ʠʟʧʘʨʠʪʝʣʥʠ ʦʭʣʘʜʠʪʝʣʥʠ ʧʠʪʠ ʠ
ʦʩʚʝʪʣʝʥʠʝ (ʊʘʙʣʠʮʘ 6.9).
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ʉʠʩʪʝʤʠ ʟʘ ʢʦʥʪʨʦʣ ʥʘ ʩʨʝʜʘʪʘ ʅʝʦʙʭʦʜʠʤʦʩʪ ʄʝʪʦʜ ʟʘ ʢʦʥʪʨʦʣ
ʂʣʘʧʠ ɼʘ ʆʪʚʦʨʝʥʦ/ɿʘʪʚʦʨʝʥʦ/ʇʦʟʠʮʠʷ

ʊʫʥʝʣʥʠ ʦʪʚʦʨʠ (ʊʫʥʝʣʥʠ ʢʣʘʧʠ) ɼʘ ʆʪʚʦʨʝʥʦ/ɿʘʪʚʦʨʝʥʦ/ʇʦʟʠʮʠʷ
ɺʝʥʪʠʣʘʮʠʷ ɼʘ ɺʢʣ./ʀʟʢʣ.; ʐʀʄ;

ʊʫʥʝʣʥʘ ʚʝʥʪʠʣʘʮʠʷ ɼʘ ɺʢʣ./ʀʟʢʣ.; ʐʀʄ;
ʎʠʨʢʫʣʘʮʠʷ ɼʘ ɺʢʣ./ʀʟʢʣ.; ʐʀʄ;
ʆʪʦʧʣʝʥʠʝ ɼʘ ɺʢʣ./ʀʟʢʣ.; ʐʀʄ;

ʀʟʧʘʨʠʪʝʣʥʠ ʧʠʪʠ ɼʘ ɺʢʣ./ʀʟʢʣ.
ʆʩʚʝʪʣʝʥʠʝ ɼʘ/ʅʝ ɺʢʣ./ʀʟʢʣ.; ʐʀʄ;

ʊʘʙʣʠʮʘ 6.9 ʅʝʦʙʭʦʜʠʤʠ ʩʠʩʪʝʤʠ ʟʘ ʢʦʥʪʨʦʣ ʥʘ ʩʨʝʜʘʪʘ ʟʘ ʨʝʘʣʠʟʠʨʘʥʝ ʥʘ ʂʌʉ ʟʘ
ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ ʧʪʠʮʝʬʝʨʤʘ.

6.3.4 ɸʣʛʦʨʠʪʲʤ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʂʌʉ ʟʘ ʢʦʥʪʨʦʣ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ʧʪʠʮʝʬʝʨʤʘ

ɺ ʪʘʢʘ ʧʨʝʜʣʦʞʝʥʠʷ ʘʣʛʦʨʠʪʲʤ ʟʘ ʘʚʪʦʥʦʤʥʦ ʫʧʨʘʚʣʝʥʠʝ ʚ ʨʝʞʠʤ ʥʘ ʪʫʥʝʣʥʘ
ʚʝʥʪʠʣʘʮʠʷ ʩʝ ʢʦʥʪʨʦʣʠʨʘ ʥʝ ʠʟʤʝʨʝʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ti, ʘ ʫʩʝʱʘʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ tf.
ʉʠʩʪʝʤʘʪʘ ʠʟʯʠʩʣʷʚʘ ʫʩʝʱʘʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩʧʦʨʝʜ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʟʘʜʘʜʝʥʠʪʝ
ʟʘʚʠʩʠʤʦʩʪʠ. ʊʷ ʟʘʚʠʩʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʚ ʧʦʤʝʱʝʥʠʝʪʦ ti, ʦʪ ʩʢʦʨʦʩʪʪʘ ʥʘ ʜʚʠʞʝʥʠʝ ʥʘ
ʚʲʟʜʫʭʘ SAF, ʦʪ ʚʲʟʨʘʩʪʪʘ ʥʘ ʙʨʦʡʣʝʨʠʪʝ ts1 ʠ ʦʪ ʦʪʥʦʩʠʪʝʣʥʘʪʘ ʚʣʘʞʥʦʩʪ RH. ʊʘʙʣʠʮʘ 6.10
ʩʝ ʦʪʥʘʩʷ ʟʘ 7 ʩʝʜʤʠʯʥʠ ʙʨʦʡʣʝʨʠ ʠ ʧʦʢʘʟʚʘ ʩ ʢʦʣʢʦ ʛʨʘʜʫʩʘ ʫʩʝʱʘʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ tf ʝ ʧʦ-
ʥʠʩʢʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʚʲʟʜʫʭʘ ti ʟʘ ʩʪʦʡʥʦʩʪʠ ʦʪ 18 °C ʜʦ 38 °C ʠ ʩʪʦʡʥʦʩʪʠ ʥʘ ʚʷʪʲʨʘ
ʦʪ 0,75 m/s ʜʦ 2,5 m/s.

SAF,
m/s 0,5 0,75 1 1,25 1,5 1,75 2 2,25 2,5

t, °C tcw tcw tcw tcw tcw tcw tcw tcw tcw

38 0 0 0 0 0 0 0 0 0
37 0 0 0,1 0,2 0,3 0,45 0,6 0,8 1
36 0 0,1 0,3 0,5 0,8 1,2 1,6 1,9 2,4
35 0 0,15 0,5 0,8 1,2 1,8 2,5 3 3,6
34 0 0,2 0,7 1,2 1,4 2 3 3,6 4,3
33 0 0,35 0,9 1,4 1,6 2,5 3,4 4 4,8
32 0 0,4 1 1,5 1,8 3 3,8 4,7 5,3
31 0 0,45 1,1 1,65 1,95 3,15 3,95 4,9 5,7
30 0 0,5 1,1 1,8 2,15 3,3 4,1 5,1 5,8
29 0 0,54 1,2 1,95 2,3 3,5 4,3 5,3 6
28 0 0,57 1,2 2,1 2,45 3,7 4,5 5,5 6,2
27 0 0,61 1,3 2,2 2,55 3,8 4,6 5,6 6,3
26 0 0,64 1,3 2,3 2,65 3,9 4,7 5,7 6,4
25 0 0,67 1,4 2,4 2,75 4 4,8 5,8 6,5
24 0 0,71 1,5 2,5 2,85 4,1 4,9 5,9 6,6
23 0 0,74 1,6 2,6 2,95 4,2 5 6 x
22 0 0,76 1,7 2,7 3,05 4,3 5,1 x x
21 0 0,78 1,8 2,75 3,1 4,4 x x x
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20 0 0,8 1,9 2,8 3,15 x x x x
19 0 0,83 2 2,85 x x x x x
18 0 0,85 2 x x x x x x

ʊʘʙʣʠʮʘ 6.10 ʆʭʣʘʞʜʘʱ ʝʬʝʢʪ ʥʘ ʚʷʪʲʨʘ ʟʘ 7 ʩʝʜʤʠʯʥʠ ʙʨʦʡʣʝʨʠ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ
ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ t (°C) ʠ ʩʢʦʨʦʩʪʪʘ ʥʘ ʚʷʪʲʨʘ SAF (m/s).

ɺ ʘʣʛʦʨʠʪʲʤʘ ʝ ʠʟʧʦʣʟʚʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʝ ʩʢʦʨʦʩʪʪʘ ʥʘ ʚʷʪʲʨʘ SAF Ò 0,5 m/s ʥʝ
ʚʣʠʷʝ ʚʲʨʭʫ ʫʩʝʱʘʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ. ʇʦʜʦʙʥʠ ʪʘʙʣʠʮʠ ʩʘ ʨʘʟʨʘʙʦʪʝʥʠ ʟʘ ʨʘʙʦʪʘ ʥʘ
ʩʠʩʪʝʤʘʪʘ ʟʘ ʨʘʟʣʠʯʥʠ ʚʲʟʨʘʩʪʠ ʥʘ ʙʨʦʡʣʝʨʠʪʝ. ʅʷʢʦʠ ʦʪ ʜʘʥʥʠʪʝ ʟʘ ʪʝʟʠ ʪʘʙʣʠʮʠ ʩʘ ʚʟʝʪʠ
ʦʪ ʨʘʟʣʠʯʥʠ ʠʟʪʦʯʥʠʮʠ [113,114,115,129], ʢʘʪʦ ʪʘʙʣʠʮʠʪʝ ʩʘ ʜʦʧʲʣʥʝʥʠ ʯʨʝʟ ʠʥʪʝʨʧʦʣʘʮʠʷ
ʠ ʝʢʩʪʨʘʧʦʣʘʮʠʷ. ʇʨʠ ʩʪʦʡʥʦʩʪʠ ʥʘ ʦʪʥʦʩʠʪʝʣʥʘ ʚʣʘʞʥʦʩʪ RH, ʧʦ-ʚʠʩʦʢʠ ʦʪ RHmax ʟʘ
ʩʲʦʪʚʝʪʥʘʪʘ ʚʲʟʨʘʩʪ ʥʘ ʙʨʦʡʣʝʨʠʪʝ, ʫʩʝʱʘʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ tf ʥʘʨʘʩʪʚʘ ʩʲʩ ʩʪʦʡʥʦʩʪʠʪʝ,
ʧʦʩʦʯʝʥʠ ʚ ʪʘʙʣʠʮʘ 6.11. ʊʷ ʩʝ ʦʩʥʦʚʘʚʘ ʥʘ ʜʘʥʥʠ, ʧʦʣʫʯʝʥʠ ʦʪ ʟʘʚʠʩʠʤʦʩʪʪʘ ʥʘ
ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʠ ʦʪʥʦʩʠʪʝʣʥʘʪʘ ʚʣʘʞʥʦʩʪ RH ʧʨʠ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʦ ʚʣʘʞʥʦʩʪʥʠʷ
ʠʥʜʝʢʩ THI. ʀʟʚʲʨʰʝʥʠ ʪʝʩʪʦʚʝ ʩ ʢʦʢʦʰʢʠ [28] ʧʦʢʘʟʚʘʪ, ʯʝ ʧʨʠ ʧʦʜʜʲʨʞʘʥʝ ʥʘ ʝʜʥʘ ʠ ʩʲʱʘ
ʩʪʦʡʥʦʩʪ ʥʘ THI, ʩ ʧʨʦʤʷʥʘ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʠ ʦʪʥʦʩʠʪʝʣʥʘʪʘ ʚʣʘʞʥʦʩʪ, ʥʷʤʘ ʧʨʦʤʷʥʘ ʚʲʚ
ʬʠʟʠʯʝʩʢʦʪʦ ʠʤ ʩʲʩʪʦʷʥʠʝ ʠ ʥʘʯʠʥʘ ʥʘ ʭʨʘʥʝʥʝ.

æRH, %
æRH=RH-

RHopt,
RHopt=f(ts1)

1<æRHÒ5 5<æRHÒ1
0

10<æRHÒ
15

15<æRHÒ
20

20<æRHÒ
25 25<æRH

t, °C tcRH tcRH tcRH tcRH tcRH tcRH

35 0.65 1.25 1.80 2.30 2.80 3.20
34 0.60 1.20 1.70 2.25 2.70 3.10
33 0.60 1.15 1.65 2.20 2.60 3.00
32 0.55 1.10 1.55 2.10 2.50 2.90
31 0.55 1.05 1.45 1.95 2.40 2.70
30 0.50 1.00 1.35 1.85 2.30 2.50
29 0.50 0.95 1.30 1.75 2.15 2.30
28 0.45 0.85 1.25 1.65 1.95 2.20
27 0.40 0.75 1.15 1.50 1.80 2.00
26 0.35 0.70 1.05 1.35 1.65 1.90
25 0.30 0.65 0.95 1.20 1.50 1.70
24 0.30 0.60 0.90 1.15 1.40 1.60
23 0.30 0.55 0.80 1.05 1.25 1.45
22 0.30 0.50 0.75 1.00 1.15 1.35
21 0.25 0.45 0.70 0.90 1.05 1.25
20 0.25 0.40 0.60 0.80 0.95 1.10
19 0.20 0.35 0.50 0.65 0.80 0.90
18 0.15 0.25 0.35 0.45 0.55 0.65

ʊʘʙʣʠʮʘ 6.11 ɽʬʝʢʪ ʥʘ ʦʪʥʦʩʠʪʝʣʥʘʪʘ ʚʣʘʞʥʦʩʪ RH ʚʲʨʭʫ ʫʩʝʱʘʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ tf ʚʲʨʭʫ
ʙʨʦʡʣʝʨʠʪʝ.
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ʄʦʞʝʤ ʜʘ ʧʦʣʫʯʠʤ ʩʪʦʡʥʦʩʪʪʘ ʥʘ ʫʩʝʱʘʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ tf ʧʦ ʩʣʝʜʥʘʪʘ ʬʦʨʤʫʣʘ:

ʌʦʨʤʫʣʘ 6.1 tf = ti – tcw + tcRH

ʢʘʪʦ ʜʘʥʥʠʪʝ ʟʘ tcRH ʩʝ ʚʟʝʤʘʪ ʦʪ ʪʘʙʣʠʮʘ 6.11, ʘ ʦʪ ʪʘʙʣʠʮʘ 6.10 ʤʦʛʘʪ ʜʘ ʩʝ ʚʟʝʤʘʪ ʜʘʥʥʠ ʟʘ
tcw 7 ʩʝʜʤʠʯʥʠ ʙʨʦʡʣʝʨʠ. ɿʘ ʨʘʟʣʠʯʥʠʪʝ ʚʲʟʨʘʩʪʠ ʩʝ ʠʟʧʦʣʟʚʘʪ ʨʘʟʣʠʯʥʠ ʪʘʙʣʠʮʠ.

ɿʘ ʧʦ-ʛʦʣʷʤʘ ʷʩʥʦʪʘ ʚ ʪʘʙʣʠʮʘ 6.12 ʩʘ ʧʦʢʘʟʘʥʠ ʦʟʥʘʯʝʥʠʷʪʘ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ
ʠʟʧʦʣʟʚʘʥʠ ʚ ʘʣʛʦʨʠʪʲʤʘ.

ʆʟʥʘʯʝʥʠʝ ʆʧʠʩʘʥʠʝ
ti, °C ɺʲʪʨʝʰʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʥʠʚʦʪʦ ʥʘ ʙʨʦʡʣʝʨʠʪʝ
to, °C ɺʲʥʰʥʘ ʪʝʤʧʝʨʘʪʫʨʘ
tih, °C ɺʲʪʨʝʰʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʙʣʠʟʦ ʜʦ ʪʘʚʘʥʘ
tf, °C ʋʩʝʱʘʥʘ ʪʝʤʧʝʨʘʪʫʨʘ

tmin, °C ʄʠʥʠʤʘʣʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʟʦʥʘʪʘ ʥʘ ʢʦʤʬʦʨʪ ʥʘ ʙʨʦʡʣʝʨʠʪʝ
tmax, °C ʄʘʢʩʠʤʘʣʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʟʦʥʘʪʘ ʥʘ ʢʦʤʬʦʨʪ ʥʘ ʙʨʦʡʣʝʨʠʪʝ
topt, °C ʆʧʪʠʤʘʣʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘ ʦʪʛʣʝʞʜʘʥʝ
tpmin, °C ʄʠʥʠʤʘʣʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘ ʧʦʜʛʦʪʚʷʥʝ ʥʘ ʧʦʤʝʱʝʥʠʝʪʦ
tpmax, °C ʄʘʢʩʠʤʘʣʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘ ʧʦʜʛʦʪʚʷʥʝ ʥʘ ʧʦʤʝʱʝʥʠʝʪʦ
tcw, °C ʊʝʤʧʝʨʘʪʫʨʥʘ ʢʦʨʝʢʮʠʷ ʟʘʚʠʩʝʱʘ ʦʪ ʩʢʦʨʦʩʪʪʘ ʥʘ ʚʲʟʜʫʭʘ SAF
tcRH, °C ʊʝʤʧʝʨʘʪʫʨʥʘ ʢʦʨʝʢʮʠʷ ʟʘʚʠʩʝʱʘ ʦʪ ʦʪʥʦʩʠʪʝʣʥʘʪʘ ʚʣʘʞʥʦʩʪ RH
æt1, °C ʈʘʟʣʠʢʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʠʪʝ  æt1 = ti ī to

æt2, °C ʈʘʟʣʠʢʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʠʪʝ æt2 = top ī ti

æt3, °C ʈʘʟʣʠʢʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʠʪʝ æt3 = tih - ti

æt3max, °C ʉʪʦʡʥʦʩʪ ʧʨʠ ʢʦʷʪʦ ʩʝ ʚʢʣʶʯʚʘʪ ʮʠʨʢʫʣʘʮʠʦʥʥʠʪʝ ʚʝʥʪʠʣʘʪʦʨʠ
RH, % ʆʪʥʦʩʠʪʝʣʥʘ ʚʣʘʞʥʦʩʪ

RHout, % ʆʪʥʦʩʠʪʝʣʥʘ ʚʣʘʞʥʦʩʪ ʦʪʚʲʥ
SAF, m/s ʉʢʦʨʦʩʪ ʥʘ ʜʚʠʞʝʥʠʝ ʥʘ ʚʲʟʜʫʭʘ
æp, Pa ɼʠʬʝʨʝʥʮʠʘʣʥʦ ʥʘʣʷʛʘʥʝ ʚʲʥ/ʚʲʪʨʝ
ts1, day ɺʲʟʨʘʩʪ ʥʘ ʙʨʦʡʣʝʨʠʪʝ ʚ ʜʥʠ
ts2, min ɺʨʝʤʝ ʥʘ ʝʜʠʥ ʚʝʥʪʠʣʘʮʠʦʥʝʥ ʮʠʢʲʣ
ts3, sec ɺʨʝʤʝ ʟʘ ʨʘʙʦʪʘ ʥʘ ʚʝʥʪʠʣʘʮʠʷʪʘ ʚ ʝʜʠʥ ʚʝʥʪʠʣʘʮʠʦʥʝʥ ʮʠʢʲʣ

ts4, sec ɺʨʝʤʝ ʥʝʦʙʭʦʜʠʤʦ ʟʘ ʩʪʘʨʪʠʨʘʥʝ ʥʘ ʚʝʥʪʠʣʘʪʦʨʠʪʝ, ʦʪʚʘʨʷʥʝ ʥʘ
ʢʣʘʧʠʪʝ ʠ ʪʫʥʝʣʥʠʪʝ ʦʪʚʦʨʠ

ts drying ɺʨʝʤʝ ʟʘ ʠʟʩʫʰʘʚʘʥʝ ʥʘ ʠʟʧʘʨʠʪʝʣʥʠʪʝ ʦʭʣʘʜʠʪʝʣʥʠ ʧʠʪʠ
M1 ʈʝʞʠʤ ʥʘ ʤʠʥʠʤʘʣʥʘ ʚʝʥʪʠʣʘʮʠʷ 1
M2 ʈʝʞʠʤ ʥʘ ʤʠʥʠʤʘʣʥʘ ʚʝʥʪʠʣʘʮʠʷ 2
Tr ʈʝʞʠʤ ʥʘ ʧʨʝʭʦʜʥʘ ʚʝʥʪʠʣʘʮʠʷ
Tu ʈʝʞʠʤ ʥʘ ʪʫʥʝʣʥʘ ʚʝʥʪʠʣʘʮʠʷ

ʊʘʙʣʠʮʘ 6.12 ʆʟʥʘʯʝʥʠʷ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ʚ ʘʣʛʦʨʠʪʲʤʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ
ʧʪʠʮʝʬʝʨʤʘ.
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6.3.4.1 ɸʣʛʦʨʠʪʲʤ ʟʘ ʧʦʜʛʦʪʦʚʢʘ ʥʘ ʧʦʤʝʱʝʥʠʷʪʘ ʧʨʝʜʠ ʥʘʩʪʘʥʷʚʘʥʝ ʥʘ ʧʠʣʝʪʘ

ʌʠʛʫʨʘ 6.7 ʧʦʢʘʟʚʘ ʘʣʛʦʨʠʪʲʤ ʟʘ ʧʦʜʛʦʪʦʚʢʘ ʥʘ ʩʛʨʘʜʘʪʘ ʧʨʝʜʠ ʚʲʚʝʞʜʘʥʝ ʥʘ
ʧʠʣʝʪʘʪʘ. ʊʦʟʠ ʨʝʞʠʤ ʪʨʷʙʚʘ ʜʘ ʩʝ ʩʪʘʨʪʠʨʘ ʥʘʡ-ʤʘʣʢʦ 24 ʠʣʠ 48 ʯʘʩʘ, ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ
ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʩʛʨʘʜʘʪʘ ʠ ʦʪʦʧʣʝʥʠʝʪʦ, ʧʨʝʜʠ ʧʠʣʝʪʘʪʘ ʜʘ ʙʲʜʘʪ ʥʘʩʪʘʥʝʥʠ. ʄʠʥʠʤʘʣʥʘʪʘ
ʠ ʤʘʢʩʠʤʘʣʥʘʪʘ ʧʦʜʜʲʨʞʘʱʘ ʪʝʤʧʝʨʘʪʫʨʘ (tpmin ʠ tpmax) ʪʨʷʙʚʘ ʜʘ ʙʲʜʘʪ ʟʘʜʘʜʝʥʠ ʧʨʠ
ʩʪʘʨʪʠʨʘʥʝ. ʉʠʩʪʝʤʘʪʘ ʟʘʧʦʯʚʘ ʩ ʧʨʦʚʝʪʨʷʚʘʥʝ ʥʘ ʧʦʤʝʱʝʥʠʝʪʦ, ʟʘ ʜʘ ʦʩʠʛʫʨʠ ʩʚʝʞ ʚʲʟʜʫʭ
ʠ ʜʘ ʧʨʝʤʘʭʥʝ ʤʠʨʠʟʤʠʪʝ ʦʪ ʧʦʜʛʦʪʚʠʪʝʣʥʘʪʘ ʜʝʟʠʥʬʝʢʮʠʷ.

ʌʠʛʫʨʘ 6.7 ɸʣʛʦʨʠʪʲʤ ʟʘ ʧʦʜʛʦʪʦʚʢʘ ʥʘ ʧʦʤʝʱʝʥʠʷʪʘ ʧʨʝʜʠ ʥʘʩʪʘʥʷʚʘʥʝ ʥʘ ʧʠʣʝʪʘ.

ʉʣʝʜ ʢʦʝʪʦ ʩʝ ʧʨʦʚʝʨʷʚʘ ʠ ʢʦʥʪʨʦʣʠʨʘ ʝʜʠʥʩʪʚʝʥʦ ʪʝʤʧʝʨʘʪʫʨʘʪʘ. ʂʦʛʘʪʦ ʪʷ ʝ ʧʦ
ʥʠʩʢʘ ʦʪ ʤʠʥʠʤʘʣʥʘʪʘ ʟʘʜʘʜʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ tpmin ʩʝ ʚʢʣʶʯʚʘ ʦʪʦʧʣʝʥʠʝʪʦ ʠ
ʮʠʨʢʫʣʘʮʠʦʥʥʘʪʘ ʚʝʥʪʠʣʘʮʠʷ ʟʘ ʧʦ ʙʲʨʟʦ ʠ ʨʘʚʥʦʤʝʨʥʦ ʟʘʪʦʧʣʷʥʝ ʥʘ ʧʦʤʝʱʝʥʠʝʪʦ. ʇʨʠ
ʪʝʤʧʝʨʘʪʫʨʘ ʧʦ-ʚʠʩʦʢʘ ʦʪ ʟʘʜʘʜʝʥʘʪʘ ʩʝ ʦʪʚʘʨʷʪ ʢʣʘʧʠʪʝ ʠ ʩʝ ʟʘʜʝʡʩʪʚʘ ʚʝʥʪʠʣʘʮʠʷʪʘ, ʟʘ ʜʘ
ʤʦʞʝ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʞʝʣʘʥʦʪʦ ʦʭʣʘʞʜʘʥʝ.

6.3.4.2 ʈʘʙʦʪʝʥ ʘʣʛʦʨʠʪʲʤ

6.3.4.2.1 ʆʩʥʦʚʥʘ ʯʘʩʪ ʥʘ ʨʘʙʦʪʥʠʷ ʘʣʛʦʨʠʪʲʤ

ʆʩʥʦʚʥʠʷʪ ʨʘʙʦʪʝʥ ʘʣʛʦʨʠʪʲʤ ʥʘ ʧʨʝʜʣʦʞʝʥʘʪʘ ʂʌʉ ʤʦʞʝ ʜʘ ʙʲʜʝ ʨʘʟʜʝʣʝʥ ʥʘ ʧʝʪ
ʯʘʩʪʠ ʟʘ ʧʦ-ʣʝʩʥʦ ʧʨʝʜʩʪʘʚʷʥʝ. ɺ ʧʲʨʚʘʪʘ ʯʘʩʪ (ʌʠʛʫʨʘ 6.8) ʩʝ ʠʟʤʝʨʚʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʚ
ʩʛʨʘʜʘʪʘ ʥʘ ʥʠʚʦʪʦ ʥʘ ʙʨʦʡʣʝʨʠʪʝ ti ʠ ʩʝ ʩʨʘʚʥʷʚʘ ʩ ʪʝʤʧʝʨʘʪʫʨʘʪʘ, ʟʘʜʘʜʝʥʘ ʦʪ ʩʠʩʪʝʤʘʪʘ.
ʊʘʟʠ ʪʝʤʧʝʨʘʪʫʨʘ ʩʝ ʧʨʦʤʝʥʷ ʩʧʦʨʝʜ ʚʲʟʨʘʩʪʪʘ ʥʘ ʧʠʣʝʪʘʪʘ ʦʪ ʪʘʡʤʝʨʘ ts1. ʆʪ ʪʘʟʠ ʧʨʦʚʝʨʢʘ
ʟʘʚʠʩʠ ʢʘʢʲʚ ʚʠʜ ʥʘ ʚʝʥʪʠʣʘʮʠʷ ʱʝ ʩʝ ʧʨʝʜʧʨʠʝʤʝ. ʉʠʩʪʝʤʘʪʘ ʧʨʝʤʠʥʘʚʘ ʧʨʝʟ ʝʜʠʥ ʮʠʢʲʣ
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ʥʘ ʨʘʙʦʪʘ, ʩʣʝʜ ʢʦʝʪʦ ʦʪʥʦʚʦ ʧʨʝʤʠʥʘʚʘ ʧʨʝʟ ʧʨʦʚʝʨʢʘ ʥʘ ti. ʊʦʚʘ ʩʝ ʧʦʚʪʘʨʷ ʧʦʩʪʦʷʥʥʦ ʩ
ʝʜʥʦ ʠʟʢʣʶʯʝʥʠʝ ʧʨʠ ʪʫʥʝʣʥʘʪʘ ʚʝʥʪʠʣʘʮʠʷ Tu.

ʌʠʛʫʨʘ 6.8 ʇʲʨʚʘ ʯʘʩʪ ʥʘ ʘʣʛʦʨʠʪʲʤʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʧʪʠʮʝʬʝʨʤʘ.

6.3.4.2.2 ʂʣʦʥʦʚʝ ʧʨʠ ʨʘʙʦʪʘ ʥʘ ʤʠʥʠʤʘʣʥʘ ʚʝʥʪʠʣʘʮʠʷ M1 ʠ M2

ʂʣʦʥʦʚʝʪʝ ʟʘ ʤʠʥʠʤʘʣʥʘ ʚʝʥʪʠʣʘʮʠʷ M1 ʠ M2 ʩʘ ʧʦʯʪʠ ʠʜʝʥʪʠʯʥʠ, ʟʘʪʦʚʘ ʱʝ
ʨʘʟʛʣʝʜʘʤʝ ʩʘʤʦ ʢʣʦʥʘ M2 (ʌʠʛʫʨʘ 6.9) ʠ ʱʝ ʦʪʙʝʣʝʞʠʤ ʨʘʟʣʠʯʠʷʪʘ.



109

109

ʌʠʛʫʨʘ 6.9 ɸʣʛʦʨʠʪʲʤ ʟʘ ʫʧʨʘʚʣʝʥʠʝ - ʢʣʦʥ ʟʘ ʤʠʥʠʤʘʣʥʘ ʚʝʥʪʠʣʘʮʠʷ ʄ2.
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ɺ ʨʝʞʠʤ ʥʘ ʤʠʥʠʤʘʣʥʘ ʚʝʥʪʠʣʘʮʠʷ M2 ʩʠʩʪʝʤʘʪʘ ʧʲʨʚʦ ʧʨʦʚʝʨʷʚʘ ʟʘ ʥʘʣʠʯʠʝ ʥʘ
ʚʨʝʜʥʠ ʛʘʟʦʚʝ. ɸʢʦ ʥʝ ʩʝ ʦʪʢʨʠʝ ʚʠʩʦʢʘ ʢʦʥʮʝʥʪʨʘʮʠʷ, ʩʝ ʧʨʝʤʠʥʘʚʘ ʢʲʤ ʩʣʝʜʥʠʪʝ ʜʝʡʩʪʚʠʷ.
ʊʫʥʝʣʥʠʪʝ ʢʣʘʧʠ ʩʘ ʟʘʪʚʦʨʝʥʠ ʠ ʪʫʥʝʣʥʘʪʘ ʚʝʥʪʠʣʘʮʠʷ ʠ ʮʠʨʢʫʣʘʮʠʷʪʘ ʩʘ ʠʟʢʣʶʯʝʥʠ.
ʀʟʧʘʨʠʪʝʣʥʦʪʦ ʦʭʣʘʞʜʘʥʝ ʩʲʱʦ ʩʝ ʠʟʢʣʶʯʚʘ. ʆʪʦʧʣʝʥʠʝʪʦ ʝ ʚʢʣʶʯʝʥʦ, ʘ ʤʦʱʥʦʩʪʪʘ ʠʣʠ
ʙʨʦʷ ʥʘ ʚʢʣʶʯʝʥʠʪʝ ʥʘʛʨʝʚʘʪʝʣʥʠ ʫʩʪʨʦʡʩʪʚʘ ʟʘʚʠʩʠ ʦʪ ʨʘʟʣʠʢʘʪʘ ʤʝʞʜʫ ʦʧʪʠʤʘʣʥʘʪʘ
ʪʝʤʧʝʨʘʪʫʨʘ tiopt ʟʘ ʪʝʢʫʱʘʪʘ ʚʲʟʨʘʩʪ ʥʘ ʙʨʦʡʣʝʨʠʪʝ ts1 ʠ ʠʟʤʝʨʝʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚ
ʧʦʤʝʱʝʥʠʝʪʦ ti. ʂʣʘʧʠʪʝ ʩʝ ʦʪʚʘʨʷʪ ʚ ʧʦʟʠʮʠʷ X, ʢʦʷʪʦ ʩʝ ʦʧʨʝʜʝʣʷ ʢʘʢʪʦ ʦʪ ʨʘʟʣʠʢʘʪʘ ʤʝʞʜʫ
ʚʲʪʨʝʰʥʘʪʘ ʠ ʚʲʥʰʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ȹt1, ʪʘʢʘ ʠ ʦʪ ʚʲʟʨʘʩʪʪʘ ts1 ʠ ʙʨʦʷ N ʥʘ ʙʨʦʡʣʝʨʠʪʝ. ʆʪ
ʚʲʟʨʘʩʪʪʘ ʠ ʙʨʦʷʪ ʥʘ ʧʠʣʝʪʘʪʘ ʩʝ ʦʧʨʝʜʝʣʷ ʞʠʚʦʪʦ ʠʤ ʪʝʛʣʦ, ʢʦʝʪʦ ʦʪ ʩʚʦʷ ʩʪʨʘʥʘ ʦʙʫʩʣʘʚʷ
ʥʝʦʙʭʦʜʠʤʠʷ ʦʙʝʤ ʯʠʩʪ ʚʲʟʜʫʭ ʢʦʡʪʦ ʪʨʷʙʚʘ ʜʘ ʩʝ ʦʩʠʛʫʨʠ. ʇʦʟʠʮʠʷ X ʦʟʥʘʯʘʚʘ, ʯʝ
ʦʧʨʝʜʝʣʝʥ ʙʨʦʡ ʠʣʠ ʚʩʠʯʢʠ ʢʣʘʧʠ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʦʪʚʦʨʝʥʠ, ʢʘʢʪʦ ʠ ʢʦʣʢʦ ʩʘ ʦʪʚʦʨʝʥʠ. ʊʦʚʘ
ʩʝ ʦʧʨʝʜʝʣʷ ʦʪ ʩʧʝʮʠʬʠʢʘʪʘ ʥʘ ʩʛʨʘʜʘʪʘ. ɿʘʜʝʡʩʪʚʘʪ ʩʝ ʚʝʥʪʠʣʘʪʦʨʠʪʝ ʟʘ ʤʠʥʠʤʘʣʥʘ ʠ
ʧʨʝʭʦʜʥʘ ʚʝʥʪʠʣʘʮʠʷ (ɺʝʥʪʠʣʘʮʠʷʪʘ). ɹʨʦʷʪ ʥʘ ʨʘʙʦʪʝʱʠʪʝ ʚʝʥʪʠʣʘʪʦʨʠ ʠ ʪʷʭʥʘʪʘ ʤʦʱʥʦʩʪ
ʩʝ ʩʲʛʣʘʩʫʚʘʪ ʩ ʧʦʣʦʞʝʥʠʝʪʦ ʥʘ ʱʦʨʠʪʝ X, ʟʘ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʦʧʨʝʜʝʣʝʥʦʪʦ ʜʠʬʝʨʝʥʮʠʘʣʥʦ
ʥʘʣʷʛʘʥʝ ȹp. ɺʲʟ ʦʩʥʦʚʘ ʥʘ ʚʲʟʨʘʩʪʪʘ ʥʘ ʧʠʣʝʪʘʪʘ, ʩʠʩʪʝʤʘʪʘ ʥʘʩʪʨʦʡʚʘ ʚʨʝʤʝʪʦ ʟʘ ʮʠʢʲʣ ʥʘ
ʚʝʥʪʠʣʘʮʠʷ ts2 ʥʘ ʩʪʦʡʥʦʩʪ ʤʝʞʜʫ 5 ʠ 7 ʤʠʥʫʪʠ. ʋʜʲʣʞʘʚʘʥʝʪʦ ʜʦ 7 ʤʠʥʫʪʠ ʝ ʟʘ ʩʧʝʩʪʷʚʘʥʝ
ʥʘ ʝʥʝʨʛʠʷ ʚ ʧʝʨʠʦʜʘ ʥʘ ʙʨʫʜʠʥʛʘ, ʢʦʛʘʪʦ ʪʨʷʙʚʘ ʜʘ ʩʝ ʧʦʜʜʲʨʞʘʪ ʧʦ-ʚʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʠ
ʧʦ-ʚʠʩʦʢʘ ʦʪʥʦʩʠʪʝʣʥʘ ʚʣʘʞʥʦʩʪ. ʉʠʩʪʝʤʘʪʘ ʠʟʯʘʢʚʘ ʜʘ ʠʟʪʝʯʝ ʚʨʝʤʝʪʦ ts4 (ʢʘʪʦ ʪʦ ʝ ʦʪ
ʧʦʨʷʜʲʢʘ ʥʘ ʥʷʢʦʣʢʦ ʩʝʢʫʥʜʠ). ʊʦʚʘ ʚʨʝʤʝ ʝ ʥʝʦʙʭʦʜʠʤʦ ʟʘ ʦʪʚʘʨʷʥʝ ʥʘ ʱʦʨʠʪʝ (ʠʣʠ
ʧʨʝʤʝʩʪʚʘʥʝ ʦʪ ʝʜʥʘ ʧʦʟʠʮʠʷ ʚ ʜʨʫʛʘ) ʠ ʨʘʟʚʲʨʪʘʥʝ ʥʘ ʚʝʥʪʠʣʘʪʦʨʠʪʝ ʥʘ ʦʧʨʝʜʝʣʝʥʘʪʘ
ʩʢʦʨʦʩʪ, ʜʦʢʘʪʦ ʩʝ ʧʦʩʪʠʛʥʝ ʧʦʩʪʦʷʥʥʦ ʜʠʬʝʨʝʥʮʠʘʣʥʦ ʥʘʣʷʛʘʥʝ ȹp. ʇʦʨʘʜʠ ʟʘʤʲʨʩʷʚʘʥʝ ʥʘ
ʢʣʘʧʠʪʝ ʠʣʠ ʚʝʥʪʠʣʘʮʠʦʥʥʠʪʝ ʦʪʚʦʨʠ ʥʘ ʚʝʥʪʠʣʘʪʦʨʠʪʝ, ʚʣʦʰʝʥʠ ʫʧʣʲʪʥʝʥʠʷ ʥʘ ʚʨʘʪʠ ʠ
ʧʨʦʟʦʨʮʠ ʠ ʪ.ʥ. ȹp ʤʦʞʝ ʜʘ ʥʝ ʝ ʚ ʨʘʤʢʠʪʝ ʥʘ ʜʦʧʫʩʪʠʤʠʪʝ ʩʪʦʡʥʦʩʪʠ, ʦʪ ʢʦʝʪʦ ʤʦʞʝ ʜʘ
ʚʲʟʥʠʢʥʝ ʥʝʞʝʣʘʥʦ ʜʚʠʞʝʥʠʝ ʥʘ ʚʲʟʜʫʭʘ. ʇʦʨʘʜʠ ʪʦʚʘ ʩʝ ʧʨʠʣʘʛʘ ʜʦʧʲʣʥʠʪʝʣʥʘ ʥʘʩʪʨʦʡʢʘ
ʥʘ ʤʦʱʥʦʩʪʪʘ ʥʘ ʚʝʥʪʠʣʘʮʠʷʪʘ, ʜʦʢʘʪʦ ȹp ʜʦʩʪʠʛʥʝ ʥʝʦʙʭʦʜʠʤʠʪʝ ʩʪʦʡʥʦʩʪʠ. ʉʣʝʜ ʪʦʚʘ
ʚʝʥʪʠʣʘʮʠʷʪʘ ʧʨʦʜʲʣʞʘʚʘ ʜʦ ʠʟʪʠʯʘʥʝ ʥʘ ʪʘʡʤʝʨʘ ts5. ʆʙʱʦʪʦ ʚʨʝʤʝ ʥʘ ʨʘʙʦʪʘ ʥʘ
ʚʝʥʪʠʣʘʮʠʷʪʘ ʝ ʚʨʝʤʝʪʦ ts3, ʢʦʝʪʦ ʝ 30 ʩʝʢʫʥʜʠ. ʉʣʝʜ ʢʘʪʦ ʚʝʥʪʠʣʘʮʠʷʪʘ ʩʧʨʝ, ʩʝ ʧʨʘʚʠ
ʩʨʘʚʥʝʥʠʝ ʤʝʞʜʫ ʚʲʪʨʝʰʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʥʠʚʦ ʙʨʦʡʣʝʨʠ ti ʠ ʚʲʪʨʝʰʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ
ʧʦʜ ʧʦʢʨʠʚʘ tih. ɸʢʦ ʨʘʟʣʠʢʘʪʘ ȹt3 ʝ ʧʦ-ʛʦʣʷʤʘ ʦʪ ʤʘʢʩʠʤʘʣʥʦ ʜʦʧʫʩʪʠʤʘʪʘ ȹtmax, ʩʝ ʚʢʣʶʯʚʘʪ
ʮʠʨʢʫʣʘʮʠʦʥʥʠ ʚʝʥʪʠʣʘʪʦʨʠ. ʉʣʝʜ ʠʟʪʠʯʘʥʝ ʥʘ ʪʘʡʤʝʨ ts6, ʯʠʝʪʦ ʚʨʝʤʝ ʝ ʚʨʝʤʝʪʦ ʥʘ ʝʜʠʥ
ʮʠʢʲʣ (ʦʪ 5 ʜʦ 7 ʤʠʥ.) ʤʠʥʫʩ ʚʨʝʤʝʪʦ ʟʘ ʨʘʙʦʪʘ ʥʘ ʚʝʥʪʠʣʘʮʠʷʪʘ, ʮʠʨʢʫʣʘʮʠʦʥʥʠʪʝ
ʚʝʥʪʠʣʘʪʦʨʠ ʩʝ ʠʟʢʣʶʯʚʘʪ, ʘʢʦ ʩʘ ʙʠʣʠ ʚʢʣʶʯʝʥʠ. ʉʣʝʜ ʪʦʚʘ ʩʝ ʧʨʦʚʝʨʷʚʘ ʦʪʥʦʩʠʪʝʣʥʘʪʘ
ʚʣʘʞʥʦʩʪ RH ʚʲʪʨʝ ʚ ʩʛʨʘʜʘʪʘ. ɸʢʦ ʪʷ ʝ ʧʦ-ʥʠʩʢʘ ʦʪ ʤʠʥʠʤʘʣʥʘʪʘ RHmin, ʩʠʩʪʝʤʘʪʘ ʠʟʧʨʘʱʘ
ʝʜʥʦʢʨʘʪʥʦ ʩʲʦʙʱʝʥʠʝ ʩ ʠʟʤʝʨʝʥʘʪʘ ʩʪʦʡʥʦʩʪ. ɿʘ ʜʘ ʨʝʛʫʣʠʨʘ ʚʣʘʞʥʦʩʪʪʘ, ʩʠʩʪʝʤʘʪʘ
ʥʘʤʘʣʷʚʘ ʪʘʡʤʝʨʘ ts3 ʟʘ ʩʣʝʜʚʘʱʠʷ ʚʝʥʪʠʣʘʮʠʦʥʝʥ ʮʠʢʲʣ. ɸʢʦ RH ʝ ʧʦ-ʚʠʩʦʢʘ ʦʪ
ʤʘʢʩʠʤʘʣʥʘʪʘ ʩʪʦʡʥʦʩʪ RHmax, ʩʠʩʪʝʤʘʪʘ ʩʲʱʦ ʠʟʧʨʘʱʘ ʩʲʦʙʱʝʥʠʝ, ʥʦ ʚʨʝʤʝʪʦ ts3 ʩʝ
ʫʚʝʣʠʯʘʚʘ ʟʘ ʩʣʝʜʚʘʱʠʷ ʮʠʢʲʣ. ʂʦʛʘʪʦ ʦʪʥʦʩʠʪʝʣʥʘʪʘ ʚʣʘʞʥʦʩʪ RH ʝ ʚ ʥʦʨʤʘ, ʥʝ ʩʝ ʧʨʘʚʠ
ʧʨʦʤʷʥʘ ʠ ʩʝ ʚʨʲʱʘ ʜʠʨʝʢʪʥʦ ʢʲʤ ʧʲʨʚʘʪʘ ʯʘʩʪ ʥʘ ʘʣʛʦʨʠʪʲʤʘ ʠ ʠʟʤʝʨʚʘʥʝʪʦ ʥʘ ti.

ɸʢʦ ʧʨʠ ʧʨʦʚʝʨʢʘ ʥʘ ʚʨʝʜʥʠʪʝ ʛʘʟʦʚʝ ʩʝ ʦʪʯʝʪʝ, ʯʝ ʥʷʢʦʡ ʦʪ ʧʦʢʘʟʘʪʝʣʠʪʝ ʝ ʜʦʩʪʠʛʥʘʣ
80% ʦʪ ʤʘʢʩʠʤʘʣʥʦ ʜʦʧʫʩʪʠʤʠʪʝ ʩʪʦʡʥʦʩʪʠ, ʩʠʩʪʝʤʘʪʘ ʠʟʧʲʣʥʷʚʘ ʩʲʱʠʪʝ ʜʝʡʩʪʚʠʷ ʢʘʢʪʦ
ʢʦʛʘʪʦ ʩʘ ʚ ʥʦʨʤʘ, ʥʦ ʢʣʘʧʠʪʝ ʩʝ ʦʪʚʘʨʷʪ ʩ ʝʜʥʘ ʩʪʝʧʝʥ ʧʦʚʝʯʝ ʥʘ ʧʦʟʠʮʠʷ X+1. ʉʲʦʪʚʝʪʥʦ ʠ
ʚʝʥʪʠʣʘʮʠʷʪʘ ʧʨʦʤʝʥʷ ʤʦʱʥʦʩʪʪʘ ʩʠ.
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ɸʢʦ ʚʲʧʨʝʢʠ ʧʨʝʜʧʨʠʝʪʠʪʝ ʤʝʨʢʠ ʟʘ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʚʨʝʜʥʠʪʝ ʛʘʟʦʚʝ ʚ ʩʣʝʜʚʘʱʠʷ
ʮʠʢʲʣ ʩʝ ʦʢʘʞʝ, ʯʝ ʪʝ ʥʘʜʚʠʰʘʚʘʪ ʜʦʧʫʩʪʠʤʠʪʝ ʥʦʨʤʠ, ʩʠʩʪʝʤʘʪʘ ʠʟʧʨʘʱʘ ʝʜʥʦʢʨʘʪʥʦ
ʩʲʦʙʱʝʥʠʝ. ʊʦʚʘ ʝ ʘʚʘʨʠʝʥ ʨʝʞʠʤ ʠ ʪʘʡʤʝʨ ts2 ʧʨʠʝʤʘ ʩʪʦʡʥʦʩʪ ʦʪ 3 ʤʠʥʫʪʠ. ʆʪʦʧʣʝʥʠʝʪʦ
ʦʪʥʦʚʦ ʝ ʚʢʣʶʯʝʥʦ, ʥʦ ʢʣʘʧʠʪʝ ʩʘ ʦʪʚʦʨʝʥʠ ʥʘ ʤʘʢʩʠʤʘʣʥʘ ʩʪʦʡʥʦʩʪ. ɺʝʥʪʠʣʘʮʠʷʪʘ ʩʲʱʦ
ʨʘʙʦʪʠ ʩʲʩ ʩʲʦʪʚʝʪʥʘʪʘ ʤʦʱʥʦʩʪ ʧʨʝʟ ʮʝʣʠʷ ʧʝʨʠʦʜ ʥʘ ʮʠʢʲʣʘ ts2. ɸʢʦ ʝ ʥʝʦʙʭʦʜʠʤʦ,
ʤʦʱʥʦʩʪʪʘ ʥʘ ʚʝʥʪʠʣʘʮʠʷʪʘ ʩʝ ʨʝʛʫʣʠʨʘ. ʉʣʝʜ ʠʟʪʠʯʘʥʝ ʥʘ ʪʘʡʤʝʨʘ ts5 ʩʝ ʧʨʘʚʠ ʧʨʦʚʝʨʢʘ ʥʘ
ʦʪʥʦʩʠʪʝʣʥʘʪʘ ʚʣʘʞʥʦʩʪ RH ʠ ʘʢʦ ʪʷ ʥʝ ʝ ʚ ʥʦʨʤʠʪʝ ʩʝ ʠʟʧʨʘʱʘ ʩʲʦʙʱʝʥʠʝ. ʅʝ ʩʝ
ʧʨʝʜʧʨʠʝʤʘʪ ʤʝʨʢʠ ʟʘ ʨʝʛʫʣʠʨʘʥʝ, ʪʲʡ ʢʘʪʦ ʧʨʠʦʨʠʪʝʪʲʪ ʥʘ ʜʝʡʩʪʚʠʷʪʘ ʟʘ ʦʪʩʪʨʘʥʷʚʘʥʝ ʥʘ
ʚʨʝʜʥʠʪʝ ʛʘʟʦʚʝ ʝ ʧʦ-ʚʠʩʦʢ. ʉʣʝʜ ʪʦʚʘ ʩʠʩʪʝʤʘʪʘ ʦʪʥʦʚʦ ʩʝ ʚʨʲʱʘ ʚ ʨʝʞʠʤ ʥʘ ʠʟʤʝʨʚʘʥʝ ti.

ʈʘʟʣʠʢʠʪʝ ʤʝʞʜʫ ʜʚʘʪʘ ʢʣʦʥʘ ʟʘ ʤʠʥʠʤʘʣʥʘ ʚʝʥʪʠʣʘʮʠʷ M1 ʠ M2 ʩʘ ʢʘʢʪʦ ʩʣʝʜʚʘ. ʇʨʠ
ʚʣʠʟʘʥʝ ʚ ʨʝʞʠʤ ʥʘ M1ʩʠʩʪʝʤʘʪʘ ʠʟʧʨʘʱʘ ʝʜʥʦʢʨʘʪʥʦ ʩʲʦʙʱʝʥʠʝ ʩ ʠʟʤʝʨʝʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ.
ʆʪʦʧʣʝʥʠʝʪʦ ʩʝ ʚʢʣʶʯʚʘ ʥʘ ʤʘʢʩʠʤʘʣʥʘ ʤʦʱʥʦʩʪ. ɸʢʦ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʚʨʝʜʥʠ ʛʘʟʦʚʝ ʝ
ʥʘʜ ʥʦʨʤʘʪʘ, ʱʦʨʠʪʝ ʥʝ ʩʝ ʦʪʚʘʨʷʪ ʥʘ ʤʘʢʩʠʤʘʣʥʘ ʧʦʟʠʮʠʷ. ʊʝ ʩʝ ʦʪʚʘʨʷʪ ʥʘ ʧʦʟʠʮʠʷ X + 2,
ʟʘ ʜʘ ʧʨʝʜʦʪʚʨʘʪʷʪ ʠʟʩʪʠʚʘʥʝʪʦ ʥʘ ʙʨʦʡʣʝʨʠʪʝ. ɺʩʠʯʢʦ ʦʩʪʘʥʘʣʦ ʝ ʥʘʧʲʣʥʦ ʠʜʝʥʪʠʯʥʦ.

6.3.4.2.3 ʂʣʦʥ ʧʨʠ ʨʘʙʦʪʘ ʥʘ ʧʨʝʭʦʜʥʘ ʚʝʥʪʠʣʘʮʠʷ Tr

ʇʨʠ ʧʨʝʭʦʜʥʘ ʚʝʥʪʠʣʘʮʠʷ Tr (ʌʠʛʫʨʘ 6.10) ʩʠʩʪʝʤʘʪʘ ʦʪʥʦʚʦ ʧʲʨʚʦ ʧʨʦʚʝʨʷʚʘ ʟʘ
ʥʘʣʠʯʠʝ ʥʘ ʚʨʝʜʥʠ ʛʘʟʦʚʝ. ɸʢʦ ʪʝ ʩʘ ʚ ʥʦʨʤʘ, ʩʝ ʧʨʠʣʘʛʘʪ ʩʣʝʜʥʠʪʝ ʜʝʡʩʪʚʠʷ. ʆʪʦʧʣʝʥʠʝʪʦ,
ʪʫʥʝʣʥʘʪʘ ʚʝʥʪʠʣʘʮʠʷ ʠ ʠʟʧʘʨʠʪʝʣʥʦʪʦ ʦʭʣʘʞʜʘʥʝ ʩʘ ʠʟʢʣʶʯʝʥʠ, ʘ ʚʭʦʜʦʚʝʪʝ ʟʘ ʪʫʥʝʣʥʘ
ʚʝʥʪʠʣʘʮʠʷ ʩʘ ʟʘʪʚʦʨʝʥʠ. ʂʣʘʧʠʪʝ ʩʝ ʦʪʚʘʨʷʪ ʚ ʧʦʟʠʮʠʷ X, ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʩʪʦʡʥʦʩʪʪʘ ʥʘ
ȹt1, ʚʲʟʨʘʩʪʪʘ ʥʘ ʙʨʦʡʣʝʨʠʪʝ ts1, ʠ ʙʨʦʷ ʠʤ N. ɺʝʥʪʠʣʘʮʠʷʪʘ ʩʝ ʚʢʣʶʯʚʘ ʥʘ ʩʲʦʪʚʝʪʥʘʪʘ
ʤʦʱʥʦʩʪ Y, ʢʘʪʦ ʧʨʠ ʤʠʥʠʤʘʣʥʘ ʚʝʥʪʠʣʘʮʠʷ. ʇʨʦʜʲʣʞʠʪʝʣʥʦʩʪʪʘ ʥʘ ʮʠʢʲʣʘ ts5 ʝ 5 ʤʠʥʫʪʠ.
ɺʝʥʪʠʣʘʮʠʷʪʘ ʧʨʦʜʲʣʞʘʚʘ ʧʨʝʟ ʮʝʣʠʷ ʮʠʢʲʣ. ʉʣʝʜ ʠʟʪʠʯʘʥʝ ʥʘ ʚʨʝʤʝʪʦ ʟʘ ʧʦʟʠʮʠʦʥʠʨʘʥʝ
ʥʘ ʱʦʨʠʪʝ ʩʝ ʧʨʦʚʝʨʷʚʘ ʜʠʬʝʨʝʥʮʠʘʣʥʦʪʦ ʥʘʣʷʛʘʥʝ ȹp ʠ ʚ ʢʨʘʷ ʥʘ ʮʠʢʲʣʘ ʩʝ ʧʨʦʚʝʨʷʚʘ
ʦʪʥʦʩʠʪʝʣʥʘʪʘ ʚʣʘʞʥʦʩʪ RH. ɸʢʦ RH ʥʝ ʝ ʚ ʥʦʨʤʠʪʝ, ʩʠʩʪʝʤʘʪʘ ʠʟʧʨʘʱʘ ʝʜʥʦʢʨʘʪʥʠ
ʩʲʦʙʱʝʥʠʷ ʩ ʠʟʤʝʨʝʥʘʪʘ ʩʪʦʡʥʦʩʪ, ʥʦ ʥʝ ʧʨʝʜʧʨʠʝʤʘ ʜʝʡʩʪʚʠʷ ʟʘ ʥʝʡʥʦʪʦ ʨʝʛʫʣʠʨʘʥʝ. ɺ ʪʦʟʠ
ʩʣʫʯʘʡ ʧʦʜʜʲʨʞʘʥʝʪʦ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʝ ʩ ʧʦ-ʚʠʩʦʢ ʧʨʠʦʨʠʪʝʪ. ʍʣʘʜʥʠʷʪ ʚʲʟʜʫʭ,
ʧʦʩʪʲʧʚʘʱ ʦʪ ʧʨʝʭʦʜʥʘʪʘ ʚʝʥʪʠʣʘʮʠʷ, ʦʩʠʛʫʨʷʚʘ ʧʦʩʪʦʷʥʥʦ ʜʚʠʞʝʥʠʝ ʥʘ ʚʲʟʜʫʭʘ ʚ ʩʛʨʘʜʘʪʘ.
ʇʦʨʘʜʠ ʪʦʚʘ ʥʝ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʚʢʣʶʯʚʘʪʝ ʮʠʨʢʫʣʘʮʠʦʥʥʠʪʝ ʚʝʥʪʠʣʘʪʦʨʠ. ʉʣʝʜ ʧʨʦʚʝʨʢʘʪʘ
ʥʘ RH, ʘʣʛʦʨʠʪʲʤʲʪ ʩʝ ʚʨʲʱʘ ʦʪʥʦʚʦ ʚ ʥʘʯʘʣʦʪʦ, ʟʘ ʜʘ ʠʟʤʝʨʠ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ti.

ɸʢʦ ʧʨʠ ʧʨʦʚʝʨʢʘʪʘ ʟʘ ʥʠʚʦʪʦ ʥʘ ʚʨʝʜʥʠʪʝ ʛʘʟʦʚʝ ʥʠʚʦʪʦ ʥʘ ʥʷʢʦʡ ʦʪ ʪʷʭ ʝ ʜʦʩʪʠʛʥʘʣʦ
80% ʦʪ ʤʘʢʩʠʤʘʣʥʦ ʜʦʧʫʩʪʠʤʘʪʘ ʩʪʦʡʥʦʩʪ, ʩʠʩʪʝʤʘʪʘ ʠʟʚʲʨʰʚʘ ʩʲʱʠʪʝ ʜʝʡʩʪʚʠʷ, ʢʘʢʪʦ
ʢʦʛʘʪʦ ʩʘ ʥʦʨʤʘʣʥʠ, ʥʦ ʱʦʨʠʪʝ ʩʝ ʦʪʚʘʨʷʪ ʩ ʝʜʥʘ ʧʦʟʠʮʠʷ ʧʦʚʝʯʝ ʥʘ ʧʦʟʠʮʠʷ ʍ + 1.
ʉʲʦʪʚʝʪʥʦ ʚʝʥʪʠʣʘʮʠʷʪʘ ʧʨʦʤʝʥʷ ʤʦʱʥʦʩʪʪʘ ʩʠ.

ʇʨʠ ʩʪʦʡʥʦʩʪʠ ʥʘʜ ʜʦʧʫʩʪʠʤʠʪʝ ʩʝ ʚʣʠʟʘ ʚ ʘʚʘʨʠʝʥ ʨʝʞʠʤ ʠ ʩʠʩʪʝʤʘʪʘ ʠʟʧʨʘʱʘ
ʝʜʥʦʢʨʘʪʥʦ ʩʲʦʙʱʝʥʠʝ. ɺʨʝʤʝʪʦ ʥʘ ʮʠʢʲʣʘ ʩʝ ʩʲʢʨʘʱʘʚʘ ʜʦ 3 ʤʠʥʫʪʠ, ʟʘ ʜʘ ʩʝ ʠʟʙʝʛʥʝ
ʧʨʝʦʭʣʘʞʜʘʥʝʪʦ ʥʘ ʙʨʦʡʣʝʨʠʪʝ ʠ ʱʦʨʠʪʝ ʩʝ ʦʪʚʘʨʷʪ ʜʦ ʤʘʢʩʠʤʘʣʥʦ ʧʦʣʦʞʝʥʠʝ.
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ʌʠʛʫʨʘ 6.10 ɸʣʛʦʨʠʪʲʤ ʟʘ ʫʧʨʘʚʣʝʥʠʝ - ʢʣʦʥ ʟʘ ʧʨʝʭʦʜʥʘ ʚʝʥʪʠʣʘʮʠʷ Tr.

6.3.4.2.4 ʂʣʦʥ ʧʨʠ ʨʘʙʦʪʘ ʥʘ ʪʫʥʝʣʥʘ ʚʝʥʪʠʣʘʮʠʷ Tu

ʇʨʠ ʪʫʥʝʣʥʘ ʚʝʥʪʠʣʘʮʠʷ (ʌʠʛʫʨʘ 6.11) ʩʠʩʪʝʤʘʪʘ ʦʪʥʦʚʦ ʧʲʨʚʦ ʧʨʦʚʝʨʷʚʘ ʟʘ ʥʘʣʠʯʠʝ
ʥʘ ʚʨʝʜʥʠ ʛʘʟʦʚʝ ʥʘʜ ʥʦʨʤʘʪʘ, ʢʘʪʦ ʪʦʚʘ ʤʦʞʝ ʜʘ ʩʝ ʩʣʫʯʠ ʩʘʤʦ ʘʢʦ ʠʤʘ ʧʨʦʙʣʝʤ ʩ
ʚʝʥʪʠʣʘʮʠʷʪʘ ʠʣʠ ʚʭʦʜʦʚʝʪʝ, ʪʲʡ ʢʘʪʦ ʦʙʝʤʲʪ ʩʚʝʞ ʚʲʟʜʫʭ, ʢʦʡʪʦ ʚʣʠʟʘ ʚ ʩʛʨʘʜʘʪʘ, ʝ
ʤʥʦʛʦʢʨʘʪʥʦ ʧʦ-ʛʦʣʷʤ ʦʪ ʪʦʟʠ ʥʘ ʧʨʝʭʦʜʥʘʪʘ ʚʝʥʪʠʣʘʮʠʷ. ʉʣʝʜ ʪʦʚʘ ʩʠʩʪʝʤʘʪʘ ʠʟʯʠʩʣʷʚʘ
ʫʩʝʱʘʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ tf ʩʲʛʣʘʩʥʦ ʬʦʨʤʫʣʘ 6.1 ʧʨʠ ʤʘʢʩʠʤʘʣʥʘ ʩʪʦʡʥʦʩʪ ʥʘ ʩʢʦʨʦʩʪʪʘ ʥʘ
ʚʷʪʲʨʘ SAF ʟʘ ʩʲʦʪʚʝʪʥʘʪʘ ʚʲʟʨʘʩʪ ʥʘ ʙʨʦʡʣʝʨʠ ts1.






































































































































