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ʅʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ ʤʽʩʪʠʪʴ ʪʝʦʨʝʪʠʯʥʠʡ ʪʘ ʧʨʘʢʪʠʯʥʠʡ ʤʘʪʝʨʽʘʣ ʧʦ ʦʩʥʦʚʥʠʭ 

ʨʦʟʜʽʣʘʭ ʥʘʚʯʘʣʴʥʦʾ ʧʨʦʛʨʘʤʠ ʟ ʢʫʨʩʫ çɹʽʦʭʽʤʽʷè ʜʣʷ ʩʪʫʜʝʥʪʽʚ ʩʧʝʮʽʘʣʴʥʦʩʪʽ                                

162 çɹʽʦʪʝʭʥʦʣʦʛʽʾ ʪʘ ʙʽʦʽʥʞʝʥʝʨʽʷè. ɿʤʽʩʪ ʥʘʚʯʘʣʴʥʦʛʦ ʧʦʩʽʙʥʠʢʘ ʚʽʜʧʦʚʽʜʘʻ ʥʘʚʯʘʣʴʥʽʡ 

ʜʠʩʮʠʧʣʽʥʽ çɹʽʦʭʽʤʽʷè. ʈʦʟʛʣʷʥʫʪʦ ʪʘʢʽ ʨʦʟʜʽʣʠ ʩʪʘʪʠʯʥʦʾ ʙʽʦʭʽʤʽʾ ʷʢ çʇʨʦʪʝʾʥʠ ʪʘ 

ʘʤʽʥʦʢʠʩʣʦʪʠè, çɺʫʛʣʝʚʦʜʠè, çʅʫʢʣʝʾʥʦʚʽ ʢʠʩʣʦʪʠè, çʃ̔ ʧʽʜʠè, ʘ ʪʘʢʦʞ çʌʝʨʤʝʥʪʠè, 

çɺ̔ ʪʘʤʽʥʠè ʪʘ çʌ̔ ʪʦʛʦʨʤʦʥʠè. ɿ ʤʝʪʦ  ʁ ʢʨʘʱʦʛʦ ʟʘʩʚʦʻʥʥʷ ʣʝʢʮʽʡʥʦʛʦ ̔ ʧʨʘʢʪʠʯʥʦʛʦ 

ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʟʘʢʨʽʧʣʝʥʥʷ ʟʥʘʥʴ ʚ ʢʽʥʮʽ ʢʦʞʥʦʛʦ ʨʦʟʜʽʣʫ ʥʘʚʝʜʝʥʦ ʢʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ  ̔

ʟʘʚʜʘʥʥʷ, ʘ ʪʘʢʦʞ ɼʦʜʘʪʢʠ ʟ ʥʘʚʝʜʝʥʠʤʠ ʩʭʝʤʘʤʠ ʦʩʥʦʚʥʠʭ ʙʽʦʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʪʘ 

ʧʝʨʝʪʚʦʨʝʥʴ ʙʽʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ ʫ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʘʭ. ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʥʘʚʯʘʣʴʥʦ-

ʤʝʪʦʜʠʯʥʦʛʦ ʚʠʜʘʥʥʷ ʻ ʨʦʟʰʠʨʝʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʟʥʘʥʴ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʧʨʘʢʪʠʯʥʠʭ ʥʘʚʠʯʦʢ ʫ 

ʩʪʫʜʝʥʪʽʚ ʧʽʜ ʯʘʩ ʚʠʚʯʝʥʥ ̫ʟʘʛʘʣʴʥʦʛʦ ʢʫʨʩʫ çɹʽʦʭʽʤʽʷè. 
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ɺɯɼʆʄʆʉʊɯ ʇʈʆ ɸɺʊʆʈɯɺ 

 

 

 

ʇʨʠʣʫʮʴʢʘ ʉʚʽʪʣʘʥʘ ɺʦʣʦʜʠʤʠʨʽʚʥʘ 

ɼʦʢʪʦʨ ʙʽʦʣʦʛ̔ʯʥʠʭ ʥʘʫʢ, ʩʪʘʨʰʠʡ ʥʘʫʢʦʚʠʡ 

ʩʧʽʚʨʦʙʽʪʥʠʢ. ɺʠʧʫʩʢʥʠʮ ̫ ʢʘʬʝʜʨʠ ʙʽʦʭʽʤʽʾ 

ʙʽʦʣʦʛʽʯʥʦʛʦ ʬʘʢʫʣʴʪʝʪʫ ʂʠʾʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ. ɿʘʚʽʜʫʚʘʯ 

ʢʘʬʝʜʨʠ ʬʽʟʽʦʣʦʛʽʾ, ʙʽʦʭʽʤʽʾ ʨʦʩʣʠʥ ʪʘ ʙʽʦʝʥʝʨʛʝʪʠʢʠ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʙʽʦʨʝʩʫʨʩʽʚ ʽ 

ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ. ɺʠʢʣʘʜʘʻ ʜʠʩʮʠʧʣʽʥʠ 

çɹʽʦʭʽʤʽʷè, çʂʣʽʪʠʥʥʘ ʙʽʦʝʥʝʨʛʝʪʠʢʘè, çɺʩʪʫʧ ʜʦ 

ʬʘʭʫè, çʌʽʟʽʦʣʦʛʽʷ ʨʦʩʣʠʥ ʟ ʦʩʥʦʚʘʤʠ ʙʽʦʭʽʤʽèʾ. 

ɸʚʪʦʨ ʪʘ ʩʧʽʚʘʚʪʦʨ ʧʦʥʘʜ 200 ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ, 

ʩʝʨʝʜ ʷʢʠʭ 5 ʢʦʣʝʢʪʠʚʥʠʭ ʤʦʥʦʛʨʘʬʽʡ (3 ʚʠʜʘʥʽ ʟʘ 

ʢʦʨʜʦʥʦʤ), 89 ʩʪʘʪʝʡ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʥʘʫʢʦʤʝʪʨʠʯ- 

ʥʽʡ ʙʘʟʽ Scopus, ʙʽʣʴʰʽʩʪʴ ʟ ʷʢʠʭ ʦʧʫʙʣʽʢʦʚʘʥʽ ʫ ʤʽʞʥʘʨʦʜʥʠʭ 

ʚʠʩʦʢʦʨʝʡʪʠʥʛʦʚʠʭ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ ʢʚʘʨʪʠʣʽʚ Q1 ʽ Q2, 7 ʧʘʪʝʥʪʽʚ 

ʋʢʨʘʾʥʠ ʥʘ ʚʠʥʘʭʽʜ, 1 ʥʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ. ʅʘʫʢʦʚʽ ʽʥʪʝʨʝʩʠ ʧʦʚôʷʟʘʥʽ ʟ 

ʚʠʚʯʝʥʥʷʤ ʙʽʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʤ̫ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ ʫ 

ʙʽʦʤʝʜʠʮʠʥʽ ʪʘ ʘʛʨʦʪʝʭʥʦʣʦʛʽʷʭ. ɽʣʝʢʪʨʦʥʥʘ ʘʜʨʝʩʘ: 

physiol.biochem2021@gmail.com 

 

 

 

ɻʨʠʥʶʢ ɯʨʠʥʘ ɯʚʘʥʽʚʥʘ 

ʂʘʥʜʠʜʘʪ ʙʽʦʣʦʛʽʯʥʠʭ ʥʘʫʢ, ʩʪʘʨʰʠʡ ʥʘʫʢʦʚʠʡ 

ʩʧʽʚʨʦʙʽʪʥʠʢ. ɺʠʧʫʩʢʥʠʮ ̫ ʢʘʬʝʜʨʠ ʙʽʦʭʽʤʽʾ 

ʙʽʦʣʦʛʽʯʥʦʛʦ ʬʘʢʫʣʴʪʝʪʫ ʂʠʾʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ. ɼʦʮʝʥʪ 

ʢʘʬʝʜʨʠ ʙʽʦʝʥʝʨʛʝʪʠʢʠ, ʙʽʦʽʥʬʦʨʤʘʪʠʢʠ ʪʘ 

ʝʢʦʙʽʦʪʝʭʥʦʣʦʛʽʾ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ 

ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè. ɺʠʢʣʘʜʘʻ 

ʜʠʩʮʠʧʣʽʥʠ çʅʘʥʦʙʽʦʪʝʭʥʦʣʦʛʽèʾ, çʍʽʤʽʷ 

ʬʘʨʤʘʮʝʚʪʠʯʥʠʭ ʽʥʛʨʝʜʽʻʥʪʽʚè, çɹʽʦʭʽʤʽʷè, çʄʝʪʦʜʠ 

ʘʥʘʣʽʟʫ ʚ ʙ̔ ʦʪʝʭʥʦʣʦʛʽʾè, çɹʽʦʣʦʛʽʯʥʽ ʪʘ ʭʽʤʽʯʥʽ ʩʝʥ- 

ʩʦʨʥʽ ʩʠʩʪʝʤʠè ʪʘ ʽʥ. ɸʚʪʦʨ ʪʘ ʩʧʽʚʘʚʪʦʨ ʙʣʠʟʴʢʦ 60 ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ, ʩʝʨʝʜ ʷʢʠʭ 

3 ʢʦʣʝʢʪʠʚʥ ̔ ʤʦʥʦʛʨʘʬʽ,ʾ 2 ʥʘʚʯʘʣʴʥʠʭ ʧʦʩʽʙʥʠʢʠ, 50 ʩʪʘʪʝʡ ʫ ʥʘʫʢʦʚʠʭ 

ʬʘʭʦʚʠʭ ʞʫʨʥʘʣʘʭ, ʙʽʣʴʰʽʩʪʴ ʟ ̫ʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟʘʭ 

Scopus ʪʘ Web of Science. ʅʘʫʢʦʚʽ ʽʥʪʝʨʝʩʠ ʧʦʚôʷʟʘʥʽ ʽʟ ʜʦʩʣʽʜʞʝʥʥʤ̫ 

ʙʽʦʘʢʪʠʚʥʦʩʪʽ ʥʘʥʦʚʫʛʣʝʮʝʚʠʭ ʤʘʪʝʨʘ̔ʣ̔ʚ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʾʭ ʫ ʤʝʜʠʮʠʥʽ. 

ɽʣʝʢʪʨʦʥʥʘ ʘʜʨʝʩʘ: igrynyuk@ukr.net 
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ʊʢʘʯʝʥʢʦ ʊʝʪʥ̫ʘ ɸʥʘʪʦʣʽʾʚʥʘ 

ʂʘʥʜʠʜʘʪ ʙʽʦʣʦʛʽʯʥʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ 

ʬʽʟʽʦʣʦʛʽʾ, ʙʽʦʭʽʤʽʾ ʨʦʩʣʠʥ ʪʘ ʙʽʦʝʥʝʨʛʝʪʠʢʠ, 

ʩʪʘʨʰʠʡ ʥʘʫʢʦʚʠʡ ʩʧʽʚʨʦʙʽʪʥʠʢ ʋʃʗɹʇ ɸʇʂ. 

ɺʠʢʣʘʜʘʻ ʜʠʩʮʠʧʣʽʥʠ çɹʽʦʭʽʤʽʷè, çɹʽʦʙʝʟʧʝʢʘè, 

çɹʽʦʝʥʝʨʛʝʪʠʯʥʽ ʦʩʥʦʚʠ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʚ̔è. ɸʚʪʦʨ ʪʘ ʩʧʽʚʘʚʪʦʨ ʧʦʥʘʜ 60 ʥʘʫʢʦʚʠʭ 

ʧʨʘʮʴ, ʚ ʪʦʤʫ ʯʠʩʣʽ 3 ʤʦʥʦʛʨʘʬʽʡ, 1 ʧʽʜʨʫʯʥʠʢʘ, 1 

ʪʝʨʤʽʥʦʣʦʛʽʯʥʦʛʦ ʩʣʦʚʥʠʢʘ, 2 ʧʘʪʝʥʪʽʚ ʥʘ ʢʦʨʠʩʥʫ 

ʤʦʜʝʣʴ. ʅʘʫʢʦʚʽ ʽʥʪʝʨʝʩʠ ʧʦʚô̫ ʟʘʥʽ ʟ ʚʠʚʯʝʥʥʷʤ 
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ɺʉʊʋʇ 

 

ɹʽʦʣʦʛʽʯʥʘ ʭ̔ʤʽʷ (ʙʽʦʭʤ̔̔ )̫ ï ʥʘʫʢʘ, ʱʦ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʚʠʚʯʝʥʥʷ ʭʽʤ̔ʯʥʦʛʦ 

ʩʢʣʘʜʫ, ʩʪʨʫʢʪʫʨʠ, ʤʝʭʘʥ̔ʟʤ̔ʚ ʧʝʨʝʪʚʦʨʝʥʥʷ ʨʝʯʦʚʠʥʠ ʪʘ ʝʥʝʨʛʽʾ, ʷʢʽ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʞʠʚʠʭ ʦʨʛʘʥ̔ ʟʤʘʭ ʫ ʧʨʦʮʝʩʽ ʾʭ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ. ɹʽʦʭʽʤʽʷ  ̒

ʧʨʦʤʽʞʥʦ  ʁ ʣʘʥʢʦʶ ʤʽʞ ʪʘʢʠʤʠ ʜʠʩʮʠʧʣʽʥʘʤʠ ʷʢ ʭʽʤʽ ̫ ʪʘ ʙʦ̔ʣʦʛʽ̫ ʽ 

ʚʟʘ̒ʤʦʧʦʚôʷʟʘʥʘ ʟ ʨʷʜʦʤ ʙʽʦʣʦʛʽʯʥʠʭ ʥʘʫʢ: ʘʥʘʪʦʤʽʻʁ , ʢ̫ʘ ʚʠʚʯʘ ̒ ʙʫʜʦʚʫ 

ʦʨʛʘʥʽʟʤʫ, ʛʽʩʪʦʣʦʛʽʻʶ ʪʘ ʮʠʪʦʣʦʛʽʻʶ ï ʩʪʨʫʢʪʫʨʫ ʪʢʘʥʠʥ  ̔ ʢʣʽʪʠʥ, ʘ ʪʘʢʦʞ 

ʬʽʟ̔ʦʣʦʛʽʻʶ, ʤʦʣʝʢʫʣʷʨʥʦʶ ʙʽʦʣʦʛʽʻʶ, ʙʽʦʬʽʟʠʢʦʶ, ʛʝʥʝʪʠʢʦʶ ʪʦʱʦ. 

ɹ̔ ʦʭʽʤʽʷ, ʷʢ ʽ ʽʥʰʽ ʙʽʦʣʦʛʽʯʥʽ ʥʘʫʢʠ, ʚʠʚʯʘʻ ʞʠʚ̔ ʩʠʩʪʝʤʠ, ʘʣʝ ʚʠʚʯʘʻ ʾʭ ʥʘ 

ʤʦʣʝʢʫʣʷʨʥʦʤʫ ʪʘ ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʤʫ ʨ̔ʚʥʷʭ. ɺ ʦʩʥʦʚʽ ʦʨʛʘʥʽʟʤʝʥʥʦʛʦ ʨʽʚʥ̫ 

ʞʠʪʪʷ ʣʝʞʠʪʴ ʩʪʨʫʢʪʫʨʥʘ  ̔ ʭ̔ʤʽʯʥʘ ʚʟʘʻʤʦʜʽ ̫ʪʘ ʚʟʘʻʤʦʚʧʣʠʚ, ʪʦʤʫ ʚʠʚʯʝʥʥʷ 

ʙʽʦʭʽʤʽʾ ʜʦʟʚʦʣʷʻ ʧʝʚʥʦʶ ʤʽʨʦʶ ʥʘʙʣʠʟʠʪʠʩʷ ʜʦ ʨʦʟʫʤʽʥʥʷ ʬʽʟʽʦʣʦʛ̔ʯʥʠʭ 

ʧʨʦʮʝʩʽʚ, ʱʦ ʚ̔ ʜʙʫʚʘʶʪɹʩ̫  ʚ ʮʽʣʦʤʫ ʦʨʛʘʥʽʟʤ̔ . 

ɹ̔ ʦʭ̔ʤʯ̔ʥʽ ʧʨʦʮʝʩʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʘʭ ˇʨʫʥʪʫʶʪʩɹ ̫ʥʘ 

ʦʜʥʘʢʦʚʠʭ ʧʨʠʥʮʠʧʘʭ ʪʘ ʚʠʟʥʘʯʘʶʪʴʩʷ ʾʭ ʩʧʣ̔ʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʊʘʢ, ʤ̔ ʞ 

ʨʦʩʣʠʥʘʤʠ ʽ ʪʚʘʨʠʥʘʤʠ ʙʘʛʘʪʦ ʧʦʜʽʙʥʦʛʦ: ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʙʽʣʴʦhʩʪʽ ʢʣʽʪʠʥʥʠʭ 

ʩʪʨʫʢʪʫʨ, ʤʘʢʨʦʤʦʣʝʢʫʣ, ʦʩʥʦʚʥʽ ʤʝʪʘʙʦʣʽʯʥʽ ʰʣʷʭʠ ʪʘ ʽʥ., ʦɦ ʚ ʩʚʦʶ ʯʝʨʛʫ 

ʩʚʜ̔ʯʠʪʴ ʧʨʦ ʻʜʥʽʩʪʴ ʦʨʛʘʥʯ̔ʥʦʛʦ ʩʚʽʪʫ. ʋ ʪʦʡ ʞʝ ʯʘʩ ʽʩʥʫʶʪʴ ʚʽʜʤʽʥʥʦʩʪʽ ʤʽʞ 

ʙʦ̔ʭʽʤʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʨʽʟʥʠʭ ʢʣʘʩʘʭ (ʪʠʧʘʭ) ʞʠʚʠʭ 

ʦʨʛʘʥʽʟʤʽʚ (ʨʦʩʣʠʥʥʠʭ ʪʘ ʪʚʘʨʠʥʥʠʭ ʦʨʛʘʥ̔ ʟʤʘʭ). ɿʦʢʨʝʤʘ ʙʽʦʭʽʤʽʯʥʽ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʫ ʨʦʩʣʠʥʥʠʭ ʦʨʛʘʥʽʟʤʽʚ ʤʘʁʪʴ ʩʚʦ ʾ ʦʩʦʙʣʠʚʦʩʪʽ, ʧʦʚôʷʟʘʥʽ ʟ̔ 

ʩʧʝʮʠʬʽʢʦʶ ʾʭ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ. ʍʘʨʘʢʪʝʨʥʦʁ  ʦʟʥʘʢʦ  ʁʨʦʩʣʠʥ, ʷʢʘ ʚʽʜʨʽʟʥʷʻ ʾʭ 

ʚʽʜ ʪʚʘʨʠʥ ʪʘ ʽʥʰʠʭ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ, ʻ ʟʜʘʪʥʽʩʪʴ ʟʘʩʚʦ ʚʁʘʪʠ ʩʦʥ̫ʯʥʫ ʝʥʝʨʛʽʶ  ̔

ʟʜʡ̔ʩʥʁʚʘʪʠ ʧʝʨʚʠʥʥʠʡ ʩʠʥʪʝʟ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ ʽʟ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ, ʚʦʜʠ ʪʘ 

ʤʽʥʝʨʘʣʴʥʠʭ ʨʝʯʦʚʠʥ. ɹ̔ ʣʴʰʽʩʪʴ ʨʦʩʣʠʥ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʩʫʪʪʻʚʦʶ 

ʨ̔ʟʥʦʤʘʥʽʪʥʽʩʪ ʁʪʘʢ ʟʚʘʥʠʭ ʚʪʦʨʠʥʥʠʭ ʤʝʪʘʙʦʣʽʪʽʚ, ʜʦ ʷʢʠʭ ʥʘʣʝʞʘʪʴ ʪʝʨʧʝʥʠ, 

ʘʣʢʘʣʦʾʜʠ, ʬʝʥ̔ʣʧʨʦʧʘʥʦʾʜʠ, ʬʽʪʦʥʮʠʜʠ, ʛʣ̔ ʢʦʟʠʜʠ  ̔ ʪʘʢʝ ʽʥʰʝ. ʈʝʛʫʣʮ̫̔ ʷ 

ʬʽʟʽʦʣʦʛʽʯʥʠʭ  ̔ ʙʽʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʨʦʩʣʠʥ ʤʘʻ ʪʘʢʦʞ ʩʚʦʾ ʦʩʦʙʣʠʚʦʩʪʽ, 

ʦʩʢʽʣʴʢʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʽʾ ʥʠʟɹʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʦ̔ʥʽʚ ʽ  ʬʽʪʦʛʦʨʤʦʥʽʚ. 

ɿʘʚʜʘʥʥʷ ʙʽʦʭʽʤʽʾ ʧʦʣʷʛʘʶʪʴ ʫ ʜʦʩʣʽʜʞʝʥʥ ̔ ʚʟʘʻʤʦʟʘʣʝʞʥʦʩʪʽ ʤʽʞ 

ʩʪʨʫʢʪʫʨʦ  ʁʦʨʛʘʥ̔ʯʥʦ ʾʨʝʯʦʚʠʥʠ ʪʘ ʾʾ ʬʫʥʢʮʽʤ̫ʠ, h ʣʭ̫ʚ̔ ʧʝʨʝʪʚʦʨʝʥʥ ̫ʭʽʤʽʯʥʠʭ 

ʩʧʦʣʫʢ ʚ ʢʣ̔ʪʠʥʘʭ ʪʘ ʦʨʛʘʥʽʟʤʽ ʚʮʽʣʦʤʫ, ʩʧʦʩʦʙʽʚ ʫʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ, ʾʾ 

ʧʝʨʝʨʦʟʧʦʜ̔ ʣʫ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʞʠʚʠʭ ʩʠʩʪʝʤʘʭ, ʚʠʚʯʝʥʥʽ ʤʝʭʘʥʽʟʤʽʚ ʢʦʥʪʨʦʣʶ 

ʪʘ ʨʝʛʫʣʷʮʽʾ ʧʝʨʝʪʚʦʨʝʥʴ ʨʽʟʥʠʭ ʢʣʘʩʽʚ ʩʧʦʣʫʢ ʫ ʢʣ̔ʪʠʥʘʭ, ʘ ʪʘʢʦʞ ʪʢʘʥʠʥʘʭ  ̔

ʦʨʛʘʥʘʭ, ʰʣʷʭʽʚ ʧʝʨʝʜʘʯ ̔ʩʧʘʜʢʦʚʦ ʾʽʥʬʦʨʤʘʮʽʾ ʪʘ ʽʥʰʝ.  
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ɼʠʩʮʠʧʣʽʥʘ çɹʽʦʭʽʤʽʷè ʻ ʟʘʛʘʣʴʥʦʶ ʟʛʽʜʥʦ ʥʘʚʯʘʣʴʥʦʛʦ ʧʣʘʥʫ ʜʣ̫  

ʧʽʜʛʦʪʦʚʢʠ ʬʘʭʽʚʮʽʚ ʦʩʚʽʪʥʴʦʛʦ ʩʪʫʧʝʥʷ çɹʘʢʘʣʘʚʨè ʟʘ ʩʧʝʮ̔ʘʣʴʥʩ̔ʪʁ                  

162 çɹʽʦʪʝʭʥʦʣʦʛʽʾ ʪʘ ʙʽʦʽʥʞʝʥʝʨʽʷè. ʅʘʚʯʘʣɹ ʥʠʡ ʧʦʩ̔ʙʥʠʢ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʩʝʤʠ 

ʨʦʟʜʽʣʽʚ: çʇʨʦʪʝʾʥʠ ʽ ʘʤʽʥʦʢʠʩʣʦʪʠè (ʇʨʠʣʫʮʴʢʘ ʉ.ɺ., ɻʨʠʥʶʢ ɯ.ɯ.), çʌʝʨʤʝʥʪʠè 

(ʇʨʠʣʫʮʴʢʘ ʉ.ɺ., ʊʢʘʯʝʥʢʦ ʊ.ɸ.), çɺʫʛʣʝʚʦʜʠè (ʇʨʠʣʫʮʴʢʘ ʉ.ɺ., ɻʨʠʥʶʢ ɯ.ɯ.), 

çʅʫʢʣʝʾʥʦʚʽ ʢʠʩʣʦʪʠè (ʇʨʠʣʫʮʴʢʘ ʉ.ɺ., ʊʢʘʯʝʥʢʦ ʊ.ɸ.), çʃ̔ ʧʽʜʠè (ʇʨʠʣʫʮʴʢʘ 

ʉ.ɺ., ɻʨʠʥʶʢ ɯ.ɯ.), çɺ̔ ʪʘʤʽʥʠè (ʇʨʠʣʫʮʴʢʘ ʉ.ɺ., ʊʢʘʯʝʥʢʦ ʊ.ɸ.) ʪʘ 

çʌ̔ ʪʦʛʦʨʤʦʥʠè (ʇʨʠʣʫʮʴʢʘ ʉ.ɺ., ʊʢʘʯʝʥʢʦ ʊ.ɸ.). ʅʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʝ 

ʚʠʜʘʥʥʷ ʤʘʻ ʟʘ ʤʝʪʫ ʥʘʜʘʪʠ ʩʪʫʜʝʥʪʫ ʤʦʞʣʠʚʽʩʪʴ ʟʘʢʨʽʧʠʪʠ ̔ ʜʦʧʦʚʥʠʪʠ 

ʧʦʧʝʨʝʜʥɹʦ ʥʘʙʫʪʽ ʟʥʘʥʥ ̫ ʪʘ ʩʬʦʨʤʫʚʘʪʠ ʧʨʘʢʪʠʯʥ̔ ʥʘʚʠʢʠ ʧʨʠ ʚʠʢʦʥʘʥʥʽ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ, ʧʝʨʝʜʙʘʯʝʥʠʭ ʟʘʛʘʣʴʥʠʤ ʢʫʨʩʦʤ çɹʽʦʭʽʤʽʷè. 

ʅʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ çɹ̔ ʦʭʽʤʽʷè ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʝʦʨʝʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦ 

ʢʦʞʥʦʛʦ ʨʦʟʜʽʣʫ ʪʘ 27 ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙ̔ʪ, ʢʦʥʪʨʦʣʴʥʠʭ ʟʘʧʠʪʘʥɹ ʜʦ ʢʦʞʥʦʛʦ 

ʨʦʟʜʽʣʫ ʟʛʽʜʥʦ ʥʘʚʯʘʣʴʥʦʾ ʧʨʦʛʨʘʤʠ, ʦɦ ʜʦʧʦʤʦʞʝ ʩʪʫʜʝʥʪʫ ʩʘʤʦʩʪʽʡʥʦ 

ʧʽʜʛʦʪʫʚʘʪʠʩʷ ʜʦ ʣʘʙʦʨʘʪʦʨʥʦʾ ʨʦʙʦʪʠ, ʧʦʧʝʨʝʜʥʴʦ ʟʘʩʚʦʚʾʰʠ ʪʝʦʨʝʪʠʯʥʠʡ 

ʤʘʪʝʨʽʘʣ. ʋ ʣʘʙʦʨʘʪʦʨʥʽʡ ʨʦʙʦʪ̔ ʦʧʠʩʘʥʦ ʩʫʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʩʪʨʫʢʪʫʨʥ ̔ ʬʦʨʤʫʣʠ ʪʘ ʭ̔ ʜ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʨʝʯʦʚʠʥ, ʧʝʨʝʣʽʢ ʤʘʪʝʨ̔ʘʣ̔ʚ, ʨʝʘʢʪʠʚʽʚ  ̔ʦʙʣʘʜʥʘʥʥʷ, ʘ ʪʘʢʦʞ ʜʝʪʘʣʴʥʠʡ ʦʧʠʩ 

ʭʦʜʫ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ. ʄʝʪʦʜʠʢʠ ʚʠʢʦʥʘʥʥʷ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙ̔ʪ, 

ʟʘʧʨʦʧʦʥʦʚʘʥ ̔ ʫ ʥʘʚʯʘʣʴʥʦʤʫ ʧʦʩʽʙʥʠʢʫ, ʤʘʶʪʴ ʟʘ ʢʽʥʮʝʚʫ ʤʝʪʫ ʜʦʧʦʚʥʠʪʠ 

ʪʝʦʨʝʪʠʯʥ ̔ ʟʥʘʥʥ,̫ ʦʪʨʠʤʘʥʽ ʧʨʠ ʚʠʚʯʝʥʥʽ ʢʦʞʥʦʛʦ ʟ ʨʦʟʜʽʣʽʚ ʙʦ̔ʭ̔ ʤʽʾ, 

ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʙʫʪʪ ̫ʧʨʘʢʪʠʯʥʠʭ ʥʘʚʠʢʽʚ ʟʛʽʜʥʦ ʨʦʙʦʯʦʛʦ ʧʣʘʥʫ ʜʠʩʮʠʧʣʽʥʠ, 

ʦʧʘʥʫʚʘʥʥ ̫ʦʩʥʦʚʥʠʤʠ ʤʝʪʦʜʘʤʠ ʙʽʦʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʘ ʩʘʤʝ ʷʢʽʩʥʦʛʦ ʘʥʘʣʽʟʫ 

ʪʘ ʢʽʣʴʢʽʩʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʨʽʟʥʠʭ ʙʽʦʭʤ̔̔ ʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ  ̔ ʜʦʩʣ̔ʜʞʝʥʥʷ ʾʭ 

ʤʝʪʘʙʦʣʽʟʤʫ. ʇʦ ʟʘʚʝʨʰʝʥʥ ʁʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʣʘʙʦʨʘʪʦʨʥʦʾ ʨʦʙʦʪʠ 

ʩʪʫʜʝʥʪ ʧʦʚʠʥʝʥ ʟʘʥʦʪʫʚʘʪʠ ʫ ʟʦʰʠʪʽ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʪʘ ʚʠʩʥʦʚʢʠ, 

ʚʠʢʦʥʘʪʠ ʥʘʚʝʜʝʥʽ ʟʘʚʜʘʥʥ̫, ʱʦ ʩʧʨʠʷʪʠʤʝ ʨʦʟʚʠʪʢʫ ʚ ʩʪʫʜʝʥʪʽʚ ʥʘʚʠʯʦʢ 

ʦʨʛʘʥʟ̔ʘʮʽʾ, ʧʣʘʥʫʚʘʥʥ̫, ʪʝʭʥʽʯʥʦʛʦ ʚʠʢʦʥʘʥʥʷ  ̔ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘʫʢʦʚʦ ʾ

ʨʦʙʦʪʠ.  

ʇʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ çɹʽʦʭʽʤʽʷè ʻ ʮ̔ʥʥʠʤ ʥʘʚʯʘʣʴʥʠʤ 

ʚʠʜʘʥʥʷʤ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʬʘʭʽʚʮʽʚ-ʙʽʦʪʝʭʥʦʣʦʛʽʚ, ʱʦ ʟʘʢʣʘʜʘʻ ʦʩʥʦʚʠ ʨʦʟʫʤʽʥʥʷ 

ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤʫ ʽ ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʤʫ ʨʽʚʥʷʭ. 
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ɿɸɻɸʃʔʅɯ ʇʈɸɺʀʃɸ ʇʆɺɽɼɯʅʂʀ ɯ ʊɽʍʅɯʂʀ ɹɽɿʇɽʂʀ ʇʈʀ ʈʆɹʆʊɯ 

ʉʊʋɼɽʅʊɯɺ ʋ ʅɸɺʏɸʃʔʅɯʁ ɹɯʆʍɯʄɯʏʅɯʁ ʃɸɹʆʈɸʊʆʈɯɰ 

 

1. ʇʨʠ ʧʝʨʝʙʫʚʘʥʥʽ ʫ ʙʽʦʭʽʤʽʯʥʽʡ ʣʘʙʦʨʘʪʦʨʽʾ ʜʦʪʨʠʤʘʥʥ ̫ ʦʩʥʦʚʥʠʭ ʧʨʘʚʠʣ 

ʙʝʟʧʝʯʥʦʛʦ ʧʦʚʦʜʞʝʥʥʷ ʻ ʞʠʪʪʻʚʦʥʝʦʙʭʽʜʥʠʤ, ʦʩʢʽʣʴʢʠ ʙʫʜʴ-ʷʢʝ ʧʦʨʫʰʝʥʥʷ 

ʥʝʩʝ ʟʘʛʨʦʟʫ ʟʜʦʨʦʚôʁ  ʽ ʞʠʪʪʶ ʚʠʢʦʥʘʚʮʷ.  

2. ʉʪʫʜʝʥʪʝ, ʧʘʤô̫ ʪʘʡ, ʚʠʢʦʥʘʥʥ̫  ʧʨʘʢʪʠʯʥʦʾ ʯʘʩʪʠʥʠ ʣʘʙʦʨʘʪʦʨʥʦʾ ʨʦʙʦʪʠ 

ʥʝʤʦʞʣʠʚʝ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʦʜʷʛʫ (ʭʘʣʘʪ, ʰʘʧʦʯʢʘ), ʢ̫ʠʡ ʟʘʭʠʱʘʻ ʦʜ̫ʛ ʽ 

ʰʢʽʨʫ ʚʽʜ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʟʘʙʨʫʜʥʝʥɹ ʪʘ ʧʦʰʢʦʜʞʝʥʴ. 

3. ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ ʥʘ ʪʝ, ʱʦ ʨʦʙʦʯʝ ʤʩ̔ʮʝ ʧʨʠʟʥʘʯʝʥʝ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʧʨʘʢʪʠʯʥʦʾ 

ʯʘʩʪʠʥʠ ʨʦʙʦʪʠ, ʪʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʦʞʥʘ ʣʠʰʝ ʪʽ ʨʝʯʽ, ʷʢʽ ʧʦʪʨʽʙʥʽ ʜʣʷ ʾʾ 

ʧʨʦʚʝʜʝʥʥʷ (ʟʦʰʠʪ, ʨʫʯʢʘ, ʧʦʩ̔ʙʥʠʢ ʪʦʱʦ), ʘ ʚʩ̔ ʦʩʦʙʠʩʪʽ ʨʝʯʽ (ʚʝʨʭʥʽʡ ʦʜʛ̫, 

ʩʫʤʢʠ, ʧʦʨʪʬʝʣ)̔ ʟʙʝʨ̔ʛʘʪʠ ʚ ʧʝʨʝʜʙʘʯʝʥʠʭ ʜʣʷ ʪʘʢʠʭ ʧʦʪʨʝʙ ʤʽʩʮʷʭ.  

4. ʋ ʧʨʠʤʽʱʝʥʥʽ ʣʘʙʦʨʘʪʦʨʽʾ ʘʙʩʦʣʶʪʥʦ ʥʝ ʧʨʠʧʫʩʪʠʤʠʤ ʻ ʩʧʦʞʠʚʘʥʥʷ ʾʞʽ ʽ 

ʚʦʜʠ. 

5. ʇʘʤô̫ ʪʘʡʪʝ, ʱʦ ʥʘʚʯʘʣʴʥʘ ʙʽʦʭʽʤʽʯʥʘ ʣʘʙʦʨʘʪʦʨʽʷ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʚʠʢʦʥʘʥʥ ̫

ʣʠhʝ ʪʠʭ ʨʦʙʽʪ, ʷʢʽ ʦʧʠʩʘʥʦ ʚ ʥʘʚʯʘʣʴʥʦʤʫ ʧʦʩʽʙʥʠʢʫ, ʜʦʚʽʣʴʥʝ ʟʤʽʰʫʚʘʥʥʷ 

ʭʽʤʽʯʥʠʭ ʨʝʘʢʪʠʚʽʚ ʟʘʙʦʨʦʥʝʥʝ!  

6. ʇ̔ ʩʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫʩʽ ʻʤʥʦʩʪʽ ʟ ʨʝʘʢʪʠʚʘʤʠ ʥʝʦʙʭʽʜʥʦ ʧʦʚʝʨʥʫʪʠ ʥʘ ʩʚʦʻ 

ʤʽʩʮʝ, ʧʦʧʝʨʝʜʥʴʦ ʱʽʣʴʥʦ ʟʘʢʨʠʚʰʠ ʾʭ ʢʦʨʢʘʤʠ. 

7. ɺʠʢʦʨʠʩʪʘʥʥ ̫ʣʫʛ̔ʚ, ʢʦʥʮʝʥʪʨʦʚʘʥʠʭ ʢʠʩʣʦʪ ʚʠʤʘʛʘʻ ʦʩʦʙʣʠʚʦʾ ʦʙʝʨʝʞʥʦʩʪʽ 

ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʾʭ ʧʦʪʨʘʧʣʷʥʥʷ ʚ ʦʯʽ, ʥʘ ʰʢʽʨʫ ʪʘ ʦʜʷʛ. ʊʦʤʫ ʟ ʢʠʩʣʦʪʘʤʠ, 

ʣʫʛʘʤʠ, ʩʠʣʴʥʦʧʘʭʥʫʯʠʤʠ ʽ ʪʦʢʩʠʯʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ ʦʙʦʚô̫ ʟʢʦʚʦ ʧʨʘʮʶʶʪʴ ʧʽʜ 

ʚʠʪʷʞʥʦʶ ʰʘʬʦʶ ʽʟ ʚʢʣʶʯʝʥʦʶ ʪ̫ ʛʦʶ. 

8. ɹʝʟʟʘʧʝʨʝʯʥʦ ʜʦʪʨʠʤʫʡʪʝʩʴ ʧʨʘʚʠʣ ʙʝʟʧʝʢʠ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʝʣʝʢʪʨʦʧʨʠʣʘʜʽʚ. ɼʦʟʚʦʣʷʻʪʴʩʷ ʧʨʘʮʶʚʘʪʠ ʣʠʰʝ ʽʟ ʟʘʟʝʤʣʝʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ, ʥʝ 

ʜʦʟʚʦʣʷʻʪʴʩʷ ʚʠʢʣʶʯʘʪʠ ʧʨʠʣʘʜʠ ʟ ʨʦʟʝʪʢʠ ʤʦʢʨʠʤʠ ʨʫʢʘʤʠ, ʘ ʪʘʢʦʞ ʪʷʛʥʫʯʠ ʟʘ 

ʢʘʙʝʣʴ ʞʠʚʣʝʥʥʷ.  

8. ɿʘ ʥʝʦʙʭʽʜʥʦʩʪ ̔ʩʢʦʨʠʩʪʘʪʠʩʷ ʛʘʟʦʚʠʤ ʧʘʣʴʥʠʢʦʤ, ʚʝʥʪʠʣʴ ʩʣʽʜ ʚʽʜʢʨʠʚʘʪʠ 

ʧʦʩʪʫʧʦʚʦ.  

9. ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ, ʱʦ ʟ ʣʝʛʢʦʟʘʡʤʠʩʪʠʤʠ  ̔ʣʝʪʢʠʤʠ ʨʝʯʦʚʠʥʘʤʠ ʧʨʘʮʶʚʘʪʠ ʙʽʣʷ 

ʜʞʝʨʝʣ ʚʽʜʢʨʠʪʦʛʦ ʚʦʛʥʶ (ʟʘʧʘʣʝʥʦʛʦ ʧʘʣɹʥʠʢʘ, ʩʧʠʨʪʽʚʢʠ) ʢʘʪʝʛʦʨʠʯʥʦ 

ʟʘʙʦʨʦʥʝʥʦ.  

11. ʗʢʱʦ ʥʝʦʙʭʽʜʥʦ ʥʘʛʨʽʪʠ ʨʝʯʦʚʠʥʠ ʫ ʧʨʦʙʽʨʮʽ, ʾʾ ʧʨʦʛʨʽʚʘʶʪʴ ʩʧʦʯʘʪʢʫ 

ʟʚʝʨʭʫ ʜʦʥʠʟʫ ʽ ʣʠʰʝ ʧʦʪʽʤ ʥʘ ʜʥʽ, ʧʨʠ ʮʴʦʤʫ ʦʪʚʽʨ ʩʧʨʷʤʦʚʫʚʘʪʠ ʫ ʥʘʧʨʷʤʢʫ 

ʚʽʜ ʩʝʙʝ ʽ ʦʪʦʯʫʶʯʠʭ. 
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12. ʇʘʤô̫ʪʘʡʪʝ, ʱʦ ʙʫʜʴ-ʷʢʽ ʚʚʽʤʢʥʝʥʽ ʧʨʠʣʘʜʠ (ʮʝʥʪʨʠʬʫʛʠ, ʛʘʟʦʚʽ ʧʘʣʴʥʠʢʠ, 

ʚʦʜʷʥʽ ʙʘʥʽ ʪʦʱʦ) ʧʦʪʨʝʙʫʶʪʴ ʥʘʛʣʷʜʫ ʚʠʢʦʥʘʚʮʷ ʨʦʙʦʪʠ  ̔ ʥʝ ʤʦʞʫʪʴ 

ʟʘʣʠʰʘʪʠʩɹ ʙʝʟ ʢʦʥʪʨʦʣʁ . 

13. ʋ ʚʠʧʘʜʢʫ ʚʠʥʠʢʥʝʥʥʷ ʧʦʞʝʞ̔ ʩʣʽʜ ʣʦʢʘʣʽʟʫʚʘʪʠ ʜʞʝʨʝʣʦ ʟʘʡʤʘʥʥʷ (ʧʦ 

ʤʦʞʣʠʚʦʩʪʽ ʚʠʤʢʥʫʪʠ ʧʨʠʣʘʜ ʟ ʝʣʝʢʪʨʦʤʝʨʝʞ ̔ʯʠ ʧʝʨʝʢʨʠʪʠ ʛʘʟʦʧʦʩʪʘʯʘʥʥʷ) ʽ 

ʩʢʦʨʠʩʪʘʪʠʩʷ ʜʦʩʪʫʧʥʠʤʠ ʟʘʩʦʙʘʤʠ ʧʦʞʝʞʝʛʘʩʽʥʥʷ (ʚʦʛʥʝʛʘʩʥʠʢ, ʧʽʩʦʢ, ʢʦʚʜʨʘ 

ʟ ʥʘʪʫʨʘʣʴʥʦʾ ʪʢʘʥʠʥʠ).  

14. ʇ̔ ʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʨʦʙʦʪʠ ʚʤʽʩʪ ʧʨʦʙ̔ʨʦʢ ʟ̔ ʣʫʛʘʤʠ, ʢʦʥʮʝʥʪʨʦʚʘʥʠʤʠ 

ʢʠʩʣʦʪʘʤʠ ʪʘ ʽʥʰʠʤʠ ʪʦʢʩʠʯʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ ʩʣʽʜ ʚʠʣʠʚʘʪʠ ʫ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ 

ʮʴʦʛʦ ʻʤʥʦʩʪʽ.  

15. ɺʦʜʦʩʪʽʯʥʘ ʨʘʢʦʚʠʥʘ ʥʝ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʟʘʣʠʰʢʽʚ ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ ʧʘʧʝʨʫ, 

ʩʨ̔ʥʠʢ̔ʚ, ʧʦʙʠʪʦʛʦ ʧʦʩʫʜʫ ʪʘ ̔ʥ., ʜʣʷ ʮʴʦʛʦ ʩʣʽʜ ʚʠʢʦʨʠʩʪʫʚʘʪʠ ʩʤʪ̔ʥʠʢ. 

16. ʋ ʚʠʧʘʜʢʫ ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʙʦʯʦʛʦ ʤʽʩʮʷ ʨʝʘʢʪʠʚʘʤʠ, ʩʧʦʯʘʪʢʫ ʾʭ 

ʥʝʡʪʨʘʣʽʟʫʶʪʴ  ̔ʣʠhʝ ʧʦʪ̔ʤ ʧʨʠʙʠʨʘʶʪʴ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʛʫʤʦʚʽ ʨʫʢʘʚʠʯʢʠ ʪʘ 

ʧʽʜʨʫʯʥʽ ʟʘʩʦʙʠ (ʱʽʪʢʠ, ʩʦʚʢʠ, ʛʘʥʯʽʨʢʠ). 

17. ʇʝʨʝʜ ʪʠʤ ʷʢ ʧʦʤ̔ʩʪʠʪʠ ʧʨʦʙʽʨʢʠ ʚ ʮʝʥʪʨʠʬʫʛʫ, ʾʭ ʦʙʦʚô̫ ʟʢʦʚʦ ʪʨʝʙʘ 

ʟʨʽʚʥʦʚʘʞʠʪʠ ʽ ʨʦʟʤʽʩʪʠʪʠ ʚ ʨʦʪʦʨʽ ʧʦ ʜʽʘʛʦʥʘʣʽ. ɿʘʙʦʨʦʥʝʥʦ ʟʘʧʫʩʢʘʪʠ 

ʮʝʥʪʨʠʬʫʛʫ ʟ ʚʽʜʢʨʠʪʦʶ ʢʨʠʢhʦʶ ʪʘ ʚʽʜʢʨʠʚʘʪʠ ʦʩʪʘʥʥʶ ʜʦ ʤʦʤʝʥʪʫ ʧʦʚʥʦʾ 

ʟʫʧʠʥʢʠ ʨʦʪʦʨʘ. 

16. ʅʘʜʘʥʥʷ ʧʝʨʰʦʾ ʜʦʧʦʤʦʛʠ ʧʨʠ ʭ̔ ʤ̔ʯʥʠʭ ʦʧ̔ʢʘʭ:  

ʇʨʠ ʧʦʪʨʘʧʣʷʥʥʽ ʥʘ ʰʢʽʨʫ ʯʠ ʦʜʷʛ ʣʫʛ̔ ʚ - ʧʨʦʤʠʪʠ ʜʽʣʷʥʢʫ ʫʨʘʞʝʥʥʷ ʧʽʜ 

ʩʪʨʫʤʝʥʝʤ ʧʨʦʪʦʯʥʦʾ ʚʦʜʠ ʧʽʩʣʷ ʯʦʛʦ ʦʙʨʦʙʠʪʠ ʤʽʩʮʝ 1 % ʨʦʟʯʠʥʦʤ ʦʮʪʦʚʦʾ 

ʢʠʩʣʦʪʠ;  

ʇʨʠ ʧʦʪʨʘʧʣʷʥʥʽ ʥʘ ʰʢʽʨʫ ʯʠ ʦʜʷʛ ʢʠʩʣʦʪʠ - ʧʨʦʤʠʪʠ ʜʽʣʷʥʢʫ ʫʨʘʞʝʥʥʷ ʧʽʜ 

ʩʪʨʫʤʝʥʝʤ ʧʨʦʪʦʯʥʦʾ ʚʦʜʠ ʧʽʩʣ ̫ʯʦʛʦ ʦʙʨʦʙʠʪʠ ʤʽʩʮʝ 1 % ʨʦʟʯʠʥʦʤ ʩʦʜʠ;  

ʇʨʠ ʧʦʪʨʘʧʣʷʥʥʽ ʥʘ ʰʢʽʨʫ ʬʝʥʦʣʫ ï ʜʽʣʷʥʢʫ ʫʨʘʞʝʥʥʷ ʧʨʦʤʠʪʠ ʚʦʜʦʶ ʽ 

ʦʙʨʦʙʠʪʠ ʝʪʠʣʦʚʠʤ ʩʧʠʨʪʦʤ, ʧʦʣʽʝʪʠʣʝʥʛʣʢ̔ʦʣʝʤ (ʥʝ ʨʦʟʪʠʨʘʶʯʠ ʧʦ ʧʦʚʝʨʭʥʽ 

ʰʢʽʨʠ ʥʘ ʩʫʤʽʞʥʽ ʜʽʣʷʥʢʠ), ʯʝʨʛʫʶʯʠ ʧʨʦʮʝʜʫʨʫ ʟ ʧʨʦʤʠʚʘʥʥ̫ʤ ʧʜ̔ ʧʨʦʪʦʯʥʦʶ 

ʚʦʜʦʶ.  

ʗʢ ʦɦ ʢʠʩʣʦʪʘ ʯʠ ʣʫʛ ʧʦʪʨʘʧʠʣʠ ʚ ʦʯʽ ï ʧʨʦʤʠʚʘʶʪʴ ʦʯʽ ʟʥʘʯʥʦʶ ʢʽʣʴʢʽʩʪʶ ʚʦʜʠ 

ʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʽʧʝʪʢʠ ʟʘʢʘʧʫʶʪɹ ʚ ʫʨʘʞʝʥʝ ʦʢʦ ʚʽʜʧʦʚʽʜʥʦ 2 % ʨʦʟʯʠʥ ʩʦʜʠ 

(ʢʠʩʣʦʪʥʠʡ ʦʧʽʢ) ʘʙʦ 2 % ʨʦʟʯʠʥ ʙʦʨʥʦ ʾʢʠʩʣʦʪʠ (ʣʫʞʥʠʡ ʦʧʽʢ).  
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ʈʆɿɼɯʃ 1 çʇʈʆʊɽɰʅʀ ɯ ɸʄɯʅʆʂʀʉʃʆʊʀè 

 

ʇʨʦʪʝʾʥʠ ï ʮʝ ʛʨʫʧʘ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ, ʱʦ ʚ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʤʽʩʪʷʪʴ 

ʢʘʨʙʦʥ (51-55 %), ʦʢʩʠʛʝʥ (21-23 %), ʥʪ̔ʨʦʛʝʥ (15-18 %), ʛʽʜʨʦʛʝʥ (6,6-7,3 %), 

ʩʫʣʴʬʫʨ (0,3-2,4 %), ʘ ʜʝ̫ʢ̔ ʧʨʦʪʝʾʥʠ - ʬʦʩʬʦʨ (0,2-2%), ʬʝʨʫʤ ʪʘ ʽʥ. 

ʍʘʨʘʢʪʝʨʥʦʶ ʦʩʦʙʣʠʚ̔ʩʪ  ʁʝʣʝʤʝʥʪʘʨʥʦʛʦ ʩʢʣʘʜʫ ʧʨʦʪʝʾʥʽʚ ʫ ʚʩʽʭ ʦʨʛʘʥʽʟʤʽʚ ̒ 

ʥʘʷʚʥʽʩʪʴ ʥʽʪʨʦʛʝʥʫ. 

ʇʨʦʪʝʾʥʠ ï ʮʝ ʦʜʠʥ ʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʢʣʘʩʽʚ ʙʽʦʣʦʛʯ̔ʥʠʭ ʤʘʢʨʦʤʦʣʝʢʫʣ. 

ɺʦʥʠ ʥʘʷʚʥʽ ʫ ʢʦʞʥʽʡ ʢʣʽʪʠʥʽ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ ʪʘ ʫ ʚʩ̔ʭ ʩʢʣʘʜʦʚʠʭ ʢʣʽʪʠʥʠ. ɿʘ 

ʭʽʤʽʯʥʦʶ ʧʨʠʨʦʜʦʶ ʧʨʦʪʝʾʥʠ ʻ ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʠʤʠ ʦʨʛʘʥʽʯʥʠʤʠ ʩʧʦʣʫʢʘʤʠ 

(ʙ̔ʦʧʦʣ̔ʤʝʨʘʤʠ), ʤʦʣʝʢʫʣʠ ʷʢʠʭ ʩʢʣʘʜʘʶʪʴʩʷ ʽʟ ʟʘʣʠʰʢʽʚ ʤʦʣʝʢʫʣ ʘʤʽʥʦʢʠʩʣʦʪ, 

ʷʢ̔ ʩʧʦʣʫʯʝʥ̔ ʦʜʠʥ ʟ ʦʜʥʠʤ ʧʝʧʪʠʜʥʠʤʠ ʟʚôʷʟʢʘʤʠ.  

ʇʨʦʪʝʾʥʠ ʚʠʢʦʥʫ ʪʁʴ ʪʘʢʽ ʬʫʥʢʮ̔ʾ :  

ʉʪʨʫʢʪʫʨʥʫ ï ʧʨʦʪʝʾʥʠ ʻ ʥʝʚʽʜô̒ ʤʥʠʤ ʢʦʤʧʦʥʝʥʪʦʤ, ʱʦ ʥʝʦʙʭ̔ʜʥʠʡ ʜʣʷ 

ʫʪʚʦʨʝʥʥʷ ʩʪʨʫʢʪʫʨʥʦʾ ʦʩʥʦʚʠ ʢʣʽʪʠʥʠ  ̔ ʦʨʛʘʥʝʣ, ʬʦʨʤʫʚʘʥʥʽ ʩʧʦʣʫʯʥʦ ʾ

ʪʢʘʥʠʥʠ, ʧʦʢʨʠʚʥʠʭ ʪʢʘʥʠʥ ʨʦʩʣʠʥ ʪʦʱʦ. ʇʨʦʪʝʾʥʠ ʩʢʣʘʜʘʶʪʴ ʧʨʠʙʣʠʟʥʦ 18 ï 

21 % ʟʘʛʘʣɹʥʦʾ ʩʠʨʦʾ ʤʘʩʠ ʽ ʙʣʠʟɹʢʦ 45 ï 50 % ʩʫʭʦʾ ʤʘʩʠ ʦʨʛʘʥʽʟʤʫ ʪʚʘʨʠʥ ʽ 

ʣʶʜʠʥʠ;  

ʂʘʪʘʣʽʪʠʯʥʫ ï ʙʣ̔ʴhʝ 3000 ʧʨʦʪʝʥʾʚ̔ ʻ ʝʥʟʠʤʘʪʠʯʥʦʘʢʪʠʚʥʠʤʠ. 

ʇʝʨʝʚʘʞʥʦ ʝʥʟʠʤʠ ʟʘ ʩʚʦʶ ʧʨʠʨʦʜʦʶ ʻ ʧʨʦʪʝʾʥʘʤʠ (ʟʘ ʚʠʢʣʶʯʝʥʥʷʤ 

ʨʠʙʦʟʠʤʽʚ). ɽʥʟʠʤʠ ʷʢ ʢʘʪʘʣʽʟʘʪʦʨʠ  ̒ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʤʠ, ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ 

ʢʘʪʘʣ̔ʟʘʪʦʨʘʤʠ, ʘ ʪʘʢʦʞ ʚʦʣʦʜʽʶʪʴ ʚʠʢʣʶʯʥʦʶ ʚʠʙʽʨʢʦʚʽʩʪʶ  ̔ cʫʙʩʪʨʘʪʥʦʶ 

ʩʧʝʮʠʬ̔ʯʥ̔ ʩʪʶ;  

ʈʝʮʝʧʪʦʨʥʫ ï ʧʨʦʪʝʾʥʠ ʚʽʜʽʛʨʘʶʪʴ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʧʝʨʝʜʘʯʽ ʽ ʧʨʠʡʥʷʪʪʽ 

ʩʠʛʥʘʣʽʚ ʧʦʚʝʨʭʥʝʶ ʢʦʞʥʦʾ ʢʣʽʪʠʥʠ, ʟʘʙʝʟʧʝʯʫʻʪʴ ʤʞ̔ʢʣ̔ʪʠʥʥʫ ʚʟʘʻʤʦʜʽ;ʁ  

ʊʨʘʥʩʧʦʨʪʥʫ ï ʟ ʙʝʟʧʦʩʝʨʝʜʥʴʦʶ ʫʯʘʩʪʁ  ʧʨʦʪʝʾʥʽʚ ʟʜʽʡʩʥʶ̒ʪʴʩʷ 

ʘʢʪʠʚʥʠʡ ʪʨʘʥʩʧʦʨʪ ʽʦʥʚ̔  ̔ ʨʝʯʦʚʠʥ ʯʝʨʝʟ ʢʣʪ̔ʠʥʥʫ ʤʝʤʙʨʘʥʫ, ʘ ʪʘʢʦʞ ʤ̔ ʞ 

ʪʢʘʥʠʥʘʤʠ ʽ ʦʨʛʘʥʘʤʠ;  

ʄʝʭʘʥʦ-ʭ̔ʤʽʯʥʫ ï ʙʽʣʢʠ ʟʘʙʝʟʧʝʯʫʪʁ ɹ ʨʫʭ ʛʣʘʜʢʠʭ ʽ ʧʦʧʝʨʝʯʥʦ-

ʧʦʩʤʫʛʦʚʘʥʠʭ ʤô̫ʟ̔ʚ, ʾʭ ʩʢʦʨʦʯʝʥʥʷ ʪʘ ʨʦʟʩʣʘʙʣʝʥʥ̫, ʚ ʮʴʦʤʫ ʯʠʩʣʽ ʨʦʙʦʪʫ 

ʩʝʨʮʷ, ʧʝʨʝʩʪʘʣʴʪʠʢʫ ʢʠʰʝʯʥʠʢʘ, ʢʨʽʤ ʪʦʛʦ ʟʘ ʫʯʘʩʪ ʁʧʨʦʪʝʾʥʽʚ ʟʜʽʡʩʥʁ ʻʪʩɹ ̫

ʨʫʭ ʩʧʝʨʤʘʪʦʟʦʜʾʽʚ, ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ (ʜʞʛʫʪʠʢʠ) ʪʘ ʥ̔.; 

ʉʫʙʩʪʨʘʪʥʦ-ʝʥʝʨʛʝʪʠʯʥʫ ï ʙʣʠʟʴʢʦ 10 ï 15 % ʝʥʝʨʛʽʾ ʦʨʛʘʥʽʟʤ ʦʜʝʨʞʫʻ 

ʟʘ ʨʘʭʫʥʦʢ ʢʘʪʘʙʦʣʽʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥɹ ʨʝʟʝʨʚʥʠʭ ʙʽʣʢʽʚ; 

ʈʝʛʫʣʷʪʦʨʥʫ ï ʨʝʛʫʣʷʮʽʷ ʦʙʤʽʥʫ ʨʝʯʦʚʠʥ ʚ ʞʠʚʦʤʫ ʦʨʛʘʥʽʟʤʽ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʪʘʢʠʤʠ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ ʷʢ ʛʦʨʤʦʥʠ, ʙʽʣʴʰʽʩʪɹ ʟ 
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ʷʢʠʭ ʤʘʶʪʴ ʙ̔ ʣʢʦʚʫ ʧʨʠʨʦʜʫ. ʆʢʨʝʤʽ ʧʨʦʪʝʾʥʠ ʟʜʘʪʥʽ ʽʥʛʽʙʫʚʘʪʠ ʘʢʪʠʚʥ̔ʩʪɹ 

ʝʥʟʠʤʽʚ ʟʘ ʨʘʭʫʥʦʢ ʯʦʛʦ ʚʽʜʙʫʚʘ̒ʪʴʩʷ ʨʝʛʫʣʷʮʽʷ ʾʭ ʜʽʾ; 

ɿʘʭʠʩʥʫ ï ʽʤʫʥʦʛʣʦʙʫʣʽʥʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʽʤʫʥʥʫ ʚʽʜʧʦʚʽʜʴ, ʬʘʢʪʦʨʠ 

ʟʩ̔ʜʘʥʥʷ ʢʨʦʚʽ (ʬʽʙʨʠʥʦʛʝʥ, ʧʨʦʪʨʦʤʙʽʥ, ʪʨʦʤʙʽʥ ʪʦʱʦ) ʥʘʣʝʞʘʪʴ ʜʦ ʢʣʘʩʫ 

ʧʨʦʪʝʾʥʽʚ. ʇʨʦʪʝʾʥʠ ʚ ʩʚʦʾʡ ʩʪʨʫʢʪʫʨʽ ʤʽʩʪʷʪʴ ʯʠʩʣʝʥʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥ ̔ʛʨʫʧʠ, ʟʘ 

ʨʘʭʫʥʦʢ ʷʢʠʭ ʟʜʘʪʥʽ ʥʝ ʣʠʰʝ ʟʚô̫ʟʫʚʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʪʦʢʩʠʯʥʽ ʩʧʦʣʫʢʠ 

(ʘʣʢʘʣʦʜʾʠ, ʚʘʞʢʽ ʤʝʪʘʣʠ), ʘ  ̔ʟʥʝh ʢʦʜʞʫʚʘʪʠ ʾʭ.  

ɸʤ̔ ʥʦʢʠʩʣʦʪʠ ï ʦʨʛʘʥʽʯʥʽ ʢʠʩʣʦʪʠ, ʫ ʤʦʣʝʢʫʣʘʭ ʷʢʠʭ ʦʜʠʥ ʘʙʦ ʢʽʣʴʢʘ 

ʘʪʦʤʽʚ ʚʦʜʥʶ ʟʘʤʽʱʝʥʽ ʘʤʽʥʦʛʨʫʧʘʤʠ. ʋʩʽ ʘʤʽʥʦʢʠʩʣʦʪʠ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ 

ʧʨʦʪʝʾʥʽʚ, ʻ Ŭ-ʘʤʽʥʦʢʠʩʣʦʪʘʤʠ, ʪʦʙʪʦ ʾʭʥʷ ʘʤʽʥʦʛʨʫʧʘ (NH2) ʧʝʨʝʙʫʚʘʻ ʚ                 

Ŭ- ʧʦʣʦʞʝʥʥʽ (ʧʦʨʫʯ) ʟ ʢʘʨʙʦʢʩʠʣɹʥʦʁ ʛʨʫʧʦʶ (ʉʆʆʅ).  

 

                                          
 

ɿʘʛʘʣʴʥʘ ʬʦʨʤʫʣʘ ʘʤʽʥʦʢʠʩʣʦʪ 

 

ʋ ʧʨʠʨʦʜʽ ʽʩʥʫʻ ʙʽʣʴʰʝ 200 ʨ̔ʟʥʠʭ ʘʤʽʥʦʢʠʩʣʦʪ, ʙʣ̔ɹ ʰʽʩʪʴ ʟ ̫ʢʠʭ 

ʚʠʢʦʥʫʶʪʴ ʩʘʤʦʩʪʽʡʥʽ ʬʫʥʢʮʽʾ, ʦʜʥʘʢ ʣʠʰʝ 20 ʘʤʽʥʦʢʠʩʣʦʪ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ 

ʙ̔ ʣʢʽʚ, ʷʢʽ ʟʫʩʪʨ̔ʯʘʶʪʴʩʷ ʫ ʨʦʩʣʠʥ ʪʘ ʪʚʘʨʠʥ. ɺʠʱʽ ʨʦʩʣʠʥʠ ʩʠʥʪʝʟʫʶʪʴ ʫʩʽ 

ʜʚʘʜʮʷʪʴ ʘʤʽʥʦʢʠʩʣʦʪ. 

 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʘʤʽʥʦʢʠʩʣʦʪ. 

ɯʩʥʫ ̒ʜʝʢʽʣʴʢʘ ʧʽʜʭʦʜʽʚ ʜʦ ʢʣʘʩʠʬʽʢʘʮʽ ʾʘʤʽʥʦʢʠʩʣʦʪ.  

1) ɿʘʣʝʞʥʦ ʚʽʜ ʧʦʣʷʨʥʦʩʪʽ R (ʨʘʜʠʢʘʣʴʥʠʭ) ï ʛʨʫʧ 

 

ʥʝʧʦʣʷʨʥʽ (ʛʽʜʨʦʬʦʙʥʽ) ʣʝʡʮʠʥ, ʘʣʘʥʽʥ, ʛʣʽʮʠʥ, ʽʟʦʣʝʡʮʠʥ, 

ʧʨʦʣʽʥ, ʤʝʪʽʦʥʽʥ, ʚʘʣʽʥ 

ʧʦʣʷʨʥʽ, ʘʣʝ ʥʝʟʘʨʷʜʞʝʥ ̔ ʛʣʫʪʘʤʽʥ, ʪʨʝʦʥʽʥ, ʮʠʩʪʝʾʥ, ʩʝʨʠʥ, 

ʘʩʧʘʨʘʛʽʥ 

ʧʦʟʠʪʠʚʥʦ ʟʘʨʷʜʞʝʥ ̔ ʛʽʩʪʠʜʠʥ, ʘʨʛʽʥʽʥ, ʣʽʟʠʥ 

ʥʝʛʘʪʠʚʥʦ ʟʘʨʷʜʞʝʥʽ ʛʣʫʪʘʤʽʥʦʚʘ ʽ ʘʩʧʘʨʘʛʽʥʦʚʘ ʢʠʩʣʦʪʠ 

ʘʤ̔ʥʦʢʠʩʣʦʪʠ ʟ̔ ʘʨʦʤʘʪʠʯʥʠʤʠ 

ʨʘʜʠʢʘʣʘʤʠ 

ʪʠʨʦʟʠʥ ʪʘ ʬʝʥʽʣʘʣʘʥʥ̔ 
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2) ɸʤʽʥʦʢʠʩʣʦʪʠ  ̒ʧʦʭ̔ʜʥʠʤʠ ʷʢ ʞʠʨʥʠx, ʪʘʢ ʽ ʘʨʦʤʘʪʠʯʥʠx ʢʠʩʣʦʪ, ʪʦʤʫ 

ʟʘ ʙʫʜʦʚʦʶ ʢʘʨʙʦʥʦʚʦʛʦ ʣʘʥʮʁ ʛʘ ʚʦʥʠ ʜ̔ʣ̫ʪʩɹ ̫ʥʘ ʘʮʠʢʣʽʯʥʽ, ʷʢʽ ʱʝ ʤʘʶʪʴ 

ʽʥʰʫ ʥʘʟʚʫ ʘʣʽʬʘʪʠʯʥ ̔ ʪʘ ʮʠʢʣʽʯʥʽ. ʆʩʪʘʥʥʽ ʚ ʩʚʦʶ ʯʝʨʛʫ ʚʢʣʶʯʘʪʁɹ 

ʛʦʤʦʮʠʢʣʽʯʥʽ ʘʤ̔ʥʦʢʠʩʣʦʪʠ (ʪʠʨʦʟʠʥ, ʬʝʥʽʣʘʣʘʥʥ̔) ʪʘ ʛʝʪʝʨʦʮʠʢʣʽʯʥʽ (ʧʨʦʣʽʥ, 

ʪʨʠʧʪʦʬʘʥ, ʛʽʩʪʠʜʠʥ).  

 

 
 

3) ɿʘ ʢʽʣʴʢʩ̔ʪʁ ʢʘʨʙʦʢʩʠʣʴʥʠʭ (-COOH) ʪʘ ʘʤʽʥʥʠʭ (-NH2) ʛʨʫʧ 

ʘʣʬ̔ʘʪʠʯʥʽ ʘʤʽʥʦʢʠʩʣʦʪʠ ʧʦʜʽʣʷʪʁɹʩ ̫ ʥʘ ʤʦʥʦʘʤʽʥʦʤʦʥʦʢʘʨʙʦʥʦʚʽ (ʣʝʡʮʠʥ, 
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ʛʣʽʮʠʥ, ʩʝʨʠʥ, ʘʣʘʥ̔ ʥ, ʪʨʝʦʥʽʥ, ʮʠʩʪʝʾʥ, ʚʘʣʽʥ, ʽʟʦʣʝʡʮʠʥ), 

ʜʠʘʤʽʥʦʤʦʥʦʢʘʨʙʦʥʦʚʽ (ʘʨʛʽʥʽʥ, ʣʽʟʠʥ), ʤʦʥʦʘʤʽʥʦʜʠʢʘʨʙʦʥʦʚʽ (ʘʩʧʘʨʘʛʽʥʦʚʘ ʪʘ 

ʛʣʶʪʘʤʽʥʦʚʘ ʢʠʩʣʦʪʠ), ʜʠʘʤ̔ʥʦʜʠʢʘʨʙʦʥʦʚʽ (ʮʠʩʪʠʥ). 

 

 
 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʧʨʦʪʝʾʥʚ̔. 

1) ʉʝʨʝʜ ʧʨʦʪʝʾʥʽʚ, ʟʘʣʝʞʥʦ ʚʽʜ ʭʾ ʭʽʤʽʯʥʦʾ ʙʫʜʦʚʠ, ʚʠʜʽʣʷʶʪʴ ʧʨʦʩʪʽ 

ʙʽʣʢʠ (ʧʨʦʪʝʾʥʠ), ʘ ʪʘʢʦʞ ʩʢʣʘʜʥʽ ʙ̔ ʣʢʠ, ʪʘʢ ʟʚʘʥʽ ʧʨʦʪʝʾʜʠ. ʇʨʦʩʪ̔ ʙʽʣʢʠ 

(ʧʨʦʪʝʾʥʠ) ʧʨʠ ʛʽʜʨʦʣʽʟʽ ʨʦʟʧʘʜʘʶʪɹʩ̫ ʥʘ ʘʤʥ̔ʦʢʠʩʣʦʪʠ, ʨʘʟʦʤ ʟ ʪʠʤ ʩʢʣʘʜʥ ̔

ʙʽʣʢʠ ʛʽʜʨʦʣʽʟʫʁʪɹ ʩʷ ʷʢ ʜʦ ʘʤʽʥʦʢʠʩʣʦʪ, ʪʘʢ ʽ ʨʝʯʦʚʠʥ ʥʝʙʽʣʢʦʚʦʾ ʧʨʠʨʦʜʠ, 

ʟʦʢʨʝʤʘ ʚʫʛʣʝʚʦʜʽʚ, ʣʽʧʽʜʽʚ, ʬʦʩʬʦʨʥʦʾ ʢʠʩʣʦʪʠ, ʥʫʢʣʝʥʾʦʚʠʭ ʢʠʩʣʦʪ ʪʘ ̔ʥ. 

ʅʝʙʽʣʢʦʚʘ ʯʘʩʪʠʥʘ ʩʢʣʘʜʥʠʭ ʙʽʣʢʽʚ ʤʘʻ ʥʘʟʚʫ ʧʨʦʩʪʝʪʠʯʥʘ ʛʨʫʧʘ.  

 

ʇʨʦʩʪʽ ʙʽʣʢʠ (ʧʨʦʪʝʾʥʠ) ʉʢʣʘʜʥʽ ʙʽʣʢʠ (ʧʨʦʪʝʾʜʠ) 

ʛʽʩʪʦʥʠ ʭʨʦʤʦʧʨʦʪʝʾʜʠ (ʛʝʤʦʛʣʦʙʽʥ, ʭʣʦʨʦʬʽʣ) 

ʧʨʦʪʘʤʽʥʠ ʬʦʩʬʦʧʨʦʪʝʾʜʠ (ʢʘʟʝʾʥʦʛʝʥ, ʚʽʪʝʣʽʥ, ʽʭʪʫʣʽʥ) 

ʘʣʴʙʫʤʽʥʠ ʣ̔ ʧʦʧʨʦʪʝʾʜʠ 

ʛʣʦʙʫʣʽʥʠ ʛʣʢʁʦʧʨʦʪʝʾʜʠ (ʛʦʨʤʦʥʠ) 

ʛʣʶʪʝʣʽʥʠ ʥʫʢʣʝʦʧʨʦʪʝʾʜʠ 

ʧʨʦʣʘʤʽʥʠ  

 
 

 

4) ɿʘʣʝʞʥʦ ʚʽʜ ʙʽʦʣʦʛʽʯʥʦʾ ʮʽʥʥʦʩʪʽ  

ɿʘʤʥ̔ʥ ̔

ʘʤʽʥʦʢʠʩʣʦʪʠ  

(ʩʠʥʪʝʟʫʶʪʴʩ̫  ʚ 

ʦʨʛʘʥʽʟʤʽ) 

ʅʝʟʘʤ̔ʥʥʽ 

ʘʤʽʥʦʢʠʩʣʦʪʠ 

(ʥʝ ʩʠʥʪʝʟʫʶʪʩɹʷ ʚ 

ʦʨʛʘʥʽʟʤ,̔ ʥʘʜʭʦʜʷʪʴ ʟ 

ʾʞʝ )ʁ 

ʏʘʩʪʢʦʚʦ ʟʘʤʽʥʥʽ 

ʘʤ̔ʥʦʢʠʩʣʦʪʠ 

(ʚʠʨʦʙʣʷʶʪʴʩ ̫ʪʣ̔ʴʢʠ ʧʨʠ 

ʥʝʦʙʭ̔ʜʥʦʩʪʽ ʟ ʽʥʰʠʭ 

ʘʤʽʥʦʢʠʩʣʦʪ, ʽ ʣʠʰʝ ʪʦʜʽ, 

ʢʦʣʠ ʦʨʛʘʥʽʟʤ ʥʝ ʩʭʠʣʴʥʠʡ 

ʜʦ ʭʚʦʨʦʙ ʘʙʦ ʩʪʨʝʩʽʚ 

ʛʣʽʮʠʥ, ʘʣʘʥʽʥ, ʩʝʨʠʥ, 

ʘʩʧʘʨʘʛʽʥ, ʛʣʫʪʘʤ̔ ʥ, 

ʧʨʦʣʽʥ, ʪʠʨʦʟʠʥ, 

ʮʠʩʪʝʾʥ, ʘʩʧʘʨʘʛʽʥʦʚʘ  ̔

ʛʣʫʪʘʤʽʥʦʚʘ ʢʠʩʣʦʪʠ 

ʚʘʣʽʥ, ʪʨʝʦʥʽʥ, 

ʣʽʟʠʥ, ʣʝʡʮʠʥ, 

ʽʟʦʣʝʡʮʠʥ, ʤʝʪ̔ʦʥ̔ʥ, 

ʬʝʥʣ̔ʘʣʘʥʽʥ, 

ʪʨʠʧʪʦʬʘʥ 

 

 

ʘʨʛʽʥʽʥ, ʛʽʩʪʠʜʠʥ 
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2) ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʬʦʨʤʠ ʘʙʦ ʢʦʥʬʦʨʤʘʮʽʾ ʧʨʦʪʝʾʥʠ ʧʦʜʽʣʷʪʁɹ ʥʘ ï 

ʛʣʦʙʫʣʷʨʥʽ (ʝʥʟʠʤʠ, ʛʦʨʤʦʥʠ) ʽ ʬʽʙʨʠʣʷʨʥʽ (ʢʝʨʘʪʠʥ, ʬʽʙʨʦʾʥ).  

 

ʉʪʨʫʢʪʫʨʥ̔ ʨʽʚʥʽ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʦʪʝʾʥ̔ʚ. 

ʇʝʨʚʠʥʥʠʡ ʨʽʚʝʥ ɹ ʩʪʨʫʢʪʫʨʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʦʪʝʾʥ̔ʚ ï ʧʦʣʽʧʝʧʪʠʜʥʠʡ 

ʣʘʥʮʛʁ ʘʤʽʥʦʢʠʩʣʦʪ, ʦɦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩ̫ ʾʭ ʷʢʩ̔ʥʠʤ ʽ ʢʽʣʴʢʽʩʥʠʤ ʩʢʣʘʜʦʤ ʪʘ 

ʧʦʩʣ̔ ʜʦʚʥʽʩʪ ʁʨʦʟʤʽʱʝʥʥʷ ʫ ʤʦʣʝʢʫʣ ̔ʙʽʣʢʘ.  

ɺʪʦʨʠʥʥʘ ʩʪʨʫʢʪʫʨʘ - ʮʝ ʧʨʦʩʪʦʨʦʚʘ ʢʦʥʬʽʛʫʨʘʮʽʷ ʤʦʣʝʢʫʣʠ ʧʨʦʪʝʾʥʫ. 

ɺʠʜʽʣʷʶʪʴ ʥʘʩʪʫʧʥʽ ʾʾ ʪʠʧʠ: Ŭ-ʩʧʨ̔ʘʣʴʥʘ, ɓ-ʩʢʣʘʜʯʘcʪʘ (ɓ-ʣʠʩʪ) ʽ ʢʦʣʘʛʝʥʦʚʘ 

ʩʧ̔ʨʘʣʴ.  

ʊʨʝʪʠʥʥʘ ʩʪʨʫʢʪʫʨʘ ï ʮʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʨʦʟʛʦʨʥʫʪʦʛʦ ʧʦʣʽʧʝʧʪʠʜʥʦʛʦ 

ʣʘʥʮʶʛʘ ʚ ʢʦʤʧʘʢʪʥʫ ʤʦʣʝʢʫʣʫ.  

ʏʝʪʚʝʨʪʠʥʥʘ ʩʪʨʫʢʪʫʨʘ ï ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʪʠʭ ʙʽʣʢʽʚ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ 

ʢʣ̔ɹʢʦʭ ʧʦʣʽʧʝʧʪʠʜʥʠʭ ʣʘʥʮʁʛʽʚ ʽ ʷʚʣʷʻ ʩʦʙʦ ʁ ʩʧʦʩʽʙ ʾʭ ʦʙôʻʜʥʘʥʥʷ ʽ 

ʨʦʟʤʽʱʝʥʥʷ ʫ ʧʨʦʩʪʦʨʽ ʟ ʫʪʚʦʨʝʥʥ̫ʤ ʦʜʥ̔ʻʾ ʬʫʥʢʮʦ̔ʥʘʣʴʥʦ ̔ʥʜʠʚʽʜʫʘʣʴʥʦ ʾ

ʤʦʣʝʢʫʣʠ.  

 

 
ʋ ʩʪʘʙ̔ʣʽʟʘʮʽʾ ʩʪʨʫʢʪʫʨʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʦʪʝʾʥʚ̔ ʧʨʠʡʤʘʶʪɹ  ʫʯʘʩʪʴ 

ʢʦʚʘʣʝʥʪʥʽ (ʧʝʧʪʠʜʥʽ ʪʘ ʜʠʩʫʣʴʬʽʜʥʽ) ʪʘ ʥʝʢʦʚʘʣʝʥʪʥʽ (ʛʽʜʨʦʬʦʙʥʽ ʪʘ 

ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʽ ʚʟʘʻʤʦʜʽʾ, ʚʦʜʥʝʚʠʡ ʟʚô̫ ʟʦʢ) ʟʚôʷʟʢʠ.  

ʇʝʧʪʠʜʥʠʡ ʟʚ'ʟ̫ʦʢ (-CO-NH) ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʢʘʨʙʦʢʩʠʣʴʥʦ ʾ

ʛʨʫʧʠ ʦʜʥʽʻʾ ʘʤʽʥʦʢʠʩʣʦʪʠ  ʽʟ ʘʤʽʥʦʛʨʫʧʦʶ ʽʥʰʦʾ.  

ɻʨʫʧʘ ʘʪʦʤʽʚ O-Cô-N-H ʤʘ̒ ʥʘʟʚʫ ʧʝʧʪʠʜʥʘ ʛʨʫʧʘ. ɿʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʚ 

ʫʪʚʦʨʝʥʥ̔ ʟʚô̫ ʟʢ̔ʚ ʤ̔ʞ ʤʦʥʦʤʝʨʥʠʤʠ ʦʜʠʥʠʮʷʤʠ ʘʤʽʥʦʢʠʩʣʦʪ ʟʘʜʽʷʥʽ ʨʽʟʥʽ 

ʭʽʤʽʯʥ ̔ʛʨʫʧʠ, ʧʦʣ̔ʧʝʧʪʠʜʥʠʡ ʣʘʥʮʶʛ ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʥʘʧʨʷʤ: ʪʦʡ ʢ̔ʥʝʮɹ, ʜʝ 
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ʟʥʘʭʦʜʠʪʴʩʷ ʘʤʽʥʦʛʨʫʧʘ, ʥʘʟʠʚʘʪʁ ɹN-ʢʽʥʮʝʤ, ʘ ʢʽʥʝʮɹ ʟ ʢʘʨʙʦʢʩʠʣʴʥʦʁ  ʛʨʫʧʦ  ʁ

(ʧʨʦʪʠʣʝʞʥʦ ʨʦʟʤʽʱʝʥʠʡ) - ʉ-ʢʽʥʮʝʤ. 

                                                                                                                                             
 

 

ɺʣʘʩʪʠʚʦʩʪʽ ʧʨʦʪʝʾʥʽʚ ʪʘ ʘʤʽʥʦʢʠʩʣʦʪ. 

1) ʂʠʩʣʦʪʥʦ-ʣʫʞʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʘʤʽʥʦʢʠʩʣʦʪ. ʋ ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ ʧʨʠ 

ʥʝʡʪʨʘʣʴʥʦʤʫ ʟʥʘʯʝʥʥʽ ʨʅ ʘʤʽʥʦʢʠʩʣʦʪʠ ʽʩʥʫʶʪʴ ʫ ʚʠʛʣʷʜʽ ʙʽʧʦʣʷʨʥʠʭ ʽʦʥʽʚ 

(ʮʚʽʪʝʨ- ʦ̔ʥʚ̔) (ʢʦʣʠ R ʥʝ ʜʠʩʦʮʽʶʻʪʴʩ̫ ). ɹʽʧʦʣʷʨʥ̔ʩʪʴ ʘʤʽʥʦʢʠʩʣʦʪ ʟʘʙʝʟʧʝʯʫʻ 

ʚʠʩʦʢʫ ʨʦʟʯʠʥʥʽʩʪʴ ʫ ʚʦʜʽ ʪʘ ʚʠʩʦʢʽ ʜʠʧʦʣʴʥʽ ʤʦʤʝʥʪʠ ʾʭ ʤʦʣʝʢʫʣ. ɺ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʟʥʘʯʝʥɹ  ʨʅ ʩʝʨʝʜʦʚʠʱʘ ʘʤʽʥʦʢʠʩʣʦʪʠ ʧʦʚʦʜʷʪʴ ʩʝʙʝ ʷʢ ʢʠʩʣʦʪʠ ʘʙʦ ʷʢ 

ʦʩʥʦʚʠ (ʘʤʬʦʪʝʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ). ʋ ʢʠʩʣʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʢʘʨʙʦʢʩʠʣʴʥʘ ʛʨʫʧʘ 

ʥʝʡʪʨʘʣ̔ʟʫʻʪʴʩʷ ʽ ʘʤʽʥʦʢʠʩʣʦʪʘ ʨʝʘʛʫ ̒ʷʢ ʢʘʪʽʦʥ. ʋ ʣʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʮʚʽʪʝʨ-

ʽʦʥ ʘʤʥ̔ʦʢʠʩʣʦʪʠ ʚʪʨʘʯʘʻ ʧʨʦʪʦʥ ʽ ʘʤʽʥʦʢʠʩʣʦʪʘ ʨʝʘʛʫʻ ʷʢ ʘʥʽʦʥ.  

2) ɽʣʝʢʪʨʦ-ʭ̔ ʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʦʪʝʾʥʚ̔. ɼʦ ʩʢʣʘʜʫ ʧʨʦʪʝʾʥʚ̔ ʚʭʦʜʷʪʴ ʷʢ 

ʝʣʝʢʪʨʦʥʦ-ʥʝʡʪʨʘʣʥɹʽ, ʪʘʢ ʽ ʧʦʟʠʪʠʚʥʦ ʘʙʦ ʥʝʛʘʪʠʚʥʦ ʟʘʨʷʜʞʝʥʽ ʘʤʽʥʦʢʠʩʣʦʪʠ, 

ʪʦʙʪʦ ʤʦʞʫʪʴ ʥʝʩʪʠ ʦʜʥʦʯʘʩʥʦ ʧʦʟʠʪʠʚʥʠʡ ʽ ʥʝʛʘʪʠʚʥʠʡ ʟʘʨʷʜʠ. ʋ 

ʩʠʣɹʥʦʢʠʩʣʦʤʫ ʩʝʨʝʜʦʚʠʱ̔ ʧʨʦʪʝʾʥʠ ʤʘʁ ʪʴ ʧʦʟʠʪʠʚʥʠʡ ʟʘʨʷʜ ʽ ʚ ʝʣʝʢʪʨʠʯʥʦʤʫ 

ʧʦʣʽ ʧʝʨʝʤʽʱʫʶʪʴʩʷ ʜʦ ʢʘʪʦʜʘ. ʋ ʩʠʣʴʥʦʣʫʞʥʦʤʫ ʨʅ ʩʝʨʝʜʦʚʠɦ ʽ ʧʨʦʪʝʾʥʠ 

ʤʘʁʪʴ ʥʝʛʘʪʠʚʥʠʡ ʟʘʨʷʜ ʽ ʚ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣ̔  ʨʫʭʘʶʪɹʩʷ ʜʦ ʘʥʦʜʘ. ɿʥʘʯʝʥʥʷ 

ʨʅ, ʧʨʠ ʷʢʦʤʫ ʤʦʣʝʢʫʣʘ ʧʨʦʪʝʾʥʫ ʽʩʥʫʻ ʚ ʝʣʝʢʪʨʦʥʥʦ-ʥʝʡʪʨʘʣʥɹʽʡ ʬʦʨʤʽ, 

ʥʘʟʠʚʘʻʪʴʩʷ ʽʟʦʝʣʝʢʪʨʠʯʥʦʶ ʪʦʯʢʦʶ.  

3) ʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʦʪʝʾʥʚ̔. ʇʽʜ ʜʽʻʶ ʨʽʟʥʠʭ ʬʽʟʠʢʦ-ʭ̔ʤʽʯʥʠʭ 

ʬʘʢʪʦʨ̔ ʚ (ʚʠʩʦʢ ̔ʪʝʤʧʝʨʘʪʫʨʠ, ʡʦʥʠ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ, ʢʦʥʮʝʥʪʨʦʚʘʥʽ ʢʠʩʣʦʪʠ, 

ʣʫʛʠ, ʤʝʜʠʯʥʠʡ ʩʧʠʨʪ, ʨʘʜʽʘʮ̔ʡʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥ ̫ʪʘ ʽʥ) ʟʤʽʥʶʻʪʴʩʷ ʩʪʨʫʢʪʫʨʘ 

 ̔ʥʘʪʠʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʦʪʝʾʥʚ̔. ʈʫʡʥʫʚʘʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʧʨʦʪʝʾʥʫ ʟʽ 

ʟʙʝʨʝʞʝʥʥʷʤ ʡʦʛʦ ʧʝʨʚʠʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʥʘʟʠʚʘʶʪʴ ʜʝʥʘʪʫʨʘʮʽʻʶ.  

4) ʂʦʣʦʾʜʥ̔ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʦʪʝʾʥʚ̔. ɹʽʣʴʰʽʩʪʴ ʧʨʦʪʝʾʥʚ̔ ʨʦʟʯʠʥʷʶʪʴʩʷ ʫ 

ʚʦʜʽ ʪʘ ʫʪʚʦʨʶʶʪʴ ʢʦʣʦʾʜʥʽ ʨʦʟʯʠʥʠ. ʂʦʣʦʾʜʥʠʡ ʩʪʘʥ ʽ ʚʝʣʠʢʽ ʨʦʟʤʽʨʠ ʤʦʣʝʢʫʣ 

 

 

ʧʝʧʪʠʜʥʠʡ ʟʚôʷʟʦʢ 
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ʧʨʦʪʝʾʥ̔ʚ ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʭʦʜʠʪʠ ʾʤ ʯʝʨʝʟ ʥʘʧʽʚʧʨʦʥʠʢʥʽ ʤʝʤʙʨʘʥʠ. ʎʁ  

ʚʣʘʩʪʠʚʽʩʪ ɹ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʦʯʠʱʝʥʥʷ ʨʦʟʯʠʥʽʚ ʧʨʦʪʝʾʥ̔ʚ ʚʽʜ 

ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʩʧʦʣʫʢ, ʘ ʤʝʪʦʜ ʦʯʠʩʪʢʠ ʧʨʦʪʝʾʥʚ̔ ʥʘʟʠʚʘʻʪʴʩʷ  ʜʽʘʣʽʟʦʤ.  

 

ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ̄1 

çɺʠʜʽʣʝʥʥʷ ʨʦʩʣʠʥʥʠʭ ʙʽʣʢʽʚè 

 

1. ʆʪʨʠʤʘʥʥʷ ʧʨʦʣʘʤʽʥʽʚ ʽ ʛʣʶʪʝʣʽʥʽʚ ʟ ʥʘʩʽʥʥʷ ʧʰʝʥʠʮʽ 

ʄʘʪʝʨ̔ʘʣʠ ʪʘ ʨʝʘʢʪʠʚʠ. ʇʰʝʥʠʯʥʝ ʙʦʨʦʰʥʦ, ʜʠʩʪʠʣʴʦʚʘʥʘ ʚʦʜʘ, 70 % 

ʝʪʠʣʦʚʠʡ ʩʧʠʨʪ, 0,2 % ʨʦʟʯʠʥ NaOH. 

ʆʙʣʘʜʥʘʥʥʷ. ʍʽʤ̔ʯʥʠʡ ʰʪʘʪʠʚ, ʧʨʦʙʽʨʢʠ, ʩʪʫʧʢʘ ʢʝʨʘʤʽʯʥʘ, hʧʘʪʝʣʴ, 

ʧ̔ ʧʝʪʢʠ, ʚʘʛʠ, ʤʽʨʥʠʡ ʮʠʣʽʥʜʨ. 

 

ʍ̔ʜ ʨʦʙʦʪʠ. 

ɺʽʜʚʘʞʠʪʠ ʧʰʝʥʠʯʥʝ ʙʦʨʦʰʥʦ ʤʘʩʦʶ 100 ʛ ,̔ ʜʦʜʘʯʁʠ ʜʠʩʪʠʣɹʦʚʘʥʫ ʚʦʜʫ 

(50 ʤʣ), ʟʘʤʽʩʠʪʠ ʛʫʩʪʝ ʪʽʩʪʦ, ʷʢʝ ʩʣ̔ʜ ʦʙʝʨʝʞʥʦ ʧʨʦʤʠʪʠ ʧʽʜ ʧʨʦʪʦʯʥʦʶ ʚʦʜʦʶ 

ʜʦ ʤʦʤʝʥʪʫ, ʢʦʣʠ ʚʦʜʘ ʙʫʜʝ ʧʨʦʟʦʨʦʶ. ɼʦ ʩʢʣʘʜʫ ʮʽʻʾ ʢʣʝʡʢʦʚʠʥʠ ʚʭʦʜʷʪɹ ʜʚʘ 

ʧʨʦʪʝʾʥʠ: ʛʣʽʘʜʠʥ (ʧʨʦʣʘʤʽʥʠ) ʪʘ ʛʣʶʪʝʥʽʥ (ʛʣʶʪʝʣʽʥʠ). ʇʨʦʙʫ ʢʣʝʡʢʦʚʠʥʠ 

ʨʦʟʜʽʣʷʶʪʴ ʥʘ ʜʚ̔ ʯʘʩʪʠʥʠ: ʜʦ ʧʝʨʦh ʾʚʥʦʩʷʪɹ 4-5 ʤʣ 70 % ʝʪʠʣʦʚʦʛʦ ʩʧʠʨʪʫ 

(ʝʢʩʪʨʘʛʫʻʪʴʩʷ ʛʣʽʘʜʠʥ); ʜʦ ʜʨʫʛʦʾ 4-5 ʤʣ 0,2 % ʨʦʟʯʠʥʫ NaOH (ʝʢʩʪʨʘʛʫ̒ʪɹʩʷ 

ʛʣʶʪʝʥʽʥ). ʆʪʨʠʤʘʥʽ ʝʢʩʪʨʘʢʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣ̫ ʧʨʦʚʝʜʝʥʥʷ ʷʢʽʩʥʠʭ ʨʝʘʢʮʽʡ 

ʥʘ ʙʽʣʢʠ. 

 

2. ʆʪʨʠʤʘʥʥʷ ʘʣʴʙʫʤʽʥʽʚ ʟ ʙʫʣʴʙ ʢʘʨʪʦʧʣ̔ 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʨʝʘʢʪʠʚʠ. ɹʫʣɹʙʠ ʢʘʨʪʦʧʣʽ, ʜʠʩʪʠʣɹʦʚʘʥʘ ʚʦʜʘ, ʧʦʨʦʰʦʢ 

(NH4)2SO4. 

ʆʙʣʘʜʥʘʥʥʷ. ʍʽʤʽʯʥʠʡ ʰʪʘʪʠʚ, ʧʨʦʙʽʨʢʠ, ʩʪʫʧʢʘ ʢʝʨʘʤʽʯʥʘ, ʰʧʘʪʝʣʴ, 

ʧʽʧʝʪʢʠ, ʚʘʛʠ, ʤʽʨʥʠʡ ʮʠʣʽʥʜʨ, ʮʝʥʪʨʠʬʫʛʘ. 

ʍʽʜ ʨʦʙʦʪʠ. 

ɺʽʜʚʘʞʠʪʠ 100 ʛ ʦʯʠʱʝʥʦʾ ʙʫʣʴʙʠ ʢʘʨʪʦʧʣʽ ʽ ʨʦʟʪʝʨʪʠ ʚ ʬʘʨʬʦʨʦʚʽʡ 

ʩʪʫʧʮʽ ʜʦ ʦʪʨʠʤʘʥʥʷ ʛʦʤʦʛʝʥʥʦ ʾʤʘʩʠ, ʧʦʩʪʫʧʦʚʦ ʜʦʜʘʶʯʠ ʜʠʩʪʠʣʴʦʚʘʥʫ ʚʦʜʫ ʚ 

ʢʽʣʴʢʦʩʪʽ 50 ʤʣ. ɺʽʜʞʘʪʠ ʨʽʜʠʥʫ ʚʽʜ ʢʣ̔ʪʢʦʚʠʥʠ ʢʨʽʟʴ ʤʘʨʣʶ, ʩʢʣʘʜʝʥʫ ʚ ʢ̔ʣʴʢʘ 

ʰʘʨ̔ʚ, ʪʘ ʧʨʦʬʽʣʴʪʨʫʚʘʪʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʘʧʝʨʦʚʦʛʦ ʩʢʣʘʜʯʘʩʪʦʛʦ ʬʽʣʴʪʨʫ. 

ɼʣʷ ʦʪʨʠʤʘʥʥ̫  ʘʣʴʙʫʤʽʥʽʚ ʾʭ ʩʣʽʜ ʚʽʜʜʽʣʠʪʠ ʚʽʜ ʽʥʰʠʭ ʨʦʟʯʠʥʝʥʠʭ ʫ ʚʦʜ ̔

ʨʝʯʦʚʠʥ, ʪʘʢʠʭ ʷʢ ʤʦʥʦ- ʽ ʦʣʽʛʦʩʘʭʘʨʠʜʠ, ʢʨʦʭʤʘʣ ɹ ʪʘ ʽʥ. ɿ ʮʽʻʶ ʤʝʪʦʶ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʦʜ ʚʠʩʦʣʶʚʘʥʥ̫ ʙʽʣʢʽʚ: ʜʦ 20 ʤʣ ʬʽʣɹʪʨʘʪʫ ʜʦʜʘʪʠ 10 ʛ 

ʧʦʨʦʰʢʫ ʩʫʣʴʬʘʪʫ ʘʤʦʥʽʶ (ʜʦ ʧʦʚʥʦʛʦ ʥʘʩʠʯʝʥʥʷ) ʽ ʚ̔ʜʮʝʥʪʨʠʬʫʛʫʚʘʪʠ ʧʨʠ 
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10000 g. ʆʪʨʠʤʘʥʠʡ ʦʩʘʜ ʨʦʟʯʠʥʠʪʠ ʫ 5 ʤʣ ʜʠʩʪʠʣʴʦʚʘʥʦʾ ʚʦʜʠ ʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʷʢ̔ʩʥʠʭ ʽ ʢʽʣʴʢʽʩʥʠʭ ʨʝʘʢʮʽʡ ʥʘ ʧʨʦʪʝʾʥʠ. 

 

3. ʆʪʨʠʤʘʥʥʷ ʛʣʦʙʫʣʽʥʽʚ ʟ ʥʘʩʽʥʥʷ ʛʦʨʦʭʫ 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʨʝʘʢʪʠʚʠ. ɻʦʨʦʭʦʚʝ ʙʦʨʦʰʥʦ, ʜʠʩʪʠʣʴʦʚʘʥʘ ʚʦʜʘ, 10 % 

ʨʦʟʯʠʥ (NH4)2SO4 

ʆʙʣʘʜʥʘʥʥʷ. ʂʦʣʙʘ, ʤʘʛʥʽʪʥʘ ʤʽʰʘʣʢʘ, ʚʘʛʠ, ʤʽʨʥʠʡ ʮʠʣʽʥʜʨ, ʬʽʣʴʪʨ 

ʧʘʧʝʨʦʚʠʡ. 

 

ʍʽʜ ʨʦʙʦʪʠ 

ɺʽʜʚʘʞʠʪʠ ʛʦʨʦʭʦʚʝ ʙʦʨʦʥhʦ (20 ʛ) ʽ ʧʝʨʝʥʝʩʪʠ ʚ ʢʦʣʙʫ. ɺʥʝʩʪʠ ʜʦ ʩʫʭʦʾ 

ʤʘʩʠ 50 ʤʣ 10 % ʨʦʟʯʠʥʫ (NH4)2SO4. ʂʦʣʙʫ ʟʘʢʨʠʪʠ ʢʦʨʢʦʤ ʽ ʟ ʜʦʧʦʤʦʛʦʶ 

ʤʘʛʥʪ̔ʥʦʾ ʤʽhʘʣʢʠ ʧʝʨʝʤʽhʫʚʘʪʠ ʤʘʩʫ ʚʧʨʦʜʦʚʞ 10 ʭʚʠʣʠʥ ʪʘ ʚʠʪʨʠʤʘʪʠ ʟʘ 

ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 30 ʭʚʠʣʠʥ. ʇʨʠ ʮʴʦʤʫ ʧʨʦʪʝʾʥ ʣʝʛʫʤʽʥ, ʱʦ ʥʘʣʝʞʠʪʴ ʜʦ 

ʛʣʦʙʫʣʽʥʽʚ, ʧʝʨʝʭʦʜʠʪɹ ʚ ʨʦʟʯʠʥ. ʇ̔ ʩʣʷ ʚʽʜʩʪʦʶʚʘʥʥʷ ʚʽʜʬʽʣʴʪʨʫʚʘʪʠ ʨʦʟʯʠʥ 

ʯʝʨʝʟ ʩʢʣʘʜʯʘʩʪʠʡ ʧʘʧʝʨʦʚʠʡ ʬʽʣʴʪʨ, ʧʦʧʝʨʝʜʥɹʦ ʟʚʦʣʦʞʝʥʠʡ 10 % ʨʦʟʯʠʥʦʤ 

(NH4)2SO4. 

ʃʝʛʫʤ̔ ʥ ʥʝʨʦʟʯʠʥʥʠʡ ʫ ʚʦʜʽ, ʱʦ ʤʦʞʥʘ ʧʝʨʝʚʽʨʠʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

ʚʽʜʤʽʨʪ̫ʠ ʚ ʧʨʦʙʽʨʢʫ 1 ʤʣ ʨʦʟʯʠʥʫ ʣʝʛʫʤʽʥʫ ʽ ʜʦʜʘʪʠ 5 ʤʣ ʚʦʜʠ (ʫʪʚʦʨʶʻʪʴʩʷ 

ʧʦʤʫʪʥʽʥʥʷ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʠʧʘʜʘʥʥʷ ʮʴʦʛʦ ʧʨʦʪʝʾʥʫ ʚ ʦʩʘʜ); ʜʦʜʘʚʘʥʥʷ 

ʨʦʟʯʠʥʫ (NH4)2SO4 ʘʙʦ NaCl ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʥʠʢʥʝʥʥʷ ʧʦʤʫʪʥʽʥʥ̫ (ʧʨʦʪʝʾʥ 

ʧʝʨʝʭʦʜʠʪʴ ʫ ʨʦʟʯʠʥʝʥʠʡ ʩʪʘʥ). ʆʪʨʠʤʘʥʠʡ ʨʦʟʯʠʥ ʣʝʛʫʤʽʥʫ ʚʠʢʦʨʠʩʪʘʪʠ ʜʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʷʢʽʩʥʠʭ  ̔ʢʽʣʴʢʽʩʥʠʭ ʨʝʘʢʮʽʡ ʥʘ ʧʨʦʪʝʾʥʠ. 

 

 

 

 

ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ 2  

çʗʢʽʩʥʽ (ʢʦʣʴʦʨʦʚʽ) ʨʝʘʢʮʽʾ ʥʘ ʧʨʦʪʝʾʥʠ ʪʘ ʘʤʽʥʦʢʠʩʣʦʪʠè 

 

ʄʝʪʘ ʨʦʙʦʪʠ. ɯʜʝʥʪʠʬʽʢʫʚʘʪʠ ʥʘ̫ʚʥ̔ʩʪʴ ʘʤʽʥʦʢʠʩʣʦʪ (ʮʠʢʣʽʯʥʠʭ, 

ʩʨ̔ʢʦʚʤʽʩʥʠʭ ʪʦʦɦ), ʧʝʧʪʠʜʥʠʭ ʟʚôʷʟʢʽʚ ʫ ʩʢʣʘʜʽ ʧʨʦʪʝʾʥʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥ̫ ʤ 

ʢʦʣɹ ʦʨʦʚʠʭ (ʷʢʽʩʥʠʭ) ʨʝʘʢʮʽʡ.  

 

1. ɹʫ̔ʨʝʪʦʚʘ ʨʝʘʢʮʽʷ ʥʘ ʧʝʧʪʠʜʥʽ ʟʚô̫ ʟʢʠ 

ʇʨʠʥʮʠʧ ʨʝʘʢʮʽʾ. ʇʨʦʪʝʾʥʠ ʚ ʣʫʞʥʦʤʫ ʨʦʟʯʠʥ ̔ʟʘ ʥʘʷʚʥʦʩʪʽ ʢʫʧʨʫʤ (ɯɯ) 

ʩʫʣʴʬʘʪʫ ʫʪʚʦʨʶʶʪʴ ʢʦʤʧʣʝʢʩʥ ̔ ʩʧʦʣʫʢʠ, ʷʢʽ ʤʘʶʪʴ ʩʠʥʴʦ-ʬʽʦʣʝʪʦʚʝ 
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ʟʘʙʘʨʚʣʝʥʥʷ, ʧʨʠ ʮʴʦʤʫ ʡʦʛʦ ̔ʥʪʝʥʩʠʚʥʽʩʪ ɹ ʧʨʷʤʦʧʨʦʧʦʨʮʽʡʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʢʽʣʴʢʦʩʪʽ ʧʝʧʪʠʜʥʠʭ ʟʚôʷʟʢʽʚ ʫ ʤʦʣʝʢʫʣʽ ʧʨʦʪʝʾʥʫ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʨʝʘʢʪʠʚʠ. 1 % ʚʦʜʥʠʡ ʨʦʟʯʠʥ ʧʨʦʪʝʾʥʘ (ʷ̒ʯʥʠʡ ʘʙʦ 

ʘʣʴʙʫʤʽʥ), 10 % ʨʦʟʯʠʥ NaOH ʯʠ KOH, 1 % ʨʦʟʯʠʥ CuSO4. 

ʆʙʣʘʜʥʘʥʥ.̫ ʉʢʣ̫ʥʽ ʧʘʣʠʯʢʠ, ʰʪʘʪʠʚ, ʧʨʦʙʽʨʢʠ, ʧʽʧʝʪʢʠ, ʢʨʘʧʝʣʴʥʠʮʷ. 

ʍʜ̔ ʨʦʙʦʪʠ. 

 ʉʧʦʯʘʪʢʫ ʥʝʦʙʭʽʜʥʦ ʧʨʠʛʦʪʫʚʘʪʠ ʨʦʟʯʠʥ ̫ʻʯʥʦʛʦ ʧʨʦʪʝʾʥʫ. ɼʣʷ ʮʴʦʛʦ 

ʧʨʦʪʝʾʥ ʦʜʥʦʛʦ ʷʡʮʷ ʚ̔ʜʜ̔ ʣʷʁʪʴ ʚʽʜ ʞʦʚʪʢʘ, ʨʦʟʯʠʥ̫ʁ ʪʴ ʡʦʛʦ ʫ 15-20 ʢʨʘʪʥʦʤʫ 

ʦʙôʻʤʽ ʜʠʩʪʠʣʴʦʚʘʥʦ ʾʚʦʜʠ. ʆʪʨʠʤʘʥʠʡ ʨʦʟʯʠʥ ʧʨʦʪʝʾʥʫ ʬ̔ʣʴʪʨʫʶʪʴ ʯʝʨʝʟ 3-4 

ʘhʨʠ ʤʘʨʣʽ. 

ʋ ʭʽʤʽʯʥʫ ʧʨʦʙʽʨʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʽʧʝʪʢʠ ʚʥʦʩʷʪʴ 3 ʤʣ ʨʦʟʯʠʥʫ ʧʨʦʪʝʾʥʫ,      

1 ʤʣ 10 % NaOH ʘʙʦ KOH  ̔ 1-2 ʢʨʘʧʣʽ 1% ʨʦʟʯʠʥʫ CuSO4 ʪʘ ʧʝʨʝʤʽʰʫʶʪ.ɹ 

ʉʫʤʽʰ ʫ ʧʨʦʙʽʨʮʽ ʥʘʙʫʚʘ̒ ʩʠʥʴʦ-ʬ̔ ʦʣʝʪʦʚʦʛʦ ʟʘʙʘʨʚʣʝʥʥʷ. 

 

 

2. ʈʝʘʢʮʽʾ ʥʘ ʘʤʽʥʦʢʠʩʣʦʪʠ 

ɸ. ʈʝʘʢʮʽʷ ʟ ʥʪ̔ʨʘʪʥʦʶ ʢʠʩʣʦʪʦʶ 

ʇʨʠʥʮʠʧ ʨʝʘʢʮ̔ʾ . ʇʨʠ ʨʝʘʢʮʽʾ ʥʪ̔ʨʠʪʫ ʥʘʪʨʽʶ ʪʘ ʦʮʪʦʚʦʾ ʢʠʩʣʦʪʠ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʟʘʻʤʦʜʽ ̫ Ŭ-ʘʤ̔ʥʦʢʠʩʣʦʪ ʟ̔ ʥʪ̔ʨʘʪʥʦ  ʁ ʢʠʩʣʦʪʦʶ ʪʘ ʚʠʜʽʣʷʻʪʴʩ ̫

ʛʘʟʦʧʦʜʽʙʥʠʡ ʘʟʦʪ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʨʝʘʢʪʠʚʠ. 1% ʧʨʦʪʝʾʥʦʚʠʡ ʚʦʜʥʠʡ ʨʦʟʯʠʥ (ʷʻʯʥʠʡ ʘʙʦ 

ʘʣʴʙʫʤʽʥ), 5 % ʨʦʟʯʠʥ ʥʽʪʨʠʪʫ ʥʘʪʨʽ ʁ (NaNO2), ʦʮʪʦʚʘ ʢʠʩʣʦʪʘ (CH3COOH) 

ʢʦʥʮʝʥʪʨʦʚʘʥʘ. 

ʆʙʣʘʜʥʘʥʥʷ. ʐʪʘʪʠʚ, ʧʨʦʙʽʨʢʠ, ʢʨʘʧʝʣʴʥʠʮʷ. 

 

 

ʍʽʜ ʨʦʙʦʪʠ. 

ʋ ʧʨʦʙ̔ʨʢʫ ʚʥʝʩʪʠ 5 ʢʨʘʧʝʣʴ ʧʨʦʪʝʾʥʦʚʦʛʦ ʨʦʟʯʠʥʫ, ʜʦʜʘʪʠ 5 ʢʨʘʧʝʣʴ 5 % 

ʨʦʟʯʠʥʫ NaNO2 ʪʘ 2 ʢʨʘʧʣʽ ʨʦʟʯʠʥʫ CH3COOH. ʇ̔ ʩʣʷ ʧʝʨʝʤʽʰʫʚʘʥʥʷ 

ʩʧʦʩʪʝʨʽʛʘʻʤʦ ʚʠʜ̔ʣʝʥʥʷ ʛʘʟʫ. 

 

ɹ. ʈʝʘʢʮʽʷ ʫʪʚʦʨʝʥʥ̫  ʢʦʤʧʣʝʢʩʥʦʾ ʩʦʣʽ ʢʫʧʨʫʤʫ 

ʇʨʠʥʮʠʧ ʨʝʘʢʮʽʾ. ɸʤʽʥʦʢʠʩʣʦʪʠ ʚ ʧʨʦʮʝʩʽ ʥʘʛʨʽʚʘʥʥ̫ ʟ ʢʫʧʨʫʤ (ɯɯ) 

ʢʘʨʙʦʥʘʪʦʤ (CuCO3) ʫʪʚʦʨʶʪʁ ɹʢʦʤʧʣʝʢʩʥʫ ʩʧʦʣʫʢʫ ʩʠʥɹʦʛʦ ʢʦʣʴʦʨʫ. 

ʄʘʪʝʨʘ̔ʣʠ ʽ ʨʝʘʢʪʠʚʠ. 1 % ʧʨʦʪʝʾʥʦʚʠʡ ʚʦʜʥʠʡ ʨʦʟʯʠʥ (ʷʻʯʥʠʡ ʘʙʦ 

ʘʣɹʙʫʤʽʥ), ʧʦʨʦh ʦʢ ʢʫʧʨʫʤ (ɯɯ) ʢʘʨʙʦʥʘʪʫ. 
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ʆʙʣʘʜʥʘʥʥʷ. ʐʪʘʪʠʚ, ʧ̔ ʧʝʪʢʘ, ʭʽʤʽʯʥʽ ʧʨʦʙʽʨʢʘ, ʰʧʘʪʝʣʴ, ʩʧʠʨʪʽʚʢʘ, 

ʧʨʦʙ̔ʨʢʦʪʨʠʤʘʯ. 

ʍʜ̔ ʨʦʙʦʪʠ. 

ʋ ʧʨʦʙʨ̔ʢʫ ʚʥʝʩʪʠ 1 ʤʣ ʨʦʟʯʠʥʫ ʧʨʦʪʝʾʥʫ, ʜʦʜʘʪʠ ʥʘ ʢ̔ʥʯʠʢʫ ʰʧʘʪʝʣʷ 

ʧʦʨʦʰʦʢ ʢʫʧʨʫʤ (ɯɯ) ʢʘʨʙʦʥʘʪʫ ʪʘ ʥʘʛʨʪ̔ʠ ʥʘ ʧʦʣʫʤôʾ ʩʧʠʨʪʽʚʢʠ ʜʦ ʟʘʢ̔ʧʘʥʥʷ. ʋ 

ʧʨʦʙʽʨʮʽ ʩʫʤʽʰ ʟʘʙʘʨʚʣʶʻʪʴʩ ̫ʚ ʩʠʥʽʡ ʢʦʣʽʨ. 

 

ɺ. ʂʩʘʥʪʠʥʧʨʦʪʝʾʥʦʚʘ ʨʝʘʢʮʽʷ ʥʘ ʮʠʢʣʽʯʥʽ ʘʤ̔ʥʦʢʠʩʣʦʪʠ. 

ʇʨʠʥʮʠʧ ʨʝʘʢʮ̔ʾ. ɺ ʘʨʦʤʘʪʠʯʥʠʭ ʘʤʽʥʦʢʠʩʣʦʪʘʭ, ʷʢʽ ʤʽʩʪʷʪʴ ʙʝʥʟʦʣʥɹʽ 

ʢʣ̔ʴʮʷ, ʧʽʜ ʜʽʻʶ ʘʟʦʪʠʩʪʦʾ ʢʠʩʣʦʪʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʝʘʢʮʽʷ ʥʽʪʨʫʚʘʥʥʷ ʙʝʥʟʦʣʴʥʦʛʦ 

ʢ̔ ʣʮɹʷ ʟ ʫʪʚʦʨʝʥʥʤ̫ ʟʘʙʘʨʚʣʝʥʦʾ ʚ ʞʦʚʪʠʡ ʢʦʣʽʨ ʥʽʪʨʦʩʧʦʣʫʢʠ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʨʝʘʢʪʠʚʠ. 1 % ʧʨʦʪʝʾʥʦʚʠʡ ʚʦʜʥʠʡ ʨʦʟʯʠʥ (ʪʠʨʦʟʠʥʚʤ̔ʩʥʠʡ), 

ʢʦʥʮʝʥʪʨʦʚʘʥʘ ʘʟʦʪʥʘ ʢʠʩʣʦʪʘ (HNO3), 10 % ʨʦʟʯʠʥ NaOH.  

ʆʙʣʘʜʥʘʥʥʷ. ʐʪʘʪʠʚ, ʧʨʦʙʽʨʢʠ, ʧʽʧʝʪʢʠ, ʢʨʘʧʝʣʴʥʠʮʷ, ʛʘʟʦʚʠʡ ʧʘʣɹ ʥʠʢ 

ʘʙʦ ʩʧʠʨʪʽʚʢʘ, ʧʨʦʙʽʨʢʦʪʨʠʤʘʯ. 

ʍʽʜ ʨʦʙʦʪʠ. ʋ ʭʽʤʽʯʥʫ ʧʨʦʙʽʨʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʽʧʝʪʢʠ ʚʥʦʩʷʪʴ 3 ʤʣ 

ʨʦʟʯʠʥʫ ʧʨʦʪʝʾʥʫ ʪʘ 1 ʤʣ ʢʦʥʮʝʥʪʨʦʚʘʥʦʾ ʘʟʦʪʥʦʾ ʢʠʩʣʦʪʠ. ɺʤʽʩʪ ʧʨʦʙʽʨʢʠ 

ʦʙʝʨʝʞʥʦ ʥʘʛʨʚ̔ʘʶʪʴ ʥʘʜ ʧʦʣʫʤôʷʤ ʧʘʣɹ ʥʠʢʘ ʜʦ ʧʦ̫ʚʠ ʞʦʚʪʦʛʦ ʟʘʙʘʨʚʣʝʥʥʷ ʪʘ 

ʦʭʦʣʦʜʞʫʶʪɹ ʜʦ ʢʤ̔ʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ  ̔ʜʦʜʘʁʪɹ 1-2 ʢʨʘʧʣʽ 10 % ʨʦʟʯʠʥʫ 

NaOH. ʇʽʩʣʷ ʯʦʛʦ ʩʫʤʽʰ ʫ ʧʨʦʙʽʨʮʽ ʤʘʻ ʟʘʙʘʨʚʠʪʴʩ̫ ʫ ʧʦʤʘʨʘʥʯʝʚʠʡ ʢʦʣʽʨ. 

 

ɻ. ʈʝʘʢʮ̫̔ ʌʦʣʷ ʥʘ ʩʽʨʢʦʚʤʽʩʥʽ ʘʤʽʥʦʢʠʩʣʦʪʠ. 

ʇʨʠʥʮʠʧ ʨʝʘʢʮʽʾ. ʇʨʠ ʥʘʛʨʽʚʘʥʥʽ ʨʦʟʯʠʥʽʚ ʮʠʩʪʠʥʫ ʘʙʦ ʮʠʩʪʝʾʥʫ ʫ 

ʣʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠɦ̔  ʚʜ̔ʙʫʚʘʻʪʴʩʷ ʛʽʜʨʦʣʽʟ ʩʫʣʴʬʛʜ̔ʨʠʣʴʥʦʾ ʛʨʫʧʠ ʟ ʧʦʜʘʣʴʰʠʤ 

ʫʪʚʦʨʝʥʥʷʤ ʚʽʜʧʦʚʽʜʥʠʭ ʩʫʣʴʬʽʜʽʚ ʥʘʪʨʽʶ ʘʙʦ ʢʘʣʽʶ. ʉʫʣɹʬ̔ʜ ʥʘʪʨʽʶ ʤʦʞʥʘ 

ʚʠʚ̫ʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʘʞʢʠʭ ʤʝʪʘʣʚ̔ (ʽʦʥʽʚ ʧʣʶʤʙʫʤʫ), ʷʢʽ ʫʪʚʦʨʶʶʪʴ ʟ 

ʽʦʥʘʤʠ ʩʫʣʴʬʫʨʫ ʥʝʨʦʟʯʠʥʥʠʡ ʩʫʣʴʬʽʜ ʧʣʶʤʙʫʤʫ ʯʦʨʥʦʛʦ ʢʦʣɹ ʦʨʫ.   

ʄʘʪʝʨʽʘʣʠ ʽ ʨʝʘʢʪʠʚʠ. 1 % ʚʦʜʥʠʡ ʨʦʟʯʠʥ ʧʨʦʪʝʾʥʘ (ʷʻʯʥʠʡ), ʨʝʘʢʪʠʚ 

ʌʦʣʷ (ʜʦ 10 % ʨʦʟʯʠʥʫ ʘʮʝʪʘʪʫ ʩʚʠʥʮ̫  Pb(CH3COO)2 ʜʦʜʘʁʪɹ 10 % ʨʦʟʯʠʥ 

NaOH ʜʦ ʨʦʟʯʠʥʝʥʥʷ ʦʩʘʜʫ), 20 % ʨʦʟʯʠʥ NaOH.  

ʆʙʣʘʜʥʘʥʥʷ. ʐʪʘʪʠʚ, ʧʨʦʙʽʨʢʠ, ʧʽʧʝʪʢʠ, ʩʢʣ̫ʥʽ ʧʘʣʠʯʢʠ, ʚʦʜʷʥʘ ʙʘʥʷ. 

ʍʜ̔ ʨʦʙʦʪʠ. ʋ ʭʽʤʽʯʥʫ ʧʨʦʙʽʨʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʽʧʝʪʢʠ ʚʥʦʩʷʪʴ 1 ʤʣ 

ʧʨʦʪʝʾʥʦʚʦʛʦ ʨʦʟʯʠʥʫ, ʜʦʜʘʪʁɹ 2 ʤʣ 20 % ʨʦʟʯʠʥʫ NʘOʅ ̔ 1 ʤʣ ʨʝʘʢʪʠʚʫ ʌʦʣ.̫ 

ɺʤʽʩʪ ʧʨʦʙʨ̔ʢʠ ʨʝʪʝʣʴʥʦ ʧʝʨʝʤʽʫhʶʪʴ ʽ ʧʦʩʪʫʧʦʚʦ ʥʘʛʨʚ̔ʘʶʪʴ ʥʘ ʚʦʜʷʥʽʡ ʙʘʥʽ 

ʜʦ ʧʦʷʚʠ ʙʫʨʦʛʦ ʯʠ ʯʦʨʥʦʛʦ ʦʩʘʜʫ ʩʫʣʴʬʽʜʫ ʧʣʁ ʤʙʫʤʫ. 

ɺʠʩʥʦʚʦʢ: 
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çɺʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʨʦʪʝʾʥʫè 

 

ʄʝʪʘ ʨʦʙʦʪʠ. ʆʟʥʘʡʦʤʠʪʠʩʷ ʽʟ ʦʩʥʦʚʥʠʤʠ ʧʨʠʥʮʠʧʘʤʠ ʪʘ ʤʝʪʦʜʘʤʠ 

ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʨʦʪʝʾʥʫ ʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʘʭ. 

ʄʝʪʦʜʠ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ, ʟʦʢʨʝʤʘ ʬʦʪʦʤʝʪʨʠʯʥ̔  

(ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʽ ʪʘ ʢʦʣʦʨʠʤʝʪʨʠʯʥʽ) ʙʘʟʫʶʪʴʩʷ ʥʘ ʟʘʢʦʥʽ ɹʫʛʝʨʘ-

ʃʘʤʙʝʨʪʘ-ɹʝʨʘ. ɿʘʚʜʷʢʠ ʨʦʟʩ̔ʁʚʘʥʥʶ ʩʚʽʪʣʘ ʚ ʦʧʪʠʯʥʦ ʥʝʦʜʥʦʨʽʜʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʣʦʩʢʦʾ ʩʚʽʪʣʦʚʦʾ ʭʚʠʣʽ ʧʦʩʪʫʧʦʚʦ ʟʤʝʥʰʫʻʪʩɹ̫  

ʚʥʘʩʣʽʜʦʢ ʾʾ ʧʦʰʠʨʝʥʥʷ ʚ ʩʝʨʝʜʦʚʠʱ̔. ʎʷ ʟʘʣʝʞʥʽʩʪ ɹ ʦʧʠʩʫ̒ʪʴʩʷ ʟʘʢʦʥʦʤ 

ɹʫʛʝʨʘ-ʃʘʤʙʝʨʪʘ: I=I0e
-ɽd, ʜʝ ɯ0 ʪʘ ɯ ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʘʜʘʶʯʦʛʦ ʪʘ ʨʦʟʩʽʷʥʦʛʦ 

ʩʚ̔ʪʣʘ, ʚʽʜʧʦʚʜ̔ʥʦ; d ï ʪʦʚʱʠʥʘ ʰʘʨʫ ʨʦʟʩʽʶʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ; ɽ ï ʢʦʝʬʽʮʽʻʥʪ 

ʝʢʩʪʠʥʮ̔ ʾ (ʚʽʥ ʯʠʩʝʣʴʥʦ ʜʦʨʽʚʥʁ ʻ ʪʦʚʱʠʥʽ ʰʘʨʫ ʨʦʟʩʽʶʶʯʦʛʦ ʩʝʨʝʜʦʚʠɦʘ, ʧʽʩʣʷ 

ʧʨʦʭʦʜʞʝʥʥʷ ̫ʢʦʛʦ ʽʥʪʠʥʩʠʚʥʽʩʪʴ ʩʚʽʪʣʘ ʟʤʝʥʫhʻʪʴʩʷ ʚ ʝ å 2,718 ʨʘʟʠ). 

ɼʣʷ ʨʦʟʙʘʚʣʝʥʠʭ ʨʦʟʯʠʥʽʚ ʨʦʟʩʽʶʶʯʦʾ ʨʝʯʦʚʠʥʠ ʩʧʨʘʚʝʜʣʠʚʠʤ  ̒ ʟʘʢʦʥ 

ɹʝʨʘ: ɽ = ὑĀʩ ʽ ʟʘʢʦʥ ɹʫʛʝʨʘ-ʃʘʤʙʝʨʪʘ-ɹʝʨʘ ʧʨʠʡʤʘʻ ʚʠʛʣʷʜ: I=I0e
-ὑĀʩĀd, ʜʝ ʩ - 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʦʟʩʽʶʶʯʦʾ ʨʝʯʦʚʠʥʠ; ὑ - ʝʢʩʪʠʥʮʽ ̫ (ʩʪʘʣʘ, ʱʦ ʟʘʣʝʞʠʪɹ ʚʽʜ 

ʜʦʚʞʠʥʠ ʭʚʠʣ ̔ʩʚʪ̔ʣʘ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʦʟʩʽʶʶʯʦʾ ʨʝʯʦʚʠʥʠ).  

ʉʧʝʢʪʨ ʧʦʛʣʠʥʘʥʥ̫  ʨʝʯʦʚʠʥʠ ï ʮʝ ʟʘʣʝʞʥ̔ʩʪ ɹʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʦʛʣʠʥʫʪʦʛʦ 

ʩʚʽʪʣʘ ʨʝʯʦʚʠʥʦʶ ʚ̔ʜ ʜʦʚʞʠʥʠ ʭʚʠʣʽ (ɚ, ʥʤ). ʄʦʣʝʢʫʣʠ ʧʦʛʣʠʥʘʶʪʴ ʩʚʽʪʣʦ ʫ 

ʠhʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʜʦʚʞʠʥ ʭʚʠʣʴ, ʪʦʤʫ ʾʭ ʩʧʝʢʪʨʠ ʣʝʞʘʪʴ ʚ ʨʟ̔ʥʠʭ ʦʙʣʘʩʪʷʭ: 

ʫʣʴʪʨʘʬʽʦʣʝʪ (200-400 ʥʤ), ʚʠʜʠʤʝ (400-700 ʥʤ),  ʙʣʠʟɹʢʝ ̔ʥʬʨʘʯʝʨʚʦʥʝ (700-

1200 ʥʤ). 

ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽ̫ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʤʽʨʶʚʘʥʥ̔ ʧʦʛʣʠʥʘʥʥʷ 

ʤʦʥʦʭʨʦʤʘʪʠʯʥʠʭ ʚʠʧʨʦʤʽʥʶʚʘʥʴ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʨʝʯʦʚʠʥ ʫ ʨʦʟʯʠʥʘʭ. 

ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʽ ʤʝʪʦʜʠ ʜʦʟʚʦʣʷʶʪʴ ʚʠʷʚʣʷʪʠ ʫ ʥʝʟʥʘʯʥʠʭ ʢʽʣʴʢʦʩʪʷʭ 

ʜʦʩʣʽʜʞʫʚʘʥʽ ʨʝʯʦʚʠʥʠ, ʷʢʽ ʚ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝ ʨʫʡʥʫʁʪʩɹ̫. 

ʈʦʟʯʠʥʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʠʭ ʚʠʤʽʨʶʚʘʥʥʷʭ 

ʤʘʶʪʴ ʙʫʪʠ: ʧʨʦʟʦʨʠʤʠ, ʥʝ ʤʽʩʪʠʪʠ ʧʫʭʠʨʮʽʚ ʧʦʚ̔ʪʨʷ, ʷʢʽ ʟʙʽʣʴʰʫʁ ʪʴ 

ʨʦʟʩʽʶʚʘʥʥʷ ʩʚ̔ʪʣʘ; ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʦʩʢʽʣʴʢʠ ʥʘ ʩʪʽʥʢʘʭ ʢʶʚʝʪ ʤʦʞʝ 

ʫʪʚʦʨʶʚʘʪʠʩʷ ʢʦʥʜʝʥʩʘʪ ʚʦʜʠ; ʦʙôʻʤ ʨ̔ʜʠʥʠ ʫ ʢʁ ʚʝʪʽ ʤʘʻ ʙʫʪʠ ʜʦʩʪʘʪʥʽʤ ʜʣʷ 

ʪʦʛʦ, ʱʦʙ ʧʦʪʽʢ ʚʠʧʨʦʤ̔ ʥʶʚʘʥʥʷ ʧʨʦʭʦʜʠʚ ʧʦʚʥʽʩʪʶ ʯʝʨʝʟ ʪʦʚʱʠʥʫ ʨʦʟʯʠʥʫ. 

ʂʶʚʝʪʠ ʜʣʷ ʚʠʤʨ̔ʁ ʚʘʥʴ ʤʘʶʪʴ ʙʫʪʠ ʯʠʩʪʠʤʠ ʪʘ ʩʫʭʠʤʠ. ʂʨʘʧʣʽ, ʧʦʜʨʷʧʠʥʠ ʽ 

ʙʨʫʜ ʥʘ ʩʪʽʥʢʘʭ ʢʶʚʝʪ ʨʦʟʩʽʶʶʪʴ ʘʙʦ ʧʦʛʣʠʥʘʶʪʴ ʩʚʽʪʣʦ. ʆʧʪʠʯʥʠʭ ʩʪʽʥʦʢ 

ʢʁʚʝʪ ʥʝ ʩʣʜ̔ ʪʦʨʢʘʪʠʩʷ ʧʘʣʴʮʷʤʠ.  

ɼʣ̫ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʨʝʯʦʚʠʥʠ, ʟʦʢʨʝʤʘ ʢʽʣʴʢʦʩʪʽ 

ʧʨʦʪʝʾʥʘ, ʫ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʨʦʟʯʠʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ 
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ʩʧʦʯʘʪʢʫ ʥʝʦʙʭ̔ʜʥʦ ʧʦʙʫʜʫʚʘʪʠ ʢʘʣʽʙʨʫʚʘʣʴʥʫ ʢʨʠʚʫ (ʛʨʘʬʽʢ). ɼʣʷ ʧʦʙʫʜʦʚʠ 

ʢʘʣʽʙʨʫʚʘʣʴʥʦʾ ʢʨʠʚʦʾ ʛʦʪʫʶʪʴ ʜʝʢʽʣʴʢʘ, ʥʝ ʤʝʥ ʝh ʧôʷʪʠ, ʩʪʘʥʜʘʨʪʥʠʭ ʨʦʟʯʠʥʽʚ 

ʜʦʩʣ̔ʜʞʫʚʘʥʦʾ ʨʝʯʦʚʠʥʠ ʽʟ ʚʽʜʦʤʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʪʘ ʟʛʽʜʥʦ ʧʨʦʪʦʢʦʣʫ 

ʚʠʢʦʥʫʶʪʴ ʫʩʽ ʫʤʦʚʠ ʜʘʥʦʾ ʨʝʘʢʮʽʾ. ɼʘʣʽ ʚʠʤʽʨʁʁʪ ɹʝʢʩʪʠʥʮʽʶ, ʘʙʦ ʦʧʪʠʯʥʫ 

ʛʫʩʪʠʥʫ ʧʦʛʣʠʥʘʥʥʷ ʧʨʦʙ ʧʨʠ ʧʝʚʥ̔ ʡ ʜʦʚʞʠʥʽ ʭʚʠʣʽ (ʟʛ̔ ʜʥʦ ʧʨʦʪʦʢʦʣʫ). ɿʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʤ̔ʨʚʁʘʥʥʷ ʝʢʩʪʠʥʮʽʾ ʩʪʘʥʜʘʨʪʥʠʭ ʨʦʟʯʠʥʽʚ, ʟʦʢʨʝʤʘ ʧʨʦʪʝʾʥʘ, 

ʙʫʜʫʶʪʴ ʥʘ ʤʣ̔ʽʤʝʪʨʦʚʦʤʫ ʧʘʧʝʨʽ ʢʘʣʽʙʨʫʚʘʣʴʥʠʡ ʛʨʘʬʢ̔, ʪʦʙʪʦ ʟʘʣʝʞʥʽʩʪʴ 

ʦʧʪʠʯʥʦʾ ʛʫʩʪʠʥʠ ʨʦʟʯʠʥʫ (ɚ, ʥʤ) ʚʽʜ ʚʤʽʩʪʫ ʧʨʦʪʝʾʥʘ (ʤʛ/ʤʣ). ʂʘʣʽʙʨʫʚʘʣʥɹʫ 

ʢʨʠʚʫ ʙʫʜʫʪʁɹ, ʥʘʥʦʩʯ̫ʠ ʚʽʜʥʦʩʥʦ ʚʽʩʽ ʘʙʩʮʠʩ (ʍ) ʚʽʜʦʤʽ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʩʪʘʥʜʘʨʪʥʠʭ ʨʦʟʯʠʥʽʚ, ʘ ʥʘ ʚʩ̔ʽ ʦʨʜʠʥʘʪ (ʋ) ï ʚʜ̔ʧʦʚʽʜʥʫ ʾʭ ʝʢʩʪʠʥʮʽʶ ʧʨʠ 

ʧʝʚʥʡ̔ ʜʦʚʞʠʥʽ ʭʚʠʣʽ. ʂʘʣʽʙʨʫʚʘʣɹʥʘ ʢʨʠʚʘ ʤʘ̒ ʤʘʪʠ ʚʠʛʣʷʜ ʧʨʷʤʦʾ, ʷʢʘ 

ʚʠʭʦʜʠʪʴ ʽʟ ʧʦʯʘʪʢʫ ʢʦʦʨʜʠʥʘʪ. ʇʨʠ ʟʤʽʥʽ ʨʝʘʢʪʠʚʚ̔ ʢʘʣʙ̔ʨʫʚʘʣʴʥʠʡ ʛʨʘʬʽʢ 

ʧʦʪʨʽʙʥʦ ʧʦʙʫʜʫʚʘʪʠ ʟʘʥʦʚʦ. ɻʨʘʬʽʢ, ʦʪʨʠʤʘʥʠʡ ʧʨʠ ʨʦʙʦʪʽ ʥʘ ʦʜʥʦʤʫ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽ, ʥʝ ʧʜ̔ʭʦʜʠʪʴ ʜʣʷ ʨʦʙʦʪʠ ʥʘ ʽʥʦhʤʫ ʧʨʠʣʘʜʽ, ʦʩʢʽʣʴʢʠ 

ʧʨʠʣʘʜʠ ʚ̔ ʜʨʽʟʥ̫ʶʪʴʩʷ ʯʫʪʣʠʚʽʩʪʶ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʠʭ ʚʠʟʥʘʯʝʥʴ.   

ʂʽʣʴʢʽʩʥʝ ʚʠʟʥʘʯʝʥʥ̫ ʧʨʦʪʝʾ ʥʫ ʚ ʨʦʟʯʠʥʘʭ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ ʧʦʣʷʛʘʻ ʫ ʚʠʤʽʨʶʚʘʥʥ ̔ ʭʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʦʛʣʠʥʘʥʥʷ ʩʚʽʪʣʘ ʽʟ 

ʙ̔ ʫʨʝʪʦʚʠʤ ʨʝʘʢʪʠʚʦʤ ʧʨʠ ʜʦʚʞʠʥʽ ʭʚʠʣ ̔ 540-650 ʥʤ ʪʘ ʨʝʘʢʪʠʚʦʤ ʌʦʣʽʥʘ 

(ʤʝʪʦʜ ʃʦʫʨʽ) - ʧʨʠ 660-750 ʥʤ.   

 

ɸ. ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʝ ʚʠʟʥʘʯʝʥʥ̫ ʢʦʥʮʝʥʪʨʘʮ̔ʾ  ʧʨʦʪʝʾʥʘ ʟ 

ʙʽʫʨʝʪʦʚʠʤ  ʨʝʘʢʪʠʚʦʤ. 

ʇʨʠʥʮʠʧ ʨʝʘʢʮ̔ ʾ. ɸʤʽʥʦʢʠʩʣʦʪʠ, ʱʦ ʟʜʘʪʥʽ ʫʪʚʦʨʚʁʘʪʠ ʤ̔ʥʽʤʫʤ ʜʚʘ 

ʧʝʧʪʠʜʥʠʭ ʟʚôʟ̫ʢʠ (-ʉʆ-NH-), ʚ ʧʨʠʩʫʪʥʦʩʪ ̔ʢʫʧʨʫʤ (ɯɯ) ʩʫʣɹʬʘʪʫ ʫ ʣʫʞʥʦʤʫ 

ʩʝʨʝʜʦʚʠɦʽ ʫʪʚʦʨʶʁ ʪɹ ʢʦʤʧʣʝʢʩʠ ʟ ʘʪʦʤʘʤʠ ʢʫʧʨʫʤʫ, ʷʢʽ ʤʘʶʪʴ ʬʦ̔ʣʝʪʦʚʝ 

ʟʘʙʘʨʚʣʝʥʥ.̫ 

ʈʝʘʢʮʽʷ ʥʘʟʠʚʘʻʪʴʩʷ ʙʽʫʨʝʪʦʚʦʶ, ʦʩʢʽʣʴʢʠ ʚʧʝʨʰʝ ʨʝʘʢʮʽ ʁ ʫʪʚʦʨʝʥʥʷ 

ʚʢʘʟʘʥʠʭ ʢʦʤʧʣʝʢʩʥʠʭ ʩʧʦʣʫʢ ʢʫʧʨʫʤʫ ʧʨʦʚʝʜʝʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙ̔ ʫʨʝʪʫ, 

ʷʢʠʡ ʥʝ ʥʘʣʝʞʠʪʴ ʜʦ ʘʤʽʥʦʢʠʩʣʦʪ, ʭʦʯʘ ʽ ʤʘ ̒ʜʚʘ ʧʝʧʪʠʜʥ ̔ʟʚô̫ ʟʢʠ. ɹ̔ ʫʨʝʪ ʤʦʞʥʘ 

ʦʪʨʠʤʘʪʠ ʥʘʛʨʽʚʘʶʯʠ ʩʝʯʦʚʠʥʫ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 180 Üʉ: 

 

 

2H2N ï CO ï NH2 Ҧ H2N ï CO ï NH ï CO ï NH2 + NH3.  
 

ɺ ʧʨʠʩʫʪʥʦʩʪʽ ʣʫʛʽʚ ʙ̔ʫʨʝʪ ʝʥʦʣʽʟʫʻʪʴʩʷ ʟʘ ʚʢʘʟʘʥʦʶ ʩʭʝʤʦʶ: 
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H2N ï CO ï NH ï CO ï NH2źHN = CïNH ï C = NH 

                                                                                       OH         OH  
 

 ɺ ʧʦʜʘʣɹʰʦʤʫ 2 ʤʦʣʝʢʫʣʠ ʝʥʦʣʴʥʦʾ ʬʦʨʤʠ ʙʽʫʨʝʪʫ ʚʟʘʻʤʦʜʽʶʪʴ ʽʟ 

ʢʫʧʨʫʤʫ (ɯɯ) ʛ̔ʜʨʦʢʩʠʜʦʤ, ʫʪʚʦʨʶʶʯʠ ʢʦʤʧʣʝʢʩ ʟ ʢʦʦʨʜʠʥʘʮʽʡʥʠʤʠ ʟʚôʷʟʢʘʤʠ, 

ʫʪʚʦʨʝʥʠʤʠ ʝʣʝʢʪʨʦʥʥʠʤʠ ʧʘʨʘʤʠ ʘʪʦʤʽʚ ʥ̔ʪʨʦʛʝʥʫ ʽʤʥ̔ʥʠʭ ʛʨʫʧ.  

ʂʫʧʨʫʤʫ (ɯɯ) ʛʽʜʨʦʢʩʠʜ, ʦɦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʙʽʫʨʝʪʦʚʽʡ ʨʝʘʢʮʽʾ, 

ʟʘʟʚʠʯʘʡ ʦʪʨʠʤʫʶʪʴ ʷʢ ʧʨʦʜʫʢʪ ʨʝʘʢʮ̔ʾ  ʚʟʘʻʤʦʜʽʾ ʢʫʧʨʫʤ (ɯɯ) ʩʫʣʴʬʘʪʫ ʟ 

ʛʽʜʨʦʢʩʠʜʦʤ ʥʘʪʨʽʶ (ʯʠ ʢʘʣʽʶ): 

 

CuSO4 + 2NaOH Ÿ Cu(OH)2 + Na2SO4.  
 

ʂʦʤʧʣʝʢʩ ʙʽʫʨʝʪʫ ʟ ʢʫʧʨʫʤʦʤ ʫʪʚʦʨʶʻʪʴʩʷ ʟʘ ʥʘʩʪʫʧʥʦ  ʁʩʭʝʤʦʶ: 

 
 

ʉʭʦʞʽ ʢʦʤʧʣʝʢʩʠ ʽʟ ʢʫʧʨʫʤʦʤ ʟʜʘʪʥʽ ʫʪʚʦʨʶʚʘʪʠ ʦʢʨʝʤʽ ʘʤʽʥʦʢʠʩʣʦʪʠ, 

ʱʦ ʤʦʞʫʪʴ ʫʪʚʦʨʶʚʘʪʠ ʧʝʧʪʠʜʥʽ ʟʚôʷʟʢʠ ʟʘ ʨʘʭʫʥʦʢ ʢʘʨʙʦʢʩʠʣʴʥʦʾ ʪʘ ʘʤʽʥʥʦʾ 

ʛʨʫʧ. ɼʦ ʪʘʢʠʭ ʘʤʽʥʦʢʠʩʣʦʪ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʟʦʢʨʝʤʘ ʘʩʧʘʨʘʛʽʥ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʨʝʘʢʪʠʚʠ. ʈʦʟʯʠʥ ʪʝʣʷʯʦʛʦ ʩʠʨʦʚʘʪʢʦʚʦʛʦ ʘʣʴʙʫʤʽʥʫ (ʊʉɸ) 

(ʚʠʭʽʜʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʧʨʦʪʝʾʥʘ 4 ʤʛ/ʤʣ), ʙʽʫʨʝʪʦʚʠʡ ʨʝʘʢʪʠʚ (0,15 ʛ 

CuSO4Ŀ5H2O ʪʘ 0,6 ʛ NaKC4H4O6Ŀ6H2O (ʚʠʥʥʦʢʠʩʣʠʡ ʥʘʪʨʽʡ, ʢʘʣʡ̔) ʨʦʟʯʠʥʷʶʪʴ 

ʚ 50 ʤʣ ʜʠʩʪʠʣʴʦʚʘʥʦʾ ʚʦʜʠ, ʜʦʙʨʝ ʧʝʨʝʤʽʰʫʶʪʴ, ʜʦʜʘʶʪʴ 30 ʤʣ 10 % ʨʦʟʯʠʥʫ 

NaOH ʚʽʣɹʥʦʛʦ ʚ̔ ʜ ʚʫʛʣʝʢʠʩʣʦʛʦ ʥʘʪʨʽʶ, ʜʦʜʘʶʪ ɹ0,2 ʛ KI (ʜʣʷ ʧʦʧʝʨʝʜʞʝʥʥʷ 

ʩʘʤʦʚʽʣʴʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ) ʪʘ ʨʦʟʯʠʥʷʁʪʴ. ʆʪʨʠʤʘʥʠʡ ʨʦʟʯʠʥʠ ʫ ʢʦʣʙ̔ 

ʜʦʚʦʜʷʪʴ ʜʦ ʦʙôʻʤʫ 200 ʤʣ ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ ʪʘ ʟʙʝʨʛ̔ʘʶʪʴ ʫ ʪʝʤʥʦʤʫ 

ʤʽʩʮ̔). 

ʆʙʣʘʜʥʘʥʥʷ. ʐʪʘʪʠʚ ʟ ʧʨʦʙʽʨʢʘʤʠ, ʩʢʣʷʥʽ ʧʘʣʠʯʢʠ, ʧʽʧʝʪʢʠ, 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨ, ʢʶʚʝʪʘ. 

ʍʽʜ ʨʦʙʦʪʠ. 

1) ʇʝʨh  ʟʘ ʚʩʝ ʥʝʦʙʭʽʜʥʦ ʧʨʠʛʦʪʫʚʘʪʠ ʩʪʘʥʜʘʨʪʥʽ ʢʦʥʮʝʥʪʨʘʮʽʡʥʽ ʨʦʟʯʠʥʠ 

ʧʨʦʪʝʾʥʫ ʩʧʦʩʦʙʦʤ ʩʝʨʽʡʥʠʭ ʨʦʟʚʝʜʝʥʴ. ɼʣ̫ ʮɹʦʛʦ ʫ ʢʦʥʪʨʦʣɹʥʫ ʧʨʦʙʽʨʢʫ (ʂ) ʪʘ 
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ʧʨʦʙʽʨʢʠ 2-5 ʚʥʦʩʷʪʴ ʧʦ 1 ʤʣ  ʜʠʩʪʠʣʴʦʚʘʥʦʾ ʚʦʜʠ. ʋ ʧʨʦʙ̔ʨʢʫ 1 ʚʥʦʩʷʪʴ 2 ʤʣ 

ʚʠʭʽʜʥʦʛʦ ʨʦʟʯʠʥʫ ʊʉɸ (ʢʦʥʮʝʥʪʨʘʮʽʷ ʧʨʦʪʝʥʾʫ 4 ʤʛ/ʤʣ), ʟʚʽʜʪʠ ʚʽʜʙʠʨʘʶʪʴ 1 

ʤʣ ʨʦʟʯʠʥʫ ʧʨʦʪʝʾʥʫ (4 ʤʛ/ʤʣ) ʪʘ ʧʝʨʝʥʦʩʷʪʴ ʫ ʧʨʦʙʽʨʢʫ 2 (ʢʦʥʮʝʥʪʨʘʮ̔ ʷ 

ʧʨʦʪʝʾʥʫ 2 ʤʛ/ʤʣ) ʽ ʨʝʪʝʣʴʥʦ ʧʝʨʝʤʽʰʫʶʪ.ɹ ɯʟ ʧʨʦʙʽʨʢʠ 2 ʧʝʨʝʥʦʩʷʪɹ 1 ʤʣ 

ʨʦʟʯʠʥʫ ʚ  ʧʨʦʙʨ̔ʢʫ 3 (ʢʦʥʮʝʥʪʨʘʮʽʷ ʧʨʦʪʝʾʥʫ 1 ʤʛ/ʤʣ) ʽ ʨʝʪʝʣʴʥʦ ʧʝʨʝʤʽʰʫʶʪɹ. 

ɯʟ ʧʨʦʙʽʨʢʠ 3 ʧʝʨʝʥʦʩʷʪʴ 1 ʤʣ ʨʦʟʯʠʥʫ ʚ ʧʨʦʙ̔ʨʢʫ 4 (ʢʦʥʮʝʥʪʨʘʮʽʷ ʧʨʦʪʝʾʥʫ        

0,5 ʤʛ/ʤʣ) ʽ ʨʝʪʝʣʴʥʦ ʧʝʨʝʤ̔ ʫhʁ ʪʴ. ɯʟ  ʧʨʦʙʽʨʢʠ 4 ʧʝʨʝʥʦʩʷʪʴ 1 ʤʣ ʨʦʟʯʠʥʫ ʚ  

ʧʨʦʙʽʨʢʫ 5 (ʢʦʥʮʝʥʪʨʘʮʽʷ ʧʨʦʪʝʾʥʫ 0,25 ʤʛ/ʤʣ) ʽ ʨʝʪʝʣʴʥʦ ʧʝʨʝʤʽhʫʶʪʴ. ɯʟ 

ʧʨʦʙʽʨʢʠ 5 ʚʽʜʙʠʨʘʶʪʴ 1 ʤʣ ʨʦʟʯʠʥʫ, ʢ̫ʠʡ ʜʘʣʽ ʫ ʜʦʩʣʽʜʘʭ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ.  

2) ʇʦʪʽʤ ʜʦ ʢʦʞʥʦʾ ʧʨʦʙʽʨʢʠ ʜʦʜʘʶʪʴ ʧʦ 4 ʤʣ ʙʽʫʨʝʪʦʚʦʛʦ ʨʝʘʢʪʠʚʫ ʪʘ 

ʚʧʨʦʜʦʚʞ 30 ʭʚ ʚʠʪʨʠʤʫʶʪʴ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ  ̔ʧʨʦʚʦʜʷʪʴ ʚʠʤʽʨʶʚʘʥʥʷ 

ʦʧʪʠʯʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ ʧʨʦʙ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽ ʧʨʠ ɚ 540 ʥʤ. 

ɼʣʷ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ ʪʘ ʚʥʝʩʝʥʥ̫  ʨʝʘʢʪʠʚʽʚ ʤʦʞʥʘ 

ʩʢʦʨʠʩʪʘʪʠʩʷ ʪʘʙʣʠʮʝʁ: 

 

ʊʘʙʣʠʮʷ 1 

ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ 

 ̄

ʧ/ʧ 

ʢʦʥʮ. 

ʧʨʦʪʝʾʥʫ, 

ʤʛ/ʤʣ 

dist. H2O, 

ʤʣ 

ʩʪʘʥʜ.  

ʨʦʟʯʠʥʠ 

ʧʨʦʪʝʾʥʫ 

ʙʽʫʨʝʪ. 

ʨʝʘʢʪʠʚ, 

ʤʣ 

t ʢʽʤʥ 
0ʉ,  

30 ʭʚ 

ɽ ʦʧʪ. 

ʧʦʛʣ., 

ɚ 540, ʥʤ 

ʂ - 1 - 4 +  

1 4 - 2 ʤʣ 

ʚʠʭʽʜʥʦʛʦ 

ʧʨʦʪʝʾʥʫ 

4 +  

2 2 1 1 ʤʣ ̔ʟ  

ʧʨʦʙ̔ʨʢʠ 1 

4 +  

3 1 1 1 ʤʣ ʽʟ  

ʧʨʦʙʽʨʢʠ 2 

4 +  

4 0,5 1 1 ʤʣ ʽʟ  

ʧʨʦʙʽʨʢʠ 3 

4 +  

5 0,25 1 1 ʤʣ ʽʟ  

ʧʨʦʙʽʨʢʠ 4 

4 +  

- - - 1 ʤʣ ʽʟ  

ʧʨʦʙ̔ʨʢʠ 5 

ʚʠʣʠʪʠ 

- - - 

  

3) ɹʫʜʫʶʪʴ ʢʘʣʽʙʨʫʚʘʣʴʥʫ ʢʨʠʚʫ (ʟʘ ʊʉɸ) ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʧʨʦʪʝʥʾʫ: ʥʘ ʚʽʩʽ ʘʙʩʮʠʩ (ʭ) ʚʜ̔ʢʣʘʜʘʶʪʴ ʚʽʜʦʤʽ ʢʦʥʮʝʥʪʨʘʮʽʾ  ʩʪʘʥʜʘʨʪʥʠʭ 
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ʨʦʟʯʠʥʽʚ (ʤʛ/ʤʣ) ʧʨʦʪʝʾʥʘ (ʊʉɸ), ʘ ʥʘ ʚʽʩʽ ʦʨʜʠʥʘʪ (ʫ) ï ʦʧʪʠʯʥʫ ʛʫʩʪʠʥʫ 

ʧʦʛʣʠʥʘʥʥʷ  ʧʨʠ (ɚ 540 ʥʤ). ʋʩʽ ʪʦʯʢʠ ʟô̒ ʜʥʫʶʪ ɹʤʽʞ ʩʦʙʦʶ ʧʨʷʤʦʶ. 

 

 

 

ɹ. ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʝ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽ ʾʧʨʦʪʝʾʥʘ ʟʘ ʤʝʪʦʜʦʤ 

ʃʦʫʨʽ. 

 

ʇʨʠʥʮʠʧ ʤʝʪʦʜʫ. ʄʝʪʦʜ ʃʦʫʨʽ ˇʨʫʥʪʫ̒ ʪɹʩ̫  ʥʘ ʚʠʤ̔ʨʶʚʘʥʥʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʟʘʙʘʨʚʣʝʥʥʷ ʨʦʟʯʠʥʫ ʧʨʦʪʝʾʥʫ ʧ̔ ʜ ʯʘʩ ʢʦʣʴʦʨʦʚʦʾ ʨʝʘʢʮʽʾ ʌʦʣ̔ʥʘ ʥʘ ʧʨʦʪʝʾʥ ʟ 

ʪʠʨʦʟʠʥʦʚʠʤʠ ʪʘ ʮʠʩʪʝʾʥʦʚʠʤʠ ʨʘʜʠʢʘʣʘʤʠ ʙʽʣʢʦʚʦʾ ʤʦʣʝʢʫʣʠ. ʇ̔ ʜ ʯʘʩ ʨʝʘʢʮʽ ʾ

ʚʽʜʙʫʚʘ̒ʪʴʩʷ ʚ̔ ʜʥʦʚʣʝʥʥ ̫ ʩʫʤʽʰʽ ʬʦʩʬʦʨʥʦ-ʚʦʣʴʬʨʘʤʦʚʦʾ  ̔ ʬʦʩʬʦʨʥʦ-

ʤʦʣʙ̔ʜʝʥʦʚʦʾ ʢʠʩʣʦʪ ʪʘ ʫʪʚʦʨʝʥʥʷ ʢʦʤʧʣʝʢʩʥʦʾ ʩʧʦʣʫʢʠ, ʱʦ ʤʘʻ ʩʠʥ̒ 

ʟʘʙʘʨʚʣʝʥʥʷ. ʈʝʘʢʮʽʷ ʽʥʮ̔ʽʶʻʪʴʩʷ ʢʦʤʧʣʝʢʩʥʠʤʠ ʩʧʦʣʫʢʘʤʠ ʢʫʧʨʫʤʫ, ʱʦ 

ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʧʨʦʪʝʾʥʘ ʟ ʣʫʞʥʠʤ ʨʦʟʯʠʥʦʤ ʢʫʧʨʫʤʫ (ɯɯ) ʩʫʣʴʬʘʪʫ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮ̔ʾ ʧʨʦʪʝʾʥʫ ʚ ʨʦʟʯʠʥʽ, ʱʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ, ʟʘ 

ʤʝʪʦʜʦʤ ʃʦʫʨʽ ʥʝʦʙʭ̔ʜʥʦ ʟʘʟʜʘʣʝʛʽʜʴ ʧʦʙʫʜʫʚʘʪʠ ʢʘʣʽʙʨʫʚʘʣʴʥʠʡ ʛʨʘʬʽʢ  (ʜʠʚ. 

ʃʘʙ. ʨʦʙ. ˉ3 ɸ) ʟʘʣʝʞʥʦʩʪ̔ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʦʛʣʠʥʘʥʥʷ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʧʨʦʪʝʾʥʫ-ʩʪʘʥʜʘʨʪʫ. ʊʦʤʫ ʟʘ ʮʠʤ ʤʝʪʦʜʦʤ ʤʦʞʥʘ ʚʩʪʘʥʦʚʠʪʠ ʘʙʩʦʣʶʪʥʠʡ ʚʤʽʩʪ 

ʧʨʦʪʝʾʥʫ ʚ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʨʦʟʯʠʥʽ ʣʠʰʝ ʚ ʪʦʤʫ ʨʘʟʽ, ʷʢʱʦ ʢʘʣʙ̔ʨʫʚʘʣʴʥʠʡ 

ʛʨʘʬʽʢ ʧʦʙʫʜʦʚʘʥʠʡ ʜʣʷ ʪʦʛʦ ʧʨʦʪʝʾʥʫ, ʢʦʥʮʝʥʪʨʘʮ̔ ʁʷʢʦʛʦ ʚʠʟʥʘʯʘʁʪɹ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʨʝʘʢʪʠʚʠ. ʈʦʟʯʠʥ ʧʨʦʪʝʾʥʫ, ʩʚʽʞʦʧʨʠʛʦʪʦʚʣʝʥʠʡ 

(extempore) ʣʫʞʥʠʡ ʨʦʟʯʠʥ ʢʫʧʨʫʤʫ (50 ʤʣ 2 % ʨʦʟʯʠʥʫ ʢʘʨʙʦʥʘʪʫ ʥʘʪʨʽʶ ʚ               

0,1 ʤʦʣʴ/ʣ ʨʦʟʯʠʥʽ ʛʽʜʨʦʢʩʠʜʫ ʥʘʪʨʽʶ ʟʤʽhʫʶʪɹ ʽʟ 1 ʤʣ 0,5 % ʨʦʟʯʠʥʫ ʩʫʣʴʬʘʪʫ 

ʤʽʜʽ ʚ 1% ʨʦʟʯʠʥʽ ʪʘʪʨʘʪʫ ʥʘʪʨʽʶ-ʢʘʣʽʶ), ʨʝʘʢʪʠʚ ʌʦʣʽʥʘ, ʜʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ 

ʢ̫ʦʛʦ ʬʦʩʬʦʨʥʦ-ʚʦʣɹʬʨʘʤʦʚʠʡ ʥʘʪʨ̔ ʡ (20 ʛ) ʽ ʬʦʩʬʦʨʥʦ-ʤʦʣʙ̔ʜʝʥʦʚʠʡ ʥʘʪʨʽʡ                  

(5 ʛ) ʨʦʟʯʠʥ̫ ʪʁ ɹʚ ʜʠʩʪʠʣʴʦʚʘʥ̔ ʡ ʚʦʜ̔  (140 ʤʣ), ʧʽʩʣʷ ʯʦʛʦ ʜʦʜʘʶʪʴ 80 % ʨʦʟʯʠʥ 

ʦʨʪʦʬʦʩʬʦʨʥʦ ʾ ʢʠʩʣʦʪʠ (10 ʤʣ) ʪʘ ʢʦʥʮʝʥʪʨʦʚʘʥʫ ʩʦʣ̫ʥʫ ʢʠʩʣʦʪʫ (20 ʤʣ). 

ʇʨʠʛʦʪʦʚʘʥʫ ʩʫʤ̔ ʰ ʢʠʧô̫ ʪ̫ʪɹ ʫ ʢʦʣʙʽ ʟʽ ʟʚʦʨʦʪʥʠʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ ʃ̔ʙʽʭʘ 

ʚʧʨʦʜʦʚʞ 10 ʛʦʜ. ʇʦʪʽʤ ʜʦ ʨʦʟʯʠʥʫ ʜʦʜʘʶʪʴ 30 ʛ ʩʫʣʴʬʘʪʫ ʣ̔ ʪ̔ʁ , 10 ʤʣ 

ʜʠʩʪʠʣɹ ʦʚʘʥʦʾ ʚʦʜʠ, 2-3 ʢʨʘʧʣʽ ʙʨʦʤʫ ,̔ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʚʦʨʦʪʥʠʡ 

ʭʦʣʦʜʠʣʴʥʠʢ, ʧʦʚʪʦʨʥʦ ʢʠʧôʷʪʷʪʴ ʧ̔ʜ ʚʠʪʞ̫ʥʦ  ʁ ʘhʬʦ  ʁʜʣʷ ʚʠʜʘʣʝʥʥʷ ʙʨʦʤʫ. 

ʇ̔ ʩʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʯʠʥʫ ʡʦʛʦ ʦʙôʻʤ ʜʦʚʦʜʷʪʴ ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ ʜʦ               

200 ʤʣ ʽ ʬʽʣʴʪʨʫʶʪʴ. ɹʝʟʧʦʩʝʨʝʜʥʴʦ ʧʝʨʝʜ ʚʠʢʦʥʘʥʥ̫ ʤ ʜʦʩʣʜ̔ʞʝʥʥʷ ʟ 

ʦʪʨʠʤʘʥʦʛʦ ʨʦʟʯʠʥʫ ʛʦʪʫʁʪʴ ʨʦʙʦʯʠʡ ʨʦʟʯʠʥ, ʨʦʟʚʽʚʰʠ ʡʦʛʦ ʚʜʚ̔ʯʽ 

ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʁ. 
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ʆʙʣʘʜʥʘʥʥʷ. ʉʢʣ̫ʥ̔  ʧʘʣʠʯʢʠ, ʧʨʦʙʽʨʢʠ, ʛʨʘʜʫʡʦʚʘʥ ̔ʧʽʧʝʪʢʠ, ʰʪʘʪʠʚ ʜʣʷ 

ʧʨʦʙʽʨʦʢ, ʛʦʜʠʥʥʠʢ, ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨ, ʢʶʚʝʪʘ. 

 

ʍʽʜ ʨʦʙʦʪʠ. 

ɼʦ 0,2 ʤʣ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʨʦʪʝʾʥʦʚʦʛʦ ʨʦʟʯʠʥʫ ʜʦʜʘʶʪʴ 1 ʤʣ ʣʫʞʥʦʛʦ 

ʨʦʟʯʠʥʫ ʢʫʧʨʫʤʫ, ʩʫʤʽʰ ʨʝʪʝʣʴʥʦ ʧʝʨʝʤʽʰʫʶʪ ɹ ʪʘ ʟʘʣʠʰʘʶʪʴ ʟʘ ʢ̔ʤʥʘʪʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ 10 ʭʚ. ʇʦʪʽʤ ʜʦʜʘʶʪʴ 0,08 ʤʣ ʨʝʘʢʪʠʚʫ ʌʦʣʽʥʘ ʡ ʟʥʦʚʫ 

ʧʝʨʝʤʽʰʫʶʪʴ. ʏʝʨʝʟ 30 ʭʚ ʨʦʟʯʠʥ ʟʘʙʘʨʚʣʶʻʪʴʩʷ ʚ ʩʠʥ̔ʡ ʢʦʣʽʨ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ 

ʟʘʙʘʨʚʣʝʥʥʷ (ʦʧʪʠʯʥʫ ʛʫʩʪʠʥʫ) ʧʨʦʙ ʚʠʤʽʨʶʶʪʴ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽ ʧʨʠ 

ʜʦʚʞʠʥʽ ʭʚʠʣʽ 750 ʥʤ. 

ʂʦʥʮʝʥʪʨʘʮ̔ʁ ʧʨʦʪʝʾʥʫ ʚ ʜʦʩʣ̔ʜʞʫʚʘʥʦʤʫ ʨʦʟʯʠʥʽ ʚʠʟʥʘʯʘʶʪʴ ʟʘ 

ʢʘʣʽʙʨʫʚʘʣʴʥʦʁ ʢʨʠʚʦʶ. 

 

 

 

ɺ. ɺʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʨʦʪʝʥʾʫ ʟʘ ʬʦʨʤʫʣʦʶ ʂʘʣʴʢʘʨʘ ʟʘ ʦʧʪʠʯʥʠʤ 

ʧʦʛʣʠʥʘʥʥʷʤʠ ʧʨʦʙ ʧʨʠ ɚ 280 ʪʘ ɚ 260 ʥʤ: 

 

ʉʧʨʦʪʝʾʥʘ (ʤʛ/ʤʣ) = 260280 74,045,1 ɽɽ Ö-Ö . 

 

ɻ. ɺʠʟʥʘʯʝʥʥ̫  ʢʦʥʮʝʥʪʨʘʮ̔ʾ ʧʨʦʪʝʾʥʫ ʟʘ ʬʦʨʤʫʣʦʶ ɺʽʪʝʢʝʨʘ ʟʘ ʦʧʪʠʯʥʠʤ 

ʧʦʛʣʠʥʘʥʥ̫ ʤʠ ʧʨʦʙ ʧʨʠ ɚ 235 ʪʘ ɚ 280 ʥʤ: 

 

ʉʧʨʦʪʝʾʥʘ (ʤʛ/ʤʣ) =  
51,2

280235 ɽɽ - . 

 

 

ɺʠʩʥʦʚʦʢ. 
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ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʪʘ ʟʘʚʜʘʥʥʷ ʜʦ ʈʦʟʜʽʣʫ çʇʨʦʪʝʾʥʠ ʪʘ ʘʤʽʥʦʢʠʩʣʦʪʠè 

 

1. ɼʘʡʪʝ ʚʠʟʥʘʯʝʥʥʷ, ʱʦ ʪʘʢʝ ʧʨʦʪʝʾʥʠ? 

2. ɼʘʡʪʝ ʚʠʟʥʘʯʝʥʥʷ, ʱʦ ʪʘʢʝ ʘʤʽʥʦʢʠʩʣʦʪʠ? 

3. ʉʪʨʫʢʪʫʨʘ, ʬʫʥʢʮʽʾ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʦʪʝʾʥʽʚ ʪʘ ʘʤʽʥʦʢʠʩʣʦʪ. 

4. ʉʫʯʘʩʥʽ ʙʽʦʭʽʤʽʯʥʽ ʤʝʪʦʜʠ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʨʦʪʝʾʥ̔ʚ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʾʭ 

ʢʦʥʮʝʥʪʨʘʮʽʾ.  

5. ʈ̔ ʚʥʽ ʩʪʨʫʢʪʫʨʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʦʪʝʾʥʽʚ ʪʘ ʟʚôʷʟʢʠ, ʷʢʽ ʧʨʠʡʤʘʁʪɹ ʫʯʘʩʪɹ ʫ ʾʭ 

ʩʪʘʙʽʣʽʟʘʮʽʾ. 

6. ʗʢ ʫʪʚʦʨʶ̒ʪʴʩʷ ʧʝʧʪʠʜʥʠʡ ʟʚôʟ̫ʦʢ?  

7. ʅʘʧʠʩʘʪʠ ʩʪʨʫʢʪʫʨʥʽ ʬʦʨʤʫʣʠ ʥʘʡʙʽʣʴh ʧʦʰʠʨʝʥʠʭ 20 ʘʤʽʥʦʢʠʩʣʦʪ ʪʘ 

ʚʢʘʟʘʪʠ:  

 ʘ) ʟʘʤʽʥʥʘ ʘʙʦ ʥʝʟʘʤʽʥʥʘ;  

 ʙ) ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʣʷʨʥʦʩʪʽ ʨʘʜʠʢʘʣʴʥʠʭ ʛʨʫʧ (ʥʝʧʦʣʨ̫ʥʽ (ʛʽʜʨʦʬʦʙʥʽ); 

ʧʦʣ̫ʨʥ̔, ʘʣʝ ʥʝʟʘʨ̫ʜʞʝʥ̔; ʧʦʟʠʪʠʚʥʦ ʟʘʨʷʜʞʝʥʽ; ʥʝʛʘʪʠʚʥʦ ʟʘʨʷʜʞʝʥʽ); 

 ʚ) ʟʘ ʧʨʠʨʦʜʦʶ ʧʦʭʦʜʞʝʥʥ̫ - ʘʮʠʢʣʽʯʥʽ (ʘʣʽʬʘʪʠʯʥ̔ ) ʘʙʦ ʮʠʢʣʽʯʥʽ 

(ʛʦʤʦʮʠʢʣʽʯʥʽ ʘʙʦ ʛʝʪʝʨʦʮʠʢʣʽʯʥ̔); 

ʛ) ʟʘ ʢʽʣʴʢʽʩʪʶ ʘʤʽʥʥʠʭ ʪʘ ʢʘʨʙʦʢʩʠʣʴʥʠʭ ʛʨʫʧ. 

8. ʅʘʧʠʩʘʪʠ ʩʪʨʫʢʪʫʨʥʽ ʬʦʨʤʫʣʠ ʩʢʣʘʜʥʠʭ ʧʨʦʪʝʥʾʚ̔: ʭʨʦʤʦʧʨʦʪʝʾʜ̔ʚ ï 

ʭʣʦʨʦʬʽʣʽʚ ʘ ʽ b, ʧʦʟʥʘʯʠʪʠ ʚʽʜʤʽʥʥʦʩʪʽ ʤʞ̔ ʩʧʦʣʫʢʘʤʠ. 
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ʈʆɿɼɯʃ 2. çɺʋɻʃɽɺʆɼʀè 

 

ɺʫʛʣʝʚʦʜʠ ï ʮʝ ʦʨʛʘʥʽʯʥʽ ʩʧʦʣʫʢʠ, ʷʢʽ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʤʽʩʪ̫ʪʴ ʧʝʨʝʚʘʞʥʦ 

ʢʘʨʙʦʥ, ʛʽʜʨʦʛʝʥ ʪʘ ʦʢʩʠʛʝʥ, ʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʘʪʦʤʽʚ ʛ̔ ʜʨʦʛʝʥʫ ʪʘ ʦʢʩʠʛʝʥʫ 

ʪʘʢʝ, ʷʢ ʫ ʚʦʜ.̔ ɰʭ ʝʤʧ̔ʨʠʯʥʘ ʬʦʨʤʫʣʘ Cn(H2O)n. ʄʦʣʝʢʫʣʠ ʤʽʩʷʪʴ ʘʣʴʜʝʛʽʜʥʫ              

(-ʉʅ=ʆ) ʘʙʦ ʢʝʪʦʥʥʫ (>C=O) ʛʨʫʧʠ ʽ ʢʽʣʢɹʘ ʩʧʠʨʪʦʚʠʭ (ʦʢʩʠ) (-ʆʅ) ʛʨʫʧ.   

ʌʫʥʢʮʽʾ ʚʫʛʣʝʚʦʜʽʚ: 1) ʝʥʝʨʛʝʪʠʯʥʘ; 2) ʩʪʨʫʢʪʫʨʥʘ, ʘʙʦ ʧʣʘʩʪʠʯʥʘ;                      

3) ʟʘʭʠʩʥʘ; 4) ʟʘʧʘʩʥʘ, ʘʙʦ ʥʘʢʦʧʠʯʫʚʘʣʴʥʘ.  

ɺʫʛʣʝʚʦʜʠ ̒ ʛʦʣʦʚʥʠʤʠ ʧʨʦʜʫʢʪʘʤʠ ʬʦʪʦʩʠʥʪʝʟʫ ʽ ʦʩʥʦʚʥʠʤ ʩʫʙʩʪʨʘʪʦʤ 

ʜʠʭʘʥʥʷ ʫ ʨʦʩʣʠʥ. 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʚʫʛʣʝʚʦʜʽʚ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʢʣʘʜʫ, ʩʪʨʫʢʪʫʨʠ  ̔

ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʫʛʣʝʚʦʜʠ ʧʦʜʽʣʷʶʪʩɹʷ ʥʘ ʪʨʠ ʦʩʥʦʚʥʠʭ ʢʣʘʩʠ: ʤʦʥʦʩʘʭʘʨʠʜʠ, 

ʦʣʽʛʦʩʘʭʘʨʠʜʠ ʪʘ ʧʦʣʽʩʘʭʘʨʠʜʠ. ɿʘ ʩʢʣʘʜʥʽʩʪʁ ʙʫʜʦʚʠ ʚʫʛʣʝʚʦʜʠ ʧʦʜʽʣʷʶʪɹ ʥʘ 

ʧʨʦʩʪʽ ʽ ʩʢʣʘʜʥʽ. ʇʨʦʩʪʽ ʚʫʛʣʝʚʦʜʠ (ʤʦʥʦ-) ʥʝ ʛʽʜʨʦʣʽʟʫʁʪʴʩʷ, ʪʦʜʽ ʷʢ ʩʢʣʘʜʥʽ 

ʚʫʛʣʝʚʦʜʠ ʧʨʠ ʛʽʜʨʦʣʽʟʽ ʨʦʟʧʘʜʘʶʪʴʩʷ ʥʘ ʤʦʥʦʩʘʭʘʨʠʜʠ.  

ʄʦʥʦʩʘʭʘʨʠʜʠ, ʘʙʦ ʧʨʦʩʪʽ ʮʫʢʨʠ ʤʽʩʪʷʪʴ ʪʽʣʴʢʠ ʦʜʥʫ ʩʪʨʫʢʪʫʨʥʫ 

ʦʜʠʥʠʮʶ ʧʦʣʽʛʽʜʨʦʢʩʠʘʣʴʜʝʛʽʜʫ ʯʠ ʧʦʣ̔ʛ̔ ʜʨʦʢʩʠʢʝʪʦʥʫ. ʄʦʥʦʩʘʭʘʨʠʜʠ - ʮʝ ʙʽʣʽ 

ʢʨʠʩʪʘʣʽʯʥʽ ʨʝʯʦʚʠʥʠ, ʨʦʟʯʠʥʥʽ ʫ ʚʦʜ̔, ʩʦʣʦʜʢʽ ʥʘ ʩʤʘʢ, ʦʧʪʠʯʥʦ ʘʢʪʠʚʥʽ. ɿʘ 

ʭʽʤʽʯʥʦʶ ʙʫʜʦʚʦʶ ʤʦʥʦʩʘʭʘʨʠʜʠ ʢʣʘʩʠʬ̔ʢʫʁʪɹ :  

1) ʟʘ ʥʘʷʚʥʽʩʪʶ ʘʣʴʜʝʛʽʜʥʦʾ ʘʙo ʢʝʪʦʥʥʦʾ ʛʨʫʧʠ ï ʥʘ ʘʣʴʜʦʟʠ (ʨʠʙʦʟʘ, 

ʜʝʟʦʢʩʠʨʠʙʦʟʘ, ʛʣʶʢʦʟʘ, ʤʘʥʦʟʘ, ʛʘʣʘʢʪʦʟʘ) ʽ ʢʝʪʦʟʠ (ʨʠʙʫʣʦʟʘ, ʬʨʫʢʪʦʟʘ, 

ʩʝʜʦʛʝʧʪʫʣʦʟʘ); 

 

 

 

 

 

 

 

 

 

 

2) ʟʘ ʢʣ̔ʴʢʽʩʪʶ ʘʪʦʤʽʚ ʢʘʨʙʦʥʫ: ʪʨʽʦʟʠ (3 ʘʪʦʤʠ) ï ʛʣʽʮʝʨʠʥʦʚʠʡ ʘʣʴʜʝʛʽʜ, 

ʜʠʛ̔ʜʨʦʢʩʠʘʮʝʪʦʥ; ʪʝʪʨʦʟʠ (4 ʘʪʦʤʠ) ï ʝʨʠʪʨʦʟʘ; ʧʝʥʪʦʟʠ (5 ʘʪʦʤʽʚ) ï ʨʠʙʦʟʘ, 

ʜʝʟʦʢʩʠʨʠʙʦʟʘ, ʘʨʘʙʽʥʦʟʘ, ʢʩʠʣʦʟʘ; ʛʝʢʩʦʟʠ (6 ʘʪʦʤʚ̔) ï ʛʣʶʢʦʟʘ, ʬʨʫʢʪʦʟʘ, 

ʤʘʥʦʟʘ, ʛʘʣʘʢʪʦʟʘ. 
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ɸʩʠʤʝʪʨʠʯʥʠʡ ʘʪʦʤ ʢʘʨʙʦʥʫ ʫ ʤʦʣʝʢʫʣʽ ʤʦʥʦʩʘʭʘʨʠʜʽʚ ʟʫʤʦʚʣʶʻ ʾʭ 

ʦʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʪʘʢ ʟʚʘʥʫ ʦʧʪʠʯʥʫ ʩʪʝʨʝʦʽʟʦʤʝʨʽ.ʁ ʂ̔ ʣʢɹʽʩʪʴ ʪʘʢʠʭ 

ʦʧʪʠʯʥʠʭ ʽʟʦʤʝʨʽʚ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 2n, ʜʝ n ï ʮʝ ʯʠʩʣʦ 

ʘʩʠʤʝʪʨʠʯʥʠʭ ʘʪʦʤʽʚ ʢʘʨʙʦʥʫ ʫ ʤʦʣʝʢʫʣ.̔ ʊʝʪʨʦʟʠ ʤʘʶʪʴ 4 (22) ʩʪʝʨʝʦ̔ ʟʦʤʝʨʠ, 

ʧʝʥʪʦʟʠ - 8 (23), ʛʝʢʩʦʟʠ ï 16 (24). ʇʝʨʝʚʘʞʥʦ ʧʨʠʨʦʜʥ ̔ʤʦʥʦʩʘʭʘʨʠʜʠ (ʛʣʁʢʦʟʘ, 

ʬʨʫʢʪʦʟʘ, ʤʘʥoʟʘ, ʛʘʣʘʢʪʦʟʘ, ʨʠʙʦʟʘ, ʜʝʟʦʢʩʠʨʠʙʦʟʘ ʪʦʱʦ) ʟʘ ʩʚʦʻʶ 

ʩʪʝʨʝʦʤʝʪʨʠʯʥʦ ʁʢʦʥʬ̔ʛʫʨʘʮ̔̒ʶ ̒ ʩʧʦʣʫʢʘʤʠ D-ʨ̫ ʜʫ. ɹʫʢʚʠ D  ̔L ʧʦʟʥʘʯʘʶʪʴ 

ʦʨʽʻʥʪʘʮʽʶ ʆʅ-ʛʨʫʧʠ ʤʦʣʝʢʫʣʠ ʤʦʥʦʩʘʭʘʨʠʜʫ ɦʦʜʦ ʛʣʽʮʝʨʠʥʦʚʦʛʦ ʘʣʴʜʝʛʽʜʫ 

(ʉʅ2ʆʅ). D-ʧʦʣʦʞʝʥʥ̫ - ʆʅ-ʛʨʫʧʘ ʟʥʘʭʦʜʠʪʴʩʷ ʧʨʘʚʦʨʫʯ, L ʧʦʣʦʞʝʥʥ ̫ - 

ʣʚ̔ʦʨʫʯ. ʉʪʝʨʝʦʽʟʦʤʝʨʠ ʤʦʥʦʩʘʭʘʨʠʜʽʚ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʧʨʦʩʪʦʨʦʚʠʤ 

ʨʦʟʤ̔ ʝɦʥʥ̫ʤ ʘʩʠʤʝʪʨʠʯʥʦʛʦ ʘʪʦʤʘ ʚʫʛʣʝʮʷ ʱʝ ʥʘʟʠʚʘʶʪʴ ʝʧʤ̔ʝʨʘʤʠ, ʟʦʢʨʝʤʘ, 

D-ʨʠʙʦʟʘ ʽ  D-ʘʨʘʙʽʥʦʟʘ, D-ʛʣʶʢʦʟʘ ʪʘ D-ʤʘʥoʟʘ.  

 
ɺ̔ ʜʦʤʦ ʜʚ̔ ʬʦʨʤʠ, ʚ ʷʢʠʭ ʤʦʥʦʩʘʭʘʨʠʜʠ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ - 

ʣʘʥʮʶʛʦʚʘ (ʘʣʴʜʝʛ̔ʜʥʘ ʘʙʦ ʢʝʪʦʥʥʘ), ʱʦ ʤʘʻ ʚʽʜʢʨʠʪʠʡ ʢʘʨʙʦʥʦʚʠʡ ʣʘʥʮʶʛ,  ̔

ʮʠʢʣʽʯʥʘ ʘʙʦ ʢʽʣʴʮʝʚʘ (ʧʽʨʘʥʦʟʥʘ ʯʠ ʬʫʨʘʥʦʟʥʘ). ʄʦʥʦʩʘʭʘʨʠʜʠ, ʫ ʩʢʣʘʜʽ ʷʢʠʭ ʻ 
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ʙʽʣʴʝh ʯʦʪʠʨʴʦʭ ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ, ʷʢ ʧʨʘʚʠʣʦ, ʩ̔ʥʫʶʪʴ ʫ ʚʠʛʣʷʜʽ ʮʠʢʣ̔ʯʥʠʭ 

ʩʪʨʫʢʪʫʨ. 

 
 

 

ʋ ʚʽʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʤʦʥʦʩʘʭʘʨʠʜʠ ʤ̔ʩʪʷʪʴʩʷ ʚ ʟʝʣʝʥʠʭ ʯʘʩʪʠʥʘʭ ʨʦʩʣʠʥ, 

ʥʘʩʥ̔ʥ̔, ʤʝʜ̔. ʆʩʦʙʣʠʚʦ ʙʘʛʘʪʠʡ ʥʘ ʮʫʢʦʨ ʚʠʥʦʛʨʘʜ, ʫ ʜʝʢ̫ʠʭ ʡʦʛʦ ʩʦʨʪʘʭ 

ʮʫʢʨʠʩʪʽʩʪʴ ʧʣʦʜʽʚ ʜʦʩʷʛʘʻ 28-30% ʥʘ ʩʠʨʫ ʚʘʛʫ. ʎʫʢʨʠ ʧʣʦʜʽʚ ʚʠʥʦʛʨʘʜʫ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʚʠʢʣ ʯʁʥʦ ʤʦʥʦʩʘʭʘʨʠʜʘʤʠ ï ʛʣʶʢʦʟʦʶ ʪʘ ʬʨʫʢʪʦʟʦʶ, ʣʠʰʝ ʫ 

ʜʝ̫ʢʠʭ ʘʤʝʨʠʢʘʥʩʴʢʠʭ ʩʦʨʪʽʚ ʤʦʞʝ ʤʽʩʪʠʪʠʩʷ ʥʝʟʥʘʯʥʘ ʢ̔ʣʢɹ̔ʩʪʴ ʩʘʭʘʨʦʟʠ.  

ɹʘʛʘʪʦ ʮʫʢʨʽʚ ʤʽʩʪʷʪʴ ʧʝʨʩʠʢʠ, ʘʙʨʠʢʦʩʠ, ʷʙʣʫʢʘ, ʛʨʫʰʽ, ʩʣʠʚʠ, ʮʠʪʨʫʩʦʚ̔ 

ʪʘ ʷʛ̔ʜʥʽ ʢʫʣʴʪʫʨʠ. ʋ ʪʘʙʣʠʮʽ 2 ʥʘʚʝʜʝʥʦ ʫʩʝʨʝʜʥʝʥʽ ʜʘʥʽ ʱʦʜʦ ʚʤʩ̔ʪʫ ʮʫʢʨʽʚ ʫ 

ʧʣʦʜʘʭ  ̔ʦʚʦʯʘʭ. 

ʋ ʧʨʠʨʦʜʽ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ ʤʦʥʦʩʘʭʘʨʠʜʦʤ ʻ D-ʛʣʶʢʦʟʘ, ʜʦ ʷʢʦ ʾ

ʥ̔ʦʜ̔ ʚʞʠʚʘʁʪɹ ʽʥh̔  ʥʘʟʚʠ - ʚʠʥʦʛʨʘʜʥʠʡ ʮʫʢʦʨ, ʜʝʢʩʪʨʦʟʘ. ʉʘʤʝ ʮʝʡ 

ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʦɦ ʜʣʷ ʦʙʦʭ ʬʦʨʤ ʫ 

ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ ʭʘʨʘʢʪʝʨʥʘ ʢʣ̔ɹʮʝʚʦ-

ʣʘʥʮʶʛʦʚʘ ʪʘʫʪʦʤʝʨʽ̫, ʪʦʙʪʦ 

ʜʠʥʘʤʽʯʥʘ ʨʽʚʥʦʚʘʛʘ, ʷʢʘ 

ʟʘʢʣʶʯʘʻʪʴʩʷ ʫ ʧʦʩʪʽʡʥʦʤʫ ʧʝʨʝʭʦʜʽ 

ʣʘʥʮʶʛʦʚʦ ʾ ʬʦʨʤʠ ʤʦʥʦʩʘʭʘʨʠʜʚ̔ ʚ 

ʮʠʢʣ̔ʯʥʫ ʽ ʥʘʚʧʘʢʠ. 

ʇ̔ʨʘʥʦʟʥʘ ʬʦʨʤʘ ʚʫʛʣʝʚʦʜʽʚ 

ʫʪʚʦʨʶʪ̒ʴʩʷ ʧʨʠ ʚʟʘ̒ʤʦʜʽʾ ʘʣʴʜʝʛʽʜʥʦʾ 

ʛʨʫʧʠ ʫ 1 ʧʦʣʦʞʝʥʥʽ ʘʪʦʤʫ ʢʘʨʙʦʥʫ 

(ʉ-1) ʪʘ ʆʅ-ʛʨʫʧʠ ʫ 5 ʧʦʣʦʞʝʥʥʽ 

ʘʪʦʤʫ ʢʘʨʙʦʥʫ (ʉ-5), ʘ ʬʫʨʘʥʦʟʥʘ 

ʬʦʨʤʘ ï ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʘʣʴʜʝʛʽʜʥʦ ʾ

ʛʨʫʧʠ ʫ 1 ʧʦʣʦʞʝʥʥ̔  ʘʪʦʤʫ ʢʘʨʙʦʥʫ 

(ʉ-1)  ʪʘ ʆʅ-ʛʨʫʧʠ  ʫ 4 ʧʦʣʦʞʝʥʥʽ  

ʘʪʦʤʫ ʢʘʨʙʦʥʫ (ʉ-4). 

ɿʘ ʫʤʦʚʠ ʫʪʚʦʨʝʥʥ ̫ ʮʠʢʣʯ̔ʥʦ ʾ

ʬʦʨʤʠ ʘʣʜɹʦʛʝʢʩʦʟ ʩʪʘʻ 

ʘʩʠʤʝʪʨʠʯʥʠʤ ʱʝ ʦʜʠʥ ʘʪʦʤ ʢʘʨʙʦʥʫ 

ï ʛʣʢ̔ʦʟʠʜʥʠʡ (ʉʆʆʅ-ʛʨʫʧʘ), ʯʝʨʝʟ 

ʱʦ ʜʦʜʘʪʢʦʚʦ ʫʪʚʦʨʶʻʪʴʩ ̫ ʜʚʘ 

ʽʟʦʤʝʨʠ Ŭ- ʽ ɓ-ʬʦʨʤʠ. ʗʢʦɦ ʫ 

ʧʝʨh ʦʤʫ ʧʦʣʦʞʝʥʥ̔ ʘʪʦʤʫ ʛʝʢʩʦʟʠ 

ʆʅ-ʛʨʫʧʘ ʨʦʟʤʽʱʝʥʘ ʩʧʨʘʚʘ ï ʮʝ Ŭï

ʬʦʨʤʘ, ʷʢɦʦ ʟʣ̔ ʚʘ - ɓ-ʬʦʨʤʘ. 



32 

 

 

ʤʦʥʦʩʘʭʘʨʠʜ ʻ ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʜʞʝʨʝʣʦʤ ʝʥʝʨʛʽʾ ʚ ʞʠʚʠʭ ʢʣʽʪʠʥʘʭ. ʋ ʚʽʣʴʥʦʤʫ 

ʚʠʛʣʷʜʽ ʚʦʥʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʧʣʦʜʘʭ (ʥʘʜʟʚʠʯʘʡʥʦ ʙʘʛʘʪʦ ʛʣʶʢʦʟʠ ʫ 

ʚʠʥʦʛʨʘʜʥʦʤʫ ʩʦʢʫ), ʢʚʽʪʘʭ ʪʘ ʽʥʰʠʭ ʦʨʛʘʥʘʭ ʨʦʩʣʠʥ. ɻʣʁʢʦʟʘ ʻ ʤʦʥʦʤʝʨʦʤ 

ʨʷʜʫ ʦʣʽʛʦʩʘʭʘʨʠʜʽʚ (ʤʘʣʴʪʦʟʠ, ʣʘʢʪʦʟʠ, ʩʘʭʘʨʦʟʠ), ʧʦʣʽʩʘʭʘʨʠʜʽʚ (ʛʣʽʢʦʛʝʥʫ, 

ʢʨoʭʤʘʣʶ, ʮʝʣʶʣʦʟʠ), ʦʢʨʝʤʠʭ ʛʣʢ̔ʦʧʨʦʪʝʾʜʽʚ ʪʦʱʦ. ɼʣʷ ʦʪʨʠʤʘʥʥ̫  ʛʣʶʢʦʟʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʠʩʣʦʪʥʠʡ ʛʽʜʨʦʣʽʟ ʢʘʨʪʦʧʣʷʥʦʛʦ  ̔ʢʫʢʫʨʫʜʟʷʥʦʛʦ ʢʨʦʭʤʘʣʶ.  

ʊʘʙʣʠʮʷ 2.  

ɺʤ̔ ʩʪ ʮʫʢʨ̔ʚ ʫ ʨ̔ʟʥʠʭ ʧʣʦʜʘʭ ʪʘ ʦʚʦʯʘʭ (ʫ ʚʽʜʩʦʪʢʘʭ ʥʘ ʩʠʨʫ ʚʘʛʫ) 

ʂʫʣʴʪʫʨʘ ʉʘʭʘʨʦʟʘ ɻʣʶʢʦʟʘ ʌʨʫʢʪʦʟʘ 

ʂʘʧʫʩʪʘ ʙʽʣʦʢʘʯʘʥʥʘ 

ʄʦʨʢʚʘ 

ʎʠʙʫʣʷ ʨ̔ʧʯʘʩʪʘ 

ʊʦʤʘʪʠ 

ʗʙʣʫʢʘ 

ɺʠʰʥʷ 

ɸʙʨʠʢʦʩʠ 

ʇʦʤʘʨʘʥʯ ̔

ʃʠʤʦʥʠ 

ʍʫʨʤʘ 

0,1 

3,7 

6,3 

0,2 

3,0 

0,4 

6,0 

3,6 

0,9 

1,2 

2,6 

2,9 

1,3 

1,5 

3,8 

4,5 

2,2 

1,3 

0,6 

9,1 

1,6 

ʩʣ̔ʜʠ 

1,2 

1,0 

8,1 

3,8 

1,7 

1,5 

0,6 

7,8 

  
ʅʘʡʧʦʰʠʨʝʥʽʰʠʡ ʫ ʧʨʠʨʦʜʽ ʤʦʥʦʩʘʭʘʨʠʜ ï ʰʝʩʪʠʚʫʛʣʝʮʝʚʠʡ ʮʫʢʦʨ                  

D-ʛʣʁʢʦʟʘ, ʢ̫ʠʡ ʽʥʦʜʽ ʥʘʟʠʚʘʁ ʪʴ ʪʘʢʦʞ ʜʝʢʩʪʨʦʟʦʶ, ʘʙʦ ʚʠʥʦʛʨʘʜʥʠʤ ʮʫʢʨʦʤ. 

ɻʣʶʢʦʟʘ ʻ ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʜʞʝʨʝʣʦʤ ʝʥʝʨʛʽʾ ʚ ʞʠʚʠʭ ʢʣ̔ʪʠʥʘʭ. ʋ ʚʽʣɹʥʦʤʫ 

ʚʠʛʣʜ̫ ̔ʛʣʶʢʦʟʘ ʤʽʩʪʠʪʴʩʷ ʚ ʧʣʦʜʘʭ (ʦʩʦʙʣʠʚʦ ʚʠʩʦʢʠʡ ʾʾ ʚʤʽʩʪ ʫ ʚʠʥʦʛʨʘʜʥʦʤʫ 

ʩʦʢʫ), ʢʚʽʪʢʘʭ ʪʘ ʽʥʰʠʭ ʦʨʛʘʥʘʭ ʨʦʩʣʠʥ. ɻʣʶʢʦʟʘ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʨʽʟʥʠʭ 

ʦʣʽʛʦʩʘʭʘʨʠʜʽʚ (ʣʘʢʪʦʟʠ, ʤʘʣʴʪʦʟʠ, ʩʘʭʘʨʦʟʠ), ʙʘʛʘʪʴʦʭ ʧʦʣʽʩʘʭʘʨʠʜʽʚ 

(ʢʨʦʭʤʘʣʶ, ʮʝʣʣʁʦʟʠ, ʛʣ̔ ʢʦʛʝʥʫ), ʜʝʷʢʠʭ ʛʣ̔ʢʦʧʨʦʪʝʾʜʽʚ ʪʦʱʦ. ɻʣʶʢʦʟʫ 

ʦʪʨʠʤʫʶʪʴ ʰʣʷʭʦʤ ʢʠʩʣʦʪʥʦʛʦ ʛʽʜʨʦʣʽʟʫ ʢʘʨʪʦʧʣʷʥʦʛʦ ʪʘ ʢʫʢʫʨʫʜʟʷʥʦʛʦ 

ʢʨʦʭʤʘʣʶ.  

ʌʨʫʢʪʦʟʘ (ʽʥhʘ ʥʘʟʚʘ ʣʝʚʫʣʦʟʘ ʘʙʦ ʧʣʦʜʦʚʠʡ ʮʫʢʦʨ) ï ʤʦʥʦʩʘʭʘʨʠʜ ʽʟ 

ʛʨʫʧʠ ʢʝʪʦʛʝʢʩʦʟ. ɺʦʥʘ ʜʦʩʠʪʴ ʧʦʰʠʨʝʥʘ ʫ ʧʨʠʨʦʜʽ, ʫ ʚ̔ ʣʥɹ̔ʡ ʬʦʨʤ̔ ʬʨʫʢʪʦʟʘ 

ʤʽʩʪʠʪʴʩ ̫ʚ ʧʣʦʜʘʭ, ʤʝʜʽ (ʙʣʠʟʴʢʦ 50 %), ʥʝʢʪʘʨʽ, ʟʝʣʝʥʠʭ ʯʘʩʪʠʥʘʭ ʨʦʩʣʠʥ. ʎʝʡ 

ʤʦʥʦʩʘʭʘʨʠʜ ʩʦʣʦʜʰʠʡ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʠhʤʠ ʮʫʢʨʘʤʠ. ʌʨʫʢʪʦʟʘ ʪʘʢʦʞ ̒ 

ʤʦʥʦʤʝʨʦʤ ʨʷʜʫ ʦʣʽʛʦʩʘʭʘʨʠʜʽʚ (ʩʘʭʘʨʦʟʠ, ʨʘʬʽʥʦʟʠ, ʩʪʘʭʽʦʟʠ), ʧʦʣʽʩʘʭʘʨʠʜʽʚ 

(ʽʥʫʣʽʥ), ʛʣʢ̔ʦʧʨʦʪʝʾ ʥ̔ʚ ʪʘ ʛʣ̔ʢʦʟʠʜ̔ʚ. ʌʨʫʢʪʦʟʘ ʟʘʙʝʟʧʝʯʫʻ ʪʫʨʛʦʨ ʢʣʽʪʠʥ 

ʨʦʩʣʠʥ. ʌʦʩʬʦʨʥʽ ʝʬʽʨʠ ʬʨʫʢʪʦʟʠ ʟʘʜʽʷʥʽ ʚ ʦʙʤʽʥʽ ʚʫʛʣʝʚʦʜʽʚ. ʎʝʡ ʤʦʥʦʩʘʭʘʨʠʜ 

ʦʪʨʠʤʫʶʪʴ ʛʽʜʨʦʣʽʟʦʤ ʽʥʫʣʽʥʫ. 

ʈʠʙʦʟʘ ï ʤʦʥʦʩʘʭʘʨʠʜ ʽʟ ʛʨʫʧʠ ʘʣʴʜʦʧʝʥʪʦʟ, ʷʢʠʡ ʪʘʢʦʞ ʰʠʨʦʢʦ 

ʧʦʰʠʨʝʥʠʡ ʫ ʧʨʠʨʦʜʽ ʪʘ ʤʘ̒  ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʜʣ ̫ ʞʠʚʠʭ 
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ʦʨʛʘʥʽʟʤ,̔ ʦʩʢʽʣʴʢʠ. ʫ ʬʫʨʘʥʦʟʥʽʡ ʬʦʨʤʽ D-ʨʠʙʦʟʘ  ʻ ʢʦʤʧʦʥʝʥʪʦʤ ʈʅʂ. ʇʦʭʽʜʥʝ 

ʨʠʙʦʟʠ - ʩʧʠʨʪ ʨ̔ʙ̔ʪ - ʻ ʩʪʨʫʢʪʫʨʥʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʜʝʷʢʠʭ ʚʽʪʘʤ̔ʥʽʚ ʪʘ ʝʥʟʠʤʽʚ.  

ʂʩʠʣʦʟʘ (ʜʝʨʝʚʥʠʡ ʮʫʢʦʨ) - ʤʦʥʦʩʘʭʘʨʠʜ ̔ʟ ʛʨʫʧʠ ʧʝʥʪʦʟ, ʦɦ ʚʭʦʜʠʪɹ ʜʦ 

ʩʢʣʘʜʫ ʧʝʢʪʠʥʦʚʠʭ ʨʝʯʦʚʠʥ, ʛʝʤʽʮʝʣʶʣʦʟʠ, ʛʫʤʽ, ʩʣʠʟʽʚ. ʆʩʥʦʚʥʠʤ ʜʞʝʨʝʣʦʤ 

ʢʩʠʣʦʟʠ ʻ ʢʩʠʣʘʥʠ ʜʝʨʝʚʠʥʠ. ʉʘʤʝ ʪʦʤʫ ʾʾ ʦʪʨʠʤʫʶʪɹ ʛʜ̔ʨʦʣ̔ ʟʦʤ ʩʦʣʦʤʠ, 

ʚʠʩʽʚʦʢ, ʩʦʥʷʰʥʠʢʦʚʦʛʦ ʣʫʰʧʠʥʥʷ, ʪʦɦʦ. ʂʩʠʣʦʟʫ, ʦʪʨʠʤʘʥʫ ʟ ʢʫʢʫʨʫʜʟʷʥʠʭ 

ʢʘʯʘʥʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ ʢʦʥʜʠʪʝʨʩɹʢ̔ʡ ʛʘʣʫʟʽ. ʂʩʠʣʦʟʘ ʫ ʣʁʜʩɹʢʦʤʫ 

ʦʨʛʘʥʽʟʤʽ ʥʝ ʟʜʘʪʥʘ ʟʘʩʚʦʚʁʘʪʠʩʴ, ʪʘ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ 

ʤʦʥʦʩʘʭʘʨʠʜʽʚ, ʥʝ ʟʙʨʦʜʞʫʻʪʴʩʷ ʜʨʽʞʜʞʘʤʠ. ʈʘʟʦʤ ʟ ʪʠʤ ʢʩʠʣ̔ʪ - ʧʨʦʜʫʢʪ 

ʚʽʜʥʦʚʣʝʥʥʷ ʢʩʠʣʦʟʠ - ʧʨʝʢʨʘʩʥʦ ʟʘʩʚʦʶʻʪʴʩʷ ʪʘ ʥʘʚʽʪʴ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʣʶʜʴʤʠ, ʷʢʽ ʤʘʁ ʪɹ ʮʫʢʨʦʚʠʡ ʜ̔ ʘʙʝʪ, ʷʢ ʟʘʤ̔ʥʥʠʢ ʮʫʢʨʫ. 

ʄʘʥʦʟʘ ï ʤʦʥʦʩʘʭʘʨʠʜ ʽʟ ʛʨʫʧʠ ʛʝʢʩʦʟ, ʽʟʦʤʝʨ ʛʣʶʢʦʟʠ. ʋ ʨʦʩʣʠʥʘʭ 

ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʩʢʣʘʜʦʚʦʾ ʯʘʩʪʠʥʠ ʚʠʠɦʭ ʧʦʣ̔ʩʘʭʘʨʠʜʽʚ (ʩʣʠʟʽʚ ʪʘ 

ʛʝʤʽʮʝʣʶʣʦʟ), ʛʣʽʢʦʧʨʦʪʝʾʥʽʚ, ʛʣʽʢʦʟʠʜʽʚ. ʋ ʚʽʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʤʘʥʦʟʘ ʚʠ̫ʚʣʝʥʘ ʚ 

ʧʣʦʜʘʭ ʮʠʪʨʫʩʦʚʠʭ ʪʘ ʘʥʘʢʘʨʜʽʻʚʠʭ ʨʦʩʣʠʥ. ʋʪʚʦʨʶʻʪʴʩʷ ʤʘʥʦʟʘ ʧʨʠ ʦʢʠʩʥʝʥʥʽ 

ʰʝʩʪʠʘʪʦʤʥʦʛʦ ʩʧʠʨʪʫ ʤʘʥʪ̔ʫ, ʷʢʠʡ ʫ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʤ̔ʩʪʠʪʴʩʷ ʚ ʣʠʰʘʡʥʠʢʫ 

ʘʩʧʮ̔ʠʣ̔ ʷ ʾʩʪʽʚʥʘ (ʪʘʢ ʟʚʘʥʘ ʤʘʥʥʘ), ʙʫʨʠʭ ʚʦʜʦʨʦʩʪ̫ʭ, ʤʘʩʣʠʥʘʭ ʪʘ ʽʥʰʠʭ 

ʨʦʩʣʠʥʘʭ. 

ʉʦʨʙʦʟʘ ï ʤʦʥʦʩʘʭʘʨʠʜ ʟ̔ ʛʨʫʧʠ ʢʝʪʦʛʝʢʩʦʟ, ʷʢʠʡ ʚʧʝʨʰʝ ʙʫʣʦ ʚʠʜʽʣʝʥʦ ʟ 

ʛ̫̔ʜ ʛʦʨʦʙʠʥʠ. ʋʪʚʦʨʶʻʪʴʩʷ ʩʦʨʙʦʟʘ ʧʨʠ ʦʢʠʩʥʝʥʥʽ ʩʦʨʙʽʪʫ - ʰʝʩʪʠʘʪʦʤʥʦʛʦ 

ʩʧʠʨʪʫ. ʋ ʷʛʦʜʘʭ ʛʦʨʦʙʠʥʠ ʤʽʩʪʠʪʩɹ ̫ʙʣʠʟʴʢʦ 7 % ʩʦʨʙʪ̔ʫ. ʇʨʠ ʧʨʦʤʠʩʣʦʚʦʤʫ 

ʚʠʨʦʙʥʠʮʪʚʽ ʩʦʨʙʦʟʠ ʟ̔ ʩʦʨʙʽʪʫ ʟ ʚʠʢʦʨʠʩʘʥʥʷʤ ʙʘʢʪʝʨ̔ʡ Acetobacter suboxydans 

ʪʘ ʟʘ ʫʤʦʚʠ ʜʦʩʪʘʪʥʴʦʾ ʘʝʨʘʮʽʾ, ʚʠʭʽʜ ʤʦʥʦʩʘʭʘʨʠʜʫ ʤʦʞʝ ʩʪʘʥʦʚʠʪʠ ʙʣʠʟʴʢʦ               

90 %. ʋ ʬʘʨʤʘʮʝʚʪʠʯʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʩʦʨʙʦʟʘ ʻ ʧʨʦʤʽʞʥʠʤ ʧʨʦʜʫʢʪʦʤ 

ʩʠʥʪʝʟʫ ʚʽʪʘʤʽʥʫ ʉ.  

ɻʘʣʘʢʪʦʟʘ ï ʤʦʥʦʩʘʭʘʨʠʜ ʽʟ ʛʨʫʧʠ ʛʝʢʩʦʟ, ʷʢʠʡ ʻ ʩʢʣʘʜʦʚʦ  ʁ

ʧʦʣʽʩʘʭʘʨʠʜ̔ʚ ʯʝʨʚʦʥʠʭ ʚʦʜʦʨʦʩʪʝʡ (L-ʛʘʣʘʢʪʦʟʘ). D-ʛʘʣʘʢʪʦʟʘ ʙʽʣʴʰ 

ʨʦʟʧʦʚʩʶʜʞʝʥʘ ʚ ʧʨʠʨʦʜ ̔ʽ ̒ ʤʦʥʦʤʝʨʦʤ ʙʘʛʘʪʴʦʭ ʦʣʽʛʦʩʘʭʘʨʠʜʽʚ (ʨʘʬʽʥʦʟʠ, 

ʩʪʘʭʽʦʟʠ, ʣʘʢʪʦʟʠ), ʜʝʷʢʠʭ ʛʣʽʢʦʟʠʜ̔ʚ, ʧʦʣʽʩʘʭʘʨʠʜʽʚ (ʛʝʤʮ̔ʝʣʁʣʦʟʠ, ʩʣʠʟ̔ʚ, 

ʧʝʢʪʠʥʽʚ ʪʘ ʛʫʤ)̔. ɿʙʨʦʜʞʫʻʪʴʩʷ ʜʨʽʞʜʞʘʤʠ. 

 

ʆʣʽʛʦʩʘʭʘʨʠʜʠ  ̒ʧʦʣʤ̔ʝʨʥʠʤʠ ʚʫʛʣʝʚʦʜʘʤʠ ʟ ʥʝʚʝʣʠʢʦʶ ʤʦʣʝʢʫʣʷʨʥʦʶ 

ʤʘʩʦʶ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʚʽʜ 2 ʜʦ 10 ʟʘʣʠhʢ̔ ʚ ʤʦʥʦʩʘʭʘʨʠʜʽʚ, ʧʦʚô̫ ʟʘʥʠʭ ʦʜʠʥ ʟ 

ʦʜʥʠʤ ʛʣʢ̔ʦʟʠʜʥʠʤ ʟʚôʷʟʢʦʤ. ɺʦʥʠ ʜʦʙʨʝ ʨʦʟʯʠʥʥ ̔ ʚ ʚʦʜʽ, ʤʦʞʫʪʴ ʣʝʛʢʦ 

ʢʨʠʩʪʘʣʽʟʫʚʘʪʠʩʷ, ʥʘ ʩʤʘʢ ʩʦʣʦʜʢʽ.  
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ɿʘʣʠh ʢʠ ʤʦʥʦʩʘʭʘʨʠʜ̔ʚ ʚ ʦʣ̔ʛʦʩʘʭʘʨʠʜʽ ʧʦ̒ ʜʥʫʶʪʴʩʷ ʟʚô̫ ʟʢʘʤʠ ʤʽʞ 

ʜʚʦʤʘ ʥʘʧʽʚʘʮʝʪʘʣʴʥʠʤʠ ʛʜ̔ʨʦʢʩʠʣʘʤʠ ʯʠ ʥʘʧʽʘʮʝʪʘʣʴʥʠʤ ʛʽʜʨʦʢʩʠʣʦʤ ʦʜʥʦʛʦ 

ʤʦʥʦʩʘʭʘʨʠʜʘ ʽ ʙʫʜʴ-ʷʢʠʤ ʛʽʜʨʦʢʩʠʣʦʤ ʽʥʰʦʛʦ.  

ɻʣ̔ʢʦʟʠʜʦ-ʛʣʢ̔ʦʟʠʜʥʠʡ ʟʚôʷʟʦʢ (ʜʠʩʘʭʘʨʠʜ: ʪʨʝʛʘʣʦʟʘ) ʫʪʚʦʨʶʻʪʴʩʷ 

ʰʣʷʭʦʤ ʟô̒ ʜʥʘʥʥʷ ʜʚʦʭ ʤʦʥʦʩʘʭʘʨʠʜ̔ʚ ʧʦ ʆʅ-ʨʘʜʠʢʘʣʘʭ ʫ 1 ʧʦʣʦʞʝʥʥ̔  ʜʚʦʭ 

ʘʪʦʤʽʚ ʢʘʨʙʦʥʫ (1ʉ-1ʉ).  

ɻʣʽʢʦʟʠʜʦ-ʛʣʶʢʦʟʠʜʥʠʡ ʟʚôʷʟʦʢ (ʜʠʩʘʭʘʨʠʜ: ʤʘʣʴʪʦʟʘ) ʫʪʚʦʨʶʻʪʴʩʷ 

ʣhʷʭʦʤ ʢʠʩʥʝʚʦʛʦ ʤʽʩʪʢʘ ʤʽʞ ʛʣʢ̔ʦʟʠʜʥʠʤ ʛʽʜʨʦʢʩʠʣʦʤ ʦʜʥʦʛʦ ʤʦʥʦʩʘʭʘʨʠʜʫ ʚ 

1 ʧʦʣʦʞʝʥʥʽ ʘʪʦʤʫ ʢʘʨʙʦʥʫ ʪʘ ʛʜ̔ʨʦʢʩʠʣʦʤ ʥʘʩʪʫʧʥʦʛʦ ʤʦʥʦʩʘʭʘʨʠʜʫ ʚ                        

4 ʧʦʣʦʞʝʥʥʽ ʘʪʦʤʫ ʢʘʨʙʦʥʫ (1ʉ-4ʉ).  

 

 
 

ɼʠʩʘʭʘʨʠʜʠ: ʩʘʭʘʨʦʟʘ (ʙʫʨʷʢʦʚʠʡ, ʪʨʦʩʪʠʥʥʠʡ ʮʫʢʦʨ), ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʟ 

ʨʦʟʙʘʚʣʝʥʠʤʠ ʢʠʩʣʦʪʘʤʠ ʨʦʟʱʝʧʣʶʻʪʩɹ ̫ʜʦ ʛʣʶʢʦʟʠ ʽ ʬʨʫʢʪʦʟʠ; ʣʘʢʪʦʟʘ ʧʨʠ 

ʛʜ̔ʨʦʣʽʟʽ ï ʜʦ Ŭ-ʛʣʁʢʦʟʠ ʪʘ ɓ-ʛʘʣʘʢʪʦʟʘ; ʤʘʣʴʪʦʟʘ (ʩʦʣʦʜʦʚʠʡ ʮʫʢʦʨ) - ʜʦ 

ʟʘʣʠʰʢʽʚ ʜʚʦʭ ʤʦʣʝʢʫʣ ʛʣʶʢʦʟʠ; ʪʨʝʛʘʣʦʟʘ (ʛʨʠʙʥʠʡ ʮʫʢʦʨ) ʛʽʜʨʦʣʽʟʫʻʪʴʩʷ ʟ 

ʫʪʚʦʨʝʥʥʷʤ 2 ʤʦʣʝʢʫʣ ʛʣʶʢʦʟʠ; ʮʝʣʦʙʽʦʟʘ ʤʩ̔ʪʠʪʴ ʪʘʢʦʞ ʟʘʣʠʰʢʠ 2 ʛʣʶʢʦʟ. 
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ʅʘʡʧʦʰʠʨʝʥʽʰʠʤ ʫ ʧʨʠʨʦʜʽ ʜʠʩʘʭʘʨʠʜʦʤ ʪʘ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʤ ʟ 

ʦʣ̔ʛʦʩʘʭʘʨʠʜʽʚ ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʨʦʩʣʠʥʘʭ  ̒ ʩʘʭʘʨʦʟʘ. ʉʘʭʘʨʦʟʘ ʜʦʙʨʝ 

ʨʦʟʯʠʥʥʘ ʫ ʚʦʜʽ ʽ ʤʘʻ ʩʦʣʦʜʢʠʡ ʩʤʘʢ. ɺʦʥʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ Ŭ-D-ʛʣʶʢʦʟʥʦʛʦ 

ʟʘʣʠʰʢʫ ʚ ʧʨ̔ʘʥʦʟʥʽʡ ʬʦʨʤʽ, ʟʚ'̫ʟʘʥʦʛʦ ʛʣ̔ ʢʦʟʠʜʥʠʤ ʟʚ'̫ʟʢʦʤ ʟ ɓ-D-ʬʨʫʢʪʦʟʦʶ ʫ 

ʬʫʨʘʥʦʟʥʽʡ ʬʦʨʤʽ. ʆʩʢʽʣʴʢʠ ʘʥʦʤʝʨʥʠʡ ʚʫʛʣʝʮʝʚʠʡ ʘʪʦʤ ʦʙʦʭ ʤʦʥʦʩʘʭʘʨʠʜʽʚ 

ʟʘʜ̔ ʥ̫ʠʡ ʚ ʬʦʨʤʫʚʘʥʥʽ ʛʣ̔ ʢʦʟʠʜʥʦʛʦ ʟʚô̫ ʟʢʫ, ʾʭ ʥʘʧʽʚʘʮʝʪʘʣʴʥʽ ʛʨʫʧʠ ʙʣʦʢʦʚʘʥʽ ʽ 

ʞʦʜʥʝ ʟ ʢʽʣʝʮʴ ʥʝ ʤʦʞʝ ʚʽʜʢʨʠʪʠʩʷ. ʊʦʤʫ ʩʘʭʘʨʦʟʘ - ʮʝ ʥʝ ʚʽʜʥʦʚʥʠʡ ʮʫʢʦʨ (ʥʝ 

ʚ̔ʜʥʦʚʣʶ̒ ʨʝʘʢʪʠʚʠ ʌʝʣʽʥʛʘ ʽ ɹʝʥʝʜʠʢʪʘ), ʽ ʟʘ ʚʠʥʷʪʢʦʤ ʾʾ ʯʫʪʣʠʚʦʩʪʽ ʜʦ 

ʢʠʩʣʦʪʥʦʛʦ ʛʽʜʨʦʣʽʟʫ, ʚʦʥʘ ʭ̔ʤ̔ʯʥʦ ʽʥʝʨʪʥʘ. ʉʘʭʘʨʦʟʘ ʟʜʘʪʥʘ ʧʽʜʜʘʚʘʪʠʩʴ 

ʛʽʜʨʦʣʽʟʫ, ʷʢʱʦ ʾʾ ʥʘʛʨʽʚʘʪʠ  ʟ ʢʠʩʣʦʪʦ  ʁ ʘʙʦ ʟʘ ʜʽʾ ʬʝʨʤʝʥʪʫ ʩʘʭʘʨʘʟʠ 

(ʥ̔ʚʝʨʪʘʟʠ), ʫʪʚʦʨʶʁʯʠ ʽʥʚʝʨʪʥʠʡ ʮʫʢʦʨ ï ʩʫʤʽh ʛʣ ʢʁʦʟʠ ʪʘ ʬʨʫʢʪʦʟʠ. ʊʘʢʠʡ 

ʮʫʢʦʨ ʧʨʠʙʣʠʟʥʦ ʥʘ 30 %  ̒ ʩʦʣʦʜʰʠʤ ʟʘ ʩʘʭʘʨʦʟʫ  ̔ ʪʦʤʫ ʯʘʩʪʦ 

ʚʠʢʦʨʠʩʪʦʚʫ̒ʪɹʩ̫ ʚ ʢʦʥʜʠʪʝʨʩʴʢʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ.  

ʆʩʥʦʚʥʠʤ ʜʞʝʨʝʣʦʤ ʦʪʨʠʤʘʥʥʷ ʩʘʭʘʨʦʟʠ ʻ ʮʫʢʨʦʚʠʡ ʙʫʨʷʢ, ʱʦ ʤʽʩʪʠʪʴ ʜʦ 

23 % ʩʘʭʘʨʦʟʠ, ʽ ʮʫʢʨʦʚʘ ʪʨʦʩʪʠʥʘ, ʩʪʝʙʣʘ ʷʢʦ ʾ ʤ̔ ʩʪ̫ʪʴ 10-18% ʩʘʭʘʨʦʟʠ. 

ʎʫʢʨʦʚʘ ʢʫʢʫʨʫʜʟʘ ʪʘ ʮʫʢʨʦʚʝ ʩʦʨʛʦ ʚ ʩʪʝʙʣʘʭ ʤʽʩʪʷʪʴ 10-18% ʩʘʭʘʨʦʟʠ.  

ʉʘʭʘʨʦʟʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪɹʩʷ ʷʢ ʧʨʦʜʫʢʪ ʭʘʨʯʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʫ ʚʠʨʦʙʥʠʮʪʚʽ 

ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ (ʝʬʽʨʠ ʩʘʭʘʨʦʟʠ ʟ ʚʠʱʠʤʠ ʢʠʩʣʦʪʘʤʠ). ʇʨʦʪʝ 

ʚʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʮʝʡ ʜʠʩʘʭʘʨʠʜ ʫ ʦʯʠʱʝʥʦʤʫ ʚʠʛʣʷʜʽ ʚʦʣʦʜʽʻ ʥʝʛʘʪʠʚʥʠʤ 

ʚʧʣʠʚʦʤ ʥʘ ʢʨʦʚʦʥʦʩʥʽ ʩʫʜʠʥʠ, ʘ ʪʘʢʦʞ ʻ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʧʨʦʚʦʢʫʶʯʠʭ 

ʬʘʢʪʦʨ̔ʚ  ʨʦʟʚʠʪʢʫ ʜʽʘʙʝʪʫ, ʪʦʤʫ ʚ ʨʘʮʽʦʥʽ ʡʦʛʦ ʜʦʮʽʣʴʥʦ ʦʙʤʝʞʫʚʘʪʠ 

ʧʨʠʙʣʠʟʥʦ ʜʦ ʜʚʦʭ ʩʪʦʣʦʚʠʭ ʣʦʞʦʢ ʥʘ ʜʦʙʫ. 

ʃʘʢʪʦʟʘ (ʤʦʣʦʯʥʠʡ ʮʫʢʦʨ) ï ʜʠʩʘʭʘʨʠʜ, ʫʪʚʦʨʝʥʠʡ ʟʘʣʠʰʢʘʤʠ D-

ʛʘʣʘʢʪʦʟʠ ʪʘ D-ʛʣʢʁʦʟʠ. ʎʝʡ ʚʫʛʣʝʚʦʜ ʤʽʩʪʠʪʴʩʷ ʫ ʚʽʣʴʥʦʤʫ ʚʠʛʣ̫ʜ̔  ʚ ʤʦʣʦʮ̔ 

ʚʩ̔ʭ ʩʩʘʚʮʽʚ (4ï5 %), ʪʦʜ̔ ʷʢ ʫ ʨʦʩʣʠʥ ʟʫʩʪʨʽʯʘʻʪʴʩ ̫ ʨʽʜʢʦ, ʧʝʨʝʚʦʞʥʦ ʫ 

ʟʚô̫ ʟʘʥʦʤʫ ʩʪʘʥʽ (ʛʣ̔ʢʦʟʠʜʠ, ʛʣʽʢʦʧʨʦʪʝʾʥʠ). ʃʘʢʪʦʟʘ ʟʥʘʡʜʝʥʘ ʚ ʧʠʣʢʦʚʠʭ 

ʪʨʫʙʢʘʭ ʢʚʽʪʽʚ Forsythia ʪʘ ʚ ʢʘʫʯʫʢʦʥʦʩʥʽʡ ʨʦʩʣʠʥʽ Achras sapota. 

ɿʙʨʦʜʞʫʻʪʴʩʷ ʣʘʢʪʦʟʘ ʦʩʦʙʣʠʚʠʤʠ ʣʘʢʪʦʟʥʠʤʠ ʜʨʞ̔ʜʞʘʤʠ, ʱʦ ʤʩ̔ʪʷʪʴʩʷ ʚ 
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ʢʝʬʽʨʽ, ʢʫʤʠʩʽ. ʋ ʨʦʩʣʠʥʘʭ ʚʦʥʘ ʤʦʞʝ ʛʽʜʨʦʣʽʟʫʚʘʪʠʩʴ ʬʝʨʤʝʥʪʦʤ 

ʛʘʣʘʢʪʦʟʠʜʘʟʦʶ. 

ʆʜʝʨʞʫʶʪʴ ʣʘʢʪʦʟʫ ʟ ʩʠʨʦʚʘʪʢʠ ï ʚʽʜʭʦʜʫ ʩʠʨʦʚʘʨʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ 

ʟʘʩʪʦʩʦʚʫʶʪ ɹ ʷʢ ʢʦʤʧʦʥʝʥʪ ʜʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ ʞʠʚʠʣʥɹʠʭ ʩʝʨʝʜʦʚʠʱ ʫ 

ʤ̔ʢʨʦʙ̔ʦʣʦʛ̔ʾ, ʘ ʪʘʢʦʞ ʫ ʬʘʨʤʘʮʝʚʪʠʯʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ - ʷʢ ʥʘʧʦʚʥʶʚʘʯ ʧʨʠ 

ʚʠʛʦʪʦʚʣʝʥʥ ̔ʧʦʨʦʰʢʽʚ ̔ ʪʘʙʣʝʪʦʢ. 

ʊʨʠʩʘʭʘʨʠʜʠ: ʤʝʣ̔ʮʠʪʦʟʘ ʚʢʣʯʁʘʻ 2 ʟʘʣʠʰʢʠ ʛʣʶʢʦʟʠ ʪʘ ʦʜʠʥ ï ʬʨʫʢʪʦʟʠ; 

ʛʝʥʮʽʘʥʦʟʘ ï 2 ʟʘʣʠʰʢʠ ʛʣʶʢʦʟʠ ʽ ʦʜʠʥ ʬʨʫʢʪʦʟʠ; ʨʘʬʽʥʦʟʘ ʫʪʚʦʨʝʥʘ ʟʘʣʠʰʢʘʤʠ 

ʬʨʫʢʪʦʟʠ, ʛʣʁʢʦʟʠ, ʛʘʣʘʢʪʦʟʠ;  

ʊʝʪʨʘʩʘʭʘʨʠʜ ʩʪʘʭʽʦʟʘ ʩʬʦʨʤʦʚʘʥʘ 2 ʤʦʥʦʤʝʨʘʤʠ ʛʘʣʘʢʪʦʟʠ ʪʘ ʦʜʥʽʻ ʁ

ʤʦʣʝʢʫʣʦ  ʁʬʨʫʢʪʦʟʠ ʽ ʛʣ ʢʁʦʟʠ.  

 

ʇʦʣʽʩʘʭʘʨʠʜʠ - ʮʝ ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʽ ʩʧʦʣʫʢʠ, ʷʢʽ ʫʪʚʦʨʝʥʽ ʚʝʣʠʢʦ ʁ

ʢʣ̔ʢɹ̔ʩʪʁ ʤʦʥʦʤʝʨʥʠʭ ʦʜʠʥʠʮ ɹ ʤʦʥʦʩʘʭʘʨʠʜʚ̔ ̔ ʾʭ ʧʦʭʽʜʥʠʭ. ʇʦʣʽʩʘʭʘʨʠʜʠ 

ʟʘʣʝʞʥʦ ʚʽʜ ʧʨʠʨʦʜʠ ʤʦʥʦʩʘʭʘʨʠʜʽʚ, ʱʦ ʾʭ ʫʪʚʦʨʶʶʪʴ, ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ 

ʛʦʤʦʧʦʣʽʩʘʭʘʨʠʜʠ (ʟʘʣʠʢhʠ ʤʦʥʦʩʘʭʘʨʠʜʽʚ ʦʜʥʦʛʦ ʪʠʧʫ) ʪʘ ʛʝʪʝʨʦʧʦʣʽʩʘʭʘʨʠʜʠ 

(ʟʘʣʠʰʢʠ ʤʦʥʦʩʘʭʘʨʠʜʽʚ ʢʽʣɹʢʦʭ ʪʠʧʽʚ). ɼʦ ʛʦʤʦʧʦʣʩ̔ʘʭʘʨʠʜʽʚ ʥʘʣʝʞʘʪʴ: 

ʛʣ̔ ʢʦʛʝʥ, ʜʝʢʩʪʨʠʥ, ʢʨʦʭʤʘʣ,ɹ ʢʣʪ̔ʢʦʚʠʥʘ, ʥ̔ʫʣ̔ʥ, ʭʽʪʠʥ; ʜʦ ʛʝʪʝʨʦʧʦʣʩ̔ʘʭʘʨʠʜʽʚ 

ï ʛʝʤʽʮʝʣʶʣʦʟʘ, ʢʘʤʝʜ,̔ ʤʫʢʦʧʦʣʽʩʘʭʘʨʠʜʠ (ʛʝʧʘʨʠʥ, ʭʦʥʜʨʦʾʪʠʥʩʽʨʯʘʥʘ, 

ʛ̔ʘʣʫʨʦʥʦʚʘ ʢʠʩʣʦʪʠ) ʽ ʩʧʝʮʠʬ̔ʯʥʽ ʧʦʣʽʩʘʭʘʨʠʜʠ (ʛʨʫʧʦʚ̔  ʨʝʯʦʚʠʥʠ ʢʨʦʚʽ, 

ʢʘʧʩʫʣ̫ʨʥʽ ʧʦʣʽʩʘʭʘʨʠʜʠ, ʱʦ ʚʭʦʜʪ̫ɹ ʜʦ ʩʢʣʘʜʫ ʙʘʢʪʝʨʽʡ). ʆʨʛʘʥʽʟʤʠ ʤʦʞʫʪʴ 

ʥʘʢʦʧʠʯʫʚʘʪʠ ʧʦʣʽʩʘʭʘʨʠʜʠ, ʥʘʧʨʠʢʣʘʜ, ʢʨʦʭʤʘʣʴ, ʽʥʫʣʽʥ ʚʠʢʦʥʫʶʪʴ ʨʦʣʴ 

ʨʝʟʝʨʚʥʠʭ ʨʝʯʦʚʠʥ ʫ ʨʦʩʣʠʥʘʭ, ʛʣ̔ʢʦʛʝʥ ï ʚ ʦʨʛʘʥʽʟʤʽ ʪʚʘʨʠʥ, 

ʭʦʥʜʨʦʾʪʠʥʩʽʨʯʘʥʘ ʢʠʩʣʦʪʘ ï ʫ ʢʣ̔ʪʢʦʚʠʥʽ, ʢʘʧʩʫʣʷʨʥʽ ʧʦʣʽʩʘʭʘʨʠʜʠ, ʭʽʪʠʥ 

ʚʽʜʽʛʨʘʶʪʴ ʤʝʭʘʥʽʯʥʫ ʽ ʟʘʭʠʩʥʫ ʨʦʣʴ. 

ʂʨʦʭʤʘʣʴ ï ʧʦʨʦhʦʢ ʙ̔ ʣʦʛʦ ʢʦʣʴʦʨʫ, ʥʝ ʤʘʻ ʟʘʧʘʭʫ ʽ ʩʤʘʢʫ, ʥʝ 

ʨʦʟʯʠʥ̫ ʻʪɹʩʷ ʫ ʭʦʣʦʜʥʽʡ ʚʦʜʽ, ʘ ʚ ʛʘʨʷʯʽʡ ʫʪʚʦʨʶʻ ʢʦʣʦʾʜ, ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʜʦ 

ʷʢʦʛʦ ʡʦʜʫ ʟô̫ ʚʣʷʻʪʴʩʷ ʩʠʥ̒ ʟʘʙʘʨʚʣʝʥʥ.̫ ʎʝ ʧʨʦʜʫʢʪ ʬʦʪʦʩʠʥʪʝʟʫ ʽ ʦʩʥʦʚʥʘ 

ʧʦʞʠʚʥʘ ʨʝʯʦʚʠʥʘ ʨʦʩʣʠʥ. ʂʨʦʭʤʘʣʴ ʚʽʜʢʣʘʜʘʻʪʴʩʷ ʚ ʨʦʩʣʠʥʥʠʭ ʪʢʘʥʠʥʘʭ (ʚ 

ʣʠʩʪʽ, ʥʘʩ̔ʥʥʽ ʧʣʦʜʘʭ, ʙʫʣʴʙʘʭ, ʢʣʫʙʥʷʭ) ʫ ʚʠʛʣ̫ʜʽ ʰʘʨʫʚʘʪʠʭ ʟʝʨʝʥ. ʂʨʦʭʤʘʣʴʥʽ 

ʟʝʨʥʘ ï ʩʪʨʫʢʪʫʨʠ ʨʽʟʥʦʤʘʥʽʪʥʦʾ ʬʦʨʤʠ ʪʘ ʨʦʟʤʽʨ̔ʚ ʽ ʧʝʨʝʚʘʞʥʦ ʩʧʝʮʠʬʽʯʥ ̔ʜʣʷ 

ʢʦʞʥʦʛʦ ʚʠʜʫ ʨʦʩʣʠʥ. ʇʨʠ ʢʠʩʣʦʪʥʦʤʫ ʛʽʜʨʦʣʽʟʽ ʢʨʦʭʤʘʣʴ ʨʦʟʝɦʧʣʶ̒ʪʴʩʷ ʜʦ 

ʤʦʣʝʢʫʣ ʛʣʶʢʦʟʠ, ʷʢʘ ʚʭʦʜʠʪɹ  ʜʦ ʩʢʣʘʜʫ ʢʨʦʭʤʘʣʁ  ʫ ʚʠʛʣʷʜʽ D-ʛʣʶʢʦʧʽʨʘʥʦʟʠ. 

ʇʨʠʨʦʜʥʽʡ ʢʨʦʭʤʘʣʴ ʩʢʣʘʜʘ̒ʪʴʩʷ ʽʟ ʜʚʦʭ ʨʽʟʥʠʭ ʬʨʘʢʮʽʡ, ʱʦ ʨʽʟʥʷʪʴʩʷ ʟʘ 

ʙʫʜʦʚʦʶ ʡ ʚʣʘʩʪʠʚʦʩʪʷʤʠ: ʘʤʽʣʦʟʘ (~25 %) ʪʘ  ʘʤʽʣʦʧʝʢʪʠʥ (~75%). ʋ ʢʨʦʭʤʘʣ̔ 

ʚʠʷʚʣʝʥʦ ʜʝ̫ʢ̔  ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʽ ʞʠʨʥʽ ʢʠʩʣʦʪʠ (ʧʘʣʤɹ̔ʪʠʥʦʚʫ, ʩʪʝʘʨʠʥʦʚʫ ʪʘ 
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ʽʥ), ʚʤʽʩʪ ʷʢʠʭ ʜʦʩʷʛʘʻ 0,6 % ʪʘ ʥʝʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ (0,2ï0,7 %) ʤʽʥʝʨʘʣʴʥʠʭ 

ʨʝʯʦʚʠʥ, ʧʝʨʝʚʘʞʥʦ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʬʦʩʬʦʨʥʦʶ ʢʠʩʣʦʪʦʶ.  

ʎʝʣʁʣʦʟʘ ʘʙʦ ʢʣʽʪʢʦʚʠʥʘ ï ʚʠʱʠʡ ʧʦʣ̔ʩʘʭʘʨʠʜ ʫʪʚʦʨʝʥʠʡ ʤʦʥʦʤʝʨʥʠʤʠ 

ʟʘʣʠh ʢʘʤʠ ɓ-ʛʣʶʢʦʟʠ, ʱʦ ʟô̒ʜʥʫʶʪʴʩ ̫ ʤ̔ʞ ʩʦʙʦʁ  ʛʣʢ̔ʦʟʠʜʥʠʤʠ ɓ-(1Ÿ4)-

ʟʚôʷʟʢʘʤʠ, ʫ ʚʦʜʽ ʥʝ ʨʦʟʯʠʥʥʘ, ʘʣʝ ʟʜʘʪʥʘ ʚ ʥʽʡ ʥʘʙʫʭʘʪʠ. ʂʣʽʪʢʦʚʠʥʘ ʻ ʜʦʩʠʪʴ 

ʩʪʽʡʢʠʤ ʧʦʣʽʩʘʭʘʨʠʜʦʤ, ʷʢʠʡ ʣʠh ʝ ʟʘ ʫʤʦʚʠ ʢʠʧô̫ ʪ̔ʥʥ̫ ʟ ʢʦʥʮʝʥʪʨʦʚʘʥʦʶ 

ʭʣʦʨʠʜʥʦʶ ʘʙʦ ʩʫʣɹʬʘʪʥʦʶ ʢʠʩʣʦʪʦ  ʁ(ʢʠʩʣʦʪʥʠʡ ʛʽʜʨʦʣʽʟ), ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ 

ʛʣʢʁʦʟʫ, ʧʨʠ ʩʣʘʙʰʦʤʫ ï ʥʘ ʮʝʣʦʙʽʦʟʫ. 

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʠʤ ʘʥʘʣʟ̔ʦʤ ʚʠʚ̫ʣʝʥʦ, ʱʦ ʤʦʣʝʢʫʣʘ ʮʝʣʶʣʦʟʠ ʤʘʻ 

ʥʠʪʢʦʧʦʜʽʙʥʫ ʬʦʨʤʫ. ʎʽ ʥʠʪʢʦʧʦʜʽʙʥʽ ʤʦʣʝʢʫʣʠ, ʷʢʽ ʧʦʻʜʥʘʥ ̔ ʧʫʯʢʘʤʠ                      

40-60 ʦʜʠʥʠʮʴ, ʟʘʚʜʷʯʫʶʯʠ ʚʦʜʥʝʚʠʤ ʟʚô̫ ʟʢʘʤ ʫʪʚʦʨʶʶʪʴ ʤʽʮʝʣʫ. ʋ ʢʣʽʪʠʥʥʠʭ 

ʩʪʽʥʢʘʭ ʨʦʩʣʠʥ ʪʘʢ̔ ʤʮ̔ʝʣʠ ʮʝʣʣʁʦʟʠ ʧʦʚô̫ ʟʘʥʽ ʚʦʜʥʝʚʠʤʠ ʟʚô̫ ʟʢʘʤʠ ʟ ʨʽʟʥʠʤʠ 

ʛʝʪʝʨʦʧʦʣʽʩʘʭʘʨʠʜʘʤʠ. ʆʢʨʽʤ ʪʦʛʦ, ʻ ʜʘʥʽ ʧʨʦ ʪʝ, ʱʦ ʚ ʧʦʙʫʜʦʚʽ ʢʣʽʪʠʥʥʦʾ 

ʩʪʽʥʢʠ ʨʦʩʣʠʥ ʙʝʨʝ ʫʯʘʩʪʴ ʦʩʦʙʣʠʚʠʡ ʛʣʽʢʦʧʨʦʪʝʾʜ, ʙʘʛʘʪʠʡ ʥʘ ʦʢʩʠʧʨʦʣʽʥ 

ʝʢʩʪʝʥʟʠʥ. 

ɺʠʩʦʢʠʡ ʚʤʽʩʪ ʮʝʣʶʣʦʟʠ ʫ ʚʦʣʦʢʥʘʭ ʙʘʚʦʚʥʠʢʫ (80ï85 %) ʽ ʣɹ ʦʥʫ                        

(80ï90 %), ʜʝʨʝʚʠʥ ̔(40ï60 %), ʩʝʨʮʝʚʠʥʽ ʩʪʝʙʝʣ ʙʫʟʠʥʠ, ʩʦʥʷʰʥʠʢʫ. ɿʘʣʝʞʥʦ 

ʚʽʜ ʜʦʚʞʠʥʠ ʚʦʣʦʢʦʥ ʮʝʣʶʣʦʟʠ ʩʬʝʨʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʘ: ʜʦʚʰʽ ʟʘ 20 ʤʤ 

ʚʦʣʦʢʥʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʪʝʢʩʪʠʣʴʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ; 3 ʤʤ - ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ 

ʢʘʨʪʦʥʫ, ʧʘʧʝʨʫ ʪʘ ʭ̔ʤ̔ ʯʥʦʾ ʧʝʨʝʨʦʙʢʠ. 

ɻʝʤʮ̔ʝʣʶʣʦʟʠ (ʥʘʧʽʚʢʣʽʪʢʦʚʠʥʘ) ï ʟʤ̔ʘhʥʽ ʛʝʪʝʨʦʧʦʣʽʩʘʭʘʨʠʜʠ, ʷʢʠ̔ 

ʨʘʟʦʤ ʟ ʮʝʣʁʣʦʟʦʁ ʬʦʨʤʫʶʪʴ ʤʘʪʨʠʢʩ ʢʣʽʪʠʥʥʦ ʾ ʩʪ̔ʥʢʠ. ɻʝʤʽʮʝʣʶʣʦʟʠ 

ʨʦʟʯʠʥ̫ ʪʁʴʩʷ ʚ ʣʫʞʥʠʭ ʨʦʟʯʠʥʘʭ, ʘʣʝ ʥʝʨʦʟʯʠʥʥ̔ ʫ ʚʦʜʽ. ʄʝʥʰ ʩʪʽʡʢ ̔ ʟʘ 

ʮʝʣʶʣʦʟʫ - ʛʽʜʨʦʣʽʟʫʪʁʩɹʷ ʢʠʧô̫ʪ̔ʥʥ̫ʤ ʟ ʨʦʟʚʝʜʝʥʠʤʠ ʤʽʥʝʨʘʣɹʥʠʤʠ 

ʢʠʩʣʦʪʘʤʠ. ʇʨʠ ʢʠʩʣʦʪʥʦʤʫ ʛʽʜʨʦʣʽʟʽ ʨʦʟʧʘʜʘʪʁʴʩʷ ʜʦ ʤʘʥʦʟʠ, ʛʘʣʘʢʪʦʟʠ, 

ʘʨʘʙʽʥʦʟʠ  ̔ʢʩʠʣʦʟʠ ʪʘ ʤʘʁ ʪʴ ʚʽʜʧʦʚʽʜʥʽ ʥʘʟʚʠ - ʤʘʥʘʥʠ, ʛʘʣʘʢʪʘʥʠ ʽ ʧʝʥʪʦʟʘʥʠ 

(ʘʨʘʙʘʥ ʽ ʢʩʠʣʘʥ). 

ʈʘʟʦʤ ʽʟ ʮʝʣʁ ʣʦʟʦʶ ʫ ʟʥʘʯʥʽʡ ʢʽʣʴʢʦʩʪʽ (ʚʽʜ 6 ʜʦ 43 %) ʤ̔ʩʪ̫ʪɹʩʷ ʫ 

ʟʜʝʨʝʚôʷʥʽʣʠʭ ʯʘʩʪʠʥʘʭ ʨʦʩʣʠʥ (ʜʝʨʝʚʠʥʽ, ʩʦʣʦʤʽ, ʣʫʰʧʠʥʥʽ, ʥʘʩʽʥʥʽ, 

ʢʫʢʫʨʫʜʟʷʥʠʭ ʢʘʯʘʥʘʭ). 

ʇʝʢʪʠʥʠ ï ʢʦʤʧʦʥʝʥʪʠ ʤʘʪʨʠʢʩʫ ʧʝʨʚʠʥʥʠʭ ʢʣʽʪʠʥʥʠʭ ʦʙʦʣʦʥʦʢ. ʋ 

ʨʦʩʣʠʥ ̔ʧʝʢʪʠʥʦʚʽ ʨʝʯʦʚʠʥʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʝʨʦʟʯʠʥʥʠʤ ʫ ʚʦʜʽ ʧʨʦʪʦʧʝʢʪʠʥʦʤ ï

ʩʧʦʣʫʢʦʶ, ʫʪʚʦʨʝʥʦʁ  ʤʝʪʦʢʩʠʣʴʦʚʘʥʦʁ ʧʦʣ̔ʛʘʣʘʢʪʫʨʦʥʦʚʦ ʁ ʢʠʩʣʦʪʦ  ʁ ʟ̔ 

ʛʘʣʘʢʪʘʥʦʤ, ʘ ʪʘʢʦʞ ʘʨʘʙʘʥʦʤ ʢʣʽʪʠʥʥʦʾ ʩʪʽʥʢʠ. ʈʦʟʯʠʥʥʠʡ ʧʝʢʪʠʥ ʽʟ 

ʧʨʦʪʦʧʝʢʪʠʥʫ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʰʣʷʭʦʤ ʡʦʛʦ ʦʙʨʦʙʢʠ ʨʦʟʚʝʜʝʥʠʤʠ ʢʠʩʣʦʪʘʤʠ 

ʘʙʦ ʚʠʢʦʨʠʩʪʘʚʰʠ ʝʥʟʠʤ ʧʨʦʪʦʧʝʢʪʠʥʘʟʫ. 
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ʆʙʨʦʙʢʘ ʨʦʩʣʠʥʥʠʭ ʚʦʣʦʢʦʥ, ʟʦʢʨʝʤʘ ʚʦʣʦʢʦʥ ʣɹ ʦʥʫ, ʙʘʟʫ̒ʪʴʩʷ ʥʘ 

ʩʧʝʮʽʘʣʴʥʦʤʫ ʚʧʣʠʚʽ ʩʘʤʝ ʥʘ ʧʝʢʪʠʥʠ ʩʪʝʙʣʘ. ʇʝʨʰʠʡ ʝʪʘʧ, ʚʠʤʦʯʫʚʘʥʥ ̫ʣʴʦʥʫ, 

ʧʨʦʭʦʜʠʪʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʝʮʠʬʽʯʥʠʭ ʙʘʢʪʝʨʽʡ, ʢ̫̔  ʧʨʦʜʫʢʫʪʁɹ ʬʝʨʤʝʥʪʠ 

ʧʝʢʪʠʥʘʟʠ, ʦɦ ʛʽʜʨʦʣʽʟʫʶʪʴ ʧʝʢʪʠʥʠ, ʩʧʨʠʯʠʥʷʶʯʠ ʤʘʮʝʨʘʮ̔ʁ ʩʪʝʙʝʣ ʨʦʩʣʠʥʠ 

ʪʘ ʨʦʟô̒ʜʥʘʥʥʷ ʚʦʣʦʢʦʥ. 

ʎ̔ ʛʝʪʝʨʦʧʦʣʽʩʘʭʘʨʠʜʠ ʫ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʟʥʘʭʦʜʷʪɹ ʩʷ ʚ ʙʫʣʴʙʘʭ ʨʦʩʣʠʥ, 

ʧʣʦʜʘʭ, ʷʛʦʜʘʭ. ʍʘʨʘʢʪʝʨʥʦ  ʁʚʣʘʩʪʠʚʽʩʪʶ ʧʝʢʪʠʥʦʚʠʭ ʨʝʯʦʚʠʥ  ̒ ʭʾ ʟʜʘʪʥʽʩʪʴ ʜʦ 

ʬʦʨʤʫʚʘʥʥʷ ʛʝʣʁ, ʚ ʦʩʥʦʚʽ ʷʢʦʾ ʣʝʞʠʪʴ ʤʞ̔ʤʦʣʝʢʫʣʷʨʥʘ ʚʟʘʻʤʦʜʽʷ ʜʣ̫̔ʥʦʢ, 

ʫʪʚʦʨʝʥʠʭ ʟʘʣʠhʢʘʤʠ Ŭ-D-ʛʘʣʘʢʪʫʨʦʥʦʚʦʾ ʢʠʩʣʦʪʠ. ɻʝʣʝʫʪʚʦʨʶʚʘʣʴʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʩʠʣʶʶʪʴʩʷ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʛʽʜʨʦʬ̔ʣʴʥʠʭ ʨʝʯʦʚʠʥ, ʪʘʢʠʭ ʷʢ 

ʩʘʭʘʨʦʟʘ ʪʘ ʛʣ̔ʮʝʨʠʥ. 

ʆʩʥʦʚʥʠʤ ʜʞʝʨʝʣʦʤ ʦʪʨʠʤʘʥʥ̫ ʧʝʢʪʠʥʽʚ ʻ ʚʽʜʭʦʜʠ ʧʨʦʤʠʩʣʦʚʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʩʦʢʚ̔, ʟʦʢʨʝʤʘ ʟ ʘʧʝʣʴʩʠʥʽʚ, ʣʠʤʦʥʚ̔, ʷʙʣʫʢ, ʤʘʥʜʘʨʠʥʽʚ, ʦʢʨʽʤ 

ʪʦʛʦ ʟ ʮʽʻʁ ʞ ʤʝʪʦ  ʁʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʞʦʤ (ʚʽʜʭʦʜʠ ʚʠʨʦʙʥʠʮʪʚʘ ʮʫʢʨʫ 

ʟ ʙʫʨʷʢʫ) ʘʙʦ ʢʦʰʠʢʠ ʩʦʥʷʰʥʠʢʫ, ʧʽʜʜʘʶʯʠ ʾʭ ʥʘʛʨʽʚʘʥʥ ʁ ʟ ʨʦʟʯʠʥʘʤʠ 

ʬʦʩʬʘʪʥʦ,ʾ ʩʫʣʴʬʘʪʥʦʾ ʯʠ ʽʥʠhʭ ʢʠʩʣʦʪ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʝʢʩʪʨʘʢʮʽʁ ʧʝʢʪʠʥʽʚ. ʋ 

ʰʢʽʨʮʽ ʷʙʣʫʢ ʚʤʩ̔ʪ ʧʝʢʪʠʥ̔ ʚ ʩʪʘʥʦʚʠʪʴ ~ 40 %, ʚ ʞʦʤʽ ~ 10ï20 %, ʙʽʣʽʡ ʯʘʩʪʠʥʽ 

ʰʢʨ̔ʢʠ ʮʠʪʨʫʩʦʚʠʭ ~ 25ï30 % ʩʫʭʦʾ ʤʘʩʠ.  

ʂʦʤʧʦʥʝʥʪʠ ʧʝʢʪʠʥʦʚʠʭ ʨʝʯʦʚʠʥ, ʪʘʢʽ ʷʢ ʨʘʤʥʦʛʘʣʘʢʪʫʨʦʥʘʥ, 

ʘʨʘʙʽʥʦʛʘʣʘʢʪʘʥ ʚʠʚ̫ʣʝʥʽ ʚ ʧʝʨʚʠʥʥʽʡ ʢʣʽʪʠʥʥʽʡ ʩʪʽʥʮʽ ʜʚʦʜʦʣʴʥʠʭ ʨʦʩʣʠʥ, 

ʢʘʨʘʛʽʥʘʥ, ʘʣʴʛʽʥʦʚ̔ ʢʠʩʣʦʪʠ ï ʫ ʢʣ̔ʪʠʥʥʠʭ ʩʪʽʥʢʘʭ ʙʫʨʠʭ ʚʦʜʦʨʦʩʪʝʡ. ɿʦʢʨʝʤʘ 

ʩʠʨʦʚʠʥʦʶ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʘʛʘʨ-ʘʛʘʨʫ  ̒ ʯʝʨʚʦʥ ̔ ʚʦʜʦʨʦʩʪʝʡ ʨʦʜʽʚ Ahfelcia, 

Gelidium, Gracilaria ʪʘ Phillophora. 

ʇʝʢʪʠʥʠ ʫ ʭʘʨʯʦʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ ʷʢʦʩʪʽ ʟʘʛʫʩʥʠʢʽʚ ʪʘ 

ʩʪʘʙʽʣʽʟʘʪʦʨʽʚ ʜʣʷ ʩʪʚʦʨʝʥʥ ̫ ʥʝʦʙʭ̔ʜʥʦʾ ʢʦʥʩʠʩʪʝʥʮʽʾ ʢʝʪʯʫʧʽʚ, ʤʦʨʦʟʠʚʘ, 

ʢʠʩʣʦʤʦʣʦʯʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʤʘʨʤʝʣʘʜʫ ʪʘ ʽʥ. ʊʘʢʦʞ ʟ ʜʦʧʦʤʦʛʦʁ  ʧʝʢʪʠʥʽʚ 

ʬʨʫʢʪʦʚʠʤ ʥʘʯʠʥʢʘʤ ʥʘʜʘʶʪʴ ʪʝʨʤʦʩʪʘʙ̔ʣɹʥʦʩʪʽ. 

ʉʦʣʦʜʢʠʡ ʩʤʘʢ ï ʥʘʡʚʘʞʣʠʚʽʰʘ ʦʟʥʘʢʘ ʮʫʢʨʽʚ ʪʘ ʾʭ ʧʦʭʽʜʥʠʭ, ̫ʢʽ 

ʨʦʟʨʽʟʥʷʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʟʘ ʩʪʝʧʝʥʝʤ ʩʦʣʦʜʢʦʩʪ.̔ ʋ ʪʘʙʣʠʮʽ 3 ʥʘʚʝʜʝʥʦ 

ʧʦʢʘʟʥʠʢʠ ʩʦʣʦʜʢʦʩʪ̔ ʜʝʷʢʠʭ ʮʫʢʨʽʚ ʪʘ ʾʭ ʧʦʭʽʜʥʠʭ. 

ʅʝʦʙʭʽʜʥʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʩʦʣʦʜʢʠʡ ʩʤʘʢ ʚʣʘʩʪʠʚʠʡ ʙʘʛʘʪʴʦʤ ʨʝʯʦʚʠʥʘʤ, 

ʷʢʽ ʥʝ  ̒ʟʘ ʩʚʦʻʶ ʭʽʤʽʯʥʦʶ ʧʨʠʨʦʜʦʶ ʮʫʢʨʘʤʠ. ʅʘʧʨʠʢʣʘʜ, ʩʘʭʘʨʠʥ ï ʽʤʽʜ ʦʨʪʦ-

ʩʫʣʴʬʦʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ ï ʚ 400ï500 ʨʘʟʽʚ ʩʦʣʦʜʰʠʡ ʟʘ ʩʘʭʘʨʦʟʫ. ʅʘʜʟʚʠʯʘʡʥʦ 

ʚʠʩʦʢʦʶ ʩʦʣʦʜʢʽʩʪʶ ʚʦʣʦʜʽʶʪʴ ʦʢʨʝʤʽ ʙʽʣʢʠ: ʤʦʥʝʣʽʥ (~1500-3000 ʨʘʟʽʚ 

ʩʦʣʦʜʰʠʡ ʟʘ ʩʘʭʘʨʦʟʫ) ʦʪʨʠʤʫʶʪʴ ʟ ʷʛʽʜ ʪʨʦʧ̔ʯʥʦʾ ʨʦʩʣʠʥʠ Dioscoreophyllum, 

ʷʢʘ ʧʦʭʦʜʠʪʴ ʟ ɸʬʨʠʢʠ; ʪʘʫʤʘʪʠʥ (~ 750-1000 ʨʘʟʽʚ ʩʦʣʦʜʰʠʡ ʟʘ ʩʘʭʘʨʦʟʫ), 

ʪʘʢʦʞ ʚʠʜʽʣʝʥʠʡ ʟ ʧʣʦʜʽʚ ʘʬʨʠʢʘʥʩʴʢʦʾ ʨʦʩʣʠʥʠ Thaumatococcus. 
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ʊʘʙʣʠʮʷ 3  

ʇʦʨʽʚʥʷʣʴʥʘ ʦʮʽʥʢʘ ʩʦʣʦʜʢʦʩʪʽ ʨ̔ʟʥʠʭ ʮʫʢʨʽʚ ʪʘ ʾʭ ʧʦʭ̔ ʜʥʠʭ 

 

ʉʘʭʘʨʦʟʘ 

ɻʣʶʢʦʟʘ 

ʌʨʫʢʪʦʟʘ 

ʉʦʨʙ̔ʪ 

ɻʣ̔ʮʝʨʠʥ 

100 

74 

173 

48 

48 

ʂʩʠʣʦʟʘ 

ʄʘʣʴʪʦʟʘ 

ɻʘʣʘʢʪʦʟʘ 

ʈʘʬ̔ʥʦʟʘ 

ʃʘʢʪʦʟʘ 

40 

32 

32 

23 

16 

  
ɼʣ̫ ʢ̔ʣʴʢʽʩʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʮʫʢʨʽʚ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʦʢʠʩʥʝʥʥ̫ 

ʤʦʥʦʩʘʭʘʨʠʜʽʚ ʜʝʷʢʠʤʠ ʤôʢ̫ʠʤʠ ʦʢʠʩʥʁ ʚʘʯʘʤʠ (ʥʘʧʨʠʢʣʘʜ, ʽʦʥʘʤʠ ʢʫʧʨʫʤʫ 

(Cu2+) ʘʙʦ ʬʝʨʫʤʫ (Fe3+)). ʋ ʮʦɹʤʫ ʚʠʧʘʜʢʫ ʢʘʨʙʦʥʽʣʴʥʘ ʛʨʫʧʘ ʮʫʢʨʽʚ 

ʦʢʠʩʥʁʻʪʴʩʷ ʜʦ ʢʘʨʙʦʢʩʠʣʥɹʦʾ ʛʨʫʧʠ, ʘ ʦʢʠʩʥʠʢ ʚ̔ʜʥʦʚʣʶʪ̒ʴʩ̫. ɻʣʶʢʦʟʘ ʪʘ 

ʽʥʰʽ ʮʫʢʨʠ, ʷʢʽ ʟʜʘʪʥʽ ʚʽʜʥʦʚʣʶʚʘʪʠ ʽʦʥʠ, ʥʘʟʠʚʘʪʁʴ ʚʽʜʥʦʚʥʠʤʠ ʮʫʢʨʘʤʠ. 

ɺʜ̔ʥʦʚʥʘ ʟʜʘʪʥʽʩʪ ɹʮʫʢʨʚ̔ ʣʝʞʠʪʴ ʚ ʦʩʥʦʚʽ ʨʝʘʢʮʽʾ ʌʝʣʽʥʛa ï ʷʢʽʩʥʦʛʦ ʪʝʩʪʫ ʥʘ 

ʥʘʷʚʥʽʩʪʴ ʚʽʜʥʦʚʥʠʭ ʮʫʢʨʽʚ. ɿʘ ʜʦʧʦʤʦʛʦʁ ʚʠʤʽʨʶʚʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʦʢʠʩʥʠʢʘ, 

ʚʜ̔ʥʦʚʣʝʥʦʛʦ ʨʦʟʯʠʥʦʤ ʮʫʢʨʫ, ʤʦʞʥʘ ʪʘʢʦʞ ʚʠʟʥʘʯʠʪʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʮʫʢʨʫ ʚ 

ʨʦʟʯʠʥʽ. 

 

 

 

 

ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ 4  

çʗʢ̔ʩʥ̔ ʨʝʘʢʮ̔ʾ ʥʘ ʤʦʥʦʩʘʭʘʨʠʜʠè 

 

ʄʝʪʘ ʨʦʙʦʪʠ. ʇʨʦʚʝʩʪʠ ʜ̔ʝʥʪʠʬʽʢʘʮʽʁ ʧʨʠʩʫʪʥʦʩʪʽ ʚ ʨʦʟʯʠʥʽ 

ʤʦʥʦʩʘʭʘʨʠʜ̔ʚ ʟʘ ʢʦʣɹʦʨʦʚʦʶ ʨʝʘʢʮʽʻʶ (ʷʢʽʩʥʦʶ)  ʥʘ ʘʣʴʜʝʛʽʜʥʫ ʯʠ ʢʝʪʦʥʥʫ 

ʛʨʫʧʫ ʚ ʭʾ ʤʦʣʝʢʫʣʽ.  

 

1. ʈʝʘʢʮʽʷ ʊʨʦʤʤʝʨʘ. 

ʇʨʠʥʮʠʧ ʨʝʘʢʮʽʾ. ʇʨʠ ʥʘʛʨʽʚʘʥʥʽ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʣʫʛʽʚ ʛʝʢʩʦʟʠ (ʛʣʁʢʦʟʘ, 

ʬʨʫʢʪʦʟʘ) ʚʜ̔ʥʦʚʣʶʶʪʴ ʢʫʧʨʫʤ (ɯɯ) ʛʽʜʨʦʢʩʠʜ ʜʦ ʢʫʧʨʫʤ (ɯɯ) ʦʢʩʠʜʫ ʟ 

ʦʢʠʩʥʝʥʥʷʤ ʜʦ ʘʣɹʜʦʥʦʚʠʭ ʢʠʩʣʦʪ. ʈʽʚʥʷʥʥʷ ʨʝʘʢʮʽʾ ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʜ̫:  
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ʄʘʪʝʨ̔ʘʣʠ ʪʘ ʨʝʘʢʪʠʚʠ. ɻʣʁ ʢʦʟʘ (5 % ʨʦʟʯʠʥ), ʥʘʪʨʽʶ ʛʽʜʨʦʢʩʠʜ (5 % 

ʨʦʟʯʠʥ), ʢʫʧʨʫʤ (ɯɯ) ʩʫʣɹʬʘʪ (5 % ʨʦʟʯʠʥ).  

ʆʙʣʘʜʥʘʥʥʷ. ʇʨʦʙʽʨʢʠ ʣʘʙʦʨʘʪʦʨʥʽ ʭʽʤʽʯʥʽ, ʩʢʣʷʥʽ ʤʽʨʥʽ ʧʽʧʝʪʢʠ, ʰʪʘʪʠʚ 

ʣʘʙʦʨʘʪʦʨʥʠʡ, ʩʧʠʨʪʽʚʢʘ. 

ʍʽʜ ʨʦʙʦʪʠ. ɼʦ 3 ʤʣ 5 % ʛʣ ʢʁʦʟʠ ʜʦʜʘʪʠ 1 ʤʣ ʥʘʪʨ̔ʁ ʛʜ̔ʨʦʢʩʠʜʫ 5 % ʪʘ 3-

4 ʢʨʘʧʣ ̔ ʨʦʟʯʠʥʫ ʢʫʧʨʫʤ (ɯɯ) ʩʫʣʴʬʘʪʫ. ɿʘ ʫʤʦʚʠ ʧʨʠʩʫʪʥʦʩʪʽ ʚ ʤʦʣʝʢʫʣ̔ 

ʤʦʥʦʩʘʭʘʨʠʜʫ ʚ̔ ʜʧʦʚʜ̔ʥʦ ʢʝʪʦ- ʯʠ ʘʣʴʜʝʛʽʜʦʛʨʫʧʠ ʬʦʨʤʫʻʪʴʩʷ ʦʩʘʜ ʢʫʧʨʫʤ (ɯɯ) 

ʛʜ̔ʨʦʢʩʠʜʫ, ʷʢʠʡ ʧʨʠ ʧʝʨʝʤʽʰʫʚʘʥʥ̔ ʘʙʦ ʟʙʦʚʪʫʚʘʥʥʽ ʚʤʽʩʪʠʤʦʛʦ ʧʨʦʙʽʨʢʠ 

ʩʧʨʠʯʠʥʷ̒ ʙʣʘʢʠʪʥʝ ʟʘʙʘʨʚʣʝʥʥʷ ʦʩʪʘʥʥʦɹʛʦ. ʇʨʦʙʽʨʢʫ ʩʣʽʜ ʥʘʛʨʽʪʠ ʥʘʜ 

ʧʦʣʫʤô̫ʤ ʩʧʠʨʪʽʚʢʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʢʠʧʽʥʥ̫ ʪʘ ʟʘʬʢ̔ʩʫʚʘʪʠ ʟʤ̔ ʥʫ ʟʘʙʘʨʚʣʝʥʥ̫ 

ʾʾ ʚʤʽʩʪʠʤʦʛʦ (ʞʦʚʪʠʡ ʦʩʘʜ - ʫʪʚʦʨʠʚʩʷ ʢʫʧʨʫʤ (ɯ) ʛʽʜʨʦʢʩʠʜ; ʯʝʨʚʦʥʠʡ ʦʩʘʜ ï 

Cu2O (ʛʝʤʽʦʢʩʠʜ ʢʫʧʨʫʤʫ)). 

 

2. ʈʝʘʢʮʽʷ ʌʝʣʽʥʛʘ. 

ʇʨʠʥʮʠʧ ʨʝʘʢʮʽ.ʾ ʈʝʘʢʪʠʚ ʌʝʣʽʥʛʘ ʤʽʩʪʠʪʴ ʽʦʥʠ ʢʫʧʨʫʤʫ (ɯɯ), ʱʦ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʟʚô̫ ʟʘʥʦʤʫ ʩʪʘʥʽ ʟ ʪʘʨʪʨʘʪʘʤʠ (ʢʦʤʧʣʝʢʩʥʘ ʩʧʦʣʫʢʘ). ʇʨʠʥʮʠʧ 

ʨʝʘʢʮʽʾ ʚʩʽʭ ʨʝʜʫʢʫʁʯʠʭ ʚʫʛʣʝʚʦʜʽʚ, ʚ ʪ.ʯ. ʛʝʢʩʦʟ, ʽʟ ʨʝʘʢʪʠʚʦʤ ʌʝʣʽʥʛʘ 

ʘʥʘʣʦʛʽʯʥʠʡ ʧʦʧʝʨʝʜʥ̔ʡ ʨʦʙʦʪʽ (ʨʝʘʢʮʽʾ ʊʨʦʤʤʝʨʘ). ʄʦʥʦʩʘʭʘʨʠʜʠ ʟ 

ʘʣʜɹʝʛ̔ʜʦʛʨʫʧʦʶ ʯʠ ʥʘʧ̔ʚʘʮʝʪʘʣʴʥʠʤ ʛʜ̔ʨʦʢʩʠʣʦʤ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʣʫʛʫ ʽ ʨʝʘʢʪʠʚʫ 

ʌʝʣ̔ʥʛʘ ʧʨʠ ʢʠʧô̫ ʪ̔ʥʥ ̔ʬʦʨʤʫʶʪʴ ʦʩʘʜ Cu2O ʯʝʨʚʦʥʦʛʦ ʢʦʣʴʦʨʫ. ʆʩʦʙʣʠʚʽʩʪʶ 

ʨʝʘʢʮʽʾ ʟ ʨʝʘʢʪʠʚʦʤ ʌʝʣʽʥʛʘ ʻ ʪʝ, ʱʦ ʢʫʧʨʫʤ ʥʘʚʽʪ ɹʧʨʠ ʥʘʜʣʠʰʢʫ ʨʝʘʢʪʠʚʫ ʥʝ 

ʚʠʧʘʜʘʻ ʫ ʬʦʨʤʽ ʦʢʠʩʫ ʤʽʜʽ (ɯɯ). 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʨʝʘʢʪʠʚʠ. ɻʣ ʢʁʦʟʘ (5 % ʨʦʟʯʠʥ), ʨʝʘʢʪʠʚ ʌʝʣʽʥʛʘ 

(ʛʦʪʫʚʘʪʠ ʚʠʢʣʶʯʥʦ ʧʝʨʝʜ ʟʘʩʪʦʩʫʚʘʥʥ̫ʤ ʚ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ (1:1) ʨʦʟʯʠʥʫ 1 

(ʧʨʦʧʠʩ: ʢʘʣ̔ʡ-ʥʘʪʨʽʡ ʚʠʥʥʦʢʠʩʣʠʡ C4H4O6KNaĬ4H2O (200 ʛ), ʥʘʪʨʽʶ 

ʛʽʜʨʦʢʩʠʜʫ (150 ʛ), ʜʠʩʪʠʣʴʦʚʘʥʘ ʚʦʜʘ ʜʦʚʝʩʪʠ ʜʦ 1 ʣ); ʨʦʟʯʠʥʫ 2 (ʧʨʦʧʠʩ: 

ʢʫʧʨʫʤ (ɯɯ) ʩʫʣʬɹʘʪ (40 ʛ), ʜʠʩʪʠʣʴʦʚʘʥʘ ʚʦʜʘ - ʜʦ 1 ʣ). ʈʝʘʢʪʠʚʠ ʥʘʙʠʨʘʪʠ 

ʦʢʨʝʤʠʤʠ ʯʠʩʪʠʤʠ ʧʽʧʝʪʢʘʤʠ ʽ ʟʤʽʰʫʚʘʪʠ ʚ ʧʨʦʙʽʨʮʽ! 

ʆʙʣʘʜʥʘʥʥʷ. ʇʨʦʙʽʨʢʠ ʣʘʙʦʨʘʪʦʨʥʽ ʭʽʤʽʯʥʽ, ʩʢʣʷʥʽ ʤʽʨʥʽ ʧʽʧʝʪʢʠ, ʰʪʘʪʠʚ 

ʣʘʙʦʨʘʪʦʨʥʠʡ, ʩʧʠʨʪ̔ʚʢʘ. 
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ʍ̔ʜ ʨʦʙʦʪʠ. ɿʤʽʰʘʪʠ ʚ ʧʨʦʙʽʨʮ ̔ ʨʦʟʯʠʥ ʛʣʶʢʦʟʠ - 1 ʤʣ ʟ ʨʝʘʢʪʠʚʦʤ 

ʌʝʣʽʥʛʘ - 2 ʤʣ (ʛʦʪʫʻʪʴʩʷ ʟʤʽʰʫʚʘʥʥ̫ʤ ʨʦʟʯʠʥʫ 1 ʪʘ ʨʦʟʯʠʥʫ 2 ʢʦʞʥʦʛʦ ʧʦ               

1 ʤʣ). ʇ̔ ʩʣʷ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʚʤ̔ ʩʪʠʤʝ ʥʘʛʨʽʪʠ ʜʦ ʢʠʧʽʥʥʷ ï ʧʦʟʠʪʠʚʥʘ ʨʝʘʢʮʽ̫ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʚʠʧʘʜʽʥʥʷʤ ʦʩʘʜʫ Cu2O ʯʝʨʚʦʥʦʛʦ ʢʦʣʴʦʨʫ. 

 

3. ʈʝʘʢʮʽʷ ɹʘʨʬʝʜʘ. 

ʇʨʠʥʮʠʧ ʨʝʘʢʮʽʾ. ʇʨʠ ʚʟʘʻʤʦʜʽʾ ʽʟ ʢʫʧʨʫʤ (ɯɯ) ʘʮʝʪʘʪʦʤ ʛʝʢʩʦʟʠ 

ʧʨʠʟʚʦʜʪ̫ ɹʜʦ ʫʪʚʦʨʝʥʥ ̫Cu2O (ʢʫʧʨʫʤ ʛʝʤʽʦʢʩʠʜʫ). ʈ̔ ʚʥʷʥʥʷ ʮɹ ʦʛʦ ʭʽʤʽʯʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʛʣʷʜʘʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 

 
ʉʝʨʝʜʦʚʠʱʝ, ʦʧʪʠʤʘʣʴʥʝ ʜʣʷ ʧʝʨʝʙʽʛʫ ʮʽʻʾ ʨʝʘʢʮ̔ʾ , ʧʦʚʠʥʥʦ ʙʫʪʠ 

ʙʣʠʟʴʢʠʤ ʜʦ ʥʝʡʪʨʘʣʴʥʦʛʦ ʨʅ~7,0, ʦʩʢʽʣʴʢʠ ʩʘʤʝ ʪʘʢʘ ʨʝʘʢʮʽʷ ʩʝʨʝʜʦʚʠʱʘ ʥʝ 

ʟʫʤʦʚʣʁ  ̒ʦʢʠʩʥʝʥʥ̫ ʨʝʜʫʢʫʶʯʠʭ ʜʠʩʘʭʘʨʠʜ̔ʚ ʽ ʪʘʢʠʤ ʯʠʥʦʤ ʜʠʬʝʨʝʥʮʽʶʚʘʪʠ ʾʭ 

ʚ̔ʜ ʤʦʥʦʩʘʭʘʨʠʜʽʚ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʨʝʘʢʪʠʚʠ: ʛʣʶʢʦʟʘ (5 % ʨʦʟʯʠʥ), ʨʝʘʢʪʠʚ ɹʘʨʬʝʜʘ 

(ʧʨʦʧʠʩ: ʢʫʧʨʫʤ (ɯɯ) ʘʮʝʪʘʪ (Cu(CH3COO)) - 13,3 ʛ, ʛʘʨʷʯʘ (70 ʦʉ) 

ʜʠʩʪʠʣʴʦʚʘʥʘ ʚʦʜʘ               200 ʤʣ ï ʨʦʟʯʠʥʠʪʠ, ʧʨʦʬ̔ʣɹʪʨʫʚʘʪʠ  ̔ʚ ʬʣ̔ʪɹʨʘʪʫ 

ʜʦʜʘʪʠ ʢʨʠʞʘʥʫ ʦʮʪʦʚʫ ʢʠʩʣʦʪʫ (1,9 ʤʣ).  

ʆʙʣʘʜʥʘʥʥʷ. ʇʨʦʙʽʨʢʠ ʣʘʙʦʨʘʪʦʨʥʽ ʭʽʤʽʯʥʽ, ʩʢʣʷʥʽ ʤʽʨʥʽ ʧʽʧʝʪʢʠ, ʰʪʘʪʠʚ 

ʣʘʙʦʨʘʪʦʨʥʠʡ, ʩʧʠʨʪʽʚʢʘ. 

ʍʽʜ ʨʦʙʦʪʠ. 

ɺʥʝʩʪʠ ʚ ʯʠʩʪʫ ʭʽʤʽʯʥʫ ʧʨʦʙʽʨʢʫ ʨʦʟʯʠʥ ʛʣʶʢʦʟʠ (1 ʤʣ) ʪʘ ʜʦʜʘʪʠ ʨʝʘʢʪʠʚ 

ɹʘʨʬʝʜʘ (1 ʤʣ). ʇ̔ ʩʣ̫ ʨʝʪʝʣɹʥʦʛʦ ʧʝʨʝʤ̔ ʰʫʚʘʥʥʷ ʚʤʽʩʪ ʧʨʦʙʽʨʢʠ ʥʘʜ ʧʦʣʫʤô̫ ʤ 

ʩʧʠʨʪʽʚʢʠ ʜʦʚʝʩʪʠ ʜʦ ʢʠʧʽʥʥʷ ï ʧʨʠ ʧʦʟʠʪʠʚʥʽʡ ʷʢʽʩʥʽʡ ʨʝʘʢʮʽʾ ʚʽʜʤʽʯʘʻʪʴʩ̫ 

ʫʪʚʦʨʝʥʥʷ ʦʩʘʜʫ ʯʝʨʚʦʥʦʛʦ ʢʦʣʴʦʨʫ Cu2O. 

 

4. ʇʨʦʙʘ ʉʝʣʽʚʘʥʦʚʘ (ʥʘ ʢʝʪʦʟʠ). 

ʇʨʠʥʮʠʧ ʨʝʘʢʮʽʾ. ʇ̔ ʜ ʯʘʩ ʧʽʜʽʛʨʽʚʘʥʥʷ ʫ ʧʨʠʩʫʪʥʦʩʪ̔  ʭʣʦʨʠʜʥʦʾ ʢʠʩʣʦʪʠ 

ʢʝʪʦʟʠ (ʬʨʫʢʪʦʟʘ), ʚ ʧʨʦʪʠʚʘʛʫ ʘʣʴʜʦʟʘʤ, ʜʝʛʽʜʨʘʪʫʶʪʴʩʷ ʟ ʫʪʚʦʨʝʥʥʷʤ 

ʦʢʩʠʤʝʪʠʣʬʫʨʬʫʨʦʣʘ. ʈʽʚʥʷʥʥʷ ʮʴʦʛʦ ʭʽʤʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥ̫ ʟʘ ʫʯʘʩʪʽ 

ʬʨʫʢʪʦʟʠ ʚʠʛʣʷʜʘʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ:  
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ʆʢʩʠʤʝʪʠʣʬʫʨʬʫʨʦʣ ʚʩʪʫʧʘʻ ʚ ʨʝʘʢʮʽʶ ʢʦʥʜʝʥʩʘʮʽʾ ʟ ʨʝʟʦʨʮʠʥʦʤ 

ʫʪʚʦʨʁ ʯʁʠ ʧʨʦʜʫʢʪ ʨʝʘʢʮʽʾ ʯʝʨʚʦʥʦʛʦ ʢʦʣʴʦʨʫ ʨʽʟʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ.  

ʄʘʪʝʨʽʘʣʠ ʪʘ ʨʝʘʢʪʠʚʠ. ʈʝʟʦʨʮʠʥ (ʢʨʠʩʪʘʣʽʯʥʠʡ), ʬʨʫʢʪʦʟʘ (5 % 

ʨʦʟʯʠʥ), ʛʣʢʁʦʟʘ (5 % ʨʦʟʯʠʥ), ʭʣʦʨʠʜʥʘ ʢʠʩʣʦʪʘ (20 % ʨʦʟʯʠʥ). 

ʆʙʣʘʜʥʘʥʥʷ. ʇʨʦʙʽʨʢʠ ʣʘʙʦʨʘʪʦʨʥʽ ʭʽʤʽʯʥʽ, ʰʧʘʪʝʣʴ, ʩʢʣʥ̫ʽ ʤʨ̔ʥ̔  ʧʽʧʝʪʢʠ, 

ʪʝʨʤʦʤʝʪʨ ʣʘʙʦʨʘʪʦʨʥʠʡ, ʰʪʘʪʠʚ ʣʘʙʦʨʘʪʦʨʥʠʡ, ʙʘʥ̫ ʚʦʜʷʥʘ. 

ʍʽʜ ʨʦʙʦʪʠ. ɺ ʧʨʦʙʽʨʢʘʭ ˉ 1 ʽ ˉ 2 ʟʤʽʰʫʻʤʦ ʨʝʘʢʪʠʚʠ ʟʛʽʜʥʦ ʦʧʠʩʫ, 

ʥʘʚʝʜʝʥʦʛʦ ʚ ʪʘʙʣʠʮʽ 4. 

 

ʊʘʙʣʠʮʷ 4 

ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ 

 

ɺʠʩʥʦʚʦʢ: 

 

 

 

ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ 5 

çʇʦʣʽʩʘʭʘʨʠʜʠ: ʢ̫ʽʩʥʽ ʨʝʘʢʮʽʾè 

 

ʄʝʪʘ ʨʦʙʦʪʠ. ɯʜʝʥʪʠʬʽʢʫʚʘʪʠ ʤʦʥʦʤʝʨʥʽ ʤʦʥʦʩʘʭʘʨʠʜʠ ʚ ʩʢʣʘʜʽ 

ʧʦʣʽʩʘʭʘʨʠʜʽʚ, ʧʨʦʚʽʚʰʠ ʧʦʧʝʨʝʜʥʦɹ ʾʭ ʛʽʜʨʦʣʟ̔. 

1. ɻʽʜʨʦʣ̔ʪʠʯʥʝ ʨʦʟʱʝʧʣʝʥʥʷ ʢʨʦʭʤʘʣʶ. 

ʇʨʠʥʮʠʧ ʨʝʘʢʮʽʾ. ʈʦʟʯʠʥ ʢʨʦʭʤʘʣʶ ʧʨʠ ʥʘʛʨʚ̔ʘʥʥ̔ ʚ ʧʨʠʩʫʪʥʦʩʪʽ 

ʤ̔ʥʝʨʘʣʥɹʠʭ ʢʠʩʣʦʪ ʨʦʟʱʝʧʣʶʻʪʴʩ ̫ ʜʦ ʛʣʁʢʦʟʠ, ʷʢʫ ʚ ʧʦʜʘʣʴʰʦʤʫ ʷʢʽʩʥʦ 

ʈʝʘʢʪʠʚʠ ʇʨʦʙʽʨʢʘ ˉ 1 ʇʨʦʙʽʨʢʘ ˉ 2 

ʈʦʟʯʠʥ ʬʨʫʢʪʦʟʠ, 5 % 5 ʤʣ - 

ʈʦʟʯʠʥ ʛʣʶʢʦʟʠ, 5 % - 5 ʤʣ 

ʍʣʦʨʠʜʥʘ ʢʠʩʣʦʪʘ, 20 % 1 ʤʣ 1 ʤʣ 

ʈʝʟʦʨʮʠʥ ʢʽʣʴʢʘ ʢʨʠʩʪʘʣʠʢʽʚ ʢʽʣʴʢʘ ʢʨʠʩʪʘʣʠʢʽʚ 

                              ɺʦʜʷʥʘ ʙʘʥʷ (80Üʉ), 5-10 ʭʚ 

ɿʘʙʘʨʚʣʝʥʥʷ  ʚʠʰʥʝʚʦ-ʯʝʨʚʦʥʝ - 
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ʚʠʷʚʣʷʶʪʴ ʨʝʘʢʮʽʷʤʠ, ʭʘʨʘʢʪʝʨʥʠʤʠ ʜʣʷ ʤʦʥʦʩʘʭʘʨʠʜʽʚ (ʨʝʘʢʮʽ̫ ʊʨʦʤʤʝʨʘ ʪʘ 

ʽʥ). 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʨʝʘʢʪʠʚʠ. ʍʣʦʨʠʜʥʘ ʢʠʩʣʦʪʘ (ʢʦʥʮʝʥʪʨʦʚʘʥʘ), ʢʨʦʭʤʘʣɹ      

(1 % ʨʦʟʯʠʥ), ʛʽʜʨʦʢʩʠʜ ʥʘʪʨʽʶ (15 % ʨʦʟʯʠʥ), ʢʫʧʨʫʤ (ɯɯ) ʩʫʣʬɹʘʪ (1 % 

ʨʦʟʯʠʥ). 

ʆʙʣʘʜʥʘʥʥʷ. ʇʨʦʙʽʨʢʠ ʣʘʙʦʨʘʪʦʨʥʽ ʭʽʤʽʯʥʽ, ʰʧʘʪʝʣʴ, ʩʢʣʷʥʽ ʤʽʨʥʽ ʧʽʧʝʪʢʠ, 

ʪʝʨʤʦʤʝʪʨ ʣʘʙʦʨʘʪʦʨʥʠʡ, ʰʪʘʪʠʚ ʣʘʙʦʨʘʪʦʨʥʠʡ, ʙʘʥ̫ ʚʦʜ̫ʥʘ. 

ʍʽʜ ʨʦʙʦʪʠ. ɺ ʧʨʦʙʽʨʢʘʭ ˉ 1 ʽ ˉ 2 ʟʤʽʰʫʻʤʦ ʨʝʘʢʪʠʚʠ ʟʛʽʜʥʦ ʧʨʦʧʠʩʫ, 

ʥʘʚʝʜʝʥʦʛʦ ʚ ʪʘʙʣʠʮʽ 5. 

 

ʊʘʙʣʠʮʷ 5 

ʇʦʩʣ̔ʜʦʚʥʩ̔ʪʴ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ 

 

ɺʠʩʥʦʚʦʢ: 

 

 

 

2. ʗʢ̔ʩʥʘ ʨʝʘʢʮʽʷ ʥʘ ʢʣʽʪʢʦʚʠʥʫ. 

ʇʨʠʥʮʠʧ ʨʝʘʢʮʽʾ. ʂʣʽʪʢʦʚʠʥʘ, ʷʢʘ ʟʜʝʨʝʚôʷʥʽʣʘ (ʣʽʛʥʽʬʽʢʦʚʘʥʘ), ʤʘʻ 

ʟʜʘʪʥʽʩʪʴ ʟʘʙʘʨʚʣʶʚʘʪʠʩʴ ʙʘʨʚʥʠʢʘʤʠ. 

ʈʝʘʢʪʠʚʠ ʇʨʦʙ̔ʨʢʘ ˉ 1 ʇʨʦʙʽʨʢʘ ˉ 2 

ʈʦʟʯʠʥ ʢʨʦʭʤʘʣʶ, 1 % 5 ʤʣ 5 ʤʣ 

ʂʦʥʮʝʥʪʨʦʚʘʥʘ ʭʣʦʨʠʜʥʘ 

ʢʠʩʣʦʪʘ  

2-3 ʢʨʘʧʣ ̔ - 

ɼʠʩʪʠʣʦɹʚʘʥʘ ʚʦʜʘ - 2-3 ʢʨʘʧʣʽ 

ʂʠʧô̫ ʪʠʪʠ ʥʘ ʚʦʜʷʥʽʡ ʙʘʥ̔ 15 ʭʚ 

ɻ̔ʜʨʦʢʩʠʜ ʥʘʪʨʽʁ, 15 % 

ʨʦʟʯʠʥ 

2 ʤʣ 2 ʤʣ 

ʂʫʧʨʫʤ (ɯɯ) ʩʫʣʴʬʘʪ, 1 % 

ʨʦʟʯʠʥ 

5 ʢʨʘʧʝʣʴ 5 ʢʨʘʧʝʣʴ 

ʅʘʛʨʽʪʠ ʥʘʜ ʧʦʣʫʤô̫ ʤ 

ɿʘʙʘʨʚʣʝʥʥʷ  ʚʠʰʥʝʚʦ-ʯʝʨʚʦʥʝ 

(ʚʜ̔ʙʫʚʩʷ ʛʽʜʨʦʣʽʟ 

ʢʨʦʭʤʘʣʶ ï ʧʦʟʠʪʠʚʥʘ 

ʨʝʘʢʮʽ̫ ʊʨʦʤʤʝʨʘ) 

- 

(ʦʩʘʜ ʥʝ ʫʪʚʦʨʠʚʩʷ ï 

ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ) 
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ʄʘʪʝʨʽʘʣʠ ʪʘ ʨʝʘʢʪʠʚʠ. ɿʨʽʟ ʟʜʝʨʝʚô̫ ʥʽʣʦʾ ʯʘʩʪʠʥʠ ʨʦʩʣʠʥʥʦʛʦ ʩʪʝʙʣʘ, 

1% ʨʦʟʯʠʥ ʬʣʦʨʦʛʣʶʮʠʥʫ, ʭʣʦʨʠʜʥʘ ʢʠʩʣʦʪʘ ʢʦʥʮʝʥʪʨʦʚʘʥʘ, ʛʣʽʮʝʨʦʣ. 

ʆʙʣʘʜʥʘʥʥʷ. ʇʨʝʜʤʝʪʥʽ ʽ ʧʦʢʨʠʚʥʽ ʩʢʝʣʴʮʷ, ʩʢʘʣʴʧʝʣʴ, ʬʽʣʴʪʨʫʚʘʣʴʥʠʡ 

ʧʘʧʽʨ, ʤʽʢʨʦʩʢʦʧ. 

ʍʽʜ ʨʦʙʦʪʠ. 

ʉʢʘʣʴʧʝʣʝʤ ʟʨʦʙʠʪʠ ʪʦʥʢʠʡ ʟʨʽʟ ʩʪʝʙʣʘ, ʷʢʠʡ ʧʦʤʽʩʪʠʪʠ ʥʘ ʧʨʝʜʤʝʪʥʝ 

ʩʢʣʦ ʚ 1 % ʩʧʠʨʪʦʚʠʡ ʨʦʟʯʠʥ ʬʣʦʨʦʛʣʶʮʠʥʫ ʚ ʩʧʠʨʪʽ. ʅʘʜʣʠʰʦʢ ʨʝʘʢʪʠʚʫ 

ʧʨʠʙʨʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ ʧʘʧʝʨʫ ʽ ʥʘʥʝʩʪʠ ʥʘ ʧʦʚʝʨʭʥʶ ʟʨʽʟʫ 

ʢʨʘʧʣʠʥʫ ʢʦʥʮʝʥʪʨʦʚʘʥʦʾ ʭʣʦʨʠʜʥʦ ʾʢʠʩʣʦʪʠ ʪʘ ʜʦʜʘʪʠ ʯʝʨʝʟ 1-2 ʭʚ ʢʨʘʧʣʶ 

ʛʣʽʮʝʨʦʣʫ. ʇʽʩʣʷ ʮɹʦʛʦ ʥʘʢʨʠʪʠ ʧʨʝʧʘʨʘʪ ʧʦʢʨʠʚʥʠʤ ʩʢʣʦʤ ʪʘ ʦʙʩʪʝʞʠʪʠ ʧʽʜ 

ʤʽʢʨʦʩʢʦʧʦʤ ʧʨʠ ʤʘʣʦʤʫ ʟʙʽʣʴʰʝʥʥʽ (ʣ̔ʛʥ̔ʬ̔ʢʦʚʘʥ ̔ ʢʣ̔ ʪʠʥʥ̔ ʦʙʦʣʦʥʢʠ 

ʟʘʙʘʨʚʣʶʶʪʴʩʷ ʫ ʚʠʰʥʝʚʠʡ ʢʦʣʽʨ). 

ɺʠʩʥʦʚʦʢ: 

 

 

 

3. ɻʜ̔ʨʦʣʽʟ ʢʣʽʪʢʦʚʠʥʠ. 

ʇʨʠʥʮʠʧ ʨʝʘʢʮʽʾ. ɻʽʜʨʦʣʽʪʠʯʥʝ ʨʦʟʱʝʧʣʝʥʥ ̫ ʢʣʽʪʢʦʚʠʥʠ ʧʽʜ ʜʽʻʶ 

ʤʥ̔ʝʨʘʣʴʥʠʭ ʢʠʩʣʦʪ ʧʨʦʭʦʜʠʪʴ ʙʽʣʴh  ʧʦʚ̔ʣʴʥʦ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʨʦʭʤʘʣʝʤ. 

ʇʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ ʢʣ̔ʪʢʦʚʠʥʠ ʩʫʣʬɹʘʪʥʦ  ʁʢʠʩʣʦʪʦʶ (80 % ʨʦʟʯʠʥ) ʩʫʪʪʻʚʦ 

ʧʨʠʰʚʠʜʰʫʻ ʛʽʜʨʦʣʽʟ ʢʣʽʪʢʦʚʠʥʠ. 

ʄʘʪʝʨʘ̔ʣʠ ʪʘ ʨʝʘʢʪʠʚʠ. ɼʞʝʨʝʣʦ ʢʣʽʪʢʦʚʠʥʠ - ʚʘʪʘ, ʩʫʣʴʬʘʪʥʘ ʢʠʩʣʦʪʘ 

(3 % ʪʘ 80 % ʨʦʟʯʠʥʠ) , ʥʘʩʠʯʝʥʠʡ ʨʦʟʯʠʥ NaOH, ʨʝʘʢʪʠʚʠ ʌʝʣ̔ʥʛʘ ʪʘ ɹʘʨʬʝʜʘ. 

ʆʙʣʘʜʥʘʥʥʷ. ʇʨʦʙʽʨʢʠ ʣʘʙʦʨʘʪʦʨʥʽ ʭʤ̔ʯ̔ʥ̔, ʩʢʣ̫ʥ ̔ ʤ̔ ʨʥʽ ʧʽʧʝʪʢʠ, 

ʪʝʨʤʦʤʝʪʨ ʣʘʙʦʨʘʪʦʨʥʠʡ, ʰʪʘʪʠʚ ʣʘʙʦʨʘʪʦʨʥʠʡ, ʙʘʥʷ ʚʦʜʷʥʘ, ʽʥʜʠʢʘʪʦʨʥʠʡ 

ʧʘʧʽʨ.  

ʍʽʜ ʨʦʙʦʪʠ. 

ɯ ʝʪʘʧ ʨʦʙʦʪʠ: ʥʝʚʝʣʠʢʠʡ ʰʤʘʪʦʯʦʢ ʚʘʪʠ (150-200 ʤʛ) ʧʦʤ̔ʩʪʠʪʠ ʫ 

ʭʽʤʽʯʥʫ ʧʨʦʙ̔ʨʢʫ, ʚʥʝʩʪʠ 0,5 ʤʣ ʩʫʣʴʬʘʪʥʦʾ ʢʠʩʣʦʪʠ (3 % ʨʦʟʯʠʥ)  ̔ʢʠʧôʷʪʠʪʠ ʫ 

ʚʦʜ̫ʥ̔ ʡ ʙʘʥ̔ 10-12 ʭʚ. ʅʝʡʪʨʘʣʽʟʫʚʘʪʠ ʚʤʩ̔ʪʠʤʝ ʧʨʦʙʽʨʢʠ (ʧʽʜ ʢʦʥʪʨʦʣʝʤ 

ʽʥʜʠʢʘʪʦʨʥʦʛʦ ʧʘʧʽʨʮʷ) ʪʘ ʧʦʜʽʣʠʪʠ ʥʘ 2 ʯʘʩʪʠʥʠ. ɯɯ ʝʪʘʧ ʨʦʙʦʪʠ. ʋ ʽʥʰʽʡ 

ʯʠʩʪʽʡ ʭʽʤʽʯʥʽʡ ʧʨʦʙʽʨʮʽ ʜʦ ʘʥʘʣʦʛʽʯʥʦʾ ʢʣ̔ɹʢʦʩʪ̔ ʚʘʪʠ ʟʘʚʯʘʩʥʦ ʜʦʜʘʪʠ ʨʦʟʯʠʥ 

ʩʫʣʴʬʘʪʥʦʾ ʢʠʩʣʦʪʠ (80 %) ʚ ʢʣ̔ʢɹʦʩʪʽ 0,5 ʤʣ ʜʦ ʾʾ  ʧʦʚʥʦʛʦ ʨʦʟʯʠʥʝʥʥʷ, ʚ 

ʧʦʜʘʣʴʰʦʤʫ ʜʦʚʝʩʪʠ ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ ʜʦ 1 ʤʣ ʽ ʧʨʦʢʠʧôʷʪʠʪʠ ʥʘ ʚʦʜʷʥʽʡ 

ʙʘʥʽ 5-6 ʭʚ. ʅʝʡʪʨʘʣ̔ʟʫʚʘʪʠ ʚʤʩ̔ʪ ʧʨʦʙ̔ʨʢʠ ʟ ʜʦʧʦʤʦʛʦʶ ʽʥʜʠʢʘʪʦʨʥʦʛʦ ʧʘʧʝʨʫ 

ʪʘ ʪʘʢʦʞ ʨʦʟʜʽʣʠʪʠ ʥʘ 2 ʯʘʩʪʠʥʠ. 
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ɯɯɯ ʝʪʘʧ ʨʦʙʦʪʠ. ɻ̔ ʜʨʦʣʟ̔ʘʪʠ, ʦʪʨʠʤʘʥʽ ʥʘ ɯ ʽ ɯɯ ʝʪʘʧʽ ʨʦʙʦʪʠ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ ʨʝʘʢʮʽʾ ʌʝʣʽʥʛʘ (ʜʦʜʘʪʠ ʧʦ 1 ʤʣ ʨʦʟʯʠʥʫ 

ʌʝʣʽʥʛʘ, ʟʤʽʘhʪʠ  ̔ ʥʘʛʨʽʪʠ ʜʦ ʢʠʧʥ̔ʥʷ)  ̔ ʨʝʘʢʮ̔ʾ ɹʘʨʬʝʜʘ (ʜʦʜʘʪʠ ʧʦ 1 ʤʣ 

ʨʝʘʢʪʠʚʫ ɹʘʨʬʝʜʘ, ʟʤ̔ ʰʘʪʠ, ʥʘʛʨʪ̔ʠ ʜʦ ʢʠʧʽʥʥʷ). 

ʇʨʦʙʽʨʢʠ, ʦʪʨʠʤʘʥʽ ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧ ̔ʨʦʙʦʪʠ, ʧʨʠ ʥʘʛʨʽʚʘʥʥ ̔ʥʝ ʜʘʁ ʪʴ  

ʦʩʘʜ ʯʝʨʚʦʥʦʛʦ ʢʦʣʦɹʨʫ (ʥʝʛʘʪʠʚʥʘ ʧʨʦʙʘ ʌʝʣʽʥʛʘ  ̔ ɹʘʨʬʝʜʘ), ʪʦʜʽ ʷʢ ʚ 

ʧʨʦʙʽʨʢʘʭ, ʦʪʨʠʤʘʥʠʭ ʥʘ ɯɯ ʝʪʘʧ̔  ʨʦʙʦʪʠ, ʩʧʦʩʪʝʨʽʛʘ̒ ʪʩɹ ̫ʫʪʚʦʨʝʥʥʷ ʯʝʨʚʦʥʦʛʦ 

ʦʩʘʜʫ Cu2O (ʧʦʟʠʪʠʚʥʘ ʧʨʦʙʘ ʌʝʣʽʥʛʘ  ̔ɹʘʨʬʝʜʘ). ɿʨʦʙʽʪʴ ʚʽʜʧʦʚʽʜʥʽ ʚʠʩʥʦʚʢʠ. 

ɺʠʩʥʦʚʦʢ: 

 

 

 

ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ̄ 6. 

çʂ̔ ʣʴʢʽʩʥʠʡ ʘʥʘʣʽʟ ʚʤʽʩʪʫ ʛʣʶʢʦʟʠ ʚ ʨʦʩʣʠʥʥʦʤʫ ʤʘʪʝʨʽʘʣʽè 

 

ʄʝʪʘ ʨʦʙʦʪʠ. ʇʨʦʚʝʩʪʠ ʢʽʣʴʢʽʩʥʝ ʜʦʩʣ̔ʜʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʣʢʁʦʟʠ ʚ 

ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʟʨʘʟʢʫ. 

 

ʄʝʪʦʜ ʍʘʛʝʥʜʦʨʥʘ-ɯʻʥʩʝʥʘ. 

ʇʨʠʥʮʠʧ ʤʝʪʦʜʫ. ʋ ʣʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠɦ  ̔ʛʣʁʢʦʟʘ ʟʜʘʪʥʘ ʧʨʠ ʥʘʛʨʽʚʘʥʥ̔ 

ʚ̔ ʜʥʦʚʣʚʁʘʪʠ ʬʝʨʠʮʽʘʥʽʜ ʢʘʣʽʶ ï (ʛʝʢʩʘʮʽʘʥʦ-(ɯɯɯ)-ʬʝʨʘʪ ʢʘʣʽʶ, ʯʝʨʚʦʥʘ 

ʢʨʦʚôʷʥʘ ʩ̔ ʣ)ɹ ʚ ʟʘʣʽʟʠʩʪʦʩʠʥʻʨʦʜʠʩʪʠʡ ʢʘʣʽʡ ï ʂ4Fe(CN)6 (ʛʝʢʩʘʮʘ̔ʥʦ-(ɯɯ)-ʬʝʨʘʪ 

ʢʘʣʽʶ, ʞʦʚʪʘ ʢʨʦʚôʷʥʘ ʩʽʣʴ ). ʈʽʚʥʷʥʥʷ ʮʴʦʛʦ ʭʽʤʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʛʣ̫ʜʘ̒ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ:  

O

H
HOCH2(CHOH)4C

O

OK
HOCH2(CHOH)4C +2K4Fe(CN)6 + 2H2O2K3Fe(CN)6+3KOH+

 
 ɿʘʚʜʷʢʠ ʪʦʤʫ, ʱʦ ʮʷ ʨʝʘʢʮʽʷ ʻ ʟʚʦʨʦʪʥʴʦʶ, ʟʘʣʽʟʠʩʪʦʩʠʥʻʨʦʜʠʩʪʠʡ ʢʘʣʽʡ 

ʟʘ ʜʽʾ ZnSO4 ʫʪʚʦʨʶʻ ʥʝʨʦʟʯʠʥʥʫ ʩʽʣɹ ï ʮʠʥʢ-ʛʝʢʩʘʮ̔ʘʥʦ-(ɯɯ)-ʬʝʨʘʪ ʢʘʣʽʶ: 

2K4Fe(CN)6 + 3ZnSO4 Ÿ K2Zn3[Fe(CN)6]2 + 3K2SO4.  
ʌʝʨʠʮ̔ ʘʥʽʜ ʢʘʣʽʶ ʙʝʨʝʪʴʩʷ ʚ ʥʘʜʣʠʰʢʫ  ̔ ʡʦʛʦ ʥʘʜʣʠʰʦʢ, ʱʦ ʥʝ ʙʫʚ 

ʟʘʜ̫̔ʥʠʡ ʫ ʚʢʘʟʘʥʡ̔ ʭ̔ʤ̔ ʯʥʽʡ ʨʝʘʢʮʽʾ, ʚʩʪʘʥʦʚʣʶʶʪʴ ʡʦʜʦʤʝʪʨʠʯʥʦ ʫ 

ʧʨʠʩʫʪʥʦʩʪʽ ʦʮʪʦʚʦʾ ʢʠʩʣʦʪʠ. ʁʦʜ, ʷʢʠʡ ʧʨʠ ʮʴʦʤʫ ʫʪʚʦʨʁ̒ ʪʴʩʷ, ʚʽʜʪʠʪʨʦʚʫʁʪʴ 

ʥʘʪʨ̔ʁ  ʪʽʦʩʫʣɹʬʘʪʦʤ: 

2K3Fe(CN)6 + 2KI + 8CH3COOH Ÿ 2K4Fe(CN)6 + I2 + 8CH3COOH; 

2Na2S2O3 + I2 Ÿ Na2S4O6 + 2NaI  
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ɺ ʷʢʦʩʪʽ ʽʥʜʠʢʘʪʦʨʘ ʜʣʷ ʚʠʚʽʣʴʥʝʥʦʛʦ ʚ ʨʝʘʢʮʽʾ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʡʦʜʫ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʢʨʦʭʤʘʣʴ. 

ɼʣ̫ ʨʦʟʨʘʭʫʥʢʫ ʢʦʥʮʝʥʪʨʘʮ̔ ʾ ʛʣʶʢʦʟʠ ʚ ʤʛ/ʤʣ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʨʦʟʯʠʥʫ 

ʢʦʨʠʩʪʫʶʪʴʩʷ ʩʧʝʮʽʘʣʴʥʦ  ʁʪʘʙʣʠʮʝ  ʁ (ʪʘʙʣ. 6, ʜʠʚ. ʥʠʞʯʝ), ʜʝ ʧʝʚʥʠʡ ʦʙôʻʤ 

ʥʘʪʨʽʁ ʪ̔ʦʩʫʣɹʬʘʪʫ, ʱʦ ʙʫʚ ʟʘʪʨʘʯʝʥʠʡ ʜʣʷ ʪʠʪʨʫʚʘʥʥʷ ʡʦʜʫ, ʚʜ̔ʧʦʚ̔ʜʘʻ 

ʥʘʜʣʠʰʢʫ ʬʝʨʠʮʽʘʥʽʜʫ ʢʘʣʽʶ, ʘ ʪʘʢʦʞ ʪʽʡ ʢʽʣʴʢʦʩʪ̔ ʤ̔ ʣ̔ʛʨʘʤ̔ ʚ ʛʣʶʢʦʟʠ, ʦɦ 

ʚʩʪʫʧʠʣʘ ʚ ʨʝʘʢʮ̔ʁ . 

ʄʘʪʝʨʽʘʣʠ ̔ ʨʝʘʢʪʠʚʠ. ʌ̔ ʣʴʪʨʫʚʘʣʴʥʠʡ ʧʘʧʽʨ, ʚʘʪʘ, ʷʛʦʜʠ ʘʙʦ ʬʨʫʢʪʠ, 

ʢʘʣʽʶ ʛʽʜʨʦʢʩʠʜ (0,1 ʤʦʣʴ/ʣ), ʮʠʥʢʫ ʩʫʣʬɹʘʪ (0,45 % ʨʦʟʯʠʥ), ʢʘʣʽʶ ʛʝʢʩʘʮʽʘʥʦ-

(ɯɯɯ)-ʬʝʨʘʪ ʣʫʞʥʠʡ ʨʦʟʯʠʥ (ʧʨʦʧʠʩ: K3Fe(CN)6 - 1,65 ʛ ʽ Na2CO3 ʙʝʟʚʦʜʥʠʡ -       

10,6 ʛ ʨʦʟʯʠʥʠʪʠ ʫ ʜʠʩʪʠʣʦɹʚʘʥʽʡ ʚʦʜʽ ʽ ʜʦʚʝʩʪʠ ʜʦ 1 ʣ), ZnSO4 ʚ ʨʦʟʯʠʥʽ NaCl 

(ʧʨʦʧʠʩ: ZnSO4 (10 ʛ)  ̔NaCl (50 ʛ) ʨʦʟʯʠʥʠʪʠ ʚ ʜʠʩʪʠʣɹ ʦʚʘʥʡ̔ ʚʦʜ̔ ʡ ʜʦʚʝʩʪʠ  

ʨʦʟʯʠʥ ʜʦ ʦʙôʻʤʫ 200 ʤʣ), ʨʦʟʯʠʥ ʢʘʣʽʶ ʡʦʜʠʜʫ (KI (5 ʛ) ʨʦʟʯʠʥʠʪʠ ʚ 25 ʤʣ 

ʜʠʩʪʠʣʴʦʚʘʥʦʾ ʚʦʜʠ), ʨʦʟʯʠʥ Na2S2O3 (0,05 ʤʦʣʴ/ʣ), ʨʦʟʯʠʥ CH3COOH (3%),  

ʨʦʟʯʠʥ ʢʨʦʭʤʘʣʶ (1%). 

ʆʙʣʘʜʥʘʥʥʷ. ʇʨʦʙʽʨʢʠ ʣʘʙʦʨʘʪʦʨʥʽ ʭʽʤʽʯʥʽ, ʩʢʣʷʥʽ ʤʽʨʥʽ ʧʽʧʝʪʢʠ, ʢʦʣʙʠ 

ʢʦʥʯ̔ʥʽ ʪʝʨʤʦʩʪʡ̔ʢʽ (V = 50 ʤʣ), ʣʽʡʢʠ ʩʢʣ̫ ʥʽ, ʙʶʨʝʪʢʠ, ʰʪʘʪʠʚ ʣʘʙʦʨʘʪʦʨʥʠʡ, 

ʙʘʥʷ ʚʦʜʷʥʘ, ʙʠʥʪ, ʯʘʰʢʘ, ʩʪʫʧʢʘ ʢʝʨʘʤʽʯʥʘ, ʪʝʨʢʘ.  

 

ʍʽʜ ʨʦʙʦʪʠ. 

ʉʧʝʨʫh ʩʣʽʜ ʧ̔ ʜʛʦʪʫʚʘʪʠ ʜʦʩʣ̔ʜʥʫ ʧʨʦʙʫ, ʷʢʱʦ ʮʝ ʬʨʫʢʪʠ, ʾʭ ʥʝʦʙʭʽʜʥʦ 

ʥʘʪʝʨʪʠ ʥʘ ʜʨʽʙʥʽʡ ʪʝʨʮʽ, ʷʢʱʦ ʷʛʦʜʠ - ʧʝʨʝʪʝʨʪʠ ʚ ʩʪʫʧʮʽ, ʧʦʪ̔ ʤ ʚʠʯʘʚʠʪʠ ʟ 

ʧʦʜʨʽʙʥʝʥʦʾ ʤʘʩʠ ʩʢ̔  ̔ʧʨʦʬʽʣʴʪʨʫʚʘʪʠ.  

ʋ 2 ʧʨʦʙʽʨʢʠ ʥʘʣʠʪʠ ʨʦʟʯʠʥ ʢʘʣ̔ʁ ʛʜ̔ʨʦʢʩʠʜʫ (ʧʦ 1 ʤʣ). ɼʦ ʚʤ̔ʩʪʫ 

ʧʨʦʙʽʨʢʠ ˉ 1 (ʜʦʩʣʽʜʥʘ) ʜʦʜʘʪʠ 0,1 ʤʣ ʩʦʢʫ, ʧʨʦʙʽʨʢʠ ̄ 2 (ʢʦʥʪʨʦʣʥɹʘ) ï 0,1 ʤʣ 

ʜʠʩʪʠʣʴʦʚʘʥʦʾ ʚʦʜʠ. ʇ̔ ʩʣʷ ʮʴʦʛʦ ʚ ʦʙʠʜʚʽ ʧʨʦʙ̔ʨʢʠ ʚʥʝʩʪʠ 0,45 % ʨʦʟʯʠʥ ZnSO4 

ʧʦ 5 ʤʣ, ʟʤʽʘhʪʠ ʩʢʣʷʥʦʶ ʧʘʣʠʯʢʦʶ ʪʘ ʧʦʤʽʩʪʠʪʠ ʚ ʢʠʧôʷʯʫ ʚʦʜʷʥʫ ʙʘʥʶ ʥʘ               

3-4 ʭʚ. ʆʪʨʠʤʘʥʽ ʩʫʤ̔ʰ̔  ʥʝʦʙʭʽʜʥʦ ʧʨʦʬʣ̔ʪɹʨʫʚʘʪʠ ʚ ʪʝʨʤʦʩʪʽʡʢʽ ʢʦʥʽʯʥʽ ʢʦʣʙʠ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʘʧʝʨʦʚʠʡ ʬʽʣʴʪʨ ʘʙʦ ʚʘʪʫ, ʚʢʣʘʜʝʥʫ ʚ ʣʡ̔ʢʫ. ʃ̔ʡʢʫ ʪʘ ʪʘʤʧʦʥ 

ʟ ʚʘʪʠ (ʬ̔ʣɹ ʪʨ) ʧʨʦʤʠʪʠ ʧʽʜʽʛʨʽʪʦʶ ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ ʪʨʴʦʭʢʨʘʪʥʦ (ʧʦ 2 ʤʣ 

ʢʦʞʥʝ ʧʨʦʤʠʚʘʥʥʷ), ʜʘʶʯʠ ʧʦʚʥ̔ʩʪʁ  ʩʪʝʢʪʠ ʢʦʞʥ̔ʡ ʧʦʨʮʽʾ ʧʨʦʤʠʚʢʠ. ʇ̔ ʩʣʷ 

ʯʦʛʦ ʚ ʢʦʞʥʫ ʢʦʣʙʫ ʜʦ ʨʦʟʯʠʥʽʚ ʜʦʜʘʪʠ ʧʦ 2 ʤʣ ʣʫʞʥʦʛʦ ʨʦʟʯʠʥʫ ʬʝʨʠʮʽʘʥʽʜʫ 

ʢʘʣʽʶ  ̔ʢʠʧôʷʪʠʪʠ ʥʘ ʚʦʜ̫ʥʡ̔ ʙʘʥ ̔ʚʧʨʦʜʦʚʞ 15 ʭʚ. 

ɺ ʧʦʜʘʣɹʰʦʤʫ ʜʦ ʨʦʟʯʠʥʽʚ ʫ ʢʦʞʥ̔ʡ ʢʦʣʙ ̔ʚʥʝʩʪʠ ʧʦ 2,6 ʤʣ ʨʦʟʯʠʥʫ 

ZnSO4 ʚ ʨʦʟʯʠʥʽ NaCl, ʨʦʟʯʠʥʫ KI (ʧʦ 0,4 ʤʣ), ʧʝʨʝʤʽʰʘʪʠ ʚʤʽʩʪ  ̔ʜʦʜʘʪʠ ʨʦʟʯʠʥ 

CH3COOH (ʧʦ 2 ʤʣ) ʪʘ ʨʦʟʯʠʥ ʢʨʦʭʤʘʣ  ʁ (ʧʦ 3 ʢʨʘʧʣʽ). ʇʦʪʽʤ ʩʫʤʽʰ 

ʧʨʦʪʠʪʨʫʚʘʪʠ ʨʦʟʯʠʥʦʤ Na2S2O3 (0,05 ʤʦʣʴ/ʣ) ʜʦ ʟʥʠʢʥʝʥʥ̫ ʩʠʥʴʦʛʦ 
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ʟʘʙʘʨʚʣʝʥʥʷ, ʱʦ ʚʠʥʠʢʣʦ ʧʽʩʣʷ ʜʦʜʘʚʘʥʥʷ ʢʨʦʭʤʘʣ  ʁ(ʦʙʦʚô̫ ʟʢʦʚʦ ʧʦʨʘʭʫʚʘʪʠ 

ʦʙô̒ ʤ ʚʠʪʨʘʯʝʥʦʛʦ ʨʦʟʯʠʥʫ ʥʘ ʪʠʪʨʫʚʘʥʥʷ ʢʦʞʥʦ ʾʟ ʧʨʦʙ (ʜʦʩʣʽʜ, ʢʦʥʪʨʦʣʴ)).  

ɿʘʧʠʩʘʚʰʠ ʚʠʪʨʘʯʝʥ ̔ ʥʘ ʪʠʪʨʫʚʘʥʥʷ ʦʙôʻʤʠ ʨʦʟʯʠʥʫ Na2S2O3 (ʚ ʤʣ, 

ʚʽʜʧʦʚʽʜʥʦ ʧʨʦʙʘ  ̔ ʢʦʥʪʨʦʣɹ), ʢʦʨʠʩʪʫʶʯʠʩʴ ʪʘʙʣ. 6 ʚʩʪʘʥʦʚʣʶʶʪʴ 

ʢʦʥʮʝʥʪʨʘʮʽ ʁʛʣʁʢʦʟʠ ̔ ʧʨʦʚʦʜʷʪʴ ʨʦʟʨʘʭʫʥʦʢ ʨʽʟʥʠʮ̔ ʤʘʩ ʛʣʶʢʦʟʠ ʚ ʢʦʥʪʨʦʣ̔ 

ʪʘ ʜʦʩʣʽʜʥʽʡ ʧʨʦʙ.̔ 

ɿʘ ʥʠʞʯʝʚʢʘʟʥʦʶ ʬʦʨʤʫʣʦʶ ʨʦʟʨʘʭʦʚʫʶʪʴ ʢʦʥʮʝʥʪʨʘʮʽʶ ʛʣ ʢʁʦʟʠ 

(ʤʛ/ʤʣ): 

V

A)(B
C

-
=

,
 

 
ʜʝ ɸ ʽ ɺ ï ʤʘʩʠ ʛʣʶʢʦʟʠ ʟʘ ʜʘʥʠʤʠ ʪʘʙʣ. 6 ʜʣʷ ʧʨʦʙʠ  ̔ʢʦʥʪʨʦʣʁ  ʚʽʜʧʦʚʽʜʥʦ;  

V ï ʦʙôʻʤ ʩʦʢʫ (0,1 ʤʣ), ʚʟʷʪʠʡ ʜʣʷ ʘʥʘʣʽʟʫ. 

ʊʘʙʣʠʮʷ 6  

ɿʘʣʝʞʥʽʩʪʴ ʚʤ̔ʩʪʫ ʛʣʶʢʦʟʠ ʚ̔ʜ ʦʙô̒ʤʫ ʪʠʪʨʘʥʪʫ 

ʆʙôʻʤ 

ʪʽʦʩʫʣʴʬ. 

ʥʘʪʨʽʶ, 

ʤʣ 

0,00 0,01 0,02 0,03 0,04 0,05 0,06 0,07 0,08 0,09 

0,0 0,385 0,382 0,379 0,376 0,373 0,370 0,367 0,364 0,361 0,358 

0,1 0,355 0,352 0,350 0,348 0,345 0,343 0,341 0,338 0,336 0,333 

0,2 0,331 0,329 0,327 0,325 0,323 0,321 0,318 0,316 0,314 0,312 

0,3 0,310 0,308 0,306 0,304 0,302 0,300 0,298 0,296 0,294 0,292 

0,4 0,290 0,288 0,286 0,284 0,282 0,280 0,278 0,276 0,274 0,272 

0,5 0,270 0,268 0,266 0,264 0,262 0,260 0,259 0,257 0,255 0,253 

0,6 0,251 0,249 0,247 0,245 0,243 0,241 0,240 0,238 0,236 0,234 

0,7 0,232 0,230 0,228 0,226 0,224 0,222 0,221 0,219 0,217 0,215 

0,8 0,213 0,211 0,209 0,208 0,206 0,204 0,202 0,200 0,199 0,197 

0,9 0,195 0,193 0,191 0,190 0,188 0,186 0,184 0,182 0,181 0,179 

1,0 0,177 0,175 0,173 0,172 0,170 0,168 0,166 0,164 0,163 0,161 

1,1 0,159 0,157 0,155 0,154 0,152 0,150 0,148 0,146 0,145 0,143 

1,2 0,131 0,139 0,138 0,136 0,134 0,132 0,131 0,129 0,127 0,125 

1,3 0,124 0,122 0,120 0,119 0,117 0,115 0,113 0,111 0,110 0,108 

1,4 0,106 0,104 0,102 0,101 0,099 0,098 0,097 0,095 0,093 0,092 

1,5 0,088 0,086 0,084 0,083 0,081 0,079 0,077 0,075 0,074 0,072 

1,6 0,070 0,068 0,066 0,065 0,063 0,061 0,059 0,057 0,056 0,054 

1,7 0,052 0,050 0,048 0,047 0,045 0,043 0,041 0,039 0,038 0,036 

1,8 0,034 0,032 0,031 0,029 0,027 0,025 0,024 0,022 0,021 0,019 

1,9 0,017 0,015 0,014 0,012 0,010 0,008 0,006 0,005 0,003 0,002 
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ʇʨʠʤ̔ʪʢʘ: - ʦʙô̒ʤ ʪʽʦʩʫʣʬɹʘʪʫ ʥʘʪʨʽʶ: ʟʘ ʚʝʨʪʠʢʘʣʣʶ ï ʮʣ̔ ̔ʪʘ ʜʝʩʷʪʽ 

ʯʘʩʪʢʠ ʤʽʣʽʣʽʪʨʘ, ʟʘ ʛʦʨʠʟʦʥʪʘʣʣ  ʁ-  ʩʦʪʽ ʯʘʩʪʢʠ. 

ɺʠʩʥʦʚʦʢ: 

 

 

 

 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʪʘ ʟʘʚʜʘʥʥʷ ʜʦ ʨʦʟʜʽʣʫ çɺʫʛʣʝʚʦʜʠè 

 

1. ʉʪʨʫʢʪʫʨʘ, ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʬʫʥʢʮ̔ ʾ ʚʫʛʣʝʚʦʜʽʚ. 

2. ʂʣʘʩʠʬ̔ ʢʘʮʽʷ ʚʫʛʣʝʚʦʜʽʚ. ʅʘʚʝʩʪʠ ʧʨʠʢʣʘʜʠ. 

3. ʂʣʘʩʠʬ̔ʢʘʮ̔ʷ ʤʦʥʦʩʘʭʘʨʠʜʽʚ. ʅʘʚʝʩʪʠ ʧʨʠʢʣʘʜʠ. 

4. ʃʘʥʮʶʛʦʚʘ ʪʘ ʮʠʢʣʽʯʥʘ ʬʦʨʤʠ ʤʦʥʦʩʘʭʘʨʠʜʽʚ. 

5. ʑʦ ʪʘʢʝ ʝʧʤ̔ʝʨʠ? ʅʘʚʝʩʪʠ ʧʨʠʢʣʘʜʠ. 

6. ʗʢʽʩʥʽ ʨʝʘʢʮʽʾ ʥʘ ʚʫʛʣʝʚʦʜʠ. 

7. ʅʘʧʠʩʘʪʠ ʩʪʨʫʢʪʫʨʥʽ ʬʦʨʤʫʣʠ: 

1) ʄʦʥʦʩʘʭʘʨʠʜ̔ʚ: ʪʨʽʦʟ, ʪʝʪʨʦʟ, ʧʝʥʪʦʟ, ʛʝʢʩʦʟ, ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʧʜ̔ʧʠʩʘʪʠ. 

2) ɸʣʴʜʦʟ ʪʘ ʢʝʪʦʟ, ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʧʽʜʧʠʩʘʪʠ. 

3) ɻʣʶʢʦʟʠ, ʤʘʥʦʟʠ, ʨʠʙʦʟʠ, ʜʝʟʦʢʩʠʨʠʙʦʟʠ ʫ ʮʠʢʣʽʯʥʽʡ ʪʘ ʣʘʥʮʶʛʦʚʽʡ 

ʬʦʨʤʘʭ.  

ɺʢʘʟʘʪʠ ʾʭ ʢʦʥʬʛ̔ʫʨʘʮʽʾ ʪʘ ʢʦʥʬʦʨʤʘʮʽʾ (D- ʯʠ L- ʪʘ  Ŭ- ʯʠ ɓ-).   

4) ɓ-D-ʬʨʫʢʪʦʬʫʨʘʥʦʟʠ ʪʘ ɓ-D-ʛʣʁ ʢʦʧʽʨʘʥʦʟʠ. 

5) ʆʣʽʛʦʩʘʭʘʨʠʜ̔ʚ:  

ʘ) ʜʠʩʘʭʘʨʠʜ̔ʚ (ʩʘʭʘʨʦʟʠ, ʣʘʢʪʦʟʠ, ʤʘʣɹʪʦʟʠ, ʪʨʝʛʘʣʦʟʠ); 

ʙ) ʪʨʠʩʘʭʘʨʠʜ̔ʚ (ʤʝʣʠʮʠʪʦʟʠ, ʨʘʬʽʥʦʟʠ); 

ʚ) ʪʝʪʨʘʩʘʭʘʨʠʜʫ (ʩʪʘʭʽʦʟʠ); 

6) ʧʦʣʽʩʘʭʘʨʠʜʫ (ʢʨʦʭʤʘʣʴ), ʚʢʘʟʘʪʠ ʩʧʦʣʫʢʘ ʻ ʛʦʤʦ- ʯʠ 

ʛʝʪʝʨʦʧʦʣʩ̔ʘʭʘʨʠʜʦʤ. 
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ʈʆɿɼɯʃ 3. çʃɯʇɯɼʀè 

 

ʃ̔ʧ̔ ʜʠ ï ʮʝ ʧʨʠʨʦʜʥ ̔ʙʽʦʦʨʛʘʥʯ̔ʥʽ ʩʧʦʣʫʢʠ, ʷʢʽ ʚʢʣʶʯʘʶʪʴ ʷʢ ʞʠʨʠ, ʪʘʢ ʽ 

ʞʠʨʦʧʦʜʽʙʥʽ ʨʝʯʦʚʠʥʠ, ʱʦ ʥʝ ʨʦʟʯʠʥ̫ʶʪʴʩ ̫ ʫ ʚʦʜʽ, ʧʨʦʪʝ ʨʦʟʯʠʥ̫ ʪʁʩɹ ̫ ʚ  

ʦʨʛʘʥ̔ʯʥʠʭ ʨʦʟʯʠʥʥʠʢʘʭ (ʘʮʝʪʦʥ̔, ʝʬʽʨ,̔ ʭʣʦʨʦʬʦʨʤ̔ ʪʘ ʽʥ.). ʇʝʨʝʚʘʞʥʘ 

ʙʽʣʴʰʽʩʪʴ  ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʮʴʦʛʦ ʢʣʘʩʫ ʩʧʦʣʫʢ - ʮʝ ʧʦʭʽʜʥ ̔ʚʠʱʠʭ ʞʠʨʥʠʭ ʢʠʩʣʦʪ 

ʪʘ ʩʧʠʨʪʽʚ ʘʙʦ ʘʣʴʜʝʛʽʜʽʚ.  

ʃ̔ ʧʽʜʠ ʥʘʣʝʞʘʪʴ ʜʦ ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʩʧʦʣʫʢ, ʜʦ ʩʢʣʘʜʫ ʷʢʠʭ ʚʭʦʜʷʪʴ 

ʦʜʠʥ ʘʙʦ ʢʽʣʴʢʘ ʥʝʚʝʣʠʢʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. ʂʦʤʧʦʥʝʥʪʠ, ʱʦ ʚʭʦʜ̫ʪʴ 

ʜʦ ʩʢʣʘʜʫ ʣ̔ ʧʽʜʽʚ, ʤʽʩʪʪ̫ ɹʨ̔ ʟʥʝ ʯʠʩʣʦ ʘʪʦʤ̔ʚ ʚʫʛʣʝʮʁ , ʤʦʞʫʪ ɹʤʘʪʠ ʦʜʠʥ ʘʙʦ 

ʜʝʢʽʣɹʢʘ ʥʝʥʘʩʠʯʝʥʠʭ ʟʚôʷʟʢʽʚ. ɻ̔ ʜʨʦʬʦʙʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʻ ʧʦʣʽʤʝʪʠʣʝʥʦʚ ̔

(ʞʠʨʥ̔ ʢʠʩʣʦʪʠ ʥʘʩʠʯʝʥ̔  ̔ʥʝʥʘʩʠʯʝʥ)̔ ʪʘ ʧʦʣʽʧʨʝʥʦʚʽ (ʽʟʦʧʨʝʥ, ʪʝʨʧʝʥ, ʩʢʚʘʣʝʥ, 

ʬʽʪʦʣ, ʚʽʪʘʤʽʥʠ ɸ, ɽ, ʂ) ʧʦʭʽʜʥʽ ʦʮʪʦʚʦʾ ʢʠʩʣʦʪʠ; ʛ̔ʜʨʦʬʣ̔ʴʥʠʤʠ ï ʩʧʠʨʪʠ ʪʘ ʾʭ 

ʧʦʭʽʜʥʽ (ʝʪʠʣʝʥʛʣʢ̔ʦʣʴ, ʧʨʦʧʘʥʜ̔ ʦʣ, ʛʣʽʮʝʨʠʥ), ʘʟʦʪʦʚʤʽʩʥʽ ʧʦʭʽʜʥʽ ʝʪʘʥʦʣʫ 

(ʝʪʘʥʦʣ ʘʤʽʜ, ʩʝʨʠʥ, ʽʥʦʟʠʪʦʣ, ʩʬʽʥʛʦʟʠʥ, ʩʘ̔ʣʦʚʘ ʢʠʩʣʦʪʘ, ʘʮʝʪʠʣʛʣʶʢʦʟʘʤʥ̔) ʪʘ 

ʥʝʦʨʛʘʥʽʯʥʽ ʬʦʩʬʘʪ ʽ ʩʫʣʴʬʘʪ. 

ʉʘʤʝ ʚʽʜ ʩʢʣʘʜʫ ʪʘ ʭʽʤʽʯʥʦʾ ʙʫʜʦʚʠ ʟʘʣʝʞʘʪɹ ʾʭ ʬʽʟʠʯʥʽ ʪʘ ʭ̔ ʤʽʯʥ ̔

ʚʣʘʩʪʠʚʦʩʪʽ. 

ɺʣʘʩʪʠʚʦʩʪ̔ ʣʽʧʽʜʽʚ:  

1) ʘʤʬʽʬʽʣʴʥʽʩʪʴ ʣʽʧʽʜʽʚ ï ʣʽʧʽʜʠ ʤʘʶʪɹ ʧʦʜʚʽʡʥʫ ʩʧʦʨʽʥʝʥʽʩʪʴ, ʽ ʥʘ ʤʝʞʽ 

ʧʦʜʽʣʫ ʤʽʞ ʛʽʜʨʦʬʽʣʥɹʠʤ ʽ ʛʽʜʨʦʬʦʙʥʠʤ ʩʝʨʝʜʦʚʠɦʘʤʠ ʨʦʟʤʽʱʫʶʪʴʩʷ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʧʦʣʷʨʥ ̔ʛʦʣʦʚʠ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʚʦʜ,̔ ʘ ʥʝʧʦʣʨ̫ʥ̔ ʭʚʦʩʪʠ - ʫ 

ʥʝʧʦʣʷʨʥʦʤʫ ʨʦʟʯʠʥʥʠʢʫ (ʦʣʽʾ), ʪʘʢʠʤ ʯʠʥʦʤ ʬʦʨʤʫʶʪʴʩʷ ʙ̔h ʘʨ ʤʝʤʙʨʘʥ, 

ʤʽʮʝʣʠ;  

2) ʫʪʚʦʨʝʥʥʷ ʝʤʫʣʴʩʽʡ - ʥʝʩʪʽʡʢʽ ʝʤʫʣʩɹ̔ ʾ ʣʝʛʢʦ ʨʦʟʜʽʣʷʶʪʴʩ̫ ʥʘ ʜʚ̔ ʬʘʟʠ: 

ʚʦʜʫ ʽ ʞʠʨ. ʉʪʽʡʢʽ ʝʤʫʣʴʩʽʾ ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʝʤʫʣʴʛʘʪʦʨʽʚ ï 

ʧʦʚʝʨʭʥʝʚʦ ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ, ʟʜʘʪʥʠʭ ʘʜʩʦʨʙʫʚʘʪʠʩ ̫ʥʘ ʦʢʨʝʤʠʭ ʢʨʘʧʣʠʥʘʭ 

ʞʠʨʫ, ʥʝ ʜʘʁʯʠ ʾʤ ʟʣʠʚʘʪʠʩʷ ʚ ʙʽʣɹh ʽ ʢʨʘʧʣʠʥʠ;  

3) ʷʢʱʦ ʜʦ ʩʢʣʘʜʫ ʞʠʨʫ ʚʭʦʜʷʪʴ ʧʝʨʝʚʘʞʥʦ ʥʘʩʠʯʝʥʽ ʞʠʨʥʽ ʢʠʩʣʦʪʠ, ʪʦ 

ʪʘʢʠʡ ʞʠʨ ̒ ʪʚʝʨʜʠʤ ʽ ʤʘʻ ʚʠʩʦʢʫ ʪʝʤʧʝʨʘʪʫʨʫ ʪʦʧʣʝʥʥʷ (ʩʚʠʥʷʯʝ ʩʘʣʦ ï 36-    

45 Áʉ), ʽ ʥʘʚʧʘʢʠ, ʢ̫ ʦɦ ʻ ʚʠʱʠʡ ʚʤ̔ʩʪ ʥʝʥʘʩʠʯʝʥʠʭ ʞʠʨʥʠʭ ʢʠʩʣʦʪ, ʪʦ ʞʠʨ ̒ 

ʨ̔ ʜʢʠʤ (ʦʣʽʾ) ʽ, ʚʽʜʧʦʚ̔ʜʥʦ, ʙʫʜʝ ʥʠʞʯʘ ʪʝʤʧʝʨʘʪʫʨʘ ʪʦʧʣʝʥʥʷ (ʢʦʥʦʧʣʷʥʘ ʦʣ̔ ʷ ï 

17 Áʉ, ʣʣ̫ʥʘ ï 17 Áʉ, ʩʦʥʷʰʥʠʢʦʚʘ ï 21 Áʉ);  

4) ʨʽʜʢʽ ʞʠʨʠ (ʦʣʽʾ) ʤʦʞʥʘ ʟʛʫʩʪʠʪʠ ʰʣʷʭʦʤ ʛʽʜʨʦʛʝʥʽʟʘʮʽʾ;  

5) ʛʽʜʨʦʣʟ̔ ʞʠʨ̔ʚ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʧʜ̔ ʜ̔̒  ʁʣʫʛ̔ ʚ, ʢʠʩʣʦʪ, ʧʝʨʝʛʨʽʪʦʛʦ 

ʧʘʨʫ ʽ ʝʥʟʠʤʽʚ. ɻ̔ ʜʨʦʣʽʟ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʣʫʛʽʚ ʟʫʤʦʚʣʶʻ ʫʪʚʦʨʝʥʥʷ ʛʣ̔ʮʝʨʠʥʫ ʽ 
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ʩʦʣʝʡ ʞʠʨʥʠʭ ʢʠʩʣʦʪ, ɦʦ ʥʘʟʠʚʘʁʪʩɹ ̫ ʤʠʣʦʤ, ʘ ʩʘʤʘ ʨʝʘʢʮʽʷ ʤʘʻ ʥʘʟʚʫ 

ʦʤʠʣʝʥʥʷ.  

ʌʫʥʢʮʽʾ ʣʽʧʽʜ̔ʚ:  

1) ʩʪʨʫʢʪʫʨʥʘ (ʬʦʩʬʦʣ̔ʧ̔ ʜʠ, ʛʣ̔ ʢʦʣʽʧʽʜʠ, ʩʫʣʴʬʦʣʧ̔ʜ̔ʠ, ʭʦʣʝʩʪʝʨʦʣ ʚ 

ʢʦʤʧʣʝʢʩʽ ʟ ʧʨʦʪʝʾʥʘʤʠ, ʚʫʛʣʝʚʦʜʘʤʠ ʚʭʦʜʷʪʴ ʜʦ ʩʪʨʫʢʪʫʨʠ ʨʽʟʥʦʛʦ ʪʠʧʫ 

ʤʝʤʙʨʘʥ);  

2) ʝʥʝʨʛʝʪʠʯʥʘ (1 ʛ ʞʠʨʫ ʧʨʠ ʦʢʠʩʥʝʥʥ ̔ʜʘʻ ~ 39 ʢɼʞ ʝʥʝʨʛʽʾ, ʱʦ ʚʜʚʽʯʽ 

ʙ̔ ʣʴʰʝ, ʥʽʞ ʘʥʘʣʦʛʽʯʥʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ ʚʠʭʽʜ ʙʽʣʢʽʚ ʽ ʚʫʛʣʝʚʦʜʚ̔); 

3) ʟʘʧʘʩʘʶʯʘ (ʚ̔ʜʢʣʘʜʘʁ ʪɹ ʩ̫ ʚ ʢʣʽʪʠʥʘʭ ʫ ʚʠʛʣʷʜʽ ʣʽʧʽʜʥʠʭ ʢʨʘʧʝʣɹ); 

4) ʟʘʭʠʩʥʘ (ʚʦʩʢʦʚʠʡ ʥʘʣʽʪ ʥʘ ʧʦʚʝʨʭʥʽ ʣʠʩʪʢʽʚ, ʧʣʦʜʽʚ, ʙʨʫʥʦɹʢ ʟʘʭʠɦʘʻ 

ʾʭ ʚʽʜ ʥʘʜʣʠ ʢhʦʚʦʛʦ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʡ ʧʨʦʥʠʢʥʝʥʥʷ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ); 

5) ʨʝʛʫʣʷʪʦʨʥʘ (ʛʦʨʤʦʥʠ ʩʪʝʨʦʾʜʥʦʾ ʧʨʠʨʦʜʠ (ʩʪʘʪʝʚ̔, ʢʦʨʪʠʢʦʩʪʝʨʦʾʜʠ) ʪʘ 

ʞʠʨʦʨʦʟʯʠʥʥʽ ʚʽʪʘʤʽʥʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʜʽʷʥʽ ʚ ʨʝʛʫʣʷʮʽʾ ʨʽʟʥʠʭ ʧʨʦʮʝʩʽʚ 

ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʦʨʛʘʥʽʟʤʫ); 

6) ʪʝʨʤʦ̔ ʟʦʣʷʮ̔ʡʥʘ (ʞʠʨʠ ʚʦʣʦʜʽʁʪɹ  ʥʠʟʴʢʦʁ  ʪʝʧʣʦʧʨʦʚʽʜʥ̔ʩʪʁ, ʪʦʤʫ 

ʥʘʢʦʧʠʯʫʯʁʠʩʴ ʫ ʧʽʜʰʢʽʨʥʽʡ ʢʣʽʪʢʦʚʠʥʽ, ʟʘʭʠʱʘʶʪʴ ʚʽʜ ʚʪʨʘʪ ʪʝʧʣʘ);  

7) ʤʝʪʘʙʦʣʽʯʥʘ (ʚʧʣʠʚʘʁ ʪɹ ʥʘ ʘʢʪʠʚʥʽʩʪʴ ʝʥʟʠʤ̔ʚ);  

8) ʝʣʝʢʪʨʦʽʟʦʣʷʮ̔ʡʥʘ (ʛʣʽʢʦʩʬʽʥʛʦʣʽʧʽʜʠ, ʩʬʥ̔ʛʦʤʽʻʣʽʥʠ) - ʮʝ ʩʚʦʻʨʽʜʥʠʡ 

çʝʣʝʢʪʨʦʽʟʦʣʶʁʯʠʡ ʤʘʪʝʨ̔ ʘʣè ʤ̔ ʣ̒̔ ʥʦʚʠʭ ʦʙʦʣʦʥʦʢ ʢʣʽʪʠʥ; 

9) ʝʤʫʣʴʛʫʶʯʘ - ʘʤʬʽʬʽʣʴʥʽ ʣʽʧʽʜʠ ʧʽʜ ʯʘʩ ʨʦʟʧʦʜʽʣʫ ʥʘ ʧʦʚʝʨʭʥʽ ʬʘʟ ʞʠʨ-

ʚʦʜʘ ʚʦʣʦʜʽʶʪ ɹ ʩʪʘʙ̔ʣʟ̔ʫʁʯʦʁ ʜʽ̒ʁ ʦɦʜʦ ʝʤʫʣʴʩʽʡ, ʟʘʧʦʙʽʛʘʶʯʠ ʾʭ 

ʨʦʟʰʘʨʫʚʘʥʥ.ʁ ʊʘʢ, ʞʦʚʯʥʽ ʢʠʩʣʦʪʠ, ʬʦʩʬʦʛʣʽʮʝʨʠʜʠ ʝʤʫʣʴʛʫʶʪʴ 

ʘʮʠʣʛʣʽʮʝʨʠʥʠ ʚ ʢʠʰʝʯʥʠʢʫ, ʚ ʪʦʡ ʞʝ ʯʘʩ ʬʦʩʬʦʛʣ̔ ʮʝʨʠʜʠ ʢʨʦʚʽ ʩʪʘʙʽʣʽʟʫʶʪʴ 

ʨʦʟʯʠʥʥʠʡ ʭʦʣʝʩʪʝʨʦʣ;  

10) ʪʨʘʥʩʧʦʨʪʥʘ ï ʬʦʩʬʦʣ̔ʧ̔ʜʠ  ̔ʞʦʚʯʥ ̔ʢʠʩʣʦʪʠ ʟʜ̔ʡʩʥʶʶʪ ɹʪʨʘʥʩʧʦʨʪ 

ʨʝʯʦʚʠʥ, ʟʦʢʨʝʤʘ ʢʘʪ̔ʦʥʽʚ ʯʝʨʝʟ ʙʣ̔ʽʧʽʜʥʠʡ ʰʘʨ ʤʝʤʙʨʘʥʠ; ʞʠʨʥʠʭ ʢʠʩʣʦʪ ʟ 

ʢʠhʝʯʥʠʢʘ ʚ ʢʨʦʚ, ʬʦʨʤʫʶʯʠ ʭʦʣʝʥʾʦʚʽ ʢʦʤʧʣʝʢʩʠ; 

11) ʚʦʜʦʫʪʚʦʨʶʶʯʘ (ʪʚʘʨʠʥʠ ʚ ʩʧʣʷʯʮʽ, ʤʝʢhʘʥʮʽ ʧʫʩʪʝʣʴ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʘʢʦʧʠʯʝʥʽ ʞʠʨʠ ʷʢ ʩʚʦʻʨʽʜʥʽ ʨʝʟʝʨʚʫʘʨʠ ʤʝʪʘʙʦʣʯ̔ʥʦʾ ʚʦʜʠ - 

ʦʢʠʩʥʝʥʥ ̫1 ʛ ʞʠʨʫ ʟʘʙʝʟʧʝʯʫʻ ʫʪʚʦʨʝʥʥʷ 1,1 ʛ ʚʦʜʠ). 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʣʽʧʽʜʽʚ.  

ʃ̔ ʧ̔ʜʠ ʤʘʶʪʴ 3 ʦʩʥʦʚʥ̔ ʢʣʘʩʠʬ̔ʢʘʮ̔ʾ: ʟʘ ʙʽʦʣʦʛʯ̔ʥʦʶ ʘʙʦ ʬ̔ ʟ̔ʦʣʦʛʽʯʥʦʶ 

ʨʦʣʣʶ, ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʘ ʩʪʨʫʢʪʫʨʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ. 

ɹʽʦʣʦʛʽʯʥʘ ʢʣʘʩʠʬʽʢʘʮʽ.̫ ɿʛ̔ʜʥʦ ʟ ʮʽ̒ʁ ʢʣʘʩʠʬ̔ʢʘʮʽ̒ʁ ʣʽʧʽʜʠ ̒ ʨʝʟʝʨʚʥʠʤʠ ʽ 

ʩʪʨʫʢʪʫʨʥʠʤʠ. ʈʝʟʝʨʚʥʽ ʧʝʨʝʚʘʞʥʦ ʥʘʢʦʧʠʯʫʶʪʴʩʷ ̫ ʢ ʧʽʜʰʢʽʨʥʠʡ  ̔

ʚʽʩʮʝʨʘʣʴʥʠʡ ʞʠʨ. ʋ ʧʝʨʝʚʘʞʥʦʾ ʙʽʣʴʦhʩʪ̔ ʣʶʜʝʡ ʙʝʟ ʥʘʜʣʠʰʢʦʚʦʾ ʚʘʛʠ 

ʢʣ̔ʢɹʽʩʪʴ ʨʝʟʝʨʚʥʠʭ ʣʽʧʽʜʽʚ ʩʢʣʘʜʘʻ ~10-15 % ʤʘʩʠ ʪʽʣʘ. ʇʨʦʪʝ ʩʠʩʪʝʤʘʪʠʯʥʝ 



51 

 

 

ʧʦʨʫhʝʥʥʷ ʨʝʞʠʤʫ ʭʘʨʯʫʚʘʥʥʷ, ʥʝʜʦʩʪʘʪʥ̫ ʨʫʭʦʚʘ ʘʢʪʠʚʥʽʩʪʴ, ʧʦʨʫʰʝʥʥʷ 

ʦʙʤʽʥʫ ʨʝʯʦʚʠʥ ʟʫʤʦʚʣʝʥʝ ʨʽʟʥʠʤʠ ʧʨʠʯʠʥʘʤʠ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʦʞʠʨʽʥʥ,̫ 

ʧʨʠ ʢ̫ʦʤʫ ʢʽʣʴʢʽʩʪɹ  ʨʝʟʝʨʚʥʦʛʦ ʞʠʨʫ (ʧʽʜʰʢʽʨʥʦʛʦ ʽ ʚʽʩʮʝʨʘʣʴʥʦʛʦ) ʤʦʞʝ ʩʷʛʘʪʠ 

25-35 % ʘʙʦ  ̔50 % ʚ̔ʜ ʤʘʩʠ ʪʽʣʘ. 

ʋ ʩʢʣʘʜ̔ ʨʝʟʝʨʚʥʠʭ ʣʽʧʽʜ̔ ʚ ʧʨʝʚʘʣʶʶʪ ɹʘʮʠʣʛʣʮ̔ʝʨʦʣʠ, ʟʥʘʯʥʽ ʢʽʣʴʢʦʩʪʽ 

ʷʢʠʭ ʽʜʫʪʴ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʪʨʝʙ ʞʠʚʦʛʦ ʦʨʛʘʥʽʟʤʫ. ɺ ʧʨʦʪʠʚʘʛʫ 

ʨʝʟʝʨʚʥʠʤ ʣʽʧʜ̔ʘʤ, ʩʪʨʫʢʪʫʨʥʽ ʣʽʧʽʜʠ ʥʝ  ̒ʥʘʩʪʽʣʴʢʠ ʝʥʝʨʛʝʪʠʯʥʦ ʮʽʥʥʠʤʠ. ɿʘ 

ʭʽʤʽʯʥʦʶ ʙʫʜʦʚʦʶ ʚʦʥʠ ʥʘʣʝʞʘʪʴ ʜʦ ʩʢʣʘʜʥʠʭ ʣ̔ʧ̔ʜ̔ʚ ʪʘ ʩʪʘʥʦʚʣʷʪʴ ʦʩʥʦʚʫ 

ʢʣʽʪʠʥʥʠʭ ̔ ʩʫʙʢʣʽʪʠʥʥʠʭ ʩʪʨʫʢʪʫʨ. 

ʌʽʟʠʢʦ-ʭʽʤʽʯʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ. ɿʘ ʮʽʻʁ ʢʣʘʩʠʬ̔ʢʘʮʽʻʁ ʣʽʧ̔ʜʠ ʙʫʚʘʶʪʴ 

ʥʝʧʦʣʷʨʥʽ (ʥʝʡʪʨʘʣʴʥ)̔ ʪʘ ʧʦʣʷʨʥʽ. ʇʝʨʠhʡ ʪʠʧ ʣ̔ ʧ̔ʜ̔ʚ ʥʝ ʤʘ ̒ʟʘʨʷʜʫ, ʜʨʫʛʠʡ - 

ʤʘʻ ʟʘʨʷʜ ʽ ʧʨʦʷʚʣʷʻ ʧʦʣʷʨʥ̔ ʚʣʘʩʪʠʚʦʩʪ̔, ʮʝ ʟʦʢʨʝʤʘ ʞʠʨʥ ̔ ʢʠʩʣʦʪʠ, 

ʬʦʩʬʦʣʽʧʽʜʠ. 

ʉʪʨʫʢʪʫʨʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʛʨʫʥʪʫʻʪʴʩʷ ʥʘ ʭʽʤʽʯʥʡ̔ ʩʪʨʫʢʪʫʨʽ ʤʦʣʝʢʫʣ 

ʣʽʧʽʜʽʚ. ʟʛʽʜʥʦ ʟ ʥʝ  ʁʣʽʧʽʜʠ ʚʭʦʜ̫ ʪʴ ʜʦ ʪʘʢʠʭ ʪʨɹʦʭ ʛʨʫʧ: ʧʨʦʩʪʽ, ʩʢʣʘʜʥʽ ʪʘ 

ʧʦʭ̔ʜʥʽ ʣ̔ʧʽʜʽʚ. 

 

ʃ̔ʧ̔ʜʠ ʇʦʧʝʨʝʜʥʠʢʠ ̔ ʧʦʭ̔ʜʥ̔ ʣ̔ʧ̔ʜ̔ʚ

(ʞʠʨʥ̔ ʢʠʩʣʦʪʠ, ʛʣ̔ʮʝʨʦʣ, ʩʪʝʨʦʾʜʠ, ʘʣɹʜʝʛ̔ʜʠ 

ʞʠʨʥʠʭ ʢʠʩʣʦʪ ̔ ʢʝʪʦʥʦʚ̔ ʪ̔ʣʘ, ʚʫʛʣʝʚʦʜʥ̔, 

ʞʠʨʦʨʦʟʯʠʥʥ̔ ʚ̔ʪʘʤ̔ʥʠ, ʛʦʨʤʦʥʠ)

ʉʢʣʘʜʥ̔ ʣ̔ʧ̔ʜʠ

ʇʨʦʩʪ̔ ʣ̔ʧ̔ʜʠ

ɾʠʨʠ

(ʪʨʠʘʮʠʣʛʣ̔ʮʝʨʠʥ 

 ̔̔ʥh ʽ

ʥʝʡʪʨʘʣɹʥ̔ ʛʣ̔ʮʝʨʠʜʠ)

ɺʦʩʢʠ
ʉʪʝʨʠʥʠ ̔ ʩʪʝʨʠʜʠ

ʌʦʩʬʦʣ̔ʧ̔ʜʠ
ɻʣ̔ʢʦʣ̔ʧ̔ʜʠ

ʎʝʨʝʙʨʦʟʠʜʠ ɻʘʥʛʣ̔ʦʟʠʜʠ

ʉʫʣɹʬʘʪʠʜʠ

(ʩʫʣɹʬʦʣ̔ʧ̔ʜʠ)

ʉʬ̔ʥʛʦʣ̔ʧ̔ʜʠɻʣ̔ʮʝʨʦʬʦʩʬʦʣ̔ʧ̔ʜʠ 

ʌʦʩʬʘʪʠʜʠʣʭʦʣ̔ʥ

ʌʦʩʬʘʪʠʜʠʣʝʪʘʥʦʣʘʤ̔ʥ

ʌʦʩʬʘʪʠʜʠʣ̔ʥʦʟʠʪʠ

( ʥ̔ʪʦʟʠʪʬʦʩʬʘʪʠʜʠ)

ʇʣʘʟʤʘʣʦʛʝʥʠ (ʘʮʝʪʘʣɹʬʦʩʬʘʪʠʜʠ)

ʌʦʩʬʘʪʠʜʠʣʩʝʨʠʥʠ

ɻʣʦʙʦʟʠʜʠ

 
 

ʉʪʨʫʢʪʫʨʥʘ ʢʣʘʩʠʬʢ̔ʘʮʽʷ ʣʽʧʽʜʚ̔ 
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ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʩʥʦʚʥʠʭ ʣʧ̔ʽʜʽʚ  

ʇʨʦʩʪ̔ ʣʽʧʽʜʠ. 

ɸʮʠʣʛʣʮ̔ʝʨʦʣʠ (ʤʦʥʦ-, ʜʠ-, ʪʨʠʘʮʠʣʛʣʽʮʝʨʦʣʠ)  ̒ʦʩʥʦʚʦ  ʁʨʝʟʝʨʚʥʠʭ ʣʽʧ̔ʜ̔ ʚ 

ʪʘ ʜʞʝʨʝʣʦʤ ʫʪʚʦʨʝʥʥ ̫ ʝʥʝʨʛʽʾ. ɺʦʥʠ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʩʢʣʘʜʥ ̔ ʝʬʨ̔ʠ 

ʪʨʴʦʭʘʪʦʤʥʦʛʦ ʩʧʠʨʪʫ ʛʣʽʮʝʨʦʣʫ ̔ ʞʠʨʥʠʭ ʢʠʩʣʦʪ. ʅʘʧʨʠʢʣʘʜ, 

ʪʨʠʘʮʠʣʛʣʮ̔ʝʨʦʣʠ ʯʠ ʥʝʡʪʨʘʣʴʥʽ ʣʽʧ̔ʜʠ, ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʝʪʝʨʠʬʽʢʘʮʽʾ 

ʞʠʨʥʠʤʠ ʢʠʩʣʦʪʘʤʠ ʚʩʽʭ ʪʨɹʦʭ ʛʽʜʨʦʢʩʠʣʴʥʠʭ ʛʨʫʧ ʛʣʽʮʝʨʦʣʘ. ɻʣ̔ʮʝʨʦʣ ʻ 

ʩʢʣʘʜʦʚʦ  ʁʥʝʡʪʨʘʣɹʥʠʭ ʣʧ̔̔ ʜʽʚ ʽ ʬʦʩʬʦʣʽʧʽʜ̔ʚ. 

 
ɸʮʠʣʛʣ̔ʮʝʨʦʣʠ ʥʝʨʦʟʯʠʥʥʽ ʫ ʚʦʜʽ, ʜʣʷ ʪʨʘʥʩʧʦʨʪʫ ʚ ʢʨʦʚʽ ʫʪʚʦʨʶʶʪʴ 

ʩʧʝʮʽʘʣʴʥʽ ʪʨʘʥʩʧʦʨʪʥ ̔ ʬʦʨʤʠ - ʢʦʤʧʣʝʢʩʠ ʟ ʙʽʣʢʘʤʠ ʪʘ ʬʦʩʬʦʣʽʧʽʜʘʤʠ 

(ʣʽʧʦʧʨʦʪʝʾʥʠ). 

 

ʇʦʧʝʨʝʜʥʠʢʠ ʪʘ ʧʦʭʽʜʥʽ ʣʽʧʽʜʽʚ. 

ɺʠɦ  ̔ ʞʠʨʥʽ ʢʠʩʣʦʪʠ. ɺʽʜʦʤʦ ʙʣʠʟʢɹʦ 200 ʞʠʨʥʠʭ ʢʠʩʣʦʪ, ʷʢ̔ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʢʽʣɹʢʽʩʪʶ ʘʪʦʤʽʚ ʢʘʨʙʦʥʫ, ʩʪʫʧʝʥʝʤ ʥʘʩʠʯʝʥʦʩʪʽ, ʭʘʨʘʢʪʝʨʦʤ 

ʨʦʟʤʽʱʝʥʥʷ ʧʦʜʚʽʡʥʠʭ ʟʚô̫ ʟʢ̔ʚ ʪʘ ʥʘʷʚʥʽʩʪʁ  ʛʽʜʨʦʢʩʠ- ʽ ʦʢʩʠʛʨʫʧʠ. ɾʠʨʥʽ 

ʢʠʩʣʦʪʠ ï ʮʝ ʢʘʨʙʦʥʦʚʽ ʢʠʩʣʦʪʠ, ʪʦʙʪʦ ʧʦʭʽʜʥʽ ʚʫʛʣʝʚʦʜ̔ʚ. ʈʦʟʨ̔ʟʥ̫ʁ ʪɹ ʥʘʩʠʯʝʥ ̔

ʪʘ ʥʝʥʘʩʠʯʝʥʽ ʞʠʨʥʽ ʢʠʩʣʦʪʠ.  

ʄʦʣʝʢʫʣʠ ʥʘʩʠʯʝʥʠʭ ʞʠʨʥʠʭ ʢʠʩʣʦʪ ï ʮʝ ʥʝʨʦʟʛʘʣʫʞʝʥʠʡ ʣʘʥʮʶʛ, ʷʢʠʡ 

ʩʢʣʘʜʘ̒ʪʴʩʷ ʽʟ ʧʘʨʥʦʾ ʢʽʣʴʢʦʩʪ̔ ʘʪʦʤ̔ʚ ʢʘʨʙʦʥʫ. ɺ ʨʦʩʣʠʥʘʭ ʟʫʩʪʨʽʯʘ̒ʪɹʩʷ 

ʧʘʣʴʤʽʪʠʥʦʚʘ ʞʠʨʥʘ ʢʠʩʣʦʪʘ (ʉ16:0).  

ʄʦʣʝʢʫʣʠ ʥʝʥʘʩʠʯʝʥʠʭ ʞʠʨʥʠʭ ʢʠʩʣʦʪ ʤʽʩʪʷʪʴ ʧʦʜʚʡ̔ʥ̔ ʘʙʦ ʧʦʪʨ̔ʡʥʽ 

ʟʚô̫ʟʢʠ. ɿʘ ʯʠʩʣʦʤ ʧʦʜʚʽʡʥʠʭ ʟʚôʷʟʢ̔ʚ ʚ ʤʦʣʝʢʫʣʽ ʞʠʨʥʽ ʢʠʩʣʦʪʠ  ̒ʤʦʥʦ-, ʜʠ-, 

ʪʨʠʻʥʦʚʽ (ʧʦʣʽʻʥʦʚʽ). ʋ ʨʦʩʣʠʥ ʟʫʩʪʨ̔ʯʘʶʪʴʩ̫ ʧʝʨeʚʘʞʥʦ ʦʣʝʾʥʦʚʘ (ʤʦʥʦʻʥʦʚʘ 

(ʉ18:1æ9), ʣʥ̔ʦʣʝʚʘ (ʜ̔ ʻʥʦʚʘ (ʉ18:2æ9,12), ʣʥ̔ʦʣʝʥʦʚʘ (ʪʨʠʻʥʦʚʘ (ʉ18:3æ9,12,15) 

ʞʠʨʥ̔ ʢʠʩʣʦʪʠ.  
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ʇʘʣʴʤʽʪʠʥʦʚʘ ʥʘʩʠʯʝʥʘ ʞʠʨʥʘ ʢʠʩʣʦʪʘ (ʉ16:0)   

CH3-(CH2)14-CʆOH; 

ʎʝʪʠʣʦʚʠʡ (ʛʝʢʩʘʜʝʢʘʥʦʣ) ʥʘʩʠʯʝʥʠʡ ʞʠʨʥʠʡ ʩʧʠʨʪ (ʉ16:0)  

CH3-(CH2)14-Cʅ2-OH; 

ʇʘʣʴʤʽʪʠʥʦʚʠʡ (ʛʝʢʩʘʜʝʢʘʥʘʣʴ) ʥʘʩʠʯʝʥʠʡ ʞʠʨʥʠʡ ʘʣʴʜʝʛʽʜ (ʉ16:0)  

CH3-(CH2)14-CʅO. 

ʆʣʝʾʥʦʚʘ ʥʝʥʘʩʠʯʝʥʘ ʤʦʥʦ̒ʥʦʚʘ ʞʠʨʥʘ ʢʠʩʣʦʪʘ (ʉ18:1æ9)  

ʉʅ3-(ʉʅ2)7-ʅʉ=ʉʅ-(ʉʅ2)7-ʉʆʆʅ; 

ʆʣʝʾʥʦʚʠʡ ʥʝʥʘʩʠʯʘʥʠʡ ʞʠʨʥʠʡ ʩʧʠʨʪ (9-ʦʢʪʘʜʝʮʝʥ-1-ʦʣ) (ʉ18:1æ9)  

ʉʅ3-(ʉʅ2)7-ʅʉ=ʉʅ-(ʉʅ2)7-ʉʅ2-ʆʅ; 

ʆʣʝʾʥʦʚʠʡ ʥʝʥʘʩʠʯʝʥʠʡ ʞʠʨʥʠʡ ʘʣʴʜʝʛʽʜ  (9-ʦʢʪʘʜʝʮʝʥ-1-ʘʣʴ)(ʉ18:1æ9)  

ʉʅ3-(ʉʅ2)7-ʅʉ=ʉʅ-(ʉʅ2)7-ʉʅʆ.  
 

ʇʦʭʽʜʥʠʤʠ ʚʠʱʠʭ ʞʠʨʥʠʭ ʢʠʩʣʦʪ ʻ ʚʠʱʽ ʞʠʨʥʽ ʩʧʠʨʪʠ (ʤʽʩʪʷʪʴ ʩʧʠʨʪʦʚʫ 

ʛʨʫʧʫ) ʽ ʘʣʴʜʝʛʽʜʠ (ʤʩ̔ʪʷʪʴ ʘʣʴʜʝʛʽʜʥʫ ʛʨʫʧʫ), ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʷʢ ʥʘʩʠʯʝʥʠʤʠ, 

ʪʘʢ ʽ ʥʝʥʘʩʠʯʝʥʠʤʠ. ʋ ʧʨʠʨʦʜʽ ʯʘʩʪʽʰʝ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʤʦʥʦʻʥʦʚʽ ʩʧʠʨʪʠ ï 

ʘʥʘʣʦʛʠ ʤʦʥʦ̒ʥʦʚʠʭ ʞʠʨʥʠʭ ʢʠʩʣʦʪ ʪʘ ʧʦʣʽʥʝʥʘʩʠʯʝʥʽ ʧʝʨʚʠʥʥʽ ʩʧʠʨʪʠ 

(ʪʝʨʧʝʥʦʣʠ). ɯʟ ʩʧʠʨʪʦʚʦʾ ʧʨʠʨʦʜʠ ʫ ʣʽʧʽʜʘʭ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʪʘʢʦʞ ʛʣʽʮʝʨʦʣ, 

ʜʽʦʣʠ, ʤ̔ ʦʽʥʦʟʠʪʦʣ, ʚʫʛʣʝʚʦʜʠ ʽ ʚʠɦ ʽ ʘʤʽʥʦʩʧʠʨʪʠ.  

 

ʉʢʣʘʜʥ̔ ʣʽʧ̔ʜʠ. 

ʌʦʩʬʦʣʽʧʽʜʠ ï ʮʝ ʧʦʭʽʜʥʽ ʛʣʽʮʝʨʦʣʫ, ʷʢʽ ʤʽʩʪʷʪʴ ʟʘʣʠʰʢʠ ʞʠʨʥʠʭ ʢʠʩʣʦʪ, 

ʬʦʩʬʦʨʥʦʾ ʢʠʩʣʦʪʠ, ʩʧʠʨʪʫ (ʭʦʣʽʥ, ʝʪʘʥʦʣʘʤʽʥ), ʘʤʽʥʦʢʠʩʣʦʪʠ ʪʦʱʦ. 

ʌʦʩʬʦʣʽʧʽʜʠ ʚ ʪʢʘʥʠʥʘʭ ʪʚʘʨʠʥ ʽ ʨʦʩʣʠʥ, ʚ ʢʣʽʪʠʥʘʭ ʙʘʢʪʝʨʽʡ ʚʠʢʦʥʫʶʪʴ 

ʩʪʨʫʢʪʫʨʥʫ ʬʫʥʢʮʽʶ, ʧʨʠʡʤʘʶʪʴ ʫʯʘʩʪ ɹʫ ʬʦʨʤʫʚʘʥʥʽ ʙʽʦʣʦʛʽʯʥʠʭ ʤʝʤʙʨʘʥ, 

ʧʨʠʡʤʘʶʪʴ ʫʯʘʩʪʴ ʫ ʤʝʪʘʙʦʣʽʯʥʠʭ ʧʨʦʮʝʩʘʭ. ʌʦʩʬʦʣʽʧ̔ʜʠ ʢʣʘʩʠʬ̔ʢʫʁʪɹ ʩ̫ 

ʟʛʽʜʥʦ ʦʩʦʙʣʠʚʦʩʪʝʡ ʛʽʜʨʦʬʽʣʴʥʦʛʦ ʟʘʤ̔ ʩʥʠʢʘ: ʬʦʩʬʘʪʠʜʠʣʭʦʣʽʥ, 

ʬʦʩʬʘʪʠʜʠʣʝʪʘʥʦʣʘʤʽʥ ʧʦʧʝʨʝʜʥʠʢ ʬʦʩʬʘʪʠʜʠʣʭʦʣ̔ʥʽʚ, ʬʦʩʬʘʪʠʜʠʣʩʝʨʠʥ.  
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ʌʦʩʬʘʪʠʜʠʣʭʦʣʥ̔ʠ. ʆʜʥʠʤ ʟ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʬʦʩʬʘʪʠʜʠʣʭʦʣʽʥ̔ʚ ʻ ʣʝʮʠʪʠʥ 

(lethitos - ʞʦʚʪʦʢ), ʦʪʨʠʤʘʥʠʡ ʚʧʝʨʰʝ ʟ̔ ʞʦʚʪʢʘ ʷʡʮʷ ʱʝ ʫ 1845 ʨ.  
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ʌʦʩʬʘʪʠʜʠʣʭʦʣ̔ʥ (ʣʝʮʠʪʠʥ)
 

ʄʦʣʝʢʫʣʘ ʣʝʮʠʪʠʥʫ ʚʢʣʶʯʘʻ ʛʣʽʮʝʨʦʣ, ʫ ʷʢʦʛʦ 2 ʛʽʜʨʦʢʩʠʣʠ ʧʦ̒ʜʥʘʥʽ 

ʚ̔ ʜʧʦʚʽʜʥʦ ʟ ʘʥʘʣʦʛ̔ʯʥʦʶ ʢʽʣʴʢʽʩʪʶ ʤʦʣʝʢʫʣ ʚʠɦʠʭ ʞʠʨʥʠʭ ʢʠʩʣʦʪ, ʦʜʥʘ ʟ ʷʢʠʭ 

,̒ ʟʘʟʚʠʯʘʡ, ʥʝʥʘʩʠʯʝʥʦ .ʁ ɻ̔ ʜʨʦʢʩʠʣ ʙ̔ʣʷ ʪʨʝʪʴʦʛʦ ʘʪʦʤʫ ʢʘʨʙʦʥʫ ʟʚô̫ ʟʘʥʠʡ ʟ̔ 

ʟʘʣʠʰʢʦʤ ʬʦʩʬʘʪʥʦʾ ʢʠʩʣʦʪʠ, ʷʢʠʡ ʚ ʩʚʦʶ ʯʝʨʛʫ ʟô̒ ʜʥʘʥʠʡ ʟ ʘʤʽʥʦʩʧʠʨʪʦʤ 

ʭʦʣʽʥʦʤ.  

ʌʦʩʬʘʪʠʜʠʣʩʝʨʠʥʠ. ʊʘʢʘ ʥʘʟʚʘ ʮʽʻʾ ʛʨʫʧʠ ʩʢʣʘʜʥʠʭ ʣʽʧʽʜʽʚ ʦʙʫʤʦʚʣʝʥʘ  

ʩʘʤʝ ʾʭ ʩʢʣʘʜʦʤ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʤʽʩʪʷʪʴ ʟʘʣʠʰʦʢ ʘʤʽʥʦʢʠʩʣʦʪʠ ʩʝʨʠʥʫ. ɺʧʝʨʰʝ 

ʬʦʩʬʘʪʠʜʠʣʩʝʨʠʥʠ ʙʫʣʦ ʚʠʜʽʣʝʥʦ ʪʘ ̔ʜʝʥʪʠʬʽʢʦʚʘʥʦ ʟ ʛʦʣʦʚʥʦʛʦ ʤʦʟʢʫ ʙʠʢʘ ʽ 

ʧʽʟʥʽʰʝ ʚʠʷʚʣʝʥʦ ʫ ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ ʪʢʘʥʠʥʘʭ ʷʢ ʪʚʘʨʠʥ, ʪʘʢ ʽ ʨʦʩʣʠʥ ʪʘ 

ʙʘʢʪʝʨ̔ʡ.  
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ʆʩʥʦʚʥʘ ʾʭ ʬʫʥʢʮʽʷ ï ʩʠʥʪʝʟ ʬʦʩʬʘʪʠʜʠʣʝʪʘʥʦʣʘʤʽʥʽʚ. 

ʌʦʩʬʘʪʠʜʠʣʝʪʘʥʦʣʘʤʽʥʠ (ʢʦʣʘʤ̔ʥʬʦʩʬʘʪʠʜʠ). ɺ ʦʩʥʦʚʫ 

ʬʦʩʬʘʪʠʜʠʣʝʪʘʥʦʣʘʤʽʥʽʚ ʚʭʦʜʠʪʴ ʝʪʘʥʦʣʘʤʽʥ, ʽʥʰʘ ʥʘʟʚʘ ʢʦʣʘʤ̔ʥ, ʘʤʽʥʦʩʧʠʨʪ, 

ʱʦ ʻ ʧʨʦʜʫʢʪʦʤ ʜʝʢʘʨʙʦʢʩʠʣʶʚʘʥʥʷ ʩʝʨʠʥʫ. ɺʽʜʧʦʚ̔ ʜʥʦ ʮʷ ʛʨʫʧʘ ʬʦʩʬʦʣ̔ ʧʽʜʽʚ 

ʦʜʝʨʞʘʣʘ ʥʘʟʚʫ ʬʦʩʬʘʪʠʜʠʣʝʪʘʥʦʣʘʤʥ̔̔ʚ ʘʙʦ ʢʦʣʘʤʽʥʬʦʩʬʘʪʠʜ̔ʚ.  
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ʌʦʩʬʦʜ̔ʝʪʘʥʦʣʘʤ̔ʥ (ʢʝʬʘʣ̔ʥ)
 

 

ʌʦʩʬʘʪʠʜʠʣʝʪʘʥʦʣʘʤʽʥʠ ʻ ʦʩʥʦʚʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʣʽʧʽʜʥʦʛʦ ʙʽʰʘʨʫ 

ʙ̔ ʦʤʝʤʙʨʘʥ. 

ʌʦʩʬʘʪʠʜʠʣʥ̔ʦʟʠʪʦʣʠ. ʎ̫  ʛʨʫʧʘ ʩʢʣʘʜʥʠʭ ʣ̔ ʧʽʜʽʚ ʚ ʦʩʥʦʚʽ ʩʚʦ̒ʾ 

ʤʦʣʝʢʫʣʠ ʤʽʩʪʠʪʴ ʽʥʦʟʠʪ, ʱʦ ʻ ʰʝʩʪʠʘʪʦʤʥʠʤ ʮʠʢʣ̔ʯʥʠʤ ʩʧʠʨʪʦʤ. 

ʌʦʩʬʘʪʠʜʠʣʽʥʦʟʠʪʦʣʠ ʤʘʁʪɹ ʟʥʘʯʥʫ ʢʽʣʴʢʩ̔ʪʴ ʬʦʨʤ, ʷʢʽ ʨʽʟʥʷʪʴʩʷ 

ʥʘ̫ʚʥ̔ʩʪʶ ʘʙʦ ʚʽʜʩʫʪʥ̔ʩʪʶ ʚ ʩʚʦʾʡ ʩʪʨʫʢʪʫʨʽ ʛʣʽʮʝʨʦʣʫ, ʯʠʩʣʦʤ ʟʘʣʠʰʢʽʚ 

ʬʦʩʬʘʪʥʦ ʾ ʪʘ ʞʠʨʥʠʭ ʢʠʩʣʦʪ: ʧʦʣ̔ʬʦʩʬʘʪʠʜʠʣ̔ʥʦʟʠʪʦʣʠ, 

ʤʦʥʦʬʦʩʬʘʪʠʜʠʣʽʥʦʟʠʪʦʣʠ  ̔ʩʢʣʘʜʥʽ ʬʦʩʬʘʪʠʜʠʣʽʥʦʟʠʪʦʣʠ (ʫ ʦʩʪʘʥʥʽʭ ʽʥʦʟʠʪʦʣ 

ʟʚô̫ ʟʘʥʠʡ ʟ ̔ʥh ʠʤʠ ʨʝʯʦʚʠʥʘʤʠ - ʤʦʥʦʩʘʭʘʨʠʜʘʤʠ, ʘʤʽʥʦʢʠʩʣʦʪʘʤʠ, 

ʬ̔ʪʦʩʬ̔ʥʛʦʟʠʥʦʤ). ʇʨʝʜʩʪʘʚʥʠʢʽʚ ʬʦʩʬʘʪʠʜʠʣʽʥʦʟʠʪʦʣ̔ʚ ʚʠʜʽʣʝʥʦ ʚʧʝʨʰʝ ʟ 

Mycobacterium tuberculosis  ̔ʧʟ̔ʥʽhʝ ʽʜʝʥʪʠʬʽʢʦʚʘʥʦ ʚ ʪʢʘʥʠʥʘʭ ʨʦʩʣʠʥ ʽ ʪʚʘʨʠʥ.  
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ʌʦʩʬʘʪʠʜʠʣ̔ʥʦʟʠʪʦʣ  
 

ʂʣʶʯʦʚʫ ʨʦʣʴ ʚ ʜʽʷʣʴʥʦʩʪʽ ʥʝʨʚʦʚʦʾ ʩʠʩʪʝʤʠ ʚʜ̔ʛ̔ʨʘʁ ʪɹ ʧʦʣʽʬʦʩʬʦʨʥʽ 

ʬʦʩʬʘʪʠʜʠʣʽʥʦʟʠʪʦʣʠ, ʷʢʽ, ʚʽʜʧʦʚʽʜʥʦ, ʚʠʷʚʣʝʥʽ ʫ ʛʦʣʦʚʥʦʤʫ ʤʦʟʢʫ; ʩʝʨʝʜ 

ʨʦʩʣʠʥ ʾʭ ʚʤʽʩʪ ʚʠʩʦʢʠʡ ʫ ʩʦʾ, ʩʦʥ̫hʥʠʢʫ, ʘʨʘʭʽʩʦʚʽ. 

ʉʬʽʥʛʦʣʽʧʽʜʠ - ʮʝ ʩʢʣʘʜʥ̔  ʝʬʨ̔ʠ ʩʬʽʥʛʦʟʠʥʦʚʠʭ ʦʩʥʦʚ. ɺ ʤʦʣʝʢʫʣʘʭ 

ʧʨʠʨʦʜʥʠʭ ʩʬʽʥʛʦʣʽʧʽʜ̔ʚ ʚʟʘʤ̒ʦʜʽ̫ ʩʬʥ̔ʛʦʟʠʥʦʚʦʾ ʦʩʥʦʚʠ ʽʟ ʟʘʣʠʰʢʦʤ ʞʠʨʥʦʾ 

ʢʠʩʣʦʪʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝ ʧʦ ʛʽʜʨʦʢʩʠʣʴʥʽʡ ʛʨʫʧʽ, ʘ ʯʝʨʝʟ ʘʤʽʥʦʛʨʫʧʫ ʟ 

ʫʪʚʦʨʝʥʥʷʤ ʘʤʽʜʥʦʛʦ ʟʚôʷʟʢʫ. ʉʬ̔ʥʛʦʟʠʥʦʚ̔ ʦʩʥʦʚʠ ʚ̔ ʜʨʽʟʥʷʶʪʴʩʷ ʟʘ ʜʦʚʞʠʥʦʁ  

ʚʫʛʣʝʮʝʚʦʛʦ ʣʘʥʮʶʛʘ, ʾʾ ʩʪʨʫʢʪʫʨʦ ,ʁ ʩʪʫʧʝʥʝʤ ʥʘʩʠʯʝʥʥʷ, ʯʠʩʣʦʤ 
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ʛ̔ ʜʨʦʢʩʠʣʴʥʠʭ ʛʨʫʧ. ʅʘʧʨʠʢʣʘʜ, ʩʬʽʥʛʦʤʽʻʣʽʥʠ, ʧʦʭʽʜʥ̔ ʮʝʨʘʤʽʜʽʚ (ʘʮʠʣʴʥʽ 

ʧʦʭʽʜʥʽ ʩʬʽʥʛʦʟʠʥʦʚʠʭ ʦʩʥʦʚ), ʚ ʩʚʦʾʡ ʩʪʨʫʢʪʫʨʽ ʤʽʩʪʷʪʴ ʜʚʦʭʘʪʦʤʥʠʡ 

ʥʝʥʘʩʠʯʝʥʠʡ ʘʤʽʥʦʩʧʠʨʪ ʩʬ̔ʥʛʦʟʠʥ, ʭʦʣ̔ʥ, ʟʘʣʠʰʢʠ ʬʦʩʬʦʨʥʦʾ ʪʘ ʞʠʨʥʦʾ 

ʢʠʩʣʦʪ. ʆʩʪʘʥʥʷ ʚʟʘʻʤʦʜʽʻ ʽʟ NH2-ʛʨʫʧʦ  ʁ ʩʬ̔ʥʛʦʟʠʥʫ ʩʚʦʾʤ ʢʘʨʙʦʢʩʠʣʦʤ, 

ʬʦʨʤʫʁʯʠ ʧʨʠ ʮʴʦʤʫ ʘʤ̔ʜʥʠʡ ʟʚô̫ ʟʦʢ. ʉʬ̔ʥʛʦʤʽʣ̒̔ʥʠ ʫ ʩʚʦʾʡ ʩʪʨʫʢʪʫʨʽ ʤʦʞʫʪ ɹ

ʤʽʩʪʠʪʠ ʨʽʟʥʽ ʞʠʨʥ̔ ʢʠʩʣʦʪʠ - ʩʪʝʘʨʠʥʦʚʫ, ʣ̔ʛʥʦʮʝʨʠʥʦʚʫ, ʧʘʣʤɹ̔ ʪʠʥʦʚʫ. 
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ʉʬ̔ʥʛʦʤʽʣ̒̔ʥʠ ʚʘʞʣʠʚʽ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʥʝʨʚʦʚʦ ʾʪʢʘʥʠʥʠ, ʦʩʢʣ̔ʴʢʠ ʚʦʥʠ 

ʤ̔ʩʪʷʪʴʩʷ ʚ ʤ̔ʻʣ̔ʥ̔, ʨʝʯʦʚʠʥʽ ʦʙʦʣʦʥʢʠ ʥʝʨʚʦʚʠʭ ʚʦʣʦʢʦʥ, ʟʚʽʜʢʠ ʽ ʧʦʭʦʜʠʪʴ 

ʪʘʢʘ ʥʘʟʚʘ. ʎ ̔ ʣʽʧʽʜʠ ʚʠʷʚʣʝʥ ̔ʽ ʚ ʙʘʛʘʪʴʦʭ ʚʥʫʪʨʽʰʥʽʭ ʦʨʛʘʥʘʭ - ʩʝʣʝʟʽʥʮʽ, 

ʧʝʯʽʥʮ,̔ ʣʝʛʝʥ̫ʭ, ʥʠʨʢʘʭ ʪʘ ʚ ʢʨʦʚ)̔.  

ʅʝʡʪʨʘʣʴʥʽ ʛʣʽʢʦʣʽʧʽʜʠ ï ʩʧʦʣʫʢʠ, ʚ ʤʦʣʝʢʫʣʘʭ ʢ̫ʠʭ ʢʦʚʘʣʝʥʪʥʦ ʟʚôʷʟʘʥ ̔

ʣʽʧ̔ʜʥʠʡ ʽ ʚʫʛʣʝʚʦʜʥʠʡ ʢʦʤʧʦʥʝʥʪʠ. ɻʣ̔ʢʦʣʧ̔ʽʜʠ, ʧʦʜʙ̔ʥʦ ʜʦ ʩʬʽʥʛʦʣʽʧʽʜʽʚ, 

ʤʽʩʪʷʪʴ ʘʤʽʥʦʩʧʠʨʪ ʩʬʽʥʛʦʟʠʥ, ʘ ʚʽʜʨ̔ʟʥʷʶʪɹ ʩʷ ʥʘʚ̫ʥ̔ʩʪʁ  ʟʘʣʠʢhʽʚ ʚʫʛʣʝʚʦʜ̔ʚ 

ʪʘ ʚ̔ ʜʩʫʪʥʽʩʪʶ ʬʦʩʬʦʨʥʦʾ ʢʠʩʣʦʪʠ. ɻʽʜʨʦʬʦʙʥʠʡ ʢʦʤʧʦʥʝʥʪ ʚ ʥʝʡʪʨʘʣʴʥʠʭ 

ʛʣ̔ ʢʦʣʽʧ̔ʜʘʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʟʘʣʠ ʢhʘʤʠ ʞʠʨʥʠʭ ʢʠʩʣʦʪ, ʚ ʦʩʥʦʚʥʦʤʫ 

ʥʝʥʘʩʠʯʝʥʠʭ. ʋ ʩʢʣʘʜ ʚʫʛʣʝʚʦʜʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʥʝʡʪʨʘʣʴʥʠʭ ʛʣʽʢʦʣʽʧʽʜʽʚ, ʢʨʽʤ 

ʛʘʣʘʢʪʦʟʠ, ʚʭʦʜʷʪʴ ʪʘʢʦʞ ʟʘʣʠʰʢʠ ʛʣʶʢʦʟʠ. 

ʈʦʟʨʽʟʥʷʁʪɹ ʪʘʢʽ ʧʽʜʛʨʫʧʠ ʛʣʽʢʦʣʽʧʽʜ̔ʚ ï ʮʝʨʝʙʨʦʟʠʜʠ ʪʘ ʛʘʥʛʣʦ̔ʟʠʜʠ. 

ʎʝʨʝʙʨʦʟʠʜʠ. ʎ̔  ʣʽʧʽʜʠ ʤ̔ʩʪ̫ʪɹ ʞʠʨʥ̔ ʢʠʩʣʦʪʠ, ʩʪʨʫʢʪʫʨʥʠʡ ʩʢʝʣʝʪ ʷʢʠʭ 

ʤʘʻ 24 ʘʪʦʤʠ ʢʘʨʙʦʥʫ, ʧʝʨʝʚʘʞʥʦ ʮʝ ʣ̔ʛʥʦʮʝʨʠʥʦʚʘ, ʮʝʨʝʙʨʦʥʦʚʘ ʽ ʥʝʨʚʦʥʦʚʘ 

ʢʠʩʣʦʪʠ. ɼʦ ʮʝʨʝʙʨʦʟʠʜ̔ʚ ʟʦʢʨʝʤʘ ʥʘʣʝʞʠʪɹ ʥʝʨʚʦʥ (ʫʪʚʦʨʝʥʠʡ ʥʝʨʚʦʥʦʚʦ  ʁ

ʢʠʩʣʦʪʦ  ʁ ʪʘ ʛʘʣʘʢʪʦʟʦ ,ʁ ʦʩʪʘʥʥʷ ʬʦʨʤʫʻ ʛʣʽʢʦʟʠʜʥʠʡ ʟʚô̫ ʟʦʢ ʩʚʦʤʾ 

ʥʘʧ̔ʚʘʮʝʪʘʣʴʥʠʤ ʛʽʜʨʦʢʩʠʣʦʤ ʽʟ ʩʧʠʨʪʦʚʦʶ ʛʨʫʧʦʶ ʩʬʥ̔ʛʦʟʠʥʫ, ʚʤʽʩʪ ̫ʢʦʛʦ 

ʜʦʩʠʪʴ ʚʠʩʦʢʠʡ ʫ ʤ̔ ʣ̒̔ʥʦʚ̔ʡ ʦʙʦʣʦʥʮʽ ʪʘ ʤʝʤʙʨʘʥʘʭ ʥʝʡʨʦʥʽʚ.  
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ʎʝʨʝʙʨʦʟʠʜʠ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʤ̔ʞʢʣʽʪʠʥʥʠʭ ʚʟʘʻʤʦʜʡ̔, ʚʠʢʦʥʫʶʪʴ ʨʦʣʴ 

ʩʠʛʥʘʣʴʥʠʭ ʤʦʣʝʢʫʣ ʜʣʷ ʩʠʥʪʝʟʫ ʚʣʘʩʥʠʭ ʮʝʨʘʤʜ̔̔ʚ. 

ɻʘʥʛʣ̔ʦʟʠʜʠ ï ʩʢʣʘʜʥ̔ ʣʽʧʽʜʠ, ʤʦʣʝʢʫʣʘ ʷʢʠʭ ʤʘʻ ʚʝʣʠʢʽ ʨʦʟʤʽʨʠ ʽ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʙʘʛʘʪʴʦʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʩʝʨʝʜ ʷʢʠʭ ʥʘ ʧʝʨʰʦʤʫ ʤʽʩʮ̔ ʟʥʘʭʦʜ̫ ʪʴʩ ̫

ʚʫʛʣʝʚʦʜʠ - ʛʣʢʁʦʟʘ, ʛʘʣʘʢʪʦʟʘ, ʛʘʣʘʢʪʦʟʘʤʽʥ, ʘ ʪʘʢʦʞ ʚʠ ʠɦʭ ʞʠʨʥʠʭ ʢʠʩʣʦʪ, 

ʩʬʽʥʛʦʟʠʥʫ  ̔N-ʘʮʝʪʠʣʥʝʡʨʘʤ̔ʥʦʚʦ ʾʢʠʩʣʦʪʠ. ɺʦʥʠ ʨʦʟʯʠʥʥʽ ʷʢ ʫ ʚʦʜʽ, ʪʘʢ ʽ ʚ 

ʦʨʛʘʥʽʯʥʠʭ ʨʦʟʯʠʥʥʠʢʘʭ.  

ɻʘʥʛʣʽʦʟʠʜʠ  ̒ʛʦʣʦʚʥʦʶ ʩʢʣʘʜʦʚʦ ʁʤ̔ ʣ̒̔ʥʫ ʚhʘʥʦʚʩɹʢʠʭ ʢʣʪ̔ʠʥ, ʚʭʦʜʷʪʴ 

ʜʦ ʩʪʨʫʢʪʫʨʠ ʩʠʥʘʧʪʠʯʥʠʭ ʤʝʤʙʨʘʥ  ̔ʥʝʨʦʚʦʚʦ-ʤô̫ ʟʝʚʠʭ ʟʘʢʽʥʯʝʥʴ, ʾʭ ʚʤʽʩʪ ʻ 

ʚʠʩʦʢʠʤ ʚ ʩʽʨ̔ ʡ ʨʝʯʦʚʠʥ̔ ʛʦʣʦʚʥʦʛʦ ʤʦʟʢʫ. ɻʘʥʛʣʽʦʟʠʜʠ ʨʘʟʦʤ ʟ ʮʝʨʝʙʨʦʟʠʜʘʤʠ ʽ 

ʩʬʽʥʛʦʤʽʻʣʽʥʘʤʠ, ʱʝ ʥʘʟʠʚʘʶʪʴʩʷ ʥʝʡʨʦʩʧʝʮʠʬʽʯʥʠʤʠ ʣʽʧʽʜʘʤʠ.  
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ʅʘʜʤʽʨʥʝ ʟʙ̔ʣɹhʝʥʥʷ ʚʤʩ̔ʪʫ ʛʘʥʛʣʽʦʟʠʜʽʚ ʫ ʪʢʘʥʠʥʘʭ ʛʦʣʦʚʥʦʛʦ ʤʦʟʢʫ 

(ʛʘʥʛʣʽʦʟʠʜʦʟ), ʱʦ ʦʙʫʤʦʚʣʝʥʝ ʛʝʥʝʪʠʯʥʠʤ ʜʝʬʝʢʪʦʤ ʝʥʟʠʤʽʚ, ʟʘʜʽʷʥʠʭ ʚ ʭʾ 
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ʤʝʪʘʙʦʣʽʟʤ̔, ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʪʷʞʢʠʤʠ ʥʝʨʚʦʚʦ-ʧʩʠʭʽʯʥʠʤʠ ʨʦʟʣʘʜʘʤʠ 

(ʭʚʦʨʦʙʘ ʊʝʷ-ʉʘʢʩʘ). ʋ ʨʦʩʣʠʥʘʭ ʪʘ ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʭ ʮ̔ ʣʽʧ̔ʜʠ ʚʽʜʩʫʪʥ.̔  

ɻʘʥʛʣʦ̔ʟʠʜʠ ʬʫʥʢʮʽʦʥʫʶʪʴ ʢ̫ ʨʝʮʝʧʪʦʨʠ ʜʣʷ ʥʝʡʨʦʪʨʘʥʩʤʪ̔ʝʨ̔ʚ, ɦʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʭʽʤʽʯʥʠʡ ʟʚ'ʟ̫ʦʢ ʤʽʞ ʨʽʟʥʠʤʠ ʢʣʽʪʠʥʘʤʠ ʦʨʛʘʥʽʟʤʫ, ʽʤʫʥʦʭʽʤʽʯʥʫ 

ʩʧʝʮʠʬʽʯʥʩ̔ʪɹ, ʚʧʣʠʚʘʶʪʴ ʥʘ ʜʦʟʨʽʚʘʥʥʷ ʽ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʙʘʛʘʪʴʦʭ ʪʠʧʽʚ 

ʢʣʽʪʠʥ, ʧ̔ʜʪʨʠʤʫʶʪʴ ʽʦʥʥʠʡ ʛʦʤʝʦʩʪʘʟ ʫ ʩʠʥʘʧʩʘʭ, ʟʚô̫ ʟʫʶʪʴ ʙʘʢʪʝʨʽʘʣʴʥʽ 

ʪʦʢʩʠʥʠ.  

ʉʫʣʴʬʦʣʽʧ̔ʜʠ ʻ ʩʫʣʴʬʘʪʥʠʤʠ ʧʦʭʽʜʥʠʤʠ ʮʝʨʝʙʨʦʟʠʜ̔ʚ. ɺ ʾʭ ʤʦʣʝʢʫʣ̔ 

ʩʫʣɹʬʘʪ ʟô̒ ʜʥʘʥʠʡ ʟ ʪʨʝʪ̔ʤ ʛ̔ ʜʨʦʢʩʠʣʦʤ ʛʘʣʘʢʪʦʟʠ.  

 
H

C
CH

CH - (CH2)12 - CH3 
 

Cȳ

O

ȳ

NH
O - CH2

C = O

R

O

H

OHH

H
H

OH
H

ȷȳ2ȴȳ

OSO3H

 
 

ʉʫʣʴʬʦʣʽʧʜ̔ʠ ʟʘ ʨʘʭʫʥʦʢ ʚʠʨʘʞʝʥʠʭ ʢʠʩʣʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʞʫʪɹ ʜʦʩʠʪʴ 

ʣʝʛʢʦ ʟʚô̫ ʟʫʚʘʪʠ ʢʘʪʽʦʥʠ, ʪʘʢʦʞ ʚʦʥʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʪʨʘʥʩʧʦʨʪ ʢʘʪʽʦʥʽʚ ʢʨʽʟʴ 

ʤʝʤʙʨʘʥʠ ʥʝʨʚʦʚʠʭ ʢʣ̔ʪʠʥ ʪʘ ʚʦʣʦʢʦʥ. ʉʘʤʝ ʪʦʤʫ ʥʦʨʤʘʣʴʥʘ ʝʣʝʢʪʨʠʯʥʘ 

ʘʢʪʠʚʥ̔ʩʪɹ ʥʝʨʚʦʚʦʾ ʩʠʩʪʝʤʠ ʥʝ ʤʦʞʣʠʚʘ ʙʝʟ ʫʯʘʩʪʽ ʛʘʥʛʣʽʦʟʠʜʽʚ.  

 

 

 

ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ 7  

çʈʦʟʯʠʥʥʩ̔ʪʴ ʣʽʧʜ̔̔ʚ. ʋʪʚʦʨʝʥʥʷ ʝʤʫʣʴʩʽʾè 

 

ʄʝʪʘ ʨoʙʦʪʠ. ɺʠʚʯʠʪʠ  ʟʜʘʪʥʩ̔ʪʴ ʣʽʧʽʜʽʚ ʜʦ ʝʤʫʣʴʛʫʚʘʥʥʷ. 

 

1. ʈʦʟʯʠʥʥʩ̔ʪɹ ʣʧ̔̔ ʜʽʚ ʪʘ ʟʜʘʪʥʽʩʪʴ ʜʦ ʝʤʫʣʴʛʫʚʘʥʥʷ 

ʇʨʠʥʮʠʧ ʤʝʪʦʜʫ. ɾʠʨʠ ʜʦʙʨʝ ʨʦʟʯʠʥ̫ ʶʪʴʩʷ ʫ ʙ̔ ʣʴʰʦʩʪʽ ʦʨʛʘʥ̔ʯʥʠʭ 

ʨʦʟʯʠʥʥʠʢ̔ ʚ, ʟʦʢʨʝʤʘ ʭʣʦʨʦʬʦʨʤ̔, ʘʮʝʪʦʥ,̔ ʜ̔ʝʪʠʣʦʚʦʤʫ ʝʬʨ̔̔  ̔ʧʨʠ ʮʴʦʤʫ ʥʝ 

ʨʦʟʯʠʥʷʶʪʴʩʷ ʫ ʚʦʜʽ. ʇʨʠ ʘʢʪʠʚʥʦʤʫ ʟʤʽhʫʚʘʥʥ̔ ʾʭ ʟ̔ ʚʦʜʦʶ ʬʦʨʤʫʶʪʴʩʷ 

ʝʤʫʣɹʩ̔ ʾ. ɰʭ ʩʪ̔ʡʢʽʩʪʴ, ʥʘʩʘʤʧʝʨʝʜ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʢʣʘʜʫ ʩʝʨʝʜʦʚʠʱʘ, ʚ ̫ʢʦʤʫ 

ʝʤʫʣʴʩʽʾ ʫʪʚʦʨʶʁʪʴʩʷ. ɿʘ ʥʘʚ̫ʥʦʩʪ̔ ʫ ʚʦʜʽ ʪʘʢ ʟʚʘʥʠʭ ʝʤʫʣʴʛʘʪʦʨ̔ ʚ, ʜʦ ʷʢʠʭ 

ʥʘʣʝʞʘʪ ɹ ʞʦʚʯʥʽ ʢʠʩʣʦʪʠ, ʩʘʧʦʥʽʥʠ, ʷʻʯʥʠʡ ʙʽʣʦʢ, ʣʝʮʠʪʠʥ ʪʘ ʽʥ., ʩʪʽʡʢʽʩʪʴ 

ʫʪʚʦʨʝʥʠʭ ʝʤʫʣʴʩʽʡ ʩʫʪʪʻʚʦ ʟʨʦʩʪʘʻ. ʉʘʤ ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥ ̫ ʝʤʫʣɹʩ̔ʾ 



59 

 

 

ʥʘʩʪʫʧʥʠʡ: ʚ h ʘʨ ʚʦʜʠ, ʷʢʠʡ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘʚʢʦʣʦ ʢʨʘʧʣʠʥʢʠ ʞʠʨʫ, 

ʥʘʧʨʘʚʣʷʶʪʴʩʷ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʽ ʯʘʩʪʠʥʢʠ ʝʤʫʣʴʛʘʪʦʨʘ, ʷʢʽ ʭʾ ʦʙʚʦʣʽʢʘʁ ʪɹ  ̔ 

ʪʠʤ ʩʘʤʠʤ ʩʪʘʶʪʴ ʧʝʨʝʰʢʦʜʦʶ ʜʣ̫ ʾʭ ʟʣʠʪʪ.̫ 

ʄʘʪʝʨʘ̔ʣʠ ʪʘ ʨʝʘʢʪʠʚʠ. ʉʦʥʷʰʥʠʢʦʚʘ (ʢʫʢʫʨʫʜʟ̫ʥʘ, ʣʣ̫ʥʘ, ʦʣʠʚʢʦʚʘ) 

ʦʣʽ̫, ʭʣʦʨʦʬʦʨʤ, ʙʝʥʟʦʣ, ʝʪʘʥʦʣ ʉ2ʅ5ʆʅ (96 %),  ʨʦʟʯʠʥ Nʘ2ʉʆ3 (1 %). 

ʆʙʣʘʜʥʘʥʥʷ. ʍ̔ ʤʽʯʥʽ ʧʨʦʙʽʨʢʠ, ʩʢʣʷʥʽ ʤʽʨʥ ̔ʧʧ̔ʝʪʢʠ, ʰʪʘʪʠʚ. 

ʍʽʜ ʨʦʙʦʪʠ. 1) ɺʟʷʪʠ 4 ʯʠʩʪʽ ʩʫʭʽ  ʧʨʦʙʽʨʢʠ  ̔ʚ ʢʦʞʥʫ ʟ ʥʠʭ ʥʘʣʠʪʠ 0,3 -    

0,4 ʤʣ ʨʦʩʣʠʥʥʦʾ ʦʣʽʾ. ʋ ʧʝʨʫh ʧʨʦʙ̔ʨʢʫ ʜʦʜʘʪʠ 4-5 ʤʣ ʚʦʜʠ, ʚ ʜʨʫʛʫ ʧʨʦʙʽʨʢʫ 

4-5 ʤʣ ʝʪʘʥʦʣʫ, ʫ ʪʨʝʪʶ - 4-5 ʤʣ ʙʝʥʟʦʣʫ, ʚ ʯʝʪʚʝʨʪʫ - 4-5 ʤʣ ʭʣʦʨʦʬʦʨʤʫ. 

ʇʨʦʙʽʨʢʠ ʩʣʜ̔ ʘʢʫʨʘʪʥʦ, ʘʣʝ ʜʦʩʠʪʴ ʝʥʝʨʛʽʡʥʦ ʩʪʨʫʩʠʪʠ ʚʧʨʦʜʦʚʞ 1-2 ʭʚ,  ̔ʧʦ 

ʚ̔ʟʫʘʣʽʟʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʟʨʦʙʠʪʠ ʚʽʜʧʦʚʽʜʥʽ ʚʠʩʥʦʚʢʠ: ʧʨʦʙʽʨʢʘ ̄1 ï ʚʤʽʩʪ (ʦʣ̫̔  

 ̔ʚʦʜʘ) ʨʦʟʰʘʨʦʚʫʻʪʴʩʷ, ʧʨʦʙ̔ʨʢʘ ˉ 2 - ʨʦʟʯʠʥ ʢʘʣʘʤʫʪʥʠʡ (ʦʣʽʷ ʥʝʜʦʩʪʘʪʥʴʦ 

ʨʦʟʯʠʥʠʣʘʩʴ ʚ ʝʪʘʥʦʣʽ), ʧʨʦʙʽʨʢʠ ˉ 3 ̔  ̄ 4 - ʧʨʦʟʦʨʽ ʨʦʟʯʠʥʠ.  

2) ɺ ʰʪʘʪʠʚ ʧʦʩʪʘʚʠʪʠ ʜʚʽ ʩʫʭʽ ʧʨʦʙʽʨʢʠ ʽ  ʚʥʝʩʪʠ ʚ ʢʦʞʥʫ 3-4 ʢʨʘʧʣʠʥʠ 

ʦʣʽʾ. ʋ ʧʝʨʰʫ ʜʦʜʘʪʠ ʚʦʜʫ (~2 ʤʣ), ʚ ʜʨʫʛʫ - ʨʦʟʯʠʥ ʥʘʪʨ̔ ʶ ʢʘʨʙʦʥʘʪʫ Nʘ2ʉʆ3. 

(~2 ʤʣ). ʇʨʦʙʽʨʢʠ ʩʣʽʜ ʘʢʫʨʘʪʥʦ, ʘʣʝ ʜʦʩʠʪʴ ʝʥʝʨʛʽʡʥʦ ʩʪʨʫʩʠʪʠ ʚʧʨʦʜʦʚʞ                

1-2 ʭʚ - ʫʪʚʦʨʁ ʻʪʴʩʷ ʝʤʫʣɹʩ̫̔ . ʇʨʦʙʽʨʢʠ ʧʦʩʪʘʚʠʪʠ ʚ ʰʪʘʪʠʚ ʽ ʧʨʦʚʝʩʪʠ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʱʦʜʦ ʩʪʽʡʢʦʩʪʽ ʝʤʫʣʴʩʽʡ: ʚʠʩʥʦʚʦʢ ʟʘʧʠʩʘʪʠ.  

 ɺʠʩʥʦʚʦʢ: 

 

 

 

 

ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ 8 

çʍ̔ ʤʽʯʥ ̔ʧʘʨʘʤʝʪʨʠ ʞʠʨʽʚè 

ʄʝʪʘ ʨʦʙʦʪʠ. ʅʘʚʯʠʪʠʩʴ ʚʠʟʥʘʯʘʪʠ ʪʘ ʦʙʯʠʩʣʶʚʘʪʠ ʭʽʤʽʯʥ ̔ʧʘʨʘʤʝʪʨʠ ʞʠʨ̔ʚ. 

 

1. ʏʠʩʣʦ ʦʤʠʣʝʥʥ̫  ʥʝʡʪʨʘʣʴʥʠʭ ʞʠʨʽʚ. 

ʇʨʠʥʮʠʧ ʤʝʪʦʜʫ. ʏʠʩʣʦ ʦʤʠʣʝʥʥʷ (ʏʆ) ʮʝ ʢʽʣʴʢʽʩʪʴ ʂʆʅ (ʤʛ), ʷʢʘ 

ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʥʝʡʪʨʘʣʽʟʫʚʘʪʠ ʫʩ̔ ʞʠʨʥ̔ ʢʠʩʣʦʪʠ (ɾʂ) (ʷʢ ʚ̔ ʣʴʥ,̔ ʪʘʢ ʽ 

ʚ ʩʢʣʘʜ ̔ʪʨʠʘʮʠʣʛʣʽʮʝʨʦʣʚ̔), ʚ 1 ʛʨʘʤʽ ʞʠʨʫ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʨʝʘʢʪʠʚʠ. ʉʦʥʷʰʥʠʢʦʚʘ (ʢʫʢʫʨʫʜʟʷʥʘ, ʣʣʷʥʘ, ʦʣʠʚʢʦʚʘ) 

ʦʣʽʷ, ʬʝʥʦʣʬʪʘʣʝʾʥ (0,1 % ʨʦʟʯʠʥ), ʅʉl (0,5 ʤʦʣʴ/ʣ ʨʦʟʯʠʥ), ʂʆʅ ʨʦʟʚʝʜʝʥʠʡ ʥʘ 

ʝʪʘʥʦʣʽ (0,5 ʤʦʣ/ɹʣ) (ʧʨʦʧʠʩ ʨʝʘʢʪʠʚʫ: ʚ 30 ʤʣ ʚʦʜʠ ʨʦʟʯʠʥʠʪʠ 40 ʛ ʂʆʅ (ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʢʦʥʮʝʥʪʨʘʮ̔ʾ ʩʧʠʨʪʦʚʦʛʦ ʨʦʟʯʠʥʫ) ʚ̔ʜʤʽʨʷʪʠ ʧʝʚʥʫ ʢ̔ʣɹ ʢʩ̔ʪʴ 

ʨʦʟʯʠʥʫ ʂʆʅ ʥʘ ʚʦʜʽ ʪʘ ʨʦʟʚʝʩʪʠ ʩʧʠʨʪʦʤ, ʷʢʠʡ ʧʝʨʝʛʥʘʣʠ ʚ ʧʨʠʩʫʪʥʦʩʪʽ Nʘʆʅ 

(ʥʘ 100 ʛ ʝʪʘʥʦʣʫ 5 ʛ Nʘʆʅ). ɼʣʷ ʧʨʠʛʦʪʫʚʘʥʥ̫  ʪʘʢʦʛʦ ʩʧʠʨʪʫ, ʥʝʦʙʭ̔ʜʥʦ ʜʦʜʘʪʠ 
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ʚʢʘʟʘʥʫ ʢʽʣʴʢʽʩʪ ɹ Nʘʆʅ ̔ ʚʧʨʦʜʦʚʞ ʛʦʜʠʥʠ ʢʠʧôʷʪʠʪʠ ʩʫʤʽʰ ʟʽ ʟʚʦʨʦʪʥʠʤ 

ʭʦʣʦʜʠʣʴʥʠʢʦʤ ʪʘ ʚ ʧʦʜʘʣɹ ʰʦʤʫ ʧʝʨʝʛʥʘʪʠ; ʚ̔ ʜʩʪʦ̫ʪʠ ʚʧʨʦʜʦʚʞ ʜʦʙʠ, 

ʧʨʦʬʽʣʴʪʨʫʚʘʪʠ  ̔ʧʝʨʝʣʠʪʠ ʚ ʧʦʩʫʜʠʥʫ ʟ ʪʝʤʥʦʛʦ ʩʢʣʘ, ʱʽʣʴʥʦ ʾʾ ʟʘʢʦʨʢʫʚʘʚʰʠ 

ʜʣ̫ ʧʦʜʘʣɹʰʦʛʦ ʟʙʝʨʽʛʘʥʥ.̫ 

ʆʙʣʘʜʥʘʥʥʷ. ɿʚʦʨʦʪʥʠʡ ʭʦʣʦʜʠʣʴʥʠʢ, ʢʦʣʙʠ V=50 ʤʣ, ʙʘʥ̫ ʚʦʜʷʥʘ, ʤʽʨʥʽ 

ʩʢʣʷʥʽ ʧ̔ ʧʝʪʢʠ, ʙʶʨʝʪʢʠ, ʚʘʛʠ. 

ʍʽʜ ʨʦʙʦʪʠ. ʋ ʢʦʣʙʫ ˉ1 (ʜʦʩʣ̔ ʜ) ʜʦʜʘʪʠ 0,5 ʛ ʞʠʨʫ, ʚ ʢʦʣʙʫ ˉ 2 

(ʢʦʥʪʨʦʣʴ) - 0,5 ʤʣ ʚʦʜʠ. ɼʦ ʚʤʽʩʪʠʤʦʛʦ ʢʦʣʙ ʜʦʣʠʪʠ ʧʦ 15 ʤʣ ʨʦʟʯʠʥʫ ʂʆʅ ʥʘ 

ʩʧʠʨʪ ̔ʪʘ ʢʠʧôʷʪʠʪʠ ʥʘ ʚʦʜʷʥʽʡ ʙʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʚʦʨʦʪʥʦʛʦ ʭʦʣʦʜʠʣʴʥʠʢʘ 

ʚʧʨʦʜʦʚʞ  50 ʭʚ, ʜʦʢʠ ʥʝ ʚʽʜʙʫʜʝʪʴʩʷ ʧʦʚʥʝ ʦʤʠʣʝʥʥ̫ ʛʣ̔ʮʝʨʠʜʽʚ ʪʘ 

ʥʝʡʪʨʘʣʽʟʘʮʽ̫ ʚ̔ ʣɹʥʠʭ ɾʂ. ʇ̔ ʩʣʷ ʮʴʦʛʦ ʫ ʢʦʞʥʫ ʢʦʣʙʫ ʚʥʝʩʪʠ 10 ʢʨʘʧʝʣɹ 

ʬʝʥʦʣʬʪʘʣʝʥʾʫ  ̔ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʶʨʝʪʢʠ ʧʨʦʪʠʪʨʫʚʘʪʠ ʪʝʧʣʠʤ ʨʦʟʯʠʥʦʤ ʅʉl 

(ʢʽʣʴʢʽʩʪʴ ʤʽʣʽʣʽʪʨʽʚ ʧʦʨʘʭʫʚʘʪʠ) ʜʦ ʤʦʤʝʥʪʫ ʟʥʠʢʥʝʥʥʷ ʨʦʞʝʚʦʛʦ ʢʦʣʴʦʨʫ 

(ʥʝʡʪʨʘʣʴʥʝ ʩʝʨʝʜʦʚʠʱʝ). 

 ʏʠʩʣʦ ʦʤʠʣʝʥʥʷ (ʏʆ), ʱʦ ʭʘʨʘʢʪʝʨʠʟʫ̒ʪʴʩʷ ʢʽʣʴʢʽʩʪʁ  ʂʆʅ ʚ ʤʛ, 

ʦʙʯʠʩʣʠʪʠ ʧʦ ʬʦʨʤʫʣ̔:                             

 

ʏʆ = (ʉ - ɼ)Ĭ fĬQ/a, 

 

ʜʝ (ʉ-ɼ) - ʨʟ̔ʥʠʮ̫  ʤʽʞ ʢʽʣʴʢʽʩʪʶ ʤʣ ʨʦʟʯʠʥʫ ʅʉl (0,5 ʤʦʣʴ/ʣ), ʟʘʪʨʘʯʝʥʠʭ ʥʘ 

ʪʠʪʨʫʚʘʥʥ ̫ʢʦʥʪʨʦʣʴʥʦʛʦ ʪʘ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʨʘʟʢ̔ʚ; ʘ - ʥʘʚʘʞʢʘ ʞʠʨʫ (0,5 ʛ);                 

f ï ʧʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʥʘ ʪʠʪʨ ʨʦʟʯʠʥʫ ʅʉ1 (0,5 ʤʦʣʴ/ʣ); Q - ʤʘʩʘ ʂʆʅ 

(28,05 ʤʛ), ɦ ʦ ʻ ʝʢʚ̔ʚʘʣʝʥʪʦʤ 1 ʤʣ ʨʦʟʯʠʥʫ ʂʆʅ (0,5 ʤʦʣɹ/ʣ). 

 

2 . ʂʠʩʣʦʪʥʝ ʯʠʩʣʦ ʞʠʨʫ 

ʇʨʠʥʮʠʧ ʤʝʪʦʜʫ. ʂʠʩʣʦʪʥʝ ʯʠʩʣʦ (ʂʏ) ʞʠʨʫ ʚʠʨʘʞʘʻʪʴʩʷ ʢ̔ʣʴʢʽʩʪ ʁʂʆʅ 

(ʤʛ), ʷʢʫ ʥʝʦʭʽʜʥʦ ʚʠʪʨʘʪʠʪʠ ʥʘ ʥʝʡʪʨʘʣʽʟʘʮʽʁ ʚ̔ʣɹ ʥʠʭ ɾʂ ʚ 1 ʛ ʞʠʨʫ. ʂʏ ʻ 

ʧʦʢʘʟʥʠʢʦʤ ʜʦʙʨʦʷʢʽʩʥʦʩʪʽ ʞʠʨʫ, ʩʦʨʪʫ, ʦʩʢʽʣʴʢʠ ʚʽʣʴʥ ̔ɾʂ ʫʪʚʦʨʶʶʪʴʩ̫ ʧʨʠ 

ʧʩʫʚʘʥʥʽ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʨʝʘʢʪʠʚʠ. ʉʦʥʷʰʥʠʢʦʚʘ (ʢʫʢʫʨʫʜʟʷʥʘ, ʣʣʷʥʘ, ʦʣʠʚʢʦʚʘ) 

ʦʣʽʷ,  ʩʧʠʨʪ, ʥʝʡʪʨʘʣʽʟoʚʘʥʠʡ ʟʘ ʬʝʥoʣʬʪʘʣʝʾʥʦʤ, ʨ-ʥ ʂʆʅ (0,1 ʤʦʣɹ/ʣ), 0,1 % 

ʬʝʥʦʣʬʪʘʣʝʾʥ, ʚʘʛʠ. 

ʆʙʣʘʜʥʘʥʥʷ. ʂʦʣʙʠ (V = 50 ʤʣ), ʩʢʣʷʥʽ ʤʽʨʥʽ ʧʽʧʝʪʢʠ, ʛʫʤʦʚʽ ʛʨʫh ʽ, 

ʙʶʨʝʪʢʠ. 

ʍ̔ʜ ʨʦʙʦʪʠ. ɺ̔ ʜʚʘʞʠʪʠ ʞʠʨ (1 ʛ) ʪʘ ʧʦʤʽʩʪʠʪʠ  ʡʦʛʦ ʚ ʢʦʣʙʫ, ʧʽʧʝʪʢʦʶ 

ʚʥʝʩʪʠ 5 ml ʥʝʡʪʨʘʣʽʟoʚʘʥʦʛʦ ʩʧʠʨʪʫ ʪʘ ʨʝʪʝʣʴʥʦ ʧʝʨʝʤʽʰʘʪʠ, ʱʦʙ ʥʘʷʚʥʽ ʚʽʣʴʥʽ 

ɾʂ ʚ ʧʦʚʥʽʡ ʤʽʨʽ ʨʦʟʯʠʥʠʣʠʩʷ. ʇ̔ ʩʣ ̫ʮʴʦʛʦ ʚʤʽʩʪ ʢʦʣʙʠ ʧʨʦʪʠʪʨʫʚʘʪʠ ʨʦʟʯʠʥʦʤ 
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ʂʆʅ ʟ ʧʝʨʽʦʜʠʯʥʠʤ ʧʦʤ̔ʰʫʚʘʥʥʷʤ, ʜʦʢʠ ʥʝ ʟô̫ ʚʠʪɹʩʷ ʩʪʽʡʢʝ ʨʦʞʝʚʝ 

ʟʘʙʘʨʚʣʝʥʥʷ, ʥʝ ʟʥʠʢʘʶʯʝ ʚʧʨʦʜʦʚʞ ʦʜʥʦʾ ʭʚʠʣʠʥʠ. 

ʂʏ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʞʠʨʫ ʦʙʯʠʩʣʠʪʠ ʟʘ ʪʘʢʦʶ ʬʦʨʤʫʣʦʶ:  

    

ʂʏ= ʉĬdĬE/ʚ, 

 

ʜʝ ʉ - ʦʙô̒ʤ ʨ-ʥʫ ʂʆʅ (0,1 ʤʦʣʴ/ʣ), ʱʦ ʧʽʰʦʚ ʥʘ ʪʠʪʨʫʚʘʥʥʷ ʧʨʦʙʠ, ʤʣ; ʘ - 

ʥʘʚʘʞʢʘ ʞʠʨʫ, ʛ; d ï ʧʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʮ̔̒̔ʥʪ ʥʘ ʪʠʪʨ ʨ-ʥʫ ʂʆʅ (0,1 ʤʦʣʴ/ʣ); E ï 

ʤʘʩʘ ʢʘʣʽʶ ʛʽʜʨʦʢʩʠʜʫ (5,61 ʤʛ), ʷʢʘ ʻ ʝʢʚʽʚʘʣʝʥʪʥʦ  ʁ 1 ʤʣ ʨ-ʥʫ ʂʆʅ (0,1 

ʤʦʣʴ/ʣ); ʚ ï ʤʘʩʘ ʧʨʦʙʠ, 1 ʛ. 

 

3 .  ɽʬ ʨ̔ʥʝ ʯʠʩʣʦ ʞʠʨʫ 

ʇʨʠʥʮʠʧ ʤʝʪʦʜʫ. ɽʬʽʨʥʝ ʯʠʩʣʦ (Eʏ) - ʢʽʣʴʢʽʩʪʴ ʂʆʅ ʚ ʤʛ, ʱʦ ʥʝʦʙʭʽʜʥʦ 

ʚʠʢʦʨʠʩʪʘʪʠ ʟʘʜʣ ̫ʥʝʡʪʨʘʣ̔ ʟʘʮ̔ʾ ʪʨʠʘʮʠʣʛʣʽʮʝʨʦʣ̔ʚ ɾʂ, ̫ʢʽ ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ  

ʦʤʠʣʝʥʥ ̔1 ʛ ʞʠʨʫ. ʆʙʯʠʩʣʶʶʪʴ ɽʏ ʚʽʜʥʽʤʘʶʯʠ ʚʽʜ ʏO ʞʠʨʫ ʡʦʛʦ Kʏ. 

ɿʘ ʚ̔ ʜʦʤʠʤ ʟʥʘʯʝʥʥʤ̫ Eʏ ʞʠʨʫ, ʤʦʞʥʘ ʤʝʪʦʜʦʤ ʨʦʟʨʘʭʫʥʢʫ ʦʙʯʠʩʣʠʪʠ 

ʚʤ̔ʩʪ ʛʣʽʮʝʨʦʣʫ (ʥʘ ʚʠʚʽʣʴʥʝʥʥ̫ 1 ʤʦʣʝʢʫʣʠ ʛʣʽʮʝʨʦʣʫ ʚʠʪʨʘʯʘʪ̒ʴʩʷ 3 ʤʦʣʝʢʫʣʠ 

ʂʆʅ). 

ɺ̔ ʜʩʦʪʢʦʚe ʟʥʘʯʝʥʥʷ ʛʣ̔ʮʝʨʦʣʫ ʚ ʞʠʨ ̔ʦʙʯʠʩʣʶʶʪʴ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 

ʉ = 96,02ĬɽʏĬ100 / 56,11Ĭ3Ĭ1000,  
 

ʜʝ 96,02 - Mr ʛʣʽʮʝʨʦʣʫ; Eʏ - eʬʽʨʥʝ ʯʠʩʣʦ ʞʠʨʫ; 56,11 - Mr ʂʆʅ. 

 

 

4 . ʁʦʜʥʝ ʯʠʩʣʦ ʞʠʨʫ 

ʇʨʠʥʮʠʧ ʤʝʪʦʜʫ. ʁʦʜʥʝ ʯʠʩʣʦ (ʁʏ) ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʁ ʡʦʜʫ ʚ 

ʛʨʘʤʘʭ, ʦɦ ʟʜʘʪʥʘ ʥʘʩʠʪʠʪʠ ʥʝʥʘʩʠʯʝʥʽ ʟʚô̫ ʟʢʠ ʚ 100 ʛ ʦʣ̔ʾ ʯʠ ʪʚʘʨʠʥʥʦʛʦ ʞʠʨʫ. 

ʊʦʙʪʦ, ʯʠʤ ʚʠʱʝ ʁʏ, ʪʠʤ ʙʽʣʴʰʝ ʫ ʞʠʨʽ ʥʝʥʘʩʠʯʝʥʠʭ ɾʂ, ʪʠʭ ʱʦ ʤʘʶʪʴ 

ʧʦʜʚʡ̔ʥʽ ʘʙʦ ʧʦʪʨʡ̔ʥʽ ʟʚô̫ ʟʢʠ. ʈʝʘʢʮʽʷ ʧʨʠʻʜʥʘʥʥʷ ɯ2 ʜʦ ʥʝʥʘʩʠʯʝʥʦʛʦ ʟʚôʷʟʢʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 
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ʄʘʪʝʨ̔ʘʣʠ ʪʘ ʨʝʘʢʪʠʚʠ. ʉʦʥ̫ʰʥʠʢʦʚʘ, ʢʫʢʫʨʫʜʟʷʥʘ, ʣʣʷʥʘ, ʦʣʠʚʢʦʚʘ ʯʠ 

ʽʥʰʘ ʦʣʽʷ, ʨ-ʥ ɯ2 ʩʧʠʨʪʦʚʠʡ (0,1 ʤʦʣʴ/ʣ), 1 % ʢʨʦʭʤʘʣ,ɹ ʨ-ʥ  Na2S2O3                               

(0,05 ʤʦʣʴ/ʣ). 

ʆʙʣʘʜʥʘʥʥ.̫ ɺʘʛʠ, ʢʦʣʙʠ ʢʦʥʽʯʥʽ V 50 ml, ʩʢʣ̫ʥ̔ ʤʽʨʥʽ ʧʧ̔ʝʪʢʠ, ʙʶʨʝʪʢʘ.  

ʍ̔ʜ ʨʦʙʦʪʠ. ɺ ʧʨʦʙʽʨʢʘʭ ɯ ʽ  ɯɯ ʟʤʽhʫ̒ ʤʦ ʨʝʘʢʪʠʚʠ ʟʛʽʜʥʦ ʧʨʦʧʠʩʫ, 

ʥʘʚʝʜʝʥʦʛʦ ʚ ʪʘʙʣʠʮʽ 7. 

 

ʊʘʙʣʠʮʷ 7 

ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ 

 

ʈʝʘʢʪʠʚʠ ʇʨʦʙʽʨʢʘ ˉ 1 ʇʨʦʙʽʨʢʘ ˉ 2 

ʆʣʽʷ (ʥʘʚʘʞʢʘ)  0,1-0,2 ʛ - 

ɺʦʜʘ  - 0,1-0,2 ʤʣ 

ʈʦʟʯʠʥ ɯ2 ʩʧʠʨʪʦʚʠʡ  10 ʤʣ 10 ʤʣ 

                                      ɿʘʣʠʰʠʪʠ ʥʘ 15 ʭʚ 

ʈʦʟʯʠʥ Na2S2O3 ʊʠʪʨʫʚʘʪʠ ʜʦ ʧʦʷʚʠ ʞʦʚʪʫʚʘʪʦʛʦ ʟʘʙʘʨʚʣʝʥʥʷ  

ʈʦʟʯʠʥ ʢʨʦʭʤʘʣʶ, 1 % 1 ʤʣ 1 ʤʣ 

ʈʦʟʯʠʥ Na2S2O3  ʪʠʪʨʫʚʘʪʠ ʜʦ ʟʥʠʢʥʝʥʥʷ  ʩʠʥʴʦʛʦ ʟʘʙʘʨʚʣʝʥʥʷ  

 
ʆʙʯʠʩʣʠʪʠ ʁʏ ʟʛʽʜʥʦ ʬʦʨʤʫʣʠ:  

 

ʁʏ = (ʉ - ɼ) Ĭ d Ĭ QĬ100 / b Ĭ1000, 

ʜʝ (ʉ - ɼ) ï ʨʽʟʥʠʮʷ ʢʽʣʴʢʦʩʪʽ ʤʽʣʽʣʽʪʨʽʚ ʨʦʟʯʠʥʫ Na2S2O3 (ʥʘʪʨʽʶ ʪʽʦʩʫʣʴʬʘʪʫ), 

ʱʦ ʙʫʣʦ ʚʠʪʨʘʯʝʥʦ ʥʘ ʪʠʪʨʫʚʘʥʥ̫ ʢʦʥʪʨʦʣʴʥʦʾ  ̔ ʜʦʩʣʽʜʥʦʾ ʧʨʦʙʠ; b ï ʤʘʩʘ 

ʥʘʚʘʞʢʠ, ʛ; d ï ʧʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬ̔ʮʽʥ̒ʪ ʥʘ ʪʠʪʨ ʨ-ʥʫ ʥʘʪʨʽʶ ʪʽʦʩʫʣʴʬʘʪʫ (0,05 

ʤʦʣʴ/ʣ); Q -  ʤʘʩʘ I2 (12,69 ʤʛ), ʝʢʚʽʚʘʣʝʥʪʥʘ 1 ʤʣ ʨ-ʥʫ ʥʘʪʨʽʶ ʪʽʦʩʫʣʴʬʘʪʫ (0,05 

ʤʦʣʴ/ʣ). 

 

5. ʇʝʨʦʢʩʠʜʥʝ ʯʠʩʣʦ  

ʇʨʠʥʮʠʧ ʤʝʪʦʜʫ. ʇʝʨʦʢʩʠʜʥʝ ʯʠʩʣʦ (ʇʏ) ʮʝ ʦʙô̒ʤ (ʤʣ) ʨ-ʥʫ ʥʘʪʨʽʶ ʪʽʦʩʫʣʴʬʘʪʫ 

(Na2S2O3), ɦ ʦ ʟʘʪʨʘʯʘʻʪʴʩʷ ʜʣʷ ʪʠʪʨʫʚʘʥʥ̫ ʡʦʜʫ, ʚʠʚʽʣʴʥʝʥʦʛʦ ʧʨʠ ʦʢʠʩʥʝʥʥ̔ ʂɯ 

ʧʝʨʦʢʩʠʜʥʠʤʠ ʩʧʦʣʫʢʘʤʠ ʟ 1 ʛ ʞʠʨʫ. 

ɺ ʦʩʥʦʚʽ ʮʴʦʛʦ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʣʝʞʠʪʴ ʟʜʘʪʥʩ̔ʪɹ ʧʝʨʦʢʩʠʜʥʠʭ ʩʧʦʣʫʢ ʞʠʨʫ 

ʚ ʢʠʩʣʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʨʝʘʛʫʚʘʪʠ ʟ ʂɯ ʟʘ ʥʘʩʪʫʧʥʦʁ ʩʭʝʤʦ :ʁ 
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ʎ̫  ʨʝʘʢʮʽʷ ʻ ʜʫʞʝ ʯʫʪʣʠʚʦʶ ʽ ʧʦʪʨʝʙʫʻ ʧʘʨʘʣʝʣʴʥʦʾ ʧʦʩʪʘʥʦʚʢʠ  

ʢʦʥʪʨʦʣʥɹʠʭ ʧʨʦʙ. ʪʘʢʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʦʙʫʤʦʚʣʝʥʘ ʤʦʞʣʠʚʽʩʪʶ ʫʪʚʦʨʝʥʥʷ 

ʚʽʣʴʥʦʛʦ ɯ2 ʧʨʠ  ʚʟʘʻʤʦʜʽʾ ʂɯ ʟ ʦʢʩʠʛʝʥʦʤ ʧʦʚʽʪʨʷ.  

ʄʘʪʝʨʽʘʣʠ ʪʘ ʨʝʘʢʪʠʚʠ. ʉʦʥʷʰʥʠʢʦʚʘ, ʢʫʢʫʨʫʜʟʷʥʘ, ʣʣʷʥʘ, ʦʣʠʚʢʦʚʘ ʯʠ 

ʥ̔ʰʘ ʦʣʽʷ, ʥʘʩʠʯʝʥʠʡ ʨ-ʥ ʂɯ, ʨ-ʥ Na2S2O3 (0,005 ʤʦʣʴ/ʣ), 1% ʨ-ʥ ʢʨʦʭʤʘʣʶ, 

ʭʣʦʨʦʬʦʨʤ, ʣʴʦʜʷʥʘ ʦʮʪʦʚʘ ʢʠʩʣʦʪʘ.  

ʆʙʣʘʜʥʘʥʥʷ. ʂʦʣʙʠ ʢʦʥʽʯʥʽ V 50 ml, ʩʢʣʷʥʽ ʤʽʨʥʽ ʧʽʧʝʪʢʠ, ʚʘʛʠ, ʙʶʨʝʪʢʘ.  

ʍʽʜ ʨʦʙʦʪʠ. ʋ ʧʨʦʙʽʨʢʘʭ ̄ 1 ʽ ˉ 2 ʟʤʽʫhʤ̒ʦ ʨʝʘʢʪʠʚʠ ʟʛʽʜʥʦ ʧʨʦʧʠʩʫ, 

ʥʘʚʝʜʝʥʦʛʦ ʚ ʪʘʙʣʠʮʽ 8. 

ʊʘʙʣʠʮʷ 8 

ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ 

 

ʈʝʘʢʪʠʚʠ ʇʨʦʙʽʨʢʘ ˉ 1 ʇʨʦʙʽʨʢʘ ˉ 2 

ʆʣʽʷ (ʥʘʚʘʞʢʘ)  1 ʛ - 

ɺʦʜʘ  - 1 ʤʣ 

ʃɹ ʦʜʷʥʘ ʦʮʪʦʚʘ ʢʠʩʣʦʪʘ 5 ʤʣ 5 ʤʣ 

ʍʣʦʨʦʬʦʨʤ 6 ʤʣ 6 ʤʣ 

ʈʦʟʯʠʥ ʂɯ ʥʘʩʠʯʝʥʠʡ 

(ʩʚʽʞʦʧʨʠʛʦʪʦʚʣʝʥʠʡ)  

1 ʤʣ 1 ʤʣ 

                                      ʉʪʨʫʫhʚʘʪʠ 5 ʭʚ 

ʈʦʟʯʠʥ ʢʨʦʭʤʘʣʶ, 1 % 10 ʢʨʘʧʝʣʴ 10 ʢʨʘʧʝʣʴ 

ʈʦʟʯʠʥ Na2S2O3 ʊʠʪʨʫʚʘʪʠ ʜʦ ʟʥʠʢʥʝʥʥʷ ʟʘʙʘʨʚʣʝʥʥʷ  

 
ʆʙʯʠʩʣʠʪʠ ʧʝʨʦʢʩʠʜʥʝ ʯʠʩʣʦ ʟʛʽʜʥʦ ʬʦʨʤʫʣʠ:   

 

ʇʏ=(ʉ-ɼ) Ĭ d, 

 

ʜʝ (ʉ - ɼ) ï ʨʽʟʥʠʮʷ ʢʽʣʴʢʦʩʪʽ ʤʽʣʽʣʽʪʨʽʚ ʨʦʟʯʠʥʫ Na2S2O3, ʱʦ ʙʫʣʦ ʚʠʪʨʘʯʝʥʦ ʥʘ 

ʪʠʪʨʫʚʘʥʥʷ ʜʦʩʣʽʜʥʦʾ  ̔ʢʦʥʪʨʦʣʴʥʦʾ ʧʨʦʙʠ; d - ʢʦʝʬʮ̔ʽ̒ʥʪ ʧʦʧʨʘʚʢʠ ʥʘ ʪʠʪʨ ʨ-ʥʫ 

ʥʘʪʨʽʶ ʪʽʦʩʫʣʴʬʘʪʫ (0,005 ʤʦʣʴ/ʣ). 

 

 

 ɺʠʩʥʦʚʦʢ: 
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ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʪʘ ʟʘʚʜʘʥʥ̫ ʜʦ ʨʦʟʜʽʣʫ çʃʽʧʽʜʠè 

 

1. ɼʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʱʦ ʪʘʢʝ ʃ̔ ʧʽʜʠ? 

2. ʌʫʥʢʮʽʾ ʣʽʧʽʜʽʚ: 

3. ʉʪʨʫʢʪʫʨʥʽ ʢʦʤʧʦʥʝʥʪʠ ʣ̔ʧʜ̔̔ʚ (ʛʽʜʨʦʬʦʙʥ̔ ʪʘ ʛʜ̔ʨʦʬʽʣʴʥʽ). 

4. ʂʣʘʩʠʬ̔ ʢʘʮ̔ʷ ʣʧ̔̔ ʜʽʚ. ʅʘʚʝʩʪʠ ʧʨʠʢʣʘʜʠ. 

5. ɺʣʘʩʪʠʚʦʩʪ̔ ʣ̔ʧʜ̔ʽʚ. 

6. ʍ̔ʤʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʞʠʨʽʚ, ʫ ʢ̫ʠʭ ʛʘʣʫʟʷʭ ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʮ̔ ʧʦʢʘʟʥʠʢʠ? 

7. ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʣʽʧʽʜʥʽ ʧʦʣʽʤʝʨʠ ʨʦʩʣʠʥ, ʥʘʧʨʠʢʣʘʜ, ʢʫʪʠʥ, ʩʫʙʝʨʠʥ ʪʘ 

ʚʦʩʢʠ. 

8. ʅʘʧʠʩʘʪʠ ʩʪʨʫʢʪʫʨʥ̔ ʬʦʨʤʫʣʠ: 

ɸ) ʞʠʨʥʠʭ ʢʠʩʣʦʪ, ʩʧʠʨʪ̔ʚ ʪʘ ʘʣɹʜʝʛʽʜʽʚ (ʥʘʩʠʯʝʥʽ ʪʘ ʥʝʥʘʩʠʯʝʥʽ). ʅʘ 

ʧʨʠʢʣʘʜ̔ ʧʘʣʴʤʽʪʠʥʦʚʦʾ, ʩʪʝʘʨʠʥʦʚʦ,ʾ ʣ̔ ʥʦʣʝʚʦʾ ʪʘ ʣʽʥʦʣʝʥʦʚʦʾ ʢʠʩʣʦʪ.  

ɹ) ʪʨʠʘʮʠʣʛʣʽʮʝʨʦʣʽʚ (ʛʣʽʮʝʨʦʣ ʪʘ ʡʦʛʦ ʧʦʭʽʜʥʽ). 

ɺ) ʬʦʩʬʦʣʽʧʽʜʽʚ (ʬʦʩʬʘʪʠʜʠʣʩʝʨʠʥ, ʬʦʩʬʘʪʠʜʠʣʭʦʣʥ̔, 

ʬʦʩʬʘʪʠʜʠʣʝʪʘʥʦʣʘʤ̔ʥ, ʬʦʩʬʘʪʠʜʦʚʘ ʢʠʩʣʦʪʘ). 

ɻ) ʩʬʽʥʛʦʣʽʧʽʜʽʚ (ʩʬʽʥʛʦʤʽʻʣʽʥ, ʛʣʶʢʦʮʝʨʝʙʨʦʟʠʜ). 
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ʈʆɿɼɯʃ 4. çʅʋʂʃɽɰʅʆɺɯ ʂʀʉʃʆʊʀè 

 

ʅʫʢʣʝʥʾʦʚʽ ʢʠʩʣʦʪʠ ʧʦ ʩʚʦʾʡ  ʧʨʠʨʦʜʽ ʻ ʙʽʦʧʦʣʽʤʝʨʘʤʠ, ʷʢʽ ʧʨʠʩʫʪʥʽ ʚ 

ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʘʭ ʪʘ ʟʙʝʨʽʛʘʶʪʴ  ̔ʧʝʨʝʜʘʁʪ ɹʩʧʘʜʢʦʚʫ ʽʥʬʦʨʤʘʮʽʁ. ʋ ʧʨʠʨʦʜ ̔

ʩ̔ʥʫ̒ ʜʚʘ ʪʠʧʠ ʥʫʢʣʝʾʥʦʚʠʭ ʢʠʩʣʦʪ ï ʮʝ ɼʅʂ (ʜʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʾʥʦʚʘ ʢʠʩʣʦʪʘ) 

ʪʘ ʈʅʂ (ʨʠʙʦʥʫʢʣʝʾʥʦʚʘ ʢʠʩʣʦʪʘ). ʄʦʥʦʤʝʨʥʠʤʠ ʦʜʠʥʠʮ̫ ʤʠ ʥʫʢʣʝʾʥʦʚʠʭ 

ʢʠʩʣʦʪ ̒ ʥʫʢʣʝʦʪʠʜʠ, ʷʢʽ ʩʢʣʘʜʘʶʪʴʩʷ ʽʟ ʪʨʴʦʭ ʢʦʤʧʦʥʝʥʪʽʚ: 1) ʘʟʦʪʦʚʤʽʩʥʘ 

ʮʠʢʣʽʯʥʘ ʩʧʦʣʫʢʘ ï ʧʫʨʠʥʦʚʽ ʯʠ ʧʨ̔ʠʤʜ̔ʠʥʦʚ̔ ʦʩʥʦʚʠ, 2) ʚʫʛʣʝʚʦʜ (ʧʝʥʪʦʟʠ -  

ʜʝʟʦʢʩʠʨʠʙʦʟʘ ʘʙʦ ʨʠʙʦʟʘ), 3) ʟʘʣʠʰʦʢ ʬʦʩʬʦʨʥʦʾ ʢʠʩʣʦʪʠ.  

  
ɹʫʜʦʚʘ ʥʫʢʣʝʦʪʠʜʫ 

 

ʇ̔ʨʠʤʽʜʠʥʦʚʽ ʦʩʥʦʚʠ - ʮʝ ʧʦʭʽʜʥʽ ʰʝʩʪʠʯʣʝʥʥʦʾ ʛʝʪʝʨʦʮʠʢʣ̔ʯʥʦʾ ʩʧʦʣʫʢʠ ï 

ʧ̔ʨʠʤ̔ ʜʠʥʫ. ʎʠʪʦʟʠʥ (2-ʦʢʩʠ-6-ʘʤʥ̔ʦʧʨ̔ʠʤ̔ʜʠʥ) ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʷʢ ɼʅʂ, ʪʘʢ 

ʽ ʈʅʂ; ʪʠʤ̔ʥ (5-ʤʝʪʠʣ-2,6-ʜʠʦʢʩʠʧʽʨʠʤʜ̔ʠʥ) ï ʜʦ ʩʢʣʘʜʫ ɼʅʂ, ʘ ʫʨʘʮʠʣ                 

(2,6-ʜʠʦʢʩʠʧʽʨʠʤʽʜʠʥ) ï ʜʦ ʩʢʣʘʜʫ ʈʅʂ. ʄʽʥʦʨʥʽ ʦʩʥʦʚʠ ʧʦʭʽʜʥʠʭ ʧʽʨʠʤʽʜʠʥʘ ï 

ʮʝ ʤʝʪʠʣʴʦʚʘʥʽ (5-ʤʝʪʠʣʮʠʪʦʟʠʥ), ʩ̔ ʨʢʦʚʤ̔ʩʥ̔ (2- ʘʙʦ 6-ʪʽʦʫʨʘʮʠʣ), ʛʽʜʨʦʚʘʥ ̔

(ʜʠʛʜ̔ʨʦʫʨʘʮʠʣ).  
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ʇʫʨʠʥʦʚʽ ʦʩʥʦʚʠ ï ʮʝ ʧʦʭʽʜʥʽ ʛʝʪʝʨʦʮʠʢʣʽʯʥʦʾ ʤʦʣʝʢʫʣʠ ʧʽʨʠʤʽʜʠʥʫ, ʢ̫ʘ 

ʩʢʣʘʜʘʻʪɹʩ̫ ʟ̔ ʧ̔ ʨʠʤʽʜʠʥʦʚʦʛʦ ʽ ʽʤʽʜʘʟʦʣʴʥʦʛʦ ʢʽʣʝʮʴ, ʱʦ ʢʦʥʜʝʥʩʦʚʘʥʽ ʧʦ          

4-5 ʟʚô̫ ʟʢʘʭ. ɸʜʝʥʥ̔ (6-ʘʤʽʥʦʧʫʨʠʥ) ʪʘ ʛʫʘʥʽʥ (2-ʘʤʥ̔ʦ-6-ʦʢʩʠʧʫʨʠʥ) ʚʭʦʜʪ̫ʴ ʜʦ 

ʩʢʣʘʜʫ ̫ʢ ɼʅʂ, ʪʘʢ ʽ ʈʅʂ. ʇʨʠʨʦʜʥʠʤʠ ʧʦʭʽʜʥʠʤʠ ʧʫʨʠʥʫ ʻ ʛʽʧʦʢʩʘʥʪʠʥ, 

ʢʩʘʥʪʠʥ ʽ ʩʝʯʦʚʘ ʢʠʩʣʦʪʘ. ʄʽʥʦʨʥ̔ ʦʩʥʦʚʠ ʧʫʨʠʥʦʚʠʭ ʦʩʥʦʚ ï 1-ʤʝʪʠʣʘʜʝʥʽʥ,      

2-ʤʝʪʠʣʘʜʝʥʽʥ, 7-ʤʝʪʠʣʛʫʘʥʽʥ, ʚʠʷʚʣʝʥʦ ʫ ʪʈʅʂ ʽ ʥʫʢʣʝʾʥʦʚʠʭ ʢʠʩʣʦʪʘʭ ʚʨ̔ʫʩʽʚ. 

ɺʫʛʣʝʚʦʜʥʠʡ ʢʦʤʧʦʥʝʥʪ - ʮʝ ʘʣʴʜʦʧʝʥʪʦʟʠ ʫ ʬʫʨʘʥʦʟʥʡ̔ ʬʦʨʤ̔. ɼʦ ʩʢʣʘʜʫ 

ʈʅʂ ʚʭʦʜʠʪʴ ɓ-D-ʨʠʙʦʟʘ, ʘ ʜʦ ɼʅʂ ï ɓ- D-2-ʜʝʟʦʢʩʠʨʠʙʦʟʘ, ʫ ʷʢʦʾ ʆʅ-ʛʨʫʧʘ  ʫ 

ʧʦʣʦʞʝʥʥ ̔ 2 ʘʪʦʤʘ ʢʘʨʙʦʥʫ ʟʘʤʽʱʝʥʘ ʘʪʦʤʦʤ ʛʽʜʨʦʛʝʥʫ. ɺʽʜʩʫʪʥʽʩʪʴ ʫ 2 

ʧʦʣʦʞʝʥʥʽ ʆʅ-ʛʨʫʧʠ ʫ ʜʝʟʦʢʩʠʨʠʙʦʟʽ ʨʦʙʠʪʴ ɼʅʂ ʙ̔ ʣɹh ʩʪ̔ ʡʢʦʁ ʜʦ ʣʫʞʥʦʾ 

ʜʝʛʨʘʜʘʮʽʾ. 

 

ʅʫʢʣʝʦʟʠʜʠ ʩʢʣʘʜʘʶʪʴʩʷ ʽʟ ʟʘʣʠʰʢʘ ʧʫʨʠʥʦʚʦʾ ʯʠ ʧʽʨʠʤʽʜʠʥʦʚʦʾ ʦʩʥʦʚʠ, 

ʷʢʠʡ ʟʚô̫ʟʘʥʠʡ ʯʝʨʝʟ ʘʪʦʤ ʥʽʪʨʦʛʝʥʫ ̔ʟ ʟʘʣʠ ʢhʦʤ D-ʨʠʙʦʟʠ ʘʙʦ 2-ʜʝʟʦʢʩʠ-D-

ʨʠʙʦʟʠ ʫ ʬʫʨʘʥʦʟʥʽ ʬʦʨʤʽ. ɺʽʜʧʦʚʽʜʥʦ ʥʫʢʣʝʦʟʠʜʠ, ʷʢʽ ʤʽʩʪʷʪʴ ʨʠʙʦʟʫ 

ʥʘʟʠʚʘʪʁʩɹ̫  ʘʜʝʥʦʟʠʥ, ʛʫʘʥʦʟʠʥ, ʮʠʪʠʜʠʥ ʪʘ ʫʨʠʜʠʥ, ʘ ʢ̫ʽ ʤʽʩʪʷʪʴ 

ʜʝʟʦʢʩʠʨʠʙʦʟʫ - ʜʝʟʦʢʩʠʘʜʝʥʦʟʠʥ, ʜʝʟʦʢʩʠʛʫʘʥʦʟʠʥ, ʜʝʟʦʢʩʠʮʠʪʠʜʠʥ, ʪʠʤʽʜʠʥ.  

ʋ ʥʫʢʣʝʦʟʠʜʘʭ ʘʪʦʤ ʢʘʨʙʦʥʫ ʧʝʥʪʦʟʠ ʫ ʧʝʨʰʦʤʫ ʧʦʣʦʞʝʥʥʽ (1 ʉ) 

ʟʚôʷʟʘʥʠʡ ɓ-ʛʣʽʢʦʟʠʜʥʠʤ ʟʚôʷʟʢʦʤ ʽʟ ʘʪʦʤʦʤ ʥʽʪʨʦʛʝʥʫ ʧʽʨʠʤʽʜʠʥʫ ʫ ʧʦʣʦʞʝʥʥ ̔

1 (1 N) ʘʙʦ ʘʪʦʤʦʤ ʧʫʨʠʥʫ ʫ ʧʦʣʦʞʝʥʥʽ 9 (9 N).  

 

ʅʫʢʣʝʦʪʠʜʠ ï ʮʝ ʬʦʩʬʦʨʥʦʢʠʩʣʽ ʝʬ̔ʨʠ ʥʫʢʣʝʦʟʠʜʽʚ, ʚ ʢ̫ʠʭ ʬʦʩʬʦʨʥʘ 

ʢʠʩʣʦʪʘ ʟôʜ̒ʥʘʥʘ ʩʢʣʘʜʥʦʝʬʨ̔ʥʠʤ ʟʚôʷʟʢʦʤ ʟ ʚʽʣʴʥʦʶ ʆʅ-ʛʨʫʧʦ ʁʧʝʥʪʦʟʠ ʫ 

ʧôʷʪʦʤʫ ʧʦʣʦʞʝʥʥʽ ʘʪʦʤʫ ʢʘʨʙʦʥʫ. ʅʘʟʚʠ ʥʫʢʣʝʦʪʠʜʽʚ ʟʘʣʝʞʘʪɹ ʚ̔ʜ ʥʘʟʚʠ ʦʩʥʦʚ: 

ʘʜʝʥʠʣʦʚʘ, ʛʫʘʥʠʣʦʚʘ, ʪʠʤʜ̔ʠʥʦʚʘ, ʮʠʪʠʜʠʣʦʚʘ ʽ ʫʨʠʜʠʣʦʚʘ ʢʠʩʣʦʪʠ. 

ʅʫʢʣʝʦʪʠʜʠ ʟô̒ʜʥʫʶʪʴʩʷ ʤʽʞ ʩʦʙʦʁ ʟʘ ʜʦʧʦʤʦʛʦ ʁʬʦʩʬʦʜʠʝʬʽʨʥʠʭ ʟʚô̫ʟʢʽʚ, ̫ ʢʽ 

ʫʪʚʦʨʶʶʪʴʩʷ ʤʽʞ ʆʅ-ʛʨʫʧʦʶ ʚ 5 ʧʦʣʦʞʝʥʥʽ ʧʝʥʪʦʟʠ ʦʜʥʦʛʦ ʥʫʢʣʝʦʪʠʜʫ ʪʘ ʆʅ-

ʛʨʫʧʦʶ ʚ 3 ʧʦʣʦʞʝʥʥʽ ʧʝʥʪʦʟʠ ʥ̔h ʦʛʦ ʥʫʢʣʝʦʪʠʜʫ. 

 

ʉʪʨʫʢʪʫʨʘ ɼʅʂ. ɼʅʂ ï ʮʝ ʧʦʣʽʥʫʢʣʝʦʪʠʜ, ʤʦʥʦʤʝʨʥʠʤʠ ʦʜʠʥʠʮʷʤʠ ʻ 

ʯʦʪʠʨʠ ʜʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʦʪʠʜʠ (ʜɸʄʌ, ʜɻʄʌ, ʜʎʄʌ ʽ ʜʊʄʌ). 

ʉʧ̔ʚʚ̔ʜʥʦʰʝʥʥ̫ ʽ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʥʫʢʣʝʦʪʠʜʽʚ ʫ ɼʅʂ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʚʠʜʽʚ ʦʨʛʘʥʽʟʤʚ̔.  

ʈʦʟʨʽʟʥʷʶʪʴ ʪʨʠ ʨ̔ʚʥ̔  ʩʪʨʫʢʪʫʨʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ɼʅʂ:  

ʇʝʨʚʠʥʥʘ ʩʪʨʫʢʪʫʨʘ ɼʅʂ ï ʮʝ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʨʦʟʤʽʱʝʥʥʷ ʥʫʢʣʝʦʪʠʜʽʚ ʫ 

ʧʦʣʽʥʫʢʣʝʦʪʠʜʥʦʤʫ ʣʘʥʮʶʟ̔ ʜʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʾʥʦʚʦ ʾ ʢʠʩʣʦʪʠ. ʅʫʢʣʝʦʪʠʜʠ 

ʩʧʦʣʫʯʘʶʪʴʩʷ ʬʦʩʬʦʜʠʝʬʽʨʥʠʤʠ ʟʚôʷʟʢʘʤʠ - ʬʦʨʤʫʶʪʴʩʷ ʤʽʞ ʛʽʜʨʦʢʩʠʣʴʥʦʁ  
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(ʆʅ-) ʛʨʫʧʦʁ ʫ 5 ʧʦʣʦʞʝʥʥʽ ʘʪʦʤʘ ʢʘʨʙʦʥʫ ʜʝʟoʢʩʠʨʠʙʦʟʠ ʦʜʥʦʛʦ ʥʫʢʣʝoʪʠʜʫ 

ʪʘ ʛʽʜʨʦʢʩʠʣʴʥʦʶ ʛʨʫʧʦʁ ʚ 3 ʧʦʣʦʞʝʥʥ ̔ ʘʪʦʤʘ ʢʘʨʙʦʥʫ ʧʝʥʪʦʟʠ ʽʥʰʦʛʦ 

ʥʫʢʣʝʦʪʠʜʫ. ɹ̔ ʦʣʦʛ̔ʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʫʢʣʝʾʥʦʚʠʭ ʢʠʩʣʦʪ ʚʠʟʥʘʯʘʶʪʴʩʷ ʷʢʩ̔ʥʠʤ 

ʩʧ̔ʚʚʜ̔ʥʦʝhʥʥʷʤ ʽ ʧʦʩʣʽʜʦʚʥʽʩʪʶ ʥʫʢʣʝʦʪʠʜʽʚ ʚʟʜʦʚʞ ʧʦʣ̔ʥʫʢʣʝʦʪʠʜʥʦʛʦ 

ʣʘʥʮʶʛʘ. ʆʩʥʦʚʥʽ ʟʘʢʦʥʦʤ̔ʨʥʦʩʪʽ ʢʽʣʴʢʽʩʥʦʛʦ ʚʤʽʩʪʫ ʘʟʦʪʠʩʪʠʭ ʦʩʥʦʚ ʫ ɼʅʂ 

(ʧʨʘʚʠʣʘ ʏʘʨʛʘʬʬʘ):  

1) ʉʫʤʘ ʧyʨʠʥʦʚʠʭ ʦʩʥʦʚ (ɸ+ɻ) ʨ̔ʚʥʘ ʩʫʤʽ ʧʽʨʠʤʽʜʠʥʦʚʠʭ ʦʩʥʦʚ (ʊ+ʎ).  

2) ʂʽʣɹʢʽʩʪʴ ʦʩʥʦʚ ʟ ʘʤ̔ʥʦʛʨʫʧʘʤʠ (ɸ+ʎ) ʨʽʚʥʘ ʢʽʣʴʢʦʩʪʽ ʦʩʥʦʚ ʽʟ 

ʢʝʪʦʛʨʫʧʘʤʠ (ɻ+ʊ).  

3) ʄʦʣʷʨʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥ̫ ʧʫʨʠʥʦʚʠʭ ʽ ʧʽʨ̔ʤʜ̔ʠʥʦʚʠʭ ʦʩʥʦʚ 

ʥʘʙʣʠʞʘʶʪɹ ʩʷ ʜʦ 1: (ɸ=ʊ  ̔ ɻ=ʎ). ʇʨʘʚʠʣʦ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ ʤʘʻ ʚʘʞʣʠʚʝ 

ʟʥʘʯʝʥʥ ̫ʟʘʜʣ ̫ʫʪʚʦʨʝʥʥʷ ʧʦʜʚʽʡʥʦʛʦ ʣʘʥʮʶʛʘ ɼHʂ.  

ʋ ɼHK ʽʩʥʫʶʪʴ ʧʦʩʣʽʜʦʚʥʦʩʪ ̔ʥʫʢʣʝʦʪʠʜ̔ ʚ, ʷʢʽ ʽʥʽʮʽʶʶʪʴ (AUG - ʤʝʪ, 

GUC- ʚʘʣ) ʪʘ ʪʝʨʤʽʥʫʶʪʴ (UAA, UAG, UGA) ʩʠʥʪʝʟ ɼʅʂ (ʨʝʧʣʽʢʘʮʽ)ʁ, ʩʠʥʪʝʟ 

ʈʅʂ (ʪʨʘʥʩʢʨʠʧʮʽ)ʁ ʽ ʧʨʦʪʝʾʥ̔ ʚ (ʪʨʘʥʩʣʷʮʽ)ʁ, ʦʢʨ̔ʤ ʪʦʛʦ ʻ ʽ ʪʘʢ ʟʚʘʥʽ 

ʙʝʟʟʤʽʩʪʦʚʥ̔ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʥʫʢʣʝʦʪʠʜʽʚ, ʦɦ ʥʝ ʤʽʩʪʷʪʴ ʷʢʦʾʩʴ ʛʝʥʝʪʠʯʥʦʾ 

ʥ̔ʬʦʨʤʘʮʽʾ, ʘ ʚʽʜʽʛʨʘʶʪʴ ʨʦʣʴ ʨʝʛʫʣ̫ ʪʦʨʥʠʭ ʤʦʣʝʢʫʣ. 

ʂʦʜʫʚʘʥʥʷ ʛʝʥʝʪʠʯʥʦ ʾ ʽʥʬʦʨʤʘʮʽ ʾ ʫ ɼHʂ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʩʧʝʮʠʬ̔ ʯʥʦ  ʁ

ʧʦʩʣ̔ʜʦʚʥ̔ʩʪʁ ʾʾ ʤʦʥʦʤʝʨ̔ ʚ (ʥʫʢʣʝʦʪʠʜʽʚ) ʽ  ʤ̔ʩʪʠʪʴʩʷ ʥʝ ʣʠhʝ ʚ ʭʨʦʤʦʩʦʤʘʭ 

ʷʜʨʘ, ʘʣʝ  ̔ ʫ ʥʝʭʨʦʤʦʩʦʤʥ̔ʡ ɼHʂ. ʅʘʧʨʠʢʣʘʜ, ʫ ʙʘʢʪʝʨ̔ʡ ʜʦ ʪʘʢʠʭ ɼʅʂ 

ʚʽʜʥʦʩʷʪʴʩʷ ʧʣʘʟʤ̔ʜʠ ʽ ʜʝʢ̫ʽ ʚ̔ʨʫʩʠ, ʫ ʢʣ̔ʪʠʥʘʭ ʝʫʢʘʨʦ̔ʪ ï ʮʝ ɼʅʂ ʤ̔ʪʦʭʦʥʜʨʡ̔, 

ʭʣʦʨʦʧʣʘʩʪ̔ʚ ʪʘ ʽʥhʠʭ ʦʨʛʘʥʦʾ ʜʽʚ ʢʣ̔ʪʠʥ.  

ɺʪʦʨʠʥʥʘ ʩʪʨʫʢʪʫʨʘ ɼʅʂ ï ʮʝ ʧʨʦʩʪʦʨʦʚʘ ʢʦʥʬʽʛʫʨʘʮ̔ ʷ 

ʧʦʣ̔ʥʫʢʣʝʦʪʠʜʥʠʭ ʣʘʥʮʁʛʽʚ, ʤʦʜʝʣʴ ʧʦʜʚʽʡʥʦʾ ʩʧʽʨʘʣʽ ɼʅʂ, ʢʦʣʠ ʜʚʘ 

ʧʦʣ̔ʥʫʢʣʝʦʪʠʜʥʠʭ ʣʘʥʮʶʛʘ ɼʅʂ ʟʘʢʨʫʯʫʶʪɹʩ̫ ʚʧʨʘʚʦ ʥʘʚʢʦʣʦ ʦʜʥʽʻʾ ʦʩ̔ 

(ʫʪʚʦʨʶʶʪʴ ʧʨʘʚʫ ʩʧʽʨʘʣʴ).  

ʇʦʣʥ̔ʫʢʣʝʦʪʠʜʥʽ ʣʘʥʮʶʛʠ ʧʦ̒ʜʥʫʶʪʴʩʷ ʦʜʠʥ ʟ ʦʜʥʠʤ  ʚʦʜʥʝʚʠʤʠ 

ʟʚôʷʟʢʘʤʠ,  ɦ ʦ ʚʠʥʠʢʘʶʪʴ ʤʽʞ ʘʪʦʤʘʤʠ ʛʽʜʨʦʛʝʥʫ NH2- ʘʙʦ OH-ʛʨʫʧ ʧʫʨʠʥʦʚʠʭ 

ʽ ʧʽʨʽʤʽʜʠʥʦʚʠʭ ʦʩʥʦʚ. ʄʽʞ ɸ ʽ ʊ ʫʪʚʦʨʁʻʪʩɹ̫  ʜʚʘ ʅ-ʟʚô̫ʟʢʠ, ʘ ʤʽʞ ɻ ʽ ʎ ï ʪʨʠ. 

ɸʟʦʪʠʩʪ̔ ʦʩʥʦʚʠ ʨʦʟʤ̔ ʫɦ ʪʁʴʩʷ ʚʩʝʨʝʜʠʥʽ ʩʪʨʫʢʪʫʨʠ, ʘ ʬʦʩʬʦʜʠʝʬʽʨʥʠʡ ʦʩʪʦʚ ï 

ʟʟʦʚʥʽ.  

ʆʩʥʦʚʠ  ʫʪʚʦʨʁ ʪʁɹ ʧʨ̫ʤʠʡ ʢʫʪ ʟ ʚʽʩʩʶ ʩʧʽʨʘʣʽ ʽ ʫʢʣʘʜʝʥ̔ ʫ ʩʪʦʧʢʫ ʦʜʠʥ 

ʥʘʜ ʦʜʥʠʤ, ʚʽʜʩʪʘʥʴ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʦʩʥʦʚʘʤʠ ʩʢʣʘʜʘʻ 0,34 ʥʤ (ʧʝʨʦ̔ʜ 

ʽʜʝʥʪʠʯʥʦʩʪʽ). ʂʨʦʢ ʩʧʽʨʘʣ̔  ʨʽʚʥʠʡ 3,4 ʥʤ ̔ ʤ̔ʩʪʠʪʴ 10 ʧʘʨ ʦʩʥʦʚ, ʘ ʜ̔ʘʤʝʪʨ - 

ʙʣʠʟʢɹʦ 2 ʥʤ. ɸʥʪʠʧʘʨʘʣʝʣɹʥ̔  ʣʘʥʮʶʛʠ, ʢʦʣʠ ʧʦʣʽʥʫʢʣʝʦʪʠʜʥʽ ʣʘʥʮʶʛʠ 

ʦʨ̔ʻʥʪʦʚʘʥʽ ʫ ʧʨʦʪʠʣʝʞʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʪʦʤʫ ʥʘ ʦʜʥʦʤʫ ʢʽʥʮʽ ʩʧʽʨʘʣ̔ ʣʘʥʮʶʛ 

http://ru.wikipedia.org/wiki/%D0%A1%D1%82%D1%80%D0%BE%D0%B5%D0%BD%D0%B8%D0%B5_%D0%BA%D0%BB%D0%B5%D1%82%D0%BA%D0%B8
http://ru.wikipedia.org/wiki/%D0%91%D0%B0%D0%BA%D1%82%D0%B5%D1%80%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%9F%D0%BB%D0%B0%D0%B7%D0%BC%D0%B8%D0%B4%D1%8B
http://ru.wikipedia.org/wiki/%D0%92%D0%B8%D1%80%D1%83%D1%81
http://ru.wikipedia.org/wiki/%D0%9C%D0%B8%D1%82%D0%BE%D1%85%D0%BE%D0%BD%D0%B4%D1%80%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%A5%D0%BB%D0%BE%D1%80%D0%BE%D0%BF%D0%BB%D0%B0%D1%81%D1%82
http://ru.wikipedia.org/wiki/%D0%9E%D1%80%D0%B3%D0%B0%D0%BD%D0%BE%D0%B8%D0%B4%D1%8B
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ʥʝʩʝ ʚʽʣʴʥʠʡ 5ô-ʬʦʩʬʘʪ, ʘ ̔ʥʠhʡ ï ʚʣ̔ʴʥʠʡ 3ô-ʆʅ, ʚʽʜʧʦʚʜ̔ʥʦ ʢʽʥʮ̔  ʣʘʥʮʶʛʽʚ 

ʥʘʟʠʚʘʶʪɹ 5ôʪʘ 3ô.   

ɸʟʦʪʠʩʪʽ ʦʩʥʦʚʠ ʧʨʦʪʠʣʝʞʥʦ ʥʘʧʨʘʚʣʝʥʠʭ ʣʘʥʮʁ ʛ̔ʚ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʯʽʪʢʦ 

ʬʽʢʩʦʚʘʥʦʤʫ ʧʦʣʦʞʝʥʥʽ (ɸ-ʊ, ɻ-ʎ), ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʫʪʚʦʨʝʥʥʷ ʤʞ̔ ʥʠʤʠ 

ʚʦʜʥʝʚʠʭ ʟʚôʷʟʢʽʚ. ʊʦʤʫ ɸ-ʊ, ɻ-ʎ - ʧʘʨʠ ʥʘʟʠʚʘʶʪʴ ʢʦʤʧʣʝʤʝʥʪʘʨʥʠʤʠ ʧʘʨʘʤʠ 

ʦʩʥʦʚ, ʘ ʧʦʚʥʘ ʧʦʩʣʽʜʦʚʥʩ̔ʪʴ ʦʜʥʦʛʦ ʽʟ ʣʘʥʮʁ ʛʚ̔ ʧʦʚʥʽʩʪʁ ʢʦʤʧʣʝʤʝʥʪʘʨʥʘ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʽʥʰʦʛʦ ʣʘʥʮʶʛʘ. 

ɼʣʷ ʚʩʽʭ ʧʦʜʚʽʡʥʠʭ ʩʧ̔ʨʘʣʝʡ ʥʫʢʣʝʾʥʦʚʠʭ ʢʠʩʣʦʪ ̔ ʜʝʷʢʠʭ 

ʜʚʦʭʣʘʥʮʶʛʦʚʠʭ ʜʽʣʷʥʦʢ ʫ ʦʜʥʦʣʘʥʮʶʛʦʚʠʭ ɼʅʂ ʽ ʈʅʂ ʭʘʨʘʢʪʝʨʥʘ ʛʽʜʨʦʬʦʙʥʘ 

ʚʟʘ̒ʤʦʜʽ̫ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʘʟʦʪʠʩʪʠʤʠ ʦʩʥʦʚʘʤʠ ʦʜʥʦʛʦ ʡ ʪʦʛʦ ʞ ʣʘʥʮʶʛʘ. ʊʘʢʘ 

ʚʟʘʻʤʦʜʽʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʚʦʻʨʽʜʥʦʾ ʫʢʣʘʜʢʠ ʦʩʥʦʚ ʫ ʚʠʛʣʷʜʽ ʩʪʦʧʦʢ (ʩʪʝʢ̔ʥʛ-

ʚʟʘʻʤʦʜʽʾ) ʽ ʟʘʙʝʟʧʝʯʫʻ ʬʦʨʤʫʚʘʥʥʷ ʚʪʦʨʠʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʥʫʢʣʝʾʥʦʚʠʭ ʢʠʩʣʦʪ. 

ɯʦʥʥʽ ʚʟʘʻʤʦʜʽʾ ʤʦʞʫʪɹ  ʚʠʥʠʢʘʪʠ ʤ̔ ʞ ʽʦʥʟ̔ʦʚʘʥʠʤʠ ʬʦʩʬʘʪʥʠʤʠ ʛʨʫʧʘʤʠ, ʷʢʽ 

ʫʪʚʦʨʶʶʪʴ ʢʦʤʧʣʝʢʩʠ ʟ ʦʪʦʯʫʁʯʠʤʠ ʤʦʣʝʢʫʣʘʤʠ ʦʩʥʦʚʥʠʭ ʙʽʣʢ̔ʚ (ʛ̔ʩʪʦʥʽʚ ʘʙʦ 

ʧʨʦʪʘʤʥ̔ʽʚ), ʧʦʣʽʘʤʽʥʽʚ ʪʘ ʣʫʞʥʦʟʝʤʝʣʴʥʠʤʠ ʤʝʪʘʣʘʤʠ (ʤʘʛʥʽʡ, ʢʘʣʴʮʽʡ). 

ʆʜʥʘʢ, ʛʦʣʦʚʥʫ ʨʦʣɹ ʫ ʩʪʘʙ̔ʣʽʟʘʮʽʾ ʫʧʦʨʷʜʢʦʚʘʥʦʾ ʩʪʨʫʢʪʫʨʠ ɼʅʂ 

ʚʽʜʽʛʨʘʶʪ ɹʩʧʝʮʠʬ̔ ʯʥ̔ ʩʧʘʨʶʚʘʥʥʷ ʘʟʦʪʠʩʪʠʭ ʦʩʥʦʚ ʪʘ ʛʽʜʨʦʬʦʙʥ̔ ʚʟʘʤ̒ʦʜʽʾ ʤʞ̔ 

ʦʩʥʦʚʘʤʠ ʦʜʥʦʛʦ ʡ ʪʦʛʦ ʞ ʣʘʥʮʁ ʛʘ. 

ʊʨʝʪʠʥʥʘ ʩʪʨʫʢʪʫʨʘ ɼHʂ - ʮʝ ʫʢʣʘʜʝʥʘ ʚ ʧʨʦʩʪʦʨ̔ ʜʚʦʭʣʘʥʮʶʛʦʚʘ 

ʩʧʽʨʘʣʴ ɼHʂ ʫ ʩʫʧʝʨʩʧ̔ʨʘʣʴ ʘʙʦ ʢʣ̔ʮɹʝʚʫ ʬʦʨʤʫ. ɼʣʷ çʝʢʦʥʦʤʽʾè ʧʨʦʩʪʦʨʫ 

ʚʠʪʷʛʥʫʪʠʡ ʣ̔ ʥʽʡʥʠʡ ʣʘʥʮʁʛ ʜʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʾʥʦʚʦ ʾʢʠʩʣʦʪʠ ʫʧʘʢʦʚʫʻʪʴʩʷ ʚ 

ʩʪʨʫʢʪʫʨʫ ʤ̔ʥʽʤʘʣʴʥʦʛʦ ʦʙô̒ ʤʫ, ʱʦ ʟʘʡʤʘ ̒ ʣʠʝh 1/5 ʢʣʽʪʠʥʠ. ɺʜ̔ʦʤʦ, ʱʦ 

ʜʦʚʞʠʥʘ ʭʨʦʤʦʩʦʤʠ ʣʶʜʠʥʠ ~8 ʩʤ, ʧʨʠ ʮʴʦʤʫ ʚʦʥʘ ʚʤʽʱʘʻʪʴʩʷ ʫ ʭʨʦʤʦʩʦʤʽ, 

ʜʦʚʞʠʥʘ ʷʢʦʾ ʣʠʰʝ 5 ʥʤ. ʊʦʧʦ̔ʟʦʤʝʨʘʟʠ ï ʮʝ ʬʝʨʤʝʥʪʠ, ʢ̫ʽ ʨʝʛʫʣʶ ʪʁ ɹʩʪʫʧʥ̔ ɹ

ʩʫʧʝʨʩʧʽʨʘʣʴʥʦʩʪʽ (ʟʙʽʣʴʰʝʥʥʷ ʘʙʦ ʟʤʝʥʝhʥʥʷ ʢʽʣʴʢʦʩʪ̔ ʚʠʪʢʽʚ). 

ʉʪʘʙʽʣʽʟʘʮʽʷ ʪʨʝʪʠʥʥʦ ʾ ʩʪʨʫʢʪʫʨʠ ʚʽʜʙʫʚʘ̒ʪɹʩ̫  ʟʘ ʫʯʘʩʪʶ ʢʦʚʘʣʝʥʪʥʠʭ 

ʟʚô̫ʟʢ̔ ʚ ʟʘʣʠʰʢ̔ʚ ʘʤʥ̔ʦʢʠʩʣʦʪ, ʱʦ ʬʦʨʤʫʶʪʴ ʙʽʣʢʠ ʥʫʢʣʝʦʧʨʦʪʝʾʜʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ (ʭʨʦʤʘʪʠʥʫ). 

ʋ ʙʽʣʴʰʦʩʪ̔  ʦʨʛʘʥʽʟʤʽʚ ɼʅʂ ʩ̔ʥʫ̒  ʫ ʚʠʛʣʷʜʽ ʧʦʜʚʽʡʥʦʾ ʩʧʽʨʘʣʽ, ʦʜʥʘʢ 

ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʽ ʦʜʥʦʣʘʥʮʛʁʦʚʽ ɼʅʂ (ʜʝʷʢ̔ ʙʘʢʪʝʨ̔ ʦʬʘʛʠ). 

 

ʉʪʨʫʢʪʫʨʘ ʽ ʚʣʘʩʪʠʚʦʩʪʽ ʈʅʂ. ɿʘ ʭʤ̔ʽʯʥʠʤ ʩʢʣʘʜʦʤ ʈʅʂ ʘʥʘʣʦʛʽʯʥʘ 

ɼʅʂ, ʦʜʥʘʢ ʟʘʤ̔ʩʪʴ ʜʝʟʦʢʩʠʨʠʙʦʟʠ ʚ ʈʅʂ ʤ̔ ʩʪʠʪʴʩ̫  ʨʠʙʦʟʘ, ʘ ʟʘʤʩ̔ʪɹ  ʪʠʤʥ̔ʫ ï 

ʫʨʘʮʠʣ. ʇʦ ʩʪʨʫʢʪʫʨ̔ ʈʅʂ, ʪʘʢ ʷʢ ʽ ɼʅʂ, - ʮʝ ʧʦʣʽʤʝʨ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ 

ʥʫʢʣʝʦʪʠʜʽʚ. ʅʘ ʚʜ̔ʤʽʥʫ ʚʽʜ ɼʅʂ ʤʦʣʝʢʫʣʘ ʈʅʂ ʩʢʣʘʜʘʻʪʴʩ̫ ʟ̔ ʦʜʥʦʛʦ 

ʧʦʣʽʥʫʢʣʝʦʪʠʜʥʦʛʦ ʣʘʥʮʶʛʘ, ʷʢʠʡ ʩʢʨʫʯʝʥʠʡ ʫ ʚʠʛʣʷʜʽ ʩʧʽʨʘʣʽ, ʧʨʝʜʩʪʘʚʣʷʻ 
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ʧʝʚʥʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʧʝʪʝʣʴ ʽ ʰʧʠʣʴʦʢ, ʚ ʢ̫ʠʭ ʘʟʦʪʠʩʪʽ ʦʩʥʦʚʠ ʫʪʚʦʨʶʁʪʴ 

ʢʦʤʧʣʝʤʝʥʪʘʨʥʽ ɻʎ-  ̔ɸʋ-ʧʘʨʠ.  

ʋ ʢʣʽʪʠʥʘʭ ʽʩʥʫ̒  ʪʨʠ ʦʩʥʦʚʥʠʭ ʪʠʧʠ ʈʅʂ, ʢ̫ ̔ ʚ̔ʜʨʽʟʥʷʪʁʴʩʷ 

ʣʦʢʘʣ̔ʟʘʮʽʻʁ, ʨʦʟʤʽʨʦʤ, ʥʫʢʣʝʦʪʠʜʥʠʤ ʩʢʣʘʜʦʤ, ʩʪʨʫʢʪʫʨʥʠʤʠ ʽ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ï ʮʝ ʨʠʙʦʩʦʤʥʘ ʈʅʂ (ʨʈʅʂ), ʪʨʘʥʩʧʦʨʪʥʘ ʈʅʂ 

(ʪʈʅʂ), ʤʘʪʨʠʯʥʘ ʘʙʦ ʥ̔ʬʦʨʤʘʮʡ̔ʥʘ ʈʅʂ (ʤʈʅʂ ʘʙʦ ʽʈʅʂ). ʋʩʽ ʧʝʨʝʨʘʭʦʚʘʥʽ 

ʪʠʧʠ ʈʅʂ ʚʠʢʦʥʫʶʪɹ ʩʧʝʮʠʬ̔ ʯʥʫ ʨʦʣ ɹ ʫ ʧʨʦʮʝʩʽ ʙʽʦʩʠʥʪʝʟʫ ʧʨʦʪʝʥʾʘ, ʧʨʠ 

ʷʢʦʤʫ ʧʦʩʣ̔ʜʦʚʥʽʩʪʴ ʘʤʥ̔ʦʢʠʩʣʦʪ ʚʠʟʥʘʯʘʻʪʴʩ̫ ʥʫʢʣʝʦʪʠʜʥʦʶ ʧʦʩʣʽʜʦʚʥʽʩʪʶ 

ɼʅʂ. 

ʨʈʅʂ ʣʦʢʘʣʽʟʦʚʘʥ̔  ʫ ʨʠʙʦʩʦʤʘʭ, ʧʨʠʡʤʘʶʪʴ ʫʯʘʩʪʴ ʧʨʠ ʩʧʝʮʠʬʯ̔ʥ̔ʡ 

ʚʟʘ̒ʤʦʜʽʾ ʟ ʨʠʙʦʩʦʤʥʠʤʠ ʧʨʦʪʝʾʥʘʤʠ, ʱʦ ʚʠʢʦʥʫʶʪʴ ʬʫʥʢʮʽʶ ʩʠʥʪʝʟʫ ʙʣ̔ʢ̔ʚ. 

ʨʈʅʂ ʤʘʪʁ ɹʬʦʨʤʫ ʚʪʦʨʠʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʫ ʚʠʛʣʷʜʽ ʢʦʨʦʪʢʠʭ ʜʚʦʭʩʧʽʨʘʣʥɹʠʭ 

ʜʽʣʷʥʦʢ, ʷʢʽ ʟôʻʜʥʘʥʽ ʟʽʛʥʫʪʠʤ ʦʜʠʥʦʢʠʤ ʣʘʥʮʶʛʦʤ (Y ʘʙʦ V-ʧʦʜʽʙʥʘ ʬʦʨʤʘ).  

 

 
                                                                  ɹʫʜʦʚʘ ʤʦʣʝʢʫʣʠ  ʪʈʅʂ 

 

ʪʈʅʂ ʨʝʘʣ̔ ʟʫ̒ ʢʦʜʦʚʫ ʚʽʜʧʦʚʜ̔ʥ̔ ʩʪɹ ʤ̔ʞ ʘʤʥ̔ʦʢʠʩʣʦʪʦ  ʁ  ̔ʚʜ̔ʧʦʚʽʜʥʠʤ ʾʡ 

ʢʦʜʦʥʦʤ ʤʈʅʂ, ʪʦʙʪʦ ʪʨʘʥʩʣʶʻ ʽʥʬʦʨʤʘʮʽʶ, ʷʢʘ ʟʘʢʦʜʦʚʘʥʘ ʚ ʤʈʅʂ ʫ 

ʩʧʝʮʠʬʽʯʥʫ ʧʦʩʣʽʜʦʚʥʩ̔ʪɹ ʘʤʽʥʦʢʠʩʣʦʪ. ʂʦʞʥʘ ʤʦʣʝʢʫʣʘ ʪʈʅʂ ʤʘ ̒ʧʦʩʪ̔ ʡʥʫ 

ʚʪʦʨʠʥʥʫ ʩʪʨʫʢʪʫʨʫ, ʬʦʨʤʫ ʜʚʦʭʤ̔ʨʥʦʛʦ ʣʠʩʪʢʘ ʢʦʥʶʰʠʥʠ ʽ ʩʢʣʘʜʘ̒ʪɹʩʷ ʽʟ 

ʩʧʨ̔ʘʣʥɹʠʭ ʜ̔ʣʥ̫ʦʢ, ʷʢʽ ʫʪʚʦʨʝʥ̔ ʥʫʢʣʝʦʪʠʜʘʤʠ ʦʜʥʦʛʦ ʡ ʪʦʛʦ ʞ ʣʘʥʮʁʛʘ ʽ 

ʨʦʟʤʽʱʝʥʠʤʠ ʤʽʞ ʥʠʤʠ ʦʜʥʦʣʘʥʮʶʛʦʚʠʭ ʧʝʪʝʣʴ. ʅʝʩʧʘʨʝʥʽ ʧʦʩʣʽʜʦʚʥʦʩʪ̔  

ʫʪʚʦʨʶʁ ʪɹ ʭʘʨʘʢʪʝʨʥ̔ ʩʪʨʫʢʪʫʨʥʽ ʝʣʝʤʝʥʪʠ (ʛʽʣʢʠ): ʘʢʮʝʧʪʦʨʥʝ ʩʪʝʙʣʦ, 

ʧʩʝʚʜʦʫʨʠʜʠʣʦʚʘ ʘʙʦ ʊɣʎ-ʧʝʪʣʷ, ʜʦʜʘʪʢʦʚʘ ʧʝʪʣʷ, ʘʥʪʠʢʦʜʦʥʦʚʘ ʧʝʪʣʷ ʪʘ 

ʜʠʛʽʜʨʦʫʨʠʜʠʣʦʚʘ ʧʝʪʣʷ (ɼ-ʧʝʪʣʷ). 

ʤʈʅʂ ʤ̔ʩʪʠʪʴ ʛʝʥʝʪʠʯʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʘʤʽʥʦʢʠʩʣʦʪ ʜʣʷ 

ʦʩʥʦʚʥʠʭ ʬʝʨʤʝʥʪʽʚ ʽ ̔ʥhʠʭ ʙʽʣʢ̔ʚ, ʪʦʙʪʦ ʩʣʫʞʠʪ ɹʤʘʪʨʠʮʝʶ ʜʣʷ ʙʽʦʩʠʥʪʝʟʫ 
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ʧʦʣ̔ʧʝʧʪʠʜʥʦʛʦ ʣʘʥʮʶʛʘ. ʉʪʘʙʽʣʴʥʽʩʪʴ ʤʈʅʂ ʚʠʟʥʘʯʘ̒ ʪɹʩ̫ ʤʦʜʠʬʽʢʘʮ̫̔ʤʠ ʾʾ 

ʤʦʣʝʢʫʣʠ. ʊʘʢ, 5ô-ʢ̔ʥʮʝʚʘ ʧʦʩʣʽʜʦʚʥ̔ ʩʪʴ ʤʈʅʂ ʚʨ̔ʫʩʚ̔ ʽ ʝʫʢʘʨʽʦʪ ʻ ʤʝʪʠʣʴʦʚʘʥʘ 

ʘʙʦ çʟʘʙʣʦʢʦʚʘʥʘè, ʘʙʦ ʢʝʧʦʚʘʥʘ. ʅʘ 3ô-ʢ̔ʥʮ̫ʭ ʙʘʛʘʪɹʦʭ ʤʦʣʝʢʫʣ ʤʈʅʂ 

ʝʫʢʘʨʽʦʪʠʯʥʠʭ ʢʣ̔ʪʠʥ ʻ ʚʽʜʥʦʩʥʦ ʜʦʚʛʽ (50-200 ʥʫʢʣʝʦʪʠʜʽʚ) ʧʦʩʣʽʜʦʚʥʦʩʪʽ 

ʘʜʝʥʽʣʦʚʠʭ ʥʫʢʣʝʦʪʠʜʽʚ (ʧʦʣ-̔ɸ). ɺʚʘʞʘʶʪɹ, ʱʦ 5ô-ʢʝʧʠ  ̔ 3ô-ʧʦʣʽ-ɸ 

ʧʦʩʣʜ̔ʦʚʥʦʩʪʽ ʥʝʦʙʭ̔ʜʥʦ ʜʣʷ ʩʪʘʙʽʣʽʟʘʮʽʾ ʤʈʅʂ, ʘʙʦ ʚʜ̔ ʜʽʾ ʥʫʢʣʝʘʟ, ʘʙʦ ʜʣʷ 

ʨʝʛʫʣʷʮʽʾ ʧʨʦʮʝʩʫ ʪʨʘʥʩʣ̫ʮ̔ʾ. 

 

 

ʌʟ̔ʠʢʦ-ʭ̔ ʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪ̔ ʥʫʢʣʝʾʥʦʚʠʭ ʢʠʩʣʦʪ.  

1) ʈʝʘʢʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ.  

- ɼʅʂ ʚʩʪʫʧʘ̒ ʫ ʚʝʣʠʢʫ ʢʣ̔ʴʢʽʩʪʴ ʭʤ̔ʽʯʥʠʭ ʨʝʘʢʮ̔ʡ, ʦʩʢʽʣʴʢʠ  ̒ʜʦʩʠʪɹ  ʩʠʣʴʥʦʶ 

ʙʘʛʘʪʦʦʩʥʦʚʥʦʶ ʢʠʩʣʦʪʦʶ, ʷʢʘ ʧʦʚʥʽʩʪʶ ʽʦʥʽʟʫʻʪʴʩʷ ʧʨʠ ʨʅ 4 ̔  ʚʠʱʝ. ɯʦʥʽʟʦʚʘʥʽ 

ʬʦʩʬʘʪʥʽ ʛʨʫʧʠ, ʨʦʟʤ̔ ʱʝʥʽ ʧʦ ʧʝʨʠʬʝʨ̔ ʾ ʧʦʜʚʽʡʥʦ ʾʩʧ̔ʨʘʣʽ ɼʅʂ, ʫ ʩʫʢʫʧʥʦʩʪʽ 

ʥʘʜʘʶʪʴ ʤʦʣʝʢʫʣʽ ʚʝʣʠʢʠʡ ʥʝʛʘʪʠʚʥʠʡ ʟʘʨʷʜ. 

- ɼʅʂ ʫʪʚʦʨʶ̒ ʤʮ̔ʥʽ ʩʪʝʭʽʦʤʝʪʨʠʯʥʽ ʢʦʤʧʣʝʢʩʠ (ʩʦʣʝʧʦʜʽʙʥʽ ʩʧʦʣʫʢʠ) ʽʟ 

ʧʨʦʪʝʾʥʘʤʠ ʣʫʞʥʦʛʦ ʭʘʨʘʢʪʝʨʫ (ʧʨʦʪʘʤʽʥʘʤʠ ʽ ʛʽʩʪʦʥʘʤʠ), ʷʢʽ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ 

ʭʨʦʤʦʩʦʤ ʝʫʢʘʨʽʦʪʠʯʥʠʭ ʢʣ̔ʪʠʥ. 

- ɼʅʂ ʤʦʞʫʪɹ ʫʪʚʦʨʶʚʘʪʠ ʢʦʤʧʣʝʢʩʠ ʟ ʤʝʪʘʣʘʤʠ (ʧʦʣʽʜʝʥʪʘʥʪʥʽ ʣʽʛʘʥʜʠ). 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʝʪʘʣʚ̔ ʜʦ ʢʣ̔ʴʢʦʩʪ̔ ʤʦʥʦʤʝʨʥʠʭ ʦʜʠʥʠʮɹ ʫ ɼʅʂ 1:150 (ʜʣ̫ 

ʈʅʂ 1:50). 

    2) ʈʦʟʤʽʨʠ ï ʥʫʢʣʝʾʥʦʚʽ ʢʠʩʣʦʪʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʪʘʢʠʤ ʧʘʨʘʤʝʪʨʘʤʠ, ʷʢ 

ʤʦʣʝʢʫʣ̫ʨʥʘ ʤʘʩʘ, ʜʦʚʞʠʥʘ ʽ ʯʠʩʣʦ ʥʫʢʣʝʦʪʠʜʥʠʭ ʧʘʨ. ɼʅʂ ï 

ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʘ ʩʧʦʣʫʢʘ ʟ ʨʽʟʥʦʶ ʤʦʣʝʢʫʣʷʨʥʦʶ ʤʘʩʦʶ. 

ʅʠʟʴʢʦʤʦʣʝʢʫʣʨ̫ʥʽ ɼʅʂ ʤʽʩʪʷʪɹ  ʜʝʢʽʣʢɹʘ ʪʠʩ̫ ʯ ʥʫʢʣʝʦʪʠʜʚ̔, 

ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʽ ʜʦʩʷʛʘʁʪʴ ʜʦʚʞʠʥʠ ʣʘʥʮʶʛʘ ʝʫʢʘʨʽʦʪʠʯʥʠʭ ʭʨʦʤʦʩʦʤ. 

ɼʦʚʞʠʥʘ ʤʦʣʝʢʫʣʠ ɼʅʂ ʫ ʨʽʟʥʠʭ ʚʠʜʚ̔ ʨʽʟʥʘ. ʅʘʧʨʠʢʣʘʜ, ʫ ʚ̔ʨʫʩʘ ʤʘʚʧʠ (SV-

40) 0,00017 ʩʤ, ʘ ʫ ʭʨʦʤʦʩʦʤʽ ʣʶʜʠʥʠ ï 8 ʩʤ. 

    3) ʇʦʛʣʠʥʘʥʥʷ ʚ ʋʌ-ʦʙʣʘʩʪ.̔ ʗʢ ɼʅʂ, ʪʘʢ ʽ ʈʅʂ ̔ʥʪʝʥʩʠʚʥʦ ʧʦʛʣʠʥʘʶʪʴ 

ʧʨʦʤʝʥ ̔ʚ ʋʌ ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʘ ʧʨʠ 260-280 ʥʤ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʥʘʷʚʥʽʩʪʶ ʫ 

ʩʢʣʘʜʽ ʥʫʢʣʝʦʪʠʜʽʚ ʘʟʦʪʠʩʪʠʭ ʦʩʥʦʚ ʟʽ ʩʧʨʷʞʝʥʠʤʠ ʧʦʜʚʡ̔ʥʠʤʠ ʟʚôʷʟʢʘʤʠ. 

ɯʩʪʠʥʥʝ ʧʦʛʣʠʥʘʥʥʷ ɼʅʂ ʚ ʋʌ-ʦʙʣʘʩʪʽ ʟʘʚʞʜʠ ʤʝʥʰʝ (ʥʘ 40 %) ʧʦʨʚ̔ʥʥ̫ʦ ʟ̔ 

ʩʫʤʘʨʥʠʤ ʧʦʛʣʠʥʘʥʥ̫ʤ ʤʦʥʦʥʫʢʣʝʦʪʠʜʽʚ, ʷʢ̔ ʚʭʦʜʪ̫ɹ ʜʦ ʩʢʣʘʜʫ ɼʅʂ (ʷʚʠʱʝ 

ʛʽʧʦʭʨʦʤʟ̔ʤʫ). ɻʽʧʦʭʨʦʤʥʠʡ ʝʬʝʢʪ ̒ ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʧʨʠ ʚʠʚʯʝʥʥʽ ʭʽʤʾ̔ 

ɼʅʂ ʜʣ̫  ʢ̫ʽʩʥʦʾ  ʪʘ ʢʽʣʴʢʽʩʥʦ ʾ ʦʮ̔ ʥʢʠ ʧʨʦʮʝʩʽʚ ʦʨʽʻʥʪʘʮʽʾ / ʜʝʟʦʨʽʻʥʪʘʮʽʾ 

(ʜʝʥʘʪʫʨʘʮʽʷ, ʨʝʥʘʪʫʨʘʮʽʷ, ʫʪʚʦʨʝʥʥʷ ʛ̔ ʙʨʠʜʽʚ ɼʅʂ - ʈʅʂ). ʇʨʠ ʧʦʨʫʝhʥʥ̔  

ʚʧʦʨʜ̫ʢʦʚʘʥʦʾ ʜʚʦʩʧ̔ʨʘʣʴʥʦʾ ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʾ ʢʦʥʬʦʨʤʘʮ̔ʾ  ɼʅʂ ʚʽʜʙʫʚʘʻʪʩɹʷ 
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ʟʙʽʣʴʰʝʥʥ ̫ʧʦʛʣʠʥʘʥʥʷ ʩʚʽʪʣʘ ʚ ʋʌ-ʦʙʣʘʩʪ̔ ʟ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 260 ʥʤ, ʪʘʢ 

ʟʚʘʥʠʡ ʝʬʝʢʪ ʛʽʧʝʨʭʨʦʤʟ̔ʤʫ. 

4) ʆʧʪʠʯʥʝ ʦʙʝʨʪʘʥʥʷ. ʅʘʪʠʚʥʘ ɼʅʂ ʭʘʨʘʢʪʝʨʠʟʫʪ̒ʴʩ̫ ʧʦʟʠʪʠʚʥʠʤ 

ʦʙʝʨʪʘʥʥʤ̫ ʧʣʦʱʠʥʠ ʧʦʣʨ̫ʠʟʘʮ̔ʾ  ʩʚʽʪʣʘ. ʆʧʪʠʯʥʘ ʘʢʪʠʚʥʽʩʪʴ ɼʅʂ ʦʙʫʤʦʚʣʝʥʘ 

ʾʾ ʚʪʦʨʠʥʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ï ʥʘʷʚʥʽʩʪʶ ʩʧʽʨʘʣʴʥʠʭ ʣʘʥʮʶʛʽʚ ʟ̔ ʩʧʨ̔ʘʣɹʥʠʤ 

ʨʦʟʧʦʜʣ̔ʦʤ ʧʦʣʷʨʥʠʭ ʛʨʫʧ. ʇʨʠ ʜʝʟʦʨʛʘʥʽʟʘʮʽʾ ʚʪʦʨʠʥʥʦʾ ʩʪʨʫʢʪʫʨʠ 

(ʜʝʥʘʪʫʨʘʮʽʷ) ʦʧʪʠʯʥʘ ʘʢʪʠʚʥʽʩʪ ɹɼʅʂ ʟʥʠʢʘ.̒ 

5) ɺô̫ʟʢʽʩʪ.ɹ ʇʨʫʞʥʽʩʪʴ ʜʚʦʩʧ̔ʨʘʣʥɹʦʾ ʤʦʣʝʢʫʣʠ ɼʅʂ ʫ ʧʦʻʜʥʘʥʥʽ ʟ 

ʚʝʣʠʢʦʶ ʜʦʚʞʠʥʦʁ (ʚʜ̔ʥʦʩʥʦ ʜʽʘʤʝʪʨʘ) ʚʠʟʥʘʯʘʻ ʚʠʩʦʢʫ ʚôʷʟʢʩ̔ʪʴ ʚʦʜʥʠʭ 

ʨʦʟʯʠʥ̔ʚ ɼʅʂ. ʎʝʡ ʧʘʨʘʤʝʪʨ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʧʨʷʤʽʡ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʬʦʨʤʠ, 

ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʘʩʠ  ̔ ʥʘʪʠʚʥʦʾ ʩʪʨʫʢʪʫʨʠ. ʇʦʨʫhʝʥʥ ̫ ʚʦʜʥʝʚʠʭ ʟʚôʟ̫ʢ̔ʚ ʫ 

ʧʦʜʚʽʡʥʡ̔ ʩʧ̔ ʨʘʣʽ ɼʅʂ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʚôʷʟʢʦʩʪʽ. 

6) ʑʽʣʴʥʽʩʪɹ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ɼʅʂ ʚʠʢʦʨʠʩʪʦʚʫʶʪɹ ʤʝʪʦʜ 

ʨ̔ʚʥʦʚʘʞʥʦʛʦ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥ̫ ʧʨʠ ʚʠʩʦʢʠʭ ʰʚʠʜʢʦʩʪʷʭ ʟ̔ ʢʦʥʮʝʥʪʨʦʚʘʥʠʤʠ 

ʨʦʟʯʠʥʘʤʠ ʭʣʦʨʠʩʪʦʛʦ ʽ ʩʽʨʢʦʢʠʩʣʦʛʦ ʮʝʟ̔ʁ , ʚ ʷʢʠʭ ʫʩʪʘʥʦʚʣʁʪ̒ɹʩ̫ ʛʨʘʜʽʻʥʪ 

ʱ̔ʣʥɹʦʩʪʽ. ɿʘ ʪʘʢʠʭ ʫʤʦʚ ɼʅʂ ʧʝʨʝʤʽʘɦ̒ ʪɹʩ̫ ʫ ʪʫ ʯʘʩʪʠʥʫ ʧʨʦʙʽʨʢʠ, ʜʝ ʾʾ 

ʱʽʣʴʥʽʩʪʴ ʙʫʜʝ ʚʽʜʧʦʚʽʜʘʪʠ ʱʽʣɹʥʦʩʪʽ ʩʦʣɹʦʚʦʛʦ ʨʦʟʯʠʥʫ. ʊʘʢʘ ʱ̔ʣɹʥʽʩʪʴ 

ʥʘʟʠʚʘʻʪʴʩʷ ʧʣʘʚʫʯʦʶ ʽ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʤʝʞʘʭ 1,69-1,73. 

7) ɼʝʥʘʪʫʨʘʮʽʷ ï ʧʨʦʮʝʩ, ʧʨʠ ʷʢʦʤʫ ʚʦʜʥʝʚ̔ ʟʚô̫ʟʢʠ ʤ̔ ʞ ʦʩʥʦʚʘʤʠ 

ʨʦʟʨʠʚʘʶʪʩɹ ̫ʽ ʢʦʤʧʣʝʤʝʥʪʘʨʥʽ ʧʘʨʠ ɼʅʂ ʚʽʜʦʢʨʝʤʣʶʁʪʩɹʷ ʦʜʥʘ ʚʽʜ ʦʜʥʦʾ. 

ʇʨʠ ʮʴʦʤʫ ʜʚʦʭʩʧ̔ʨʘʣʴʥʘ ɼʅʂ ʧʦʚʥʩ̔ʪʁ ʘʙʦ ʯʘʩʪʢʦʚʦ ʨʦʟʜʣ̫̔ ʪ̒ɹʩ̫  ʥʘ ʦʢʨʝʤʽ 

ʣʘʥʮʶʛʠ. ʎʝʡ ʧʨʦʮʝʩ ʚʜ̔ʙʫʚʘʻʪʴʩʷ ʧʽʜ ʜʽʻʶ ʢʠʩʣʦʪ, ʦʩʥʦʚ, ʧʨʠ ʥʘʛʨʽʚʘʥʥ̔ , ʟʤʽʥ ̔

ʨʅ ʪʘ ʩʫʧʨʦʚʦʜʞʫ̒ ʪʴʩʷ ʧʽʜʚʠʱʝʥʥʤ̫ ʧʦʛʣʠʥʘʥʥ̫ ʚ ʋʌ - ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʫ, 

ʟʤʝʥʰʝʥʥʷʤ ʚô̫ʟʢʦʩʪʽ, ʟʙʽʣʴʰʝʥʥʷʤ ʱʽʣʴʥʦʩʪʽ ɼʅʂ.  

ʇʨʦʮʝʩ ʪʝʨʤ̔ ʯʥʦʾ ʜʝʥʘʪʫʨʘʮʽʾ ʥʘʟʠʚʘ̒ʪʩɹ ̫ ʧʣʘʚʣʝʥʥʷʤ. ʊʝʤʧʝʨʘʪʫʨʘ 

ʧʣʘʚʣʝʥʥʷ ï ʮʝ ʪʝʤʧʝʨʘʪʫʨʘ, ʧʨʠ ʷʢʽʡ ʧʨʠʨʽʩʪ ʧʦʛʣʠʥʘʥʥʷ ʩʢʣʘʜʘ̒  ʧʦʣʦʚʠʥʫ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ  ̔ʧʦʰʢʦʜʞʫʻʪʴʩʷ ʧʦʣʦʚʠʥʘ ʩʧʨ̔ʘʣɹʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʚʜ̔ʙʫʚʘʻʪʴʩʷ 

ʜʝʥʘʪʫʨʘʮʽʷ. ɼʣʷ ʢʦʞʥʦʛʦ ʚʠʜʫ ɼʅʂ ʭʘʨʘʢʪʝʨʥʘ ʩʚʦʷ ʪʝʤʧʝʨʘʪʫʨʘ ʜʝʥʘʪʫʨʘʮ̔ʾ  

(ʮʝ ʟʥʘʯʥʽ ʚʝʣʠʯʠʥʠ 85-95 ʦʉ).  

ʈʝʥʘʪʫʨʘʮʽʷ. ɼʝʥʘʪʫʨʦʚʘʥʘ ɼʅʂ ʟʥʦʚʫ ʤʦʞʝ ʚʜ̔ʥʦʚʠʪʠʩ ̫ʫ ʜʚʦʩʧ̔ʨʘʣɹʥʫ 

ʥʘʪʠʚʥʫ ʢʦʥʬʦʨʤʘʮʽ.ʁ ɿʚʦʨʦʪʥʽʡ ʧʨʦʮʝʩ, ʧʨʠ ʷʢʦʤʫ ʢʦʤʧʣʝʤʝʥʪʘʨʥʽ ʣʘʥʮʛʁʠ 

ʟʥʦʚʫ ʦʙôʻʜʥʫʁ ʪɹʩʷ ʟʘ ʨʘʭʫʥʦʢ ʧʨʘʚʠʣʴʥʠʭ ʚʦʜʥʝʚʠʭ ʟʚô̫ ʟʢ̔ʚ ʽ ʧʦʜʚʽʡʥʘ ʩʧ̔ʨʘʣɹ  

ʚʜ̔ʥʦʚʣʶʻʪʩɹ̫. ʐʚʠʜʢʩ̔ʪɹ ʨʝʥʘʪʫʨʘʮʽʾ ʪʠʤ ʚʠɦʘ, ʯʠʤ ʙʽʣʴʰʘ ʦʜʥʦʨʽʜʥʽʩʪʴ ɼʅʂ 

ʟʘ ʥʫʢʣʝʦʪʠʜʥʠʤ ʩʢʣʘʜʦʤ. 
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ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ 9 

çʗʢ̔ʩʥʽ ʨʝʘʢʮʽʾ ʥʘ ʦʩʥʦʚʥʽ ʩʢʣʘʜʦʚ ̔(ʜʝʟʦʢʩʠ)ʨʠʙʦʥʫʢʣʝʦʧʨʦʪʝʾʜʽʚè 

 

           ʄʝʪʘ ʨʦʙʦʪʠ. ʇʨʠʛʦʪʫʚʘʪʠ ʛʽʜʨʦʣʽʟʘʪ (ʜʝʟʦʢʩʠ)ʨʠʙʦʥʫʢʣʝʦʧʨʦʪʝʾʜ̔ʚ ʪʘ 

ʧʨʦʚʝʩʪʠ ̔ʜʝʥʪʠʬʽʢʘʮʽʶ ʦʩʥʦʚʥʠʭ ʩʢʣʘʜʦʚʠʭ ʥʫʢʣʝʦʪʠʜ̔ʚ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʢ̫̔ ʩʥ̔ ʨʝʘʢʮʽ.ʾ 

 

1. ɺʠʜʽʣʝʥʥ ̫ʥʫʢʣʝʦʧʨʦʪʝʾʜ̔ ʚ. 

 ʇʨʠʥʮʠʧ ʤʝʪʦʜʫ. ɼʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʦʧʨʦʪʝʜʾʠ ʜʦʙʨʝ ʨʦʟʯʠʥʷʪʁɹʩ̫  ʚ 

ʣʫʛʘʭ ʽ ʩʦʣʴʦʚʠʭ ʨʦʟʯʠʥʘʭ ʪʘ ʦʩʘʜʞʫʶʪʴʩʷ ʧʽʩʣʷ ʥʝʡʪʨʘʣʽʟʘʮ̔ ʾ ʨʦʟʯʠʥʽʚ ʘʙʦ 

ʨʦʟʚʝʜʝʥʥ̫  ʨʦʟʯʠʥʽʚ ʩʦʣʝʡ. ʈʠʙʦʥʫʢʣʝʦʧʨʦʪʝʾʜʠ ʪʘʢʦʞ ʜʦʙʨʝ ʨʦʟʯʠʥʷʶʪʴʩʷ ʚ 

ʣʫʞʥʠʭ ʨʦʟʯʠʥʘʭ ʪʘ ʦʩʘʜʞʫʁ ʪɹʩʷ ʚ ̔ʟʦʝʣʝʢʪʨʠʯʥʽʡ ʪʦʯʮ ̔ ʥʝʦʨʛʘʥ̔ʯʥʠʤʠ 

ʢʠʩʣʦʪʘʤʠ. ʂʽʥʮʝʚʠʤʠ ʧʨʦʜʫʢʪʘʤʠ ʧʨʠ ʛʽʜʨʦʣʽʟʽ ʥʫʢʣʝʾʥʦʚʠʭ ʢʠʩʣʦʪ ʻ: 

ʚʫʛʣʝʚʦʜʠ (ʧʝʥʪʦʟʠ - ʜʝʟʦʢʩʠʨʠʙʦʟʘ ʪʘ ʨʠʙʦʟʘ), ʘʟʦʪʠʩʪ̔ ʦʩʥʦʚʠ (ʧʫʨʠʥʦʚʽ ʪʘ 

ʧʽʨʠʤʽʜʠʥʦʚʽ) ʪʘ ʟʘʣʠʰʦʢ ʬʦʩʬʦʨʥʦʾ ʢʠʩʣʦʪʠ.  

 ʄʘʪʝʨʽʘʣʠ ʪʘ ʨʝʘʢʪʠʚʠ. ʉʫʭʽ ʧʝʢʘʨʩɹʢ̔ ʜʨʞ̔ʜʞʽ, 0,4 % ʽ 0,02 ʤʦʣ/ɹʣ ʨ-ʥ 

ʾʜʢʦʛʦ ʥʘʪʨʽʶ, 5 % ʨ-ʥ ʦʮʪʦʚʦ ʾʢʠʩʣʦʪʠ, 10 % ʨ-ʥ ʅ2SO4 . 

 ʆʙʣʘʜʥʘʥʥʷ. ʇʦʨʮʝʣʷʥʦʚʘ ʩʪʫʧʢʘ ʟ ʪʦʚʢʘʯʠʢʦʤ, ʮʝʥʪʨʠʬʫʞʥ̔  ʪʘ ʭ̔ ʤʽʯʥʽ 

ʧʨʦʙʽʨʢʠ, ʰʪʘʪʠʚ, ʮʝʥʪʨʠʬʫʛʘ, ʢʦʣʙʘ ʽʟ ʢʨʫʛʣʠʤ ʜʥʦʤ, ʧʨʦʙʢʘ ʽʟ ʩʢʣ̫ ʥʦʁ 

ʪʨʫʙʢʦʁ, ʣʽʡʢʠ, ʬʽʣʪɹʨʫʚʘʣɹ ʥʠʡ ʧʘʧʽʨ, ʚʦʜ̫ʥʘ ʙʘʥʷ. 

 ʍʽʜ ʨʦʙʦʪʠ. ɼʣ̫ ʧʨʠʛʦʪʫʚʘʥʥʷ ʛʽʜʨʦʣʽʟʘʪʫ ʜʨʽʞʜʞʽʚ ˉ1 10 ʛ ʩʫʭʠʭ 

ʜʨʽʞʜʞʽʚ ʩʪʘʨʘʥʥʦ ʨʦʟʪʠʨʘʁʪʴ ʫ ʧʦʨʮʝʣ̫ʥʦʚʽʡ ʩʪʫʧʮ̔ ʚʧʨʦʜʦʚʞ 15 ʭʚ ʽʟ 50 ml 

0,4% ʨ-ʥʫ NaOH, ʷʢʠʡ ʜʦʜʘʁʪʴ ʥʝʚʝʣʠʢʠʤʠ ʧʦʨʮʽ̫ʤʠ. ʆʪʨʠʤʘʥʠʡ ʨʦʟʯʠʥ  ʩʣ̔ʜ 

ʧʨʦʮʝʥʪʨʠʬʫʛʫʚʘʪʠ ʧʨʠ 2000 g ʚʧʨʦʜʦʚʞ 10 ʭʚ. ʅʘʜʦʩʘʜʦʚʫ ʨʽʜʠʥʫ ʚ̔ʜʜʽʣʷʶʪʴ 

ʚʽʜ ʦʩʘʜʫ, ʧʦʤʽhʫʶʯʠ ʜʦʣʠʚʘʶʪʴ ʜʦ ʥʝʾ 15-20 ʤʣ ʨʦʟʯʠʥʫ ʦʮʪʦʚʦʾ ʢʠʩʣʦʪʠ  ̔

ʧʦʚʪʦʨʥʦ ʮʝʥʪʨʠʬʫʛʫʶʪɹ ʟʘ ʪʠʭ ʞʝ ʫʤʦʚ. ʆʩʘʜ ʨʦʟʯʠʥ̫ ʶʪʴ ʫ 15-20 ʤʣ ʨʦʟʯʠʥʫ 

NaOH (0,02 ʤʦʣʴ/ʣ).  

 ʆʪʨʠʤʘʥʠʡ ʪʘʢʠʤ ʯʠʥʦʤ ʛʽʜʨʦʣʟ̔ʘʪ, ʱʦ ʤʽʩʪʠʪ ɹ ʥʫʢʣʝʦʧʨʦʪʝʾʜʠ, 

ʚʠʢʦʨʠʩʪʦʚʫʪʁʴ ʫ ʷʢʽʩʥʠʭ ʨʝʘʢʮʽʷ ʥʘ ʚʫʛʣʝʚʦʜʠ, ʟʦʢʨʝʤʘ, ʧʝʥʪʦʟʠ. 

 ɼʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ ʛʽʜʨʦʣʽʟʘʪʫ ʥʫʢʣʝʦʧʨʦʪʝʾʜʚ̔ ʜʨ̔ʞʜʞ̔ʚ  ̄2 ʥʝʦʙʭʽʜʥʦ 

ʚ ʢʨʫʛʣʦʜʦʥʥʫ ʢʦʣʙʫ ʧʦʤʽʩʪʠʪʠ ʩʚ̔ʞ̔ ʭʣʽʙʦʧʝʢʘʨʩʴʢʽ ʜʨ̔ʞʜʞʽ - 1 ʛ, 20 ʤʣ 

ʨʦʟʯʠʥʫ ʩʽʨʯʘʥʦʾ ʢʠʩʣʦʪʠ ʪʘ 20 ʤʣ ʜʠʩʪʠʣɹʦʚʘʥʦʾ ʚʦʜʠ. ʇ̔ ʩʣʷ ʮʴʦʛʦ ʢʦʣʙʫ ʩʣʽʜ 

ʟʘʢʨʠʪʠ  ʢʦʨʢʦʤ ʽʟ ʩʢʣʷʥʦ  ʁ ʪʨʫʙʢʦ  ʁ ʜʦʚʞʠʥʦʶ 20-30 ʩʤ (ʷʢ ʟʚʦʨʦʪʥ̔ ʡ 

ʭʦʣʦʜʠʣɹʥʠʢ) ʪʘ ʢʠʧôʪ̫ʠʪʠ ʚʧʨʦʜʦʚʞ 35 ʭʚʠʣʠʥ ʥʘ ʚʦʜʷʥ̔ʡ ʙʘʥ̔. ʇʽʩʣʷ ʯʦʛʦ 

ʨʜ̔ʠʥʫ ʥʝʦʙʭʽʜʥʦ ʦʭʦʣʦʜʠʪʠ ʽ ʜʦʚʝʩʪʠ ʾ ʾʦʙôʻʤ ʜʦ ʧʦʯʘʪʢʦʚʦʛʦ ʜʠʩʪʠʣʴʦʚʘʥʦʁ 

ʚʦʜʦʶ  ̔ʚʜ̔ʬʣ̔ɹ ʪʨʫʚʘʪʠ.  
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 ɻ̔ʜʨʦʣʟ̔ʘʪ, ʷʢʠʡ ʦʪʨʠʤʘʣʠ ʪʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʨʠʩʪʦʚʫ̒ ʪʴʩʷ ʜʣʷ ʷʢʽʩʥʠʭ 

ʨʝʘʢʮʽʡ ʥʘ ʙ̔ ʣʢʠ, ʧʫʨʠʥʦʚʽ ʦʩʥʦʚʠ ʪʘ ʟʘʣʠʰʦʢ ʬʦʩʬʦʨʥʦʾ ʢʠʩʣʦʪʠ.  

 

2. ɺʠʷʚʣʝʥʥ̫ ʙʽʣʢʽʚ ʫ ʛʽʜʨʦʣʽʟʘʪʽ ʜʨ̔ʞʜʞʽʚ  

(ʟʘ ʙ̔ ʫʨʝʪʦʚʦ  ʁʨʝʘʢʮʽ̒ )ʁ. 

ʇʨʠʥʮʠʧ ʨʝʘʢʮʽʾ. ʇʨʦʪʝʾʥʠ ʚ ʣʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʽʟ CuSO4 ʬʦʨʤʫʶʪʴ 

ʩʢʣʘʜʥʽ ʢʦʤʧʣʝʢʩʠ ʩʠʥʦɹ-ʬʽʦʣʝʪʦʚʦʛʦ ʟʘʙʘʨʚʣʝʥʥʷ ʨʽʟʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪ̔ , ʦɦ 

ʟʥʘʭʦʜʠʪʴʩ ̫ʚ ʧʨ̫ ʤ̔ʡ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʧʝʧʪʠʜʥʠʭ ʟʚôʷʟʢʽʚ ʫ ʤʦʣʝʢʫʣʽ 

ʧʨʦʪʝʥʾʫ. 

ʈʝʘʢʪʠʚʠ ʽ ʤʘʪʝʨʽʘʣʠ. ɼʨʽʞʜʞʦʚʠʡ ʛ̔ ʜʨʦʣʟ̔ʘʪ ˉ 2, 10 % ʨ-ʥ NaOH, 1 % 

ʨ-ʥ CuSO4. 

ʆʙʣʘʜʥʘʥʥ.̫ ʍʽʤʽʯʥʽ ʧʨʦʙʽʨʢʠ, ʩʢʣʷʥʽ ʧʘʣʠʯʢʠ, ʰʪʘʪʠʚ, ʧʽʧʝʪʢʠ, 

ʢʨʘʧʝʣʴʥʠʮʷ, ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʥ̔ʜʠʢʘʪʦʨ. 

ʍ̔ʜ ʨʦʙʦʪʠ: ɺ̔ ʜʤʽʨʷʪʠ ʩʢʣʷʥʦʶ ʧʽʧʝʪʢʦʶ 0,5 ʤʣ ʛʽʜʨʦʣʽʟʘʪʫ ʽ ʚʥʝʩʪʠ ʡʦʛʦ 

ʚ ʧʨʦʙ̔ ʨʢʫ. ʅʝʡʪʨʘʣʽʟʫʚʘʪʠ ʨʦʟʯʠʥʦʤ ʾʜʢʦʛʦ ʥʘʪʨ̔ ʶ (ʟʘ ʫʥʽʚʝʨʩʘʣʴʥʠʤ 

ʽʥʜʠʢʘʪʦʨʦʤ), ʜʦʜʘʪʠ 0,5 ʤʣ ʨ-ʥʫ NaOH  ̔2-3 ʢʨʘʧʣʽ ʨ-ʥʫ CuSO4 ʪʘ ʦʙʝʨʝʞʥʦ 

ʧʝʨʝʤʽʰʘʪʠ. ʉʠʥʴʦ-ʬʽʦʣʝʪʦʚʠʡ ʢʦʣ̔ʨ ʨʦʟʯʠʥʫ  ̒ʩʚ̔ʜʯʝʥʥʤ̫ ʥʘʚ̫ʥʦʩʪʽ ʙ̔ ʣʢʽʚ ʫ 

ʥʫʢʣʝʦʧʨʦʪʝʾʜʘʭ ʛʜ̔ʨʦʣʽʟʘʪʫ. 

 

3. ɺʠʜʽʣʝʥʥʷ ʜʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʾʥʦʚʦʾ ʢʠʩʣʦʪʠ  

ʽʟ ʨʦʩʣʠʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ʄʝʪʘ ʨʦʙʦʪʠ: ʚʠʜʽʣʠʪʠ ʜʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʾʥʦʚʫ ʢʠʩʣʦʪʫ ʽʟ ʨʦʩʣʠʥʥʠʭ 

ʢʣʽʪʠʥ ʪʘ ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʾʾ ʧʨʠʩʫʪʥʽʩʪʴ ʚ ʨʦʟʯʠʥ̔. 

ʇʨʠʥʮʠʧ ʤʝʪʦʜʫ: ɺʠʜʣ̔ʝʥʥʷ ʩʫʤʘʨʥʦʾ ɼʅʂ ʟʘ ʢʣʘʩʠʯʥʦʶ ʤʝʪʦʜʠʢʦʶ ʻ 

ʧʨʦʮʝʩʦʤ, ʱʦ ʚʢʣʶʯʘʻ ʥʘʩʪʫʧʥʽ 4 ʝʪʘʧʠ: ʚʽʜʙʽʨ ʽ ʟʙʝʨʽʛʘʥʥʷ ʨʦʩʣʠʥʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ; ʡʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʟʘʜʣʷ ʚʠʚʽʣʴʥʝʥʥʷ ʢʣʽʪʠʥʥʦʛʦ ʚʤʽʩʪʫ; ʚʠʜʘʣʝʥʥʷ 

ʽʥʰʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʢʣʽʪʠʥʠ, ʟʘ ʚʠʢʣʶʯʝʥʥʷʤ ɼʅʂ; ʦʪʨʠʤʘʥʥʷ ʤʘʢʩʠʤʘʣɹ ʥʦ 

ʢʦʥʮʝʥʪʨʦʚʘʥʦʛʦ ʧʨʝʧʘʨʘʪʫ ʜʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʾʥʦʚʦʾ ʢʠʩʣʦʪʠ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʨʝʘʢʪʠʚʠ. ʅʘʪʨʽʶ ʭʣʦʨʠʜ ʭ.ʯ. (NaCl), ʥʘʪʨʽʶ 

ʛʽʜʨʦʢʘʨʙʦʥʘʪ ʭ.ʯ. (NaHCO3), ʜʠʩʪʠʣʴʦʚʘʥʘ ʚʦʜʘ, ʜʝʪʝʨʛʝʥʪ (ʟʘʩʽʙ ʜʣʷ ʤʠʪʪʷ 

ʧʦʩʫʜʫ, ʤʠʣʦ), 95 % ʝʪʠʣʦʚʠʡ ʩʧʠʨʪ, ʙʘʥʘʥ. 

ʆʙʣʘʜʥʘʥʥʷ. ʉʪʫʧʢʘ ʟ ʪʦʚʢʘʯʠʢʦʤ ʘʙʦ ʛʦʤʦʛʝʥʽʟʘʪʦʨ ʣʘʙʦʨʘʪʦʨʥʠʡ, ʣʽʡʢʠ, 

ʢʦʣʙʠ, ʩʢʣʷʥʢʠ, ʧʨʦʙʽʨʢʠ ʩʢʣʷʥʽ, ʧʘʧʽʨ ʬʽʣʴʪʨʫʚʘʣʴʥʠʡ, ʚʘʛʠ. 

ʍʽʜ ʨʦʙʦʪʠ 

ʇʝʨʰʠʤ ʝʪʘʧʦʤ ʨʦʙʦʪʠ ʻ ʧʨʠʛʦʪʫʚʘʥʥʷ ʙʫʬʝʨʥʦʛʦ ʨʦʟʯʠʥʫ, ʪʦʙʪʦ ʪʦʛʦ 

ʨʦʟʯʠʥʫ ʷʢʠʡ ʟʜʘʪʥʠʡ ʟʙʝʨʽʛʘʪʠ ʩʪʘʣʝ ʨʅ ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʜʦ ʥɹʦʛʦ ʧʝʚʥʦʾ 

ʢʣ̔ʴʢʦʩʪʽ ʢʠʩʣʦʪʠ ʘʙʦ ʣʫʛʫ ʯʠ ʧʨʠ ʨʦʟʚʝʜʝʥʥʽ ʚʦʜʦʶ. ɼʣʷ ʧʨʠʛʦʪʫʚʘʪʠ ʚ ʢʦʣʙʫ 
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ʚʥʝʩʪʠ 120 ʤʣ ʜʠʩʪʠʣʴʦʚʘʥʦʾ ʚʦʜʠ, ʜʦʜʘʪʠ 1,5 ʛ ʥʘʪʨʽʶ ʭʣʦʨʠʜʫ ʽ 5 ʛ 

ʛʽʜʨʦʢʘʨʙʦʥʘʪʫ ʥʘʪʨ̔ʁ . ɼʦ ʦʪʨʠʤʘʥʦʛʦ ʨʦʟʯʠʥʫ ʜʦʜʘʪʠ 50 ʤʣ ʜʝʪʝʨʛʝʥʪʫ ʽ 

ʧʦʤʽʰʫʚʘʪʠ ʚʧʨʦʜʦʚʞ 3 ʭʚʠʣʠʥ. 

ɼʨʫʛʠʤ ʝʪʘʧʦʤ ʻ ʧʽʜʛʦʪʦʚʢʘ ʨʦʩʣʠʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ɼʅʂ. 

ɹʘʥʘʥ ʦʯʠʩʪʠʪʠ ʚʽʜ ʰʢʽʨʢʠ, ʚʟʷʪʠ ʥʘʚʘʞʢʫ 20-30 ʛ ʽ ʨʝʪʝʣʴʥʦ ʛʦʤʦʛʝʥʽʟʫʚʘʪʠ ʚ 

ʩʪʫʧʮʽ ʯʠ ʛʦʤʦʛʝʥʽʟʘʪʦʨʦʤ. ɼʦ ʦʪʨʠʤʘʥʦʾ ʤʘʩʠ ʜʦʜʘʪʠ ʭʦʣʦʜʥʠʡ ʙʫʬʝʨʥʠʡ 

ʨʦʟʯʠʥ ʟ ʜʝʪʝʨʛʝʥʪʦʤ ʽ ʦʙʝʨʝʞʥʦ ʧʝʨʝʤʽʰʫʚʘʪʠ ʚʧʨʦʜʦʚʞ 5 ʭʚʠʣʠʥ (ʧʽʜ 

ʚʧʣʠʚʦʤ ʜʝʪʝʨʛʝʥʪʫ ʨʫʡʥʫʶʪʴʩʷ ʤʝʤʙʨʘʥʠ ʢʣʽʪʠʥ ʽ ʷʜʝʨ ʪʘ ʚ ʨʦʟʯʠʥ 

ʚʠʚʽʣʴʥʷʻʪʴʩʷ ɼʅʂ).  

ʇʽʩʣ̫ ʮʴʦʛʦ ʟ ʨʦʟʯʠʥʫ ʩʣʜ̔ ʚʠʜʘʣʠʪʠ ʟʘʣʠʰʢʠ ʢʣʽʪʠʥʥʠʭ ʩʪʽʥʦʢ: 

ʧʨʦʬʽʣʴʪʨʫʚʘʪʠ ʨʦʟʯʠʥ ʯʝʨʝʟ ʧʘʧʝʨʦʚʠʡ ʬʽʣʴʪʨ. ɺʽʜʽʙʨʘʪʠ 5-7 ʤʣ ʦʪʨʠʤʘʥʦʛʦ 

ʬʽʣʴʪʨʘʪʫ ʪʘ ʧʦʤʽʩʪʠʪʠ ʚ ʧʨʦʙʽʨʢʫ, ʧʽʩʣʷ ʯʦʛʦ ʧʦ ʩʪʽʥʮʽ ʧʨʦʙʽʨʢʠ, ʥʘʭʠʣʠʚʰʠ ʾʾ 

ʧʽʜ ʛʦʩʪʨʠʤ ʢʫʪʦʤ, ʦʙʝʨʝʞʥʦ ʥʘʰʘʨʫʚʘʪʠ ʦʭʦʣʦʜʞʝʥʠʡ ʚ ʤʦʨʦʟʠʣʮʽ 95 % 

ʝʪʠʣʦʚʠʡ ʩʧʠʨʪ ʚ ʦʙô̒ ʤʽ 3-4 ʤʣ. ʅʘ ʤʝʞʽ ʨʦʟʧʦʜʽʣʫ ʜʚʦʭ ʨʽʜʠʥ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʫʪʚʦʨʝʥʥʷ ʙʽʣʠʭ ʥʠʪʦʢ ɼʅʂ, ʦʙʫʤʦʚʣʝʥʝ ʪʠʤ, ʱʦ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʟ ʝʪʠʣʦʚʠʤ 

ʩʧʠʨʪʦʤ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʥʰʠʭ ʢʣʽʪʠʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʪʽʣɹʢʠ 

ʜʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʾʥʦʚʘ ʢʠʩʣʦʪʘ ʰʚʠʜʢʦ ʚʠʧʘʜʘʻ ʚ ʦʩʘʜ, ʘ ʽʥʰʽ ʟʘʣʠʰʘʶʪʴʩʷ ʚ 

ʚʦʜʥʽʡ ʬʘʟʽ. 

ɺʠʩʥʦʚʦʢ: 

 

 

4. ɺʠʷʚʣʝʥʥʷ ʚʫʛʣʝʚʦʜʽʚ. 

ɸ. ʈʝʘʢʮʽʷ ʟ̔ ʦʨʮʠʥʦʤ (ʨʝaʢʮʽ̫ ɹ̔ʘʣʷ) ʥʘ ʧʝʥʪʦʟʠ. 

ʇʨʠʥʮʠʧ ʤʝʪʦʜʫ. ɿʘ ʥʘʷʚʥʦʩʪ̔  ʚ ʨʦʟʯʠʥʽ ʢʦʥʮʝʥʪʨʦʚʘʥʦʾ ʭʣʦʨʠʜʥʦʾ 

ʢʠʩʣʦʪʠ, ʨʠʙʦʟʠ ʧʨʠ ʥʘʛʨʽʚʘʥʥ ̔ ʫʪʚʦʨʶʶʪʴ ʬʫʨʬʫʨʦʣ, ʷʢʠʡ ʚʟʘʻʤʦʜʽʁʯʠ ʟ 

ʦʨʮʠʥʦʤ ʟʘ ʥʘʷʚʥʦʩʪʽ ʬʝʨʫʤ (ɯɯɯ) ʭʣʦʨʠʜʫ, ʥʘʙʫʚʘʻ ʩʠʥʴʦ-ʟʝʣʝʥʦʛʦ ʢʦʣɹʦʨʫ, ʘ ʟ 

ʬʣʦʨʛʣʶʮʠʥʦʤ ï  ʚʠʥhʝʚʦ-ʯʝʨʚʦʥʦʛʦ. 

ʈʝʘʢʪʠʚʠ  ̔ ʤʘʪʝʨʽʘʣʠ.  ɻ̔ʜʨʦʣ̔ ʟʘʪ ʥʫʢʣʝʦʧʨʦʪʝʾʜʽʚ ʜʨ̔ ʞʜʞʽʚ ˉ1, 

ʭʣʦʨʠʜʥʘ ʢʠʩʣʦʪʘ ʢʦʥʮʝʥʪʨʦʚʘʥʘ, ʢʨʠʩʪʘʣʽʯʥʠʡ ʦʨʮʠʥ, 0,1% ʨ-ʥ ʬʣʦʨʛʣʁ ʮʠʥʫ. 

ʆʙʣʘʜʥʘʥʥʷ. ʍʽʤʽʯʥʽ ʧʨʦʙʽʨʢʠ, ʩʢʣʷʥʽ ʧʘʣʠʯʢʠ, ʰʪʘʪʠʚ, ʙʘʥʷ ʚʦʜʷʥʘ. 

ʍʽʜ ʨʦʙʦʪʠ. ʋ ʜʚʽ ʧʨʦʙʽʨʢʠ ʚʥʝʩʪʠ ʛʽʜʨʦʣʽʟʘʪ ʜʨʞ̔ʜʞʚ̔  ̄1 ʚ ʦʙô̒ ʤʽ 1 ʤʣ. 

ʋ ʧʝʨh ʫ ʜʦʜʘʪʠ 1 ʤʣ HCl  ̔ʢʽʣʴʢʘ ʢʨʠʩʪʘʣʽʚ ʦʨʮʠʥʫ, ʫ ʜʨʫʛʫ ï 1,5 ʤʣ ʨ-ʥʫ 

ʬʣʦʨʛʣʶʮʠʥʫ. ɺʤʽʩʪʠʤʝ ʥʝʦʙʭʽʜʥʦ ʨʝʪʝʣʴʥʦ ʧʝʨʝʤʽʘhʪʠ ʩʢʣʷʥʠʤʠ ʧʘʣʠʯʢʘʤʠ. 

ʇʝʨʰʫ ʧʨʦʙʽʨʢʫ ʚʧʨʦʜʦʚʞ 6 ʭʚ ʩʣʽʜ ʢʠʧôʷʪʠʪʠ ʥʘ ʚʦʜʷʥʽʡ ʙʘʥ,̔ ʘ ʜʨʫʛʫ ʧʨʦʙʽʨʢʫ 

ʣʠhʝ ʥʘʛʨʽʪʠ ʜʦ ʢʠʧ̔ʥʥ̫. ɺʤʽʩʪ ʧʨʦʙʨ̔ʦʢ ʦʭʦʣʦʜʠʪʠ ʪʘ ʚʽʜʤʽʪʠʪʠ ʟʤʽʥʫ ʢʦʣʴʦʨʫ 

ʚ 1 ʧʨʦʙʽʨʮʽ ʽʟ ʦʨʮʠʥʦʤ (ʩʠʥʴʦ-ʟʝʣʝʥʠʡ)  ̔ ʚ 2 ʧʨʦʙʨ̔ʮ ̔ʽʟ ʬʣʦʨʛʣʶʮʠʥʦʤ ï 

ʚʠʥhʝʚʦ-ʯʝʨʚʦʥʠʡ. 
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ɺʠʩʥʦʚʦʢ: 

 

 

ɺ. ʗʢʽʩʥʘ ʨʝʘʢʮʽʷ ʽʟ ʜʠʬʝʥʽʣʘʤʽʥʦʤ ʥʘ ʜʝʟʦʢʩʠʧʝʥʪʦʟʠ. 

ʇʨʠʥʮʠʧ ʤʝʪʦʜʫ. ʅʘʛʨʽʚʘʥʥ̫ ʜʝʟʦʢʩʠʧʝʥʪʦʟ ʚ ʢʠʩʣʦʤʫ ʩʝʨʝʜʦʚʠɦ ʽ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʩʧʦʣʫʢ (ʦʢʩʠʣʝʚʫʣ̔ʥʦʚʦʛʦ ʘʣʴʜʝʛʽʜʫ, ʬʫʨʬʫʨʠʣʦʚʦʛʦ 

ʩʧʠʨʪʫ ʪʦʱʦ), ʱʦ ʧʨʠ ʢʦʥʜʝʥʩʘʮʽʾ ʟ ʜʠʬʝʥʽʣʘʤʽʥʦʤ ʫʪʚʦʨʶʶʪʴ ʩʧʦʣʫʢʠ ʩʠʥɹ ʦʛʦ 

ʟʘʙʘʨʚʣʝʥʥʷ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʨʝʘʢʪʠʚʠ. ɻʽʜʨʦʣʽʟʘʪ ʥʫʢʣʝʦʧʨʦʪʝʾʜʽʚ ʜʨʽʞʜʞʽʚ ˉ1, 

ʨʦʟʯʠʥ ʜʠʬʝʥʽʣʘʤ̔ʥʫ (1 ʛ ʜʠʬʝʥʣ̔ʘʤ̔ʥʫ ʨʦʟʯʠʥʷʶʪʴ ʫ ʩʫʤʽʰʽ ʢʦʥʮʝʥʪʨʦʚʘʥʦʾ 

ʩʽʨʯʘʥʦʾ ʢʠʩʣʦʪʠ (2, 75 ʤʛ) ʽ ʣʴʦʜʷʥʦ ʾʦʮʪʦʚʦ ʾʢʠʩʣʦʪʠ (100 ml)). 

ʆʙʣʘʜʥʘʥʥʷ. ʇʨʦʙʽʨʢʠ ʭʽʤʽʯʥʽ, ʪhʘʪʠʚ, ʧʽʧʝʪʢʠ. 

ʍʽʜ ʨʦʙʦʪʠ. ɺʥʝʩʪʠ ʚ ʧʨʦʙʽʨʢʫ ʛʜ̔ʨʦʣʽʟʘʪ ʜʨʽʞʜʞʽʚ  ̄1 ʙʣʠʟʴʢʦ 2 ml ʽ 

ʜʦʜʘʪʠ 2 ml ʜʠʬʝʥ̔ʣʘʤʽʥʦʚʦʛʦ ʨʝʘʢʪʠʚʫ. ʈʝʪʝʣʴʥʦ ʧʝʨʝʤʽʰʘʪʠ ʚʤʽʩʪʠʤʝ 

ʧʨʦʙʽʨʦʢ  ̔ʢʠʧôʷʪʠʪʠ ʥʘ ʚʦʜʷʥʽʡ ʙʘʥʽ ʚʧʨʦʜʦʚʞ 15 ʭʚʠʣʠʥ. ʗʢʦɦ ʫ ʛʽʜʨʦʣʽʟʘʪʽ 

ʥʫʢʣʝʦʧʨʦʪʝʾʜʽʚ ʤ̔ ʩʪʠʪʴʩʷ ʜʝʟʦʢʩʠʨʠʙʦʟʘ ʪʦ ʚʤʽʩʪ ʧʨʦʙ̔ ʨʢʠ ʥʘʙʫʜʝ ʩʠʥɹʦʛʦ 

ʟʘʙʘʨʚʣʝʥʥʷ, ʘ ʷʢʱʦ ʨʠʙʦʟʘ ï ʪʦ ʟʝʣʝʥʦʛʦ. 

ɺʠʩʥʦʚʦʢ: 

 

 

5. ɺʠʷʚʣʝʥʥ̫ ʧʫʨʠʥʦʚʠʭ ʦʩʥʦʚ. 

ʇʨʠʥʮʠʧ ʤʝʪʦʜʫ. ɿʘ ʥʘʷʚʥʦʩʪʽ ʚ ʨʝʘʢʮʽʡʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʩʦʣʝʡ 

ʘʨʛʝʥʪʫʤʫ, ʧʫʨʠʥʦʚʽ ʦʩʥʦʚʠ ʬʦʨʤʫʶʪʴ  ʟ ʥʠʤʠ ʢʦʤʧʣʝʢʩʥʽ ʩʧʦʣʫʢʠ. 

ʈʝʘʢʪʠʚʠ ʽ ʤʘʪʝʨʽʘʣʠ. ɻʽʜʨʦʣʽʟʘʪ ʜʨʽʞʜʞʽʚ  ̄ 2, ʨ-ʥ NH3 

ʢʦʥʮʝʥʪʨʦʚʘʥʠʡ, 1% ʨ-ʥ AgNO3. 

ʆʙʣʘʜʥʘʥʥ.̫ ʍʽʤʽʯʥ ̔ ʧʨʦʙʽʨʢʠ, ʩʢʣ̫ʥ̔ ʧʘʣʠʯʢʠ, ʰʪʘʪʠʚ, ʫʥʽʚʝʨʩʘʣʴʥʠʡ 

ʽʥʜʠʢʘʪʦʨ. 

ʍ̔ ʜ ʨʦʙʦʪʠ. ɼʦ 1 ʤʣ ʛʽʜʨʦʣʽʟʘʪʫ ʜʨ̔ ʞʜʞʽʚ ˉ 2 ʜʦʜʘʶʪ ɹʢʦʥʮʝʥʪʨʦʚʘʥʠʡ 

ʨ-ʥ NH3, ʜʦʢʠ ʨʅ ʥʝ ʩʪʘʥʝ ʣʫʞʥʠʤ (ʟʘ ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʽʥʜʠʢʘʪʦʨʦʤ), ʽ 0,5 ʤʣ                

ʨ-ʥʫ AgNO3. ɺʧʨʦʜʦʚʞ 2-4 ʭʚʠʣʠʥ ʬʦʨʤʫʻʪʴʩʷ ʦʩʘʜ, ʫʪʚʦʨʝʥʠʡ ʩʨʽʙʥʠʤʠ 

ʩʦʣ̫ʤʠ ʧʫʨʠʥʦʚʠʭ ʦʩʥʦʚ. 

ɺʠʩʥʦʚʦʢ: 

 

 

6. ɺʠ̫ ʚʣʝʥʥʷ ʬʦʩʬʦʨʥʦʾ ʢʠʩʣʦʪʠ (ʤʦʣʽʙʜʝʥʦʚʘ ʨʝʘʢʮʽʷ).  

 ʇʨʠʥʮʠʧ ʨʝʘʢʮʽʾ. ʌʦʩʬʦʨʥʘ ʢʠʩʣʦʪʘ ʟʜʘʪʥʘ ʚʟʘʻʤʦʜʽʷʪʠ ʟ̔ ʤʦʣ̔ʙʜʝʥʦʚʠʤ 

ʨʝʘʢʪʠʚʦʤ ʟ ʫʪʚʦʨʝʥʥʷʤ ʬʦʩʬʦʨʥʦ ʾʩʦʣ̔ ʤʦʣ̔ʙʜʘʪʫ ʘʤʦʥʽʶ (ʞʦʚʪʝ ʟʘʙʘʨʚʣʝʥʥʷ): 
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ʈʝʘʢʪʠʚʠ ʽ ʤʘʪʝʨ̔ʘʣʠ. ɻʜ̔ʨʦʣʽʟʘʪ ʥʫʢʣʝʦʧʨʦʪʝʾʜʽʚ ʜʨʽʞʜʞʽʚ  ̄ 2,   

ʤʦʣʽʙʜʝʥʦʚʠʡ ʨʝʘʢʪʠʚ (ʧʨʦʧʠʩ: ʤʦʣʽʙʜʘʪ ʘʤʦʥʽʶ (7,5 ʛ) ʨʦʟʯʠʥʠʪʠ ʚ 100 ʤʣ 

ʚʦʜʠ  ʪʘ ʜʦʜʘʪʠ 100 ʤʣ 32 % ʨ-ʥʫ ʥʽʪʨʘʪʥʦ ʾʢʠʩʣʦʪʠ ʟ ʚʽʜʥʦʩʥʦʶ ʱʽʣʴʥʽʩʪʶ 1,2, 

ʧʦʚʥʝ ʨʦʟʯʠʥʝʥʥʷ ʤʦʣʽʙʜʘʪʫ ʘʤʦʥʽʶ ʚʽʜʙʫʜʝʪʴʩ ̫ ʧʽʩʣʷ ʜʦʜʘʚʘʥʥ̫ ʥ̔ʪʨʘʪʥʦʾ 

ʢʠʩʣʦʪʠ).     

 ʆʙʣʘʜʥʘʥʥʷ. ʇʨʦʙʽʨʢʠ ʽʟ ʰʪʘʪʠʚʦʤ, ʧʽʧʝʪʢʠ, ʚʦʜ̫ʥʘ ʙʘʥʷ. 

 ʍʽʜ ʨʦʙʦʪʠ. ɼʦ 1 ʤʣ ʛʜ̔ʨʦʣʽʟʘʪʫ ʜʨʽʞʜʞʽʚ ʜʦʜʘʶʪʴ 1 ʤʣ ʤʦʣ̔ʙʜʝʥʦʚʦʛʦ 

ʨʝʘʢʪʠʚʫ ʪʘ ʢʠʧôʷʪʷʪʴ. ɿʘ ʧʨʠʩʫʪʥʦʩʪʽ ʬʦʩʬʦʨʥʦʾ ʢʠʩʣʦʪʠ ʫ ʛʽʜʨʦʣʽʟʘʪʽ 

ʥʫʢʣʝʦʧʨʦʪʝʾʜʽʚ ʜʨʞ̔ʜʞ̔ʚ ʨʽʜʠʥʘ ʚ ʧʨʦʙ̔ʨʮʽ ʟʘʙʘʨʚʣʶʪ̒ʴʩ̫ ʚ ʣʠʤʦʥʥʦ-ʞʦʚʪʠʡ 

ʢʦʣʽʨ, ʘ ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʚʠʧʘʜʘ̒ ʢʨʠʩʪʘʣʽʯʥʠʡ ʦʩʘʜ ʞʦʚʪʦʛʦ ʢʦʣʴʦʨʫ.  

 ɺʠʩʥʦʚʦʢ: 

  

 

ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ 10 

çʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʝ ʚʠʟʥʘʯʝʥʥʷ ʩʫʤʘʨʥʦʛʦ ʚʤʽʩʪʫ ʥʫʢʣʝʾʥʦʚʠʭ 

ʢʠʩʣʦʪ ʟʘ ʤʝʪʦʜʦʤ ʉʧʽʨʽʥʘè. 

ʇʨʠʥʮʠʧ ʤʝʪʦʜʫ. ʂʣ̔ʢɹ̔ʩʥʝ ʚʠʟʥʘʯʝʥʥʷ ʅʂ ʧʨʦʚʦʜʷʪʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʤʝʪʦʜʽʚ, ʷʢʽ ʙʘʟʫʶʪʴʩ ̫ʥʘ ʚʠʤʽʨʶʚʘʥʥʽ ʩʚʽʪʣʦʧʦʛʣʠʥʘʥʥʷ ʯʠ ʚʠʩʦʢʦʩʧʝʮʠʬʽʯʥʠʭ 

ʨʝʘʢʮʽʷʭ, ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ ʦʢʨʝʤʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʥʫʢʣʝʾʥʦʚʠʭ ʢʠʩʣʦʪ. 

ʄʘʢʩʠʤʘʣʴʥʝ ʧʦʛʣʠʥʘʥʥʷ ʩʚʽʪʣʘ ʜʣʷ ʥʫʢʣʝʾʥʦʚʠʭ ʢʠʩʣʦʪ ʩʧʦʩʪʝʨʽʛʘʻʪɹ ʩ̫ ʧʨʠ 

260 ʥʤ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʘʟʦʪʠʩʪʠʤʠ ʦʩʥʦʚʘʤʠ ʚ ʾʭ ʩʢʣʘʜʽ. ɺʩʽ ʚʦʥʠ ʚʦʣʦʜʽʶʪʴ 

ʦʜʥʘʢʦʚʠʤ ʤʘʢʩʠʤʫʤʦʤ ʘʙʩʦʨʙʮ̔ʾ , ʦʢʨʽʤ ʮʠʪʦʟʠʥʫ, ʥʘʡʙʽʣʴʰʝ 

ʩʚʽʪʣʦʧʦʛʣʠʥʘʥʥʷ ʷʢʦʛʦ ʟʥʘʭʦʜʠʪʴʩʷ ʧʨʠ 270 ʥʤ. ʇʨʦʪʝ ʧʨʠʨʦʜʥʘ 

ʜʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʾʥʦʚʘ ʢʠʩʣʦʪʘ ʤʘʻ ʩʚʽʪʣʦʧʦʛʣʠʥʘʥʥʷ ʩʫʪʪʚ̒ʦ ʥʠʞʯʝ 

(ʧʨʠʙʣʠʟʥʦ ʥʘ 40-50 % ), ʧʦʨʽʚʥʷʥʦ ʟʽ ʩʢʣʘʜʦʚʠʤʠ ʾʾ ʥʫʢʣʝʦʪʠʜ̔ ʚ. ʎʝ ʧʦʚô̫ ʟʘʥʦ ʟ 

çʛ̔ʧʦʭʨʦʤʥʠʤ ʝʬʝʢʪʦʤè ʦʙʫʤʦʚʣʝʥʠʤ ʥʘʷʚʥʽʩʪʶ ʧʦʜʚʽʡʥʦʾ ʩʧʽʨʘʣʽ ʚ ʧʨʠʨʦʜʥʽʡ 

ɼʅʂ, ʪʘʢʠʤ ʩʘʤʠʤ ʝʬʝʢʪʦʤ ʚʦʣʦʜʽʻ ʡ ʈʅʂ, ʷʢʘ ʤʘʻ ʧʝʪʣ.̔ 

ɿʚʘʞʘʶʯʠ ʥʘ ʚʢʘʟʘʥʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʉʧʽʨ̔ʥʠʤ ɸ.ʉ. ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʤʝʪʦʜ, 

ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʨʝʻʩʪʨʘʮʽʾ ʩʚʽʪʣʦʧʦʛʣʠʥʘʥʥ̫ ʛʽʜʨʦʣʽʟʘʪʽʚ ʅʂ ʟʘ ʜʚʦʭ ʜʦʚʞʠʥ 

ʭʚʠʣʴ (270 ʽ 290 ʥʤ), ʦʩʢʽʣʴʢʠ ʩʘʤʝ ʚ ʪʘʢʠʭ ʫʤʦʚʘʭ ʥʽʚʝʣʶʻʪʴʩʷ ʾʭ ʚʽʜʤʽʥʥʽʩʪʴ ʫ 

ʩʢʣʘʜʽ ʥʫʢʣʝʦʪʠʜ̔ ʚ.  

ʈʝʘʢʪʠʚʠ ʽ ʤʘʪʝʨʽʘʣʠ. ʈʦʩʣʠʥʥʘ ʪʢʘʥʠʥʘ (0,1ï0,2 ʛ), ʦʭʦʣʦʜʞʝʥʠʡ ʨ-ʥ 

ʅʉ1ʆ4 (0,2 ʅ ʽ 0,5 ʅ), ʣʴʦʜ.  
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ʆʙʣʘʜʥʘʥʥʷ. ʉʢʣʷʥʽ ʧʽʧʝʪʢʠ, ʚʘʛʠ, ʧʨʦʙʽʨʢʠ ʢʦʥʽʯʥʽ, ʣʘʙʦʨʘʪʦʨʥʘ 

ʮʝʥʪʨʠʬʫʛʘ (3000 g), ʚʦʜʷʥʘ ʙʘʥʷ, ʛʦʜʠʥʥʠʢ, ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨ, ʢʶʚʝʪʠ.  

ʍʽʜ ʨʦʙʦʪʠ. 

1. ɻʦʤʦʛʝʥ̔ʟʫʚʘʪʠ ʨʦʩʣʠʥʥʫ ʪʢʘʥʠʥʫ ʽ ʚʽʜʚʘʞʠʪʠ (0,1ï0,2 ʛ). ʇʦʤ̔ʩʪʠʪʠ 

ʥʘʚʘʞʢʫ ʚ ʢʦʥʽʯʥʫ ʧʨʦʙʽʨʢʫ ʪʘ ʚʥʝʩʪʠ 5ï10 ʤʣ 0,2 ʅ ʨ-ʥʫ ʅʉ1ʆ4. ʇʝʨʝʤʽʰʘʪʠ 

ʛʦʤʦʛʝʥʘʪ ʟ ʨʦʟʯʠʥʦʤ ̔ ʚʽʜʦʢʨʝʤʠʪʠ ʦʩʘʜ ʤʝʪʦʜʦʤ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷ (3000 g  

ʚʧʨʦʜʦʚʞ 10 ʭʚ).  

2. ʅʘʜʦʩʘʜ ʚʽʜʽʙʨʘʪʠ, ʘ ʜʦ ʦʩʘʜʫ ʜʦʜʘʪʠ 5ï10 ʤʣ 0,5 ʅ ʨ-ʥʫ ʭʣʦʨʥʦ ʾ

ʢʠʩʣʦʪʠ, ʟʘʢʨʠʪʠ ʧʨʦʙʽʨʢʫ ʧʨʦʙʢʦʶ ʟ ʧʦʚʽʪʨʷʥʠʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ ʪʘ ʥʘʛʨʚ̔ʘʪʠ ʫ 

ʢʠʧʣʷʯʡ̔ ʚʦʜ̫ʥʽʡ ʙʘʥʽ ʚʧʨʦʜʦʚʞ 30 ʭʚ (ʚʽʜʙʫʚʘʪ̒ʴʩʷ ʢʽʣʴʢʽʩʥʘ ʝʢʩʪʨʘʢʮʽʷ ʅʂ ʽʟ 

ʨʦʩʣʠʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ ʾʾ ʢʠʩʣʦʪʥʠʡ ʛʽʜʨʦʣʽʟ ʥʘ ʦʢʨʝʤʽ ʬʨʘʛʤʝʥʪʠ).  

3. ɻʽʜʨʦʣʽʟʘʪ ʦʭʦʣʦʜʠʪʠ ʽ ʚʽʜʮʝʥʪʨʠʬʫʛʫʚʘʪʠ, ʥʘʜʦʩʘʜ ʚʽʜʜʽʣʠʪʠ ʚ ʦʢʨʝʤʫ 

ʢʦʣʙʫ, ʘ ʟ ʦʩʘʜʦʤ ʧʨʦʚʝʩʪʠ ʧʦʚʪʦʨʥʫ ʝʢʩʪʨʘʢʮ̔ʁ  0,5 ʅ HClʆ4. ɻʽʜʨʦʣʽʟʘʪʠ 

ʦʙô̒ ʜʥʘʪʠ ʪʘ ʚʠʤʽʨʷʪʠ ʟ ʜʦʧʦʤʦʛʦʶ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ ʩʚʽʪʣʦʧʦʛʣʠʥʘʥʥʷ ʧʨʠ 

ʜʦʚʞʠʥʘʭ ʭʚʠʣʴ (270 ʪʘ 290 ʥʤ) ʧʨʦʪʠ ʢʦʥʪʨʦʣʶ, ʷʢʠʤ ʻ 0,5 ʅ ʨʦʟʯʠʥ HClO4. 

ʇʨʠ ʧʦʪʨʝʙʽ ʛʽʜʨʦʣʽʟʘʪ ʨʦʟʚʝʩʪʠ ʪʘʢʠʤ ʞʝ ʨʦʟʯʠʥʦʤ. ɺʤʽʩʪ ʬʦʩʬʦʨʫ ʅʂ ʟ 

ʨʦʟʨʘʭʫʥʢʫ ʥʘ 1 ʤʣ ʛʽʜʨʦʣʽʟʘʪʫ ʦʙʯʠʩʣʠʪʠ ʧʦ ʬʦʨʤʫʣʽ:  

                       
ʜʝ ʉʌʥ ï ʢʽʣʴʢʽʩʪʴ ʤʢʛ ʬʦʩʬʦʨʫ ʚ ʅʂ,  

0,19 ï ʧʦʢʘʟʥʠʢ ʝʢʩʪʠʥʢʮʽʾ, ʷʢʠʡ ʦʙʯʠʩʣʶʻʪʴʩʷ ʨʽʟʥʠʮʝʶ ɽ270 ï ɽ290, ʷʢʠʡ 

ʚʣʘʩʪʠʚʠʡ ʛʽʜʨʦʣʟ̔ʘʪʫ ʅʂ, ʱʦ ʤʽʩʪʠʪʴ ʥʫʢʣʝʾʥʦʚʠʡ ʬʦʩʬʦʨ ʚ ʢʽʣɹʢʦʩʪʽ 1 ʤʢʛ ʚ              

1 ʤʣ ʨʦʟʯʠʥʫ.  

ʇʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʚʨʘʭʦʚʫʚʘʪʠ ʟʘʛʘʣʥɹʠʡ ʦʙô̒ ʤ ʛ̔ʜʨʦʣʽʟʘʪʫ ʽ ʡʦʛʦ 

ʨʦʟʚʝʜʝʥʥʷ. ʑʦʙ ʧʝʨʝʨʘʭʫʚʘʪʠ ʥʫʢʣʝʾʥʦʚʠʡ ʬʦʩʬʦʨ (ʤʢʛ) ʥʘ ʢʽʣʴʢʽʩʪʴ ʅʂ 

ʚʠʢʦʨʠʩʪʘʪʠ ʩʝʨʝʜʥʽʡ ʧʝʨʝʨʘʭʫʥʢʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ - 10,3. 

ɺʠʩʥʦʚʦʢ:  
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ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥ ̫ʪʘ ʟʘʚʜʘʥʥʷ ʜʦ ʨʦʟʜʽʣʫ çʅʫʢʣʝʾʥʦʚʽ ʢʠʩʣʦʪʠè 

 

1. ʑʦ ʪʘʢʝ ʥʫʢʣʝʾʥʦʚʽ ʢʠʩʣʦʪʠ? ʅʘʚʝʩʪʠ ʧʨʠʢʣʘʜʠ. 

2. ʍʤ̔ʽʯʥʠʡ ʩʢʣʘʜ ʥʫʢʣʝʾʥʦʚʠʭ ʢʠʩʣʦʪ. 

3. ʏʠʤ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʥʫʢʣʝʦʪʠʜ ʚʽʜ ʥʫʢʣʝʦʟʠʜʫ? 

4. ʌʫʥʢʮ̔ʾ ʥʫʢʣʝʾʥʦʚʠʭ ʢʠʩʣʦʪ. 

5. ʍʘʨʘʢʪʝʨʥʽ ʦʩʦʙʣʠʚʦʩʪ̔ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʢʣʘʜʫ ʪʘ ʙʫʜʦʚʠ ɼʅʂ. 

6. ʍʘʨʘʢʪʝʨʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʢʣʘʜʫ ʪʘ ʙʫʜʦʚʠ ʈʅʂ. 

7. ʌ̔ʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪ ̔ʥʫʢʣʝʾʥʦʚʠʭ ʢʠʩʣʦʪ. 

8. ʈʚ̔ʥ ̔ ʩʪʨʫʢʪʫʨʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ɼʅʂ ʪʘ ʟʚôʷʟʢʠ, ʷʢʽ ʧʨʠʡʤʘʶʪɹ ʫʯʘʩʪʴ ʫ 

ʩʪʘʙʽʣʽʟʘʮʽʾ. 

9. ʇʨʘʚʠʣʦ ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʩʪʽ ʘʟʦʪʠʩʪʠʭ ʦʩʥʦʚ ʫ ʩʢʣʘʜ ̔ ɼʅʂ (ʧʨʘʚʠʣʦ 

ʏʘʨʛʘʬʬʘ). 

10. ɼʝ ʤʽʩʪʠʪʴʩ ̫ʛʝʥʝʪʠʯʥʘ ʽʥʬʦʨʤʘʮʽʷ ʫ ʢʣʪ̔ʠʥ̔? 

11. ɹʫʜʦʚʘ (ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʩʪʘʥ) ʭʨʦʤʦʩʦʤʠ. 

12. ʇʦʥʷʪʪʷ ʛʝʥʦʤʫ. 

13. ʉʪʨʫʢʪʫʨʘ ʽ ʙʫʜʦʚʘ ʈʅʂ. ʊʠʧʠ ʈʅʂ: ʽʥʬʦʨʤʘʮʽʡʥʘ, ʪʨʘʥʩʧʦʨʪʥʘ, 

ʨʠʙʦʩʦʤʘʣʴʥʘ. 

14. ʅʘʧʠʩʘʪʠ ʩʪʨʫʢʪʫʨʥʽ ʬʦʨʤʫʣʠ: 

ɸ) ʧʫʨʠʥʦʚʠʭ (ʘʜʝʥʽʥ, ʛʫʘʥʽʥ) ʪʘ ʧʽʨʠʤʽʜʠʥʦʚʠʭ (ʮʠʪʦʟʠʥ, ʪʠʤʽʥ, ʫʨʘʮʠʣ) 

ʦʩʥʦʚ. 

ɹ) ʥʫʢʣʝʦʪʠʜʽʚ, ʷʢʽ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ɼʅʂ (ʜɸʄʌ, ʜɻʄʌ, ʜʎʄʌ ʽ ʜʊʄʌ). 

ɺ) ʥʫʢʣʝʦʪʠʜʽʚ, ʷʢʽ ʚʭʦʜʪ̫ ɹʜʦ ʩʢʣʘʜʫ ʈʅʂ (ɸʄʌ, ɻʄʌ, ʎʄʌ ̔ ʋʄʌ). 
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ʈʆɿɼɯʃ 5. çɽʅɿʀʄʀè 

 

ɽʥʟʠʤʠ ʘʙʦ ʬʝʨʤʝʥʪʠ ʟʘ ʩʚʦʻʶ ʙʽʦʣʦʛʽʯʥʦʶ ʬʫʥʢʮʽʻʶ ʻ ʢʘʪʘʣʽʟʘʪʦʨʘʤʠ 

ʧʨʦʪʝʾʥʦʚʦʾ ʧʨʠʨʦʜʠ, ʱʦ ʤʽʩʪʪ̫ʴʩʷ ʚ ʞʠʚʠʭ ʢʣʽʪʠʥʘʭ ʽ ʧʨʠʩʢʦʨʶʶʪʴ ʨʽʟʥʽ 

ʭʽʤʽʯʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ ʥʠʭ ʪʘ ʢʦʦʨʜʠʥʫʶʪʴ ʙʽʦʭʽʤʽʯʥʽ ʨʝʘʢʮ̔ʾ ʤʝʪʘʙʦʣʽʟʤʫ. 

ʅʘʩʴʦʛʦʜʥʽ ʚ̔ ʜʦʤʦ, ʱʦ ʥʝʤʘ̒ ʞʦʜʥʦʛʦ ʧʨʦʮʝʩʫ ʚ ʦʨʛʘʥʽʟʤʘʭ, ʷʢʠʡ ʙʠ ʚʽʜʙʫʚʘʚʩʷ 

ʙʝʟ ʫʯʘʩʪʽ ʝʥʟʠʤ̔ʚ. ɽʥʟʠʤʠ ʥʘʧʨʘʚʣʝʥʦ ʢʘʪʘʣʽʟʫʶʪɹ ʙ̔ʦʭ̔ʤ̔ʯʥʽ ʨʝʘʢʮʽ ʾʫ ʢʣ̔ʪʠʥʽ 

ʪʘ ʨʝʛʫʣʶʁʪɹ  ʦʙʤʽʥ ʨʝʯʦʚʠʥ. 

ʊʝʨʤʽʥ ʬʝʨʤʝʥʪ ʤʘʻ ʧʦʭʦʜʞʝʥʥʷ ʚʽʜ ʣʘʪʠʥʩʴʢʦʛʦ ʩʣʦʚʘ fermentation, ʱʦ 

ʦʟʥʘʯʘʻ ʢʠʧʽʥʥ ̫ ʘʙʦ ʙʨʦʜʽʥʥʷ. ɺʧʝʨʰʝ ʚʞʠʚʘʥʥʷ ʩʣʦʚʘ ʬʝʨʤʝʥʪ ʙʫʣʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʛʦʣʣʘʥʜʩʴʢʠʤ ʚʯʝʥʠʤ 17 ʩʪʦʣʽʪʪʷ ʗ. ɹ. ɺʘʥ-ɻʝʣʴʤʦʥʪʦʤ, ʢ̫ʠʡ 

ʟʘʩʪʦʩʦʚʫʚʘʚ ʡʦʛʦ ʜʣʷ ʧʦʟʥʘʯʝʥʥ̫ ʨʝʯʦʚʠʥ, ʱʦ ʧʝʨʝʪʚʦʨʶʶʪʴ ʚʠʥʦʛʨʘʜʥʠʡ ʩ̔ ʢ 

ʫ ʚʠʥʦ. ʎʝʡ ʧʨʦʮʝʩ ʩʫʧʨʦʚʦʜʞʫʚʘʚʩ̫ ʧʦʷʚʦʶ ʙʫʣʴʙʘʰʦʢ ʛʘʟʫ, ʷʢʽ ʽ ʥʘʛʘʜʫʚʘʣʠ 

ʚʯʝʥʦʤʫ ʢʠʧʽʥʥʷ. ʉʘʤʝ ʪʦʤʫ ɦʦʜʦ ʩʘʤʦʛʦ ʧʨʦʮʝʩʫ ʥʠʤ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ 

ʪʝʨʤ̔ ʥ çʬʝʨʤʝʥʪʘʮʽ̫è, ʘ ʱʦʜʦ ʨʝʯʦʚʠʥ, ʷʢʽ ʡʦʛʦ ʟʫʤʦʚʣʶʁʪʴ ï ʪʝʨʤʥ̔ 

çʬʝʨʤʝʥʪʠè. ʇ̔ ʟʥʽʰʝ ʧʦʯʘʣʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽʥʰʠʡ ʪʝʨʤʽʥ ï ʝʥʟʠʤ (ʟ 

ʛʨʝʮʢɹʦʾ ʝn zyme ï ʫ ʜʨʽʞʜʞʘʭ). ɿʛʽʜʥʦ ʽʟ ʩʫʯʘʩʥʦʶ ʥʦʤʝʥʢʣʘʪʫʨʦʶ ʜʦʮʽʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʝʨʤʽʥ ʝʥʟʠʤ, ʘ ʥʝ ʬʝʨʤʝʥʪ. 

ɿʘ ʭʽʤʯ̔ʥʦʶ ʧʨʠʨʦʜʦʶ ʝʥʟʠʤʠ ï ʮʝ ʧʨʦʪʝʾʥʠ, ʟʘ ʚʠʥʷʪʢʦʤ ʨʠʙʦʟʠʤ̔ ʚ (ʧʨʝ-

ʽʈʅʂ). ɻʦʣʦʚʥʠʤ ʜʦʢʘʟʦʤ ʧʨʦʪʝʾʥʦʚʦʾ ʧʨʠʨʦʜʠ ʝʥʟʠʤʫ ʻ ʚʪʨʘʪʘ ʢʘʪʘʣ̔ʪʠʯʥʦ ʾ

ʘʢʪʠʚʥʦʩʪʽ ʧʨʠ ʜʽʾ ʧʨʦʪʝʦʣʽʪʠʯʥʠʭ ʝʥʟʠʤʽʚ (ʪʨʠʧʩʠʥʫ ʘʙʦ ʧʝʧʩʠʥʫ). ʉʪʨʫʢʪʫʨʥʘ 

ʦʨʛʘʥʽʟʘʮʽ ̫ʝʥʟʠʤ̔ ʚ ʘʥʘʣʦʛʽʯʥʘ ʧʨʦʪʝʾʥʘʤ. ɺʦʥʠ ʤʘʶʪʴ ʯʦʪʠʨʠ ʨʽʚʥʽ ʦʨʛʘʥʟ̔ʘʮʽʾ: 

ʧʝʨʚʠʥʥʫ, ʚʪʦʨʠʥʥʫ, ʪʨʝʪʠʥʥʫ ʽ ʯʝʪʚʝʨʪʠʥʥʫ ʩʪʨʫʢʪʫʨʠ. ɽʥʟʠʤʠ ʟ 

ʯʝʪʚʝʨʪʠʥʥʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʘ ʾʭ ʙʽʣʴʰʽʩʪ,ɹ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʧʨʦʪʦʤʝʨʽʚ 

(ʩʫʙʦʜʠʥʠʮʴ). 

ɽʥʟʠʤʠ, ʢ̫ ʽ ʧʨʦʪʝʥʾʠ, ʧʦʜʽʣʷʶʪɹʩ̫  ʥʘ ʧʨʦʩʪʽ ʪʘ ʩʢʣʘʜʥʽ. ʇʨʦʩʪʽ ʝʥʟʠʤʠ, 

ʘʙʦ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʽ, ʫ ʩʚʦʤ̒ʫ ʩʢʣʘʜ ̔ ʤʽʩʪʷʪʴ ʣʠʰʝ ʘʤʽʥʦʢʠʩʣʦʪʠ, ʪʦʜ̔ ʷʢ 

ʩʢʣʘʜʥʽ ʝʥʟʠʤʠ, ʘʙʦ ʜʚʦʭʢʦʤʧʦʥʝʥʪʥʽ, ʤʽʩʪʷʪʴ ʧʨʦʪʝʾʥʦʚʽ ʪʘ ʥʝʧʨʦʪʝʾʥʦʚʽ 

(ʧʨʦʩʪʝʪʠʯʥʽ) ʢʦʤʧʦʥʝʥʪʠ.  

ɽʥʟʠʤʠ ʤʘʶʪʴ ʪʘʢʽ ʞ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪ,̔ ̫ ʢ ʽ ʧʨʦʪʝʥʾʠ, ʟʦʢʨʝʤʘ:  

1. ɺʠʩʦʢʫ ʤʦʣʝʢʫʣʨ̫ʥʫ ʤʘʩʫ.  

2. ɿʜʘʪʥʽʩʪʴ ʨʦʟʱʝʧʣʁ ʚʘʪʠʩʴ ʧʽʜ ʯʘʩ ʛʽʜʨʦʣʽʟʫ ʜʦ ʘʤʽʥʦʢʠʩʣʦʪ.  

3. ɸʤʬʦʪʝʨʥʽʩʪʴ.  

4. ʌʦʨʤʫʚʘʥʥʷ ʢʦʣʦʾʜʥʠʭ ʨʦʟʯʠʥ̔ ʚ.  

5. ʏʫʪʣʠʚʽʩʪ ɹʜʦ ʜʽʾ ʚʠʩʦʢʦ ʾʪʝʤʧʝʨʘʪʫʨʠ, ʩʦʣʝʡ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ.  

6. ʄʦʞʫʪʴ ʚʠʩʪʫʧʘʪʠ ʘʥʪʠʛʝʥʘʤʠ.  

7. ɿʜʘʪʥ ̔ʬʨʘʢʮʦ̔ʥʫʚʘʪʠ.  
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ɹʫʜʦʚʘ ʝʥʟʠʤʽʚ. ʇʨʦʩʪʽ ʝʥʟʠʤʠ: ʙʽʣʢʠ, ʷʢʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʧʦʩʣʽʜʦʚʥʦʩʪʽ 

ʘʤʽʥʦʢʠʩʣʦʪ. ʉʢʣʘʜʥʽ ʝʥʟʠʤʠ: ʙʽʣʢʦʚʘ (ʪʝʨʤʦʣʘʙʽʣʴʥʘ) ʯʘʩʪʠʥʘ ʝʥʟʠʤʫ 

ʥʘʟʠʚʘʻʪʴʩʷ ʘʧʦʝʥʟʠʤ (ʘʧʦʬʝʨʤʝʥʪ), ʘ ʪʝʨʤʦʩʪʘʙʽʣɹʥʘ ʯʘʩʪʠʥʘ ï ʢʦʝʥʟʠʤ 

(ʢʦʬʝʨʤʝʥʪ), ʷʢʽ ʧʨʠ ʧʦʻʜʥʘʥʥʽ ʫʪʚʦʨʶʶʪʴ ʚʣʘʩʥʝ ʝʥʟʠʤ, ʱʦ ʤʘʻ ʥʘʟʚʫ 

ʭʦʣʦʝʥʟʠʤ (ʭʦʣʦʬʝʨʤʝʥʪ).  

ʄʝʭʘʥʽʟʤ ʜ̔ ʾ ʝʥʟʠʤ̔ ʚ. ɸʢʪʠʚʥʠʡ ʮʝʥʪʨ ʝʥʟʠʤʫ ï ʮʝ ʜʽʣʷʥʢʘ ʡʦʛʦ ʤʦʣʝʢʫʣʠ, 

ʱʦ ʟôʻʜʥʫʻʪʴʩʷ ʽʟ ʩʫʙʩʪʨʘʪʦʤ, ʘ ʪʘʢʦʞ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʬʦʨʤʫʚʘʥʥʷ ʝʥʟʠʤ-

ʩʫʙʩʪʨʘʪʥʦʛʦ (ES) ʢʦʤʧʣʝʢʩʫ ʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʫʙʩʪʨʘʪʫ. ɺ ʘʢʪʠʚʥʦʤʫ ʮʝʥʪʨʽ 

ʫʤʦʚʥʦ ʚʠʜʽʣʷʶʪ ɹ ʢʘʪʘʣʽʪʠʯʥʫ ʜ̔ʣʷʥʢʫ (ʟʜʽʡʩʥʶʻ ʢʘʪʘʣ̔ʪʠʯʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʩʫʙʩʪʨʘʪʫ),  ̔ʢʦʥʪʘʢʪʥʫ ʘʙʦ ʘʜʩʦʨʙʮʽʡʥʫ (ʚʽʜʙʫʚʘʻʪʩɹʷ ʧʨʠʻʜʥʘʥʥ̫ ʩʫʙʩʪʨʘʪʫ ʜʦ 

ʝʥʟʠʤʫ).  

ʈʦʟʨʽʟʥʷʶʪʴ ʪʘʢʦʞ ʘʣʦʩʪʝʨʠʯʥʽ ʮʝʥʪʨʠ ʝʥʟʠʤʫ ï ʮʝ ʪʽ ʜʽʣʷʥʢʠ ʝʥʟʠʤʽʚ, ʥʘ 

ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʨʽʟʥʽ ʨʝʛʫʣʪ̫ʦʨʥʽ ʯʠʥʥʠʢʠ (ʝʬʝʢʪʦʨʠ), ʟʦʢʨʝʤʘ ʘʢʪʠʚʘʪʦʨʠ ʪʘ 

ʽʥʛʽʙʽʪʦʨʠ, ʟʘ ʨʘʭʫʥʦʢ ʯʦʛʦ ʟʤʽʥʶʻʪʴʩʷ ʢʘʪʘʣʽʪʠʯʥʘ ʘʢʪʠʚʥʽʩʪʴ.  

ʉʧʝʮʠʬʽʯʥʽʩʪʴ ʜʽʾ  ʝʥʟʠʤ̔ʚ. ʇʨʦʪʝʥʾʦʚʘ ʧʨʠʨʦʜʘ ʝʥʟʠʤʚ̔ ʦʙʫʤʦʚʣʶʻ ʾʭ 

ʚʠʩʦʢʫ ʩʧʝʮʠʬʽʯʥʽʩʪʴ. ʎʷ ʚʣʘʩʪʠʚʽʩʪʴ ʚʽʜʨʽʟʥʷʻ ʾʭ ʚʽʜ ʽʥʰʠʭ ʢʘʪʘʣʽʟʘʪʦʨʽʚ. 

ʂʦʞʝʥ ʝʥʟʠʤ ʜʽ̒ ʥʘ ʧʝʚʥʠʡ ʩʫʙʩʪʨʘʪ ʘʙʦ ʛʨʫʧʫ ʩʫʙʩʪʨʘʪʽʚ, ʷʢ̔  ʧʦʜ̔ʙʥʽ ʟʘ ʩʚʦʻʶ 

ʙʫʜʦʚʦʶ. ʈʦʟʨʽʟʥʷʶʪʴ ʘʙʩʦʣʶʪʥʫ, ʘʙʩʦʣʪʁʥʫ ʛʨʫʧʦʚʫ, ʚʽʜʥʦʩʥʫ ʛʨʫʧʦʚʫ ʽ 

ʦʧʪʠʯʥʫ ʘʙʦ ʩʪʝʨʝʦʭʽʤʽʯʥʫ ʩʧʝʮʠʬʽʯʥʩ̔ʪ.ɹ 

ʐʚʠʜʢʽʩʪʴ ʝʥʟʠʤʘʪʠʯʥʦ ʾʨʝʘʢʮʽʾ ʟʘʣʝʞʠʪɹ ʪʘʢʦʞ ʚʽʜ ʧʦʢʘʟʥʠʢʽʚ ʨʅ ʪʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ʩʝʨʝʜʦʚʠʱʘ. ʇʨʠ ʧʽʜʚʠʝɦʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʩʝʨʝʜʦʚʠ ʘɦ 

ʟʙ̔ʣʴʰʫʻʪʴʩʷ ʰʚʠʜʢʽʩʪʴ ʝʥʟʠʤʘʪʠʯʥʠʭ ʨʝʘʢʮʽʡ, ʦʜʥʘʢ ʧʨʠ ʚʠʩʦʢʠʭ ʟʥʘʯʝʥʥʷʭ t 

(ʚʠʝɦ 60 Üʉ) ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʝʥʘʪʫʨʘʮʽʷ ʝʥʟʠʤʫ ,̔ ʷʢ ʥʘʩʣʽʜʦʢ, ʰʚʠʜʢʽʩʪ ɹ

ʝʥʟʠʤʘʪʠʯʥʦʾ ʨʝʘʢʮʽʾ ʟʥʠʞʫʻʪʴʩʷ. ʆʧʪʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ 

ʙʣ̔ʴhʦʩʪʽ ʝʥʟʠʤ̔ʚ ʢʦʣʠʚʘʪʁʩɹʷ ʫ ʤʝʞʘʭ ʚ̔ ʜ 20-40 Üʉ. ʇʨʠ ʥʠʟʴʢʠʭ ʟʥʘʯʝʥʥʷʭ 

ʪʝʤʧʝʨʘʪʫʨʠ (ʥʠʞʯʝ ʦʧʪʠʤʘʣɹʥʦʾ) ʘʢʪʠʚʥʩ̔ʪɹ ʝʥʟʠʤʽʚ ʽʥʛʽʙʫʻʪʴʩʷ, ʘʣʝ ʙʝʟ 

ʨʫʡʥʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʝʥʟʠʤʫ. 

ʄʘʢʩʠʤʘʣʴʥʘ ʜ̔ ʷ ʝʥʟʠʤʫ ʧʨʦʷʚʣʷʻʪʴʩʷ ʧʨʠ ʧʝʚʥʦʤʫ ʟʥʘʯʝʥʥʽ ʨʅ 

ʩʝʨʝʜʦʚʠʱʘ (ʨʅ-ʦʧʪʠʤʫʤ) ʪʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʨʅ 6-8. ʅʝʟʥʘʯʥʽ ʟʤʽʥʠ           

ʨʅ ʟʥʠʞʫʶʪʴ ʘʢʪʠʚʥʽʩʪʴ ʝʥʟʠʤʫ ʘʙʦ ʟʦʚʩʽʤ ʛʘʣɹ ʤʫʁʪʴ, ʪʦʜʽ ʷʢ ʟʥʘʯʥ̔ ʟʤʽʥʠ ʨʅ 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʜʝʥʘʪʫʨʘʮ̔ʾ ʝʥʟʠʤʘʪʠʯʠʭ ʧʨʦʪʝʾʥʽʚ. 

ʂʣʘʩʠʬʢ̔ʘʮ̫̔  ʪʘ ʥʦʤʝʥʢʣʘʪʫʨʘ ʝʥʟʠʤʚ̔.  

ʅʘʩʴʦʛʦʜʥʽ ʢʣʘʩʠʬʽʢʦʚʘʥʦ ʧʦʥʘʜ 3500 ʝʥʟʠʤ̔ʚ, ʚʩʪʘʥʦʚʣʝʥʘ ʾʭ ʧʨʠʨʦʜʘ, 

ʜʣ ̫ʜʝʷʢʠʭ  ̔ʩʪʨʫʢʪʫʨʘ, ʜʣʷ ʙʘʛʘʪʴʦʭ ï ʩ̔ʥʫʚʘʥʥ ̫ʨ̔ʟʥʠʭ ʤʦʣʝʢʫʣʷʨʥʠʭ ʬʦʨʤ 

(ʽʟʦʝʥʟʠʤʽʚ). 

ʂʣʘʩʠʬʽʢʘʮ̫̔  ʝʥʟʠʤʽʚ ʟʘʩʥʦʚʘʥʘ ʽ ʧʝʨʽʦʜʠʯʥʦ ʦʥʦʚʣʶʻʪʴʩʷ ʂʦʤʽʩʽʻ  ʁ ʟ 

ʝʥʟʠʤ̔ʚ (Enzyme commission), ʟʚ̔ʜʩʠ ʪʝʨʤʽʥ çEC numberè, ʧʨʠʡʥʷʪʠʡ ʚ 
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ʘʥʛʣʦʤʦʚʥʽʡ ʣʽʪʝʨʘʪʫʨʽ) ʧʨʠ ʄʽʞʥʘʨʦʜʥ̔ʡ ʩʧʣ̔ʮ ̔ ʙ̔ʦʭʽʤʽʾ ʪʘ ʤʦʣʝʢʫʣʷʨʥʦʾ 

ʙʽʦʣʦʛʽʾ.  

ɿʘ çʅʦʤʝʥʢʣʘʪʫʨʦʶ ʬʝʨʤʝʥʪ̔ ʚè 1972 ʨ., ʚʠʜʘʥʦʶ ʄʽʞʥʘʨʦʜʥʦ  ʁ

ʙʽʦʭʽʤʽʯʥʦʶ ʩʧʽʣʢʦʁ , ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʜʚʘ ʪʠʧʠ ʥʘʟʚ ʝʥʟʠʤ̔ʚ - 

ʩʠʩʪʝʤʘʪʠʯʥʫ, ʱʦ ̔ʜʝʥʪʠʬʽʢʫ̒ ʝʥʟʠʤ ʽ ʧʦʟʥʘʯʘʻ ʡʦʛʦ ʜ̔ ,ʁ ʘ ʪʘʢʦʞ ʨʦʙʦʯʫ 

(ʪʨʠʚʽʘʣʴʥʫ) ï ʢʦʨʦʪʢʘ ʥʘʟʚʘ, ʷʢʦʶ ʟʨʫʯʥʦ ʢʦʨʠʩʪʫʚʘʪʠʩʴ ʚ ʧʦʚʩʷʢʜʝʥʥʽʡ 

ʨʦʙʦʪ.̔ ʂʦʞʥʦʤʫ ʝʥʟʠʤʫ ʧʨʠʚʣʘʩʥʶʻʪʴʩʷ ʯʦʪʠʨʠʟʥʘʯʥʠʡ ʰʠʬʨ (ʢʦʜ). ʂʦʜ 

ʝʥʟʠʤʫ ï ʢʣʘʩʠʬ̔ʢʘʮʽʡʥʠʡ ʥʦʤʝʨ ʝʥʟʠʤʫ ʚ ʤʽʞʥʘʨʦʜʥ̔ʡ ʽʻʨʘʨʭ̔ʯʥ̔ʡ 

ʢʣʘʩʠʬʽʢʘʮʽʾ. ʋʭʚʘʣʝʥʘ ʩʠʩʪʝʤʘ ʢʣʘʩʠʬʽʢʫʻ ʝʥʟʠʤʠ ʟʘ ʛʨʫʧʘʤʠ ʪʘ ʽʥʜʝʢʩʫ̒  

ʽʥʜʠʚʜ̔ʫʘʣʥɹʽ ʝʥʟʠʤʠ, ʱʦ ʚʘʞʣʠʚʦ ʜʣʷ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ʜʦʩʣʽʜʞʝʥʴ. ʐʠʬʨ ʂʌ 

ʤʘ̒ 4 ʮʠʬʨʠ, ʷʢʽ ʚʜ̔ʦʢʨʝʤʣʝʥʽ ʢʨʘʧʢʘʤʠ ʟ ʢʦʥʢʨʝʪʥʠʤ ʟʤʽʩʪʦʤ: ʧʝʨʰʘ ʮʠʬʨʘ 

ʧʦʟʥʘʯʘʻ ʢʣʘʩ ʝʥʟʠʤʫ, ʜʨʫʛʘ - ʧʽʜʢʣʘʩ, ʪʨʝʪʷ - ʧʽʜʧʽʜʢʣʘʩ, ʯʝʪʚʝʨʪʘ - ʧʦʨ̫ ʜʢʦʚʠʡ 

ʥʦʤʝʨ ʫ ʧʽʜʧʽʜʢʣʘʩʽ. ʆʙʦʚô̫ ʟʢʦʚʦ ʧʝʨʝʜ ʮʠʬʨʦʚʠʤ ʰʠʬʨʦʤ ʚʞʠʚʘʶʪʴʩʷ ʙʫʢʚʠ 

ʂʌ - ʢʣʘʩʠʬʽʢʘʮʽ̫  ʬʝʨʤʝʥʪʽʚ. 

ʈʦʟhʠʬʨʦʚʢʘ ʰʠʬʨʫ ʘʣʢʦʛʦʣʴʜʝʛʽʜʨʦʛʝʥʘʟʠ (ʂʌ.1.1.1.1) ʻ ʥʘʩʪʫʧʥʦ :ʁ       

1 (ʧʝʨʰʘ) ï ʦʢʩʠʜʦʨʝʜʫʢʪʘʟʠ (ʢʣʘʩ), 1 (ʜʨʫʛʘ) ïʜʝʛʽʜʨʦʛʝʥʘʟʠ (ʧ̔ ʜʢʣʘʩ), 1 (ʪʨʝʪ̫) 

- ʘʥʘʝʨʦʙʥʘ ʜʝʛʽʜʨʦʛʝʥʘʟʘ (ʧʜ̔ʧʜ̔ʢʣʘʩ) (ʚ ʷʢʦʩʪʽ ʘʢʮʝʧʪʦʨʘ ʚʠʩʪʫʧʘʻ ʅɸɼʌ+ ʯʠ 

ʅɸɼ ), 1 (ʯʝʪʚʝʨʪʘ) - ʚʣʘʩʥʝ ʝʥʟʠʤ ʘʣʢʦʛʦʣʴʜʝʛʽʜʨʦʛʝʥʘʟʘ.  

ʂʣʘʩʠʬʽʢʘʮʽʷ ʝʥʟʠʤ̔ʚ ʚʨʘʭʦʚʫ̒  ʨʝʘʢʮʽʡʥʫ ʪʘ ʩʫʙʩʪʨʘʪʥʫ ʩʧʝʮʠʬʽʯʥʦʩʪʽ 

ʝʥʟʠʤʚ̔, ʘ ʥʝ ʾʭʥʶ ʧʨʦʪʝʾ ʥʦʚʫ ʩʪʨʫʢʪʫʨʫ. ʐʠʬʨ ʂʌ ʚʠʟʥʘʯʘʻ ʭʽʤʽʯʥʫ ʨʝʘʢʮʁ̔, 

ʱʦ ʢʘʪʘʣʟ̔ʫʻʪʴʩʷ ʝʥʟʠʤʦʤ. ʊʦʤʫ ʘʥʘʣʦʛʽʯʥʽ ʝʥʟʠʤʠ (ʽʥʦʜʽ ʜʝʩʷʪʢʠ) ʟ ʨʽʟʥʠʭ 

ʦʨʛʘʥʽʟʤʽʚ ʤʘʁʪʴ ʦʜʠʥ ʢʦʜ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʩʪʨʫʢʪʫʨʥʽ ʚʽʜʤʽʥʥʦʩʪʽ. 

ɼʦ ʥʝʜʘʚʥʴʦʛʦ ʯʘʩʫ, ʟʛʽʜʥʦ ʩʫʯʘʩʥʦʾ ʤʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ, 

ʝʥʟʠʤʠ ʧʦ ʪʠʧʫ ʢʘʪʘʣ̔ʟʦʚʘʥʦʾ ʥʠʤʠ ʨʝʘʢʮʽ ʾʧʦʜʽʣ̫ʣʠʩ ̫ʥʘ 6 ʢʣʘʩʽʚ: 

1. ʆʢʩʠʜʦʨʝʜʫʢʪʘʟʠ ʢʘʪʘʣʽʟʫʶʪʴ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʽ ʨʝʘʢʮʽʾ. 

2. ʊʨʘʥʩʬʝʨʘʟʠ ʢʘʪʘʣʽʟʫʪʁ ɹʨʝʘʢʮʽʾ ʤʽʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʝʨʝʥʝʩʝʥʥʷ 

ʨ̔ ʟʥʠʭ ʭʽʤʽʯʥʠʭ ʛʨʫʧ ʽ ʟʘʣʠʰʢʽʚ. 

3. ɻʽʜʨʦʣʘʟʠ ʢʘʪʘʣʽʟʫʶʪʴ ʨʝʘʢʮʽ ʾ ʛʽʜʨʦʣʽʪʠʯʥʦʛʦ ʨʦʟʝɦʧʣʝʥʥ̫  

ʚʥʫʪʨʽʰʥʴʦʤʦʣʝʢʫʣʷʨʥʠʭ ʟʚôʷʟʢʽʚ. 

4.  ʃʽʘʟʠ ʢʘʪʘʣʟ̔ʫʶʪʴ ʨʝʘʢʮʽʾ ʧʨʠʻʜʥʘʥʥʷ ʘʙʦ ʚʽʜʱʝʧʣʝʥʥʷ ʛʨʫʧ ʧʦ 

ʧʦʜʚʽʡʥʠʤ ʟʚôʷʟʢʘʤ. 

5. ɯʟʦʤʝʨʘʟʠ ʢʘʪʘʣʽʟʫʶʪʴ ʨʝʘʢʮʽʾ ʽʟʦʤʝʨʠʟʘʮʽʾ. 

6. ʃʽʛʘʟʠ (ʩʠʥʪʝʪʘʟʠ) ʢʘʪʘʣʽʟʫʶʪʴ ʨʝʘʢʮ̔ ʾ ʫʪʚʦʨʝʥʥʷ ʨʝʯʦʚʠʥ ʰʣ̫ʭʦʤ 

ʧʦ̒ʜʥʘʥʥʷ 2 ʤʦʣʝʢʫʣ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʥʝʨʛʽʾ ɸʊʌ ʯʠ ʧʦʜ̔ʙʥʦʛʦ 

ʥʫʢʣʝʦʟʠʜʪʨʠʬʦʩʬʘʪʫ. 

ʇʨʦʪʝ ʩʪʘʣʦ ʦʯʝʚʠʜʥʠʤ, ʱʦ ʞʦʜʝʥ ʟ ʥʠʭ ʥʝ ʤʦʞʝ ʦʧʠʩʘʪʠ ʚʘʞʣʠʚʫ ʛʨʫʧʫ 

ʝʥʟʠʤ̔ʚ, ʱʦ ʢʘʪʘʣʽʟʫʶʪʴ ʨʫʭ ʡʦʥ̔ʚ ʘʙʦ ʤʦʣʝʢʫʣ ʯʝʨʝʟ ʤʝʤʙʨʘʥʠ ʘʙʦ ʾʭ ʨʦʟʧʦʜʽʣ 
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ʫʩʝʨʝʜʠʥʽ ʤʝʤʙʨʘʥ. ɼʝʷʢʽ ʟ ʥʠʭ ʚʢʣʶʯʘʶʪʴ ʛʽʜʨʦʣ̔ʟ ɸʊʌ ʽ ʨʘʥʽʰʝ 

ʢʣʘʩʠʬʽʢʫʚʘʣʠʩ̫ ʷʢ ɸʊʌʘʟʠ (ʂʌ 3.6.3.-), ʭʦʯʘ ʛʽʜʨʦʣʽʪʠʯʥʘ ʨʝʘʢʮʽʷ ʥʝ ʻ ʾʭʥʴʦʶ 

ʦʩʥʦʚʥʦʶ ʬʫʥʢʮʽʻʶ. ʅʘʩɹʦʛʦʜʥʽ ʮ̔ ʝʥʟʠʤʠ ʚʽʜʥʝʩʝʥʽ ʜʦ ʥʦʚʦʛʦ 7 ʢʣʘʩʫ 

ʪʨʘʥʩʣʦʢʘʟ ɭʉ (ʂʌ 7). 

ʄʽʞʥʘʨʦʜʥʘ ʦʜʠʥʠʮ ̫ʩʠʩʪʝʤʠ SI, ʷʢʦʶ ʚʠʤʽʨʶʶʪʴ ʘʢʪʠʚʥ̔ʩʪɹ ʝʥʟʠʤʽʚ ʮʝ 

ʢʘʪʘʣ (ʢʘʪ). ʆʜʠʥ ʢʘʪʘʣ ʮʝ ʪʘʢʘ ʘʢʪʠʚʥʽʩʪʴ ʝʥʟʠʤʫ, ʷʢʘ ʢʘʪʘʣʽʟʫʻ ʧʝʨʝʪʚʦʨʝʥʥʷ              

1 ʤʦʣ̫ ʩʫʙʩʪʨʘʪʫ ʚ ʧʨʦʜʫʢʪ ʟʘ 1 ʩ (ʢʘʪ=ʤʦʣɹ/ʩ). ʊʘʢʦʞ ʜʣʷ ʚʠʨʘʞʝʥʥʷ 

ʘʢʪʠʚʥʦʩʪ̔ ʝʥʟʠʤ̔ʚ ʚʠʢʦʨʠʩʪʦʚʫʪʴ ʤʦʣʝʢʫʣʨ̫ʥʫ  ̔ʧʠʪʦʤʫ ʘʢʪʠʚʥʽʩʪʴ. ʇʠʪʦʤʦ  ʁ

ʘʢʪʠʚʥʽʩʪ ʁʬʝʨʤʝʥʪ̔ ʚ ʥʘʟʠʚʘʶʪʴ ʯʠʩʣʦ ʦʜʠʥʠʮ ɹʝʥʟʠʤʘʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ, ʷʢʝ 

ʚʣʘʩʪʠʚʝ 1 ʤʛ ʧʨʦʪʝʾʥʫ. ʄʦʣʷʨʥʘ ʘʢʪʠʚʥʽʩʪ ɹï ʢʽʣʴʢʽʩʪʴ ʤʦʣʝʢʫʣ ʩʫʙʩʪʨʘʪʫ, ʷʢʽ 

ʧʝʨʝʪʚʦʨʶʪʁʴʩʷ 1 ʤʦʣʝʢʫʣʦʶ ʬʝʨʤʝʥʪʫ ʚʧʨʦʜʦʚʞ 1 ʭʚ. 

ʇʨʠ ʚʠʚʯʝʥʥʽ ʩʪʨʫʢʪʫʨʠ ʝʥʟʠʤʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʘʩʪʫʧʥʽ ʤʝʪʦʜʠ: 

ʭʽʤʽʯʥʘ ʤʦʜʠʬʽʢʘʮʽ̫, ʩʧʝʢʪʨʦʩʢʦʧʽ,̫ ʨʝʥʪʛʝʥʽʚʩʴʢʠʡ ʩʪʨʫʢʪʫʨʥʠʡ ʘʥʘʣ̔ʟ 

ʷʜʝʨʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʨʝʟʦʥʘʥʩʫ, ʝʣʝʢʪʨʦʥʥʠʡ ʧʘʨʘʤʘʛʥʽʪʥʠʡ ʨʝʟʦʥʘʥʩ ʪʦʱʦ. 

ʎ̔ ʢʘʚʽ ʨʝʟʫʣʴʪʘʪʠ ʦʪʨʠʤʘʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʩʘʡʪ-ʩʧʝʮʠʬʽʯʥʦʛʦ 

ʤʫʪʘʛʝʥʝʟʫ, ʧʨʠ ʷʢʦʤʫ ʧʨʦʚʦʜʷʪ ɹʩʧʨʷʤʦʚʘʥʫ ʟʘʤʽʥʫ ʘʤʥ̔ʦʢʠʩʣʦʪ ʚ ʤʦʣʝʢʫʣʽ 

ʧʨʦʪʝʥʾʫ ʤʝʪʦʜʘʤʠ ʛʝʥʥʦʾ ʽʥʞʝʥʝʨʽʾ. 

ɿ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ  ʘʢʪʠʚʥʦʩʪʽ ʝʥʟʠʤʽʚ ʪʘ ʾʭ ʜʽʾ ʢʦʨʠʩʪʫʶʪʴʩʷ ʷʢʩ̔ʥʠʤʠ 

ʯʠ ʢʽʣʴʢ̔ ʩʥʠʤʠ ʨʝʘʢʮʽʷʤʠ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʫʙʩʪʨʘʪʫ (ʨʝʯʦʚʠʥʠ, ʥʘ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʷʢʦʾ ʚʧʣʠʚʘʻ ʝʥʟʠʤ) (ʩʫʙʩʪʨʘʪ̔ ʚ), ʯʠ ʨʝʻʩʪʨʘʮʽʻʶ ʧʨʦʜʫʢʪʽʚ 

ʨʝʘʢʮʽʾ, ʫʪʚʦʨʝʥʠʭ ʧʽʜ ʚʧʣʠʚʦʤ ʝʥʟʠʤʫ. 

ʑʦʙ ʦʪʨʠʤʘʪʠ ʝʥʟʠʤʠ ʟʘʩʪʦʩʦʚʫʶʪʴ ʤʝʪʦʜʠʢʠ ʦʪʨʠʤʘʥʥʷ ʚʠʪʷʞʦʢ ʟ̔ 

ʨʽʟʥʠʭ ʯʘʩʪʠʥ ʨʦʩʣʠʥʠ, ʜʝ ʚʦʥʠ ʤʘʶʪʴ ʨʦʟʯʠʥʝʥʫ ʬʦʨʤʫ. ʇ̔ʩʣʷ ʚʠʜʽʣʝʥʥ ̫

ʧʨʦʚʦʜʷʪʴ ʦʯʠʱʝʥʥʷ ʝʥʟʠʤʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʨʘʢʮʽʦʥʫʚʘʥʥʷ ʝʢʩʪʨʘʢʪʫ 

ʦʩʘʜʞʝʥʥ̫ ʤ ʦʨʛʘʥʽʯʥʠʤʠ ʨʦʟʯʠʥʥʠʢʘʤʠ ʯʠ ʥʝʡʪʨʘʣʴʥʠʤʠ ʩʦʣʷʤʠ, ʨʦʟʜʽʣʝʥʥʷ 

ʤʝʪʦʜʘʤʠ ʛʝʣʴ-ʬʽʣʴʪʨʘʮʽ,ʾ ʦ̔ʥʦʦʙʤʽʥʥʦ ʾʭʨʦʤʘʪʦʛʨʘʬʽʾ ʪʦʱʦ. ʇʦʻʜʥʘʥʥ ̫ʨʟ̔ʥʠʭ 

ʤʝʪʦʜʽʚ ʜʦʟʚʦʣʷʻ ʦʯʠʩʪʠʪʠ ʝʥʟʠʤʠ ʪʘ ʥʘʚʽʪ ɹʦʪʨʠʤʘʪʠ ʾʭ ʚ ʢʨʠʩʪʘʣʽʯʥʦʤʫ ʩʪʘʥ.̔ 
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çɺʠʚʯʝʥʥʷ ʢʘʪʘʣʽʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʘʤʣ̔ʘʟʠè 

 

ʄʝʪʘ ʨʦʙʦʪʠ. ɺʠʚʯʝʥʥʷ ʢʘʪʘʣʽʪʠʯʥʦʾ ʜʽʾ ʘʤʽʣʘʟʠ. 

 ʇʨʠʥʮʠʧ ʤʝʪʦʜʫ. ɸʤʽʣʘʟʘ - ʮʝ ʝʥʟʠʤ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʛʽʜʨʦʣʟ̔ Ŭ-

ʛʣʶʢʦʟʠʜʥʦʛʦ ʟʚôʷʟʢʫ Ŭ-1-4-ʢʨʦʭʤʘʣʶ ʪʘ ʛʣ̔ʢʦʛʝʥʫ ʜʦ ʜʝʢʩʪʨʠʥʽʚ, ʷʢʽ ʻ 

ʧʨʦʤʽʞʥʠʤʠ ʧʨʦʜʫʢʪʘʤʠ. ʂʨʦʭʤʘʣʴ ʫʪʚʦʨʶ̒  ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʟ ɯ2 ʩʧʦʣʫʢʠ, ʦɦ 
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ʤʘʪʁ ɹ ʩʠʥ̒ ʟʘʙʘʨʚʣʝʥʥ,̫ ʘʤʣ̔ʦʜʝʢʩʪʨʠʥ ï ʬʽʦʣʝʪʦʚʝ, ʝʨʠʪʨʦʜʝʢʩʪʨʠʥ ï 

ʯʝʨʚʦʥʦ-ʙʫʨʝ, ʘʭʨʦʜʝʢʩʪʨʠʥ ï ʞʦʚʪʝ. 

 ʈʝʘʢʪʠʚʠ ʽ ʤʘʪʝʨʘ̔ʣʠ. 0,2 % ʨ-ʥ ʢʨʦʭʤʘʣʶ, 0,1 % ʨ-ʥ ʡʦʜʫ ʚ 0,2 % ʨ-ʥʽ 

ʢʘʣʽ ʁʡʦʜʠʜʫ, ʨ-ʥ ʘʤʽʣʘʟʠ ʩʣʠʥʠ (ʜʠʚ. ʥʠʞʯʝ). 

 ʆʙʣʘʜʥʘʥʥʷ. ʐʪʘʪʠʚ ̔ʟ ʧʨʦʙʽʨʢʘʤʠ, ʢʦʣʙʠ, ʢʨʘʧʝʣʴʥʠʮʽ, ʤ̔ ʨʥʽ ʧʽʧʝʪʢʠ, 

ʣʡ̔ʢʠ, ʬ̔ ʣʴʪʨʫʚʘʣʴʥʠʡ ʧʘʧʽʨ. 

 ʍʜ̔ ʨʦʙʦʪʠ. ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʥʷʤ ʜʦʩʣʽʜʽʚ ʥʝʦʙʭʽʜʥʦ ʧʨʠʛʦʪʫʚʘʪʠ ʧʨʝʧʘʨʘʪ 

ʝʥʟʠʤʫ ʩʣʠʥʠ - ʘʤ̔ʣʘʟʠ. ɿʘʜʣʷ ʮʴʦʛʦ ʟʜʽʡʩʥʶ ʪʁʴʩʷ ʧʝʚʥʽ ʦʧʝʨʘʮʽʾ ʚ ʥʘʩʪʫʧʥʽʡ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ: 

 ʘ) ʩʧʦʣʦʩʥʫʪʠ ʨʦʪʦʚʫ ʧʦʨʦʞʥʠʥʫ ʚʦʜʦʁ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʟʘʣʠh ʢʽʚ ʾʞ̔; 

 ʙ) ʥʘʙʨʘʪʠ ʚ ʯʠʩʪʠʡ ʧʦʩʫʜ 50 ʤʣ ʜʠʩʪʠʣʴʦʚʘʥʦʾ ʚʦʜʠ ʪʘ ʦʧʦʣʽʩʢʫʚʘʪʠ ʥʝʶ 

ʨʦʪ ʚʧʨʦʜʦʚʞ 3-5 ʭʚʠʣʠʥ, ʜʫʤʘʶʯʠ ʧʨʦ ʩʤʘʯʥʫ ʾʞʫ; 

 ʚ) ʚʦʜʫ ʧʽʩʣʷ ʦʧʦʣʽʩʢʫʚʘʥʥʷ ʧʝʨʝʥʝʩʪʠ ʚ  ʯʠʩʪʠʡ ʩʢʣʷʥʠʡ ʩʪʘʢʘʥ ï ʮʷ 

ʨʜ̔ʠʥʘ ʤʽʩʪʠʪʴ ʘʤʣ̔ʘʟʫ ʩʣʠʥʠ; 

 ʛ) ʧʨʦʬʽʣʴʪʨʫʚʘʪʠ ʟʙ̔ʨʘʥʫ ʨ̔ ʜʠʥʫ ʯʝʨʝʟ ʬʣ̔ʪɹʨʫʚʘʣʴʥʠʡ ʧʘʧʽʨ ʫ ʯʠʩʪʫ 

ʩʢʣʷʥʢʫ. 

ʋ ʜʚʽ ʧʨʦʙʽʨʢʠ ʥʘʣʠʪʠ ʧʦ 5 ml ʢʨʦʭʤʘʣʴʥʦʛʦ ʢʣʝʡʩʪʝʨʫ, ʚ ʧʝʨʰʫ 

(ʜʦʩʣʽʜʥʫ) ʜʦʜʘʪʠ 0,5 ml ʦʪʨʠʤʘʥʦʛʦ ʨ-ʥʫ ʩʣʠʥʠ, ʚ ʷʢʦʤʫ ʤʽʩʪʠʪʴʩ ̫ʘʤʽʣʘʟʘ, ʚ 

ʜʨʫʛʫ (ʢʦʥʪʨʦʣʥɹʫ) ï 0,5 ml ʚʦʜʠ. ɺʤʩ̔ʪ ʦʙʦʭ ʧʨʦʙʽʨʦʢ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʤh̔ʘʪʠ  ̔

ʟʘʣʠʠhʪʠ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ 15 ʭʚ. ʇ̔ ʩʣʷ ʮʴʦʛʦ ʚ ʢʦʞʥʫ ʧʨʦʙ̔ʨʢʫ 

ʚʥʝʩʪʠ 5 ʢʨʘʧʝʣɹ ʨ-ʥʫ ɯ2. ʋ ʧʝʨh ʽʡ ʧʨʦʙʽʨʮ,̔ ʜʝ ʧʨʠʩʫʪʥʷ ʘʤʣ̔ʘʟʘ ʩʣʠʥʠ, 

ʧʨʠʙʣʠʟʥʦ ʯʝʨʝʟ 1 ʛʦʜ ʩʧʦʩʪʝʨʽʛʘʶʪʴ ʟʥʝʙʘʨʚʣʝʥʥ ̫ʨʦʟʯʠʥʫ, ʘ ʚ ʜʨʫʛʽʡ (ʘʤ̔ ʣʘʟʘ 

ʚʽʜʩʫʪʥʷ) - ʢʦʣ̔ʨ ʟʘʣʠʘhʪ̒ʴʩ̫ ʩʠʥɹ ʦ-ʬʽʦʣʝʪʦʚʠʤ ʽ ʥʝ ʟʤ̔ʥʶʻʪʴʩʷ ʟ ʯʘʩʦʤ. 

ɺʠʩʥʦʚʦʢ. 
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çɺʠʟʥʘʯʝʥʥʷ ʧʝʨʦʢʩʠʜʘʟʥʦ ʾʘʢʪʠʚʥʦʩʪʽè. 

 

ʄʝʪʘ ʨʦʙʦʪʠ. ɼʦʩʣʽʜʠʪʠ ʧʝʨʦʢʩʠʜʘʟʥʫ ʘʢʪʠʚʥʩ̔ʪɹ ʢʘʨʪʦʧʣʷʥʦʛʦ ʩʦʢʫ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʤʥ̔ʦ  ʁʟʘʙʘʨʚʣʝʥʥ̫ ʧʨʠ ʦʢʠʩʥʝʥʥʽ ʧʦʣʽʬʝʥʦʣʽʚ ʫ ʭ̔ʥʦʥʠ:  
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ʄʘʪʝʨʽʘʣʠ ʪʘ ʨʝʘʢʪʠʚʠ. ʂʘʨʪʦʧʣʷ, 1 % ʨ-ʥ ʛ̔ʜʨʦʭʽʥʦʥʫ, 3 % ʨ-ʥ 

ʧʝʨʦʢʩʠʜʫ ʚʦʜʥ.ʁ 

ʆʙʣʘʜʥʘʥʥʷ. ʉʢʘʣʴʧʝʣʴ, ʪʝʨʢʘ, ʤʘʨʣʷ, ʣʽʡʢʘ, ʢʦʥʽʯʥʘ ʢʦʣʙʘ V=50 ml, 

ʰʪʘʪʠʚ ʟ ʧʨʦʙʽʨʢʘʤʠ, ʩʢʣʷʥʽ ʤʽʨʥʽ ʧʽʧʝʪʢʠ.  

ʍʽʜ ʨʦʙʦʪʠ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʝʨʢʫ ʧʦʜʨʽʙʥʠʪʠ ʦʯʠɦ ʝʥʫ ʢʘʨʪʦʧʣʠʥʫ 

(ʜʦʩʪʘʪʥʴʦ ʥʝʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ). ɺʽʜʞʘʪʠ ʢʨʽʟʴ ʤʘʨʣʶ ʩʢ̔ ʪʘ ʟʽʙʨʘʪʠ ʡʦʛʦ ʚ 

ʢʦʣʙʫ. ɺʟʷʪʠ 4 ʧʨʦʙʽʨʢʠ  ̔ʚʥʝʩʪʠ ʚ ʢʦʞʥʫ 1 % ʨ-ʥ ʛʽʜʨʦʭʽʥʦʥʫ ʚ ʢʣ̔ʴʢʦʩʪʽ 5 ml. 

ɼʦ ʧʝʨʰʦʾ ʜʦʜʘʪʠ 1 ml 3 % ʨ-ʥʫ ʅ2ʆ2  ̔1 ml ʩʦʢʫ ʢʘʨʪʦʧʣ;̔ ʜʦ ʜʨʫʛʦʾ - 1 ml 3 % 

ʨ-ʥʫ ʅ2ʆ2; ʜʦ ʪʨʝʪʴʦʾ ï 1 ml ʩʦʢʫ ʢʘʨʪʦʧʣ̔ ; ʜʦ ʯʝʪʚʝʨʪʦʾ - 1 ml ʩʦʢʫ ʢʘʨʪʦʧʣ,̔ 

ʷʢʠʡ ʙʫʚ ʧʦʧʝʨʝʜʥʦɹ ʧʨʦʢʠʧôʷʯʝʥʠʡ ʚʧʨʦʜʦʚʞ 1 ʭʚʠʣʠʥʠ ʟ 1 ml ʅ2ʆ2.  

ɺ̔ ʜʤʽʪʠʪʠ  ʟʤʽʥʫ ʟʘʙʘʨʚʣʝʥʥʷ ʩʫʤʽʰʽ ʚ ʢʦʞʥ̔ ʡ ʟ ʧʨʦʙʨ̔ʦʢ.  

ʈʝʟʫʣʴʪʘʪʠ ʚʥʝʩʪʠ ʫ ʪʘʙʣʠʮʶ: 

 

 ̄

ʧʨʦʙʽʨʢʠ 

ʉʢʣʘʜ ʩʫʤʽʰʽ ʚ ʧʨʦʙʨ̔ʮ ̔ ɿʘʙʘʨʚʣʝʥʥʷ ʨʦʟʯʠʥʫ ʚ 

ʧʨʦʙʽʨʢʘʭ ʉʽʢ 

ʢʘʨʪʦʧʣʽ, 

1 ʤʣ 

ʅ2ʆ2, 

 

1 ʤʣ 

ɻ̔ ʜʨʦʭʽʥʦʥ,  

 

5 ʤʣ 

1 

 

2 (ʂ) 

 

3 

 

4(t, 1000ʉ) 

 

+ 

 

- 

 

+ 

 

+  

+ 

 

+ 

 

- 

 

+ 

+ 

 

+ 

 

+ 

 

+ 

 

 

ʆʢʠʩʥʝʥʥ̫ ʛʽʜʨʦʭʽʥʦʥʫ ʧʨʠʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʭʽʥʦʥʫ, ʧʨʠ ʮɹ ʦʤʫ 

ʚʜ̔ʤʽʯʘʻʪʴʩʷ ʟʤʽʥʘ ʢʦʣʴʦʨʫ ʨʦʟʯʠʥʫ ʥʘ ʙʫʨʠʡ. ʇʨʠ ʢʦʥʪʘʢʪʽ ʩʦʢʫ ʢʘʨʪʦʧʣʽ ʟ 

ʧʦʚʽʪʨʷʤ ʪʘʢʦʞ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʩʣʘʙʢʝ ʧʦʙʫʨʽʥʥʷ ʢʘʨʪʦʧʣʷʥʦʛʦ ʩʦʢʫ, ʥʘʚʽʪʴ 

ʢʦʣʠ ʚ ʥʴʦʛʦ ʥʝ ʜʦʜʘʚʘʣʠ ʛʽʜʨʦʭʽʥʦʥ  ̔ʧʝʨʦʢʩʠʜ ʚʦʜʥʶ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜ 
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ʚʧʣʠʚʦʤ ʧʦʣʽʬʝʥʦʣʦʢʩʠʜʘʟʠ, ʷʢʘ ʦʢʠʩʥʶ̒ ʧʦʣʽʬʝʥʦʣʠ ʢʘʨʪʦʧʣʽ ʟ ʫʯʘʩʪʶ 

ʤʦʣʝʢʫʣ̫ʨʥʦʛʦ ʦʢʩʠʛʝʥʫ.  

ʊʘʢʫ ʞ ʨʝʘʢʮʽ ʁ ʤʦʞʥʘ ʚʽʜʪʚʦʨʠʪʠ ʽ ʟ ̔ʥʰʠʤʠ ʨʦʩʣʠʥʘʤʠ, ʟʦʢʨʝʤʘ 

ʧʣʦʜʘʤʠ ʯʠ ʣʠʩʪʢʘʤʠ ʜʝʨʝʚʥʠʭ ʨʦʩʣʠʥ ʪʘ ʧʦʨʽʚʥʷʪʠ ʧʦʜ̔ʙʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ.  

ɺʠʩʥʦʚʦʢ. 

 

 

 

ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ 13 

çɺʠʟʥʘʯʝʥʥʷ ʢʘʪʘʣʘʟʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʫ ʪʢʘʥʠʥʘʭ ʨʦʩʣʠʥ  

ʤʝʪʦʜ ɹʘʭʘ ʆ.ʄ.  ̔ʆʧʘʨʽʥʘ ɸ.ɯ.è 

 

ʄʝʪʘ ʨʦʙʦʪʠ. ɺʠʟʥʘʯʠʪʠ ʢʘʪʘʣʘʟʥʫ ʘʢʪʠʚʥ̔ʩʪɹ ʫ ʪʢʘʥʠʥʘʭ ʨʦʩʣʠʥ.  

ʂʘʪʘʣʘʟʘ (ʂ.ʌ. 1.11.1.6) ï ʝʥʟʠʤ ʢʣʘʩʫ ʦʢʩʠʜʦʨʝʜʫʢʪʘʟ, ʱʦ ʟʜʽʡʩʥʶʻ ʢʘʪʘʣʽʟ 

ʨʦʟʢʣʘʜʫ ʧʝʨʦʢʩʠʜʫ ʚʦʜʥʶ ʜʦ ʚʦʜʠ ʡ ʤʦʣʝʢʫʣʨ̫ʥʦʛʦ ʢʠʩʥ .ʁ ʅʝʟʥʘʯʥʦʶ ʤʨ̔ʦʶ 

ʚʦʥʘ ʪʘʢʦʞ ʩʧʨʠʷʻ ʦʢʠʩʥʝʥʥʶ ʜʝ̫ʢʠʭ ʩʧʠʨʪʽʚ ʪʘ ʨʽʟʥʠʭ ʩʧʦʣʫʢ ʧʝʨʦʢʩʠʜʘʤʠ. 

ʎʝʡ ʝʥʟʠʤ ʻ ʜʦʩʠʪʴ ʧʦ ʠhʨʝʥʠʤ ʫ ʨʦʩʣʠʥʥʠʭ ʪʢʘʥʠʥʘʭ ʽ ̒ ʦʜʥʠʤ ʽʟ 

ʥʘʡʘʢʪʠʚʥʽʰʠʭ. ɸʢʪʠʚʥʩ̔ʪɹ ʢʘʪʘʣʘʟʠ ʚʠʟʥʘʯʘʻʪɹʩʷ ʟʘ ʢʽʣʴʢʽʩʪʶ ʅ2ʆ2, ʷʢʠʡ 

ʨʦʟʢʣʘʚʩʷ ʧʽʜ ʜʽ̒ʁ ʮʴʦʛʦ ʝʥʟʠʤʫ. ʋ ʨʝʘʢʮʽʡʥʫ ʩʫʤʽʰ ʚʥʦʩʷʪʴ ʥʘʜʣʠʰʦʢ 

ʧʝʨʦʢʩʠʜʫ ʚʦʜʥ.ʁ ʋ ʢʦʥʪʨʦʣ̔ ʢʘʪʘʣʘʟʫ ʜʝʟʘʢʪʠʚʫʁʪʴ ʩʽʨʯʘʥʦʶ ʢʠʩʣʦʪʦ,ʁ ʫ 

ʜʦʩʣʽʜʥʽʡ ʧʨʦʙʽ ʯʘʩʪʠʥʘ ʚʥʝʩʝʥʦʛʦ ʅ2ʆ2 ʨʦʟʢʣʘʜʘʻʪʴʩʷ ʟʘ ʜʽʾ ʝʥʟʠʤʫ, ʘ ʪʫ 

ʯʘʩʪʠʥʫ, ʱʦ ʥʝ ʨʦʟʢʣʘʣʘʩʷ, ʚʠʟʥʘʯʘʶʪʴ ʣhʷʭʦʤ ʪʠʪʨʫʚʘʥʥʷ ʨʦʟʯʠʥʦʤ KMnO4 ʚ 

ʟʘʢʠʩʣʝʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʇʨʠ ʮʴʦʤʫ ʚʽʜʙʫʚʘ̒ ʪʩɹʷ ʥʘʩʪʫʧʥʘ ʨʝʘʢʮʽʷ: 

 

 
 

ʆʙô̒ʤ ʅ2ʆ2, ʷʢʠʡ ʨʦʟʢʣʘʚʩʷ ʟʘ ʜʽʾ ʝʥʟʠʤʫ ʫ ʚ̔ʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʧʨʠʚʝʜʝʥʦʾ 

ʨʝʘʢʮʽʾ, ̒ ʨʝʟʫʣʴʪʘʪʦʤ ʦʙʯʠʩʣʝʥʥʷ ʨʽʟʥʠʮ̔ ʜʦʩʣʽʜʥʦʛʦ ʽ ʢʦʥʪʨʦʣʴʥʦʛʦ 

ʪʠʪʨʫʚʘʥʥʷ.  

ʈʝʘʢʪʠʚʠ ʽ ʦʙʣʘʜʥʘʥʥʷ. ɺʘʛʠ, ʛʦʜʠʥʥʠʢ, ʪʝʨʤʦʩʪʘʪ, ʮʝʥʪʨʠʬʫʛʘ 

ʣʘʙʦʨʘʪʦʨʥʘ, ʬʘʨʬʦʨʦʚʽ ʩʪʫʧʢʠ ʟ̔ ʪʦʚʢʘʯʠʢʦʤ, ʮʠʣ̔ʥʜʨʠ ʤʽʨʥʽ, ʮʝʥʪʨʠʬʫʞʥʽ 

ʧʨʦʙʽʨʢʠ, ʭʽʤʯ̔ʥ̔ ʩʪʘʢʘʥʠ V=50 ml, ʢʦʣʙʠ ʢʦʥʽʯʥʽ V=200 ml, ʙʶʨʝʪʢʠ, ʤʨ̔ʥ̔ 

ʩʢʣʷʥ ̔ ʧʧ̔ʝʪʢʠ, ʰʧʘʪʝʣ,̔ ʩʧʠʨʪʦʚʠʡ ʪʝʨʤʦʤʝʪʨ, 0,1 ʥ ʨ-ʥ ʧʝʨʦʢʩʠʜʫ ʚʦʜʥʶ 

(ʅ2ʆ2), 10 % ʨ-ʥ ʩʫʣʴʬʘʪʥʦʾ ʢʠʩʣʦʪʠ, 0,1 ʥ ʨ-ʥ ʢʘʣ̔ʁ ʧʝʨʤʘʥʛʘʥʘʪʫ (ʂʄnʆ4), 
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ʢʘʣɹʮʽʶ ʢʘʨʙʦʥʘʪ, ʜʠʩʪʠʣʴʦʚʘʥʘ ʚʦʜʘ, ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʽʥʜʠʢʘʪʦʨ, ʧʩ̔ʦʢ 

ʢʚʘʨʮʦʚʠʡ, ʨʦʩʣʠʥʥʠʡ ʤʘʪʝʨʽʘʣ. 

ʍʽʜ ʨʦʙʦʪʠ: 

ɿʚʘʞʠʪʠ 2-3 ʛ ʩʚʽʞʦʛʦ ʟʨʘʟʢʫ ʨʦʩʣʠʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥ ̫(ʢʘʨʪʦʧʣʽ, ʤʦʨʢʚʠ, 

ʢʘʧʫʩʪʠ, ʮʠʙʫʣʽ, ʪʦɦʦ) ʪʘ ʨʦʟʪʝʨʪʠ ʡʦʛʦ ʚ ʩʪʫʧʮʽ ʟ ʢʚʘʨʮʦʚʠʤ ʧʩ̔ʢʦʤ. ʗʢʱʦ ʨʅ 

ʟʨʘʟʢʘ ʤʝʥʰʝ 7,0 (ʢʠʩʣʝ ʩʝʨʝʜʦʚʠʱʝ), ʫ ʩʪʫʧʢʫ ʩʣʽʜ ʚʥʝʩʪʠ ʢʘʣʮɹ̔  ʁʢʘʨʙʦʥʘʪ 

(ʥʘ ʢʽʥʯʠʢʫ ʰʧʘʪʝʣ)̫. ʇ̔ ʜ ʯʘʩ ʨʦʟʪʠʨʘʥʥ̫ ʜʦ ʨʦʩʣʠʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʣʠʪʠ ʨʽʚʥʦ 

40 ʤʣ ʚʦʜʠ, ʷʢʫ ʩʣʽʜ ʜʦʜʘʚʘʪʠ ʤʘʣʝʥʴʢʠʤʠ ʧʦʨʮ̔ ʤ̫ʠ. ʆʪʨʠʤʘʥʫ ʤʘʩʫ ʟ ʩʪʫʧʢʠ 

ʧʝʨʝʤ̔ʩʪʠʪʠ ʢ̔ ʣʢɹʽʩʥʦ ʚ ʮʝʥʪʨʠʬʫʞʥʽ ʧʨʦʙʽʨʢʠ, ʧʨʠ ʮʴʦʤʫ ʩʪʽʥʢʠ ʩʪʫʧʢʠ ʟʤʠʪʠ  

10 ʤʣ ʜʠʩʪʠʣʴʦʚʘʥʦʾ ʚʦʜʠ,  ̔ʮʝʥʪʨʠʬʫʛʫʚʘʪʠ ʧʨʠ 3-5 ʪʠʩ. ʦʙ/ʭʚ 10-15 ʭʚ. ʇʦʪʽʤ 

ʥʘʜʦʩʘʜʦʚʫ ʨʽʜʠʥʫ ʟ ʮʝʥʪʨʠʬʫʞʥʠʭ ʧʨʦʙʽʨʦʢ ʧʝʨʝʣʠʪʠ ʚ ʭʤ̔̔ ʯʥʠʡ ʩʪʘʢʘʥ. 

ɿʘʜʣ ̫ʜʦʩʣʽʜʞʝʥʥ̫ ʘʢʪʠʚʥʦʩʪʽ ʝʥʟʠʤʫ ʽʟ ʩʪʘʢʘʥʘ ʚʟʪ̫ʠ ʜʚʽ ʧʨʦʙʠ ʧʦ 20 ml 

ʬʝʨʤʝʥʪʥʦʾ ʚʠʪʷʞʢʠ  ̔ʧʦʤʽʩʪʠʪʠ ʾʭ ʫ ʢʦʥʽʯʥʽ ʢʦʣʙʠ ʥʘ 200 ml. ɺ ʦʜʥʫ ʟ ʢʦʣʙ, ʷʢʘ 

ʩʣʫʞʠʪʴ ʢʦʥʪʨʦʣʝʤ, ʚʥʝʩʪʠ 5 ml ʨʦʟʯʠʥʫ ʩʫʣʴʬʘʪʥʦʾ ʢʠʩʣʦʪʠ, ʷʢʘ ʽʥʘʢʪʠʚʫ ̒

ʬʝʨʤʝʥʪ. ʇ̔ʩʣʷ ʮʦɹʛʦ ʚ ʦʙʠʜʚʽ ̒ʤʥʦʩʪʽ ʚʽʜʤʨ̔ʷʪʠ ʧʦ 20 ml ʨʦʟʯʠʥʫ ʅ2ʆ2. 

ʈʝʘʢʮʽʶ ʨʦʟʢʣʘʜʘʥʥʷ ʅ2ʆ2 ʧʨʦʚʦʜ̫ ʪʴ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 20 Üʉ ʚʧʨʦʜʦʚʞ 30 ʭʚ. 

ʇʽʩʣʷ ʜʦʜʘʚʘʥʥʷ ʢʦʞʥʦʛʦ ʨʝʘʢʪʠʚʫ ʚʤʽʩʪ ʢʦʣʙ ʩʪʘʨʘʥʥʦ ʨʦʟʤʽʰʘʪʠ. ʏʝʨʝʟ 30 ʭʚ 

ʬʝʨʤʝʥʪ ʫ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʢʦʣʙʽ ʽʥʘʢʪʠʚʫʚʘʪʠ ʜʦʜʘʚʘʥʥʷʤ ʫ ʥʝʾ 5 ʤʣ ʨʦʟʯʠʥʫ 

ʩʽʨʯʘʥʦʾ ʢʠʩʣʦʪʠ. ʇ̔ ʩʣʷ ʮʴʦʛʦ ʥʘʜʣʠʰʦʢ ʅ2ʆ2 ʚ ʢʦʣʙʘʭ ʚ̔ ʜʪʠʪʨʫʚʘʪʠ 0,1 ʥ ʢʘʣʽʶ 

ʧʝʨʤʘʥʛʘʥʘʪʦʤ ʜʦ ʧʦʷʚʠ ʨʦʞʝʚʦʛʦ ʟʘʙʘʨʚʣʝʥʥʷ, ʢ̫ʝ ʥʝ ʟʥʠʢʘʻ ʚʧʨʦʜʦʚʞ 1 ʭʚ. 

ʂʘʪʘʣʘʟʥʘ ʘʢʪʠʚʥʩ̔ʪʴ (ɽ) ʚʠʨʘʞʘʻʪʴʩʷ ʫ ʤʽʢʨʦʤʦʣʷʭ ʅ2ʆ2, ʷʢʠʡ ʧʽʜʜʘʚʩ ̫

ʨʦʟʢʣʘʜʫ ʧʜ̔ ʚʧʣʠʚʦʤ ʝʥʟʠʤʫ ʚʧʨʦʜʦʚʞ 1 ʭʚ ʚ ʨʦʟʨʘʭʫʥʢʫ ʥʘ 1 ʛ ʟʨʘʟʢʫ. 

ʈʦʟʨʘʭʫʥʦʢ ʧʨʦʚʝʩʪʠ ʟʘ ʬʦʨʤʫʣʦʶ 

 
ʜʝ Vk ï ʢʽʣʴʢʽʩʪʴ ʤʽʣʽʣʽʪʨʽʚ 0,1 ʥ ʨ-ʥʫ ʂʄnʆ4, ʦɦ ʚʠʪʨʘʯʝʥʠʡ ʜʣʷ 

ʪʠʪʨʫʚʘʥʥʷ ʢʦʥʪʨʦʣʴʥʦʛʦ ʟʨʘʟʢʘ; Ve ï ʢʽʣʴʢʽʩʪʴ ʤʽʣʽʣʽʪʨʽʚ 0,1 ʥ ʨ-ʥʫ ʂʄnʆ4, ʱʦ 

ʚʠʪʨʘʯʝʥʠʡ ʜʣʷ ʪʠʪʨʫʚʘʥʥ ̫ʜʦʩʣʜ̔ʞʫʚʘʥʦʛʦ ʟʨʘʟʢʘ; ʊ ï ʧʦʧʨʘʚʢʘ ʥʘ ʪʠʪʨ 0,1 ʥ 

ʨ-ʥʫ ʢʘʣ̔ʁ  ʧʝʨʤʘʥʛʘʥʘʪʫ; 50 ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣ ̫ʧʝʨʝʚʝʜʝʥʥʷ 

ʥʘ ʤ̔ ʢʨʦʤʦʣʽ ʅ2ʆ2; 50 ï ʢʽʣʴʢʽʩʪʴ ʤʽʣʽʣʽʪʨʽʚ ʚʟʷʪʦʛʦ ʝʢʩʪʨʘʢʪʫ; 20 ï ʢʽʣʴʢʽʩʪʴ 

ʤ̔ ʣʽʣʽʪʨʽʚ ʬʝʨʤʝʥʪʥʦʛʦ ʨʦʟʯʠʥʫ, ʚʟʷʪʦʛʦ ʜʣʷ ʘʥʘʣ̔ ʟʫ; 30 ï ʯʘʩ ʬʝʨʤʝʥʪʘʪʠʚʥʦʾ 

ʨʝʘʢʮʽʾ, ʭʚ.;  m ï ʤʘʩʘ ʨʦʩʣʠʥʥʦʛʦ ʟʨʘʟʢʫ, ʚʟ̫ʪʦʛʦ ʜʣʷ ʘʥʘʣʽʟʫ, ʛ. 

ɺʠʩʥʦʚʦʢ 
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çɺʠʟʥʘʯʝʥʥʷ ʪʠʨʦʟʠʥʘʟʥʦʾ ʘʢʪʠʚʥʦʩʪ ̔ʫ ʨʦʩʣʠʥʥʠʭ ʟʨʘʟʢʘʭè 

 

ʄʝʪʘ ʨʦʙʦʪʠ. ɺʠʟʥʘʯʠʪʠ ʪʠʨʦʟʠʥʘʟʥʫ ʘʢʪʠʚʥʩ̔ʪɹ ʫ ʨʦʩʣʠʥʥʠʭ ʟʨʘʟʢʘʭ. 

ʇʨʠʥʮʠʧ ʤʝʪʦʜʫ. ʊʠʨʦʟʠʥʘʟʘ (ʤʦʥʦʬʝʥʦʣɹʥʘ ʤʦʥʦʦʢʩʠʛʝʥʘʟʘ                     

(ʂ.ʌ. 1.14.18.1)) ʢʫʧʨʫʤʚʤʽʩʥʠʡ ʝʥʟʠʤ, ʷʢʠʡ ʣʦʢʘʣʽʟʦʚʘʥʠʡ ʫ ʤʝʤʙʨʘʥʽ ʪʘ 

ʢʘʪʘʣʽʟʫ̒ ʩʠʥʪʝʟ ʤʝʣʘʥʽʥʫ ʡ ʥ̔ ʠhʭ ʧʽʛʤʝʥʪʽʚ ʟ ʾʭʥʴʦʛʦ ʧʦʧʝʨʝʜʥʠʢʘ ʪʠʨʦʟʠʥʫ. 

ʊʠʨʦʟʠʥʘʟʘ ʠhʨʦʢʦ ʧʦʰʠʨʝʥʘ ʫ ʙʘʛʘʪɹ ʦʭ ʞʠʚʠʭ ʦʨʛʘʥ̔ʟʤʘʭ, ʟʦʢʨʝʤʘ ʽ ʚ 

ʨʦʩʣʠʥʘʭ. ɰʾ ʚʠʷʚʣʝʥʦ ʫ ʮʫʢʨʦʚʠʭ ʙʫʨ̫ʢʘʭ, ʟʝʨʥ̔ ʟʣʘʢʽʚ, ʢʘʨʪʦʧʣʽ, ʙ̔ ʣʴʰʦʩʪʽ 

ʧʣʦʜʦʚʠʭ ʢʫʣʴʪʫʨ ʪʘ ʽʥ. ɸʢʪʠʚʥʫ ʬʦʨʤʫ ʪʠʨʦʟʠʥʘʟʠ ʚʠʷʚʣʷʶʪʴ ʚ ʜʝʷʢʠʭ ʩʦʨʪʘʭ 

ʧʰʝʥʠʯʥʦʛʦ ʙʦʨʦʰʥʘ  ̔ʟʝʨʥʽ ʞʠʪʘ. ɺʧʣʠʚʦʤ ʪʠʨʦʟʠʥʘʟʠ ʯʘʩʪʢʦʚʦ ʦʙʫʤʦʚʣʝʥʝ 

ʪʝʤʥʝ ʟʘʙʘʨʚʣʝʥʥ ̫ ʞʠʪʥʴʦʛʦ ʭʣ̔ʙʘ ʪʘ ʧʦʪʝʤʥ̔ ʥʥ̫ ʤʘʢʘʨʦʥʥʠʭ ʚʠʨʦʙʚ̔ ʧʨʠ 

ʚʠʩʫʫhʚʘʥʥ.̔  

ʅʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʜʽʾ ʪʠʨʦʟʠʥʘʟʠ ʻ ʧʨʠʩʫʪʥʽʩʪʴ ʚʽʣʴʥʦʛʦ ʦʢʩʠʛʝʥʫ. ʇ̔ʜ 

ʚʧʣʠʚʦʤ ʪʠʨʦʟʠʥʘʟʠ ʦʢʠʩʥʁ ʶʪʩɹ ̫ ʪʠʨʦʟʠʥ, ʬʝʥʦʣʠ, ʧʽʨʦʢʘʪʝʭʽʥ, ʢʨʝʟʦʣʠ, 

ʧʽʨʦʛʘʣʦʣ ʡ ʽʥʰ̔ ʩʧʦʣʫʢʠ. ʂʘʪʘʣʽʪʠʯʥʘ ʜʽʷ ʪʠʨʦʟʠʥʘʟʠ ʥʘ ʪʠʨʦʟʠʥ ʨʝʘʣʽʟʫʻʪɹ ʩʷ 

ʜʚʦʩʪʘʜʽʡʥʦ  ʁ ʨʝʘʢʮʽ̒ʁ ʛʽʜʨʦʢʩʠʣʁʚʘʥʥʷ ̔ʟ ʧʦʩʣʽʜʫʶʯʠʤ ʜʝʛʽʜʨʫʚʘʥʥʷʤ. 

ʆʢʠʩʥʝʥʥʷ ʪʠʨʦʟʠʥʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʡʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʫ 

ʜʠʛʽʜʨʦʢʩʠʬʝʥ̔ʣʘʣʘʥʽʥ, ʘ ʧʦʪʽʤ ʫ ʜʦʬʘʭʽʥʦʥ. ʅʘ ʥʘʩʪʫʧʥʠʭ ʝʪʘʧʘʭ ʜʦʬʘʭʽʥʦʥ 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʜʠʛʽʜʨʦʢʩʠʽʥʜʦʣ ʪʘ ʽʥʜʦʣ-5,6-ʭʽʥʦʥ, ʦʩʪʘʥʥʽ ʜʚʘ ʧʨʦʜʫʢʪʠ 

ʢʦʥʜʝʥʩʫʁ ʪʴ ʟ ʫʪʚʦʨʝʥʥʷʤ ʜʠʤʝʨʫ, ʷʢʠʡ ʰʣʷʭʦʤ ʦʢʠʩʥʝʥʥʷ ʤʦʞʝ ʧʨʠʻʜʥʫʚʘʪʠ 

ʯʝʨʛʦʚ ̔ ʜʠʛʽʜʨʦʢʩʠʽʥʜʦʣɹ ʥʽ ʣʘʥʢʠ, ʧʽʩʣʷ ʯʦʛʦ ʚ ʧʽʜʩʫʤʢʫ ʬʦʨʤʫʶʪʴʩʷ 

ʚʠʩʦʢʦʧʦʣʽʤʝʨʥ ̔ ʪʝʤʥʦʟʘʙʘʨʚʣʝʥ̔ ʩʧʦʣʫʢʠ ï ʤʝʣʘʥʽʥʠ. ʆʯʠʱʝʥʘ ʢʘʨʪʦʧʣ̫, 

ʨʦʟʨ̔ʟʘʥʠʡ ʮʫʢʨʦʚʠʡ ʙʫʨʷʢ  ̔ʧʣʦʜʠ ʪʝʤʥʽʶʪʴ ʟʘ ʨʘʭʫʥʦʢ ʫʪʚʦʨʝʥʥ ̫ʤʝʣʘʥ̔ ʥʽʚ, 

ʦʙʫʤʦʚʣʝʥʦʛʦ ʜʽʻʶ ʪʠʨʦʟʠʥʘʟʠ ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʦʢʩʠʛʝʥʫ ʧʦʚʽʪʨʷ.  

ɼʣ̫  ʚʠʜʽʣʝʥʥʷ ʪʠʨʦʟʠʥʘʟʠ ʟ̔ ʨʦʩʣʠʥʥʦʛʦ ʟʨʘʟʢʘ ʟʜʽʡʩʥʶʶʪ ɹʝʢʩʪʨʘʛʫʚʘʥʥʷ 

ʚʦʜʦ .ʁ ʇʽʩʣʷ ʮʴʦʛʦ ʜʦ ʚʦʜʥʦʾ ʚʠʪʷʞʢʠ, ʚ ̫ʢ̔ʡ ʧʨʠʩʫʪʥ̔ ʡ ʝʥʟʠʤ, ʜʦʜʘʶʪ ɹ

ʪʠʨʦʟʠʥ  ̔ ʧʨʦʚʦʜʷʪʴ ʥ̔ʢʫʙʘʮʽʶ ʚ ʪʝʨʤʦʩʪʘʪʽ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 40 Áʉ. ʇʽʩʣ̫ 

ʥʘʛʨʽʚʘʥʥʷ ʟ ʯʘʩʪʠʥʠ ʪʠʨʦʟʠʥʫ ʫʪʚʦʨʶʻʪʴʩʷ ʤʝʣʘʥʥ̔, ʱʦ ʜʘʻ ʪʝʤʥʝ ʟʘʙʘʨʚʣʝʥʥ.̫ 

ɺ ʧʦʜʘʣʴʰʦʤʫ ʨʦʟʯʠʥ ʢʠʧô̫ ʪʷʪʴ - ʝʥʟʠʤ ʽʥʘʢʪʠʚʫ̒ʪʴʩʷ, ʘ ʤʝʣʘʥʽʥ ʦʩʘʜʞʫ̒ʪʴʩ ̫

ʙʘʨʽʶ ʭʣʦʨʠʜʦʤ. ʂ̔ ʣɹʢʽʩʪʥʝ ʚʠʟʥʘʯʝʥʥʷ ʫ ʚʠʪʷʞʮ ̔ʥʝʦʢʠʩʥʝʥʦʾ ʬʦʨʤʠ ʪʠʨʦʟʠʥʫ 

ʧʨʦʚʦʜ̫ʪʴ ʙʨʦʤʘʪʦʤʝʪʨ̔̒ .ʁ ʂ̔ ʣʴʢʽʩʥʠʡ ʘʥʘʣʽʟ ʫ ʚʦʜʥʽʡ ʚʠʪʷʞʮʽ ʪʠʨʦʟʠʥʫ 

ʧʨʦʚʦʜʪ̫ɹ  ʰʣʷʭʦʤ ʚʥʝʩʝʥʥʷ ʥʘʜʣʠhʢʫ 0,03 ʥ ʨ-ʥʫ ʙʨʦʤʘʪ-ʙʨʦʤʜ̔ʥʦʾ ʩʫʤʽʰʽ, ʟ 

ʧʽʜʢʠʩʣʝʥʥʷʤ ʭʣʦʨʠʜʥʦ ʁ ʢʠʩʣʦʪʦʶ ʽ ʥʘʩʪʫʧʥʦʶ ʽʥʢʫʙʘʮʽ̒ ʶ ʟʘ ʢʽʤʥʘʪʥʦ ʾ

ʪʝʤʧʝʨʘʪʫʨʠ ʚʧʨʦʜʦʚʞ 10 ʭʚ (ʪʠʨʦʟʠʥ ʙʨʦʤʫʪ̒ʩɹʷ). ʅʘʜʣʠʢhʦʚʫ ʢʽʣʴʢʽʩʪʴ 

ʙʨʦʤʫ ʚʠʟʥʘʯʘʶʪʴ ʰʣʷʭʦʤ ʪʠʪʨʫʚʘʥʥʷ ʤʝʪʠʣʦʨʘʥʞʝʤ, ʱʦ ʧʽʜʜʘʻʪʴʩʷ 

ʨʫʡʥʫʚʘʥʥʶ  ̔ ʟʥʝʙʘʨʚʣʶʻʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʙʨʦʤʫ. ʊʠʪʨʫʶʪʴ ʨʦʟʯʠʥ ʜʦ 
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ʚʠʥʠʢʥʝʥʥʷ ʩʪʽʡʢʦʛʦ ʯʝʨʚʦʥʦʛʦ ʢʦʣʴʦʨʫ, ʦɦ ʟʫʤʦʚʣʝʥʠʡ ʥʘʜʣʠʰʢʦʚʦʶ 

ʢ̔ʣʴʢʽʩʪʶ ʤʝʪʠʣʦʨʘʥʞʫ. ɼʣ̫  ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʦʨʤʘʣʴʥʦʩʪ̔ ʤʝʪʠʣʦʨʘʥʞʫ 

ʧʨʦʚʦʜʷʪʴ ʪʠʪʨʫʚʘʥʥʷ ʨʦʟʯʠʥʫ ʙʨʦʤʘʪ-ʙʨʦʤʽʜʫ ʟ ʦʙʯʠʩʣʝʥʥʷʤ ʦʪʨʠʤʘʥʦʛʦ 

ʨʝʟʫʣʴʪʘʪʫ ʟʘ ʥʘʩʪʫʧʥʠʤʠ ʜʘʥʠʤʠ: ʤʦʣʷʨʥʘ ʤʘʩʘ ʙʨʦʤʘʪʫ ʢʘʣ̔ʁ  (ʂɺrO3) - 167,0; 

ʪʠʨʦʟʠʥʫ (ʉ6ʅ4(ʆʅ)ʉʅ2ʉʅ(Nʈ2)ʉʆʆʅ) ï 181,19. 

ʈʝʘʢʪʠʚʠ ʽ ʦʙʣʘʜʥʘʥʥ:̫ ʩʪʫʧʢʘ ʢʝʨʘʤʽʯʥʘ, ʪʦʚʢʘʯʠʢ, ʩʢʣʷʥʽ ʧ̔ ʧʝʪʢʠ, ʢʦʣʙʠ 

ʛʨʘʜʫʡʦʚʘʥʽ ʨʽʟʥʠʭ ʦʙô̒ ʤʚ̔ 50 ml, 100 ml, 200 ml ʽ 1000 ml, ʢʦʥ̔ʯʥa ʢʦʣʙʘ          

V=250 ml, ʩʪʘʢʘʥʠ ʩʢʣʷʥʽ ʭʽʤʽʯʥ̔, ʪʝʨʤʦʩʪʘʪ, ʣ̔ ʡʢʠ ʩʢʣʷʥʽ, ʬʣ̔ʴʪʨʠ ʧʘʧʝʨʦʚʽ, 

ʙʶʨʝʪʢʠ, ʮʝʥʪʨʠʬʫʛʘ ʣʘʙʦʨʘʪʦʨʥʘ, ʛʦʜʠʥʥʠʢ, ʧʽʩʦʢ ʧʨʦʞʘʨʝʥʠʡ, ʪʦʣʫʦʣ, 0,05 %  

ʨ-ʥ ʪʠʨʦʟʠʥʫ (ʧʨʦʧʠʩ: ʚ ʛʨʘʜʫʡʦʚʘʥʫ ʢʦʣʙʫ ʥʘ 200 ml ʚʥʝʪʠ 0,1 ʛ ʪʠʨʦʟʠʥʫ,               

1,2 ml 5 % ʨʦʟʯʠʥʫ Nʘ2ʉʆ3, ʜʦʜʘʪʠ 150 ml ʜʠʩʪʠʣʴʦʚʘʥʦʾ ʚʦʜʠ  ̔ʥʘʛʨʽʚʘʪʠ, ʜʦʢʠ 

ʨʦʟʯʠʥʠʪʴʩ ̫ʪʠʨʦʟʠʥ; ʧʽʩʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʜʦʜʘʪʠ ʚʦʜʠ ʜʦ ʧʦʟʥʘʯʢʠ ʚ 200 ml  ̔

ʟʤʽhʘʪʠ; ʧʝʨʝʣʠʪʠ ʚ ʪʝʤʥʫ ʧʦʩʫʜʠʥʫ ʪʘ ʟʙʝʨʽʛʘʪʠ ʫ ʭʦʣʦʜʠʣʴʥʠʢʫ); 0,03 ʥ ʨ-ʥ 

ʙʨʦʤʘʪ-ʙʨʦʤʜ̔ʫ (ʧʨʦʧʠʩ: ʚ̔ ʜʚʘʞʠʪʠ ʟ ʜʦʧʦʤʦʛʦ ʁʘʥʘʣʽʪʠʯʥʠʭ ʚʘʛ̔ʚ 0,8349 ʛ 

ʂɺrʆ3  ̔ ʧʦʤʽʩʪʠʪʠ ʚ ʢʦʣʙʫ V=1 ʣ, ʜʦʜʘʪʠ 10 ʛ ʢʘʣʽʶ ʙʨʦʤʽʜʫ, ʧʽʩʣʷ ʯʦʛʦ 

ʨʦʟʯʠʥʠʪʠ ʫ ʥʝʚʝʣʠʢʦʤʫ ʦʙô̒ ʤʽ ʚʦʜʠ ̔ ʜʦʚʝʩʪʠ ʦʙôʻʤ ʜʦ ʧʦʟʥʘʯʢʠ 1 ʣ), 0,2 % ʨ-ʥ 

ʤʝʪʠʣʦʨʘʥʞʫ (ʧʨʦʧʠʩ: ʚʽʜʚʘʞʠʪʠ 2 ʛʨʘʤʠ ʤʝʪʠʣʦʨʘʥʞʫ, ʧʦʤ̔ʩʪʠʪʠ ʚ ʢʦʣʙʫ V=1 

ʣ, ʨʦʟʯʠʥʠʪʠ ʜʠʩʪʠʣʴʦʚʘʥʦʁ  ʚʦʜʦ  ʁʽ  ʜʦʚʝʩʪʠ ʜʦ ʧʦʟʥʘʯʢʠ 1 ʣ, ʚʽʜʬʽʣʴʪʨʫʚʘʪʠ),      

10 % ʨ-ʥ ʙʘʨʽ ʁʭʣʦʨʠʜʫ (ʧʨʦʧʠʩ: 10 ʛ ɺʘʉl2Ĭ2ʅ2ʆ ʧʦʤʽʩʪʠʪʠ ʜʦ ʢʦʣʙʠ V=100 

ʤʣ, ʨʦʟʯʠʥʠʪʠ ʜʠʩʪʠʣʴʦʚʘʥʦ  ʁʚʦʜʦ  ʁʽ ʜʦʚʝʩʪʠ ʜʦ 100 ml), 5 % ʨ-ʥ ʥʘʪʨʽʶ 

ʢʘʨʙʦʥʘʪʫ (ʧʨʦʧʠʩ: 50 ʛ ʙʝʟʚʦʜʥʦʾ ʩʦʣ̔  Nʘ2ʉʆ3 ʧʦʤʽʩʪʠʪʠ ʚ ʢʦʣʙʫ V=1 ʣ, 

ʨʦʟʯʠʥʠʪʠ ʜʠʩʪʠʣʴʦʚʘʥʦ  ʁʚʦʜʦ  ʁ  ̔ʜʦʚʝʩʪʠ ʜʦ 1 ʣʽʪʨʘ), ʨ-ʥ ʭʣʦʨʠʜʥʦʾ ʢʠʩʣʦʪʠ 

1:1 (ʧʨʦʧʠʩ: ʜʦ 50 ml ʜʠʩʪʠʣʦɹʚʘʥʦʾ ʚʦʜʠ ʧʦʩʪʫʧʦʚʦ ʜʦʜʘʪʠ 50 ml 

ʢʦʥʮʝʥʪʨʦʚʘʥʦʾ ʭʣʦʨʠʜʥʦʾ ʢʠʩʣʦʪʠ  ̔ʧʝʨʝʤ̔h ʘʪʠ).  

ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʦʨʤʘʣɹʥʦʩʪ̔ ʨ-ʥʫ ʤʝʪʠʣʦʨʘʥʞʫ ʧʨʦʚʦʜʷʪʴ ʦʙʨʘʭʫʥʦʢ ʟʘ 

ʢʘʣʽʶ ʙʨʦʤʘʪʦʤ: ʚ ʢʦʣʙʫ ʚʥʦʩʷʪʴ 10 ml 0,03 ʥ ʨ-ʥʫ ʙʨʦʤʘʪ-ʙʨʦʤʽʜʫ, ʜʦʜʘʶʪʴ           

30 ml ʜʠʩʪʠʣʴʦʚʘʥʦʾ ʚʦʜʠ, 4 ml ʨ-ʥʫ ʭʣʦʨʠʜʥʦʾ ʢʠʩʣʦʪʠ (1:1) ʪʘ ʪʠʪʨʫʶʪʴ 

ʧʨʠʛʦʪʦʚʣʝʥʠʤ ʨʦʟʯʠʥʦʤ ʤʝʪʠʣʦʨʘʥʞʫ ʜʦ ʧʦ̫ ʚʠ ʩʪʡ̔ʢʦʛʦ ʯʝʨʚʦʥʦʛʦ 

ʟʘʙʘʨʚʣʝʥʥʷ. ʅʦʨʤʘʣʴʥʽʩʪʴ (N) ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʛʽʜʥʦ ʬʦʨʤʫʣʠ:  

 
 

ʜʝ V ï ʢʽʣʴʢʽʩʪʴ ʤʽʣʽʣʽʪʨʽʚ ʤʝʪʠʣʦʨʘʥʞʫ, ʱʦ ʙʫʚ ʟʘʪʨʘʯʝʥʠʡ ʥʘ ʪʠʪʨʫʚʘʥʥʷ                

10 ml 0,03 ʥ ʨ-ʥʫ ʙʨʦʤʘʪ-ʙʨʦʤʽʜʫ. 
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ʍʜ̔ ʨʦʙʦʪʠ. 

ɿʚʘʞʠʪʠ 3-5 ʛ ʩʚʽʞʦʛʦ ʟʨʘʟʢʘ ʨʦʩʣʠʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥ ̫(ʢʘʨʪʦʧʣ,̫ ʙʫʨʷʢ 

ʮʫʢʨʦʚʠʡ), ʧʦʜʨʽʙʥʠʪʠ ʟ ʜʦʧʦʤʦʛʦʶ ʪʝʨʢʠ, ʧʽʩʣʷ ʯʦʛʦ ʨʦʟʪʝʨʪʠ ʪʦʚʢʘʯʠʢʦʤ ʚ 

ʬʘʨʬʦʨʦʚʽʡ ʩʪʫʧʮ,̔ ʜʦʜʘʚʰʠ ʥʝʟʥʘʯʥʫ ʢʣ̔ʢɹ̔ ʩʪɹ ʜʠʩʪʠʣʦɹʚʘʥʦʾ ʚʦʜʠ. ʇʨʠ 

ʥʝʦʙʭʽʜʥʦʩʪʽ (ʟʨʘʟʦʢ ʧʦʛʘʥʦ ʨʦʟʪʠʨʘʻʪʴʩʷ), ʜʦ ʨʦʩʣʠʥʥʦʾ ʤʘʩʠ ʤʦʞʥʘ ʚʥʝʩʪʠ 

ʪʨʽhʢʠ ʧʨʦʞʘʨʝʥʦʛʦ ʧʩ̔ʢʫ. ʈʦʟʪʝʨʪʫ ʤʘʩʫ ʧʦʤʽʩʪʠʪʠ ʚ ʛʨʘʜʫʡʦʚʘʥʫ ʢʦʣʙʫ         

V=50 ml, ʩʧʦʣʦʩʥʫʚʰʠ ʩʪʽʥʢʠ ʩʪʫʧʢʠ ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ ~ 5-10 ʤʣ, ʧʽʩʣʷ 

ʯʦʛʦ ʜʦʚʝʩʪʠ ʟʘʛʘʣʴʥʠʡ ʦʙô̒ ʤ ʚʦʜʦʶ ʜʦ ʧʦʟʥʘʯʢʠ, ʧʝʨʝʤ̔ʰʘʪʠ, ʟʘʣʠʠhʪʠ ʪʨʦʭʠ 

ʚʽʜʩʪʦʷʪʠʩʴ ʪʘ ʧʨʦʬʽʣʴʪʨʫʚʘʪʠ. ʋ ʨʘʟ̔ ʧʦʛʘʥʦʛʦ ʦʩʘʜʞʝʥʥʷ ʨʦʩʣʠʥʥʠʭ ʯʘʩʪʠʥʦʢ 

- ʧʨʦʮʝʥʪʨʠʬʫʛʫʚʘʪʠ ʚʧʨʦʜʦʚʞ 15 ʭʚʠʣʠʥ (5 ʪʠʩ.ʦʙ/ʭʚ). ɿ ʥʘʜʦʩʘʜʦʚʦʾ ʨʽʜʠʥʠ 

ʚʽʜʽʙʨʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʢʣʷʥʦʾ ʧʽʧʝʪʢʠ 10 ml ʨʽʜʠʥʠ (ʥʝ ʩʢʘʣʘʤʫʯʫʶʯʠ ʦʩʘʜ) 

ʘʙʦ ʞ 10 ml ʦʪʨʠʤʘʥʦʛʦ ʬʽʣʴʪʨʘʪʫ  ̔ʚʥʝʩʪʠ ʚ ʢʦʥʯ̔ʥʫ ʢʦʣʙʫ V=250 ʤʣ. ɼʦ 

ʬʽʣʴʪʨʘʪʫ ʜʦʜʘʪʠ ʨʦʟʯʠʥ ʪʠʨʦʟʠʥʫ ʚ ʦʙô̒ ʤ̔ 10 ml, ʪʦʣʫʦʣ 2-3 ʢʨʘʧʣʽ, ʪʘ 

ʧʦʤʽʩʪʠʪʠ ʢʦʣʙʫ ʥʘ ʽʥʢʫʙʘʮʽʶ ʚ ʨʦʟʽʛʨʽʪʠʡ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 40 Áʉ ʪʝʨʤʦʩʪʘʪ ʥʘ       

2 ʛʦʜ. ɺʠʪʨʠʤʫʚʘʥʥʷ ʟʘ ʚʢʘʟʘʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʦʢʠʩʥʝʥʥʷ ʧʝʚʥʦʾ ʯʘʩʪʠʥʠ ʪʠʨʦʟʠʥʫ ʚ ʤʝʣʘʥʽʥʠ, ʱʦ ʢʘʪʘʣ̔ʟʫʻʪʴʩʷ ʝʥʟʠʤʦʤ 

ʪʠʨʦʟʠʥʘʟʦʁ . ʇʦ ʟʘʢʽʥʯʝʥʥ ʁʽʥʢʫʙʘʮʽʾ  ʜʦ ʩʫʤʽʰʽ ʚ ʢʦʣʙʽ ʚʥʝʩʪʠ 1 ml ʨʦʟʯʠʥʫ 

Na2CO3, 3 ml ʨʦʟʯʠʥʫ BaCl2, ʟʘʢʠʧô̫ ʪʠʪʠ  ̔ʧʨʦʬʽʣɹʪʨʫʚʘʪʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʬʣ̔ʴʪʨ, ʚ ʯʠʩʪʫ ʢʦʣʙʫ. ʇʨʦʤʠʪʠ ʢʦʣʙʫ ʪʘ ʦʩʘʜ ʥʘ ʬʽʣʴʪʨʫʚʘʣʴʥʦʤʫ ʧʘʧʝʨʽ 

ʪʨɹʦʭʢʨʘʪʥʦ ʛʘʨ̫ʯʦʁ ʚʦʜʦʶ ʚ ʢʽʣʴʢʦʩʪʽ 7-9 ml ʪʘ ʚʥʝʩʪʠ ʜʦ ʚʠʭʽʜʥʦʛʦ ʨʦʟʯʠʥʫ. 

ɼʘʪʠ ʩʭʦʣʦʥʫʪʠ ʬʽʣʴʪʨʘʪʫ, ʧʽʩʣʷ ʯʦʛʦ ʚ ʢʦʣʙʫ ʚʥʝʩʪʠ ʙʨʦʤʘʪ-ʙʨʦʤʽʜʥʠʡ ʨʦʟʯʠʥ 

ʚ ʢʽʣʴʢʦʩʪʽ 10 ml ʽ ʭʣʦʨʠʜʥʫ ʢʠʩʣʦʪʫ - 4 ml. ɺʤʽʩʪʠʤʝ ʢʦʣʙʠ ʟʤʽʘhʪʠ, ʥʘʢʨʠʪʠ ̔ 

ʚʠʩʪʦʷʪʠ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚʧʨʦʜʦʚʞ 10 ʭʚ. ʅʘʜʣʠ ʢhʦʚʫ ʢ̔ʣʴʢʽʩʪʴ 

ʙʨʦʤʫ ʧʨʦʪʠʪʨʫʚʘʪʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʦʟʯʠʥ ʤʝʪʠʣʦʨʘʥʞʫ, ʜʦʢʠ ʥʝ ʟô̫ ʚʠʪʴʩʷ 

ʩʪʽʡʢʠʡ ʯʝʨʚʦʥʠʡ ʢʦʣʽʨ, ʢ̫ʠʡ ʥʝ ʟʥʠʢʘ̒ . ɼʣʷ ʥʝʜʦʧʫʱʝʥʥʷ ʚʪʨʘʪʠ Br ʧʽʜ ʯʘʩ 

ʪʠʪʨʫʚʘʥʥ̫, ʜʦʜʘʚʰʠ ʢʦʞʥʫ ʥʘʩʪʫʧʥʫ ʧʦʨʮʽ ʁ ʤʝʪʠʣʦʨʘʥʞʫ, ʦʙʝʨʝʞʥʦ 

ʢʦʣʠʚʘʶʯʠ ʢʦʣʙʫ ʧʝʨʝʤʽʘhʪʠ ʾʾ ʚʤʩ̔ʪ, ʫʥʠʢʘʶʯʠ  ʨʽʟʢʠʭ ʝʥʝʨʛʽʡʥʠʭ ʨʫʭʽʚ.  

ʇʘʨʘʣʝʣʥɹʦ ʟ ʜʦʩʣʽʜʥʦ ʁʧʽʜʛʦʪʫʚʘʪʠ ʢʦʥʪʨʦʣʴʥʫ ʧʨʦʙʫ: 10 ml ʨʦʟʯʠʥʫ, 

ʷʢʠʡ ʦʪʨʠʤʘʣʠ ʧ̔ ʜ ʯʘʩ ʬ̔ ʣʴʪʨʫʚʘʥʥ ̫ ʯʠ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥ,̫ ʚʥʝʩʪʠ ʚ ʢʦʣʙʫ, 

ʜʦʜʘʪʠ ʜʠʩʪʠʣʴʦʚʘʥʫ ʚʦʜʫ ʚ ʢʽʣʴʢʦʩʪʽ 25 ml  ̔ʧʨʦʢʠʧô̫ʪʠʪʠ 4-6 ʭʚ (ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʥ̔ʘʢʪʠʚʘʮʽ̫ ʝʥʟʠʤʫ). ɺ ʦʭʦʣʦʜʞʝʥʠʡ ʨ-ʥ ʚʥʝʩʪʠ 10 ml ʪʠʨʦʟʠʥʫ, ʨ-ʥ ʙʨʦʤʘʪʫ-

ʙʨʦʤʽʜʫ 10 ml, ʨ-ʥ ʭʣʦʨʠʜʥʦʾ ʢʠʩʣʦʪʠ 4 ml - ʟʤ̔ ʰʘʪʠ, ʥʘʢʨʠʪʠ ʩʢʣʦʤ  ̔

ʽʥʢʫʙʫʚʘʪʠ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨ ̔ 10 ʭʚ. ʅʘʜʣʠʰʢʦʚʫ ʢʽʣʴʢʽʩʪʴ ʙʨʦʤʫ 

ʧʨʦʪʠʪʨʫʚʘʪʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʦʟʯʠʥ ʤʝʪʠʣʦʨʘʥʞʫ, ʜʦʢʠ ʥʝ ʟôʷʚʠʪʴʩʷ ʩʪʽʡʢʠʡ 

ʯʝʨʚʦʥʠʡ ʢʦʣʽʨ, ̫ ʢʠʡ ʥʝ ʟʥʠʢʘʻ.  

ʊʠʨʦʟʠʥʘʟʥʫ ʘʢʪʠʚʥʩ̔ʪɹ ʨʦʟʨʘʭʫʚʘʪʠ ʟʘ ʬʦʨʤʫʣʦ  ʁ 



90 

 

 

, 

ʜʝ ɽ ï ʪʠʨʦʟʠʥʘʟʥʘ ʘʢʪʠʚʥʽʩʪ,ɹ ʚʠʨʘʞʝʥʘ ʚ ʦʜʠʥʠʮʷʭ ʤʢʤʦʣʴ/1 ʛʦʜ/1 ʛ 

ʨʦʩʣʠʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ;  

50 ï ʢʽʣɹʢʽʩʪʴ ʤʽʣʽʣʽʪʨʚ̔ ʦʪʨʠʤʘʥʦ ʾʚʠʪʷʞʢʠ ʟ ʨʦʩʣʠʥʥʦʛʦ ʟʨʘʟʢʘ;  

10 ï V ʨʦʟʯʠʥʫ, ʷʢʠʡ ʚʟ̫ʣʠ ʜʣʷ ʘʥʘʣʽʟʫ, ml;  

2 ï ʢʽʣʴʢʽʩʪɹ ʛʦʜʠʥ, ʚʧʨʦʜʦʚʞ ʷʢʠʭ ʝʥʟʠʤ ʚʟʘʻʤʦʜʽ̫ʚ ʟ ʪʠʨʦʟʠʥʦʤ;  

Ve ï ʢʽʣʴʢʽʩʪʴ ʤʽʣʽʣʽʪʨʽʚ ʨ-ʥʫ ʤʝʪʠʣʦʨʘʥʞʫ, ʷʢʠʡ ʚʠʪʨʘʪʠʣʠ ʟʘʜʣʷ ʪʠʪʨʫʚʘʥʥʷ 

ʜʦʩʣʽʜʥʦʾ ʧʨʦʙʠ;  

Vk ï ʢ̔ ʣʢɹʽʩʪʴ ʤʽʣʽʣʽʪʨʽʚ ʨ-ʥʫ ʤʝʪʠʣʦʨʘʥʞʫ, ʷʢʠʡ ʚʠʪʨʘʪʠʣʠ ʟʘʜʣʷ ʪʠʪʨʫʚʘʥʥʷ 

ʢʦʥʪʨʦʣʴʥʦʾ ʧʨʦʙʠ;  

N ï ʥʦʨʤʘʣʴʥ̔ʩʪʴ ʨ-ʥʫ ʤʝʪʠʣʦʨʘʥʞʫ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʣʷ ʪʠʪʨʫʚʘʥʥʷ;  

m ï ʢʽʣʴʢʽʩʪʴ ʛʨʘʤʽʚ ʨʦʩʣʠʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʟ̫ʪʦʛʦ ʜʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ ʚʠʪʷʞʢʠ;  

166,8 ï ʢʦʝʬʽʮʽ̒ʥʪ ʧʝʨʝʨʘʭʫʥʢʫ ʤʛ ʥʦʨʤʘʣɹʥʦʛʦ ʨʦʟʯʠʥʫ ʪʠʨʦʟʠʥʫ ʚ ʤʢ̔ʨʦʤʦʣʽ 

(30 200 : 181,2 = 166,8). 

ɺʠʩʥʦʚʦʢ 

 

 

 

ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ 15 

çɺʠʟʥʘʯʝʥʥʷ ʩʫʧʝʨʦʢʩʠʜʜʠʩʤʫʪʘʟʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʫ ʨʦʩʣʠʥ  

ʟʘ ʤʝʪʦʜʦʤ ʏʝʚʘʨ ̔ʪʘ ʩʧʚ̔ʘʚ.è 

 

ʄʝʪʘ ʨʦʙʦʪʠ. ɺʠʟʥʘʯʠʪʠ ʩʫʧʝʨʦʢʩʠʜʜʠʩʤʫʪʘʟʥʫ ʘʢʪʠʚʥ̔ʩʪɹ ʫ ʨʦʩʣʠʥʥʦʤʫ 

ʤʘʪʝʨ̔ ʘʣʽ. 

ʇʨʠʥʮʠʧ ʤʝʪʦʜʫ. ʉʫʧʝʨʦʢʩʠʜʜʠʩʤʫʪʘʟʘ (ʉʆɼ) (ʂ.ʌ. 1.15.1.1) - ʧʝʨʦʢʩʠʜ: 

ʧʝʨʦʢʩʠʜ ʦʢʩʠʜʦʨʝʜʫʢʪʘʟʘ, ʝʥʟʠʤ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʠʡ ʢʘʪʘʣʽʟʫʻ 

ʨʝʘʢʮʽʶ ʜʠʩʤʫʪʘʮʽ ʾʩʫʧʝʨʦʢʩʠʜʫ ʚ ʢʠʩʝʥʴ  ̔ʧʝʨʦʢʩʠʜ ʚʦʜʥ :ʁ  

ʆ2
.- + ʆ2

.- + 2ʅ+ ­ ʆ2 + ʅ2ʆ2. 

ʇʝʨʦʢʩʠʜ ʚʦʜʥʁ, ɦʦ ʫʪʚʦʨʶʻʪʴʩ̫ ʚ ʨʝʟʫʣʪɹʘʪʽ ʨʝʘʢʮ̔ʾ , ʽʥʘʢʪʠʚʫʻ ʩʘʤ ʬʝʨʤʝʥʪ 

(ʉʆɼ). ɸʢʪʠʚʥʩ̔ʪɹ ʉʆɼ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʽʚʥʷ ʩʫʧʝʨʦʢʩʠʜʫ ʚ ʪʢʘʥʠʥʘʭ, ʱʦ 

ʚʠʩʪʫʧʘʻ ʧʦ ʚʽʜʥʦ ʝhʥʥʶ ʜʦ ʝʥʟʠʤʫ ʢ̫ ʽʥʜʫʢʫʶʯʠʡ ʬʘʢʪʦʨ. 

ʉʆɼ ʥʘʜʟʚʠʯʘʡʥʦ ʨʦʟʧʦʚʩʜʁʞʝʥʘ ʚ ʧʨʠʨʦʜ̔, ʦʩʢʽʣʴʢʠ ʻ ʦʜʥʠʤ ʟ ʢʣʶʯʦʚʠʭ 

ʝʟʠʤʽʚ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʛʦ ʟʘʭʠʩʪʫ ʤʘʡʞʝ ʚ ʫʩʽʭ ʘʝʨʦʙ̔ʚ, ʦʢʨʽʤ ʤʦʣʦʯʥʦʢʠʩʣʦ ʾ

https://uk.wikipedia.org/wiki/%D0%94%D0%B8%D1%81%D0%BC%D1%83%D1%82%D0%B0%D1%86%D1%96%D1%8F
https://uk.wikipedia.org/wiki/%D0%A1%D1%83%D0%BF%D0%B5%D1%80%D0%BE%D0%BA%D1%81%D0%B8%D0%B4
https://uk.wikipedia.org/wiki/%D0%9A%D0%B8%D1%81%D0%B5%D0%BD%D1%8C
https://uk.wikipedia.org/wiki/%D0%9F%D0%B5%D1%80%D0%B5%D0%BA%D0%B8%D1%81_%D0%B2%D0%BE%D0%B4%D0%BD%D1%8E
https://uk.wikipedia.org/wiki/%D0%90%D0%BD%D1%82%D0%B8%D0%BE%D0%BA%D1%81%D0%B8%D0%B4%D0%B0%D0%BD%D1%82%D0%B8
https://uk.wikipedia.org/wiki/%D0%9C%D0%BE%D0%BB%D0%BE%D1%87%D0%BD%D0%BE%D0%BA%D0%B8%D1%81%D0%BB%D1%96_%D0%B1%D0%B0%D0%BA%D1%82%D0%B5%D1%80%D1%96%D1%97
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ʙʘʢʪʝʨ̔ʾ Lactobacillus plantarum ʪʘ ʽʥʰʠʭ ʧʦʜʽʙʥʠʭ ʡʾ ʦʨʛʘʥʽʟʤ̔ʚ, ʷʢʽ ʝʚʦʣʶʮʽʡʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥ̔h  ̔ʤʝʭʘʥʽʟʤʠ, ʱʦ ʟʘʭʠʱʘʶʪʴ ʚʽʜ ʩʫʧʝʨʦʢʩʠʜʥʦʛʦ ʘʥʽʦʥʫ. 

ɺ ʘʢʪʠʚʥʦʤʫ ʮʝʥʪʨʽ ʝʥʟʠʤʫ ʟʥʘʭʦʜʷʪʴʩʷ ʘʪʦʤʠ ʤʝʪʘʣʽʚ ʟʤ̔ʥʥʦʾ ʚʘʣʝʥʪʥʦʩʪ̔, 

ʟʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʷʢʠʭ ʚʠʜʽʣʷʶʪʴ ʢʽʣʴʢʘ ʬʦʨʤ ʉʆɼ: ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʦʁ ʻ Cu, 

Zn ï ʉʆɼ (ʤ̔ ʩʪʠʪʴ ʢʫʧʨʫʤ ʢ̫ ʢʦʬʘʢʪʦʨ ʚ ʘʢʪʠʚʥʦʤʫ ʮʝʥʪʨ,̔ ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʦɹ 

ʧʨʠʡʤʘʻ ʫʯʘʩʪɹ ʚ ʜʠʩʤʫʪʘʮʽʾ,   ̔ʮʠʥʢ ʷʢ ʢʦʬʘʢʪʦʨ, ʱʦ ʩʪʘʙʽʣʽʟʫʻ ʢʦʥʬʦʨʤʘʮʽʶ 

ʝʥʟʠʤʫ), ʢ̫ʘ ʟʥʘʭʦʜʠʪɹʩ ̫ ʫ ʮʠʪʦʟʦʣʽ ʢʣʽʪʠʥ ʪʘ ʤʞ̔ʤʝʤʙʨʘʥʥʦʤʫ ʧʨʦʩʪʦʨʽ 

ʤ̔ ʪʦʭʦʥʜʨʽʡ. ʋ ʤʘʪʨʠʢʩʽ ʤʽʪʦʭʦʥʜʨʡ̔ ʧʨʠʩʫʪʥʷ ʤʘʥʛʘʥʚʤʩ̔ʥʘ 

ʩʫʧʝʨʦʢʩʠʜʜʠʩʤʫʪʘʟʘ (Mn ï ʉʆɼ, ʟ ʤʘʥʛʘʥʦʤ ʚ ʘʢʪʠʚʥʦʤʫ ʮʝʥʪʨʽ), ʷʢʘ 

ʜʠʩʤʫʪʫʻ ʆ2
- ʨʘʜʠʢʘʣʠ, ʱʦ ʥʘʜʭʦʜʷʪɹ ʟ ʝʣʝʢʪʨʦʥʪʨʘʥʩʧʦʨʪʥʦʛʦ ʣʘʥʮʶʛʘ. ʄʝʥ  h

ʧʦhʠʨʝʥʠʤʠ  ̒Fe-ʉʆɼ ʪʘ Ni-ʉʆɼ. 

ʄʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʉʆɼ ʙʘʟʫʻʪʴʩ ̫ ʥʘ ʟʜʘʪʥʦʩʪʽ ʝʥʟʠʤʫ ̔ʥʛ̔ʙʫʚʘʪʠ 

ʚʽʜʥʦʚʣʝʥʥ̫ ʥʽʪʨʦʩʠʥʴʦʛʦ ʪʝʪʨʘʟʦʣʽʶ (ʅʉʊ) ʨʘʜʠʢʘʣʘʤʠ ʩʫʧʝʨʦʢʩʠʜʫ ʥʘ ʩʚ̔ʪʣ̔ 

ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʨʠʙʦʬʣʘʚʽʥʫ ʪʘ ʤʝʪʽʦʥʥ̔ʫ. ʋ ʧʨʠʩʫʪʥʦʩʪʽ ʉʆɼ ʚʜ̔ʩʦʪʦʢ 

ʚʽʜʥʦʚʣʝʥʥ ̫ʅʉʊ ʟʤʝʥʫhʪ̒ɹ ʩ̫. 

ʄʘʪʝʨ̔ʘʣʠ ʪʘ ʨʝʘʢʪʠʚʠ. 50 ʤʄ ʢʘʣʽʡ-ʬʦʩʬʘʪʥʠʡ ʙʫʬʝʨ (ʨʅ 7,8), 

ʨʠʙʦʬʣʘʚʽʥ, ʤʝʪʽʦʥʽʥ, ʥʽʪʨʦʩʠʥʽʡ ʪʝʪʨʘʟʦʣʡ̔, ɽɼʊɸ, ʧʝʨʦʢʩʠʜ ʚʦʜʥ,ʁ 7-ʜʦʙʦʚʽ 

ʧʨʦʨʦʩʪʢʠ ʦʟʠʤʦʾ ʧh ʝʥʠʮʽ (Triticum aestivum L.). 

ʆʙʣʘʜʥʘʥʥ̫. ʐʪʘʪʠʚ ʟ ʧʨʦʙʽʨʢʘʤʠ, ʛʦʤʦʛʝʥʽʟʘʪʦʨ, ʧʽʧʝʪʢʠ, ʢʦʣʙʠ, ʣ̔ ʡʢʠ, 

ʬʽʣʴʪʨʫʚʘʣɹʥʠʡ ʧʘʧʽʨ, ʣɹ ʦʜʷʥʘ ʙʘʥʷ, ʪʝʨʤʦʩʪʘʪ, ʩʢʣʷʥʽ ʧʘʣʠʯʢʠ, ʪʝʨʝʟʠ, 

ʮʝʥʪʨʠʬʫʛʘ, ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨ. 

ʍʽʜ ʨʦʙʦʪʠ 

ʅʘʜʟʝʤʥʫ ʯʘʩʪʠʥʫ ʧʨʦʨʦʩʪʢʽʚ ʧʰʝʥʠʮʽ, ʚʠʨʦʱʝʥʠʭ ʥʘ ʜʠʩʪʠʣʴʦʚʘʥʽʡ ʚʦʜʽ, 

ʧʨʠ ʦʩʚʽʪʣʝʥʥ ̔ 5000 ʣʢ ʥʘ ʨʽʚʥʽ ʨʦʩʣʠʥ ʽ ʪʝʤʧʝʨʘʪʫʨ ̔ +24 Áʉ, ʦʙʧʨʠʩʢʘʪʠ                   

500 ʤʢʄ H2O2, ʧʽʩʣʷ ʯʦʛʦ ʚʠʪʨʠʤʘʪʠ ʫ ʩʢʣʥ̫ʽʡ ʢʘʤʝʨʽ ʚʧʨʦʜʦʚʞ 1, 4 ʪʘ 24 ʛʦʜ. 

ʂʦʥʪʨʦʣʴʥʽ ʨʦʩʣʠʥʠ ʦʙʧʨʠʩʢʘʪʠ ʜʠʩʪʠʣʴʦʚʘʥʦ  ʁʚʦʜʦʶ. 

ʇʝʨʦʢʩʠʜ ʚʦʜʥ ʁ ʚʠʢʦʨʠʩʪʦʚʫ̒ ʤʦ ʷʢ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʦʢʠʩʥʶʚʘʯ, ʷʢʠʡ ʫ 

ʬʟ̔ʽʦʣʦʛ̔ ʯʥʡ̔ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽʥʜʫʢʫʻ ʦʢʩʠʜʘʪʠʚʥʠʡ ʩʪʨʝʩ, ʥʝ ʧʦʢhʦʜʞʫʶʯʠ ʧʨʠ 

ʮɹ ʦʤʫ ʢʣ̔ʪʠʥʠ. ɿ ʫʩʽʭ ʘʢʪʠʚʥʠʭ ʬʦʨʤ ʦʢʩʠʛʝʥʫ ʪʽʣʴʢʠ ʧʝʨʦʢʩʠʜ ʚʦʜʥ  ʁʤʦʞʝ 

ʨʝʘʛʫʚʘʪʠ ʟ ʨʝʯʦʚʠʥʘʤʠ  ̔ ʢ̫ ʨʘʜʠʢʘʣ,  ̔ ʷʢ ʮʣ̔ʽʩʥʘ ʤʦʣʝʢʫʣʘ. ʪʘ  ̒ ʜʞʝʨʝʣʦʤ 

ʥʘʜʟʚʠʯʘʡʥʦ ʨʝʘʢʮʽʡʥʦ ʟʜʘʪʥʦʛʦ ʛʽʜʨʦʢʩʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ, ʷʢʠʡ ʫʪʚʦʨʶʻʪʴʩ ̫ʚ 

ʨʝʘʢʮʽʷʭ H2O2 ʟ ʤʝʪʘʣʦʚʤʽʩʥʠʤʠ ʧʨʦʪʝʾʥʘʤʠ (ʨʝʘʢʮʽʷ ʌʝʥʪʦʥʘ) ʘʙʦ ʟ 

ʩʫʧʝʨʦʢʩʠʜ ʘʥʽʦʥʦʤ ʟʘ ʫʯʘʩʪʶ ʬʝʨʫʤʚʤʽʩʥʠʭ ʧʨʦʪʝʾʥʽʚ (ʨʝʘʢʮʽʷ ʍʘʙʝʨʘïɺʝʡʩʘ) 

ʇʩ̔ʣʷ ʽʥʢʫʙʘʮʽʾ 300 ʤʛ ʧʨʦʨʦʩʪʢʽʚ ʣʠʩʪʢʽʚ ʧʰʝʥʠʮ ̔ʧʨʦʛʦʤʦʛʝʥʽʟʫʚʘʪʠ ʫ       

20 ʤʣ 50 ʤʄ ʢʘʣʽʡ-ʬʦʩʬʘʪʥʦʛʦ ʙʫʬʝʨʘ (ʨʅ 7,8). ɻʦʤʦʛʝʥʘʪ ʚʽʜʮʝʥʪʨʠʬʫʛʫʚʘʪʠ 

(15 ʭʚ, 7000 g) ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ. ɸʢʪʠʚʥʽʩʪʴ ʉʆɼ ʚʠʟʥʘʯʘ̒ʤʦ ʫ ʩʫʧʝʨʥʘʪʘʥʪʽ 

ʮʠʪʦʟʦʣʴʥʦʾ ʬʨʘʢʮʽʾ. ɯʥʢʫʙʘʮʡ̔ʥʝ ʩʝʨʝʜʦʚʠʱʝ ʤʽʩʪʠʪ ɹ 1,3 ʤʄ ʨʠʙʦʬʣʘʚʽʥʫ,         

https://uk.wikipedia.org/wiki/%D0%9C%D0%BE%D0%BB%D0%BE%D1%87%D0%BD%D0%BE%D0%BA%D0%B8%D1%81%D0%BB%D1%96_%D0%B1%D0%B0%D0%BA%D1%82%D0%B5%D1%80%D1%96%D1%97
https://uk.wikipedia.org/w/index.php?title=Lactobacillus_plantarum&action=edit&redlink=1
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13 ʤʄ ʤʝʪʽʦʥʽʥʫ, 63 ʤʢʄ ʥʽʪʨʦʩʠʥʴʦʛʦ ʪʝʪʨʘʟʦʣ̔ ,ʁ 0,1 ʤʄ ɽɼʊɸ ʪʘ ʝʢʩʪʨʘʢʪ 

ʝʥʟʠʤʫ. ʈʝʘʢʮʽʶ ʟʘʧʫʩʢʘʻʤʦ ʜʦʜʘʚʘʥʥʷʤ ʜʦ ʩʝʨʝʜʦʚʠʱʘ ʨʠʙʦʬʣʘʚʽʥʫ. ʈʦʟʯʠʥ 

ʽʥʢʫʙʫ̒ʤʦ ʫʧʨʦʜʦʚʞ 20 ʭʚ ʥʘ ʙʽʣʦʤʫ ʩʚʽʪʣʽ (4000 ʣ). ɸʙʩʦʨʙʮʽʶ ʩʚʽʪʣʘ 

ʚʠʤʽʨʶʻʤʦ ʧʨʠ ɚ 540 ʥʤ ʧʨʦʪʠ ʢʦʥʪʨʦʣʁ, ʷʢʠʡ ʚʠʪʨʠʤʫʚʘʣʠ ʚ ʪʝʤʨʷʚʽ.  

ɿʘ ʦʜʠʥʠʮʶ ʘʢʪʠʚʥʦʩʪʽ ʧʨʠʡʤʘ̒ ʤʦ ʢʽʣʴʢʩ̔ʪʴ ʝʥʟʠʤʫ, ʥʝʦʙʭʽʜʥʫ ʜʣʷ 

ʟʥʠʞʝʥʥ ̫ʦʧʪʠʯʥʦʾ ʛʫʩʪʠʥʠ ʫ ʧʨʦʮʝʩʽ ʚ̔ʜʥʦʚʣʝʥʥʷ ʅʉʊ ʚ ʜʦʩʣʽʜʥʽʡ ʧʨʦʙʽ ʥʘ       

50 %. ɸʢʪʠʚʥʽʩʪʴ ʉʆɼ ʚʠʨʘʞʘʣʠ ʚ ʫʤ. ʦʜ. ʥʘ 1 ʛ ʩʠʨʦʾ ʤʘʩʠ.  

ɸʢʪʠʚʥʽʩʪʴ ʉʆɼ ʨʦʟʨʘʭʫʚʘʪʠ ʟʘ ʬʦʨʤʫʣʦʁ : 

 

     
 

ʜʝ ɽ0 - ʝʢʩʪʠʥʮʽʷ ʨʝʘʢʮʽʡʥʦʾ ʩʫʤʽh ̔ʙʝʟ ʉʆɼ (ʥʫʣʴʦʚʘ ʧʨʦʙʘ), 

ɽʧʨ - ʝʢʩʪʠʥʮʽʷ ʨʝʘʢʮʽʡʥʦʾ ʩʫʤʽhʽ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʧʨʦʙʠ (ʜʦʩʣʽʜʥʘ ʧʨʦʙʘ). 

ɺʠʩʥʦʚʦʢ 

 

 

 

 

ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ 16 

çɺʠʟʥʘʯʝʥʥʷ ʢʘʪʘʣʽʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʣʽʧʘʟʠè 

 

ʄʝʪʘ ʨʦʙʦʪʠ. ɺʠʟʥʘʯʠʪʠ ʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʣʽʧʘʟʠ ʫ ʥʘʩʽʥʥʽ ʦʣʽʡʥʠʭ 

ʢʫʣʴʪʫʨ. 

 

ʇʨʠʥʮʠʧ ʤʝʪʦʜʫ: ʃ̔ʧʘʟʠ ï ʦʜʥʦʢʦʤʧʦʥʝʥʪʥ ̔ʬʝʨʤʝʥʪʠ. ʇʦ ʨʦʟʯʠʥʥʦʩʪʽ 

ʨʦʟʨʽʟʥʷʶʪʴ ʣ̔ʧʘʟʫ ʨʦʟʯʠʥʥʫ  ̔ʥʝʨʦʟʯʠʥʥʫ ʚ ʚʦʜ.̔ ʅʝʨʦʟʯʠʥʥʘ ʣ̔ʧʘʟʘ ʤʩ̔ʪʠʪʴʩʷ ʚ 

ʥʘʩʽʥʥʽ ʨʠʮʠʥʠ ʽ ʤʘʻ ʨʅ ʦʧʪʠʤʫʤ 3,6. ʈʦʟʯʠʥʥʥʘ ʣ̔ʧʘʟʘ ʤʩ̔ʪʠʪʴʩʷ ʚ ʥʘʩ̔ʥʥʽ 

ʙ̔ ʣʴʰʦʩʪʽ ʦʣʽʡʥʠʭ ʢʫʣʴʪʫʨ ʽ ʤʘ ̒ʨʅ ʦʧʪʠʤʫʤ 8. 

ʃʧ̔ʘʟʠ ʨʦʩʣʠʥ ʧʝʨʝʚʘʞʥʦ ʤʽʩʪʷʪʴʩʷ ʚ ʥʘʩʽʥʥʽ, ʦʩʢʽʣʴʢʠ ʚʦʥʦ ʤʘʻ ʚʠʩʦʢʠʡ 

ʚʤʩ̔ʪ ʪʨʠʘʮʠʣʛʣʮ̔ʝʨʦʣʽʚ, ʷʢʽ ʻ ʜʞʝʨʝʣʦʤ ʝʥʝʨʛʽʾ ʜʣʷ ʧʦʷʚʠ ʧʨʦʨʦʩʪʢʚ̔. ʇ̔ ʜ ʯʘʩ 

ʧʨʦʨʦʩʪʘʥʥ̫  ʥʘʩʽʥʥʷ ʟʘʧʘʩʠ ʪʨʠʘʮʠʣʛʣʮ̔ʝʨʦʣ̔ʚ ʚʠʯʝʨʧʫʁ ʪʴʩ.̫ ʆʩʢʽʣʴʢʠ ʞʠʨʥ̔ 

ʢʠʩʣʦʪʠ ʥʝ ʤʦʞʫʪɹ ʦʢʠʩʥ ʚʁʘʪʠʩɹ ʽʟ ʫʪʚʦʨʝʥʥʷʤ ʝʥʝʨʛʽʾ ʜʦʪʠ, ʜʦʢʠ ʟʥʘʭʦʜʷʪʩɹ̫  

ʚ ʩʢʣʘʜʽ ʪʨʠʘʮʠʣʛʣʮ̔ʝʨʦʣʚ̔, ʪʦ ʣ̔ʧʦʣ̔ʪʠʯʥ ̔ʬʝʨʤʝʥʪʠ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʚ ʮʴʦʤʫ 

ʧʨʦʮʝʩʽ, ʪʘʢʠʤ ʯʠʥʦʤ ʨʝʛʫʣʶʶʯʠ ʰʚʠʜʢʽʩʪ ɹ ʧʨʦʨʦʩʪʘʥʥʷ. ʊʦʤʫ ʥʘʩʽʥʥʷ  

ʦʣʽʡʥʠʭ ʢʫʣʴʪʫʨ ʤʘʻ ʜʦʩʠʪʴ ʚʠʩʦʢʫ ʣʽʧʦʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ.  

 

͙͎ͨͪͤ͜;͔ͤΎͤ 
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ʄʘʪʝʨ̔ʘʣʠ ʪʘ ʨʝʘʢʪʠʚʠ. ʅʘʩʽʥʥʷ ʛʘʨʙʫʟʘ, ʩʦʥʷʰʥʠʢʫ ʘʙʦ ʩʦʾ, ʩʫʙʩʪʨʘʪ -      

3 % ʩʪʘʙʽʣʽʟʦʚʘʥʘ ʝʤʫʣʴʩʽʷ ʩʦʥʷʰʥʠʢʦʚʦʾ ʦʣʽʾ ʘʙʦ ʩʫʭʦʛʦ ʤʦʣʦʢʘ, 95 % ʩʧʠʨʪ 

ʝʪʠʣʦʚʠʡ, ʨʦʟʯʠʥ ʪʠʤʦʣʬʪʘʣʝʾʥʫ, 0,05 ʄ ʨ-ʥ ʥʘʪʨʽʶ ʛʽʜʨʦʢʩʠʜʫ. 

ʆʙʣʘʜʥʘʥʥʷ. ʄʣʠʥʦʢ ʣʘʙʦʨʘʪʦʨʥʠʡ, ʪʝʨʤʦʩʪʘʪ, ʧʨʦʙʨ̔ʢʠ, ʰʪʘʪʠʚ, 

ʙʶʨʝʪʢʘ. 

 

ʍʽʜ ʨʦʙʦʪʠ. 

ʇʨʠʛʦʪʫʚʘʪʠ ʚʦʜʥʫ ʚʠʪʷʞʢʫ ʟ ʩʚ̔ʞʦʧʝʨʝʤʝʣʝʥʦʛʦ ʥʘʩʽʥʥ,̫ ʜʦʜʘʚʰʠ ʜʦ 

ʥʴʦʛʦ ʜʠʩʪʠʣʴʦʚʘʥʫ ʚʦʜʫ ʚ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 1:5 ʪʘ ʚʠʪʨʠʤʘʚʰʠ ʟʘ ʢʽʤʥʘʪʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʧʨʦʜʦʚʞ 30 ʭʚʠʣʠʥ. 

ɺʥʝʩʪʠ ʫ 2 ʧʨʦʙʽʨʢʠ ʜʠʩʪʠʣʴʦʚʘʥʫ ʚʦʜʫ ʧʦ 0,25 ʤʣ, ʩʫʙʩʪʨʘʪ (ʝʤʫʣʴʩʽʷ 

ʦʣʽʾ ʯʠ ʩʫʭʦʛʦ ʤʦʣʦʢʘ) ʧʦ 0,3 ʤʣ ʪʘ ʨʝʘʢʮʽʶ ʩʝʨʝʜʦʚʠʱʘ ʜʦʚʝʩʪʠ ʙʫʬʝʨʥʠʤ 

ʨʦʟʯʠʥʦʤ ʜʦ ʨʅ 8. ʋ ʧʝʨʰʫ ʧʨʦʙʽʨʢʫ (ʜʦʩʣʽʜʥʘ) ʚʥʝʩʪʠ 0,1 ʤʣ ʚʦʜʥʦʾ ʚʠʪʷʞʢʠ, 

ʦʪʨʠʤʘʥʦʾ ʽʟ ʥʘʩ̔ʥʥʷ, ʜʨʫʛʫ ʟʘʣʠʰʘʻʤʦ ʙʝʟ ʟʤʽʥ - ʢʦʥʪʨʦʣ.ɹ ʇʽʩʣʷ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʦʙʠʜʚʽ ʧʨʦʙ̔ʨʢʠ ʧʦʤʽʩʪʠʪʠ ʚ ʪʝʨʤʦʩʪʘʪ (37 ʦʉ) ʥʘ 1 ʛʦʜ. ʇʦ 

ʟʘʚʝʨʰʝʥʥʶ ʽʥʢʫʙʫʚʘʥʥʷ ʚ ʢʦʞʥʫ ʧʨʦʙʽʨʢʫ ʚʥʝʩʪʠ 0,3 ʤʣ 95 % ʝʪʠʣʦʚʦʛʦ 

ʩʧʠʨʪʫ, ʱʦʙ ʽʥʘʢʪʠʚʫʚʘʪʠ ʣʽʧʘʟʫ, ʜʦ ʢʦʥʪʨʦʣʴʥʦʾ ʧʨʦʙʽʨʢʠ ʜʦʜʘʪʠ 0,1 ʤʣ 

ʚʠʪʷʞʢʠ. ɺʥʝʩʪʠ ʧʦ 1 ʢʨʘʧʣʽ ʪʠʤʦʣʬʪʘʣʝʾʥʫ (ʢʠʩʣʝ ʩʝʨʝʜʦʚʠʱʝ - ʙʝʟʢʦʣ̔ ʨʥʠʡ, 

ʣʫʞʥʝ - ʩʠʥʽʡ), ʧʝʨʝʤʽʰʘʪʠ  ̔ʪʠʪʨʫʚʘʪʠ ʚʠʚʽʣʴʥʝʥʽ ʞʠʨʥʽ ʢʠʩʣʦʪʠ ʨʦʟʯʠʥʦʤ 

ʥʘʪʨʽʶ ʛʽʜʨʦʢʩʠʜʫ ʜʦ ʧʦʷʚʠ ʙʣʘʢʠʪʥʦʛʦ ʢʦʣʴʦʨʫ. 

ʂʘʪʘʣʽʪʠʯʥʘ ʘʢʪʠʚʥʽʩʪʴ ʣʽʧʘʟʠ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

ɽ=ʉ-ɼĬ1 / 0,1 

 

ʜʝ: ɽ ï ʘʢʪʠʚʥʩ̔ʪɹ ʣ̔ ʧʘʟʠ ʫ 1 ʤʣ ʚʦʜʥʦʾ ʚʠʪʷʞʢʠ ʟ ʥʘʩʽʥʥ;̫ 

ʉ ï ʦʙô̒ ʤ (ʚ ʤʣ) 0,05 ʄ ʨ-ʥʫ NaOH, ʚʠʪʨʘʯʝʥʦʛʦ ʥʘ ʪʠʪʨʫʚʘʥʥʷ ʜʦʩʣʽʜʥʦʾ 

ʧʨʦʙʠ; 

ɼ - ʦʙô̒ ʤ (ʚ ʤʣ) 0,05 ʄ ʨ-ʥʫ NaOH, ʚʠʪʨʘʯʝʥʦʛʦ ʥʘ ʪʠʪʨʫʚʘʥʥʷ 

ʢʦʥʪʨʦʣʴʥʦʾ ʧʨʦʙʠ; 

0,1 ï ʦʙô̒ ʤ ʚʠʪʷʞʢʠ, ʚʟʷʪʠʡ ʜʣʷ ʘʥʘʣʽʟʫ. 

ɺʠʩʥʦʚʦʢ.  
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ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ 17 

çʆʮʽʥʢʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʥʟʠʤʽʚ ʟʘ ʜ̔ʾ  ʬʽʟʠʢʦ-ʭ̔ ʤʽʯʥʠʭ ʯʠʥʥʠʢʽʚè 

 

ʄʝʪʘ ʨʦʙʦʪʠ. ʅʘ ʧʨʘʢʪʠʮʽ ʚʩʪʘʥʦʚʠʪʠ ʷʢ ʚʧʣʠʚʘʶʪʴ ʨʽʟʥ ̔ʬʽʟʠʢʦ-ʭ̔ ʤʽʯʥʽ 

ʯʠʥʥʠʢʠ ʥʘ ʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʝʥʟʠʤ̔ʚ. 

1. ɿʘʣʝʞʥʩ̔ʪʴ ʢʘʪʘʣʽʪʠʯʥʦ ʾʘʢʪʠʚʥʦʩʪ̔ ʘʤʽʣʘʟʠ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. 

 ʇʨʠʥʮʠʧ ʤʝʪʦʜʫ. ɸʤʽʣʘʟʘ - ʮʝ ʝʥʟʠʤ, ʱʦ ʢʘʪʘʣʽʟʫʻ ʨʦʟʱʝʧʣʝʥʥʷ 

ʢʨʦʭʤʘʣʶ. ʐʚʠʜʢʽʩʪʴ ʮʽʻʾ ʢʘʪʘʣʽʪʠʯʥʦʾ ʨʝʘʢʮʽʾ ʚʠʟʥʘʯʘʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʦ  ʁ

ʩʝʨʝʜʦʚʠʘɦ, ʟʘ ʷʢʦʾ ʧʨʦʭʦʜʠʪʴ ʨʝʘʢʮʽʷ, ʘ ʨʝʟʫʣʪɹʘʪ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ 

ʽʥʪʝʥʩʠʚʥʦʩʪ̔ ʟʘʙʘʨʚʣʝʥʥʷ ʢʨʦʭʤʘʣʴʥʦʛʦ ʨʦʟʯʠʥʫ ʯʠ ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʾ ʧʽʩʣʷ 

ʚʟʘ̒ʤʦʜʽʾ ʟ ʡʦʜʦʤ. 

 ʈʝʘʢʪʠʚʠ ʽ ʤʘʪʝʨʽʘʣʠ. 1% ʨ-ʥ ʢʨʦʭʤʘʣʶ, ʨ-ʥ ʘʤ̔ʣʘʟʠ (ʜʠʚ. ʃʘʙ. ʨʦʙ.         

 ̄11), 0,1 % ʨ-ʥ ʡʦʜʫ ʚ 0,2 % ʨ-ʥ̔  ʢʘʣʽ ʁʡʦʜʠʜʫ, ʣʽʜ. 

 ʆʙʣʘʜʥʘʥʥ.̫ ʍʽʤʽʯʥʽ ʧʨʦʙʽʨʢʠ, ʪhʘʪʠʚ ʣʘʙʦʨʘʪʦʨʥʠʡ, ʧʽʧʝʪʢʠ, 

ʬʽʣʴʪʨʫʚʘʣʥɹʠʡ ʧʘʧʽʨ, ʚʦʜʷʥʘ ʙʘʥʷ, ʩʢʣʷʥʽ ʧʘʣʠʯʢʠ, ʬʘʨʬʦʨʦʚʽ (ʩʢʣʷʥʽ) 

ʧʣʘʩʪʠʥʢʠ. 

ʍʽʜ ʨʦʙʦʪʠ.  

ɺʟʷʪʠ 4 ʧʨʦʙʽʨʢʠ, ʧʨʦʥʫʤʝʨʫʚʘʪʠ ʽ ʚ ʢʦʞʥʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧ̔ʧʝʪʢʠ 

ʚ̔ ʜʤʽʨʷʪʠ ʧʦ 5 ʤʣ ʢʨʦʭʤʘʣɹʥʦʛʦ ʨʦʟʯʠʥʫ. ʇʝʨʰʫ ʧʨʦʙ̔ʨʢʫ ʧʦʤʽʩʪʠʪʠ ʚ ʢʠʧʣ̫ ʯʫ 

ʚʦʜʷʥʫ ʙʘʥʶ (t=100 Üʉ), ʜʨʫʛʫ ʽʥʢʫʙʫʚʘʪʠ ʫ ʚʦʜ̫ʥ̔ ʡ ʙʘʥ̔ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨ ̔40 Üʉ, 

ʪʨʝʪʶ  ʟʘʣʠʠhʪʠ ʩʪʦʷʪʠ ʚ ʰʪʘʪʠʚ̔ ʥʘ ʨʦʙʦʯʦʤʫ ʩʪʦʣʽ (ʢʽʤʥʘʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ), 

ʯʝʪʚʝʨʪʫ - ʧʦʤʽʩʪʠʪʠ ʚ ʣʜ̔. ʏʝʨʝʟ 12-15 ʭʚ, ʥʝ ʟʤʽʥʶʶʯʠ ʫʤʦʚ ʽʥʢʫʙʫʚʘʥʥʷ, ʜʦ  

ʢʨʦʭʤʘʣʴʥʦʛʦ ʨʦʟʯʠʥʫ ʜʦʜʘʪʠ ʨʦʟʯʠʥ ʘʤʽʣʘʟʠ ʽ ʨʝʪʝʣʴʥʦ ʧʝʨʝʤʽʰʘʪʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʢʣʷʥʦʾ ʧʘʣʠʯʢʠ. ʉʪʫʧʽʥʴ ʛʽʜʨʦʣʽʟʫ ʢʨʦʭʤʘʣ  ʁ ʚʩʪʘʥʦʚʣʶʶʪɹ 

ʨʝʘʢʮʽʻʶ ʟ ʡʦʜʦʤ: ʥʘ ʬʘʨʬʦʨʦʚʫ (ʩʢʣʷʥʫ) ʧʣʘʩʪʠʥʢʫ ʧʦʤʽʩʪʠʪʠ ʢʨʘʧʣʠʥʠ 

ʨʦʟʯʠʥʫ ʡʦʜʫ ̔ ʟʤʽʰʘʪʠ ʭʾ ʟ ʢʨʘʧʣʠʥʦ  ʁʩʫʤ̔hʝʡ ʟ ʧʨʦʙʽʨʦʢ, ʷʢʽ ʽʥʢʫʙʫʚʘʣʠ ʟʘ 

ʨʟ̔ʥʠʭ ʪʝʤʧʝʨʘʪʫʨ. ɸʣʽʢʚʦʪʠ ʟ ʢʦʞʥʦʾ ʧʨʦʙʽʨʢʠ (ˉ 1-4) ʚʟʷʪʠ ʯʝʨʝʟ 1, 2, 4, 6, 8, 

10, 12 ʭʚʠʣʠʥʠ ʧ̔ʩʣʷ ʜʦʜʘʚʘʥʥʷ ʨʦʟʯʠʥʫ ʘʤʽʣʘʟʠ (ʨʝʟʫʣʴʪʘʪʠ ʟʘʧʠʩʘʪʠ). 

 ʉʪʫʧ̔ʥɹ ʛʽʜʨʦʣʽʟʫ ʢʨʦʭʤʘʣʶ ʚʩʪʘʥʦʚʣʶʶʪɹ ʧʦ ʟʤʽʥʽ ʟʘʙʘʨʚʣʝʥʥʷ 

ʢʨʘʧʣʠʥʠ ʩʫʤʽʰʽ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʟ ʡʦʜʦʤ. ɺ ʧʝʨʰʽʡ ʧʨʦʙʽʨʮʽ, ʷʢʘ ʽʥʢʫʙʫʚʘʣʘʩʴ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ 100 Üʉ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʩʠʥɹʦʛʦ ʢʦʣɹʦʨʫ, ʦɦ ʩʚʽʜʯʠʪʴ 

ʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ ʛʽʜʨʦʣʽʟʫ ʢʨʦʭʤʘʣʶ ʯʝʨʝʟ ʽʥʘʢʪʠʚʘʮ̔ ʶ ʝʥʟʠʤʫ. ʋ ʧʨʦʙʽʨʢʘʭ, ʷʢʽ 

ʥ̔ʢʫʙʫʚʘʣʠʩʴ ʟʘ ʽʥʰʠʭ ʪʝʤʧʝʨʘʪʫʨ ʟʘʙʘʨʚʣʝʥʥ ̫ ʤʦʞʝ ʙʫʪʠ ʨʽʟʥʠʤ:  ̄ 2 

ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʦʧʪʠʤʫʤ (40 Üʉ) ï ʨʽʟʥʽ ʚʽʜʪʽʥʢʠ ʞʦʚʪʦʛʦ (ʧʦʚʥʠʡ ʛʽʜʨʦʣʽʟ);  ̄3 

(ʢʽʤʥʘʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ)  ̔  ̄ 4 (ʣʽʜ) - ʚʽʜ ʯʝʨʚʦʥʦʛʦ ʜʦ ʬʽʦʣʝʪʦʚʦ-ʯʝʨʚʦʥʦʛʦ 

(ʯʘʩʪʢʦʚʠʡ ʛʽʜʨʦʣʽʟ). 
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2. ɺʧʣʠʚ ʨʅ ʥʘ ʘʢʪʠʚʥʽʩʪʴ ʘʤʽʣʘʟʠ. 

 ʇʨʠʥʮʠʧ ʤʝʪʦʜʫ. ʂʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʝʥʟʠʤʫ ʚʩʪʘʥʦʚʣʶʶʪʴ ʟʘ 

ʽʥʪʝʥʩʠʚʥʩ̔ʪʁ  ʢʦʣʴʦʨʫ, ʷʢʠʡ ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʡʦʜʫ ʟ ʢʨʦʭʤʘʣʝʤ, ʷʢʠʡ 

ʧʽʜʜʘʚʘʣʠ ʜʽʾ ʘʤ̔ʣʘʟʠ. ɸʤʽʣʘʟʘ, ʱʦ ʤʽʩʪʠʪʴʩʷ ʚ ʩʣʠʥ̔, ʤʘʻ ʨʅ-ʦʧʪʠʤʫʤ 6,8, ʽ 

ʟʤ̔ʥʘ ʨʅ ʨʝʘʢʮʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʢʠʩʣʫ ʯʠ ʣʫʞʥʫ ʩʪʦʨʦʥʫ ʟʫʤʦʚʣʶʻ 

ʟʥʠʞʝʥʥʷ ʢʘʪʘʣʽʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʝʥʟʠʤʫ.  

ʄʘʪʝʨʘ̔ʣʠ ʪʘ ʨʝʘʢʪʠʚʠ. 1% ʢʨʦʭʤʘʣɹʥʠʡ ʨ-ʥ, ʨʦʟʯʠʥ ʘʤʣ̔ʘʟʠ (ʜʠʚ.        

ʃʘʙ. ʨʦʙ.  ̄ 11), ʚʦʜʘ ʜʠʩʪʠʣʴʦʚʘʥʘ, 0,1 ʄ ʭʣʦʨʠʜʥʘ ʢʠʩʣʦʪʘ, 0,1 ʄ ʥʘʪʨʽʶ 

ʛʜ̔ʨʦʢʩʠʜ, 0,1 % ʨ-ʥ ʡʦʜʫ ʘʙʦ ʃʁ ʛʦʣʷ. 

 ʆʙʣʘʜʥʘʥʥʷ. ʍʽʤʽʯʥʽ ʧʨʦʙʽʨʢʠ, ʧʽʧʝʪʢʠ, ʪhʘʪʠʚ ʣʘʙʦʨʘʪʦʨʥʠʡ, ʚʦʜ̫ ʥʘ 

ʙʘʥʷ, ʩʢʣʷʥ̔ ʧʘʣʠʯʢʠ. 

ʍʽʜ ʨʦʙʦʪʠ. 

ʋ ʧʨʦʙ̔ ʨʢʘʭ 1, 2 ʽ 3 ʟʤ̔ʫhʻʤʦ ʨʝʘʢʪʠʚʠ ʚ ʢʽʣʴʢʦʩʪʷʭ ʪʘ ʧʦʩʣʽʜʦʚʥʦʩʪ̔, 

ʥʘʚʝʜʝʥʠʭ ʚ ʪʘʙʣʠʮʽ 9. 

 

ʊʘʙʣʠʮʷ 9 

ʇʦʩʣʽʜʦʚʥʽʩʪɹ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ 

ʈʝʘʢʪʠʚʠ ʇʨʦʙ̔ ʨʢʘ 1 ʇʨʦʙʽʨʢʘ 2 ʇʨʦʙʽʨʢʘ 3 

0,1 % ʨʦʟʯʠʥʫ ʢʨʦʭʤʘʣʶ 5 ʤʣ 5 ʤʣ 5 ʤʣ 

0,1 ʄ HCl 1 ʤʣ - - 

0,1 ʄ NaOH - 1 ʤʣ - 

ɼʠʩʪʠʣʴʦʚʘʥʘ ʚʦʜʘ - - 1 ʤʣ 

ʈʦʟʯʠʥ ʘʤʽʣʘʟʠ ʩʣʠʥʠ 2 ʤʣ 2 ʤʣ 2 ʤʣ 

ɯʥʢʫʙʘʮʽʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 36-38ęʉ (20-25 ʭʚʠʣʠʥ) 

ʈʦʟʯʠʥ ʃʶʛʦʣʷ ʘʙʦ 0,1 % ʡʦʜ 5 ʢʨʘʧʝʣʴ 5 ʢʨʘʧʝʣʴ 5 ʢʨʘʧʝʣʴ 

ɿʘʙʘʨʚʣʝʥʥʷ    

ʈʝʟʫʣʴʪʘʪ ʟʘʧʠʩʘʪʠ ʚ ʪʘʙʣʠʮʶ. 

 

 

3. ɺʧʣʠʚ ʘʢʪʠʚʘʪʦʨʽʚ ʪʘ ʽʥʛʽʙʽʪʦʨʽʚ ʥʘ ʘʢʪʠʚʥ̔ ʩʪʴ ʘʤʽʣʘʟʠ. 

 ʇʨʠʥʮʠʧ ʤʝʪʦʜʫ. ɼʦ ʘʢʪʠʚʘʪʦʨ̔ ʚ ʘʤ̔ʣʘʟʠ ʥʘʣʝʞʠʪɹ ʥʘʪʨʽʶ ʭʣʦʨʠʜ, ʜʦ 

ʽʥʛʽʙʽʪʦʨ̔ʚ ï ʢʫʧʨʫʤʫ ʩʫʣʴʬʘʪ. ɺʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ NaCl  ̔ CuSO4 ʥʘ ʘʤʽʣʘʟʥʫ 

ʘʢʪʠʚʥʽʩʪʴ ʚʩʪʘʥʦʚʣʶʶʪ ɹʟʘ ʩʪʫʧʝʥʝʤ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʛʽʜʨʦʣʽʟʫ ʢʨʦʭʤʘʣʶ ʚ 

ʧʨʠʩʫʪʥʦʩʪʽ ʚʢʘʟʘʥʠʭ ʩʦʣʝʡ. 
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 ʈʝʘʢʪʠʚʠ ʽ ʤʘʪʝʨʽʘʣʠ. ʈʦʟʯʠʥ ʘʤʽʣʘʟʠ ((ʜʠʚ. ʃʘʙ. ʨʦʙ. ˉ 11), ʚʦʜʘ 

ʜʠʩʪʠʣʴʦʚʘʥʘ, 0,5 % ʨ-ʥ ʢʨʦʭʤʘʣʶ, 0,1 % ʨ-ʥ ʡʦʜʫ ʚ 0,2 % ʨ-ʥʽ ʂɯ, 1 % ʨ-ʥ NaCl, 

1% ʨ-ʥ ʉuSO4. 

 ʆʙʣʘʜʥʘʥʥʷ. ʍ̔ ʤʽʯʥʽ ʧʨʦʙʽʨʢʠ, ʪhʘʪʠʚ ʣʘʙʦʨʘʪʦʨʥʠʡ, ʧʽʧʝʪʢʠ ʩʢʣʷʥ,̔ 

ʛʫʤʦʚʽ ʛʨʫʰʽ, ʚʦʜʷʥʘ ʙʘʥ.̫ 

 

ʍʽʜ ʨʦʙʦʪʠ. 

ɺ ʧʨʦʙʽʨʢʘʭ 1, 2 ʽ 3 ʟʤʽʰʫʻʤʦ ʨʝʘʢʪʠʚʠ ʚ ʢʽʣʴʢʦʩʪʷʭ ʪʘ ʧʦʩʣʽʜʦʚʥʦʩʪ̔, 

ʥʘʚʝʜʝʥʠʭ ʚ ʪʘʙʣʠʮʽ 10. 

 

ʊʘʙʣʠʮʷ 10 

ʇʦʩʣʽʜʦʚʥ̔ ʩʪʴ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ 

ʈʝʘʢʪʠʚʠ ʇʨʦʙʽʨʢʘ 1 ʇʨʦʙʽʨʢʘ 2 ʇʨʦʙʽʨʢʘ 3 

ɼʠʩʪʠʣʴʦʚʘʥʘ ʚʦʜʘ  2,5 ʤʣ 2,0 ʤʣ 2,0 ʤʣ 

1% ʨʦʟʯʠʥ NaCl - 0,5 ʤʣ - 

1% ʨʦʟʯʠʥ ʉuSO4 - - 0,5 ʤʣ 

ʈʦʟʯʠʥ ʘʤ̔ʣʘʟʠ ʩʣʠʥʠ 2,5 ʤʣ 2,5 ʤʣ 2,5 ʤʣ 

ɯʥʢʫʙʘʮʽʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 38 Üʉ (5 ʭʚʠʣʠʥ) 

0,1% ʨʦʟʯʠʥ ʡʦʜʫ 5 ʢʨʘʧʝʣʴ 5 ʢʨʘʧʝʣʴ 5 ʢʨʘʧʝʣʴ 

ɿʘʙʘʨʚʣʝʥʥ ̫ ʬʽʦʣʝʪʦʚʝ ʘʙʦ 

ʯʝʨʚʦʥʝ  

ʯʝʨʚʦʥʝ ʘʙʦ 

ʞʦʚʪʝ 

ʩʠʥ̒ 

 

ɺʠʩʥʦʚʦʢ: 
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ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʪʘ ʟʘʚʜʘʥʥʷ ʜʦ ʈʦʟʜʽʣʫ çɽʥʟʠʤʠè 

 

1. ɼʘʡʪʝ ʚʠʟʥʘʯʝʥʥʷ ʱʦ ʪʘʢʝ ɽʥʟʠʤʠ? 

2. ɼʘʡʪʝ ʚʠʟʥʘʯʝʥʥʷ ʱʦ ʪʘʢʝ ɯʟʦʝʥʟʠʤʠ? 

3. ɼʘʡʪʝ ʚʠʟʥʘʯʝʥʥ̫ ʱʦ ʪʘʢʝ ʂʦʬʘʢʪʦʨʠ? 

4. ɼʘʡʪʝ ʚʠʟʥʘʯʝʥʥʷ ʱʦ ʪʘʢʝ ʂʦʝʥʟʠʤʠ? 

5. ɺʣʘʩʪʠʚʦʩʪʽ ʝʥʟʠʤ̔ ʚ. 

6. ɿʘʩʪʦʩʫʚʘʥʥʷ ʝʥʟʠʤʽʚ. 

7. ɹʫʜʦʚʘ ʝʥʟʠʤ̔ ʚ. 

8. ʄʝʭʘʥʟ̔ʤ ʜʽʾ ʝʥʟʠʤʚ̔. 

9. ʉʫʯʘʩʥʘ ʥʦʤʝʥʢʣʘʪʫʨʘ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʝʥʟʠʤʽʚ. 

10. ɺ ʢ̫ʠʭ ʦʜʠʥʠʮʷʭ ʚʠʨʘʞʘʻʪʴʩʷ ʘʢʪʠʚʥʩ̔ʪɹ  ʝʥʟʠʤ̔ʚ? 

11. ʗʢʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʯʠʥʥʠʢʠ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʪʢ̔ʘʥʥʷ ʝʥʟʠʤʘʪʠʯʥʠʭ ʨʝʘʢʮʽʾ?  

12. ʗʢ ʚʧʣʠʚʘʁʪʴ ʘʢʪʠʚʘʪʦʨʠ ʪʘ ʽʥʛʽʙʪ̔ʦʨʠ ʥʘ ʢʘʪʘʣ̔ ʟ ʝʥʟʠʤʘʪʠʯʥʠʭ ʨʝʘʢʮʽʡ? 

13. ʉʧʝʮʠʬʽʯʥʽʩʪ ɹʜʽʾ ʝʥʟʠʤʽʚ. 

14. ʅʘʧʠʩʘʪʠ ʩʪʨʫʢʪʫʨʥʽ ʬʦʨʤʫʣʠ ʢʦʝʥʟʠʤ̔ ʚ, ʾʭ ʧʦʚʥʫ ʥʘʟʚʫ ʪʘ ʧʝʨʝʨʘʭʫʚʘʪʠ 

ʩʢʣʘʜʦʚʽ: 

ɸ) ʅʽʢʦʪʠʥʘʤʽʜʥʠʭ (ʅɸɼ ʪʘ ʅɸɼʌʅ). 

ɹ) ʌʣʘʚ̔ʥʦʚʽʥʦʚʠʭ (ʌɸɼ). 

ɺ) ʍʽʥʦʥʫ (ʫʙʽʭʽʥʦʥ - ʂʦQ). 

ɻ) ʅʫʢʣʝʦʟʠʜʬʦʩʬʘʪ̔ʚ (ɸʄʌ, ɸɼʌ, ɸʊʌ). 

ɼ) ɸʮʠʣʶʚʘʥʥʷ (ʂʦɸ).  
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ʈʆɿɼɯʃ 6. çɺɯʊɸʄɯʅʀè 

 

ɺ̔ʪʘʤʽʥʠ - ʮʝ ʦʨʛʘʥʯ̔ʥʽ ʨʝʯʦʚʠʥʠ ʨʽʟʥʦʤʘʥʽʪʥʦʾ ʧʨʠʨʦʜʠ, ʷʢʽ ʚʦʣʦʜʽʶʪʴ 

ʚʠʩʦʢʦʁ ʙʽʦʣʦʛʽʯʥʦʶ ʘʢʪʠʚʥʽʩʪʶ ʪʘ ʫ ʥʝʟʥʘʯʥʠʭ ʢʽʣɹʢʦʩʪʷʭ ʻ ʥʝʦʙʭʽʜʥʠʤʠ ʜʣʷ 

ʥʦʨʤʘʣʴʥʦʛʦ ʧʝʨʝʙʽʛʫ ʤʝʪʘʙʦʣʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʦʨʛʘʥʽʟʤʽ ʣʁʜʠʥʠ  ̔ ʪʚʘʨʠʥ. 

ɿʘʨʘʟ ʚʽʜʦʤʦ ʙʣʠʟʴʢʦ 20 ʨʽʟʥʠʭ ʚʽʪʘʤʽʥʽʚ, ʷʢʽ ʨʘʟʦʤ ʽʟ ʦʩʥʦʚʥʠʤʠ ʭʘʨʯʦʚʠʤʠ 

ʨʝʯʦʚʠʥʘʤʠ ï ʧʨʦʪʝʾ ʥʘʤʠ, ʚʫʛʣʝʚʦʜʘʤʠ ʪʘ ʣ̔ ʧʽʜʘʤʠ ʧʦʚʠʥʥʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ 

ʥʦʨʤʘʣʴʥʠʡ ʨʽʩʪ ʽ ʞʠʪʪ̒ʜʽ̫ʣɹʥʩ̔ʪʴ ʦʨʛʘʥʽʟʤʽʚ. ɼʞʝʨʝʣʘʤʠ ʚʽʪʘʤʽʥʽʚ ʜʣʷ ʣʶʜʝʡ ʽ 

ʪʚʘʨʠʥ ʻ ʧʝʨʝʚʘʞʥʦ ʧʨʦʜʫʢʪʠ ʨʦʩʣʠʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ. ʆʢʨʝʤʽ ʚʽʪʘʤʽʥʠ 

ʤʽʩʪʷʪʩɹʷ ʣʠ ʝh ʚ ʦʨʛʘʥʽʟʤʘʭ ʪʚʘʨʠʥ (ɸ, ɼ). ɼʝ̫ ʢ̔ ʪʚʘʨʠʥʠ, ʢʨʤ̔ ʣʶʜʝʡ, ʤʘʚʧ, 

ʩʠʥʪʝʟʫʶʪʴ ʚ̔ ʪʘʤʽʥ ʉ ʽʟ ʛʣʶʢʦʟʠ. 

ɿʘ ʬʟ̔ʠʢʦ-ʭ̔ ʤʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʚʽʪʘʤʥ̔ʠ ʧʦʜʽʣʷʶʪʴ ʥʘ ʚʦʜʦʨʦʟʯʠʥʥʽ 

ʪʘ ʞʠʨʦʨʦʟʯʠʥʥ ̔ (ʜʦʙʨʝ ʨʦʟʯʠʥʥʽ ʚ ʥʝʧʦʣʷʨʥʠʭ ʨʦʟʯʠʥʥʠʢʘʭ ʽ ʞʠʨʘʭ). ɼʦ 

ʚʦʜʦʨʦʟʯʠʥʥʠʭ ʚ̔ ʪʘʤʽʥ̔ʚ ʥʘʣʝʞʘʪʴ ʪʘʢ̔ , ʷʢ ʪʽʘʤʽʥ (ʚʽʪʘʤ̔ʥ ɺ1), ʨʠʙʦʬʣʘʚʽʥ   

(ʚʽʪʘʤʽʥ ɺ2), ʥʽʢʦʪʠʥʦʚʘ ʢʠʩʣʦʪʘ (ʚʪ̔ʘʤʽʥ ɺ5, ʈʈ), ʧʘʥʪʦʪʝʥʦʚʘ ʢʠʩʣʦʪʘ (ʚ̔ʪʘʤʽʥ 

ɺ3), ʧʽʨʠʜʦʢʩʠʥ (ʚʽʪʘʤʽʥ ɺ6), ʙʽʦʪʠʥ (ʚʽʪʘʤ̔ʥ ʅ), ʬʦʣʽʻʚʘ ʢʠʩʣʦʪʘ (ʚʽʪʘʤʽʥ ɺʩ), 

ʢʦʨʠʥʦʾʜʠ (ʚʽʪʘʤʽʥʠ ʛʨʫʧʠ ɺ12), ʘʩʢʦʨʙʽʥʦʚʘ ʢʠʩʣʦʪʘ (ʚʽʪʘʤʽʥ ʉ). ʋʩʽ ʮʽ 

ʚ̔ ʪʘʤʽʥʠ ʚʽʜʽʛʨʘʪʁʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʚ ʧʝʨʝʙʽʛʫ ʤʝʪʘʙʦʣʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʦʩʢʽʣʴʢʠ 

ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʢʦʬʝʨʤʝʥʪʽʚ. ɼʦ ʞʠʨʦʨʦʟʯʠʥʥʠʭ ʥʘʣʝʞʘʪʴ ʚʪ̔ʘʤʽʥʠ ʛʨʫʧ: ɸ 

(ʢʘʨʦʪʠʥʦʾʜʠ), D (ʢʘʣʴʮʠʬʝʨʦʣʠ), K (ʬʽʣʦʭʽʥʦʥʠ), E (ʪʦʢʦʬʝʨʦʣʠ). 

ʂʨʤ̔ ʜʦʙʨʝ ʚʽʜʦʤʠʭ ʚʠʱʝʥʘʟʚʘʥʠʭ ʚʪ̔ʘʤʽʥʽʚ ʽʩʥʫʶʪʴ ʽʥʰʽ ʨʝʯʦʚʠʥʠ, ʷʢʽ 

ʥʝʦʙʭʽʜʥ ̔ ʜʣ̫ ʥʦʨʤʘʣʴʥʦ ʾ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ, ʘʣʝ ʚʦʥʠ ʥʝ 

ʚʚʘʞʘʶʪʴʩʷ ʚʽʪʘʤʽʥʘʤʠ - ʮʝ ʚʪ̔ʘʤʽʥʦʧʦʜʙ̔ʥʽ ʨʝʯʦʚʠʥʠ. ɼʦ ʥʠʭ ʥʘʣʝʞʠʪʴ 

ʢʘʨʥʽʪʠʥ, ʽʥʦʟʠʪʦʣ, ʣʽʧʦʻʚʘ ʢʠʩʣʦʪʘ, ʨʫʪʠʥ, ʢʘʪʝʭʥ̔, ʚʽʪʘʤʽʥ ɺ13 (ʦʨʦʪʦʚʘ 

ʢʠʩʣʦʪʘ), ʚʽʪʘʤʽʥ ɺ15 (ʧʘʥʛʘʤʦʚʘ ʢʠʩʣʦʪʘ) ʪʦʦɦ. 

ʋʟʘʛʘʣʴʥʘ ʥ̔ʬʦʨʤʘʮ̫̔  ʧʨʦ ʙʫʜʦʚʫ, ʚʣʘʩʪʠʚʦʩʪʽ, ʨʦʣʴ ʚʽʪʘʤʽʥʽʚ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʪʘʙʣʠʮʽ 11:  

ʊʘʙʣʠʮʷ 11 

ɺɯʊɸʄɯʅʀ 

ɺʦʜʦʨʦʟʯʠʥʥʽ ʚʽʪʘʤ̔ʥʠ 

ʊ̔ ʘʤiʥ  

(ʚʽʪʘʤiʥ ɺ1) 

ɹʫʜʦʚʘ ʄʽʩʪʠʪ ɹ ʧʽʨʠʤʜ̔ʠʥʦʚʝ ʪʘ ʪʽʘʟʦʣʴʥʝ 

ʢʽʣʴʮʷ, ʷʢʽ ʟôʻʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ ʉʅ3-

ʛʨʫʧʦʶ.  

ɺʣʘʩʪʠʚʦʩʪʽ ʋ ʢʠʩʣʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʩʪʽʡʢʠʡ ʜʦ ʜʽʾ 

ʚʠʩʦʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. ʋ ʣʫʞʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʚʽʪʘʤʽʥ ʰʚʠʜʢʦ 

ʽʥʘʢʪʠʚʫʻʪʴʩʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 80-100 Üʉ, 
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ʣʝʛʢʦ ʨʦʟʯʠʥʷʻʪʴʩʷ ʫ ʚʦʜ̔, ʝʬʽʨʽ ʪʘ 

ʭʣʦʨʦʬʦʨʤ.̔ 

ɼʦʙʦʚʘ ʜʦʟʘ 1,8 ʤʛ 

ɼʞʝʨʝʣʦ ʇʨʦʜʫʢʪʠ ʨʦʩʣʠʥʥʦʛʦ ʪʘ ʪʚʘʨʠʥʥʦʛʦ 

ʧʦʭʦʜʞʝʥʥʷ ï ʭʣʽʙ, ʤôʷʩʦ, ʢʘʨʪʦʧʣʷ, 

ʜʨʽʞʜʞʽ, ʙʦʨʦʰʥʦ, ʚʠʩʽʚʢʠ, ʥʝʦʯʠʱʝʥʠʡ 

ʨʠʩ. 

ɹ̔ ʦʣʦʛʽʯʥʘ ʜʽʷ ɼʝʬʽʮʠʪ ʚ ʭʘʨʯʦʚʦʤʫ ʨʘʮʽʦʥʽ ʣʶʜʠʥʠ 

ʧʨʠʟʚʦʜʠʪɹ ʜʦ ʭʚʦʨʦʙʠ ʙʝʨʽ-ʙʝʨʽ, ʱʦ 

ʩʫʧʨʦʚʦʜʞʫʻʪʩɹʷ ʰʚʠʜʢʦʶ ʚʪʨʘʪʦʶ 

ʤʘʩʠ ʪʽʣʘ ʪʘ ʥʝʚʨʦʣʦʛʯ̔ʥʠʤʠ 

ʧʦʨʫʰʝʥʥʷʤʠ. 

ʂʦʬʝʨʤʝʥʪʥʘ 

ʨʦʣʴ 

ʊʽʘʤʽʥʧʽʨʦʬʦʩʬʘʪ ʷʢ ʢʦʬʘʢʪʦʨ ʚʭʦʜʠʪʴ 

ʜʦ ʩʢʣʘʜʫ ʧʽʨʫʚʘʪʜʝʛʽʜʨʦʛʝʥʘʟʥʦʛʦ ʪʘ    

Ŭ-ʢʝʪʦʛʣʫʪʘʨʘʪʜʝʛʽʜʨʦʛʝʥʘʟʥʦʛʦ 

ʢʦʤʧʣʝʢʩʽʚ. 

ʈʠʙʦʬʣʘʚ̔ʥ 

(ʚʽʪʘʤ̔ʥ ɺ2) 

ɹʫʜʦʚʘ 6,7-ʜʠʤʝʪʠʣ-9-ʨʠʙʪ̔ʠʣʽʟʦʘʣʦʢʩʘʟʠʥ 

ɺʣʘʩʪʠʚʦʩʪ ̔ ʅʘʛʨ̔ʚʘʥʥʷ ʚʧʨʦʜʦʚʞ 5-6 ʛʦʜ ʧʨʠ      

120Üʉ ʤʘʡʞʝ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʘʢʪʠʚʥʽʩʪʴ 

ʨʠʙʦʬʣʘʚ̔ʥʫ. 

ɼʦʙʦʚʘ ʜʦʟʘ 2-3 ʤʛ 

ɼʞʝʨʝʣʦ ʇʨʦʜʫʢʪʠ ʨʦʩʣʠʥʥʦʛʦ ʪʘ ʪʚʘʨʠʥʥʦʛʦ 

ʧʦʭʦʜʞʝʥʥʷ ï ʟʝʨʥʦ, ʧʰʝʥʠʮʷ, ʤʦʨʢʚʘ, 

ʧʝʯʽʥʢʘ, ʥʠʨʢʠ, ʷʡʮʷ, ʜʨʽʞʜʞʽ. 

ɹʽʦʣʦʛʽʯʥʘ ʜʽ̫ ɸʚʪ̔ʘʤʽʥʦʟ ɺ2 ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʟʥʠʞʝʥʥʷʤ ʧʨʦʮʝʩʽʚ ʪʢʘʥʠʥʥʦʛʦ 

ʜʠʭʘʥʥʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʘʪʨʠʤʢʠ 

ʨʦʩʪʫ, ʧʦʩʠʣʝʥʦʛʦ ʨʦʟʧʘʜʫ ʪʢʘʥʠʥʥʠʭ 

ʙʽʣʢʽʚ. ʆʟʥʘʢʠ ʟʘʭʚʦʨʶʚʘʥʥʷ: ʟʘʧʘʣʝʥʥʷ 

ʨʦʛʽʚʢʠ ʦʢʘ (ʢʝʨʘʪʠʪ), ʟʘʧʘʣʝʥʥʷ ʷʟʠʢʘ, 

ʰʢ̔ʨʠ. 

ʂʦʬʝʨʤʝʥʪʥʘ 

ʨʦʣʴ 

ʈʠʙʦʬʣʘʚʽʥ ʚʭʦʜʠʪ ɹ ʜʦ ʩʢʣʘʜʫ ʜʚʦʭ 

ʢʦʬʝʨʤʝʥʪʽʚ ï ʌʄʅ 

(ʬʣʘʚʽʥʤʦʥʦʥʫʢʣʝʦʪʠʜʫ) ʪʘ ʌɸɼ 

(ʬʣʘʚʽʥʘʜʝʥʽʥʜʠʥʫʢʣʝʦʪʠʜʫ). 
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ʅʽʢʦʪʠʥʦʚʘ 

ʢʠʩʣʦʪʘ  

(ʚʽʪʘʤʽʥ ʈʈ, ɺ5) 

ɹʫʜʦʚʘ ʇ̔ ʨʠʜʠʥ-3-ʢʘʨʙʦʥʦʚʘ ʢʠʩʣʦʪʘ 

ɺʣʘʩʪʠʚʦʩʪʽ ʊʝʨʤʦʩʪʘʙ̔ʣʥɹʠʡ 

ɼʦʙʦʚʘ ʜʦʟʘ 20-30 ʤʛ 

ɼʞʝʨʝʣʦ ʇʨʦʜʫʢʪʠ ʨʦʩʣʠʥʥʦʛʦ ʪʘ ʪʚʘʨʠʥʥʦʛʦ 

ʧʦʭʦʜʞʝʥʥʷ ï ʭʣʙ̔, ʢʨʫʧʠ, ʨʠʩ, ʚʠʩʽʚʢʠ, 

ʤô̫ ʩʦ, ʤʦʣʦʢʦ, ʜʨʽʞʜʞʽ. 

ɹʦ̔ʣʦʛʽʯʥʘ ʜʽʷ ɼʝʬʽʮʠʪ ʚ ʾʞʽ ʥʽʢʦʪʠʥʦʚʦʾ ʢʠʩʣʦʪʠ 

ʚʠʢʣʠʢʘʻ ʫ ʣʶʜʝʡ ʟʘʭʚʦʨʁ ʚʘʥʥʷ, ʷʢʝ 

ʥʘʟʠʚʘʻʪʴʩʷ ʧʝʣʘʛʨʦʶ (ʫ ʧʝʨʝʢʣʘʜʽ ʟ 

ʽʪʘʣ. ï çʰʝʨʰʘʚʘ ʰʢʽʨʘè), ʱʦ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʘʪʦʣʦʛʽʯʥʠʤʠ 

ʟʤʽʥʘʤʠ hʢʽʨʠ ï ʜʝʨʤʘʪʠʪʘʤʠ. ʋ ʚʘʞʢʠʭ 

ʚʠʧʘʜʢʘʭ ʧʦʨʫʰʫʻʪʴʩʷ ʬʫʥʢʮʽʷ ʥʝʨʚʦʚʦʾ 

ʩʠʩʪʝʤʠ ʽ ʧʦʩʣʘʙʣʶʶʪʴʩʷ ʨʦʟʫʤʦʚʽ 

ʟʜʽʙʥʦʩʪʽ (ʜʝʤʝʥʮʽʷ). 

ʂʦʬʝʨʤʝʥʪʥʘ 

ʨʦʣɹ 

ʅ̔ ʢʦʪʠʥʘʤʽʜ ʻ ʢʦʤʧʦʥʝʥʪʦʤ ʜʚʦʭ 

ʢʦʬʝʨʤʝʥʪʽʚ ï ʅɸɼ+ (ʥʽʢʦʪʠʥ- 

ʘʤʽʜʘʜʝʥʽʥʜʠʥʫʢʣʝʦʪʠʜ) ʽ ʅɸɼʌ+  

(ʥʽʢʦʪʠʥʘʤʽʜʘʜʝʥʽʥʜʠʥʫʢʣʝʦʪʠʜʬʦʩʬʘʪ). 

ʎ ̔ ʩʧʦʣʫʢʠ ʻ ʢʦʬʝʨʤʝʥʪʘʤʠ ʙʘʛʘʪʦɹʭ 

ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʠʭ ʬʝʨʤʝʥʪʽʚ. 

ʇʘʥʪʦʪʝʥʦʚʘ 

ʢʠʩʣʦʪʘ  

(ʚʽʪʘʤʽʥ ɺ3) 

ɹʫʜʦʚʘ ɼʦ ʩʢʣʘʜʫ ʚʭʦʜʠʪɹ ɓ-ʘʣʘʥʥ̔, ʷʢʠʡ ʯʝʨʝʟ 

NH2-ʛʨʫʧʫ ʟʚôʷʟʘʥʠʡ ʟ ʤʘʩʣʷʥʦʁ  

ʢʠʩʣʦʪʦʶ, ʜʝ ʚ Ŭ- ʽ ɔ-ʧʦʣʦʞʝʥʥʭ̫ ʻ ʧʦ 

ʆʅ-ʛʨʫʧʽ, ʘ ʚ ɓ-ʧʦʣʦʞʝʥʥʽ ï ʜʚ̔ ʉʅ3 

ʛʨʫʧʠ. 

ɺʣʘʩʪʠʚʦʩʪʽ ɼʦʙʨʝ ʨʦʟʯʠʥʥʘ ʫ ʚʦʜʽ, ʛʨ̔ʰʝ - ʫ ʝʬʽʨʽ ʪʘ 

ʝʪʘʥʦʣʽ, ʥʝʩʪʽʡʢʘ ʜʦ ʜʽʾ ʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ, ʦʩʦʙʣʠʚʦ ʚ ʢʠʩʣʦʤʫ ʪʘ 

ʣʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʘʭ. 

ɼʦʙʦʚʘ ʜʦʟʘ 7-12 ʤʛ 

ɼʞʝʨʝʣʦ ɼʨʽʞʜʞʽ, ʛʦʨʦʭ, ʧʰʝʥʠʯʥʝ ʙʦʨʦʰʥʦ, 

ʧʝʯ̔ʥʢʘ, ʩʝʨʮʝ, ʥʠʨʢʠ, ʷʡʮʷ. ʋ ʣʶʜʠʥʠ 

ʥʝʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʮʴʦʛʦ ʚʽʪʘʤʽʥʫ ʤʦʞʝ 

ʩʠʥʪʝʟʫʚʘʪʠʩʷ ʚ ʢʠʝhʯʥʠʢʫ 
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ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤʠ. 

ɹʽʦʣʦʛʽʯʥʘ ʜʽʷ ɺʧʣʠʚʘ ̒ ʥʘ ʩʠʥʪʝʟ ʩʪʘʪʝʚʠʭ ʛʦʨʤʦʥ̔ ʚ, 

ʛʦʨʤʦʥʽʚ ʥʘʜʥʠʨʥʠʢʽʚ, ʥʝʟʘʤʽʥʥʠʭ 

ʞʠʨʥʠʭ ʢʠʩʣʦʪ, ʭʦʣʝʩʪʝʨʠʥʫ, 

ʥʝʡʨʦʤʝʜ̔ʘʪʦʨ̔ʚ (ʘʮʝʪʠʣʭʦʣ̔ʥ, ʛʽʩʪʘʤʽʥ) 

ʪʘ ʫʪʚʦʨʝʥʥʷ ʧ̔ʛʤʝʥʪʫ ʝʨʠʪʨʦʮʠʪʽʚ 

ʛʝʤʦʛʣʦʙʽʥʫ; ʯʝʨʝʟ ʢʦʬʝʨʤʝʥʪʥʫ ʨʦʣɹ 

ʟʘʜʽʷʥʘ ʚ ʤʝʪʘʙʦʣʽʟʤ̔ ʧʨʦʪʝʾʥʽʚ, ʞʠʨʥʠʭ 

ʢʠʩʣʦʪ, ʚʫʛʣʝʚʦʜʽʚ ʪʘ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʠʭ 

ʨʝʘʢʮʽʷʭ ʚ ʢʣʽʪʠʥʘʭ. ʇʘʥʪʦʪʝʥʦʚʘ 

ʢʠʩʣʦʪʘ ʧʨʠ ʥʘʥʝʩʝʥʥʽ ʥʘ ʰʢʽʨʫ ʤʦʞʝ 

ʚʩʤʦʢʪʫʚʘʪʠʩʴ, ʚ ʯʦʤʫ ʻ ʾʾ  ʫʥʽʢʘʣʴʥʽʩʪʴ. 

ɻ̔ ʧʦʚʽʪʘʤʽʥʦʟ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʨʽʜʢʦ 

(ʛʦʣʦʜʫʚʘʥʥʷ) ʽ ʥʝ ʤʘʻ ʩʧʝʮʠʬʽʯʥʠʭ 

ʦʟʥʘʢ (ʩʪʦʤʣʶʚʘʥʽʩʪʴ, ʜʝʧʨʝʩʽʷ, ʛʦʣʦʚʥ ̔

 ̔ ʤô̫ ʟʝʚʽ ʙʦʣ̔, ʜʠʩʧʝʧʩʽʷ, ʧʦʩʣʘʙʣʝʥʥ̫ 

ʽʤʫʥʽʪʝʪʫ). 

ʂʦʬʝʨʤʝʥʪʥʘ 

ʨʦʣʴ 

ɺʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʢʦʬʝʨʤʝʥʪʫ ɸ 

(ʢʦʬʝʨʤʝʥʪʫ ʘʮʠʣʁʚʘʥʥʷ), ʷʢʠʡ 

ʧʨʠʡʤʘʻ ʫʯʘʩʪʴ ʫ ɓ-ʦʢʠʩʥʝʥʥʽ ʞʠʨʥʠʭ 

ʢʠʩʣʦʪ. 

ʇ̔ ʨʠʜʦʢʩʠʥ 

(ʚʽʪʘʤʽʥ ɺ6) 

ɹʫʜʦʚʘ ʇʦʭ̔ ʜʥʝ ʧʽʨʠʤʽʜʠʥʫ. 

ɺʣʘʩʪʠʚʦʩʪʽ ʉʪʘʙʽʣʴʥʘ ʩʧʦʣʫʢʘ ʫ ʩʠʣʴʥʦ ʢʠʩʣʦʤʫ ʪʘ 

ʩʠʣʴʥʦ ʣʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʘʭ; ʚʽʪʘʤʽʥ 

ɺ6 ʥʝ ʚʪʨʘʯʘʻ ʙʽʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʥʘʚ̔ʪʴ ʧʨʠ ʥʘʛʨ̔ ʚʘʥʥ̔, ʘʣʝ hʚʠʜʢʦ 

ʨʫʡʥʫʻʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʩʚ̔ʪʣʘ ʪʘ 

ʚʥʘʩʣʽʜʦʢ ʦʢʠʩʥʝʥʥʷ; ʜʦʙʨʝ 

ʨʦʟʯʠʥʷʻʪʴʩʷ ʫ ʚʦʜ̔  ʪʘ ʝʪʘʥʦʣʽ, ʧʦʛʘʥʦ ï 

ʚ ʝʬʽʨʽ ʪʘ ʭʣʦʨʦʬʦʨʤ.̔ 

ɼʦʙʦʚʘ ʜʦʟʘ 2-3 ʤʛ 

ɼʞʝʨʝʣʦ ʄ ʩ̔ʪʠʪɹ ʩ̫ ʫ ʧʝhʥʠʯʥʦʤʫ ʪʘ 

ʢʫʢʫʨʫʜʟʷʥʦʤʫ ʙʦʨʦʰʥ̔, ʜʨʽʞʜʞʘʭ, 

ʧʝʯʽʥʮʽ, ʥʠʨʢʘʭ, ʤô̫ ʩ̔. 

ʄʽʢʨʦʦʨʛʘʥʽʟʤʘʤʠ ʢʠʰʝʯʥʠʢʘ 
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ʩʠʥʪʝʟʫʻʪʴʩʷ ʚ ʩʝʨʝʜʥʴʦʤʫ 0,5-0,7 ʤʛ 

ʮʴʦʛʦ ʚʽʪʘʤʽʥʫ. 

ɹʽʦʣʦʛʽʯʥʘ ʜ̫̔ ʋ ʨʘʟʽ ʥʝʩʪʘʯʽ ʚʽʪʘʤʽʥʫ ɺ6 ʧʦʨʫʰʫʶʪʴʩʷ 

ʧʨʦʮʝʩʠ ʪʨʘʥʩʘʤʥ̔ʫʚʘʥʥʷ ʪʘ ʽʥʰʽ ʣʘʥʢʠ 

ʙ̔ ʣʢʦʚʦʛʦ ʦʙʤ̔ ʥʫ, ʘ ʪʘʢʦʞ ʪʢʘʥʠʥʥʦʛʦ 

ʜʠʭʘʥʥʷ. ɸʚʽʪʘʤʽʥʦʟ ɺ6 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʦʨʫh ʝʥʥʤ̫ʠ 

ʥʝʨʚʦʚʦʾ ʩʠʩʪʝʤʠ. 

ʂʦʬʝʨʤʝʥʪʥʘ 

ʨʦʣʴ 

ʇ̔ʨʠʜʦʢʩʘʣʴ ʬʦʩʬʘʪ ʻ ʧʨʦʩʪʝʪʠʯʥʦʶ 

ʛʨʫʧʦʶ ʜʝʷʢʠʭ ʬʝʨʤʝʥʪ̔ʚ 

(ʪʨʘʥʩʘʤʽʥʘʟʠ, ʘʤʽʥʦʪʨʘʥʩʬʝʨʘʟʠ), ʷʢʽ 

ʢʘʪʘʣʽʟʫʶʪʴ ʨʝʘʢʮʽʾ ʦʙʤʽʥʫ ʘʤʽʥʦʢʠʩʣʦʪ. 

ɹ̔ ʦʪʠʥ  

(ʚʽʪʘʤʽʥ ʅ) 

ɹʫʜʦʚʘ ʉʢʣʘʜʘʻʪʴʩʷ ʟ ʪʽʦʬʝʥʫ ʪʘ ̔ʤʽʜʘʟʦʣʫ, ʜʦ 

ʷʢʠʭ ʧʨʠ̒ʜʥʘʥʘ ʚʘʣʝʨʽʘʥʦʚʘ ʢʠʩʣʦʪʘ. 

ɺʣʘʩʪʠʚʦʩʪ ̔ ʉʪʡ̔ʢʠʡ ʜʦ ʜʽʾ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, 

ʚʧʣʠʚʫ ʢʠʩʣʦʛʦ ʪʘ ʣʫʞʥʦʛʦ ʩʝʨʝʜʦʚʠʱ, 

ʜʦʙʨʝ ʨʦʟʯʠʥʷʻʪʴʩʷ ʫ ʚʦʜʽ ʪʘ ʩʧʠʨʪʽ. 

ɼʦʙʦʚʘ ʜʦʟʘ 10-20 ʤʢʛ 

ɼʞʝʨʝʣʦ ʄ ʩ̔ʪʠʪʴʩ̫  ʫ ʧʝʯʽʥʮ̔, ʷʻʯʥʠʭ ʞʦʚʪʢʘʭ ʽ 

ʙʦʙʦʚʠʭ ʨʦʩʣʠʥʘʭ. 

ɹʦ̔ʣʦʛʽʯʥʘ ʜ̫̔  ɺ̔ ʪʘʤ̔ʥʥʘ ʥʝʜʦʩʪʘʪʥʩ̔ʪʴ ʨʦʟʚʠʚʘʻʪʴʩʷ ʟʘ 

ʫʤʦʚ ʧʦʨʫhʝʥʥʷ ʥʦʨʤʘʣʴʥʦʾ 

ʤʽʢʨʦʬʣʦʨʠ ʢʠʰʝʯʥʠʢʘ. 

ʂʦʬʝʨʤʝʥʪʥʘ 

ʨʦʣ  ɹ

ɭ ʢʦʬʝʨʤʝʥʪʦʤ ʫ ʨʝʘʢʮʽʷʭ ʧʨʠʻʜʥʘʥʥʷ 

ʉʆ2 (ʢʘʨʙʦʢʩʠʣʶʚʘʥʥʷ), ʟʦʢʨʝʤʘ ʧʨʠ 

ʙ̔ ʦʩʠʥʪʝʟʽ ʞʠʨʥʠʭ ʢʠʩʣʦʪ. 

ʌoʣʽʻʚʘ ʢʠʩʣoʪʘ 

(ʚʽʪʘʤʽʥ ɺʩ, ɺ10, 

ɺ11) 

ɹʫʜʦʚʘ ʉʢʣʘʜʘʻʪʴʩ̫ ʽʟ ʛʣʫʪaʤʥ̔ʦʚʦʾ ʢʠʩʣʦʪʠ,   

n-aʤʽʥʦʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ ʪʘ 

ʛeʪʝʨʦʮʠʢʣʽʯʥʦʾ ʩʧʦʣʫʢʠ ï ʟaʤʽʱʝʥʦʛʦ 

ʧʪʝʨʠʜʠʥʫ.   

ɺʣʘʩʪʠʚʦʩʪʽ ʄʘʣʦʨʦʟʯʠʥʥʘ ʚ ʭʦʣʦʜʥʽʡ ʚʦʜ,̔ 

ʝʪʠʣʦʚʦʤʫ ʩʧʠʨʪʽ, ʫ ʛʘʨ̫ʯ̔ ʡ ʚʦʜʽ 

ʨʦʟʯʠʥʷʻʪʴʩʷ ʢʨʘʱʝ.  

ɼʦʙʦʚʘ ʜʦʟʘ 0,2-0,5 ʤʛ 

ɼʞʝʨʝʣʦ ɺʝʣʠʢʽ ʢ̔ʣɹ ʢʦʩʪ̔ ʌʂ ʤʩ̔ʪʠʪʴ ʣʠʩʪ,̫ 
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ʦʚʦʯ,̔ ʬʨʫʢʪʠ, ʷʛʦʜʠ, ʟʦʢʨʝʤʘ ʩʫʥʠʮ,̔ ʘ 

ʪʘʢʦʞ ʧʨʦʜʫʢʮʽ̫ ʪʚʘʨʠʥʥʠʮʪʚʘ - 

ʧʝʯʽʥʢʘ, ʤôʩ̫ʦ, ʩʝʨʮʝ. 

ɹʽʦʣʦʛʽʯʥʘ ʜʽʷ ɸʚʽʪʘʤ̔ ʥʦʟ ʌʂ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʘʥʝʤʽ ʾ  ̔

ʣʝʡʢʦʧʝʥʽʾ (ʟʥʠʞʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʚ ʢʨʦʚʽ 

ʝʨʠʪʨʦʮʠʪʽʚ ʪʘ ʣʝʡʢʦʮʠʪʽʚ ʯʝʨʝʟ 

ʧʦʨʫʰʝʥʥʷ ʾʭ ʫʪʚʦʨʝʥʥʷ) ʪʘ ʽʥʰʠʭ 

ʤʝʪʘʙʦʣʽʯʥʠʭ ʟʤʽʥ. 

ʂʦʬʝʨʤʝʥʪʥʘ 

ʨʦʣʴ 

ʌʂ ʥʝ ʤʘʻ ʢʦʬʝʨʤʝʥʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, 

ʧʨʠ ʚʽʜʥʦʚʣʝʥʥʽ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ 

ʪʝʪʨʘʛʽʜʨʦʬʦʣʽʻʚʫ ʢʠʩʣʦʪʫ (ʊɻʌʂ), ʷʢʘ 

ʧʝʨʝʥʦʩʠʪʴ ʦʜʥʦʚʫʛʣʝʮʝʚʽ ʛʨʫʧʠ: 

ʤʝʪʠʣʴʥʫ, ʤʝʪʠʣʝʥʦʚʫ, ʬʦʨʤʽʣʴʥʫ. 

ʊɻʌʂ ʙʝʨʝ ʫʯʘʩʪʴ ʫ ʙʦ̔ʩʠʥʪʝʟʽ 

ʘʟʦʪʠʩʪʠʭ ʦʩʥʦʚ ʥʫʢʣʝʾʥʦʚʠʭ ʢʠʩʣʦʪ, 

ʢʨʝʘʪʠʥʫ, ʤʝʪʽʦʥʥ̔ʫ, ʚ ʫʪʚʦʨʝʥʽ ʩʝʨʠʥʫ ʟ 

ʛʣ̔ʮʠʥʫ ʪʦʱʦ. 

ɺʽʪʘʤʽʥ ɺ12 

(ʢʦʙʘʣʘʤʽʥ, 

ʧʨʦʪʠʘʥʝʤʽʯʥʠʡ) 

ɹʫʜʦʚʘ ʄʽʩʪʠʪʴ 4 ʧ̔ʨʦʣʴʥʠʭ ʢ̔ʣʴʮ̫, ʦ̔ʥ 

ʢʦʙʘʣɹ ʪʫ (ʟ ʚʘʣʝʥʪʥʩ̔ʪʁ ʚ̔ ʜ Co3+ ʜʦ 

Co6+), ʛʨʫʧʫ CN-. ʇʨʠ ʩʠʥʪʝʟ ̔

ʢʦʬʝʨʤʝʥʪʥʠʭ ʬʦʨʤ ʮ̔ʘʥ̔ʜʥʘ ʛʨʫʧʘ CN- 

ʚ ʦʨʛʘʥʽʟʤʽ ʟʘʤ̔ʥʶʻʪʴʩʷ ʤʝʪʠʣʴʥʦ ʁʘʙʦ 

5'-ʜʝʟʦʢʩʠʘʜʝʥʦʟʠʣʴʥʦ.ʁ 

ɺʣʘʩʪʠʚʦʩʪʽ ʊʝʨʤʦʩʪʘʙʽʣɹʥʠʡ, ʰʚʠʜʢʦ ʨʫʡʥʫʻʪʴʩʷ ʥʘ 

ʩʚ̔ʪʣʽ, ʜʦʙʨʝ ʨʦʟʯʠʥʥʠʡ ʫ ʚʦʜʽ, ʝʪʘʥʦʣʽ ʽ 

ʤʝʪʘʥʦʣʽ. 

ɼʦʙʦʚʘ ʜʦʟʘ 3-10 ʤʢʛ 

ɼʞʝʨʝʣʦ ʉʠʥʪʝʟʫʻʪʴʩʷ ʛʨʠʙʘʤʠ ʽ ʜʝʷʢʠʤʠ ʚʠʜʘʤʠ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. ʄʽʩʪʠʪʴʩʷ ʚ ʧʨʦʜʫʢʪʘʭ 

ʪʚʘʨʠʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ - ʧʝʯʽʥʮ,̔ 

ʥʠʨʢʘʭ, ʩʝʨʮ,̔ ʤôʷʩʽ. 

ɹʽʦʣʦʛ̔ʯʥʘ ʜʽʷ ʅʝʜʦʩʪʘʪʥʽʩʪʴ ʚʽʪʘʤʽʥʫ ɺ12 (ʭʚʦʨʦʙʘ 

ɸʜʩ̔ʦʥʘ-ɹʽʨʤʝʨʘ, ʟʣʦʷʢʽʩʥʘ ʘʥʝʤʽʷ) 

ʤʦʞʝ ʨʦʟʚʠʚʘʪʠʩ̫ ʚʥʘʩʣʽʜʦʢ ʧʦʨʫʰʝʥʥʷ 

ʡʦʛʦ ʚʩʤʦʢʪʫʚʘʥʥʷ ʫ ʐʂʊ. 
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ʂʦʬʝʨʤʝʥʪʥʘ 

ʨʦʣʴ 

ɸʜʝʥʦʟʠʣʢʦʙʘʣʘʤ̔ ʥ ʟʚôʷʟʘʥʠʡ ʽʟ 

ʝʥʟʠʤʘʤʠ, ʚʥʫʪʨ̔h ʥʴʦʤʦʣʝʢʫʣʷʨʥʠʤʠ 

ʪʨʘʥʩʬʝʨʘʟʘʤʠ, ʷʢʽ ʢʘʪʘʣʽʟʫʁʪʴ 

ʧʝʨʝʤʽʱʝʥʥʷ ʘʮʠʣʴʥʠʭ, ʬʦʩʬʦ-, ʘʤʽʥʦ- 

ʪʘ ʽʥʰʠʭ ʛʨʫʧ. 

ɸʩʢʦʨʙʽʥʦʚʘ 

ʢʠʩʣʦʪʘ  

(ʚʽʪʘʤʽʥ ʉ) 

ɹʫʜʦʚʘ ɼ̔ ʻʥʦʣ ʛʫʣʦʥʦʚʦʾ ʢʠʩʣʦʪʠ. 

ɺʣʘʩʪʠʚʦʩʪʽ ɼʦʙʨʝ ʨʦʟʯʠʥ̫̒ʪʴʩʷ ʫ ʚʦʜʽ ʪʘ ʤʝʪʘʥʦʣʽ, 

ʦʢʠʩʥʁ ʻʪʴʩʷ ʢʠʩʥʝʤ ʧʦʚʽʪʨʷ, ʦʩʦʙʣʠʚʦ ʫ 

ʧʨʠʩʫʪʥʦʩʪʽ ʽʦʥʽʚ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ 

(ʢʫʧʨʫʤʫ, ʬʝʨʫʤʫ); ʙʝʟ ʢʠʩʥʶ ʚʠʪʨʠʤʫʻ 

ʥʘʛʨʽʚʘʥʥʷ ʜʦ 100 Üʉ. 

ɼʦʙʦʚʘ ʜʦʟʘ 50-70 ʤʛ 

ɼʞʝʨʝʣʦ ʐʠʧʠhʥʘ, ʯʦʨʥʘ ʩʤʦʨʦʜʠʥʘ, ʪʦʤʘʪʠ, 

ʮʠʪʨʫʩʦʚʽ, ʙʽʣʦʢʘʯʘʥʥʘ ʢʘʧʫʩʪʘ, ʟʝʣʝʥʽ 

ʦʚʦʯʽ, ʛʦʨʽʭ ʛʨʝʮʴʢʠʡ, ʧʝʨʝʮʴ ʯʝʨʚʦʥʠʡ. 

ɹʽʦʣʦʛʽʯʥʘ ʜ̔  ̫ ʇʨʠʡʤʘʻ ʫʯʘʩʪʴ ʚ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʠʭ 

ʧʨʦʮʝʩʘʭ, ʟʘʚʜ̫ ʢʠ ʾ ʾ ʚʣʘʩʪʠʚʦʩʪʽ 

ʚʽʜʜʘʚʘʪʠ ʪʘ ʧʨʠʻʜʥʫʚʘʪʠ ʘʪʦʤʠ 

ʛʽʜʨʦʛʝʥʫ, ʧʽʜʪʨʠʤʫ ̒ ʩʫʣʴʬʛʽʜʨʠʣʴʥʽ 

ʛʨʫʧʠ ʬʝʨʤʝʥʪʘʪʠʚʥʠʭ ʙʽʣʢʽʚ ʫ 

ʚ̔ ʜʥʦʚʥʦʤʫ ʩʪʘʥʽ. 

ʂʦʬʝʨʤʝʥʪʥʘ 

ʨʦʣʴ 

ʂʦʬʝʨʤʝʥʪʥʫ ʨʦʣʴ ɸʂ ʚʠʷʚʣʝʥʦ ʫ 

ʨʝʘʢʮʽʷʭ ʛʽʜʨʦʢʩʠʣʶʚʘʥʥʷ ʙʽʦʤʦʣʝʢʫʣ. 

ɾʠʨʦʨʦʟʯʠʥʥʽ ʚʽʪʘʤʽʥʠ 

ɺʽʪʘʤʽʥ ɸ  

(ʚʢʣʶʯʘ ̒

ʞʠʨʦʨʦʟʯʠʥʥ̔ 

ʩʧʦʣʫʢʠ, ʟʦʢʨʝʤʘ 

ʨʝʪʠʥʦʾʜʠ: 

ʨʝʪʠʥʦʣ (ʚʽʪʘʤʽʥ 

A1, ʘʢʩʝʨʦʬʪʦʣ), 

ʜʝʛʽʜʨʦʨʝʪʠʥʦʣ 

(ʚ̔ ʪʘʤʽʥ ɸ2), 

ʨʝʪʠʥʘʣʴ 

(ʨʝʪʠʥʝʥ, ʘʣʴʜʝʛʽʜ 

ʚ̔ʪʘʤʽʥʫ A1), 

ɹʫʜʦʚʘ ɓ-ʽʦʥʦʥʦʚʽ ʢʽʣʴʮʷ ʟôʻʜʥʘʥʽ                        

18-ʢʘʨʙʦʥʦʚʠʤ ʣʘʥʮʶʛʦʤ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʯʦʪʠʨʴʦʭ ʟʘʣʠʰʢʽʚ 

ʽʟʦʧʨʝʥʫ. 

ɺʣʘʩʪʠʚʦʩʪʽ ʊʝʨʤʦʩʪʘʙʽʣʥɹʠʡ, ʤʦʞʝ ʚʠʪʨʠʤʫʚʘʪʠ 

ʥʘʛʨ̔ʚʘʥʥʷ ʜʦ 100-120 Üʉ ʫ 

ʙʝʟʢʠʩʥʝʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ; ʫ ʧʦʚʽʪʨʽ 

ʚhʠʜʢʦ ʦʢʠʩʥʁ ʻʪʴʩʷ ʽ ʨʫʡʥʫʻʪʴʩʷ, 

ʦʩʦʙʣʠʚʦ ʚ ʢʠʩʣʦʤʫ ʨʅ ʪʘ ʥʘ ʩʦʥʷʯʥʦʤʫ 

ʩʚ̔ ʪʣ̔. 

ɼʦʙʦʚʘ ʜʦʟʘ 0,75-1,5 ʤʛ 
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ʨʝʪʠʥʦʻʚʫ ʢʠʩʣʦʪʫ 

ʽ ʢʽʣʴʢʘ 

ʧʨʦʚʽʪʘʤʽʥʽʚ-

ʢʘʨʦʪʠʥʦʾʜʽʚ (ɓ-

ʢʘʨʦʪʠʥ) 

ɼʞʝʨʝʣʦ ɹʘʛʘʪʦ ʚ̔ʪʘʤʽʥʫ ɸ ʤʽʩʪʠʪʴʩʷ ʚ ʧʝʯʥ̔ʮʽ 

ʨʠʙ ʽ ʩʩʘʚʮʽʚ, ʷʢʽ ʞʠʚʫʪʴ ʫ ʚʦʜʘʭ 

ɸʨʢʪʠʢʠ. 

ɹʽʦʣʦʛʽʯʥʘ ʜʽ̫ ɺʧʣʠʚʘʻ ʥʘ ʙ̔ʦʩʠʥʪʝʟ ʣ̔ʧ̔ʜʥʠʭ 

ʢʦʤʧʦʥʝʥʪ̔ʚ ʢʣʪ̔ʠʥʥʠʭ ʤʝʤʙʨʘʥ; 

ʟʘʙʝʟʧʝʯʫ̒  ʧʽʜʪʨʠʤʘʥʥʷ ʙʘʨô̒ʨʥʦ ʾʨʦʣ̔ 

ʩʣʠʟʦʚʠʭ  ʦʙʦʣʦʥʦʢ, ʨʝʩʠʥʪʝʟ 

ʛʣ̔ʢʦʧʨʦʪʝʾʜʥʠʭ ʟʦʨʦʚʠʭ ʧ̔ʛʤʝʥʪʚ̔; 

ʩʠʥʪʝʟ ʩʪʝʨʦʜʾʥʠʭ ʛʦʨʤʦʥʚ̔, 

ʩʧʝʨʤʘʪʦʛʝʥʝʟ. 

ʇʨʠ ʜʝʬʽʮʠʪʽ ʚʽʜʤʽʯʘʶʪʴ ʧʦʛʽʨʰʝʥʥ ̫

ʟʦʨʫ, ʪʘʢ ʟʚʘʥʫ ʢʫʨʷʯʫ ʩʣʽʧʦʪʫ, 

ʟʘʧʘʣʝʥʥʷ ʨʦʛʽʚʢʠ ʪʘ ʦʨʦʛʦʚʽʥʥ ̫

ʝʧʽʪʝʣʽʶ ʩʣiʟʥʠʭ ʢʘʥʘʣʽʚ; ʫ ʚʘʞʢʠʭ 

ʚʠʧʘʜʢʘʭ ʚʽʜʙʫʚʘʻʪʴʩ ̫ ʨʦʟʤôʷʢʰʝʥʥ ̫

ʨʦʛ̔ ʚʢʠ ï ʢʝʨʘʪʦʤʘʣʷʮʽ;̫ ʦʜʥʦʯʘʩʥʦ ʟ 

ʮʠʤ ʟʙʽʣʴhʫʻʪʴʩʷ ʦʨʦʛʦʚʽʥʥʷ ʪʘ 

ʟʣʫɦʝʥʥʷ ʝʧʽʪʝʣ̔ʁ  ʜʠʭʘʣʥɹʠʭ ʰʣʷʭʽʚ, 

ʐʂʊ ʽ ʩʝʯʦʚʠʜʽʣɹʥʠʭ ʰʣʷʭʽʚ. 

ɺ̔ ʪʘʤʽʥ D 

(ʚ̔ʪʘʤʥ̔ D2 ï 

ʝʨʛʦʢʘʣʴʮʠʬʝʨʦʣ; 

ʚʽʪʘʤʽʥ D3 ï 

ʭʦʣʝʢʘʣʴʮʠʬʝʨʦʣ). 

ɹʫʜʦʚʘ ʉʪʝʨʦʣʠ ʨʦʩʣʠʥʥʦʛʦ ʪʘ ʪʚʘʨʠʥʥʦʛʦ 

ʧʦʭʦʜʞʝʥʥ.̫ ʅʘʡʧʦʰʠʨʝʥʽʰʦʶ ʬʦʨʤʦʶ 

ʚʽʪʘʤʽʥʫ ɼ ʻ ɼ3, ʘʙʦ ʭʦʣʝʢʘʣʴʮʠʬʝʨʦʣ, 

ʷʢʠʡ ʫʪʚʦʨʶ̒ ʪʴʩʷ ʫ ʰʢʽʨ̔ ʣʶʜʠʥʠ ʪʘ 

ʪʚʘʨʠʥ ʟ 7-ʜʝʛʽʜʨʦʭʦʣʝʩʪʝʨʦʣʫ ʧʽʜ ʜʽʻʶ 

ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʘʙʦ ʋʌ-ʧʨʦʤʝʥʽʚ. 

ɺʽʪʘʤʽʥ ɼ2 ʘʙʦ ʝʨʛʦʢʘʣɹ ʮʠʬʝʨʦʣ 

ʫʪʚʦʨʶʻʪɹʩʷ ʧʽʜ ʯʘʩ ʋʌ ʦʧʨʦʤʽʥʝʥʥʷ 

ʝʨʛʦʩʪʝʨʦʣʫ ʜʨʽʞʜʞʚ̔. 

ɺʣʘʩʪʠʚʦʩʪʽ ɼʦʩʠʪɹ ʩʪʽʡʢʽ ʜʦ ʜʽʾ ʚʠʩʦʢʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʘʣʝ ʰʚʠʜʢʦ ʨʫʡʥʫʶʪɹʩʷ 

ʧʽʜ ʚʧʣʠʚʦʤ ʦʢʠʩʥʶʚʘʯʽʚ ʽ ʤʽʥʝʨʘʣʴʥʠʭ 

ʢʠʩʣʦʪ, ʜʦʙʨʝ ʨʦʟʯʠʥʥʽ ʚ ʞʠʨʘʭ ʽ 

ʦʨʛʘʥʽʯʥʠʭ ʨʦʟʯʠʥʥʠʢʘʭ. 

ɼʦʙʦʚʘ ʜʦʟʘ 10-20 ʤʢʛ 

ɼʞʝʨʝʣʦ ʇʨʦʜʫʢʪʠ ʪʚʘʨʠʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ï 

ʨʠʙô̫ ʯʠʡ ʞʠʨ, ʧʝʯʽʥʢʘ, ʚʝʨʰʢʦʚʝ ʤʘʩʣʦ. 
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ɹʽʦʣʦʛʽʯʥʘ ʜʽʷ ʈʝʛʫʣʁ  ̒ ʦʙʤʽʥ ʢʘʣʴʮʽʶ ʽ ʬʦʩʬʘʪ̔ ʚ 

ʥʘʩʪʫʧʥʠʤʠ ʰʣʷʭʘʤʠ: 1) ʟʘʙʝʟʧʝʯʫʻ 

ʪʨʘʥʩʧʦʨʪ ʮʠʭ ʽʦʥʽʚ ʯʝʨʝʟ ʝʧʽʪʝʣʽʡ 

ʩʣʠʟʦʚʦʾ ʦʙʦʣʦʥʢʠ ʪʦʥʢʦʛʦ ʢʠʰʝʯʥʠʢʫ; 

2) ʤʝʪʘʙʦʣ̔ʟʫ ̒ ʢʘʣʴʮʽʡ ʚ ʢʽʩʪʢʘʭ;              

3) ʟʘʙʝʟʧʝʯʫʻ ʨʝʘʙʩʦʨʙʮʽ ʁ ʮʠʭ 

ʤʽʥʝʨʘʣʴʥʠʭ ʨʝʯʦʚʠʥ ʚ ʥʠʨʢʦʚʠʭ 

ʢʘʥʘʣʴʮʷʭ. ɼʝʬʽʮʠʪ ʚʽʪʘʤʽʥʫ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʦʨʫʰʝʥʥ̫ ʤʠ 

ʬʦʩʬʦʨʥʦ-ʢʘʣʴʮʽʻʚʦʛʦ ʦʙʤʽʥʫ ʪʘ 

ʬʦʨʤʫʚʘʥʥʷ ʢ̔ ʩʪʦʢ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʤʝʥ ʝhʥʥʷ ʚ ʥʠʭ ʢʽʣʢɹʦʩʪʽ ʢʘʣʴʮʽʶ, 

ʬʦʩʬʦʨʫ ʪʘ ʟʙ̔ʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ. ʋʥʘʩʣʽʜʦʢ ʮʠʭ ʟʤʽʥ 

ʟʥʠʞʫʪ̒ʴʩ̫ ʱʽʣʴʥʽʩʪʴ ʢʽʩʪʦʢ 

(ʦʩʪʝʦʧʦʨʦʟ), ʚʽʜʙʫʚʘʻʪʴʩ̫ 

ʨʦʟʤôʷʢʰʝʥʥʷ (ʦʩʪʝʦʤʘʣ̫ʮ̔ ʷ), 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʘʢʦʞ ʧʝʨʝʨʦʜʞʝʥʥʷ ʪʘ 

ʩʣʘʙʢʽʩʪ ɹʤôʷʟʽʚ. 

ɺʽʪʘʤʽʥ ɽ 

(ʪʦʢʦʬʝʨʦʣ,  

ʘʥʪʠʩʪʝʨʠʣʴʥʠʡ 

ʛʦʨʤʦʥ) 

ɹʫʜʦʚʘ ʄʘ̒  ʪʨʠ ʉʅ3 ʛʨʫʧʠ ʫ ʭʨʦʤʦʬʦʨʥʦʤʫ 

ʷʜʨʽ. ʇ̔ ʜ ʧʦʥʷʪʪʷʤ ʚʽʪʘʤʥ̔ ɽ ʦʙô̒ ʜʥʘʥʘ 

ʮʽʣʘ ʛʨʫʧʘ ʨʝʯʦʚʠʥ (Ŭ-ʪʦʢʦʬʝʨʦʣ,                

ɓ-ʪʦʢʦʬʝʨʦʣ, ɔ-ʪʦʢʦʬʝʨʦʣ,                           

ŭ-ʪʦʢʦʬʝʨʦʣ), ʪʦʢʦʪʨʠʻʥʦʣ                       

(Ŭ-ʪʦʢʦʪʨʠʻʥʦʣ, ɓ-ʪʦʢʦʪʨʠʻʥʦʣ,                    

ɔ-ʪʦʢʦʪʨʠʻʥʦʣ, ŭ-ʪʦʢʦʪʨʠʻʥʦʣ). 

ɺʣʘʩʪʠʚʦʩʪ ̔ ʉʪʽʡʢʠʡ ʧʨʠ ʥʘʛʨʽʚʘʥʥ̔ ʜʦ 150-170 Üʉ, 

ʤʝʥʰ ʩʪʽʡʢʠʡ ʚ ʢʠʩʣʦʤʫ ʪʘ ʣʫʞʥʦʤʫ 

ʩʝʨʝʜʦʚʠɦʘʭ. 

ɼʦʙʦʚʘ ʜʦʟʘ 10-20 ʤʢʛ 

ɼʞʝʨʝʣʦ ʉʘʣʘʪ, ʟʘʨʦʜʢʠ ʧʰʝʥʠʮʽ, ʨʽʟʥʽ ʨʦʩʣʠʥʥʽ 

ʦʣʽʾ, ʤô̫ ʩʦ, ʷʡʮ̫. 

ɹʽʦʣʦʛ̔ʯʥʘ ʜʽʷ ɼʝʬʽʮʠʪ ʚʽʪʘʤʽʥʫ ɽ ʫ ʪʚʘʨʠʥ ʚʠʢʣʠʢʘʻ 

ʣʫʱʝʥʥ̫ ʰʢʨ̔ʠ, ʤôʷʟʦʚʫ ʩʣʘʙʢʽʩʪʴ 

(ʜʠʩʪʨʦʬʽʶ), ʧʦʨʫʰʝʥʥʷ ʬʫʥʢʮʽʡ 

ʥʝʨʚʦʚʦʾ ʩʠʩʪʝʤʠ, ʚʪʨʘʪʫ ʟʜʘʪʥʦʩʪʽ ʜʦ 
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ʧʨʦʜʦʚʞʝʥʥ ̫ ʨʦʜʫ (ʩʪʝʨʠʣʴʥʽʩʪʴ). 

ʇʦʪʫʞʥʠʡ ʙʽʦʘʥʪʠʦʢʩʠʜʘʥʪ - ʟʘʭʠʱʘʻ 

ʢʣʽʪʠʥʥʽ ʩʪʨʫʢʪʫʨʠ ʚʽʜ ʜʽʾ ʚʣ̔ʴʥʠʭ 

ʨʘʜʠʢʘʣʽʚ ʝʥʜʦʛʝʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥ̫ ʪʘ 

ʢʩʝʥʦʙʽʦʪʠʢʽʚ. 

ɺʽʪʘʤʥ̔ ʂ 

(ʬʽʣʦʭʽʥʦʥʠ, 

ʘʥʪʠʛʝʤʦʨʘʛʽʯʥʠʡ 

ʚʽʪʘʤʽʥ) 

ɹʫʜʦʚʘ ʂ1: 

2-ʤʝʪʠʣ-3-ʬʽʪʠʣ-1,4-ʥʘʬʪʦʭʽʥʦʥ, ʷʢʠʡ 

ʤʘʻ ʙʦʢʦʚʠʡ ʣʘʥʮʁ ʛ ʽʟ ʯʦʪʠʨʴʦʭ 

ʽʟʦʧʨʝʥʦʚʠʭ ʦʜʠʥʠʮ.ɹ 

ɺʣʘʩʪʠʚʦʩʪ ̔ ʂ1 ï ʤʘʩʣʷʥʠʩʪʘ ʨʽʜʠʥʘ, ʢ̫ʘ ʧʣʘʚʠʪʴʩʷ 

ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 20 Üʉ, ʜʫʞʝ ʯʫʪʣʠʚʠʡ ʜʦ 

ʩʚʽʪʣʘ, ʰʚʠʜʢʦ ʨʫʡʥʫʻʪɹʩʷ ʧʽʜ ʜʽʻʶ ʋʌ 

ʧʨʦʤʝʥʽʚ. 

ɼʦʙʦʚʘ ʜʦʟʘ 200-300 ʤʢʛ 

ɼʞʝʨʝʣʦ ʈʦʩʣʠʥʥʽ ʧʨʦʜʫʢʪʠ ʭʘʨʯʫʚʘʥʥʷ (ʢʘʧʫʩʪʘ, 

ʧʦʤʽʜʦʨʠ, ʩʘʣʘʪ), ʘ ʪʘʢʦʞ ʧʝʯʽʥʢʘ ʪʘ 

ʤô̫ʩʦ. 

ɹʽʦʣʦʛʽʯʥʘ ʜʽʷ ʇʨʠʡʤʘʻ ʫʯʘʩʪʴ ʫ ʧʨʦʮʝʩʘʭ ʟʩʽʜʘʥʥʷ 

(ʟʛʦʨʪʘʥʥʷ) ʢʨʦʚʽ. ɺʽʪʘʤʽʥ ʂ ʥʝʦʙʭʽʜʥʠʡ 

ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʫʪʚʦʨʝʥʥʷ ʧʨʦʪʝʾʥʫ 

ʧʣʘʟʤʠ ʢʨʦʚʽ ï ʧʨʦʪʨʦʤʙʽʥʫ, ʷʢʠʡ ʻ 

ʥʝʘʢʪʠʚʥʠʤ ʧʦʧʝʨʝʜʥʠʢʦʤ ʪʨʦʤʙʽʥʫ. 

ʊʨʦʤʙʽʥ ʧʝʨʝʪʚʦʨʶʻ ʬʽʙʨʠʥʦʛʝʥ ʢʨʦʚʽ 

ʥʘ ʬʽʙʨʠʥ, ʷʢʠʡ ʬʦʨʤʫ̒  ʢʨʦʚôʷʥʠʡ 

ʟʛʫʩʪʦʢ. 

ɺ̔ ʪʘʤʽʥʦʧʦʜʽʙʥʽ ʨʝʯʦʚʠʥʠ 

ɺʽʪʘʤʽʥ ʈ 

(ʙʽʦʬʣʘʚʦʥʦʾʜʠ) ï

ʧʦʣʽʬʝʥʦʣʠ, ʜʦ 

ʷʢʠʭ ʥʘʣʝʞʘʪʴ 

ʨʫʪʠʥ, ʢʘʪʝʭʥ̔ 

ɹʫʜʦʚʘ ʄʽʩʪʷʪʴ ʜʠʬʝʥʽʣʧʨʦʧʘʥʦʚʠʡ ʚʫʛʣʝʮʝʚʠʡ 

ʩʢʝʣʝʪ, ʧʦʜʚʽʡʥʠʡ ʟʚôʷʟʦʢ, ʢʝʪʦ- ʪʘ 

ʛʽʜʨʦʢʩʠʛʨʫʧʠ ʚ ʮʠʢʣʘʭ ʽ ʟʘʣʠʢhʠ 

ʮʫʢʨʽʚ. 

ɺʣʘʩʪʠʚʦʩʪʽ ʈʦʟʯʠʥʥʽ ʫ ʚʦʜʽ, ʥʝʨʦʟʯʠʥʥʽ ʚ ʝʪʠʣʦʚʦʤʫ 

ʝʬ̔ ʨʽ, ʻ ʧʨʦʜʫʢʪʘʤʠ ʞʠʪʪʜ̒̔ ʷʣʴʥʦʩʪʽ 

ʨʦʩʣʠʥ. 

ɼʦʙʦʚʘ ʜʦʟʘ 100-200 ʤʛ 

ɼʞʝʨʝʣʦ ɺʠʥʦʛʨʘʜ, ʯʘʡʥʝ ʣʠʩʪʷ. 
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ɹʽʦʣʦʛʯ̔ʥʘ ʜʽʷ ɻʘʣʴʤʫʶʪʴ ʦʢʠʩʥʝʥʥ̫  ʘʩʢʦʨʙʽʥʦʚʦʾ 

ʢʠʩʣʦʪʠ  ̔ʧʝʨʝʢʠʩʥʝ ʦʢʠʩʥʝʥʥʷ ʣʽʧ̔ʜ̔ʚ, ʚ 

ʪ.ʯ. ʚʠʢʣʠʢʘʥʝ ʚʧʣʠʚʦʤ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ, 

ʚʦʣʦʜʽʶʪʴ ʧʨʦʪʠʟʘʧʘʣʴʥʦ  ʁ  ̔

ʢʘʧʽʣʷʨʦʟʤʽʮʥʶʚʘʣʴʥʦʁ  ʜ̔̒ .ʁ 

ʆʨʦʪʦʚʘ ʢʠʩʣʦʪʘ 

(ʚʽʪʘʤʽʥ ɺ13) 

ɹʫʜʦʚʘ ʇʦʭʽʜʥʝ ʧʽʨʠʤʽʜʠʥʫ. 

ɺʣʘʩʪʠʚʦʩʪʽ ʈʦʟʯʠʥʥʘ ʫ ʚʦʜʽ, ʨʫʡʥʫʻʪʴʩʷ ʧʽʜ 

ʚʧʣʠʚʦʤ ʩʚʽʪʣʘ. 

ɼʦʙʦʚʘ ʜʦʟʘ 0,5-2 ʛ/ʜʦʙʫ 

ɼʞʝʨʝʣʦ ʄʦʣʦʯʥʽ ʧʨʦʜʫʢʪʠ, ʢʦʨʝʥʝʧʣʦʜʠ, 

ʧʝʯʽʥʢʘ, ʜʨ̔ʞʜʞʽ. 

ɹʽʦʣʦʛʽʯʥʘ ʜʽʷ ʇʦʩʠʣʶʻ ʘʥʘʙʦʣʽʯʥʽ ʧʨʦʮʝʩʠ, 

ʟʘʙʝʟʧʝʯʫʻ ʤʝʪʘʙʦʣʽʟʤ ʧʘʥʪʦʪʝʥʦʚʦʾ, 

ʬʦʣʽʻʚʦʾ ʢʠʩʣʦʪ, ʚʽʪʘʤʽʥʫ ɺ12, 

ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʩʠʥʪʝʟʫ ʤʝʪʽʦʥ̔ ʥʫ, 

ʥʫʢʣʝʾʥʦʚʠʭ ʢʠʩʣʦʪ, ʙʽʣʢʽʚ.  

ʇʘʥʛʘʤʦʚʘ 

ʢʠʩʣʦʪʘ (ʚʽʪʘʤʥ̔ 

ɺ15) 

ɹʫʜʦʚʘ ʉʢʣʘʜʥʠʡ ʝʪʝʨ Ŭ-ʛʣʶʢʦʥʦʚʦʾ ʢʠʩʣʦʪʠ ʪʘ 

ʜʠʤʝʪʠʣʛʣʽʮʠʥʫ. 

ɺʣʘʩʪʠʚʦʩʪʽ ʈʦʟʯʠʥʥʘ ʫ ʚʦʜʽ, ʥʝ ʩʪʽʡʢʘ ʜʦ ʜʽʾ ʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʪʘ ʩʚʽʪʣʘ. 

ɼʦʙʦʚʘ ʜʦʟʘ 1-2 ʤʛ  

ɼʞʝʨʝʣʦ ɿʣʘʢʠ, ʜʨʽʞʜʞʽ, ʢʘʚʫʥ, ʜʠʥʷ, ʦʙʦʣʦʥʢʠ 

ʨʠʩʫ, ʛʘʨʙʫʟ, ʧʝʯʽʥʢʘ, ʤô̫ʩʦ. 

ɹ̔ ʦʣʦʛʯ̔ʥʘ ʜʽ ̫ ʄʘ ̒ʤʝʪʠʣʴʥ ̔ʛʨʫʧʠ, ʷʢ̔ ʥʝʡʪʨʘʣʽʟʫʶʪʴ 

ʚʣ̔ʥɹ ̔ ʨʘʜʠʢʘʣʠ, ʟʘʙʝʟʧʝʯʫʻ ʞʠʚʣʝʥʥ̫ 

ʢʣʽʪʠʥ ʢʠʩʥʝʤ, ʩʠʥʪʝʟ ʢʨʝʘʪʠʥʬʦʩʬʘʪʫ, 

ʥʦʨʤʘʣʽʟʫʻ ʣʽʧʽʜʥʠʡ ʦʙʤʽʥ, ʟʘʧʦʙʽʛʘʶʯʠ 

ʞʠʨʦʚʽʡ ʽʥʬʽʣɹʪʨʘʮʽʾ ʧʝʯʽʥʢʠ; 

ʝʬʝʢʪʠʚʥʠʡ ʟʘʩʽʙ ʜʝʪʦʢʩʠʢʘʮʽ ʾ ʟʘ 

ʦʪʨʫʻʥʥʷ ʭʣʦʨʦʨʛʘʥʽʯʥʠʤʠ ʩʧʦʣʫʢʘʤʠ, 

ʘʥʪʠʙ̔ʦʪʠʢʘʤʠ ʪʝʪʨʘʮʠʢʣʽʥʦʚʦʛʦ ʨʜ̫ʫ, 

ʘʣʢʦʛʦʣʝʤ, ʥʘʨʢʦʪʠʯʥʠʤʠ  ʨʝʯʦʚʠʥʘʤʠ. 

ʋʙʭ̔ʽʥʦʥ 

(ʢʦʬʝʨʤʝʥʪ Q10) 

ɹʫʜʦʚʘ ʍ̔ ʥʦʥʦʚʝ ʢʽʣʴʮʝ ʟ ̔ ʟʦʧʨʝʥʦʾʜʥʠʤ 

ʣʘʥʮʞʁʢʦʤ. 

ɺʣʘʩʪʠʚʦʩʪʽ ʈʦʟʯʠʥʷʪ̒ʴʩʷ ʚ ʝʪʘʥʦʣʽ, ʤʘʡʞʝ 



109 

 

 

ʥʝʨʦʟʯʠʥʥʠʡ ʫ ʚʦʜʽ, ʥʘ ʩʚʪ̔ʣ ̔ʧʦʩʪʫʧʦʚʦ 

ʨʦʟʢʣʘʜʘʻʪʴʩʷ ̔ ʟʘʙʘʨʚʣʶ̒ʪʩɹ.̫  

ɼʦʙʦʚʘ ʜʦʟʘ 90-200 ʤʛ 

ɼʞʝʨʝʣʦ ʉʦʚ̒ʘ ʦʣʽʷ, ʯʝʨʚʦʥʘ ʧʘʣʴʤʦʚʘ ʦʣ̔ʷ, 

ʢʫʥʞʫʪ, ʘʨʘʭʽʩ, ʣ̫ʦʚʠʯʠʥʘ, ʢʫʨʷʪʠʥʘ, 

ʘʧʝʣʴʩʠʥʠ, ʧʦʣʫʥʠʮʷ. 

ɹʽʦʣʦʛʽʯʥʘ ʜʽʷ ʂʦʬʝʨʤʝʥʪ Q ʙʝʨʝ ʫʯʘʩʪɹ ʚ ʨʝʘʢʮ̫̔ʭ 

ʦʢʠʩʥʦʛʦ ʬʦʩʬʦʨʠʣʁʚʘʥʥʷ,  ̒

ʢʦʤʧʦʥʝʥʪʦʤ ʜʠʭʘʣʴʥʦʛʦ ʣʘʥʮʶʛʘ 

ʤʽʪʦʭʦʥʜʨ̔ʡ. 

 

 

 

 

ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ 18 

çʗʢʽʩʥʝ ʚʠʟʥʘʯʝʥʥʷ ʬʦʣʽʻʚʦʾ ʢʠʩʣʦʪʠè 

 

ʄʝʪʘ ʨʦʙʦʪʠ. ɺʠʜʽʣʠʪʠ ʬʦʣʽʻʚʫ ʢʠʩʣʦʪʫ (ʚ̔ʪʘʤʽʥ ɺʩ) ʟ ʜʨʽʞʜʞʽʚ. 

ʌʦʣ̔ʚ̒ʘ ʢʠʩʣʦʪʘ (ʚʽʪʘʤʽʥ ɺʩ, ɺ10, ɺ11, ʧʪʝʨʦʾʣʛʣʫʪʘʤʥ̔ʦʚʘ ʢʠʩʣʦʪʘ) 

ʚʧʝʨʰʝ ʙʫʣʘ ʚʠʜʽʣʝʥʘ ʟ̔ ʣʠʩʪʷ ʰʧʠʥʘʪʫ. ʄʦʣʝʢʫʣʘ ʬʦʣ̔̒ ʚʦʾ ʢʠʩʣʦʪʠ 

ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʛʣʫʪʘʤʽʥʦʚʦʾ ʢʠʩʣʦʪʠ, n-ʘʤʽʥʦʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ ʪʘ 

ʛʝʪʝʨʦʮʠʢʣ̔ ʯʥʦʾ ʩʧʦʣʫʢʠ ï ʟʘʤʽʱʝʥʦʛʦ ʧʪʝʨʠʜʠʥʫ. 

 

 
ʉʪʨʫʢʪʫʨʥʘ ʬʦʨʤʫʣʘ ʬʦʣʽ̒ ʚʦʾ ʢʠʩʣʦʪʠ (ʚʽʪʘʤʥ̔ ɺʩ). 

 

ʋ ʦʨʛʘʥʽʟʤʽ ʨʦʩʣʠʥ ʌʂ ʩʪʠʤʫʣʶʻ ʩʠʥʪʝʟ ɼʅʂ  ̔ ʈʅʂ, ʘ, ʚʽʜʧʦʚʽʜʥʦ, 

ʜʦʧʦʤʦʛʘ̒ ʩʠʥʪʝʟʫʚʘʪʠ ʙ̔ʣʢʠ. ʈʝʛʫʣʁ ʚʘʥʥʷ ʤʝʪʘʙʦʣʯ̔ʥʠʭ ʬʫʥʢʮ̔ʡ ʨʦʩʣʠʥ - ʱʝ 

ʦʜʥʘ ʚʘʞʣʠʚʘ ʬʫʥʢʮʽʷ ʬʦʣ̔̒ʚʦʾ ʢʠʩʣʦʪʠ. ʌʂ ʜʦʟʚʦʣʷʻ ʨʦʩʣʠʥʽ ʟʘʩʚʦʶʚʘʪʠ 

ʚʫʛʣʝʚʦʜʠ, ʘʣʝ ʦʩʢʽʣɹ ʢʠ ʚʦʥʘ ʰʚʠʜʢʦ ʨʦʟʢʣʘʜʘʻʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʷʩʢʨʘʚʦʛʦ 

ʩʚʽʪʣʘ, ʨʝʢʦʤʝʥʜʫʻʪʩɹʷ ʚ ʧʨʦʮʝʩʽ ʚʠʨʦʱʫʚʘʥʥ ̫ʜʘʚʘʪʠ ʜʦʜʘʪʢʦʚʫ ʌʂ.  
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ʌʦʣʽʻʚʘ ʢʠʩʣʦʪʘ  ̒ ʚʽʪʘʤ̔ ʥʦʤ ʟʨʦʩʪʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʩʪʠʤʫʣʶʻ ʫʪʚʦʨʝʥʥʷ 

ʥʦʚʠʭ ʢʣʽʪʠʥ. ʋ ʦʨʛʘʥʽʟʤʽ ʣʶʜʠʥʠ ʽ ʪʚʘʨʠʥ ʌʂ ʥʦʨʤʘʣʽʟʫʻ ʬʫʥʢʮʽʶ ʢʽʩʪʢʦʚʦʛʦ 

ʤʦʟʢʫ (ʥʦʨʤʘʣʽʟʫʻ ʚʠʨʦʙʣʝʥʥʷ ʪʨʦʤʙʦʮʠʪ̔ ʚ, ʧʽʜʚʠʱʫʻ ʨʽʚʝʥʴ ʣʝʡʢʦʮʠʪʦʚ, 

ʩʪʠʤʫʣʶʻ ʽʤʫʥʥʫ ʩʠʩʪʝʤʫ, ʧ̔ ʜʪʨʠʤʫʻ ʦʧʪʠʤʘʣʴʥʫ ʛʫʩʪʦʪʫ ʢʨʦʚʽ) ʪʘ ʥʝʨʚʦʚʦʾ 

ʩʠʩʪʝʤʠ. 

ʇʨʠʥʮʠʧ ʤʝʪʦʜʫ. ʌʦʣʽʻʚʘ ʢʠʩʣʦʪʘ ʜʦʙʨʝ ʨʦʟʯʠʥ̫ʻʪʴʩʷ ʚ ʣʫʞʥʠʭ ʨʦʟʯʠʥʘʭ, 

ʟʦʢʨʝʤʘ Nʘʆʅ (0,1 ʤʦʣʴ/ʣ). ɽʢʩʪʨʘʛʦʚʘʥʘ ʬʦʣ̔̒ ʚʘ ʢʠʩʣʦʪʘ ʽʟ ʜʨʽʞʜʞʽʚ ʟʘ 

ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ ʦʧʨʦʤʽʥʝʥʥ ̫ ʟʜʘʪʥʘ ʚʠʢʣʠʢʘʪʠ ʽʥʪʝʥʩʠʚʥʫ ʙʣʘʢʠʪʥʫ 

ʬʣʦʁʨʝʩʮʝʥʮʽ.ʁ 

ʄʘʪʝʨ̔ʘʣʠ ʪʘ ʨʝʘʢʪʠʚʠ. ʇʝʢʘʨʩʴʢ̔ ʜʨʽʞʜʞʽ, ʢʚʘʨʮʝʚʠʡ ʧʽʩʦʢ, 

ʢʦʥʮʝʥʪʨʦʚʘʥʘ ʦʮʪʦʚʘ ʢʠʩʣʦʪʘ, 0,4% ʨʦʟʯʠʥ ʧʝʨʤʘʥʛʘʥʘʪʫ ʢʘʣʽʶ, 3% ʨʦʟʯʠʥ 

ʧʝʨʦʢʩʠʜʫ ʚʦʜʥʶ, ʨʦʟʯʠʥʠ ʛʽʜʨʦʢʩʠʜʫ ʥʘʪʨʽʶ (0,1 ʤʦʣʴ/ʣ ʪʘ 0,005 ʤʦʣʴ/ʣ), 

ʣʘʢʤʫʩʦʚʠʡ ʧʘʧʽʨʝʮʴ. 

ʆʙʣʘʜʥʘʥʥ̫. ʐʪʘʪʠʚ ʜʣʷ ʧʨʦʙʽʨʦʢ, ʮʝʥʪʨʠʬʫʞʥ̔  ʧʨʦʙ̔ ʨʢʠ, ʮʝʥʪʨʠʬʫʛʘ, 

ʬʣʦʁʨʠʩʮʝʥʪʘ ʣʘʤʧʘ, ʧʦʨʮʝʣʥ̫ʦʚʘ ʩʪʫʧʢʘ, ʧʽʧʝʪʢʠ. 

 

ʍʽʜ ʨʦʙʦʪʠ. 

ɺ ʧʦʨʮʝʣʥ̫ʦʚ̔ʡ ʩʪʫʧʮʽ ʨʦʟʪʠʨʘʶʪʴ 10 ʛ ʜʨʽʞʜʞʽʚ ʽʟ 10 ʤʣ ʨʦʟʯʠʥʫ Nʘʆʅ 

(0,1 ʤʦʣɹ/ʣ) ʪʘ 2 ʛ ʢʚʘʨʮʝʚʦʛʦ ʧʽʩʢʫ ʚʧʨʦʜʦʚʞ 5 ʭʚʠʣʠʥ. ʆʪʨʠʤʘʥʫ ʨʽʜʠʥʫ 

ʮʝʥʪʨʠʬʫʛʫʶʪʴ ʧʨʠ 800 g (15 ʭʚʠʣʠʥ). ʅʘʜʦʩʘʜ ʦʙʝʨʝʞʥʦ ʧʝʨʝʥʦʩʷʪʴ ʚ ʽʥʰʫ 

ʧʨʦʙ̔ ʨʢʫ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʧʦʜʘʣʴʰʠʭ ʨʝʘʢʮʽʷʭ. 

 ɼʦ 10 ʢʨʘʧʝʣʴ ʥʘʜʦʩʘʜʦʚʦʾ ʨʜ̔ʠʥʠ ʜʦʜʘʶʪʴ 20 ʢʨʘʧʝʣʴ ʢʦʥʮʝʥʪʨʦʚʘʥʦ ʾ

ʦʮʪʦʚʦʾ ʢʠʩʣʦʪʠ (ʨʅ 3,0) ʪʘ 10 ʢʨʘʧʝʣʴ ʨʦʟʯʠʥʫ ʂMnO4 ʪʘʢ, ʱʦʙ ʨʦʞʝʚʝ 

ʟʘʙʘʨʚʣʝʥʥʷ ʥʝ ʟʥʠʢʘʣʦ ʚʧʨʦʜʦʚʞ 10 ʭʚʠʣʠʥ. ʗʢʱʦ ʨʦʞʝʚʝ ʟʘʙʘʨʚʣʝʥʥʷ 

ʨʦʟʯʠʥʫ ʻ ʥʝʩʪʽʡʢʠʤ, ʪʦ ʥʝʦʙʭʽʜʥʦ ʜʦʜʘʪʠ ɦʝ ʜʝʢʽʣʴʢʘ ʢʨʘʧʝʣʴ ʂMnO4. ʏʝʨʝʟ      

10 ʭʚʠʣʠʥ ʥʘʜʣʠʰʦʢ ʧʝʨʤʘʥʛʘʥʘʪʫ ʢʘʣʽʶ ʚʠʜʘʣʷʪʁʴ ʰʣʷʭʦʤ ʜʦʜʘʚʘʥʥʷ                   

4-5 ʢʨʘʧʝʣʴ ʨʦʟʯʠʥʫ ʅ2ʆ2 ʪʘ ʜʦʜʘʶʪʴ 4-5 ʤʣ ʨʦʟʯʠʥʫ ʛ̔ ʜʨʦʢʩʠʜʫ ʥʘʪʨʽʶ                   

(0,005 ʤʦʣʴ/ʣ) ʜʦ ʨʅ 4,0 - 4,5, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʣʘʢʤʫʩʦʚʠʡ ʧʘʧʽʨʝʮ.ɹ 

 ʌʦʣʽ̒ʚʘ ʢʠʩʣʦʪʘ ʚ ʣʫʞʥʦʤʫ ʨʦʟʯʠʥ ̔ ʟʘ ʫʤʦʚʠ ʦʧʨʦʤʽʥʝʥʥʷ ʚ 

ʫʣɹʪʨʘʬ̔ʦʣʝʪʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ ʩʚʽʪʣʘ ʟʜʘʪʥʘ ʜʦ ʬʣʶʦʨʝʩʮʝʥʮʽʾ (ʚʠʥʠʢʘʻ ʙʣʘʢʠʪʥʝ 

ʩʚʽʪʽʥʥʷ). 

 ɺʠʩʥʦʚʦʢ 
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ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ̄ 19 

çʂ̔ʣɹ ʢʽʩʥʝ ʚʠʟʥʘʯʝʥʥ̫ ʚ̔ ʪʘʤʽʥʫ ʉè 

 

ʄʝʪʘ ʨʦʙʦʪʠ. ɺʠʟʥʘʯʠʪʠ ʢʽʣʴʢʽʩʪ ɹʚʽʪʘʤʽʥʫ ʉ (ʘʩʢʦʨʙʽʥʦʚʦʾ ʢʠʩʣʦʪʠ). 

ɺ̔ ʪʘʤʽʥ ʉ ʘʙʦ ʘʩʢʦʨʙʽʥʦʚʫ ʢʠʩʣʦʪʫ  ʚʧʝʨʰʝ ʙʫʣʦ ʚʠʜʽʣʝʥʦ ʽʟ ʣʠʤʦʥʥʦʛʦ 

ʩʦʢʫ (1933ʨ). ɿʘʚʜʷʢʠ ʘʥʪʠʩʢʦʨʙʫʪʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ (ʧʦʧʝʨʝʜʞʝʥʥʷ ʨʦʟʚʠʪʢʫ 

ʮʠʥʛʠ) ʮʝʡ ʚʽʪʘʤʽʥ ʥʘʟʚʘʣʠ ʘʩʢʦʨʙʥ̔ʦʚʦʶ ʢʠʩʣʦʪʦʶ.  

 

 
ʉʪʨʫʢʪʫʨʥʘ ʬʦʨʤʫʣʘ ʘʩʢʦʨʙʽʥʦʚʦʾ ʢʠʩʣʦʪʠ (ʚʽʪʘʤʽʥʫ ʉ). 

 

ʄʦʣʝʢʫʣʘ ʚʽʪʘʤʥ̔ʫ ʉ ʟʘ ʙʫʜʦʚʦʶ ʧʦʜ̔ʙʥʘ ʜʦ ʛʝʢʩʦʟ ʽ ʻ ʣʘʢʪʦʥʦʤ ʜʽ̒ʥʦʣ 

ʛʫʣʦʥʦʚʦʾ ʢʠʩʣʦʪʠ. ʎʷ ʢʠʩʣʦʪʘ ʤʦʞʝ ʚʽʜʜʘʚʘʪʠ ʜʚʘ ʘʪʦʤʠ ʚʦʜʥʁ, 

ʧʝʨʝʪʚʦʨʶʯʁʠʩɹ ʥʘ ʜʝʛʜ̔ʨʦʘʩʢʦʨʙ̔ ʥʦʚʫ ʢʠʩʣʦʪʫ. ɸʩʢʦʨʙʽʥʦʚʘ ʢʠʩʣʦʪʘ ʜʦʙʨʝ 

ʨʦʟʯʠʥʷʻʪʩɹʷ ʫ ʚʦʜʽ ʪʘ ʤʝʪʘʥʦʣʽ, ʛʽʨʰʝ ï ʚ ʝʪʘʥʦʣʽ. ɺʦʥʘ ʜʦʙʨʝ ʦʢʠʩʥʁ ʻʪʴʩʷ 

ʢʠʩʥʝʤ ʧʦʚ̔ ʪʨ,̫ ʦʩʦʙʣʠʚʦ ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʽʦʥ̔ʚ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ (ʢʫʧʨʫʤʫ, 

ʬʝʨʫʤʫ) ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʨʅ ʽ ʪʝʤʧʝʨʘʪʫʨʠ ʩʝʨʝʜʦʚʠʱʘ. ɺ ʙʝʟʢʠʩʥʝʚʠʭ ʫʤʦʚʘʭ 

ʘʩʢʦʨʙ̔ʥʦʚʘ ʢʠʩʣʦʪʘ ʤʦʞʝ ʚʠʪʨʠʤʘʪʠ ʥʘʛʨʚ̔ʘʥʥʷ ʜʦ 100 Üʉ. 

ɹʦ̔ʣʦʛ̔ʯʥʘ ʨʦʣʴ ʘʩʢʦʨʙʽʥʦʚʦʾ ʢʠʩʣʦʪʠ ï ʧʨʠʡʤʘʻ ʫʯʘʩʪɹ  ʚ ʦʢʠʩʥʦ-ʚ̔ ʜʥʦʚʥʠʭ 

ʧʨʦʮʝʩʘʭ, ʟʘʚʜʷʢʠ ʾʾ ʚʣʘʩʪʠʚʦʩʪʽ ʚ̔ ʜʜʘʚʘʪʠ ʪʘ ʧʨʠʻʜʥʫʚʘʪʠ ʘʪʦʤʠ ʚʦʜʥʶ. 

ʆʩʥʦʚʥʘ ʨʦʣʴ ʮɹʦʛʦ ʚ̔ ʪʘʤʽʥʫ ï ʮʝ ʧʜ̔ʪʨʠʤʘʥʥʷ ʩʫʣʴʬʛʽʜʨʠʣʴʥʠʭ ʛʨʫʧ 

ʬʝʨʤʝʥʪʘʪʠʚʥʠʭ ʙʣ̔ʢʚ̔ ʫ ʚʽʜʥʦʚʥʦʤʫ ʩʪʘʥʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʘʢʪʠʚʥʽʩʪʴ ʨʷʜʫ 

ʝʥʟʠʤʽʚ. ʂʦʬʝʨʤʝʥʪʥʫ ʨʦʣɹ  ʘʩʢʦʨʙʽʥʦʚʦʾ ʢʠʩʣʦʪʠ ʚʠʷʚʣʝʥʦ ʫ ʨʝʘʢʮʽʷʭ 

ʛʽʜʨʦʢʩʠʣʶʚʘʥʥʷ ʙʦ̔ʤʦʣʝʢʫʣ.  

ɹʽʣʴʰʽʩʪʴ ʪʚʘʨʠʥ ʪʘ ʫʩʽ ʨʦʩʣʠʥʠ ʤʦʞʫʪɹ  ʩʠʥʪʝʟʫʚʘʪʠ ʮʝʡ ʚʪ̔ʘʤʽʥ ʟ ʛʣʶʢʦʟʠ. 

ʋ ʦʨʛʘʥ̔ʟʤʽ ʣʁ ʜʝʡ, ʤʘʚʧ, ʤʫʨʯʘʢʚ̔ ʽ ʜʝʷʢʠʭ ʽʥʰʠʭ ʭʨʝʙʝʪʥʠʭ ʪʚʘʨʠʥ ʮʝʡ ʚʽʪʘʤʽʥ 

ʥʝ ʩʠʥʪʝʟʫʻʪʴʩʷ. ʄʽʢʨʦʦʨʛʘʥʽʟʤʠ ʥʝ ʤʘʶʪʴ ʽ ʥʝ ʧʦʪʨʝʙʫʁ ʪʴ ʮʴʦʛʦ ʚʽʪʘʤʽʥʫ. 

ʉʝʨʝʜʥʴʦʜʦʙʦʚʘ ʧʦʪʨʝʙʘ ʜʦʨʦʩʣʠʭ ʫ ʚʽʪʘʤʽʥʽ ʉ ʩʪʘʥʦʚʠʪʴ 50-70 ʤʛ. 

ʅʘʡʢʨʘɦʠʤ ʜʞʝʨʝʣʦʤ ʚ̔ ʪʘʤʽʥʫ ʉ ʻ ʰʠʧʰʠʥʘ, ʯʦʨʥʘ ʩʤʦʨʦʜʠʥʘ, ʪʦʤʘʪʠ, 

ʮʠʪʨʫʩʦʚʽ, ʙʽʣʦʢʘʯʘʥʥʘ ʢʘʧʫʩʪʘ, ʟʝʣʝʥ ̔ʦʚʦʯʽ, ʛʦʨʽʭ ʛʨʝʮʴʢʠʡ, ʧʝʨʝʮʴ ʯʝʨʚʦʥʠʡ. 
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ʇʨʠʥʮʠʧ ʤʝʪʦʜʫ. ɺʠʟʥʘʯʝʥʥ̫ ʘʩʢʦʨʙʽʥʦʚʦʾ ʢʠʩʣʦʪʠ ̌ʨʫʥʪʫʻʪɹʩʷ ʥʘ ʾʾ 

ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʷʭ, ʘ ʩʘʤʝ ʧʨʠ ʦʢʠʩʣʝʥʥ̔ ʘʩʢʦʨʙʽʥʦʚʘ ʢʠʩʣʦʪʘ 

ʚʽʜʥʦʚʣʶʻ ʡʦʜʘʪ ʢʘʣ̔  ʁ ʜʦ ʚ̔ʣɹ ʥʦʛʦ ʡʦʜʫ, ʢʽʣɹʢʩ̔ʪʴ ʷʢʦʛʦ ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʘ 

ʨʝʘʢʮʽ̒ʁ ʟ ʢʨʦʭʤʘʣʝʤ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʨʝʘʢʪʠʚʠ. ʌʨʫʢʪʠ (ʷʙʣʫʢʘ, ʤʘʥʜʘʨʠʥʠ, ʘʧʝʣʴʩʠʥʠ), ʦʚʦʯʽ 

(ʤʦʨʢʚʘ, ʮʠʙʫʣʷ, ʨʝʜʠʩ), 2 % ʨʦʟʯʠʥ HCl, 1 % ʨʦʟʯʠʥ KI, 0,5 % ʨʦʟʯʠʥ 

ʢʨʦʭʤʘʣʶ, 0,1 ʥ ʨʦʟʯʠʥ KIO3 (0,3568 ʛ KIO3 ʨʦʟʯʠʥ̫ʁ ʪʴ ʫ 1 ʣ ʚʦʜʠ, 100 ʤʣ 

ʮɹ ʦʛʦ ʨʦʟʯʠʥʫ ʧʝʨʝʥʦʩʷʪʴ ʫ ʢʦʣʙʫ ʥʘ 1 ʣ ʽ ʜʦʚʦʜʷʪʴ ʚʦʜʦʶ ʜʦ ʤʽʪʢʠ), ʾʜʢʠʡ 

ʥʘʪʨ̔ʡ, ʬʝʥʦʣʬʪʘʣʝʾ ʥ. 

ʆʙʣʘʜʥʘʥʥʷ. ʇʦʨʮʝʣʷʥʦʚʘ ʩʪʫʧʢʘ, ʢʦʣʙʠ ʤʽʨʥ ̔ ʦʙô̒ ʤʦʤ ʥʘ 100 ʤʣ, 

ʬʽʣʴʪʨʫʚʘʣʴʥʠʡ ʧʘʧʽʨ,  ʤ̔ ʨʥ̔ ʮʠʣʽʥʜʨʠ, ʧʧ̔ʝʪʢʠ, ʤʽʢʨʦʙʶʨʝʪʢʠ. 

 

ʍʜ̔ ʨʦʙʦʪʠ. 

ʅʘʚʘʞʢʫ 2-10 ʛ (ʟʘʣʝʞʥʦ ʚʽʜ ʚʤʽʩʪʫ ʚʽʪʘʤʽʥʫ ʉ) ʨʦʩʣʠʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʨʦʟʪʠʨʘʶʪʴ ʟ ʥʝʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʜʠʩʪʠʣʴʦʚʘʥʦʾ ʚʦʜʠ ʫ ʧʦʨʮʝʣʷʥʦʚʽʡ ʩʪʫʧʮʽ. 

ʆʪʨʠʤʘʥʫ ʩʫʤʽʰ ʧʝʨʝʥʦʩ̫ʪʴ ʚ ʤʽʨʥʫ ʢʦʣʙʫ ʦʙôʻʤʦʤ ʥʘ 100 ʤʣ, ʚʤʩ̔ʪ ʢʦʣʙʠ 

ʜʦʣʠʚʘʶʪʴ ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ ʜʦ ʤʽʪʢʠ  ̔ʬʽʣɹʪʨʫʶʪʴ ʯʝʨʝʟ ʩʫʭʠʡ ʬ̔ ʣʴʪʨ ʚ 

ʩʫʭʠʡ ʩʪʘʢʘʥʯʠʢ ʘʙʦ ʢʦʥ̔ʯʥʫ ʢʦʣʙʫ ʦʙôʻʤʦʤ ʥʘ 100 ʤʣ. ɼʣ ̫ ʪʠʪʨʫʚʘʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪɹ 10 ʤʣ ʬ̔ ʣʴʪʨʘʪʫ ʜʦ ʷʢʦʛʦ ʧʨʠʣʠʚʘʶʪʴ 1 ʤʣ 2 % ʨʦʟʯʠʥʫ HCl,            

0,5 ʤʣ 1 % ʨʦʟʯʠʥʫ KI, 2 ʤʣ 0,5 % ʨʦʟʯʠʥʫ ʢʨʦʭʤʘʣʶ ʽ 6-7 ʤʣ ʜʠʩʪʠʣʴʦʚʘʥʦ ʾ

ʚʦʜʠ.  ɺʤʩ̔ʪ ʢʦʣʙʠ 1 ʪʠʪʨʫʶʪɹ 0,01 ʥ ʨʦʟʯʠʥʦʤ ʡʦʜʘʪʫ ʢʘʣʽʶ ʟ ʤʽʢʨʦʙʁʨʝʪʢʠ ʜʦ 

ʚʠʥʠʢʥʝʥʥ̫ ʩʪʽʡʢʦʛʦ ʩʠʥʴʦʛʦ ʟʘʙʘʨʚʣʝʥʥʷ. ʇʘʨʘʣʝʣɹ ʥʦ ʥʝʦʙʭ̔ ʜʥʦ ʟʨʦʙʠʪʠ 

ʢʦʥʪʨʦʣɹʥʫ ʧʨʦʙʫ. ɼʣʷ ʮʴʦʛʦ ʫ ʢʦʣʙʫ 2 ʟʘʤʽʩʪʴ ʬʽʣʴʪʨʘʪʫ ʚʥʦʩ̫ ʪɹ 10 ʤʣ 

ʜʠʩʪʠʣʴʦʚʘʥʦʾ ʚʦʜʠ, ʜʦʜʘʶʪʴ ʚʩʽ ʨʝʘʢʪʠʚʠ ʟʛʽʜʥʦ ʧʨʦʪʦʢʦʣʫ ʪʘ ʚʤʩ̔ʪ ʢʦʣʙʠ 2 

ʪʘʢʦʞ ʪʠʪʨʫʁʪʴ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʩʪ̔ʡʢʦʛʦ ʩʠʥʴʦʛʦ ʟʘʙʘʨʚʣʝʥʥʷ. 

ʂʽʣʴʢʽʩʪʴ ʚʽʪʘʤʽʥʫ ʉ (ʤʛ %) ʚʠʟʥʘʯʘʶʪ ɹʟʘ ʬʦʨʤʫʣʦʶ: 
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ʜʝ ʉ ï ʢʽʣʴʢʽʩʪʴ ʚʽʪʘʤʽʥʫ ʉ; (ʘ ï b) - ʢʽʣʴʢʽʩʪʴ 0,01 ʥ ʡʦʜʘʪʫ ʢʘʣʽʁ, ʚʠʪʨʘʯʝʥʦʛʦ 

ʥʘ ʪʠʪʨʫʚʘʥʥ ̫ʜʦʩʣ̔ʜʥʦʛʦ ʪʘ ʢʦʥʪʨʦʣɹʥʦʛʦ ʟʨʘʟʢʚ̔, ʤʣ; T ï ʧʦʧʨʘʚʢʘ ʜʦ ʪʠʪʨʫ 

0,01 ʥ ʡʦʜʘʪʫ ʢʘʣʽʶ; V1 ï ʟʘʛʘʣʴʥʠʡ ʦʙô̒ʤ ʚʠʪʷʞʢʠ, ʤʣ; V2 ï ʦʙô̒ ʤ ʚʠʪʷʞʢʠ 

ʚʟʪ̫ʦʾ ʜʣʷ ʪʠʪʨʫʚʘʥʥʷ (10 ʤʣ); H ï ʥʘʚʘʞʢʘ ʨʦʩʣʠʥʥʦʛʦ ʤʘʪʝʨ̔ ʘʣʫ, ʛ. 
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ʇʨʠʤʽʪʢʘ. 1 ʤʣ 0,01 ʥ ʨʦʟʯʠʥʫ ʡʦʜʘʪʫ ʢʘʣʽʶ ʚʜ̔ʧʦʚʜ̔ʘ̒ 0,8806 ʤʛ 

ʘʩʢʦʨʙʽʥʦʚʦʾ ʢʠʩʣʦʪʠ. ʗʢʦɦ ʚʤʽʩʪ ʘʩʢʦʨʙʽʥʦʚʦ ʾʢʠʩʣʦʪʠ ʥʠʟʴʢʠʡ, ʙʝʨʫʪʴ 0,001 ʥ 

ʡʦʜʘʪ ʢʘʣʽʶ (1 ʤʣ ʚʽʜʧʦʚʜ̔ʘʻ 0,088 ʤʛ ʚʽʪʘʤʽʥʫ ʉ). 

ʇʝʨʝʚʘʛʘ ʮʴʦʛʦ ʤʝʪʦʜʫ ʚ ʧʦʨ̔ ʚʥʷʥʥʽ ʟ ʤʝʪʦʜʦʤ ʄʫʨʨʽ, ʧʦʣ̫ʛʘ̒  ʚ ʪʦʤʫ, ʱʦ 

ʚʠʟʥʘʯʝʥʥʷ ʚʪ̔ʘʤ̔ʥʫ ʉ ʤʦʞʥʘ ʧʨʦʚʦʜʠʪʠ ʚ ʟʘʙʘʨʚʣʝʥʠʭ ʝʢʩʪʨʘʢʪʘʭ ʨʦʩʣʠʥ. 

ɺʠʩʥʦʚʦʢ 

 

 

ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ 20 

çʗʢʩ̔ʥʝ ʪʘ ʢʣ̔ʴʢʽʩʥʝ ʚʠʟʥʘʯʝʥʥʷ ʚʽʪʘʤʽʥʫ ɸè 

 

ʗʢʽʩʥʽ ʨʝʘʢʮʽʾ ʥʘ ʚʽʪʘʤʽʥ ɸ 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʨʝʘʢʪʠʚʠ. ʈʦʟʯʠʥ ʚʽʪʘʤʽʥʫ ɸ, ʤʦʨʢʚʘ, ʢʦʥʮʝʥʪʨʦʚʘʥʘ 

ʩʫʣʴʬʘʪʥʘ ʢʠʩʣʦʪʘ, ʨʦʟʯʠʥ ʚʽʪʘʤʽʥʫ ɸ ʚ ʭʣʦʨʦʬʦʨʤʽ, ʣʴʦʜʷʥʘ ʦʮʪʦʚʘ ʢʠʩʣʦʪʘ, 

ʥʘʩʠʯʝʥʘ ʬʝʨʫʤʫ ʩʫʣʴʬʘʪʦʤ (ɯɯ). 

ʆʙʣʘʜʥʘʥʥʷ. ʐʪʘʪʠʚ, ʧʨʦʙʨ̔ʢʠ, ʤʽʨʥʽ ʩʢʣ̫ʥʽ ʧʽʧʝʪʢʠ. 

ɸ. ʈʝʘʢʮʽʷ ɼʨʫʤʤʦʥʜʘ. ɺ ʧʨʦʙʽʨʢʫ ʚʥʝʩʪʠ 2-3 ʢʨʘʧʣ ̔ʚʽʪʘʤʽʥʫ ɸ ʜʦ ʷʢʦʛʦ 

ʜʦʜʘʪʠ 2ï3 ʢʨʘʧʣʽ ʢʦʥʮʝʥʪʨʦʚʘʥʦʾ ʩʫʣʴʬʘʪʥʦ ʾ ʢʠʩʣʦʪʠ. ʋ ʧʨʦʙʽʨʮʽ ʨʦʟʯʠʥ 

ʥʘʙʫʚʘʻ ʩʠʥɹʦʛʦ ʢʦʣɹʦʨʫ, ʱʦ ʟ ʯʘʩʦʤ ʤʦʞʝ ʟʤʽʥʚʁʘʪʠʩʴ ʽ ʩʪʘʚʘʪʠ ʬʽʦʣʝʪʦʚʠʤ 

ʯʠ ʙʫʨʠʤ.  

ɺʠʩʥʦʚʦʢ 

 

 

ɹ. ʈʝʘʢʮʽʷ ʟ ʬʝʨʫʤʫ ʩʫʣʴʬʘʪʦʤ (ɯɯ). 

ɺʥʝʩʪʠ ʚ ʧʝʨʰʫ ʧʨʦʙʨ̔ʢʫ 2-3 ʢʨʘʧʣ ̔ ʦʣʽʡʥʦʛʦ ʨʦʟʯʠʥʫ ʚʽʪʘʤʽʥʫ ɸ ʚ 

ʭʣʦʨʦʬʦʨʤ̔, ʘ ʚ ʜʨʫʛʫ - 2-3 ʢʨʘʧʣʽ ʩʚʽʞʦʚʽʜʞʘʪʦʛʦ ʩʦʢʫ ʤʦʨʢʚʠ ʪʘ ʜʦʜʘʪʠ ʚ 

ʢʦʞʥʫ 5-10 ʢʨʘʧʝʣʴ ʢʦʥʮʝʥʪʨʦʚʘʥʦʾ ʦʮʪʦʚʦʾ ʢʠʩʣʦʪʠ, ʦɦ ʥʘʩʠʯʝʥʘ ʬʝʨʫʤʫ 

ʩʫʣʴʬʘʪʦʤ (ɯɯ),  ̔1ï2 ʢʨʘʧʣʽ ʢʦʥʮʝʥʪʨʦʚʘʥʦʾ H2SO4. ʇʨʠ ʚʟʘʻʤʦʜʽʾ ʟ ʚʽʪʘʤʽʥʦʤ ɸ 

ʩʫʤʽʰ ʥʘʙʫʚʘʻ ʙʣʘʢʠʪʥʦʛʦ ʟʘʙʘʨʚʣʝʥʥʷ, ʦɦ ʯʝʨʝʟ ʧʝʚʥʠʡ ʯʘʩ ʟʤʽʥʁ̒ ʪʴʩʷ 

ʯʝʨʚʦʥʦ-ʨʦʞʝʚʠʤ, ʢʘʨʦʪʠʥʠ ʞ ʥʘʙʫʚʘʶʪʴ ʟʝʣʝʥʦʛʦ ʟʘʙʘʨʚʣʝʥʥʷ. 

ɺʠʩʥʦʚʦʢ 
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ʂʽʣʴʢʽʩʥʝ ʚʠʟʥʘʯʝʥʥʷ ʚʽʪʘʤʽʥʫ ɸ 

ʄʝʪʘ ʨʦʙʦʪʠ. ɺʠʟʥʘʯʠʪʠ ʢʦʥʮʝʥʪʨʘʮ̔  ʁʚ̔ ʪʘʤʽʥʫ ɸ. 

ɺʽʪʘʤʽʥ ɸ (ʢʘʨʦʪʠʥʦʾʜʠ, ʘʥʪʠʢʩʝʨʦʬʪʘʣʤɹʽʯʥʠʡ ʬʘʢʪʦʨ), ʧ̔ ʜ ʮʽʻʁ ʥʘʟʚʦʁ 

ʦʙôʻʜʥʫʻʪʴʩ̫ ʛʨʫʧʘ ʧʦʭʽʜʥʠʭ ʨʦʩʣʠʥʥʠʭ ʧ̔ ʛʤʝʥʪ̔ʚ ï ʢʘʨʦʪʠʥʽʚ. ɹ̔ ʦʣʦʛʽʯʥʝ 

ʟʥʘʯʝʥʥ̫ ʜʣʷ ʣʶʜʠʥʠ ʤʘʶʪ ɹŬ-, ɓ- ʽ ɔ-ʢʘʨʦʪʠʥʠ.  

 

 
ʉʪʨʫʢʪʫʨʥʘ ʬʦʨʤʫʣʘ ɓ-ʢʘʨʦʪʠʥʫ 

 

ɺ ʦʨʛʘʥʽʟʤ̔ ʣʶʜʠʥʠ ʪʘ ʪʚʘʨʠʥ ɓ-ʢʘʨʦʪʠʥ ʤʦʞʝ ʬʝʨʤʝʥʪʘʪʠʚʥʦ 

ʧʝʨʝʪʚʦʨʶʚʘʪʠʩʷ ʥʘ ʚʽʪʘʤʽʥ ɸ1, ʪʦʤʫ ʢʘʨʦʪʠʥʠ ʥʘʟʠʚʘʶʪɹ ʧʨʦʚʽʪʘʤʽʥʘʤʠ ï 

ʧʦʧʝʨʝʜʥʠʢʘʤʠ ʚʽʪʘʤ̔ʥʫ ɸ. ɺʪ̔ʘʤʥ̔ ɸ ʪʝʨʤʦʩʪʘʙʽʣʴʥʠʡ, ʤʦʞʝ ʚʠʪʨʠʤʫʚʘʪʠ 

ʥʘʛʨʽʚʘʥʥʷ ʜʦ 100-120 Üʉ ʫ ʙʝʟʢʠʩʥʝʚʦʤʫ ʩʝʨʝʜʦʚʠʱ̔, ʩʪʽʡʢʠʡ ʜʦ ʜʽʾ ʣʫʛʽʚ, ʣʝʛʢʦ 

ʦʢʠʩʥʶʪ̒ʴʩʷ ʢʠʩʥʝʤ ʧʦʚʽʪʨʷ, ʦʜʥʘʢ ʫ ʢʠʩʣʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʪʘ ʧʽʜ ʜʽʻʶ 

ʩʦʥ̫ʯʥʦʛʦ ʩʚʽʪʣʘ ʚhʠʜʢʦ ʨʫʡʥʫʻʪʴʩʷ.  

ɺʪ̔ʘʤʽʥ ɸ ʙʝʨʝ ʫʯʘʩʪɹ ʚ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʠʭ ʧʨʦʮʝʩʘʭ, ʪʢʘʥʠʥʥʦʤʫ ʜʠʭʘʥʥʽ, 

ʧʨʦʮʝʩʘʭ ʙʽʦʩʠʥʪʝʟʫ ʙʽʣʢʽʚ, ʥʫʢʣʝʾʥʦʚʠʭ ʢʠʩʣʦʪ, ʢʦʨʪʠʢʦʩʪʝʨʦʾʜʽʚ ʪʘ ʚʭʦʜʠʪ ɹʜʦ 

ʩʢʣʘʜʫ ʟʦʨʦʚʦʛʦ ʧ̔ʛʤʝʥʪʫ ʣʶʜʠʥʠ - ʨʦʜʦʧʩʠʥʫ. ɹʦ̔ʣʦʛʽʯʥʘ ʨʦʣʴ ʚʪ̔ʘʤʽʥʫ ɸ 

ʧʦʣ̫ʛʘ̒ ʫ ʟʦʨʦʚʽʡ ʬʫʥʢʮʽʾ ʫ ʬʦʨʤʘʭ ʨʝʪʠʥʦʣʫ, ʨʝʪʠʥʘʣ ,ʁ ʨʝʪʠʥʦʣʦʚʦʾ ʢʠʩʣʦʪʠ.  

ʉʝʨʝʜʥʦɹʜʦʙʦʚʘ ʧʦʪʨʝʙʘ ʜʦʨʦʩʣʦʾ ʣʶʜʠʥʠ ʫ ʚʽʪʘʤʽʥʽ ɸ ʩʪʘʥʦʚʠʪʴ 0,75-                

1,5 ʤʛ. ʋ ʨʘʟʽ ʧʝʨʝʚʠʱʝʥʥʷ ʨʝʢʦʤʝʥʜʦʚʘʥʠʭ ʜʦʟ ʚʽʪʘʤʽʥʫ ʫ 20-30 ʨʘʟʽʚ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʪʦʢʩʠʯʥʽ ʝʬʝʢʪʠ ʪʘ ʟʘʛʠʙʝʣɹ  ʣʶʜʝʡ. ʆʩʦʙʣʠʚʦ ʙʘʛʘʪʦ ʚʽʪʘʤʽʥʫ 

ɸ ʤ̔ʩʪʠʪɹ ʩʷ ʚ ʧʝʯʽʥʮ̔ ʨʠʙ ʽ ʩʩʘʚʮʚ̔, ʷʢʽ ʞʠʚʫʪʴ ʫ ʚʦʜʘʭ ɸʨʢʪʠʢʠ. 

ʇʨʠʥʮʠʧ ʤʝʪʦʜʫ. ɺʽʪʘʤʽʥ ɸ ʝʢʩʪʨʘʛʫʶʪʴ ʽʟ ʨʦʩʣʠʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʦʨʛʘʥʽʯʥʠʤʠ ʨʦʟʯʠʥʥʠʢʘʤʠ ʪʘ ʚʠʟʥʘʯʘʶʪʴ ʡʦʛʦ ʢʽʣʴʢʽʩʪɹ  

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ ʟʘ ʽʥʪʝʥʩʠʚʥ̔ ʩʪʶ ʧʦʛʣʠʥʘʥʥʷ ʩʚ̔ʪʣʘ ʧʨʠ 

ʜʦʚʞʠʥʽ 700 ʥʤ, ʦʩʢ̔ ʣɹʢʠ ʽʥʪʝʥʩʠʚʥʽʩʪɹ ʟʘʙʘʨʚʣʝʥʥʷ ʝʢʩʪʨʘʢʪʫ ʧʨʦʧʦʨʮʽʡʥʘ 

ʚʤʽʩʪʫ ʫ ʥʴʦʤʫ ʚʽʪʘʤʽʥʫ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʨʝʘʢʪʠʚʠ. ʄʦʨʢʚʘ, ʢʚʘʨʮʝʚʠʡ ʧʽʩʦʢ, ʘʮʝʪʦʥ, ʙʝʥʟʠʥ,  

ʙʝʟʚʦʜʥʠʡ ʩʫʣʴʬʘʪ ʥʘʪʨʽʁ , ʧʦʨʦʰʦʢ ʢʘʨʦʪʠʥʫ. 
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ʆʙʣʘʜʥʘʥʥʷ. ʇʦʨʮʝʣʷʥʦʚʘ ʩʪʫʧʢʘ, ʩʢʘʣʴʧʝʣɹ, ʬʽʣʴʪʨʫʚʘʣʴʥʠʡ ʧʘʧʽʨ, 

ʣʡ̔ʢʘ, ʤʽʨʥʘ ʢʦʣʙʘ ʦʙôʤ̒ʦʤ ʥʘ 100 ʤʣ, ʧʽʧʝʪʢʠ, ʨʦʟʧʦʜʽʣʴʥʘ ʣʽʡʢʘ, ʧʨʦʙʽʨʢʠ, 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨ, ʢʶʚʝʪʘ. 

ʍʽʜ ʨʦʙʦʪʠ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʩʢʘʣʴʧʝʣʷ ʜʨʙ̔ʥʦ ʥʘʨʽʟʘʶʪʴ 1 ʛ ʩʠʨʦ ʾʤʦʨʢʚʠ ʪʘ ʨʦʟʪʠʨʘʶʪʴ 

ʫ ʧʦʨʮʝʣʷʥʦʚʽʡ ʩʪʫʧʮ̔ ̔ʟ ʢʚʘʨʮʝʚʠʤ ʧ̔ ʩʢʦʤ, ʜʦʜʘʚʠh 5 ʤʣ ʘʮʝʪʦʥʫ. ʆʪʨʠʤʘʥʫ 

ʩʫʤ̔  h ʬ̔ʣɹ ʪʨʫʶʪʴ ʯʝʨʝʟ ʩʢʣʘʜʯʘʩʪʠʡ ʧʘʧʝʨʦʚʠʡ ʬʽʣʴʪʨ ʫ ʤʽʨʥʫ ʢʦʣʙʫ ʦʙôʻʤʦʤ 

ʥʘ 100 ʤʣ. ʆʩʘʜ ʧʨʦʤʠʚʘʶʪʴ ʥʦʚʠʤʠ ʧʦʨʮʽʷʤʠ ʘʮʝʪʦʥʫ ʜʦ ʪʠʭ ʧ̔ʨ, ʧʦʢʠ 

ʦʩʪʘʥʥʽʡ ʥʝ ʧʝʨʝʩʪʘʥʝ ʟʘʙʘʨʚʣ ʚʁʘʪʠʩʷ ʫ ʞʦʚʪʠʡ ʢʦʣʽʨ. 

ɼʦ ʘʮʝʪʦʥʦʚʦ ʾʚʠʪʷʞʢʠ ʢʘʨʦʪʠʥʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʽʧʝʪʢʠ ʜʦʜʘʁ ʪʴ 10 ʤʣ 

ʙʝʥʟʠʥʫ ʪʘ 3 ʤʣ ʚʦʜʠ. ʂʦʣʙʫ ʟʘʢʨʠʚʘʶʪɹ ʽ ʩʪʨʫʰʫʶʪʴ ʧʨʦʪʷʛʦʤ 2-3 ʭʚʠʣʠʥ. 

ɺʤʽʩʪ ʢʦʣʙʠ ʧʝʨʝʥʦʩʷʪʴ ʫ ʨʦʟʧʦʜ̔ ʣʴʥʫ ʣʽʡʢʫ. ʇʽʩʣ̫ ʨʦʟʰʘʨʫʚʘʥʥ̫ ʨʽʜʠʥ ʫ ʣʽʡʮʽ, 

ʥʠʞʥʽʡ ʰʘʨ, ʱʦ ʤʩ̔ʪʠʪʴ ʘʮʝʪʦʥ ʽ ʚʦʜʫ, ʦʙʝʨʝʞʥʦ ʟʣʠʚʘʪʁɹ . ɺʝʨʭʥʽʡ ʙʝʥʟʠʥʦʚʠʡ 

ʰʘʨ, ʷʢʠʡ ʤʽʩʪʠʪʴ ʝʢʩʪʨʘʢʪ ʢʘʨʦʪʠʥʫ, ʧʝʨʝʥʦʩ̫ʪɹ ʫ ʧʨʦʙʽʨʢʫ ʜʣʷ ʧʦʜʘʣʴʰʠʭ 

ʜʦʩʣʽʜʞʝʥ.ɹ ɼʣʷ ʟʥʝʚʦʜʥʝʥʥʷ ʙʝʥʟʠʥʦʚʦʾ ʚʠʪʷʞʢʠ ʚ ʧʨʦʙʽʨʢʫ ʜʦʜʘʶʪʴ 1 ʛ 

ʙʝʟʚʦʜʥʦʛʦ ʩʫʣʴʬʘʪʫ ʥʘʪʨ̔ʶ. 

ɺʠʤʽʨʶʶʪʴ ʦʧʪʠʯʥʫ ʛʫʩʪʠʥʫ ʧʦʛʣʠʥʘʥʥʷ ʧʨʦʙ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨ ̔ʯʠ 

ʬʦʪʦʝʣʝʢʪʨʦʢʦʣʦʨʠʤʝʪʨ̔ ʧʨʠ ʯʝʨʚʦʥʦʤʫ ʩʚ̔ʪʣʦʬʣ̔ʪɹʨ̔ (625-740 ʥʤ). ʗʢ 

ʢʦʥʪʨʦʣʴʥʫ ʧʨʦʙʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʶʚʝʪʫ ʟ ʙʝʥʟʠʥʦʤ. ʉʪʘʥʜʘʨʪʥʠʡ ʨʦʟʯʠʥ 

ʢʘʨʦʪʠʥʫ: 0,203 ʤʛ ʢʘʨʦʪʠʥʫ ʨʦʟʚʦʜʷʪʴ ʚ 100 ʤʣ ʙʝʥʟʠʥʫ.  

ɺʤ̔ ʩʪ ʢʘʨʦʪʠʥʫ ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʘ ʬʦʨʤʫʣʦʶ:  
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ʜʝ ɽ2 - ʝʢʩʪʠʥʮʽʷ ʢʘʨʦʪʠʥʦʚʦʾ ʚʠʪ̫ʞʢʠ ʜʦʩʣʽʜʥʦʾ ʧʨʦʙʠ, ɽ1 - ʝʢʩʪʠʥʮʽʷ 

ʢʘʨʦʪʠʥʦʚʦʾ ʚʠʪʷʞʢʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʦʟʯʠʥʫ, V- ʦʙôʻʤ ʚʠʪʷʞʢʠ, ʤʣ (3 ʤʣ); ʪ - 

ʥʘʚʘʞʢʘ ʤʦʨʢʚʠ, ʛ (1 ʛ). 

 ɺʠʩʥʦʚʦʢ 
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ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ 21 

çʂʣ̔ʴʢʽʩʥʝ ʚʠʟʥʘʯʝʥʥʷ ʚʪ̔ʘʤʽʥʦʧʦʜ̔ ʙʥʦ ʾʨʝʯʦʚʠʥʠ (ʚ̔ʪʘʤʽʥ ʈ)è 

 

ʄʝʪʘ ʨʦʙʦʪʠ. ɺʠʟʥʘʯʠʪʠ ʢʦʥʮʝʥʪʨʘʮ̔ʁ  ʚʽʪʘʤʥ̔ʫ ʈ ʚ ʯʘʾ (ʟʘ ʤʝʪʦʜʦʤ 

ʃʝʚʝʥʪʘʣʷ). 

 

ɹʽʦʬʣʘʚʦʥʦʾʜʠ ï ʮʝ ʩʧʦʣʫʢʠ ʨʦʩʣʠʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ. ɹʽʣʴh̔ ʩʪʴ 

ʙʽʦʬʣʘʚʦʥʦʜʾʚ̔ ʜʦʙʨʝ ʨʦʟʯʠʥʥʽ ʫ ʚʦʜʽ, ʥʝʨʦʟʯʠʥʥʽ ʚ ʝʪʠʣʦʚʦʤʫ ʝʬʽʨʽ, 

ʭʣʦʨʦʬʦʨʤʽ ʽ ʙʝʥʟʦʣʽ. ʅʘ ʩɹ ʦʛʦʜʥʽ ʚʽʜʦʤʦ ʙʣʠʟʴʢʦ 150 ʙʽʦʬʣʘʚʘʥʦʾʜ̔ʚ, ʢ̫ʽ 

ʭʘʨʘʢʪʝʨʠʟʫʁ ʪʴʩʷ ʈ-ʙʦ̔ʣʦʛʯ̔ʥʦʁ ʘʢʪʠʚʥʽʩʪʁ ï ʮʝ ʢʘʪʝʭʽʥʠ, ʭʘʣʢʦʥʠ, ʬʣʘʚʽʥʠ, 

ʬʣʘʚʦʥʠ ʪʦʱʦ.  

 

 
                                   ʉʪʨʫʢʪʫʨʥʘ ʬʦʨʤʫʣʘ ʚʽʪʘʤʽʥʫ ʈ. 

 

ɹ̔ ʦʬʣʘʚʘʥʦʾʜʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪɹʩʷ ʥʘʷʚʥʽʩʪʶ ʫ ʭʤ̔ʽʯʥʽʡ ʬʦʨʤʫʣʽ 

ʘʨʦʤʘʪʠʯʥʠʭ ʙʝʥʟʦʣɹʥʠʭ ʢʽʣʝʮɹ ̔ ̫ʜʨʘ, ʷʢʽ ʟôʻʜʥʘʥ̔ ʤʽʞ ʩʦʙʦʶ ʪʨʴʦʭʚʫʛʣʝʮʝʚʠʤ 

ʬʨʘʛʤʝʥʪʦʤ. ʌʣʘʚʦʥʦʾʜʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʜʝʢ̔ʣʴʢʘ ʛʨʫʧ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʭʽʤ̔ʯʥʦʾ ʩʪʨʫʢʪʫʨʠ. ɹʽʦʣʦʛʽʯʥʘ ʨʦʣɹ  ʙ̔ʦʬʣʘʚʦʥʦʾʜʽʚ: ʘʥʪʠʦʢʩʠʜʘʥʪʥ̔ ʪʘ 

ʧʨʦʪʠʟʘʧʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪ̔, ʥʦʨʤʘʣʽʟʫʶʪʴ ʣ̔ʧ̔ʜʥʠʡ, ʚʫʛʣʝʚʦʜʥʠʡ ʪʘ ʙʣ̔ʢʦʚʠʡ 

ʦʙʤ̔ʥʠ ʫ ʢʣʽʪʠʥ,̔ ʩʪʘʙʽʣʽʟʫʶʪʴ ʦʩʥʦʚʥʫ ʨʝʯʦʚʠʥʫ ʩʧʦʣʫʯʥʦʾ ʪʢʘʥʠʥʠ, ʽʥʛʽʙʫʶʯʠ 

ʛʽʘʣʫʨʦʥʽʜʘʟʫ, ʧʨʠ ʥʝʜʦʩʪʘʪʥ̔ʡ ʢʽʣɹ ʢʦʩʪʽ ʙʽʦʬʣʘʚʦʥʦʾʜʽʚ ʧʽʜʚʠʱʫʻʪɹ ʩʷ 

ʧʨʦʥʠʢʥʽʩʪʴ ʢʨʦʚʦʥʦʩʥʠʭ ʩʫʜʠʥ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʢʨʦʚʦʪʝʯʘʤʠ. 

ɼʦ ʨʝʯʦʚʠʥ, ʱʦ ʤʘʁʪʴ ʈ-ʚ̔ ʪʘʤʽʥʥʫ ʘʢʪʠʚʥʩ̔ʪʴ, ʥʘʣʝʞʘʪʴ ʜʦʩʠʪʴ ʧʦhʠʨʝʥʽ ʚ 

ʨʦʩʣʠʥʥʦʤʫ ʩʚʽʪʽ ʛʣʽʢʦʟʠʜʠ ð ʨʫʪʠʥ ʽ ʛʝʩʧʝʨʝʜʠʥ, ʘ ʪʘʢʦʞ ʪʘʥʽʥ, ʱʦ ʤ̔ ʩʪʠʪʴʩ̫ ʚ 

ʯʘʡʥʦʤʫ ʣʠʩʪʽ ʽ ʚʠʥʦʛʨʘʜʽ. 

ʇʨʠʥʮʠʧ ʤʝʪʦʜʫ. ʈʫʪʠʥ ʟʜʘʪʝʥ ʦʢʠʩʥʁ ʚʘʪʠʩʴ ʧʝʨʤʘʥʛʘʥʘʪʦʤ ʢʘʣʽʶ, ʷʢ 

ʽʥʜʠʢʘʪʦʨ ʚʠʢʦʨʠʩʪʦʚʫʶʪ ɹ ʥ̔ʜʠʛʦʢʘʨʤʥ̔, ʷʢʠʡ ʚʟʘʻʤʦʜʽ̒ ʽʟ ʂʄʧʆ4 ʧʽʩʣʷ ʪʦʛʦ, 

ʷʢ ʦʢʠʩʣʠʪʴʩʷ ʚʝʩʴ ʨʫʪʠʥ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ 1 ʤʣ ʨʦʟʯʠʥʫ ʧʝʨʤʘʥʛʘʥʘʪʫ ʢʘʣʽʶ 

(0,02 ʤʦʣ/ɹʣ) ʦʢʠʩʥʁ  ̒6,4 ʤʢʛ ʨʫʪʠʥʫ. 
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ʄʘʪʝʨʽʘʣʠ ʪʘ ʨʝʘʢʪʠʚʠ. ʏʘʡ, ʨʦʟʯʠʥ ʧʝʨʤʘʥʛʘʥʘʪʫ ʢʘʣʁ̔ (0,01 ʤʦʣʴ/ʣ), 

ʽʥʜʠʢʘʪʦʨ ̔ʥʜʠʛʦʢʘʨʤʽʥ (1 ʛ ʽʥʜʠʛʦʢʘʨʤʥ̔ʫ ʨʦʟʪʠʨʘʶʪʴ ʽ ʜʦʜʘʶʪʴ 50 ʤʣ 

ʢʦʥʮʝʥʪʨʦʚʘʥʦʾ ʩʽʨʯʘʥʦʾ ʢʠʩʣʦʪʠ, ʦʙôʻʤ ʜʦ 1 ʣ ʜʦʚʦʜʷʪʴ ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦ ,ʁ 

ʬ̔ ʣʴʪʨʫʶʪ ɹ  ̔ʟʙʝʨʽʛʘʶʪɹ ʚ ʪʝʤʥʦʤʫ ʩʢʣ̫ʥʦʤʫ ʧʦʩʫʜ)̔. 

ʆʙʣʘʜʥʘʥʥʷ ɺʦʜʷʥʘ ʙʘʥʷ, ʬʣ̔ɹ ʪʨʫʚʘʣʴʥʠʡ ʧʘʧ̔ ʨ, ʢʦʣʙʠ, ʤʽʢʨʦʙʶʨʝʪʢʠ.  

 

ʍ̔ ʜ ʨʦʙʦʪʠ. 

ʅʘʚʘʞʢʫ ʯʘ ʁ 100 ʤʛ ʟʘʣʠʚʘʁʪʴ 50 ʤʣ ʛʘʨ̫ʯʦʾ ʜʠʩʪʠʣʴʦʚʘʥʦʾ ʚʦʜʠ ʽ 

ʜʦʚʦʜʷʪʴ ʜʦ ʢʠʧʽʥʥʷ ʥʘ ʚʦʜʷʥʽʡ ʙʘʥʽ. ʆʪʨʠʤʘʥʠʡ ʝʢʩʪʨʘʢʪ ʦʭʦʣʦʜʞʫʶʪʴ ʽ 

ʬʣ̔ʴʪʨʫʶʪɹ. ʋ ʢʦʣʙʫ 1 (ʜʦʩʣʽʜ) ʥʘʣʠʚʘʪʁʴ 10 ʤʣ ʬ̔ʣʴʪʨʘʪʫ ʯʘʶ, ʘ ʫ ʢʦʣʙʫ 2 

(ʢʦʥʪʨʦʣɹ ) - 10 ʤʣ ʜʠʩʪʠʣʴʦʚʘʥʦʾ ʚʦʜʠ. ɺ ʦʙʠʜʚʽ ʢʦʣʙʠ ʜʦʜʘʶʪ ɹʧʦ 10 ʤʣ 

ʜʠʩʪʠʣʴʦʚʘʥʦ ʾʚʦʜʠ ʽ 5 ʢʨʘʧʝʣʴ ʽʥʜʠʛʦʢʘʨʤʽʥʫ. ʋ ʢʦʣʙʽ 1 ʫʪʚʦʨʶʻʪʴʩʷ ʩʠʥ̒ 

ʟʘʙʘʨʚʣʝʥʥʷ. ɺʤʽʩʪ ʦʙʦʭ ʢʦʣʙ ʨʝʪʝʣʴʥʦ ʧʝʨʝʤʽʰʫʶʪ ɹʪʘ ʪʠʪʨʫʁ ʪʴ ʨʦʟʯʠʥʦʤ 

ʂʄnʆ4 ʜʦ ʧʦʷʚʠ ʩʪʡ̔ʢʦʛʦ ʞʦʚʪʦʛʦ ʟʘʙʘʨʚʣʝʥʥʷ. ʈʽʟʥʠʮʷ ʤ̔ ʞ ʜʦʩʣʽʜʥʠʤ ʽ 

ʢʦʥʪʨʦʣʴʥʠʤ ʪʠʪʨʫʚʘʥʥʷʤ (ʙʝʟ ʝʢʩʪʨʘʢʪʫ) ʷʚʣʷʻ ʩʦʙʦʶ ʢʣ̔ʢɹʽʩʪʴ ʤʣ 0,01 ʤʦʣʴ/ʣ 

ʂʄnʆ4, ʱʦ ʚʠʪʨʘʯʘʻʪɹʩ̫ ʥʘ ʦʢʠʩʥʝʥʥʷ ʨʫʪʠʥʫ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ (ʤʢʛ) ʚʽʪʘʤʽʥʫ ʈ ʚʠʢʦʨʠʩʪʦʚʫʶʪɹ ʬʦʨʤʫʣʫ: 

 

ʍ = AĀV1Āk/V2ĀP, 

 

ʜʝ k - ʩʪʘʥʜʘʨʪʥʠʡ ʢʦʝʬʮ̔ʽʻʥʪ ʪʠʪʨʫʚʘʥʥ̫ (3,2), ɸ - ʨʟ̔ʥʠʮʷ ʢʽʣʴʢʦʩʪ̔ 0,01 

ʤʦʣʴ/ʣ ʨʦʟʯʠʥʫ KMnO4, ʱʦ ʧ̔h ʣʦ ʥʘ ʪʠʪʨʫʚʘʥʥ̫ ʜʦʩʣʽʜʥʦʾ ʽ ʢʦʥʪʨʦʣʴʥʦʾ ʧʨʦʙ, 

V1- ʦʙôʻʤ (ʤʣ), ʚ ʷʢʦʤʫ ʨʦʟʯʠʥʝʥʘ ʜʦʩʣʽʜʥʘ ʥʘʚʘʞʢʘ ʯʘ ,ʁ V2- ʦʙôʻʤ ʨʦʩʣʠʥʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ (ʤʣ), ʚʟʪ̫ʠʡ ʜʣʷ ʘʥʘʣʽʟʫ, ʈ- ʢʽʣʴʢʽʩʪʴ ʯʘʶ, ʛ, ʚʟʷʪʦʛʦ ʜʣ̫  ʘʥʘʣʽʟʫ. 

 ɺʠʩʥʦʚʦʢ  
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ʂʦʥʪʨʦʣʴʥ̔ ʟʘʧʠʪʘʥʥʷ ʪʘ ʟʘʚʜʘʥʥʷ ʜʦ ʨʦʟʜʣ̔ʫ çɺʽʪʘʤʽʥʠè 

 

     1. ʑʦ ʪʘʢʝ ʚʽʪʘʤ̔ʥʠ? ʑʦ ʻ ʾʭ ʜʞʝʨʝʣʦʤ? 

2. ʑʦ ʚʽʜʙʫʚʘ̒ʪʴʩʷ ʚ ʦʨʛʘʥ̔ʟʤ̔  ʣʶʜʠʥʠ ʧʨʠ ʥʝʩʪʘʯʽ ʪʘ ʥʘʜʣʠʰʢʫ ʚ̔ʪʘʤʽʥ̔ ʚ? 

3. ɹʽʦʣʦʛʽʯʥʽ ʬʫʥʢʮ̔ ʾ ʚʽʪʘʤʥ̔ʚ̔. 

4. ʂʣʘʩʠʬʽʢʘʮʽʷ ʚʽʪʘʤʽʥʽʚ. 

5. ʏʦʤʫ ʨʦʩʣʠʥʠ ̔ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʧʽʨʠʜʦʢʩʠʥʫ (ʚʪ̔ʘʤ̔ʥ ɺ6) ʩʣ̔ ʜ ʟʙʝʨʽʛʘʪʠ 

ʫ ʪʝʤʥʦʤʫ ʤʽʩʮʽ? 

6. ʗʢ̔ ʚ̔ ʪʘʤʽʥʠ ʻ ʩʪʽʡʢʠʤʠ ʜʦ ʜʽʾ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ,  ʘ ̫ʢ̔ ʥʽ? ʗʢ ʮʝ ʚʧʣʠʚʘʻ 

ʥʘ ʭʾ ʙʽʦʣʦʛʯ̔ʥʽ ʚʣʘʩʪʠʚʦʩʪʽ? 

7. ʗʢʠʡ ʚʽʪʘʤ̔ ʥ ʚʭʦʜʠʪ ɹʜʦ ʩʢʣʘʜʫ ʢʦʬʝʨʤʝʥʪʽʚ ï ʌʄʅ ʪʘ ʌɸɼ? 

8. ʗʢʠʡ ʚʽʪʘʤ̔ʥ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʢʦʬʝʨʤʝʥʪ̔ʚ ï ʅɸɼ ʪʘ ʅɸɼʌ? 

9. ʗʢʠʡ ʚʽʪʘʤʽʥ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʢʦʬʝʨʤʝʥʪʫ-ɸ? 

10. ʅʘʧʠʩʘʪʠ ʩʪʨʫʢʪʫʨʥʽ ʬʦʨʤʫʣʠ ʚʦʜʦʨʦʟʯʠʥʥʠʭ ʚʽʪʘʤʥ̔ʽʚ:  

- ʪ̔ʘʤʽʥʫ (ʚ̔ʪʘʤʽʥ ɺ1),  

- ʨʠʙʦʬʣʘʚʽʥʫ (ʚʽʪʘʤ̔ʥ ɺ2),  

- ʥʽʢʦʪʠʥʦʚʦʾ ʢʠʩʣʦʪʠ (ʚʽʪʘʤ̔ʥ ɺ5, ʈʈ),  

- ʧʘʥʪʦʪʝʥʦʚʦ ʾʢʠʩʣʦʪʠ (ʚʽʪʘʤ̔ʥ ɺ3), 

- ʧ̔ ʨʠʜʦʢʩʠʥʫ (ʚʽʪʘʤʽʥ ɺ6),  

- ʙ̔ʦʪʠʥʫ (ʚʽʪʘʤʽʥ ʅ), 

- ʬʦʣʽʻʚʦ ʾʢʠʩʣʦʪʠ (ʚʽʪʘʤʽʥ ɺʩ),  

- ʢʦʙʘʣʘʤʽʥʫ (ʚ̔ʪʘʤʽʥ ɺ12), 

- ʘʩʢʦʨʙʽʥʦʚʦ ʾʢʠʩʣʦʪʠ. 

      11. ʅʘʧʠʩʘʪʠ ʩʪʨʫʢʪʫʨʥʽ ʬʦʨʤʫʣʠ ʞʠʨʦʨʦʟʯʠʥʥʠʭ ʚʽʪʘʤʽʥʽʚ:  

- ʚʪ̔ʘʤʽʥʫ ɸ1 (ʢʘʨʦʪʠʥʦʜʾʠ),  

- ʚʽʪʘʤ̔ʥʫ D3 (ʭʦʣʝʢʘʣɹ ʮʠʬʝʨʦʣ),  

- ʚ̔ʪʘʤ̔ʥʫ K1 (ʬʽʣʦʭʽʥʦʥ),  

- ʚʽʪʘʤʽʥʫ E (ʪʦʢʦʬʝʨʦʣ). 

       12. ʅʘʧʠʩʘʪʠ ʩʪʨʫʢʪʫʨʥ̔  ʬʦʨʤʫʣʠ ʚʽʪʘʤ̔ʥʦʧʦʜʽʙʥʠʭ ʨʝʯʦʚʠʥ:  

- ʢʘʨʥʽʪʠʥʫ, 

- ʥ̔ʦʟʠʪʦʣʫ, 

- ʣʽʧʦʻʚʦ ʾʢʠʩʣʦʪʠ, 

- ʨʫʪʠʥʫ,  

- ʢʘʪʝʭʽʥʫ,  

- ʚ̔ ʪʘʤʽʥʫ ɺ13 (ʦʨʦʪʦʚʘ ʢʠʩʣʦʪʘ),  

- ʚʽʪʘʤʽʥʫ ɺ15 (ʧʘʥʛʘʤʦʚʘ ʢʠʩʣʦʪʘ). 
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ʈʆɿɼɯʃ 7. çʌɯʊʆɻʆʈʄʆʅʀè 

 

ʌʪ̔ʦʛʦʨʤʦʥʠ (ʌɻ) ï ʮʝ ʥʠʟɹʢʦʤʦʣʝʢʫʣʷʨʥ ̔ ʦʨʛʘʥ̔ʯʥ̔  ʩʧʦʣʫʢʠ, ʢ̫̔  

ʩʠʥʪʝʟʫʶʪʴʩʷ ʢʣʽʪʠʥʘʤʠ ʨʦʩʣʠʥ  ̔ ʚʠʢʦʥʫʶʪʴ ʨʝʛʫʣʷʪʦʨʥʫ ʬʫʥʢʮʽʁ. 

ʌ̔ʪʦʛʦʨʤʦʥʠ ʜ̔ʁ ʪɹ ʟʘ ʥʠʟɹʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ (ʜʦ 10ī11 ʄ) ʽ ʩʧʨʠʯʠʥʷʶʪʴ 

ʬ̔ ʟʽʦʣʦʛʦ-ʤʦʨʬʦʣʦʛʯ̔ʥ̔ ʝʬʝʢʪʠ ʚ ʪʠʭ ʜ̔ ʣʷʥʢʘʭ ʨʦʩʣʠʥ, ʷʢʽ ʻ ʯʫʪʣʠʚʠʤʠ ʜʦ ʾʭ ʜʽʾ.  

ʅʘ ʚʽʜʤʽʥʥʫ ʚʽʜ ʪʚʘʨʠʥ, ʨʦʩʣʠʥʠ ʥʝ ʤʘʪʁ ɹ ʩʧʝʮ̔ʘʣʥɹʠʭ ʦʨʛʘʥʽʚ, ʷʢʽ 

ʩʠʥʪʝʟʫʶʪʴ ʛʦʨʤʦʥʠ, ʦʜʥʘʢ ʜʝʢ̫ʽ ʦʨʛʘʥʠ ʪʘ ʪʢʘʥʠʥʠ ʨʦʩʣʠʥ ʟʜʘʪʥʽ 

ʥʘʢʦʧʠʯʫʚʘʪʠ ʚʝʣʠʢʫ ʢʽʣɹ ʢ̔ʩʪʴ ʛʦʨʤʦʥʽʚ. ʊʘʢ, ʘʫʢʩʠʥʠ ʥʘʢʦʧʠʯʫʁʪʩɹ̫  ʫ 

ʚʝʨʭʽʚʢʦʚ̔ʡ ʤʝʨʠʩʪʝʤʽ ʩʪʝʙʣʘ, ʛʽʙʝʨʝʣʽʥʠ - ʫ ʣʠʩʪʽ, ʮʠʪʦʢʽʥʠ ï ʫ ʢʦʨʝʥʷʭ ʪʘ 

ʜʦʟʨʽʚʘʶʯʦʤʫ ʥʘʩʽʥʥ̔ . 

ʌ̔ ʪʦʛʦʨʤʦʥʘʤ ʪʘ ʾʭ ʩʠʥʪʝʪʠʯʥʠʤ ʘʥʘʣʦʛʘʤ ʭʘʨʘʢʪʝʨʥʠʡ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ 

ʜʽʾ, ʘ ʩʘʤʝ: ʚʦʥʠ ʨʝʛʫʣʶʁ ʪʴ ʧʨʦʮʝʩʠ ʞʠʪʪʻʜʽʷʣʥɹʦʩʪʽ ʨʦʩʣʠʥ - ʧʨʦʨʦʩʪʘʥʥ̫ 

ʥʘʩʽʥʥʷ, ʨʽʩʪ, ʜʠʬʝʨʝʥʮʽʘʮʁ̔ ʪʢʘʥʠʥ ʽ ʦʨʛʘʥʽʚ, ʮʚʽʪʽʥʥʷ, ʜʦʟʨ̔ʚʘʥʥʷ ʧʣʦʜʚ̔, 

ʧʣʦʜʦʥʦʰʝʥʥʷ, ʩʧʦʢʽʡ, ʢʦʨʝʥʝʫʪʚʦʨʝʥʥ̫  ̔ʪ.ʧ. ʋʪʚʦʨʶʁʯʠʩʴ ʚ ʦʜʥʦʤʫ ʦʨʛʘʥ̔  

(ʘʙʦ ʡʦʛʦ ʯʘʩʪʠʥʽ) ʨʦʩʣʠʥʠ, ʬʽʪʦʛʦʨʤʦʥʠ ʟʘʟʚʠʯʘʡ ʪʨʘʥʩʧʦʨʪʫʶʪɹʩʷ ʚ ʽʥʰʠʡ 

(ʘʙʦ ʡʦʛʦ ʯʘʩʪʠʥʫ). ɽʬʝʢʪ ʬʽʪʦʛʦʨʤʦʥʽʚ ʫ ʟʥʘʯʥ̔ʡ ʤʨ̔̔  ʟʘʣʝʞʠʪɹ ʚʽʜ ʜʽʾ ʽʥʰʠʭ 

ʟʦʚʥʽʰʥʽʭ ʽ ʚʥʫʪʨ̔ʰʥʽʭ ʬʘʢʪʦʨ̔ʚ. ɿʥʘʯʥʠʡ ʚʢʣʘʜ ʚ ʨʦʟʚʠʪʦʢ ʛʦʨʤʦʥʘʣɹʥʦʛʦ 

ʥʘʧʨʤ̫ʢʫ ʚ ʬ̔ ʟ̔ʦʣʦʛʽʾ ʨʦʩʣʠʥ ʚʥ̔ʩ ʚʽʜʦʤʠʡ ʬʽʪʦʬʽʟʽʦʣʦʛ ʄ.ɻ.ʍʦʣʦʜʥʠʡ. 

ʄʦʣʝʢʫʣʷʨʥʽ ʤʝʭʘʥ̔ʟʤʠ ʜ̔ ʾ ʬʽʪʦʛʦʨʤʦʥʽʚ. ɸʢʪʠʚʥ̔ʩʪʴ ʬʽʪʦʛʦʨʤʦʥʽʚ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʾʭ ʚʟʘ̒ʤʦʜ̔̒ ʶ ʟ ʧʝʚʥʠʤʠ ʨʝʮʝʧʪʦʨʘʤʠ. ʈʝʮʝʧʪʦʨʠ ï ʮʝ ʤʦʣʝʢʫʣʠ 

ʙʽʣʢʦʚʦʾ ʧʨʠʨʦʜʠ, ʷʢʽ ʨʦʟʧʽʟʥʘʶʪʴ ʬʽʪʦʛʦʨʤʦʥ, ʩʧʝʮʠʬʽʯʥʦ ʟʚôʟ̫ʫʶʪʴʩʷ ʟ ʥʠʤ, 

ʫʪʚʦʨʶʶʯʠ ʛʦʨʤʦʥ-ʨʝʮʝʧʪʦʨʥʠʡ ʢʦʤʧʣʝʢʩ. ʉʘʤʝ ʪʘʢʠʡ ʢʦʤʧʣʝʢʩ ʽ ʧʝʨʝʜʘʻ 

ʩʠʛʥʘʣ ʜʣʷ ʟʘʧʫʩʢʫ ʚʽʜʧʦʚ̔ ʜʥʦʾ ʬʽʟʽʦʣʦʛʽʯʥʦʾ ʨʝʘʢʮʽʾ ʢʣʪ̔ʠʥʠ. ʊʘʢ ̔ʨʝʮʝʧʪʦʨʠ 

ʟʥʘʭʦʜʷʪʴʩʷ ʷʢ ʥʘ ʤʝʤʙʨʘʥʘʭ, ʪʘʢ ʽ ʚ ʮʠʪʦʟʦʣʽ. ʇʨʠʯʦʤʫ ʦʜʠʥ ʽ ʪʦʡ ʞʝ ʛʦʨʤʦʥ 

ʤʦʞʝ ʟʚô̫ʟʫʚʘʪʠʩʷ ʟ ʨʽʟʥʠʤʠ ʨʝʮʝʧʪʦʨʘʤʠ, ʟʫʤʦʚʣʶʶʯʠ ʚʽʜʧʦʚ̔ʜʥʦ ʨʽʟʥʽ 

ʬ̔ ʟʽʦʣʦʛʯ̔ʥʽ ʨʝʘʢʮʽʾ. ʎʠʤ ʬʘʢʪʦʨʦʤ ʧʦʷʩʥʶʪʁʴʩʷ ʧʨʠʯʠʥʠ ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʦʾ 

ʜ̔ ʾ ʬʽʪʦʛʦʨʤʦʥʚ̔. ʅʘʡʯʫʪʣʠʚʽhʠʤʠ ʫ ʚʽʜʧʦʚʽʜʴ ʥʘ ʜʽʶ ʬʽʪʦʛʦʨʤʦʥ̔ʚ ʻ ʤʝʤʙʨʘʥʠ. 

ʊʦʤʫ ʌɻ ʨʝʛʫʣʶʶʪʴ ʧʨʦʥʠʢʥʽʩʪʴ ʤʝʤʙʨʘʥ. ʊʘʢ, ʘʫʢʩʠʥʠ ʽ ʮʠʪʦʢʽʥʠ ʧʽʜʩʠʣʶʁ ʪɹ 

ʥʘʜʭʦʜʞʝʥʥʷ ʽʦʥʽʚ ʯʝʨʝʟ ʤʝʤʙʨʘʥʠ, ʘ ʘʙʩʮʠʟʦʚʘ ʢʠʩʣʦʪʘ ʪʘ ʝʪʠʣʝʥ ʽʥʜʫʢʫʶʪʴ ʾʭ 

ʚʠʭʽʜ ʟ̔ ʢʣʽʪʠʥʠ. ɻʽʙʝʨʝʣʥ̔ʠ ʧʽʜʚʠʱʫʶʪʴ ʧʨʦʥʠʢʥ̔ʩʪɹ  ʤʝʤʙʨʘʥ ʜʣʷ ʮʫʢʨʽʚ. ʌɻ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʥʝʨʛʝʪʠʯʥʫ ʬʫʥʢʮʽʁ ʤʝʤʙʨʘʥ, ʘ ʩʘʤʝ, ʘʫʢʩʠʥʠ ʧʦʩʠʣʶʶʪɹ 

ʦʢʠʩʥʝ ʬʦʩʬʦʨʠʣ ʚʁʘʥʥʷ, ʘ ʛʽʙʝʨʝʣ̔ʥʠ ï ʬʦʪʦʬʦʩʬʦʨʠʣʶʚʘʥʥ.̫ ɸʫʢʩʠʥʠ ʪʘʢʦʞ 

ʧʽʜʚʠʱʫʪʁʴ ʘʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʜʠʭʘʣʴʥʦʛʦ ʣʘʥʮʶʛʘ, ʚʥʘʩʣʜ̔ʦʢ ʯʦʛʦ 

ʨʦʟʚʠʚʘʻʪʴʩʷ ʛʽʧʝʨʧʦʣ̫ʨʠʟʘʮ̔ ʷ ʤʝʤʙʨʘʥ, ʟʨʦʩʪʘʻ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʡ ʧʦʪʝʥʮ̔ʘʣ. 
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ʆʜʥʘʢ, ʧʝʨʝʜʫʤʦʚʦʶ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʨʝʛʫʣ̫ ʮ̔ʾ ʻ 

ʢʦʤʧʝʪʝʥʪʥʽʩʪʴ ʢʣʽʪʠʥʠ ʜʦ ʜʽʾ ʢʦʥʢʨʝʪʥʠʭ ʌɻ, ʢ̫ʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʚ̫ʥʽʩʪʶ 

ʧʝʚʥʠʭ ʨʝʮʝʧʪʦʨʽʚ. 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʬʽʪʦʛʦʨʤʦʥʽʚ. ʉʝʨʝʜ ʨʦʩʣʠʥʥʠʭ ʛʦʨʤʦʥʽʚ ʚʠʜ̔ ʣʷʁʪɹ 5 

ʦʩʥʦʚʥʠʭ ʛʨʫʧ: ʘʙʩʮʠʟʠʥʠ, ʘʫʢʩʠʥʠ, ʮʠʪʦʢʽʥʽʥʠ, ʝʪʠʣʝʥ ʪʘ ʛ̔ ʙʝʨʝʣʽʥʠ. ʏʘʩʪʦ ʜʦ 

ʬ̔ ʪʦʛʦʨʤʦʥʽʚ ʚʜ̔ʥʦʩʷʪʴ ʽ ̔ ʥh̔ ʩʧʦʣʫʢʠ: ʙʨʘʩʠʥʦʩʪʝʨʦʾʜʠ, ʞʘʩʤʦʥʘʪʠ, 

ʧʦʣʽʧʝʧʪʠʜʥʽ ʛʦʨʤʦʥʠ, ʢʨʝʟʘʮʠʥ, ʦʣʽʛʦʩʘʭʘʨʠʜʠ. 

ɸʫʢʩʠʥʠ (ʟ ʜʘʚʥʦɹʛʨʝʮʴʢʦʾ ʟʙʽʣʴʰʫʚʘʪʠʩ,̫ ʨʦʩʪʠ) ï ʮʝ ʩʪʠʤʫʣʷʪʦʨʠ ʨʦʩʪʫ 

ʧʣʦʜʚ̔ ʨʦʩʣʠʥ, ʱʦ ʚʦʣʦʜʽʶʪʴ ʚʠʩʦʢʦʶ ʬʟ̔ʦ̔ʣʦʛʽʯʥʦʶ ʘʢʪʠʚʥʽʩʪʶ. ʇʨʠʨʦʜʥʽʡ 

ʘʫʢʩʠʥ ʚʠʜʣ̔ʝʥʦ ʟ ʢʦʣʝʦʧʪʠʣ ʁʟʣʘʢʦʚʠʭ ʨʦʩʣʠʥ ʱʝ ʚ 1934 ʨ. (ʚʽʚʩʷʥʘ ʧʨʦʙʘ 

ɺʝʥʪʘ) ʪʘ ̔ʜʝʥʪʠʬ̔ ʢʦʚʘʥʦ ʷʢ ʽʥʜʦʣ̔ʣ-3-ʦʮʪʦʚʫ ʢʠʩʣʦʪʫ. ʅʠʥ ̔ ʩʪʚʦʨʝʥʦ 

ʩʠʥʪʝʪʠʯʥ̔ ʧʨʝʧʘʨʘʪʠ, ʱʦ ʟʜʘʪʥʽ ʩʪʠʤʫʣʶʚʘʪʠ ʨʽʩʪ ʘʥʘʣʦʛʽʯʥʦ ʽʥʜʦʣ̔ʣ-3-

ʦʮʪʦʚʽʡ ʢʠʩʣʦʪ ̔ ï ʮʝ ʽʥʜʦʣ̔ʣ-ʧʨ̔ʦʚʠʥʦʛʨʘʜʥʘ ʢʠʩʣʦʪʘ, ʭʣʦʨ-ʬʝʥoʢʩʠ-ʦʮʪʦʚʘ 

ʢʠʩʣʦʪʘ ʡ ʽʥ. ʋ ʨʦʩʣʠʥʽ ʽʥʜʦʣʣ̔-3-ʦʮʪʦʚʘ ʢʠʩʣʦʪʘ ʩʠʥʪʝʟʫʻʪʴʩʷ ʟ ʧʦʧʝʨʝʜʥʠʢʘ - 

ʪʨʠʧʪʦʬʘʥʫ, ʤʦʞʣʠʚʦ, ʪʨʠʧʪʘʤʽʥʫ. ɿʘʛʘʣʦʤ ʙʽʦʩʠʥʪʝʟ ʘʫʢʩʠʥʫ ʤʦʞʝ 

ʟʜʡ̔ʩʥʶʚʘʪʠʩ ɹ ʯʦʪʠʨʤʘ ʰʣʷʭʘʤʠ (ʪʨʠʧʪʦʬʘʥ-ʟʘʣʝʞʥʠʤʠ ʪʘ ʪʨʠʧʪʦʬʘʥ-

ʥʝʟʘʣʝʞʥʠʤʠ), ʷʢʽ ʻ ʨʽʟʥʠʤʠ ʜʣʷ ʨ̔ ʟʥʠʭ ʚʠʜ̔ ʚ ʨʦʩʣʠʥ ʪʘ ʦʙʫʤʦʚʣʝʥ ̔ʧʦʪʨʝʙʘʤʠ 

ʨʦʩʣʠʥʠ ʚ ʨʝʯʦʚʠʥʽ-ʧʦʧʝʨʝʜʥʠʢʦʚʽ. 

ɸʫʢʩʠʥʠ ʧʨʠʪʘʤʘʥʥ ̔ʷʢ ʚʠʱʠʤ, ʪʘʢ ʽ ʥʠʞʯʠʤ ʨʦʩʣʠʥʘʤ, ʦʢʨʽʤ ʪʦʛʦ ʚʦʥʠ 

ʧʨʠʩʫʪʥʽ ʚ ʩʝʯʽ, ʩʣʠʥʽ ʩʩʘʚʮ̔ʚ. ʅʘʡʘʢʪʠʚʥʽʰʠʡ ʩʠʥʪʝʟ ʘʫʢʩʠʥʽʚ ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ 

ʤʦʣʦʜʠʭ ʣʠʩʪʢʽʚ  ̔ʙʨʫʥɹʦʢ ʚʠɦʠʭ ʨʦʩʣʠʥ, ʘ ʪʘʢʦʞ ʘʢʪʠʚʥʦʛʦ ʢʘʤʙʽʁ, ʧʠʣʢʫ ̔ 

ʥʘʩʽʥʥ̫  ʚ ʧʝʨʽʦʜ ʡʦʛʦ ʬʦʨʤʫʚʘʥʥʷ. ɺʠʷʚʣ̫ ʶʪʴ ʘʫʢʩʠʥʠ ʚ ʥʝʟʥʘʯʥʽʡ ʢʽʣʴʢʦʩʪ̔ ʫ 

ʚʝʨʭʽʚʢʦʚʠʭ ʤʝʨʠʩʪʝʤʘʭ ʢʦʨʝʥʷ, ʧʨʦʪʝ ʽʩʥʫʻ ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʡʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥ ̫ʯʝʨʝʟ ʧʨʦʚʽʜʥʫ ʪʢʘʥʠʥʫ ʟ ʦʩʥʦʚʠ ʜʦ ʢʦʨʝʥʷ.  

ʇʘʨʝʥʭʽʤʥ ̔ ʡ ʢʘʤʙʘ̔ʣʥɹ̔ ʢʣʽʪʠʥʠ ʪʨʘʥʩʧʦʨʪʫʁʪʴ ʘʫʢʩʠʥʠ ʧʦʣʷʨʥʦ ʚ 

ʥʘʨʷʤʢʫ ʚʝʨʭʽʚʢʘ ʧʘʛʦʥʘ - ʢʦʨ̔ʥɹ ʟ̔ ʚhʠʜʢʽʩʪ,ʁ ʱʦ ʩʪʘʥʦʚʠʪʴ ʧʨʠʙʣʠʟʥʦ                     

10-15 ʢʤ/ʛʦʜ. ʋ ʩʪʝʙʣ̔ ʨʦʩʣʠʥʠ ʧʝʨʝʩʫʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦ ʧʨʦʚʽʜʥʠʭ ʧʫʯʢʘʭ; 

ʟ ʣʠʩʪʢʽʚ - ʧʦ ʬʣʦʝʤʽ. ɼʣ ̫ ʚʢʘʟʘʥʠʭ ʯʘʩʪʠʥ ʨʦʩʣʠʥʠ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝ ʧʦʣ̫ʨʥʦ ʪʘ ʧʦʜʽʙʥʝ ʜʦ ʧʝʨʝʥʝʩʝʥʥʷ ʚʫʛʣʝʚʦʜʽʚ. ʊʘʢʝ 

ʧʝʨʝʤʽʱʝʥʥʷ ʘʫʢʩʠʥʽʚ  ̒ ʝʥʝʨʛʦʟʘʪʨʘʪʥʠʤ ʧʨʦʮʝʩʦʤ. ɺʚʘʞʘʻʪʴʩʷ, ʱʦ 

ʧʝʨʝʤ̔ɦ ʝʥʥʷ ʽʥʜʦʣʣ̔-3-ʦʮʪʦʚʦ ʾʢʠʩʣʦʪʠ ʚ ʥʘʧʨʷʤʢʫ ʘʧʽʢʘʣʥɹʦ ʾʯʘʩʪʠʥʠ ʢʣʽʪʠʥʠ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʘʩʠʚʥʠʤ ʰʣʷʭʦʤ ʧʘʨʘʣʝʣʴʥʦ ʟ ʽʦʥʘʤʠ ʛʽʜʨʦʛʝʥʫ, ʚ ʪʦʡ ʞʝ ʯʘʩ ʨʫʭ 

ʜʦ ʙʘʟʘʣʴʥʦʛʦ ʢʽʥʮ,̫ ʡʤʦʚʽʨʥʦ, ʧʦʪʨʝʙʫʻ ʧʝʨʝʥʦʩʥʠʢ̔ ʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʚʠʜʽʣʝʥʥʷ ʘʫʢʩʠʥ̔ʚ ʟ̔ ʢʣʽʪʠʥʠ ʧʨʦʪʠ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ ʛʨʘʜʽʻʥʪʫ. ʇʦʣ̫ʨʥʽʩʪʴ 

ʨʫʭʫ ʘʫʢʩʠʥʽʚ ʚ ʢʦʨʝʥ̫ʭ ʤʘʣʦʚʠʨʘʞʝʥʘ ʚ ʥʘʧʨʷʤʢʫ ʜʦ ʾʭ ʢʽʥʯʠʢ̔ʚ.  

ɼ̔ ʷ ʘʫʢʩʠʥ̔ ʚ ʥʘ ʨʦʩʣʠʥʠ ʻ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʦ ʨʽʟʥʦʶ, ʥʘ ʱʦ ʤʘʻ ʚʧʣʠʚ ʚʠʜ 

ʨʦʩʣʠʥʠ, ʪʠʧ ʪʢʘʥʠʥʠ, ʝʪʘʧ ʦʥʪʦʛʝʥʝʟʫ. ɺʠʩʦʢ̔ ʢʦʥʮʝʥʪʨʘʮʽʾ  ̒ʪʦʢʩʠʯʥʠʤʠ, ʱʦ 
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ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʠʥʪʝʪʠʯʥ̔ ʘʫʢʩʠʥʠ (2,4ɼ, ʜʠʢʘʤʙʘ) ʚ ʷʢʦʩʪʽ 

ʛʝʨʙʽʮʠʜʫ ʜʣʷ ʟʥʠʝɦʥʥʷ ʙʫʨôʷʥʽʚ.  

ɸʫʢʩʠʥʠ ʤʘʶʪʴ ʚʧʣʠʚ ʥʘ: 1) ʨ̔ ʩʪ ʢʣʪ̔ʠʥ ʫ ʬʘʟʘʭ ʨʦʟʪʷʛʫʚʘʥʥʷ; 2) ʨʽʩʪ 

ʢʣʽʪʠʥ ʢʘʤʙʽ ʁ (ʩʪʠʤʫʣʶʁʪɹ); 3) ʚʟʘʻʤʦʜʽʶ ʦʢʨʝʤʠʭ ʦʨʛʘʥʽʚ; 4) ʨʝʛʫʣʷʮʽʶ 

ʢʦʨʝʣʪ̫ʠʚʥʦʛʦ ʨʦʩʪʫ. ɼ̔ ʷ ʘʫʢʩʠʥ̔ʚ ʧʦʚô̫ʟʘʥʘ ʟ ʜʠʬʝʨʝʥʮ̔ʘʮ̒ʁ̔ ʧʨʦʚʽʜʥʦʾ 

ʪʢʘʥʠʥʠ ʨʦʩʪʫʯʠʭ ʧʘʛʦʥʽʚ, ʢʦʥʪʨʦʣʝʤ ʨʦʩʪʫ ʧʣʦʜʽʚ, ʟʘʪʨʠʤʢʦʶ ʨʦʟʚʠʪʢʫ ʙʽʯʥʠʭ 

ʙʨʫʥʦɹʢ. ʋ ʧʨʦʤʠʩʣʦʚʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʘʫʢʩʠʥʠ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʨʝʛʫʣʶʚʘʥʥʷ 

ʦʧʘʜʘʥʥʷ ʣʠʩʪ,̫ ʧʣʦʜ̔ʚ, ʢʚʽʪʦʢ. 

ɿʘʚʜʷʢʠ ʜʽʾ ʘʫʢʩʠʥʫ ʚ ʧʣʘʟʤʦʣʝʤʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ̔ʥʜʫʢʮʽʷ ʨʦʙʦʪʠ ʅ+-ʥʘʩʦʩʫ, 

ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʢʠʩʣʝʥʥʷ ʤʘʪʨʠʢʩʫ ʢʣʪ̔ʠʥʥʦ ʾʩʪʽʥʢʠ, ʘʢʪʠʚʘʮʽʾ ʢʠʩʣʠʭ 

ʛʽʜʨʦʣʘʟ, ʨʦʟʤôʢ̫ ʝhʥʥʷ ʢʣʽʪʠʥʥʦʾ ʩʪʥ̔ʢʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʨ̔ ʩʪ ʨʦʩʣʠʥʥʦʾ  ʢʣʽʪʠʥʠ 

ʨʦʟʪʷʛʫʚʘʥʥʷʤ. ɯʆʂ ʧʽʩʣʷ ʧʨʦʥʠʢʥʝʥʥʷ ʚ ʢʣʽʪʠʥʫ ʧʨʠʻʜʥʫʻʪʩɹʷ ʜʦ ʩʧʝʮʠʬʯ̔ʥʠʭ 

ʨʝʮʝʧʪʦʨʽʚ ̔ ʨʝʛʫʣʶʻ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʘʢʪʠʚʥʩ̔ʪʴ ʙʽʦʤʝʤʙʨʘʥ, ʧʦʣʽʨʠʙʦʩʦʤ, 

ʨʦʙʦʪʫ ʷʜʝʨʥʦʛʦ ʘʧʘʨʘʪʫ. 

ɯʥʘʢʪʠʚʘʮʽʷ ʘʫʢʩʠʥʽʚ ʚ ʨʽʟʥʠʭ ʪʢʘʥʠʥʘʭ ʨʦʩʣʠʥ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʫʯʘʩʪʶ 

ɯʆʂ-ʦʢʩʠʜʘʟʠ, ʱʦ ʨʦʟʱʝʧʣʶʻ ʾʭ ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ. ʈʽʚʥʦʚʘʛʘ ʩʠʥʪʝʟʫ, 

ʦʢʠʩʥʝʥʥʷ  ̔ʟʚôʷʟʫʚʘʥʥʷ ɯʆʂ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠ ʨʦʣʴ ʯʫʪʣʠʚʦʾ ʩʠʩʪʝʤʠ ʨʝʛʫʣʷʮʽʾ 

ʚʤʽʩʪʫ ɯʆʂ ʚ ʨʦʩʣʠʥʥʠʭ ʪʢʘʥʠʥʘʭ. 

ʎʠʪʦʢʽʥʽʥʠ ï ʮʝ N-ʟʘʤʽʱʝʥʽ ʧʦʭʽʜʥʽ ʘʜʝʥʽʥʫ, ʷʢʽ ʩʪʠʤʫʣʶ ʪʁʴ ʧʦʜʣ̔ 

ʢʣ̔ ʪʠʥ. ɽʬʝʢʪ ʮʠʪʦʢ̔ʥ̔ʥ̔ʚ ʚʧʝʨʰʝ ʙʫʚ ʚ̔ʜʢʨʠʪʠʡ ʥʘ ʢʦʢʦʩʦʚʦʤʫ ʤʦʣʦʮʽ 

ʌʦʣʢɹʦʤ ʉʢʫʛʦʤ (1940 ʨ). ʂʣʘʩʠʬʢ̔ʫʶʪʴ ʜʚʘ ʪʠʧʘ ʮʠʪʦʢʽʥʥ̔ʽʚ: ʘʜʝʥ̔ʥʦʚʦʛʦ 

ʪʠʧʫ (ʢ̔ ʥʝʪʠʥ, ʟʝʘʪʠʥ ʽ 6-ʙʝʥʟʠʣʘʤ̔ʥʦʧʫʨʠʥ), ʬʝʥ̔ʣ-ʩʝʯʦʚʠʥʦʛʦ ʪʠʧʫ 

(ʜʠʬʝʥʽʣʩʝʯʦʚʠʥʘ ʘʙʦ ʪʠʜ̔ʘʟʫʨʦʥ). ʎʠʪʦʢ̔ʥ̔ʥʠ ʘʜʝʥ̔ʥʦʚʦʛʦ ʪʠʧʫ ʩʠʥʪʝʟʫʁʪʴʩʷ ʚ 

ʦʩʥʦʚʥʦʤʫ ʚ ʢʦʨʝʥʷʭ, ʩʪʝʙʣʘʭ ʪʘ ʣʠʩʪʷʭ. ʂʘʤʙ̔ʡ ʽ ʽʥʰʽ ʪʢʘʥʠʥʠ ʨʦʩʣʠʥ, ʷʢ̔ 

ʘʢʪʠʚʥʦ ʜʽʣʷʪʴʩ,̫  ̒ ʤ̔ ʩʮʝʤ ʩʠʥʪʝʟʫ ʮʠʪʦʢʽʥʽʥʚ̔. ʅʝ ʚʽʜʦʤʦ ʧʨʦ ʚʠʷʚʣʝʥʥʷ 

ʮʠʪʦʢʥ̔̔ʥ̔ ʚ ʪʠʧʫ ʬʝʥʽʣʩʝʯʦʚʠʥʠ ʚ ʪʢʘʥʠʥʘʭ ʨʦʩʣʠʥ. ʎʠʪʦʢ̔ʥ̔ʥʠ ʧʨʠʡʤʘʪʁʴ 

ʫʯʘʩʪɹ  ʚ ʣʦʢʘʣʴʥʽʡ ʧʝʨʝʜʘʯʽ ʩʠʛʥʘʣʫ ʪʘ ʥʘ ʚʽʜʩʪʘʥʽ (ʜʣ̫ ʪʨʘʥʩʧʦʨʪʫ ʧʫʨʠʥʽʚ ʽ 

ʥʫʢʣʝʦʟʠʜʽʚ). ʆʩʥʦʚʥʠʤ ʤ̔ ʩʮʝʤ, ʜʝ ʩʠʥʪʝʟʫʶʪʴʩʷ ʮʠʪʦʢ̔ ʥʽʥʠ, ʻ ʘʧʽʢʘʣʴʥʽ 

ʤʝʨʠʩʪʝʤʠ ʢʦʨʝʥʷ. ʇʨʠʨʦʜʥʽ ʮʠʪʦʢʽʥʽʥʠ ʟʫʩʪʨʯ̔ʘʶʪʴʩʷ ʚ ʬʦʨʤʽ 

ʨʠʙʦʥʫʢʣʝʦʟʠʜʽʚ ʪʘ ʨʠʙʦʥʫʢʣʝʦʪʠʜʽʚ, ʢ̫,̔ ʤʦʞʣʠʚʦ, ʻ ʾʭ ʧʦʧʝʨʝʜʥʠʢʘʤʠ. 

ʎʠʪʦʢʽʥʽʥʠ ʨʝʛʫʣʶʶʪʴ ʯʠʩʣʝʥʥʽ ʬʽʟʽʦʣʦʛʽʯʥ ̔ ʧʨʦʮʝʩʠ ʨʦʩʣʠʥ, ʪʘʢʽ ʷʢ 

ʢʣʽʪʠʥʥʠʡ ʧʦʜʽʣ, ʤʦʨʬʦʛʝʥʝʟ ʧʘʛʦʥʽʚ ʪʘ ʢʦʨʝʥ̔ʚ, ʜʦʟʨʽʚʘʥʥʷ ʭʣʦʨʦʧʣʘʩʪʽʚ, 

ʫʪʚʦʨʝʥʥʷ ʪʘ ʨʦʟʧʫʩʢʘʥʥʷ ʙʨʫʥʴʦʢ, ʣʽʥʽʡʥʠʡ ʨʽʩʪ ʢʣʪ̔ʠʥʠ, ʛʘʣʴʤʫʶʪʴ ʧʨʦʮʝʩʠ 

ʩʪʘʨʥ̔ʥʷ. ɿʘ ʧʨʠʩʫʪʥʦʩʪʽ ʘʫʢʩʠʥʚ̔ ʮʠʪʦʢʽʥʽʥʠ ʩʪʠʤʫʣʁ ʶʪʴ ʧʦʜ̔ ʣ ʨʦʩʣʠʥʥʠʭ 

ʢʣʽʪʠʥ. 

ɻʽʙʝʨʝʣʽʥʠ ʟʘ ʭʽʤʽʯʥʦʶ ʧʨʠʨʦʜʦʶ ʻ ʩʣʘʙʢʠʤʠ ʢʘʨʙʦʥʦʚʠʤʠ ʢʠʩʣʦʪʘʤʠ, 

ʢ̫̔  ʤʘʪʁɹ  ʛʽʙʝʨʝʣ̔ʥʦʚʠʡ ʩʢʝʣʝʪ  ̔ʥʘʣʝʞʘʪʴ ʜʦ ʪʝʪʨʘʮʠʢʣʽʯʥʠʭ ʜʠʪʝʨʧʝʥʦʾʜʽʚ. 
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ɻʽʙʝʨʝʣʽʥʠ ʥʝʩʪʡ̔ʢʽ ʽ ʰʚʠʜʢʦ ʨʫʡʥʫʶʪʴʩʷ ʚ ʩʝʨʝʜʦʚʠʱʽ ʟ ʢʠʩʣʠʤ ʪʘ ʣʫʞʥʠʤ ʨʅ. 

ɺʽʜʦʤʦ ʧʦʥʘʜ 90 ʛʽʙʝʨʝʣ̔ ʥʽʚ, ʧʨʦʪʝ ʥʘʡʙʣ̔ɹ ʰʦʁ ʙ̔ ʦʣʦʛʽʯʥʦʶ ʘʢʪʠʚʥʽʩʪʶ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʛʽʙʝʨʝʣʦʚʘ ʢʠʩʣʦʪʘ (ɻʂ3), ʷʢʘ ʤʘʻ ʫ ʩʪʨʫʢʪʫʨʽ ʛ̔ʜʨʦʢʩʠʣʠ ʽ 

ʧʦʜʚʽʡʥʠʡ ʟʚôʷʟʦʢ. ʉʠʥʪʝʟʫʶʪʴʩʷ ʛʽʙʝʨʝʣʽʥʠ ʟʘ ʩʭʝʤʦʶ: ʘʮʝʪʘʪ Ÿ ʤʝʚʘʣʦʥʘʪ Ÿ 

ʧʝʨʝʙʫʜʦʚʠ Ÿ ʢʘʪʨʝʥ Ÿ ʛʽʙʝʨʝʣʦʚʘ ʢʠʩʣʦʪʘ. ʎʽ ʬ̔ ʪʦʛʦʨʤʦʥʠ ʧʽʜʜʘʶʪʴʩʷ 

ʬʝʨʤʝʥʪʘʪʠʚʥʦʤʫ ʨʦʟɦʝʧʣʝʥʥʶ, ʧʨʦʪʝ ʧʨʦʜʫʢʪʠ ʮ̔ ʻʾ ʨʝʘʢʮʽʾ ʧʦʢʠ ɦʦ ʥʝʚʽʜʦʤʽ. 

ɻʽʙʝʨʝʣʽʥʠ ʚʽʜʢʨʠʚ ʷʧʦʥʩʴʢʠʡ ʚʯʝʥʠʡ ɭ. ʂʫʨʦʩʘʚʘ ʧʨʠ ʜʦʩʣʜ̔ʞʝʥʥʽ 

ʭʚʦʨʦʙʠ ʨʠʩʫ (ʥʘʜʤʽʨʥʠʡ ʨʽʩʪ ʘʙʦ "ʩʢʘʞʝʥʽ ʩʭʦʜʠ"), ʷʢʫ ʚʠʢʣʠʢʘʚ ʛʨʠʙ 

Gibberella fujikuroi Sow (ʨʜ̔ Fusarium). ʗʧʦʥʩʴʢʠʡ ʚʯʝʥʠʡ ʊ. ʗʙʫʪʘ ʚʠʜʣ̔ʠʚ 

ʛʙ̔ʝʨʝʣ̔ ʥʠ ʟ ʮʴʦʛʦ ʛʨʠʙʘ ʫ ʢʨʠʩʪʘʣʽʯʥʦʤʫ ʚʠʛʣʷʜ ̔ʽ ʚʜ̔ʧʦʚʽʜʥʦ ʾʭ ʥʘʟʚʘʚ. 

ɺʠʩʦʢʠʡ ʚʤʽʩʪ ʛʽʙʝʨʝʣʽʥʽʚ ʫ ʪʠʭ ʪʢʘʥʠʥʘʭ ʚʠʱʠʭ ʨʦʩʣʠʥ, ʷʢ̔ hʚʠʜʢʦ 

ʨʦʩʪʫʪʴ, ʫ ʥʝʜʦʟʨʽʣʦʤʫ ʥʘʩʽʥʥ̔ ʽ ʧʣʦʜʘʭ, ʧʘʨʦʩʪʢʘʭ. ʉʠʥʪʝʟʫʶʪʴʩʷ ʛʽʙʝʨʝʣʥ̔ʠ ʚ 

ʣʠʩʪʷʭ ʪʘ ʢʦʨʝʥʷʭ, ʩʚʽʪʣʦ ʩʪʠʤʫʣʁʻ ʩʠʥʪʝʟ ʛʽʙʝʨʝʣʽʥʽʚ, ʷʢ̔ ʪʨʘʥʩʧʦʨʪʫʶʪɹ ʩʷ ʟ 

ʢʩʠʣʝʤʥʠʤ ʘʙʦ ʬʣʦʝʤʥʠʤ ʪʦʢʦʤ. ʄʽʩʮʝʤ ʜʽʾ ʛʽʙʝʨʝʣʽʥʽʚ ʻ ʘʧ̔ʢʘʣɹʥʘ ʪʘ 

ʽʥʪʝʨʢʘʣʷʨʥʘ ʤʝʨʠʩʪʝʤʠ. 

ɻʙ̔ʝʨʝʣʽʥʠ ʘʢʪʠʚʫʶʪ ɹʧʦʜ̔ʣ ʢʣʽʪʠʥ ʪʘ ʩʪʠʤʫʣʶʁʪʴ ʬʘʟʫ ʨʦʟʪʛ̫ʫʚʘʥʥʷ. 

ɻʽʙʝʨʝʣʽʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʨʠʩʢʦʨʝʥʥʷ ʩʪʨʽʣʢʫʚʘʥʥʷ, ʫʪʚʦʨʝʥʥʷ 

ʢʚʽʪʢʦʥʦʩ̔ ʚ ʨʦʩʣʠʥʘʤʠ ʜʦʚʛʦʛʦ ʜʥʷ, ʚʠʚʝʜʝʥʥʷ ʥʘʩʥ̔ʥʷ ʪʘ ʙʫʣʴʙ ʦʢʨʝʤʠʭ ʨʦʩʣʠʥ 

ʟ̔ ʩʪʘʥʫ ʩʧʦʢʦʶ. ɻʂ ʥʝ ʩʪʠʤʫʣʁʻ ʨʽʩʪ ʢʦʨʝʥ̔ʚ, ʘ ʚʠʩʦʢ ̔ʢʦʥʮʝʥʪʨʘʮʽʾ ʦʩʪʘʥʥʴʦʾ ʻ 

ʥʘʚʽʪʴ ʰʢʽʜʣʠʚʠʤʠ. ɻʽʙʝʨʝʣʽʥʠ ʟʘʩʪʦʩʦʚʫ ʪʁɹ  ʧʨʠ ʚʠʨʦʱʫʚʘʥʥʽ ʣʴʦʥʫ  ̔ʢʦʥʦʧʝʣɹ 

ʟ ʤʝʪʦʶ ʟʙʽʣʴʰʝʥʥ ̫ʚʠʭʦʜʫ ʚʦʣʦʢʦʥ, ʜʽʘʤʝʪʨʫ ʷʛ̔ ʜ ʚ ʛʨʦʥʘʭ ʙʝʟʢ̔ ʩʪʦʯʢʦʚʦʛʦ 

ʚʠʥʦʛʨʘʜʫ, ʩʪʠʤʫʣʶʚʘʥʥʷ ʥʘʨʦʱʫʚʘʥʥʷ ʟʝʣʝʥʦʾ ʤʘʩʠ ʪʨʘʚʘʤʠ. ɻʽʙʝʨʝʣʽʥʠ 

ʘʢʪʠʚʫʁʪʴ ʧʨʦʨʦʩʪʘʥʥʷ ʧʠʣʢʫ, ʜʦʟʨ̔ ʚʘʥʥʷ ʪʦʤʘʪʽʚ, ̫ʙʣʫʢ, ʯʝʨʝʰʝʥʴ, ʘ ʪʘʢʦʞ 

ʟʘʧʦʙʽʛʘʪʁ ɹʚʠʣʷʛʘʥʥ ʁ ʟʣʘʢʦʚʠʭ ʢʫʣʴʪʫʨ. 

ɻʂ ʚʟʘʻʤʦʜʽʻ ʟ ʬʦʪʦʨʝʮʝʧʪʦʨʘʤʠ ʙʽʣʢʦʚʦʾ ʧʨʠʨʦʜʠ, ʘʢʪʠʚʫʻ ʝʥʟʠʤʠ, ʱʦ 

ʢʦʥʪʨʦʣʶʶʪʴ ʩʠʥʪʝʟ ʬʦʩʬʦʣʽʧʽʜʽʚ, ʫʪʚʦʨʝʥʥ ̫ʛʨʘʥʫʣʷʨʥʦʛʦ ɽʇʈ ʪʘ ʩʝʢʨʝʮʽʶ 

ʬʝʨʤʝʥʪ̔ʚ. 

ʈʦʟʪʷʛʫʚʘʥʥʷ ʢʣʽʪʠʥ ʧʽʜ ʚʧʣʠʚʦʤ ʛʽʙʝʨʝʣʽʥʽʚ ʚʽʜʙʫʚʘʪ̒ʴʩʷ ʘʥʘʣʦʛʽʯʥʦ 

ʘʫʢʩʠʥʫ, ʟʘʚʜʷʢʠ ʧʽʜʢʠʩʣʝʥʥʶ ʢʣʽʪʠʥʥʠʭ ʩʪʥ̔ʦʢ. ʇʨʠʯʦʤʫ ʯʫʪʣʠʚʽ ʜʦ ɻʂ 

ʢʣʽʪʠʥʠ ʥʝ ʨʝʘʛʫʪʁ ɹ ʥʘ ʘʫʢʩʠʥ, ʤʦʞʣʠʚʦ ʟʘ ʨʘʭʫʥʦʢ ʨʽʟʥʠʭ ʩʧʝʮʠʬʽʯʥʠʭ 

ʨʝʮʝʧʪʦʨʽʚ ʮʠʭ ʬʽʪʦʛʦʨʤʦʥʽʚ.  

ɸʙʩʮʠʟʠʥʠ. ɸʙʩʮʠʟʦʚʘ ʢʠʩʣʦʪʘ (ʘʙʦ ʘʙʩʮʠʟʠʥ, ʘʙʦʜʦʨʤʽʥ) ï ʮʝ 

ʽʟʦʧʨʝʥʦʾʜ, ̫ʢʠʡ ʩʠʥʪʝʟʫ̒ ʪʩɹ̫  ʟ ʤʝʚʘʣʦʥʦʚʦʾ ʢʠʩʣʦʪʠ ʘʙʦ ʧʨʠ ʨʦʟʧʘʜʘʥʥʽ 

ʢʘʨʦʪʠʥʦʾʜʽʚ, ʟʦʢʨʝʤʘ, ʚʽʦʣʦʢʩʘʥʪʠʥʫ. ɺ ʧʨʦʪʠʚʘʛʫ ʧʦʧʝʨʝʜʥ̔ʤ ʌɻ, ɸɹʂ ʽʥʛʽʙʫ ̒

ʧʨʦʮʝʩʠ ʨʦʩʪʫ. ɺʦʥʘ ʜʫʞʝ ʧʦʰʠʨʝʥʘ ʚ ʙʨʫʥʴʢʘʭ, ʣʠʩʪ̔, ʧʣʦʜʘʭ, ʥʘʩ̔ʥʥʽ, ʙʫʣʴʙʘʭ 

ʚʠʱʠʭ ʨʦʩʣʠʥ. ʎʝʥʪʨʠ ʩʠʥʪʝʟʫ ɸɹʂ ï ʣʠʩʪ̫, ʧʣʦʜʠ ʪʘ ʢʦʨʝʥʝʚʠʡ ʯʦʭʣʠʢ.  
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ɸɹʂ ʱʝ ʥʘʟʠʚʘʶʪʴ ʛʦʨʤʦʥʦʤ ʩʪʨʝʩʫ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʟʜʘʪʥʘ ̔ʥʪʝʥʩʠʚʥʦ 

ʥʘʢʦʧʠʯʫʚʘʪʠʩʴ ʚ ʨʦʩʣʠʥʥʠʭ ʪʢʘʥʠʥʘʭ, ʟʦʢʨʝʤʘ ʚ ʫʤʦʚʘʭ ʚʦʜʥʦʛʦ ʜʝʬʽʮʠʪʫ: 

ʩʠʥʪʝʟʫʶʯʠʩʴ ʫ ʭʣʦʨʦʧʣʘʩʪʘʭ, ʚʦʥʘ ʨʫʭʘʻʪʴʩʷ ʧʣʘʟʤʦʜʝʩʤʘʤʠ ʚ ʥʘʧʨʷʤʢʫ 

ʧʨʦʜʠʭʦʚʠʭ ʢʣʽʪʠʥ  ̔ ʚʠʢʣʠʢʘʻ ʭʾ ʟʘʢʨʠʪʪʷ ʚʧʨʦʜʦʚʞ 3-9 ʭʚ. ɺʽʜʦʤʦ, ʱʦ 

ʭʣʦʨʦʧʣʘʩʪʠ ʤʝʟʦʬʽʣʫ ʩʠʥʪʝʟʫʶʪʴ ɸɹʂ, ʪʦʜʽ ʷʢ ʧʨʦʜʠʭʦʚʽ ʭʣʦʨʦʧʣʘʩʪʠ ʥʝ 

ʟʜʘʪʥʽ ʩʠʥʪʝʟʫʚʘʪʠ ʾʭ. ɸɹʂ ʛʘʣʴʤʫʻ ʚʠʭʽʜ ʅ+ ʟ̔ ʟʘʤʠʢʘʶʯʠʭ ʢʣʽʪʠʥ ʪʘ 

ʥʘʜʭʦʜʞʝʥʥʷ ʂ+ ʚ ʮʽ ʢʣʽʪʠʥʠ. ɸʙʩʮʠʟʦʚʘ ʢʠʩʣʦʪʘ ʟʤʽʥʶʻ ʦʩʤʦʪʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ 

ʧʨʦʜʠʭʦʚʠʭ ʢʣʪ̔ʠʥ, ʽ ʚʠʢʣʠʢʘʻ ʟʘʢʨʠʪʪʷ ʧʨʦʜʠʭʚ̔. ɿʘʢʨʠʪʪ̫ ʧʨʦʜʠʭʚ̔ ʟʥʠʞʫʻ 

ʪʨʘʥʩʧʽʨʘʮʽʶ ʽ ʟʘʧʦʙ̔ʛʘ̒ ʧʦʜʘʣɹ ʰʡ̔ ʚʪʨʘʪ̔ ʚʦʜʠ ʯʝʨʝʟ ʣʠʩʪʷ. 

ɿʘ ʨʘʭʫʥʦʢ ʪʦʛʦ, ʱʦ ɸɹʂ ̒ ʧʦʪʫʞʥʠʤ ʽʥʛʽʙʪ̔ʦʨʦʤ ʨʦʩʪʫ, ʚʦʥʘ  

ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʚ  ʥʘʩʽʥʥʽ, ʙʨʫʥʴʢʘʭ ʧʨʠ ʧʝʨʝʭʦʜʽ ʜʦ ʩʪʘʥʫ ʬ̔ ʟʽʦʣʦʛʽʯʥʦʛʦ 

ʩʧʦʢʦʶ. ʇ̔ ʜ ʚʧʣʠʚʦʤ ɸɹʂ ʫ ʧʣʦʜʦʥʽʞʢʘʭ, ʯʝʨʝʰʢʘʭ ʬʦʨʤʫʻʪʴʩʷ 

ʚʜ̔ʦʢʨʝʤʣʁʚʘʣʴʥʠʡ ʰʘʨ, ʟʘʚʜʷʢʠ ʷʢʦʤʫ ʚʜ̔ʙʫʚʘʻʪʴʩʷ ʦʧʘʜʘʥʥʷ ʧʣʦʜʽʚ  ̔ʣʠʩʪʢʽʚ, 

ʪʘʢʦʞ ʮʝʡ ʬʪ̔ʦʛʦʨʤʦʥ ʩʪʠʤʫʣʶʻ ʨʦʟʚʠʪʦʢ ʧʨʦʮʝʩʫ ʩʪʘʨʥ̔ʥʷ ï ʧʽʜ ʡʦʛʦ ʚʧʣʠʚʦʤ 

ʨʫʡʥʫʶʪʴʩʷ ʥʫʢʣʝʾʥʦʚ ̔ʢʠʩʣʦʪʠ, ʙʽʣʢʠ, ʭʣʦʨʦʬʽʣ. 

ɸʙʩʮʠʟʠʥʦʚʘ ʢʠʩʣʦʪʘ ʚʧʣʠʚʘʻ ʥʘ ʫʪʚʦʨʝʥʥ̫ ʙʫʣʴʙ ʽ ʜʦʟʨʽʚʘʥʥʷ ʧʣʦʜʚ̔, 

ʟʘʚʜʷʢʠ ʮʦɹʤʫ ʾʾ ʟʘʩʪʦʩʦʚʫʪʁʴ ʜʣʷ ʧʨʠʩʢʦʨʝʥʥʷ ʜʦʩʪʠʛʘʥʥʷ ʧʣʦʜʽʚ ʽ ʦʧʪʠʤʽʟʘʮʽʾ 

ʪʝʨʤʽʥʽʚ ʟʙʦʨʫ ʚʨʦʞʘʶ ʰʣʭ̫ʦʤ ʝʢʟʦʛʝʥʥʦʛʦ ʚʚʝʜʝʥʥʷ (ʦʙʧʨʠʩʢʫʚʘʥʥ̫). 

ɺ ʫʤʦʚʘʭ ʧʽʜʛʦʪʦʚʢʠ ʨʦʩʣʠʥ ʜʦ ʟʠʤʠ ʘʙʩʮʠʟʠʥʦʚʘ ʢʠʩʣʦʪʘ ʫʪʚʦʨʶʻʪʴʩʷ ʚ 

ʢʽʥʮʝʚʠʭ ʙʨʫʥʴʢʘʭ, ʛʘʣʴʤʫʶʯʠ ʨʽʩʪ ʨʦʩʣʠʥ, ʪʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʬʦʨʤʫʚʘʥʥ ̫ʽʟ 

ʧʨʠʣʠʩʪʢʽʚ ʟʘʭʠʩʥʠʭ ʣʫʩʦʯʦʢ ʥʘ ʙʨʫʥʴʢʘʭ, ʱʦ ʟʘʭʠʱʘʶʪʴ ʾʭ ʫ ʧʝʨʽʦʜ ʭʦʣʦʜʽʚ. 

ɸʙʩʮʠʟʦʚʘ ʢʠʩʣʦʪʘ ʟʫʧʠʥʷʻ ʧʦʜʽʣ ʢʣʪ̔ʠʥ ʢʘʤʙ̔ʁ  ̔ ʟʫʧʠʥʷʻ ʧʝʨʚʠʥʥʠʡ ʽ 

ʚʪʦʨʠʥʥʠʡ ʨ̔ʩʪ. 

ʄʽʩʮʝ ʽ ʯʘʩ ʫʪʚʦʨʝʥʥʷ ɸɹʂ. ʋʪʚʦʨʶʻʪʴʩʷ ʚ ʟʝʣʝʥʠʭ ʬʨʫʢʪʘʭ ʽ ʥʘʩʥ̔ʥʽ 

ʧʝʨʝʜ ʧʦʯʘʪʢʦʤ ʟʠʤʦʚʦʛʦ ʧʝʨʽʦʜʫ; ʚ ʧʝʨʽʦʜ ʧʝʨʝʜʟʙʠʨʘʣʴʥʦʛʦ ʧʽʜʩʫʰʫʚʘʥʥʷ 

ʨʦʩʣʠʥ ʧʨʠ ʫʱʽʣʴʥʝʥʥʽ ʨ̌ʫʥʪʫ; ʰʚʠʜʢʦ ʧʝʨʝʥʦʩʠʪʴʩʷ ʽʟ ʢʦʨʝʥʷ ʚ ʣʠʩʪʷ ʧʦ 

ʩʫʜʠʥʘʤ ʢʩʠʣʝʤʠ; ʩʠʥʪʝʟʫʻʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʴ ʥʘ ʩʪʨʝʩʦʚʽ ʬʘʢʪʦʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʚ ʫʩʽʭ ʦʨʛʘʥʘʭ ʨʦʩʣʠʥ ï ʢʦʨʝʥʷʭ, ʢʚʪ̔ʘʭ, ʣʠʩʪʷʭ, ʩʪʝʙʣʽ. 

ɸɹʂ ʚʠʢʣʠʢʘʻ ʟʘʢʨʠʪʪʷ ʧʨʦʜʠʭʽʚ, ʟʥʠʞʫʻ ʪʨʘʥʩʧʽʨʘʮʽʶ ʽ ʧʦʧʝʨʝʜʞʘʻ 

ʚʪʨʘʪʫ ʚʦʣʦʛʠ; ʟʫʧʠʥʷʻ ʜʦʟʨʽʚʘʥʥʷ ʧʣʦʜʽʚ  ̔ʧʨʦʨʦʩʪʘʥʥʷ ʥʘʩʽʥʥʷ, ʙʫʣʴʙ; ʽʥʛʽʙʫʻ 

ʩʠʥʪʝʟ ʬʝʨʤʝʥʪʽʚ, ʷʢʽ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʬʦʪʦʩʠʥʪʝʟʫ. 

ɽʪʠʣʝʥ (ʝʪʝʥ, ʉʅ2=ʉʅ2)  ̒ ʦʨʛʘʥʯ̔ʥʦ  ʁ ʭʽʤʽʯʥʦ  ʁ ʩʧʦʣʫʢʦʶ - 

ʥʘʡʧʨʦʩʪʽʰʠʤ ʘʣʢʝʥʦʤ (ʦʣʦʬʝʾʥʦʤ). ɿʘ ʩʚʦʻʶ ʧʨʠʨʦʜʦʶ ʚʽʥ ʻ ʙʝʟʢʦʣʽʨʥʠʤ 

ʛʦʨʶʯʠʤ ʛʘʟʦʤ ʟ̔ ʩʣʘʙʢʦʚʠʨʘʞʝʥʠʤ ʩʦʣʦʜʢʠʤ ʟʘʧʘʭʦʤ. ɽʪʠʣʝʥ ʤʘʣʦʨʦʟʯʠʥʥʠʡ 

ʫ ʚʦʜ̔ ï ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 0 ÁC ʚ 100 ml ʅ2ʆ ʨʦʟʯʠʥʷʻʪʴʩʷ 25,6 ml; ʚ ʝʪʘʥʦʣ̔ ʟʘ 

ʘʥʘʣʦʛʽʯʥʠʭ ʫʤʦʚ - 359 ml; ʫ ʜʠʝʪʠʣʦʚʦʤʫ ʝʬ̔ʨ̔  ʪʘ ʚʫʛʣʝʚʦʜʘʭ ʨʦʟʯʠʥʷʻʪʴʩ̫ 

ʜʦʙʨʝ. ɽʪʠʣʝʥ ʤʘ̒ ʥʘʨʢʦʪʠʯʥʫ ʜʽʶ ʟ ʯʝʪʚʝʨʪʠʤ ʢʣʘʩʦʤ ʙʝʟʧʝʯʥʦʩʪʽ. 
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ʈʦʩʣʠʥʠ (ʧʘʧʦʨʦʪʽ, ʤʦʭʠ, ʩʠʥʴʦʟʝʣʝʥʽ ʚʦʜʦʨʦʩʪʽ) ʧʨʦʜʫʢʫʁʪ ɹʝʪʠʣʝʥ, ʫ 

ʧʦʢʨʠʪʦʥʘʩ̔ʥʥʠʭ ʮʶ ʬʫʥʢʮʽʶ ʚʠʢʦʥʫʶʪʴ ʚʩʽ ʪʢʘʥʠʥʠ, ʦʢʨʽʤ ʪʦʛʦ ʡʦʛʦ 

ʫʪʚʦʨʁ ʶʪʴ ʽ ʜʝ̫ʢʽ ʙʘʢʪʝʨʾ̔. ɺʠʱ̔ ʨʦʩʣʠʥʠ ʝʪʠʣʝʥ ʩʠʥʪʝʟʫʪʁɹ ʫ ʧʣʘʟʘʤʘʣʝʤ ̔ʟ 

ʘʤʽʥʦʢʠʩʣʦʪʠ ʤʝʪ̔ʦʥ̔ ʥʫ. ʄʝʭʘʥʽʟʤ ʢʘʪʘʙʦʣʽʟʤʫ ʮʦɹʛʦ ʬʽʪʦʛʦʨʤʦʥʫ ʻ 

ʤʘʣʦʚʠʚʯʝʥʠʤ, ʦʜʥʘʢ ʚ̔ ʜʦʤʦ, ʱʦ ʧʨʠ ʮʴʦʤʫ ʚʠʜʽʣʷʻʪʴʩʷ ʉʆ2.  

ɽʪʠʣʝʥ ʧʨʠʛʥʽʯʫʻ ʣʽʥʽʡʥʠʡ ʨʽʩʪ ʧʘʨʦʩʪʢ̔ʚ, ʣʠʩʪʷ, ʟʘʪʨʠʤʫʻ ʤʽʪʦʟ, ʧʨʦʪʝ ʫ 

ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʚʠʜʽʚ ʨʦʩʣʠʥ ʚʽʥ, ʥʘʚʧʘʢʠ, ʩʪʠʤʫʣʶʻ ʧʨʦʮʝʩʠ ʧʨʦʨʦʩʪʘʥʥʷ 

ʧʠʣʢʫ, ʙʫʣʴʙ, ʥʘʩʥ̔ʥʷ. ʆʩʢʽʣʴʢʠ ʝʪʠʣʝʥ ̒ ʌɻ ʚ ʛʘʟʦʧʦʜʽʙʥʦʤʫ ʩʪʘʥʽ, ʚʽʥ ʟʜʘʪʥʠʡ 

ʧʨʦʷʚʣʷʪʠ ʩʚʦʶ ʜʽʶ ʽ ʥʘ ʩʫʩ̔ʜʥ̔ ʨʦʩʣʠʥʠ. ɺʽʜʦʤʘ ʚʘʞʣʠʚʘ ʨʦʣʴ ʝʪʠʣʝʥʫ ʚ 

ʜʝʪʝʨʤʥ̔ʘʮʽʾ ʩʪʘʪʽ ʦʜʥʦʜʦʣʴʥʠʭ ʨʦʩʣʠʥ (ʦʛʽʨʢʠ, ʛʘʨʙʫʟʠ - ʟʙʽʣʴʰʝʥʥʷ ʯʠʩʣʘ 

ʞʽʥʦʯʠʭ ʢʚʽʪʽʚ). 

ʆʧʦʩʝʨʝʜʢʦʚʘʥʦ, ʯʝʨʝʟ ʛʘʣʴʤʫʚʘʥʥʷ ʧʦʣʷʨʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʘʫʢʩʠʥʫ, 

ʝʪʠʣʝʥ ʧʦʩʠʣʶ̒ ʧʨʦʮʝʩ ʩʪʘʨʽʥʥʷ ʨʦʩʣʠʥ, ʩʢʠʜʘʥʥʷ ʣʠʩʪʷ  ̔ʧʣʦʜʽʚ. ʈʝʘʣʽʟʘʮʽʷ 

ʚʢʘʟʘʥʠʭ ʧʨʦʮʝʩʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʧʝʨʦhʧʦʯʘʪʢʦʚʦʛʦ ʨʦʟʨʦʩʪʘʥʥʷ 

ʚʽʜʜʽʣʴʥʦʛʦ ʰʘʨʫ ʢʣʽʪʠʥ ʚ ʦʩʥʦʚ̔ ʯʝʨʝʰʢʘ ʯʠ ʢʚʽʪʦʥʽʞʢʠ. ɺʢʘʟʘʥʽ ʢʣ̔ʪʠʥ 

ʩʠʥʪʝʟʫʁʪʴ  ̔ ʚʠʜʽʣʷʶʪɹ ʝʥʟʠʤʠ (ʮʝʣʁʣʘʟʫ, ʧʝʢʪʠʥʘʟʫ), ʷʢʽ ʩʧʨʠʯʠʥʷʶʪʴ 

ʨʫʡʥʫʚʘʥʥ ̫ʢʣʽʪʠʥʥʠʭ ʩʪʽʥʦʢ ʚ ʢʣʽʪʠʥʘʭ ʚ̔ ʜʦʢʨʝʤʣʶʚʘʣɹʥʦʾ ʟʦʥʠ.  

ʄʝʭʘʥʽʟʤ ʜʽʾ. ɽʪʠʣʝʥ ʩʧʝʮʠʬ̔ ʯʥʦ ʟʚôʷʟʫʻʪʴʩ̫ ʽʟ ʨʝʮʝʧʪʦʨʦʤ-ʙʣ̔ʢʦʤ, 

ʣʦʢʘʣʽʟʦʚʘʥʠʤ ʥʘ ʤʝʤʙʨʘʥʘʭ ʘʧʘʨʘʪʫ ɻʦʣʴʜʞ,̔ ʧʨʠ ʮʴʦʤʫ ʚʽʜʙʫʚʘʻʪʩɹʷ 

ʩʪʠʤʫʣ̫ ʮʽʷ ʩʠʥʪʝʟʫ ʝʥʠʤʚ̔, ʷʢ̔  ʢʘʪʘʣʽʟʫʶʪʴ ʨʫʡʥʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʢʣʽʪʠʥʥʠʭ ʩʪʽʥʦʢ (cellulase̔, pectinase). ɼʣʷ ʚʠʨʦʙʥʠʯʠʭ ʧʦʪʨʝʙ 

ʨʦʟʨʦʙʣʝʥʠʡ ʧʨʝʧʘʨʘʪ ʝʪʠʣʝʥʫ - ʝʪʝʬʦʥ, ʱʦ ʧʨʠ ʦʙʨʦʙʮʽ ʨʦʩʣʠʥ ʨʦʟʢʣʘʜʘʪ̒ʩɹ ̫ʟ 

ʚʠʚʽʣʴʥʝʥʥʷʤ ʮʴʦʛʦ ʬʽʪʦʛʦʨʤʦʥʫ. 

ʈʦʩʣʠʥʠ ʤʽʩʪʷʪʴ ʡ ʽʥh̔  ʩʧʦʣʫʢʠ ʟ ʬʟ̔̔ ʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʦʶ ʜ̔ ʻʁ. ʎʝ 

ʩʧʦʣʫʢʠ, ʢ̫ʽ ʧʨʦʜʫʢʫʶʪʴʩʷ ʥʠʞʯʠʤʠ ʨʦʩʣʠʥʘʤʠ, ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤʠ ʪʘ ʚʠʱʠʤʠ 

ʨʦʩʣʠʥʘʤʠ (ʬʫʟʽʢʦʢʮʠʥ, ʛʘʣʦʚʘ ʢʠʩʣʦʪʘ, ʬʝʥʦʣ ʢʘʨʙʦʥʦʚʽ ʩʧʦʣʫʢʠ  ̔ʪ.ʜ.). 

ɼʝʷʢʽ ʬʽʪʦʛʦʨʤʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʷʢʦʩʪʽ ʛʝʨʙʽʮʠʜ̔ʚ ï ʨʝʯʦʚʠʥ, ʱʦ 

ʟʥʠʱʫʶʪ ɹʙʫʨô̫ ʥʠ, ʧʨʠ ʮʴʦʤʫ ʚʠʢʣʠʢʘʶʯʠ ʚʠʨʘʞʝʥ ̔ʤʦʨʬʦʣʦʛʽʯʥʽ ʟʤʽʥʠ.  

ɸʫʢʩʠʥ 2,4ɼ ï ʛʦʨʤʦʥʘʣʴʥʽ ʛʝʨʙʽʮʠʜʠ, ʷʢʽ ʥʝ ʧʦʰʢʦʜʞʫʁ ʪʴ ʟʣʘʢʦʚʠʭ, ʘʣʝ 

ʟʥʠʱʫʶʪʴ ʜʚʦʜʦʣʴʥʽ ʙʫʨô̫ ʥʠ. 

ʈʝʪʘʨʜʘʥʪʠ ï ʩʧʦʚʽʣʴʥʶʚʘʯʽ ʨʦʩʪʫ ʧʘʛʦʥʽʚ, ʤʘʶʪʴ ʩʧʨʠʷʪʣʠʚʠʡ ʚʧʣʠʚ ʥʘ 

ʩʪ̔ ʡʢʽʩʪʴ ʜʦ ʧʦʛʣʠʥʘʥʥʷ (ʉʉʉ, ʬʦʩʬʦʥ ɼ), ʟʘʪʨʠʤʫʶʪɹ ʩʠʥʪʝʟ ʛʽʙʝʨʝʣ̔ʥʽʚ, ʯʠʤ 

ʟʤʝʥʰʫʪʁ ɹ ʜʦʚʞʠʥʫ ʧʘʛʦʥʽʚ. ʄʦʨʬʘʢʪʠʥʠ ʚʠʢʣʠʢʘʶʪʴ ʧʨʦʢʠʜʘʥʥʷ ʙʦʢʦʚʠʭ 

ʙʨʫʥʴʦʢ, ɦ ʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʢʫʱʽʥʥʷ. 
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ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ̄ 22 

çɺʧʣʠʚ ʬʽʪʦʛʦʨʤʦʥʽʚ ʥʘ ʧʨʦʨʦʩʪʘʥʥ ̫ʧʠʣʢʫè 

 

ʄʝʪʘ ʨʦʙʦʪʠ. ɼʦʩʣʽʜʠʪʠ ʜʽʶ ʘʫʢʩʠʥʫ, ʮʠʪʦʢʥ̔ʥ̔ʫ ʽ ʛʽʙʝʨʝʣʽʥʫ ʥʘ ʧʨʦʮʝʩ 

ʧʨʦʨʦʩʪʘʥʥ̫ ʧʠʣʢʫ. 

ʌʽʪʦʛʦʨʤʦʥʠ ʻ ʨʝʛʫʣʷʪʦʨʘʤʠ ʙʘʛʘʪʴʦʭ ʧʨʦʮʝʩʽʚ, ʚ ʪʦʤʫ ʯʠʩʣ ̔ʨʦʩʪʦʚʠʭ, 

ʷʢ̔ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʚʝʛʝʪʘʪʠʚʥʠʭ ʦʨʛʘʥʘʭ ʨʦʩʣʠʥ. ʉʘʤʝ ʾʭ ʙʘʣʘʥʩ ʚ ʨʦʩʣʠʥʥʠʭ 

ʪʢʘʥʠʥʘʭ ʚʧʣʠʚʘʻ ʥʘ ʨʽʩʪ ʩʪʝʙʣʘ, ʢʦʨʝʥ,ʁ ʣʠʩʪʢʘ. ʆʜʥʦʯʘʩʥʦ ʚʦʥʠ ʧʨʦʷʚʣʷʶʪʴ 

ʝʬʝʢʪʠʚʥʠʡ ʚʧʣʠʚ ʽ ʥʘ ʛʝʥʝʨʘʪʠʚʥ̔ ʦʨʛʘʥʠ ʨʦʩʣʠʥ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʫʪʚʦʨʝʥʥʷ ʪʘ 

ʨʦʟʚʠʪʦʢ ʢʚʽʪʽʚ ʽ ʧʣʦʜʽʚ, ʩʪʠʤʫʣʶʪʁ ɹ ʮʚ̔ʪʽʥʥʷ ʪʘ ʨʝʛʫʣʶʶʪʴ ʧʨʦʮʝʩʠ 

ʟʘʧʣʜ̔ʥʝʥʥ ̫ʫ ʨʦʩʣʠʥ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʨʝʘʢʪʠʚʠ. ʇʠʣʦʢ, ʟʽʙʨʘʥʠʡ ʟ ʧʠʣʢ̫̔ ʚ ʢʚʽʪʽʚ, ʷʢʽ ʥʝʱʦʜʘʚʥʦ 

ʨʦʟʧʫʩʪʠʣʠʩʴ, 1 % ʨʦʟʯʠʥ ʘʛʘʨʫ ʥʘ ʜʠʩʪʠʣʴʦʚʘʥʽʡ ʚʦʜʽ ʟ ʜʦʜʘʚʘʥʥʷʤ 10 % 

ʭʽʤʽʯʥʦ ʯʠʩʪʦʾ ʩʘʭʘʨʦʟʠ, ʽʥʜʦʣʽʣʦʮʪʦʚʘ ʢʠʩʣʦʪʘ (3,5 ʤʛ/ʣ ʩʝʨʝʜʦʚʠʱʘ), ʛʽʙʝʨʝʣʽʥ 

(1 ʤʛ/ʣ), ʢʽʥʝʪʠʢ (1 ʤʛ/ʣ). 

ʆʙʣʘʜʥʘʥʥ̫. ʉʢʝʣɹʮ ̫ (ʧʨʝʜʤʝʪʥ̔, ʧʦʢʨʠʚʥ̔), ʧʘʣʠʯʢʠ ʩʢʣ̫ʥ,̔ ʚʘʟʝʣʽʥ, 

ʪʝʨʤʦʩʪʘʪ, ʤʽʢʨʦʩʢʦʧ, ʦʢʫʣʷʨ-ʤʽʢʨʦʤʝʪʨ. 

 

ʍʽʜ ʨʦʙʦʪʠ. 

ʇʨʦʨʦɦ ʫʚʘʥʥʷ ʧʠʣʢʫ:  

ɯ ʤʦʜʠʬʽʢʘʮʽʷ ʤʝʪʦʜʫ - ʥʘ ʧʦʚʝʨʭʥʶ ʧʨʝʜʤʝʪʥʦʛʦ ʩʢʣʘ ʧʦʤʽʱʘʶʪʴ ʢ̔ ʣʴʮʝ 

ʟʽ ʩʢʣʘ ʚʠʩʦʪʦʶ 0,5 ʩʤ. ɺ ʩʢʣʷʥʫ ʢʘʤʝʨʫ, ʷʢʘ ʫʪʚʦʨʠʣʘʩʴ ʪʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʜʥʦ  

ʥʘʥʝʩʪʠ ʢʨʘʧʣʁ  ʚʦʜʠ. ʇʦʚʝʨʭ ʩʢʣʷʥʦʛʦ ʢʽʣʴʮ ̫ʨʦʟʤʽʩʪʠʪʠ ʧʦʢʨʠʚʥʝ ʩʢʝʣʴʮʝ, ʥʘ 

ʥʠʞʥʶ ʩʪʦʨʦʥʫ ʢ̫ʦʛʦ (ʦʙʝʨʥʝʥʫ ʚʩʝʨʝʜʠʥʫ ʢʘʤʝʨʠ) ʥʘʥʝʩʪʠ ʢʨʘʧʣʁ ʘʛʘʨʫ ʟ               

10 % ʩʘʭʘʨʦʟʦ ,ʁ ʷʢʠʡ ʟʘʩʽʪ̫ʠ ʧʠʣʢʦʤ ʟʽ ʩʚʽʞʦʨʦʟʢʨʠʪʦʛʦ ʧʠʣ̫ʢʘ. ʇʦʢʨʠʚʥʝ ʩʢʣʦ 

ʧʦ ʢʨʘʶ, ʧʨʠʣʷʛʘʯʁʦʛʦ ʜʦ ʢʽʣʴʮ̫, ʟʤʘʟʘʪʠ ʚʘʟʝʣʽʥʦʤ, ʱʦʙ ʟʘʧʦʙʽʛʪʠ ʚʠʩʠʭʘʥʥʁ  

ʧʠʣʢʫ. ʇʨʝʜʤʝʪʥʝ ʩʢʣʦ ʟ ʢʘʤʝʨʦ  ʁʧʦʤ̔ʩʪʠʪʠ ʚ ʪʝʨʤʦʩʪʘʪ ʟ t 20-25 Áʉ. 

ɯɯ ʤʦʜʠʬʽʢʘʮʽʷ ʤʝʪʦʜʫ - ʚʠʢʦʨʠʩʪʦʚʫ ʪʁ ɹʧʨʝʜʤʝʪʥʽ ʩʢʝʣʴʮʷ, ʷʢ ̔ʤʘʶʪɹ 

ʣʫʥʢʠ, ʢʫʜʠ ʩʣʽʜ ʚʥʝʩʪʠ ʢʨʘʧʣ ʁ 10-20 % ʨʦʟʯʠʥʫ ʩʘʭʘʨʦʟʠ ʟ̔ 0,01 % ʥʘʪʨʽʶ 

ʙʦʨʘʪʫ (ʟʘʧʦʙʽʛʘ ̒ʦʩʤʦʪʠʯʥʦʤʫ ʨʦʟʨʠʚʫ ʢ̔ ʥʯʠʢʽʚ ʧʠʣʢʦʚʠʭ ʪʨʫʙʦʢ ʪʘ ʩʪʠʤʫʣʶ ̒

ʨ̔ʩʪ), ʩʪʨʫʩʠʪʠ ʥʘʜ ʢʨʘʧʣʝʶ ʩʚʽʞʦʨʦʟʢʨʠʪʠʡ ʧʠʣʷʢ.  

ʇ̔ ʩʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ ʧʨʝʧʘʨʘʪʫ ʡʦʛʦ ʦʛʣʷʜʘʶʪʴ ʧʽʜ ʤʢ̔ʨʦʩʢʦʧʦʤ ʟ 

ʦʜʥʘʢʦʚʠʤʠ ʯʘʩʦʚʠʤʠ ʽʥʪʝʨʚʘʣʘʤʠ. ʃʦʢʘʣʽʟʦʚʘʥʽ ʚ ʢʽʥʯʠʢʘʭ ʟʨʦʩʪʘʶʯʠʭ 

ʧʠʣʢʦʚʠʭ ʪʨʫʙʦʢ ʜ̫ʨʘ ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʘʬʘʨʙʦʚʫʶʪʴ ʤʝʪʦʜʦʤ ʜʦʜʘʚʘʥʥʷ ʜʦ 

ʨʦʟʯʠʥʫ ʙʘʨʚʥʠʢʽʚ - ʘʮʝʪʦʢʘʨʤʽʥʫ ʯʠ ʥʝʡʪʨʘʣʴʥʦʛʦ ʯʝʨʚʦʥʦʛʦ. 

 

ʇʨʠ ʧʽʜʛʦʪʦʚʮʽ ʜʦʩʣʽʜʫ ʛʦʪʫʶʪʴ ʥʘʩʪʫʧʥʽ ʧʨʦʙʠ: 
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1) ʢʦʥʪʨʦʣʴʥʘ (ʧʠʣʦʢ ʧʨʦʨʦʱʝʥʠʡ  ʦʜʥʠʤ ʽʟ ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ ʤʝʪʦʜʽʚ); 

2) ʧʠʣʦʢ ʧʨʦʨʦʱʝʥʠʡ ʚ ʩʝʨʝʜʦʚʠʱ̔  ʟ ʜʦʜʘʚʘʥʥʷʤ ʽʥʜʦʣʽʣʦʮʪʦʚʦ ʾʢʠʩʣʦʪʠ; 

3) ʧʠʣʦʢ ʧʨʦʨʦʱʝʥʠʡ ʚ ʩʝʨʝʜʦʚʠʱʽ ʟ ʜʦʜʘʚʘʥʥʷʤ ʛʽʙʝʨʝʣʽʥʫ; 

4) ʧʠʣʦʢ ʧʨʦʨʦʱʝʥʠʡ ʚ ʩʝʨʝʜʦʚʠʱʽ ʟ ʜʦʜʘʚʘʥʥʷʤ ʢʽʥʝʪʠʥʫ. 

 

ʇʠʣʦʢ ʧʨʦʨʦʱʫʁ ʪʴ ʫ ʪʝʨʤʦʩʪʘʪ ̔ʟʘ t 20-25Áʉ ʚʧʨʦʜʦʚʞ 1 ʛʦʜʠʥʠ. ɯʥʪʝʨʚʘʣ 

ʤʽʞ ʧʦʩ̔ʚʘʤʠ ʫ ʧʨʦʙʘʭ ʧʦʚʠʥʝʥ ʩʪʘʥʦʚʠʪʠ 10 ʭʚʠʣʠʥ. ɼʦʪʨʠʤʫʶʯʠʩ ɹʽʥʪʝʨʚʘʣʫ 

ʚ 40 ʭʚʠʣʠʥ ʦʢʫʣʨ̫ʦʤ-ʤʢ̔ʨʦʤʝʪʨʦʤ ʢʽʣʴʢʘ ʨʘʟʽʚ ʩʣʜ̔ ʚʠʤʽʨʷʪʠ ʜʦʚʞʠʥʫ ʜʝʩʷʪʠ 

ʧʠʣʢʦʚʠʭ ʪʨʫʙʦʢ ʽ ʧʦʨʽʚʥ̫ ʪʠ ʰʚʠʜʢʽʩʪɹ  ʾʭ ʨʦʩʪʫ ʚ ʢʦʥʪʨʦʣɹ ʥʽʡ ʪʘ ʜʦʩʣʽʜʥʠʭ 

ʧʨʦʙʘʭ. 

ʆʜʝʨʞʘʥ̔ ʜʘʥ,̔ ʚʠʤʽʨʷʥʽ ʚ ʤʢʤ/ʛʦʜ, ʚʥʝʩʪʠ ʚ ʪʘʙʣʠʮ ʁ12: 

 

ʊʘʙʣʠʮʷ 12 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʫ 

ʇʨʦʙʠ 

ʜʦʩʣʽʜʫ 

ʂʽʣʴʢʽʩʪʴ ʧʨʦʨʦʩʣʠʭ 

ʧʠʣʢʦʚʠʭ ʟʝʨʝʥ, ʰʪ 

ɼʦʚʞʠʥʘ ʧʠʣʢʦʚʦ ʾ

ʪʨʫʙʢʠ, ʤʢʤ 

ʐʚʠʜʢʽʩʪ ɹ

ʨʦʩʪʫ, 

ʤʢʤ/ʛʦʜ ʟʘ 40 ʭʚ ʟʘ 80 ʭʚ ʟʘ 40 ʭʚ ʟʘ 80 ʭʚ 

1) ʂʦʥʪʨʦʣ ɹ

 

     

2) + ɯʆʂ 

 

     

3) + ʛʽʙʝʨʝʣʽʥ 

 

     

4) + ʢʽʥʝʪʠʥ 

 

     

  
ɺʠʩʥʦʚʦʢ  
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ʂʦʥʪʨʦʣɹʥʽ ʟʘʧʠʪʘʥʥʷ ʪʘ ʟʘʚʜʘʥʥʷ ʜʦ ʨʦʟʜʽʣʫ çʌʽʪʦʛʦʨʤʦʥʠè 

 

1. ɼʘʡʪʝ ʚʠʟʥʘʯʝʥʥʷ ʧʦʥʷʪʪʶ ʌʽʪʦʛʦʨʤʦʥʠ. 

2. ʂʣʘʩʠʬʽʢʘʮʽʷ ʬʽʪʦʛʦʨʤʦʥ̔ ʚ. 

3. ʇʝʨʝʨʘʭʫʡʪʝ ʩʠʥʪʝʪʠʯʥʽ ʝʪʠʣʝʥ-ʧʨʦʜʫʮʝʥʪʠ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣ̫ 

ʦʙʨʦʙʢʠ ʨʦʩʣʠʥ. 

4. ɿ ʷʢʦʶ ʤʝʪʦʶ ʫ ʨʦʩʣʠʥʥʠʮʪʚʽ  ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʝʪʠʣʝʥ? 

5. ʅʘʟʚʽʪʴ ʨʦʩʣʠʥʥ ̔ʨʝʘʢʮʽʾ, ̫ ʢʽ ʻ ʚʠʷʚʦʤ ʩʠʥʝʨʛʽʯʥʦʾ ʜ̔ ʾ ʨʟ̔ʥʠʭ ʌɻ. 

6. ɼʽʷ ʛʽʙʝʨʝʣʥ̔ʽʚ ʥʘ ʨʝʧʨʦʜʫʢʪʠʚʥʠʡ ʨʦʟʚʠʪʦʢ ʨʦʩʣʠʥ 

7. ʇʝʨʝʨʘʭʫʡʪʝ ʌɻ-ʘʥʪʘʛʦʥʽʩʪʠ? 

8. ɿʚô̫ʟʦʢ ʙʦ̔ʩʠʥʪʝʟʫ ʝʪʠʣʝʥʫ  ̔ʚʤʩ̔ʪʫ ʘʫʢʩʠʥʫ ʚ ʨʦʩʣʠʥʥʠʭ ʪʢʘʥʠʥʘʭ? 

9. ʌʟ̔̔ ʦʣʦʛʽʯʥʘ ʜʽʷ ɸɹʂ: ʰʚʠʜʢʽ ʪʘ ʧʦʚʽʣʴʥʽ ʨʝʘʢʮʽʾ ʨʦʩʣʠʥ. 

10. ʗʢʘ ʨʝʮʝʧʮʽʷ ʪʘ ʚʥʫʪʨʽʰʥʴʦʢʣʽʪʠʥʥʠʡ ʤʝʭʘʥʽʟʤ ʮʠʪʦʢʽʥʽʥʦʚʦʛʦ 

ʩʠʛʥʘʣʫ? 

11. ʇʦʷʩʥ̔ʪɹ ʧʨʠʨʦʜʫ ʮʠʪʦʢʽʥʥ̔ʦʚʦ ʾʽʥʜʫʢʮʽ ʾʧ̔ʛʤʝʥʪʦʫʪʚʦʨʝʥʥʷ. 

12. ʗʢ ʟʤʽʥʶʻʪʴʩʷ ʩʪʨʫʢʪʫʨʘ ʭʣʦʨʦʧʣʘʩʪʽʚ ʧʽʜ ʚʧʣʠʚʦʤ ʮʠʪʦʢʽʥʽʥʫ? 

13. ɸʙʩʮʠʟʦʚʘ ʢʠʩʣʦʪʘ. ʉʪʨʫʢʪʫʨʘ, ʙʽʦʩʠʥʪʝʟ, ʪʨʘʥʩʧʦʨʪ ʪʘ ʬʽʟʽʦʣʦʛʽʯʥʘ 

ʘʢʪʠʚʥʽʩʪʴ. 

14. ɼʘʡʪʝ ʧʦʨʚ̔ʥʣ̫ʴʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʨʝʘʢʮʽʷʤ ʨʦʩʣʠʥ ʟʘ ʚʧʣʠʚʫ 

ʛ̔ ʙʝʨʝʣʽʥʫ  ̔ʘʫʢʩʠʥʫ. 

15. ʆʧʠʰʽʪʴ ʚʟʘʻʤʦʜʽ ʁʬʽʪʦʛʦʨʤʦʥʽʚ ʫ ʨʝʛʫʣʷʮʽʾ ʩʧʦʢʦʶ ʨʦʩʣʠʥ. 

16. ʗʢ hʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪɹ ʩʷ ʛʽʙʝʨʝʣʥ̔ʠ ʚ ʛʦʩʧʦʜʘʨʩʪʚʽ ʨʽʟʥʠʭ ʢʨʘʾʥ ʽ 

ʥʘ ̫ʢʠʭ ʨʦʩʣʠʥʘʭ? 

17. ʉʠʥʪʝʟ ʷʢʦʛʦ ʬʽʪʦʛʦʨʤʦʥʘ-ʽʥʛ̔ʙ̔ ʪʦʨʘ ʩʪʠʤʫʣʶʻ ɓ-ʽʥʜʦʣʽʣʦʮʪʦʚʘ 

ʢʠʩʣʦʪʘ? 

18. ɼʝ ʥʘ ʧʨʘʢʪʠʮ ̔ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʫʢʩʠʥʠ? 

19. ʏʠ ʤʦʞʥʘ ʪʝʩʪʫʚʘʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʨʦʩʣʠʥ ʟʘ ʨʦʟʚʠʪʢʦʤ ʢʦʨʝʥʝʚʦʾ 

ʩʠʩʪʝʤʠ ʫ ʧʨʦʨʦʩʪʢʽʚ? 

20. ʅʘʧʠʩʘʪʠ ʩʪʨʫʢʪʫʨʥʽ ʬʦʨʤʫʣʠ: ʝʪʠʣʝʥʫ, ʛʽʙʝʨʝʣ̔ ʥʦʚʦʾ ʢʠʩʣʦʪʠ, 

ʘʙʩʮʠʟʦʚʦʾ ʢʠʩʣʦʪʠ ʪʘ ʽʥʜʦʣʠʣʦʮʪʦʚʦʾ ʢʠʩʣʦʪʠ 
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ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ̄ 23 

çʆʮ̔ ʥʢʘ ʮʠʪʦʪʦʢʩʠʯʥʦ ʾʜʽʾ ʙʭ̔ʨʦʤʘʪʫ ʢʘʣʁ̔ ʪʘ ʧʝʨʦʢʩʠʜʫ ʚʦʜʥʶ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠʞʠʪʪʻʚʠʭ ʙʘʨʚʥʠʢʽʚè 

 

ʄʝʪʘ ʨʦʙʦʪʠ. ʆʮʽʥʠʪʠ ʚʧʣʠʚ ʤʦʜʝʣʴʥʠʭ ʪʦʢʩʠʢʘʥʪ̔ ʚ (K2Cr2O7 ʪʘ ʅ2ʆ2) ʥʘ 

ʫh ʢʦʜʞʝʥʥʷ ʨʦʩʣʠʥʥʠʭ ʢʣ̔ʪʠʥ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʚʪ̔ʣʦʚʦʾ ʤʢ̔ʨʦʩʢʦʧʽʾ ʪʘ 

ʧʨʠʞʠʪʪ̒ʚʦʛʦ ʙʘʨʚʥʠʢʘ.  

ʇʨʠʥʮʠʧ ʤʝʪʦʜʫ. ʄʝʪʦʜ ʩʚʽʪʣʦʚʦʾ  ʤ̔ ʢʨʦʩʢʦʧʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʨʠʞʠʪʪʻʚʠʭ ʙʘʨʚʥʠʢʽʚ ʠhʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʙʽʦʣʦʛʯ̔ʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʟ 

ʤʝʪʦʶ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʢʣ̔ʴʢʦʩʪʽ ʞʠʚʠʭ/ʤʝʨʪʚʠʭ ʢʣʽʪʠʥ ʟʘ ʚʧʣʠʚʫ ʨʽʟʥʦʤʘʥʪ̔ʥʠʭ 

ʬʽʟʠʢʦ-ʭ̔ ʤʽʯʥʠʭ ʯʠʥʥʠʢʽʚ. ʅʘʡʯʘʩʪʽʰʝ ʟ ʪʘʢʠʭ ʙʘʨʚʥʠʢʽʚ ʧʝʨʝʚʘʛʫ ʥʘʜʘʶʪʴ 

ʪʨʠʧʘʥʦʚʦʤʫ ʩʠʥɹ ʦʤʫ, ʥʝʡʪʨʘʣʴʥʦʤʫ ʯʝʨʚʦʥʦʤʫ, ʤʘʣʘʭʽʪʦʚʦʤʫ ʟʝʣʝʥʦʤʫ, 

ʤʝʪʠʣʝʥʦʚʦʤʫ ʩʠʥɹʦʤʫ ʪʘ ʽʥʠhʤ. 

ʄʝʭʘʥ̔ʟʤʠ ʚʟʘʻʤʦʜʽʾ ʢʣ̔ʪʠʥ ʽʟ ʚʽʪʘʣʴʥʠʤʠ ʙʘʨʚʥʠʢʘʤʠ ʥʘʨʘʟʽ ʽʥʪʝʥʩʠʚʥʦ 

ʜʦʩʣʽʜʞʫʶʪʩɹ.̫ ɺʽʜʦʤʦ, ɦʦ ʣʟ̔ʦʩʦʤʘʣʴʥʠʡ ʘʧʘʨʘʪ ʧʨʠʡʤʘʻ ʘʢʪʠʚʥʫ ʫʯʘʩʪɹ ʫ 

ʟʥʝʰʢʦʜʞʝʥʥʽ ʨʝʯʦʚʠʥ, ʢ̫ʽ ʧʨʦʥʠʢʘʁʪɹ ʚ ʢʣ̔ʪʠʥʫ. ɹʘʨʚʥʠʢʠ, ʧʨʦʥʠʢʘʯʠ ʚ 

ʮʠʪʦʧʣʘʟʤʫ ʢʣʽʪʠʥʠ, ʧʝʨʰʦʧʦʯʘʪʢʦʚʦ ʨʦʟʤʽʱʫʶʪʴʩʷ ʜʠʬʫʟʥʦ, ʧʽʩʣʷ ʯʦʛʦ 

ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʚ ʘʧʘʨʘʪ̔ ɻʦʣʴʜʞʽ ʷʢ ʛʨʘʥʫʣʠ, ʪʦʤʫ ʚʦʥʠ ʱʝ ʤʘʪʁʴ ʥʘʟʚʫ 

ʛʨʘʥʫʣʨ̫ʥʠʭ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʙʘʨʚʥʠʢʘ ʪʘ ʪʝʨʤʥ̔ʽʚ ʥʘʢʦʧʠʯʝʥʥʷ, 

ʟʨʦʩʪʘʻ ʷʢ ʨʦʟʤʨ̔, ʪʘʢ ʢʽʣɹʢʩ̔ʪɹ  ʪʘʢʠʭ ʛʨʘʥʫʣ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʾ ʭ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʧʦʟʘ ʤʝʞ̔ ʘʧʘʨʘʪʫ ɻʦʣʴʜʞʽ ʡ ʧʦʰʠʨʝʥʥʷ ʚ ʫʩʽʡ ʮʠʪʦʧʣʘʟʤ̔. 

ʅʘʢʦʧʠʯʫʚʘʪʠ ʛʨʘʥʫʣʠ ʤʦʞʫʪʴ ʣʠhʝ ʞʠʪʪʻʟʜʘʪʥʽ ʢʣʽʪʠʥʠ. ʋ ʧʦh ʢʦʜʞʝʥʠʭ ʽ 

ʤʝʨʪʚʠʭ ʢʣʪ̔ʠʥʘʭ ʟʘʙʘʨʚʣʝʥʥʷ ʙʘʨʚʥʠʢʦʤ ʜʠʬʫʟʥʝ, ʦʭʦʧʣʶʻ ʮʠʪʦʧʣʘʟʤʫ, ʘ 

ʪʘʢʦʞ ʷʜʨʦ. ɹʘʨʚʥʠʢʠ ʫ ʢʣʽʪʠʥʘʭ ʨʦʩʣʠʥ ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʫ ʚʘʢʫʦʣ̫ ʭ ʽ ʤʘʶʪʴ 

ʚʠʛʣʷʜ ʢʦʣʴʦʨʦʚʠʭ ʛʨʘʥʫʣ, ʢʨʘʧʣʠʥ ʯʠ ʢʨʠʩʪʘʣʽʚ ʨ̔ʟʥʦ ʾʬʦʨʤʠ  ̔ʨʦʟʤ̔ʨʫ, ʦɦ ʚ 

ʩʚʦʁ ʯʝʨʛʫ ̒ ʟʘʭʠʩʪʦʤ ʧʨʦʪʦʧʣʘʟʤʠ ʚʜ̔ ʪʦʢʩʠʯʥʦʾ ʜʽʾ ʮʠʭ ʨʝʯʦʚʠʥ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʨʝʘʢʪʠʚʠ. ʈʦʩʣʠʥʠ (ʚʘʣ̔ʩʥʝʨʽʷ, ʝʣʦʜʝʷ ʘʙʦ ʥʘʷʜʘ); ʢʘʣʽʶ 

ʙʽʭʨʦʤʘʪ K2Cr2O7 (0,01; 0,1; 1,0 ʤʛ/ʣ), ʅ2ʆ2 (0,01, 0,1, 1 %), ʙʘʨʚʥʠʢʠ 

(ʥʝʡʪʨʘʣʴʥʠʡ ʯʝʨʚʦʥʠʡ ʯʠ ʪʨʠʧʘʥʦʚʠʡ ʩʠʥ̔ʡ) ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 0,01 %. 

ʆʙʣʘʜʥʘʥʥʷ. ʄʽʢʨʦʩʢʦʧ, ʧʨʝʜʤʝʪʥʝ ʪʘ ʧʦʢʨʠʚʥʝ ʩʢʝʣʴʮʝ, ʧʽʧʝʪʢʠ, ʩʢʣ̫ʥʢʠ 

 ̔ʢʦʣʙʠ ʤ̔ʨʥ̔ ʦʙô̒ ʤʦʤ 100 ml. 

ʍʜ̔ ʨʦʙʦʪʠ. 

ɿʘʥʫʨʠʪʠ ʨʦʩʣʠʥʠ ʫ ʨʦʟʯʠʥʠ, ʱʦ ʤ̔ ʩʪʷʪʴ ʤʦʜʝʣɹ ʥ̔ ʪʦʢʩʠʢʘʥʪʠ ʨʽʟʥʦ ʾ

ʢʦʥʮʝʥʪʨʘʮʽ,ʾ ʧʦʧʝʨʝʜʥʴʦ ʚʽʜʤʽʨʥ̫ʽ ʧʦ 5-10 ʤʣ ʽ ʥʘʣʠʪʽ ʫ ʭʤ̔ʽʯʥʽ ʩʢʣʥ̫ʢʠ, ʪʘ 

ʚʠʪʨʠʤʘʪʠ ʚʧʨʦʜʦʚʞ 1 ʛʦʜʠʥʠ. ʇʽʩʣʷ ʮʴʦʛʦ ʣʠʩʪʢʠ ʮʠʭ ʨʦʩʣʠʥ ʧʝʨʝʥʝʩʪʠ ʚ 

ʨʦʟʯʠʥ 0,01 % ʥʝʡʪʨʘʣʴʥʦʛʦ ʯʝʨʚʦʥʦʛʦ ʯʠ ʪʨʠʧʘʥʦʚʦʛʦ ʩʠʥɹ ʦʛʦ ʘʥʘʣʦʛʽʯʥʦʛʦ 

ʦʙôʻʤʫ 5-  10 ʤʣ ʪʘ ʚʠʪʨʠʤʘʪʠ ʪʘʢʦʞ 1 ʛʦʜʠʥʫ. 
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ʇ̔ ʩʣʷ ʮʴʦʛʦ ʟʘʙʘʨʚʣʝʥ̔ ʨʦʩʣʠʥʠ ʧʝʨʝʥʝʩʪʠ ʥʘ ʧʨʝʜʤʝʪʥ̔ ʩʢʝʣʴʮʷ  ̔

ʧʨʠʛʦʪʫʚʘʪʠ ʧʨʝʧʘʨʘʪʠ, ʟʘ ʷʢʠʤʠ ʧʨʦʚʝʩʪʠ ʩʧʦʩʪʝʨʝʞʝʥʥ ̫ ʟ ʜʦʧʦʤʦʛʦ ʁ

ʩʚʪ̔ʣʦʚʦʾ ʤʽʢʨʦʩʢʦʧʽ.ʾ ɼʣʷ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʥʘʷʜʠ ʽ ʝʣʦʜʝʾ ʚʽʜʙʠʨʘʶʪʴ 

ʚʝʨʭ̔ʚʢʦʚʽ ʧʘʛʦʥʠ, ʫ ʚʘʣʽʩʥʝʨʽʾ ï ʪʫ ʜʽʣʷʥʢʫ ʩʪʝʙʣʘ, ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʦʩʥʦʚʽ, 

ʪʦʙʪʦ ʯʘʩʪʠʥʠ ʨʦʩʣʠʥʠ ʟ ʤʦʣʦʜʠʤʠ ʢʣʽʪʠʥʘʤʠ.  

ɿʘʣʠh ʢʠ ʩʪʝʙʣʘ ʨʦʩʣʠʥ ʧʝʨʝʥʦʩ̫ʪ ɹʫ ʧʦʩʫʜ ʟ̔ ʜʠʩʪʠʣʴʦʚʘʥʦ ʁʚʦʜʦʶ ʽ 

ʚʠʪʨʠʤʫʶʪ ɹ ʱʝ ʫʧʨʦʜʦʚʞ 1 ʛʦʜʠʥʠ ʟʘʜʣʷ ʪʦʛʦ, ʱʦʙ ʚʜ̔ʥʦʚʠʪʠ ʟʜʘʪʥ̔ʩʪɹ 

ʨʦʩʣʠʥʥʠʭ ʢʣʽʪʠʥ ʫʪʚʦʨʶʚʘʪʠ ʛʨʘʥʫʣʠ. ɻʦʪʫʁʪɹ ʪʠʤʯʘʩʦʚʽ ʧʨʝʧʘʨʘʪʠ ʜʣʷ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ. 

ʆʮʽʥʢʘ ʨ̔ ʚʥ̫ ʥʘʢʦʧʠʯʝʥʥʷ ʙʘʨʚʥʠʢʘ (ʫʪʚʦʨʝʥʥ̫ ʛʨʘʥʫʣ) ʚ ʨʦʩʣʠʥʥʠʭ 

ʢʣʽʪʠʥʘʭ ʧʨʦʚʦʜʠʪʴʩʷ ʧʦ ʥʘʩʪʫʧʥʽʡ ʰʢʘʣʽ: 

- ʛʨʘʥʫʣʠ ʥʝ ʫʪʚʦʨʠʣʠʩ ɹ(ʮʠʪʦʧʣʘʟʤʘ ʟʘʙʘʨʚʣʝʥʘ ʜʠʬʫʟʥʦ ) ï (ï); 

- ʩʣʘʙʢʠʡ (ʚ ʢʣʽʪʠʥʽ ʚʽʜʤʽʯʘʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷ ʧʦʦʜʠʥʦʢʠʭ ʛʨʘʥʫʣ) ï (+); 

- ʩʝʨʝʜʥ̔ ʡ (ʚ ʢʣʽʪʠʥʽ ʚʽʜʤʽʯʘʻʪʩɹʷ ʬʦʨʤʫʚʘʥʥʷ ʧʦʦʜʠʥʦʢʠʭ ʛʨʘʥʫʣ ʽ 

ʥʝʚʝʣʠʢʠʭ ʛʨʦʥ) ï (++); 

- ʽʥʪʝʥʩʠʚʥʠʡ (ʚ ʢʣʽʪʠʥʽ ʚʽʜʤʽʯʘʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷ ʚʝʣʠʢʠʭ ʛʨʦʥ ʛʨʘʥʫʣ) 

ï (+++). 

ʆʮʽʥʢʘ ʩʪʫʧʝʥ̫ ʟʘʙʘʨʚʣʝʥʥ ̫ ʚ ʨʦʩʣʠʥʥʠʭ ʢʣʽʪʠʥʘʭ ʧʨʦʚʦʜʠʪʴʩʷ ʧʦ 

ʥʘʩʪʫʧʥʽʡ ʰʢʘʣʽ: 

- ʚʽʜʩʫʪʥ̒ ʟʘʙʘʨʚʣʝʥʥ̫ ï 0; 

- ʩʣʘʙʢʠʡ ʢʦʣʨ̔ (ʩʚʽʪʣʦ-ʨʦʞʝʚʠʡ) ï 1; 

- ʩʝʨʝʜʥ̔ ʡ ʢʦʣʽʨ ( ʥ̔ʪʝʥʩʠʚʥʦ-ʨʦʞʝʚʠʡ) ï 2;  

- ʽʥʪʝʥʩʠʚʥʠʡ ʢʦʣʽʨ (ʷʩʢʨʘʚʦ-ʤʘʣʠʥʦʚʠʡ) ï 3.  

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʦʬʦʨʤʠʪʠ ʫ ʚʠʛʣʜ̫̔ ʪʘʙʣʠʮʽ: 

ʊʘʙʣʠʮʷ 13 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʫ  

ɺʠʜ 

ʨʦʩʣʠʥʠ 

ʂʦʥʮʝʥʪʨʘʮʽʷ 

ʪʦʢʩʠʢʘʥʪʘ 

 

ɿʘʙʘʨʚʣʝʥʥʷ ʢʣʽʪʠʥ 

ʧʽʩʣʷ ʝʢʩʧʦʟʠʮʽʾ ʚ 

ʨʦʟʯʠʥʘʭ ʪʦʢʩʠʢʘʥʪʘ 

ɿʘʙʘʨʚʣʝʥʥʷ ʢʣʽʪʠʥ 

ʧʽʩʣʷ 

ʝʢʩʧʦʟʠʮʽʾ ʚ ʨʦʟʯʠʥʘʭ 

ʪʦʢʩʠʢʘʥʪʘ ʽ ʯʠʩʪʽʡ 

ʚʦʜʽ 

ʛʨʘʥʫʣʷʨʥʝ ʜʠʬʫʟʥʝ ʛʨʘʥʫʣʷʨʥʝ ʜʠʬʫʟʥʝ 
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ɺʠʩʥʦʚʦʢ 

 

 

 

 

ɿʘʧʠʪʘʥʥ̫: 

1. ʑʦ ʪʘʢʝ ʚʪ̔ʘʣʴʥ ̔ʙʘʨʚʥʠʢʠ, ʥʘʟʚʽʪʴ ʾʭ? 

2. ʗʢʽ ʤʝʭʘʥʽʟʤʠ ʦʙʫʤʦʚʣʶʶʪʴ ʙʝʟʧʝʨʝʢhʦʜʥʝ ʧʨʦʥʠʢʥʝʥʥʷ ʚʽʪʘʣʴʥʠʭ 

ʙʘʨʚʥʠʢ̔ʚ ʫ ʮʠʪʦʧʣʘʟʤʫ? 

3. ʅʘʟʚʽʪʴ ʦʨʛʘʥʦʾ ʜʠ ʢʣʽʪʠʥ ʨʦʩʣʠʥʠ, ʱʦ ʘʢʫʤʫʣʁʶʪʴ ʚʽʪʘʣɹʥ̔ ʙʘʨʚʥʠʢʠ ʪʘ 

ʪʦʢʩʠʯʥ̔ ʨʝʯʦʚʠʥʠ? 

4. ʇʝʨʝʨʘʭʫʡʪʝ ʯʠʥʥʠʢʠ, ʱʦ ʦʙʫʤʦʚʣʶʶʪʴ ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ ʙʘʨʚʥʠʢʽʚ ʫ ʨʽʟʥʠʭ 

ʯʘʩʪʠʥʘʭ ʢʣʽʪʠʥʠ? 

 

 

 

 

ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ 24  

çʂ̔ ʣʢɹʽʩʥʝ ʚʠʟʥʘʯʝʥʥʷ ʥʽʪʨʘʪʚ̔ ʫ ʨʦʩʣʠʥʘʭè  

 

ʄʝʪʘ ʨʦʙʦʪʠ: ʚʠʟʥʘʯʠʪʠ ʚʤʽʩʪ ʥʽʪʨʘʪʽʚ ʚ ʨʽʟʥʠʭ ʨʦʩʣʠʥʘʭ hʣ̫ʭʦʤ 

ʧʦʨʽʚʥʷʥʥ̫ ʟʘʙʘʨʚʣʝʥʥʷ ʟ ʢʦʥʪʨʦʣʥɹʠʤʠ ʢʦʥʮʝʥʪʨʘʮʽ̫ ʤʠ ʥʽʪʨʘʪʽʚ. 

ʈʦʩʣʠʥʠ ʟʘʩʚʦʶʶʪʴ ʤ̔ʥʝʨʘʣʴʥʽ ʨʝʯʦʚʠʥʠ ʟ ʛʨʫʥʪʫ ʫ ʬʦʨʤʽ ʨʽʟʥʠʭ 

ʩʧʦʣʫʢ. ɸʟʦʪ ʚ ʧʨʦʮʝʩʽ ʞʠʚʣʝʥʥ̫ ʚʠʢʦʨʠʩʪʦʚʫʶ̒ʪʩɹ ̫ ʨʦʩʣʠʥʘʤʠ ʚ ʨʽʟʥʠʭ 

ʬʦʨʤʘʭ, ʟʦʢʨʝʤʘ ʫ ʚʠʛʣʷʜʽ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʘʟʦʪʫ ʧʦʚ̔ʪʨ̫, ʘʙʦ ʥ̔ʪʨʘʪʥʦ ʾʪʘ 

ʘʤʦʥʽʡʥʦ ʾʬʦʨʤʠ, ʘʙʦ ʦʨʛʘʥʯ̔ʥʦʛʦ ʘʟʦʪʫ. 

ʅ̔ ʪʨʘʪʥʘ ʬʦʨʤʘ ʘʟʦʪʫ ʻ ʥʘʡʦʧʪʠʤʘʣʥɹ̔ ʰʦʶ ʜʣ̫ ʞʠʚʣʝʥʥʷ ʨʦʩʣʠʥʥʦʛʦ 

ʦʨʛʘʥʽʟʤʫ. ʈʦʩʣʠʥʠ ʧʦʛʣʠʥʘʶʪʴ ʥ̔ ʪʨʘʪʠ (ʩʦʣ̔ ʘʟʦʪʥʦʾ ʢʠʩʣʦʪʠ) ʢʦʨʝʥʝʚʦʶ 

ʩʠʩʪʝʤʦ  ʁ ʪʘ ʚ̔ ʜʥʦʚʣʪʁɹ ʾʭ ʜʦ ʘʤʽʘʢʫ. ʇʨʠ ʘʥʘʙʦʣʽʯʥʦʤʫ ʧʝʨʝʪʚʦʨʝʥʽ, 

ʟʦʢʨʝʤʘ ʚ ʨʝʘʢʮʽ̫ʭ ʪʨʘʥʩʘʤʥ̔ʫʚʘʥʥʷ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʘʤ̔ ʘʢʫ ʟ ʢʝʪʦʢʠʩʣʦʪʘʤʠ 

ʫʪʚʦʨʶʶʪʴʩʷ ʘʤ̔ ʥʦʢʠʩʣʦʪʠ. ʊʘʢʦʞ, ʧʽʜ ʜʽʻʁ ʨ̔ʟʥʠʭ ʯʠʥʥʠʢʽʚ ʥʽʪʨʘʪ ʤʦʞʝ 

ʧʨʦʭʦʜʠʪʠ ʧʘʨʝʥʭ̔ʤʫ ʢʦʨʝʥ ̫ʨʦʩʣʠʥʠ ʚ ʥʝʟʤʽʥʥʦʤʫ ʚʠʛʣʜ̫ʽ ̔ ʧʦ ʢʩʠʣʝʤ ̔ʟ 

ʚʠʩʭʽʜʥʠʤ ʪʦʢʦʤ ʧʦʪʨʘʧʣʷʪʠ ʜʦ ʣʠʩʪʢ̔ʚ, ʚ ʢ̫ʠʭ ʥ̔ ʪʨʘʪ ʬʦʪʦʭʽʤ̔ ʯʥʠʤ ʰʣʷʭʦʤ 

ʚʜ̔ʥʦʚʣʁ̒ ʪɹʩʷ ʜʦ ʘʤʽʘʢʫ. 

ʅ̔ʪʨʘʪʠ, ʧʨʠ ʥʝʨʘʮʽʦʥʘʣʴʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥ ̔ ʘʛʨʦʭʽʤʽʢʘʪʽʚ, ʟʦʢʨʝʤʘ 

ʧʦʥʘʜʥʦʨʤʦʚʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥ̔ ʘʟʦʪʥʠʭ ʜʦʙʨʠʚ ʽ ʟʘ ʥʝʜʦʩʪʘʪʥʴʦʛʦ 

ʦʩʚ̔ʪʣʝʥʥ,̫ ʟʜʘʪʥʽ ʥʘʢʦʧʠʯʫʚʘʪʠʩ ɹ ʚ ʨʦʩʣʠʥʘʭ, ʧʣʦʜʘʭ, ʦʚʦʯʘʭ. 
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ʉʝʨʝʜʥʴʦʜʦʧʫʩʪʠʤʠʡ ʚʤʽʩʪ ʥʽʪʨʘʪʚ̔ ʚ ʦʚʦʯʘʭ ʽ ʬʨʫʢʪʘʭ ʩʪʘʥʦʚʠʪʴ 2-3 ʤʛ ʥʘ   

1 ʢʛ ʾʭ ʩʠʨʦʾ ʤʘʩʠ. ʅʘʡʙʽʣʴʰʝ ʥʘʢʦʧʠʯʝʥʥʷ ʥ̔ ʪʨʘʪʚ̔ ʚʠʷʚʣʝʥʦ ʫ ʣʠʩʪʦʚʽʡ 

ʟʝʣʝʥ,̔ ʨʝʜʠʩʮʽ, ʢʘʧʫʩʪʽ, ʙʫʨ̫ʢʫ, ʤʦʨʢʚ̔ ʪʘ ʽʥ.,  ʚ ʢʦʨʝʥʝʧʣʦʜʘʭ ʚʦʥʠ 

ʣʦʢʘʣʽʟʫʶʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ (ʙʣʠʞʯʝ ʜʦ ʣʠʩʪʢʽʚ). 

ʆʪʞʝ, ʚʤʽʩʪ ʥʪ̔ʨʘʪ̔ ʚ ʻ ʚʘʞʣʠʚʠʤ ʧʦʢʘʟʥʠʢʦʤ ʦʮʽʥʢʠ ̫ʢʦʩʪʽ ʨʦʩʣʠʥʥʦʾ 

ʧʨʦʜʫʢʮ̔ʾ, ʷʢʫ ʩʧʦʞʠʚʘʶʪʴ ʟ ʾʞʝʁ . 

ʄʘʪʝʨ̔ʘʣʠ ʪʘ ʨʝʘʢʪʠʚʠ: ʢʦʨʝʥʝʧʣʦʜʠ (ʤʦʨʢʚʘ, ʙʫʨʷʢ), ʢʦʥʪʨʦʣʴʥʠʡ 

ʨʦʟʯʠʥ ʥʽʪʨʘʪʽʚ (1,631 ʛ ʭʽʤʽʯʥʦ ʯʠʩʪʦʛʦ ʩʫʭʦʛʦ ʢʘʣʽʶ ʥʽʪʨʘʪʫ KNO3 

ʨʦʟʯʠʥʠʪʠ ʫ ʥʝʚʝʣʠʢʦʤʫ ʦʙô̒ ʤʽ ʜʠʩʪʠʣʴʦʚʘʥʦ ʾ ʚʦʜʠ ʪʘ ʜʦʚʝʩʪʠ ʜʦ 1 ʣ), 

ʜʠʬʝʥʽʣʘʤʽʥ (0,5 %), ʨʦʟʯʠʥʝʥʠʡ ʚ ʢʦʥʮʝʥʪʨʦʚʘʥ̔ʡ ʩʫʣʴʬʘʪʥʽʡ ʢʠʩʣʦʪʽ, 

ʜʨ̔ʙʥʘ ʪʝʨʢʘ, ʤʘʨʣʷ. ʩʢʘʣɹ ʧʝʣ,ɹ ʧʽʧʝʪʢʠ, ʬʘʨʬʦʨʦʚʽ ʩʪʘʢʘʥʯʠʢʠ. 

ʍʽʜ ʨʦʙʦʪʠ 

1. ʇ̔ ʜʛʦʪʫʚʘʪʠ ʩʪʘʥʜʘʨʪʠ, ʚ ʷʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽ̫ ʂNO3 ʚ  ʨʦʟʨʘʭʫʥʢʫ ʥʘ 

1 ʣ ʩʪʘʥʦʚʠʪʴ 10 ʤʛ, 125 ʤʛ, 250 ʤʛ, 500 ʤʛ  ̔1000 ʤʛ. 

2. ʉʪʘʥʜʘʨʪʠ ʂNO3 ʨʦʟʤʽʩʪʠʪʠ ʚ ʬʘʨʬʦʨʦʚʠʭ ʩʪʘʢʘʥʯʠʢʘʭ ʪʘʢ, ʱʦʙ ʾʭ 

ʧʦʨʷʜʦʢ ʙʫʚ ʚʽʜ ʥʠʞʯʦʾ ʢʦʥʮʝʥʪʨʘʮʽ ʾʜʦ ʚʠʱʦʾ. 

3. ɺ ʜʦʩʣʽʜʥʽ ʻʤʥʦʩʪʽ ʚʥʝʩʪʠ ʧʦ 2 ʢʨʘʧʣ̔ ʚʠʯʘʚʣʝʥʦʛʦ ʩʦʢʫ ʟ 

ʧʽʜʛʦʪʦʚʣʝʥʠʭ ʪʘ ʛʦʤʦʛʝʥʽʟʦʚʘʥʠʭ ʢʦʨʝʥʝʧʣʦʜʽʚ. 

4. ɺ ʩʪʘʢʘʥʯʠʢʠ ʟʽ ʩʪʘʥʜʘʨʪʘʤʠ ʽ ʩʦʢʦʤ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʢʦʨʝʥʝʧʣʦʜʽʚ 

ʚʥʝʩʪʠ ʧʦ 1 ʢʨʘʧʣ̔ ʜʠʬʝʥʽʣʘʤʽʥʫ. ʇʨʠ ʚʟʘʤ̒ʦʜʽʾ ʨʝʘʢʪʠʚʫ ʟ ʘʟʦʪʦʤ ʚʧʨʦʜʦʚʞ 

1-2 ʭʚʠʣʠʥ ʟô̫ʚʣ̫ʻʪʴʩʷ ʟʘʙʘʨʚʣʝʥʥʷ. ʏʝʨʝʟ ʰʚʠʜʢʫ ʟʤʽʥʫ ʢʦʣʴʦʨʫ, 

ʧʦʨʽʚʥʷʥʥʷ ̔ʥʪʝʥʩʠʚʥʦʩʪʽ ʢʦʣʴʦʨʽʚ ʫ ʜʦʩʣ̔ ʜʥʠʭ ʩʪʘʢʘʥʯʠʢʘʭ ʟ̔ ʩʪʘʥʜʘʨʪʘʤʠ, 

ʱʦ ʤʘʶʪʴ ʨʽʟʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʢʘʣʽʶ ʥʽʪʨʘʪʫ, ʥʝʦʙʭʽʜʥʦ ʢ̫ʥʘʡʰʚʠʜʰʝ.  

 

ʊʘʙʣʠʮ̫ 14 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʫ 

ʆʙôʻʢʪ ɿʘʙʘʨʚʣʝʥʥ̫ ʂʽʣʴʢʽʩʪɹ ʥ̔ʪʨʘʪʽʚ 

ʂ   

10 ʤʛ    

125 ʤʛ   

250 ʤʛ   

500 ʤʛ   

1000 ʤʛ   
  
 ʋ ʚʠʩʥʦʚʢʫ ʚʢʘʟʘʪʠ, ʚ ʷʢʠʭ ʦʨʛʘʥʘʭ ʜʦʩʣʽʜʥʠʭ ʨʦʩʣʠʥ ʧʨʦʭʦʜʠʪʴ 

ʚʽʜʥʦʚʣʝʥʥ̫ ʥ̔ʪʨʘʪ̔ ʚ ʽ ̫ʢ ʟʦʚʥʽʥh̔  ʫʤʦʚʠ ʚʧʣʠʚʘʶʪʴ ʥʘ ʭʾ ʚʤ̔ ʩʪ ʫ ʨʦʩʣʠʥʘʭ. 
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ɺʠʩʥʦʚʦʢ 

 

 

 

 

ɿʘʧʠʪʘʥʥʷ: 

 1. ʗʢ ʚʜ̔ʙʫʚʘʻʪʴʩʷ ʫ ʨʦʩʣʠʥʘʭ ʧʝʨʝʪʚʦʨʝʥʥ ̫ ʥʽʪʨʘʪʥʦ ʾ ʬʦʨʤʠ ʚ 

ʘʤʦʥʽʡʥʫ? 

 2. ʅʘʟʚʽʪʴ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʚʤ̔ʩʪʫ ʥʽʪʨʘʪʽʚ ʫ ʨʦʩʣʠʥʘʭ? 

 3. ɺ ʧʨʦʮʝʩʽ ʞʠʚʣʝʥʥʷ ʷʢʠʤʠ ʰʣʷʭʘʤʠ ʨʦʩʣʠʥʘ ʤʦʞʝ ʦʪʨʠʤʫʚʘʪʠ ʘʟʦʪ? 

 4. ʗʢʘ ʜʦʧʫʩʪʠʤʘ ʥʦʨʤʘ ʥ̔ ʪʨʘʪʚ̔ ʽ ʥ̔ ʪʨʠʪ̔ʚ ʚ ʨʦʩʣʠʥʥ̔ʡ ʩʠʨʦʚʠʥʽ? 

 5. ɺ ̫ʢʠʭ ʦʨʛʘʥʘʭ ʨʦʩʣʠʥʠ ʥʽʪʨʘʪʠ ʧʜ̔ʜʘʁ ʪʩɹ̫  ʧʝʨʝʪʚʦʨʝʥʥʤ̫? 

 

 

 

ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ 25  

çʆʜʝʨʞʘʥʥʷ ʨʦʟʯʠʥʫ ʬʝʦʬʽʪʠʥʫ ʪʘ ʤʝʪʘʣʦʟʘʤʽʱʝʥʦʛʦ ʭʣʦʨʦʬʽʣʫè 

 

ʍʣʦʨʦʬʽʣ ʚʽʜʽʛʨʘʻ ʧʨʦʚʽʜʥʫ ʨʦʣʴ ʫ ʧʨʦʮʝʩʽ ʬʦʪʦʩʠʥʪʝʟʫ, ʦʩʢ̔ ʣʴʢʠ 

ʟʘʙʝʟʧʝʯʫʻ ʩʚʽʪʣʦʧʦʛʣʠʥʘʥʥʷ, ʧʝʨʝʜʘʯʫ ʝʥʝʨʛʽʾ ʪʘ ʝʣʝʢʪʨʦʥʽʚ.  

ʍʣʦʨʦʬʽʣ  ̒ ʩʢʣʘʜʥʠʤ ʝʬʽʨʦʤ ʜʠʢʘʨʙʦʥʦʚʦʾ ʭʣʦʨʦʬʽʣʥ̔ʦʚʦʾ ʢʠʩʣʦʪʠ ʟ 

ʤʝʪʠʣʦʚʠʤ ʩʧʠʨʪʦʤ ʪʘ ʬʽʪʦʣʦʤ. ɸʪʦʤ ʄg2+ ʚ ʩʪʨʫʢʪʫʨʽ ʭʣʦʨʦʬʽʣʫ ʟʫʤʦʚʣʶʻ 

ʟʝʣʝʥʝ ʟʘʙʘʨʚʣʝʥʥʷ ʧʽʛʤʝʥʪʫ. ɺʤʽʩʪ ʭʣʦʨʦʬʽʣʫ ʚ ʨʦʩʣʠʥʘʭ ʧʽʜ ʯʘʩ ʚʝʛʝʪʘʮʽʾ 

ʟʘʟʥʘʻ ʧʦʩʪʽʡʥʠʭ ʟʤʽʥ: ʟʨʦʩʪʘ ̒ ʜʦ ʥʘʩʪʘʥʥʷ ʬʘʟʠ ʮʚʽʪʽʥʥʷ ʪʘ ʧʦʩʪʫʧʦʚʦ 

ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ ʟʘʢʽʥʯʝʥʥ ̫ʚʝʛʝʪʘʮʽʾ.  

ʄʘʪʝʨʽʘʣʠ ʽ ʨʝʘʢʪʠʚʠ: ʣʠʩʪʷ, 95 % ʝʪʠʣʦʚʠʡ ʩʧʠʨʪ, 10 % ʨʦʟʯʠʥ HCl, 

ʮʠʥʢʫ ʘʮʝʪʘʪ ʢʨʠʩʪʘʣʽʯʥʠʡ. 

ʆʙʣʘʜʥʘʥʥʷ: ʩʪʫʧʢʘ ʢʝʨʘʤʽʯʥʘ ʟ ʪʦʚʢʘʯʠʢʦʤ, ʧʨʦʙʽʨʢʠ, ʢʦʣʙʘ, 

ʬʽʣʴʪʨʫʚʘʣʴʥʠʡ ʧʘʧʽʨ, ʩʧʠʨʪ̔ʚʢʘ, ʣʽʡʢʘ ʩʢʣ̫ʥʘ, ʬʦʣʴʛʘ. 

 

ʍʽʜ ʨʦʙʦʪʠ 

ɺʽʜʚʘʞʠʪʠ 0,5 ʛ ʣʠʩʪʷ  ̔ʧʝʨʝʪʝʨʪʠ ʚ ʩʪʫʧʮʽ ʧʦʩʪʫʧʦʚʦ ʜʦʜʘʯʁʠ 5-6 ʤʣ 

ʝʪʠʣʦʚʦʛʦ ʩʧʠʨʪʫ. ʇʨʦʬʽʣʴʪʨʫʚʘʪʠ ʦʪʨʠʤʘʥʫ ʤʘʩʫ ʯʝʨʝʟ ʧʘʧʝʨʦʚʠʡ ʬʽʣʴʪʨ. ʋ 

ʧʝʨʰʫ ʧʨʦʙʽʨʢʫ ʚʥʝʩʪʠ 2-3 ʤʣ ʬʽʣʴʪʨʘʪʫ ʽ ʜʦʜʘʪʠ 2 ʢʨʘʧʣʽ 10 % ʨʦʟʯʠʥʫ HCl. 

ʇ̔ ʜ ʯʘʩ ʨʫʡʥʫʚʘʥʥ̫ ʤʝʪʘʣʦʦʨʛʘʥʽʯʥʦʛʦ ʟʚô̫ ʟʢʫ ʚʪʨʘʯʘʻʪʴʩʷ ʽʦʥ ʤʘʛʥʽʶ ʪʘ 

ʫʪʚʦʨʶʻʪʴʩʷ ʬʝʦʬʽʪʠʥ, ʧʨʠ ʮʴʦʤʫ ʚʽʜʙʫʚʘʻʪʩɹʷ ʟʤʽʥʘ ʢʦʣɹʦʨʫ ʨʦʟʯʠʥʫ.  
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ʋ ʜʨʫʛʫ ʧʨʦʙʽʨʢʫ ʪʘʢʦʞ ʚʥʝʩʪʠ 2-3 ʤʣ ʬʽʣɹʪʨʘʪʫ, ʜʦʜʘʪʠ ʢʽʣʴʢʘ ʢʨʠʩʪʘʣʽʚ 

ʮʠʥʢʫ ʘʮʝʪʘʪʫ ,̔ ʧʦʧʝʨʝʜʥʴʦ ʥʘʢʨʠʚʰʠ ʧʨʦʙʽʨʢʫ ʬʦʣʴʛʦʶ, ʟʘʢʠʧô̫ ʪʠʪʠ. 

ʋʪʚʦʨʶʻʪɹʩʷ ʘʥʘʣʦʛ ʭʣʦʨʦʬʽʣʫ (ʽʦʥ ʮʠʥʢʫ ʚʙʫʜʦʚʫʻʪʴʩʷ ʟʘʤʽʩʪʴ ʽʦʥʘ ʤʘʛʥʽʶ). 

ɺʠʩʥʦʚʢʠ. 

 

 

 

 

ɿʘʧʠʪʘʥʥʷ:  

1. ʗʢʘ ʫʣʴʪʨʘʩʪʨʫʢʪʫʨʘ ʭʣʦʨʦʧʣʘʩʪʽʚ. 

2. ɼʣʷ ʨʦʟʚʠʪʢʫ ʷʢʠʭ ʧʣʘʩʪʠʜ ʧʦʪʨʽʙʥʝ ʩʚʽʪʣʦ? 

3. ʅʘʟʚʽʪʴ ʨʦʣʴ ʭʣʦʨʦʧʣʘʩʪʽʚ ʫ ʨʦʩʣʠʥʥʽʡ ʢʣʽʪʠʥ.̔ 

4. ɺʢʘʞʽʪʴ, ʚ ʷʢʽʡ ʪʢʘʥʠʥʽ ʣʠʩʪʢʽʚ ʬʦʪʦʩʠʥʪʝʟ ʥʘʡʰʚʠʜʰʠʡ? 

 

 

 

 

ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ 26 

çɺ̔ ʜʥʦʚʣʝʥʥʷ ʮʠʪʦʭʨʦʤʫ ʩè 

 

ʄʝʪʘ ʨʦʙʦʪʠ. ɼʦʩʣʽʜʠʪʠ ʟʜʘʪʥʽʩʪʴ ʜʦ ʚ̔ʜʥʦʚʣʝʥʥʷ ʮʠʪʦʭʨʦʤʫ ʩ. 

 ʎʠʪʦʭʨʦʤ ʩ ʻ ʚʘʞʣʠʚʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʝʣʝʢʪʨʦʥʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʣʘʥʮʶʛʘ ʤʽʪʦʭʦʥʜʨʽʡ, ʨʦʣʴ ʷʢʦʛʦ ʧʦʣʷʛʘʻ ʫ ʟʘʙʝʟʧʝʯʝʥʥ̔ ʪʨʘʥʩʧʦʨʪʫ ʝʣʝʢʪʨʦʥʽʚ 

ʥʘ ʜʽʣʷʥʮ ̔ʜʠʭʘʣʴʥʦʛʦ ʣʘʥʮʶʛʘ ʤʽʞ ʮʠʪʦʭʨʦʤʘʤʠ ʚ ʽ ʘ. ʎʠʪʦʭʨʦʤ ʩ - ʩʢʣʘʜʥʠʡ 

ʙʽʣʦʢ, ʱʦ ʚʢʣʶʯʘʻ ʧʨʦʩʪʝʪʠʯʥʫ ʛʨʫʧʫ, ʷʢʘ ʻ ʧʦʭʽʜʥʦ  ʁʧʨʦʪʦʧʦʨʬʽʨʠʥʫ ɯʍ ʽ 

ʚʢʣʶʯʘʻ ʦ̔ʥʠ ʬʝʨʫʤʫ ï ʤʝʪʘʣʫ ʟʽ ʟʤʽʥʥʦʶ ʚʘʣʝʥʪʥʽʩʪʶ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʟʜʽʡʩʥʶʚʘʪʠ ʧʝʨʝʭʽʜ ʟ ʦʢʠʩʥʝʥʦʾ ʫ ʚʽʜʥʦʚʣʝʥʫ ʬʦʨʤʫ. ɿʘʚʜʷʢʠ ʪʘʢʠʤ 

ʚʣʘʩʪʠʚʦʩʪʷʤ ʮʠʪʦʭʨʦʤʫ ʩ ʻ ʚʘʞʣʠʚʦʶ ʣʘʥʢʦʶ ʧʨʦʮʝʩʽʚ ʙʽʦʣʦʛʽʯʥʦʛʦ 

ʦʢʠʩʥʝʥʥʷ. 

ʇʨʠʥʮʠʧ ʤʝʪʦʜʫ. ɸʩʢʦʨʙʽʥʦʚʘ ʢʠʩʣʦʪʘ ʟʜʘʪʥʘ ʚʜ̔ʥʦʚʣʶʚʘʪʠ ʮʠʪʦʭʨʦʤ ʩ ʽ 

ʦʢʠʩʥʶʁʯʠʩʴ ʫʪʚʦʨʶʚʘʪʠ ʜʠʛʽʜʨʦʘʩʢʦʨʙʽʥʦʚʫ ʢʠʩʣʦʪʫ. ɿʘʚʜʷʢʠ ʚʽʜʥʦʚʣʝʥʥʁ  

ʮʠʪʦʭʨʦʤʫ ʩ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʥ̔ʘ ʟʘʙʘʨʚʣʝʥʥʷ ʨʦʟʯʠʥʫ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʨʝʘʢʪʠʚʠ: ʩʚʽʞʘ  ʨʦʩʣʠʥʥʘ ʪʢʘʥʠʥʘ, ʜʠʩʪʠʣʴʦʚʘʥʘ ʚʦʜʘ, 0,5ʄ 

ʨ-ʥ ʘʩʢʦʨʙʽʥʦʚʦʾ ʢʠʩʣʦʪʠ. 

ʆʙʣʘʜʥʘʥʥʷ: ʪhʘʪʠʚ ʟ ʧʨʦʙʽʨʢʘʤʠ, ʪʝʨʢʘ, ʥʦʞʠʮʽ, ʤʘʨʣʷ, ʬʘʨʬʦʨʦʚʽ 

ʩʪʫʧʢʠ, ʤʽʨʥʠʡ ʮʠʣʽʥʜʨ, ʩʢʣʷʥʽ ʣʽʡʢʠ, ʧʘʧʝʨʦʚʽ ʬʽʣʴʪʨʠ, ʚʘʛʠ. 
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ʍʽʜ ʨʦʙʦʪʠ. 

5 ʛ ʨʦʩʣʠʥʥʦʾ ʪʢʘʥʠʥʠ (ʣʠʩʪʷ, ʧʣʦʜʠ) ʨʝʪʝʣʴʥʦ ʧʦʜʨʽʙʥʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʥʦʞʠʮʴ ʘʙʦ ʪʝʨʢʠ ʽ ʧʝʨʝʪʝʨʪʠ ʪʦʚʢʘʯʠʢʦʤ ʚ ʩʪʫʧʮʽ ʜʦ ʛʦʤʦʛʝʥʥʦʾ ʤʘʩʠ, 

ʧʦʩʪʫʧʦʚʦ ʜʦʜʘʶʯʠ ʜʠʩʪʠʣʴʦʚʘʥʫ ʚʦʜʫ (ʯʦʪʠʨʠʢʨʘʪʥʠʡ ʦʙôʻʤ). 

ʆʪʨʠʤʘʥʫ ʤʘʩʫ ʚ̔ ʜʬʽʣʴʪʨʫʚʘʪʠ ʯʝʨʝʟ ʧʘʧʝʨʦʚʠʡ ʬʽʣʴʪʨ ʘʙʦ ʢʽʣʴʢʘ ʰʘʨʽʚ 

ʤʘʨʣʽ, ʧʨʦʤʠʚʘʶʯʠ ʦʩʘʜ ʥʘ ʬʣ̔ʴʪʨ ̔ ʜʠʩʪʠʣʴʦʚʘʥʦʁ  ʚʦʜʦʶ ʜʦ ʧʨʦʟʦʨʦʩʪʽ 

ʩʪʢ̔ʘʶʯʦʾ ʨʽʜʠʥʠ. ʎʝʡ ʦʩʘʜ ʤʩ̔ʪʠʪʴ ʢʦʤʧʣʝʢʩ ʮʠʪʦʭʨʦʤʚ̔, ʜʝʛʽʜʨʦʛʝʥʘʟʠ, 

ʮʠʪʦʭʨʦʤʦʢʩʠʜʘʟʫ. ʪʘ ʽʥʰʽ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥ:̫ 

ʧʝʨʝʥʝʩʪʠ ʡʦʛʦ ʟ ʬʽʣʴʪʨʫ ʚ ʧʨʦʙʽʨʢʫ ʪʘ ʚʥʝʩʪʠ ʟ ʜʦʧʦʤʦʛʦʶ ʧʽʧʝʪʢʠ 2 ʤʣ 0,5 ʄ 

ʨʦʟʯʠʥʫ ʘʩʢʦʨʙʽʥʦʚʦʾ ʢʠʩʣʦʪʠ. ʈʝʟʫʣʴʪʘʪʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘʧʠʩʘʪʠ  ̔ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ.  

ɺʠʩʥʦʚʦʢ 

 

 

 

 

ɿʘʧʠʪʘʥʥʷ:  

1. ʅʘʧʠʰ̔ʪʴ ʩʭʝʤʫ ʧʝʨʝʥʝʩʝʥʥʷ ʝʣʝʢʪʨʦʥʽʚ ʚ ʩʠʩʪʝʤʽ ʮʠʪʦʭʨʦʤʽʚ. 

2. ʏʠʤ ʧʦʜʽʙʥʽ ʪʘ ʚʽʜʤʽʥʥʽ ʙʫʜʦʚʘ  ̔ʬʫʥʢʮʽ ʾʛʝʤʦʛʣʦʙʽʥʫ ʪʘ  ʮʠʪʦʭʨʦʤʽʚ? 

3. ʗʢʘ ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʨʦʣʴ ʧʝʨʝʭʦʜʫ ʮʠʪʦʭʨʦʤʫ ʩ ʟ̔ ʦʢʠʩʥʝʥʦʾ ʫ ʚʽʜʥʦʚʣʝʥʫ 

ʬʦʨʤʫ? 

4. ʗʢʽ ʪʠʧʠ ʮʠʪʦʭʨʦʤʽʚ ʚʠ ʟʥʘʻʪʝ ʽ ʚ ʯʦʤʫ ʧʦʣʷʛʘʻ ʚʽʜʤʽʥʥʽʩʪʴ ʤʽʞ ʥʠʤʠ? 

5. ɼʝ ʣʦʢʘʣʽʟʦʚʘʥʽ ʦʩʥʦʚʥʽʢʦʤʧʦʥʝʥʪʠ ʮʠʪʦʭʨʦʤʥʦʾ ʩʠʩʪʝʤʠ? 

 

 

ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ 27 

çɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʬʦʩʬʦʨʠʣʶʶʯʦʛʦ ʦʢʠʩʥʝʥʥè̫ 

 

ʄʝʪʘ ʨʦʙʦʪʠ. ɺʩʪʘʥʦʚʠʪʠ ʧʨʝʙʽʛ ʧʨʦʮʝʩʫ ʬʦʩʬʦʨʠʣʶʶʯʦʛʦ ʦʢʠʩʥʝʥʥʷ ʚ 

ʤʪ̔ʦʭʦʥʜʨʽʷʭ ʨʦʩʣʠʥ. 

ʇʨʦʮʝʩ ʩʠʥʪʝʟʫ ʘʜʝʥʦʟʠʥʪʨʠʬʦʩʬʘʪʫ ʟ ʘʜʝʥʦʟʠʥʜʠʬʦʩʬʘʪʫ ʪʘ ʟʘʣʠʰʢʫ  

ʬʦʩʬʘʪʥʦʾ ʢʠʩʣʦʪʠ, ʷʢʠʡ ʧʦʻʜʥʘʥʠʡ ʟ ʧʨʦʮʝʩʘʤʠ ʦʢʠʩʥʝʥʥʷ ʚ ʢʣʽʪʠʥʘʭ, ʤʘʻ 

ʥʘʟʚʫ ʬʦʩʬʦʨʠʣʶʶʯʝ ʦʢʠʩʥʝʥʥʷ. ɿʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʟʘ ʷʢʠʤ ʧʨʠʥʮʠʧʦʤ 

ʚʽʜʙʫʚʘʻʪʴʩ̫ ʝʥʝʨʛʝʪʠʯʥʝ ʩʧʨʷʞʝʥʥ,̫ ʚʠʜʽʣʷʪʴ ʬʦʩʬʦʨʠʣʶʶʯʝ ʦʢʠʩʥʝʥʥʷ ʥʘ 

ʨʽʚʥʽ ʩʫʙʩʪʨʘʪʫ  ̔ ʥʘ ʨʽʚʥʽ ʝʣʝʢʪʨʦʥʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʣʘʥʮʶʛʘ. ʗʢ ʦɦ ʮʝ 

ʩʫʙʩʪʨʘʪʥʝ ʬʦʩʬʦʨʠʣʶʚʘʥʥʷ, ʘʢʪʠʚʥʠʡ ʟʘʣʠʰʦʢ ʬʦʩʬʘʪʥʦʾ ʢʠʩʣʦʪʠ 

ʧʝʨʝʥʦʩʠʪʴʩʷ ʥʘ ʘʜʝʥʦʟʠʥʜʠʬʦʩʬʘʪ ʟ ʧʨʦʜʫʢʪʫ ʦʢʠʩʥʝʥʥ̫  ʩʫʙʩʪʨʘʪʫ, ʪʦʤʫ 
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ʪʘʢʠʤ ʯʠʥʦʤ ʫʪʚʦʨʶ̒ ʪʩɹʷ ʥʝʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ɸʊʌ (ʘʥʘʝʨʦʙʥʝ ʦʢʠʩʥʝʥʥʷ 

ʚʫʛʣʝʚʦʜʽʚ, ʪʨʝʪʽʡ ʝʪʘʧ ʚʠʜʽʣʝʥʥʷ ʝʥʝʨʛ̔ʾ  ʮʠʢʣʫ ʂʨʝʙʩʘ). ʊʦʜ̔ ʷʢ ʜʨʫʛʠʡ ʚʠʜ, 

ʦʢʠʩʥʝ ʬʦʩʬʦʨʠʣʶʚʘʥʥʷ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʝʣʝʢʪʨʦʥʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʤʫ 

ʣʘʥʮʶʟʽ, ʨʝʘʣʽʟʫʻʪʴʩʷ ʧʨʠ ʪʢʘʥʠʥʥʦʤʫ ʜʠʭʘʥʥ̔ ʯʠ ʙʽʦʣʦʛʽʯʥʦʤʫ ʦʢʠʩʥʝʥʥ̔. 

ʄʘʪʝʨʽʘʣʠ ʽ ʨʝʘʢʪʠʚʠ: ʤʽʪʦʭʦʥʜʨʽʾ ʫ ʚʠʛʣʷʜʽ ʩʫʩʧʝʥʟʽ,ʾ 1,5 ʄ ʨʦʟʯʠʥ KCl, 

ʬʦʩʬʘʪʥʠʡ ʙʫʬʝʨ (ʨʅ...7,4), ɸɼʌ, ʩʫʙʩʪʨʘʪ (ʽʟʦʮʠʪʨʘʪ, ʩʫʢʮʠʥʘʪ, ʤʘʣʘʪ, 

ʛʣʫʪʘʤʽʥʦʚʘ ʢʠʩʣʦʪʘ (0,3 ʄ ʨʦʟʯʠʥ ʟ ʨʅ 7,4), 10 % ʨʦʟʯʠʥ ʊʍʆ, 2,5 % ʨ-ʥ 

ʘʤʦʥʽ ʁ ʤʦʣʽʙʜʘʪʫ, 0,3 ʄ ʨ-ʥ ʘʩʢʦʨʙ̔ʥʦʚʦʾ ʢʠʩʣʦʪʠ ʚ 0,1 ʥ ʨʦʟʯʠʥ ̔ ʅCl, 

ʜʠʩʪʠʣʴʦʚʘʥʘ ʚʦʜʘ. 

ɼʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ ʬʦʩʬʘʪʥʦʛʦ ʙʫʬʝʨʫ ʟ ʨʅ 7,4 ʚ ʤʽʨʥʠʡ ʮʠʣʽʥʜʨ             

(V 200 ʤʣ) ʜʦ 81 ʤʣ 0,2 ʄ ʨʦʟʯʠʥʫ Na2HPO4 ʜʦʜʘʪʠ 19 ʤʣ 0,2 ʄ ʨ-ʥʫ NaH2PO4 

ʪʘ ʜʦʣʠʪʠ ʚ ʩʫʤʽʰ  ʜʠʩʪʠʣʴʦʚʘʥʫ ʚʦʜʫ ʜʦ ʧʦʟʥʘʯʢʠ (200 ʤʣ).  

ɼʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ ʥ̔ʢʫʙʘʮʽʡʥʦ ʾʩʫʤʽʰ̔ ʜʦ 0,1 ʤʣ 1,5 ʄ ʨ-ʥʫ KCl ʜʦʜʘʪʠ 

ʬʦʩʬʘʪʥʠʡ ʙʫʬʝʨʥʠʡ ʨʦʟʯʠʥ (ʨʅ...7,4) - 0,2 ʤʣ, 0,5 ʄ ʨʦʟʯʠʥ ʤʘʛʥʽ ʁʭʣʦʨʠʜʫ -  

0,1 ʤʣ ʪʘ 0,25 ʄ ʨʦʟʯʠʥ ʩʘʭʘʨʦʟʠ - 0,6 ʤʣ. ɺ ʦʪʨʠʤʘʥʫ ʩʫʤʽʰ ʚʥʝʩʪʠ 0,02 ʤʣ 

ʨʦʟʯʠʥʫ ʘʜʝʥʦʟʠʥʜʠʬʦʩʬʘʪʫ (ʧʨʦʧʠʩ: 45 ʤʛ ʘʜʝʥʦʟʠʥʜʠʬʦʩʬʘʪʫ ʨʦʟʯʠʥʠʪʠ ʚ              

1 ʤʣ ʬʦʩʬʘʪʥʦʛʦ ʙʫʬʝʨʫ). ʉʫʤʽʰ ʘʜʝʥʦʟʠʥʜʠʬʦʩʬʘʪʫ ʟʙʝʨʽʛʘʻʪʴʩʷ ʚ  

ʟʘʤʦʨʦʞʝʥʦʤʫ ʚʠʛʣʷʜʽ ʧʨʠ -22 ÜC). ɯʥʢʫʙʘʮʽʡʥʫ ʩʫʤʽʰ ʛʦʪʫʪ ɹʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʧʝʨʝʜ ʚʠʢʦʨʠʩʪʘʥʥʷʤ. 

ʆʙʣʘʜʥʘʥʥʷ: ʭ̔ ʤʽʯʥʠʡ ʰʪʘʪʠʚ, ʧʨʦʙʽʨʢʠ, ʩʢʣʷʥʽ ʧʧ̔ʝʪʢʠ, ʘʚʪʦʤʘʪʠʯʥʽ 

ʧʽʧʝʪʢʠ, ʤʨ̔ʥ̔ ʮʠʣʽʥʜʨʠ, ʩʢʣʷʥʽ ʣʽʡʢʠ, ʧʘʧʝʨʦʚʽ ʬʽʣʴʪʨʠ, ʪʝʨʤʦʩʪʘʪ. 

 

ʍʜ̔ ʨʦʙʦʪʠ 

ɺ ʧʨʦʙʽʨʢʘʭ 1 ʽ 2 ʚʥʦʩʠʤʦ ʨʝʘʢʪʠʚʠ ʚ ʢʽʣʴʢʦʩʪʷʭ ʪʘ ʧʦʩʣʽʜʦʚʥʦʩʪʽ, 

ʥʘʚʝʜʝʥʠʭ ʚ ʪʘʙʣʠʮʽ 15. 

ʊʘʙʣʠʮʷ 15 

ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ 

ʈʝʘʢʪʠʚʠ ʇʨʦʙʽʨʢʘ 1 ʇʨʦʙʽʨʢʘ 2 

ɯʥʢʫʙʘʮʽʡʥʘ ʩʫʤʽʰ  1 ʤʣ 1 ʤʣ 

ʈʦʟʯʠʥ ɸɼʌ 0,02 ʤʣ 0,02 ʤʣ 

ʉʫʙʩʪʨʘʪ 0,5 ʤʣ - 

ʉʫʩʧʝʥʟʽʷ ʤʽʪʦʭʦʥʜʨ̔ʡ 0,5 ʤʣ 0,5 ʤʣ 

ɼʠʩʪʠʣʴʦʚʘʥʘ ʚʦʜʘ - 0,5 ʤʣ 

ɯʥʢʫʙʘʮʽʷ ʚ ʪʝʨʤʦʩʪʘʪʽ 37 Üʉ 15 ʭʚʠʣʠʥ 

10 % ʨ-ʥ ʊʍʆ 0,1 ʤʣ 0,1 ʤʣ 

ʇʨʦʬʽʣʴʪʨʫʚʘʪʠ ʯʝʨʝʟ ʩʢʣʘʜʯʘʩʪʠʡ ʬʽʣʴʪʨ 
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ʌʣ̔ʴʪʨʘʪʠ ʚʠʢʦʨʠʩʪʘʪʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʬʦʩʬʘʪʥʦ ʾ ʢʠʩʣʦʪʠ: ʚ 1 ʽ 2 

ʧʨʦʙʽʨʢʫ ʚʥʝʩʪʠ 2,5 % ʨʦʟʯʠʥ ʘʤʦʥʽʁ ʤʦʣʽʙʜʘʪʫ (2 ʤʣ) ʪʘ ʨʦʟʯʠʥ ʘʩʢʦʨʙʽʥʦʚʦʾ 

ʢʠʩʣʦʪʠ ʚ  0,1 ʥ ʅCl (0,5 ʤʣ). ɺʽʜʤʽʪʠʪʠ ʟʤʽʥʫ ʢʦʣʴʦʨʫ ʨʦʟʯʠʥʽʚ ʪʘ ʟʨʦʙʠʪʠ ʽ 

ʟʘʧʠʩʘʪʠ ʚʠʩʥʦʚʦʢ ʟ ʧʦʷʩʥʝʥʥʷʤ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ɺʠʩʥʦʚʦʢ 

 

 

 

ɿʘʧʠʪʘʥʥʷ:  

1. ʗʢʽ ʻ ʜʽʣʷʥʢʠ ʩʧʨʷʞʝʥʥʷ ʚ ʜʠʭʘʣʴʥʦʤʫ ʣʘʥʮʟʁʽ ʤʽʪʦʭʦʥʜʨʽʡ?  

2. ʅʘʧʠʰʽʪʴ ʨʝʘʢʮʽ ʁ ʮʠʢʣʫ ʂʨʝʙʩʘ, ʜʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʢʠʩʥʝ 

ʬʦʩʬʦʨʠʣʶʚʘʥʥʷ ʥʘ ʨʽʚʥʽ ʩʫʙʩʪʨʘʪʫ. 

3. ʗʢʠʤʠ ʰʣʷʭʘʤʠ ʫʪʚʦʨʶʻʪʴʩʷ ʘʜʝʥʦʟʠʥʪʨʠʬʦʩʬʘʪ ʫ ʛʝʪʝʨʦʪʨʦʬʥʠʭ 

ʦʨʛʘʥʽʟʤʽʚ. 
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ʊɽʈʄɯʅʆʃʆɻɯʏʅʀʁ ʉʃʆɺʅʀʂ 

 

ɸʣʘʥ̔ʥ -  ʘʣʽʬʘʪʠʯʥʘ ʘʤʥ̔ʦʢʠʩʣʦʪʘ (ʟʘʤʽʥʥʘ), ʱʦ ʤʘʻ ʜʚʽ ʬʦʨʤʠ -  ʘʣɹ ʬʘ-

ʘʣʘʥʽʥ ʻ ʩʪʨʫʢʪʫʨʥʦʶ ʦʜʠʥʠʮʝʶ ʙʽʣʢʚ̔, ʙʝʪʘ-ʘʣʘʥʽʥ ï ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ 

ʨʝʯʦʚʠʥ. 

ɸʤ̔ ʣʘʟʘ - ʝʥʟʠʤ, ʷʢʠʡ ʚʠʨʦʙʣʷʻʪʴʩʷ ʧʽʜh ʣʫʥʢʦʚʦʶ ʟʘʣʦʟʦʶ ʽ ʩʣʠʥʥʠʤʠ 

ʟʘʣʦʟʘʤʠ ʪʘ ʢʘʪʘʣʽʟʫʻ ʨʦʟʱʝʧʣʝʥʥʷ ʢʨʦʭʤʘʣʁ. 

ɸʤʽʥʦʢʠʩʣʦʪʠ - ʮʝ ʦʨʛʘʥʽʯʥʽ ʢʠʩʣʦʪʠ, ʫ ʤʦʣʝʢʫʣʘʭ ʷʢʠʭ ʦʜʠʥ ʘʙʦ ʢʽʣʴʢʘ 

ʘʪʦʤ̔ʚ ʚʦʜʥʶ ʟʘʤʽʱʝʥʽ ʘʤʽʥʦʛʨʫʧʘʤʠ. 

ɸʥʘʙʦʣʽʟʤ - ʻʜʥʽʩʪʴ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʚ ʞʠʚʦʤʫ ʦʨʛʘʥʽʟʤʽ, ̫ʢʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʪʚʦʨʝʥʥʷ ̔ ʧʦʥʦʚʣʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʪʢʘʥʠʥ ʪʘ ʦʨʛʘʥʽʚ; ʻ ʦʜʠʥʠʤ ʟ̔ 

ʝʪʘʧ̔ ʚ ʧʨʦʤʽʞʥʦʛʦ ʦʙʤʽʥʫ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʧʨʦʮʝʩʠ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʩʠʥʪʝʟʫ 

ʩʢʣʘʜʥʠʭ ʩʧʦʣʫʢ ʟ ʙʽʣʴʰ ʧʨʦʩʪʠʭ ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʧʦʧʝʨʝʜʥʠʢʽʚ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʥʝʨʛʽʾ ɸʊʌ ʽ ʧʦʜʽʙʥʠʭ ʤʘʢʨʦʝʨʛʚ̔; ʤʘʻ ʪ̔ʩʥʠʡ ʚʟʘʤ̒ʦʟʚôʷʟʦʢ ʟ 

ʢʘʪʘʙʦʣʽʟʤʦʤ (ʧʨʦʪʠʣʝʞʥʠʡ ʧʨʦʮʝʩ). 

ɸʥʪʠʦʢʩʠʜʘʥʪʠ - ʨʝʯʦʚʠʥʠ, ʷʢʽ ʧʨʠʛʥʽʯʫʶʪʴ ʦʢʠʩʥʝʥʥ̫ ʽ ʤʦʞʫʪɹ 

ʥʝʡʪʨʘʣʽʟʫʚʘʪʠ ʦʢʠʩʥʫ ʜʽʶ ʚ̔ ʣɹʥʠʭ ʨʘʜʠʢʘʣʽʚ ʽ ʽʥʰʠʭ ʨʝʯʦʚʠʥ. 

ɸʨʛ̔ʥʽʥ - ʦʩʥʦʚʥʘ Ŭ-ʘʤ̔ʥʦʢʠʩʣʦʪʘ, ʾʾ L-ʬʦʨʤʘ ʥʘʣʝʞʠʪʴ ʜʦ 20 ʪʘʢ ʟʚʘʥʠʭ 

ʧʨʦʪʝʾʥʦʛʝʥʥʠʠʭ ʘʤʽʥʦʢʠʩʣʦʪ, ʷʢ̔ ʟʘʢʦʜʦʚʘʥʽ ʛʝʥʝʪʠʯʥʠʤ ʢʦʜʦʤ (ʢʦʜʦʥʠ ʎɻA, 

ʎɻʋ, ʎɻɻ, ʎɻʎ, Aɻɸ, Aɻɻ ʫ ʤʈHʂ) ʪʘ  ̒ʦʩʥʦʚʦ  ʁʧʨʦʪʝʾʥʽʚ.  

ɸʩʠʤʽʣʷʮʽ̫ - ʩʠʥʪʝʟ ʨʝʯʦʚʠʥ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʞʠʪʪʻʜʽʣ̫ʴʥʦʩʪʽ ʦʨʛʘʥ̔ʟʤʫ. 

ɸʟʦʪʠʩʪʠʡ ʦʙʤʽʥ - ʭʽʤʽʯʥ̔ ʨʝʘʢʮʽʾ ʚ ʞʠʚʦʤʫ ʦʨʛʘʥʽʟʤ,̔ ʫ ʷʢʠʭ ʙʝʨʫʪʴ 

ʫʯʘʩʪɹ  ʩʧʦʣʫʢʠ, ʦɦ ʤʽʩʪʷʪʴ ʅ̔ ʪʨʦʛʝʥ (ʘʟʦʪ). 

ɹʘʢʪʝʨʽʾ - ʮʝ ʥʘʡʧʨʦʩʪʽʘh ʛʨʫʧʘ ʦʜʥʦʢʣ̔ʪʠʥʥʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤ̔ ʚ, ʷʢʽ 

ʚʽʜʥʦʩʷʪʩɹʷ ʜʦ ʥʘʜʮʘʨʩʪʚʘ ʧʨʦʢʘʨʽʦʪʽʚ. 

ɹʦ̔ʩʠʥʪʝʟ - ʧʨʦʮʝʩ ʫʪʚʦʨʝʥʥ ̫ ʩʢʣʘʜʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ ʫ ʞʠʚʠʭ 

ʦʨʛʘʥʽʟʤʘʭ ʟ ʥ̔ ʠhʭ ʩʧʦʣʫʢ, ʷʢʽ ʧʦʪʨʘʧʣʷʁʪʴ ʜʦ ʥʠʭ ʟʟʦʚʥʽ ʯʠ ʫʪʚʦʨʶʶʪʴʩʷ ʚ 

ʥʠʭ ʩʘʤʠʭ, ʧ̔ ʜ ʜʽʻʁ ʙʽʦʢʘʪʘʣʽʟʘʪʦʨ̔ʚ. 

ʇʨʦʪʝʾ ʥʠ- ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʽ ʘʟʦʪʦʚʤʽʩʥʽ ʦʨʛʘʥʽʯʥ̔ ʨʝʯʦʚʠʥʠ, ʤʦʣʝʢʫʣʠ 

ʷʢʠʭ ʩʢʣʘʜʘʪʁɹ ʩʷ ʽʟ ʟʘʣʠhʢʚ̔ ʘʤʽʥʦʢʠʩʣʦʪ. 

ɹʝʟʢʠʩʥʝʚʠʡ (ʘʥʘʝʨʦʙʥʠʡ) ʦʙʤʥ̔ - ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʛ̔ʘʣʦʧʣʘʟʤʽ ̔ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʚ̔ ʣʴʥʝʥʥʷ ʥʝʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʝʥʝʨʛʽʾ. 

ɹ̔ʦʛʝʥʥʽ ʘʤʽʥʠ ï ʨʝʯʦʚʠʥʠ, ʱʦ ʤʽʩʪʷʪ ɹ ʦʜʥʫ ʯʠ ʢʽʣʴʢʘ ʘʤʽʥʦʛʨʫʧ ʪʘ 

ʩʠʥʪʝʟʫʶʪʴʩʷ ʚ ʦʨʛʘʥʽʟʤ ̔ʪʚʘʨʠʥʠ  ̔ ʨʦʩʣʠʥʠ ʟʘ ʨʘʭʫʥʦʢ ʜʝʢʘʨʙʦʢʩʠʣʶʚʘʥʥʷ 

ʘʤʥ̔ʦʢʠʩʣʦʪ ʘʙʦ ʧʨʠʻʜʥʘʥʥʷ ʘʤʽʥʦʛʨʫʧʠ ʜʦ ʘʣʴʜʝʛʽʜʽʚ  ̔ʢʝʪʦʥʽʚ. 

https://uk.wikipedia.org/wiki/%D0%90%D0%BC%D1%96%D0%BD%D0%BE%D0%BA%D0%B8%D1%81%D0%BB%D0%BE%D1%82%D0%B8
https://uk.wikipedia.org/wiki/%D0%9E%D1%81%D0%BD%D0%BE%D0%B2%D0%B0_(%D1%85%D1%96%D0%BC%D1%96%D1%8F)
https://uk.wikipedia.org/wiki/%D0%90%D0%BC%D1%96%D0%BD%D0%BE%D0%BA%D0%B8%D1%81%D0%BB%D0%BE%D1%82%D0%B0
https://uk.wikipedia.org/wiki/%D0%A5%D1%96%D1%80%D0%B0%D0%BB%D1%8C%D0%BD%D1%96%D1%81%D1%82%D1%8C
https://uk.wikipedia.org/wiki/%D0%93%D0%B5%D0%BD%D0%B5%D1%82%D0%B8%D1%87%D0%BD%D0%B8%D0%B9_%D0%BA%D0%BE%D0%B4
https://uk.wikipedia.org/wiki/%D0%9A%D0%BE%D0%B4%D0%BE%D0%BD
https://uk.wikipedia.org/wiki/%D0%9C%D0%A0%D0%9D%D0%9A
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ɹʽʧʦʣʷʨʥʠʡ ʽʦʥ - ʮʝ ʩʚʦʻʨʽʜʥʘ ʚʥʫʪʨʽʰʥʴʦ-ʤʦʣʝʢʫʣʷʨʥʘ ʩʽʣʴ, ʷʢʘ 

ʫʪʚʦʨʶʪ̒ʴʩʷ ʚʥʘʩʣʽʜʦʢ ʧʝʨʝʭʦʜʫ ʧʨʦʪʦʥʘ (ʅ+) ʚʽʜ ʢʘʨʙʦʢʩʠʣʴʥʦʾ ʜʦ 

ʘʤʽʥʦʛʨʫʧʠ.  

ɺʽʨʫʩʠ ï ʥʝʢʣʽʪʠʥʥʘ ʬʦʨʤʘ ʞʠʪʪʷ, ʱʦ ʥʝ ʟʜʘʪʥʘ ʨʦʟʤʥʦʞʫʚʘʪʠʩʴ 

ʢʣʽʪʠʥʥʠʤ ʜʽʣʝʥʥʷʤ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻ ʞʠʚʽ ʢʣʽʪʠʥʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʩʚʦʾʭ ʥʦʚʠʭ 

ʢʦʧʽʡ; ʥʘ ʧʨʦʪʠʚʘʛʫ ʧʨʦʢʘʨ̔ʦʪʘʤ  ̔ʝʫʢʘʨʽʦʪʘʤ ʤʘʻ ʤʘʣ̔ ʨʦʟʤʨ̔ʠ, ʥʝ ʤʘʻ ʩʠʩʪʝʤ 

ʧʨʦʪʝʾʥʫʪʚʦʨʝʥʥʷ, ʥʘʣʝʞʠʪʴ ʜʦ ʦʙʣ̔ ʛʘʪʥʠʭ ʚʥʫʪʨʽʰʥʴʦʢʣʽʪʠʥʥʠʭ ʧʘʨʘʟʠʪʚ̔. 

ɺ̔ ʪʘʤʽʥʠ ï ʛʨʫʧʘ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮ̔ʦʥʫʚʘʥʥʷ ʦʨʛʘʥʽʟʤʫ ʪʘ ʻ ʩʪʨʫʢʪʫʨʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʙʘʛʘʪɹ ʦʭ ʝʥʟʠʤʽʚ ʪʘ ʛʦʨʤʦʥʽʚ, ʷʢʽ ʚ ʩʚʦʶ ʯʝʨʛʫ ʻ ʨʝʛʫʣʷʪʦʨʘʤʠ ʨʽʟʥʠʭ 

ʙʽʦʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ.  

ɺʦʜʘ ï ʥʘʡʧʦʰʠʨʝʥ̔h ʘ ʨʝʯʦʚʠʥʘ ʥʘ ɿʝʤʣ ̔ʚ ʾʾ ʧʨʠʧʦʚʝʨʭʥʝʚʦʤʫ ʘhʨʽ, ʱʦ 

ʚʭʦʜʠʪʴ ʜʦ ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ  ̔ ʚʧʣʠʚʘ ̒ ʥʘ ʾʭ ʭʘʨʯʦʚʫ ʮʽʥʥʩ̔ʪɹ, ʩʤʘʢ, 

ʪʨʠʚʘʣʽʩʪʴ ʟʙʝʨʽʛʘʥʥ̫, ʤʢ̔ʨʦʙʽʦʣʦʛ̔ʯʥ̔ ʧʦʢʘʟʥʠʢʠ ʪʘ ʙʽʦʭʽʤʽʯʥʫ ʘʢʪʠʚʥʽʩʪ.ɹ 

ɺʦʜʥʝʚʠʡ ʧʦʢʘʟʥʠʢ ʨʅ - ʚʽʜʥʦʩʥʠʡ ʧʦʢʘʟʥʠʢ ʢʠʩʣʦʪʥʦʩʪʽ. ʨʅ ʜʦʨʽʚʥʶʻ 

ʟʥʘʯʝʥʥʶ ʚʽʜôʤ̒ʥʦʛʦ ʜʝʩʷʪʢʦʚʦʛʦ ʣʦʛʘʨʠʬʤʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽʦʥʽʚ ʚʦʜʥʶ ʚ 

ʜʘʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ɺʪʦʨʠʥʥʘ ʩʪʨʫʢʪʫʨʘ ʙʽʣʢʽʚ - ʮʝ ʧʨʦʩʪʦʨʦʚʘ ʢʦʥʬʽʛʫʨʘʮʽʷ ʙʽʣʢʦʚʦʾ 

ʤʦʣʝʢʫʣʠ. ɺʠʜʽʣʷʶʪʴ ʪʨʠ ʪʠʧʠ ʚʪʦʨʠʥʥʦʾ ʩʪʨʫʢʪʫʨʠ: Ŭ-ʩʧʽʨʘʣʴʥʘ, ɓ-ʩʢʣʘʜʯʘʩʪʘ ʽ 

ʢʦʣʘʛʝʥʦʚʘ ʩʧ̔ʨʘʣʴ. 

ɺʫʛʣʝʚʦʜʠ - ʮʝ ʦʨʛʘʥ̔ʯʥʽ ʩʧʦʣʫʢʠ, ʷʢʽ ʫ ʩʚʦ̒ʤʫ ʩʢʣʘʜʽ ʤʽʩʪʷʪʴ ʧʝʨʝʚʘʞʥʦ 

ʢʘʨʙʦʥ, ʛʽʜʨʦʛʝʥ ʪʘ ʦʢʩʠʛʝʥ, ʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʘʪʦʤʽʚ ʛ̔ ʜʨʦʛʝʥʫ ʪʘ ʦʢʩʠʛʝʥʫ ʪʘʢʝ 

ʢ̫ ʫ ʚʦʜʽ. 

ɻ̔ʜʨʦʣʽʟ - ʨʝʘʢʮʽʷ ʦʙʤʽʥʥʦʾ ʚʟʘʻʤʦʜʽʾ ʨʝʯʦʚʠʥ ̔ʟ ʚʦʜʦʶ. 

ɻʽʩʪʠʜʠʥ - ʘʤʽʥʦʢʠʩʣʦʪʘ, ɦʦ ʻ ʩʢʣʘʜʦʚʦʶ ʙ̔ ʣʢʽʚ. ɻ̔ʩʪʠʜʠʥ ʻ 

ʧʦʧʝʨʝʜʥʠʢʦʤ  ʥʝʡʨʦʤʝʜʽʘʪʦʨʘ ʛʽʩʪʘʤʽʥʫ, ʷʢʠʡ ʚʠʢʦʥʫʻ ʨʦʣʴ ʩʠʛʥʘʣʥɹʦʾ 

ʩʧʦʣʫʢʠ ʚ ʘʣʝʨʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭ. 

ɻʣʫʪʘʤʽʥʦʚʘ ʢʠʩʣʦʪʘ - ʘʣʽʬʘʪʠʯʥʘ Ŭ-ʘʤ̔ʥʦʢʠʩʣʦʪʘ, ʱʦ ʟʫʩʪʨʽʯʘʪ̒ʴʩʷ ʚ 

ʫʩ̔ ʭ ʦʨʛʘʥʟ̔ʤʘʭ ʫ ʚʽʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʪʘ  ̒ʩʢʣʘʜʦʚʦʶ ʙʽʣʢ̔ ʚ.  

ɻʣ̔ʢʦʛʝʥ - ʧʦʣʩ̔aʭʘʨʠʜ, ʛʦʤoʧʦʣʽʤʝʨ Ŭ-ʛʣʶʢoʟʠ, ʱʦ ʻ ʨʝʟʝʨʚʥʦʶ ʾʾ 

ʬʦʨʤʦ  ʁʜʣ̫ ʟʙʝʨʽʛʘʥʥʷ ʚ ʢʣʽʪʠʥʘʭ ʪʚʘʨʠʥ, ʙʽʣʴʰʦoʩʪ̔ ʛʨʠʙiʚ, ʙaʛʘʪʴʦʭ ʙaʢʪʝʨʽʡ 

 ̔aʨʭʝʡ. 

ɻʣ̔ʢʦʣʟ̔ - ʣʘʥʮʶʛ ʽʟ ʜʝʩʷʪʠ ʨʝʘʢʮʽʡ ʭʽʤʽʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ, ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʷʢʠʭ ʟ ʛʣʶʢʦʟʠ C6H12O6 ʫʪʚʦʨʶʻʪʴʩʷ 2 ʧ̔ ʨʫʚʘʪʠ (CH3(CO)COOH), ʘ ʪʘʢʦʞ ɸʊʌ 

(ʘʜʝʥʦʟʠʥʪʨʠʬʦʩʬʘʪ)  ̔ʅɸɼʅ (ʚʽʜʥʦʚʣʝʥʠʡ ʥ̔ ʢʦʪʠʥʘʤ̔ʜʘʜʝʥʽʥʜʠʥʫʢʣʝʦʪʠʜ). 

ɻʜ̔ʨʦʬʦʙʥʽʩʪʴ - ʚʣʘʩʪʠʚ̔ ʩʪʴ ʜʝ̫ʢʠʭ ʨʝʯʦʚʠʥ ʥʝ ʨʦʟʯʠʥ̫ʪʠʩʷ ʫ ʚʦʜ̔ . 

ɻʣʽʮʠʥ - ʦʜʥʘ ʽʟ ʜʚʘʜʮʷʪʠ ʘʤʥ̔ʦʢʠʩʣʦʪ, ʢ̫ʽ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʙʽʣʢʽʚ.  

https://uk.wikipedia.org/wiki/%D0%A0%D0%B5%D1%87%D0%BE%D0%B2%D0%B8%D0%BD%D0%B0
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ɻʽʩʪʘʤʽʥ - ʩʧʦʣʫʢʘ ʦʨʛʘʥʽʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʥʘʣʝʞʠʪʴ ʜʦ ʙ̔ʦʛʝʥʥʠʭ 

ʘʤʽʥ̔ʚ, ʤʝʜʽʘʪʦʨ̔ ʚ ʘʣʝʨʛʽʯʥʦ ʾʨʝʘʢʮʽʾ ʥʝʛʘʡʥʦʛʦ ʪʠʧʫ, ʨʝʛʫʣʷʪʦʨ̔ ʚ ʯʠʩʣʝʥʥʠʭ 

ʬʽʟ̔ʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ.  

ɼʝʛ̔ʜʨʦʛʝʥʽʟʘʮʽ̫ - ʚʽʜʱʝʧʣʝʥʥʷ ʚʦʜʥʁ ʚ̔ʜ ʤʦʣʝʢʫʣ ʭʽʤʽʯʥʠʭ ʩʧʦʣʫʢ.  

ɼʝʥʘʪʫʨʘʮʽʷ - ʨʫʡʥʫʚʘʥʥʷ ʚʠʩʦʢʦʨʽʚʥʝʚʦʾ ʩʪʨʫʢʪʫʨʠ ʤʘʢʨʦʤʦʣʝʢʫʣ ʧʽʜ 

ʚʧʣʠʚʦʤ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚ ʜʦʚʢʽʣʣʷ, ʟʦʢʨʝʤʘ ʜʽʾ ʢʠʩʣʦʪ ʘʙʦ ʦʩʥʦʚ, ʚʠʩʦʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʥʝʦʨʛʘʥʽʯʥʠʭ ʩʦʣʝʡ ʯʠ ʦʨʛʘʥʽʯʥʠʭ ʨʦʟʯʠʥʥʠʢʽʚ, ʟʤ̔ʥʠ 

ʪʝʤʧʝʨʘʪʫʨʠ. 

ɼʠʩʘʭʘʨʠʜʠ - ʮʝ ʛʣʶʢʦʟʠʜʠ ʤʦʥʦʩʘʭʘʨʠʜʽʚ, ʾʭ ʝʤʧʽʨʠʯʥʘ ʬʦʨʤʫʣʘ 

ʉ12ʅ22ʆ11. ɿʘʣʠʰʢʠ ʤʦʥʦʩʘʭʘʨʠʜ̔ʚ ʫ ʤʦʣʝʢʫʣʘʭ ʜʠʩʘʭʘʨʠʜʽʚ ʤʦʞʫʪʴ ʙʫʪʠ 

ʟʚôʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ ʜʚʦʤʘ ʥʘʧʽʚʘʮʝʪʘʣʴʥʠʤʠ ʛʽʜʨʦʢʩʠʜʘʤʠ ʘʙʦ ʥʘʧʽʘʮʝʪʘʣʴʥʠʤ 

ʛʽʜʨʦʢʩʠʣʦʤ ʦʜʥʦʛʦ ʤʦʥʦʩʘʭʘʨʠʜʘ  ̔ ʙʫʜɹ-ʷʢʠʤ ʽʥʰʠʤ ʛʽʜʨʦʢʩʠʣʦʤ ̔ʥʦhʛʦ 

ʤʦʥʦʩʘʭʘʨʠʜʘ. 

ɼʠʩʠʤʽʣʷʮʽʷ - ʦʢʠʩʣʶʚʘʣɹʥʦ-ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʡ ʧʨʦʮʝʩ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ 

ʨʦʟʱʝʧʣʝʥʥ̫ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ ʫ ʢʣʽʪʠʥʘʭ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʚ̔ ʥʘ ʧʨʦʩʪʽʰʽ ʟ 

ʚʠʚʽʣʴʥʝʥʥʷʤ ʝʥʝʨʛ̔ ʾ, ʥʘʢʦʧʠʯʝʥʦʾ ʚ ʧʨʦʮʝʩʘʭ ʙʦ̔ʣʦʛʽʯʥʦ ʾʘʩʠʤʽʣʷʮʽʾ. 

ɼʠʩʦʮʽʘʮʽʷ ʚʦʜʠ ï ʮʝ ʨʦʟʧʘʜ ʥʘ ʽʦʥʠ ʅ+  ̔ʆʅ- 

ɼʽʘʣʽʟ - ʮʝ ʦʯʠʱʝʥʥʷ ʢʦʣʦʾʜʥʠʭ ʽ ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʨʦʟʯʠʥʽʚ ʚ̔ ʜ 

ʨʦʟʯʠʥʝʥʠʭ ʚ ʥʠʭ ʥʠʟɹʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʩʧʦʣʫʢ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʧʚ̔ʧʨʦʥʠʢʥʦʾ 

ʤʝʤʙʨʘʥʠ. 

ɽʥʟʠʤʠ (ʬʝʨʤʝʥʪʠ) - ʮʝ ʙʽʦʣʦʛʯ̔ʥʽ ʢʘʪʘʣʽʟʘʪʦʨʠ ʙʽʣʢʦʚʦʾ ʧʨʠʨʦʜʠ, ʷʢ̔ 

ʩʠʥʪʝʟʫʶʪʴʩʷ ʫ ʞʠʚʠʭ ʢʣʪ̔ʠʥʘʭ. ʌʝʨʤʝʥʪʠ ʥʘʧʨʘʚʣʝʥʦ ʢʘʪʘʣ̔ ʟʫʶʪ ɹʙʽʦʭʽʤʽʯʥʽ 

ʨʝʘʢʮʽʾ ʫ ʢʣ̔ʪʠʥʽ ʪʘ ʨʝʛʫʣʶ ʪʁ ɹʦʙʤʽʥ ʨʝʯʦʚʠʥ. 

ɽʥʝʨʛʝʪʠʯʥʠʡ ʦʙʤʥ̔ ï ʮʝ ʤʝʪʘʙʦʣʽʯʥʽ ʧʨʦʮʝʩʠ, ʚ ʨʝʟʫʣʪɹʘʪ̔ ʷʢʠʭ 

ʩʠʥʪʝʟʫʻʪʴʩʷ ɸʊʌ, ʟʘʧʘʩʘʪ̒ʴʩʷ ʝʥʝʨʛʽʷ, ʷʢʘ ʜʘʣ ̔ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ 

ʬʫʥʢʮʦ̔ʥʘʣʴʥʽʡ ʘʢʪʠʚʥʦʩʪʽ ʢʣ̔ʪʠʥ. 

ɽʪʝʨʠ - ʮʝ ʦʨʛʘʥʽʯʥʽ ʩʧʦʣʫʢʠ, ʫ ʢ̫ʠʭ ʜʚʘ ʚʫʛʣʝʚʦʜʥʝʚʠʭ ʨʘʜʠʢʘʣʘ 

ʩʧʦʣʫʯʝʥ̔ ʘʪʦʤʦʤ ʦʢʩʠʛʝʥʫ. 

ɾʠʨʠ ï ʮʝ ʢʣʘʩ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ, ʤʦʣʝʢʫʣʠ ̫ʢʠʭ ʩʢʣʘʜʘʪʁʴʩ̫ ʽʟ 

ʟʘʣʠʰʢʽʚ ʤʦʣʝʢʫʣ ʙʘʛʘʪʦʘʪʦʤʥʦʛʦ ʩʧʠʨʪʫ ʛʣʽʮʝʨʦʣʫ ʪʘ ʚʠʱʠʭ ʢʘʨʙʦʥʦʚʠʭ 

ʢʠʩʣʦʪ. 

ʂʘʪʘʙʦʣʽʟʤ ï ʩʠʩʪʝʤʘ ʨʝʘʢʮʽʡ ʢʘʪʘʣʽʪʠʯʥʦʛʦ ʨʦʟʱʝʧʣʝʥʥʷ ʨʟ̔ʥʠʭ 

ʙo̔ʦʨʛʘʥʯ̔ʥʠʭ ʤoʣʝʢʫʣ (ʚʫʛʣʝʚʦʜʽʚ, ʣʽʧʽʜʽʚ, ʧʨʦʪʝʾʥʽʚ, ʥʫʢʣʝʾʥʦʚʠʭ ʢʠʩʣʦʪ,), ʢ̫ʽ 

ʦʨʛʘʥʽʟʤ ʦʪʨʠʤʫʻ ʟʟʦʚʥʽ ʫ ʚʠʛʣʷʜʽ ʧʨʦʜʫʢʪ̔ʚ ʭʘʨʯʫʚʘʥʥ,̫ ʢʦʨʤʽʚ, ʘ ʪʘʢʦʞ ʪʠʭ 

ʙʽʦʤʦʣʝʢʫʣ, ʱʦ ʬʦʨʤʫʶʪʴ ʩʪʨʫʢʪʫʨʫ ʢʣ̔ʪʠʥ ʪʘ ʪʢʘʥʠʥ ʦʨʛʘʥ̔ʟʤʫ, ʟʘʜʣ̫ 

ʫʪʚʦʨʝʥʥ ̫ʭʽʤʽʯʥʦʾ ʝʥʝʨʛʽʾ. 

https://uk.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BB%D0%BE%D1%97%D0%B4%D0%BD%D0%B8%D0%B9_%D1%80%D0%BE%D0%B7%D1%87%D0%B8%D0%BD
https://uk.wikipedia.org/w/index.php?title=%D0%92%D0%B8%D1%81%D0%BE%D0%BA%D0%BE%D0%BC%D0%BE%D0%BB%D0%B5%D0%BA%D1%83%D0%BB%D1%8F%D1%80%D0%BD%D0%B8%D0%B9_%D1%80%D0%BE%D0%B7%D1%87%D0%B8%D0%BD&action=edit&redlink=1
https://uk.wikipedia.org/w/index.php?title=%D0%9D%D0%B8%D0%B7%D1%8C%D0%BA%D0%BE%D0%BC%D0%BE%D0%BB%D0%B5%D0%BA%D1%83%D0%BB%D1%8F%D1%80%D0%BD%D1%96_%D1%81%D0%BF%D0%BE%D0%BB%D1%83%D0%BA%D0%B8&action=edit&redlink=1
https://uk.wikipedia.org/wiki/%D0%9C%D0%B5%D0%BC%D0%B1%D1%80%D0%B0%D0%BD%D0%B0_(%D1%82%D0%B5%D1%85%D0%BD%D1%96%D0%BA%D0%B0)
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ʂʨʦʭʤʘʣʴ - ʨʦʩʣʠʥʥʠʡ ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʠʡ ʧʦʣʽʩʘʭʘʨʠʜ ʘʤʽʣʦʟʠ ʽ 

ʘʤʣ̔ʦʧʝʢʪʠʥʫ, ʤʦʥʦʤʝʨʦʤ ʢ̫ʠʭ ʻ ʛʣʶʢʦʟʘ.  

ʂʦʬʝʨʤʝʥʪ - ʤʦʣʝʢʫʣʘ ʥʝʙ̔ʣʢʦʚʦʾ ʧʨʠʨʦʜʠ, ʱʦ ʚʽʣɹʥʦ ʟʚ'ʷʟʫʻʪʴʩʷ ʟ 

ʬʝʨʤʝʥʪʦʤ ʪʘ ʚʘʞʣʠʚʘ ʜʣ̫  ʡʦʛʦ ʢʘʪʘʣʽʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ.  

ʃʟ̔ʠʥ - ʘʤʽʥʦʢʠʩʣʦʪʘ. 

ʃ̔ ʧʘʟʘ - ʮʝ ʬʝʨʤʝʥʪ, ʷʢʠʡ ʢʘʪʘʣʽʟʫ ̒ʨʝʘʢʮʽʾ ʛʽʜʨʦʣʽʟʫ ʞʠʨʽʚ. 

ʄʘʣʴʪʦʟʘ - ʮʝ ʜʠʩʘʭʘʨʠʜ, ʱʦ ʩʢʣʘʜʘʻʪɹʩʷ ʟ ʜʚʦʭ ʤʦʥʦʤʝʨʽʚ ʛʣ ʢʁʦʟʠ, 

ʟôʻʜʥʘʥʠʭ ʛʣʽʢʦʟʠʜʥʠʤ ʟʚô̫ʟʢʦʤ. 

ʄʝʪʘʙʦʣʽʟʤ ï ʮʝ ʙʝʟʧʝʨʝʨʚʥʠʡ ʽ ʩʘʤʦʨʝʛʫʣʴʦʚʘʥʠʡ ʢʨʫʛʦʦʙʛ̔ ʨʝʯʦʚʠʥ, 

ʢ̫ʠʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʧʨʦʮʝʩ ̔ʽʩʥʫʚʘʥʥʷ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ. 

ʄʝʪ̔ ʦʥʽʥ - ʥʝʟʘʤʽʥʥʘ ʘʤʽʥʦʢʠʩʣʦʪʘ, ʦɦ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʬʝʨʤʝʥʪʽʚ ʪʘ 

ʤʘʡʞʝ ʚʩʽʭ ʪʢʘʥʠʥ.  

ʄʥ̔ʝʨʘʣʴʥʽ ʨʝʯʦʚʠʥʠ - ʭʽʤʽʯʥʽ ʩʧʦʣʫʢʠ ʪʘ ʧʨʦʩʪ̔  ʨʝʯʦʚʠʥʠ, ʱʦ ʤʘʁʪʴ 

ʢʨʠʩʪʘʣʽʯʥʫ ʙʫʜʦʚʫ ʪʘ ʯʽʪʢʦ ʚʠʟʥʘʯʝʥʠʡ ʭ̔ ʤ̔ʯʥʠʡ ʩʢʣʘʜ ̔ ʫʪʚʦʨʠʣʠʩʴ ʚʥʘʩʣʽʜʦʢ 

ʛʝʦʣʦʛ̔ʯʥʠʭ ʪʘ ʢʦʩʤʽʯʥʠʭ ʧʨʦʮʝʩʚ̔. 

ʄʦʥʦʩʘʭʘʨʠʜʠ - ʥʘʡʧʨʦʩʪʽh̔ ʚʫʛʣʝʚʦʜʠ, ʷʢʽ ʥʝ ʟʜʘʪʥʽ ʛ̔ ʜʨʦʣʽʟʫʚʘʪʠʩʴ ʜʦ 

ʧʨʦʩʪʽʰʠʭ ʚʫʛʣʝʚʦʜʽʚ, ʪʘ ʟʘ ʭʽʤʽʯʥʦʶ ʙʫʜʦʚʦʶ ʧʦʜʽʣʷʶʪʩɹʷ ʥʘ ʘʣʜɹʦʟʠ  ̔ʢʝʪʦʟʠ. 

ɼʦ ʤʦʥʦʩʘʭʘʨʠʜ̔ʚ ʥʘʣʝʞʘʪʴ ʛʣʶʢʦʟʘ, ʬʨʫʢʪʦʟʘ, ʛʘʣʘʢʪʦʟʘ, ʨʠʙʦʟʘ, 

ʜʝʟʦʢʩʠʨʠʙʦʟʘ ʪʘ ʽʥʰʽ.  

ʅʫʢʣʝʾʥʦʚʽ ʢʠʩʣʦʪʠ - ʩʢʣʘʜʥʽ ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥ̔ ʙʦ̔ʧʦʣ̔ʤʝʨʠ, 

ʤʦʥʦʤʝʨʘʤʠ ʷʢʠʭ ʻ ʥʫʢʣʝʦʪʠʜʠ. 

ʅʫʢʣʝʦʧʨʦʪʝʾʥʠ - ʩʢʣʘʜʥʽ ʙʽʣʢʠ, ʢʦʤʧʣʝʢʩʠ ʥʫʢʣʝʥʾʦʚʠʭ ʢʠʩʣʦʪ ʟ 

ʧʨʦʪʝʾʥʘʤʠ.  

ʆʙʤʽʥ ʨʝʯʦʚʠʥ - ʩʫʢʫʧʥʩ̔ʪʴ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʡ̔, ʦɦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʞʠʚʠʭ 

ʦʨʛʘʥ̔ʟʤʘʭ. 

ʆʙʤ̔ʥ ʨʝʯʦʚʠʥ ʟ ʥʘʚʢʦʣʠhʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ - ʮʝ ʭʽʤʽʯʥʽ ʧʨʦʮʝʩʠ, ʚ 

ʨʝʟʫʣʴʪʘʪ̔  ʷʢʠʭ ʧʦʞʠʚʥʽ ʨʝʯʦʚʠʥʠ ʧʦʪʨʘʧʣʷʪʁʴ ʚ ʦʨʛʘʥʽʟʤ, ʘ ʧʨʦʜʫʢʪʠ ʦʙʤʽʥʫ 

ʚʠʚʦʜʷʪʩɹʷ ʫ ʟʦʚʥʽʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 

ʆʣʛ̔ʦʩʘʭʘʨʠʜʠ - ʧʦʣʤ̔ʝʨʠ ʤʦʥʦʩʘʭʘʨʠʜʚ̔, ʱʦ ʚʢʣʶʯʘʶʪʴ ʚ̔ʜ 2 ʜʦ 10 ʾʭ 

ʟʘʣʠʰʢʽʚ, ʟôʻʜʥʘʥʠʭ ʦʜʠʥ ʟ ʦʜʥʠʤ ʛʣʽʢʦʟʠʜʥʠʤʠ ʟʚôʷʟʢʘʤʠ, ʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪɹʩ̫  

ʥʝʚʝʣʠʢʦʁ  ʤʦʣʝʢʫʣʷʨʥʦʶ ʤʘʩʦʶ. ɺʦʥʠ ʜʦʙʨʝ ʨʦʟʯʠʥʥʽ ʚ ʚʦʜʽ, ʣʝʛʢʦ 

ʢʨʠʩʪʘʣʽʟʫʁʪʴʩʷ, ʩʦʣʦʜʢʽ ʥʘ ʩʤʘʢ. 

ʆʨʪʦʬʦʩʬʘʪʥʘ ʢʠʩʣʦʪʘ - ʥʝʦʨʛʘʥʽʯʥʘ ʢʠʩʣʦʪʘ (ʅPO ), ʢ̫ʘ ʫʪʚʦʨʶ̒ ʨʜ̫ 

ʩʦʣʝʡ ʦʨʪʦʬʦʩʬʘʪʽʚ.  

ʇʝʧʪʠʜʥʠʡ ʟʚôʷʟʦʢ - (-CO-NH) ʫʪʚʦʨʶ̒ ʪɹʩ̫ ʤʽʞ ʢʘʨʙʦʢʩʠʣʴʥʦ ʁʛʨʫʧʦ ʁ

ʦʜʥ̔ʻʾ ʘʤʥ̔ʦʢʠʩʣʦʪʠ ʽʟ ʘʤʥ̔ʦʛʨʫʧʦʶ (ʫ Ŭ-ʧʦʣʦʞʝʥʥʽ) ʽʥhʦʾ ʘʤʽʥʦʢʠʩʣʦʪʠ. 
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ʇʝʧʪʠʜʠ - ʦʨʛʘʥʽʯʥʽ ʩʧʦʣʫʢʠ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩ̫ ʚʥʘʩʣʽʜʦʢ ʧʦʣʽʢʦʥʜʝʥʩʘʮʽʾ 

ʘʤʥ̔ʦʢʠʩʣʦʪ, ʪʦʙʪʦ ʚʟʘ̒ ʤʦʜʽʾ ʾʭ Ŭ-ʢʘʨʙʦʢʩʠʣʴʥʦ ʾʪʘ Ŭ-ʘʤ̔ʥʦʛʨʫʧ. 

ʇʝʨʚʠʥʥʘ ʩʪʨʫʢʪʫʨʘ ʙʣ̔ʢ̔ʚ - ʮʝ ʷʢʩ̔ʥʠʡ ʽ ʢʽʣʴʢʽʩʥʠʡ ʩʢʣʘʜ ʘʤ̔ʥʦʢʠʩʣʦʪ, 

ʘ ʪʘʢʦʞ ʾʭ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʨʦʟʤ̔ ʱʝʥʥʷ ʫ ʧʦʣʽʧʝʧʪʠʜʥʦʤʫ ʣʘʥʮʶʟʽ ʙʽʣʢʦʚʦʾ 

ʤʦʣʝʢʫʣʠ. 

ʇʣʘʩʪʠʯʥʠʡ ʦʙʤʽʥ - ʮʝ ʢʦʤʧʣʝʢʩ ʭʤ̔ʯ̔ʥʠʭ ʨʝʘʢʮʽʡ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʁʪʴ 

ʩʠʥʪʝʟ ʩʧʝʮʠʬʽʯʥʠʭ ʜʣ ̫ ʦʨʛʘʥʽʟʤʫ ʨʝʯʦʚʠʥ: ʩʪʨʫʢʪʫʨʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, 

ʩʢʦʨʦʪʣʠʚʠʭ ʙʣ̔ʢʽʚ, ʝʥʟʠʤ̔ʚ, ʛʦʨʤʦʥʽʚ, ʞʠʨʽʚ, ʩʢʣʘʜʥʠʭ ʚʫʛʣʝʚʦʜʽʚ ʪʦʱʦ. 

ʇʦʣ̔ʩʘʭʘʨʠʜʠ - ʮʝ ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʽ ʩʧʦʣʫʢʠ, ʷʢʽ ʧʦʙʫʜʦʚʘʥʽ ʽʟ ʚʝʣʠʢʦʾ 

ʢʽʣʴʢʦʩʪʽ ʟʘʣʠ ʢhʽʚ ʤʦʥʦʩʘʭʘʨʠʜʽʚ ʪʘ ʭʾ ʧʦʭ̔ʜʥʠʭ. 

ʇʨʦʣʽʥ - ʘʤʽʥʦʢʠʩʣʦʪʘ ʛʝʪʝʨʦʮʠʢʣʽʯʥʦʛʦ ʨʷʜʫ, ʷʢʘ ʚʭʦʜʠʪɹ ʜʦ ʩʢʣʘʜʫ 

ʙʽʣʢʽʚ ʨʦʩʣʠʥʥʠʭ ʽ ʪʚʘʨʠʥʥʠʭ ʦʨʛʘʥ̔ʟʤʽʚ. 

ʇʨʦʤ̔ ʞʥʠʡ ʦʙʤʽʥ - ʮʝ ʚʥʫʪʨʽʥhʴʦʢʣʽʪʠʥʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʨʝʯʦʚʠʥ, ʷʢʽ 

ʧʦʪʨʘʧʣʷʶʪʴ ʽʟ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʘʙʦ ʩʠʥʪʝʟʫʶʪʴʩʷ ʚ ʢʣʪ̔ʠʥʘʭ. 

ʈʝʮʝʧʪʦʨ - ʙ̔ʣʢʦʚʘ ʤʦʣʝʢʫʣʘ ʚʝʣʠʢʦʛʦ ʨʦʟʤʽʨʫ, ʢ̫ʘ ʩʧʝʮʠʬʽʯʥʦ ʟʤ̔ ʥʁ̒ 

ʩʚʦʁ ʧʨʦʩʪʦʨʦʚʫ ʢʦʥʬʦʨʤʘʮʽʁ ʧʨʠ ʧʨʠʻʜʥʘʥʥ ̔ ʜʦ ʥʝʾ ʤʦʣʝʢʫʣʠ ʭ̔ ʤ̔ʯʥʦʾ 

ʨʝʯʦʚʠʥʠ (ʣʽʛʘʥʜ) ʘʙʦ ʫ ʚ̔ʜʧʦʚʽʜʴ ʥʘ ʬʟ̔ʠʯʥʝ ʧʦʜʨʘʟʥʝʥʥʷ (ʤʝʭʘʥʽʯʥʝ, ʪʝʧʣʦʚʝ, 

ʝʣʝʢʪʨʠʯʥʝ ʽ ʪ.ʧ.). 

ʈʠʙʦʟʘ - ʤʦʥʦʩʘʭʘʨʠʜ, ʦɦ ʥʘʣʝʞʠʪʴ ʜʦ ʢʣʘʩʫ ʧʝʥʪʦʟ ʛʨʫʧʠ ʘʣʴʜʦʧʝʥʪʦʟ. 

ʈʠʙʫʣʦʟʘ - ʮʝ ʢʝʪʦʧʝʥʪʦʟʘ - ʤʦʥʦʩʘʭʘʨʠʜ, ʱʦ ʤʽʩʪʠʪʴ ʧ'ʪ̫ʴ ʘʪʦʤʚ̔ 

ʚʫʛʣʝʮʶ ʽ ʚʢʣʶʯʘʻ ʢʝʪʦʥʦʚʫ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʛʨʫʧʫ. 

ʉʝʨʠʥ - ʘʤʥ̔ʦʢʠʩʣʦʪʘ (HOCH CHʉʆʆʅ). 

ʉʪʝʨʝʦ̔ ʟʦʤʝʨʠ - ʤʦʣʝʢʫʣʷʨʥʽ ʩʪʨʫʢʪʫʨʠ ʟ ʦʜʥʘʢʦʚʠʤʠ ʘʪʦʤʘʤʠ ʡ 

ʭʘʨʘʢʪʝʨʦʤ ʟʚô̫ʟʢ̔ ʚ, ʷʢʽ ʚ̔ʜʨʽʟʥʷʶʪʴʩʷ ʨʦʟʤʽʱʝʥʥʷʤ ʫ ʧʨʦʩʪʦʨ̔ . 

ʉʬ̔ʥʛʦʣʽʧʽʜʠ - ʮʝ ʩʢʣʘʜʥʽ ʝʬʽʨʠ ʩʬʥ̔ʛʦʟʠʥʦʚʠʭ ʦʩʥʦʚ. ɺ ʤʦʣʝʢʫʣʘʭ 

ʧʨʠʨʦʜʥʠʭ ʩʬʽʥʛʦʣʽʧʽʜʽʚ ʚʟʘʻʤʦʜʽ ̫ʩʬ̔ʥʛʦʟʠʥʦʚʦʾ  ʦʩʥʦʚʠ ̔ʟ ʟʘʣʠʰʢʦʤ ʞʠʨʥʦʾ 

ʢʠʩʣʦʪʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝ ʧʦ ʛʽʜʨʦʢʩʠʣʥɹ ̔ʛʨʫʧʽ, ʘ ʯʝʨʝʟ ʘʤʽʥʦʛʨʫʧʫ ʟ ʫʪʚʦʨʝʥʥʷʤ 

ʘʤ̔ʜʥʦʛʦ ʟʚôʷʟʢʫ. 

ʊʦʢʩʠʥʠ ï ʨʝʯʦʚʠʥʠ ʨʽʟʥʦʾ ʭʽʤʽʯʥʦʾ ʧʨʠʨʦʜʠ ʽ ʧʦʭʦʜʞʝʥʥ,̫ ʷʢ ̔ ʧʨʠ 

ʚʠʟʥʘʯʝʥʠʭ ʫʤʦʚʘʭ  ̔ʚ ʧʝʚʥʠʭ ʜʦʟʘʭ ʘʙʦ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʚʠʢʣʠʢʘʶʪʴ ʧʦʨʫʰʝʥʥ ̫

ʪʘ ʨʦʟʣʘʜʠ ʧʨʦʮʝʩ̔ʚ ʞʠʪʪ̒ʜʽʣ̫ʴʥʦʩʪ̔ ʦʨʛʘʥʽʟʤʫ, ʨʦʟʚʠʪʦʢ ʦʪʨʫʻʥʥ ̫

(ʽʥʪʦʢʩʠʢʘʮʽʾ) ʯʠ ʽʥʰʠʭ ʭʚʦʨʦʙ, ʧʘʪʦʣʦʛʯ̔ʥʠʭ ʩʪʘʥ̔ ʚ  ̔ʩʤʝʨʪʝʣʴʥʠʭ ʥʘʩʣʽʜʢʽʚ. 

ʊʨʝʪʠʥʥʘ ʩʪʨʫʢʪʫʨʘ ʙ̔ ʣʢʽʚ - ʮʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʨʦʟʛʦʨʥʫʪʦʛʦ 

ʧʦʣʽʧʝʧʪʠʜʥʦʛʦ ʣʘʥʮʶʛʘ ʚ ʢʦʤʧʘʢʪʥʫ ʤʦʣʝʢʫʣʫ. 

ʌʝʨʤʝʥʪʠ (ʝʥʟʠʤʠ) - ʮʝ ʙʦ̔ʣʦʛ̔ʯʥ̔ ʢʘʪʘʣʽʟʘʪʦʨʠ ʙʽʣʢʦʚʦʾ ʧʨʠʨʦʜʠ, ʷʢ̔ 

ʩʠʥʪʝʟʫʶʪʴʩʷ ʫ ʞʠʚʠʭ ʢʣʪ̔ʠʥʘʭ. ʌʝʨʤʝʥʪʠ ʥʘʧʨʘʚʣʝʥʦ ʢʘʪʘʣ̔ ʟʫʶʪʴ ʙʦ̔ʭʽʤʽʯʥʽ 

ʨʝʘʢʮʽʾ ʫ ʢʣʽʪʠʥʽ ʪʘ ʨʝʛʫʣʶʶʪʴ ʦʙʤʽʥ ʨʝʯʦʚʠʥ. 

https://uk.wikipedia.org/wiki/%D0%91%D1%96%D0%BB%D0%BE%D0%BA
https://uk.wikipedia.org/wiki/%D0%9C%D0%BE%D0%BB%D0%B5%D0%BA%D1%83%D0%BB%D0%B0
https://uk.wikipedia.org/wiki/%D0%9B%D1%96%D0%B3%D0%B0%D0%BD%D0%B4_(%D0%B1%D1%96%D0%BE%D1%85%D1%96%D0%BC%D1%96%D1%8F)
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ʌʪ̔ʦʛʦʨʤʦʥʠ ï ʮʝ ʥʠʟɹʢʦʤʦʣʝʢʫʣʨ̫ʥ̔ ʦʨʛʘʥ̔ʯʥʽ ʩʧʦʣʫʢʠ, ʷʢʽ 

ʩʠʥʪʝʟʫʶʪʴʩ̫  ʨʦʩʣʠʥʘʤʠ ʽ ʧʨʦʷʚʣʷʶʪɹ ʨʝʛʫʣ̫ʪʦʨʥʽ ʬʫʥʢʮʽʾ. 

ʌʦʩʬʦʣʽʧʽʜʠ - ʮʝ ʧʦʭʽʜʥʽ ʛʣʽʮʝʨʦʣʫ, ʢ̫̔ ʤʩ̔ʪʪ̫ ɹʟʘʣʠhʢʠ ʞʠʨʥʠʭ ʢʠʩʣʦʪ, 

ʬʦʩʬʦʨʥʦʾ ʢʠʩʣʦʪʠ, ʩʧʠʨʪʫ (ʭʦʣʽʥ, ʝʪʘʥʦʣʘʤʽʥ), ʘʤʽʥʦʢʠʩʣʦʪʠ ʪʦɦʦ. 

ʌʫʥʢʮʽʦʥʘʣʴʥʠʡ ʦʙʤʽʥ - ʮʝ ʭʽʤʽʯʥ̔  ʨʝʘʢʮʽʾ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʬʫʥʢʮ̔ʦʥʘʣʴʥʫ ʘʢʪʠʚʥʽʩʪʴ ʢʣʽʪʠʥ, ʦʨʛʘʥʽʚ, ʪʢʘʥʠʥ, ʩʠʩʪʝʤ ʦʨʛʘʥʽʟʤʫ. 

ʏʝʪʚʝʨʪʠʥʥʘ ʩʪʨʫʢʪʫʨʘ ʙʽʣʢʽʚ - ʮʝ ʭʘʨʘʢʪʝʨʥʠʡ ʩʧʦʩʽʙ ʦʙô̒ʜʥʘʥʥʷ ʽ 

ʨʦʟʤʽɦʝʥʥ̫ ʫ ʧʨʦʩʪʦʨʽ ʦʢʨʝʤʠʭ ʧʦʣʽʧʝʧʪʠʜʥʠʭ ʣʘʥʮʶʛʚ̔, ʷʢʽ ʩʢʣʘʜʘʶʪʴ ʦʜʥʫ 

ʬʫʥʢʮʽʦʥʘʣɹʥʦ ʽʥʜʠʚʽʜʫʘʣɹʥʫ ʤʦʣʝʢʫʣʫ. 
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ɼʆɼɸʊʂʀ 

ɼʦʜʘʪʦʢ 1.  

ʆʩʥʦʚʠ ʢʣʽʪʠʥʠ 

 
ʈʠʩ. 1. ɹʫʜʦʚʘ ʞʠʚʦʾ ʢʣʽʪʠʥʠ [24] 
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(ʙ) ʈʦʩʣʠʥʥʘ ʢʣʽʪʠʥʘ 

 

ʈʠʩ. 2. ɹʫʜʦʚʘ ʝʫʢʘʨʽʦʪʠʯʥʦʾ  ʢʣʽʪʠʥʠ ʪʚʘʨʠʥ (ʘ) ʽ ʨʦʩʣʠʥ (ʙ) [24] 



147 

 

 

ɼʦʜʘʪʦʢ 2.  

ɽʚʦʣʶʮʽʡʥʽ ʦʩʥʦʚʠ 

 

 

 

 

 

 
 

ʈʠʩ. 3. ʌʽʣʦʛʝʥʽʷ ʪʨʴʦʭ ʮʘʨʩʪʚ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ [24] 
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ʈʠʩ. 4. ʂʣʘʩʠʬʽʢʘʮ̔ ʷ ʦʨʛʘʥʽʟʤʽʚ ʟʘ ʜʞʝʨʝʣʘʤʠ ʝʥʝʨʛʽʾ ʽ ʢʘʨʙʦʥʫ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʩʠʥʪʝʟʫ [24] 
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ɼʦʜʘʪʦʢ 3.  

ʆʩʥʦʚʠ ʭʽʤʽʾ 
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