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ʄʆʅʀʊʆʈʀʅɻ, ɿɸʃʀɺ ʇɽʊʈɸ ɺɽʃʀʂʆɻʆ, ʕʂʆʃʆɻʀʏɽʉʂʆɽ ʉʆʉʊʆʗʅʀɽ

ʄʆʈʉʂʆʁ ʉʈɽɼʓ, ɿɸɻʈʗɿʅɽʅʀɽ, ʕɺʊʈʆʌʀʂɸʎʀʗ, ɼʆʅʅʓɽ ʆʊʃʆɾɽʅʀʗ,

ʊɸʂʉʆʅʆʄʀʏɽʉʂʀɽ ɻʈʋʇʇʓ ʄɸʂʈʆɿʆʆɹɽʅʊʆʉɸ

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩ ʟʘʣʠʚʘ ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ.

ʎʝʣʴ ʨʘʙʦʪʳ — ʧʨʦʚʝʨʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʚ ʧʨʘʢʪʠʢʝ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ

ʤʦʥʠʪʦʨʠʥʛʘ ʦʙʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʠʙʦʣʝʝ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʭ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʛʨʫʧʧ

ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ.

ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʠ ʨʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʳ ʜʘʥʥʳʝ (261 ʩʪʘʥʮʠʷ,

1992–2019 ʛʛ.) ʧʦ ʛʣʫʙʠʥʝ ʦʪʙʦʨʘ ʧʨʦʙ, ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ, ʩʦʜʝʨʞʘʥʠʶ ɿɺ ʠ

Cʦʨʛ ʚ ʦʩʘʜʢʘʭ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʦʙʠʣʠʷ (ʯʘʩʪʦʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ, ʧʣʦʪʥʦʩʪʴ ʧʦʩʝʣʝʥʠʷ,

ʙʠʦʤʘʩʩʘ) ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʠʥʜʝʢʩʘʤ (ʚʠʜʦʚʦʛʦ ʙʦʛʘʪʩʪʚʘ ʄʘʨʛʘʣʝʬʘ, ʨʘʟʥʦʦʙʨʘʟʠʷ

ʐʝʥʥʦʥʘ-ɺʠʥʝʨʘ, AMBI, M-AMBI ʠ TPFbio) ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʛʨʫʧʧ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ.

ʅʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ ʩʪʘʥʜʘʨʪʥʳʭ ʧʨʦʮʝʜʫʨ ʥʝʣʠʥʝʡʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ ʠ eHOF

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʜʚʘ ʧʨʠʝʤʣʝʤʳʭ ʚʘʨʠʘʥʪʘ

ʧʨʠʤʝʥʝʥʠʷ ʚ ʧʨʘʢʪʠʢʝ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʦʙʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ

ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʛʨʫʧʧ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ. ɺʦ-ʧʝʨʚʳʭ, ʵʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʦʨʜʠʥʘʪ

ʧʦʨʦʛʦʚʳʭ ʪʦʯʝʢ ERLq ʠ ERMq, ʢʦʪʦʨʳʝ ʦʛʨʘʥʠʯʠʚʘʶʪ ʦʙʣʘʩʪʴ ʧʨʦʛʨʝʩʩʠʚʥʦʡ ʜʝʛʨʘʜʘʮʠʠ

ʜʦʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ – ʧʦʯʪʠ ʣʠʥʝʡʥʦʛʦ ʧʘʜʝʥʠʷ ʤʦʜʝʣʝʡ ʠʟʤʝʥʝʥʠʷ ʠʥʜʝʢʩʦʚ ʚʠʜʦʚʦʛʦ

ʙʦʛʘʪʩʪʚʘ ʄʘʨʛʘʣʝʬʘ ʠ ʨʘʟʥʦʦʙʨʘʟʠʷ ʐʝʥʥʦʥʘ-ɺʠʥʝʨʘ ʚʜʦʣʴ ʛʨʘʜʠʝʥʪʘ ʦʙʱʝʛʦ ʫʨʦʚʥʷ

ʭʠʤʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʛʨʫʥʪʦʚ (TPFchem), ʘ ʪʘʢʞʝ ERDq – ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ, ʧʨʘʚʝʝ

ʢʦʪʦʨʦʡ ʥʘʩʪʫʧʘʝʪ ʧʦʣʥʘʷ ʜʝʛʨʘʜʘʮʠʷ ʜʦʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ. ɺʦ-ʚʪʦʨʳʭ, ʵʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ

ʫʩʨʝʜʥʝʥʥʳʭ ʚʥʫʪʨʠʛʨʫʧʧʦʚʳʭ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʦʧʪʠʤʫʤʦʚ ʚʩʪʨʝʯʘʝʤʦʩʪʠ, ʧʣʦʪʥʦʩʪʠ

ʧʦʩʝʣʝʥʠʷ ʠ ʙʠʦʤʘʩʩʳ ʘʛʣʦʤʝʨʘʮʠʡ, ʚʳʜʝʣʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ

ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʛʨʫʧʧ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʟʘʛʨʷʟʥʝʥʠʶ. ʇʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʦʙʘ ʵʪʠʭ

ʩʧʦʩʦʙʘ ʜʘʶʪ ʩʭʦʜʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʢʦʪʦʨʳʝ ʧʦʯʪʠ ʠʜʝʥʪʠʯʥʳ ʪʘʢʦʚʳʤ, ʧʦʣʫʯʘʝʤʳʤ ʧʨʠ

ʧʨʠʤʝʥʝʥʠʠ ʇɼʋ10, ʘ ʪʘʢʞʝ ERLq ʠ ERMq, ʦʧʨʝʜʝʣʷʝʤʳʤ ʥʘ ʦʩʥʦʚʝ ʦʙʦʙʱʝʥʥʦʡ ʬʫʥʢʮʠʠ

ʩʦʩʪʦʷʥʠʷ ʩʦʦʙʱʝʩʪʚ ʜʦʥʥʦʡ ʬʘʫʥʳ (ʨʘʟʣʠʯʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʣʝʞʘʪ ʚ

ʧʨʝʜʝʣʘʭ ʚʳʯʠʩʣʝʥʠʷ TPFchem – 0,2 ʫʩʣ. ʝʜ.). ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʚʳʧʦʣʥʷʪʴ

ʢʘʨʪʠʨʦʚʘʥʠʝ ʚʦʜʦʝʤʦʚ, ʯʪʦ ʫʜʦʙʥʦ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʚʠʟʫʘʣʴʥʦʛʦ ʚʦʩʧʨʠʷʪʠʷ

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʦʨʩʢʠʭ ʘʢʚʘʪʦʨʠʡ, ʢʘʢ ʚ ʮʝʣʦʤ, ʪʘʢ ʠ ʠʭ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ.
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ɺɺɽɼɽʅʀɽ

ɺʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʢʦʥʪʘʤʠʥʘʮʠʠ ʤʥʦʛʠʭ ʧʨʠʙʨʝʞʥʳʭ ʘʢʚʘʪʦʨʠʡ ʈʌ, ʦʪʩʫʪʩʪʚʠʝ

ʚʳʨʘʞʝʥʥʳʭ ʪʝʥʜʝʥʮʠʡ ʢ ʩʥʠʞʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ

(ɿɺ) ʠ ʠʥʪʝʥʩʠʚʥʘʷ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʵʪʠʭ ʨʘʡʦʥʦʚ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ

ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʟʫʯʝʥʠʷ ʤʦʨʩʢʦʡ ʩʨʝʜʳ. ɽʝ ʤʦʥʠʪʦʨʠʥʛ ʜʦʣʞʝʥ ʚʢʣʶʯʘʪʴ ʥʘʙʣʶʜʝʥʠʷ ʢʘʢ

ʟʘ ʬʘʢʪʦʨʘʤʠ ʚʦʟʜʝʡʩʪʚʠʷ (ʟʘʛʨʷʟʥʝʥʠʷʤʠ), ʪʘʢ ʠ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʵʣʝʤʝʥʪʦʚ ʙʠʦʩʬʝʨʳ

(ʦʪʢʣʠʢʘʤʠ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʥʘ ʵʪʠ ʚʦʟʜʝʡʩʪʚʠʷ), ʟʘ ʠʟʤʝʥʝʥʠʝʤ ʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʠ

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ [1, 2]. ʇʨʠ ʵʪʦʤ ʢʦʥʪʨʦʣʴ ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ

ʷʚʣʷʝʪʩʷ ʧʨʠʦʨʠʪʝʪʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʷʤʦʡ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ

ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ, ʠʩʧʳʪʳʚʘʶʱʠʭ ʚʨʝʜʥʦʝ ʚʣʠʷʥʠʝ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ.

ʆʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʚʦʜʥʦʡ ʩʨʝʜʳ ʷʚʣʷʶʪʩʷ

ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʫʨʦʚʥʝʤ ʟʘʛʨʷʟʥʝʥʠʷ ʦʩʘʜʢʦʚ ʠ ʩʦʩʪʦʷʥʠʝʤ ʜʦʥʥʳʭ ʞʠʚʦʪʥʳʭ, ʚ ʯʘʩʪʥʦʩʪʠ

ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ. ʊʘʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ:

1) ʀʟʫʯʝʥʠʝ ʠʟʤʝʥʝʥʠʡ ʩʦʩʪʘʚʘ (ʧʨʝʞʜʝ ʚʩʝʛʦ, ʥʘʣʠʯʠʷ ʠʣʠ ʦʪʩʫʪʩʪʚʠʷ ʚʠʜʦʚ-

ʠʥʜʠʢʘʪʦʨʦʚ), ʦʙʠʣʠʷ ʠ ʩʪʨʫʢʪʫʨʳ ʜʦʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʚʜʦʣʴ ʛʨʘʜʠʝʥʪʘ ʟʘʛʨʷʟʥʝʥʠʷ [3–

9]. ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʛʦ ʫʨʦʚʥʷ ʞʝʣʘʪʝʣʴʥʦ ʧʨʠʤʝʥʷʪʴ ʥʝʢʠʝ ʦʙʦʙʱʝʥʥʳʝ

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʫʨʘʚʥʝʥʠʷʭ ʨʝʛʨʝʩʩʠʠ ʠʣʠ

ʧʨʦʮʝʜʫʨʘʭ ʤʥʦʛʦʤʝʨʥʦʛʦ ʘʥʘʣʠʟʘ [5, 10, 11].

2) ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʩ ʜʘʥʥʳʤʠ ʦ ʨʝʘʢʮʠʷʭ ʞʠʚʦʪʥʳʭ ʧʨʠ ʜʝʡʩʪʚʠʠ ʥʘ ʥʠʭ ʟʘʛʨʷʟʥʝʥʥʳʭ

ʦʩʘʜʢʦʚ. ʏʘʱʝ ʚʩʝʛʦ ʧʨʠʤʝʥʷʶʪ ʪʘʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʢʘʢ ERL ʠ ERM (effects range-low ʠ

range-medium), TEL ʠ PEL (threshold ʠ probable effects levels), AET (apparent effect

threshold), T20 ʠ T50, LC50 (20 ʠ 50-% toxicity, 50-% lethal concentration) ʠ ʪ.ʜ. [12–14 ʠ ʜʨ.].

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩ ʪʘʢʠʤʠ

ʧʦʨʦʛʦʚʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ, ʚʦ-ʧʝʨʚʳʭ, ʦʯʝʥʴ ʯʘʩʪʦ ʜʘʥʥʘʷ

ʧʨʦʮʝʜʫʨʘ ʥʝ ʦʙʦʩʥʦʚʘʥʘ – ʥʘ ʠʩʩʣʝʜʫʝʤʦʡ ʘʢʚʘʪʦʨʠʠ ʦʪʩʫʪʩʪʚʫʶʪ ʞʠʚʦʪʥʳʝ, ʧʦ

ʢʦʪʦʨʳʤ ʵʪʠ ʮʠʬʨʳ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ. ɺʦ-ʚʪʦʨʳʭ, ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ ʩʫʤʤʘʮʠʷ,

ʦʩʣʘʙʣʝʥʠʝ ʠʣʠ ʫʩʠʣʝʥʠʝ ʵʬʬʝʢʪʦʚ ʦʪʜʝʣʴʥʳʭ ʚʝʱʝʩʪʚ. ʋʩʠʣʝʥʠʝ ʪʘʢʠʭ ʵʬʬʝʢʪʦʚ

ʥʘʟʳʚʘʝʪʩʷ ʩʠʥʝʨʛʠʟʤʦʤ — ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʜʚʫʭ ʠʣʠ ʙʦʣʝʝ ʬʘʢʪʦʨʦʚ

(ʦʙʳʯʥʦ ʭʠʤʠʯʝʩʢʠʭ), ʢʦʪʦʨʦʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʝʤ, ʯʪʦ ʠʭ ʩʦʚʤʝʩʪʥʦʝ ʙʠʦʣʦʛʠʯʝʩʢʦʝ

ʜʝʡʩʪʚʠʝ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʵʬʬʝʢʪ ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʠ ʠʭ ʩʫʤʤʳ, ʯʪʦ

ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʡ [15].

3) ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʪʝʛʨʘʣʴʥʳʭ ʠʥʜʝʢʩʦʚ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʵʢʦʣʦʛʠʯʝʩʢʦʝ

ʩʦʩʪʦʷʥʠʝ ʜʦʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʚ ʮʝʣʦʤ ʠ ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʨʘʟʣʠʯʥʳʤ ʙʠʦʣʦʛʠʯʝʩʢʠʤ

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ [4, 10, 16–29 ʠ ʤʥ. ʜʨ.].
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ɺ ʧʨʘʢʪʠʢʝ ʤʦʥʠʪʦʨʠʥʛʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʟʘ ʨʫʙʝʞʦʤ ʥʘʤʝʪʠʣʘʩʴ ʪʝʥʜʝʥʮʠʷ ʢ

ʨʘʟʨʘʙʦʪʢʝ ʧʦʢʘʟʘʪʝʣʝʡ, ʩʥʠʞʘʶʱʠʭ ʩʪʦʠʤʦʩʪʴ ʠ ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ

ʨʝʟʫʣʴʪʘʪʦʚ ʦʮʝʥʢʠ ʝʝ ʩʦʩʪʦʷʥʠʷ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʙʦʣʴʰʠʥʩʪʚʘ ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ

ʧʦʢʘʟʘʪʝʣʝʡ ʦʩʥʦʚʥʳʝ ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʧʨʠʭʦʜʷʪʩʷ ʥʘ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ –

ʦʧʨʝʜʝʣʝʥʠʝ ʥʘʡʜʝʥʥʳʭ ʞʠʚʦʪʥʳʭ ʜʦ ʢʘʢ ʤʦʞʥʦ ʙʦʣʝʝ ʥʠʟʢʦʛʦ, ʞʝʣʘʪʝʣʴʥʦ ʚʠʜʦʚʦʛʦ,

ʫʨʦʚʥʷ, ʯʪʦ ʟʘʥʠʤʘʝʪ ʥʝʩʢʦʣʴʢʦ ʥʝʜʝʣʴ, ʘ ʪʦ ʠ ʤʝʩʷʮʝʚ.

ʕʬʬʝʢʪ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʥʮʠʧʘ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʡ ʜʦʩʪʘʪʦʯʥʦʩʪʠ ʙʳʣ ʧʨʦʚʝʨʝʥ

ʥʘ ʜʘʥʥʳʭ MABES2 (1830 ʧʨʦʙ ʠ 739 ʚʠʜʦʚ ʠʟ ʟʘʣʠʚʘ ʠ ʵʩʪʫʘʨʠʷ ʉʝʥʳ) [30]. ʉʥʠʞʝʥʠʝ

ʫʨʦʚʥʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩ ʚʠʜʦʚʦʛʦ ʫʨʦʚʥʷ ʜʦ ʫʨʦʚʥʷ ʨʦʜʘ ʠʣʠ ʩʝʤʝʡʩʪʚʘ ʫʤʝʥʴʰʘʝʪ

ʢʦʣʠʯʝʩʪʚʦ ʪʘʢʩʦʥʦʚ ʥʘ 37 ʠ 65 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ʪʘʢʞʝ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ, ʧʨʦʚʦʜʠʤʦʝ ʚ

ʣʘʙʦʨʘʪʦʨʠʠ (ʨʠʩʫʥʦʢ 1). ʄʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ ʠʥʜʝʢʩʘ ʐʝʥʥʦʥʘ-ɺʠʥʝʨʘ H',

ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʥʘ ʚʠʜʦʚʦʤ ʠ ʨʦʜʦʚʦʤ ʫʨʦʚʥʷʭ ʥʘʙʣʶʜʘʝʪʩʷ ʦʯʝʥʴ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ

ʢʦʨʨʝʣʷʮʠʠ, ʘ ʟʘʪʝʤ ʩʠʣʘ ʩʚʷʟʠ ʤʝʜʣʝʥʥʦ ʩʥʠʞʘʝʪʩʷ ʦʪ ʨʦʜʘ ʢ ʦʪʨʷʜʫ (ʨʠʩʫʥʦʢ 1). ʊʘʢʘʷ

ʞʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʫ ʜʨʫʛʠʭ ʠʥʜʝʢʩʦʚ. ʅʘʧʨʠʤʝʨ, ʢʦʵʬʬʠʮʠʝʥʪ

ʢʦʨʨʝʣʷʮʠʠ ʇʠʨʩʦʥʘ (r) ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ AMBI, ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʥʘ ʚʠʜʦʚʦʤ ʫʨʦʚʥʝ, ʠ

ʪʘʢʦʚʳʤʠ, ʚʳʯʠʩʣʝʥʥʳʤʠ ʥʘ ʫʨʦʚʥʝ ʨʦʜʘ, ʩʦʩʪʘʚʣʷʝʪ 0,992; r ʥʘ ʫʨʦʚʥʝ ʚʠʜʘ ʠ ʩʝʤʝʡʩʪʚʘ

ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ 0,754, ʤʝʞʜʫ ʚʠʜʦʤ ʠ ʥʘʜʩʝʤʝʡʩʪʚʦʤ – ʜʦ 0,341 ʠ ʤʝʞʜʫ ʚʠʜʦʤ ʠ ʦʪʨʷʜʦʤ

– ʜʦ 0,298.

ʈʠʩʫʥʦʢ 1 – ʉʦʢʨʘʱʝʥʠʝ ʯʠʩʣʘ ʦʧʨʝʜʝʣʷʝʤʳʭ ʪʘʢʩʦʥʦʚ ʩ ʚʠʜʦʚʦʛʦ ʫʨʦʚʥʷ ʜʦ ʫʨʦʚʥʷ ʪʠʧʘ
ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʫʤʝʥʴʰʝʥʠʝ ʫʩʠʣʠʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ, ʧʦ [30]

ɺ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʪʨʘʜʠʮʠʦʥʥʦ ʧʨʠʤʝʥʷʝʪʩʷ

ʜʝʣʝʥʠʝ ʥʘ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʝ ʛʨʫʧʧʳ. ɼʣʷ ʤʦʣʣʶʩʢʦʚ ʠ ʠʛʣʦʢʦʞʠʭ (ʪʠʧʳ

Mollusca ʠ Echinodermata) – ʵʪʦ ʢʣʘʩʩʳ – Bivalvia, Gastropoda, Echinoidea, Asteroidea,

Holothurioidea, Ophiuroidea ʠ ʪʘʢ ʜʘʣʝʝ, ʜʣʷ ʨʘʢʦʦʙʨʘʟʥʳʭ (ʧʦʜʪʠʧ Crustacea) – ʵʪʦ ʦʪʨʷʜʳ –

Amphipoda, Decapoda, Isopoda, Cumacea, Cirripedia ʠ ʜʨʫʛʠʝ. ʇʦʜʯʝʨʢʥʝʤ, ʯʪʦ ʥʘ ʫʨʦʚʥʝ

https://www.zooeco.com/sist01/s05898.htm
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ʢʣʘʩʩ-ʦʪʨʷʜ ʩʥʠʞʝʥʠʝ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʛʦ ʫʩʠʣʠʷ ʩʦʩʪʘʚʠʪ ʜʦ 85–95 % (ʨʠʩʫʥʦʢ 1) ʠ,

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʧʳʪʢʘ ʧʦʩʪʨʦʝʥʠʷ ʙʠʦʤʦʥʠʪʦʨʠʥʛʘ ʥʘ ʵʪʦʤ ʫʨʦʚʥʝ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ,

ʦʧʨʘʚʜʘʥʘ, ʫʯʠʪʳʚʘʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʢʘʢ ʚʨʝʤʝʥʥʳʭ, ʪʘʢ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʟʘʪʨʘʪ.

ʇʦʩʣʝʜʥʝʝ ʚʢʣʶʯʘʝʪ, ʥʘʧʨʠʤʝʨ, ʧʦʜʛʦʪʦʚʢʫ, ʢʦʣʠʯʝʩʪʚʦ ʠ ʩʦʩʪʘʚ ʩʧʝʮʠʘʣʠʩʪʦʚ,

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʤʦʨʩʢʦʡ ʩʨʝʜʳ ʥʘ ʦʩʥʦʚʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ

ʜʘʥʥʳʭ.

ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʭʠʤʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ

ʘʚʪʦʨʘʤʠ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʠʥʜʝʢʩ TPFchem (Total Pollutant Factor), ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ

ʩʨʝʜʥʶʶ ʚʝʣʠʯʠʥʫ ʩʫʤʤʳ ʨʘʥʞʠʨʦʚʘʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʬʝʥʦʣʦʚ, ʩʚʠʥʮʘ,

ʤʝʜʠ ʠ ɼɼʊ (ln-ʤʘʩʰʪʘʙ, 5 ʨʘʥʛʦʚ) [4, 16, 17]. ʕʪʠ ʵʣʝʤʝʥʪʳ ʠ ʩʦʝʜʠʥʝʥʠʷ ʦʪʥʦʩʷʪʩʷ ʢ

ʧʨʠʦʨʠʪʝʪʥʳʤ ɿɺ, ʘ ʠʭ ʥʘʙʦʨ ʜʣʷ ʟʘʣʠʚʘ ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʝʪʦʜʘʤʠ

ʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ [ʧʦʜʨʦʙʥʦ ʩʤ. 31]. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚʠʜʦʚ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ ʚʜʦʣʴ

ʛʨʘʜʠʝʥʪʘ TPFchem ʙʳʣʦ ʠʟʫʯʝʥʦ ʧʨʠ ʧʦʤʦʱʠ eHOF ʤʦʜʝʣʝʡ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʩʦʟʜʘʪʴ

ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʞʠʚʦʪʥʳʭ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʟʘʛʨʷʟʥʝʥʠʶ. ʅʘ ʝʝ ʦʩʥʦʚʝ, ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ

ʠʥʜʝʢʩ TPFbio, ʚʳʯʠʩʣʷʝʤʳʡ ʢʘʢ ʫʩʨʝʜʥʸʥʥʘʷ ʢʦʦʨʜʠʥʘʪʘ ʦʧʪʠʤʫʤʦʚ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʠ

ʧʣʦʪʥʦʩʪʠ ʧʦʩʝʣʝʥʠʷ ʚʠʜʦʚ-ʠʥʜʠʢʘʪʦʨʦʚ ʚʜʦʣʴ ʛʨʘʜʠʝʥʪʘ TPFchem ʥʘ ʦʩʥʦʚʝ

ʩʨʝʜʥʝʛʨʫʧʧʦʚʳʭ ʚʝʣʠʯʠʥ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ (ʛʨʫʧʧʳ, ʚʳʜʝʣʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ

ʢʣʘʩʩʠʬʠʢʘʮʠʠ) [32, 33].

ɿʘ ʨʫʙʝʞʦʤ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʩʦʩʪʦʷʥʠʷ ʤʦʨʩʢʦʡ (ʠ ʵʩʪʫʘʨʥʦʡ) ʩʨʝʜʳ ʧʨʠʤʝʥʷʶʪʩʷ

ʠʥʪʝʛʨʘʣʴʥʳʝ ʙʠʦʪʠʯʝʩʢʠʝ ʠʥʜʝʢʩʳ – AMBI, M-AMBI, BENTIX, IBI, EBI, B-IBI, BEQI ʠ

ʜʨʫʛʠʝ [18, 21, 24, 27, 29, 34–40]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟ ʥʠʭ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʦ

ʦʙʱʠʤʠ ʧʨʘʚʠʣʘʤʠ ɽʚʨʦʩʦʶʟʘ, ʢʦʪʦʨʳʝ ʢʘʩʘʶʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʢʘʯʝʩʪʚʘ ʨʘʟʣʠʯʥʳʭ

ʚʦʜʦʝʤʦʚ, ʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʚ ʈʘʤʦʯʥʦʡ ɼʠʨʝʢʪʠʚʝ ʧʦ ʚʦʜʥʳʤ ʨʝʩʫʨʩʘʤ ʠ ʈʘʤʦʯʥʦʡ

ɼʠʨʝʢʪʠʚʝ ɽʉ ʦ ʤʦʨʩʢʦʡ ʩʪʨʘʪʝʛʠʠ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ Water Framework Directive – WFD,

Marine Strategy Framework Directive – MSFD) [41, 42, 43, 44]. ʋʢʘʟʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ,

ʦʙʨʘʟʥʦ ʛʦʚʦʨʷ, ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʦʩʥʦʚʥʳʭ «ʠʥʩʪʨʫʤʝʥʪʦʚ», ʧʨʠ ʧʦʤʦʱʠ ʢʦʪʦʨʳʭ ʚ

ɽʉ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʩʪʦʷʥʠʝ ʤʦʨʩʢʦʡ ʩʨʝʜʳ ʠ ʜʦʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ. ɼʣʷ ʧʨʠʤʝʥʝʥʠʷ ʵʪʠʭ

ʠʥʜʝʢʩʦʚ ʥʘ ʥʝʢʦʡ «ʥʦʚʦʡ» ʘʢʚʘʪʦʨʠʠ ʥʝʦʙʭʦʜʠʤʘ ʠʭ ʘʜʘʧʪʘʮʠʷ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʚʠʜʦʚʳʤ

ʩʚʦʝʦʙʨʘʟʠʝʤ ʜʦʥʥʦʡ ʬʘʫʥʳ ʣʶʙʦʛʦ ʨʘʡʦʥʘ ʄʠʨʦʚʦʛʦ ʆʢʝʘʥʘ; ʨʘʥʝʝ ʪʘʢʘʷ ʘʜʘʧʪʘʮʠʷ ʜʣʷ

ʘʢʚʘʪʦʨʠʠ ʟʘʣʠʚʘ ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ ʧʨʦʠʟʚʝʜʝʥʘ ʜʣʷ ʠʥʜʝʢʩʦʚ AMBI ʠ M-AMBI [45, 46].

ʇʝʨʚʳʡ ʠʟ ʥʠʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʩʫʤʤʝ ʫʜʝʣʴʥʳʭ ʧʣʦʪʥʦʩʪʝʡ ʧʷʪʠ ʛʨʫʧʧ ʚʠʜʦʚ, ʧʦ-

ʨʘʟʥʦʤʫ ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʩʦʜʝʨʞʘʥʠʶ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ (ʉʦʨʛ),

ʚʪʦʨʦʡ – ʥʘ ʦʩʥʦʚʝ ʧʨʦʮʝʜʫʨʳ ʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʜʝʢʩʦʚ AMBI,

ʚʠʜʦʚʦʛʦ ʙʦʛʘʪʩʪʚʘ ʄʘʨʛʘʣʝʬʘ ʠ ʨʘʟʥʦʦʙʨʘʟʠʷ ʐʝʥʥʦʥʘ-ɺʠʥʝʨʘ (R ʠ H’) [18, 24, 35]. ɼʣʷ

ʠʭ ʚʳʯʠʩʣʝʥʠʷ ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʩʚʦʙʦʜʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʦʝ ʚ
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ʠʥʪʝʨʥʝʪʝ [47]. ʀʥʜʝʢʩ AMBI, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʧʨʠʩʧʦʩʦʙʣʝʥ

ʜʣʷ ʦʧʠʩʘʥʠʷ ʩʪʝʧʝʥʠ ʥʘʨʫʰʝʥʠʷ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ ʚʩʣʝʜʩʪʚʠʝ

ʟʘʛʨʷʟʥʝʥʠʷ, M-AMBI – ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ [24, 47]. ɺ

ʮʝʣʦʤ, ʠʥʜʝʢʩ M-AMBI ʵʢʚʠʚʘʣʝʥʪʝʥ BEQI, ʢʦʪʦʨʳʡ ʚʳʯʠʩʣʷʝʪʩʷ ʫʩʨʝʜʥʝʥʠʝʤ AMBI, R ʠ

H’, ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʭ ʨʝʬʝʨʝʥʪʥʳʤ ʜʣʷ ʜʘʥʥʦʡ ʘʢʚʘʪʦʨʠʠ ʚʝʣʠʯʠʥʘʤ

(ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ r2 ~ 0,999), ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʝʛʦ ʫʧʨʦʱʝʥʥʦʛʦ

ʚʳʯʠʩʣʝʥʠʷ ʠ ʦʙʣʝʛʯʝʥʠʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ [48].

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʚʳʰʝ ʙʠʦʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʪʨʝʙʫʶʪ ʜʣʷ ʩʚʦʝʛʦ ʚʳʯʠʩʣʝʥʠʷ

ʜʝʪʘʣʴʥʦʡ ʚʠʜʦʚʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʪ ʠʥʜʝʢʩʳ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʪʦʨʳʭ

ʪʘʢʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʥʝ ʥʫʞʥʘ. ʂ ʪʘʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʦʪʥʦʩʠʪʩʷ ʙʠʦʪʠʯʝʩʢʠʡ ʧʦʣʠʭʝʪʦ-

ʘʤʬʠʧʦʜʥʳʡ ʠʥʜʝʢʩ BOPA, ʢʦʪʦʨʳʡ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ ʜʝʩʷʪʠʯʥʳʡ ʣʦʛʘʨʠʬʤ ʦʪʥʦʰʝʥʠʷ

ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʡ ʧʦ ʧʣʦʪʥʦʩʪʠ ʯʘʩʪʦʪʳ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʚʠʜʦʚ-ʦʧʧʦʨʪʫʥʠʩʪʦʚ

ʤʥʦʛʦʱʝʪʠʥʢʦʚʳʭ ʯʝʨʚʝʡ ʢ ʪʘʢʦʚʦʡ ʚʩʝʭ ʨʘʟʥʦʥʦʛʠʭ ʨʘʢʦʚ (ʩʤ. ʨʘʟʜʝʣ 1.2) [30]. ɺ ʟʘʣʠʚʝ

ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ ʦʧʧʦʨʪʫʥʠʩʪʠʯʝʩʢʠʝ ʚʠʜʳ ʧʦʣʠʭʝʪ, ʢʘʢ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʵʚʪʨʦʬʠʢʘʮʠʠ

(ʦʧʧʦʨʪʫʥʠʩʪʳ I ʠ II ʧʦʨʷʜʢʦʚ), ʪʘʢ ʠ ʭʠʤʠʯʝʩʢʦʤʫ ʟʘʛʨʷʟʥʝʥʠʶ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ

(ʪʦʣʝʨʘʥʪʥʳʝ ʠ ʵʢʩʪʨʝʤʘʣʴʥʦ ʪʦʣʝʨʘʥʪʥʳʝ ʚʠʜʳ), ʚʳʜʝʣʝʥʳ ʧʨʠ ʧʦʤʦʱʠ eHOF

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʣʛʦʨʠʪʤʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ

ʪʝʦʨʠʠ ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ [32, 33].

ʅʘʢʦʥʝʮ, ʘʚʪʦʨʘʤʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ

ʥʘʨʫʰʝʥʠʷ ʙʝʥʪʦʩʘ, ʢʦʪʦʨʳʡ ʦʩʥʦʚʘʥ ʥʘ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʡ ʠʥʜʝʢʩʘ ʐʝʥʥʦʥʘ-ɺʠʥʝʨʘ

ʜʣʷ ʜʚʫʩʪʚʦʨʯʘʪʳʭ ʤʦʣʣʶʩʢʦʚ (Hb’) ʦʪ TPFchem [4, 10]. ʇʦʢʘʟʘʪʝʣʠ ʵʪʠʭ ʥʘʨʫʰʝʥʠʡ —

ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ERLq ʠ ERMq (TPFchem = 2,8 ʠ 3,2), ʢʦʪʦʨʳʝ ʦʛʨʘʥʠʯʠʚʘʶʪ ʦʙʣʘʩʪʴ

ʧʨʦʛʨʝʩʩʠʚʥʦʡ ʜʝʛʨʘʜʘʮʠʠ — ʧʦʯʪʠ ʣʠʥʝʡʥʦʛʦ ʧʘʜʝʥʠʷ ʤʦʜʝʣʠ, ʦʧʠʩʳʚʘʶʱʝʡ ʠʟʤʝʥʝʥʠʷ

Hb’ ʚʜʦʣʴ ʛʨʘʜʠʝʥʪʘ TPFchem. ʂʨʦʤʝ ʠʥʜʝʢʩʘ ʐʝʥʥʦʥʘ-ɺʠʥʝʨʘ, ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʚʘʨʠʘʮʠʠ

ʧʣʦʪʥʦʩʪʠ ʧʦʩʝʣʝʥʠʷ, ʙʠʦʤʘʩʩʳ, ʠʥʜʝʢʩʦʚ ʚʠʜʦʚʦʛʦ ʙʦʛʘʪʩʪʚʘ ʄʘʨʛʘʣʝʬʘ ʠ ʚʳʨʘʚʥʝʥʥʦʩʪʠ

ʇʠʝʣʫ, ʘ ʢʨʦʤʝ ʙʠʚʘʣʚʠʡ, – ʝʱʝ ʠ ʧʦʣʠʭʝʪʳ – ʥʘ ʤʦʤʝʥʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʦʣʴʢʦ ʫ ʵʪʠʭ ʜʚʫʭ

ʛʨʫʧʧ ʠʤʝʣʠʩʴ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʝ ʚʳʙʦʨʢʠ. ʄʦʜʝʣʠ ʠʟʤʝʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʠʣʠʷ

ʤʥʦʛʦʱʝʪʠʥʢʦʚʳʭ ʯʝʨʚʝʡ ʠ ʜʚʫʩʪʚʦʨʯʘʪʳʭ ʤʦʣʣʶʩʢʦʚ ʠʤʝʣʠ ʢʫʧʦʣʦʦʙʨʘʟʥʫʶ ʬʦʨʤʫ, ʯʪʦ

ʜʝʣʘʣʦ ʠʭ ʥʝʧʨʠʛʦʜʥʳʤʠ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʧʦʩʪʨʦʝʥʠʡ. ʉʥʠʞʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠʥʜʝʢʩʦʚ ʫ

ʧʦʣʠʭʝʪ ʙʳʣʦ ʙʣʠʟʢʦ ʢ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤʫ, ʯʪʦ ʪʘʢʞʝ ʥʝʧʨʠʝʤʣʝʤʦ, ʠ ʣʠʰʴ ʫ ʜʚʫʩʪʚʦʨʦʢ ʦʥʦ

ʦʧʠʩʳʚʘʣʦʩʴ ʚʳʨʘʞʝʥʥʳʤʠ ʣʦʛʠʩʪʠʯʝʩʢʠʤʠ ʬʫʥʢʮʠʷʤʠ, ʘ ʤʘʢʩʠʤʘʣʴʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ

ʜʝʪʝʨʤʠʥʘʮʠʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʠʥʜʝʢʩʳ ʄʘʨʛʘʣʝʬʘ ʠ ʐʝʥʥʦʥʘ-ɺʠʥʝʨʘ, ʢʦʪʦʨʳʝ,

ʦʯʝʚʠʜʥʦ, ʠ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʢʘʣʠʙʨʦʚʢʠ – ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ERLq, ERMq ʠ

ERDq. ʇʦʩʣʝʜʥʷʷ ʪʦʯʢʘ – ʢʦʦʨʜʠʥʘʪʘ ʚʳʭʦʜʘ ʢʨʠʚʦʡ ʤʦʜʝʣʠ ʠʥʜʝʢʩʘ Hb’ ʥʘ ʧʣʘʪʦ ʧʦʩʣʝ

ʩʚʦʝʛʦ ʧʘʜʝʥʠʷ (ʚʪʦʨʦʡ ʤʠʥʠʤʫʤ ʢʨʠʚʠʟʥʳ). ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʡ ʤʝʪʦʜ ʪʘʢʦʡ
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ʢʘʣʠʙʨʦʚʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʡ ʢʨʠʚʠʟʥʳ ʤʦʜʝʣʴʥʦʡ ʢʨʠʚʦʡ, ʦʧʠʩʳʚʘʶʱʝʡ

ʠʟʤʝʥʝʥʠʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʠʥʜʝʢʩʘ, ʠ ʝʝ ʧʨʠʨʘʱʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2. ʉʣʝʜʫʝʪ

ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʦʜʥʘʞʜʳ ʦʪʢʘʣʠʙʨʦʚʘʚ TPFchem (ʠʤʝʷ, ʝʩʪʝʩʪʚʝʥʥʦ, ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʝ

ʚʳʙʦʨʢʠ R ʠ H’), ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʞʥʦ ʚʦʦʙʱʝ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʧʨʦʮʝʜʫʨ ʠ,

ʝʩʣʠ ʥʝʦʙʭʦʜʠʤʦ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʪʦʣʴʢʦ ʜʣʷ ʜʝʪʘʣʠʟʘʮʠʠ ʢʘʨʪʠʥʳ

ʩʦʩʪʦʷʥʠʷ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ ʠ ʩʪʝʧʝʥʠ ʝʛʦ ʧʦʚʨʝʞʜʝʥʠʷ.

ʐʪʨʠʭʦʚʳʝ ʣʠʥʠʠ ʧʦʢʘʟʳʚʘʶʪ ʧʦʣʦʞʝʥʠʝ ʚʝʣʠʯʠʥ ERLq, ERMq ʠ ERDq, ʮʠʬʨʳ –
ʢʦʦʨʜʠʥʘʪʳ ERLq, ERMq ʠ ERDq ʚ ʝʜʠʥʠʮʘʭ TPFchem, 1, 2 ʠ 3 –ʦʙʦʙʱʝʥʥʘʷ ʬʫʥʢʮʠʷ

ʩʦʩʪʦʷʥʠʷ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ, ʝʝ ʢʨʠʚʠʟʥʘ ʠ ʧʨʠʨʘʱʝʥʠʝ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʩʥʦʚʥʘʷ, ʧʝʨʚʘʷ ʠ
ʚʪʦʨʘʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʦʩʠ ʦʨʜʠʥʘʪ)

ʈʠʩʫʥʦʢ 2 – ʐʢʘʣʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʨʦʛʦʚʳʭ ʚʝʣʠʯʠʥ ERLq, ERMq ʠ ERDq ʧʦ [31],
ʤʦʜʠʬʠʮʠʨʦʚʘʥʦ

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʯʪʦ ʚʦʟʤʦʞʥʳ ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʭ ʚʘʨʠʘʥʪʘ

ʧʨʠʤʝʥʝʥʠʷ ʚ ʧʨʘʢʪʠʢʝ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʦʙʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ

ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʛʨʫʧʧ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ:

1) ʇʦ ʘʥʘʣʦʛʠʠ ʩ ʠʥʜʝʢʩʦʤ TPFbio ʠ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʧʨʠʥʮʠʧʘʭ ʠ ʤʝʪʦʜʠʢʝ ʝʛʦ ʧʦʩʪʨʦʝʥʠʷ,

ʨʘʟʨʘʙʦʪʘʪʴ ʠʥʜʝʢʩ TPFgr, ʠʩʧʦʣʴʟʫʷ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ

ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʛʨʫʧʧ ʚʜʦʣʴ ʛʨʘʜʠʝʥʪʘ TPFchem;
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2) ʇʨʠʤʝʥʷʪʴ ʠʥʜʝʢʩʳ AMBI ʠ M-AMBI, ʚʳʯʠʩʣʷʝʤʳʝ ʧʦ ʧʣʦʪʥʦʩʪʠ ʧʦʩʝʣʝʥʠʷ

ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʛʨʫʧʧ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʙʱʝʤʫ

ʫʨʦʚʥʶ ʟʘʛʨʷʟʥʝʥʠʷ (TPFchem);

3) ʇʦʡʪʠ ʥʘ ʢʦʤʧʨʦʤʠʩʩ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜʳ, ʢʦʪʦʨʳʝ ʧʨʝʜʧʦʣʘʛʘʶʪ ʦʧʨʝʜʝʣʝʥʠʝ ʜʦ

ʚʠʜʦʚʦʛʦ ʫʨʦʚʥʷ ʣʠʰʴ ʥʝʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʛʨʫʧʧ, ʠʣʠ ʜʘʞʝ ʦʜʥʦʡ; ʢ

ʪʘʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʦʪʥʦʩʠʪʩʷ ʙʠʦʪʠʯʝʩʢʠʡ ʧʦʣʠʭʝʪʦ-ʘʤʬʠʧʦʜʥʳʡ ʠʥʜʝʢʩ BOPA;

4) ʆʪʢʘʣʠʙʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨ, ʦʧʠʩʳʚʘʶʱʠʡ ʦʙʱʠʡ ʫʨʦʚʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ, ʧʦ ʤʦʜʝʣʷʤ

ʠʟʤʝʥʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʚʠʜʦʚʦʛʦ ʙʦʛʘʪʩʪʚʘ ʠ ʨʘʟʥʦʦʙʨʘʟʠʷ (ʠʥʜʝʢʩʳ ʄʘʨʛʘʣʝʬʘ ʠ

ʐʝʥʥʦʥʘ-ɺʠʥʝʨʘ) ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʣʠʥʝʡʥʦʝ ʠʣʠ

ʧʦʯʪʠ ʣʠʥʝʡʥʦʝ (ʥʘʠʙʦʣʝʝ ʙʳʩʪʨʦʝ) ʧʘʜʝʥʠʝ ʵʪʠʭ ʠʥʜʝʢʩʦʚ.

ʎʝʣʴ ʨʘʙʦʪʳ — ʧʨʦʚʝʨʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʚ ʧʨʘʢʪʠʢʝ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ

ʤʦʥʠʪʦʨʠʥʛʘ ʦʙʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʠʙʦʣʝʝ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʭ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʛʨʫʧʧ

ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ. ɼʣʷ ʝʝ ʜʦʩʪʠʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ:

1) ʉʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʠ ʨʝʩʪʨʫʢʪʫʨʠʟʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʧʦ ʫʨʦʚʥʶ ʟʘʛʨʷʟʥʝʥʠʷ,

ʩʦʜʝʨʞʘʥʠʶ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ, ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ, ʯʘʩʪʦʪʝ

ʚʩʪʨʝʯʘʝʤʦʩʪʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʦʙʠʣʠʷ (ʧʣʦʪʥʦʩʪʴ ʧʦʩʝʣʝʥʠʷ, ʙʠʦʤʘʩʩʘ) ʠ

ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʠʥʜʝʢʩʘʤ (ʚʠʜʦʚʦʛʦ ʙʦʛʘʪʩʪʚʘ ʄʘʨʛʘʣʝʬʘ, ʨʘʟʥʦʦʙʨʘʟʠʷ ʐʝʥʥʦʥʘ-ɺʠʥʝʨʘ,

AMBI, M-AMBI ʠ TPFbio) ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʛʨʫʧʧ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ ʟʘ ʧʝʨʠʦʜ ʩ 1992 ʛ.

2) ʀʩʩʣʝʜʦʚʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʠʣʠʷ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʛʨʫʧʧ

ʚʜʦʣʴ ʛʨʘʜʠʝʥʪʘ TPFchem ʧʨʠ ʧʦʤʦʱʠ eHOF ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʨʘʟʨʘʙʦʪʘʪʴ ʠʥʜʝʢʩ TPFgr,

ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʤʝʪʦʜʠʢʝ ʧʦʩʪʨʦʝʥʠʷ TPFbio, ʠ ʦʮʝʥʠʪʴ ʝʛʦ ʠʥʜʠʢʘʪʦʨʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ;

3) ɺʳʯʠʩʣʠʪʴ ʛʨʫʧʧʦʚʳʝ ʠʥʜʝʢʩʳ AMBIgr, M-AMBIgr ʠ ʙʠʦʪʠʯʝʩʢʠʡ ʧʦʣʠʭʝʪʦ-

ʘʤʬʠʧʦʜʥʳʡ ʠʥʜʝʢʩ BOPA ʠ ʩʦʧʦʩʪʘʚʠʪʴ ʚʝʣʠʯʠʥʳ ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩ ʪʘʢʦʚʳʤʠ

ʧʘʨʘʤʝʪʨʦʚ, ʭʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʠʭ ʩʝʙʷ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʫʨʦʚʥʷ ʟʘʛʨʷʟʥʝʥʠʷ

ʙʠʦʪʦʧʦʚ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ, ʩʦʩʪʦʷʥʠʷ ʠ ʩʪʝʧʝʥʠ ʧʦʚʨʝʞʜʝʥʠʷ ʜʦʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ (AMBI, M-

AMBI, TPFchem ʠ TPFbio);

4) ʆʪʢʘʣʠʙʨʦʚʘʪʴ ʠʥʜʝʢʩ TPFchem ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʨʦʛʦʚ ERLq, ERMq ʠ ERDq

ʧʦ ʤʦʜʝʣʷʤ ʠʟʤʝʥʝʥʠʷ ʠʥʜʝʢʩʦʚ ʚʠʜʦʚʦʛʦ ʙʦʛʘʪʩʪʚʘ ʄʘʨʛʘʣʝʬʘ ʠ ʨʘʟʥʦʦʙʨʘʟʠʷ ʐʝʥʥʦʥʘ-

ɺʠʥʝʨʘ ʫ ʥʘʠʙʦʣʝʝ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʭ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʛʨʫʧʧ ʠ ʦʮʝʥʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ

ʧʨʠʤʝʥʝʥʠʷ ʚ ʧʨʘʢʪʠʢʝ ʙʠʦʤʦʥʠʪʦʨʠʥʛʘ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ.
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1 ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ

1.1 ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʦʪʙʦʨ ʠ ʦʙʨʘʙʦʪʢʘ ʧʨʦʙ

ʄʘʪʝʨʠʘʣʦʤ ʜʣʷ ʘʥʘʣʠʟʘ ʧʦʩʣʫʞʠʣʠ ʨʝʟʫʣʴʪʘʪʳ ʩʲʝʤʦʢ ʌɻɹʋ «ɼɺʅʀɻʄʀ» ʠ

ʅʅʎʄɹ «ʀɹʄ ɼɺʆ ʈɸʅ» (1992–2019 ʛʛ.) ʚ ʟʘʣʠʚʝ ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ. ʕʪʦ ʘʢʚʘʪʦʨʠʷ ʢ

ʩʝʚʝʨʫ ʦʪ ʫʩʪʴʷ ʨʝʢʠ ʊʫʤʘʥʥʦʡ*, ʟʘʣʠʚʳ ʇʦʩʴʝʪʘ, ʉʪʨʝʣʦʢ, ɸʤʫʨʩʢʠʡ ʠ ʋʩʩʫʨʠʡʩʢʠʡ,

ʧʨʦʣʠʚ ɹʦʩʬʦʨ ɺʦʩʪʦʯʥʳʡ, ʙʫʭʪʳ ʈʠʬʦʚʘʷ, ɿʦʣʦʪʦʡ ʈʦʛ, ʇʘʪʨʦʢʣ, ʋʣʠʩʩ ʠ ɼʠʦʤʠʜ (ʚʩʝʛʦ

261 ʩʪʘʥʮʠʷ) (ʨʠʩʫʥʦʢ 1.1, 1.2). ʇʨʦʙʳ ʛʨʫʥʪʘ ʦʪʙʠʨʘʣʠ ʜʥʦʯʝʨʧʘʪʝʣʝʤ ɺʘʥ-ɺʠʥʘ (0,11 ʤ2,

1–4 ʧʨʦʙʳ); ʥʘ ʢʘʞʜʦʡ ʩʪʘʥʮʠʠ ʯʘʩʪʴ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʦʩʘʜʢʦʚ (2–3 ʩʤ) ʦʜʥʦʡ ʠʟ ʧʨʦʙ

ʟʘʤʦʨʘʞʠʚʘʣʠ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʟʤʝʨʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ɿɺ. ɼʣʷ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ

ʘʥʘʣʠʟʘ ʛʨʫʥʪ ʧʨʦʤʳʚʘʣʠ ʥʘ ʩʠʪʝ ʩ ʷʯʝʝʡ 1 ʤʤ ʠ ʬʠʢʩʠʨʦʚʘʣʠ ʤʘʢʨʦʙʝʥʪʦʩ 4 % ʙʫʬʝʨʥʳʤ

ʨʘʩʪʚʦʨʦʤ ʬʦʨʤʘʣʴʜʝʛʠʜʘ.

ʂʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʣʣʦʚ (Cu ʠ Pb), ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʬʝʥʦʣʦʚ ʠ ʭʣʦʨʦʨʛʘʥʠʯʝʩʢʠʭ

ʧʝʩʪʠʮʠʜʦʚ – ʩʫʤʤʫ ɼɼʊ ʠ ʝʛʦ ʤʝʪʘʙʦʣʠʪʦʚ ɼɼɼ ʠ ɼɼʕ – ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʠʟʤʝʨʷʣʠ ʚ

ʣʘʙʦʨʘʪʦʨʠʠ ʤʦʥʠʪʦʨʠʥʛʘ ʟʘʛʨʷʟʥʝʥʠʷ ʤʦʨʩʢʠʭ ʚʦʜ ʌɻɹʋ «ʇʨʠʤʦʨʩʢʦʝ ʋɻʄʉ» ʧʦ

ʩʪʘʥʜʘʨʪʥʳʤ ʤʝʪʦʜʠʢʘʤ ʈʦʩʛʠʜʨʦʤʝʪʘ [49]. ʉʦʜʝʨʞʘʥʠʝ ʉʦʨʛ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ

ʦʢʠʩʣʝʥʠʷ ʩʤʝʩʴʶ K2Cr2O7 – H2SO4 ʩ ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʤ ʦʢʦʥʯʘʥʠʝʤ ʚ ʅʅʎʄɹ «ʀɹʄ

ɼɺʆ ʈɸʅ» [50, 51]. ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʧʨʝʜʝʣʷʣʠ ʢʦʤʙʠʥʘʮʠʝʡ ʩʠʪʦʚʦʛʦ

ʤʝʪʦʜʘ ʠ ʤʝʪʦʜʘ A-22 ʚ ʌɻɹʋʅ «ʊʆʀ ɼɺʆ ʈɸʅ» [52, 53]. ʊʘʢʩʦʥʦʤʠʯʝʩʢʘʷ

ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ ʫʩʪʘʥʦʚʣʝʥʘ ʩʦʪʨʫʜʥʠʢʘʤʠ ʌɻɹʋ «ɼɺʅʀɻʄʀ» ʠ

ʅʅʎʄɹ «ʀɹʄ ɼɺʆ ʈɸʅ». ɾʠʚʦʪʥʳʭ, ʦʧʨʝʜʝʣʝʥʥʳʭ ʜʦ ʚʠʜʘ ʠʣʠ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ

ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʥʛʘ, ʧʦʜʩʯʠʪʳʚʘʣʠ ʠ ʚʟʚʝʰʠʚʘʣʠ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 0,01 ʛ ʧʦʩʣʝ

ʦʙʩʫʰʠʚʘʥʠʷ ʥʘ ʬʠʣʴʪʨʦʚʘʣʴʥʦʡ ʙʫʤʘʛʝ. ʉ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʧʦʩʝʣʝʥʠʷ ʠ

ʙʠʦʤʘʩʩʳ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ A ʠ B, ʵʢʟ./ʤ2 ʠ ʛ/ʤ2) ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʝʨʝʩʯʠʪʳʚʘʣʠ ʥʘ 1 ʤ2

ʧʣʦʱʘʜʠ ʜʥʘ.

1.2 ɸʥʘʣʠʟ ʜʘʥʥʳʭ

ʆʙʱʠʡ ʫʨʦʚʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠ ʠʥʜʝʢʩʦʤ:

TPFchem = (ʋɺ + ʌɽ + Pb + Cu + Ɇɼɼʊ)/5 (1.1)

ʛʜʝ ʋɺ, ʌɽ, Pb, Cu ʠ Ɇɼɼʊ – 5-ʨʘʥʛʦʚʳʝ ʦʮʝʥʢʠ (ln-ʤʘʩʰʪʘʙ) ʩʦʜʝʨʞʘʥʠʷ

ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʬʝʥʦʣʦʚ, ʩʚʠʥʮʘ, ʤʝʜʠ, ʩʫʤʤʳ ɼɼʊ ʠ ʝʛʦ ʤʝʪʘʙʦʣʠʪʦʚ [4, 16, 17].

*ɼʘʣʝʝ – ʧʨʠʪʫʤʘʥʛʘʥʩʢʘʷ ʘʢʚʘʪʦʨʠʷ: ʊʫʤʘʥʛʘʥ – ʢʦʨʝʡʩʢʦʝ ʥʘʟʚʘʥʠʝ ʨʝʢʠ ʊʫʤʘʥʥʦʡ.
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ɺʳʯʠʩʣʝʥʠʝ TPFchem ʧʨʦʠʟʚʦʜʠʣʠ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤ TpfCalc, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʦʜʥʠʤ ʠʟ

ʘʚʪʦʨʦʚ ʚ ʩʨʝʜʝ STATISTICA.

ʂʨʦʤʝ ʯʘʩʪʦʪʳ ʚʩʪʨʝʯʘʝʤʦʩʪʠ, ʧʣʦʪʥʦʩʪʠ ʧʦʩʝʣʝʥʠʷ ʠ ʙʠʦʤʘʩʩʳ (ʜʘʣʝʝ – Fq, A ʠ B), ʚ

ʆʪʯʝʪʝ ʠʩʧʦʣʴʟʦʚʘʥ ʫʧʨʦʱʸʥʥʳʡ ʠʥʜʝʢʩ ʚʠʜʦʚʦʛʦ ʙʦʛʘʪʩʪʚʘ ʄʘʨʛʘʣʝʬʘ (ʯʠʩʣʦ ʚʠʜʦʚ ʥʘ

ʩʪʘʥʮʠʠ ʠʣʠ ʚ ʧʨʦʙʝ, R) ʠ ʠʥʜʝʢʩ ʚʠʜʦʚʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʐʝʥʥʦʥʘ-ɺʠʥʝʨʘ (H’). ʕʪʦʪ

ʧʦʢʘʟʘʪʝʣʴ ʧʦʜʩʯʠʪʳʚʘʣʠ ʧʦ ʬʦʨʤʫʣʝ:

H’=-å(pi´(log2pi)) (1.2)

ʈʠʩʫʥʦʢ 1.1 – ʈʘʡʦʥʳ ʨʘʙʦʪ ʥʘ ʘʢʚʘʪʦʨʠʠ ʟʘʣ. ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ ʚ ʨʘʟʥʳʝ ʛʦʜʳ
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ʈʠʩʫʥʦʢ 1.2 – ʈʘʡʦʥʳ ʨʘʙʦʪ ʥʘ ʘʢʚʘʪʦʨʠʠ ʟʘʣ. ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ ʚ ʨʘʟʥʳʝ ʛʦʜʳ

ʛʜʝ pi – ʜʦʣʷ ʚʠʜʘ i ʦʪ ʦʙʱʝʡ ʧʣʦʪʥʦʩʪʠ. ɺʳʯʠʩʣʝʥʠʷ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʙʠʦʪʠʯʝʩʢʠʭ

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʳʧʦʣʥʷʣʠ ʧʨʠ ʧʦʤʦʱʠ ʇʇʇ PRIMER 5.0.

ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ ʠʩʧʦʣʴʟʦʚʘʣʠ

ʠʥʜʝʢʩʳ AMBI (AZTI Marine Biotic Index) ʠ M-AMBI [18, 24]. ʇʝʨʚʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ

ʩʫʤʤʝ ʫʜʝʣʴʥʳʭ ʧʣʦʪʥʦʩʪʝʡ ʧʷʪʠ ʛʨʫʧʧ ʚʠʜʦʚ, ʧʦ-ʨʘʟʥʦʤʫ ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʩʦʜʝʨʞʘʥʠʶ

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ:

AMBI=[(0×%GI)+(1,5×%GII)+(3×%GIII)+(4,5×%GIV)+(6×%GV)]/100, (1.3)

ʛʜʝ GI-GV - ʛʨʫʧʧʳ ʚʠʜʦʚ. ʅʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʨʘʩʯʸʪʘ AMBI ʩʧʠʩʦʢ ʚʠʜʦʚ ʠ

ʪʘʢʩʦʥʦʚ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʨʘʥʛʘ ʟʘʣʠʚʘ ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ, ʨʘʩʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʦ

1992
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ʫʢʘʟʘʥʥʳʤ ʛʨʫʧʧʘʤ, ʦʧʫʙʣʠʢʦʚʘʥ ʘʚʪʦʨʘʤʠ ʨʘʥʝʝ [45, 46]. ɺʪʦʨʦʡ ʠʥʜʝʢʩ, M-AMBI ʠʣʠ

Multivariate AMBI, ʚʳʯʠʩʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʧʨʦʮʝʜʫʨʳ ʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʩ

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʜʝʢʩʦʚ AMBI, R ʠ H’.

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʠʥʜʝʢʩ TPFbio, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʘʚʪʦʨʘʤʠ ʚ ʧʨʦʮʝʩʩʝ

ʚʳʧʦʣʥʝʥʠʷ ʅʀʈ ʚ 2021 ʛ., ʢʦʪʦʨʳʡ «ʥʘʩʪʨʦʝʥ» ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʩʪʝʧʝʥʠ ʭʠʤʠʯʝʩʢʦʛʦ

ʟʘʛʨʷʟʥʝʥʠʷ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ [32, 54]:

TPFbio = (×(Opti))/R (1.4)

ʛʜʝ Opti – ʫʩʨʝʜʥʝʥʥʘʷ ʢʦʦʨʜʠʥʘʪʘ ʦʧʪʠʤʫʤʘ ʧʦ TPFchem ʜʣʷ ʛʨʫʧʧʦʚʦʡ ʚʩʪʨʝʯʘʝʤʦʩʪʠ

ʠ ʧʣʦʪʥʦʩʪʠ ʢʘʞʜʦʛʦ ʪʘʢʩʦʥʘ.

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥ ʙʠʦʪʠʯʝʩʢʠʡ ʧʦʣʠʭʝʪʦ-ʘʤʬʠʧʦʜʥʳʡ ʠʥʜʝʢʩ

BOPA, ʚʳʯʠʩʣʷʝʤʳʡ ʥʘ ʦʩʥʦʚʝ ʧʣʦʪʥʦʩʪʠ ʘʤʬʠʧʦʜ ʠ ʦʧʧʦʨʪʫʥʠʩʪʠʯʝʩʢʠʭ ʚʠʜʦʚ ʧʦʣʠʭʝʪ

ʧʦ ʬʦʨʤʫʣʝ [30]:

BOPA = log10((fp/(fa + 1) + 1) (1.5)

ʛʜʝ fp – ʯʘʩʪʦʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʦʧʧʦʨʪʫʥʠʩʪʠʯʝʩʢʠʭ ʧʦʣʠʭʝʪ, ʪ.ʝ. ʦʪʥʦʰʝʥʠʝ ʯʠʩʣʘ

ʦʧʧʦʨʪʫʥʠʩʪʠʯʝʩʢʠʭ ʧʦʣʠʭʝʪ ʢ ʦʙʱʝʤʫ ʯʠʩʣʫ ʦʩʦʙʝʡ ʚ ʚʳʙʦʨʢʝ;

fa – ʯʘʩʪʦʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʘʤʬʠʧʦʜ, ʪ.ʝ. ʦʪʥʦʰʝʥʠʝ ʯʠʩʣʘ ʘʤʬʠʧʦʜ ʢ ʦʙʱʝʤʫ

ʯʠʩʣʫ ʦʩʦʙʝʡ ʚ ʚʳʙʦʨʢʝ.

ɼʚʘ ʯʣʝʥʘ «+1» ʚ ʫʨʘʚʥʝʥʠʠ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʠ ʜʝʣʝʥʠʷ ʠ

ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʝʩʣʠ fp ʠʣʠ fa ʨʘʚʥʳ ʥʫʣʶ.

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʠʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ ʩʦʩʪʦʷʥʠʷ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ (ʧʦʨʦʛʦʚʳʭ

ʚʝʣʠʯʠʥ ERLq, ERMq ʠ ERDq) ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʨʠʚʠʟʥʫ ʤʦʜʝʣʴʥʳʭ ʢʨʠʚʳʭ, ʢʦʪʦʨʫʶ

ʚʳʯʠʩʣʷʣʠ ʧʦ ʬʦʨʤʫʣʝ:

232)1()( yxyK ¢+¢¢= (1.6)

ʛʜʝ y’ ʠ y” – ʧʝʨʚʘʷ ʠ ʚʪʦʨʘʷ ʧʨʦʠʟʚʦʜʥʳʝ ʫʨʘʚʥʝʥʠʡ ʨʝʛʨʝʩʩʠʠ.

ʄʘʢʩʠʤʫʤ K ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʯʢʝ ʧʝʨʝʛʠʙʘ ʬʫʥʢʮʠʠ, ʘ ʥʘʯʘʣʦ ʝʝ ʫʚʝʣʠʯʝʥʠʷ ʧʦʩʣʝ

ʜʦʩʪʠʞʝʥʠʷ ʤʠʥʠʤʫʤʘ – ʟʘʤʝʜʣʝʥʠʶ ʨʦʩʪʘ ʧʘʨʘʤʝʪʨʘ ʠ ʥʘʯʘʣʝ ʚʳʭʦʜʘ ʢʨʠʚʦʡ ʥʘ ʧʣʘʪʦ.

ɺʳʯʠʩʣʝʥʠʝ ʢʨʠʚʠʟʥʳ ʧʨʦʠʟʚʦʜʠʣʠ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʳ CurvLog, ʨʘʟʨʘʙʦʪʘʥʥʦʡ

ʦʜʥʠʤ ʠʟ ʘʚʪʦʨʦʚ ʜʣʷ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʚ ʩʨʝʜʝ STATISTICA.
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1.3 ɸʣʛʦʨʠʪʤ eHOF ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ

ɼʣʷ ʦʧʠʩʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʛʨʫʧʧ ʚʜʦʣʴ ʛʨʘʜʠʝʥʪʘ ʟʘʛʨʷʟʥʝʥʠʷ

ʠʩʧʦʣʴʟʦʚʘʣʠ ʠʝʨʘʨʭʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʨʝʛʨʝʩʩʠʠ ʍʘʫʩʤʘʥʘ-ʆʣʬʘ-ʌʨʝʩʢʦ

(HOF), ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʚ ʤʦʜʫʣʝ eHOF ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʩʨʝʜʳ R [55, 56, 57, 58]. ʉʯʠʪʘʝʪʩʷ,

ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʪʠ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʶʪ ʥʘʠʙʦʣʝʝ ʛʠʙʢʦ ʫʯʠʪʳʚʘʪʴ ʚʩʶ ʩʦʚʦʢʫʧʥʦʩʪʴ

ʘʧʨʠʦʨʥʳʭ ʠʩʭʦʜʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʨʝʜʧʦʣʦʞʝʥʠʡ, ʪʨʘʜʠʮʠʦʥʥʦ

ʩʚʷʟʳʚʘʝʤʳʭ ʩ ʭʘʨʘʢʪʝʨʦʤ ʢʨʠʚʳʭ ʦʪʢʣʠʢʘ (ʜʘʣʝʝ ʂʆ), ʠ, ʚʝʨʦʷʪʥʦ, ʧʨʝʜʦʩʪʘʚʣʷʶʪ

ʥʘʠʣʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪ ʩ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ [59]. ʆʩʥʦʚʥʦʝ ʦʪʣʠʯʠʝ ʵʪʦʛʦ ʧʦʜʭʦʜʘ

ʦʪ ʜʨʫʛʠʭ ʤʦʜʝʣʝʡ – ʦʙʦʙʱʝʥʥʳʭ ʣʠʥʝʡʥʳʭ ʠ ʘʜʜʠʪʠʚʥʳʭ, ʩʚʝʨʭʥʠʰʠ ʠ ʪ. ʧ. – ʩʦʩʪʦʠʪ ʚ

ʥʘʣʠʯʠʠ ʚ ʫʨʘʚʥʝʥʠʷʭ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʚʝʣʠʯʠʥʳ ʦʙʠʣʠʷ – ʧʘʨʘʤʝʪʨʘ M (ʪʘʙʣʠʮʘ

1.1).

ɺʩʝʛʦ ʩʫʱʝʩʪʚʫʝʪ ʩʝʤʴ ʪʠʧʦʚ ʤʦʜʝʣʝʡ ʚʦʟʨʘʩʪʘʶʱʝʡ ʩʣʦʞʥʦʩʪʠ (ʪʘʙʣʠʮʘ 1.1,

ʨʠʩʫʥʦʢ 1.3). ʄʦʜʝʣʴ ʧʝʨʚʦʛʦ ʪʠʧʘ (I) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ «ʧʣʦʩʢʠʡ ʦʪʚʝʪ», ʦʟʥʘʯʘʶʱʠʡ

ʦʪʩʫʪʩʪʚʠʝ ʟʥʘʯʠʤʦʛʦ ʪʨʝʥʜʘ ʚ ʦʙʠʣʠʠ ʚʠʜʘ ʚʜʦʣʴ ʛʨʘʜʠʝʥʪʘ ʬʘʢʪʦʨʘ ʩʨʝʜʳ. ɺ ʧʨʠʥʮʠʧʝ,

ʵʪʘ ʤʦʜʝʣʴ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʥʫʣʝʚʦʡ ʛʠʧʦʪʝʟʦʡ ʠ ʛʘʨʘʥʪʠʨʦʚʘʪʴ, ʯʪʦ ʪʦʣʴʢʦ ʚʠʜʳ ʩ

ʦʪʯʝʪʣʠʚʳʤ ʦʪʢʣʠʢʦʤ ʙʫʜʫʪ ʦʧʠʩʳʚʘʪʴʩʷ ʦʜʥʠʤ ʠʟ ʦʩʪʘʣʴʥʳʭ ʪʠʧʦʚ ʤʦʜʝʣʝʡ. ʄʦʜʝʣʴ

ʚʪʦʨʦʛʦ ʪʠʧʘ (II) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʦʥʦʪʦʥʥʳʡ ʩʠʛʤʦʠʜ ʩ ʚʝʨʰʠʥʦʡ ʥʘ ʦʜʥʦʤ ʠʟ ʢʦʥʮʦʚ

ʛʨʘʜʠʝʥʪʘ, ʢʨʠʚʘʷ ʦʪʢʣʠʢʘ ʪʨʝʪʴʝʛʦ ʪʠʧʘ (III) ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʤʦʥʦʪʦʥʥʳʤ ʩʠʛʤʦʠʜʦʤ, ʥʦ

ʠʤʝʝʪ ʧʣʘʪʦ ʥʠʞʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʝʨʭʥʝʛʦ ʟʥʘʯʝʥʠʷ ʦʙʠʣʠʷ. ʂʨʠʚʘʷ ʯʝʪʚʝʨʪʦʛʦ ʪʠʧʘ (IV) –

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʢʣʘʩʩʠʯʝʩʢʫʶ ʬʦʨʤʫ ʚʠʜʦʚʦʛʦ ʦʪʢʣʠʢʘ – ʦʜʥʦʚʝʨʰʠʥʥʫʶ ʩʠʤʤʝʪʨʠʯʥʫʶ

ʤʦʜʝʣʴ, V – ʫʥʠʤʦʜʘʣʴʥʫʶ ʘʩʩʠʤʝʪʨʠʯʥʫʶ ʤʦʜʝʣʴ, ʘ ʤʦʜʝʣʠ VI ʠ VII ʪʠʧʦʚ ʠʤʝʶʪ ʧʦ ʜʚʘ

ʦʧʪʠʤʫʤʘ, ʧʨʠʯʝʤ ʫ ʰʝʩʪʦʡ ʦʥʠ ʦʜʠʥʘʢʦʚʳ.

ʊʘʙʣʠʮʘ 1.1 – ʌʦʨʤʫʣʳ ʤʦʜʝʣʝʡ ʍʘʫʩʤʘʥʘ-ʆʣʬʘ-ʌʨʝʩʢʦ ʠ ʯʠʩʣʦ ʢʦʵʬʬʠʮʠʝʥʪʦʚ

ʄʦʜʝʣʴ ʌʦʨʤʫʣʘ ʏʠʩʣʦ
ʢʦʵʬʬʠʮʠʝʥʪʦʚ
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II ὓ
ρ Ὡ

2

III
ὓ

ρ Ὡ ³ ³ ρ Ὡ
3

IV
ὓ

ρ Ὡ ³ ρ Ὡ 3

V
ὓ

ρ Ὡ ³ ³ ρ Ὡ ³ 4

VI
ὓ

ρ Ὡ ³ ³ ρ Ὡ ³
ὓ

ρ Ὡ ³ ³ ρ Ὡ ³ 4

VII
ὓ

ρ Ὡ ³ ³ ρ Ὡ ³
ὓ

ρ Ὡ ³ ³ ρ Ὡ ³ 5
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ɺʳʙʦʨ ʤʦʜʝʣʠ, ʦʧʠʩʳʚʘʶʱʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʠʜʘ ʚʜʦʣʴ ʛʨʘʜʠʝʥʪʘ ʬʘʢʪʦʨʘ ʩʨʝʜʳ ʚ

ʥʘʠʣʫʯʰʝʡ ʩʪʝʧʝʥʠ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʦʮʝʥʦʢ ʩʪʘʥʜʘʨʪʥʳʭ ʦʪʢʣʦʥʝʥʠʡ ʠ

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʢʨʠʪʝʨʠʝʚ ɸʢʘʠʢʝ ʠ ɹʘʡʝʩʘ (AIC ʠ BIC, ʧʦ ʞʝʣʘʥʠʶ). ʂʨʦʤʝ ʩʘʤʠʭ

ʢʨʠʚʳʭ ʦʪʢʣʠʢʦʚ, ʧʦʣʫʯʘʝʤʳʝ ʛʨʘʬʠʢʠ ʩʦʜʝʨʞʘʪ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ

ʜʠʘʧʘʟʦʥʝ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʚʠʜʘ ʠ ʩʘʤʦʡ ʚʳʙʦʨʢʝ (ʰʠʨʠʥʘ ʚʥʝʰʥʝʡ ʠ ʮʝʥʪʨʘʣʴʥʦʡ ʥʠʰ,

ʧʦʣʦʞʝʥʠʝ ʦʧʪʠʤʫʤʘ ʠ ʩʫʙʦʧʪʠʤʫʤʦʚ, ʥʠʞʥʠʝ ʠ ʚʝʨʭʥʠʝ ʢʚʘʨʪʠʣʠ, 90 % ʧʝʨʮʝʥʪʠʣʠ, ʘ

ʪʘʢʞʝ ʚʳʙʨʦʩʳ). ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʚʠʜʘ ʦʙʳʯʥʦ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʚʝʨʭʥʝʡ

ʯʘʩʪʠ ʜʠʘʛʨʘʤʤʳ, ʘ ʩʘʤʦʡ ʚʳʙʦʨʢʠ – ʚ ʥʠʞʥʝʡ (ʨʠʩʫʥʦʢ 1.3). ʂ ʩʦʞʘʣʝʥʠʶ, ʫ ʵʪʠʭ ʤʦʜʝʣʝʡ

ʝʩʪʴ ʦʜʠʥ ʩʫʱʝʩʪʚʝʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ - ʚ ʚʳʙʦʨʢʝ ʫ ʛʨʫʧʧʳ ʜʦʣʞʥʦ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʢʘʢ

ʤʠʥʠʤʫʤ 10 ʥʝʥʫʣʝʚʳʭ ʟʥʘʯʝʥʠʡ. ʇʦʵʪʦʤʫ, ʜʣʷ ʪʘʢʩʦʥʦʚ, ʥʘʡʜʝʥʥʳʭ ʥʘ 5–9 ʩʪʘʥʮʠʷʭ, ʚ

ʚʳʙʦʨʢʫ ʩ ʧʦʤʦʱʴʶ ʛʝʥʝʨʘʪʦʨʘ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ ʚʥʫʪʨʠ ʜʠʘʧʘʟʦʥʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʙʳʣʠ

ʜʦʙʘʚʣʝʥʳ ʟʥʘʯʝʥʠʷ 0,1 % (ʜʣʷ ʯʘʩʪʦʪʳ ʚʩʪʨʝʯʘʝʤʦʩʪʠ – 1).

ʆʩʴ ʘʙʩʮʠʩʩ – ʬʘʢʪʦʨ, ʦʩʴ ʦʨʜʠʥʘʪ – ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʙʠʣʠʷ; ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ
ʚ ʪʝʢʩʪʝ

ʈʠʩʫʥʦʢ 1.3 – ɺʦʟʤʦʞʥʳʝ ʤʦʜʝʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʘʢʩʦʥʦʚ ʚʜʦʣʴ ʛʨʘʜʠʝʥʪʘ ʬʘʢʪʦʨʘ
ʩʨʝʜʳ, ʧʦʣʫʯʘʝʤʳʝ ʚ ʤʦʜʫʣʝ eHOF (II–VII, ʤʦʜʝʣʴ I ʪʠʧʘ – ʧʨʷʤʘʷ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʣʠʥʠʷ –

ʥʝ ʧʦʢʘʟʘʥʘ)

ʈʘʩʯʝʪʳ ʚʳʧʦʣʥʷʣʠ ʧʨʠ ʧʦʤʦʱʠ ʩʣʝʜʫʶʱʝʛʦ ʘʣʛʦʨʠʪʤʘ (ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʜʦʣʞʥʘ

ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʘ ʩʨʝʜʘ R ʠ ʝʝ ʥʝʦʙʭʦʜʠʤʳʝ ʤʦʜʫʣʠ [60]).

1. ʆʪʢʨʳʚʘʝʤ ʤʦʜʫʣʠ (ʚ ʧʦʩʣʝʜʥʠʭ ʚʝʨʩʠʷʭ R ʬʘʡʣʳ Excel ʣʝʛʢʦ ʦʪʢʨʳʚʘʶʪʩʷ ʧʨʠ

ʧʦʤʦʱʠ ʠʥʪʝʨʬʝʡʩʘ Rcmdr):
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library(xlsx) (1.7)

library(eHOF) (1.8)

2. ʀʤʧʦʨʪʠʨʫʝʤ ʜʘʥʥʳʝ:

workbook <- "d:/ʅʘʟʚʘʥʠʝ ʧʘʧʢʠ/.../ʅʘʟʚʘʥʠʝ ʬʘʡʣʘ.xlsx" (1.9)

A <- read.xlsx(workbook, n, row.names="xxx") (1.10)

ʛʜʝ A - ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʘʢʩʦʥʘ, n - ʥʦʤʝʨ ʣʠʩʪʘ ʢʥʠʛʠ Excel, row.names -

ʩʪʦʣʙʝʮ ʣʠʩʪʘ Excel, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʢʦʜʳ ʩʪʘʥʮʠʡ*.

3. ɿʘʪʝʤ ʤʦʞʥʦ ʧʨʦʚʝʨʠʪʴ ʪʦ, ʯʪʦ ʧʦʣʫʯʠʣʦʩʴ:

fix(A) (1.11)

4. «ʇʨʠʢʨʝʧʣʷʝʤ» ʥʘʰʠ ʜʘʥʥʳʝ:

attach(A) (1.12)

5. ʇʨʦʩʪʦ ʩʤʦʪʨʠʤ ʥʘ ʥʠʭ ʠ ʚʳʙʠʨʘʝʤ ʥʘʯʘʣʴʥʫʶ ʚʝʣʠʯʠʥʫ ʧʘʨʘʤʝʪʨʘ M:

plot(A$TPF, ʥʘʟʚʘʥʠʝ ʚʠʜʘ) (1.13)

ʧʨʠʤʝʨ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 1.4.

6. ɺʳʙʠʨʘʝʤ ʦʜʥʫ ʠʣʠ ʥʠʩʢʦʣʴʢʦ ʛʨʫʧʧ:

sel <- c('ʥʘʟʚʘʥʠʝ ʛʨʫʧʧʳ') (1.14)

sel <- c('ʥʘʟʚʘʥʠʝ ʛʨʫʧʧʳ 1', … 'ʥʘʟʚʘʥʠʝ ʛʨʫʧʧʳ n') (1.15)

7. ɺʳʧʦʣʥʷʝʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝ:

mods <- HOF(A[match(sel, names(A))], A$TPF, M=max,

family=gaussian, bootstrap=NULL) (1.16)

*ʏʪʦʙ  rʢʦʤʘʥʜʘ (1.9) ʩʨʘʙʦʪʘʣʘ, ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʜʦʣʞʥʘ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʘ ʧʨʦʛʨʘʤʤʘ Java.
ɽʩʣʠ ʥʘʟʚʘʥʠʝ ʢʘʢʦʡ-ʣʠʙʦ ʧʘʧʢʠ ʠʣʠ ʬʘʡʣʘ ʥʘʧʠʩʘʥʦ ʢʠʨʠʣʣʠʮʝʡ, ʩʣʝʜʫʝʪ ʧʝʨʝʢʣʶʯʠʪʴ
ʢʣʘʚʠʘʪʫʨʫ ʥʘ ʢʠʨʠʣʣʠʮʫ.



18

ʆʩʠ ʘʙʩʮʠʩʩ ʠ ʦʨʜʠʥʘʪ – ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʙʱʠʡ ʫʨʦʚʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ (TPFchem, ʫʩʣ. ʝʜ.),
ʚʩʪʨʝʯʘʝʤʦʩʪʴ ʠ ʧʣʦʪʥʦʩʪʴ ʧʦʩʝʣʝʥʠʷ (ʵʢʟ./ʤ2). ɼʣʷ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʧʘʨʘʤʝʪʨM ʨʘʚʝʥ

ʝʜʠʥʠʮʝ, ʜʣʷ ʧʣʦʪʥʦʩʪʠ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, – 2800

ʈʠʩʫʥʦʢ 1.4 – ʇʨʠʤʝʨ ʚʳʧʦʣʥʝʥʠʷ ʢʦʤʘʥʜʳ (1.13) ʜʣʷ ʯʘʩʪʦʪʳ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʠ ʧʣʦʪʥʦʩʪʠ

mods <- HOF(A[match(sel, names(A))], A$TPF, M=1,

family=binomial, bootstrap=NULL) (1.17)

ʛʜʝM – ʚʘʰʝ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ, family ʤʦʞʝʪ ʙʳʪʴ binomial, poisson, gaussian, ʚ

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʘʥʥʳʭ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʠʩʢʨʝʪʥʳʝ ʜʚʦʠʯʥʳʝ, ʮʝʣʳʝ ʠ ʥʝʧʨʝʨʳʚʥʳʝ).

ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ «ʦʜʥʦʚʝʨʰʠʥʥʦʩʪʠ» ʢʨʠʚʳʭ ʦʪʢʣʠʢʘ M ʤʦʞʥʦ ʫʚʝʣʠʯʠʪʴ,

ʧʦʜʙʠʨʘʷ ʝʛʦ ʚʝʣʠʯʠʥʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ.

8. ɺʳʚʦʜʠʤ ʨʝʟʫʣʴʪʘʪʳ ʚʳʙʦʨʘ ʥʘʠʣʫʯʰʝʡ ʤʦʜʝʣʠ (ʧʦ AIC; ʨʠʩʫʥʦʢ 1.5):

mods (1.18)

9. ʉʪʨʦʠʤ ʢʨʠʚʳʝ ʦʪʢʣʠʢʘ, ʩʥʘʯʘʣʘ ʜʣʷ ʥʘʠʣʫʯʰʝʡ ʧʦ AIC ʤʦʜʝʣʠ, ʟʘʪʝʤ, ʝʩʣʠ

ʧʦʪʨʝʙʫʝʪʩʷ, ʚʩʝ ʚʦʟʤʦʞʥʳʝ:

plot(mods, para=TRUE, onlybest=TRUE,

lwd=3, yl=c(0,0.75)) (1.19)

plot(mods, para=TRUE, onlybest=FALSE,

lwd=3, yl=c(0,0.75)) (1.20)

ʛʜʝ lwd – ʪʦʣʱʠʥʘ ʢʨʠʚʦʡ ʦʪʢʣʠʢʘ, yl – ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʦʩʠ ʦʨʜʠʥʘʪ (ʧʦ ʫʤʦʣʯʘʥʠʶ –

c(0, 1)). ɽʩʪʝʩʪʚʝʥʥʦ, ʟʜʝʩʴ ʤʦʞʥʦ «ʥʘʩʪʨʦʠʪʴ» ʨʠʩʫʥʦʢ ʩ ʙʦʣʴʰʝʡ ʜʝʪʘʣʠʟʘʮʠʝʡ (ʩʤ. [60]).
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ʈʠʩʫʥʦʢ 1.5 – ʇʨʠʤʝʨ ʚʳʧʦʣʥʝʥʠʷ ʢʦʤʘʥʜʳ (1.18) ʜʣʷ ʧʷʪʠ ʛʨʫʧʧ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ

10. ʌʦʨʤʠʨʫʝʤ ʪʘʙʣʠʮʫ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʤʦʜʝʣʠ:

ddd <- Para(mods); ddd (1.21)

df1 <- data.frame(matrix(unlist(ddd), nrow=length(ddd),

byrow=T)); df1 (1.22)

write.table(df1,"d:/ʇʘʧʢʘ/ʌʘʡʣ.txt", sep="\t", col.names=TRUE,

row.names=TRUE, quote=TRUE, na="NA") (1.23)

ɺʳʚʦʜʠʤʳʡ ʬʘʡʣ ʤʦʞʝʪ ʙʳʪʴ ʚ ʬʦʨʤʘʪʝ Excel, ʥʦ ʤʦʞʥʦ ʝʛʦ ʠ ʥʝ ʩʦʟʜʘʚʘʪʴ, ʘ

ʧʦʤʝʩʪʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ ʚ ʙʫʬʝʨ ʦʙʤʝʥʘ (ʧʦʜʨʦʙʥʝʝ ʩʤ. [60]).

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ, ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʩʤʦʪʨʝʪʴ ʠ ʜʘʞʝ ʦʪʨʝʜʘʢʪʠʨʦʚʘʪʴ ʵʪʠ

ʧʘʨʘʤʝʪʨʳ; ʧʦʩʣʝʜʥʝʝ ʚ ʬʦʨʤʘʪʝ R-ʩʪʘʪʠʩʪʠʢʠ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʪʨʫʜʦʝʤʢʠʤ ʧʨʦʮʝʩʩʦʤ

(ʨʠʩʫʥʦʢ 1.6):

fix(ddd) (1.24)

editDataset(df1) (1.25)

ɼʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʛʨʫʧʧ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʫʨʦʚʥʶ ʟʘʛʨʷʟʥʝʥʠʷ

ʧʨʠʤʝʥʷʣʠ ʧʨʦʮʝʜʫʨʫ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʪʝʦʨʠʠ ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ (ʤʝʪʨʠʢʘ — ʵʚʢʣʠʜʦʚʦ

ʨʘʩʩʪʦʷʥʠʝ) [61]. ʕʪʦʪ ʤʝʪʦʜ ʠʩʧʦʣʴʟʫʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʟʜʝʣʝʥʠʷ ɼʘʥʥʘ ʠ ʧʨʝʜʧʦʣʘʛʘʝʪ,

ʯʪʦ ʢʘʞʜʳʡ ʦʙʲʝʢʪ ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʥʝʩʢʦʣʴʢʠʤ ʢʣʘʩʪʝʨʘʤ ʩʨʘʟʫ, ʥʦ «ʧʨʠʪʷʛʠʚʘʝʪʩʷ» ʢ ʥʠʤ ʩ
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ʈʠʩʫʥʦʢ 1.6 – ʇʨʠʤʝʨ ʚʳʧʦʣʥʝʥʠʷ ʢʦʤʘʥʜ (1.22) ʠ (1.23): X1–X7 ʥʘ ʥʠʞʥʝʤ ʨʠʩʫʥʢʝ –
ʥʘʟʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ, ʧʨʠʚʝʜʝʥʥʳʝ ʥʘ ʚʝʨʭʥʝʤ

ʨʘʟʥʦʡ ʩʠʣʦʡ [59]. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʛʨʫʧʧ,

ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ — ʤʝʪʦʜʳ ɺʘʨʜʘ, ʦʜʠʥʦʯʥʦʡ ʠ

ʧʦʣʥʦʡ ʩʚʷʟʠ, ʤʝʪʨʠʢʠ — ʵʚʢʣʠʜʦʚʦ ʨʘʩʩʪʦʷʥʠʝ ʠ ʝʛʦ ʢʚʘʜʨʘʪ, ʤʘʥʭʵʪʪʝʥʩʢʦʝ ʨʘʩʩʪʦʷʥʠʝ,

ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ [62]. ʉʪʘʪʠʩʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʨʘʟʙʠʝʥʠʷ ʥʘ ʛʨʫʧʧʳ

ʦʮʝʥʠʚʘʣʠ ʥʘ ʦʩʥʦʚʝ ʧʝʨʤʫʪʘʮʠʦʥʥʦʛʦ ʪʝʩʪʘ ANOSIM ʩ ʚʳʯʠʩʣʝʥʠʝʤ ʦʙʱʝʡ ʩʪʘʪʠʩʪʠʢʠ R

(ʥʫʣʝʚʘʷ ʛʠʧʦʪʝʟʘ H0 – ʘʛʣʦʤʝʨʘʮʠʷ ʦʪʩʫʪʩʪʚʫʝʪ) [63].

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥ ʣʠʥʝʡʥʳʡ ʨʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʠ ʥʝʣʠʥʝʡʥʦʝ

ʦʮʝʥʠʚʘʥʠʝ, ʩ ʚʳʯʠʩʣʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ (r), ʧʘʨʘʤʝʪʨʦʚ ʨʝʛʨʝʩʩʠʠ (bi) ʠ ʠʭ

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʮʝʥʢʦʡ (ANOVA ʠ ʧʨʦʚʝʨʢʘ ʥʫʣʝʚʦʡ ʛʠʧʦʪʝʟʳ H0: r=0 – ʚʣʠʷʥʠʝ ʬʘʢʪʦʨʘ

«ʤʦʜʝʣʴ» ʦʪʩʫʪʩʪʚʫʝʪ, bi=0) [64]. ʅʝʣʠʥʝʡʥʦʝ ʦʮʝʥʠʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ

ʧʨʠʤʝʥʝʥʠʝʤ (ʧʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʝʩʣʠ ʧʨʝʜʳʜʫʱʠʡ ʚʘʨʠʘʥʪ ʥʝ ʜʘʚʘʣ ʨʝʰʝʥʠʷ)

ʘʣʛʦʨʠʪʤʦʚ ʂʚʘʟʠ-ʅʴʶʪʦʥ, ʉʠʤʧʣʝʢʩ, ʍʫʢʘ-ɼʞʠʚʟʘ ʠʣʠ ʈʦʟʝʥʙʨʦʢʘ (ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ

ʚʳʯʠʩʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʦʜʝʣʠ), ɻʘʫʩʩʘ-ʅʴʶʪʦʥʘ ʠʣʠ ʃʝʚʝʥʙʝʨʛʘ-ʄʘʨʢʚʘʨʜʪʘ

(ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠ ANOVA) ʠ ʥʘ ʧʦʩʣʝʜʥʝʤ ʵʪʘʧʝ – ʧʨʠ ʧʦʤʦʱʠ

ʧʨʦʮʝʜʫʨʳ ʨʘʥʜʦʤʠʟʘʮʠʠ ʩʠʛʤʦʠʜʘʣʴʥʦʡ ʬʫʥʢʮʠʠ (ʧʦʜʨʦʙʥʦ – ʩʤ. [65]). ʇʨʠ ʩʨʘʚʥʝʥʠʠ

ʤʦʜʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʥ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʦʛ t-ʢʨʠʪʝʨʠʷ ʜʣʷ ʟʘʚʠʩʠʤʳʭ ʚʳʙʦʨʦʢ – ʪʝʩʪ

ɺʠʣʢʦʢʩʦʥʘ (ʧʨʦʚʝʨʷʝʪʩʷ ʥʫʣʝʚʘʷ ʛʠʧʦʪʝʟʘ H0 – ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥ ʥʝʢʠʭ

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʜʝʥʪʠʯʥʳ). ɼʝʪʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʪʦʥʢʦʩʪʝʡ ʥʝʣʠʥʝʡʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ ʠ

ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʧʨʠ ʧʦʤʦʱʠ ʨʘʟʥʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʚʳʧʦʣʥʝʥʦ ʘʚʪʦʨʘʤʠ ʚ ʆʪʯʝʪʝ

ʧʦ ʪʝʤʝ 4.6.2 ʪʝʢʫʱʝʛʦ ʛʦʜʘ [31, ʨʘʟʜʝʣ 4].
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ɼʣʷ ʧʨʦʚʝʨʢʠ ʜʘʥʥʳʭ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʥʦʨʤʘʣʴʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʠ ʨʘʚʝʥʩʪʚʦ

ʚʥʫʪʨʠʛʨʫʧʧʦʚʳʭ ʜʠʩʧʝʨʩʠʡ (ʛʦʤʦʩʢʝʜʘʩʪʠʯʥʦʩʪʴ) ʧʨʠʤʝʥʷʣʠ ʪʝʩʪʳ ʐʘʧʠʨʦ-ʋʠʣʢʘ,

ʃʠʚʠʥʘ ʠ ɹʨʶʰʘ-ʇʵʛʵʥʘ (ʥʫʣʝʚʳʝ ʛʠʧʦʪʝʟʳ H0 – ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ

ʥʦʨʤʘʣʴʥʦʤʫ, ʜʘʥʥʳʝ ʠ ʦʩʪʘʪʢʠ ʛʦʤʦʩʢʝʜʘʩʪʠʯʥʳ), ʘ ʜʣʷ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ

ʥʘʙʣʶʜʝʥʠʡ – ʘʣʛʦʨʠʪʤ ɹʦʢʩʘ-ʂʦʢʩʘ ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʚ ʧʘʢʝʪʝ AID ʩʨʝʜʳ R [66, 67].

ʇʦʩʢʦʣʴʢʫ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʥʜʝʢʩʘ BOPA ʦʢʘʟʘʣʦʩʴ ʫʩʧʝʰʥʳʤ (ʚ ʦʪʣʠʯʠʝ ʦʪ ʪʘʢʦʚʦʛʦ ʚ

ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʭ ʧʦʩʪʨʦʝʥʠʷʭ), ʦʮʝʥʢʘ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʣʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ

ʤʦʥʠʪʦʨʠʥʛʘ (ANCOVA) ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʤʦʱʠ ʦʙʱʠʭ ʣʠʥʝʡʥʳʭ ʤʦʜʝʣʝʡ, ʚ

ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʣʝʞʠʪ ʤʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ (ʜʘʣʝʝ – ʄʅʂ) [60, 67]. ʇʨʠ

ʦʧʨʝʜʝʣʝʥʠʠ ʥʘʠʣʫʯʰʝʡ ʤʦʜʝʣʠ ANCOVA ʧʨʠʤʝʥʷʣʠ ʧʨʦʮʝʜʫʨʫ ʩʪʫʧʝʥʯʘʪʦʛʦ ʚʳʙʦʨʘ; ʚ

ʢʘʯʝʩʪʚʝ ʢʦʚʘʨʠʘʪ ʠʩʧʦʣʴʟʦʚʘʣʠ TPFchem ʠ ʩʦʜʝʨʞʘʥʠʝ ʉʦʨʛ, ʚ ʢʘʯʝʩʪʚʝ ʬʘʢʪʦʨʦʚ – ʛʣʫʙʠʥʫ

ʠ ʪʠʧ ʛʨʫʥʪʘ (ʪʘʙʣʠʮʘ 1.2). ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʨʘʥʝʝ [68] ʧʨʘʚʘʷ ʯʘʩʪʴ ʠʪʦʛʦʚʦʡ ʤʦʜʝʣʠ

ʜʦʣʞʥʘ ʩʦʩʪʦʷʪʴ ʠʟ ʧʦʣʠʥʦʤʘ ʪʨʝʪʴʝʡ ʩʪʝʧʝʥʠ ʢʦʚʘʨʠʘʪʳ, ʦʙʝʠʭ ʢʘʪʝʛʦʨʠʘʣʴʥʳʭ

ʧʝʨʝʤʝʥʥʳʭ (ʧʦ ʪʨʠ ʛʨʘʜʘʮʠʠ), ʠ ʥʝ ʜʦʣʞʥʘ ʚʢʣʶʯʘʪʴ ʵʬʬʝʢʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ

ʥʝʟʘʚʠʩʠʤʳʭ ʧʘʨʘʤʝʪʨʦʚ.

ʊʘʙʣʠʮʘ 1.2 – ɻʨʘʜʘʮʠʠ ʬʘʢʪʦʨʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ANCOVA

ʇʘʨʘʤʝʪʨ, ʝʜ. ʠʟʤ. ʆʙʦʟʥʘʯʝʥʠʝ
ɼʠʘʧʘʟʦʥ

1 2 3
ʉʦʜʝʨʞʘʥʠʝ ʘʣʝʚʨʦʧʝʣʠʪʦʚ
(ʯʘʩʪʠʮ < 0,01 ʤʤ), % FSed Ò 30,0

(San)
30,1–70,0

(Mix)
> 70,0
(AP)

ɻʣʫʙʠʥʘ, ʤ FDth2 < 14,0 14,0 ʠ ʙʦʣʝʝ

ɻʣʫʙʠʥʘ, ʤ FDth3 < 14,0
(Sha)

14,0–27,0
(Mid)

28,0 ʠ ʙʦʣʝʝ
(Dee)

ʇʨʠʤʝʯʘʥʠʝ. ɺ ʩʢʦʙʢʘʭ – ʩʦʢʨʘʱʝʥʥʳʝ ʥʘʟʚʘʥʠʷ ʜʠʘʧʘʟʦʥʦʚ ʠʟʤʝʥʝʥʠʷ ʬʘʢʪʦʨʦʚ.

ʇʦʜʛʦʥʢʫ ʠ ʪʝʩʪʠʨʦʚʘʥʠʝ ʤʦʜʝʣʠ ʧʨʦʠʟʚʦʜʠʣʠ ʚ ʯʝʪʳʨʝ ʵʪʘʧʘ ʥʘ ʦʩʥʦʚʝ ʧʨʦʪʦʢʦʣʘ

ʨʘʟʚʝʜʦʯʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠ ʙʘʟʦʚʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʛʨʘʬʠʢʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ

ʧʨʦʚʝʨʢʠ ʦʩʥʦʚʥʳʭ ʜʦʧʫʱʝʥʠʡ ʄʅʂ-ʤʦʜʝʣʝʡ – ʣʠʥʝʡʥʦʩʪʠ, ʥʦʨʤʘʣʴʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ

ʠ ʛʦʤʦʩʢʝʜʘʩʪʠʯʥʦʩʪʠ, ʥʘʣʠʯʠʷ ʚʳʙʨʦʩʦʚ, ʪʦʯʝʢ ʚʳʩʦʢʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʠ ʚʣʠʷʪʝʣʴʥʳʭ

ʥʘʙʣʶʜʝʥʠʡ [60, 69]. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʜʣʷ ʢʘʞʜʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚʳʧʦʣʥʷʣʠ ʚʳʯʠʩʣʝʥʠʷ ʥʘ

ʦʩʥʦʚʝ ʧʝʨʚʠʯʥʦʡ ʤʦʜʝʣʠ, ʦʧʨʝʜʝʣʷʣʠ ʪʦʯʢʠ «ʚʳʙʨʦʩʦʚ» ʠ ʫʜʘʣʷʣʠ ʠʭ ʠʟ ʜʘʥʥʳʭ. ʕʪʫ

ʦʧʝʨʘʮʠʶ ʧʦʚʪʦʨʷʣʠ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʧʨʠʝʤʣʝʤʦʛʦ ʨʝʟʫʣʴʪʘʪʘ, ʥʦ ʥʝ ʙʦʣʝʝ ʯʝʪʳʨʝʭ ʨʘʟ, ʯʪʦ

ʦʙʳʯʥʦ ʩʦʢʨʘʱʘʝʪ ʥʘʙʦʨ ʜʘʥʥʳʭ ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 6–8 %; ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʩʦʢʨʘʱʝʥʠʷ

ʧʨʦʚʝʨʷʣʠ ʥʦʨʤʘʣʴʥʦʩʪʴ ʠ ʛʦʤʦʩʢʝʜʘʩʪʠʯʥʦʩʪʴ ʦʩʪʘʪʢʦʚ ʤʦʜʝʣʠ, ʥʝ ʜʦʧʫʩʢʘʷ ʧʘʜʝʥʠʷ

ʚʝʣʠʯʠʥʳ ʦʙʱʝʡ ʦʙʲʷʩʥʝʥʥʦʡ ʜʠʩʧʝʨʩʠʠ (TEV). ɼʘʣʝʝ ʦʩʫʱʝʩʪʚʣʷʣʠ ʠʪʦʛʦʚʳʝ ʚʳʯʠʩʣʝʥʠʷ

ʜʣʷ ʦʮʝʥʢʠ ʤʦʜʝʣʠ ʠ ʚʢʣʘʜʘ ʥʝʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ ʚ TEV.



22

2 ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʛʨʫʧʧ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ ʚʜʦʣʴ ʛʨʘʜʠʝʥʪʘ
ʟʘʛʨʷʟʥʝʥʠʷ ʚ ʟʘʣʠʚʝ ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ ʠ ʧʦʩʪʨʦʝʥʠʝ ʠʥʜʝʢʩʘ TPFgr

ɺ ʧʝʨʠʦʜ ʨʘʙʦʪ (1992–2019 ʛʛ.) ʥʘ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʘʢʚʘʪʦʨʠʷʭ ʟʘʣʠʚʘ ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ

ʙʳʣʦ ʥʘʡʜʝʥʦ 30 ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʛʨʫʧʧ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ; ʘʙʩʦʣʶʪʥʘʷ ʚʩʪʨʝʯʘʝʤʦʩʪʴ ʚ

ʧʷʪʴ ʨʘʟ ʠ ʙʦʣʝʝ ʥʘʙʣʶʜʘʣʘʩʴ ʫ 22 ʠʟ ʥʠʭ (ʪʘʙʣʠʮʘ 2.1). ɼʣʷ ʚʩʪʨʝʯʘʝʤʦʩʪʠ, ʧʣʦʪʥʦʩʪʠ

ʧʦʩʝʣʝʥʠʷ ʠ ʙʠʦʤʘʩʩʳ ʵʪʠʭ ʞʠʚʦʪʥʳʭ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 65 ʢʨʠʚʳʭ ʦʪʢʣʠʢʘ (ʫ Hydrozoa

ʧʣʦʪʥʦʩʪʴ ʧʦʩʝʣʝʥʠʷ ʥʝʦʧʨʝʜʝʣʠʤʘ), ʤʦʜʝʣʠ ʧʝʨʚʦʛʦ ʪʠʧʘ ʥʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ (ʫ

ʧʦʣʠʭʝʪ ʢʨʠʚʘʷ ʦʪʢʣʠʢʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʚʝʩʴʤʘ ʙʣʠʟʢʘ ʢ ʵʪʦʤʫ ʪʠʧʫ), ʘ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ

ʧʨʝʦʙʣʘʜʘʣʠ ʢʨʠʚʳʝ ʦʪʢʣʠʢʘ ʯʝʪʚʝʨʪʦʛʦ ʠ ʧʷʪʦʛʦ ʪʠʧʘ (ʨʠʩʫʥʦʢ 2.1). ʕʪʦ ʢʣʘʩʩʠʯʝʩʢʠʝ

ʜʣʷ ʵʢʦʣʦʛʠʠ ʩʠʤʤʝʪʨʠʯʥʳʝ ʢʦʣʦʢʦʣʦʦʙʨʘʟʥʳʝ ʬʫʥʢʮʠʠ ʩ ʦʜʥʠʤ ʦʧʪʠʤʫʤʦʤ, ʜʚʫʤʷ

ʩʫʙʦʧʪʠʤʫʤʘʤʠ ʠ ʧʝʩʩʠʤʫʤʘʤʠ ʠ ʫʥʠʤʦʜʘʣʴʥʳʝ ʘʩʩʠʤʝʪʨʠʯʥʳʝ ʤʦʜʝʣʠ (ʦʙʳʯʥʦ ʚ ʣʝʚʫʶ

ʩʪʦʨʦʥʫ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʪʘʢʦʚʳʭ ʫ ʬʦʨʦʥʠʜ, ʧʦʣʠʭʝʪ ʠ ʧʨʠʘʧʫʣʠʜ) (ʨʠʩʫʥʦʢ 2.2–2.6).

ʋ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʯʘʱʝ ʚʩʝʛʦ ʥʘʙʣʶʜʘʣʠʩʴ ʢʨʠʚʳʝ ʦʪʢʣʠʢʘ ʯʝʪʚʝʨʪʦʛʦ ʪʠʧʘ, ʟʘʪʝʤ

ʩʣʝʜʦʚʘʣʠ ʤʦʜʝʣʠ ʪʨʝʪʴʝʛʦ, ʜʘʣʝʝ, ʩ ʨʘʚʥʦʡ ʯʘʩʪʦʪʦʡ, – ʚʪʦʨʦʛʦ ʠ ʧʷʪʦʛʦ ʪʠʧʦʚ, ʠ ʚ ʦʜʥʦʤ

ʩʣʫʯʘʝ – ʫ ʦʬʠʫʨ – ʩʝʜʴʤʦʛʦ, ʂʆ ʰʝʩʪʦʛʦ ʪʠʧʘ ʦʪʤʝʯʝʥʳ ʥʝ ʙʳʣʠ. ɼʣʷ ʧʣʦʪʥʦʩʪʠ ʧʦ

ʯʘʩʪʦʪʝ ʧʦʷʚʣʝʥʠʷ ʧʝʨʚʳʤʠ ʙʳʣʠ ʢʨʠʚʳʝ ʦʪʢʣʠʢʘ ʧʷʪʦʛʦ ʪʠʧʘ, ʚʪʦʨʳʤʠ – ʯʝʪʚʝʨʪʦʛʦ,

ʟʘʪʝʤ – ʧʦ ʫʙʳʚʘʶʱʝʡ – ʤʦʜʝʣʠ ʪʨʝʪʴʝʛʦ, ʰʝʩʪʦʛʦ–ʩʝʜʴʤʦʛʦ ʠ ʚʪʦʨʦʛʦ ʪʠʧʦʚ. ʋ ʤʦʜʝʣʝʡ

ʙʠʦʤʘʩʩ ʧʝʨʚʝʥʩʪʚʦʚʘʣʠ ʂʆ ʯʝʪʚʝʨʪʦʛʦ ʠ ʧʷʪʦʛʦ ʪʠʧʘ, ʥʘʙʣʶʜʘʚʰʠʝʩʷ ʩ ʨʘʚʥʦʡ ʯʘʩʪʦʪʦʡ,

ʜʚʘ ʨʘʟʘ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʤʦʜʝʣʠ ʚʪʦʨʦʛʦ ʪʠʧʘ ʠ ʧʦ ʦʜʥʦʤʫ – ʪʨʝʪʴʝʛʦ ʠ ʰʝʩʪʦʛʦ. ʆʩʥʦʚʥʳʝ

ʧʘʨʘʤʝʪʨʳ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʜʝʣʝʡ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 2.2–2.4.

ʊʘʙʣʠʮʘ 2.1 – ʅʝʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʛʨʫʧʧ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ ʠ ʪʠʧʳ
ʧʦʣʫʯʝʥʥʳʭ eHOF ʤʦʜʝʣʝʡ

ʊʘʢʩʦʥ ɸʙʩʦʣʶʪʥʘʷ
Fq

ʊʠʧ ʤʦʜʝʣʠ
Fq A B

Actiniaria 41 IV VI V
Amphipoda 129 IV III III
Anthozoa 2 – – –
Ascidia 19 IV V IV
Asteroidea 47 II V IV
Bivalvia 240 III V V
Cirripedia 12 V IV V
Copepoda 1 – – –
Cumacea 79 IV III IV
Decapoda 88 IV V IV
Echinoidea 30 III V V
Echiurida 6 IV IV II
Gastropoda 168 IV V V
Hirudinea 2 – – –
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 2.1

ʊʘʢʩʦʥ ɸʙʩʦʣʶʪʥʘʷ
Fq

ʊʠʧ ʤʦʜʝʣʠ
Fq A B

Holothuroidea 14 III III IV
Hydrozoa 7 IV – IV
Insecta 2 – – –
Isopoda 23 II II IV
Leptostraca 3 – – –
Mysida 10 II IV II
Nemertea 172 V V V
Ophiuroidea 152 VII VI VI
Pantopoda 3 – – –
Phoronida 41 V V V
Polychaeta 273 II VII V
Priapulida 27 V VII V
Sipuncula 30 III V IV
Solenogastres 14 III IV IV
Spongia 1 – – –
Stomatopoda 3 – – –

ʇʨʠʤʝʯʘʥʠʝ. Fq – ʘʙʩʦʣʶʪʥʘʷ ʚʩʪʨʝʯʘʝʤʦʩʪʴ.

ʈʠʩʫʥʦʢ 2.1 – ʈʝʟʫʣʴʪʘʪʳ eHOF ʤʦʜʝʣʠʨʦʚʘʥʠʷ: ʪʠʧʳ ʤʦʜʝʣʝʡ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʘʥʘʣʠʟʝ
ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʠʣʠʷ

ʂʨʠʚʳʝ ʦʪʢʣʠʢʘ ʚʩʝʭ ʥʘʡʜʝʥʥʳʭ ʪʠʧʦʚ ʧʦ ʬʦʨʤʝ ʚʝʩʴʤʘ ʨʘʟʥʦʦʙʨʘʟʥʳ. ɼʘʞʝ

ʢʣʘʩʩʠʯʝʩʢʠʝ ʢʦʣʦʢʦʣʦʦʙʨʘʟʥʳʝ ʂʆ (ʤʦʜʝʣʠ IV ʪʠʧʘ) ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʙʳʣʠ ʩʠʣʴʥʦ

ʘʩʩʠʤʝʪʨʠʯʥʳ ʚ ʣʝʚʫʶ ʩʪʦʨʦʥʫ, ʧʨʠʯʝʤ ʜʦ ʪʘʢʦʡ ʩʪʝʧʝʥʠ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʪʦʯʢʘ,

ʦʪʜʝʣʷʶʱʘʷ ʦʙʣʘʩʪʠ ʦʧʪʠʤʫʤʘ ʠ ʩʫʙʦʧʪʠʤʫʤʘ, ʦʪʩʫʪʩʪʚʦʚʘʣʘ (ʂʆ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʫ

ʛʘʩʪʨʦʧʦʜ, ʧʣʦʪʥʦʩʪʠ ʫ ʤʠʟʠʜ) (ʨʠʩʫʥʦʢ 2.1). ʄʦʜʝʣʠ V ʪʠʧʘ ʧʦ ʬʦʨʤʝ ʠʥʦʛʜʘ ʙʳʣʠ ʧʦʯʪʠ
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ʆʩʴ ʘʙʩʮʠʩʩ – TPFchem (ʫʩʣ. ʝʜ.), ʦʩʴ ʦʨʜʠʥʘʪ – ʚʩʪʨʝʯʘʝʤʦʩʪʴ, ʧʣʦʪʥʦʩʪʴ ʠ ʙʠʦʤʘʩʩʘ
(ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʣʝʚʳʡ, ʩʨʝʜʥʠʡ ʠ ʧʨʘʚʳʡ ʩʪʦʣʙʝʮ, ʜʦʣʠ, ʵʢʟ./ʤ2 ʠ ʛ/ʤ2)

ʈʠʩʫʥʦʢ 2.2 – ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʛʨʫʧʧ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ ʚʜʦʣʴ ʛʨʘʜʠʝʥʪʘ ʟʘʛʨʷʟʥʝʥʠʷ
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ʆʩʴ ʘʙʩʮʠʩʩ – TPFchem (ʫʩʣ. ʝʜ.), ʦʩʴ ʦʨʜʠʥʘʪ – ʚʩʪʨʝʯʘʝʤʦʩʪʴ, ʧʣʦʪʥʦʩʪʴ ʠ ʙʠʦʤʘʩʩʘ
(ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʣʝʚʳʡ, ʩʨʝʜʥʠʡ ʠ ʧʨʘʚʳʡ ʩʪʦʣʙʝʮ, ʜʦʣʠ, ʵʢʟ./ʤ2 ʠ ʛ/ʤ2)

ʈʠʩʫʥʦʢ 2.3 – ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʛʨʫʧʧ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ ʚʜʦʣʴ ʛʨʘʜʠʝʥʪʘ ʟʘʛʨʷʟʥʝʥʠʷ
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ʆʩʴ ʘʙʩʮʠʩʩ – TPFchem (ʫʩʣ. ʝʜ.), ʦʩʴ ʦʨʜʠʥʘʪ – ʚʩʪʨʝʯʘʝʤʦʩʪʴ, ʧʣʦʪʥʦʩʪʴ ʠ ʙʠʦʤʘʩʩʘ
(ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʣʝʚʳʡ, ʩʨʝʜʥʠʡ ʠ ʧʨʘʚʳʡ ʩʪʦʣʙʝʮ, ʜʦʣʠ, ʵʢʟ./ʤ2 ʠ ʛ/ʤ2)

ʈʠʩʫʥʦʢ 2.4 – ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʛʨʫʧʧ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ ʚʜʦʣʴ ʛʨʘʜʠʝʥʪʘ ʟʘʛʨʷʟʥʝʥʠʷ
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ʆʩʴ ʘʙʩʮʠʩʩ – TPFchem (ʫʩʣ. ʝʜ.), ʦʩʴ ʦʨʜʠʥʘʪ – ʚʩʪʨʝʯʘʝʤʦʩʪʴ, ʧʣʦʪʥʦʩʪʴ ʠ ʙʠʦʤʘʩʩʘ
(ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʣʝʚʳʡ, ʩʨʝʜʥʠʡ ʠ ʧʨʘʚʳʡ ʩʪʦʣʙʝʮ, ʜʦʣʠ, ʵʢʟ./ʤ2 ʠ ʛ/ʤ2)

ʈʠʩʫʥʦʢ 2.5 – ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʛʨʫʧʧ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ ʚʜʦʣʴ ʛʨʘʜʠʝʥʪʘ ʟʘʛʨʷʟʥʝʥʠʷ
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ʆʩʴ ʘʙʩʮʠʩʩ – TPFchem (ʫʩʣ. ʝʜ.), ʦʩʴ ʦʨʜʠʥʘʪ – ʚʩʪʨʝʯʘʝʤʦʩʪʴ, ʧʣʦʪʥʦʩʪʴ ʠ ʙʠʦʤʘʩʩʘ
(ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʣʝʚʳʡ, ʩʨʝʜʥʠʡ ʠ ʧʨʘʚʳʡ ʩʪʦʣʙʝʮ, ʜʦʣʠ, ʵʢʟ./ʤ2 ʠ ʛ/ʤ2)

ʈʠʩʫʥʦʢ 2.6 – ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʛʨʫʧʧ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ ʚʜʦʣʴ ʛʨʘʜʠʝʥʪʘ ʟʘʛʨʷʟʥʝʥʠʷ

ʠʜʝʥʪʠʯʥʳ ʪʘʢʦʚʳʤ ʯʝʪʚʝʨʪʦʛʦ (ʂʆ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʠ ʙʠʦʤʘʩʩʳ ʫʩʦʥʦʛʠʭ ʨʘʢʦʚ, ʧʣʦʪʥʦʩʪʠ

ʫ ʘʩʮʠʜʠʡ, ʙʠʦʤʘʩʩʳ ʫ ʘʢʪʠʥʠʡ). ʋ ʚʩʝʭ ʤʦʜʝʣʝʡ VI ʠ VII ʪʠʧʦʚ «ʜʚʫʭʚʝʨʰʠʥʥʦʩʪʴ» ʥʝ

ʙʳʣʘ ʚʳʨʘʞʝʥʘ, ʘ ʂʆ ʧʣʦʪʥʦʩʪʠ ʠ ʙʠʦʤʘʩʩʳ ʦʬʠʫʨ (VI ʪʠʧ) ʤʦʛʣʠ ʙʳ ʙʳʪʴ ʦʧʠʩʘʥʳ ʠ

ʤʦʜʝʣʷʤʠ II ʪʠʧʘ.

ʆʩʥʦʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʢʨʠʚʳʭ ʦʪʢʣʠʢʘ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ

ʪʘʢʩʦʥʘ ʚʜʦʣʴ ʛʨʘʜʠʝʥʪʘ ʬʘʢʪʦʨʘ ʩʨʝʜʳ, ʷʚʣʷʶʪʩʷ ʰʠʨʠʥʘ ʚʥʝʰʥʝʡ ʠ ʮʝʥʪʨʘʣʴʥʦʡ ʥʠʰ,

ʧʦʣʦʞʝʥʠʝ ʦʧʪʠʤʫʤʘ ʠ ʩʫʙʦʧʪʠʤʫʤʦʚ (ʨʠʩʫʥʦʢ 2.7). ʈʘʟʤʝʨ ʥʠʰ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʪʝʧʝʥʴ

ʙʠʦʥʪʥʦʩʪʠ ʪʘʢʩʦʥʘ: ʯʝʤ ʦʥʠ ʫʞʝ, ʪʝʤ ʦʥ ʙʦʣʝʝ ʩʪʝʥʦʙʠʦʥʪʝʥ ʠ ʥʘʦʙʦʨʦʪ. ʐʠʨʠʥʘ

ʚʥʝʰʥʝʡ ʠ ʮʝʥʪʨʘʣʴʥʦʡ ʥʠʰ, ʢʘʢ ʜʣʷ ʚʩʪʨʝʯʘʝʤʦʩʪʠ, ʪʘʢ ʠ ʜʣʷ ʧʣʦʪʥʦʩʪʠ ʧʦʩʝʣʝʥʠʷ ʠ

ʙʠʦʤʘʩʩʳ, ʟʘʤʝʪʥʦ ʢʦʨʨʝʣʠʨʫʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ (ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ r2 = 0,785,

0,867 ʠ 0,946, p = 0,000), ʥʦ ʬʦʨʤʘ ʟʘʚʠʩʠʤʦʩʪʝʡ ʠ ʥʘʢʣʦʥ ʣʠʥʠʡ ʨʝʛʨʝʩʩʠʠ ʷʚʥʦ

ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʠʧʦʤ ʤʦʜʝʣʠ (ʨʠʩʫʥʦʢ 2.8). ʅʘʧʨʠʤʝʨ, ʩʦʦʪʥʦʰʝʥʠʝ ʨʘʟʤʝʨʦʚ ʥʠʰ ʫ ʤʦʜʝʣʠ

III ʪʠʧʘ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʙʣʠʟʢʦ ʢ ʝʜʠʥʠʮʝ, ʘ ʣʠʥʠʷ ʨʝʛʨʝʩʩʠʠ – ʢ ʪʘʢʦʚʦʡ ʜʣʷ

ʨʘʚʝʥʩʪʚʘ ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʚʥʝʰʥʝʡ ʥʠʰ; ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʷ ʂʆ ʪʨʝʪʴʝʛʦ ʪʠʧʘ ʷʚʥʦ ʣʠʥʝʡʥʘʷ, ʘ ʫ

ʯʝʪʚʝʨʪʦʛʦ ʠ ʧʷʪʦʛʦ – ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʘʷ ʠʣʠ ʧʦʣʠʥʦʤʠʘʣʴʥʘʷ (ʧʦʣʠʥʦʤ ʪʨʝʪʴʝʡ ʩʪʝʧʝʥʠ). ɺ

ʜʘʣʴʥʝʡʰʝʤ, ʨʘʟʤʝʨʳ ʥʠʰ ʧʦʥʘʜʦʙʷʪʩʷ ʧʨʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʪʢʣʠʢʦʚ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʛʨʫʧʧ

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʙʱʝʤʫ ʫʨʦʚʥʶ ʟʘʛʨʷʟʥʝʥʠʷ (ʩʤ. ʨʘʟʜʝʣ 3).
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ʊʘʙʣʠʮʘ 2.2 – ʅʝʢʦʪʦʨʳʝ ʧʘʨʘʤʝʪʨʳ ʢʨʠʚʳʭ ʦʪʢʣʠʢʘ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʛʨʫʧʧ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ
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Actiniaria IV -3,34 10,22 3,27 – – 1,00 2,29 – – – – – 2,29 – 1,00 3,59 – – 1,72 2,87 -3,3 10,2 3,27
Amphipoda IV -3,11 5,76 0,71 – – 1,00 2,33 – – – – – 2,33 – -0,2 4,85 – – 1,15 3,51 -3,1 5,76 0,71
Ascidia IV -4,25 11,91 5,23 – – 1,00 2,59 – – – – – 2,59 – 1,46 3,72 – – 2,08 3,10 -4,3 11,9 5,23
Asteroidea II 1,21 1,55 – – – 1,00 1,00 – – – – – 0,03 – 1,00 5,00 – – 1,00 2,58 – – 2,17
Bivalvia III -6,59 7,36 0,15 2,00 1,00 3,39 1,70 4,58 – – 0,85 – 1,00 5,00 – – 1,00 4,35 – – 2,31 -6,6 7,36
Cirripedia V -5,97 15,38 7,23 – – 1,00 2,72 – 2,35 3,08 – – 2,72 – 1,83 3,60 – – 2,32 3,12 -6,0 15,4 7,23
Cumacea IV -2,62 6,19 1,59 – – 1,00 2,36 – 1,48 3,25 – – 2,36 – 0,18 4,54 – – 1,38 3,34 -2,6 6,19 1,59
Decapoda IV -0,28 2,11 1,79 18,54 1,00 1,97 – 1,34 2,70 – – 3,42 – 0,90 5,00 – – 1,37 3,60 – – 2,35
Echinoidea III -6,25 23,63 2,57 4,00 1,00 1,69 1,69 2,06 – – -0,46 – 1,00 2,37 – – 1,00 1,98 – – 1,59 -6,3 23,63
Echiurida IV -11,5 51,75 10,90 – – 1,00 1,87 – – – – – 1,87 – 1,61 2,13 – – 1,75 1,98 -12 51,8 10,90
Gastropoda IV -2,41 3,42 -0,50 – – 1,00 2,11 – – – – – 2,19 – -0,8 5,00 – – 0,01 4,22 -2,4 3,42 -0,50
Holothuroidea III -32,7 100 2,25 1,00 1,00 2,22 2,39 2,31 – – -0,35 – 1,00 2,38 – – 1,00 2,29 – – 1,76 -33 100
Hydrozoa IV -7,85 25,82 8,94 – – 1,00 2,30 – 2,09 2,51 – – 2,30 – 1,78 2,82 – – 2,06 2,54 -7,9 25,8 8,94
Isopoda II 1,85 1,62 – – – 1,00 1,00 – – – – – -0,27 – 1,00 5,00 – – 1,00 2,39 – – 2,15
Mysida II 1,51 7,45 – – – 1,00 1,00 – – – – – -1,26 – 1,00 2,17 – – 1,00 1,31 – – 1,61
Nemertea V -1,15 1,49 0,83 43,68 – 1,00 1,50 – 1,07 4,07 – – 4,02 – 0,90 5,00 – – 1,11 4,78 – – 2,34
Ophiuroidea VII 31,45 100 1,76 0,99 -1,23 2,00 1,00 5,00 1,00 3,70 5,00 5,00 2,22 5,00 1,00 3,74 5,00 9,04 1,00 3,30 5,00 9,00 2,11
Phoronida V -67,2 100 2,69 2,77 – 1,00 3,53 – 3,36 3,69 – – 2,19 – 0,19 3,77 – – 2,57 3,68 – – 2,47
Polychaeta II -3,21 -4,89 – – – 1,00 5,00 – 5,00 – – – 3,68 – 1,00 5,00 – – 1,00 5,00 – – 2,42
Priapulida V -61,2 100 4,15 5,43 – 1,00 3,32 – 3,18 3,45 – – 2,65 – 1,61 3,53 – – 2,82 3,45 – – 2,59
Sipuncula III -55,2 100 1,93 1,00 1,00 3,12 3,17 3,21 – – 0,10 – 1,00 3,28 – – 1,00 3,19 – – 2,07 -55 100
Solenogastres III -18,0 61,43 2,07 1,00 1,00 2,03 1,72 2,17 – – -0,41 – 1,00 2,29 – – 1,00 2,14 – – 1,68 -18 61,43
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ʊʘʙʣʠʮʘ 2.3 – ʅʝʢʦʪʦʨʳʝ ʧʘʨʘʤʝʪʨʳ ʢʨʠʚʳʭ ʦʪʢʣʠʢʘ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʧʣʦʪʥʦʩʪʠ ʧʦʩʝʣʝʥʠʷ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʛʨʫʧʧ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ
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Actiniaria VI -8,23 33,31 14,17 26,01 – 4900 1,00 2,34 1,00 1,00 2,34 5,00 1,00 2,34 1,00 1,00 1,75 2,94 0,94 1,00 2,01 2,68 2,26
Amphipoda III -39,5 100 3,59 – – 7000 1,00 2,49 2,58 – – – -0,21 – 1,00 2,65 – – 1,00 2,56 – – 2,28
Ascidia V -4,96 17,38 9,33 22,48 – 90 2,54 – 2,22 2,84 – – 2,55 – 1,81 3,28 – – 2,20 2,87 – – 2,46
Asteroidea V 1,14 12,92 3,34 36,91 – 100 1,44 – 1,24 1,64 – – 1,56 – 0,96 2,20 – – 1,22 1,72 – – 2,42
Bivalvia V -1,33 7,05 4,17 5,51 – 6000 2,28 – 1,26 3,47 – – 2,35 – -0,1 4,86 – – 1,18 3,51 – – 2,31
Cirripedia IV -37,1 93,3 39,2 – – 360 2,64 – 2,57 2,70 – – 2,64 – 2,48 2,79 – – 2,57 2,71 – – 2,58
Cumacea III -10,7 20,60 3,24 – – 420 1,00 2,66 3,09 – – – 0,05 – 1,00 3,45 – – 1,00 3,00 – – 2,28
Decapoda V 0,91 4,68 7,58 50,63 – 120 1,79 – 1,58 2,01 – – 2,47 – 1,41 3,69 – – 1,58 2,35 – – 2,35
Echinoidea V 0,63 23,18 2,35 100 – 120 1,15 – 1,07 1,24 – – 1,25 – 0,98 1,56 – – 1,07 1,29 – – 1,59
Echiurida IV -16,5 100 18,1 – – 50 1,69 – 1,64 1,75 – – 1,69 – 1,56 1,83 – – 1,63 1,76 – – 1,95
Gastropoda V -0,56 7,43 3,65 12,12 – 550 2,19 – 1,62 2,73 – – 2,27 – 0,83 3,74 – – 1,57 2,84 – – 2,32
Holothuroidea III -33,3 100 5,26 – – 200 1,00 2,24 2,33 – – -0,33 – 1,00 2,41 – – 1,00 2,31 – – 1,76
Hydrozoa ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʥʝʚʦʟʤʦʞʥʦ
Isopoda II 2,23 6,37 – – – 30 1,00 – – – -1,46 – 1,00 2,31 – – 1,00 1,34 – – 2,15
Mysida IV 1,65 -42,0 -0,98 – – 30 1,13 – – – 1,13 – 0,81 1,44 – – 0,98 1,27 – – 1,61
Nemertea V -0,26 4,18 1,69 3,10 – 250 1,55 – NA 3,12 – – 1,57 – -1,0 5,00 – – 1,00 3,25 – – 2,34
Ophiuroidea VI 2,39 3,23 -7,63 4,70 – 3000 1,00 5,00 1,00 1,00 5,00 5,00 2,08 4,61 1,00 4,20 4,20 5,00 1,00 1,68 4,20 5,00 2,18
Phoronida V -3,05 7,78 7,22 10,73 – 8000 3,50 – 2,83 4,12 – – 3,52 – 1,95 5,00 – – 2,78 4,20 – – 2,72
Polychaeta VII -1,56 3,21 2,22 1,04 10,07 9000 3,42 5,00 1,70 4,08 5,00 5,00 2,95 4,78 -0,8 4,55 4,55 9,04 1,52 4,55 4,55 9,00 2,42
Priapulida VII -11,8 20,15 12,97 -0,32 16,07 60 1,00 3,45 1,00 1,00 1,90 3,73 1,00 3,29 1,00 1,00 2,27 4,13 0,88 1,00 3,14 3,76 2,86
Sipuncula V -1,33 12,31 5,96 18,35 – 80 2,20 – 1,79 2,57 – – 2,20 – 1,21 3,18 – – 1,75 2,63 – – 2,17
Solenogastres IV -1,61 20,6 4,51 – – 70 1,60 – 1,26 1,93 – – 1,60 – 0,86 2,33 – – 1,25 1,95 – – 1,81
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ʊʘʙʣʠʮʘ 2.4 – ʅʝʢʦʪʦʨʳʝ ʧʘʨʘʤʝʪʨʳ ʢʨʠʚʳʭ ʦʪʢʣʠʢʘ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʙʠʦʤʘʩʩʳ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʛʨʫʧʧ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ
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Actiniaria V -39,9 100 24,42 56,53 – 350 2,59 – 2,53 – – – 2,58 – 2,00 2,76 – – 2,51 2,67 – – 2,26
Amphipoda III -38,7 100 3,87 – – 60 1,00 – 3,08 – – – -0,22 – 1,00 2,62 – – 1,00 2,53 – – 2,28
Ascidia IV -10,0 100 12,94 – – 1200 1,46 – 1,39 – – – 1,46 – 1,31 1,61 – – 1,39 1,53 – – 2,46
Asteroidea IV -6,98 78,27 8,94 – – 2700 1,41 – 1,33 – – – 1,41 – 1,23 1,59 – – 1,32 1,49 – – 2,42
Bivalvia V 0,34 4,26 3,17 3,97 – 7000 2,13 – NA – – – 2,23 – -1,0 5,00 – – 1,00 4,09 – – 2,31
Cirripedia V -32,2 81,52 41,43 100 – 2800 2,64 – 2,57 – – – 2,64 – 2,00 2,79 – – 2,57 2,71 – – 2,57
Cumacea IV -27,6 100 29,12 – – 10 2,13 – 2,08 – – – 2,13 – 2,00 2,27 – – 2,07 2,20 – – 2,24
Decapoda IV -0,63 6,07 3,66 – – 40 2,41 – 1,24 – – – 2,41 – -0,1 4,92 – – 1,21 3,62 – – 2,35
Echinoidea V 1,18 17,01 3,08 100 – 1100 1,19 – 1,10 – – – 1,35 – 1,01 1,73 – – 1,10 1,36 – – 1,59
Echiurida II 4,97 1,40 – – – 210 1,00 – NA – – – -0,32 – 1,00 5,00 – – 1,00 2,43 – – 1,93
Gastropoda V 2,49 3,80 1,73 100 – 140 1,20 – 1,06 – – – 2,13 – 0,98 3,40 – – 1,07 1,79 – – 2,32
Holothuroidea IV -10,3 100 12,17 – – 100 1,45 – 1,39 – – – 1,45 – 1,31 1,59 – – 1,39 1,51 – – 1,76
Hydrozoa IV -33,9 100 36,46 – – 15 2,41 – 2,34 – – – 2,41 – 2,26 2,55 – – 2,34 2,48 – – 2,29
Isopoda IV -9,83 38,81 12,48 – – 10 2,15 – 1,98 – – – 2,15 – 1,77 2,53 – – 1,97 2,33 – – 2,15
Mysida II 3,10 8,49 – – – 10 1,00 – NA – – – -1,59 – 1,00 1,96 – – 1,00 1,24 – – 1,57
Nemertea V -4,50 12,16 6,09 7,63 – 200 2,61 – 2,04 3,22 2,62 1,07 4,23 1,95 3,33 2,34
Ophiuroidea VI 1,98 3,24 -15,2 6,96 – 300 1,00 5,00 1,00 1,00 5,00 5,00 2,11 4,67 1,00 4,33 4,33 5,00 1,00 1,69 4,33 5,00 2,20
Phoronida V -72,4 100 9,58 10,94 – 2000 3,80 – 3,70 3,91 – – 3,52 – 2,00 3,99 – – 3,56 3,91 – – 2,72
Polychaeta V 0,00 3,19 3,01 4,68 – 800 3,28 – 1,77 4,69 – – 3,33 – -0,3 5,00 – – 1,63 4,90 – – 2,42
Priapulida V -73,0 100 9,57 11,44 – 60 3,83 – 3,72 3,93 – – 3,56 – 2,00 4,02 – – 3,59 3,93 – – 2,86
Sipuncula IV -12,6 41,78 15,26 – – 12 2,33 – 2,17 2,49 – – 2,33 – 1,98 2,69 – – 2,16 2,50 – – 2,17
Solenogastres IV -5,01 44,41 7,35 – – 11 1,56 – 1,41 1,70 – – 1,56 – 1,23 1,88 – – 1,40 1,71 – – 1,79
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ɺ ʢʦʥʪʝʢʩʪʝ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ

ʧʘʨʘʤʝʪʨʳ (ʨʠʩʫʥʦʢ 2.7):

ʈʠʩʫʥʦʢ 2.7 – ʉʭʝʤʘ ʘʥʘʣʠʟʘ ʢʨʠʚʳʭ ʦʪʢʣʠʢʘ ʠ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʜʣʷ
ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʛʨʫʧʧ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʟʘʛʨʷʟʥʝʥʠʶ

1 – ʨʘʟʤʝʨʳ ʥʠʰ ʦʜʠʥʘʢʦʚʳ

ʈʠʩʫʥʦʢ 2.8 – ʉʚʷʟʴ ʰʠʨʠʥʳ ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʚʥʝʰʥʝʡ ʥʠʰʠ
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1) «ʉʳʨʦʝ» ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ (raw mean) – ʩʨʝʜʥʝʝ ʦʪ ʠʟʤʝʨʝʥʥʳʭ ʟʥʘʯʝʥʠʡ «x», ʚ

ʜʘʥʥʦʤ ʩʣʫʯʘʝ TPFchem ʚ ʧʨʝʜʝʣʘʭ ʜʠʘʧʘʟʦʥʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʪʘʢʩʦʥʘ ʧʦ ʵʪʦʤʫ ʧʘʨʘʤʝʪʨʫ;

2) ʇʦʣʦʞʝʥʠʝ ʦʧʪʠʤʫʤʘ (optimum), ʪ.ʝ. ʥʘʠʚʳʩʰʝʛʦ ʦʪʢʣʠʢʘ ʚʠʜʘ (ʤʘʢʩʠʤʫʤʘ ʤʦʜʝʣʠ) ʚ

ʜʠʘʧʘʟʦʥʝ TPFchem;

3) ʂʦʦʨʜʠʥʘʪʘ ʦʙʣʘʩʪʠ ʧʝʨʝʛʠʙʘ (inflection) – ʪʦʯʢʘ, ʢʦʪʦʨʦʡ ʚʳʧʫʢʣʘʷ ʯʘʩʪʴ ʬʫʥʢʮʠʠ

ʦʪʜʝʣʷʝʪʩʷ ʦʪ ʚʦʛʥʫʪʦʡ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ – ʵʪʦ ʥʘʯʘʣʦ ʦʙʣʘʩʪʠ ʩʫʙʦʧʪʠʤʫʤʘ.

ʂ ʩʦʞʘʣʝʥʠʶ, ʦʙʝ ʪʦʯʢʠ ʧʝʨʝʛʠʙʘ ʥʝʣʴʟʷ ʦʧʨʝʜʝʣʠʪʴ ʫ ʩʠʣʴʥʦ ʘʩʠʤʤʝʪʨʠʯʥʳʭ

ʤʦʜʝʣʝʡ, ʧʨʠʯʝʤ ʜʘʞʝ IV ʠ V ʪʠʧʦʚ, – ʚ ʵʪʠʭ ʩʣʫʯʘʷʭ ʦʜʥʘ ʠʟ ʥʠʭ ʚʳʧʘʜʘʝʪ ʠʟ ʦʙʣʘʩʪʠ

ʦʧʨʝʜʝʣʝʥʠʷ TPFchem. ʋ ʤʦʜʝʣʝʡ II ʠ III ʪʠʧʦʚ ʪʘʢʘʷ ʪʦʯʢʘ ʚʦʦʙʱʝ ʦʜʥʘ, ʘ ʫ VI ʠ VII – ʠʭ

ʜʦʣʞʥʦ ʙʳʪʴ ʧʦ ʯʝʪʳʨʝ (ʪʝʦʨʝʪʠʯʝʩʢʠ). ʇʦʵʪʦʤʫ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʧʨʘʚʠʣʦ ʚʳʙʦʨʘ ʪʘʢʦʛʦ

ʧʘʨʘʤʝʪʨʘ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. ɼʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʡ

ʧʦʣʦʞʝʥʠʷ ʪʦʯʢʠ «ʩʳʨʦʛʦ» ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ* ʩʫʱʝʩʪʚʝʥʥʦ ʫʞʝ, ʯʝʤ ʫ ʦʧʪʠʤʫʤʘ, ʯʪʦ ʪʘʢʞʝ

ʩʥʠʞʘʝʪ ʮʝʥʥʦʩʪʴ ʧʝʨʚʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ

ʛʨʫʧʧ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ ʚʜʦʣʴ ʛʨʘʜʠʝʥʪʘ ʟʘʛʨʷʟʥʝʥʠʷ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʚʪʦʨʳʤ. ʇʦʵʪʦʤʫ, ʜʣʷ

ʧʦʩʪʨʦʝʥʠʷ ʠʥʜʝʢʩʘ TPFgr ʠʩʧʦʣʴʟʦʚʘʣʠ ʠʤʝʥʥʦ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʦʧʪʠʤʫʤʘ ʜʣʷ ʢʨʠʚʳʭ

ʦʪʢʣʠʢʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ, ʧʣʦʪʥʦʩʪʠ ʧʦʩʝʣʝʥʠʷ ʠ ʙʠʦʤʘʩʩʳ (ʟʥʘʯʝʥʠʝ TPFchem ʥʘ ʢʦʪʦʨʦʝ ʦʥʘ

ʧʨʠʭʦʜʠʪʩʷ). ʂʨʠʚʳʝ ʦʪʢʣʠʢʘ, ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʶʪʩʷ ʤʦʜʝʣʷʤʠ VI ʠ VII ʪʠʧʘ, ʚʢʣʶʯʘʣʠ

ʧʦʣʦʞʝʥʠʝ ʦʩʥʦʚʥʦʛʦ ʵʢʩʪʨʝʤʫʤʘ, ʘ ʪʘʢʦʚʳʝ III ʪʠʧʘ – ʩʨʝʜʥʠʡ ʦʧʪʠʤʫʤ (ʨʠʩʫʥʦʢ 2.7).

ɼʣʷ ʢʘʞʜʦʡ ʩʪʘʥʮʠʠ (ʧʨʦʙʳ) ʚʳʯʠʩʣʷʝʤ:

TPFgr = (×(Opti))/N (2.1)

ʛʜʝ Opti – ʦʧʪʠʤʫʤ ʧʦ TPFchem ʜʣʷ ʚʩʪʨʝʯʘʝʤʦʩʪʠ, ʧʣʦʪʥʦʩʪʠ ʠʣʠ ʙʠʦʤʘʩʩʳ ʢʘʞʜʦʡ

ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʡ ʛʨʫʧʧʳ; N – ʯʠʩʣʦ ʥʘʡʜʝʥʥʳʭ ʛʨʫʧʧ ʥʘ ʩʪʘʥʮʠʠ (ʚ ʧʨʦʙʝ). ʈʝʟʫʣʴʪʘʪʳ

ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ (ʧʨʝʜʠʢʪʦʨ TPFchem, ʟʘʚʠʩʠʤʳʝ ʧʝʨʝʤʝʥʥʳʝ TPFgr, ʚʳʯʠʩʣʝʥʥʳʝ ʥʘ

ʦʩʥʦʚʝ Fq, A, B ʠ ʠʭ ʫʩʨʝʜʥʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.9. ʆʙʲʷʩʥʝʥʥʘʷ

ʜʠʩʧʝʨʩʠʷ ʩʦʩʪʘʚʠʣʘ ʚʩʝʛʦ 0,7–14,5 % ʩ ʝʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʦʡ ʫ ʧʣʦʪʥʦʩʪʠ ʠ

ʤʠʥʠʤʘʣʴʥʦʡ – ʫ ʫʩʨʝʜʥʝʥʥʳʭ ʟʥʘʯʝʥʠʡ. ʂʘʢʦʝ-ʣʠʙʦ ʝʝ ʫʚʝʣʠʯʝʥʠʝ ʟʘ ʩʯʝʪ ʠʩʢʣʶʯʝʥʠʷ

ʚʳʙʨʦʩʦʚ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. ʅʘʧʨʠʤʝʨ, ʫʜʘʣʝʥʠʝ ʪʘʢʦʚʳʭ ʫ ʚʩʪʨʝʯʘʝʤʦʩʪʠ (ʪʨʠ

ʪʦʯʢʠ ʚ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ TPFchem ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ TPFgr)

ʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ ʦʙʲʷʩʥʝʥʥʦʡ ʜʠʩʧʝʨʩʠʠ ʧʦʯʪʠ ʥʘ ʧʨʦʮʝʥʪ.

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʢʨʠʚʳʭ ʦʪʢʣʠʢʘ 22 ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʛʨʫʧʧ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ ʥʝ

ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʘʙʦʪʘʪʴ ʧʦʢʘʟʘʪʝʣʴ, ʘʥʘʣʦʛʠʯʥʳʡ TPFbio, ʢʦʪʦʨʳʡ, ʚ ʦʪʣʠʯʠʝ ʦʪ TPFgr, ʜʦʚʦʣʴʥʦ

* «ʉʳʨʦʝ» ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ
ʛʨʫʧʧ ʜʦʥʥʳʭ ʞʠʚʦʪʥʳʭ ʚ ʩʣʝʜʫʶʱʝʤ ʨʘʟʜʝʣʝ.
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ʆʩʴ ʦʨʜʠʥʘʪ: ʘ, ʙ, ʚ ʠ ʛ – ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʝʣʠʯʠʥʳ ʠʥʜʝʢʩʘ TPFgr, ʚʳʯʠʩʣʝʥʥʳʝ ʧʦ
ʦʧʪʠʤʫʤʘʤ ʚʩʪʨʝʯʘʝʤʦʩʪʠ, ʧʣʦʪʥʦʩʪʠ, ʙʠʦʤʘʩʩʝ ʠ ʝʛʦ ʫʩʨʝʜʥʝʥʥʘʷ ʚʝʣʠʯʠʥʘ; r –

ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ, p ʚʝʨʦʷʪʥʦʩʪʴ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ H0

ʈʠʩʫʥʦʢ 2.9 – ʈʝʟʫʣʴʪʘʪʳ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ

«ʯʫʪʢʦ» ʨʝʘʛʠʨʫʝʪ ʥʘ ʠʟʤʝʥʝʥʠʷ ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʭʠʤʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʩʨʝʜʳ – TPFchem

(ʜʣʷ ʩʨʘʚʥʝʥʠʷ: ʦʙʲʷʩʥʷʝʤʘʷ ʜʠʩʧʝʨʩʠʷ ʫ TPFbio ʥʘ ʵʪʦʤ ʵʪʘʧʝ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʩʦʩʪʘʚʣʷʣʘ

65,1–67,7 %). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʦʩʪʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʧʨʠʝʤʣʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʩʣʝ

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʛʨʫʧʧ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʯʠʩʣʝʥʠʝʤ TPFgr ʥʘ ʝʝ ʦʩʥʦʚʝ.
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3 ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʛʨʫʧʧ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ

ʫʨʦʚʥʶ ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʧʦʧʳʪʢʘ ʫʣʫʯʰʝʥʠʷ TPFgr

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʞʠʚʦʪʥʳʭ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʟʘʛʨʷʟʥʝʥʠʶ ʧʦʟʚʦʣʠʣʘ ʫʚʝʣʠʯʠʪʴ

ʜʠʩʧʝʨʩʠʶ TPFbio, ʦʙʲʷʩʥʷʝʤʫʶ ʚʘʨʠʘʮʠʷʤʠ TPFchem ʧʦʯʪʠ ʥʘ 10 % (ʩ 65,1–67,7 ʜʦ 74,2–

75,3 %), ʯʪʦ ʙʳʣʦ ʜʦʩʪʠʛʥʫʪʦ ʩʥʠʞʝʥʠʝʤ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ (ʥʘ ʫʨʦʚʥʝ ʚʠʜʘ, ʨʦʜʘ,

ʩʝʤʝʡʩʪʚʘ) ʠʟʤʝʥʯʠʚʦʩʪʠ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʦʧʪʠʤʫʤʦʚ [32]. ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ

ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʦʙʥʳʭ ʧʦʩʪʨʦʝʥʠʡ ʜʣʷ ʠʥʜʝʢʩʘ TPFgr.

ɼʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʛʨʫʧʧ ʠʩʧʦʣʴʟʫʝʤ ʢʦʦʨʜʠʥʘʪʳ ʧʦʣʦʞʝʥʠʷ

«ʩʳʨʳʭ» ʩʨʝʜʥʠʭ ʠ ʦʧʪʠʤʫʤʦʚ ʜʣʷ ʂʆ ʚʩʪʨʝʯʘʝʤʦʩʪʠ, ʧʣʦʪʥʦʩʪʠ ʠ ʙʠʦʤʘʩʩʳ (ʚʩʝʛʦ ʯʝʪʳʨʝ

ʧʘʨʘʤʝʪʨʘ, ʩʤ. ʨʘʟʜʝʣ 2) ʠ ʘʣʛʦʨʠʪʤ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʪʝʦʨʠʠ ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ (ʅʄ).

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʳʧʦʣʥʝʥʥʳʡ ʢʣʘʩʪʝʨʥʳʡ ʘʥʘʣʠʟ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʪʨʝʭ ʛʨʫʧʧ ʜʦʥʥʳʭ

ʞʠʚʦʪʥʳʭ (ʥʝ ʧʦʢʘʟʘʥʦ). ʇʨʠʤʝʥʝʥʠʝ ʘʣʛʦʨʠʪʤʘ ʅʄ ʧʦʟʚʦʣʷʝʪ ʦʙʲʝʜʠʥʠʪʴ ʞʠʚʦʪʥʳʭ

ʠʤʝʥʥʦ ʚ ʪʨʠ ʢʣʘʩʪʝʨʘ, ʧʨʠʯʝʤ ʪʘʢʦʝ ʨʘʟʙʠʝʥʠʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʦʙʱʠʤʠ ʠ ʯʘʩʪʥʳʤʠ

ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʮʝʜʫʨʳ ANOSIM (ʨʠʩʫʥʦʢ 3.1, ʪʘʙʣʠʮʘ 3.1).

ɻʨʫʧʧʳ ʦʙʦʟʥʘʯʝʥʳ ʨʠʤʩʢʠʤʠ ʮʠʬʨʘʤʠ, p – ʚʝʨʦʷʪʥʦʩʪʴ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ H0

ʈʠʩʫʥʦʢ 3.1 – ʅʝʯʝʪʢʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ (ʢʦʤʧʦʥʝʥʪʳ
ʦʙʲʷʩʥʷʶʪ 95,7 % ʜʠʩʧʝʨʩʠʠ ʪʦʯʝʢ; ANOSIM: ʛʣʦʙʘʣʴʥʘʷ ʩʪʘʪʠʩʪʠʢʘ R = 0,826, p = 0,001)

ʠ ʯʘʩʪʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʮʝʜʫʨʳ ANOSIM
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ʊʘʙʣʠʮʘ 3.1 – ʈʝʟʫʣʴʪʘʪʳ ʥʝʯʝʪʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʛʨʫʧʧ
ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ - ʩʪʝʧʝʥʴ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʪʘʢʩʦʥʦʚ ʢ ʚʳʜʝʣʝʥʥʳʤ ʢʣʘʩʪʝʨʘʤ
(ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʚʝʩ— 1,2), ʪʠʧʳ ʤʦʜʝʣʝʡ ʠ ʙʠʦʥʪʥʦʩʪʴ

ɻʨʫʧʧʘ ʂʣʘʩʪʝʨ
ʂʣʘʩʪʝʨ ʊʠʧ ʤʦʜʝʣʠ ɹʠʦʥʪʥʦʩʪʴ

I II III Fq A B Fq A B
Actiniaria II 0,000 1,000 0,000 IV VI V SE St St
Amphipoda II 0,000 1,000 0,000 IV III III Eu St St
Ascidia II 0,000 1,000 0,000 IV V IV SE St St
Asteroidea I 1,000 0,000 0,000 II V IV Eu St SE
Bivalvia II 0,000 1,000 0,000 III V V Eu Eu Eu
Cirripedia III 0,000 0,022 0,978 V IV V St St St
Cumacea II 0,000 1,000 0,000 IV III IV Eu SE St
Decapoda II 0,000 1,000 0,000 IV V IV Eu SE Eu
Echinoidea I 1,000 0,000 0,000 III V V St St St
Echiurida I 0,999 0,001 0,000 IV IV II St St Eu
Gastropoda II 0,024 0,976 0,000 IV V V Eu SE SE
Holothuroidea I 1,000 0,000 0,000 III III IV St St St
Hydrozoa II 0,000 1,000 0,000 IV – IV St – St
Isopoda I 0,999 0,001 0,000 II II IV Eu St St
Mysida I 1,000 0,000 0,000 II IV II St St St
Nemertea II 0,007 0,993 0,000 V V V Eu Eu SE
Ophiuroidea III 0,000 0,000 1,000 VII VI VI SE SE SE
Phoronida III 0,000 0,000 1,000 V V V Eu SE SE
Polychaeta III 0,000 0,000 1,000 II VII V Eu Eu Eu
Priapulida III 0,000 0,000 1,000 V VII V St SE SE
Sipuncula II 0,000 1,000 0,000 III V IV SE SE St
Solenogastres I 1,000 0,000 0,000 III IV IV St St St

ʇʨʠʤʝʯʘʥʠʝ. Fq, A ʠ B – ʯʘʩʪʦʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ, ʧʣʦʪʥʦʩʪʴ ʧʦʩʝʣʝʥʠʷ ʠ ʙʠʦʤʘʩʩʘ,
St, Eu ʠ SE – ʩʪʝʥʦ-, ʵʚʨʠ- ʠ ʩʪʝʥʦ-ʵʚʨʠʙʠʦʥʪʳ; ʞʠʨʥʳʤ ʰʨʠʬʪʦʤ ʚʳʜʝʣʝʥʳ ʟʥʘʯʝʥʠʷ,
ʫʢʘʟʳʚʘʶʱʠʝ ʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʢʣʘʩʪʝʨʫ.

ʅʘ ʨʠʩʫʥʢʝ 3.1 ʢʨʘʩʥʳʤ ʧʦʢʘʟʘʥʳ ʪ.ʥ. ʜʠʩʢʨʠʤʠʥʘʮʠʦʥʥʳʝ ʣʠʥʠʠ, ʧʨʦʚʝʜʸʥʥʳʝ ʦʪ

ʨʫʢʠ. ʂ ʩʦʞʘʣʝʥʠʶ, ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʜʘʥʥʳʭ ʤʝʪʦʜʦʤ ɹʦʢʩʘ-ʂʦʢʩʘ ʥʝ ʧʦʟʚʦʣʠʣʘ

ʜʦʩʪʠʛʥʫʪʴ ʩʦʦʪʚʝʪʩʪʚʠʷ ʥʦʨʤʘʣʴʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʠ ʛʦʤʦʩʢʝʜʘʩʪʠʯʥʦʩʪʠ, ʯʪʦ

ʠʩʢʣʶʯʠʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʜʠʩʢʨʠʤʠʥʘʥʪʥʦʛʦ ʘʥʘʣʠʟʘ (ʨʝʟʫʣʴʪʘʪʳ ʪʝʩʪʘ

ʐʘʧʠʨʦ-ʋʠʣʢʘ ʧʦʩʣʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ: ʚʝʨʦʷʪʥʦʩʪʴ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ H0 p = 0,000 ʚʦ ʚʩʝʭ

ʩʣʫʯʘʷʭ). ʂʨʦʤʝ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʦʣʫʯʝʥʥʦʡ ʦʨʜʠʥʘʮʠʠ, ʧʦʩʣʝʜʥʷʷ ʧʨʦʮʝʜʫʨʘ ʧʦʟʚʦʣʠʣʘ ʙʳ

ʧʦʣʫʯʠʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʨʫʛʠʭ ʪʘʢʩʦʥʦʚ ʧʨʠ

ʧʦʩʪʫʧʣʝʥʠʠ ʥʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʠ ʜʘʚʘʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʦʮʝʥʢʫ ʚʝʨʦʷʪʥʦʩʪʠ ʠʭ

ʚʭʦʞʜʝʥʠʷ ʚ ʪʦʪ ʠʣʠ ʠʥʦʡ ʢʣʘʩʪʝʨ.

ɺ I–III ʘʛʣʦʤʝʨʘʮʠʠ ʚʦʰʣʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʝʤʴ, ʜʝʩʷʪʴ ʠ ʧʷʪʴ ʛʨʫʧʧ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ,

ʚʩʝʛʦ ʙʳʣʠ ʨʘʩʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ ʚʩʝ 22 ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʵʪʦʛʦ ʨʘʥʛʘ

ʧʨʠʛʦʜʥʳʝ ʜʣʷ eHOF ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɽʩʪʝʩʪʚʝʥʥʦ, ʚ ʧʝʨʚʦʡ ʠ ʪʨʝʪʴʝʡ ʛʨʫʧʧʘʭ ʧʨʝʦʙʣʘʜʘʶʪ

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʠʣʴʥʦ ʣʝʚʦ- ʠ ʧʨʘʚʦ-ʘʩʠʤʤʝʪʨʠʯʥʳʝ ʤʦʜʝʣʠ, ʧʨʠʯʝʤ ʜʣʷ ʚʩʪʨʝʯʘʝʤʦʩʪʠ –
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ʵʪʦ ʢʨʠʚʳʝ ʦʪʢʣʠʢʘ II ʠ III ʪʠʧʘ (ʨʠʩʫʥʦʢ 3.2). ɺ ʛʨʫʧʧʝ II ʩʪʝʧʝʥʴ ʩʤʝʱʝʥʠʷ ʪʦʯʢʠ ʦʧʪʠʤʫʤʘ

ʚ ʪʫ ʠʣʠ ʜʨʫʛʫʶ ʩʪʦʨʦʥʫ ʩʥʠʞʘʝʪʩʷ, ʠ ʜʦʤʠʥʠʨʫʶʪ ʤʦʜʝʣʠ ʯʝʪʚʝʨʪʦʛʦ ʠ ʧʷʪʦʛʦ ʪʠʧʦʚ.

ʘ, ʙ ʠ ʚ – ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʩʪʨʝʯʘʝʤʦʩʪʴ, ʧʣʦʪʥʦʩʪʴ ʧʦʩʝʣʝʥʠʷ ʠ ʙʠʦʤʘʩʩʘ
ʈʠʩʫʥʦʢ 3.2 – ʉʦʩʪʘʚ ʚʳʜʝʣʝʥʥʳʭ ʛʨʫʧʧ ʧʦ ʪʠʧʘʤ ʤʦʜʝʣʝʡ

ʂʨʠʚʳʝ ʦʪʢʣʠʢʘ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʦʙʲʝʜʠʥʝʥʥʳʭ ʚʥʫʪʨʠ ʛʨʫʧʧ ʜʘʥʥʳʭ ʧʦ

ʯʘʩʪʦʪʝ ʚʩʪʨʝʯʘʝʤʦʩʪʠ, ʧʣʦʪʥʦʩʪʠ ʧʦʩʝʣʝʥʠʷ ʠ ʙʠʦʤʘʩʩʳ (ʚ ʜʚʫʭ ʧʦʩʣʝʜʥʠʭ ʩʣʫʯʘʷʭ

ʜʘʥʥʳʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʙʳʣʠ ʥʦʨʤʘʣʠʟʦʚʘʥʳ ʧʦ ʥʘʠʙʦʣʴʰʠʤ ʟʥʘʯʝʥʠʷʤ ʠ ʚʳʨʘʞʝʥʳ ʚ

ʧʨʦʮʝʥʪʘʭ ʦʪ ʤʘʢʩʠʤʫʤʘ), ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʯʪʠ ʚʩʝʤʠ ʪʠʧʘʤʠ ʤʦʜʝʣʝʡ, ʢʨʦʤʝ ʧʝʨʚʦʡ ʠ

ʰʝʩʪʦʡ (ʨʠʩʫʥʦʢ 3.3, ʪʘʙʣʠʮʘ 3.1, 3.2). ʄʦʜʝʣʴ II ʪʠʧʘ ʦʧʠʩʳʚʘʝʪ ʚʩʪʨʝʯʘʝʤʦʩʪʴ ʚ ʪʨʝʪʴʝʤ

ʢʣʘʩʪʝʨʝ, ʧʨʠʯʝʤ ʵʪʘ ʢʨʠʚʘʷ ʦʪʢʣʠʢʘ ʚʝʩʴʤʘ ʙʣʠʟʢʘ ʧʦ ʬʦʨʤʝ ʢ ʪʘʢʦʚʦʡ I ʪʠʧʘ. ʃʝʚʦ

ʘʩʩʠʤʝʪʨʠʯʥʳʝ ʤʦʜʝʣʠ III ʪʠʧʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʠʟʤʝʥʝʥʠʷ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʠ ʧʣʦʪʥʦʩʪʠ ʚ

ʧʝʨʚʦʤ ʢʣʘʩʪʝʨʝ, IV – ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʚʦ ʚʪʦʨʦʤ, V – ʙʠʦʤʘʩʩʳ ʚ ʧʝʨʚʦʤ ʠ ʧʣʦʪʥʦʩʪʠ ʚʦ

ʚʪʦʨʦʤ, VII – ʧʣʦʪʥʦʩʪʠ ʚʦ ʚʪʦʨʦʤ ʠ ʧʣʦʪʥʦʩʪʠ ʠ ʙʠʦʤʘʩʩʳ ʚ ʪʨʝʪʴʝʤ. ʂʦʦʨʜʠʥʘʪʳ

ʦʧʪʠʤʫʤʦʚ ʤʦʜʝʣʝʡ ʠ ʪʘʢʦʚʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʧʫʪʝʤ ʚʥʫʪʨʠʛʨʫʧʧʦʚʦʛʦ ʫʩʨʝʜʥʝʥʠʷ, ʙʣʠʟʢʠ ʫ

ʂʆ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʢʣʘʩʪʝʨʘ (ʨʘʟʣʠʯʠʷ <0,1 ʝʜʠʥʠʮʳ TPFchem) ʠ

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʫ ʦʩʪʘʣʴʥʳʭ ʂʆ ʩ ʤʘʢʩʠʤʫʤʦʤ ʫ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʪʨʝʪʴʝʡ

ʘʛʣʦʤʝʨʘʮʠʠ (ʧʦʯʪʠ ʧʦʣʪʦʨʳ ʝʜʠʥʠʮʳ TPFchem).

ɼʣʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʛʨʫʧʧ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ ʥʝʦʙʭʦʜʠʤʦ

ʚʝʨʥʫʪʴʩʷ ʢ ʚʦʧʨʦʩʫ ʦ ʨʘʟʤʝʨʝ ʥʠʰ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʪʘʢʩʦʥʦʚ, ʪ.ʝ. ʢ ʧʨʝʜʝʣʘʤ ʠʭ

ʪʦʣʝʨʘʥʪʥʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʨʦʚʥʷ ʭʠʤʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ. ʊʘʢ ʢʘʢ

ʰʠʨʠʥʘ ʚʥʝʰʥʝʡ ʠ ʮʝʥʪʨʘʣʴʥʦʡ ʥʠʰʠ ʟʘʤʝʪʥʦ ʢʦʨʨʝʣʠʨʫʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʤʦʞʥʦ ʦʩʪʘʚʠʪʴ
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ʎʠʬʨʳ ʚʥʫʪʨʠ ʜʠʘʛʨʘʤʤ – ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʦʧʪʠʤʫʤʘ ʚʜʦʣʴ ʛʨʘʜʠʝʥʪʘ TPFchem (ʫʩʣ. ʝʜ.;
ʚ ʯʠʩʣʠʪʝʣʝ – ʦʧʪʠʤʫʤʳ ʤʦʜʝʣʝʡ, ʚ ʟʥʘʤʝʥʘʪʝʣʝ – ʦʧʪʠʤʫʤʳ, ʫʩʨʝʜʥʝʥʥʳʝ ʚʥʫʪʨʠ ʛʨʫʧʧ)

ʈʠʩʫʥʦʢ 3.3 – ʈʝʟʫʣʴʪʘʪʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʛʨʫʧʧ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ
(ʛʨʫʧʧʳ I–III): ʢʨʠʚʳʝ ʦʪʢʣʠʢʘ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʦʙʲʝʜʠʥʝʥʥʳʭ ʚʥʫʪʨʠ ʛʨʫʧʧ

ʜʘʥʥʳʭ ʧʦ ʯʘʩʪʦʪʝ ʚʩʪʨʝʯʘʝʤʦʩʪʠ, ʧʣʦʪʥʦʩʪʠ ʧʦʩʝʣʝʥʠʷ ʠ ʙʠʦʤʘʩʩʳ

ʦʜʠʥ ʧʦʢʘʟʘʪʝʣʴ, ʧʨʠ ʵʪʦʤ ʧʝʨʚʳʡ ʠʟ ʥʠʭ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʝʥ, ʪ.ʢ. ʧʦʣʥʝʝ ʦʪʨʘʞʘʝʪ

ʚʩʪʨʝʯʘʝʤʦʩʪʴ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʪʘʢʩʦʥʘ ʚʜʦʣʴ ʛʨʘʜʠʝʥʪʘ TPFchem. ʇʦ ʨʘʟʤʝʨʫ ʚʥʝʰʥʝʡ ʥʠʰʠ

ʜʣʷ ʧʣʦʪʥʦʩʪʠ ʚʩʝʭ 22 ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʛʨʫʧʧ ʜʦʥʥʳʭ ʞʠʚʦʪʥʳʭ, ʧʨʦʨʘʥʞʠʨʦʚʘʚ ʝʝ ʟʥʘʯʝʥʠʷ

ʥʘ ʪʨʠ ʢʣʘʩʩʘ, ʧʦʣʫʯʘʝʤ 11 ʷʚʥʳʭ ʩʪʝʥʦʙʠʦʥʪʥʳʭ ʛʨʫʧʧ, ʪʨʠ – ʵʚʨʠʙʠʦʥʪʥʳʭ ʠ ʩʝʤʴ ʩʪʝʥʦ-

ʵʚʨʠʙʠʦʥʪʥʳʭ (ʨʠʩʫʥʦʢ 3.4). ʋ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʵʪʠʤ ʢʣʘʩʩʘʤ ʙʦʣʝʝ

ʨʘʚʥʦʤʝʨʥʦʝ – ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʦʩʝʤʴ, ʯʝʪʳʨʝ ʠ ʜʝʩʷʪʴ ʪʘʢʩʦʥʦʚ, ʫ ʙʠʦʤʘʩʩʳ – ʤʝʥʝʝ – 13,

ʧʷʪʴ ʠ ʯʝʪʳʨʝ. ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʧʦʥʷʪʠʝ ʙʠʦʥʪʥʦʩʪʠ ʚ ʦʪʥʦʰʝʥʠʠ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ
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ʊʘʙʣʠʮʘ 3.2 – ʅʝʢʦʪʦʨʳʝ ʧʘʨʘʤʝʪʨʳ ʢʨʠʚʳʭ ʦʪʢʣʠʢʘ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʚʩʪʨʝʯʘʝʤʦʩʪʠ, ʧʣʦʪʥʦʩʪʠ ʧʦʩʝʣʝʥʠʷ ʠ ʙʠʦʤʘʩʩʳ ʛʨʫʧʧ,
ʚʳʜʝʣʝʥʥʳʭ ʧʨʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ

ɻʨʫʧʧʘ,
ʧʘʨʘʤʝʪʨ

ʊʠ
ʧ 
ʤʦ
ʜʝ
ʣʠ ʂʦʵʬʬʠʮʠʝʥʪʳ ʤʦʜʝʣʠ

ʇ
ʘʨ
ʘʤ
ʝʪ
ʨ

M ʆʧʪʠʤʫʤ ʊʦʯʢʠ ʧʝʨʝʛʠʙʘ

ʆ
ʞ
ʠʜ
ʘʝ
ʤʦ
ʝ

ʟʥ
ʘʯ
ʝʥ
ʠʝ

 1
ʆ
ʞ
ʠʜ
ʘʝ
ʤʦ
ʝ

ʟʥ
ʘʯ
ʝʥ
ʠʝ

 2

ɻʨʘʥʠʮʳ ʚʥʝʰʥʝʡ
ʥʠʰʠ

ɻʨʘʥʠʮʳ
ʮʝʥʪʨʘʣʴʥʦʡ ʥʠʰʠ

ʉ
ʨʝ
ʜʥ
ʝʝ

ʟʥ
ʘʯ
ʝʥ
ʠʝ1 2 1 2 1 2

a b c d e 1 2

ʥʠ
ʞ
ʥʷ
ʷ

ʚʝ
ʨʭ
ʥʷ
ʷ

ʥʠ
ʞ
ʥʷ
ʷ

ʚʝ
ʨʭ
ʥʷ
ʷ

ʥʠ
ʞ
ʥʷ
ʷ

ʚʝ
ʨʭ
ʥʷ
ʷ

ʥʠ
ʞ
ʥʷ
ʷ

ʚʝ
ʨʭ
ʥʷ
ʷ

ʥʠ
ʞ
ʥʷ
ʷ

ʚʝ
ʨʭ
ʥʷ
ʷ

ʥʠ
ʞ
ʥʷ
ʷ

ʚʝ
ʨʭ
ʥʷ
ʷ

I, Fq III -3,41 10,8 -0,79 1 1,00 1,56 1,85 2,27 – – -0,32 – 1,00 2,97 – – 1,00 2,14 – – 1,82
II, Fq IV -7,62 7,45 -3,35 1,00 2,15 – – – 2,16 – – -0,7 – – -0,6 4,87 – – 2,36
III, Fq II -3,21 -4,89 – 1 5,00 5,00 – – 3,68 – 1,00 5,00 – – 1,00 5,00 – – 2,42
I, A III -35,8 100 2,44 100 1,00 2,34 2,00 2,43 – – -0,28 – 1,00 2,51 – – 1,00 2,41 – – 1,93
II, A V 2,02 2,32 0,90 12,5 – 350 1,79 – 1,10 2,50 – – 2,79 – 0,37 5,00 – – 1,09 3,04 – – 2,40
III, A VII -2,12 5,27 3,27 0,42 -0,70 110 1,00 2,94 1,00 1,00 1,99 4,07 1,00 2,90 -0,2 1,00 1,00 5,59 -0,2 1,00 1,44 4,16 2,41
I, B V 0,94 7,24 1,22 50,6 – 100 1,26 – 1,06 1,46 – – 1,66 – 0,90 2,54 – – 1,07 1,66 – – 2,12
II, B VII -2,61 8,77 4,77 -0,39 8,22 100 2,45 5,00 2,09 3,33 5,00 5,00 2,40 5,00 -0,4 4,25 5,00 5,00 0,57 3,35 5,00 5,23 2,36
III, B VII -9,04 14,7 9,77 4,60 -1,70 100 1,00 3,54 1,00 1,00 3,19 3,92 1,62 3,51 1,00 2,35 2,35 4,98 1,00 2,35 3,02 4,00 2,42
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ʈʠʩʫʥʦʢ 3.4 – ɻʨʘʜʘʮʠʠ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʛʨʫʧʧ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ ʧʦ ʨʘʟʤʝʨʫ ʚʥʝʰʥʝʡ
ʥʠʰʠ  ʠ ʩʦʩʪʘʚ ʛʨʫʧʧ ʧʦ ʩʪʝʧʝʥʠ ʙʠʦʥʪʥʦʩʪʠ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʘ ʠ ʙ)

ʛʨʫʧʧ ʚʝʩʴʤʘ ʫʩʣʦʚʥʦ, ʧʦʩʢʦʣʴʢʫ ʤʥʦʛʠʝ ʠʟ ʥʠʭ ʥʘ ʘʢʚʘʪʦʨʠʠ ʟʘʣʠʚʘ ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ

ʥʘʩʯʠʪʳʚʘʶʪ ʜʝʩʷʪʢʠ, ʘ ʪʦ ʠ ʩʦʪʥʠ ʚʠʜʦʚ, ʫ ʢʦʪʦʨʳʭ ʢʦʦʨʜʠʥʘʪʳ ʦʧʪʠʤʫʤʦʚ ʚʝʩʴʤʘ

ʨʘʟʣʠʯʥʳ.

ʊʘʢ ʢʘʢ ʚʩʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʚʩʝʤ ʧʦʢʘʟʘʪʝʣʷʤ ʚʝʩʴʤʘ ʥʝʨʘʚʥʦʤʝʨʥʳ, ʚ ʦʪʣʠʯʠʝ ʦʪ

ʪʘʢʦʚʳʭ ʜʣʷ ʪʘʢʩʦʥʦʚ ʙʦʣʝʝ ʥʠʟʢʦʛʦ ʨʘʥʛʘ (ʚʠʜʦʚ, ʨʦʜʦʚ, ʩʝʤʝʡʩʪʚ), ʫ ʢʦʪʦʨʳʭ ʷʚʥʦʝ

ʧʨʝʜʧʦʯʪʝʥʠʝ ʤʦʞʥʦ ʙʳʣʦ ʦʪʜʘʪʴ ʚʩʪʨʝʯʘʝʤʦʩʪʠ (78, 54 ʠ 81 ʪʘʢʩʦʥ), ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ

ʙʠʦʥʪʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤ ʫʩʨʝʜʥʝʥʥʳʝ ʛʨʘʜʘʮʠʠ. ʉʪʝʥʦʙʠʦʥʪʥʳʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ

ʟʘʛʨʷʟʥʝʥʠʶ ʞʠʚʦʪʥʳʝ ʧʨʝʦʙʣʘʜʘʶʪ ʚ ʧʝʨʚʦʡ ʛʨʫʧʧʝ, ʘ ʵʚʨʠʙʠʦʥʪʳ – ʦʪʩʫʪʩʪʚʫʶʪ

(ʨʠʩʫʥʦʢ 3.4). ɺʦ ʚʪʦʨʦʤ ʠ ʪʨʝʪʴʝʤ ʢʣʘʩʪʝʨʝ ʩʦʦʪʥʦʰʝʥʠʝ «ʨʘʟʥʳʭ ʧʦ ʚʳʥʦʩʣʠʚʦʩʪʠ»

ʛʨʫʧʧ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʚʳʡ ʢʣʘʩʪʝʨ ʦʙʲʝʜʠʥʷʝʪ

ʯʠʩʪʦʣʶʙʠʚʳʭ (ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʢ ʫʨʦʚʥʶ ʟʘʛʨʷʟʥʝʥʠʷ), ʚ ʦʩʥʦʚʥʦʤ, ʩʪʝʥʦʙʠʦʥʪʥʳʭ

ʦʨʛʘʥʠʟʤʦʚ, ʚʪʦʨʘʷ ʠ ʪʨʝʪʴʷ – ʫʤʝʨʝʥʥʦ ʯʠʩʪʦʣʶʙʠʚʳʭ ʠ ʚʝʩʴʤʘ ʪʦʣʝʨʘʥʪʥʳʭ ʢ

ʟʘʛʨʷʟʥʝʥʠʶ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʜʦʥʥʦʡ ʬʘʫʥʳ, ʧʨʠʯʝʤ ʧʦʩʣʝʜʥʠʝ ʚʢʣʶʯʘʶʪ ʠ

ʦʧʧʦʨʪʫʥʠʩʪʦʚ ʚʪʦʨʦʛʦ ʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ. ɹʦʣʴʰʠʥʩʪʚʦ ʧʦʩʣʝʜʥʠʭ ʚʩʪʨʝʯʘʶʪʩʷ ʧʦʯʪʠ ʚʦ

ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ TPFchem, ʥʦ ʧʦʣʫʯʘʶʪ ʧʨʝʠʤʫʱʝʩʪʚʦ ʥʘ ʫʤʝʨʝʥʥʦ ʠ ʩʠʣʴʥʦ ʟʘʛʨʷʟʥʝʥʥʳʭ

ʫʯʘʩʪʢʘʭ ʘʢʚʘʪʦʨʠʡ, ʪ.ʝ. ʥʘ ʬʦʥʝ ʚʳʨʦʞʜʝʥʠʷ ʙʝʥʪʦʩʥʦʛʦ ʥʘʩʝʣʝʥʠʷ.

ʀʪʘʢ, ʩ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʚʳʧʦʣʥʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʘʪʴ,

ʚʳʜʝʣʝʥʥʳʝ ʛʨʫʧʧʳ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:

– ʥʝ ʪʦʣʝʨʘʥʪʥʳʝ ʢ ʟʘʛʨʷʟʥʝʥʠʶ, ʦʙʳʯʥʦ ʩʪʝʥʦʙʠʦʥʪʥʳʝ, ʨʝʞʝ ʩʪʝʥʦ-ʵʚʨʠʙʠʦʥʪʥʳʝ

ʞʠʚʦʪʥʳʝ. ʂ ʧʝʨʚʳʤ ʦʪʥʦʩʷʪʩʷ Asteroidea, Echinoidea, Echiurida, Holothuroidea, Mysida ʠ

Solenogastres, ʢʦ ʚʪʦʨʳʤ – Isopoda;

– ʫʤʝʨʝʥʥʦ ʪʦʣʝʨʘʥʪʥʳʝ, ʩʪʝʥʦʙʠʦʥʪʥʳʝ, ʩʪʝʥʦ-ʵʚʨʠʙʠʦʥʪʥʳʝ ʠ ʵʚʨʠʙʠʦʥʪʥʳʝ

ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ. ʂ ʧʝʨʚʳʤ ʦʪʥʦʩʷʪʩʷ Actiniaria, Ascidia, Hydrozoa ʠ

Sipuncula, ʢʦ ʚʪʦʨʳʤ – Amphipoda, Cumacea ʠ Gastropoda, ʢ ʪʨʝʪʴʠʤ – Bivalvia,

Decapoda ʠ Nemertea;
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– ʪʦʣʝʨʘʥʪʥʳʝ, ʩʪʝʥʦʙʠʦʥʪʥʳʝ, ʩʪʝʥʦ-ʵʚʨʠʙʠʦʥʪʥʳʝ ʠ ʵʚʨʠʙʠʦʥʪʥʳʝ ʞʠʚʦʪʥʳʝ. ʇʝʨʚʳʝ

ʚʢʣʶʯʘʶʪ Cirripedia ʠ Priapulida, ʚʪʦʨʳʝ – Ophiuroidea ʠ Phoronida, ʪʨʝʪʴʠ – Polychaeta.

ʇʨʠ ʚʳʯʠʩʣʝʥʠʠ ʠʥʜʝʢʩʘ TPFbio ʩʨʝʜʠ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʨʘʩʯʸʪʦʚ ʥʘʠʙʦʣʝʝ

ʵʬʬʝʢʪʠʚʥʳʤ ʦʢʘʟʘʣʦʩʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʨʝʜʥʝʛʨʫʧʧʦʚʳʭ ʦʧʪʠʤʫʤʦʚ ʢʨʠʚʳʭ ʦʪʢʣʠʢʘ [32].

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ TPFgr, ʢʨʦʤʝ ʵʪʦʛʦ, ʣʦʛʠʯʥʦ ʪʘʢʞʝ ʠʩʢʣʶʯʠʪʴ ʵʚʨʠ- ʠ ʵʚʨʠ-

ʩʪʝʥʦʙʠʦʥʪʥʳʝ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʝ ʛʨʫʧʧʳ. ʅʘʧʨʠʤʝʨ, ʚʢʣʶʯʝʥʠʝ ʚ ʧʦʩʪʨʦʝʥʠʷ

ʵʚʨʠʙʠʦʥʪʥʳʭ ʧʦʣʠʭʝʪ, ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʧʦʯʪʠ ʥʘ ʚʩʝʭ ʩʪʘʥʮʠʷʭ, ʜʦʙʘʚʠʪ ʚ ʚʳʯʠʩʣʝʥʠʷ

ʦʧʪʠʤʫʤ ʩ ʢʦʦʨʜʠʥʘʪʦʡ 5,0, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʥʝʦʧʨʘʚʜʘʥʥʦʤʫ ʨʦʩʪʫ ʠʩʢʦʤʦʛʦ ʧʦʢʘʟʘʪʝʣʷ.

ʈʝʟʫʣʴʪʘʪʳ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ (ʧʨʝʜʠʢʪʦʨ TPFchem, ʟʘʚʠʩʠʤʳʝ ʧʝʨʝʤʝʥʥʳʝ TPFgr,

ʚʳʯʠʩʣʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ Fq, A, B ʠ ʠʭ ʫʩʨʝʜʥʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʩʪʝʥʦʙʠʦʥʪʥʳʭ ʛʨʫʧʧ)

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.5.

ʆʩʴ ʦʨʜʠʥʘʪ: ʘ, ʙ, ʚ ʠ ʛ – ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʝʣʠʯʠʥʳ ʠʥʜʝʢʩʘ TPFgr ʩʪʝʥʦʙʠʦʥʪʥʳʭ ʛʨʫʧʧ,
ʚʳʯʠʩʣʝʥʥʳʝ ʧʦ ʦʧʪʠʤʫʤʘʤ ʚʩʪʨʝʯʘʝʤʦʩʪʠ, ʧʣʦʪʥʦʩʪʠ, ʙʠʦʤʘʩʩʝ ʠ ʝʛʦ ʫʩʨʝʜʥʝʥʥʘʷ
ʚʝʣʠʯʠʥʘ; r – ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ, p – ʚʝʨʦʷʪʥʦʩʪʴ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ H0; 1 –

ʣʦʛʠʩʪʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ (ʩʤ. ʪʝʢʩʪ)

ʈʠʩʫʥʦʢ 3.5. – ʈʝʟʫʣʴʪʘʪʳ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʨʝʜʥʝʛʨʫʧʧʦʚʳʭ ʦʧʪʠʤʫʤʦʚ ʠ ʫʢʘʟʘʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ

ʦʙʲʷʩʥʷʝʤʘʷ ʧʨʝʜʠʢʪʦʨʦʤ TPFchem ʜʠʩʧʝʨʩʠʷ TPFgr ʚʦʟʨʘʩʪʘʝʪ ʜʣʷ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʠ

ʫʩʨʝʜʥʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ 14 ʠ 19, ʘ ʜʣʷ ʧʣʦʪʥʦʩʪʠ ʠ ʙʠʦʤʘʩʩʳ –

ʫʤʝʥʴʰʘʝʪʩʷ ʚ 3 ʠ 5 ʨʘʟ (ʨʠʩʫʥʦʢ 3.5). ɹʦʣʝʝ ʪʦʛʦ, ʠʟʤʝʥʝʥʠʷ TPFgr ʜʣʷ ʚʩʪʨʝʯʘʝʤʦʩʪʠ

ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʦʧʠʩʘʪʴ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʝʡ (ʢʘʢ ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʦʡ ʩ

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʦʟʠʮʠʡ), ʯʪʦ ʫʚʝʣʠʯʠʣʦ ʦʙʲʷʩʥʷʝʤʫʶ ʜʠʩʧʝʨʩʠʶ ʧʦʯʪʠ ʜʦ 50 % (r2 = 0,476,

p = 0,000). ʆʜʥʘʢʦ ʵʪʦʛʦ ʷʚʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʥʜʝʢʩ TPFgr, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʥʘ
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ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʦʚ ʠ ʤʝʪʦʜʠʢʠ ʧʦʩʪʨʦʝʥʠʷ TPFbio, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʦʩʣʝʜʥʝʛʦ, ʥʝʧʨʠʛʦʜʝʥ ʢʘʢ

ʜʣʷ ʧʨʘʢʪʠʢʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, ʪʘʢ ʠ ʜʣʷ ʢʘʢʠʭ-ʣʠʙʦ ʜʨʫʛʠʭ, ʥʘʧʨʠʤʝʨ,

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʮʝʣʝʡ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʵʪʦʪ ʩʧʦʩʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʛʨʫʧʧ

ʜʣʷ ʙʠʦʠʥʜʠʢʘʮʠʠ ʠʣʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʩʪʦʷʥʠʷ ʜʦʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʷʚʣʷʝʪʩʷ

ʥʝʩʦʩʪʦʷʪʝʣʴʥʳʤ.

ʀʪʘʢ, ʧʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʨʢʠ ʠʥʜʠʢʘʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ

ʠʥʜʝʢʩʘ TPFgr, ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʦ ʘʥʘʣʦʛʠʠ ʠ ʥʘ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʦʚ ʠ ʤʝʪʦʜʠʢʠ ʧʦʩʪʨʦʝʥʠʷ ʩ

ʠʥʜʝʢʩʘ TPFbio, ʧʦʢʘʟʳʚʘʶʪ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʧʨʘʢʪʠʢʝ ʙʠʦʤʦʥʠʪʦʨʠʥʛʘ.

ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʢʨʘʡʥʝ ʥʠʟʢʦʡ ʜʠʩʧʝʨʩʠʝʡ, ʦʙʲʷʩʥʷʝʤʦʡ ʚʘʨʠʘʮʠʷʤʠ ʧʨʝʜʠʢʪʦʨʘ

(TPFchem), ʢʦʪʦʨʘʷ ʜʘʞʝ ʧʦʩʣʝ ʧʨʦʮʝʜʫʨʳ ʩʥʠʞʝʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʟʘ ʩʯʝʪ

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʛʨʫʧʧ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʙʱʝʤʫ ʫʨʦʚʥʶ ʟʘʛʨʷʟʥʝʥʠʷ

ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʩʦʩʪʘʚʠʣʘ 44,3, 4,8, 3,0 ʠ 13,2 % ʜʣʷ ʚʝʣʠʯʠʥ ʠʥʜʝʢʩʘ TPFgr,

ʚʳʯʠʩʣʝʥʥʳʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦ ʦʧʪʠʤʫʤʘʤ ʚʩʪʨʝʯʘʝʤʦʩʪʠ, ʧʣʦʪʥʦʩʪʠ, ʙʠʦʤʘʩʩʳ ʠ ʝʛʦ

ʫʩʨʝʜʥʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ.
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4 ɻʨʫʧʧʦʚʳʝ ʠʥʜʝʢʩʳ AMBIgr ʠ M-AMBIgr

ʀʥʜʝʢʩʳ AMBI ʠ M-AMBI ʧʨʠʤʝʥʷʶʪʩʷ ʚ ɽʉ, ʉʐɸ ʠ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ ʜʣʷ

ʜʠʘʛʥʦʩʪʠʢʠ ʩʦʩʪʦʷʥʠʷ ʤʦʨʩʢʦʡ (ʠ ʵʩʪʫʘʨʥʦʡ) ʩʨʝʜʳ ʠ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʜʣʷ ʵʪʦʡ ʮʝʣʠ «ʠʥʩʪʨʫʤʝʥʪʘʤʠ», ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʪʦʨʳʭ

ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʦ ʈʘʤʦʯʥʦʡ ɼʠʨʝʢʪʠʚʦʡ ʧʦ ʚʦʜʥʳʤ ʨʝʩʫʨʩʘʤ ʠ ʈʘʤʦʯʥʦʡ ɼʠʨʝʢʪʠʚʦʡ ɽʉ

ʦ ʤʦʨʩʢʦʡ ʩʪʨʘʪʝʛʠʠ (WFD ʠ MSFD). ʀʭ ʚʳʯʠʩʣʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ

ʩʧʝʮʠʘʣʴʥʦʡ ʇʇ AMBI, ʚʢʣʶʯʘʶʱʝʡ ʙʘʟʫ ʚʠʜʦʚ ʠ ʪʘʢʩʦʥʦʚ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʨʘʥʛʘ

(ʧʦʩʣʝʜʥʷʷ ʚʝʨʩʠʷ – 6.0, ʙʘʟʘ ʜʘʥʥʳʭ – ʤʘʡ 2022 ʛ.) [47].

ɺʝʣʠʯʠʥʳ ʠʥʜʝʢʩʦʚ AMBIgr ʠ M-AMBIgr ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʦʡ

ʇʇ, ʥʘ ʦʩʥʦʚʝ ʩʦʙʩʪʚʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ eHOF ʤʦʜʝʣʠʨʦʚʘʥʠʷ; ʤʥʦʛʦʱʝʪʠʥʢʦʚʳʝ ʯʝʨʚʠ

ʙʳʣʠ ʦʪʥʝʩʝʥʳ ʢ ʠʥʜʠʬʬʝʨʝʥʪʥʳʤ ʞʠʚʦʪʥʳʤ (ʛʨʫʧʧʘ II ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ AMBI). ɿʘ

ʨʫʙʝʞʦʤ ʧʨʦʮʝʜʫʨʘ ʧʨʦʚʝʨʢʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʨʘʟʥʳʭ ʠʥʜʝʢʩʦʚ ʚʝʩʴʤʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʠ

ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʠʥʪʝʨʢʘʣʠʙʨʘʮʠʠ, ʠʣʠ ʢʘʣʠʙʨʦʚʢʠ. ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʘʢʦʡ

ʢʘʣʠʙʨʦʚʢʠ – ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠʥʜʝʢʩʦʚ AMBIgr ʠ M-AMBIgr ʩʦ ʩʪʘʥʜʘʨʪʥʳʤʠ ʠʥʜʝʢʩʘʤʠ

AMBI ʠ M-AMBI, ʘ ʪʘʢʞʝ TPFchem ʠ TPFbio (ʨʠʩʫʥʦʢ 4.1, 4.2).

r – ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ, p – ʚʝʨʦʷʪʥʦʩʪʴ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ H0

ʈʠʩʫʥʦʢ 4.1 – ʈʝʟʫʣʴʪʘʪʳ ʠʥʪʝʨʢʘʣʠʙʨʘʮʠʠ ʛʨʫʧʧʦʚʦʛʦ ʠʥʜʝʢʩʘ AMBIgr

ɼʦʣʷ ʦʙʲʷʩʥʝʥʥʦʡ ʚʘʨʠʘʮʠʷʤʠ ʧʨʝʜʠʢʪʦʨʦʚ TPFchem, TPFbio, AMBI ʠ M-AMBI

ʜʠʩʧʝʨʩʠʠ ʫ ʠʥʜʝʢʩʘ AMBIgr ʩʦʩʪʘʚʣʷʝʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 5,2, 8,3, 1,9 ʠ 2,5 % ʧʨʠ

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʧʦʣʠʥʦʤʦʤ ʚʪʦʨʦʡ ʩʪʝʧʝʥʠ ʠ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʝʡ (ʨʠʩʫʥʦʢ 4.1). ʇʨʠ
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ʵʪʦʤ ʧʦʧʳʪʢʘ ʫʣʫʯʰʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʟʘ ʩʯʝʪ ʠʩʢʣʶʯʝʥʠʷ ʚʳʙʨʦʩʦʚ ʦʢʘʟʘʣʘʩʴ ʥʝʫʜʘʯʥʦʡ ʠ

ʫʜʘʣʝʥʠʝ ʷʚʥʳʭ ʘʫʪʙʨʝʡʢʦʚ (ʢ ʪʦʤʫ ʞʝ, ʥʝʧʦʥʷʪʥʦ, ʢʘʢʠʝ ʟʥʘʯʝʥʠʷ AMBIgr ʢ ʥʠʤ ʦʪʥʝʩʪʠ)

ʣʠʰʴ ʫʤʝʥʴʰʘʣʦ ʝʝ ʚʝʣʠʯʠʥʫ. ʅʝʩʢʦʣʴʢʦ ʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʜʘʝʪ ʢʘʣʠʙʨʦʚʢʘ M-AMBIgr:

ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ ʜʣʷ ʫʢʘʟʘʥʥʳʭ ʥʝʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ ʟʜʝʩʴ ʜʦʩʪʠʛʘʝʪ

18,7, 34,7, 22,4 ʠ 33,3 % ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʣʠʥʦʤʘ ʪʨʝʪʴʝʡ ʩʪʝʧʝʥʠ ʠ ʫʜʘʣʝʥʠʠ ʪʨʝʭ-

ʧʷʪʠ ʦʪʯʝʪʣʠʚʦ ʚʳʧʘʜʘʶʱʠʭ ʟʥʘʯʝʥʠʡ ʧʨʝʜʠʢʘʪʘ (ʨʠʩʫʥʦʢ 4.2).

r – ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ, p – ʚʝʨʦʷʪʥʦʩʪʴ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ H0; ʢʚʘʜʨʘʪʳ – ʚʳʙʨʦʩʳ

ʈʠʩʫʥʦʢ 4.2 – ʈʝʟʫʣʴʪʘʪʳ ʠʥʪʝʨʢʘʣʠʙʨʘʮʠʠ ʛʨʫʧʧʦʚʦʛʦ ʠʥʜʝʢʩʘM-AMBIgr

ʇʨʠ ʢʘʣʠʙʨʦʚʢʝ ʠʥʜʝʢʩʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ɽʉ, ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ

ʚʘʨʴʠʨʫʝʪ ʚ ʧʨʝʜʝʣʘʭ 6–84 % [47, 70, 71]. ʆʙʲʷʩʥʝʥʥʳʝ ʜʣʷ ʠʥʜʝʢʩʘ M-AMBIgr 18,7–34,7 %

ʜʠʩʧʝʨʩʠʠ ʭʦʨʦʰʦ ʚʧʠʩʳʚʘʶʪʩʷ ʚ ʵʪʦʪ ʨʷʜ, ʘ ʝʝ 1,9–8,3 % ʫ AMBIgr ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʟʘ ʝʛʦ ʥʠʞʥʝʡ ʛʨʘʥʠʮʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʰʠ ʨʝʟʫʣʴʪʘʪʳ ʜʦʚʦʣʴʥʦ

ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʜʘʥʥʳʤʠ ʟʘʨʫʙʝʞʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʦʜʥʘʢʦ ʜʦʣʷ ʦʙʲʷʩʥʝʥʥʦʡ

ʜʠʩʧʝʨʩʠʠ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʢʨʘʡʥʝ ʥʠʟʢʘ. ʇʦʵʪʦʤʫ ʛʨʫʧʧʦʚʳʝ ʠʥʜʝʢʩʳ AMBIgr ʠ M-AMBIgr

ʥʝʧʨʠʛʦʜʥʳ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʙʠʦʠʥʜʠʢʘʮʠʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ

ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʛʨʫʧʧ ʥʝʚʦʟʤʦʞʥʦ ʠ ʚ ʪʘʢʦʤ ʚʘʨʠʘʥʪʝ.

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʠʥʜʝʢʩʦʚ AMBIgr ʠ M-AMBIgr, ʚʳʯʠʩʣʷʝʤʳʭ ʧʦ

ʧʣʦʪʥʦʩʪʠ ʧʦʩʝʣʝʥʠʷ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʛʨʫʧʧ ʠ ʥʘ ʦʩʥʦʚʝ ʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦ ʦʪʥʦʰʝʥʠʶ

ʢ ʦʙʱʝʤʫ ʫʨʦʚʥʶ ʟʘʛʨʷʟʥʝʥʠʷ (TPFchem), ʢʘʢ ʠ ʠʥʜʝʢʩʘ TPFgr, ʚ ʧʨʘʢʪʠʢʝ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ

ʤʦʥʠʪʦʨʠʥʛʘ ʥʝʧʨʠʝʤʣʝʤʦ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʭ
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ʢʘʣʠʙʨʦʚʢʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʥʜʝʢʩʘʤ TPFchem, TPFbio, AMBI ʠ M-AMBI: ʜʦʣʷ ʦʙʲʷʩʥʝʥʥʦʡ

ʧʝʨʝʯʠʩʣʝʥʥʳʤʠ ʧʨʝʜʠʢʪʦʨʘʤʠ ʜʠʩʧʝʨʩʠʠ ʩʦʩʪʘʚʠʣʘ ʜʣʷ AMBIgr ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 5,2, 8,3,

1,9 ʠ 2,5 %, ʘ ʜʣʷ M-AMBIgr – 18,7, 34,7, 22,4 ʠ 33,3 %, ʯʪʦ ʷʚʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦ, ʭʦʪʷ

ʜʦʚʦʣʴʥʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʟʘʨʫʙʝʞʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ.
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5 ɹʠʦʪʠʯʝʩʢʠʡ ʧʦʣʠʭʝʪʦ-ʘʤʬʠʧʦʜʥʳʡ ʠʥʜʝʢʩ BOPA

ʀʥʜʝʢʩ BOPA ʥʝ ʪʨʝʙʫʝʪ ʜʣʷ ʩʚʦʝʛʦ ʚʳʯʠʩʣʝʥʠʷ ʜʝʪʘʣʴʥʦʡ ʚʠʜʦʚʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ

ʚʩʝʭ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʛʨʫʧʧ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ – ʜʦʩʪʘʪʦʯʥʦ ʠʤʝʪʴ ʧʣʦʪʥʦʩʪʠ ʧʦʩʝʣʝʥʠʷ

ʨʘʟʥʦʥʦʛʠʭ ʨʘʢʦʚ (ʢʘʢ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʡ ʛʨʫʧʧʳ ʚ ʮʝʣʦʤ) ʠ ʦʧʧʦʨʪʫʥʠʩʪʠʯʝʩʢʠʭ ʚʠʜʦʚ

ʤʥʦʛʦʱʝʪʠʥʢʦʚʳʭ ʯʝʨʚʝʡ, ʯʪʦ ʥʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʧʨʝʜʝʣʝʥʠʷ ʚʩʝʭ ʚʠʜʦʚ ʵʪʠʭ ʞʠʚʦʪʥʳʭ. ɺ

ʟʘʣʠʚʝ ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ ʦʧʧʦʨʪʫʥʠʩʪʠʯʝʩʢʠʝ ʚʠʜʳ ʧʦʣʠʭʝʪ, ʢʘʢ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ

ʵʚʪʨʦʬʠʢʘʮʠʠ (ʦʧʧʦʨʪʫʥʠʩʪʳ I ʠ II ʧʦʨʷʜʢʦʚ), ʪʘʢ ʠ ʭʠʤʠʯʝʩʢʦʤʫ ʟʘʛʨʷʟʥʝʥʠʶ ʜʦʥʥʳʭ

ʦʪʣʦʞʝʥʠʡ (ʪʦʣʝʨʘʥʪʥʳʝ ʠ ʵʢʩʪʨʝʤʘʣʴʥʦ ʪʦʣʝʨʘʥʪʥʳʝ ʚʠʜʳ) ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳ, ʯʪʦ ʪʘʢʞʝ

ʜʦʣʞʥʦ ʫʩʢʦʨʷʪʴ ʧʨʦʮʝʜʫʨʫ ʠ ʩʥʠʞʘʪʴ ʟʘʪʨʘʪʳ ʥʘ ʧʦʣʫʯʝʥʠʝ ʠʪʦʛʦʚʳʭ ʨʝʟʫʣʴʪʘʪʦʚ,

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʤʦʨʩʢʦʡ ʩʨʝʜʳ.

5.1 ʀʥʪʝʨʢʘʣʠʙʨʘʮʠʷ ʠʥʜʝʢʩʘ BOPA

ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʢʘʣʠʙʨʦʚʢʠ BOPA ʧʦ TPFchem, TPFbio, AMBI ʠ M-

AMBI (ʨʠʩʫʥʦʢ 5.1). ɺ ʨʘʩʯʸʪʘʭ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʣʦʪʥʦʩʪʠ ʧʦʩʝʣʝʥʠʷ ʵʢʩʪʨʝʤʘʣʴʥʦ

ʪʦʣʝʨʘʥʪʥʳʭ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʟʘʛʨʷʟʥʝʥʠʶ ʚʠʜʦʚ: Aphelochaeta pacifica, Cheilonereis

cyclurus (+Cheilonereis sp.), Chaetozone setosa, Notomastus latericeus, Polynoidae gen. sp.,

Paradialychone cincta, Prionospio malmgreni, Pseudopotamilla sp. ʠ Schistomeringos japonica.

r – ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ, F – ʢʨʠʪʝʨʠʡ ʌʠʰʝʨʘ, p – ʚʝʨʦʷʪʥʦʩʪʴ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ H0

ʈʠʩʫʥʦʢ 5.1 – ɿʘʚʠʩʠʤʦʩʪʠ ʠʥʜʝʢʩʘ BOPA ʦʪ TPFchem ʠ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ
ʙʠʦʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ






























































