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ʈɽʌɽʈɸʊ 

ʆʪʯʝʪ 211 ʩ., 1 ʢʥ., 84 ʨʠʩ., 30 ʪʘʙ., 78 ʠʩʪʦʯʥ., 4 ʧʨʠʣ.: 23 ʪʘʙ., 7 ʨʠʩ. 

ʄʆʅʀʊʆʈʀʅɻ, ɿɸʃʀɺ ʇɽʊʈɸ ɺɽʃʀʂʆɻʆ, ʕʂʆʃʆɻʀʏɽʉʂʆɽ ʉʆʉʊʆʗʅʀɽ, 

ɼʆʅʅʓɽ ʆʊʃʆɾɽʅʀʗ, ɿɸɻʈʗɿʅɽʅʀɽ, ʕɺʊʈʆʌʀʂɸʎʀʗ, ʄɸʂʈʆɿʆʆɹɽʅʊʆʉ, 

ɽɼʀʅʓʁ ɻʆʉʋɼɸʈʉʊɺɽʅʅʓʁ ʌʆʅɼ ɼɸʅʅʓʍ, ʈɽɻʀʆʅɸʃʔʅʓʁ ʎɽʅʊʈ 

ʆʂɽɸʅʆʃʆɻʀʏɽʉʂʀʍ ɼɸʅʅʓʍ, ʋʈʆɺɽʅʔ ʄʆʈʗ, ɻɸʈʄʆʅʀʏɽʉʂʀɽ 

ʇʆʉʊʆʗʅʅʓɽ, ʇʈɽɼɺʓʏʀʉʃɽʅʀɽ, ʄʆɼɽʃʀ, ʎʀʌʈʆɺʓɽ ʌʀʃʔʊʈʓ 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʧʦ ʪʝʤʘʤ 4.6.2 ʠ 4.6.3 ʚ 2024 ʛ. ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʠ 

ʨʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʳ ʜʘʥʥʳʝ ʧʦ ʬʘʢʪʦʨʘʤ ʩʨʝʜʳ (ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʩʦʜʝʨʞʘʥʠʝ 

ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʠ Cʦʨʛ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ) ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ 

ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ. ʉʦʩʪʘʚʣʝʥ ʘʪʣʘʩ ʠʟʤʝʥʝʥʠʡ ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʭʠʤʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ 

ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ (ʠʥʜʝʢʩ TPFchem) ʜʣʷ ʧʨʠʙʨʝʞʥʦʡ ʘʢʚʘʪʦʨʠʠ ɺʣʘʜʠʚʦʩʪʦʢʘ ʠ ʟʘʣʠʚʘ 

ʅʘʭʦʜʢʘ (ʩʪʘʥʮʠʠ ʆɻʉʅ; ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 1982ï2022 ʠ 2010ï2022 ʛʛ.). ʈʘʟʨʘʙʦʪʘʥʳ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʫʩʪʘʥʦʚʣʝʥʠʷ ʇɼʋ, ʧʦʨʦʛʦʚʳʭ ʚʝʣʠʯʠʥ ERLq, ERMq 

ʠ ERDq. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʘʥʘʣʠʟʘ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʩʪʝʧʝʥʠ ʧʦʚʨʝʞʜʝʥʠʷ 

ʜʦʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʠ ʜʦʩʪʘʪʦʯʥʦ ʧʨʠʤʝʥʝʥʠʝ ʚʩʝʛʦ ʧʷʪʠ ʠʥʪʝʛʨʘʣʴʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ï ʠʥʜʝʢʩʦʚ TPFbio, AMBI ʠ M-AMBI, ʇʕʉ ʠ W-ʩʪʘʪʠʩʪʠʢʠ. ʈʘʟʨʘʙʦʪʘʥʳ ʩʭʝʤʘ 

ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʘʥʘʣʠʟʘ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʦʨʩʢʦʡ ʩʨʝʜʳ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʪʁ 

ʘʫʪ- ʠ ʩʠʥʵʢʦʣʦʛʠʯʝʩʢʠʡ ʧʦʜʭʦʜʳ.  

ʇʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʈʎʆɼ ʧʦ ʜʘʣʴʥʝʚʦʩʪʦʯʥʦʤʫ ʨʝʛʠʦʥʫ ʚ ʨʘʤʢʘʭ 

ʚʳʧʦʣʥʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ ʧʦ ʪʝʤʝ ʅʀʊʈ 4.6.4 ʚ 2024 ʛʦʜʫ. ʕʪʦ ʜʦʧʦʣʥʝʥʥʘʷ 

ʨʝʟʫʣʴʪʘʪʘʤʠ 2022 ʛ. ʨʝʛʠʦʥʘʣʴʥʘʷ ɹɼ ʧʦ ɼɺ ʤʦʨʷʤ (ʟʘʣʠʚ ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ; ʛʠʜʨʦʣʦʛʦ-

ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʟʘʛʨʷʟʥʝʥʠʝ ʤʦʨʩʢʦʡ ʩʨʝʜʳ ʠ ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ), 

ʜʘʥʥʳʝ ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʠ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʧʨʦʛʨʘʤʤʝ ʆɻʉʅ ʚ ʟʘʣ. ʇʝʪʨʘ 

ɺʝʣʠʢʦʛʦ (2004 ʛ.), ʧʝʨʝʚʝʜʝʥʥʳʝ ʩ ʙʫʤʘʞʥʳʭ ʥʦʩʠʪʝʣʝʡ ʚ ʵʣʝʢʪʨʦʥʥʳʡ ʬʦʨʤʘʪ, 

ʵʣʝʢʪʨʦʥʥʳʝ ʤʘʩʩʠʚʳ MS-Excel ʩ ʠʩʪʦʨʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ ʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʙʣʶʜʝʥʠʡ ʟʘ 

2023 ʛ., ʧʝʨʝʜʘʥʥʳʝ ʚ ʌɻɹʋ çɻʆʀʅè ʜʣʷ ʧʦʧʦʣʥʝʥʠʷ ɹɼ çɿʘʛʨʷʟʥʝʥʠʝ ʤʦʨʝʡè. 

ɼʣʷ ʰʝʩʪʠ ʧʫʥʢʪʦʚ (ɺʣʘʜʠʚʦʩʪʦʢ, ʅʘʭʦʜʢʘ, ʇʦʩʴʝʪ, ʇʨʝʦʙʨʘʞʝʥʠʝ, ʈʫʜʥʘʷ 

ʇʨʠʩʪʘʥʴ ʠ ʤʳʩ ʉʦʩʫʥʦʚʘ) ʧʨʠʚʝʜʝʥʳ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʧʦʩʪʦʷʥʥʳʝ ʧʨʠʣʠʚʘ ʠ ʩʨʝʜʥʠʡ 

ʫʨʦʚʝʥʴ ʤʦʨʷ, ʧʦʣʫʯʝʥʥʳʝ ʚ 2023 ʛ., ʢʦʪʦʨʳʝ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʠʭ ʩʨʝʜʥʠʤʠ ʠ 

ʵʢʩʪʨʝʤʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʟʘ ʚʝʩʴ ʧʨʝʜʰʝʩʪʚʫʶʱʠʡ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ (ʪʝʤʘ 4.6.14). 

ʋʪʦʯʥʝʥʳ ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʝʛʦ ʫʨʦʚʥʷ ʤʦʨʷ ʜʣʷ ʦʩʥʦʚʥʳʭ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʫʥʢʪʦʚ ʧʦ 

ʟʘʨʫʙʝʞʥʳʤ ʚʦʜʘʤ ʊʠʭʦʛʦ ʦʢʝʘʥʘ. ɼʣʷ ʧʦʩʪʦʚ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʫʨʦʚʥʝʤ ʤʦʨʷ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʧʦʙʝʨʝʞʴʝ ʗʧʦʥʩʢʦʛʦ ʤʦʨʷ, ʨʘʩʩʯʠʪʘʥʳ ʛʦʜʦʚʳʝ ʵʢʩʪʨʝʤʘʣʴʥʳʝ 

ʚʝʣʠʯʠʥʳ ʩʫʤʤʘʨʥʳʭ ʫʨʦʚʥʝʡ ʤʦʨʷ ʨʝʜʢʦʡ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʦʜʠʥ ʨʘʟ ʚ 5, 10, 25 ʠ 50 ʣʝʪ. 
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ɺɺɽɼɽʅʀɽ 

ɺ ʦʪʯʝʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʙʦʪʳ ʧʦ ʧʨʦʝʢʪʫ 4.6 çʈʘʟʚʠʪʠʝ ʤʦʜʝʣʝʡ, ʤʝʪʦʜʦʚ ʠ 

ʪʝʭʥʦʣʦʛʠʡ ʤʦʥʠʪʦʨʠʥʛʘ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʟʘʛʨʷʟʥʝʥʠʷ ʤʦʨʝʡ ʈʦʩʩʠʠ ʠ 

ʦʮʝʥʢʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʦʨʝʡ ʠ ʤʦʨʩʢʠʭ ʫʩʪʴʝʚ ʨʝʢè 

ʇʣʘʥʘ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʘʙʦʪ ʈʦʩʛʠʜʨʦʤʝʪʘ ʥʘ 2024 ʛʦʜ, 

ʚʳʧʦʣʥʝʥʥʳʝ ʌɻɹʋ çɼɺʅʀɻʄʀè. 

ʇʨʦʝʢʪ ʦʙʲʝʜʠʥʷʝʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʘʥʘʣʠʪʠʯʝʩʢʠʭ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ ʨʘʙʦʪ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʡ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ 

ʥʘʩʝʣʝʥʠʷ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ ʈʦʩʩʠʠ, ʥʘʜʝʞʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʦʨʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ 

ʠ ʜʨʫʛʠʭ ʚʠʜʦʚ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʵʪʦʤ ʨʝʛʠʦʥʝ ʟʘ ʩʯʝʪ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ 

ʢʘʯʝʩʪʚʝʥʥʦʡ ʠ ʜʦʩʪʦʚʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ ʤʦʨʩʢʦʡ ʩʨʝʜʳ, ʧʨʦʛʥʦʟʦʚ ʫʨʦʚʥʷ 

ʤʦʨʷ ʠ ʚʳʩʦʪʳ ʧʨʠʣʠʚʦʚ. 

ɺ ʦʪʯʝʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪ ʵʪʘʧʘ 2024 ʛ. ʧʦ ʯʝʪʳʨʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤ:  

1) ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʠʯʝʩʢʠʭ ʦʩʥʦʚ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʤʦʨʩʢʦʡ ʩʨʝʜʳ 

(ʪʝʤʘ 4.6.2). 

2) ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʵʢʩʧʝʜʠʮʠʦʥʥʘʷ ʧʨʦʚʝʨʢʘ ʩʦʚʨʝʤʝʥʥʳʭ 

ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʠ ʫʨʦʚʥʷ ʟʘʛʨʷʟʥʝʥʠʷ ʤʦʨʩʢʦʡ ʩʨʝʜʳ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʥʘ 

ʩʝʪʠ ʤʦʥʠʪʦʨʠʥʛʘ (ʪʝʤʘ 4.6.3). 

3) ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚʝʜʝʥʠʷ ʦʥʣʘʡʥ ʙʘʟʳ ʜʘʥʥʳʭ çʟʘʛʨʷʟʥʝʥʠʝ 

ʤʦʨʝʡè, ʨʝʛʠʦʥʘʣʴʥʳʭ ʙʘʟ ʜʘʥʥʳʭ ʠ ʨʘʩʰʠʨʝʥʠʝ ʧʝʨʝʯʥʷ ʧʨʝʜʦʩʪʘʚʣʷʝʤʦʡ ʧʦʪʨʝʙʠʪʝʣʷʤ 

ʠʥʬʦʨʤʘʮʠʠ (ʪʝʤʘ 4.6.4). 

4) ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʤʦʜʝʣʝʡ ʧʨʝʜʚʳʯʠʩʣʝʥʠʷ ʧʨʠʣʠʚʥʳʭ ʢʦʣʝʙʘʥʠʡ ʜʣʷ 

ʧʨʝʜʚʳʯʠʩʣʝʥʠʷ ʧʨʠʣʠʚʦʚ ʥʘ ʘʢʚʘʪʦʨʠʷʭ ʘʨʢʪʠʯʝʩʢʠʭ ʤʦʨʝʡ (ʪʝʤʘ 4.6.14). 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʟʘʜʘʯ, ʨʝʰʘʝʤʳʭ ʚ ʜʘʥʥʦʤ ʧʨʦʝʢʪʝ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʭ ʠ ʤʝʪʦʜʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʢ 

ʵʢʦʣʦʛʠʯʝʩʢʦʤʫ ʤʦʥʠʪʦʨʠʥʛʫ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʩʪʦʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʡ 

ʧʘʨʘʤʝʪʨʦʚ ʤʦʨʩʢʦʡ ʩʨʝʜʳ ʩ ʮʝʣʴʶ ʧʦʧʦʣʥʝʥʠʷ ɻʦʩʬʦʥʜʘ ʈʌ ʥʝʜʦʩʪʘʶʱʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, 

ʘ ʪʘʢʞʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʬʦʥʜʘ ʜʘʥʥʳʭ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʫʯʥʳʭ ʠ 

ʧʨʠʢʣʘʜʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʜʘʣʴʥʝʚʦʩʪʦʯʥʳʭ ʘʢʚʘʪʦʨʠʷʭ. ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʚ 

ʧʨʘʢʪʠʢʝ ʤʦʥʠʪʦʨʠʥʛʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʟʘ ʨʫʙʝʞʦʤ ʥʘʤʝʪʠʣʘʩʴ ʪʝʥʜʝʥʮʠʷ ʢ ʨʘʟʨʘʙʦʪʢʝ 

ʧʦʢʘʟʘʪʝʣʝʡ, ʩʥʠʞʘʶʱʠʭ ʩʪʦʠʤʦʩʪʴ ʠ ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʦʮʝʥʢʠ ʝʝ ʩʦʩʪʦʷʥʠʷ, ʠ ʠʤʝʥʥʦ ʵʪʦʤʫ ʧʦʩʚʷʱʝʥ r ʨʘʙʦʪ r ʧʦ ʪʝʤʘʤ 4.6.2 ʠ 4.6.3. 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʦ ʤʥʦʛʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ, ʨʘʟʚʠʪʠʝʤ ʠ ʧʦʧʦʣʥʝʥʠʝʤ ʩʫʱʝʩʪʚʫʶʱʠʭ ʙʘʟ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ 

ʘʢʢʫʤʫʣʠʨʫʶʪ ʨʝʟʫʣʴʪʘʪʳ ʥʘʙʣʶʜʝʥʠʡ ʥʘʜ ʛʠʜʨʦʣʦʛʦ-ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʦʡ, 
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ʟʘʛʨʷʟʥʝʥʠʝʤ ʚʦʜ ʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ (ʪʝʤʘ 4.6.4). ɽʩʪʝʩʪʚʝʥʥʦ, ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʠ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʧʦʩʦʙʠʡ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ï ʊʘʙʣʠʮ ʧʨʠʣʠʚʦʚ, ʯʪʦ ʚ 

ʯʘʩʪʥʦʩʪʠ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʦʨʝʧʣʘʚʘʥʠʷ (ʪʝʤʘ 4.6.14). 

ʎʝʣʴ ʧʨʦʝʢʪʘ ï ʠʩʧʳʪʘʥʠʝ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʦʨʩʢʦʡ 

ʩʨʝʜʳ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʦʦʙʱʝʩʪʚ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʜʦʧʫʩʪʠʤʦʛʦ ʫʨʦʚʥʷ 

ʭʠʤʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʦʩʘʜʢʦʚ. ʅʘʨʷʜʫ ʩ ʵʪʠʤ ï ʵʪʦ ʘʧʨʦʙʘʮʠʷ ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʠ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʧʦʜʭʦʜʦʚ ʢ ʘʥʘʣʠʟʫ ʩʦʩʪʦʷʥʠʷ ʤʦʨʩʢʦʡ ʩʨʝʜʳ ʩ ʧʦʟʠʮʠʡ 

ʙʠʦʠʥʜʠʢʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʦʥʣʘʡʥ ʙʘʟʳ 

ʜʘʥʥʳʭ çʟʘʛʨʷʟʥʝʥʠʝ ʤʦʨʝʡè, ʨʝʛʠʦʥʘʣʴʥʳʭ ʙʘʟ ʜʘʥʥʳʭ ʠ ʨʘʩʰʠʨʝʥʠʝ ʧʝʨʝʯʥʷ 

ʧʨʝʜʦʩʪʘʚʣʷʝʤʦʡ ʧʦʪʨʝʙʠʪʝʣʷʤ ʠʥʬʦʨʤʘʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʮʝʣʴ ʨʘʙʦʪʳ ʚʭʦʜʠʪ 

ʫʣʫʯʰʝʥʠʝ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʠ ʨʘʩʯʝʪʘ ʧʨʠʣʠʚʦʚ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʩʯʝʪʘ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʧʦʩʪʦʷʥʥʳʭ ʟʘ 

ʩʯʝʪ ʦʙʲʝʜʠʥʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʦ ʧʦʜʛʦʪʦʚʢʝ ʨʷʜʦʚ ʜʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʫʨʦʚʥʝʤ 

ʤʦʨʷ, ʘʣʛʦʨʠʪʤʦʚ ʮʠʬʨʦʚʦʡ ʬʠʣʴʪʨʘʮʠʠ ʠ ʤʝʪʦʜʦʚ ʚʳʯʠʩʣʝʥʠʷ. 

ʈʘʙʦʪʳ ʧʨʦʝʢʪʘ ʥʘʧʨʘʚʣʝʥʳ ʥʘ: 

ʘ) ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʠ ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʩʦʩʪʦʷʥʠʠ ʤʦʨʩʢʦʡ ʩʨʝʜʳ ʟʘ ʩʯʝʪ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ 

ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʙʣʶʜʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʥʥʳʭ 

ʞʠʚʦʪʥʳʭ; 

ʙ) ʩʦʟʜʘʥʠʝ ʙʘʟʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠ ̫ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʩʦʩʪʦʷʥʠʠ ʤʦʨʩʢʦʡ ʩʨʝʜʳ 

ʬʝʜʝʨʘʣʴʥʳʭ ʦʨʛʘʥʦʚ ʠʩʧʦʣʥʠʪʝʣʴʥʦʡ ʚʣʘʩʪʠ, ʘʜʤʠʥʠʩʪʨʘʮʠʡ ʧʨʠʤʦʨʩʢʠʭ ʩʫʙʲʝʢʪʦʚ ʈʌ, 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʈʦʩʛʠʜʨʦʤʝʪʘ, ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ 

ʫʯʨʝʞʜʝʥʠʡ ʜʨʫʛʠʭ ʚʝʜʦʤʩʪʚ ʠ ʈɸʅ, ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ ʠ 

ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʪʝʣʝʡ; 

ʚ) ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʨʝʜʚʳʯʠʩʣʝʥʠʡ ʧʨʠʣʠʚʥʦʛʦ ʫʨʦʚʥʷ ʜʣʷ ʢʘʣʝʥʜʘʨʥʳʭ 

ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʧʦʩʦʙʠʡ ʊʘʙʣʠʮʳ ʧʨʠʣʠʚʦʚ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʪʦʯʥʦʩʪʠ ʨʘʩʯʝʪʦʚ 

ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʧʦʩʪʦʷʥʥʳʭ ʧʦʩʨʝʜʩʪʚʦʤ ʫʣʫʯʰʝʥʠʷ ʦʙʨʘʙʦʪʢʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʩ 

ʧʦʤʦʱʴʶ ʮʠʬʨʦʚʳʭ ʬʠʣʴʪʨʦʚ. 

ʆʪʯʝʪ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʯʝʪʳʨʝʭ ʨʘʟʜʝʣʦʚ, ʟʘʢʣʶʯʝʥʠʷ ʠ ʯʝʪʳʨʝʭ ʧʨʠʣʦʞʝʥʠʡ. 

ɺ ʦʪʯʝʪʝ ʧʨʠʚʝʜʝʥʘ ʦʙʰʠʨʥʘʷ ʙʠʙʣʠʦʛʨʘʬʠʷ ʧʦ ʚʩʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤ. 

ʇʝʨʚʳʡ ʨʘʟʜʝʣ ʧʦʩʚʷʱʝʥ ʧʨʦʜʦʣʞʝʥʠʶ ʨʘʙʦʪ 2020ï2023 ʛʛ. ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ 

ʩʠʩʪʝʤʳ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʭ ʠ ʤʝʪʦʜʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʢ ʵʢʦʣʦʛʠʯʝʩʢʦʤʫ ʤʦʥʠʪʦʨʠʥʛʫ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʥʥʳʭ ʞʠʚʦʪʥʳʭ ʠ ʠʭ ʩʦʦʙʱʝʩʪʚ ʥʘ ʧʨʠʤʝʨʝ ʟʘʣʠʚʘ ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ 

ʗʧʦʥʩʢʦʛʦ ʤʦʨʷ. ʕʪʘʧ 2024 ʛ. ʚʢʣʶʯʘʝʪ ʨʝʟʫʣʴʪʘʪʳ ʦʧʳʪʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʠʢʠ 

ʧʦʩʪʨʦʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʟʘʛʨʷʟʥʝʥʠʷ 
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(ʠʥʜʝʢʩ TPFchem) ʠ ʤʝʪʦʜʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʇɼʋ, ʧʦʨʦʛʦʚʳʭ ʚʝʣʠʯʠʥ 

ERLq, ERMq ʠ ERDq ʜʣʷ TPFchem, ʘ ʪʘʢʞʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʵʪʠʭ ʦʧʝʨʘʮʠʡ. 

ɺʦ ʚʪʦʨʦʤ ʨʘʟʜʝʣʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʘʥʘʣʠʟʘ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʩʪʝʧʝʥʠ 

ʧʦʚʨʝʞʜʝʥʠʷ ʜʦʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʠ ʜʦʩʪʘʪʦʯʥʦ ʧʨʠʤʝʥʝʥʠʝ ʚʩʝʛʦ ʧʷʪʠ 

ʠʥʪʝʛʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ï ʠʥʜʝʢʩʦʚ TPFbio, AMBI ʠ M-AMBI, ʇʕʉ ʠ W-ʩʪʘʪʠʩʪʠʢʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʠʥʜʝʢʩʘ TPFbio ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʦʛʨʘʥʠʯʝʥʦ ʟʘʣʠʚʦʤ ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ, ʪʘʢ 

ʢʘʢ ʜʣʷ ʦʩʪʘʣʴʥʳʭ ʘʢʚʘʪʦʨʠʡ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚ ʥʘʩʪʦʷʱʝʤ ʆʪʯʝʪʝ, ʥʝ ʩʫʱʝʩʪʚʫʝʪ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʦʥʥʳʭ ʞʠʚʦʪʥʳʭ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʟʘʛʨʷʟʥʝʥʠʶ. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʟʨʘʙʦʪʘʥʳ 

ʩʭʝʤʘ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʘʥʘʣʠʟʘ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʦʨʩʢʦʡ ʩʨʝʜʳ, ʢʦʪʦʨʘʷ 

ʚʢʣʶʯʘʝʪ ʘʫʪ- ʠ ʩʠʥʵʢʦʣʦʛʠʯʝʩʢʠʡ ʧʦʜʭʦʜʳ. 

ʊʨʝʪʠʡ ʨʘʟʜʝʣ ʧʦʩʚʷʱʝʥ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʪʝʭʥʦʣʦʛʠʠ ʚʝʜʝʥʠʷ ʦʥʣʘʡʥ ʙʘʟʳ 

ʜʘʥʥʳʭ çʟʘʛʨʷʟʥʝʥʠʝ ʤʦʨʝʡè, ʨʝʛʠʦʥʘʣʴʥʳʭ ʙʘʟ ʜʘʥʥʳʭ ʠ ʨʘʩʰʠʨʝʥʠʝ ʧʝʨʝʯʥʷ 

ʧʨʝʜʦʩʪʘʚʣʷʝʤʦʡ ʧʦʪʨʝʙʠʪʝʣʷʤ ʠʥʬʦʨʤʘʮʠʠ. ɺ 2024 ʛʦʜʫ ʨʘʙʦʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʚ ʪʨʝʭ 

ʥʘʧʨʘʚʣʝʥʠʷʭ:  

1) ɼʦʧʦʣʥʝʥʠʝ ʨʝʛʠʦʥʘʣʴʥʦʡ ɹɼ ʧʦ ʜʘʣʴʥʝʚʦʩʪʦʯʥʳʤ ʤʦʨʷʤ ʨʝʟʫʣʴʪʘʪʘʤʠ 2023 ʛ., 

ʚʢʣʶʯʘʶʱʠʤʠ ʜʘʥʥʳʝ ʦ ʛʠʜʨʦʣʦʛʦ-ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ, ʫʨʦʚʥʝ ʟʘʛʨʷʟʥʝʥʠʷ 

ʤʦʨʩʢʦʡ ʩʨʝʜʳ ʠ ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʨʠʙʨʝʞʥʳʭ ʠ 

ʬʦʥʦʚʳʭ ʨʘʡʦʥʘʭ ʟʘʣʠʚʘ ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ (ʗʧʦʥʩʢʦʝ ʤʦʨʝ);  

2) ʇʝʨʝʚʦʜ ʚ ʵʣʝʢʪʨʦʥʥʳʡ ʬʦʨʤʘʪ ʩ ʙʫʤʘʞʥʳʭ ʥʦʩʠʪʝʣʝʡ ʠʩʪʦʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 

ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʠ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʧʨʦʛʨʘʤʤʝ ʆɻʉʅ ʚ ʟʘʣʠʚʝ ʇʝʪʨʘ 

ɺʝʣʠʢʦʛʦ ʟʘ 2004 ʛ.;  

3) ʇʝʨʝʜʘʯʘ ʚ ʌɻɹʋ çɻʆʀʅè ʜʣʷ ʧʦʧʦʣʥʝʥʠʷ ɹɼ çɿʘʛʨʷʟʥʝʥʠʝ ʤʦʨʝʡè 

ʵʣʝʢʪʨʦʥʥʳʭ ʤʘʩʩʠʚʦʚ MS-Excel ʩ ʜʘʥʥʳʤʠ ʟʘ 2004 ʠ 2023 ʛʛ. 

ɺ ʯʝʪʚʝʨʪʦʤ ʨʘʟʜʝʣʝ ʜʣʷ ʰʝʩʪʠ ʧʫʥʢʪʦʚ (ɺʣʘʜʠʚʦʩʪʦʢ, ʅʘʭʦʜʢʘ, ʇʦʩʴʝʪ, 

ʇʨʝʦʙʨʘʞʝʥʠʝ, ʈʫʜʥʘʷ ʇʨʠʩʪʘʥʴ ʠ ʤʳʩ ʉʦʩʫʥʦʚʘ) ʧʨʠʚʦʜʷʪʩʷ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʧʦʩʪʦʷʥʥʳʝ 

ʧʨʠʣʠʚʘ ʠ ʩʨʝʜʥʠʡ ʫʨʦʚʝʥʴ ʤʦʨʷ, ʧʦʣʫʯʝʥʥʳʝ ʟʘ ʧʝʨʠʦʜ ʩ 2016 ʧʦ 2023 ʛ. ʋʪʦʯʥʝʥʳ ʟʥʘʯʝʥʠʷ 

ʩʨʝʜʥʝʛʦ ʫʨʦʚʥʷ ʤʦʨʷ ʜʣʷ ʦʩʥʦʚʥʳʭ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʫʥʢʪʦʚ ʧʦ ʟʘʨʫʙʝʞʥʳʤ ʚʦʜʘʤ ʊʠʭʦʛʦ 

ʦʢʝʘʥʘ; ʚʩʝ ʫʪʦʯʥʝʥʠʷ ʚʥʝʩʝʥʳ ʚ ʊʘʙʣʠʮʳ ʧʨʠʣʠʚʦʚ ʥʘ 2026 ʛ. ʈʝʘʣʠʟʦʚʘʥ ʧʨʦʛʨʘʤʤʥʳʡ 

ʢʦʤʧʣʝʢʩ ʧʦ ʦʙʨʘʙʦʪʢʝ ʨʷʜʦʚ ʥʘʙʣʶʜʝʥʠʡ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʦʠʟʚʦʜʠʪʴ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʤʝʪʦʜʘʤʠ ʮʠʬʨʦʚʦʡ ʬʠʣʴʪʨʘʮʠʠ, 

ʚʳʧʦʣʥʷʪʴ ʛʘʨʤʦʥʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʣʥ ʧʨʠʣʠʚʘ ʤʝʪʦʜʘʤʠ 

ɼʫʜʩʦʥʘ ʠ ʄʅʂ, ʬʦʨʤʠʨʦʚʘʪʴ ʊʘʙʣʠʮʳ ʧʨʠʣʠʚʦʚ. ɼʣʷ ʧʦʩʪʦʚ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʫʨʦʚʥʝʤ ʤʦʨʷ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʧʦʙʝʨʝʞʴʝ ʗʧʦʥʩʢʦʛʦ ʤʦʨʷ, ʨʘʩʩʯʠʪʘʥʳ ʛʦʜʦʚʳʝ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʚʝʣʠʯʠʥʳ 

ʩʫʤʤʘʨʥʳʭ ʫʨʦʚʥʝʡ ʤʦʨʷ ʨʝʜʢʦʡ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʦʜʠʥ ʨʘʟ ʚ 5, 10, 25 ʠ 50 ʣʝʪ. 
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1 ʈʝʟʫʣʴʪʘʪʳ ʦʧʳʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʤʦʨʩʢʦʡ ʩʨʝʜʳ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʦʦʙʱʝʩʪʚ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ ʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʜʦʧʫʩʪʠʤʦʛʦ ʫʨʦʚʥʷ ʭʠʤʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʦʩʘʜʢʦʚ 

ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʅʀʈ 2020ï2023 ʛʛ. ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʠ ʦʧʠʩʘʥ ʤʝʪʦʜ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʫʨʦʚʥʷ (ʇɼʋ) ʦʙʱʝʛʦ 

ʭʠʤʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʦʩʘʜʢʦʚ (TPFchem) [1]. ʇɼʋ ï ʵʪʦ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦ ʫʪʚʝʨʞʜʸʥʥʘʷ 

ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʚʝʣʠʯʠʥʳ ʫʨʦʚʥʷ ʬʘʢʪʦʨʘ (ʰʫʤ, ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʴ, ʥʘʧʨʷʞʸʥʥʦʩʪʴ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʝʱʝʩʪʚ ʠ ʪ. ʜ.), ʢʦʪʦʨʘʷ ʜʦʧʫʩʢʘʝʪʩʷ ʧʨʠ ʪʦʡ ʠʣʠ 

ʠʥʦʡ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʢʘʢ ʥʝ ʧʨʠʚʦʜʷʱʘʷ ʢ ʪʨʘʚʤʘʤ ʠʣʠ ʜʨʫʛʠʤ ʧʦʚʨʝʞʜʝʥʠʷʤ 

ʦʨʛʘʥʠʟʤʘ [2, 3]. ɺ ʵʢʦʣʦʛʠʠ ʧʦʜ ʇɼʋ ʧʦʥʠʤʘʶʪ ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʚʦʟʜʝʡʩʪʚʠʷ 

ʨʘʜʠʘʮʠʠ, ʰʫʤʘ, ʚʠʙʨʘʮʠʠ, ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʠ ʠʥʳʭ ʚʨʝʜʥʳʭ ʬʠʟʠʯʝʩʢʠʭ (ʠ ʭʠʤʠʯʝʩʢʠʭ 

ï ʧʨʠʤ. ʘʚʪʦʨʘ) ʚʦʟʜʝʡʩʪʚʠʡ, ʢʦʪʦʨʳʡ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʧʘʩʥʦʩʪʠ ʜʣʷ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ, 

ʩʦʩʪʦʷʥʠʷ ʞʠʚʦʪʥʳʭ, ʨʘʩʪʝʥʠʡ, ʠʭ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʬʦʥʜʘ [4]. 

1.1 ʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʘʢʪʫʘʣʴʥʦʩʪʴ, ʮʝʣ ɹʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʥʝʢʦʛʦ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ, ʢʦʪʦʨʳʡ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʦʙʱʠʡ ʫʨʦʚʝʥʴ ʭʠʤʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʦʩʘʜʢʦʚ ʠ ʦʙʲʝʜʠʥʷʝʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝʩʢʦʣʴʢʠʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ, ʞʝʣʘʪʝʣʴʥʦ ʧʨʠʦʨʠʪʝʪʥʳʭ, ʠ ʚ ʥʘʠʣʫʯʰʝʡ 

ʩʪʝʧʝʥʠ ʦʪʨʘʞʘʶʱʠʭ ʚʣʠʷʥʠʝ ʭʦʪʷ ʙʳ ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ 

(ʜʘʣʝʝ ï ɿɺ) ʚʦʟʥʠʢʘʝʪ ʧʦ ʩʣʝʜʫʶʱʝʡ ʧʨʠʯʠʥʝ. ɿɺ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʜʝʡʩʪʚʫʶʪ ʥʘ 

ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ ʢʦʤʧʣʝʢʩʥʦ, ʩʫʤʤʠʨʫʷʩʴ, ʫʩʠʣʠʚʘʷ ʠʣʠ, ʥʘʦʙʦʨʦʪ, ʦʩʣʘʙʣʷʷ ʵʬʬʝʢʪʳ 

ʦʪʜʝʣʴʥʳʭ ʚʝʱʝʩʪʚ. ʋʩʠʣʝʥʠʝ ʪʘʢʠʭ ʵʬʬʝʢʪʦʚ ʥʘʟʳʚʘʝʪʩʷ ʩʠʥʝʨʛʠʟʤʦʤ ð 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʜʚʫʭ ʠʣʠ ʙʦʣʝʝ ʬʘʢʪʦʨʦʚ (ʦʙʳʯʥʦ ʭʠʤʠʯʝʩʢʠʭ), ʢʦʪʦʨʦʝ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʝʤ, ʯʪʦ ʠʭ ʩʦʚʤʝʩʪʥʦʝ ʙʠʦʣʦʛʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ 

ʵʬʬʝʢʪ ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʠ ʠʭ ʩʫʤʤʳ [5, 6]. ʆʜʥʘʢʦ ʦʜʠʥ ʪʦʣʴʢʦ ʇɼʋ ʥʝʜʦʩʪʘʪʦʯʝʥ 

ʜʣʷ ʦʧʠʩʘʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʘʢʚʘʪʦʨʠʠ. 

ɺ ɽʉ, ʉʐɸ ʠ ʂʘʥʘʜʝ ʚʳʜʝʣʷʶʪ ʜʚʝ ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚ ʠ ʦʩʘʜʢʦʚ [7, 8]. 

ʇʝʨʚʘʷ ï ʪ.ʥ. çʟʘʜʘʥʥʦʝ ʟʥʘʯʝʥʠʝè (target value) ï ʵʪʦ ʫʨʦʚʝʥʴ, ʢ ʢʦʪʦʨʦʤʫ ʩʣʝʜʫʝʪ 

ʩʪʨʝʤʠʪʴʩʷ, ʯʪʦʙʳ ʚʦʩʩʪʘʥʦʚʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʯʚʳ (ʦʩʘʜʢʘ) ʜʣʷ ʞʠʟʥʠ 

ʣʶʜʝʡ, ʨʘʩʪʝʥʠʡ ʠ ʞʠʚʦʪʥʳʭ. ɺʪʦʨʘʷ ï çʟʥʘʯʝʥʠʝ ʢʦʨʨʝʢʮʠʠè (intervention value) ï 

ʫʨʦʚʝʥʴ, ʢʦʛʜʘ ʪʘʢʠʝ ʩʚʦʡʩʪʚʘ ʩʠʣʴʥʦ ʩʥʠʞʝʥʳ ʠʣʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʧʘʩʥʦʩʪʴ. ʆʩʥʦʚʫ 

ʪʘʢʦʤʫ ʜʝʣʝʥʠʶ ʧʦʣʦʞʠʣʘ ʨʘʙʦʪʘ ɽ.ʈ. ʃʦʥʛʘ ʩ ʩʦʘʚʪʦʨʘʤʠ [9], ʢʦʪʦʨʳʝ ʚʚʝʣʠ ʧʦʥʷʪʠʝ 

ʧʦʨʦʛʦʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ERL ʠ ERM (effect range-low ʠ effect range-medium). ʇʝʨʚʳʡ 

ʦʪʜʝʣʷʝʪ ʤʠʥʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʚʦʟʜʝʡʩʪʚʠʷ, ʢʦʛʜʘ ʵʬʬʝʢʪʳ ʨʝʜʢʠ, ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʥʝ ʦʢʘʟʳʚʘʶʪ ʟʘʤʝʪʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʫ ʜʦʥʥʦʛʦ 

ʥʘʩʝʣʝʥʠʷ (ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʦʪʤʝʯʝʥʦ ʚ 1,9ï27,3 % ʩʣʫʯʘʝʚ). ʄʝʞʜʫ ERL ʠ 
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ERM ʣʝʞʠʪ ʦʙʣʘʩʪʴ ʧʦʩʪʝʧʝʥʥʦʛʦ ʨʦʩʪʘ ʧʨʦʷʚʣʝʥʠʷ ʪʘʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ (11,1ï75 %); ʧʦʩʣʝ 

ERM ʵʪʠ ʵʬʬʝʢʪʳ ʧʦʯʪʠ ʦʙʣʠʛʘʪʥʳ (16,9ï100 %). ʇʦʜʦʙʥʦʝ ʜʝʣʝʥʠʝ ʜʣʷ ʤʦʨʩʢʠʭ 

ʘʢʚʘʪʦʨʠʡ ʂʘʥʘʜʳ ʠ ʉʐɸ ʚʳʧʦʣʥʠʣʠ ɼʞ. ɹʦʡʜ ʩ ʢʦʣʣʝʛʘʤʠ [10], ʦʧʨʝʜʝʣʠʚ TEL ʠ PEL 

(threshold ʠ probable effects levels).  

ʆʙʱʝʧʨʠʥʷʪʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʜʦʥʥʦʝ ʩʦʦʙʱʝʩʪʚʦ ʢʘʢ ʩʠʩʪʝʤʫ, ʪ.ʝ. ʢʘʢ ʥʝʯʪʦ 

ʙʦʣʴʰʝʝ, ʯʝʤ ʧʨʦʩʪʘʷ ʩʫʤʤʘ ʩʣʘʛʘʶʱʠʭ ʝʛʦ ʵʣʝʤʝʥʪʦʚ ï ʧʦʧʫʣʷʮʠʡ ʦʪʜʝʣʴʥʳʭ ʚʠʜʦʚ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʦʦʙʱʝʩʪʚʦ ʜʦʣʞʥʦ ʦʙʣʘʜʘʪʴ ʪʘʢʠʤ ʵʤʝʨʜʞʝʥʪʥʳʤ ʩʚʦʡʩʪʚʦʤ, ʢʘʢ 

ʚʥʫʪʨʝʥʥʷʷ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʯʪʦ ʤʦʞʝʪ ʚʳʨʘʞʘʪʴʩʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʥʝʢʦʪʦʨʦʤ ʟʘʧʘʟʜʳʚʘʥʠʠ 

ʦʪʢʣʠʢʘ ʥʘ ʚʨʝʜʥʦʝ ʚʥʝʰʥʝʝ ʚʦʟʜʝʡʩʪʚʠʝ. ʇʦʵʪʦʤʫ, ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ ʫ 

ʩʦʦʙʱʝʩʪʚʘ ʢʘʢ çʮʝʣʦʛʦè ʵʣʝʤʝʥʪʘ ʩʠʩʪʝʤʳ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ, ʜʦʣʞʥʦ ʧʨʦʠʩʭʦʜʠʪʴ 

ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʙʠʣʠʷ ʠ ʩʪʨʫʢʪʫʨʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʘʢʮʠʝʡ ʦʩʪʨʦʛʦ ʪʦʢʩʠʢʦʟʘ, 

ʩʪʠʤʫʣʷʮʠʠ ʩ ʠʥʛʠʙʠʨʦʚʘʥʠʝʤ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʠʭ ʦʧʳʪʦʚ in 

vitro ʠ ʤʦʛʫʪ ʙʳʪʴ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʳ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʝʡ ʠ ʫʨʘʚʥʝʥʠʝʤ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʧʦʣʠʥʦʤʘ. ʇʝʨʚʘʷ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠʥʜʝʢʩʦʚ (ʚʠʜʦʚʦʛʦ 

ʙʦʛʘʪʩʪʚʘ ʄʘʨʛʘʣʝʬʘ, ʨʘʟʥʦʦʙʨʘʟʠʷ ʐʝʥʥʦʥʘ-ɺʠʥʝʨʘ, ʚʳʨʘʚʥʝʥʥʦʩʪʠ ʨʘʥʛʦʚʳʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʇʠʝʣʫ) [11, 12]. ɺʪʦʨʦʝ ï ʜʣʷ ʧʘʨʘʤʝʪʨʦʚ ʦʙʠʣʠʷ ï ʧʣʦʪʥʦʩʪʠ ʧʦʩʝʣʝʥʠʷ ʠ 

ʙʠʦʤʘʩʩʳ; ʵʪʦ ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʦʣʫʯʘʝʪʩʷ ʟʘ ʩʯʝʪ ʧʦʷʚʣʝʥʠʷ ʥʘ ʥʘʯʘʣʴʥʳʭ ʩʪʘʜʠʷʭ 

ʟʘʛʨʷʟʥʝʥʠʷ ʚʠʜʦʚ-ʦʧʧʦʨʪʫʥʠʩʪʦʚ, ʩʦʟʜʘʶʱʠʭ ʧʦʩʝʣʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠ 

ʙʠʦʤʘʩʩʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʱʘʷ ʙʠʦʤʘʩʩʘ ʠ ʧʣʦʪʥʦʩʪʴ ʤʦʛʫʪ ʚʦʟʨʘʩʪʘʪʴ [13]. 

ɺ ʢʘʯʝʩʪʚʝ ʩʪʝʧʝʥʠ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʥʘʨʫʰʝʥʠʷ ʩʦʦʙʱʝʩʪʚʘ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʪʢʣʦʥʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʦʙʠʣʠʷ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠʥʜʝʢʩʦʚ ʚ ʧʨʦʮʝʥʪʘʭ ʦʪ 

ʥʦʨʤʳ (ʥʘʯʘʣʴʥʦʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʠʣʠ ʧʦʯʪʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʢʨʠʚʦʡ) ʩ ʫʯʝʪʦʤ 

ʛʨʘʥʠʮ ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʠʣʠ ʩʪʘʥʜʘʨʪʥʦʡ ʦʰʠʙʢʠ [11, 12]. ɻʨʘʥʠʮʝʡ ʥʘʯʘʣʴʥʦʛʦ 

ʵʪʘʧʘ ʠʭ ʠʟʤʝʥʝʥʠʷ, ʠʩʭʦʜʷ ʠʟ ʩʧʝʮʠʬʠʢʠ ʜʘʥʥʳʭ, ʷʚʣʷʝʪʩʷ 10% ʨʫʙʝʞ (ʇɼʋ10), ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʝʥʘʨʫʰʝʥʥʳʤ ʠʣʠ ʧʦʯʪʠ ʥʝʥʘʨʫʰʝʥʥʳʤ ʩʦʦʙʱʝʩʪʚʘʤ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ. 

ɼʨʫʛʠʝ ʧʦʨʦʛʦʚʳʝ ʧʦʢʘʟʘʪʝʣʠ ï ERLq ʠ ERMq (ʧʦ ʘʥʘʣʦʛʠʠ ʩ ERL ʠ ERM ʃʦʥʛʘ), ʢʦʪʦʨʳʝ 

ʦʛʨʘʥʠʯʠʚʘʶʪ ʦʙʣʘʩʪʴ ʧʨʦʛʨʝʩʩʠʚʥʦʡ ʜʝʛʨʘʜʘʮʠʠ ï ʧʦʯʪʠ ʣʠʥʝʡʥʦʛʦ ʧʘʜʝʥʠʷ ʤʦʜʝʣʝʡ, 

ʦʧʠʩʳʚʘʶʱʠʭ ʠʟʤʝʥʝʥʠʷ ʚʠʜʦʚʦʛʦ ʙʦʛʘʪʩʪʚʘ ʠ ʨʘʟʥʦʦʙʨʘʟʠʷ ʜʦʥʥʦʡ ʬʘʫʥʳ ʚʜʦʣʴ 

ʛʨʘʜʠʝʥʪʘ TPFchem. ɽʱʝ ʦʜʥʘ ʧʦʨʦʛʦʚʘʷ ʚʝʣʠʯʠʥʘ ï ERDq ï ʢʦʦʨʜʠʥʘʪʘ ʪʦʯʢʠ ʚʳʭʦʜʘ 

ʤʦʜʝʣʴʥʦʡ ʢʨʠʚʦʡ ʥʘ ʧʣʘʪʦ, ʢʦʪʦʨʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʣʘʩʪʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʩʦʦʙʱʝʩʪʚ ʵʢʩʪʨʝʤʘʣʴʥʦ ʟʘʛʨʷʟʥʝʥʥʳʭ ʘʢʚʘʪʦʨʠʡ.  

ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʩʦʦʙʨʘʞʝʥʠʡ ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʅʀʈ ʧʦ ʪʝʤʝ 4.6.2 [1] ʙʳʣ 

ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʜʦʧʫʩʪʠʤʦʛʦ ʫʨʦʚʥʷ ʭʠʤʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʦʩʘʜʢʦʚ ʥʘ 

ʦʩʥʦʚʝ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʩʦʦʙʱʝʩʪʚ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ. ɺ ʝʛʦ ʦʩʥʦʚʝ ʣʝʞʠʪ 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʩʦʦʙʱʝʩʪʚ ʜʦʥʥʳʭ ʞʠʚʦʪʥʳʭ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʫʨʦʚʥʶ ʚʥʝʰʥʝʛʦ 
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ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʤʝʪʦʜ ʦʮʝʥʢʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ 

ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʢʘʟʘʪʝʣʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʝʩʩʘ (ʇʕʉ) ʦʪ ʦʙʱʝʡ ʫʩʨʝʜʥʝʥʥʦʡ ʜʠʩʧʝʨʩʠʠ 

ʙʠʦʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ [14]. ʄʦʜʝʣʠʨʦʚʘʥʠʶ ʚʜʦʣʴ ʛʨʘʜʠʝʥʪʘ TPFchem (ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ 

ʇɼʋ10, ERLq, ERMq ʠ ERDq) ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʠʥʜʝʢʩʳ TPFbio, AMBI, M-AMBI, BOPA, ʚʠʜʦʚʦʛʦ ʙʦʛʘʪʩʪʚʘ ʄʘʨʛʘʣʝʬʘ, 

ʨʘʟʥʦʦʙʨʘʟʠʷ ʐʝʥʥʦʥʘ-ɺʠʥʝʨʘ, ʚʳʨʘʚʥʝʥʥʦʩʪʠ ʇʠʝʣʫ, ʩʪʘʪʠʩʪʠʢʘ ʂʣʘʨʢʘ ʠ ʇʕʉ), ʘ ʪʘʢʞʝ 

ʠʟʤʝʥʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʪʠʧʦʚ ʩʦʦʙʱʝʩʪʚ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ (ʜʦʣʠ 

ʪʘʢʩʦʥʦʚ, ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʠ ʪʦʣʝʨʘʥʪʥʳʭ ʢ ʟʘʛʨʷʟʥʝʥʠʶ ʠ ʵʚʪʨʦʬʠʢʘʮʠʠ, ʩʪʝʥʦ- ʠ 

ʵʚʨʠʙʠʦʥʪʥʳʭ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʟʘʛʨʷʟʥʝʥʠʶ ʪʘʢʩʦʥʦʚ). ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʜʦʣʴ ʛʨʘʜʠʝʥʪʘ TPFchem ʚʠʜʦʚʦʛʦ 

ʙʦʛʘʪʩʪʚʘ ʠ ʨʘʟʥʦʦʙʨʘʟʠʷ ʦʩʥʦʚʥʳʭ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʛʨʫʧʧ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ [15]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʛʨʘʥʠʯʥʳʝ ʢʨʠʪʝʨʠʠ 

[1, 15]: 

½ ʀʥʪʘʢʪʥʦʝ ʩʦʩʪʦʷʥʠʝ: ʇɼʋ10d ï 10 % ʩʥʠʞʝʥʠʝ ʚʠʜʦʚʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʜʝʢʘʧʦʜ (1,7 

ʫʩʣ. ʝʜ.; ʧʦ ʨʝʪʨʦʩʧʝʢʪʠʚʥʳʤ ʜʘʥʥʳʤ ʵʪʦ ʟʥʘʯʝʥʠʝ ʨʘʚʥʦ ʤʠʥʠʤʘʣʴʥʦʤʫ ʫʨʦʚʥʶ 

ʟʘʛʨʷʟʥʝʥʠʷ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚ ʥʘʯʘʣʝ 30-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ, ʘ ʪʘʢʞʝ ʬʦʥʦʚʳʤ 

ʟʥʘʯʝʥʠʷʤ TPFchem, ʧʦʣʫʯʝʥʥʳʤ ʚ ʥʝʟʘʛʨʷʟʥʝʥʥʳʭ ʨʘʡʦʥʘʭ ʟʘʣʠʚʘ ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ); 

½ ʇʦʯʪʠ ʠʥʪʘʢʪʥʦʝ ʩʦʩʪʦʷʥʠʝ: ʇɼʋ10 ï ʪʘʢʦʝ ʞʝ ʧʘʜʝʥʠʝ ʦʙʦʙʱʝʥʥʦʡ ʬʫʥʢʮʠʠ 

ʩʦʩʪʦʷʥʠʷ (ʜʘʣʝʝ ï ʆʌʉ) ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʪʠʧʦʚ ʩʦʦʙʱʝʩʪʚ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ (2,0 ʫʩʣ. ʝʜ., 

ʢʦʦʨʜʠʥʘʪʘ ʪʦʯʢʠ ʥʘʠʙʦʣʴʰʝʡ ʢʨʠʚʠʟʥʳ ʆʌʉ; ʦʧʪʠʤʫʤ II ʢʣʘʩʪʝʨʘ ʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʛʨʫʧʧ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʟʘʛʨʷʟʥʝʥʠʶ; ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ 

ʦʩʘʜʢʦʚ ʚ 30-ʝ ʛʦʜʳ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ); 

½ ʈʝʟʢʦʝ ʫʭʫʜʰʝʥʠʝ ʫʩʣʦʚʠʡ ʩʨʝʜʳ: ERLq ʠ ERMq ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘʯʘʣʦ ʠ ʢʦʥʝʮ 

ʦʙʣʘʩʪʠ ʧʨʦʛʨʝʩʩʠʚʥʦʡ ʜʝʛʨʘʜʘʮʠʠ ʜʦʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ (2,5 ʠ 3,1 ʫʩʣ. ʝʜ.; ʥʘʠʙʦʣʝʝ 

ʙʳʩʪʨʦʝ, ʧʦʯʪʠ ʣʠʥʝʡʥʦʝ, ʫʤʝʥʴʰʝʥʠʝ ʆʌʉ); 

½ ʇʦʣʥʦʝ ʨʘʟʨʫʰʝʥʠʝ: ERDq ï 4,3 ʫʩʣ. ʝʜ.; ʢʦʦʨʜʠʥʘʪʘ ʪʦʯʢʠ ʚʳʭʦʜʘ ʆʌʉ ʥʘ ʧʣʘʪʦ 

ʧʦʩʣʝ ʧʘʜʝʥʠʷ. 

ʂʘʢ ʠ ʇɼʂ, ʇɼʋ ʩʣʝʜʫʝʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴ: ʜʣʷ ʘʢʚʘʪʦʨʠʡ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ 

ʜʦʥʥʦʛʦ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ, ʦʥʠ ʜʦʣʞʥʳ ʙʳʪʴ ʞʝʩʪʯʝ, ʯʝʤ, ʥʘʧʨʠʤʝʨ, ʜʣʷ 

ʚʦʜʦʝʤʦʚ ʢʫʣʴʪʫʨʥʦ-ʙʳʪʦʚʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʇɼʋ10d ʠ ʇɼʋ10). 

ɺ ʩʦʦʙʱʝʩʪʚʘʭ ʜʦʥʥʳʭ ʞʠʚʦʪʥʳʭ, ʦʙʠʪʘʶʱʠʭ ʧʨʠ TPFchem < ʇɼʋ10, ʜʦʤʠʥʠʨʫʶʪ 

ʵʢʩʪʨʝʤʘʣʴʥʦ ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʟʘʛʨʷʟʥʝʥʠʶ ʚʠʜʳ, ʘ 

ʪʘʢʞʝ ʵʢʩʪʨʝʤʘʣʴʥʦ ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʠ ʠʥʜʠʬʬʝʨʝʥʪʥʳʝ ʢ ʵʚʪʨʦʬʠʢʘʮʠʠ ʧʨʝʜʩʪʘʚʠʪʝʣʠ 

ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ. ʕʪʠ ʛʨʫʧʧʠʨʦʚʢʠ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʠʤ ʚʠʜʦʚʳʤ ʙʦʛʘʪʩʪʚʦʤ, 

ʨʘʟʥʦʦʙʨʘʟʠʝʤ, ʚʳʨʘʚʥʝʥʥʦʩʪʴʶ ʨʘʥʛʦʚʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ, ʚʳʩʦʢʠʤ ʠ ʭʦʨʦʰʠʤ 
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ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʩʪʘʪʫʩʦʤ (ʠʥʜʝʢʩʳ ʄʘʨʛʘʣʝʬʘ, ʐʝʥʥʦʥʘ-ɺʠʥʝʨʘ, ʇʠʝʣʫ, ʙʠʦʪʠʯʝʩʢʠʡ 

ʠʥʜʝʢʩ M-AMBI), ʥʠʟʢʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʧʦʢʘʟʘʪʝʣʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʝʩʩʘ, 

ʙʠʦʠʥʜʠʢʘʮʠʦʥʥʦʛʦ ʠʥʜʝʢʩʘ TPFbio, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʪʝʧʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ. ʉʪʝʧʝʥʴ ʧʦʚʨʝʞʜʝʥʠʷ ʜʦʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʠ ʝʛʦ ʤʝʩʪʦʦʙʠʪʘʥʠʡ ʥʠʟʢʘ 

(ʠʥʜʝʢʩ AMBI), ʘ ʚ ʠʭ ʩʦʩʪʘʚʝ ʧʨʝʦʙʣʘʜʘʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʫʧʥʳʝ ʞʠʚʦʪʥʳʝ (ʩʪʘʪʠʩʪʠʢʘ 

ʂʣʘʨʢʘ). ɿʘʪʝʤ, ʧʦ ʤʝʨʝ ʨʦʩʪʘ ʟʘʛʨʷʟʥʝʥʠʷ, ʧʨʦʠʩʭʦʜʷʪ ʩʣʝʜʫʶʱʠʝ ʠʟʤʝʥʝʥʠʷ, 

ʦʧʠʩʳʚʘʝʤʳʝ ʣʦʛʠʩʪʠʯʝʩʢʠʤʠ ʬʫʥʢʮʠʷʤʠ (15 ʯʘʩʪʥʳʭ ʬʫʥʢʮʠʡ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ: ʦʙʲʷʩʥʝʥʥʘʷ ʜʠʩʧʝʨʩʠʷ ï 89,1Ñ2,8 %):  

1. ʉʥʠʞʝʥʠʝ ʨʦʣʠ ʵʢʩʪʨʝʤʘʣʴʥʦ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʪʘʢʩʦʥʦʚ ʠ 

ʫʚʝʣʠʯʝʥʠʝ ʟʥʘʯʝʥʠʷ ʪʦʣʝʨʘʥʪʥʳʭ ʠ ʵʢʩʪʨʝʤʘʣʴʥʦ ʪʦʣʝʨʘʥʪʥʳʭ ʢ ʟʘʛʨʷʟʥʝʥʠʶ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʟʦʦʙʝʥʪʦʩʘ; 

2. ʋʤʝʥʴʰʝʥʠʝ ʜʦʣʠ ʩʪʝʥʦʙʠʦʥʪʥʳʭ ʠ ʫʚʝʣʠʯʝʥʠʝ ʚʢʣʘʜʘ ʵʚʨʠʙʠʦʥʪʥʳʭ ʚʠʜʦʚ; 

3. ɿʘʤʝʥʘ ʵʢʩʪʨʝʤʘʣʴʥʦ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ, ʠʥʜʠʬʬʝʨʝʥʪʥʳʭ ʠ ʪʦʣʝʨʘʥʪʥʳʭ ʢ 

ʵʚʪʨʦʬʠʢʘʮʠʠ ʞʠʚʦʪʥʳʭ ʥʘ ʦʧʧʦʨʪʫʥʠʩʪʦʚ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ; 

4. ʇʘʜʝʥʠʝ ʚʠʜʦʚʦʛʦ ʙʦʛʘʪʩʪʚʘ, ʨʘʟʥʦʦʙʨʘʟʠʷ, ʚʳʨʘʚʥʝʥʥʦʩʪʠ ʨʘʥʛʦʚʳʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʪʘʢʩʦʥʦʚ, ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʘʪʫʩʘ ʜʦʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʠ ʨʦʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʨʫʧʥʳʭ ʞʠʚʦʪʥʳʭ; 

5. ʈʦʩʪ ʠʥʜʝʢʩʘ TPFbio, ʧʦʢʘʟʘʪʝʣʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʝʩʩʘ, ʙʠʦʪʠʯʝʩʢʦʛʦ ʧʦʣʠʭʝʪʦ-

ʘʤʬʠʧʦʜʥʦʛʦ ʠʥʜʝʢʩʘ BOPA, ʩʪʝʧʝʥʠ ʥʘʨʫʰʝʥʠʷ ʜʦʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʠ ʤʝʩʪ ʝʛʦ ʦʙʠʪʘʥʠʷ. 

ɺʩʝ ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʚʳʨʘʞʝʥʳ ʧʨʠ ʫʨʦʚʥʝ ʟʘʛʨʷʟʥʝʥʠʷ, 

ʣʝʞʘʱʝʤ ʚ ʜʠʘʧʘʟʦʥʝ ʤʝʞʜʫ ʧʦʨʦʛʦʚʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ERLq ʠ ERMq. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʠʭ 

ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʧʨʠ TPFchem > ERDq ʬʦʨʤʠʨʫʶʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʩʦʦʙʱʝʩʪʚʘ, ʧʦʯʪʠ 

ʮʝʣʠʢʦʤ ʩʦʩʪʦʷʱʠʝ ʠʟ ʵʚʨʠʙʠʦʥʪʥʳʭ, ʪʦʣʝʨʘʥʪʥʳʭ ʠ ʵʢʩʪʨʝʤʘʣʴʥʦ ʪʦʣʝʨʘʥʪʥʳʭ ʢ 

ʟʘʛʨʷʟʥʝʥʠʶ ʦʧʧʦʨʪʫʥʠʩʪʠʯʝʩʢʠʭ ʪʘʢʩʦʥʦʚ. ʕʪʠ ʛʨʫʧʧʠʨʦʚʢʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʪʘʢʦʚʳʭ, 

ʦʙʠʪʘʶʱʠʭ ʧʨʠ TPFchem < ʇɼʋ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʠʟʢʠʤ ʚʠʜʦʚʳʤ ʙʦʛʘʪʩʪʚʦʤ, 

ʨʘʟʥʦʦʙʨʘʟʠʝʤ, ʚʳʨʘʚʥʝʥʥʦʩʪʴʶ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʩʪʘʪʫʩʦʤ, ʦʙʠʪʘʶʪ ʚ ʩʠʣʴʥʦ 

ʧʦʚʨʝʞʜʝʥʥʳʭ ʟʘʛʨʷʟʥʝʥʠʝʤ ʠ ʵʚʪʨʦʬʠʢʘʮʠʝʡ ʙʠʦʪʦʧʘʭ, ʠʤʝʶʪ ʚʳʩʦʢʠʡ ʧʦʢʘʟʘʪʝʣʴ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʝʩʩʘ ʠ ʩʦʩʪʘʚʣʝʥʳ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ, ʠʟ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʣʢʠʭ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ. 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʠʩʧʳʪʘʥʠʝ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʤʦʨʩʢʦʡ ʩʨʝʜʳ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʦʦʙʱʝʩʪʚ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ ʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʜʦʧʫʩʪʠʤʦʛʦ ʫʨʦʚʥʷ ʭʠʤʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʦʩʘʜʢʦʚ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ 

ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1) ʉʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʠ ʨʝʩʪʨʫʢʪʫʨʠʨʦʚʘʪʴ ʛʝʦ-, ʘʫʪ- ʠ ʩʠʥʵʢʦʣʦʛʠʯʝʩʢʠʝ 

ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʅʀʈ 4.6.2 ʠ 4.6.3 ʚ 2020ï2023 ʛʛ.; 
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2) ʇʦʜʛʦʪʦʚʠʪʴ ʜʘʥʥʳʝ ʜʣʷ ʢʘʨʪʠʨʦʚʘʥʠʷ ʥʝʢʦʪʦʨʳʭ ʘʢʚʘʪʦʨʠʡ ʟʘʣʠʚʘ ʇʝʪʨʘ 

ɺʝʣʠʢʦʛʦ ʗʧʦʥʩʢʦʛʦ ʤʦʨʷ ʧʦ ʦʙʱʝʤʫ ʫʨʦʚʥʶ ʭʠʤʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ (TPFchem); 

3) ɺʳʧʦʣʥʠʪʴ ʧʦʩʪʨʦʝʥʠʝ ʢʘʨʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ TPFchem, ʢʦʪʦʨʳʝ ʦʪʨʘʞʘʶʪ ʇɼʋ 

ʠ ʚʝʣʠʯʠʥʳ ERLq, ERMq ʠ ERDq; 

4) ʆʧʠʩʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʇɼʋ ʠ ʛʨʘʥʠʯʥʳʭ ʢʨʠʪʝʨʠʝʚ ERLq, ERMq ʠ ERDq. 

1.2 ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

1.2.1 ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʜʘʥʥʳʝ, ʩʙʦʨ ʠ ʦʙʨʘʙʦʪʢʘ ʧʨʦʙ 

ʄʘʪʝʨʠʘʣʦʤ ʜʣʷ ʘʥʘʣʠʟʘ ʧʦʩʣʫʞʠʣʠ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʚ 1982ï2022 ʛʛ. ʥʘ 

ʩʪʘʥʮʠʷʭ ʆʙʱʝʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʣʫʞʙʳ ʥʘʙʣʶʜʝʥʠʡ (ʆɻʉʅ) ʚ ʟʘʣʠʚʝ ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ 

ʗʧʦʥʩʢʦʛʦ ʤʦʨʷ (ʟʘʣʠʚʳ ɸʤʫʨʩʢʠʡ, ʋʩʩʫʨʠʡʩʢʠʡ, ʅʘʭʦʜʢʘ, ʧʨʦʣʠʚ ɹʦʩʬʦʨ ɺʦʩʪʦʯʥʳʡ) 

(ʨʠʩʫʥʦʢ 1.1, ʪʘʙʣʠʮʘ 1.1). ʇʨʦʙʳ ʛʨʫʥʪʘ ʦʪʙʠʨʘʣʠ ʜʥʦʯʝʨʧʘʪʝʣʝʤ ɺʘʥ-ɺʠʥʘ (0,11 ʤ
2
); ʥʘ 

ʢʘʞʜʦʡ ʩʪʘʥʮʠʠ ʯʘʩʪʴ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʦʩʘʜʢʦʚ (2ï3 ʩʤ) ʟʘʤʦʨʘʞʠʚʘʣʠ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʠʟʤʝʨʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ. 

 

 

ʈʠʩʫʥʦʢ 1.1 ï ʈʘʩʧʦʣʦʞʝʥʠʝ ʩʪʘʥʮʠʡ ʆɻʉʅ ʥʘ ʘʢʚʘʪʦʨʠʠ ʟʘʣ. ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ 
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ʊʘʙʣʠʮʘ 1.1 ï ʂʦʦʨʜʠʥʘʪʳ ʩʪʘʥʮʠʡ ʆɻʉʅ ʠ ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʜʘʥʥʳʝ 

ʉʪʘʥʮʠʷ ɼʦʣʛʦʪʘ ʐʠʨʦʪʘ 
ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʜʘʥʥʳʝ ʠʣʠ 

ʥʘʯʘʣʦ ʦʧʨʦʙʦʚʘʥʠʷ, ʛʦʜ 

ɸʤʫʨʩʢʠʡ ʟʘʣʠʚ 

A11 131,9000 43,2500 1982 

A12 131,7800 43,2533 1982 

A16 131,8833 43,1833 1982 

A24 131,8533 43,1200 1982 

A28 131,7350 43,0833 1982 

A35 131,6800 42,9583 2006 

A37 131,6100 42,9383 1982 

A39 131,4383 42,8867 1990 

A52 131,6550 43,1000 2004 

ʋʩʩʫʨʠʡʩʢʠʡ ʟʘʣʠʚ 

U100 131,9900 43,0883 1982 

U103 132,0250 43,1133 2002 

U104 132,3067 43,2737 1982 

U105 132,3183 43,1283 1990 

U106 132,1833 43,1133 1982 

U108 131,9433 42,9333 1982 

U112 132,3067 43,0133 2006 

U117 132,2000 42,8867 2007 

U208 132,0000 42,9833 1984 

ɹʫʭʪʘ ɿʦʣʦʪʦʡ ʈʦʛ ʠ ʧʨʦʣʠʚ ɹʦʩʬʦʨ ɺʦʩʪʦʯʥʳʡ 

Z1 131,9283 43,1067 1982 

Z7 131,8908 43,1110 1982 

Z11 131,8750 43,0988 1982 

Z12 131,8767 43,0917 1982 

Z14 131,8697 43,0817 2006 

Z18 131,9060 43,0550 1982 

Z19 131,9050 43,0733 1990 

Z22 131,8942 43,0900 1982 

Z23 131,8510 43,0693 1990 

ɿʘʣʠʚ ʅʘʭʦʜʢʘ 

N1 132,8700 42,7883 

2010 

N2 132,8867 42,8000 

N7 132,9150 42,8183 

N12 132,9150 42,7183 

N14 132,9333 42,7417 

N15 132,9383 42,7667 

N18 132,9733 42,8250 

N25 133,0667 42,7467 

N33 133,0055 42,7223 

N35 133,0167 42,7333 

N36 132,9000 42,7767 

N152 132,9167 42,7533 
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ʉʦʜʝʨʞʘʥʠʝ ʚʩʝʭ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʭʠʤʠʯʝʩʢʦʛʦ 

ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʣʣʶʪʘʥʪʦʚ (Cu, Pb, Zn, ʬʝʥʦʣʳ, ʭʣʦʨʠʨʦʚʘʥʥʳʝ ʠ ʦʙʱʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ) 

ʠʟʤʝʨʷʣʠ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʤʦʥʠʪʦʨʠʥʛʘ ʟʘʛʨʷʟʥʝʥʠʷ ʤʦʨʩʢʠʭ ʚʦʜ ʌɻɹʋ çʇʨʠʤʦʨʩʢʦʝ 

ʋɻʄʉè ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ ʤʝʪʦʜʠʢʘʤ ʈʦʩʛʠʜʨʦʤʝʪʘ [16].  

1.2.2 ɸʥʘʣʠʟ ʜʘʥʥʳʭ 

ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʭʠʤʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ 

ʧʨʠʤʝʥʷʣʠ ʠʥʜʝʢʩ:  

 

TPFchem = (PHC + PHE + Pb + Cu + SDDT)/5    (1.1)  

 

ʛʜʝ PHC, PHE, Pb, Cu ʠ SDDT ð 5-ʨʘʥʛʦʚʳʝ ʦʮʝʥʢʠ (ln-ʤʘʩʰʪʘʙ) ʩʦʜʝʨʞʘʥʠʷ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʬʝʥʦʣʦʚ, ʩʚʠʥʮʘ, ʤʝʜʠ, ʩʫʤʤʳ ɼɼʊ ʠ ʝʛʦ ʤʝʪʘʙʦʣʠʪʦʚ [1, 17]. ʕʪʠ 

ʵʣʝʤʝʥʪʳ ʠ ʩʦʝʜʠʥʝʥʠʷ ʦʪʥʦʩʷʪʩʷ ʢ ʧʨʠʦʨʠʪʝʪʥʳʤ ɿɺ, ʘ ʠʭ ʥʘʙʦʨ ʜʣʷ ʟʘʣʠʚʘ ʇʝʪʨʘ 

ɺʝʣʠʢʦʛʦ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʤʝʪʦʜʘʤʠ ʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ. ɺʳʯʠʩʣʝʥʠʝ TPFchem ʧʨʦʠʟʚʦʜʠʣʠ 

ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʳ TpfCalc, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʦʜʥʠʤ ʠʟ ʘʚʪʦʨʦʚ ʚ ʩʨʝʜʝ STATISTICA 

[18]. 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʢʘʨʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ TPFchem ʥʘ ʧʨʠʙʨʝʞʥʳʭ ʘʢʚʘʪʦʨʠʷʭ 

ɺʣʘʜʠʚʦʩʪʦʢʘ ʠ ʟʘʣʠʚʘ ʅʘʭʦʜʢʘ (ʩʪʘʥʮʠʠ ʆɻʉʅ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩ 1982 ʧʦ 2022 ʛʛ. ʠ ʩ 

2010 ʧʦ 2022 ʛʛ.; ʚʩʝʛʦ 41 ʠ 13 ʨʠʩʫʥʢʦʚ) ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʝʣʠʯʠʥʳ ʇɼʋ10d, ʇɼʋ10, ERLq, 

ERMq ʠ ERDq [ʩʤ. ɺɺɽɼɽʅʀɽ]. ɼʘʥʥʳʝ ʧʦ ʟʘʛʨʷʟʥʝʥʠʶ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʟʘ 2023 ʛ. 

ʦʢʘʟʘʣʠʩʴ ʥʝʧʨʠʛʦʜʥʳʤʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʟʤʝʨʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʝʩʪʠʮʠʜʦʚ. 

1.2.3 ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʇʨʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʧʨʠʤʝʥʷʣʠ ʧʨʦʮʝʜʫʨʳ ʠ ʪʝʩʪʳ, ʧʨʝʜʣʘʛʘʝʤʳʝ 

ʧʘʢʝʪʘʤʠ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ PRIMER, STATISTICA ʠ ʩʨʝʜʦʡ R [19ï23]. 

ʕʢʩʪʨʘʧʦʣʷʮʠʶ ʜʘʥʥʳʭ ʥʘ ʧʝʨʠʦʜʳ, ʢʦʛʜʘ ʠʟʤʝʨʝʥʠʝ ɿɺ ʥʝ ʧʨʦʠʟʚʦʜʠʣʠ, ʚʳʧʦʣʥʷʣʠ 

ʧʦʩʨʝʜʩʪʚʦʤ ʣʠʥʝʡʥʦʛʦ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩ ʚʳʯʠʩʣʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʢʦʨʨʝʣʷʮʠʠ (r) ʠ ʝʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʮʝʥʢʦʡ (ʧʨʦʚʝʨʢʘ H0: r=0; ANOVA). 

ɼʣʷ ʟʘʣʠʚʘ ʅʘʭʦʜʢʘ ʚʳʧʦʣʥʝʥʦ ʚʳʜʝʣʝʥʠʝ ʛʣʘʚʥʦʛʦ ʟʘʛʨʷʟʥʷʶʱʝʛʦ ʬʘʢʪʦʨʘ 

ʤʝʪʦʜʦʤ ʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ [1]. ʌʘʢʪʦʨʳ ʚʳʜʝʣʷʣʠ ʤʝʪʦʜʘʤʠ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʠ 

ʥʘʠʙʦʣʴʰʝʛʦ ʧʨʘʚʜʦʧʦʜʦʙʠʷ; ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʠʭ ʩʪʨʫʢʪʫʨʳ ʠ ʧʦʣʫʯʝʥʠʷ ʣʝʛʢʦ 

ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʳʭ ʨʝʰʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʦʩʦʫʛʦʣʴʥʦʝ ʚʨʘʱʝʥʠʝ ʧʨʦʤʘʢʩ (ʤʦʜʫʣʠ psych 

ʠ GPArotation ʩʨʝʜʳ R) [22]. ʏʠʩʣʦ ʢʦʤʧʦʥʝʥʪ (ʬʘʢʪʦʨʦʚ) ʚʳʙʠʨʘʣʠ ʩ ʩʦʙʣʶʜʝʥʠʝʤ 



18 

ʧʨʠʥʮʠʧʘ ʵʢʦʥʦʤʠʠ ʥʘ ʦʩʥʦʚʝ ʢʨʠʪʝʨʠʝʚ ʂʘʡʟʝʨʘ-ʍʘʨʨʠʩʘ, ʪʝʩʪʘ ʢʘʤʝʥʥʦʡ ʦʩʳʧʠ ʠ 

ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʮʠʧʦʤ ʵʢʦʥʦʤʠʠ, ʠʟ ʜʚʫʭ ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʨʝʰʝʥʠʡ 

ʚʳʙʠʨʘʶʪ ʤʦʜʝʣʠ, ʚʢʣʶʯʘʶʱʠʝ ʤʠʥʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʬʘʢʪʦʨʦʚ. ʇʦ ʢʨʠʪʝʨʠʶ ʂʘʡʟʝʨʘ-

ʍʘʨʨʠʩʘ ʦʪʙʠʨʘʶʪ ʬʘʢʪʦʨʳ ʩ ʩʦʙʩʪʚʝʥʥʳʤʠ ʯʠʩʣʘʤʠ >1 (ʠʟʤʝʥʝʥʠʷ ʬʘʢʪʦʨʘ ʦʙʲʷʩʥʷʶʪ 

>10% ʜʠʩʧʝʨʩʠʠ ʠʟʤʝʨʷʝʤʳʭ ʧʝʨʝʤʝʥʥʳʭ). ʊʝʩʪ ʢʘʤʝʥʥʦʡ ʦʩʳʧʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʳʙʦʨ 

ʯʠʩʣʘ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʡ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʦʙʣʘʩʪʴ ʜʦ ʧʝʨʝʛʠʙʘ ʣʠʥʠʠ ʟʘʚʠʩʠʤʦʩʪʠ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʯʠʩʣʘ ʦʪ ʩʚʦʝʛʦ ʥʦʤʝʨʘ, ʚʢʣʶʯʘʷ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ, ʩʘʤʫ ʪʦʯʢʫ 

ʥʘʠʙʦʣʴʰʝʡ ʢʨʠʚʠʟʥʳ ʵʪʦʡ ʣʠʥʠʠ. ʇʘʨʘʣʣʝʣʴʥʳʡ ʘʥʘʣʠʟ ʦʩʥʦʚʘʥ ʥʘ ʚʳʜʝʣʝʥʠʠ 

ʢʦʤʧʦʥʝʥʪ (ʬʘʢʪʦʨʦʚ) ʠʟ ʩʣʫʯʘʡʥʳʭ ʤʘʪʨʠʮ ʜʘʥʥʳʭ ʪʦʡ ʞʝ ʨʘʟʤʝʨʥʦʩʪʠ, ʯʪʦ ʠ ʠʩʭʦʜʥʘʷ 

ʤʘʪʨʠʮʘ. ɽʩʣʠ ʩʦʙʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ, ʧʦʣʫʯʝʥʥʦʝ ʧʦ ʨʝʘʣʴʥʳʤ ʜʘʥʥʳʤ, ʚʳʰʝ, ʯʝʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʫʩʨʝʜʥʝʥʥʦʝ ʩʦʙʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʥʘʙʦʨʘ ʩʣʫʯʘʡʥʳʭ ʤʘʪʨʠʮ 

ʜʘʥʥʳʭ, ʪʦʛʜʘ ʪʘʢʘʷ ʢʦʤʧʦʥʝʥʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ [24]. ʕʪʘ ʩʠʤʫʣʷʮʠʷ ʙʳʣʘ ʜʦʧʦʣʥʝʥʘ 

ʧʨʦʮʝʜʫʨʦʡ ʙʫʪʩʪʨʝʧ-ʦʮʝʥʢʠ (ʨʝʩʵʤʧʣʠʥʛ) ʩ ʠʜʝʥʪʠʯʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʝʡ ʨʝʟʫʣʴʪʘʪʦʚ.  

1.3 ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʟʥʘʯʝʥʠʡ ʠʥʜʝʢʩʘ TPFchem ʥʘ ʧʨʠʙʨʝʞʥʳʭ 

ʘʢʚʘʪʦʨʠʷʭ ɺʣʘʜʠʚʦʩʪʦʢʘ 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʟʥʘʯʝʥʠʡ ʠʥʜʝʢʩʘ TPFchem ʥʘ ʧʨʠʙʨʝʞʥʳʭ ʘʢʚʘʪʦʨʠʷʭ 

ɺʣʘʜʠʚʦʩʪʦʢʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 1.2 ʠ 1.3.  

 

ʈʠʩʫʥʦʢ 1.2 ï ɿʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ TPFchem ʠʩʢʦʤʳʭ ʠ ʨʝʬʝʨʝʥʪʥʳʭ ʩʪʘʥʮʠʡ 
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ʕʢʩʪʨʘʧʦʣʷʮʠʷ ʜʘʥʥʳʭ ʥʘ ʧʝʨʠʦʜʳ, ʢʦʛʜʘ ʠʟʤʝʨʝʥʠʝ ɿɺ ʥʝ ʧʨʦʠʟʚʦʜʠʣʠ, 

ʧʦʪʨʝʙʦʚʘʣʘʩʴ ʜʣʷ 11 ʠʟ 27 ʩʪʘʥʮʠʡ (ʨʠʩʫʥʦʢ 1.2, 1.3). ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʘʠʣʫʯʰʠʝ 

ʨʝʟʫʣʴʪʘʪʳ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʜʦʩʪʠʛʘʣʠʩʴ ʣʠʥʝʡʥʳʤʠ ʬʫʥʢʮʠʷʤʠ, ʚ ʜʚʫʭ ʧʦʣʠʥʦʤʠʘʣʴʥʳʤʠ 

ʠ ʚ ʦʜʥʦʤ ï ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ (ʩʪʘʥʮʠʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ A35, A52, U103, U103, U105, 

U112, U208 ʠ Z19, A39 ʠ Z23, Z14). ʆʙʲʷʩʥʝʥʥʘʷ ʜʠʩʧʝʨʩʠʷ ʧʦʯʪʠ ʚʦ ʚʩʝʭ ʚʘʨʠʘʥʪʘʭ 

ʧʨʝʚʳʩʠʣʘ 70 % (rĮ = 0,721ï0,927, p = 0,000), ʠ ʣʠʰʴ ʜʣʷ ʩʪʘʥʮʠʠ Z23 ʦʥʘ ʦʢʘʟʘʣʘʩʴ ʩʣʝʛʢʘ 

ʥʠʞʝ (rĮ = 0,675, p = 0,000). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʵʪʦʡ ʧʨʦʮʝʜʫʨʳ ʦʢʘʟʘʣʠʩʴ ʚʝʩʴʤʘ 

ʫʩʧʝʰʥʳʤʠ ʠ ʧʦʟʚʦʣʠʣʠ ʟʘʧʦʣʥʠʪʴ ʚʨʝʤʝʥʥʳʝ ʧʨʦʧʫʩʢʠ ʫ 41 % ʪʦʯʝʢ ʦʧʨʦʙʦʚʘʥʠʷ. 

1.4 ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʢʘʣʠʙʨʦʚʢʠ ʠʥʜʝʢʩʘ TPFchem ʥʘ ʘʢʚʘʪʦʨʠʠ ʟʘʣʠʚʘ 

ʅʘʭʦʜʢʘ 

ɼʣʷ ʟʘʣʠʚʘ ʅʘʭʦʜʢʘ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤ ʷʚʣʷʝʪʩʷ ʦʜʥʦʬʘʢʪʦʨʥʦʝ ʨʝʰʝʥʠʝ, ʧʨʠʯʝʤ 

ʠʟʤʝʥʝʥʠʷ ʵʪʦʛʦ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʬʘʢʪʦʨʘ ʦʙʲʷʩʥʷʶʪ, ʚ ʩʨʝʜʥʝʤ, 62,3Ñ1,2 % (ʜʠʘʧʘʟʦʥ 

ʠʟʤʝʥʝʥʠʷ ï 55,5ï68,7 %) ʜʠʩʧʝʨʩʠʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ (ʪʘʙʣʠʮʘ 1.2). 

ʈʝʰʝʥʠʷ ʩ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʬʘʢʪʦʨʦʚ ʤʘʣʦʚʝʨʦʷʪʥʳ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʢʦʨʨʝʣʠʨʦʚʘʥʥʦʩʪʠ 

ʢʣʘʩʪʝʨʦʚ ʧʝʨʚʠʯʥʳʭ ʧʝʨʝʤʝʥʥʳʭ (r = 0,528Ñ0,041 ʠ 0,349ï 0,729). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʣʝʪ (2011, 2013, 2016, 2018 ʛʛ.) ʚʝʩʴʤʘ ʚʦʟʤʦʞʥʦ ʠ ʜʚʫʭʬʘʢʪʦʨʥʦʝ ʨʝʰʝʥʠʝ, 

ʩ ʚʳʜʝʣʝʥʠʝʤ çʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦè ʠ çʪʝʨʨʠʛʝʥʥʦʛʦè ʬʘʢʪʦʨʦʚ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ 

ʘʚʪʦʨʘʤʠ ʨʘʥʝʝ ʜʣʷ ʧʨʠʙʨʝʞʥʦʡ ʘʢʚʘʪʦʨʠʠ ɺʣʘʜʠʚʦʩʪʦʢʘ [25, 26]. ʇʨʠ ʵʪʦʤ ʥʘ 

çʪʝʨʨʠʛʝʥʥʦʩʪʴè ʚʪʦʨʦʛʦ ʬʘʢʪʦʨʘ ʦʪʯʝʪʣʠʚʦ ʫʢʘʟʳʚʘʝʪ ʚʢʣʶʯʝʥʠʝ ʚ ʥʝʛʦ ʤʘʨʢʝʨʦʚ ʵʪʦʛʦ 

ʧʨʦʮʝʩʩʘ ï ʞʝʣʝʟʘ, ʤʘʨʛʘʥʮʘ, ʥʠʢʝʣʷ, ʘ ʠʥʦʛʜʘ ʠ ʬʝʥʦʣʦʚ. 

ʅʘʙʦʨ ɿɺ, ʢʦʪʦʨʳʝ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ TPFchem ʜʣʷ ʟʘʣʠʚʘ 

ʅʘʭʦʜʢʘ, ʟʘʤʝʪʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʪʘʢʦʚʦʛʦ ʜʣʷ ʧʨʠʙʨʝʞʥʳʭ ʘʢʚʘʪʦʨʠʡ ɺʣʘʜʠʚʦʩʪʦʢʘ 

(ʦʙʱʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ ï ʆʋ, ʬʝʥʦʣʳ, ʩʫʤʤʘ ɼɼʊ ʠ ʝʛʦ ʤʝʪʘʙʦʣʠʪʦʚ ï Ɇɼɼʊ, ʤʝʜʴ ʠ 

ʩʚʠʥʝʮ) ʠ ʚʢʣʶʯʘʝʪ, ʢʨʦʤʝ ʆʋ, Ɇɼɼʊ ʠ Cu, ʭʨʦʤ ʠ ʮʠʥʢ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ 

ʢʘʣʠʙʨʦʚʢʘ TPFchem ʜʣʷ ʵʪʦʛʦ ʨʘʡʦʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ TPFchem, ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʧʦ 

ʩʪʘʥʜʘʨʪʥʦʤʫ ʥʘʙʦʨʫ ɿɺ (ʨʠʩʫʥʦʢ 1.4). ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʇɼʋ10d, 

ʇɼʋ10, ʧʦʨʦʛʦʚʳʭ ʚʝʣʠʯʠʥ ERLq, ERMq ʠ ERDq, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʝʞʝʛʦʜʥʳʭ ʢʘʨʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ TPFchem ʠ ʩʦʩʪʘʚʣʷʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 1.6, 1.9, 2.5, 3.1 ʠ 4.5 

ʫʩʣ. ʝʜ. (ʟʥʘʯʝʥʠʷ ERLq ʠ ERMq ʩʦʚʧʘʜʘʶʪ). 
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ʊʘʙʣʠʮʘ 1.2 ï ʈʝʟʫʣʴʪʘʪʳ ʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʢʦʥʮʝʥʪʨʘʮʠʡ ɿɺ ʚ ʛʨʫʥʪʘʭ ʟʘʣʠʚʘ ʅʘʭʦʜʢʘ 

ɿʘʛʨʷʟʥʠʪʝʣʴ 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 m ÑSE 

ʋʛʣʝʚʦʜʦʨʦʜʳ 0,922 0,922 0,937 0,914 0,877 0,703 0,803 0,883 0,921 0,832 0,942 0,891 0,900 0,880 0,019 

ʌʝʥʦʣʳ 0,651 0,543 -0,111 -0,353 0,550 0,681 0,395 0,507 0,300 0,737 0,761 0,668 0,615 0,457 0,097 

Ɇɼɼʊ 0,700 0,819 0,939 0,872 0,902 0,638 0,905 0,815 0,866 0,564 0,915 0,886 0,343 0,782 0,051 

Ɇɻʍʎɻ -0,766 0,034 -0,213 -0,049 0,400 0,531 0,935 0,961 0,688 0,640 0,592 0,512 0,313 0,352 0,141 

Cd 0,189 0,349 0,597 0,162 0,872 -0,020 -0,177 0,644 0,571 0,647 0,823 0,641 0,898 0,477 0,100 

Co 0,545 0,566 0,747 0,736 0,724 0,752 0,735 0,570 0,690 0,837 0,323 0,647 0,768 0,664 0,039 

Cr 0,930 0,947 0,922 0,970 0,945 0,796 0,969 0,853 0,917 0,968 0,904 0,963 0,976 0,928 0,015 

Cu 0,788 0,881 0,927 0,935 0,904 0,928 0,941 0,928 0,810 0,914 0,967 0,924 0,945 0,907 0,015 

Fe 0,855 0,789 0,834 0,900 0,859 0,808 0,838 -0,070 0,847 0,892 0,841 0,596 0,850 0,757 0,075 

Hg 0,951 0,831 0,856 0,904 0,903 0,914 0,857 0,780 0,607 0,601 0,934 0,925 0,904 0,844 0,033 

Mn 0,677 0,769 0,650 0,342 0,811 0,840 0,773 0,632 0,807 0,768 0,739 0,482 0,817 0,701 0,042 

Ni 0,677 0,554 0,793 0,871 0,844 0,911 0,913 0,798 0,804 0,888 0,739 0,564 0,911 0,790 0,036 

Pb 0,880 0,907 0,894 0,856 0,890 0,935 0,912 0,939 0,898 0,925 0,896 0,944 0,852 0,902 0,008 

Zn 0,922 0,900 0,957 0,957 0,926 0,942 0,967 0,910 0,876 0,596 0,942 0,963 0,956 0,909 0,028 

ʆʙʲʷʩʥʝʥʥʘʷ ʜʠʩʧʝʨʩʠʷ 8,344 7,773 8,639 8,258 9,612 8,492 9,523 8,311 8,416 8,597 9,550 8,476 9,323 8,717 0,170 

ɼʦʣʷ ʦʙʲʷʩʥʝʥʥʦʡ 

ʜʠʩʧʝʨʩʠʠ 
0,596 0,555 0,617 0,590 0,687 0,607 0,680 0,594 0,601 0,614 0,682 0,605 0,666 0,623 0,012 

ʇʨʠʤʝʯʘʥʠʝ. ɾʠʨʥʳʤ ʰʨʠʬʪʦʤ ʚʳʜʝʣʝʥʳ ʥʘʛʨʫʟʢʠ > 0,7 ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʬʘʢʪʦʨʦʚ ʠ ɿɺ, ʚʢʣʶʯʝʥʥʳʭ ʚ TPFchem, ʧʦʩʣʝ ʫʩʨʝʜʥʝʥʠʷ; m 

ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ, SE ï ʦʰʠʙʢʘ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʩʪʠ. 
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ʈʠʩʫʥʦʢ 1.4 ï ʈʝʟʫʣʴʪʘʪʳ ʢʘʣʠʙʨʦʚʢʠ ʠʥʜʝʢʩʘ TPFchem, ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʜʣʷ ʟʘʣʠʚʘ ʅʘʭʦʜʢʘ, 

ʧʦ ʚʝʣʠʯʠʥʘʤ ʩʪʘʥʜʘʨʪʥʦʛʦ TPFchem 

1.5 ɸʪʣʘʩ ʠʟʤʝʥʝʥʠʡ TPFchem ʥʘ ʧʨʠʙʨʝʞʥʳʭ ʘʢʚʘʪʦʨʠʷʭ ɺʣʘʜʠʚʦʩʪʦʢʘ ʠ ʚ 

ʟʘʣʠʚʝ ʅʘʭʦʜʢʘ 

ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʢʚʘʪʦʨʠʠ ʟʘʣ. ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ ʚʙʣʠʟʠ ɺʣʘʜʠʚʦʩʪʦʢʘ ʚ 

ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʧʦʜʚʝʨʞʝʥʳ ʟʘʛʨʷʟʥʝʥʠʶ, ʥʦ ʥʘ ʙʦʣʴʰʠʥʩʪʚʝ ʩʪʘʥʮʠʡ ʦʥʦ ʧʨʝʚʳʰʘʝʪ 

ʧʨʠʨʦʜʥʳʡ ʛʝʦʭʠʤʠʯʝʩʢʠʡ ʬʦʥ ʠ çʙʝʟʦʧʘʩʥʳʡè ʫʨʦʚʝʥʴ ʭʦʪʷ ʙʳ ʧʦ ʦʜʥʦʤʫ ʠʟ ʧʦʣʣʶʪʘʥʪʦʚ 

[25]. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʵʪʦ ʦʪʥʦʩʠʪʩʷ ʢ ʫʛʣʝʚʦʜʦʨʦʜʘʤ, ʧʝʩʪʠʮʠʜʘʤ, Cd ʠ Hg. ʆʩʥʦʚʥʳʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ ʧʦʩʪʫʧʣʝʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʷʚʣʷʶʪʩʷ ʩʙʨʦʩʳ ʩʪʦʯʥʳʭ ʚʦʜ ʛ. 

ɺʣʘʜʠʚʦʩʪʦʢ ʠ ʙʣʠʟʣʝʞʘʱʠʭ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ (ʥʝʬʪʝʧʨʦʜʫʢʪʳ, ʧʝʩʪʠʮʠʜʳ, ʬʝʥʦʣʳ, Cd, 

Cu, Hg, Pb, Zn), ʘ ʪʘʢʞʝ ʨʝʢʠ, ʚʧʘʜʘʶʱʠʝ ʚ ʩʝʚʝʨʥʳʝ ʯʘʩʪʠ ɸʤʫʨʩʢʦʛʦ ʠ ʋʩʩʫʨʠʡʩʢʦʛʦ 

ʟʘʣʠʚʦʚ (Co, Mn, Ni, Fe). ʉʘʤʳʝ ʟʘʛʨʷʟʥʝʥʥʳʝ ʘʢʚʘʪʦʨʠʠ ï ʙʫʭʪʘ ɿʦʣʦʪʦʡ ʈʦʛ ʠ ʧʨʦʣʠʚ 

ɹʦʩʬʦʨ ɺʦʩʪʦʯʥʳʡ, ʛʜʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʣʣʦʚ ʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚʳʰʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʬʦʥʘ 

ʠ çʙʝʟʦʧʘʩʥʦʛʦè ʫʨʦʚʥʷ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. ɸʤʫʨʩʢʠʡ ʟʘʣʠʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ ʫʤʝʨʝʥʥʳʤ 

ʫʨʦʚʥʝʤ ʟʘʛʨʷʟʥʝʥʠʷ, ʘ ʋʩʩʫʨʠʡʩʢʠʡ ð ʷʚʣ̫ʝʪʩʷ ʥʘʠʙʦʣʝʝ ʯʠʩʪʳʤ ʩʨʝʜʠ ʠʟʫʯʝʥʥʳʭ 

ʨʘʡʦʥʦʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʭʠʤʠʯʝʩʢʦʝ ʟʘʛʨʷʟʥʝʥʠʝ, ʥʘʨʷʜʫ ʩ ʵʚʪʨʦʬʠʢʘʮʠʝʡ, ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʢʦʪʦʨʳʡ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʜʦʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ, 

ʥʦ ʝʛʦ ʩʠʣʴʥʦʝ ʧʨʦʷʚʣʝʥʠʝ ʚʝʩʴʤʘ ʣʦʢʘʣʴʥʦ ʠ ʦʪʯʝʪʣʠʚʦ ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʥʘʠʙʦʣʝʝ 

ʟʘʛʨʷʟʥʝʥʥʳʭ ʦʙʣʘʩʪʷʭ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʘʢʚʘʪʦʨʠʠ. 

ʇʨʠ ʵʪʦʤ ʜʣʷ ʚʨʝʤʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ TPFchem ʭʘʨʘʢʪʝʨʥʘ ʜʚʫʭʬʘʟʥʘʷ ʜʠʥʘʤʠʢʘ ʩ 

ʨʦʩʪʦʤ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ, ʧʦʩʣʝʜʫʶʱʠʤ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʩʥʠʞʝʥʠʝʤ ʠ ʩʪʘʙʠʣʠʟʘʮʠʝʡ ʩ 

ʥʘʯʘʣʘ ð ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʳ 1990-ʭ ʛʛ. [27]. ɼʣʷ ʚʩʝʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, TPFchem, ʭʘʨʘʢʪʝʨʝʥ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʠʟʤʝʥʯʠʚʦʩʪʠ, ʢʦʪʦʨʳʡ ʟʘʪʨʫʜʥʷʝʪ 

ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʧʨʦʮʝʩʩʦʚ, çʦʪʚʝʪʩʪʚʝʥʥʳʭè ʟʘ ʥʘʙʣʶʜʘʝʤʳʝ ʫ ʥʠʭ ʩʭʝʤʳ ʤʥʦʛʦʣʝʪʥʠʭ 
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ʠʟʤʝʥʝʥʠʡ. ʆʯʠʱʝʥʠʝ ʦʩʘʜʢʦʚ ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʚ ʥʠʭ ʙʘʣʘʥʩʘ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʥʘ 

ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʘʢʚʘʪʦʨʠʠ ɸʤʫʨʩʢʦʛʦ ʟʘʣʠʚʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʟʘ ʩʯʝʪ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ ʘʢʢʫʤʫʣʷʮʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʦʤ, ʘ 

ʚ ʙʫʭʪʝ ɿʦʣʦʪʦʡ ʈʦʛ ï ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ ʠ ʚʳʩʦʢʠʤʠ ʪʝʤʧʘʤʠ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ. ɺ 

ʦʪʢʨʳʪʳʭ ʨʘʡʦʥʘʭ ʋʩʩʫʨʠʡʩʢʦʛʦ ʟʘʣʠʚʘ ʟʘʤʝʪʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʘʷ 

ʩʦʨʪʠʨʦʚʢʘ ʦʪʣʦʞʝʥʠʡ, ʢʦʪʦʨʘʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʳʤʳʚʘʥʠʶ ʥʘʠʙʦʣʝʝ ʪʦʥʢʠʭ ʬʨʘʢʮʠʡ, 

ʦʙʦʛʘʱʝʥʥʳʭ ʚʩʝʤʠ ʟʘʛʨʷʟʥʷʶʱʠʤʠ ʚʝʱʝʩʪʚʘʤʠ.  

ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʮʝʜʫʨ ʨʘʟʚʝʜʦʯʥʦʛʦ, ʢʦʥʬʠʨʤʘʪʦʨʥʦʛʦ 

ʬʘʢʪʦʨʥʦʛʦ ʠ ʢʨʦʩʩʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʘ ʪʘʢʞʝ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʭ ʧʦʩʪʨʦʝʥʠʡ, 

ʠʩʧʦʣʴʟʫʶʱʠʭ ʪʝʦʨʠʶ ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʨʝʤʝʥʥʦʡ ʭʦʜ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʠʥʜʝʢʩʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʯʝʪʳʨʴʤʷ ʪʠʧʘʤʠ 

ʙʘʣʘʥʩʦʚʳʭ ʢʨʠʚʳʭ (ʧʨʦʬʠʣʝʡ) ï ʧʝʨʚʠʯʥʦʛʦ ʠ ʚʪʦʨʠʯʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ, ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ 

ʨʦʩʪʘ ʠ ʧʦʣʠʤʦʜʘʣʴʥʦʡ ʜʠʥʘʤʠʢʠ [26]. ʕʪʠ ʧʨʦʬʠʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʚʫʤ ʦʩʥʦʚʥʳʤ 

ʠʩʪʦʯʥʠʢʘʤ ʟʘʛʨʷʟʥʝʥʠʷ ï ʠʥʜʫʩʪʨʠʘʣʴʥʦʤʫ, ʢʦʪʦʨʳʡ ʦʙʲʝʜʠʥʷʝʪ ʩʪʦʢʠ ɺʣʘʜʠʚʦʩʪʦʢʘ ʠ 

ʙʣʠʟʣʝʞʘʱʠʭ ʧʦʩʝʣʝʥʠʡ, ʵʦʣʦʚʳʡ ʨʘʟʥʦʩ ʠ ʧʨʠʪʦʢ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʠʟ-ʟʘ ʚʳʧʘʜʝʥʠʷ 

ʦʩʘʜʢʦʚ, ʠ ʪʝʨʨʠʛʝʥʥʦʤʫ ï ʧʦʩʪʫʧʣʝʥʠʶ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʠʟ ʚʦʜʦʪʦʢʦʚ, ʚʧʘʜʘʶʱʠʭ ʚ 

ɸʤʫʨʩʢʠʡ ʠ ʋʩʩʫʨʠʡʩʢʠʡ ʟʘʣʠʚʳ. ɼʝʡʩʪʚʠʝ ʧʝʨʚʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʨʝʦʙʣʘʜʘʝʪ ʚ ʙʫʭʪʘʭ 

ɿʦʣʦʪʦʡ ʈʦʛ, ɼʠʦʤʠʜ ʠ ʧʨʦʣ. ɹʦʩʬʦʨ ɺʦʩʪʦʯʥʳʡ, ʚʪʦʨʦʛʦ ð ʚ ɸʤʫʨʩʢʦʤ ʠ ʋʩʩʫʨʠʡʩʢʦʤ 

ʟʘʣʠʚʘʭ; ʦʪʢʨʳʪʦʝ ʧʨʠʙʨʝʞʴʝ ɺʣʘʜʠʚʦʩʪʦʢʘ ʠʩʧʳʪʳʚʘʝʪ ʚʣʠʷʥʠʝ ʦʙʦʠʭ ʠʩʪʦʯʥʠʢʦʚ ʩ 

ʜʦʤʠʥʠʨʦʚʘʥʠʝʤ ʚʪʦʨʦʛʦ. ʊʝʨʨʠʛʝʥʥʳʡ ʠʩʪʦʯʥʠʢ, ʚ ʩʚʷʟʠ ʩ ʨʘʟʣʠʯʠʷʤʠ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʠʥʘʤʠʢʫ ʙʘʣʘʥʩʦʚʳʭ ʢʨʠʚʳʭ, ʩʣʝʜʫʝʪ ʧʦʜʨʘʟʜʝʣʷʪʴ ʥʘ çʦʙʳʯʥʳʡè, 

ʚʢʣʶʯʘʶʱʠʡ ʧʨʦʬʠʣʠ ʚʪʦʨʠʯʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʨʦʩʪʘ, ʠ 

çʵʢʩʪʨʝʤʘʣʴʥʳʡè (ʧʨʦʬʠʣʠ ʧʦʣʠʤʦʜʘʣʴʥʦʡ ʜʠʥʘʤʠʢʠ).  

ʋ ʧʨʦʬʠʣʝʡ ʚʪʦʨʠʯʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʘʢʦʚʳʭ ʧʝʨʚʠʯʥʦʛʦ ʥʘʙʣʶʜʘʝʪʩʷ 

ʟʘʧʘʟʜʳʚʘʥʠʝ ʚ ʜʦʩʪʠʞʝʥʠʠ ʤʘʢʩʠʤʫʤʘ (6ï7 ʣʝʪ) [26]. ɼʨʫʛʦʝ ʩʚʦʡʩʪʚʦ ʙʦʣʴʰʠʥʩʪʚʘ 

ʧʨʦʬʠʣʝʡ ʵʪʦʛʦ ʪʠʧʘ ï ʠʭ ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ ʩ ʨʘʩʭʦʜʦʤ ʚʦʜʳ ʨ. ʈʘʟʜʦʣʴʥʦʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʧʦʩʪʫʧʣʝʥʠʝ ʝʝ ʚʦʜ ʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʡ Cu ʠ Pb ʚ ʦʩʘʜʢʘʭ (ʨʘʟʙʘʚʣʷʶʱʠʡ 

ʵʬʬʝʢʪ). ɺ ʛʨʫʧʧʝ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʨʦʩʪʘ ʩʚʷʟʴ ʚʨʝʤʝʥʥʦʛʦ ʭʦʜʘ ʧʨʦʬʠʣʝʡ ʠ ʨʘʩʭʦʜʘ 

ʚʦʜʳ ʧʦʣʦʞʠʪʝʣʴʥʘ ï ʧʨʠʪʦʢ ʚʦʜ ʨ. ʈʘʟʜʦʣʴʥʦʡ ʫʚʝʣʠʯʠʚʘʝʪ ʩʦʜʝʨʞʘʥʠʝ Fe, Ni ʠ ʬʝʥʦʣʦʚ, 

ʧʨʠʯʝʤ ʨʦʩʪ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʦʩʣʝʜʥʠʭ ʦʪʨʘʞʘʝʪ ʫʩʠʣʝʥʠʝ ʵʚʪʨʦʬʠʢʘʮʠʠ. ɺʨʝʤʝʥʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʚʳʜʝʣʝʥʥʳʭ ʧʨʦʬʠʣʝʡ ʦʙʫʩʣʦʚʣʝʥʳ ʩʦʦʪʥʦʰʝʥʠʝʤ ʧʨʦʮʝʩʩʦʚ ʧʦʩʪʫʧʣʝʥʠʷ ʠ 

çʩʘʤʦʦʯʠʱʝʥʠʷè ʦʩʘʜʢʦʚ, ʧʨʠʯʝʤ ʜʠʥʘʤʠʢʘ ʬʘʢʪʦʨʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʜʘʥʥʳʝ ʛʨʫʧʧʳ, 

ʜʦʚʦʣʴʥʦ ʪʦʯʥʦ ʦʪʨʘʞʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʥʝʰʥʠʭ ʩʦʙʳʪʠʡ ï ʩʧʘʜ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʠ ʝʝ ʥʝʢʦʪʦʨʦʝ ʦʞʠʚʣʝʥʠʝ, ʩʥʠʞʝʥʠʝ ʧʨʠʤʝʥʝʥʠʷ ʪʝʪʨʘʵʪʠʣʩʚʠʥʮʘ ʠ ʧʦʣʥʳʡ 

ʟʘʧʨʝʪ ʵʪʦʡ ʧʨʠʩʘʜʢʠ, ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʧʘʚʦʜʢʦʚʳʝ ʷʚʣʝʥʠʷ ʠ ʪ.ʜ. 
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ɼʠʥʘʤʠʢʘ ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʭʠʤʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʦʩʘʜʢʦʚ ï ʠʥʜʝʢʩʘ TPFchem ï ʢʘʢ 

ʠ ʦʪʜʝʣʴʥʳʭ ɿɺ, ʦʙʫʩʣʦʚʣʝʥʘ ʜʝʡʩʪʚʠʝʤ ʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʠ ʪʝʨʨʠʛʝʥʥʦʛʦ ʬʘʢʪʦʨʦʚ ʠ, 

ʝʩʪʝʩʪʚʝʥʥʦ, ʧʨʦʮʝʩʩʦʚ ʩʘʤʦʦʯʠʱʝʥʠʷ, ʯʪʦ ʠ ʦʧʨʝʜʝʣʷʝʪ ʜʚʫʭʬʘʟʥʳʡ ʚʨʝʤʝʥʥʦʡ ʭʦʜ ʝʛʦ 

ʟʥʘʯʝʥʠʡ, ʘ ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʝ ʬʣʫʢʪʫʘʮʠʠ, ʢʦʪʦʨʳʝ 

ʦʪʨʘʞʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 1.5ï1.25. ʊʘʢʠʝ ʞʝ ʬʣʫʢʪʫʘʮʠʠ ʭʘʨʘʢʪʝʨʥʳ ʠ ʜʣʷ ʟʘʣʠʚʘ ʅʘʭʦʜʢʘ 

(ʨʠʩʫʥʦʢ 1.26ï1.32). ɺ ʥʝʢʦʪʦʨʳʝ ʛʦʜʳ ʟʜʝʩʴ ʧʨʦʷʚʣʷʝʪʩʷ ʜʝʡʩʪʚʠʝ ʥʝ ʪʦʣʴʢʦ 

ʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ, ʥʦ ʠ ʪʝʨʨʠʛʝʥʥʦʛʦ ʬʘʢʪʦʨʦʚ (ʩʤ. ʨʘʟʜʝʣ 1.4). ʆʜʥʘʢʦ ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ 

ʚʨʝʤʝʥʥʦʛʦ ʭʦʜʘ ɿɺ ʥʘ ʵʪʦʡ ʘʢʚʘʪʦʨʠʠ ʥʝ ʚʭʦʜʠʪ ʚ ʮʝʣʴ ʠ ʟʘʜʘʯʠ ʥʘʩʪʦʷʱʝʛʦ ʆʪʯʝʪʘ. 

 
ʈʠʩʫʥʦʢ 1.5 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʭʠʤʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ 

(TPFchem, ʫʩʣ. ʝʜ.) ʥʘ ʧʨʠʙʨʝʞʥʳʭ ʘʢʚʘʪʦʨʠʷʭ ɺʣʘʜʠʚʦʩʪʦʢʘ 
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ʈʠʩʫʥʦʢ 1.6 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʭʠʤʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ 

(TPFchem, ʫʩʣ. ʝʜ.) ʥʘ ʧʨʠʙʨʝʞʥʳʭ ʘʢʚʘʪʦʨʠʷʭ ɺʣʘʜʠʚʦʩʪʦʢʘ 
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ʈʠʩʫʥʦʢ 1.7 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʭʠʤʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ 

(TPFchem, ʫʩʣ. ʝʜ.) ʥʘ ʧʨʠʙʨʝʞʥʳʭ ʘʢʚʘʪʦʨʠʷʭ ɺʣʘʜʠʚʦʩʪʦʢʘ 
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ʈʠʩʫʥʦʢ 1.8 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʭʠʤʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ 

(TPFchem, ʫʩʣ. ʝʜ.) ʥʘ ʧʨʠʙʨʝʞʥʳʭ ʘʢʚʘʪʦʨʠʷʭ ɺʣʘʜʠʚʦʩʪʦʢʘ 
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ʈʠʩʫʥʦʢ 1.9 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʭʠʤʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ 

(TPFchem, ʫʩʣ. ʝʜ.) ʥʘ ʧʨʠʙʨʝʞʥʳʭ ʘʢʚʘʪʦʨʠʷʭ ɺʣʘʜʠʚʦʩʪʦʢʘ 
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ʈʠʩʫʥʦʢ 1.10 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʭʠʤʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ (TPFchem, ʫʩʣ. ʝʜ.) ʥʘ ʧʨʠʙʨʝʞʥʳʭ ʘʢʚʘʪʦʨʠʷʭ ɺʣʘʜʠʚʦʩʪʦʢʘ 
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ʈʠʩʫʥʦʢ 1.11 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʭʠʤʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ (TPFchem, ʫʩʣ. ʝʜ.) ʥʘ ʧʨʠʙʨʝʞʥʳʭ ʘʢʚʘʪʦʨʠʷʭ ɺʣʘʜʠʚʦʩʪʦʢʘ 
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ʈʠʩʫʥʦʢ 1.12 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʭʠʤʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ (TPFchem, ʫʩʣ. ʝʜ.) ʥʘ ʧʨʠʙʨʝʞʥʳʭ ʘʢʚʘʪʦʨʠʷʭ ɺʣʘʜʠʚʦʩʪʦʢʘ 
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ʈʠʩʫʥʦʢ 1.13 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʭʠʤʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ (TPFchem, ʫʩʣ. ʝʜ.) ʥʘ ʧʨʠʙʨʝʞʥʳʭ ʘʢʚʘʪʦʨʠʷʭ ɺʣʘʜʠʚʦʩʪʦʢʘ 
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ʈʠʩʫʥʦʢ 1.14 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʭʠʤʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ (TPFchem, ʫʩʣ. ʝʜ.) ʥʘ ʧʨʠʙʨʝʞʥʳʭ ʘʢʚʘʪʦʨʠʷʭ ɺʣʘʜʠʚʦʩʪʦʢʘ 
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ʈʠʩʫʥʦʢ 1.15 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʭʠʤʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ (TPFchem, ʫʩʣ. ʝʜ.) ʥʘ ʧʨʠʙʨʝʞʥʳʭ ʘʢʚʘʪʦʨʠʷʭ ɺʣʘʜʠʚʦʩʪʦʢʘ 
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ʈʠʩʫʥʦʢ 1.16 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʭʠʤʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ (TPFchem, ʫʩʣ. ʝʜ.) ʥʘ ʧʨʠʙʨʝʞʥʳʭ ʘʢʚʘʪʦʨʠʷʭ ɺʣʘʜʠʚʦʩʪʦʢʘ 
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ʈʠʩʫʥʦʢ 1.17 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʭʠʤʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ (TPFchem, ʫʩʣ. ʝʜ.) ʥʘ ʧʨʠʙʨʝʞʥʳʭ ʘʢʚʘʪʦʨʠʷʭ ɺʣʘʜʠʚʦʩʪʦʢʘ 
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ʈʠʩʫʥʦʢ 1.18 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʭʠʤʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ (TPFchem, ʫʩʣ. ʝʜ.) ʥʘ ʧʨʠʙʨʝʞʥʳʭ ʘʢʚʘʪʦʨʠʷʭ ɺʣʘʜʠʚʦʩʪʦʢʘ 
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ʈʠʩʫʥʦʢ 1.19 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʭʠʤʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ (TPFchem, ʫʩʣ. ʝʜ.) ʥʘ ʧʨʠʙʨʝʞʥʳʭ ʘʢʚʘʪʦʨʠʷʭ ɺʣʘʜʠʚʦʩʪʦʢʘ 
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ʈʠʩʫʥʦʢ 1.20 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʭʠʤʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ (TPFchem, ʫʩʣ. ʝʜ.) ʥʘ ʧʨʠʙʨʝʞʥʳʭ ʘʢʚʘʪʦʨʠʷʭ ɺʣʘʜʠʚʦʩʪʦʢʘ 
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ʈʠʩʫʥʦʢ 1.21 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʭʠʤʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ (TPFchem, ʫʩʣ. ʝʜ.) ʥʘ ʧʨʠʙʨʝʞʥʳʭ ʘʢʚʘʪʦʨʠʷʭ ɺʣʘʜʠʚʦʩʪʦʢʘ 
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ʈʠʩʫʥʦʢ 1.22 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʭʠʤʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ (TPFchem, ʫʩʣ. ʝʜ.) ʥʘ ʧʨʠʙʨʝʞʥʳʭ ʘʢʚʘʪʦʨʠʷʭ ɺʣʘʜʠʚʦʩʪʦʢʘ 
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ʈʠʩʫʥʦʢ 1.23 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʭʠʤʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ (TPFchem, ʫʩʣ. ʝʜ.) ʥʘ ʧʨʠʙʨʝʞʥʳʭ ʘʢʚʘʪʦʨʠʷʭ ɺʣʘʜʠʚʦʩʪʦʢʘ 
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ʈʠʩʫʥʦʢ 1.24 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʭʠʤʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ (TPFchem, ʫʩʣ. ʝʜ.) ʥʘ ʧʨʠʙʨʝʞʥʳʭ ʘʢʚʘʪʦʨʠʷʭ ɺʣʘʜʠʚʦʩʪʦʢʘ 

 

 


