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ʚʽʜʧʦʚʽʜʥʠʭ ʧʦʩʠʣʘʥʴ 

ʉʪʫʜʝʥʪ _____________ 

 

ʈʦʙʦʪʘ ʜʦʧʫʱʝʥʘ ʜʦ ʟʘʭʠʩʪʫ ʚ ɽʂ ʨʽʰʝʥʥʷʤ ʢʘʬʝʜʨʠ ʤʝʜʠʯʥʦʾ ʨʘʜʽʦʬʽʟʠʢʠ 

ʚʽʜ ç__è ʪʨʘʚʥʷ 2023 ʨ., ʧʨʦʪʦʢʦʣ ˉ __. 

 

ɿʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʤʝʜʠʯʥʦʾ ʨʘʜʽʦʬʽʟʠʢʠ,  

ʢʘʥʜ. ʬʽʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʈʘʜʯʝʥʢʦ ʉʝʨʛʽʡ ʇʝʪʨʦʚʠʯ                                                                              _______________ 

 

ʂʠʾʚ ï 2023 

https://ir.library.knu.ua/collections/b055f1ba-8308-4f32-9517-b3dda328d7de


ʈɽʌɽʈɸʊ

ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʨʦʙʦʪʘ ʚʤʽʱʫʻ 45 ʩʪʦʨ., 22 ʨʠʩ., 4 ʪʘʙʣ..

ʈɸɼɯʆʏɸʉʊʆʊʅʀʁ ʈʆɿʈʗɼ, ɺʀʇʈʆʄɯʅʖɺɸʅʅʗ,

ʊɽʄʇɽʈɸʊʋʈɸ

ɼʘʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʧʨʦʚʝʜʝʥʥʶ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʩʢʣʘʜʫ

ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʧʣʘʟʤʠ ʟʘʥʠʞʝʥʦʛʦ ʪʠʩʢʫ ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ

ʧʨʠʟʥʘʯʝʥʥʷ. ɺ ʨʦʙʦʪʫ ʚʢʣʶʯʝʥʦ ʦʛʣʷʜ ʣʽʪʝʨʘʪʫʨʠ ʱʦʜʦ ʦʩʦʙʣʠʚʦʩʪʝʡ

ʚʧʣʠʚʫ ʧʣʘʟʤʠ ʥʘ ʘʢʪʠʚʽʟʘʮʽʶ ʧʦʩʽʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ ʚʟʘʻʤʦʜʽʶ ʧʣʘʟʤʠ ʟ

ʧʦʚʝʨʭʥʝʶ ʥʘʩʽʥʥʷ. ʆʧʠʩʘʥʦ ʩʭʝʤʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ʪʘ

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʝʪʘʧʠ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ. ʊʘʢʦʞ ʦʧʠʩʘʥʦ ʤʝʪʦʜʠ

ʜʦʩʣʽʜʞʝʥʥʷ ʧʣʘʟʤʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʦʙʨʦʙʢʠ

ʜʘʥʠʭ. ɺʠʟʥʘʯʝʥʦ ʪʝʤʧʝʨʘʪʫʨʫ ʟʘʩʝʣʝʥʥʷ ʟʙʫʜʞʝʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʨʽʚʥʽʚ ʟʘ

ʘʪʦʤʘʨʥʠʤʠ ʩʧʝʢʪʨʘʤʠ ʢʠʩʥʶ, ʪʝʤʧʝʨʘʪʫʨʫ ʟʘʩʝʣʝʥʥʷ ʟʙʫʜʞʝʥʠʭ

ʢʦʣʠʚʘʣʴʥʠʭ ʪʘ ʦʙʝʨʪʘʣʴʥʠʭ ʨʽʚʥʽʚ ʟʘ ʤʦʣʝʢʫʣʷʨʥʠʤʠ ʩʧʝʢʪʨʘʤʠ ʜʨʫʛʦʾ

ʧʦʟʠʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʘʟʦʪʫ. ʇʦʢʘʟʘʥʦ ʚʧʣʠʚ ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʨʷʜʫ ʥʘ ʟʤʽʥʫ

ʪʝʤʧʝʨʘʪʫʨ ʪʘ ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʢʠ ʱʦʜʦ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ.
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ɺʉʊʋʇ

ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʟʥʘʯʥʦ ʟʨʦʩʣʘ ʫʚʘʛʘ ʜʦ ʧʨʦʙʣʝʤ ʟʙʝʨʝʞʝʥʥʷ

ʧʦʩʽʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʘʜʞʝ ʡʦʛʦ ʷʢʽʩʪʴ ʚʧʣʠʚʘʻ ʥʘ ʚʨʦʞʘʡʥʽʩʪʴ ʪʘ ʷʢʽʩʪʴ

ʧʨʦʜʫʢʮʽʾ. ʇʨʦʨʦʩʪʘʥʥʷ ʥʘʩʽʥʥʷ ʪʘ ʨʘʥʥʽʡ ʨʽʩʪ ʨʦʟʩʘʜʠ ʻ ʥʘʡʙʽʣʴʰ

ʯʫʪʣʠʚʠʤʠ ʩʪʘʜʽʷʤʠ ʨʦʩʪʫ ʢʫʣʴʪʫʨʠ ʜʦ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʬʘʢʪʦʨʽʚ

ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʂʦʣʠ ʩʪʨʝʩʦʨʠ ʚʧʣʠʚʘʶʪʴ ʥʘ ʥʘʩʽʥʥʷ ʘʙʦ

ʨʦʩʣʠʥʠ ʥʘ ʨʘʥʥʽʭ ʩʪʘʜʽʷʭ ʨʦʩʪʫ, ʚʦʥʠ ʤʦʞʫʪʴ ʟʘʪʨʠʤʘʪʠ ʧʦʯʘʪʦʢ,

ʟʤʝʥʰʠʪʠ ʰʚʠʜʢʽʩʪʴ ʽ ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʧʨʦʨʦʩʪʘʥʥʷ, ʘʙʦ ʚʟʘʛʘʣʽ ʟʨʦʙʠʪʠ

ʢʫʣʴʪʫʨʠ ʥʝʧʨʠʜʘʪʥʠʤʠ ʜʦ ʚʠʞʠʚʘʥʥʷ.

ɹʫʣʦ ʚʠʢʦʥʘʥʦ ʙʘʛʘʪʦ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʨʦʩʪʘʥʥʷ

ʥʘʩʽʥʥʷ ʪʘ ʚʠʪʨʠʚʘʣʦʩʪʽ ʨʦʟʩʘʜʠ ʷʢ ʫ ʩʧʨʠʷʪʣʠʚʠʭ, ʪʘʢ ʽ ʚ ʥʝʩʧʨʠʷʪʣʠʚʠʭ

ʫʤʦʚʘʭ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ, ʚʢʣʶʯʘʶʯʠ ʭʽʤʽʯʥʫ ʦʙʨʦʙʢʫ,

ʥʘʧʨʠʢʣʘʜ ʩʽʨʯʘʥʦʶ ʢʠʩʣʦʪʦʶ, ʧʝʩʪʠʮʠʜʘʤʠ ʪʘ ʜʝʟʽʥʬʽʢʫʶʯʠʤʠ ʟʘʩʦʙʘʤʠ

ʥʘ ʦʩʥʦʚʽ ʭʣʦʨʫ [1]. ʉʠʥʪʝʪʠʯʥʽ ʭʽʤʽʯʥʽ ʦʙʨʦʙʢʠ ʟʘʩʥʦʚʘʥʽ ʥʘ ʟʘʤʦʯʫʚʘʥʥʽ

ʥʘʩʽʥʥʷ ʘʙʦ ʦʙʧʨʠʩʢʫʚʘʥʥʽ ʤʦʣʦʜʠʭ ʨʦʩʣʠʥ ʨʦʟʯʠʥʘʤʠ, ʱʦ ʤʽʩʪʷʪʴ ʭʽʤʽʯʥʽ

ʨʝʯʦʚʠʥʠ. ʆʜʥʘʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʥʪʝʪʠʯʥʠʭ ʭʽʤʽʯʥʠʭ ʦʙʨʦʙʦʢ ʤʦʞʝ

ʟʙʽʣʴʰʠʪʠ ʚʤʽʩʪ ʭʽʤʽʯʥʠʭ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʫ ʥʘʩʽʥʥʽ ʘʙʦ ʤʦʣʦʜʠʭ ʨʦʩʣʠʥʘʭ ʽ,

ʷʢ ʥʘʩʣʽʜʦʢ, ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʟʜʦʨʦʚôʷ ʣʶʜʠʥʠ ʪʘ

ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ.

ʆʜʠʥ ʽʟ ʽʩʥʫʶʯʠʭ ʩʧʦʩʦʙʽʚ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʧʦʩʽʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ -

ʦʙʨʦʙʢʘ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʶ ʧʣʘʟʤʦʶ ʟʥʠʞʝʥʦʛʦ ʪʠʩʢʫ. ʇʣʘʟʤʦʚʽ

ʪʝʭʥʦʣʦʛʽʾ ʤʘʶʪʴ ʧʝʨʝʚʘʛʠ ʧʝʨʝʜ ʟʚʠʯʘʡʥʠʤ ʚʧʣʠʚʦʤ ʥʘ ʨʦʩʣʠʥʠ ʥʘ ʦʩʥʦʚʽ

ʩʠʥʪʝʪʠʯʥʠʭ ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ. ɿʥʘʯʥʘ ʧʝʨʝʚʘʛʘ ʧʣʘʟʤʦʚʦʾ ʪʝʭʥʦʣʦʛʽʾ

ʧʦʚôʷʟʘʥʘ ʟ ʾʾ ʩʠʥʝʨʛʽʯʥʠʤ ʚʧʣʠʚʦʤ ʥʘ ʧʨʦʨʦʩʪʘʥʥʷ ʥʘʩʽʥʥʷ ʪʘ ʝʥʝʨʛʽʶ

ʨʦʟʩʘʜʠ ʙʝʟ ʙʫʜʴ-ʷʢʠʭ ʩʠʥʪʝʪʠʯʥʠʭ ʭʽʤʽʯʥʠʭ ʟʘʣʠʰʢʽʚ. ʇʣʘʟʤʦʚʽ ʨʦʟʨʷʜʠ

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʩʢʘʨʠʬʽʢʘʮʽʾ ʥʘʩʽʥʥʷ (ʤʝʪʦʜ ʧʦʤôʷʢʰʝʥʥʷ ʦʙʦʣʦʥʢʠ

ʥʘʩʽʥʥʷ, ʟʙʝʨʽʛʘʶʯʠ ʧʨʠ ʮʴʦʤʫ ʥʘʩʽʥʥʷ ʞʠʪʪʻʟʜʘʪʥʠʤ), ʽʥʘʢʪʠʚʘʮʽʾ

ʧʘʪʦʛʝʥʽʚ, ʱʦ ʧʝʨʝʜʘʶʪʴʩʷ ʥʘʩʽʥʥʷʤ, ʽ ʧʦʩʠʣʝʥʥʷ ʩʠʩʪʝʤ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʛʦ

ʟʘʭʠʩʪʫ ʢʫʣʴʪʫʨʥʠʭ ʨʦʩʣʠʥ [2].



ɹʽʣʴʰʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ, ʧʦʚ'ʷʟʘʥʠʭ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʣʘʟʤʦʪʚʽʨʥʦʛʦ

ʛʘʟʫ ʚ ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ, ʩʢʦʥʮʝʥʪʨʦʚʘʥʽ ʥʘ ʘʥʘʣʽʟʽ ʝʬʝʢʪʠʚʥʦʩʪʽ

ʧʨʦʮʝʩʫ ʟ ʪʦʯʢʠ ʟʦʨʫ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʨʦʩʪʘʥʥʷ ʥʘʩʽʥʥʷ ʪʘ ʟʤʝʥʰʝʥʥʷ

ʚʨʦʞʘʡʥʠʭ ʚʪʨʘʪ ʚʽʜ ʭʚʦʨʦʙ ʪʘ ʰʢʽʜʥʠʢʽʚ. ʆʜʥʘʢ, ʜʫʞʝ ʤʘʣʦ ʜʦʩʣʽʜʞʝʥʴ

ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʩʘʤʝ ʥʘ ʩʢʣʘʜ ʧʣʘʟʤʠ, ʷʢʠʡ ʤʽʩʪʠʪʴ ʨʽʟʥʽ ʢʦʤʧʦʥʝʥʪʠ, ʪʘʢʽ

ʷʢ ʝʣʝʢʪʨʦʥʠ, ʽʦʥʠ, ʤʦʣʝʢʫʣʠ ʪʘ ʨʘʜʠʢʘʣʠ.

ʊʦʤʫ, ʚ ʮʽʡ ʜʠʧʣʦʤʥʽʡ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ ʜʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʩʢʣʘʜʫ

ʧʣʘʟʤʠ, ʚʠʚʯʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʨʽʟʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʪʘ ʾʭ ʚʟʘʻʤʦʜʽʾ, ʱʦ

ʜʦʟʚʦʣʷʻ ʟʨʦʟʫʤʽʪʠ, ʷʢʽ ʩʘʤʝ ʧʨʦʮʝʩʠ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʧʣʘʟʤʦʪʚʽʨʥʦʤʫ ʛʘʟʫ

ʪʘ ʷʢ ʚʦʥʠ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫ ʧʽʜʚʠʱʝʥʥʽ ʧʨʦʨʦʩʪʘʥʥʷ ʥʘʩʽʥʥʷ.

ʈʝʟʫʣʴʪʘʪʠ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʫʪʴ ʩʪʘʪʠ ʦʩʥʦʚʦʶ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ

ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʣʘʟʤʠ ʚ ʩʽʣʴʩʴʢʦʤʫ

ʛʦʩʧʦʜʘʨʩʪʚʽ.



1. ʆɻʃʗɼ ʃɯʊɽʈɸʊʋʈʀ

1.1. ʈʘʜʽʦʯʘʩʪʦʪʥʠʡ ʨʦʟʨʷʜ

ʆʜʥʠʤ ʟ ʢʣʶʯʦʚʠʭ ʝʪʘʧʽʚ ʦʙʨʦʙʢʠ ʤʘʪʝʨʽʘʣʽʚ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʶ

ʧʣʘʟʤʦʶ ʟʥʠʞʝʥʦʛʦ ʪʠʩʢʫ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʣʘʟʤʦʚʠʭ ʨʦʟʨʷʜʽʚ. ɺʦʥʠ

ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʦʨʶʚʘʪʠ ʫʤʦʚʠ ʜʣʷ ʝʬʝʢʪʠʚʥʦʾ ʦʙʨʦʙʢʠ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ,

ʟʦʢʨʝʤʘ, ʦʯʠʱʝʥʥʷ, ʤʦʜʠʬʽʢʘʮʽʾ ʧʦʢʨʠʪʪʷ ʪʦʱʦ.

ʆʩʥʦʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʣʘʟʤʦʚʠʭ ʨʦʟʨʷʜʽʚ ʻ ʪʠʩʢ, ʧʦʪʫʞʥʽʩʪʴ ʪʘ

ʯʘʩʪʦʪʘ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ. ɿʥʠʞʝʥʥʷ ʪʠʩʢʫ ʚ ʨʦʟʨʷʜʥʽʡ ʢʘʤʝʨʽ ʜʦʟʚʦʣʷʻ

ʟʙʽʣʴʰʠʪʠ ʯʘʩʪʠʥʫ ʝʥʝʨʛʽʾ, ʷʢʘ ʧʨʠʭʦʜʠʪʴʩʷ ʥʘ ʢʦʞʥʫ ʯʘʩʪʠʥʢʫ ʛʘʟʫ, ʱʦ

ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʫ ʛʝʥʝʨʘʮʽʶ ʧʣʘʟʤʠ ʧʨʠ ʤʝʥʰʽʡ ʧʦʪʫʞʥʦʩʪʽ.

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʣʘʟʤʦʚʽ ʨʦʟʨʷʜʠ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʧʣʘʟʤʠ ʟʥʠʞʝʥʦʛʦ

ʪʠʩʢʫ ʻ ʝʢʦʥʦʤʽʯʥʠʤ ʪʘ ʝʬʝʢʪʠʚʥʠʤ ʩʧʦʩʦʙʦʤ ʦʙʨʦʙʢʠ ʤʘʪʝʨʽʘʣʽʚ.

ʈʘʜʽʦʯʘʩʪʦʪʥʠʡ (ʈʏ) ʨʦʟʨʷʜ ʻ ʝʬʝʢʪʠʚʥʠʤ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʢʦʣʠ

ʚʘʞʣʠʚʦ ʫʥʠʢʥʫʪʠ ʜʦʤʽʰʦʢ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʧʨʷʤʠʤ ʢʦʥʪʘʢʪʦʤ ʤʽʞ ʧʣʘʟʤʦʶ

ʪʘ ʝʣʝʢʪʨʦʜʘʤʠ. ɻʝʥʝʨʘʮʽʷ ʧʣʘʟʤʠ ʚ ʈʏ ʨʦʟʨʷʜʘʭ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʫ 1.

ɽʣʝʢʪʨʠʯʥʠʡ ʩʪʨʫʤ ʚʠʩʦʢʦʾ ʯʘʩʪʦʪʠ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʢʦʪʫʰʢʫ ʩʦʣʝʥʦʾʜʘ,

ʩʪʚʦʨʶʶʯʠ ʘʢʩʽʘʣʴʥʝ ʤʘʛʥʽʪʥʝ ʧʦʣʝ, ʷʢʝ ʽʥʜʫʢʫʻ ʚʠʭʨʦʚʝ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ,

ʱʦ ʧʽʜʪʨʠʤʫʻ ʨʦʟʨʷʜ. ʄʘʛʥʽʪʥʝ ʧʦʣʝ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʪʨʫʤʦʤ ʚ ʩʦʣʝʥʦʾʜʽ, ʘ

ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ ʟʘ ʨʽʚʥʷʥʥʷʤʠ ʄʘʢʩʚʝʣʣʘ ʪʘʢʦʞ ʧʨʦʧʦʨʮʽʡʥʦ ʯʘʩʪʦʪʽ. ɼʣʷ

ʜʦʩʷʛʥʝʥʥʷ ʜʦʩʪʘʪʥʽʭ ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʣʽʚ ʟʘʟʚʠʯʘʡ ʧʦʪʨʽʙʥʘ ʨʘʜʽʦʯʘʩʪʦʪʘ

0,1ï100 ʄɻʮ. ɼʽʝʣʝʢʪʨʠʯʥʘ ʪʨʫʙʢʘ ʟʘʟʚʠʯʘʡ ʚʩʪʘʚʣʷʻʪʴʩʷ ʚʩʝʨʝʜʠʥʫ

ʢʦʪʫʰʢʠ ʩʦʣʝʥʦʾʜʘ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʪʝʧʣʦʚʦʾ ʧʣʘʟʤʠ ʚ ʛʘʟʽ. ʑʦʙ ʫʥʠʢʥʫʪʠ

ʧʝʨʝʰʢʦʜ ʩʠʩʪʝʤʘʤ ʨʘʜʽʦʟʚ'ʷʟʢʫ, ʜʣʷ ʨʦʙʦʪʠ ʧʨʦʤʠʩʣʦʚʠʭ ʈʏ-ʨʦʟʨʷʜʽʚ ʙʫʣʠ

ʧʨʠʟʥʘʯʝʥʽ ʢʦʥʢʨʝʪʥʽ ʯʘʩʪʦʪʠ. ɺ ʦʩʥʦʚʥʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 13,6 ʄɻʮ

(ʜʦʚʞʠʥʘ ʭʚʠʣʽ 22 ʤ) [3].



ʅʘ ʨʠʩʫʥʢʫ 2 ʟʦʙʨʘʞʝʥʘ ʧʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʧʣʘʟʤʦʚʦʛʦ ʧʨʠʩʪʨʦʶ, ʱʦ

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʙʨʦʙʢʠ ʥʘʩʽʥʥʷ

ʆʙʨʦʙʢʘ ʚʠʢʦʥʫʻʪʴʩʷ ʰʣʷʭʦʤ ʢʦʥʪʨʦʣʶ ʨʦʙʦʯʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʪʘʢʠʭ

ʷʢ ʩʪʨʫʢʪʫʨʘ ʝʣʝʢʪʨʦʜʘ, ʜʞʝʨʝʣʦ ʞʠʚʣʝʥʥʷ (ʥʘʧʨʫʛʘ, ʯʘʩʪʦʪʘ), ʚʠʭʽʜʥʠʡ ʛʘʟ

(ʧʦʚʽʪʨʷ, Ar, He ʪʦʱʦ) ʪʘ ʽʥʰʽ ʫʤʦʚʠ (ʧʦʪʽʢ ʛʘʟʫ, ʪʠʩʢ ʛʘʟʫ, ʪʝʤʧʝʨʘʪʫʨʘ

ʛʘʟʫ ʪʦʱʦ). ʇʨʠ ʧʣʘʟʤʦʚʽʡ ʦʙʨʦʙʮʽ ʨʘʜʽʦʯʘʩʪʦʪʥʠʤ ʨʦʟʨʷʜʦʤ ʧʣʘʟʤʦʚʽ

ʧʨʠʩʪʨʦʾ ʟʘʟʚʠʯʘʡ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʤʽʩʮʷ ʜʣʷ ʧʦʩʘʜʢʠ ʥʘʩʽʥʥʷ ʚ ʤʦʜʫʣʽ

ʢʦʥʪʝʡʥʝʨʘ, ʜʝ ʚʦʥʠ ʧʽʜʜʘʶʪʴʩʷ ʚʧʣʠʚʫ ʧʣʘʟʤʠ, ʱʦ ʛʝʥʝʨʫʻʪʴʩʷ



ʛʝʥʝʨʘʪʦʨʦʤ ʽ ʝʣʝʢʪʨʦʜʦʤ. ʅʘ ʥʘʩʽʥʥʷ ʚ ʟʦʥʽ ʨʦʟʨʷʜʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ

ʚʧʣʠʚʘʶʪʴ ʟʘʨʷʜʞʝʥʽ ʯʘʩʪʠʥʢʠ, ʨʝʘʢʪʠʚʥʽ ʨʝʯʦʚʠʥʠ (ʪʘʢʽ ʷʢ ʨʘʜʠʢʘʣʠ ʆʅ,

ʩʠʥʛʣʝʪʥʠʡ ʢʠʩʝʥʴ, ʦʟʦʥ ʽ ʧʝʨʝʢʠʩ ʚʦʜʥʶ), ʝʣʝʢʪʨʠʯʥʽ ʧʦʣʷ ʪʘ ʬʦʪʦʥʠ

(ʚʠʜʠʤʝ/ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʝ (ʋʌ) ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ). ɺʚʘʞʘʻʪʴʩʷ, ʱʦ

ʧʦʻʜʥʘʥʥʷ ʮʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʻ ʦʩʥʦʚʥʠʤ ʬʘʢʪʦʨʦʤ, ʷʢʠʡ ʩʧʨʠʷʻ

ʧʨʦʨʦʩʪʘʥʥʶ ʪʘ ʨʦʩʪʫ ʥʘʩʽʥʥʷ. ʇʽʜ ʯʘʩ ʚʧʣʠʚʫ ʧʦʚʝʨʭʥʷ ʥʘʩʽʥʥʷ ʚʟʘʻʤʦʜʽʻ

ʟ ʢʦʨʦʪʢʦʞʠʚʫʯʠʤʠ ʪʘ ʜʦʚʛʦʞʠʚʫʯʠʤʠ ʨʘʜʠʢʘʣʘʤʠ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ

ʚʥʘʩʣʽʜʦʢ ʚʪʦʨʠʥʥʠʭ ʨʝʘʢʮʽʡ.



1.2. ʆʩʥʦʚʥʽ ʬʘʢʪʦʨʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʘʢʪʠʚʽʟʘʮʽʶ ʥʘʩʽʥʥʷ

1.2.1. ʉʢʘʨʠʬʽʢʘʮʽʷ ʥʘʩʽʥʥʻʚʦʾ ʦʙʦʣʦʥʢʠ

ʐʚʠʜʢʽʩʪʴ ʧʨʦʨʦʩʪʘʥʥʷ ʥʘʩʽʥʥʷ ʨʝʛʫʣʶʻʪʴʩʷ ʪʦʚʱʠʥʦʶ ʥʘʩʽʥʥʻʚʦʾ

ʦʙʦʣʦʥʢʠ ʪʘ ʾʾ ʧʨʦʥʠʢʥʽʩʪʶ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʩʽʥʥʷ ʟ ʪʦʚʩʪʠʤ ʰʘʨʦʤ ʥʝ

ʟʜʘʪʥʝ ʰʚʠʜʢʦ ʧʦʛʣʠʥʘʪʠ ʚʦʜʫ, ʷʢʱʦ ʚʦʥʦ ʥʝ ʩʢʘʨʠʬʽʢʦʚʘʥʝ. ɿʦʢʨʝʤʘ,

ʙʦʙʦʚʽ (ʥʘʧʨʠʢʣʘʜ, ʜʠʢʘ ʩʦʷ) ʤʘʶʪʴ ʩʠʣʴʥʦ ʧʦʪʦʚʱʝʥʽ ʪʘ ʥʝʧʨʦʥʠʢʥʽ

ʦʙʦʣʦʥʢʠ ʥʘʩʽʥʥʷ. ʋ ʩʦʾ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʘʩʠ ʦʙʦʣʦʥʢʠ/ʤʘʩʠ ʝʤʙʨʽʦʥʘ

ʚʠʱʝ 0,1 ʚʢʘʟʫʻ ʥʘ ʥʝʧʨʦʥʠʢʥʫ ʦʙʦʣʦʥʢʫ ʥʘʩʽʥʥʷ [4]. ʊʦʤʫ ʯʘʩʪʦ ʤʦʞʝ

ʟʥʘʜʦʙʠʪʠʩʷ ʩʢʘʨʠʬʽʢʘʮʽʷ ʜʣʷ ʘʢʪʠʚʽʟʘʮʽʾ ʥʘʩʽʥʥʷ ʪʘ ʧʨʠʞʠʚʣʝʥʥʷ ʨʦʟʩʘʜʠ.

ɼʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʚʧʣʠʚʫ ʧʣʘʟʤʠ ʥʘ ʘʢʪʠʚʽʟʘʮʽʶ ʥʘʩʽʥʥʷ ʧʦʩʽʚʽʚ ʫ

ʢʘʤʝʨʽ ʟ ʢʦʥʪʨʦʣʴʦʚʘʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʟʘʣʝʞʥʦ ʚʽʜ ʚʠʜʫ ʢʫʣʴʪʫʨʠ, ʯʘʩʫ

ʚʧʣʠʚʫ ʪʘ ʧʦʪʫʞʥʦʩʪʽ, ʻ ʧʦʰʠʨʝʥʠʤ ʨʘʜʽʦʯʘʩʪʦʪʥʠʡ ʨʦʟʨʷʜ. ʈʏ-ʨʦʟʨʷʜ ʫ

ʧʦʚʽʪʨʽ ʧʽʜʚʠʱʠʚ ʘʢʪʠʚʥʽʩʪʴ ʥʘʩʽʥʥʷ ʧʰʝʥʠʮʽ, ʢʫʢʫʨʫʜʟʠ ʪʘ ʤʘʰʫ [5][6].

ʈʘʜʽʦʯʘʩʪʦʪʥʠʡ ʨʦʟʨʷʜ ʫ ʛʝʣʽʾ ʧʦʢʨʘʱʠʚ ʘʢʪʠʚʘʮʽʶ ʥʘʩʽʥʥʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ

ʧʨʦʨʦʩʪʘʥʥʷ ʩʦʾ ʪʘ ʨʽʧʘʢʫ ʥʘ 9% ʪʘ 7% ʧʦʨʽʚʥʷʥʦ ʟ ʥʝʦʙʨʦʙʣʝʥʠʤ

ʢʦʥʪʨʦʣʝʤ, ʚʽʜʧʦʚʽʜʥʦ, ʧʨʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʦʪʫʞʥʦʩʪʽ ʚʽʜ 80 ʜʦ 100 ɺʪ ʟʘ

ʯʘʩʫ ʚʧʣʠʚʫ 0,25 ʭʚ [7][8]. ʆʜʥʘʢ ʙʫʣʦ ʧʦʚʽʜʦʤʣʝʥʦ, ʱʦ ʚʧʣʠʚ

ʨʘʜʽʦʯʘʩʪʦʪʥʦʛʦ ʨʦʟʨʷʜʫ ʥʘ ʦʩʥʦʚʽ ʛʝʣʽʶ ʟ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʧʦʪʫʞʥʦʩʪʽ

ʥʠʞʯʝ 60 ɺʪ ʥʝ ʤʘʣʦ ʽʩʪʦʪʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʧʨʦʨʦʩʪʘʥʥʷ ʥʘʩʽʥʥʷ ʩʦʾ. ʎʝʡ

ʨʝʟʫʣʴʪʘʪ ʤʦʞʝ ʙʫʪʠ ʧʦʚôʷʟʘʥʠʡ ʽʟ ʪʦʚʩʪʦʶ ʽ ʥʝʧʨʦʥʠʢʥʦʶ ʦʙʦʣʦʥʢʦʶ

ʥʘʩʽʥʥʷ ʩʦʾ.

ʋ ʪʘʙʣʠʮʽ 1 ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʢʘʨʠʬʽʢʘʮʽʾ ʧʣʘʟʤʦʚʦʾ ʦʙʨʦʙʢʠ

ʥʘʩʽʥʥʷ ʟ ʨʽʟʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʪʘʢʠʤʠ ʷʢ ʧʦʪʫʞʥʽʩʪʴ (ɺʪ) ʽ ʯʘʩ

ʚʧʣʠʚʫ(ʭʚʠʣʠʥʠ), ʜʣʷ ʨʘʜʽʦʯʘʩʪʦʪʥʦʛʦ ʨʦʟʨʷʜʫ ʪʘ ʨʽʟʥʠʭ ʧʽʜʜʦʩʣʽʜʥʠʭ

ʢʫʣʴʪʫʨ [9].



ʉʫʭʝ ʟʝʨʥʦ ʧʦʚʽʪʨʷ 20 0-2 - ʇʰʝʥʠʮʷ

ɿʙʽʣʴʰʝʥʥʷ
ʚʽʜʩʦʪʢʫ ʩʭʦʞʦʩʪʽ
ɿʤʝʥʰʝʥʥʷ ʯʘʩʫ ʜʦ
ʧʨʦʨʦʩʪʘʥʥʷ

50, 100 0-20
ɿʙʫʜʞʝʥʠʡ
N2 ʇʰʝʥʠʮʷ

ɿʙʽʣʴʰʝʥʥʷ
ʚʽʜʩʦʪʢʫ ʩʭʦʞʦʩʪʽ

77-147 0-10

ɿʙʫʜʞʝʥʠʡ
N2
NO, OH

ʇʰʝʥʠʮʷ
ʂʫʢʫʨʫʜʟʘ

ɿʙʽʣʴʰʝʥʥʷ
ʚʽʜʩʦʪʢʫ ʩʭʦʞʦʩʪʽ
ɿʙʽʣʴʰʝʥʥʷ ʨʦʟʤʽʨʫ
ʧʣʦʜʽʚ

40, 60 0-20 - ʄʘʰ

ɿʙʽʣʴʰʝʥʥʷ
ʚʽʜʩʦʪʢʫ ʩʭʦʞʦʩʪʽ
ɿʤʝʥʰʝʥʥʷ ʯʘʩʫ ʜʦ
ʧʨʦʨʦʩʪʘʥʥʷ
ɿʤʝʥʰʝʥʥʷ ʯʘʩʫ ʜʦ
ʧʨʦʨʦʩʪʘʥʥʷ

20 0,2 - ʂʚʘʩʦʣʷ

ɿʙʽʣʴʰʝʥʥʷ
ʚʽʜʩʦʪʢʫ ʩʭʦʞʦʩʪʽ
ɿʤʝʥʰʝʥʥʷ ʯʘʩʫ ʜʦ
ʧʨʦʨʦʩʪʘʥʥʷ

ʉʫʭʝ ʟʝʨʥʦ ɻʝʣʽʡ 60-120 0, 0.25 - ʉʦʷ

ɿʙʽʣʴʰʝʥʥʷ
ʚʽʜʩʦʪʢʫ ʩʭʦʞʦʩʪʽ
ɿʤʝʥʰʝʥʥʷ ʯʘʩʫ ʜʦ
ʧʨʦʨʦʩʪʘʥʥʷ
ɿʤʝʥʰʝʥʥʷ ʯʘʩʫ ʜʦ
ʧʨʦʨʦʩʪʘʥʥʷ

100 - ʈʽʧʘʢ

ɿʙʽʣʴʰʝʥʥʷ
ʚʽʜʩʦʪʢʫ ʩʭʦʞʦʩʪʽ
ɿʤʝʥʰʝʥʥʷ ʯʘʩʫ ʜʦ
ʧʨʦʨʦʩʪʘʥʥʷ
ɿʤʝʥʰʝʥʥʷ ʯʘʩʫ ʜʦ
ʧʨʦʨʦʩʪʘʥʥʷ

ʉʫʭʝ ʟʝʨʥʦ
C6H5NH2,
C6H12 150 0-20 -

ʂʫʢʫʨʫʜʟʘ
ʉʦʷ

ɿʙʽʣʴʰʝʥʥʷ
ʚʽʜʩʦʪʢʫ ʩʭʦʞʦʩʪʽ
ɿʤʝʥʰʝʥʥʷ ʯʘʩʫ ʜʦ
ʧʨʦʨʦʩʪʘʥʥʷ

ʉʫʭʝ ʟʝʨʥʦ N2H4 150 0-20 - ʂʫʢʫʨʫʜʟʘ

ɿʙʽʣʴʰʝʥʥʷ
ʚʽʜʩʦʪʢʫ ʩʭʦʞʦʩʪʽ
ɿʤʝʥʰʝʥʥʷ ʯʘʩʫ ʜʦ
ʧʨʦʨʦʩʪʘʥʥʷ



ʉʫʭʝ ʟʝʨʥʦ CF4 150 0, 5 -
ʈʝʜʴʢʘ
ɻʦʨʦʭ

ɿʙʽʣʴʰʝʥʥʷ
ʚʽʜʩʦʪʢʫ ʩʭʦʞʦʩʪʽ
ɿʤʝʥʰʝʥʥʷ ʯʘʩʫ ʜʦ
ʧʨʦʨʦʩʪʘʥʥʷ

ʉʫʭʝ ʟʝʨʥʦ ODFD 150 0-20 -

ʂʫʢʫʨʫʜʟʘ
ʉʦʷ
ʂʚʘʩʦʣʷ

ɿʙʽʣʴʰʝʥʥʷ
ʚʽʜʩʦʪʢʫ ʩʭʦʞʦʩʪʽ
ɿʤʝʥʰʝʥʥʷ ʯʘʩʫ ʜʦ
ʧʨʦʨʦʩʪʘʥʥʷ

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʢʘʟʫʶʪʴ ʥʘ ʪʝ, ʱʦ ʧʣʘʟʤʦʚʘ ʦʙʨʦʙʢʘ ʤʦʞʝ

ʟʙʽʣʴʰʠʪʠ ʟʜʘʪʥʽʩʪʴ ʥʘʩʽʥʥʷ ʜʦ ʧʦʛʣʠʥʘʥʥʷ ʚʦʜʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʢʨʘʱʝ

ʟʘʢʨʽʧʣʝʥʥʷ ʚ ˇʨʫʥʪʽ. ʇʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ ʧʣʘʟʤʦʚʦʾ ʦʙʨʦʙʢʠ ʥʘ ʘʢʪʠʚʘʮʽʶ

ʥʘʩʽʥʥʷ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʟʘʣʝʞʠʪʴ ʚʽʜ ʾʾ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʪʨʠʚʘʣʦʩʪʽ ʚʧʣʠʚʫ.

ʅʘʧʨʠʢʣʘʜ, ʦʙʨʦʙʢʘ ʥʘʩʽʥʥʷ ʧʣʘʟʤʦʶ ʟ ʧʦʪʫʞʥʽʩʪʶ 100 ɺʪ ʪʘ ʪʨʠʚʘʣʽʩʪʶ

ʜʦ 10 ʭʚʠʣʠʥ ʤʦʞʝ ʧʦʢʨʘʱʠʪʠ ʞʠʚʣʝʥʥʷ ʢʫʣʴʪʫʨʥʦʛʦ ʨʦʩʣʠʥʥʷ ʙʝʟ ʰʢʦʜʠ

ʜʣʷ ʥʘʩʽʥʥʷ, ʚʠʢʣʠʢʘʥʦʾ ʧʣʘʟʤʦʶ. ʆʧʪʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ

ʧʣʘʟʤʦʚʦʾ ʦʙʨʦʙʢʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʧʽʜʽʙʨʘʥʽ ʦʢʨʝʤʦ ʜʣʷ ʢʦʞʥʦʛʦ ʚʠʜʫ

ʢʫʣʴʪʫʨʠ.

1.2.2. ɯʥʘʢʪʠʚʘʮʽʷ ʧʘʪʦʛʝʥʽʚ, ʱʦ ʧʝʨʝʜʘʶʪʴʩʷ ʥʘʩʽʥʥʷʤ

ɿʘʛʘʣʦʤ, ʧʨʦʨʦʩʪʘʥʥʷ ʥʘʩʽʥʥʷ ʪʘ ʨʘʥʥʽʡ ʨʽʩʪ ʨʦʟʩʘʜʠ ʻ ʥʘʡʙʽʣʴʰ

ʚʨʘʟʣʠʚʽʰʠʤʠ ʩʪʘʜʽʷʤʠ ʜʦ ʭʚʦʨʦʙ, ʷʢʽ ʩʧʨʠʯʠʥʷʶʪʴʩʷ ʙʘʢʪʝʨʽʷʤʠ ʪʘ

ʛʨʠʙʢʘʤʠ, ʧʨʦʪʷʛʦʤ ʧʝʨʽʦʜʫ ʚʠʨʦʱʫʚʘʥʥʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ.

ɿʘʧʦʙʽʛʘʥʥʷ ʭʚʦʨʦʙʘʤ ʨʦʩʣʠʥ ʫ ʧʦʩʽʚʘʭ ʜʦʩʷʛʘʻʪʴʩʷ ʽʥʘʢʪʠʚʘʮʽʻʶ

ʟʙʫʜʥʠʢʽʚ ʧʣʘʟʤʦʚʦʶ ʦʙʨʦʙʢʦʶ. ɼʣʷ ʝʬʝʢʪʠʚʥʦʾ ʽʥʘʢʪʠʚʘʮʽʾ ʧʘʪʦʛʝʥʽʚ, ʱʦ

ʧʝʨʝʜʘʶʪʴʩʷ ʥʘʩʽʥʥʷʤ, ʚʘʞʣʠʚʠʤʠ ʬʘʢʪʦʨʘʤʠ ʻ ʧʦʪʫʞʥʽʩʪʴ ʪʘ ʯʘʩ ʚʧʣʠʚʫ,

ʷʢʽ ʚʘʨʽʶʶʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʢʨʝʪʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ (ʪʘʙʣʠʮʷ 2)[9].

ɯʥʬʝʢʮʽʡʥʽ ʘʛʝʥʪʠ, ʱʦ ʧʝʨʝʜʘʶʪʴʩʷ ʥʘʩʽʥʥʷʤ, ʚʠʢʣʠʢʘʶʪʴ ʭʚʦʨʦʙʠ

ʨʦʩʣʠʥ, ʷʢʽ ʚ ʧʦʜʘʣʴʰʦʤʫ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʧʨʦʨʦʩʪʘʥʥʷ ʥʘʩʽʥʥʷ ʪʘ

ʧʨʠʞʠʚʣʶʚʘʥʦʩʪʽ ʩʽʷʥʮʽʚ; ʦʜʥʘʢ ʨʘʜʽʦʯʘʩʪʦʪʥʠʡ ʨʦʟʨʷʜ ʤʦʞʝ ʽʥʘʢʪʠʚʫʚʘʪʠ

ʮʽ ʧʘʪʦʛʝʥʠ. ɺʠʜʠ Alternaria ʪʘ Fusarium, ʷʢʽ ʧʝʨʝʥʦʩʷʪʴʩʷ ʥʘʩʽʥʥʷʤ,

ʩʧʨʠʯʠʥʷʶʪʴ ʥʠʟʢʫ ʝʢʦʥʦʤʽʯʥʦ ʟʥʘʯʫʱʠʭ ʭʚʦʨʦʙ ʫ ʙʘʛʘʪʴʦʭ ʢʫʣʴʪʫʨʘʭ,

ʚʢʣʶʯʘʶʯʠ ʟʝʨʥʦʚʽ, ʙʦʙʦʚʽ ʪʘ ʦʚʦʯʽ. ʋ ʚʘʢʫʫʤʥʽʡ ʢʘʤʝʨʽ ʦʙʨʦʙʢʘ



ʨʘʜʽʦʯʘʩʪʦʪʥʦʶ ʧʣʘʟʤʦʶ ʧʨʦʪʷʛʦʤ 8 ʭʚʠʣʠʥ ʟ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʧʦʪʫʞʥʦʩʪʽ 77

ɺʪ ʟʤʝʥʰʠʣʘ ʛʨʠʙʢʦʚʫ ʽʥʬʝʢʮʽʶ ʚʠʜʘʤʠ Alternaria ʪʘ Fusarium ʥʘ

ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 71% ʪʘ 99% ʫ ʢʫʢʫʨʫʜʟʽ ʪʘ ʧʰʝʥʠʮʽ ʚʽʜʧʦʚʽʜʥʦ [10].

ʇʨʠ ʘʥʘʣʦʛʽʯʥʽʡ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʦʪʫʞʥʦʩʪʽ 80 ɺʪ ʫ ʚʘʢʫʫʤʽ ʨʘʜʽʦʯʘʩʪʦʪʥʠʡ

ʨʦʟʨʷʜ ʽʥʘʢʪʠʚʫʚʘʚ ʙʘʢʪʝʨʽʘʣʴʥʠʡ ʧʘʪʦʛʝʥ Ralstonia solanacearum ʧʽʩʣʷ

ʝʢʩʧʦʟʠʮʽʾ 0,25 ʭʚ [11].

ʉʫʭʝ
ʟʝʨʥʦ ʧʦʚʽʪʨʷ 77-147 0-10

ɿʙʫʜʞ
ʝʥʠʡ
N2
NO,
OH

ʂʫʢʫʨʫʜʟʘ
ʇʰʝʥʠʮʷ

ɯʥʘʢʪʠʚʘʮʽʷ ʛʨʠʙʢʽʚ
(Alternaria spp. ʽ
Fusarium spp.)

ʂʫʢʫʨʫʜʟʘ: 71
ʇʰʝʥʠʮʷ: 99

ɻʝʣʽʡ 80 0, 0.25 ʇʦʤʽʜʦʨ
ɯʥʘʢʪʠʚʘʮʽʷ ʙʘʢʪʝʨʽʡ
(Ralstonia solanacearum) 25

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʣʘʟʤʦʚʘ ʦʙʨʦʙʢʘ ʥʘʩʽʥʥʷ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ

ʧʨʦʬʽʣʘʢʪʠʢʠ ʟʘʭʚʦʨʶʚʘʥʴ ʨʦʩʣʠʥ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʢʫʣʴʪʫʨ ʚ ʟʘʣʝʞʥʦʩʪʽ

ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʫʤʦʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ.

1.2.3. ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʭʘʥʽʟʤʽʚ ʘʥʪʠʦʢʩʠʜʘʥʪʥʠʭ ʟʘʭʠʩʪʫ

ʈʦʩʣʠʥʠ ʤʘʶʪʴ ʜʦʙʨʝ ʨʦʟʚʠʥʫʪʽ ʤʝʭʘʥʽʟʤʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʛʦ

ʟʘʭʠʩʪʫ, ʷʢʽ ʜʦʧʦʤʘʛʘʶʪʴ ʾʤ ʧʦʛʣʠʥʘʪʠ ʚʥʫʪʨʽʰʥʴʦʢʣʽʪʠʥʥʽ ʘʢʪʠʚʥʽ ʬʦʨʤʠ

ʢʠʩʥʶ (ROS) ʪʘ ʟʘʭʠʱʘʪʠ ʢʣʽʪʠʥʠ ʚʽʜ ʦʢʠʩʥʦʛʦ ʧʦʰʢʦʜʞʝʥʥʷ.

ɸʥʪʠʦʢʩʠʜʘʥʪʥʽ ʩʠʩʪʝʤʠ ʚʢʣʶʯʘʶʪʴ ʥʝʬʝʨʤʝʥʪʘʪʠʚʥʽ ʢʦʤʧʦʥʝʥʪʠ, ʪʘʢʽ ʷʢ

ʧʦʣʽʬʝʥʦʣʠ ʪʘ ʢʚʝʨʮʝʪʠʥ, ʘ ʪʘʢʦʞ ʬʝʨʤʝʥʪʘʪʠʚʥʽ ʢʦʤʧʦʥʝʥʪʠ, ʪʘʢʽ ʷʢ

ʢʘʪʘʣʘʟʘ (CAT), ʩʫʧʝʨʦʢʩʠʜʜʠʩʤʫʪʘʟʘ (SOD) ʪʘ ʧʝʨʦʢʩʠʜʘʟʘ (POD). ʎʽ

ʬʝʨʤʝʥʪʘʪʠʚʥʽ ʢʦʤʧʦʥʝʥʪʠ ʨʝʘʛʫʶʪʴ ʨʘʟʦʤ, ʱʦʙ ʟʘʭʠʩʪʠʪʠ ʢʣʽʪʠʥʠ ʚʽʜ



ʥʘʜʣʠʰʢʫ ROS, ʭʦʯʘ ʧʨʘʮʶʶʪʴ ʚ ʨʽʟʥʠʭ ʢʣʽʪʠʥʥʠʭ ʢʦʤʧʘʨʪʤʝʥʪʘʭ. SOD

ʢʘʪʘʣʽʟʫʻ ʜʠʩʤʫʪʘʮʽʶ ʩʫʧʝʨʦʢʩʠʜʥʦʛʦ ʨʘʜʠʢʘʣʫ ʥʘ ʧʝʨʝʢʠʩ ʚʦʜʥʶ ʪʘ

ʢʠʩʝʥʴ, CAT ʽ POD ʜʝʪʦʢʩʠʬʽʢʫʶʪʴ ʧʝʨʝʢʠʩ ʚʦʜʥʶ, ʧʝʨʝʪʚʦʨʶʶʯʠ ʡʦʛʦ ʥʘ

ʚʦʜʫ. ʅʝʬʝʨʤʝʥʪʘʪʠʚʥʽ ʘʥʪʠʦʢʩʠʜʘʥʪʠ ʪʘʢʦʞ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʫʚʘʪʠ

ʢʣʽʪʠʥʘʤ ʝʬʝʢʪʠʚʥʠʡ ʤʝʭʘʥʽʟʤ ʜʝʪʦʢʩʠʢʘʮʽʾ ʘʢʪʠʚʥʠʭ ʬʦʨʤ ʢʠʩʥʶ.

ʆʩʪʘʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʦʙʨʦʙʢʘ ʧʣʘʟʤʦʶ ʤʦʞʝ ʧʽʜʚʠʱʫʚʘʪʠ

ʝʬʝʢʪʠʚʥʽʩʪʴ ʮʠʭ ʘʥʪʠʦʢʩʠʜʘʥʪʥʠʭ ʩʠʩʪʝʤ ʫ ʢʽʣʴʢʦʭ ʢʫʣʴʪʫʨʘʭ ʨʦʩʣʠʥ

(ʜʠʚ. ʪʘʙʣʠʮʶ 3) [9].

ʉʫʭʝ ʟʝʨʥʦ He 80 0, 0.25 - ʇʦʤʽʜʦʨ
ʇʽʜʚʠʱʝʥʘ ʘʢʪʠʚʥʽʩʪʴ
ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʛʦ ʬʝʨʤʝʥʪʫ (POD) 100 (POD)

10 0, 0.25 - ʈʽʧʘʢ

ʇʽʜʚʠʱʝʥʘ ʘʢʪʠʚʥʽʩʪʴ
ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʛʦ ʬʝʨʤʝʥʪʫ (CAT,
SOD)

25 (SOD), 14
(CAT)

ʆʙʨʦʙʢʘ ʧʣʘʟʤʦʶ ʟ ʥʠʟʴʢʦʶ ʧʦʪʫʞʥʽʩʪʶ ʪʘ ʢʦʨʦʪʢʠʤ ʯʘʩʦʤ

ʝʢʩʧʦʟʠʮʽʾ ʜʝʤʦʥʩʪʨʫʻ ʝʬʝʢʪʠʚʥʝ ʧʦʩʠʣʝʥʥʷ ʢʣʽʪʠʥʥʠʭ ʘʥʪʠʦʢʩʠʜʘʥʪʥʠʭ

ʩʠʩʪʝʤ. ɺʧʣʠʚ ʨʘʜʽʦʯʘʩʪʦʪʥʦʛʦ ʨʦʟʨʷʜʫ ʟ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʧʦʪʫʞʥʦʩʪʽ 80-100

ɺʪ ʥʘ ʪʨʠʚʘʣʽʩʪʴ 0,25 ʭʚ ʧʨʠʩʢʦʨʠʣʦ ʘʢʪʠʚʥʽʩʪʴ POD ʫ ʨʦʟʩʘʜʠ ʪʦʤʘʪʽʚ ʪʘ

CAT ʽ SOD ʫ ʨʦʟʩʘʜʠ ʦʣʽʡʥʦʛʦ ʨʽʧʘʢʫ ʧʦʨʽʚʥʷʥʦ ʟ ʥʝʦʙʨʦʙʣʝʥʠʤ ʢʦʥʪʨʦʣʝʤ

ʧʽʜ ʢʦʥʪʨʦʣʝʤ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ [9][11]



1.3. ɺʟʘʻʤʦʜʽʷ ʧʣʘʟʤʠ ʟ ʧʦʚʝʨʭʥʝʶ ʥʘʩʽʥʥʷ: ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʡ ʘʩʧʝʢʪ

ɿʘʛʘʣʴʥʦʚʽʜʦʤʦ, ʱʦ ʧʣʘʟʤʦʚʘ ʦʙʨʦʙʢʘ ʥʘʩʽʥʥʷ ʧʝʨʝʚʘʞʥʦ ʚʧʣʠʚʘʻ ʥʘ

ʫʪʚʦʨʝʥʥʷ ʨʝʘʢʪʠʚʥʠʭ ʬʦʨʤ ʢʠʩʥʶ (ROS) ʪʘ ʘʟʦʪʫ (RNS). ɺʠʨʦʙʥʠʮʪʚʦ

ʘʢʪʠʚʥʠʭ ʬʦʨʤ ʟ ʧʣʘʟʤʠ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʛʦʣʦʚʥʠʡ ʬʘʢʪʦʨ, ʷʢʠʡ ʩʧʨʠʷʻ

ʧʦʢʨʘʱʝʥʥʶ ʧʨʦʨʦʩʪʘʥʥʷ ʥʘʩʽʥʥʷ, ʨʦʩʪʫ ʨʦʟʩʘʜʠ ʪʘ ʟʘʭʠʩʪʫ ʨʦʩʣʠʥ. ɿʤʽʥʠ

ʧʦʚʝʨʭʥʽ ʘʙʦ ʦʙʦʣʦʥʢʠ ʥʘʩʽʥʥʷ ʚʚʘʞʘʶʪʴʩʷ ʤʝʭʘʥʽʯʥʠʤʠ ʟʤʽʥʘʤʠ. ʂʨʽʤ

ʪʦʛʦ, ʧʣʘʟʤʦʚʽ ʧʨʠʩʪʨʦʾ ʤʦʞʫʪʴ ʩʪʚʦʨʶʚʘʪʠ ʨʽʟʥʽ ʬʘʢʪʦʨʠ, ʪʘʢʽ ʷʢ

ʩʪʝʨʠʣʽʟʘʮʽʷ ʥʘʩʽʥʥʷ, ʪʝʧʣʦ, ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʝ ʦʧʨʦʤʽʥʝʥʥʷ, ʽʦʥʽʟʘʮʽʷ ʪʘ

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʧʦʣʷ, ʷʢʽ ʪʘʢʦʞ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʨʦʩʪʘʥʥʷ ʥʘʩʽʥʥʷ.

ɼʝʪʘʣʴʥʽʰʝ ʧʨʦ ʮʽ ʬʘʢʪʦʨʠ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 3.



ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʘʢʪʠʚʥʽ ʨʝʯʦʚʠʥʠ, ʷʢʽ ʬʦʨʤʫʶʪʴʩʷ ʧʽʜ

ʯʘʩ ʧʣʘʟʤʦʚʦʾ ʦʙʨʦʙʢʠ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʨʦʩʪʘʥʥʷ ʪʘ

ʨʦʟʚʠʪʦʢ ʨʦʩʣʠʥ. ʇʨʦʪʝ ʤʝʭʘʥʽʟʤʠ, ʷʢʽ ʣʝʞʘʪʴ ʚ ʦʩʥʦʚʽ ʚʧʣʠʚʫ ROS ʪʘ RNS

ʥʘ ʮʽ ʧʨʦʮʝʩʠ, ʱʝ ʥʝ ʧʦʚʥʽʩʪʶ ʟʨʦʟʫʤʽʣʽ. ɯʩʥʫʻ ʜʝʢʽʣʴʢʘ ʛʽʧʦʪʝʟ ʧʨʦ ʪʝ, ʷʢ

ʟʦʚʥʽʰʥʽ ROS ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʨʦʩʪʘʥʥʷ ʥʘʩʽʥʥʷ. ʆʜʥʘ ʟ ʥʠʭ ʧʦʣʷʛʘʻ ʚ

ʪʦʤʫ, ʱʦ ʢʣʽʪʠʥʠ ʥʘʩʽʥʥʷ ʩʧʨʠʡʤʘʶʪʴ ʟʦʚʥʽʰʥʽ ROS ʽ ʽʥʽʮʽʶʶʪʴ ʧʝʨʝʜʘʯʫ

ʩʠʛʥʘʣʽʚ ʽʟ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɯʥʰʘ ʛʽʧʦʪʝʟʘ ʩʪʚʝʨʜʞʫʻ, ʱʦ ʧʽʜ ʯʘʩ

ʟʚʦʣʦʞʝʥʥʷ ʚʦʜʦʶ ʢʣʽʪʠʥʥʽ ʰʘʨʠ ʥʘʩʽʥʥʷ ʧʦʛʣʠʥʘʶʪʴ ROS, ʟʙʽʣʴʰʫʶʯʠ

ʜʠʭʘʣʴʥʫ ʘʢʪʠʚʥʽʩʪʴ ʥʘʩʽʥʥʷ ʽ ʘʢʪʠʚʫʶʯʠ ʣʘʥʮʶʛʦʚʫ ʨʝʘʢʮʽʶ ʦʢʠʩʣʝʥʥʷ

ʮʫʢʨʫ ʜʣʷ ʚʠʨʦʙʣʝʥʥʷ ʤʝʪʘʙʦʣʽʯʥʦʾ ʝʥʝʨʛʽʾ ʫ ʬʦʨʤʽ ɸʊʌ [12]. ʆʪʞʝ, ʫʯʘʩʪʴ

ROS ʫ ʜʠʭʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʚʚʘʞʘʻʪʴʩʷ ʧʝʨʚʠʥʥʠʤ ʪʘ ʚʪʦʨʠʥʥʠʤ ʪʨʠʛʝʨʦʤ

ʫ ʥʘʩʽʥʥʽ, ʷʢʽ ʚʠʢʣʠʢʘʶʪʴ ʧʝʨʝʭʽʜ ʚʽʜ ʩʪʘʥʫ ʩʧʦʢʦʶ ʜʦ ʤʝʪʘʙʦʣʽʯʥʦʾ

ʘʢʪʠʚʥʦʩʪʽ.

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʦʟʦʥ, ʷʢʠʡ ʻ ʦʜʥʽʻʶ ʟ ʛʦʣʦʚʥʠʭ ROS,

ʩʧʨʠʷʻ ʧʦʢʨʘʱʝʥʥʶ ʧʨʦʨʦʩʪʘʥʥʷ ʥʘʩʽʥʥʷ ʪʘ ʩʪʠʤʫʣʶʻ ʝʢʩʧʨʝʩʽʶ ʙʽʣʢʘ ʚ

ʥʘʩʽʥʥʽ [13]. ʋʪʚʦʨʝʥʥʷ ʦʟʦʥʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜ ʜʽʻʶ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʛʝʥʝʨʘʮʽʾ ʩʫʧʝʨʦʢʩʠʜʥʠʭ ʪʘ

ʛʽʜʨʦʢʩʠʣʴʥʠʭ ʨʘʜʠʢʘʣʽʚ ʚ ʥʘʩʽʥʥʻʚʽʡ ʦʙʦʣʦʥʮʽ. ʎʝ ʤʦʞʝ ʙʫʪʠ ʦʜʥʽʻʶ ʟ

ʛʦʣʦʚʥʠʭ ʧʨʠʯʠʥ ʪʦʛʦ, ʷʢ ʧʦʻʜʥʘʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ ʬʽʟʠʯʥʦʛʦ ʧʦʰʢʦʜʞʝʥʥʷ

ʥʘʩʽʥʥʻʚʦʾ ʦʙʦʣʦʥʢʠ ʟ ʭʽʤʽʯʥʠʤ ʩʪʠʤʫʣʦʤ ʥʘʢʦʧʠʯʝʥʠʭ ʨʘʜʠʢʘʣʽʚ ʩʧʨʠʷʻ

ʩʠʥʝʨʛʝʪʠʯʥʦʤʫ ʧʽʜʚʠʱʝʥʥʶ ʧʨʦʨʦʩʪʘʥʥʷ ʥʘʩʽʥʥʷ.

ʇʝʨʝʢʠʩ ʚʦʜʥʶ (H2O2) ʻ ʦʜʥʠʤ ʽʟ ʚʽʜʦʤʠʭ ʧʨʝʜʩʪʘʚʥʠʢʽʚ

ʨʝʘʢʮʽʡʥʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ, ʷʢʽ ʫ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʚʠʷʚʣʷʶʪʴʩʷ ʧʽʜ ʯʘʩ

ʦʙʨʦʙʢʠ ʧʣʘʟʤʦʶ. ʇʦʧʝʨʝʜʥʻ ʜʦʩʣʽʜʞʝʥʥʷ ʫʯʘʩʪʽ H2O2 ʫ ʧʨʦʨʦʩʪʘʥʥʽ

ʥʘʩʽʥʥʷ ʪʘ ʟʨʦʩʪʘʥʥʽ ʨʦʟʩʘʜʠ ʧʦʢʘʟʘʣʦ ʡʦʛʦ ʨʦʣʴ ʫ ʤʝʭʘʥʽʟʤʽ ʧʦʛʣʠʥʘʥʥʷ,

ʩʠʛʥʘʣʴʥʦʤʫ ʰʣʷʭʫ, ʨʝʛʫʣʷʮʽʾ ʝʢʩʧʨʝʩʽʾ ʛʝʥʽʚ, ʤʦʜʠʬʽʢʘʮʽʾ ʙʽʣʢʘ ʪʘ ʽʥʰʠʭ

ʧʦʚôʷʟʘʥʠʭ ʬʘʢʪʦʨʘʭ. ʇʦʛʣʠʥʘʥʥʷ H2O2 ʢʣʽʪʠʥʘʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ

ʦʩʥʦʚʥʦʤʫ ʰʣʷʭʦʤ ʜʠʬʫʟʽʾ ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʘʥʽʦʥʥʠʭ ʢʘʥʘʣʽʚ; ʚʩʝʨʝʜʠʥʽ

ʢʣʽʪʠʥʠ ʚʽʥ ʨʦʟʧʘʜʘʻʪʴʩʷ ʥʘ ʩʠʥʛʣʝʪʥʠʡ ʢʠʩʝʥʴ ʽ ʛʽʜʨʦʢʩʠʣ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ



ʣʝʛʢʝ ʧʝʨʝʥʝʩʝʥʥʷ ʤʽʞ ʢʣʽʪʠʥʘʤʠ. ʇʽʜ ʯʘʩ ʧʨʦʨʦʩʪʘʥʥʷ H2O2

ʦʧʦʩʝʨʝʜʢʦʚʫʻ ʨʝʛʫʣʷʮʽʶ ʢʘʪʘʙʦʣʽʟʤʫ ʘʙʩʮʠʟʦʚʦʾ ʢʠʩʣʦʪʠ (ABA) ʽ

ʙʽʦʩʠʥʪʝʟ ʛʽʙʝʨʝʣʽʥʦʚʦʾ ʢʠʩʣʦʪʠ (GA) [14]. ʊʘʢʦʞ ʧʽʜ ʚʧʣʠʚʦʤ ʟʦʚʥʽʰʥʴʦʛʦ

H2O2 ʥʘ ʥʘʩʽʥʥʷ ʝʥʜʦʛʝʥʥʠʡ ʨʽʚʝʥʴ H2O2 ʪʘʢʦʞ ʧʽʜʚʠʱʫʻʪʴʩʷ ʪʘ ʽʥʜʫʢʫʻ

ʜʝʢʽʣʴʢʘ ʦʢʠʩʣʶʚʘʣʴʥʠʭ ʰʣʷʭʽʚ, ʪʘʢʠʭ ʷʢ ʢʘʨʙʦʥʽʣʶʚʘʥʥʷ ʪʘ ʧʝʨʝʢʠʩʥʝ

ʦʢʠʩʣʝʥʥʷ ʣʽʧʽʜʽʚ. ʂʨʽʤ ʪʦʛʦ, ʧʨʠʩʫʪʥʽʩʪʴ H2O2 ʫ ʢʣʽʪʠʥʘʭ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ

ʧʝʨʚʠʥʥʠʡ ʬʘʢʪʦʨ, ʷʢʠʡ ʚʢʣʶʯʘʻ ʩʢʣʘʜʥʽ ʟʤʽʥʠ ʚ ʧʨʦʪʝʦʤʽ, ʪʨʘʥʩʢʨʠʧʪʦʤʽ

ʪʘ ʨʽʚʥʷʭ ʛʦʨʤʦʥʽʚ [15] .

ɯʥʰʠʤ ʥʘʧʨʷʤʢʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʣʘʟʤʦʚʦʾ ʦʙʨʦʙʢʠ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ

RNS, ʱʦ ʦʪʨʠʤʘʥʽ ʰʣʷʭʦʤ ʚʟʘʻʤʦʜʽʾ ʧʣʘʟʤʠ ʪʘ ʨʽʜʠʥʠ, ʷʢ ʨʽʜʢʦʛʦ ʜʦʙʨʠʚʘ

ʜʣʷ ʨʦʩʣʠʥʥʦʛʦ ʨʦʩʪʫ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʜʘʪʥʦʛʦ ʧʨʠʩʪʨʦʶ

ʪʘ ʤʝʪʦʜʫ ʦʙʨʦʙʢʠ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ RNS ʫ ʨʦʟʯʠʥʽ, ʙʫʣʦ

ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʨʽʟʥʠʭ ʧʽʜʭʦʜʽʚ. ɺ ʟʘʛʘʣʴʥʦʤʫ, ʝʢʩʧʝʨʠʤʝʥʪʠ

ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʣʘʟʤʦʚʽ ʜʦʙʨʠʚʘ ʤʦʞʫʪʴ ʙʫʪʠ ʝʢʦʣʦʛʽʯʥʦʶ ʪʘ ʝʬʝʢʪʠʚʥʦʶ

ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʜʞʝʨʝʣʘʤ ʘʟʦʪʫ ʜʣʷ ʚʠʨʦʱʫʚʘʥʥʷ ʨʦʩʣʠʥ. ʆʜʥʘʢ,

ʧʨʦʙʣʝʤʦʶ ʻ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ pH ʘʙʦ ʧʽʜʚʠʱʝʥʘ ʢʠʩʣʦʪʥʽʩʪʴ ʨʦʟʯʠʥʽʚ,

ʦʙʨʦʙʣʝʥʠʭ ʧʣʘʟʤʦʶ, ʱʦ ʤʦʞʝ ʧʦʰʢʦʜʠʪʠ ʥʘʩʽʥʥʷ ʪʘ ʨʦʩʣʠʥʠ, ʱʦ ʚʧʣʠʚʘʻ

ʥʘ ʨʽʩʪ ʨʦʩʣʠʥ ʫ ʢʠʩʣʦʤʫ ʩʝʨʝʜʦʚʠʱʽ [16]. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ, ʧʨʽʦʨʠʪʝʪʥʠʤ

ʟʘʚʜʘʥʥʷʤ ʫ ʛʘʣʫʟʽ ʧʣʘʟʤʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʙʘʣʘʥʩʫ ʪʘ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʜʣʷ

ʧʦʜʦʣʘʥʥʷ ʢʠʩʣʦʪʥʦʩʪʽ ʨʦʟʯʠʥʽʚ, ʱʦ ʘʢʪʠʚʦʚʘʥʽ ʧʣʘʟʤʦʶ. ɹʫʣʦ

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʢʦʤʙʽʥʘʮʽʶ ʭʽʤʽʯʥʠʭ ʜʦʙʘʚʦʢ, ʪʘʢʠʭ ʷʢ

Mg, Al ʘʙʦ Zn, ʜʣʷ ʥʝʡʪʨʘʣʽʟʘʮʽʾ ʢʠʩʣʦʪʥʦʩʪʽ ʚʦʜʠ, ʦʙʨʦʙʣʝʥʦʾ ʧʣʘʟʤʦʶ,

ʟʥʠʞʫʶʯʠ ʨʽʚʝʥʴ pH. ʂʨʽʤ ʪʦʛʦ, ʮʽ ʜʦʙʘʚʢʠ ʩʧʨʠʷʶʪʴ ʰʚʠʜʢʦʤʫ

ʚʽʜʥʦʚʣʝʥʥʶ ʘʟʦʪʫ ʜʦ ʘʤʽʘʢʫ, ʱʦ ʧʦʣʽʧʰʫʻ ʰʚʠʜʢʽʩʪʴ ʧʨʦʨʦʩʪʘʥʥʷ ʪʘ

ʨʦʩʪʫ ʨʦʟʩʘʜʠ [17].

ɼʦʩʣʽʜʞʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʝʬʝʢʪʫ ʧʣʘʟʤʦʚʦʾ ʦʙʨʦʙʢʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ

ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʾʾ ʚʧʣʠʚʫ ʥʘ ʧʨʦʨʦʩʪʘʥʥʷ ʥʘʩʽʥʥʷ ʟ ʦʙʨʦʙʢʦʶ

ʥʘʛʨʽʚʘʥʥʷʤ ʧʣʘʩʪʠʥʠ, ʱʦ ʧʦʢʘʟʘʣʦ ʨʽʟʥʽ ʨʝʟʫʣʴʪʘʪʠ [18]. ɺʠʷʚʣʝʥʦ, ʱʦ

ʪʝʧʣʦ ʥʝ ʻ ʛʦʣʦʚʥʠʤ ʬʘʢʪʦʨʦʤ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʩʭʦʞʦʩʪʽ

ʧʣʘʟʤʦʦʙʨʦʙʣʝʥʦʛʦ ʥʘʩʽʥʥʷ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʧʣʘʟʤʦʚʘ ʦʙʨʦʙʢʘ



ʚʚʘʞʘʻʪʴʩʷ "ʥʝʪʝʧʣʦʚʦʶ" ʘʙʦ "ʭʦʣʦʜʥʦʶ", ʥʝʚʝʣʠʢʝ ʧʽʜʚʠʱʝʥʥʷ

ʪʝʤʧʝʨʘʪʫʨʠ ʦʙʨʦʙʣʝʥʦʛʦ ʥʘʩʽʥʥʷ ʧʣʘʟʤʦʶ ʥʝ ʤʦʞʝ ʙʫʪʠ ʽʛʥʦʨʦʚʘʥʠʤ,

ʦʩʢʽʣʴʢʠ ʤʦʞʝ ʚʧʣʠʚʘʪʠ ʥʘ ʢʦʝʬʽʮʽʻʥʪ ʩʭʦʞʦʩʪʽ ʨʘʟʦʤ ʟ ʽʥʰʠʤʠ ʬʘʢʪʦʨʘʤʠ.

ʋʣʴʪʨʘʬʽʦʣʝʪʦʚʝ ʩʚʽʪʣʦ ʚʚʘʞʘʻʪʴʩʷ ʦʜʥʠʤ ʽʟ ʛʦʣʦʚʥʠʭ ʬʘʢʪʦʨʽʚ ʫ

ʧʣʘʟʤʦʚʽʡ ʩʪʝʨʠʣʽʟʘʮʽʾ, ʦʩʦʙʣʠʚʦ ʚ ʽʥʘʢʪʠʚʘʮʽʾ ʧʦʚʝʨʭʥʝʚʠʭ ʤʽʢʨʦʙʽʚ. ʇʽʜ

ʯʘʩ ʦʙʨʦʙʢʠ ʧʣʘʟʤʦʶ ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʝ ʩʚʽʪʣʦ

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʥʘ ʧʨʦʨʦʩʪʘʥʥʷ ʥʘʩʽʥʥʷ, ʚʚʘʞʘʻʪʴʩʷ ʜʫʞʝ ʥʠʟʴʢʦʶ

ʯʝʨʝʟ ʢʦʨʦʪʢʫ ʪʨʠʚʘʣʽʩʪʴ ʚʧʣʠʚʫ ʪʘ ʥʠʟʴʢʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʦʧʨʦʤʽʥʝʥʥʷ ʚʽʜ

ʜʞʝʨʝʣ ʧʣʘʟʤʠ. ʋ ʜʝʷʢʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ, ʱʦ

ʋʌ-ʦʧʨʦʤʽʥʝʥʥʷ ʯʝʨʝʟ ʧʣʘʟʤʦʚʫ ʦʙʨʦʙʢʫ ʤʦʞʝ ʤʘʪʠ ʥʝʧʨʷʤʠʡ ʝʬʝʢʪ ʫ

ʧʦʻʜʥʘʥʥʽ ʟ RONS-ʚʟʘʻʤʦʜʽʻʶ, ʘ ʥʝ ʯʝʨʝʟ ʧʦʢʨʘʱʝʥʥʷ ʟʤʦʯʫʚʘʥʦʩʪʽ

ʥʘʩʽʥʥʷ [19]. ʂʨʽʤ ʪʦʛʦ, ʧʨʠʨʦʜʘ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ʤʦʞʝ

ʩʧʨʠʯʠʥʠʪʠ ʧʦʰʢʦʜʞʝʥʥʷ ɼʅʂ, ʱʦ ʪʘʢʦʞ ʤʦʞʝ ʚʧʣʠʥʫʪʠ ʥʘ ʧʨʦʨʦʩʪʘʥʥʷ

ʪʘ ʨʽʩʪ ʨʦʟʩʘʜʠ. ʂʦʨʦʪʢʦʯʘʩʥʝ ʦʧʨʦʤʽʥʝʥʥʷ ʥʘʩʽʥʥʷ ʪʘ ʨʦʟʩʘʜʠ

ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʤʦʞʝ ʽʥʜʫʢʫʚʘʪʠ ʾʭ ʨʽʩʪ ʰʣʷʭʦʤ

ʨʝʛʫʣʷʮʽʾ ʚʽʜʧʦʚʽʜʽ ʥʘ ʩʪʨʝʩ, ʦʩʦʙʣʠʚʦ ʢʦʣʠ ʦʧʨʦʤʽʥʝʥʥʷ ʩʧʨʠʡʤʘʻʪʴʩʷ

ʬʦʪʦʨʝʮʝʧʪʦʨʦʤ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʩʠʣʝʥʥʷ ʢʣʽʪʠʥʥʦʛʦ ʤʝʪʘʙʦʣʽʟʤʫ,

ʚʢʣʶʯʘʶʯʠ ʢʣʽʪʠʥʥʫ ʜʠʬʝʨʝʥʮʽʘʮʽʶ, ʧʦʜʽʣ ʽ ʧʦʜʦʚʞʝʥʥʷ [20] .



2. ʄɽʊʆɼʆʃʆɻɯʗ ʇʈʆɺɽɼɽʅʅʗ ɽʂʉʇɽʈʀʄɽʅʊʋ

2.1. ʆʧʠʩ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʫʩʪʘʥʦʚʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʯʘʩʪʠʥ: ʩʠʩʪʝʤʘ ʜʣʷ

ʛʝʥʝʨʘʮʽʾ ʧʣʘʟʤʠ ʪʘ ʩʧʝʢʪʨʦʤʝʪʨ.

ʉʠʩʪʝʤʘ ʜʣʷ ʚʠʨʦʙʣʝʥʥʷ ʧʣʘʟʤʠ ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩʫʥʢʫ 4 ʽ

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʜʽʚ ʜʣʷ ʛʝʥʝʨʫʚʘʥʥʷ ʧʣʘʟʤʠ, ʟʘʣʽʟʥʘ ʻʤʥʽʩʪʴ -

ʮʝ ʟʦʚʥʽʰʥʽʡ ʝʣʝʢʪʨʦʜ, ʱʦ ʟʘʟʝʤʣʝʥʠʡ. ɺʩʝʨʝʜʠʥʽ ï ʮʝ ʝʣʝʢʪʨʦʜ ʜʦ ʷʢʦʛʦ

ʧʽʜʚʦʜʠʪʴʩʷ ʥʘʧʨʫʛʘ, ʷʢʘ ʟʤʽʥʶʻʪʴʩʷ ʟ ʯʘʩʪʦʪʦʶ ʢʘʤʝʨʠ ʦʙʨʦʙʢʠ.

ʋʩʪʘʥʦʚʢʘ ʤʘʻ ʟʤʦʛʫ ʟʘʥʠʟʠʪʠ ʪʠʩʢ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʩʦʩʫ, ʪʦʤʫ ʚʠʤʽʨʠ

ʧʨʦʚʦʜʷʪʴʩʷ ʥʘ ʟʥʘʯʝʥʥʷʭ 50 ʇʘ ʪʘ 100 ʇʘ. ʅʘ ʮʽʡ ʫʩʪʘʥʦʚʮʽ

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʨʘʜʽʦʯʘʩʪʦʪʥʠʡ ʨʦʟʨʷʜ, ʷʢʠʡ ʤʘʻ ʪʘʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ:

ʩʪʨʫʤ 400 ʤɸ - 600 ʤɸ, ʥʘʧʨʫʛʘ 1200 ɺ, ʪʝʤʧʝʨʘʪʫʨʘ ʪʨʘʥʟʠʩʪʦʨʽʚ ʧʨʠ

ʮʴʦʤʫ ʤʦʞʝ ʚʩʪʘʥʦʚʣʶʚʘʪʠʩʷ ʥʘ ʨʽʚʥʽ ~60Áʉ. ɺ ʭʦʜʽ ʝʢʩʧʝʨʠʤʝʥʪʫ

ʥʘʣʘʰʪʦʚʫʻʪʴʩʷ ʨʽʟʥʘ ʯʘʩʪʦʪʘ ʧʣʘʟʤʦʚʦʛʦ ʨʦʟʨʷʜʫ : 20 - 90 ʢɻʮ.



ʉʧʝʢʪʨʦʤʝʪʨ ð ʤʘʣʦʛʘʙʘʨʠʪʥʠʡ ʜʚʦʢʘʥʘʣʴʥʠʡ ʘʥʘʣʽʟʘʪʦʨ ʩʧʝʢʪʨʫ.

ɺʽʥ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʟʤʦʥʪʦʚʘʥʠʭ ʚ ʻʜʠʥʦʤʫ ʢʦʨʧʫʩʽ ʩʧʝʢʪʨʦʛʨʘʬʽʚ ʟ

ʚʽʜʥʦʩʥʠʤ ʦʪʚʦʨʦʤ 1/8 ʽ ʬʦʢʫʩʥʦʶ ʚʽʜʩʪʘʥʥʶ 150 ʤʤ.

ɿʘ ʜʦʧʦʤʦʛʦʶ ʩʚʽʪʣʦʚʦʜʽʚ ʧʨʦʚʦʜʠʪʴʩʷ ʚʚʝʜʝʥʥʷ ʩʚʽʪʣʦʚʦʛʦ

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʩʧʝʢʪʨʦʤʝʪʨ. ɼʣʷ ʮʴʦʛʦ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʷʢ

ʦʜʠʥ ʜʚʦʢʘʥʘʣʴʥʠʡ ʩʚʽʪʣʦʚʦʜ (ʦʜʠʥ ʚʭʽʜ, ʜʚʘ ʚʠʭʦʜʠ), ʪʘʢ ʽ ʜʚʘ

ʦʜʥʦʢʘʥʘʣʴʥʠʭ. ɼʣʷ ʨʦʙʦʪʠ ʟʽ ʩʧʝʢʪʨʦʤʝʪʨʦʤ ʧʦʪʨʽʙʥʦ ʧʽʜʢʣʶʯʠʪʠ ʡʦʛʦ ʜʦ

ʜʞʝʨʝʣʘ ʩʚʽʪʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 6), ʧʽʜʢʣʶʯʠʪʠ

ʜʦ USB-ʧʦʨʪʫ ʢʦʤʧôʶʪʝʨʘ ʽ ʟʘʧʫʩʪʠʪʠ ʢʝʨʫʶʯʫ ʧʨʦʛʨʘʤʫ PSI-Line.



ʅʘ ʨʠʩʫʥʢʫ 7 ʟʦʙʨʘʞʝʥʘ ʦʧʪʠʯʥʘ ʩʭʝʤʘ ʩʧʝʢʪʨʦʤʝʪʨʘ. ʂʦʞʝʥ

ʩʧʝʢʪʨʦʛʨʘʬ ʤʘʻ ʚʭʽʜʥʫ ʱʽʣʠʥʫ (2), ʜʟʝʨʢʘʣʦ (3), ʱʦ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʾ

ʢʦʣʽʤʘʪʦʨʥʦʛʦ ʽ ʢʘʤʝʨʥʦʛʦ, ʜʠʬʨʘʢʮʽʡʥʫ ʛʨʘʪʢʫ (4) ʽ ʧʦʚʦʨʦʪʥʝ ʜʟʝʨʢʘʣʦ

(5). ɯʥʜʝʢʩʠ ç1è ʽ ç2è ʥʘ ʩʭʝʤʽ ʦʟʥʘʯʘʶʪʴ ʧʨʠʥʘʣʝʞʥʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʜʦ

ʧʝʨʰʦʛʦ ʘʙʦ ʜʨʫʛʦʛʦ ʩʧʝʢʪʨʦʛʨʘʬʘ.



ʇʽʩʣʷ ʧʨʦʭʦʜʞʝʥʥʷ ʯʝʨʝʟ ʚʭʽʜʥʫ ʱʽʣʠʥʫ (2), ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʷʢʝ

ʥʘʜʭʦʜʠʪʴ ʟ ʚʠʭʦʜʫ ʩʚʽʪʣʦʚʦʜʘ, ʟʘʢʨʽʧʣʝʥʦʛʦ ʚ ʪʨʠʤʘʯʽ (1), ʥʘʧʨʘʚʣʷʻʪʴʩʷ

ʢʦʣʽʤʘʪʦʨʥʠʤ ʩʬʝʨʠʯʥʠʤ ʜʟʝʨʢʘʣʦʤ (3) ʥʘ ʜʠʬʨʘʢʮʽʡʥʫ ʛʨʘʪʢʫ (4) ʫ

ʚʠʛʣʷʜʽ ʧʘʨʘʣʝʣʴʥʦʛʦ ʧʫʯʢʘ. ɼʠʬʨʘʢʮʽʡʥʘ ʛʨʘʪʢʘ (4) ʚʽʜʭʠʣʷʻ ʧʨʦʤʝʥʽ ʥʘ

ʨʽʟʥʽ ʢʫʪʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʧʝʨʝʪʚʦʨʶʶʯʠ

ʧʘʨʘʣʝʣʴʥʠʡ ʧʫʯʦʢ ʚʽʜ ʢʦʞʥʦʾ ʪʦʯʢʠ ʚʭʽʜʥʦʾ ʱʽʣʠʥʠ ʚ ʚʽʷʣʦ

ʤʦʥʦʭʨʦʤʘʪʠʯʥʠʭ ʧʘʨʘʣʝʣʴʥʠʭ ʧʫʯʢʽʚ. ʂʘʤʝʨʥʝ ʩʬʝʨʠʯʥʝ ʜʟʝʨʢʘʣʦ (3) ʽ

ʧʦʚʦʨʦʪʥʝ ʜʟʝʨʢʘʣʦ (5) ʩʪʚʦʨʶʶʪʴ ʥʘ ʬʦʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ (6)

ʤʦʥʦʭʨʦʤʘʪʠʯʥʽ ʟʦʙʨʘʞʝʥʥʷ ʚʭʽʜʥʦʾ ʱʽʣʠʥʠ, ʩʫʢʫʧʥʽʩʪʴ ʷʢʠʭ ʫʪʚʦʨʶʻ

ʩʧʝʢʪʨ ʧʝʚʥʦʛʦ ʽʥʪʝʨʚʘʣʫ ʜʦʚʞʠʥ ʭʚʠʣʴ. ʎʷ ʧʣʦʱʠʥʘ ʟʙʽʛʘʻʪʴʩʷ ʟ

ʧʣʦʱʠʥʦʶ ʩʚʽʪʣʦʯʫʪʣʠʚʦʛʦ ʝʣʝʤʝʥʪʘ ʇɿɿ-ʣʽʥʽʡʢʠ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʣʽʥʽʡʢʠ

ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʝʻʩʪʨʘʮʽʷ ʩʧʝʢʪʨʽʚ ʦʙʦʭ ʢʘʥʘʣʽʚ.

ʇʦʣʦʞʝʥʥʷ ʜʠʬʨʘʢʮʽʡʥʦʾ ʛʨʘʪʢʠ ʬʽʢʩʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʫʟʣʘ

ʶʩʪʫʚʘʥʥʷ (7). ʇʣʘʪʘ ʨʝʻʩʪʨʫʶʯʦʾ ʩʠʩʪʝʤʠ (8) ʻ ʪʘʢʦʞ ʬʽʟʠʯʥʠʤ

ʨʦʟʜʽʣʴʥʠʢʦʤ ʦʧʪʠʯʥʠʭ ʩʭʝʤ ʩʧʝʢʪʨʦʛʨʘʬʽʚ.



2.2. ɺʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʩʝʣʝʥʥʷ ʟʙʫʜʞʝʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʨʽʚʥʽʚ
ʨʦʟʨʷʜʫ ʟʘ ʘʪʦʤʥʠʤʠ ʩʧʝʢʪʨʘʤʠ

ʇʽʜ ʯʘʩ ʛʦʨʽʥʥʷ ʨʦʟʨʷʜʫ ʤʽʞ ʝʣʝʢʪʨʦʜʘʤʠ ʟ ʤʝʪʘʣʫ ʘʙʦ ʚʫʛʽʣʣʷ

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʮʝʩ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ, ʟ ʷʢʦʛʦ ʩʢʣʘʜʘʶʪʴʩʷ

ʝʣʝʢʪʨʦʜʠ. ɽʣʝʢʪʨʠʯʥʠʡ ʨʦʟʨʷʜ ʩʧʨʠʯʠʥʷʻ ʟʙʫʜʞʝʥʥʷ ʘʪʦʤʽʚ ʪʘ ʤʦʣʝʢʫʣ,

ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʚʽʪʽʥʥʷ, ʢʦʣʠ ʨʦʟʨʷʜ ʧʨʦʥʠʢʘʻ ʯʝʨʝʟ ʛʘʟʠ, ʱʦ

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʧʨʦʤʽʞʢʫ ʤʽʞ ʝʣʝʢʪʨʦʜʘʤʠ.

ʄʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʟʙʫʜʞʝʥʥʷ ʘʪʦʤʽʚ ʫ ʨʦʟʨʷʜʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ

ʨʘʭʫʥʦʢ ʝʥʝʨʛʽʾ ʝʣʝʢʪʨʦʥʽʚ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʝʣʝʢʪʨʦʥʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ Tʝ.

ʇʨʠ ʘʪʤʦʩʬʝʨʥʦʤʫ ʪʠʩʢʫ, ʢʦʣʠ ʤʘʻ ʤʽʩʮʝ ʨʽʚʥʦʚʘʞʥʠʡ ʨʦʟʧʦʜʽʣ ʝʥʝʨʛʽʾ ʤʽʞ

ʯʘʩʪʠʥʢʘʤʠ ʧʣʘʟʤʠ, ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʊʝ = ʊʘʪ. ɺ ʫʤʦʚʘʭ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ

ʨʽʚʥʦʚʘʛʠ ʨʦʟʧʦʜʽʣ ʘʪʦʤʽʚ ʪʘ ʤʦʣʝʢʫʣ ʧʦ ʝʥʝʨʛʝʪʠʯʥʠʤ ʨʽʚʥʷʤ

ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ ɹʦʣʴʮʤʘʥʘ

ʜʝ N0 ð ʢʽʣʴʢʽʩʪʴ ʥʝʡʪʨʘʣʴʥʠʭ ʘʪʦʤʽʚ ʚ 1 ʩʤ3, Nʝ ð ʢʽʣʴʢʽʩʪʴ ʘʪʦʤʽʚ, ʱʦ

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʟʙʫʜʞʝʥʥʦʤʫ ʩʪʘʥʽ;

ge ʽ g0 ð ʩʪʘʪʠʩʪʠʯʥʽ ʚʘʛʠ ʟʙʫʜʞʝʥʥʦʛʦ ʽ ʥʦʨʤʘʣʴʥʦʛʦ ʩʪʘʥʽʚ; Ee ð ʝʥʝʨʛʽʷ

ʟʙʫʜʞʝʥʥʷ ʚʝʨʭʥʴʦʛʦ ʩʪʘʥʫ; ʊ ð ʪʝʤʧʝʨʘʪʫʨʘ ʨʦʟʨʷʜʫ; k ð ʩʪʘʣʘ

ɹʦʣʴʮʤʘʥʘ.

ɸʪʦʤʠ ʟ ʝʥʝʨʛʽʻʶ Ee ʩʘʤʦʚʽʣʴʥʦ ʧʝʨʝʭʦʜʷʪʴ ʚ ʥʦʨʤʘʣʴʥʠʡ ʘʙʦ ʚ

ʧʨʦʤʽʞʥʠʡ ʩʪʘʥ. ʂʦʞʝʥ ʘʪʦʤ ʧʨʠ ʮʴʦʤʫ ʚʠʧʨʦʤʽʥʶʻ ʩʚʽʪʣʦʚʠʡ ʢʚʘʥʪ

ʯʘʩʪʦʪʠ ɜ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ:

ʜʝ ɸei ð ʡʤʦʚʽʨʥʽʩʪʴ ʦʧʪʠʯʥʦʛʦ ʧʝʨʝʭʦʜʫ.

ʇʽʜʩʪʘʚʣʷʶʯʠ ʩʶʜʠ ʟʥʘʯʝʥʥʷ Nʝ ʟ ʚʠʨʘʟʫ ʜʣʷ ʬʦʨʤʫʣʠ ɹʦʣʴʮʤʘʥʘ,

ʦʪʨʠʤʘʻʤʦ ʟʘʛʘʣʴʥʠʡ ʚʠʨʘʟ ʜʣʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ.



ʎʝʡ ʚʠʨʘʟ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʧʝʢʪʨʘʣʴʥʦʾ ʣʽʥʽʾ ʫ ʧʣʘʟʤʽ

ʨʦʟʨʷʜʫ ʦʜʥʦʟʥʘʯʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʟʨʷʜʫ. ʊʦʤʫ ʷʢʱʦ

ʚʠʤʽʨʷʪʠ ʽʥʪʝʥʩʠʚʽʩʪʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʘʙʩʦʣʶʪʥʠʭ ʦʜʠʥʠʮʷʭ, ʤʦʞʥʘ

ʚʠʟʥʘʯʠʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʟʤʠ ʨʦʟʨʷʜʫ. ɯʥʰʽ ʢʦʥʩʪʘʥʪʠ ʘ ʪʘʢʦʞ

ʡʤʦʚʽʨʥʦʩʪʽ ʧʝʨʝʭʦʜʽʚ ʚʽʜʦʤʽ. (ʅʘ ʜʘʥʠʡ ʯʘʩ ʡʤʦʚʽʨʥʦʩʪʽ ʚʠʤʽʨʷʥʽ ʘʙʦ

ʦʙʨʘʭʦʚʘʥʽ ʜʣʷ ʙʘʛʘʪʴʦʭ ʝʣʝʤʝʥʪʽʚ ʧʝʨʽʦʜʠʯʥʦʾ ʩʠʩʪʝʤʠ.)

ʇʨʦʪʝ ʚʠʤʽʨʶʚʘʥʥʷ ʪʦʯʥʠʭ ʘʙʩʦʣʶʪʥʠʭ ʟʥʘʯʝʥʴ ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ

ʧʦʚ'ʷʟʘʥʝ ʟ ʚʝʣʠʢʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʪʨʫʜʥʦʱʘʤʠ. ʂʨʽʤ ʪʦʛʦ, ʫ

ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʥʘʤ ʚʽʜʦʤʽ ʣʠʰʝ ʚʽʜʥʦʩʥʽ ʟʥʘʯʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʝʡ

ʧʝʨʝʭʦʜʽʚ. ɺʨʘʭʦʚʫʶʯʠ ʮʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʆʨʥʰʪʝʡʥ ʨʦʟʨʦʙʠʚ

ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʠʡ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ

ʚʠʤʽʨʶʚʘʥʥʽ ʚʽʜʥʦʩʥʠʭ ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ ʩʧʝʢʪʨʘʣʴʥʠʭ ʣʽʥʽʡ ʦʙʝʨʪʘʣʴʥʦʾ

ʩʪʨʫʢʪʫʨʠ ʤʦʣʝʢʫʣʷʨʥʠʭ ʩʤʫʛ ʘʙʦ ʘʪʦʤʥʠʭ ʝʤʽʩʽʡʥʠʭ ʣʽʥʽʡ.

ʅʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʦʧʠʩʘʥʠʤ ʚʠʱʝ

ʤʝʪʦʜʦʤ ʻ ʧʨʘʚʠʣʴʥʠʡ ʚʠʙʽʨ ʩʧʝʢʪʨʘʣʴʥʠʭ ʣʽʥʽʡ ʘʙʦ ʩʤʫʛ, ʚʽʣʴʥʠʭ ʚ ʫʤʦʚʘʭ

ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʽʜ ʩʘʤʦʧʦʛʣʠʥʘʥʥʷ.

ʇʽʩʣʷ ʣʦʛʘʨʠʬʤʫʚʘʥʥʷ ʦʪʨʠʤʘʥʦʛʦ ʚʠʨʘʟʫ ʜʣʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ

ʦʪʨʠʤʫʻʤʦ ʨʽʚʥʷʥʥʷ ʧʨʷʤʦʾ

,

ʜʝ ð ʧʦʩʪʽʡʥʘ ʩʢʣʘʜʦʚʘ;

i

ʷʢʱʦ ʝʥʝʨʛʽʷ ʟʙʫʜʞʝʥʦʛʦ ʩʪʘʥʫ ʘʪʦʤʘ ʚʠʨʘʞʝʥʘ ʚ

ʝʣʝʢʪʨʦʥ-ʚʦʣʴʪʘʭ ʪʘ ï ʟʘʨʷʜ ʝʣʝʢʪʨʦʥʘ.

ʊʘʥʛʝʥʩ ʢʫʪʘ ʥʘʭʠʣʫ ʧʨʷʤʦʾ



ʜʦ ʦʩʽ ʘʙʩʮʠʩ ʚʠʟʥʘʯʘʻ ʪʝʤʧʝʨʘʪʫʨʫ ʨʦʟʨʷʜʫ [21].



2.3. ɺʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨ ʟʘʩʝʣʝʥʥʷ ʟʙʫʜʞʝʥʠʭ ʢʦʣʠʚʘʣʴʥʠʭ ʪʘ

ʦʙʝʨʪʘʣʴʥʠʭ ʨʽʚʥʽʚ ʨʦʟʨʷʜʫ ʟʘ ʤʦʣʝʢʫʣʷʨʥʠʤʠ ʩʧʝʢʪʨʘʤʠ

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʥʘʙʫʚʘʻ ʧʦʧʫʣʷʨʥʦʩʪʽ ʥʦʚʠʡ ʧʽʜʭʽʜ ʜʦ ʦʧʪʠʯʥʦʾ

ʜʽʘʛʥʦʩʪʠʢʠ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʧʝʢʪʨʦʤʝʪʨʠ ʟ ʥʝʚʝʣʠʢʦʶ ʨʦʟʜʽʣʴʥʦʶ

ʟʜʘʪʥʽʩʪʶ, ʦʩʥʦʚʘʥʽ ʥʘ ʇɿɿ-ʣʽʥʽʡʢʘʭ, ʪʘ ʤʝʪʦʜʠ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ

ʤʦʜʝʣʶʚʘʥʥʷ. ɺʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʩʝʣʝʥʦʩʪʽ ʟʙʫʜʞʝʥʠʭ ʨʽʚʥʽʚ

ʘʪʦʤʽʚ ʪʘ ʤʦʣʝʢʫʣ ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ

ʩʧʝʢʪʨʽʚ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ, ʧʨʦʚʝʜʝʥʠʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ

ʧʨʦʛʨʘʤ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʢʦʨʠʩʪʘʥʦʛʦ

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʨʠʣʘʜʫ.

ɺ ʭʦʜʽ ʨʦʙʦʪʠ ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʧʨʦʛʨʘʤʘ ʩʠʤʫʣʷʮʽʾ ʝʤʽʩʽʡʥʠʭ

ʩʧʝʢʪʨʽʚ SPECAIR [22], ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʜʦʟʚʦʣʷʻ ʤʦʜʝʣʶʚʘʪʠ ʘʙʩʦʣʶʪʥʽ

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʛʘʟʽʚ ʪʘ ʧʣʘʟʤʠ ʨʽʟʥʠʭ

ʩʢʣʘʜʽʚ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʨʽʟʥʠʭ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʢʦʥʪʫʨʽʚ (ʘʧʘʨʘʪʥʠʭ

ʬʫʥʢʮʽʡ ʫ ʚʠʛʣʷʜʽ ʪʨʘʧʝʮʽʾ, ʪʨʠʢʫʪʥʠʢʘ, ʘ ʪʘʢʦʞ ʽʥʰʠʭ ʜʦʚʽʣʴʥʠʭ ʬʦʨʤ,

ʟʘʜʘʥʠʭ ʢʦʨʠʩʪʫʚʘʯʝʤ). SPECAIR ʤʦʜʝʣʶʻ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘʢʠʭ

ʢʦʤʧʦʥʝʥʪʽʚ, ʷʢ: N, N2, N2+, NH, NO, C, C2, CN, CO, O, O2, OH, ʚ

ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ ʪʘ ʪʠʩʢʽʚ ʚ ʧʨʠʧʫʱʝʥʥʽ ʥʘʷʚʥʦʩʪʽ ʃʊʈ. ɼʣʷ

ʩʠʤʫʣʷʮʽʾ ʝʤʽʩʽʡʥʦʛʦ ʩʧʝʢʪʨʫ ʧʨʦʛʨʘʤʦʶ SPECAIR ʥʝʦʙʭʽʜʥʦ ʟʘʜʘʚʘʪʠ

ʯʦʪʠʨʠ ʧʘʨʘʤʝʪʨʠ (ʧʦʩʪʫʧʘʣʴʥʫ, ʛʘʟʦʢʽʥʝʪʠʯʥʫ, ʝʣʝʢʪʨʦʥʥʫ, ʢʦʣʠʚʘʣʴʥʫ ʪʘ

ʦʙʝʨʪʘʣʴʥʫ ʪʝʤʧʝʨʘʪʫʨʠ), ʟʥʘʯʝʥʥʷ ʷʢʠʭ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʠʛʣʷʜ

ʨʦʟʨʘʭʦʚʘʥʦʛʦ ʩʧʝʢʪʨʫ. ɹʘʛʘʪʦ ʯʘʩʫ ʟʘʡʤʘʻ ʧʽʜʛʦʥʢʘ ʧʘʨʘʤʝʪʨʽʚ

ʤʦʜʝʣʶʚʘʥʥʷ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʛʘʨʥʝ ʩʫʤʽʱʝʥʥʷ ʩʧʝʢʪʨʽʚ: ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʟ

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ. ɼʣʷ ʩʧʨʦʱʝʥʥʷ ʪʘ ʧʨʠʰʚʠʜʰʝʥʥʷ ʧʨʦʮʝʜʫʨʠ ʦʙʨʦʙʢʠ

ʩʧʝʢʪʨʽʚ ʫ ʣʽʪʝʨʘʪʫʨʽ ʚʽʜʦʤʠʡ ʧʽʜʭʽʜ ʧʦʙʫʜʦʚʠ ʢʘʣʽʙʨʫʚʘʣʴʥʠʭ ʢʨʠʚʠʭ, ʷʢʽ ʻ

ʬʫʥʢʮʽʷʤʠ ʚʽʜʧʦʚʽʜʥʠʭ ʪʝʤʧʝʨʘʪʫʨ.

ʋ ʚʠʧʘʜʢʫ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʚʽʪʨʷʥʦʾ ʧʣʘʟʤʠ ʘʙʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʟʦʪʫ ʚ

ʷʢʦʩʪʽ ʨʦʙʦʯʦʛʦ ʛʘʟʫ, ʝʬʝʢʪʠʚʥʠʤ ʟʘʩʦʙʦʤ ʜʽʘʛʥʦʩʪʠʢʠ ʻ ʝʤʽʩʽʡʥʠʡ ʩʧʝʢʪʨ

ʜʨʫʛʦʾ ʧʦʟʠʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʘʟʦʪʫ (ʉ3ʇu-B3ʇg). ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʥʘʡʙʽʣʴʰ



ʦʧʪʠʤʘʣʴʥʦʶ ʻ ʩʤʫʛʘ 350ï380 ʥʤ ʚ ʝʤʽʩʽʡʥʦʤʫ ʩʧʝʢʪʨʽ N2 (C-B), ʚ ʷʢʽʡ

ʧʝʨʝʥʘʢʣʘʜʘʥʥʷ ʟ ʽʥʰʠʤʠ ʩʧʝʢʪʨʘʣʴʥʠʤʠ ʣʽʥʽʷʤʠ ʪʘ ʩʤʫʛʘʤʠ ʚʽʜʩʫʪʥʻ ʘʙʦ

ʤʽʥʽʤʘʣʴʥʝ.

ʅʘ ʨʠʩʫʥʢʫ 8 ʧʦʙʫʜʦʚʘʥʽ ʤʦʜʝʣʴʥʽ ʩʧʝʢʪʨʠ N2 (C-B) ʚ ʜʽʘʧʘʟʦʥʽ

320ï380 ʥʤ ʜʣʷ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʟʘʩʝʣʝʥʥʷ ʟʙʫʜʞʝʥʠʭ ʢʦʣʠʚʘʣʴʥʠʭ

ʨʽʚʥʽʚ ʧʨʠ ʬʽʢʩʦʚʘʥʽʡ ʪʝʤʧʝʨʘʪʫʨʠ ʦʙʝʨʪʘʣʴʥʠʭ ʨʽʚʥʽʚ ʪʘ ʚʠʟʥʘʯʝʥʽ

ʩʧʝʢʪʨʘʣʴʥʽ ʽʥʪʝʨʚʘʣʠ, ʯʫʪʣʠʚʽ ʣʠʰʝ ʜʦ ʟʤʽʥʠ ʦʜʥʽʻʾ ʟ ʪʝʤʧʝʨʘʪʫʨ.

ʄʦʜʝʣʶʚʘʥʥʷ ʩʧʝʢʪʨʽʚ ʧʨʦʚʦʜʠʣʦʩʷ ʟʘ ʪʘʢʠʭ ʟʥʘʯʝʥʴ ʪʝʤʧʝʨʘʪʫʨ :

Te=5000K, Tv=1000-5000K, Tr=300K, Ttr=300K.

ɸʥʘʣʦʛʽʯʥʠʤ ʯʠʥʦʤ ʧʦʙʫʜʦʚʘʥʽ ʩʧʝʢʪʨʠ ʥʘ ʨʠʩʫʥʢʫ 9 ʜʣʷ ʨʽʟʥʠʭ

ʪʝʤʧʝʨʘʪʫʨ ʟʘʩʝʣʝʥʥʷ ʦʙʝʨʪʘʣʴʥʠʭ ʨʽʚʥʽʚ ʧʨʠ ʬʽʢʩʦʚʘʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ

ʢʦʣʠʚʘʣʴʥʠʭ ʨʽʚʥʽʚ.



ʄʦʜʝʣʶʚʘʥʥʷ ʩʧʝʢʪʨʽʚ ʧʨʦʚʦʜʠʣʦʩʷ ʟʘ ʪʘʢʠʭ ʟʥʘʯʝʥʴ ʪʝʤʧʝʨʘʪʫʨ :

Te=4500K, Tv=4500K, Tr=300-500K, Ttr=300K.



3. ʈɽɿʋʃʔʊɸʊʀ ɼʆʉʃɯɼɾɽʅʔ

3.1. ʇʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ ʽ ʨʦʟʰʠʬʨʫʚʘʥʥʷ ʩʧʝʢʪʨʽʚ

ʅʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽʡ ʫʩʪʘʥʦʚʮʽ ʙʫʣʠ ʚʠʤʽʨʷʥʽ ʩʧʝʢʪʨʠ ʟ ʪʘʢʠʤʠ

ʧʘʨʘʤʝʪʨʘʤʠ : ʪʠʩʢ ʟʤʽʥʶʚʘʚʩʷ ʚ ʤʝʞʘʭ 50-100 ʇʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʩʦʩʫ,

ʯʘʩʪʦʪʘ 20-90 ʂɻʮ ʪʘ ʯʘʩ ʝʢʩʧʦʟʠʮʽʾ 3000-30000 ʤʩ.

ʅʘ ʨʠʩʫʥʢʫ 10 ʟʦʙʨʘʞʝʥʠʡ ʦʜʠʥ ʽʟ ʚʠʤʽʨʷʥʠʭ ʩʧʝʢʪʨʽʚ ʙʝʟ ʦʙʨʦʙʢʠ.

ʇʝʨʰʠʤ ʢʨʦʢʦʤ ʦʙʨʦʙʢʠ ʻ ʚʠʟʥʘʯʝʥʥʷ ʽ ʚʽʜʥʽʤʘʥʥʷ ʬʦʥʦʚʦʾ

ʩʢʣʘʜʦʚʦʾ ʚʽʜ ʚʠʤʽʨʷʥʦʛʦ ʩʧʝʢʪʨʫ. ʅʘ ʨʠʩʫʥʢʫ 11 ʟʦʙʨʘʞʝʥʠʡ ʩʧʝʢʪʨ ʙʝʟ

ʬʦʥʦʚʦʾ ʩʢʣʘʜʦʚʦʾ.



ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʻ ʚʠʟʥʘʯʝʥʥʷ ʩʧʝʢʪʨʘʣʴʥʦʾ ʩʚʽʪʣʦʯʫʪʣʠʚʦʩʪʽ ʽ ʾʾ

ʚʧʣʠʚʫ ʥʘ ʚʠʤʽʨʷʥʠʡ ʩʧʝʢʪʨ. ʉʧʝʢʪʨʘʣʴʥʘ ʯʫʪʣʠʚʽʩʪʴ ʙʫʣʘ ʚʠʤʽʨʷʥʘ ʚ

ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʘʭ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʪʘʣʦʥʥʦʛʦ ʜʞʝʨʝʣʘ

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 12. ʆʙʨʦʙʣʝʥʠʡ ʩʧʝʢʪʨ ʽʟ

ʚʨʘʭʫʚʘʥʥʷʤ ʯʫʪʣʠʚʦʩʪʽ ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩʫʥʢʫ 13.





ʅʘ ʨʠʩʫʥʢʫ 14 ʟʦʙʨʘʞʝʥʠʡ ʩʧʝʢʪʨ, ʛʦʪʦʚʠʡ ʜʣʷ ʧʦʜʘʣʴʰʠʭ

ʤʘʥʽʧʫʣʷʮʽʡ. ʅʘ ʥʴʦʤʫ ʧʦʟʥʘʯʝʥʽ ʧʽʢʠ: ʜʣʷ ʘʪʦʤʘʨʥʠʭ ʩʧʝʢʪʨʘʣʴʥʠʭ ʣʽʥʽʡ

ʢʠʩʥʶ (777ʥʤ, 844ʥʤ ʪʘ 926ʥʤ) ʪʘ ʤʦʣʝʢʫʣʷʨʥʠʭ ʩʧʝʢʪʨʘʣʴʥʠʡ ʣʽʥʽʡ ʘʟʦʪʫ

(315ʥʤ, 337ʥʤ, 353ʥʤ, 357ʥʤ, 375ʥʤ, 380ʥʤ). ʊʘʢʦʞ ʧʦʟʥʘʯʝʥʠʡ ʧʽʢ ʜʣʷ

ʡʦʥʫ ʘʟʦʪʫ ʥʘ ʜʦʚʞʠʥʽ ʭʚʠʣʽ 390ʥʤ. ʅʝʧʦʟʥʘʯʝʥʽ ʧʽʢʠ ʚ ʜʽʘʧʘʟʦʥʽ

600-100ʥʤ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦʜʚʦʻʥʥʽʡ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʝʨʰʦʾ ʯʘʩʪʠʥʠ ʩʧʝʢʪʨʫ

ʯʝʨʝʟ ç​ʟʰʠʚʘʥʥʷè ʦʪʨʠʤʘʥʠʭ ʜʽʣʷʥʦʢ ʩʧʝʢʪʨʘ , ʟʥʷʪʦʛʦ ʜʚʦʤʘ ʇɿʉ

ʣʽʥʽʡʢʘʤʠ.



3.2. ɺʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʩʝʣʝʥʥʷ ʟʙʫʜʞʝʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʨʽʚʥʽʚ

ʨʦʟʨʷʜʫ ʟʘ ʘʪʦʤʘʨʥʠʤʠ ʣʽʥʽʷʤʠ ʢʠʩʥʶ

ɼʣʷ ʧʽʜʨʘʭʫʥʢʫ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʩʝʣʝʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʨʽʚʥʽʚ

ʚʠʤʽʨʷʥʠʭ ʩʧʝʢʪʨʽʚ ʟʘ ʘʪʦʤʘʨʥʠʤʠ ʣʽʥʽʷʤʠ ʢʠʩʥʶ (ʜʦʚʞʠʥʠ ʭʚʠʣʴ 777 ʥʤ,

844 ʥʤ ʪʘ 926 ʥʤ) ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʛʨʘʬʽʯʥʠʡ ʤʝʪʦʜ ɹʦʣʴʮʤʘʥʘ.

ʂʦʥʩʪʘʥʪʠ ʙʫʣʠ ʚʟʷʪʽ ʟ ʙʘʟʠ ʜʘʥʠʭ ʘʪʦʤʥʠʭ ʩʧʝʢʪʨʽʚ NIST (National institute

of standards and technology) [23]. ɺ ʪʘʙʣʠʮʽ 4 ʧʨʠʚʝʜʝʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ

ʢʦʥʩʪʘʥʪʠ ʟ ʙʘʟʠ ʜʘʥʠʭ.

ʆʪʨʠʤʘʥʘ ʟʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʩʝʣʝʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʨʽʚʥʽʚ ʚʽʜ

ʯʘʩʪʦʪʠ ʧʨʠ ʨʽʟʥʠʭ ʪʠʩʢʘʭ ʟʦʙʨʘʞʝʥʘ ʥʘ ʛʨʘʬʽʢʫ 15



ʆʪʨʠʤʘʥʘ ʟʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʩʝʣʝʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʨʽʚʥʽʚ ʚʽʜ

ʪʠʩʢʫ ʧʨʠ ʨʽʟʥʠʭ ʯʘʩʪʦʪʘʭ ʟʦʙʨʘʞʝʥʘ ʥʘ ʛʨʘʬʽʢʫ 16



ʅʘ ʨʠʩʫʥʢʘʭ 15, 16 ʚʠʜʥʦ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʩʝʣʝʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ

ʨʽʚʥʽʚ ʩʪʘʥʦʚʠʪʴ ʧʦʨʷʜʢʫ Te=4000KÑ500K, ʚ ʤʝʞʘʭ ʧʦʭʠʙʢʠ ʧʨʠʙʣʠʟʥʦ

ʦʜʥʘʢʦʚʘ ʽ ʚʽʜ ʯʘʩʪʦʪʠ ʪʘ ʪʠʩʢʫ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʘʣʝʞʠʪʴ.



3.3. ɺʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʩʝʣʝʥʥʷ ʟʙʫʜʞʝʥʠʭ ʢʦʣʠʚʘʣʴʥʠʭ ʨʽʚʥʽʚ

ʨʦʟʨʷʜʫ ʟʘ ʤʦʣʝʢʫʣʷʨʥʠʤʠ ʣʽʥʽʷʤʠ ʘʟʦʪʫ

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʘ ʚʠʙʨʘʥʘ ʩʤʫʛʘ 330-380 ʥʤ ʚ

ʝʤʽʩʽʡʥʦʤʫ ʩʧʝʢʪʨʽ ʜʨʫʛʦʾ ʧʦʟʠʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʘʟʦʪʫ (ʉ3ʇu-B3ʇg), ʚ ʷʢʽʡ

ʧʝʨʝʥʘʢʣʘʜʘʥʥʷ ʟ ʽʥʰʠʤʠ ʩʧʝʢʪʨʘʣʴʥʠʤʠ ʣʽʥʽʷʤʠ ʪʘ ʩʤʫʛʘʤʠ ʚʽʜʩʫʪʥʻ ʘʙʦ

ʤʽʥʽʤʘʣʴʥʝ. ɺʠʢʦʨʠʩʪʘʥʽ ʪʘʙʣʠʯʥʽ ʜʘʥʽ ʟʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 17 [24] .

ʑʦʙ ʩʧʨʦʩʪʠʪʠ ʧʨʦʮʝʜʫʨʫ ʚʠʟʥʘʯʝʥʥʷ Tv, ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ

ʚʽʜʥʦʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘ ʜʦʚʞʠʥʘʭ ʭʚʠʣʴ I(375)/I(380) ʪʘ I(353)/I(357)

ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʴʦʚʘʥʦʛʦ ʩʧʝʢʪʨʫ (ʨʠʩ.8) ʪʘ ʧʦʙʫʜʦʚʘʥʦ ʢʘʣʽʙʨʫʚʘʣʴʥʽ

ʢʨʠʚʽ ʷʢ ʬʫʥʢʮʽʶ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʩʝʣʝʥʥʷ ʟʙʫʜʞʝʥʠʭ ʢʦʣʠʚʘʣʴʥʠʭ ʨʽʚʥʽʚ ʪʘ

ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 18.



ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘʢʦʞ ʙʫʚ ʚʠʤʽʨʷʥʠʡ ʩʧʝʢʪʨ

ʧʨʦʧʫʩʢʘʥʥʷ ʩʢʣʘ ʚ ʮʴʦʤʫ ʜʽʘʧʘʟʦʥʽ. ʉʧʝʢʪʨ ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩʫʥʢʫ 19.

ɿʥʘʯʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ ʚʠʤʽʨʷʥʦʛʦ ʩʧʝʢʪʨʫ ʜʣʷ ʤʦʣʝʢʫʣʷʨʥʠʭ ʣʽʥʽʡ ʘʟʦʪʫ

ʢʦʤʧʝʥʩʫʚʘʣʠʩʷ ʥʘ ʩʧʝʢʪʨ ʧʦʛʣʠʥʘʥʥʷ ʩʢʣʘ ʫ ʚʠʤʽʨʷʥʦʤʫ ʜʽʘʧʘʟʦʥʽ.



ʄʝʪʦʜʦʤ ʥʘʢʣʘʜʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʥʘ ʢʘʣʽʙʨʫʚʘʣʴʥʽ

ʢʨʠʚʽ (ʨʠʩ.8) ʙʫʣʘ ʚʠʟʥʘʯʝʥʘ ʪʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʪʠʩʢʫ ʪʘ ʯʘʩʪʦʪʠ.

ʅʘ ʨʠʩʫʥʢʫ 20 ʟʦʙʨʘʞʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʩʝʣʝʥʥʷ

ʟʙʫʜʞʝʥʠʭ ʢʦʣʠʚʘʣʴʥʠʭ ʨʽʚʥʽʚ ʚʽʜ ʯʘʩʪʦʪʠ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʪʠʩʢʫ.

ʅʘ ʨʠʩʫʥʢʫ 20 ʚʠʜʥʦ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʤʝʞʘʭ ʧʦʭʠʙʢʠ ʦʜʥʘʢʦʚʘ ʽ

ʚʽʜ ʯʘʩʪʦʪʠ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʘʣʝʞʠʪʴ.

ʅʘ ʨʠʩʫʥʢʫ 21 ʟʦʙʨʘʞʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʩʝʣʝʥʥʷ

ʟʙʫʜʞʝʥʠʭ ʢʦʣʠʚʘʣʴʥʠʭ ʨʽʚʥʽʚ ʚʽʜ ʪʠʩʢʫ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʯʘʩʪʦʪ.



ʅʘ ʨʠʩʫʥʢʫ 21 ʚʠʜʥʦ, ʱʦ ʢʦʣʠʚʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩʣʘʙʢʦ ʟʨʦʩʪʘʻ ʟʽ

ʟʙʽʣʴʰʝʥʥʷʤ ʪʠʩʢʫ.

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʽʚ 20, 21 ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ ʥʘ ʨʽʟʥʠʭ

ʜʦʚʞʠʥʘʭ ʭʚʠʣʴ ʜʘʻ ʨʽʟʥʫ ʪʝʤʧʝʨʘʪʫʨʫ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʢʦʤʧʝʥʩʫʚʘʥʥʷ ʥʘ

ʩʧʝʢʪʨ ʧʦʛʣʠʥʘʥʥʷ ʩʢʣʘ ʪʘ ʚʨʘʭʫʚʘʥʥʷ ʩʧʝʢʪʨʘʣʴʥʦʾ ʯʫʪʣʠʚʦʩʪʽ ʧʨʠʣʘʜʫ.

ʎʝ ʧʠʪʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʜʦʩʣʽʜʠʪʠ ʚ ʧʦʜʘʣʴʰʠʭ ʨʦʙʦʪʘʭ. ʇʨʠ ʮʴʦʤʫ

ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʩʝʣʝʥʥʷ ʟʙʫʜʞʝʥʠʭ ʢʦʣʠʚʘʣʴʥʠʭ ʨʽʚʥʽʚ ʩʪʘʥʦʚʠʪʴ

Tv=4500KÑ500ʂ ʽ ʩʣʘʙʢʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʪʠʩʢʫ.



3.4. ɺʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʩʝʣʝʥʥʷ ʟʙʫʜʞʝʥʠʭ ʦʙʝʨʪʘʣʴʥʠʭ ʨʽʚʥʽʚ ʟʘ

ʤʦʣʝʢʫʣʷʨʥʠʤʠ ʣʽʥʽʷʤʠ ʘʟʦʪʫ

ʄʝʪʦʜʦʤ ʥʘʢʣʘʜʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʥʘ ʤʦʜʝʣʴʦʚʘʥʽ ʢʨʠʚʽ

(ʨʠʩ.9) ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʪʝʤʧʝʨʘʪʫʨʫ ʟʘʩʝʣʝʥʥʷ ʟʙʫʜʞʝʥʠʭ ʦʙʝʨʪʘʣʴʥʠʭ

ʨʽʚʥʽʚ. ʈʝʟʫʣʴʪʘʪʠ ʥʘʢʣʘʜʘʥʥʷ ʤʦʜʝʣʴʦʚʘʥʦʛʦ ʩʧʝʢʪʨʫ ʟ

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʟʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 22.



ɿ ʨʠʩʫʥʢʫ 22 ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʩʝʣʝʥʥʷ

ʟʙʫʜʞʝʥʠʭ ʦʙʝʨʪʘʣʴʥʠʭ ʨʽʚʥʽʚ ʧʦʨʷʜʢʫ Tr å300K ʪʘ ʩʣʘʙʢʦ ʟʘʣʝʞʠʪʴ ʚʽʜ

ʟʘʜʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʨʷʜʫ. ɿʦʢʨʝʤʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʟʥʠʞʫʻʪʴʩʷ ʧʨʠ ʟʥʠʞʝʥʽ

ʪʠʩʢʫ.



ɺʀʉʅʆɺʂʀ

ɺ ʭʦʜʽ ʚʠʢʦʥʘʥʥʷ ʤʘʛʽʩʪʝʨʩʴʢʦʾ ʨʦʙʦʪʠ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ

ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʫ ʧʣʘʟʤʫ ʧʦʥʠʞʝʥʦʛʦ ʪʠʩʢʫ ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ

ʧʨʠʟʥʘʯʝʥʥʷ, ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʩʢʣʘʜʫ ʧʣʘʟʤʠ, ʦʩʦʙʣʠʚʦʩʪʽ ʨʽʟʥʠʭ

ʢʦʤʧʦʥʝʥʪʽʚ ʪʘ ʾʭ ʚʟʘʻʤʦʜʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʨʦʟʫʤʽʪʠ, ʷʢʽ ʩʘʤʝ ʧʨʦʮʝʩʠ

ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʧʣʘʟʤʦʪʚʽʨʥʦʤʫ ʛʘʟʫ ʪʘ ʷʢ ʚʦʥʠ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ

ʫ ʧʽʜʚʠʱʝʥʥʽ ʧʨʦʨʦʩʪʘʥʥʷ ʥʘʩʽʥʥʷ.

ɼʦʩʣʽʜʠ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʜʣʷ ʈʏ ʧʣʘʟʤʠ ʧʦʥʠʞʝʥʦʛʦ ʪʠʩʢʫ ʧʨʠ ʪʘʢʠʭ

ʧʘʨʘʤʝʪʨʘʭ: ʪʠʩʢ ʚʩʪʘʥʦʚʣʶʚʘʚʩʷ ʥʘ ʟʥʘʯʝʥʥʷʭ 50 ʇʘ ʪʘ 100 ʇʘ, ʩʪʨʫʤ 400

ʤɸ - 600 ʤɸ, ʥʘʧʨʫʛʘ 1200 ɺ, ʯʘʩʪʦʪʘ ʨʦʟʨʷʜʫ: 20 - 90 ʢɻʮ, ʪʝʤʧʝʨʘʪʫʨʘ

ʪʨʘʥʟʠʩʪʦʨʽʚ ʧʨʠ ʮʴʦʤʫ ʚʩʪʘʥʦʚʣʶʚʘʣʘʩʴ ʥʘ ʨʽʚʥʽ ~60Áʉ.ɼʣʷ ʪʘʢʦʛʦ ʥʘʙʦʨʫ

ʧʘʨʘʤʝʪʨʽʚ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ:

1. ʊʝʤʧʝʨʘʪʫʨʘ ʟʘʩʝʣʝʥʥʷ ʟʙʫʜʞʝʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʨʽʚʥʽʚ ʨʦʟʨʷʜʫ,

ʚʠʟʥʘʯʝʥʘ ʟʘ ʘʪʦʤʘʨʥʠʤʠ ʣʽʥʽʷʤʠ ʢʠʩʥʶ (777 ʥʤ, 844 ʥʤ ʪʘ 926

ʥʤ), ʩʪʘʥʦʚʠʪʴ Te=4000KÑ500ʂ ʪʘ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ

ʨʦʟʨʷʜʫ ʚ ʜʦʩʣʽʜʞʝʥʠʭ ʤʝʞʘʭ.

2. ʊʝʤʧʝʨʘʪʫʨʘ ʟʘʩʝʣʝʥʥʷ ʟʙʫʜʞʝʥʠʭ ʢʦʣʠʚʘʣʴʥʠʭ ʨʽʚʥʽʚ ʨʦʟʨʷʜʫ,

ʚʠʟʥʘʯʝʥʘ ʟʘ ʤʦʣʝʢʫʣʷʨʥʠʤʠ ʣʽʥʽʷʤʠ ʘʟʦʪʫ (353 ʥʤ, 357 ʥʤ, 375

ʥʤ ʪʘ 380ʥʤ), ʩʪʘʥʦʚʠʪʴ Tv=4500KÑ500ʂ ʽ ʩʣʘʙʢʦ

ʟʙʽʣʴʰʫʻʪʴʩʷ ʟ ʨʦʩʪʦʤ ʪʠʩʢʫ.

3. ʊʝʤʧʝʨʘʪʫʨʘ ʟʘʩʝʣʝʥʥʷ ʟʙʫʜʞʝʥʠʭ ʦʙʝʨʪʘʣʴʥʠʭ ʨʽʚʥʽʚ,

ʚʠʟʥʘʯʝʥʘ ʟʘ ʤʦʣʝʢʫʣʷʨʥʠʤʠ ʣʽʥʽʷʤʠ ʘʟʦʪʫ (353 ʥʤ, 357 ʥʤ,

375 ʥʤ ʪʘ 380ʥʤ) ʩʪʘʥʦʚʠʪʴ Tr å300KÑ50ʂ ʪʘ ʥʝʟʥʘʯʥʦʶ

ʤʽʨʦʶ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟ ʨʦʩʪʦʤ ʪʠʩʢʫ.

ɺ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʽʡ ʧʣʘʟʤʽ ʚʧʝʨʰʝ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʧʦʚʥʠʡ ʮʠʢʣ

ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʚʢʣʶʯʥʦ ʟ ʚʧʣʠʚʦʤ ʧʣʘʟʤʠ ʥʘ ʧʦʚʝʨʭʥʶ ʥʘʩʽʥʥʻʚʦʛʦ

ʤʘʪʝʨʽʘʣʫ, ʧʨʦʨʦʩʪʘʥʥʷ ʪʘ ʨʦʟʤʽʨ ʧʣʦʜʽʚ, ʽ ʧʦʢʘʟʘʥʦ, ʱʦ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ

ʨʦʟʚʠʪʢʫ ʨʦʩʣʠʥʠ ʜʽʷ ʧʣʘʟʤʠ ʻ ʧʦʟʠʪʠʚʥʦʶ.



ʇʦʧʝʨʝʜʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʦʪʨʠʤʘʥʽ ʚ ʜʘʥʽʡ ʨʦʙʦʯʽʡ ʛʨʫʧʽ ʥʝ ʩʫʧʝʨʝʯʘʪʴ

ʜʦʩʣʽʜʞʝʥʥʷʤ, ʥʘʚʝʜʝʥʠʤ ʚ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣʘʭ, ʘʣʝ ʚʠʤʽʨʽʚ ʧʣʘʟʤʦʚʠʭ

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʣʘʟʤʠ ʟʘʥʠʞʝʥʦʛʦ ʪʠʩʢʫ ʧʨʠʚʝʜʝʥʦ ʥʝ ʙʫʣʦ.

ʅʝʦʙʭʽʜʥʽ ʧʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʟʦʢʨʝʤʘ ʧʣʘʟʤʦʪʚʽʨʥʠʭ ʝʣʝʤʝʥʪʽʚ,

ʘʜʞʝ ʚʦʥʠ ʤʦʞʫʪʴ ʩʪʘʪʠ ʦʩʥʦʚʦʶ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʪʘ

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʣʘʟʤʠ ʚ

ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ.
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