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ʪʘʢ ʢʘʢ ʦʥʠ ʷʚʣʷʶʪʩʷ ʥʘʜʤʥʦʞʝʩʪʚʘʤʠ, ʥʘʧʨʠʤʝʨ, ʦʙʳʯʥʦ IVOC ʠ ʥʝʢʦʪʦʨʳʝ 

SVOC. ........................................................................................................................ 39 
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ʵʪʘʧʘ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ). MCE ʦʙʦʟʥʘʯʘʝʪ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʝ 

ʂʇɼ ʩʞʠʛʘʥʠʷ ʪʦʧʣʠʚʘ, THC ï ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʚʦʜʦʨʦʜʦʚ (Bertrand et al., 
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ʊʏ10 ʦʩʥʦʚʘʥʦ ʥʘ TPM (total particulate matter); ʜʘʥʥʳʝ ʧʦ ʊʏ1 ʚ GFED 
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ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ ʛʘʟʦʦʙʨʘʟʥʳʭ ʠ ʪʚʝʨʜʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ 

ʨʝʛʫʣʷʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʩʞʠʛʘʥʠʶ (ʩʦʚʨʝʤʝʥʥʘʷ ʢʘʤʝʥʥʘʷ ʧʝʯʴ: ʙʫʢ, 

ʙʝʨʝʟʘ ʠ ʝʣʴ; ʢʦʪʝʣ ʜʣʷ ʧʝʣʣʝʪ: ʧʝʣʣʝʪʳ ʠʟ ʭʚʦʡʥʳʭ ʧʦʨʦʜ) ʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ 

ʩʞʠʛʘʥʠʶ ʩ ʤʝʜʣʝʥʥʳʤ ʨʦʟʞʠʛʦʤ (ʩʦʚʨʝʤʝʥʥʘʷ ʢʘʤʝʥʥʘʷ ʧʝʯʴ: ʝʣʴ* ʠ ʙʝʨʝʟʘ*). 

ʆʙʦʟʥʘʯʝʥʠʷ b.l.q. ʫʢʘʟʳʚʘʶʪ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʳʙʨʦʩʦʚ ʥʠʞʝ ʧʨʝʜʝʣʘ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ (Czech et al., 2018). IP: ʀʥʜʝʥʦ(1,2,3-

cd)ʬʣʫʦʨʘʥʪʝʥ, BaP: ɹʝʥʟʦ(a)ʧʠʨʝʥ. ...................................................................... 84 

ʊʘʙʣʠʮʘ 14: ʉʦʜʝʨʞʘʥʠʝ ʠ ʧʨʦʮʝʥʪʥʳʝ ʜʦʣʠ ʬʦʨʤ ʫʛʣʝʨʦʜʘ ʚ ʚʳʙʨʘʩʳʚʘʝʤʦʡ ʟʦʣʝ 

(KonieczyŒski et al., 2017). ND ʦʟʥʘʯʘʝʪ çʥʝʪ ʜʘʥʥʳʭè. *CFB ï ʮʠʨʢʫʣʠʨʫʶʱʠʡ 

ʢʠʧʷʱʠʡ ʩʣʦʡ. ........................................................................................................... 87 

ʊʘʙʣʠʮʘ 15: ʂʦʵʬʬʠʮʠʝʥʪʳ ʚʳʙʨʦʩʦʚ ʊʏ2,5, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʊʏ ʥʘ ʵʣʝʤʝʥʪʘʨʥʫʶ 

ʤʘʩʩʫ (ʏʋ) ʠ ʦʨʛʘʥʠʯʝʩʢʫʶ ʤʘʩʩʫ (ʆʄ) ʠʟ ʨʘʙʦʪʳ (Ntziachristos and Samarras, 

2019). ʇʨʠʤʝʯʘʥʠʝ: ɿʥʘʯʝʥʠʷ ʚʟʷʪʳ ʠʟ ʜʦʩʪʫʧʥʳʭ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʠ 

ʠʥʞʝʥʝʨʥʳʭ ʦʮʝʥʦʢ ʚʦʟʜʝʡʩʪʚʠʷ ʢʦʥʢʨʝʪʥʳʭ ʪʝʭʥʦʣʦʛʠʡ (ʢʘʪʘʣʠʟʘʪʦʨʳ, DPF ʠ 

ʪ. ʜ.) ʥʘ ʚʳʙʨʦʩʳ. ʆʮʝʥʢʠ ʪʘʢʞʝ ʧʨʝʜʧʦʣʘʛʘʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʠʟʢʦʩʝʨʥʠʩʪʳʭ 

ʚʠʜʦʚ ʪʦʧʣʠʚʘ (<50 ppm). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʢʣʘʜ ʩʫʣʴʬʘʪʦʚ ʚ ʚʳʙʨʦʩʳ ʊʏ 

ʦʙʳʯʥʦ ʥʠʟʦʢ. ɺ ʩʣʫʯʘʷʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʝʨʝʜʦʚʳʭ ʩʠʩʪʝʤ ʜʦʦʯʠʩʪʢʠ 

(ʥʘʧʨʠʤʝʨ, ʢʘʪʘʣʠʟʠʨʦʚʘʥʥʳʭ DPF), ʩʫʤʤʳ EC ʠ OM ʤʦʛʫʪ ʙʳʪʴ ʤʝʥʴʰʝ 100 %. 

ʆʩʪʘʣʴʥʘʷ ʯʘʩʪʴ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʢʘʢ ʟʦʣʘ, ʥʠʪʨʘʪʳ, ʩʫʣʴʬʘʪʳ, ʚʦʜʘ ʠ ʩʦʣʠ 
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ʉʧʠʩʦʢ ʨʠʩʫʥʢʦʚ 
 

ʈʠʩʫʥʦʢ 1: ʉʨʝʜʥʠʝ ʬʘʢʪʦʨʳ ʚʳʙʨʦʩʦʚ NOx ʥʘ ʛʦʨʷʯʝʤ ʜʚʠʛʘʪʝʣʝ ʜʣʷ ʣʝʛʢʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ 

ʠ ʣʝʛʢʠʭ ʢʦʤʤʝʨʯʝʩʢʠʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʥʘ ʙʝʥʟʠʥʦʚʦʤ (ʩʣʝʚʘ) ʠ ʜʠʟʝʣʴʥʦʤ 

(ʩʧʨʘʚʘ) ʪʦʧʣʠʚʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʦʜʘ ʚʳʧʫʩʢʘ. ʋʩʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

95%-ʥʳʡ ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ. ɼʦʙʘʚʣʝʥʳ 

ʧʨʝʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʦʬʠʮʠʘʣʴʥʦʛʦ ʫʪʚʝʨʞʜʝʥʠʷ ʪʠʧʘ ʜʣʷ ʣʝʛʢʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʦʪ 

ɽʚʨʦ-1 ʜʦ ɽʚʨʦ-5 ʚ ʪʝʯʝʥʠʝ ʮʠʢʣʘ ʦʤʦʣʦʛʘʮʠʦʥʥʳʭ ʠʩʧʳʪʘʥʠʡ, ʜʝʡʩʪʚʫʶʱʠʝ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʛʦʜʫ (Chen and Borken-Kleefeld, 2014). ................................................. 29 
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ʌʠʣʴʪʨ (ʄʝʪʦʜ a), ʢʦʪʦʨʳʡ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʨʝʥʠʶ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ (ʊʏ, ʆɺʏ). SPC: 

ʌʠʣʴʪʨ + ʠʤʧʠʥʜʞʝʨ (ʄʝʪʦʜ b), ʢʦʪʦʨʳʡ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʨʝʥʠʶ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʠ 
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ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʨʘʟʙʘʚʣʝʥʠʷ (DR) ʧʦʨʷʜʢʘ 10, ʢʦʪʦʨʳʡ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʨʝʥʠʶ ʊʏ, 

ʚʢʣʶʯʘʷ SPC ʠ ʙʦʣʴʰʠʥʩʪʚʦ ʠʣʠ ʚʩʝ ʢʦʥʜʝʥʩʠʨʫʝʤʳʝ ʚʝʱʝʩʪʚʘ (C). DT ʵʢʚʠʚʘʣʝʥʪʝʥ 

ʠʣʠ ʥʝʤʥʦʛʦ ʤʝʥʴʰʝ SPC + C ʠʟ-ʟʘ ʧʦʪʝʥʮʠʘʣʴʥʦ ʥʝʧʦʣʥʦʡ ʢʦʥʜʝʥʩʘʮʠʠ, ʟʘʚʠʩʷʱʝʡ ʦʪ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʟʙʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʙʦʦʪʙʦʨʘ (ʪʘʢ ʢʘʢ ʨʘʟʙʘʚʣʝʥʠʝ ʩʥʠʞʘʝʪ ʥʝ 

ʪʦʣʴʢʦ ʪʝʤʧʝʨʘʪʫʨʫ, ʥʦ ʠ ʧʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ). DS: 

ʈʘʟʙʘʚʣʷʶʱʠʡ ʧʨʦʙʦʦʪʙʦʨʥʠʢ ʩ ʚʳʩʦʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʨʘʟʙʘʚʣʝʥʠʷ (DR> 100). ʊʏ10: 

ʉʫʤʤʘʨʥʳʝ ʪʚʝʨʜʳʝ ʯʘʩʪʠʮʳ ʩ ʜʠʘʤʝʪʦʤ <10 ʤʢʤ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʝ, ʚʢʣʶʯʘʷ SP ʠ ʚʪʦʨʠʯʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʘʵʨʦʟʦʣʠ (SOA). SOA: ɺʪʦʨʠʯʥʳʝ 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʘʵʨʦʟʦʣʠ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʢʦʥʜʝʥʩʠʨʫʝʤʳʭ ʚʝʱʝʩʪʚ (C) ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ 

ʠ SOA, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʪʦʨʠʯʥʳʭ ʨʝʘʢʮʠʡ, ʪʘʢʠʭ ʢʘʢ ʬʦʪʦʭʠʤʠʯʝʩʢʦʝ 

ʦʢʠʩʣʝʥʠʝ. *SO  ʠ ʜʨʫʛʠʝ ʨʘʩʪʚʦʨʠʤʳʝ ʛʘʟʦʦʙʨʘʟʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʚ ʦʪʭʦʜʷʱʠʭ ʛʘʟʘʭ 

ʤʦʛʫʪ ʨʘʩʪʚʦʨʷʪʴʩʷ ʚ ʠʤʧʠʥʜʞʝʨʘʭ. **ɺ ʩʣʫʯʘʝ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʱʝʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʫʛʣʝʨʦʜʘ (TOC) ʚ ʠʤʧʠʥʜʞʝʨʘʭ ʤʘʩʩʘ O, H, N, S ʠ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʥʜʝʥʩʠʨʫʝʤʳʭ ʚʝʱʝʩʪʚʘʭ, ʜʦʣʞʥʘ ʫʯʠʪʳʚʘʪʴʩʷ ʦʪʜʝʣʴʥʦ. 

***ʆʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʞʠʜʢʠʤʠ ʠʣʠ ʪʚʝʨʜʳʤʠ ʧʨʠ 

ʧʘʨʮʠʘʣʴʥʦʤ ʜʘʚʣʝʥʠʠ ʚ ʦʪʭʦʜʷʱʠʭʦʪʭʦʜʷʱʠʭ ʛʘʟʘʭ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, 

ʥʦ ʩʪʘʥʦʚʷʪʩʷ ʣʝʪʫʯʠʤʠ ʧʨʠ ʦʪʙʦʨʝ ʧʨʦʙ ʠʟ-ʟʘ ʫʤʝʥʴʰʝʥʥʦʛʦ ʧʘʨʮʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʰʝ ʦʢʨʫʞʘʶʱʝʡ. ......................................................................................... 43 
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ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʫʶ ʧʣʦʪʥʦʩʪʴ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʜʠʥʘʢʦʚʦʡ ʤʘʩʩʦʡ. ʄʘʩʩʘ, ʢʦʣʠʯʝʩʪʚʦ 

ʯʘʩʪʠʮ ʠ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ ʧʨʦʠʟʚʦʣʴʥʦ ʦʙʦʟʥʘʯʝʥʳ ʢʘʢ 1. ɼʨʫʛʠʝ 

ʯʠʩʣʘ ʧʨʠʚʝʜʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʫʧʥʦʡ ʯʘʩʪʠʮʳ. ɹʦʣʴʰʘʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʥʠʢʘʪʴ ʚ ʢʨʦʚʦʦʙʨʘʱʝʥʠʝ ï ʜʚʘ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʩʚʦʡʩʪʚʘ 

ʩʚʝʨʭʪʦʥʢʠʭ ʯʘʩʪʠʮ, ʜʝʣʘʶʱʠʭ ʠʭ ʙʦʣʝʝ ʪʦʢʩʠʯʥʳʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʦʣʝʝ ʢʨʫʧʥʳʤʠ 
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ʧʘʨʪʠʠ ʦʪʥʦʩʠʪʩʷ ʢ ʩʫʭʦʤʫ ʚʝʩʫ ʚʩʝʡ ʧʘʨʪʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʦʩʥʦʚʘʥʳ ʥʘ 7, 6 ʠ 3 ʮʠʢʣʘʭ 
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ʬʦʪʦʭʠʤʠʯʝʩʢʦʛʦ ʩʪʘʨʝʥʠʷ. ʇʨʠʤʝʯʘʥʠʝ: çʨʘʟʚʝʪʚʣʝʥʥʳʝ ʮʠʢʣʦʘʣʢʘʥʳè ʦʪʥʦʩʷʪʩʷ ʢ 
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ʉʧʠʩʦʢ ʦʩʥʦʚʥʳʭ ʩʦʢʨʘʱʝʥʠʡ ʠ ʘʙʙʨʝʚʠʘʪʫʨ  

 

AC ɸʨʢʪʠʯʝʩʢʠʡ ʉʦʚʝʪ (Arctic Council) 

ACAP ʈʘʙʦʯʘʷ ɻʨʫʧʧʘ ʧʦ ʋʩʪʨʘʥʝʥʠʶ ɿʘʛʨʷʟʥʝʥʠʷ ɸʨʢʪʠʢʠ (Arctic Contaminants 
Action Program) 

AGP ɻʸʪʝʙʦʨʛʩʢʠʡ ʧʨʦʪʦʢʦʣ ʩ ʧʦʧʨʘʚʢʘʤʠ 2012 ʛʦʜʘ (Amended Gothenburg 
Protocol) 

ɸʄʉ (AMS) ɸʵʨʦʟʦʣʴʥʳʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨ (Aerosol Mass Spectrometer) 

ʇʅɻ (APG) ʇʦʧʫʪʥʳʡ ʥʝʬʪʷʥʦʡ ʛʘʟ (Associated Petroleum Gas) 

ʂɺ (AQ) ʂʘʯʝʩʪʚʦ ʚʦʟʜʫʭʘ (Air Quality) 

ARTEMIS ʆʮʝʥʢʘ ʠ ʥʘʜʝʞʥʦʩʪʴ ʤʦʜʝʣʝʡ ʪʨʘʥʩʧʦʨʪʥʳʭ ʚʳʙʨʦʩʦʚ ʠ ʩʠʩʪʝʤ ʢʘʜʘʩʪʨʳ 
(Assessment and Reliability of Transport Emission Models and Inventory Systems) 

BaP ɹʝʥʟʦ(ʘ)ʧʠʨʝʥ (Benzo(a)pyrene) 

ʅɼʊ (BAT) ʅʘʠʣʫʯʰʘʷ ʜʦʩʪʫʧʥʘʷ ʪʝʭʥʠʢʘ (Best Available Technology) 

BB ʉʞʠʛʘʥʠʝ ʙʠʦʤʘʩʩʳ (Biomass Burning) 

ʏʋ (ɺʉ) ʏʝʨʥʳʡ ʫʛʣʝʨʦʜ (Black Carbon) 

BrC ɹʫʨʳʡ ʫʛʣʝʨʦʜ (Brown Carbon) 

ʉʅɼʊ (BREF) ʉʧʨʘʚʦʯʥʳʡ ʜʦʢʫʤʝʥʪ ʧʦ ʥʘʠʣʫʯʰʠʤ ʜʦʩʪʫʧʥʳʤ ʪʝʭʥʠʢʘʤ (Best Available 
Technologies Reference document) 

BTEX ɹʝʥʟʦʣ, ʪʦʣʫʦʣ, ʵʪʠʣʙʝʥʟʦʣ ʠ ʢʩʠʣʦʣ (Benzene, Toluene, Ethylbenzene, Xylenes 

CC Climate Change) 

CDPF ʂʘʪʘʣʠʟʠʨʦʚʘʥʥʳʡ ʜʠʟʝʣʴʥʳʡ ʩʘʞʝʚʳʡ ʬʠʣʴʪʨ (Catalyzed Diesel Particulate 
Filter) 

CE ʂʇɼ ʩʞʠʛʘʥʠʷ ʪʦʧʣʠʚʘ (Combustion Efficiency) 

CEN ɽʚʨʦʧʝʡʩʢʠʡ ʢʦʤʠʪʝʪ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ (Comité Européen de Normalisation in 

French - European Committee for Standardization in English) 

CEIP ʎʝʥʪʨ ʧʦ ʢʘʜʘʩʪʨʘʤ ʠ ʧʨʦʛʥʦʟʘʤ ʚʳʙʨʦʩʦʚ (Centre on Emission Inventories and 
Projections) 

CFD ɺʳʯʠʩʣʠʪʝʣʴʥʘʷ ʛʠʜʨʦʜʠʥʘʤʠʢʘ (Computational Fluid Dynamic) 

ʂʊɿɺɹʈ 
(CLRTAP) 

ʂʦʥʚʝʥʮʠʷ ʦ ʪʨʘʥʩʛʨʘʥʠʯʥʦʤ ʟʘʛʨʷʟʥʝʥʠʠ ʚʦʟʜʫʭʘ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ 
(Convention on Long-Range Transboundary Air Pollution) 

CO ʄʦʥʦʦʢʩʠʜ ʫʛʣʝʨʦʜʘ (Carbon monoxide) 

CO2 ɼʠʦʢʩʠʜ ʫʛʣʝʨʦʜʘ (Carbon dioxide) 

DI ɼʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ (Diesel) 

DOC ɼʠʟʝʣʴʥʳʡ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʥʝʡʪʨʘʣʠʟʘʪʦʨ (Diesel Oxidation 
Catalyst) 

DPF ɼʠʟʝʣʴʥʳʡ ʩʘʞʝʚʳʡ ʬʠʣʴʪʨ (Diesel Particulate Filter) 

DRF ʇʨʷʤʦʝ ʨʘʜʠʘʮʠʦʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ (Direct Radiative Forcing) 

DT ʊʫʥʥʝʣʴ ʨʘʟʙʘʚʣʝʥʠʷ (Dilution Tunnel) 

ʀʆ (EB) ʀʩʧʦʣʥʠʪʝʣʴʥʳʡ ʦʨʛʘʥ (Executive Body) 
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eBC ʕʢʚʠʚʘʣʝʥʪ ʏʋ (Equivalent BC) 

EC ɽʚʨʦʧʝʡʩʢʘʷ ʢʦʤʠʩʩʠʷ ʠʣʠ ʵʣʝʤʝʥʪʘʨʥʳʡ ʫʛʣʝʨʦʜ (European Commission or 
Elemental Carbon) 

ECE ɽʚʨʦʧʝʡʩʢʘʷ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʢʦʤʠʩʩʠʷ (Economic Commission for Europe) 

ɺɽʂʎɸ 
(EECCA) 

ɺʦʩʪʦʯʥʘʷ ɽʚʨʦʧʘ, ʂʘʚʢʘʟ ʠ ʎʝʥʪʨʘʣʴʥʘʷ ɸʟʠʷ (Eastern Europe, Caucasus and 
Central Asia) 

EEA ɽʚʨʦʧʝʡʩʢʦʝ ʘʛʝʥʪʩʪʚʦ ʧʦ ʦʭʨʘʥʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (European Environmental 
Agency) 

ʂɺ (EF)  ʂʦʵʬʬʠʮʠʝʥʪ ʚʳʙʨʦʩʦʚ (Emission Factor) 

EGR ʈʝʮʠʨʢʫʣʷʮʠʷ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ (Exhaust Gas Recirculation) 

ELV ʇʨʝʜʝʣʴʥʳʝ ʫʨʦʚʥʠ/ʟʥʘʯʝʥʠʷ ʚʳʙʨʦʩʦʚ (Emission Limit Values) 

ɽʄɽʇ (EMEP) ɽʚʨʦʧʝʡʩʢʘʷ ʧʨʦʛʨʘʤʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʦʮʝʥʢʠ (European Monitoring and 
Evaluation Programme) 

ESP ʕʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʬʠʣʴʪʨ (Electrostatic Precipitator) 

ɽʉ (EU) ɽʚʨʦʧʝʡʩʢʠʡ ʉʦʶʟ (European Union) 

FP ʄʝʣʢʦʜʠʩʧʝʨʩʥʳʝ ʯʘʩʪʠʮʳ (Fine Particle) 

GAINS ʄʦʜʝʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʩʠʥʝʨʛʠʠ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʠ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʟʜʫʭʘ 
(GAINS, IIASA model), Greenhouse Gas-Air pollution Interactions and Synergies 
(IIASA model) 

ʉʅɺʊ (ʉʅɺʊ) ʉʠʩʪʝʤʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʚʧʨʳʩʢʘ ʪʦʧʣʠʚʘ (Gasoline Direct Injection) 

GF ʉʞʠʛʘʥʠʝ ʧʦʧʫʪʥʦʛʦ ʛʘʟʘ ʚ ʬʘʢʝʣʘʭ (Gas Flaring) 

GFED ɻʣʦʙʘʣʴʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ ʧʦ ʚʳʙʨʦʩʘʤ ʦʪ ʧʦʞʘʨʦʚ (Global Fire Emissions 
Database) 

ʇɻ (GHG) ʇʘʨʥʠʢʦʚʳʝ ʛʘʟʳ 

GPF ɹʝʥʟʠʥʦʚʳʡ ʬʠʣʴʪʨ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ (Gasoline Particle Filter) 

HC ʋʛʣʝʚʦʜʦʨʦʜʳ (Hydrocarbons) 

HDV ʊʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ ʙʦʣʴʰʦʡ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ (High Duty Vehicle) 

HVO ɻʠʜʨʠʨʦʚʘʥʥʦʝ ʨʘʩʪʠʪʝʣʴʥʦʝ ʤʘʩʣʦ (Hydrotreated vegetable oil) 

IP ʀʥʜʝʥʦ(1,2,3-cd)ʬʣʫʦʨʘʥʪʝʥ  (Indeno(1,2,3-cd)fluoranthene) 

IVOC ʃʝʪʫʯʠʝ ʆʨʛʘʥʠʯʝʩʢʠʝ ʉʦʝʜʠʥʝʥʠʷ  ʉʨʝʜʥʝʡ ʣʝʪʫʯʝʩʪʠ (Intermediary Volatility 
Organic Compounds) 

 IR ʀʥʬʨʘʢʨʘʩʥʦʝ ʠʟʣʫʯʝʥʠʝ (InfraRed) 

ISP ʊʦʯʢʘ ʜʳʤʣʝʥʠʷ (Incipient Smoke Point) 

LCV ʃʝʛʢʠʡ ʢʦʤʤʝʨʯʝʩʢʠʡ ʘʚʪʦʤʦʙʠʣʴ (Light Commercial Vehicle) 

LDV ʃʝʛʢʠʡ ʛʨʫʟʦʚʦʡ ʘʚʪʦʤʦʙʠʣʴ (Light Duty Vehicle) 

LLE ʇʦʪʝʨʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʞʠʟʥʠ (Loss of Life Expectancy) 

ʉʇɻ (LNG) ʉʞʠʞʝʥʥʳʡ ʧʨʠʨʦʜʥʳʡ ʛʘʟ (Liquefied Natural Gas) 

LPG ʉʞʠʞʝʥʥʳʡ ʥʝʬʪʷʥʦʡ ʛʘʟ (Liquefied Petroleum Gas) 

ʊɿɺɹʈ (LRTAP) ʊʨʘʥʩʛʨʘʥʠʯʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʟʜʫʭʘ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ (Long-range 
Transboundary Air Pollution) 
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MCE ʀʟʤʝʥʝʥʥʦʝ ʂʇɼ ʩʞʠʛʘʥʠʷ ʪʦʧʣʠʚʘ (Modified Combustion Efficiency) 

MPI ʄʥʦʛʦʪʦʯʝʯʥʳʡ ʚʧʨʳʩʢ (Multi -Point-Injection) 

m/z ʆʪʥʦʰʝʥʠʝ ʤʘʩʩʘ/ʟʘʨʷʜ (Mass/Charge ratio) 

ʆʅʋɺ (NDC) ʆʧʨʝʜʝʣʷʝʤʳʝ ʥʘ ʥʘʮʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʝ ʚʢʣʘʜʳ (Nationally Determined 
Contributions) 

NEDC ʅʦʚʳʡ ʝʚʨʦʧʝʡʩʢʠʡ ʝʟʜʦʚʦʡ ʮʠʢʣ (New European Driving Cycle) 

ʅʆ (NFR) ʅʦʤʝʥʢʣʘʪʫʨʘ ʜʣʷ ʦʪʯʝʪʥʦʩʪʠ (Nomenclature For Reporting) 

NH3 ɸʤʤʠʘʢ (Ammonia) 

NMVOC ʅʝʤʝʪʘʥʦʚʳʝ ʣʝʪʫʯʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ (Non-Methane Volatile Organic 
Compounds) 

NOx ʆʢʩʠʜʳ ʘʟʦʪʘ (Nitrogen Oxides) 

NP ʅʘʥʦʯʘʩʪʠʮʳ (Nanoparticles) 

OC ʆʨʛʘʥʠʯʝʩʢʠʡ ʋʛʣʝʨʦʜ (Organic Carbon) 

OGC ʆʨʛʘʥʠʯʝʩʢʠʡ ʫʛʣʝʨʦʜ ʛʘʟʦʦʙʨʘʟʥʳʭ ʚʳʙʨʦʩʦʚ (Organic Gas Carbon) 

OM ʆʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ (Organic Matter) 

OOA ʆʢʠʩʣʝʥʥʳʡ ʦʨʛʘʥʠʯʝʩʢʠʡ ʘʵʨʦʟʦʣʴ (Oxidized organic aerosol) 

O3 ʆʟʦʥ (Ozone) 

ʇɸʋ (PAH) ʇʦʣʠʮʠʢʣʠʯʝʩʢʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ (Polycyclic Aromatic 
Hydrocarbons) 

PAM ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʤʘʩʩʘ ʘʵʨʦʟʦʣʷ (Potential Aerosol Mass) 

PC ʇʘʩʩʘʞʠʨʩʢʠʡ ʘʚʪʦʤʦʙʠʣʴ (Passenger Car) 

ʇʍɼɼ/ʌ 
(PCDD/F) 

ʇʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʝ ʜʠʙʝʥʟʦ-ʧ-ʜʠʦʢʩʠʥʳ ʠ ʜʠʙʝʥʟʦʬʫʨʘʥʳ (Polychlorinated 
dibenzo-p-dioxin and dibenzofuran) 

PFI Cʠʩʪʝʤʘ ʨʘʩʧʨʝʜʝʣʸʥʥʦʛʦ ʚʧʨʳʩʢʘ (Port Fuel Injection) 

ʊʏ (PM) ʊʚʝʨʜʳʝ ʯʘʩʪʠʮʳ (Particulate Matter) 

ʊʏʭ (PMx) ʊʚʝʨʜʳʝ ʯʘʩʪʠʮʳ ʩ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʜʠʘʤʝʪʨʦʤ ʥʠʞʝ x ʤʢʤ (x=0.1, 1, 2,5, 
10) 

POA ʇʝʨʚʠʯʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʘʵʨʦʟʦʣʠ (Primary Organic Aerosols) 

POP (ʉʆɿ) ʉʪʦʡʢʠʡ ʦʨʛʘʥʠʯʝʩʢʠʡ ʟʘʛʨʷʟʥʷʶʱʝʝ ʚʝʱʝʩʪʚʦ (Persistent Organic Pollutant) 

PUF ʇʝʥʦʧʦʣʠʫʨʝʪʘʥ (Polyurethane foam) 

rBC ʈʝʬʨʘʢʮʠʦʥʥʳʡ ʯʝʨʥʳʡ ʫʛʣʝʨʦʜ (Refractory BC) 

RWC ʉʞʠʛʘʥʠʷ ʜʨʝʚʝʩʠʥʳ ʙʳʪʦʚʳʤʠ ʫʩʪʘʥʦʚʢʘʤʠ (Residential Wood Combustion) 

ʉʂɺ (SCR) ʉʝʣʝʢʪʠʚʥʘʷ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʥʝʡʪʨʘʣʠʟʘʮʠʷ (Selective Catalyst Reduction) 

ʎʋʈ (SDG) ʎʝʣʴ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ (Sustainable Development Goal) 

SLCP ʂʦʨʦʪʢʦʞʠʚʫʱʠʝ ʟʘʛʨʷʟʥʷʶʱʠʝ ʚʝʱʝʩʪʚʘ ʢʣʠʤʘʪʘ (Short-Lived Climate 
Pollutants) 

ʀʅʀɿɺ (SNAP) ʀʟʙʨʘʥʥʘʷ ʥʦʤʝʥʢʣʘʪʫʨʘ ʜʣʷ ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʟʜʫʭʘ (Selected 
Nomenclature for Air Pollution) 
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SOA ɺʪʦʨʠʯʥʳʡ ʦʨʛʘʥʠʯʝʩʢʠʡ ʘʵʨʦʟʦʣʴ (Secondary Organic Aerosol) 

ʊʏ (PM) ʊʚʝʨʜʳʝ ʯʘʩʪʠʮʳ (Particulate Matter) 

ʊʏʭ (PMx) ʊʚʝʨʜʳʝ ʯʘʩʪʠʮʳ ʩ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʜʠʘʤʝʪʨʦʤ ʥʠʞʝ x ʤʢʤ (x=0.1, 1, 2,5, 
10) 

POA ʇʝʨʚʠʯʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʘʵʨʦʟʦʣʠ (Primary Organic Aerosols) 

POP (ʉʆɿ) ʉʪʦʡʢʠʡ ʦʨʛʘʥʠʯʝʩʢʠʡ ʟʘʛʨʷʟʥʷʶʱʝʝ ʚʝʱʝʩʪʚʦ (Persistent Organic Pollutant) 

PUF ʇʝʥʦʧʦʣʠʫʨʝʪʘʥ (Polyurethane foam) 

rBC ʈʝʬʨʘʢʮʠʦʥʥʳʡ ʯʝʨʥʳʡ ʫʛʣʝʨʦʜ (Refractory BC) 

RWC ʉʞʠʛʘʥʠʷ ʜʨʝʚʝʩʠʥʳ ʙʳʪʦʚʳʤʠ ʫʩʪʘʥʦʚʢʘʤʠ (Residential Wood Combustion) 

ʉʂɺ (SCR) ʉʝʣʝʢʪʠʚʥʘʷ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʥʝʡʪʨʘʣʠʟʘʮʠʷ (Selective Catalyst Reduction) 

ʎʋʈ (SDG) ʎʝʣʴ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ (Sustainable Development Goal) 

SLCP ʂʦʨʦʪʢʦʞʠʚʫʱʠʝ ʟʘʛʨʷʟʥʷʶʱʠʝ ʚʝʱʝʩʪʚʘ ʢʣʠʤʘʪʘ (Short-Lived Climate 
Pollutants) 

ʀʅʀɿɺ (SNAP) ʀʟʙʨʘʥʥʘʷ ʥʦʤʝʥʢʣʘʪʫʨʘ ʜʣʷ ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʟʜʫʭʘ (Selected 
Nomenclature for Air Pollution) 

SOA ɺʪʦʨʠʯʥʳʡ ʦʨʛʘʥʠʯʝʩʢʠʡ ʘʵʨʦʟʦʣʴ (Secondary Organic Aerosol) 

SOx ʆʢʩʠʜʳ ʩʝʨʳ (Sulphur Oxides) 

SVOC ʇʦʣʫʣʝʪʫʯʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ (Semi-Volatile Organic Compounds) 

ʎɻ ʊʕɺ 
(TFTEI) 

ʎʝʣʝʚʘʷ ʛʨʫʧʧʘ ʧʦ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʚʦʧʨʦʩʘʤ (Task Force on Techno-
Economic Issues) 

THC ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʫʛʣʝʚʦʜʦʨʦʜʦʚ (Total HC) 

ʆɺʏ/ʉɺɼɺ 

(TSP) 

ʆʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʚʟʚʝʰʝʥʥʳʭ ʯʘʩʪʠʮ/ʉʦʚʦʢʫʧʥʦʝ ʚʟʚʝʰʝʥʥʦʝ ʜʠʩʧʝʨʩʥʦʝ 
ʚʝʱʝʩʪʚʦ (Total Suspended Particles) 

TWC ʊʨʝʭʢʦʤʧʦʥʝʥʪʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ  (Three Way Catalyst) 

UFP ʉʚʝʨʭʪʦʥʢʘʷ ʯʘʩʪʠʮʘ (Ultrafine particle) 

ʆʆʅ (UN) ʆʨʛʘʥʠʟʘʮʠʷ ʆʙʲʝʜʠʥʝʥʥʳʭ ʅʘʮʠʡ (United Nations) 

ɽʕʂ ʆʆʅ 
(UNECE) 

ɽʚʨʦʧʝʡʩʢʘʷ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʢʦʤʠʩʩʠʷ ʆʨʛʘʥʠʟʘʮʠʠ ʆʙʲʝʜʠʥʝʥʥʳʭ ʅʘʮʠʡ 
(United Nations Economic Commission for Europe) 

ʈʂʀʂ ʆʆʅ 
(UNFCCC) 

ʈʘʤʦʯʥʘʷ ʢʦʥʚʝʥʮʠʷ ʆʨʛʘʥʠʟʘʮʠʠ ʆʙʲʝʜʠʥʝʥʥʳʭ ʅʘʮʠʡ ʦʙ ʠʟʤʝʥʝʥʠʠ 
ʢʣʠʤʘʪʘ (United Nations Framework Convention on Climate Change) 

UV ʋʣʴʪʨʘʬʠʦʣʝʪʦʚʦʝ ʠʟʣʫʯʝʥʠʝ (UltraViolet) 

ʃʆʉ (VOC) ʃʝʪʫʯʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ (Volatile Organic Compounds) 

ɺʆɿ (WHO) ɺʩʝʤʠʨʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ (World Health Organization) 

ɺʄʆ (WMO) ɺʩʝʤʠʨʥʘʷ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʘʷ ʦʨʛʘʥʠʟʘʮʠʷ (World Meteorological 
Organization) 

WLTC ɺʩʝʤʠʨʥʦ ʩʦʛʣʘʩʦʚʘʥʥʳʡ ʮʠʢʣ ʠʩʧʳʪʘʥʠʡ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʤʘʣʦʡ 
ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ (Worldwide harmonized Light vehicles Test Cycles) 

ZRF ʅʫʣʝʚʦʝ ʩʞʠʛʘʥʠʝ (Zero Routine Flaring) 
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ʂʨʘʪʢʦʝ ʩʦʜʝʨʞʘʥʠʝ 

 
ʏʸʨʥʳʡ ʫʛʣʝʨʦʜ (ʏʋ) ʷʚʣʷʝʪʩʷ ʢʦʤʧʦʥʝʥʪʦʤ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ (ʊʏ), ʦʢʘʟʳʚʘʶʱʠʤ 

ʢʨʘʪʢʦʩʨʦʯʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʟʜʦʨʦʚʴʝ ʠ ʷʚʣʷʶʱʠʤʩʷ ʘʢʪʠʚʥʳʤ ʚʝʱʝʩʪʚʦʤ, 

ʫʩʠʣʠʚʘʶʱʠʤ ʛʣʦʙʘʣʴʥʦʝ ʧʦʪʝʧʣʝʥʠʝ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʛʣʦʱʘʪʴ 

ʩʦʣʥʝʯʥʦʝ ʠʟʣʫʯʝʥʠʝ. ʇʦʣʠʮʠʢʣʠʯʝʩʢʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ (ʇɸʋ) 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʙʦʣʴʰʫʶ ʛʨʫʧʧʫ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʥʝʩʢʦʣʴʢʠʤʠ 

ʩʦʝʜʠʥʸʥʥʳʤʠ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʢʦʣʴʮʘʤʠ, ʦʢʘʟʳʚʘʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʟʜʦʨʦʚʴʝ. ɹʦʣʝʝ 

ʪʷʞʸʣʳʝ ʇɸʋ ʥʘʭʦʜʷʪʩʷ ʚ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ, ʘ ʩʦʝʜʠʥʝʥʠʷ ʩ ʤʝʥʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʢʦʣʝʮ ʤʦʛʫʪ ʙʳʪʴ ʣʝʪʫʯʠʤʠ ʠ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʚ ʛʘʟʦʦʙʨʘʟʥʦʡ ʬʦʨʤʝ ʚ ʘʪʤʦʩʬʝʨʝ. ʊʏ 

ʚʢʣʶʯʘʶʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʢʦʤʧʦʥʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʧʳʣʴ, ʏʋ, ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, 

ʩʫʣʴʬʘʪʳ, ʥʠʪʨʘʪʳ, ʘʤʤʦʥʠʡ ʠ ʜʨʫʛʠʝ. ʕʪʠ ʢʦʤʧʦʥʝʥʪʳ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʢʘʢ 

ʩʦʛʨʝʚʘʶʱʝʝ, ʪʘʢ ʠ ʦʭʣʘʞʜʘʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʘʪʤʦʩʬʝʨʫ. 

ɼʣʷ ʩʥʠʞʝʥʠʷ ʨʠʩʢʦʚ ʜʣʷ ʟʜʦʨʦʚʴʷ ʠ ʙʦʨʴʙʳ ʩ ʠʟʤʝʥʝʥʠʝʤ ʢʣʠʤʘʪʘ ʥʝʦʙʭʦʜʠʤʳ ʪʦʯʥʳʝ 

ʟʥʘʥʠʷ ʦ ʬʠʟʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʪʚʝʨʜʳʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʦʩʦʙʝʥʥʦ 

ʫʛʣʝʨʦʜʦʩʦʜʝʨʞʘʱʠʭ ʚʝʱʝʩʪʚ, ʘ ʪʘʢʞʝ ʦʙ ʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ, ʪʨʘʥʩʧʦʨʪʝ ʠ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ʂʣʶʯʝʚʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʏʋ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤ 

ʇɸʋ ʚ ʘʪʤʦʩʬʝʨʫ ʷʚʣʷʶʪʩʷ ʧʦʪʨʝʙʣʝʥʠʝ ʠʩʢʦʧʘʝʤʦʛʦ ʪʦʧʣʠʚʘ ʥʘ ʩʪʘʮʠʦʥʘʨʥʳʭ ʠ 

ʤʦʙʠʣʴʥʳʭ ʠʩʪʦʯʥʠʢʘʭ, ʩʞʠʛʘʥʠʝ ʙʠʦʤʘʩʩʳ (BB) ʠ ʧʨʦʤʳʰʣʝʥʥʳʝ ʚʳʙʨʦʩʳ. ʊʘʢ ʢʘʢ ʏʋ 

ʠʤʝʝʪ ʢʦʨʦʪʢʠʡ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ, ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʥʘʛʨʫʟʢʫ ʤʦʞʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʝʛʢʦ 

ʩʦʢʨʘʪʠʪʴ ʧʫʪʸʤ ʫʤʝʥʴʰʝʥʠʷ ʠʣʠ ʢʦʥʪʨʦʣʷ ʝʛʦ ʚʳʙʨʦʩʦʚ. 

ɺʪʦʨʠʯʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʘʪʤʦʩʬʝʨʝ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʊʏ. 

ʅʝʜʘʚʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ (Daellenbach et al., 2020) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚ ʦʩʥʦʚʥʦʤ ʩʚʷʟʘʥʘ ʩ ʘʥʪʨʦʧʦʛʝʥʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʩ ʚʪʦʨʠʯʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʘʵʨʦʟʦʣʷʤʠ ʚ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʡ ʬʨʘʢʮʠʠ, 

ʧʨʦʠʩʭʦʜʷʱʠʤʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʪ ʩʞʠʛʘʥʠʷ ʙʠʦʤʘʩʩʳ ʚ ʞʠʣʳʭ ʜʦʤʘʭ, ʘ ʪʘʢʞʝ 

ʩ ʤʝʪʘʣʣʘʤʠ ʢʨʫʧʥʦʜʠʩʧʝʨʩʥʦʡ ʬʨʘʢʮʠʠ ʦʪ ʥʝʚʳʙʨʦʩʦʚ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. 

ʉʥʠʞʝʥʠʝ ʚʳʙʨʦʩʦʚ ʏʋ ʠ ʇɸʋ ʩʚʷʟʘʥʦ ʩʦ ʩʥʠʞʝʥʠʝʤ ʚʳʙʨʦʩʦʚ ʊʏ. ɺ ʜʘʥʥʦʤ ʦʪʯʸʪʝ 

ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʚʳʙʨʦʩʦʚ ʏʋ, ʇɸʋ, ʘ ʪʘʢʞʝ ʩʚʝʨʭʪʦʥʢʠʭ ʯʘʩʪʠʮ (UFP) ʠ ʚʣʠʷʥʠʷ ʤʝʨ 

ʧʦ ʩʦʢʨʘʱʝʥʠʶ ʚʳʙʨʦʩʦʚ ʊʏ ʥʘ ʵʪʠ ʚʝʱʝʩʪʚʘ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʙʳʣʦ ʜʦʧʦʣʥʝʥʦ, ʢʦʛʜʘ ʵʪʦ 

ʙʳʣʦ ʚʦʟʤʦʞʥʦ, ʘʥʘʣʠʟʦʤ ʧʦʣʥʦʛʦ ʩʧʝʢʪʨʘ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ ʚʝʱʝʩʪʚ, ʪʘʢʠʭ ʢʘʢ 

ʚʪʦʨʠʯʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʘʵʨʦʟʦʣʠ (SOA) ʠ ʙʫʨʳʡ ʫʛʣʝʨʦʜ (BrC), ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ 

ʨʘʜʠʘʮʠʦʥʥʳʡ ʬʦʥ ʠ ʤʘʩʩʫ ʪʚʸʨʜʳʭ ʯʘʩʪʠʮ. ɹʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʪʨʠ ʮʝʣʝʚʳʭ ʩʝʢʪʦʨʘ: ʜʚʘ 

ʠʟ ʥʠʭ ï ʤʝʣʢʠʝ ʠʩʪʦʯʥʠʢʠ ʩʞʠʛʘʥʠʷ ʠ ʜʦʨʦʞʥʳʡ ʪʨʘʥʩʧʦʨʪ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʷʚʣʷʶʪʩʷ 

ʦʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʏʋ, ʠ ʩʞʠʛʘʥʠʝ ʧʦʧʫʪʥʦʛʦ ʛʘʟʘ ʚ ʬʘʢʝʣʘʭ (GF), ʢʦʪʦʨʦʝ 

ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʦʢʘʟʳʚʘʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʝ ʢʘʢ ʥʘ 

ʢʘʯʝʩʪʚʦ ʚʦʟʜʫʭʘ, ʪʘʢ ʠ ʥʘ ʢʣʠʤʘʪ ʚ ʘʨʢʪʠʯʝʩʢʠʭ ʨʝʛʠʦʥʘʭ.  

ʕʪʦʪ ʜʦʢʫʤʝʥʪ ʜʦʧʦʣʥʷʝʪ ʨʫʢʦʚʦʜʷʱʠʡ ʜʦʢʫʤʝʥʪ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʧʨʠʦʨʠʪʝʪʥʦʩʪʠ ʤʝʨ 

(ECE, 2020), ʧʨʝʜʦʩʪʘʚʣʷʷ ʧʦʜʨʦʙʥʳʡ ʘʥʘʣʠʟ ʚʦʟʤʦʞʥʦʩʪʝʡ ʤʝʪʦʜʦʚ ʜʣʷ ʨʝʘʣʴʥʦʛʦ 

ʩʦʢʨʘʱʝʥʠʷ ʏʋ ʠ ʇɸʋ. ʕʪʦ ʧʦʩʣʫʞʠʪ ʦʩʥʦʚʦʡ ʜʣʷ ʧʝʨʝʩʤʦʪʨʘ ELV (ʧʨʝʜʝʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ ʚʳʙʨʦʩʦʚ), ʫʢʘʟʘʥʥʳʭ ʚ ʧʨʠʣʦʞʝʥʠʠ X ʢ AGP (ɻʝʪʝʙʦʨʛʩʢʦʤʫ ʧʨʦʪʦʢʦʣʫ ʩ 

ʧʦʧʨʘʚʢʘʤʠ 2012 ʛʦʜʘ) ʚ 2021 ʛʦʜʫ. 

ʉʞʠʛʘʥʠʝ ʜʨʝʚʝʩʥʦʛʦ ʪʦʧʣʠʚʘ ʚ ʞʠʣʦʤ ʩʝʢʪʦʨʝ ʦʩʪʘʸʪʩʷ ʩʝʨʴʸʟʥʦʡ ʧʨʦʙʣʝʤʦʡ, ʠ ʜʣʷ 

ʩʥʠʞʝʥʠʷ ʚʳʙʨʦʩʦʚ ʊʏ ʠ ʏʋ ʧʦʪʨʝʙʫʝʪʩʷ ʤʥʦʛʦ ʫʩʠʣʠʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ 

ʠʣʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʝʯʝʡ ʠ ʢʦʪʣʦʚ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʚʳʙʨʦʩʳ ʊʏ 

ʠ ʏʋ. ɺʘʞʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʷʚʣʷʶʪʩʷ ʢʘʯʝʩʪʚʦ ʠ ʪʠʧ ʜʨʝʚʝʩʠʥʳ, ʧʨʠʯʸʤ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʫʭʦʡ ʜʨʝʚʝʩʠʥʳ. ʊʘʢʞʝ ʚʘʞʥʳ ʧʨʘʚʠʣʴʥʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʧʨʘʢʪʠʢʠ, 

ʪʘʢʠʝ ʢʘʢ ʪʝ, ʢʦʪʦʨʳʝ ʠʟʣʦʞʝʥʳ ʚ çʂʦʜʝʢʩʝ ʥʘʜʣʝʞʘʱʝʡ ʧʨʘʢʪʠʢʠ, ʢʘʩʘʶʱʝʡʩʷ 
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ʩʞʠʛʘʥʠʷ ʜʨʝʚʝʩʥʦʛʦ ʪʦʧʣʠʚʘ ʠ ʤʘʣʳʭ ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʩʞʠʛʘʥʠʷè (ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʎɻ 

ʊʕɺ, 2019). ʄʥʦʛʠʝ ʧʦʣʠʪʠʯʝʩʢʠʝ ʤʝʨʳ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʵʬʬʝʢʪʠʚʥʦʤʫ ʩʦʢʨʘʱʝʥʠʶ 

ʚʳʙʨʦʩʦʚ ʊʏ ʠ ʏʋ ʚ ʞʠʣʦʤ ʩʝʢʪʦʨʝ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʥʠʞʝʥʠʝ ʚʳʙʨʦʩʦʚ ʏʋ, 

ʚʳʟʳʚʘʝʪ ʚʦʧʨʦʩʳ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʯʘʩʪʠʮ (PN) ʧʨʠ ʨʘʟʙʘʚʣʝʥʠʠ ʚʳʙʨʦʩʦʚ. 

ʋʤʝʥʴʰʝʥʠʝ ʤʘʩʩʳ, ʜʦʩʪʫʧʥʦʡ ʜʣʷ ʢʦʥʜʝʥʩʘʮʠʠ, ʠ ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʛʫʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʨʦʮʝʩʩʘʤ ʥʫʢʣʝʘʮʠʠ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʫʚʝʣʠʯʠʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ 

ʯʘʩʪʠʮ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʳʙʨʦʩʦʚ ʊʏ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʦʣʝʝ ʥʘʜʸʞʥʳʭ 

ʩʪʘʥʜʘʨʪʦʚ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ. ʄʝʪʦʜʳ ʜʦʣʞʥʳ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʬʠʣʴʪʨʫʝʤʳʭ ʠ ʢʦʥʜʝʥʩʠʨʫʝʤʳʭ ʬʨʘʢʮʠʷʭ ʯʘʩʪʠʮ, ʯʪʦʙʳ ʙʦʣʝʝ ʪʦʯʥʦ ʦʧʨʝʜʝʣʷʪʴ 

ʨʝʘʣʴʥʳʝ ʚʳʙʨʦʩʳ ʊʏ ʦʪ ʤʘʣʳʭ ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʩʞʠʛʘʥʠʷ ʜʨʝʚʝʩʥʦʛʦ ʪʦʧʣʠʚʘ ʠ 

ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʢʘʜʘʩʪʨʳ ʚʳʙʨʦʩʦʚ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʕʪʠ ʜʘʥʥʳʝ ʧʦʤʦʛʫʪ ʨʘʟʨʘʙʦʪʘʪʴ ʩʪʨʘʪʝʛʠʠ ʜʣʷ ʧʦʣʠʪʠʢʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʢʘʢ ʥʘ 

ʩʦʢʨʘʱʝʥʠʝ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʟʜʫʭʘ, ʪʘʢ ʠ ʥʘ ʩʥʠʞʝʥʠʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʧʦʩʣʝʜʩʪʚʠʡ. 

ʉ ʧʝʨʝʭʦʜʦʤ ʢ ʙʦʣʝʝ ʩʪʨʦʛʠʤ ʩʪʘʥʜʘʨʪʘʤ, ʧʨʠʤʝʥʷʝʤʳʤ ʢ ʜʦʨʦʞʥʳʤ ʪʨʘʥʩʧʦʨʪʥʳʤ 

ʩʨʝʜʩʪʚʘʤ, ʚʳʙʨʦʩʳ ʊʏ ʠ ʚʩʝʭ ʯʘʩʪʠʮ, ʚʢʣʶʯʘʷ ʏʋ, ʠʟ ʚʳʭʣʦʧʥʳʭ ʪʨʫʙ, ʚʝʨʦʷʪʥʦ, ʙʫʜʫʪ 

ʩʥʠʞʘʪʴʩʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʚʳʙʨʦʩʳ ʦʪ ʰʠʥ ʠ ʪʦʨʤʦʟʦʚ ʤʦʛʫʪ ʩʪʘʪʴ ʜʦʤʠʥʠʨʫʶʱʠʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ, ʘ ʪʘʢʞʝ ʠʩʪʦʯʥʠʢʦʤ ʏʋ, ʜʘʞʝ ʝʩʣʠ ʵʪʠ ʯʘʩʪʠʮʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʥʘʭʦʜʷʪʩʷ ʚ ʢʨʫʧʥʦʡ ʬʨʘʢʮʠʠ (ʜʠʘʤʝʪʨ>2,5 ʤʢʤ). ʉʚʝʨʭʪʦʥʢʠʝ ʯʘʩʪʠʮʳ ʪʘʢʞʝ ʤʦʛʫʪ 

ʚʳʜʝʣʷʪʴʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʦʨʤʦʟʦʚ. ʆʩʥʦʚʥʳʤ ʪʝʭʥʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʩʥʠʞʝʥʠʷ 

ʚʳʙʨʦʩʦʚ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʤʘʪʝʨʠʘʣʘ ʪʦʨʤʦʟʥʳʭ ʢʦʣʦʜʦʢ, ʦʜʥʘʢʦ ʚʦʟʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʩʪʨʦʡʩʪʚ ʦʪʩʦʩʘ, ʯʪʦʙʳ ʫʜʘʣʠʪʴ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʯʘʩʪʠʮ ʦʪ ʪʦʨʤʦʟʦʚ. 

ʇʦ ʤʝʥʴʰʝʡ ʤʝʨʝ 90% ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ ʯʘʩʪʠʮ ʚ ʦʪʭʦʜʷʱʠʭʦʪʭʦʜʷʱʠʭ ʛʘʟʘʭ ʛʘʟʦʚʳʭ 

ʬʘʢʝʣʦʚ ʩʦʩʪʘʚʣʷʶʪ ʯʝʨʥʳʡ ʫʛʣʝʨʦʜ. ʌʘʢʝʣʳ ʩ ʧʘʨʦʚʳʤ ʫʩʠʣʝʥʠʝʤ ʷʚʣʷʶʪʩʷ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʥʠʞʝʥʠʷ ʚʳʙʨʦʩʦʚ ʩʘʞʠ. ʆʜʥʘʢʦ ʬʘʢʝʣʳ ʩ 

ʫʩʠʣʝʥʠʝʤ ʟʘ ʩʯʸʪ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʳʤ ʨʝʰʝʥʠʝʤ, ʝʩʣʠ 

ʥʘ ʤʝʩʪʝ ʦʪʩʫʪʩʪʚʫʝʪ ʚʦʜʘ. ʅʦʚʳʝ ʤʦʜʝʣʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʥʝʡʨʦʥʥʳʭ ʩʝʪʷʭ (ʧʨʦʜʚʠʥʫʪʳʝ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ), ʤʦʛʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʫʣʫʯʰʝʥʠʶ ʫʧʨʘʚʣʝʥʠʷ ʦʧʝʨʘʮʠʷʤʠ 

ʬʘʢʝʣʴʥʦʛʦ ʩʞʠʛʘʥʠʷ ʜʣʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʩʘʞʠ. 

ɼʣʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʟʤʝʥʝʥʠʝʤ ʢʣʠʤʘʪʘ ʠ ʢʘʯʝʩʪʚʦʤ 

ʚʦʟʜʫʭʘ, ʥʝ ʪʦʣʴʢʦ ʩʦʢʨʘʱʝʥʠʝ ʚʳʙʨʦʩʦʚ ʏʋ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ, ʥʦ ʠ ʚʳʙʨʦʩʦʚ ʙʫʨʦʛʦ 

ʫʛʣʝʨʦʜʘ (BrC). BrC ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʛʣʦʱʘʶʱʫʶ ʩʚʝʪ ʬʨʘʢʮʠʶ ʪʚʸʨʜʳʭ ʯʘʩʪʠʮ, 

ʢʦʪʦʨʘʷ ʚ ʦʩʥʦʚʥʦʤ ʚʳʜʝʣʷʝʪʩʷ ʧʨʠ ʩʞʠʛʘʥʠʠ ʙʠʦʤʘʩʩʳ ʠʣʠ ʦʙʨʘʟʫʝʪʩʷ ʧʦʟʜʥʝʝ ʧʨʠ 

ʨʘʟʙʘʚʣʝʥʠʠ ʦʪʭʦʜʷʱʠʭ h ʣʝʡʬʦʚ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʵʪʘ ʢʘʪʝʛʦʨʠʷ ʯʘʩʪʠʮ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʠʟʫʯʝʥʘ, ʠ ʩʫʱʝʩʪʫʝʪ ʤʥʦʛʦ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʩʦ ʩʚʦʡʩʪʚʘʤʠ 

ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʧʨʠʧʠʩʳʚʘʝʤʳʤʠ ʠʤ ʚ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ. 

 

ʆʩʥʦʚʥʳʝ ʚʳʚʦʜʳ 

 
ʉʞʠʛʘʥʠʝ ʪʦʧʣʠʚʘ ʚ ʤʘʣʳʭ ʫʩʪʨʦʡʩʪʚʘʭ 

- ɺʦʟʜʝʡʩʪʚʠʝ ʟʘʛʨʷʟʥʝʥʠʷ ʢʘʢ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ, ʪʘʢ ʠ ʚʦʟʜʫʭʘ ʚ ʧʦʤʝʱʝʥʠʷʭ 

ʠʟʚʝʩʪʥʦ ʩʚʦʠʤʠ ʥʝʛʘʪʠʚʥʳʤʠ ʧʦʩʣʝʜʩʪʚʠʷʤʠ ʜʣʷ ʟʜʦʨʦʚʴʷ ʜʳʭʘʪʝʣʴʥʦʡ ʠ 

ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤ. ʅʝʜʘʚʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʘʢʞʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʝʛʦ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʢʦʛʥʠʪʠʚʥʳʝ ʬʫʥʢʮʠʠ. ʆʪʢʨʳʪʳʝ ʢʘʤʠʥʳ, ʪʨʘʜʠʮʠʦʥʥʳʝ ʧʝʯʠ ʠ 

ʧʣʠʪʳ, ʷʚʣʷʶʱʠʝʩʷ ʠʩʪʦʯʥʠʢʘʤʠ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʟʜʫʭʘ ʚʥʫʪʨʠ ʠ ʚʥʝ ʧʦʤʝʱʝʥʠʡ, 

ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʯʠʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʥʝʨʘʚʝʥʩʪʚ (ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʣʦʤ ʠ ʚʦʟʨʘʩʪʦʤ), 

ʦʩʦʙʝʥʥʦ ʚ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʩʪʨʘʥʘʭ. ʋʩʪʨʘʥʝʥʠʝ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʙʳʪʦʚʳʤ 
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ʩʞʠʛʘʥʠʝʤ ʜʨʝʚʝʩʠʥʳ, ʠʤʝʝʪ ʷʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ, ʧʦʟʚʦʣʷʷ ʩʥʠʟʠʪʴ ʚʨʝʜʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʟʜʦʨʦʚʴʝ (ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʨʘʩʭʦʜʳ), ʘ ʪʘʢʞʝ ʚ ʢʦʨʦʪʢʠʝ ʩʨʦʢʠ 

ʧʨʠʥʝʩʪʠ ʧʦʣʴʟʫ ʜʣʷ ʢʣʠʤʘʪʘ, ʜʘʞʝ ʝʩʣʠ ʵʪʦ ʚʦʟʜʝʡʩʪʚʠʝ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, 

ʯʝʤ ʫ ʜʨʫʛʠʭ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ. 

- ɺʳʙʨʦʩʳ ʏʋ (ʯʝʨʥʦʛʦ ʫʛʣʝʨʦʜʘ) ʦʪ ʩʞʠʛʘʥʠʷ ʜʨʦʚʜʨʝʚʝʩʥʦʛʦ ʪʦʧʣʠʚʘ ʚ ʞʠʣʦʤ 

ʩʝʢʪʦʨʝ ʷʚʣʷʶʪʩʷ ʢʨʫʧʥʝʡʰʠʤ ʠʩʪʦʯʥʠʢʦʤ ʟʘʛʨʷʟʥʝʥʠʷ ʥʘ ʛʣʦʙʘʣʴʥʦʤ ʫʨʦʚʥʝ. ɺ 

ʩʪʨʘʥʘʭ ɽʉ27 ʠ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ ʚ 2018 ʛʦʜʫ ʚʳʙʨʦʩʳ ʏʋ ʦʪ ʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʩʞʠʛʘʥʠʷ ʚ ʪʨʠ ʨʘʟʘ ʧʨʝʚʳʩʠʣʠ ʚʳʙʨʦʩʳ ʏʋ ʦʪ ʧʘʩʩʘʞʠʨʩʢʠʭ ʘʚʪʦʤʦʙʠʣʝʡ. ʕʪʠ 

ʚʳʙʨʦʩʳ ʚ ʦʩʥʦʚʥʦʤ ʦʙʫʩʣʦʚʣʝʥʳ ʩʞʠʛʘʥʠʝʤ ʙʠʦʤʘʩʩʳ, ʚ ʯʘʩʪʥʦʩʪʠ ʜʨʝʚʝʩʠʥʳ. 

- ʂʦʥʮʝʥʪʨʘʮʠʠ ʏʋ ʚ ʦʪʭʦʜʷʱʠʭ ʛʘʟʘʭ ʦʙʳʯʥʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʪʝʨʤʦʦʧʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʢʦʪʦʨʳʝ, ʚʝʨʦʷʪʥʦ, ʫʯʠʪʳʚʘʶʪ ʠ ʜʦʣʶ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʆʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ (OM) ʦʙʳʯʥʦ ʚʳʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʝ 

ʠʟʤʝʨʝʥʠʡ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ (OC), ʧʦʣʫʯʝʥʥʳʭ ʪʝʨʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. 

- ʊʚʸʨʜʳʝ ʯʘʩʪʠʮʳ, ʚʳʜʝʣʷʝʤʳʝ ʧʨʠ ʩʞʠʛʘʥʠʠ ʙʠʦʤʘʩʩʳ ʚ ʤʘʣʳʭ ʦʪʦʧʠʪʝʣʴʥʳʭ 
ʫʩʪʨʦʡʩʪʚʘʭ, ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʷʪ ʠʟ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ 

(ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʫʛʣʝʨʦʜʘ (EC) ʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (OM)). ɹʦʣʴʰʠʥʩʪʚʦ 

ʯʘʩʪʠʮ ʷʚʣʷʶʪʩʷ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʤʠ, ʩ ʜʠʘʤʝʪʨʦʤ ʤʝʥʝʝ 2,5 ʤʢʤ. ɺʪʦʨʠʯʥʦʝ 

ʦʙʨʘʟʦʚʘʥʠʝ ʯʘʩʪʠʮ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʨʘʟʙʘʚʣʝʥʠʠ ʜʳʤʦʚʦʛʦ ʰʣʝʡʬʘ ʠ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʚ ʘʪʤʦʩʬʝʨʥʳʭ ʫʩʣʦʚʠʷʭ. 

- ɹʝʨʸʟʘ, ʝʣʴ ʠ ʩʦʩʥʘ ʯʘʩʪʦ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʘʤʳʝ ʚʳʩʦʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʳʙʨʦʩʦʚ 

ʊʏ, ʏʋ ʠ ʇɸʋ. ʉʳʨʘʷ ʧʠʭʪʘ ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʚʳʙʨʦʩʦʚ ʇɸʋ. 

ɼʫʙ ʚʳʜʝʣʷʝʪ ʥʘʠʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʏʋ. ʉʞʠʛʘʥʠʝ ʩʳʨʦʡ ʜʨʝʚʝʩʠʥʳ ʥʝ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ, ʢʘʢ ʫʢʘʟʘʥʦ ʚ çʂʦʜʝʢʩʝ ʥʘʜʣʝʞʘʱʝʡ ʧʨʘʢʪʠʢʠ, ʢʘʩʘʶʱʝʡʩʷ 

ʩʞʠʛʘʥʠʷ ʜʨʝʚʝʩʥʦʛʦ ʪʦʧʣʠʚʘ ʠ ʤʘʣʳʭ ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʩʞʠʛʘʥʠʷè (ʎɻ ʊʕɺ, 2019). 

ʆʜʥʘʢʦ ʥʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʚʳʙʨʦʩʳ ʊʏ1, ʇɸʋ ʠ 

ʏʋ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʯʝʥʴ ʩʫʭʦʡ ʜʨʝʚʝʩʠʥʳ (ʚʣʘʞʥʦʩʪʴ 11%) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʩʳʨʦʡ ʜʨʝʚʝʩʠʥʦʡ (ʚʣʘʞʥʦʩʪʴ 18%), ʭʦʪʷ ʢʦʣʠʯʝʩʪʚʦ ʯʘʩʪʠʮ (PN) ʜʣʷ ʩʫʭʦʡ 

ʜʨʝʚʝʩʠʥʳ ʤʝʥʴʰʝ. 

- ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʧʝʯʝʡ, ʦʩʥʘʱʸʥʥʳʭ ʧʝʨʝʜʦʚʳʤʠ ʤʝʪʦʜʘʤʠ 

ʩʥʠʞʝʥʠʷ ʚʳʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʛʦʨʝʣʢʠ, 

ʜʨʝʚʝʩʥʳʝ ʛʨʘʥʫʣʳ ʠ ʢʘʤʝʥʥʳʝ ʧʝʯʠ, ʧʦʟʚʦʣʷʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʩʪʘʥʜʘʨʪʘʤ 

ʚʳʙʨʦʩʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʚ ɽʉ ʧʦʩʣʝʜʥʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ ʵʢʦʜʠʟʘʡʥʘ. ɿʘʧʨʝʪ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʯʝʡ, ʥʝ ʦʪʤʝʯʝʥʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʝʨʪʠʬʠʢʘʮʠʝʡ, ʩʯʠʪʘʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʚ ʥʝʢʦʪʦʨʳʭ ʥʝʜʘʚʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ʆʜʥʘʢʦ 

ʧʨʠʤʝʥʝʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʛʦʨʝʣʦʢ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʳʙʨʦʩʦʚ 

ʇʍɼɼ/ʌ (ʜʠʦʢʩʠʥʦʚ ʠ ʬʫʨʘʥʦʚ) ʠʟ-ʟʘ ʚʦʟʜʝʡʩʪʚʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʉʦʚʨʝʤʝʥʥʳʝ 

ʧʝʯʠ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʶʪ ʚʳʙʨʦʩʳ ʦʨʛʘʥʠʯʝʩʢʠʭ ʛʘʟʦʚ, ʯʪʦ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʩʦʢʨʘʱʝʥʠʝ ʚʪʦʨʠʯʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʘʵʨʦʟʦʣʷ 

(SOASOA).  

- ɸʚʪʦʤʘʪʠʯʝʩʢʘʷ ʧʦʜʘʯʘ ʪʦʧʣʠʚʘ ʠ ʫʣʫʯʰʝʥʠʝ ʩʪʫʧʝʥʯʘʪʦʛʦ ʩʞʠʛʘʥʠʷ ʚʦʟʜʫʭʘ 
ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʶʪ CE. ʅʠʟʢʦʟʘʪʨʘʪʥʳʝ ʩʪʨʘʪʝʛʠʠ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʝʯʝʡ ʧʫʪʸʤ ʫʩʪʘʥʦʚʢʠ ʩʠʩʪʝʤ ʚʧʨʳʩʢʘ ʚʦʟʜʫʭʘ ʤʦʛʫʪ ʫʤʝʥʴʰʠʪʴ 

ʚʳʙʨʦʩʳ ʊʏ ʠ ʏʋ. ʉʣʝʜʫʝʪ ʠʟʙʝʛʘʪʴ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʝʡ ʛʦʨʝʥʠʷ, ʪʘʢ ʢʘʢ ʦʥʠ 

ʩʚʷʟʘʥʳ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʳʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ. 

- ʇʝʯʠ ʥʘ ʜʨʝʚʝʩʥʳʭ ʛʨʘʥʫʣʘʭ ʚʳʜʝʣʷʶʪ ʚ 2ï3 ʨʘʟʘ ʤʝʥʴʰʝ ʊʏ, ʏʋ ʠ ʇɸʋ, ʯʝʤ 

ʩʦʚʨʝʤʝʥʥʳʝ ʧʝʯʠ ʠʩʧʦʣʴʟʫʱʠʝ ʧʦʣʝʥʴʷ . ʆʜʥʘʢʦ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʩʥʠʞʝʥʠʠ 

ʢʦʣʠʯʝʩʪʚʘ ʯʘʩʪʠʮ (PN) ʥʝ ʩʪʦʣʴ ʚʳʩʦʢʘ, ʢʘʢ ʦʞʠʜʘʣʦʩʴ. 

- ʕʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʬʠʣʴʪʨʳ (ESP) ʤʦʛʫʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʦʡ ʩʪʨʘʪʝʛʠʝʡ ʜʣʷ 
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ʩʦʢʨʘʱʝʥʠʷ ʚʳʙʨʦʩʦʚ ʯʘʩʪʠʮ. ɺ ʫʩʪʘʥʦʚʢʘʭ ʩʞʠʛʘʥʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʙʦʣʝʝ 99%. ʆʜʥʘʢʦ ʥʘ ʧʨʘʢʪʠʢʝ ʵʪʘ ʪʝʭʥʦʣʦʛʠʷ ʥʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʙʳʪʦʚʳʭ 

ʫʩʪʨʦʡʩʪʚ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ESP ʜʣʷ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʥʘʥʦʯʘʩʪʠʮ ʧʦʢʘ ʦʩʪʘʸʪʩʷ 

ʥʝʷʩʥʦʡ. ʇʨʠ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʷʭ ʩʛʦʨʘʥʠʷ ʧʦʩʣʝ ESP ʚʦ ʚʨʝʤʷ ʦʭʣʘʞʜʝʥʠʷ 

ʦʪʭʦʜʷʱʠʭ ʛʘʟʦʚ ʤʦʞʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ,  ʩʦʩʪʦʷʱʠʝ ʠʟ 

ʢʦʥʜʝʥʩʠʨʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

- ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʪʨʘʪʝʛʠʠ, ʪʘʢʠʝ ʢʘʢ ʩʠʩʪʝʤʳ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ ʪʝʧʣʦʚʦʡ 
ʵʥʝʨʛʠʠ, ʤʦʛʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʦʧʪʠʤʠʟʘʮʠʠ ʮʠʢʣʘ ʥʘʛʨʝʚʘ ʥʘ ʩʪʘʜʠʷʭ ʟʘʧʫʩʢʘ ʠ 

ʟʘʚʝʨʰʝʥʠʷ ʨʘʙʦʪʳ. ʌʘʟʘ ʟʘʧʫʩʢʘ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʦʡ, ʪʘʢ ʢʘʢ ʠʤʝʥʥʦ ʚ ʵʪʦʪ 

ʧʝʨʠʦʜ ʥʘʙʣʶʜʘʶʪʩʷ ʧʦʚʳʰʝʥʥʳʝ ʚʳʙʨʦʩʳ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ. 

- ʆʙʨʘʟʦʚʘʥʠʝ ʪʚʸʨʜʳʭ ʯʘʩʪʠʮ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʧʦʜʘʯʠ ʚʪʦʨʠʯʥʦʛʦ 
ʚʦʟʜʫʭʘ ʠ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʝʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʤʦʜʫʣʷʭ ʧʦʜʘʯʠ ʚʦʟʜʫʭʘ. 

ʉʪʫʧʝʥʯʘʪʘʷ ʧʦʜʘʯʘ ʚʦʟʜʫʭʘ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʚʳʙʨʦʩʳ ʟʘʛʨʷʟʥʷʶʱʠʭ 

ʚʝʱʝʩʪʚ. ʆʜʥʘʢʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʨʘʪʝʛʠʠ ʩʪʫʧʝʥʯʘʪʦʡ ʧʦʜʘʯʠ ʚʦʟʜʫʭʘ ʚ 

ʩʦʯʝʪʘʥʠʠ ʩ ʪʝʭʥʦʣʦʛʠʝʡ ʜʦʞʠʛʘʥʠʷ ʜʣʷ ʩʥʠʞʝʥʠʷ ʚʳʙʨʦʩʦʚ NOx ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ 

ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʠʪʨʦ-ʇɸʋ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʢʘʥʮʝʨʦʛʝʥʥʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ. 

- ʉʦʛʣʘʩʥʦ (ʎɻ ʊʕɺ, 2019), ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʩʣʝʜʫʶʱʠʡ ʩʧʠʩʦʢ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ: ʥʦʚʳʝ ʩʦʚʨʝʤʝʥʥʳʝ ʧʝʯʠ, ʦʩʥʘʱʝʥʥʳʝ ʙʦʣʝʝ 

ʩʦʚʝʨʰʝʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ, 

ʪʝʧʣʦʦʪʨʘʞʘʶʱʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʠ ʜʚʫʤʷ ʪʦʧʦʯʥʳʤʠ ʢʘʤʝʨʘʤʠ; ʥʦʚʳʝ çʫʤʥʳʝè 

ʧʝʯʠ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʧʦʜʘʯʠ ʚʦʟʜʫʭʘ ʠ ʛʦʨʝʥʠʷ, 

ʪʝʨʤʦʩʪʘʪʠʯʝʩʢʠʤ ʫʧʨʘʚʣʝʥʠʝʤ, ʩ ʧʦʜʢʣʶʯʝʥʠʝʤ ʢ Wi-Fi ʜʣʷ ʩʙʦʨʘ ʠ ʦʪʧʨʘʚʢʠ 

ʜʘʥʥʳʭ ʦ ʧʨʦʮʝʩʩʝ ʛʦʨʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʶ ʚ ʮʝʣʷʭ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʦʙʩʣʫʞʠʚʘʥʠʷ; ʥʦʚʳʝ ʩʦʚʨʝʤʝʥʥʳʝ ʢʘʤʝʥʥʳʝ ʧʝʯʠ ʩ ʚʳʩʦʢʠʤ ʂʇɼ ʠ ʥʠʟʢʠʤ 

ʫʨʦʚʥʝʤ ʚʳʙʨʦʩʦʚ; ʥʦʚʳʝ ʩʦʚʨʝʤʝʥʥʳʝ ʢʦʪʣʳ, ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʧʝʣʣʝʪʘʭ: 

ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʢʦʪʣʳ (ʩ ʵʣʝʢʪʨʦʥʥʳʤ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʧʦʜʘʯʠ 

ʚʦʟʜʫʭʘ, ʜʘʪʯʠʢʘʤʠ ʦʩʪʘʪʦʯʥʦʛʦ ʢʠʩʣʦʨʦʜʘ), ʢʦʥʜʝʥʩʘʮʠʦʥʥʳʝ ʢʦʪʣʳ ʥʘ 

ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʭ ʧʝʣʣʝʪʘʭ; ʢʦʪʣʳ ʢʘʨʙʶʨʘʪʦʨʥʦʛʦ ʪʠʧʘ, ʨʘʙʦʪʘʶʱʠʝ ʥʘ 

ʜʨʦʚʘʭ ʠʣʠ ʜʨʝʚʝʩʥʦʡ ʱʝʧʝ; ʪʝʧʣʦʘʢʢʫʤʫʣʠʨʫʶʱʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʧʦʟʚʦʣʷʶʱʝʝ 

ʩʥʠʟʠʪʴ ʯʘʩʪʦʪʫ ʧʨʝʢʨʘʱʝʥʠʷ ʛʦʨʝʥʠʷ/ʨʦʟʞʠʛʘ ʠ ʨʘʙʦʪʳ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʥʘʛʨʫʟʢʝ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦӢʣʴʰʠʤ ʚʳʙʨʦʩʘʤ, ʯʝʤ ʧʨʠ ʧʦʣʥʦʡ ʥʘʛʨʫʟʢʝ; ʨʝʮʠʨʢʫʣʷʮʠʷ 

ʦʪʭʦʜʷʱʠʭ ʛʘʟʦʚ, ʦʙʨʘʪʥʦʝ ʩʞʠʛʘʥʠʝ, ʛʘʟʠʬʠʢʘʮʠʷ ʦʪʭʦʜʷʱʠʭ 

- ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʮʝʜʫʨʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʜʣʷ ʩʝʨʪʠʬʠʢʘʮʠʠ ʙʳʪʦʚʳʭ 

ʧʨʠʙʦʨʦʚ ʥʝ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʨʝʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɼʣʷ ʵʪʦʛʦ 

ʧʦʣʝʟʥʦ ʨʘʟʨʘʙʦʪʘʪʴ ʥʦʚʳʝ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʳ ʪʝʩʪʠʨʦʚʘʥʠʷ, 

ʫʯʠʪʳʚʘʶʱʠʝ ʨʝʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʣʳʭ ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʩʞʠʛʘʥʠʷ 

(ʟʘʧʫʩʢ, ʟʘʚʝʨʰʝʥʠʝ ʨʘʙʦʪʳ). 

- ʅʝʦʙʭʦʜʠʤʳ ʛʘʨʤʦʥʠʟʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʊʏ ʠ ʏʋ ʚ 
ʚʳʙʨʦʩʘʭ. ɼʣʷ ʊʏ ʩʫʱʝʩʪʚʫʶʪ ʤʝʪʦʜʳ, ʫʯʠʪʳʚʘʶʱʠʝ ʢʦʥʜʝʥʩʠʨʫʝʤʳʝ 

ʩʦʝʜʠʥʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʪʫʥʥʝʣʠ ʨʘʟʙʘʚʣʝʥʠʷ. 

 

ɼʦʨʦʞʥʳʡ ʪʨʘʥʩʧʦʨʪ 

ɼʠʟʝʣʴʥʳʝ ʩʘʞʝʚʳʝ ʬʠʣʴʪʨʳ (DPF) ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʫʞʝ ʜʝʩʷʪʠʣʝʪʠʷʤʠ ʠ ʧʨʠʟʥʘʥʳ ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʤʠ, ʚʢʣʶʯʘʷ ʠʭ ʚʢʣʘʜ ʚ 

ʩʥʠʞʝʥʠʝ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʡ ʩʤʝʨʪʥʦʩʪʠ ʠ ʜʨʫʛʠʭ ʧʨʦʙʣʝʤ ʩʦ ʟʜʦʨʦʚʴʝʤ. ʆʜʥʦʚʨʝʤʝʥʥʦ 

ʩ ʵʪʠʤ, ʧʦ ʤʝʨʝ ʩʥʠʞʝʥʠʷ ʚʳʙʨʦʩʦʚ ʊʏ ʠ ʏʋ ʟʘ ʩʯʝʪ ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʩʪʝʤ ʧʦʩʣʝʜʫʶʱʝʡ 

ʦʯʠʩʪʢʠ, ʜʦʣʷ ʚʳʙʨʦʩʦʚ ʊʏ ʦʪ ʰʠʥ ʠ ʪʦʨʤʦʟʦʚ ʧʨʦʜʦʣʞʘʝʪ ʨʘʩʪʠ. ʅʘ ʦʩʥʦʚʝ ʧʦʩʣʝʜʥʝʛʦ 

ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʫʪʚʝʨʞʜʝʥʠʷ: 
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- ʊʏ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʩʛʦʨʘʥʠʠ ʠ ʚʳʙʨʘʩʳʚʘʝʤʳʝ ʠʟ ʚʳʭʣʦʧʥʦʡ ʪʨʫʙʳ, ʚ 
ʦʩʥʦʚʥʦʤ ʷʚʣʷʶʪʩʷ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʜʠʘʤʝʪʨʦʤ ʤʝʥʝʝ 2,5 ʤʢʤ ʠ 

ʩʦʩʪʦʷʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ ʫʛʣʝʨʦʜʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

- ɺʳʙʨʦʩʳ ʊʏ, ʏʋ, ʢʦʣʠʯʝʩʪʚʘ ʯʘʩʪʠʮ (PN) ʠ ʇɸʋ ʵʬʬʝʢʪʠʚʥʦ ʩʥʠʞʘʶʪʩʷ ʩ 
ʧʦʤʦʱʴʶ ʩʠʩʪʝʤ ʧʦʩʣʝʜʫʶʱʝʡ ʦʯʠʩʪʢʠ, ʪʘʢʠʭ ʢʘʢ ʜʠʟʝʣʴʥʳʭ ʩʘʞʝʚʳʭ ʬʠʣʴʪʨʦʚ  

(DPF) ʠʣʠ ʜʣʷ ʙʝʥʟʠʥʦʚʳʭ ʬʠʣʴʪʨʦʚ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ (GPF). ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ 

ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʥʘ 90ï100 %. 

- ɼʣʷ ʧʨʠʤʝʨʘ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʳʙʨʦʩʦʚ ʊʏ2,5 ʜʣʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʙʦʣʴʰʦʡ 

ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ (HDV) ʩʥʠʞʘʶʪʩʷ ʦʪ 333ï491 ʜʦ 0,5ï1,3 ʤʛ/ʢʤ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ 

ʪʨʘʜʠʮʠʦʥʥʳʝʭ ʩʪʘʥʜʘʨʪʦʚ ʢ ɽʚʨʦ VI. ɼʦʣʷ ʏʋ ʚ ʊʏ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 10 ʜʦ 20 % ʫ 

HDV, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʪʘʥʜʘʨʪʫ ɽʚʨʦ VI. 

- ʇʦʩʢʦʣʴʢʫ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʳʙʨʦʩʦʚ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʩʥʠʟʠʣʠʩʴ ʢʘʢ ʤʠʥʠʤʫʤ ʥʘ 

ʜʚʘ ʧʦʨʷʜʢʘ, ʩʦʧʫʪʩʪʚʫʶʱʠʤ ʵʬʬʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ (OM) ʠʟ-ʟʘ ʧʨʦʮʝʩʩʦʚ ʦʭʣʘʞʜʝʥʠʷ ʠ ʨʘʟʙʘʚʣʝʥʠʷ, ʧʨʠʚʦʜʷʱʠʭ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʥʜʝʥʩʠʨʫʝʤʳʭ ʚʝʱʝʩʪʚ. 

- ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩ ʚʥʝʜʨʝʥʠʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ɽʚʨʦ ʘʙʩʦʣʶʪʥʳʝ 
ʚʳʙʨʦʩʳ ʢʦʥʜʝʥʩʠʨʫʝʤʳʭ ʚʝʱʝʩʪʚ ʩʥʠʞʘʶʪʩʷ, ʥʝʩʤʦʪʨʷ ʥʘ ʵʬʬʝʢʪʳ ʦʭʣʘʞʜʝʥʠʷ 

ʠ ʨʘʟʙʘʚʣʝʥʠʷ ʚ ʚʳʭʣʦʧʥʳʭ ʰʣʝʡʬʘʭ. ʉʠʩʪʝʤʳ ʧʦʩʣʝʜʫʶʱʝʡ ʦʯʠʩʪʢʠ ʩʥʠʞʘʶʪ 

ʚʳʙʨʦʩʳ ʣʝʪʫʯʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩʨʝʜʥʝʡ ʣʝʪʫʯʝʩʪʠ (IVOC), ʦʜʥʘʢʦ 

ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʧʨʦʙʝʣʦʚ ʚ ʟʥʘʥʠʠ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʠʭ ʭʠʤʠʯʝʩʢʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʦʩʣʝ ʚʳʙʨʦʩʘ ʠ ʚ ʫʩʣʦʚʠʷʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

- ʉ ʫʤʝʥʴʰʝʥʠʝʤ ʚʳʙʨʦʩʦʚ ʊʏ ʙʝʥʟʠʥʦʚʳʝ ʘʚʪʦʤʦʙʠʣʠ, ʜʘʞʝ ʩʦʚʨʝʤʝʥʥʳʝ, ʤʦʛʫʪ 
ʛʝʥʝʨʠʨʦʚʘʪʴ ʙʦʣʴʰʝ ʯʘʩʪʠʮ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ GPF ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʦʡ 

ʪʝʭʥʦʣʦʛʠʝʡ ʜʣʷ ʩʥʠʞʝʥʠʷ PN ʠ ʊʏ. ʆʜʥʘʢʦ, ʦʜʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʦʦʙʱʠʣʦ ʦ ʙʦʣʝʝ 

ʚʳʩʦʢʠʭ ʚʳʙʨʦʩʘʭ ʛʝʥʦʪʦʢʩʠʯʥʳʭ ʇɸʋ ʦʪ ʙʝʥʟʠʥʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ (ʦʩʦʙʝʥʥʦ ʩ 

ʧʨʷʤʳʤ ʚʧʨʳʩʢʦʤ ʪʦʧʣʠʚʘ), ʜʘʞʝ ʦʙʦʨʫʜʦʚʘʥʥʳʭ GPF, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʜʠʟʝʣʴʥʳʤʠ ʘʚʪʦʤʦʙʠʣʷʤʠ ʩ DPF (ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ ʚʳʰʝ). 

- ʇʦʩʣʝʜʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʨʘʟʣʠʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʩʣʝʜʫʶʱʝʡ 
ʦʯʠʩʪʢʠ ʦʢʘʟʳʚʘʶʪ ʚʘʞʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʫʨʦʚʝʥʴ ʠ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʚʳʙʨʘʩʳʚʘʝʤʳʭ ʯʘʩʪʠʮ, ʧʦʜʯʝʨʢʠʚʘʷ ʚʘʞʥʦʩʪʴ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʬʠʣʴʪʨʦʚ ʠ ʠʭ 

ʨʝʛʫʣʷʨʥʦʡ ʧʨʦʚʝʨʢʠ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

- ɼʣʷ ʜʠʟʝʣʴʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʙʝʟ ʬʠʣʴʪʨʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʦʪʦʧʣʠʚʘ ʤʦʞʝʪ 
ʩʥʠʟʠʪʴ ʚʳʙʨʦʩʳ ʏʋ ʥʘ 30 % ʠ ʩʪʘʪʴ ʚʘʨʠʘʥʪʦʤ ʜʣʷ ʙʦʣʝʝ ʙʳʩʪʨʦʛʦ ʜʦʩʪʠʞʝʥʠʷ 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦʤ ʧʦʨʦʛʦʚʳʭ ʟʥʘʯʝʥʠʡ ʢʘʯʝʩʪʚʘ ʚʦʟʜʫʭʘ. 

- ɼʘʞʝ ʝʩʣʠ ʚʳʙʨʦʩʳ ʦʪ ʰʠʥ, ʪʦʨʤʦʟʦʚ ʠ ʠʟʥʦʩʘ ʜʦʨʦʛ ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʷʪ ʠʟ 
ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ, ʟʥʘʯʠʪʝʣʴʥʘʷ ʜʦʣʷ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʊʏ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʝʥʥʦʡ. 

ɺʳʙʨʦʩʳ ʆɺʏ ʥʘ ʢʤ ʧʨʝʚʳʰʘʶʪ ʪʝʢʫʱʠʝ ʚʳʙʨʦʩʳ ʧʦ ʩʪʘʥʜʘʨʪʘʤ ɽʚʨʦ 6/VI, ʠ 

ʘʥʘʣʦʛʠʯʥʘʷ ʜʦʣʷ ʏʋ ʥʘʙʣʶʜʘʝʪʩʷ ʢʘʢ ʚ ʚʳʭʣʦʧʥʳʭ, ʪʘʢ ʠ ʚ ʚʳʙʨʦʩʘʭ ʊʏ, ʥʝ 

ʩʚʷʟʘʥʥʳʭ ʩʦ ʩʞʠʛʘʥʠʝʤ ʪʦʧʣʠʚʘ. ʊʦʨʤʦʟʘ ʪʘʢʞʝ ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʫʣʴʪʨʘʪʦʥʢʠʭ ʯʘʩʪʠʮ, ʤʝʪʘʣʣʦʚ ʠ ʇɸʋ; ʪʝʤʧʝʨʘʪʫʨʘ ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ 

ʚʳʙʨʦʩʳ ʊʏ. ɺʳʙʨʦʩʳ ʏʋ ʦʪ ʪʦʨʤʦʟʦʚ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ ʚʳʙʨʦʩʘʤʠ ʊʏ1.  

- ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʠʩʪʝʤ ʧʦʩʣʝʜʫʶʱʝʡ 
ʦʯʠʩʪʢʠ ʜʣʷ ʢʦʥʪʨʦʣʷ ʚʳʙʨʦʩʦʚ ʦʪ ʪʦʨʤʦʟʦʚ, ʰʠʥ ʠ ʠʟʥʦʩʘ ʜʦʨʦʛ. ʊʠʧ ʤʘʪʝʨʠʘʣʦʚ 

ʠ ʧʦʚʝʜʝʥʠʝ ʚʦʜʠʪʝʣʷ ʯʘʩʪʦ ʫʧʦʤʠʥʘʶʪʩʷ ʢʘʢ ʢʣʶʯʝʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʣʷ 

ʩʥʠʞʝʥʠʷ ʚʳʙʨʦʩʦʚ. ʅʝʢʦʪʦʨʳʝ ʢʦʤʧʘʥʠʠ ʨʘʟʨʘʙʦʪʘʣʠ ʩʠʩʪʝʤʳ ʩʙʦʨʘ ʯʘʩʪʠʮ 

ʪʦʨʤʦʟʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʫʤʝʥʴʰʠʪʴ ʤʘʩʩʫ ʠ ʢʦʣʠʯʝʩʪʚʦ ʚʳʙʨʦʩʦʚ ʥʘ 80ï90 %. 

- ɺʟʚʝʰʘʥʥʳʝ ʊʏ ʥʘ ʜʦʨʦʛʘʭ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʳ. ʕʪʠ ʚʳʙʨʦʩʳ ʩʦʩʪʘʚʣʷʶʪ 

ʙʦʣʴʰʫʶ ʜʦʣʶ ʦʪ ʦʙʱʠʭ ʚʳʙʨʦʩʦʚ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ. ʆʥʠ ʟʘʚʠʩʷʪ ʦʪ 
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ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ (ʚʝʪʨʘ, ʪʝʤʧʝʨʘʪʫʨʳ, ʚʣʘʞʥʦʩʪʠ, ʦʩʘʜʢʦʚ) ʠ ʢʣʠʤʘʪʘ 

ʤʝʩʪʥʦʩʪʠ (ʭʘʨʘʢʪʝʨʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʝʤʝʣʴ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ). 

 

ʉʞʠʛʘʥʠʝ ʧʦʧʫʪʥʦʛʦ ʛʘʟʘ ʚ ʬʘʢʝʣʘʭ (GF) 

- ɺʳʙʨʦʩʳ ʯʸʨʥʦʛʦ ʫʛʣʝʨʦʜʘ (ʏʋ) ʥʝʬʪʝʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ ʯʝʨʝʟ ʬʘʢʝʣʳ 
ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʟʘʛʨʷʟʥʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʚ ʨʘʡʦʥʘʭ, ʧʨʠʣʝʛʘʶʱʠʭ ʢ 

ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʝ, ʪʘʢ ʢʘʢ ʦʥʠ ʚʣʠʷʶʪ ʥʘ ʨʘʜʠʘʮʠʦʥʥʳʡ ʙʘʣʘʥʩ ʠ ʫʩʢʦʨʷʶʪ 

ʪʘʷʥʠʝ ʩʥʝʛʘ. ʈʦʩʩʠʷ, ʉʐɸ, ʩʪʨʘʥʳ ɸʬʨʠʢʠ ʠ ʥʝʢʦʪʦʨʳʝ ʩʪʨʘʥʳ ɹʣʠʞʥʝʛʦ 

ɺʦʩʪʦʢʘ ʚʭʦʜʷʪ ʚ ʯʠʩʣʦ ʢʨʫʧʥʝʡʰʠʭ ʠʩʪʦʯʥʠʢʦʚ ʚʳʙʨʦʩʦʚ. 

- ʆʙʳʯʥʦ ʥʝ ʤʝʥʝʝ 90% ʫʛʣʝʨʦʜʦʩʦʜʝʨʞʘʱʠʭ ʚʝʱʝʩʪʚ ʚ ʦʪʭʦʜʷʱʠʭʦʪʭʦʜʷʱʠʭ 

ʛʘʟʘʭ ʧʨʠ ʞʠʛʘʥʠʠ ʧʦʧʫʪʥʦʛʦ ʛʘʟʘ ʚ ʬʘʢʝʣʘʭ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʯʸʨʥʳʡ ʫʛʣʝʨʦʜ. 

- ʂʦʵʬʬʠʮʠʝʥʪʳ ʚʳʙʨʦʩʦʚ (ʂɺ) ʜʣʷ GF ʷʚʣʷʶʪʩʷ ʥʝʦʧʨʝʜʝʣʸʥʥʳʤʠ, ʪʘʢ ʢʘʢ 

ʫʩʣʦʚʠʷ ʩʛʦʨʘʥʠʷ ʤʦʛʫʪ ʩʠʣʴʥʦ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ. 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʚʳʙʨʦʩʦʚ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ, ʦʙʳʯʥʦ 

ʥʘʭʦʜʷʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,2 ʜʦ 2,27 ʛ/ʤį. 

- ʂʘʜʘʩʪʨʳ ʚʳʙʨʦʩʦʚ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʵʪʠʭ ʂɺ, ʩʦʜʝʨʞʘʪ ʤʥʦʛʦ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʝʡ 

ʠ ʯʘʩʪʦ ʟʘʧʦʣʥʷʶʪʩʷ ʜʘʥʥʳʤʠ ʩ ʧʨʦʙʝʣʘʤʠ ʠʣʠ ʦʮʝʥʠʚʘʶʪʩʷ ʧʦ ʜʘʥʥʳʤ 

ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ. 

- ʆʙʳʯʥʦʝ ʩʞʠʛʘʥʠʝ, ʚʳʟʚʘʥʥʦʝ ʦʪʩʫʪʩʪʚʠʝʤ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʫʪʠʣʠʟʘʮʠʠ ʛʘʟʘ, 

ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʠ ʢʨʫʧʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʚʳʙʨʦʩʦʚ ʏʋ ʦʪ ʩʞʠʛʘʥʠʷ 

ʧʦʧʫʪʥʦʛʦ ʛʘʟʘ ʚ ʬʘʢʝʣʘʭ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʩʞʠʛʘʥʠʝ ʠ ʥʝʧʨʝʨʳʚʥʦʝ 

ʩʞʠʛʘʥʠʝ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʧʨʠʯʠʥʘʤ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʳʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ ʏʋ. 

 

ʆʙʟʦʨ ʚʦʟʤʦʞʥʳʭ ʩʧʦʩʦʙʦʚ ʩʦʢʨʘʱʝʥʠʷ ʚʳʙʨʦʩʦʚ ʏʋ ʦʪ ʩʞʠʛʘʥʠʷ ʧʦʧʫʪʥʦʛʦ ʛʘʟʘ ʚ 

ʬʘʢʝʣʘʭ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʚʘʨʠʘʥʪʦʚ: 

- ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʧʫʪʥʦʛʦ ʛʘʟʘ ʜʣʷ ʣʦʢʘʣʴʥʳʭ ʥʫʞʜ ʠʣʠ ʵʢʩʧʦʨʪʘ (ʵʥʝʨʛʠʷ, ʪʝʧʣʦ, 
ʧʨʦʠʟʚʦʜʩʪʚʦ ʛʘʟʘ) ʷʚʣʷʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤ ʨʝʰʝʥʠʝʤ ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ ʚʳʙʨʦʩʦʚ 

ʏʋ ʠ ʜʨʫʛʠʭ ʚʳʙʨʦʩʦʚ ʦʪ ʬʘʢʝʣʴʥʦʛʦ ʩʞʠʛʘʥʠʷ ʟʘ ʩʯʸʪ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʚʳʙʨʦʩʦʚ 

ʦʪʭʦʜʷʱʠʭ ʛʘʟʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʧʫʪʥʦʛʦ ʛʘʟʘ ʧʨʘʢʪʠʯʝʩʢʠ ʫʩʪʨʘʥʷʝʪ ʚʳʙʨʦʩʳ 

ʏʋ, ʦʜʥʘʢʦ ʬʘʢʝʣʴʥʦʝ ʩʞʠʛʘʥʠʝ ʠ ʥʠʟʢʠʝ ʫʨʦʚʥʠ ʫʪʠʣʠʟʘʮʠʠ ʛʘʟʘ ʯʘʩʪʦ 

ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʧʝʨʚʳʭ ʣʝʪ ʜʦʙʳʯʠ ʥʘ ʥʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ, ʪʘʢ ʢʘʢ ʨʝʰʝʥʠʷ ʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʜʣʷ ʛʘʟʘ ʦʙʳʯʥʦ ʧʨʠʥʠʤʘʶʪʩʷ ʪʦʣʴʢʦ ʧʦʩʣʝ 

ʥʘʯʘʣʘ ʜʦʙʳʯʠ. ʂʨʦʤʝ ʪʦʛʦ, ʜʘʞʝ ʝʩʣʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʦʧʫʪʥʳʡ ʥʝʬʪʷʥʦʡ ʛʘʟ (ʇʅɻ), ʦʙʳʯʥʦ ʩʦʭʨʘʥʷʝʪʩʷ ʦʧʨʝʜʝʣʸʥʥʘʷ ʩʪʝʧʝʥʴ 

ʬʘʢʝʣʴʥʦʛʦ ʩʞʠʛʘʥʠʷ ʧʦ ʩʦʦʙʨʘʞʝʥʠʷʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʣʠ ʧʦ ʜʨʫʛʠʤ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʧʨʠʯʠʥʘʤ. ʅʘʢʦʥʝʮ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʨʝʰʝʥʠʷ ʧʦ 

ʫʪʠʣʠʟʘʮʠʠ ʛʘʟʘ ʤʦʛʫʪ ʙʳʪʴ ʥʝʜʦʩʪʫʧʥʳ ʠʣʠ ʩʯʠʪʘʪʴʩʷ ʥʝʧʨʠʝʤʣʝʤʳʤʠ. 

- ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʩʫʱʝʩʪʚʫʶʪ ʜʨʫʛʠʝ ʚʘʨʠʘʥʪʳ ʤʠʥʠʤʠʟʘʮʠʠ ʚʳʙʨʦʩʦʚ ʏʋ: 
ʠʟʚʣʝʯʝʥʠʝ ʪʷʞʸʣʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠʟ ʧʦʪʦʢʘ ʛʘʟʘ, ʥʘʧʨʘʚʣʷʝʤʦʛʦ ʥʘ ʬʘʢʝʣʴʥʦʝ 

ʩʞʠʛʘʥʠʝ. 

- ʌʘʢʝʣ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʥʘʢʦʥʝʯʥʠʢʘʤʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʭʦʨʦʰʠʤ ʧʨʠʤʝʨʦʤ, 

ʧʦʢʘʟʳʚʘʶʱʠʤ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʩʦʢʨʘʱʝʥʠʠ ʚʳʙʨʦʩʦʚ ʏʋ. 

- ʌʘʢʝʣʳ ʩ ʧʘʨʦʚʦʡ ʧʦʜʘʯʝʡ ʦʜʥʦʟʥʘʯʥʦ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʩ ʪʦʯʢʠ 
ʟʨʝʥʠʷ ʧʦʜʘʚʣʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʩʘʞʠ. ʆʜʥʘʢʦ ʬʘʢʝʣʳ ʩ ʚʳʩʦʢʦʡ ʧʦʜʘʯʝʡ 

ʜʘʚʣʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʦʡ ʪʝʭʥʠʢʦʡ, ʝʩʣʠ ʥʘ ʦʙʲʝʢʪʝ ʥʝʪ ʚʦʜʳ. ʌʘʢʝʣʳ ʩ 

ʧʘʨʦʚʦʡ ʧʦʜʘʯʝʡ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʙʦʣʝʝ ʥʠʟʢʠʝ ʚʳʙʨʦʩʳ ʦʯʝʥʴ ʤʝʣʢʠʭ ʯʘʩʪʠʮ 

(ʤʝʥʝʝ 50 ʥʤ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʘʢʝʣʘʤʠ ʩ ʚʦʟʜʫʰʥʦ-ʧʘʨʦʚʦʡ ʧʦʜʘʯʝʡ. 
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- ʆʧʪʠʤʠʟʘʮʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʬʘʢʝʣʘ ʠ ʫʩʣʦʚʠʡ ʛʦʨʝʥʠʷ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴʶ 
ʙʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʦʡ (CFD). ʄʦʜʝʣʠ ʠ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʦʪʭʦʜʷʱʠʭ ʛʘʟʦʚ ʠ ʢʦʥʪʨʦʣʷ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

- ʅʦʚʳʝ ʤʦʜʝʣʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʤʝʪʦʜʘʭ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʤʦʛʫʪ ʙʳʪʴ 
ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʯʪʦʙʳ 

ʫʤʝʥʴʰʠʪʴ ʚʳʙʨʦʩʳ ʦʪ ʬʘʢʝʣʴʥʦʛʦ ʩʞʠʛʘʥʠʷ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʦʢʨʘʪʠʪʴ 

ʚʳʙʨʦʩʳ ʏʋ.
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1 ɺʚʝʜʝʥʠʝ 

 
ɿʘʛʨʷʟʥʝʥʠʝ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʛʣʦʙʘʣʴʥʳʭ ʨʠʩʢʦʚ ʜʣʷ 

ʟʜʦʨʦʚʴʷ, ʚʳʟʳʚʘʷ ʧʦʚʳʰʝʥʥʫʶʩʤʝʨʪʥʦʩʪʴ ʠ ʧʦʪʝʨʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʞʠʟʥʠ (LLE), 

ʦʩʦʙʝʥʥʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ LLE, 

ʩʨʘʚʥʠʤʦʤʫ ʩ ʢʫʨʝʥʠʝʤ ʪʘʙʘʢʘ. ʉʨʝʜʥʝʤʠʨʦʚʦʡ ʧʦʢʘʟʘʪʝʣʴ ʧʦʪʝʨʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʞʠʟʥʠ (LLE) ʦʪ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʟʜʫʭʘ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʘʥʘʣʦʛʠʯʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʦʪ 

ʥʘʩʠʣʠʷ (ʚʩʝʭ ʬʦʨʤ), ʪʦ ʝʩʪʴ ʥʘ ʧʦʨʷʜʦʢ ʚʳʰʝ (LLE ʩʦʩʪʘʚʣʷʝʪ 2,9 ʠ 0,3 ʛʦʜʘ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ (Lelieveld et al., 2020), ʦʩʥʦʚʘʥʥʳʤ ʥʘ ʨʘʩʯʸʪʘʭ 

ʚʦʟʜʝʡʩʪʚʠʷ ʦʟʦʥʘ (O3) ʠ ʪʚʸʨʜʳʭ ʯʘʩʪʠʮ ʊʏ2,5. ʉʪʨʝʤʣʝʥʠʝ ʩʦʢʨʘʪʠʪʴ ʚʳʙʨʦʩʳ, 

ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʚʦʟʜʫʭʘ ʠ ʫʤʝʥʴʰʠʪʴ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʟʜʦʨʦʚʴʝ ʥʘʩʝʣʝʥʠʷ ʠ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʠ ʚʦʧʨʦʩʳ ʩʪʦʠʤʦʩʪʠ, ʪʝʭʥʠʯʝʩʢʦʡ 

ʦʩʫʱʝʩʪʚʠʤʦʩʪʠ ʠ ʩʦʮʠʘʣʴʥʦʡ ʧʨʠʝʤʣʝʤʦʩʪʠ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʢʘʢ ʦʧʠʩʘʥʦ ʚ (Monks 

and Williams, 2020), ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤ ʚʦʧʨʦʩʦʤ. 

ʂʦʥʚʝʥʮʠʷ ʦ ʪʨʘʥʩʛʨʘʥʠʯʥʦʤ ʟʘʛʨʷʟʥʝʥʠʠ ʚʦʟʜʫʭʘ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ (ʂʊɿɺɹʈ) 

ɽʕʂ ʆʆʅ (ɽʚʨʦʧʝʡʩʢʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʢʦʤʠʩʩʠʠ ʆʨʛʘʥʠʟʘʮʠʠ ʆʙʲʝʜʠʥʝʥʥʳʭ ʅʘʮʠʡ), 

ʧʦʜʧʠʩʘʥʥʘʷ ʚ 1983 ʛʦʜʫ, ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʜʦʢʫʤʝʥʪʦʤ, ʥʘʧʨʘʚʣʝʥʥʳʤ 

ʥʘ ʩʦʢʨʘʱʝʥʠʝ ʚʳʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʫ ʠ ʫʤʝʥʴʰʝʥʠʝ ʠʭ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ ʠ ʵʢʦʩʠʩʪʝʤʳ. ɺ ʨʘʤʢʘʭ ʂʊɿɺɹʈ ʙr ʣʦ ʧʨʠʥʷʪʦ 

ʥʝʩʢʦʣʴʢʦ ʧʨʦʪʦʢʦʣʦʚ, ʠ ʧʦʩʣʝʜʥʠʡ ʠʟ ʥʠʭ, ʇʨʦʪʦʢʦʣ ʦ ʙʦʨʴʙʝ ʩ ʧʦʜʢʠʩʣʝʥʠʝʤ, 

ʵʚʪʨʦʬʠʟʘʮʠʝʡ ʠ ʧʨʠʟʝʤʥʳʤ ʦʟʦʥʦʤ, ʠʣʠ ɻʝʪʝʙʦʨʛʩʢʠʡ ʧʨʦʪʦʢʦʣ ʩ ʧʦʧʨʘʚʢʘʤʠ, 

ʚʥʝʩʝʥʥʳʤʠ ʚ 2012 ʛʦʜʫ, ʚʩʪʫʧʠʣ ʚ ʩʠʣʫ 7 ʦʢʪʷʙʨʷ 2019 ʛʦʜʘ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʘʪʴʝʡ 

10 ʇʨʦʪʦʢʦʣʘ, ʦʥ ʥʘʭʦʜʠʪʩʷ ʥʘ ʨʘʩʩʤʦʪʨʝʥʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʰʝʥʠʝʤ 

ʀʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʨʛʘʥʘ (ʀʆ), ʧʨʠʥʷʪʳʤ ʚ ʜʝʢʘʙʨʝ 2019 ʛʦʜʘ. ʇʨʦʮʝʩʩ ʨʘʩʩʤʦʪʨʝʥʠʷ 

ʜʦʣʞʝʥ ʙʳʪʴ ʟʘʚʝʨʰʝʥ ʚ ʜʝʢʘʙʨʝ 2022 ʛʦʜʘ. 

ʎʝʣʝʚʦʡ ʛʨʫʧʧʝ ʧʦ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʚʦʧʨʦʩʘʤ (ʎɻ ʊʕɺ) ʙʳʣʦ ʧʦʨʫʯʝʥʦ ʧʨʦʚʝʩʪʠ 

ʨʷʜ ʨʘʙʦʪ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʦʜʝʡʩʪʚʠʝ ʧʨʦʮʝʩʩʫ ʦʙʟʦʨʘ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʈʝʰʝʥʠʝʤ 2018/7 (ECE, 2018a) ʀʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʨʛʘʥʘ ʧʦ ʂʊɿɺɹʈ  

(ʪʨʠʜʮʘʪʴ ʚʦʩʴʤʘʷ ʩʝʩʩʠʷ (ECE, 2019), ɾʝʥʝʚʘ, 10-14 ʜʝʢʘʙʨʷ 2018 ʛ.), ʧʝʨʝʩʤʦʪʨʝʥʥʳʤ 

ʤʘʥʜʘʪʦʤ ʎʝʣʝʚʦʡ ʛʨʫʧʧʳ ʧʦ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʚʦʧʨʦʩʘʤ (ʎɻ ʊʕɺ), ʎʝʣʝʚʘʷ 

ʛʨʫʧʧʘ ʧʨʦʜʦʣʞʠʪ ʚʳʧʦʣʥʷʪʴ, ʩʨʝʜʠ ʧʨʦʯʠʭ ʟʘʜʘʯ, ʩʣʝʜʫʶʱʠʝ: 

i. ʀʟʫʯʝʥʠʝ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʚʳʛʦʜ ʠ ʢʦʤʧʨʦʤʠʩʩʦʚ ʤʝʞʜʫ ʪʝʭʥʦʣʦʛʠʷʤʠ 

ʩʦʢʨʘʱʝʥʠʷ ʚʳʙʨʦʩʦʚ ʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʦʣʠʪʠʢʦʡ ʚ ʦʙʣʘʩʪʠ ʙʦʨʴʙʳ ʩ 

ʟʘʛʨʷʟʥʝʥʠʝʤ ʚʦʟʜʫʭʘ, ʠʟʤʝʥʝʥʠʝʤ ʢʣʠʤʘʪʘ ʠ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʝʤ; 

ii.  ɺʳʧʦʣʥʷʪʴ ʟʘʜʘʯʠ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʝ ʜʣʷ ʥʝʛʦ ʚ ʜʚʫʭʛʦʜʠʯʥʳʭ ʧʣʘʥʘʭ ʨʘʙʦʪʳ, 

ʫʪʚʝʨʞʜʝʥʥʳʭ ʀʩʧʦʣʥʠʪʝʣʴʥʳʤ ʦʨʛʘʥʦʤ, ʠ ʦʪʯʠʪʳʚʘʪʴʩʷ ʧʦ ʥʠʤ ʧʝʨʝʜ 

ʈʘʙʦʯʝʡ ʛʨʫʧʧʦʡ ʧʦ ʩʪʨʘʪʝʛʠʷʤ ʠ ʦʙʟʦʨʫ, ʠʥʬʦʨʤʠʨʫʷ ʧʨʠ ʵʪʦʤ ʈʘʙʦʯʫʶ 

ʛʨʫʧʧʫ ʧʦ ʚʦʟʜʝʡʩʪʚʠʶ ʠ ʈʫʢʦʚʦʜʷʱʠʡ ʦʨʛʘʥ ʉʦʚʤʝʩʪʥʦʡ ʧʨʦʛʨʘʤʤʳ 

ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʦʮʝʥʢʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚʦʟʜʫʭʘ ʥʘ 

ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ ʚ ɽʚʨʦʧʝ ʦ ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ; 

iii.  ɺʳʧʦʣʥʷʪʴ ʜʨʫʛʠʝ ʟʘʜʘʯʠ, ʧʦʨʫʯʝʥʥʳʝ ʀʩʧʦʣʥʠʪʝʣʴʥʳʤ ʦʨʛʘʥʦʤ ʂʦʥʚʝʥʮʠʠ ʦ 

ʪʨʘʥʩʛʨʘʥʠʯʥʦʤ ʟʘʛʨʷʟʥʝʥʠʠ ʚʦʟʜʫʭʘ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ ʠʣʠ ʈʘʙʦʯʝʡ 

ʛʨʫʧʧʦʡ ʧʦ ʩʪʨʘʪʝʛʠʷʤ ʠ ʦʙʟʦʨʫ, ʧʨʠ ʫʩʣʦʚʠʠ ʥʘʣʠʯʠʷ ʘʜʝʢʚʘʪʥʳʭ ʬʠʥʘʥʩʦʚʳʭ 

ʠ ʯʝʣʦʚʝʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ; 

ɼʚʫʭʛʦʜʠʯʥʳʡ ʧʣʘʥ ʨʘʙʦʪʳ (2020-2021 ʛʦʜʳ) ʧʦ ʦʩʫʱʝʩʪʚʣʝʥʠʶ ʂʦʥʚʝʥʮʠʠ ʥʘʧʨʘʚʣʝʥ 

ʥʘ ʚʦʧʣʦʱʝʥʠʝ ʚʠʜʝʥʠʷ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʧʨʠʦʨʠʪʝʪʦʚ, ʠʟʣʦʞʝʥʥʳʭ ʚ ʜʦʣʛʦʩʨʦʯʥʦʡ 

ʩʪʨʘʪʝʛʠʠ ʜʣʷ ʂʦʥʚʝʥʮʠʠ (2020-2030 ʛʦʜʳ ʠ ʧʦʩʣʝʜʫʶʱʠʡ ʧʝʨʠʦʜ (ECEECE, 2018b), ʚ 
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ʧʝʨʝʯʝʥʴ ʤʝʨʦʧʨʠʷʪʠʡ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʦʨʛʘʥʘʤʠ ʚ 

ʨʘʤʢʘʭ ʂʦʥʚʝʥʮʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʣʦʞʝʥʠʷʤʠ ʠʭ ʧʝʨʝʩʤʦʪʨʝʥʥʳʝ ʤʘʥʜʘʪʳ, 

ʫʪʚʝʨʞʜʝʥʥʳʝ ʀʩʧʦʣʥʠʪʝʣʴʥʳʤ ʦʨʛʘʥʦʤ ʥʘ ʝʛʦ ʪʨʠʜʮʘʪʴ ʚʦʩʴʤʦʡ ʠ ʪʨʠʜʮʘʪʴ ʜʝʚʷʪʦʡ 

ʩʝʩʩʠʷʭ. ʇʣʘʥ ʨʘʙʦʪʳ ʪʘʢʞʝ ʩʦʜʝʨʞʠʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʮʝʣʝʚʳʭ ʛʨʫʧʧ ʠ 

ʮʝʥʪʨʦʚ, ʥʝ ʫʧʦʤʷʥʫʪʳʝ ʚ ʤʘʥʜʘʪʘʭ, ʢʦʪʦʨʳʝ ʚʨʝʤʷ ʦʪ ʚʨʝʤʝʥʠ, ʧʦ ʤʝʨʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, 

ʨʝʰʘʶʪʩʷ ʀʩʧʦʣʥʠʪʝʣʴʥʳʤ ʦʨʛʘʥʦʤ. ʅʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʪʴ ʩʣʝʜʫʶʱʠʡ ʜʦʢʣʘʜ: 

ʈʘʟʨʘʙʦʪʢʘ ʨʫʢʦʚʦʜʩʪʚʘ ʧʦ ʧʨʠʦʨʠʪʝʪʥʦʤʫ ʩʦʢʨʘʱʝʥʠʶ ʚʳʙʨʦʩʦʚ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ 
ʚ ʠʩʪʦʯʥʠʢʘʭ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʯʝʨʥʦʛʦ 

ʫʛʣʝʨʦʜʘ 

ʆʥ ʙʳʣ ʧʦʜʛʦʪʦʚʣʝʥ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʮʝʣʝʚʦʡ ʛʨʫʧʧʦʡ ʧʦ ʘʪʤʦʩʬʝʨʥʳʤ ʤʦʜʝʣʷʤ ʧʨʠ 

ʧʦʜʜʝʨʞʢʝ ʎɻ ʊʕɺ (ECE, 2020). 
 

ʕʪʦʪ ʜʦʢʫʤʝʥʪ, ʧʦʜʛʦʪʦʚʣʝʥʥʳʡ ʎɻ ʊʕɺ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʟʦʨ ʧʦʩʣʝʜʥʠʭ ʜʘʥʥʳʭ ʦ 

ʚʦʟʜʝʡʩʪʚʠʠ ʩʦʢʨʘʱʝʥʠʷ ʚʳʙʨʦʩʦʚ ʊʏ ʥʘ ʩʦʢʨʘʱʝʥʠʝ ʚʳʙʨʦʩʦʚ ʯʝʨʥʦʛʦ ʫʛʣʝʨʦʜʘ (ʏʋ) 

ʠ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ (ʇɸʋ) ʜʣʷ ʢʣʶʯʝʚʳʭ ʩʝʢʪʦʨʦʚ 

ʜʝʷʪʝʣʴʥʦʩʪʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʙʳʣʦ ʨʘʩʰʠʨʝʥʦ, ʢʦʛʜʘ ʵʪʦ ʙʳʣʦ ʚʦʟʤʦʞʥʦ, ʥʘ ʚʝʩʴ ʩʧʝʢʪʨ 

ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ ʚʝʱʝʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʚʪʦʨʠʯʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʘʵʨʦʟʦʣʠ (SOA) ʠ 

ʙʫʨʳʡ ʫʛʣʝʨʦʜ (BrC), ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʨʘʜʠʘʮʠʦʥʥʳʡ ʬʦʥ ʠ ʤʘʩʩʫ 

ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ. 

ʕʪʦʪ ʜʦʢʫʤʝʥʪ ʜʦʧʦʣʥʷʝʪ ʨʫʢʦʚʦʜʷʱʠʡ ʜʦʢʫʤʝʥʪ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʧʨʠʦʨʠʪʝʪʥʦʩʪʠ ʤʝʨ 

(ECE, 2020), ʧʨʝʜʦʩʪʘʚʣʷʷ ʧʦʜʨʦʙʥʳʡ ʘʥʘʣʠʟ ʚʦʟʤʦʞʥʦʩʪʝʡ ʤʝʪʦʜʦʚ ʜʣʷ ʨʝʘʣʴʥʦʛʦ 

ʩʦʢʨʘʱʝʥʠʷ ʏʋ ʠ ʇɸʋ. ʕʪʦ ʧʦʩʣʫʞʠʪ ʦʩʥʦʚʦʡ ʜʣʷ ʧʝʨʝʩʤʦʪʨʘ ELV (ʧʨʝʜʝʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ ʚʳʙʨʦʩʦʚ), ʫʢʘʟʘʥʥʳʭ ʚ ʧʨʠʣʦʞʝʥʠʠ X ʢ AGP (ɻʝʪʝʙʦʨʛʩʢʦʤʫ ʧʨʦʪʦʢʦʣʫ ʩ 

ʧʦʧʨʘʚʢʘʤʠ 2012 ʛʦʜʘ) ʚ 2021 ʛʦʜʫ. 

 

ʂʨʦʤʝ ʪʦʛʦ, ʥʘʩʪʦʷʱʠʡ ʦʪʯʝʪ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʳʚʦʜʘʤ ɼʦʣʛʦʩʨʦʯʥʦʡ ʩʪʨʘʪʝʛʠʠ (ECE, 

2018b), ʪʘʢʠʤ ʢʘʢ: 

(a) ʇʨʦʜʦʣʞʘʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘʠʣʫʯʰʠʝ ʠʤʝʶʱʠʝʩʷ ʥʘʫʯʥʳʝ ʜʘʥʥʳʝ ʠ ʨʘʟʚʠʚʘʷ 
ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʫʯʝʪʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʠ 

ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ; 

(b) ʉʪʨʝʤʣʝʥʠʝ ʢ ʢʦʤʧʣʝʢʩʥʦʤʫ ʧʦʜʭʦʜʫ ʢ ʨʘʟʨʘʙʦʪʢʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʧʦʣʠʪʠʢʠ, 
ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʠʟʝʤʥʦʛʦ ʦʟʦʥʘ, ʘʟʦʪʘ, ʢʣʠʤʘʪʘ ʠ 

ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ; ʢʦʤʧʣʝʢʩʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʘʟʦʪʘ, ʚʢʣʶʯʘʷ ʝʛʦ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʟʜʦʨʦʚʴʝ; ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʚʳʛʦʜʳ ʦʪ ʧʦʣʠʪʠʢʠ ʠ ʤʝʨ ʧʦ ʙʦʨʴʙʝ ʩ 

ʟʘʛʨʷʟʥʝʥʠʝʤ ʚʦʟʜʫʭʘ ʚ ʩʚʷʟʠ ʩ ʠʟʤʝʥʝʥʠʝʤ ʢʣʠʤʘʪʘ; ʠ ʚʦʟʜʝʡʩʪʚʠʝ ʢʣʠʤʘʪʠʯʝʩʢʦʡ 

ʧʦʣʠʪʠʢʠ ʥʘ ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʟʜʫʭʘ. 

 

2 ʇʨʘʚʦʚʘʷ ʙʘʟʘ 

 
2.1 ɻʝʪʝʙʦʨʛʩʢʠʡ ʧʨʦʪʦʢʦʣ 

 
4 ʤʘʷ 2012 ʛʦʜʘ, ʚ ʭʦʜʝ ʪʨʠʜʮʘʪʦʡ ʩʝʩʩʠʠ ʀʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʨʛʘʥʘ (ʀʆ) (30 ʘʧʨʝʣʷ ï 4 

ʤʘʷ 2012 ʛʦʜʘ), ʉʪʦʨʦʥʳ ʂʦʥʚʝʥʮʠʠ ʦ ʪʨʘʥʩʛʨʘʥʠʯʥʦʤ ʟʘʛʨʷʟʥʝʥʠʠ ʚʦʟʜʫʭʘ ʥʘ ʙʦʣʴʰʠʝ 

ʨʘʩʩʪʦʷʥʠʷ (ʂʊɿɺɹʈ ) ʧʨʠʥʷʣʠ ʨʝʰʝʥʠʷ ʦ ʚʥʝʩʝʥʠʠ ʧʦʧʨʘʚʦʢ ʚ ɻʸʪʝʙʦʨʛʩʢʠʡ ʧʨʦʪʦʢʦʣ 

ʠ ʝʛʦ ʧʨʠʣʦʞʝʥʠʷ (ECE, 2013), ʢʘʢ ʫʢʘʟʘʥʦ ʥʠʞʝ: 

- ʈʝʰʝʥʠʝ 2012/1 ʦ ʚʥʝʩʝʥʠʠ ʧʦʧʨʘʚʦʢ ʚ ʧʨʠʣʦʞʝʥʠʝ I ʢ ʇʨʦʪʦʢʦʣʫ; 
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- ʈʝʰʝʥʠʝ 2012/2 ʦ ʚʥʝʩʝʥʠʠ ʧʦʧʨʘʚʦʢ ʚ ʪʝʢʩʪ ʇʨʦʪʦʢʦʣʘ ʠ ʧʨʠʣʦʞʝʥʠʷ II-IX ʢ 

ʥʝʤʫ ʠ ʜʦʙʘʚʣʝʥʠʠ ʥʦʚʳʭ ʧʨʠʣʦʞʝʥʠʡ X ʠ XI; 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʛʦ ʇʨʦʪʦʢʦʣʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʦʛʨʘʥʠʯʠʪʴ ʠ ʩʦʢʨʘʪʠʪʴ ʚʳʙʨʦʩʳ ʩʝʨʳ, 

ʦʢʩʠʜʦʚ ʘʟʦʪʘ, ʘʤʤʠʘʢʘ, ʣʝʪʫʯʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʜʠʩʧʝʨʩʥʦʛʦ ʚʝʱʝʩʪʚʘ, 

ʢʦʪʦʨʳʝ ʚʳʟʚʘʥʳ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʠ ʤʦʛʫʪ ʩʪʘʪʴ ʧʨʠʯʠʥʦʡ ʥʝʛʘʪʠʚʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ ʠ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʧʨʠʨʦʜʥʳʝ ʵʢʦʩʠʩʪʝʤʳ, 

ʤʘʪʝʨʠʘʣʳ, ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʢʫʣʴʪʫʨʳ ʠ ʢʣʠʤʘʪ ʚ ʢʨʘʪʢʦʩʨʦʯʥʦʡ ʠ ʜʦʣʛʦʩʨʦʯʥʦʡ 

ʧʝʨʩʧʝʢʪʠʚʝ, ʚʳʟʚʘʥʥʦʛʦ ʧʦʜʢʠʩʣʝʥʠʝʤ, ʵʚʪʨʦʬʠʢʘʮʠʝʡ, ʜʠʩʧʝʨʩʥʳʤ ʚʝʱʝʩʪʚʦʤ ʠʣʠ 

ʧʨʠʟʝʤʥʳʤ ʦʟʦʥʦʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʨʘʥʩʛʨʘʥʠʯʥʦʛʦ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʝʨʝʥʦʩʘ ʥʘ ʙʦʣʴʰʠʝ 

ʨʘʩʩʪʦʷʥʠʷ, ʠ ʦʙʝʩʧʝʯʠʪʴ, ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ, ʯʪʦʙʳ ʚ ʜʦʣʛʦʩʨʦʯʥʦʤ ʧʣʘʥʝ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʠʤʝʥʝʥʠʷ ʧʦʵʪʘʧʥʦʛʦ ʧʦʜʭʦʜʘ, ʘ ʪʘʢʞʝ ʩ ʫʯʝʪʦʤ ʜʦʩʪʠʞʝʥʠʡ ʥʘʫʢʠ, ʘʪʤʦʩʬʝʨʥʳʝ 

ʦʩʘʞʜʝʥʠʷ ʠʣʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝ ʧʨʝʚʳʰʘʣʠ ʧʨʝʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʮʝʣʝʚʳʭ ʨʝʛʠʦʥʦʚ, 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʚ ʇʨʠʣʦʞʝʥʠʠ I ʢ ʠʟʤʝʥʝʥʥʦʤʫ ɻʝʪʝʙʦʨʛʩʢʦʤʫ ʧʨʦʪʦʢʦʣʫ ʩ ʧʦʧʨʘʚʢʘʤʠ 

2012 ʛʦʜʘ (AGP). 

ʅʘʮʠʦʥʘʣʴʥʳʝ ʦʙʷʟʘʪʝʣʴʩʪʚʘ ʧʦ ʩʦʢʨʘʱʝʥʠʶ ʚʳʙʨʦʩʦʚ ʊʏ ʦʧʨʝʜʝʣʝʥʳ ʜʣʷ ʊʏ2,5 (ʯʘʩʪʠʮ 

ʜʠʘʤʝʪʨʦʤ ʤʝʥʝʝ 2,5 ʤʢʤ). ʏʝʨʥʳʡ ʫʛʣʝʨʦʜ (ʏʋ) ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʊʏ, ʚ 

ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ (ʇɸʋ) ʷʚʣʷʶʪʩʷ 

ʧʨʠʤʝʩʷʤʠ, ʦʙʣʘʜʘʶʱʠʤʠ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʢʘʥʮʝʨʦʛʝʥʥʳʤ ʜʝʡʩʪʚʠʝʤ. ʍʦʪʷ ʇɸʋ ʥʝ 

ʫʧʦʤʠʥʘʶʪʩʷ ʚ AGP, ʏʋ ʚ ʦʩʥʦʚʥʦʤ ʫʧʦʤʠʥʘʝʪʩʷ ʙʝʟ ʦʙʷʟʘʪʝʣʴʥʳʭ ʨʝʰʝʥʠʡ, ʥʦ ʩ 

ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʧʦ ʤʦʥʠʪʦʨʠʥʛʫ ʩʦʜʝʨʞʘʥʠʷ ʵʪʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʦʢʨʫʞʘʶʱʝʤ ʚʦʟʜʫʭʝ ʠ 

ʚ ʚʳʙʨʦʩʘʭ. ʊʘʢʞʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʥʠʤʘʪʴ ʢʦʤʧʣʝʢʩʥʳʝ ʤʝʨʳ ʧʦ ʩʦʢʨʘʱʝʥʠʶ ʢʘʢ ʊʏ, 

ʪʘʢ ʠ ʏʋ ʢʘʢ ʜʣʷ (i) ʩʜʝʨʞʠʚʘʥʠʷ ʧʦʩʣʝʜʩʪʚʠʡ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ, ʪʘʢ ʠ (ii) ʫʣʫʯʰʝʥʠʷ 

ʢʘʯʝʩʪʚʘ ʚʦʟʜʫʭʘ. ʅʝʢʦʪʦʨʳʝ ʇɸʋ ʧʦʜʧʘʜʘʶʪ ʧʦʜ ʜʝʡʩʪʚʠʝ ʆʨʭʫʩʩʢʦʛʦ ʧʨʦʪʦʢʦʣʘ ʩ 

ʧʦʧʨʘʚʢʘʤʠ ʦ ʩʪʦʡʢʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʠʪʝʣʷʭ (ECE, 2010). ɺ ʧʨʠʣʦʞʝʥʠʠ X ʢ AGP, 

ʧʨʠʚʝʜʝʥʳ ʧʨʝʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʚʳʙʨʦʩʦʚ (ELV) ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʦʪ ʩʪʘʮʠʦʥʘʨʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ, ʧʨʠʤʝʥʠʤʳʝ ʢ ʜʨʫʛʠʤ ʉʪʦʨʦʥʘʤ, ʧʦʤʠʤʦ ʂʘʥʘʜʳ ʠ ʉʦʝʜʠʥʝʥʥʳʭ ʐʪʘʪʦʚ 

ɸʤʝʨʠʢʠ. ɺ ʥʘʩʪʦʷʱʝʤ ʧʨʠʣʦʞʝʥʠʠ ELV ʦʧʨʝʜʝʣʝʥʳ ʜʣʷ ñʧʳʣʠò, ʚʳʨʘʞʝʥʥʦʡ ʚ ʤʛ/ʤ3, 

ʧʨʠ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʩʫʭʦʛʦ ʛʘʟʘ (ʦʙʲʝʤ ʧʨʠ 273,15 ʂ, 

101,3 ʢʇʘ) ʧʦʜ «ʧʳʣʴʶ» ʠ «ʩʦʚʦʢʫʧʥʳʤ ʚʟʚʝʰʝʥʥʳʤ ʜʠʩʧʝʨʩʥʳʤ ʚʝʱʝʩʪʚʦʤ» (ʉɺɼɺ) 

ʧʦʥʠʤʘʝʪʩʷ ʤʘʩʩʘ ʯʘʩʪʠʮ ʣʶʙʦʡ ʬʦʨʤʳ, ʩʪʨʫʢʪʫʨʳ ʠʣʠ ʧʣʦʪʥʦʩʪʠ, ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʳʭ ʚ 

ʛʘʟʦʚʦʡ ʩʨʝʜʝ ʚ ʫʩʣʦʚʠʷʭ ʧʫʥʢʪʘ ʦʪʙʦʨʘ ʧʨʦʙ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʦʙʠʨʘʪʴʩʷ ʧʫʪʝʤ 

ʬʠʣʴʪʨʘʮʠʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʡ 

ʧʨʦʙʳ ʛʘʟʘ ʠ ʢʦʪʦʨʳʝ ʦʩʪʘʶʪʩʷ ʧʝʨʝʜ ʬʠʣʴʪʨʦʤ ʠ ʥʘ ʬʠʣʴʪʨʝ ʧʦʩʣʝ ʚʳʩʫʰʠʚʘʥʠʷ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. 

ɼʣʷ ʫʩʪʘʥʦʚʦʢ ʩʞʠʛʘʥʠʷ ʩ ʥʦʤʠʥʘʣʴʥʦʡ ʪʝʧʣʦʚʦʡ ʤʦʱʥʦʩʪʴʶ <50 ʄɺʪʪ ʧʨʝʜʫʩʤʦʪʨʝʥʳ 

ʪʦʣʴʢʦ ʨʝʢʦʤʝʥʜʫʝʤʳʝ ELV, ʘ ʠʤʝʥʥʦ: 

ɺr ʙʨʦʩʳ ʠʟ ʥʦʚʳʭ ʙʳʪʦʚʳʭ ʦʪʦʧʠʪʝʣʴʥʳʭ ʧʝʯʝʡ ʠ ʢʦʪʣʦʚ ʩ ʥʦʤʠʥʘʣʴʥʦʡ ʪʝʧʣʦʚʦʡ 

ʤʦʱʥʦʩʪʴʶ < 500 ʢɺʪʪ ʤʦʛʫʪ ʙʳʪʴ ʩʦʢʨʘʱʝʥʳ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ: 

- ʪʦʚʘʨʥʳʭ ʩʪʘʥʜʘʨʪʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʪʘʥʜʘʨʪʘʤ ɽʂʉ (ʥʘ- ʧʨʠʤʝʨ, EN 

303ï5) ʠ ʵʢʚʠʚʘʣʝʥʪʥʳʤ ʪʦʚʘʨʥʳʤ ʩʪʘʥʜʘʨʪʘʤ, ʜʝʡʩʪʚʫʶʱʠʤ ʚ ʉʦʝʜʠʥʝʥʥʳʭ 

ʐʪʘʪʘʭ ʠ ʂʘʥʘʜʝ. ʉʪʨʘʥʳ, ʧʨʠʤʝʥʷʶʱʠʝ ʪʘʢʠʝ ʪʦʚʘʨʥʳʝ ʩʪʘʥʜʘʨʪʳ, ʤʦʛʫʪ 

ʫʩʪʘʥʦʚʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʥʘʮʠʦʥʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʩ ʫʯʝʪʦʤ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʨʦʣʠ ʚʳʙʨʦʩʦʚ ʢʦʥʜʝʥʩʠʨʫʶʱʠʭʩʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʈʄ 

ʚ ʦʢʨʫʞʘʶʱʝʤ ʚʦʟʜʫʭʝ; ʠʣʠ 

- ʵʢʦʵʪʠʢʝʪʦʢ ʩ ʫʢʘʟʘʥʠʝʤ ʢʨʠʪʝʨʠʝʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʢʦʪʦʨʳʝ, ʢʘʢ ʧʨʘʚʠʣʦ, 
ʧʨʝʜʧʦʣʘʛʘʶʪ ʙʦʣʝʝ ʞʝʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʚ ʪʦ- ʚʘʨʥʳʭ ʩʪʘʥʜʘʨʪʘʭ EN 

ʠʣʠ ʥʘʮʠʦʥʘʣʴʥʳʭ ʨʝʛʣʘʤʝʥʪʘʭ. 
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ʅʘʧʨʠʤʝʨ, ʚ ʪʘʙʣʠʮʝ 12, ʚʟʷʪʦʡ ʠʟ ʧʨʠʣʦʞʝʥʠʷ X ʢ AGP, ʧʨʠʚʝʜʝʥʳ ELV ʜʣʷ ʦʩʦʙʝʥʥʦ 

ʤʘʣʳʭ ʫʩʪʘʥʦʚʦʢ ʩʞʠʛʘʥʠʷ, ʦʩʦʙʝʥʥʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʜʦʤʘʰʥʠʭ ʭʦʟʷʡʩʪʚʘʭ. 

ʊʘʙʣʠʮʘ 1: ʈʝʢʦʤʝʥʜʫʝʤʳʝ ʧʨʝʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʚʳʙʨʦʩʦʚ ʧʳʣʠ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ 

ʩʞʠʛʘʥʠʠ ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ ʚ ʥʦʚʳʭ ʫʩʪʘʥʦʚʢʘʭ ʩ ʥʦʤʠʥʘʣʴʥʦʡ ʪʝʧʣʦʚʦʡ ʤʦʱʥʦʩʪʴʶ < 500 

ʢɺʪ*ʯ, ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʘʥʜʘʨʪʘʤʠ ʥʘ ʧʨʦʜʫʢʮʠʶ (ʇʨʠʤʝʯʘʥʠʝ: 

ɹʘʟʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ O2: 13%). 

 
ʇʳʣʴ 

(ʤʛ/ʤ3) 

ʆʪʢʨʳʪʳʝ/ʟʘʢʨʳʪʳʝ ʢʘʤʠʥʳ ʠ ʜʨʦʚʷʥʳʝ ʧʝʯʠ 75 

ʂʦʪʣʳ, ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʜʨʝʚʝʩʥʳʭ ʧʦʣʝʥʴʷʭ (ʩ 

ʨʝʟʝʨʚʫʘʨʦʤ ʜʣʷ ʛʦʨʷʯʝʡ ʚʦʜʳ) 

40 

ʇʝʯʠ ʠ ʢʦʪʣʳ, ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʧʝʣʣʝʪʘʭ 50 

ʇʝʯʠ ʠ ʢʦʪʣʳ, ʚ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʩʝ ʜʨʫʛʠʝ 

ʚʠʜʳ ʪʦʧʣʠʚʘ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʜʨʝʚʝʩʠʥʳ 

50 

ɸʚʪʦʤʘʪʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʩʞʠʛʘʥʠʷ 50 

 

ɺʳʙʨʦʩʳ ʩʫʱʝʩʪʚʫʶʱʠʭ ʙʳʪʦʚʳʭ ʧʝʯʝʡ ʠ ʢʦʪʣʦʚ ʜʣʷ ʩʞʠʛʘʥʠʷ ʪʦʧʣʠʚʘ ʤʦʛʫʪ 

ʙʳʪʴ ʩʦʢʨʘʱʝʥʳ ʟʘ ʩʯʝʪ ʩʣʝʜʫʶʱʠʭ ʧʝʨʚʦʦʯʝʨʝʜʥʳʭ ʤʝʨ: 

a. ʇʨʦʛʨʘʤʤ ʧʦ ʠʥʬʦʨʤʠʨʦʚʘʥʠʶ ʠ ʧʦʚʳʰʝʥʠʶ ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʠ ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ ʚ 

ʦʪʥʦʰʝʥʠʠ: 

i) ʥʘʜʣʝʞʘʱʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʝʯʝʡ ʠ ʢʦʪʣʦʚ; 

ii)  ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʣʴʢʦ ʥʝ ʦʙʨʘʙʦʪʘʥʥʦʡ ʭʠʤʠʢʘʪʘʤʠ ʜʨʝʚʝʩʠʥʳ;  

iii)  ʚʳʜʝʨʞʠʚʘʥʠʷ ʜʨʝʚʝʩʠʥʳ ʜʦ ʥʫʞʥʦʡ ʚʣʘʞʥʦʩʪʠ; 

o ʧʨʠʥʷʪʠʷ ʧʨʦʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘ ʧʦʦʱʨʝʥʠʝ ʟʘʤʝʥʳ ʥʘʠʙʦʣʝʝ ʫʩʪʘʨʝʚʰʠʭ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʦʪʣʦʚ ʠ ʧʝʯʝʡ ʩʦʚʨʝʤʝʥʥʳʤʠ ʧʨʠʙʦʨʘʤʠ; ʠʣʠ 

o ʦʙʷʟʘʪʝʣʴʥʦʡ ʟʘʤʝʥʳ ʠʣʠ ʧʝʨʝʦʙʦʨʫʜʦʚʘʥʠʷ ʩʪʘʨʳʭ ʧʨʠʙʦʨʦʚ 

 

2.2 ʇʨʘʚʦʚʘʷ ʙʘʟʘ ɽʉ 

 

ɼʠʨʝʢʪʠʚʘ ʦ ʥʘʮʠʦʥʘʣʴʥʳʭ ʚʳʙʨʦʩʘʭ (ɽʉ, 2016) - ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʱʫʶ 

ʦʩʥʦʚʫ, ʢʦʪʦʨʘʷ ʧʝʨʝʥʦʩʠʪ ʦʙʷʟʘʪʝʣʴʩʪʚʘ ɻʸʪʝʙʦʨʛʩʢʦʛʦ ʧʨʦʪʦʢʦʣʘ ʩ ʧʦʧʨʘʚʢʘʤʠ 2012 

ʛʦʜʘ (AGP) ʥʘ ʫʨʦʚʝʥʴ ɽʚʨʦʧʝʡʩʢʘʷ ʢʦʤʠʩʩʠʠ (ɽʉ), ʦʧʨʝʜʝʣʷʷ, ʥʘʧʨʠʤʝʨ, ʥʘʮʠʦʥʘʣʴʥʳʝ 

ʩʦʢʨʘʱʝʥʠʷ ʚʳʙʨʦʩʦʚ ʦʩʥʦʚʥʳʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʩʨʝʜʠ ʤʥʦʞʝʩʪʚʘ ʤʝʨ ʧʦ ʙʦʨʴʙʝ 

ʩ ʟʘʛʨʷʟʥʝʥʠʝʤ ʚʦʟʜʫʭʘ. 

ʉʦʛʣʘʩʥʦ (ALPINE SPACE, 2019), ʩʞʠʛʘʥʠʝ ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ ʚ ʜʦʤʘʰʥʠʭ ʭʦʟʷʡʩʪʚʘʭ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 2,6% ʦʪ ʦʙʱʝʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʠʠ ʚ ɽʉ. ʆʜʥʘʢʦ ʝʛʦ ʜʦʣʷ ʧʨʝʚʳʰʘʝʪ  

46% ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʚʳʙʨʦʩʦʚ ʤʝʣʢʠʭ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ. ɼʠʨʝʢʪʠʚʘ ʧʦ ʵʢʦʜʠʟʘʡʥʫ (EC, 

2009; ETC/ACM, 2016) ʷʚʣʷʝʪʩʷ ʨʘʤʦʯʥʦʡ ʜʠʨʝʢʪʠʚʦʡ: ʦʥʘ ʥʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪ 

ʦʙʷʟʘʪʝʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʜʫʢʪʘʤ ʩʘʤʘ ʧʦ ʩʝʙʝ, ʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʨʝʘʣʠʟʘʮʠʶ ʤʝʨ, 

ʧʨʠʥʠʤʘʝʤʳʭ ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ ʜʣʷ ʢʘʞʜʦʡ ʛʨʫʧʧʳ ʧʨʦʜʫʢʪʦʚ. ʇʝʨʝʯʝʥʴ 

ʛʨʫʧʧ ʧʨʦʜʫʢʪʦʚ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʨʝʰʝʥʳ ʩ ʧʦʤʦʱʴʶ ʤʝʨ ʧʦ ʚʥʝʜʨʝʥʠʶ, 

ʦʧʨʝʜʝʣʝʥ ʚ ʪʘʢ ʥʘʟʳʚʘʝʤʦʤ ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʨʘʙʦʯʝʤ ʧʣʘʥʝ. ɼʠʨʝʢʪʠʚʘ ʩʦʜʝʨʞʠʪ 

ʧʝʨʝʯʝʥʴ ʤʝʨ ʧʦ ʵʢʦʜʠʟʘʡʥʫ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʚʠʜʦʚ ʜʠʨʝʢʪʠʚʳ ʧʦ ʧʨʦʜʫʢʪʘʤ ʜʣʷ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʳʝ ʚ ʩʣʫʯʘʝ ʦʪʦʧʣʝʥʠʷ ʞʠʣʳʭ ʧʦʤʝʱʝʥʠʡ ʚʢʣʶʯʝʥʳ ʚ 

ʈʝʛʣʘʤʝʥʪ ʂʦʤʠʩʩʠʠ ʧʦ ʤʝʩʪʥʳʤ ʦʪʦʧʠʪʝʣʴʥʳʤ ʧʨʠʙʦʨʘʤ ʥʘ ʪʚʝʨʜʦʤ ʪʦʧʣʠʚʝ (EC, 

2015a) ʠ ʧʦ ʢʦʪʣʘʤ (EC, 2015b). ʕʪʠ ʨʝʛʣʘʤʝʥʪʳ ʨʝʘʣʠʟʫʶʪ ɼʠʨʝʢʪʠʚʫ (EC, 2009) 

ɽʚʨʦʧʝʡʩʢʦʛʦ ʩʦʶʟʘ, ɽʚʨʦʧʝʡʩʢʦʛʦ ʧʘʨʣʘʤʝʥʪʘ ʠ ʉʦʚʝʪʘ ʚ ʦʪʥʦʰʝʥʠʠ ʪʨʝʙʦʚʘʥʠʡ ʢ 

ʵʢʦʜʠʟʘʡʥʫ ʦʪʦʧʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʧʦʤʝʱʝʥʠʡ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʦʪʦʧʠʪʝʣʴʥʳʭ 

ʧʨʠʙʦʨʦʚ (EC, 2009). ɿʘʪʝʤ ʚ ʈʝʛʣʘʤʝʥʪʝ ʂʦʤʠʩʩʠʠ ʧʦ ʤʝʩʪʥʳʤ ʦʙʦʛʨʝʚʘʪʝʣʷʤ ʥʘ 

ʪʚʝʨʜʦʤ ʪʦʧʣʠʚʝ (EC, 2015a) ʫʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ:  

ñʊʚʝʨʜʳʝ ʯʘʩʪʠʮʳ (ʊʏ) ʥʝ ʜʦʣʞʥʳ ʧʨʝʚʳʰʘʪʴ ʟʘʷʚʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 20 ʤʛ 

ʤ-3 ʧʨʠ 13 % O2 ʜʣʷ ʤʝʩʪʥʳʭ ʦʪʦʧʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʧʦʤʝʱʝʥʠʡ ʥʘ ʪʚʝʨʜʦʤ ʪʦʧʣʠʚʝ ʩ 

ʩ ʦʪʢʨʳʪʦʡ ʬʨʦʥʪʘʣʴʥʦʡ ʯʘʩʪʴʶ, ʤʝʩʪʥʳʭ ʦʪʦʧʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʧʦʤʝʱʝʥʠʡ ʥʘ 

ʪʚʝʨʜʦʤ ʪʦʧʣʠʚʝ ʩ ʟʘʢʨʳʪʦʡ  ʬʨʦʥʪʘʣʴʥʦʡ ʯʘʩʪʴʶ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʪʚʝʨʜʦʝ ʪʦʧʣʠʚʦ, 

ʦʪʣʠʯʥʦʝ ʦʪ ʧʨʝʩʩʦʚʘʥʥʦʡ ʜʨʝʚʝʩʠʥʳ, ʚ ʚʠʜʝ ʧʝʣʣʝʪ ʠ ʢʫʭʦʥʥʳʭ ʧʣʠʪ, ʠ ʥʘ 10 ʤʛ ʤ-3 ʧʨʠ 

13 % O2 ʜʣʷ ʤʝʩʪʥʳʭ ʦʪʦʧʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʧʦʤʝʱʝʥʠʡ ʥʘ ʪʚʝʨʜʦʤ ʪʦʧʣʠʚʝ ʩ 

ʟʘʢʨʳʪʦʡ ʬʨʦʥʪʘʣʴʥʦʡ ʯʘʩʪʴʶ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʧʨʝʩʩʦʚʘʥʥʫʶ ʜʨʝʚʝʩʠʥʫ ʚ ʚʠʜʝ ʧʝʣʣʝʪ, 
ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʦʤ, ʦʧʠʩʘʥʥʳʤ ʚ ʧʨʠʣʦʞʝʥʠʠ III, ʧʫʥʢʪ 4(a)(i)(1) 

ʠʣʠ ʙʦʣʝʝ ʯʝʤ ʥʘ 1 ʛ/ʢʛ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʦʤ, ʦʧʠʩʘʥʥʳʤ ʚ ʧʫʥʢʪʝ 
4(a)(i)(2) ʧʨʠʣʦʞʝʥʠʷ III, ʠʣʠ ʙʦʣʝʝ ʯʝʤ ʥʘ 0,8 ʛ/ʢʛ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʤʝʪʦʜʦʤ, ʦʧʠʩʘʥʥʳʤ ʚ ʧʫʥʢʪʝ 4(a)(i)(3) ʧʨʠʣʦʞʝʥʠʷ III;ò 

ʇʨʝʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʚ ʜʠʨʝʢʪʠʚʝ ʧʦ ʵʢʦʜʠʟʘʡʥʫ, ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ɻʸʪʝʙʦʨʛʩʢʦʛʦ ʧʨʦʪʦʢʦʣʘ ʩ ʧʦʧʨʘʚʢʘʤʠ 

2012 ʛʦʜʘ (AGP). ʅʝʜʘʚʥʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʧʨʦʚʝʜʝʥʥʦʝ ʚ ɼʘʥʠʠ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʙʦʣʴʰʠʥʩʪʚʦ ʚʠʜʦʚ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʫʩʪʘʥʦʚʦʢ ʧʨʠʚʦʜʷʪ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʯʠʩʪʳʤ ʚʳʠʛʨʳʰʘʤ ʚ ʙʣʘʛʦʩʦʩʪʦʷʥʠʠ, ʦʜʥʘʢʦ ʥʘʠʙʦʣʴʰʫʶ ʚʳʛʦʜʫ ʜʘʝʪ ʚʚʝʜʝʥʠʝ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʥʘʣʦʛʘ ʠʣʠ ʦʙʱʝʛʦ ʟʘʧʨʝʪʘ ʥʘ ʧʝʯʠ, ʥʝ ʠʤʝʶʱʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʤʘʨʢʠʨʦʚʢʠ (Bjørner et al., 2019). 

(Savolahti et al., 2014) ʠʟʫʯʘʣʠ ʚʦʟʜʝʡʩʪʚʠʝ ʜʠʨʝʢʪʠʚʳ ʧʦ ʵʢʦʜʠʟʘʡʥʫ ʚ ʌʠʥʣʷʥʜʠʠ. ɺ 

ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʮʝʥʠʚʘʣʦʩʴ ʚʦʟʜʝʡʩʪʚʠʝ ʪʘʢʦʛʦ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʥʘ ʧʘʨʢ ʧʨʠʙʦʨʦʚ 

ʙʳʪʦʚʦʡ ʪʝʭʥʠʢʠ ʚ ʌʠʥʣʷʥʜʠʠ ʠ ʥʘ ʩʦʢʨʘʱʝʥʠʝ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʚ ʩʪʨʘʥʝ ʢ 

2030 ʛʦʜʫ. ʕʢʦʜʠʟʘʡʥ ʧʦʚʣʠʷʝʪ ʪʦʣʴʢʦ ʥʘ ʧʦʷʚʣʝʥʠʝ ʥʘ ʨʳʥʢʝ ʥʦʚʦʡ ʙʳʪʦʚʦʡ ʪʝʭʥʠʢʠ, ʠ 

ʠʟ-ʟʘ ʜʣʠʪʝʣʴʥʦʛʦ ʩʨʦʢʘ ʩʣʫʞʙʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʣʠʪ ʚ ʌʠʥʣʷʥʜʠʠ ʩʫʱʝʩʪʚʫʝʪ 

ʟʘʤʝʪʥʦʝ ʦʪʩʪʘʚʘʥʠʝ ʤʝʞʜʫ ʚʩʪʫʧʣʝʥʠʝʤ ʚ ʩʠʣʫ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʠ ʜʦʩʪʠʞʝʥʠʝʤ 

ʚʠʜʠʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʦʙʣʘʩʪʠ ʩʦʢʨʘʱʝʥʠʷ ʚʳʙʨʦʩʦʚ. ʉʦʛʣʘʩʥʦ ʠʟʫʯʝʥʥʦʤʫ ʙʘʟʦʚʦʤʫ 

ʩʮʝʥʘʨʠʶ, ʚʥʝʜʨʝʥʠʝ ʵʢʦʜʠʟʘʡʥʘ ʩ ʥʘʯʘʣʘ 2022 ʛʦʜʘ ʧʨʠʚʝʜʝʪ ʢ ʩʦʢʨʘʱʝʥʠʶ ʚʳʙʨʦʩʦʚ 

ʊʏ2,5 ʥʘ 6% ʠ ʚʳʙʨʦʩʦʚ ʯʝʨʥʦʛʦ ʫʛʣʝʨʦʜʘ ʥʘ 4% ʚ 2030 ʛʦʜʫ. ʍʦʪʷ ʵʪʦ ʷʚʣʷʝʪʩʷ ʰʘʛʦʤ ʚ 

ʧʨʘʚʠʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʪʨʝʙʫʝʪʩʷ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ, ʯʪʦʙʳ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦ ʦʢʘʟʘʣʦ 

ʟʘʤʝʪʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʚʳʙʨʦʩʳ, ʠ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʦʥʦ ʪʘʢʞʝ ʥʝ ʟʘʪʨʘʛʠʚʘʝʪ ʩʘʤʳʡ 

ʚʘʞʥʳʡ ʪʠʧ ʙʳʪʦʚʦʡ ʪʝʭʥʠʢʠ ʚ ʌʠʥʣʷʥʜʠʠ ï ʧʝʯʠ ʜʣʷ ʩʘʫʥʳ. ʕʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʟʥʘʯʘʝʪ, 

ʯʪʦ ʥʝʦʙʭʦʜʠʤʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʨʳ ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ ʚʳʙʨʦʩʦʚ ʚ ʵʪʦʤ ʩʝʢʪʦʨʝ ʩ 

ʫʯʝʪʦʤ ʥʘʮʠʦʥʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. 

ɼʣʷ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʢʦʪʦʨʳʡ ʧʦ-ʧʨʝʞʥʝʤʫ ʚʳʜʝʣʷʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ (ʊʏ) (Eastwood , 2008), ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʝʚʨʦʧʝʡʩʢʠʝ ʧʨʘʚʠʣʘ ʷʚʣʷʶʪʩʷ  

ʧʨʘʚʦʚʦʡ ʦʩʥʦʚʦʡ ʚ ɽʚʨʦʧʝʡʩʢʦʡ ʢʦʤʠʩʩʠʠ (ɽʉ) ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʨʝʜʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

ʚʳʙʨʦʩʦʚ (ELV) ʜʣʷ ʚʩʝʭ ʪʠʧʦʚ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. ʂʘʢ ʫʢʘʟʘʥʦ ʚ ʩʚʦʜʢʝ ʜʣʷ 

ʣʝʛʢʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʠ ʣʝʛʢʠʭ ʢʦʤʤʝʨʯʝʩʢʠʭ ʘʚʪʦʤʦʙʠʣʝʡ (LCV), ʧʨʝʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʜʣʷ ʧʦʩʣʝʜʥʝʛʦ ʨʝʛʣʘʤʝʥʪʘ ɽɺʈʆ-6 (ɽʉ, 2007) ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʧʨʝʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʚʳʙʨʦʩʦʚ (ELV) ʜʣʷ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ (ʊʏ) ʚ ʤʛ/ʢʤ, ʘ ʪʘʢʞʝ ʜʣʷ ʢʦʣʠʯʝʩʪʚʘ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ 

(ʊʏ) ʚ #/ʢʤ. 

ɺʳʙʨʦʩʳ ʯʝʨʥʦʛʦ ʫʛʣʝʨʦʜʘ (ʏʋ) ʷʚʣʷʶʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ ʧʦʣʠʪʠʢʠ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʦ ʚʩʝʭ ʪʨʝʭ ʦʪʨʘʩʣʷʭ, ʦʜʥʘʢʦ, ʧʦʣʠʪʠʯʝʩʢʠʝ ʜʝʷʪʝʣʠ ʝʱʝ ʥʝ ʫʜʝʣʠʣʠ ʠʤ 

ʜʦʣʞʥʦʛʦ ʚʥʠʤʘʥʠʷ (Brewer, 2019).  
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ʊʘʙʣʠʮʘ 2: ʇʨʝʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʚʳʙʨʦʩʦʚ ɽʚʨʦ-6 ʜʣʷ ʣʝʛʢʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʠ ʣʝʛʢʠʭ 

ʢʦʤʤʝʨʯʝʩʢʠʭ ʘʚʪʦʤʦʙʠʣʝʡ, ʪʘʙʣʠʮʘ ʠʟ (Rodríguez et al., 2019) 

LDV, LCV ʂʣʘʩʩ 1(a)
 LCV ʂʣʘʩʩ 2 LCV ʂʣʘʩʩ 3 

 
ɹʝʥʟʠʥ(b)

 ɼʠʟʝʣʴ(c)
     ɹʝʥʟʠʥ    ɼʠʟʝʣʴ     ɹʝʥʟʠʥ   ɼʠʟʝʣʴ 

NMHC* 68 - 90 - 108 - 

THC* 100 - 130 - 160 - 

NOx* 60 80 75 105 82 125 

THC+NOx* - 170 - 195 - 215 

CO* 1000 500 1810 630 2270 740 

ʊʏ* 4,5(d) 4,5(d) 4,5(d) 4,5 4,5(d) 4,5 

ʊʏ** 6×1011(d) 6×1011(d) 6×1011(d) 6×1011 6×1011(d) 6×1011 

ʇʨʠʤʝʯʘʥʠʷ: (a) ʂʣʘʩʩʳ ʩ 1 ʧʦ 3 ʦʪʥʦʩʷʪʩʷ ʢ ʚʝʩʦʚʳʤ ʢʘʪʝʛʦʨʠʷʤ. (b) ɹʝʥʟʠʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʫʩʣʦʚʥʦʛʦ ʦʙʦʟʥʘʯʝʥʠʷ ʜʚʠʛʘʪʝʣʝʡ ʩ ʧʨʠʥʫʜʠʪʝʣʴʥʳʤ ʚʦʩʧʣʘʤʝʥʝʥʠʝʤ (PI). (c) ɼʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʫʩʣʦʚʥʦʛʦ ʦʙʦʟʥʘʯʝʥʠʷ ʜʚʠʛʘʪʝʣʝʡ ʩ ʚʦʩʧʣʘʤʝʥʝʥʠʝʤ ʦʪ ʩʞʘʪʠʷ (CI). (d) 

ʇʨʠʤʝʥʠʤʦ ʢ ʜʚʠʛʘʪʝʣʷʤ ʩ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʚʧʨʳʩʢʦʤ ʪʦʧʣʠʚʘ.* ʝʜʠʥʠʮʘ ʠʟʤʝʨʝʥʠʷ ʚ ʤʛ/ʢʤ, ** ʝʜʠʥʠʮʘ 

ʠʟʤʝʨʝʥʠʷ ʚ # ʢʤ-1. 

 

 

ʉʧʦʩʦʙ ʨʘʩʯʝʪʘ ʚʳʙʨʦʩʦʚ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʘʢʪʫʘʣʴʥʦʩʪʠ ʮʠʢʣʘ ʚʦʞʜʝʥʠʷ, 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ ʨʘʩʯʝʪʘ ʚʳʙʨʦʩʦʚ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʦʧʠʩʘʥʦ ʚ (Chen and Borken-Kleefeld, 

2014) ʜʣʷ ʚʳʙʨʦʩʦʚ ʦʢʩʠʜʘ ʘʟʦʪʘ (NOx) ʟʘ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʜʦ ʩʢʘʥʜʘʣʘ ʩ ñɼʠʟʝʣʴʛʝʡʪʦʤò 

(Archer, 2016). ɼʣʷ ʜʠʟʝʣʴʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʥʘʙʣʶʜʘʣʦʩʴ ʷʚʥʦʝ ʨʘʩʭʦʞʜʝʥʠʝ ʚ ʨʝʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʷʭ ʚʳʙʨʦʩʦʚ ʠ ʧʨʝʜʝʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ ʦʤʦʣʦʛʘʮʠʠ (ʨʠʩ. 1). 
 

 

ʈʠʩʫʥʦʢ 1: ʉʨʝʜʥʠʝ ʬʘʢʪʦʨʳ ʚʳʙʨʦʩʦʚ NOx ʥʘ ʛʦʨʷʯʝʤ ʜʚʠʛʘʪʝʣʝ ʜʣʷ ʣʝʛʢʦʚʳʭ 

ʘʚʪʦʤʦʙʠʣʝʡ ʠ ʣʝʛʢʠʭ ʢʦʤʤʝʨʯʝʩʢʠʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʥʘ ʙʝʥʟʠʥʦʚʦʤ (ʩʣʝʚʘ) ʠ 

ʜʠʟʝʣʴʥʦʤ (ʩʧʨʘʚʘ) ʪʦʧʣʠʚʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʦʜʘ ʚʳʧʫʩʢʘ. ʋʩʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 95%-ʥʳʡ ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʨʝʜʥʠʤ 

ʟʥʘʯʝʥʠʝʤ. ɼʦʙʘʚʣʝʥʳ ʧʨʝʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʦʬʠʮʠʘʣʴʥʦʛʦ ʫʪʚʝʨʞʜʝʥʠʷ ʪʠʧʘ ʜʣʷ 

ʣʝʛʢʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʦʪ ɽʚʨʦ-1 ʜʦ ɽʚʨʦ-5 ʚ ʪʝʯʝʥʠʝ ʮʠʢʣʘ ʦʤʦʣʦʛʘʮʠʦʥʥʳʭ ʠʩʧʳʪʘʥʠʡ, 

ʜʝʡʩʪʚʫʶʱʠʝ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʛʦʜʫ (Chen and Borken-Kleefeld, 2014).
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2.3 ɿʘʛʨʷʟʥʝʥʠʝ ʚʦʟʜʫʭʘ ʠ ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ: ʩʝʨʘʷ ʟʦʥʘ 

ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʘʚʘ? 

(Yamineva ʠ Romppanen, 2017) ʚʳʷʚʠʣʠ çʩʝʨʫʶ ʟʦʥʫè, ʢʦʪʦʨʘʷ ʦʭʚʘʪʳʚʘʝʪ ʩʚʷʟʴ ʤʝʞʜʫ 

ʟʘʛʨʷʟʥʝʥʠʝʤ ʚʦʟʜʫʭʘ ʠ ʠʟʤʝʥʝʥʠʝʤ ʢʣʠʤʘʪʘ. ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʩʚʷʟʝʡ ʤʝʞʜʫ 

ʧʦʣʠʪʠʢʦʡ ʚ ʦʙʣʘʩʪʠ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʟʜʫʭʘ ʠ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ, ʥʦ ʦʥʠ ʩʣʘʙʦ 

ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʝ ʧʨʘʚʦ, ʠ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʩʠʥʝʨʛʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʫʯʠʪʳʚʘʶʪʩʷ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʩʸ ʙʦʣʴʰʝ ʚʥʠʤʘʥʠʷ ʫʜʝʣʷʝʪʩʷ SLCP 

(ʢʦʨʦʪʢʦʞʠʚʫʱʠʤ ʟʘʛʨʷʟʥʷʶʱʠʤ ʚʝʱʝʩʪʚʘʤ ʢʣʠʤʘʪʘ), ʥʝʢʦʪʦʨʳʝ ʠʟ ʢʦʪʦʨʳʭ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʢʘʢ ʟʘʛʨʷʟʥʝʥʠʶ ʚʦʟʜʫʭʘ, ʪʘʢ ʠ ʛʣʦʙʘʣʴʥʦʤʫ ʧʦʪʝʧʣʝʥʠʶ (ʥʘʧʨʠʤʝʨ, ʏʋ ʠ 

CH ). ʉʦʢʨʘʱʝʥʠʝ ʚʳʙʨʦʩʦʚ ʯʝʨʥʦʛʦ ʫʛʣʝʨʦʜʘ ʠ ʤʝʪʘʥʘ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʢʦʥʪʝʢʩʪʝ 

SLCP, ʥʦ ʤʝʞʜʫʥʘʨʦʜʥʦʝ ʧʨʘʚʦ ʧʦʢʘ ʥʝ ʜʘʸʪ ʯʝʪʢʠʭ ʦʪʚʝʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʘʢʠʭ ʚʳʙʨʦʩʦʚ. ɺʳʙʨʦʩʳ ʤʝʪʘʥʘ ʪʨʘʜʠʮʠʦʥʥʦ ʨʝʛʫʣʠʨʫʶʪʩʷ ʚ ʨʘʤʢʘʭ 

ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʆʆʅ ʠ ʷʚʣʷʶʪʩʷ ʯʘʩʪʴʶ ʥʘʮʠʦʥʘʣʴʥʳʭ ʦʪʯʸʪʦʚ. ʂʠʦʪʩʢʠʡ 

ʧʨʦʪʦʢʦʣ ʚʢʣʶʯʘʝʪ ʤʝʪʘʥ ʚ ʩʚʦʶ ʛʨʫʧʧʫ ʠʟ ʰʝʩʪʠ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ, ʦʜʥʘʢʦ 

ʛʝʦʛʨʘʬʠʯʝʩʢʠʡ ʦʭʚʘʪ ʝʛʦ ʜʝʡʩʪʚʠʡ ʧʦ ʩʦʢʨʘʱʝʥʠʶ ʚʳʙʨʦʩʦʚ ʦʛʨʘʥʠʯʝʥ. ʇʘʨʠʞʩʢʦʝ 

ʩʦʛʣʘʰʝʥʠʝ, ʢʦʪʦʨʦʝ ʪʨʝʙʫʝʪ, ʯʪʦʙʳ ʚʩʝ ʩʪʨʘʥʳ ʚʥʦʩʠʣʠ ʚʢʣʘʜ ʚ ʩʤʷʛʯʝʥʠʝ ʧʦʩʣʝʜʩʪʚʠʡ 

ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ, ʥʝ ʫʪʦʯʥʷʝʪ, ʢʘʢʠʝ ʧʘʨʥʠʢʦʚʳʝ ʛʘʟʳ ʦʥʦ ʦʭʚʘʪʳʚʘʝʪ. ʆʥʦ ʦʩʥʦʚʘʥʦ 

ʥʘ ʧʦʜʭʦʜʝ çʩʥʠʟʫ ʚʚʝʨʭè, ʧʨʠ ʢʦʪʦʨʦʤ ʦʪʜʝʣʴʥʳʝ ʩʪʨʘʥʳ ʦʧʨʝʜʝʣʷʶʪ ʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʳʝ 

ʦʥʠ ʙʫʜʫʪ ʧʨʝʜʧʨʠʥʠʤʘʪʴ, ʠ ʩʦʦʙʱʘʶʪ ʦʙ ʵʪʦʤ ʯʝʨʝʟ ʦʧʨʝʜʝʣʷʝʤʳʝ ʥʘ ʥʘʮʠʦʥʘʣʴʥʦʤ 

ʫʨʦʚʥʝ ʚʢʣʘʜʳ (ʆʅʋɺ). ɺ ʵʪʠʭ ʚʢʣʘʜʘʭ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʞʝʪ ʙʳʪʴ ʚʢʣʶʯʸʥ ʣʶʙʦʡ 

ʧʘʨʥʠʢʦʚʳʡ ʛʘʟ ʠʣʠ ʚʝʱʝʩʪʚʦ. ʌʘʢʪʠʯʝʩʢʠ, ʤʥʦʛʠʝ ʩʪʨʘʥʳ ʚʢʣʶʯʠʣʠ ʤʝʪʘʥ ʚ ʩʚʦʠ 

ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ ʆʅʋɺ, ʥʝʢʦʪʦʨʳʝ ʫʧʦʤʷʥʫʣʠ SLCP, ʘ ʪʘʢʠʝ ʩʪʨʘʥʳ, ʢʘʢ ʄʝʢʩʠʢʘ ʠ 

ʏʠʣʠ, ʢʦʥʢʨʝʪʥʦ ʦʪʤʝʪʠʣʠ ʯʝʨʥʳʡ ʫʛʣʝʨʦʜ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʦʩʥʦʚʥʦʡ ʘʢʮʝʥʪ 

ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʆʆʅ ʜʝʣʘʝʪʩʷ ʥʘ ʩʦʢʨʘʱʝʥʠʝ ʚʳʙʨʦʩʦʚ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, 

ʤʝʪʘʥʫ ʫʜʝʣʷʝʪʩʷ ʤʝʥʴʰʝ ʚʥʠʤʘʥʠʷ, ʘ ʯʝʨʥʳʡ ʫʛʣʝʨʦʜ (ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʢʘʢ ʘʵʨʦʟʦʣʴ, 

ʘ ʥʝ ʢʘʢ ʧʘʨʥʠʢʦʚʳʡ ʛʘʟ) ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʙʩʫʞʜʘʝʪʩʷ. 

ɺʳʙʨʦʩʳ ʏʋ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʦʭʚʘʯʝʥʳ ʚ ʉʝʚʝʨʥʦʤ ʧʦʣʫʰʘʨʠʠ. ʇʦʧʨʘʚʢʠ 2012 ʛʦʜʘ ʢ 

ɻʸʪʝʙʦʨʛʩʢʦʤʫ ʧʨʦʪʦʢʦʣʫ ʢ ʂʊɿɺɹʈ  (ʂʦʥʚʝʥʮʠʷ ʦ ʪʨʘʥʩʛʨʘʥʠʯʥʦʤ ʟʘʛʨʷʟʥʝʥʠʠ ʚʦʟʜʫʭʘ 

ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ) ʚʢʣʶʯʘʶʪ ʮʝʣʝʚʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦ ʩʦʢʨʘʱʝʥʠʶ ʚʳʙʨʦʩʦʚ 

ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʊʏ2,5, ʢʦʤʧʦʥʝʥʪʦʤ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʯʝʨʥʳʡ ʫʛʣʝʨʦʜ. ʍʦʪʷ 

ʢʦʤʧʦʥʝʥʪ ʏʋ ʥʝ ʫʢʘʟʘʥ ʦʪʜʝʣʴʥʦ, ʉʪʦʨʦʥʘʤ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʤʝʨ ʧʦ 

ʜʦʩʪʠʞʝʥʠʶ ʠʭ ʥʘʮʠʦʥʘʣʴʥʳʭ ʮʝʣʝʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʦʪʥʦʰʝʥʠʠ ʪʚʸʨʜʳʭ ʯʘʩʪʠʮ 

ʫʜʝʣʷʪʴ ʧʨʠʦʨʠʪʝʪʥʦʝ ʚʥʠʤʘʥʠʝ, ʚ ʪʦʡ ʤʝʨʝ, ʚ ʢʘʢʦʡ ʦʥʠ ʩʯʠʪʘʶʪ ʵʪʦ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ, 

ʤʝʨʘʤ ʧʦ ʩʦʢʨʘʱʝʥʠʶ ʚʳʙʨʦʩʦʚ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʶʪ ʏʋ. ʕʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ʜʣʷ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʩʤʷʛʯʝʥʠʶ ʢʨʘʪʢʦʩʨʦʯʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ (ʩʪʘʪʴʷ 2.2). ʉʪʦʨʦʥʳ ʪʘʢʞʝ 

ʦʙʷʟʘʥʳ ʩʦʦʙʱʘʪʴ ʦ ʩʚʦʠʭ ʪʝʢʫʱʠʭ ʚʳʙʨʦʩʘʭ ʏʋ ʠ ʧʨʦʛʥʦʟʘʭ. ɻʸʪʝʙʦʨʛʩʢʠʡ ʧʨʦʪʦʢʦʣ ʩ 

ʧʦʧʨʘʚʢʘʤʠ 2012 ʛʦʜʘ ʚʩʪʫʧʠʣ ʚ ʩʠʣʫ 7 ʦʢʪʷʙʨʷ 2019 ʛʦʜʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʤʝʨʳ ʧʦ ʩʦʢʨʘʱʝʥʠʶ ʚʳʙʨʦʩʦʚ ʏʋ (ʠ ʤʝʪʘʥʘ) ʙʳʣʠ ʧʨʠʥʷʪʳ ɸʨʢʪʠʯʝʩʢʠʤ 

ʩʦʚʝʪʦʤ, ʚʢʣʶʯʘʷ ʈʘʤʦʯʥʫʶ ʧʨʦʛʨʘʤʤʫ ʜʝʡʩʪʚʠʡ ʧʦ ʫʩʠʣʝʥʥʦʤʫ ʩʦʢʨʘʱʝʥʠʶ ʚʳʙʨʦʩʦʚ 

ʩʘʞʠ ʠ ʤʝʪʘʥʘ, ʘ ʪʘʢʞʝ ʧʝʨʚʫʶ ʢʦʣʣʝʢʪʠʚʥʫʶ ʨʝʛʠʦʥʘʣʴʥʫʶ ʮʝʣʴ ʧʦ ʩʦʢʨʘʱʝʥʠʶ 

ʚʳʙʨʦʩʦʚ ʏʋ. ʆʜʥʘʢʦ ʨʝʰʝʥʠʷ ɸʨʢʪʠʯʝʩʢʦʛʦ ʩʦʚʝʪʘ ʥʝ ʠʤʝʶʪ ʦʙʷʟʘʪʝʣʴʥʦʡ 

ʶʨʠʜʠʯʝʩʢʦʡ ʩʠʣʳ. ɺ ʠʪʦʛʝ, ʚ ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʚʳʙʨʦʩʦʚ ʏʋ ʩʫʱʝʩʪʚʫʝʪ ʷʚʥʳʡ ʧʨʦʙʝʣ, 

ʪʘʢ ʢʘʢ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʩʫʪʩʪʚʫʝʪ ʛʣʦʙʘʣʴʥʘʷ ʧʨʘʚʦʚʘʷ ʙʘʟʘ, ʦʭʚʘʪʳʚʘʶʱʘʷ ʵʪʦ 

ʟʘʛʨʷʟʥʷʶʱʝʝ ʚʝʱʝʩʪʚʦ. 
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3 ʅʘʫʯʥʳʝ ʩʚʝʜʝʥʠʷ 

ɼʣʷ ʣʫʯʰʝʛʦ ʧʦʥʠʤʘʥʠʷ ʦʪʯʸʪʘ ʚ ʵʪʦʤ ʨʘʟʜʝʣʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʥʘʫʯʥʳʝ 

ʩʚʝʜʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʥʝʜʘʚʥʝʤ ʦʙʟʦʨʝ ʣʠʪʝʨʘʪʫʨʳ. 

3.1 ʏʝʨʥʳʡ ʫʛʣʝʨʦʜ ʠ ʵʣʝʤʝʥʪʘʨʥʳʡ ʫʛʣʝʨʦʜ 

ɺʟʚʝʰʝʥʥʳʝ ʚ ʚʦʟʜʫʭʝ ʪʚʝʨʜʳʝ ʯʘʩʪʠʮʳ (ʊʏ) ʷʚʣʷʶʪʩʷ ʟʘʛʨʷʟʥʷʶʱʠʤ ʚʝʱʝʩʪʚʦʤ, 

ʚʳʟʳʚʘʶʱʠʤ ʦʟʘʙʦʯʝʥʥʦʩʪʴ ʥʝ ʪʦʣʴʢʦ ʠʟ-ʟʘ ʠʭ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ, ʥʦ ʠ ʠʟ-ʟʘ ʠʭ ʩʧʦʩʦʙʥʦʩʪʠ ʫʭʫʜʰʘʪʴ ʚʠʜʠʤʦʩʪʴ ʠ ʟʘʛʨʷʟʥʷʪʴ ʟʜʘʥʠʷ ʠ 

ʤʘʪʝʨʠʘʣʳ. ʊʏ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, 

ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʦʭʚʘʪʳʚʘʶʪ ʦʯʝʥʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ʠ ʦʙʣʘʜʘʶʪ 

ʨʘʟʥʦʦʙʨʘʟʥʳʤ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ. ʀʩʪʦʨʠʯʝʩʢʠ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʊʏ ʦʙʨʘʟʦʚʳʚʘʣʘʩʴ 

ʧʨʠ ʩʞʠʛʘʥʠʠ ʫʛʣʷ ʠ ʠʟʤʝʨʷʣʘʩʴ ʢʘʢ ʯʝʨʥʳʡ ʜʳʤ. ʆʜʥʘʢʦ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʜʚʘʜʮʘʪʦʛʦ 

ʚʝʢʘ ʚ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ ʥʘʙʣʶʜʘʣʦʩʴ ʩʦʢʨʘʱʝʥʠʝ ʚʳʙʨʦʩʦʚ ʯʝʨʥʦʛʦ ʜʳʤʘ ʦʪ ʩʞʠʛʘʥʠʷ 

ʫʛʣʷ, ʠ ʚ ʩʦʩʪʘʚʝ ʊʏ ʧʦʩʪʝʧʝʥʥʦ ʩʪʘʣʠ ʧʨʝʦʙʣʘʜʘʪʴ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʝ ʯʘʩʪʠʮʳ, 

ʚʳʜʝʣʷʝʤʳʝ ʚʳʭʣʦʧʥʳʤʠ ʛʘʟʘʤʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ, ʘ ʪʘʢʞʝ ʚʪʦʨʠʯʥʳʝ ʟʘʛʨʷʟʥʷʶʱʠʝ 

ʚʝʱʝʩʪʚʘ ï ʩʦʣʠ ʘʤʤʦʥʠʷ ʠ ʚʪʦʨʠʯʥʳʡ ʦʨʛʘʥʠʯʝʩʢʠʡ ʫʛʣʝʨʦʜ. 

ʇʨʠʤʝʨʦʤ ʵʪʦʛʦ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʩʦʩʪʘʚ ʤʝʣʢʠʭ ʯʘʩʪʠʮ (ʊʏ2,5), ʠʟʤʝʨʝʥʥʳʡ ʚ ʃʦʥʜʦʥʝ, 

ɼʝʣʠ ʠ ʇʝʢʠʥʝ (ʨʠʩ. 2). ʇʦʩʪʝʧʝʥʥʦ, ʧʦ ʤʝʨʝ ʪʦʛʦ ʢʘʢ ʩʪʨʘʪʝʛʠʠ ʢʦʥʪʨʦʣʷ ʟʘʪʨʘʛʠʚʘʣʠ 

ʙʦʣʝʝ ʜʦʩʪʫʧʥʳʝ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠʩʪʦʯʥʠʢʠ ʚʳʙʨʦʩʦʚ, ʥʘʯʘʣʠ ʚʳʷʚʣʷʪʴʩʷ ʨʘʥʝʝ 

ʥʝʪʨʘʜʠʮʠʦʥʥʳʝ ʠʩʪʦʯʥʠʢʠ, ʢʦʪʦʨʳʝ ʚʥʦʩʷʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʧʦʚʳʰʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʊʏ ʚ ʚʦʟʜʫʭʝ. ʂ ʪʘʢʠʤ ʠʩʪʦʯʥʠʢʘʤ ʦʪʥʦʩʷʪʩʷ ʯʘʩʪʠʮʳ, ʥʝ ʦʙʨʘʟʫʶʱʠʝʩʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠ ʜʦʨʦʞʥʦʤ ʜʚʠʞʝʥʠʠ, ʘʵʨʦʟʦʣʠ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʧʨʠʛʦʪʦʚʣʝʥʠʠ 

ʧʠʱʠ, ʠ ʜʨʝʚʝʩʥʳʡ ʜʳʤ. 

ʌʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ ʚʟʚʝʰʝʥʥʳʭ ʚ ʚʦʟʜʫʭʝ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʯʨʝʟʚʳʯʘʡʥʦ ʨʘʟʥʦʦʙʨʘʟʝʥ: 

ʦʪ ʚʥʦʚʴ ʦʙʨʘʟʦʚʘʥʥʳʭ ʯʘʩʪʠʮ ʨʘʟʤʝʨʦʤ ʚʩʝʛʦ ʚ ʥʝʩʢʦʣʴʢʦ ʥʘʥʦʤʝʪʨʦʚ ʜʦ ʯʘʩʪʠʮ 

ʜʠʘʤʝʪʨʦʤ ʚ ʜʝʩʷʪʢʠ ʤʠʢʨʦʤʝʪʨʦʚ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʥʳʡ 

ʠʥʪʝʨʝʩ ʢ ʩʚʝʨʭʪʦʥʢʠʤ (ʥʘʥʦʯʘʩʪʠʮʘʤ) ʠʟ-ʟʘ ʧʦʜʦʟʨʝʥʠʡ ʚ ʠʭ ʧʦʚʳʰʝʥʥʦʡ ʪʦʢʩʠʯʥʦʩʪʠ. 

ʉʥʠʞʝʥʠʝ ʚʳʙʨʦʩʦʚ ʦʪ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ ʢʘʢ ʠʩʪʦʯʥʠʢʘ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ 

ʨʝʛʠʦʥʘʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʟʘʨʦʞʜʝʥʠʷ ʯʘʩʪʠʮ ʩʪʘʣʠ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʟʥʘʯʠʤʳʤʠ ʧʦ 

ʢʦʣʠʯʝʩʪʚʫ ʯʘʩʪʠʮ, ʥʦ ʥʝ ʚ ʦʪʥʦʰʝʥʠʠ ʠʭ ʤʘʩʩʳ (Harrison, 2020). 
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ʈʠʩʫʥʦʢ 2: ʉʦʩʪʘʚ ʦʩʥʦʚʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʊʏ2,5, ʩʦʙʨʘʥʥʳʭ ʚ ʭʦʜʝ ʟʠʤʥʠʭ 

ʢʘʤʧʘʥʠʡ ʚ ʃʦʥʜʦʥʝ (ʉʝʚʝʨʥʳʡ ʂʝʥʩʠʥʛʪʦʥ), ʇʝʢʠʥʝ ʠ ɼʝʣʠ. (ʎʚʝʪʥʘʷ ʚʝʨʩʠʷ ʜʦʩʪʫʧʥʘ 

ʦʥʣʘʡʥ) (Laskin et al., 2015) 

 

ʋʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʝ ʢʦʤʧʦʥʝʥʪʳ, ʪʘʢʠʝ ʢʘʢ ʯʝʨʥʳʡ ʫʛʣʝʨʦʜ (ʏʋ) ʠʣʠ ʵʣʝʤʝʥʪʘʨʥʳʡ 

ʫʛʣʝʨʦʜ (EC), ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʪʦʜʘ ʦʪʙʦʨʘ ʧʨʦʙ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʯʠʩʪʦʛʦ ʠʣʠ ʪʝʨʤʦʦʧʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʠ ʯʠʩʪʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ), ʘ ʪʘʢʞʝ 

ʦʨʛʘʥʠʯʝʩʢʠʡ ʫʛʣʝʨʦʜ (OC), ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʊʏ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʭ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʚ ʤʠʨʝ. ʏʋ ï ʵʪʦ ʦʙʱʠʡ ʪʝʨʤʠʥ, ʦʧʠʩʳʚʘʶʱʠʡ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ 

ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ ʚʝʱʝʩʪʚ: ʦʪ ʯʘʩʪʠʯʥʦ ʦʙʫʛʣʝʥʥʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ ʜʦ ʚʳʩʦʢʦ 

ʛʨʘʬʠʪʠʟʠʨʦʚʘʥʥʦʡ ʩʘʞʠ (ʪ.ʝ. ʩ ʚʳʩʦʢʦʫʧʦʨʷʜʦʯʝʥʥʳʤʠ ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʫʛʣʝʨʦʜʥʳʤʠ 

ʩʪʨʫʢʪʫʨʘʤʠ, ʢʘʢ ʚ ʛʨʘʬʠʪʝ), ʚʦʟʥʠʢʘʶʱʝʡ ʚ ʧʨʦʮʝʩʩʝ ʥʝʧʦʣʥʦʛʦ ʩʛʦʨʘʥʠʷ. 

ʆʙʱʝʧʨʠʥʷʪʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʨʤʠʥʘ çʯʝʨʥʳʡ ʫʛʣʝʨʦʜè ʥʝ ʩʫʱʝʩʪʚʫʝʪ. 

ɽʛʦ ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ ʩʘʞʝʡ, ʛʨʘʬʠʪʦʚʳʤ ʫʛʣʝʨʦʜʦʤ ʠ/ʠʣʠ ʵʣʝʤʝʥʪʘʨʥʳʤ ʫʛʣʝʨʦʜʦʤ. 

ʅʝʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʝʥʠʷ ʏʋ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘ ʝʛʦ ʭʠʤʠʯʝʩʢʠʭ ʠ/ʠʣʠ ʬʠʟʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚʘʭ (ʥʘʧʨʠʤʝʨ, ʩʚʝʪʦʧʦʛʣʦʱʘʶʱʠʭ), ʪʦʛʜʘ ʢʘʢ ʜʨʫʛʠʝ ʦʩʥʦʚʘʥʳ ʥʘ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʧʨʠʥʮʠʧʘʭ ʠ ʦʪʨʘʞʘʶʪ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʠ ʦʮʝʥʦʢ (Chow et al., 2018; Long et al., 

2013). 

ʏʋ ʠ OC ʦʢʘʟʳʚʘʶʪ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʨʘʜʠʘʮʠʦʥʥʳʡ ʙʘʣʘʥʩ ɿʝʤʣʠ 

(Laskin et al., 2015). ʆʨʛʘʥʠʯʝʩʢʠʝ ʘʵʨʦʟʦʣʠ ʦʧʠʩʳʚʘʶʪʩʷ ʢʘʢ çʙʝʣʳʝè, ʧʦʩʢʦʣʴʢʫ ʦʥʠ 

ʵʬʬʝʢʪʠʚʥʦ ʨʘʩʩʝʠʚʘʶʪ ʚʠʜʠʤʦʝ ʠʟʣʫʯʝʥʠʝ. ʆʜʥʘʢʦ ʟʥʘʯʠʪʝʣʴʥʘʷ ʠ ʩʠʣʴʥʦ 

ʚʘʨʴʠʨʫʶʱʘʷ ʜʦʣʷ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʘʵʨʦʟʦʣʝʡ ʧʦʛʣʦʱʘʝʪ 

ʠʟʣʫʯʝʥʠʝ. ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤ ʪʠʧʦʤ ʩʚʝʪʦʧʦʛʣʦʱʘʶʱʝʛʦ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʝʛʦ 

ʘʵʨʦʟʦʣʷ ʷʚʣʷʝʪʩʷ ʏʋ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʩʘʞʝʦʙʨʘʟʥʳʝ ʯʘʩʪʠʮʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ 

ʩʞʠʛʘʥʠʠ ʠʩʢʦʧʘʝʤʦʛʦ ʪʦʧʣʠʚʘ ʠ ʙʠʦʤʘʩʩʳ. ʏʋ ʧʦʛʣʦʱʘʝʪ ʩʦʣʥʝʯʥʦʝ ʠʟʣʫʯʝʥʠʝ ʚ 

ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʘʣʴʥʦʤ ʠʥʪʝʨʚʘʣʝ, ʦʪ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ (UV) ʜʦ ʠʥʬʨʘʢʨʘʩʥʦʛʦ (IR). 

ɺʦʟʜʝʡʩʪʚʠʝ ʏʋ ʦʩʦʙʝʥʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʚ ʨʝʛʠʦʥʘʭ, ʛʜʝ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʩʞʠʛʘʥʠʝ 

ʙʠʦʤʘʩʩʳ ʠ ʫʛʣʷ. ɹʦʣʴʰʠʥʩʪʚʦ ʩʦʝʜʠʥʝʥʠʡ OC ʩʠʣʴʥʦ ʧʦʛʣʦʱʘʶʪ IR- ʠ UV-ʠʟʣʫʯʝʥʠʝ, 

ʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʟʨʘʯʥʳ ʜʣʷ ʚʠʜʠʤʦʛʦ (vis, 400ī700 ʥʤ) ʠ ʙʣʠʞʥʝʛʦ ʠʥʬʨʘʢʨʘʩʥʦʛʦ 

(700ī2500 ʥʤ) ʜʠʘʧʘʟʦʥʦʚ ʜʣʠʥ ʚʦʣʥ. ʆʜʥʘʢʦ ʥʝʢʦʪʦʨʳʝ ʪʠʧʳ OC ʵʬʬʝʢʪʠʚʥʦ 

ʧʦʛʣʦʱʘʶʪ ʠʟʣʫʯʝʥʠʝ ʚ ʙʣʠʞʥʝʤ UV (300ī400 ʥʤ) ʠ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ. ɺ ʥʝʜʘʚʥʝʡ 

ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʧʦʷʚʠʣʩʷ ʥʦʚʳʡ ʪʝʨʤʠʥ çʙʫʨʳʡ ʫʛʣʝʨʦʜè (BrC), ʢʦʪʦʨʳʡ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʘʵʨʦʟʦʣʝʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʩʧʝʢʪʨʦʤ ʧʦʛʣʦʱʝʥʠʷ, 

ʢʦʪʦʨʳʡ ʧʦʩʪʝʧʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ ʚʠʜʠʤʦʛʦ ʜʠʘʧʘʟʦʥʘ ʢ UV. 

ʇʦʤʠʤʦ ʠʭ ʧʨʷʤʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʚʠʜʠʤʦʝ ʠʟʣʫʯʝʥʠʝ, ʢʘʢ ʏʋ, ʪʘʢ ʠ BrC, ʧʦʛʨʫʞʸʥʥʳʝ 

ʚ ʦʙʣʘʯʥʳʝ ʢʘʧʣʠ, ʧʦʛʣʦʱʘʶʪ ʩʚʝʪ, ʩʧʦʩʦʙʩʪʚʫʶʪ ʠʩʧʘʨʝʥʠʶ ʚʦʜʳ ʠ ʨʘʩʩʝʠʚʘʥʠʶ 

ʦʙʣʘʢʦʚ. ʕʪʦʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʢʦʩʚʝʥʥʳʡ ʵʬʬʝʢʪ ʧʨʦʪʠʚʦʜʝʡʩʪʚʫʝʪ ʦʭʣʘʞʜʘʶʱʝʤʫ 

ʵʬʬʝʢʪʫ ʦʙʨʘʟʦʚʘʥʠʷ ʦʙʣʘʯʥʳʭ ʢʘʧʝʣʴ ʘʵʨʦʟʦʣʷʤʠ. 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʫʧʦʤʠʥʘʶʪʩʷ ʜʚʘ ʜʨʫʛʠʭ ʧʦʥʷʪʠʷ, ʢʦʪʦʨʳʝ ʦʙʩʫʞʜʘʣʠʩʴ ʚ (Lack et al., 

2014): (i) ʕʢʚʠʚʘʣʝʥʪ ʯʝʨʥʦʛʦ ʫʛʣʝʨʦʜʘ (eBC): ʈʷʜ ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ, 

ʠʟʤʝʨʷʶʱʠʭ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʯʘʩʪʠʮ, ʚʳʚʦʜʷʪ ʤʘʩʩʦʚʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʏʋ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʥʩʪʘʥʪʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʥʘʟʳʚʘʝʤʦʡ ʤʘʩʩʦʚʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʧʦʛʣʦʱʝʥʠʷ (ʄʂʇ). ʏʪʦʙʳ ʫʪʦʯʥʠʪʴ, ʯʪʦ ʠʟʤʝʨʷʝʤʘʷ ʚʝʣʠʯʠʥʘ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʥʘ 100% 

ʏʋ, ʠʥʦʛʜʘ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʨʤʠʥ eBC ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʤʘʩʩʳ ʫʛʣʝʨʦʜʘ, 

ʨʘʩʩʯʠʪʘʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʛʣʦʱʝʥʠʷ. (ii) ʈʝʬʨʘʢʪʝʨʥʳʡ ʯʝʨʥʳʡ 

ʫʛʣʝʨʦʜ (rBC): ʄʘʩʩʘ ʫʛʣʝʨʦʜʘ, ʧʦʣʫʯʝʥʥʘʷ ʤʝʪʦʜʦʤ ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʣʘʟʝʨʦʤ 

ʥʘʢʘʣʠʚʘʥʠʷ (LII), ʥʘʟʳʚʘʝʪʩʷ ʨʝʬʨʘʢʪʝʨʥʳʤ ʯʝʨʥʳʤ ʫʛʣʝʨʦʜʦʤ, ʪʘʢ ʢʘʢ ʦʥʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʫʪʝʤ ʠʟʤʝʨʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʫʛʣʝʨʦʜʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʯʘʩʪʠʮʳ, 

ʢʦʪʦʨʳʡ ʧʦʛʣʦʱʘʝʪ ʵʥʝʨʛʠʶ ʣʘʟʝʨʘ.   
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ʊʝʨʤʠʥ çʩʘʞʠʩʪʳʡ ʫʛʣʝʨʦʜè ʠʣʠ ʯʘʩʪʠʮʳ çʩʘʞʠè ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ (Petzold et al., 

2013). ʕʪʦʪ ʪʝʨʤʠʥ ʦʪʥʦʩʠʪʩʷ ʢ ʫʛʣʝʨʦʜʫ ʩ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʭʠʤʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʪʠʧʠʯʥʳʤʠ ʜʣʷ ʯʘʩʪʠʮ ʩʘʞʠ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʩʞʠʛʘʥʠʠ ʠʩʢʦʧʘʝʤʦʛʦ 

ʪʦʧʣʠʚʘ. ʏʘʩʪʠʮʳ ʩʘʞʠʩʪʦʛʦ ʫʛʣʝʨʦʜʘ ʬʦʨʤʠʨʫʶʪʩʷ ʠʟ ʘʛʣʦʤʝʨʘʪʦʚ ʩʬʝʨ, ʩʦʩʪʦʷʱʠʭ ʠʟ 

ʛʨʘʬʠʪʦʧʦʜʦʙʥʳʭ ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʪʦʚ. ʆʥʠ ʩʦʩʪʦʷʪ ʧʦʯʪʠ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʠʟ ʫʛʣʝʨʦʜʘ ʩ 

ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʦʜʦʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʦʝ 

ʦʧʨʝʜʝʣʝʥʠʝ ʠʩʢʣʶʯʘʝʪ ʣʶʙʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʚ 

ʚʠʜʝ ʧʦʢʨʳʪʠʷ ʥʘ ʩʬʝʨʫʣʘʭ. 

 

3.2 ɹʫʨʳʡ ʫʛʣʝʨʦʜ 

ʅʘ ʨʠʩʫʥʢʝ 3 ʠʟ ʨʘʙʦʪʳ (Laskin et al., 2015) ʧʨʝʜʩʪʘʚʣʝʥ ʩʧʝʢʪʨ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʘʪʤʦʩʬʝʨʝ, ʨʘʟʜʝʣʝʥʥʳʭ ʥʘ ʢʣʘʩʩʳ ʥʘ ʦʩʥʦʚʝ ʠʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʪʚʝʨʜʳʭ 

ʯʘʩʪʠʮ (ʊʏ). ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʩʭʝʤʳ ʩʦʝʜʠʥʝʥʠʷ ʯʝʨʥʦʛʦ ʫʛʣʝʨʦʜʘ (ʏʋ) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʩʘʤʦʡ ʥʠʟʢʦʡ ʣʝʪʫʯʝʩʪʴʶ ʠ ʥʘʠʙʦʣʴʰʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʧʦʛʣʦʱʝʥʠʶ ʩʚʝʪʘ. ʅʝʩʤʦʪʨʷ 

ʥʘ ʩʣʦʞʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʏʋ, ʝʛʦ ʙʘʟʦʚʘʷ ʭʠʤʠʯʝʩʢʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʠ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʠʟʫʯʝʥʳ. ɺ ʯʝʨʥʦʤ ʫʛʣʝʨʦʜʝ ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ ʬʦʨʤʠʨʫʶʪ ʜʚʫʤʝʨʥʳʝ 

ʛʨʘʬʠʪʦʚʳʝ ʩʣʦʠ ʩ ʷʯʝʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʫʣʦʞʝʥʥʳʭ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 

ʧʣʦʩʢʦʩʪʠ ʩʣʦʝʚ. ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʝʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʚʜʦʣʴ ʨʘʩʰʠʨʝʥʥʦʡ 

ʩʝʪʠ ʛʨʘʬʠʪʦʚʳʭ ʩʣʦʝʚ ʦʧʨʝʜʝʣʷʝʪ ʩʠʣʴʥʳʝ ʰʠʨʦʢʦʧʦʣʦʩʥʳʝ ʘʙʩʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ 

ʤʘʪʝʨʠʘʣʘ ʏʋ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʛʣʦʱʝʥʠʷ, 

ʦʧʠʩʳʚʘʝʤʦʡ ʟʘʢʦʥʦʤ (ɚï1). ʅʠʞʥʷʷ ʯʘʩʪʴ ʜʠʘʛʨʘʤʤʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʝʪʫʯʠʤ 

ʦʨʛʘʥʠʯʝʩʢʠʤ ʩʦʝʜʠʥʝʥʠʷʤ ʩ ʭʘʨʘʢʪʝʨʥʳʤ ʧʦʛʣʦʱʝʥʠʝʤ ʚ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ (UV) 

ʜʠʘʧʘʟʦʥʝ. ʕʪʠ ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ʠʤʝʶʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʘʪʤʦʩʬʝʨʥʳʭ 

ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʦʜʥʘʢʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʢʘʟʳʚʘʶʪ ʧʨʷʤʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʨʘʜʠʘʮʠʦʥʥʳʡ ʙʘʣʘʥʩ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʧʦʛʣʦʱʝʥʠʝʤ ʚʠʜʠʤʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʄʝʞʜʫ ʜʚʫʤʷ 

ʢʨʘʡʥʠʤʠ ʪʦʯʢʘʤʠ ʜʠʘʛʨʘʤʤʳ ʥʘʭʦʜʠʪʩʷ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʫʤʝʨʝʥʥʦ ʣʝʪʫʯʠʭ 

(ʨʝʬʨʘʢʪʝʨʥʳʭ) ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʥʳʤʠ 

ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ. ʉʨʝʜʠ ʥʠʭ ʚʳʜʝʣʷʝʪʩʷ ʧʦʜʤʥʦʞʝʩʪʚʦ ʦʢʨʘʰʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʩ ʦʧʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʙʫʨʦʛʦ ʫʛʣʝʨʦʜʘ (BrC). ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʏʋ, ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʩʚʝʪʘ BrC ʧʦʢʘʟʳʚʘʝʪ ʩʠʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ 

ʜʣʠʥʳ ʚʦʣʥʳ, ʧʨʠ ʵʪʦʤ ʧʦʛʣʦʱʝʥʠʝ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ ʚʠʜʠʤʦʛʦ (vis) ʢ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤʫ (UV) ʜʠʘʧʘʟʦʥʫ. ʉʣʦʞʥʦʩʪʴ ʩʚʝʪʦʧʦʛʣʦʱʘʶʱʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠ ʚʘʨʠʘʮʠʠ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʟʘʪʨʫʜʥʷʶʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʠʭ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʪʠʧʦʚ ʤʦʣʝʢʫʣ ʠʣʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʘʛʨʝʛʘʪʦʚ, 

ʢʦʪʦʨʳʝ ʜʠʢʪʫʶʪ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ BrC. ʆʜʥʘ ʠʟ ʮʝʣʝʡ ʜʘʥʥʦʛʦ ʦʙʟʦʨʘ ï ʦʮʝʥʠʪʴ 

ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʟʥʘʥʠʡ ʦ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ BrC ʥʘ ʦʩʥʦʚʝ 

ʘʥʘʣʠʟʘ ʧʦʩʣʝʜʥʠʭ ʧʦʣʝʚʳʭ ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.  
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ʈʠʩʫʥʦʢ 3: ʆʧʪʠʯʝʩʢʘʷ ʠ ʪʝʨʤʦʭʠʤʠʯʝʩʢʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ ʪʚʝʨʜʳʭ 

ʯʘʩʪʠʮ ʚ ʘʪʤʦʩʬʝʨʝ. ʄʘʪʝʨʠʘʣ BrC ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʚʝʪʦʧʦʛʣʦʱʘʶʱʠʭ 

(ʦʢʨʘʰʝʥʥʳʭ) ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ 

ʠ ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʢʘʞʜʦʡ ʤʦʣʝʢʫʣʳ ʦʧʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. (ʇʝʨʝʧʝʯʘʪʘʥʦ ʩ 

ʨʘʟʨʝʰʝʥʠʷ ʠʟ ʨʘʙʦʪʳ (Pºschl, 2005). Copyright 2005 Wiley-VCH Verlag GmbH & Co.) (Laskin 

et al., 2015) 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʧʦʥʠʤʘʥʠʝ ʠʟʤʝʥʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʯʘʩʪʠʮ ï ʦʩʦʙʝʥʥʦ 

ʚʢʣʘʜʘ ʯʝʨʥʦʛʦ ʫʛʣʝʨʦʜʘ (ʏʋ) ʠ ʙʫʨʦʛʦ ʫʛʣʝʨʦʜʘ (BrC) ï ʠʟʤʝʥʷʶʪʩʷ ʧʨʠ 

ʬʦʪʦʭʠʤʠʯʝʩʢʦʤ ʩʪʘʨʝʥʠʠ ʜʳʤʘ. (Cappa et al., 2020) ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʠʟʤʝʥʝʥʠʷ 

ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʯʘʩʪʠʮ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʩʛʦʨʘʥʠʠ 

ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʙʠʦʤʘʩʩ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ ʟʘʧʘʜʥʳʭ ʨʝʛʠʦʥʦʚ ʉʐɸ. ɼʳʤ 

ʧʨʦʭʦʜʠʣ ʧʨʦʮʝʩʩ ʬʦʪʦʭʠʤʠʯʝʩʢʦʛʦ ʩʪʘʨʝʥʠʷ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʢʘʤʝʨʝ ʚ ʪʝʯʝʥʠʝ 

ʘʪʤʦʩʬʝʨʥʳʭ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʚʨʝʤʝʥʥʳʭ ʰʢʘʣ ʦʪ 0,25 ʜʦ 8 ʜʥʝʡ. ɺ ʉʐɸ, ʚ ʩʝʣʴʩʢʦʡ 

ʤʝʩʪʥʦʩʪʠ, (Washenfelder et al., 2015) ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʤʘʩʩʳ ʙʫʨʦʛʦ 

ʫʛʣʝʨʦʜʘ ʩʚʷʟʘʥʘ ʩʦ ʩʞʠʛʘʥʠʝʤ ʙʠʦʤʘʩʩʳ, ʘ ʤʝʥʴʰʘʷ ʜʦʣʷ ï ʩ ʙʠʦʛʝʥʥʦ ʧʨʦʠʟʚʦʜʥʳʤ 

ʚʪʦʨʠʯʥʳʤ ʦʨʛʘʥʠʯʝʩʢʠʤ ʘʵʨʦʟʦʣʝʤ. 

BrC ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʣʶʯʝʚʫʶ ʧʨʦʙʣʝʤʫ. ʀʟ-ʟʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʩʚʷʟʘʥʥʦʡ ʩ 

ʠʩʪʦʯʥʠʢʘʤʠ ʠ ʩʚʦʡʩʪʚʘʤʠ BrC, ʘ ʪʘʢʞʝ ʝʛʦ ʪʝʥʜʝʥʮʠʠ ʢ ʩʦʚʤʝʩʪʥʦʤʫ ʚʳʙʨʦʩʫ ʠ 

ʩʤʝʰʠʚʘʥʠʶ ʩ ʏʋ, ʵʪʠ ʘʵʨʦʟʦʣʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʫʯʠʪʳʚʘʶʪʩʷ ʚ ʤʦʜʝʣʷʭ ʘʪʤʦʩʬʝʨʥʦʡ 

ʭʠʤʠʠ ʠ ʢʣʠʤʘʪʘ. ɺʢʣʶʯʝʥʠʝ BrC ʚ ʧʦʧʫʣʷʮʠʶ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ (OC) ʠʟʤʝʥʷʝʪ 

ʦʙʱʠʡ ʵʬʬʝʢʪ OC ʩ ʨʘʩʩʝʠʚʘʶʱʝʛʦ ʥʘ ʙʣʠʟʢʠʡ ʢ ʥʫʣʶ, ʦʩʦʙʝʥʥʦ ʚ ʨʝʛʠʦʥʘʭ ʩ 

ʠʥʪʝʥʩʠʚʥʳʤ ʩʞʠʛʘʥʠʝʤ ʙʠʦʤʘʩʩʳ (McNeill, 2017). ʅʝʜʘʚʥʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʣʷ ʂʠʪʘʷ 

(Sun et al., 2020) ʧʦʜʪʚʝʨʞʜʘʝʪ ʜʦʤʠʥʠʨʫʶʱʫʶ ʨʦʣʴ BrC ʚ ʦʙʱʝʤ ʧʦʛʣʦʱʝʥʠʠ ʧʨʠ 

ʩʞʠʛʘʥʠʠ ʙʠʦʤʘʩʩʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, BrC ʷʚʣʷʝʪʩʷ ʥʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ, ʘ ʦʙʷʟʘʪʝʣʴʥʳʤ 

ʢʦʤʧʦʥʝʥʪʦʤ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ ʢʣʠʤʘʪʘ, ʦʩʦʙʝʥʥʦ ʜʣʷ 

ʚʳʙʨʦʩʦʚ ʦʪ ʩʞʠʛʘʥʠʷ ʙʠʦʤʘʩʩʳ (ʢʘʢ ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ, ʪʘʢ ʠ ʚ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʭ 

ʫʩʣʦʚʠʷʭ).  

(Xie et al., 2017) ʠʟʤʝʨʠʣʠ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʝ ʤʝʪʘʥʦʣ-ʵʢʩʪʨʘʛʠʨʫʝʤʦʛʦ OC, ʧʦʣʫʯʝʥʥʦʛʦ 

ʧʨʠ ʩʞʠʛʘʥʠʠ ʙʠʦʤʘʩʩʳ (BB) ʠ ʚʳʙʨʦʩʘʭ ʙʝʥʟʠʥʦʚʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʢʦʪʦʨʦʝ 

ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ ʩʠʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ, ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʧʦʛʣʦʱʝʥʠʷ 

¡ (ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʩʚʝʪʘ ʥʘ ʟʘʜʘʥʥʦʡ ʜʣʠʥʝ ʚʦʣʥʳ), ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ 2. OC,  

ʦʙʨʘʟʫʶʱʠʡʩʷ ʧʨʠ BB ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠʣʠ ʧʣʘʤʝʥʥʦʤ ʛʦʨʝʥʠʠ, 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʠʣʴʥʦʝ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʝ; ʪʠʧ ʙʠʦʤʘʩʩʳ ʪʘʢʞʝ ʤʦʞʝʪ ʠʛʨʘʪʴ ʨʦʣʴ ʚ 

ʩʚʝʪʦʧʦʛʣʦʱʘʶʱʠʭ ʩʚʦʡʩʪʚʘʭ OC, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʧʨʠ BB, ʦʜʥʘʢʦ ʩʪʝʧʝʥʴ ʵʪʦʛʦ 
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ʚʣʠʷʥʠʷ ʦʩʪʘʝʪʩʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʡ ʠ ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ. ɸʚʪʦʤʦʙʠʣʠ ʩ 

ʙʝʥʟʠʥʦʚʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʳʙʨʘʩʳʚʘʶʪ ʙʦʣʝʝ ʩʚʝʪʦʧʦʛʣʦʱʘʶʱʠʡ OC 

ʟʠʤʦʡ, ʯʝʤ ʣʝʪʦʤ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʳʙʨʦʩʘʤʠ ʦʪ ʛʦʨʝʥʠʷ ʙʠʦʤʘʩʩʳ, ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʝ 

OC ʠʟ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʚʳʙʨʦʩʦʚ ʙʳʣʦ ʩʭʦʞʝʡ ʚʝʣʠʯʠʥʳ, ʥʦ ʩʣʘʙʝʝ, ʯʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ 

ʟʥʘʯʠʤʦʩʪʴ ʙʝʥʟʠʥʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʢʘʢ ʠʩʪʦʯʥʠʢʘ BrC ʚ ʛʦʨʦʜʩʢʠʭ ʨʘʡʦʥʘʭ. 

ʅʝʵʢʩʪʨʘʛʠʨʫʝʤʳʡ OC ʩʦʩʪʘʚʠʣ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ (~25%) ʦʪ ʦʙʱʝʛʦ OC ʚ 

ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʚʳʙʨʦʩʘʭ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʝʛʦ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʩʚʝʪʦʧʦʛʣʦʱʘʶʱʠʭ ʩʚʦʡʩʪʚ. ʀʛʥʦʨʠʨʦʚʘʥʠʝ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʘʵʨʦʟʦʣʷʤʠ ʧʨʠʚʝʜʝʪ ʢ ʥʝʜʦʦʮʝʥʢʝ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʵʬʬʝʢʪʘ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʘʵʨʦʟʦʣʝʡ, ʦʩʦʙʝʥʥʦ ʚ ʛʦʨʦʜʩʢʠʭ ʨʘʡʦʥʘʭ, ʛʜʝ ʚʳʙʨʦʩʳ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ 

ʩʦʩʪʘʚʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʘʵʨʦʟʦʣʝʡ. BrC, ʦʙʨʘʟʫʶʱʠʡʩʷ ʧʨʠ ʙʳʪʦʚʦʤ ʩʞʠʛʘʥʠʠ 

ʜʨʝʚʝʩʠʥʳ, ʪʘʢʞʝ ʙʳʣ ʚʳʷʚʣʝʥ ʢʘʢ ʦʩʥʦʚʥʦʡ ʠʩʪʦʯʥʠʢ ʫʛʣʝʨʦʜʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚʦ 

ʌʨʘʥʮʠʠ ʟʠʤʦʡ(Y. Zhang et al., 2020). 

ʕʬʬʝʢʪʳ ʣʠʥʟʠʨʦʚʘʥʠʷ ʠ ʬʦʪʦʙʣʝʜʥʝʥʠʷ ï ʜʚʘ ʚʘʞʥʳʭ ʧʨʦʮʝʩʩʘ, ʩʚʷʟʘʥʥʳʭ ʩ BrC, ʚ 

ʨʘʜʠʘʮʠʦʥʥʦʤ ʙʘʣʘʥʩʝ ɿʝʤʣʠ (Yan et al., 2018). ʕʬʬʝʢʪ ʣʠʥʟʠʨʦʚʘʥʠʷ ʦʢʘʟʳʚʘʝʪ 

ʨʘʜʠʘʮʠʦʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʚ ʘʪʤʦʩʬʝʨʝ, ʟʘʚʠʩʷʱʝʝ ʦʪ ʪʠʧʘ ʤʘʪʝʨʠʘʣʘ, ʧʦʢʨʳʚʘʶʱʝʛʦ 

ʯʘʩʪʠʮʳ. ʈʘʜʠʘʮʠʦʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʚʥʫʪʨʝʥʥʝʡ ʩʤʝʩʠ ʯʝʨʥʦʛʦ ʫʛʣʝʨʦʜʘ (ʏʋ) ʠ ʙʫʨʦʛʦ 

ʫʛʣʝʨʦʜʘ (BrC) ʚʳʰʝ, ʯʝʤ ʫ ʚʥʫʪʨʝʥʥʝʡ ʩʤʝʩʠ ʏʋ ʠ ʥʝʩʚʝʪʦʧʦʛʣʦʱʘʶʱʝʛʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ (OC), ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʜʣʠʥʳ ʚʦʣʥʳ ʧʦʛʣʦʱʝʥʠʷ ʦʪ 365 ʜʦ 470 

ʥʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʬʬʝʢʪ ʣʠʥʟʠʨʦʚʘʥʠʷ, ʚʳʟʚʘʥʥʳʡ ʚʥʫʪʨʝʥʥʠʤ ʩʤʝʰʝʥʠʝʤ ʏʋ ʠ BrC, 

ʥʝʣʴʟʷ ʠʛʥʦʨʠʨʦʚʘʪʴ, ʠ ʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚ ʛʣʦʙʘʣʴʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ. 

ʌʦʪʦʙʣʝʜʥʝʥʠʝ ʚʳʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʚʝʪʦʧʦʛʣʦʱʘʶʱʠʭ ʩʚʦʡʩʪʚʘʭ 

ʘʵʨʦʟʦʣʝʡ BrC, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʣʠʷʝʪ ʥʘ ʨʘʜʠʘʮʠʦʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʘʪʤʦʩʬʝʨʳ. 

ɺʪʦʨʠʯʥʳʡ BrC ʤʦʞʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʚ ʧʨʦʮʝʩʩʝ ʩʪʘʨʝʥʠʷ ʧʝʨʚʠʯʥʦʛʦ BrC, ʧʨʠ ʵʪʦʤ ʦʥ 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʙʳʩʪʨʦʤʫ ʬʦʪʦʙʣʝʜʥʝʥʠʶ (Wong et al., 2017; Zhao et al., 2015). ʅʝʜʘʚʥʝʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʛʣʦʙʘʣʴʥʦʛʦ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʵʬʬʝʢʪʘ ʙʫʨʦʛʦ ʫʛʣʝʨʦʜʘ (A. Zhang et al., 

2020) ʧʦʢʘʟʘʣʦ ʧʦʪʝʥʮʠʘʣʴʥʦ ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʩʪʦʯʥʠʢ ʥʘʛʨʝʚʘ ʚ ʩʚʦʙʦʜʥʦʡ 

ʪʨʦʧʦʩʬʝʨʝ ʪʨʦʧʠʯʝʩʢʠʭ ʨʝʛʠʦʥʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʯʝʨʥʳʤ ʫʛʣʝʨʦʜʦʤ. 

ʆʜʥʘʢʦ ʚʢʣʶʯʝʥʠʝ BrC ʚ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʧʘʨʘʜʦʢʩʘʣʴʥʳʤ 

ʵʬʬʝʢʪʘʤ, ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʚ (Sumlin et al., 2017). ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʘʵʨʦʟʦʣʴ BrC ʚʥʦʩʠʪ 

ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʨʘʜʠʘʮʠʦʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ (ʥʘʛʨʝʚ) ʥʘʜ ʷʨʢʠʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʚʨʝʤʝʥʥʳʭ ʰʢʘʣ ʘʪʤʦʩʬʝʨʥʦʛʦ ʩʪʘʨʝʥʠʷ, ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚ (Sumlin et al., 

2017). ʆʜʥʘʢʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʥʘʭʦʞʜʝʥʠʷ ʘʵʨʦʟʦʣʷ ʚ ʘʪʤʦʩʬʝʨʝ ʦʪ 0 ʜʦ 4,5 PED 

(PAM Equivalent Day, ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʜʝʥʴ PAM ʜʣʷ ʨʝʘʢʪʦʨʘ ʤʘʩʩʳ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ 

ʘʵʨʦʟʦʣʷ) ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʷʤʦʛʦ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ (DRF) 

ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʥʘ 27%, ʩ 40,4 Ñ 1,7 ʜʦ 29,4 Ñ 2,8 ɺʪ/ʤĮ. PED ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʚʨʝʤʷ ʚ ʜʥʷʭ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʘʩʩʳ ʘʵʨʦʟʦʣʷ ʚ ʨʝʘʢʪʦʨʝ 

PAM. ʉʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʩʥʠʞʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ DRF ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʝʤʣʠ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 5%, ʩ ī4,0 Ñ 0,0 ʜʦ ī4,3 Ñ 0,1 ɺʪ/ʤĮ ʜʣʷ ʩʪʘʨʝʥʠʷ ʯʘʩʪʠʮ ʦʪ ʩʚʝʞʠʭ ʜʦ 

4,5 PED. ʍʦʪʷ ʧʨʠʤʝʨʥʦ ʧʦʣʦʚʠʥʘ ʵʥʝʨʛʠʠ ʩʦʣʥʝʯʥʦʛʦ ʩʧʝʢʪʨʘ ʨʘʩʧʨʝʜʝʣʝʥʘ ʚ ʜʠʘʧʘʟʦʥʝ 

400ī700 ʥʤ, ʨʘʜʠʘʮʠʦʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʚ ʜʠʘʧʘʟʦʥʝ 375ī532 ʥʤ ʦʙʣʘʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʧʦʪʝʥʮʠʘʣʦʤ ʥʘʛʨʝʚʘ ʥʘʜ ʘʨʢʪʠʯʝʩʢʠʤʠ ʪʝʨʨʠʪʦʨʠʷʤʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʢʣʠʤʘʪʠʯʝʩʢʦʤʫ ʜʠʩʙʘʣʘʥʩʫ. ʆʜʥʘʢʦ ʠʟʤʝʥʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʧʨʠ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʤ ʩʪʘʨʝʥʠʠ ʧʦʜʨʘʟʫʤʝʚʘʶʪ, ʯʪʦ ʦʮʝʥʢʠ ʥʘʛʨʝʚʘ ʠʟ-ʟʘ 

ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ BrC ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʝʡ ʤʦʛʫʪ ʙʳʪʴ ʟʘʚʳʰʝʥʳ.  

ʋʯʠʪʳʚʘʷ ʧʦʚʩʝʤʝʩʪʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʪʣʝʶʱʠʭ ʧʦʞʘʨʦʚ ʥʘ ʙʦʨʝʘʣʴʥʳʭ ʪʦʨʬʷʥʠʢʘʭ, 

ʜʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʜʯʝʨʢʠʚʘʝʪ ʚʘʞʥʦʩʪʴ ʫʯʝʪʘ ʘʪʤʦʩʬʝʨʥʳʭ ʧʨʦʮʝʩʩʦʚ, 

ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʵʪʠ ʘʵʨʦʟʦʣʠ, ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ ʘʣʛʦʨʠʪʤʦʚ 

ʩʧʫʪʥʠʢʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. 
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3.3 ʇʦʣʠʮʠʢʣʠʯʝʩʢʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ (ʇɸʋ) 
 

ʇɸʋ, ʚʳʜʝʣʷʶʱʠʝʩʷ ʩʦʚʤʝʩʪʥʦ ʩ ʯʝʨʥʳʤ ʫʛʣʝʨʦʜʦʤ (ʏʋ) ʚ ʧʨʦʮʝʩʩʝ ʥʝʧʦʣʥʦʛʦ ʩʛʦʨʘʥʠʷ, 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʙʣʦʢʠʨʫʶʪʩʷ ʚ ʤʘʪʨʠʮʝ ʏʋ ʠ ʟʘʜʝʨʞʠʚʘʶʪʩʷ ʚ ʤʠʢʨʦʧʦʨʠʩʪʦʡ 

ʩʪʨʫʢʪʫʨʝ ʏʋ ʠʟ-ʟʘ ʚʳʩʦʢʦʛʦ ʩʨʦʜʩʪʚʘ ʇɸʋ ʢ ʧʣʦʩʢʦʡ ʘʨʦʤʘʪʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (Ali et 

al., 2020). ʇɸʋ ï ʵʪʦ ʙʝʩʮʚʝʪʥʳʝ, ʙʝʣʳʝ ʠʣʠ ʙʣʝʜʥʦ-ʞʝʣʪʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ. 

ʆʥʠ ʤʦʛʫʪ ʧʦʧʘʜʘʪʴ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʨʘʟʥʳʤʠ ʧʫʪʷʤʠ ʠ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʚʠʜʝ 

ʩʤʝʩʠ. ʇɸʋ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʛʨʫʧʧʫ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʭʠʤʠʯʝʩʢʠ ʩʚʷʟʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʪʦʢʩʠʯʥʦʩʪʴʶ ʠ ʠ ʩʪʦʡʢʦʩʪʴʶ. ʕʪʠ ʩʦʝʜʠʥʝʥʠʷ 

ʚʢʣʶʯʘʶʪ ʤʥʦʞʝʩʪʚʦ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʢʘʢ ʤʠʥʠʤʫʤ ʜʚʘ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʢʦʣʴʮʘ. ʇɸʋ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʢʦʣʝʮ ʩ ʨʘʟʣʠʯʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ, ʯʠʩʣʦʤ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʦʣʝʮ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʧʨʠʢʨʝʧʣʝʥʥʳʤʠ ʢ ʵʪʠʤ ʢʦʣʴʮʘʤ. ʇʦ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʝ 

ʇɸʋ ʜʝʣʷʪʩʷ ʥʘ ʜʚʝ ʢʘʪʝʛʦʨʠʠ: ʩʦʝʜʠʥʝʥʠʷ ʩ ʤʝʥʝʝ ʯʝʤ ʯʝʪʳʨʴʤʷ ʢʦʣʴʮʘʤʠ ʩʯʠʪʘʶʪʩʷ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʤʠ, ʘ ʩʦʝʜʠʥʝʥʠʷ ʩ ʯʝʪʳʨʴʤʷ ʠʣʠ ʙʦʣʝʝ ʢʦʣʴʮʘʤʠ ï 

ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʤʠ. 

ʇʦʥʠʤʘʥʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʏʋ ʠ ʇɸʋ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ ʜʣʷ ʠʟʫʯʝʥʠʷ ʠʭ ʥʝʛʘʪʠʚʥʳʭ 

ʵʬʬʝʢʪʦʚ, ʧʫʪʝʡ ʧʝʨʝʥʦʩʘ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ʏʋ ʩʯʠʪʘʝʪʩʷ 

ʧʦʚʩʝʤʝʩʪʥʦ ʧʨʠʩʫʪʩʪʚʫʶʱʠʤ ʚ ʘʪʤʦʩʬʝʨʝ ʠ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʩʦʨʙʮʠʦʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʦʨʛʘʥʠʯʝʩʢʠʤ ʟʘʛʨʷʟʥʷʶʱʠʤ ʚʝʱʝʩʪʚʘʤ, ʪʘʢʠʤ ʢʘʢ ʩʪʦʡʢʠʝ 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʟʘʛʨʷʟʥʠʪʝʣʠ (ʉʆɿ) ʠ ʇɸʋ. ɹʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʇɸʋ ʚ 

ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʘʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʟʘʚʠʩʠʪ ʦʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʏʋ, ʙʣʘʛʦʜʘʨʷ ʝʛʦ 

ʚʳʩʦʢʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʩʦʨʙʮʠʠ ʇɸʋ (Cornelissen et al., 2005). 

ʇɸʋ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʯʘʩʪʠʮ ʩʘʞʠ (ʈʠʩʫʥʦʢ 4), ʭʦʪʷ ʨʘʥʥʠʝ ʩʪʘʜʠʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʘʞʠ, ʪʘʢʠʝ ʢʘʢ ʟʘʨʦʞʜʝʥʠʝ ʠ ʨʦʩʪ, ʦʩʪʘʶʪʩʷ ʧʨʝʜʤʝʪʦʤ ʘʢʪʠʚʥʳʭ 

ʜʠʩʢʫʩʩʠʡ ʠ ʷʚʣʷʶʪʩʷ ʮʝʥʪʨʘʣʴʥʦʡ ʪʝʤʦʡ ʤʥʦʛʠʭ ʪʝʢʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ 

ʛʦʨʝʥʠʷ. ʇʨʦʮʝʩʩ ʩʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ ʥʘʯʠʥʘʝʪʩʷ ʩ ʨʝʘʢʮʠʡ ʨʘʟʣʦʞʝʥʠʷ ʤʦʣʝʢʫʣ ʪʦʧʣʠʚʘ, 

ʪʘʢʠʭ ʢʘʢ ʧʠʨʦʣʠʟ ʠ ʦʢʠʩʣʝʥʠʝ, ʟʘ ʢʦʪʦʨʳʤʠ ʩʣʝʜʫʶʪ ʨʝʘʢʮʠʠ ʨʝʢʦʤʙʠʥʘʮʠʠ ʠ 

ʮʠʢʣʠʟʘʮʠʠ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ (ʇɸʋ). ʅʝʜʘʚʥʠʝ ʨʝʟʫʣʴʪʘʪʳ (Commodo et al., 2019) ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʧʦʥʠʤʘʥʠʶ ʧʨʦʮʝʩʩʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʘʞʠ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʦʩʥʦʚʫ ʤʦʣʝʢʫʣ, ʢʦʪʦʨʳʝ 

ʨʝʰʘʶʱʠʤ ʦʙʨʘʟʦʤ ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʵʪʦʪ ʧʨʦʮʝʩʩ, ʠ ʪʝʤ ʩʘʤʳʤ ʫʛʣʫʙʣʷʶʪ ʟʥʘʥʠʷ ʦ ʝʛʦ 

ʭʠʤʠʠ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ. ɺ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ ʵʪʘ ʠʥʬʦʨʤʘʮʠʷ ʤʦʞʝʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʫʣʫʯʰʝʥʠʶ ʪʝʭʥʦʣʦʛʠʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʩʛʦʨʘʥʠʠ ʪʦʧʣʠʚʘ, ʩ ʮʝʣʴʶ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʚʨʝʜʥʳʭ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

ʏʝʪʳʨʝ ʇɸʋ ʷʚʣʷʶʪʩʷ ʦʙʲʝʢʪʦʤ ʦʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʚ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʝ: ʙʝʥʟʦ(ʘ)ʧʠʨʝʥ 

(BaP), ʙʝʥʟʦ(b)ʬʣʫʦʨʘʥʪʝʥ, ʙʝʥʟʦ(k)ʬʣʫʦʨʘʥʪʝʥ ʠ ʠʥʜʝʥʦ(1,2,3-cd)ʧʠʨʝʥ (ʆʨʭʫʩʩʢʠʡ 

ʧʨʦʪʦʢʦʣ ʧʦ ʉʆɿ). ɹʝʥʟʦ(ʘ)ʧʠʨʝʥ ʠ ʥʘʬʪʘʣʠʥ ʚʥʝʩʣʠ ʥʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚ 

ʢʘʥʮʝʨʦʛʝʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚʳʙʨʦʩʦʚ ʦʪ ʩʞʠʛʘʥʠʷ ʙʠʦʤʘʩʩʳ (Samburova et al., 2016). 
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ʈʠʩʫʥʦʢ 4: ʇʫʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʘʞʠ ʧʦ ʜʘʥʥʳʤ (Frenklach and Wang, 1991; Omidvarborna 

et al., 2015; Pang et al., 2013) 

 

3.4 ʂʦʥʮʝʧʮʠʷ çʂʦʥʜʝʥʩʠʨʫʝʤʳʭ ʚʝʱʝʩʪʚè 

ʂʦʥʜʝʥʩʠʨʫʝʤʳʝ ʪʚʝʨʜʳʝ ʯʘʩʪʠʮʳ (ʂʊʏ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʦʜʢʘʪʝʛʦʨʠʶ 

ʢʦʥʜʝʥʩʠʨʫʝʤʳʭ ʯʘʩʪʠʮ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪʭʦʜʷʱʠʭ ʛʘʟʦʚ ʥʘ ʚʳʭʦʜʝ 

(Feng et al., 2018). ʂʘʢ ʥʘʧʦʤʠʥʘʝʪ (Evans, 2019), ʦʧʨʝʜʝʣʝʥʠʝ ʂʊʏ, ʜʘʥʥʦʝ ɸʛʝʥʪʩʪʚʦʤ 

ʧʦ ʦʭʨʘʥʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (EPA), ʟʚʫʯʠʪ ʪʘʢ: 

çʄʘʪʝʨʠʘʣʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʧʘʨʦʦʙʨʘʟʥʦʡ ʬʘʟʝ ʧʨʠ ʫʩʣʦʚʠʷʭ ʜʳʤʦʚʦʡ ʪʨʫʙʳ, ʥʦ 

ʢʦʥʜʝʥʩʠʨʫʶʱʠʝʩʷ ʠ/ʠʣʠ ʚʩʪʫʧʘʶʱʠʝ ʚ ʨʝʘʢʮʠʶ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʠ ʨʘʟʙʘʚʣʝʥʠʠ ʚ 

ʦʢʨʫʞʘʶʱʝʤ ʚʦʟʜʫʭʝ, ʦʙʨʘʟʫʷ ʪʚʝʨʜʳʝ ʠʣʠ ʞʠʜʢʠʝ ʊʏ ʩʨʘʟʫ ʧʦʩʣʝ ʚʳʙʨʦʩʘ. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʩʝ ʂʊʏ ʩʯʠʪʘʪʁʩʷ ʦʪʥʦʩʷʱʠʤʠʩʷ ʢ ʬʨʘʢʮʠʠ ʊʏ2,5».  

ʂʊʏ ʦʩʪʘʶʪʩʷ ʚ ʛʘʟʦʦʙʨʘʟʥʦʡ ʬʘʟʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪʭʦʜʷʱʠʭ ʛʘʟʦʚ ʜʦ ʚʳʙʨʦʩʘ, ʥʦ 

ʩʨʘʟʫ ʧʝʨʝʭʦʜʷʪ ʚ ʩʦʩʪʦʷʥʠʝ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʧʦʩʣʝ ʧʦʧʘʜʘʥʠʷ ʚ ʘʪʤʦʩʬʝʨʫ. ʂʊʏ 

ʦʙʨʘʟʫʶʪʩʷ ʧʦ ʤʝʭʘʥʠʟʤʫ çʠʩʧʘʨʝʥʠʝ-ʢʦʥʜʝʥʩʘʮʠʷè, ʚʢʣʶʯʘʶʱʝʤʫ ʜʚʘ ʪʠʧʘ ʧʨʦʮʝʩʩʦʚ  

ʬʦʨʤʠʨʦʚʘʥʠʷ ʯʘʩʪʠʮ: çʛʦʤʦʛʝʥʥʦʝ ʟʘʨʦʞʜʝʥʠʝè ʠ çʛʝʪʝʨʦʛʝʥʥʘʷ ʢʦʥʜʝʥʩʘʮʠʷè. ʂʊʏ 

ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʢʣʘʩʩʫ ʊʏ2,5 ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʫʛʨʦʟʫ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʟʜʦʨʦʚʴʷ 

ʯʝʣʦʚʝʢʘ. ʄʝʪʦʜʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʂʊʏ ʜʝʣʷʪʩʷ ʥʘ ʜʚʝ ʢʘʪʝʛʦʨʠʠ: ʤʝʪʦʜ ʦʭʣʘʞʜʝʥʠʷ ʩ 

ʧʦʤʦʱʴʶ ʠʤʧʠʥʜʞʝʨʦʚ ʠ ʤʝʪʦʜ ʨʘʟʙʘʚʣʷʶʱʝʛʦ ʦʭʣʘʞʜʝʥʠʷ. ɺ ʘʥʘʣʠʟʘʭ ʩʦʩʪʘʚʘ ʂʊʏ ʚʦ 

ʤʥʦʛʠʭ ʩʝʢʪʦʨʘʭ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʘ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʂʊʏ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʦʩʪʦʷʪ ʠʟ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʚʳʟʚʘʥʥʳʭ ʧʨʠʩʫʪʩʪʚʠʝʤ  ʩʝʨʳ ʚ ʪʦʧʣʠʚʝ (Yang et al., 

2018, 2015, 2014). ʆʨʛʘʥʠʯʝʩʢʠʝ ʢʦʤʧʦʥʝʥʪʳ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʘʣʢʘʥʳ, 

ʩʣʦʞʥʳʝ ʵʬʠʨʳ ʠ ʜʨʫʛʠʝ ʩʣʦʞʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʇɸʋ). 

ʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʢʦʤʧʦʥʝʥʪʳ ʂʊʏ ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʶ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʠʦʥʦʚ ʚ ʘʪʤʦʩʬʝʨʥʳʭ ʊʏ2,5. ʂʦʥʮʝʧʮʠʷ çʢʦʥʜʝʥʩʠʨʫʝʤʳʭ ʚʝʱʝʩʪʚè 

ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʨʦʣʠ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ ʚʠʜʦʚ ʦʪ ʚʳʙʨʦʩʦʚ 

(ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʥʠʟʢʦʝ ʨʘʟʙʘʚʣʝʥʠʝ) ʜʦ ʦʢʨʫʞʘʶʱʠʭ ʫʩʣʦʚʠʡ (ʥʠʟʢʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʚʳʩʦʢʦʝ ʨʘʟʙʘʚʣʝʥʠʝ). ɼʣʷ ʨʝʰʝʥʠʷ ʚʦʧʨʦʩʦʚ ʫʯʝʪʘ ʢʦʥʜʝʥʩʠʨʫʝʤʳʭ 

ʚʝʱʝʩʪʚ ʚ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚʳʙʨʦʩʦʚ ʙʳʣʘ ʦʨʛʘʥʠʟʦʚʘʥʘ ʩʧʝʮʠʘʣʴʥʘʷ ʩʦʚʤʝʩʪʥʘʷ 

ʠʥʠʮʠʘʪʠʚʘ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʠ ʦʙʱʠʭ ʧʨʘʢʪʠʢ (Simpson, 2020).  

ʇʝʨʚʠʯʥʳʝ ʙʠʦʛʝʥʥʳʝ ʘʵʨʦʟʦʣʠ (POA) ʪʨʘʜʠʮʠʦʥʥʦ ʩʯʠʪʘʣʠʩʴ ʥʝʣʝʪʫʯʠʤʠ ʠ ʠʥʝʨʪʥʳʤʠ 

ʚ ʘʪʤʦʩʬʝʨʥʳʭ ʘʵʨʦʟʦʣʴʥʳʭ ʤʦʜʝʣʷʭ. ʍʦʪʷ ʵʪʠ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʧʦ-ʧʨʝʞʥʝʤʫ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʤʦʜʝʣʝʡ ʭʠʤʠʯʝʩʢʦʛʦ ʧʝʨʝʥʦʩʘ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʦ ʤʥʦʛʠʭ 

ʩʣʫʯʘʷʭ ʦʥʠ ʥʝʚʝʨʥʳ (Donahue et al., 2009). ɹʦʣʴʰʠʥʩʪʚʦ ʠʟʤʝʨʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʘʵʨʦʟʦʣʝʡ ʚ ʘʪʤʦʩʬʝʨʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʦʪʨʠʮʘʪʝʣʴʥʳʝ 
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(ʠʩʧʘʨʝʥʠʝ ʯʘʩʪʠʮ ʧʦʩʣʝ ʩʙʦʨʘ ʥʘ ʬʠʣʴʪʨʝ) ʠ/ʠʣʠ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʘʨʪʝʬʘʢʪʳ/ʠʩʢʘʞʝʥʠʷ 

(ʘʜʩʦʨʙʮʠʷ ʧʘʨʦʚ ʥʘ ʬʠʣʴʪʨʝ), ʫʢʘʟʳʚʘʷ ʥʘ ʧʦʣʫʣʝʪʫʯʫʶ ʧʨʠʨʦʜʫ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʘʵʨʦʟʦʣʝʡ (Turpin et al., 2000). 

ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʙʦʣʝʝ ʜʚʘʜʮʘʪʠ ʣʝʪ ʨʘʟʙʘʚʣʷʶʱʠʝ ʧʨʦʙʦʦʪʙʦʨʥʠʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʳʙʨʦʩʦʚ POA. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʧʨʦʙʦʦʪʙʦʨʥʠʢʦʚ ʙʳʣʦ 

ʤʦʪʠʚʠʨʦʚʘʥʦ ʧʦʣʫʣʝʪʫʯʠʤ ʭʘʨʘʢʪʝʨʦʤ ʧʝʨʚʠʯʥʳʭ ʚʳʙʨʦʩʦʚ. ʍʦʪʷ ʥʝʢʦʪʦʨʳʝ 

ʧʝʨʚʠʯʥʳʝ ʚʳʙʨʦʩʳ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʷʚʣʷʶʪʩʷ ʧʦʣʫʣʝʪʫʯʠʤʠ, ʤʦʜʝʣʠ ʦʙʳʯʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʠʭ ʢʘʢ ʥʝʣʝʪʫʯʠʝ. ʇʦʜʨʘʟʫʤʝʚʘʝʪʩʷ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʠʟʤʝʨʝʥʥʦʝ ʩ 

ʧʦʤʦʱʴʶ ʨʘʟʙʘʚʣʷʶʱʝʛʦ ʧʨʦʙʦʦʪʙʦʨʥʠʢʘ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʝʩʴ ʜʠʘʧʘʟʦʥ ʘʪʤʦʩʬʝʨʥʳʭ 

ʫʩʣʦʚʠʡ, ʤʦʜʝʣʠʨʫʝʤʳʭ ʚ ʤʦʜʝʣʠ, ʠ ʯʪʦ ʧʦʣʫʣʝʪʫʯʘʷ ʧʝʨʚʠʯʥʘʷ ʤʘʩʩʘ ʩʦʩʪʘʚʣʷʝʪ ʤʘʣʫʶ 

ʜʦʣʶ ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ POA. 

ʉ ʫʯʝʪʦʤ ʣʝʪʫʯʝʩʪʠ POA ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ ʢʘʢ ʢʦʥʪʠʥʫʫʤ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʦʪ ʣʝʛʢʠʭ ʃʆʉ ʜʦ ʪʚʝʨʜʦʡ ʩʘʞʠ. ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʝʤʴ 

ʢʘʪʝʛʦʨʠʡ, ʦʪʩʦʨʪʠʨʦʚʘʥʥʳʭ ʧʦ ʫʙʳʚʘʥʠʶ ʣʝʪʫʯʝʩʪʠ:  

i. ʄʝʪʘʥ (ʩʘʤʳʡ ʣʝʛʢʠʡ ʃʆʉ). 

ii. ʅʝʤʝʪʘʥʦʚʳʝ ʃʆʉ (NMVOC), ʦʙʳʯʥʦ ʤʦʣʝʢʫʣʳ ʜʦ 12 ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ, ʭʦʪʷ 

ʤʦʛʫʪ ʚʢʣʶʯʘʪʴʩʷ ʠ ʙʦʣʝʝ ʪʷʞʝʣʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ. 

iii. ʃʝʪʫʯʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʩʨʝʜʥʝʡ ʣʝʪʫʯʝʩʪʠ (IVOC). 

iv. ʇʦʣʫʣʝʪʫʯʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ (SVOC), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʜʝʣʝʥʳ 

ʥʘ SVOC ʠ LVOC (ʥʠʟʢʦʣʝʪʫʯʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ). 

v. ʅʝʣʝʪʫʯʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʘʵʨʦʟʦʣʠ ʠʣʠ ʢʨʘʡʥʝ ʥʠʟʢʦʣʝʪʫʯʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ (ELVOC). 

vi. ʕʣʝʤʝʥʪʘʨʥʳʡ ʫʛʣʝʨʦʜ ʠʣʠ ʯʝʨʥʳʡ ʫʛʣʝʨʦʜ (ʏʋ), ʩʦʩʪʦʷʱʠʡ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʠʟ ʫʛʣʝʨʦʜʘ ʩ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ. ʕʪʦʪ ʚʠʜ ʦʙʳʯʥʦ ʥʝ 

ʢʣʘʩʩʠʬʠʮʠʨʫʝʪʩʷ ʢʘʢ ʦʨʛʘʥʠʯʝʩʢʠʡ. 

ʂʘʪʝʛʦʨʠʠ (i) ʠ (ii) ʚʩʝʛʜʘ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʥʘʭʦʜʷʱʠʤʠʩʷ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʩʪʝʧʝʥʠ ʨʘʟʙʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ. ʆʧʨʝʜʝʣʝʥʠʝ ʃʆʉ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ ʩʪʨʘʥʳ ʢ ʩʪʨʘʥʝ. 

ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʜʘʞʝ ʚ ʨʘʤʢʘʭ ʦʜʥʦʡ ʩʪʨʘʥʳ ʦʧʨʝʜʝʣʝʥʠʝ ʤʦʞʝʪ ʨʘʟʣʠʯʘʪʴʩʷ. 

ʅʘʫʯʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʃʆʉ ï ʵʪʦ ʦʨʛʘʥʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʢʦʪʦʨʦʝ ʠʩʧʘʨʷʝʪʩʷ ʠʣʠ 

ʧʝʨʝʭʦʜʠʪ ʚ ʧʘʨʦʦʙʨʘʟʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ. ʉ ʧʨʘʚʦʚʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʦʧʨʝʜʝʣʝʥʠʝ ʃʆʉ ʤʦʞʝʪ ʦʪʣʠʯʘʪʴʩʷ. ʅʘʧʨʠʤʝʨ, ʚ ʜʠʨʝʢʪʠʚʝ ʦ ʥʘʮʠʦʥʘʣʴʥʳʭ ʚʳʙʨʦʩʘʭ 

(ɽʉ, 2016) ʃʆʉ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ «ʚʩʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʢʨʦʤʝ ʤʝʪʘʥʘ, ʩʧʦʩʦʙʥʳʝ ʦʙʨʘʟʦʚʳʚʘʪʴ ʬʦʪʦʭʠʤʠʯʝʩʢʠʝ ʦʢʠʩʣʠʪʝʣʠ 

ʚ ʨʝʘʢʮʠʷʭ ʩ ʦʢʩʠʜʘʤʠ ʘʟʦʪʘ ʧʨʠ ʥʘʣʠʯʠʠ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ». 

ʂʘʪʝʛʦʨʠʠ (iii) ʠ (iv) ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʤʝʞʜʫ ʛʘʟʦʚʦʡ ʠ ʪʚʝʨʜʦʡ ʬʘʟʘʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʪʝʧʝʥʠ ʨʘʟʙʘʚʣʝʥʠʷ. ʆʧʨʝʜʝʣʝʥʠʝ IVOC ʚʳʟʳʚʘʝʪ ʩʧʦʨʳ ʠ ʙʫʜʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʜʘʣʝʝ ʚ ʵʪʦʤ ʦʪʯʝʪʝ. ʉʦʝʜʠʥʝʥʠʷ ʩ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʥʘʩʳʱʝʥʠʷ ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ 10į ʜʦ 10  ʤʢʛ/ʤį, ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ ʣʝʪʫʯʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ  

ʩʨʝʜʥʝʡ ʣʝʪʫʯʝʩʪʠ (IVOC) (Donahue et al., 2009). ʉʘʤʳʝ ʪʷʞʝʣʳʝ SVOC ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʢʘʨʙʦʥʦʚʳʝ ʢʠʩʣʦʪʳ ʠ ʜʣʠʥʥʳʝ ʮʝʧʠ ʘʣʢʘʥʦʚ. ʂʘʪʝʛʦʨʠʷ IVOC ʤʦʞʝʪ 

ʧʝʨʝʩʝʢʘʪʴʩʷ ʩ ʃʆʉ, ʪʘʢ ʢʘʢ ʠʭ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʯʝʪʢʠʝ. ʅʝʜʘʚʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ (Stewart 

et al., 2020) ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʳʙʨʦʩʦʚ IVOC ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ 

ʙʳʪʦʚʦʛʦ ʪʦʧʣʠʚʘ, ʚʢʣʶʯʘʷ ʜʨʝʚʝʩʠʥʫ. 

ʂʘʪʝʛʦʨʠʠ (v) ʠ (vi) ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʪʦʣʴʢʦ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ. ʕʪʘ ʬʘʟʘ ʩʦʩʪʦʠʪ ʠʟ 

ʪʷʞʝʣʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ.  

ɺʝʱʝʩʪʚʘ ʠʟ ʢʘʪʝʛʦʨʠʡ (ii)ï(iv) ʤʦʛʫʪ ʚʩʪʫʧʘʪʴ ʚ ʨʝʘʢʮʠʠ ʚ ʘʪʤʦʩʬʝʨʝ, ʦʙʨʘʟʫʷ 

ʘʵʨʦʟʦʣʴʥʳʝ ʯʘʩʪʠʮʳ, ʧʨʦʜʫʢʪʳ ʵʪʠʭ ʨʝʘʢʮʠʡ ʦʪʥʦʩʷʪʩʷ ʢ ʢʘʪʝʛʦʨʠʷʤ (iv)ï(v) ʟʘ ʩʯʝʪ 
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ʫʚʝʣʠʯʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ, ʚ ʦʩʥʦʚʥʦʤ ʙʣʘʛʦʜʘʨʷ ʜʦʙʘʚʣʝʥʠʶ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ. 

(Donahue et al., 2012; Murphy et al., 2014) ʧʨʝʜʣʦʞʠʣʠ ʜʝʣʝʥʠʝ ʧʦ ʢʣʘʩʩʘʤ ʣʝʪʫʯʝʩʪʠ ʥʘ 

ʦʩʥʦʚʝ ʥʘʩʳʱʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ (ʊʘʙʣʠʮʘ 3).  

 

ʊʘʙʣʠʮʘ 3: ʂʣʘʩʩʳ ʣʝʪʫʯʝʩʪʠ ʣʝʪʫʯʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ (Donahue et al., 2012; 

Murphy et al., 2014). À ʃʆʉ ʠʣʠ NMVOC ʥʝ ʫʢʘʟʘʥʳ ʢʘʢ ʷʚʥʳʝ ʘʙʙʨʝʚʠʘʪʫʨʳ, ʪʘʢ ʢʘʢ ʦʥʠ 

ʷʚʣʷʶʪʩʷ ʥʘʜʤʥʦʞʝʩʪʚʘʤʠ, ʥʘʧʨʠʤʝʨ, ʦʙʳʯʥʦ IVOC ʠ ʥʝʢʦʪʦʨʳʝ SVOC. 

ʆʧʠʩʘʥʠʝ ɸʙʙʨʝʚ. ɼʠʘʧʘʟʦʥ 

ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʥʘʩʳʱʝʥʠʷ (ʤʢʛ/ʤį) 

ʧʨʠ 298 K 

ʉʦʩʪʦʷʥʠʝ ʚ ʘʪʤʦʩʬʝʨʝ 

ʂʨʘʡʥʝ ʥʠʟʢʘʷ 

ʣʝʪʫʯʝʩʪʴ 
ELVOC < 3,2 × 10-4 ʏʘʩʪʠʮʳ 

ʅʠʟʢʘʷ ʣʝʪʫʯʝʩʪʴ LVOC 3,2 × 10-4 ï 3,2 × 10-1 ʇʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʯʘʩʪʠʮʳ 

ʇʦʣʫʣʝʪʫʯʠʝ  SVOC 3,2 × 10-1 - 3,2 × 102 ʊʏ ʠ/ʠʣʠ ʛʘʟʦʚʘʷ ʬʘʟʘ 

ʇʨʦʤʝʞʫʪʦʯʥʘʷ 

ʣʝʪʫʯʝʩʪʴ 
IVOC 3,2 × 102 - 3,2 × 106 ɻʘʟʦʚʘʷ ʬʘʟʘ, ʣʝʛʢʦ 

ʦʢʠʩʣʷʝʪʩʷ ʜʦ SVOC 

ʃʝʪʫʯʠʝÀ
 - > 3,2 × 106 ɻʘʟʦʚʘʷ ʬʘʟʘ 

 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʦʥʜʝʥʩʠʨʫʝʤʳʝ ʚʝʱʝʩʪʚʘ ʦʪʥʦʩʷʪʩʷ ʢ ʢʘʪʝʛʦʨʠʷʤ 

ELVOC ʜʦ SVOC, ʢʘʢ ʧʝʨʚʠʯʥʳʝ, ʪʘʢ ʠ ʚʪʦʨʠʯʥʳʝ (ʥʘʧʨʠʤʝʨ, ʚʪʦʨʠʯʥʳʝ 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʘʵʨʦʟʦʣʠ, SOA) ʧʦ ʧʨʦʠʩʭʦʞʜʝʥʠʶ. ʏʪʦ ʢʘʩʘʝʪʩʷ SOA, ʦʙʨʘʟʫʶʱʠʭʩʷ 

ʧʨʠ ʩʞʠʛʘʥʠʠ ʜʨʝʚʝʩʠʥʳ, (Akherati et al., 2020) ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʝʪʘ 

ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟ ʚʳʙʨʦʩʦʚ ʧʨʠ ʩʞʠʛʘʥʠʠ ʙʠʦʤʘʩʩʳ 

ʠ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚ ʩʦʩʪʘʚʝ SOA ʚ ʨʘʤʢʘʭ ʭʠʤʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ. 

 

ɺ ʨʝʘʣʴʥʳʭ ʘʪʤʦʩʬʝʨʥʳʭ ʫʩʣʦʚʠʷʭ ʠʟʤʝʥʝʥʠʝ ʚʳʙʨʦʩʦʚ ʤʦʞʥʦ ʦʧʠʩʘʪʴ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩʫʥʢʝ 5. ʅʘ ʧʝʨʚʳʭ ʩʘʥʪʠʤʝʪʨʘʭ ʠ ʤʝʪʨʘʭ ʪʦʣʴʢʦ ʯʪʦ ʚʳʙʨʦʰʝʥʥʳʝ ʧʝʨʚʠʯʥʳʝ 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʩʧʘʨʷʶʪʩʷ ʠʟ-ʟʘ ʩʠʣʴʥʦʛʦ ʨʘʟʙʘʚʣʝʥʠʷ, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʦʭʣʘʞʜʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʭ ʩʦʭʨʘʥʝʥʠʶ ʠʣʠ ʢʦʥʜʝʥʩʘʮʠʠ ʚ ʪʚʝʨʜʦʡ 

ʬʘʟʝ. ʆʜʥʘʢʦ ʧʨʦʮʝʩʩ ʨʘʟʙʘʚʣʝʥʠʷ ʦʢʘʟʳʚʘʝʪʩʷ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ, ʯʝʤ 

ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʵʪʦʪ ʧʨʦʮʝʩʩ ʧʨʠʚʦʜʠʪ ʢ ʠʩʧʘʨʝʥʠʶ 

ʧʝʨʚʠʯʥʳʭ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʚʝʱʝʩʪʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʨʝʘʢʮʠʠ ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʦʯʝʥʴ 

ʙʳʩʪʨʦ ʚ ʰʣʝʡʬʝ ʚʳʙʨʦʩʦʚ ʙʣʘʛʦʜʘʨʷ ʨʘʟʙʘʚʣʝʥʠʶ ʩʚʝʞʠʤ ʚʦʟʜʫʭʦʤ, ʥʘʩʳʱʝʥʥʳʤ 

ʦʢʠʩʣʠʪʝʣʷʤʠ.
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ʈʠʩʫʥʦʢ 5: ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʩʪʘʨʝʥʠʷ ʚʳʙʨʦʩʦʚ ʚ ʘʪʤʦʩʬʝʨʝ 

 

ʊʝʨʤʠʥʦʣʦʛʠʷ IVOC ʙʳʣʘ ʚʚʝʜʝʥʘ ʜʣʷ ʦʙʲʝʜʠʥʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʢʦʪʦʨʳʝ ʥʝ ʤʦʛʣʠ ʙʳʪʴ 

ʫʯʪʝʥʳ ʤʝʪʦʜʘʤʠ ʠʟʤʝʨʝʥʠʷ ʃʆʉ  ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʙʳʣʠ ʩʣʠʰʢʦʤ ʣʝʪʫʯʠʤʠ, ʯʪʦʙʳ ʙʳʪʴ 

ʟʘʭʚʘʯʝʥʥʳʤʠ ʬʠʣʴʪʨʦʤ ʜʣʷ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʙʦʦʪʙʦʨʥʠʢʘ ʩ PUF 

(Robinson et al., 2007). ʆʜʥʘʢʦ IVOC ʤʦʛʫʪ ʙʳʪʴ ʠʟʤʝʨʝʥʳ ʩ ʧʦʤʦʱʴʶ ʜʝʥʫʜʝʨʘ (Schauer 

et al., 1999). ʕʪʠ IVOC ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʛʘʟʦʬʘʟʥʳʝ SVOC, ʢʦʪʦʨʳʝ ʥʝ ʙʳʣʠ 

ʟʘʭʚʘʯʝʥʳ ʬʠʣʴʪʨʦʤ ʜʣʷ ʯʘʩʪʠʮ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, (Schauer et al., 1999) ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʪʝʨʤʠʥ çʛʘʟʦʬʘʟʥʳʝ SVOCè ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʪʝʭ ʞʝ ʩʦʝʜʠʥʝʥʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʝʪʢʦʛʦ ʨʘʟʛʨʘʥʠʯʝʥʠʷ ʤʝʞʜʫ SVOC ʠ IVOC ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ʂʨʦʤʝ ʪʦʛʦ, ʢʦʣʠʯʝʩʪʚʦ 

SVOC, ʟʘʭʚʘʯʝʥʥʳʭ ʬʠʣʴʪʨʦʤ ʜʣʷ ʯʘʩʪʠʮ, ʟʘʚʠʩʠʪ ʦʪ ʥʝʢʦʪʦʨʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʫʩʣʦʚʠʡ (ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʥʘʛʨʫʟʢʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʘʵʨʦʟʦʣʝʡ), ʯʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʨʘʟʜʝʣʝʥʠʝ 

ʤʝʞʜʫ SVOC ʠ IVOC ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʵʪʠʭ ʫʩʣʦʚʠʡ. ʈʠʩʫʥʦʢ 6 ʠʣʣʶʩʪʨʠʨʫʝʪ 

ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʜʝʨʞʘʥʠʷ SVOC ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʛʘʟ+ʪʚʝʨʜʘʷ ʬʘʟʘ SVOC 

(ʠʣʠ ʦʪʥʦʰʝʥʠʷ SVOC/(SVOC+IVOC)) ʦʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ 

ʨʠʩʫʥʢʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚʳʙʨʦʩʳ ʯʘʩʪʠʮ ʟʘʚʠʩʷʪ ʦʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʫʩʣʦʚʠʡ, ʠ ʯʘʩʪʴ ʚʳʙʨʦʩʦʚ SVOC ʤʦʞʝʪ ʦʪʩʫʪʩʪʚʦʚʘʪʴ ʚ ʢʘʜʘʩʪʨʘʭ ʚʳʙʨʦʩʦʚ. ɽʩʣʠ 

ʠʟʚʝʩʪʥʳ ʢʨʠʚʳʝ ʨʘʟʙʘʚʣʝʥʠʷ, ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʦʜʝʣʠʩʪʘʤʠ ʜʣʷ 

ʦʮʝʥʢʠ ʩʦʦʪʥʦʰʝʥʠʷ SVOC/POA ʚ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʚʳʙʨʦʩʦʚ, ʠʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ ʦ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʥʘʛʨʫʟʢʝ ʦʨʛʘʥʠʯʝʩʢʦʡ ʤʘʩʩʳ.
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ʈʠʩʫʥʦʢ 6: ʅʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʚʳʙʨʦʩʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʘʵʨʦʟʦʣʝʡ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʛʨʫʟʢʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʘʵʨʦʟʦʣʝʡ ʦʪ ʚʳʙʨʦʩʦʚ ʜʚʠʛʘʪʝʣʷ ʥʘ ʜʠʟʝʣʴʥʦʤ 

ʪʦʧʣʠʚʝ ʧʨʠ 300 K (Robinson et al., 2007) 

ʅʘ ʦʩʥʦʚʝ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʯʪʦ çʛʘʟʦʬʘʟʥʳʝ SVOCè ʠʣʠ IVOC ʦʪʩʫʪʩʪʚʫʶʪ ʚ ʢʘʜʘʩʪʨʘʭ 

ʚʳʙʨʦʩʦʚ, (Robinson et al., 2007) ʧʨʝʜʣʦʞʠʣʠ ʩʦʦʪʥʦʰʝʥʠʝ IVOC/POA ʠʣʠ ʩʦʦʪʥʦʰʝʥʠʝ 

ʛʘʟʦʬʘʟʥʳʝ SVOC/ʪʚʝʨʜʦʬʘʟʥʳʝ SVOC ʜʣʷ ʫʯʝʪʘ ʵʪʠʭ ʥʝʜʦʩʪʘʶʱʠʭ ʚʳʙʨʦʩʦʚ. ɺ ʩʚʦʝʡ 

ʨʘʙʦʪʝ ʦʥʠ ʩʦʦʙʱʠʣʠ ʦ ʩʦʦʪʥʦʰʝʥʠʠ 2,8 ʜʣʷ ʚʳʙʨʦʩʦʚ ʘʚʪʦʤʦʙʠʣʝʡ ʩ ʙʝʥʟʠʥʦʚʳʤ 

ʜʚʠʛʘʪʝʣʝʤ, ʦʙʦʨʫʜʦʚʘʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʤ, ʠ 1,5 ʜʣʷ ʚʳʙʨʦʩʦʚ ʦʪ ʜʠʟʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ 

ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ, ʦʩʥʦʚʳʚʘʷʩʴ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ ʜʘʥʥʳʭ (Schauer et al., 2002, 1999), ʠ 

ʚʳʙʨʘʣʠ ʟʥʘʯʝʥʠʝ 1,5. ʕʪʦ ʩʦʦʪʥʦʰʝʥʠʝ 1,5 ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʦʣʴʰʠʥʩʪʚʦʤ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʛʨʫʧʧ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ (Bergstrºm et 

al., 2012; Chen et al., 2019; Couvidat et al., 2018a, 2018b; Denier van der Gon et al., 2015; 

Hodzic et al., 2010; Koo et al., 2014; Tsimpidi et al., 2010; Zhang et al., 2013). (Ots et al., 2016) 

ʧʨʝʜʣʦʞʠʣʠ ʤʘʩʰʪʘʙʠʨʦʚʘʪʴ ʚʳʙʨʦʩʳ IVOC ʥʘ ʃʆʉ ʥʘ ʦʩʥʦʚʝ ʧʦʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʧʨʦʚʝʜʝʥʥʳʭ ʥʘ ʛʦʨʦʜʩʢʦʡ ʩʪʘʥʮʠʠ ʚ ʃʦʥʜʦʥʝ. 

ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʚ ʨʘʙʦʪʘʭ Schauer (Schauer et al., 2002, 1999), ʦʪʨʘʞʘʶʪ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʳʙʨʦʩʦʚ ʘʤʝʨʠʢʘʥʩʢʠʭ ʜʠʟʝʣʴʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʢʦʥʮʘ 90-ʭ ʛʦʜʦʚ ʠ 

ʧʦʵʪʦʤʫ ʠʭ ʪʨʫʜʥʦ ʵʢʩʪʨʘʧʦʣʠʨʦʚʘʪʴ ʥʘ ʩʦʚʨʝʤʝʥʥʳʡ ʘʚʪʦʧʘʨʢ ʝʚʨʦʧʝʡʩʢʠʭ ʣʝʛʢʦʚʳʭ 

ʘʚʪʦʤʦʙʠʣʝʡ. ʆʜʥʘʢʦ, ʠʩʧʦʣʴʟʫʷ ʠʟʤʝʨʝʥʠʷ ʥʘ ʬʨʘʥʮʫʟʩʢʠʭ ʣʝʛʢʦʚʳʭ ʘʚʪʦʤʦʙʠʣʷʭ, 

(Kim et al., 2016) ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ 1,5 ʤʦʞʝʪ ʙʳʪʴ ʚʧʦʣʥʝ ʧʦʜʭʦʜʷʱʠʤ 

ʜʣʷ ʣʝʛʢʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʚʦ ʌʨʘʥʮʠʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʵʪʦʪ ʢʦʵʬʬʠʮʠʝʥʪ 1,5 ʷʚʥʦ ʥʝ 

ʧʦʜʭʦʜʠʪ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚʩʝʛʦ ʩʦʚʨʝʤʝʥʥʦʛʦ ʘʚʪʦʧʘʨʢʘ. ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 



ʎɻ ʊʕɺ - ʉʦʢʨʘʱʝʥʠʝ ʚʳʙʨʦʩʦʚ ʏʋ ʠ ʇɸʋ - ʜʝʢʘʙʨʴ 2020 
42  

ʨʫʢʦʚʦʜʩʪʚʦ ʧʦ ʢʘʜʘʩʪʨʘʤ ʚʳʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʫ ɽʄɽʇ/ɽɸʆʉ 

ʥʘʢʣʘʜʳʚʘʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʚʳʙʨʦʩʦʚ: ʝʛʦ ʠʟʤʝʨʝʥʠʝ 

ʜʦʣʞʥʦ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʥʘ ʬʠʣʴʪʨʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʠʞʝ 52ÁC. ʋʢʘʟʘʥʥʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʳʙʨʦʩʦʚ ʤʦʛʫʪ ʚʢʣʶʯʘʪʴ ʟʥʘʯʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʥʠʟʢʠʭ, ʩʨʝʜʥʠʭ ʠ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʘ ʪʘʢʞʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʳʙʨʦʩʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʨʘʟʣʠʯʥʳʝ 

ʩʦʦʪʥʦʰʝʥʠʷ ʛʘʟʦʬʘʟʥʳʝ SVOC/ʪʚʝʨʜʦʬʘʟʥʳʝ SVOC. 

ʂʨʦʤʝ ʪʦʛʦ, ʩ ʚʥʝʜʨʝʥʠʝʤ ʩʘʞʝʚʳʭ ʬʠʣʴʪʨʦʚ ʚ ʜʠʟʝʣʴʥʳʭ ʣʝʛʢʦʚʳʭ ʘʚʪʦʤʦʙʠʣʷʭ 

ʢʦʣʠʯʝʩʪʚʦ ʚʳʙʨʦʩʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʘʵʨʦʟʦʣʝʡ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʣʦʩʴ. ʇʦʵʪʦʤʫ, 

ʩʦʛʣʘʩʥʦ ʨʠʩʫʥʢʫ 6, ʜʦʣʷ SVOC ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ, ʚʝʨʦʷʪʥʦ, ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʩʷ ʠʟ-ʟʘ 

ʩʥʠʞʝʥʠʷ ʥʘʛʨʫʟʢʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʘʵʨʦʟʦʣʝʡ ʚ ʨʘʟʙʘʚʣʷʶʱʝʤ ʧʨʦʙʦʦʪʙʦʨʥʠʢʝ. 

ɹʫʨʳʡ ʫʛʣʝʨʦʜ ʤʦʞʝʪ ʦʪʥʦʩʠʪʴʩʷ ʢ ʥʠʟʢʦʣʝʪʫʯʠʤ ʦʨʛʘʥʠʯʝʩʢʠʤ ʩʦʝʜʠʥʝʥʠʷʤ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʚʳʙʨʘʩʳʚʘʪʴʩʷ ʠʣʠ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʙʘʚʣʝʥʠʷ, ʣʠʙʦ ʬʦʨʤʠʨʦʚʘʪʴʩʷ 

ʧʦʟʞʝ ʚ ʫʩʣʦʚʠʷʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ʈʠʩʫʥʦʢ 7), ʢʘʢ ʦʙʩʫʞʜʘʝʪʩʷ ʚ (Kampf et al., 2016) 

ʜʣʷ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ SOA. çʉʝʨʘʷ ʟʦʥʘè ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʝʯʝʥʴ ʩʦʝʜʠʥʝʥʠʡ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʥʝ ʟʘʭʚʘʪʳʚʘʪʴʩʷ ʤʝʪʦʜʠʢʦʡ ʦʪʙʦʨʘ ʧʨʦʙ, ʣʠʙʦ ʠʭ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ 

ʣʝʪʫʯʠʤ ʠʣʠ ʥʝʣʝʪʫʯʠʤ ʚʝʱʝʩʪʚʘʤ. ɼʠʥʘʤʠʢʘ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ 

ʤʘʩʩʦʚʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ. ʕʪʠ ʩʦʦʪʥʦʰʝʥʠʷ  ʚʘʨʴʠʨʦʚʘʣʠʩʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ 

ʪʦʧʣʠʚʘ ʠ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʦʙʨʘʪʥʫʶ ʢʦʨʨʝʣʷʮʠʶ ʩ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʂʇɼ ʩʞʠʛʘʥʠʷ 

(MCE) ʪʦʧʣʠʚʘ (Fortner et al., 2018), ʘ ʪʘʢʞʝ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʢʦʨʨʝʣʷʮʠʶ ʩ ʧʨʦʮʝʩʩʦʤ 

ʩʪʘʨʝʥʠʷ ʚʳʙʨʦʩʦʚ. 
 

 
ʈʠʩʫʥʦʢ 7: ʉʠʥʦʧʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ ʚʝʱʝʩʪʚ ʦʪ ʛʨʘʬʠʪʦʚʦʛʦ 

ʫʛʣʝʨʦʜʘ (EC) ʜʦ NMVOC  

 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʮʝʣʠ ʠʟʤʝʨʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʪʨʘʪʝʛʠʠ ʦʪʙʦʨʘ ʧʨʦʙ, 

ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʦʜʫʢʮʠʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ 

ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ (Nussbaumer, 2010a) ʠ ʧʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ 

ʤʝʪʦʜʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ ʦʮʝʥʢʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʳʙʨʦʩʦʚ ʊʏ (ʂɺ), ʘ ʪʘʢʞʝ ʪʦʛʦ, ʢʘʢ 
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ʢʦʥʜʝʥʩʠʨʫʝʤʳʝ ʚʝʱʝʩʪʚʘ ʤʦʛʫʪ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʠʟʤʝʨʝʥʠʷ (ʊʘʙʣʠʮʘ 10 ʠ ʈʠʩʫʥʦʢ 8). 

ɺʦʟʜʝʡʩʪʚʠʝ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʙʳʣʦ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʦ ʚ (Habib and Kumar, 2016), 

ʛʜʝ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʧʦʨʪʘʪʠʚʥʳʡ ʨʘʟʙʘʚʣʷʶʱʠʡ ʧʨʦʙʦʦʪʙʦʨʥʠʢ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʘʵʨʦʟʦʣʝʡ ʦʪ ʩʪʘʮʠʦʥʘʨʥʳʭ ʠ ʤʦʙʠʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʛʦʨʘʥʠʷ. ɼʣʷ ʚʳʙʨʦʩʦʚ ʊʏ2,5 ʧʨʠ 

ʩʞʠʛʘʥʠʠ ʜʨʝʚʝʩʠʥʳ ʚ ʛʘʟʦʛʝʥʝʨʘʪʦʨʥʦʡ ʧʣʠʪʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʫʤʝʨʝʥʥʦʝ ʩʥʠʞʝʥʠʝ  

(13%) ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʟʙʘʚʣʝʥʠʷ ʩ 75:1 ʜʦ 108:1 ʤʛ/ʢʤ. ʆʜʥʘʢʦ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʥʘ 37% (ʩ 221 ʜʦ 139 ʤʛ/ʢʤ) ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʜʣʷ ʣʝʛʢʦʚʳʭ 

ʜʠʟʝʣʴʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʟʙʘʚʣʝʥʠʷ ʩ 39:1 ʜʦ 144:1. 

ʊʘʢʞʝ ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʫʤʝʥʴʰʝʥʠʝ ʫʨʦʚʥʷ ʚʳʙʨʦʩʦʚ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʭʚʘʪʢʝ ʩʦʨʙʮʠʦʥʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦʤ 

ʚʨʝʤʝʥʠ ʧʨʝʙʳʚʘʥʠʷ ʜʣʷ ʢʦʥʜʝʥʩʘʮʠʠ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʯʘʩʪʠʮ ʠʟ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʧʨʠ ʚʳʩʦʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʨʘʟʙʘʚʣʝʥʠʷ. 

ʆʜʠʥ ʠʟ ʚʘʞʥʳʭ ʚʳʚʦʜʦʚ, ʩʜʝʣʘʥʥʳʭ (Giechaskiel, 2020), ʪʘʢʞʝ ʧʦʜʯʝʨʢʠʚʘʝʪ ʟʥʘʯʝʥʠʝ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʨʘʟʙʘʚʣʷʶʱʝʛʦ ʧʨʦʙʦʦʪʙʦʨʥʠʢʘ (ʥʘʧʨʠʤʝʨ, ʦʪʢʨʳʪʘʷ ʠʣʠ ʟʘʢʨʳʪʘʷ ʪʨʫʙʘ 

ʧʝʨʝʜʘʯʠ ʢ ʪʫʥʥʝʣʶ ʨʘʟʙʘʚʣʝʥʠʷ; ʦʙʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʜʦʧʫʩʢʘʶʪʩʷ ʪʝʢʫʱʠʤ 

ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦʤ) ʜʣʷ ʤʦʪʦʮʠʢʣʘ ʩʪʘʥʜʘʨʪʘ ɽʚʨʦ 4. ɹʦʣʝʝ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʤʠ ʜʣʷ 

ʨʝʘʣʴʥʳʭ ʚʳʙʨʦʩʦʚ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʤʦʪʦʮʠʢʣʘ (3 Ĭ 10ĭĭ #/ʢʤ) ʦʢʘʟʘʣʠʩʴ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ 

çʦʪʢʨʳʪʦʡè ʢʦʥʬʠʛʫʨʘʮʠʠ. ɿʘʢʨʳʪʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʧʦʢʘʟʘʣʘ ʙʦʣʝʝ ʥʠʟʢʠʝ ʚʳʙʨʦʩʳ 

ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʠʟ-ʟʘ ʘʛʣʦʤʝʨʘʮʠʠ (30%), ʦʜʥʘʢʦ, ʯʪʦ ʝʱʝ ʚʘʞʥʝʝ, ʦʥʘ ʧʨʠʚʝʣʘ ʢ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʦʙʱʠʤ ʚʳʙʨʦʩʘʤ ʯʘʩʪʠʮ (ʚʢʣʶʯʘʷ ʣʝʪʫʯʠʝ ʚʝʱʝʩʪʚʘ) ï ʙʦʣʝʝ 

ʯʝʤ ʥʘ ʧʦʨʷʜʦʢ ʚʳʰʝ, ʠʟ-ʟʘ ʜʝʩʦʨʙʮʠʠ ʦʩʝʚʰʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʪʨʫʙʝ ʧʝʨʝʜʘʯʠ ʢ ʪʫʥʥʝʣʶ 

ʨʘʟʙʘʚʣʝʥʠʷ ʧʨʠ ʜʚʠʞʝʥʠʠ ʥʘ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʚʳʙʨʦʩʦʚ ʤʦʪʦʮʠʢʣʦʚ ʩʣʝʜʫʝʪ ʦʪʜʘʚʘʪʴ ʧʨʝʜʧʦʯʪʝʥʠʝ ʠʟʤʝʨʝʥʠʷʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʪʦʜʦʚ ʩʤʝʰʠʚʘʥʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʫ ʚʳʭʣʦʧʥʦʡ ʪʨʫʙʳ (ʥʘʧʨʠʤʝʨ, ʦʪʢʨʳʪʘʷ 

ʢʦʥʬʠʛʫʨʘʮʠʷ ʠʣʠ ʪʨʦʡʥʠʢ ʜʣʷ ʩʤʝʰʠʚʘʥʠʷ). 
 

ʈʠʩʫʥʦʢ 8: ʉʨʘʚʥʝʥʠʝ ʦʪʙʦʨʘ ʧʨʦʙ ʊʏ ʩ ʊʏ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ (Nussbaumer, 2010a). SP: 

ʌʠʣʴʪʨ (ʄʝʪʦʜ a), ʢʦʪʦʨʳʡ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʨʝʥʠʶ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ (ʊʏ, ʆɺʏ). SPC: 

ʌʠʣʴʪʨ + ʠʤʧʠʥʜʞʝʨ (ʄʝʪʦʜ b), ʢʦʪʦʨʳʡ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʨʝʥʠʶ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʠ 

ʢʦʥʜʝʥʩʠʨʫʝʤʳʭ ʚʝʱʝʩʪʚ (SPC). DT: ʊʫʥʥʝʣʴ ʨʘʟʙʘʚʣʝʥʠʷ (ʄʝʪʦʜ c) ʩ ʪʠʧʠʯʥʳʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʨʘʟʙʘʚʣʝʥʠʷ (DR) ʧʦʨʷʜʢʘ 10, ʢʦʪʦʨʳʡ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʨʝʥʠʶ ʊʏ, 

ʚʢʣʶʯʘʷ SPC ʠ ʙʦʣʴʰʠʥʩʪʚʦ ʠʣʠ ʚʩʝ ʢʦʥʜʝʥʩʠʨʫʝʤʳʝ ʚʝʱʝʩʪʚʘ (C). DT ʵʢʚʠʚʘʣʝʥʪʝʥ ʠʣʠ 
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ʥʝʤʥʦʛʦ ʤʝʥʴʰʝ SPC + C ʠʟ-ʟʘ ʧʦʪʝʥʮʠʘʣʴʥʦ ʥʝʧʦʣʥʦʡ ʢʦʥʜʝʥʩʘʮʠʠ, ʟʘʚʠʩʷʱʝʡ ʦʪ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʟʙʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʙʦʦʪʙʦʨʘ (ʪʘʢ ʢʘʢ ʨʘʟʙʘʚʣʝʥʠʝ ʩʥʠʞʘʝʪ ʥʝ 

ʪʦʣʴʢʦ ʪʝʤʧʝʨʘʪʫʨʫ, ʥʦ ʠ ʧʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ). DS: 

ʈʘʟʙʘʚʣʷʶʱʠʡ ʧʨʦʙʦʦʪʙʦʨʥʠʢ ʩ ʚʳʩʦʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʨʘʟʙʘʚʣʝʥʠʷ (DR> 100). ʊʏ10: 

ʉʫʤʤʘʨʥʳʝ ʪʚʝʨʜʳʝ ʯʘʩʪʠʮʳ ʩ ʜʠʘʤʝʪʦʤ <10 ʤʢʤ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, 

ʚʢʣʶʯʘʷ SP ʠ ʚʪʦʨʠʯʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʘʵʨʦʟʦʣʠ (SOA). SOA: ɺʪʦʨʠʯʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʘʵʨʦʟʦʣʠ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʢʦʥʜʝʥʩʠʨʫʝʤʳʭ ʚʝʱʝʩʪʚ (C) ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʠ SOA, 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʪʦʨʠʯʥʳʭ ʨʝʘʢʮʠʡ, ʪʘʢʠʭ ʢʘʢ ʬʦʪʦʭʠʤʠʯʝʩʢʦʝ ʦʢʠʩʣʝʥʠʝ. 

*SO  ʠ ʜʨʫʛʠʝ ʨʘʩʪʚʦʨʠʤʳʝ ʛʘʟʦʦʙʨʘʟʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʚ ʦʪʭʦʜʷʱʠʭ ʛʘʟʘʭ ʤʦʛʫʪ 

ʨʘʩʪʚʦʨʷʪʴʩʷ ʚ ʠʤʧʠʥʜʞʝʨʘʭ. **ɺ ʩʣʫʯʘʝ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʱʝʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ 

(TOC) ʚ ʠʤʧʠʥʜʞʝʨʘʭ ʤʘʩʩʘ O, H, N, S ʠ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʢʦʥʜʝʥʩʠʨʫʝʤʳʭ ʚʝʱʝʩʪʚʘʭ, ʜʦʣʞʥʘ ʫʯʠʪʳʚʘʪʴʩʷ ʦʪʜʝʣʴʥʦ. ***ʆʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʞʠʜʢʠʤʠ ʠʣʠ ʪʚʝʨʜʳʤʠ ʧʨʠ ʧʘʨʮʠʘʣʴʥʦʤ ʜʘʚʣʝʥʠʠ ʚ 

ʦʪʭʦʜʷʱʠʭʦʪʭʦʜʷʱʠʭ ʛʘʟʘʭ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʥʦ ʩʪʘʥʦʚʷʪʩʷ ʣʝʪʫʯʠʤʠ 

ʧʨʠ ʦʪʙʦʨʝ ʧʨʦʙ ʠʟ-ʟʘ ʫʤʝʥʴʰʝʥʥʦʛʦ ʧʘʨʮʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʰʝ 

ʦʢʨʫʞʘʶʱʝʡ. 

ʇʨʦʙʣʝʤʘ ʢʦʥʜʝʥʩʠʨʫʝʤʳʭ ʚʝʱʝʩʪʚ ʢʨʠʪʠʯʥʘ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʳʙʨʦʩʦʚ ʊʏ. 

ʅʝʜʘʚʥʦ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʪʝʩʪʦʚʳʡ ʤʝʪʦʜ EN-PME ʚ ʢʘʯʝʩʪʚʝ 

ʚʨʝʤʝʥʥʦʛʦ ʤʝʪʦʜʘ ʪʝʩʪʠʨʦʚʘʥʠʷ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ (ʘʥʘʣʦʛʠʯʥʦ ʤʝʪʦʜʫ ʥʘʛʨʝʚʘʪʝʣʴʥʦʛʦ 

ʬʠʣʴʪʨʘ) ʜʣʷ ʦʪʦʧʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʥʘ ʜʨʝʚʝʩʠʥʝ (Kausch et al., 2020). ʕʪʦʪ ʤʝʪʦʜ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʝʢʦʤʝʥʜʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʪʝʩʪʦʚʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʩʪʘʥʜʘʨʪʘ EN16510, ʠ 

ʚʝʜʝʪʩʷ ʧʨʦʝʢʪ ʚʝʨʠʬʠʢʘʮʠʠ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʵʪʦʛʦ ʤʝʪʦʜʘ. ʇʨʷʤʦʝ ʩʨʘʚʥʝʥʠʝ ʤʝʪʦʜʘ 

ʦʪʙʦʨʘ ʧʨʦʙ EN-PME ʠ ʤʝʪʦʜʘ NS3058 (ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʪʫʥʥʝʣʝ ʨʘʟʙʘʚʣʝʥʠʷ), 

ʧʨʦʚʝʜʝʥʥʦʝ ʚ ʨʘʤʢʘʭ ʪʝʢʫʱʝʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʢʘʤʧʘʥʠʠ, ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚʳʙʨʦʩʳ, 

ʠʟʤʝʨʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ NS, ʚ 11 ʨʘʟ ʚʳʰʝ ï 108 ʤʛ/ʄɼʞ ʧʨʦʪʠʚ 14 ʤʛ/ʄɼʞ, ʠʟʤʝʨʝʥʥʳʭ 

ʤʝʪʦʜʦʤ EN-PME. ʈʘʟʣʠʯʠʷ ʚʘʨʴʠʨʫʶʪʩʷ ʦʪ 2 ʜʦ 60 ʨʘʟ, ʯʪʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʩʚʷʟʘʥʦ ʩ ʢʦʥʜʝʥʩʠʨʫʝʤʳʤʠ ʚʝʱʝʩʪʚʘʤʠ. 

 

ɼʣʷ ʠʣʣʶʩʪʨʘʮʠʠ ʩʣʦʞʥʦʩʪʠ ʷʚʣʝʥʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʩʨʘʟʫ ʧʦʩʣʝ ʚʳʙʨʦʩʦʚ, (Bertrand et 

al., 2018) ʠʩʧʦʣʴʟʦʚʘʣʠ ʛʘʟʦʚʳʡ ʭʨʦʤʘʪʦʛʨʘʬ ʘʵʨʦʟʦʣʴʥʦʛʦ ʪʝʨʤʦʜʝʩʦʨʙʮʠʦʥʥʦʛʦ 

ʘʥʘʣʠʟʘ, ʩʦʝʜʠʥʝʥʥʳʡ ʩ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʦʤ ʘʵʨʦʟʦʣʝʡ (TAGïɸʄʉ), ʧʦʜʢʣʶʯʝʥʥʳʤ ʢ 

ʘʪʤʦʩʬʝʨʥʦʡ ʢʘʤʝʨʝ. ʕʪʘ ʫʩʪʘʥʦʚʢʘ ʧʦʟʚʦʣʷʝʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʠʟʫʯʠʪʴ ʚʦʟʜʝʡʩʪʚʠʝ 

ʫʩʣʦʚʠʡ ʩʛʦʨʘʥʠʷ ʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʩʪʘʨʝʥʠʷ ʥʘ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʘʵʨʦʟʦʣʝʡ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʩʞʠʛʘʥʠʠ ʙʠʦʤʘʩʩʳ, ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ. ʊʘʙʣʠʮʘ 4 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʝʟʫʣʴʪʘʪʳ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʢʣʶʯʘʶʱʠʭ ʪʨʠ ʪʠʧʘ ʧʝʯʝʡ. ɺʪʦʨʠʯʥʦʝ 

ʦʙʨʘʟʦʚʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʘʵʨʦʟʦʣʝʡ (OA) ʥʘʠʙʦʣʝʝ ʚʝʣʠʢʦ ʜʣʷ ʧʝʯʝʡ ʥʘ ʜʨʦʚʘʭ, ʯʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʙʳʩʪʨʳʤ ʦʢʠʩʣʝʥʠʝʤ ʜʦʣʠ ʧʝʨʚʠʯʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʘʵʨʦʟʦʣʝʡ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʜʘʥʥʳʤʠ (Zhou et al., 2018), ʢʦʪʦʨʳʝ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʳʙʨʦʩʦʢ ʨʝʘʢʪʠʚʥʳʭ ʢʠʩʣʦʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

(EFROS) ʧʨʠ ʧʣʦʭʠʭ ʫʩʣʦʚʠʷʭ ʩʛʦʨʘʥʠʷ ʙʳʣʠ ʧʨʠʤʝʨʥʦ ʚ 2ï80 ʨʘʟ ʚʳʰʝ, ʯʝʤ ʧʨʠ 

ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʊʘʢʞʝ (Kodros et al., 2020) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʚʝʞʠʝ ʚʳʙʨʦʩʳ ʦʪ 

ʩʞʠʛʘʥʠʷ ʙʠʦʤʘʩʩʳ, ʧʦʜʚʝʨʛʰʠʝʩʷ ʚʦʟʜʝʡʩʪʚʠʶ NO2 ʠ O3 (ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʠ ʨʘʜʠʢʘʣʘ 

NO3), ʙʳʩʪʨʦ ʬʦʨʤʠʨʫʶʪ ʦʢʠʩʣʝʥʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʘʵʨʦʟʦʣʠ (OOA) ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʫʩʣʦʚʠʷʭ ʟʘ ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ ʠ ʙʝʟ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ. 
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ʊʘʙʣʠʮʘ 4: ʈʝʟʶʤʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʫʩʣʦʚʠʡ ʚ ʢʘʤʝʨʝ ʜʦ ʚʢʣʶʯʝʥʠʷ ʩʚʝʪʘ (ʧʦʩʣʝ ʵʪʘʧʘ 

ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ). MCE ʦʙʦʟʥʘʯʘʝʪ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʝ ʂʇɼ ʩʞʠʛʘʥʠʷ 

ʪʦʧʣʠʚʘ, THC ï ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʚʦʜʦʨʦʜʦʚ (Bertrand et al., 2018). 

ʇʝʯʴ ʕʢʩ

ʧ. 

ˉ 

MCE N° 

TAG- 

ɸʄʉ 

*eBC 

ʤʢʛ m-3 

*POA 

ʤʢʛ m-3 

**OA 

ʤʢʛ m-3 

*NOx 

ppb 

THC/NOx 

ppb/ppb 

Cresol/NOx 

ppb/ppb 

 
1 0,85 6 17 122 495 98 31,5 1,1 × 10-1 

ʇʝʯʴ A 

(ɹʫʢ ʢʘʢ 

ʜʨʦʚʘ) 

2 0,84 7 12 177 785 252 26,9 1,1 × 10-1 

3 0,83 7 6 71 388 90 38,5 1,2 × 10-1 

 4 0,91 8 5 10 72 128 7,7 2,7 × 10-2 

 
5 0,80 7 5 41 143 50 47,2 1,2 × 10-1 

ʇʝʯʴ B 

(ɹʫʢ ʢʘʢ 

ʜʨʦʚʘ) 

6 0,87 7 13 38 202 119 18,1 5,0 × 10-2 

7 0,82 6 6 45 289 114 24,3 7,2 × 10-2 

 8 0,90 7 4 9 53 80 19,6 4,5 × 10-2 

 

ʇʝʯʴ C 

(ʇʝʣʣʝʪʳ 

ʠʟ 

ʭʚʦʡʥʳʭ) 

9 0,97 5 107 10 19 161 5,2 1,2 × 10-3 

10 0,97 6 130 10 19 205 5,8 4,7 × 10-4 

11 0,97 5 144 10 22 228 5,9 3,5 × 10-4 

ʇʨʠʤʝʯʘʥʠʷ: *ɿʥʘʯʝʥʠʷ ʠʟʤʝʨʝʥʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʚʢʣʶʯʝʥʠʝʤ ʩʚʝʪʘ. ** ɿʥʘʯʝʥʠʷ ʠʟʤʝʨʝʥʳ ʩ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ OH = 5 Ĭ 10  ʤʦʣʝʢʫʣ ʩʤ į ʯ. 

 

 

ʂʘʢ ʦʙʩʫʞʜʘʝʪʩʷ ʚ ʨʘʙʦʪʝ (Vicente and Alves, 2018), ʢʦʤʧʠʣʷʮʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʚʳʙʨʦʩʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ ʩʣʝʜʫʶʱʠʭ ʨʘʟʜʝʣʘʭ, ʦʩʥʦʚʘʥʘ ʥʘ ʩʚʝʞʝʤ ʜʳʤʝ, ʦʪʦʙʨʘʥʥʦʤ 

ʫ ʠʩʪʦʯʥʠʢʘ, ʢʦʪʦʨʳʡ ʦʙʳʯʥʦ ʦʭʣʘʞʜʘʣʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʥʦ 

ʧʦʜʚʝʨʛʘʣʩʷ ʤʠʥʠʤʘʣʴʥʦʤʫ ʬʦʪʦʭʠʤʠʯʝʩʢʦʤʫ ʩʪʘʨʝʥʠʶ. ɼʦʩʪʘʪʦʯʥʦ ʤʘʣʦ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʧʦʩʚʷʱʝʥʦ ʦʙʨʘʙʦʪʢʝ ʚʳʙʨʦʩʦʚ ʧʦʩʣʝ ʠʭ ʚʳʜʝʣʝʥʠʷ, ʠ, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʜʘʥʥʳʝ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠʣʠ ʦʛʨʘʥʠʯʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʤʝʭʘʥʠʟʤʘ ʚ ʤʦʜʝʣʷʭ 

ʬʦʪʦʭʠʤʠʠ ʜʳʤʘ ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥʳ. ʌʦʪʦʭʠʤʠʯʝʩʢʦʝ ʦʢʠʩʣʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʦʙʨʘʟʦʚʘʥʠʶ ʥʦʚʳʭ SOA. ʃʠʰʴ ʥʝʙʦʣʴʰʘʷ ʯʘʩʪʴ ʵʪʠʭ ʥʦʚʳʭ SOA ʤʦʞʝʪ 

ʙʳʪʴ ʦʙʲʷʩʥʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʤʦʜʝʣʝʡ ʚʪʦʨʠʯʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʘʵʨʦʟʦʣʝʡ ʠ ʠʟʤʝʨʝʥʥʳʤ ʨʘʩʧʘʜʦʤ ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʨʝʢʫʨʩʦʨʦʚ SOA. ʇʨʠʤʝʥʝʥʠʝ 

ʤʦʜʝʣʝʡ, ʢʦʪʦʨʳʝ ʷʚʥʦ ʦʪʩʣʝʞʠʚʘʶʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠ ʩʪʘʨʝʥʠʝ ʥʠʟʢʦʣʝʪʫʯʠʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʚʢʣʶʯʘʷ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʚʠʜʳ, ʩʣʝʜʫʝʪ ʩʨʘʚʥʠʪʴ ʩ 

ʠʟʤʝʨʝʥʠʷʤʠ, ʚʳʧʦʣʥʝʥʥʳʤʠ ʩ ʧʦʤʦʱʴʶ ʥʘʙʦʨʘ ʧʨʠʙʦʨʦʚ ʚ ʢʘʤʝʨʘʭ. ʇʦʜʦʙʥʳʝ ʤʦʜʝʣʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ (Kim et al., 2016). ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʚʷʟʠ ʤʝʞʜʫ 

ʧʨʦʰʝʜʰʠʤ ʚʨʝʤʝʥʝʤ ʧʦʩʣʝ ʚʳʙʨʦʩʘ ʠ ʠʟʤʝʨʝʥʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ OC, ʢʦʥʜʝʥʩʘʮʠʷ 

SVOC ʤʝʞʜʫ ʛʘʟʦʚʦʡ ʠ ʪʚʝʨʜʦʡ ʬʘʟʘʤʠ ʤʦʜʝʣʠʨʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʘʵʨʦʟʦʣʴʥʦʡ ʤʦʜʝʣʠ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ (Kim et al., 2016), 

ʧʦʟʚʦʣʷʶʪ ʧʦʥʷʪʴ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʚʨʝʤʝʥʝʤ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʚ ʛʘʟʦʚʦʡ ʠ ʪʚʝʨʜʦʡ 

ʬʘʟʘʭ. ʆʥʠ ʫʢʘʟʳʚʘʶʪ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦʝ ʚʨʝʤʷ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʨʘʚʥʦʚʝʩʠʷ ʤʝʞʜʫ ʛʘʟʦʚʦʡ ʠ ʪʚʝʨʜʦʡ ʬʘʟʘʤʠ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʜʦ 8 ʤʠʥʫʪ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʝʩʣʠ ʚʨʝʤʷ, ʧʨʦʰʝʜʰʝʝ ʧʦʩʣʝ ʚʳʙʨʦʩʘ, ʤʝʥʴʰʝ ʵʪʦʛʦ ʭʘʨʘʢʪʝʨʥʦʛʦ ʚʨʝʤʝʥʠ ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ, SVOC ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʥʝ ʥʘʭʦʜʷʪʩʷ ʚ ʨʘʚʥʦʚʝʩʠʠ ʩ ʪʚʸʨʜʦʡ 

ʬʘʟʦʡ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʙʦʣʴʰʘʷ ʜʦʣʷ ʚʳʜʝʣʝʥʥʳʭ SVOC ʦʩʪʘʥʝʪʩʷ ʚ ʛʘʟʦʚʦʡ 

ʬʘʟʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʮʝʥʢʘʤʠ ʪʝʦʨʠʠ ʨʘʚʥʦʚʝʩʠʷ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʚʦʜʠʪ ʢ 

ʟʘʥʠʞʝʥʠʶ ʚʳʙʨʦʩʦʚ OC, ʝʩʣʠ ʫʯʠʪʳʚʘʪʴ ʪʦʣʴʢʦ ʪʚʸʨʜʫʶ ʬʘʟʫ ʠʣʠ ʝʩʣʠ SVOC ʚ 

ʛʘʟʦʚʦʡ ʬʘʟʝ ʦʮʝʥʠʚʘʶʪʩʷ ʧʦ ʪʝʦʨʠʠ ʨʘʚʥʦʚʝʩʠʷ.   
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3.5 ʉʚʝʨʭʪʦʥʢʠʝ ʯʘʩʪʠʮʳ 

ʉʚʝʨʭʪʦʥʢʠʝ ʯʘʩʪʠʮʳ (UFP) ï ɻ ʪʦ ʘʵʨʦʟʦʣʠ ʩ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʜʠʘʤʝʪʨʦʤ 0,1 ʤʢʤ (100 

ʥʤ) ʠʣʠ ʤʝʥʴʰʝ. ɺ ʩʦʦʙʱʝʩʪʚʝ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ 

ʨʘʩʪʝʪ ʦʙʝʩʧʦʢʦʝʥʥʦʩʪʴ ʧʦ ʧʦʚʦʜʫ ʚʢʣʘʜʘ UFP ʚ ʩʦʩʪʦʷʥʠʝ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ. ʅʝʩʤʦʪʨʷ 

ʥʘ ʠʭ ʥʝʙʦʣʴʰʦʡ ʨʘʟʤʝʨ ʠ ʤʘʩʩʫ, ʦʥʠ ʜʦʤʠʥʠʨʫʶʪ ʧʦ ʯʠʩʣʫ ʯʘʩʪʠʮ ʚ ʦʢʨʫʞʘʶʱʝʤ 

ʚʦʟʜʫʭʝ. ʆʩʦʙʫʶ ʦʟʘʙʦʯʝʥʥʦʩʪʴ ʚʳʟʳʚʘʶʪ ʩʧʦʩʦʙʥʦʩʪʠ UFP ʜʦʩʪʠʛʘʪʴ ʩʘʤʳʭ ʜʘʣʴʥʠʭ  

ʦʪʜʝʣʦʚ ʣʝʛʢʠʭ (ʘʣʴʚʝʦʣ) ʠ ʦʙʭʦʜʠʪʴ ʧʝʨʚʠʯʥʳʝ ʤʝʭʘʥʠʟʤʳ ʟʘʱʠʪʳ ʜʳʭʘʪʝʣʴʥʳʭ ʧʫʪʝʡ. 

ɹʦʣʝʝ ʪʦʛʦ, UFP ʠʤʝʶʪ ʙʦʣʴʰʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʘʜʩʦʨʙʠʨʦʚʘʪʴ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʦʢʩʠʯʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ɺʨʝʜʥʳʝ ʩʠʩʪʝʤʥʳʝ 

ʵʬʬʝʢʪʳ ʥʘ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ ʊʏ10 ʠʣʠ ʊʏ2,5 ʯʘʩʪʦ ʩʚʷʟʘʥʳ ʩ ʬʨʘʢʮʠʝʡ UFP. ʀʩʪʦʯʥʠʢʠ 

ʩʞʠʛʘʥʠʷ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ UFP (Corsini et al., 2019; Kwon et al., 2020). 
 

 

ʈʠʩʫʥʦʢ 9: ʉʨʘʚʥʝʥʠʝ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ ʨʘʟʥʦʛʦ ʜʠʘʤʝʪʨʘ. ɼʠʘʛʨʘʤʤʘ 

ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʚʩʝ ʯʘʩʪʠʮʳ ʚ ʢʘʞʜʦʡ ʢʘʪʝʛʦʨʠʠ ʷʚʣʷʶʪʩʷ ʠʜʝʘʣʴʥʳʤʠ ʩʬʝʨʘʤʠ, ʠʤʝʶʪ 

ʦʜʠʥʘʢʦʚʫʶ ʧʣʦʪʥʦʩʪʴ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʜʠʥʘʢʦʚʦʡ ʤʘʩʩʦʡ. ʄʘʩʩʘ, ʢʦʣʠʯʝʩʪʚʦ ʯʘʩʪʠʮ ʠ 

ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ ʧʨʦʠʟʚʦʣʴʥʦ ʦʙʦʟʥʘʯʝʥʳ ʢʘʢ 1. ɼʨʫʛʠʝ ʯʠʩʣʘ 

ʧʨʠʚʝʜʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʫʧʥʦʡ ʯʘʩʪʠʮʳ. ɹʦʣʴʰʘʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʩʧʦʩʦʙʥʦʩʪʴ 

ʧʨʦʥʠʢʘʪʴ ʚ ʢʨʦʚʦʦʙʨʘʱʝʥʠʝ ï ʜʚʘ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʩʚʦʡʩʪʚʘ ʩʚʝʨʭʪʦʥʢʠʭ ʯʘʩʪʠʮ, 

ʜʝʣʘʶʱʠʭ ʠʭ ʙʦʣʝʝ ʪʦʢʩʠʯʥʳʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʦʣʝʝ ʢʨʫʧʥʳʤʠ ʯʘʩʪʠʮʘʤʠ (Kwon et al., 

2020). 

ʇʨʠ ʚʜʳʭʘʥʠʠ ʩʚʝʨʭʪʦʥʢʠʝ ʯʘʩʪʠʮʳ (UFP) ʩ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʧʨʦʥʠʢʘʶʪ ʯʝʨʝʟ 

ʜʳʭʘʪʝʣʴʥʳʝ ʧʫʪʠ ʜʦ ʘʣʴʚʝʦʣ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʤʫ ʤʘʣʦʤʫ ʨʘʟʤʝʨʫ. ʅʝʙʦʣʴʰʘʷ ʯʘʩʪʴ UFP 

ʧʨʝʦʜʦʣʝʚʘʝʪ ʘʣʴʚʝʦʣʷʨʥʦ-ʢʘʧʠʣʣʷʨʥʳʡ ʙʘʨʴʝʨ ʠ ʤʦʞʝʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʧʦ ʦʨʛʘʥʠʟʤʫ 

ʯʝʨʝʟ ʢʨʦʚʝʥʦʩʥʫʶ ʩʠʩʪʝʤʫ. ʀʤʝʥʥʦ ʠʟ-ʟʘ ʵʪʦʡ ʦʩʦʙʝʥʥʦʩʪʠ UFPs ʚʥʝʩʠʩʪʝʤʥʳʝ 

ʟʘʙʦʣʝʚʘʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ PM, ʤʦʛʫʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʳ ʚʦʟʜʝʡʩʪʚʠʝʤ 

UFPs. ʂʨʦʤʝ ʪʦʛʦ, ʩʯʠʪʘʝʪʩʷ, ʯʪʦ UFP ʙʦʣʝʝ ʦʧʘʩʥʳ, ʯʝʤ ʢʨʫʧʥʳʝ ʊʏ, ʠʟ-ʟʘ ʠʭ ʙʦʣʴʰʝʡ 

ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʦʙʱʝʡ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ). ɹʦʣʴʰʘʷ 

ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚʳʩʦʢʘʷ ʨʝʘʢʪʠʚʥʦʩʪʴ ʧʦʟʚʦʣʷʶʪ UFP ʘʜʩʦʨʙʠʨʦʚʘʪʴ, ʧʨʠ 
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ʟʘʜʘʥʥʦʡ ʤʘʩʩʝ ʊʏ, ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʧʘʩʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ (ʈʠʩʫʥʦʢ 9). 

ʅʘ ʚʳʭʦʜʝ ʠʟ ʚʳʭʣʦʧʥʦʡ ʪʨʫʙʳ ʘʚʪʦʤʦʙʠʣʝʡ ʠʣʠ ʚ ʚʳʙʨʦʩʘʭ ʦʪʦʧʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ UFP 

ʤʦʛʫʪ ʙʳʩʪʨʦ ʠʟʤʝʥʷʪʴʩʷ ʠʣʠ ʠʩʯʝʟʘʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʩʩʦʚ ʦʩʘʞʜʝʥʠʷ, ʢʦʥʜʝʥʩʘʮʠʠ 

ʠ ʢʦʘʛʫʣʷʮʠʠ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʩʘʤʳʭ ʤʝʣʢʠʭ ʯʘʩʪʠʮ. ɺ ʯʠʩʪʦʡ ʩʨʝʜʝ ʥʫʢʣʝʘʮʠʷ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ (ʩʫʣʴʬʘʪ, ʥʠʪʨʘʪ, ʘʤʤʦʥʠʡ) ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʤʦʞʝʪ ʙʳʪʴ ʚʪʦʨʠʯʥʳʤ ʠʩʪʦʯʥʠʢʦʤ UFP (Bessagnet and Rosset, 2001; Kulmala et al., 2014). 

ʈʘʟʤʝʨ ʯʘʩʪʠʮ 80ï100 ʥʤ ʷʚʣʷʝʪʩʷ ʥʠʞʥʠʤ ʧʨʝʜʝʣʦʤ ʜʠʘʧʘʟʦʥʘ, ʚ ʢʦʪʦʨʦʤ ʯʘʩʪʠʮʳ 

ʦʙʳʯʥʦ ʠʤʝʶʪ ʥʘʠʙʦʣʴʰʝʝ ʚʨʝʤʷ ʥʘʭʦʞʜʝʥʠʷ ʚ ʘʪʤʦʩʬʝʨʝ, ʯʘʱʝ ʚʩʝʛʦ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 

0,1 ʤʢʤ ʜʦ 1 ʤʢʤ. ɺ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ ʧʨʦʮʝʩʩʳ ʦʩʘʞʜʝʥʠʷ ʩʯʠʪʘʶʪʩʷ ʥʘʠʤʝʥʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤʠ.  

 

3.6 ʆʙʟʦʨ ʚʳʙʨʦʩʦʚ ʏʋ/ʇɸʋ/ʊʏ2,5 ʚ ʩʪʨʘʥʘʭ ɽʄɽʇ 

ɺ ʛʣʦʙʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʳʙʨʦʩʳ ʊʏ ʚ ʦʩʥʦʚʥʦʤ ʦʙʫʩʣʦʚʣʝʥʳ ʩʞʠʛʘʥʠʝʤ ʙʠʦʤʘʩʩʳ, 

ʚʢʣʶʯʘʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚʳʙʨʦʩʦʚ ʦʪ ʙʳʪʦʚʦʛʦ ʩʞʠʛʘʥʠʷ ʠ ʧʨʠʨʦʜʥʳʭ ʧʦʞʘʨʦʚ 

(Klimont et al., 2017) (ʊʘʙʣʠʮʘ 5). 

ʊʘʙʣʠʮʘ 5: ʉʝʢʪʦʨʘʣʴʥʳʝ ʚʳʙʨʦʩʳ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʚ 2010 ʛʦʜʫ, ECLIPSE V5a, ɻʛ/ʛʦʜ 

(Klimont et al., 2017). (a) ɿʥʘʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʨʝʜʥʠʝ ʦʮʝʥʢʠ ʥʘ ʦʩʥʦʚʝ 

ʜʠʘʧʘʟʦʥʦʚ, ʫʢʘʟʘʥʥʳʭ ʚ (Stettler et al., 2013; Yim et al., 2015), ʘ ʪʘʢʞʝ ʥʘ ʦʩʥʦʚʝ ʛʣʦʙʘʣʴʥʦʛʦ 

ʧʦʪʨʝʙʣʝʥʠʷ ʪʦʧʣʠʚʘ ʠ ʜʠʘʧʘʟʦʥʦʚ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʳʙʨʦʩʦʚ ʠʟ (Kinsey, 2009). (b) GFED3.1 

ʙʝʟ ʫʯʝʪʘ ʩʞʠʛʘʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʦʪʭʦʜʦʚ, ʢʦʪʦʨʦʝ ʚʢʣʶʯʝʥʦ ʚ ʦʮʝʥʢʠ GAINS ʚ 

ʢʘʪʝʛʦʨʠʠ «ʉʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ»; ʟʥʘʯʝʥʠʝ ʊʏ10 ʦʩʥʦʚʘʥʦ ʥʘ TPM (total particulate matter); 

ʜʘʥʥʳʝ ʧʦ ʊʏ1 ʚ GFED ʦʪʩʫʪʩʪʚʫʶʪ ï ʟʜʝʩʴ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʨʘʚʝʥʩʪʚʦ ʩ ʊʏ2,5. ʉʩʳʣʢʘ ʥʘ 

(Randerson et al., 2017) ʜʣʷ ʧʦʩʣʝʜʥʝʡ ʚʝʨʩʠʠ GFED. 

 
ʊʏ10 ʊʏ2,5 ʊʏ1 ʏʋ Oʋ OM 

ʉʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ 6555 3848 2883 337 1313 2364 

ɹʳʪʦʚʦʝ ʩʞʠʛʘʥʠʝ 23078 21857 20742 4163 8852 15329 

ʇʨʦʤʳʰʣʝʥʥʳʝ ʧʨʦʮʝʩʩʳ 12162 8340 4135 462 633 823 

ʂʨʫʧʥʳʝ ʩʞʠʛʘʶʱʠʝ 

ʫʩʪʘʥʦʚʢʠ 

11561 6420 3812 136 164 248 

ʅʝʬʪʴ, ʛʘʟ, ʜʦʙʳʯʘ 1706 571 412 226 93 120 

ʊʨʘʥʩʧʦʨʪ ï ʜʦʨʦʞʥʳʡ 3339 2925 2524 1349 1116 1451 

ʊʨʘʥʩʧʦʨʪ ï ʚʥʝʜʦʨʦʞʥʳʡ 861 823 795 363 217 283 

ʆʪʭʦʜʳ 1388 1272 876 97 751 977 

ʄʝʞʜʫʥʘʨʦʜʥʦʝ 

ʩʫʜʦʭʦʜʩʪʚʦ 

1856 1758 1612 120 398 517 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʘʚʠʘʮʠʷ(a) 30 30 28 10 10 13 

ɻʣʦʙʘʣʴʥʳʝ 

ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ 

62537 47843 37819 7264 13548 22125 

ʇʦʞʘʨʳ ʚ ʣʝʩʘʭ ʠ 

ʩʘʚʘʥʥʝ(b) 

48207 33014 33014 2268 19489 31363 

ɻʣʦʙʘʣʴʥʳʡ ʠʪʦʛ 110 744 80858 70834 9532 33037 53489 
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ɺ ʩʪʨʘʥʘʭ ɽʉ28 ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʚʳʙʨʦʩʦʚ ʷʚʣʷʝʪʩʷ ʩʞʠʛʘʥʠʝ ʚ ʙʳʪʦʚʦʤ ʩʝʢʪʦʨʝ, 

ʟʘ ʢʦʪʦʨʳʤ ʩʣʝʜʫʶʪ ʜʦʨʦʞʥʳʡ ʪʨʘʥʩʧʦʨʪ ʠ ʦʪʢʨʳʪʦʝ ʩʞʠʛʘʥʠʝ ʦʪʭʦʜʦʚ (ʈʠʩʫʥʦʢ 10). 

ʉʘʤʦʝ ʥʠʟʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʏʋ/ʊʏ2,5 ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʩʝʢʪʦʨʘ ʙʳʪʦʚʦʛʦ ʩʞʠʛʘʥʠʷ 

(ʈʠʩʫʥʦʢ 11). ʕʪʦ ʩʦʦʪʥʦʰʝʥʠʝ, ʨʘʚʥʦʝ 10%, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʯʝʥʠʶ, ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʚ 

ʨʫʢʦʚʦʜʩʪʚʝ EEA  (Kuenen ʠ Trozi, 2019; Klimont ʠ ʜʨ., 2017) ʜʣʷ ʩʞʠʛʘʥʠʷ ʪʚʝʨʜʳʭ ʚʠʜʦʚ 

ʪʦʧʣʠʚʘ. ʕʪʦʪ ʥʠʟʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʦʩʥʦʚʘʥ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷʭ (Alves ʠ ʜʨ., 2011; 

Fernandes ʠ ʜʨ., 2011; Gon­alves ʠ ʜʨ., 2011) ʠ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʤʝʪʦʜʝ ʠʟʤʝʨʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʳʙʨʦʩʦʚ, ʢʦʪʦʨʳʡ ʫʯʠʪʳʚʘʝʪ ʢʦʥʜʝʥʩʠʨʫʝʤʳʝ ʚʝʱʝʩʪʚʘ. ɼʣʷ ʪʚʝʨʜʦʡ 

ʙʠʦʤʘʩʩʳ, ʪʘʢʦʡ ʢʘʢ ʜʨʝʚʝʩʠʥʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʚʳʙʨʦʩʦʚ (ʂɺ) 

ʩʦʩʪʘʚʣʷʝʪ 74 ʛ/ɻɼʞ. ɺ ʨʫʢʦʚʦʜʩʪʚʝ EEA ʢʦʥʢʨʝʪʥʦ ʫʢʘʟʘʥʦ: çʇʦʩʢʦʣʴʢʫ 

ʢʦʥʜʝʥʩʠʨʫʝʤʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʢʘʢ ʦʞʠʜʘʝʪʩʷ, ʥʝ ʩʦʜʝʨʞʘʪ ʏʋ, ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʝʪʦʜʘ ʠʟʤʝʨʝʥʠʷ ʪʦʣʴʢʦ ʬʠʣʴʪʨʫʝʤʳʭ ʯʘʩʪʠʮ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʥʷʪ ʢʦʵʬʬʠʮʠʝʥʪ 10% * 

740 = 74 ʛ/ɻɼʞ ʜʣʷ ʏʋè. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʥʝ ʫʯʠʪʳʚʘʝʪ 

ʢʦʥʜʝʥʩʠʨʫʝʤʳʝ ʚʝʱʝʩʪʚʘ, ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʟʘʥʠʞʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʳʙʨʦʩʦʚ ʏʋ. 

(Raventos ʠ INERIS, 2018) ʧʦʜʯʝʨʢʠʚʘʶʪ, ʯʪʦ ʏʋ ʩʣʝʜʫʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʥʘ ʦʩʥʦʚʝ TPM, 

ʧʦʩʢʦʣʴʢʫ ʏʋ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʚ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮʘʭ, ʚʳʙʨʘʩʳʚʘʝʤʳʭ ʧʨʦʤʳʰʣʝʥʥʳʤʠ 

ʫʩʪʘʥʦʚʢʘʤʠ, ʠ ʵʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʜʦʦʮʝʥʢʝ ʚʳʙʨʦʩʘ ʏʋ.  

ʊʘʙʣʠʮʘ 6: ɼʝʩʷʪʴ ʦʩʥʦʚʥʳʭ ʩʝʢʪʦʨʦʚ-ʵʤʠʪʝʥʪʦʚ ʯʝʨʥʦʛʦ ʫʛʣʝʨʦʜʘ ʚ ʩʪʨʘʥʘʭ ɽʉ28 

ʂʦʜ ʅʘʠʤʝʥʦʚʘʥʠʝ 

1A4bi ʂʦʤʤʫʥʘʣʴʥʳʡ ʩʝʢʪʦʨ: ʩʪʘʮʠʦʥʘʨʥʳʝ ʫʩʪʘʥʦʚʢʠ 

1A3bi ɼʦʨʦʞʥʳʡ ʪʨʘʥʩʧʦʨʪ: ʣʝʛʢʦʚʳʝ ʘʚʪʦʤʦʙʠʣʠ 

5C2 ʆʪʢʨʳʪʦʝ ʩʞʠʛʘʥʠʝ ʦʪʭʦʜʦʚ 

11B ʃʝʩʥʳʝ ʧʦʞʘʨʳ (ʧʨʠʨʦʜʥʳʝ) 

1A3d(ii) ʄʝʞʜʫʥʘʨʦʜʥʳʝ ʚʥʫʪʨʝʥʥʠʝ ʚʦʜʥʳʝ ʧʫʪʠ ʩʦʦʙʱʝʥʠʷ 

1A4cii ʉʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ/ʣʝʩʥʦʝ ʭʦʟʷʡʩʪʚʦ/ʨʳʙʥʦʝ ʭʦʟʷʡʩʪʚʦ: ʚʥʝʜʦʨʦʞʥʳʝ 

ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ ʠ ʜʨʫʛʠʝ ʤʝʭʘʥʠʟʤʳ 

1A3bii ɼʦʨʦʞʥʳʡ ʪʨʘʥʩʧʦʨʪ: ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ ʤʘʣʦʡ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ 

1A3biii ɼʦʨʦʞʥʳʡ ʪʨʘʥʩʧʦʨʪ: ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ ʙʦʣʴʰʦʡ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ 

1A2gviii ʉʪʘʮʠʦʥʘʨʥʳʝ ʠʩʪʦʯʥʠʢʠ ʩʞʠʛʘʥʠʷ ʚ ʦʪʨʘʩʣʷʭ ʦʙʨʘʙʘʪʳʚʘʶʱʝʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ: ʭʦʣʦʜʠʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ (IIR) 

1A2gvii ʉʪʘʮʠʦʥʘʨʥʳʝ ʠʩʪʦʯʥʠʢʠ ʩʞʠʛʘʥʠʷ ʚ ʦʪʨʘʩʣʷʭ ʦʙʨʘʙʘʪʳʚʘʶʱʝʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ: ʧʨʦʯʝʝ 
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ʈʠʩʫʥʦʢ 10: ʆʬʠʮʠʘʣʴʥʳʝ ʚʳʙʨʦʩʳ ʚ ʩʪʨʘʥʘʭ ɽʉ28 ʟʘ 2018 ʛʦʜ, ʚ ʢʠʣʦʪʦʥʥʘʭ ʠʣʠ ʪʦʥʥʘʭ 

ʚ ʛʦʜ (ɻʛ ʠʣʠ ʄʛ) ʜʣʷ ʏʋ, ʊʏ2,5 ʠ ʇɸʋ (ʚʢʣʶʯʘʷ ʩʫʤʤʫ ʙʝʥʟʦ(ʘ)ʧʠʨʝʥʘ, 

ʙʝʥʟʦ(ʙ)ʬʣʫʦʨʘʥʪʝʥʘ, ʙʝʥʟʦ(ʢ)ʬʣʫʦʨʘʥʪʝʥʘ ʠ ʠʥʜʝʥʦ(1,2,3-cd)ʧʠʨʝʥʘ) ʧʦ ʦʩʥʦʚʥʳʤ 

ʩʝʢʪʦʨʘʤ-ʵʤʠʪʝʥʪʘʤ ʅʆ (ʩʤ. ʊʘʙʣʠʮʫ 6). ʉʝʢʪʦʨʳ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʧʦʨʷʜʢʝ ʫʙʳʚʘʥʠʷ 

ʦʙʲʝʤʦʚ ʚʳʙʨʦʩʦʚ ʏʋ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʦ ʙʘʟʝ ʜʘʥʥʳʭ ɽʄɽʇ (EMEP/CEIP, 2020). 
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ʈʠʩʫʥʦʢ 11: ʉʦʦʪʥʦʰʝʥʠʝ ʏʋ/ʊʏ2,5 ʜʣʷ ʦʬʠʮʠʘʣʴʥʳʭ ʚʳʙʨʦʩʦʚ ʚ ʩʪʨʘʥʘʭ ɽʉ28 ʟʘ 2018 ʛʦʜ, 

ʨʘʩʩʯʠʪʘʥʥʦʝ ʧʦ ʙʘʟʝ ʜʘʥʥʳʭ ɽʄɽʇ (EMEP/CEIP, 2020) 

 

ʉʞʠʛʘʥʠʝ ʧʦʧʫʪʥʦʛʦ ʛʘʟʘ ʚ ʬʘʢʝʣʘʭ (GF) ï ʝʱʝ ʦʜʠʥ ʚʘʞʥʳʡ ʩʝʢʪʦʨ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʢʣʠʤʘʪ ʚ 

ʘʨʢʪʠʯʝʩʢʠʭ ʨʝʛʠʦʥʘʭ ʠʟ-ʟʘ ʚʳʙʨʦʩʦʚ ʠʟ ʩʪʨʘʥ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʂʊɿɺɹʈ, ʠ ʧʦʵʪʦʤʫ ʦʥ 

ʷʚʣʷʝʪʩʷ ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʤ ʦʪʯʝʪʝ. ʇʦʤʠʤʦ ʢʨʫʧʥʝʡʰʠʭ ʤʠʨʦʚʳʭ ʥʝʬʪʷʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʪʝ, ʯʪʦ ʥʘʭʦʜʷʪʩʷ ʥʘ ɹʣʠʞʥʝʤ ɺʦʩʪʦʢʝ ʠ ʚ ʉʐɸ, ʦʛʨʦʤʥʳʝ 
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ʟʘʧʘʩʳ ʥʝʬʪʠ ʥʘʭʦʜʷʪʩʷ ʚ ʘʨʢʪʠʯʝʩʢʠʭ ʨʝʛʠʦʥʘʭ (Cho et al., 2019). GF ʷʚʣʷʝʪʩʷ 

ʪʨʘʜʠʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʫʪʠʣʠʟʘʮʠʠ ʛʘʟʦʦʙʨʘʟʥʳʭ ʠ ʞʠʜʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʧʫʪʝʤ ʠʭ 

ʩʞʠʛʘʥʠʷ ʥʘ ʦʙʲʝʢʪʘʭ ʜʦʙʳʯʠ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʠ/ʛʘʟʘ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʪʨʫʙʦʧʨʦʚʦʜʦʚ 

ʠ ʜʨʫʛʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʛʘʟʘ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʦʧʘʩʥʦʩʪʠ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ (Huang and Fu, 2016). 

ʅʝʩʤʦʪʨʷ ʥʘ ʧʦʩʪʦʷʥʥʳʝ ʚʳʙʨʦʩʳ ʏʋ ʚʙʣʠʟʠ ʉʝʚʝʨʥʦʛʦ ʃʝʜʦʚʠʪʦʛʦ ʦʢʝʘʥʘ ʯʝʨʝʟ GF, 

ʢʣʠʤʘʪʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʏʋ, ʩʚʷʟʘʥʥʦʝ ʩ ʵʪʠʤ ʧʨʦʮʝʩʩʦʤ, ʦʩʪʘʝʪʩʷ ʥʝʦʧʨʝʜʝʣʝʥʥʳʤ. 

(Cho et al., 2019) ʧʨʝʜʩʪʘʚʠʣʠ ʤʦʜʝʣʠ ʚʦʟʤʦʞʥʳʭ ʩʮʝʥʘʨʠʝʚ GF ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʠʩʪʝʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ɿʝʤʣʠ, ʚʢʣʶʯʘʶʱʝʡ ʬʠʟʠʢʫ ʘʵʨʦʟʦʣʝʡ, ʯʪʦʙʳ ʧʦʢʘʟʘʪʴ, ʯʪʦ 

ʫʚʝʣʠʯʝʥʠʝ ʚʳʙʨʦʩʦʚ ʏʋ ʦʪ GF ʤʦʞʝʪ ʦʙʲʷʩʥʠʪʴ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʧʦʪʝʧʣʝʥʠʷ ʚ 

ɸʨʢʪʠʢʝ. ɺʳʙʨʦʩʳ ʏʋ ʦʪ GF ʚ ʚʳʩʦʢʠʭ ʰʠʨʦʪʘʭ ʩʧʦʩʦʙʩʪʚʫʶʪ ʣʦʢʘʣʴʥʦʤʫ ʧʦʪʝʧʣʝʥʠʶ 

ʚ ʨʘʡʦʥʝ ʠʩʪʦʯʥʠʢʘ ʚʳʙʨʦʩʦʚ, ʦʩʦʙʝʥʥʦ ʚʝʩʥʦʡ, ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʘʣʴʙʝʜʦ, ʚʳʟʚʘʥʥʦʛʦ 

ʏʋ ʕʪʦ ʣʦʢʘʣʴʥʦʝ ʧʦʪʝʧʣʝʥʠʝ ʚʳʟʳʚʘʝʪ ʫʜʘʣʸʥʥʳʝ ʠ ʟʘʧʘʟʜʳʚʘʶʱʠʝ ʦʙʨʘʪʥʳʝ ʩʚʷʟʠ ʧʦ 

ʪʘʷʥʠʶ ʤʦʨʩʢʦʛʦ ʣʴʜʘ ʚ ɸʨʢʪʠʯʝʩʢʦʤ ʦʢʝʘʥʝ ʟʠʤʦʡ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʨʝʛʠʦʥʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʘʵʨʦʟʦʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʩʧʦʩʦʙʥʦ ʠʟʤʝʥʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ɸʨʢʪʠʢʝ ʚ ʨʝʛʠʦʥʘʭ, ʫʜʘʣʸʥʥʳʭ ʦʪ ʠʩʪʦʯʥʠʢʘ 

ʘʵʨʦʟʦʣʝʡ, ʯʝʨʝʟ ʟʘʧʘʟʜʳʚʘʶʱʠʝ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʤʦʨʩʢʠʤ ʣʴʜʦʤ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʠʩʧʦʣʴʟʦʚʘʣʦ ʜʚʘ ʢʘʜʘʩʪʨʘ ʚʳʙʨʦʩʦʚ. ɺʳʙʨʦʩʳ ʏʋ ʚ ʘʨʢʪʠʯʝʩʢʠʭ 

ʨʝʛʠʦʥʘʭ ʩʝʚʝʨʥʝʝ 60Á ʩ.ʰ. ʩʦʩʪʘʚʠʣʠ 19 ɻʛ/ʛʦʜ ʚ ʨʝʬʝʨʝʥʩʥʦʤ ʢʘʜʘʩʪʨʝ (Lamarque et al., 

2010) ʠ 80 ɻʛ/ʛʦʜ ʚ ʦʙʥʦʚʣʝʥʥʦʤ ʢʘʜʘʩʪʨʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʫʪʥʠʢʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ 

ʜʣʷ ʟʘʧʦʣʥʝʥʠʷ ʧʨʦʙʝʣʦʚ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʢʘʜʘʩʪʨ ʚʳʙʨʦʩʦʚ ECLIPSE (ʦʮʝʥʢʘ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʚʦʟʜʫʰʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʢʦʨʦʪʢʦʞʠʚʫʱʠʭ ʟʘʛʨʷʟʥʷʶʱʠʭ 

ʚʝʱʝʩʪʚ) ʫʯʠʪʳʚʘʝʪ ʚʳʙʨʦʩʳ ʏʋ, ʩʚʷʟʘʥʥʳʝ ʩ GF (Stohl et al., 2013). 

ʕʪʦʪ ʜʦʢʫʤʝʥʪ, ʧʦʜʛʦʪʦʚʣʝʥʥʳʡ ʎɻ ʊʕɺ, ʦʭʚʘʪʳʚʘʝʪ ʜʦʨʦʞʥʳʡ ʪʨʘʥʩʧʦʨʪ (ʚʩʝʭ ʪʠʧʦʚ), 

ʙʳʪʦʚʳʝ ʧʨʠʙʦʨʳ ʜʣʷ ʩʞʠʛʘʥʠʷ ʪʚʝʨʜʳʭ ʚʠʜʦʚ ʪʦʧʣʠʚʘ, ʩʪʘʮʠʦʥʘʨʥʳʝ ʫʩʪʘʥʦʚʢʠ ʜʣʷ 

ʩʞʠʛʘʥʠʷ ʪʚʝʨʜʳʭ ʚʠʜʦʚ ʪʦʧʣʠʚʘ ʠ ʩʞʠʛʘʥʠʝ ʧʦʧʫʪʥʦʛʦ ʛʘʟʘ ʚ ʬʘʢʝʣʘʭ. ɺʳʙʨʦʩʳ ʏʋ ʦʪ 

ʩʫʜʦʭʦʜʩʪʚʘ ʦʩʚʝʱʝʥʳ ʚ ʥʝʜʘʚʥʝʤ ʦʪʯʝʪʝ ʎɻ ʊʕɺ çʈʫʢʦʚʦʜʷʱʠʡ ʜʦʢʫʤʝʥʪ ʧʦ 

ʪʝʭʥʠʯʝʩʢʠʤ ʤʝʨʘʤ ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ ʚʳʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʫ ʧʨʠ 

ʩʫʜʦʭʦʜʩʪʚʝ» (ʜʝʢʘʙʨ ɹ2020 ʛʦʜʘ). 

ɼʦʢʫʤʝʥʪ ʧʦ ʩʦʢʨʘʱʝʥʠʶ ʚʳʙʨʦʩʦʚ ʧʨʠ ʩʞʠʛʘʥʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʦʩʪʘʪʢʦʚ, 

ʧʦʜʛʦʪʦʚʣʝʥʥʳʡ ʎɻ ʊʕɺ, ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠ ʙʫʜʝʪ ʜʦʩʪʫʧʝʥ ʚ ʥʘʯʘʣʝ 2021 ʛʦʜʘ. 

 

3.7 ʉʦʧʫʪʩʪʚʫʶʱʠʝ ʚʳʛʦʜʳ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʚʦʟʜʫʭʘ ʠ ʩʤʷʛʯʝʥʠʷ 

ʧʦʩʣʝʜʩʪʚʠʡ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʯʝʨʝʟ ʩʦʢʨʘʱʝʥʠʝ ʚʳʙʨʦʩʦʚ ʏʋ 

ʅʝʜʘʚʥʠʡ ʚʢʣʘʜ ʚ ʦʙʟʦʨ ɻʝʪʝʙʦʨʛʩʢʦʛʦ ʧʨʦʪʦʢʦʣʘ, ʢʘʩʘʶʱʠʡʩʷ ʧʨʠʦʨʠʪʠʟʘʮʠʠ ʜʝʡʩʪʚʠʡ 

ʧʦ ʩʦʢʨʘʱʝʥʠʶ ʚʳʙʨʦʩʦʚ ʊʏ ʠ ʏʋ (ECE, 2020), ʧʦʜʯʝʨʢʠʚʘʝʪ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʚʳʙʨʦʩʦʚ ʏʋ ʚʩʝ ʝʱʝ ʦʩʪʘʶʪʩʷ ʥʝʦʧʨʝʜʝʣʝʥʥʳʤʠ, ʠ ʙʫʜʫʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʚʥʝʩʪʠ 

ʥʝʙʦʣʴʰʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʉʦʛʣʘʩʥʦ ʜʝʡʩʪʚʫʶʱʝʤʫ 

ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʫ, ʩʦʢʨʘʱʝʥʠʝ ʚʳʙʨʦʩʦʚ ʊʏ2,5 ʠ ʏʋ ʟʘ ʩʯʝʪ ʘʙʩʦʣʶʪʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩ 

ʩʦʧʫʪʩʪʚʫʶʱʠʤʠ ʚʳʛʦʜʘʤʠ ʩʦʩʪʘʚʠʪ 73% ʠ 79% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʨʝʛʠʦʥʝ ɽʉ27, 

ʅʦʨʚʝʛʠʠ, ʐʚʝʡʮʘʨʠʠ ʠ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ ʚ ʧʝʨʠʦʜ ʩ 2020 ʧʦ 2030 ʛʦʜ. ɺ ʨʝʛʠʦʥʝ ɺɽʂʎɸ 

ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ ʩʦʩʪʘʚʷʪ 36% ʠ 64%, ʘ ʚ ʨʝʛʠʦʥʝ ʥʝ ʚʭʦʜʷʱʠʭ ʚ ɽʉ ʩʪʨʘʥ ɹʘʣʢʘʥ ʠ ʊʫʨʮʠʠ 

ï 39% ʠ 73% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʩʪʨʘʥʘʭ ɽʉ ʦʩʥʦʚʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʚʳʙʨʦʩʦʚ ʩʚʷʟʘʥʦ ʩ 

ʚʥʝʜʨʝʥʠʝʤ ʥʦʚʳʭ ʫʩʪʘʥʦʚʦʢ (ʚʢʣʶʯʘʷ ʧʝʯʠ ʥʘ ʧʝʣʣʝʪʘʭ) ʜʣʷ ʢʦʥʪʨʦʣʷ ʚʳʙʨʦʩʦʚ ʠʟ 

ʙʳʪʦʚʳʭ ʧʝʯʝʡ ʠ ʢʦʪʣʦʚ. ʊʘʢʞʝ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʶʪʩʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʚʳʭʣʦʧʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʜʠʟʝʣʴʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩ ʩʦʧʫʪʩʪʚʫʶʱʠʤʠ ʚʳʛʦʜʘʤʠ ʦʙʝʩʧʝʯʠʚʘʶʪ 2% ʩʦʢʨʘʱʝʥʠʷ 

ʚʳʙʨʦʩʦʚ ʢʘʢ ʜʣʷ ʊʏ2,5, ʪʘʢ ʠ ʜʣʷ ʏʋ; ʵʪʦ ʪʝʭʥʦʣʦʛʠʠ ʦʯʠʩʪʢʠ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ ʚ 

ʜʠʟʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʷʭ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʫʛʣʷ ʚ ʧʝʯʘʭ. ʆʩʥʦʚʥʦʡ 
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ʢʦʤʧʨʦʤʠʩʩʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʷʚʣʷʶʪʩʷ ʥʦʚʳʝ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʙʳʪʦʚʳʭ 

ʢʘʤʠʥʦʚ. ʉʚʝʨʭ ʜʝʡʩʪʚʫʶʱʝʛʦ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʩʫʱʝʩʪʚʫʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʯʠʩʪʳʝ 

ʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʩʦʢʨʘʱʝʥʠʷ ʚʳʙʨʦʩʦʚ ʢ 2030 

ʛʦʜʫ. ʆʩʪʘʚʰʠʝʩʷ ʘʙʩʦʣʶʪʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩ ʩʦʧʫʪʩʪʚʫʶʱʠʤʠ ʚʳʛʦʜʘʤʠ ʩʦʩʪʘʚʣʷʶʪ 59% 

ʠ 87% ʧʦʪʝʥʮʠʘʣʘ ʩʦʢʨʘʱʝʥʠʷ ʚʳʙʨʦʩʦʚ ʊʏ2,5 ʠ ʏʋ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʵʪʦʡ ʢʘʪʝʛʦʨʠʠ 

ʚʳʙʨʦʩʳ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʨʝʚʝʩʥʦʛʦ ʪʦʧʣʠʚʘ ʚ ʙʳʪʦʚʳʭ ʧʝʯʘʭ ʠ ʢʦʪʣʘʭ ʤʦʛʫʪ ʙʳʪʴ 

ʩʥʠʞʝʥʳ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʫʩʪʘʥʦʚʦʢ ʠ ʧʝʣʣʝʪʥʳʭ ʧʝʯʝʡ. 

ʆʙʝʩʧʝʯʝʥʠʝ 100% ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʘʧʨʝʪʦʚ ʥʘ ʦʪʢʨʳʪʦʝ ʩʞʠʛʘʥʠʝ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʙʨʠʢʝʪʥʳʭ ʧʝʯʝʡ, ʥʦʚʳʭ ʫʩʪʘʥʦʚʦʢ ʚ ʜʦʤʦʭʦʟʷʡʩʪʚʘʭ ʩ ʫʛʦʣʴʥʳʤʠ ʧʝʯʘʤʠ ʠ ʫʩʪʘʥʦʚʢʘ 

ʢʫʭʦʥʥʳʭ ʬʠʣʴʪʨʦʚ ʜʣʷ ʩʥʠʞʝʥʠʷ ʚʳʙʨʦʩʦʚ ʧʨʠ ʛʦʪʦʚʢʝ/ʙʘʨʙʝʢʶ ʪʘʢʞʝ ʚʭʦʜʷʪ ʚ ʵʪʫ 

ʢʘʪʝʛʦʨʠʶ. ʊʝʭʥʦʣʦʛʠʠ ʩ ʦʪʥʦʩʠʪʝʣʴʥʳʤʠ ʩʦʧʫʪʩʪʚʫʶʱʠʤʠ ʚʳʛʦʜʘʤʠ ʠʤʝʶʪ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ ʧʦʪʝʥʮʠʘʣ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ 

ʚʳʙʨʦʩʦʚ ʊʏ2,5 ʦʪ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʢʘʤʠʥʦʚ ʠ ʩʞʠʛʘʥʠʷ ʙʠʦʤʘʩʩʳ ʚ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʝʯʘʭ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤʠ ʢʦʤʧʨʦʤʠʩʩʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ. 

ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʢʦʤʤʫʥʠʢʘʮʠʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʱʝʛʦ ʧʦʥʠʤʘʥʠʷ ʏʋ ʪʨʝʙʫʝʪʩʷ 

ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʩʪʳʭ ʤʝʪʨʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʣʷ ʏʋ. ɺʚʝʜʝʥʠʝ ʢʦʥʮʝʧʮʠʠ 

«ʋʛʣʝʨʦʜʥʦʛʦ ʩʣʝʜʘ ʏʋ» (BC Footprint), ʧʨʝʜʣʦʞʝʥʥʦʡ ʚ (Timonen et al., 2019), ʤʦʞʝʪ 

ʩʪʘʪʴ ʧʝʨʚʳʤ ʰʘʛʦʤ. «ʋʛʣʝʨʦʜʥʳʡ ʩʣʝʜ ʏʋ» ʧʦʟʚʦʣʠʪ ʩʨʘʚʥʠʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʠʩʪʦʯʥʠʢʠ 

ʚʳʙʨʦʩʦʚ ʏʋ ʠ ʫʨʦʚʥʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʏʋ ʚ ʘʪʤʦʩʬʝʨʝ, ʘ ʪʘʢʞʝ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ 

ʦʙʩʫʞʜʘʪʴ ʚʦʟʜʝʡʩʪʚʠʝ ʏʋ ʥʘ ʢʣʠʤʘʪ, ʟʜʦʨʦʚʴʝ ʠ ʢʘʯʝʩʪʚʦ ʚʦʟʜʫʭʘ. ʇʦʜʦʙʥʦ 

ʫʛʣʝʢʠʩʣʦʤʫ ʛʘʟʫ (CO2), ʵʪʦ ʙʫʜʝʪ ʧʦʣʝʟʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʩʤʷʛʯʝʥʠʷ ʚʳʙʨʦʩʦʚ ʏʋ 

ʠ ʦʮʝʥʢʠ ʠʭ ʧʦʩʣʝʜʩʪʚʠʡ, ʘ ʪʘʢʞʝ ʧʦʜʜʝʨʞʢʠ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʦʣʠʪʠʢ ʧʦ 

ʩʦʢʨʘʱʝʥʠʶ ʚʳʙʨʦʩʦʚ ʏʋ. 

ʈʠʩʫʥʦʢ 12 ʠʟ (Samset et al., 2020) ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʦʪʝʥʮʠʘʣ ʩʥʠʞʝʥʠʷ ʚʳʙʨʦʩʦʚ 

ʦʪʜʝʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʫʩʠʣʠʷʤʠ, ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʟʘʤʝʪʥʦʛʦ ʵʬʬʝʢʪʘ ʩʥʠʞʝʥʠʷ ʚʳʙʨʦʩʦʚ. ʕʪʦʪ ʨʠʩʫʥʦʢ ʠʣʣʶʩʪʨʠʨʫʝʪ ʩʚʷʟʴ ʤʝʞʜʫ 

ʠʟʤʝʥʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʚ 2100 ʛʦʜʫ ʠ ʩʦʚʦʢʫʧʥʦʡ ʤʘʩʩʦʡ 

ʧʨʝʜʦʪʚʨʘʱʝʥʥʳʭ ʚʳʙʨʦʩʦʚ (ʚ ʤʝʛʘʪʦʥʥʘʭ). ʈʘʟʤʝʨ ʩʠʤʚʦʣʦʚ ʥʘ ʛʨʘʬʠʢʝ ʢʦʨʨʝʣʠʨʫʝʪ ʩ 

ʚʨʝʤʝʥʝʤ ʧʨʦʷʚʣʝʥʠʷ ʵʬʬʝʢʪʘ: ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʩʠʤʚʦʣʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʙʦʣʝʝ ʨʘʥʥʝʝ 

ʧʨʦʷʚʣʝʥʠʝ. ʕʪʦʪ ʘʥʘʣʠʟ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʜʣʷ ʙʳʩʪʨʦʛʦ ʩʦʢʨʘʱʝʥʠʷ ʪʝʤʧʦʚ 

ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʥʘ ʚʳʙʨʦʩʘʭ ʏʋ (ʚ ʩʣʫʯʘʷʭ, 

ʢʦʛʜʘ ʦʥʠ ʥʝ ʩʦʧʫʪʩʪʚʫʶʪ ʚʳʙʨʦʩʘʤ, ʥʘʧʨʠʤʝʨ, SO2), ʦʜʥʘʢʦ ʠʪʦʛʦʚʳʡ ʵʬʬʝʢʪ ʙʫʜʝʪ 

ʥʠʟʢʠʤ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʥʝʜʘʚʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʪʘʢʠʝ ʢʘʢ (Takemura and Suzuki, 2019), 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʧʨʠ ʩʦʢʨʘʱʝʥʠʠ 

ʚʳʙʨʦʩʦʚ ʏʋ ʦʢʘʟʳʚʘʝʪʩʷ ʩʣʘʙʝʝ, ʯʝʤ ʦʞʠʜʘʣʦʩʴ, ʠʩʭʦʜʷ ʠʟ ʤʛʥʦʚʝʥʥʦʛʦ 

ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʏʋ ʥʘ ʥʘ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝ ʘʪʤʦʩʬʝʨʳ. 
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ʈʠʩʫʥʦʢ 12: ʇʦʪʝʥʮʠʘʣ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʫʩʠʣʠʷʤʠ ʜʣʷ ʩʤʷʛʯʝʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʦʪʜʝʣʴʥʳʭ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ (Samset et al., 2020) 

 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʤʦʞʥʳʭ ʩʮʝʥʘʨʠʝʚ ʙʫʜʫʱʝʛʦ ʢʘʯʝʩʪʚʘ ʚʦʟʜʫʭʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʫʨʦʚʥʷ 

ʚʦʟʜʝʡʩʪʚʠʷ ʊʏ2,5 ʥʘ ʥʘʩʝʣʝʥʠʝ, ʢʦʪʦʨʳʝ ʘʩʩʦʮʠʠʨʫʶʪʩʷ ʩ ʥʘʠʙʦʣʝʝ ʚʨʝʜʥʳʤʠ 

ʧʦʩʣʝʜʩʪʚʠʷʤʠ ʜʣʷ ʟʜʦʨʦʚʴʷ, (Amann et al., 2020) ʨʘʟʨʘʙʦʪʘʣʠ ʩʝʨʠʶ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ 

ʩʮʝʥʘʨʠʝʚ ʚʳʙʨʦʩʦʚ ʜʦ 2040 ʛʦʜʘ ʥʘ ʛʣʦʙʘʣʴʥʦʤ ʫʨʦʚʥʝ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʰʠʨʦʢʦ 

ʧʨʠʥʷʪʦʤ ʧʫʪʠ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʦʩʪʘ ʩ ʝʛʦ ʩʪʨʫʢʪʫʨʥʳʤʠ ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ 

ʠʟʤʝʥʝʥʠʷʤʠ, ʵʪʠ ʩʮʝʥʘʨʠʠ ʦʙʲʝʜʠʥʷʶʪ ʨʘʟʣʠʯʥʳʝ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʚ ʢʣʶʯʝʚʳʭ 

ʧʦʣʠʪʠʯʝʩʢʠʭ ʦʙʣʘʩʪʷʭ, ʢʦʪʦʨʳʝ ʨʘʥʝʝ ʦʢʘʟʳʚʘʣʠ ʨʝʰʘʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʪʝʥʜʝʥʮʠʠ 

ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʟʜʫʭʘ, ʘ ʠʤʝʥʥʦ: (a) ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ/ʢʣʠʤʘʪʠʯʝʩʢʘʷ ʧʦʣʠʪʠʢʘ, (b) 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʧʦʣʠʪʠʢʘ, (c) ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʦʣʠʪʠʢʠ ʢʦʥʪʨʦʣʷ 

ʟʘʛʨʷʟʥʝʥʠʷ. ʉʮʝʥʘʨʠʡ çʏʠʩʪʳʡ ʚʦʟʜʫʭè ʠʟʫʯʘʝʪ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʜʦʩʪʠʞʝʥʠʷ 

ʯʠʩʪʦʛʦ ʚʦʟʜʫʭʘ ʚʦ ʚʩʝʤ ʤʠʨʝ ʧʫʪʝʤ ʩʦʯʝʪʘʥʠʷ ʜʘʣʴʥʝʡʰʠʭ ʘʤʙʠʮʠʦʟʥʳʭ ʧʦʣʠʪʠʯʝʩʢʠʭ 

ʚʤʝʰʘʪʝʣʴʩʪʚ ʚ ʯʝʪʳʨʝʭ ʦʙʣʘʩʪʷʭ: (i) ʪʨʘʜʠʮʠʦʥʥʘʷ ʧʦʣʠʪʠʢʘ ʚ ʦʙʣʘʩʪʠ ʟʘʛʨʷʟʥʝʥʠʷ 

ʚʦʟʜʫʭʘ, (ii) ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʠ ʢʣʠʤʘʪʠʯʝʩʢʘʷ ʧʦʣʠʪʠʢʘ, (iii) ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ 

ʧʦʣʠʪʠʢʘ, (iv) ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʘʷ ʧʦʣʠʪʠʢʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʩʮʝʥʘʨʠʡ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʣʥʦʝ 

ʚʥʝʜʨʝʥʠʝ ʣʫʯʰʠʭ ʪʝʭʥʦʣʦʛʠʡ ʢʦʥʪʨʦʣʷ ʚʳʙʨʦʩʦʚ, ʜʦʩʪʫʧʥʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ 

ʨʳʥʢʝ, ʘ ʪʘʢʞʝ ʨʝʘʣʠʟʘʮʠʶ ʘʤʙʠʮʠʦʟʥʳʭ ʧʦʣʠʪʠʢ ʠ ʤʝʨ. ʂʘʢ ʦʧʠʩʘʥʦ ʚ (Amann et al., 

2020), ʧʦʤʠʤʦ ʫʣʫʯʰʝʥʠʷ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ (ʎʋʈ 3 ï ʍʦʨʦʰʝʝ ʟʜʦʨʦʚʴʝ ʠ 

ʙʣʘʛʦʧʦʣʫʯʠʝ), ʦʩʦʙʝʥʥʦ ʚ ʛʦʨʦʜʩʢʠʭ ʨʘʡʦʥʘʭ (ʎʋʈ 11 ï ʋʩʪʦʡʯʠʚʳʝ ʛʦʨʦʜʘ ʠ 

ʥʘʩʝʣʝʥʥʳʝ ʧʫʥʢʪʳ), ʩʮʝʥʘʨʠʡ çʏʠʩʪʳʡ ʚʦʟʜʫʭè ʦʙʝʩʧʝʯʠʪ ʤʥʦʞʝʩʪʚʦ ʩʦʧʫʪʩʪʚʫʶʱʠʭ 

ʚʳʛʦʜ ʚ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ ʧʦʣʠʪʠʢʠ ʯʝʨʝʟ ʨʘʟʣʠʯʥʳʝ ʤʝʭʘʥʠʟʤʳ. ɼʣʷ ʩʤʷʛʯʝʥʠʷ 

ʧʦʩʣʝʜʩʪʚʠʡ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ (ʎʋʈ 13 ï ɹʦʨʴʙʘ ʩ ʠʟʤʝʥʝʥʠʝʤ ʢʣʠʤʘʪʘ) ʥʝʢʦʪʦʨʳʝ 

ʤʝʨʳ ʙʫʜʫʪ ʥʝ ʪʦʣʴʢʦ ʩʦʢʨʘʱʘʪʴ ʚʳʙʨʦʩʳ ʧʨʝʢʫʨʩʦʨʦʚ ʊʏ2,5, ʥʦ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʥʠʞʘʪʴ 
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ʚʳʙʨʦʩʳ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʧʦʚʳʰʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚʳʙʨʦʩʳ CO2 ʚ 

ʩʮʝʥʘʨʠʠ çʏʠʩʪʳʡ ʚʦʟʜʫʭè ʙʫʜʫʪ ʧʨʠʤʝʨʥʦ ʥʘ 40% ʥʠʞʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʘʟʦʚʳʤ 

ʩʮʝʥʘʨʠʝʤ ʚ 2040 ʛʦʜʫ, CH4 ï ʥʘ 33%, ʘ ʯʝʨʥʦʛʦ ʫʛʣʝʨʦʜʘ ï ʥʘ 90% (ʈʠʩʫʥʦʢ 13). 

 

 

ʈʠʩʫʥʦʢ 13: ʉʥʠʞʝʥʠʝ ʚʳʙʨʦʩʦʚ ʚ ʨʘʤʢʘʭ ʧʦʣʠʪʠʯʝʩʢʠʭ ʩʮʝʥʘʨʠʝʚ. ɿʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦ 2018 

ʛʦʜʘ ʚʢʣʶʯʘʝʪ ʚʩʝ ʤʝʨʳ ʢʦʥʪʨʦʣʷ, ʧʨʠʥʷʪʳʝ ʜʦ 2018 ʛʦʜʘ (Amann et al., 2020). 

 

ʅʝʜʘʚʥʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ (Harmsen et al., 2020) ʧʨʝʜʩʪʘʚʠʣʦ ʘʥʘʣʠʟ ʩʮʝʥʘʨʠʝʚ, ʦʩʥʦʚʘʥʥʳʭ 

ʥʘ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʤʦʜʝʣʷʭ, ʩ ʮʝʣʴʶ ʩʤʷʛʯʝʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʚʳʙʨʦʩʦʚ ʏʋ ʠ 

ʤʘʢʩʠʤʠʟʘʮʠʠ ʚʳʛʦʜ ʜʣʷ ʢʘʯʝʩʪʚʘ ʚʦʟʜʫʭʘ ʠ ʢʣʠʤʘʪʘ. ɺʦʟʜʝʡʩʪʚʠʝ ʵʪʠʭ ʧʦʣʠʪʠʯʝʩʢʠʭ 

ʩʪʨʘʪʝʛʠʡ ʠʟʫʯʘʣʦʩʴ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʘʤʙʠʮʠʷʭ ʠ ʩʪʨʘʪʝʛʠʷʭ ʩʦʢʨʘʱʝʥʠʷ ʏʋ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʤʝʨʳ, ʥʘʮʝʣʝʥʥʳʝ 

ʥʘ ʩʦʢʨʘʱʝʥʠʝ ʚʳʙʨʦʩʦʚ ʏʋ (ʚʢʣʶʯʘʷ ʩʦʢʨʘʱʝʥʠʝ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʚʳʙʨʦʩʦʚ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ, ʜʠʦʢʩʠʜʘ ʩʝʨʳ ʠ ʦʢʩʠʜʦʚ ʘʟʦʪʘ), ʧʨʠʚʦʜʷʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʩʥʠʞʝʥʠʶ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʡ ʩʤʝʨʪʥʦʩʪʠ ʦʪ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ, ʩ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʝʤ ʦʪ 4 ʜʦ 12 ʤʠʣʣʠʦʥʦʚ ʩʤʝʨʪʝʡ ʟʘ ʧʝʨʠʦʜ ʩ 2015 ʧʦ 2030 ʛʦʜ. ʇʨʠ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩʦʢʨʘʱʝʥʠʝ ʏʋ ʪʘʢʞʝ ʤʦʞʝʪ ʟʘʤʝʜʣʠʪʴ ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ, 

ʦʩʦʙʝʥʥʦ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʚʳʙʨʦʩʦʚ ʏʋ ʚ ʞʠʣʠʱʥʦʤ ʩʝʢʪʦʨʝ ʠ ʧʨʠ ʩʮʝʥʘʨʠʷʭ ʩ 

ʚʳʩʦʢʠʤʠ ʚʳʙʨʦʩʘʤʠ ʏʋ. ʆʜʥʘʢʦ ʚʦʟʜʝʡʩʪʚʠʝ ʩʦʢʨʘʱʝʥʠʷ ʏʋ ʥʘ ʛʣʦʙʘʣʴʥʫʶ ʩʨʝʜʥʶʶ 

ʪʝʤʧʝʨʘʪʫʨʫ ʦʢʘʟʘʣʦʩʴ ʫʤʝʨʝʥʥʳʤ: ʤʘʢʩʠʤʘʣʴʥʦ ʩʥʠʞʝʥʠʝ ʩʦʩʪʘʚʠʣʦ 0,02 ÁC ʚ 2030 

ʛʦʜʫ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʪʝʧʣʝʥʠʶ (ʤʘʢʩʠʤʘʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʥʘ 0,05 ÁC), ʦʩʦʙʝʥʥʦ ʧʨʠ ʩʪʨʘʪʝʛʠʠ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʥʘ ʟʜʦʨʦʚʴʝ, ʛʜʝ ʚʩʝ ʘʵʨʦʟʦʣʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʱʘʶʪʩʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʩʠʣʴʥʘʷ ʢʣʠʤʘʪʠʯʝʩʢʘʷ ʧʦʣʠʪʠʢʘ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʚʦʟʜʫʭʘ ʟʘ ʩʯʝʪ ʩʦʢʨʘʱʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʩʢʦʧʘʝʤʦʛʦ ʪʦʧʣʠʚʘ, 

ʯʪʦ ʤʦʞʝʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʦʪ 2 ʜʦ 5 ʤʠʣʣʠʦʥʦʚ ʩʤʝʨʪʝʡ ʚ ʧʝʨʠʦʜ ʜʦ 2030 ʛʦʜʘ. 

ʉʦʚʤʝʱʝʥʠʝ ʮʝʣʝʡ ʚ ʦʙʣʘʩʪʠ ʢʘʯʝʩʪʚʘ ʚʦʟʜʫʭʘ ʠ ʢʣʠʤʘʪʘ ʧʦʟʚʦʣʷʝʪ ʤʘʢʩʠʤʠʟʠʨʦʚʘʪʴ 

ʦʙʱʠʝ ʚʳʛʦʜʳ ʜʣʷ ʟʜʦʨʦʚʴʷ. 

(Miller ʠ Jin, 2019) ʦʮʝʥʠʚʘʶʪ ʧʦʪʝʥʮʠʘʣʴʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʚʳʙʨʦʩʦʚ ʏʋ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʥʝʜʘʚʥʦ ʧʨʠʥʷʪʳʭ ʧʦʣʠʪʠʢ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʜʘʣʴʥʝʡʰʝʛʦ ʩʦʢʨʘʱʝʥʠʷ ʚʳʙʨʦʩʦʚ ʧʫʪʝʤ 



ʎɻ ʊʕɺ - ʉʦʢʨʘʱʝʥʠʝ ʚʳʙʨʦʩʦʚ ʏʋ ʠ ʇɸʋ - ʜʝʢʘʙʨʴ 2020 
54  

ʫʩʢʦʨʝʥʠʷ ʛʣʦʙʘʣʴʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʩʪʘʥʜʘʨʪʦʚ çʙʝʟ ʢʦʧʦʪʠè ʜʣʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, 

ʜʚʠʛʘʪʝʣʝʡ ʠ ʪʦʧʣʠʚʘ. ʊʘʢʞʝ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʥʘ ʛʣʦʙʘʣʴʥʳʝ 

ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʪʨʘʝʢʪʦʨʠʠ ʠ ʩʦʮʠʘʣʴʥʳʝ ʠʟʜʝʨʞʢʠ, ʚʢʣʶʯʘʷ ʫʱʝʨʙ ʜʣʷ ʢʣʠʤʘʪʘ ʠ 

ʟʜʦʨʦʚʴʷ. ɸʚʪʦʨʳ ʦʮʝʥʠʚʘʶʪ, ʯʪʦ ʧʨʠʥʷʪʳʝ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʦʣʠʪʠʢʠ ʧʦʟʚʦʣʷʪ 

ʩʦʢʨʘʪʠʪʴ ʚʳʙʨʦʩʳ ʏʋ ʦʪ ʜʦʨʦʞʥʦʛʦ ʜʠʟʝʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʥʘ 40% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʫʨʦʚʥʷʤʠ 2010 ʛʦʜʘ ʢ 2030 ʛʦʜʫ. ʆʥʠ ʧʦʢʘʟʳʚʘʶʪ ʧʨʦʛʥʦʟʠʨʫʝʤʳʝ ʛʣʦʙʘʣʴʥʳʝ ʚʳʙʨʦʩʳ 

ʏʋ ʦʪ ʜʠʟʝʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʧʦ ʧʷʪʠ ʩʮʝʥʘʨʠʷʤ ʧʦʣʠʪʠʢʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʩʦʢʨʘʱʝʥʠʝʤ 

ʛʣʦʙʘʣʴʥʳʭ ʚʳʙʨʦʩʦʚ ʏʋ ʦʪ ʜʠʟʝʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʥʘ 75% ʚ ʧʝʨʠʦʜ ʩ 2010 ʧʦ 2030 ʛʦʜʳ, 

ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʨʦʚʥʶ ʩʦʢʨʘʱʝʥʠʷ ʏʋ, ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʅʘʫʯʥʦ-ʢʦʥʩʫʣʴʪʘʪʠʚʥʦʡ 

ʛʨʫʧʧʦʡ CCAC (Shindell et al., 2017). ʇʦʣʠʪʠʢʠ, ʧʨʠʥʷʪʳʝ ʠʣʠ ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʩ 2015 

ʛʦʜʘ, ʩʦʛʣʘʩʥʦ ʧʨʦʛʥʦʟʘʤ, ʧʦʟʚʦʣʷʪ ʠʟʙʝʞʘʪʴ ʚʳʙʨʦʩʦʚ 2 ʤʠʣʣʠʦʥʦʚ ʪʦʥʥ ʜʠʟʝʣʴʥʦʛʦ ʏʋ 

ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʟʘ ʧʝʨʠʦʜ ʩ 2015 ʧʦ 2030 ʛʦʜʳ, ʯʪʦ ʵʢʚʠʚʘʣʝʥʪʥʦ 16% ʩʦʢʨʘʱʝʥʠʶ 

ʩʦʚʦʢʫʧʥʳʭ ʚʳʙʨʦʩʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʘʟʦʚʳʤ ʩʮʝʥʘʨʠʝʤ ʙʝʟ ʵʪʠʭ ʧʦʣʠʪʠʢ. ɹʦʣʝʝ 70% 

ʵʪʦʛʦ ʩʦʢʨʘʱʝʥʠʷ ʚʳʙʨʦʩʦʚ ʏʋ ʩʚʷʟʘʥʦ ʩ ʚʥʝʜʨʝʥʠʝʤ ʩʪʘʥʜʘʨʪʦʚ çʙʝʟ ʢʦʧʦʪʠè ʚ ʂʠʪʘʝ 

ʠ ʀʥʜʠʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʨʠʥʷʪʳʭ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʦʣʠʪʠʢ ʚʩʝ ʝʱʝ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ 75% ʩʦʢʨʘʱʝʥʠʷ ʛʣʦʙʘʣʴʥʳʭ ʚʳʙʨʦʩʦʚ ʏʋ ʦʪ ʜʠʟʝʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʚ 

ʧʝʨʠʦʜ ʩ 2010 ʧʦ 2030 ʛʦʜʳ. 

ɺ ʌʠʥʣʷʥʜʠʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʬʠʥʩʢʠʭ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʦʟʜʫʭ ʚʝʱʝʩʪʚ ʠ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʤʝʪʨʠʢ 

ʚʳʙʨʦʩʦʚ (Kupiainen et al., 2019). ʕʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʮʝʥʠʚʘʝʪ ʢʣʠʤʘʪʠʯʝʩʢʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʬʠʥʩʢʠʭ ʚʳʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʠ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʩ 2000 ʧʦ 

2010 ʛʦʜ, ʘ ʪʘʢʞʝ ʧʨʦʛʥʦʟʠʨʫʝʪ ʙʫʜʫʱʠʝ ʚʳʙʨʦʩʳ ʜʦ 2030 ʛʦʜʘ (ʈʠʩʫʥʦʢ 14). ɺ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʢʣʶʯʝʥʳ ʪʘʢʠʝ ʟʘʛʨʷʟʥʷʶʱʠʝ ʚʝʱʝʩʪʚʘ, ʢʘʢ SO2, NOʭ, NH3, ʥʝʣʝʪʫʯʠʝ 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ (NMVOC), ʯʝʨʥʳʡ ʫʛʣʝʨʦʜ (ʏʋ), ʦʨʛʘʥʠʯʝʩʢʠʡ ʫʛʣʝʨʦʜ (Oʋ), 

CO, CO2, CH4 ʠ N2O. ʆʥʦ ʩʪʘʣʦ ʧʝʨʚʳʤ, ʚ ʢʦʪʦʨʦʤ ʚʩʝ ʵʪʠ ʚʝʱʝʩʪʚʘ ʚʢʣʶʯʝʥʳ ʚ ʝʜʠʥʳʡ 

ʥʘʙʦʨ ʜʘʥʥʳʭ ʜʣʷ ʌʠʥʣʷʥʜʠʠ. ʕʪʠ ʟʘʛʨʷʟʥʷʶʱʠʝ ʚʝʱʝʩʪʚʘ ʠʤʝʶʪ ʨʘʟʥʦʝ ʚʨʝʤʷ ʞʠʟʥʠ ʚ 

ʘʪʤʦʩʬʝʨʝ ʠ ʧʦ-ʨʘʟʥʦʤʫ ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʢʣʠʤʘʪ, ʧʦʵʪʦʤʫ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʤʝʪʨʠʢʠ ʠ ʚʨʝʤʝʥʥʳʝ ʛʦʨʠʟʦʥʪʳ. ʀʩʧʦʣʴʟʫʶʪʩʷ 

ʧʦʪʝʥʮʠʘʣ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ (GWP), ʧʦʪʝʥʮʠʘʣ ʠʟʤʝʥʝʥʠʷ ʛʣʦʙʘʣʴʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ (GTP) ʠ ʧʦʪʝʥʮʠʘʣ ʠʟʤʝʥʝʥʠʷ ʨʝʛʠʦʥʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ (RTP) ʜʣʷ ʦʮʝʥʢʠ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʦʩʣʝʜʩʪʚʠʡ ʚʳʙʨʦʩʦʚ ʧʦ ʚʠʜʘʤ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʠ ʩʝʢʪʦʨʘʤ ʢʘʢ 

ʥʘ ʛʣʦʙʘʣʴʥʦʤ ʫʨʦʚʥʝ, ʪʘʢ ʠ ʚ ɸʨʢʪʠʢʝ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʨʘʚʥʠʚʘʝʪ ʢʣʠʤʘʪʠʯʝʩʢʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʚʳʙʨʦʩʦʚ ʟʠʤʦʡ ʠ ʣʝʪʦʤ. ʆʮʝʥʢʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʢʘʢ ʤʦʞʥʦ ʦʮʝʥʠʪʴ 

ʢʣʠʤʘʪʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʚʳʙʨʦʩʦʚ ʠʟ  ʥʝʙʦʣʴʰʠʭ ʩʪʨʘʥ ʠ ʠʩʪʦʯʥʠʢʦʚ, ʯʪʦ ʩʣʦʞʥʦ 

ʩʜʝʣʘʪʴ ʩ ʧʦʤʦʱʴʶ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʘʥʘʣʠʟʘ ʥʘʮʠʦʥʘʣʴʥʳʭ ʧʦʣʠʪʠʢ ʚ ʚ 

ʤʥʦʛʦʬʘʢʪʦʨʥʦʡ ʩʠʪʫʘʮʠʠ. ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʤʝʥʠʤʳ ʢ ʜʨʫʛʠʤ ʩʪʨʘʥʘʤ ʠ 

ʨʝʛʠʦʥʘʤ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʘʥʘʣʠʟʘ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʧʦ ʨʘʟʥʳʤ ʠʟʤʝʨʝʥʠʷʤ, ʪʘʢʠʤ ʢʘʢ ʦʮʝʥʢʘ ʦʪʜʝʣʴʥʳʭ ʩʝʢʪʦʨʦʚ ʠ ʤʝʨ 

ʩʤʷʛʯʝʥʠʷ. ʍʦʪʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʥʘ ʢʦʨʦʪʢʦʞʠʚʫʱʠʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʟʘʛʨʷʟʥʠʪʝʣʷʭ, ʦʥʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʳʙʨʦʩʳ CO2 ʦʢʘʟʳʚʘʶʪ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʢʣʠʤʘʪ, ʠ ʵʪʦ ʟʥʘʯʝʥʠʝ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʥʳʭ ʛʦʨʠʟʦʥʪʦʚ. 

ɺ ʢʨʘʪʢʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ ʦʩʦʙʝʥʥʦ ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʚʳʙʨʦʩʳ CH4 ʠ ʏʋ. 

ɺʦʟʜʝʡʩʪʚʠʝ ʚʳʙʨʦʩʦʚ ʏʋ ʥʘ ʧʦʪʝʧʣʝʥʠʝ ʫʩʠʣʠʚʘʝʪʩʷ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ.  
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ʈʠʩʫʥʦʢ 14: ɺʳʙʨʦʩʳ ʌʠʥʣʷʥʜʠʠ ʚ 2010 ʛʦʜʫ (ʄʪ CO2-ʵʢʚʠʚʘʣʝʥʪʦʚ), ʚʟʚʝʰʝʥʥʳʝ ʩ ʫʯʝʪʦʤ 

ʨʘʟʣʠʯʥʳʭ ʛʣʦʙʘʣʴʥʳʭ ʤʝʪʨʠʢ, ʦʧʠʩʘʥʥʳʭ ʚ (Kupiainen et al., 2019). CO2 ʚʳʜʝʣʝʥ ʦʪʜʝʣʴʥʦ, 

ʘ ʯʠʩʪʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʝʢʦʥʜʝʥʩʠʨʫʶʱʠʭʩʷ ʚʳʙʨʦʩʦʚ ʦʙʦʟʥʘʯʝʥʦ ʟʚʝʟʜʦʯʢʦʡ. 

ɺ ɼʘʥʠʠ, ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, (Bjßrner et al., 2019) ʦʙʥʘʨʫʞʠʣʠ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʯʠʩʪʳʝ ʚʳʛʦʜʳ ʜʣʷ ʙʣʘʛʦʩʦʩʪʦʷʥʠʷ ʦʪ ʙʦʣʴʰʠʥʩʪʚʘ ʪʠʧʦʚ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʫʩʪʘʥʦʚʦʢ, ʧʨʠʯʝʤ ʥʘʠʙʦʣʴʰʠʝ ʚʳʛʦʜʳ ʜʦʩʪʠʛʘʶʪʩʷ ʧʨʠ ʚʚʝʜʝʥʠʠ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʥʘʣʦʛʘ ʠʣʠ ʦʙʱʝʛʦ ʟʘʧʨʝʪʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʯʝʡ ʙʝʟ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʤʘʨʢʠʨʦʚʢʠ. ʆʩʥʦʚʥʳʝ ʚʳʛʦʜʳ ʩʚʷʟʘʥʳ ʩ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʧʝʯʝʡ ʥʘ 

ʜʨʝʚʝʩʥʦʤ ʪʦʧʣʠʚʝ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʛʦʨʦʜʩʢʠʭ ʨʘʡʦʥʘʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦʧʦʣʥʝʥʠʝ 

ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʦʚʳʭ ʫʩʪʘʥʦʚʦʢ ʤʝʨʘʤʠ, ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʥʘ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʫʩʪʘʥʦʚʢʠ, ʧʨʠʚʝʜʝʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʣʫʯʰʝʥʠʶ ʙʣʘʛʦʩʦʩʪʦʷʥʠʷ ʚ 

ɼʘʥʠʠ. ɸʚʪʦʨʳ ʩʯʠʪʘʶʪ, ʯʪʦ ʵʪʦ ʪʘʢʞʝ ʫʣʫʯʰʠʪ ʙʣʘʛʦʩʦʩʪʦʷʥʠʝ ʚ ʜʨʫʛʠʭ ʯʘʩʪʷʭ ɽʚʨʦʧʳ 

ʠ ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʠ, ʛʜʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʦʩʥʦʚʥʦʤ ʥʘʧʨʘʚʣʝʥʦ ʥʘ 

ʥʦʚʳʝ ʫʩʪʘʥʦʚʢʠ. 

ɺ ʛʦʨʦʜʘʭ ʐʚʝʮʠʠ (Segersson et al., 2017) ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʩʣʫʯʘʝʚ 

ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʡ ʩʤʝʨʪʥʦʩʪʠ ʩʚʷʟʘʥʘ ʩ ʣʦʢʘʣʴʥʳʤʠ ʚʳʙʨʦʩʘʤʠ, ʧʨʠʯʝʤ ʥʘʠʙʦʣʴʰʝʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʦʢʘʟʳʚʘʶʪ ʘʚʪʦʤʦʙʠʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪ ʠ ʩʞʠʛʘʥʠʝ ʜʨʝʚʝʩʠʥʳ ʚ ʙʳʪʦʚʳʭ 

ʧʝʯʘʭ. ʉʨʝʜʠ ʤʝʩʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ RWC (ʩʞʠʛʘʥʠʝ ʜʨʝʚʝʩʠʥʳ ʙʳʪʦʚʳʤʠ ʫʩʪʘʥʦʚʢʘʤʠ) ʠ 

ʘʚʪʦʤʦʙʠʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʡ 

ʩʤʝʨʪʥʦʩʪʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʊʏ2,5 ʚ ʢʘʯʝʩʪʚʝ ʠʥʜʠʢʘʪʦʨʘ ʩʚʷʟʳʚʘʝʪ ʙʦʣʴʰʠʥʩʪʚʦ ʩʤʝʨʪʝʡ 

ʩ RWC, ʪʦʛʜʘ ʢʘʢ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʏʋ ʧʨʠʜʘʝʪ ʙʦʣʴʰʠʡ ʚʝʩ ʚʳʭʣʦʧʘʤ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ. ʊʘʢʞʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʝʣʢʠʝ ʯʘʩʪʠʮʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʪʨʘʥʩʧʦʨʪʦʤ 

(<2,5 ʤʢʤ), ʚʝʨʦʷʪʥʦ, ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʟʥʘʯʠʤʦʡ ʧʨʠʯʠʥʦʡ ʩʤʝʨʪʥʦʩʪʠ, ʩʚʷʟʘʥʥʦʡ ʩ 

ʜʣʠʪʝʣʴʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ, ʯʝʤ ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʯʘʩʪʠʮʳ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʠʟ-ʟʘ ʠʟʥʦʩʘ (<10 

ʤʢʤ). ɺʦʟʜʝʡʩʪʚʠʝ RWC, ʚʤʝʩʪʝ ʩ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʷʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʵʪʦʡ ʢʘʪʝʛʦʨʠʝʡ, 

ʧʦʜʯʝʨʢʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʣʫʯʰʝʥʠʷ ʢʘʜʘʩʪʨʦʚ ʚʳʙʨʦʩʦʚ. ʋʯʠʪʳʚʘʷ, ʯʪʦ 

ʚʦʟʜʝʡʩʪʚʠʝ RWC ʥʘ ʟʜʦʨʦʚʴʝ ʚ ʥʝʢʦʪʦʨʳʭ ʯʘʩʪʷʭ ɽʚʨʦʧʳ ʤʦʞʝʪ ʙʳʪʴ ʩʦʧʦʩʪʘʚʠʤʦ ʩ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʩʣʝʜʫʝʪ ʩʪʨʝʤʠʪʴʩʷ ʠ ʢ ʪʘʢʦʤʫ ʞʝ ʫʨʦʚʥʶ 

ʜʝʪʘʣʠʟʘʮʠʠ ʦʧʠʩʘʥʠʷ ʚʳʙʨʦʩʦʚ. ʆʜʥʘʢʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʪʦ ʥʝ ʪʘʢ: ʣʠʰʴ ʚ ʥʝʤʥʦʛʠʭ 

ʛʦʨʦʜʘʭ ʚʝʜʝʪʩʷ ʫʯʝʪ ʦʪʦʧʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ 

ʦʮʝʥʢʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ ʚ ʘʪʨʠʙʫʮʠʠ ʠʩʪʦʯʥʠʢʦʚ ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʝ ʜʘʥʥʳʭ 

ʤʦʥʠʪʦʨʠʥʛʘ ʚ ʨʘʡʦʥʘʭ, ʛʜʝ ʜʦʤʠʥʠʨʫʝʪ RWC. ʂʣʶʯʝʚʦʡ ʚʳʚʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʠʩʢʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʨʘʚʥʝʥʠʝ 

ʚʥʫʪʨʠ ʛʦʨʦʜʘ, ʠʣʠ ʏʋ ʚ ʢʘʯʝʩʪʚʝ ʠʥʜʠʢʘʪʦʨʘ ʊʏ ʦʪ ʣʦʢʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʞʠʛʘʥʠʷ, 

ʣʦʢʘʣʴʥʳʝ ʠʩʪʦʯʥʠʢʠ ʊʏ ʚʳʟʳʚʘʶʪ ʙʦʣʴʰʝ ʩʣʫʯʘʝʚ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʡ ʩʤʝʨʪʥʦʩʪʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʘʣʴʥʠʤ ʧʝʨʝʥʦʩʦʤ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ (LRT). ʆʜʥʘʢʦ, ʝʩʣʠ ʦʩʥʦʚʳʚʘʪʴ 
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ʦʮʝʥʢʫ ʨʠʩʢʦʚ ʥʘ ʦʙʱʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʊʏ10 ʠʣʠ ʊʏ2,5 ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʨʠʩʢʘ ʥʘ ʦʩʥʦʚʝ ʤʝʞʛʦʨʦʜʩʢʠʭ ʩʨʘʚʥʝʥʠʡ, LRT, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʧʨʠʧʠʩʳʚʘʝʪʩʷ ʙʦʣʴʰʝʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʠʩʢʫ ʥʝʜʦʦʮʝʥʢʠ 

ʚʦʟʜʝʡʩʪʚʠʷ ʣʦʢʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʯʝʨʢʠʚʘʶʪ ʚʘʞʥʦʩʪʴ ʫʯʝʪʘ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʛʨʘʜʠʝʥʪʦʚ ʚʥʫʪʨʠ ʛʦʨʦʜʦʚ ʧʨʠ ʦʮʝʥʢʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʘʩʝʣʝʥʠʝ ʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʜʝʣʷʪʴ ʙʦʣʴʰʝ ʚʥʠʤʘʥʠʷ ʩʦʢʨʘʱʝʥʠʶ ʣʦʢʘʣʴʥʳʭ ʚʳʙʨʦʩʦʚ ʊʏ ʠ ʏʋ ʚ 

ʛʦʨʦʜʘʭ ʐʚʝʮʠʠ. 

ɺʦʟʜʝʡʩʪʚʠʝ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʟʜʫʭʘ ʥʘ ʦʪʢʨʳʪʦʤ ʚʦʟʜʫʭʝ ʠ ʚ ʧʦʤʝʱʝʥʠʷʭ ʠʟʚʝʩʪʥʦ 

ʩʚʦʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʜʳʭʘʪʝʣʴʥʫ  ʁ ʠ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʫ  ʁ ʩʠʩʪʝʤ,r ʘ ʥʝʜʘʚʥʝʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ (Maher et al., 2021) ʪʘʢʞʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʝʛʦ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʢʦʛʥʠʪʠʚʥʳʝ 

ʬʫʥʢʮʠʠ. ʂʦʥʮʝʥʪʨʘʮʠʠ ʠ ʩʦʜʝʨʞʘʥʠʝ ʤʘʛʥʝʪʠʪʘ ʚ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮʘʭ (ʊʏ) ʚ ʧʦʤʝʱʝʥʠʠ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʩʞʠʛʘʥʠʠ ʪʦʨʬʘ, ʜʨʝʚʝʩʠʥʳ ʠʣʠ ʫʛʣʷ ʚ ʦʪʢʨʳʪʳʭ ʜʦʤʘʰʥʠʭ ʦʯʘʛʘʭ, 

ʚʘʨʴʠʨʫʶʪʩʷ. ʉʘʤʳʝ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʊʏ2,5 ʚ ʧʦʤʝʱʝʥʠʠ (60 ʤʢʛ/ʤ
3, ʯʪʦ ʚ 2,4 ʨʘʟʘ 

ʧʨʝʚʳʰʘʝʪ 24-ʯʘʩʦʚʫʶ ʥʦʨʤʫ ɺʆɿ) ʥʘʙʣʶʜʘʣʠʩʴ ʧʨʠ ʩʞʠʛʘʥʠʠ ʪʦʨʬʘ, ʟʘ ʢʦʪʦʨʳʤ 

ʩʣʝʜʫʶʪ ʫʛʦʣʴ (30 ʤʢʛ/ʤ3) ʠ ʜʨʝʚʝʩʠʥʘ (17 ʤʢʛ/ʤ3). ʅʘʧʨʦʪʠʚ, ʩʘʤʳʝ ʚʳʩʦʢʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʊʏ (ʊʏ10-2,5) ʙʳʣʠ ʩʚʷʟʘʥʳ ʩʦ ʩʞʠʛʘʥʠʝʤ ʫʛʣʷ (20 ʤʢʛ/ʤ3), 

ʘ ʧʨʠ ʩʞʠʛʘʥʠʠ ʜʨʝʚʝʩʠʥʳ (10 ʤʢʛ/ʤ3) ʠ ʪʦʨʬʘ (8 ʤʢʛ/ʤ3) ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʳʣʠ ʥʠʞʝ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʷʚʠʣʦ ʥʝʛʘʪʠʚʥʫʶʪ ʩʚʷʟʴ ʤʝʞʜʫ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʪʢʨʳʪʳʭ ʢʘʤʠʥʦʚ ʠ 

ʢʦʛʥʠʪʠʚʥʳʤʠ ʬʫʥʢʮʠʷʤʠ, ʠʟʤʝʨʷʝʤʳʤʠ ʩ ʧʦʤʦʱʴʶ ʪʝʩʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʟʘʧʦʤʠʥʘʥʠʝ ʩʣʦʚ 

ʠ ʪʝʩʪʳ ʥʘ ʙʝʛʣʦʩʪʴ ʨʝʯʠ. ʅʝʛʘʪʠʚʥʘʷ ʩʚʷʟʴ ʙʳʣʘ ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʡ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʦʡ ʩʨʝʜʠ ʞʝʥʱʠʥ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʠʭ ʙʦʣʴʰʝʡ ʧʦʜʚʝʨʞʝʥʥʦʩʪʴʶ ʚʦʟʜʝʡʩʪʚʠʶ 

ʦʪʢʨʳʪʳʭ ʦʯʘʛʦʚ ʚ ʜʦʤʝ, ʪʘʢ ʢʘʢ ʦʥʠ ʧʨʦʚʦʜʷʪ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ ʜʦʤʘ, ʯʝʤ ʤʫʞʯʠʥʳ. ʕʪʠ 

ʨʝʟʫʣʴʪʘʪʳ ʦʩʪʘʶʪʩʷ ʟʥʘʯʠʤʳʤʠ ʧʨʠ ʨʘʟʜʝʣʝʥʠʠ ʚʳʙʦʨʢʠ ʧʦ ʚʦʟʨʘʩʪʫ, ʜʦʭʦʜʫ ʠ ʤʝʩʪʫ 

ʞʠʪʝʣʴʩʪʚʘ (ʛʦʨʦʜ/ʩʝʣʦ).   

4 ʄʝʨʳ ʧʦ ʩʥʠʞʝʥʠʶ ʚʳʙʨʦʩʦʚ ʊʏ ʠ ʠʭ ʚʦʟʜʝʡʩʪʚʠʝ 
ʥʘ ʚʳʙʨʦʩʳ ʏʋ ʠ ʇɸʋ 

ɺ ʩʣʝʜʫʶʱʠʭ ʨʘʟʜʝʣʘʭ ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʱʠʡ ʦʙʟʦʨ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ ʚʳʙʨʦʩʦʚ 

ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ, ʩ ʘʢʮʝʥʪʦʤ ʥʘ ʯʝʨʥʳʡ ʫʛʣʝʨʦʜ (ʏʋ) ʠ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ (ʆʄ) 

ʚʢʣʶʯʘʷ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ (ʇɸʋ). ʍʦʪʷ ʩʚʝʨʭʪʦʥʢʠʝ 

ʯʘʩʪʠʮʳ (UFP) ʥʝ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʦʡ ʪʝʤʦʡ ʜʘʥʥʦʛʦ ʦʪʯʸʪʘ, ʘʥʘʣʠʟ ʢʦʤʧʨʦʤʠʩʩʦʚ ʠʣʠ 

ʩʦʚʤʝʩʪʥʳʭ ʵʬʬʝʢʪʦʚ ʜʣʷ ʵʪʠʭ ʯʘʩʪʠʮ ʧʨʠʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ, 

ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʩʚʷʟʘʥʳ ʩ ʚʳʙʨʦʩʘʤʠ ʏʋ. ʅʝʜʘʚʥʠʡ ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ ʧʨʝʜʩʪʘʚʣʝʥ ʜʣʷ 

ʦʩʚʝʱʝʥʠʷ ʨʦʣʠ ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʦʢʨʘʱʝʥʠʠ ʚʳʙʨʦʩʦʚ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ. 

 

ɺ ʨʘʟʜʝʣʝ 4.1 ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʘʣʳʝ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʩʞʠʛʘʥʠʷ ʚ ʞʠʣʦʤ ʩʝʢʪʦʨʝ ʩ 

ʥʝʢʦʪʦʨʳʤʠ ʜʘʥʥʳʤʠ ʠʟ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʢʦʪʦʨʳʝ 

ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʯʘʩʪʠʯʥʦ ʧʨʠʤʝʥʠʤʫʶ ʢ ʪʝʭʥʦʣʦʛʠʷʤ, 

ʠʩʧʦʣʴʟʫʝʤʳʤ ʜʣʷ ʤʘʣʳʭ ʫʩʪʨʦʡʩʪʚ. 

ɺ ʨʘʟʜʝʣʝ 4.2 ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʝʢʪʦʨ ʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ 

ʨʦʣʠ ʩʠʩʪʝʤ ʧʦʩʣʝʧʝʨʝʨʘʙʦʪʢʠ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ ʚʳʙʨʦʩʦʚ ʏʋ, ʆM ʠ 

UFP, ʘ ʪʘʢʞʝ ʠʟʥʦʩʫ ʰʠʥ ʠ ʪʦʨʤʦʟʦʚ. 

ʈʘʟʜʝʣ 4.3 ʧʦʩʚʷʱʝʥ ʬʘʢʝʣʴʥʦʤʫ ʩʞʠʛʘʥʠʶ ʛʘʟʘ, ʢʦʪʦʨʦʝ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ, 

ʦʩʦʙʝʥʥʦ ʚ ɸʨʢʪʠʯʝʩʢʠʭ ʨʝʛʠʦʥʘʭ, ʢʘʢ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʟʜʦʨʦʚʴʷ, ʪʘʢ ʠ ʢʣʠʤʘʪʘ. ʏʋ 

ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʤ ʚʝʱʝʩʪʚʦʤ, ʚʳʜʝʣʷʝʤʳʤ ʧʨʠ ʬʘʢʝʣʴʥʦʤ 

ʩʞʠʛʘʥʠʠ, ʩ ʦʯʝʥʴ ʥʝʦʧʨʝʜʝʣʝʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʚʳʙʨʦʩʦʚ. 
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4.1 ʄʘʣʳʝ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʩʞʠʛʘʥʠʷ ʚ ʞʠʣʦʤ ʩʝʢʪʦʨʝ 

 ʆʙʱʠʡ ʦʙʟʦʨ ʤʝʨ ʧʦ ʩʦʢʨʘʱʝʥʠʶ ʚʳʙʨʦʩʦʚ ʊʏ ʠ ʏʋ 
ʐʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʳʙʨʦʩʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʚ (Nussbaumer, 2010a) ʜʣʷ 

ʩʞʠʛʘʥʠʷ ʜʨʝʚʝʩʠʥʳ ʚ ʙʳʪʦʚʳʭ ʫʩʣʦʚʠʷʭ ʥʘ ʪʦʪ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ (ʊʘʙʣʠʮʘ 7), ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʳʙʨʦʩʦʚ ʜʣʷ ʩʨʝʜʥʠʭ ʠ ʢʨʫʧʥʳʭ ʫʩʪʘʥʦʚʦʢ ʟʘʚʠʩʷʪ ʦʪ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʜʣʷ ʫʜʘʣʝʥʠʷ ʯʘʩʪʠʮ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʥʘʮʠʦʥʘʣʴʥʳʤʠ ʠʣʠ ʤʝʩʪʥʳʤʠ ʧʨʝʜʝʣʘʤʠ ʚʳʙʨʦʩʦʚ. 

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʚʳʙʨʦʩʦʚ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʥʠʟʢʠʝ 

ʫʨʦʚʥʠ ʚʳʙʨʦʩʦʚ ʜʦʩʪʠʞʠʤʳ ʜʣʷ ʧʨʘʚʠʣʴʥʦ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʪʘʥʦʚʦʢ 

2010 ʛʦʜʘ. 

ʊʘʙʣʠʮʘ 7: ʊʠʧʠʯʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʳʙʨʦʩʦʚ ʊʏ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʫʩʪʘʥʦʚʦʢ 

ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʜʨʝʚʝʩʥʦʤ ʪʦʧʣʠʚʝ, ʚʳʨʘʞʝʥʥʳʝ ʢʘʢ ʪʚʝʨʜʳʝ ʯʘʩʪʠʮʳ, ʦʪʦʙʨʘʥʥʳʝ ʥʘ 

ʛʦʨʷʯʠʭ ʬʠʣʴʪʨʘʭ (ʙʝʟ ʫʯʝʪʘ ʢʦʥʜʝʥʩʠʨʫʝʤʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ), ʚ ʫʩʣʦʚʠʷʭ 

ʨʝʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ (ʩʣʝʚʘ) ʠ ʜʦʩʪʠʞʠʤʳʝ ʫʨʦʚʥʠ ʚʳʙʨʦʩʦʚ ʊʏ ʧʨʠ ʣʫʯʰʠʭ ʧʨʘʢʪʠʢʘʭ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʠʜʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ (ʩʧʨʘʚʘ). *ʊʦʣʴʢʦ ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʧʦʣʥʦʡ ʤʦʱʥʦʩʪʠ, 

ʯʪʦ ʥʝ ʚʩʝʛʜʘ ʛʘʨʘʥʪʠʨʫʝʪʩʷ ʜʣʷ ʦʙʦʛʨʝʚʘ ʧʦʤʝʱʝʥʠʡ (Nussbaumer, 2010a)  

ʊʠʧ ʫʩʪʘʥʦʚʢʠ ʊʠʧʠʯʥʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʚʳʙʨʦʩʦʚ ʊʏ ʩʝʛʦʜʥʷ 

(ʤʛ/ʄɼʞ-1) 

ɼʦʩʪʠʞʠʤʳʝ ʫʨʦʚʥʠ 

ʚʳʙʨʦʩʦʚ ʊʏ (ʤʛ/ʄɼʞ) 

ʆʪʢʨʳʪʳʝ ʢʘʤʠʥʳ 50 to > 1000 50 - 100 

ɼʨʦʚʷʥʳʝ ʧʝʯʠ ʠ ʟʘʢʨʳʪʳʝ ʪʦʧʢʠ 20 to > 1000 15 - 25 

ʂʦʪʣʳ ʥʘ ʜʨʦʚʘʭ ʙʝʟ ʪʝʧʣʦʘʢʢʫʤʫʣʷʪʦʨʘ 20* to > 1000 ʅʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʂʦʪʣʳ ʥʘ ʜʨʦʚʘʭ ʩ ʪʝʧʣʦʘʢʢʫʤʫʣʷʪʦʨʦʤ 20 to > 100 10 - 20 

ʇʝʣʣʝʪʥʳʝ ʧʝʯʠ ʠ ʢʦʪʣʳ 10 - 50 10 - 20 

ɸʚʪʦʤʘʪʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ ʩʞʠʛʘʥʠʷ   

ʉ ʮʠʢʣʦʥʦʤ 50 - 300 50 - 100 

ʉ ʧʨʦʩʪʳʤ ʣɻʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤ 
ʬʠʣʴʪʨʦʤ 

25 - 50 15 - 35 

ʉ ʧʨʦʜʚʠʥʫʪʳʤ 
ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤ ʬʠʣʴʪʨʦʤ 

5 - 15 5 - 15 

ʉ ʨʫʢʘʚʥʳʤ ʬʠʣʴʪʨʦʤ < 5 <5 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʚʳʙʨʦʩʳ ʊʏ2,5, ʦʩʦʙʝʥʥʦ 

ʧʨʠ ʩʞʠʛʘʥʠʠ ʙʠʦʤʘʩʩʳ (Amann et al., 2018). ʕʪʠ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ 

ʤʘʣʦʤʘʩʰʪʘʙʥʦʛʦ ʩʞʠʛʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʣʫʯʰʠʝ ʜʦʩʪʫʧʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʠ ʠʭ ʢʦʤʤʝʨʯʝʩʢʘʷ ʜʦʩʪʫʧʥʦʩʪʴ ʦʙʝʩʧʝʯʝʥʘ ʩʪʨʦʛʠʤʠ 

ʥʘʮʠʦʥʘʣʴʥʳʤʠ ʥʦʨʤʘʪʠʚʘʤʠ ʚʳʙʨʦʩʦʚ ʜʣʷ ʤʘʣʳʭ ʫʩʪʘʥʦʚʦʢ ʩʞʠʛʘʥʠʷ ʚ ʥʝʢʦʪʦʨʳʭ 

ʩʪʨʘʥʘʭ. ʇʨʠʤʝʨʳ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ (Amann et al., 2018): 

 

 ʂʦʪʣʳ ʥʘ ʜʨʝʚʝʩʥʦʡ ʱʝʧʝ ʩ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʚʳʙʨʦʩʦʚ (7ï60 ʢɺʪ): ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʛʘʟʠʬʠʢʘʮʠʠ ʩ ʧʦʜʲʝʤʥʳʤ ʧʦʪʦʢʦʤ ʠ ʬʠʣʴʪʨʫʶʱʠʤ ʵʬʬʝʢʪʦʤ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ 

ʫʛʣʷ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʚʩʘʩʳʚʘʥʠʷ ʪʦʧʣʠʚʘ 

ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʫʣʴʪʨʘʥʠʟʢʦʛʦ ʫʨʦʚʥʷ ʚʳʙʨʦʩʦʚ ʊʏ ï 0,9 ʤʛ/ʤ3 ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ 

ʢʠʩʣʦʨʦʜʘ 13% (ʧʨʠ ʧʦʣʥʦʡ ʥʘʛʨʫʟʢʝ ʥʘ ʠʩʧʳʪʘʪʝʣʴʥʦʤ ʩʪʝʥʜʝ). 

 ʇʝʣʣʝʪʥʳʝ ʢʦʪʣʳ ʩ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʚʳʙʨʦʩʦʚ (8ï35 ʢɺʪ): ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʠʞʥʷʷ 

ʧʦʜʘʯʘ ʧʝʣʣʝʪ ʩ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤ ʨʘʟʜʝʣʝʥʠʝʤ ʯʘʩʪʠʮ ʧʦʩʨʝʜʩʪʚʦʤ ʮʠʢʣʦʥʥʦʛʦ 

ʵʬʬʝʢʪʘ. ɺʳʙʨʦʩʳ ʊʏ ʩʦʩʪʘʚʣʷʶʪ 0,9 ʤʛ/ ʤ3 ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʢʠʩʣʦʨʦʜʘ 13% (ʧʨʠ 

ʧʦʣʥʦʡ ʥʘʛʨʫʟʢʝ ʥʘ ʠʩʧʳʪʘʪʝʣʴʥʦʤ ʩʪʝʥʜʝ). 

 ʇʝʣʣʝʪʥʳʝ ʢʦʪʣʳ ʩ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʚʳʙʨʦʩʦʚ ʠ ʚʩʪʨʦʝʥʥʦʡ ʛʝʥʝʨʘʮʠʝʡ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ (ʤʠʢʨʦ-ʊʕʎ) (3ï18 ʢɺʪ): ʵʪʦ ʢʦʥʜʝʥʩʘʮʠʦʥʥʳʡ ʧʝʣʣʝʪʥʳʡ ʢʦʪʝʣ 
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ʩ ʪʝʨʤʠʯʝʩʢʠʤ ʂʇɼ ʜʦ 107%, ʩ ʵʬʬʝʢʪʠʚʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʛʦʨʝʥʠʝʤ, 

ʨʝʛʫʣʠʨʫʝʤʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʢʦʪʣʘ (28ï85ÁC) ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʠʛʘʪʝʣʷ ʉʪʠʨʣʠʥʛʘ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ 

ʢʦʤʙʠʥʘʮʠʠ ʩ ʩʦʣʥʝʯʥʳʤʠ ʢʦʣʣʝʢʪʦʨʘʤʠ ʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ. 

ɺʳʙʨʦʩʳ ʊʏ ʩʦʩʪʘʚʣʷʶʪ 12 ʤʛ/ ʤ3 ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʢʠʩʣʦʨʦʜʘ 13% (ʧʨʠ ʧʦʣʥʦʡ 

ʥʘʛʨʫʟʢʝ ʥʘ ʠʩʧʳʪʘʪʝʣʴʥʦʤ ʩʪʝʥʜʝ). 

 ʇʝʣʣʝʪʥʳʝ ʢʦʪʣʳ ʩ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʚʳʙʨʦʩʦʚ ʠ ʚʩʪʨʦʝʥʥʳʤʠ ʪʝʧʣʦʚʳʤʠ 
ʥʘʩʦʩʘʤʠ (10ï16 ʢɺʪ): ʧʨʦʜʫʢʪ ʩʦʯʝʪʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʣʣʝʪ, ʪʝʧʣʘ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʥʘʩʪʨʘʠʚʘʝʪ ʩʠʩʪʝʤʫ ʥʘ ʥʘʠʙʦʣʝʝ ʵʢʦʥʦʤʠʯʥʳʡ ʠʣʠ ʵʬʬʝʢʪʠʚʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʝʜʧʦʯʪʝʥʠʡ ʜʦʤʦʚʣʘʜʝʣʴʮʝʚ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʊʏ ʩʦʩʪʘʚʣʷʝʪ 17 

ʤʛ/ʤ3 ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʢʠʩʣʦʨʦʜʘ 13% (ʧʨʠ ʧʦʣʥʦʡ ʥʘʛʨʫʟʢʝ ʥʘ ʠʩʧʳʪʘʪʝʣʴʥʦʤ 

ʩʪʝʥʜʝ). 

 ʂʦʪʣʳ ʥʘ ʜʨʦʚʘʭ ʩ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʚʳʙʨʦʩʦʚ ʠ ʚʩʪʨʦʝʥʥʳʤʠ ʪʝʧʣʦʚʳʤʠ ʥʘʩʦʩʘʤʠ 
(10ï30 ʢɺʪ): ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʨʙʶʨʘʪʦʨʥʳʡ ʢʦʪʝʣ ʥʘ ʜʨʦʚʘʭ ʩ ʚʨʘʱʘʶʱʝʡʩʷ 

ʢʘʤʝʨʦʡ ʩʛʦʨʘʥʠʷ ʠ ʛʠʙʨʠʜʥʦʡ ʩʠʩʪʝʤʦʡ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʦʙʲʝʜʠʥʝʥʳ ʩ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ. ɺʳʙʨʦʩʳ ʊʏ ʩʦʩʪʘʚʣʷʶʪ 17 ʤʛ/ʤ3 

ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʢʠʩʣʦʨʦʜʘ 13% (ʧʨʠ ʧʦʣʥʦʡ ʥʘʛʨʫʟʢʝ ʥʘ ʠʩʧʳʪʘʪʝʣʴʥʦʤ ʩʪʝʥʜʝ). 

 ɼʨʦʚʷʥʳʝ ʧʝʯʠ ʩ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʚʳʙʨʦʩʦʚ ʠ ʚʳʩʦʢʦʡ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴʶ (8ï

10 ʢɺʪ): ʜʨʦʚʷʥʘʷ ʧʝʯʴ ʩ ʜʚʫʤʷ ʢʘʤʝʨʘʤʠ ʩʛʦʨʘʥʠʷ ʠ ʚʳʩʦʢʠʤ ʂʇɼ ʜʦ 93%. 

ɺʳʙʨʦʩʳ ʊʏ ʩʦʩʪʘʚʣʷʶʪ 20 ʤʛ/ʤ3 ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʢʠʩʣʦʨʦʜʘ 13% (ʧʨʠ ʧʦʣʥʦʡ 

ʥʘʛʨʫʟʢʝ ʥʘ ʠʩʧʳʪʘʪʝʣʴʥʦʤ ʩʪʝʥʜʝ). 

 

ʉʦʛʣʘʩʥʦ (ʎɻ ʊʕɺ, 2019), ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ: ʥʦʚʳʝ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʝ ʧʝʯʠ, ʦʩʥʘʱʝʥʥʳʝ ʫʣʫʯʰʝʥʥʳʤ ʢʦʥʪʨʦʣʝʤ ʚʦʟʜʫʭʘ, 

ʦʪʨʘʞʘʶʱʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʠ ʜʚʫʤʷ ʢʘʤʝʨʘʤʠ ʩʛʦʨʘʥʠʷ; ʥʦʚʳʝ «ʫʤʥʳʝ» ʧʝʯʠ ʩ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʫʧʨʘʚʣʝʥʠʝʤ ʧʦʜʘʯʝʡ ʚʦʟʜʫʭʘ ʠ ʧʨʦʮʝʩʩʦʤ ʩʛʦʨʘʥʠʷ, ʪʝʨʤʦʩʪʘʪʠʯʝʩʢʠʤ 

ʫʧʨʘʚʣʝʥʠʝʤ, ʧʦʜʢʣʶʯʝʥʠʝʤ ʢ Wi-Fi ʜʣʷ ʩʙʦʨʘ ʠ ʦʪʧʨʘʚʢʠ ʜʘʥʥʳʭ ʦ ʧʨʦʮʝʩʩʝ ʩʞʠʛʘʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʶ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʦʙʩʣʫʞʠʚʘʥʠʷ; ʥʦʚʳʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʝ ʢʠʨʧʠʯʥʳʝ 

ʧʝʯʠ ʩ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʚʳʙʨʦʩʦʚ; ʥʦʚʳʝ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʝ ʧʝʣʣʝʪʥʳʝ ʢʦʪʣʳ: ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʢʦʪʣʳ 

(ʵʣʝʢʪʨʦʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʦʜʘʯʝʡ ʚʦʟʜʫʭʘ, ʜʘʪʯʠʢʠ ʣʷʤʙʜʘ-ʟʦʥʜʘ), ʢʦʥʜʝʥʩʘʮʠʦʥʥʳʝ 

ʢʦʪʣʳ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʝ ʧʝʣʣʝʪʳ; ʢʘʨʙʶʨʘʪʦʨʥʳʝ ʢʦʪʣʳ, 

ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʜʨʦʚʘʭ ʠʣʠ ʜʨʝʚʝʩʥʦʡ ʱʝʧʝ; ʪʝʧʣʦʘʢʢʫʤʫʣʠʨʫʶʱʠʝ ʫʩʪʘʥʦʚʢʠ, ʢʦʪʦʨʳʝ 

ʩʥʠʞʘʶʪ ʯʘʩʪʦʪʫ ʦʩʪʘʥʦʚʦʢ/ʟʘʧʫʩʢʦʚ ʠ ʨʘʙʦʪʫ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʥʘʛʨʫʟʢʝ, ʯʪʦ ʚʳʟʳʚʘʝʪ 

ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʚʳʙʨʦʩʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʙʦʪʦʡ ʧʨʠ ʧʦʣʥʦʡ ʥʘʛʨʫʟʢʝ; ʜʨʫʛʠʝ 

ʪʝʭʥʦʣʦʛʠʠ: ʨʝʮʠʨʢʫʣʷʮʠʷ ʦʪʭʦʜʷʱʠʭ ʛʘʟʦʚ, ʦʙʨʘʪʥʦʝ ʩʛʦʨʘʥʠʝ, ʛʘʟʦʛʝʥʝʨʘʪʦʨʳ. 

 

ʂʘʢ ʩʦʦʙʱʘʝʪʩʷ ʚ (ETC/ACM, 2016), ʚ ʦʪʥʦʰʝʥʠʠ ʤʘʣʳʭ ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʩʞʠʛʘʥʠʷ 

ʦʩʥʦʚʥʳʤʠ ʤʝʨʘʤʠ ʧʦ ʩʦʢʨʘʱʝʥʠʶ ʚʳʙʨʦʩʦʚ ʷʚʣʷʶʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʤʝʨʳ ʜʣʷ 

ʩʥʠʞʝʥʠʷ ʧʝʨʚʠʯʥʳʭ ʚʳʙʨʦʩʦʚ ʦʪ ʥʝʧʦʣʥʦʛʦ ʩʛʦʨʘʥʠʷ, ʪʘʢʠʭ ʢʘʢ ʦʙʱʘʷ ʤʘʩʩʘ ʪʚʝʨʜʳʭ 

ʯʘʩʪʠʮ (ʆɺʏ), ʊʏ, ʉʆ, NMVOC, ʇɸʋ, ʇʍɼɼ/ʌ, ʘ ʪʘʢʞʝ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ, SO2 ʠ NOx. 

ʂʘʯʝʩʪʚʦ ʪʦʧʣʠʚʘ ʪʘʢʞʝ ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ. ʅʘʧʨʠʤʝʨ, ʤʝʨʳ ʧʦ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ 

ʠʣʠ ʩʦʢʨʘʱʝʥʠʶ ʚʳʙʨʦʩʦʚ, ʦʧʠʩʘʥʥʳʝ ʚ (Kubica et al., 2007): 

ɼʣʷ ʫʛʣʷ: 

- ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʯʠʩʪʢʘ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʠʩʭʦʜʥʦʛʦ ʫʛʣʷ ʠ 

ʫʣʫʯʰʝʥʠʝ ʝʛʦ ʢʘʯʝʩʪʚʘ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʡ ʬʨʘʢʮʠʠ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʟʦʣʳ, ʩʝʨʳ, ʘ ʪʘʢʞʝ ʭʣʦʨʘ ʠ ʨʪʫʪʠ; 
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- ʤʦʜʠʬʠʢʘʮʠʷ ʛʨʘʥʫʣʷʮʠʠ ʪʦʧʣʠʚʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʮʝʩʩʦʚ ʫʧʣʦʪʥʝʥʠʷ, 
ʥʘʧʨʠʤʝʨ ʙʨʠʢʝʪʠʨʦʚʘʥʠʷ, ʧʝʣʣʝʪʠʨʦʚʘʥʠʷ, ʚʳʙʦʨʘ ʨʘʟʤʝʨʘ ʛʨʘʥʫʣ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʦʪʦʧʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ (ʧʝʯʝʡ, ʢʦʪʣʦʚ) ʠ ʢʦʥʪʨʦʣʷ 

ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ; 

- ʟʘʤʝʥʘ ʫʛʣʷ ʥʘ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʝ ʪʚʝʨʜʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʪʦʧʣʠʚʘ, ʙʠʦʤʘʩʩʫ, 
ʥʝʬʪʴ, ʛʘʟ. ʅʘʧʨʠʤʝʨ, ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʠʩʭʦʜʥʦʛʦ ʫʛʣʷ ʩʥʠʟʠʪ ʩʦʜʝʨʞʘʥʠʝ 

ʣʝʪʫʯʠʭ ʚʝʱʝʩʪʚ ʚ ʪʦʧʣʠʚʝ (ʦʙʳʯʥʦ ʩ 35% ʜʦ ʦʢʦʣʦ 9%) ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

«ʙʝʟʜʳʤʥʦʛʦ» ʪʦʧʣʠʚʘ ʚ ʚʠʜʝ ʙʨʠʢʝʪʦʚ ʠʣʠ ʢʦʢʩʘ (ʣʝʪʫʯʠʝ ʚʝʱʝʩʪʚʘ ʩʦʜʝʨʞʘʪʩʷ 

ʚ ʧʨʝʜʝʣʘʭ ʦʢʦʣʦ 2%); 

- ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʢʘʯʝʩʪʚʘ ʫʛʣʷ, 

ʜʣʷ ʜʨʝʚʝʩʠʥʳ: 

- ʠʩʢʣʶʯʝʥʠʝ ʩʞʠʛʘʥʠʷ ʧʝʨʝʨʘʙʦʪʘʥʥʦʡ ʜʨʝʚʝʩʠʥʳ (ʯʘʩʪʦ ʦʙʨʘʙʦʪʘʥʥʦʡ 

ʭʠʤʠʯʝʩʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ) ʜʣʷ ʩʥʠʞʝʥʠʷ ʚʳʙʨʦʩʦʚ, ʩʨʝʜʠ ʧʨʦʯʝʛʦ, SO2 ʠ 

ʤʝʪʘʣʣʦʚ; 

- ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʩʞʠʛʘʥʠʷ; 

- ʛʦʤʦʛʝʥʠʟʘʮʠʷ ʠ ʩʪʘʙʠʣʠʟʘʮʠʷ ʩʦʜʝʨʞʘʥʠʷ ʚʣʘʛʠ ʚ ʪʦʧʣʠʚʝ, ʦʩʦʙʝʥʥʦ ʚ ʩʣʫʯʘʝ 
ʪʚʝʨʜʳʭ ʙʠʦʪʦʧʣʠʚ. 

ɺʪʦʨʠʯʥʳʝ ʤʝʨʳ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʢ ʥʝʙʦʣʴʰʠʤ ʫʩʪʘʥʦʚʢʘʤ ʜʣʷ ʩʞʠʛʘʥʠʷ ʜʣʷ 

ʫʜʘʣʝʥʠʷ ʚʳʙʨʦʩʦʚ,  ʚ ʯʘʩʪʥʦʩʪʠ ʊʏ, ʦʜʥʘʢʦ ʦʥʠ ʨʝʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʤʘʣʳʭ ʙʳʪʦʚʳʭ 

ʧʨʠʙʦʨʦʚ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩʥʠʞʘʶʪʩʷ ʚʳʙʨʦʩʳ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʊʏ, 

ʪʘʢʠʭ ʢʘʢ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ, ʇɸʋ ʠ ʇʍɼɼ/ʌ. ɼʣʷ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ 

ʩʣʝʜʫʶʱʠʝ ʚʘʨʠʘʥʪʳ ʚ ʢʨʫʧʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʜʣʷ ʩʞʠʛʘʥʠʷ (ETC/ACM, 2016; Kubica et al., 

2007): 

- ʮʠʢʣʦʥʥʳʝ ʩʝʧʘʨʘʪʦʨʳ: ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ (94-99%) 

ʧʨʠʤʝʥʷʶʪʩʷ ʫʩʪʘʥʦʚʢʠ ʩ ʤʥʦʞʝʩʪʚʝʥʥʳʤʠ ʮʠʢʣʦʥʘʤʠ (ʙʘʪʘʨʝʠ ʮʠʢʣʦʥʦʚ), ʘ ʜʣʷ 

ʫʚʝʣʠʯʝʥʠʷ ʨʘʩʭʦʜʘ ʛʘʟʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʫʣʴʪʠʮʠʢʣʦʥʳ; 

- ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʬʠʣʴʪʨʳ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʦʪ 99,5% ʜʦ 99,9% ʠʣʠ ʨʫʢʘʚʥʳʝ 

ʬʠʣʴʪʨʳ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʦʢʦʣʦ 99,9%. 

 

ʋʩʪʨʦʡʩʪʚʘ ʜʣʷ ʩʞʠʛʘʥʠʷ ʜʨʝʚʝʩʠʥʳ, ʦʩʦʙʝʥʥʦ ʧʝʯʠ, ʤʦʛʫʪ ʙʳʪʴ ʦʩʥʘʱʝʥʳ 

ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ. ʂʦʛʜʘ ʜʳʤʦʚʳʝ ʛʘʟʳ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʩʞʠʛʘʶʱʠʡ 

ʵʣʝʤʝʥʪ, ʜʳʤ, ʢʦʪʦʨʳʡ ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʚʳʭʦʜʠʣ ʙʳ ʠʟ ʜʳʤʦʭʦʜʘ ʢʘʢ ʟʘʛʨʷʟʥʝʥʥʦʝ, 

ʙʝʩʧʦʣʝʟʥʦʝ ʪʦʧʣʠʚʦ, ʨʝʮʠʨʢʫʣʠʨʫʝʪʩʷ ʠ ʩʛʦʨʘʝʪ. ʂʘʪʘʣʠʟʘʪʦʨ ʩʥʠʞʘʝʪ ʚʳʙʨʦʩʳ, 

ʚʳʟʚʘʥʥʳʝ ʥʝʧʦʣʥʳʤ ʩʛʦʨʘʥʠʝʤ, ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʠ ʢʦʪʦʨʦʡ ʜʳʤ 

ʚʦʩʧʣʘʤʝʥʷʝʪʩʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʝʤʫ ʙʝʟʦʧʘʩʥʦ ʩʛʦʨʝʪʴ ʝʱʝ ʚʥʫʪʨʠ ʧʝʯʠ. ʂʘʪʘʣʠʪʠʯʝʩʢʠʡ 

ʥʝʡʪʨʘʣʠʟʘʪʦʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʝʨʘʤʠʯʝʩʢʠʡ ʤʦʥʦʣʠʪ ʩʦʪʦʚʦʡ ʠʣʠ ʷʯʝʠʩʪʦʡ 

ʩʪʨʫʢʪʫʨʳ, ʧʦʢʨʳʪʳʡ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʣʘʪʠʥʳ, ʨʦʜʠʷ ʠʣʠ ʠʭ ʢʦʤʙʠʥʘʮʠʠ. 

ʆʙʳʯʥʦ ʦʥ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʢʘʥʘʣʝ ʦʪʭʦʜʷʱʠʭ ʛʘʟʦʚ ʟʘ ʦʩʥʦʚʥʦʡ ʢʘʤʝʨʦʡ ʩʛʦʨʘʥʠʷ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʩʥʠʞʝʥʠʠ ʚʳʙʨʦʩʦʚ ʟʘʚʠʩʠʪ ʦʪ ʤʘʪʝʨʠʘʣʘ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ 

ʝʛʦ ʢʦʥʩʪʨʫʢʮʠʠ (ʘʢʪʠʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʫʩʣʦʚʠʡ ʧʦʪʦʢʘ ʦʪʭʦʜʷʱʠʭ ʛʘʟʦʚ ʚʥʫʪʨʠ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, ʪʝʤʧʝʨʘʪʫʨʳ, ʭʘʨʘʢʪʝʨʘ ʧʦʪʦʢʘ, ʚʨʝʤʝʥʠ ʥʘʭʦʞʜʝʥʠʷ ʛʘʟʦʚ, ʪʠʧʘ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʠ ʪ. ʜ.). ʕʢʩʧʣʫʘʪʘʮʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʧʝʯʠ ʥʝʩʢʦʣʴʢʦ ʩʣʦʞʥʝʝ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʢʘʪʘʣʠʪʠʯʝʩʢʦʡ, ʧʦʩʢʦʣʴʢʫ ʫ ʥʠʭ ʝʩʪʴ ʨʳʯʘʞʥʳʡ ʦʙʭʦʜʥʦʡ ʢʣʘʧʘʥ 

ʢʘʪʘʣʠʟʘʪʦʨʘ, ʢʦʪʦʨʳʡ ʦʪʢʨʳʚʘʝʪʩʷ ʜʣʷ ʥʘʯʘʣʘ ʨʘʙʦʪʳ ʠ ʟʘʛʨʫʟʢʠ ʪʦʧʣʠʚʘ, ʘ ʧʝʯʴ ʜʦʣʞʥʘ 

ʙʳʪʴ ʨʘʟʦʛʨʝʪʘ ʜʦ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʨʝʜ ʚʢʣʶʯʝʥʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʕʪʦ ʦʟʥʘʯʘʝʪ, 

ʯʪʦ ʪʘʢʠʝ ʧʝʯʠ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳ ʧʨʠ ʧʦʣʥʦʡ ʥʘʛʨʫʟʢʝ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʥʝʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʝʯʝʡ. ʂʨʦʤʝ ʪʦʛʦ, ʢʘʪʘʣʠʟʘʪʦʨ ʩʦ ʚʨʝʤʝʥʝʤ ʠʟʥʘʰʠʚʘʝʪʩʷ ʠ ʪʨʝʙʫʝʪ 

ʟʘʤʝʥʳ; ʝʛʦ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʷ ʧʝʯʠ. ʆʜʥʘʢʦ ʙʣʘʛʦʜʘʨʷ 
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ʙʦʣʴʰʝʡ ʝʤʢʦʩʪʠ ʜʣʷ ʪʦʧʣʠʚʘ ʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʘʛʨʫʟʢʘ ʪʦʧʣʠʚʘ ʩʣʫʞʠʪ 

ʜʦʣʴʰʝ. ʂʣʶʯʝʚʦʡ ʧʨʦʙʣʝʤʦʡ, ʩʚʷʟʘʥʥʦʡ ʩ ʚʳʙʨʦʩʘʤʠ ʠ ʚʪʦʨʠʯʥʳʤʠ ʤʝʨʘʤʠ, ʷʚʣʷʶʪʩʷ 

ʚʳʙʨʦʩʳ ʢʦʥʜʝʥʩʠʨʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʪʚʝʨʜʳʝ ʯʘʩʪʠʮʳ ʚʩʢʦʨʝ ʧʦʩʣʝ 

ʚʳʙʨʦʩʘ. ʂʦʥʜʝʥʩʠʨʫʝʤʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩʣʦʞʥʦ ʫʯʠʪʳʚʘʪʴ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʥʠʞʝʥʠʷ 

ʚʳʙʨʦʩʦʚ. ʆʥʠ ʜʦʣʞʥʳ ʙʳʪʴ ʚʢʣʶʯʝʥʳ ʚ ʢʘʜʘʩʪʨʳ ʚʳʙʨʦʩʦʚ, ʯʪʦʙʳ ʙʦʣʝʝ ʪʦʯʥʦ 

ʧʨʝʜʩʪʘʚʣʷʪʴ ʚʳʙʨʦʩʳ ʯʘʩʪʠʮ ʦʪ ʧʝʯʝʡ. ɺʪʦʨʠʯʥʳʝ ʤʝʨʳ ʚ ʦʪʥʦʰʝʥʠʠ ʚʳʙʨʦʩʦʚ NOx ʠ 

SO2 ʥʝ ʧʨʠʤʝʥʷʶʪʩʷ ʢ ʥʝʙʦʣʴʰʠʤ ʫʩʪʘʥʦʚʢʘʤ ʜʣʷ ʩʞʠʛʘʥʠʷ ʠʟ-ʟʘ ʪʝʭʥʠʯʝʩʢʠʭ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ (Kubica et al., 2007). 

(ʎɻ ʊʕɺ, 2019) ʧʨʝʜʣʘʛʘʝʪ ʧʝʨʝʯʝʥʴ ʣʫʯʰʠʭ ʧʨʘʢʪʠʢ ʜʣʷ ʩʞʠʛʘʥʠʷ ʜʨʝʚʝʩʥʦʛʦ ʪʦʧʣʠʚʘ 

ʠ ʤʘʣʳʭ ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʩʞʠʛʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʥʠʞʝʥʠʝ ʚʳʙʨʦʩʦʚ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ 

(ʊʏ) ʠ ʯʝʨʥʦʛʦ ʫʛʣʝʨʦʜʘ (ʏʋ). ɼʣʷ ʩʥʠʞʝʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ 

ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʪʱʘʪʝʣʴʥʦ ʧʦʜʭʦʜʠʪʴ ʢ ʚʳʙʦʨʫ ʪʠʧʘ, 

ʨʘʟʤʝʨʘ ʠ ʪʨʝʙʦʚʘʥʠʡ ʢ ʫʩʪʘʥʦʚʢʝ ʦʪʦʧʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ʇʨʠ ʚʳʙʦʨʝ ʥʦʚʦʡ ʩʠʩʪʝʤʳ 

ʦʪʦʧʣʝʥʠʷ ʜʣʷ ʜʦʤʘ ʩʣʝʜʫʝʪ ʨʘʩʩʤʦʪʨʝʪʴ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʦʪʦʧʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ, 

ʦʪʣʠʯʥʳʝ ʦʪ ʜʨʦʚʷʥʳʭ ʢʦʪʣʦʚ ʠ ʧʝʯʝʡ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʤʝʥʴʰʠʝ ʚʳʙʨʦʩʳ ʠ ʙʦʣʝʝ 

ʚʳʩʦʢʠʡ ʂʇɼ, ʚʢʣʶʯʘʷ ʪʝʧʣʦʚʳʝ ʥʘʩʦʩʳ, ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʩʦʣʥʝʯʥʳʝ ʢʦʪʣʳ 

ʠ ʧʦʜʢʣʶʯʝʥʠʝ ʢ ʣʦʢʘʣʴʥʦʡ ʦʪʦʧʠʪʝʣʴʥʦʡ ʩʝʪʠ. ɽʩʣʠ ʚʳʙʨʘʥʘ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʜʨʦʚʷʥʦʛʦ 

ʦʪʦʧʣʝʥʠʷ, ʜʦʢʫʤʝʥʪ ʨʝʢʦʤʝʥʜʫʝʪ ʩʣʝʜʫʶʱʠʝ ʧʨʘʢʪʠʢʠ: 

(a) ɺr ʙʠʨʘʡʪʝ ʦʪʦʧʠʪʝʣʴʥʫʶ ʫʩʪʘʥʦʚʢʫ, ʚ ʢʦʪʦʨʦʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘʠʣʫʯʰʠʝ 

ʠʤʝʶʱʠʝʩʷ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ ʚʳʙʨʦʩʦʚ ʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ɺʳʙʨʦʩʳ ʦʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʦʪʦʧʠʪʝʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʚ ʢʦʪʦʨʳʭ ʧʦʜʘʯʘ 

ʚʦʟʜʫʭʘ ʠ ʪʦʧʣʠʚʘ, ʘ ʪʘʢʞʝ ʨʦʟʞʠʛ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ, ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʦʣʴ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʚʣʠʷʥʠʝ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʩʚʝʜʝʥʳ ʢ ʤʠʥʠʤʫʤʫ, 

ʦʢʘʟʳʚʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ ʚ ʩʣʫʯʘʝ ʦʪʦʧʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʨʘʙʦʪʘ 

ʢʦʪʦʨʳʭ ʨʝʛʫʣʠʨʫʝʪʩʷ ʚʨʫʯʥʫʶ. 

(b) ɺr ʙʠʨʘʡʪʝ ʦʪʦʧʠʪʝʣʴʥʫʶ ʫʩʪʘʥʦʚʢʫ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʨʘʟʤʝʨʘʤ ʦʪʘʧʣʠʚʘʝʤʦʛʦ 

ʧʦʤʝʱʝʥʠʷ, ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʝʝ ʥʘʟʥʘʯʝʥʠʝʤ (ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʠʣʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʦʪʳ). ʊʝʧʣʦʧʦʪʨʝʙʥʦʩʪʠ ʜʦʣʞʥʳ ʨʘʩʩʯʠʪʳʚʘʪʴʩʷ 

ʠʩʭʦʜʷ ʠʟ ʦʙʲʝʤʘ ʦʪʘʧʣʠʚʘʝʤʦʛʦ ʧʦʤʝʱʝʥʠʷ (ʧʦʤʝʱʝʥʠʡ) ʩ ʫʯʝʪʦʤ ʨʘʩʩʝʠʚʘʥʠʷ 

ʪʝʧʣʘ, ʩʪʝʧʝʥʠ ʠʟʦʣʷʮʠʠ ʟʜʘʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ. ʉʣʠʰʢʦʤ 

ʙʦʣʴʰʘʷ ʦʪʦʧʠʪʝʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʙʫʜʝʪ ʙʳʩʪʨʦ ʧʝʨʝʛʨʝʚʘʪʴ ʧʦʤʝʱʝʥʠʝ, ʠ ʚʦ 

ʠʟʙʝʞʘʥʠʝ ʝʛʦ ʧʝʨʝʛʨʝʚʘ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʚʨʝʤʝʥʠ ʝʝ ʧʨʠʜʝʪʩʷ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴ ʚ 

ʨʝʞʠʤʝ ʤʝʜʣʝʥʥʦʛʦ ʪʣʝʶʱʝʛʦ ʛʦʨʝʥʠʷ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʚʳʩʦʢʠʤ ʫʨʦʚʥʷʤ ʚʳʙʨʦʩʦʚ 

ʠ ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʉʣʠʰʢʦʤ ʤʘʣʝʥʴʢʘʷ ʦʪʦʧʠʪʝʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʤʦʞʝʪ 

ʚʳʡʪʠ ʠʟ ʩʪʨʦʷ ʠʟ-ʟʘ ʯʘʩʪʳʭ ʧʝʨʝʛʨʫʟʦʢ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 

ʦʙʝʩʧʝʯʠʪʴ ʧʦʢʨʳʪʠʝ ʪʝʧʣʦʧʦʪʨʝʙʥʦʩʪʠ. ʆʪʦʧʠʪʝʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ ʥʘʜʣʝʞʘʱʝʛʦ 

ʨʘʟʤʝʨʘ ʧʦʪʨʝʙʣʷʶʪ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʜʨʝʚʝʩʥʦʛʦ ʪʦʧʣʠʚʘ . 

(c) ɺr ʙʠʨʘʡʪʝ, ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ, ʦʪʦʧʠʪʝʣʴʥʫʶ ʫʩʪʘʥʦʚʢʫ, ʢʦʪʦʨʘʷ ʧʨʦʰʣʘ 

ʩʝʨʪʠʬʠʢʘʮʠʶ ʠʣʠ ʞʝ ʦʪʤʝʯʝʥʘ ʟʥʘʢʦʤ, ʫʜʦʩʪʦʚʝʨʷʶʱʠʤ ʝʝ ʚʳʩʦʢʫʶ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʠʣʠ ʵʢʦʤʘʨʢʠʨʦʚʢʦʡ. ʅʘʣʠʯʠʝ ʩʝʨʪʠʬʠʢʘʮʠʠ ʠʣʠ 

ʤʘʨʢʠʨʦʚʢʠ ʛʘʨʘʥʪʠʨʫʝʪ ʥʘʜʣʝʞʘʱʝʝ ʢʘʯʝʩʪʚʦ ʦʪʦʧʠʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʠ ʝʝ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʨʘʚʠʣʘʤ ʪʝʭʥʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ/ʠʣʠ ʤʠʥʠʤʘʣʴʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ 

ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʚʳʙʨʦʩʘʤ. 

(d) ɺr ʙʠʨʘʡʪʝ ʦʪʦʧʠʪʝʣʴʥʫʶ ʫʩʪʘʥʦʚʢʫ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʤʝʶʱʠʭʩʷ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʜʣʷ ʭʨʘʥʝʥʠʷ ʜʨʝʚʝʩʥʦʛʦ ʪʦʧʣʠʚʘ (ʜʨʦʚ, ʧʝʣʣʝʪ, ʱʝʧʳ) ʚʥʫʪʨʠ ʜʦʤʘ ʠʣʠ ʩʥʘʨʫʞʠ;  

(e) ʀʟʙʝʛʘʡʪʝ ʫʩʪʘʥʦʚʢʫ ʦʪʢʨʳʪʳʭ ʢʘʤʠʥʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʪʢʨʳʪʳʭ ʢʘʤʠʥʦʚ ʜʣʷ 
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ʦʪʦʧʣʝʥʠʷ ʥʝʵʬʬʝʢʪʠʚʥʦ ʠ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʚʳʙʨʦʩʘʤ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ, 

ʫʭʫʜʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʚʦʟʜʫʭʘ ʚ ʧʦʤʝʱʝʥʠʠ, ʘ ʪʘʢʞʝ ʤʦʞʝʪ ʩʪʘʪʴ ʧʨʠʯʠʥʦʡ ʧʦʞʘʨʘ 

ʚ ʩʣʫʯʘʝ ʚʳʧʘʜʝʥʠʷ ʠʟ ʥʝʛʦ ʛʦʨʷʱʠʭ ʫʛʣʝʡ. 

(f) ʇʨʠ ʧʦʢʫʧʢʝ ʦʪʦʧʠʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʪʨʝʙʫʡʪʝ ʨʫʢʦʚʦʜʩʪʚʦ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ. 
ʈʫʢʦʚʦʜʩʪʚʦ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʜʦʣʞʥʦ ʙʳʪʴ ʧʦʥʷʪʥʳʤ ʠ ʫʜʦʙʥʳʤ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʩʦʜʝʨʞʘʪʴ ʚʩʶ ʥʝʦʙʭʦʜʠʤʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʦʥʢʨʝʪʥʦʡ 

ʦʪʦʧʠʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ, ʦʩʦʙʝʥʥʦ ʦ ʝʝ ʥʘʜʣʝʞʘʱʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ; . 

(g) ʋʙʝʜʠʪʝʩʴ, ʯʪʦ ʚʦʟʜʫʭ ʜʣʷ ʨʘʙʦʪʳ ʦʪʦʧʠʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʦʣʞʝʥ ʧʦʜʘʚʘʪʴʩʷ 

ʠʟʚʥʝ ʩ ʧʦʤʦʱʴʶ ʥʘʜʣʝʞʘʱʝʛʦ ʚʦʟʜʫʭʦʚʦʜʘ. ɿʘ ʩʯʝʪ ʵʪʦʛʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʙʦʣʝʝ 

ʙʝʟʦʧʘʩʥʘʷ ʨʘʙʦʪʘ ʠ ʩʥʠʞʘʶʪʩʷ ʪʝʧʣʦʧʦʪʝʨʠ. ʇʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʚʦʟʜʫʭʦʚʦʜʘ ʜʣʷ 

ʦʪʦʧʠʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʩʣʝʜʫʝʪ ʧʨʠʥʠʤʘʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʪʨʝʙʦʚʘʥʠʷ ʚ ʦʪʥʦʰʝʥʠʠ 

ʠʟʦʣʷʮʠʠ, ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʠ ʚʝʥʪʠʣʷʮʠʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʟʜʘʥʠʡ  

(h) ɼʣʷ ʤʦʥʪʘʞʘ ʦʪʦʧʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩʣʝʜʫʝʪ ʦʙʨʘʱʘʪʴʩʷ ʢ ʫʩʣʫʛʘʤ ʠʤʝʶʱʠʭ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʣʠʮʝʥʟʠʶ/ʢʚʘʣʠʬʠʢʘʮʠʶ ʩʧʝʮʠʘʣʠʩʪʦʚ. 

(i) ʋʙʝʜʠʪʝʩʴ ʚ ʧʨʘʚʠʣʴʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʢʘʥʘʣʦʚ ʜʣʷ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʠ ʜʳʤʦʭʦʜʘ. 
ɼʳʤʦʚʘʷ ʪʨʫʙʘ ʜʦʣʞʥʘ ʙʳʪʴ ʚʳʰʝ ʢʦʥʴʢʘ ʢʨʳʰʠ ʠ ʧʨʠʣʝʛʘʶʱʠʭ ʟʜʘʥʠʡ. ɺʦ 

ʠʟʙʝʞʘʥʠʝ ʧʣʦʭʦʡ ʪʷʛʠ ʠ ʨʠʩʢʘ ʚʦʟʛʦʨʘʥʠʷ ʚ ʜʳʤʦʭʦʜʝ ʜʠʘʤʝʪʨ ʢʘʥʘʣʦʚ ʜʣʷ 

ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʜʦʣʞʝʥ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʨʘʟʤʝʨʘʤ ʦʪʦʧʠʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ. 

ʄʦʥʪʘʞ ʜʳʤʦʚʳʭ ʢʘʥʘʣʦʚ ʠ ʜʳʤʦʭʦʜʘ ʩʣʝʜʫʝʪ ʧʦʨʫʯʠʪʴ ʪʝʭʥʠʯʝʩʢʦʤʫ 

ʩʧʝʮʠʘʣʠʩʪʫ. ɺ ʜʳʤʦʚʳʭ ʢʘʥʘʣʘʭ ʩʣʝʜʫʝʪ ʠʟʙʝʛʘʪʴ ʫʛʣʦʚ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʣʠʥʠʡ. 

(j) ʀʩʧʦʣʴʟʦʚʘʪʴ ʩʘʤʳʝ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʭʦʨʦʰʠʭ ʫʩʣʦʚʠʡ ʜʣʷ 
ʦʪʚʝʜʝʥʠʷ ʜʳʤʦʚʳʭ ʛʘʟʦʚ. 

ʋʩʧʝʰʥʳʝ ʧʦʣʠʪʠʯʝʩʢʠʝ ʤʝʨʳ, ʢʦʪʦʨʳʝ ʧʨʠʚʝʣʠ ʢ ʵʬʬʝʢʪʠʚʥʦʤʫ ʩʥʠʞʝʥʠʶ ʚʳʙʨʦʩʦʚ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʞʠʣʦʤ ʩʝʢʪʦʨʝ, ʚʢʣʶʯʘʶʪ: (i) ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʢʘʤʧʘʥʠʠ, 

ʥʝʬʦʨʤʘʣʴʥʳʝ ʧʣʘʪʬʦʨʤʳ, ʢʚʘʣʠʬʠʢʘʮʠʶ ʮʝʣʝʚʳʭ ʛʨʫʧʧ, ʜʝʢʣʘʨʘʮʠʶ ʧʨʦʜʫʢʪʦʚ, (ii) 

ʢʦʥʩʫʣʴʪʘʮʠʠ ʥʘ ʤʝʩʪʝ, (iii) ʩʫʙʩʠʜʠʠ ʥʘ ʢʘʧʠʪʘʣʴʥʳʡ ʨʝʤʦʥʪ ʟʜʘʥʠʡ, ʧʝʨʝʭʦʜ ʥʘ ʜʨʫʛʠʝ 

ʚʠʜʳ ʪʦʧʣʠʚʘ ʠʣʠ ʤʦʜʝʨʥʠʟʘʮʠʶ ʦʙʦʨʫʜʦʚʘʥʠʷ, (iv) ʟʘʧʨʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʚʝʨʜʳʭ 

ʚʠʜʦʚ ʪʦʧʣʠʚʘ, ʘ ʪʘʢʞʝ (v) ʤʝʨʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʙʦʨʴʙʫ ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʙʝʜʥʦʩʪʴʶ 

(Amann et al., 2018). ʂʨʦʤʝ ʪʦʛʦ, ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʠʥʪʝʛʨʘʮʠʠ ʫʤʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʦʯʠʩʪʢʠ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʩ ʜʨʫʛʠʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ. 

 

 

ɸʨʢʪʠʯʝʩʢʠʡ ʩʦʚʝʪ ʧʨʠʟʥʘʣ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠ ʦʟʜʦʨʦʚʠʪʝʣʴʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʩʦʢʨʘʱʝʥʠʷ ʚʳʙʨʦʩʦʚ ʢʦʨʦʪʢʦʞʠʚʫʱʠʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʠ 

ʧʦʵʪʦʤʫ ʧʨʠʟʚʘʣ ʢ ʨʝʘʣʠʟʘʮʠʠ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʩʥʠʞʝʥʠʶ ʚʳʙʨʦʩʦʚ ʯʝʨʥʦʛʦ ʫʛʣʝʨʦʜʘ 

(ʏʋ) ʚ ɸʨʢʪʠʢʝ (ACAP, 2015, 2014). ɸʨʢʪʠʢʘ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʨʝʛʠʦʥʦʤ ʠ 

ʥʘʙʣʶʜʘʪʝʣʴʥʳʤ ʧʫʥʢʪʦʤ ʜʣʷ ʘʥʘʣʠʟʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʨ ʧʦ ʙʦʨʴʙʝ ʢʘʢ ʩ ʠʟʤʝʥʝʥʠʝʤ 

ʢʣʠʤʘʪʘ, ʪʘʢ ʠ ʩ ʟʘʛʨʷʟʥʝʥʠʝʤ ʚʦʟʜʫʭʘ. ɸʨʢʪʠʯʝʩʢʠʡ ʩʦʚʝʪ ʨʘʟʨʘʙʦʪʘʣ ʨʷʜ ʨʝʢʦʤʝʥʜʘʮʠʡ 

(ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʧʦʣʠʪʠʢʫ, ʯʝʤ ʥʘ ʪʝʭʥʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ) ʧʦ 

ʩʥʠʞʝʥʠʶ ʚʳʙʨʦʩʦʚ ʏʋ ʦʪ ʩʠʩʪʝʤ ʦʪʦʧʣʝʥʠʷ ʚ ʞʠʣʳʭ ʜʦʤʘʭ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʵʪʠʭ 

ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ: 

- ʋʩʪʘʥʦʚʠʪʴ ʧʨʝʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʚʳʙʨʦʩʦʚ ʜʣʷ ʥʦʚʳʭ ʠ ʧʝʨʝʧʨʦʜʘʚʘʝʤʳʭ 
ʧʝʯʝʡ, ʝʩʣʠ ʪʘʢʠʝ ʩʪʘʥʜʘʨʪʳ ʦʪʩʫʪʩʪʚʫʶʪ, ʣʠʙʦ ʚʚʝʩʪʠ ʙʦʣʝʝ ʩʪʨʦʛʠʝ 

ʦʛʨʘʥʠʯʝʥʠʷ, ʝʩʣʠ ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʪʘʥʜʘʨʪʳ ʤʦʛʫʪ ʙʳʪʴ ʫʣʫʯʰʝʥʳ. ɺ ʢʘʯʝʩʪʚʝ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʫʩʣʦʚʠʷ ʵʪʘ ʤʝʨʘ ʧʦʪʨʝʙʫʝʪ ʠʟʫʯʝʥʠʷ ʠ ʩʦʛʣʘʩʦʚʘʥʠʷ ʧʨʦʪʦʢʦʣʘ 

ʠʟʤʝʨʝʥʠʷ ʚʳʙʨʦʩʦʚ, ʢʦʪʦʨʳʡ ʩʪʘʥʝʪ ʦʩʥʦʚʦʡ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʪʘʥʜʘʨʪʘ. 
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- ɺʚʝʩʪʠ ʜʦʙʨʦʚʦʣʴʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʚʳʙʨʦʩʦʚ ʯʝʨʥʦʛʦ ʫʛʣʝʨʦʜʘ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʩʝʨʪʠʬʠʢʘʮʠʶ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ, ʯʪʦʙʳ 

ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʜʘʣʴʥʝʡʰʫʶ ʨʘʟʨʘʙʦʪʢʫ ʧʨʦʜʫʢʮʠʠ ʠ ʧʦʦʱʨʷʪʴ ʠʥʥʦʚʘʮʠʠ. 

- ʇʨʠʥʷʪʴ ʧʨʘʚʦʚʳʝ ʠʥʩʪʨʫʤʝʥʪʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʤʝʩʪʥʳʤ ʦʨʛʘʥʘʤ ʚʣʘʩʪʠ 

ʚʚʦʜʠʪʴ ʟʘʧʨʝʪʳ ʥʘ ʩʞʠʛʘʥʠʝ ʜʨʝʚʝʩʠʥʳ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʨʘʡʦʥʘʭ ʩ ʥʠʟʢʠʤ 

ʢʘʯʝʩʪʚʦʤ ʚʦʟʜʫʭʘ. ɿʘʧʨʝʪʳ ʥʘ ʩʞʠʛʘʥʠʝ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʤʝʩʪʘʭ ʠ ʚ ʦʧʨʝʜʝʣʝʥʥʦʝ 

ʚʨʝʤʷ ʤʦʛʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʫʣʫʯʰʝʥʠʶ ʤʝʩʪʥʦʛʦ ʢʘʯʝʩʪʚʘ ʚʦʟʜʫʭʘ ʠ ʟʜʦʨʦʚʴʷ 

ʥʘʩʝʣʝʥʠʷ. 

- ʉʦʟʜʘʪʴ ʥʘʮʠʦʥʘʣʴʥʳʝ ʠʣʠ ʨʝʛʠʦʥʘʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ ʟʘʤʝʥʳ ʧʝʯʝʡ: ʜʣʷ 

ʩʦʜʝʡʩʪʚʠʷ ʟʘʤʝʥʝ ʩʪʘʨʳʭ ʜʨʦʚʷʥʳʭ ʧʝʯʝʡ ʥʘ ʫʩʪʨʦʡʩʪʚʘ ʩ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ 

ʚʳʙʨʦʩʦʚ. 

- ɺʚʝʩʪʠ ʨʝʛʫʣʷʨʥʳʝ ʧʨʦʚʝʨʢʠ ʧʝʯʝʡ ʩ ʧʨʦʚʝʜʝʥʠʝʤ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ: ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ ʚʳʙʨʦʩʦʚ ʦʪ ʫʩʪʘʨʝʚʘʶʱʠʭ ʧʝʯʝʡ. 

- ʆʨʛʘʥʠʟʦʚʘʪʴ ʨʝʛʫʣʷʨʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʢʘʤʧʘʥʠʠ ʜʣʷ ʢʦʥʝʯʥʳʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ: ʜʣʷ ʠʥʬʦʨʤʠʨʦʚʘʥʠʷ ʜʦʤʦʭʦʟʷʡʩʪʚ ʦ ʧʨʘʚʠʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʜʨʦʚʷʥʳʭ ʧʝʯʝʡ ʠ ʢʦʪʣʦʚ, ʘ ʪʘʢʞʝ ʦ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ ʦʟʜʦʨʦʚʠʪʝʣʴʥʳʭ 

ʧʨʝʠʤʫʱʝʩʪʚʘʭ. 

- ʈʘʟʨʘʙʦʪʘʪʴ ʨʫʢʦʚʦʜʩʪʚʘ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʪʦʧʣʠʚʘ ʠʣʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 
ʢʘʤʧʘʥʠʠ: ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ ʚʳʙʨʦʩʦʚ ʯʘʩʪʠʮ ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ ʦʜʥʦʨʦʜʥʦʩʪʠ 

ʪʦʧʣʠʚʘ. 

- ʉʦʜʝʡʩʪʚʦʚʘʪʴ ʨʘʟʨʘʙʦʪʢʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʝʯʝʡ ʩ ʫʣʫʯʰʝʥʥʳʤ ʂʇɼ 

ʩʞʠʛʘʥʠʷ ʪʦʧʣʠʚʘ ʠʣʠ ʫʚʝʣʠʯʝʥʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʴʶ: ʜʣʷ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʚʳʙʦʨ 

ʪʝʭʥʦʣʦʛʠʡ ʩʞʠʛʘʥʠʷ ʜʨʝʚʝʩʠʥʳ ʚ ʞʠʣʦʤ ʩʝʢʪʦʨʝ. 

- ʇʦʜʜʝʨʞʠʚʘʪʴ ʧʝʨʝʭʦʜ ʦʪ ʜʨʦʚʷʥʳʭ ʧʝʯʝʡ ʢ ʧʝʣʣʝʪʥʳʤ: ʜʣʷ ʟʘʤʝʥʳ ʜʨʦʚ 

ʙʦʣʝʝ ʯʠʩʪʳʤ ʪʦʧʣʠʚʦʤ. 

- ʈʘʟʨʘʙʦʪʘʪʴ ʝʜʠʥʳʝ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ʏʋ ʠ ʫʩʪʘʥʦʚʠʪʴ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ 
ʚʳʙʨʦʩʳ. ʉʪʨʘʥʳ ɸʨʢʪʠʢʠ, ʷʚʣʷʶʱʠʝʩʷ ʯʣʝʥʘʤʠ ɽʚʨʦʧʝʡʩʢʦʛʦ ʉʦʶʟʘ, ʤʦʛʣʠ ʙʳ 

ʧʦʙʫʜʠʪʴ ʩʪʨʘʥʳ ɽʉ ʧʨʠʡʪʠ ʢ ʢʦʥʩʝʥʩʫʩʫ ʧʦ ʧʨʦʪʦʢʦʣʫ ʠʟʤʝʨʝʥʠʷ ʏʋ ʠ 

ʦʛʨʘʥʠʯʝʥʠʷʤ ʥʘ ʚʳʙʨʦʩʳ ʧʝʯʝʡ, ʯʪʦʙʳ ʩʦʢʨʘʪʠʪʴ ʚʳʙʨʦʩʳ ʯʘʩʪʠʮ ʠ ʯʝʨʥʦʛʦ 

ʫʛʣʝʨʦʜʘ. 

- ʋʩʪʘʥʦʚʠʪʴ ʝʜʠʥʳʝ ʨʫʢʦʚʦʜʷʱʠʝ ʧʨʠʥʮʠʧʳ ʧʦ ʦʪʯʝʪʥʦʩʪʠ ʦ ʚʳʙʨʦʩʘʭ ʏʋ. 

ʆʙʱʘʷ ʩʪʨʫʢʪʫʨʘ ʢʘʜʘʩʪʨʦʚ ʏʋ ʙʫʜʝʪ ʧʦʣʝʟʥʘ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʜʘʥʥʳʭ ʧʦ ʚʳʙʨʦʩʘʤ 

ʤʝʞʜʫ ʩʪʨʘʥʘʤʠ ʠ ʩʮʝʥʘʨʠʷʤʠ. ʆʙʥʦʚʣʝʥʥʳʡ ɻʝʪʝʙʦʨʛʩʢʠʡ ʧʨʦʪʦʢʦʣ ʂʊɿɺɹʈ 

ʷʚʣʷʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʦʡ ʧʣʘʪʬʦʨʤʦʡ ʜʣʷ ʪʘʢʦʡ ʨʘʙʦʪʳ. ʉʪʨʘʥʳ ɸʨʢʪʠʢʠ ʤʦʛʣʠ ʙʳ 

ʘʢʪʠʚʥʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʵʪʫ ʠʥʠʮʠʘʪʠʚʫ, ʜʝʣʘʪʴ ʩʦʚʤʝʩʪʥʳʝ ʟʘʷʚʣʝʥʠʷ ʠ ʨʘʙʦʪʘʪʴ 

ʩ ʩʝʢʨʝʪʘʨʠʘʪʦʤ ʂʊɿɺɹʈ ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʛʨʫʧʧʘʤʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʨʫʢʦʚʦʜʷʱʠʭ ʧʨʠʥʮʠʧʦʚ. 

- ʉʦʟʜʘʪʴ ʨʝʛʠʦʥʘʣʴʥʳʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʘʮʠʦʥʘʣʴʥʳʭ 
ʧʣʘʥʦʚ ʜʝʡʩʪʚʠʡ ʠʣʠ ʘʥʘʣʦʛʠʯʥʳʭ ʤʝʨ. ʉʪʨʘʥʳ ɸʨʢʪʠʢʠ ʤʦʛʣʠ ʙʳ 

ʦʙʤʝʥʠʚʘʪʴʩʷ ʠʥʬʦʨʤʘʮʠʝʡ ʠ ʦʧʳʪʦʤ ʚ ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʥʘʮʠʦʥʘʣʴʥʳʭ ʧʣʘʥʦʚ 

ʜʝʡʩʪʚʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʦʢʨʘʱʝʥʠʝ ʚʳʙʨʦʩʦʚ ʏʋ. ʕʪʠ ʧʣʘʥʳ ʜʦʣʞʥʳ 

ʫʯʠʪʳʚʘʪʴ ʚʳʙʨʦʩʳ, ʧʦʩʣʝʜʩʪʚʠʷ, ʤʝʨʳ ʠ ʠʭ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

- ʉʧʦʩʦʙʩʪʚʦʚʘʪʴ ʦʙʤʝʥʫ ʠʥʬʦʨʤʘʮʠʝʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʝʜʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʘʷ ʨʘʙʦʪʘ ʧʦ ʩʦʢʨʘʱʝʥʠʶ ʚʳʙʨʦʩʦʚ ʊʏ/ʏʋ ʦʪ ʩʞʠʛʘʥʠʷ ʜʨʝʚʝʩʠʥʳ ʚ 

ʞʠʣʳʭ ʜʦʤʘʭ, ʠ ʟʥʘʥʠʷ ʧʦʩʪʦʷʥʥʦ ʦʙʥʦʚʣʷʶʪʩʷ. ʇʨʠʤʝʨʳ ʚʢʣʶʯʘʶʪ ʨʘʙʦʯʠʝ ʛʨʫʧʧʳ 

ɸʨʢʪʠʯʝʩʢʦʛʦ ʩʦʚʝʪʘ, ʧʨʦʝʢʪʳ ʉʝʚʝʨʥʦʛʦ ʩʦʚʝʪʘ, ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʪʯʝʪʥʦʩʪʠ ʚ ʨʘʤʢʘʭ 

ʂʦʥʚʝʥʮʠʠ ʦ ʪʨʘʥʩʛʨʘʥʠʯʥʦʤ ʟʘʛʨʷʟʥʝʥʠʠ ʚʦʟʜʫʭʘ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ ʠ 

ʜʠʨʝʢʪʠʚ ɽʉ. ACAP ʤʦʞʝʪ ʘʢʢʫʤʫʣʠʨʦʚʘʪʴ ʵʪʫ ʠʥʬʦʨʤʘʮʠʶ ʥʘ ʧʘʥʘʨʢʪʠʯʝʩʢʦʤ 

ʫʨʦʚʥʝ ʠ ʩʦʜʝʡʩʪʚʦʚʘʪʴ ʥʘʨʘʱʠʚʘʥʠʶ ʧʦʪʝʥʮʠʘʣʘ, ʜʝʣʘʷ ʠʥʬʦʨʤʘʮʠʶ ʙʦʣʝʝ 

ʜʦʩʪʫʧʥʦʡ. 

- ʇʦʜʜʝʨʞʠʚʘʪʴ ʩʦʚʤʝʩʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʧʨʦʙʝʣʦʚ ʚ 

ʟʥʘʥʠʷʭ. ʂʘʜʘʩʪʨʳ ʏʋ ʠ ʩʪʨʘʪʝʛʠʠ ʩʦʢʨʘʱʝʥʠʷ ʚʳʙʨʦʩʦʚ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʩ 
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ʧʨʦʙʝʣʘʤʠ ʚ ʟʥʘʥʠʷʭ ʠ ʧʨʠʩʫʱʠʤʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʷʤʠ. ʉʦʚʤʝʩʪʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʨʝʛʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʝ ʧʦʤʦʛʫʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʩʦʢʨʘʪʠʪʴ  

ʢʦʣʠʯʝʩʪʚʦ ʪʘʢʠʭ ʧʨʦʙʝʣʦʚ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʦ ʯʝʨʝʟ ʦʙʱʠʝ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʧʨʦʛʨʘʤʤʳ ʠ/ʠʣʠ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʳʝ ʧʨʦʝʢʪʳ ʚ ʨʘʤʢʘʭ ACAP 

ʠʣʠ ʜʨʫʛʠʭ ʢʦʦʨʜʠʥʠʨʫʶʱʠʭ ʧʨʦʝʢʪʦʚ. 

- ʇʨʦʚʦʜʠʪʴ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʳʝ ʧʨʦʝʢʪʳ ʜʣʷ ʧʨʦʚʝʨʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʤʝʨ. 

 

 ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 15 (Tytgat et al., 2017), ʚʳʙʨʦʩʳ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ (ʊʏ) ʟʥʘʯʠʪʝʣʴʥʦ 

ʚʘʨʴʠʨʫʶʪʩʷ ʢʘʢ ʚʥʫʪʨʠ ʢʘʞʜʦʡ ʢʘʪʝʛʦʨʠʠ ʫʩʪʨʦʡʩʪʚ, ʪʘʢ ʠ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ 

ʫʩʪʨʦʡʩʪʚ. ɺ ʮʝʣʦʤ, ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʩ ʥʦʚʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʙʦʣʝʝ ʥʠʟʢʠʝ ʚʳʙʨʦʩʳ ʊʏ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʫʩʪʘʨʝʚʰʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, 

ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʙʣʠʞʝ ʢ ʣʝʚʦʤʫ ʢʨʘʶ ʛʨʘʬʠʢʘ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʜʘʥʥʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʩʦʙʨʘʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʣʠʙʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤʠ ʧʨʦʮʝʜʫʨʘʤʠ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʣʠʙʦ ʧʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɹʦʣʴʰʠʥʩʪʚʦ ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʳʭ ʧʝʯʝʡ 

ʠʤʝʶʪ ʤʥʦʛʦʣʝʪʥʠʡ ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʦʮʝʥʢʫ ʚʳʙʨʦʩʦʚ ʦʪ ʫʩʪʨʦʡʩʪʚ, 

ʦʩʥʘʱʝʥʥʳʭ ʩʘʤʳʤʠ ʩʦʚʨʝʤʝʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ. 

ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʦʙʟʦʨʫ ʜʦʩʪʫʧʥʳʭ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʩʞʠʛʘʥʠʷ ʜʨʝʚʝʩʠʥʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʤʫ 

ʚ (Tytgat et al., 2017), ʚʢʣʶʯʝʥ ʪʘʢʞʝ ʦʙʟʦʨ ʪʝʭʥʦʣʦʛʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 

ʩʦʢʨʘʱʝʥʠʶ ʚʳʙʨʦʩʦʚ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʣʝʜʥʝʛʦ ʩʫʱʝʩʪʚʫʶʪ ʜʚʝ ʩʪʨʘʪʝʛʠʠ. 

 ʇʝʨʚʘʷ ʩʪʨʘʪʝʛʠʷ ʚʢʣʶʯʘʝʪ ʢʦʥʪʨʦʣʴ ʠʩʪʦʯʥʠʢʘ, ʛʜʝ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ 

ʜʠʟʘʡʥʫ ʧʝʯʠ ʠ ʫʧʨʘʚʣʝʥʠʶ ʚʦʟʜʫʰʥʳʤ ʧʦʪʦʢʦʤ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ. ʄʝʨʳ ʢʦʥʪʨʦʣʷ ʠʩʪʦʯʥʠʢʘ ʦʙʳʯʥʦ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʜʦʩʪʠʞʝʥʠʝ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʕʪʦʪ ʵʬʬʝʢʪ 

ʦʩʦʙʝʥʥʦ ʟʘʤʝʪʝʥ ʚ ʩʥʠʞʝʥʥʠʠ ʫʨʦʚʥʷ ʚʳʙʨʦʩʦʚ ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʭ ʧʝʯʝʡ, ʢʦʪʦʨʳʝ 

ʚʢʣʶʯʘʶʪ ʧʦʜʦʙʥʳʝ ʤʝʨʳ. ʀʤʝʥʥʦ ʵʪʦʪ ʵʬʬʝʢʪ ʚʠʜʝʥ ʚ ʩʥʠʞʝʥʠʠ ʚʳʙʨʦʩʦʚ. 

 ɺʪʦʨʘʷ ʩʪʨʘʪʝʛʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʥʝʯʥʳʭ ʨʝʰʝʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ 
ʥʘ ʩʥʠʞʝʥʠʝ ʚʳʙʨʦʩʦʚ. ʐʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʦʡ ʠ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʦʡ 

ʪʝʭʥʦʣʦʛʠʝʡ ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʦʩʘʞʜʝʥʠʝ. ʕʪʘ ʪʝʭʥʦʣʦʛʠʷ ʦʩʥʦʚʘʥʘ ʥʘ 

ʩʙʦʨʝ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ (ʊʏ) ʥʘ ʵʣʝʢʪʨʦʜʝ. ʅʘ ʧʨʘʢʪʠʢʝ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʯʘʩʪʴ 

ʚʳʙʨʦʩʦʚ, ʦʜʥʘʢʦ ʜʦʩʪʠʛʥʫʪʳʡ ʫʨʦʚʝʥʴ ʩʦʢʨʘʱʝʥʠʷ ʚ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ 

ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʠʩʧʦʣʴʟʫʝʤʦʡ ʧʝʯʠ. ɼʨʫʛʠʤ ʨʝʰʝʥʠʝʤ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚʥʫʪʨʠ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʠʣʠ ʚʥʫʪʨʠ ʜʳʤʦʭʦʜʘ. ʕʪʦ 

ʦʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠʚʥʦ ʜʣʷ ʩʥʠʞʝʥʠʷ ʚʳʙʨʦʩʦʚ CO ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʥʦ 

ʤʝʥʝʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʊʏ. ʆʪʤʝʯʘʶʪʩʷ ʢʦʣʝʙʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʠ ʚ ʥʝʢʦʪʦʨʳʭ 

ʩʣʫʯʘʷʭ ʩʫʱʝʩʪʚʫʝʪ ʨʠʩʢ ʦʙʨʘʟʦʚʘʥʠʷ ʚʨʝʜʥʳʭ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ. ʇʦʵʪʦʤʫ 

ʧʨʘʚʠʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ ʪʘʢʠʭ ʩʠʩʪʝʤ ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ. 

ɺʘʞʥʳʤ ʚʳʚʦʜʦʤ ʠʟ ʠʩʩʣʝʜʦʚʘʥʠʷ (Tytgat et al., 2017) ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦʙʝʣ ʚ ʟʥʘʥʠʷʭ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʚʦʧʨʦʩʘʤ. ɺʦ-ʧʝʨʚʳʭ, ʠʤʝʝʪʩʷ 

ʦʛʨʘʥʠʯʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʘʥʥʳʭ, ʩʦʙʨʘʥʥʳʭ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʂʨʦʤʝ 

ʪʦʛʦ, ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʠ ʩʨʘʚʥʝʥʠʝ ʚʳʙʨʦʩʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ ʠ 

ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʝ, ʦʢʘʟʳʚʘʶʪʩʷ ʩʣʦʞʥʳʤʠ ʠʟ-ʟʘ ʨʘʟʣʠʯʠʡ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʝʜʠʥʠʮ 

ʠʟʤʝʨʝʥʠʷ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʚʳʙʨʦʩʳ ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ ʚʭʦʜʥʦʡ ʵʥʝʨʛʠʠ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʨʘʚʥʝʥʠʷ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʧʝʯʝʡ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦ ʧʦʣʘʛʘʝʪʩʷ ʥʘ ʚʳʙʨʦʩʳ ʥʘ ʝʜʠʥʠʮʫ ʦʙʲʝʤʘ ʚʦʟʜʫʭʘ. ʇʦʩʣʝʜʥʠʡ ʧʦʜʭʦʜ  
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ʟʘʚʠʩʠʪ ʦʪ ʩʧʝʮʠʬʠʢʠ ʧʝʯʠ ʠ ʯʘʩʪʦ ʥʝʠʟʚʝʩʪʝʥ, ʯʪʦ ʜʝʣʘʝʪ ʩʨʘʚʥʝʥʠʝ ʤʝʞʜʫ ʨʘʟʥʳʤʠ 

ʧʝʯʘʤʠ ʢʨʘʡʥʝ ʟʘʪʨʫʜʥʠʪʝʣʴʥʳʤ. 

ɽʱʝ ʦʜʥʠʤ ʘʩʧʝʢʪʦʤ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ 

ʚʪʦʨʠʯʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʘʵʨʦʟʦʣʝʡ (SOA). ʕʪʘ ʬʨʘʢʮʠʷ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʦʙʨʘʟʫʝʪʩʷ, 

ʢʦʛʜʘ ʜʳʤʦʚʳʝ ʛʘʟʳ ʚʳʭʦʜʷʪ ʠʟ ʜʳʤʦʭʦʜʘ ʠ ʧʦʧʘʜʘʶʪ ʚ ʘʪʤʦʩʬʝʨʫ. ʇʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʨʘʟʣʠʯʥʳʭ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʦʤʧʦʥʝʥʪʳ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ ʦʪʭʦʜʷʱʠʭ 

ʛʘʟʘʭ, ʚʩʪʫʧʘʶʪ ʚ ʨʝʘʢʮʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʬʦʨʤʠʨʫʝʪʩʷ ʥʦʚʘʷ ʬʨʘʢʮʠʷ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʚʳʙʨʦʩʦʚ SOA ʤʦʞʝʪ ʙʳʪʴ ʩʦʧʦʩʪʘʚʠʤʘ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʧʝʨʚʠʯʥʳʭ 

ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʧʨʦʮʝʩʩʝ ʩʛʦʨʘʥʠʷ. ʊʦʯʥʳʡ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ 

SOA ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʩʣʦʞʥʳʤ ʠ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ, ʯʪʦ ʜʝʣʘʝʪ 

ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ ʵʪʦʡ ʬʨʘʢʮʠʠ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʢʨʘʡʥʝ ʪʨʫʜʥʦʡ. ʇʦʩʢʦʣʴʢʫ 

SOA ʬʦʨʤʠʨʫʶʪʩʷ ʧʦʩʣʝ ʚʳʭʦʜʘ ʠʟ ʜʳʤʦʭʦʜʘ, ʙʦʣʴʰʠʥʩʪʚʦ ʪʝʩʪʦʚ ʥʝ ʫʯʠʪʳʚʘʶʪ ʵʪʫ 

ʬʨʘʢʮʠʶ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʟʘʥʠʞʝʥʠʶ ʨʝʘʣʴʥʳʭ ʚʳʙʨʦʩʦʚ ʊʏ. 

ʅʘ ʚʘʨʴʠʨʦʚʘʥʠʝ ʚʳʙʨʦʩʦʚ ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʝʩʢʦʣʴʢʦ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʠʩʧʦʣʴʟʫʝʤʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʤʝʪʦʜ ʠʩʧʳʪʘʥʠʡ ʠ ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʦʩʣʝʜʥʠʡ ʘʩʧʝʢʪ 

ʚ ʦʩʥʦʚʥʦʤ ʩʚʷʟʘʥ ʩ ʧʦʚʝʜʝʥʠʝʤ ʧʦʣʴʟʦʚʘʪʝʣʷ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʩʞʠʛʘʥʠʷ ʜʨʝʚʝʩʠʥʳ. 

ʕʣʝʤʝʥʪʳ, ʪʘʢʠʝ ʢʘʢ ʪʠʧ ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʨʝʚʝʩʠʥʳ, ʩʪʝʧʝʥʴ ʚʣʘʞʥʦʩʪʠ, ʧʨʦʮʝʜʫʨʘ 

ʨʦʟʞʠʛʘ ʠ ʪ. ʜ., ʦʢʘʟʳʚʘʶʪ ʧʨʷʤʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʚʳʙʨʦʩʳ ʧʨʠ ʩʞʠʛʘʥʠʠ ʜʨʝʚʝʩʠʥʳ ʚ 

ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ. ɺ ʩʪʘʥʜʘʨʪʥʳʭ ʠʩʧʳʪʘʥʠʷʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʦʩʥʦʚʘʥʳ 

ʥʘ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʘʭ, ʪʦʛʜʘ ʢʘʢ ʚ ʨʝʘʣʴʥʦʩʪʠ ʤʥʦʛʠʝ ʫʩʣʦʚʠʷ ʜʘʣʝʢʠ ʦʪ 

ʠʜʝʘʣʴʥʳʭ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴʰʠʤ ʨʘʟʣʠʯʠʷʤ ʤʝʞʜʫ ʣʘʙʦʨʘʪʦʨʥʳʤʠ ʠ ʨʝʘʣʴʥʳʤʠ 

ʪʝʩʪʘʤʠ. 

ɺʘʞʥʦʡ ʧʨʦʙʣʝʤʦʡ ʧʨʠ ʦʮʝʥʢʝ ʚʳʙʨʦʩʦʚ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʪʠʧʠʯʥʦʤ ʠʣʠ ʩʨʝʜʥʝʤ ʧʦʚʝʜʝʥʠʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʪʝʢʫʱʠʝ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʩʜʝʣʘʥʥʳʝ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʦ (ʧʩʝʚʜʦ) 

ʨʝʘʣʴʥʳʭ ʚʳʙʨʦʩʘʭ, ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʩʦʚʝʨʰʝʥʥʦ ʥʝʚʝʨʥʳʤʠ. ɼʣʷ ʣʫʯʰʝʛʦ ʧʦʥʠʤʘʥʠʷ 

ʵʪʠʭ ʘʩʧʝʢʪʦʚ ʪʨʝʙʫʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʦʧʨʦʩʦʚ ʩʨʝʜʠ ʨʝʘʣʴʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʯʪʦʙʳ 

ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʝʯʝʡ. ɽʱʝ ʦʜʥʘ ʧʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, 

ʯʪʦ ʥʝʙʦʣʴʰʘʷ ʜʦʣʷ ʨʝʘʣʴʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ (ʥʘʧʨʠʤʝʨ, ʣʶʜʠ, ʩʞʠʛʘʶʱʠʝ ʚʣʘʞʥʫʶ ʠʣʠ 

ʟʘʛʨʷʟʥʝʥʥʫʶ ʜʨʝʚʝʩʠʥʫ ʚ ʩʪʘʨʳʭ ʧʝʯʘʭ) ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʡ ʚʢʣʘʜ 

ʚ ʦʙʱʠʝ ʚʳʙʨʦʩʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʘʞʥʦ ʠʤʝʪʴ ʭʦʨʦʰʝʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʣʫʯʰʠʭ, 

ʩʨʝʜʥʠʭ ʠ ʭʫʜʰʠʭ ʩʮʝʥʘʨʠʷʭ ʠ ʠʭ ʯʘʩʪʦʪʝ, ʯʪʦʙʳ ʪʦʯʥʦ ʦʮʝʥʠʪʴ ʦʙʱʠʝ ʨʝʘʣʴʥʳʝ 

ʚʳʙʨʦʩʳ. 
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ʈʠʩʫʥʦʢ 15: ɹʦʢʩʧʣʦʪʥʦʝ ʨʝʟʶʤʝ ʚʩʝʭ ʪʦʯʝʢ ʜʘʥʥʳʭ (ʯʠʩʣʦ ʫʢʘʟʘʥʦ ʚ ʩʢʦʙʢʘʭ) ʜʣʷ ʢʘʞʜʦʛʦ 

ʪʠʧʘ ʫʩʪʨʦʡʩʪʚ ʩʞʠʛʘʥʠʷ ʜʨʝʚʝʩʠʥʳ. *ʢʘʪʝʛʦʨʠʷ ʩʦʜʝʨʞʠʪ ʚʳʙʨʦʩʳ ʩʚʳʰʝ 1000 ʤʛ/ʄɼʞ 

(Tytgat et al., 2017) 

 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ (ʊʏ) ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʞʝʩʪʚʘ ʧʘʨʘʤʝʪʨʦʚ ʛʦʨʝʥʠʷ 

(ʈʠʩʫʥʦʢ 16), ʥʦ ʯʘʩʪʦ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ ʧʨʠ ʧʝʨʝʭʦʜʘʭ ʥʘ ʥʦʚʳʝ ʚʠʜʳ ʵʥʝʨʛʠʠ, ʥʝʩʤʦʪʨʷ 

ʥʘ ʨʘʟʣʠʯʠʷ ʚ ʪʦʢʩʠʯʥʦʩʪʠ ʤʝʞʜʫ ʭʠʤʠʯʝʩʢʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. (Lai et al., 2019) 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʚʳʙʨʦʩʳ ʊʏ2,5 ʦʪ ʩʞʠʛʘʥʠʷ ʪʚʝʨʜʳʭ ʚʠʜʦʚ ʪʦʧʣʠʚʘ (ʫʛʣʷ, ʜʨʝʚʝʩʠʥʳ 

ʠ ʩʦʣʦʤʳ, ʢʘʢ ʮʝʣʳʭ, ʪʘʢ ʠ ʚ ʚʠʜʝ ʧʝʣʣʝʪ) ʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʧʝʯʝʡ (ʢʫʭʦʥʥʳʭ ʠ 

ʦʪʦʧʠʪʝʣʴʥʳʭ; ʪʨʘʜʠʮʠʦʥʥʳʭ ʠ ʧʦʣʫʛʘʟʠʬʠʢʘʮʠʦʥʥʳʭ, ʚʢʣʶʯʘʷ ʫʩʪʨʦʡʩʪʚʘ ʩ 

ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ ʠ ʝʩʪʝʩʪʚʝʥʥʦʡ ʪʷʛʦʡ, ʘ ʪʘʢʞʝ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʠ ʧʦʜʚʠʞʥʦʡ 

ʢʦʣʦʩʥʠʢʦʚʦʡ ʨʝʰʝʪʢʦʡ). ɼʣʷ ʦʮʝʥʢʠ ʚʦʟʜʝʡʩʪʚʠʝ ʪʠʧʘ ʪʦʧʣʠʚʘ ʠ ʧʝʯʠ ʥʘ ʩʦʩʪʘʚ ʊʏ2,5 

ʦʥʠ ʠʟʤʝʨʠʣʠ ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʥʦʛʦ ʫʛʣʝʨʦʜʘ (EC), ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ (OC), 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʛʦ OC, ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʠʦʥʦʚ (ʥʘʧʨʠʤʝʨ, SO4, Cl, Kþ) 

ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʨʢʝʨʦʚ. ɺʳʙʨʦʩʳ ʊʏ2,5 ʠʟ ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʝʯʝʡ ʚ 

ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʷʣʠ ʠʟ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ ʚʝʱʝʩʪʚ: 76ï90% ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ 

(ʆM), 5ï6% EC ʠ ʤʝʥʝʝ 2% ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʠʦʥʦʚ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʥʠʭ, 

ʧʦʣʫʛʘʟʠʬʠʢʘʮʠʦʥʥʳʝ ʧʝʯʠ ʚʳʜʝʣʷʣʠ ʙʦʣʴʰʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʊʏ2,5: ʚ ʩʨʝʜʥʝʤ ʠʦʥʳ 

ʩʦʩʪʘʚʣʷʣʠ 65%, 9% ʧʨʠʭʦʜʠʣʦʩʴ ʥʘ ʆM ʠ 4% ʥʘ EC. ʉʨʝʜʠ ʧʦʣʫʛʘʟʠʬʠʢʘʮʠʦʥʥʳʭ 

ʢʫʭʦʥʥʳʭ ʧʝʯʝʡ ʚʳʙʨʦʩʳ ʠʟ ʧʝʯʝʡ ʩ ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ ʪʷʛʦʡ ʠʤʝʣʠ ʙʦʣʝʝ ʥʠʟʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʆM (1ï3%) ʠ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʠʦʥʦʚ (84ï88%), ʯʝʤ ʧʝʯʠ ʩ 

ʝʩʪʝʩʪʚʝʥʥʦʡ ʪʷʛʦʡ (5ï14% ʆɺ, 30ï83% ʠʦʥʦʚ). ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʰʠʨʦʢʦʛʦ ʜʠʘʧʘʟʦʥʘ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʪʦʧʣʠʚʘ ʠ ʧʝʯʝʡ ʪʠʧ ʧʝʯʠ ʦʢʘʟʳʚʘʣ ʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʩʦʩʪʘʚ 

ʚʳʙʨʘʩʳʚʘʝʤʳʭ ʊʏ, ʯʝʤ ʪʠʧ ʪʦʧʣʠʚʘ, ʧʦʜʯʝʨʢʠʚʘʷ ʟʥʘʯʠʤʦʩʪʴ ʫʩʣʦʚʠʡ ʛʦʨʝʥʠʷ 

ʜʣʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʊʏ. 
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ʈʠʩʫʥʦʢ 16: ɺʠʟʫʘʣʴʥʦʝ ʦʙʦʙʱʝʥʠʝ ʚʳʚʦʜʦʚ (Lai et al., 2019) 

 

ʆʧʳʪ ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʢʦʪʣʦʚ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʤʦʞʝʪ ʚʜʦʭʥʦʚʠʪʴ ʥʘ ʨʘʟʨʘʙʦʪʢʫ 

ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʠʩʪʝʤʘʭ ʩʞʠʛʘʥʠʷ ʤʝʥʴʰʝʛʦ ʤʘʩʰʪʘʙʘ, ʢʘʢ ʦʧʠʩʘʥʦ ʚ 

ʨʘʙʦʪʝ (Obernberger et al., 2017). ʏʪʦʙʳ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʨʳʥʦʯʥʳʡ ʩʧʨʦʩ ʥʘ 

ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʥʠʟʢʦʚʳʙʨʦʩʥʳʝ ʩʠʩʪʝʤʳ ʩʞʠʛʘʥʠʷ ʙʠʦʤʘʩʩʳ, ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ 

ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʥʘ ʛʘʟʦʛʝʥʝʨʘʪʦʨʝ ʩ ʚʦʩʭʦʜʷʱʠʤ ʧʦʪʦʢʦʤ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʩʦʝʜʠʥʝʥʥʦʤ ʩ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʦʡ ʛʘʟʦʚʦʡ ʛʦʨʝʣʢʦʡ ʠ ʢʦʪʣʦʤ. ɺ ʛʘʟʦʛʝʥʝʨʘʪʦʨʝ 

ʧʦʣʫʣʝʪʫʯʠʝ ʵʣʝʤʝʥʪʳ, ʬʦʨʤʠʨʫʶʱʠʝ ʟʦʣʫ (ʚ ʦʩʥʦʚʥʦʤ ʢʘʣʠʡ - K), ʚʳʜʝʣʷʶʪʩʷ ʚ 

ʛʦʨʷʯʝʡ ʟʦʥʝ ʩʛʦʨʘʥʠʷ ʫʛʣʝʡ ʠ ʦʩʘʞʜʘʶʪʩʷ ʚ ʚʝʨʭʥʠʭ ʩʣʦʷʭ ʪʦʧʣʠʚʥʦʛʦ ʩʣʦʷ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʦʜʝʨʞʘʱʠʡ ʯʘʩʪʠʮ ʧʨʦʜʫʢʪʦʚʳʡ ʛʘʟ, ʢʦʪʦʨʳʡ 

ʟʘʪʝʤ ʵʬʬʝʢʪʠʚʥʦ ʩʞʠʛʘʝʪʩʷ ʧʨʠ ʥʠʟʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʠʟʙʳʪʢʘ ʚʦʟʜʫʭʘ ʚ 

ʧʦʩʣʝʜʫʶʱʝʡ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʦʡ ʛʦʨʝʣʢʝ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʧʠʩʘʥ ʧʨʠʥʮʠʧ 

ʠʥʢʘʧʩʫʣʷʮʠʠ ʟʦʣʳ ʚ ʛʘʟʦʛʝʥʝʨʘʪʦʨʝ ʩ ʦʩʦʙʳʤ ʘʢʮʝʥʪʦʤ ʥʘ ʭʠʤʠʶ ʢʘʣʠʷ. ʉʦʚʤʝʱʝʥʠʝ 

ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʩ ʤʝʨʘʤʠ ʧʦ ʦʭʣʘʞʜʝʥʠʶ ʪʦʧʣʠʚʥʦʛʦ ʩʣʦʷ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʥʦʚʫʶ 

ʪʝʭʥʦʣʦʛʠʶ ʜʣʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʙʠʦʪʦʧʣʠʚʘ, ʚʢʣʶʯʘʷ ʪʨʘʜʠʮʠʦʥʥʦʝ ʜʨʝʚʝʩʥʦʝ 

ʪʦʧʣʠʚʦ, ʪʦʧʣʠʚʦ ʠʟ ʢʦʨʦʪʢʦʮʠʢʣʦʚʳʭ ʧʣʘʥʪʘʮʠʡ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʝ 

ʪʦʧʣʠʚʦ/ʦʪʭʦʜʳ, ʪʘʢʠʝ ʢʘʢ ʤʠʩʢʘʥʪʫʩ ʠ ʢʦʩʪʦʯʢʠ ʦʣʠʚʦʢ. ʊʝʩʪʦʚʳʝ ʠʩʧʳʪʘʥʠʷ, 

ʧʨʦʚʝʜʝʥʥʳʝ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʝ, ʧʦʜʪʚʝʨʜʠʣʠ ʚʳʩʦʢʫʶ ʪʦʧʣʠʚʥʫʶ ʛʠʙʢʦʩʪʴ ʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʠʩʪʝʤʳ ʧʨʘʢʪʠʯʝʩʢʠ ʩ ʥʫʣʝʚʳʤʠ ʚʳʙʨʦʩʘʤʠ CO ʠ OGC, ʘ 

ʪʘʢʞʝ ʚʳʙʨʦʩʘʤʠ ʧʳʣʠ ʤʝʥʝʝ 5 ʤʛ/ʄɼʞ (NCV). 

 

ɺʣʠʷʥʠʝ ʩʪʨʘʪʝʛʠʡ ʩʦʢʨʘʱʝʥʠʷ ʚʳʙʨʦʩʦʚ ʊʏ ʥʘ ʩʚʝʨʭʪʦʥʢʠʝ ʯʘʩʪʠʮʳ 

(Wang et al., 2020) ʠʩʩʣʝʜʦʚʘʣʠ ʚʳʙʨʦʩʳ ʩʚʝʨʭʪʦʥʢʠʭ ʯʘʩʪʠʮ ʧʨʠ ʙʳʪʦʚʦʤ ʩʞʠʛʘʥʠʠ 

ʪʦʧʣʠʚʘ ʢʘʢ ʚ ʣʘʙʦʨʘʪʦʨʥʦ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʫʩʣʦʚʠʷʭ, ʪʘʢ ʠ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

ʩʝʣʴʩʢʠʭ ʜʦʤʦʭʦʟʷʡʩʪʚ (ʨʠʩ. 17). ɿʥʘʯʠʪʝʣʴʥʳʝ ʚʳʙʨʦʩʳ ʩʚʝʨʭʪʦʥʢʠʭ ʯʘʩʪʠʮ (ʩ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʚʳʙʨʦʩʦʚ ʦʪ 2 Ĭ 1015 ʜʦ 2 Ĭ 1016 ʯʘʩʪʠʮ ʥʘ ʢʛ ʪʦʧʣʠʚʘ) ʙʳʣʠ ʚʳʷʚʣʝʥʳ 
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ʢʘʢ ʜʣʷ ʫʛʣʷ, ʪʘʢ ʠ ʜʣʷ ʙʠʦʤʘʩʩʳ. ɺʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʘʩʩʳ ʯʘʩʪʠʮ ʯʘʩʪʦ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʥʘʯʘʣʝ ʧʨʦʮʝʩʩʘ ʩʛʦʨʘʥʠʷ (ʚ ʧʝʨʚʳʝ 30 ʤʠʥʫʪ ʧʦʩʣʝ ʨʘʟʞʠʛʘʥʠʷ ʦʛʥʷ), 

ʪʦʛʜʘ ʢʘʢ ʚʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʣʠʯʝʩʪʚʘ ʯʘʩʪʠʮ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʙʦʣʝʝ ʧʦʟʜʥʝʤ ʵʪʘʧʝ 

ʛʦʨʝʥʠʷ (60ï150 ʤʠʥʫʪ). ʉʚʝʨʭʪʦʥʢʠʝ ʯʘʩʪʠʮʳ ʩʦʩʪʘʚʣʷʶʪ ʩʚʳʰʝ 90% ʦʪ ʦʙʱʝʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʯʘʩʪʠʮ ʚ ʜʠʘʧʘʟʦʥʝ ʨʘʟʤʝʨʦʚ ʦʪ 3 ʥʤ ʜʦ 10 ʤʢʤ. ʕʪʠ ʚʳʙʨʦʩʳ ʫʚʝʣʠʯʠʚʘʶʪ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʩʚʝʨʭʪʦʥʢʠʭ ʯʘʩʪʠʮ ʚ ʧʦʤʝʱʝʥʠʠ ʙʦʣʝʝ ʯʝʤ ʥʘ ʧʦʨʷʜʦʢ, ʯʪʦ ʥʘʧʨʷʤʫʶ 

ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʞʠʪʝʣʝʡ ʜʦʤʦʭʦʟʷʡʩʪʚ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ 

ʟʘʤʝʪʥʦʝ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʩʦʢʨʘʱʝʥʠʝʤ ʚʳʙʨʦʩʦʚ, ʦʩʥʦʚʘʥʥʳʤ ʥʘ ʤʘʩʩʝ ʊʏ2,5, ʠ 

ʩʦʢʨʘʱʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʯʘʩʪʠʮ ʩʚʝʨʭʪʦʥʢʠʭ ʯʘʩʪʠʮ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʨʘʟʣʠʯʥʳʭ 

ʩʪʨʘʪʝʛʠʡ ʢʦʥʪʨʦʣʷ, ʧʨʝʜʣʦʞʝʥʥʳʭ ʜʣʷ ʩʥʠʞʝʥʠʷ ʟʘʛʨʷʟʥʝʥʠʷ ʦʪ ʙʳʪʦʚʦʛʦ ʩʞʠʛʘʥʠʷ 

ʪʦʧʣʠʚʘ. çɹʦʣʝʝ ʯʠʩʪʳʝè ʚʠʜʳ ʪʦʧʣʠʚʘ ʠ ʧʝʯʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ 

ʚʳʙʨʦʩʦʚ ʊʏ2,5, ʥʝ ʚʩʝʛʜʘ ʵʬʬʝʢʪʠʚʥʳ ʚ ʦʪʥʦʰʝʥʠʠ ʩʦʢʨʘʱʝʥʠʷ ʚʳʙʨʦʩʦʚ ʩʚʝʨʭʪʦʥʢʠʭ 

ʯʘʩʪʠʮ ʠ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʜʘʞʝ ʫʚʝʣʠʯʠʚʘʶʪ ʠʭ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, 

ʯʪʦ ʠʛʥʦʨʠʨʦʚʘʥʠʝ ʚʳʙʨʦʩʦʚ ʩʚʝʨʭʪʦʥʢʠʭ ʯʘʩʪʠʮ ʦʪ ʩʞʠʛʘʥʠʷ ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ ʚ 

ʜʦʤʦʭʦʟʷʡʩʪʚʘʭ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʨʠʩʢʘʤ ʜʣʷ ʟʜʦʨʦʚʴʷ ʞʠʪʝʣʝʡ, 

ʦʩʦʙʝʥʥʦ ʜʣʷ ʫʷʟʚʠʤʳʭ ʛʨʫʧʧ (ʥʘʧʨʠʤʝʨ, ʧʦʞʠʣʳʭ ʣʶʜʝʡ ʠ ʜʝʪʝʡ), ʢʦʪʦʨʳʝ ʙʦʣʝʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʟʘʛʨʷʟʥʝʥʠʶ ʚʦʟʜʫʭʘ ʚ ʧʦʤʝʱʝʥʠʷʭ. ʅʝʦʙʭʦʜʠʤʦ ʫʜʝʣʷʪʴ ʙʦʣʴʰʝ 

ʚʥʠʤʘʥʠʷ ʟʘʛʨʷʟʥʝʥʠʶ ʩʚʝʨʭʪʦʥʢʠʤʠ ʯʘʩʪʠʮʘʤʠ ʠ ʝʛʦ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʨʠʩʢʘʤ ʜʣʷ 

ʟʜʦʨʦʚʴʷ, ʘ ʥʝ ʧʦʣʘʛʘʪʴʩʷ ʪʦʣʴʢʦ ʥʘ ʠʥʜʝʢʩ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʘʩʩʳ ʊʏ. 
 

ʈʠʩʫʥʦʢ 17: ʉʨʘʚʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʳʙʨʦʩʦʚ ʊʏ2,5 ʠ ʩʚʝʨʭʪʦʥʢʠʭ ʯʘʩʪʠʮ ʧʨʠ ʙʳʪʦʚʦʤ 

ʩʞʠʛʘʥʠʠ ʪʦʧʣʠʚʘ. ʇʨʠ ʩʞʠʛʘʥʠʠ ʪʨʝʭ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʫʛʣʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʦʜʥʘ ʠ ʪʘ ʞʝ 

ʧʝʯʴ. ʆʰʠʙʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʩʪʘʥʜʘʨʪʥʳʭ ʦʪʢʣʦʥʝʥʠʡ ʚ ʩʝʨʠʠ ʧʦʚʪʦʨʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ. Bit, Ant ʠ SC ʦʙʦʟʥʘʯʘʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʙʠʪʫʤʠʥʦʟʥʳʡ ʫʛʦʣʴ, ʘʥʪʨʘʮʠʪ ʠ 

ʧʦʣʫʢʦʢʩ (Wang et al., 2020). 
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 ɺʦʟʜʝʡʩʪʚʠʝ ʫʩʣʦʚʠʡ ʩʞʠʛʘʥʠʷ ʥʘ ʚʳʙʨʦʩʳ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ (ʊʏ) ʠ 

ʯʝʨʥʦʛʦ ʫʛʣʝʨʦʜʘ (ʏʋ) 

ʂʘʢ ʦʙʲʷʩʥʷʝʪʩʷ ʚ (ʎɻ ʊʕɺ, 2019), ʧʣʦʭʦʝ ʩʛʦʨʘʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʫʚʝʣʠʯʝʥʠʶ ʚʳʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ 

ʘʪʤʦʩʬʝʨʫ, ʦʩʦʙʝʥʥʦ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ, ʘ ʪʘʢʞʝ ʢ ʥʘʢʦʧʣʝʥʠʶ ʢʨʝʦʟʦʪʘ 

ʥʘ ʚʥʫʪʨʝʥʥʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʜʳʤʦʭʦʜʘ, ʯʪʦ ʫʭʫʜʰʘʝʪ ʪʷʛʫ ʠ ʩʦʟʜʘʝʪ ʨʠʩʢ ʚʦʟʛʦʨʘʥʠʷ 

ʜʳʤʦʭʦʜʘ. ʇʨʦʮʝʩʩ ʩʛʦʨʘʥʠʷ ʜʨʝʚʝʩʠʥʳ ʜʝʣʠʪʩʷ ʥʘ ʪʨʠ ʬʘʟʳ, ʢʦʪʦʨʳʝ ʟʘʚʠʩʷʪ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ: (i) ʩʫʰʢʘ; (ii) ʧʠʨʦʣʠʟ; ʠ (iii) ʛʘʟʠʬʠʢʘʮʠʷ ʠ ʛʦʨʝʥʠʝ. 

- ʉʫʰʢʘ. ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʨʝʚʝʩʠʥʳ ʚʦʜʘ ʥʘʯʠʥʘʝʪ ʠʩʧʘʨʷʪʴʩʷ ʩ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ. 
ʀʩʧʘʨʝʥʠʝ ʦʙʳʯʥʦ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʠʞʝ 100ÁC. ɼʦ ʜʦʩʪʠʞʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ 150ï200ÁC ʜʨʝʚʝʩʠʥʘ ʪʝʨʷʝʪ ʩʦʜʝʨʞʘʱʫʶʩʷ ʚ ʥʝʡ ʚʦʜʫ. ɺʦ ʚʨʝʤʷ 

ʠʩʧʘʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ ʚʨʝʤʝʥʥʦ ʩʥʠʞʘʝʪʩʷ, ʟʘʤʝʜʣʷʷ ʧʨʦʮʝʩʩ 

ʛʦʨʝʥʠʷ ʠ ʩʥʠʞʘʷ ʪʝʧʣʦʚʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘʛʨʝʚʘʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ. ʕʪʦ 

ʦʩʥʦʚʥʘʷ ʧʨʠʯʠʥʘ, ʧʦ ʢʦʪʦʨʦʡ ʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʳʨʫʶ ʜʨʝʚʝʩʠʥʫ. 

ʏʝʤ ʚʳʰʝ ʚʣʘʞʥʦʩʪʴ ʜʨʝʚʝʩʠʥʳ, ʪʝʤ ʙʦʣʴʰʝ ʵʥʝʨʛʠʠ ʧʦʪʨʝʙʫʝʪʩʷ ʜʣʷ ʝʝ ʩʫʰʢʠ, 

ʠ ʪʝʤ ʥʠʞʝ ʙʫʜʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʝʝ ʩʞʠʛʘʥʠʷ. ɺʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʣʘʛʠ ʚ 

ʜʨʝʚʝʩʠʥʝ ʧʨʠʚʦʜʠʪ ʢ ʥʝʧʦʣʥʦʤʫ ʩʛʦʨʘʥʠʶ, ʩʥʠʞʝʥʠʶ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠ ʫʚʝʣʠʯʝʥʠʶ ʚʳʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ. 

- ʇʠʨʦʣʠʟ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʦʣʦ 200ÁC ʜʨʝʚʝʩʠʥʘ ʥʘʯʠʥʘʝʪ ʨʘʟʣʘʛʘʪʴʩʷ ʥʘ 

ʣʝʪʫʯʠʝ ʚʝʱʝʩʪʚʘ ʠ ʪʚʝʨʜʳʡ ʫʛʣʝʨʦʜ. ʃʝʪʫʯʘʷ ʬʨʘʢʮʠʷ ʜʨʝʚʝʩʠʥʳ ï ʙʦʣʝʝ 75% ʦʪ 

ʦʙʱʝʡ ʤʘʩʩʳ ï ʠʩʧʘʨʷʝʪʩʷ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʦʣʦ 400ÁC ʙʦʣʴʰʠʥʩʪʚʦ ʣʝʪʫʯʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʠʩʧʘʨʷʝʪʩʷ. 

- ɻʘʟʠʬʠʢʘʮʠʷ ʠ ʩʛʦʨʘʥʠʝ. ʕʪʘ ʬʘʟʘ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪ 500ÁC ʜʦ 

600ÁC ʠ ʧʨʦʜʦʣʞʘʝʪʩʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʜʦ 1000ÁC, ʧʨʝʜʩʪʘʚʣʷʷ ʩʦʙʦʡ ʧʦʣʥʦʝ 

ʦʢʠʩʣʝʥʠʝ ʛʘʟʦʚ. 

ʉʛʦʨʘʥʠʝ ʟʘʚʝʨʰʘʝʪʩʷ, ʢʦʛʜʘ ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʜʨʝʚʝʩʠʥʳ ʧʦʣʥʦʩʪʴʶ ʚʩʪʫʧʘʶʪ ʚ 

ʭʠʤʠʯʝʩʢʫʶ ʨʝʘʢʮʠʶ ʩ ʢʠʩʣʦʨʦʜʦʤ. ʆʜʥʘʢʦ 100%-ʥʦʝ ʧʦʣʥʦʝ ʩʛʦʨʘʥʠʝ ʜʨʝʚʝʩʠʥʳ ï ʵʪʦ 

ʯʠʩʪʦ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʢʦʥʮʝʧʮʠʷ ʠʟ-ʟʘ ʦʛʨʘʥʠʯʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʦʧʪʠʤʘʣʴʥʘʷ ʩʪʝʧʝʥʴ 

ʩʤʝʰʝʥʠʷ ʚʦʟʜʫʭʘ ʠ ʪʦʧʣʠʚʘ, ʢʦʪʦʨʫʶ ʩʣʦʞʥʦ ʜʦʩʪʠʯʴ ʟʘ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ. ʇʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʠʜʝʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʧʦʣʥʦʛʦ ʩʛʦʨʘʥʠʷ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʚʳʙʨʦʩʳ ʚʨʝʜʥʳʭ 

ʚʝʱʝʩʪʚ. ɺ ʨʝʘʣʴʥʦʩʪʠ ʪʨʠ ʦʧʠʩʘʥʥʳʝ ʚʳʰʝ ʬʘʟʳ ʛʦʨʝʥʠʷ ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʜʨʫʛ ʥʘ ʜʨʫʛʘ 

ʩʣʦʞʥʳʤ ʦʙʨʘʟʦʤ, ʘ ʥʝ ʧʨʦʠʩʭʦʜʷʪ ʚ ʦʪʜʝʣʴʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ. 

ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʚʳʙʨʦʩ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʪʝʩʥʦ ʩʚʷʟʘʥʳ 
ʥʝ ʪʦʣʴʢʦ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʦʧʣʠʚʘ, ʥʦ ʠ ʩ ʫʩʣʦʚʠʷʤʠ ʠ ʧʨʦʮʝʩʩʘʤʠ ʩʛʦʨʘʥʠʷ ʚ ʧʝʯʠ 
(Obaidullah et al., 2012). ɺʣʠʷʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʝʯʝʡ ʠ ʫʩʣʦʚʠʡ ʛʦʨʝʥʠʷ ʥʘ ʛʘʟʦʚʳʝ ʠ 
ʪʚʝʨʜʝr ʚʳʙʨʦʩʳ ʧʨʠ ʙʳʪʦʚʦʤ ʩʞʠʛʘʥʠʠ ʙʠʦʤʘʩʩʳ ʙʳʣʦ ʠʟʫʯʝʥʦ (Bhattu et al., 2019). 
ʆʥʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʠʩʩʣʝʜʦʚʘʣʠ ʚʳʙʨʦʩʳ ʛʘʟʦʚ ʠ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʠʟ ʩʝʤʠ ʫʩʪʨʦʡʩʪʚ ʜʣʷ 
ʩʞʠʛʘʥʠʷ ʜʨʝʚʝʩʠʥʳ (ʨʠʩ. 18). ʉʨʝʜʠ ʦʙʱʝʡ ʤʘʩʩʳ ʫʛʣʝʨʦʜʦʩʦʜʝʨʞʘʱʠʭ ʚʳʙʨʦʩʦʚ (ʟʘ 
ʠʩʢʣʶʯʝʥʠʝʤ CO2) ʜʦʤʠʥʠʨʦʚʘʣʠ ʚʳʙʨʦʩʳ CO, ʥʘʨʷʜʫ ʩ ʥʝʤʝʪʘʥʦʚʳʤʠ ʣʝʪʫʯʠʤʠ 
ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ (NMVOC) (10ī40%). ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ 
ʚʳʜʝʣʷʣʠ ʥʘ 1ī3 ʧʦʨʷʜʢʘ ʤʝʥʴʰʝ CH4 (0.002ī0.60 ʛ/ʢʛ ʜʨʝʚʝʩʠʥʳ) ʠ NMVOC (0.01ī1 ʛ/ʢʛ 
ʜʨʝʚʝʩʠʥʳ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʫʩʪʨʦʡʩʪʚʘʤʠ ʩ ʧʦʨʮʠʦʥʥʳʤ ʨʝʞʠʤʦʤ ʨʘʙʦʪʳ (CH4: 
0.25ī2.80 ʛ/ʢʛ ʜʨʝʚʝʩʠʥʳ; NMNVOC: 2,52,5ī19 ʛ/ʢʛ ʜʨʝʚʝʩʠʥʳ). 60ī90% ʦʪ ʦʙʱʝʛʦ 
ʦʙʲʝʤʘ NMVOC ʚʳʜʝʣʷʣʦʩʴ ʥʘ ʥʘʯʘʣʴʥʦʡ ʬʘʟʝ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚ ʩ ʧʦʨʮʠʦʥʥʳʤ 
ʨʝʞʠʤʦʤ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʧʝʨʚʳʭ ʮʠʢʣʦʚ ʟʘʛʨʫʟʢʠ.
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ʈʠʩʫʥʦʢ 18: ɺʠʟʫʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʫʩʣʦʚʠʡ ʩʛʦʨʘʥʠʷ ʥʘ ʚʳʙʨʦʩʳ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ (Bhattu et al., 2019) 

 

ʋʩʣʦʚʠʷ ʨʘʙʦʪʳ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʥʘʛʨʫʟʢʝ ʠʣʠ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʦʨʤʘʣʴʥʳʭ 

ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʪʘʢʠʝ ʢʘʢ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʣʘʞʥʦʡ ʜʨʝʚʝʩʠʥʳ 

ʠʣʠ ʧʝʣʣʝʪ ʠʟ ʧʰʝʥʠʮʳ, ʘ ʪʘʢʞʝ ʠʟʙʳʪʦʢ ʠʣʠ ʥʝʜʦʩʪʘʪʦʢ ʢʠʩʣʦʨʦʜʘ, ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʚʝʣʠʯʠʚʘʶʪ ʚʳʙʨʦʩʳ. NMVOC ʚ ʦʩʥʦʚʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʝʣʢʠʤʠ ʢʘʨʙʦʥʦʚʳʤʠ 

ʢʠʩʣʦʪʘʤʠ, ʩʧʠʨʪʘʤʠ ʠ ʬʫʨʘʥʘʤʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʚʘʨʠʘʮʠʠ ʚ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʚʳʙʨʦʩʦʚ NMVOC, ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ ʩʦʝʜʠʥʝʥʠʡ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʙʦʣʴʰʫʶ ʩʭʦʞʝʩʪʴ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʠ ʬʘʟʘʤʠ ʩʛʦʨʘʥʠʷ (ʨʠʩ. 19). 

ʅʘʠʙʦʣʴʰʠʝ ʚʳʙʨʦʩʳ ʏʋ ʥʘʙʣʶʜʘʶʪʩʷ ʫ ʧʝʯʝʡ ʜʣʷ ʩʞʠʛʘʥʠʷ ʜʨʝʚʝʩʥʦʛʦ ʪʦʧʣʠʚʘ ʚ 

ʨʝʞʠʤʝ ʭʦʣʦʜʥʦʛʦ ʟʘʧʫʩʢʘ. ʕʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʥʝʧʨʘʚʠʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʘʞʝ ʧʝʨʝʜʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʤʦʛʫʪ ʥʝ ʦʙʝʩʧʝʯʠʪʴ ʩʥʠʞʝʥʠʝ 

ʚʳʙʨʦʩʦʚ ʩʦʝʜʠʥʝʥʠʡ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʦʙʨʘʟʦʚʘʥʠʶ ʚʪʦʨʠʯʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʘʵʨʦʟʦʣʝʡ (SOA), ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝ ʩʥʠʟʠʪʴ ʚʦʟʜʝʡʩʪʚʠʝ ʩʞʠʛʘʥʠʷ ʜʨʝʚʝʩʠʥʳ ʥʘ 

ʢʣʠʤʘʪ ʠ ʟʜʦʨʦʚʴʝ.
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ʈʠʩʫʥʦʢ 19: ʉʨʝʜʥʠʝ ʫʜʝʣʴʥʳʝ ʚʳʙʨʦʩʳ (ʂɺ, ʛ/ʢʛ ʜʨʝʚʝʩʠʥʳ) ʜʣʷ ʛʘʟʦʚʳʭ (CH4, CO, NO ʠ 

NMVOC) ʠ ʪʚʝʨʜʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʏʋ) ʜʣʷ ʫʩʪʨʦʡʩʪʚ 1ï7 ʚʦ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʫʩʣʦʚʠʷʭ 

(1: ʂʦʪʝʣ ʥʘ ʧʝʣʣʝʪʘʭ, 2: ʂʦʪʝʣ ʥʘ ʜʨʦʚʘʭ, 3: ʇʨʦʤʳʰʣʝʥʥʳʡ ʢʦʪʝʣ ʩ ʧʦʜʚʠʞʥʦʡ 

ʢʦʣʦʩʥʠʢʦʚʦʡ ʨʝʰʝʪʢʦʡ ʜʣʷ ʜʨʝʚʝʩʥʦʡ ʱʝʧʳ, 4: ʇʝʯʴ ʥʘ ʧʝʣʣʝʪʘʭ, 5: ʆʜʥʦʩʪʫʧʝʥʯʘʪʘʷ 

ʜʨʦʚʷʥʘʷ ʧʝʯʴ, 6: ɼʚʫʭʩʪʫʧʝʥʯʘʪʘʷ ʜʨʦʚʷʥʘʷ ʧʝʯʴ, 7: ɼʚʫʭʩʪʫʧʝʥʯʘʪʘʷ ʜʨʦʚʷʥʘʷ ʧʝʯʴ) 

(Bhattu et al., 2019) 

 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʣʠʪʝʨʘʪʫʨʳ, ʇɸʋ ʦʙʨʘʟʫʶʪʩʷ ʚ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʠ ʤʦʛʫʪ 

ʚʳʙʨʘʩʳʚʘʪʴʩʷ ʚ ʫʩʣʦʚʠʷʭ ʛʦʨʝʥʠʷ ʜʨʝʚʝʩʠʥʳ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʥʝʜʦʩʪʘʪʢʝ 

ʚʦʟʜʫʭʘ. (Eriksson et al., 2014) ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʇɸʋ ʪʘʢʞʝ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʚ 

ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʪʦʧʣʠʚʘ ʥʘ ʪʣʝʶʱʠʝ ʫʛʣʠ ʚ ʧʝʯʠ ʧʨʠ ʙʦʣʝʝ 

ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (400ï500 ÁC) ʠ ʯʪʦ ʜʦʣʷ ʇɸʋ ʩ ʧʷʪʴʶ ʠ ʙʦʣʝʝ ʢʦʣʴʮʘʤʠ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʨʘʟʣʠʯʠʷʤʠ ʚ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʛʘʟʦʚʳʭ ʠ ʪʚʝʨʜʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʩʢʦʣʴʢʫ ʙʦʣʝʝ ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʦʚʧʘʜʘʶʪ ʩ ʙʦʣʝʝ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʚʳʙʨʦʩʘʤʠ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʛʘʟʠʬʠʢʘʮʠʠ (ʠʟʫʯʝʥʠʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʚ ʦʪʩʫʪʩʪʚʠʝ ʢʠʩʣʦʨʦʜʘ) ʦʙʳʯʥʦ 

ʧʨʠʥʷʪʦ ʨʘʟʜʝʣʷʪʴ ʧʝʨʚʠʯʥʳʝ ʩʤʦʣʳ ʥʘ ʧʨʦʜʫʢʪʳ ʧʠʨʦʣʠʟʘ ʮʝʣʣʶʣʦʟʳ ʠ ʣʠʛʥʠʥʘ, ʪʘʢʠʭ 

ʢʘʢ ʘʥʛʠʜʨʠʜʳ ʤʦʥʦʩʘʭʘʨʠʜʦʚ (ʥʘʧʨʠʤʝʨ, ʣʝʚʦʛʣʶʢʦʟʘʥ), ʠ ʤʝʪʦʢʩʠʬʝʥʦʣʳ, 

ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʇʦ ʤʝʨʝ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ ʦʥʠ 

ʨʘʟʣʘʛʘʶʪʩʷ ʜʦ ʬʝʥʦʣʦʚ (600ï700 ÁC) ʠ ʤʝʪʠʣʠʨʦʚʘʥʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

(>700 ÁC). ʇʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʭʦʜ ʇɸʋ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʇʨʠ ʪʘʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʇɸʋ ʷʚʣʷʶʪʩʷ ʦʜʥʦʡ ʠʟ ʥʝʤʥʦʛʠʭ ʢʣʘʩʩʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʢʦʪʦʨʳʝ ʜʦʩʪʘʪʦʯʥʦ ʫʩʪʦʡʯʠʚʳ, ʯʪʦʙʳ ʩʦʭʨʘʥʠʪʴʩʷ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʦʪʥʦʰʝʥʠʷ ʇɸʋ/ʆʄ ʠ ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʆʄ ʥʘ 
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ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʩʪʘʜʠʠ ʛʦʨʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʘʟʦʡ ʜʦʙʘʚʣʝʥʠʷ ʪʦʧʣʠʚʘ. ʊʝʦʨʠʷ 

ʛʘʟʠʬʠʢʘʮʠʠ ʪʘʢʞʝ ʧʨʝʜʩʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʚʳʙʨʦʩʳ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʫʛʣʝʨʦʜʘ 

ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʧʦ ʤʝʨʝ ʜʘʣʴʥʝʡʰʝʛʦ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʰʝ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʜʠʘʧʘʟʦʥʘ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʇɸʋ (ʨʠʩ. 20). 
 

 

 
ʈʠʩʫʥʦʢ 20: ʉʨʝʜʥʠʝ ʚʳʙʨʦʩʳ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʜʨʦʚʷʥʳʤʠ ʧʝʯʘʤʠ ʧʨʠ ʥʦʤʠʥʘʣʴʥʳʭ ʠ 

ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʛʦʨʝʥʠʷ ʚ ʤʛ ʠ ʤʛ/ʄɼʞ ʜʣʷ ʪʨʝʭ ʬʘʟ ʛʦʨʝʥʠʷ ʠ ʧʦʣʥʦʛʦ ʮʠʢʣʘ. ʆʰʠʙʢʠ 

ʠʟʤʝʨʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʜʠʘʧʘʟʦʥʘ ʥʘʙʣʶʜʝʥʠʡ (n = 2) (Eriksson et al., 2014) 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʧʨʝʜʳʜʫʱʠʝ ʜʘʥʥʳʝ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʚʳʙʨʦʩʳ ʇɸʋ ʠʟ ʜʨʦʚʷʥʳʭ 

ʧʝʯʝʡ ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʧʨʠ ʫʩʣʦʚʠʷʭ ʩʛʦʨʘʥʠʷ ʩ ʥʝʜʦʩʪʘʪʢʦʤ ʚʦʟʜʫʭʘ ʠ 

ʚʳʩʦʢʠʤʠ ʫʨʦʚʥʷʤʠ ʪʝʧʣʦʦʪʜʘʯʠ, ʜʘʞʝ ʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʦ, ʯʝʤ ʧʦʢʘʟʘʥʦ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ 

(Eriksson et al., 2014). ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʩʥʠʞʝʥʠʷ ʚʳʙʨʦʩʦʚ ʇɸʋ ʠʟ 
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ʜʨʦʚʷʥʳʭ ʧʝʯʝʡ ʤʦʞʝʪ ʙʳʪʴ ʢʦʥʪʨʦʣʴ ʫʩʣʦʚʠʡ ʩʛʦʨʘʥʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʠʟʙʳʪʦʯʥʳʝ 

ʫʨʦʚʥʠ ʪʝʧʣʦʦʪʜʘʯʠ ʧʨʠʚʦʜʷʪ ʢ ʥʝʜʦʩʪʘʪʢʫ ʚʦʟʜʫʭʘ, ʩʚʷʟʘʥʥʦʤʫ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʢʦʥʩʪʨʫʢʮʠʠ ʧʝʯʠ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʩʣʦʚʠʷ ʙʳʩʪʨʦʛʦ ʛʦʨʝʥʠʷ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ ʢʠʩʣʦʨʦʜʘ ʤʝʥʝʝ 5% ʚ ʦʪʭʦʜʷʱʠʭ ʛʘʟʘʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʢʦʨʦʩʪʷʤ 

ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʙʦʣʝʝ 23 ʢɺʪ, ʩʦʚʧʘʜʘʶʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʳʙʨʦʩʦʚ ʇɸʋ. ʍʦʪʷ ʯʠʩʣʦʚʳʝ 

ʜʘʥʥʳʝ ʟʘʚʠʩʷʪ ʦʪ ʪʠʧʘ ʧʝʯʠ, ʵʪʦʪ ʬʝʥʦʤʝʥ (ʢʘʯʝʩʪʚʝʥʥʦ), ʚʝʨʦʷʪʥʦ, ʫʥʠʚʝʨʩʘʣʝʥ. ʄʝʨʳ 

ʧʦ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʪʘʢʠʭ ʩʠʪʫʘʮʠʡ ʤʦʛʫʪ ʧʦʪʝʥʮʠʘʣʴʥʦ ʩʥʠʟʠʪʴ ʥʝʛʘʪʠʚʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ, ʘ ʪʘʢʞʝ, ʚʦʟʤʦʞʥʦ, ʠʤʝʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʚ 

ʚʠʜʝ ʩʦʢʨʘʱʝʥʠʷ ʚʳʙʨʦʩʦʚ ʯʝʨʥʦʛʦ ʫʛʣʝʨʦʜʘ. ʂʨʦʤʝ ʪʦʛʦ, ʚʳʙʨʦʩʳ ʤʝʪʘʥʘ, ʤʦʱʥʦʛʦ 

ʧʘʨʥʠʢʦʚʦʛʦ ʛʘʟʘ, ʪʘʢʞʝ ʫʩʠʣʠʚʘʶʪʩʷ ʧʨʠ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʦʛʦ ʥʝʧʦʣʥʦʛʦ 

ʩʛʦʨʘʥʠʷ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʜʨʦʚʷʥʳʭ 

ʧʝʯʝʡ ʠ ʢʦʪʣʦʚ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʠʟʙʝʛʘʪʴ ʤʝʜʣʝʥʥʦʛʦ, ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʛʦʨʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʣʘʞʥʦʛʦ ʪʦʧʣʠʚʘ ʠ ʧʣʦʭʦʡ ʪʝʧʣʦʠʟʦʣʷʮʠʠ). 

ʀʩʩʣʝʜʦʚʘʥʠʝ (Eriksson et al., 2014) ʧʦʜʯʝʨʢʠʚʘʝʪ, ʯʪʦ ʯʨʝʟʤʝʨʥʦ ʚʳʩʦʢʠʝ ʩʢʦʨʦʩʪʠ 

ʪʝʧʣʦʦʪʜʘʯʠ ʪʘʢʞʝ ʥʝʞʝʣʘʪʝʣʴʥʳ ʠʟ-ʟʘ ʚʳʙʨʦʩʦʚ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʇɸʋ. 

ɺʨʝʤʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʳʙʨʦʩʦʚ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʠʟ ʪʨʘʜʠʮʠʦʥʥʦʡ ʜʨʦʚʷʥʦʡ ʧʝʯʠ 

ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʳ ʚ ʨʘʙʦʪʝ (Nielsen et al., 2017) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ 

ʘʵʨʦʟʦʣʝʡ, ʯʪʦʙʳ ʫʩʪʘʥʦʚʠʪʴ ʩʚʷʟʴ ʤʝʞʜʫ ʫʩʣʦʚʠʷʤʠ ʛʦʨʝʥʠʷ, ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 

ʚʳʙʨʦʩʦʚ, ʩʦʩʪʦʷʥʠʝʤ ʩʤʝʰʠʚʘʥʠʷ ʨʝʬʨʘʢʮʠʦʥʥʦʛʦ ʯʝʨʥʦʛʦ ʫʛʣʝʨʦʜʘ ʠ ʠʭ ʚʣʠʷʥʠʝʤ ʥʘ 

ʤʝʪʦʜʳ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʨʢʝʨʦʚ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʥʦʚʦʡ ʧʦʨʮʠʠ ʪʦʧʣʠʚʘ ʧʨʦʠʩʭʦʜʠʪ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʧʠʨʦʣʠʟ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʡʩʷ ʥʘʛʨʝʚʦʤ ʪʦʧʣʠʚʘ, ʯʪʦ ʚʳʟʳʚʘʝʪ 

ʩʠʣʴʥʳʝ, ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʝ, ʠʟʤʝʥʯʠʚʳʝ ʧʠʢʠ ʚʳʙʨʦʩʦʚ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʘʵʨʦʟʦʣʷ, 

ʩʦʜʝʨʞʘʱʝʛʦ ʤʘʨʢʝʨʳ ʙʝʟʚʦʜʥʳʭ ʩʘʭʘʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʣʝʚʦʛʣʶʢʦʟʘʥ (ʬʨʘʛʤʝʥʪ ʥʘ m/z 60). 

ɻʦʨʝʥʠʝ ʩ ʧʣʘʤʝʥʝʤ ʧʨʠʚʦʜʠʪ ʢ ʚʳʙʨʦʩʘʤ, ʛʜʝ ʜʦʤʠʥʠʨʫʝʪ ʨʝʬʨʘʢʮʠʦʥʥʳʡ ʯʝʨʥʳʡ 

ʫʛʣʝʨʦʜ, ʩʦʧʫʪʩʪʚʫʶʱʠʡ ʤʝʥʴʰʠʤ ʜʦʣʷʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʘʵʨʦʟʦʣʷ ʠ ʤʘʨʢʝʨʦʚ ʙʝʟʚʦʜʥʳʭ 

ʩʘʭʘʨʦʚ. ɺʳʙʨʦʩʳ ʟʘ ʧʦʣʥʳʡ ʮʠʢʣ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʥʝʰʥʶʶ ʩʤʝʩʴ ʙʦʣʝʝ ʢʨʫʧʥʳʭ 

ʯʘʩʪʠʮ, ʜʦʤʠʥʠʨʫʶʱʠʭ ʦʨʛʘʥʠʯʝʩʢʠʤ ʘʵʨʦʟʦʣʝʤ, ʠ ʤʝʥʴʰʠʭ ʯʘʩʪʠʮ, ʩ ʪʦʥʢʠʤ 

ʧʦʢʨʳʪʠʝʤ ʨʝʬʨʘʢʮʠʦʥʥʳʤ ʯʝʨʥʳʤ ʫʛʣʝʨʦʜʦʤ. ʇɸʋ ʚ ʦʩʥʦʚʥʦʤ ʘʩʩʦʮʠʠʨʦʚʘʥʳ ʩ 

ʯʘʩʪʠʮʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʨʝʬʨʘʢʮʠʦʥʥʳʡ ʯʝʨʥʳʡ ʫʛʣʝʨʦʜ. 
 

 

ʈʠʩʫʥʦʢ 21: ɼʠʥʘʤʠʢʘ ʚʳʙʨʦʩʦʚ ʨʝʬʨʘʢʮʠʦʥʥʦʛʦ ʯʝʨʥʦʛʦ ʫʛʣʝʨʦʜʘ ʠ ʇɸʋ ʚ ʪʝʯʝʥʠʝ ʮʠʢʣʘ 

ʛʦʨʝʥʠʷ (Nielsen et al., 2017) 
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ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʧʨʠ ʦʯʝʥʴ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʛʦʨʝʥʠʷ ʮʝʥʪʨʘʣʴʥʳʝ 

ʯʘʩʪʠ ʟʦʥʳ ʛʦʨʝʥʠʷ ʠʩʧʳʪʳʚʘʶʪ ʥʝʭʚʘʪʢʫ ʚʦʟʜʫʭʘ. ʕʪʦ ʚʳʟʳʚʘʝʪ ʣʦʢʘʣʴʥʦʝ ʩʥʠʞʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʫʤʝʥʴʰʘʝʪ ʩʢʦʨʦʩʪʴ ʧʨʝʚʨʘʱʝʥʠʷ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ (ʇɸʋ) ʚ ʨʝʬʨʘʢʮʠʦʥʥʳʡ ʯʝʨʥʳʡ ʫʛʣʝʨʦʜ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʚʳʙʨʦʩʦʚ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ 

(ʨʠʩ. 21). ʆʯʝʥʴ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʛʦʨʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʤʘʩʩʦʚʳʭ ʚʳʙʨʦʩʦʚ ʟʘ ʧʦʣʥʳʡ ʮʠʢʣ ʚ 66, 2.7, 2.8 ʠ 1.3 ʨʘʟʘ ʜʣʷ ʪʚʝʨʜʳʭ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʨʝʬʨʘʢʮʠʦʥʥʦʛʦ ʯʝʨʥʦʛʦ ʫʛʣʝʨʦʜʘ, ʦʙʱʝʛʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʘʵʨʦʟʦʣʷ ʠ m/z 60 (ʦʪʥʦʰʝʥʠʝ ʤʘʩʩʳ ʢ ʟʘʨʷʜʫ), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʥʦʤʠʥʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ʛʦʨʝʥʠʷ (ʨʠʩ. 22). ʇʨʠ ʥʦʤʠʥʘʣʴʥʳʭ ʩʢʦʨʦʩʪʷʭ 

ʛʦʨʝʥʠʷ ʚʳʙʨʦʩʳ ʟʘ ʧʦʣʥʳʡ ʮʠʢʣ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʦʢʘʟʘʪʝʣʝ m/z 60, ʭʦʨʦʰʦ 

ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤ ʘʵʨʦʟʦʣʝʤ, ʨʝʬʨʘʢʮʠʦʥʥʳʤ ʯʝʨʥʳʤ ʫʛʣʝʨʦʜʦʤ ʠ ʪʚʝʨʜʳʤʠ 

ʯʘʩʪʠʮʘʤʠ. ʆʜʥʘʢʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʛʦʨʝʥʠʷ ʧʦʢʘʟʘʪʝʣʴ m/z 60 ʥʝ ʢʦʨʨʝʣʠʨʫʝʪ 

ʩ ʨʦʩʪʦʤ ʚʳʙʨʦʩʦʚ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʨʝʬʨʘʢʮʠʦʥʥʦʛʦ 

ʯʝʨʥʦʛʦ ʫʛʣʝʨʦʜʘ ʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʘʵʨʦʟʦʣʷ ʚ ʬʘʟʝ ʛʦʨʝʥʠʷ ʩ ʧʣʘʤʝʥʝʤ. ʕʪʠ ʥʦʚʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʪʦʯʥʠʢʦʚ 

ʚʳʙʨʦʩʦʚ, ʩʥʠʞʝʥʠʷ ʚʳʙʨʦʩʦʚ ʛʝʥʦʪʦʢʩʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʨʝʬʨʘʢʮʠʦʥʥʦʛʦ ʯʝʨʥʦʛʦ ʫʛʣʝʨʦʜʘ, ʚʢʣʶʯʘʷ ʫʩʠʣʝʥʠʝ 

ʧʦʛʣʦʱʝʥʠʷ ʟʘ ʩʯʝʪ ʣʠʥʟʠʨʦʚʘʥʠʷ, ʢʘʢ ʦʧʠʩʘʥʦ ʚ ʨʘʟʜʝʣʝ 3.2. 

 

ʈʠʩʫʥʦʢ 22: ʂʦʵʬʬʠʮʠʝʥʪʳ ʚʳʙʨʦʩʦʚ ʟʘ ʧʦʣʥʳʡ ʮʠʢʣ ʜʣʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʘʵʨʦʟʦʣʝʡ (OA), 

ʨʝʬʨʘʢʮʠʦʥʥʦʛʦ ʯʝʨʥʦʛʦ ʫʛʣʝʨʦʜʘ (rBC), ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ 

(ʇɸʋ) ʠ ʧʦʢʘʟʘʪʝʣʷ m/z 60 ʜʣʷ ʥʦʤʠʥʘʣʴʥʦʡ (NB), ʚʳʩʦʢʦʡ (HB) ʠ ʦʯʝʥʴ ʚʳʩʦʢʦʡ (VHB) 

ʩʢʦʨʦʩʪʠ ʛʦʨʝʥʠʷ, ʚʳʨʘʞʝʥʥʳʝ ʚ ʤʛ ʥʘ ʢʛ ʪʦʧʣʠʚʘ ʧʘʨʪʠʠ, ʛʜʝ ʢʛ ʪʦʧʣʠʚʘ ʧʘʨʪʠʠ 

ʦʪʥʦʩʠʪʩʷ ʢ ʩʫʭʦʤʫ ʚʝʩʫ ʚʩʝʡ ʧʘʨʪʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʦʩʥʦʚʘʥʳ ʥʘ 7, 6 ʠ 3 ʮʠʢʣʘʭ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʢʣʘʜ ʚ ʚʳʙʨʦʩʳ ʟʘ ʧʦʣʥʳʡ ʮʠʢʣ ʧʨʠʚʝʜʝʥ ʜʣʷ ʪʨʝʭ ʬʘʟ: ʜʦʙʘʚʣʝʥʠʝ 

ʪʦʧʣʠʚʘ, ʧʨʦʤʝʞʫʪʦʯʥʘʷ ʬʘʟʘ ʠ ʟʘʚʝʨʰʝʥʠʝ ʛʦʨʝʥʠʷ. ʆʰʠʙʢʠ ʫʢʘʟʘʥʳ ʚ ʚʠʜʝ ʩʪʘʥʜʘʨʪʥʦʡ 

ʦʰʠʙʢʠ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʧʦʣʥʦʛʦ ʮʠʢʣʘ (Nielsen et al., 2017). 

 

ɼʣʷ ʦʮʝʥʢʠ ʚʢʣʘʜʘ ʥʝʩʪʘʙʠʣʴʥʳʭ ʬʘʟ ʚ ʦʙʱʠʝ ʚʳʙʨʦʩʳ ʧʝʣʣʝʪʥʦʡ ʧʝʯʠ ʚ ʨʝʘʣʴʥʳʭ 

ʙʳʪʦʚʳʭ ʫʩʣʦʚʠʷʭ ʙʳʣʠ ʦʪʜʝʣʴʥʦ ʦʧʨʝʜʝʣʝʥʳ ʪʚʝʨʜʳʝ ʯʘʩʪʠʮʳ ʠ ʛʘʟʦʦʙʨʘʟʥʳʝ ʚʳʙʨʦʩʳ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʚʢʣʶʯʘʷ ʟʘʞʠʛʘʥʠʝ, ʯʘʩʪʠʯʥʫʶ ʥʘʛʨʫʟʢʫ, 
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ʫʚʝʣʠʯʝʥʠʝ ʤʦʱʥʦʩʪʠ ʠ ʥʦʤʠʥʘʣʴʥʫʶ ʥʘʛʨʫʟʢʫ (Venturini et al., 2015). ʆɺʏ (ʦʙʱʝʝ 

ʩʦʜʝʨʞʘʥʠʝ ʚʟʚʝʰʝʥʥʳʭ ʯʘʩʪʠʮ ʦʪʙʠʨʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʨʘʟʙʘʚʣʝʥʠʷ ʠ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʧʦ ʦʙʱʝʤʫ ʩʦʜʝʨʞʘʥʠʶ ʫʛʣʝʨʦʜʘ, ʇɸʋ (ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʝ 

ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ), ʦʩʥʦʚʥʳʤ ʨʘʩʪʚʦʨʠʤʳʤ ʠʦʥʘʤ, Ni, As, Cd ʠ Pb. ɻʘʟʦʚʳʡ 

ʤʦʥʠʪʦʨʠʥʛ ʧʦʢʘʟʘʣ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʳʙʨʦʩʦʚ CO ʠ NO ʚ ʬʘʟʝ ʨʘʟʞʠʛʘʥʠʷ 

ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʜʨʫʛʠʭ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ: ʢʦʵʬʬʠʮʠʝʥʪ ʚʳʙʨʦʩʦʚ NO 

ʥʠʞʝ, ʘ CO ʚʳʰʝ, ʧʦʩʢʦʣʴʢʫ CO ʷʚʣʷʝʪʩʷ ʧʨʦʜʫʢʪʦʤ ʥʝʧʦʣʥʦʛʦ ʩʛʦʨʘʥʠʷ. 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʚʳʙʨʦʩʦʚ ʚ ʬʘʟʝ ʨʘʟʞʠʛʘʥʠʷ ʪʘʢʞʝ ʚʳʰʝ ʜʣʷ ʆɺʏ, Cd ʠ ʜʨʫʛʠʭ 

ʧʨʦʜʫʢʪʦʚ ʥʝʧʦʣʥʦʛʦ ʩʛʦʨʘʥʠʷ, ʪʘʢʠʭ ʢʘʢ TC ʠ ʇɸʋ. ʅʝʩʤʦʪʨʷ ʥʘ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʬʘʟʳ 

ʫʚʝʣʠʯʝʥʠʷ ʤʦʱʥʦʩʪʠ, ʝʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʳʙʨʦʩʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʪʦʣʴʢʦ ʜʣʷ ʇɸʋ. ʂʨʦʤʝ ʪʦʛʦ, ʇɸʋ, ʚʳʜʝʣʷʝʤʳʝ ʚ ʥʝʩʪʘʙʠʣʴʥʳʭ ʬʘʟʘʭ, 

ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʦʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʦʮʝʥʢʠ 

ʨʝʘʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʝʣʣʝʪʥʳʭ ʧʝʯʝʡ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ 

ʧʝʨʝʭʦʜʥʳʝ ʫʩʣʦʚʠʷ. ʌʘʟʘ ʨʘʟʞʠʛʘʥʠʷ, ʭʦʪʷ ʠ ʜʣʠʪʩʷ ʚʩʝʛʦ 20 ʤʠʥʫʪ, ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʚʳʙʨʦʩʘʤ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ. 

(Horak et al., 2017) ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʨʘʟʣʠʯʥʳʝ ʙʳʪʦʚʳʝ ʦʪʦʧʠʪʝʣʴʥʳʝ ʢʦʪʣʳ 

(ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ, ʩ ʚʝʨʭʥʠʤ ʩʞʠʛʘʥʠʝʤ, ʩ ʥʠʩʭʦʜʷʱʠʤ ʛʦʨʝʥʠʝʤ ʠ ʛʘʟʠʬʠʢʘʮʠʝʡ) ʠ ʪʨʠ 

ʪʠʧʘ ʪʦʧʣʠʚʘ (ʣʠʛʥʠʪ, ʜʨʝʚʝʩʠʥʘ ʠ ʩʤʝʰʘʥʥʦʝ ʪʦʧʣʠʚʦ) ʚ 25 ʪʝʩʪʘʭ ʩʛʦʨʘʥʠʷ ʠ ʩʚʷʟʘʣʠ 

ʠʭ ʩ ʚʳʙʨʦʩʘʤʠ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ (ʊʏ), ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ (CO), ʦʙʱʝʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʫʛʣʝʨʦʜʘ (TOC) ʠ 12 ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ (ʇɸʋ ʩ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ 178-278 ʛ/ʤʦʣʴ), ʩʦʩʨʝʜʦʪʦʯʠʚ ʚʥʠʤʘʥʠʝ ʥʘ ʯʘʩʪʠʮʘʭ. ʉʘʤʳʝ 

ʚʳʩʦʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʳʙʨʦʩʦʚ ʇɸʋ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʜʣʷ ʢʦʪʣʦʚ ʩʪʘʨʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, 

ʪʘʢʠʭ ʢʘʢ ʢʦʪʣʳ ʩ ʚʝʨʭʥʠʤ ʩʞʠʛʘʥʠʝʤ (5.8-929 ʤʛ/ʢʛ) ʠ ʢʦʪʣʳ ʩ ʥʠʩʭʦʜʷʱʠʤ ʛʦʨʝʥʠʝʤ 

(3.1-54.1 ʤʛ/ʢʛ). ʉʦʚʨʝʤʝʥʥʳʝ ʢʦʪʣʳ ʧʨʦʠʟʚʦʜʠʣʠ ʛʦʨʘʟʜʦ ʤʝʥʴʰʠʝ ʚʳʙʨʦʩʳ ʇɸʋ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʢʦʪʣʳ (0.3-3.3 ʤʛ/ʢʛ) ʠ ʛʘʟʠʬʠʢʘʮʠʦʥʥʳʝ ʢʦʪʣʳ (0.2-6.7 

ʤʛ/ʢʛ). ɺ ʮʝʣʦʤ, ʥʝʵʬʬʝʢʪʠʚʥʦʝ ʩʛʦʨʘʥʠʝ ʧʨʠ ʫʤʝʥʴʰʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʢʦʪʣʦʚ 

ʛʝʥʝʨʠʨʦʚʘʣʦ ʚ 1.4-17.7 ʨʘʟ ʙʦʣʴʰʝ ʚʳʙʨʦʩʦʚ ʇɸʋ, ʯʝʤ ʩʛʦʨʘʥʠʝ ʧʨʠ ʥʦʤʠʥʘʣʴʥʦʡ 

ʤʦʱʥʦʩʪʠ. ɹʳʣʦ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴ ʢʦʪʣʳ ʧʨʠ ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʩ 

ʜʦʩʪʘʪʦʯʥʳʤ ʧʦʩʪʫʧʣʝʥʠʝʤ ʚʦʟʜʫʭʘ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʪʦʧʣʠʚʦ ʜʣʷ 

ʤʠʥʠʤʠʟʘʮʠʠ ʚʳʙʨʦʩʦʚ ʇɸʋ ʠʟ ʙʳʪʦʚʳʭ ʦʪʦʧʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ. 

(Toscano et al., 2014) ʠʩʩʣʝʜʦʚʘʣʠ ʚʳʙʨʦʩʳ ʠʟ ʧʝʯʝʡ ʥʘ ʜʨʝʚʝʩʥʳʭ ʛʨʘʥʫʣʘʭ ʧʨʠ ʠʭ 

ʨʝʘʣʴʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ (ʊʏ) ʤʦʞʝʪ ʙʳʪʴ ʥʘ 72% ʚʳʰʝ, ʯʝʤ ʧʨʠ ʩʪʘʮʠʦʥʘʨʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʳ. 

ɹʳʣʦ ʪʘʢʞʝ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʫʚʝʣʠʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʳʙʨʦʩʦʚ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ 

(CO), ʦʙʱʝʛʦ ʫʛʣʝʨʦʜʘ ʠ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ (ʇɸʋ), 

ʦʩʦʙʝʥʥʦ ʚ ʥʝʫʩʪʦʡʯʠʚʳʭ ʬʘʟʘʭ ʛʦʨʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʥʘ ʩʪʘʜʠʠ ʨʦʟʞʠʛʘ), ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʣʠʷʝʪ ʥʘ ʦʙʱʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʚʳʙʨʦʩʦʚ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʧʝʯʴ ʨʘʙʦʪʘʝʪ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ 

(ʤʝʥʝʝ 2 ʯʘʩʦʚ). ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʘʷ ʨʘʙʦʪʘ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ 

ʨʝʞʠʤʝ ʛʦʨʝʥʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʩʛʦʨʘʥʠʷ. 

 

ɺʦʟʜʝʡʩʪʚʠʝ ʥʘ ʥʘʥʦʯʘʩʪʠʮʳ 

ɺ ʥʝʜʘʚʥʝʤ ʦʙʟʦʨʝ ʣʠʪʝʨʘʪʫʨʳ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʫʩʣʦʚʠʷ ʛʦʨʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʳʙʨʦʩʦʚ ʥʘʥʦʯʘʩʪʠʮ (ʅʏ) (Trojanowski and Fthenakis, 2019). 

ʕʪʠ ʫʩʣʦʚʠʷ ʩʚʷʟʘʥʳ ʩ ʪʠʧʦʤ ʫʩʪʨʦʡʩʪʚʘ, ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʠ ʠʩʧʦʣʴʟʫʝʤʳʤ ʪʦʧʣʠʚʦʤ. 

ʏʘʩʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʦʙʱʝʡ ʤʘʩʩʦʡ ʇɸʋ ʠ ʜʦʣʝʡ ʅʏ. 

ʉʦʦʙʱʘʝʪʩʷ, ʯʪʦ ʚʳʙʨʦʩʳ ʇɸʋ ʤʦʛʫʪ ʙʳʪʴ ʚ 100 ʨʘʟ ʚʳʰʝ, ʝʩʣʠ ʧʝʯʴ ʵʢʩʧʣʫʘʪʠʨʫʝʪʩʷ 

ʥʝʧʨʘʚʠʣʴʥʦ, ʭʦʪʷ ʦʙʨʘʟʦʚʘʥʠʝ ʅʏ ʧʨʠ ʵʪʦʤ ʩʥʠʞʘʝʪʩʷ. ʊʘʢʞʝ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʧʨʠ 

ʩʥʠʞʝʥʠʠ ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʠ ʚ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʭ ʩʠʩʪʝʤʘʭ, ʪʘʢʠʭ ʢʘʢ ʜʨʦʚʷʥʳʝ ʠ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʢʦʪʣʳ (ʥʘ ʧʝʣʣʝʪʘʭ ʠʣʠ ʱʝʧʝ), ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʧʨʦʙʣʝʤʳ ʩ 

ʨʝʛʫʣʠʨʦʚʢʦʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʯʘʩʪʦʤʫ ʮʠʢʣʠʯʝʩʢʦʤʫ ʨʝʞʠʤʫ ʨʘʙʦʪʳ, ʫʚʝʣʠʯʝʥʠʶ 
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ʚʳʙʨʦʩʦʚ ʇɸʋ, ʥʦ ʩʥʠʞʝʥʠʶ ʅʏ. ɺʳʟʳʚʘʝʪ ʦʙʝʩʧʦʢʦʝʥʥʦʩʪʴ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʅʏ ʤʦʛʫʪ 

ʦʩʪʘʪʴʩʷ ʥʝʟʘʤʝʯʝʥʥʳʤʠ, ʧʦʩʢʦʣʴʢʫ ʠʟ-ʟʘ ʠʭ ʚʳʩʦʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʦʙʲʸʤʫ ʦʥʠ ʘʜʩʦʨʙʠʨʫʶʪ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʨʝʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʡ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʡ ʦʪʚʝʪ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʦʣʝʝ 

ʢʨʫʧʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʪʦʛʦ ʞʝ ʩʦʝʜʠʥʝʥʠʷ. 

ɿʥʘʯʠʪʝʣʴʥʳʤ ʠ ʥʝʦʞʠʜʘʥʥʳʤ ʚʳʚʦʜʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʩ ʟʘʤʝʥʦʡ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʥʘ ʩʦʚʨʝʤʝʥʥʳʝ, ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʠ «ʯʠʩʪʳʝ» ʩʠʩʪʝʤʳ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ 

ʫʚʝʣʠʯʝʥʠʝ ʚʳʙʨʦʩʦʚ ʅʏ. ʆʜʥʘʢʦ ʚ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʢʦʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʫʨʦʚʥʠ 

ʇɸʋ ʩʥʠʞʘʶʪʩʷ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʚʦʧʨʦʩ, ʯʪʦ ʚʘʞʥʝʝ: ʅʏ ʠʣʠ ʇɸʋ? ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ 

ʚ ʫʩʪʨʦʡʩʪʚʘʭ ʩ ʧʦʨʮʠʦʥʥʦʡ ʧʦʜʘʯʝʡ ʪʦʧʣʠʚʘ (ʧʝʯʠ ʥʘ ʜʨʝʚʝʩʥʦʤ ʪʦʧʣʠʚʝ) ʟʥʘʯʠʪʝʣʴʥʦ 

ʚʘʨʴʠʨʦʚʘʣʦʩʴ ʚ ʪʝʯʝʥʠʝ ʮʠʢʣʘ ʛʦʨʝʥʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫ ʢʦʪʣʦʚ ʩ ʥʝʧʨʝʨʳʚʥʦʡ ʧʦʜʘʯʝʡ 

ʪʦʧʣʠʚʘ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʦʩʪʘʚʘʣʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʙʠʣʴʥʳʤ. ʕʪʠ ʨʘʟʣʠʯʠʷ, ʚʝʨʦʷʪʥʦ, 

ʚʣʠʷʶʪ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ, ʚʳʟʚʘʥʥʳʝ ʜʨʝʚʝʩʥʳʤ ʜʳʤʦʤ, ʠ ʧʦʵʪʦʤʫ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʟʫʯʠʪʴ, ʢʘʢ ʫʩʣʦʚʠʷ ʛʦʨʝʥʠʷ ʚʣʠʷʶʪ ʥʘ ʩʚʦʡʩʪʚʘ ʯʘʩʪʠʮ, ʠʭ ʚʦʟʤʦʞʥʳʝ 

ʨʠʩʢʠ ʜʣʷ ʟʜʦʨʦʚʴʷ ʠ ʨʝʘʢʪʠʚʥʦʩʪʴ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʩʫʱʝʩʪʚʫʶʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠ ̫ʧʦ ʠʟʫʯʝʥʠʶ ʚʦʟʜʝʡʩʪʚʠʷ ʅʏ ʥʘ ʟʜʦʨʦʚʴʝ, 

ʚʳʟʚʘʥʥʳʭ ʜʨʝʚʝʩʥʳʤ ʜʳʤʦʤ, ʤʘʣʦ ʠʟʚʝʩʪʥʦ ʦʙ ʠʭ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʢʣʠʤʘʪ. ʂʨʦʤʝ ʪʦʛʦ, ʦʪʩʫʪʩʪʚʫʶʪ ʜʘʥʥʳʝ ʦ ʚʳʙʨʦʩʘʭ ʅʏ ʠʟ ʧʨʦʮʝʩʩʦʚ 

ʩʞʠʛʘʥʠʷ ʜʨʝʚʝʩʠʥʳ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺ ʥʝʩʢʦʣʴʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʦ ʨʘʟʤʝʨʝ ʯʘʩʪʠʮ, ʥʦ ʤʦʨʬʦʣʦʛʠʷ ʠ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʩʪʘʶʪʩʷ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʥʳʤʠ. ɼʣʷ ʣʫʯʰʝʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʚʦʟʤʦʞʥʳʭ ʨʠʩʢʦʚ ʜʣʷ ʟʜʦʨʦʚʴʷ ʅʏ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʧʨʠ ʩʞʠʛʘʥʠʠ 

ʙʠʦʤʘʩʩʳ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʢʘʢ ʘʛʨʝʛʘʮʠʷ, ʘʛʣʦʤʝʨʘʮʠʷ, 

ʜʠʩʧʝʨʩʠʷ, ʨʘʩʪʚʦʨʠʤʦʩʪʴ, ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ, ʟʘʨʷʜ ʠ ʩʦʩʪʘʚ ʯʘʩʪʠʮ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, 

ʯʪʦ ʙʠʦʤʘʩʩʘ ʯʘʩʪʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʚʦʟʦʙʥʦʚʣʷʝʤʳʡ ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ, ʚʘʞʥʦ 

ʫʯʠʪʳʚʘʪʴ ʧʦʩʣʝʜʩʪʚʠʷ ʥʝʢʘʯʝʩʪʚʝʥʥʳʭ ʧʨʘʢʪʠʢ ʩʞʠʛʘʥʠʷ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʅʏ. ʅʝʩʢʦʣʴʢʦ 

ʩʪʘʪʝʡ ʧʨʝʜʣʘʛʘʶʪ ʧʫʪʠ ʩʥʠʞʝʥʠʷ ʚʳʙʨʦʩʦʚ ʅʏ, ʪʘʢʠʝ ʢʘʢ ʩʪʨʘʪʝʛʠʠ ʢʦʥʪʨʦʣʷ ʚʳʙʨʦʩʦʚ 

ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʪʦʧʣʠʚʘ. ɼʣʷ ʢʨʫʧʥʳʭ ʢʦʪʣʦʚ ʥʘ ʙʠʦʤʘʩʩʝ 

ʧʨʝʜʣʘʛʘʶʪʩʷ ʫʩʪʨʦʡʩʪʚʘ ʢʦʥʪʨʦʣʷ ʚʳʙʨʦʩʦʚ, ʪʘʢʠʝ ʢʘʢ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʬʠʣʴʪʨʳ 

(ESP) ʠ ʢʦʥʜʝʥʩʘʮʠʦʥʥʳʝ ʪʝʧʣʦʦʙʤʝʥʥʠʢʠ, ʥʦ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʅʏ ʝʱʝ 

ʥʝ ʦʮʝʥʠʚʘʣʘʩʴ. 

ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʤʝʣʢʠʭ ʯʘʩʪʠʮ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʠʩʩʣʝʜʦʚʘʥʠʝʤ (Wang et al., 2020). ɹʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʘʢ «ʙʦʣʝʝ ʯʠʩʪʦʝ» ʪʦʧʣʠʚʦ, ʪʘʢ ʠ ʧʝʯʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʩʥʠʞʝʥʠʷ 

ʚʳʙʨʦʩʦʚ ʊʏ2,5, ʥʝ ʚʩʝʛʜʘ ʵʬʬʝʢʪʠʚʥʳ ʚ ʩʥʠʞʝʥʠʠ ʚʳʙʨʦʩʦʚ ʩʚʝʨʭʪʦʥʢʠʭ ʯʘʩʪʠʮ, ʘ ʚ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʜʘʞʝ ʫʚʝʣʠʯʠʚʘʶʪ ʠʭ ʚʳʙʨʦʩʳ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ 

ʠʛʥʦʨʠʨʦʚʘʥʠʝ ʚʳʙʨʦʩʦʚ ʩʚʝʨʭʪʦʥʢʠʭ ʯʘʩʪʠʮ ʦʪ ʩʞʠʛʘʥʠʷ ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ ʚ ʞʠʣʳʭ 

ʧʦʤʝʱʝʥʠʷʭ ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʨʠʩʢ ʜʣʷ ʟʜʦʨʦʚʴʷ ʞʠʪʝʣʝʡ, ʦʩʦʙʝʥʥʦ 

ʫʷʟʚʠʤʳʭ ʛʨʫʧʧ ʥʘʩʝʣʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʧʦʞʠʣʳʭ ʣʶʜʝʡ ʠ ʜʝʪʝʡ), ʢʦʪʦʨʳʝ ʙʦʣʝʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʟʘʛʨʷʟʥʝʥʠʶ ʚʦʟʜʫʭʘ ʚ ʧʦʤʝʱʝʥʠʷʭ. 

(Pol§ļik et al., 2021) ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʩʬʦʨʤʫʣʠʨʦʚʘʣʠ 

ʩʣʝʜʫʶʱʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʩʥʠʞʝʥʠʷ ʚʳʙʨʦʩʦʚ 

ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ (FP ʨʘʟʤʝʨʦʤ ʦʪ 17 ʥʤ ʜʦ 544 ʥʤ). ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʧʨʠ ʩʞʠʛʘʥʠʠ ʙʠʦʤʘʩʩʳ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʪʝʥʦʢ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʚʳʰʝ 300 ÁC. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʨʦʟʞʠʛʝ ʪʦʧʣʠʚʘ ʚ 

ʫʞʝ ʥʘʛʨʝʪʦʡ ʢʘʤʝʨʝ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʫʨʦʚʝʥʴ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʣʢʠʭ ʯʘʩʪʠʮ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʭʦʣʦʜʥʳʤ ʟʘʧʫʩʢʦʤ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʩʪʠ ʤʦʜʫʣʷʮʠʠ 

ʤʦʱʥʦʩʪʠ ʢʦʪʣʘ, ʘ ʥʝ ʮʠʢʣʠʯʝʩʢʦʛʦ ʚʳʢʣʶʯʝʥʠʷ ʠ ʨʦʟʞʠʛʘ ʢʦʪʣʘ. ɺ ʮʝʣʦʤ, 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʢʦʪʣʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʝʝ ʥʠʟʢʠʝ ʥʦʤʠʥʘʣʴʥʳʝ ʚʳʙʨʦʩʳ FP ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʯʘʤʠ ʩ ʨʫʯʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ. ʈʝʟʫʣʴʪʘʪʳ ʦʙʦʙʱʝʥʳ ʚ ʚʠʜʝ ʥʦʤʠʥʘʣʴʥʦʛʦ 

ʚʳʙʨʦʩʘ FP, ʦʪʨʘʞʘʶʱʝʛʦ ʢʦʣʠʯʝʩʪʚʦ ʠ ʤʘʩʩʫ ʚʳʙʨʦʩʦʚ ʧʨʠ ʩʞʠʛʘʥʠʠ 1 ʢʛ ʪʦʧʣʠʚʘ. 
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ʀʩʧʳʪʘʥʥʳʡ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʢʦʪʝʣ, ʨʘʙʦʪʘʶʱʠʡ ʥʘ ʧʝʣʣʝʪʘʭ ʠʟ ʝʣʠ, ʧʨʦʠʟʚʦʜʠʪ 

ʥʦʤʠʥʘʣʴʥʳʡ ʚʳʙʨʦʩ FP ʚ ʨʘʟʤʝʨʝ 173 ʤʛ/ʢʛ ʪʦʧʣʠʚʘ ʚ ʭʦʜʝ ʪʝʩʪʦʚʦʛʦ ʮʠʢʣʘ. 

ʀʩʧʳʪʘʥʥʘʷ ʨʫʯʥʘʷ ʧʝʯʴ, ʨʘʙʦʪʘʶʱʘʷ ʥʘ ʙʫʢʦʚʳʭ ʜʨʦʚʘʭ, ʧʨʦʠʟʚʦʜʠʪ ʥʦʤʠʥʘʣʴʥʳʡ 

ʚʳʙʨʦʩ ʚ ʨʘʟʤʝʨʝ 1043 ʤʛ/ʢʛ ʪʦʧʣʠʚʘ ʚ ʪʦʤ ʞʝ ʜʠʘʧʘʟʦʥʝ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ʧʨʠ 

ʘʥʘʣʦʛʠʯʥʦʤ ʪʝʩʪʦʚʦʤ ʮʠʢʣʝ. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ (Ozgen et al., 2017) ʜʚʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚʠʜʘ ʜʨʝʚʝʩʠʥʳ (ʙʫʢ ʠ ʧʠʭʪʘ) 

ʩʞʠʛʘʣʠʩʴ ʚ ʧʝʣʣʝʪʥʳʭ ʧʝʯʘʭ (11,1 ʢɺʪ) ʠ ʜʨʦʚʷʥʳʭ ʧʝʯʘʭ (8,2 ʢɺʪ) ʧʦ ʮʠʢʣʫ, 
ʠʤʠʪʠʨʫʶʱʝʤʫ ʧʦʚʝʜʝʥʠʝ ʨʝʘʣʴʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ (ʈʠʩʫʥʦʢ 23). ʉʚʝʨʭʪʦʥʢʠʝ ʯʘʩʪʠʮʳ 

(UFP, ʜʠʘʤʝʪʨ < 100 ʥʤ) ʩʦʙʠʨʘʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʝʭ ʧʘʨʘʣʣʝʣʴʥʳʭ 
ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʭ ʠʤʧʘʢʪʦʨʦʚ ʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʦʚ, ʦʩʥʦʚʥʳʭ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʠʦʥʦʚ, ʘʥʛʠʜʨʦʩʘʭʘʨʦʚ, ʦʙʱʝʛʦ ʫʛʣʝʨʦʜʘ ʠ ʇɸʋ. ʊʘʢʞʝ ʧʨʦʚʦʜʠʣʠʩʴ 
ʠʟʤʝʨʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʫ ʩ ʧʦʤʦʱʴʶ ʯʝʪʚʝʨʪʦʛʦ 

ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʦʛʦ ʠʤʧʘʢʪʦʨʘ. ʉʨʝʜʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʚʳʙʨʦʩʘ ʤʘʩʩʳ UFP ʩʦʩʪʘʚʠʣ 424 
ʤʛ/ʢʛ ʪʦʧʣʠʚʘ ʜʣʷ ʚʩʝʭ ʢʦʤʙʠʥʘʮʠʡ ʪʠʧʦʚ ʧʝʯʝʡ ʠ ʜʨʝʚʝʩʠʥʳ (ʧʠʭʪʘ, ʙʫʢ), ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʩʞʠʛʘʥʠʷ ʙʫʢʘ ʚ ʜʨʦʚʷʥʦʡ ʧʝʯʠ, ʛʜʝ ʢʦʵʬʬʠʮʠʝʥʪ ʚʳʙʨʦʩʘ ʩʦʩʪʘʚʠʣ 838 

ʤʛ/ʢʛ ʪʦʧʣʠʚʘ. ɺ ʩʦʩʪʘʚʝ UFP ʥʘʙʣʶʜʘʣʠʩʴ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʦʙʨʘʟʮʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ 
ʧʨʠ ʩʞʠʛʘʥʠʠ ʧʝʣʣʝʪ ʠ ʜʨʝʚʝʩʥʦʛʦ ʪʦʧʣʠʚʘ, ʛʜʝ ʚʳʩʦʢʠʝ ʫʨʦʚʥʠ ʦʙʱʝʛʦ ʫʛʣʝʨʦʜʘ 

ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʩʞʠʛʘʥʠʷ ʜʨʝʚʝʩʥʦʛʦ ʪʦʧʣʠʚʘ, ʘ ʩʦʣʠ ʢʘʣʠʷ ʜʦʤʠʥʠʨʫʶʪ ʚ ʢʘʞʜʦʤ 
ʦʙʨʘʟʮʝ ʧʝʣʣʝʪ. ʂʣʶʯʝʚʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʩʦʩʪʘʚ UFP ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ 

ʜʨʦʚʷʥʦʡ ʧʝʯʴʶ, ʷʚʣʷʶʪʩʷ ʢʨʠʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʩ ʜʦʩʪʫʧʥʳʤ ʢʠʩʣʦʨʦʜʦʤ (ʥʝʜʦʩʪʘʪʦʢ 
ʠʣʠ ʠʟʙʳʪʦʢ ʚʦʟʜʫʭʘ ʜʣʷ ʛʦʨʝʥʠʷ) ʠ ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʫʧʨʘʚʣʷʝʤʳʭ ʧʝʣʣʝʪʥʳʭ ʧʝʯʝʡ ʚʳʙʨʦʩʳ ʠ ʩʦʩʪʘʚ ʦʧʨʝʜʝʣʷʶʪʩʷ 
ʣʦʢʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʟʘʪʨʫʜʥʝʥʥʦʝ ʩʤʝʰʝʥʠʝ ʚʦʟʜʫʭʘ ʠ ʪʦʧʣʠʚʘ ʠʟ-ʟʘ 

ʩʢʦʧʣʝʥʠʷ ʧʝʣʣʝʪ ʚ ʛʦʨʝʣʢʝ. ʆʙʨʘʟʮʳ ʜʨʝʚʝʩʥʦʛʦ ʪʦʧʣʠʚʘ ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʝ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʢʘʥʮʝʨʦʛʝʥʥʳʭ ʇɸʋ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʣʣʝʪʥʳʤʠ ʦʙʨʘʟʮʘʤʠ. ʅʝʢʦʪʦʨʳʝ 
ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʩʦʦʪʥʦʰʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʟʦʤʝʨʘʤʠ ʇɸʋ ʠ ʘʥʛʠʜʨʦʩʘʭʘʨʘʤʠ, 

ʩʦʙʨʘʥʥʳʝ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ UFP ʠ ʩʨʘʚʥʠʚʘʝʤʳʝ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ 
ʟʥʘʯʝʥʠʷʤʠ, ʧʨʝʜʣʦʞʝʥʳ ʜʣʷ ʨʘʟʣʠʯʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʚʳʙʨʦʩʦʚ ʘʪʤʦʩʬʝʨʥʦʛʦ ʘʵʨʦʟʦʣʷ, 

ʨʘʩʰʠʨʷʷ ʦʮʝʥʢʫ, ʦʙʳʯʥʦ ʦʛʨʘʥʠʯʝʥʥʫʶ ʙʦʣʝʝ ʢʨʫʧʥʳʤʠ ʬʨʘʢʮʠʷʤʠ ʯʘʩʪʠʮ, ʚʢʣʶʯʘʷ 
ʪʘʢʞʝ UFP.  
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ʈʠʩʫʥʦʢ 23: ʂʦʵʬʬʠʮʠʝʥʪʳ ʚʳʙʨʦʩʦʚ ʚʠʜʦʚ UFP (ʤʛ/ʢʛ ʪʦʧʣʠʚʘ). (PF: ʧʝʣʣʝʪʥʘʷ ʧʝʯʴ ï 

ʧʝʣʣʝʪʳ ʠʟ ʧʠʭʪʳ; PB: ʧʝʣʣʝʪʥʘʷ ʧʝʯʴ ï ʧʝʣʣʝʪʳ ʠʟ ʙʫʢʘ; WF: ʜʨʦʚʷʥʘʷ ʧʝʯʴ ï ʜʨʦʚʘ ʠʟ 

ʧʠʭʪʳ; WB: ʜʨʦʚʷʥʘʷ ʧʝʯʴ ï ʜʨʦʚʘ ʠʟ ʙʫʢʘ) (Ozgen et al., 2017). 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ (Bertrand et al., 2017), ʧʨʦʚʝʜʝʥʥʦʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʪʤʦʩʬʝʨʥʦʡ 

ʜʳʤʦʚʦʡ ʢʘʤʝʨʳ, ʙʳʣʦ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʠʟʫʯʝʥʠʝ ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ 

ʦʮʝʥʢʫ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʳʙʨʦʩʦʚ ʧʝʨʚʠʯʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʘʵʨʦʟʦʣʝʡ (POA) ʠʟ ʪʨʝʭ 

ʪʠʧʦʚ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʦʪʦʧʣʝʥʠʷ ʞʠʣʳʭ ʧʦʤʝʱʝʥʠʡ, ʘ ʪʘʢʞʝ ʥʘ ʦʮʝʥʢʫ ʚʦʟʜʝʡʩʪʚʠʷ 

ʩʪʘʨʝʥʠʷ ʚʳʙʨʦʩʦʚ. ɼʚʘ ʫʩʪʨʦʡʩʪʚʘ ï ʩʪʘʨʘʷ ʠ ʩʦʚʨʝʤʝʥʥʘʷ ʜʨʦʚʷʥʳʝ ʧʝʯʠ ï ʠ ʦʜʥʘ 

ʧʝʣʣʝʪʥʘʷ ʛʦʨʝʣʢʘ ʙʳʣʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʚ ʪʠʧʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺʳʙʨʦʩʳ 

ʟʘ ʚʝʩʴ ʮʠʢʣ ʛʦʨʝʥʠʷ (ʧʦʩʣʝ ʬʘʟʳ ʨʦʟʞʠʛʘ) ʚʢʣʶʯʘʣʠ ʪʣʝʶʱʠʝ ʠ ʧʣʘʤʝʥʥʳʝ ʬʘʟʳ, ʯʪʦ 

ʧʨʠʚʝʣʦ ʢ ʟʥʘʯʠʪʝʣʴʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʳʙʨʦʩʦʚ. ɺʳʙʨʦʩʳ ʧʝʯʠ 

ʚʳʜʝʣʷʣʠ ʟʥʘʯʠʪʝʣʴʥʫʶ ʜʦʣʶ POA (ʜʦ 80%) ʠ ʯʝʨʥʦʛʦ ʫʛʣʝʨʦʜʘ. ʇʦʩʣʝ ʩʪʘʨʝʥʠʷ ʦʙʱʘʷ 

ʤʘʩʩʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʘʵʨʦʟʦʣʝʡ (ʆɸ) ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʚ ʩʨʝʜʥʝʤ ʚ 5 ʨʘʟ. 

ɼʣʷ ʧʝʣʣʝʪʥʦʡ ʧʝʯʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ ʩʛʦʨʘʥʠʷ ʩʦʭʨʘʥʷʣʠʩʴ ʫʩʪʦʡʯʠʚʳʝ 

ʧʣʘʤʝʥʥʳʝ ʫʩʣʦʚʠʷ. ɸʵʨʦʟʦʣʴ ʙʳʣ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʝʜʩʪʘʚʣʝʥ ʯʝʨʥʳʤ ʫʛʣʝʨʦʜʦʤ 

(ʙʦʣʝʝ 90% ʧʝʨʚʠʯʥʳʭ ʚʳʙʨʦʩʦʚ) ʠ ʩʦʩʪʘʚʣʷʣ ʪʘʢʦʝ ʞʝ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʚʠʯʥʦʛʦ ʘʵʨʦʟʦʣʷ, 

ʢʘʢ ʠ ʫ ʥʝʥʦʚʦʡ ʜʨʦʚʷʥʦʡ ʧʝʯʠ. ʆʜʥʘʢʦ ʧʦʩʣʝ ʩʪʘʨʝʥʠʷ ʤʘʩʩʘ ʆɸ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʣʠʰʴ ʚ 

1,7 ʨʘʟʘ, ʯʪʦ ʜʝʣʘʣʦ ʚʳʙʨʦʩʳ ʆɸ ʦʪ ʧʝʣʣʝʪʥʦʡ ʧʝʯʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʚʫʤʷ ʜʨʫʛʠʤʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʳʤʠ ʧʝʯʘʤʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʝʣʣʝʪʥʘʷ ʧʝʯʴ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʥʘʠʚʳʩʰʫʶ ʥʘʜʝʞʥʦʩʪʴ ʠ ʤʠʥʠʤʘʣʴʥʳʝ ʚʳʙʨʦʩʳ 

ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ ʚʝʱʝʩʪʚ ʩʨʝʜʠ ʪʨʝʭ ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʳʭ ʫʩʪʨʦʡʩʪʚ (ʈʠʩʫʥʦʢ 24). 
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ʈʠʩʫʥʦʢ 24: ʂʦʵʬʬʠʮʠʝʥʪʳ ʚʳʙʨʦʩʦʚ ʧʝʨʚʠʯʥʳʭ ʠ ʚʪʦʨʠʯʥʳʭ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ 

ʘʵʨʦʟʦʣʝʡ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʜʣʷ ʪʨʝʭ ʪʠʧʦʚ ʧʝʯʝʡ (ʫʩʨʝʜʥʝʥʥʳʝ ʧʦ ʧʦʚʪʦʨʝʥʠʷʤ). 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʚʳʙʨʦʩʦʚ ʜʣʷ ʚʪʦʨʠʯʥʳʭ ʚʳʙʨʦʩʦʚ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ OH 

= 5 Ĭ 10  ʤʦʣʝʢʫʣ ʩʤ į ʚ ʯʘʩ. ɺʝʨʭʥʠʝ ʨʠʩʫʥʢʠ ʠʣʣʶʩʪʨʠʨʫʶʪ ʠʟʤʝʥʯʠʚʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ. ʅʘ 

ʛʨʘʬʠʢʝ (ʘ) ʧʨʷʤʦʫʛʦʣʴʥʠʢ ʦʭʚʘʪʳʚʘʝʪ ʤʠʥʠʤʘʣʴʥʳʝ ʠ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʳʙʨʦʩʦʚ POA ʠ ʏʋ, ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʢ ʩʨʝʜʥʝʤʫ ʟʥʘʯʝʥʠʶ. ʉʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ ʫʢʘʟʘʥʦ ʞʠʨʥʦʡ ʣʠʥʠʝʡ ʚ ʮʝʥʪʨʝ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ. ʌʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ 

ʦʪʤʝʯʝʥʦ ʩʚʝʨʭʫ. ʅʘ ʛʨʘʬʠʢʝ (b) ʧʨʷʤʦʫʛʦʣʴʥʠʢ ʦʭʚʘʪʳʚʘʝʪ ʤʠʥʠʤʘʣʴʥʳʝ ʠ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ ʆɸ (ʪʝʤʥʦ-ʟʝʣʝʥʳʡ ʮʚʝʪ). ʇʝʯʴ A ï 

ʜʨʦʚʷʥʘʷ ʧʝʯʴ ʜʦ 2002 ʛʦʜʘ, ʧʝʯʴ B ï ʜʨʦʚʷʥʘʷ ʧʝʯʴ 2010 ʛʦʜʘ, ʘ ʧʝʯʴ C ï ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ 

ʧʝʣʣʝʪʥʘʷ ʧʝʯʴ 2010 ʛʦʜʘ ï (Bertrand et al., 2017). 

 

 ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʩʥʠʞʝʥʠʷ ʚʳʙʨʦʩʦʚ  

ʃʘʙʦʨʘʪʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʫʭʦʥʥʳʭ ʧʝʯʝʡ ʥʘ ʜʨʦʚʘʭ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦʜʘʯʘ 

ʚʪʦʨʠʯʥʦʛʦ ʚʦʟʜʫʭʘ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʚʳʙʨʦʩʳ ʚʨʝʜʥʳʭ ʟʘʛʨʷʟʥʷʶʱʠʭ 

ʚʝʱʝʩʪʚ, ʥʦ ʪʘʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʪʨʫʜʥʦ ʧʝʨʝʚʝʩʪʠ ʚ ʧʨʘʢʪʠʯʝʩʢʠʝ 

ʢʦʥʩʪʨʫʢʮʠʠ ʧʝʯʝʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʰʠʨʦʢʦ ʧʨʠʥʷʪʳ. (Caubel et al., 2020) 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʦʜʫʣʴʥʫʶ ʧʣʘʪʬʦʨʤʫ ʧʝʯʠ, ʯʪʦʙʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʜʘʯʠ ʚʪʦʨʠʯʥʦʛʦ ʚʦʟʜʫʭʘ (ʥʘʧʨʠʤʝʨ, ʨʘʩʭʦʜ, ʜʘʚʣʝʥʠʝ ʠ 

ʪʝʤʧʝʨʘʪʫʨʘ), ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ ʙʳ ʩʦʢʨʘʪʠʪʴ ʤʘʩʩʦʚʳʝ ʚʳʙʨʦʩʳ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ (ʊʏ), 

ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ (CO) ʠ ʯʝʨʥʦʛʦ ʫʛʣʝʨʦʜʘ (ʏʋ) ʢʘʢ ʤʠʥʠʤʫʤ ʥʘ 90% ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʪʨʘʜʠʮʠʦʥʥʦʡ ʧʝʯʴʶ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʧʠʱʠ (Caubel et al., 2018). ɺ ʭʦʜʝ 111 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ ʦʥʠ ʚʳʷʚʠʣʠ ʬʠʟʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ 

ʢ ʩʥʠʞʝʥʠʶ ʚʳʙʨʦʩʦʚ, ʠ ʠʟʣʦʞʠʣʠ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʫʭʦʥʥʳʭ ʧʝʯʝʡ. ʅʘ ʦʩʥʦʚʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦʥʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʜʦʩʪʫʧʥʳ ʥʝʜʦʨʦʛʠʝ (<10$) 
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ʚʝʥʪʠʣʷʪʦʨʳ ʠ ʚʦʟʜʫʭʦʜʫʚʢʠ ʜʣʷ ʧʦʜʘʯʠ ʚʪʦʨʠʯʥʦʛʦ ʚʦʟʜʫʭʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʘʚʪʦʥʦʤʥʦ ʟʘʧʠʪʘʥʳ ʩ ʧʦʤʦʱʴʶ ʥʝʜʦʨʦʛʦʛʦ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʛʝʥʝʨʘʪʦʨʘ, 

ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʧʦʙʣʠʟʦʩʪʠ. ʊʘʢʘʷ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʢʣʶʯʝʥʘ ʢ ʩʫʱʝʩʪʚʫʶʱʠʤ 

ʫʩʪʘʥʦʚʢʘʤ. ɹʦʣʝʝ ʪʦʛʦ, ʠʟʤʝʨʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʫ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʧʦʜʘʯʘ ʚʪʦʨʠʯʥʦʛʦ ʚʦʟʜʫʭʘ ʧʨʝʧʷʪʩʪʚʫʝʪ ʨʦʩʪʫ ʯʘʩʪʠʮ, ʥʦ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʦʙʨʘʟʦʚʘʥʥʳʭ ʯʘʩʪʠʮ ʦʩʪʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʠʟʤʝʥʥʳʤ (ʥʝ ʧʦʢʘʟʘʥʦ ʚ ʪʘʙʣʠʮʝ). 

ʊʘʙʣʠʮʘ 8: ʉʨʝʜʥʠʝ ʧʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʚʳʙʨʦʩʦʚ ʦʪ ʦʯʘʛʘ ʠʟ ʪʨʸʭ ʢʘʤʥʝʡ (TSF) 

ʠ ʤʦʜʫʣʴʥʦʡ ʧʝʯʠ 431 (MOD), ʘ ʪʘʢʞʝ ʧʨʦʮʝʥʪʥʦʝ ʠʟʤʝʥʝʥʠʝ ʢʘʞʜʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʦʪ TSF ʢ 

MOD (Caubel et al., 2018). 

 
TSF MOD ʀʟʤʝʥʝʥʠʝ (%) 

ʄʦʱʥʦʩʪʴ ʦʛʥʷ (ʢɺʪ) 5,3 ± 0,4 4,93 ± 0,06 -7 ± 8 

ʊʝʧʣʦʚʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ (%) 

23,3 ± 0,7 26,2 ± 0,4 12 ± 3 

CO (ʛ/ʢɺʪʯ) 17 ± 3 2,1 ± 0,2 -88 ± 2 

ʊʏ2,5 (ʤʛ/ʢɺʪʯ) 1200 ± 200 130 ± 10 -89 ± 2 

ʏʋ (ʤʛ/ʢɺʪʯ) 530 ± 50 35 ± 3 -93 ± 1 

ʏʋ/ʊʏ2,5 (%) 44 ± 8 27 ± 3 -40 ±7 

 

 

(Carvalho et al., 2018) ʠʟʫʯʠʣʠ ʫʣʫʯʰʝʥʠʝ ʨʘʙʦʪʳ ʜʨʦʚʷʥʦʡ ʧʝʯʠ (ʩ ʝʩʪʝʩʪʚʝʥʥʦʡ ʪʷʛʦʡ), 

ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʇʦʨʪʫʛʘʣʠʠ (WSref), ʧʫʪʝʤ ʚʥʝʜʨʝʥʠʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ 

ʨʝʰʝʥʠʡ ʜʣʷ ʧʦʜʘʯʠ ʚʦʟʜʫʭʘ (WSM). ʇʦʩʣʝ ʤʦʜʝʨʥʠʟʘʮʠʠ ʙʳʣ ʜʦʩʪʠʛʥʫʪ ʟʥʘʯʠʪʝʣʴʥʳʡ 

ʨʝʟʫʣʴʪʘʪ: ʩʥʠʞʝʥʠʝ ʩʨʝʜʥʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʳʙʨʦʩʦʚ  ʦʨʛʘʥʠʯʝʩʢʠʭ ʛʘʟʦʦʙʨʘʟʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ (OGC ) ʩ 241 ʤʛ/ʥʤį (WSref) ʜʦ ʫʨʦʚʥʝʡ ʥʠʞʝ 139 ʤʛ/ʥʤį, ʜʦʩʪʠʛʘʷ ʟʥʘʯʝʥʠʡ, 

ʙʣʠʟʢʠʭ (WSMC2) ʠʣʠ ʜʘʞʝ ʥʠʞʝ (WSMC1) ʥʦʨʤʘʪʠʚʥʦʛʦ ʧʨʝʜʝʣʘ Ecodesign ʜʣʷ OGC  

(120 ʤʛ/ʅʤ3) (ʈʠʩʫʥʦʢ 25). 

- ʉʥʠʞʝʥʠʝ ʩʨʝʜʥʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʳʙʨʦʩʦʚ  CO ʩ 4613 ʤʛ/ʥʤį (WSref) ʜʦ 2808 

ʤʛ/ʥʤį (WSMC2), ʧʨʠʯʝʤ ʧʦʩʣʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʩʦʧʦʩʪʘʚʠʤʦ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʜʨʦʚʷʥʳʭ ʧʝʯʝʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʪʨʘʥʘʭ ʉʝʚʝʨʥʦʡ ɽʚʨʦʧʳ, ʠ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ 

ʥʦʨʤʘʪʠʚʫ Ecodesign (1500 ʤʛ/ʅʤ3) ʧʦʩʣʝ ʤʦʜʝʨʥʠʟʘʮʠʠ. 

- ʉʨʝʜʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʚʳʙʨʦʩʦʚ  ʊʏ2,5 ʙʳʣ ʩʥʠʞʝʥ ʩ 8.9 ʛ/ʢʛ ʪʦʧʣʠʚʘ (WSref) ʜʦ 

6.9 ʛ/ʢʛ ʪʦʧʣʠʚʘ (WSMC1), ʯʪʦ ʙʣʠʞʝ ʢ ʧʨʝʜʝʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ, ʫʩʪʘʥʦʚʣʝʥʥʦʤʫ 

ʩʪʘʥʜʘʨʪʦʤ Ecodesign (5 ʛ/ʢʛ ʪʦʧʣʠʚʘ), ʯʝʤ ʟʥʘʯʝʥʠʝ, ʦʧʨʝʜʝʣʝʥʥʦʝ ʚ ʪʝʩʪʝ ʜʣʷ 

ʙʘʟʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ (WSref). 

- ɿʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʛʦʜʦʚʳʭ ʚʳʙʨʦʩʦʚ ʦʪ ʩʞʠʛʘʥʠʷ ʜʨʝʚʝʩʥʦʛʦ ʪʦʧʣʠʚʘ ʚ 
ʞʠʣʳʭ ʜʦʤʘʭ ʧʦʩʣʝ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʚʷʟʘʥʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʨʦʚ ʥʘ 

38% ʚ ʜʦʤʦʭʦʟʷʡʩʪʚʘʭ. ʇʦʤʠʤʦ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʫʣʫʯʰʝʥʠʡ, ʠʩʩʣʝʜʦʚʘʪʝʣʠ 

ʨʝʢʦʤʝʥʜʫʶʪ ʩʦʩʨʝʜʦʪʦʯʠʪʴ ʜʘʣʴʥʝʡʰʠʝ ʫʩʠʣʠʷ ʥʘ ʩʥʠʞʝʥʠʠ ʢʦʵʬʬʠʮʝʥʪʘ  

ʚʳʙʨʦʩʦʚ CO ʠ ʊʏ2,5 ʜʣʷ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʜʨʦʚʷʥʳʭ ʧʝʯʝʡ ʚ ʞʠʣʳʭ ʜʦʤʘʭ 

ʖʞʥʦʡ ɽʚʨʦʧʳ, ʞʝʣʘʪʝʣʴʥʦ ʜʦ ʫʨʦʚʥʝʡ ʥʠʞʝ ʥʦʨʤʘʪʠʚʦʚ Ecodesign ʜʣʷ ʥʦʚʳʭ 

ʧʝʯʝʡ, ʧʨʦʜʘʚʘʝʤʳʭ ʥʘ ʝʚʨʦʧʝʡʩʢʦʤ ʨʳʥʢʝ ʩ 2022 ʛʦʜʘ.
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ʈʠʩʫʥʦʢ 25: ɼʨʦʚʷʥʘʷ ʧʝʯʴ ʠ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʝ ʵʣʝʤʝʥʪʳ: A ï ʜʨʦʚʷʥʘʷ ʧʝʯʴ ʚ ʠʩʭʦʜʥʦʤ 

ʩʦʩʪʦʷʥʠʠ (WSref); B ï ʜʨʦʚʷʥʘʷ ʧʝʯʴ ʩ ʢʦʣʴʮʝʚʳʤ ʜʳʤʦʭʦʜʦʤ (WSMC1); C ï ʪʦʧʢʘ 

ʜʨʦʚʷʥʦʡ ʧʝʯʠ ʩ ʢʦʤʧʦʥʝʥʪʦʤ ʜʣʷ ʧʦʜʘʯʠ ʚʪʦʨʠʯʥʦʛʦ ʚʦʟʜʫʭʘ (18 ʬʦʨʩʫʥʦʢ) (Carvalho et 

al., 2018). 

ɼʚʘ ʫʣʫʯʰʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʦʙʝʩʧʝʯʠʣʠ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʦʝ ʪʝʧʣʦʦʪʜʘʯʫ ʧʝʯʠ, ʯʪʦ 

ʧʦʟʚʦʣʠʣʦ ʜʦʩʪʠʯʴ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘ 11% ʥʠʞʝ, ʯʝʤ ʫ ʧʝʣʣʝʪʥʦʡ ʧʝʯʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʤʦʜʝʨʥʠʟʘʮʠʷ ʧʝʯʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʦʥʝʥʪʦʚ 

ʜʳʤʦʭʦʜʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʦʜʘʯʫ ʚʦʟʜʫʭʘ ʜʣʷ ʛʦʨʝʥʠʷ, ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ 

ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ ʚ ʞʠʣʳʭ ʧʦʤʝʱʝʥʠʷʭ. ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʩʦʩʨʝʜʦʪʦʯʠʪʴ ʜʘʣʴʥʝʡʰʠʝ 

ʫʩʠʣʠʷ ʜʣʷ ʫʣʫʯʰʝʥʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʥʘʨʫʞʥʳʤ ʚʦʟʜʫʭʦʤ ʠ ʧʦʜʘʯʝʡ 

ʚʪʦʨʠʯʥʦʛʦ ʚʦʟʜʫʭʘ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʩʥʠʞʝʥʠʷ ʚʳʙʨʦʩʦʚ ʧʨʠ ʥʠʟʢʠʭ 

ʟʘʪʨʘʪʘʭ. 

ɺʳʙʨʦʩʳ ʯʝʨʥʦʛʦ ʫʛʣʝʨʦʜʘ (ʏʋ) ʚ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʘʨʴʠʨʫʶʪʩʷ ʦʪ 28 ʜʦ 134 ʤʛ/ʅʤ3. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʫʭʦʡ ʙʝʨʝʟʦʚʦʡ ʜʨʝʚʝʩʠʥʳ ʩʨʝʜʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʏʋ ʠ 

ʵʣʝʤʝʥʪʥʦʛʦ ʫʛʣʝʨʦʜʘ (EC) ʩʦʩʪʘʚʠʣʠ 72 ʠ 73 ʤʛ/ʅʤ3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠ 3ï6-ʢʨʘʪʥʦʡ 

ʨʘʟʥʠʮʝ ʤʝʞʜʫ ʥʘʠʤʝʥʴʰʠʤʠ ʠ ʥʘʠʙʦʣʴʰʠʤʠ ʚʳʙʨʦʩʘʤʠ ʧʝʯʝʡ. ɽʩʣʠ ʚʪʦʨʠʯʥʳʡ ʚʦʟʜʫʭ 

ʫʯʘʩʪʚʫʝʪ ʚ ʧʨʦʮʝʩʩʝ ʛʦʨʝʥʠʷ, ʚʳʙʨʦʩʳ ʦʩʪʘʶʪʩʷ ʥʠʟʢʠʝ. ɽʩʣʠ ʞʝ ʥʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦ  

ʚʪʦʨʠʯʥʳʤ ʚʦʟʜʫʭʦʤ, ʦʥ ʦʭʣʘʞʜʘʝʪ ʧʨʦʮʝʩʩ ʛʦʨʝʥʠʷ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʚʳʙʨʦʩʳ, ʢʘʢ ʵʪʦ 

ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ. ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʚ ʦʪʥʦʰʝʥʠʠ ʚʦʟʜʝʡʩʪʚʠʷ ʚʣʘʞʥʦʩʪʠ 

ʜʦʣʞʝʥ ʙʳʪʴ ʫʪʦʯʥʝʥ, ʧʦʩʢʦʣʴʢʫ ʦʙʳʯʥʦ ʥʘʙʣʶʜʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʚʣʘʞʥʦʩʪʠ ʜʨʝʚʝʩʠʥʳ 

ʚʳʰʝ 25% ʚʳʙʨʦʩʳ ʚʟʚʝʰʝʥʥʳʭ ʯʘʩʪʠʮ (ʊʏ) ʫʚʝʣʠʯʠʚʘʶʪʩʷ (PRIMEQUAL, 2018). 

ʂʦʥʮʝʥʪʨʘʮʠʠ ʇɸʋ (ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ) ʠ ʜʦʣʷ ʇɸʋ ʚ ʊʏ1 

ʷʚʥʦ ʚʟʘʠʤʦʩʚʷʟʘʥʳ: ʧʨʠ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʊʏ1 ʪʘʢʞʝ ʥʘʙʣʶʜʘʶʪʩʷ ʚʳʩʦʢʠʝ 

ʚʳʙʨʦʩʳ ʇɸʋ. ɺ ʜʠʘʧʘʟʦʥʝ ʚʳʰʝ 1000 ʤʛ/ʅʤ3 ʜʦʣʷ ʇɸʋ ʚ ʊʏ1 ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ. 

ʏʠʩʣʝʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʯʘʩʪʠʮ ʥʝ ʩʦʦʪʚʝʪʩʪʚʦʚʫʝʪ ʩʪʝʧʝʥʠ ʧʦʣʥʦʪʳ ʩʛʦʨʘʥʠʷ. 

ʅʘʧʨʦʪʠʚ, ʥʘʠʤʝʥʴʰʘʷ ʯʠʩʣʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʩʘʤʳʭ ʚʳʩʦʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʊʏ1, ʏʋ ʠ ʇɸʋ. ɺʦʟʤʦʞʥʳʤ ʦʙʲʷʩʥʝʥʠʝʤ ʤʦʞʝʪ ʙʳʪʴ ʪʦ, ʯʪʦ ʧʨʠ 

ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʚʳʙʨʦʩʦʚ ʧʨʝʦʙʣʘʜʘʶʱʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʘʞʝʚʳʭ ʯʘʩʪʠʮ ʚ 

ʦʪʭʦʜʷʱʠʭ ʛʘʟʘʭ ʩʦʟʜʘʶʪ ʧʦʚʝʨʭʥʦʩʪʴ ʜʣʷ ʢʦʥʜʝʥʩʘʮʠʠ ʣʝʪʫʯʠʭ ʚʠʜʦʚ ʟʦʣʳ, ʯʪʦ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʫʤʝʥʴʰʘʝʪ ʥʫʢʣʝʘʮʠʶ ʥʦʚʳʭ ʯʘʩʪʠʮ ʟʦʣʳ ʚ ʦʭʣʘʞʜʘʶʱʠʭʩʷ ʦʪʭʦʜʷʱʠʭ ʛʘʟʘʭ. 

ʕʪʦʪ ʤʝʭʘʥʠʟʤ ʨʘʥʝʝ ʧʨʝʜʧʦʣʘʛʘʣʩʷ ʢʘʢ ʦʩʥʦʚʥʦʡ, ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʟʘ ʯʠʩʣʝʥʥʳʝ ʚʳʙʨʦʩʳ 

ʯʘʩʪʠʮ (Sippula et al., 2007; Tissari et al., 2007). 
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 ɺʦʟʜʝʡʩʪʚʠʝ ʪʠʧʘ ʠ ʢʘʯʝʩʪʚʘ ʜʨʝʚʝʩʠʥʳ ʥʘ ʚʳʙʨʦʩʳ  

 

ʇʦʤʠʤʦ ʯʠʩʪʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʯʠʥ (ʥʘʧʨʠʤʝʨ, ʪʠʧʘ ʠ ʚʦʟʨʘʩʪʘ ʦʙʦʨʫʜʦʚʘʥʠʷ) ʠ 

ʫʩʣʦʚʠʡ ʫʩʪʘʥʦʚʢʠ (ʥʘʧʨʠʤʝʨ, ʝʩʪʝʩʪʚʝʥʥʦʡ ʪʷʛʠ ʜʳʤʦʭʦʜʘ), ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʛʦʨʘʥʠʷ ʦʪʦʧʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʦʢʘʟʳʚʘʝʪ ʧʦʚʝʜʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ʇʦʚʝʜʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʦʭʚʘʪʳʚʘʝʪ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʘʢ ʪʠʧ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʪʦʧʣʠʚʘ, 

ʩʧʦʩʦʙʳ ʨʦʟʞʠʛʘ, ʥʘʩʪʨʦʡʢʠ ʧʦʜʘʯʠ ʚʦʟʜʫʭʘ ʜʣʷ ʛʦʨʝʥʠʷ, ʘ ʪʘʢʞʝ ʯʘʩʪʦʪʫ ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʩʪʨʦʡʩʪʚʘ. ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʠʟʫʯʝʥʠʝ ʧʦʚʝʜʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩ ʧʦʤʦʱʴʶ ʦʧʨʦʩʘ. ʆʧʨʦʩ (Wºhler et al., 2016) 

ʥʘʧʨʘʚʣʝʥ ʥʘ ʧʦʣʫʯʝʥʠʝ ʦʙʟʦʨʘ ʦ ʪʦʤ, ʢʘʢ ʦʪʦʧʠʪʝʣʴʥʳʝ ʧʨʠʙʦʨʳ ʜʣʷ ʧʦʤʝʱʝʥʠʡ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʩʪʨʘʥʘʭ ɽʚʨʦʧʳ. ɹʳʣ ʧʨʦʚʝʜʝʥ 28-ʚʦʧʨʦʩʥʳʡ 

ʤʥʦʛʦʷʟʳʯʥʳʡ ʦʥʣʘʡʥ-ʦʧʨʦʩ, ʢʦʪʦʨʳʡ ʜʣʠʣʩʷ 14 ʥʝʜʝʣʴ. ɹʳʣʦ ʧʦʣʫʯʝʥʦ 1980 ʦʪʚʝʪʦʚ ʠʟ 

16 ʝʚʨʦʧʝʡʩʢʠʭ ʩʪʨʘʥ (ʈʠʩʫʥʦʢ 26 ʠ ʊʘʙʣʠʮʘ 9). ɹʦʣʴʰʠʥʩʪʚʦ ʨʝʩʧʦʥʜʝʥʪʦʚ ʙʳʣʠ ʠʟ 

ʀʪʘʣʠʠ (35%), ɻʝʨʤʘʥʠʠ (34%), ɸʚʩʪʨʠʠ (12%) ʠ ʐʚʝʮʠʠ (11%). 

ʊʘʙʣʠʮʘ 9: ʀʩʧʦʣʴʟʫʝʤʳʝ ʚʠʜʳ ʪʦʧʣʠʚʘ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʩ ʦʜʥʠʤ ʪʠʧʦʤ ʪʦʧʣʠʚʘ (Wºhler 

et al., 2016) 

ʊʠʧ ʪʦʧʣʠʚʘ ɺʩʝ ʩʪʨʘʥʳ ʀʪʘʣʠʷ (%) ɻʝʨʤʘʥʠʷ (%) ʐʚʝʮʠʷ (%) ɸʚʩʪʨʠʷ (%) 

ɼʨʦʚʘ ʠʟ ʪʚʝʨʜʦʡ ʜʨʝʚʝʩʠʥʳ (HW) 90 88 89 97 90 

ɼʨʦʚʘ ʠʟ ʤʷʛʢʦʡ ʜʨʝʚʝʩʠʥʳ (SW) 5 5 7 2 4 

ɼʨʝʚʝʩʥʳʝ ʙʨʠʢʝʪʳ (WB) 2 0 2 0 4 

ɼʨʝʚʝʩʥʳʝ ʛʨʘʥʫʣʳ (WP) 1 0 0 0 4 

ʆʪʭʦʜʳ ʜʨʝʚʝʩʠʥʳ (WW) 1 1 1 0 1 

ɼʨʫʛʘʷ ʙʠʦʤʘʩʩʘ (OB) 2 5 0 0 0 

 

 

 

ʈʠʩʫʥʦʢ 26: ɽʞʝʤʝʩʷʯʥʘʷ ʯʘʩʪʦʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪʦʧʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ (Wºhler et al., 

2016) ï ʜʨʦʚʷʥʳʝ ʧʝʯʠ (FWS), ʢʘʬʝʣʴʥʳʝ ʧʝʯʠ (TIS), ʧʣʠʪʳ (COK) ʠ ʜʨʫʛʠʝ ʦʪʦʧʠʪʝʣʴʥʳʝ 

ʧʨʠʙʦʨʳ ʥʘ ʜʨʦʚʘʭ (oFH). 

 

ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ AIRUSE. ʀʩʩʣʝʜʦʚʘʥʠʝ (Querol et al., 2016) 

ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʚʦʟʜʝʡʩʪʚʠʝ ʪʠʧʦʚ ʜʨʝʚʝʩʠʥʳ ʥʘ ʚʳʙʨʦʩʳ ʊʏ ʠ ʙʫʨʦʛʦ ʫʛʣʝʨʦʜʘ (BrC). 
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ʂʦʵʬʬʠʮʠʝʥʪ ʚʳʙʨʦʩʦʚ (ʂɺ) ʜʣʷ ʦʩʥʦʚʥʳʭ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʫʢʘʟʘʥʳ ʚ ʊʘʙʣʠʮʘʭ 10, 11 ʠ 

12. ʅʘʧʨʠʤʝʨ, ʤʦʨʩʢʘʷ ʩʦʩʥʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʥʘʠʙʦʣʴʰʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʚʳʙʨʦʩʦʚ 

ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʫʛʣʝʨʦʜʘ (EC), ʭʦʪʷ ʂɺ ʜʣʷ ʊʏ2,5 ʤʦʞʝʪ ʙʳʪʴ ʥʝ ʩʘʤʳʤ ʚʳʩʦʢʠʤ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʜʨʝʚʝʩʠʥʘ ʢʘʤʝʥʥʦʛʦ ʜʫʙʘ (Holm Oak) ʦʙʳʯʥʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʠʤʝʥʴʰʠʤʠ 

ʚʳʙʨʦʩʘʤʠ EC. 

ʊʘʙʣʠʮʘ 10: ʂʦʵʬʬʠʮʠʝʥʪ ʚʳʙʨʦʩʦʚ  (ʚ ʤʛ/ʄɼʞ) ʜʣʷ ʪʨʘʜʠʮʠʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ (ʢʘʤʠʥʳ ʠ 

ʜʨʦʚʷʥʳʝ ʧʝʯʠ) (Querol et al., 2016) ʩ ʩʩʳʣʢʘʤʠ: [1] (Gon­alves et al., 2011), [2] (Martins, 2012), 

[3] (Duarte, 2011), [4] (Vicente, 2013). ʇʨʠʤʝʯʘʥʠʝ: ʂʘʣʦʨʠʡʥʦʩʪʴ ʪʦʧʣʠʚʘ ï 18,5 ʄɼʞ/ʢʛ 

 
ʊʦʧʣʠʚʦ ʊʏ2,5 ʊʏ10 OC EC 

 
ʄʦʨʩʢʘʷ ʩʦʩʥʘ 372,97 - 156,76 33,51 

 ɿʦʣʦʪʘʷ ʘʢʘʮʠʷ 421,62 - 189,19 18,38 

 ʂʘʤʝʥʥʳʡ ʜʫʙ 702,70 - 389,19 16,22 

 ʕʚʢʘʣʠʧʪ 648,65 - 275,68 19,46 
[1]     

 ʆʣʠʚʢʦʚʦʝ ʜʝʨʝʚʦ 1135,14 - 491,89 21,08 

 ʇʨʦʙʢʦʚʳʡ ʜʫʙ 972,97 - 540,54 36,76 

 ʇʦʨʪʫʛʘʣʴʩʢʠʡ ʜʫʙ 756,76 - 329,73 17,30 

ʂʘʤʠʥ 
    

 ɹʨʠʢʝʪʳ/ʧʝʣʣʝʪʳ 648,65 - 318,92 15,68 

 
ɽʚʨʦʧʝʡʩʢʠʡ ʙʫʢ 311,89 - 210,81 23,24 

[2] ʇʠʨʝʥʝʡʩʢʠʡ ʜʫʙ 675,68 - 487,57 32,43 

 ʏʝʨʥʳʡ ʪʦʧʦʣʴ 757,30 - 568,11 42,70 

 
ʄʦʨʩʢʘʷ ʩʦʩʥʘ - 722,42 431,88 81,86 

[3] ʕʚʢʘʣʠʧʪ - 1093,70 630,05 20,88 

 ʇʨʦʙʢʦʚʳʡ ʜʫʙ - 744,86 450,14 32,45 

 
ʄʦʨʩʢʘʷ ʩʦʩʥʘ 281,08 - 135,14 32,97 

 ɿʦʣʦʪʘʷ ʘʢʘʮʠʷ 427,03 - 221,62 15,68 

 ʂʘʤʝʥʥʳʡ ʜʫʙ 313,51 - 162,16 12,43 

 ʕʚʢʘʣʠʧʪ 540,54 - 281,08 20,00 
[1]     

 ʆʣʠʚʢʦʚʦʝ ʜʝʨʝʚʦ 470,27 - 248,65 24,86 

 ʇʨʦʙʢʦʚʳʡ ʜʫʙ 448,65 - 259,46 22,70 

 ʇʦʨʪʫʛʘʣʴʩʢʠʡ ʜʫʙ 702,70 - 335,14 17,30 

 ɹʨʠʢʝʪʳ/ʧʝʣʣʝʪʳ 383,78 - 200,00 9,73 
 

ɼʨʦʚʷʥʘʷ ʧʝʯʴ 

    

 ɽʚʨʦʧʝʡʩʢʠʡ ʙʫʢ 149,73 - 86,49 23,24 

[2] ʇʠʨʝʥʝʡʩʢʠʡ ʜʫʙ 721,08 - 494,05 48,65 

 ʏʝʨʥʳʡ ʪʦʧʦʣʴ 236,76 - 154,59 47,57 

 
ʄʦʨʩʢʘʷ ʩʦʩʥʘ - 256,09 107,00 89,80 

[3] ʕʚʢʘʣʠʧʪ - 411,50 224,35 32,28 

 ʇʨʦʙʢʦʚʳʡ ʜʫʙ - 300,73 160,53 26,80 

 ʄʦʨʩʢʘʷ ʩʦʩʥʘ - 351,19 165,18 101,61 
[4]      

 ɽʚʨʦʧʝʡʩʢʠʡ ʙʫʢ - 338,19 142,95 67,29 
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ʊʘʙʣʠʮʘ 11:ʂʦʵʬʬʠʮʠʝʥʪ ʚʳʙʨʦʩʦʚ  ʚ ʤʛ/ʄɼʞ ʜʣʷ ʜʨʦʚʷʥʳʭ ʧʝʯʝʡ ʩ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʤʘʨʢʠʨʦʚʢʦʡ (Fernandes et al., 2011) 

ʊʦʧʣʠʚʦ ʊʏ10 OC EC 

ʄʦʨʩʢʘʷ ʩʦʩʥʘ 60,54 15,68 23,78 

ɿʦʣʦʪʘʷ ʘʢʘʮʠʷ 65,95 12,97 15,68 

ʕʚʢʘʣʠʧʪ 111,89 35,68 14,59 

ʇʨʦʙʢʦʚʳʡ ʜʫʙ 156,22 67,03 17,84 

 

 

ʊʘʙʣʠʮʘ 12: ʂʦʵʬʬʠʮʠʝʥʪ ʚʳʙʨʦʩʦʚ  ʚ ʤʛ/ʄɼʞ ʜʣʷ ʧʝʯʝʡ ʥʘ ʧʝʣʣʝʪʘʭ (Querol et al., 2016) 

ʊʦʧʣʠʚʦ ʊʏ10 OC EC 

ʇʝʣʣʝʪʳ ï ʊʠʧ I 24,55 6,82 3,61 

ʇʝʣʣʝʪʳ ï ʊʠʧ II 79,90 13,24 36,77 

ʇʝʣʣʝʪʳ ï ʊʠʧ III 94,05 7,73 7,67 

ʇʝʣʣʝʪʳ ï ʊʠʧ IV 69,01 14,05 20,46 

ʂʦʩʪʦʯʢʘ ʦʣʠʚʦʢ 156,07 45,07 8,85 

ʉʢʦʨʣʫʧʘ ʩʦʩʥʦʚʳʭ 

ʦʨʝʭʦʚ 

108,28 17,29 38,13 

ʉʢʦʨʣʫʧʘ ʤʠʥʜʘʣʷ 103,82 11,18 8,80 

 

 

ʈʝʟʫʣʴʪʘʪʳ ʥʝʩʢʦʣʴʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ (Vicente ʠ Alves, 2018), ʚ 

ʩʦʯʝʪʘʥʠʠ ʩ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʚʳʙʨʦʩʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʭʥʦʣʦʛʠʠ ʠ ʪʠʧʘ ʪʦʧʣʠʚʘ, ʧʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʟʣʠʯʠʷ, ʦʩʦʙʝʥʥʦ ʤʝʞʜʫ 

ʫʩʪʘʨʝʚʰʠʤʠ ʙʳʪʦʚʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʠ ʩʦʚʨʝʤʝʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʵʥʝʨʛʠʠ, ʪʘʢʠʤʠ ʢʘʢ ʩʦʚʨʝʤʝʥʥʳʝ ʜʨʦʚʷʥʳʝ ʧʝʯʠ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʧʝʯʠ ʠ ʢʦʪʣʳ ʜʣʷ 

ʩʞʠʛʘʥʠʷ ʧʝʣʣʝʪ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʂʇɼ. ʅʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʩʞʠʛʘʥʠʷ ʙʠʦʤʘʩʩʳ ʤʦʛʫʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʟʦʡʪʠ ʪʨʘʜʠʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʦʜʥʘʢʦ ʠʭ ʨʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ 

ʧʨʦʠʩʭʦʜʷʪ ʧʦʩʪʝʧʝʥʥʦ. ʕʪʠ ʩʠʩʪʝʤʳ ʫʜʦʙʥʳ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʪʘʢʠʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ, ʢʘʢ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ, ʠ ʧʦʟʚʦʣʷʶʪ ʩʥʠʟʠʪʴ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʠ 

ʚʳʙʨʦʩʳ. 

(Czech et al., 2018) ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʚʳʙʨʦʩʳ ʦʪ ʩʦʚʨʝʤʝʥʥʳʭ ʢʘʤʝʥʥʳʭ ʧʝʯʝʡ, 

ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʪʨʝʭ ʪʠʧʘʭ ʦʙʳʯʥʳʭ ʜʨʦʚ (ʙʫʢ, ʙʝʨʝʟʘ ʠ ʝʣʴ), ʠ ʦʪ ʩʦʚʨʝʤʝʥʥʦʛʦ ʢʦʪʣʘ 

ʜʣʷ ʩʞʠʛʘʥʠʷ ʧʝʣʣʝʪ, ʨʘʙʦʪʘʶʱʝʛʦ ʥʘ ʧʝʣʣʝʪʘʭ ʠʟ ʭʚʦʡʥʳʭ ʧʦʨʦʜ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʪʠʧʠʯʥʳʤ ʦʪʦʧʠʪʝʣʴʥʳʤ ʫʩʪʨʦʡʩʪʚʘʤ ʚ ʩʝʚʝʨʥʦʡ ɽʚʨʦʧʝ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʙʳʣʦ 

ʫʜʝʣʝʥʦ ʦʨʛʘʥʠʯʝʩʢʠʤ ʢʦʤʧʦʥʝʥʪʘʤ ʊʏ2,5, ʚʢʣʶʯʘʷ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ 

ʫʛʣʝʚʦʜʦʨʦʜʳ (ʇɸʋ), ʦʢʩʠʛʝʥʠʨʦʚʘʥʥʳʝ ʇɸʋ (ʦʇɸʋ) ʠ ʬʝʥʦʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʝʣʝʚʳʭ ʠ ʥʝʮʝʣʝʚʳʭ ʤʝʪʦʜʦʚ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʂʘʢ 

ʚʠʜʥʦ ʠʟ ʜʘʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 13, ʧʝʣʣʝʪʳ ʧʨʦʠʟʚʦʜʷʪ ʤʝʥʴʰʝ ʫʛʣʝʨʦʜʠʩʪʳʭ ʚʳʙʨʦʩʦʚ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʙʫʢʦʤ, ʙʝʨʝʟʦʡ ʠ ʝʣʴʶ. ʄʝʜʣʝʥʥʳʡ ʨʦʟʞʠʛ ʫʚʝʣʠʯʠʚʘʝʪ ʚʳʙʨʦʩʳ ʇɸʋ. 

ɺʠʜʥʦ, ʯʪʦ ʚʳʙʨʦʩʳ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʫʛʣʝʨʦʜʘ (EC) ʦʪ ʝʣʠ ʥʠʞʝ.  
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ʊʘʙʣʠʮʘ 13: ʉʨʝʜʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʳʙʨʦʩʦʚ (ʂɺ) ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝʢʦʪʦʨʳʭ 

ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ ʛʘʟʦʦʙʨʘʟʥʳʭ ʠ ʪʚʝʨʜʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʨʝʛʫʣʷʨʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʩʞʠʛʘʥʠʶ (ʩʦʚʨʝʤʝʥʥʘʷ ʢʘʤʝʥʥʘʷ ʧʝʯʴ: ʙʫʢ, ʙʝʨʝʟʘ ʠ ʝʣʴ; ʢʦʪʝʣ ʜʣʷ 

ʧʝʣʣʝʪ: ʧʝʣʣʝʪʳ ʠʟ ʭʚʦʡʥʳʭ ʧʦʨʦʜ) ʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʩʞʠʛʘʥʠʶ ʩ ʤʝʜʣʝʥʥʳʤ ʨʦʟʞʠʛʦʤ 

(ʩʦʚʨʝʤʝʥʥʘʷ ʢʘʤʝʥʥʘʷ ʧʝʯʴ: ʝʣʴ* ʠ ʙʝʨʝʟʘ*). ʆʙʦʟʥʘʯʝʥʠʷ b.l.q. ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʳʙʨʦʩʦʚ ʥʠʞʝ ʧʨʝʜʝʣʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ (Czech et al., 2018). 

IP: ʀʥʜʝʥʦ(1,2,3-cd)ʬʣʫʦʨʘʥʪʝʥ, BaP: ɹʝʥʟʦ(a)ʧʠʨʝʥ. 

ɺʝʱʝʩʪʚʦ ɽʜʠʥʠʮʘ 

ʠʟʤʝʨʝʥʠʷ 

ɹʫʢ ɹʝʨʝʟʘ ɽʣʴ ʇʝʣʣʝʪʳ ɽʣʴ*  ɹʝʨʝʟʘ* 

 OGC   24 15,4 20,1 1,25 45 18,6 

OC  ʤʛ/ʄɼʞ 20 6,1 6,1 0,15 11 5,7 

EC  27 47 13 0,27 17 34 

 BaP   0,88 0,55 0,97 0,02 5,81 7,77 

 IP  ʤʢʛ/ʄɼʞ 0,33 0,18 0.48 b.l.q. 1,75 36 

Sum ʇɸʋ  35,3 32,4 22,2 0,9 65,8 139,3 

 

 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ (Avagyan et al., 2016), ʩʞʠʛʘʥʠʝ ʩʦʩʥʳ ʧʨʠ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʛʦʨʝʥʠʷ 

ʦʢʘʟʳʚʘʝʪ ʥʘʠʙʦʣʴʰʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʚʳʙʨʦʩʳ ʛʠʜʨʦʢʩʠ-ʇɸʋ (OH-ʇɸʋ) ʚ ʪʚʝʨʜʳʭ 

ʯʘʩʪʠʮʘʭ. ɺʳʙʨʦʩʳ OH-ʇɸʋ ʧʨʠ ʥʦʤʠʥʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʛʦʨʝʥʠʷ ʩʦʩʪʘʚʣʷʶʪ 15% ʦʪ 

ʚʳʙʨʦʩʦʚ ʧʨʠ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʛʦʨʝʥʠʷ. ɺ ʩʨʝʜʥʝʤ ʚʳʙʨʦʩʳ OH-ʇɸʋ ʩʦʩʪʘʚʣʷʶʪ 32% 

ʦʪ ʚʳʙʨʦʩʦʚ ʇɸʋ (ʈʠʩʫʥʦʢ 27). 
 

 

ʈʠʩʫʥʦʢ 27: ɼʠʘʛʨʘʤʤʳ ʨʘʟʤʘʭʘ, ʧʦʢʘʟʳʚʘʶʱʠʝ ʦʙʱʠʝ ʚʳʙʨʦʩʳ ʆʅ-ʇɸʋ (ʤʛ/ʄɼʞ 

ʪʦʧʣʠʚʘ) ʜʣʷ ʦʙʨʘʟʮʦʚ ʩ ʥʦʤʠʥʘʣʴʥʳʤ ʛʦʨʝʥʠʝʤ (NB) ʠ ʠʥʪʝʥʩʠʚʥʳʤ ʛʦʨʝʥʠʝʤ (HB) ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʜʨʝʚʝʩʠʥʳ. ʅʠʞʥʷʷ ʠ ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʳ ʢʦʨʦʙʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʝʨʚʳʡ 

ʠ ʪʨʝʪʠʡ ʢʚʘʨʪʠʣʠ, ʣʠʥʠʷ ʚʥʫʪʨʠ ʢʦʨʦʙʢʠ ï ʤʝʜʠʘʥʫ (ʚʪʦʨʦʡ ʢʚʘʨʪʠʣʴ), ʢʦʥʮʳ «ʫʩʦʚ» ï 

ʤʠʥʠʤʘʣʴʥʦʝ ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʷ ʚʩʝʭ ʜʘʥʥʳʭ, ʯʝʨʥʳʡ ʢʚʘʜʨʘʪ ʦʙʦʟʥʘʯʘʝʪ ʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ (Avagyan et al., 2016). 

 

ʂʘʯʝʩʪʚʦ ʜʨʝʚʝʩʥʳʭ ʧʝʣʣʝʪ ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ ʚʦ ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. (Vicente et al., 

2020) ʠʟʫʯʘʣʠ ʨʘʟʣʠʯʠʷ ʚʳʙʨʦʩʦʚ ʧʨʠ ʩʞʠʛʘʥʠʠ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʳʭ (ʪʠʧʦʚ R ʠ P) ʠ 

ʥʝʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʝʣʣʝʪ. ɺʳʙʨʦʩʳ OC ʠ EC, ʥʘʭʦʜʠʚʰʠʝʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,188 ʜʦ 

3,31 ʤʛ/ʄɼʞ ʠ ʦʪ 2,22 ʜʦ 14,9 ʤʛ/ʄɼʞ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʟʘʚʠʩʝʣʠ ʢʘʢ ʦʪ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ 

ʧʝʯʠ, ʪʘʢ ʠ ʦʪ ʪʠʧʘ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʝʣʣʝʪ. ɺʘʞʥʦʩʪʴ ʢʘʯʝʩʪʚʘ ʪʦʧʣʠʚʘ ʜʣʷ 
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ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ ʚʳʙʨʦʩʦʚ ʪʘʢʞʝ ʙʳʣʘ ʧʦʜʯʝʨʢʥʫʪʘ ʚ ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. 

(Vicente et al., 2015) ʦʪʤʝʪʠʣʠ, ʯʪʦ ʚʳʙʨʦʩʳ OC, ʚʘʨʴʠʨʫʶʪ ʦʪ 7,40 Ñ 1,86 (ʜʨʝʚʝʩʥʳʝ 

ʧʝʣʣʝʪʳ) ʜʦ 48,7 Ñ 30,9 (ʘʛʨʦʪʦʧʣʠʚʦ) ʤʛ/ʄɼʞ, ʪʦʛʜʘ ʢʘʢ ʚʳʙʨʦʩʳ EC ʩʦʩʪʘʚʣʷʶʪ ʦʪ 1,77 

Ñ 0,44 (ʜʨʝʚʝʩʥʳʝ ʧʝʣʣʝʪʳ) ʜʦ 54,5 Ñ 23,5 (ʘʛʨʦʪʦʧʣʠʚʦ) ʤʛ/ʄɼʞ. ɹʦʣʝʝ ʧʦʟʜʥʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʞʠʛʘʥʠʝ ʣʘʙʦʨʘʪʦʨʥʦ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʘʢʘʮʠʝʚʳʭ ʧʝʣʣʝʪ ʚ 

ʫʩʣʦʚʠʷʭ ʯʘʩʪʠʯʥʦʡ ʥʘʛʨʫʟʢʠ ʧʨʠʚʝʣʦ ʢ ʚʳʙʨʦʩʘʤ 22,9 Ñ 9,28 ʤʛ/ʄɼʞ ʠ 6,82 Ñ 2,47 

ʤʛ/ʄɼʞ ʜʣʷ OC ʠ EC ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (Vicente et al., 2019). ʋʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʝ ʚʳʙʨʦʩʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʣʷ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʝʣʣʝʪ, ʩʦʧʦʩʪʘʚʠʤʳ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ (Orasche et al., 2013, 2012) ʠ (Schmidl et al., 2011) ʧʨʠ ʩʞʠʛʘʥʠʠ 

ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʝʣʣʝʪ ʚ ʤʘʣʦʤʘʩʰʪʘʙʥʳʭ ʧʝʯʘʭ. 

ɺ ʮʝʣʦʤ, ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʧʝʣʣʝʪʳ ʪʠʧʘ P ʧʦʢʘʟʘʣʠ ʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʜʨʫʛʠʤʠ ʪʠʧʘʤʠ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʞʠʛʘʥʠʝ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʝʣʣʝʪ ʪʠʧʘ R ʚʳʟʚʘʣʦ 

ʩʘʤʳʝ ʚʳʩʦʢʠʝ ʚʳʙʨʦʩʳ CO ʠ OC, ʥʝʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʧʝʣʣʝʪʳ ʧʨʠʚʝʣʠ ʢ 

ʥʘʠʙʦʣʴʰʠʤ ʚʳʙʨʦʩʘʤ NO ʠ, ʧʨʠ ʥʦʤʠʥʘʣʴʥʦʡ ʥʘʛʨʫʟʢʝ, NH3 ʠ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʊʏ. ʌʘʢʪʠʯʝʩʢʠ, ʦʙʝ ʛʨʫʧʧʳ ʧʝʣʣʝʪ ʩʛʝʥʝʨʠʨʦʚʘʣʠ 

ʚʳʙʨʦʩʳ ʊʏ, ʧʨʝʚʳʰʘʶʱʠʝ ʧʦʨʦʛʦʚʳʝ ʟʥʘʯʝʥʠʷ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ɼʠʨʝʢʪʠʚʦʡ ɽʉ 

ʧʦ ʵʢʦʜʠʟʘʡʥʫ. ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʠʝ ʚʳʙʨʦʩʳ, ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʘʷ ʤʦʱʥʦʩʪʴ ʠ 

ʤʠʥʠʤʘʣʴʥʳʡ ʠʟʙʳʪʦʢ ʚʦʟʜʫʭʘ ʥʘʙʣʶʜʘʣʠʩʴ ʧʨʠ ʩʞʠʛʘʥʠʠ ʥʝʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʧʝʣʣʝʪ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩʘʤʳʝ ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ ʙʳʣʠ 

ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʧʨʠ ʩʞʠʛʘʥʠʠ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʝʣʣʝʪ ʪʠʧʘ R. ʋʯʠʪʳʚʘʷ ʨʘʟʣʠʯʥʦʝ 

ʧʦʚʝʜʝʥʠʝ ʪʦʧʣʠʚʘ ʧʨʠ ʨʘʟʥʳʭ ʥʘʛʨʫʟʢʘʭ, ʥʝʚʦʟʤʦʞʥʦ ʫʢʘʟʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ 

ʨʘʙʦʪʳ. ʀʩʧʦʣʴʟʫʝʤʘʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʝʣʣʝʪʥʘʷ ʧʝʯʴ, ʢʘʢ ʠ ʙʦʣʴʰʠʥʩʪʚʦ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʚ ɽʚʨʦʧʝ, ʥʝ ʙʳʣʘ ʦʩʥʘʱʝʥʘ ʩʠʩʪʝʤʦʡ ʢʦʥʪʨʦʣʷ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʦʜʘʯʠ ʪʦʧʣʠʚʘ ʚ ʢʘʤʝʨʫ 

ʩʛʦʨʘʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʳ ʠʣʠ ʫʨʦʚʥʷ ʢʠʩʣʦʨʦʜʘ ʚ ʦʪʭʦʜʷʱʠʭ ʛʘʟʘʭ. 

(Stewart et al., 2020) ʧʨʝʜʩʪʘʚʠʣʠ ʥʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʳʙʨʦʩʦʚ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ/ʧʦʣʫʣʝʪʫʯʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ (I/SVOC) ʧʨʠ ʩʞʠʛʘʥʠʠ 

ʙʠʦʤʘʩʩʳ (ʈʠʩʫʥʦʢ 28), ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʜʦʤʘʰʥʠʭ ʭʦʟʷʡʩʪʚʘʭ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʩʪʨʘʥ. ɺ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʬʝʥʦʣʴʥʳʝ ʠ ʬʫʨʘʥʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ ï ʜʚʘ ʚʘʞʥʳʭ 

ʢʣʘʩʩʘ ʚʝʱʝʩʪʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʚʪʦʨʠʯʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʘʵʨʦʟʦʣʝʡ (SOA), 

ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʛʘʟʦʦʙʨʘʟʥʳʤʠ ʚʳʙʨʦʩʘʤʠ I/SVOC ʧʦ ʤʘʩʩʝ ʧʨʠ ʩʞʠʛʘʥʠʠ 

ʙʠʦʤʘʩʩʳ. ɹʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʳʙʨʦʩʦʚ ʜʣʷ ʇɸʋ, ʚʭʦʜʷʱʠʭ ʚ 

ʢʨʠʪʝʨʠʠ US EPA, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʛʘʟʦʚʦʡ ʠ ʘʵʨʦʟʦʣʴʥʦʡ ʬʘʟʘʭ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʚʠʜʦʚ ʪʦʧʣʠʚʘ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʤʥʦʛʠʝ ʠʩʪʦʯʥʠʢʠ, 

ʟʥʘʯʠʤʳʝ ʜʣʷ ʢʘʯʝʩʪʚʘ ʚʦʟʜʫʭʘ ʚ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʩʪʨʘʥʘʭ, ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʢʨʫʧʥʳʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ ʚʳʙʨʦʩʦʚ ʇɸʋ, ʯʝʤ ʪʨʘʜʠʮʠʦʥʥʦʝ ʩʞʠʛʘʥʠʝ ʜʨʝʚʝʩʥʦʛʦ ʪʦʧʣʠʚʘ (Stewart 

et al., 2020).
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ʈʠʩʫʥʦʢ 28: ʂʦʵʬʬʠʮʠʝʥʪʳ ʚʳʙʨʦʩʦʚ ʇɸʋ, ʠʟʤʝʨʝʥʥʳʝ ʤʝʪʦʜʦʤ SPE/PTFE (ʪʚʝʨʜʦʬʘʟʥʘʷ 

ʵʢʩʪʨʘʢʮʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʬʣʦʥʦʚʦʛʦ ʬʠʣʴʪʨʘ), ʛʜʝ (G) ʠ (A) ʦʙʦʟʥʘʯʘʶʪ ʛʘʟʦʚʫʶ ʠ 

ʘʵʨʦʟʦʣʴʥʫʶ ʬʘʟʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʩʢʣʶʯʘʷ ʥʘʬʪʘʣʠʥ, ʘ ʪʘʢʞʝ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʝ ʩ 

ʟʘʤʝʩʪʠʪʝʣʷʤʠ C1 ʠ C2 (Stewart et al., 2020) 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ (KonieczyŒski et al., 2017) ʙʳʣʦ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʦʮʝʥʢʫ ʩʦʜʝʨʞʘʥʠʷ ʠ 

ʩʦʩʪʘʚʘ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʚʳʙʨʘʩʳʚʘʝʤʳʭ ʙʳʪʦʚʳʤʠ ʢʦʪʣʘʤʠ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʦʪʦʧʣʝʥʠʷ (ʎʆ) ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ʧʦʜʘʯʠ ʪʦʧʣʠʚʘ ʚ ʢʘʤʝʨʫ ʩʛʦʨʘʥʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʢʣʶʯʘʣʦ ʘʥʘʣʠʟ ʩʚʦʡʩʪʚ ʪʦʧʣʠʚʘ, ʧʘʨʘʤʝʪʨʦʚ ʦʪʭʦʜʷʱʠʭ ʛʘʟʦʚ, 

ʩʦʜʝʨʞʘʥʠʷ ʧʳʣʠ (ʟʦʣʳ) ʠ ʛʘʟʦʦʙʨʘʟʥʳʭ ʚʝʱʝʩʪʚ, ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʦʟʜʫʭ, ʚ ʚʳʙʨʦʩʘʭ ʦʪ 

ʩʞʠʛʘʥʠʷ ʢʘʤʝʥʥʦʛʦ ʫʛʣʷ, ʧʝʣʣʝʪ ʠʟ ʭʚʦʡʥʦʡ ʜʨʝʚʝʩʠʥʳ, ʩʦʣʦʤʳ, ʤʠʩʢʘʥʪʫʩʘ, ʣʫʟʛʠ 

ʧʦʜʩʦʣʥʝʯʥʠʢʘ, ʢʦʨʳ ʭʚʦʡʥʳʭ ʜʝʨʝʚʴʝʚ, ʘ ʪʘʢʞʝ ʟʝʨʥʘ ʦʚʩʘ ʠ ʷʯʤʝʥʷ. ɺʳʙʨʦʩʳ ʧʳʣʠ ʠ 

ʛʘʟʦʚ ʙʳʣʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʝʥʳ ʜʣʷ ʘʥʘʣʠʟʘ ʠʭ ʚʢʣʘʜʘ ʚ ʟʘʛʨʷʟʥʝʥʠʝ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʚʦʟʜʫʭʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʫʣʫʯʰʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʪʣʦʚ, ʜʳʤʦʚʳʝ ʛʘʟʳ ʩʦʜʝʨʞʘʣʠ ʟʦʣʫ ʩ 

ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʫʛʣʝʨʦʜʘ (EC), ʯʪʦ ʦʢʘʟʳʚʘʣʦ ʥʝʛʘʪʠʚʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʢʘʯʝʩʪʚʦ ʚʦʟʜʫʭʘ. ɿʦʣʘ, ʚʳʜʝʣʷʝʤʘʷ ʙʳʪʦʚʳʤʠ ʢʦʪʣʘʤʠ, ʩʦʜʝʨʞʘʣʘ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʱʝʛʦ ʫʛʣʝʨʦʜʘ (TC). ʅʘʧʨʠʤʝʨ, ʩʦʜʝʨʞʘʥʠʝ TC ʚ ʟʦʣʝ ʦʪ 

ʩʞʠʛʘʥʠʷ ʢʘʤʝʥʥʦʛʦ ʫʛʣʷ ʩʦʩʪʘʚʣʷʣʦ ʦʢʦʣʦ 460 ʤʛ/ʛ, ʠʟ ʢʦʪʦʨʳʭ 72% ʧʨʠʭʦʜʠʣʦʩʴ ʥʘ TC. 

ɺʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ OC ʙʳʣʦ ʪʘʢʞʝ ʦʙʥʘʨʫʞʝʥʦ ʚ ʟʦʣʝ ʦʪ ʩʞʠʛʘʥʠʷ ʟʝʨʥʘ ʦʚʩʘ (ʦʢʦʣʦ 
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520 ʤʛ/ʛ), ʛʜʝ 98% ʩʦʩʪʘʚʣʷʣ ʦʨʛʘʥʠʯʝʩʢʠʡ ʫʛʣʝʨʦʜ (OC). ʉʦʜʝʨʞʘʥʠʝ OC ʠ EC ʚ ʟʦʣʝ ʦʪ 

ʩʞʠʛʘʥʠʷ ʧʝʣʣʝʪ ʠʟ ʩʦʣʦʤʳ, ʣʫʟʛʠ ʧʦʜʩʦʣʥʝʯʥʠʢʘ, ʤʠʩʢʘʥʪʫʩʘ, ʢʦʨʳ ʭʚʦʡʥʳʭ ʜʝʨʝʚʴʝʚ 

ʠ ʟʝʨʥʘ ʷʯʤʝʥʷ ʙʳʣʦ ʩʭʦʞʠʤ (ʊʘʙʣʠʮʘ 14). 

ʊʘʙʣʠʮʘ 14: ʉʦʜʝʨʞʘʥʠʝ ʠ ʧʨʦʮʝʥʪʥʳʝ ʜʦʣʠ ʬʦʨʤ ʫʛʣʝʨʦʜʘ ʚ ʚʳʙʨʘʩʳʚʘʝʤʦʡ ʟʦʣʝ 

(KonieczyŒski et al., 2017). ND ʦʟʥʘʯʘʝʪ «ʥʝʪ ʜʘʥʥʳʭ». *CFB ï ʮʠʨʢʫʣʠʨʫʶʱʠʡ ʢʠʧʷʱʠʡ 

ʩʣʦʡ. 

 

ʊʠʧ ʢʦʪʣʘ 

 

ʊʦʧʣʠʚʦ 

OC 
 
EC 

OC+EC 

ʤʛ/ʛ % ʤʛ/ʛ % ʤʛ/ʛ 

ʇʳʣʝʫʛʦʣʴʥʳʡ ʢʦʪʝʣ, 

200 ʄɺʪ  

 
47,83 66,81 23,35 33,19 71,17 

ʄʝʭʘʥʠʯʝʩʢʘʷ 

ʨʝʰʝʪʢʘ, 
 ʚʦʜʦʛʨʝʡʥʳʡ, 29 ʄɺʪ
  

 
25,52 23,54 82,92 76,46 108,45 

 CFB*, 295 ʄɺʪ  ʂʘʤʝʥʥʳʡ ʫʛʦʣʴ 22,76 69,30 10,08 30,70 32.85 

ʄʝʭʘʥʠʯʝʩʢʘʷ 
ʨʝʰʝʪʢʘ, ʧʘʨ, ʤʘʢʩ. 
ʤʦʱʥʦʩʪʴ 9,7 ʢʛ/ʩ 

 
8,46 9,23 83,20 90,77 91,66 

 ʂʘʤʝʥʥʳʡ ʫʛʦʣʴ 124,18 27,90 334,14 72,10 458,32 

 ʇʝʣʣʝʪʳ ʠʟ ʭʚʦʡʥʦʡ 

ʜʨʝʚʝʩʠʥʳ 
ʅɼ 79,36 ʅɼ 20,64 ʅɼ 

 ʇʝʣʣʝʪʳ ʠʟ ʟʣʘʢʦʚʦʡ 
ʩʦʣʦʤʳ 

43,94 48,55 46,57 51,45 90,51 

ʊʝʩʪʠʨʫʝʤʳʡ 

ʙʳʪʦʚʦʡ ʢʦʪʝʣ 

ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʦʪʦʧʣʝʥʠʷ 

ʇʝʣʣʝʪʳ ʠʟ ʤʠʩʢʘʥʪʫʩʘ 112,80 51,15 107,73 48,85 220,53 

ʇʝʣʣʝʪʳ ʠʟ ʣʫʟʛʠ 
ʧʦʜʩʦʣʥʝʯʥʠʢʘ 

28,04 46,01 32,90 53,99 60,93 

 ʂʦʨʘ ʭʚʦʡʥʳʭ ʜʝʨʝʚʴʝʚ 112,56 57,66 82,67 42,34 195,24 

 ɿʝʨʥʦ ʦʚʩʘ 509,32 98,35 8,53 1,65 517,84 

 ɿʝʨʥʦ ʷʯʤʝʥʷ 22,20 56,07 17,39 43,93 39,59 

 

 

ʇʝʯʠ ʜʣʷ ʩʘʫʥʳ 

ʇʝʯʠ ʜʣʷ ʩʘʫʥʳ (Sauna Stoves, SS) ï ʵʪʦ ʧʨʦʩʪʳʝ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʩʞʠʛʘʥʠʷ ʜʨʝʚʝʩʠʥʳ, 

ʢʦʪʦʨʳʝ ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʝʚʝʨʥʳʭ ʩʪʨʘʥʘʭ. ʆʥʠ ʩʦʟʜʘʶʪ ʚʳʙʨʦʩʳ, 

ʦʢʘʟʳʚʘʶʱʠʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʢʘʯʝʩʪʚʦ ʚʦʟʜʫʭʘ ʠ ʢʣʠʤʘʪ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ (Tissari et al., 

2019) ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʥʦʚʘʷ ʢʦʥʮʝʧʮʠʷ ʠʟʤʝʨʝʥʠʡ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʨʘʙʦʪʳ, ʪʝʧʣʦʚʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʨʝʘʣʴʥʳʭ ʚʳʙʨʦʩʦʚ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʠ ʛʘʟʦʦʙʨʘʟʥʳʭ 

ʚʝʱʝʩʪʚ ʦʪ SS. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʥʦʚʘʷ, ʧʨʦʩʪʘʷ ʠ ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʧʨʦʮʝʜʫʨʘ 

ʨʘʩʯʝʪʘ ʚʳʙʨʦʩʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʦʤʠʥʘʣʴʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʳʙʨʦʩʦʚ, ʫʨʘʚʥʝʥʠʷ 

ʜʣʷ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʧʝʨʚʳʝ. ɹʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʠ 

ʛʘʟʦʚ ʦʪ 10 ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ SS. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʢʘʞʜʘʷ ʤʦʜʝʣʴ SS ʠʤʝʝʪ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʦʪʥʦʰʝʥʠʠ ʚʨʝʤʝʥʠ ʥʘʛʨʝʚʘ, ʩʦʦʪʥʦʰʝʥʠʷ ʚʦʟʜʫʭ-

ʪʦʧʣʠʚʦ, ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʚʳʙʨʦʩʦʚ. ʂʦʥʮʝʥʪʨʘʮʠʠ ʤʘʩʩʳ ʤʝʣʢʠʭ ʯʘʩʪʠʮ (ʊʏ1) 

ʨʘʟʣʠʯʘʣʠʩʴ ʚ ʜʝʚʷʪʴ ʨʘʟ, ʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ (ʇɸʋ) ï ʧʨʠʤʝʨʥʦ ʚ 90 ʨʘʟ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʤʦʜʝʣʷʤʠ SS ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʫʭʦʡ (ʩ ʚʣʘʞʥʦʩʪʴʶ 11%) ʙʝʨʝʟʦʚʦʡ ʜʨʝʚʝʩʠʥʳ. ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʣʘʞʥʦʡ (ʩ ʚʣʘʞʥʦʩʪʴʶ 18%) ʜʨʝʚʝʩʠʥʳ ʢʦʣʠʯʝʩʪʚʦ ʯʘʩʪʠʮ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦʥʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʫʚʝʣʠʯʠʚʘʣʠʩʴ, ʦʜʥʘʢʦ, ʯʪʦ ʠʥʪʝʨʝʩʥʦ, 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʊʏ1, ʇɸʋ ʠ ʯʝʨʥʦʛʦ ʫʛʣʝʨʦʜʘ (ʏʋ) ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʣʠʩʴ ʧʦ 
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ʩʨʘʚʥʝʥʠʶ ʩ ʩʫʭʦʡ ʜʨʝʚʝʩʠʥʦʡ. ʅʘʧʨʠʤʝʨ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʇɸʋ ʙʳʣʠ ʚ 5,5ï9,6 ʨʘʟ ʚʳʰʝ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʫʭʦʡ ʜʨʝʚʝʩʠʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʣʘʞʥʦʡ. ʄʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ 

ʧʦʨʦʜʘʤʠ ʜʨʝʚʝʩʠʥʳ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʤʘʢʩʠʤʘʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʚʳʙʨʦʩʘʭ ʚ 2ï3 ʨʘʟʘ, 

ʪʦʛʜʘ ʢʘʢ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʙʨʝʚʥʘʤʠ ʩ ʢʦʨʦʡ ʠ ʙʝʟ ʢʦʨʳ ʩʦʩʪʘʚʣʷʣʠ ʧʨʠʤʝʨʥʦ 1,5 ʨʘʟʘ. ɺ 

ʩʨʝʜʥʝʤ ʠʟʤʝʨʝʥʥʳʝ ʚʳʙʨʦʩʳ ʚ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʢʘʟʘʣʠʩʴ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ ʚ 

ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠ ʢʘʜʘʩʪʨʘʭ ʚʳʙʨʦʩʦʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ 

ʮʝʣʦʤ ʢʦʥʩʪʨʫʢʮʠʠ ʧʝʯʝʡ ʜʣʷ ʩʘʫʥʳ, ʜʦʩʪʫʧʥʳʭ ʥʘ ʨʳʥʢʝ, ʫʣʫʯʰʠʣʠʩʴ ʚ 2010-ʭ ʛʦʜʘʭ. 

ʈʝʟʫʣʴʪʘʪʳ ʵʪʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʙʥʦʚʣʝʥʠʷ ʩʭʝʤʳ ʨʘʩʯʝʪʦʚ ʚ 

ʢʘʜʘʩʪʨʘʭ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʩʥʠʞʝʥʠʶ ʦʮʝʥʦʢ ʦʙʱʠʭ ʚʳʙʨʦʩʦʚ ʊʏ ʦʪ SS ʚ ʌʠʥʣʷʥʜʠʠ. 

 

 ʕʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʬʠʣʴʪʨʳ (ESP) 

ʕʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʬʠʣʴʪʨ (ESP) ï ʵʪʦ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʢʦʥʪʨʦʣʷ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʟʜʫʭʘ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʫʣʘʚʣʠʚʘʥʠʷ ʠ ʫʜʘʣʝʥʠʷ ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ ʠʟ ʧʦʪʦʢʘ ʦʪʭʦʜʷʱʠʭ 

ʛʘʟʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʈʘʙʦʪʘ ESP ʦʩʥʦʚʘʥʘ ʥʘ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʤ ʟʘʨʷʜʝ ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ ʚ ʧʦʩʪʫʧʘʶʱʝʤ ʛʘʟʦʚʦʤ ʧʦʪʦʢʝ. ɿʘʨʷʞʝʥʥʳʝ 

ʯʘʩʪʠʮʳ ʧʨʠʪʷʛʠʚʘʶʪʩʷ ʢ ʧʣʘʩʪʠʥʘʤ ʠʣʠ ʜʨʫʛʠʤ ʵʣʝʤʝʥʪʘʤ ʩʙʦʨʘ ʠ ʦʩʘʞʜʘʶʪʩʷ ʥʘ ʥʠʭ. 

ʂʦʛʜʘ ʥʘ ʢʦʣʣʝʢʪʦʨʘʭ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʳʣʠ, ʠʭ ʚʩʪʨʷʭʠʚʘʶʪ, 

ʯʪʦʙʳ ʩʙʠʪʴ ʧʳʣʴ, ʢʦʪʦʨʘʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ ʧʘʜʘʝʪ ʚ ʙʫʥʢʝʨʳ ʧʦʜ 

ʫʩʪʨʦʡʩʪʚʦʤ. ɿʘʪʝʤ ʧʳʣʴ ʫʜʘʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʢʦʥʚʝʡʝʨʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʫʪʠʣʠʟʘʮʠʠ 

ʠʣʠ ʧʝʨʝʨʘʙʦʪʢʠ (Cheremisinoff, 2016). ʉʠʩʪʝʤʳ ʩʞʠʛʘʥʠʷ ʜʨʝʚʝʩʥʦʡ ʙʠʦʤʘʩʩʳ, 

ʦʩʥʘʱʝʥʥʳʝ ESP, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʪʝʧʣʘ ʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʜʣʷ 

ʢʦʤʤʫʥʘʣʴʥʳʭ ʥʫʞʜ, ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ESP 

(Ghafghazi et al., 2011). ʕʬʬʝʢʪʠʚʥʦʩʪʴ ESP ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʫʢʘʚʥʳʤʠ 

ʬʠʣʴʪʨʘʤʠ, ʦʜʥʘʢʦ ʦʥʠ ʣʫʯʰʝ ʘʜʘʧʪʠʨʦʚʘʥʳ ʜʣʷ ʨʘʙʦʪʳ ʩ ʮʠʢʣʦʥʘʤʠ, ʢʦʪʦʨʳʝ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦ ʩʧʨʘʚʣʷʶʪʩʷ ʩ ʢʨʫʧʥʳʤʠ ʯʘʩʪʠʮʘʤʠ (ʈʠʩʫʥʦʢ 29). 
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ʈʠʩʫʥʦʢ 29: ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʵʣʝʢʪʨʦʬʠʣʴʪʨʘ ʚ % ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʚʪʦʨʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ. (Ghafghazi et al., 2011)  

ʕʪʠ ʬʠʣʴʪʨʳ ʯʘʩʪʦ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʩ ʫʧʨʦʱʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʘʥʘʣʦʛʘʤʠ, ʯʪʦʙʳ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ, ʢʘʢ 

ʩʦʦʙʱʘʝʪʩʷ ʚ (Nussbaumer, 2010a), ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʣʘʚʣʠʚʘʥʠʷ 

ï ʙʦʣʝʝ 90%, ʪʦʛʜʘ ʢʘʢ ʚ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ ʦʞʠʜʘʝʪʩʷ ʣʠʰʴ ʫʤʝʨʝʥʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘ 

ʫʨʦʚʥʝ ʦʢʦʣʦ 50%. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʪʝʥʮʠʘʣ ʩʦʢʨʘʱʝʥʠʷ ʚʳʙʨʦʩʦʚ, ʦʩʦʙʝʥʥʦ ʩʘʞʠ ʠ 

ʢʦʥʜʝʥʩʠʨʫʝʤʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʦʩʪʘʝʪʩʷ 

ʥʝʦʧʨʝʜʝʣʝʥʥʳʤ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʩʣʫʯʘʝʤ, ʯʪʦ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʠ ʫʣʫʯʰʝʥʠʡ. 

(Bªfver et al., 2012) ʠʟʫʯʘʣʠ ʚʦʟʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʬʠʣʴʪʨʘ (ESP) ʥʘ ʚʳʙʨʦʩʳ 

ʤʘʣʦʡ ʧʝʣʣʝʪʥʦʡ ʢʦʪʝʣʴʥʦʡ, ʚ ʢʦʪʣʝ ʤʦʱʥʦʩʪʴʶ 3ï23 ʢɺʪ. ʅʘ ʨʠʩʫʥʢʝ 30 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʤʘʩʩʳ, ʦʪʦʙʨʘʥʥʳʝ ʥʘ ʬʠʣʴʪʨʘʭ, ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ (OC) ʠ 

ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʫʛʣʝʨʦʜʘ (EC). ʇʨʠ ʵʬʬʝʢʪʠʚʥʦʤ (çɹʣʘʛʦʧʨʠʷʪʥʦʤè) ʩʛʦʨʘʥʠʠ 

ʩʦʜʝʨʞʘʥʠʝ OC ʩʦʩʪʘʚʣʷʣʦ 1ï2%, ʘ EC ï 13ï15% ʦʪ ʯʘʩʪʠʮ ʧʝʨʝʜ ESP. ʇʦʩʣʝ 

ʧʨʦʭʦʞʜʝʥʠʷ ʯʝʨʝʟ ESP OC ʩʦʩʪʘʚʣʷʣ ʦʢʦʣʦ 50% ʤʘʩʩʳ ʯʘʩʪʠʮ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʯʘʩʪʠʮ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (POM) ʚ ʦʪʭʦʜʷʱʠʭ ʛʘʟʘʭ ʧʦʩʣʝ 

ESP. ʕʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʝʢʦʪʦʨʦʛʦ ʢʦʣʠʯʝʩʪʚʘ POM ʚ ESP, 

ʚʦʟʤʦʞʥʦ, ʚʩʣʝʜʩʪʚʠʝ ʧʘʜʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ ʚ ʦʩʘʜʠʪʝʣʝ ʩ 77ÁC ʜʦ 30ÁC. ʇʘʜʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʟʚʘʥʦ ʧʦʩʪʫʧʣʝʥʠʝʤ ʚʦʟʜʫʭʘ ʚ ESP, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʢʦʥʜʝʥʩʘʮʠʠ 

ʧʦʣʫʣʝʪʫʯʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʫʜʘʣʝʥʠʷ EC ʩʦʩʪʘʚʠʣʘ 89%. 

ʇʨʠ ʧʣʦʭʦʤ ʩʛʦʨʘʥʠʠ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʣʷʣʠ ʦʩʥʦʚʥʫʶ ʜʦʣʶ 

ʯʘʩʪʠʮ ʢʘʢ ʜʦ, ʪʘʢ ʠ ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʯʝʨʝʟ ESP. ɺ ʩʣʫʯʘʷʭ ʧʣʦʭʦʛʦ ʩʛʦʨʘʥʠʷ ʚ ʜʘʥʥʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʜʘʣʝʥʠʷ OC ʙʳʣʘ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʦʡ: 92ï96%. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʜʘʣʝʥʠʷ EC ʩʦʩʪʘʚʣʷʣʘ 89% ʠ 95%. ɺʳʩʦʢʘʷ 
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ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʜʘʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʧʣʦʭʦʛʦ ʩʛʦʨʘʥʠʷ, 

ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʘ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʢʦʥʜʝʥʩʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʘʨʦʚ ʥʘ 

ʯʘʩʪʠʮʘʭ ʧʝʨʝʜ ESP, ʚʳʟʚʘʥʥʦʡ ʙʦʣʝʝ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʪʭʦʜʷʱʠʭ ʛʘʟʦʚ ʠ ʙʦʣʝʝ 

ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʬʬʝʢʪʠʚʥʳʤ 

ʩʛʦʨʘʥʠʝʤ. ʕʪʠ ʧʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʣʷ ʊʏ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ (Omara et 

al., 2010), ʢʦʪʦʨʳʝ ʟʘʬʠʢʩʠʨʦʚʘʣʠ ʜʦ 98% ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʣʷ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ. 

 

ʈʠʩʫʥʦʢ 30: ʂʦʥʮʝʥʪʨʘʮʠʷ ʯʘʩʪʠʮ EC, OC ʠ ʥʝʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʳʭ ʚʝʱʝʩʪʚ. In. = ɼʦ ESP. 

Out. = ʇʦʩʣʝ ESP (Bªfver et al., 2012). 

(Li et al., 2019) ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʦʪʭʦʜʷʱʠʭ ʛʘʟʦʚ ʧʝʨʝʜ 

çʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤè ESP ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʫʜʘʣʝʥʠʝ ʬʠʣʴʪʨʫʝʤʳʭ ʠ 

ʢʦʥʜʝʥʩʠʨʫʝʤʳʭ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ (ʊʏ). ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʫʜʘʣʝʥʠʷ ʬʠʣʴʪʨʫʝʤʳʭ ʠ 

ʢʦʥʜʝʥʩʠʨʫʝʤʳʭ ʊʏ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʩ ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʭʦʜʷʱʠʭ ʛʘʟʦʚ ʥʘ 

ʚʭʦʜʝ. 

(Mertens et al., 2020) ʚʧʝʨʚʳʝ ʧʨʝʜʩʪʘʚʠʣʠ ʨʝʟʫʣʴʪʘʪʳ ʦʥʣʘʡʥ-ʠʟʤʝʨʝʥʠʡ ʢʦʣʠʯʝʩʪʚʘ 

ʦʩʪʘʪʦʯʥʳʭ ʥʘʥʦʯʘʩʪʠʮ (ʅʏ) ʧʦʩʣʝ ʩʠʩʪʝʤ ʦʯʠʩʪʢʠ ʦʪʭʦʜʷʱʠʭ ʛʘʟʦʚ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʩʨʝʜʥʝ- ʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʪʘʥʦʚʦʢ (ʈʠʩʫʥʦʢ 31). 

ʉʧʨʘʚʦʯʥʳʝ ʜʦʢʫʤʝʥʪʳ ɽʉ ʧʦ ʥʘʠʣʫʯʰʠʤ ʜʦʩʪʫʧʥʳʤ ʪʝʭʥʠʢʘʤ (ʅɼʊ) ʜʝʤʦʥʩʪʨʠʨʫʶʪ, 

ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʜʘʣʝʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʩʠʩʪʝʤʘʭ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ 

ʬʠʣʴʪʨʦʚ (ESP) ʠ ʨʫʢʘʚʥʳʭ ʬʠʣʴʪʨʦʚ ʧʨʝʚʳʰʘʝʪ 99%, ʝʩʣʠ ʦʮʝʥʠʚʘʪʴ ʧʦ ʚʝʩʫ. ʀʭ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʝʤʥʦʛʦ ʩʥʠʞʘʝʪʩʷ ʜʣʷ ʯʘʩʪʠʮ ʨʘʟʤʝʨʦʤ ʤʝʥʝʝ 1 ʤʢʤ, ʥʦ, ʪʝʤ ʥʝ ʤʝʥʝʝ, 

ʧʦ ʚʝʩʫ ʦʥʘ ʦʩʪʘʝʪʩʷ ʚʳʰʝ 99% ʜʣʷ ʨʫʢʘʚʥʳʭ ʬʠʣʴʪʨʦʚ ʠ 96% ʜʣʷ ESP. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦ ʯʠʩʣʫ ʯʘʩʪʠʮ ʦʩʪʘʪʦʯʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ (ʅʏ), ʧʦʢʠʜʘʶʱʠʝ ʩʠʩʪʝʤʳ 

ʦʙʝʩʧʳʣʠʚʘʥʠʷ, ʜʦʤʠʥʠʨʫʶʪ ʩ ʦʪʨʳʚʦʤ ʚ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ. ʇʦ ʚʝʩʫ ʚʩʝ ʫʩʪʘʥʦʚʢʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʧʨʝʜʝʣʘʤ ʚʳʙʨʦʩʦʚ, ʠ ʚʢʣʘʜ ʅʏ ʚ ʢʦʥʮʝʥʪʨʘʮʠʶ ʧʦ ʚʝʩʫ 

ʥʝʟʥʘʯʠʪʝʣʝʥ, ʥʝʩʤʦʪʨʷ ʥʘ ʠʭ ʯʠʩʣʝʥʥʦʝ ʧʨʝʦʙʣʘʜʘʥʠʝ. ʊʝʢʫʱʠʝ ʨʝʛʣʘʤʝʥʪʳ ɺʩʝʤʠʨʥʦʡ 

ʦʨʛʘʥʠʟʘʮʠʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ (ɺʆɿ) ʚʳʨʘʞʘʶʪʩʷ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʊʏ2,5 ʧʦ ʚʝʩʫ ʠ, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʥʝ ʦʪʨʘʞʘʶʪ ʥʘʣʠʯʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʅʏ. ʕʪʦ 
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ʠʩʩʣʝʜʦʚʘʥʠʝ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʚʦʟʤʦʞʥʳʤ ʚʚʝʜʝʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʅʏ, ʫʯʠʪʳʚʘʷ ʠʭ ʚʦʟʤʦʞʥʫʶ 

ʪʦʢʩʠʯʥʦʩʪʴ ʠ ʚʳʩʦʢʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʣʝʛʢʦ ʧʨʦʥʠʢʘʪʴ ʚ ʢʨʦʚʦʪʦʢ ʧʨʠ ʚʜʳʭʘʥʠʠ 

ʯʝʣʦʚʝʢʦʤ. ʇʦʜʦʙʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦʛʣʘʩʫʶʪʩʷ ʠ ʜʘʞʝ ʧʨʝʚʦʩʭʦʜʷʪ ʧʨʝʜʳʜʫʱʠʝ ʨʘʙʦʪʳ, 

ʧʦʢʘʟʳʚʘʶʱʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ESP ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʝʣʣʝʪʥʳʭ ʛʦʨʝʣʦʢ ʤʦʱʥʦʩʪʴʶ 20 

ʢɺʪ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʫʜʘʣʝʥʠʷ ʜʣʷ ʩʫʙʤʠʢʨʦʥʥʳʭ ʯʘʩʪʠʮ ʜʦʩʪʠʛʘʣʘ 80% (Yan, 2009). 

ʂʨʦʤʝ ʪʦʛʦ, ʢʘʢ ʦʪʤʝʯʘʝʪ (Nussbaumer, 2016, 2010b), ʩʘʞʘ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʴʶ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʩʘʞʜʝʥʠʷ, ʦʜʥʘʢʦ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʩʠʣʴʥʦʤʫ ʧʦʚʪʦʨʥʦʤʫ ʧʝʨʝʥʦʩʫ ʘʛʣʦʤʝʨʠʨʦʚʘʥʥʳʭ ʯʘʩʪʠʮ. (IEA Bioenergy, 

2011) ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ESP ʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʭ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʦʪ 50 ʜʦ 80% ʜʣʷ ʫʜʘʣʝʥʠʷ ʧʳʣʠ. 
 

ʈʠʩʫʥʦʢ 31: ʉʨʘʚʥʝʥʠʝ ʠʟʤʝʨʝʥʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʘʤ ʥʘ ʚʩʝʭ ʪʨʝʭ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʙʠʦʤʘʩʩʝ, ʦʩʥʘʱʝʥʥʳʭ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤ ʬʠʣʴʪʨʦʤ 

(ESP: ElectroStatic Precipitator) ʠʟ ʨʘʙʦʪʳ (Mertens et al., 2020) 

 

 ʂʘʪʘʣʠʪʠʯʝʩʢʠʝ ʛʦʨʝʣʢʠ 

ʀʩʩʣʝʜʦʚʘʥʠʝ, ʧʨʦʚʝʜʝʥʥʦʝ (Wºhler et al., 2017), ʙʳʣʦ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʦʮʝʥʢʫ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʨʝʭ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ ʚʳʙʨʦʩʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʜʨʦʚʷʥʳʭ ʧʝʯʘʭ: ʧʦʨʠʩʪʦʛʦ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ, ʧʦʨʠʩʪʦʛʦ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ 

ʩ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʘʢʪʠʚʥʳʤ ʧʦʢʨʳʪʠʝʤ ʠ ʢʘʪʘʣʠʟʘʪʦʨʘʚ ʬʦʨʤʝ ʩʦʪ (ʈʠʩʫʥʦʢ 32). 

ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʫʩʣʦʚʠʷʭ, ʙʣʠʟʢʠʭ ʢ ʨʝʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʚʢʣʶʯʘʷ ʬʘʟʳ 

ʨʦʟʞʠʛʘ, ʨʘʙʦʪʫ ʧʝʯʠ ʧʨʠ ʥʦʤʠʥʘʣʴʥʦʡ ʠ ʯʘʩʪʠʯʥʦʡ ʥʘʛʨʫʟʢʝ. ʀʟʤʝʨʷʣʠʩʴ ʚʳʙʨʦʩʳ 

ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʠ ʛʘʟʦʦʙʨʘʟʥʳʭ ʚʝʱʝʩʪʚ, ʘ ʪʘʢʞʝ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʳʙʨʦʩʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʨʠʩʪʳʡ ʢʝʨʘʤʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ ʥʝ 

ʦʙʝʩʧʝʯʠʚʘʣ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʩʦʢʨʘʱʝʥʠʷ ʚʳʙʨʦʩʦʚ. ʇʦʨʠʩʪʳʡ ʢʝʨʘʤʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ ʩ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʘʢʪʠʚʥʳʤ ʧʦʢʨʳʪʠʝʤ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʣ ʚʳʙʨʦʩʳ ʧʨʠ ʥʦʤʠʥʘʣʴʥʦʡ ʠ 

ʯʘʩʪʠʯʥʦʡ ʥʘʛʨʫʟʢʝ: ʜʦ 32% ʜʣʷ ʤʦʥʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ, ʜʦ 61% ʜʣʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʫʛʣʝʨʦʜʘ ʠ ʜʦ 41% ʜʣʷ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ. ʆʜʥʘʢʦ ʩʥʠʞʝʥʠʝ ʚʳʙʨʦʩʦʚ ʚ 

ʩʪʘʨʪʦʚʦʡ ʬʘʟʝ ʙʳʣʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʤ. ʂʘʪʘʣʠʟʘʪʦʨ ʚ ʬʦʨʤʝ ʩʦʪ ʧʦʢʘʟʘʣ ʥʘʠʚʳʩʰʠʡ 
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ʧʦʪʝʥʮʠʘʣ ʩʦʢʨʘʱʝʥʠʷ ʚʳʙʨʦʩʦʚ ʩʨʝʜʠ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʠʩʪʝʤ. ʉʥʠʞʝʥʠʝ ʚʳʙʨʦʩʦʚ 

ʙʳʣʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʛʦʨʝʥʠʷ ʠ ʜʦʩʪʠʛʘʣʦ ʜʦ 73% ʜʣʷ ʤʦʥʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ, 

ʜʦ 58% ʜʣʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʫʛʣʝʨʦʜʘ ʠ ʜʦ 33% ʜʣʷ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ. 

 

ʈʠʩʫʥʦʢ 32: ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʛʦʨʝʥʠʷ. ʇʦʨʠʩʪʳʡ ʢʝʨʘʤʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ (CFE), 

ʧʦʨʠʩʪʳʡ ʢʝʨʘʤʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ ʩ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʧʦʢʨʳʪʠʝʤ (CCFE), ʢʘʪʘʣʠʟʘʪʦʨ ʚ 

ʬʦʨʤʝ ʩʦʪ (HC), DYI ʠ DYII ï ʪʝʩʪʦʚʳʝ ʫʩʪʨʦʡʩʪʚʘ (Wöhler et al., 2017) 

 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ (Hukkanen et al., 2012) ʢʘʪʘʣʠʟʘʪʦʨ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʜʨʦʚʷʥʦʡ ʧʝʯʠ ʚ 

ʢʘʯʝʩʪʚʝ ʚʪʦʨʠʯʥʦʡ ʤʝʨʳ ʩʥʠʞʝʥʠʷ ʚʳʙʨʦʩʦʚ. ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ 

ʩʨʘʚʥʝʥʠʝ ʚʳʙʨʦʩʦʚ ʚ ʫʩʣʦʚʠʷʭ ʛʦʨʝʥʠʷ ʩ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʠ ʙʝʟ ʥʝʛʦ. ʇʨʦʙʳ ʦʪʙʠʨʘʣʠʩʴ 

ʚ ʬʘʟʘʭ ʛʘʟʠʬʠʢʘʮʠʠ ʠ ʜʦʛʦʨʘʥʠʷ, ʘ ʪʘʢʞʝ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʮʠʢʣʘ ʛʦʨʝʥʠʷ (ʦʪ ʥʘʯʘʣʴʥʦʛʦ 

ʨʦʟʞʠʛʘ ʜʦ ʟʘʚʝʨʰʝʥʠʷ ʛʦʨʝʥʠʷ). ʂʦʥʮʝʥʪʨʘʮʠʠ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ (CO), ʫʛʣʝʢʠʩʣʦʛʦ 

ʛʘʟʘ (CO2), ʢʠʩʣʦʨʦʜʘ (O2), ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʛʘʟʦʦʙʨʘʟʥʳʭ ʚʳʙʨʦʩʦʚ (OGC), 

ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʜʘʚʣʝʥʠʝ ʠʟʤʝʨʷʣʠʩʴ ʦʥʣʘʡʥ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʜʳʤʦʭʦʜʘ. ʉ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ ʢʦʥʮʝʥʪʨʘʮʠʷ O2 ʚ ʦʪʭʦʜʷʱʠʭ ʛʘʟʘʭ ʙʳʣʘ ʥʠʞʝ, ʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʳʰʝ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʥʝʩʛʦʨʝʚʰʠʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʦʢʠʩʣʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʤ. ʉʥʠʞʝʥʠʝ ʚʳʙʨʦʩʦʚ CO ʩʦʩʪʘʚʠʣʦ 21%, ʘ OGC ï 14% ʟʘ ʚʝʩʴ 
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ʮʠʢʣ ʛʦʨʝʥʠʷ. ɺʦ ʚʨʝʤʷ ʬʘʟʳ ʜʦʛʦʨʘʥʠʷ ʙʳʣʦ ʜʦʩʪʠʛʥʫʪʦ ʩʥʠʞʝʥʠʝ ʚʳʙʨʦʩʦʚ CO ʜʦ 

80%. ʄʘʩʩʘ ʯʘʩʪʠʮ ʊʏ1 (ʯʘʩʪʠʮʳ ʩ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʨʘʟʤʝʨʦʤ ʤʝʥʝʝ 1 ʤʢʤ) ʙʳʣʘ 

ʩʥʠʞʝʥʘ ʥʘ 30% ʟʘ ʚʝʩʴ ʮʠʢʣ ʛʦʨʝʥʠʷ. ɺʦ ʚʨʝʤʷ ʛʘʟʠʬʠʢʘʮʠʠ ʩʥʠʞʝʥʠʝ ʊʏ1 ʩʦʩʪʘʚʠʣʦ 

44%, ʥʦ ʚ ʬʘʟʝ ʜʦʛʦʨʘʥʠʷ ʩʦʢʨʘʱʝʥʠʷ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. ʆʨʛʘʥʠʯʝʩʢʠʡ ʠ ʵʣʝʤʝʥʪʘʨʥʳʡ 

ʫʛʣʝʨʦʜ, ʚʳʜʝʣʝʥʥʳʝ ʠʟ ʊʏ1, ʩʥʠʟʠʣʠʩʴ ʥʘ 56% ʠ 37% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʦ ʪʦʣʴʢʦ ʚ ʬʘʟʝ 

ʛʘʟʠʬʠʢʘʮʠʠ. ʉʥʠʞʝʥʠʝ ʚʳʙʨʦʩʦʚ ʯʘʩʪʠʮ ʙʳʣʦ ʟʘʤʝʪʥʳʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ 

ʦ ʪʦʤ, ʯʪʦ ʢʘʪʘʣʠʟʘʪʦʨ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʯʘʩʪʠʮʳ ʯʝʨʝʟ ʦʢʠʩʣʝʥʠʝ ʢʦʥʜʝʥʩʠʨʫʝʤʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʘʨʦʚ ʠ ʩʘʞʠ. ʕʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʦʪʝʥʮʠʘʣ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʢʘʢ ʚʪʦʨʠʯʥʦʡ ʤʝʨ  r ʩʥʠʞʝʥʠʷ ʚʳʙʨʦʩʦʚ, ʦʜʥʘʢʦ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʥʠʟʢʠʭ ʚʳʙʨʦʩʦʚ 

ʥʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʪʝʭʥʦʣʦʛʠʠ ʫʣʫʯʰʝʥʥʦʛʦ ʛʦʨʝʥʠʷ. 

ʈʠʩʫʥʦʢ 33 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʨʘʟʣʠʯʠʝ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʩʨʝʜʥʝʡ ʤʘʩʩʳ ʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʘʤ 

ʩ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʠ ʙʝʟ ʥʝʛʦ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʤʘʩʩʳ ʯʘʩʪʠʮ, ʩʚʷʟʘʥʥʘʷ ʩ 

ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ, ʫʤʝʥʴʰʝʥʘ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 200 ʥʤ ʜʦ 1000 ʥʤ, ʥʦ ʥʠʞʥʷʷ ʯʘʩʪʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʪʨʦʥʫʪʘ ʤʝʥʴʰʝ, ʯʪʦ ʦʙʲʷʩʥʷʝʪ, ʧʦʯʝʤʫ ʵʣʝʤʝʥʪʘʨʥʳʡ ʫʛʣʝʨʦʜ 

ʩʥʠʞʘʝʪʩʷ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʝʤ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ. 

 

 

 
ʈʠʩʫʥʦʢ 33: ʉʨʝʜʥʝʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʩʩʳ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ (ʊʏ) ʧʦ ʨʘʟʤʝʨʘʤ ʧʨʠ ʩʞʠʛʘʥʠʠ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʦʥʚʝʨʪʝʨʘ (CAT) ʠ ʙʝʟ ʥʝʛʦ (NCAT), ʠʟʤʝʨʝʥʥʦʝ ʩ 

ʧʦʤʦʱʴʶ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ ʠʤʧʘʢʪʦʨʘ Dekati (DLPI). ʂʦʣʠʯʝʩʪʚʦ ʧʘʨʘʣʣʝʣʴʥʳʭ ʦʙʨʘʟʮʦʚ: 

ʜʣʷ NCAT ï ʯʝʪʳʨʝ, ʜʣʷ CAT ï ʪʨʠ (Hukkanen et al., 2012). 

 

ɺ ʜʨʫʛʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣ ʦʪʤʝʯʝʥ ʵʬʬʝʢʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʦʥʚʝʨʪʝʨʘ 

(ʈʠʩʫʥʦʢ 34) ʥʘ ʚʳʙʨʦʩʳ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ (Kaivosoja et al., 2012). ɺ ʵʪʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʝʨʝʟʦʚʳʝ ʜʨʦʚʘ ʩʞʠʛʘʣʠʩʴ ʚ ʜʨʦʚʷʥʦʡ ʧʝʯʠ (18 ʢɺʪ) ʩ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ 

ʢʦʥʚʝʨʪʝʨʦʤ ʠ ʙʝʟ ʥʝʛʦ, ʧʨʠ ʵʪʦʤ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʘʣʣʘʜʠʡ ʠ 

ʧʣʘʪʠʥʘ. ʂʦʥʮʝʥʪʨʘʮʠʠ ʇʍɼɼ/ʌ (ʧʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʭ ʜʠʙʝʥʟʦ-ʧʘʨʘ-ʜʠʦʢʩʠʥʦʚ ʠ 

ʜʠʙʝʥʟʦʬʫʨʘʥʦʚ), ʭʣʦʨʬʝʥʦʣʦʚ ʠ ʇɸʋ (ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ) ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʥʘ ʪʨʝʭ ʬʘʟʘʭ ʛʦʨʝʥʠʷ (ʨʦʟʞʠʛ, ʧʠʨʦʣʠʟ ʠ ʜʦʛʦʨʘʥʠʝ), 

ʘ ʪʘʢʞʝ ʜʣʷ ʚʩʝʛʦ ʮʠʢʣʘ ʛʦʨʝʥʠʷ. ɺʳʙʨʦʩʳ ʇʍɼɼ/ʌ ʙʝʟ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʦʥʚʝʨʪʝʨʘ 

ʥʘʭʦʜʠʣʠʩʴ ʥʘ ʫʨʦʚʥʝ, ʨʘʥʝʝ ʠʟʤʝʨʝʥʥʦʤ ʧʨʠ ʩʞʠʛʘʥʠʠ ʜʨʝʚʝʩʠʥʳ (0,15ï0,74 ʥʛ/ʅʤ3). 

ɺʳʙʨʦʩʳ ʇɸʋ ʙʝʟ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʦʥʚʝʨʪʝʨʘ ʙʳʣʠ ʚʳʩʦʢʠʤʠ (47ï85 ʤʛ/ʅʤ3), ʯʪʦ 
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ʪʠʧʠʯʥʦ ʜʣʷ ʧʦʨʮʠʦʥʥʦʛʦ ʩʞʠʛʘʥʠʷ ʜʨʝʚʝʩʥʦʛʦ ʪʦʧʣʠʚʘ. ʆʙʱʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʇɸʋ 

ʙʳʣʠ ʥʠʞʝ (ʚ ʩʨʝʜʥʝʤ ʚ 0,8 ʨʘʟʘ), ʘ ʫʨʦʚʥʠ ʭʣʦʨʬʝʥʦʣʦʚ ʠ ʇʍɼɼ/ʌ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ 

(ʚ 4,3 ʨʘʟʘ ʠ 8,7 ʨʘʟʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʦʥʚʝʨʪʝʨʘ. 

ʋʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʭʣʦʨʬʝʥʦʣʦʚ ʠ ʇʍɼɼ/ʌ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʩʚʷʟʘʥʦ ʩ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ ʧʣʘʪʠʥʳ ʠ ʧʘʣʣʘʜʠʷ. ʇʣʘʪʠʥʘ ʠ ʧʘʣʣʘʜʠʡ ʤʦʛʫʪ 

ʢʘʪʘʣʠʟʠʨʦʚʘʪʴ ʭʣʦʨʠʨʦʚʘʥʠʝ ʇʍɼɼ/ʌ ʯʝʨʝʟ ʨʝʘʢʮʠʶ ɼʠʢʦʥʘ ʠʣʠ ʦʢʠʩʣʠʪʝʣʴʥʳʡ 

ʧʨʦʮʝʩʩ. 

 

 
ʈʠʩʫʥʦʢ 34: ʇʨʦʧʦʨʮʠʠ ʨʘʟʣʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʇɸʋ ʚ ʦʙʱʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 14 ʇɸʋ 

(Kaivosoja et al., 2012) 

 

 ɼʨʫʛʠʝ ʪʝʭʥʦʣʦʛʠʠ ʠʣʠ ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʣʷ ʢʨʫʧʥʳʭ ʫʩʪʘʥʦʚʦʢ 

ʩʞʠʛʘʥʠʷ 

 

ʈʫʢʘʚʥʳʝ ʬʠʣʴʪʨʳ 

ʆʜʥʦʡ ʠʟ ʩʘʤʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʩʪʝʤ ʚʪʦʨʠʯʥʦʡ ʦʯʠʩʪʢʠ ʚʳʙʨʦʩʦʚ (SAES) ʜʣʷ ʪʚʝʨʜʳʭ 

ʯʘʩʪʠʮ ʷʚʣʷʝʪʩʷ ʨʫʢʘʚʥʳʡ ʬʠʣʴʪʨ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʵʪʘ ʩʠʩʪʝʤʘ ʩ ʚʳʩʦʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʫʣʘʚʣʠʚʘʥʠʷ ʯʘʩʪʦ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʟ-ʟʘ ʧʨʦʙʣʝʤ ʩ ʢʦʥʜʝʥʩʘʮʠʝʡ ʠʣʠ 

ʧʝʨʝʛʨʝʚʦʤ. ʆʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʩʞʠʛʘʥʠʷ ʙʠʦʤʘʩʩʳ ʤʘʣʦʡ ʠ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ 

ʩʪʘʥʦʚʠʪʩʷ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʣʦʢʘʣʴʥʳʤ ʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤ ʠʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠ, ʥʝ 

ʩʚʷʟʘʥʥʳʤ ʩ ʠʩʢʦʧʘʝʤʳʤ ʪʦʧʣʠʚʦʤ. ʆʜʥʘʢʦ ʪʘʢʠʝ ʫʩʪʘʥʦʚʢʠ ʨʝʜʢʦ ʦʩʥʘʱʝʥʳ SAES ʠʟ-

ʟʘ ʧʝʨʝʤʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʠ ʚʦʟʥʠʢʘʶʱʠʭ ʠʟ-ʟʘ ʵʪʦʛʦ ʧʨʦʙʣʝʤ ʩ ʢʦʥʜʝʥʩʘʮʠʝʡ. (Brandelet 

et al., 2020) ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʙʦʯʝʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʜʠʘʧʘʟʦʥʘ 

ʜʣʷ ʨʫʢʘʚʥʳʭ ʬʠʣʴʪʨʦʚ ʩ ʮʝʣʴʶ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʦʣʝʝ ʯʠʩʪʦʡ ʵʥʝʨʛʠʠ. ʇʨʦʚʝʜʝʥʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʷʩʥʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʪʦʯʢʘ ʨʦʩʳ ʜʳʤʘ ʧʨʠ ʣʶʙʳʭ ʫʩʣʦʚʠʷʭ ʩʛʦʨʘʥʠʷ ʠ 

ʣʶʙʳʭ ʚʠʜʘʭ ʪʦʧʣʠʚʘ ʚʩʝʛʜʘ ʚʳʰʝ 70 ÁC, ʪʦʛʜʘ ʢʘʢ ʙʝʟʦʧʘʩʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʨʫʢʘʚʥʳʭ 
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ʬʠʣʴʪʨʦʚ ʦʙʳʯʥʦ ʩʦʩʪʘʚʣʷʝʪ 110 ÁC. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʦʙʣʝʤʳ 

ʢʦʥʜʝʥʩʘʮʠʠ ʚʦʟʥʠʢʘʶʪ ʪʦʣʴʢʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʤʦʱʥʦʩʪʠ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʦʧʪʠʤʠʟʘʮʠʠ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʳʙʨʦʩʳ ʆɺʏ ʤʦʛʫʪ ʙʳʪʴ ʩʦʢʨʘʱʝʥʳ ʥʘ 55% 

(ʧʦ ʤʘʩʩʦʚʳʤ ʜʦʣʷʤ) ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʪʦʛʦ ʞʝ ʦʙʲʸʤʘ ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ʵʥʝʨʛʠʠ (ʈʠʩʫʥʦʢ 

35). 
 

ʈʠʩʫʥʦʢ 35: ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʨʫʢʘʚʥʳʭ ʬʠʣʴʪʨʦʚ (Brandelet et al., 2020) 

 

 

ʄʥʦʛʦʩʪʫʧʝʥʯʘʪʦʝ ʧʦʜʚʝʜʝʥʠʝ ʚʦʟʜʫʭʘ 

ɺʳʙʨʦʩʳ ʛʘʟʦʦʙʨʘʟʥʳʭ ʠ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʘʟʣʠʯʥʳʭ ʩʪʨʘʪʝʛʠʡ ʩʪʫʧʝʥʯʘʪʦʛʦ ʧʦʜʚʝʜʝʥʠʷ ʚʦʟʜʫʭʘ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʩʢʦʨʦʩʪʝʡ 

ʧʦʪʦʢʘ ʚʪʦʨʠʯʥʦʛʦ ʚʦʟʜʫʭʘ ʜʣʷ ʤʘʣʦʤʘʩʰʪʘʙʥʳʭ ʫʩʪʘʥʦʚʦʢ ʚ ʨʘʙʦʪʝ (Khodaei et al., 

2017). ɺ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʣʘʙʦʨʘʪʦʨʥʳʡ ʧʝʣʣʝʪʥʳʡ ʢʦʪʝʣ ʩ ʧʦʜʘʯʝʡ 

ʪʦʧʣʠʚʘ ʩʥʠʟʫ. ʉʪʨʘʪʝʛʠʠ ʧʦʜʘʯʠ ʚʦʟʜʫʭʘ ʧʨʠʤʝʥʷʣʠʩʴ ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʛʦʨʝʥʠʷ, 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʝʨʚʠʯʥʦʡ ʠ ʧʦʩʣʝʜʫʶʱʠʭ ʟʦʥʘʭ, ʘ ʪʘʢʞʝ ʚʳʙʨʦʩʦʚ NO, CO ʠ PM, ʩ 

ʫʯʸʪʦʤ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʚʦʟʜʫʭʘ ʠ ʪʦʧʣʠʚʘ. ʉʥʠʞʝʥʠʝ ʚʳʙʨʦʩʦʚ CO ʥʘ 

50% ʠ ʫʤʝʥʴʰʝʥʠʝ ʤʘʩʩʳ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʚ 9 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʩʪʫʧʝʥʯʘʪʳʤ 

ʩʞʠʛʘʥʠʝʤ ʜʦʩʪʠʛʥʫʪʳ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʜʫʣʷ ʩ ʨʘʚʥʦʤʝʨʥʦʡ ʧʦʜʘʯʝʡ ʚʪʦʨʠʯʥʦʛʦ 

ʚʦʟʜʫʭʘ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʚʳʰʝ ʪʦʧʣʠʚʥʦʛʦ ʩʣʦʷ. ʄʠʥʠʤʘʣʴʥʳʝ ʚʳʙʨʦʩʳ NO (ʥʘ 37% 

ʤʝʥʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʩʪʫʧʝʥʯʘʪʳʤ ʩʞʠʛʘʥʠʝʤ) ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʤʦʜʫʣʷ ʩ ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚʦʟʜʫʭʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʙʣʠʞʝ ʢ ʪʦʧʣʠʚʥʦʤʫ 

ʩʣʦʶ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ ʙʘʣʘʥʩ ʤʝʞʜʫ 

ʚʳʙʨʦʩʘʤʠ NO, CO ʠ ʊʏ, ʘ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʩʥʠʞʝʥʠʷ ʚʳʙʨʦʩʦʚ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʪʫʧʝʥʯʘʪʦʛʦ ʧʦʜʚʝʜʝʥʠʷ ʚʦʟʜʫʭʘ. ʆʜʥʘʢʦ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ 

ʚʪʦʨʠʯʥʦʛʦ ʚʦʟʜʫʭʘ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʩʥʠʞʝʥʠʶ NOx, ʥʦ ʩʥʠʞʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʩʛʦʨʘʥʠʷ, ʯʪʦ ʥʝʞʝʣʘʪʝʣʴʥʦ ʠʟ-ʟʘ ʩʚʷʟʘʥʥʳʭ ʩ ʵʪʠʤ ʧʨʦʙʣʝʤ, ʚʢʣʶʯʘʷ ʧʦʚʳʰʝʥʠʝ 

ʚʳʙʨʦʩʦʚ ʊʏ ʠ CO, ʘ ʪʘʢʞʝ ʩʥʠʞʝʥʠʝ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʪʚʝʨʜʳʭ 

ʯʘʩʪʠʮ ʦʩʦʙʝʥʥʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦ ʢ ʨʘʩʩʪʦʷʥʠʶ ʧʦʜʘʯʠ ʚʪʦʨʠʯʥʦʛʦ ʚʦʟʜʫʭʘ ʠ 

ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʝʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʤʦʜʫʣʷʭ. ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʩʣʝʜʦʚʘʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʪʘʢʠʝ ʢʘʢ ʨʝʮʠʨʢʫʣʷʮʠʷ ʦʪʭʦʜʷʱʠʭ ʛʘʟʦʚ (FGR), 

ʩʝʣʝʢʪʠʚʥʦʝ ʥʝʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ (SNCR), ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʩʪʫʧʝʥʯʘʪʦʝ 

ʩʞʠʛʘʥʠʝ (CS) ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʝʬʣʝʢʪʦʨʥʳʭ ʧʣʘʩʪʠʥ ʚ ʟʦʥʝ ʧʦʩʪ-ʛʦʨʝʥʠʷ ʜʣʷ 
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ʩʥʠʞʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ NOx ʧʨʠ ʨʘʙʦʪʝ ʙʠʦʤʘʩʩʦʚʳʭ ʫʩʪʘʥʦʚʦʢ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

 

ʇʦʚʪʦʨʥʦʝ ʩʞʠʛʘʥʠʝ ʪʦʧʣʠʚʘ 

ʇʦʚʪʦʨʥʦʝ ʩʞʠʛʘʥʠʝ ʪʦʧʣʠʚʘ ʚ ʟʦʥʝ ʚʪʦʨʠʯʥʦʛʦ ʛʦʨʝʥʠʷ ʦʙʳʯʥʦ ʩʣʫʞʠʪ ʜʣʷ ʩʥʠʞʝʥʠʷ 

ʦʙʨʘʟʦʚʘʥʠʷ NOx ʥʘ ʩʪʘʮʠʦʥʘʨʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʩʞʠʛʘʥʠʷ (ʈʠʩʫʥʦʢ 36). ʆʜʥʘʢʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʦʤʘʩʩʳ ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ ʜʣʷ ʧʦʚʪʦʨʥʦʛʦ ʩʞʠʛʘʥʠʷ ʤʦʞʝʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʶ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʧʨʦʜʫʢʪʦʚ ʥʝʧʦʣʥʦʛʦ ʩʛʦʨʘʥʠʷ. (Oluwoye et al., 2020) ʠʩʩʣʝʜʦʚʘʣʠ ʛʝʪʝʨʦʛʝʥʥʫʶ 

ʨʝʘʢʮʠʶ ʤʝʞʜʫ ʙʠʦʤʘʩʩʦʡ ʠ ʩʤʝʩʷʤʠ ʛʘʟʦʚ NO/O2, ʠʩʧʦʣʴʟʫʷ ʠʟʦʪʝʨʤʠʯʝʩʢʠʝ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʨʝʘʢʪʦʨʝ ʩ ʚʦʩʭʦʜʷʱʠʤ ʧʦʪʦʢʦʤ ʠ 

ʤʝʪʦʜ ʠʥʬʨʘʢʨʘʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩ ʜʠʬʬʫʟʥʳʤ ʦʪʨʘʞʝʥʠʝʤ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʌʫʨʴʝ 

(DRIFTS) ʚ ʫʩʣʦʚʠʷʭ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʥʘʛʨʝʚʘ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʜʦ 700 ÁC. ʄʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʭʦʜʝ ʪʝʨʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʵʪʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʷʩʥʠʣʠ 

ʦʙʨʘʟʦʚʘʥʠʝ ʥʠʪʨʘʪʥʳʭ ʩʪʨʫʢʪʫʨ, ʢʘʢ ʘʢʪʠʚʥʳʭ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʚʠʜʦʚ ʛʝʪʝʨʦʛʝʥʥʦʡ 

ʨʝʘʢʮʠʠ. ɸʟʦʪʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ ʩʦʭʨʘʥʷʶʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʪʘʪʦʯʥʦʡ ʟʦʣʳ, 

ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ N-ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʥʠʪʨʦ-ʇɸʋ. 

ʇʦʣʫʯʝʥʥʳʝ ʧʨʦʜʫʢʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʠʪʨʦ-ʇɸʋ ʠ ʜʨʫʛʠʭ ʬʦʨʤ 

«ʙʫʨʦʛʦ ʫʛʣʝʨʦʜʘ». 
 

ʈʠʩʫʥʦʢ 36: ʉʭʝʤʘʪʠʯʝʩʢʘʷ ʜʠʘʛʨʘʤʤʘ ʪʨʝʭ ʩʪʘʜʠʡ ʧʨʦʮʝʩʩʘ ʧʦʚʪʦʨʥʦʛʦ ʩʞʠʛʘʥʠʷ 

ʙʠʦʤʘʩʩʳ (Oluwoye et al., 2020). 

 

 

ʊʝʧʣʦʚʦʝ ʥʘʢʦʧʣʝʥʠʝ ʵʥʝʨʛʠʠ 

ʆʜʠʥ ʠʟ ʧʦʜʭʦʜʦʚ ʢ ʩʥʠʞʝʥʠʶ ʚʳʙʨʦʩʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʚʳʰʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʩʠʩʪʝʤʳ ʠ ʦʛʨʘʥʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʮʠʢʣʦʚ ʨʘʙʦʪʳ ʢʦʪʣʘ, ʚʢʣʶʯʘʶʱʠʭ ʧʝʨʠʦʜʳ ʟʘʧʫʩʢʘ 

ʠ ʦʩʪʘʥʦʚʢʠ, ʚ ʢʦʪʦʨʳʭ ʫʨʦʚʥʠ ʚʳʙʨʦʩʦʚ ʚʳʰʝ, ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʧʣʦʚʦʛʦ 

ʥʘʢʦʧʠʪʝʣʷ ʚ ʩʦʩʪʘʚʝ ʩʠʩʪʝʤʳ ʢʦʪʣʘ (Wang et al., 2019). ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 
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ʠʟʤʝʨʷʣʠʩʴ ʚʳʙʨʦʩʳ ʦʪ ʢʦʪʣʦʚ ʥʘ ʜʨʝʚʝʩʥʳʭ ʛʨʘʥʫʣʘʭ ʤʦʱʥʦʩʪʴʶ 25 ʢɺʪ, 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʚ ɽʚʨʦʧʝ, ʥʦ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʚ ʉʐɸ, (PB ʠ WPB) ʩ ʪʝʧʣʦʚʳʤ 

ʥʘʢʦʧʠʪʝʣʝʤ (TES), ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩʫʥʢʝ 37, ʚ ʫʩʣʦʚʠʷʭ ʚ ʨʝʘʣʴʥʳʭ ʜʦʤʘʰʥʠʭ 

ʫʩʣʦʚʠʷʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʦʪʙʦʨʘ ʧʨʦʙ EPA CTM-039, ʚʢʣʶʯʘʶʱʝʛʦ 

ʢʦʥʜʝʥʩʠʨʫʶʱʠʝʩʷ ʚʝʱʝʩʪʚʘ. ʕʪʠ ʠʟʤʝʨʝʥʠʷ ʧʦʟʚʦʣʠʣʠ ʦʮʝʥʠʪʴ ʩʥʠʞʝʥʠʝ ʚʳʙʨʦʩʦʚ 

ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ TES. ʋ PB ʚʳʙʨʦʩʳ ʙʳʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʫ WPB, ʠʟ-ʟʘ 

ʯʘʩʪʦʛʦ ʣʦʢʘʣʴʥʦʛʦ ʜʝʬʠʮʠʪʘ ʢʠʩʣʦʨʦʜʘ, ʚʳʟʳʚʘʚʰʝʛʦ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʛʦʨʝʥʠʝ, ʯʪʦ 

ʧʦʜʯʝʨʢʠʚʘʝʪ ʚʘʞʥʦʩʪʴ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʥʘʩʪʨʦʡʢʠ ʢʠʩʣʦʨʦʜʘ ʥʘ ʤʝʩʪʝ ʧʦʩʣʝ ʫʩʪʘʥʦʚʢʠ 

ʢʦʪʣʘ. ʏʘʩʪʠʮʳ ʚ ʚʳʙʨʦʩʘʭ ʚ ʦʩʥʦʚʥʦʤ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʊʏ2,5, ʩʦʩʪʦʷʱʠʝ ʠʟ 

ʩʦʝʜʠʥʝʥʠʡ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʩ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ, ʪʘʢʠʭ ʢʘʢ K2SO4, 

KCl, Na2SO4, CaCl2 ʠ ʪ.ʜ. ɺr ʙʨʦʩʳ ʊʏ2,5, ʠ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ (ʇɸʋ) ʫʚʝʣʠʯʠʚʘʣʠʩʴ ʣʠʥʝʡʥʦ ʩ ʨʦʩʪʦʤ ʩʦʜʝʨʞʘʥʠʷ CO, ʪʘʢ ʢʘʢ ʦʥʠ 

ʷʚʣʷʶʪʩʷ ʧʨʦʜʫʢʪʘʤʠ ʥʝʧʦʣʥʦʛʦ ʩʛʦʨʘʥʠʷ. ʆʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʢʦʪʣʦʚ ʙʳʣʠ 

ʜʦʩʪʠʛʥʫʪʳ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʢʠʩʣʦʨʦʜʘ ʚ ʦʪʭʦʜʷʱʠʭ ʛʘʟʘʭ ʥʘ ʫʨʦʚʥʝ 12%, ʯʪʦ ʥʘ 2% 

ʚʳʰʝ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʟʥʘʯʝʥʠʷ ʚ 10%, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ 

ʚʳʙʨʦʩʳ CO. ʇʦʪʝʥʮʠʘʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʚʳʙʨʦʩʦʚ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʩʪʝʤʳ ʩ 

ʪʝʧʣʦʚʳʤ ʥʘʢʦʧʠʪʝʣʝʤ (TES) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʠʩʪʝʤʦʡ ʙʝʟ TES ʙʳʣʦ ʦʮʝʥʝʥʦ ʧʦ ʪʨʝʤ 

ʩʮʝʥʘʨʠʷʤ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʢʘʢ ʛʘʟʦʦʙʨʘʟʥʳʭ, ʪʘʢ ʠ 

ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʳʝ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʝ 

ʧʝʣʣʝʪʥʳʝ ʢʦʪʣʳ ʩ ʩʠʩʪʝʤʘʤʠ TES ʤʦʛʫʪ ʧʨʦʠʟʚʦʜʠʪʴ ʪʝʧʣʦ ʩ ʤʝʥʴʰʠʤʠ ʩʫʤʤʘʨʥʳʤʠ 

ʚʳʙʨʦʩʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʠʩʪʝʤʘʤʠ ʙʝʟ TES. 
 

ʈʠʩʫʥʦʢ 37: ʉʭʝʤʘʪʠʯʝʩʢʘʷ ʜʠʘʛʨʘʤʤʘ ʩʠʩʪʝʤ ʙʝʟ ʪʝʧʣʦʚʦʛʦ ʥʘʢʦʧʠʪʝʣʷ (TES) ʠ ʩ 

ʪʝʧʣʦʚʳʤ ʥʘʢʦʧʠʪʝʣʝʤ (TES) ʧʦ ʜʘʥʥʳʤ (Wang et al., 2019). 
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 ʆʧʦʣʘʩʢʠʚʘʥʠʝ ʜʨʝʚʝʩʠʥʳ 

ɼʣʷ ʩʦʢʨʘʱʝʥʠʷ ʚʳʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʦʪ ʩʞʠʛʘʥʠʷ ʙʠʦʤʘʩʩʳ (Schmidt et al., 

2018) ʠʟʫʯʠʣʠ ʤʝʪʦʜ ʦʧʦʣʘʩʢʠʚʘʥʠ ̫ʜʨʝʚʝʩʠʥʳ. ʇʦʣʝʥʴʷ ʜʨʝʚʝʩʠʥʳ ʧʨʦʤʳʚʘʣʠ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʣʷ ʠʤʠʪʘʮʠʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʚʳʤʳʚʘʥʠʷ ʜʦʞʜʝʤ ʧʝʨʝʜ 

ʩʞʠʛʘʥʠʝʤ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʧʝʯʠ (2010-ʭ ʛʦʜʦʚ) ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʴʶ 6,3 ʢɺʪ. ʉʳʨʳʝ 

ʠ ʚʳʤʳʪʳʝ ʧʦʣʝʥʴʷ (ʜʫʙ, ʙʫʢ ʠ ʝʣʴ) ʩʞʠʛʘʣʠʩ,ɹ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʳʣʦ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʥʘ 

ʠʭ ʪʚʝʨʜʳʭ ʠ ʛʘʟʦʦʙʨʘʟʥʳʭ ʚʳʙʨʦʩʘʭ (ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʚʟʚʝʰʝʥʥʳʭ ʯʘʩʪʠʮ (ʆɺʏ), 

ʪʚʝʨʜʳʝ ʯʘʩʪʠʮʳ ʩ ʜʠʘʤʝʪʨʦʤ ʤʝʥʝʝ 2,5 ʤʢʤ (ʊʏ2,5), ʤʦʥʦʢʩʠʜ ʫʛʣʝʨʦʜʘ (CO), ʦʢʩʠʜʳ 

ʘʟʦʪʘ (NOx) ʠ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʣʝʪʫʯʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ (ʃʆʉ)). ʊʘʢʞʝ 

ʠʟʤʝʨʷʣʠʩʴ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ (ʇɸʋ), ʘʣʴʜʝʛʠʜʳ ʠ 

ʤʘʨʢʝʨʳ ʜʨʝʚʝʩʠʥʳ, ʪʘʢʠʝ ʢʘʢ ʬʝʥʦʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʫʯʠʪʳʚʘʷ 

ʪʦʢʩʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʚʳʙʨʦʩʦʚ, ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ 

ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʠ ʛʘʟʦʦʙʨʘʟʥʳʭ ʇɸʋ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʱʘʝʪʩʷ (ʥʘ 96%) ʚ ʩʣʫʯʘʝ 

ʩʛʦʨʘʥʠʷ ʚʳʤʳʪʦʡ ʝʣʠ (ʈʠʩʫʥʦʢ 38). ʂʦʵʬʬʠʮʠʝʥʪ r ʚʳʙʨʦʩʦʚ CO ʠ ʊʏ ʧʨʠ 

ʩʞʠʛʘʥʠʠ ʚʳʤʳʪʦʡ ʜʨʝʚʝʩʠʥʳ ʪʘʢʞʝ ʩʥʠʞʘʶʪʩʷ ʜʦ 50% ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ 

ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʨʝʚʝʩʠʥʳ. ɹʦʣʝʝ ʪʦʛʦ, ʚʳʙʨʦʩʳ ʬʝʥʦʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʙʝʥʟʦʣʘ, 

ʪʦʣʫʦʣʘ, ʵʪʠʣʙʝʥʟʦʣʘ, ʢʩʠʣʦʣʦʚ ʠ ʪʨʠʤʝʪʠʣʙʝʥʟʦʣʘ (BTEXT) ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ 

ʫʤʝʥʴʰʝʥʳ ʙʣʘʛʦʜʘʨʷ ʦʧʦʣʘʩʢʠʚʘʥʠʶ ʙʠʦʤʘʩʩʳ. ʉʞʠʛʘʥʠʝ ʚʳʤʳʪʦʛʦ ʜʫʙʘ ʧʨʠʚʦʜʠʪ ʢ 

ʯʝʪʢʦʤʫ ʩʥʠʞʝʥʠʶ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ BTEXT ʥʘ 60%. ɺr ʙʨʦʩʳ ʬʝʥʦʣʘ ʩʥʠʞʘʶʪʩʷ ʥʘ 

91% ʧʨʠ ʩʞʠʛʘʥʠʠ ʚʳʤʳʪʦʡ ʜʨʝʚʝʩʠʥʳ ʝʣʠ. ʕʪʠ ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ 

ʧʨʝʢʫʨʩʦʨʘʤʠ ʚʪʦʨʠʯʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʘʵʨʦʟʦʣʝʡ (SOA). 
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ʈʠʩʫʥʦʢ 38: (a) ɼʠʥʘʤʠʢʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʳʙʨʦʩʦʚ ʇɸʋ ʚ ʦʙʨʘʙʦʪʘʥʥʦʡ ʜʨʝʚʝʩʠʥʳ 

(ʦʙʱʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʳʙʨʦʩʦʚ ʜʣʷ ʪʨʝʭ ʬʘʟ: ʪʚʝʨʜʘʷ, ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʘʷ ʠ ʛʘʟʦʦʙʨʘʟʥʘʷ); 

(b) ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʮʠʢʣʦʚ ʦʙʱʠʭ ʚʳʙʨʦʩʦʚ ʇɸʋ (ʜʘʥʥʳʝ ʚʳʨʘʞʝʥʳ ʚ 

ʤʢʛ/ʢʛdw); ʠ (c) ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʮʠʢʣʦʚ ʦʙʱʠʭ ʚʳʙʨʦʩʦʚ ʇɸʋ, ʚʳʨʘʞʝʥʥʳʭ ʚ 

ʪʦʢʩʠʯʝʩʢʦʤ ʵʢʚʠʚʘʣʝʥʪʝ (ʜʘʥʥʳʝ ʚʳʨʘʞʝʥʳ ʚ ʤʢʛ ɻ ʢʚ. ɹʝʥʟʦ[ʘ]ʧʠʨʝʥʘ/ ʢʛdw) ï ʠʟ (Schmidt 

et al., 2018)
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 ʂʣʶʯʝʚʳʝ ʚʳʚʦʜʳ 

ʉʞʠʛʘʥʠʝ ʙʠʦʤʘʩʩʳ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʨʘʟʣʠʯʥʳʭ ʤʘʩʰʪʘʙʘʭ. ʍʦʪʷ ʦʩʥʦʚʥʦʡ 

ʧʨʠʥʮʠʧ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʳʤ, ʪʝʭʥʦʣʦʛʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʨʘʟʤʝʨʘ ʫʩʪʘʥʦʚʢʠ ï ʦʪ ʜʨʦʚʷʥʳʭ ʧʝʯʝʡ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʜʦʤʘʭ, ʜʦ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʢʦʪʣʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʩʦʪʥʠ ʤʝʛʘʚʘʪʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ/ʠʣʠ ʪʝʧʣʘ 

ʜʣʷ ʩʦʪʝʥ ʪʳʩʷʯ ʞʠʪʝʣʝʡ. ʋʩʪʘʨʝʚʰʠʝ ʫʩʪʨʦʡʩʪʚʘ ʚ ɽʚʨʦʧʝ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʜʨʦʚʘ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʠʟʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠ ʥʝʧʦʣʥʳʤ ʩʛʦʨʘʥʠʝʤ: ʦʪʢʨʳʪʳʝ ʢʘʤʠʥʳ 

ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʟʘʛʨʷʟʥʷʶʱʠʤʠ, ʧʦʩʢʦʣʴʢʫ ʵʪʦ ʥʘʠʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ 

ʩʞʠʛʘʥʠʷ (ʂʇɼ ʥʠʞʝ 30%). ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʥʝʚʦʟʤʦʞʥʦʩʪʴʶ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ 

ʩʞʠʛʘʥʠʷ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʥʝʧʦʣʥʦʛʦ, ʘ ʟʥʘʯʠʪ, ʦʩʦʙʝʥʥʦ ʟʘʛʨʷʟʥʷʶʱʝʛʦ 

ʩʞʠʛʘʥʠʷ. ʅʘʧʨʦʪʠʚ, ʩʦʚʨʝʤʝʥʥʳʝ ʧʝʯʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʫʶ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʩʣʝʜʫʶʱʠʝ ʢʣʶʯʝʚʳʝ ʚʳʚʦʜʳ: 

- ɺʦʟʜʝʡʩʪʚʠʝ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʟʜʫʭʘ ʢʘʢ ʚʥʫʪʨʠ ʧʦʤʝʱʝʥʠʡ, ʪʘʢ ʠ ʩʥʘʨʫʞʠ 
ʥʝʛʘʪʠʚʥʦ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʟʜʦʨʦʚʴʝ ʜʳʭʘʪʝʣʴʥʦʡ ʠ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤ. 

ʅʝʜʘʚʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʘʢʞʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʝʛʦ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʢʦʛʥʠʪʠʚʥʳʝ 

ʬʫʥʢʮʠʠ. ʆʪʢʨʳʪʳʝ ʢʘʤʠʥʳ, ʪʨʘʜʠʮʠʦʥʥʳʝ ʧʝʯʠ ʠ ʧʣʠʪʳ, ʙʫʜʫʯʠ ʠʩʪʦʯʥʠʢʘʤʠ 

ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʟʜʫʭʘ, ʤʦʛʫʪ ʩʪʘʥʦʚʠʪʴʩʷ ʧʨʠʯʠʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʥʝʩʧʨʘʚʝʜʣʠʚʦʩʪʠ (ʛʝʥʜʝʨʥʦʡ, ʚʦʟʨʘʩʪʥʦʡ), ʦʩʦʙʝʥʥʦ ʚ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʩʪʨʘʥʘʭ. 

ɹʦʨʴʙʘ ʩ ʟʘʛʨʷʟʥʝʥʠʝʤ ʦʪ ʩʞʠʛʘʥʠʷ ʜʨʝʚʝʩʠʥʳ ʚ ʞʠʣʦʤ ʩʝʢʪʦʨʝ ʩʧʦʩʦʙʥʘ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʚʣʠʷʥʠʝ ʥʘ ʟʜʦʨʦʚʴʝ (ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʵʪʠʤ ʟʘʪʨʘʪʳ) ʠ 

ʙʳʩʪʨʦʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʢʣʠʤʘʪ, ʜʘʞʝ ʝʩʣʠ ʵʪʦʪ ʵʬʬʝʢʪ ʩʣʘʙʝʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʧʘʨʥʠʢʦʚʳʤʠ ʛʘʟʘʤʠ. 

- ɺʳʙʨʦʩʳ ʯʝʨʥʦʛʦ ʫʛʣʝʨʦʜʘ ʦʪ ʙʳʪʦʚʦʛʦ ʩʞʠʛʘʥʠʷ ʚʥʦʩʪ̫ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʡ 

ʚʢʣʘʜ ʥʘ ʛʣʦʙʘʣʴʥʦʤ ʫʨʦʚʥʝ. ɺ ɽʉ27+ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ ʚʳʙʨʦʩʳ ʯʝʨʥʦʛʦ ʫʛʣʝʨʦʜʘ  

ʦʪ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʞʠʛʘʥʠʷ ʚ ʪʨʠ ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʦʪ ʣʝʛʢʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʚ 2018 

ʛʦʜʫ. ʕʪʠ ʚʳʙʨʦʩʳ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʩʚʷʟʘʥʳ ʩ ʩʞʠʛʘʥʠʝʤ ʙʠʦʤʘʩʩʳ, ʦʩʦʙʝʥʥʦ 

ʜʨʝʚʝʩʠʥʳ. 

- ʂʦʥʮʝʥʪʨʘʮʠʠ ʯʝʨʥʦʛʦ ʫʛʣʝʨʦʜʘ ʚ ʦʪʭʦʜʷʱʠʭ ʛʘʟʘʭ ʦʙʳʯʥʦ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʪʝʨʤʦʦʧʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʠ, ʚʝʨʦʷʪʥʦ, ʚʢʣʶʯʘʶʪ ʯʘʩʪʴ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. 

ʆʄ ʦʙʳʯʥʦ ʚʳʯʠʩʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʠʟʤʝʨʝʥʠʡ OC ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʨʤʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ.  

- ʊʏ, ʚʳʜʝʣʷʝʤʳʝ ʧʨʠ ʩʞʠʛʘʥʠʠ ʙʠʦʤʘʩʩʳ ʚ ʤʘʣʳʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʚ ʦʩʥʦʚʥʦʤ 

ʩʦʩʪʦʷʪ ʠʟ ʫʛʣʝʨʦʜʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ (EC ʠ ʆʄ). ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʯʘʩʪʠʮ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʜʠʘʤʝʪʨʦʤ ʤʝʥʝʝ 2,5 ʤʢʤ. 

ɺʪʦʨʠʯʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʯʘʩʪʠʮ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʙʘʚʣʝʥʠʷ ʜʳʤʦʚʦʛʦ 

ʰʣʝʡʬʘ ʠ ʜʘʣʝʝ ʚ ʘʪʤʦʩʬʝʨʥʳʭ ʫʩʣʦʚʠʷʭ. 

- ɹʝʨʝʟʘ, ʝʣʴ ʠ ʩʦʩʥʘ ʯʘʩʪʦ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʘʤʳʝ ʚʳʩʦʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʳʙʨʦʩʦʚ 

ʊʏ, ʏʋ ʠ ʇɸʋ. ʉʳʨʘʷ ʧʠʭʪʘ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʚʳʙʨʦʩʦʚ ʇɸʋ. 

ɼʫʙ ʚʳʜʝʣʷʝʪ ʥʘʠʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʏʋ. ʉʞʠʛʘʥʠʝ ʚʣʘʞʥʦʡ ʜʨʝʚʝʩʠʥʳ ʥʝ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ, ʢʘʢ ʫʢʘʟʘʥʦ ʚ çʂʦʜʝʢʩʝ ʥʘʜʣʝʞʘʱʝʡ ʧʨʘʢʪʠʢʠ, ʢʘʩʘʶʱʝʡʩʷ 

ʩʞʠʛʘʥʠʷ ʜʨʝʚʝʩʥʦʛʦ ʪʦʧʣʠʚʘ ʠ ʤʘʣʳʭ ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʩʞʠʛʘʥʠʷè (ʎɻ ʊʕɺ, 2019), 

ʦʜʥʘʢʦ ʥʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʚʳʙʨʦʩʳ ʊʏ1, ʇɸʋ ʠ ʏʋ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʯʝʥʴ ʩʫʭʦʡ ʜʨʝʚʝʩʠʥʳ (11%) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʣʘʞʥʦʡ 

ʜʨʝʚʝʩʠʥʦʡ (18%), ʭʦʪʷ ʯʠʩʣʦ ʯʘʩʪʠʮ ʙʳʣʦ ʥʠʞʝ ʜʣʷ ʩʫʭʦʡ ʜʨʝʚʝʩʠʥʳ. 

- ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʧʝʯʝʡ ʩ ʧʝʨʝʜʦʚʳʤʠ ʤʝʪʦʜʘʤʠ ʦʛʨʘʥʠʯʝʥʠʷ 

ʚʳʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʛʦʨʝʣʢʠ, ʜʨʝʚʝʩʥʳʝ 

ʛʨʘʥʫʣʳ ʠ ʢʘʤʝʥʥʳʝ ʧʝʯʠ, ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʩʪʘʥʜʘʨʪʦʚ ʚʳʙʨʦʩʦʚ, ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʧʦʩʣʝʜʥʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʵʢʦʜʠʟʘʡʥʘ ɽʉ. ɿʘʧʨʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʥʝʵʢʦʤʘʨʢʠʨʦʚʘʥʥʳʭ ʧʝʯʝʡ ʚ ʥʝʢʦʪʦʨʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦʢʘʟʘʥ ʢʘʢ ʥʘʠʙʦʣʝʝ 
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ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʪʦʜ. ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʛʦʨʝʣʦʢ ʤʦʞʝʪ 

ʫʚʝʣʠʯʠʪʴ ʚʳʙʨʦʩʳ ʇʍɼɼ/ʌ ʠʟ-ʟʘ ʚʦʟʜʝʡʩʪʚʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʉʦʚʨʝʤʝʥʥʳʝ ʧʝʯʠ 

ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʶʪ ʚʳʙʨʦʩʳ ʦʨʛʘʥʠʯʝʩʢʠʭ ʛʘʟʦʚ, ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʚʣʠʷʝʪ ʥʘ ʫʤʝʥʴʰʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʦʙʨʘʟʦʚʘʥʠʷ ʚʪʦʨʠʯʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʘʵʨʦʟʦʣʷ. 

- ɸʚʪʦʤʘʪʠʯʝʩʢʘʷ ʧʦʜʘʯʘ ʪʦʧʣʠʚʘ ʠ ʫʣʫʯʰʝʥʠʝ ʩʞʠʛʘʥʠʷ ʧʨʠ ʧʦʤʦʱʠ 

ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʦʛʦ ʧʦʜʚʝʜʝʥ ̫ ʚʦʟʜʫʭʘ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʶʪ ʂʇɼ. 

ʅʠʟʢʦʟʘʪʨʘʪʥʳʝ ʩʪʨʘʪʝʛʠʠ ʤʦʜʝʨʥʠʟʘʮʠʠ, ʩ ʧʦʜʘʯʝʡ ʚʦʟʜʫʭʘ ʥʘ ʪʨʘʜʠʮʠʦʥʥʳʝ 

ʧʝʯʠ ʤʦʛʫʪ ʩʥʠʟʠʪʴ ʚʳʙʨʦʩʳ ʊʏ ʠ ʯʝʨʥʦʛʦ ʫʛʣʝʨʦʜʘ. ʉʣʝʜʫʝʪ ʠʟʙʝʛʘʪʴ ʚʳʩʦʢʠʭ 

ʩʢʦʨʦʩʪʝʡ ʛʦʨʝʥʠʷ, ʪʘʢ ʢʘʢ ʦʥʠ ʩʚʷʟʘʥʳ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʚʳʙʨʦʩʘʤʠ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ. 

- ɼʨʦʚʷʥʳʝ ʧʝʯʠ, ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʜʨʝʚʝʩʥʳʭ ʛʨʘʥʫʣʘʭ, ʠʤʝʶʪ ʚ 2ï3 ʨʘʟʘ ʙʦʣʝʝ 

ʥʠʟʢʠʝ ʚʳʙʨʦʩʳ ʊʏ, EC ʠ ʇɸʋ, ʯʝʤ ʧʝʯʠ, ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʜʨʝʚʝʩʥʳʭ ʧʦʣʝʥʴʷʭ ʚ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʭ ʜʨʦʚʷʥʳʭ ʧʝʯʘʭ. ʆʜʥʘʢʦ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʩʦʢʨʘʱʝʥʠʠ 

ʯʠʩʣʘ ʯʘʩʪʠʮ ʥʠʞʝ ʦʞʠʜʘʝʤʦʡ. 

- ʕʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʬʠʣʴʪʨʳ (ESP) ʤʦʛʫʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʦʡ ʩʪʨʘʪʝʛʠʝʡ 

ʩʥʠʞʝʥʠʷ ʚʳʙʨʦʩʦʚ ʯʘʩʪʠʮ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʙʦʣʝʝ 99% ʦʙʳʯʥʦ ʜʦʩʪʠʛʘʝʪʩʷ ʥʘ 

ʫʩʪʘʥʦʚʢʘʭ ʜʣʷ ʩʞʠʛʘʥʠʷ, ʦʜʥʘʢʦ ʥʘ ʧʨʘʢʪʠʢʝ ʵʪʘ ʪʝʭʥʦʣʦʛʠʷ ʥʝ ʧʦʜʭʦʜʠʪ ʜʣʷ 

ʙʳʪʦʚʳʭ ʧʨʠʙʦʨʦʚ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ESP ʚ ʦʪʥʦʰʝʥʠʠ ʩʦʢʨʘʱʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ 

ʧʦʢʘ ʥʝʷʩʥʘ. ʇʨʠ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʷʭ ʛʦʨʝʥʠʷ ʧʦʩʣʝ ESP ʚʦ ʚʨʝʤʷ 

ʦʭʣʘʞʜʝʥʠʷ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʤʦʞʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʠʟ-ʟʘ 

ʢʦʥʜʝʥʩʠʨʫʶʱʠʭʩʷ ʩʦʝʜʠʥʝʥʠʡ. 

- ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʪʨʘʪʝʛʠʠ, ʪʘʢʠʝ ʢʘʢ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤ ʪʝʧʣʦʚʳʭ 

ʥʘʢʦʧʠʪʝʣʝʡ (TES), ʧʦʤʦʛʘʶʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʮʠʢʣ ʥʘʛʨʝʚʘ ʚ ʧʝʨʠʦʜʳ ʟʘʧʫʩʢʘ ʠ 

ʦʩʪʘʥʦʚʢʠ. ɿʘʧʫʩʢ ʩʯʠʪʘʝʪʩʷ ʢʨʠʪʠʯʝʩʢʦʡ ʬʘʟʦʡ ʩ ʚʳʩʦʢʠʤʠ ʚʳʙʨʦʩʘʤʠ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ. 

- ʌʦʨʤʠʨʦʚʘʥʠʝ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʟʥʘʯʠʪʝʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʧʦʜʘʯʠ 
ʚʪʦʨʠʯʥʦʛʦ ʚʦʟʜʫʭʘ ʠ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʝʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʤʦʜʫʣʷʭ ʧʦʜʘʯʠ 

ʚʦʟʜʫʭʘ. ʆʧʪʠʤʠʟʘʮʠʷ ʩʪʫʧʝʥʯʘʪʦʡ ʧʦʜʘʯʠ ʚʦʟʜʫʭʘ ʤʦʞʝʪ ʩʥʠʟʠʪʴ ʚʳʙʨʦʩʳ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ. ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʨʘʪʝʛʠʠ ʩʪʫʧʝʥʯʘʪʦʡ ʧʦʜʘʯʠ 

ʚʦʟʜʫʭʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʧʦʚʪʦʨʥʳʤ ʩʞʠʛʘʥʠʝʤ ʜʣʷ ʩʥʠʞʝʥʠʷ ʚʳʙʨʦʩʦʚ NOx ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʠʪʨʦ-ʇɸʋ, ʠʟʚʝʩʪʥʳʭ ʩʚʦʠʤ ʚʳʩʦʢʠʤ ʢʘʥʮʝʨʦʛʝʥʥʳʤ 

ʧʦʪʝʥʮʠʘʣʦʤ. 

- ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (ʎɻ ʊʕɺ, 2019), ʤʦʞʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʥʦʚʳʝ 
ʪʝʭʥʦʣʦʛʠʠ: ʩʦʚʨʝʤʝʥʥʳʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʝ ʧʝʯʠ ʩ ʫʣʫʯʰʝʥʥʳʤ ʢʦʥʪʨʦʣʝʤ 

ʧʦʜʘʯʠ ʚʦʟʜʫʭʘ, ʦʪʨʘʞʘʶʱʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʠ ʜʚʫʤʷ ʢʘʤʝʨʘʤʠ ʩʛʦʨʘʥʠʷ; ʫʤʥʳʝ 

ʧʝʯʠ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʫʧʨʘʚʣʝʥʠʝʤ ʧʦʜʘʯʝʡ ʚʦʟʜʫʭʘ ʠ ʛʦʨʝʥʠʝʤ, 

ʪʝʨʤʦʩʪʘʪʠʯʝʩʢʠʤ ʫʧʨʘʚʣʝʥʠʝʤ, Wi-Fi-ʩʦʝʜʠʥʝʥʠʝʤ ʜʣʷ ʩʙʦʨʘ ʠ ʦʪʧʨʘʚʢʠ ʜʘʥʥʳʭ 

ʦ ʛʦʨʝʥʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʶ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʦʙʩʣʫʞʠʚʘʥʠʷ; ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʝ 

ʢʘʤʝʥʥʳʝ ʧʝʯʠ, ʨʘʙʦʪʘʶʱʠʝ ʩ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠ ʥʠʟʢʠʤʠ ʚʳʙʨʦʩʘʤʠ; 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʢʦʪʣʳ ʥʘ ʛʨʘʥʫʣʘʭ: ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʢʦʪʣʳ 

(ʵʣʝʢʪʨʦʥʥʳʡ ʢʦʥʪʨʦʣʴ ʧʦʜʘʯʠ ʚʦʟʜʫʭʘ, ʜʘʪʯʠʢʠ ʣʷʤʙʜʘ), ʢʦʥʜʝʥʩʘʮʠʦʥʥʳʝ 

ʢʦʪʣʳ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʩʪʘʥʜʘʨʪʥʳʝ ʧʝʣʣʝʪʳ; ʢʦʪʣʳ, ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʜʨʦʚʘʭ ʠʣʠ 

ʜʨʝʚʝʩʥʦʡ ʱʝʧʝ; ʊʝʧʣʦʘʢʢʫʤʫʣʠʨʫʶʱʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʩʥʠʞʘʶʱʝʝ ʯʘʩʪʦʪʫ 

ʦʩʪʘʥʦʚʦʢ/ʟʘʧʫʩʢʦʚ ʠ ʨʘʙʦʪʫ ʥʘ ʯʘʩʪʠʯʥʦʡ ʥʘʛʨʫʟʢʝ, ʢʦʪʦʨʘʷ ʛʝʥʝʨʠʨʫʝʪ ʙʦʣʝʝ 

ʚʳʩʦʢʠʝ ʚʳʙʨʦʩʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʣʥʦʡ ʥʘʛʨʫʟʢʦʡ. ɼʨʫʛʠʝ ʪʝʭʥʦʣʦʛʠʠ: 

ʨʝʮʠʨʢʫʣʷʮʠʷ ʜʳʤʦʚʳʭ ʛʘʟʦʚ, ʦʙʨʘʪʥʦʝ ʛʦʨʝʥʠʝ, ʛʘʟʠʬʠʢʘʪʦʨʳ. 

- ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʮʝʜʫʨʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʜʣʷ ʜʣʷ ʚʳʜʘʯʠ ʵʢʦʤʘʨʢʠʨʦʚʢʠ ʥʝ 

ʤʦʛʫʪ ʧʦʣʥʦʩʪʴʶ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʨʝʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʳʪʦʚʳʭ 

ʫʩʪʨʦʡʩʪʚ. ʅʦʚʳʝ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʙʳʣʠ ʙʳ ʧʦʣʝʟʥʳ 

ʜʣʷ ʣʫʯʰʝʛʦ ʫʯʝʪʘ ʨʝʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʣʳʭ ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʩʞʠʛʘʥʠʷ (ʬʘʟʳ 

ʟʘʧʫʩʢʘ, ʟʘʚʝʨʰʝʥʠʷ ʨʘʙʦʪʳ). 
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- ʅʝʦʙʭʦʜʠʤʳ ʛʘʨʤʦʥʠʟʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʚʳʙʨʦʩʦʚ ʊʏ ʠ ʏʋ. ɼʣʷ ʊʏ ʩʫʱʝʩʪʚʫʶʪ ʤʝʪʦʜʳ, ʫʯʠʪʳʚʘʶʱʠʝ ʢʦʥʜʝʥʩʠʨʫʝʤʳʝ 

ʚʝʱʝʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ ʪʫʥʥʝʣʠ ʨʘʟʙʘʚʣʝʥʠʷ. 

- ɹʫʨʳʡ ʫʛʣʝʨʦʜ (BrC) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ, ʢʦʪʦʨʦʝ 
ʩʧʦʩʦʙʥʦ ʧʦʛʣʦʱʘʪʴ ʩʦʣʥʝʯʥʦʝ ʠʟʣʫʯʝʥʠʝ. BrC ʚ ʦʩʥʦʚʥʦʤ ʚʳʜʝʣʷʝʪʩʷ ʧʨʠ 

ʩʞʠʛʘʥʠʠ ʙʠʦʤʘʩʩʳ ʠʣʠ ʦʙʨʘʟʫʝʪʩʷ ʧʦʟʞʝ ʧʨʠ ʨʘʟʙʘʚʣʝʥʠʠ ʜʳʤʦʚʦʛʦ ʰʣʝʡʬʘ. ʅʘ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʵʪʦ ʚʝʱʝʩʪʚʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʦ, ʠ ʩʫʱʝʩʪʚʫʶʪ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚ ʨʘʜʠʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ, ʢʦʪʦʨʳʝ ʝʤʫ 

ʧʨʠʧʠʩʳʚʘʶʪʩʷ ʚ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ. 

4.2 ɼʦʨʦʞʥʳʡ ʪʨʘʥʩʧʦʨʪ 

 ʉʠʩʪʝʤʳ ʜʦʦʯʠʩʪʢʠ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ 

ʂʘʪʘʣʠʪʠʯʝʩʢʘʷ ʜʦʦʯʠʩʪʢʘ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ ʩ ʧʦʤʦʱʴʶ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʛʦ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ 

ʬʦʨʤʦʡ ʢʦʥʪʨʦʣʷ ʚʳʙʨʦʩʦʚ ʜʣʷ ʙʝʥʟʠʥʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ (Frauhammer et al., 2015). 

ʊʨʝʭʢʦʤʧʦʥʝʥʪʥʳʡ ʢʘʪʘʣʠʪʠʟʘʪʦʨ (TWC) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʦʪʲʝʤʣʝʤʫʶ ʯʘʩʪʴ 

ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ ʚʳʙʨʦʩʦʚ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ ʢʘʢ ʜʚʠʛʘʪʝʣʝʡ ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤ ʚʧʨʳʩʢʦʤ 

ʪʦʧʣʠʚʘ, ʪʘʢ ʠ ʜʚʠʛʘʪʝʣʝʡ ʩ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʚʧʨʳʩʢʦʤ ʙʝʥʟʠʥʘ. ʇʨʠ ʨʘʚʥʦʤʝʨʥʦʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʩʤʝʩʠ ʩʦ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʚʦʟʜʫʭʘ ʠ ʪʦʧʣʠʚʘ (ɚ=1) 

ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʡ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʥʝʡʪʨʘʣʠʟʘʪʦʨ ʧʨʠ ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʩʧʦʩʦʙʝʥ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʛʨʷʟʥʷʶʱʠʝ ʚʝʱʝʩʪʚʘ: 

ʤʦʥʦʢʩʠʜ ʫʛʣʝʨʦʜʘ (CO), ʫʛʣʝʚʦʜʦʨʦʜʳ (HCs) ʠ ʦʢʩʠʜʳ ʘʟʦʪʘ (NOx). ʆʜʥʘʢʦ ʜʣʷ ʪʦʯʥʦʛʦ 

ʧʦʜʜʝʨʞʘʥʠʷ ɚ=1 ʪʨʝʙʫʝʪʩʷ ʩʠʩʪʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʤʝʩʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʦʜʘʯʝʡ ʙʝʥʟʠʥʘ; ʩʝʛʦʜʥʷ ʵʪʘ ʩʠʩʪʝʤʘ ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʥʠʣʘ 

ʢʘʨʙʶʨʘʪʦʨ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʦ ʧʦʷʚʣʝʥʠʷ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʛʦ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ 

ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ. ʇʦʩʢʦʣʴʢʫ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʡ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʥʝʡʪʨʘʣʠʟʘʪʦʨ ʥʝ 

ʩʧʦʩʦʙʝʥ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʦʢʩʠʜʳ ʘʟʦʪʘ ʚ ʨʝʞʠʤʝ ʦʙʝʜʥʝʥʥʦʡ ʩʤʝʩʠ (ɚ>1), ʚ ʜʚʠʛʘʪʝʣʷʭ 

ʩ ʦʙʝʜʥʝʥʥʳʤ ʨʝʞʠʤʦʤ ʨʘʙʦʪʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʥʘʢʦʧʠʪʝʣʴʥʳʡ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʥʝʡʪʨʘʣʠʟʘʪʦʨ NOx. ɼʨʫʛʠʤ ʩʧʦʩʦʙʦʤ ʩʥʠʞʝʥʠʷ NOx ʧʨʠ ɚ>1 ʷʚʣʷʝʪʩʷ 

ʩʝʣʝʢʪʠʚʥʘʷ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʥʝʡʪʨʘʣʠʟʘʮʠʷ (ʉʂɺ). ʊʨʝʭʢʦʤʧʦʥʝʥʪʥʳʡ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ 

ʥʝʡʪʨʘʣʠʟʘʪʦʨ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʝ ʫʯʘʩʪʚʫʝʪ ʚ ʧʦʜʘʚʣʝʥʠʠ ʧʨʷʤʳʭ ʚʳʙʨʦʩʦʚ ʊʏ, ʦʜʥʘʢʦ 

ʦʥ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʠʭ ʚʪʦʨʠʯʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʊʏ. 

ʉʝʣʝʢʪʠʚʥʘʷ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʥʝʡʪʨʘʣʠʟʘʮʠʷ (ʉʂɺ) ʦʢʩʠʜʦʚ ʘʟʦʪʘ (NOx) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʤʦʯʝʚʠʥʳ (çʤʦʯʝʚʠʥʥʳʡ ʉʂɺè) ʠʟʥʘʯʘʣʴʥʦ ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘʢʘʢ ʪʝʭʥʦʣʦʛʠʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʞʠʤʘ ʜʣʷ ʢʦʥʪʨʦʣʷ NOx ʥʘ ʩʪʘʮʠʦʥʘʨʥʳʭ 

ʠʩʪʦʯʥʠʢʘʭ (Lambert, 2019). ʂʘʪʘʣʠʟʘʪʦʨʳ ʜʣʷ ʪʘʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʦʙʳʯʥʦ ʜʦʚʦʣʴʥʦ 

ʢʨʫʧʥʳʝ ʠ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʠʟ ʥʝʜʦʨʦʛʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʚʘʥʘʜʠʡ/ʪʠʪʘʥ ʠʣʠ 

ʞʝʣʝʟʦ/ʮʝʦʣʠʪ. ʊʝʤʧʝʨʘʪʫʨʘ ʩʣʦʷ ʢʘʪʘʣʠʟʘʪʦʨʘ ʤʦʞʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴʩʷ ʚ ʧʨʝʜʝʣʘʭ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʢʦʥʚʝʨʩʠʠ NOx, ʘ ʛʘʟʦʚʳʡ ʧʦʪʦʢ ʦʩʪʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʦʩʪʦʷʥʥʳʤ; ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜʘʯʘ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʤʦʯʝʚʠʥʳ ʪʘʢʞʝ ʦʩʪʘʝʪʩʷ 

ʩʪʘʙʠʣʴʥʦʡ. ʈʘʙʦʪʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʥʘʧʨʦʪʠʚ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʠʣʴʥʦʡ 

ʠʟʤʝʥʯʠʚʦʩʪʴʶ ʧʦʪʦʢʘ ʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʟʘʚʠʩʷʱʝʡ ʦʪ ʩʢʦʨʦʩʪʠ, ʥʘʛʨʫʟʢʠ, ʜʦʨʦʞʥʳʭ 

ʫʩʣʦʚʠʡ, ʧʦʛʦʜʳ ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʥʝʚʦʟʤʦʞʥʦ ʪʦʯʥʦ ʧʨʝʜʩʢʘʟʘʪʴ. 

ʂʘʪʘʣʠʟʘʪʦʨ ʜʦʣʞʝʥ ʵʬʬʝʢʪʠʚʥʦ ʨʘʙʦʪʘʪʴ ʚ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʫʩʣʦʚʠʡ 

ʥʦʨʤʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ, ʧʨʠ ʵʪʦʤ ʝʛʦ ʨʘʟʤʝʨ ʦʛʨʘʥʠʯʝʥ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʧʨʦʩʪʨʘʥʩʪʚʫ ʠ ʤʘʩʩʝ. ɼʣʷ ʨʘʙʦʪʳ ʉʂɺ ʪʨʝʙʫʝʪʩʷ ʨʝʛʫʣʷʨʥʦʝ 

ʧʦʧʦʣʥʝʥʠʝ ʟʘʧʘʩʘ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʤʦʯʝʚʠʥʳ, ʘ ʠʟʤʝʥʯʠʚʦʩʪʴ ʧʨʦʮʝʩʩʘ ʚʧʨʳʩʢʘ ʜʝʣʘʝʪ 

ʝʛʦ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʥʳʤ ʦʪ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ NOx ʥʘ ʩʪʘʮʠʦʥʘʨʥʳʭ ʠʩʪʦʯʥʠʢʘʭ. 

ʂʘʪʘʣʠʟʘʪʦʨ ʉʂɺ ʜʦʣʞʝʥ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʠ ʩʦʭʨʘʥʷʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʚ 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʠʩʪʝʤʝ, ʢʦʪʦʨʘʷ ʪʘʢʞʝ ʫʧʨʘʚʣʷʝʪ ʫʛʣʝʚʦʜʦʨʦʜʘʤʠ, ʤʦʥʦʢʩʠʜʦʤ 
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ʫʛʣʝʨʦʜʘ ʠ ʩʘʞʝʡ, ʠ ʧʨʠ ʵʪʦʤ ʧʦʜʚʝʨʛʘʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʪʘʢʠʭ ʚʝʱʝʩʪʚ, ʢʘʢ ʩʝʨʘ, ʬʦʩʬʦʨ 

ʠ ʜʨʫʛʠʝ ʵʣʝʤʝʥʪʳ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ ʪʦʧʣʠʚʝ, ʤʘʩʣʝ ʠ ʢʦʤʧʦʥʝʥʪʘʭ ʩʠʩʪʝʤʳ. 

ʂʘʪʘʣʠʟʘʪʦʨ ʉʂɺ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ 200 ÁC, ʥʦ ʪʘʢʞʝ ʚʳʜʝʨʞʠʚʘʪʴ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 700 ÁC ʚ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʚʪʦʤʦʙʠʣʷ ʠ ʜʦ 900 ÁC 

ʧʨʠ ʥʘʥʝʩʝʥʠʠ ʥʘ ʬʠʣʴʪʨ ʩʘʞʠ. ɺʳʙʦʨ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʝʩʪʳ ʥʘ 

ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʧʨʠ ʚʳʩʦʢʦʤ ʧʨʦʙʝʛʝ ʠ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ, ʪʝʩʪʳ ʥʘ ʧʨʝʜʝʣʴʥʳʝ 

ʥʘʛʨʫʟʢʠ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ ʨʝʰʝʥʠʷʤʠ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʩʠʩʪʝʤ 

ʉʂɺ ʥʘ ʦʩʥʦʚʝ ʤʦʯʝʚʠʥʳ. 

ɼʠʟʝʣʴʥʳʡ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʥʝʡʪʨʘʣʠʟʘʪʦʨ (DOC) ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʦʪʢʨʳʪʫʶ ʤʦʥʦʣʠʪʥʫʶ ʩʠʩʪʝʤʫ (ʧʨʦʭʦʜʥʦʛʦ ʪʠʧʘ) ʙʝʟ ʬʠʣʴʪʨʘ, ʘʥʘʣʦʛʠʯʥʫʶ 

ʪʨʘʜʠʮʠʦʥʥʳʤ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʥʝʡʪʨʘʣʠʟʘʪʦʨʘʤ ʜʣʷ ʙʝʥʟʠʥʦʚʳʭ ʠ ʜʠʟʝʣʴʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ, ʥʦ ʩ ʥʝʢʦʪʦʨʳʤʠ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʩʦʩʪʘʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʜʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʝʛʦ ʘʢʪʠʚʥʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʦʙʝʜʥʝʥʥʦʡ ʩʤʝʩʠ. ɹʣʘʛʦʨʦʜʥʳʝ ʤʝʪʘʣʣʳ 

ʥʘʥʦʩʷʪʩʷ ʥʘ ʚʳʩʦʢʦʧʦʨʠʩʪʳʡ ʘʣʶʤʠʥʠʝʚʳʡ ʧʨʦʤʳʚʥʦʡ ʩʣʦʡ ʪʦʣʱʠʥʦʡ ʦʢʦʣʦ 20ï40 

ʤʢʤ, ʢʦʪʦʨʳʡ ʧʦʢʨʳʚʘʝʪ ʩʪʝʥʢʠ ʢʘʥʘʣʦʚ. ɹʦʣʴʰʠʥʩʪʚʦ DOC, ʠʩʧʦʣʴʟʫʝʤʳʭ ʥʘ 

ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʨʳʥʢʝ, ʩʦʜʝʨʞʘʪ ʧʣʘʪʠʥʫ (Pt) ʠ ʧʘʣʣʘʜʠʡ (Pd) ʩ ʪʠʧʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 

50ï70 ʛ/ʬʫʪ3. ʉʦʚʨʝʤʝʥʥʳʝ DOC ʥʘ ʦʩʥʦʚʝ ʤʝʪʘʣʣʦʚ ʧʣʘʪʠʥʦʚʦʡ ʛʨʫʧʧʳ (PGM) 

ʚʳʧʦʣʥʷʶʪ ʜʚʝ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ ʚ ʩʠʩʪʝʤʘʭ ʢʦʥʪʨʦʣʷ ʚʳʙʨʦʩʦʚ: 

1) ʕʬʬʝʢʪʠʚʥʦ ʩʧʦʩʦʙʩʪʚʫʶʪ ʦʢʠʩʣʝʥʠʶ ʥʝʩʛʦʨʝʚʰʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ (UHCs), 

ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ (CO), ʘ ʪʘʢʞʝ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʨʘʢʮʠʠ ʩʘʞʠ (SOF), ʢʘʢ 

ʦʧʠʩʘʥʦ ʚ ʨʝʘʢʮʠʷʭ (1) ʠ (2). ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʣʠʙʦ ʜʣʷ ʩʥʠʞʝʥʠʷ 

ʚʳʙʨʦʩʦʚ, ʧʦʩʪʫʧʘʶʱʠʭ ʦʪ ʜʚʠʛʘʪʝʣʷ, ʣʠʙʦ ʜʣʷ ʦʢʠʩʣʝʥʠʷ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʩ 

ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʵʢʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʪʝʧʣʘ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʘʢʪʠʚʥʦʡ 

ʨʝʛʝʥʝʨʘʮʠʠ ʜʠʟʝʣʴʥʦʛʦ ʩʘʞʝʚʦʛʦ ʬʠʣʴʪʨʘ (DPF), ʘ ʪʘʢʞʝ ʚ ʣʦʚʫʰʢʘʭ 

ʦʙʝʜʥʝʥʥʦʛʦ NOx (LNT) ʠ ʦʙʝʩʩʠʨʠʚʘʥʠʷ (deSOx). 

2) ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ NO ʚ NO2, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ ʨʝʘʢʮʠʠ (3). NO2 ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʧʦʩʪʦʷʥʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʩʘʞʠ ʚ ʩʘʞʝʚʦʤ ʬʠʣʴʪʨʝ (ʧʘʩʩʠʚʥʘʷ ʨʝʛʝʥʝʨʘʮʠʷ DPF, 

ʨʝʘʢʮʠʷ (4)) ʠ/ʠʣʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʉʂɺ (ʩʝʣʝʢʪʠʚʥʦʡ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʥʝʡʪʨʘʣʠʟʘʮʠʠ) ʚ ʧʨʦʮʝʩʩʝ ʫʜʘʣʝʥʠʷ NOx (deNOx) ʯʝʨʝʟ ʙʳʩʪʨʫʶ 

ʉʂɺ-ʨʝʘʢʮʠʶ (5), ʦʩʦʙʝʥʥʦ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ɼʠʟʝʣʴʥʳʡ ʩʘʞʝʚʳʡ ʬʠʣʴʪʨ (DPF) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʵʢʩʪʨʫʟʠʦʥʥʫʶ, ʦʙʳʯʥʦ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʢʝʨʘʤʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʪʳʩʷʯʘʤʠ ʤʘʣʳʭ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʢʘʥʘʣʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʜʦʣʴ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʚʳʭʣʦʧʥʦʡ ʩʠʩʪʝʤʳ. 

ʇʦʨʠʩʪʳʝ ʩʪʝʥʢʠ ʤʦʥʦʣʠʪʦʚ ʩ ʧʦʪʦʢʦʤ ʯʝʨʝʟ ʩʪʝʥʢʠ ʚʳʧʦʣʥʝʥʳ ʠʟ ʢʝʨʘʤʠʢʠ ʩ ʙʦʣʝʝ 

ʚʳʩʦʢʦʡ ʠ ʪʦʯʥʦ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʧʦʨʠʩʪʦʩʪʴʶ, ʘ ʩʤʝʞʥʳʝ ʢʘʥʘʣʳ ʚ ʬʠʣʴʪʨʘʭ ʩ ʧʦʪʦʢʦʤ 

ʯʝʨʝʟ ʩʪʝʥʢʠ ʧʦʧʝʨʝʤʝʥʥʦ ʟʘʢʫʧʦʨʝʥʳ ʩ ʢʘʞʜʦʛʦ ʢʦʥʮʘ, ʯʪʦ ʚʳʥʫʞʜʘʝʪ ʜʠʟʝʣʴʥʳʡ 

ʘʵʨʦʟʦʣʴ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʧʦʨʠʩʪʳʝ ʩʪʝʥʢʠ ʩʫʙʩʪʨʘʪʘ, ʢʦʪʦʨʳʝ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʢʘʢ 

ʬʠʣʴʪʨʫʶʱʠʡ ʤʘʪʝʨʠʘʣ. ʏʘʩʪʠʮʳ, ʢʦʪʦʨʳʝ ʩʣʠʰʢʦʤ ʚʝʣʠʢʠ, ʯʪʦʙʳ ʧʨʦʡʪʠ ʯʝʨʝʟ 

ʧʦʨʠʩʪʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʬʠʟʠʯʝʩʢʠ ʩʦʙʠʨʘʶʪʩʷ ʠ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ ʢʘʥʘʣʘʭ. ʉʪʝʥʢʠ DPF 

ʨʘʟʨʘʙʦʪʘʥʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʠʤʝʪʴ ʦʧʪʠʤʘʣʴʥʫʶ ʧʦʨʠʩʪʦʩʪʴ, ʧʦʟʚʦʣʷʶʱʫʶ 

ʚʳʭʣʦʧʥʳʤ ʛʘʟʘʤ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʩʪʝʥʢʠ ʙʝʟ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʨʝʧʷʪʩʪʚʠʡ, ʠ ʙʳʪʴ 

ʜʦʩʪʘʪʦʯʥʦ ʥʝʧʨʦʥʠʮʘʝʤʳʤʠ ʜʣʷ ʩʙʦʨʘ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ. ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʦʙʰʠʨʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʩʙʦʨʘ ʯʘʩʪʠʮ, ʚʢʣʶʯʘʷ ʜʠʬʬʫʟʠʶ, ʧʝʨʝʭʚʘʪ, 

ʠʥʝʨʮʠʶ, ʛʨʘʚʠʪʘʮʠʶ, ʵʣʝʢʪʨʦʩʪʘʪʠʢʫ ʠ ʪʝʨʤʦʬʦʨʝʟ. ʆʩʥʦʚʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʫʩʧʝʰʥʫʶ ʨʘʙʦʪʫ ʬʠʣʴʪʨʦʚ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʜʣʷ ʜʠʟʝʣʴʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ (DPF), ʦʙʳʯʥʦ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʬʠʣʴʪʨʘʮʠʠ, ʥʠʟʢʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʪʦʢʫ ʛʘʟʘ, ʚʳʩʦʢʘʷ ʧʨʦʯʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ, ʪʝʨʤʠʯʝʩʢʘʷ ʜʦʣʛʦʚʝʯʥʦʩʪʴ 

ʠ ʥʘʜʝʞʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʥʦʩʪʴ ʚʳʜʝʨʞʠʚʘʪʴ ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦ ʚʨʝʤʷ 

ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʮʠʢʣʦʚ ʨʝʛʝʥʝʨʘʮʠʠ ʚ ʪʝʯʝʥʠʝ ʩʨʦʢʘ ʩʣʫʞʙʳ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʨʘʟʨʘʙʦʪʢʠ ʚ ʢʦʥʩʪʨʫʢʮʠʠ DPF ʚʢʣʶʯʘʶʪ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʬʦʨʤʳ ʷʯʝʝʢ ʠ 

ʦʧʪʠʤʠʟʘʮʠʶ ʧʦʨʠʩʪʦʩʪʠ ʩʪʝʥʦʢ ʷʯʝʝʢ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʤʠʥʠʤʠʟʘʮʠʶ ʦʙʨʘʪʥʦʛʦ 
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ʜʘʚʣʝʥʠʷ  ʜʚʠʛʘʪʝʣʷ, ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʨʚʘʣʦʚ ʤʝʞʜʫ ʦʙʩʣʫʞʠʚʘʥʠʝʤ ʬʠʣʴʪʨʘ, ʘ ʪʘʢʞʝ 

ʦʙʣʝʛʯʝʥʠʝ ʥʘʥʝʩʝʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʥʦʛʦ ʧʦʢʨʳʪʠʷ. 

ɹʝʥʟʠʥʦʚʳʡ ʬʠʣʴʪʨ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ (GPF) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʜʘʧʪʘʮʠʶ ʪʝʭʥʦʣʦʛʠʠ 

DPF ʜʣʷ ʙʝʥʟʠʥʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ. ʉ ʫʞʝʩʪʦʯʝʥʠʝʤ ʥʦʨʤ ʚʳʙʨʦʩʦʚ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʧʨʠʤʝʥʝʥʠʷ ʬʠʣʴʪʨʦʚ ʊʏ ʚ ʜʚʠʛʘʪʝʣʷʭ ʩ ʩʠʩʪʝʤʦʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʚʧʨʳʩʢʘ ʪʦʧʣʠʚʘ 

(ʉʅɺʊ) ʩʪʘʥʦʚʠʪʩʷ ʥʝʠʟʙʝʞʥʦʡ ʪʝʥʜʝʥʮʠʝʡ. ʉʘʞʝʚʳʡ ʬʠʣʴʪʨ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʚʳʩʦʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʬʠʣʴʪʨʘʮʠʠ, ʜʣʠʪʝʣʴʥʳʤ ʩʨʦʢʦʤ ʩʣʫʞʙʳ, ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʜʨʫʛʠʤ 

ʪʨʝʙʦʚʘʥʠʷʤ, ʧʨʠ ʵʪʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʪʦʢʫ (ʧʘʜʝʥʠʝ ʜʘʚʣʝʥʠʷ) ʜʦʣʞʥʦ ʙʳʪʴ 

ʤʠʥʠʤʘʣʴʥʳʤ (Mu et al., 2019). ɼʣʷ ʩʥʠʞʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʪʦʢʫ ʚ GPF ʪʝʩʪʠʨʫʶʪʩʷ 

ʪʝʭʥʦʣʦʛʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʠʧʘ ʬʠʣʴʪʨʘ ʩ ʚʣʦʞʝʥʥʳʤʠ ʮʠʣʠʥʜʨʘʤʠ ʠ 

ʥʘʧʨʘʚʣʷʶʱʠʤʠ ʢʘʥʘʣʘʤʠ (NCDCP). ʊʘʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʣʦʞʝʥʥʳʭ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʠʩʪʳʭ ʮʠʣʠʥʜʨʦʚ ʠ ʢʦʣʴʮʝʚʳʭ ʢʘʥʘʣʦʚ ʦʪʚʦʜʘ ʧʦʪʦʢʘ. ʊʝʦʨʝʪʠʯʝʩʢʠ 

ʠʟʫʯʝʥʳ ʧʘʜʝʥʠʝ ʜʘʚʣʝʥʠʷ ʠ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʥʝʛʦ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʩʪʨʫʢʪʫʨʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʪʘʢʠʝ ʢʘʢ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤʠ ʩʣʦʷʤʠ ʠ 

ʩʦʦʪʥʦʰʝʥʠʝ ʜʣʠʥʳ ʢ ʜʠʘʤʝʪʨʫ, ʥʘʭʦʜʷʪʩʷ ʚ ʢʦʤʧʨʦʤʠʩʩʥʳʭ ʦʪʥʦʰʝʥʠʷʭ ʩ ʧʘʜʝʥʠʝʤ 

ʜʘʚʣʝʥʠʷ (Mu et al., 2019). 

ɺ ʢʘʪʘʣʠʟʠʨʦʚʘʥʥʦʤ ʜʠʟʝʣʴʥʦʤ ʩʘʞʝʚʦʤ ʬʠʣʴʪʨʝ (CDPF) ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ, 

ʯʘʱʝ ʚʩʝʛʦ ʩʦʜʝʨʞʘʱʠʡ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʘʣʣʦʚ ʧʣʘʪʠʥʦʚʦʡ ʛʨʫʧʧʳ, ʥʘʥʦʩʠʪʩʷ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʬʠʣʴʪʨʘ ʜʣʷ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʩʧʣʘʤʝʥʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ 

ʦʢʠʩʣʝʥʠʷ ʥʘʢʦʧʣʝʥʥʳʭ ʊʏ, ʚ ʜʠʘʧʘʟʦʥʝ 300-400 ÁC, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʬʠʣʴʪʨʫ 

ʩʘʤʦʨʝʛʝʥʝʨʠʨʦʚʘʪʴʩʷ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ. CDPF ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʩʥʠʞʝʥʠʝ ʚʳʙʨʦʩʦʚ ʊʏ ʠ ʩʘʞʠ, ʘ ʪʘʢʞʝ ʫʛʣʝʚʦʜʦʨʦʜʦʚ (HC) ʠ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ (CO) 

ʙʦʣʝʝ ʯʝʤ ʥʘ 90%. ʆʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʬʠʣʴʪʨʘʮʠʠ ʊʏ, ʥʦ 

ʧʨʠ ʵʪʦʤ ʠʤʝʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʝ ʧʘʜʝʥʠʝ ʜʘʚʣʝʥʠʷ. ɹʳʣʦ ʟʘʤʝʯʝʥʦ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ 

ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʨʝʛʝʥʝʨʘʮʠʷ ʜʠʟʝʣʴʥʳʭ ʩʘʞʝʚʳʭ ʬʠʣʴʪʦʨʦʚ (DPF) ʧʨʦʠʩʭʦʜʠʪ 

ʤʝʜʣʝʥʥʝʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʜʘʚʣʝʥʠʷ ʚʥʫʪʨʠ ʬʠʣʴʪʨʘ. CDPF ʷʚʣʷʶʪʩʷ 

ʜʠʥʘʤʠʯʥʳʤʠ ʠ ʩʣʦʞʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʧʦʩʢʦʣʴʢʫ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʤʝʥʷʶʪʩʷ ʩʦ 

ʚʨʝʤʝʥʝʤ, ʘ ʨʘʟʣʠʯʥʳʝ ʬʫʥʢʮʠʠ (ʢʘʪʘʣʠʟ ʠ ʬʠʣʴʪʨʘʮʠʷ) ʦʙʳʯʥʦ ʩʦʚʤʝʱʝʥʳ ʥʘ ʦʜʥʦʤ 

ʤʦʥʦʣʠʪʥʦʤ ʥʦʩʠʪʝʣʝ, ʯʪʦ ʧʨʝʜʲʷʚʣʷʝʪ ʩʪʨʦʛʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʩʪʨʘʥʩʪʚʫ ʠ ʩʪʦʠʤʦʩʪʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚʦʟʤʦʞʥʦʩʪʴ ʩʞʠʛʘʥʠʷ ʩʘʞʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʫʩʣʦʚʠʡ 

ʢʦʥʪʘʢʪʘ ʢʘʪʘʣʠʟʘʪʦʨʘ ʩ ʩʘʞʝʡ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʤʘʢʩʠʤʘʣʴʥʦ ʫʚʝʣʠʯʠʪʴ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʩʘʞʠ ʠ ʢʘʪʘʣʠʟʘʪʦʨʦʤ, ʢʦʪʦʨʳʝ ʦʙʘ ʷʚʣʷʶʪʩʷ 

ʪʚʝʨʜʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. ʅʦʚʘʪʦʨʩʢʠʡ ʧʦʜʭʦʜ ʢ ʫʚʝʣʠʯʝʥʠʶ ʢʦʥʪʘʢʪʘ ʩʘʞʠ ʠ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ Peugeot-Citro±n Soci®t® dôAutomobiles (PSA) ʚ ʥʘʯʘʣʝ 2000ʭ 

ʛʦʜʦʚ. ɽʛʦ ʢʣʶʯʝʚʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʜʦʙʘʚʢʘ ʥʘ ʦʩʥʦʚʝ ʮʝʨʠʷ, ʢʦʪʦʨʘʷ ʫʩʧʝʰʥʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʥʝʩʢʦʣʴʢʦ ʤʠʣʣʠʦʥʘʭ ʘʚʪʦʤʦʙʠʣʝʡ. PSA ʚʥʝʜʨʠʣʘ ʘʢʪʠʚʥʫʶ ʙʦʨʪʦʚʫʶ 

ʩʠʩʪʝʤʫ ʜʦʙʘʚʦʢ ʩ ʦʪʜʝʣʴʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʧʦʜʘʯʠ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʜʦʟʠʨʦʚʘʪʴ 

ʥʫʞʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʦʙʘʚʢʠ ʥʘ ʦʩʥʦʚʝ ʮʝʨʠʷ ʚ ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ. ʕʪʦʪ ʦʨʛʘʥʠʯʝʩʢʠʡ 

ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʦʤʧʦʥʝʥʪ ʚ ʪʦʧʣʠʚʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʯʘʩʪʠʮ CeO2, ʢʦʪʦʨʳʝ 

ʢʦʪʦʨʳʝ ʧʨʦʯʥʦ ʠʥʪʝʛʨʠʨʫʶʪʩʷ ʚ ʩʪʨʫʢʪʫʨʫ ʜʠʟʝʣʴʥʳʭ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʪʝʩʥʳʡ ʢʦʥʪʘʢʪ ʩ ʯʘʩʪʠʮʘʤʠ ʩʘʞʠ (çʪʝʩʥʳʡ ʢʦʥʪʘʢʪ ʩʘʞʘ-ʢʘʪʘʣʠʟʘʪʦʨè). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʙʣʘʛʦʜʘʨʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʩʨʝʜʩʪʚʘʤ ʫʜʘʝʪʩʷ ʜʦʩʪʠʯʴ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʦʩʧʣʘʤʝʥʝʥʠʷ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʵʢʦʥʦʤʠʠ ʪʦʧʣʠʚʘ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʚʧʨʳʩʢʢ (Fino et 

al., 2016). 

 

ʕʪʠ ʫʩʪʨʦʡʩʪʚʘ ʤʦʛʫʪ ʙʳʪʴ ʢʦʤʙʠʥʠʨʦʚʘʥʳ. ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ 

ʧʦʜʭʦʜʘ ʢ ʦʙʲʝʜʠʥʝʥʠʶ ʪʝʭʥʦʣʦʛʠʡ ʉʂɺ ʠ DPF ʩ ʮʝʣʴʶ ʜʦʩʪʠʞʝʥʠʷ ʟʘʜʘʥʥʦʛʦ ʫʨʦʚʥʷ 

ʩʦʢʨʘʱʝʥʠʷ ʚʳʙʨʦʩʦʚ: ʉʂɺ ʨʘʟʤʝʱʘʝʪʩʷ ʣʠʙʦ ʧʝʨʝʜ DPF (DOC + ʉʂɺ + DPF), ʣʠʙʦ 

ʧʦʩʣʝ DPF (DOC + DPF + ʉʂɺ). 
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 ʉʦʩʪʘʚ ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ 

ʆʩʥʦʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ (PM) ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ ʷʚʣʷʶʪʩʷ 

ʵʣʝʤʝʥʪʘʨʥʳʡ ʫʛʣʝʨʦʜ (EC), ʦʨʛʘʥʠʯʝʩʢʠʡ ʫʛʣʝʨʦʜ (OC) ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʢʦʤʧʦʥʝʥʪʳ, 

ʚʢʣʶʯʘʷ ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʟʦʣʫ ʠ ʠʦʥʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ (Ntziachristos et al., 

2007) ʙʳʣʠ ʩʦʙʨʘʥʳ ʨʘʟʣʠʯʥʳʝ ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʧʨʝʜʣʦʞʝʥʳ 

ʫʩʨʝʜʥʝʥʥʳʝ ʟʥʘʯʝʥʠʷ EC ʠ OC. 

ɺʘʨʠʘʙʝʣʴʥʦʩʪʴ ʜʘʥʥʳʭ, ʩʦʙʨʘʥʥʳʭ ʚ ʪʫʥʥʝʣʷʭ, ʥʘ ʜʦʨʦʛʘʭ ʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʜʠʥʘʤʦʤʝʪʨʠʯʝʩʢʠʭ ʩʪʝʥʜʦʚ, ʘ ʪʘʢʞʝ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚ ʠʟʤʝʨʝʥʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʫʛʣʝʨʦʜʘ (OC), ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚ ʩʧʝʮʠʬʠʢʘʮʠʠ ʊʏ ʚ 

ʚʳʭʣʦʧʥʳʭ ʛʘʟʘʭ. ʀʟ-ʟʘ ʵʪʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ EC ʠ ʯʸʨʥʦʛʦ ʫʛʣʝʨʦʜʘ 

(ʏʋ) ʩʯʠʪʘʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʳʤʠ (Battye et al., 2002; May et al., 2010). ʍʦʪʷ ʠʟʚʝʩʪʥʦ, 

ʯʪʦ ʦʧʨʝʜʝʣʝʥʠʷ EC ʠ ʏʋ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʳ ʠʭ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʣʠʯʘʶʪʩʷ, ʵʪʦ ʩʯʠʪʘʝʪʩʷ 

ʤʝʥʝʝ ʚʘʞʥʳʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʱʝʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴʶ ʚ ʦʮʝʥʢʝ ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʣʷ 

ʪʝʭʥʦʣʦʛʠʡ ʢʦʥʪʨʦʣʷ ʚʳʙʨʦʩʦʚ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʦʙʱʠʝ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʥʘʜʝʞʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʏʋ/OC ʤʦʛʫʪ ʙʳʪʴ 

ʨʘʟʨʘʙʦʪʘʥʳ, ʪʘʢ ʢʘʢ ʩʫʱʝʩʪʚʫʝʪ ʦʙʱʝʝ ʩʦʛʣʘʩʠʝ ʚ ʠʟʤʝʨʝʥʠʷʭ, ʧʨʦʚʦʜʠʤʳʭ ʚ ʪʫʥʥʝʣʷʭ 

ʠ ʣʘʙʦʨʘʪʦʨʠʷʭ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʳʙʨʦʩʦʚ ʜʠʟʝʣʴʥʳʭ ʠ ʙʝʥʟʠʥʦʚʳʭ 

ʘʚʪʦʤʦʙʠʣʝʡ. ɺʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ (ʥʘʧʨʠʤʝʨ, ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʢʠʩʣʝʥʠʷ, 

ʜʠʟʝʣʴʥʳʭ ʩʘʞʝʚʳʭ ʬʠʣʴʪʨʦʚ) ʥʘ ʚʳʙʨʦʩʳ ʪʘʢʞʝ ʜʦʩʪʘʪʦʯʥʦ ʧʨʝʜʩʢʘʟʫʝʤʦ. 

ɺ ʪʘʙʣʠʮʝ 15 ʠʟ ʨʘʙʦʪʳ (Ntziachristos and Samarras, 2019) ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʦʦʪʥʦʰʝʥʠʷ 

ʤʝʞʜʫ ʦʨʛʘʥʠʯʝʩʢʠʤ ʤʘʪʝʨʠʘʣʦʤ (ʆʄ) ʠ ʯʸʨʥʳʤ ʫʛʣʝʨʦʜʦʤ (ʆʄ/ʏʋ), ʘ ʪʘʢʞʝ ʏʋ/ʊʏ2,5 

(ʦʙʘ ʚʳʨʘʞʝʥʳ ʚ ʧʨʦʮʝʥʪʘʭ), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʢ ʚʳʙʨʦʩʘʤ ʚʳʭʣʦʧʥʳʭ ʊʏ 

ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. «ʆʨʛʘʥʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ» 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʩʩʫ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ, ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʫʶ ʩ ʫʯʸʪʦʤ 

ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʦʨʦʜʘ ʠ ʜʨʫʛʠʭ ʘʪʦʤʦʚ ʚ ʩʦʙʨʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ. ʀʩʪʦʯʥʠʢʠ ʵʪʠʭ 

ʜʘʥʥʳʭ ʠ ʤʝʪʦʜʦʣʦʛʠʷ ʦʮʝʥʢʠ ʧʨʠʚʝʜʝʥʳ ʚ (Ntziachristos et al., 2007). ʇʨʝʜʣʦʞʝʥ ʪʘʢʞʝ 

ʜʠʘʧʘʟʦʥ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʚ ʧʨʦʮʝʥʪʘʭ ʜʣʷ ʦʙʦʠʭ ʫʢʘʟʘʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ. ʅʘʧʨʠʤʝʨ, 

ʝʩʣʠ ʩʦʦʪʥʦʰʝʥʠʝ ʆʄ/EC ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʦʩʪʘʚʣʷʝʪ 50%, ʘ 

ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ʨʘʚʥʘ 20%, ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʆʄ/EC ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 

ʦʪ 40 % ʜʦ 60 %. ʕʪʦʪ ʜʠʘʧʘʟʦʥ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʧʨʠʤʝʥʷʝʪʩʷ ʢ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʷʤ 

ʚʳʙʨʦʩʦʚ ʘʚʪʦʧʘʨʢʘ, ʘ ʥʝ ʢ ʦʪʜʝʣʴʥʳʤ ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʨʝʜʩʪʚʘʤ. ɿʥʘʯʝʥʠʷ ʜʣʷ ʦʪʜʝʣʴʥʳʭ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʢʘʪʝʛʦʨʠʠ ʤʦʛʫʪ ʧʨʝʚʳʰʘʪʴ ʫʢʘʟʘʥʥʳʡ ʜʠʘʧʘʟʦʥ 

ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ. ʉʦʦʪʥʦʰʝʥʠʷ ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʨʝʜʥʠʤ ʫʩʣʦʚʠʷʤ ʚʦʞʜʝʥʠʷ ʙʝʟ 

ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʨʝʞʠʤʘʤʠ ʚʦʞʜʝʥʠʷ ʠʣʠ ʟʘʧʫʩʢ ʥʘ ʭʦʣʦʜʥʦʤ ʠ ʛʦʨʷʯʝʤ ʜʚʠʛʘʪʝʣʝ. 

ʉʦʦʪʥʦʰʝʥʠʝ ʆʄ/ʏʋ ʚʳʰʝ ʜʣʷ ʙʝʥʟʠʥʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʠ ʩʥʠʞʘʝʪʩʷ ʦʪ ʫʩʪʘʨʝʚʰʠʭ ʢ 

ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʨʝʜʩʪʚʘʤ. ɼʣʷ ʜʠʟʝʣʴʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʪʷʞʝʣʦʡ 

ʛʨʫʟʦʧʦʜʴʝʤʥʦʩʪʠ ɽɺʈʆ VI ʟʘʤʝʪʥʦ ʩʥʠʞʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʏʋ/ʊʏ2,5 ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ 

ʨʦʩʪʦʤ ʩʦʦʪʥʦʰʝʥʠʷ ʆʄ/ʏʋ, ʯʪʦ, ʙʝʟʫʩʣʦʚʥʦ, ʩʚʷʟʘʥʦ ʩ ʵʬʬʝʢʪʠʚʥʳʤ ʫʜʘʣʝʥʠʝʤ ʩʘʞʠ 

ʩ ʧʦʤʦʱʴʶ DPF ʠ ʜʦʤʠʥʠʨʦʚʘʥʠʝʤ ʆʄ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʚʦ ʚʨʝʤʷ ʦʭʣʘʞʜʝʥʠʷ. ʕʪʠ 

ʧʦʢʘʟʘʪʝʣʠ ʩʚʷʟʘʥʳ ʩ ʩʘʤʳʤʠ ʥʠʟʢʠʤʠ ʧʨʝʜʝʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʚʳʙʨʦʩʦʚ ʊʏ2,5 (ELV). 
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ʊʘʙʣʠʮʘ 15: ʂʦʵʬʬʠʮʠʝʥʪʳ ʚʳʙʨʦʩʦʚ ʊʏ2,5, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʊʏ ʥʘ ʵʣʝʤʝʥʪʘʨʥʫʶ ʤʘʩʩʫ 

(ʏʋ) ʠ ʦʨʛʘʥʠʯʝʩʢʫʶ ʤʘʩʩʫ (ʆʄ) ʠʟ ʨʘʙʦʪʳ (Ntziachristos and Samarras, 2019). ʇʨʠʤʝʯʘʥʠʝ: 

ɿʥʘʯʝʥʠʷ ʚʟʷʪʳ ʠʟ ʜʦʩʪʫʧʥʳʭ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʠ ʠʥʞʝʥʝʨʥʳʭ ʦʮʝʥʦʢ ʚʦʟʜʝʡʩʪʚʠʷ 

ʢʦʥʢʨʝʪʥʳʭ ʪʝʭʥʦʣʦʛʠʡ (ʢʘʪʘʣʠʟʘʪʦʨʳ, DPF ʠ ʪ. ʜ.) ʥʘ ʚʳʙʨʦʩʳ. ʆʮʝʥʢʠ ʪʘʢʞʝ 

ʧʨʝʜʧʦʣʘʛʘʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʠʟʢʦʩʝʨʥʠʩʪʳʭ ʚʠʜʦʚ ʪʦʧʣʠʚʘ (<50 ppm). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʚʢʣʘʜ ʩʫʣʴʬʘʪʦʚ ʚ ʚʳʙʨʦʩʳ ʊʏ ʦʙʳʯʥʦ ʥʠʟʦʢ. ɺ ʩʣʫʯʘʷʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʝʨʝʜʦʚʳʭ ʩʠʩʪʝʤ 

ʜʦʦʯʠʩʪʢʠ (ʥʘʧʨʠʤʝʨ, ʢʘʪʘʣʠʟʠʨʦʚʘʥʥʳʭ DPF), ʩʫʤʤʳ EC ʠ OM ʤʦʛʫʪ ʙʳʪʴ ʤʝʥʴʰʝ 100 %. 

ʆʩʪʘʣʴʥʘʷ ʯʘʩʪʴ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʢʘʢ ʟʦʣʘ, ʥʠʪʨʘʪʳ, ʩʫʣʴʬʘʪʳ, ʚʦʜʘ ʠ ʩʦʣʠ ʘʤʤʦʥʠʷ. 

ʂʘʪʝʛʦʨʠʷ L - ʤʦʧʝʜʳ ʠ ʤʦʪʦʮʠʢʣʳ. 

ʂʘʪʝʛʦʨʠʷ ɽʚʨʦ ʩʪʘʥʜʘʨʪ 
ʂɺ ʊʏ2,5 

(ʤʛ/ʢʤ) 
ʏʋ/ʊʏ2,5 

(%) 
ʆʄ/ʏʋ 

(%) 
ʅʝʦʧʨʝʜʝʣʸʥ
ʥʦʩʪʠ (%) 

 PRE-ECE 2.2-2.3 2 4900 50 

 ECE 15 00/01 2.2-2.3 5 1900 50 

 ECE 15 02/03 2.2-2.3 5 1900 50 

 ECE 15 04 2.2-2.3 20 400 50 

ʃʝʛʢʦʚʳʝ 
ʘʚʪʦʤʦʙʠʣʠ ʥʘ 
ʙʝʥʟʠʥʝ (PC) ʠ 
ʣʸʛʢʠʝ 
ʢʦʤʤʝʨʯʝʩʢʠʝ 
ʘʚʪʦʤʦʙʠʣʠ 
(LCV)  

ʆʪʢʨʳʪʘʷ ʩʠʩʪʝʤʘ  2.2-2.3 30 233 30 

 ɽʚʨʦ 1 2.2-2.3 25 250 30 

 ɽʚʨʦ 2 2.2-2.3 25 250 30 

 ɽʚʨʦ 3 1.1-2.2 15 300 30 

 ɽʚʨʦ 4 1.1 15 300 30 

 ʆʙʳʯʥʳʝ 220.9-356 55 70 10 

 ɽʚʨʦ 1 84.2-117 70 40 10 

 ɽʚʨʦ 2 54.8-117 80 23 10 

ʃʝʛʢʦʚʳʝ 
ʘʚʪʦʤʦʙʠʣʠ ʥʘ 
ʙʝʥʟʠʥʝ (PC) ʠ 
ʣʸʛʢʠʝ 
ʢʦʤʤʝʨʯʝʩʢʠʝ 
ʘʚʪʦʤʦʙʠʣʠ 
(LCV 

ɽʚʨʦ 3 39.1-78.3 85 15 5 

ɽʚʨʦ 4 31.4-40.9 87 13 5 

 ɽʚʨʦ 3,4,5 ʩ DPF ʠ ʜʦʙʘʚʢʦʡ ʪʦʧʣʠʚʘ - 10 500 50 

  ɽʚʨʦ 3, 4, 5 ʩ ʢʘʪʘʣʠʟʠʨʦʚʘʥʥʳʤ DPF - 20 200 50 

 ʆʙʳʯʥʳʝ 333-491 50 80 20 

 ɽɺʈʆ I 129-358 65 40 20 

 ɽɺʈʆ II  61-194 65 40 20 

ʊʨʘʥʩʧʦʨʪʥʳʝ 
ʩʨʝʜʩʪʚʘ 
ʙʦʣʴʰʦʡ 
ʛʨʫʟʦʧʦʜʲʝʤʥʦʩ
ʪʠ ʥʘ ʜʠʟʝʣʝ 
(HDV) 

ɽɺʈʆ III  56.5-151 70 30 20 

 ɽɺʈʆ IV  10.6-26.8 75 25 20 

 ɽɺʈʆ V 10.6-26.8 75 25 20 

 ɽɺʈʆ VI  0.5-1.3 15 300 30 

 ʆʙʳʯʥʳʝ, 2-ʪʘʢʪʥʳʡ 176 10 900 50 

 ɽʚʨʦ 2, 2-ʪʘʢʪʥʳʡ 45 20 400 50 

 ɽʚʨʦ 2, 2-ʪʘʢʪʥʳʡ 26 20 400 50 

L-ʢʘʪʝʛʦʨʠʠ 
(ʤʦʧʝʜʳ ʠ 
ʤʦʪʦʮʠʢʣʳ) ** 

ʆʙʳʯʥʳʝ, 4-ʪʘʢʪʥʳʡ 14-176 15 560 50 

 ɽʚʨʦ 1, 4-ʪʘʢʪʥʳʡ 14-40 25 300 50 

 ɽʚʨʦ 2, 4-ʪʘʢʪʥʳʡ 3.5-7 25 300 50 

 ɽʚʨʦ 3, 4-ʪʘʢʪʥʳʡ 0.96-4 25 250 50 
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 ɺʣʠʷʥʠʝ ʩʠʩʪʝʤ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʚʳʙʨʦʩʳ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ 

ɿʘ ʧʦʩʣʝʜʥʠʝ ʪʨʠ ʜʝʩʷʪʠʣʝʪʠʷ ʜʠʟʝʣʴʥʳʝ ʜʚʠʛʘʪʝʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʵʚʦʣʶʮʠʦʥʠʨʦʚʘʣʠ, 

ʜʦʩʪʠʛʥʫʚ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʫʣʫʯʰʝʥʥʦʛʦ ʫʨʦʚʥʷ 

ʢʦʤʬʦʨʪʘ ʢʘʢ ʜʣʷ ʣʝʛʢʠʭ ʛʨʫʟʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ, ʪʘʢ ʠ ʜʣʷ ʪʨʘʥʩʧʦʨʪʳʭ ʩʨʝʜʩʪʚ ʙʦʣʴʰʦʡ 

ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ (Fiebig et al., 2014). ʊʝʭʥʠʯʝʩʢʠʝ ʨʘʟʨʘʙʦʪʢʠ ʦʭʚʘʪʳʚʘʶʪ ʚʩʝ ʘʩʧʝʢʪʳ 

ï ʦʪ ʢʘʯʝʩʪʚʘ ʪʦʧʣʠʚʘ ʜʦ ʧʨʦʮʝʩʩʦʚ ʩʞʠʛʘʥʠʷ ʠ ʩʠʩʪʝʤ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʠ 

ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʠʩʯʝʨʧʳʚʘʶʱʠʡ ʦʙʟʦʨ ʠʤʝʶʱʝʡʩʷ ʣʠʪʝʨʘʪʫʨʳ, 

ʢʘʩʘʶʱʝʡʩʷ ʪʝʭʥʠʯʝʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ ʠ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʩʦʢʨʘʱʝʥʠʝ ʚʳʙʨʦʩʦʚ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʘʢʠʝ ʘʩʧʝʢʪʳ, ʢʘʢ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦ ʦ 

ʚʳʙʨʦʩʘʭ, ʢʘʯʝʩʪʚʦ ʪʦʧʣʠʚʘ, ʪʝʭʥʦʣʦʛʠʠ ʜʠʟʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʠ ʩʠʩʪʝʤ ʧʦʩʣʝʜʫʶʱʝʡ 

ʦʙʨʘʙʦʪʢʠ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ, ʘ ʪʘʢʞʝ ʩʦʩʪʘʚ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ, ʩ ʘʢʮʝʥʪʦʤ ʥʘ ʤʘʩʩʦʚʳʝ 

ʚʳʙʨʦʩʳ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʧʨʠ ʠʭ ʧʨʠʤʝʥʝʥʠʠ ʥʘ ʜʦʨʦʞʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚʘʭ. 

ʊʝʭʥʦʣʦʛʠʠ ʜʠʟʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, 

ʚʢʣʶʯʘʶʪ ʚʥʫʪʨʝʥʥʠʝ ʤʦʜʠʬʠʢʘʮʠʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʳʙʨʦʩʳ ʪʚʝʨʜʳʭ 

ʯʘʩʪʠʮ ʠ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟ ʧʦʪʝʨʠ ʤʦʱʥʦʩʪʠ. ʉʨʝʜʠ ʪʘʢʠʭ ʤʦʜʠʬʠʢʘʮʠʡ ï 

ʦʭʣʘʞʜʘʝʤʘʷ ʩʠʩʪʝʤʘ ʨʝʮʠʨʢʫʣʷʮʠʠ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ, ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ 

ʚʧʨʳʩʢʘ, ʘʜʘʧʪʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʥʘʜʜʫʚʘ ʠ ʫʣʫʯʰʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʩʞʠʛʘʥʠʷ ʩ ʚʳʩʦʢʦʡ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʴʶ. ɹʣʘʛʦʜʘʨʷ ʚʥʝʜʨʝʥʠʶ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʩʠʩʪʝʤ ʧʦʩʣʝʜʫʶʱʝʡ 

ʦʙʨʘʙʦʪʢʠ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ, ʪʘʢʠʭ ʢʘʢ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʠ ʜʠʟʝʣʴʥʳʡ ʩʘʞʝʚʳʡ 

ʬʠʣʴʪʨ, ʘ ʪʘʢʞʝ ʩʠʩʪʝʤ ʩʥʠʞʝʥʠʷ ʚʳʙʨʦʩʦʚ NOx, ʚʳʙʨʦʩʳ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʙʳʣʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʱʝʥʳ. ɺ ɽʚʨʦʧʝ ʧʨʦʙʣʝʤʘ ʚʦʟʜʝʡʩʪʚʠʷ ʩʝʨʳ ʥʘ ʢʘʪʘʣʠʟʘʪʦʨ rʙʳʣʘ 

ʨʝʰʝʥʘ ʙʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʥʠʟʢʦʩʝʨʥʠʩʪʦʛʦ ʪʦʧʣʠʚʘ. 

ɺ ʙʫʜʫʱʝʤ ʦʞʠʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʠʦʪʦʧʣʠʚʘ, ʢʦʪʦʨʦʝ ʚ ʮʝʣʦʤ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʚʳʙʨʦʩʳ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʠ ʥʝ ʫʚʝʣʠʯʠʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʚʳʙʨʦʩʦʚ 

ʯʘʩʪʠʮ. ʉ ʤʦʤʝʥʪʘ ʚʚʝʜʝʥʠʷ ʥʦʨʤ ʚʳʙʨʦʩʦʚ ɽʉ ʚʩʝ ʧʨʝʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʚʳʙʨʦʩʦʚ ʙʳʣʠ 

ʩʥʠʞʝʥʳ ʙʦʣʝʝ ʯʝʤ ʥʘ 90%. ɺ ʙʫʜʫʱʝʤ ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʜʘʣʴʥʝʡʰʠʝ ʰʘʛʠ ʚ ʵʪʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ. ɺʳʙʨʦʩʳ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʩʦʚʨʝʤʝʥʥʳʭ ʜʠʟʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʧʦ ʢʘʯʝʩʪʚʫ 

ʠ ʢʦʣʠʯʝʩʪʚʫ ʫʞʝ ʥʝʣʴʟʷ ʩʨʘʚʥʠʚʘʪʴ ʩ ʚʳʙʨʦʩʘʤʠ ʜʚʠʛʘʪʝʣʝʡ ʩʪʘʨʦʛʦ ʧʦʢʦʣʝʥʠʷ. 

ɺʥʫʪʨʝʥʥʠʝ ʤʦʜʠʬʠʢʘʮʠʠ ʜʚʠʛʘʪʝʣʷ ʧʨʠʚʝʣʠ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʚʳʙʨʦʩʦʚ 

ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʙʝʟ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʭ ʨʘʟʤʝʨʦʚ ʚ ʩʪʦʨʦʥʫ 

ʫʤʝʥʴʰʝʥʠʷ ʯʘʩʪʠʮ. ʆʩʪʘʪʦʯʥʳʝ ʯʘʩʪʠʮʳ ʤʦʛʫʪ ʙʳʪʴ ʟʘʭʚʘʯʝʥʳ ʣʦʚʫʰʢʦʡ ʜʣʷ ʪʚʝʨʜʳʭ 

ʯʘʩʪʠʮ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʭ ʨʘʟʤʝʨʘ ʠʣʠ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʬʠʣʴʪʨʘ 

ʩ ʧʦʨʠʩʪʳʤʠ ʩʪʝʥʢʘʤʠ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʧʦʯʪʠ 100% ʩʦʢʨʘʱʝʥʠʷ ʚʳʙʨʦʩʦʚ ʧʦ ʤʘʩʩʝ ʠ 

ʯʠʩʣʫ ʯʘʩʪʠʮ. ʉʥʠʞʝʥʠʝ ʤʘʩʩʳ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʚʩʝʛʜʘ ʩʚʷʟʘʥʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʠʭ ʯʠʩʣʘ. 

ʉʨʘʚʥʠʚʘʷ ʜʘʥʥʳʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʧʦ ʪʠʧʫ ʚʳʙʨʦʩʦʚ, 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʌʝʜʝʨʘʣʴʥʳʤ ʘʚʪʦʤʦʙʠʣʴʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ɻʝʨʤʘʥʠʠ (KBA), ʚʠʜʥʦ, 

ʯʪʦ ʧʦʢʘʟʘʪʝʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʧʦ ʚʳʙʨʦʩʘʤ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ 

ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʧʨʝʜʝʣʦʚ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʩ ʜʠʟʝʣʴʥʳʤʠ 

ʩʘʞʝʚʳʤʠ ʬʠʣʴʪʨʘʤʠ (DPF) ʩʪʘʥʜʘʨʪʘ ɽʚʨʦ 3 ʠ ɽʚʨʦ 4 (ʈʠʩʫʥʦʢ 39). ʅʘʯʠʥʘʷ ʩ ɽʚʨʦ 5, 

ʩʘʤʳʝ ʥʠʟʢʠʝ ʫʨʦʚʥʠ ʚʳʙʨʦʩʦʚ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʜʦʩʪʠʛʘʶʪʩʷ ʙʣʘʛʦʜʘʨʷ ʫʥʠʚʝʨʩʘʣʴʥʦʤʫ 

ʧʨʠʤʝʥʝʥʠʶ DPF. ʃʝʛʢʦʚʳʝ ʘʚʪʦʤʦʙʠʣʠ, ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʧʦ ɽʚʨʦ 6, ʫʞʝ ʜʦʩʪʫʧʥʳ 

ʥʘ ʨʳʥʢʝ. ʈʠʩʫʥʦʢ 39 (ʚʥʠʟʫ ʩʣʝʚʘ) ʪʘʢʞʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʥʦʚʳʭ 

ʩʪʘʥʜʘʨʪʦʚ ʚʳʙʨʦʩʦʚ ʦʥʠ ʙʳʩʪʨʦ ʚʥʝʜʨʷʶʪʩʷ ʩʨʝʜʠ ʥʦʚʳʭ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ 

ʘʚʪʦʤʦʙʠʣʝʡ. ɸʚʪʦʤʦʙʠʣʠ, ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʧʦ ɽʚʨʦ VI, ʧʦʷʚʠʣʠʩʴ ʥʘ ʨʳʥʢʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ. ʈʘʟʨʘʙʦʪʢʘ ʥʦʨʤʘʪʠʚʦʚ ʚʳʙʨʦʩʦʚ ʠ ʜʘʥʥʳʭ ʨʝʛʠʩʪʨʘʮʠʠ KBA 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʘʥʘʣʦʛʠʯʥʦ ʙʳʩʪʨʦʝ ʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʚʩʝʭ ʚʳʙʨʦʩʦʚ ʜʣʷ 

ʢʦʤʤʝʨʯʝʩʢʠʭ ʘʚʪʦʤʦʙʠʣʝʡ (ʚʥʠʟʫ ʩʧʨʘʚʘ). ʂʦʥʮʝʧʮʠʠ ɽʚʨʦ IV ʠ ɽʚʨʦ V ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʢʘʢ ʩ DPF (ʦʪʢʨʳʪʳʝ ʩʠʤʚʦʣʳ), ʪʘʢ ʠ ʙʝʟ ʥʠʭ (ʟʘʢʨʳʪʳʝ ʩʠʤʚʦʣʳ), ʧʦʩʢʦʣʴʢʫ 

ʙʦʣʴʰʠʥʩʪʚʦ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʢʦʤʤʝʨʯʝʩʢʠʭ ʘʚʪʦʤʦʙʠʣʝʡ ʠʩʧʦʣʴʟʫʶʪ 
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ʚʥʫʪʨʠʮʠʣʠʥʜʨʦʚʦʝ ʩʥʠʞʝʥʠʝ ʯʘʩʪʠʮ ʠ ʚʳʙʨʦʩʦʚ NOx ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʦʣʦʛʠʠ ʉʂɺ ʜʣʷ 

ɽʚʨʦ V, ʫʯʠʪʳʚʘʷ ʩʚʷʟʘʥʥʳʝ ʩ ʵʪʠʤ ʧʨʝʠʤʫʱʝʩʪʚʘ ʚ ʧʦʪʨʝʙʣʝʥʠʠ ʪʦʧʣʠʚʘ..ʊʦʣʴʢʦ 

ʥʝʤʥʦʛʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʧʨʠʤʝʥʷʶʪ ʚʥʫʪʨʠʮʠʣʠʥʜʨʦʚʦʝ ʩʥʠʞʝʥʠʝ NOx ʠ DPF. 

 

 

ʈʠʩʫʥʦʢ 39: ʇʨʝʜʝʣʳ ʚʳʙʨʦʩʦʚ KBA. ʇʨʝʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʚʳʙʨʦʩʦʚ ʜʣʷ ʣʝʛʢʦʚʳʭ 

ʘʚʪʦʤʦʙʠʣʝʡ (ʚʝʨʭʥʠʡ ʣʝʚʳʡ ʫʛʦʣ). ʇʦʜʨʦʙʥʳʡ ʚʠʜ ʥʦʨʤ ɽɺʈʆ 3ï6 ʜʣʷ ʣʝʛʢʦʚʳʭ 

ʘʚʪʦʤʦʙʠʣʝʡ (ʚʝʨʭʥʠʡ ʧʨʘʚʳʡ ʫʛʦʣ). ʇʨʝʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʢʦʤʤʝʨʯʝʩʢʠʭ 

ʘʚʪʦʤʦʙʠʣʝʡ (ʥʠʞʥʠʡ ʧʨʘʚʳʡ ʫʛʦʣ). ʇʨʦʥʠʢʥʦʚʝʥʠʝ ʥʦʚʳʭ ʧʨʝʜʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

ʚʳʙʨʦʩʦʚ ʜʣʷ ʣʝʛʢʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ (Fiebig et al., 2014). 

 

 

ʆʙʟʦʨ (Guan et al., 2015) ʚʢʣʶʯʘʝʪ ʚʩʝʩʪʦʨʦʥʥʝʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʜʠʟʝʣʴʥʳʭ ʩʘʞʝʚʳʭ ʬʠʣʴʪʨʦʚ (DPF), ʚʢʣʶʯʘʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʬʠʣʴʪʨʫʶʱʝʛʦ ʩʫʙʩʪʨʘʪʘ, ʥʦʚʡr ʩʦʩʪʘʚ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʚʳʩʦʢʦʨʘʟʚʠʪʳʝ ʩʪʨʘʪʝʛʠʠ 

ʫʧʨʘʚʣʝʥʠʷ ʨʝʛʝʥʝʨʘʮʠʝʡ, ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʫʶ ʨʝʛʝʥʝʨʘʮʠʶ DPF ʠ ʤʝʪʦʜʠʢʠ ʠʭ 

ʫʧʨʘʚʣʝʥʠʷ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʥʘʢʦʧʣʝʥʠʷ ʩʘʞʠ ʚ DPF, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʪʯʠʢʦʚ 

ʩʘʞʠ ʜʣʷ ʩʦʙʣʶʜʝʥʠʷ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʧʦ ʙʦʨʪʦʚʦʡ ʜʠʘʛʥʦʩʪʠʢʝ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ. ʂʨʦʤʝ 

ʪʦʛʦ, ʦʙʩʫʞʜʘʝʪʩʷ ʧʨʦʛʨʝʩʩ ʚ ʦʙʣʘʩʪʠ ʚʳʩʦʢʦʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ ʛʠʙʨʠʜʥʳʭ ʧʦʜʭʦʜʦʚ, 

ʚʢʣʶʯʘʶʱʠʭ ʠʥʪʝʛʨʘʮʠʶ ʜʠʟʝʣʴʥʦʛʦ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʢʘʪʦʣʠʯʝʩʢʦʛʦ ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ  

(DOC) + (DPF, ʢʘʪʘʣʠʟʘʪʦʨ ʩʥʠʞʝʥʠʷ NOx), ʩʝʣʝʢʪʠʚʥʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʥʝʡʪʨʘʣʠʟʘʮʠʠ 

(ʉʂɺ) ʥʘ ʧʦʢʨʳʪʳʭ DPF ʢʘʪʘʣʠʟʘʪʦʨʘʭ, ʘ ʪʘʢʞʝ ʨʘʟʤʝʱʝʥʠʝ DPF ʚ ʢʦʥʪʫʨʝ 

ʨʝʮʠʨʢʫʣʷʮʠʠ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ (EGR). ʊʘʢʞʝ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʝ 

ʢʘʯʝʩʪʚʘ ʪʦʧʣʠʚʘ ʠ ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ DPF, ʘ ʪʘʢʞʝ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʜʦʦʩʥʘʱʝʥʠʝ DPF. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʪʝʭʥʦʣʦʛʠʠ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ 

ʬʠʣʴʪʨʦʚ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʜʣʷ ʙʝʥʟʠʥʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ (GPF) ʩʪʘʥʦʚʷʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤʠ 

ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʦʢʨʘʱʝʥʠʷ ʚʳʙʨʦʩʦʚ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʠ ʢʦʣʠʯʝʩʪʚʘ ʯʘʩʪʠʮ (PN) ʚ 

ʜʚʠʛʘʪʝʣʷʭ ʩ ʙʝʥʟʠʥʦʤ ʧʨʷʤʦʛʦ ʚʧʨʳʩʢʘ (ʉʅɺʊ), ʯʪʦʙʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʙʫʜʫʱʠʤ 

ʫʞʝʩʪʦʯʘʶʱʠʤʩʷ ʥʦʨʤʘʤ ʚʳʙʨʦʩʦʚ (ʈʠʩʫʥʦʢ 40).
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ʈʠʩʫʥʦʢ 40: ʉʭʝʤʘʪʠʯʝʩʢʠʡ ʦʙʟʦʨ ʵʬʬʝʢʪʠʚʥʦʩʪʠ GPF ʠʟ ʨʘʙʦʪʳ (Guan et al., 2015). (a) 

ʇʨʝʜʣʦʞʝʥʠʝ ʧʦ ʚʳʙʨʦʩʘʤ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ɽɺʈʆ 6 (Piock et al., 2011); (b) 

ʉʨʘʚʥʝʥʠʝ ʚʳʙʨʦʩʦʚ ʢʦʣʠʯʝʩʪʚʘ ʯʘʩʪʠʮ ʠ ʤʘʩʩʳ ʯʘʩʪʠʮ ʜʣʷ ʙʝʥʟʠʥʦʚʳʭ ʠ ʜʠʟʝʣʴʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ (Whitaker et al., 2011); (c) ʅʘʙʦʨ ʜʘʥʥʳʭ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ PN-ʊʏ ʜʣʷ ʝʚʨʦʧʝʡʩʢʠʭ 

ʣʝʛʢʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ (* ʪʦʣʴʢʦ ʜʠʟʝʣʴ, ** ʜʠʟʝʣʴ ʠ ʜʚʠʛʘʪʝʣʠ ʩ ʠʩʢʨʦʚʳʤ ʟʘʞʠʛʘʥʠʝʤ 

ʧʨʷʤʦʛʦ ʚʧʨʳʩʢʘ) (Braisher et al., 2010); (d) PN-ʚʳʙʨʦʩʳ ʧʦ NEDC ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʬʠʣʴʪʨʘʮʠʠ GPF (Richter et al., 2012), ʇʨʦʙʳ ʦʮʝʥʠʚʘʣʠʩʴ ʚ ʨʝʞʠʤʝ NEDC ʥʘ ʘʚʪʦʤʦʙʠʣʝ 

ʩ ʪʫʨʙʠʨʦʚʘʥʥʳʤ ʜʚʠʛʘʪʝʣʝʤ GTDI ʦʙʲʝʤʦʤ 2,0 ʣ ʠ ʥʘ ʚʳʩʦʢʦʜʠʥʘʤʠʯʝʩʢʦʤ ʤʦʪʦʨʥʦʤ 

ʩʪʝʥʜʝ. ʉʠʩʪʝʤʘ ʩʩʳʣʦʢ: ʉʠʩʪʝʤʘ 1) ʪʝʩʪʦʚʘʷ ʩʠʩʪʝʤʘ ʩ ʥʝʦʢʨʘʰʝʥʥʳʤ GPF ʚ ʧʦʜʢʫʟʦʚʥʦʤ 

ʧʦʣʦʞʝʥʠʠ, ʉʠʩʪʝʤʘ 2) ʪʝʩʪʦʚʘʷ ʩʠʩʪʝʤʘ ʩ ʦʢʨʘʰʝʥʥʳʤ GPF ʚ ʧʦʜʢʫʟʦʚʥʦʤ ʧʦʣʦʞʝʥʠʠ, 

ʉʠʩʪʝʤʘ 3) ʪʝʩʪʦʚʘʷ ʩʠʩʪʝʤʘ ʩ ʨʘʟʜʝʣʝʥʥʳʤ ʙʣʠʟʢʦʨʘʩʧʦʣʦʞʝʥʥʳʤ TWC 

(ʪʨʸʭʢʦʤʧʦʥʝʥʪʥʳʤ ʢʘʪʘʣʠʪʠʟʘʪʦʨʦʤ) ʠ ʦʢʨʘʰʝʥʥʳʤ GPF ʚ ʧʦʜʢʫʟʦʚʥʦʤ ʧʦʣʦʞʝʥʠʠ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ ʜʠʟʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʦʢʘʟʳʚʘʝʪ ʚʘʞʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʩʥʠʞʝʥʠʝ ʚʳʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ. ʇʦʤʠʤʦ ʪʠʧʘ 

ʢʘʪʘʣʠʟʘʪʦʨʘ, ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ ʠ ʬʦʨʤʘ ʚʳʙʨʦʩʦʚ ʷʚʣʷʶʪʩʷ ʜʨʫʛʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʉ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ ʚʳʙʨʦʩʦʚ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʦʯʠʩʪʢʦʡ ʚʦʟʤʦʞʥʦ ʩʥʠʟʠʪʴ ʚʳʙʨʦʩʳ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʩʪʘʥʜʘʨʪʘʤ ʠ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ ʚʳʙʨʦʩʘʤ, ʘ ʪʘʢʞʝ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʚʨʝʜʥʳʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʚʳʙʨʦʩʦʚ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ (Reĸitoĵlu et al., 2015). 

ʀʩʩʣʝʜʦʚʘʥʠʝ (Louis et al., 2016b) ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʥʘ (i) ʚʳʙʨʦʩʘʭ ʩʚʝʨʭʪʦʥʢʠʭ ʯʘʩʪʠʮ, 

ʯʝʨʥʦʛʦ ʫʛʣʝʨʦʜʘ, ʃʆʉ (ʙʝʥʟʦʣ, ʪʦʣʫʦʣ, ʵʪʠʣʙʝʥʟʦʣ, ʢʩʠʣʦʣʳ ï BTEX), ʇɸʋ, 

ʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ NO2 ʦʪ ʜʠʟʝʣʴʥʳʭ ʠ ʙʝʥʟʠʥʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʩʪʘʥʜʘʨʪʦʚ 

ɽɺʈʆ 4 ʠ ɽɺʈʆ 5, (ii) ʚʣʠʷʥʠʠ ʫʩʣʦʚʠʡ ʚʦʞʜʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʭʦʣʦʜʥʳʡ ʩʪʘʨʪ, ʛʦʨʦʜʩʢʦʡ, 

ʩʝʣʴʩʢʠʡ ʠ ʘʚʪʦʤʘʛʠʩʪʨʘʣʴʥʳʡ ʨʝʞʠʤʳ), ʘ ʪʘʢʞʝ (iii) ʚʣʠʷʥʠʠ ʫʩʪʨʦʡʩʪʚ ʩ ʜʦʙʘʚʢʘʤʠ ʠ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ DPF ʥʘ ʚʳʙʨʦʩʳ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. ʊʝʩʪʳ ʥʘ ʰʘʩʩʠ-ʜʠʥʘʤʦʤʝʪʨʝ 

ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʯʝʪʳʨʸʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚʘʭ ɽɺʈʆ 5 ʠ ʜʚʫʭ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʨʝʜʩʪʚʘʭ ɽɺʈʆ 4: ʙʝʥʟʠʥʦʚʳʝ ʘʚʪʦʤʦʙʠʣʠ ʩ ʩʠʩʪʝʤʘʤʠ ʧʨʷʤʦʛʦ ʚʧʨʳʩʢʘ ʠ ʙʝʟ ʥʠʭ, ʘ 
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ʪʘʢʞʝ ʜʠʟʝʣʴʥʳʝ ʘʚʪʦʤʦʙʠʣʠ, ʦʩʥʘʱʝʥʥʳʝ ʩʘʞʝʚʳʤʠ ʬʠʣʴʪʨʘʤʠ ʩ ʜʦʙʘʚʢʘʤʠ ʠ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʬʠʣʴʪʨʘʤʠ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʮʠʢʣʘʤʠ ʛʦʨʷʯʝʛʦ 

ʩʪʘʨʪʘ, ʮʠʢʣʳ ʭʦʣʦʜʥʦʛʦ ʩʪʘʨʪʘ ʚ ʛʦʨʦʜʩʢʠʭ ʫʩʣʦʚʠʷʭ ʫʚʝʣʠʯʠʚʘʣʠ ʚʩʝ ʚʳʙʨʦʩʳ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ 2 ʨʘʟʘ. ɽʜʠʥʩʪʚʝʥʥʳʤ ʠʩʢʣʶʯʝʥʠʝʤ ʙʳʣ NO2, ʫʨʦʚʝʥʴ ʢʦʪʦʨʦʛʦ 

ʩʥʠʞʘʣʩʷ ʚ 1,3ï6 ʨʘʟ. ɺʳʙʨʦʩʳ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʠ ʯʝʨʥʦʛʦ ʫʛʣʝʨʦʜʘ ʦʪ ʙʝʥʟʠʥʦʚʳʭ 

ʜʚʠʛʘʪʝʣʝʡ ʙʳʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʦʪ ʜʠʟʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʦʩʥʘʱʸʥʥʳʭ DPF. 

ʂʨʦʤʝ ʪʦʛʦ, ʜʚʠʛʘʪʝʣʠ ʩ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ DPF ʚʳʙʨʘʩʳʚʘʶʪ ʚ 3ï10 ʨʘʟ ʙʦʣʴʰʝ 

ʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʯʘʩʪʠʮ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ DPF ʩ ʜʦʙʘʚʢʘʤʠ 

ʚʦ ʚʨʝʤʷ ʛʦʨʦʜʩʢʠʭ ʮʠʢʣʦʚ ʜʚʠʞʝʥʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʘʚʪʦʤʦʙʠʣʠ ʩ DPF ʩ ʜʦʙʘʚʢʘʤʠ 

ʚʳʙʨʘʩʳʚʘʶʪ ʚ 2 ʠ 5 ʨʘʟ ʙʦʣʴʰʝ BTEX ʠ ʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚʦ ʚʨʝʤʷ ʮʠʢʣʦʚ 

ʜʚʠʞʝʥʠʷ ʧʦ ʘʚʪʦʤʘʛʠʩʪʨʘʣʠ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʘʤ, ʮʠʢʣ 

ʜʚʠʞʝʥʠʷ ʧʦ ʘʚʪʦʤʘʛʠʩʪʨʘʣʠ ʚʳʟʳʚʘʝʪ ʚʳʙʨʦʩʳ ʯʘʩʪʠʮ ʤʝʥʴʰʝʛʦ ʜʠʘʤʝʪʨʘ (ʤʦʜʘ ʥʘ 

ʫʨʦʚʥʝ 15 ʥʤ), ʯʝʤ ʮʠʢʣ ʭʦʣʦʜʥʦʛʦ ʩʪʘʨʪʘ ʚ ʛʦʨʦʜʩʢʠʭ ʫʩʣʦʚʠʷʭ (ʤʦʜʘ ʥʘ ʫʨʦʚʥʝ 80ï100 

ʥʤ). ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ ʯʸʪʢʫʶ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʢʦʨʨʝʣʷʮʠʶ ʤʝʞʜʫ ʚʳʙʨʦʩʘʤʠ ʯʘʩʪʠʮ, 

ʯʝʨʥʦʛʦ ʫʛʣʝʨʦʜʘ ʠ BTEX, ʘ ʪʘʢʞʝ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʢʦʨʨʝʣʷʮʠʶ ʤʝʞʜʫ ʪʚʝʨʜʳʤʠ 

ʯʘʩʪʠʮʘʤʠ ʠ NO2. ʅʘ ʨʠʩʫʥʢʝ 41 ʦʪʯʸʪʣʠʚʦ ʚʠʜʥʘ ʩʫʱʝʩʪʚʝʥʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ 

ʚʳʙʨʦʩʘʤʠ ʏʋ ʠ ʚʳʙʨʦʩʘʤʠ PN ʠʣʠ ʊʏ10. 
 

ʈʠʩʫʥʦʢ 41: ʂʦʨʨʝʣʷʮʠʷ ʏʋ/PN ʠ ʏʋ/ʊʏ10 ʜʣʷ ʙʝʥʟʠʥʦʚʳʭ (a ʠ b) ʠ ʜʠʟʝʣʴʥʳʭ 

ʘʚʪʦʤʦʙʠʣʝʡ (c ʠ d). ʏʋ: ʯʝʨʥʳʡ ʫʛʣʝʨʦʜ; ʏʅ: ʯʠʩʣʦ ʯʘʩʪʠʮ; ʊʏ10: ʤʘʩʩʘ ʯʘʩʪʠʮ ʩ 

ʜʠʘʤʝʪʨʦʤ ʯʘʩʪʠʮ ʤʝʥʝʝ 10 ʤʢʤ ï ʠʟ (Louis et al., 2016b) 

 

ʈʠʩʫʥʦʢ 42 ʧʦʢʘʟʳʚʘʝʪ ʚʳʙʨʦʩʳ ʇɸʋ ʜʣʷ ʜʠʟʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʚʳʙʨʦʩʦʚ ʘʣʴʜʝʛʠʜʦʚ ʜʣʷ ʪʝʩʪʦʚ ʥʘ ʜʠʥʘʤʦʤʝʪʨʝ, ʧʨʦʚʝʜʝʥʥʳʭ ʚʦ ʚʨʝʤʷ ʛʦʨʦʜʩʢʦʛʦ 

ʮʠʢʣʘ ʩ ʛʦʨʷʯʠʤ ʟʘʧʫʩʢʦʤ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ (Louis et al., 2016b), ʚʳʙʨʦʩʳ ʘʣʴʜʝʛʠʜʦʚ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʶʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ (Caplain et al., 2006) 

ʠ (Polo Rehn, 2013). ɺʳʙʨʦʩʳ ʘʣʴʜʝʛʠʜʦʚ ʫ ʙʝʥʟʠʥʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʩʥʠʞʘʶʪʩʷ ʩ 12 
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ʤʛ/ʢʤ ʜʣʷ ʘʚʪʦʤʦʙʠʣʝʡ ʩʪʘʥʜʘʨʪʘ ɽʚʨʦ 1 ʜʦ 1 ʤʛ/ʢʤ ʜʣʷ ʘʚʪʦʤʦʙʠʣʝʡ ʩʪʘʥʜʘʨʪʘ ɽʚʨʦ 4. 

ɺʳʙʨʦʩʳ ʘʣʴʜʝʛʠʜʦʚ ʫ ʜʠʟʝʣʴʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʩʥʠʞʘʶʪʩʷ ʩ 30 ʤʛ/ʢʤ ʜʣʷ ʘʚʪʦʤʦʙʠʣʝʡ 

ʜʦ ʩʪʘʥʜʘʨʪʘ ɽʚʨʦ ʜʦ 0,5 ʤʛ/ʢʤ ʜʣʷ ʘʚʪʦʤʦʙʠʣʝʡ ʩʪʘʥʜʘʨʪʘ ɽʚʨʦ 4. ɿʥʘʯʠʪʝʣʴʥʦʝ 

ʩʥʠʞʝʥʠʝ ʚʳʙʨʦʩʦʚ ʇɸʋ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʘʥʥʳʤʠ ʠʟ (Pillot et al., 2006) ʠ 

(Polo Rehn, 2013). ɺʳʙʨʦʩʳ ʇɸʋ ʫ ʜʠʟʝʣʴʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʩʥʠʞʘʶʪʩʷ ʩ 17 ʤʢʛ/ʢʤ 

ʜʣʷ ʘʚʪʦʤʦʙʠʣʝʡ ʜʦ ʩʪʘʥʜʘʨʪʘ ɽʚʨʦ ʜʦ 1 ʤʢʛ/ʢʤ ʜʣʷ ʘʚʪʦʤʦʙʠʣʝʡ ʩʪʘʥʜʘʨʪʘ ɽʚʨʦ 3 

ʠ ʦʩʪʘʶʪʩʷ ʥʠʞʝ 0,2 ʤʢʛ/ʢʤ ʜʣʷ ʘʚʪʦʤʦʙʠʣʝʡ ʩʪʘʥʜʘʨʪʘ ɽʚʨʦ 5. ɺʳʙʨʦʩʳ ʇɸʋ ʫ 

ʙʝʥʟʠʥʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʜʦʚʦʣʴʥʦ ʥʠʟʢʠʝ (ʥʠʞʝ 8 ʥʛ/ʢʤ) ʠ ʙʣʠʟʢʠ ʢ ʧʨʝʜʝʣʫ 

ʦʙʥʘʨʫʞʝʥʠʷ. 

 

 

ʈʠʩʫʥʦʢ 42: (ʉʣʝʚʘ) ʉʨʘʚʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʳʙʨʦʩʦʚ ʇɸʋ (ʂɺ) ʜʣʷ ʜʠʟʝʣʴʥʳʭ 

ʘʚʪʦʤʦʙʠʣʝʡ (ʢʨʘʩʥʘʷ ʧʦʣʦʩʘ) ʠ ʜʘʥʥʳʭ (Polo Rehn, 2013) (ʩʠʥʷʷ ʧʦʣʦʩʘ) ʠ (Pillot et al., 2006) 

(ʟʝʣʝʥʘʷ ʧʦʣʦʩʘ). ʉʨʘʚʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʳʙʨʦʩʦʚ ʘʣʴʜʝʛʠʜʦʚ (ʂɺ) ʜʣʷ ʙʝʥʟʠʥʦʚʳʭ 

ʘʚʪʦʤʦʙʠʣʝʡ (ʚ ʮʝʥʪʨʝ) ʠ ʜʠʟʝʣʴʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ (ʩʧʨʘʚʘ) (ʢʨʘʩʥʘʷ ʧʦʣʦʩʘ) ʩ ʜʘʥʥʳʤʠ 

(Polo Rehn, 2013) (ʩʠʥʷʷ ʧʦʣʦʩʘ) ʠ (Caplain et al., 2006) (ʟʝʣʝʥʘʷ ʧʦʣʦʩʘ). ʀʩʪʦʯʥʠʢ: (Louis et 

al., 2016b). 

 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʩʠʩʪʝʤ ʜʦʦʯʠʩʪʢʠ ʥʘ ʚʳʙʨʦʩʳ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ (Kostenidou 

et al., 2020) ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʯʘʩʪʠʮ, ʚʳʙʨʘʩʳʚʘʝʤʳʭ ʪʨʝʤʷ 

ʜʠʟʝʣʴʥʳʤʠ ʠ ʯʝʪʳʨʴʤʷ ʙʝʥʟʠʥʦʚʳʤʠ ʘʚʪʦʤʦʙʠʣʷʤʠ ʩʪʘʥʜʘʨʪʘ ɽʚʨʦ 5 ʥʘ ʥʘ ʰʘʩʩʠ-

ʜʠʥʘʤʦʤʝʪʨʝ (ʈʠʩʫʥʦʢ 43). ʏʝʨʥʳʡ ʫʛʣʝʨʦʜ (ʏʋ) ʜʦʤʠʥʠʨʫʶʱʠʝ ʚʳʙʨʘʩʳʚʘʝʤʦʝ 

ʚʝʱʝʩʪʚʦ ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʚʳʙʨʦʩʦʚ (ʂɺ), ʚʘʨʴʠʨʫʶʱʠʤʠʩʷ ʦʪ 0,2 ʜʦ 7,1 ʤʛ/ʢʤ ʜʣʷ 

ʙʝʥʟʠʥʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʠ ʦʪ 0,003 ʜʦ 0,08 ʤʛ/ʢʤ ʜʣʷ ʜʠʟʝʣʴʥʳʭ. ɼʣʷ ʙʝʥʟʠʥʦʚʳʭ 

ʘʚʪʦʤʦʙʠʣʝʡ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʳʙʨʦʩʦʚ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (OM) ʚʘʨʴʠʨʫʶʪʩʷ ʦʪ 5 

ʜʦ 103 ʤʢʛ/ʢʤ ʜʣʷ ʘʚʪʦʤʦʙʠʣʝʡ ʩ ʩʠʩʪʝʤʦʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʚʧʨʳʩʢʘ ʪʦʧʣʠʚʘ (ʉʅɺʊ) 

ʠ ʦʪ 1 ʜʦ 8 ʤʢʛ/ʢʤ ʜʣʷ ʘʚʪʦʤʦʙʠʣʝʡ ʩ ʩʠʩʪʝʤʦʡ ʨʘʩʧʨʝʜʝʣʸʥʥʦʛʦ ʚʧʨʳʩʢʘ (PFI), ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʜʣʷ ʜʠʟʝʣʴʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʦʥʠ ʥʘʭʦʜʠʣʠʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,15 ʜʦ 65 ʤʢʛ/ʢʤ. 

ɼʚʘʜʮʘʪʴ ʮʠʢʣʦʚ ʭʦʣʦʜʥʦʛʦ ʟʘʧʫʩʢʘ, ʦʩʦʙʝʥʥʦ ʧʝʨʚʳʝ ʤʠʥʫʪʳ ʢʘʞʜʦʛʦ ʮʠʢʣʘ, ʚʥʝʩʣʠ 

ʥʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚ ʚʳʙʨʦʩʳ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ, ʚʢʣʶʯʘʷ ʏʋ, OM ʠ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʝ 

ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ (ʇɸʋ). ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʩʦʢʦʨʘʟʨʝʰʘʶʱʝʡ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʚʨʝʤʝʥʠ ʧʨʦʣʝʪʘ (HR-ToF-AMS) ʙʳʣʦ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʝʥʦ ʙʦʣʝʝ 40 ʚʠʜʦʚ ʇɸʋ, ʚʢʣʶʯʘʷ 

ʤʝʪʠʣʠʨʦʚʘʥʥʳʝ, ʥʠʪʨʦ-, ʦʢʩʠʛʝʥʠʨʦʚʘʥʥʳʝ ʠ ʘʤʠʥʦ-ʇɸʋ, ʢʘʢ ʚ ʜʠʟʝʣʴʥʳʭ, ʪʘʢ ʠ ʚ 

ʙʝʥʟʠʥʦʚʳʭ ʚʳʙʨʦʩʘʭ. ɺʳʙʨʦʩʳ ʇɸʋ ʫ ʘʚʪʦʤʦʙʠʣʝʡ ʉʅɺʊ ʙʳʣʠ ʚ 4 ʨʘʟʘ ʚʳʰʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʘʚʪʦʤʦʙʠʣʷʤʠ, ʦʩʥʘʱʝʥʥʳʤʠ ʩʠʩʪʝʤʦʡ PFI, ʚʦ ʚʨʝʤʷ ʮʠʢʣʘ ʭʦʣʦʜʥʦʛʦ 

ʩʪʘʨʪʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʦʣʷ ʥʠʪʨʦ-ʇɸʋ ʙʳʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʚ ʚʳʙʨʦʩʘʭ ʉʅɺʊ. ʋ 

ʜʚʫʭ ʠʟ ʪʨʝʭ ʜʠʟʝʣʴʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʚʳʙʨʦʩʳ ʇɸʋ ʙʳʣʠ ʙʣʠʟʢʠ ʢ ʧʨʝʜʝʣʫ 

ʦʙʥʘʨʫʞʝʥʠʷ, ʥʦ ʜʣʷ ʦʜʥʦʛʦ, ʫ ʢʦʪʦʨʦʛʦ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʥʝʠʩʧʨʘʚʥʦʩʪʴ ʫʩʪʨʦʡʩʪʚʘ 

ʜʦʦʯʠʩʪʢʠ, ʩʨʝʜʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʚʳʙʨʦʩʦʚ ʇɸʋ ʩʦʩʪʘʚʠʣ 2,04 ʤʢʛ/ʢʤ. ɺʳʙʨʦʩʳ 

ʥʘʥʦʯʘʩʪʠʮ (ʤʝʥʴʰʝ 30 ʥʤ), ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʩʦʩʪʦʷʱʠʭ ʠʟ ʙʠʩʫʣʴʬʘʪʘ ʘʤʤʦʥʠʷ, 
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ʠʟʤʝʨʷʣʠʩʴ ʚʦ ʚʨʝʤʷ ʧʘʩʩʠʚʥʦʡ ʨʝʛʝʥʝʨʘʮʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʜʠʟʝʣʴʥʦʛʦ ʩʘʞʝʚʦʛʦ 

ʬʠʣʴʪʨʘ (CDPF). ʀʟʦʙʨʘʞʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʪʨʘʥʩʤʠʩʩʠʦʥʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ (TEM), ʧʦʜʪʚʝʨʜʠʣʠ ʥʘʣʠʯʠʝ ʥʘʥʦʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ 

ʚ ʩʘʞʝʚʳʭ ʯʘʩʪʠʮʘʭ, ʚʳʙʨʘʩʳʚʘʝʤʳʭ ʜʠʟʝʣʴʥʳʤ ʘʚʪʦʤʦʙʠʣʝʤ, ʦʩʥʘʱʝʥʥʳʤ ʪʦʧʣʠʚʥʳʤ 

ʢʘʪʘʣʠʟʘʪʦʨʦʤ - ʜʠʟʝʣʴʥʳʤ ʩʘʞʝʚʳʤ ʬʠʣʴʪʨʦʤ ʩ ʜʦʙʘʚʢʘʤʠ ʚ ʪʦʧʣʠʚʦ (FBC-DPF). 

ɸʥʘʣʠʟ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʬʦʪʦʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (XPS) ʯʘʩʪʠʮ, ʚʳʙʨʘʩʳʚʘʝʤʳʭ 

ʘʚʪʦʤʦʙʠʣʝʤ PFI, ʧʦʢʘʟʘʣ ʢʘʢ ʥʘʣʠʯʠʝ ʪʷʞʝʣʳʭ ʵʣʝʤʝʥʪʦʚ (Ti, Zn, Ca, Si, P, Cl), ʪʘʢ ʠ 

ʙʝʩʧʦʨʷʜʦʯʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʩʘʞʠ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʫʛʣʝʨʦʜʥʳʭ 

ʨʘʜʠʢʘʣʴʥʳʭ ʜʝʬʝʢʪʦʚ, ʯʪʦ ʤʦʞʝʪ ʧʦʚʣʠʷʪʴ ʥʘ ʭʠʤʠʯʝʩʢʫʶ ʨʝʘʢʪʠʚʥʦʩʪʴ ʠ ʪʦʢʩʠʯʥʦʩʪʴ 

ʯʘʩʪʠʮ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʨʘʟʣʠʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʜʦʦʯʠʩʪʢʠ 

ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʫʨʦʚʝʥʴ ʠ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʚʳʙʨʘʩʳʚʘʝʤʳʭ 

ʯʘʩʪʠʮ. ʂʨʦʤʝ ʪʦʛʦ, ʵʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʜʯʝʨʢʠʚʘʝʪ ʚʘʞʥʦʩʪʴ ʩʦʩʪʦʷʥʠʷ ʫʩʪʨʦʡʩʪʚ 

ʬʠʣʴʪʨʘʮʠʠ ʯʘʩʪʠʮ ʠ ʠʭ ʨʝʛʫʣʷʨʥʦʡ ʧʨʦʚʝʨʢʠ. 

 
 

ʈʠʩʫʥʦʢ 43: ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʳʙʨʦʩʦʚ ʜʣʷ ʪʨʝʭ ʜʠʟʝʣʴʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ (D1, D3 ʠ D4) ʠ 

ʯʝʪʳʨʝʭ ʙʝʥʟʠʥʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ (ʉʅɺʊ1, ʉʅɺʊ3, PFI4, ʉʅɺʊ5) ʩʪʘʥʜʘʨʪʘ ɽʚʨʦ-5: 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʳʙʨʦʩʦʚ  ʏʋ ʚʳʨʘʞʝʥʳ ʚ ʤʛ/ʢʤ, ʘ ʜʣʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʘ, ʇɸʋ, 

ʩʫʣʴʬʘʪʦʚ, ʘʤʤʦʥʠʷ ʠ ʥʠʪʨʘʪʦʚ ʟʥʘʯʝʥʠʷ ʚʳʨʘʞʝʥʳ ʚ ʤʢʛ/ʢʤ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʚʘ 

ʮʠʢʣʘ: ARTEMIS ʠ WLTC. ɹʝʥʟʠʥʦʚʳʝ ʘʚʪʦʤʦʙʠʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʣʦʰʥʳʤʠ ʩʪʦʣʙʮʘʤʠ, 

ʘ ʜʠʟʝʣʴʥʳʝ ï ʫʟʦʨʯʘʪʳʤʠ. ʆʰʠʙʢʠ ʦʪʦʙʨʘʞʝʥʳ ʚ ʚʠʜʝ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ Ñ1ů 

(Kostenidou et al., 2020). 
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ʂʘʢ ʫʧʦʤʠʥʘʣʦʩʴ ʚ ʨʘʟʜʝʣʝ 3.4, ʃʆʉ ʤʦʛʫʪ ʙʳʪʴ ʚʘʞʥʳʤ ʧʨʝʢʫʨʩʦʨʦʤ ʚʪʦʨʠʯʥʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʘʵʨʦʟʦʣʝʡ (SOA). (Drozd et al., 2019) ʧʨʦʚʝʣʠ ʚʩʝʩʪʦʨʦʥʥʶʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʚʳʙʨʦʩʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʠ ʥʠʟʢʦʡ ʣʝʪʫʯʝʩʪʠ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʨʤʦʜʝʩʦʨʙʮʠʦʥʥʦʡ ʜʚʫʤʝʨʥʦʡ ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ï ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ ʵʣʝʢʪʨʦʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ (GC×GC-EI-MS) ʠ ʚʘʢʫʫʤʥʦʡ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ ʠʦʥʠʟʘʮʠʝʡ (GC Ĭ GC-VUV-MS). ʄʦʥʦʮʠʢʣʠʯʝʩʢʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ ʩ ʥʝʥʘʩʳʱʝʥʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ C4 ʠ C5 ʩʦʩʪʘʚʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ 

ʚʳʙʨʦʩʦʚ (IVOC) ʚ ʚʳʭʣʦʧʥʳʭ ʛʘʟʘʭ ʙʝʥʟʠʥʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ. ɸʥʘʣʠʟ ʢʚʘʨʮʝʚʳʭ 

ʬʠʣʴʪʨʦʚ, ʚʳʧʦʣʥʝʥʥʳʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ GC Ĭ GC-VUV-MS, ʧʦʢʘʟʘʣ, ʯʪʦ ʧʝʨʚʠʯʥʳʝ 

ʚʳʙʨʦʩʳ ʦʨʛʘʥʠʯʝʩʢʠʭ ʘʵʨʦʟʦʣʝʡ ʙʳʣʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʚʷʟʘʥʳ ʩ ʤʦʪʦʨʥʳʤ ʤʘʩʣʦʤ. 

ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʦʙʲʝʜʠʥʠʣʠ ʥʦʚʳʝ ʜʘʥʥʳʝ ʦ ʚʳʙʨʦʩʘʭ ʩ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤʠ 

ʧʘʨʘʤʝʪʨʠʟʘʮʠʷʤʠ ʚʳʭʦʜʘ SOA ʜʣʷ ʦʮʝʥʢʠ ʧʦʪʝʥʮʠʘʣʘ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ. ʇʦʩʣʝ 24 

ʯʘʩʦʚ ʦʢʠʩʣʝʥʠʷ ʚʳʙʨʦʩʳ IVOC ʦʙʝʩʧʝʯʠʣʠ 45% ʬʦʨʤʠʨʦʚʘʥʠʷ SOA; ʩʦʝʜʠʥʝʥʠʷ BTEX 

(ʙʝʥʟʦʣ, ʪʦʣʫʦʣ, ʢʩʠʣʦʣʳ ʠ ʵʪʠʣʙʝʥʟʦʣ) ï 40%; ʜʨʫʛʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʃʆʉ ï 15%. ʉʦʩʪʘʚ 

ʚʳʙʨʦʩʦʚ IVOC ʙʳʣ ʩʪʘʙʠʣʝʥ ʚ ʨʘʤʢʘʭ ʪʝʩʪʦʚʦʛʦ ʧʘʨʢʘ, ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʯʪʦ 

ʜʘʣʴʥʝʡʰʝʝ ʩʦʢʨʘʱʝʥʠʝ ʚʳʙʨʦʩʦʚ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʙʫʜʝʪ ʧʨʦʜʦʣʞʘʪʴ ʩʥʠʞʘʪʴ 

ʦʙʨʘʟʦʚʘʥʠʝ SOA ʠ ʫʨʦʚʝʥʴ ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʚ ʘʪʤʦʩʬʝʨʝ 

(ʈʠʩʫʥʦʢ 44). 
 

ʈʠʩʫʥʦʢ 44: ɺʣʠʷʥʠʝ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʥʘ ʚʳʙʨʦʩʳ ʊʏ, ʚʢʣʶʯʘʷ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʚʪʦʨʠʯʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʘʵʨʦʟʦʣʝʡ (SOA) (Drozd et al., 2019). ʊʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ 

ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʧʦ ʩʪʘʥʜʘʨʪʫ ʩʝʨʪʠʬʠʢʘʮʠʠ ʚʳʙʨʦʩʦʚ. ʊʝʩʪʦʚʳʡ ʧʘʨʢ ʚʢʣʶʯʘʝʪ: ʦʜʥʦ 

ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ ʩʪʘʥʜʘʨʪʘ Tier 0 (T0), ʦʜʥʦ ʩ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʚʳʙʨʦʩʦʚ (LEV I), ʜʚʘ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚʘ ʩʪʘʥʜʘʨʪʘ Tier 2 LEV II, ʧʷʪʴ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʩ 

ʫʣʴʪʨʘʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʚʳʙʨʦʩʦʚ (ULEV), ʧʷʪʴ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʩ 

ʩʫʧʝʨʫʣʴʪʨʘʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʚʳʙʨʦʩʦʚ (SULEV) ʠ ʰʝʩʪʴ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʩ 

ʯʘʩʪʠʯʥʳʤʠ ʥʫʣʝʚʳʤʠ ʚʳʙʨʦʩʘʤʠ (PZEV). ʇʦʩʢʦʣʴʢʫ ʜʣʷ PZEV ʠ SULEV ʧʨʝʜʫʩʤʦʪʨʝʥʳ 

ʦʜʠʥʘʢʦʚʳʝ ʩʪʘʥʜʘʨʪʳ ʚʳʙʨʦʩʦʚ, ʠʭ ʨʝʟʫʣʴʪʘʪʳ ʦʙʲʝʜʠʥʝʥʳ ʠ ʦʙʦʟʥʘʯʝʥʳ ʢʘʢ SULEV. 

(Chirico et al., 2010) ʧʨʝʜʩʪʘʚʣʷʶʪ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ «ʩʤʦʛʦʚʦʡ ʢʘʤʝʨʝ», ʛʜʝ 

ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʧʝʨʚʠʯʥʳʡ ʦʨʛʘʥʠʯʝʩʢʠʡ ʘʵʨʦʟʦʣʴ (POA) ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʦʙʨʘʟʦʚʘʥʠʝ ʚʪʦʨʠʯʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʘʵʨʦʟʦʣʷ (SOA) ʧʨʠ ʘʪʤʦʩʬʝʨʥʦ ʨʝʣʝʚʘʥʪʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʜʣʷ ʪʨʝʭ ʜʠʟʝʣʴʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ, ʦʩʥʘʱʝʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʩʠʩʪʝʤʘʤʠ 




















































































