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ɺ ʫʯʝʙʥʠʢʝ ʠʟʣʦʞʝʥʳ ʦʩʥʦʚʥʳʝ ʟʥʘʥʠʷ, ʘ ʪʘʢʞʝ ʜʦʩ-

ʪʠʞʝʥʠʷ ʤʠʨʦʚʦʡ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ ʧʦ ʧʠʪʘʥʠʶ ʠ ʢʦʨʤʣʝ-

ʥʠʶ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ ʠʥʪʝʥʩʠʚʥʦʛʦ ʪʠʧʘ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ. ʕʪʠ ʟʥʘʥʠʷ ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʧʦʥʠʤʘʥʠʠ ʧʨʦ-

ʮʝʩʩʦʚ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʠʟʤʘ, ʙʠʦʩʠʥʪʝʟʘ ʧʨʦʜʫʢ-

ʮʠʠ, ʠʭ ʥʝʨʘʟʨʳʚʥʦʡ ʚʟʘʠʤʦʩʚʷʟʠ ʩ ʬʠʟʠʦʣʦʛʦ-

ʙʠʦʭʠʤʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʫʩʚʦʝʥʠʷ ʠ ʦʙʤʝʥʘ ʧʠʪʘʪʝʣʴ-

ʥʳʭ ʚʝʱʝʩʪʚ. ɺ ʫʯʝʙʥʠʢʝ ʜʘʥʳ ʚʦ ʤʥʦʛʦʤ ʥʦʚʳʝ ʤʝʪʦʜʳ 

ʦʮʝʥʢʠ ʧʠʪʘʪʝʣʴʥʦʩʪʠ ʢʦʨʤʦʚ, ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʠ ʚ 

ʵʥʝʨʛʠʠ, ʙʝʣʢʝ, ʥʝʟʘʤʝʥʠʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪʘʭ. 

ʋʯʝʙʥʠʢ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʦʙʫʯʝʥʠʷ ʧʦ ʢʫʨʩʫ 

çʂʦʨʤʣʝʥʠʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭè ʩʪʫʜʝʥʪʦʚ 

ʙʘʢʘʣʘʚʨʠʘʪʘ ʠ ʤʘʛʠʩʪʨʘʪʫʨʳ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʧʦʜʛʦʪʦʚʢʠ çɿʦʦʪʝʭʥʠʷè ʠ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 

çɺʝʪʝʨʠʥʘʨʠʷè ʠ ʥʘʧʨʘʚʣʝʥʠʶ çɺʝʪʩʘʥʵʢʩʧʝʨʪʠʟʘè. 
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ʇʨʝʜʠʩʣʦʚʠʝ 

 
ʄʳ ʷʚʣʷʝʤʩʷ ʦʯʝʚʠʜʮʘʤʠ ʠʟʫʤʠʪʝʣʴʥʦʛʦ ʧʨʦʛʨʝʩʩʘ ʚ ʞʠʚʦʪʥʦ-

ʚʦʜʩʪʚʝ. ɿʘ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ ʧʝʨʠʦʜ (30-40 ʣʝʪ) ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ 

ʢʦʨʦʚ ʚ ʨʷʜʝ ʩʪʨʘʥ ʜʦʩʪʠʛʣʘ 9-12 ʪʳʩ. ʢʛ ʤʦʣʦʢʘ ʟʘ ʣʘʢʪʘʮʠʶ, ʩʨʝʜʥʝʩʫ-

ʪʦʯʥʳʝ ʧʨʠʨʦʩʪʳ ʩʚʠʥʝʡ ʤʷʩʥʦʛʦ ʪʠʧʘ 1 ʢʛ, ʞʠʚʘʷ ʤʘʩʩʘ ʙʨʦʡʣʝʨʦʚ ʟʘ 

35-40 ʜʥʝʡ 2,5-3 ʢʛ, ʷʡʮʝʥʦʩʢʦʩʪʴ 330 ʷʠʮ ʥʘ ʥʝʩʫʰʢʫ ʚ ʛʦʜ. ʕʪʠ ʜʦʩʪʠ-

ʞʝʥʠʷ, ʙʝʟʫʩʣʦʚʥʦ, ʩʚʷʟʘʥʳ ʩ ʧʦʚʳʰʝʥʠʝʤ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʞʠʚʦʪʥʳʭ. ʆʜʥʘʢʦ, ʩʦʟʜʘʥʠʝ ʠ ʨʝʘʣʠʟʘʮʠʷ ʵʪʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʙʳʣʠ ʙʳ 

ʥʝʚʦʟʤʦʞʥʳ ʙʝʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʠʪʘʥʠʷ ʩʦʟʜʘʚʘʝʤʳʭ ʧʦʨʦʜ, ʣʠʥʠʡ 

ʠ ʢʨʦʩʩʦʚ, ʨʝʘʣʠʟʦʚʘʪʴ ʢʦʪʦʨʦʝ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʫʥʜʘ-

ʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʥʘʫʯʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʚ ʦʙʣʘʩʪʠ ʬʠʟʠʦʣʦʛʠʠ 

ʧʠʱʝʚʘʨʝʥʠʷ, ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʠ ʘʤʠʥʦʢʠʩʣʦʪʥʦʛʦ ʧʠʪʘʥʠʷ, ʨʘʩʢʨʳʪʠʷ 

ʧʨʦʮʝʩʩʦʚ ʙʠʦʩʠʥʪʝʟʘ ʙʝʣʢʘ ʠ ʠʭ ʨʝʛʫʣʷʮʠʠ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ, ʢʣʝʪʦʯ-

ʥʦʤ ʠ ʦʨʛʘʥʠʟʤʝʥʥʦʤ ʫʨʦʚʥʝ. 

ɼʠʩʮʠʧʣʠʥʫ çʂʦʨʤʣʝʥʠʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭè ʩʣʝ-

ʜʫʝʪ ʧʦʥʠʤʘʪʴ ʧʨʝʞʜʝ ʚʩʝʛʦ ʢʘʢ çʇʠʪʘʥʠʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠ-

ʚʦʪʥʳʭè. ʂʦʨʤʣʝʥʠʝ, ʢʘʢ ʯʘʩʪʴ ʪʝʭʥʦʣʦʛʠʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ, ʦʧʨʝʜʝʣʷ-

ʝʪʩʷ ʧʨʠʥʷʪʳʤʠ ʥʘ ʬʝʨʤʝ ʨʘʩʧʦʨʷʜʢʦʤ ʠ ʩʧʦʩʦʙʘʤʠ ʢʦʨʤʣʝʥʠʷ ʞʠʚʦʪ-

ʥʳʭ: ʚʨʝʤʝʥʝʤ ʨʘʟʜʘʯʠ ʢʦʨʤʦʚ, ʚʠʜʘʤʠ ʢʦʨʤʦʚ ʠ ʠʭ ʢʦʣʠʯʝʩʪʚʦʤ, ʛʨʫʧ-

ʧʦʚʳʤ, ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʢʦʨʤʣʝʥʠʝʤ ʠʣʠ ʧʘʩʪʴʙʦʡ, ʧʨʝʜʦʩʪʘʚʣʝʥʠʝʤ 

ʩʘʤʦʤʫ ʞʠʚʦʪʥʦʤʫ ʚʳʙʠʨʘʪʴ ʢʦʤʧʦʥʝʥʪʳ ʨʘʮʠʦʥʘ ʠʣʠ ʜʘʚʘʪʴ ʩʤʝʰʘʥ-

ʥʳʡ ʢʦʨʤ. ʇʠʪʘʥʠʝ ʞʝ ʷʚʣʷʝʪʩʷ ʜʨʫʛʠʤ ʫʨʦʚʥʝʤ. ʆʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʘ-

ʢʠʤʠ ʢʘʪʝʛʦʨʠʷʤʠ ʢʘʢ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ, ʙʝʣʢʦʚʦʝ, ʘʤʠʥʦʢʠʩʣʦʪʥʦʝ, ʤʠ-

ʥʝʨʘʣʴʥʦʝ, ʚʠʪʘʤʠʥʥʦʝ ʧʠʪʘʥʠʝ. ʇʦʜ ʵʪʠʤʠ ʦʧʨʝʜʝʣʝʥʠʷʤʠ ʧʦʜʨʘʟʫʤʝ-

ʚʘʶʪʩʷ ʥʦʨʤʳ ʧʠʪʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʞʠʚʦʪʥʳʭ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʫʩʣʦʚʠʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʂʨʦʤʝ ʪʦʛʦ, 

ʜʣʷ ʢʘʞʜʦʡ ʢʘʪʝʛʦʨʠʠ ʚʝʱʝʩʪʚ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʥʠʝ ʝʛʦ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ 

ʨʦʣʠ, ʧʦʥʠʤʘʥʠʷ ʧʨʦʠʩʭʦʜʷʱʠʭ ʩ ʥʠʤ ʨʝʘʢʮʠʡ ʚ ʦʨʛʘʥʠʟʤʝ, ʙʠʦʭʠʤʠʯʝ-

ʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʩ ʜʨʫʛʠʤʠ ʚʝʱʝʩʪʚʘʤʠ.  

ʈʘʟʨʘʙʦʪʢʘ ʥʦʨʤ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚʘʭ ï ʥʘʠʙʦ-

ʣʝʝ ʚʘʞʥʦʝ ʫʩʣʦʚʠʝ ʨʝʘʣʠʟʘʮʠʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʨʦʜʫʢʪʠʚ-

ʥʦʩʪʠ ʠ ʢʦʥʚʝʨʩʠʠ ʢʦʨʤʘ. ɺ ʩʪʨʘʥʘʭ ʩ ʚʳʩʦʢʦʨʘʟʚʠʪʳʤ ʞʠʚʦʪʥʦʚʦʜʩʪ-

ʚʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʦʨʤʳ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʬʘʢʪʦʨʠʘʣʴʥʳʤ ʤʝʪʦʜʦʤ. ɺ 

ʦʙʦʩʥʦʚʘʥʠʝ ʤʝʪʦʜʘ ʣʝʛʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʙʤʝʥʫ ʵʥʝʨʛʠʠ ʠ ʵʥʝʨʛʝʪʠ-

ʯʝʩʢʦʡ ʦʮʝʥʢʠ ʢʦʨʤʦʚ ʚʳʜʘʶʱʠʭʩʷ ʫʯʝʥʳʭ ʢʦʥʮʘ 19-ʛʦ ï ʧʝʨʚʦʡ ʧʦʣʦ-

ʚʠʥʳ 20-ʛʦ ʚʝʢʦʚ: ʄ. ʈʫʙʥʝʨʘ (1894), ʆ. ʂʝʣʴʥʝʨʘ (1905), ɻ. ɸʨʤʩʙʠ 

(1912), ʀ.ʉ. ʇʦʧʦʚʘ (1924), ʄ.ʀ. ɼʴʷʢʦʚʘ (1925), ʂʣʝʡʙʝʨʘ (1936), ʅ.ʀ. 

ɼʝʥʠʩʦʚʘ (1948), ʂ. ʅʝʨʠʥʛʘ (1952). 

ʉʫʪʴ ʤʝʪʦʜʘ ʩʦʩʪʦʠʪ ʚ ʫʩʪʘʥʦʚʣʝʥʠʠ ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ, ʙʝʣʢʘ, ʤʠ-

ʥʝʨʘʣʦʚ  ʥʘ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʦʨʛʘʥʠʟʤʘ ʞʠʚʦʪʥʦʛʦ: ʦʩʥʦʚʥʦʡ 

ʦʙʤʝʥ (ʧʦʜʜʝʨʞʘʥʠʝ), ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʜʫʢʮʠʠ (ʤʦʣʦʢʦ, ʞʠʚʘʷ ʤʘʩʩʘ, 

ʷʡʮʘ, ʰʝʨʩʪʴ, ʬʠʟʠʯʝʩʢʫʶ ʨʘʙʦʪʫ ʠ ʜʨ.), ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ ʧʣʦʜʘ. 
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ʍʦʪʷ ʧʦʪʨʝʙʥʦʩʪʴ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʥʘ ʢʘʞʜʫʶ ʬʫʥʢʮʠʶ ʚ ʦʪʜʝʣʴ-

ʥʦʩʪʠ, ʪʝʤ ʥʝ ʤʝʥʝʝ ʠʭ ʥʝʣʴʟʷ ʨʘʩʩʤʘʪʨʠʚʘʪʴ, ʢʘʢ ʥʝʟʘʚʠʩʠʤʳʝ. ʂʨʠʪʠʢʘ 

ʚ ʘʜʨʝʩ ʬʘʢʪʦʨʠʘʣʴʥʦʛʦ ʤʝʪʦʜʘ ʩʚʦʜʠʪʩʷ, ʠʤʝʥʥʦ, ʢ ʪʦʤʫ, ʯʪʦ ʤʝʪʦʜ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʨʘʟʜʝʣʝʥʠʝ ʬʫʥʢʮʠʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʞʠʚʦʤ ʦʨʛʘʥʠʟ-

ʤʝ ʚʩʝ ʬʫʥʢʮʠʠ ʚʟʘʠʤʦʩʚʷʟʘʥʳ ʚʦ ʚʨʝʤʝʥʠ ʠ ʫʩʣʦʚʠʷʭ ʩʨʝʜʳ. ʆʩʥʦʚʦ-

ʧʦʣʦʞʥʠʢʠ ʬʘʢʪʦʨʠʘʣʴʥʦʛʦ ʤʝʪʦʜʘ ʭʦʨʦʰʦ ʧʦʥʠʤʘʣʠ ʝʛʦ ʫʩʣʦʚʥʦʩʪʴ, 

ʥʦ ʧʦʥʠʤʘʣʠ ʠ ʪʦ, ʯʪʦ ʜʨʫʛʦʛʦ, ʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʥʘʫʯʥʦʛʦ ʤʝʪʦʜʘ 

ʥʝʪ. 

ʉʪʫʜʝʥʪ, ʦʧʨʝʜʝʣʠʚʰʠʡʩʷ ʢʘʢ ʙʫʜʫʱʠʡ ʩʧʝʮʠʘʣʠʩʪ ʧʦ ʧʠʪʘʥʠʶ 

ʞʠʚʦʪʥʳʭ, ʜʦʣʞʝʥ ʟʥʘʪʴ ʥʝ ʪʦʣʴʢʦ ʧʨʝʜʣʘʛʘʝʤʳʝ ʥʘʫʢʦʡ ʢʦʨʤʦʚʳʝ 

ʩʪʘʥʜʘʨʪʳ, ʥʦ ʠ ʧʦʥʠʤʘʪʴ ʠʭ ʦʙʨʘʟʦʚʘʥʠʝ, ʟʥʘʪʴ ʬʠʟʠʦʣʦʛʠʶ ʧʠʱʝʚʘʨʝ-

ʥʠʷ ʞʠʚʦʪʥʳʭ, ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʦʨʛʘʥʠʟʤʝ, 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʦʞʠʜʘʝʤʫʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ. ɼʘʥʥʦʝ ʧʦʩʦʙʠʝ ʩʪʘʚʠʪ 

ʮʝʣʴʶ ʥʘʫʯʠʪʴ ʩʪʫʜʝʥʪʦʚ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʥʦʨʤʳ ʧʠʪʘʥʠʷ ʬʘʢʪʦʨʠʘʣʴʥʳʤ 

ʤʝʪʦʜʦʤ ʚ ʪʘʢʦʡ ʤʝʨʝ, ʯʪʦʙʳ ʦʥʠ ʤʦʛʣʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʨʘʩʩʯʠʪʳʚʘʪʴ 

ʧʦʪʨʝʙʥʦʩʪʴ ʞʠʚʦʪʥʳʭ ʪʘʤ, ʛʜʝ ʠʤ ʧʨʠʜʝʪʩʷ ʨʘʙʦʪʘʪʴ. 

ʉ ʨʦʩʪʦʤ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʞʠʚʦʪʥʳʭ ʥʘʙʣʶʜʘʝʪʩʷ ʦʩʣʘʙʣʝʥʠʝ 

ʠʤʤʫʥʠʪʝʪʘ ʠ ʟʜʦʨʦʚʴʷ ʞʠʚʦʪʥʳʭ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʟʘʤʝʪʥʦ ʥʘ ʤʘʪʦʯʥʦʤ 

ʧʦʛʦʣʦʚʴʝ ʤʦʣʦʯʥʦʛʦ ʩʢʦʪʘ ʠ ʩʚʠʥʝʡ. ʇʨʦʜʫʢʪʠʚʥʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʞʠʟʥʠ ʢʦʨʦʚ ʩʦʢʨʘʪʠʣʘʩʴ ʜʦ 2-3 ʣʘʢʪʘʮʠʡ, ʩʚʠʥʦʤʘʪʦʢ ʜʦ 2 ʣʝʪ. ʆʩʥʦʚ-

ʥʘʷ ʧʨʠʯʠʥʘ ʚʳʙʳʪʠʷ ʞʠʚʦʪʥʳʭ ï ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ ʟʘʙʦʣʝʚʘʥʠʷ, ʦʙʫ-

ʩʣʦʚʣʝʥʥʳʝ ʢʦʨʤʣʝʥʠʝʤ, ʥʝ ʦʪʚʝʯʘʶʱʠʤ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤʫ ʩʦʩʪʦʷʥʠʶ 

ʞʠʚʦʪʥʳʭ ʚ ʧʨʝʜ ï ʠ ʧʦʩʣʝʨʦʜʦʚʳʝ ʧʝʨʠʦʜʳ. ɺ ʫʯʝʙʥʠʢʝ ʝʩʪʴ ʨʝʢʦʤʝʥ-

ʜʘʮʠʠ ʧʦ ʢʦʨʤʣʝʥʠʶ ʤʘʪʦʯʥʦʛʦ ʧʦʛʦʣʦʚʴʷ ʚ ʧʝʨʝʭʦʜʥʳʡ ʧʝʨʠʦʜ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʞʠʚʦʪʥʦʚʦʜʩʪʚʦ ʚ ʨʦʩʩʠʡʩʢʠʭ ʫʩʣʦʚʠʷʭ ʧʝʨʝ-

ʩʪʨʘʠʚʘʝʪʩʷ ʥʘ ʝʚʨʦʧʝʡʩʢʠʝ ʩʪʘʥʜʘʨʪʳ, ʚʢʣʶʯʘʶʱʠʝ ʟʘʧʘʜʥʳʝ ʧʦʨʦʜʳ 

ʤʦʣʦʯʥʦʛʦ ʠ ʤʷʩʥʦʛʦ ʩʢʦʪʘ, ʣʠʥʠʠ ʠ ʢʨʦʩʩʳ ʩʚʠʥʝʡ, ʷʠʯʥʦʡ ʠ ʤʷʩʥʦʡ 

ʧʪʠʮʳ, ʪʝʭʥʦʣʦʛʠʠ ʩʦʜʝʨʞʘʥʠʷ ʠ ʢʦʨʤʣʝʥʠʷ. ɺʤʝʩʪʝ ʩ ʥʠʤʠ ʧʨʠʭʦʜʷʪ 

ʥʦʨʤʳ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʥʦʚʳʝ ʧʦʢʘʟʘʪʝʣʠ ʩʦʩʪʘʚʘ ʢʦʨʤʦʚ (ʦʙʤʝʥ-

ʥʳʡ ʙʝʣʦʢ, ʥʝʩʪʨʫʢʪʫʨʥʳʝ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʫʛʣʝʚʦʜʳ), ʙʘʣʘʥʩʠʨʦʚʘʥʠʝ 

ʨʘʮʠʦʥʦʚ ʩʚʠʥʝʡ, ʧʪʠʮ, ʤʦʣʦʯʥʦʛʦ ʩʢʦʪʘ ʧʦ ʠʩʪʠʥʥʦ ʧʝʨʝʚʘʨʠʤʳʤ ʘʤʠ-

ʥʦʢʠʩʣʦʪʘʤ, ʩʦʩʪʘʚʣʝʥʠʝ ʨʘʮʠʦʥʦʚ ʜʣʷ ʞʚʘʯʥʳʭ ʞʠʚʦʪʥʳʭ ʚ ʨʘʩʯʝʪʝ ʥʘ 

1 ʢʛ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ, ʩʚʠʥʝʡ ʠ ʧʪʠʮ ʥʘ 1 ʢʛ ʢʦʤʙʠʢʦʨʤʘ. ʕʪʠ ʧʦʜʭʦʜʳ 

ʥʝʦʙʭʦʜʠʤʦ ʚʢʣʶʯʠʪʴ ʚ ʧʨʦʛʨʘʤʤ rʧʨʝʧʦʜʘʚʘʥʠʷ, ʦʥʠ ʥʘʰʣʠ ʦʪʨʘʞʝ-

ʥʠʝ ʚʦ ʚʩʝʭ ʨʘʟʜʝʣʘʭ ʜʘʥʥʦʛʦ ʫʯʝʙʥʠʢʘ. 

ɺʳʩʦʢʘʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʩʦʧʨʷʞʝʥʘ ʩ ʠʥʪʝʥʩʠʚʥʳʤ ʦʙʤʝʥʦʤ 

ʚʝʱʝʩʪʚ, ʥʘʧʨʷʞʝʥʠʝʤ ʨʘʙʦʪʳ ʢʣʝʪʦʢ, ʪʢʘʥʝʡ, ʦʨʛʘʥʦʚ ʠ ʩʠʩʪʝʤ ʦʨʛʘ-

ʥʠʟʤʘ ï ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʡ, ʜʳʭʘʪʝʣʴʥʦʡ, ʩʝʨʜʝʯʥʦ ï ʩʦʩʫʜʠʩʪʦʡ, ʚʳʜʝ-

ʣʠʪʝʣʴʥʦʡ. ɺ ʦʨʛʘʥʠʟʤʝ ʧʨʦʠʩʭʦʜʷʪ ʪʳʩʷʯʠ ʨʝʘʢʮʠʡ ʩʠʥʪʝʟʘ ʠ ʨʘʩʧʘʜʘ ʚ 

ʧʨʦʮʝʩʩʝ ʦʙʤʝʥʘ ʚʝʱʝʩʪʚ. ʕʪʘ ʨʘʙʦʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʜ ʢʦʥʪʨʦʣʝʤ ʠ 

ʨʝʛʫʣʠʨʫʝʪʩʷ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʠ ʛʫʤʦʨʘʣʴʥʦʡ ʩʠʩʪʝʤʘʤʠ. ɿʥʘʥʠʝ 

ʦʩʥʦʚ ʭʠʤʠʠ ʙʝʣʢʦʚ, ʞʠʨʦʚ ʠ ʫʛʣʝʚʦʜʦʚ, ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠʭ 

ʦʙʤʝʥʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʩʠʥʪʝʟ ʧʨʦʜʫʢʪʦʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʷʚʣʷʝʪʩʷ 
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ʦʜʥʦʡ ʠʟ ʟʘʜʘʯ ʦʙʫʯʝʥʠʷ ʧʦ ʢʫʨʩʫ ʧʠʪʘʥʠʷ ʠ ʢʦʨʤʣʝʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪ-

ʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ. ʕʪʦ ʜʠʢʪʫʝʪʩʷ ʪʘʢʞʝ ʩʦʚʨʝʤʝʥʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ 

ʚ ʦʙʣʘʩʪʠ ʙʠʦʭʠʤʠʠ ʠ ʬʠʟʠʦʣʦʛʠʠ ʧʠʪʘʥʠʷ, ʦʜʥʠʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ 

çʩʫʙʩʪʨʘʪʥʦʝè ʧʠʪʘʥʠʝ. ʆʥʦ ʦʩʥʦʚʘʥʦ ʥʘ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʷʭ 

ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʢʦʨʤʦʚ ʚ ʫʩʚʦʷʝʤʳʝ ʩʫʙʩʪʨʘʪʳ (ʘʤʠʥʦʢʠʩʣʦʪʳ, 

ʛʣʶʢʦʟʫ, ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ ʠ ʜʨ.), ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʷʭ ʠʭ ʦʙʨʘ-

ʟʦʚʘʥʠʷ. ʆʚʣʘʜʝʥʠʝ ʪʝʦʨʠʝʡ ʠ ʤʝʪʦʜʘʤʠ ʩʫʙʩʪʨʘʪʥʦʛʦ ʧʠʪʘʥʠʷ ʧʦʟʚʦʣʷʪ 

ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʨʘʮʠʦʥʳ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ 

ʞʠʚʦʪʥʳʭ. 

ɺ ʫʯʝʙʥʠʢ ʚʚʝʜʝʥʳ ʨʘʟʜʝʣʳ ʧʦ ʭʠʤʠʠ ʠ ʙʠʦʭʠʤʠʠ ʙʝʣʢʦʚ, ʞʠʨʦʚ 

ʠ ʫʛʣʝʚʦʜʦʚ, ʦʙʤʝʥʫ ʵʥʝʨʛʠʠ ʠ ʙʝʣʢʘ, ʛʦʨʤʦʥʘʣʴʥʦʡ ʨʝʛʫʣʷʮʠʠ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ. ʕʪʠ ʨʘʟʜʝʣʳ, ʢʘʢ ʤʳ ʥʘʜʝʝʤʩʷ, ʙʫʜʫʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʫʛʣʫʙʣʝʥʠʶ ʟʥʘʥʠʡ ʙʘʢʘʣʘʚʨʦʚ ʠ ʤʘʛʠʩʪʨʦʚ. 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʥʠʡ ʩʪʫʜʝʥʪ ʙʘʢʘʣʘʚʨʠʘʪʘ ʧʦ ʥʘʧʨʘʚ-

ʣʝʥʠʶ ʧʦʜʛʦʪʦʚʢʠ çɿʦʦʪʝʭʥʠʷè ʠ ʩʪʫʜʝʥʪ ʩʧʝʮʠʘʣʠʪʝʪʘ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ 

ʧʦʜʛʦʪʦʚʢʠ çɺʝʪʝʨʠʥʘʨʠʷè ʜʦʣʞʝʥ ʫʤʝʪʴ: 

- ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʠ ʟʘʨʫʙʝʞʥʳʝ ʥʦʨʤʳ 

ʧʦʪʨʝʙʥʦʩʪʠ ʞʠʚʦʪʥʳʭ ʚ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚʘʭ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦʪʨʝʙʥʦʩʪʴ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ʠ ʩʚʠ-

ʥʝʡ ʚ ʵʥʝʨʛʠʠ, ʙʝʣʢʝ, ʤʠʥʝʨʘʣʘʭ ʩ ʧʦʤʦʱʴʶ ʬʘʢʪʦʨʠʘʣʴʥʦʛʦ ʤʝʪʦʜʘ; 

- ʩʦʩʪʘʚʣʷʪʴ ʚ ʨʫʯʥʦʤ ʠ ʢʦʤʧʴʶʪʝʨʥʦʤ ʠʩʧʦʣʥʝʥʠʠ ʩʙʘʣʘʥʩʠʨʦ-

ʚʘʥʳʝ ʧʦ ʚʩʝʤ ʵʣʝʤʝʥʪʘʤ ʧʠʪʘʥʠʷ (ʵʥʝʨʛʠʠ, ʩʳʨʦʤʫ ʠ ʦʙʤʝʥʥʦʤʫ ʙʝʣʢʫ, 

ʜʦʩʪʫʧʥʳʤ ʘʤʠʥʦʢʠʩʣʦʪʘʤ, ʤʠʥʝʨʘʣʘʤ, ʚʠʪʘʤʠʥʘʤ) ʨʘʮʠʦʥʳ ʜʣʷ ʨʘʟ-

ʥʳʭ ʚʠʜʦʚ, ʧʦʣʦʚʦʟʨʘʩʪʥʳʭ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʛʨʫʧʧ ʞʠʚʦʪʥʳʭ (ʩ 

ʫʯʝʪʦʤ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ), ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʚʳʩʦʢʫʶ ʧʨʦ-

ʜʫʢʪʠʚʥʦʩʪʴ, ʟʜʦʨʦʚʴʝ ʠ ʜʦʣʛʦʣʝʪʠʝ ʞʠʚʦʪʥʳʭ; 

- ʦʙʝʩʧʝʯʠʪʴ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʦʧʪʠʤʘʣʴʥʦʝ ʧʠʪʘʥʠʝ ʤʘʪʦʯʥʦʛʦ 

ʧʦʛʦʣʦʚʴʷ ʞʠʚʦʪʥʳʭ ʚ ʧʨʝʜ-ʠ ʧʦʩʣʝʨʦʜʦʚʦʡ ʧʝʨʠʦʜʳ, ʘ ʪʘʢʞʝ ʚ ʧʠʢ 

ʣʘʢʪʘʮʠʠ ʚ ʮʝʣʷʭ ʩʥʠʞʝʥʠʷ ʩʣʫʯʘʝʚ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʠ 

ʫʣʫʯʰʝʥʠʷ ʚʦʩʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʬʫʥʮʠʡ. 

ʆʙʫʯʘʶʱʠʝʩʷ ʚ ʤʘʛʠʩʪʨʘʪʫʨʝ ʧʦ ʧʨʦʛʨʘʤʤʝ çʅʘʫʯʥʳʝ ʦʩʥʦʚʳ 

ʧʠʪʘʥʠʷ ʞʠʚʦʪʥʳʭè ʜʦʣʞʥʳ ʫʤʝʪʴ: 

- ʧʨʦʚʦʜʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʜʝʡʩʪʚʠʶ ʨʘʟʣʠʯʥʳʭ ʧʠʪʘʪʝʣʴʥʳʭ ʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ, ʟʜʦʨʦʚʴʝ ʠ ʦʙʤʝʥ 

ʚʝʱʝʩʪʚ ʚ ʦʨʛʘʥʠʟʤʝ ʞʠʚʦʪʥʳʭ; 

- ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʥʠʷ ʚ ʤʘʛʠʩʪʨʘʪʫʨʝ ʠ ʠʟ ʤʠʨʦʚʳʭ 

ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʩʧʦʩʦʙʦʚ ʧʦ-

ʚʳʰʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʢʦʨʤʦʚ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʤʦʣʦʢʘ, ʤʷʩʘ ʠ ʜʨʫʛʦʡ ʧʨʦʜʫʢʮʠʠ; 

- ʩʦʩʪʘʚʣʷʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʨʘʮʠʦʥʳ, ʢʦʤʙʠʢʦʨʤʘ, ʧʨʝʤʠʢʩʳ, ʙʝʣ-

ʢʦʚʦ-ʤʠʥʝʨʘʣʴʥʦ-ʚʠʪʘʤʠʥʥʳʝ ʜʦʙʘʚʢʠ ʠ ʜʨʫʛʠʝ ʧʨʦʜʫʢʪʳ ʚ ʫʩʣʦʚʠʷʭ 

ʢʨʫʧʥʳʭ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʝʜʧʨʠ-

ʷʪʠʡ, ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʦ. 
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ʉʦʢʨʘʱʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʪʝʢʩʪʝ: 

 
ɹʎ ï ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʮʝʥ-

ʥʦʩʪʴ 

ʉʘʫʩʪ ï ʫʩʚʦʷʝʤʳʡ ʢʘʣʴʮʠʡ 

ʩʪʝʣʴʥʦʩʪʠ 

ɹʕɺ ï ʙʝʟʘʟʦʪʠʩʪʳʝ ʵʢʩʪʨʘʢ-

ʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ 

ʉʘʫ ï ʢʘʣʴʮʠʡ ʫʩʚʦʷʝʤʳʡ 

ɺʕ ï ʚʘʣʦʚʘʷ ʵʥʝʨʛʠʷ ʉʘʭ. ï ʩʘʭʘʨ 

ɿɸʂ ï ʟʘʤʝʥʠʤʳʝ ʘʤʠʥʦʢʠʩ-

ʣʦʪʳ 

ʉɹ ï ʩʳʨʦʡ ʙʝʣʦʢ 

ʂɸɹ ï ʢʘʪʠʦʥʥʦ-ʘʥʠʦʥʥʳʡ 

ʙʘʣʘʥʩ 

ʉɹʣ ï ʩʳʨʦʡ ʙʝʣʦʢ ʣʘʢʪʘʮʠʠ 

ʂɼʂ ï ʢʠʩʣʦʪʥʦ-ʜʝʪʝʨʛʝʥʪʥʘʷ 

ʢʣʝʪʯʘʪʢʘ 

ʉɹʤʣ ï ʩʳʨʦʡ ʙʝʣʦʢ ʤʦʣʦʢʘ 

ʂɼʅʉɹ ï ʢʠʩʣʦʪʥʦ-

ʜʝʪʝʨʛʝʥʪʥʳʡ ʥʝʨʘʩʪʚʦ-

ʨʠʤʳʡ ʩʳʨʦʡ ʙʝʣʦʢ 

ʉɹʧʜ ï ʩʳʨʦʡ ʙʝʣʦʢ ʧʦʜʜʝʨʞʘ-

ʥʠʷ 

ʅɸʂ ï ʥʝʟʘʤʝʥʠʤʳʝ ʘʤʠʥʦ-

ʢʠʩʣʦʪʳ 

ʉɹʩʪ ï ʩʳʨʦʡ ʙʝʣʦʢ ʩʪʝʣʴʥʦʩʪʠ 

ʅɼʂ ï ʥʝʡʪʨʘʣʴʥʦ-

ʜʝʪʝʨʛʝʥʪʥʘʷ ʢʣʝʪʯʘʪʢʘ 

ʉɺ ï ʩʫʭʦʝ ʚʝʱʝʩʪʚʦ 

ʅɼʅʉɹ ï ʥʝʡʪʨʘʣʴʥʦ-

ʜʝʪʝʨʛʝʥʪʥʳʡ ʥʝʨʘʩʪʚʦ-

ʨʠʤʳʡ ʩʳʨʦʡ ʙʝʣʦʢ 

ʉɾ ï ʩʳʨʦʡ ʞʠʨ 

ʅʈɹ ï ʥʝʨʘʩʧʘʜʘʝʤʳʡ ʚ ʨʫʙʮʝ 

ʙʝʣʦʢ 

ʉɿ ï ʩʳʨʘʷ ʟʦʣʘ 

ʅʉʋ ï ʥʝʩʪʨʫʢʪʫʨʥʳʝ ʫʛʣʝʚʦ-

ʜ  r

ʉʂ ï ʩʳʨʘʷ ʢʣʝʪʯʘʪʢʘ 

ʆɹ ï ʦʙʤʝʥʥʳʡ ʙʝʣʦʢ ʉʂʉ ï ʩʦʦʪʥʦʰʝʥʠʝ ʢʨʘʭʤʘʣʘ 

ʢ ʩʘʭʘʨʫ 

ʆɹʂ ï ʦʙʤʝʥʥʳʡ ʙʝʣʦʢ ʢʘʣʘ ʉʇʇɺ ï ʩʫʤʤʘ ʧʝʨʝʚʘʨʠʤʳʭ ʧʠ-

ʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ 

ʆɺ ï ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʏɹ ï ʯʠʩʪʳʡ ʙʝʣʦʢ 

ʆʂɽ ï ʦʚʩʷʥʘʷ ʢʦʨʤʦʚʘʷ ʝʜʠ-

ʥʠʮʘ 

ʏʕ ï ʯʠʩʪʘʷ ʵʥʝʨʛʠʷ 

ʆʕ ï ʦʙʤʝʥʥʘʷ ʵʥʝʨʛʠʷ ʏʕʙ  ï ʯʠʩʪʘʷ ʵʥʝʨʛʠʷ ʙʝʣʢʘ 

ʆʕʣ ï ʦʙʤʝʥʥʘʷ ʵʥʝʨʛʠʷ ʣʘʢ-

ʪʘʮʠʠ 

ʏʕʞ ï ʯʠʩʪʘʷ ʵʥʝʨʛʠʷ ʞʠʨʘ 
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ʆʕʤʣ ï ʦʙʤʝʥʥʘʷ ʵʥʝʨʛʠʷ ʤʦ-

ʣʦʢʘ 

ʏʕʤʣ ï ʯʠʩʪʘʷ ʵʥʝʨʛʠʷ ʤʦʣʦʢʘ 

ʆʕʩʪ ï ʦʙʤʝʥʥʘʷ ʵʥʝʨʛʠʷ 

ʩʪʝʣʴʥʦʩʪʠ 

ʏʕʩʩʧ ï ʯʠʩʪʘʷ ʵʥʝʨʛʠʷ ʩʨʝʜʥʝ-

ʩʫʪʦʯʥʦʛʦ ʧʨʠʨʦʩʪʘ ʞʤ 

ʧʉɹ ï ʧʝʨʝʚʘʨʠʤʳʡ ʩʳʨʦʡ 

ʙʝʣʦʢ 

ʕɹʂ ï ʵʥʜʦʛʝʥʥʳʡ ʙʝʣʦʢ ʢʘʣʘ 

ʧʉɾ ï ʧʝʨʝʚʘʨʠʤʳʡ ʩʳʨʦʡ 

ʞʠʨ 

ʕɹʄ ï ʵʥʜʦʛʝʥʥʳʡ ʙʝʣʦʢ ʤʦʯʠ 

ʧʉʂ ï ʧʝʨʝʚʘʨʠʤʘʷ ʩʳʨʘʷ 

ʢʣʝʪʯʘʪʢʘ 

ʕʢ ï ʵʥʝʨʛʠʷ ʢʘʣʘ 

ʇʇɺ ï ʧʝʨʝʚʘʨʠʤʳʝ ʧʠʪʘ-

ʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ 

ʕʂɽ ï ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʢʦʨʤʦ-

ʚʘʷ ʝʜʠʥʠʮʘ 

ʇʉɺ ï ʧʦʪʨʝʙʣʝʥʠʝ ʩʫʭʦʛʦ 

ʚʝʱʝʩʪʚʘ 

ʕʤ ï ʵʥʝʨʛʠʷ ʤʦʯʠ 

ʈʫʣ ï ʫʩʚʦʷʝʤʳʡ ʬʦʩʬʦʨ 

ʣʘʢʪʘʮʠʠ 

ʕʤʝʪ. ï ʵʥʝʨʛʠʷ ʤʝʪʘʥʘ 

ʈʫʧʜ ï ʫʩʚʦʷʝʤʳʡ ʬʦʩʬʦʨ 

ʧʦʜʜʝʨʞʘʥʠʷ 

ʕʇɹ ï ʵʥʜʦʛʝʥʥʳʡ ʧʦʚʝʨʭʥʦ-

ʩʪʥʳʡ ʙʝʣʦʢ 

ʈʈɹ ï ʨʘʩʧʘʜʘʝʤʳʡ ʚ ʨʫʙʮʝ 

ʙʝʣʦʢ 

ʕʧʜ ï ʵʥʝʨʛʠʷ ʧʦʜʜʝʨʞʘʥʠʷ 

ʞʠʟʥʠ 

ʈʫʩʪ ï ʫʩʚʦʷʝʤʳʡ ʬʦʩʬʦʨ 

ʩʪʝʣʴʥʦʩʪʠ 

 

ʈʫ ï ʬʦʩʬʦʨ ʫʩʚʦʷʝʤʳʡ ʕʧʧʚ ï ʵʥʝʨʛʠʷ ʧʝʨʝʚʘʨʠʤʳʭ 

ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ 

ʉʘʫʣ ï ʫʩʚʦʷʝʤʳʡ ʢʘʣʴʮʠʡ 

ʣʘʢʪʘʮʠʠ 

ʕʧʨ ï ʵʥʝʨʛʠʷ ʧʨʦʜʫʢʮʠʠ 

ʉʘʫʧʜ ï ʫʩʚʦʷʝʤʳʡ ʢʘʣʴʮʠʡ 

ʧʦʜʜʝʨʞʘʥʠʷ 

ʕʧʪ ï ʵʥʝʨʛʠʷ ʧʨʠʨʘʱʝʥʠʷ 

ʪʝʧʣʘ 

 ʕʪʧ ï ʵʥʝʨʛʠʷ ʪʝʧʣʦʧʨʦʜʫʢ-

ʮʠʠ 

 ʕʋ ï ʵʥʝʨʛʠʷ ʫʩʚʦʝʥʠʷ 
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ʈʘʟʜʝʣ I. ʉʦʩʪʘʚ ʠ ʧʝʨʝʚʘʨʠʚʘʥʠʝ ʢʦʨʤʦʚ 

ʇʠʪʘʪʝʣʴʥʫʶ ʮʝʥʥʦʩʪʴ ʩʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ ʢʘʢ ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʨʤʘ 

(ʧʠʱʠ) ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʧʦʪʨʝʙʥʦʩʪʴ ʦʨʛʘʥʠʟʤʘ ʞʠʚʦʪʥʦʛʦ ʚ ʧʠʪʘʪʝʣʴʥʳʭ 

ʚʝʱʝʩʪʚʘʭ: ʙʝʣʢʘʭ, ʞʠʨʘʭ, ʫʛʣʝʚʦʜʘʭ, ʚʠʪʘʤʠʥʘʭ ʠ ʤʠʥʝʨʘʣʘʭ. ʏʝʤ ʚʳ-

ʰʝ ʧʠʪʘʪʝʣʴʥʦʩʪʴ, ʪʝʤ ʚʳʰʝ ʟʜʦʨʦʚʴʝ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʞʠʚʦʪʥʳʭ, ʢʘ-

ʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ. ʇʠʪʘʪʝʣʴʥʦʩʪʴ ʢʦʨʤʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʛʦ ʭʠʤʠʯʝʩʢʠʤ 

ʩʦʩʪʘʚʦʤ ʠ ʫʩʚʦʷʝʤʦʩʪʴʶ (ʧʝʨʝʚʘʨʠʤʦʩʪʴʶ) ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ 

ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʤ ʪʨʘʢʪʝ. 

ʈʘʩʪʠʪʝʣʴʥʳʝ ʢʦʨʤʘ ï ʛʣʘʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʧʠʪʘʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡ-

ʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ, ʭʦʪʷ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʞʠʚʦʪʥʳʭ ʢʦʨʤʦʚ, ʪʘ-

ʢʠʭ ʢʘʢ ʤʦʣʦʢʦ, ʨʳʙʥʘʷ, ʤʷʩʦʢʦʩʪʥʘʷ, ʢʨʦʚʷʥʘʷ ʤʫʢʘ, ʙʳʚʘʝʪ ʥʝʦʙʭʦʜʠ-

ʤʦ ʜʣʷ ʤʦʣʦʜʳʭ ʞʠʚʦʪʥʳʭ ʚ ʥʘʯʘʣʝ ʞʠʟʥʠ. 

ʂʦʨʤʘ ʧʦ ʩʦʩʪʘʚʫ, ʚʥʝʰʥʝʤʫ ʚʠʜʫ, ʬʠʟʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʚʝʩʴʤʘ 

ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʆʜʥʘʢʦ ʚʝʩʴʤʘ ʩʭʦʜʥʳ ʚ ʪʦʤ, 

ʯʪʦ ʚʩʝ ʦʥʠ ʩʦʩʪʦʷʪ ʠʟ ʚʦʜʳ ʠ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ (ʉɺ). ɺʦʜʘ ʥʝ ʥʝʩʝʪ ʚ ʩʝ-

ʙʝ ʧʠʪʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ, ʭʦʪʷ ʞʠʚʦʪʥʳʝ ʙʳʩʪʨʝʝ ʩʪʨʘʜʘʶʪ ʦʪ ʥʝʜʦʩ-

ʪʘʪʢʘ ʚʦʜʳ, ʯʝʤ ʦʪ ʧʠʱʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʚʦʜʝ ʞʠʚʦʪʥʳʝ 

ʧʦʢʨʳʚʘʶʪ ʥʝ ʩʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʚʦʜʳ ʢʦʨʤʦʚ, ʩʢʦʣʴʢʦ ʟʘ ʩʯʝʪ ʚʦʜʦʧʨʦ-

ʚʦʜʥʦʡ ʠ ʚʦʜʳ ʝʩʪʝʩʪʚʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. 

ʉʫʭʦʝ ʚʝʱʝʩʪʚʦ ʠ ʝʛʦ ʢʦʤʧʦʥʝʥʪʳ. ʀʟ ʩʭʝʤʳ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦ-

ʩʪʘʚʘ ʢʦʨʤʦʚ (ʩʭʝʤʘ 1) ʚʠʜʥʦ, ʯʪʦ ʩʫʭʦʝ ʚʝʱʝʩʪʚʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʫʤʤʫ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ï ʙʝʣʢʦʚ, ʞʠʨʦʚ, ʫʛʣʝʚʦʜʦʚ, ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʢʠʩʣʦʪ, ʚʠʪʘʤʠʥʦʚ, ʤʠʥʝʨʘʣʦʚ, ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʠʤʝʥʥʦ, ʩʫʭʦʝ ʚʝʱʝʩʪʚʦ ʙʫʜʝʪ ʛʣʘʚʥʳʤ ʦʙʲʝʢʪʦʤ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʘ ʠ ʧʠ-

ʪʘʪʝʣʴʥʦʩʪʠ ʢʦʨʤʘ.  

ʉʦʩʪʘʚ ʢʦʨʤʘ (ʩʭʝʤʘ 1) 

 ʂʆʈʄ 
 

 ɺʦʜʘ ʉʫʭʦʝ ʚʝʱʝʩʪʚʦ 
 

 ʆʨʛʘʥʠʯʝʩʢʦʝ  ʅʝʦʨʛʘʥʠʯʝʩʢʦʝ  

 ʚʝʱʝʩʪʚʦ ʚʝɦʝʩʪʚʦ 
 

 ʋʛʣʝʚʦʜʳ   ʄʠʥʝʨʘʣʳ 

ɾʠʨʳ (ʣʠʧʠʜʳ) 

ɹʝʣʢʠ (ʧʨʦʪʝʠʥʳ) 

ʅʫʢʣʝʠʥʦʚʳʝ ʢʠʩʣʦʪʳ 

ʆʨʛʘʥʠʯʝʩʢʠʝ ʢʠʩʣʦʪʳ 

ɺʠʪʘʤʠʥʳ  
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ʉʫʭʦʝ ʚʝʱʝʩʪʚʦ ʜʝʣʷʪ ʥʘ ʦʨʛʘʥʠʯʝʩʢʠʝ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪ-

ʚʘ. ʆʨʛʘʥʠʯʝʩʢʠʝ ï ʵʪʦ ʚʩʝ ʫʛʣʝʨʦʜʦʩʦʜʝʨʞʘʱʠʝ ʚʝʱʝʩʪʚʘ ʞʠʚʳʭ ʦʨʛʘ-

ʥʠʟʤʦʚ, ʘ ʪʘʢʞʝ ʢʘʤʝʥʥʦʛʦ ʫʛʣʷ, ʥʝʬʪʠ ʠ ʛʘʟʘ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʢʘʨʙʦʥʘ-

ʪʦʚ ʉʘʉʆ3 ʠ ʦʢʩʠʜʦʚ ʉʆ2, ʉʆ). ʆʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ʤʦʛʫʪ ʩʦʜʝʨ-

ʞʘʪʴ S, P, Fe, ʠ ʜʨʫʛʠʝ ʚʝʱʝʩʪʚʘ. ʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʚʢʣʶʯʘʶʪ ʚ ʥʘʠʙʦʣʴ-

ʰʝʤ ʢʦʣʠʯʝʩʪʚʝ ʢʘʣʴʮʠʡ (ʉʘ), ʬʦʩʬʦʨ (ʈ), ʢʘʣʠʡ (ʂ), ʤʘʛʥʠʡ (Mg), ʥʘ-

ʪʨʠʡ (Na), ʩʝʨʫ (S), ʭʣʦʨ (Cl) ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ 

ʪʘʙʣʠʮʳ ʄʝʥʜʝʣʝʝʚʘ ʚ ʤʠʢʨʦ ʠ ʩʣʝʜʦʚʳʭ ʢʦʣʠʯʝʩʪʚʘʭ. 

ʆʩʥʦʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʢʦʨʤʦʚ ʷʚʣʷʶʪʩʷ ʫʛʣʝ-

ʚʦʜʳ (ʪʘʙʣ. 1.1). ɺ ʩʝʤʝʥʘʭ ʤʘʩʣʠʯʥʳʭ ï ʧʦʜʩʦʣʥʝʯʥʠʢʘ, ʨʘʧʩʘ, ʘʨʘʭʠʩʘ- 

ʩʦʜʝʨʞʠʪʩʷ ʤʥʦʛʦ ʤʘʩʣʘ. ɺ ʪʝʣʝ ʞʠʚʦʪʥʳʭ ʫʛʣʝʚʦʜʦʚ ʦʯʝʥʴ ʤʘʣʦ. ʇʨʠ-

ʯʠʥʘ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʨʘʩʪʝʥʠʷʤʠ ʠ ʞʠʚʦʪʥʳʤʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʩʪʝʥʢʠ ʢʣʝʪʦʢ ʨʘʩʪʝʥʠʡ ʩʦʩʪʦʷʪ ʠʟ ʫʛʣʝʚʦʜʦʚ, ʠ ʧʨʝʞʜʝ ʚʩʝʛʦ, ʮʝʣʣʶʣʦ-

ʟʳ ʠ ʛʝʤʠʮʝʣʣʶʣʦʟʳ, ʘ ʢʣʝʪʦʯʥʳʝ ʩʪʝʥʢʠ ʞʠʚʦʪʥʳʭ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, 

ʠʟ ʞʠʨʘ ʠ ʙʝʣʢʘ. ɹʦʣʝʝ ʪʦʛʦ, ʨʘʩʪʝʥʠʷ ʚ ʩʚʦʠʭ ʩʝʤʝʥʘʭ ʟʘʧʘʩʘʶʪ ʵʥʝʨ-

ʛʠʶ ʚ ʚʠʜʝ ʢʨʘʭʤʘʣʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʞʠʚʦʪʥʳʝ ʚ ʬʦʨʤʝ ʞʠʨʘ. 

ʊʘʙʣʠʮʘ 1.1 ï ʉʦʜʝʨʞʘʥʠʝ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ ʨʘʩʪʠʪʝʣʴʥʳʭ ʠ ʞʠ-

ʚʦʪʥʳʭ ʧʨʦʜʫʢʪʘʭ, ʚʳʨʘʞʝʥʥʳʭ ʚ ʥʘʪʫʨʘʣʴʥʦʤ (ʅɺ) ʠ ʩʫʭʦʤ ʚʝʱʝʩʪʚʝ 

(ʉɺ) 

ʂʦʨʤʘ ʠ  

ʧʨʦʜʫʢʪʳ 
ɺʦʜʘ 

ʉʫʭʦʝ 

ʚ-ʚʦ 

ʋʛʣʝʚʦ-

ʜ r
ɾʠʨʳ ɹʝʣʢʠ ʄʠʥʝʨʘʣʳ 

ʅʫʢʣʝʠʥʦ-

ʚʳʝ ʢʠʩʣʦʪʳ 

ʉʦʜʝʨʞʘʥʠʝ ʚ ʥʘʪʫʨʘʣʴʥʦʤ ʚ-ʚʝ, ʛ/ʢʛ 

ʊʨʘʚʘ 800 200 137 8 35 20 0,50 

ʗʯʤʝʥʴ (ʟʝʨʥʦ) 120 880 727 19 109 25 0,088 

ʉʚʝʢʣʘ ʢʦʨʤ. 870 130 97,6 1,4 16 15 0,26 

ʄʦʣʦʢʦ 875 125 48 36 33 8 0,19 

ʄʫʩʢʫʣ 720 280 6 44 215 15 2,24 

ʗʡʮʦ 667 333 8 100 118 107 0,83 

ʉʦʜʝʨʞʘʥʠʝ ʚ ʩʫʭʦʤ ʚ-ʚʝ, ʛ/ʢʛ 

ʊʨʘʚʘ 0 1000 685 40 175 100 2,5 

ʗʯʤʝʥʴ (ʟʝʨʥʦ) 0 1000 825 22 124 29 1,0 

ʉʚʝʢʣʘ ʢʦʨʤ. 0 1000 751 11 123 115 2,0 

ʄʦʣʦʢʦ 0 1000 379 290 266 65 1,5 

ʄʫʩʢʫʣ 0 1000 21 157 768 54 8,0 

ʗʡʮʦ 0 1000 24 300 355 321 2,5 
 

ʈʘʩʯʝʪ ʩʦʜʝʨʞʘʥʠʷ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ ʩʫʭʦʤ ʚʝʱʝʩʪʚʝ ʢʦʨʤʘ 

ʥʘ ʙʘʟʝ ʠʭ ʩʦʜʝʨʞʘʥʠʷ ʚ ʥʘʪʫʨʘʣʴʥʦʤ ʚʝʱʝʩʪʚʝ. 

ʇʨʠʤʝʨ 1. ʉʚʝʢʣʘ ʢʦʨʤʦʚʘʷ ʩʦʜʝʨʞʠʪ 13% ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ, ʠʣʠ 

13 ʛ/100 ʛ ʩʚʝʢʣʳ, ʠʣʠ 130 ʛ/ʢʛ ʩʚʝʢʣʳ. ɺ ʪʘʙʣʠʮʝ 1.1 ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ 

1 ʢʛ ʢʦʨʤʦʚʦʡ ʩʚʝʢʣʳ ʩʦʜʝʨʞʠʪʩʷ 16 ʛ ʙʝʣʢʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 16 ʛ ʙʝʣʢʘ 

ʩʦʜʝʨʞʠʪʩʷ ʚ 130 ʛ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ. ʉʢʦʣʴʢʦ ʙʝʣʢʘ ʩʦʜʝʨʞʠʪʩʷ ʚ 1 ʢʛ 

(1000 ʛ) ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ? ʈʘʩʯʝʪ ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʩʭʦʜʷ ʠʟ ʧʨʦʧʦʨʮʠʠ: 
 16 - 130 

   ʍ - 1000 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʩʯʝʪʝ ʥʘ ʩʫʭʦʝ ʚʝʱʝʩʪʚʦ ʩʦʜʝʨʞʘʥʠʝ ʙʝʣʢʘ 

ʩʦʩʪʘʚʣʷʝʪ 123 ʛ/ʢʛ (12,3%) ʧʦʯʪʠ ʩʪʦʣʴʢʦ, ʩʢʦʣʴʢʦ ʚ ʷʯʤʝʥʝ ï 124 ʛ 

(12,4%). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʦʩʪʘʚ ʢʦʨʤʦʚʦʡ ʩʚʝʢʣʳ ʧʦ 

ʩʫʭʦʤʫ ʚʝʱʝʩʪʚʫ, ʪʦ ʝʸ, ʚʧʦʣʥʝ, ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʢʦʥʮʝʥʪʨʘʪʘʤ. ʈʘʩʯʝ-

ʪʳ ʩʦʩʪʘʚʘ ʧʦ ʩʫʭʦʤʫ ʚʝʱʝʩʪʚʫ ʧʦʟʚʦʣʷʶʪ ʧʝʨʝʩʤʦʪʨʝʪʴ ʠʤʝʶʱʫʶʩʷ 

ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʢʦʨʤʦʚ ʚ ʦʪʥʝʩʝʥʠʠ ʠʭ ʚ ʦʧʨʝʜʝʣʝʥʥʳʝ ʛʨʫʧʧʳ ʠʣʠ 

ʢʣʘʩʩʳ. 

ʂʘʢ ʚ ʨʘʩʪʝʥʠʷʭ, ʪʘʢ ʠ ʫ ʞʠʚʦʪʥʳʭ ʙʝʣʢʠ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʩʦʜʝʨ-

ʞʘʪ ʘʟʦʪ (N). ɺ ʤʦʣʦʜʳʭ ʨʘʩʪʝʥʠʷʭ ʢʦʥʮʝʥʪʨʘʮʠʷ ʙʝʣʢʘ ʚʳʰʝ, ʯʝʤ ʧʦ 

ʤʝʨʝ ʠʭ ʩʪʘʨʝʥʠʷ. ʋ ʞʠʚʦʪʥʳʭ ʤʫʩʢʫʣʳ, ʚʥʫʪʨʝʥʥʠʝ ʦʨʛʘʥʳ, ʢʦʞʘ, ʧʝ-

ʨʴʷ, ʚʦʣʦʩʳ, ʰʝʨʩʪʴ ʩʦʩʪʦʷʪ, ʚ ʦʩʥʦʚʥʦʤ, ʠʟ ʙʝʣʢʘ. ʇʦʜʦʙʥʦ ʙʝʣʢʘʤ, 

ʥʫʢʣʝʠʥʦʚʳʝ ʢʠʩʣʦʪʳ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʘʟʦʪʩʦʜʝʨʞʘʱʠʤʠ ʚʝʱʝʩʪʚʘʤʠ. 

ɾʚʘʯʥʳʝ ʞʠʚʦʪʥʳʝ ʠʩʧʦʣʴʟʫʶʪ ʵʪʦʪ ʘʟʦʪ ʥʘ ʩʠʥʪʝʟ ʤʠʢʨʦʙʥʦʛʦ ʙʝʣʢʘ, 

ʜʣʷ ʥʝʞʚʘʯʥʳʭ ʦʥʠ ʚʨʝʜʥʳ. ʆʨʛʘʥʠʯʝʩʢʠʝ ʢʠʩʣʦʪʳ, ʢʦʪʦʨʳʝ ʚʩʪʨʝʯʘ-

ʶʪʩʷ ʚ ʨʘʩʪʝʥʠʷʭ, ʚʢʣʶʯʘʶʪ ʣʠʤʦʥʥʫʶ, ʷʙʣʦʯʥʫʶ, ʬʫʤʘʨʦʚʫʶ ʠ ʧʠʨʦ-

ʚʠʥʦʛʨʘʜʥʫʶ ʢʠʩʣʦʪʳ. 

ɺʠʪʘʤʠʥʳ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʨʘʩʪʝʥʠʷʭ ʠ ʞʠʚʦʪʥʳʭ ʚ ʤʠʢʨʦʢʦʣʠ-

ʯʝʩʪʚʘʭ. ʄʥʦʛʠʝ ʠʟ ʥʠʭ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʬʝʨʤʝʥʪʦʚ. 

ʆʪʣʠʯʠʝ ʨʘʩʪʝʥʠʡ ʦʪ ʞʠʚʦʪʥʳʭ ʩʦʩʪʦʠʪ ʝʱʝ ʠ ʚ ʪʦʤ, ʯʪʦ ʝʩʣʠ ʨʘʩʪʝʥʠʷ 

ʤʦʛʫʪ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʚʩʝ ʚʠʪʘʤʠʥʳ ʠ ʘʤʠʥʦʢʠʩʣʦʪʳ, ʢʦʪʦʨʳʝ ʥʫʞʥʳ ʜʣʷ 

ʦʙʤʝʥʘ ʚʝʱʝʩʪʚ, ʪʦ ʞʠʚʦʪʥʳʝ ʥʝ ʩʧʦʩʦʙʥʳ ʠʣʠ ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʠʭ ʩʠʥʪʝʟʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʥʝʟʘʤʝʥʠʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʞʠʚʦʪʥʳʭ ʨʘʟʥʳʭ ʚʠʜʦʚ ï ʚʝʩʴʤʘ ʦʜʥʦʨʦʜ-

ʥʳʡ: ʚʦʜʘ ï 60%,ʙʝʣʦʢ - 16%, ʞʠʨ ï 20%, ʤʠʥʝʨʘʣʳ ï 4%. ʂʦʣʠʯʝʩʪʚʦ 

ʫʛʣʝʚʦʜʦʚ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʨʘʩʪʝʥʠʡ, ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ï ʦʢʦʣʦ 1% ʚ ʚʠʜʝ 

ʛʣʶʢʦʟʳ ʢʨʦʚʠ, ʛʣʠʢʦʛʝʥʘ ʧʝʯʝʥʠ ʠ ʤʫʩʢʫʣʦʚ. ʉ ʚʦʟʨʘʩʪʦʤ ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʦʚʳʰʘʝʪʩʷ ʧʨʦʧʦʨʮʠʷ ʚ ʪʝʣʝ ʞʠʨʘ ʠ ʩʥʠʞʘʝʪʩʷ ï ʚʦʜʳ (ʪʘʙʣ.1.2). ɺ 

ʦʙʝʟʞʠʨʝʥʥʦʤ ʪʝʣʝ ʨʘʟʥʳʭ ʞʠʚʦʪʥʳʭ (ʞʚʘʯʥʳʝ, ʤʳʰʠ, ʩʚʠʥʴʠ, ʧʪʠʮʳ, 

ʨʳʙʳ) ʩʦʦʪʥʦʰʝʥʠʝ ʚʦʜʘ:ʙʝʣʦʢ:ʤʠʥʝʨʘʣʳ ʩʦʩʪʘʚʣʷʝʪ- 19:5:1. 

ʊʘʙʣʠʮʘ 1.2. ï ʉʦʩʪʘʚ ʪʝʣʘ ʞʠʚʦʪʥʳʭ ʙʝʟ ʩʦʜʝʨʞʠʤʦʛʦ ʧʠʱʝʚʘ-

ʨʠʪʝʣʴʥʦʛʦ ʪʨʘʢʪʘ. 
ɺʠʜ ɺʦʜʘ ɹʝʣʦʢ ɾʠʨ ɿʦʣʘ ʉʫʭʦʝ ʦʙʝʟʞʠʨ. ʪʝʣʦ 

ɹʝʣʦʢ ɿʦʣʘ 

ʊʝʣʝʥʦʢ 6 ʤʝʩ. 68 18 10 4,0 81,6 18,4 

ɹʳʢ 1ʛʦʜ. 43 13 41 3,3 79,5 20,5 

ʇʦʨʦʩʝʥʦʢ 8 ʢʛ 73 17 6 3,4 83,3 16,7 

ʉʚʠʥʴʷ 100 ʢʛ 49 12 36 2,6 82,4 17,6 

ʂʫʨʠʮʘ  56 21 19 3,2 86,8 13,2 

ʃʦʰʘʜʴ 61 17 17 4,5 79,2 20,8 

 

ʍ= 
16 ʭ 1000 

130 
=123 ʛ 
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ɻʣʘʚʘ 1. ʄʝʪʦʜʳ ʘʥʘʣʠʟʘ ʢʦʨʤʦʚ 

1.1. ɿʦʦʪʝʭʥʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʢʦʨʤʦʚ 

ʉʠʩʪʝʤʘ ʟʦʦʪʝʭʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʨʘʟʨʘʙʦʪʘʥʘ ʥʝʤʝʮʢʠʤʠ ʫʯʝ-

ʥʳʤʠ ɻʝʥʥʝʙʝʨʛʦʤ ʠ ʐʪʦʤʘʥʥʦʤ ʚ 1860 ʛʦʜʫ. ʇʦ ʵʪʦʡ ʩʠʩʪʝʤʝ ʢʦʨʤ ʜʝ-

ʣʷʪ ʥʘ 7 ʬʨʘʢʮʠʡ: ʚʣʘʛʘ (ʚʦʜʘ), ʩʫʭʦʝ ʚʝʱʝʩʪʚʦ (ʉɺ), ʩʳʨʘʷ ʟʦʣʘ (ʉɿ), 

ʩʳʨʦʡ ʙʝʣʦʢ (ʉɹ) (ʩʠʥʦʥʠʤ ï ʩʳʨʦʡ ʧʨʦʪʝʠʥ), ʩʳʨʦʡ ʞʠʨ (ʉɾ) (ʵʬʠʨ-

ʥʳʡ ʵʢʩʪʨʘʢʪ), ʩʳʨʘʷ ʢʣʝʪʯʘʪʢʘ (ʉʂ), ʙʝʟʘʟʦʪʠʩʪʳʝ ʵʢʩʪʨʘʢʪʠʚʥʳʝ ʚʝ-

ʱʝʩʪʚʘ (ɹʕɺ) (ʩʤ. ʩʭʝʤʫ 2, ʪʘʙʣ. 1.3). ʉʣʦʚʦ çʩʳʨʦʡè ʨʘʚʥʦʟʥʘʯʥʦ ʥʝ-

ʤʝʮʢʦʤʫ ʩʣʦʚʫ roh ʠʣʠ ʘʥʛʣʠʡʩʢʦʤʫ ʩʣʦʚʫ crude, ʧʝʨʝʚʦʜʠʪʩʷ ʢʘʢ ʥʝ-

ʦʯʠʱʝʥʥʳʡ, ʥʝʛʦʪʦʚʳʡ, ʛʨʫʙʳʡ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʵʪʠʭ ʬʨʘʢʮʠʷʭ ʧʦ-

ʤʠʤʦ ʥʘʩʪʦʷʱʠʭ ʠʣʠ ʯʠʩʪʳʭ ʙʝʣʢʦʚ, ʞʠʨʦʚ, ʤʠʥʝʨʘʣʦʚ ʩʦʜʝʨʞʘʪʩʷ ʩʦ-

ʧʫʪʩʪʚʫʶʱʠʝ ʚʝʱʝʩʪʚʘ. 

ɺʦʜʘ ʠ ʩʫʭʦʝ ʚʝʱʝʩʪʚʦ. ʉʦʜʝʨʞʘʥʠʝ ʚʦʜʳ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʝʸ ʧʦ-

ʪʝʨʷʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʩʫʰʠʚʘʥʠʷ ʥʘʚʝʩʢʠ ʥʘʪʫʨʘʣʴʥʦʛʦ ʢʦʨʤʘ ʜʦ ʧʦʩʪʦ-

ʷʥʥʦʛʦ ʚʝʩʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 100 ï 105 Üʉ. ʂʦʣʠʯʝʩʪʚʦ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ 

ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʫʪʝʤ ʚʳʯʠʪʘʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ ʚ % ʠʟ 100 (100 ï ʚʦ-

ʜʘ % = ʉɺ %). 

ʊʘʙʣʠʮʘ 1.3 ï ʉʦʩʪʘʚ ʢʦʨʤʦʚ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʟʦʦʪʝʭʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, 

ʩʦʜʝʨʞʘʥʠʝ ʚʝʱʝʩʪʚ ʚʳʨʘʞʝʥʦ ʚ ʛ/ʢʛ ʥʘʪʫʨʘʣʴʥʦʛʦ ʠ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ 

ʢʦʨʤʦʚ 

ʂʦʨʤʘ ɺʦʜʘ, ʛ ʉɺ,ʛ ʉɹ,ʛ ʉɾ,ʛ ʉɿ,ʛ ʉʂ,ʛ ɹʕɺ,ʛ 

ɺ 1 ʢʛ ʥʘʪʫʨʘʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ (ʅɺ) 

ʉʝʥʦ ʩʫʜʘʥʢʠ 150 850 106 25 59 221 439 

ʉʝʥʘʞ ʠʟ ʣʶʮʝʨʥʳ 550 450 65 16 45 103 221 

ʉʠʣʦʩ ʢʫʢʫʨʫʟʥʳʡ 700 300 26 12 14 70 179 

ʗʯʤʝʥʴ 120 880 109 19 25 47 679 

ʉʚʝʢʣʘ ʢʦʨʤʦʚʘʷ 870 130 16 1,4 15 15 83 

ɺ 1 ʢʛ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ (ʉɺ) 

ʉʝʥʦ ʩʫʜʘʥʢʠ 0 1000 125 29 69 260 517 

ʉʝʥʘʞ ʠʟ ʣʶʮʝʨʥʳ 0 1000 145 36 100 228 491 

ʉʠʣʦʩ ʢʫʢʫʨʫʟʥʳʡ 0 1000 85 40 46 233 596 

ʗʯʤʝʥʴ 0 1000 124 22 29 53 772 

ʉʚʝʢʣʘ ʢʦʨʤʦʚʘʷ 0 1000 123 11 115 112 639 
 

ɿʦʣʘ. ʉʦʜʝʨʞʘʥʠʝ ʩʳʨʦʡ ʟʦʣʳ ʦʧʨʝʜʝʣʷʶʪ ʧʫʪʝʤ ʩʞʠʛʘʥʠʷ ʥʘ-

ʚʝʩʢʠ ʢʦʨʤʘ ʚ ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 550Üʉ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ 

ʥʝ ʙʫʜʝʪ ʫʜʘʣʝʥ ʫʛʣʝʨʦʜ. ʆʩʪʘʪʦʢ ʦʪ ʩʞʠʛʘʥʠʷ ï ʵʪʦ ʟʦʣʘ. ʆʥʘ ʧʨʝʜʩʪʘʚ-

ʣʷʝʪ ʩʦʙʦʡ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ïCa, P, Mg, Na, K ʠ ʚʩʝ ʜʨʫʛʠʝ ʤʠ-

ʥʝʨʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ. ɺʦ ʬʨʘʢʮʠʶ ʟʦʣʳ ʤʦʛʫʪ ʧʦʧʘʜʘʪʴ ʤʠʥʝʨʘʣʴʥʳʝ 

ʚʝʱʝʩʪʚʘ, ʥʘʭʦʜʠʚʰʠʝʩʷ ʚ ʩʦʩʪʘʚʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ: ʩʝʨʘ ʠʟ ʩʝʨʫ-

ʩʦʜʝʨʞʘʱʠʭ ʘʤʠʥʦʢʠʩʣʦʪ; ʬʦʩʬʦʨ ï ʠʟ ʬʦʩʬʦʣʠʧʠʜʦʚ ʠ ʥʫʢʣʝʠʥʦʚʳʭ 

ʢʠʩʣʦʪ; ʞʝʣʝʟʦ ï ʠʟ ʛʝʤʦʛʣʦʙʠʥʘ ʢʨʦʚʠ ʠ ʪ.ʜ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʳʨʘʷ ʟʦʣʘ 
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ʥʝ ʷʚʣʷʝʪʩʷ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʠʩʪʠʥʥʳʤ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ. ʂʨʦʤʝ ʪʦʛʦ ʚ ʟʦʣʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʢʨʝʤʥʠʡ (Si ï ʩʠʣʠʮʠʫʤ), 

ʢʦʪʦʨʳʡ ʥʝ ʦʪʥʦʩʷʪ ʢ ʤʠʥʝʨʘʣʘʤ. ʇʦʵʪʦʤʫ ʟʦʣʫ ʥʘʟʳʚʘʶʪ ʩʳʨʦʡ ʟʦʣʦʡ, 

ʪ.ʝ. ʥʝ ʯʠʩʪʳʤ ʤʠʥʝʨʘʣʦʤ.  

ʉʭʝʤʘ ʟʦʦʪʝʭʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʢʦʨʤʦʚ  

ʧʦ ɻʝʥʥʝʙʝʨʛʫ ʠ ʐʪʦʤʘʥʥʫ (ʩʭʝʤʘ 2) 

 

 

 

 

 

 

 

 

 

 - ʦʧʨʝʜʝʣʷʝʪʩʷ  ʘʥʘʣʠʪʠʯʝʩʢʠ 

 - ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ: ɹʕɺ= 100-(ʉʂ+ʉɹ+ʉɾ+ʉɿ) 
 

ɹʝʣʦʢ (ʘʥʛʣ. ï ʧʨʦʪʝʠʥ). ʉʦʜʝʨʞʘʥʠʝ ʩʳʨʦʛʦ ʙʝʣʢʘ ʨʘʩʩʯʠʪʳ-

ʚʘʶʪ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʘʟʦʪʘ (N), ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʧʦ ʤʝʪʦʜʫ, ʨʘʟʨʘʙʦʪʘʥʥʦ-

ʤʫ ʙʦʣʝʝ 100 ʣʝʪ ʥʘʟʘʜ ʚ 1883 ʛʦʜʫ ʜʘʪʩʢʠʤ ʫʯʝʥʳʤ ʂʴʝʣʴʜʘʣʝʤ.  

ʄʝʪʦʜ ʂʴʝʣʴʜʘʣʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʢʠʧʷʯʝʥʠʠ ʥʘʚʝʩʢʠ ʢʦʨʤʘ ʚ ʢʦʥ-

ʮʝʥʪʨʠʨʦʚʘʥʥʦʡ H2SO4, ʧʨʠ ʵʪʦʤ ʦʨʛʘʥʠʯʝʩʢʠʡ ʘʟʦʪ ʦʢʠʩʣʷʝʪʩʷ ʜʦ 

ʩʫʣʴʬʘʪʘ ʘʤʤʦʥʠʷ (NH4)2SO4. ʇʦʩʣʝʜʫʶʱʘʷ ʩʪʫʧʝʥʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʟ-

ʤʝʨʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʘʤʤʠʘʢʘ (NH3). ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢ ʢʠʩʣʦʪʥʦʤʫ ʧʝ-

ʨʝʚʘʨʫ ʱʝʣʦʯʠ NaOH ʠ ʢʠʧʷʯʝʥʠʠ ʦʩʚʦʙʦʞʜʘʝʪʩʷ ʘʤʤʠʘʢ, ʢʦʪʦʨʳʡ ʧʦ-

ʛʣʦʱʘʶʪ ʨʘʩʪʚʦʨʦʤ ʩʝʨʥʦʡ ʠʣʠ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ. ʇʦ ʢʦʣʠʯʝʩʪʚʫ ʩʚʷʟʘʥ-

ʥʦʡ ʢʠʩʣʦʪʳ ʦʧʨʝʜʝʣʷʶʪ ʩʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ, ʟʥʘʷ, ʯʪʦ 1 ʤʣ 0,1ʥ H2SO4 

ʩʚʷʟʳʚʘʝʪ 1,4 ʤʛ ʘʟʦʪʘ (N). ɺʘʞʥʦʝ ʤʝʩʪʦ ʚ ʤʝʪʦʜʝ ʟʘʥʠʤʘʶʪ ʢʘʪʘʣʠʟʘ-

ʪʦʨʳ ʠʣʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʤʝʩʠ. ʆʜʥʘ ʠʟ ʪʘʢʠʭ ʩʤʝʩʝʡ ʩʦʩʪʦʠʪ ʠʟ K2SO4 

-ʉʘʭʘʨʘ 

-ʂʨʘʭʤʘʣ  

-ɻʣʠʢʦʛʝʥ 

-ʌʨʫʢʪʘʥʳ 

-ʇʝʢʪʠʥ 

-ɻʝʤʠʮʝʣʣʶʣʦʟʘ (ʯʘʩ-

ʪʠʯʥʦ) 

-ʃʠʛʥʠʥ (ʯʘʩʪʠʯʥʦ) 

ʉʫʭʦʝ ʚʝʱʝʩʪʚʦ ɺʦʜʘ 

ʉʳʨʘʷ ʟʦʣʘ (ʉɿ) ʆʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ (ʆɺ) 

ʉʳʨʦʡ ʙʝʣʦʢ 

(ʉɹ) 

ʉʳʨʦʡ ʞʠʨ 

(ʉɾ) 

-ʏʠʩʪʳʡ ʙʝʣʦʢ 

-ɸʤʠʜʳ  

-ɸʤʠʥʦʢʠʩʣʦʪʳ 

-ʇʝʧʪʠʜʳ 

-ʇʫʨʠʥʳ 

-ʅʫʢʣʝʠʥʦʚʳʝ 

ʢʠʩʣʦʪʳ 

-ʊʨʠʛʣʠʮʝʨʠʜʳ 

-ʌʦʩʬʦʣʠʧʠʜʳ  

-ʉʪʝʨʦʠʜʳ 

-ɺʦʩʢʘ 

-ʂʘʨʦʪʠʥʦʠʜʳ 

-ɾʠʨʥʳʝ  

ʢʠʩʣʦʪʳ 

-ʎʝʣʣʶʣʦʟʘ 

-ɻʝʤʠʮʝʣʣʶʣʦʟʘ 

(ʯʘʩʪʠʯʥʦ) 

-ʃʠʛʥʠʥ  

(ʯʘʩʪʠʯʥʦ) 

-ʂʫʪʠʥ 

ʇʝʩʦʢ ʄʠʥʝʨʘʣʳ 

ʂʦʨʤ 

ʉʳʨʘʷ ʢʣʝʪ-

ʯʘʪʢʘ (ʉʂ) 

ɹʝʟʘʟʦʪʠʩʪʳʝ ʵʢʩ-

ʪʨʘʢʪʠʚʥʳʝ  

ʚ-ʚʘ(ɹʕɺ) 



13 
 

ʠ CuSO4, ʢʦʪʦʨʳʝ ʜʦʙʘʚʣʷʶʪ ʚ ʩʞʠʛʘʝʤʫʶ ʩʤʝʩʴ ʥʘʚʝʩʢʠ ʠ ʢʦʥʮʝʥʪʨʠ-

ʨʦʚʘʥʥʦʡ H2SO4. 

ɹʝʣʢʠ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʫʛʣʝʚʦʜʦʚ ʠ ʞʠʨʦʚ ʪʝʤ, ʯʪʦ ʚ ʠʭ ʤʦʣʝʢʫʣʝ 

ʩʦʜʝʨʞʠʪʩʷ ʘʟʦʪ. ɹʦʣʴʰʠʥʩʪʚʦ ʙʝʣʢʦʚ ʩʦʜʝʨʞʘʪ 16% ʘʟʦʪʘ (16 ʛ ʚ 100 ʛ 

ʙʝʣʢʘ). ɽʩʣʠ 100 ʛ ʙʝʣʢʘ ʨʘʟʜʝʣʠʪʴ ʥʘ 16, ʤʳ ʧʦʣʫʯʠʤ ʘʟʦʪʥʳʡ ʢʦʵʬʬʠ-

ʮʠʝʥʪ, ʨʘʚʥʳʡ 6,25 (100:16=6,25). ɸʟʦʪʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʫʶʪ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʩʳʨʦʛʦ ʙʝʣʢʘ (ʩʳʨʦʛʦ ʧʨʦʪʝʠʥʘ), ʧʫʪʝʤ ʫʤ-

ʥʦʞʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʘʟʦʪʘ ʚ ʥʘʚʝʩʢʝ ʢʦʨʤʘ ʥʘ 6,25 (NĬ6,25 = ʩʳʨʦʡ ʙʝ-

ʣʦʢ). 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʙʝʣʢʝ ʟʝʨʥʘ ʧʰʝʥʠʮʳ, ʷʯ-

ʤʝʥʷ, ʨʞʠ, ʪʨʠʪʠʢʘʣʝ ʩʦʜʝʨʞʠʪʩʷ ʙʦʣʴʰʝ ʯʝʤ 16% ʘʟʦʪʘ, ʘ ʠʤʝʥʥʦ ï 

17,5%. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʚ ʠʭ ʙʝʣʢʝ ʤʥʦʛʦ ʙʦʛʘʪʳʭ ʘʟʦʪʦʤ ʘʤʠ-

ʥʦʢʠʩʣʦʪ ï ʛʣʶʪʘʤʠʥʘ ʠ ʘʩʧʘʨʘʛʠʥʘ. ʈʘʩʪʝʥʠʝʚʦʜʳ ʧʨʠ ʨʘʩʯʝʪʝ ʩʦʜʝʨ-

ʞʘʥʠʷ ʙʝʣʢʘ ʚ ʟʝʨʥʝ ʵʪʠʭ ʢʫʣʴʪʫʨ ʧʨʠʤʝʥʷʶʪ ʘʟʦʪ-ʙʝʣʢʦʚʳʡ ʢʦʵʬʬʠʮʠ-

ʝʥʪ ʥʝ 6,25, ʘ 5,7 (100:17,5 = 5,7). ʆʜʥʘʢʦ ʚ ʟʦʦʪʝʭʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ʜʣʷ 

ʚʩʝʭ ʢʦʨʤʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʚʳʰʝ ʥʘʟʚʘʥʥʳʭ ʟʝʨʥʦʚʳʭ, ʧʨʠʤʝʥʷʝʪʩʷ 

ʦʜʠʥ ʘʟʦʪ-ʙʝʣʢʦʚʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 6,25. 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʩʳʨʦʛʦ ʙʝʣʢʘ ʥʝ ʥʘʜʦ ʜʫʤʘʪʴ, ʯʪʦ ʚʝʩʴ ʘʟʦʪ 

ʧʨʝʜʩʪʘʚʣʝʥ ʠʩʪʠʥʥʳʤʠ ʠʣʠ ʯʠʩʪʳʤʠ ʙʝʣʢʘʤʠ. ɺ ʢʦʨʤʘʭ ʩʦʜʝʨʞʘʪʩʷ 

ʥʝʙʝʣʢʦʚʳʝ ʘʟʦʪʩʦʜʝʨʞʘʱʠʝ ʚʝʱʝʩʪʚʘ: ʩʚʦʙʦʜʥʳʝ ʘʤʠʥʦʢʠʩʣʦʪʳ, ʢʦ-

ʨʦʪʢʠʝ ʧʝʧʪʠʜʳ, ʥʫʢʣʝʠʥʦʚʳʝ ʢʠʩʣʦʪʳ, ʘʤʠʥʳ ʠ ʘʤʠʜʳ. ɼʣʷ ʥʠʭ ʧʨʠ-

ʤʝʥʷʶʪ ʦʙʱʝʝ ʥʘʟʚʘʥʠʝ ï ʘʤʠʜʳ. ʆʩʦʙʝʥʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʩʚʦʙʦʜʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ʚ ʩʚʝʞʝʡ ʚʝʛʝʪʘʪʠʚʥʦʡ ʤʘʩʩʝ ʨʘʩʪʝʥʠʡ ʚ % ʦʪ 

ʦʙʱʝʛʦ ʘʟʦʪʘ: ʨʘʧʩ ï 32,5%, ʚʠʢʘ ï 16,8, ʣʶʮʝʨʥʘ ï 9,3, ʚ ʪʨʘʚʝ ʚ ʥʘʯʘʣʝ 

ʚʝʛʝʪʘʮʠʠ ʧʦʯʪʠ ʥʘ 100% ʩʦʜʝʨʞʠʪʩʷ ʥʝʙʝʣʢʦʚʳʡ ʘʟʦʪ; ʩʦʜʝʨʞʘʥʠʝ ʘʟʦ-

ʪʘ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ ʚ % ʦʪ ʦʙʱʝʛʦ N: ʩʚʝʢʣʘ ï 3,2%, ʤʦʨʢʦʚʴ ï 6,7%, 

ʤʠʢʨʦʙʥʘʷ ʤʘʩʩʘ ï 8%. ʄʘʣʦ ʘʟʦʪʘ ʩʚʦʙʦʜʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ʠ ʥʫʢʣʝʠʥʦ-

ʚʳʭ ʢʠʩʣʦʪ (ʦʢʦʣʦ 0,5%) ʚ ʟʝʨʥʝ ʟʣʘʢʦʚʳʭ ʠ ʙʦʙʦʚʳʭ ʢʫʣʴʪʫʨ, ʞʤʳʭʘʭ ʠ 

ʰʨʦʪʘʭ, ʢʦʨʤʘʭ ʞʠʚʦʪʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. 

ʊʘʢ ʢʘʢ ʙʝʣʦʢ ʧʦ ʂʴʝʣʴʜʘʣʶ ʩʦʩʪʦʠʪ ʠʟ ʩʦʙʩʪʚʝʥʥʦ ʙʝʣʢʘ ʠ ʘʤʠ-

ʜʦʚ, ʪʦ ʝʛʦ ʥʘʟʳʚʘʶʪ ʩʳʨʳʤ ʙʝʣʢʦʤ. ʇʦʵʪʦʤʫ ʛʦʚʦʨʷʪ ʪʘʢ: ʩʳʨʦʡ ʙʝʣʦʢ 

ʩʦʩʪʦʠʪ ʠʟ ʙʝʣʢʘ ʠ ʘʤʠʜʦʚ. ʂʦʛʜʘ ʛʦʚʦʨʷʪ ʦ ʩʦʜʝʨʞʘʥʠʠ ʙʝʣʢʘ ʢʦʨʤʦʚ, 

ʥʝʦʙʷʟʘʪʝʣʴʥʦ ʜʦʙʘʚʣʷʪʴ ʩʣʦʚʦ çʩʳʨʦʡè, ʪʘʢ ʢʘʢ ʵʪʦ ʩʘʤʦ ʩʦʙʦʡ ʨʘʟʫʤʝ-

ʝʪʩʷ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʘʟʦʪʘ ʧʦ ʂʴʝʣʴʜʘʣʶ ʦʩʪʘʝʪʩʷ ʜʦ ʩʠʭ ʧʦʨ ʥʘʠʙʦʣʝʝ 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʤ ʤʝʪʦʜʦʤ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ (ʨʠʩ. 1.1). ʅʘ 

ʦʩʥʦʚʝ ʵʪʦʛʦ ʤʝʪʦʜʘ ʩʦʟʜʘʥʳ ʧʨʠʙʦʨʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʦʚʦʜʠʪʴ ʤʘʩʩʦ-

ʚʳʡ ʘʥʘʣʠʟ ʢʦʨʤʦʚ. ʂ ʙʦʣʝʝ ʙʳʩʪʨʳʤ ʤʝʪʦʜʘʤ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʤʝʪʦʜ 

ɼʶʤʘ (ʩʞʠʛʘʥʠʝ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʘʟʦʪʘ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʠʩʣʦʪ ʠ ʱʝʣʦ-

ʯʝʡ), ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʝ ʙʝʟ ʩʞʠʛʘʥʠʷ ʥʘʚʝʩʢʠ ʢʦʨʤʘ ʥʘ ʧʨʠʙʦʨʝ ʧʦ 

ʧʨʠʥʮʠʧʫ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʨʠʩ 1.2). 
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ʈʠʩʫʥʦʢ 1.1 ï ʂʦʤʧʣʝʢʪ ʧʨʠʙʦʨʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʘʟʦʪʘ ʚ ʢʦʨʤʘʭ ʧʦ 

ʤʝʪʦʜʫ ʂʴʝʣʴʜʘʣʷ 

 
ɸʤʠʥʦʢʠʩʣʦʪʳ ʦʧʨʝʜʝʣʷʶʪ ʥʘ ʘʤʠʥʦʢʠʩʣʦʪʥʦʤ ʘʥʘʣʠʟʘʪʦʨʝ. 

ɹʝʣʢʠ ʚ ʩʦʩʪʘʚʝ ʥʘʚʝʩʢʠ ʢʦʨʤʘ ʛʠʜʨʦʣʠʟʫʶʪ (ʨʘʟʨʳʚʘʶʪ ʧʝʧʪʠʜʥʳʝ ʩʚʷ-

ʟʠ ʤʝʞʜʫ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ ʩ ʧʦʤʦʱʴʶ 6ʥ HCl ʧʫʪʝʤ ʢʠʧʷʯʝʥʠʷ ʚ ʪʝʯʝ-

ʥʠʝ 22 ʯ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 110Áʉ). ɻʠʜʨʦʣʠʟʘʪ ʥʘʥʦʩʷʪ ʥʘ ʢʦʣʦʥʢʫ ʩ ʠʦ-

ʥʦʦʙʤʝʥʥʦʡ ʩʤʦʣʦʡ, ʘʤʠʥʦʢʠʩʣʦʪʳ ʩʤʳʚʘʶʪ ʙʫʬʝʨʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʠ ʟʘʨʷʞʝʥʥʦʩʪʠ ʘʤʠʥʦʢʠʩʣʦʪʳ 

ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʠ ʵʣʶʠʨʫʶʪʩʷ (ʩʤʳʚʘʶʪʩʷ) ʩ ʢʦʣʦʥʢʠ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʈʠʩʫʥʦʢ 1.2 ï ʋʥʠʚʝʨʩʘʣʴʥʳʡ 

ʘʥʘʣʠʟʘʪʦʨ ʩʦʩʪʘʚʘ ʟʝʨʥʘ ʠ ʢʦʤ-

ʙʠ-ʢʦʨʤʦʚ ʥʘ ʦʩʥʦʚʝ ʠʥʬʨʘʢʨʘʩ-

ʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʈʠʩʫʥʦʢ 1.3 ï ɸʚʪʦʤʘʪʠʯʝʩʢʠʡ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʡ ʘʥʘʣʠʟʘʪʦʨ 
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ʈʠʩʫʥʦʢ 1.4 ï ɸʚʪʦʤʘʪʠʯʝʩʢʠʡ ʘʧ-

ʧʘʨʘʪ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚ ʢʦʨʤʘʭ 

ʩʨrʦʛʦ ʞʠʨʘ. 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʇʦʩʣʝ ʨʝʘʢʮʠʠ 

ʩ ʥʠʥʛʠʜʨʠʥʦʤ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʠʭ 

ʢʦʣʠʯʝʩʪʚʦ ʚ ʦʙʨʘʟʮʝ ʠ ʬʠʢʩʠʨʫʝʪ-

ʩʷ ʚ ʢʦʤʧʴʶʪʝʨʝ (ʨʠʩ. 1.3). 

ʉʳʨʦʡ ʞʠʨ. ʌʨʘʢʮʠʶ ʩʳ-

ʨʦʛʦ ʞʠʨʘ (ʩʳʨʦʛʦ ʣʠʧʠʜʘ) ʦʧʨʝʜʝ-

ʣʷʶʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʜʦʣʞʠʪʝʣʴ-

ʥʦʡ ʵʢʩʪʨʘʢʮʠʠ ʥʘʚʝʩʢʠ ʢʦʨʤʘ ʧʝʪ-

ʨʦʣʝʡʥʳʤ ʵʬʠʨʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

50 ï 70Üʉ ʚ ʧʨʠʙʦʨʝ ʉʦʢʩʣʝʪʘ. ʆʩ-

ʪʘʪʦʢ ʧʦʩʣʝ ʚʳʧʘʨʠʚʘʥʠʷ ʨʘʩʪʚʦ-

ʨʠʪʝʣʷ ʷʚʣʷʝʪʩʷ ʵʬʠʨʥʳʤ ʵʢʩʪʨʘʢ-

ʪʦʤ ʠʣʠ ʩʳʨʳʤ ʞʠʨʦʤ. ʂʨʦʤʝ ʠʩ-

ʪʠʥʥʳʭ ʞʠʨʦʚ (ʪʨʠʛʣʠʮʝʨʠʜʦʚ) ʦʥ 

ʩʦʜʝʨʞʠʪ ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʠʩʣʦʪʳ, 

ʩʧʠʨʪʳ, ʚʦʩʢʘ ʠ ʧʠʛʤʝʥʪʳ (ʭʣʦʨʦ-

ʬʠʣʣ). ʀʟ-ʟʘ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚʝ-

ʱʝʩʪʚʘ ʵʪʦʡ ʬʨʘʢʮʠʠ ʢ ʩʣʦʚʫ ʞʠʨ 

ʜʝʣʘʝʪʩʷ ʧʨʠʩʪʘʚʢʘ çʩʳʨʦʡè. 

ʋʛʣʝʚʦʜʳ. ʋʛʣʝʚʦʜʳ ʢʦʨʤʘ ʩʦʜʝʨʞʘʪ ʜʚʝ ʬʨʘʢʮʠʠ ï ʩʳʨʫʶ 

ʢʣʝʪʯʘʪʢʫ (ʉʂ) ʠ ʙʝʟʘʟʦʪʠʩʪʳʝ ʵʢʩʪʨʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ (ɹʕɺ). 

ʉʳʨʫʶ ʢʣʝʪʯʘʪʢʫ ʦʧʨʝʜʝʣʷʶʪ ʚ ʦʙʝʟʞʠʨʝʥʥʦʡ ʥʘʚʝʩʢʝ ʢʦʨʤʘ ʧʫ-

ʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ (ʵʢʩʪʨʘʢʮʠʠ) ʢʠʧʷʱʠʤʠ ʨʘʩʪʚʦʨʘʤʠ 

ʢʠʩʣʦʪʳ ʠ ʱʝʣʦʯʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʨʦʤʳʚʘʥʠʝʤ ʦʩʪʘʪʢʘ ʚʦʜʦʡ, ʩʧʠʨ-

ʪʦʤ, ʵʬʠʨʦʤ. ʆʨʛʘʥʠʯʝʩʢʠʡ ʦʩʪʘʪʦʢ ʧʦʩʣʝ ʵʢʩʪʨʘʢʮʠʠ ʩʯʠʪʘʝʪʩʷ ʩʳʨʦʡ 

ʢʣʝʪʯʘʪʢʦʡ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʠʟ ʛʝʤʠʮʝʣʣʶʣʦʟʳ, ʮʝʣʣʶʣʦʟʳ ʠ ʣʠʛʥʠʥʘ, 

ʦʜʥʘʢʦ ʵʪʠʤ ʤʝʪʦʜʦʤ ʧʦʣʫʯʘʶʪ ʥʝ ʧʦʣʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʪʠʭ ʚʝʱʝʩʪʚ, ʢʦ-

ʪʦʨʳʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʢʦʨʤʝ. 

ʂʦʣʠʯʝʩʪʚʦ ɹʕɺ ʚ % ʦʧʨʝʜʝʣʷʶʪ ʧʫʪʝʤ ʚʳʯʠʪʘʥʠʷ ʠʟ 100 ʩʫʤʤʳ 

ʩʳʨʦʡ ʟʦʣʳ, ʩʳʨʦʛʦ ʙʝʣʢʘ, ʩʳʨʦʛʦ ʞʠʨʘ ʠ ʩʳʨʦʡ ʢʣʝʪʯʘʪʢʠ: 100 ï (ʉɿ% 

+ ʉɹ% + ʉɾ% +ʉʂ%) = ɹʕɺ. ɺ ʩʦʩʪʘʚ ɹʕɺ ʚʭʦʜʷʪ ʢʨʘʭʤʘʣ, ʩʘʭʘʨʘ, 

ʧʝʢʪʠʥʳ, ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʠʩʣʦʪʳ, ʢʨʦʤʝ ʪʦʛʦ, ʢʦʤʧʦʥʝʥʪʳ, ʥʝʜʦʦʧʨʝʜʝ-

ʣʸʥʥʳʝ ʚʦ ʬʨʘʢʮʠʠ ʩʳʨʘʷ ʢʣʝʪʯʘʪʢʘ. 

ʉʦʜʝʨʞʘʥʠʝ ʚʝʱʝʩʪʚ. ʂʦʣʠʯʝʩʪʚʦ ʚʝʱʝʩʪʚ ʚ ʢʦʨʤʝ ʚʳʨʘʞʘʶʪ ʚ 

% ʠ ʛ/ʢʛ ʥʘʪʫʨʘʣʴʥʦʛʦ (ʅɺ) ʠ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ (ʉɺ). ʉʫʭʦʝ ʚʝʱʝʩʪʚʦ ʥʝ 

ʩʦʜʝʨʞʠʪ ʚʦʜʳ ʠ ʥʘʟʳʚʘʝʪʩʷ ʘʙʩʦʣʶʪʥʦ ʩʫʭʠʤ ʚʝʱʝʩʪʚʦʤ. ʇʦʩʢʦʣʴʢʫ 

ʩʫʭʦʝ ʚʝʱʝʩʪʚʦ ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʚʩʝʭ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʪʦ ʙʦ-

ʣʝʝ ʧʨʘʚʠʣʴʥʦ ʚʳʨʘʞʘʪʴ ʩʦʜʝʨʞʘʥʠʝ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠ ʧʦʪʨʝʙ-

ʥʦʩʪʴ ʚ ʥʠʭ ʫ ʞʠʚʦʪʥʳʭ ʚ ʨʘʩʯʝʪʝ ʥʘ ʩʫʭʦʝ ʚʝʱʝʩʪʚʦ. ʂʦʤʙʠʢʦʨʤʘ ʜʣʷ 

ʩʚʠʥʝʡ ʠ ʧʪʠʮ ʩʦʩʪʦʷʪ ʠʟ ʟʝʨʥʘ, ʞʤʳʭʦʚ ʠ ʰʨʦʪʦʚ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ 

ʙʣʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ï ʚ ʧʨʝʜʝʣʘʭ 87-90%, ʧʦʵʪʦʤʫ ʩʦ-

ʜʝʨʞʘʱʠʝ ʚ ʥʠʭ ʧʠʪʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ ʚʳʨʘʞʘʶʪ ʚ ʥʘʪʫʨʘʣʴʥʦʤ ʚʝʱʝ-

ʩʪʚʝ (ʅɺ), ʢʦʪʦʨʦʝ ʥʘʟʳʚʘʶʪ ʚʦʟʜʫʰʥʦ-ʩʫʭʠʤ ʚʝʱʝʩʪʚʦʤ. 
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1.2. ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʘʥʘʣʠʟʘ ʢʦʨʤʦʚ 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʧʦ ʩʭʝʤʝ ʟʦʦʪʝʭʥʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʧʦʩʪʦʷʥʥʦ ʧʦʜʚʝʨʛʘʣʦʩʴ ʢʨʠʪʠʢʝ ʢʘʢ ʫʩʪʘʨʝʚʰʝʝ ʠ ʥʝʪʦʯʥʦʝ, 

ʧʨʠ ʵʪʦʤ ʥʘʠʙʦʣʴʰʠʤ ʩʦʤʥʝʥʠʷʤ ʧʦʜʚʝʨʛʘʣʠʩʴ ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʳʨʦʡ ʢʣʝʪʯʘʪʢʠ ʠ ɹʕɺ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʨʝʘʛʝʥʪʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʉʂ (ʨʘʩʪʚʦʨʳ ʢʠʩʣʦʪ ʠ ʱʝʣʦʯʠ), ʤʦʛʫʪ ʫʜʘʣʷʪʴ ʜʦ 60% 

ʮʝʣʣʶʣʦʟʳ, 80% ʛʝʤʠʮʝʣʣʶʣʦʟʳ ʠ ʦʪ 10 ʜʦ 95% ʣʠʛʥʠʥʘ ʠʟ ʬʨʘʢʮʠʠ 

ʩʳʨʦʡ ʢʣʝʪʯʘʪʢʠ. ʕʪʠ ʚʝʱʝʩʪʚʘ ʧʦʧʘʜʘʶʪ ʚʦ ʬʨʘʢʮʠʶ ɹʕɺ, ʧʦʵʪʦʤʫ 

ɹʕɺ ʯʘʩʪʦ ʦʢʘʟʳʚʘʶʪʩʷ ʤʝʥʝʝ ʧʝʨʝʚʘʨʠʤʳʤʠ, ʯʝʤ ʩʳʨʘʷ ʢʣʝʪʯʘʪʢʘ, ʯʝ-

ʛʦ ʥʝ ʜʦʣʞʥʦ ʙʳʪʴ. ɺ ʟʘʨʫʙʝʞʥʦʡ ʟʦʦʪʝʭʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ʧʦʢʘʟʘʪʝʣʠ 

ɹʕɺ ʠ ʩʳʨʦʡ ʢʣʝʪʯʘʪʢʠ ʧʝʨʝʩʪʘʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʢʦʣʦ 30-40 ʣʝʪ ʪʦʤʫ 

ʥʘʟʘʜ. 

ɸʣʴʪʝʨʥʘʪʠʚʥʘʷ ʧʨʦʮʝ-

ʜʫʨʘ ʦʧʨʝʜʝʣʝʥʠʷ ʢʣʝʪʯʘʪʢʠ, 

ʥʘʟʳʚʘʝʤʘʷ ʜʝʪʝʨʛʝʥʪʥʘʷ ʘʥʘʣʠ-

ʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʨʘʟʨʘʙʦʪʘʥʘ 

ɺʘʥ ʉʦʝʩʪʦʤ (VanSoest, 1963; 

1967). ʇʦ ʵʪʦʡ ʩʠʩʪʝʤʝ ʢʣʝʪʯʘʪ-

ʢʫ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʨʦʯʥʳʝ ʨʘʩʪʠʪʝʣʴʥʳʝ ʢʣʝʪʦʯ-

ʥʳʝ ʩʪʝʥʢʠ ʢʦʨʤʦʚ, ʦʧʨʝʜʝʣʷʶʪ 

ʢʘʢ ʥʝʡʪʨʘʣʴʥʦ ï ʜʝʪʝʨʛʝʥʪʥʫʶ 

ʢʣʝʪʯʘʪʢʫ (ʅɼʂ) ʠ ʢʠʩʣʦʪʥʦ ï 

ʜʝʪʝʨʛʝʥʪʥʫʶ ʢʣʝʪʯʘʪʢʫ (ʂɼʂ). 

ʈʘʩʪʠʪʝʣʴʥʳʝ ʢʣʝʪʦʯʥʳʝ ʩʪʝʥʢʠ 

ʩʦʩʪʦʷʪ ʚ ʦʩʥʦʚʥʦʤ ʠʟ 3-ʭ ʚʠʜʦʚ 

ʧʦʣʠʩʘʭʘʨʠʜʦʚ (ʮʝʣʣʶʣʦʟʳ, ʛʝ-

ʤʠʮʝʣʣʶʣʦʟʳ, ʧʝʢʪʠʥʘ), ʘ ʪʘʢ 

ʞʝ ʧʦʣʠʬʝʥʦʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ ï 

ʣʠʛʥʠʥʘ.ʂʨʦʤʝ ʪʦʛʦ, ʥʝʢʦʪʦʨʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʙʝʣʢʘ ʠ ʚʦʩʢʘ, ʢʨʝʧʢʦ ʩʚʷʟʘʥʥʳʭ ʩ ʤʘʪʝʨʠʘʣʘʤʠ ʢʣʝʪʦʯʥʳʭ 

ʩʪʝʥʦʢ. ʕʪʠ ʚʝʱʝʩʪʚʘ ʩʦʟʜʘʶʪ ʧʨʦʯʥʫʶ ʩʪʨʫʢʪʫʨʫ ʢʣʝʪʦʯʥʳʭ ʩʪʝʥʦʢ 

ʨʘʩʪʝʥʠʡ, ʧʦʵʪʦʤʫ ʠʭ ʥʘʟʳʚʘʶʪ ʩʪʨʫʢʪʫʨʥʳʤʠ ʫʛʣʝʚʦʜʘʤʠ. 

ʅʝʡʪʨʘʣʴʥʦ ï ʜʝʪʝʨʛʝʥʪʥʘʷ ʢʣʝʪʯʘʪʢʘ (ʅɼʂ). ʕʪʦ ï ʦʩʪʘʪʦʢ 

ʧʦʩʣʝ ʵʢʩʪʨʘʢʮʠʠ ʥʘʚʝʩʢʠ ʢʦʨʤʘ ʢʠʧʷʱʠʤ ʥʝʡʪʨʘʣʴʥʳʤ ʨʘʩʪʚʦʨʦʤ ʥʘ-

ʪʨʠʡ  ʣʘʫʨʠʣʩʫʣʴʬʘʪʘ ʠ ʵʪʠʣʝʥʜʠʘʤʠʥʦʪʝʪʨʘʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ (ʕɼʊɸ). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʪʨʘʢʮʠʠ ʩ ʨʘʩʪʚʦʨʦʤ ʫʜʘʣʷʝʪʩʷ ʩʦʜʝʨʞʠʤʦʝ ʢʣʝʪʦʢ 

(ʙʝʣʢʠ, ʨʘʩʪʚʦʨʠʤʳʝ ʩʘʭʘʨʘ, ʢʨʘʭʤʘʣ, ʞʠʨʳ, ʧʝʢʪʠʥʳ, ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʠ-

ʩʣʦʪʳ), ʘ ʦʩʪʘʪʦʢ, ʥʘʟʚʘʥʥʳʡ ʅɼʂ ʩʦʩʪʦʠʪ ʠʟ ʣʠʛʥʠʥʘ, ʮʝʣʣʶʣʦʟʳ ʠ ʛʝ-

ʤʠʮʝʣʣʶʣʦʟʳ (ʩʭʝʤʘ 3). ʄʝʪʦʜ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʛʨʫʙʳʭ ʢʦʨʤʦʚ, ʥʦ 

ʤʦʞʝʪ ʪʘʢ ʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʟʝʨʥʦʚʳʭ, ʠʟ ʢʦʪʦʨʳʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʫʜʘʣʷʶʪ ʢʨʘʭʤʘʣ, ʧʫʪʝʤ ʦʙʨʘʙʦʪʢʠ ʬʝʨʤʝʥʪʦʤ ʘʤʠʣʘʟʦʡ. ʅɼʂ ʚ ʢʦʣʠ-

ʯʝʩʪʚʝʥʥʦʤ ʦʪʥʦʰʝʥʠʠ ʧʨʠʤʝʨʥʦ ʚ 2 ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʉʂ ʚ 

ʈʠʩʫʥʦʢ 1.5 ï ɸʚʪʦʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘ-

ʨʘʪ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʡʪʨʘʣʴʥʦ- ʠ 

ʢʠʩʣʦʪʥʦ-ʜʝʪʝʨʛʝʥʪʥʦʡ ʢʣʝʪʯʘʪʢʠ, 

ʣʠʛʥʠʥʘ, ʮʝʣʣʶʣʦʟʳ, ʛʝʤʠʮʝʣʣʶʣʦʟʳ. 
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ʢʦʨʤʘʭ (ʩʨʘʚʥʠʪʝ ʧʦʢʘʟʘʪʝʣʠ 1.3 ʠ 1.4 ʪʘʙʣʠʮ ʜʣʷ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʢʦʨ-

ʤʦʚ). ʅɼʂ ʦʪʥʦʩʷʪ ʢ ʩʪʨʫʢʪʫʨʥʳʤ ʫʛʣʝʚʦʜʘʤ. ʆʥʠ ʩʦʟʜʘʶʪ ʧʨʦʯʥʫʶ 

ʩʪʨʫʢʪʫʨʫ ʢʣʝʪʦʯʥʳʭ ʩʪʝʥʦʢ. 

ʇʝʨʝʚʘʨʠʤʦʩʪʴ ʵʪʦʡ ʬʨʘʢʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʝʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

(ʩʦʦʪʥʦʰʝʥʠʷ ʮʝʣʣʶʣʦʟʳ, ʛʝʤʠʮʝʣʣʶʣʦʟʳ ʠ ʣʠʛʥʠʥʘ). ʇʦʵʪʦʤʫ ʢʦʨʤʘ 

ʠʣʠ ʨʘʮʠʦʥʳ ʩ ʦʜʠʥʘʢʦʚʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʅɼʂ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʠʤʝʶʪ 

ʦʜʠʥʘʢʦʚʫʶ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ, ʙʦʣʝʝ ʪʦʛʦ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʢʦʨʤʘ 

ʠʣʠ ʨʘʮʠʦʥʳ ʩ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʅɼʂ ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ ʙʦʣʝʝ ʚʳ-

ʩʦʢʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʴʶ, ʯʝʤ ʢʦʨʤʘ ʠ ʨʘʮʠʦʥʳ ʩ ʙʦʣʝʝ ʥʠʟʢʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʅɼʂ. 

ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʩʭʝʤʘ ʘʥʘʣʠʟʦʚ ʢʦʨʤʦʚ (ʩʭʝʤʘ 3) 

 

 

 

 

 

 

 

 

 

 

 

ʆʧʪʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʅɼʂ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦ-

ʩʪʴʶ ʨʘʮʠʦʥʘ ʵʥʝʨʛʠʝʡ. ʀʟʙʳʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʅɼʂ ʦʪʨʠʮʘʪʝʣʴʥʦ 

ʜʝʡʩʪʚʫʝʪ ʥʘ ʧʦʪʨʝʙʣʝʥʠʝ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ (ʉɺ), ʦʜʥʘʢʦ ʅɼʂ ʥʝ ʫʭʫʜ-

ʰʘʝʪ ʧʦʪʨʝʙʣʝʥʠʝ ʉɺ, ʝʩʣʠ ʨʘʮʠʦʥ ʩʙʘʣʘʥʩʠʨʦʚʘʥ ʧʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʙ-

ʤʝʥʥʦʡ ʵʥʝʨʛʠʠ ʚ ʉɺ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʦʨʤʘʤʠ ʧʦʪʨʝʙʥʦʩʪʠ. ɼʣʷ ʢʦʨʦʚ 

ʩ ʫʜʦʝʤ 40 ʢʛ ʤʦʣʦʢʘ ʚ ʜʝʥʴ ʧʦʪʨʝʙʣʝʥʠʝ ʉɺ ʥʝ ʫʭʫʜʰʘʣʦʩʴ ʧʨʠ 32% 

ʉʫʭʦʝ ʚʝʱʝʩʪʚʦ ɺʦʜʘ 

ʉʳʨʘʷ ʟʦʣʘ (ʉɿ) ʆʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ (ʆɺ) 

ʉʳʨʦʡ ʙʝʣʦʢ 

(ʉɹ) 
ʉʳʨʦʡ ʞʠʨ 

(ʉɾ) 
ʅʝʩʪʨʫʢʪʫʨ-

ʥʳʝ ʫʛʣʝʚʦ-

ʜʳ (ʅʉʋ) 

ʉʪʨʫʢʪʫʨʥʳʝ ʫʛʣʝʚʦʜʳ 

(ʢʣʝʪʦʯʥʳʝ ʩʪʝʥʢʠ) 

-ʏʠʩʪʳʡ ʙʝʣʦʢ 

-ɸʤʠʜʳ  

-ɸʤʠʥʦʢʠʩʣʦʪʳ 

-ʇʝʧʪʠʜʳ 

-ʇʫʨʠʥʳ 

-ʅʫʢʣʝʠʥʦʚʳʝ 

ʢʠʩʣʦʪʳ 

-ʊʨʠʛʣʠʮʝʨʠʜʳ 

-ʌʦʩʬʦʣʠʧʠʜʳ  

-ʉʪʝʨʦʠʜʳ 

-ɺʦʩʢʘ 

-ʂʘʨʦʪʠʥʦʠʜʳ 

-ɾʠʨʥʳʝ  

ʢʠʩʣʦʪʳ 

-ʉʘʭʘʨʘ 

- ʂʨʘʭʤʘʣ 

-ɻʣʠʢʦʛʝʥ 

-ʌʨʫʢʪʘʥʳ 

-ʇʝʢʪʠʥ 

ʂʠʩʣʦʪʥʦ-

ʜʝʪʝʨʛʝʥʪʥʘʷ 

ʢʣʝʪʯʘʪʢʘ (ʂɼʂ) 

ʇʝʩʦʢ ʄʠʥʝʨʘʣʳ 

ʂʦʨʤ 

ʅʝʡʪʨʘʣʴʥʦ-

ʜʝʪʝʨʛʝʥʪʥʘʷ 

ʢʣʝʪʯʘʪʢʘ 

(ʅɼʂ) 

-ʎʝʣʣʶʣʦʟʘ 

ɻʝʤʠʮʝʣʣʶʣʦʟʘ 

-ʃʠʛʥʠʥ 

-ʂʫʪʠʥ 

-ʅʝʡʪʨʘʣʴʥʦ-

ʜʝʪʝʨʛʝʥʪʥʳʡ 

ʥʝʨʘʩʪʚʦʨʠʤʳʡ 

ʩʳʨʦʡ ʙʝʣʦʢ 

(ʅɼʅʉɹ) 

-ʎʝʣʣʶʣʦʟʘ 

-ʃʠʛʥʠʥ 

-ʂʫʪʠʥ 

-ʂʠʩʣʦʪʥʦ-

ʜʝʪʝʨʛʝʥʪʥʳʡ 

ʥʝʨʘʩʪʚʦʨʠʤʳʡ 

ʩʳʨʦʡ ʙʝʣʦʢ 

(ʂɼʅʉɹ) 

   -  ͦ ͔͔ͨͪ͒͡Ύ͔ͭͫΎ  ͙͙͊ͤ͊ͭ͡;͔͙ͫ͟ 

  -  ͪ ͊ͫͫ;͙ͭ·͍͔͊ͭͫΎΥ ˹˿̂Ґ млл-ό˹˨˴Ҍ˿ˣҌ˿ˬҌ˿˭ύ 
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ʅɼʂ. ɼʣʷ ʢʦʨʦʚ ʩ ʥʘʜʦʝʤ ʤʦʣʦʢʘ 20 ʢʛ/ʜʝʥʴ ʧʦʪʨʝʙʣʝʥʠʝ ʉɺ ʥʝ ʩʥʠʞʘ-

ʣʦʩʴ ʧʦʢʘ ʫʨʦʚʝʥʴ ʅɼʂ ʚ ʨʘʮʠʦʥʝ ʥʝ ʜʦʩʪʠʛ 40%. 

ʊʘʙʣʠʮʘ 1.4 ï ʉʦʩʪʘʚ ʢʦʨʤʦʚ ʧʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ɺʘʥ ʉʦʝʩʪʦʤ ʩʠʩ-

ʪʝʤʝ ʘʥʘʣʠʟʘ 

ʂʦʨʤʘ ɺʦʜʘ,ʛ ʉɺ,ʛ ʉɹ,ʛ ʉɾ,ʛ ʉɿ,ʛ ʅɼʂ,ʛ ʂɼʂ,ʛ ʅʉʋ,ʛ 

ɺ 1ʢʛ ʥʘʪʫʨʘʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ (ʅɺ) 

ʉʝʥʦ ʩʫʜʘʥʢʠ 150 850 106 25 59 490 313 170 

ʉʝʥʘʞ ʠʟ ʣʶʮʝʨʥʳ 550 450 65 16 45 207 135 117 

ʉʠʣʦʩ ʢʫʢʫʨʫʟʥʳʡ 700 300 26 12 14 150 84 98 

ʗʯʤʝʥʴ 120 880 109 19 25 183 63 544 

ʉʚʝʢʣʘ ʢʦʨʤʦʚʘʷ 870 130 16 14 15 43 18 42 

ɺ 1 ʢʛ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ (ʉɺ) 

ʉʝʥʦ ʩʫʜʘʥʢʠ 0 1000 125 29 69 577 368 200 

ʉʝʥʘʞ ʠʟ ʣʶʮʝʨʥʳ 0 1000 145 36 100 460 300 259 

ʉʠʣʦʩ ʢʫʢʫʨʫʟʥʳʡ 0 1000 85 40 46 500 280 329 

ʗʯʤʝʥʴ 0 1000 124 22 29 208 72 617 

ʉʚʝʢʣʘ ʢʦʨʤʦʚʘʷ 0 1000 123 11 115 330 140 421 
 

ʆʧʪʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʅɼʂ ʚ ʨʘʮʠʦʥʝ ʙʣʘʛʦʧʨʠʷʪʥʦ ʩʢʘʟʳʚʘ-

ʝʪʩʷ ʥʘ ʟʜʦʨʦʚʴʝ ʢʦʨʦʚ, ʧʦʩʢʦʣʴʢʫ ʫʨʦʚʝʥʴ ʅɼʂ ʧʦʣʦʞʠʪʝʣʴʥʦ ʢʦʨʨʝ-

ʣʠʨʫʝʪ ʩ ʨʫʙʮʦʚʳʤ ʨʅ. ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʅɼʂ ʧʨʦʠʩʭʦʜʠʪ ʠʟ ʦʙʲʝʤʠʩʪʳʭ 

ʢʦʨʤʦʚ (ʩʝʥʘ, ʩʠʣʦʩʘ, ʩʝʥʘʞʘ), ʦʥʘ ʫʣʫʯʰʘʝʪ ʞʚʘʯʢʫ ʠ ʩʝʢʨʝʮʠʶ ʩʣʶʥʳ, 

ʪʝʤ ʩʘʤʳʤ ʧʦʚʳʰʘʝʪ ʙʫʬʝʨʥʫʶ ʝʤʢʦʩʪʴ ʨʫʙʮʦʚʦʛʦ ʩʦʜʝʨʞʠʤʦʛʦ. 

ɼʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʩʚʦʡʩʪʚ ʅɼʂ ʚ ʧʠʪʘʥʠʠ ʞʚʘʯʥʳʭ ʧʨʠʤʝʥʷʶʪ 

ʪʝʨʤʠʥʳ: çʵʬʬʝʢʪʠʚʥʘʷ ʅɼʂ (ʵʅɼʂ)è ʠ çʬʠʟʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʘʷ 

ʅɼʂè (ʬʵʅɼʂ) (Mertens, 1997). ʇʝʨʚʘʷ ï ʵʪʦ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʅɼʂ ʚ 

ʨʘʮʠʦʥʝ, ʩʧʦʩʦʙʥʦʝ ʧʦʜʜʝʨʞʠʚʘʪʴ ʩʦʜʝʨʞʘʥʠʝ ʞʠʨʘ ʚ ʤʦʣʦʢʝ. ɺʪʦʨʘʷ ï 

ʵʪʦ ʅɼʂ ʠʟ ʛʨʫʙʳʭ ʢʦʨʤʦʚ (ʩʝʥʦ, ʩʠʣʦʩ, ʩʝʥʘʞ, ʩʦʣʦʤʘ) ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ 

ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʘʢʪʠʚʠʟʘʮʠʠ ʞʚʘʯʢʠ ʠ ʧʦʜʜʝʨ-

ʞʘʥʠʶ ʥʦʨʤʘʣʴʥʦʛʦ ʨʅ ʨʫʙʮʘ (Yang W.Z., et al., 2006,2007). 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʬʵʅɼʂ ʧʨʝʜʣʦʞʝʥʦ ʨʘʟʜʝʣʝʥʠʝ ʝʝ ʥʘ ʢʣʘʩʩʳ, ʦʩ-

ʥʦʚʘʥʥʳʝ ʥʘ ʩʪʠʤʫʣʠʨʦʚʘʥʠʠ ʞʚʘʯʢʠ. ɼʣʷ ʧʦʣʥʦʩʪʝʙʝʣʴʥʦʛʦ ʪʨʘʚʷʥʦʛʦ 

ʩʝʥʘ ï ʬʵʅɼʂʧʨʠʥʷʪʘ ʟʘ ʝʜʠʥʠʮʫ ï 1, ʢʨʫʧʥʦ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʢʫʢʫʨʫʟʥʦ-

ʛʦ ʩʠʣʦʩʘ ʠ ʩʝʥʘʞʘ ï ʦʪ 0,9 ʜʦ 0,95, ʤʝʣʢʦʠʟʤʝʣʴʯʝʥʥʳʭ ʛʨʫʙʳʭ ʢʦʨʤʦʚ 

ʦʪ 0,7 ʜʦ 0,85. ʈʘʮʠʦʥ ʩ 22% ʬʵʅɼʂ ʚ ʉɺ ʧʦʜʜʝʨʞʠʚʘʝʪ ʨʫʙʮʦʚʳʡ ʨʅ 

ʥʘ ʫʨʦʚʥʝ 6, ʩ 20% ʬʵʅɼʂ ï ʞʠʨ ʤʦʣʦʢʘ ʥʘ ʫʨʦʚʥʝ 3,4% ʫ ʢʦʨʦʚ ʚ ʨʘʥ-

ʥʝʡ ʣʘʢʪʘʮʠʠ (Zabely Q., et al, 2006). 

ʆʮʝʥʢʘ ʢʦʨʤʘ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʬʵʅɼʂ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʫʪʝʤ ʧʨʦ-

ʩʝʠʚʘʥʠʷ ʢʦʨʤʘ ʥʘ ʪʨʝʭʷʨʫʩʥʦʤ ʩʠʪʝ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʯʘʩ-

ʪʠʮ ʨʘʟʤʝʨʦʤ>19 ʤʤ, ʦʪ 8 ʜʦ 19 ʤʤ ʠ <8 ʤʤ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦ-

ʪʨʝʙʥʦʩʪʴ ʬʵʅɼʂ ʩʦʩʪʘʚʣʷʝʪ 19% ʉɺ ʩʠʣʦʩʘ, ʫʜʝʨʞʠʚʘʝʤʦʛʦ ʥʘ ʩʠʪʝ ʩ 

ʨʘʟʤʝʨʦʤ ʷʯʝʡ 8-19 ʤʤ (Lammers et al.,1996). 

ʂʠʩʣʦʪʥʦ ï ʜʝʪʝʨʛʝʥʪʥʘʷ ʢʣʝʪʯʘʪʢʘ (ʂɼʂ). ʇʨʠ ʦʮʝʥʢʝ ʢʦʨʤʦʚ 

ʧʦ ɺʘʥʉʦʝʩʪʫʠʩʧʦʣʴʟʫʝʪʩʷ ʠ ʜʨʫʛʘʷ ʬʨʘʢʮʠʷ ï ʢʠʩʣʦʪʥʦ-
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ʜʝʪʝʨʛʝʥʪʥʘʷʢʣʝʪʯʘʪʢʘ. ʕʪʦ ʦʩʪʘʪʦʢ ʧʦʩʣʝ ʤʥʦʛʦʢʨʘʪʥʦʡ ʧʨʦʤʳʚʢʠ ʥʘ-

ʚʝʩʢʠ ʅɼʂ ʢʠʩʣʦʪʥʦ ï ʜʝʪʝʨʛʝʥʪʥʳʤ ʨʘʩʪʚʦʨʦʤ 0,5ʤ H2SO4 ʠ ʮʝʪʠʣʪʨʠʤʝ-

ʪʠʣʘʤʤʦʥʠʫʤʙʨʦʤʠʜʘ. ʇʨʠ ʵʪʦʤ ʠʟ ʅɼʂ ʫʜʘʣʷʝʪʩʷ ʛʝʤʠʮʝʣʣʶʣʦʟʘ, ʦʩ-

ʪʘʪʦʢ ʂɼʂ ʚʢʣʶʯʘʝʪ ʣʠʛʥʠʥ, ʮʝʣʣʶʣʦʟʫ, ʢʫʪʠʥ ʠ ʢʨʝʤʥʠʡ. ʆʧʨʝʜʝʣʝʥʠʝ 

ʂɼʂ ʚʝʩʴʤʘ ʧʦʣʝʟʥʦ ʜʣʷ ʛʨʫʙʳʭ ʢʦʨʤʦʚ, ʪʘʢ ʢʘʢ ʚ ʨʷʜʝ ʦʧʳʪʦʚ ʦʙʥʘʨʫ-

ʞʝʥʘ ʜʦʩʪʦʚʝʨʥʘʷ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʝʸ ʩʦʜʝʨʞʘʥʠʝʤ ʠ 

ʧʝʨʝʚʘʨʠʤʦʩʪʴʶ ʢʦʨʤʘ. 

ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʂɼʂ 72% ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ, ʢʦʪʦʨʘʷ ʨʘʩʪʚʦʨʷʝʪ 

ʮʝʣʣʶʣʦʟʫ, ʚ ʦʩʪʘʪʢʝ ʧʦʣʫʯʘʶʪ ʣʠʛʥʠʥ + ʢʫʪʠʥ. ʂʦʣʠʯʝʩʪʚʦ ʛʝʤʤʠʮʝʣ-

ʣʶʣʦʟʳ ʨʘʩʩʯʠʪʳʚʘʶʪ: ɻʎ = ʅɼʂ ï ʂɼʂ; ʮʝʣʣʶʣʦʟʳ: ʎ = ʂɼʂ ï ʣʠʛ-

ʥʠʥ. 

ɺʦ ʬʨʘʢʮʠʷʭ ʅɼʂ ʠ ʂɼʂ ʩʦʜʝʨʞʠʪʩʷ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʟʦ-

ʪʘ, ʧʨʦʯʥʦ ʩʚʷʟʘʥʥʦʛʦ ʩ ʢʣʝʪʦʯʥʳʤʠ ʩʪʝʥʢʘʤʠ ʠ ʥʝʦʪʜʝʣʷʝʤʦʛʦ ʥʝʡ-

ʪʨʘʣʴʥʳʤ ʠ ʢʠʩʣʦʪʥʳʤ ʨʘʩʪʚʦʨʠʪʝʣʝʤ. ɼʣʷ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʦʢʘʟʘʪʝʣʝʡ ʅɼʂ ʠ ʂɼʂ ʠʟ ʠʭ ʢʦʣʠʯʝʩʪʚʘ ʚʳʯʠʪʘʶʪ ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʝʡʪʨʘʣʴʥʦ ï ʜʝʪʝʨʛʝʥʪʥʳʡ ʥʝʨʘʩʪʚʦʨʠʤʳʡ ʩʳʨʦʡ ʙʝ-

ʣʦʢ (ʅɼʅʉɹ) ʠ ʢʠʩʣʦʪʥʦ ï ʜʝʪʝʨʛʝʥʪʥʳʡʥʝʨʘʩʪʚʦʨʠʤʳʡ ʩʳʨʦʡ ʙʝʣʦʢ 

(ʂɼʅʉɹ), ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʂʴʝʣʴʜʘʣʶ ʚ ʧʝʨʝʧʘʨʘʪʘʭ ʅɼʂ ʠ 

ʂɼʂ. ʅɼʅʉɹ ʠ ʂɼʅʉɹ ʩʦʩʪʘʚʣʷʶʪ ʯʘʩʪʴ ʩʳʨʦʛʦ ʙʝʣʢʘ ʢʦʨʤʘ, ʦʧʨʝʜʝ-

ʣʷʝʤʦʛʦ ʧʦ ʂʴʝʣʴʜʘʣʶ. ʀʭ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ, ʥʘʧʨʠʤʝʨ, ʚ ʢʫʢʫʨʫʟʥʦʤ 

ʩʠʣʦʩʝ ʩʦʩʪʘʚʣʷʝʪ 2,2%, ʚ ʟʝʨʥʝ ʢʫʢʫʨʫʟʳ ï 0,9% ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ, ʚ ʩʝ-

ʥʝ ʣʶʮʝʨʥʦʚʦʤ 4%, ʧʦʜʩʦʣʥʝʯʥʦʤ ʰʨʦʪʝ ʜʦ 6% ʉɺ. 

ʉʫʱʝʩʪʚʫʝʪ ʪʝʩʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʝʤ ʅɼʂ ʠ ʂɼʂ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʝʜʣʦʞʝʥʳ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ ʜʣʷ ʨʘʩʯʝʪʘ ʂɼʂ ʥʘ 

ʦʩʥʦʚʝ ʟʥʘʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʅɼʂ. 

ɼʣʷ ʢʫʢʫʨʫʟʥʦʛʦ ʩʠʣʦʩʘ: ʂɼʂ, % = -1,15 + 0,62 ʅɼʂ, % 

ɼʣʷ ʩʝʥʘ ʠ ʟʝʣʝʥʦʡ ʤʘʩʩʳ ʪʨʘʚ: ʂɼʂ,% = 6,89 + 0,50 ʅɼʂ, % 

ɼʣʷ ʩʝʥʘ, ʩʝʥʘʞʘ ʠʟ ʙʦʙʦʚʳʭ ʪʨʘʚ: ʂɼʂ,% = -0,73 + 0,82 ʅɼʂ, % 

ʂ ʩʦʞʘʣʝʥʠʶ, ʥʘʰʠ ʣʘʙʦʨʘʪʦʨʠʠ, ʟʘ ʨʝʜʢʠʤ ʠʩʢʣʶʯʝʥʠʝʤ, ʥʝ ʦʩ-

ʥʘʱʝʥʳ ʩʧʝʮʠʘʣʴʥʳʤʠ ʧʨʠʙʦʨʘʤʠ ʠ ʨʝʘʢʪʠʚʘʤʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʅɼʂ 

ʠ ʂɼʂ. ʇʦʵʪʦʤʫ ʧʨʦʜʦʣʞʘʶʪ ʚʳʜʘʚʘʪʴ ʜʘʥʥʳʝ ʘʥʘʣʠʟʘ ʩʳʨʦʡ ʢʣʝʪʯʘʪ-

ʢʠ. 

ʅʝʩʪʨʫʢʪʫʨʥʳʝ ʫʛʣʝʚʦʜʳ (ʅʉʋ). ɸʥʘʣʦʛʠʯʥʦ ʨʘʥʝʝ ʦʧʨʝʜʝ-

ʣʷʝʤʦʡ ʬʨʘʢʮʠʠ ɹʕɺ, ʚ ʥʦʚʦʡ ʩʠʩʪʝʤʝ ʠʩʧʦʣʴʟʫʶʪ ʧʦʢʘʟʘʪʝʣʴ ʥʝʩʪʨʫʢ-

ʪʫʨʥʳʝ ʫʛʣʝʚʦʜʳ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʚ ʧʨʦʮʝʥʪʘʭ, ʢʘʢ ʨʘʟʥʠʮʘ: 100 ï (ʉɹ % 

+ ʉɾ % + ʉɿ % + ʅɼʂ %), ʠʣʠ ʚ ʛ/ʢʛ ʉɺ: 1000 ï (ʉɹ ʛ/ʢʛ + ʉɾ ʛ/ʢʛ + ʉɿ 

ʛ/ʢʛ + ʅɼʂ ʛ/ʢʛ). ɺʦ ʬʨʘʢʮʠʶ ʅʉʋ ʚʭʦʜʷʪ ʚʝʱʝʩʪʚʘ, ʚʳʤʳʚʘʝʤʳʝ ʧʨʠ 

ʵʢʩʪʨʘʢʮʠʠ ʅɼʂ. ʕʪʠ ʚʝʱʝʩʪʚʘ ʥʘʭʦʜʷʪʩʷ ʚʥʫʪʨʠ ʨʘʩʪʠʪʝʣʴʥʦʡ ʢʣʝʪʢʠ ʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʢʨʘʭʤʘʣ, ʨʘʩʪʚʦʨʠʤʳʝ ʩʘʭʘʨʘ, ʧʝʢʪʠʥ, ʦʨʛʘʥʠʯʝʩʢʠʝ, 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʣʝʪʫʯʠʝ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ. ʇʦʢʘʟʘʪʝʣʴ ʅʉʋ ʩʫʱʝʩʪ-

ʚʝʥʥʦ ʥʠʞʝ ʧʦʢʘʟʘʪʝʣʷ ɹʕɺ ʠ ʣʫʯʰʝ ʦʪʨʘʞʘʝʪ ʩʦʩʪʘʚ ʬʨʘʢʮʠʠ ʥʝʩʪʨʫʢ-

ʪʫʨʥʳʭ ʫʛʣʝʚʦʜʦʚ (ʪʘʙʣ. 1.3, 1.4). 
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ʂʦʣʠʯʝʩʪʚʦ ʅʉʋ ʚ ʢʦʨʤʘʭ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʢʦʨʤʘ ʠ ʤʝʪʦʜʦʚ ʠʭ 

ʧʝʨʝʨʘʙʦʪʢʠ. ʈʘʟʣʠʯʠʷ ʙʦʣʝʝ ʚʩʝʛʦ ʦʙʫʩʣʦʚʣʝʥʳ ʩʦʜʝʨʞʘʥʠʝʤ ʧʝʢʪʠʥʘ ʠ 

ʞʠʨʥʳʭ ʢʠʩʣʦʪ (ʪʘʙʣ.1.5). 

ʊʘʙʣʠʮʘ 1.5 ï ʉʦʜʝʨʞʘʥʠʝ ʅʉʋ ʠ ʝʛʦ ʩʦʩʪʘʚ (NRC, 2001) 

ʂʦʨʤʘ ʅʉʋ, % ʉɺ 
ɺ ʪ.ʯ. 

ʉʘʭʘʨ ʂʨʘʭʤʘʣ ʇʝʢʪʠʥ ʃɾʂ 

ʉʠʣʦʩ ʣʶʮʝʨʥʦʚʳʡ 18,4 0 4,5 6,1 7,8 

ʉʝʥʦ ʟʣʘʢʦʚʦ-ʙʦʙʦʚʦʝ 16,6 5,9 2,5 8,2 0 

ʉʠʣʦʩ ʢʫʢʫʨʫʟʥʳʡ 41,0 0 29,2 0 11,8 

ʗʯʤʝʥʴ 60,7 5,5 49,6 5,6 0 

ʂʫʢʫʨʫʟʘ  68,7 14,4 54,0 0 0 

ɾʦʤ ʩʚʝʢʣʦʚʠʯʥʳʡ 36,2 12,7 0,7 23,3 0 

ʉʦʝʚʘʷ ʰʝʣʫʭʘ 14,1 2,7 2,7 8,8 0 

ʉʦʝʚʳʡ ʰʨʦʪ 34,4 9,7 9,7 15,0 0 
 

ʅʝʩʪʨʫʢʪʫʨʥʳʝ ʫʛʣʝʚʦʜʳ ʙʳʩʪʨʦ ʩʙʨʘʞʠʚʘʶʪʩʷ ʚ ʨʫʙʮʝ ʩ ʦʙʨʘ-

ʟʦʚʘʥʠʝʤ ʃɾʂ. ʇʦʵʪʦʤʫ ʚʘʞʥʦ ʟʥʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʅʉʋ 

ʚ ʨʘʮʠʦʥʘʭ ʢʦʨʦʚ, ʯʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʘʮʠʜʦʟ ʠ ʜʨʫʛʠʝ ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ 

ʧʨʦʙʣʝʤʳ. ʇʦ ʥʦʨʤʘʤ NRC ï 2001 ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʅʉʋ ʚ ʨʘ-

ʮʠʦʥʘʭ ʣʘʢʪʠʨʫʶʱʠʭ ʢʦʨʦʚ ʩʦʩʪʘʚʣʷʝʪ 36-44% ʉɺ, ʩʫʭʦʩʪʦʡʥʳʭ 20-

35% ʉɺ. 

ʂʨʘʭʤʘʣ ʩʦʩʪʘʚʣʷʝʪ ʦʩʥʦʚʥʫʶ ʤʘʩʩʫ ʅʉʋ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʢʦʨʤʦʚ 

ʠ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠ. ʅʘ ʩʢʦʨʦʩʪʴ ʠ ʩʪʝ-

ʧʝʥʴ ʨʫʙʮʦʚʦʛʦ ʧʠʱʝʚʘʨʝʥʠʷ ʢʨʘʭʤʘʣʘ, ʧʦʤʠʤʦ ʝʛʦ ʢʦʣʠʯʝʩʪʚʘ, ʤʦʛʫʪ 

ʦʢʘʟʳʚʘʪʴ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʨʤʘ. ʉʢʦʨʦʩʪʴ ʬʝʨʤʝʥʪʘʮʠʠ 

ʢʨʘʭʤʘʣʘ ʚ ʨʫʙʮʝ ʨʘʟʣʠʯʘʝʪʩʷ ʟʘʤʝʪʥʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʟʝʨ-

ʥʘ:ʦʚʝʩʧʰʝʥʠʮʘʷʯʤʝʥʴʢʫʢʫʨʫʟʘʩʦʨʛʦ. 

ʊʘʙʣʠʮʘ 1.6 ï ʈʝʢʦʤʝʥʜʫʝʤʳʝ ʤʠʥʠʤʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʙʱʝʡ ʅɼʂ 

ʠ ʂɼʂ ʦʙʲʝʤʠʩʪʳʭ ʢʦʨʤʦʚ, ʤʘʢʩʠʤʫʤ ʅʉʋ ʚ ʨʘʮʠʦʥʘʭ ʣʘʢʪʠʨʫʶʱʠʭ 

ʢʦʨʦʚ ʧʨʠ ʢʦʨʤʣʝʥʠʠ ʧʦʣʥʦʢʦʤʧʦʥʝʥʪʥʦʡ ʢʦʨʤʦʩʤʝʩʴʶ 

ʄʠʥʠʤʫʤ ʅɼʂ ʦʙʲ-

ʝʤʠʩʪʳʭ ʢʦʨʤʦʚ 

ʄʠʥʠʤʫʤ ʅɼʂ ʚ 

ʨʘʮʠʦʥʝ 

ʄʘʢʩʠʤʫʤ ʚ ʨʘʮʠʦʥʝ 

ʅʉʋ 

ʄʠʥʠʤʫʤ ʚ ʨʘʮʠʦʥʝ 

ʂɼʂ 

19 25 44 17 

18 27 42 18 

17 29 40 19 

16 31 38 20 

15 33 36 21 

ʈʘʮʠʦʥʳ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʤʝʥʴʰʝ ʅɼʂ ʠ ʂɼʂ, ʯʝʤ ʵʪʠ ʤʠʥʠ-

ʤʫʤʳ ʠ ʙʦʣʴʰʝ ʅʉʋ, ʯʝʤ 44%, ʥʝ ʩʣʝʜʫʝʪ ʩʢʘʨʤʣʠʚʘʪʴ. 

1.3. ʅʝʢʨʘʭʤʘʣʴʥʳʝ ʧʦʣʠʩʘʭʘʨʠʜʳ (ʅʂʇ) 

ɺ ʧʠʪʘʥʠʠ ʤʦʥʦʛʘʩʪʨʠʯʥʳʭ, ʚ ʪ.ʯ. ʯʝʣʦʚʝʢʘ ʛʨʫʧʧʫ ʫʛʣʝʚʦʜʦʚ ʥʘ-

ʟʳʚʘʶʪçʜʠʝʪʠʯʝʩʢʘʷ ʢʣʝʪʯʘʪʢʘè ʠʣʠ ʥʝʢʨʘʭʤʘʣʴʥʳʝ ʧʦʣʠʩʘʭʘʨʠʜʳ 

(ʅʂʇ).ʅʂʇ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʝʡʪʨʘʣʴʥʦ-ʜʝʪʝʨʛʝʥʪʥʫʶ ʢʣʝʪʯʘʪʢʫ, ʚ 
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ʢʦʪʦʨʦʡ ʧʦʤʠʤʦ ʣʠʛʥʠʥʘ, ʮʝʣʣʶʣʦʟʳ, ʛʝʤʠʮʝʣʣʶʣʦʟʳ ʩʦʜʝʨʞʠʪʩʷ ʧʝʢ-

ʪʠʥ, ʪ.ʝ. ʅɼʂ+ʧʝʢʪʠʥ. ʕʪʘ ʛʨʫʧʧʘ ʥʝ ʧʝʨʝʚʘʨʠʚʘʝʪʩʷ ʚ ʞʝʣʫʜʦʯʥʦ-

ʢʠʰʝʯʥʦʤ ʪʨʘʢʪʝ, ʪʘʢ ʢʘʢ ʩʦʙʩʪʚʝʥʥʳʭ ʬʝʨʤʝʥʪʦʚ ʮʝʣʣʶʣʘʟʳ, ʛʝʤʠʮʝʣ-

ʣʶʣʘʟʳ, ʧʝʢʪʠʥʘʟʳ ʫ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʥʝʪ. ʕʪʠ ʬʝʨʤʝʥʪʳ ʚʳʨʘʙʘʪʳʚʘ-

ʶʪʩʷ ʙʘʢʪʝʨʠʷʤʠ, ʛʨʠʙʢʘʤʠ, ʥʘʩʝʣʷʶʱʠʤʠ ʨʫʙʝʮ ʞʚʘʯʥʳʭ. 
ʃʠʛʥʠʥ ʥʝ ʷʚʣʷʝʪʩʷ ʧʦʣʠʩʘʭʘʨʠʜʦʤ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʬʝ-

ʥʦʣʴʥʳʡ ʧʦʣʠʤʝʨ. ʆʥ ʫʩʪʦʡʯʠʚ ʢ ʧʝʨʝʚʘʨʠʚʘʥʠʶ ʠ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 
ʢʘʯʝʩʪʚʝ ʧʠʪʘʪʝʣʴʥʦʛʦ ʩʨʝʜʩʪʚʘ. ʃʠʛʥʠʬʠʢʘʮʠʷ ʩʪʝʥʦʢ ʨʘʩʪʠʪʝʣʴʥʳʭ 
ʢʣʝʪʦʢ ʩʥʠʞʘʝʪ ʧʝʨʝʚʘʨʠʤʦʩʪʴ ʩʦʜʝʨʞʘʱʠʭʩʷ ʟʜʝʩʴ ʧʦʣʠʩʘʭʘʨʠʜʦʚ. 
ʅʂʇ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʢʦʨʤʦʚ, ʥʘʨʷʜʫ ʩ ʣʠʛʥʠʥʦʤ, ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʙʦʣɹ-
ʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚ ʢʣʝʪʦʯʥʳʭ ʩʪʝʥʢʘʭ. ʄʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʅʂʇ ʚʢʣʶʯʘ-
ʝʪ ʜʚʝ ʩʪʘʜʠʠ: 

1. ʕʥʟʠʤ-ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʠʟʤʝʨʷʝʪ ʛʨʫʧʧʫ ʧʦ-

ʣʠʩʘʭʘʨʠʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʥʝ ʜʘʝʪ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʦʙ ʠʭ ʩʦʩʪʘʚʝ. 

ɺ ʤʝʪʦʜʝ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʱʝʡ ʢʣʝʪʯʘʪʢʠ ʦʙʨʘʟʮʳ ʞʝʣʘʪʠʥʠʟʠʨʫʶʪ ʧʫʪʝʤ 

ʥʘʛʨʝʚʘʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʵʥʟʠʤʘʤʠ, ʯʪʦʙʳ ʫʜʘʣʠʪʴ ʢʨʘʭʤʘʣ ʠ ʙʝʣʢʠ. 

ʌʨʘʢʮʠʷ ʥʝʢʨʘʭʤʘʣʴʥʳʭ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʦʩʘʞʜʘʝʪʩʷ ʵʪʘʥʦʣʦʤ, ʦʩʪʘʪʦʢ 

ʚʳʩʫʰʠʚʘʝʪʩʷ ʠ ʚʟʚʝʰʠʚʘʝʪʩʷ. 

2. ʕʥʟʠʤ-ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʡ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʦʪ-

ʜʝʣʴʥʳʝ ʫʛʣʝʚʦʜʳ ʚ ʦʙʨʘʟʮʝ. ʄʝʪʦʜ ʕʥʛʣʠʩʪʘ (ɽnglystʘ, 1982) (ʨʠʩ. 1.6) 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʱʝʡ, ʨʘʩʪʚʦʨʠʤʦʡ ʠ ʥʝʨʘʩʪʚʦ-

ʨʠʤʦʡ ʢʣʝʪʯʘʪʢʠ. ʀʟʤʝʨʝʥʠʝ ʅʂʇ ʵʪʠʤ ʤʝʪʦʜʦʤ ʚʢʣʶʯʘʝʪ ʫʜʘʣʝʥʠʝ 

ʢʨʘʭʤʘʣʘ ʵʥʟʠʤʦʤ Ŭ-ʘʤʠʣʘʟʦʡ. ʇʦʩʣʝ ʦʩʘʞʜʝʥʠʷ ʵʪʘʥʦʣʦʤ ʅʂʇ-ʦʩʪʘʪʦʢ 

ʛʠʜʨʦʣʠʟʫʶʪ 12ʤ ʅ2SO4. ʆʪʜʝʣʴʥʳʝ ʤʦʥʦʤʝʨʥʳʝ ʥʝʡʪʨʘʣʴʥʳʝ ʢʦʤʧʦ-

ʥʝʥʪʳ ʩʘʭʘʨʘ ʦʧʨʝʜʝʣʷʶʪ ʥʘ ʛʘʟʦʞʠʜʢʦʩʪʥʦʤ ʭʨʦʤʘʪʦʛʨʘʬʝ. ɸʣʪʝʨʥʘ-

ʪʠʚʥʦ ʦʙʱʠʡ ʩʘʭʘʨ ʦʧʨʝʜʝʣʷʶʪ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʠ ʧʦʩʣʝ ʨʝʘʢʮʠʠ ʩ ʜʠ-

ʥʠʪʨʦʩʘʣʠʮʠʣʦʚʦʡ ʢʠʩʣʦʪʦʡ. ʆʙʱʠʝ ʅʂʇ ʠ ʥʝʨʘʩʪʚʦʨʠʤʳʝ ʅʂʇ ʦʧʨʝ-

ʜʝʣʷʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʦʪʜʝʣʴʥʳʭ ʩʫʙʧʨʦʙ ʠ ʨʘʩʪʚʦʨʠ-

ʤʳʝ ʅʂʇ ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʨʘʟʥʠʮʝ. ɻʣʘʚʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʅʂʇ ʷʚ-

ʣʷʶʪʩʷ ʨʘʤʥʦʟʘ, ʘʨʘʙʠʥʦʟʘ, ʢʩʠʣʦʟʘ, ʛʣʶʢʦʟʘ, ʛʘʣʘʢʪʦʟʘ, ʤʘʥʥʦʟʘ, ʛʣʶ-

ʢʫʨʦʥʦʚʘʷ ʠ ʛʘʣʘʢʪʫʨʦʥʦʚʘʷ ʢʠʩʣʦʪʳ. ʎʝʣʣʶʣʦʟʘ ʨʘʩʱʝʧʣʷʝʪʩʷ ʜʦ ʛʣʶ-

ʢʦʟʳ, ʛʝʤʠʮʝʣʣʶʣʦʟʘ ʜʘʝʪ ʢʩʠʣʦʟʫ, ʤʘʥʥʦʟʫ ʠ ʛʘʣʘʢʪʦʟʫ. ʇʨʠ ʛʠʜʨʦʣʠʟʝ 

ʧʝʢʪʠʥʘ ʦʩʚʦʙʦʞʜʘʝʪʩʷ ʘʨʘʙʠʥʦʟʘ, ʛʘʣʘʢʪʦʟʘ ʠ ʫʨʦʥʦʚʘʷ ʢʠʩʣʦʪʘ. 
ʅʝʜʘʚʥʦ ʙʳʣʦ ʦʙʨʘʱʝʥʦ ʚʥʠʤʘʥʠʝ ʥʘ ʦʙʝ ʵʪʠ ʬʦʨʤʳ ʢʣʝʪʦʯʥʦʛʦ 

ʚʦʣʦʢʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʚʦʜʦʨʘʩʪʚʦʨʠʤʘʷ ʬʨʘʢʮʠʷ 
ʅʂʇ, ʧʦʥʠʞʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ, ʘ ʥʝʨʘʩ-
ʪʚʦʨʠʤʘʷ ʅʂʇ ʧʦʚʳʰʘʝʪ ʦʙʲʝʤ, ʬʝʢʘʣʠʷ ʠ ʧʦʚʳʰʘʝʪ ʩʢʦʨʦʩʪʴ ʝʛʦ ʧʨʦ-
ʭʦʞʜʝʥʠʷ ʯʝʨʝʟ ʪʦʣʩʪʳʡ ʢʠʰʝʯʥʠʢ.  

ʇʦʣʘʛʘʶʪ, ʯʪʦ ʵʪʘ ʬʨʘʢʮʠʷ ʷʚʣʷʝʪʩʷ ʧʦʣʝʟʥʦʡ ʚ ʧʨʝʜʦʪʚʨʘʱʝʥʠʠ 

ʨʷʜʘ ʙʦʣʝʟʥʝʡ, ʚʢʣʶʯʘʶʱʠʭ ʨʘʢ ʢʠʰʢʠ. ʅʂʇ ʢʦʨʤʦʚ ʤʦʛʫʪ ʨʘʩʱʝʧ-

ʣʷʪʴʩʷ ʚ ʪʦʣʩʪʦʡ ʢʠʰʢʝ ʩʚʠʥʝʡ ʧʫʪʝʤ ʤʠʢʨʦʙʥʦʡ ʬʝʨʤʝʥʪʘʮʠʠ, ʜʘʶʱʝʡ 

ʃɾʂ, ʢʦʪʦʨʳʝ ʚʩʘʩʳʚʘʶʪʩʷ, ʥʦ ʜʝʣʘʶʪ ʤʘʣʦʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʦʙ-

ʤʝʥʥʫʶ ʵʥʝʨʛʠʶ. ʋ ʞʚʘʯʥʳʭ ʅʂʇ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʵʥʝʨ-

ʛʝʪʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. 
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ʉʪʝʧʝʥʴ ʨʘʩʱʝʧʣʝʥʠʷ (ʧʝʨʝʚʘʨʠʚʘʥʠʷ) ʅʂʇ ʟʘʚʠʩʠʪ ʦʪ ʩʪʨʫʢʪʫ-

ʨʳ (ʢʦʥʬʦʨʤʘʮʠʠ) ʧʦʣʠʩʘʭʘʨʠʜʥʳʭ ʧʦʣʠʤʝʨʦʚ ʠ ʠʭ ʩʪʨʫʢʪʫʨʥʦʡ ʩʚʷʟʠ ʩ 

ʥʝʫʛʣʝʚʦʜʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʣʠʛʥʠʥ. ʂʨʦʤʝ ʪʦʛʦ, ʬʠʟʠʯʝ-

ʩʢʠʝ ʩʚʦʡʩʪʚʘ ʅʂʇ ï ʚʦʜʦʫʜʝʨʞʠʚʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʠʦʥʦʦʙʤʝʥʥʳʝ 

͔͒ͪ͗͊ͭΈ мл͙ͣͤͯͭ 

͍͙͒ͦ͋͊ͭΈ лΣс ͣ͡ Ήͭ͊ͤͦ͊͡ 

͔͒ͪ͗͊ͭΈ р͙ͣͤͯͭ 

˨͍͙ͦ͋͊ͭΈ рͣ͡ ͍ͦ͒· ͙ 
нҎрͣ͡ тΣр˸ ˴˻˹ 

 

нҎрͣ͡ тΣр˸ ˴˻˹ 
͙ͫͨͦ͡Έ͍ͦ͊ͭ͘Έ ͍͔ͪͻͤΌΌ ͺ͊ͯ͘ 
͒͡Ύ ͎͙͚͊ͦ͗͒ͦͫͭͤͦ͘͟ 

ͻ͎ͪͦͣ͊ͭͦͪ͊ͺ͙͙ 

͟ лΣрͣ͡ ͍͙͒ͦ͋͊ͭΈ  
лΣрͣ͡ м-͔͙͙͙ͣͭͣ͒͊ͦ͘͡͡ ͙ 
рͣ͡ ͎ͯͫͯͫͤͦͦ͟ ͎͙͙͊ͤ͒ͪ͒͊ 

͟ оͣ͡ ͍͙͒ͦ͋͊ͭΈ 
͍͔͙͚ͤͯͭͪͤͤ ͫͭ͊ͤ͒͊ͪͭ 

͎͙͊ͦ͗͒ͦͫͭͤ͊͘͟Ύ 
ͻ͎ͪͦͣ͊ͭͦͪ͊ͺ͙Ύ 

͍͙͒ͦ͋͊ͭΈ лΣсͣ͡ мн˸ bIпhIΣ 
5ͣ͟͡ ͦͭ͊ͤ͟-2-ͦ͡ ͙ 
πȟτ̍̌ .Á"(4 ̑ ́̒̓̃̏̑ 

͔͒ͪ͗͊ͭΈ м;͊ͫ ͙ͨͪ плȘ˿ 

˨͍͙ͦ͋͊ͭΈ лΣоͣ͡ ͔͒͡Ύ͚ͤͦ 
͚ͯͫͯͫͤͦ͟ ͙ͫͦͭ͟͡· 

˽ͦͪͼ͙Ύ ͤ͊ ͍ͯͪͦͤͦͯΌ 
͙ͫͦͭͯ͟͡ 

͍͒ͦ͋͊͡ΎΌͭ нͣ͡ мн˸H 2SO4 

͔͒ͪ͗͊ͭ м;͊ͫ ͙ͨͪ орȘ˿ 

͍͒ͦ͋͊͡ΎΌͭ ннͣ͡ ͍ͦ͒· 

100-нлл͎ͣ ͦ͋ͪ͊͘ͼ͊ 

͍͙͒ͦ͋͊ͭΈ нͣ͡ ͙͔͙͒ͣͭͫͯ͡͡Έͺ͙ͦͫ͒͊͟ ό5a{hύ 

͍͒ͦ͋͊͡ΎΌͭ уͣ͡ ͋ͯͺ͔ͪ όͪ˹ рΣнύ ͙ ͍ͪ͊ͫͭͦͪ ʰ-͙͊ͣ͊͘͡· 

͙͙ͤͯ͋ͪͯ͟Όͭ мс;͍͊ͫͦ ͙ͨͪ пнȘ˿ 

͔͒ͪ͗͊ͭ м;͊ͫΣ ͼ͔͙ͤͭͪͺ͎͙ͯͪͯΌͭ 

ͨͪͦͣ·͍͊Όͭ ͍͒͊͗͒· ур҈ Ήͭ͊ͤͦͦͣ͡Σ ͨͦͯ͡;͊Όͭ ͫͯͻ͚ͦ ͦͫͭ͊ͭͦ͟ 

͍͒ͦ͋͊͡ΎΌͭ плͣ͡ Ήͭ͊ͤͦ͊͡ 

͎͔͍ͤ͊ͪ͊Όͭ м;͊ͫ ͙ͨͪ мллϲ˿ 

͔͒ͪ͗͊ͭ н;͊ͫ͊ ͙ͨͪ мллȘ˿ 

͔͒ͪ͗͊ͭΈ мл͙ͣͤ ͙ͨͪ мллȘ˿ 

͙͔͙ͦͦͪͣͭͪ͟͡Ύ 

;͙ͭ͊ͭΈ ͎ͨͦͦ͡΅͔͙͔ͤ ͙ͨͪ рол ͤͣ 

͟ мͣ͡ ͍͙͒ͦ͋͊ͭΈ  
лΣрͣ͡ ͍ͪ͊ͫͭͦͪ͊ ͎͡Όͦ͘͟·Σ  
лΣрͣ͡ оΣф˸bŀh˹ ͙  

нͣ͡ ͍ͪ͊ͫͭͦͪ͊ ͙͙͒ͤͭͪͦͫ͊π
͙͡ͼ͙͍͚ͦͦ͡  
͙ͫͦͭ͟͡· 

͍͙͒ͦ͋͊ͭΈ нлͣ͡ ͍ͦ͒· 

ʈʠʩʫʥʦʢ 1.6 - ʆʧʨʝʜʝʣʝʥʠʝ ʥʝʢʨʘʭʤʘʣʴʥʳʭ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʤʝʪʦʜʘʤʠ 

ʢʦʣʦʨʠʤʝʪʨʠʠ ʠ ʛʘʟʦʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ (H. Englyst, 1989) 
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ʩʚʦʡʩʪʚʘ ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʩʪʝʧʝʥʴ ʬʝʨʤʝʥʪʘʮʠʠ. ɻʝʣʴʦʙʨʘʟʫʶʱʠʝ ʅʂʇ, 

ʪʘʢʠʝ ʢʘʢ ɓ-ʛʣʶʢʘʥ, ʩʥʠʞʘʶʪ ʧʝʨʝʚʘʨʠʤʦʩʪʴ ʠ ʚʩʘʩʳʚʘʥʠʝ ʧʠʪʘʪʝʣʴʥʳʭ 

ʚʝʱʝʩʪʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʦʚʘʥʠʷ ʚʷʟʢʦʡ ʩʨʝʜʳ ʚ ʪʦʥʢʦʡ ʢʠʰʢʝ, ʫʭʫʜ-

ʘhʷ ʪʝʤ ʩʘʤʳʤ ʢʦʥʪʘʢʪʳ ʩ ʬʝʨʤʝʥʪʘʤʠ, ʧʨʠ ʵʪʦʤ ʢʦʥʩʠʩʪʝʥʮʠʷ ʬʝʢʘʣʠʷ 

ʫ ʧʦʨʦʩʷʪ ʠ ʮʳʧʣʷʪ ʙʦʣʝʝ ʚʷʟʢʘʷ ʠ ʤʘʞʫʱʘʷʩʷ. ʆ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʩʚʦʡ-

ʩʪʚʘʭ: ʚʦʜʦʫʜʝʨʞʠʚʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʅʂʇ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʝʟʥʦʤʫ 

ʜʝʡʩʪʚʠʶ ʚ ʦʛʨʘʥʠʯʝʥʠʠ ʧʦʪʨʝʙʣʝʥʠʷ ʢʦʨʤʘ ʩʫʧʦʨʦʩʥʳʤʠ ʤʘʪʢʘʤʠ ʠʟ-

ʟʘ ʫʚʝʣʠʯʝʥʠʷ ʚʨʝʤʝʥʠ, ʢʦʪʦʨʦʝ ʦʥʠ ʟʘʪʨʘʯʠʚʘʝʪ ʥʘ ʝʜʫ, ʠ ʙʦʣʝʝ ʜʣʠ-

ʪʝʣʴʥʦʡ ʟʘʧʦʣʥʝʥʥʦʩʪʠ ʞʝʣʫʜʢʘ ʧʠʱʝʡ. 

 

           
 

ʈʠʩʫʥʦʢ 1.7 ï ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʚʝʩʳ ʠ ʤʫʬʝʣʴʥʘʷ ʧʝʯʴ 

 

ɺ ʟʝʨʥʝ ʨʞʠ, ʪʨʠʪʠʢʘʣʝ, ʷʯʤʝʥʷ, ʦʚʩʘ ʩʦʜʝʨʞʠʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʅʂʇ, ʢʦʪʦʨʳʝ ʫʭʫʜʰʘʶʪ ʧʝʨʝʚʘʨʠʤʦʩʪʴ ʠ ʨʦʩʪ ʧʦʨʦʩʷʪ, 

ʮʳʧʣʷʪ (ʪʘʙʣ. 1.7). ɼʣʷ ʩʥʠʞʝʥʠʷ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʜʝʡʩʪʚʠʷ ʧʨʠʤʝʥʷ-

ʶʪ ʜʦʙʘʚʢʠ ʚ ʢʦʨʤ ʬʝʨʤʝʥʪʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ï ʢʩʠʣʘʥʘʟʳ, ʧʝʢʪʠʥʘʟʳ, ɓ-

ʛʣʶʢʘʥʘʟʳ, ʢʦʪʦʨʳʝ ʨʘʩʱʝʧʣʷʶʪ ʠʭ ʜʦ ʤʦʥʦʩʘʭʘʨʦʚ ʠ ʩʥʠʞʘʶʪ ʠʭ ʛʝʣʴ-

ʦʙʨʘʟʫʶʱʝʝ ʜʝʡʩʪʚʠʝ. 

ʊʘʙʣʠʮʘ 1.7. ï ʉʦʜʝʨʞʘʥʠʝ ʥʝʢʨʘʭʤʘʣʴʥrʭ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʚ ʢʦʨʤʘʭ 

ʂʦʨʤʘ 

ɺʩʝʛʦ, ʛ/ʢʛ 

ʩʫʭʦʛʦ  

ʚʝʱʝʩʪʚʘ 

ɺ ʪʦʤ ʯʠʩʣʝ 

ʅɼʂ ɓ-ʛʣʶʢʘʥʳ 
ʘʨʘʙʠʥʦʢʩʠ-

ʣʘʥʳ 

ʇʰʝʥʠʮʘ 11,4 2,0 1,3 8,1 

ʆʪʨʫʙʠ ʧʰʝʥʠʯʥʳʝ 40,9 8,0 4,3 28,6 

ʈʦʞʴ 13,2 1,5 2,8 8,9 

ʆʚʝʩ ʙʝʟ ʧʣʝʥʢʠ 7,8 0,7 5,0 2,1 

ʗʯʤʝʥʴ 16,7 3,9 4,9 7,9 

ɻʦʨʦʭ 14,6 5,8 3,3 5,5 

ʊʨʠʪʠʢʘʣʝ 15,0 2,5 1,7 10,8 

ʂʫʢʫʨʫʟʘ 7,2 2,0 0 5,2 

ʐʨʦʪ ʩʦʝʚʳʡ 20,0 4,5 3,8 11,7 

ʐʨʦʪ ʧʦʜʩʦʣʥʝʯʥr ʡ 28,0 10,0 4,9 13,1 
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ʈʠʩʫʥʦʢ 1.8 ï ɻʘʟʦʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬ 
 

 

 

 ʈʘʟʥʳʝ ʩʦʨʪʘ ʧʰʝʥʠʮʳ, ʪʨʠʪʠʢʘʣʝ, ʷʯʤʝʥʷ, ʨʞʠ ʩʫʱʝʩʪʚʝʥʥʦ 

ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʅʂʇ. ʆʮʝʥʢʘ ʟʝʨʥʘ ʧʰʝʥʠʮʳ ʠ ʪʨʠʪʠʢʘʣʝ 

ʩʝʣʝʢʮʠʠ ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ ʅʀʀʉʍ ʠʤ. ʇ. ʇ. ʃʫʢʴʷʥʝʥʢʦ ʚʳʷʚʠʣʘ ʙʦʣʴ-

ʰʠʝ ʤʝʞʩʦʨʪʦʚʳʝ ʨʘʟʣʠʯʠʷ ʧʦ ʨʝʘʢʮʠʠ ʥʘ ʜʦʙʘʚʢʫ ʬʝʨʤʝʥʪʦʚ ʚ ʨʘʮʠʦ-

ʥʳ ʮʳʧʣʷʪ. ʇʦʵʪʦʤʫ ʘʢʪʫʘʣʴʥʳʤ ʚʦʧʨʦʩʦʤ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʟʝʨʥʘ ʟʣʘ-

ʢʦʚʳʭ ʢʫʣʴʪʫʨ ʥʘ ʥʘʣʠʯʠʝ ʅʂʇ ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʬʝʨ-

ʤʝʥʪʦʚ ʚ ʩʦʨʪʦʚʦʤ ʨʘʟʨʝʟʝ. 

 

ʇʨʦʚʝʨʦʯʥʳʝ ʚʦʧʨʦʩʳ: 

1. ʀʟ ʢʘʢʠʭ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʩʦʩʪʦʠʪ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʢʦʨ-

ʤʘ? 

2. ʂʘʢʠʝ ʧʠʪʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ ʚ ʢʦʨʤʘʭ ʦʧʨʝʜʝʣʷʶʪʩʷ ʟʦʦʪʝʭʥʠʯʝ-

ʩʢʠʤ ʘʥʘʣʠʟʦʤ? 

3. ʏʪʦ ʪʘʢʦʝ ʩʳʨʦʡ ʙʝʣʦʢ (ʩʳʨʦʡ ʧʨʦʪʝʠʥ), ʯʠʩʪʳʡ ʙʝʣʦʢ (ʯʠʩʪʳʡ ʧʨʦ-

ʪʝʠʥ), ʘʤʠʜʳ? 

4. ʇʦʯʝʤʫ ʢʣʝʪʯʘʪʢʫ ʚʳʜʝʣʷʶʪ ʠʟ ʛʨʫʧʧʳ ʫʛʣʝʚʦʜʦʚ, ʠʟ ʢʘʢʠʭ ʭʠʤʠʯʝ-

ʩʢʠʭ ʚʝʱʝʩʪʚ ʦʥʘ ʩʦʩʪʦʠʪ? 

5. ʂʘʢʠʝ ʢʦʨʤʘ ʩʦʜʝʨʞʘʪ ʤʥʦʛʦ ʙʝʣʢʘ, ʩʘʭʘʨʘ, ʢʨʘʭʤʘʣʘ, ʢʣʝʪʯʘʪʢʠ, 

ʢʘʣʴʮʠʷ, ʬʦʩʬʦʨʘ? 

6. ʏʝʤ ʦʪʣʠʯʘʝʪʩʷ ʩʭʝʤʘ ʘʥʘʣʠʟʘ ʢʦʨʤʦʚ ʧʦ ɺʘʥ ʉʦʝʩʪʫ ʦʪ ʩʭʝʤʳ ʧʦ 
ɻʝʥʥʝʙʝʨʛʫ ʠ ʐʪʦʤʘʥʥʫ? 

7. ʀʟ ʢʘʢʠʭ ʚʝʱʝʩʪʚ ʩʦʩʪʦʠʪ ʥʝʡʪʨʘʣʴʥʦïʜʝʪʝʨʛʝʥʪʥʘʷ (ʅɼʂ) ʠ ʢʠ-

ʩʣʦʪʥʦ-ʜʝʪʝʨʛʝʥʪʥʘʷ ʢʣʝʪʯʘʪʢʘ (ʂɼʂ), ʢʘʢ ʠʭ ʦʧʨʝʜʝʣʷʶʪ? 

8. ʂʘʢ ʦʧʨʝʜʝʣʠʪʴ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʢʦʨʤʘ? 

9. ʀʟ ʢʘʢʠʭ ʚʝʱʝʩʪʚ ʩʦʩʪʦʷʪ ʥʝʩʪʨʫʢʪʫʨʥʳʝ ʫʛʣʝʚʦʜʳ (ʅʉʋ) ʢʦʨʤʘ? 

10. ʀʟ ʢʘʢʠʭ ʚʝʱʝʩʪʚ ʩʦʩʪʦʠʪ ʙʝʣʦʢ ʢʦʨʤʘ? 

11. ʂʘʢʠʤ ʤʝʪʦʜʦʤ ʦʧʨʝʜʝʣʷʶʪ ʠ ʨʘʩʩʯʠʪʳʚʘʶʪ ʩʦʜʝʨʞʘʥʠʝ ʩʳʨʦʛʦ 
ʙʝʣʢʘ ʢʦʨʤʘ? 
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ɻʣʘʚʘ 2. ʇʠʱʝʚʘʨʝʥʠʝ 

ʇʠʱʝʚʘʨʝʥʠʝ ï ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʧʦ-

ʪʨʝʙʣʝʥʠʝ ʢʦʨʤʘ, ʝʛʦ ʤʝʭʘʥʠʯʝʩʢʦʝ ʠʟʤʝʣʴʯʝʥʠʝ, ʭʠʤʠʯʝʩʢʦʝ (ʬʝʨʤʝʥ-

ʪʘʪʠʚʥʦʝ) ʨʘʩʱʝʧʣʝʥʠʝ ʢʨʫʧʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʤʦʣʝʢʫʣ (ʙʝʣʢʦʚ, ʞʠʨʦʚ ʠ 

ʫʛʣʝʚʦʜʦʚ) ʜʦ ʤʦʥʦʤʝʨʦʚ. ʂʦʥʝʯʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʨʘʩʱʝʧʣʝʥʠʷ ʙʝʣʢʦʚ 

ʷʚʣʷʶʪʩʷ ʘʤʠʥʦʢʠʩʣʦʪʳ (ʦʪʯʘʩʪʠ ʤʝʣʢʠʝ ʧʝʧʪʠʜʳ), ʞʠʨʦʚ ï ʛʣʠʮʝʨʠʥ ʠ 

ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ, ʢʨʘʭʤʘʣʘ ʠ ʜʨʫʛʠʭ ʫʛʣʝʚʦʜʦʚ ï ʤʦʥʦʩʘʭʘʨʘ (ʛʣʶʢʦʟʘ, 

ʬʨʫʢʪʦʟʘ, ʛʘʣʘʢʪʦʟʘ). ʕʪʠ ʚʝʱʝʩʪʚʘ ʠʟ ʢʠʰʝʯʥʠʢʘ ʚʩʘʩʳʚʘʶʪʩʷ ʚ ʢʨʦʚʴ, 

ʠ ʠʟ ʥʠʭ ʚ ʦʨʛʘʥʠʟʤʝ ʩʠʥʪʝʟʠʨʫʶʪʩʷ çʩʚʦʠè, ʧʨʠʩʫʱʠʝ ʪʝʣʫ ʠ ʧʨʦʜʫʢ-

ʮʠʠ ʞʠʚʦʪʥʳʭ ʙʝʣʢʠ, ʞʠʨʳ, ʫʛʣʝʚʦʜʳ ʠ ʜʨʫʛʠʝ, ʞʠʟʥʝʥʥʦ ʥʝʦʙʭʦʜʠʤʳʝ 

ʚʝʱʝʩʪʚʘ. ʅʝʧʝʨʝʚʘʨʝʥʥʳʝ ʦʩʪʘʪʢʠ ʢʦʨʤʘ ʚʳʜʝʣʷʶʪʩʷ ʚ ʚʠʜʝ ʬʝʢʘʣʠʡ.  

ʇʠʱʝʚʘʨʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ. ʋ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʦʥʘ ʧʨʝʜʩʪʘʚʣʝ-

ʥʘ ʨʦʪʦʚʦʡ ʧʦʣʦʩʪʴʶ, ʛʣʦʪʢʦʡ, ʩʣʶʥʥʳʤʠ ʞʝʣʝʟʘʤʠ, ʧʠʱʝʚʦʜʦʤ, ʞʝ-

ʣʫʜʢʦʤ, ʢʠʰʝʯʥʠʢʦʤ, ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʦʡ ʠ ʧʝʯʝʥʴʶ. ʇʠʱʝʚʘʨʠ-

ʪʝʣʴʥʳʡ ʪʨʘʢʪ ʫʩʣʦʚʥʦ ʜʝʣʷʪ ʥʘ ʪʨʠ ʦʪʜʝʣʘ: ʧʝʨʝʜʥʠʡ, ʩʨʝʜʥʠʡ ʠ ʟʘʜ-

ʥʠʡ. ʇʝʨʝʜʥʠʡ ʦʪʜʝʣ: ʨʦʪʦʚʘʷ ʧʦʣʦʩʪʴ, ʛʣʦʪʢʘ, ʧʠʱʝʚʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʟʘʭʚʘʪʳʚʘʥʠʝ, ʤʝʭʘʥʠʯʝʩʢʦʝ ʠʟʤʝʣʴʯʝʥʠʝ ʧʫʪʝʤ ʧʝʨʝʞʝʚʳʚʘʥʠʷ, ʩʤʘʯʠ-

ʚʘʥʠʝ ʩʣʶʥʦʡ ʠ ʧʨʦʛʣʘʪʳʚʘʥʠʝ ʢʦʨʤʘ. ʉʨʝʜʥʠʡ ʦʪʜʝʣ: ʞʝʣʫʜʦʢ ʠ ʪʦʥ-

ʢʠʡ ʢʠʰʝʯʥʠʢ. ʇʦʩʣʝʜʥʠʡ, ʜʝʣʠʪʩʷ ʥʘ ʜʚʝʥʘʜʮʘʪʠʧʝʨʩʪʥʫʶ (duodenum), 

ʪʦʱʫʶ (jejunum) ʠ ʧʦʜʚʟʜʦʰʥʫʶ ʢʠʰʢʠ (ileum).ʉʨʝʜʥʠʡ ʦʪʜʝʣ ʦʙʝʩʧʝ-

ʯʠʚʘʝʪ ʭʠʤʠʯʝʩʢʫʶ ʧʝʨʝʨʘʙʦʪʢʫ ʢʦʨʤʘ ʩ ʧʦʤʦʱʴʶ ʬʝʨʤʝʥʪʦʚ ʠ ʚʩʘʩʳ-

ʚʘʥʠʝ ʧʨʦʜʫʢʪʦʚ ʛʠʜʨʦʣʠʟʘ (ʯʝʨʝʟ ʢʠʰʝʯʥʫʶ ʩʪʝʥʢʫ ʚ ʢʨʦʚʴ). ɿʘʜʥʠʡ ï 

ʦʪʜʝʣ ʪʦʣʩʪʳʭ ʢʠʰʦʢ, ʦʩʫʱʝʩʪʚʣʷʝʪ ʦʙʨʘʙʦʪʢʫ ʥʝʧʝʨʝʚʘʨʝʥʥʳʭ ʦʩʪʘʪ-

ʢʦʚ ʢʦʨʤʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ, ʚʩʘʩʳʚʘʥʠʝ ʚʦʜʳ, ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʚʳʜʝʣʝ-

ʥʠʝ ʬʝʢʘʣʠʷ (ʨʠʩ. 2.1). 

2.1. ʇʠʱʝʚʘʨʝʥʠʝ ʚ ʞʝʣʫʜʢʝ 

ɾʝʣʫʜʢʠ ʫ ʨʘʟʥʳʭ ʞʠʚʦʪʥʳʭ ʠʤʝʶʪ ʨʘʟʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʘʤʝʨ. ʋ 

ʩʚʠʥʝʡ, ʣʦʰʘʜʝʡ, ʩʦʙʘʢ, ʢʨʦʣʠʢʦʚ ʞʝʣʫʜʦʢ ʦʜʥʦʢʘʤʝʨʥʳʡ. ʋ ʧʪʠʮ ï 

ʜʚʫʭʢʘʤʝʨʥʳʡ, ʧʝʨʚʳʡ ʞʝʣʝʟʠʩʪʳʡ, ʚʪʦʨʦʡ ï ʤʳʰʝʯʥʳʡ. ɾʚʘʯʥʳʝ ʞʠ-

ʚʦʪʥʳʝ ï ʢʨʫʧʥʳʡ ʨʦʛʘʪʳʡ ʩʢʦʪ, ʦʚʮʳ, ʢʦʟʳ, ʚʝʨʙʣʶʜʳ, ʧʠʪʘʶʱʠʝʩʷ 

ʛʨʫʙʳʤ ʨʘʩʪʠʪʝʣʴʥʳʤ ʢʦʨʤʦʤ, ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʜʨʫʛʠʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ 

ʢʨʫʧʥʳʤ ʞʝʣʫʜʢʦʤ, ʨʘʟʜʝʣʝʥʥʳʤ ʥʘ ʯʝʪʳʨʝ ʦʪʜʝʣʘ ï ʨʫʙʝʮ, ʩʝʪʢʫ, 

ʢʥʠʞʢʫ ʠ ʩʳʯʫʛ. ʇʝʨʚʳʝ ʪʨʠ ʢʘʤʝʨʳ ʥʘʟʳʚʘʶʪ ʧʨʝʜʞʝʣʫʜʢʘʤʠ. ʉʳʯʫʛ ï 

ʠʩʪʠʥʥʳʡ ʞʝʣʫʜʦʢ, ʘʥʘʣʦʛʠʯʥʳʡ ʦʜʥʦʢʘʤʝʨʥʦʤʫ ʞʝʣʫʜʢʫ ʥʝʞʚʘʯʥʳʭ 

ʞʠʚʦʪʥʳʭ. 

ʇʠʱʝʚʘʨʝʥʠʝ ʚ ʦʜʥʦʢʘʤʝʨʥʦʤ ʞʝʣʫʜʢʝ. ʉʣʠʟʠʩʪʘʷ ʞʝʣʫʜʢʘ 

ʩʦʩʪʦʠʪ ʠʟ ʤʥʦʞʝʩʪʚʘ (ʠʭ ʤʠʣʣʠʦʥʳ) ʩʝʢʨʝʪʦʨʥʳʭ ʢʣʝʪʦʢ. ɺ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʦʪ ʬʫʥʢʮʠʡ ʢʣʝʪʦʢ ʨʘʟʣʠʯʘʶʪ ʧʠʱʝʚʦʜʥʫʶ, ʢʘʨʜʠʘʣʴʥʫʶ, ʬʫʥʜʘʣʴ-

ʥʫʶ ʠ ʧʠʣʦʨʠʯʝʩʢʫʶ ʟʦʥʳ. ɺ ʧʠʱʝʚʦʜʥʦʡ ʟʦʥʝ ʥʝʪ ʞʝʣʝʟʠʩʪʳʭ ʢʣʝʪʦʢ. 

ʂʘʨʜʠʘʣʴʥʘʷ ʠ ʧʠʣʦʨʠʯʝʩʢʘʷ ʟʦʥʳ ʧʨʝʜʩʪʘʚʣʝʥʳ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʜʦ-
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ʙʘʚʦʯʥʳʤʠ ʢʣʝʪʢʘʤʠ, ʚʳʨʘʙʘʪʳʚʘʶʱʠʤʠ ʤʫʢʦʠʜʥʫʶ ʩʣʠʟʴ. ʌʫʥʜʘʣʴ-

ʥʘʷ ʟʦʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʣʘʚʥʳʤʠ ʢʣʝʪʢʘʤʠ, ʩʝʢʨʝʪʠʨʫʶʱʠʤʠ ʧʨʦʬʝʨ-

ʤʝʥʪʳ ʧʝʧʩʠʥʦʛʝʥ ʠ ʧʨʦʨʝʥʥʠʥ, ʠ ʦʙʢʣʘʜʦʯʥʳʤʠ, ʩʝʢʨʝʪʠʨʫʶʱʠʤʠ ʩʦ-

ʣʷʥʫʶ ʢʠʩʣʦʪʫ. ɺ ʞʝʣʫʜʢʝ ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʣʠʧʘ-

ʟʳ. ɺ ʩʣʠʟʠʩʪʦʡ ʞʝʣʫʜʢʘ ʝʩʪʴ ʵʥʜʦʢʨʠʥʥʳʝ ʢʣʝʪʢʠ, ʚʳʨʘʙʘʪʳʚʘʶʱʠʝ 

ʛʦʨʤʦʥ ʛʘʩʪʨʠʥ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʞʝʣʫʜʦʯʥʳʡ ʩʦʢ ʩʦʜʝʨʞʠʪ ʬʝʨʤʝʥʪʳ 

ʧʝʧʩʠʥ, ʨʝʥʥʠʥ, ʩʦʣʷʥʫʶ ʢʠʩʣʦʪʫ ʠ ʩʣʠʟʠʩʪʳʡ ʤʫʢʦʠʜ, ʨʅ ʩʦʢʘ 0,7-1,5. 

 

ʈʠʩʫʥʦʢ 2.1 ï ʉʪʨʦʝʥʠʝ ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʛʦ ʪʨʘʢʪʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥ-

ʥʳʭ ʞʠʚʦʪʥʳʭ 
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ʉʦʣʷʥʘʷ ʢʠʩʣʦʪʘ ʚʳʧʦʣʥʷʝʪ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʠ: ʘʢʪʠʚʠʨʫʝʪ ʥʝ-

ʘʢʪʠʚʥʳʝ ʧʨʦʬʝʨʤʝʥʪʳ ï ʧʝʧʩʠʥʦʛʝʥ ʠ ʧʨʦʨʝʥʥʠʥ, ʧʨʝʚʨʘʱʘʷ ʠʭ ʚ ʘʢ-

ʪʠʚʥʳʝ ʧʝʧʩʠʥ ʠ ʨʝʥʥʠʥ, ʧʦʜʜʝʨʞʠʚʘʝʪ ʚ ʩʦʜʝʨʞʠʤʦʤ ʞʝʣʫʜʢʘ ʟʥʘʯʝ-

ʥʠʝ pH, ʦʧʪʠʤʘʣʴʥʦʝ ʜʣʷ ʜʝʡʩʪʚʠʷ ʧʝʧʩʠʥʘ ʠ ʨʝʥʥʠʥʘ; ʚʳʧʦʣʥʷʝʪ ʙʘʢ-

ʪʝʨʠʮʠʜʥʫʶ ʬʫʥʢʮʠʶ; ʜʝʥʘʪʫʨʠʨʫʝʪ ʙʝʣʢʠ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʦʥʠ ʩʪʘʥʦ-

ʚʷʪʩʷ ʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ ʬʝʨʤʝʥʪʘ-

ʤʠ; ʪʦʨʤʦʟʠʪ ʦʩʚʦʙʦʞʜʝʥʠʝ ʩʝʢʨʝʪʠʥʘ ʠ ʜʨʫʛʠʭ ʛʦʨʤʦʥʦʚ; ʨʘʩʪʚʦʨʷʝʪ 

ʤʠʥʝʨʘʣʴʥʳʝ ʚʝʱʝʩʪʚʘ, ʧʦʩʪʫʧʠʚʰʠʝ ʩ ʢʦʨʤʦʤ, ʪʘʢʠʝ ʢʘʢ Ca3(PO4)2 ʜʦ 

ʙʦʣʝʝ ʫʩʚʦʷʝʤʳʭ ʬʦʨʤ; ʩʪʠʤʫʣʠʨʫʝʪ ʩʝʢʨʝʮʠʶ ʬʝʨʤʝʥʪʘ ʵʥʪʝʨʦʢʠʥʘʟʳ 

ʚ 12-ʧʝʨʩʪʥʦʡ ʢʠʰʢʝ. 

ʇʝʧʩʠʥ ʨʘʩʱʝʧʣʷʝʪ ʤʦʣʝʢʫʣʳ ʙʝʣʢʦʚ ʥʘ ʢʨʫʧʥʳʝ ʬʨʘʛʤʝʥʪʳ ï 

ʧʦʣʠʧʝʧʪʠʜʳ. ʈʝʥʠʥ ʩʪʚʦʨʘʞʠʚʘʝʪ ʙʝʣʢʠ ʤʦʣʦʢʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʝʨʝ-

ʚʘʨʠʚʘʥʠʝ ʚ ʞʝʣʫʜʢʝ ʷʚʣʷʝʪʩʷ ʣʠʰʴ ʥʘʯʘʣʴʥʦʡ ʩʪʫʧʝʥʴʶ ʧʠʱʝʚʘʨʝʥʠʷ. 

 

ʈʠʩʫʥʦʢ 2.2 ï ʉʭʝʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʞʝʣʝʟʠʩʪʳʭ ʟʦʥ ʚ ʞʝʣʫʜʢʘʭ ʨʘʟʥʳʭ 

ʪʠʧʦʚ ʩʪʨʦʝʥʠʷ:ɸ ïʯʝʣʦʚʝʢʘ; ɹ ï ʩʦʙʘʢʠ; ɺ ï ʣʦʰʘʜʠ; ɻ ï ʩʚʠʥʴʠ; ɼ ï 

ʞʚʘʯʥʳʭ ( ʘ, ʘ1 ï ʚʝʨʭʥʠʡ ʠ ʥʠʞʥʠʡ ʤʝʰʢʠ ʨʫʙʮʘ, b ï ʩʝʪʢʘ, ʩ ï ʢʥʠʞʢʘ, 

d ï ʩʳʯʫʛ): 1 ï ʧʠʱʝʚʦʜ, 2 ï ʟʦʥʘ ʢʘʨʜʠʘʣʴʥʳʭ ʞʝʣʝʟ (ʰʪʨʠʭ), 3 ï ʟʦʥʘ 

ʬʫʥʜʘʣʴʥʳʭ ʞʝʣʝʟ (ʯʝʨʥʘʷ), 4 ï ʟʦʥʘ ʧʠʣʦʨʠʯʝʩʢʠʭ ʞʝʣʝʟ (ʧʨʝʨʳʚʠʩʪʳʡ 

ʰʪʨʠʭ), 5 ï ʜʚʝʥʘʜʮʘʪʠʧʝʨʩʪʥʘʷ ʢʠʰʢʘ, 6 ï ʩʚʦʜ ʞʝʣʫʜʢʘ, 7 ï ʧʠʱʝʚʦʜ-

ʥʘʷ (ʙʝʟʞʝʣʝʟʠʩʪʘʷ) ʯʘʩʪʴ ʞʝʣʫʜʢʘ (ʪʦʯʢʠ), 8 ï ʜʠʚʝʨʪʠʢʫʣ. 
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ɸ ɹ 

ʈʠʩʫʥʦʢ 2.3 ï ʉʪʨʦʝʥʠʝ ʧʠʱʝʚʘʨʠʪʝʣʴʥʳʭ ʞʝʣʝʟ ʞʝʣʫʜʢʘ: ɸ ï ʛʠʩʪʦʣʦ-

ʛʠʯʝʩʢʠʡ ʩʨʝʟ ʩʣʠʟʠʩʪʦʡ ʞʝʣʫʜʢʘ; ɹ ï ʨʠʩʫʥʦʢ ʷʤʢʠ ʩʣʠʟʠʩʪʦʡ ʩ ʞʝʣʝ-

ʟʠʩʪʳʤʠ ʢʣʝʪʢʘʤʠ (ʟʘʠʤʩʪʚʦʚʘʥʦ ʫ R.M. Akers and D.M. Denbow, 2008) 

ʇʠʱʝʚʘʨʝʥʠʝ ʚ ʤʥʦʛʦʢʘʤʝʨʥʦʤ ʞʝʣʫʜʢʝ ʞʚʘʯʥʳʭ 

ʉʘʤʦʡ ʙʦʣʴʰʦʡ ʢʘʤʝʨʦʡ ʷʚʣʷʝʪʩʷ ʨʫʙʝʮ (rumen), ʚʤʝʱʘʝʪ ʜʦ 150 

ʣʠʪʨʦʚ ʠ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʢʘʢ ʝʩʪʝʩʪʚʝʥʥʳʡ ʬʝʨʤʝʥʪʝʨ.ɺ ʩʣʠʟʠʩʪʦʡ 

ʧʨʝʜʞʝʣʫʜʢʦʚ ʥʝʪ ʞʝʣʝʟ, ʚʳʨʘʙʘʪʳʚʘʶʱʠʭ ʬʝʨʤʝʥʪʳ, ʦʜʥʘʢʦ ʦʢʦʣʦ 65-

80% ʧʦʪʨʝʙʣʝʥʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʠʢʨʦʦʨʛʘ-

ʥʠʟʤʦʚ ʧʦʜʚʝʨʛʘʝʪʩʷ ʚ ʨʫʙʮʝ ʨʘʟʣʠʯʥʳʤ ʧʨʝʚʨʘʱʝʥʠʷʤ ʠ ʫʪʠʣʠʟʘʮʠʠ. 

ʍʠʤʠʯʝʩʢʦʝ ʧʝʨʝʚʘʨʠʚʘʥʠʝ ʢʦʨʤʘ ʚ ʧʨʝʜʞʝʣʫʜʢʘʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʬʝʨ-

ʤʝʥʪʘʤʠ, ʚʳʜʝʣʷʝʤʳʤʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ, ʘ ʥʝ ʩʘʤʠʤʠ ʞʠʚʦʪʥʳʤʠ. 

ʉʨʝʜʠ ʥʠʭ ʮʝʣʣʶʣʘʟʘ ʠ ʛʝʤʤʠʮʝʣʣʶʣʘʟʘ ʨʘʩʱʝʧʣʷʶʪ ʢʣʝʪʯʘʪʢʫ ʜʦ ʛʣʶ-

ʢʦʟʳ. ɿʘ ʩʯʝʪ ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʠʢʨʦʙʦʚ, ʞʚʘʯʥʳʝ ʞʠʚʦʪʥʳʝ ʧʦʣʫʯʘʶʪ 

ʧʦʯʪʠ Ĳ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠ ʵʥʝʨʛʠʠ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʠʭ ʞʠʟʥʝ-

ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʜʫʢʮʠʠ. 

ɹʠʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʨʫʙʮʝ ʠʜʫʪ ʧʨʠ ʫʯʘʩʪʠʠ ʘʥʘʵʨʦʙʥʳʭ 

ʙʘʢʪʝʨʠʡ ʠ ʧʨʦʩʪʝʡʰʠʭ, ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʛʨʠʙʢʦʚ 

ʠ ʜʨʦʞʞʝʡ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʙʘʢʪʝʨʠʡ ʜʦʩʪʠʛʘʝʪ ʬʘʥʪʘʩʪʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ 

ï 10
9
 ï 10

11
, ʧʨʦʩʪʝʡʰʠʭ 10

5
 ï 10

6
 ʚ 1 ʤʣ ʨʫʙʮʦʚʦʡ ʞʠʜʢʦʩʪʠ. 

ʆʩʥʦʚʥʦʡ ʩʤʳʩʣ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʩʠʤʙʠʦʪʥʦʡ ʩʠʩʪʝʤʳ çʤʘʢʨʦʦʨ-

ʛʘʥʠʟʤ ï ʤʠʢʨʦʦʨʛʘʥʠʟʤè ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, ʧʨʝʦʙʨʘ-

ʟʫʷ ʧʠʪʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ ʢʦʨʤʦʚ, ʩʲʝʜʝʥʥʳʭ ʞʚʘʯʥʳʤ ʞʠʚʦʪʥʳʤ, ʚ 

ʚʝʱʝʩʪʚʘ (ʙʝʣʢʠ, ʞʠʨʳ, ʫʛʣʝʚʦʜʳ) ʩʦʙʩʪʚʝʥʥʦʛʦ ʪʝʣʘ, ʩʘʤʠ ʩʪʘʥʦʚʷʪʩʷ 

ʚʘʞʥʝʡʰʠʤ ʠʩʪʦʯʥʠʢʦʤ ʧʠʪʘʥʠʷ ʜʣʷ ʞʠʚʦʪʥʦʛʦ ï ʭʦʟʷʠʥʘ. ʂʦʨʦʚʘ ʝʞʝ-

; 
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ʜʥʝʚʥʦ ʧʝʨʝʚʘʨʠʚʘʝʪ ʦʢʦʣʦ 10-12 ʢʛ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʧʦʣʫʯʘʷ ʧʨʠ 

ʵʪʦʤ ʦʪ 1,5 ʜʦ 2 ʢʛ ʤʠʢʨʦʙʥʦʛʦ ʙʝʣʢʘ, ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦ-

ʢʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʴʶ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʥʝʟʘʤʝʥʠʤʳʭ ʘʤʠʥʦʢʠʩ-

ʣʦʪ. ʉ ʙʘʢʪʝʨʠʷʤʠ ʧʦʩʪʫʧʘʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚ 

ʨʫʙʮʝ ʚʠʪʘʤʠʥʦʚ ʛʨʫʧʧʳ ɺ. ʂʨʦʤʝ ʪʦʛʦ, ʞʚʘʯʥʦʝ ï ʭʦʟʷʠʥ ʠʩʧʦʣʴʟʫʝʪ 

ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʠ ʢʦʥʝʯʥʳʝ ʧʨʦʜʫʢʪʳ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʬʝʨʤʝʥʪʘʮʠʠ, 

ʧʨʝʞʜʝ ʚʩʝʛʦ, ʣʝʪʫʯʠʝ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ ï ʫʢʩʫʩʥʫʶ (ʉʅ3ʉʆʆʅ), ʧʨʦ-

ʧʠʦʥʦʚʫʶ (ʉʅ3ʉʅ2ʉʆʆʅ) ʠ ʤʘʩʣʷʥʫʶ (ʉʅ3ʉʅ2ʉʅ2ʉʆʆʅ) ʚ ʢʘʯʝʩʪʚʝ 

ʦʩʥʦʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ. ɽʞʝʜʥʝʚʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʚ ʦʨʛʘʥʠʟʤ ʞʠ-

ʚʦʪʥʦʛʦ ʃɾʂ ʩʦʩʪʘʚʣʷʝʪ 4-5 ʢʛ. 

ʇʝʨʝʚʘʨʠʚʘʥʠʝ ʢʦʨʤʦʚ ʚ ʨʫʙʮʝ ʠʟʫʯʘʶʪ ʥʘ ʞʠʚʦʪʥʳʭ ʩ ʬʠʩʪʫʣʦʡ 

ʨʫʙʮʘ. ʏʝʨʝʟ ʫʩʪʘʥʦʚʣʝʥʥʫʶ ʚ ʬʠʩʪʫʣʝ ʢʘʥʶʣʶ ʧʦʤʝʱʘʶʪ ʢʘʧʨʦʥʦʚʳʡ 

ʤʝʰʦʯʝʢ ʩ ʢʦʨʤʦʤ. ʇʦʩʣʝ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ ʠʥʢʫʙʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʶʪ 

ʩʦʩʪʘʚ ʦʩʪʘʪʢʘ ʚ ʤʝʰʦʯʢʝ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʥʘʟʳʚʘʝʪʩʷ in situ (ʪ.ʝ. ʚ ʩʝʙʝ), 

ʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʝʨʝʚʘʨʠʤʦʩʪʠ ʧʠʪʘʪʝʣʴʥʳʭ 

ʚʝʱʝʩʪʚ ʚ ʨʫʙʮʝ (ʨʠʩ. 2.4). 
 

 
ʈʠʩʫʥʦʢ 2.4 ï ʂʦʨʦʚʘ ʩ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ ʨʫʙʝʮ ʢʘʥʶʣʝʡ ʚ ʦʙʣʘʩʪʠ ʛʦ-

ʣʦʜʥʦʡ ʷʤʢʠ. ʉʪʫʜʝʥʪʳ ʟʦʦʬʘʢʘ ʂʫʙʘʥʩʢʦʛʦ ʛʦʩʘʛʦʨʦʫʥʠʚʝʨʩʠʪʝʪʘ ʙʝ-

ʨʫʪ ʨʫʙʮʦʚʫʶ ʞʠʜʢʦʩʪʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʅ. 

ʋ ʞʠʚʦʪʥʳʭ ʩ ʦʜʥʦʢʘʤʝʨʥʳʤ ʞʝʣʫʜʢʦʤ ʥʝ ʚʳʨʘʙʘʪʳʚʘʶʪʩʷ ʩʦʙ-

ʩʪʚʝʥʥʳʝ ʮʝʣʣʶʣʘʟʘ ʠ ʛʝʤʠʮʝʣʣʶʣʘʟʘ, ʧʦʵʪʦʤʫ ʦʥʠ ʥʝ ʩʧʦʩʦʙʥʳ ʧʝʨʝ-

ʚʘʨʠʚʘʪʴ ʢʣʝʪʯʘʪʢʫ. ʋ ʥʝʢʦʪʦʨʳʭ ʪʨʘʚʦʷʜʥʳʭ ʥʝʞʚʘʯʥʳʭ ʞʠʚʦʪʥʳʭ, 

ʥʘʧʨʠʤʝʨ, ʣʦʰʘʜʝʡ ʠʣʠ ʢʨʦʣʠʢʦʚ, ʩʠʣʴʥʦ ʨʘʟʚʠʪ ʪʦʣʩʪʳʡ ʢʠʰʝʯʥʠʢ, ʚ 
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ʢʦʪʦʨʦʤ, ʢʘʢ ʠ ʚ ʨʫʙʮʝ ʞʚʘʯʥʳʭ, ʧʨʦʠʩʭʦʜʠʪ ʠʥʪʝʥʩʠʚʥʘʷ ʤʠʢʨʦʙʥʘʷ 

ʬʝʨʤʝʥʪʘʮʠʷ ʢʣʝʪʯʘʪʢʠ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʣʝʪʫʯʠʝ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. ʋ ʧʪʠʮ ʚ ʩʣʝʧʳʭ ʦʪʨʦʩʪʢʘʭ 

ʠ ʩʚʠʥʝʡ ʚ ʪʦʣʩʪʦʡ ʢʠʰʢʝ, ʪʘʢ ʞʝ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʱʝʧʣʝʥʠʝ ʥʝʢʦʪʦʨʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʢʣʝʪʯʘʪʢʠ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. 

ʊʘʙʣʠʮʘ 2.1 ï ʆʙʲʝʤ ʦʪʜʝʣʦʚ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ ʫ ʨʘʟʥʳʭ 

ʞʠʚʦʪʥʳʭ 

ɾʠʚʦʪʥʦʝ 
ɾ.ʤ., 

ʢʛ 

ʆʙʱʠʡ ʦʙʲʝʤ ʞʝʣʫ-

ʜʦʯʥʦ-ʢʠʰʝʯʥʦʛʦ 

ʪʨʘʢʪʘ, ʣ 

ʆʪʥʦʩʠʪʝʣʴʥʳʡ ʦʙʲʝʤ, % 

ʞʝʣʫʜʦʢ 
ʪʦʥʢʠʡ ʢʠ-

ʰʝʯʥʠʢ 

ʪʦʣʩʪʳʡ 

ʢʠʰʝʯʥʠʢ 

ʂʦʨʦʚʘ 600 260 68 18 14 

ʃʦʰʘʜʴ 450 100-180 10 30 60 

ʆʚʮʘ (ʢʦʟʘ) 80 25-32 65 23 12 

ʉʚʠʥʴʷ 110 22-30 30 35 35 

ʉʦʙʘʢʘ 30 2-3 63 23 14 

ʂʦʰʢʘ 4 0,4-0,6 66 18 16 

ʂʨʦʣʠʢ 4 0,5-0,8 25 32 43 
 

2.2. ʇʠʱʝʚʘʨʝʥʠʝ ʚ ʪʦʥʢʦʤ ʢʠʰʝʯʥʠʢʝ 

ʋ ʚʩʝʭ ʚʠʜʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ ʪʦʥʢʠʡ ʦʪʜʝʣ ʷʚ-

ʣʷʝʪʩʷ ʩʘʤʳʤ ʜʣʠʥʥʳʤ ʠ ʦʩʥʦʚʥʳʤ ʫʯʘʩʪʢʦʤ ʜʣʷ ʧʝʨʝʚʘʨʠʚʘʥʠʷ ʠ ʚʩʘ-

ʩʳʚʘʥʠʷ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ. ʆʥ ʧʨʝʜʩʪʘʚʣʝʥ ʪʦʥʢʦʡ ʢʠʰʢʦʡ, ʢʦʪʦʨʘʷ 

ʜʝʣʠʪʩʷ ʥʘ ʜʚʝʥʘʜʮʘʪʠʧʝʨʩʪʥʫʶ, ʪʦʱʫʶ ʠ ʧʦʜʚʟʜʦʰʥʫʶ ʢʠʰʢʠ. ʋ ʤʣʝ-

ʢʦʧʠʪʘʶʱʠʭ ʦʥʘ ʧʨʠʢʨʝʧʣʝʥʘ ʢ ʜʣʠʥʥʦʡ ʙʨʳʞʝʡʢʝ, ʩʣʦʞʝʥʘ ʚ ʤʥʦʛʦ-

ʯʠʩʣʝʥʥʳʝ ʣʝʛʢʦʧʦʜʚʠʞʥʳʝ ʟʘʚʠʪʢʠ ʠ ʧʝʪʣʠ. ɼʣʠʥʘ ʪʦʥʢʦʛʦ ʦʪʜʝʣʘ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ ʜʣʠʥʳ ʪʫʣʦʚʠʱʘ: ʢʦʰʢʘ 4:1, ʩʦʙʘʢʘ 6:1, ʢʨʦʣʠʢ 10:1, ʣʦʰʘʜʴ 

12:1, ʩʚʠʥʴʷ 14:1, ʢʨʫʧʥʳʡ ʨʦʛʘʪʳʡ ʩʢʦʪ 20:1, ʦʚʮʘ, ʢʦʟʘ 25:1. ɼʚʝʥʘʜʮʘ-

ʪʠʧʝʨʩʪʥʘʷ ʠ ʧʦʚʟʜʦʰʥʘʷ ʢʠʰʢʠ ʜʦʚʦʣʴʥʦ ʢʦʨʦʪʢʠʝ, ʥʘ ʢʘʞʜʫʶ ʠʟ ʥʠʭ 

ʧʨʠʭʦʜʠʪʩʷ ʥʝ ʙʦʣʝʝ 3% ʦʪ ʦʙʱʝʡ ʜʣʠʥʳ ʪʦʥʢʦʡ ʢʠʰʢʠ. 

ʇʦʚʝʨʭʥʦʩʪʴ ʩʣʠʟʠʩʪʦʡ ʪʦʥʢʦʡ ʢʠʰʢʠ ʩʠʣʴʥʦ (ʚ 8-10 ʨʘʟ) ʫʚʝʣʠ-

ʯʝʥʘ ʟʘ ʩʯʝʪ ʩʢʣʘʜʦʢ ʵʧʠʪʝʣʠʘʣʴʥʦʡ ʪʢʘʥʠ ʠ ʥʘʣʠʯʠʷ ʚʦʨʩʠʥʦʢ ï ʧʘʣʴʮʝ-

ʚʠʜʥʳʭ ʚʳʩʪʫʧʦʚ ʜʣʠʥʦʡ 0,2-1 ʤʤ, ʚʳʪʷʥʫʪʳʭ ʚ ʧʦʣʦʩʪʴ ʢʠʰʝʯʥʠʢʘ. ʂʦ-

ʣʠʯʝʩʪʚʦ ʚʦʨʩʠʥʦʢ ï 20-40 ʰʪʫʢ ʥʘ 1 ʤʤ
2
 ʧʦʚʝʨʭʥʦʩʪʠ. ɺʦʨʩʠʥʢʠ ʠʤʝʶʪ 

ʜʚʘ ʪʠʧʘ ʢʣʝʪʦʢ: ʵʧʠʪʝʣʠʦʮʠʪʳ, ʦʙʣʘʜʘʶʱʠʝ ʚʩʘʩʳʚʘʪʝʣʴʥʦʡ ʬʫʥʢʮʠʝʡ, 

ʙʦʢʘʣʦʚʠʜʥʳʝ ʵʥʪʝʨʦʮʠʪʳ, ʚʳʨʘʙʘʪʳʚʘʶʱʠʝ ʩʣʠʟʴ. ʇʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʝʱʝ ʙʦʣʝʝ (ʚ 100 ʨʘʟ) ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʤʠʢʨʦʚʦʨʩʠʥʦʢ ʚʳʩʦʪʦʡ 

2 ʤʢʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʧʠʪʝʣʠʦʮʠʪʦʚ. ʀʭ ʢʦʣʠʯʝʩʪʚʦ ʩʦʩʪʘʚʣʷʝʪ 80-120 

ʰʪʫʢ ʥʘ 1 ʤʤ
2
 ʧʣʦʱʘʜʠ ʚʦʨʩʠʥʦʢ. ʄʠʢʨʦʚʦʨʩʠʥʢʠ ʦʙʨʘʟʫʶʪ ʥʘ  ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʚʦʨʩʠʥʦʢ ʩʣʦʡ, ʥʘʟʳʚʘʝʤʳʡ çʱʝʪʦʯʢʦʡè (ʨʠʩ. 2.5ɺ). 

ɺ ʮʝʥʪʨʝ ʢʘʞʜʦʡ ʚʦʨʩʠʥʢʠ ʠʤʝʝʪʩʷ ʣʠʤʬʘʪʠʯʝʩʢʠʡ ʩʦʩʫʜ (ʩʠ-

ʥʫʩ). ʄʝʞʜʫ ʵʧʠʪʝʣʠʝʤ ʠ ʩʠʥʫʩʦʤ ʥʘʭʦʜʷʪʩʷ ʪʦʥʯʘʡʰʠʝ ʢʨʦʚʝʥʦʩʥʳʝ 

ʩʦʩʫʜʳ, ʥʝʨʚʳ ʠ ʛʣʘʜʢʦʤʳʰʝʯʥʳʝ ʚʦʣʦʢʥʘ, ʧʨʠ ʩʦʢʨʘʱʝʥʠʠ ʢʦʪʦʨʳʭ 

ʚʦʨʩʠʥʢʠ ʫʢʦʨʘʯʠʚʘʪʁʩʷ. 
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ʄʠʢʨʦʚʦʨʩʠʥʢʠ ʧʦʢʨʳʪʳ ʧʨʝʜʤʝʤʙʨʘʥʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ï ʛʣʠ-

ʢʦʢʘʣʠʢʩʦʤ (ʩʢʦʧʣʝʥʠʝ ʤʫʢʦʧʦʣʠʩʘʭʘʨʜʥʳʭ ʥʠʪʝʡ), ʢʦʪʦʨʳʡ ʚʳʧʦʣʥʷ-

ʶʪ ʨʦʣʴ ʤʦʣʝʢʫʣʷʨʥʦʛʦ çʩʠʪʘè, ʢʦʪʦʨʦʝ ʠʟʙʠʨʘʪʝʣʴʥʦ ʧʨʦʧʫʩʢʘʝʪ ʤʦʣʝ-

ʢʫʣʳ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠ ʷʚʣʷʝʪʩʷ ʙʘʨʴʝʨʦʤ ʜʣʷ ʙʘʢʪʝʨʠʡ. 

ʂʦʨʤ ʚ ʜʚʝʥʘʜʮʘʪʠʧʝʨʩʪʥʦʡ ʢʠʰʢʝ ʧʦʜʚʝʨʛʘʝʪʩʷ ʜʝʡʩʪʚʠʶ ʩʦʢʘ 

ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ, ʞʝʣʯʠ ʠ ʢʠʰʝʯʥʦʛʦ ʩʦʢʘ. 

ɺ ʩʪʝʥʢʘʭ ʪʦʥʢʦʛʦ ʢʠʰʝʯʥʠʢʘ ʠʤʝʶʪʩʷ ʵʥʜʦʢʨʠʥʥʳʝ ʢʣʝʪʢʠ, ʚʳ-

ʨʘʙʘʪʳʚʘʶʱʠʝ ʢʠʰʝʯʥʳʝ ʛʦʨʤʦʥʳ (ʛʘʩʪʨʠʥ, ʍʎʂ-ʇɿ, ʚʠʣʣʠʢʠʥʠʥ, ʤʦ-

ʪʠʣʠʥ), ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʤʦʪʦʨʠʢʫ ʠ ʚʳʜʝʣʝʥʠʝ ʬʝʨʤʝʥʪʦʚ. 

ʇʦʜʞʝʣʫʜʦʯʥʳʡ ʩʦʢ. ʇʦʜʞʝʣʫʜʦʯʥʘʷ ʞʝʣʝʟʘ (pancreas) ʚʳʨʘʙʘ-

ʪʳʚʘʝʪ ʧʦʜʞʝʣʫʜʦʯʥʳʡ (ʧʘʥʢʨʝʘʪʠʯʝʩʢʠʡ) ʩʦʢ, ʢʦʪʦʨʳʡ ʚʳʚʦʜʠʪʩʷ ʚ 

ʧʨʦʩʚʝʪ ʜʚʝʥʘʜʮʘʪʠʧʝʨʩʪʥʦʡ ʢʠʰʢʠ. ʂʦʣʠʯʝʩʪʚʦ ʧʦʜʞʝʣʫʜʦʯʥʦʛʦ ʩʦʢʘ, 

ʣ/ʩʫʪʢʠ: ʩʦʙʘʢʘ ï 0,2-0,3; ʩʚʠʥʴʷ ï 7,0-8,0; ʣʦʰʘʜʴ ï 7,5-8,5; ʢʦʨʦʚʘ ï 7,0-

7,5; ʦʚʮʘ ï 0,5-0,6; ʢʨʦʣʠʢ ï 0,04-0,05. ʈʝʘʢʮʠʷ ʩʦʢʘ ʱʝʣʦʯʥʘʷ (ʨʅ = 7,2-

8,5). 

ʇʘʥʢʨʝʘʪʠʯʝʩʢʠʡ ʩʦʢ ʩʦʜʝʨʞʠʪ ʬʝʨʤʝʥʪʳ ʠ ʞʠʜʢʫʶ ʯʘʩʪʴ. ʇʨʦ-

ʪʝʦʣʠʪʠʯʝʩʢʠʝ ʬʝʨʤʝʥʪʳ: ʪʨʠʧʩʠʥ, ʭʠʤʦʪʨʠʧʩʠʥ, ʢʘʨʙʦʢʩʠʧʝʧʪʠʜʘʟʳ ɸ 

ʠ ɹ, ʵʣʘʩʪʘʟʘ ï ʛʠʜʨʦʣʠʟʫʶʪ ʙʝʣʢʠ ʠ ʧʦʣʠʧʝʧʪʠʜʳ ʜʦ ʘʤʠʥʦʢʠʩʣʦʪ; ʣʠ-

ʧʦʣʠʪʠʯʝʩʢʠʝ ï ʣʠʧʘʟʘ, ʬʦʩʬʦʣʠʧʘʟʘ, ʱʝʣʦʯʥʘʷ ʬʦʩʬʘʪʘʟʘ; ʘʤʠʣʦʣʠʪʠ-

ʯʝʩʢʠʝ ï Ŭ-ʘʤʠʣʘʟʘ ï ʛʠʜʨʦʣʠʟʫʝʪ ʢʨʘʭʤʘʣ ʜʦ ʤʘʣʴʪʦʟʳ (ʪʘʙʣ. 2.2).  

ʂʠʰʝʯʥʳʡ ʩʦʢ. ʂʠʰʝʯʥʳʡ ʩʦʢ ʩʦʜʝʨʞʠʪ ʬʝʨʤʝʥʪʳ: ʧʝʧʪʠʜʘʟʳ 

(ʘʤʠʥʦʧʝʧʪʠʜʘʟʫ, ʢʘʨʙʦʢʩʠʧʝʧʪʠʜʘʟʫ). ʆʥʠ ʛʠʜʨʦʣʠʟʫʶʪ ʜʠ-, ʪʨʠ-, ʪʝʪ-

ʨʘʧʝʧʪʠʜʳ ʜʦ ʘʤʠʥʦʢʠʩʣʦʪ. ɻʣʠʢʦʟʠʜʛʠʜʨʦʣʘʟʳ ï ʤʘʣʴʪʘʟʫ, ʣʘʢʪʘʟʫ, ʩʘ-

ʭʘʨʘʟʫ, ʢʦʪʦʨʳʝ ʛʠʜʨʦʣʠʟʫʶʪ ʜʠʩʘʭʘʨʘ ʜʦ ʤʦʥʦʩʘʭʘʨʦʚ ï ʛʣʶʢʦʟʳ, 

ʈʠʩʫʥʦʢ 2.5 ï ʉʪʨʦʝʥʠʝ ʩʪʝʥʢʠ ʪʦʥʢʦʡ ʢʠʰʢʠ: ɸ ï ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʡ 

ʩʨʝʟ ʢʠʰʝʯʥʦʡ ʩʪʝʥʢʠ; ɹ ï ʩʭʝʤʘ ʚʦʨʩʠʥʢʠ; ɺ ï ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʡ 

ʩʨʝʟ ʩʪʝʥʢʠ ʚʦʨʩʠʥʢʠ ʩ ʤʠʢʨʦʚʦʨʩʠʥʢʘʤʠ (ʟʘʠʤʩʪʚʦʚʘʥʦ ʫ R.M. 

Akers and D.M. Denbow, 2008). 

͔̇ͤͭͪ͊͡Έͤ·͚ ͙ͣ͡ͺ͙͊ͭ;͔͙͚ͫ͟ ͙ͫͤͯͫ 

ˢ͔͙ͪͭͪͦ͊͡  

ˤͫ͊ͫ·͍͔͊ͭ͡Έͤ·͔ 
Ή͙͔ͨͭͦ͡ͼ͙ͭ· 

Ή͙͔͙ͨͭͦ͡ͼ͙ͭ· 

͔̋ͭͦ;ͤ͊Ύ ͚͊͟π
ͣ͊ ͙͘ ͙ͣͪͦ͟π
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ʬʨʫʢʪʦʟʳ ʠ ʛʘʣʘʢʪʦʟʳ; ʥʫʢʣʝʘʟʳ ï ʨʠʙʦʥʫʢʣʝʘʟʫ, ʜʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʘʟʫ, 

ʢʦʪʦʨʳʝ ʨʘʩʱʝʧʣʷʶʪ ʥʫʢʣʝʠʥʦʚʳʝ ʢʠʩʣʦʪʳ ʜʦ ʤʦʥʦʥʫʢʣʝʦʪʠʜʦʚ, ʧʝʥ-

ʪʦʟ ʠ ʬʦʩʬʘʪʦʚ. 

ʊʘʙʣʠʮʘ 2.2 ï ʆʩʥʦʚʥʳʝ ʬʝʨʤʝʥʪʳ ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʛʦ ʪʨʘʢʪʘ, 

ʨʘʩʱʝʧʣʷʝʤʳʝ ʚʝʱʝʩʪʚʘ (ʩʫʙʩʪʨʘʪʳ) ʠ ʢʦʥʝʯʥʳʝ ʧʨʦʜʫʢʪʳ 

ʌʝʨʤʝʥʪʳ ʄʝʩʪʦ ʦʙʨʘʟʦʚʘ-

ʥʠʷ 

ʉʫʙʩʪʨʘʪ ʂʦʥʝʯʥʳʝ ʧʨʦʜʫʢ-

ʪ r

ɿʘʤʝʯʘʥʠʷ 

1 2 3 4 5 

ɸʤʠʣʦʣʠʪʠʯʝʩʢʠʝ  

ɸʤʠʣʘʟʘ ʩʣʶʥʳ ʉʣʶʥʘ  
ʂʨʘʭʤʘʣ,  

ʜʝʢʩʪʨʠʥʳ 

ɼʝʢʩʪʨʠʥʳ, ʤʘʣʴ-

ʪʦʟʘ 

ʋ ʞʚʘʯʥʳʭ ʦʪ-

ʩʫʪʩʪʚʫʝʪ; ʚ 

ʥʝʙʦʣʴʰʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ʚʳ-

ʜʝʣʷʝʪʩʷ ʫ ʜʨʫ-

ʛʠʭ ʚʠʜʦʚ ʞʠ-

ʚʦʪʥʳʭ 

ʇʘʥʢʨʝʘʪʠʯʝ-

ʩʢʘʷ ʘʤʠʣʘʟʘ 

ʇʦʜʞʝʣʫʜʦʯʥʘʷ 

ʞʝʣʝʟʘ (pancreas) 

ʂʨʘʭʤʘʣ,  

ʜʝʢʩʪʨʠʥʳ 

ʄʘʣʴʪʦʟʘ, ʠʟʦʤʘʣʴ-

ʪʦʟʘ 

ʅʠʟʢʦʝ ʫ  

ʞʚʘʯʥʳʭ 

ʄʘʣʴʪʘʟʘ, 

ʠʟʦʤʘʣʴʪʘʟʘ 

ʊʦʥʢʠʡ  

ʢʠʰʝʯʥʠʢ 

ʄʘʣʴʪʦʟʘ,  

ʠʟʦʤʘʣʴʪʦʟʘ 
ɻʣʶʢʦʟʘ  

ʅʠʟʢʦʝ ʫ  

ʞʚʘʯʥʳʭ 

ʃʘʢʪʘʟʘ  
ʊʦʥʢʠʡ  

ʢʠʰʝʯʥʠʢ 
ʃʘʢʪʦʟʘ  

ɻʣʶʢʦʟʘ,  

ʛʘʣʘʢʪʦʟʘ 

ɺʳʩʦʢʘʷ ʫ  

ʤʦʣʦʜʳʭ  

ʤʣʝʢʦʧʠʪʘʶʱʠʭ 

ʉʘʭʘʨʘʟʘ  
ʊʦʥʢʠʡ  

ʢʠʰʝʯʥʠʢ 
ʉʘʭʘʨʦʟʘ  

ɻʣʶʢʦʟʘ,  

ʬʨʫʢʪʦʟʘ 
ʅʝʪ ʫ ʞʚʘʯʥʳʭ 

ʃʠʧʦʣʠʪʠʯʝʩʢʠʝ 

ʃʠʧʘʟʘ ʩʣʶʥʳ ʉʣʶʥʘ  ʊʨʠʛʣʠʮʝʨʠʜʳ 
ɼʠʛʣʠʮʝʨʠʜ+ 

1 ʞʠʨʥ. ʢʠʩʣʦʪʘ 

ʅʝʙʦʣʴʰʦʝ 

ʟʥʘʯʝʥʠʝ ʫ ʤʦ-

ʣʦʜʳʭ ʞʠʚʦʪʥʳʭ 

ʇʘʥʢʨʝʘʪʠʯʝ-

ʩʢʘʷ ʣʠʧʘʟʘ 

ʇʦʜʞʝʣʫʜʦʯʥʘʷ 

ʞʝʣʝʟʘ 
ʊʨʠʛʣʠʮʝʨʠʜʳ 

ʄʦʥʦʛʣʠʮʝʨʠʜ+ 

2 ʞʠʨʥ. ʢʠʩʣʦʪʳ 

ʂʠʰʝʯʥʘʷ  

ʣʠʧʘʟʘ 
ʊʦʥʢʠʡ ʢʠʰʝʯʥʠʢ ʊʨʠʛʣʠʮʝʨʠʜʳ 

ɻʣʠʮʝʨʠʥ+ 

3 ʞʠʨʥ. ʢʠʩʣʦʪʳ 

ʃʝʮʠʪʠʥʘʟʘ 

ʇʦʜʞʝʣʫʜʦʯʥʘʷ 

ʞʝʣʝʟʘ, ʪʦʥʢʠʡ 

ʢʠʰʝʯʥʠʢ 

ʃʝʮʠʪʠʥ 

ʃʠʟʦʣʝʮʠʪʠʥ, ʩʚʦ-

ʙʦʜʥʳʝ  

ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ 

ʇʨʦʪʝʦʣʠʪʠʯʝʩʢʠʝ  

ʇʝʧʩʠʥ
* 

ɾʝʣʫʜʦʯʥʳʡ ʩʦʢ ɹʝʣʢʠ  

ʇʨʦʪʝʦʟʳ,  

ʧʝʧʪʦʥʳ,  

ʧʦʣʠʧʝʧʪʠʜʳ 

ʉʛʫʩʪʦʢ ʤʦʣʦʢʘ; 

ʛʠʜʨʦʣʠʟ ʙʝʣʢʘ 

ʧʨʠ ʢʠʩʣʦʤ ʨʅ 

ʈʝʥʥʠʥ
* 

-//- 
ʉʪʚʦʨʘʞʠʚʘʥʠʝ 

ʤʦʣʦʢʘ (ʢʘʟʝʠʥʘ) 
ʉʘ-ʢʘʟʝʠʥʘʪ 

ɺʘʞʥʦ ʜʣʷ  

ʥʦʚʦʨʦʞʜʝʥʥʳʭ 
ʊʨʠʧʩʠʥ

* ʇʦʜʞʝʣʫʜʦʯʥʘʷ 

ʞʝʣʝʟʘ 

ɹʝʣʢʠ ʠ ʧʨʦʜʫʢʪʳ 

ʧʝʩʠʥʦʚʦʛʦ ʠ 

ʨʝʥʥʠʥʦʚʦʛʦ  

ʧʝʨʝʚʘʨʠʚʘʥʠʷ 

ʇʝʧʪʠʜʳ ʩ ʢʦʥʮʝ-

ʚʳʤʠ ʛʨʫʧʧʘʤʠ 

ʘʨʛʠʥʠʥʘ ʠʣʠ  

ʣʠʟʠʥʘ 

ʍʠʤʦʪʨʠʧʩʠʥ  
ʇʦʜʞʝʣʫʜʦʯʥʘʷ 

ʞʝʣʝʟʘ 

ɹʝʣʢʠ, ʧʨʦʜʫʢʪʳ 

ʧʝʧʩʠʥʦʚʦʛʦ ʠ 

ʨʝʥʥʠʥʦʚʦʛʦ  

ʧʝʨʝʚʘʨʠʚʘʥʠʷ 

ʇʝʧʪʠʜʳ ʩ ʢʦʥʮʝ-

ʚʳʤʠ ʛʨʫʧʧʘʤʠ ʠʟ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʘʤʠʥʦʢʠʩʣʦʪ (ʬʝ-

ʥʠʣʘʣʘʥʠʥ, ʪʠʨʦ-

ʟʠʥ).  

ɺʘʞʥʦ ʜʣʷ  

ʥʦʚʦʨʦʞʜʝʥʥʳʭ 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 2.2 
1 2 3 4 5 

ʕʣʘʩʪʘʟʘ  
ʇʦʜʞʝʣʫʜʦʯʥʘʷ 

ʞʝʣʝʟʘ 

ɹʝʣʢʠ, ʧʨʦʜʫʢʪʳ 

ʧʝʧʩʠʥʦʚʦʛʦ ʠ 

ʨʝʥʥʠʥʦʚʦʛʦ 

ʧʝʨʝʚʘʨʠʚʘʥʠʷ 

ʇʝʧʪʠʜʳ ʩ ʢʦʥʮʝ-

ʚʳʤʠ ʛʨʫʧʧʘʤʠ 

ʘʣʠʬʘʪʠʯʝʩʢʠʭ 

ʘʤʠʥʦʢʠʩʣʦʪ (ʛʣʠ-

ʮʠʥ, ʘʣʘʥʠʥ, ʩʝʨʠʥ, 

ʪʨʝʦʥʠʥ, ʚʘʣʠʥ, 

ʠʟʦʣʝʡʮʠʥ, ʣʝʡ-

ʮʠʥ). 

ɺʘʞʥʦ ʜʣʷ  

ʥʦʚʦʨʦʞʜʝʥʥʳʭ 

ʂʘʨʙʦʢʩʠʧʝʧʪʠ-

ʜʘʟʘ ɸ 

ʇʦʜʞʝʣʫʜʦʯʥʘʷ 

ʞʝʣʝʟʘ 

ʇʝʧʪʠʜʳ ʩ ʘʨʦʤʘ-

ʪʠʯʝʩʢʠʤʠ ʠʣʠ 

ʘʣʠʬʘʪʠʯʝʩʢʠʤʠ 

ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ 

ʅʝʙʦʣʴʰʠʝ ʧʝʧʪʠ-

ʜʳ, ʥʝʡʪʨʘʣʴʥʳʝ 

ʘʤʠʥʦʢʠʩʣʦʪʳ, 

ʢʠʩʣʳʝ  

ʘʤʠʥʦʢʠʩʣʦʪʳ. 

ɺʘʞʥʦ ʜʣʷ  

ʥʦʚʦʨʦʞʜʝʥʥʳʭ 

ʂʘʨʙʦʢʩʠʧʝʧʪʠ-

ʜʘʟʘ ɺ 

ʇʦʜʞʝʣʫʜʦʯʥʘʷ 

ʞʝʣʝʟʘ 

ʇʝʧʪʠʜʳ ʩ ʢʦʥʮʝ-

ʚʳʤʠ ʛʨʫʧʧʘʤʠ 

ʣʠʟʠʥʘ ʠʣʠ ʘʨʛʠ-

ʥʠʥʘ 

ʆʩʥʦʚʥʳʝ  

(ʱʝʣʦʯʥʳʝ)  

ʘʤʠʥʦʢʠʩʣʦʪʳ 

ɺʘʞʥʦ ʜʣʷ  

ʥʦʚʦʨʦʞʜʝʥʥʳʭ 

ɸʤʠʥʦʧʝʧʪʠʜʘʟʳ  
ʊʦʥʢʠʡ  

ʢʠʰʝʯʥʠʢ 
ʇʝʧʪʠʜʳ ɸʤʠʥʦʢʠʩʣʦʪʳ 

ɺʘʞʥʦ ʜʣʷ  

ʥʦʚʦʨʦʞʜʝʥʥʳʭ 

ɼʠʧʝʧʪʠʜʘʟʳ  
ʊʦʥʢʠʡ  

ʢʠʰʝʯʥʠʢ 
ɼʠʧʝʧʪʠʜʳ ɸʤʠʥʦʢʠʩʣʦʪʳ 

ɺʘʞʥʦ ʜʣʷ  

ʥʦʚʦʨʦʞʜʝʥʥʳʭ 

ʅʫʢʣʝʘʟʳ (ʈʅʂ-

ʘʟʘ, Dʅʂ-ʘʟʘ) 

ʇʦʜʞʝʣʫʜʦʯʥʘʷ 

ʞʝʣʝʟʘ 

ʊʦʥʢʠʡ  

ʢʠʰʝʯʥʠʢ 

ʅʫʢʣʝʠʥʦʚʳʝ 

ʢʠʩʣʦʪʳ 

ʅʫʢʣʝʦʪʠʜʳ, ʬʦʩ-

ʬʦʨʥʘʷ ʢʠʩʣʦʪʘ, 

ʧʝʥʪʦʟʥʳʝ ʩʘʭʘʨʘ 

ɺʘʞʥʦ ʜʣʷ  

ʥʦʚʦʨʦʞʜʝʥʥʳʭ 

ʅʫʢʣʝʦʪʠʜʘʟʳ 
ʊʦʥʢʠʡ  

ʢʠʰʝʯʥʠʢ 
ʅʫʢʣʝʦʪʠʜʳ 

ʇʫʨʠʥʦʚʳʝ ʠ ʧʠ-

ʨʠʤʠʜʠʥʦʚʳʝ ʦʩ-

ʥʦʚʘʥʠʷ 

ɺʘʞʥʦ ʜʣʷ  

ʥʦʚʦʨʦʞʜʝʥʥʳʭ 

 

ʇʦʣʦʩʪʥʦʝ ʠ ʧʨʠʩʪʝʥʦʯʥʦʝ (ʤʝʤʙʨʘʥʥʦʝ) ʧʠʱʝʚʘʨʝʥʠʝ. ɺ ʪʦʥ-

ʢʦʤ ʢʠʰʝʯʥʠʢʝ ʥʘʙʣʶʜʘʝʪʩʷ ʜʚʘ ʪʠʧʘ ʛʠʜʨʦʣʠʟʘ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ï 

ʧʦʣʦʩʪʥʦʡ ʠ ʤʝʤʙʨʘʥʥʳʡ (ʧʨʠʩʪʝʥʦʯʥʳʡ) (ʋʛʦʣʝʚ ɸ.ʄ.). 

ʇʦʣʦʩʪʥʦʝ ʧʠʱʝʚʘʨʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʧʦʣʦʩʪʠ ʢʠʰʢʠ ʟʘ ʩʯʝʪ 

ʬʝʨʤʝʥʪʦʚ ʧʘʥʢʨʝʘʪʠʯʝʩʢʦʛʦ ʠ ʢʠʰʝʯʥʦʛʦ ʩʦʢʦʚ, ʘ ʪʘʢʞʝ ʞʝʣʯʠ, ʚʳʜʝ-

ʣʷʝʤʳʭ ʚ ʧʨʦʩʚʝʪ ʢʠʰʢʠ, ʛʜʝ ʦʥʠ ʨʘʩʪʚʦʨʷʶʪʩʷ ʚ ʭʠʤʫʩʝ. ʇʨʠ ʵʪʦʤ ʛʠʜ-

ʨʦʣʠʟʫʶʪʩʷ ʢʨʫʧʥʦʤʦʣʝʢʫʣʷʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʣʠʛʦʤʝ-

ʨʦʚ, ʚʢʣʶʯʘʶʱʠʝ ʧʨʦʩʪʳʝ ʧʝʧʪʠʜʳ ʠʟ 2-4 ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ, 

ʜʠʩʘʭʘʨʠʜʳ ʠ ʜʨ. 

ɺʪʦʨʦʡ ʪʠʧ ï ʤʝʤʙʨʘʥʥʳʡ ï ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʢʦʣʦʤʝʤʙʨʘʥʥʦʤ 

ʩʣʦʝ (ʛʣʠʢʦʢʘʣʠʢʩʝ), ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚ ʩʘʤʠʭ ʤʝʤʙʨʘʥʘʭ ʤʠʢʨʦʚʦʨʩʠ-

ʥʦʢ ʢʠʰʝʯʥʳʭ ʵʧʠʪʝʣʠʦʮʠʪʦʚ. ʆʙʨʘʟʦʚʘʚʰʠʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʠʜʨʦʣʠʟʘ 

ʧʨʦʜʫʢʪʳ (ʤʦʥʦʤʝʨʳ) ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʪʝʭ ʞʝ ʤʝʤʙʨʘʥ ʧʝ-

ʨʝʥʦʩʷʪʩʷ ʚ ʢʠʰʝʯʥʫʶ ʢʣʝʪʢʫ, ʘ ʟʘʪʝʤ ʚ ʢʨʦʚʴ (ʨʠʩ. 2.5). 

2.3. ɺʩʘʩʳʚʘʥʠʝ ʧʨʦʜʫʢʪʦʚ ʛʠʜʨʦʣʠʟʘ ʚ ʪʦʥʢʦʡ ʢʠʰʢʝ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʧʝʨʝʚʘʨʠʚʘʥʠʷ ʧʠʪʘ-

ʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ ʩʧʦʩʦʙʥʳ ʚʩʘʩʳʚʘʪʴʩʷ. ɺʩʘʩʳʚʘʥʠʝ ï ʵʪʦ ʧʨʦʮʝʩʩ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʠʦʥʳ ʧʨʦʥʠʢʘʶʪ ʯʝʨʝʟ ʵʧʠʪʝʣʠʘʣʴʥʳʝ 
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ʢʣʝʪʢʠ ʩʣʠʟʠʩʪʦʡ ʠ ʧʦʩʪʫʧʘʶʪ ʚ ʢʨʦʚʷʥʦʝ ʨʫʩʣʦ ʠ ʣʠʤʬʘʪʠʯʝʩʢʫʶ ʩʠʩ-

ʪʝʤʫ. ʆʢʦʣʦ 90% ʚʝʱʝʩʪʚ ʚʩʘʩʳʚʘʝʪʩʷ ʚ ʪʦʥʢʦʡ ʢʠʰʢʝ ʠ ʥʝʙʦʣʴʰʦʝ ʢʦ-

ʣʠʯʝʩʪʚʦ (10%) ʚ ʞʝʣʫʜʢʝ ʠ ʪʦʣʩʪʦʡ ʢʠʰʢʝ. ɺʩʘʩʳʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʫ-

ʪʝʤ ʜʠʬʬʫʟʠʠ, ʦʙʣʝʛʯʝʥʥʦʡ ʜʠʬʬʫʟʠʠ, ʦʩʤʦʩʘ ʠ ʘʢʪʠʚʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. 

ɺʩʘʩʳʚʘʥʠʝ ʤʦʥʦʩʘʭʘʨʠʜʦʚ. ʇʨʦʜʫʢʪʘʤʠ ʧʦʣʦʩʪʥʦʛʦ ʠ ʧʨʠʩʪʝ-

ʥʦʯʥʦʛʦ ʧʠʱʝʚʘʨʝʥʠʷ ʫʛʣʝʚʦʜʦʚ ʷʚʣʷʶʪʩʷ ʤʦʥʦʩʘʭʘʨʘ ï ʛʣʶʢʦʟʘ, ʬʨʫʢ-

ʪʦʟʘ, ʛʘʣʘʢʪʦʟʘ. ʌʨʫʢʪʦʟʘ ʚʩʘʩʳʚʘʝʪʩʷ ʧʫʪʝʤ ʦʙʣʝʛʯʝʥʥʦʡ ʜʠʬʬʫʟʠʠ ʠ 

ʧʦʵʪʦʤʫ ʤʦʞʝʪ ʧʨʦʥʠʢʘʪʴ ʯʝʨʝʟ ʩʣʠʟʠʩʪʫʶ ʧʦ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʤʫ ʛʨʘ-

ʜʠʝʥʪʫ. 

ɻʣʶʢʦʟʘ ʠ ʛʘʣʘʢʪʦʟʘ ʚʩʘʩʳʚʘʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʪʦʨʠʯʥʦʛʦ ʘʢʪʠʚ-

ʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. ʕʪʠ ʜʚʘ ʩʘʭʘʨʘ ʢʦʪʨʘʥʩʧʦʨʪʠʨʫʶʪʩʷ ʯʝʨʝʟ ʘʧʠʢʘʣʴʥʫʶ 

(ʚʝʨʭʫʰʝʯʥʫʶ) ʯʘʩʪʴ ʵʧʠʪʝʣʠʘʣʴʥʦʡ ʤʝʤʙʨʘʥʳ ʚʤʝʩʪʝ ʩ 2-ʤʷ ʤʦʣʝʢʫʣʘ-

ʤʠ Nʘ
+
. ʊʘʢ ʢʘʢ Nʘ

+
 ʠ ʩʘʭʘʨʘ ʜʚʠʞʫʪʩʷ ʚ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʥʘʧʨʘʚʣʝʥʠʠ, 

ʪɻʦ ʷʚʣʷʝʪʩʷ ʩʠʤʧʦʨʪʦʤ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʪʨʘʥʩʧʦʨʪ ʯʝʨʝʟ ʘʧʠʢʘʣʴʥʫʶ 

ʤʝʤʙʨʘʥʫ ʧʘʩʩʠʚʥʳʡ, ʜʚʠʞʫʱʠʝ ʩʠʣʳ ʜʣʷ ʪʘʢʦʛʦ ʜʚʠʞʝʥʠʷ ʧʨʦʠʩʭʦʜʷʪ 

ʦʪ Nʘ
+
-ʂ

+
-ɸʊʌʘʟʳ, ʢʦʪʦʨʘʷ ʘʢʪʠʚʥʦ ʪʨʘʥʩʧʦʨʪʠʨʫʝʪ Nʘ ʠʟ ʢʣʝʪʢʠ. 

ɻʣʶʢʦʟʘ ʠ Nʘ
+
 ʤʦʛʫʪ, ʧʦʵʪʦʤʫ ʧʨʦʭʦʜʠʪ ɹʧʦ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʤʫ 

ʛʨʘʜʠʝʥʪʫ ʠʟ ʧʨʦʩʚʝʪʘ ʢʠʰʝʯʥʠʢʘ ʚ ʵʧʠʪʝʣʠʘʣʴʥʳʝ ʢʣʝʪʢʠ. ʇʦʧʘʚ ʚʥʫʪʨʴ 

ʢʣʝʪʢʠ, ʩʘʭʘʨʘ ʚʳʭʦʜʷʪ (ʧʨʦʜʚʠʛʘʶʪʩʷ) ʠʟ ʢʣʝʪʢʠ ʢ ʙʘʟʦʣʘʪʝʨʘʣʴʥʦʡ 

ʤʝʤʙʨʘʥʝ ʧʫʪʝʤ ʦʙʣʝʛʯʝʥʥʦʡ ʜʠʬʬʫʟʠʠ ʠ ʚʭʦʜʷʪ ʚ ʚʦʨʦʪʥʫʶ ʚʝʥʫ. 

ɺʩʘʩʳʚʘʥʠʝ ʘʤʠʥʦʢʠʩʣʦʪ, ʜʠʧʝʧʪʠʜʦʚ ʠ ʪʨʠʧʝʧʪʠʜʦʚ. ʈʘʥʝʝ 

ʧʦʣʘʛʘʣʠ, ʯʪʦ ʪʦʣʴʢʦ ʘʤʠʥʦʢʠʩʣʦʪʳ ʤʦʛʫʪ ʚʩʘʩʳʚʘʪʴʩʷ. ʉʝʡʯʘʩ ʫʩʪʘ-

ʥʦʚʣʝʥʦ, ʯʪʦ ʜʠ- ʠ ʪʨʠʧʝʧʪʠʜʳ ʪʘʢʞʝ ʘʢʪʠʚʥʦ ʚʩʘʩʳʚʘʶʪʩʷ ʚ ʪʦʥʢʦʡ 

ʢʠʰʢʝ. ʅʝʢʦʪʦʨʳʝ ʘʤʠʥʦʢʠʩʣʦʪʳ ʧʨʦʥʠʢʘʶʪ ʚ ʵʧʠʪʝʣʠʘʣʴʥʳʝ ʢʣʝʪʢʠ 

ʧʫʪʝʤ ʚʪʦʨʠʯʥʦʡ ʘʢʪʠʚʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ, ʧʦʜʦʙʥʦ ʩʠʩʪʝʤʝ 

ʚʩʘʩʳʚʘʥʠʷ ʛʣʶʢʦʟʳ ʠ ʛʘʣʘʢʪʦʟʳ. ɽʩʪʴ ʘʤʠʥʦʢʠʩʣʦʪʳ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴ-

ʟʫʶʪ ʥʘʪʨʠʡ ï ʥʝʟʘʚʠʩʠʤʳʡ ʢʦʧʝʨʝʥʦʩʯʠʢ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʘʤʠʥʦ-

ʢʠʩʣʦʪʳ ʧʨʦʥʠʢʘʶʪ ʚʤʝʩʪʝ ʩ ʠʦʥʦʤ ʚʦʜʦʨʦʜʘ (ʅ
+
), ʚʤʝʩʪʦ Nʘ

+
. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʅ
+
 ʧʝʨʝʢʘʯʠʚʘʝʪʩʷ ʚ ʢʠʰʝʯʥʫʶ ʧʦʣʦʩʪʴ ʚ ʦʙʤʝʥ ʥʘ 

Nʘ
+
. Nʘ

+
 ʟʘʪʝʤ ʧʝʨʝʢʘʯʠʚʘʝʪʩʷ ʠʟ ʢʣʝʪʢʠ ʩ ʧʦʤʦʱʴʶ Nʘ

+
-ʂ

+
-ɸʊʌʘʟʳ ʥʘ 

ʙʘʟʦʣʘʪʝʨʘʣʴʥʫʶ ʤʝʤʙʨʘʥʫ. ʕʪʦ ʩʦʟʜʘʝʪ ʚʳʩʦʢʠʡ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʡ 

ʛʨʘʜʠʝʥʪ ʜʣʷ ʅ
+
 ʚ ʧʦʣʦʩʪʠ ʢʠʰʝʯʥʠʢʘ. ʇʦ ʤʝʨʝ ʪʦʛʦ ʢʘʢ ʅ

+
 ʧʨʦʥʠʢʘʝʪ ʚ 

ʵʧʠʪʝʣʠʘʣʴʥʳʝ ʢʣʝʪʢʠ ʩʣʠʟʠʩʪʦʡ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʘʤʠʥʦʢʠʩʣʦʪʳ ʩʦʧʝʨʝ-

ʥʦʩʷʪʩʷ ʚʤʝʩʪʝ ʩ ʥʠʤ. ʇʝʧʪʠʜʳ ʚʩʘʩʳʚʘʶʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʪʘʢʦʛʦ ʞʝ ʥʘ-

ʪʨʠʡ-ʥʝʟʘʚʠʩʠʤʦʛʦ ʢʦʪʨʘʥʩʧʦʨʪʝʨʘ. ɹʫʜʫʯʠ ʚʥʫʪʨʠ ʵʧʠʪʝʣʠʘʣʴʥʦʡ 

ʢʣʝʪʢʠ, ʧʝʧʪʠʜʳ ʛʠʜʨʦʣʠʟʫʶʪʩʷ ʜʦ ʦʪʜʝʣʴʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪ, ʢʦʪʦʨʳʝ 

ʟʘʪʝʤ ʧʨʦʥʠʢʘʶʪ ʧʫʪʝʤ ʜʠʬʬʫʟʠʠ ʚ ʚʦʨʦʪʥʫʶ ʚʝʥʫ. 

ɺʩʘʩʳʚʘʥʠʝ ʣʠʧʠʜʦʚ. ʇʦʩʢʦʣʴʢʫ ʣʠʧʠʜʳ ʥʝʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʝ, 

ʪʦ ʚʩʘʩʳʚʘʥʠʝ ʣʠʧʠʜʦʚ ʠ ʪʨʘʥʩʧʦʨʪ ʚʥʫʪʨʠ ʪʝʣʘ ʟʘʥʠʤʘʝʪ ʫʥʠʢʘʣʴʥʦʝ 

ʧʦʣʦʞʝʥʠʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʫʛʣʝʚʦʜʘʤʠ ʠ ʙʝʣʢʘʤʠ. ɺ ʧʨʦʩʚʝʪʝ ʪʦʥʢʦʡ 

ʢʠʰʢʠ ʪʨʠʛʣʠʮʝʨʠʜʳ ʨʘʩʱʝʧʣʷʶʪʩʷ ʥʘ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ ʠ ʤʦʥʦʛʣʠʮʝ-

ʨʠʜʳ. ɾʝʣʯʥʳʝ ʩʦʣʠ ʚ ʢʠʰʝʯʥʠʢʝ ʧʦʤʦʛʘʶʪ ʵʤʫʣʴʛʠʨʦʚʘʪʴ ʣʠʧʠʜʳ ʧʫ-

ʪʝʤ ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʯʘʩʪʠʮ (ʤʠʮʝʣʣ), ʢʦʪʦʨʳʝ ʧʦʤʦʛʘʁ ʪ 
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ʤʠʛʨʘʮʠʠ ʣʠʧʠʜʦʚ ʚ ʭʠʤʫʩʝ ʢʠʰʝʯʥʠʢʘ. ʊʘʢ ʢʘʢ ʣʠʧʠʜʳ ʷʚʣʷʶʪʩʷ ʞʠ-

ʨʦʨʘʩʪʚʦʨʠʤʳʤʠ, ʪʦ ʤʠʮʝʣʣʳ ʚʭʦʜʷʪ ʚ ʢʦʥʪʘʢʪ ʩ ʩʪʝʥʢʦʡ ʢʠʰʢʠ, ʤʦʥʦ-

ʛʣʠʮʝʨʠʜʳ ʠ ʩʚʦʙʦʜʥʳʝ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ ʤʦʛʫʪ ʧʨʦʥʠʢʘʪʴ ʚ ʵʧʠʪʝʣʠ-

ʘʣʴʥʫʶ ʤʝʤʙʨʘʥʫ ʧʫʪʝʤ ʧʨʦʩʪʦʡ ʜʠʬʬʫʟʠʠ. ɾʝʣʯʥʳʝ ʩʦʣʠ, ʢʦʪʦʨʳʝ 

ʧʦʤʦʛʘʶʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʤʠʮʝʣʣʳ ʧʨʦʜʦʣʞʘʶʪ ʬʦʨʤʠʨʦʚʘʪʴ ʥʦʚʳʝ ʤʠ-

ʮʝʣʣʳ ʜʘʣʝʝ ʧʦ ʚʩʝʡ ʜʣʠʥʝ ʪʦʥʢʦʛʦ ʢʠʰʝʯʥʠʢʘ. ʇʦ ʜʦʩʪʠʞʝʥʠʠ ʠʣʝʫʤʘ 

ʞʝʣʯʥʳʝ ʩʦʣʠ ʨʝʘʙʩʦʨʙʠʨʫʶʪʩʷ ʙʣʘʛʦʜʘʨʷ ʘʢʪʠʚʥʦʤʫ ʪʨʘʥʩʧʦʨʪʫ ʠ 

ʚʥʦʚʴ ʧʦʩʪʫʧʘʶʪ ʚ ʢʣʝʪʢʠ ʧʝʯʝʥʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʤʘʣʦʤʫ ʢʦʣʠʯʝʩʪʚʫ 

ʞʝʣʯʥʳʭ ʩʦʣʝʡ ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʩʘʩʳʚʘʥʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʣʠʧʠʜʦʚ. 

ɹʫʜʫʯʠ ʚʥʫʪʨʠ ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ, ʚʳʩʪʠʣʘʶʱʠʭ ʢʠʰʢʫ, ʢʦ-

ʨʦʪʢʦ-ʮʝʧʦʯʥʳʝ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ, ʠʤʝʶʱʠʝ 12 ʫʛʣʝʨʦʜʦʚ, ʧʨʦʭʦʜʷʪ ʚ 

ʚʦʨʦʪʥʫʶ ʚʝʥʫ ʧʦʜʦʙʥʦ ʘʤʠʥʦʢʠʩʣʦʪʘʤ ʠ ʤʦʥʦʩʘʭʘʨʘʤ. ʆʩʪʘʶʱʠʝʩʷ 

ʪʨʠʛʣʠʮʝʨʠʜʳ ʠ ʤʦʥʦʛʣʠʮʝʨʠʜʳ ʨʝʩʠʥʪʝʟʠʨʫʶʪʩʷ ʚ ʪʨʠʛʣʠʮʝʨʠʜʳ. ʕʪʠ 

ʪʨʠʛʣʠʮʝʨʠʜʳ ʩʦʝʜʠʥʷʶʪʩʷ ʩ ʭʦʣʝʩʪʝʨʠʥʦʤ ʠ ʙʝʣʢʘʤʠ, ʦʙʨʘʟʦʚʘʥʥʳʤʠ 

ʚ ʰʝʨʦʭʦʚʘʪʦʤ ʵʥʜʦʧʣʘʟʤʘʪʠʯʝʩʢʦʤ ʨʝʪʠʢʫʣʫʤʝ, ʯʪʦʙʳ ʩʬʦʨʤʠʨʦʚʘʪʴ 

ʢʘʧʝʣʴʢʠ, ʥʘʟʳʚʘʝʤʳʝ ʭʠʣʦʤʠʢʨʦʥʘʤʠ. ʌʦʩʬʦʣʠʧʠʜʳ ʠ ʭʦʣʝʩʪʝʨʠʥ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʚ ʭʠʣʦʤʠʢʨʦʥʘʭ ʪʘʢ, ʯʪʦ ʠʭ ʛʠʜʨʦʬʦʙʥʳʝ ʢʦʥʮʳ ʦʙʨʘ-

ʱʝʥʳ ʚʥʫʪʨʴ ʢʘʧʝʣʝʢ, ʘ ʠʭ ʛʠʜʨʦʬʠʣʴʥʳʝ ʢʦʥʮʳ ʦʙʨʘʱʝʥʳ ʢ ʧʦʚʝʨʭʥʦ-

ʩʪʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʝʣʘʷ ʵʪʠ ʢʘʧʝʣʴʢʠ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʤʠ. ɹʝʣʢʠ, ʦʙ-

ʥʘʨʫʞʝʥʥʳʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʭʠʣʦʤʠʢʨʦʥʦʚ ʩʪʘʙʠʣʠʟʠʨʫʶʪ ʩʪʨʫʢʪʫʨʫ. 

ʍʠʣʦʤʠʢʨʦʥʳ ʩʝʢʨʝʪʠʨʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʩʩʘ ʵʢʟʦʮʠʪʦʟʘ ʚ 

ʤʝʞʢʣʝʪʦʯʥʫʶ ʞʠʜʢʦʩʪʴ ʚʦʨʩʠʥʦʢ. ʋ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʵʪʠ ʭʠʣʦʤʠʢʨʦ-

ʥʳ ʟʘʪʝʤ ʧʨʦʥʠʢʘʶʪ ʚ ʮʝʥʪʨʘʣʴʥʳʡ ʤʣʝʯʥʳʡ ʢʘʥʘʣ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ 

ʯʘʩʪʴʶ ʣʠʤʬʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʠ ʧʝʨʝʥʦʩʷʪʩʷ ʢ ʛʨʫʜʥʦʤʫ ʢʘʥʘʣʫ, ʛʜʝ 

ʦʥʠ ʩʣʠʚʘʶʪʩʷ ʩ ʚʝʥʦʟʥʦʡ ʢʨʦʚʴʶ ʣʝʚʦʡ ʧʦʜʢʣʶʯʠʯʥʦʡ ʚʝʥʳ. ʋ ʧʪʠʮ 

ʨʝʵʪʝʨʠʬʠʮʠʨʦʚʘʥʥʳʝ ʣʠʧʠʜʳ ʫʧʘʢʦʚʳʚʘʶʪʩʷ ʚ ʧʦʨʪʦʤʠʢʨʦʥʳ. ʇʦʩʣʝ 

ʠʩʯʝʟʥʦʚʝʥʠʷ ʵʥʪʝʨʦʮʠʪʦʚ ʧʦʨʪʦʤʠʢʨʦʥʳ ʧʦʩʪʫʧʘʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ 

ʧʦʨʪʘʣʴʥʫʶ (ʚʦʨʦʪʥʫʶ) ʚʝʥʫ ʠ ʧʦʩʪʫʧʘʶʪ ʚ ʧʝʯʝʥʴ. 

ʍʦʪʷ ʚʩʘʩʳʚʘʥʠʝ ʞʠʨʘ ʚʥʫʪʨɹ ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ ʷʚʣʷʝʪʩʷ 

ʧʘʩʩʠʚʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʦʜʥʘʢʦ, ʦʥʦ ʚʩʝ ʞʝ ʪʨʝʙʫʝʪ ʵʥʝʨʛʠʠ. ɾʝʣʯʥʳʝ 

ʢʠʩʣʦʪʳ ʘʢʪʠʚʥʦ ʩʝʢʨʝʪʠʨʫʶʪʩʷ ʧʝʯʝʥʴʶ, ʠ ʨʝʵʪʝʨʠʬʠʢʘʮʠʷ ʤʦʥʦʛʣʠ-

ʮʝʨʠʜʦʚ ʠ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʚ ʪʨʠʛʣʠʮʝʨʠʜʳ ʪʨʝʙʫʝʪ ʵʥʝʨʛʠʠ. 

ɺʩʘʩʳʚʘʥʠʝ ʠʤʤʫʥʦʛʣʦʙʫʣʠʥʦʚ ʤʦʣʦʟʠʚʘ ʫ ʥʦʚʦʨʦʞʜʝʥʥʳʭ 

ʆʙʨʘʟʦʚʘʥʠʝ ʘʥʪʠʪʝʣ ʚ ʦʪʚʝʪ ʥʘ ʯʫʞʝʨʦʜʥʳʝ ʚʝʱʝʩʪʚʘ ʫ ʥʦʚʦʨʦ-
ʞʜʝʥʥʳʭ ʦʯʝʥʴ ʩʣʘʙʦʝ. ʆʜʥʘʢʦ ʪʦʥʢʠʡ ʢʠʰʝʯʥʠʢ ʪʝʣʷʪ, ʧʦʨʦʩʷʪ, ʞʝʨʝ-
ʙʷʪ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʠʰʝʯʥʠʢʘ ʚʟʨʦʩʣʳʭ, ʩʧʦʩʦʙʝʥ ʚʩʘʩʳʚʘʪʴ ʢʨʫʧʥʳʝ 
ʤʦʣʝʢʫʣʳ ʙʝʣʢʘ, ʚ ʪʦʤ ʯʠʩʣʝ, ʛʘʤʤʘ-ʛʣʦʙʫʣʠʥʳ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʘʥ-
ʪʠʪʝʣʘʤʠ ʢ ʯʫʞʝʨʦʜʥʳʤ ʚʝʱʝʩʪʚʘʤ (ʘʥʪʠʛʝʥʘʤ) ï ʚʠʨʫʩʘʤ, ʙʘʢʪʝʨʠʷʤ ʠ 
ʪ.ʜ., ʩʦʟʜʘʚʘʷ ʫ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʧʘʩʩʠʚʥʳʡ ʠʤʤʫʥʠʪʝʪ. ʇʝʨʚʘʷ ʩʪʘʜʠʷ 
ʚʩʘʩʳʚʘʥʠʷ ʤʦʣʝʢʫʣ ɔ-ʛʣʦʙʫʣʠʥʦʚ ʯʝʨʝʟ ʢʠʰʝʯʥʫʶ ʩʪʝʥʢʫ ʧʨʦʠʩʭʦʜʠʪ 
ʯʝʨʝʟ ʤʝʤʙʨʘʥʫ ʤʝʞʜʫ ʤʠʢʨʦʚʦʨʩʠʥʢʘʤʠ. ʂʦʛʜʘ ʢʦʣʠʯʝʩʪʚʦ ʵʪʠʭ ʤʦʣʝ-
ʢʫʣ ʜʦʩʪʠʛʘʝʪ ʢʨʠʪʠʯʝʩʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʧʨʦʠʩʭʦʜʠʪ ʚʪʷʛʠʚʘʥʠʝ ʤʝʤ-
ʙʨʘʥʳ ʚʥʫʪʨʴ ʵʧʠʪʝʣʦʮʠʪʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʚʝʟʠʢʫʣʘ, ʟʘʧʦʣʥʝʥʥʦʛʦ ʤʦʣʝ-
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ʢʫʣʘʤʠ ɔ-ʛʣʦʙʫʣʠʥʦʚ (ʨʠʩ. 2.6). ʇʝʨʝʜʚʠʞʝʥʠʝ ʚʝʟʠʢʫʣʦʚ, ʥʘʟʳʚʘʝʤʳʭ 
ʬʘʛʦʩʦʤʘʤʠ, ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʢʦʣʦʷʜʝʨʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʢʣʝʪʢʠ. ɿʜʝʩʴ 
ʦʥʠ ʩʨʘʩʪʘʶʪʩʷ ʩ ʣʠʟʦʩʦʤʘʤʠ, ʦʙʨʘʟʫʷ ʙʦʣʴʰʠʝ ʚʘʢʫʦʣʠ, ʥʘʟʳʚʘʝʤʳʝ 
ʬʘʛʦʣʠʟʦʩʦʤʘʤʠ. ɺ ʥʠʭ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʚʘʨʠʚʘʥʠʝ ʙʝʣʢʦʚ. ʏʘʩʪʴ ʤʦʣʝ-
ʢʫʣ ɔ-ʛʣʦʙʫʣʠʥʦʚ ʠʟʙʝʛʘʝʪ ʨʘʟʨʫʰʝʥʠʷ ʠ ʜʚʠʞʝʪʩʷ ʢ ʙʘʟʦʣʘʪʝʨʘʣʴʥʦʡ 
ʤʝʤʙʨʘʥʝ ʢʣʝʪʢʠ. ɿʜʝʩʴ ʧʨʦʠʩʭʦʜʠʪ ʵʢʟʦʮʠʪʦʟ, ʠ ʤʦʣʝʢʫʣʳ ɔ-
ʛʣʦʙʫʣʠʥʦʚ ʧʝʨʝʭʦʜʷʪ ʚ ʣʠʤʬʘʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʦʨʛʘʥʠʟʤʘ ʥʦʚʦʨʦʞ-
ʜʝʥʥʳʭ. 

 
ʇʦʛʣʦʱʘʶʱʘʷ ɔ-ʛʣʦʙʫʣʠʥʳ ʩʧʦʩʦʙʥʦʩʪʴ ʪʦʥʢʦʛʦ ʢʠʰʝʯʥʠʢʘ ʜʝʡʩʪʚʫʝʪ 

ʚʩʝʛʦ ʥʝʩʢʦʣʴʢʦ ʜʥʝʡ ʧʦʩʣʝ ʨʦʞʜʝʥʠʷ, ʟʘʪʝʤ ʢʠʰʝʯʥʠʢ çʟʘʧʠʨʘʝʪʩʷè 

ʯʪʦʙʳ ʥʝ ʜʦʧʫʩʪʠʪʴ ʧʦʧʘʜʘʥʠʷ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʙʝʣʢʦʚ, ʩʧʦʩʦʙʥʳʭ 

ʚʳʟʚʘʪʴ ʘʣʣʝʨʛʠʶ. 

2.4. ʇʠʱʝʚʘʨʝʥʠʝ ʚ ʪʦʣʩʪʦʤ ʦʪʜʝʣʝ ʢʠʰʝʯʥʠʢʘ 

ʊʦʣʩʪʘʷ ʢʠʰʢʘ (intestinum crassum) ʦʪʥʦʩʠʪʩʷ ʢ ʟʘʜʥʝʤʫ ʦʪʜʝʣʫ 

ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʛʦ ʪʨʘʢʪʘ ʠ ʜʝʣʠʪʩʷ ʥʘ ʩʣʝʧʫʶ (caecum), ʦʙʦʜʦʯʥʫʶ (co-

lon) ʠ ʧʨʷʤʫʶ (rectum) ʢʠʰʢʠ. ʆʙʲʝʤ ʝʛʦ ʚʘʨʴʠʨʫʝʪ (ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʦʙʱʝʤʫ ʦʙʲʝʤʫ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ) ʦʪ 11-15% ʫ ʧʣʦʪʦʷʜʥʳʭ 

ʠ ʞʚʘʯʥʳʭ ʜʦ 40-60% ʫ ʣʦʰʘʜʝʡ ʠ ʢʨʦʣʠʢʦʚ. ʋ ʩʚʠʥʝʡ ʦʥ ʟʘʥʠʤʘʝʪ 

ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ. ʋ ʪʨʘʚʦʷʜʥʳʭ ʩ ʦʜʥʦʢʘʤʝʨʥʳʤ ʞʝʣʫʜʢʦʤ 

(ʣʦhʘʜʠ, ʢʨʦʣʠʢʠ) ʝʛʦ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʦʪʜʝʣ, ʘʥʘʣʦʛʠʯʥʳʡ 

ʧʨʝʜʞʝʣʫʜʢʘʤ ʞʚʘʯʥʳʭ. ʍʠʤʫʩ ʠʟ ʧʦʜʚʟʜʦʰʥʦʡ ʢʠʰʢʠ ʧʦʩʪʫʧʘʝʪ ʚ 

ʩʣʝʧʫʶ ʧʦʨʮʠʷʤʠ ʯʝʨʝʟ ʠʣʝʦʮʝʢʘʣʴʥʳʡ ʩʬʠʥʢʪʝʨ (ʣʦʰʘʜʴ, ʢʨʦʣʠʢ) ʠʣʠ 

ʢʣʘʧʘʥ (ʫ ʞʚʘʯʥʳʭ, ʩʚʠʥʝʡ ʠ ʩʦʙʘʢ). 

ʉʝʢʨʝʪʦʨʥʘʷ ʬʫʥʢʮʠʷ. ʉʣʠʟʠʩʪʘʷ ʦʙʦʣʦʯʢʘ ʪʦʣʩʪʦʡ ʢʠʰʢʠ ʥʝ 

ʠʤʝʝʪ ʚʦʨʩʠʥʦʢ, ʥʦ ʠʤʝʝʪ ʤʥʦʛʦ ʩʢʣʘʜʦʢ ʠ ʢʨʠʧʪ, ʙʦʛʘʪʘ ʙʦʢʘʣʦʚʠʜʥʳ-

ˤ͙͙ͦͪͫͤ͟ 

˴͔ͭ͊͟͡ ͙͙͚ͫͫͭͦ͘͡ ͦ͋ͦͦ͡;͙͟ 

̒͒ͪͦ ͔͙ͭ͟͟͡ 

ʈʠʩʫʥʦʢ 2.6 ï ʄʝʭʘʥʠʟʤ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʠʤʤʫʥʦʛʣʦʙʫʣʠʥʦʚ  

ʤʦʣʦʟʠʚʘ ʯʝʨʝʟ ʢʣʝʪʢʠ ʩʣʠʟʠʩʪʦʡ ʪʦʥʢʦʛʦ ʢʠʰʝʯʥʠʢʘ  

(ʟʘʠʤʩʪʚʦʚʘʥʦ ʫ R.A.Argenzio, 2004) 
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ʤʠ ʵʥʪʝʨʦʮʠʪʘʤʠ, ʚʳʨʘʙʘʪʳʚʘʶʱʠʤʠ ʙʝʩʬʝʨʤʝʥʪʥʫʶ ʚʦʜʷʥʠʩʪʫʶ 

ʩʣʠʟʴ (ʨʅ 7,6-9,0), ʩʦʜʝʨʞʘʱʫʶ ʤʥʦʛʦ ʦʪʪʦʨʛʥʫʪʦʛʦ ʵʧʠʪʝʣʠʷ, ʣʠʤʬʦ-

ʮʠʪʦʚ. ʑʝʣʦʯʥʘʷ ʨʝʘʢʮʠʷ ʩʦʢʘ ʥʝʡʪʨʘʣʠʟʫʝʪ ʢʠʩʣʦʪʳ ʙʨʦʞʝʥʠʷ ʠ ʧʦʜ-

ʜʝʨʞʠʚʘʝʪ ʨʅ ʩʦʜʝʨʞʠʤʦʛʦ ʥʘ ʫʨʦʚʥʝ 6,9-7,2. ɺʳʜʝʣʷʝʤʳʝ ʚ ʥʝʙʦʣʴʰʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ʘʤʠʣʘʟʘ, ʣʠʧʘʟʘ, ʱʝʣʦʯʥʘʷ ʬʦʩʬʘʪʘʟʘ ʥʝ ʠʛʨʘʶʪ ʩʫʱʝʩʪʚʝʥ-

ʥʦʡ ʨʦʣʠ. ɻʣʘʚʥʘʷ ʨʦʣʴ ʚ ʧʝʨʝʨʘʙʦʪʢʝ ʥʝʧʝʨʝʚʘʨʝʥʥʳʭ ʦʩʪʘʪʢʦʚ ʢʦʨʤʘ, 

ʧʦʩʪʫʧʠʚʰʠʭ ʠʟ ʪʦʥʢʦʛʦ ʦʪʜʝʣʘ ʢʠʰʝʯʥʠʢʘ, ʧʨʠʥʘʜʣʝʞʠʪ ʙʘʢʪʝʨʠʷʤ. 

ʈʦʣʴ ʤʠʢʨʦʬʣʦʨʳ. ʅʘʣʠʯʠʝ ʤʠʢʨʦʬʣʦʨʳ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠ-

ʤʳʤ ʫʩʣʦʚʠʝʤ ʥʦʨʤʘʣʴʥʦʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʦʨʛʘʥʠʟʤʘ. ʆʧʳʪʳ ʩ ʚʳʨʘ-

ʱʠʚʘʥʠʝʤ ʙʝʟʤʠʢʨʦʙʥʳʭ ʞʠʚʦʪʥʳʭ (ʛʥʦʪʦʙʠʦʪʦʚ) ʧʦʢʘʟʘʣʠ ʚʘʞʥʦʝ 

ʚʣʠʷʥʠʝ ʤʠʢʨʦʬʣʦʨʳ ʥʘ ʤʥʦʛʠʝ ʧʨʦʮʝʩʩʳ: ʦʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʟʣʦʞʝ-

ʥʠʝ ʠ ʧʝʨʝʚʘʨʠʚʘʥʠʝ ʥʝʧʝʨʝʚʘʨʝʥʥʳʭ ʦʩʪʘʪʢʦʚ ʢʦʨʤʘ, ʵʥʜʦʛʝʥʥʳʭ ʦʩ-

ʪʘʪʢʦʚ ʬʝʨʤʝʥʪʦʚ, ʩʣʫʱʠʚʘʶʱʝʛʦʩ ̫ ʢʠʰʝʯʥʦʛʦ ʵʧʠʪʝʣʠʷ; ʧʦʜʘʚʣʷʝʪ 

ʨʘʟʚʠʪʠʝ ʧʘʪʦʛʝʥʥʳʭ ʛʥʠʣʦʩʪʥʳʭ ʙʘʢʪʝʨʠʡ; ʚʣʠʷʶʪ ʥʘ ʦʙʥʦʚʣʝʥʠʝ ʢʠ-

ʰʝʯʥʦʛʦ ʵʧʠʪʝʣʠʷ, ʪʦʣʱʠʥʫ ʢʠʰʝʯʥʦʡ ʩʪʝʥʢʠ. 

ɺ ʩʣʝʧʦʡ ʢʠʰʢʝ ʣʦʰʘʜʠ, ʩʚʠʥʴʠ, ʢʨʦʣʠʢʘ ʧʣʦʪʥʦʩʪʴ ʤʠʢʨʦʬʣʦʨʳ 

ʜʦʩʪʠʛʘʝʪ 10
9
-10

10
 ʚ ʛʨʘʤʤʝ ʩʦʜʝʨʞʠʤʦʛʦ. ʆʩʥʦʚʥʫʶ ʤʘʩʩʫ ʤʠʢʨʦʬʣʦʨʳ 

ʩʦʩʪʘʚʣʷʶʪ ʦʙʣʠʛʘʪʥʳʝ ʘʥʘʵʨʦʙʳ  ʠ ʣʠʰʴ 10-15% ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʠʰʝʯ-

ʥʦʡ ʧʘʣʦʯʢʦʡ (E.coli), ʣʘʢʪʦʙʘʮʠʣʘʤʠ, ʩʪʨʝʧʪʦʢʦʢʢʘʤʠ ʠ ʜʨ. ɺ ʪʦʣʩʪʳʭ 

ʢʠʢhʘʭ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ, ʦʚʝʮ ʠ ʧʪʠʮ ʦʪʩʫʪʩʪʚʫʶʪ ʧʨʦʩʪʝʡʰʠʝ. 

ʈʦʣʴ ʤʠʢʨʦʬʣʦʨʳ ʩʚʦʜʠʪʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʢ ʨʘʩʱʝʧʣʝʥʠʶ ʠ 

ʩʙʨʘʞʠʚʘʥʠʶ ʢʣʝʪʯʘʪʢʠ ʜʦ ʣʝʪʫʯʠʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʠ ʛʘʟʦʚ. ʎʝʣʣʶʣʦ-

ʟʦʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʤʠʢʨʦʬʣʦʨʳ ʚ ʩʣʝʧʦʡ ʢʠʰʢʝ ʪʨʘʚʦʷʜʥʳʭ ʧʨʠ-

ʤʝʨʥʦ ʨʘʚʥʘ ʪʘʢʦʚʦʡ ʨʫʙʮʘ ʞʚʘʯʥʳʭ. ʋ ʣʦʰʘʜʝʡ ʟʜʝʩʴ ʩʙʨʘʞʠʚʘʝʪʩʷ ʦʩ-

ʥʦʚʥʘʷ ʤʘʩʩʘ ʢʣʝʪʯʘʪʢʠ, ʧʨʠ ʵʪʦʤ ʦʩʦʙʝʥʥʦ ʘʢʪʠʚʥʦ ʩʙʨʘʞʠʚʘʝʪʩʷ ʛʝ-

ʤʠʮʝʣʣʶʣʦʟʘ. ʉʙʨʘʞʠʚʘʥʠʝ (ʛʠʜʨʦʣʠʟ) ʮʝʣʣʶʣʦʟʳ ʚ ʩʣʝʧʦʡ ʠ ʦʙʦʜʦʯ-

ʥʦʡ ʢʠʰʢʘʭ ʤʦʥʦʛʘʩʪʨʠʯʥʳʭ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʦ, ʯʝʤ ʚ ʨʫʙʮʝ ʞʚʘʯʥʳʭ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʣʝʧʘʷ ʢʠʰʢʘ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʞʠʚʦʪ-

ʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʩʫʙʩʪʨʘʪʘʤʠ ʚ ʚʠʜʝ ʃɾʂ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʳʭ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 10-15% ʠʭ ʩʫʪʦʯʥʦʡ ʧʦʪʨʝʙʥʦʩʪʠ. ʆʙʨʘʟʫʶʱʠʝʩʷ 

ʟʜʝʩʴ ʚʠʪʘʤʠʥʳ ʛʨʫʧʧʳ ɺ ʥʝ ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʜʣʷ ʞʠ-

ʚʦʪʥʳʭ ʠʟ-ʟʘ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʚʩʘʩʳʚʘʥʠʷ.  

ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʧʨʦʪʝʦʣʠʪʠʯʝʩʢʠʭ ʠ ʣʠʧʦʣʠʪʠʯʝ-

ʩʢʠʭ ʬʝʨʤʝʥʪʦʚ ʚ ʪʦʣʩʪʦʡ ʢʠʰʢʝ ʧʝʨʝʚʘʨʠʚʘʶʪʩʷ ʧʦʩʪʫʧʠʚʰʠʝ ʠʟ ʪʦʥ-

ʢʦʛʦ ʢʠʰʝʯʥʠʢʘ ʥʝʧʝʨʝʚʘʨʝʥʥʳʝ ʙʝʣʢʠ, ʚʢʣʶʯʘʷ ʙʝʣʢʠ ʩʣʫʱʠʚʘʶʱʝʛʦ-

ʩʷ ʵʧʠʪʝʣʠʷ. ʆʙʨʘʟʫʶʱʠʝʩʷ ʘʤʠʥʦʢʠʩʣʦʪʳ ʠ ʘʤʤʠʘʢ ʙʘʢʪʝʨʠʠ ʠʩʧʦʣʴ-

ʟʫʶʪ ʜʣʷ ʙʠʦʩʠʥʪʝʟʘ ʙʝʣʢʘ ʩʦʙʩʪʚʝʥʥʦʛʦ ʪʝʣʘ. 

ʏʘʩʪʴ ʙʝʣʢʦʚ ʧʦʜʚʝʨʛʘʝʪʩʷ ʚ ʪʦʣʩʪʦʤ ʦʪʜʝʣʝ ʙʘʢʪʝʨʠʘʣʴʥʦʤʫ 

ʛʥʠʝʥʠʶ ʩ ʚʳʜʝʣʝʥʠʝʤ ʘʤʠʥʦʢʠʩʣʦʪ, ʘʤʠʥʦʚ, ʘʤʤʠʘʢʘ, ʩʝʨʦʚʦʜʦʨʦʜʘ, 

ʤʝʨʢʘʧʪʘʥʘ, ʠʥʜʦʣʘ, ʩʢʘʪʦʣʘ, ʢʨʝʟʦʣʘ ʠ ʬʝʥʦʣʘ. ʏʘʩʪʠʯʥʦ ʚʩʘʩʳʚʘʷʩʴ ʚ 

ʢʨʦʚʴ, ʦʥʠ ʦʙʝʟʚʨʝʞʠʚʘʶʪʩʷ ʧʝʯʝʥʴʶ. 

ɺʩʘʩʳʚʘʥʠʝ ʚʦʜʳ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʬʝʢʘʣʠʷ. ɺ ʪʦʣʩʪʦʤ ʢʠʰʝʯ-

ʥʠʢʝ ʠʥʪʝʥʩʠʚʥʦ ʚʩʘʩʳʚʘʝʪʩʷ ʚʦʜʘ ʠ ʵʣʝʢʪʨʦʣʠʪʳ (ʥʘʪʨʠʡ, ʭʣʦʨ, ʤʘʛ-
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ʥʠʡ), ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʩʦʜʝʨʞʠʤʦʝ ʫʧʣʦʪʥʷʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʬʝʢʘ-

ʣʠʡ. ɺ ʩʫʭʦʤ ʚʝʱʝʩʪʚʝ ʬʝʢʘʣʠʡ ʩʦʜʝʨʞʠʪʩʷ 10-20% ʙʝʣʢʘ, 5% ʞʠʨʘ, 

40% ʢʣʝʪʯʘʪʢʠ, 35% ɹʕɺ, 5% ʟʦʣʳ. ʆʪ 35 ʜʦ 55% ʤʘʩʩʳ ʬʝʢʘʣʠʡ ʩʦ-

ʩʪʘʚʣʷʶʪ ʪʝʣʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. 

ʊʘʙʣʠʮʘ 2.3 ï ʂʘʣ ʨʘʟʥʳʭ ʞʠʚʦʪʥʳʭ. 

ɾʠʚʦʪʥʳʝ ɾʠʚʘʷ ʤʘʩʩʘ, ʢʛ 
ʂʦʣʠʯʝʩʪʚʦ 

ʢʘʣʘ, ʢʛ/ʜʝʥʴ 

ʉʦʜʝʨʞʘʥʠʝ 

ʚʦʜʳ, % 
ʨʅ 

ʂʦʨʦʚʘ 550 20-45 75-86 6,8 

ʃʦʰʘʜʴ 550-650 6-25 73-78 6,8 

ʉʚʠʥʴʷ 100 1-3 65-75 7,7 

ʆʚʮʘ 45-55 0,9-3 57-75 7,6 

ʂʫʨʠʮʘ 1,5-2,0 0,15-0,20 75-80 6,7 
 

ʄʦʯʘ. ʂʦʥʝʯʥʳʝ ʧʨʦʜʫʢʪʳ ʦʙʤʝʥʘ ʠʟ ʢʨʦʚʠ ʫʜʘʣʷʶʪʩʷ ʯʝʨʝʟ ʤʦ-

ʯʫ. ʌʫʥʢʮʠʷ ʧʦʯʝʢ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʧʦʜʜʝʨʞʠʚʘʪʴ ʧʦʩʪʦʷʥʩʪʚʦ ʩʦ-

ʩʪʘʚʘ ʧʣʘʟʤʳ ʢʨʦʚʠ ʧʫʪʝʤ ʫʜʘʣʝʥʠʷ ʚʦʜʳ, ʘʟʦʪʘ ʠ ʩʝʨʫʩʦʜʝʨʞʘʱʠʭ ʚʝ-

ʱʝʩʪʚ, ʵʣʝʢʪʨʦʣʠʪʦʚ. ʕʢʩʢʨʝʪʠʨʫʝʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ ʚ ʜʝʥʴ ʦʯʝʥʴ 

ʠʟʤʝʥʯʠʚʦ, ʦʥʦ ʟʘʚʠʩʠʪ ʦʪ ʧʦʪʨʝʙʣʝʥʠʷ ʚʦʜʳ ʠ ʢʦʨʤʘ, ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʨʝʩʧʠʨʘʮʠʠ ʧʨʠ ʨʘʟʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʄʦʯʝʚʠʥʘ, 

ʚʳʜʝʣʷʝʤʘʷ ʩ ʤʦʯʦʡ, ʷʚʣʷʝʪʩʷ ʢʦʥʝʯʥʳʤ ʧʨʦʜʫʢʪʦʤ ʙʝʣʢʦʚʦʛʦ ʦʙʤʝʥʘ ʫ 

ʤʣʝʢʦʧʠʪʘʶʱʠʭ. ʋ ʧʪʠʮ ʩ ʤʦʯʦʡ ʵʢʩʢʨʝʪʠʨʫʝʪʩʷ ʤʦʯʝʚʘʷ ʢʠʩʣʦʪʘ. ʋ 

ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʦʥʘ ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʢʠʩʣʝʥʠʷ ʥʫʢʣʝʠʥʦʚʳʭ 

ʢʠʩʣʦʪ ʠ ʚʳʜʝʣʷʝʪʩʷ ʩ ʤʦʯʦʡ ʚ ʚʠʜʝ ʘʣʣʘʥʪʦʠʥʘ. 

ʊʘʙʣʠʮʘ 2.4 ï ʉʦʩʪʘʚ ʤʦʯʠ. 

ʇʦʢʘʟʘʪʝʣʠ ʃʦʰʘʜʴ ʂʦʨʦʚʘ ʉʚʠʥʴʷ ʆʚʮʘ ʂʫʨʠʮʘ 

ʂʦʣʠʯʝʩʪʚʦ, ʣ/ʜʝʥʴ 3-15 15-30 1,5-6 0,5-2  

ʨʅ 6,8-8,4 7,0-8,7 6,4 7,3-8,8 5,0 

ʉʦʩʪʘʚ ʤʦʯʠ,ʛ/ʣ: 

ʉʫʭʦʝ ʚʝʱʝʩʪʚʦ 80-130 50-80 30-60 100-150  

ɸʟʦʪ ʦʙʱʠʡ 15 3-10 2-4 13-25 0,20* 

ʄʦʯʝʚʠʥʘ 31 18,5 5,5 22,1  

ɸʟʦʪ ʤʦʯʝʚʠʥʳ 14,2 8,5 2,5 10,3  

ɻʠʧʧʫʨʦʚʘʷ ʢ-ʪʘ 25 16,5 5,0 32,4 4 

ɸʟʦʪ ʛʠʧʧʫʨʦʚʦʡ ʢ-ʪ r 1,9 1,3 0,4 2,5  

ʄʦʯʝʚʘʷ ʢ-ʪʘ     0,15* 

ɸʟʦʪ ʤʦʯʝʚʦʡ ʢ-ʪ r     0,05* 

*ʛ/ʜʝʥʴ 
 

ɼʨʫʛʠʝ ʘʟʦʪʩʦʜʝʨʞʘʱʠʝ ʚʝʱʝʩʪʚʘ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ ʤʦʯʝ ʩʝʣʴʩʢʦ-

ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ, ʷʚʣʷʶʪʩʷ ʘʤʤʠʘʢ, ʢʨʝʘʪʠʥʠʥ, ʛʠʧʧʫʨʦʚʘʷ ʢʠʩʣʦʪʘ 

(ʩʦʝʜʠʥʝʥʠʝ ʛʣʠʮʠʥʘ ʠ ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳï C6H5CONHCH2COOH), ʬʝ-

ʥʠʣʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ ïC6H5ʉʅ2CONHCH 2COOH). ʕʪʠ ʜʚʝ ʢʠʩʣʦʪʳ ʷʚ-

ʣʷʶʪʩʷ ʧʨʦʜʫʢʪʦʤ ʦʙʤʝʥʘ ʬʝʥʠʣʘʣʘʥʠʥʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ,ʚʳʜʝʣʷʶʪʩʷ 

ʚ ʙʦʣʝʝ ʚʳʩʦʢʦʤ ʢʦʣʠʯʝʩʪʚʝ ʫ ʞʚʘʯʥʳʭ ʠ ʣʦʰʘʜʝʡ. ʉʝʨʥʘʷ ʢʠʩʣʦʪʘ ʦʙ-

ʨʘʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʨʫʰʝʥʠʷ ʩʝʨʫʩʦʜʝʨʞʘʱʠʭ ʘʤʠʥʦʢʠʩʣʦʪ. ʄʦʯʘ 
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ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʧʫʪʝʤ ʵʢʩʢʨʝʮʠʠ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ ï ʭʣʦʨʘ, 

ʬʦʩʬʦʨʘ, ʢʘʣʠʷ ʠ ʥʘʪʨʠʷ. 

2.5. ɻʦʨʤʦʥʳ ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʛʦ ʪʨʘʢʪʘ 

ɾʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʳʡ ʪʨʘʢʪ ʧʨʦʠʟʚʦʜʠʪ ʥʝʩʢʦʣʴʢʦ ʛʦʨʤʦʥʦʚ, 

ʢʦʪʦʨʳʝ ʨʝʛʫʣʠʨʫʶʪ ʧʝʨʝʚʘʨʠʚʘʥʠʝ, ʦʙʤʝʥ ʚʝʱʝʩʪʚ, ʘʧʧʝʪʠʪ.  

ɻʘʩʪʨʠʥ ï ʧʝʧʪʠʜʥʳʡ ʛʦʨʤʦʥ, ʧʨʦʠʟʚʦʜʠʤʳʡ ʚ ʞʝʣʫʜʢʝ ʚ ʦʪʚʝʪ 

ʥʘ ʝʛʦ ʨʘʩʪʷʞʝʥʠʝ, ʧʨʠʩʫʪʩʪʚʠʝ ʘʤʠʥʦʢʠʩʣʦʪ ʠ ʧʝʧʪʠʜʦʚ ʚ ʩʦʜʝʨʞʠʤʦʤ 

ʞʝʣʫʜʢʘ. ʆʥ ʪʘʢʞʝ ʩʪʠʤʫʣʠʨʫʝʪʩʷ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʵʧʠʥʝʬʨʠʥʘ 

ʚ ʢʨʦʚʠ ʠ ʠʥʛʠʙʠʨʫʝʪʩʷ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʢʠʩʣʦʪʳ ʚ ʞʝʣʫʜʢʝ. ɻʘ-

ʩʪʨʠʥ ʧʦʚʳʰʘʝʪ ʩʝʢʨʝʮʠʶ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʠ ʧʝʧʩʠʥʦʛʝʥʘ ʚ ʞʝʣʫʜʢʝ ʠ 

ʫʣʫʯʰʘʝʪ ʨʦʩʪ ʩʣʠʟʠʩʪʦʡ ʞʝʣʫʜʢʘ. 

ʍʦʣʝʮʠʩʪʦʢʠʥʠʥ (ʍʎʂ) ï ʧʝʧʪʠʜʥʳʡ ʛʦʨʤʦʥ, ʧʨʦʠʟʚʦʜʠʤʳʡ ʚ 

ʩʪʝʥʢʝ ʜʚʝʥʘʜʮʘʪʠʧʝʨʩʪʥʦʡ ʢʠʰʢʠ ʚ ʦʪʚʝʪ ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ ʘʤʠʥʦʢʠʩʣʦʪ, 

ʧʝʧʪʠʜʦʚ, ʜʣʠʥʥʦ-ʮʝʧʦʯʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ. ʆʥ ʧʦʚʳʰʘʝʪ ʩʝʢʨʝʮʠʶ 

ʞʝʣʯʠ, ʧʘʥʢʨʝʘʪʠʯʝʩʢʠʭ ʬʝʨʤʝʥʪʦʚ ʠ ʛʣʶʢʘʛʦʥʘ, ʩʥʠʞʘʝʪ ʩʢʦʨʦʩʪʴ ʦʩ-

ʚʦʙʦʞʜʝʥʠʷ ʞʝʣʫʜʢʘ. ʆʥ ʠʛʨʘʝʪ ʨʦʣʴ ʚ ʨʝʛʫʣʷʮʠʠ ʘʧʧʝʪʠʪʘ, ʚʳʟʳʚʘʷ 

ʯʫʚʩʪʚʦ ʩʳʪʦʩʪʠ. ʀʥʬʫʟʠ ̫ʍʎʂ ʚ ʢʨʦʚʴ ʞʠʚʦʪʥʳʭ ʚʦ ʚʨʝʤʷ ʝʜʳ ʚʳʟʳ-

ʚʘʝʪ  ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʝ ʧʨʝʢʨʘʱʝʥʠʝ ʝʜʳ. 

ʉʝʢʨʝʪʠʥ ï ʜʨʫʛʦʡ ʧʝʧʪʠʜʥʳʡ ʛʦʨʤʦʥ, ʧʨʦʠʟʚʝʜʝʥʥʳʡ ʚ ʵʥʜʦʢ-

ʨʠʥʥʳʭ ʢʣʝʪʢʘʭ ʜʚʝʥʘʜʮʘʪʠʧʝʨʩʪʥʦʡ ʢʠʰʢʠ. ɽʛʦ ʩʠʥʪʝʟ ʩʪʠʤʫʣʠʨʫʝʪʩʷ 

ʥʘʣʠʯʠʝʤ ʘʤʠʥʦʢʠʩʣʦʪ, ʧʝʧʪʠʜʦʚ ʠ ʢʠʩʣʦʪʳ ʚ ʜʚʝʥʘʜʮʘʪʠʧʝʨʩʪʥʦʡ 

ʢʠʰʢʝ. ʉʝʢʨʝʪʠʥ ʧʦʚʳʰʘʝʪ ʩʝʢʨʝʮʠʶ ʙʠʢʘʨʙʦʥʘʪʘ ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝ-

ʣʝʟʦʡ ʠ ʢʣʝʪʢʘʤʠ ʞʝʣʯʥʳʭ ʧʨʦʪʦʢʦʚ. 

ɾʝʣʫʜʦʯʥʳʡ ʠʥʛʠʙʠʪʦʨʥʳʡ ʧʝʧʪʠʜ (ɾʀʇ) ï ʩʝʢʨʝʪʠʨʫʝʪʩʷ ʚ 

ʜʚʝʥʘʜʮʘʪʠʧʝʨʩʪʥʦʡ ʢʠʰʢʝ ʚ ʦʪʚʝʪ ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ ʛʣʶʢʦʟʳ ʠ ʞʠʨʘ. ʆʥ 

ʩʥʠʞʘʝʪ ʞʝʣʫʜʦʯʥʫʶ ʩʝʢʨʝʮʠʶ ʠ ʤʦʪʦʨʠʢʫ, ʧʦʚʳʰʘʝʪ ʩʝʢʨʝʮʠʶ ʠʥʩʫ-

ʣʠʥʘ. 

ʉʦʤʘʪʦʩʪʘʪʠʥ ï ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʛʠʧʦʪʘʣʘʤʫʩʝ, ʯʪʦʙʳ 

ʨʝʛʫʣʠʨʦʚʘʪʴ ʩʝʢʨʝʮʠʶ ʛʦʨʤʦʥʘ ʨʦʩʪʘ, ʥʦ ʪʘʢʞʝ ʪʢʘʥʷʤʠ ʢʠʰʝʯʥʠʢʘ. 

ɽʛʦ ʩʝʢʨʝʮʠʷ ʩʪʠʤʫʣʠʨʫʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝʤ ʢʠʩʣʦʪʳ ʚ ʧʨʦʩʚʝʪʝ ʢʠʰʝʯ-

ʥʠʢʘ. ʂʠʰʝʯʥʦʡ ʩʦʤʘʪʦʩʪʘʪʠʥ ʩʥʠʞʘʝʪ ʩʝʢʨʝʮʠʶ ʛʘʩʪʨʠʥʘ, ɾʀʇ, ʩʝʢ-

ʨʝʪʠʥʘ, ʞʝʣʫʜʦʯʥʦʡ ʢʠʩʣʦʪʳ, ʧʘʥʢʨʝʘʪʠʯʝʩʢʠʭ ʵʥʟʠʤʦʚ ʠ ʞʝʣʯʠ. ʆʥ 

ʪʘʢʞʝ ʩʥʠʞʘʝʪ ʤʦʪʦʨʠʢʫ ʞʝʣʫʜʢʘ ʠ ʚʩʘʩʳʚʘʥʠʝ ʛʣʶʢʦʟʳ. ɾʠʨʦʚʳʝ ʪʢʘ-

ʥʠ ʧʨʦʠʟʚʦʜʷʪ ʥʝ ʪʦʣʴʢʦ ʣʝʧʪʠʥ, ʥʦ ʪʘʢʞʝ ʘʜʠʧʦʥʝʢʪʠʥ ʠ ʨʝʟʠʩʪʠʥ, ʢʦ-

ʪʦʨrʝ, ʚʝʨʦʷʪʥʦ, ʠʛʨʘʶʪ ʨʦʣʴ ʚ ʠʥʩʫʣʠʥʦʚʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʦʙʤʝʥʝ 

ʞʠʨʘ ʠ ʦʞʠʨʝʥʠʠ. 

ɺʠʣʣʠʢʠʥʠʥ ï ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʚ ʵʥʜʦʢʨʠʥʥʳʭ ʢʣʝʪʢʘʭ ʜʚʝʥʘʜʮʘ-

ʪʠʧʝʨʩʪʥʦʡ ʢʠʰʢʝ, ʩʪʠʤʫʣʠʨʫʝʪ ʨʠʪʤʠʯʝʩʢʦʝ ʩʦʢʨʘʱʝʥʠʝ ʚʦʨʩʠʥʦʢ 

ʩʣʠʟʠʩʪʦʡ ʪʦʥʢʦʛʦ ʦʪʜʝʣʘ ʢʠʰʝʯʥʠʢʘ, ʩʧʦʩʦʙʩʪʚʫʷ ʚʩʘʩʳʚʘʥʠʶ ʧʨʦʜʫʢ-

ʪʦʚ ʛʠʜʨʦʣʠʟʘ. 
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2.6. ʉʪʨʦʝʥʠʝ ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʛʦ ʪʨʘʢʪʘ ʠ ʧʠʱʝʚʘʨʝʥʠʝ ʫ ʧʪʠʮ 

ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʛʦ ʪʨʘʢʪʘ 

ʧʪʠʮ ʷʚʣʷʝʪʩʷ: 

- ʦʪʩʫʪʩʪʚʠʝ ʟʫʙʦʚ, ʥʘʣʠʯʠʝ ʢʣʶʚʘ, ʧʨʦʩʪʘʷ ʩʪʨʫʢʪʫʨʘ ʥʦʩʦʛʣʦʪ-

ʢʠ, ʦʪʩʫʪʩʪʚʠʝ ʥʘʜʛʦʨʪʘʥʥʠʢʘ; 

- ʥʘʣʠʯʠʝ ʜʚʫʭ ʞʝʣʫʜʢʦʚ ï ʞʝʣʝʟʠʩʪʦʛʦ ʠ ʤʳʰʝʯʥʦʛʦ; 

- ʥʘʣʠʯʠʝ ʟʦʙʘ ʠʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʝʤʫ ʨʘʩʰʠʨʝʥʠʷ ʧʠʱʝʚʦʜʘ; 

- ʢʦʨʦʪʢʠʡ ʪʦʥʢʠʡ ʢʠʰʝʯʥʠʢ; 

- ʭʦʨʦʰʦ ʨʘʟʚʠʪʳʝ ʧʝʯʝʥʴ ʠ ʧʦʜʞʝʣʫʜʦʯʥʘʷ ʞʝʣʝʟʘ, ʠʤʝʶʱʠʝ ʧʦ 

2-3 ʧʨʦʪʦʢʘ; 

- ʥʘʣʠʯʠʝ 2-ʭ ʩʣʝʧʳʭ ʦʪʨʦʩʪʢʦʚ ʠ ʢʣʦʘʢʠ, ʚ ʢʦʪʦʨʫʶ ʦʪʢʨʳʚʘʶʪ-

ʩʷ ʧʠʱʝʚʘʨʠʪʝʣʴʥʳʡ, ʧʦʣʦʚʦʡ ʠ ʤʦʯʝʚʦʡ ʧʫʪʠ. 

ʇʠʱʝʚʘʨʠʪʝʣʴʥʳʡ ʪʨʘʢʪ ʧʪʠʮʳ ʧʨʠʩʧʦʩʦʙʣʝʥ ʢ ʙʳʩʪʨʦʤʫ ʠ ʵʬ-

ʬʝʢʪʠʚʥʦʤʫ ʧʝʨʝʚʘʨʠʚʘʥʠʶ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʢʦʨʤʦʚ ʩ ʥʝʙʦʣʴʰʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʢʣʝʪʯʘʪʢʠ. 

ʇʝʨʝʚʘʨʠʚʘʥʠʝ ʚ ʟʦʙʝ. ʂʦʨʤ ʟʘʭʚʘʪʳʚʘʝʪʩʷ ʢʣʶʚʦʤ, ʷʟʳʢ ʧʨʦ-

ʪʘʣʢʠʚʘʝʪ ʢ ʛʣʦʪʢʝ, ʟʘʪʝʤ ʢ ʚʳʭʦʜʫ ʚ ʧʠʱʝʚʦʜ. ɺʩʪʨʷʭʠʚʘʥʠʝ ʛʦʣʦʚʦʡ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʦʜʚʠʞʝʥʠʶ ʢʦʨʤʘ. ʇʦ ʧʨʝʜʟʦʙʥʦʡ ʯʘʩʪʠ ʧʠʱʝʚʦʜʘ ʢʦʨʤ 

ʧʦʧʘʜʘʝʪ ʚ ʟʦʙ (ʫ ʛʫʩʝʡ ʠ ʫʪʦʢ ʚʤʝʩʪʦ ʟʦʙʘ ï ʘʤʧʫʣʦʦʙʨʘʟʥʦʝ ʨʘʩʰʠʨʝ-

ʥʠʝ ʧʠʱʝʚʦʜʘ). 

ɾʝʣʝʟʳ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʦʙʘ ʚʳʜʝʣʷʶʪ ʩʣʠʟʴ, ʥʝ ʩʦʜʝʨ-

ʞʘʱʫʶ ʬʝʨʤʝʥʪʦʚ. ʇʠʱʝʚʘʨʝʥʠʝ ʚ ʟʦʙʝ ʠʜʝʪ ʟʘ ʩʯʝʪ ʬʝʨʤʝʥʪʦʚ ʢʦʨʤʘ ʠ 

ʙʘʢʪʝʨʠʡ, ʠ ʚ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ, ʟʘ ʩʯʝʪ ʘʤʠʣʦʣʠʪʠʯʝʩʢʠʭ ʬʝʨʤʝʥʪʦʚ 

ʩʣʶʥʥʳʭ ʞʝʣʝʟ, ʢʦʪʦʨʳʝ ʫ ʧʪʠʮ ʩʣʘʙʦ ʨʘʟʚʠʪʳ. ɺ 1 ʛ ʩʦʜʝʨʞʠʤʦʛʦ ʟʦʙʘ ʜʦ 

10
8
 ʢʣʝʪʦʢ ʘʵʨʦʙʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ ʣʘʢʪʦʙʘʮʠʣʣ, ʠʤʝʶʪʩʷ ʤʠʢʨʦʩʢʦ-

ʧʠʯʝʩʢʠʝ ʛʨʠʙʢʠ ʠ ʜʨʦʞʞʝʚʳʝ ʢʣʝʪʢʠ, ʨʅ ʩʦʜʝʨʞʠʤʦʛʦ ʟʦʙʘ 4,5-5,5. 

ʄʠʢʨʦʬʣʦʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʨʦʪʝʦʣʠʟ, ʣʠʧʦʣʠʟ ʠ, ʦʩʦʙʝʥʥʦ, ʘʤʠ-

ʣʦʣʠʟ ʢʨʘʭʤʘʣʘ ʜʦ ʤʘʣʴʪʦʟʳ ʠ ʛʣʶʢʦʟʳ; ʧʦʩʣʝʜʥʝʡ - ʜʦ ʤʦʣʦʯʥʦʡ ʢʠ-

ʩʣʦʪʳ ʠ ʥʝʤʥʦʛʦ ʜʦ ʃɾʂ ʠ ʘʣʢʦʛʦʣʷ. ɺʩʝʛʦ ʚ ʟʦʙʝ ʧʝʨʝʚʘʨʠʚʘʝʪʩʷ 15-

20% ʫʛʣʝʚʦʜʦʚ. 

ʇʨʦʪʝʦʣʠʟ ʙʝʣʢʘ ʠ ʣʠʧʦʣʠʟ ʞʠʨʘ ʚ ʟʦʙʝ ʩʦʩʪʘʚʣʷʝʪ, ʧʨʠʤʝʨʥʦ, 7-

10%. ʄʦʪʦʨʠʢʘ ʟʦʙʘ ʥʘʯʠʥʘʝʪʩʷ ʯʝʨʝʟ 35-40 ʤʠʥʫʪ ʧʦʩʣʝ ʧʨʠʝʤʘ ʢʦʨʤʘ 

ʠ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʩʦʢʨʘʱʝʥʠʡ (10-12 ʚ 1 ʯʘʩ) ʧʨʦ-

ʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ 20-30 ʩʝʢ ʢʘʞʜʘʷ, ʧʨʠ ʜʘʚʣʝʥʠʠ 8-12 ʤʤ.ʨʪ.ʩʪ. 

ʇʠʱʝʚʘʨʝʥʠʝ ʚ ʞʝʣʫʜʢʝ. ʀʟ ʟʦʙʘ ʢʦʨʤʦʚʘʷ ʤʘʩʩʘ ʧʦ ʧʠʱʝʚʦʜʫ 

ʧʦʩʪʫʧʘʝʪ ʚ ʞʝʣʝʟʠʩʪʳʡ ʞʝʣʫʜʦʢ ï ʘʤʧʫʣʦʦʙʨʘʟʥʦʝ ʨʘʩʰʠʨʝʥʠʝ ʧʠʱʝ-

ʚʘʨʠʪʝʣʴʥʦʡ ʪʨʫʙʢʠ ʩ ʫʪʦʣʱʝʥʥʳʤʠ ʩʪʝʥʢʘʤʠ. ɺ ʩʣʠʟʠʩʪʦʡ ʦʙʦʣʦʯʢʝ 

ʥʘʭʦʜʷʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʞʝʣʝʟʳ ʪʠʧʘ ʢʨʠʧʪ, ʚ ʧʦʜʩʣʠʟʠʩʪʦʤ ʩʣʦʝ ï 

ʩʣʦʞʥʳʝ ʘʣʴʚʝʦʣʷʨʥʳʝ ʞʝʣʝʟʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʞʝʣʝʟʘʤ ʬʫʥʜʘʣʴʥʦʡ 

ʯʘʩʪʠ ʞʝʣʫʜʢʘ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ï ʦʥʠ ʚʳʨʘʙʘʪʳʚʘʶʪ ʞʝʣʫʜʦʯʥʳʡ ʩʦʢ ʠ 

ʩʦʣʷʥʫʶ ʢʠʩʣʦʪʫ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ï ʦʪ 0,2 ʜʦ 0,5%, ʨʅ 

ʯʠʩʪʦʛʦ ʞʝʣʫʜʦʯʥʦʛʦ ʩʦʢʘ 1,4-2,0. ʇʨʦʪʝʦʣʠʪʠʯʝʩʢʠʝ ʬʝʨʤʝʥʪʳ ï ʨʘʟ-

ʥʦʚʠʜʥʦʩʪʠ ʧʝʧʩʠʥʘ ʩ ʨʘʟʥʳʤ ʦʧʪʠʤʫʤʦʤ ʨʅ (ʦʪ 1,0 ʜʦ 4,0). 
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ɺ ʞʝʣʫʜʦʯʥʦʤ ʩʦʢʝ ʥʝʪ ʭʠʤʦʟʠʥʘ (ʨʝʥʥʠʥʘ) ʠ ʣʠʧʘʟʳ. ʂʦʨʤʦʚʳʝ 

ʤʘʩʩʳ ʠʟ ʟʦʙʘ ʧʨʦʭʦʜʷʪ ʞʝʣʝʟʠʩʪʳʡ ʞʝʣʫʜʦʢ ʪʨʘʥʟʠʪʦʤ, ʧʦʯʪʠ ʥʝ ʟʘ-

ʜʝʨʞʠʚʘʷʩʴ. ʉʦʢ ʩʪʝʢʘʝʪ ʚʤʝʩʪʝ ʩ ʢʦʨʤʦʤ ʚ ʤʳʰʝʯʥʳʡ ʞʝʣʫʜʦʢ, ʛʜʝ 

ʧʨʦʠʩʭʦʜʠʪ ʦʩʥʦʚʥʦʡ ʧʨʦʮʝʩʩ ʞʝʣʫʜʦʯʥʦʛʦ ʧʠʱʝʚʘʨʝʥʠʷ. ʂʦʣʠʯʝʩʪʚʦ 

ʩʦʢʘ 6-16 ʤʣ ʥʘ 1 ʢʛ ʞʠʚʦʡ ʤʘʩʩʳ ʚ ʯʘʩ, ʧʨʠ ʵʪʦʤ ʚ ʨʘʩʯʝʪʝ ʥʘ ʢʛ ʞʠʚʦʡ 

ʤʘʩʩʳ ʪʝʣʘ ʦʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʫ ʤʣʝʢʦʧʠʪʘʶʱʠʭ (ʪʘʙʣ. 2.5). ʋ 

ʧʪʠʮ, ʢʘʢ ʠ ʫ ʤʣʝʢʦʧʠʪʘʶʱʠʭ, ʜʝʡʩʪʚʫʶʪ ʪʨʠ ʬʘʟʳ ʩʦʢʦʦʪʜʝʣʝʥʠʷ - 

ʩʣʦʞʥʦʨʝʬʣʝʢʪʦʨʥʘʷ, ʞʝʣʫʜʦʯʥʘʷ, ʢʠʰʝʯʥʘʷ. ɺ ʨʝʛʫʣʷʮʠʠ ʫʯʘʩʪʚʫʝʪ 

ʙʣʫʞʜʘʶʱʠʡ ʥʝʨʚ, ʛʘʩʪʨʠʥ, ʛʠʩʪʘʤʠʥ. ʅʘʠʙʦʣʴʰʝʡ ʧʝʨʝʚʘʨʠʚʘʶʱʝʡ 

ʩʠʣʦʡ ʦʙʣʘʜʘʝʪ ʞʝʣʫʜʦʯʥʳʡ ʩʦʢ ʢʫʨ ʠ ʠʥʜʝʝʢ, ʥʘʠʤʝʥʴʰʠʡ ï ʫ ʛʫʩʝʡ, ʫ 

ʫʪʦʢ ï ʩʨʝʜʥʠʡ.  

ʊʘʙʣʠʮʘ 2.5 ï ʉʝʢʨʝʮʠʷ ʞʝʣʫʜʦʯʥʦʛʦ ʩʦʢʘ ʠ ʬʝʨʤʝʥʪʘʪʠʚʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʩʝʢʨʝʪʘ (ɺ. ʀ. ɻʝʦʨʛʠʝʚʩʢʠʡ, 1990) 

ʇʦʢʘʟʘʪʝʣʠ ʂʨʳʩʘ (0,35 ʢʛ) ʂʫʨʠʮʘ (1,75 ʢʛ) ʉʚʠʥʴʷ (75 ʢʛ) 

ʆʙʲʝʤ ʤʣ/ʢʛ ʤʘʩʩʳ/ʯʘʩ 3,7 8,8 3,1 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ 

(ʤʵʢʚ/ʢʛ ʤʘʩʩʳ/ʯʘʩ) 0,25 0,78 0,30 

ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʝʧʩʠʥʘ, ʝʜ/ʢʛ 

ʞ. ʤʘʩʩʳ/ʯʘʩ 2230 2430 900 
 

ʄʳʰʝʯʥʳʡ ʞʝʣʫʜʦʢ. ʆʨʛʘʥ ʜʠʩʢʦʦʙʨʘʟʥʦʡ ʬʦʨʤʳ, ʩʦʝʜʠʥʝʥ-

ʥʳʡ ʩ ʞʝʣʝʟʠʩʪʳʤ ʞʝʣʫʜʢʦʤ. ʆʩʥʦʚʘ ʞʝʣʫʜʢʘ ï ʜʚʝ ʧʘʨʳ ʤʦʱʥʳʭ ʛʣʘʜ-

ʢʠʭ ʤʳʰʮ ï ʛʣʘʚʥʳʝ ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʝ. ɺʥʫʪʨʠ ʞʝʣʫʜʦʢ ʧʦʢʨʳʪ ʪʚʝʨ-

ʜʦʡ ʢʫʪʠʢʫʣʦʡ. ʂʫʪʠʢʫʣʘ ʧʦʩʪʦʷʥʥʦ ʦʙʥʦʚʣʷʝʪʩʷ. ɺ ʤʳʰʝʯʥʦʤ ʞʝʣʫʜʢʝ 

ʢʦʨʤ ʤʝʭʘʥʠʯʝʩʢʠ ʧʝʨʝʪʠʨʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʛʘʩʪʨʦʣʠʪʦʚ (ʛʨʘʚʠʷ, ʧʝʩʢʘ, 

ʩʪʝʢʣʘ). ɹʝʣʢʠ ʛʠʜʨʦʣʠʟʫʶʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʨʦʪʝʠʥʘʟ ʞʝʣʝʟʠʩʪʦʛʦ 

ʞʝʣʫʜʢʘ. ɿʘ 2-4 ʯʘʩʘ ʧʨʝʙʳʚʘʥʠʝ ʚ ʤʳʰʝʯʥʦʤ ʞʝʣʫʜʢʝ ʨʘʩʱʝʧʣʷʝʪʩʷ ʜʦ 

ʧʦʣʠʧʝʧʪʠʜʦʚ 35-50% ʙʝʣʢʘ (ʨʅ ʩʦʜʝʨʞʠʤʦʛʦ 2,5-3,5). 

ʄʦʪʦʨʠʢʘ: 2-4 ʩʦʢʨʘʱʝʥʠʷ ʚ 1 ʤʠʥʫʪʫ ʞʝʣʝʟʠʩʪʦʛʦ ʠ ʤʳʰʝʯʥʦʛʦ 

ʞʝʣʫʜʢʦʚ. ɼʘʚʣʝʥʠʝ ʚ ʤʳʰʝʯʥʦʤ ʞʝʣʫʜʢʝ ʜʦ 100-160 ʤʤ.ʨʪ.ʩʪ.; ʨʝʛʫʣʷ-

ʮʠʷ ʤʦʪʦʨʠʢʠ ʞʝʣʫʜʢʘ ʧʪʠʮ ʩʭʦʜʥʘ ʩ ʪʘʢʦʚʦʡ ʫ ʤʣʝʢʦʧʠʪʘʶʱʠʭ.  

ʇʠʱʝʚʘʨʝʥʠʝ ʚ ʢʠʰʝʯʥʠʢʝ ʧʪʠʮ. ʇʨʠʥʮʠʧʠʘʣʴʥʳʭ ʨʘʟʣʠʯʠʡ 

ʧʠʱʝʚʘʨʝʥʠʷ ʚ ʪʦʥʢʦʤ ʢʠʰʝʯʥʠʢʝ ʫ ʧʪʠʮ ʦʪ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʥʝʪ. ɻʠʜ-

ʨʦʣʠʟ ʧʦʣʦʩʪʥʦʡ ʠ ʤʝʤʙʨʘʥʥʳʡ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʝʙʳʚʘʥʠʷ ʭʠʤʫ-

ʩʘ ʚ ʪʦʥʢʦʤ ʢʠʰʝʯʥʠʢʝ ï 1-2 ʯʘʩʘ. 

ʋ ʧʪʠʮ ʭʦʨʦʰʦ ʨʘʟʚʠʪʘ ʧʦʜʞʝʣʫʜʦʯʥʘʷ ʞʝʣʝʟʘ. ʀʤʝʝʪʩʷ 3 ʧʘʥ-

ʢʨʝʘʪʠʯʝʩʢʠʭ, 2 ʞʝʣʯʥʳʭ ʧʨʦʪʦʢʘ, ʦʪʢʨʳʚʘʶʱʠʭʩʷ ʦʙʱʝʡ ʧʘʧʠʣʣʦʡ ʚ 

ʚʦʩʭʦʜʷʱʝʝ ʢʦʣʝʥʦ 12-ʪʠ ʧʝʨʩʪʥʦʡ ʢʠʰʢʠ. 

ʇʦʜʞʝʣʫʜʦʯʥʳʡ ʩʦʢ ʠ ʞʝʣʯʴ ʚʳʜʝʣʷʶʪʩʷ ʙʝʩʧʨʝʨʳʚʥʦ. ʨʅ ʧʦʜ-

ʞʝʣʫʜʦʯʥʦʛʦ ʩʦʢʘ ï 7,5-8,1; ʞʝʣʯʠ 7,3-8,0 ʫ ʚʟʨʦʩʣʳʭ ʢʫʨ ʚʳʜʝʣʷʝʪʩʷ ʚ 

ʩʨʝʜʥʝʤ 25 ʤʣ ʧʘʥʢʨʝʘʪʠʯʝʩʢʦʛʦ ʩʦʢʘ ʠ ʩʪʦʣʴʢʦ ʞʝ ʞʝʣʯʠ ʚ ʨʘʩʯʝʪʝ ʥʘ 

1 ʢʛ ʞʠʚʦʡ ʤʘʩʩʳ ʚ ʯʘʩ. ʕʪʦ ʚʳʰʝ, ʯʝʤ ʫ ʜʨʫʛʠʭ ʞʠʚʦʪʥʳʭ. ɺ ʧʘʥʢʨʝʘ-

ʪʠʯʝʩʢʦʤ ʩʦʢʝ ʪʝ ʞʝ ʬʝʨʤʝʥʪʳ, ʯʪʦ ʠ ʫ ʤʣʝʢʦʧʠʪʘʶʱʠʭ. ʃʠʧʘʟʘ ʛʠʜʨʦ-

ʣʠʟʫʝʪ ʪʨʠʛʣʠʮʝʨʠʜʳ, ʩʦʜʝʨʞʘʱʠʝ ʥʝʥʘʩʳʱʝʥʥʳʝ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ, ʯʪʦ 
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ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʭʠʣʦʤʠʢʨʦʥʦʚ. ɺ ʞʝʣʯʠ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʣʠ-

ʧʘʟʘ. 

ʆʩʦʙʝʥʥʦʩʪʷʤʠ ʢʠʰʝʯʥʦʛʦ ʧʠʱʝʚʘʨʝʥʠʷ ʫ ʢʫʨ ʷʚʣʷʶʪʩʷ: 

- ʦʪʩʫʪʩʪʚʠʝ ʙʨʫʥʥʝʨʦʚʳʭ ʞʝʣʝʟ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʫʦʜʝʥʘʣʴʥʦʛʦ 

ʩʦʢʘ; 

- ʩʣʘʙʦʝ ʨʘʟʚʠʪʠʝ ʣʠʤʬʘʪʠʯʝʩʢʠʭ ʮʠʩʪʝʨʥ ʚ ʚʦʨʩʠʥʢʘʭ ʠ ʩʠʩʪʝʤʳ 

ʤʣʝʯʥʳʭ ʣʠʤʬʘʪʠʯʝʩʢʠʭ ʧʨʦʪʦʢʦʚ (ʦʪʩʶʜʘ, ʚʩʘʩʳʚʘʥʠʝ ʣʠʧʠʜʦʚ ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʦ ʚ ʢʨʦʚʴ); 

- ʠʥʪʝʥʩʠʚʥʦ ʧʨʦʪʝʢʘʶʱʠʝ ʧʨʦʮʝʩʩʳ ʧʨʠʩʪʝʥʦʯʥʦʛʦ ʧʠʱʝʚʘʨʝʥʠʷ; 

- ʢʦʣʠʯʝʩʪʚʦ ʦʪʜʝʣʷʝʤʦʛʦ ʢʠʰʝʯʥʦʛʦ ʩʦʢʘ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 

10 ʤʣ/ʯ ʥʘ 1 ʢʛ ʤʘʩʩʳ ʪʝʣʘ; ʨʅ ʝʛʦ 7-7,2. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʫ ʧʪʠʮ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʦʪʜʝʣʘʭ 

ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ (ʢʨʦʤʝ ʧʦʜʚʟʜʦʰʥʦʡ ʢʠʰʢʠ) ʨʝʘʢʮʠʷ ʢʠʩʣʘʷ 

ʠʣʠ ʥʝʡʪʨʘʣʴʥʘʷ. ʉʣʝʧʳʝ ʦʪʨʦʩʪʢʠ ʚʳʧʦʣʥʷʶʪ ʬʫʥʢʮʠʠ ʨʘʩʱʝʧʣʝʥʠʷ 

ʢʣʝʪʯʘʪʢʠ ʩ ʫʯʘʩʪʠʝʤ ʤʠʢʨʦʬʣʦʨʳ, ʩʠʥʪʝʟ ʚʠʪʘʤʠʥʦʚ ʛʨʫʧʧʳ ɺ (ʚ ʯʘʩʪʥʦ-

ʩʪʠ ʚʠʪʘʤʠʥʘ ɺ12), ʚʩʘʩʳʚʘʥʠʷ ʚʦʜʳ, ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ. 
 

ʇʨʦʚʝʨʦʯʥʳʝ ʚʦʧʨʦʩʳ: 

1. ʀʟ ʢʘʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʦʩʪʦʷʪ ʙʝʣʢʠ, ʞʠʨʳ, ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʥʝʩʪʨʫʢ-

ʪʫʨʥʳʝ ʫʛʣʝʚʦʜʳ, ʚ ʯʝʤ ʩʦʩʪʦʠʪ ʩʫʱʥʦʩʪʴ ʠʭ ʧʝʨʝʚʘʨʠʚʘʥʠʷ? 

2. ʉʪʨʦʝʥʠʝ ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʛʦ ʪʨʘʢʪʘ. 

3. ʉʪʨʦʝʥʠʝ ʠ ʪʠʧʳ ʞʝʣʫʜʢʦʚ ʫ ʨʘʟʥʳʭ ʚʠʜʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʞʠʚʦʪʥʳʭ. 

4. ʉʦʩʪʘʚ ʞʝʣʫʜʦʯʥʦʛʦ ʩʦʢʘ, ʬʝʨʤʝʥʪʳ ʞʝʣʫʜʢʘ ʠ ʠʭ ʜʝʡʩʪʚʠʝ. ʈʦʣʴ 
ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʚ ʧʠʱʝʚʘʨʝʥʠʠ. 

5. ʉʪʨʦʝʥʠʝ ʤʥʦʛʦʢʘʤʝʨʥʦʛʦ ʞʝʣʫʜʢʘ ʞʚʘʯʥʳʭ, ʟʥʘʯʝʥʠʝ ʢʘʤʝʨ ʧʨʝʜ-

ʞʝʣʫʜʢʦʚ. 

6. ʇʨʦʮʝʩʩʳ ʤʠʢʨʦʙʥʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ ʠ ʙʠʦʩʠʥʪʝʟʘ ʙʝʣʢʦʚ, ʨʘʩʧʘʜʘ 
ʫʛʣʝʚʦʜʦʚ (ʢʨʘʭʤʘʣʘ, ʮʝʣʣʶʣʦʟʳ, ʛʝʤʠʮʝʣʣʶʣʦʟʳ), ʞʠʨʦʚ ʚ ʨʫʙʮʝ. 

7. ʄʠʢʨʦʬʣʦʨʘ ʨʫʙʮʘ ʠ ʝʝ ʨʦʣʴ ʚ ʧʠʱʝʚʘʨʝʥʠʠ ʞʚʘʯʥʳʭ. 

8. ʉʪʨʦʝʥʠʝ ʪʦʥʢʦʛʦ ʢʠʰʝʯʥʠʢʘ, ʢʠʰʝʯʥʳʡ ʩʦʢ, ʬʝʨʤʝʥʪʳ ʩʣʠʟʠʩʪʦʡ 
ʪʦʥʢʦʛʦ ʢʠʰʝʯʥʠʢʘ. 

9. ʇʦʜʞʝʣʫʜʦʯʥʳʡ ʩʦʢ, ʬʝʨʤʝʥʪʳ ʧʦʜʞʝʣʫʜʦʯʥʦʛʦ ʩʦʢʘ. 

10. ʇʦʯʝʤʫ ʜʣʷ ʨʘʩʱʝʧʣʝʥʠʷ ʙʝʣʢʦʚ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʨʘʟʥʳʭ ʬʝʨʤʝʥ-

ʪʦʚ? 

11. ɹʠʦʭʠʤʠʯʝʩʢʠʡ ʤʝʭʘʥʠʟʤ ʘʢʪʠʚʘʮʠʠ ʧʨʦʪʝʦʣʠʪʠʯʝʩʢʠʭ ʬʝʨʤʝʥʪʦʚ. 

12. ʄʝʭʘʥʠʟʤʳ ʚʩʘʩʳʚʘʥʠʷ ʧʨʦʜʫʢʪʦʚ ʛʠʜʨʦʣʠʟʘ ʚ ʪʦʥʢʦʡ ʢʠʰʢʝ. 
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ɻʣʘʚʘ 3. ʇʝʨʝʚʘʨʠʤʦʩʪʴ ʢʦʨʤʦʚ 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʝʨʝʚʘʨʠʤʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʧʠʪʘ-

ʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʧʦʩʪʫʧʠʚʰʠʭ ʚ ʦʨʛʘʥʠʟʤ ʞʠʚʦʪʥʳʭ, ʵʥʝʨʛʠʪʠʯʝʩʢʫʶ, 

ʙʝʣʢʦʚʫʶ, ʘʤʠʥʦʢʠʩʣʦʪʥʫʶ ʧʠʪʘʪʝʣʴʥʦʩʪʴ ʢʦʨʤʘ. 

3.1. ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʝʨʝʚʘʨʠʤʦʩʪʠ 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʧʳʪʦʚ. ʂʘʞʜʳʡ ʦʧʳʪ ʧʦ ʧʝʨʝʚʘʨʠʤʦʩʪʠ 

ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʜʚʫʭ ʧʝʨʠʦʜʦʚ ï ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦʛʦ ʠ ʫʯʝʪʥʦʛʦ. ʇʨʦ-

ʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʜʣʷ ʩʚʠʥʝʡ ʠ ʧʪʠʮ 3-5 ʜʥʝʡ, 

ʜʣʷ ʞʚʘʯʥʳʭ ʞʠʚʦʪʥʳʭ ï 2 ʥʝʜʝʣʠ ʩ ʪʝʤ, ʯʪʦʙʳ ʣʫʯʰʝ ʠʟʙʘʚʠʪʴʩʷ ʦʪ 

ʦʩʪʘʪʢʦʚ ʨʘʥʝʝ ʩʲʝʜʝʥʥʦʛʦ ʢʦʨʤʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ 

ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʘʜʘʧʪʘʮʠʠ ʞʠʚʦʪʥʳʭ ʢ ʠʟʫʯʘʝʤʦʤʫ ʢʦʨʤʫ ʠ ʢ ʫʩʣʦʚʠʷʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘ. ɺʘʞʥʦ ʟʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʫʩʪʘʥʦʚʠʪʴ ʢʦʣʠʯʝʩʪ-

ʚʦ ʧʦʝʜʘʝʤʦʛʦ ʢʦʨʤʘ ʢʘʞʜʳʤ ʞʠʚʦʪʥʳʤ ʠ ʧʨʠʜʝʨʞʠʚʘʪʴʩʷ ʵʪʦʛʦ ʫʨʦʚʥʷ 

ʚ ʦʧʳʪʥʳʡ ʧʝʨʠʦʜ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʫʯʝʪʥʦʛʦ ʧʝʨʠʦʜʘ ʜʣʷ ʞʚʘʯʥʳʭ 

7-10 ʜʥʝʡ, ʜʣʷ ʩʚʠʥʝʡ ʠ ʧʪʠʮ 5-7 ʜʥʝʡ. 

ʊʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ. ʉʘʤʦʡ ʛʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʦʧʳʪʘ ʧʦ ʦʧʨʝ-

ʜʝʣʝʥʠʶ ʧʝʨʝʚʘʨʠʤʦʩʪʠ ʷʚʣʷʝʪʩʷ ʪʦʯʥʳʡ ʫʯʝʪ ʩʲʝʜʝʥʥʦʛʦ ʢʦʨʤʘ ʠ ʚʳ-

ʜʝʣʝʥʥʦʛʦ ʢʘʣʘ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʝʞʝʜʥʝʚʥʳʤ ʠʭ ʚʟʚʝʰʠʚʘʥʠʝʤ. ɼʣʷ ʧʦ-

ʣʫʯʝʥʠʷ ʥʘʜʝʞʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘ ʦʧʳʪ ʩʪʘʚʷʪ ʥʝ ʤʝʥʝʝ 3 ʢʦʨʦʚ ʠʣʠ ʦʪ-

ʢʘʨʤʣʠʚʘʝʤʳʭ ʙʳʯʢʦʚ, 4-5 ʩʚʠʥʝʡ, 5-7 ʢʫʨ, ʧʨʠ ʵʪʦʤ ʞʠʚʦʪʥʳʝ ʦʜʥʦʡ 

ʧʦʨʦʜʳ, ʦʜʠʥʘʢʦʚʦʛʦ ʚʦʟʨʘʩʪʘ, ʞʠʚʦʡ ʤʘʩʩʳ, ʭʦʨʦʰʝʛʦ ʟʜʦʨʦʚʴʷ ʠ ʩʧʦ-

ʢʦʡʥʦʛʦ ʥʨʘʚʘ. ʊʦʯʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʙʫʜʝʪ ʪʝʤ ʚʳʰʝ, ʯʝʤ ʙʦʣʴʰʝ ʞʠ-

ʚʦʪʥʳʭ ʙʫʜʝʪ ʚ ʦʧʳʪʥʦʡ ʛʨʫʧʧʝ ʧʨʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʫʯʝʪʝ ʢʦʨʤʘ ʠ ʢʘ-

ʣʘ. 

ʅʝʢʨʫʧʥʳʭ ʞʠʚʦʪʥʳʭ (ʤʦʣʦʜʥʷʢ ʩʚʠʥʝʡ, ʪʝʣʷʪ, ʦʚʝʮ) ʧʦʤʝʱʘʶʪ 

ʚ ʩʧʝʮʠʘʣʴʥʳʝ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ, ʙʘʣʘʥʩʦʚʳʝ ʢʣʝʪʢʠ, ʦʙʦʨʫʜʦʚʘʥʥʳʝ 

ʢʦʨʤʫʰʢʦʡ ʠ ʧʦʠʣʢʦʡ, ʪʨʘʧʦʤ ʚ ʧʦʣʫ ʜʣʷ ʩʪʝʢʘʥʠʷ ʤʦʯʠ, ʩ ʧʦʜʚʠʞʥʳʤʠ 

ʩ ʙʦʢʦʚ ʠ ʩʟʘʜʠ ʧʝʨʝʛʦʨʦʜʢʘʤʠ ʜʣʷ ʬʠʢʩʘʮʠʠ ʞʠʚʦʪʥʦʛʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʩ ʝʛʦ ʨʘʟʤʝʨʘʤʠ.  

ʅʘ ʢʦʨʦʚʘʭ ʠ ʙʳʯʢʘʭ ʦʧʳʪʳ ʧʦ ʧʝʨʝʚʘʨʠʤʦʩʪʠ ʯʘʱʝ ʚʩʝʛʦ ʧʨʦʚʦ-

ʜʷʪ ʚ ʩʪʘʥʢʘʭ ʩ ʨʝʰʝʪʯʘʪʳʤ ʧʦʣʦʤ, ʯʝʨʝʟ ʢʦʪʦʨʳʡ ʧʨʦʭʦʜʠʪ ʤʦʯʘ ʠ ʢʘʣ, 

ʢʦʪʦʨʳʝ ʧʦʧʘʜʘʶʪ ʚ ʩʧʝʮʠʘʣʴʥʳʝ ʢʦʥʪʝʡʥʝʨʳ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʦʧʳʪʘ ʚ 

ʫʩʣʦʚʠʷʭ ʪʦʚʘʨʥʦʡ ʬʝʨʤʳ ʪʨʝʙʫʝʪʩʷ ʧʦʩʪʦʷʥʥʦʝ ʥʘʭʦʞʜʝʥʠʝ ʜʝʞʫʨʥʦ-

ʛʦ, ʢʦʪʦʨʳʡ ʚʦʚʨʝʤʷ ʧʦʜʩʪʘʚʣʷʝʪ ʢʦʚʰ ʜʣʷ ʩʙʦʨʘ ʢʘʣʘ.  

ɺ ʦʧʳʪʘʭ ʩ ʚʘʣʫʭʘʤʠ ʤʦʞʥʦ ʦʙʭʦʜʠʪʩɹʷ ʙʝʟ ʢʣʝʪʦʢ, ʠʩʧʦʣʴʟʫʷ 

ʪʦʨʙʫ ʜʣʷ ʢʦʨʤʘ ʠ ʤʝʰʦʢ ʜʣʷ ʢʘʣʘ ʠʟ ʙʨʝʟʝʥʪʘ, ʢʣʝʸʥʢʠ ʠʣʠ ʨʝʟʠʥʳ. ʂʦ-

ʨʦʚʘʤ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʩ ʧʦʤʦʱʴʶ ʨʝʤʥʝʡ ʨʝʟʠʥʦʚʳʝ ʤʝʰʢʠ ʜʣʷ ʩʙʦʨʘ 

ʢʘʣʘ ʠ ʩʧʝʮʠʘʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʦʪʚʦʜʘ ʤʦʯʠ. ʇʦʜʦʙʥʳʝ ʫʩʪʨʦʡʩʪʚʘ 

ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʦʚʮʝʤʘʪʦʢ (ʀ.ʉ. ʇʦʧʦʚ, ʄʝʪʦʜʠʢʘ ʟʦʦʪʝʭʥʠʯʝʩʢʠʭ ʦʧʳ-

ʪʦʚ, 1966 ʛ.). 
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ʋʯʝʪ ʚʳʜʝʣʝʥʠʡ.ʋʯʝʪ ʢʘʣʘ ʥʘ ʞʚʘʯʥʳʭ ʥʘʯʠʥʘʶʪ ʯʝʨʝʟ 1-2 ʜʥʷ 

ʦʪ ʥʘʯʘʣʘ ʢʦʨʤʣʝʥʠʷ ʠʟʫʯʘʝʤʳʤ ʢʦʨʤʦʤ, ʟʘʪʝʤ ʫʯʠʪʳʚʘʶʪ ʢʦʣʠʯʝʩʪʚʦ 

ʢʘʣʘ ʚ ʪʝʯʝʥʠʠ ʥʘʤʝʯʝʥʥʦʛʦ ʧʝʨʠʦʜʘ ʠ ʟʘʢʘʥʯʠʚʘʶʪ ʯʝʨʝʟ 1-2 ʜʥʷ ʧʦʩʣʝ 

ʢʦʨʤʣʝʥʠʷ ʵʪʠʤ ʢʦʨʤʦʤ. ʇʨʠ ʵʪʦʤ ʚʘʞʥʦ ʢʦʨʤʠʪʴ ʞʠʚʦʪʥʳʭ ʢʘʞʜʳʡ 

ʜʝʥʴ ʚ ʦʜʥʦ ʠ ʪʦ ʞʝ ʚʨʝʤʷ, ʥʝ ʠʟʤʝʥʷʷ ʧʨʠ ʵʪʦʤ ʢʦʣʠʯʝʩʪʚʦ ʟʘʜʘʚʘʝʤʦʛʦ 

ʢʦʨʤʘ. ʀʟ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʝʞʝʜʥʝʚʥʦ ʩʦʙʨʘʥʥʦʛʦ ʢʘʣʘ ʦʪʙʠʨʘʶʪ 

ʩʨʝʜʥʶʶ ʧʨʦʙʫ, ʦʙʳʯʥʦ 10%, ʥʘ ʢʘʞʜʳʝ 100 ʛ ʩʳʨʦʛʦ ʢʘʣʘ ʜʦʙʘʚʣʷʶʪ 

0,5 ʤʣ 0,2% HCl ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ ʘʤʤʠʘʢʘ ʠ ʜʦʙʘʚʣʷʶʪ ʥʝʩʢʦʣʴʢʦ ʢʨʠ-

ʩʪʘʣʣʦʚ ʪʠʤʦʣʘ ʠʣʠ ʢʘʧʝʣʴ ʬʦʨʤʘʣʠʥʘ ʜʣʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʜʝʡʩʪʚʠʷ 

ʙʘʢʪʝʨʠʡ. ʂʘʣ ʩʫʰʘʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 60Áʉ. ʆʙʱʫʶ ʧʨʦʙʫ ʩʫʭʦʛʦ ʢʘʣʘ 

ʧʦʜʚʝʨʛʘʶʪ ʟʦʦʪʝʭʥʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʫ.  

ʇʝʨʝʚʘʨʠʤʦʩʪʴ ʛʨʫʙʦʛʦ ʢʦʨʤʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʧʨʦ-

ʩʪʦ, ʪʘʢ ʢʘʢ ʝʛʦ ʤʦʞʥʦ ʜʘʚʘʪʴ ʞʚʘʯʥʳʤ ʚ ʢʘʯʝʩʪʚʝ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʢʦʤ-

ʧʦʥʝʥʪʘ. 

ʇʨʠʤʝʨ ˉ1. ʆʧʨʝʜʝʣʝʥʠʝ ʧʝʨʝʚʘʨʠʤʦʩʪʠ ʩʝʥʘ. ɺ ʪʘʙʣʠʮʝ 3.1 

ʜʘʥ ʧʨʠʤʝʨ ʦʧʳʪʘ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʧʝʨʝʚʘʨʠʤʦʩʪʠ ʩʝʥʘ ʠʟ ʩʫʜʘʥʩʢʦʡ 

ʪʨʘʚʳ. ʇʦʩʣʝ 14 ʜʥʝʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʚ ʪʝʯʝʥʠʝ 10 ʜʥʝʡ ʧʨʦ-

ʚʦʜʷʪ ʫʯʝʪ ʩʲʝʜʝʥʥʦʛʦ ʢʦʨʤʘ ʠ ʚʳʜʝʣʝʥʥʦʛʦ ʢʘʣʘ ʦʪ 3 ʦʚʝʮ. ʈʘʩʯʝʪʳ: 

1. ʉʨʝʜʥʝʩʫʪʦʯʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʩʝʥʘ ʥʘ ʛʦʣʦʚʫ ʩʦʩʪʘʚʠʣʦ 1,92 ʢʛ 

(ʧʨʠ ʚʣʘʞʥʦʩʪʠ ʩʝʥʘ 15% ï 1632 ʛ ʉɺ), ʚʳʜʝʣʝʥʠʝ ʢʘʣʘ 1700 ʛ (ʧʨʠ 

ʚʣʘʞʥʦʩʪʠ ʢʘʣʘ 57% -731 ʛ ʉɺ). ʉʝʥʦ ʠ ʢʘʣ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʥʘ ʩʦ-

ʜʝʨʞʘʥʠʝ ʙʝʣʢʘ, ʞʠʨʘ, ʅɼʂ, ʂɼʂ. ʅʝʩʪʨʫʢʪʫʨʥʳʝ ʫʛʣʝʚʦʜʳ (ʅʉʋ) ʨʘʩ-

ʯʠʪʳʚʘʶʪ ʧʦ ʨʘʟʥʠʮʝ: 1000 - (ʉɹ ʛ/ʢʛ+ʉɾ ʛ/ʢʛ +ʉɿ ʛ/ʢʛ+ ʅɼʂ ʛ/ʢʛ). 

2. ʇʦ ʜʘʥʥʳʤ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʜʝʣʘʶʪ ʨʘʩʯʝʪʳ ʧʦʪʨʝʙʣʝʥʠʷ 

ʩ ʢʦʨʤʦʤ ʠ ʚʳʜʝʣʝʥʠʝ ʩ ʢʘʣʦʤ ʢʘʞʜʦʛʦ ʧʠʪʘʪʝʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʧʦ ʠʭ 

ʨʘʟʥʦʩʪʠ ʨʘʩʩʯʠʪʳʚʘʶʪ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʚʘʨʝʥʥʳʭ ʚʝʱʝʩʪʚ. 

3. ʂʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʚʘʨʠʤʦʩʪʠ ʦʧʨʝʜʝʣʷʶʪ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʢʦ-

ʣʠʯʝʩʪʚʘ ʧʝʨʝʚʘʨʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʢ ʧʦʪʨʝʙʣʝʥʥʦʤʫ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʩʫ-

ʭʦʛʦ ʚʝʱʝʩʪʚʘ: 0,731:1,63=0,55; ʚ ʧʨʦʮʝʥʪʘʭ (0,731:1,63)ʭ100=55%. 

ʋʨʘʚʥʝʥʠʝ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝʚʘʨʠʤʦʩʪʠ: 

ʂʦʵʬʬ. ʧʝʨʝʚʘʨ. = 
ʇʠʪʘʪ.ʚ-ʚʦ ʢʦʨʤʘ ï ʇʠʪʘʪ.ʚ-ʚʦ ʢʘʣʘ 

ʇʠʪʘʪ.ʚ-ʚʦ ʢʦʨʤʘ 
 

ʊʦ ʞʝ ʚ % = 
ʇʠʪʘʪ. ʚ-ʚʦ ʢʦʨʤʘ ï ʇʠʪʘʪ. ʚ-ʚʦ ʢʘʣʘ 

Ĭ 100 
ʇʠʪʘʪ.ʚ-ʚʦ ʢʦʨʤʘ 

ʊʘʙʣʠʮʘ 3.1 ï ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʝʥʘ, ʢʘʣʘ ʠ ʧʝʨʝʚʘʨʠʤʦʩʪʴ ʩʝʥʘ. 

ʇʦʢʘʟʘʪʝʣʠ ʉʫʭʦʝ ʚʝʱʝʩʪʚʦ 
ʉʳʨʦʡ 
ʙʝʣʦʢ 

ɾʠʨ ʅɼʂ ʅʉʋ 

ʉʝʥʦ ʩʫʜʘʥʢʠ, ʛ/ʢʛ ʉɺ 1000 125 29 577 200 
ʂʘʣ, ʛ/ʢʛ ʉɺ 1000 143 26 501 154 

ʈʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʝʨʝʚʘʨʠʤʦʩʪʠ 
ʇʨʠʥʷʪʦ, ʛ 1632 203 48 932 326 
ɺʳʜʝʣʝʥʦ ʚ ʢʘʣʝ, ʛ 731 105 19 366 113 
ʇʝʨʝʚʘʨʝʥʦ, ʛ 901 98 29 566 213 
ʂʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʚʘʨʠʤʦʩʪʠ 0,55 0,48 0,59 0,61 0,65 
ʊʦ ʞʝ, % 55 48 59 61 65 
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ʇʨʠʤʝʨ ˉ2. ʆʧʨʝʜʝʣʝʥʠʝ ʧʝʨʝʚʘʨʠʤʦʩʪʠ ʦʪʨʫʙʝʡ 

ʂʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʫ ʞʚʘʯʥʳʭ ʞʠʚʦʪʥʳʭ ʧʝʨʝʚʘʨʠ-

ʤʦʩʪʴ ʢʦʥʮʝʥʪʨʘʪʦʚ ʚ ʩʦʩʪʘʚʝ ʨʘʮʠʦʥʘ, ʥʫʞʥʦ ʩʢʘʨʤʣʠʚʘʪʴ ʛʨʫʙʳʡ ʢʦʨʤ 

(ʩʝʥʦ, ʩʝʥʘʞ ʠʣʠ ʩʠʣʦʩ) ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʨʘʮʠʦʥʘ, ʢʦʥ-

ʮʝʥʪʨʘʪ ʢʘʢ ʜʦʙʘʚʢʫ ʢ ʥʝʤʫ, ʠʣʠ ʚʟʘʤʝʥ ʯʘʩʪʠ ʛʨʫʙʦʛʦ ʢʦʨʤʘ. ʈʘʩʯʝʪʳ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʝʨʝʚʘʨʠʤʦʩʪʠ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʦʪʜʝʣʴʥʦʛʦ ʢʦʨʤʘ 

(ʚ ʜʘʥʥʦʤ ʧʨʠʤʝʨʝ ʦʪʨʫʙʝʡ) ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʫʨʘʚʥʝʥʠʝʤ: 

 
ʛʜʝ ʇ ʚ-ʚʦ ʆ ï ʢʦʣʠʯʝʩʪʚʦ ʧʠʪʘʪʝʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ (ʉɺ, ʉɹ, ʉɾ ʠ 

ʜʨʫʛʠʭ) ï ʚ ʩʲʝʜʝʥʥʦʡ ʧʦʨʮʠʠ ʦʪʨʫʙʝʡ, ʛ; 

ʇ ʚ-ʚʦ ʚ ʢʘʣʝ ï ʢʦʣʠʯʝʩʪʚʦ ʧʠʪʘʪʝʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʚʳʜʝʣʝʥ-

ʥʦʤ ʦʚʮʘʤʠ ʢʘʣʝ, ʛ; 

ʇ ʚ-ʚʦ ʚ ʢʘʣʝ ʉ ï ʢʦʣʠʯʝʩʪʚʦ ʧʠʪʘʪʝʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʚʳʜʝʣʝʥ-

ʥʦʛʦ ʚ ʢʘʣʝ ʟʘ ʩʯʝʪ ʩʝʥʘ (ʛ), ʢʦʪʦʨʦʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʘʤ 

ʧʝʨʝʚʘʨʠʤʦʩʪʠ ʧʨʝʜʳʜʫʱʝʛʦ ʦʧʳʪʘ. 

ɿʘʤʝʥʷʝʤ 0,4 ʢʛ ʩʝʥʘ ʚ ʨʘʮʠʦʥʝ ʦʚʝʮ ʥʘ 0,4 ʢʛ ʦʪʨʫʙʝʡ. ʉʫʪʦʯʥʳʡ 

ʨʘʮʠʦʥ: 1,52 ʢʛ ʩʝʥʦ + 0,4 ʢʛ ʦʪʨʫʙʠ. ʉʥʘʯʘʣʘ ʦʧʨʝʜʝʣʷʶʪ ʧʝʨʝʚʘʨʠ-

ʤʦʩʪʴ ʩʝʥʘ (ʩʤ. ʧʨʠʤʝʨ ˉ1), ʟʘʪʝʤ ʥʘ ʪʝʭ ʞʝ ʞʠʚʦʪʥʳʭ ʧʝʨʝʚʘʨʠʤʦʩʪʴ 

ʩʝʥʘ+ʦʪʨʫʙʠ. ʏʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʚʘʨʝʥʥʳʭ ʧʠʪʘʪʝʣʴʥʳʭ 

ʚʝʱʝʩʪʚ ʦʪʨʫʙʝʡ, ʥʫʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʚʘʨʝʥʥʳʭ ʚʝʱʝʩʪʚ 

ʩʝʥʘ ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʘʤ ʧʝʨʝʚʘʨʠʤʦʩʪʠ 1 ʦʧʳʪʘ, ʟʘʪʝʤ ʵʪʦ ʢʦʣʠʯʝʩʪʚʦ 

ʦʪʥʷʪʴ ʠʟ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʝʨʝʚʘʨʝʥʥʳʭ ʚʝʱʝʩʪʚ ʨʘʮʠʦʥʘ (ʩʝ-

ʥʦ+ʦʪʨʫʙʠ), ʧʦʣʫʯʝʥʥʘʷ ʨʘʟʥʠʮʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʚʘʨʝʥ-

ʥʳʭ ʚʝʱʝʩʪʚ ʦʪʨʫʙʝʡ (ʪʘʙʣ. 3.2). 

ʉʫʤʤʘ ʧʝʨʝʚʘʨʠʤʳʭ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ (ʉʇʇɺ) 

ʈʘʩʯʝʪ ʩʫʤʤʳ ʧʝʨʝʚʘʨʠʤʳʭ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ. ɼʘʥʥʳʝ ʧʦ 

ʧʝʨʝʚʘʨʠʤʦʩʪʠ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʫʤ-

ʤr  ʧʝʨʝʚʘʨʠʤʳʭ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ. ʉʇʇɺ ʨʘʩʩʯʠʪʳʚʘʶʪ ʚ ʛ/ʢʛ ʠ ʚ 

ʧʨʦʮʝʥʪʘʭ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʢʦʨʤʘ, ʧʨʠ ʵʪʦʤ ʩʦʜʝʨʞʘʥʠʝ ʩʳʨʦʛʦ ʞʠʨʘ 

ʫʤʥʦʞʘʶʪ ʥʘ 2,25, ʪʘʢ ʢʘʢ ʝʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʝʤʢʦʩʪʴ ʚ 2,25 ʨʘʟ ʚʳʰʝ 

ʪʘʢʦʚʦʡ ʫʛʣʝʚʦʜʦʚ ʠ ʙʝʣʢʘ. ɿʥʘʷ ʩʦʜʝʨʞʘʥʠʝ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ ʉɺ 

ʢʦʨʤʘ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʠʭ ʧʝʨʝʚʘʨʠʤʦʩʪʠ, ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʉʇʇɺ, ʥʘ-

ʧʨʠʤʝʨ, ʜʣʷ ʩʝʥʘ ʧʦ ʜʘʥʥʳʤ ʪʘʙʣʠʮʳ 3.1: 
 

ʉʇʇɺ=125ʭ0,48+29ʭ0,59ʭ2.25+557ʭ0,61+200ʭ0,65=580ʛ/ʢʛʉɺ (58%) 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʝʨʝʚʘʨʠʤʦʩʪʠ ʫ ʧʪʠʮ 

ɼʣʷ ʧʪʠʮ ʦʧʨʝʜʝʣʝʥʠʝ ʧʝʨʝʚʘʨʠʤʦʩʪʠ ʫʩʣʦʞʥʷʝʪʩʷ ʪʝʤ ʦʙʩʪʦʷ-

ʪʝʣʴʩʪʚʦʤ, ʯʪʦ ʫ ʥʠʭ ʢʘʣ ʩʤʝʰʠʚʘʝʪʩʷ ʩ ʤʦʯʦʡ ʚ ʢʣʦʘʢʝ ʠ ʚʳʭʦʜʠʪ ʚ ʚʠ-

ʜʝ ʧʦʤʝʪʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʧʝʨʠʨʦʚʘʥʥʦʡ ʧʪʠʮʳ ʩ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʤʠ 

ʚʳʭʦʜʘʤʠ ʤʦʯʠ ʠ ʢʘʣʘ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʦʧʳʪʘʭ ʧʦ ʧʝʨʝʚʘʨʠʤʦʩʪʠ. ʆʜʥʘ-

ʇ ʚ-ʚʦ ʆ ï (ʇ ʚ-ʚʦ ʚ ʢʘʣʝ ï ʇ ʚ-ʚʦ ʚ ʢʘʣʝ ʉ) 

ʇ ʚ-ʚʦ ʆ 
ʂʦʵʬ ʆ = 
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ʢʦ, ʝʩʪʴ ʩʣʦʞʥʦʩʪʠ, ʟʘʢʣʶʯʘʶʱʠʝʩʷ ʚ ʪʦʤ, ʯʪʦ ʫ ʦʧʝʨʠʨʦʚʘʥʥʦʡ ʧʪʠʮʳ 

ʢʘʣ ʜʦʣʛʦ ʦʩʪʘʝʪʩʷ ʚ ʧʨʷʤʦʡ ʢʠʰʢʝ, ʧʦʜʚʝʨʛʘʷʩʴ ʧʨʦʮʝʩʩʘʤ ʙʨʦʞʝʥʠʷ, 

ʯʪʦ ʥʝʞʝʣʘʪʝʣʴʥʦ, ʘ ʢʘʣʦʚʳʝ ʤʘʩʩʳ ʯʘʩʪʦ ʦʙʨʘʟʫʶʪ ʧʨʦʙʢʠ, ʢʦʪʦʨʳʝ 

ʧʨʠʭʦʜʠʪʩʷ ʫʜʘʣʷʪʴ ʠʩʢʫʩʩʪʚʝʥʥʦ. 

ʊʘʙʣʠʮʘ 3.2 ï ʉʦʩʪʘʚ ʩʝʥʘ, ʦʪʨʫʙʝʡ, ʢʘʣʘ ʠ ʧʝʨʝʚʘʨʠʤʦʩʪʴ 

ʇʦʢʘʟʘʪʝʣʠ ʉʫʭʦʝ ʚ-ʚʦ  ʉʳʨʦʡ ʙʝʣʦʢ ɾʠʨ ʅɼʂ ʅʉʋ 

ʉʝʥʦ, ʛ/ʢʛ ʉɺ 1000 125 29 577 200 

ʆʪʨʫʙʠ, ʛ/ʢʛ ʉɺ 1000 173 43 425 296 

ʂʘʣ, ʛ/ʢʛ ʉɺ 1000 140 27 489 171 

ʇʨʠʥʷʪʦ, ʛ 

ʉʝʥʦ 1292 162 37 745 258 

ʆʪʨʫʙʠ 356 62 15 151 105 

ɺʩʝʛʦ 1648 224 52 896 363 

ɺʳʜʝʣʝʥʦ ʩ ʢʘʣʦʤ, ʛ 

ɺʩʝʛʦ 706 99 20 345 121 

ʇʝʨʝʚʘʨʝʥʦ, ʛ 

ɺʩʝʛʦ 942 125 33 551 242 

ɺ ʪ.ʯ. ʟʘ ʩʯʝʪ ʩʝʥʘ 711 78 22 454 168 

ɺ ʪ.ʯ. ʟʘ ʩʯʝʪ ʦʪʨʫʙʝʡ 231 47 10 97 74 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʧʝʨʝʚʘʨʠʤʦʩʪʠ 

ʆʪʨʫʙʠ 0,65 0,75 0,66 0,64 0,70 

ʊʦ ʞʝ, % 65 75 66 64 70 
 

ɼʨʫʛʠʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʝʨʝʚʘʨʠʤʦʩʪʠ 

ʀʥʜʠʢʘʪʦʨʥʳʡ ʤʝʪʦʜ. ɺ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʦʪʩʫʪʩʪʚʫʝʪ ʥʝʦʙʭʦ-

ʜʠʤʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʥʝʚʦʟʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʫʯʝʪ ʧʦ-

ʪʨʝʙʣʝʥʠʷ ʢʦʨʤʘ ʠ ʚʳʜʝʣʝʥʥʦʛʦ ʢʘʣʘ, ʠʣʠ ʚ ʫʩʣʦʚʠʷʭ ʛʨʫʧʧʦʚʦʛʦ ʢʦʨʤ-

ʣʝʥʠʷ ʞʠʚʦʪʥʳʭ, ʧʨʠʤʝʥʷʶʪ ʤʝʪʦʜʳ ʠʥʝʨʪʥʳʭ ʠʥʜʠʢʘʪʦʨʦʚ, ʢʦʪʦʨʳʝ 

ʩʦʚʝʨʰʝʥʥʦ ʥʝ ʚʩʘʩʳʚʘʶʪʩʷ ʚ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʤ ʪʨʘʢʪʝ. ʏʘʱʝ ʚʩʝʛʦ 

ʜʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʶʪ ʦʢʠʩʴ ʭʨʦʤʘ ï ʉr2 O3,  ʚ ʢʦʪʦʨʦʡ 68,4% ʧʨʠʭʦʜʠʪʩʷ 

ʥʘ ʭʨʦʤ. ɺ ʦʧʳʪʘʭ ʥʘ ʢʫʨʘʭ ʠ ʩʚʠʥʴʷʭ ʝʛʦ ʚʚʦʜʷʪ ʚ ʢʦʤʙʠʢʦʨʤ ʚ ʢʦʣʠʯʝ-

ʩʪʚʝ 0,2-0,3% (2-3 ʛ/ʢʛ ʉɺ ʢʦʤʙʠʢʦʨʤʘ). ɽʛʦ ʨʘʩʪʚʦʨʷʶʪ ʚ ʨʘʩʪʠʪʝʣʴʥʦʤ 

ʤʘʩʣʝ ʠ ʪʱʘʪʝʣʴʥʦ ʧʝʨʝʤʝʰʠʚʘʶʪ ʩ ʢʦʨʤʦʤ. ʆʢʠʩʴ ʭʨʦʤʘ ʠʤʝʝʪ ʟʝʣʝ-

ʥʳʡ ʮʚʝʪ, ʧʦʵʪʦʤʫ ʠʥʜʠʢʘʪʦʨ ʭʦʨʦʰʦ ʚʠʜʝʥ ʧʦ ʟʝʣʝʥʦʚʘʪʦʤʫ ʮʚʝʪʫ ʢʘ-

ʣʘ. ʇʨʠ ʦʧʨʝʜʠʣʝʥʠʠ ʧʝʨʝʚʘʨʠʤʦʩʪʠ ʫ ʛʨʫʧʧʳ ʩʚʠʥʝʡ ʚ ʪʝʯʝʥʠʠ 4-5 

ʜʥʝʡ ʚ ʩʪʘʥʢʝ ʦʪʙʠʨʘʶʪ ʩʨʝʜʥʠʝ ʧʨʦʙʳ ʢʘʣʘ, ʞʝʣʘʪʝʣʴʥʦ ʠʤʝʪʴ ʜʣʷ ʘʥʘ-

ʣʠʟʘ ʧʨʦʙʳ ʟʘ ʢʘʞʜʳʡ ʜʝʥʴ, ʚ ʢʦʪʦʨʳʭ ʥʘ ʘʪʦʤʥʦ-ʘʜʩʦʨʙʮʠʦʥʥʦʤ ʩʧʝʢ-

ʪʨʦʬʦʪʦʤʝʪʨʝ ʦʧʨʝʜʝʣʷʶʪ ʢʦʥʮʝʥʪʨʘʮʠʶ ʭʨʦʤʘ. ɿʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʠ-

ʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ ʢʦʨʤʝ ʠ ʢʘʣʝ, ʧʝʨʝʚʘʨʠʤʦʩʪʴ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʝʛʦ 

ʢʦʤʧʦʥʝʥʪʦʚ ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʫʨʘʚʥʝʥʠʶ: 

 

 
ʇʝʨʝʚʘʨʠʤʦʩʪʴ, %= 100 - (100Ĭ 

Cr2O3 %ʢʦʨʤʘ 

Cr2O3%ʢʘʣ 
Ĭ 
ʧʠʪ.ʚ-ʚʦ,% ʢʘʣ 

ʧʠʪ.ʚ-ʚʦ,% ʢʦʨʤ 
) 
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ʇʨʠʤʝʨ ˉ3. ʆʧʨʝʜʝʣʝʥʠʝ ʧʝʨʝʚʘʨʠʤʦʩʪʠ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʠ 

ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʢʦʤʙʠʢʦʨʤʘ ʫ ʩʚʠʥʝʡ ʤʝʪʦʜʦʤ ʠʥʝʨʪʥʦʛʦ ʠʥ-

ʜʠʢʘʪʦʨʘ ʉr2 O3. 

ɺ ʨʘʩʯʝʪʝ ʥʘ ʩʫʭʦʝ ʚʝʱʝʩʪʚʦ ʢʦʨʤʘ ʚʚʝʣʠ 0,2% ʉr2 O3, ʯʠʩʪʦʛʦ 

ʭʨʦʤʘ ʙʝʟ ʆ2 0,1368%. ɺ 1ʢʛ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʢʘʣʘ ʦʧʨʝʜʝʣʠʣʠ 6,84 ʛ Cr 

ʠʣʠ 0,684%. 

ʊʘʙʣʠʮʘ 3.3 ï ʉʦʩʪʘʚ ʢʦʨʤʘ ʠ ʢʘʣʘ, % ʉɺ 

ʇʦʢʘʟʘʪʝʣʠ ʉɺ ʉɹ ʉɾ ʅɼʂ ʂɼʂ ʉr 

ʂʦʨʤ 100 15,6 3,97 18,6 6,4 0,1368 

ʂʘʣ 100 16,0 4,20 50,2 18,9 0,684 
 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʯʠʪʘʝʤ ʧʝʨʝʚʘʨʠʤʦʩʪʴ ʩʳʨʦʛʦ ʙʝʣʢʘ 

(ʇʉɹ): 
 

%5,7948,7952,20100)026,12,0100(100)
6,15

0,16

684,0

1368,0
100(100% º=-=³³-=³³-=ʉɹ  

ʇʦʜʦʙʥʳʤ ʦʙʨʘʟʦʤ ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʝʨʝʚʘʨʠʤʦʩʪʴ ʜʨʫʛʠʭ ʧʠʪʘ-

ʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ. ʄʝʪʦʜ ʚʝʩʴʤʘ ʫʜʦʙʥʳʡ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʠʩʧʳʪʘʥʠʡ. ɺ ʦʧʳʪʘʭ ʩʦ ʞʚʘʯʥʳʤʠ ʚ ʢʘʯʝʩʪʚʝ ʠʥʜʠʢʘʪʦʨʘ ʤʦʞʝʪ ʙʳʪʴ 

ʣʠʛʥʠʥ ʩʘʤʦʛʦ ʢʦʨʤʘ ʠʣʠ ʥʝʧʝʨʝʚʘʨʠʤʘʷ ʟʦʣʘ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʩʠʣʠ-

ʮʠʫʤ. 

3.2. ʇʝʨʝʚʘʨʠʤʦʩʪʴ ʫ ʞʚʘʯʥʳʭ 

ʄʝʞʜʫ ʞʚʘʯʥʳʤʠ ʠ ʥʝʞʚʘʯʥʳʤʠ ʞʠʚʦʪʥʳʤʠ ʝʩʪʴ ʦʯʝʥʴ ʙʦʣʴʰʘʷ 

ʨʘʟʥʠʮʘ ʧʨʠ ʦʮʝʥʢʝ ʧʝʨʝʚʘʨʠʤʦʩʪʠ ʢʦʨʤʦʚ. ɽʩʣʠ ʫ ʞʠʚʦʪʥʳʭ ʩ ʦʜʥʦʢʘ-

ʤʝʨʥʳʤ ʞʝʣʫʜʢʦʤ ʚ ʪʦʥʢʠʡ ʢʠʰʝʯʥʠʢ ʧʦʩʪʫʧʘʝʪ ʧʠʱʝʚʘʷ ʤʘʩʩʘ ʧʨʘʢ-

ʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʘʷ ʩʦʩʪʘʚʫ ʩʲʝʜʝʥʥʦʛʦ ʢʦʨʤʘ, ʪʦ ʫ ʞʚʘʯʥʳʭ ʦʥʘ ʩʠʣʴʥʦ 

ʦʪʣʠʯʘʝʪʩʷ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʦʪʦʤʫ, ʯʪʦ ʧʦʯʪʠ 70% ʩʳʨʦʛʦ ʙʝʣʢʘ ʢʦʨʤʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʘʢʪʝʨʠʷʤʠ ʜʣʷ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʠʪʘʥʠʷ ʠ ʨʘʟʤʥʦʞʝʥʠʷ. ʇʦ-

ʵʪʦʤʫ, ʩʳʨʦʡ ʙʝʣʦʢ, ʧʦʩʪʫʧʘʶʱʠʡ ʚ ʪʦʥʢʠʡ ʢʠʰʝʯʥʠʢ, ʩʦʩʪʦʠʪ ʥʘ 65-

70% ʠʟ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʚ ʨʫʙʮʝ ʤʠʢʨʦʙʥʦʛʦ ʙʝʣʢʘ, ʘʤʠʥʦʢʠʩʣʦʪʥʳʡ 

ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʢʦʨʤʦʚʦʛʦ, ʧʦʝʜʘʝʤʦʛʦ 

ʞʚʘʯʥʳʤʠ. ʊʦʣʴʢʦ 30-35% ʝʛʦ ʩʦʩʪʘʚʣʷʝʪ ʥʝʨʘʩʧʘʚʰʠʡʩʷ ʚ ʨʫʙʮʝ ʙʝʣʦʢ 

ʢʦʨʤʘ (ʅʈɹ). ɺ ʢʠʰʝʯʥʠʢ ʧʦʩʪʫʧʘʝʪ ʚʩʝʛʦ 15-20% ʢʨʘʭʤʘʣʘ ʠ ʦʢʦʣʦ 30-

50% ʢʣʝʪʯʘʪʢʠ ʦʪ ʧʦʪʨʝʙʣʝʥʥʳʭ ʩ ʢʦʨʤʦʤ. ʆʩʪʘʣʴʥʘʷ ʯʘʩʪʴ ʵʪʠʭ ʫʛʣʝ-

ʚʦʜʦʚ ʚ ʨʫʙʮʝ ʧʝʨʝʨʘʙʘʪʳʚʘʝʪʩʷ ʙʘʢʪʝʨʠʷʤʠ ʜʦ ʣʝʪʫʯʠʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ, 

ʢʦʪʦʨʳʝ ʚʩʘʩʳʚʘʶʪʩʷ ʚ ʧʨʝʜʞʝʣʫʜʢʘʭ ʠ ʧʦʩʪʫʧʘʶʪ ʚ ʦʨʛʘʥʠʟʤ, ʤʠʥʫʷ 

ʪʦʥʢʠʡ ʢʠʰʝʯʥʠʢ. ɺʳʚʦʜ: ʦʧʨʝʜʝʣʝʥʠʝ ʧʝʨʝʚʘʨʠʤʦʩʪʠ ʙʝʣʢʘ, ʘʤʠʥʦ-

ʢʠʩʣʦʪ, ʢʨʘʭʤʘʣʘ ʧʦ ʨʘʟʥʠʮʝ ʤʝʞʜʫ ʠʭ ʢʦʣʠʯʝʩʪʚʦʤ ʚ ʢʦʨʤʝ ʠ ʢʘʣʝ ʥʝ 

ʜʘʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʧʨʦʮʝʩʩʘʭ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʩ ʵʪʠʤʠ ʚʝʱʝʩʪʚʘʤʠ ʚ 

ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʤ ʪʨʘʢʪʝ ʫ ʞʚʘʯʥʳʭ.  ʇʦʵʪʦʤʫ ʧʝʨʝʚʘʨʠʤʦʩʪʴ ʦʧʨʝʜʝ-

ʣʷʶʪ ʥʘ ʢʘʥʶʣʠʨʦʚʘʥʥʳʭ ʞʠʚʦʪʥʳʭ ʧʦ ʨʘʟʥʠʮʝ ʤʝʞʜʫ ʢʦʣʠʯʝʩʪʚʦʤ ʧʠ-

ʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʧʦʩʪʫʧʠʚʰʠʭ ʚ 12-ʧʝʨʩʪʥʫʶ ʢʠʰʢʫ ʠ ʢʦʣʠʯʝʩʪʚʦʤ, 
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ʦʙʥʘʨʫʞʠʚʘʝʤʳʤ ʚ ʪʝʨʤʠʥʘʣʴʥʦʡ ʯʘʩʪʠ ʧʦʜʚʟʜʦʰʥʦʡ ʢʠʰʢʠ ʠʣʠ ʚ ʢʘʣʝ. 

ʇʝʨʝʚʘʨʠʤʦʩʪʴ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ ʨʫʙʮʝ ʞʚʘʯʥʳʭ ʧʨʦʚʦʜʷʪ ʤʝʪʦ-

ʜʦʤ in situ. 

ʊʘʙʣʠʮʘ 3.4 ï ʄʝʪʦʜ in situ (ʠʣʠ in sacco ï ʚ ʤʝʰʦʯʢʝ) ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʨʫʙʮʦʚʦʡ ʧʝʨʝʚʘʨʠʤʦʩʪʠ ʙʝʣʢʘ ʫ ʤʦʣʦʯʥʳʭ ʢʦʨʦʚ 

ʇʦʢʘʟʘʪʝʣʠ ʈʝʢʦʤʝʥʜʘʮʠʠ 

ʈʘʮʠʦʥ:  

ʊʠʧ ʊʠʧʠʯʥʳʡ ʩʦʩʪʘʚ: ʉɺ, ʉɹ, ʅɼʂ, ʉɿ 

ʋʨʦʚʝʥʴ ʢʦʨʤʣʝʥʠʷ ʆʙʳʯʥʳʡ, ʥʘʜʦ ʟʥʘʪʴ ʇʉɺ ʠ ʨʅʨʫʙʮʘ 

ʏʘʩʪʦʪʘ ʢʦʨʤʣʝʥʠʷ 2 ʨʘʟʘ ʚ ʜʝʥʴ, ʥʝ ʢʦʨʤʠʪʴ ʚʚʦʣʶ 

ʆʮʝʥʢʘ ʢʦʨʤʦʚ:  

ʍʠʤʘʥʘʣʠʟ ʄʠʥʠʤʫʤ: ʉɺ, ʉɹ, ʅɼʂ,ʉɿ 

ʌʠʟʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʆʙʨʘʙʦʪʢʘ ʢʦʨʤʦʚ: tÜ, ʚʨʝʤʷ 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʧʦʜʛʦʪʦʚʢʘ  

ʦʙʨʘʟʮʘ 
2 ʤʤ ʩʠʪʦ ʥʘ ʤʝʣʴʥʠʮʝ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʝʰʦʯʢʘ:  

ʄʘʪʝʨʠʘʣ  ʇʦʣʠʩʪʠʨʦʣ 

ʈʘʟʤʝʨ ʧʦʨ ʆʪ 40 ʜʦ 60ʤʠʢʨʦʥ (Õ) 

ʇʨʦʮʝʩʩ ʠʥʢʫʙʘʮʠʠ:  

ʂʦʣʠʯʝʩʪʚʦ ʞʠʚʦʪʥʳʭ 2, ʜʘʥʥʳʝ ʦ ʞʠʚʦʡ ʤʘʩʩʝ 

ʂʦʣʠʯʝʩʪʚʦ ʜʥʝʡ 2 

ʂʦʣʠʯʝʩʪʚʦ ʧʦʚʪʦʨʥʦʩʪʝʡ 1 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʩʤʘʯʠʚʘʥʠʝ ʈʝʢʦʤʝʥʜʫʝʪʩʷ 

ʇʦʣʦʞʝʥʠʝ ʚ ʨʫʙʮʝ ɺʝʥʪʨʘʣʴʥʳʡ ʨʫʙʝʮ 

ʇʦʤʝʱʝʥʠʝ ʚ ʨʫʙʝʮ/ 

ʠʟʲʷʪʠʝ ʠʟ ʨʫʙʮʘ 
ʋʜʘʣʷʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ɺʨʝʤʷ ʠʥʢʫʙʘʮʠʠ, ʯʘʩ 
0,2,4,8,16,24,48  

(72 ʯʘʩʘ ʜʣʷ ʛʨʫʙʳʭ ʢʦʨʤʦʚ) 

ʇʨʦʤʳʚʘʥʠʝ (5 ʨʘʟ, 1 ʤʠʥʫʪʘ/ʧʨʦʤʳʚʢʫ) 

ʉʪʘʥʜʘʨʪʥʳʡ ʦʙʨʘʟʝʮ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʄʠʢʨʦʙʥʘʷ ʢʦʨʨʝʢʮʠʷ 

(ʧʦʧʨʘʚʢʘ) 
ʪʨʝʙʫʝʪʩʷ 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʥʝʣʠʥʝʡʥʘʷ 
 

ʇʝʨʝʚʘʨʠʤʦʩʪʴ ʚ ʨʘʟʥʳʭ ʦʪʜʝʣʘʭ ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʛʦ ʪʨʘʢʪʘ 

ɿʥʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʝʨʝʚʘʨʠʚʘʥʠʷ ʚ ʨʘʟʥʳʭ ʫʯʘʩʪʢʘʭ ʧʠʱʝʚʘ-

ʨʠʪʝʣʴʥʦʛʦ ʪʨʘʢʪʘ ʧʦʟʚʦʣʷʝʪ ʣʫʯʰʝ ʧʦʥʠʤʘʪʴ ʩʫʜʴʙʫ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝ-

ʱʝʩʪʚ ʚ ʧʨʦʮʝʩʩʝ ʧʠʱʝʚʘʨʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʫʛʣʝʚʦʜ, ʪʘʢʦʡ ʢʘʢ ʢʨʘʭʤʘʣ, 

ʤʦʞʝʪ ʬʝʨʤʝʥʪʠʨʦʚʘʪʴʩʷ ʚ ʨʫʙʮʝ ʞʚʘʯʥʳʭ ʜʦ ʃɾʂ ʠ ʤʦʞʝʪ ʧʝʨʝʚʘʨʠ-

ʚʘʪʴʩʷ ʚ ʪʦʥʢʦʤ ʦʪʜʝʣʝ ʜʦ ʛʣʶʢʦʟʳ. 

ʀʟʫʯʝʥʠʝ ʧʝʨʝʚʘʨʠʤʦʩʪʠ ʚ ʨʘʟʥʳʭ ʦʪʜʝʣʘʭ ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʛʦ 

ʪʨʘʢʪʘ ʜʝʣʘʶʪ ʥʘ ʢʘʥʶʣʠʨʦʚʘʥʥʳʭ ʞʠʚʦʪʥʳʭ. ʋ ʞʚʘʯʥʳʭ ʢʘʥʶʣʠ ʫʩʪʘ-

ʥʘʚʣʠʚʘʶʪ ʥʘ ʨʫʙʝʮ, 12-ʠ ʧʝʨʩʪʥʫʶ ʢʠʰʢʫ (duodenum) ʠ ʪʝʨʤʠʥʘʣʴʥʳʡ 

ʫʯʘʩʪʦʢ ʧʦʜʚʟʜʦʰʥʦʡ ʢʠʰʢʠ (ileum). ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʘʪʴ ʧʨʦʮʝʩʩʳ 

ʬʝʨʤʝʥʪʘʮʠʠ ʚ ʨʫʙʮʝ, ʠʟʤʝʨʠʪʴ ʧʝʨʝʚʘʨʠʤʦʩʪʴ ʥʘ ʫʯʘʩʪʢʘʭ ʤʝʞʜʫ ʞʝ-
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ʣʫʜʢʦʤ, ʪʦʥʢʠʤ ʠ ʪʦʣʩʪʳʤ ʢʠʰʝʯʥʠʢʦʤ, ʦʧʨʝʜʝʣʠʪʴ ʩʢʦʣʴʢʦ ʧʝʨʝʚʘʨʠ-

ʣʦʩʴ ʩʘʭʘʨʘ, ʢʨʘʭʤʘʣʘ, ʙʝʣʢʘ, ʥʝʙʝʣʢʦʚʳʭ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʚʝʱʝʩʪʚ, ʚ 

ʢʘʢʠʭ ʦʪʜʝʣʘʭ ʠ ʚ ʢʘʢʦʤ ʢʦʣʠʯʝʩʪʚʝ ʦʥʠ ʚʩʦʩʘʣʠʩʴ. ʊʘʢ, ʢʦʨʤʦʚʦʡ ʙʝʣʦʢ 

ʤʦʞʝʪ ʧʝʨʝʭʦʜʠʪʴ ʚ ʩʳʯʫʛ ʠ ʜʘʣʴʰʝ ʚ ʪʦʥʢʠʡ ʢʠʰʝʯʥʠʢ ʚ ʥʝʨʘʩʧʘʚʰʝʤ-

ʩʷ ʚʠʜʝ, ʪ.ʝ. ʠʟʙʝʞʘʪʴ ʤʠʢʨʦʙʥʦʡ ʜʝʛʨʘʜʘʮʠʠ, ʠʣʠ, ʥʘʦʙʦʨʦʪ, ʧʦʢʠʜʘʪʴ 

ʨʫʙʝʮ ʚ ʚʠʜʝ ʤʠʢʨʦʙʥʦʛʦ ʙʝʣʢʘ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʝʛʦ ʜʝ-

ʛʨʘʜʘʮʠʠ ʚ ʨʫʙʮʝ. ʉʫʜʴʙʫ ʙʝʣʢʘ (N) ʨʘʮʠʦʥʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʫʪʝʤ 

ʩʙʦʨʘ ʭʠʤʫʩʘ ʠʟ ʩʤʝʞʥʳʭ ʫʯʘʩʪʢʦʚ ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʛʦ ʪʨʘʢʪʘ. 

ʄʝʪʦʜ ʧʦʜʚʠʞʥʳʭ ʤʝʰʦʯʢʦʚ 

ɼʨʫʛʘʷ ʪʝʭʥʠʢʘ ʠʟʫʯʝʥʠʷ ʧʝʨʝʚʘʨʠʚʘʥʠʷ ʢʦʨʤʘ ʚ ʦʪʜʝʣʘʭ ʧʠʱʝ-

ʚʘʨʠʪʝʣʴʥʦʛʦ ʪʨʘʢʪʘ ʩʦʩʪʦʠʪ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʙʦʣʴʰʠʭ ʤʝʰʦʯʢʦʚ 

(2,5ʭ5 ʩʤ) ʠʟ ʧʦʣʠʩʪʠʨʦʣʘ, ʧʦʜʦʙʥʳʭ, ʢʘʢ ʚ ʤʝʪʦʜʝ in situ. ɺ ʥʝʛʦ ʧʦʤʝ-

ʱʘʶʪ ʦʙʨʘʟʝʮ ʢʦʨʤʘ 0,5-1ʛ ʠ ʚʚʦʜʷʪ ʯʝʨʝʟ ʢʘʥʶʣʶ, ʥʘʧʨʠʤʝʨ, ʜʫʦʜʝʥʫʤ 

ʠ ʠʟʚʣʝʢʘʶʪ ʯʝʨʝʟ ʚʪʦʨʫʶ ʢʘʥʶʣʶ, ʥʘʧʨʠʤʝʨ, ʚ ʪʝʨʤʠʥʘʣʴʥʦʡ ʯʘʩʪʠ 

ʠʣʝʫʤʘ ( ʥʘ ʫʨʦʚʥʝ ʠʣʝʦʮʝʢʘʣʴʥʦʛʦ ʩʬʠʥʢʪʝʨʘ). ʈʘʟʥʠʮʫ ʢʦʣʠʯʝʩʪʚ ʧʠ-

ʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʤʝʞʜʫ ʵʪʠʤʠ ʫʯʘʩʪʢʘʤʠ ʙʝʨʫʪ ʜʣʷ ʨʘʩʯʝʪʘ ʧʝʨʝʚʘ-

ʨʠʤʦʩʪʠ ʠ ʚʩʘʩʳʚʘʥʠʷ. ʋʩʪʘʥʦʚʢʘ ʊ-ʦʙʨʘʟʥʳʭ ʢʘʥʶʣʴ ʫ ʩʚʠʥʝʡ ʚ ʪʝʨ-

ʤʠʥʘʣʴʥʦʤ ʠʣʝʫʤʝ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʠʣʝʘʣʴ-

ʥʦʡ ʧʝʨʝʚʘʨʠʤʦʩʪʠ ʘʤʠʥʦʢʠʩʣʦʪ. 

ʄʝʪʦʜ rʦʧʨʝʜʝʣʝʥʠʷ ʧʝʨʝʚʘʨʠʤʦʩʪʠ in vitro  

ʇʨʦʚʝʜʝʥʠʝ ʦʧʳʪʦʚ ʧʦ ʧʝʨʝʚʘʨʠʤʦʩʪʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʞʠ-

ʚʦʪʥʳʭ- ʧʨʦʮʝʩʩ ʪʨʫʜʦʝʤʢʠʡ, ʧʦʵʪʦʤʫ ʧʨʝʜʣʦʞʝʥʳ ʣʘʙʦʨʘʪʦʨʥʳʝ ʤʝʪʦ-

ʜʳ in vitro, ʢʦʪʦʨʳʝ ʚʦʩʧʨʦʠʟʚʦʜʷʪ, ʥʘʩʢʦʣʴʢʦ ʵʪʦ ʚʦʟʤʦʞʥʦ, ʫʩʣʦʚʠʷ 

ʧʝʨʝʚʘʨʠʚʘʥʠʷ ʚ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʤ ʪʨʘʢʪʝ.  

ʇʝʨʝʚʘʨʠʤʦʩʪʴ ʢʦʨʤʘ ʜʣʷ ʞʚʘʯʥʳʭ ʤʦʞʝʪ ʙʳʪʴ ʠʟʤʝʨʝʥʘ ʜʦʩʪʘ-

ʪʦʯʥʦ ʪʦʯʥʦ in vitro ʧʫʪʝʤ ʠʥʢʫʙʘʮʠʠ ʩʥʘʯʘʣʘ ʚ ʨʫʙʮʦʚʦʡ ʞʠʜʢʦʩʪʠ, 

ʚʟʷʪʦʡ ʫ ʬʠʩʪʫʣʠʨʦʚʘʥʥʳʭ ʞʠʚʦʪʥʳʭ, ʠ ʟʘʪʝʤ ʧʝʧʩʠʥʦʤ. ɺ ʧʝʨʠʦʜ ʧʝʨ-

ʚʦʡ ʩʪʘʜʠʠ ʜʚʫʭ ʩʪʘʜʠʡʥʦʛʦ ʤʝʪʦʜʘ in vitro ʤʝʣʢʦ ʨʘʟʤʦʣʦʪʳʡ ʦʙʨʘʟʝʮ 

ʠʥʢʫʙʠʨʫʶʪ ʚ ʪʝʯʝʥʠʝ 48 ʯʘʩʦʚ ʚ ʨʫʙʮʦʚʦʡ ʞʠʜʢʦʩʪʠ ʚ ʢʦʣʙʝ ʚ ʘʥʘʵʨʦʙ-

ʥʳʭ ʫʩʣʦʚʠʷʭ. ɺʦ ʚʪʦʨʫʶ ʩʪʘʜʠʶ ʙʘʢʪʝʨʠʡ ʫʙʠʚʘʶʪ ʧʫʪʝʤ ʧʦʜʢʠʩʣʝʥʠʷ 

ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ ʜʦ ʨH=2, ʟʘʪʝʤ ʧʝʨʝʚʘʨ (ʚʤʝʩʪʝ ʩ ʥʝʜʦʧʝʨʝʚʘʨʝʥʥʳʤʠ 

ʙʝʣʢʘʤʠ) ʠʥʢʫʙʠʨʫʶʪ ʧʝʧʩʠʥʦʤ ʚ ʩʣʝʜʫʶʱʠʝ 48 ʯʘʩʦʚ. ʅʝʨʘʩʪʚʦʨʠʤʳʝ 

ʦʩʪʘʪʢʠ ʦʪʬʠʣʴʪʨʦʚʳʚʘʶʪ, ʚʳʩʫʰʠʚʘʶʪ ʠ ʩʞʠʛʘʶʪ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʦ-

ʣʳ. ʆʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʦʧʨʝʜʝʣʷʶʪ ʧʫʪʝʤ ʚʳʯʠʪʘʥʠʷ ʟʦʣʳ ʠʟ ʥʘ-

ʚʝʩʢʠ ʢʦʨʤʘ ʠ ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʝʨʝʚʘʨʠʤʦʩʪʴ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. 

ʀʩʧʦʣʴʟʫʝʤʘʷ ʨʫʙʮʦʚʘʷ ʞʠʜʢʦʩʪʴ ʜʝʡʩʪʚʫʝʪ ʥʘ ʧʝʨʝʚʘʨʠʚʘʥʠʝ 

ʥʝʦʜʠʥʘʢʦʚʦ, ʧʦʩʢʦʣʴʢʫ ʝʸ ʘʢʪʠʚʥʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʨʘʮʠʦʥʘ, ʢʦʪʦʨʳʡ ʧʦ-

ʝʜʘʝʪ ʞʚʘʯʥʦʝ ʞʠʚʦʪʥʦʝ. ɺ ʧʦʧʳʪʢʝ ʧʦʣʫʯʘʪʴ ʙʦʣʝʝ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʝ 

ʜʘʥʥʳʝ ʨʫʙʮʦʚʫʶ ʞʠʜʢʦʩʪʴ ʟʘʤʝʥʷʶʪ ʩʨʝʜʦʡ ʩ ʧʨʝʧʘʨʘʪʦʤ ʮʝʣʣʶʣʘʟʳ 

ʛʨʠʙʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʇʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʚ ʩʨʝʜʝ ʩ ʧʝʧʩʠʥʦʤ, ʥʘ ʚʪʦ-

ʨʦʡ ʩʪʘʜʠʠ ʦʩʪʘʪʦʢ ʠʥʢʫʙʠʨʫʶʪ ʚ ʩʨʝʜʝ ʩ ʮʝʣʣʶʣʘʟʦʡ.  
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ʆʧʨʝʜʝʣʝʥʠʝ ʧʝʨʝʚʘʨʠʤʦʩʪʠ ʙʝʣʢʘ in vitro  

ʄʝʪʦʜ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʝʨʝʚʘʨʠʤʦʩʪʠ ʙʝʣʢʘ ʢʦʥ-

ʮʝʥʪʨʘʪʦʚ. ʅʘʚʝʩʢʫ 1ʛ ʦʙʝʟʞʠʨʝʥʥʦʡ ʪʦʥʢʦʤʦʣʦʪʦʡ ʤʫʢʠ ʟʝʨʥʘ ʧʦʤʝ-

ʱʘʶʪ ʚ ʩʢʣʷʥʢʫ ʝʤʢʦʩʪʴʶ 50-100 ʤʣ ʠ ʜʦʙʘʚʣʷʶʪ ʩʦʣʷʥʦʢʠʩʣʳʡ ʨʘʩʪʚʦʨ 

ʧʝʧʩʠʥʘ (1,5 ʤʛ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʝʧʩʠʥʘ ʨʘʩʪʚʦʨʷʶʪ ʚ 15 ʤʣ 0,1ʥ HCl, 

ʨH=1,2), ʯʪʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʤʦʜʝʣʠʨʫʝʪ ʫʩʣʦʚʠʷ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ 

ʛʠʜʨʦʣʠʟʘ ʚ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʤ ʪʨʘʢʪʝ ʤʦʥʦʛʘʩʪʨʠʯʥʳʭ ʞʠʚʦʪʥʳʭ. ɺ 

ʩʢʣʷʥʢʫ ʪʘʢʞʝ ʜʦʙʘʚʣʷʶʪ 1 ʤʣ ʪʦʣʫʦʣʘ ʚ ʢʘʯʝʩʪʚʝ ʘʥʪʠʩʝʧʪʠʢʘ. ʀʥʢʫʙʘ-

ʮʠʶ ʧʨʦʚʦʜʷʪ ʚ ʪʝʯʝʥʠʠ 3ʯ ʧʨʠ +37Áʉ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ 

ʠ ʜʠʘʣʠʟʝ ʧʨʦʪʠʚ 0,1ʥ HCl ʯʝʨʝʟ ʮʝʣʣʦʬʘʥʦʚʫʶ ʤʝʤʙʨʘʥʫ. ʇʦʩʣʝ ʧʝʧ-

ʩʠʥʦʚʦʛʦ ʛʠʜʨʦʣʠʟʘ ʚ ʝʤʢʦʩʪʴ ʜʦʙʘʚʣʷʶʪ 7,5 ʤʣ 0,2ʥ NaOH, ʯʪʦʙʳ ʜʦ-

ʚʝʩʪʠ ʨH ʜʦ 8. ɼʘʣʝʝ ʜʦʙʘʚʣʷʶʪ 7,5 ʤʣ ʨʘʩʪʚʦʨʘ ʧʘʥʢʨʝʘʪʠʥʘ ʚ ʬʦʩʬʘʪ-

ʥʦʤ ʙʫʬʝʨʝ ( 4 ʤʛ ʧʘʥʢʨʝʘʪʠʥʘ ʨʘʩʪʚʦʨʷʶʪ ʚ 7,5 ʤʣ ʬʦʩʬʘʪʥʦʛʦ ʙʫʬʝʨʘ). 

ʉʦʜʝʨʞʠʤʦʝ ʠʥʢʫʙʠʨʫʶʪ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ ʧʨʠ +37Áʉ ʪʘʢʞʝ ʧʨʠ ʧʦ-

ʩʪʦʷʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʠ ʜʠʘʣʠʟʝ ʧʨʦʪʠʚ ʬʦʩʬʘʪʥʦʛʦ ʙʫʬʝʨʘ ʯʝʨʝʟ 

ʮʝʣʣʦʬʘʥʦʚʫʶ ʤʝʤʙʨʘʥʫ. ʅʝʧʝʨʝʚʘʨʝʥʥʳʝ ʙʝʣʢʠ ʦʩʘʞʜʘʶʪ 10% ʩʫʣʴ-

ʬʦʩʘʣʠʮʠʣʦʚʦʡ ʢʠʩʣʦʪʦʡ (50 ʤʣ) ʩʤʝʩʴ ʮʝʥʪʨʠʬʫʛʠʨʫʶʪ, ʚʳʧʘʨʠʚʘʶʪ. 

ʇʝʨʝʚʘʨʠʤʦʩʪʴ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ 

ʕʥʜʦʛʝʥʥʳʝ ʧʦʪʝʨʠ ʤʥʦʛʠʭ ʤʠʥʝʨʘʣʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, Ca, P, Mg, Fe 

ʩ ʬʝʢʘʣʠʷʤʠ ʚʝʩʴʤʘ ʟʥʘʯʠʪʝʣʴʥʳ. ʆʥʠ ʧʦʷʚʣʷʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʝʢʨʝ-

ʮʠʠ ʚ ʧʠʱʝʚʘʨʠʪʝʣʴʥʳʡ ʪʨʘʢʪ, ʠʟ ʢʦʪʦʨʦʛʦ ʥʝ ʨʝʘʙʩʦʨʙʠʨʫʶʪʩʷ. ʅʘ-

ʧʨʠʤʝʨ, ʫ ʞʚʘʯʥʳʭ ʢʦʣʠʯʝʩʪʚʦ ʬʦʩʬʦʨʘ, ʩʝʢʨʝʪʠʨʫʝʤʦʝ ʯʝʨʝʟ ʩʣʶʥʫ, 

ʙʳʚʘʝʪ ʚʳʰʝ, ʯʝʤ ʢʦʣʠʯʝʩʪʚʦ ʬʦʩʬʦʨʘ, ʧʨʠʩʫʪʩʪʚʫʶʱʝʝ ʚ ʢʦʨʤʝ. ʌʝʢʘ-

ʣʠʠ ʤʦʛʫʪ ʚʳʪʷʛʠʚʘʪʴ ʤʠʥʝʨʘʣʳ ʠʟ ʦʨʛʘʥʠʟʤʘ,ʢʦʪʦʨʳʝ ʚʩʦʩʘʣʠʩʴ ʚ ʠʟ-

ʙʳʪʦʯʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʠ ʧʦʵʪʦʤʫ ʜʦʣʞʥʳ ʙʳʪʴ ʵʢʩʢʨʝʪʠʨʦʚʘʥʳ. 

ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʦʧʨʝʜʝʣʝʥʠʝ ʢʘʞʫʱʝʡʩʷ ʧʝʨʝʚʘʨʠʤʦʩʪʠ ʤʠʥʝ-

ʨʘʣʦʚ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʘʢʦʛʦ-ʣʠʙʦ ʟʥʘʯʝʥʠʷ. ɼʣʷ ʤʠʥʝʨʘʣʦʚ ʚʘʞʥʦ ʦʧ-

ʨʝʜʝʣʠʪʴ ʠʩʪʠʥʥʫʶ ʧʝʨʝʚʘʨʠʤʦʩʪʴ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʫʤʝʪʴ ʦʧʨʝ-

ʜʝʣʠʪʴ ʚ ʬʝʢʘʣʠʠ ʪʫ ʯʘʩʪʴ ʤʠʥʝʨʘʣʦʚ, ʢʦʪʦʨʘʷ ʧʦʩʪʫʧʠʣʘ ʠʟ ʪʝʣʘ (ʵʥʜʦ-

ʛʝʥʥʘʷ). ʊʘʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʚʦʟʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʨʘʜʠʦʘʢʪʠʚʥʦ ʤʝʯʝʥʳʭ 

ʠʟʦʪʦʧʦʚ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ. ɺ ʧʨʘʢʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦ ʜʦʩ-

ʪʫʧʥʦʩʪʠ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠ ʦʧʪʠʤʘʣʴʥʦʤ ʠʭ ʫʨʦʚʥʝ ʚ ʨʘʮʠʦʥʝ ʩʫ-

ʜʷʪ ʧʦ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ. 

3.3. ʀʩʪʠʥʥʘʷ ʠ ʢʘʞʫʱʘʷʩʷ ʧʝʨʝʚʘʨʠʤʦʩʪ ɹ

ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʧʝʨʝʚʘʨʝʥʥʳʭ ʚʝʱʝʩʪʚ ʧʦ ʨʘʟʥʠʮʝ ï ʧʦ-

ʪʨʝʙʣʝʥʥʳʝ ʚʝʱʝʩʪʚʘ ʤʠʥʫʩ ʚʳʜʝʣʝʥʥʳʝ ʚ ʢʘʣʝ ï ʥʝ ʜʘʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʦʙ ʠʩʪʠʥʥʦʡ ʧʝʨʝʚʘʨʠʤʦʩʪʠ ʢʦʨʤʘ. ɺʦ-ʧʝʨʚʳʭ, ʚʦʧʨʦʩ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, 

ʯʪʦ ʤʝʪʘʥ, ʦʙʨʘʟʦʚʘʥʥʳʡ ʫ ʞʚʘʯʥʳʭ ʞʠʚʦʪʥʳʭ ʚ ʨʫʙʮʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʬʝʨʤʝʥʪʘʮʠʠ ʫʛʣʝʚʦʜʦʚ, ʦʪʨʳʛʠʚʘʝʪʩʷ ʚʦ ʚʥʝʰʥʶʶ ʩʨʝʜʫ ʠ ʥʝ ʠʩʧʦʣʴ-

ʟʫʝʪʩʷ. ʕʪʠ ʧʦʪʝʨʠ ʧʨʠʚʦʜʷʪ ʢ ʟʘʚʳʰʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʧʝʨʝʚʘʨʠʤʦʩʪʠ 

ʫʛʣʝʚʦʜʦʚ ʠ ʢʦʣʠʯʝʩʪʚʘ ʧʝʨʝʚʘʨʠʤʦʡ ʵʥʝʨʛʠʠ. ɸʢʘʜʝʤʠʢ ɸ. ʇ. ʂʘʣʘʰ-
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ʥʠʢʦʚ ʠ ʧʨʦʬʝʩʩʦʨ ɺ. ɺ. ʑʝʛʣʦʚ ʨʝʢʦʤʝʥʜʦʚʘʣʠ ʵʥʝʨʛʠʶ ʛʘʟʦʚ ʚʤʝʩʪʝ ʩ 

ʵʥʝʨʛʠʝʡ ʢʘʣʘ ʤʠʥʫʩʦʚʘʪʴ ʠʟ ʚʘʣʦʚʦʡ ʵʥʝʨʛʠʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʝʨʝʚʘ-

ʨʠʤʦʡ ʵʥʝʨʛʠʠ. 

ɺʦ-ʚʪʦʨʳʭ, ʠ ʵʪʦ ʙʦʣʝʝ ʚʝʩʦʤʦ, ʥʝ ʚʝʩʴ ʢʘʣ ʧʨʝʜʩʪʘʚʣʷʝʪ ʜʝʡʩʪ-

ʚʠʪʝʣʴʥʦ ʥʝʧʝʨʝʚʘʨʝʥʥʳʝ ʦʩʪʘʪʢʠ ʢʦʨʤʘ. ɿʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʬʝʢʘʣʠʷ 

ʩʦʩʪʘʚʣʷʶʪ ʦʩʪʘʪʢʠ ʧʠʱʝʚʘʨʠʪʝʣʴʥʳʭ ʩʦʢʦʚ, ʦʪʩʣʦʝʥʠʡ ʢʣʝʪʦʢ ʩʣʠʟʠ-

ʩʪʦʡ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ, ʘʣʴʙʫʤʠʥʦʚ ʠ ʛʣʦʙʫʣʠʥʦʚ ʧʣʘʟʤʳ 

ʢʨʦʚʠ, ʤʠʢʨʦʙʳ, ʪ.ʝ. ʤʘʪʝʨʠʘʣʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʥʝ ʢ ʧʦʪʨʝʙʣʝʥʥʦʤʫ ʢʦʨ-

ʤʫ (ʪ.ʝ. ʵʢʟʦʛʝʥʥʳʤ), ʘ ʪʝʣʫ ʞʠʚʦʪʥʳʭ (ʵʥʜʦʛʝʥʥʳʤ ʚʝʱʝʩʪʚʘʤ). 

ʕʪʠ ʤʘʪʝʨʠʘʣʳ, ʚ ʦʩʥʦʚʥʦʤ, ʩʦʩʪʦʷʪ ʠʟ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʚʝʱʝʩʪʚ 

(ʙʝʣʢʦʚ, ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ), ʠʭ ʥʘʟʳʚʘʶʪ ʬʝʢʘʣʴʥʳʤ ʤʝʪʘʙʦʣʠʯʝ-

ʩʢʠʤ ʠʣʠ ʵʥʜʦʛʝʥʥʳʤ ʘʟʦʪʦʤ. 

ʕʥʜʦʛʝʥʥʳʝ ʚʝʱʝʩʪʚʘ ʩʦʩʪʘʚʣʷʶʪ ʙʦʣʴʰʦʡ ʫʜʝʣʴʥʳʡ ʚʝʩ ʦʙʱʝʛʦ 

ʙʝʣʢʘ ʚ ʩʦʜʝʨʞʠʤʦʤ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ. ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʫʩʣʦ-

ʚʠʡ ʧʠʪʘʥʠʷ, ʙʝʣʢʠ ʢʣʝʪʦʢ ʩʣʠʟʠʩʪʦʡ ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʛʦ ʪʨʘʢʪʘ ʧʦʩʪʦ-

ʷʥʥʦ ʜʝʛʨʘʜʠʨʫʶʪʩʷ, ʧʦʩʪʫʧʘʶʪ ʚ ʧʨʦʩʚʝʪ ʢʠʰʝʯʥʠʢʘ ʠ ʚʳʚʦʜʷʪʩʷ ʩ ʢʘ-

ʣʦʤ. ɼʘʞʝ ʧʨʠ ʧʦʣʥʦʤ ʛʦʣʦʜʘʥʠʠ ʩʢʦʨʦʩʪʴ ʦʙʥʦʚʣʝʥʠʷ ʙʝʣʢʦʚ ʪʦʥʢʦʡ 

ʢʠʰʢʠ ʩʦʩʪʘʚʣʷʝʪ 57-73% ʚ ʩʫʪʢʠ. ɽʩʪʴ ʜʘʥʥʳʝ ʦ ʙʝʩʧʨʝʨʳʚʥʦʡ ʫʪʝʯʢʝ 

ʙʝʣʢʦʚ ʧʣʘʟʤʳ ʢʨʦʚʠ ʚ ʧʨʦʩʚʝʪ ʢʠʰʝʯʥʠʢʘ ʠ ʯʪʦ 10-20% ʘʣʴʙʫʤʠʥʦʚ 

ʧʣʘʟʤʳ ʜʝʛʨʘʜʠʨʫʶʪʩʷ ʚ ʢʠʰʝʯʥʠʢʝ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦ ʢʦʣʠʯʝʩʪʚʝ ʤʝʪʘʙʦʣʠʯʝʩʢʦʛʦ ʘʟʦʪʘ 

ʚʝʩʴʤʘ ʧʨʦʪʠʚʦʨʝʯʠʚʳ, ʯʪʦ ʩʚʷʟʘʥʥʦ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʘʮʠʦʥʦʚ ʚ ʨʘʟ-

ʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ʅʘ ʬʠʩʪʫʣʠʨʦʚʘʥʥʳʭ ʧʦʨʦʩʷʪʘʭ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʥʘ ʜʦʣʶ ʤʝʪʘʙʦʣʠʯʝʩʢʦʛʦ ʘʟʦʪʘ ʧʨʠʭʦʜʠʪʩʷ 15% ʦʪ ʧʦʪʨʝʙʣʝʥʥʦʛʦ. ʇʦ-

ʤʠʤʦ ʘʟʦʪʘ, ʚ ʬʝʢʘʣʠʷʭ ʩʦʜʝʨʞʠʪʩʷ ʤʥʦʛʦ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʚ ʯʘ-

ʩʪʥʦʩʪʠ, ʢʘʣʴʮʠʷ, ʬʦʩʬʦʨʘ, ʤʘʛʥʠʷ ʠ ʞʝʣʝʟʘ ʵʥʜʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝ-

ʥʠʷ. ɺ ʜʨʫʛʠʭ ʦʧʳʪʘʭ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʦʙʤʝʥʥʦʛʦ ʘʟʦʪʘ ʚ 

ʢʘʣʝ ʩʚʠʥʝʡ, ʢʨʳʩ, ʩʦʙʘʢ ʠ ʯʝʣʦʚʝʢʘ ʢʦʣʝʙʣʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 0,20-0,25 ʛ, 

ʫ ʞʚʘʯʥʳʭ ʞʠʚʦʪʥʳʭ ʚ ʧʨʝʜʝʣʘʭ 0,5-0,6 ʛ ʚ ʨʘʩʯʝʪʝ ʥʘ 100ʛ ʩʫʭʦʛʦ ʚʝ-

ʱʝʩʪʚʘ ʨʘʮʠʦʥʘ. ʇʦʩʣʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 4% ʙʝʣʢʘ ʨʘʮʠʦʥʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʨʝʜʝʣʝʥʠʝ ʧʝʨʝʚʘʨʠʤʦʩʪʠ ʩ ʫʯʝʪʦʤ ʵʥʜʦʛʝʥʥʦ-

ʛʦ ʘʟʦʪʘ ʧʨʠʚʦʜʠʪ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʠʩʪʠʥʥʦʡ ʧʝʨʝʚʘʨʠʤʦʩʪʠ ʙʝʣʢʘ ʢʦʨ-

ʤʘ, ʙʝʟ ʫʯʝʪʘ ʵʥʜʦʛʝʥʥʦʛʦ ʘʟʦʪʘ-ʦʧʨʝʜʝʣʝʥʠʶ ʢʘʞʫʱʠʡʩʷ ʧʝʨʝʚʘʨʠʤʦ-

ʩʪʠ. 

3.3.1. ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʠʩʪʠʥʥʦʡ ʠ ʢʘʞʫʱʝʡʩʷ 

ʧʝʨʝʚʘʨʠʤʦʩʪʠ ʙʝʣʢʘ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʩʪʠʥʥʦʡ ʧʝʨʝʚʘʨʠʤʦʩʪʠ ʘʟʦʪʘ (ʙʝʣʢʘ) ʥʝʦʙʭʦ-

ʜʠʤʦ ʠʟ ʘʟʦʪʘ ʢʘʣʘ ʠʩʢʣʶʯʠʪʴ ʵʥʜʦʛʝʥʥʳʡ ʘʟʦʪ. ɽʛʦ ʢʦʣʠʯʝʩʪʚʦ ʦʧʨʝʜʝ-

ʣʷʶʪ ʚ ʦʧʳʪʘʭ, ʛʜʝ ʞʠʚʦʪʥʳʤ ʜʘʶʪ ʙʝʟʙʝʣʢʦʚʳʡ ʨʘʮʠʦʥ, ʩʦʩʪʦʷʱʠʡ ʠʟ 

ʢʫʢʫʨʫʟʥʦʛʦ ʢʨʘʭʤʘʣʘ, ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʤʘʩʣʘ, ʩʘʭʘʨʘ, ʚʩʝʭ ʥʝʦʙʭʦʜʠʤʳʭ 

ʚʠʪʘʤʠʥʦʚ, ʤʘʢʨʦ- ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ. ɼʦʣʛʦ ʥʘ ʪʘʢʦʤ ʨʘʮʠʦʥʝ ʞʠʚʦʪ-

ʥʳʭ ʜʝʨʞʘʪʴ ʥʝʣʴʟʷ (ʥʝ ʙʦʣʝʝ 5-7 ʜʥʝʡ), ʪʘʢ ʢʘʢ ʙʝʟ ʙʝʣʢʘ ʦʥʠ ʤʦʛʫʪ ʧʦ-
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ʛʠʙʥʫʪʴ. ʇʦʵʪʦʤʫ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʨʘʢʪʠʢʝ ʩʪʘʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʨʘʮʠʦʥ ʩ ʤʠʥʠʤʘʣʴʥʦʡ (5-7%) ʜʦʙʘʚʢʦʡ ʭʦʨʦʰʦ ʧʝʨʝʚʘʨʠʤʦʛʦ ʙʝʣʢʘ 

(ʩʫʙʣʠʤʠʨʦʚʘʥʥʦʝ ʤʷʩʦ), ʛʠʜʨʦʣʠʟʘʪʦʚ ʢʘʟʝʠʥʘ ʠʣʠ ʩʤʝʩʠ ʢʨʠʩʪʘʣʣʠʯʝ-

ʩʢʠʭ ʘʤʠʥʦʢʠʩʣʦʪ. 

ʂʘʞʫʱʫʶʩʷ ʧʝʨʝʚʘʨʠʤʦʩʪʴ ʘʟʦʪʘ ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʫʨʘʚʥʝʥʠʶ: 

N ʢʘʞ., %= 
Nʢ ï Nʢʣ 

Ĭ 100 
Nʢ 

ʀʩʪʠʥʥʫʶ ʧʝʨʝʚʘʨʠʤʦʩʪʴ ʧʦ ʫʨʘʚʥʝʥʠʶ: 

 
ʛʜʝ, Nʙʙ ï ʘʟʦʪ, ʚʳʜʝʣʝʥʥʳʡ ʩ ʢʘʣʦʤ ʥʘ ʙʝʟʙʝʣʢʦʚʦʤ ʨʘʮʠʦʥʝ. 

ɺ ʥʘʰʠʭ ʦʧʳʪʘʭ ʥʘ ʩʚʠʥʴʷʭ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʵʥʜʦ-

ʛʝʥʥʦʛʦ (ʤʝʪʘʙʦʣʠʯʝʩʢʦʛʦ) ʘʟʦʪʘ ʟʘʚʠʩʠʪ ʦʪ ʫʨʦʚʥʷ ʢʦʨʤʣʝʥʠʷ ʠ ʘʤʠʥʦ-

ʢʠʩʣʦʪʥʦʡ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʠ (ʪʘʙʣ. 3.5). ʅʘ ʨʘʮʠʦʥʘʭ ʩ ʚʳʩʦʢʦʣʠʟʠ-

ʥʦʚʦʡ (ɺʃ) ʢʫʢʫʨʫʟʦʡ ʢʦʣʠʯʝʩʪʚʦ ʵʥʜʦʛʝʥʥʦʛʦ ʘʟʦʪʘ ʦʪ ʧʦʪʨʝʙʣʝʥʥʦʛʦ 

ʩʦʩʪʘʚʣʷʣʦ 5,4-7,1%, ʩ ʦʙʳʯʥʦʡ (ʆɹ) ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝ ï 10,0-10,8%, 

ʝʛʦ ʜʦʣʷ ʚ ʢʘʣʝ- ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 26,0-40,0% ʠ 37,9-45,0%. ʂʦʵʬʬʠʮʠʝʥ-

ʪʳ ʠʩʪʠʥʥʦʡ ʧʝʨʝʚʘʨʠʤʦʩʪʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʳʰʝ ʢʘʞʫʱʠʡʩʷ, ʧʨʠ ʵʪʦʤ 

ʨʘʟʥʠʮʘ ʚ ʧʦʢʘʟʘʪʝʣʷʭ ʠʩʪʠʥʥʦʡ ʧʝʨʝʚʘʨʠʤʦʩʪʠ ʤʝʞʜʫ ɺʃ ʠ ʆɹ ʢʫʢʫʨʫ-

ʟʘʤʠ ʩʦʢʨʘʱʘʝʪʩʷ. 

ʊʘʙʣʠʮʘ 3.5 ï ʂʘʞʫʱʘʷʩʷ ʠ ʠʩʪʠʥʥʘʷ ʧʝʨʝʚʘʨʠʤʦʩʪʴ ʘʟʦʪʘ ʫ ʩʚʠʥʝʡ ʧʨʠ 

ʦʛʨʘʥʠʯʝʥʥʦʤ ʠ ʢʦʨʤʣʝʥʠʠ ʚʚʦʣʶ ʚʳʩʦʢʦʣʠʟʠʥʦʚʦʡ ʠ ʦʙʳʯʥʦʡ ʢʫʢʫʨʫ-

ʟʦʡ 

ʇʦʢʘʟʘʪʝʣʠ 
ʅʦʨʤʠʨʦʚʘʥʥʦʝ ɺʚʦʣʶ 

ɺʃ ʦʙʳʯʥʘʷ ɺʃ ʦʙʳʯʥʘʷ 

ʇʦʪʨʝʙʣʝʥʠʝ ʢʦʨʤʘ, ʢʛ/ʛʦʣ./ʜʝʥʴ 1,8 1,8 2,15 1,53 

ʇʦʪʨʝʙʣʝʥʦ ʘʟʦʪʘ,ʛ 30,8 27,1 36,8 23,1 

ɺʳʜʝʣʝʥʦ N ʩ ʢʘʣʦʤ, ʛ 5,5Ñ0,21 6,0Ñ0,35 7,7Ñ0,60 6,6Ñ0,33 

ɺʳʜʝʣʝʥʦ N ʥʘ ʙʝʟʙʝʣʢʦʚʦʤ ʨʘ-

ʮʠʦʥʝ,ʛ (ʵʥʜʦʛʝʥʥʳʡ N) 
2,2Ñ0,21 2,7Ñ0,3 2,0Ñ0,13 2,5Ñ0,13 

ʊʦ ʞʝ, % ʦʪ Nʢʦʨʤʘ 7,1 10,0 5,4 10,8 

ʕʢʟʦʛʝʥʥʳʡ ʘʟʦʪ (Nʢʘʣ-Nʵʥʜ.), ʛ 3,3 3,3 5,7 4,1 

ʊʦ ʞʝ, % ʦʪ N ʢʘʣʘ 60,0 55,0 74,0 62,1 

ʕʥʜʦʛʝʥʥʳʡ  N, % ʢʘʣʘ 40,0 45,0 26,0 37,9 

ʇʝʨʝʚʘʨʠʤʦʩʪʴ ʢʘʞʫʱʘʷʩʷ, % 82,1Ñ1,1 77,9Ñ2,5 79,1Ñ1,4 71,0Ñ5,2 

ʇʝʨʝʚʘʨʠʤʦʩʪʴ ʠʩʪʠʥʥʘʷ, % 89,3Ñ1,0 87,7Ñ3,1 84,6Ñ1,6 82,4Ñ5,3 
 

3.4. ʌʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʧʝʨʝʚʘʨʠʤʦʩʪʴ 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʢʦʨʤʘ. ʇʝʨʝʚʘʨʠʤʦʩʪʴ ʢʦʨʤʘ ʟʘʚʠʩʠʪ ʦʪ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. ʈʘʟʥʳʝ ʟʝʨʥʦʚʳʝ ʢʦʨʤʘ, ʢʦʪʦʨʳʝ ʥʝ ʩʠʣʴʥʦ ʨʘʟʣʠ-

ʯʘʶʪʩʷ ʧʦ ʩʦʩʪʘʚʫ, ʠʤʝʶʪ ʙʣʠʟʢʫʶ ʧʝʨʝʚʘʨʠʤʦʩʪʴ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝ-

ʱʝʩʪʚ. ʉʦʩʪʘʚ ʠ ʧʝʨʝʚʘʨʠʤʦʩʪʴ ʛʨʫʙʳʭ ʢʦʨʤʦʚ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟ-

Nʠʩʪ., % = 
Nʢ 

Ĭ 100 

Nʢ ï Nʢʣ ï N ʙʙ 
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ʤʝʥʷʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʨʦʢʦʚ ʚʝʛʝʪʘʮʠʠ, ʪʝʭʥʦʣʦʛʠʠ ʠʭ ʟʘʛʦʪʦʚʢʠ ʚ 

ʚʠʜʝ ʩʝʥʘ, ʩʠʣʦʩʘ, ʩʝʥʘʞʘ. ʂʣʝʪʯʘʪʢʘ ʠ ʩʪʝʧʝʥʴ ʣʠʛʥʠʬʠʢʘʮʠʠ ʢʣʝʪʦʯ-

ʥʳʭ ʩʪʝʥʦʢ- ʛʣʘʚʥʘʷ ʧʨʠʯʠʥʘ ʩʥʠʞʝʥʠʷ ʧʝʨʝʚʘʨʠʤʦʩʪʠ. ʉʦʜʝʨʞʠʤʦʝ 

ʢʣʝʪʢʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʙʝʣʢʠ, ʢʨʘʭʤʘʣ, ʩʘʭʘʨ, ʞʠʨʳ, ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ 

ʧʝʨʝʚʘʨʠʚʘʝʪʩʷ (ʠʩʪʠʥʥʘʷ ʧʝʨʝʚʘʨʠʤʦʩʪʴ=100%). 

ʇʝʨʝʚʘʨʠʤʦʩʪʴ ʢʦʨʤʘ ʤʦʞʝʪ ʩʥʠʞʘʪʴʩʷ ʠʟ-ʟʘ ʜʝʬʠʮʠʪʘ ʠʣʠ ʠʟ-

ʙʳʪʢʘ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ. ʅʘʧʨʠʤʝʨ, ʜʝʬʠʮʠʪ ʚ ʨʫʙʮʝ ʞʚʘʯʥʳʭ ʘʤ-

ʤʠʘʢʘ ʠʣʠ ʝʛʦ ʠʟʙʳʪʦʢ ʙʫʜʫʪ ʦʛʨʘʥʠʯʠʚʘʪʴ ʨʦʩʪ ʙʘʢʪʝʨʠʡ. ɺʳʩʦʢʦʝ ʩʦ-

ʜʝʨʞʘʥʠʝ ʢʨʝʤʥʠʷ ʚ ʨʠʩʦʚʦʡ ʩʦʣʦʤʝ, ʪʘʥʠʥʳ, ʪʨʠʧʩʠʥʦʚʳʡ ʠʥʛʠʙʠʪʦʨ 

ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʥʠʞʘʶʪ ʧʝʨʝʚʘʨʠʤʦʩʪʴ. 

ʇʝʨʝʚʘʨʠʤʦʩʪʴ ʨʘʮʠʦʥʘ ʟʘʚʠʩʠʪ ʦʪ ʘʩʩʦʮʠʘʪʠʚʥʦʛʦ ʵʬʬʝʢʪʘ. ʋ 

ʞʚʘʯʥʳʭ ʧʝʨʝʚʘʨʠʤʦʩʪʴ ʩʤʝʰʘʥʥʦʛʦ ʢʦʨʤʘ (ʩʝʥʦ+ʢʦʥʮʝʥʪʨʘʪʳ) ʤʝʥʴʰʝ 

ʦʞʠʜʘʝʤʦʡ ʩʨʝʜʥʝʡ ʧʝʨʝʚʘʨʠʤʦʩʪʠ. ʅʘ ʩʤʝʰʘʥʥʦʤ ʨʘʮʠʦʥʝ ʙʳʩʪʨʘʷ 

ʬʝʨʤʝʥʪʘʮʠʷ ʢʨʘʭʤʘʣʘ ʜʦ ʃɾʂ ʩʥʠʞʘʝʪ ʨH ʨʫʙʮʦʚʦʛʦ ʩʦʜʝʨʞʠʤʦʛʦ ʜʦ 

6,0 ʠʣʠ ʥʠʞʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʥʠʞʘʝʪʩʷ ʘʢʪʠʚʥʦʩʪʴ ʮʝʣʣʁ ʣʦʟʦʣʠʪʠʯʝʩʢʠʭ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ ʧʝʨʝʚʘʨʠʤʦʩʪʴ ʢʣʝʪʯʘʪʢʠ. 

ʊʝʭʥʦʣʦʛʠʷ ʧʝʨʝʨʘʙʦʪʢʠ ʢʦʨʤʦʚ. ʏʪʦʙʳ ʧʦʚʳʩʠʪʴ ʧʝʨʝʚʘʨʠ-

ʤʦʩʪʴ ʟʝʨʥʘ ʟʣʘʢʦʚ ʫ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ʞʝʣʘʪʝʣʴʥʦ ʝʛʦ ʨʘʟʜʨʦ-

ʙʠʪʴ ʠʣʠ ʨʘʩʧʣʶʱʠʪʴ, ʠʥʘʯʝ ʦʥʦ ʧʨʦʡʜʝʪ ʯʝʨʝʟ ʧʠʱʝʚʘʨʠʪʝʣʴʥʳʡ ʪʨʘʢʪ 

ʮʝʣʳʤ. ʆʚʮʘʤ ʠ ʣʦʰʘʜʷʤ ʤʦʞʥʦ ʜʘʚʘʪʴ ʟʝʨʥʦ ʦʚʩʘ ʠ ʷʯʤʝʥʷ ʮʝʣʳʤ, ʪʘʢ 

ʢʘʢ ʦʥʠ ʝʛʦ ʭʦʨʦʰʦ ʧʝʨʝʞʝʚʳʚʘʶʪ.  

ʇʨʝʩʩʦʚʘʥʠʝ ʩʝʥʘ ʚ ʨʫʣʦʥʳ ʠ ʪʶʢʠ, ʨʝʟʢʘ ʥʝ ʠʤʝʶʪ ʙʦʣʴʰʦʛʦ 

ʟʥʘʯʝʥʠʷ ʥʘ ʧʝʨʝʚʘʨʠʤʦʩʪʴ. ʆʜʥʘʢʦ, ʤʝʣʢʦʝ ʠʟʤʝʣʴʯʝʥʠʝ ʩʫʭʦʡ ʤʘʩʩʳ, 

ʟʘ ʢʦʪʦʨʳʤ ʩʣʝʜʫʝʪ ʛʨʘʥʫʣʠʨʦʚʘʥʠʝ, ʟʘʤʝʪʥʦ ʚʣʠʷʝʪ ʥʘ ʫʣʫʯʰʝʥʠʝ ʧʝ-

ʨʝʚʘʨʠʤʦʩʪʠ. ʉʝʥʥʘʷ ʠʣʠ ʪʨʘʚʷʥʘʷ ʤʫʢʘ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʨʫʙʝʮ ʙʳʩʪʨʝʝ, 

ʯʝʤ ʜʣʠʥʥʦʝ ʩʝʥʦ ʠʣʠ ʨʝʟʢʘ. ʇʦʵʪʦʤʫ ʨʘʟʤʦʣ ʩʥʠʞʘʝʪ ʧʝʨʝʚʘʨʠʤʦʩʪʴ 

ʢʣʝʪʯʘʪʢʠ ʧʦʯʪʠ ʥʘ 20%, ʘ ʚ ʮʝʣʦʤ ʩʫʭʦʝ ʚʝʱʝʩʪʚʦ ʥʘ 7-15%. ʆʙʨʘʙʦʪʢʘ 

ʩʦʣʦʤʳ ʨʘʩʪʚʦʨʘʤʠ ʱʝʣʦʯʝʡ (NaOH ʠʣʠ NH4OH) ʫʣʫʯʰʘʝʪ ʧʝʨʝʚʘʨʠ-

ʤʦʩʪʴ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʥʘ 30-40%.  

ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʦʙʨʘʙʦʪʢʘ ʧʫʪʝʤ ʥʘʛʨʝʚʘʥʠʷ ʠʣʠ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ 

ʠʟʣʫʯʝʥʠʷ (çʤʠʢʨʦʥʠʟʘʮʠʷè) ʟʝʨʥʦʚʳʭ ʢʦʨʤʦʚ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʝʟʥʘʯʠ-

ʪʝʣʴʥʦʤʫ ʧʦʚʳʰʝʥʠʶ ʧʝʨʝʚʘʨʠʤʦʩʪʠ. ʊʝʧʣʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʦ 

ʜʝʡʩʪʚʫʝʪ ʥʘ ʧʦʚʳʰʝʥʠʝ ʧʝʨʝʚʘʨʠʤʦʩʪʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʘʥ-

ʪʠʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ï ʪʨʠʧʩʠʥʦʚʳʭ ʠʥʛʠʙʠʪʦʨʦʚ, ʛʝʤʘʛʛʣʶʪʠʥʠʥʦʚ, 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʩʝʤʝʥʘʭ ʩʦʠ, ʚʠʢʠ, ʢʘʨʪʦʬʝʣʝ. 

ɺʠʜʳ ʞʠʚʦʪʥʳʭ. ʈʘʟʥʳʝ ʚʠʜʳ ʞʠʚʦʪʥʳʭ ʧʝʨʝʚʘʨʠʚʘʶʪ ʦʜʠʥ ʠ 

ʪʦʪ ʞʝ ʢʦʨʤ ʥʝʦʜʠʥʘʢʦʚʦ. ɹʦʣʴʰʠʝ ʨʘʟʣʠʯʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʤʝʞʜʫ ʤʦʥʦ-

ʛʘʩʪʨʠʯʥʳʤʠ ʠ ʞʚʘʯʥʳʤʠ ʞʠʚʦʪʥʳʤʠ ʧʦ ʧʝʨʝʚʘʨʠʤʦʩʪʠ ʛʨʫʙʳʭ ʢʦʨ-

ʤʦʚ. ʂʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʢʦʨʤʘ ʩʚʠʥʠɹ ʠ ʂʈʉ ʧʝʨʝʚʘʨʠʚʘʶʪ ʧʦʯʪʠ ʚ 

ʨʘʚʥʦʡ ʤʝʨʝ. ʅʝ ʙʫʜʝʪ ʩʝʨʴʝʟʥʳʭ ʦʰʠʙʦʢ, ʝʩʣʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʝʨʝʚʘ-

ʨʠʤʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʦʧʳʪʘʭ ʥʘ ʦʚʮʘʭ, ʠʩʧʦʣʴʟʫʶʪ ʧʨʠ ʨʘʩʯʝʪʘʭ ʨʘ-

ʮʠʦʥʦʚ ʜʣʷ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ. ɺ ʩʝʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʘʪʩʢʦʛʦ 

ʧʨʦʬʝʩʩʦʨʘ ɹ.ʕʛʛʫʤʘ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʠʥʜʝʥʪʠʯʥʦʩʪʴ ʢʦʵʬ-
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ʬʠʮʠʝʥʪʦʚ ʧʝʨʝʚʘʨʠʤʦʩʪʠ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ, ʙʝʣʢʘ ʠ ʜʨʫʛʠʭ ʧʠʪʘʪʝʣʴ-

ʥʳʭ ʚʝʱʝʩʪʚ ʟʝʨʥʦʚʳʭ ʠ ʙʝʣʢʦʚʳʭ ʢʦʨʤʦʚ ʫ ʢʨʳʩ ʠ ʩʚʠʥʝʡ. ʇʦʵʪʦʤʫ 

ʦʮʝʥʢʘ ʢʦʨʤʦʚ ʥʘ ʙʝʣʳʭ ʢʨʳʩʘʭ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩ ʤʝʥʴʰʠʤʠ ʟʘʪʨʘʪʘ-

ʤʠ ʧʦʣʫʯʘʪʴ ʥʘʜʝʞʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. 

ʋʨʦʚʝʥʴ ʢʦʨʤʣʝʥʠʷ. ʋʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʧʦʪʨʝʙʣʷʝʤʦʛʦ 

ʢʦʨʤʘ ʞʠʚʦʪʥʳʤʠ ʚʳʟʳʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʨʦʜʚʠʞʝʥʠʷ ʭʠʤʫʩʘ 

ʧʦ ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʤʫ ʪʨʘʢʪʫ ʠ ʩʥʠʞʝʥʠʝ ʧʝʨʝʚʘʨʠʤʦʩʪʠ. ʕʪʦ ʦʩʦʙʝʥʥʦ 

ʟʘʤʝʪʥʦ ʜʣʷ ʤʝʜʣʝʥʥʦ ʧʝʨʝʚʘʨʠʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʢʦʨʤʦʚ, ʧʨʝʞʜʝ ʚʩʝʛʦ 

ʠʭ ʢʣʝʪʦʯʥʳʭ ʩʪʝʥʦʢ. ʀʟʤʝʥʝʥʠʝ ʧʝʨʝʚʘʨʠʤʦʩʪʠ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʠ ʢʦʨʤʦʚ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʫʨʦʚʥʷ ʧʦʪʨʝʙʣʝʥʠʷ 

ʢʦʨʤʘ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʙʘʣʘʥʩʠʨʦʚʘʥʠʠ ʨʘʮʠʦʥʦʚ ʧʦ ʢʦʣʠʯʝ-

ʩʪʚʫ ʵʥʝʨʛʠʠ. ʇʦʵʪʦʤʫ ʫʨʦʚʝʥʴ ʢʦʨʤʣʝʥʠʷ ʤʦʣʦʯʥʳʭ ʢʦʨʦʚ ʨʝʢʦʤʝʥʜʫ-

ʝʪʩʷ ʚʳʨʘʞʘʪʴ ʚ ʢʨʘʪʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʵʥʝʨʛʠʠ, ʧʦʪʨʝʙʥʦʡ ʥʘ ʧʦʜʜʝʨʞʘ-

ʥʠʝ, ʧʨʠʥʷʪʦʡ ʟʘ ʝʜʠʥʠʮʫ ï 1 (ʪ.ʝ. ʢʦʣʠʯʝʩʪʚʦ, ʢʦʪʦʨʦʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦ-

ʭʨʘʥʝʥʠʝ ʤʘʩʩʳ ʪʝʣʘ ʙʝʟ ʧʦʪʝʨʠ ʠ ʧʨʠʨʦʩʪʘ), ʥʘʧʨʠʤʝʨ, ʜʣʷ ʣʘʢʪʠʨʫʶ-

ʱʠʭ ʢʦʨʦʚ ʚ 3-4 ʢʨʘʪʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʝʜʠʥʠʮ ʧʦʜʜʝʨʞʘʥʠʷ. ʋʨʦʚʝʥʴ 

ʢʦʨʤʣʝʥʠʷ ʢʦʨʦʚ ʥʘ ʢʘʞʜʫʶ ʝʜʠʥʠʮʫ ʧʦʜʜʝʨʞʘʥʠʷ ʥʘ ʧʦʣʥʦʢʦʤʧʦʥʝʥʪ-

ʥʳʭ ʢʦʨʤʦʩʤʝʩʷʭ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʧʝʨʝʚʘʨʠʤʦʩʪʠ ʥʘ 0,02-0,03 

ʝʜʠʥʠʮʳ (2-3 ʘʙʩ. ʧʨʦʮʝʥʪʦʚ). ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʢʦʵʬʬʠʮʝʥʪ ʧʝʨʝʚʘʨʠ-

ʤʦʩʪʠ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʥʘ ʪʠʧʠʯʥʦʤ ʨʘʮʠʦʥʝ ʜʣʷ ʢʦʨʦʚ ʧʨʠ 3-ʭ ʢʨʘʪʥʦʤ 

ʧʦʜʜʝʨʞʠʚʘʶʱʝʤ ʢʦʨʤʝ ʤʦʞʝʪ ʩʥʠʞʘʪʴʩʷ ʩ 0,75 ʜʦ 0,70 (ʩ 75 ʜʦ 70%), 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʝʤʢʦʩʪʴ ʢʦʨʤʘ. ʕʪʦ ʫʯʠʪʳ-

ʚʘʝʪʩʷ ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʦʙʤʝʥʥʦʡ ʠ ʯʠʩʪʦʡ ʵʥʝʨʛʠʠ ʢʦʨ-

ʤʦʚ. 

ɿʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʧʝʨʝʚʘʨʠʤʦʩʪʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʫʨʦʚʥʷ 

ʢʦʨʤʣʝʥʠʷ ʦʩʦʙʝʥʥʦ ʷʨʢʦ ʥʘʙʣʶʜʘʝʪʩʷ ʩ ʤʦʣʦʪʳʤʠ ʠ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳ-

ʤʠ ʛʨʫʙʳʤʠ, ʘ ʪʘʢ ʞʝ ʥʝʢʦʪʦʨʳʤʠ ʚʦʣʦʢʥʠʩʪʳʤʠ ʧʨʦʜʫʢʪʘʤʠ-ʩʫʭʠʤ 

ʞʦʤʦʤ, ʷʙʣʦʯʥʳʤʠ ʚʳʞʠʤʢʘʤʠ, ʩʦʝʚʦʡ ʰʝʣʫʭʦʡ.  

ʋ ʥʝʞʚʘʯʥʳʭ ʞʠʚʦʪʥʳʭ ʫʨʦʚʝʥʴ ʢʦʨʤʣʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʜ-

ʜʝʨʞʠʚʘʶʱʝʛʦ ʠʤʝʝʪ ʩʚʦʶ ʩʧʝʮʠʬʠʢʫ: ʫ ʧʪʠʮ 2-3 ʢʨʘʪʥʦʝ, ʨʘʩʪʫʱʠʭ 

ʩʚʠʥʝʡ 3-4 ʢʨʘʪʥʦʝ, ʫ ʣʘʢʪʠʨʫʶʱʠʭ ʩʚʠʥʦʤʘʪʦʢ 4-6 ʢʨʘʪʥʦʝ. ɼʝʡʩʪʚʠʝ 

ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʢʦʨʤʣʝʥʠʷ ʥʘ ʩʥʠʞʝʥʠʝ ʧʝʨʝʚʘʨʠʤʦʩʪʠ ʫ ʵʪʠʭ ʚʠʜʦʚ 

ʞʠʚʦʪʥʳʭ ʤʝʥʝʝ ʟʘʤʝʪʥʦ. 
 

ʇʨʦʚʝʨʦʯʥʳʝ ʚʦʧʨʦʩʳ: 

1. ʏʪʦ ʧʦʥʠʤʘʶʪ ʧʦʜ ʧʝʨʝʚʘʨʠʤʦʩʪʴʶ ʢʦʨʤʘ? ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʝ 
ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝʚʘʨʠʤʦʩʪʠ. 

2. ʂʘʢʠʝ ʧʠʪʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ ʦʩʚʦʙʦʞʜʘʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʚʘʨʠ-

ʚʘʥʠʷ ʙʝʣʢʦʚ, ʞʠʨʦʚ, ʫʛʣʝʚʦʜʦʚ ʠ ʢʣʝʪʯʘʪʢʠ (ʥʘʟʦʚʠʪʝ ʬʝʨʤʝʥʪʳ, ʠʭ 

ʨʘʩʱʝʧʣʷʶʱʠʝ)? 

3. ʂʘʢʠʝ ʤʝʪʦʜʳ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʝʨʝ-

ʚʘʨʠʤʦʩʪʠ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʢʦʨʤʘ ʠ ʪʝʭʥʦʣʦʛʠʷ ʠʭ ʧʨʦʚʝʜʝʥʠʷ? 

4. ʂʘʢ ʚʣʠʷʶʪ ʢʣʝʪʯʘʪʢʘ, ʥʘʣʠʯʠʝ ʠʥʛʠʙʠʪʦʨʦʚ ʥʘ ʧʝʨʝʚʘʨʠʤʦʩʪʴ ʢʦʨ-

ʤʦʚ? ʂʘʢʠʝ ʠʥʛʠʙʠʪʦʨʳ ʩʦʜʝʨʞʘʪʩʷ ʚ ʩʳʨʳʭ ʩʦʝʚʳʭ ʙʦʙʘʭ? 
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5. ʂʘʢʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʧʦʩʦʙʳ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʝʨʝʚʘ-

ʨʠʤʦʩʪʠ ʢʦʨʤʦʚ? 

6. ʂʘʢ ʦʧʨʝʜʝʣʠʪʴ ʩʫʤʤʫ ʧʝʨʝʚʘʨʠʤʳʭ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ (ʉʇʇɺ)? 

7. ʂʘʢʦʡ ʘʟʦʪ ʢʘʣʘ ʥʘʟʳʚʘʝʪʩʷ ʵʥʜʦʛʝʥʥʳʤ ʠ ʵʢʟʦʛʝʥʥʳʤ? ʂʘʢ ʠʭ ʦʧʨʝ-

ʜʝʣʷʶʪ? 

8. ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʞʫʱʝʡʩʷ ʠ ʠʩʪʠʥʥʦʡ ʧʝʨʝʚʘʨʠ-

ʤʦʩʪʠ ʘʟʦʪʘ (ʙʝʣʢʘ). 

9. ʏʪʦ ʦʟʥʘʯʘʝʪ ʧʝʨʝʚʘʨʠʤʦʩʪʴ in vivo, in vitro, in situ, in sacco? 
 

ʃʠʪʝʨʘʪʫʨʘ 
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4. ʕʛʛʫʤ ɹ. ʄʝʪʦʜʳ ʦʮʝʥʢʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʝʣʢʘ ʞʠʚʦʪʥʳʤʠ. / ɹ.ʕʛʛʫʤ 
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ʈʘʟʜʝʣ II . ʉʪʨʫʢʪʫʨʘ, ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʨʘʩʪʝʥʠʡ ʠ ʞʠʚʦʪʥʳʭ 

ɻʣʘʚʘ 4. ʋʛʣʝʚʦʜʳ 

ʅʘʟʚʘʥʠʝ çʫʛʣʝʚʦʜʳè ʧʨʦʠʩʭʦʜʠʪ ʦʪ ʥʘʟʚʘʥʠʷ ʚʝʱʝʩʪʚ ʠʭ ʩʦ-

ʩʪʘʚʣʷʶʱʠʭ ï ʵʪʦ ʫʛʣʝʨʦʜ (ʉ), ʩʚʷʟʘʥʥʳʡ ʩ ʚʦʜʦʨʦʜʦʤ (ʅ) ʠ ʢʠʩʣʦʨʦ-

ʜʦʤ (ʆ), ʧʨʠ ʵʪʦʤ ʜʚʘ ʧʦʩʣʝʜʥʠʭ ʵʣʝʤʝʥʪʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʪʦʤ ʞʝ ʩʦʦʪ-

ʥʦʰʝʥʠʠ, ʢʘʢ ʚ ʚʦʜʝ. ʋʛʣʝʚʦʜʳ-ʥʝʡʪʨʘʣʴʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ, 

ʠʤʝʶʱʠʝ ʵʤʧʠʨʠʯʝʩʢʫʶ ʬʦʨʤʫʣʫ (CH2O)n, ʛʜʝ n ï ʵʪʦ ʪʨʠ ʠʣʠ ʙʦʣʝʝ. 

ʆʜʥʘʢʦ, ʥʝʢʦʪʦʨʳʝ ʚʝʱʝʩʪʚʘ ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʫʛʣʝʚʦʜʦʚ ʩʦʜʝʨʞʘʪ ʬʦʩ-

ʬʦʨ, ʘʟʦʪ ʠʣʠ ʩʝʨʫ, ʘ ʜʨʫʛʠʝ, ʥʘʧʨʠʤʝʨ, ʜʝʟʦʢʩʠʨʠʙʦʟʘ (C5H10O4) ʥʝ ʠʤʝ-

ʝʪ ʚʦʜʦʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ ʚ ʪʦʤ ʩʦʦʪʥʦʰʝʥʠʠ, ʢʘʢ ʚ ʚʦʜʝ.  

4.1. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʫʛʣʝʚʦʜʦʚ 

1. ʄʦʥʦʩʘʭʘʨʠʜʳ 

¶ ʛʝʢʩʦʟʳ C6H12O6 (ʛʣʶʢʦʟʘ, ʬʨʫʢʪʦʟʘ, ʛʘʣʘʢʪʦʟʘ, ʤʘʥʥʦʟʘ) 

¶ ʧʝʥʪʦʟʳ C5H10O5 (ʘʨʘʙʠʥʦʟʘ, ʢʩʠʣʦʟʘ, ʢʩʠʣʫʣʦʟʘ, ʨʠʙʦʟʘ, ʨʠʙʫʣʝʟʘ) 

¶ ʪʝʪʨʦʟʳ C4H8O4 (ʵʨʠʪʨʦʟʘ) 

¶ ʪʨʠʦʟʳ C3H6O3 (ʛʣʠʮʝʨʘʣʴʜʝʛʠʜʳ, ʜʠʛʠʜʨʦʢʩʠʘʮʝʪʦʥ) 

¶ ʛʝʧʪʦʟʳ C7H14O7 (ʩʝʜʦʛʝʧʪʫʣʦʟʘ) 

1.1. ʇʨʦʠʟʚʦʜʥʳʝ ʤʦʥʦʩʘʭʘʨʦʚ 

¶ ʵʬʠʨʳ ʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʳ 

¶ ʘʤʠʥʦʩʘʭʘʨʘ (ʛʣʶʢʦʟʘʤʠʥ, ʛʘʣʘʢʪʦʟʘʤʠʥ) 

¶ ʜʝʟʦʢʩʠʩʘʭʘʨʘ (ʜʝʟʦʢʩʠʨʠʙʦʟʘ) 

¶ ʩʘʭʘʨʥʳʝ ʢʠʩʣʦʪʳ (ʘʣʴʜʦʥʦʚʘʷ, ʘʣʴʜʘʨʦʚʘʷ, ʫʨʦʥʦʚʘʷ) 

¶ ʩʘʭʘʨʥʳʝ ʩʧʠʨʪʳ (ʩʦʨʙʠʪʦʣ, ʜʫʣʮʠʪʦʣ, ʤʘʥʥʠʪʦʣ) 

¶ ʛʣʠʢʦʟʠʜʳ (ʮʠʘʥʦʛʝʥʥʳʝ ʛʣʠʢʦʟʠʜʳ ʠ ʜʨ.) 

2. ʆʣʠʛʦʩʘʭʘʨʠʜʳ 

¶ ʜʠʩʘʭʘʨʠʜʳ (ʩʘʭʘʨʦʟʘ, ʤʘʣʴʪʦʟʘ, ʣʘʢʪʦʟʘ, ʮʝʣʣʦʙʠʦʟʘ) 

¶ ʪʨʠʩʘʭʘʨʠʜʳ (ʨʘʬʬʠʥʦʟʘ, ʢʝʪʦʟʘ) 

¶ ʪʝʪʨʘʩʘʭʘʨʠʜʳ (ʩʪʘʭʠʦʟʘ) 

3. ʇʦʣʠʩʘʭʘʨʠʜʳ 

3.1. ɻʦʤʦʛʣʠʢʘʥʳ 

¶ ʘʨʘʙʠʥʘʥʳ ʠ ʢʩʠʣʘʥʳ 

¶ ʛʣʶʢʘʥʳ (ʢʨʘʭʤʘʣ, ʛʣʠʢʦʛʝʥ, ʮʝʣʣʶʣʦʟʘ, ʢʘʣʣʦʟʘ), (C6H10O5)n 

¶ ʬʨʫʢʪʘʥʳ(C5H8O4)n 

¶ ʛʘʣʘʢʪʘʥʳ ʠ ʤʘʥʥʘʥʳ 

¶ ʛʣʶʢʦʟʘʤʠʥʳ 

3.2. ɻʝʪʝʨʦʛʣʠʢʘʥʳ 
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¶ ʧʝʢʪʠʥ 

¶ ʛʝʤʠʮʝʣʣʶʣʦʟʘ 

ʉʘʤʳʝ ʧʨʦʩʪʳʝ ʩʘʭʘʨʘ ï ʤʦʥʦʩʘʭʘʨʠʜʳ, ʢʦʪʦʨʳʝ ʜʝʣʷʪʩʷ ʥʘ ʧʦʜ-

ʛʨʫʧʧʳ: ʪʨʠʦʟʳ (C3H6O3), ʪʝʪʨʦʟʳ (C4H8O4), ʧʝʥʪʦʟʳ (C5H10O5), ʛʝʢʩʦʟr  

(C6H12O6) ʠ ʛʝʧʪʦʟʳ (C7H14O7) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ ʫʛʣʝʨʦʜʥʳʭ ʘʪʦ-

ʤʦʚ ʚ ʤʦʣʝʢʫʣʝ. ʊʨʠʦʟʳ ʠ ʪʝʪʨʦʟʳ ʦʪʥʦʩʷʪʩʷ ʢ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʧʨʦʜʫʢ-

ʪʘʤ ʚ ʦʙʤʝʥʝ ʜʨʫʛʠʭ ʫʛʣʝʚʦʜʦʚ. ʄʦʥʦʩʘʭʘʨʠʜʳ ʤʦʛʫʪ ʩʦʝʜʠʥʷʪʴʩʷ ʜʨʫʛ 

ʩ ʜʨʫʛʦʤ (ʧʨʠ ʵʪʦʤ ʪʝʨʷʝʪʩʷ ʦʜʥʘ ʤʦʣʝʢʫʣʘ ʚʦʜʳ ʚ ʢʘʞʜʦʡ ʩʚʷʟʠ), ʯʪʦʙʳ 

ʧʨʦʠʟʚʝʩʪʠ ʜʠ-, ʪʨʠ-, ʪʝʪʨʘ-, ʠʣʠ ʧʦʣʠʩʘʭʘʨʠʜʳ, ʩʦʜʝʨʞʘʱʠʝ, ʩʦʦʪʚʝʪʩʪ-

ʚʝʥʥʦ, ʜʚʘ, ʪʨʠ, ʯʝʪʳʨʝ ʠ ʙʦʣʝʝ ʤʦʥʦʩʘʭʘʨʠʜʥʳʭ ʝʜʠʥʠʮ. ɺ ʩʚʷʟʠ ʩ ʧʦ-

ʪʝʨʝʡ ʚʦʜʳ ʠʟ ʤʦʣʝʢʫʣʳ ʤʦʥʦʩʘʭʘʨʠʜʘ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʩʣʦʞʥʳʭ ʫʛʣʝ-

ʚʦʜʦʚ, ʠʭ ʥʘʟʳʚʘʶʪ ʤʦʥʦʩʘʭʘʨʠʜʥʳʤʠ ʦʩʪʘʪʢʘʤʠ. 

ʊʝʨʤʠʥ ʩʘʭʘʨ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʪʝʤʠ ʫʛʣʝʚʦʜʘʤʠ, ʢʦʪʦʨʳʝ ʩʦʜʝʨ-

ʞʘʪ ʤʝʥʴʰʝ, ʯʝʤ 10 ʤʦʥʦʩʘʭʘʨʠʜʥʳʭ ʦʩʪʘʪʢʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘʟʚʘʥʠʝ 

ʦʣʠʛʦʩʘʭʘʨʠʜʳ (ʦʪ ʛʨʝʯ. oligos ï ʥʝʤʥʦʛʦ) ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ, 

ʯʪʦʙʳ ʚʢʣʶʯʠʪʴ ʚʩʝ ʜʨʫʛʠʝ ʩʘʭʘʨʘ, ʢʨʦʤʝ ʤʦʥʦʩʘʭʘʨʠʜʦʚ.  

ʇʦʣʠʩʘʭʘʨʠʜʳ, ʥʘʟʳʚʘʝʤʳʝ ʪʘʢʞʝ ʛʣʠʢʘʥʘʤʠ, ʷʚʣʷʶʪʩʷ ʧʦʣʠʤʝ-

ʨʘʤʠ ʠʟ ʤʦʥʦʩʘʭʘʨʠʜʦʚ. ʀʭ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪ ʚ ʜʚʝ ʛʨʫʧʧʳ ï ʛʦʤʦʛʣʠʢʘ-

ʥʳ, ʢʦʪʦʨʳʝ ʩʦʩʪʦʷʪ ʪʦʣʴʢʦ ʠʟ ʦʜʥʦʛʦ ʪʠʧʘ ʤʦʥʦʩʘʭʘʨʠʜʦʚ, ʠ ʛʝʪʝʨʦʛʣʠ-

ʢʘʥʳ, ʢʦʪʦʨʳʝ ʩʦʩʪʦʷʪ ʠʟ ʨʘʟʥʳʭ ʤʦʥʦʩʘʭʘʨʠʜʦʚ, ʠ ʧʦʩʣʝ ʛʠʜʨʦʣʠʟʘ ʜʘ-

ʶʪ ʠʭ ʩʤʝʩʴ. ʄʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʚʘʨʴʠʨʫʝʪ ʢʘʢ ʤʠʥʠ-

ʤʫʤ ʦʪ 8000 ʚ ʥʝʢʦʪʦʨʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʬʨʫʢʪʘʥʘʭ ʠ ʜʦ 100 ʤʣʥ. ʚ ʘʤʠ-

ʣʦʧʝʢʪʠʥʦʚʦʤ ʢʦʤʧʦʥʝʥʪʝ ʢʨʘʭʤʘʣʘ. ɻʠʜʨʦʣʠʟ ʵʪʠʭ ʧʦʣʠʤʝʨʦʚ ʜʦ ʠʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʘʭʘʨʦʚ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʧʝʮʠʬʠʯʝ-

ʩʢʠʭ ʬʝʨʤʝʥʪʦʚ ʠʣʠ ʢʠʩʣʦʪ, ʚ ʯʘʩʪʥʦʩʪʠ ʅ2SO4. 

ʉʣʦʞʥʳʝ ʫʛʣʝʚʦʜʳ ʷʚʣʷʶʪʩʷ ʪʨʫʜʥʦ ʦʧʨʝʜʝʣʷʝʤʦʡ ʛʨʫʧʧʦʡ ʢʦʤ-

ʧʦʥʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʫʛʣʝʚʦʜʳ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʥʝʫʛʣʝʚʦʜʥʳʤʠ 

ʤʦʣʝʢʫʣʘʤʠ. ʆʥʠ ʚʢʣʶʯʘʶʪ ʛʣʠʢʦʣʠʧʠʜʳ ʠ ʛʣʠʢʦʧʨʦʪʝʠʥʳ.  

4.2. ʄʦʥʦʩʘʭʘʨʠʜʳ 

ʉʪʨʫʢʪʫʨʘ 

ʄʦʥʦʩʘʭʘʨʠʜʳ ʠʟʦʙʨʘʞʘʶʪ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʚ ʢʘʯʝʩʪʚʝ ʧʨʠ-

ʤʝʨʘ ʥʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʘʨʠʘʥʪʳ ʠʟʦʙʨʘʞʝʥʠʷ D-ʛʣʶʢʦʟʳ (ʨʠʩ. 4.1). 

 
ʈʠʩʫʥʦʢ 4.1 ï ʈʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʠʟʦʙʨʘʞʝʥʠʷ Ŭ-D-ʛʣʶʢʦʟʳ 
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ʈʠʩʫʥʦʢ 4.2 ï ʃʠʥʝʡʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʛʣʶʢʦʟʳ ʠ ʬʨʫʢʪʦʟʳ 

ɹʦʣʴʰʠʥʩʪʚʦ ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʚ ʧʨʠʨʦʜʝ ʤʦʥʦʩʘʭʘʨʠʜʦʚ ʦʪʥʦʩʠʪ-

ʩʷ ʢ D-ʤʦʥʦʩʘʭʘʨʠʜʘʤ, ʪʘʢ ʢʘʢ ʦʥʠ ʠʤʝʶʪ ʧʨʠ ʘʪʦʤʝ ʉ, ʙʣʠʞʘʡʰʝʤ ʢ 

ʧʝʨʚʠʯʥʦʡ ʩʧʠʨʪʦʚʦʡ ʛʨʫʧʧʝ (CH2OH), ʪʘʢʦʝ ʞʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩ-

ʧʦʣʦʞʝʥʠʝ ʅ ʠ ʆʅ, ʢʘʢ ʫ D-ʛʣʠʮʝʨʠʥʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ. ʕʪʠ ʤʦʥʦʩʘʭʘʨʠ-

ʜʳ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʚʨʘʱʝʥʠʷ ʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ ʣʫʯʘ (ʚʧʨʘʚʦ 

ʠʣʠ ʚʣʝʚʦ), ʦʙʦʟʥʘʯʘʶʪʩʷ ʩʠʤʚʦʣʦʤ D, ʢʦʪʦʨʳʡ ʩʪʘʚʠʪʩʷ ʧʝʨʝʜ ʥʘʟʚʘ-

ʥʠʝʤ ʤʦʥʦʩʘʭʘʨʠʜʘ. ʂʘʢ ʛʣʶʢʦʟʘ, ʪʘʢ ʠ ʬʨʫʢʪʦʟʘ ʠʤʝʶʪ ʢʦʥʬʠʛʫʨʘʮʠʶ 

D-ʛʣʠʮʝʨʠʥʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʫ ʧʷʪʦʛʦ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ (ʥʘʠʙʦʣʝʝ ʦʪʜʘʣʝʥ-

ʥʦʛʦ ʦʪ ʘʣʴʜʝʛʠʜʥʦʡ ʛʨʫʧʧʳ ʚ ʛʣʶʢʦʟʝ ʠ ʥʘʠʙʦʣʝʝ ʦʪʜʘʣʝʥʥʦʛʦ ʦʪ ʢʝ-

ʪʦʥʥʦʡ ʛʨʫʧʧʳ ʬʨʫʢʪʦʟʳ). ʄʝʞʜʫ ʪʝʤ, ʛʣʶʢʦʟʘ ʷʚʣʷʝʪʩʷ ʧʨʘʚʦʚʨʘ-

ʱʘʶʱʠʤʩʷ ʚʝʱʝʩʪʚʦʤ, ʬʨʫʢʪʦʟʘ ï ʣʝʚʦʚʨʘʱʘʶʱʠʤʩʷ. ʕʪʦ ʦʪʤʝʯʘʝʪʩʷ 

ʟʥʘʢʘʤʠ ç+è ʠ ç-è ʚ ʩʢʦʙʢʘʭ. 

D-ʛʣʶʢʦʟʘ ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʚ ʚʠʜʝ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʠʟʦʤʝʨ-

ʥʳʭ ʬʦʨʤ: Ŭ- D-ʛʣʶʢʦʟʳ ʠ ɓ- D-ʛʣʶʢʦʟʳ, ʜʣʷ ʢʦʪʦʨʳʭ ʦʧʪʠʯʝʩʢʦʝ ʚʨʘ-

ʱʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ +112,2Á ʠ +18,7Á. ʆʙʘ ʚʝʱʝʩʪʚʘ ʚʳʜʝ-

ʣʝʥʳ ʚ ʯʠʩʪʦʤ ʚʠʜʝ; ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʦʥʠ ʥʝ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʩʚʦʝʤʫ ʵʣʝ-

ʤʝʥʪʘʨʥʦʤʫ ʩʦʩʪʘʚʫ. ʇʨʠ ʨʘʩʪʚʦʨʝʥʠʠ Ŭ- ʠ ɓ- ʠʟʦʤʝʨʦʚ D-ʛʣʶʢʦʟʳ ʚ 

ʚʦʜʝ ʦʧʪʠʯʝʩʢʦʝ ʚʨʘʱʝʥʠʝ ʤʝʥʷʝʪʩʷ ʠ ʜʦʩʪʠʛʘʝʪ ʨʘʚʥʦʚʝʩʥʦʛʦ ʟʥʘʯʝʥʠʷ 

+ 52,7Á. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, Ŭ- ʠ ɓ- ʠʟʦʤʝʨʳ D-ʛʣʶʢʦʟʳ ʥʝ ʷʚʣʷʶʪʩʷ ʩʪʨʫʢ-

ʪʫʨʘʤʠ ʩ ʦʪʢʨʳʪʦʡ ʮʝʧʴʶ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 4.2, ʘ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʟʘʤʢʥʫʪʳʝ ʰʝʩʪʠʯʣʝʥʥʳʝ ʢʦʣʴʮʘ, ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ 

ʤʝʞʜʫ ʩʧʠʨʪʦʚʦʡ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʦʡ ʉ5 ʠ ʫʛʣʝʨʦʜʦʤ ʘʣʴʜʝʛʠʜʥʦʡ 

ʛʨʫʧʧʳ ʉ1. ʊʘʢʦʛʦ ʪʠʧʘ ʰʝʩʪʠʯʣʝʥʥʳʝ ʢʦʣʴʮʘ ʩʘʭʘʨʦʚ ʥʘʟʳʚʘʶʪ ʧʠʨʘ-

ʥʦʟʘʤʠ. ʌʫʨʘʥʦʟʳ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʢʝʪʦʛʨʫʧʧʳ ʩ ʛʠʜʨʦ-

ʢʩʠʣʴʥʦʡ ʛʨʫʧʧʦʡ ʧʷʪʦʛʦ ʫʛʣʝʨʦʜʥʦʛʦ ʘʪʦʤʘ. 

ʇʨʝʚʨʘʱʝʥʠʝ Ŭ-ʛʣʶʢʦʟʳ ʚ ɓ-ʛʣʶʢʦʟʫ ʠ, ʥʘʦʙʦʨʦʪ, ʩʦʧʨʦʚʦʞʜʘʝʪ-

ʩʷ ʠʟʤʝʥʝʥʠʝʤ ʫʛʣʘ ʚʨʘʱʝʥʠʷ ʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ ʣʫʯʘ ʩʚʝʪʘ. ʆʙʳʯʥʦ 

ʛʣʶʢʦʟʘ ʚʩʪʨʝʯʘʝʪʩʷ ʚ Ŭ-ʬʦʨʤʝ. ʂʘʞʜʳʡ ʠʟ 32 ʠʟʦʤʝʨʦʚ ʘʣʴʜʦʛʝʢʩʦʟ 

ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ Ŭ ʠ ɓ-ʘʣʴʜʦʛʝʢʩʦʟʘʭ ʧʨʠ ʩʚʦʝʡ ʮʠʢʣʠʟʘʮʠʠ. 
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ʌʦʨʤʘ ʛʣʶʢʦʟʠʜʥʦʡ ʩʚʷʟʠ ʜʠʩʘʭʘʨʦʚ, ʥʘʧʨʠʤʝʨ, ʤʘʣʴʪʦʟʳ ʷʚʣʷ-

ʝʪʩʷ Ŭ-ʛʣʶʢʦʟʠʜʦ-1,4-ʛʣʶʢʦʟʦʡ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʥʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ 

ʦʩʪʘʪʢʦʚ ʤʦʣʝʢʫʣ Ŭ-ʛʣʶʢʦʟʳ, ʩʦʝʜʠʥʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʛʣʶʢʦʟʠʜʥʦʡ 

ʩʚʷʟʴʶ, ʠʜʫʱʝʡ ʦʪ ʘʣʴʜʝʛʠʜʥʦʡ ʛʨʫʧʧʳ (1) ʦʜʥʦʛʦ ʦʩʪʘʪʢʘ ʛʣʶʢʦʟʳ ʢ 

ʩʧʠʨʪʦʚʦʡ ʛʨʫʧʧʝ ʚ ʧʦʣʦʞʝʥʠʠ ʚʪʦʨʦʛʦ ʦʩʪʘʪʢʘ ʛʣʶʢʦʟʳ. ʎʝʣʣʦʙʠʦʟʘ ï 

ʵʪʦ ɓ-ʛʣʶʢʦʟʠʜʦ-1,4-ʛʣʶʢʦʟʘ, ʦʥʘ ʧʦʩʪʨʦʝʥʘ ʠʟ ʤʦʣʝʢʫʣ ɓ-ʛʣʶʢʦʟʳ ʠ Ŭ-

ʛʣʶʢʦʟʳ. ʉʘʭʘʨʦʟʘ ï Ŭ-ʛʣʶʢʦʟʠʜʦ-1,2-ɓ-ʬʨʫʢʪʦʟʘ, ʧʦʩʪʨʦʝʥʘ ʠʟ ʦʩʪʘʪʢʘ 

ʤʦʣʝʢʫʣʳ Ŭ-ʛʣʶʢʦʟʳ ʠ ʦʩʪʘʪʢʘ ʤʦʣʝʢʫʣʳ ɓ-ʬʨʢʫʪʦʟʳ, ʩʦʝʜʠʥʝʥʥʳʭ ʤʝ-

ʞʜʫ ʩʦʙʦʡ ʩʚʷʟʴʶ, ʠʜʫʱʝʡ ʦʪ ʘʣʴʜʝʛʠʜʥʦʡ ʢ ʢʝʪʦʥʥʦʡ ʛʨʫʧʧʝ. 

ʂʘʞʜʘʷ ʢʦʣʴʮʝʚʘʷ ʩʪʨʫʢʪʫʨʘ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʜʚʫʭ ʠʟʦʤʝʨʥʳʭ 

ʬʦʨʤʘʭ, ʦʙʦʟʥʘʯʘʝʤʳʭ Ŭ ʠ ɓ. ʂʨʘʭʤʘʣ ʠ ʛʣʠʢʦʛʝʥ ʷʚʣʷʶʪʩʷ ʧʦʣʠʤʝʨʘʤʠ 

ʠʟ Ŭ-ʬʦʨʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʮʝʣʣʶʣʦʟʘ - ʧʦʣʠʤʝʨ ʠʟ ɓ-ʬʦʨʤ. 

ʉʚʦʡʩʪʚʘ ʤʦʥʦʩʘʭʘʨʠʜʦʚ 

ʀʟ-ʟʘ ʧʨʠʩʫʪʩʪʚʠʷ ʘʢʪʠʚʥʦʡ ʘʣʴʜʝʛʠʜʥʦʡ ʠʣʠ ʢʝʪʦʥʥʦʡ ʛʨʫʧʧ, 

ʤʦʥʦʩʘʭʘʨʠʜʳ ʜʝʡʩʪʚʫʶʪ ʢʘʢ ʨʝʜʫʮʠʨʫʶʱʠʝ ʚʝʱʝʩʪʚʘ, ʪ.ʝ. ʦʙʣʘʜʘʶʪ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʠʦʥʳ ʥʝʢʦʪʦʨʳʭ ʤʝʪʘʣʣʦʚ, ʦʩʦʙʝʥʥʦ ʤʝ-

ʜʠ ʠ ʩʝʨʝʙʨʘ ʚ ʱʝʣʦʯʥʦʤ ʨʘʩʪʚʦʨʝ. ɸʣʴʜʝʛʠʜʥʘʷ ʠ ʢʝʪʦʥʥʘʷ ʛʨʫʧʧʳ ʤʦ-

ʛʫʪ ʪʘʢʞʝ ʙʳʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʳ ʭʠʤʠʯʝʩʢʠ ʠʣʠ ʵʥʟʠʤʘʪʠʯʝʩʢʠ ʩ ʦʙʨʘʟʦ-

ʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʘʭʘʨʥʳʭ ʩʧʠʨʪʦʚ. ʇʨʠʤʝʨʳ ʦʢʩʠʜʠʨʦʚʘʥʥʳʭ 

ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʜʘʥʳ ʚ ʨʘʟʜʝʣʝ çʇʨʦʠʟʚʦʜʥʳʝ ʤʦʥʦʩʘʭʘ-

ʨʠʜʦʚè.  

ɻʝʢʩʦʟʳ 

ɻʣʶʢʦʟʘ ʠ ʬʨʫʢʪʦʟʘ ï ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʥʘʪʫʨʘʣʴʥʦ ʚʩʪʨʝʯʘʶ-

ʱʠʝʩʷ ʛʝʢʩʦʟʥʳʝ ʩʘʭʘʨʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʤʘʥʥʦʟʘ ʠ ʛʘʣʘʢʪʦʟʘ ʚʩʪʨʝʯʘʶʪ-

ʩʷ ʚ ʨʘʩʪʝʥʠʷʭ ʚ ʧʦʣʠʤʝʨʥʦʡ ʬʦʨʤʝ ʢʘʢ ʤʘʥʥʘʥʳ ʠ ʛʘʣʘʢʪʘʥʳ. 

D-ʛʣʶʢʦʟʘ, ʚʠʥʦʛʨʘʜʥʳʡ ʩʘʭʘʨ, ʠʣʠ ʜʝʢʩʪʨʦʟʘ ʩʫʱʝʩʪʚʫʝʪ ʚ ʩʚʦ-

ʙʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʘ ʪʘʢʞʝ ʚ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʬʦʨʤʝ. ʉʘʭʘʨ ʥʘʭʦʜʠʪʩʷ 

ʚ ʨʘʩʪʝʥʠʷʭ, ʬʨʫʢʪʘʭ, ʤʝʜʝ, ʢʨʦʚʠ, ʣʠʤʬʝ ʠ ʮʝʨʦʙʨʦʩʧʠʥʘʣʴʥʦʡ ʞʠʜʢʦ-

ʩʪʠ ʠ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʠ ʛʣʘʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʤʥʦʛʠʭ ʦʣʠʛʦʩʘ-

ʭʘʨʠʜʦʚ, ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʠ ʛʣʶʢʦʟʠʜʘʟ. ɺ ʯʠʩʪʦʤ ʩʦʩʪʦʷʥʠʠ ʛʣʶʢʦʟʘ ï 

ʙʝʣʦʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʠ, ʧʦʜʦʙʥʦ ʚʩʝʤ ʩʘʭʘʨʘʤ, ʨʘʩʪʚʦʨʠʤʘ ʚ 

ʚʦʜʝ. 
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D-ʬʨʫʢʪʦʟʘ ï ʬʨʫʢʪʦʚʳʡ ʩʘʭʘʨ ʠʣʠ ʣʠʚʫʣʦʟʘ, ʥʘʭʦʜʠʪʩʷ ʚ ʩʚʦ-

ʙʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚ ʟʝʣʝʥʳʭ ʣʠʩʪʴʷʭ, ʬʨʫʢʪʘʭ ʠ ʤʝʜʝ. ʆʥʘ ʪʘʢʞʝ ʝʩʪʴ ʚ 

ʜʠʩʘʭʘʨʠʜʝ ʩʘʭʘʨʦʟʝ ʠ ʚʦ ʬʨʫʢʪʘʥʘʭ. ɿʝʣʝʥʳʝ ʣʠʩʪʴʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦ-

ʜʝʨʞʘʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʪʦʛʦ ʩʘʭʘʨʘ ʢʘʢ ʚ ʩʚʦʙʦʜʥʦʤ ʚʠʜʝ, ʪʘʢ 

ʠ ʚ ʧʦʣʠʤʝʨʥʳʭ ʬʦʨʤʘʭ. ʉʚʦʙʦʜʥʘʷ ʬʨʫʢʪʦʟʘ ï ʵʪʦ ʙʝʣʦʝ ʢʨʠʩʪʘʣʣʠʯʝ-

ʩʢʦʝ ʚʝʱʝʩʪʚʦ, ʠʤʝʝʪ ʙʦʣʝʝ ʩʣʘʜʢʠʡ ʚʢʫʩ, ʯʝʤ ʩʘʭʘʨʦʟʘ. ʆʩʦʙʝʥʥʦ ʩʣʘʜ-

ʢʠʡ ʚʢʫʩʫ ʤʝʜʘ ʙʣʘʛʦʜʘʨʷ ʵʪʠʤ ʩʘʭʘʨʘʤ. D-ʤʘʥʥʦʟʘ ï ʥʝ ʚʩʪʨʝʯʘʝʪʩʷ ʚ 

ʩʚʦʙʦʜʥʦʤ ʚʠʜʝ ʚ ʧʨʠʨʦʜʝ, ʥʦ ʩʫʱʝʩʪʚʫʝʪ ʚ ʧʦʣʠʤʝʨʠʟʠʨʦʚʘʥʥʦʡ ʬʦʨʤʝ 

ʚ ʤʘʥʥʘʥʘʭ, ʘ ʪʘʢʞʝ ʢʘʢ ʢʦʤʧʦʥʝʥʪ ʛʣʠʢʦʧʨʦʪʝʠʥʦʚ. ʄʘʥʥʘʥʳ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʜʨʦʞʞʘʭ, ʛʨʠʙʘʭ, ʙʘʢʪʝʨʠʷʭ.  

D-ʛʘʣʘʢʪʦʟʘ ï ʥʝ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʩʚʦʙʦʜʥʦʤ ʚʠʜʝ ʚ ʧʨʠʨʦʜʝ, ʟʘ ʠʩ-

ʢʣʶʯʝʥʠʝʤ, ʢʘʢ ʧʨʦʜʫʢʪ ʬʝʨʤʝʥʪʘʮʠʠ. ʇʨʠʩʫʪʩʪʚʫʝʪ ʢʘʢ ʢʦʤʧʦʥʝʥʪ  

ʜʠʩʘʭʘʨʠʜʘ ʣʘʢʪʦʟʳ, ʢʦʪʦʨʘʷ ʝʩʪʴ ʚ ʤʦʣʦʢʝ. ɻʘʣʘʢʪʦʟʘ ʚʩʪʨʝʯʘʝʪʩʷ ʪʘʢ-

ʞʝ ʢʘʢ ʢʦʤʧʦʥʝʥʪ ʘʥʪʦʮʠʘʥʦʚʦʛʦ ʧʠʛʤʝʥʪʘ ʚ ʛʘʣʘʢʪʦʣʠʧʠʜʘʭ, ʩʤʦʣʘʭ ʠ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʢʣʝʷʭ. 

ʇʝʥʪʦʟʳ 

ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤʠ ʯʣʝʥʘʤʠ ʵʪʦʡ ʛʨʫʧʧʳ ʧʨʦʩʪʳʭ ʩʘʭʘʨʦʚ ʷʚ-

ʣʷʶʪʩʷ ʘʣʴʜʦʟʳ: L-ʘʨʘʙʠʥʦʟʘ, D-ʢʩʠʣʦʟʘ ʠ D-ʨʠʙʦʟʘ ʠ ʢʝʪʦʟʳ: D-

ʢʩʠʣʫʣʦʟʘ ʠ D-ʨʠʙʫʣʦʟʘ.  

 
Ŭ-D-ʘʨʘʙʠʥʦʟʘ Ŭ-D-ʢʩʠʣʦʟʘ Ŭ-D-ʨʠʙʦʟʘ 
 

L-ʘʨʘʙʠʥʦʟʘ ʚʩʪʨʝʯʘʝʪʩʷ, ʢʘʢ ʧʝʥʪʦʟʘʥ ʚ ʘʨʘʙʠʥʘʥʘʭ. ʆʥʘ ʷʚʣʷʝʪ-

ʩʷ ʢʦʤʧʦʥʝʥʪʦʤ ʛʝʤʠʮʝʣʣʶʣʦʟ ʠ ʥʘʡʜʝʥʘ ʚ ʩʠʣʦʩʝ, ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʠʭ 

ʛʠʜʨʦʣʠʟʘ. ʆʥʘ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʢʦʤʧʦʥʝʥʪʦʤ ʛʫʤʤʠʘʨʘʙʠʢʘ ʠ ʜʨʫʛʠʭ 

ʢʘʤʝʜʝʡ ʢʣʝʪʦʯʥʳʭ ʚʳʜʝʣʝʥʠʡ. D-ʢʩʠʣʦʟʘ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʝʥʪʦ-

ʟʘʥʦʚ ʚ ʢʩʠʣʘʥʘʭ. ʕʪʠ ʚʝʱʝʩʪʚʘ ʦʙʨʘʟʫʶʪ ʦʩʥʦʚʥʳʝ ʮʝʧʠ ʚ ʪʨʘʚʷʥʳʭ 

ʛʝʤʠʮʝʣʣʶʣʦʟʘʭ. ʂʩʠʣʦʟʘ ʠ ʘʨʘʙʠʥʦʟʘ ʦʙʨʘʟʫʶʪʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦ-

ʣʠʯʝʩʪʚʘʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʠʜʨʦʣʠʟʘ ʨʘʩʪʝʥʠʡ ʥʦʨʤʘʣʴʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦ-

ʪʦʡ. D-ʨʠʙʦʟʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʦ ʚʩʝʭ ʞʠʚʳʭ ʢʣʝʪʢʘʭ ʢʘʢ ʢʦʤʧʦʥʝʥʪ ʨʠ-

ʙʦʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ (ʈʅʂ), ʦʥʘ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʢʦʤʧʦʥʝʥʪʦʤ ʥʝʢʦʪʦ-

ʨʳʭ ʚʠʪʘʤʠʥʦʚ ʠ ʢʦʵʥʟʠʤʦʚ.  



63 
 

  
D-ʢʩʠʣʫʣʦʟʘ  D-ʨʠʙʫʣʦʟʘ 

ʌʦʩʬʦʨʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ D-ʢʩʠʣʫʣʦʟʳ ʠ D-ʨʠʙʫʣʦʟʳ ʧʨʦʠʩʭʦʜʷʪ 

ʢʘʢ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʧʨʦʜʫʢʪʳ ʚ ʧʝʥʪʦʟʦ-ʬʦʩʬʘʪʥʦʤ ʤʝʪʘʙʦʣʠʯʝʩʢʦʡ 

ʧʫʪʠ. 

ɻʝʧʪʦʟʳ 

D-ʩʝʜʦʛʝʧʪʫʣʦʟʘ, ʚʘʞʥʳʡ ʧʨʠʤʝʨ ʤʦʥʦʩʘʭʘʨʠʜʘ, ʩʦʜʝʨʞʘʱʝʛʦ 7 

ʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ ʠ ʥʘʭʦʜʠʪʩʷ ʚ ʚʠʜʝ ʬʦʩʬʘʪʘ ʢʘʢ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʚʝ-

ʱʝʩʪʚʦ ʚ ʧʝʥʪʦʟʦ-ʬʦʩʬʘʪʥʦʤ ʤʝʪʘʙʦʣʠʯʝʩʢʦʤ ʧʫʪʠ. 

 
D-ʩʝʜʦʛʝʧʪʫʣʦʟʘ 

 

ʇʨʦʠʟʚʦʜʥʳʝ ʤʦʥʦʩʘʭʘʨʠʜʦʚ 

ʕʬʠʨʳ ʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʳ 

ʕʬʠʨʳ ʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʳ ʩʘʭʘʨʦʚ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʰʠ-

ʨʦʢʦʤ ʢʦʣʠʯʝʩʚʝ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʚ ʞʠʚʦʤ ʦʨʛʘʥʠʟʤʝ. ʅʘʠʙʦʣʝʝ 

ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʧʨʦʠʟʚʦʜʥʳʝ ï ʵʪʦ ʪʝ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ ʠʟ ʛʣʶʢʦʟʳ, 

ʪɻʝʨʠʬʠʢʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 1-ʦʤ ʠʣʠ 6-ʦʤ ʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʘʭ ʠʣʠ 

ʦʙʦʠʭ. 

 
Ŭ-D-ʛʣʶʢʦʟʘ-1-ʬʦʩʬʘʪ Ŭ-D-ʛʣʶʢʦʟʘ-6-ʬʦʩʬʘʪ 
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ɸʤʠʥʦʩʘʭʘʨʘ 

ɽʩʣʠ ʛʠʜʨʦʢʩʠʣʴʥʘʷ ʛʨʫʧʧʘ ʥʘ 2-ʦʤ ʫʛʣʝʨʦʜʥʦʤ ʘʪʦʤʝ ʘʣʴʜʦʛʝʢ-

ʩʦʟʳ ʟʘʤʝʱʝʥʘ ʘʤʠʥʦʛʨʫʧʧʦʡ (-NH2), ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʤ ʘʤʠʥʦʩʘ-

ʭʘʨ. ɼʚʘ ʪʘʢʠʭ ʥʘʪʫʨʘʣʴʥʦ ʩʫʱʝʩʪʚʫʶʱʠʭ ʚʘʞʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʶʪʩʷ 

D-ʛʣʶʢʦʟʦʘʤʠʥ, ʛʣʘʚʥʳʡ ʢʦʤʧʦʥʝʥʪ ʭʠʪʠʥʘ, ʠ D-ʛʘʣʘʢʪʦʟʘʤʠʥ ï ʢʦʤ-

ʧʦʥʝʥʪ ʧʦʣʠʩʘʭʘʨʠʜʘ ʭʨʷʱʝʡ. 

  
ɓ-D-ʛʣʶʢʦʟʦʘʤʠʥ ɓ-D-ʛʘʣʘʢʪʦʟʘʤʠʥ 

ɼʝʟʦʢʩʠʩʘʭʘʨʘ 

ɿʘʤʝʥʘ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʥʘ ʚʦʜʦʨʦʜ ʜʘʝʪ ʜʝʟʦʢʩʠʩʘʭʘʨ. 

ʇʨʦʠʟʚʦʜʥʦʝ ʨʠʙʦʟʳ ʜʝʟʦʢʩʠʨʠʙʦʟʘ ʷʚʣʷʝʪʩʷ ʢʦʤʧʦʥʝʥʪʦʤ ɼʅʂ. ʇʦ-

ʜʦʙʥʳʝ ʜʝʟʦʢʩʠʧʨʦʠʟʚʦʜʥʳʝ ʠʟ ʜʚʫʭ ʛʝʢʩʦʟ, ʛʘʣʘʢʪʦʟ ʠ ʤʘʥʥʦʟ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʢʘʢ ʬʫʢʦʟʘ ʠ ʨʘʤʥʦʟʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʥʠ ʷʚʣʷʶʪʩʷ ʢʦʤʧʦ-

ʥʝʥʪʘʤʠ ʥʝʢʦʪʦʨʳʭ ʛʝʪʝʨʦʧʦʣʠʩʘʭʘʨʠʜʦʚ. 

  
Ŭ-D-ʜʝʟʦʢʩʠʨʠʙʦʟʘ Ŭ-L-ʨʘʤʥʦʟʘ 

ʉʘʭʘʨʥʳʝ ʢʠʩʣʦʪʳ 

ɸʣʴʜʦʟʳ ʤʦʛʫʪ ʦʢʠʩʣʷʪʴʩʷ ʠ ʧʨʦʠʟʚʦʜʠʪʴ ʨʷʜ ʢʠʩʣʦʪ, ʠʟ ʢʦʪʦʨʳʭ 

ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ï ʘʣʴʜʦʥʦʚʘʷ, ʘʣʴʜʘʨʦʚʘʷ ʠ ʫʨʦʥʦʚʘʷ ʢʠʩʣʦʪʳ. 

ɺ ʩʣʫʯʘʝ ʛʣʶʢʦʟʳ ʧʨʦʠʟʚʦʜʥʳʤʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʵʪʠʤ ʬʦʨ-

ʤʫʣʘʤ, ʷʚʣʷʶʪʩʷ ʛʣʶʢʦʥʦʚʘʷ, ʛʣʶʢʘʨʦʚʘʷ ʠ ʛʣʶʢʫʨʦʥʦʚʘʷ ʢʠʩʣʦʪʳ, ʩʦ-

ʦʪʚʝʪʩʪʚʝʥʥʦ. ʋʨʦʥʦʚʘʷ ʢʠʩʣʦʪʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʦʠʩʭʦʜʠʪ ʠʟ ʛʣʶʢʦʟʳ ʠ 

ʛʘʣʘʢʪʦʟʳ, ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʨʷʜʘ ʛʝʪʝʨʦʧʦʣʠʩʘʭʘʨʠʜʦʚ. 

   
ʘʣʴʜʦʥʦʚʘʷ  ʘʣʴʜʘʨʦʚʘʷ   ʫʨʦʥʦʚʘʷ ʢʠʩʣʦʪʳ 
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ʉʘʭʘʨʥʳʝ ʩʧʠʨʪʳ 

ʇʨʦʩʪʳʝ ʩʘʭʘʨʘ ʤʦʛʫʪ ʙʳʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʳ ʜʦ ʩʧʠʨʪʦʚ; ʥʘʧʨʠ-

ʤʝʨ, ʠʟ ʛʣʶʢʦʟʳ ʦʙʨʘʟʫʝʪʩʷ ʩʦʨʙʠʪʦʣ, ʠʟ ʛʘʣʘʢʪʦʟʳ ï ʜʫʣʮʠʪʦʣ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʤʘʥʥʦʟʘ ʠ ʬʨʫʢʪʦʟʘ ʜʘʶʪ ʤʘʥʥʠʪʦʣ. ʇʦʩʣʝʜʥʠʝ ʚʩʪʨʝʯʘʶʪʩʷ ʚ 

ʪʨʘʚʷʥʳʭ ʩʠʣʦʩʘʭ ʠ ʦʙʨʘʟʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʡʩʪʚʠʷ ʩʧʝʮʠʬʠʯʥʳʭ 

ʘʥʘʵʨʦʙʥʳʭ ʙʘʢʪʝʨʠʡ ʥʘ ʬʨʫʢʪʦʟʫ, ʧʨʠʩʫʪʩʪʚʫʶʱʫʶ ʚ ʪʨʘʚʝ. 

 

ɻʣʠʢʦʟʠʜʳ 

ɽʩʣʠ ʚʦʜʦʨʦʜ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ, ʧʨʠʤʳʢʘʶʱʠʡ ʢ 1-ʦʤʫ 

ʘʪʦʤʫ ʫʛʣʝʨʦʜʘ ʛʣʶʢʦʟʳ, ʟʘʤʝʱʘʝʪʩʷ ʧʫʪʝʤ ʵʪʝʨʠʬʠʢʘʮʠʠ ʠ ʢʦʥʜʝʥʩʘ-

ʮʠʠ ʩʧʠʨʪʦʤ (ʚʢʣʶʯʘʶʱʠʤ ʤʦʣʝʢʫʣʫ ʩʘʭʘʨʘ) ʠʣʠ ʬʝʥʦʣʦʤ, ʧʨʦʜʫʢʪ, 

ʧʨʦʠʟʚʝʜʝʥʥʳʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʟʳʚʘʶʪ ʛʣʠʢʦʟʠʜʦʤ. ʇʦʜʦʙʥʳʤ ʦʙʨʘ-

ʟʦʤ ʛʘʣʘʢʪʦʟʘ ʦʙʨʘʟʫʝʪ ʛʘʣʘʢʪʦʟʠʜʳ ʠ ʬʨʫʢʪʦʟʘ ï ʬʨʫʢʪʦʟʠʜʳ. ɺ ʮʝʣʦʤ 

ʪʝʨʤʠʥ çʛʣʠʢʦʟʠʜʳè ʠʩʧʦʣʴʟʫʶʪ, ʯʪʦʙʳ ʦʧʠʩʘʪʴ ʵʪʠ ʧʨʦʠʟʚʦʜʥʳʝ ʠ 

ʩʚʷʟʠ, ʢʘʢ ʛʣʠʢʦʟʠʜʥʳʝ ʩʚʷʟʠ. 

ʆʣʠʛʦʩʘʭʘʨʠʜʳ ʠ ʧʦʣʠʩʘʭʘʨʠʜʳ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ, ʢʘʢ ʛʣʠʢʦ-

ʟʠʜʳ. ʕʪʠ ʢʦʤʧʦʥʝʥʪʳ ʜʘʶʪ ʩʘʭʘʨʘ ʠ ʧʨʦʠʟʚʦʜʥʳʝ ʩʘʭʘʨʘ ʧʨʠ ʛʠʜʨʦʣʠ-

ʟʝ. ʅʝʢʦʪʦʨʳʝ ʥʘʪʫʨʘʣʴʥʦ ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʛʣʠʢʦʟʠʜʳ ʩʦʜʝʨʞʘʪ ʥʝʫʛʣʝ-

ʚʦʜʥʳʝ ʦʩʪʘʪʢʠ. ʅʘʧʨʠʤʝʨ, ʥʫʢʣʝʦʟʠʜʳ ʩʦʜʝʨʞʘʪ ʩʘʭʘʨ, ʩʚʷʟʘʥʥʳʡ ʩ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤ ʘʟʦʪʦʩʦʜʝʨʞʘʱʠʤ ʦʩʥʦʚʘʥʠʝʤ.  

ʎʠʘʥʦʛʝʥʥʳʝ ʛʣʠʢʦʟʠʜʳ ʦʩʚʦʙʦʞʜʘʶʪ ʪʦʢʩʠʯʥʦʝ ʚʝʱʝʩʪʚʦ ʩʠ-

ʥʠʣʴʥʫʶ ʢʠʩʣʦʪʫ (HCN) ʧʨʠ ʛʠʜʨʦʣʠʟʝ. ʈʘʩʪʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʪʘʢʦʡ 

ʪʠʧ ʛʣʠʢʦʟʠʜʦʚ, ʷʚʣʷʶʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʨʝʜʥʳʤʠ ʜʣʷ ʞʠʚʦʪʥʳʭ. ɻʣʠ-

ʢʦʟʠʜʳ ʩʘʤʠ ʧʦ ʩʝʙʝ ʥʝ ʪʦʢʩʠʯʥʳ, ʦʜʥʘʢʦ ʦʪʨʘʚʣʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʠʭ ʛʠʜʨʦʣʠʟʘ ʧʦʩʣʝ ʧʦʝʜʘʥʠʷ ʚ ʦʨʛʘʥʠʟʤʝ ʞʠʚʦʪʥʳʭ. ɻʣʠʢʦʟʠ-

ʜʳ ʣʝʛʢʦ ʨʘʟʨʫʰʘʶʪʩʷ ʥʘ ʩʚʦʠ ʢʦʤʧʦʥʝʥʪʳ ʩ ʧʦʤʦʱʴʶ ʵʥʟʠʤʘ, ʢʦʪʦʨʳʡ 

ʦʙʳʯʥʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʨʘʩʪʝʥʠʠ. ʇʨʠʤʝʨʦʤ ʮʠʘʥʦʛʝʥʥʦʛʦ ʛʣʠʢʦʟʠʜʘ 

ʷʚʣʷʝʪʩʷ ʣʠʥʘʤʘʨʠʥ, ʥʘʟʳʚʘʤʳʡ ʪʘʢʞʝ ʬʘʟʝʦʣʫʥʘʪʠʥ, ʢʦʪʦʨʳʡ ʝʩʪʴ ʚ 

ʩʝʤʝʥʘʭ ʬʘʩʦʣʠ ʣʫʥʦʦʙʨʘʟʥʦʡ, ʣʴʥʘ ʠ ʤʘʥʠʦʢʠ. ɽʩʣʠ ʩʳʨʫʶ ʤʘʩʩʫ ʠʣʠ 

ʢʘʰʠʮʫ, ʩʦʜʝʨʞʘʱʠʝ ʵʪʠ ʢʦʨʤʘ, ʜʘʚʘʪʴ ʞʠʚʦʪʥʳʤ, ʪʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʥʝʦʙʭʦʜʠʤʦ ʠʭ ʧʨʦʢʠʧʷʪʠʪʴ, ʯʪʦʙʳ ʠʥʘʢʪʠʚʠʨʦʚʘʪʴ ʣʶʙʳʝ ʠʤʝʶʱʠʝʩʷ 

+ 2H + 2H 
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ʵʥʟʠʤʳ. ʇʨʠ ʛʠʜʨʦʣʠʟʝ ʣʠʥʘʤʘʨʠʥ ʜʘʝʪ ʛʣʶʢʦʟʫ, ʘʮʝʪʦʥ ʠ ʩʠʥʠʣʴʥʫʶ 

ʢʠʩʣʦʪʫ. 

4.3. ʆʣʠʛʦʩʘʭʘʨʠʜʳ 

ɼʠʩʘʭʘʨʠʜʳ. ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʜʠʩʘʭʘʨʠʜʘʤʠ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʧʠʪʘʥʠʷ, ʷʚʣʷʶʪʩʷ ʩʘʭʘʨʦʟʘ, ʤʘʣʴʪʦʟʘ, ʣʘʢʪʦʟʘ ʠ ʮʝʣʣʦʙʠʦʟʘ, ʢʦʪʦʨʳʝ 

ʧʨʠ ʛʠʜʨʦʣʠʟʝ ʨʘʩʧʘʜʘʶʪʩʷ ʥʘ ʜʚʝ ʤʦʣʝʢʫʣʳ ʛʝʢʩʦʟʳ. 
C12H22O11 + H2O Ÿ 2C6H12O6 

ʉʘʭʘʨʦʟʘ ʩʦʩʪʦʠʪ ʠʟ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ Ŭ-D-ʛʣʶʢʦʟʳ ʠ ʦʜʥʦʡ ʤʦʣʝ-

ʢʫʣʳ ɓ-D-ʬʨʫʢʪʦʟʳ, ʩʦʝʜʠʥʝʥʥʳʭ ʚʤʝʩʪʝ ʯʝʨʝʟ ʢʠʩʣʦʨʦʜʥʫʶ ʩʚʷʟʴ ʤʝ-

ʞʜʫ 1-ʳʤ ʠ 2-ʳʤ ʫʛʣʝʨʦʜʥʳʤʠ ʘʪʦʤʘʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʘʭʘʨʦʟʘ ʥʝ ʠʤʝʝʪ 

ʥʠʢʘʢʦʡ ʨʝʜʫʮʠʨʫʶʱʝʡ ʛʨʫʧʧʳ. 

 
ʩʘʭʘʨʦʟʘ 

 

ʉʘʭʘʨʦʟʘ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʠ ʟʥʘʯʠʤʳʤ ʜʠ-

ʩʘʭʘʨʠʜʦʤ ʚ ʨʘʩʪʝʥʠʷʭ, ʛʜʝ ʦʥʘ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʬʦʨʤʦʡ 

ʫʛʣʝʨʦʜʘ. ʕʪʦʪ ʜʠʩʘʭʘʨʠʜ ʥʘʡʜʝʥ ʚ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʩʘʭʘʨʥʦʤ 

ʪʨʦʩʪʥʠʢʝ (200 ʛ/ʢʛ) ʠ ʚ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʝ (150-200 ʛ/ʢʛ). ʆʥ ʪʘʢʞʝ ʧʨʠ-

ʩʫʪʩʪʚʫʝʪ ʚ ʜʨʫʛʠʭ ʢʦʨʥʝʧʣʦʜʘʭ, ʪʘʢʠʭ ʢʘʢ, ʢʦʨʤʦʚʘʷ ʩʚʝʢʣʘ ʠ ʤʦʨʢʦʚʴ, 

ʚʦ ʤʥʦʛʠʭ ʬʨʫʢʪʘʭ. ʉʘʭʘʨʦʟʘ ʣʝʛʢʦ ʛʠʜʨʦʣʠʟʫʝʪʩʷ ʵʥʟʠʤʦʤ ʩʘʭʘʨʘʟʦʡ 

ʠʣʠ ʨʘʟʙʘʚʣʝʥʥʳʤʠ ʢʠʩʣʦʪʘʤʠ. ʂʦʛʜʘ ʝʝ ʥʘʛʨʝʚʘʶʪ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 

160Áʉ, ʦʥʘ ʦʙʨʘʟʫʝʪ ʷʯʤʝʥʥʳʡ ʩʘʭʘʨ, ʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 200Üʉ ï ʢʘʨʘ-

ʤʝʣʴ. 

ʃʘʢʪʦʟʘ, ʠʣʠ ʤʦʣʦʯʥʳʡ ʩʘʭʘʨ, ʷʚʣʷʝʪʩʷ ʧʨʦʜʫʢʪʦʤ ʤʦʣʦʯʥʦʡ 

ʞʝʣʝʟʳ. ʂʦʨʦʚʴʝ ʤʦʣʦʢʦ ʩʦʜʝʨʞʠʪ 43-48 ʛ ʣʘʢʪʦʟʳ ʚ ʢʛ. ʆʥʘ ʥʝ ʪʘʢ ʨʘʩ-

ʪʚʦʨʠʤʘ, ʢʘʢ ʩʘʭʘʨ ʠ ʤʝʥʝʝ ʩʣʘʜʢʘʷ, ʧʨʠʜʘʝʪ ʣʝʛʢʠʡ ʩʣʘʜʢʦʚʘʪʳʡ ʚʢʫʩ 

ʤʦʣʦʢʫ. ʃʘʢʪʦʟʘ ʦʙʨʘʟʫʝʪʩʷ ʠʟ ʧʝʨʚʦʡ ʤʦʣʝʢʫʣʳ ɓ-D-ʛʣʶʢʦʟʳ, ʧʨʠʩʦʝ-

ʜʠʥʝʥʥʦʡ ʢ ʦʜʥʦʡ ʤʦʣʝʢʫʣʝ ɓ-D-ʛʘʣʘʢʪʦʟʳ ʚ ɓ-(1Ÿ4)-ʩʚʷʟʠ ʠ ʠʤʝʝʪ ʦʜ-

ʥʫ ʘʢʪʠʚʥʫʶ ʨʝʜʫʮʠʨʫʶʱʫʶ ʛʨʫʧʧʫ. 

 
ʣʘʢʪʦʟʘ 
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ʃʘʢʪʦʟʘ ʣʝʛʢʦ ʬʝʨʤʝʥʪʠʨʫʝʪʩʷ ʛʨʫʧʧʦʡ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʚʢʣʶ-

ʯʘʷ Streptococcus lactis. ʕʪʦʪ ʦʨʛʘʥʠʟʤ ʦʪʚʝʪʩʪʚʝʥʝʥ ʟʘ ʩʢʠʩʘʥʠʝ ʤʦʣʦʢʘ 

ʧʫʪʝʤ ʧʨʝʚʨʘʱʝʥʠʷ ʣʘʢʪʦʟʳ ʚ ʤʦʣʦʯʥʫʶ ʢʠʩʣʦʪʫ (CH3CHOHCOOH ). 

ɽʩʣʠ ʣʘʢʪʦʟʫ ʥʘʛʨʝʪʴ ʜʦ 150ϊʉ, ʦʥʘ ʜʝʣʘʝʪʩʷ ʞʝʣʪʦʡ, ʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 
180ϊʉ ʩʘʭʘʨ ʧʨʝʚʨʘʪʠʪʩʷ ʚ ʢʦʨʠʯʥʝʚʦʝ ʚʝʱʝʩʪʚʦ, ʣʘʢʪʦʢʘʨʘʤʝʣʴ. ʇʨʠ 
ʛʠʜʨʦʣʠʟʝ ʣʘʢʪʦʟʘ ʜʘʝʪ ʦʜʥʫ ʤʦʣʝʢʫʣʫ ʛʣʶʢʦʟʳ ʠ ʦʜʥʫ ʛʘʣʘʢʪʦʟʳ. 

ʄʘʣʴʪʦʟʘ, ʠʣʠ ʤʘʣʴʪʦʟʥʳʡ ʩʘʭʘʨ, ʧʦʣʫʯʘʶʪ ʚ ʧʨʦʮʝʩʩʝ ʛʠʜʨʦʣʠ-

ʟʘ ʢʨʘʭʤʘʣʘ ʠ ʛʣʠʢʦʛʝʥʘ ʨʘʟʙʘʚʣʝʥʥʳʤʠ ʢʠʩʣʦʪʘʤʠ ʠʣʠ ʵʥʟʠʤʘʤʠ. ɽʝ 

ʧʦʣʫʯʘʶʪ ʠʟ ʢʨʘʭʤʘʣʘ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʨʘʩʪʘʥʠʷ ʷʯʤʝʥʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʬʝʨʤʝʥʪʘ ʘʤʠʣʘʟʳ. ʗʯʤʝʥʴ ʧʦʩʣʝ ʧʨʦʨʘʩʪʘʥʠʷ ʠ ʚʳʩʫʰʠʚʘʥʠʷ ʠʟʚʝʩʪʝʥ 

ʢʘʢ ʩʦʣʦʜ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʠʚʘ ʠ ʚʠʩʢʠ. ʄʘʣʴʪʦʟʘ ʚʦʜʦ-

ʨʘʩʪʚʦʨʠʤʘ, ʥʦ ʥʝ ʪʘʢʘʷ ʩʣʘʜʢʘʷ, ʢʘʢ ʩʘʭʘʨʦʟʘ. ʉʪʨʫʢʪʫʨʥʦ ʦʥʘ ʩʦʩʪʦʷʪ 

ʠʟ ʜʚʫʭ Ŭ-D-ʛʣʶʢʦʟʥʳʭ ʦʩʪʘʪʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʚ Ŭ-1,4 ʧʦʣʦʞʝʥʠʠ ʠ ʠʤʝʝʪ 

ʦʜʥʫ ʘʢʪʠʚʥʫʶ ʨʝʜʫʮʠʨʫʶʱʫʶ ʛʨʫʧʧʫ. 

 
ʤʘʣʴʪʦʟʘ 

 

ʎʝʣʣʦʙʠʦʟʘ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʥʘʪʫʨʘʣʴʥʦ, ʢʘʢ ʩʚʦʙʦʜʥʳʡ ʩʘʭʘʨ, 

ʦʜʥʘʢʦ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʧʦʚʪʦʨʷʶʱʝʡʩʷ ʝʜʠʥʠʮʝʡ ʮʝʣʣʶʣʦʟʳ. ʆʥʘ 

ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ɓ-D-ʦʩʪʘʪʢʦʚ ʛʣʶʢʦʟʳ, ʩʚʷʟʘʥʥʳʭ ʯʝʨʝʟ ɓ-(1Ÿ4) ʩʚʷʟʴ. 

ʕʪʘ ʩʚʷʟʴ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʦʨʚʘʥʘ ʧʠʱʝʚʘʨʠʪʝʣʴʥʳʤʠ ʵʥʟʠʤʘʤʠ ʤʣʝ-

ʢʦʧʠʪʘʶʱʠʭ, ʥʦ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʦʨʚʘʥʘ ʤʠʢʨʦʙʥʳʤʠ ʵʥʟʠʤʘʤʠ. ʇʦʜʦʙ-

ʥʦ ʤʘʣʴʪʦʟʝ, ʮʝʣʣʦʙʠʦʟʘ ʠʤʝʝʪ ʦʜʥʫ ʘʢʪʠʚʥʫʶ ʨʝʜʫʮʠʨʫʶʱʫʶ ʛʨʫʧʧʫ. 

 
ʮʝʣʣʦʙʠʦʟʘ 
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ʊʨʠʩʘʭʘʨʠʜʳ 

ʈʘʬʬʠʥʦʟʘ ʠ ʢʝʪʦʟʘ ʷʚʣʷʶʪʩʷ ʟʥʘʯʠʤʳʤʠ, ʝʩʪʝʩʪʚʝʥʥʦ ʚʩʪʨʝ-

ʯʘʶʱʠʤʠʩʷ ʪʨʠʩʘʭʘʨʠʜʘʤʠ. ʆʥʠ ʦʙʝ ʷʚʣʷʶʪʩʷ ʥʝʨʝʜʫʮʠʨʫʶʱʠʤʠ ʠ ʧʨʠ 

ʛʠʜʨʦʣʠʟʝ ʜʘʶʪ ʪʨʠ ʤʦʣʝʢʫʣʳ ʛʝʢʩʦʟʥʳʭ ʩʘʭʘʨʦʚ: 

C18H32O16+2H2OŸ3C6H12O6. ʈʘʬʬʠʥʦʟʘ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʙʦʣʴʰʠʤ ʯʣʝʥʦʤ 

ʛʨʫʧʧʳ, ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʥʘʠʙʦʣʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ ʚ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʝ ʠ ʥʘ-

ʢʘʧʣʠʚʘʝʪʩʷ ʚ ʤʝʣʷʩʩʝ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʘʭʘʨʘ. ɺ ʢʛ ʩʝʤʷʥ ʭʣʦʧʢʘ ʩʦ-

ʜʝʨʞʠʪʩʷ 80 ʛ ʨʘʬʬʠʥʦʟʳ. ʇʨʠ ʛʠʜʨʦʣʠʟʝ ʵʪʦʪ ʩʘʭʘʨ ʜʘʝʪ ʛʣʶʢʦʟʫ, 

ʬʨʫʢʪʦʟʫ ʠ ʛʘʣʘʢʪʦʟʫ. 

ʂʝʪʦʟʘ ʠ ʝʝ ʠʟʦʤʝʨ ʠʟʦʢʝʪʦʟʘ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʯʘʩʪʷʭ ʨʘʩʪʝʥʠʡ ʠ ʩʝ-

ʤʝʥʘʭ ʪʨʘʚ. ʕʪʠ ʜʚʘ ʪʨʠʩʘʭʘʨʠʜʘ ʩʦʩʪʦʷʪ ʠʟ ʦʩʪʘʪʢʘ ʬʨʫʢʪʦʟʳ, ʧʨʠʩʦʝ-

ʜʠʥʝʥʥʦʛʦ ʢ ʤʦʣʝʢʫʣʝ ʩʘʭʘʨʦʟʳ. 

ʊʝʪʨʘʩʘʭʘʨʠʜʳ 

ʉʦʩʪʦʷʪ ʠʟ 4 ʤʦʥʦʩʘʭʘʨʠʜʥʳʭ ʦʩʪʘʪʢʦʚ. ʉʪʘʭʠʦʟʘ - ʯʣʝʥ ʵʪʦʡ 

ʛʨʫʧʧ, ʦʥʘ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʨʘʩʪʝʥʠʷʭ, ʢʘʢ ʠ ʨʘʬʬʠʥʦʟʘ, ʙʳʣʘ ʚʳʜʝ-

ʣʝʥʘ ʠʟ 165 ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ. ʆʥʘ ʷʚʣʷʝʪʩʷ ʥʝʨʝʜʫʮʠʨʫʶʱʠʤ ʩʘʭʘʨʦʤ ʠ 

ʧʨʠ ʛʠʜʨʦʣʠʟʝ ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ ʜʚʝ ʤʦʣʝʢʫʣʳ ʛʘʣʘʢʪʦʟʳ, ʦʜʥʫ ʤʦʣʝʢʫʣʫ 

ʛʣʶʢʦʟʳ ʠ ʦʜʥʫ ʬʨʫʢʪʦʟʳ: 
 

C24H42O21+3H2OŸ4C6H12O6 

4.4. ʇʦʣʠʩʘʭʘʨʠʜʳ 

ɻʦʤʦʛʣʠʢʘʥʳ 

ʕʪʠ ʫʛʣʝʚʦʜʳ ʩʠʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʩʘʭʘʨʦʚ. ɹʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʭ 

ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʤʠ, ʩʦʩʪʦʷʪ ʠʟ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʦʜʥʦʨʦʜ-

ʥʳʭ ʧʝʥʪʦʟʥʳʭ ʠʣʠ ʛʝʢʩʦʟʥʳʭ ʦʩʪʘʪʢʦʚ. ɻʦʤʦʛʣʠʢʘʥʳ ʥʝ ʜʘʶʪ ʩʘʭʘʨʥʳʭ 

ʨʝʘʢʮʠʡ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʘʣʴʜʦʟ ʠ ʢʝʪʦʟ. ʄʥʦʛʠʝ ʠʟ ʥʠʭ ʝʩʪʴ ʚ ʨʘʩʪʝʥʠ-

ʷʭ, ʠʣʠ ʚ ʢʘʯʝʩʪʚʝ ʨʝʟʝʨʚʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʢʨʘʭʤʘʣ, ʠʣʠ ʩʪʨʫʢ-

ʪʫʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʮʝʣʣʶʣʦʟʘ. 

ɸʨʘʙʠʥʘʥʳ ʠ ʢʩʠʣʘʥʳ. ʆʥʠ ʷʚʣʷʶʪʩʷ ʧʦʣʠʤʝʨʘʤʠ, ʩʦʩʪʦʷʱʠʤʠ 

ʠʟ ʘʨʘʙʠʥʦʟʳ ʠ ʢʩʠʣʦʟʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʍʦʪʷ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʛʦʤʦʛʣʠʢʘ-

ʥʳ ʩʦʩʪʦʷʪ ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʵʪʠʭ ʜʚʫʭ ʧʝʥʪʦʟ, ʦʙʳʯʥʦ ʠʭ ʥʘʭʦʜʷʪ ʚ ʢʦʤ-

ʙʠʥʘʮʠʠ ʩ ʜʨʫʛʠʤʠ ʩʘʭʘʨʘʤʠ, ʢʘʢ ʩʦʩʪʘʚʥʳʝ ʯʘʩʪʠ ʛʝʪʝʨʦʛʣʠʢʘʥʦʚ. 

ɻʣʶʢʘʥʳ 

ʂʨʘʭʤʘʣ ʷʚʣʷʝʪʩʷ ʛʣʶʢʘʥʦʤ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʤ ʚʦ ʤʥʦʛʠʭ ʨʘʩʪʝ-

ʥʠʷʭ, ʢʘʢ ʨʝʟʝʨʚʥʳʡ ʫʛʣʝʚʦʜ. ɹʦʣʴʰʝ ʚʩʝʛʦ ʝʛʦ ʚ ʩʝʤʝʥʘʭ, ʬʨʫʢʪʘʭ, 

ʢʣʫʙʥʷʭ ʠ ʢʦʨʥʝʧʣʦʜʘʭ. ɺ ʝʩʪʝʩʪʚʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʢʨʘʭʤʘʣ ʥʘʭʦʜʠʪʩʷ ʚ 

ʬʦʨʤʝ ʛʨʘʥʫʣ, ʨʘʟʤʝʨ ʠ ʬʦʨʤʳ ʢʦʪʦʨʳʭ ʨʘʟʣʠʯʘʶʪʩʷ ʫ ʨʘʟʥʳʭ ʨʘʩʪʝ-

ʥʠʡ. ɻʨʘʥʫʣʳ ʧʦʩʪʨʦʝʥʳ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʤʠ ʩʣʦʷʤʠ ʠ, ʭʦʪʷ ʛʣʶʢʘʥ ʷʚ-

ʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʛʨʘʥʫʣ, ʦʥʠ ʪʘʢʞʝ ʩʦʜʝʨʞʘʪ ʥʝʟʥʘʯʠʪʝʣʴ-
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ʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʝʣʢʘ, ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʠ ʬʦʩʬʦʨʥʳʭ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʩʚʦʡʩʪʚʘ ʢʨʘʭʤʘʣʘ. 

ʂʨʘʭʤʘʣʳ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʩʚʦʝʤʫ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʠ, ʟʘ 

ʨʝʜʢʠʤ ʠʩʢʣʶʯʝʥʠʝʤ, ʷʚʣʷʶʪʩʷ ʩʤʝʩʴʶ ʜʚʫʭ ʩʪʨʫʢʪʫʨʥʦ ʨʘʟʥʳʭ ʧʦʣʠ-

ʩʘʭʘʨʠʜʦʚ ï ʘʤʠʣʦʟʳ ʠ ʘʤʠʣʦʧʝʢʪʠʥʘ. ʀʭ ʩʦʦʪʥʦʰʝʥʠʝ ʚ ʥʘʪʫʨʘʣʴʥʳʭ 

ʢʨʘʭʤʘʣʘʭ ʟʘʚʠʩʠʪ ʦʪ ʠʩʪʦʯʥʠʢʘ, ʭʦʪʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʢʨʘʭʤʘʣʦʚ ʘʤʠʣʦ-

ʧʝʢʪʠʥ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ, ʦʥ ʩʦʩʪʘʚʣʷʝʪ 70-80% ʦʪ ʦʙʱʝʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʢʨʘʭʤʘʣʘ. ɺʘʞʥʳʤ ʢʘʯʝʩʪʚʝʥʥʳʤ ʪʝʩʪʦʤ ʜʣʷ ʢʨʘʭʤʘʣʘ ʷʚʣʷ-

ʝʪʩʷ ʨʝʘʢʮʠʷ ʩ ʡʦʜʦʤ: ʘʤʠʣʦʟʘ ʜʘʝʪ ʪʝʤʥʦ-ʩʠʥʝʝ ʦʢʨʘʰʠʚʘʥʠʝ, ʘʤʠʣʦ-

ʧʝʢʪʠʥ ï ʩʠʥʝ-ʬʠʦʣʝʪʦʚʦʝ ʠʣʠ ʧʫʨʧʫʨʥʦʝ. 

ɸʤʠʣʦʟʘ ʚ ʦʩʥʦʚʥʦʤ ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʦʡ ʧʦ ʩʪʨʫʢʪʫʨʝ ʠʟ Ŭ-d-

ʛʣʶʢʦʟʥʳʭ ʦʩʪʘʪʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʯʝʨʝʟ 1-ʳʡ ʫʛʣʝʨʦʜʥʳʡ ʘʪʦʤ ʦʜʥʦʡ ʤʦ-

ʣʝʢʫʣʳ ʠ 4-ʳʡ ʫʛʣʝʨʦʜʥʳʡ ʘʪʦʤ ʩʦʩʝʜʥʝʡ ʤʦʣʝʢʫʣʳ. ʅʝʙʦʣʴʰʦʝ ʢʦʣʠ-

ʯʝʩʪʚʦ Ŭ-(1Ÿ6)-ʩʚʷʟʝʡ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ. ɸʤʠʣʦʧʝʢʪʠʥ ʠʤʝʝʪ ʧʦʭʦʞʫʶ 

ʥʘ ʢʫʩʪ ʩʪʨʫʢʪʫʨʫ, ʩʦʜʝʨʞʘʱʫʶ ʚ ʦʩʥʦʚʥʦʤ Ŭ-(1Ÿ4)-ʩʚʷʟʠ ʠ ʥʝʢʦʪʦʨʦʝ 

ʢʦʣʠʯʝʩʪʚʦ Ŭ-(1Ÿ6)-ʩʚʷʟʝʡ. 

 
ʈʠʩʫʥʦʢ 4.3 ïŬ-(1Ÿ4) ï ʧʨʷʤʘʷ ʩʚʷʟʴ ʛʣʶʢʦʟʳ ʠ Ŭ-(1Ÿ6) ï ʨʘʟʚʝʪʚʣʝʥ-

ʥʘʷ ʮʝʧʴ ʘʤʠʣʦʧʝʢʪʠʥʘ 

ɻʨʘʥʫʣʳ ʢʨʘʭʤʘʣʘ ʥʝʨʘʩʪʚʦʨʠʤʳ ʚ ʭʦʣʦʜʥʦʡ ʚʦʜʝ, ʦʜʥʘʢʦ, ʢʦʛʜʘ 

ʩʫʩʧʝʥʟʠʶ ʚ ʚʦʜʝ ʥʘʛʨʝʚʘʶʪ, ʛʨʘʥʫʣʳ ʢʨʘʭʤʘʣʘ ʢʘʨʪʦʬʝʣʷ ʥʘʙʫʭʘʶʪ, ʥʦ 

ʥʝ ʨʘʟʨʳʚʘʶʪʩʷ. ɾʠʚʦʪʥʳʝ ʧʦʪʨʝʙʣʷʶʪ ʤʥʦʛʦ ʢʨʘʭʤʘʣʘ ʟʝʨʥʘ ʠ ʢʦʨʥʝ-

ʧʣʦʜʦʚ. 

ɻʣʠʢʦʛʝʥ ï ʪʝʨʤʠʥ ʜʣʷ ʦʧʠʩʘʥʠʷ ʛʨʫʧʧʳ ʚʳʩʦʢʦ ʨʘʟʚʝʪʚʣʝʥʥʳʭ 

ʧʦʣʠʩʘʭʘʨʠʜʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʞʠʚʦʪʥʳʭ ʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ɻʣʠʢʦʛʝ-

ʥʳ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʧʝʯʝʥʠ, ʤʫʩʢʫʣʘʭ ʠ ʜʨʫʛʠʭ ʦʨʛʘʥʘʭ ʞʠʚʦʪʥʳʭ. ʆʥʠ 

ʷʚʣʷʶʪʩʷ ʛʣʶʢʘʥʘʤʠ, ʘʥʘʣʦʛʠʯʥʳʤʠ ʧʦ ʩʪʨʫʢʪʫʨʝ ʘʤʠʣʦʧʝʢʪʠʥʫ, ʠʭ ʦʪ-

ʥʦʩʷʪ ʢ ʞʠʚʦʪʥʳʤ ʢʨʘʭʤʘʣʘʤ. ɻʣʠʢʦʛʝʥ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʟʘʧʘʩʥʳʤ ʫʛ-

ʣʝʚʦʜʥʳʤ ʧʨʦʜʫʢʪʦʤ ʚ ʪʝʣʝ ʞʠʚʦʪʥʳʭ ʠ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʵʥʝʨʛʝ-

ʪʠʯʝʩʢʦʤ ʦʙʤʝʥʝ. 

ʄʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʤʦʣʝʢʫʣʳ ʛʣʠʢʦʛʝʥʘ ʚʘʨʴʠʨʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʞʠʚʦʪʥʳʭ, ʪʠʧʘ ʪʢʘʥʠ ʠ ʦʨʛʘʥʘ, ʬʠʟʠʦʣʦʛʠʯʝʩʢʦ-

ʛʦ ʩʦʩʪʦʷʥʠʷ ʞʠʚʦʪʥʳʭ. ɻʣʠʢʦʛʝʥ ʧʝʯʝʥʠ ʢʨʳʩʳ, ʥʘʧʨʠʤʝʨ, ʠʤʝʝʪ ʤʦ-
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ʣʝʢʫʣʷʨʥʫʶ ʤʘʩʩʫ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 1 ʜʦ 5Ĭ10
8
, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʤʫʩʢʫʣʘʭ 

ʢʨʳʩ ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʛʣʠʢʦʛʝʥʘ ʯʘʱʝ ʥʠʞʝ 5Ĭ10
6
. 

ɼʝʢʩʪʨʠʥʳ ï ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʧʨʦʜʫʢʪʳ ʛʠʜʨʦʣʠʟʘ ʢʨʘʭʤʘʣʘ ʠ 

ʛʣʠʢʦʛʝʥʘ 

ʢʨʘʭʤʘʣ 

 ʜʝʢʩʪʨʠʥʳ ʤʘʣʴʪʦʟʘ ʛʣʶʢʦʟʘ 

ʛʣʠʢʦʛʝʥ 

ɼʝʢʩʪʨʠʥʳ ʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʝ, ʠ ʧʦʜʦʙʥʳʝ ʨʘʩʪʚʦʨʳ ʜʘʶʪ ʢʣʝʡ. 

ɹʦʣʝʝ ʚʳʩʦʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʪʠʭ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʦʙʨʘʟʫʝʪ 

ʢʨʘʩʥʦʝ ʦʢʨʘʰʠʚʘʥʠʝ ʩ ʡʦʜʦʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ ʤʝʥʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ 

ʦʢʨʘʰʠʚʘʥʠʷ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. 

ʎʝʣʣʶʣʦʟʘ ï ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʧʦʣʠʤʝʨ ʚ ʨʘʩʪʠʪʝʣʴ-

ʥʦʤ ʮʘʨʩʪʚʝ, ʦʥ ʬʦʨʤʠʨʫʝʪ ʧʨʦʯʥʫʶ ʩʪʨʫʢʪʫʨʫ ʢʣʝʪʦʯʥʳʭ ʩʪʝʥʦʢ. ʆʥ 

ʪʘʢʞʝ ʥʘʡʜʝʥ ʚ ʧʦʯʪʠ ʯʠʩʪʦʤ ʚʠʜʝ ʚ ʭʣʦʧʢʦʚʦʤ ʚʦʣʦʢʥʝ. ʏʠʩʪʘʷ ʮʝʣʣʶ-

ʣʦʟʘ ʷʚʣʷʝʪʩʷ ʛʦʤʦʛʣʠʢʘʥʦʤ ʩ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ, ʩʦʩʪʦʷʱʝʡ 

ʠʟ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʝʜʠʥʠʮ ʮʝʣʣʦʙʠʦʟʳ. ɺ ʥʝʡ ɓ-ʛʣʶʢʦʟʥʳʝ ʦʩʪʘʪʢʠ ʥʘ-

ʭʦʜʷʪʩʷ ʚ 1,4-ʩʚʷʟʷʭ. 

ɺ ʨʘʩʪʝʥʠʠ ʮʝʧʠ ʮʝʣʣʶʣʦʟʳ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ 

ʤʘʥʝʨʝ, ʯʪʦ ʧʨʦʠʟʚʦʜʠʪ ʢʦʤʧʘʢʪʥʳʝ ʩʪʨʫʢʪʫʨʳ (ʤʠʢʨʦʬʠʙʨʠʣʳ), ʢʦʪʦ-

ʨʳʝ ʩʦʝʜʠʥʝʥʳ ʩ ʧʦʤʦʱʴʶ ʢʘʢ ʤʝʞ-, ʪʘʢ ʠ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʚʦʜʦ-

ʨʦʜʥʳʭ ʩʚʷʟʝʡ. ɺ ʢʣʝʪʦʯʥʦʡ ʩʪʝʥʢʝ ʨʘʩʪʝʥʠʡ ʮʝʣʣʶʣʦʟʘ ʧʣʦʪʥʦ ʘʩʩʦ-

ʮʠʠʨʦʚʘʥʘ ʬʠʟʠʯʝʩʢʠ ʠ ʭʠʤʠʯʝʩʢʠ ʩ ʜʨʫʛʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʦʩʦʙʝʥʥʦ ʩ 

ʛʝʤʠʮʝʣʣʶʣʦʟʘʤʠ ʠ ʣʠʛʥʠʥʦʤ. 

ʂʘʣʣʦʟʘ ï ʦʙʱʠʡ ʪʝʨʤʠʥ ʜʣʷ ʵʪʦʡ ʛʨʫʧʧʳ ʧʦʣʠʩʘʭʘʨʠʜʦʚ, ʩʦ-

ʩʪʦʷʱʠʭ ʠʟ ɓ-(1,3) ʠ ʯʘʩʪʦ ɓ-(1,4) ʩʚʷʟʘʥʥʳʭ ʛʣʶʢʦʟʥʳʭ ʦʩʪʘʪʢʦʚ. ʕʪʠ ɓ-

ʛʣʶʢʘʥʳ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʚʳʩʰʠʭ ʨʘʩʪʝʥʠʷʭ ʢʘʢ ʢʦʤʧʦʥʝʥʪʳ ʩʧʝʮʠʘʣʴ-

ʥʳʭ ʩʪʝʥʦʢ ʚ ʦʧʨʝʜʝʣʝʥʥʳʝ ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʵʥʜʦʩʧʝʨ-

ʤʦʚʳʭ ʢʣʝʪʦʯʥʳʭ ʩʪʝʥʦʢ ʟʝʨʥʘ ʟʣʘʢʦʚ ʩʦʩʪʦʠʪ ʠʟ ɓ-ʛʣʶʢʘʥʦʚ ʵʪʦʛʦ ʪʠ-

ʧʘ. ʆʥʠ ʪʘʢʞʝ ʚʳʜʝʣʷʶʪʩʷ ʚʳʩʰʠʤʠ ʨʘʩʪʝʥʠʷʤʠ ʚ ʦʪʚʝʪ ʥʘ ʨʘʥʳ ʠ ʠʥ-

ʬʝʢʮʠʠ. 

ʌʨʫʢʪʘʥʳ 

ʆʥʠ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʨʝʟʝʨʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ  ʚ ʢʦʨʥʷʭ, 

ʩʪʝʙʣʷʭ, ʣʠʩʪʴʷʭ ʠ ʩʝʤʝʥʘʭ ʨʘʟʥʳʭ ʨʘʩʪʝʥʠʡ, ʦʩʦʙʝʥʥʦ ʚ ʩʣʦʞʥʦʮʚʝʪ-

ʥʳʭ ʠ ʟʣʘʢʦʚʳʭ. ʌʨʫʢʪʘʥʳ ʥʘʡʜʝʥʳ ʚ ʦʪʜʝʣʴʥʳʭ ʚʠʜʘʭ ʟʣʘʢʦʚʳʭ. 

ʕʪʠ ʧʦʣʠʩʘʭʘʨʠʜʳ ʨʘʩʪʚʦʨʠʤʳ ʚ ʭʦʣʦʜʥʦʡ ʚʦʜʝ ʠ ʠʤʝʶʪ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʥʝʚʳʩʦʢʫʶ ʤʦʣʝʢʫʣʷʨʥʫʶ ʤʘʩʩʫ. ɺʩʝ ʠʟʚʝʩʪʥʳʝ ʬʨʫʢʪʘʥʳ ʩʦ-

ʜʝʨʞʘʪ ʦʩʪʘʪʢʠ ɓ-D-ʬʨʫʢʪʦʟʳ, ʩʦʝʜʠʥʝʥʥʳʝ ʯʝʨʝʟ 2,6 ʠʣʠ 2,1 ʩʚʷʟʠ. ʀʭ 

ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʛʨʫʧʧʳ: ʘ) ʛʨʫʧʧʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷʩʷ 2,6 ʩʚʷ-

ʟʷʤʠ; ʙ) ʛʨʫʧʧʘ ʠʥʫʣʠʥʘ, ʩʦʜʝʨʞʘʱʘʷ 2,1 ʩʚʷʟʠ; ʚ) ʛʨʫʧʧʘ ʨʘʟʚʝʪʚʣʝʥ-

ʥʳʭ ʬʨʫʢʪʘʥʦʚ, ʥʘʡʜʝʥʥʘʷ, ʥʘʧʨʠʤʝʨ, ʚ ʪʨʘʚʝ ʧʳʨʝʡ ʠ ʵʥʜʦʩʧʝʨʤʝ ʧʰʝ-

ʥʠʮʳ. ʕʪʘ ʛʨʫʧʧʘ ʩʦʜʝʨʞʠʪ ʦʙʘ ʪʠʧʘ ʩʚʷʟʝʡ. 
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ɹʦʣʴʰʠʥʩʪʚʦ ʬʨʫʢʪʘʥʦʚ ʧʨʠ ʛʠʜʨʦʣʠʟʝ ʜʘʶʪ ʧʦʤʠʤʦ D-

ʬʨʫʢʪʦʟʳ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ D-ʛʣʶʢʦʟʳ, ʢʦʪʦʨʳʝ ʚʳʭʦʜʷʪ ʠʟ ʩʘʭʘ-

ʨʦʟʳ, ʠʤʝʶʱʝʡʩʷ ʚ ʢʦʥʮʝ ʤʦʣʝʢʫʣʳ ʬʨʫʢʪʘʥʘ.  

ɻʘʣʘʢʪʘʥʳ ʠ ʤʘʥʥʘʥʳ 

ʕʪʦ ʧʦʣʠʤʝʨʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʛʘʣʘʢʪʦʟʳ ʠ ʤʘʥʥʦʟʳ, ʩʦʦʪʚʝʪʩʪ-

ʚʝʥʥʦ, ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʚ ʩʪʝʥʢʘʭ ʢʣʝʪʦʢ ʨʘʩʪʝʥʠʡ. ʄʘʥʥʘʥ ï ʛʣʘʚʥʳʡ 

ʢʦʤʧʦʥʝʥʪ ʢʣʝʪʦʯʥʳʭ ʩʪʝʥʦʢ ʩʝʤʷʥ ʧʘʣʴʤʳ, ʛʜʝ ʦʥ ʥʘʭʦʜʠʪʩʷ ʚ ʢʘʯʝʩʪ-

ʚʝ ʧʠʱʝʚʦʛʦ ʨʝʟʝʨʚʘ ʠ ʠʩʯʝʟʘʝʪ ʧʨʠ ʧʨʦʨʘʩʪʘʥʠʠ. ɹʦʛʘʪʳʤ ʠʩʪʦʯʥʠʢʦʤ 

ʤʘʥʥʘʥʘ ʷʚʣʷʝʪʩʷ ʵʥʜʦʩʧʝʨʤ ʦʨʝʭʦʚ ʩʣʦʥʦʚʦʛʦ ʧʘʣʴʤʦʚʦʛʦ ʜʝʨʝʚʘ ʠʟ 

ʖʞʥʦʡ ɸʤʝʨʠʢʠ (Phytelephas macrocʘrpa). ʊʚʝʨʜʳʡ ʵʥʜʦʩʧʝʨʤ ʵʪʦʛʦ 

ʦʨʝʭʘ ʠʟʚʝʩʪʝʥ ʢʘʢ ʨʘʩʪʠʪʝʣʴʥʘʷ ʩʣʦʥʦʚʘʷ ʢʦʩʪʴ. ʉʝʤʝʥʘ ʤʥʦʛʠʭ ʙʦʙʦ-

ʚʳʭ, ʚʢʣʶʯʘʷ ʢʣʝʚʝʨ ʠ ʣʶʮʝʨʥʫ, ʩʦʜʝʨʞʘʪ ʛʘʣʘʢʪʘʥʳ. 

ɻʣʶʢʦʟʘʤʠʥʳ 

ʍʠʪʠʥ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʧʨʠʤʝʨʦʤ ʛʦʤʦʛʣʠʢʘʥʘ, ʩʦʜʝʨ-

ʞʘʱʝʛʦ ʛʣʶʢʦʟʘʤʠʥ, ʙʫʜʫʯʠ ʣʠʥʝʡʥʳʤ ʧʦʣʠʤʝʨʦʤ ʘʮʝʪʠʣ-D-

ʛʣʶʢʦʟʘʤʠʥʘ. ʍʠʪʠʥ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʫ ʥʠʟʰʠʭ ʞʠʚʦʪʥʳʭ, ʚ ʯʘ-

ʩʪʥʦʩʪʠ ʫ ʨʘʢʦʦʙʨʘʟʥʳʭ, ʚ ʛʨʠʙʘʭ ʠ ʥʝʢʦʪʦʨʳʭ ʚʦʜʦʨʦʩʣʷʭ. ʇʦ-

ʚʠʜʠʤʦʤʫ, ʧʦʩʣʝ ʮʝʣʣʶʣʦʟʳ, ʵʪʦ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʚ ʧʨʠʨʦʜʝ 

ʧʦʣʠʩʘʭʘʨʠʜ. 

ɻʝʪʝʨʦʛʣʠʢʘʥʳ 

ʇʝʢʪʠʥʦʚʳʝ ʚʝʱʝʩʪʚʘ. ʇʝʢʪʠʥʦʚʳʝ ʚʝʱʝʩʪʚʘ ï ʵʪʦ ʛʨʫʧʧʘ ʪʝʩ-

ʥʦ ʩʮʝʧʣʝʥʥʳʭ ʧʦʣʠʩʘʭʘʨʠʜʦʚ, ʢʦʪʦʨʳʝ ʨʘʩʪʚʦʨʠʤʳ ʚ ʛʦʨʷʯʝʡ ʚʦʜʝ ʠ 

ʩʫʱʝʩʪʚʫʶʪ ʢʘʢ ʢʦʤʧʦʥʝʥʪʳ ʧʝʨʚʠʯʥʳʭ ʢʣʝʪʦʯʥʳʭ ʩʪʝʥʦʢ ʠ ʤʝʞʢʣʝ-

ʪʦʯʥʳʭ ʫʯʘʩʪʢʦʚ ʚʳʩʰʠʭ ʨʘʩʪʝʥʠʡ. ɹʦʣʴʰʝ ʚʩʝʛʦ ʠʭ ʥʘʭʦʜʠʪʩʷ ʚ ʤʷʛʢʠʭ 

ʪʢʘʥʷʭ, ʢʦʞʫʨʝ ʮʠʪʨʫʩʦʚʳʭ ʠ ʩʚʝʢʣʦʚʠʯʥʦʤ ʞʦʤʝ. ʇʝʢʪʠʥ, ʛʣʘʚʥʳʡ 

ʯʣʝʥ ʵʪʦʡ ʛʨʫʧʧʳ, ʩʦʩʪʦʠʪ ʠʟ ʣʠʥʝʡʥʳʭ ʮʝʧʝʡ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣʘ-

ʤʠ D-ʛʘʣʘʢʪʫʨʦʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʚ ʢʦʪʦʨʳʭ ʨʘʟʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʢʠʩʣʳʭ 

ʛʨʫʧʧ ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʘʢ ʤʝʪʠʣʴʥʳʝ ʵʬʠʨʳ. ʎʝʧʠ ʯʝʨʝʜʫʶʪʩʷ ʯʝʨʝʟ ʠʥ-

ʪʝʨʚʘʣʳ ʚʢʣʶʯʝʥʠʝʤ ʦʩʪʘʪʢʦʚ L-ʨʘʤʥʦʟʳ. ɼʨʫʛʠʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʘʭʘʨʘ, 

ʥʘʧʨʠʤʝʨ D-ʛʘʣʘʢʪʦʟʘ, L-ʘʨʘʙʠʥʦʟʘ, D-ʢʩʠʣʦʟʘ, ʧʨʠʤʢʥʫʪʳ ʢʘʢ ʙʦʢʦʚʳʝ 

ʮʝʧʠ. ʇʝʢʪʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʷʚʣʷʝʪʩʷ ʜʨʫʛʠʤ ʯʣʝʥʦʤ ʵʪʦʛʦ ʢʣʘʩʩʘ ʩʦʝʜʠ-

ʥʝʥʠʡ; ʦʥʘ ʧʦ ʩʪʨʫʢʪʫʨʝ ʩʭʦʜʥʘ ʩ ʧʝʢʪʠʥʦʤ, ʥʦ ʣʠʰʝʥʘ ʵʬʠʨʥʳʭ ʛʨʫʧʧ. 

ʇʝʢʪʠʥʦʚʳʝ ʚʝʱʝʩʪʚʘ ʦʙʣʘʜʘʶʪ ʩʠʣʴʥʳʤ ʛʝʣʝʚʳʤ ʩʚʦʡʩʪʚʦʤ, ʠʩʧʦʣʴ-

ʟʫʶʪʩʷ ʚ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʞʝʤʦʚ. 

ɻʝʤʠʮʝʣʣʶʣʦʟʳ 

ɻʝʤʠʮʝʣʣʶʣʦʟʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ ʱʝʣʦʯʝʨʘʩʪʚʦʨʠʤʳʝ ʧʦʣʠʩʘ-

ʭʘʨʠʜʳ ʢʣʝʪʦʯʥʳʭ ʩʪʝʥʦʢ, ʢʦʪʦʨʳʝ ʧʣʦʪʥʦ ʩʚʷʟʘʥʳ ʩ ʮʝʣʣʶʣʦʟʦʡ. ʅʘ-

ʟʚʘʥʠʝ çʛʝʤʠʮʝʣʣʶʣʦʟʘè (ʧʦʣʫʮʝʣʣʶʣʦʟʘ) ʷʚʣʷʝʪʩʷ ʦʰʠʙʦʯʥʳʤ, ʧʦ-

ʩʢʦʣʴʢʫ ʧʦʜ ʵʪʠʤ ʥʘʟʚʘʥʠʝʤ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ, ʯʪʦ ʦʥʘ ʷʚʣʷʝʪʩʷ ʤʘʪʝ-
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ʨʠʘʣʦʤ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʤ ʜʣʷ ʧʨʝʚʨʘʱʝʥʠʷ ʚ ʮʝʣʣʶʣʦʟʫ. ʉʪʨʫʢʪʫʨʥʦ 

ʛʝʤʠʮʝʣʣʶʣʦʟʳ ʩʦʩʪʦʷʪ ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʝʜʠʥʠʮ D-ʛʣʶʢʦʟʳ, D-ʛʘʣʘʢʪʦʟʳ, 

D-ʤʘʥʥʦʟʳ, D-ʢʩʠʣʦʟʳ ʠ L-ʘʨʘʙʠʥʦʟʳ ʚ ʨʘʟʥʳʭ ʢʦʤʙʠʥʘʮʠʷʭ ʠ ʩ ʨʘʟ-

ʥʳʤʠ ʛʣʠʢʦʟʠʜʥʳʤʠ ʩʚʷʟʷʤʠ. ʆʥʠ ʤʦʛʫʪ ʪʘʢʞʝ ʩʦʜʝʨʞʘʪʴ ʫʨʦʥʦʚʳʝ ʢʠ-

ʩʣʦʪʳ. ɻʝʤʠʮʝʣʣʶʣʦʟʳ ʠʟ ʪʨʘʚ ʩʦʜʝʨʞʘʪ ʛʣʘʚʥʫʶ ʮʝʧʴ ʠʟ ʢʩʠʣʘʥʘ, ʩʦ-

ʩʪʘʚʣʝʥʥʫʶ ʠʟ ɓ-(1Ÿ4)-ʩʚʷʟʘʥʥʳʭ ʝʜʠʥʠʮ D-ʢʩʠʣʦʟʳ ʩ ʙʦʢʦʚʳʤʠ ʮʝʧʷ-

ʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʤʝʪʠʣ-ʛʣʶʢʫʨʦʥʦʚʫʶ ʢʠʩʣʦʪʫ ʠ ʯʘʩʪʦ ʛʣʶʢʦʟʫ, ʛʘ-

ʣʘʢʪʦʟʫ ʠ ʘʨʘʙʠʥʦʟʫ. 

 
ʈʠʩʫʥʦʢ 4.4 ï ɓ-1 ʩʚʷʟʠ ʛʝʤʠʮʝʣʣʶʣʦʟ, ʬʨʫʢʪʘʥʦʚ ʠ ʧʝʢʪʠʥʦʚ 

ʕʢʩʩʫʜʘʪʠʚʥʳʝ ʢʣʝʠ (ʩʤʦʣʳ, ʩʣʠʟʠ) ʠ ʢʠʩʣʦʪʥʳʝ ʤʫʮʠʣʘʛʠ. 

ʕʢʩʩʫʜʘʪʠʚʥʳʝ ʩʤʦʣʳ ʯʘʩʪʦ ʧʦʣʫʯʘʶʪ ʠʟ ʨʘʥ ʫ ʨʘʩʪʝʥʠʡ, ʭʦʪʷ ʦʥʠ ʤʦ-

ʛʫʪ ʚʦʟʥʠʢʘʪʴ ʢʘʢ ʝʩʪʝʩʪʚʝʥʥʳʝ ʵʢʩʩʫʜʘʪʳ ʠʟ ʢʦʨʳ ʠ ʣʠʩʪʴʝʚ. ʉʤʦʣʳ 

ʚʩʪʨʝʯʘʶʪʩʷ ʢʘʢ ʩʦʣʠ, ʦʩʦʙʝʥʥʦ ʢʘʣʴʮʠʝʚʳʝ ʠ ʤʘʛʥʠʝʚʳʝ, ʚ ʥʝʢʦʪʦʨʳʭ 

ʩʣʫʯʘʷʭ ʯʘʩʪʴ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʵʩʪʝʨʠʬʠʮʠʨʦʚʘʥʳ, ʦʙʳʯʥʦ ʢʘʢ 

ʘʮʝʪʘʪʳ. ɻʫʤʤʠʘʨʘʙʠʢ (ʩʤʦʣʠʩʪʳʝ ʚʳʜʝʣʝʥʠʷ ʠʟ ʘʢʘʮʠʡ) ʷʚʣʷʝʪʩʷ ʜʘʚʥʦ 

ʠʟʚʝʩʪʥʳʤ ʚʝʱʝʩʪʚʦʤ; ʧʨʠ ʛʠʜʨʦʣʠʟʝ ʧʦʣʫʯʘʶʪ ʘʨʘʙʠʥʦʟʫ, ʛʘʣʘʢʪʦʟʫ, 

ʨʘʤʥʦʟʫ ʠ ʛʣʶʢʫʨʦʥʦʚʫʶ ʢʠʩʣʦʪʫ. ʂʠʩʣʳʝ ʢʣʝʠ ʧʦʣʫʯʘʶʪ ʠʟ ʢʦʨʳ, ʢʦʨ-

ʥʝʡ, ʣʠʩʪʴʝʚ ʠ ʩʝʤʷʥ ʨʘʟʥʳʭ ʨʘʩʪʝʥʠʡ. ʉʣʠʟʴ ʠʟ ʩʝʤʷʥ ʣʴʥʘ ï ʭʦʨʦʰʦ 

ʠʟʚʝʩʪʥʳʡ ʧʨʠʤʝʨ, ʢʦʪʦʨʳʡ ʧʨʠ ʛʠʜʨʦʣʠʟʝ ʜʘʝʪ ʘʨʘʙʠʥʦʟʫ, ʛʘʣʘʢʪʦʟʫ, 

ʨʘʤʥʦʟʫ ʠ ʛʘʣʘʢʪʦʫʨʦʥʦʚʫʶ ʢʠʩʣʦʪʫ  

ɻʠʘʣʫʨʦʥʦʚʘʷ ʢʠʩʣʦʪʘ ʠ ʭʦʥʜʨʦʠʪʠʥ 

ʕʪʠ ʜʚʘ ʧʦʣʠʩʘʭʘʨʠʜʘ ʠʤʝʶʪ ʧʦʚʪʦʨʷʶʱʠʝʩʷ ʝʜʠʥʠʮʳ, ʩʦʩʪʦʷ-

ʱʠʝ ʠʟ ʘʤʠʥʦʩʘʭʘʨʦʚ ʠ D-ʛʣʶʢʦʨʦʥʦʚʦʡ ʢʠʩʣʦʪʳ. ɻʠʘʣʫʨʦʥʦʚʘʷ ʢʠʩʣʦ-

ʪʘ, ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪ ʘʮʝʪʠʣ-D-ʛʣʶʢʦʟʘʤʠʥ, ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʢʦʞʝ, ʩʠʥʦ-

ʚʠʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʠ ʧʫʧʦʯʥʦʡ ʩʚʷʟʢʝ. ʈʘʩʪʚʦʨʳ ʵʪʦʡ ʢʠʩʣʦʪʳ ʷʚʣʷʶʪ-

ʩʷ ʚʷʟʢʠʤʠ ʠ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʩʤʘʟʳʚʘʥʠʠ ʩʫʩʪʘʚʦʚ. ʍʦʥʜʨʦʠʪʠʥ 

ʭʠʤʠʯʝʩʢʠ ʩʭʦʜʝʥ ʩ ʛʠʘʣʫʨʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ, ʥʦ ʩʦʜʝʨʞʠʪ ʛʘʣʘʢʪʦʟʘʤʠʥ 

ʚʤʝʩʪʦ ʛʣʶʢʦʟʘʤʠʥʘ. ʉʫʣʴʬʘʪʥʳʝ ʵʬʠʨʳ ʭʦʥʜʨʦʠʪʠʥʘ ʷʚʣʷʶʪʩʷ ʛʣʘʚ-

ʥʳʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʭʨʷʱʝʡ, ʩʫʭʦʞʠʣʠʡ ʠ ʢʦʩʪʝʡ. 
 

ʇʨʦʚʝʨʦʯʥʳʝ ʚʦʧʨʦʩʳ: 

1. ʀʟ ʢʘʢʠʭ ʵʣʝʤʝʥʪʦʚ ʩʦʩʪʦʷʪ ʫʛʣʝʚʦʜʳ? 

2. ʆʩʥʦʚʥʳʝ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʝ ʛʨʫʧʧʳ ʫʛʣʝʚʦʜʦʚ. 

3. ʂʘʢʠʝ ʫʛʣʝʚʦʜʳ ʦʪʥʦʩʷʪ ʢ ʤʦʥʦʩʘʭʘʨʘʤ, ʠʭ ʭʠʤʠʯʝʩʢʠʝ ʠ ʙʠʦʣʦʛʠ-

ʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 
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4. ɺ ʢʘʢʦʡ ʢʣʘʩʩ ʫʛʣʝʚʦʜʦʚ ʚʭʦʜʷʪ ʛʣʠʢʦʟʠʜʳ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ 

ʛʣʠʢʦʟʠʜʦʚ ʚ ʢʦʨʤʘʭ. 

5. ʆʣʠʛʦʩʘʭʘʨʠʜʳ, ʠʭ ʭʠʤʠʯʝʩʢʠʝ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

6. ʇʦʣʠʩʘʭʘʨʠʜʳ, ʩʪʨʫʢʪʫʨʘ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʚ ʧʨʠʨʦʜʝ, ʭʠʤʠʯʝ-

ʩʢʠʝ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

7. ʍʠʤʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʧʠʱʝʚʳʝ ʩʚʦʡʩʪʚʘ ʢʨʘʭʤʘʣʘ. 

8. ʉʪʨʦʝʥʠʝ ʛʣʠʢʦʛʝʥʘ, ʝʛʦ ʟʥʘʯʝʥʠʝ ʚ ʦʨʛʘʥʠʟʤʝ ʞʠʚʦʪʥʳʭ. 

9. ʍʠʤʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʚ ʧʨʠʨʦʜʝ, ʙʠʦʣʦʛʠʯʝ-

ʩʢʘʷ ʨʦʣʴ ʮʝʣʣʶʣʦʟʳ ʠ ʛʝʤʠʮʝʣʣʶʣʦʟʳ. 

10. ʇʝʢʪʠʥʦʚʳʝ ʚʝʱʝʩʪʚʘ, ʩʦʜʝʨʞʘʥʠʝ ʚ ʟʝʨʥʦʚʳʭ ʢʦʨʤʘʭ, ʚʣʠʷʥʠʝ ʥʘ 
ʧʝʨʝʚʘʨʠʤʦʩʪʴ. 
 

ʃʠʪʝʨʘʪʫʨʘ 

1. ɹʠʦʣʦʛʠʯʝʩʢʠʡ ʵʥʮʠʢʣʦʧʝʜʠʯʝʩʢʠʡ ʩʣʦʚʘʨʴ. / ʛʣ. ʨʝʜʘʢʪʦʨ 

ʄ. ʉ. ɻʠʣʷʨʦʚ. ï 2-ʝ ʠʟʜ.ʠʩʧʨʘʚʣ. - ʄ.: ʉʦʚʝʪʩʢʘʷ ʵʥʮʠʢʣʦʧʝʜʠʷ, 

1989. ï 864 ʩ. 

2. ʃʝʥʠʥʜʞʝʨ ɸ. ɹʠʦʭʠʤʠʷ. / ʧʝʨ. ʩ ʘʥʛʣ. ʧʦʜ ʨʝʜ. ʘʢʘʜ. ɸ. ɸ. ɹʘʝʚʘ. - 

ʄ.: ʀʟʜ-ʚʦ çʄʠʨè, 1974. - 957 ʩ. 

3. ʂʥʦʨʨʝ ɼ. ɻ. ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʭʠʤʠʷ. / ɼ. ɻ. ʂʥʦʨʨʝ, ʉ. ɼ. ʄʳʟʠʥʘ. - 

ʄ.: ɺʳʩʰʘʷ ʰʢʦʣʘ, 1998. ï 479 ʩ. 

4. ʍʝʣʜʪ ɻ.-ɺ. (Hans-Walter Heldt). ɹʠʦʭʠʤʠʷ ʨʘʩʪʝʥʠʡ. ʇʝʨʝʚʦʜ ʩ ʘʥʛ-

ʣʠʡʩʢʦʛʦ, ʧʦʜ ʨʝʜ. ʧʨʦʬʝʩʩʦʨʘ ɸ.ʄ.ʅʦʩʦʚʘ, ʧʨʦʬʝʩʩʦʨʘ ɺ.ɺ.ʏʫʙ. 

ʄʦʩʢʚʘ ɹʀʅʆʄ. ʃʘʙʦʨʘʪʦʨʠʷ ʟʥʘʥʠʡ. 2011. 471 ʩ. 
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ɻʣʘʚʘ 5. ɾʠʨʳ (ʣʠʧʠʜʳ) 

5.1. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʣʠʧʠʜʦʚ 

ʊʝʨʤʠʥ çʣʠʧʠʜʳè (lipide ʩ ʣʘʪ.) ʦʟʥʘʯʘʝʪ ʞʠʨʳ ʠ ʤʘʩʣʘ. ʃʠʧʠʜʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʨʘʩʪʠ-

ʪʝʣʴʥʳʭ ʠ ʞʠʚʦʪʥʳʭ ʪʢʘʥʷʭ, ʵʪʦ ʤʘʩʣʷʥʠʩʪʳʝ ʞʠʨʥʳʝ ʚʝʱʝʩʪʚʘ, ʨʘʩ-

ʪʚʦʨʠʤʳʝ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʥʘʧʨʠʤʝʨ, ʚ ʙʝʥʟʦʣʝ, ʵʬʠʨʝ 

ʠʣʠ ʭʣʦʨʦʬʦʨʤʝ, ʠ ʥʝʨʘʩʪʚʦʨʠʤʳʝ ʚ ʚʦʜʝ. ɾʠʨʳ ʥʘʟʳʚʘʶʪʩʷ çʛʠʜʨʦ-

ʬʦʙʥʳʤʠè ʚʝʱʝʩʪʚʘʤʠ, ʪ.ʝ. ʥʝʨʘʩʪʚʦʨʠʤʳʤʠ ʚ ʚʦʜʝ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʨʘʩ-

ʪʚʦʨʠʤʳʭ ʠʣʠ ʩʤʘʯʠʚʘʶʱʠʭʩʷ ʚ ʚʦʜʝ, ʪ.ʝ. ʛʠʜʨʦʬʠʣʴʥʳʭ ʚʝʱʝʩʪʚ. ɺ 

ʟʦʦʪʝʭʥʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʢʦʨʤʦʚ ʚʩʝ ʚʠʜʳ ʣʠʧʠʜʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ, ʢʘʢ 

ʩʳʨʦʡ ʞʠʨ ʠʣʠ ʵʬʠʨʥʳʡ ʵʢʩʪʨʘʢʪ (ʩʤ. ʛʣʘʚʫ I). ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ 

ʢʣʘʩʩʳ ʣʠʧʠʜʦʚ, ʢʦʪʦʨʳʝ ʧʝʨʝʯʠʩʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 5.1. 

 
ʈʠʩʫʥʦʢ 5.1. ï ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʣʠʧʠʜʦʚ 

5.2. ʉʪʨʫʢʪʫʨʥʳʝ ʠ ʟʘʧʘʩʥʳʝ ʣʠʧʠʜʳ 

ʈʘʩʪʠʪʝʣʴʥʳʝ ʣʠʧʠʜʳ ʙʳʚʘʶʪ ʜʚʫʭ ʪʠʧʦʚ: ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʟʘ-

ʧʘʩʥʳʝ. ʉʪʨʫʢʪʫʨʥʳʝ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʢʣʝʪʦʯʥʳʭ ʤʝʤʙʨʘʥ (ʧʣʘʟʤʦ-

ʣʝʤʤ) ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʩ ʜʨʫʛʦʡ ʦʙʨʘʟʫʶʪ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʟʘʱʠʪʥʳʡ 

ʩʣʦʡ ʥʘ ʣʠʩʪʴʷʭ. ʆʥʠ ʩʦʩʪʘʚʣʷʶʪ ʦʢʦʣʦ 7% ʤʘʩʩʳ ʣʠʩʪʴʝʚ ʚʳʩʰʠʭ ʨʘʩ-

ʪʝʥʠʡ. ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʣʠʧʠʜʳ ï ʵʪʦ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʚʦʩʢʘ, ʧʨʠ ʥʝ-

ʟʥʘʯʠʪʝʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ, ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʠ ʢʫʪʠʥʘ. ʄʝʤʙʨʘʥʥʳʝ ʣʠʧʠ-

ʜʳ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ, ʵʥʜʦʧʣʘʟʤʘʪʠʯʝʩʢʦʤ ʨʝʪʠʢʫʣʫʤʝ 

ʠ ʧʣʘʟʤʘʪʠʯʝʩʢʠʭ ʤʝʤʙʨʘʥʘʭ, ʷʚʣʷʶʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʛʣʠʢʦʣʠʧʠʜʘʤʠ 

(40-50%) ʠ ʬʦʩʬʦʛʣʠʮʝʨʠʜʘʤʠ. ʈʘʩʪʠʪʝʣʴʥʳʝ ʟʘʧʘʩʥʳʝ ʣʠʧʠʜʳ ʧʨʠʩʫʪ-

ʩʪʚʫʶʪ ʚ ʦʨʝʭʘʭ ʠ ʩʝʤʝʥʘʭ ʤʘʩʣʠʯʥʳʭ ʚ ʚʠʜʝ ʪʨʠʘʮʠʣʛʣʠʮʝʨʠʜʦʚ (ʪʨʠʘ-

ʮʠʣʛʣʠʮʝʨʦʣʦʚ). 

ʃʠʧʠʜʳ 

ʆʩʥʦʚʘʥʥʳʝ ʥʘ ʛʣʠʮʝʨʦʣʝ ʅʝʛʣʠʮʝʨʦʣʦʚʳʝ 

ʇʨʦʩʪʳʝ ʉʣʦʞʥʳʝ 

ɻʣʠʢʦʣʠʧʠʜʳ ʌʦʩʬʦʛʣʠʮʝʨʠʜʳ 

ɾʠʨʳ ɻʣʠʢʦʣʠʧʠʜʳ ɻʘʣʘʢʪʦʣʠʧʠʜʳ ʃʝʮʠʪʠʥʳ ʂʝʬʘʣʠʥʳ 

ʉʬʠʥʛʦʤʠʝʣʠʥʳ 

ʎʝʨʝʙʨʦʟʠʜʳ  

ɺʦʩʢʘ  

ʉʪʝʨʦʠʜʳ  

ʊʝʨʧʝʥʳ 

ʕʡʢʦʟʘʥʦʠʜʳ 
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ɹʦʣʝʝ 300 ʨʘʟʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʦʙʥʘʨʫʞʝʥʳ ʚ ʨʘʩʪʝʥʠʷʭ, ʦʜʥʘ-

ʢʦ ʪʦʣʴʢʦ 7 ʠʟ ʥʠʭ ʦʙʳʯʥʦ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ. ʅʘʠʙʦ-

ʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ Ŭ-ʣʠʥʦʣʝʥʦʚʘʷ ʢʠʩʣʦʪʘ; ʠʟ ʥʘʩʳʱʝʥʥʳʭ ï ʧʘʣʴʤʠ-

ʪʠʥʦʚʘʷ, ʥʝʥʘʩʳʱʝʥʥʳʭ ï ʦʣʝʠʥʦʚʘʷ ʢʠʩʣʦʪʳ. 

ʉʪʨʫʢʪʫʨʥʳʝ ʣʠʧʠʜʳ ʞʠʚʦʪʥʳʭ ʪʢʘʥʝʡï ʵʪʦ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, 

ʬʦʩʬʦʣʠʧʠʜʳ, ʩʦʩʪʘʚʣʷʶʪ ʦʪ 0,5 ʜʦ 1% ʚ ʤʫʩʢʫʣʴʥʦʡ ʠ ʞʠʨʦʚʦʡ ʪʢʘʥʠ: 

ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʧʝʯʝʥʠ 2-3%. ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʥʝʛʣʠʮʝʨʠʜʥʳʝ ʥʝʡ-

ʪʨʘʣʴʥʳʝ ʣʠʧʠʜʳ ï ʵʪʦ ʭʦʣʝʩʪʝʨʦʣ (ʭʦʣʝʩʪʝʨʠʥ) ʠ ʝʛʦ ʵʬʠʨʳ, ʦʙʱʝʝ ʢʦ-

ʣʠʯʝʩʪʚʦ ʢʦʪʦʨʳʭ ʚ ʤʫʩʢʫʣʴʥʦʡ ʠ ʞʠʨʦʚʦʡ ʪʢʘʥʠ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 0,06 ʜʦ 

0,09%. 

ɿʘʧʘʩʥʳʝ ʞʠʨʳ ʠ ʤʘʩʣʘ, ʢʘʢ ʚ ʨʘʩʪʝʥʠʷʭ, ʪʘʢ ʠ ʫ ʞʠʚʦʪʥʳʭ ʷʚ-

ʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʘʤʠ ʟʘʧʘʩʘʝʤʦʡ ʵʥʝʨʛʠʠ. ʆʙʘ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʫʶ ʭʠ-

ʤʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ, ʥʦ ʨʘʟʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʠ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

ʊʦʯʢʘ ʧʣʘʚʣʝʥʠʷ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ ʙʣʠʟʢʘ ʢ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, 

ʦʥʠ ʦʙʳʯʥʦ ʞʠʜʢʠʝ ʠ ʙʦʣʝʝ ʨʝʘʢʪʠʚʥʳʝ, ʯʝʤ ʪʚʝʨʜʳʝ ʞʠʨʳ, ʩʚʦʡʩʪʚʝʥ-

ʥʳʝ ʙʦʣʴʰʠʥʩʪʚʫ ʚʠʜʦʚ ʞʠʚʦʪʥʳʭ. 

ɻʣʘʚʥʦʡ ʬʫʥʢʮʠʝʡ ʞʠʨʦʚ ʫ ʞʠʚʦʪʥʳʭ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ 

ʵʥʝʨʛʠʝʡ. ɾʠʨ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤ ʢʘʢ ʞʠʨʦʚʦʡ ʠʟʦʣʷʪʦʨ (ʤʦʨʞʠ, ʪʶʣʝ-

ʥʠ), ʢʘʢ ʠʩʪʦʯʥʠʢ ʪʝʧʣʘ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʣʘ. ʕʪʦ ʦʩʦ-

ʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʞʠʚʦʪʥʳʭ, ʢʦʪʦʨʳʝ ʨʦʞʜʘʶʪʩʷ ʙʝʟ ʚʦʣʦʩʷʥʦʛʦ ʧʦʢʨʦ-

ʚʘ, ʜʣʷ ʞʠʚʦʪʥʳʭ ʚ ʟʠʤʥʝʡ ʩʧʷʯʢʝ ʠ ʞʠʚʦʪʥʳʭ, ʣʝʛʢʦ ʦʭʣʘʞʜʘʶʱʠʭʩʷ. 

ʂ ʧʦʩʣʝʜʥʠʤ ʦʪʥʦʩʷʪʩʷ ʥʦʚʦʨʦʞʜʝʥʥʳʝ ʧʦʨʦʩʷʪʘ. ʊʘʢʞʝ ʞʠʚʦʪʥʳʝ 

ʠʤʝʶʪ ʩʧʝʮʠʘʣʴʥʳʝ ʦʪʣʦʞʝʥʠʷ çʢʦʨʠʯʥʝʚʦʛʦ (ʙʫʨʦʛʦ) ʞʠʨʘè, ʦʢʠʩʣʷʝ-

ʤʦʛʦ ʚ ʦʨʛʘʥʠʟʤʝ ʜʦ ɸʊʌ, ʵʥʝʨʛʠʷ ʢʦʪʦʨʦʛʦ ʧʦʣʥʦʩʪʴʶ ʨʝʘʣʠʟʫʝʪʩʷ ʚ 

ʚʠʜʝ ʪʝʧʣʘ. ɺʳʭʦʜ ʵʥʝʨʛʠʠ ʧʨʠ ʧʦʣʥʦʤ ʦʢʠʩʣʝʥʠʠ ʩʦʩʪʘʚʣʷʝʪ 

39 ʄɼʞ/ʢʛ ʞʠʨʘ. ʉʦʜʝʨʞʘʥʠʝ ʞʠʨʘ ʚ ʪʝʣʝ ʦʪʢʦʨʤʦʯʥʳʭ ʩʚʠʥʝʡ, ʙʳʯʢʦʚ 

ʜʦʩʪʠʛʘʝʪ 30-40%. 

5.3. ʉʪʨʫʢʪʫʨʘ ʠ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʣʠʧʠʜʦʚ 

ɾʠʨʳ ʷʚʣʷʶʪʩʷ ʵʬʠʨʘʤʠ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʠ ʪʨʝʭʘʪʦʤʥʦʛʦ ʩʧʠʨʪʘ 

ʛʣʠʮʝʨʦʣʘ (ʜʣʷ ʩʧʠʨʪʦʚ ʧʨʠʥʷʪʦ ʦʢʦʥʯʘʥʠʝ ʦʣ ï ʵʪʘʥʦʣ, ʤʝʪʘʥʦʣ, ʛʣʠʮʝ-

ʨʦʣ), ʠʭ ʥʘʟʳʚʘʶʪ ʛʣʠʮʝʨʠʜʘʤʠ ʠʣʠ ʘʮʠʣʛʣʠʮʝʨʦʣʘʤʠ. ɽʩʣʠ ʚʩʝ ʪʨʠ 

ʩʧʠʨʪʦʚʳʝ ʛʨʫʧʧʳ ʵʪʝʨʠʬʠʮʠʨʦʚʘʥʳ ʞʠʨʥʳʤʠ ʢʠʩʣʦʪʘʤʠ, ʪʦ ʪʘʢʦʝ ʩʦ-

ʝʜʠʥʝʥʠʝ ʥʘʟʳʚʘʝʪʩʷ ʪʨʠʘʮʠʣʛʣʠʮʝʨʦʣʦʤ (ʪʨʠʛʣʠʮʝʨʠʜʦʤ). ɺ ʥʘʰʝʡ ʣʠ-

ʪʝʨʘʪʫʨʝ ʠʩʧʦʣʴʟʫʶʪ ʪʝʨʤʠʥ ʪʨʠʛʣʠʮʝʨʠʜʳ, ʥʦ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘ-

ʤʝʥʢʣʘʪʫʨʥʘʷ ʢʦʤʠʩʩʠʷ ʨʝʢʦʤʝʥʜʦʚʘʣʘ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʵʪʦʛʦ ʥʘʟʚʘʥʠʷ ʢʘʢ 

ʭʠʤʠʯʝʩʢʠ ʥʝʪʦʯʥʦʛʦ. 

ɻʣʠʮʝʨʦʣ ɾʠʨʥʘʷ ʢʠʩʣʦʪʘ ʊʨʠʘʮʠʣʛʣʠʮʝʨʦʣ(ʪʨʠʛʣʠʮʝʨʠʜ) 



76 
 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʟʠʮʠʠ, ʟʘʥʠʤʘʝʤʳʝ ʮʝʧʷʤʠ ʢʠʩʣʦʪ ʥʝ 

ʠʜʝʥʪʠʯʥʳ. ɺ ʩʠʩʪʝʤʝ ʩʪʝʨʝʦʩʧʝʮʠʬʠʯʝʩʢʦʡ ʥʫʤʝʨʘʮʠʠ ʧʦʟʠʮʠʠ ʦʙʦ-

ʟʥʘʯʘʶʪʩʷ sn-1, sn-2 ʠ sn-3, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚʳʰʝ (ʠʭ ʤʦʞʥʦ ʦʙʦʟʥʘʯʘʪʴ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʦʩʪʦ ʮʠʬʨʘʤʠ 1, 2, 3 ʠʣʠ ʧʦ ʛʨʝʯʝʩʢʦʤʫ ʘʣʬʘʚʠʪʫ Ŭ ï 

ʘʣʴʬʘ, ɓ ï ʙʝʪʘ, ɤ ï ʦʤʝʛʘ). ʆʥʠ ʣʝʛʢʦ ʨʘʟʣʠʯʘʶʪʩʷ ʬʝʨʤʝʥʪʘʤʠ, ʠ ʵʪʦ 

ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʧʨʠ ʢʘʢʦʡ-ʣʠʙʦ ʦʜʥʦʡ 

ʠʣʠ ʙʦʣʴʰʝʤ ʯʠʩʣʝ ʧʦʟʠʮʠʡ. ʌʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ, ʥʘʧʨʠʤʝʨ, ʚʩʝʛʜʘ ʧʨʦ-

ʠʩʭʦʜʠʪ ʚ ʤʝʩʪʝ ʫʛʣʝʨʦʜʥʦʛʦ ʘʪʦʤʘ ʚ sn-3, ʯʝʤ ʫ ʫʛʣʝʨʦʜʥʦʛʦ ʘʪʦʤʘ sn-1. 

ʃʠʧʠʜʳ, ʚ ʦʩʥʦʚʥʦʤ, ʩʫʱʝʩʪʚʫʶʪ ʚ ʚʠʜʝ ʪʨʠʘʮʠʣʛʣʠʮʝʨʦʣʦʚ; ʤʦʥʦ- ʠ 

ʜʠʘʮʠʣʛʣʠʮʝʨʠʜʳ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʚ ʦʯʝʥʴ ʥʝ-

ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ. 

ʊʨʠʘʮʠʣʛʣʠʮʝʨʦʣʳ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʪʠʧʫ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʠ 

ʧʦʣʦʞʝʥʠʷ ʦʩʪʘʪʢʦʚ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʚ ʤʦʣʝʢʫʣʝ. ʊʨʠʘʮʠʣʛʣʠʮʝʨʦʣʳ ʩ 

ʪʨʝʤʷ ʦʩʪʘʪʢʘʤʠ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʞʠʨʥʦʡ ʢʠʩʣʦʪʳ ʥʘʟʳʚʘʶʪʩʷ ʧʨʦʩʪʳ-

ʤʠ, ʢʦʛʜʘ ʨʘʟʥʳʝ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ ʧʨʠʩʫʪʩʪʚʫʶʪ, ʪʦʛʜʘ ʪʨʠʘʮʠʣʛʣʠʮʝ-

ʨʦʣʳ ʥʘʟʳʚʘʶʪ ʩʤʝʰʘʥʥʳʤʠ ʠʣʠ ʨʘʟʥʦʨʦʜʥʳʤʠ. 

 
ʉʤʝʰʘʥʥʳʡ ʪʨʠʘʮʠʣʛʣʠʮʝʨʦʣ 

 

ʅʘʧʨʠʤʝʨ, ʩʦʝʚʦʝ ʤʘʩʣʦ ʩʦʜʝʨʞʠʪ ʧʦʯʪʠ 79% ʩʤʝʰʘʥʥʳʭ ʠ 21% 

ʧʨʦʩʪʳʭ ʪʨʠʘʮʠʣʛʣʠʮʝʨʦʣʦʚ, ʣʴʥʷʥʦʝ ʤʘʩʣʦ 75 ʠ 25%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɽʩʣʠ ʞʠʨʥʳʤʠ ʢʠʩʣʦʪʘʤʠ ʵʪʝʨʠʬʠʮʠʨʦʚʘʥʳ ʜʚʝ ʛʠʜʨʦʢʩʠʣʴʥʳʝ 

ʛʨʫʧʧʳ ʛʣʠʮʝʨʦʣʘ, ʪʘʢʦʝ ʩʦʝʜʠʥʝʥʠʝ ʥʘʟʳʚʘʶʪ ʜʠʘʮʠʣʛʣʠʮʝʨʦʣʦʤ, ʝʩʣʠ 

ʦʜʥʘ ʛʨʫʧʧʘ ï ʤʦʥʦʘʮʠʣʛʣʠʮʝʨʦʣʦʤ. 

ʊʨʠʘʮʠʣʛʣʠʮʝʨʦʣʳ ʥʘʟʳʚʘʶʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʘʟʚʘʥʠʝʤ ʚʭʦʜʷ-

ʱʠʭ ʚ ʠʭ ʩʦʩʪʘʚ ʞʠʨʥʳʭ ʢʠʩʣʦʪ, ʥʘʧʨʠʤʝʨ: 

  
ʊʨʠʦʣʝʠʣʛʣʠʮʝʨʦʣ (ʪʨʠʦʣʝʠʥ) 1-ʧʘʣʴʤʠʪʦʠʣ 2-ʦʣʝʦʠʣ 3-  

 ʩʪʝʘʨʦʠʣʛʣʠʮʝʨʦʣ  

 (ʧʘʣʴʤʠʪʦ-ʦʣʝʦʩʪʝʘʨʠʥ) 
 

ɻʠʜʨʦʣʠʟ ʞʠʨʦʚ. ɾʠʨʳ ʤʦʛʫʪ ʙʳʪʴ ʛʠʜʨʦʣʠʟʦʚʘʥʳ ʧʫʪʝʤ ʢʠʧʷ-

ʯʝʥʠʷ ʩ ʱʝʣʦʯʘʤʠ; ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʶʪ ʛʣʠʮʝʨʦʣ ʠ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ 

ʱʝʣʦʯʥʳʝ ʩʦʣʠ ʞʠʨʥʳʭ ʢʠʩʣʦʪ (ʤʳʣʘ). ʊʘʢʦʡ ʛʠʜʨʦʣʠʟ ʥʘʟʳʚʘʝʪʩʷ 

ʦʤʳʣʝʥʠʝʤ:  
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 ʞʠʨ ʛʣʠʮʝʨʠʥ ʤʳʣʦ 

 

ʊʨʠʘʮʠʣʛʣʠʮʝʨʦʣʳ ʧʦʜʚʝʨʛʘʶʪʩʷ ʛʠʜʨʦʣʠʟʫ ʩ ʦʩʚʦʙʦʞʜʝʥʠʝʤ 

ʛʣʠʮʝʨʦʣʘ ʠ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʵʥʟʠʤʦʚ, ʥʘʟʳʚʘʝʤʳʭ ʣʠ-

ʧʘʟʘʤʠ, ʢʦʪʦʨʳʝ ʩʝʢʨʝʪʠʨʫʶʪʩʷ ʚ ʪʦʥʢʠʡ ʢʠʰʝʯʥʠʢ ʠʟ ʧʦʜʞʝʣʫʜʦʯʥʦʡ 

ʞʝʣʝʟʳ.  

ɻʠʜʨʦʛʝʥʠʟʘʮʠʷ. ʊʨʠʘʮʠʣʛʣʠʮʝʨʦʣʳ, ʩʦʜʝʨʞʘʱʠʝ ʤʥʦʛʦ ʥʝʥʘ-

ʩʳʱʝʥʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʞʠʜʢʦʡ ʬʦʨʤʝ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʚʨʘʱʝʥʳ ʚ ʪʚʝʨʜʫʶ ʬʦʨʤʫ ʧʫ-

ʪʝʤ ʛʠʜʨʦʛʝʥʠʟʘʮʠʠ ʠʭ ʜʚʦʡʥʳʭ ʩʚʷʟʝʡ, ʥʘʧʨʠʤʝʨ, ʦʣʝʠʥʦʚʘʷ ʢʠʩʣʦʪʘ 

ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʩʪʝʘʨʠʥʦʚʫʶ:  

 
 ʆʣʝʠʥʦʚʘʷ ʢ-ʪʘ ʉʪʝʘʨʠʥʦʚʘʷ ʢ-ʪʘ 

 

ʕʪʦʪ ʧʨʦʮʝʩʩ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʧʨʝʚʨʘʱʝʥʠʷ ʞʠʜʢʠʭ ʨʘʩ-

ʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ ʚ ʤʘʨʛʘʨʠʥ. 

ʆʢʠʩʣʝʥʠʝ. ʅʝʥʘʩʳʱʝʥʥʳʝ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ ʙʳʩʪʨʦ ʧʦʜʚʝʨʛʘ-

ʪʁʩʷ ʦʢʠʩʣʝʥʠʶ ʫ ʫʛʣʝʨʦʜʥʦʛʦ ʘʪʦʤʘ, ʧʨʠʤʳʢʘʶʱʝʛʦ ʢ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʠʜʨʦʧʝʨʦʢʩʠʜʦʚ:  

 
ʕʪʠ ʨʘʟʨʫʰʝʥʠʷ ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʜʫʢʪʦʚ ʩ ʙʦʣʝʝ ʢʦ-

ʨʦʪʢʦʡ ʮʝʧʦʯʢʦʡ, ʚʢʣʶʯʘʷ ʩʚʦʙʦʜʥʳʝ ʨʘʜʠʢʘʣʳ, ʢʦʪʦʨʳʝ ʚʟʘʠʤʦʜʝʡʩʪ-

ʚʫʶʪ ʩ ʜʨʫʛʠʤʠ ʞʠʨʥʳʤʠ ʢʠʩʣʦʪʘʤʠ, ʧʨʠ ʵʪʦʤ ʙʦʣʝʝ ʣʝʛʢʦ, ʯʝʤ ʚ ʥʘʯʘ-
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ʣʝ ʦʢʩʠʜʘʮʠʠ. ʏʝʤ ʙʦʣʴʰʝ ʦʙʨʘʟʫʝʪʩʷ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ, ʪʝʤ ʙʳʩʪ-

ʨʝʝ ʥʘʨʘʩʪʘʝʪ ʦʢʩʠʜʘʮʠʷ. ʆʙʳʯʥʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ 

ʩʪʘʥʦʚʠʪʩʷ ʩʪʦʣʴ ʟʥʘʯʠʪʝʣʴʥʦʡ, ʯʪʦ ʦʥʠ ʨʝʘʛʠʨʫʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʠ ʨʝ-

ʘʢʮʠʷ ʧʨʝʢʨʘʱʘʝʪʩʷ. ʊʘʢʘʷ ʨʝʘʢʮʠʷ ʥʘʟʳʚʘʝʪʩʷ ʘʚʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ, ʚ 

ʩʣʫʯʘʝ ʩ ʞʠʨʘʤʠ ï ʩʘʤʦʦʢʩʠʜʘʮʠʝʡ. ʆʙʨʘʟʦʚʘʥʠʝ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ 

ʫʩʢʦʨʷʝʪʩʷ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʤ ʦʩʚʝʱʝʥʠʝʤ ʠ ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ, ʚ ʯʘʩʪ-

ʥʦʩʪʠ, ʤʝʜʠ, ʠʭ ʧʨʠʩʫʪʩʪʚʠʝ ʨʝʟʢʦ ʧʦʚʳʰʘʝʪ ʩʢʦʨʦʩʪʴ ʦʢʠʩʣʝʥʠʷ. 

ʇʨʦʜʫʢʪʳ ʦʢʠʩʣʝʥʠʷ ʚʢʣʶʯʘʶʪ ʢʦʨʦʪʢʦʮʝʧʦʯʝʯʥʳʝ ʞʠʨʥʳʝ ʢʠ-

ʩʣʦʪʳ, ʧʦʣʠʤʝʨʳ ʞʠʨʥʳʭ ʢʠʩʣʦʪ, ʘʣʴʜʝʛʠʜʳ (ʘʣʢʘʥʳ), ʢʝʪʦʥʳ, ʵʧʦʢʩʠ-

ʜʳ ʠ ʫʛʣʝʚʦʜʦʨʦʜʳ. ʂʠʩʣʦʪʳ ʠ ʘʣʢʘʥʳ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʚʝʱʝʩʪʚʘ-

ʤʠ, ʜʘʶʱʠʤʠ ʟʘʧʘʭʠ ʦʢʠʩʣʝʥʥʳʭ ʞʠʨʦʚ, ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʭʫʜʰʘʶʪ ʠʭ 

ʚʢʫʩ. 

ʆʢʩʠʜʘʮʠʷ ʥʘʩʳʱʝʥʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʟʘʧʘʭʘ ʪʷʞʝʣʦʛʦ ʚʢʫʩʘ ʠ ʚʢʫʩʘ ʢʝʪʦʥʥʦʡ ʧʨʦʛʦʨʢʣʦʩʪʠ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʧʨʠʩʫʪʩʪʚʠʝʤ ʤʝʪʠʣʦʚʳʭ ʢʝʪʦʥʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʢʩʠʜʘ-

ʮʠʠ: 

 
 ʂʘʧʨʠʣʦʚʘʷ ʢ-ʪʘ ʄʝʪʠʣʢʝʪʦʥ 

 

ʇʦʜʦʙʥʳʝ ʨʝʘʢʮʠʠ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʣʠʧʦʣʠʟʘ, ʚʳ-

ʟʚʘʥʥʦʛʦ ʧʣʝʩʝʥʴʶ, ʦʪʚʝʪʩʪʚʝʥʥʳ ʟʘ ʭʘʨʘʢʪʝʨʥʳʝ ʟʘʧʘʭʠ ʨʘʟʣʠʯʥʳʭ 

ʤʷʛʢʠʭ ʛʦʣʫʙʳʭ ʩʳʨʦʚ. 

ɸʥʪʠʦʢʩʠʜʘʥʪʳ. ʅʘʪʫʨʘʣʴʥʳʝ ʞʠʨʳ ʦʙʣʘʜʘʶʪ ʫʩʪʦʡʯʠʚʦʩʪʴʶ, ʚ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʝʧʝʥʠ, ʢ ʦʢʩʠʜʘʮʠʠ, ʙʣʘʛʦʜʘʨʷ ʜʦʙʘʚʣʝʥʠʶ ʘʥʪʠʦʢʩʠ-

ʜʘʥʪʦʚ, ʢʦʪʦʨʳʝ ʧʨʠʧʷʪʩʪʚʫʶʪ ʦʢʩʠʜʘʮʠʠ ʥʝʥʘʩʳʱʝʥʥʳʭ ʞʠʨʦʚ ʜʦ ʪʝʭ 

ʧʦʨ, ʧʦʢʘ ʩʘʤʠ ʥʝ ʧʨʝʚʨʘʪʷʪʩʷ ʚ ʠʥʝʨʪʥʳʝ ʚʝʱʝʩʪʚʘ. ʈʷʜ ʚʝʱʝʩʪʚ ʠʤʝʝʪ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʝ ʩʚʦʡʩʪʚʘ, ʚʢʣʶʯʘʷ ʬʝʥʦʣʳ, ʭʠʥʦʥʳ, ʪʦʢʦʬʝʨʦʣʳ, ʛʘʣ-

ʣʦʚʫʶ ʢʠʩʣʦʪʫ ʠ ʛʘʣʣʘʪʳ. 

ʇʨʦʧʠʣ-, ʘʢʪʠʣ- ʠʣʠ ʜʦʜʝʮʠʣ-ʛʘʣʣʘʪ, ʙʫʪʠʣʦʚʳʡ ʛʠʜʨʦʦʢʩʠʘʥʠ-

ʟʦʣ, ʙʫʪʠʣʦʚʳʡ ʛʠʜʨʦʢʩʠʪʦʣʫʦʣ ʠ ʵʪʦʢʩʠʭʠʥʦʥ ʜʦʙʘʚʣʷʶʪ ʚ ʧʠʱʝʚʳʝ 

ʤʘʩʣʘ ʚ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ. ɼʨʫʛʠʝ ʚʝʱʝʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ ʩʠʥʪʝ-

ʪʠʯʝʩʢʠʝ Ŭ-, ɔ- ʠ ɓ-ʪʦʢʦʬʝʨʦʣʳ ʠ ʨʘʟʣʠʯʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʘʩʢʦʨʙʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʡ. 

ʉʘʤʳʤ ʟʥʘʯʠʤʳʤ ʝʩʪʝʩʪʚʝʥʥʦ ʩʫʱʝʩʪʚʫʶʱʠʤ ʘʥʪʠʦʢʩʠʜʘʥʪʦʤ 

ʷʚʣʷʝʪʩʷ ʚʠʪʘʤʠʥ ɽ, ʢʦʪʦʨʳʡ ʟʘʱʠʱʘʝʪ ʞʠʨ ʧʫʪʝʤ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩʚʦ-

ʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ. ɺʦʟʤʦʞʥʳ ʩʣʫʯʘʠ ʦʢʠʩʣʝʥʠʷ ʞʠʨʘ ʚ ʨʘʮʠʦʥʘʭ, ʚ ʢʦ-

ʪʦʨʳʭ ʚʠʪʘʤʠʥ ɽ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʦʛʨʘʥʠʯʝʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ. 
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5.4. ɾʠʨʥʳʝ ʢʠʩʣʦʪʳ 

ɹʦʣʴʰʠʥʩʪʚʦ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʩʦʜʝʨʞʠʪ ʦʜʥʫ ʢʘʨʙʦʢʩʠʣʴʥʫʶ 

ʛʨʫʧʧʫ (-ʉʆʆʅ) ʠ ʥʝʨʘʟʚʝʪʚʣʝʥʥʫʶ ʫʛʣʝʨʦʜʥʫʶ ʮʝʧʦʯʢʫ, ʢʦʪʦʨʘʷ ʤʦ-

ʞʝʪ ʙʳʪʴ ʥʘʩʳʱʝʥʥʦʡ ʠ ʥʝʥʘʩʳʱʝʥʥʦʡ. ʅʝʥʘʩʳʱʝʥʥʳʝ ʞʠʨʥʳʝ ʢʠʩʣʦ-

ʪʳ ʩʦʜʝʨʞʘʪ ʠʣʠ ʦʜʥʫ (ʤʦʥʦʝʥʦʚʘʷ), ʜʚʝ (ʜʚʫʝʥʦʚʘʷ), ʪʨʠ (ʪʨʠʝʥʦʚʘʷ) 

ʠʣʠ ʤʥʦʛʦ (ʧʦʣʠʝʥʦʚʘʷ) ʜʚʦʡʥʳʝ ʩʚʷʟʠ. ɾʠʨʥʳʝ ʢʠʩʣʦʪʳ ʩ ʙʦʣʝʝ ʯʝʤ 

ʦʜʥʦʡ ʜʚʦʡʥʦʡ ʩʚʷʟʴʶ, ʯʘʱʝ ʚʩʝʛʦ, ʦʪʥʦʩʷʪ ʢ ʧʦʣʠʥʝʥʘʩʳʱʝʥʥʳʤ ʞʠʨ-

ʥʳʤ ʢʠʩʣʦʪʘʤ (ʇʅɾʂ). ʅʝʥʘʩʳʱʝʥʥʳʝ ʢʠʩʣʦʪʳ ʧʨʠʦʙʨʝʪʘʶʪ ʨʘʟʥʳʝ 

ʬʠʟʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʩʳʱʝʥʠʷ; ʦʥʠ ʠʤʝʶʪ 

ʙʦʣʝʝ ʥʠʟʢʫʶ ʪʦʯʢʫ ʧʣʘʚʣʝʥʠʷ ʠ ʩʪʘʥʦʚʷʪʩʷ ʭʠʤʠʯʝʩʢʠ ʙʦʣʝʝ ʨʝʘʢʪʠʚ-

ʥʳʤʠ. 

 

ʈʠʩʫʥʦʢ 5.2 ï ʇʨʠʤʝʨʳ ʧʦʣʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʞʠʨʥʳʭ ʢʠʩʣʦʪ: 

ʥʘʩʳʱʝʥʥʘʷ ʧʘʣʴʤʠʪʠʥʦʚʘʷ, ʥʝʥʘʩʳʱʝʥʥʘʷ ʦʣʝʠʥʦʚʘʷ ʠ ʬʦʩʬʦʛʣʠʮʝʨʦʣ 

(ʩʧʨʘʚʘ) 

ʎʠʩ- ʠ ʪʨʘʥʩ- ʬʦʨʤʳ ʞʠʨʥʳʭ ʢʠʩʣʦʪ. ʇʨʠʩʫʪʩʪʚʠʝ ʜʚʦʡʥʦʡ 

ʩʚʷʟʠ ʚ ʤʦʣʝʢʫʣʝ ʞʠʨʥʦʡ ʢʠʩʣʦʪʳ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʚ ʜʚʫʭ 

ʬʦʨʤʘʭ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʘʪʦʤʦʚ ʚʦ-

ʜʦʨʦʜʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʜʚʦʡʥʦʡ ʩʚʷ-

ʟʠ. ʂʦʛʜʘ ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʘʭʦʜʷʪʩʷ ʥʘ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʩʪʦʨʦʥʝ ʜʚʦʡʥʦʡ 
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ʩʚʷʟʠ, ʪʦ ʛʦʚʦʨʷʪ, ʯʪʦ ʢʠʩʣʦʪʘ ʥʘʭʦʜʠʪʩʷ ʚ ʮʠʩ ʬʦʨʤʝ (cis), ʢʦʛʜʘ ʞʝ ʛʦ-

ʚʦʨʷʪ, ʯʪʦ ʢʠʩʣʦʪʘ ʥʘʭʦʜʠʪʩʷ ʚ ʪʨʘʥʩ ʬʦʨʤʝ (trans), ʵʪʦ ʟʥʘʯʠʪ, ʯʪʦ 

ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʘʭʦʜʷʪʩʷ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʩʪʦʨʦʥʘʭ ʜʚʦʡʥʦʡ ʮʝʧʠ: 

 
Cis Trans 

 

ɹʦʣʴʰʠʥʩʪʚʦ ʥʘʪʫʨʘʣʴʥʦ ʩʫʱʝʩʪʚʫʶʱʠʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʥʘʭʦ-

ʜʷʪʩʷ ʚ ʮʠʩ- ʢʦʥʬʠʛʫʨʘʮʠʠ.  

ʂʠʩʣʦʪʳ ʚ ʞʠʨʘʭ ʦʙʳʯʥʦ ʠʤʝʶʪ ʨʘʚʥʦʝ ʯʠʩʣʦ ʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ. 

ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ ʚ ʞʠʨʘʭ (ʪʘʙʣ. 5.1). 

ʊʘʙʣʠʮʘ 5.1 ï ɾʠʨʥʳʝ ʢʠʩʣʦʪʳ ʥʘʪʫʨʘʣʴʥʳʭ ʞʠʨʦʚ ʠ ʤʘʩʝʣ 

ʂʠʩʣʦʪʘ ʌʦʨʤʫʣʘ ʄʦʣʝ-

ʢʫ-

ʣʷʨʥʘʷ 

ʤʘʩʩʘ 

ʊʦʯʢʘ 

ʧʣʘʚ-

ʣʝʥʠʷ, 

Áʉ 

ʕʤʧʠ-

ʨʠʠ-

ʯʝʩʢʘʷ 

 

ʩʪʨʫʢʪʫʨʥʘʷ 

ʅʘʩʳʱʝʥʥʳʝ     

ʂʘʧʨʠʣʦʚʘʷ ʉ8ʅ16ʆ2 ʉʅ3(ʉʅ2)6ʉʆʆʅ 144,21 16,5 

ʂʘʧʨʠʥʦʚʘʷ ʉ10ʅ20ʆ2 ʉʅ3(ʉʅ2)8ʉʆʆʅ 172,26 31,4 

ʃʘʫʨʠʥʦʚʘʷ ʉ12ʅ24ʆ2 ʉʅ3(ʉʅ2)10ʉʆʆʅ 200,31 43,6 

ʄʠʨʠʩʪʠʥʦʚʘʷ ʉ14ʅ28ʆ2 ʉʅ3(ʉʅ2)12ʉʆʆʅ 228,36 53,9 

ʇʘʣʴʤʠʪʠʥʦʚʘʷ ʉ16ʅ32ʆ2 ʉʅ3(ʉʅ2)14ʉʆʆʅ 256,42 63,1 

ʉʪʝʘʨʠʥʦʚʘʷ ʉ18ʅ36ʆ2 ʉʅ3(ʉʅ2)16ʉʆʆʅ 284,47 70,5 

ʅʝʥʘʩʳʱʝʥʥʳʝ     

ʇʘʣʴʤʠʪʦʦʣʝʠʥʦʚʘʷ ʉ16ʅ30ʆ2 ʉʅ3(ʉʅ2)5ʉʅ=ʉʅ(ʉʅ2)7ʉʆʆʅ 254,4 0,5 

ʆʣʝʠʥʦʚʘʷ ʉ18ʅ34ʆ2 ʉʅ3(ʉʅ2)7ʉʅ=ʉʅ(ʉʅ2)7ʉʆʆʅ 282,45 14,5 

ʃʠʥʦʣʝʚʘʷ ʉ18ʅ32ʆ2 ʉʅ3(ʉʅ2)4ʉʅ=ʉʅʉʅ2ʉʅ=ʉʅ(ʉʅ2)7ʉʆʆʅ 280,45 -5 

ʃʠʥʦʣʝʥʦʚʘʷ ʉ18ʅ30ʆ2 ʉʅ3ʉʅ2ʉʅ=ʉʅʉʅ2ʉʅ=ʉʅʉʅ2ʉʅ= 

=ʉʅ(ʉʅ2)7ʉʆʆʅ 
278,44 -11 

ɸʨʘʭʠʜʦʥʦʚʘʷ ʉ20ʅ32ʆ2 ʉʅ3(ʉʅ2)4ʉʅ=ʉʅʉʅ2ʉʅ=ʉʅʉʅ2ʉʅ= 

=ʉʅʉʅ2ʉʅ=ʉʅ(ʉʅ2)3ʉʆʆʅ 
304,47 -49,5 

 

5.4.1. ʅʝʟʘʤʝʥʠʤʳʝ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ 

ʊʨʠ ʧʦʣʠʥʝʥʘʩʳʱʝʥʥʳʝ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ, ʢʦʪʦʨʳʝ ʩʯʠʪʘʶʪʩʷ 

ʥʝʟʘʤʝʥʠʤʳʤʠ ʜʣʷ ʩʚʠʥʝʡ ʠ ʢʨʳʩ: ʣʠʥʦʣʝʚʘʷ ʉ18ʅ32ʆ2, ʣʠʥʦʣʝʥʦʚʘʷ 

ʉ18ʅ30ʆ2, ʘʨʘʭʠʜʦʥʦʚʘʷ ʉ20ʅ32ʆ2 

ʕʪʠ ʢʠʩʣʦʪʳ ʩʦʜʝʨʞʘʪ ʭʘʨʘʢʪʝʨʥʫʶ ʛʨʫʧʧʫ ï ʉʅ=ʉʅïʉʅ2ïʉʅ 

=ʉʅï, ʧʨʝʜʩʪʘʚʣʷʶʱʫʶ ʩʦʙʦʡ ʜʚʝ ʜʚʦʡʥʳʝ ʩʚʷʟʠ, ʨʘʟʜʝʣʝʥʥʳʝ ʤʝʪʠʣʝ-

ʥʦʚʦʡ ʛʨʫʧʧʦʡ. 

ɺ 1930 ʛʦʜʫ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʣʠʥʦʣʝʚʘʷ ʢʠʩʣʦʪʘ ʵʬʬʝʢʪʠʚ-

ʥʘ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʙʦʣʝʟʥʝʥʥʳʝ ʩʠʤʧʪʦʤʳ ʫ ʢʨʳʩ ʥʘ ʨʘʮʠʦʥʝ ʧʨʠ ʧʦʣ-

ʥʦʤ ʠʩʢʣʶʯʝʥʠʠ ʞʠʨʘ. ʆʪʩʫʪʩʪʚʠʝ ʚ ʜʠʝʪʝ ʞʠʨʘ ʧʨʠʚʦʜʠʣʦ ʢ ʩʣʘʙʦʤʫ 
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ʨʦʩʪʫ ʠ ʧʦʨʘʞʝʥʠʶ ʢʦʞʠ, ʧʣʦʭʦʤʫ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʫ ʠ ʣʘʢʪʘʮʠʠ, ʚ ʜʘʣʴ-

ʥʝʡʰʝʤ ï ʢ ʛʠʙʝʣʠ ʞʠʚʦʪʥʦʛʦ.  
 

ʉʠʤʧʪʦʤʳ ʜʝʬʠʮʠʪʘ ʥʝʟʘʤʝʥʠʤʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ: 

1. ʋʭʫʜʰʝʥʠʝ ʨʦʩʪʘ  

2. ʇʦʚʳʰʝʥʥʘʷ ʧʦʪʝʨʷ ʚʦʜʳ ʠ ʧʦʚʳʰʝʥʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʚʦʜʳ 

3. ʇʦʚʳʰʝʥʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʢ ʠʥʬʝʢʮʠʦʥʥʳʤ ʟʘʙʦʣʝʚʘʥʠʷʤ 

4. ʇʦʣʦʚʘʷ ʩʪʝʨʠʣʴʥʦʩʪʴ 

5. ʉʥʠʞʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʙʠʦʤʝʤʙʨʘʥ 

6. ʍʨʫʧʢʦʩʪʴ ʢʘʧʠʣʣʷʨʦʚ 

7. ʇʦʨʘʞʝʥʠʝ ʧʦʯʝʢ, ʛʝʤʘʪʫʨʠʷ ʠ ʛʠʧʝʨʪʝʥʟʠʷ 

8. ʉʥʠʞʝʥʠʝ ʦʩʪʨʦʪʳ ʟʨʝʥʠʷ 

9. ʇʦʥʠʞʝʥʥʘʷ ʩʦʢʨʘʱʘʝʤʦʩʪʴ ʤʠʦʢʘʨʜʘ 

10. ʇʦʥʠʞʝʥʥʳʡ ʩʠʥʪʝʟ ɸʊʌ ʚ ʧʝʯʝʥʠ ʠ ʩʝʨʜʮʝ 

11. ʇʦʥʠʞʝʥʥʦʝ ʦʪʣʦʞʝʥʠʝ ʘʟʦʪʘ 
 

ʕʪʠ ʩʠʤʧʪʦʤʳ ʤʦʛʫʪ ʠʟʤʝʥʠʪʴʩʷ ʧʨʠ ʚʚʝʜʝʥʠʠ ʚ ʨʘʮʠʦʥ ʥʝʙʦʣʴ-

ʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʝʟʘʤʝʥʠʤʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ. ɸʨʘʭʠʜʦʥʦʚʘʷ ʢʠʩʣʦʪʘ 

ʦʙʨʘʟʫʝʪʩʷ ʚ ʧʝʯʝʥʠ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʞʠʚʦʪʥʳʭ ʠ ʧʪʠʮ ʠʟ ʣʠʥʦʣʝʚʦʡ 

ʢʠʩʣʦʪʳ, ʧʦʵʪʦʤʫ ʘʨʘʭʠʜʦʥʦʚʫʶ ʢʠʩʣʦʪʫ ʥʝʦʙʭʦʜʠʤʦ ʚʚʦʜʠʪʴ ʚ ʨʘʮʠʦʥ, 

ʝʩʣʠ ʥʝʪ ʣʠʥʦʣʝʚʦʡ ʢʠʩʣʦʪʳ. ʂʘʢ ʠ ʜʨʫʛʠʝ ʧʦʣʠʥʝʥʘʩʳʱʝʥʥʳʝ ʞʠʨʥʳʝ 

ʢʠʩʣʦʪʳ, ʘʨʘʭʠʜʦʥʦʚʘʷ ʢʠʩʣʦʪʘ ʦʙʨʘʟʫʝʪ ʯʘʩʪʴ ʩʪʨʫʢʪʫʨʥʳʭ ʣʠʧʠʜʦʚ 

ʢʣʝʪʦʯʥʳʭ ʤʝʤʙʨʘʥ ʠ ʷʚʣʷʝʪʩʷ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʙʠʦʩʠʥʪʝʟʘ ʧʨʦʩʪʘʛʣʘʥ-

ʜʠʥʦʚ ʠ ʪʨʦʤʙʦʢʩʘʥʦʚ, ʛʦʨʤʦʥʦʧʦʜʦʙʥʳʭ ʚʝʱʝʩʪʚ , ʢʦʪʦʨʳʝ ʨʝʛʫʣʠʨʫ-

ʶʪ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʨʝʧʨʦʜʫʢʪʠʚʥʳʭ  

ʦʨʛʘʥʘʭ ʣʶʜʝʡ ʠ ʞʠʚʦʪʥʳʭ: ʩʚʝʨʪʳʚʘʥʠʝ ʢʨʦʚʠ, ʩʦʢʨʘʱʝʥʠʝ ʤʫʩʢʫʣʦʚ 

ʠ ʠʤʤʫʥʥʳʝ ʨʝʘʢʮʠʠ. ʊʘʢ ʢʘʢ ʣʠʥʦʣʝʚʘʷ ʢʠʩʣʦʪʘ ʦʙʳʯʥʦ ʩʦʜʝʨʞʠʪʩʷ 

ʚ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʚ ʬʦʩʬʦʛʣʠʮʝʨʠʜʘʭ ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʧʝʨʠʬʝʨʠ-

ʯʝʩʢʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ, ʪʝʤ ʩʘʤʳʤ ʦʥʘ ʠʛʨʘʝʪ ʞʠʟʥʝʥʥʦ ʚʘʞʥʫʶ  

ʨʦʣʴ. 

ʅʝʟʘʤʝʥʠʤʳʝ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʩʚʠʥʝʡ, ʮʳʧʣʷʪ, 

ʪʝʣʷʪ ʠ ʢʦʟ. ʊʦʣʴʢʦ ʣʠʥʦʣʝʚʘʷ ʢʠʩʣʦʪʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʧʠʪʘʪʝʣʴʥʳʤ 

ʚʝʱʝʩʪʚʦʤ ʜʣʷ ʮʳʧʣʷʪ. ɺ ʨʘʮʠʦʥʘʭ ʥʘ ʧʨʘʢʪʠʢʝ ʦʯʝʥʴ ʨʝʜʢʦ ʚʩʪʨʝʯʘʝʪʩʷ 

ʜʝʬʠʮʠʪ ʥʝʟʘʤʝʥʠʤʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ. ʋʚʝʣʠʯʝʥʠʝ ʠʭ ʢʦʣʠʯʝʩʪʚʘ ʚʳʰʝ 

ʥʦʨʤ ʥʝʞʝʣʘʪʝʣʴʥʦ ʠʟ-ʟʘ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʧʦʣʠʥʝʥʘʩʳʱʝʥʥʳʭ ʢʠʩʣʦʪ 

ʢ ʦʢʠʩʣʝʥʠʶ. 

ɺ ʢʘʯʝʩʪʚʝ ʨʫʢʦʚʦʜʩʪʚʘ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ, ʯʪʦ ʦʙʱʘʷ ʧʦ-

ʪʨʝʙʥʦʩʪʴ ʞʠʚʦʪʥʳʭ ʚ ʥʝʟʘʤʝʥʠʤʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪʘʭ (ʅɾʂ) ʩʦʩʪʘʚʣʷ-

ʝʪ 3% ʦʪ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʵʥʝʨʛʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʣʠʥʦʣʝʚʦʡ ʢʠʩʣʦʪʝ. 

ɾʠʨʥʦʢʠʩʣʦʪʥʳʡ ʩʦʩʪʘʚ ʞʠʚʦʪʥʳʭ ʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʞʠʨʦʚ 

ʉʦʩʪʘʚ ʞʠʨʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʦʨʛʘʥʠʟʤʝ ʞʠʚʦʪʥʦʛʦ, ʟʘʚʠʩʠʪ ʦʪ 

ʚʠʜʘ ʞʠʚʦʪʥʳʭ ʠ ʦʪʣʠʯʘʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʪʢʘʥʷʭ; ʥʘ ʩʦʩʪʘʚ ʞʠʨʘ, ʚ ʥʝ-

ʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ, ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʨʘʮʠʦʥ. ɾʠʨʳ ʨʘʩʪʝʥʠʡ, ʨʳʙʳ ʠ 
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ʧʪʠʮ ʙʦʣʝʝ ʥʝʥʘʩʳʱʝʥʳ, ʯʝʤ ʞʠʨʳ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʞʠʚʦʪʥʳʭ (ʪʘʙʣ. 

5.2 ʠ 5.3). ʅʘʧʨʠʤʝʨ, ʧʦʜʢʦʞʥʳʡ ʞʠʨ ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʝ ʥʘʩʳʱʝʥʥʳʭ 

ʞʠʨʥʳʭ ʢʠʩʣʦʪ, ʯʝʤ ʞʠʨ ʧʝʯʝʥʠ ʵʪʠʭ ʞʝ ʚʠʜʦʚ ʞʠʚʦʪʥʳʭ. 

ʊʘʙʣʠʮʘ 5.2 ï ʉʦʩʪʘʚ (%) ʞʠʨʘ ʫ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ ʞʠʚʦʪʥʳʭ 

ʇʦʢʘʟʘʪʝʣʠ 

ʅʘʩʳɦʝʥʥʳʝ 

ʞʠʨʥʳʝ ʢ-ʪ r

ʅʝʥʘʩʳʱʝʥʥʳʝ 

ʞʠʨʥʳʝ ʢ-ʪ r ʂʦʥʩʠ-

ʩʪʝʥʮʠʷ ʉ14 ʠ 

ʤʝʥʝʝ 
ʉ16+ʉ18 ʆʣʝʠʥʦʚʘʷ 

ʃʠʥʦʣʝʚʘʷ 

+ʣʠʥʦʣʝʥʦʚʘʷ 

ʉ20 ʠ 

ʙʦʣʝʝ 

ʈʳʙʠʡ ʞʠʨ  11-15  20 50 ʞʠʜʢʘʷ 

ʂʫʨʠʥʳʡ ʞʠʨ  25 40 25-30  ʤʷʛʢʘʷ 

ʉʚʠʥʦʡ ʞʠʨ  35 50 5-7  ʤʷʛʢʘʷ 

ʄʦʣʦʯʥʳʡ ʞʠʨ 15 30-40 35 0,5  ʤʷʛʢʘʷ 

ɻʦʚʷʞʠʡ ʞʠʨ  50 35 0,5  ʪʚʝʨʜʘʷ 
 

ʊʘʙʣʠʮʘ 5.3. - ʉʦʩʪʘʚ (%) ʤʘʩʣʘ ʚ ʩʝʤʝʥʘʭ 

ʇʦʢʘʟʘʪʝʣʠ 

ʅʘʩʳʱʝʥʥʳʝ 

ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ 

ʅʝʥʘʩʳʱʝʥʥʳʝ ʞʠʨʥʳʝ ʢʠ-

ʩʣʦʪʳ ʂʦʥʩʠ-

ʩʪʝʥʮʠʷ ʉ14ʠ 

ʤʝʥʝʝ 
ʉ16+ʉ18 

ʆʣʝʠʥʦ-

ʚʘʷ 

ʃʠʥʦʣʝ-

ʚʘʷ 

ʃʠʥʦʣʝ-

ʥʦʚʘʷ 

ʄʘʩʣʦ ʩʝʤʝʥʠ ʣʴʥʘ  6-16 13-36 10-25 30-50 ʞʠʜʢʘʷ 

ʄʘʩʣʦ ʩʦʠ  7-10 23-30 50-60 5-9 ʞʠʜʢʘʷ 

ʄʘʩʣʦ ʩʝʤʷʥ ʧʦʜʩʦʣʥʝʯʥʠʢʘ  6-15 20-50 30-60  ʞʠʜʢʘʷ 

ʄʘʩʣʦ ʢʦʢʦʩʦʚʦʛʦ ʦʨʝʭʘ 80 11 5-7   ʪʚʝʨʜʘʷ 

ʄʘʩʣʦ ʩʝʤʝʥʠ ʭʣʦʧʯʘʪʥʠʢʘ  24-29 15-20 49-57  ʞʠʜʢʘʷ 
 

5.5. ʉʣʦʞʥʳʝ ʣʠʧʠʜʳ 

ʉʣʦʞʥʳʝ ʣʠʧʠʜʳ ï ʵʪʦ ʵʬʠʨʳ ʞʠʨʥʳʭ ʢʠʩʣʦʪ, ʩʦʜʝʨʞʘʱʠʝ ʛʠʜ-

ʨʦʬʠʣʴʥʳʝ ʧʦʣʷʨʥʳʝ ʛʨʫʧʧʳ (ʘʟʦʪʠʩʪʦʝ ʦʩʥʦʚʘʥʠʝ, ʩʘʭʘʨʘ, ʬʦʩʬʦʨʥʫ  ʁ

ʢʠʩʣʦʪʫ) ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʛʠʜʨʦʬʦʙʥʳʤ ʦʩʪʘʪʢʘʤ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʠ ʩʧʠʨ-

ʪʘʤ. ʕʪʘ ʛʨʫʧʧʘ ʣʠʧʠʜʦʚ, ʪʘʢʞʝ ʥʘʟʳʚʘʝʤʘʷ ʧʦʣʷʨʥʳʤʠ ʣʠʧʠʜʘʤʠ, 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʬʦʩʬʦʣʠʧʠʜʳ, ʩʬʠʥʛʦʣʠʧʠʜʳ, ʛʣʠʢʦʣʠʧʠʜʳ ʠ ʣʠʧʦ-

ʧʨʦʪʝʠʥʳ.  

ʌʦʩʬʦʣʠʧʠʜʳ. ʆʩʥʦʚʥʘʷ ʨʦʣʴ ʬʦʩʬʦʣʠʧʠʜʦʚ ʩʦʩʪʦʠʪ ʚ ʢʘʯʝʩʪʚʝ 

ʩʦʩʪʘʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʝʤʙʨʘʥ. ʀʭ ʤʥʦʛʦ ʚ ʩʝʨʜʮʝ, 

ʧʦʯʢʘʭ, ʥʝʨʚʥʦʡ ʪʢʘʥʠ. ʄʠʝʣʠʥ ʘʢʩʦʥʘ ʥʝʡʨʦʥʦʚ ʩʦʜʝʨʞʠʪ ʜʦ 55% ʬʦʩ-

ʬʦʣʠʧʠʜʦʚ. ʗʡʮʘ ʷʚʣʷʶʪʩʷ ʙʦʛʘʪʳʤ ʠʩʪʦʯʥʠʢʦʤ ʬʦʩʬʦʣʠʧʠʜʦʚ. ʄʥʦʛʦ 

ʠʭ ʚ ʩʦʝʚʳʭ ʙʦʙʘʭ. 

ʌʦʩʬʦʛʣʠʮʝʨʠʜʳ ï ʵʬʠʨʳ ʛʣʠʮʝʨʠʥʘ, ʚ ʢʦʪʦʨʳʭ ʜʚʝ ʛʠʜʨʦ-

ʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ ʛʣʠʮʝʨʠʥʘ ʵʪʝʨʠʬʠʮʠʨʫʶʪʩʷ ʞʠʨʥʳʤʠ ʢʠʩʣʦʪʘʤʠ ʩ 

ʜʣʠʥʥʦʡ ʮʝʧʴʶ, ʪʨʝʪʴʷ ʛʨʫʧʧʘ ʵʪʝʨʠʬʠʮʠʨʫʝʪʩʷ ʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʦʡ, 

ʬʦʩʬʦʛʣʠʮʝʨʠʜʳ ʦʙʳʯʥʦ ʦʪʥʦʩʷʪ ʢ ʬʦʩʬʘʪʠʜʘʤ (ʨʠʩ. 5.2). 

ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʫ ʞʠʚʦʪʥʳʭ ʠ ʚ ʨʘʩʪʝʥʠʷʭ ʬʦʩ-

ʬʦʣʠʧʠʜʳ ï ʣʝʮʠʪʠʥʳ, ʢʝʬʘʣʠʥʳ, ʩʬʠʥʛʦʤʠʝʣʠʥʳ, ʬʦʩʬʦʛʣʠʮʝʨʠʜʳ. 

ɹʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʛʠʜʨʦʬʠʣʴʥʦʡ ʬʦʩʬʘʪʥʦʡ ʛʨʫʧʧʳ ʠ ʮʝʧʝʡ ʛʠʜʨʦ-
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ʬʦʙʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʚ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʤʦʣʝʢʫʣʝ, ʬʦʩʬʦʣʠʧʠʜʳ 

ʵʤʫʣʴʛʠʨʫʶʪ ʠ ʚʳʧʦʣʥʷʶʪ ʚʘʞʥʳʝ ʬʫʥʢʮʠʠ ʧʨʠ ʪʨʘʥʩʧʦʨʪʝ ʣʠʧʠʜʦʚ ʚ 

ʢʨʦʚʴ ʠ ʷʚʣʷʶʪʩʷ ʢʦʤʧʦʥʝʥʪʦʤ ʢʣʝʪʦʯʥʳʭ ʤʝʤʙʨʘʥ ʞʠʚʦʪʥʳʭ. ʆʥʠ ʩʦ-

ʜʝʨʞʘʪ ʙʦʣʴʰʝ ʥʝʥʘʩʳʱʝʥʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ, ʯʝʤ ʪʨʠʛʣʠʮʝʨʠʜʳ ʞʠ-

ʨʦʚʦʡ ʪʢʘʥʠ. ʃʠʧʠʜʳ ʩʦʠ ʪʘʢʞʝ ʩʦʜʝʨʞʘʪ ʣʝʮʠʪʠʥ. ʃʝʮʠʪʠʥ, ʚʳʜʝʣʝʥ-

ʥʳʡ ʠʟ ʩʦʠ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʵʤʫʣʴʛʘʪʦʨʘ ʚ ʟʘʤʝʥʠʪʝʣʷʭ ʮʝʣʴʥʦ-

ʛʦ ʤʦʣʦʢʘ ʜʣʷ ʪʝʣʷʪ. ʌʦʩʬʦʛʣʠʮʝʨʠʜʳ ï ʵʪʦ ʙʝʣʳʝ ʚʦʩʢʦʚʠʜʥʳʝ ʚʝʱʝ-

ʩʪʚʘ, ʢʦʪʦʨʳʝ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʢʦʨʠʯʥʝʚʦʝ ʚʝʱʝʩʪʚʦ ʧʨʠ ʵʢʩʧʦʟʠʮʠʠ ʥʘ 

ʚʦʟʜʫʭʝ, ʙʣʘʛʦʜʘʨʷ ʦʢʩʠʜʘʮʠʠ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʧʦʣʠʤʝʨʠʟʘʮʠʝʡ. ɺ ʚʦʜʝ 

ʬʦʩʬʦʛʣʠʮʝʨʠʜʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʨʘʩʪʚʦʨʷʶʪʩʷ. ɺ ʦʨʛʘʥʠʟʤʝ ʞʠʚʦʪʥʳʭ 

ʦʥʠ ʛʠʜʨʦʣʠʟʫʶʪʩʷ ʬʝʨʤʝʥʪʘʤʠ ʬʦʩʬʦʣʠʧʘʟʘʤʠ. 

ʃʝʮʠʪʠʥʳ. ɺ ʣʝʮʠʪʠʥʝ ʬʦʩʬʦʨʥʘʷ ʢʠʩʣʦʪʘ ʪʘʢʞʝ ʵʪʝʨʠʬʠʮʠʨʫ-

ʝʪʩʷ ʘʟʦʪʠʩʪʳʤ ʦʩʥʦʚʘʥʠʝʤ ʭʦʣʠʥʦʤ. ʆʩʥʦʚʥʘʷ ʬʦʨʤʫʣʘ ʣʝʮʠʪʠʥʘ: 

 
ʃʝʮʠʪʠʥ (1,2-ʜʠʘʮʠʣʛʣʠʮʝʨʦ-3ʬʦʩʬʦʨʠʣʭʦʣʠʥ) 

 

ʆʩʪʘʪʢʠ ʞʠʨʥʦʡ ʢʠʩʣʦʪʳ ʧʨʠ sn-1 ʯʘʱʝ ʚʩʝʛʦ ʙʳʚʘʝʪ ʧʘʣʴʤʠʪʠ-

ʥʦʚʘʷ ʠʣʠ ʩʪʝʘʨʠʥʦʚʘʷ ʢʠʩʣʦʪʘ, ʧʨʠ sn-2- ʦʣʝʠʥʦʚʘʷ, ʣʠʥʦʣʝʚʘʷ ʠʣʠ ʣʠ-

ʥʦʣʝʥʦʚʘʷ ʢʠʩʣʦʪʳ. 

ʂʝʬʘʣʠʥʳ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʣʝʮʠʪʠʥʦʚ ʥʘʣʠʯʠʝʤ ʵʪʘʥʦʣʘʤʠʥʘ 

ʚʤʝʩʪʦ ʭʦʣʠʥʘ, ʠ ʙʦʣʝʝ ʪʦʯʥʦ ʥʘʟʳʚʘʶʪʩʷ ʬʦʩʬʘʪʠʜʠʣʵʪʘʥʦʣʘʤʠʥʘʤʠ. 

ʕʪʘʥʦʣʘʤʠʥ ʠʤʝʝʪ ʪʘʢʫʶ ʬʦʨʤʫʣʫ: 

 
ɾʠʨʥʳʝ ʢʠʩʣʦʪʳ ʧʨʠ sn-1 ʷʚʣʷʶʪʩʷ ʪʘʢʠʤʠ ʞʝ, ʢʘʢ ʫ ʣʝʮʠʪʠʥʘ, 

ʦʜʥʘʢʦ, ʧʨʠ sn-2 ʥʘʭʦʜʷʪʩʷ ʥʝʥʘʩʳʱʝʥʥʳʝ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʣʠʥʦʣʝ-

ʥʦʚʘʷ, ʵʡʢʦʟʘʪʨʠʝʥʦʚʘʷ ʠ ʜʦʢʦʟʘʛʝʢʩʘʝʥʦʚʘʷ. 

ʉʬʠʥʛʦʤʠʝʣʠʥʳ ʦʪʥʦʩʷʪʩʷ ʢ ʙʦʣʴʰʦʡ ʛʨʫʧʧʝ ʩʬʠʥʛʦʣʠʧʠʜʦʚ, 

ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʩʬʠʥʛʦʟʠʥ ʚʤʝʩʪʦ ʛʣʠʮʝʨʦʣʘ, ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʚʝ-

ʱʝʩʪʚʘ. ʆʥʠ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʮʝʨʝʙʨʦʟʠʜʦʚ ʥʘʣʠʯʠʝʤ ʙʦʢʦʚʦʡ ʛʠʜʨʦ-

ʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ, ʩʚʷʟʘʥʥʦʡ ʩ ʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʦʡ ʚʤʝʩʪʦ ʩʘʭʘʨʥʦʛʦ 

ʦʩʪʘʪʢʘ. ʌʦʩʬʦʨʥʘʷ ʢʠʩʣʦʪʘ ʵʪʝʨʠʬʠʮʠʨʫʝʪʩʷ ʠʣʠ ʭʦʣʠʥʦʤ, ʠʣʠ ʵʪʘʥʦ-

ʣʘʤʠʥʦʤ. ʉʬʠʥʛʦʤʠʝʣʠʥʳ ʠʤʝʶʪ ʪʘʢʞʝ ʘʤʠʥʦʛʨʫʧʧʫ, ʩʚʷʟʘʥʥʫʶ ʩ ʢʘʨ-

ʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʦʡ ʜʣʠʥʥʦʡ ʮʝʧʠ ʞʠʨʥʦʡ ʢʠʩʣʦʪʳ ʩ ʧʦʤʦʱʴʶ ʧʝʧ-

ʪʠʜʥʦʡ ʩʚʷʟʠ: 
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ʍʦʣʠʥ 

 

ʇʦʜʦʙʥʦ ʣʝʮʠʪʠʥʘʤ ʠ ʢʝʬʘʣʠʥʘʤ, ʩʬʠʥʛʦʣʠʧʠʜʳ ʷʚʣʷʶʪʩʷ ʧʦ-

ʚʝʨʭʥʦʩʪʥʦ ï ʘʢʪʠʚʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʠ ʚʘʞʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʤʝʤ-

ʙʨʘʥ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʥʝʨʚʥʦʡ ʪʢʘʥʠ. ʆʥʠ ʤʦʛʫʪ ʩʦʩʪʘʚʣʷʪʴ ʜʦ 25% ʦʙ-

ʱʠʭ ʣʠʧʠʜʦʚ ʚ ʤʠʝʣʠʥʦʚʳʭ ʦʙʦʣʦʯʢʘʭ, ʢʦʪʦʨʳʝ ʟʘʱʠʱʘʶʪ ʥʝʨʚʥʳʝ 

ʢʣʝʪʢʠ. 

ɺʦʩʢʘ. ʕʪʦ ʧʨʦʩʪʳʝ ʣʠʧʠʜʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʩ 

ʜʣʠʥʥʦʡ ʮʝʧʴʶ, ʵʪʝʨʠʬʠʮʠʨʦʚʘʥʥʳʝ ʩ ʦʜʥʦʘʪʦʤʥʳʤ ʩʧʠʨʪʦʤ ʩ ʚʳʩʦʢʦʡ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ. ʇʨʠ ʦʙʳʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʪʚʝʨʜʳʝ ʚʝʱʝʩʪʚʘ, ʧʣʦʭʦ ʫʩʚʘʠʚʘʝʤʳʝ ʞʠʚʦʪʥʳʤʠ ʠ ʥʝ ʠʤʝʶʱʠʝ ʧʠʪʘ-

ʪʝʣʴʥʦʡ ʮʝʥʥʦʩʪʠ. ɺʦʩʢʘ ʷʚʣʷʶʪʩʷ ʟʘʱʠʪʥʦʡ ʦʙʦʣʦʯʢʦʡ ʚ ʨʘʩʪʝʥʠʷʭ ʠ 

ʞʠʚʦʪʥʳʭ; ʰʝʨʩʪʥʳʡ ʧʦʢʨʦʚ ʠ ʧʝʨʴʷ ʧʨʝʜʦʭʨʘʥʷʶʪʩʷ ʦʪ ʚʦʜʳ ʙʣʘʛʦʜʘ-

ʨʷ ʛʠʜʨʦʬʦʙʥʦʡ ʧʨʠʨʦʜʝ ʚʦʩʢʦʚʦʛʦ ʧʦʢʨʳʪʠʷ. ɺ ʚʦʩʢʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʦʙʳʯʥʳʝ ʠ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ ʩ ʚʳʩʦʢʠʤ ʯʠʩʣʦʤ ʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ: ʢʘʨ-

ʥʘʫʙʦʚʘʷ (ʉ23ʅ47Āʉʆʆʅ) ʠ ʤʝʣʣʠʩʩʠʣʦʚʘʷ (ʉ30ʅ61Āʉʆʆʅ), ʚ ʩʦʩʪʘʚʝ ʚʦʩ-

ʢʦʚ ï ʩʧʠʨʪʳ ʢʘʨʥʘʫʙʠʣʦʚʳʡ (ʉ24ʅ49Āʆʅ) ʠ ʮʝʪʠʣʦʚʳʡ (ʉ16ʅ33Āʆʅ). 

ʉʨʝʜʠ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʭ ʚʦʩʢʦʚ ʩʣʝʜʫʝʪ ʥʘʟʚʘʪʴ ʧʯʝʣʠʥʳʡ ʚʦʩʢ, 

ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ ʧʷʪʠ ʵʬʠʨʦʚ, ʛʣʘʚʥʳʡ ʠʟ ʥʠʭ ʤʠʨʠʩʠʣ ï ʧʘʣʴʤʠʪʘʪ: 
ʉ15ʅ31Āʉʆʆʅ+ʉ31ʅ63ĀʆʅŸʉ15ʅ31Āʉʆʆʉ31ʅ63+ʅ2ʆ 

ʂʨʦʤʝ ʪʦʛʦ, ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʡ ʚʦʩʢ ʣʘʥʦʣʠʥ, ʧʦʣʫʯʘʝʤʳʡ ʠʟ ʞʠ-

ʨʦʧʦʪʘ ʰʝʨʩʪʠ ʦʚʝʮ, ʘ ʪʘʢʞʝ ʩʧʝʨʤʘʮʝʪïʧʨʦʜʫʢʪ ʤʦʨʩʢʠʭ ʞʠʚʦʪʥʳʭ. 

ɺ ʨʘʩʪʝʥʠʷʭ ʚʦʩʢʘ ʚʭʦʜʷʪ ʚ ʢʦʞʠʩʪʫʶ ʦʙʦʣʦʯʢʫ ʣʠʩʪʴʝʚ, ʛʜʝ ʦʥʠ 

ʦʙʨʘʟʫʶʪ ʤʘʪʨʠʢʩ, ʚ ʢʦʪʦʨʳʡ ʚʢʣʶʯʝʥʳ ʢʫʪʠʥ ʠ ʩʫʙʝʨʠʥ. ʊʝʨʤʠʥ 

çʚʦʩʢè ʠʩʧʦʣʴʟʫʝʪʩʷ ʟʜʝʩʴ ʚ ʦʙʲʝʜʠʥʝʥʥʦʤ ʩʤʳʩʣʝ, ʠ, ʭʦʪʷ ʠʩʪʠʥʥʳʝ 

ʚʦʩʢʘ ʝʩʪʴ, ʦʜʥʘʢʦ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʩʣʦʞʥʫʶ ʩʤʝʩʴ ʚʝʱʝʩʪʚ. 

ʂʫʪʠʥ ʷʚʣʷʝʪʩʷ ʩʤʝʩʴʶ ʧʦʣʠʤʝʨʦʚ ʠʟ ʉ16 ʠ ʉ18 ʤʦʥʦʤʝʨʦʚ, 

ʦʙʳʯʥʦ 16- ʛʠʜʨʦʢʩʠʧʘʣʴʤʠʪʠʥʦʚʦʡ ʠ 10,16-ʜʠʛʠʜʨʦʢʩʠʧʘʣʴʤʠʪʠʥʦʚʦʡ 

ʢʠʩʣʦʪ. ʌʝʥʦʣʴʥʳʝ ʚʝʱʝʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ ʧʘʨʘ-ʢʫʤʘʨʠʥʦʚʘʷ ʠ ʬʝʨʫʣʦʚʘʷ 

ʢʠʩʣʦʪʳ ʦʙʳʯʥʦ ʧʨʠʩʫʪʩʪʚʫʶʪ, ʥʦ ʚ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ. ɻʣʘʚʥʳʤʠ 

ʘʣʠʬʘʪʠʯʝʩʢʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʷʚʣʷʶʪʩʷ ɤï ʛʠʜʨʦʢʩʠʢʠʩʣʦʪʳ, ʜʠʢʘʨ-

ʙʦʢʩʠʣʴʥʳʝ ʢʠʩʣʦʪʳ, ʦʯʝʥʴ ʜʣʠʥʥʦʮʝʧʦʯʥʳʝ ʢʠʩʣʦʪʳ ʠ ʩʧʠʨʪʳ. ʀʤʝʝʪ-

ʩʷ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʬʝʥʦʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʚ ʦʩʥʦʚʥʦʤ, ʨ-

ʢʫʤʘʨʠʥʦʚʘʷ ʢʠʩʣʦʪʘ, ʬʦʨʤʠʨʫʶʱʠʭ ʬʝʥʦʣʴʥʫʶ ʦʙʦʣʦʯʢʫ. ʂʘʢ ʢʫʪʠʥ, 
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ʪʘʢ ʠ ʩʫʙʝʨʠʥ ʷʚʣʷʶʪʩʷ ʦʯʝʥʴ ʫʩʪʦʡʯʠʚʳʤʠ ʢ ʨʘʟʨʫʰʝʥʠʶ ʚʝʱʝʩʪʚʘʤʠ 

ʠ ʧʠʪʘʪʝʣʴʥʦʡ ʮʝʥʥʦʩʪʠ ʥʝ ʠʤʝʶʪ. 

5.6. ʉʪʝʨʦʠʜʳ 

ʉʪʝʨʦʠʜʳ ʚʢʣʶʯʘʶʪ ʪʘʢʠʝ ʚʘʞʥʳʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ, ʢʘʢ 

ʩʪʝʨʦʣʳ, ʞʝʣʯʥʳʝ ʢʠʩʣʦʪʳ, ʧʦʣʦʚʳʝ ʛʦʨʤʦʥʳ ʠ ʛʦʨʤʦʥʳ ʥʘʜʧʦʯʝʯʥʠ-

ʢʦʚ. ʆʙʱʝʡ ʩʪʨʫʢʪʫʨʥʦʡ ʝʜʠʥʠʮʝʡ ʫ ʥʠʭ ʷʚʣʷʝʪʩʷ ʧʝʥʘʥʪʨʝʥʦʚʦʝ ʷʜʨʦ, 

ʩʚʷʟʘʥʥʦʝ ʩ ʮʠʢʣʦʧʝʥʪʘʥʦʚʳʤ ʢʦʣʴʮʦʤ.  

 
ʇʝʥʘʥʪʨʝʥʦʚʦʝ  ʎʠʢʣʦʧʝʥʪʘʥʦʚʦʝ 

ʷʜʨʦ ʢʦʣʴʮʦ 

ʆʩʥʦʚʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʝʜʠʥʠʮʘ ʩʪʝʨʦʠʜʦʚ. 
 

ʈʘʟʥʳʝ ʩʪʝʨʦʠʜʳ ʨʘʟʣʠʯʘʶʪʩʷ ʯʠʩʣʦʤ ʠ ʧʦʣʦʞʝʥʠʝʤ ʜʚʦʡʥʳʭ 

ʩʚʷʟʝʡ, ʘ ʪʘʢʞʝ ʦʩʦʙʝʥʥʦʩʪʴʶ ʙʦʢʦʚʦʡ ʮʝʧʠ ʧʨʠ 17-ʦʤ ʫʛʣʝʨʦʜʥʦʤ ʘʪʦ-

ʤʝ. 

ʉʪʝʨʦʣʳ ʠʤʝʶʪ ʦʪ ʚʦʩʴʤʠ ʜʦ ʜʝʩʷʪʠ ʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ ʚ ʙʦʢʦ-

ʚʦʡ ʮʝʧʠ ʠ ʩʧʠʨʪʦʚʫʶ ʛʨʫʧʧʫ ʧʨʠ 3-ʝʤ ʫʛʣʝʨʦʜʥʦʤ ʘʪʦʤʝ, ʥʦ ʥʠʢʘʢʠʭ 

ʢʘʨʙʦʥʠʣʴʥʳʭ ʠʣʠ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ. ʉʪʝʨʦʣʳ ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠ-

ʨʦʚʘʪʴ ʥʘ: 

- ʨʘʩʪʠʪʝʣʴʥʳʝ ʬʠʪʦʩʪʝʨʦʣʳ; 

- ʤʠʢʦʩʪʝʨʦʣʳ ʛʨʠʙʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ; 

- ʟʦʦʩʪʝʨʦʣʳ ʞʠʚʦʪʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. 

ʌʠʪʦʩʪʝʨʦʣʳ ʠ ʤʠʢʦʩʪʝʨʦʣʳ ʥʝ ʚʩʘʩʳʚʘʶʪʩʷ ʚ ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʤ 

ʪʨʘʢʪʝ. 

ʍʦʣʝʩʪʝʨʦʣ (ʭʦʣʝʩʪʝʨʠʥ) ï ʵʪʦ ʟʦʦʩʪʝʨʦʣ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʡ ʚʦ 

ʚʩʝʭ ʢʣʝʪʢʘʭ ʞʠʚʦʪʥʳʭ. ʆʥ ʧʣʦʭʦ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʚʦʜʝ (ʦʢʦʣʦ 

0,2 ʤʛ/100 ʤʣ). ʗʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʩʪʝʨʦʣʦʤ ʫ ʯʝʣʦʚʝʢʘ ʠ ʚʘʞʥʳʤ ʢʦʤ-

ʧʦʥʝʥʪʦʤ ʨʘʟʣʠʯʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʝʤʙʨʘʥ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʤʠʝʣʠʥʦ-

ʚʳʭ ʩʪʨʫʢʪʫʨʘʭ ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʧʝʨʝʬʠʨʠʯʝʩʢʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ, ʚ ʢʦ-

ʪʦʨʦʡ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ 170 ʛ/ʢʛ. ʍʦʣʝʩʪʝʨʦʣ ʷʚʣʷʝʪʩʷ ʧʨʝʜʰʝʩʪʚʝʥʥʠ-

ʢʦʤ ʩʪʝʨʦʠʜʥʳʭ ʛʦʨʤʦʥʦʚ ʥʘʜʧʦʯʝʯʥʠʢʦʚ. ʂʨʦʤʝ ʪʦʛʦ ʦʥ ʷʚʣʷʝʪʩʷ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʤ ʞʝʣʯʥʳʭ ʢʠʩʣʦʪ. 
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ʅʦʨʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʭʦʣʝʩʪʝʨʦʣʘ ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ ʦʪ 1200 ʜʦ 

2200 ʤʛ/ʣʠʪʨ. ʆʢʦʣʦ 30% ʝʛʦ ʥʘʭʦʜʠʪʩʷ ʚ ʩʚʦʙʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʦʩʪʘʣʴ-

ʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʚʷʟʘʥʦ ʩ ʣʠʧʦʧʨʦʪʝʠʥʘʤʠ. ʕʪʦ-ʢʦʤʧʣʝʢʩʳ ʙʝʣʢʦʚ ʠ ʣʠ-

ʧʠʜʦʚ ʩ ʥʝʢʦʚʘʣʝʥʪʥʳʤʠ ʩʚʷʟʷʤʠ. ʃʠʧʦʧʨʦʪʝʠʥʳ ʨʘʟʣʠʯʘʶʪ ʧʦ ʨʘʟʤʝʨʫ, 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʝ, ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʠ ʧʣʦʪʥʦʩʪʠ. ʀʭ ʢʣʘʩʩʠʬʠ-

ʮʠʨʫʶʪ ʧʦ ʧʣʦʪʥʦʩʪʠ ʥʘ 5 ʢʣʘʩʩʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʦʜʠʥ -ʭʠʣʦʤʠʢʨʦʥʳ, ʢʦ-

ʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʘʙʩʦʨʙʮʠʠ ʚ ʪʦʥʢʦʤ ʢʠʰʝʯʥʠʢʝ. 

ʊʘʙʣʠʮʘ 5.4 ï ʂʣʘʩʩʳ ʣʠʧʦʧʨʦʪʝʠʥʦʚ ʨʘʟʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʂʣʘʩʩ ʇʣʦʪʥʦʩʪʴ 

(ʛ/ʤʣ) 

ʄʦʣʝʢʫʣʷʨʥʘʷ 

ʤʘʩʩʘ (ʜʘʣʴʪʦʥ) 

ɼʠʘʤʝʪʨ 

(¡) 

ɺʳʩʦʢʦʧʣʦʪʥʳʝ ʣʠʧʦʧʨʦʪʝʠʥʳ (ɺʇʃʇ) 1,063-1,210 4 - 2Ĭ10
5
 50 ï 130 

ʅʠʟʢʦʧʣʦʪʥʳʝ ʣʠʧʦʧʨʦʪʝʠʥʳ 1,019-1,063 2Ĭ10
6 

200 ï 280 

ʉʨʝʜʥʝʧʣʦʪʥʳʝ ʣʠʧʦʧʨʦʪʝʠʥʳ (ʉʇʃʇ) 1,006-1,019 4,5Ĭ10
6
 250 

ʆʯʝʥʴ ʥʠʟʢʦʧʣʦʪʥʳʝ ʣʠʧʦʧʨʦʪʝʠʥʳ (ʆʅʇʃʇ) 0,95-1,006 5Ĭ10
6
-10

7 
250 ï 750 

ʍʠʣʦʤʠʢʨʦʥʳ <0,95 10
9 
-10

10 
10

3
 - 10

4
 

 

ɺ ʧʣʘʟʤʝ ʢʨʦʚʠ ʣʠʧʦʧʨʦʪʝʠʥʳ ʥʘʭʦʜʷʪʩʷ ʚ ʚʠʜʝ ʩʬʝʨʠʯʝʩʢʠʭ 

ʩʪʨʫʢʪʫʨ ʩ ʦʙʦʣʦʯʢʦʡ ʠʟ ʪʨʠʘʮʠʣʛʣʠʮʝʨʦʣʦʚ ʠ ʭʦʣʝʩʪʝʨʦʣʦʚʳʭ ʵʬʠʨʦʚ. 

ʆʥʠ ʦʢʨʫʞʝʥʳ ʦʙʦʣʦʯʢʦʡ ʪʦʣʱʠʥʦʡ ʦʢʦʣʦ 20 ¡, ʩʦʜʝʨʞʘʱʝʡ ʙʝʣʢʠ, ʥʝ-

ʵʪʝʨʠʬʠʮʠʨʦʚʘʥʥʳʡ ʭʦʣʝʩʪʝʨʦʣ ʠ ʬʦʩʬʘʪʠʜʠʣʭʦʣʠʥʳ. ʇʦʩʢʦʣʴʢʫ ʦʥʠ 

ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʢ ʦʙʲʝʤʫ, ʪʦ ʙʦʣʝʝ 

ʤʝʣʢʠʝ ʩʪʨʫʢʪʫʨʳ ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʝ ʙʝʣʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʠʧʠʜʦʚ ʠ ʦʪ-

ʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ. ʊʘʢ ɺʇʃʇ ʬʨʘʢʮʠʷ ʩʦʜʝʨʞʠʪ 45% ʙʝʣ-

ʢʘ ʠ 55% ʣʠʧʠʜʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʆʅʇʃʇ ï ʪʦʣʴʢʦ 10% ʙʝʣʢʘ ʠ 90% ʣʠ-

ʧʠʜʘ. ʇʨʠ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʚ ʢʨʦʚʠ ʭʦʣʝʩʪʝʨʦʣ ʦʪʢʣʘʜʳʚʘʝʪʩʷ ʥʘ ʩʪʝʥ-

ʢʘʭ ʩʦʩʫʜʦʚ, ʯʪʦ ʩʪʘʥʦʚʠʪʩʷ ʧʨʠʯʠʥʦʡ ʟʘʙʦʣʝʚʘʥʠʷ ʘʪʝʨʦʩʢʣʝʨʦʟʦʤ. ʕʪʦ 

ʫʤʝʥʴʰʘʝʪ ʧʨʦʩʚʝʪ ʩʦʩʫʜʦʚ ʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʨʦʤʙʘ ʠ 

ʠʥʬʘʨʢʪʫ ʤʠʦʢʘʨʜʘ. ɽʩʪʴ ʫʙʝʜʠʪʝʣʴʥʳʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ, ʯʪʦ ʨʠʩʢ ʩʝʨ-

ʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʧʨʷʤʦ ʩʚʷʟʘʥ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʥʠʟʢʦ-

ʧʣʦʪʥʦʡ ʣʠʧʦʭʦʣʝʩʪʝʨʠʥʦʚʦʡ ʬʨʘʢʮʠʠ ʠ ʦʙʨʘʪʥʦ ï ʩ ʚʳʩʦʢʦʧʣʦʪʥʦʡ 

ʣʠʧʦʭʦʣʝʩʪʝʨʠʥʦʚʦʡ ʬʨʘʢʮʠʝʡ. 

7-ɼʝʛʠʜʨʦʭʦʣʝʩʪʝʨʦʣ. ʕʪʦ ʚʝʱʝʩʪʚʦ ʦʙʨʘʟʫʝʪʩʷ ʠʟ ʭʦʣʝʩʪʝʨʠʥʘ 

ʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʤ ʚʠʪʘʤʠʥʘ ɼ3, ʢʦʪʦʨʳʡ ʦʙʨʘʟʫʝʪ-

ʩʷ, ʢʦʛʜʘ ʩʪʝʨʦʣ ʧʦʜʚʝʨʛʘʝʪʩʷ ʩʦʣʥʝʯʥʦʤʫ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤʫ ʦʙʣʫʯʝ-

ʥʠʶ. 
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7-ʜʝʛʠʜʨʦʭʦʣʝʩʪʝʨʦʣ ʍʦʣʝʢʘʣʴʮʠʬʝʨʦʣ 

 (ʚʠʪʘʤʠʥ ɼ3) 

ʕʨʛʦʩʪʝʨʦʣ. ʕʪʦʪ ʬʠʪʦʩʪʝʨʦʣ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʚ ʢʦʨʠʯʥʝ-

ʚʳʭ ʚʦʜʦʨʦʩʣʷʭ, ʙʘʢʪʝʨʠʷʭ ʠ ʚʳʩʰʠʭ ʨʘʩʪʝʥʠʷʭ. ʗʚʣʷʝʪʩʷ ʧʨʝʜʰʝʩʪ-

ʚʝʥʥʠʢʦʤ ʵʨʛʦʢʘʣʴʮʠʬʝʨʦʣʘ ʠʣʠ ʚʠʪʘʤʠʥʘ ɼ2 ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ ʨʘʜʠʘʮʠʠ. ʀʟʤʝʥʝʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʚ ʪʘʢʦʤ ʞʝ ʧʣʘʥʝ, 

ʢʘʢ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʚʠʪʘʤʠʥʘ ɼ3 ʠʟ 7-ʜʝʛʠʜʨʦʭʦʣʝʩʪʝʨʦʣʘ ʠ ʟʘʢʣʶʯʘ-

ʶʪʩʷ ʚ ʦʪʢʨʳʪʠʠ ʚʪʦʨʦʛʦ ʬʝʥʦʥʪʨʝʥʦʚʦʛʦ ʢʦʣʴʮʘ. 

ɾʝʣʯʥʳʝ ʢʠʩʣʦʪʳ ʠʤʝʶʪ ʧʷʪʠʫʛʣʝʨʦʜʥʫʶ ʙʦʢʦʚʫʶ ʮʝʧʴ ʧʨʠ 

17-ʫʛʣʝʨʦʜʥʦʤ ʘʪʦʤʝ, ʢʦʪʦʨʘʷ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʦʡ, 

ʩʚʷʟʘʥʥʦʡ ʘʤʠʜʥʦʡ ʩʚʷʟʴʶ ʩ ʛʣʠʮʝʨʠʥʦʤ ʠʣʠ ʪʘʫʨʠʥʦʤ: 

 
ʍʦʣʝʚʘʷ ʢʠʩʣʦʪʘ  ɻʣʠʢʦʭʦʣʝʚʘʷ ʢʠʩʣʦʪʘ 

 
ʊʘʫʨʦʭʝʥʦʜʝʟʦʢʩʠʭʦʣʝʚʘʷ ʢʠʩʣʦʪʘ 

 

ʂ ʞʝʣʯʥʳʤ ʦʪʥʦʩʷʪʩʷ ʭʦʣʝʚʘʷ, ʛʣʠʢʦʭʦʣʝʚʘʷ, ʪʘʫʨʦʭʦʣʝʚʘʷ ʠ 

ʪʘʫʨʦʭʝʥʦʜʝʟʦʢʩʠʭʦʣʝʚʘʷ ʢʠʩʣʦʪʳ. ɾʝʣʯʥʳʝ ʢʠʩʣʦʪʳ ʩʠʥʪʝʟʠʨʫʶʪʩʷ ʠʟ 

ʭʦʣʝʩʪʝʨʠʥʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʢʦʥʝʯʥʳʤ ʧʫʪʝʤ ʝʛʦ ʦʙʤʝʥʘ. ɾʝʣʯ-

ʥʳʝ ʢʠʩʣʦʪʳ ʥʘʭʦʜʷʪʩʷ ʚ ʚʠʜʝ ʩʦʣʝʡ. ʆʥʠ ʦʙʨʘʟʫʶʪʩʷ ʚ ʧʝʯʝʥʠ, ʟʘʧʘʩʘ-

ʶʪʩʷ ʚ ʞʝʣʯʥʦʤ ʧʫʟʳʨʝ ʠ ʩʝʢʨʝʪʠʨʫʶʪʩʷ ʚ ʚʝʨʭʥʶʶ ʯʘʩʪʴ ʪʦʥʢʦʡ ʢʠʰ-

ʢʠ. ʀʭ ʟʥʘʯʝʥʠʝ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ: 

- ʦʙʝʩʧʝʯʠʚʘʶʪ ʛʣʘʚʥʳʡ ʵʢʩʢʨʝʪʦʨʥʳʡ ʧʫʪʴ ʜʣʷ ʭʦʣʝʩʪʝʨʠʥʘ, ʢʦ-

ʪʦʨʳʡ ʥʝ ʤʦʞʝʪ ʢʘʪʘʙʦʣʠʟʠʨʦʚʘʪʴʩʷ ʜʦ ʉʆ2 ʠ ʅ2ʆ ʫ ʤʣʝʢʦʧʠʪʘʶʱʠʭ. 

ɾʝʣʯʴ ʩʦʜʝʨʞʠʪ ʭʦʣʝʩʪʝʨʠʥʘ ʦʢʦʣʦ 390 ʤʛ/100 ʤʣ; 
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- ʞʝʣʯʥʳʝ ʩʦʣʠ ʧʦʤʦʛʘʶʪ, ʥʘʨʷʜʫ ʩ ʜʝʪʝʨʛʝʥʪʥʳʤ ʜʝʡʩʪʚʠʝʤ 

ʬʦʩʬʦʣʠʧʠʜʦʚ, ʚ ʧʨʝʜʦʪʚʨʘʱʝʥʠʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʨʘʩʪʚʦʨʘ; 

- ʜʝʡʩʪʚʫʶʪ ʚ ʢʘʯʝʩʪʚʝ ʵʤʫʣʴʛʘʪʦʨʦʚ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʞʠʨʦʚ ʢ 

ʛʠʜʨʦʣʠʟʫ ʧʘʥʢʨʝʘʪʠʯʝʩʢʦʡ ʣʠʧʘʟʦʡ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʚʘʨʠʚʘʥʠʷ; 

- ʫʯʘʩʪʚʫʶʪ ʚ ʘʢʪʠʚʘʮʠʠ ʧʘʥʢʨʝʘʪʠʯʝʩʢʦʡ ʣʠʧʘʟʳ; 

- ʫʩʢʦʨʷʶʪ ʚʩʘʩʳʚʘʥʠʝ ʞʠʨʦʨʘʩʪʚʦʨʠʤʳʭ ʚʠʪʘʤʠʥʦʚ ʚ ʧʠʱʝʚʘ-

ʨʠʪʝʣʴʥʦʤ ʪʨʘʢʪʝ. 

ʉʪʝʨʦʠʜʥʳʝ ʛʦʨʤʦʥʳ. ʆʥʠ ʚʢʣʶʯʘʶʪ ʩʝʤʝʡʩʪʚʦ ʞʝʥʩʢʠʭ (ʵʩʪ-

ʨʦʛʝʥʳ) ʠ ʤʫʞʩʢʠʭ ʧʦʣʦʚʳʭ ʛʦʨʤʦʥʦʚ (ʘʥʜʨʦʛʝʥʳ) ʠ ʧʨʦʛʝʩʪʝʨʦʥ, ʘ 

ʪʘʢʞʝ ʢʦʨʪʠʟʦʣ, ʘʣʴʜʦʩʪʝʨʦʥ ʠ ʢʦʨʪʠʢʦʩʪʝʨʦʥ, ʢʦʪʦʨʳʝ ʧʨʦʠʟʚʦʜʷʪʩʷ 

ʢʦʨʦʡ ʥʘʜʧʦʯʝʯʥʠʢʦʚ. ʉʠʥʪʝʟ ʨʘʟʣʠʯʥʳʭ ʩʪʝʨʦʠʜʥʳʭ ʛʦʨʤʦʥʦʚ ʠʟ ʭʦʣʝ-

ʩʪʝʨʦʣʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʬʝʨʤʝʥʪʘʪʠʚʥʳʤʠ ʨʝʘʢ-

ʮʠʷʤʠ. ʆʩʥʦʚʥʦʡ ʧʫʪʴ ʩʪʝʨʦʠʜʦʛʝʥʝʟʘ, ʧʨʠʚʦʜʷʱʠʡ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʵʩʪ-

ʨʦʛʝʥʦʚ, ʘʥʜʨʦʛʝʥʦʚ, ʤʠʥʝʨʘʣʦ-ʠ ʛʣʶʢʦʢʦʨʪʠʢʦʠʜʦʚ (ʨʠʩ. 5.3): 

 
ʈʠʩʫʥʦʢ 5.3 ï ʆʩʥʦʚʥʳʝ ʩʪʝʨʦʠʜʥʳʝ ʛʦʨʤʦʥʳ ʠ ʧʫʪʠ ʠʭ ʩʠʥʪʝʟʘ 
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ɺʳʜʝʣʷʶʪ ʯʝʪʳʨʝ ʥʘʠʙʦʣʝʝ ʦʙʱʠʝ ʛʨʫʧʧʳ ʩʪʝʨʦʠʜʥʳʭ ʛʦʨʤʦʥʦʚ: 

ʤʠʥʝʨʘʣʢʦʨʪʠʢʦʠʜʳ, ʛʣʶʢʦʢʦʨʪʠʢʦʠʜʳ, ʘʥʜʨʦʛʝʥʳ ʠ ʵʩʪʨʦʛʝʥʳ. ʆʩ-

ʥʦʚʥʳʤʠ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʢʘʞʜʦʡ ʠʟ ʵʪʠʭ ʛʨʫʧʧ ʷʚʣʷʶʪʩʷ ʘʣʴʜʦʩʪʝʨʦʥ, 

ʢʦʨʪʠʟʦʣ, ʪʝʩʪʦʩʪʝʨʦʥ ʠ ʵʩʪʨʘʜʠʦʣ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʨʦʤʝ ʪʦʛʦ, ʚʳʜʝ-

ʣʷʶʪ ʛʨʫʧʧʫ ʧʨʦʛʝʩʪʘʛʝʥʦʚ, ʦʩʥʦʚʥʳʤ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ 

ʧʨʦʛʝʩʪʝʨʦʥ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʨʘʟʜʝʣʷʶʪ ʩʪʝʨʦʠʜʥʳʝ ʛʦʨʤʦʥʳ ʠʟ ʵʪʠʭ 

ʧʷʪʠ ʛʨʫʧʧ ʥʘ ʜʚʝ ʫʩʣʦʚʥʳʝ ʛʨʫʧʧʳ: ʧʦʣʦʚʳʝ ʛʦʨʤʦʥʳ (ʧʨʦʛʝʩʪʘʛʝʥʳ, 

ʘʥʜʨʦʛʝʥʳ ʠ ʵʩʪʨʦʛʝʥʳ) ʠ ʢʦʨʪʠʢʦʩʪʝʨʦʠʜʳ (ʤʠʥʝʨʘʣʢʦʨʪʠʢʦʠʜʳ ʠ 

ʛʣʶʢʦʨʪʠʢʦʠʜʳ). 

ʊʝʨʧʝʥʳ 

ʊʝʨʧʝʥʳ ʩʦʩʪʦʷʪ ʠʟ ʨʷʜʘ ʝʜʠʥʠʮ ʠʟʦʧʨʝʥʘ, ʩʚʷʟʘʥʥʳʭ ʜʨʫʛ ʩ ʜʨʫ-

ʛʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʮʝʧʝʡ ʠʣʠ ʮʠʢʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ. ʀʟʦʧʨʝʥ ʷʚʣʷʝʪʩʷ 

ʧʷʪʠʫʛʣʝʨʦʜʥʳʤ ʚʝʱʝʩʪʚʦʤ: 

 
ʀʟʦʧʨʝʥ 

 

ʄʥʦʛʠʝ ʪʝʨʧʝʥʳ ʥʘʡʜʝʥʳ ʚ ʨʘʩʪʝʥʠʷʭ, ʧʨʠʜʘʶʪ ʩʚʦʡʩʪʚʝʥʥʳʡ ʠʤ 

ʘʨʦʤʘʪ ʠ ʷʚʣʷʶʪʩʷ ʢʦʤʧʦʥʝʥʪʘʤʠ ʜʫʰʠʩʪʳʭ ʤʘʩʝʣ, ʪʘʢʠʭ ʢʘʢ ʣʠʤʦʥʥʦʝ, 

ʤʷʪʥʦʝ, ʤʝʥʪʦʣʦʚʦʝ ʠ ʢʘʤʬʦʨʥʦʝ. ʉʨʝʜʠ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʨʘʩʪʠʪʝʣʴ-

ʥʳʭ ʪʝʨʧʝʥʦʚ ʷʚʣʷʝʪʩʷ ʬʠʪʦʣʴʥʘʷ ʯʘʩʪʴ ʭʣʦʨʦʬʠʣʣʘ, ʢʘʨʦʪʠʥʦʠʜʥʳʝ 

ʧʠʛʤʝʥʪʳ, ʨʘʩʪʠʪʝʣʴʥʳʝ ʛʦʨʤʦʥʳ, ʚ ʯʘʩʪʥʦʩʪʠ, ʛʠʙʝʨʝʣʣʦʚʘʷ ʢʠʩʣʦʪʘ ʠ 

ʚʠʪʘʤʠʥʳ ɸ, ɽ ʠ ʂ. ʋ ʞʠʚʦʪʥʳʭ ʥʝʢʦʪʦʨʳʝ ʠʟ ʢʦʵʥʟʠʤʦʚ, ʚʢʣʶʯʘʷ ʪʘ-

ʢʠʝ ʢʘʢ ʢʦʵʥʟʠʤʳ Q ʛʨʫʧʧʳ, ʷʚʣʷʶʪʩʷ ʪʝʨʧʝʥʘʤʠ. 
 

ʇʨʦʚʝʨʦʯʥʳʝ ʚʦʧʨʦʩʳ: 

1. ʅʘ ʢʘʢʠʝ ʛʨʫʧʧʳ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪ ʣʠʧʠʜʳ? 

2. ʉʪʨʫʢʪʫʨʥʳʝ ʠ ʟʘʧʘʩʥʳʝ ʣʠʧʠʜʳ, ʠʭ ʬʫʥʢʮʠʠ ʚ ʨʘʩʪʠʪʝʣʴʥʳʭ ʠ ʞʠ-

ʚʦʪʥʳʭ ʢʣʝʪʢʘʭ. 

3. ʉʪʨʦʝʥʠʝ ʣʠʧʠʜʦʚ. ʇʨʦʩʪʳʝ ʠ ʩʣʦʞʥʳʝ ʪʨʠʘʮʠʣʛʣʠʮʝʨʦʣʳ (ʪʨʠʛʣʠ-

ʮʝʨʠʜʳ). 

4. ʅʘʩʳʱʝʥʥʳʝ ʠ ʥʝʥʘʩʳʱʝʥʥʳʝ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ, ʠʭ ʬʠʟʠʯʝʩʢʠʝ ʠ 

ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

5. ʎʠʩ-ʠ ʪʨʘʥʩ ʬʦʨʤʳ ʞʠʨʥʳʭ ʢʠʩʣʦʪ, ʟʥʘʯʝʥʠʝ ʚ ʧʠʪʘʥʠʠ ʞʠʚʦʪʥʳʭ. 

6. ʅʝʟʘʤʝʥʠʤʳʝ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ, ʜʝʡʩʪʚʠʝ ʜʝʬʠʮʠʪʘ ʥʘ ʟʜʦʨʦʚʴʝ ʞʠ-

ʚʦʪʥʳʭ. 

7. ʌʦʩʬʦʣʠʧʠʜʳ, ʩʪʨʦʝʥʠʝ ʠ ʨʦʣʴ ʚ ʦʨʛʘʥʠʟʤʝ ʞʠʚʦʪʥʳʭ. 

8. ʌʦʩʬʦʛʣʠʮʝʨʠʜʳ, ʠʭ ʧʨʝʜʩʪʘʚʠʪʝʣʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʧʠʪʘʥʠʠ ʞʠ-

ʚʦʪʥʳʭ. 

9. ʉʪʝʨʦʠʜʳ, ʭʦʣʝʩʪʝʨʦʣ ʠ ʜʨʫʛʠʝ ʩʪʝʨʦʠʜʥʳʝ ʚʝʱʝʩʪʚʘ, ʬʠʟʠʦʣʦʛʠʯʝ-

ʩʢʘʷ ʨʦʣʴ ʚ ʦʨʛʘʥʠʟʤʝ ʞʠʚʦʪʥʳʭ, ʩʦʜʝʨʞʘʥʠʝ ʚ ʢʦʨʤʘʭ. 
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ɻʣʘʚʘ 6. ɹʝʣʢʠ 

ɹʝʣʢʠ ï ʵʪʦ ʩʣʦʞʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʤʘʩʩʦʡ ʦʪ 5000 ʜʦ 1000000 ɼʘʣʴʪʦʥ. ʆʥʠ ʩʦʩʪʦʷʪ ʠʟ ʘʤʠʥʦʢʠʩʣʦʪ. ʀʟ-

ʚʝʩʪʥʦ ʙʦʣʝʝ 200 ʘʤʠʥʦʢʠʩʣʦʪ, ʦʜʥʘʢʦ, ʧʨʠʨʦʜʥʳʝ ʙʝʣʢʠ ʚʢʣʶʯʘʶʪ 

ʪʦʣʴʢʦ 20 ʘʤʠʥʦʢʠʩʣʦʪ. ʆʪ ʫʛʣʝʚʦʜʦʚ ʠ ʞʠʨʦʚ ʙʝʣʢʠ ʦʪʣʠʯʘʶʪʩʷ ʪʝʤ, 

ʯʪʦ ʚ ʠʭ ʤʦʣʝʢʫʣʝ ʩʦʜʝʨʞʘʪʩʷ ʘʟʦʪ ʠ ʩʝʨʘ. 

6.1. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʙʝʣʢʦʚ 

ɹʝʣʢʠ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪ ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʨʠʟʥʘʢʘʤ: ʭʠʤʠʯʝʩʢʦʤʫ 

ʩʦʩʪʘʚʫ, ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʩʚʦʡʩʪʚʘʤ, ʩʪʨʫʢʪʫʨʝ (ʬʦʨʤʝ) ʙʝʣʢʦʚʳʭ ʤʦ-

ʣʝʢʫʣ. ʂʨʦʤʝ ʪʦʛʦ, ʙʝʣʢʠ ʩʝʤʷʥ ʟʣʘʢʦʚʳʭ, ʙʦʙʦʚʳʭ ʠ ʤʘʩʣʠʯʥʳʭ ʢʫʣʴ-

ʪʫʨ ï ʧʦ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʨʘʟʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʩʨʝʜʘʭ. 

ʇʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ 

ʇʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʙʝʣʢʠ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪ ʚ ʜʚʝ ʦʩʥʦʚʥʳʝ 

ʛʨʫʧʧʳ: ʧʨʦʩʪʳʝ ʠ ʩʣʦʞʥʳʝ. 

ʇʨʦʩʪʳʝ ʙʝʣʢʠ ʩʦʩʪʦʷʪ ʪʦʣʴʢʦ ʠʟ ʘʤʠʥʦʢʠʩʣʦʪ. ʆʥʠ ʩʦʩʪʘʚʣʷʶʪ 

ʧʦʜʘʚʣʷʶʱʫʶ ʤʘʩʩʫ ʙʝʣʢʦʚ ʞʠʚʦʪʥʦʛʦ ʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʤʠʨʘ ʠ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʙʝʣʢʘʤʠ ʢʣʝʪʦʢ, ʪʢʘʥʝʡ, ʦʨʛʘʥʦʚ ʞʠʚʦʪʥʳʭ, ʨʘʩʪʝʥʠʡ, ʤʠʢʨʦ-

ʦʨʛʘʥʠʟʤʦʚ. ʕʪʦ ʠ ʠʤʤʫʥʥʳʝ ʪʝʣʘ, ʙʝʣʢʠ ʢʨʦʚʠ, ʛʦʨʤʦʥʳ, ʬʝʨʤʝʥʪʳ. 

ɹʝʣʢʠ ʧʠʱʠ, ʢʦʨʤʦʚ, ʤʦʣʦʢʘ, ʷʠʮ, ʤʷʩʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʧʨʦ-

ʩʪʳʤʠ ʙʝʣʢʘʤʠ, ʩʦʩʪʦʷʱʠʤʠ ʪʦʣʴʢʦ ʠʟ ʘʤʠʥʦʢʠʩʣʦʪ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʧʨʦ-

ʩʪʳʝ ʙʝʣʢʠ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʦ ʯʠʩʣʫ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪ-

ʢʦʚ, ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʝ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ ʢʦʣʠʯʝʩʪʚʫ ʪʝʭ ʠʣʠ 

ʜʨʫʛʠʭ ʘʤʠʥʦʢʠʩʣʦʪ ʚ ʙʝʣʢʦʚʦʡ ʤʦʣʝʢʫʣʝ. 

ʉʣʦʞʥʳʝ ʙʝʣʢʠ, ʢʨʦʤʝ ʘʤʠʥʦʢʠʩʣʦʪ, ʠʤʝʶʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʥʝ-

ʙʝʣʢʦʚʫʶ ʯʘʩʪʴ, ʥʘʟʳʚʘʝʤʫʶ ʧʨʦʩʪʝʪʠʯʝʩʢʦʡ ʛʨʫʧʧʦʡ. ʇʨʠʤʝʨʳ ʥʘʠʙʦ-

ʣʝʝ ʚʘʞʥʳʭ ʩʣʦʞʥʳʭ ʙʝʣʢʦʚ: ʛʣʠʢʦʧʨʦʪʝʠʥʳ, ʣʠʧʦʧʨʦʪʝʠʥʳ, ʬʦʩʬʦ-

ʧʨʦʪʝʠʥʳ, ʭʨʦʤʦʧʨʦʪʝʠʥʳ, ʥʫʢʣʝʧʨʦʪʝʠʥʳ. 

ɻʣʠʢʦʧʨʦʪʝʠʥʳ ï ʵʪʦ ʙʝʣʢʠ ʩ ʦʜʥʠʤ ʠʣʠ ʙʦʣʝʝ ʛʝʪʝʨʦʛʣʠʢʘʥʦʤ 

ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʩʪʝʪʠʯʝʩʢʦʡ ʛʨʫʧʧʳ. ʋ ʙʦʣʴʰʠʥʩʪʚʘ ʛʣʠʢʦʧʨʦʪʝʠʥʦʚ ʛʝ-

ʪʝʨʦʛʣʠʢʘʥʳ ʩʦʜʝʨʞʘʪ ʛʝʢʩʦʟʘʤʠʥ,r ʵʪʦ- ʛʣʶʢʦʟʘʤʠʥ ʠʣʠ ʛʘʣʘʢʪʦʟʘʤʠʥ, 

ʠʣʠ ʦʙʘ, ʢʨʦʤʝ ʪʦʛʦ, ʛʘʣʘʢʪʦʟʘ ʠ ʤʘʥʥʦʟʘ ʤʦʛʫʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ. ɻʣʠʢʦ-

ʧʨʦʪʝʠʥʳ ʷʚʣʷʶʪʩʷ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʣʠʟʠʩʪʦʡ ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʛʦ ʪʨʘʢʪʘ, 

ʛʜʝ ʜʝʡʩʪʚʫʶʪ ʢʘʢ ʩʤʘʟʢʘ. ɿʘʧʘʩʥʦʡ ʙʝʣʦʢ ʚ ʷʡʮʝ ʙʝʣʳʡ ʦʚʘʣʴʙʫʤʠʥ ʷʚ-

ʣʷʝʪʩʷ ʛʣʠʢʦʧʨʦʪʝʠʥʦʤ. 
ʃʠʧʦʧʨʦʪʝʠʥʳ ï ʙʝʣʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʣʠʧʠʜʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ 

ʪʨʠʘʮʠʣʛʣʠʮʝʨʠʜʳ ʠ ʭʦʣʝʩʪʝʨʠʥ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʩʦʝʜʠʥʝʥʠʷʤʠ, 
ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʪʨʘʥʩʧʦʨʪ ʣʠʧʠʜʦʚ ʚ ʢʨʦʚʷʥʦʡ ʧʦʪʦʢ, ʚ ʪʢʘʥʠ ʠʣʠ 
ʜʣʷ ʦʢʩʠʜʘʮʠʠ ʠ ʟʘʧʘʩʘʥʠʷ ʞʠʨʘ. ʀʭ ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʚ ʧʷʪʴ 
ʛʣʘʚʥʳʭ ʢʘʪʝʛʦʨʠʡ ʚ ʫʚʝʣʠʯʠʚʘʶʱʝʤʩʷ ʧʦʨʷʜʢʝ ʧʦ ʧʣʦʪʥʦʩʪʠ: ʭʠʣʦ-
ʤʠʢʨʦʥʳ, ʦʯʝʥʴ ʥʠʟʢʦ ʧʣʦʪʥʳʝ ʣʠʧʦʧʨʦʪʝʠʥʳ (ʆʅʇʃ), ʥʠʟʢʦʧʣʦʪʥʳʝ 
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ʣʠʧʦʧʨʦʪʝʠʥʳ (ʅʇʃ), ʩʨʝʜʥʝʧʣʦʪʥʳʝ (ʉʇʃ) ʠ ʚʳʩʦʢʦʧʣʦʪʥʳʝ (ɺʇʃ) 
(ʪʘʙʣ. 5.4). 

ʌʦʩʬʦʧʨʦʪʝʠʥʳ ʩʦʜʝʨʞʘʪ ʬʦʩʬʦʨʥʫʶ ʢʠʩʣʦʪʫ ʢʘʢ ʧʨʦʩʪʝʪʠʯʝ-

ʩʢʫʶ ʛʨʫʧʧʫ, ʝʩʪʴ ʚ ʢʘʟʝʠʥʝ ʤʦʣʦʢʘ ʠ ʬʦʩʬʠʪʠʥʝ ʷʠʯʥʦʛʦ ʞʝʣʪʢʘ. 

ʍʨʦʤʦʧʨʦʪʝʠʥʳ ʩʦʜʝʨʞʘʪ ʧʠʛʤʝʥʪ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʩʪʝʪʠʯʝʩʢʦʡ 

ʛʨʫʧʧʳ. ʇʨʠʤʝʨʳ: ʛʝʤʦʛʣʦʙʠʥ, ʮʠʪʦʭʨʦʤʳ, ʚ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪʩʷ ʛʝʤ ʠ 

ʬʣʘʚʠʥʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʅʫʢʣʝʦʧʨʦʪʝʠʥʳ, ʫ ʢʦʪʦʨʳʭ ʧʨʦʩʪʝʪʠʯʝʩʢʠʤʠ ʛʨʫʧʧʘʤʠ ʙʝʣʢʘ 

ʷʚʣʷʶʪʩʷ ʨʠʙʦʥʫʢʣʝʠʥʦʚʳʝ ʢʠʩʣʦʪʳ (ʈʅʂ). 

ʇʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʩʚʦʡʩʪʚʘʤ 

ɹʝʣʢʠ ʚ ʦʨʛʘʥʠʟʤʝ ʞʠʚʦʪʥʳʭ ʠ ʚ ʨʘʩʪʝʥʠʷʭ ʜʝʣʷʪ ʥʘ ʬʫʥʢʮʠʦ-
ʥʘʣʴʥʳʝ ʠ ʩʪʨʫʢʪʫʨʥʳʝ. ʂ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʦʪʥʦʩʷʪ ʬʝʨʤʝʥʪʳ, ʛʦʨʤʦ-
ʥʳ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ. ʂ ʩʪʨʫʢʪʫʨʥʳʤ: ʚ ʨʘʩʪʝʥʠʷʭ - ʟʘʧʘʩʥʳʝ ʙʝʣʢʠ ʩʝ-
ʤʷʥ, ʫ ʞʠʚʦʪʥʳʭ ï ʙʝʣʢʠ ʧʦʢʨʦʚʥʳʭ ʪʢʘʥʝʡ ï ʢʝʨʘʪʠʥʳ, ʚʦʣʦʩʳ, 
ʰʝʨʩʪʴ, ʧʝʨʴʷ, ʨʦʛʘ, ʢʦʧʳʪʘ; ʙʝʣʢʠ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʪʢʘʥʝʡ-ʢʦʣʣʘʛʝʥʳ, 
ʵʣʘʩʪʠʥʳ. 

ʂʘʞʜʳʡ ʙʝʣʦʢ ʚʳʧʦʣʥʷʝʪ ʩʚʦʶ ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʫʶ ʬʫʥʢ-
ʮʠʶ. ʅʘʧʨʠʤʝʨ, ʙʝʣʦʢ ʤʠʦʟʠʥ, ʩʦʩʪʘʚʣʷʶʱʠʡ 50% ʤʫʩʢʫʣʴʥʳʭ ʙʝʣʢʦʚ, 
ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʩʦʢʨʘʱʝʥʠʠ ʤʳʰʮ, ʦʙʣʘʜʘʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʬʝʨ-
ʤʝʥʪʘʪʠʚʥʦʡ ɸʊʌ-ʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʪʘʢ ʢʘʢ ʢʘʪʘʣʠʟʠʨʫʝʪ ʨʘʩʱʝʧʣʝ-
ʥʠʝ ɸʊʌ ʜʦ ɸɼʌ, ʦʙʝʩʧʝʯʠʚʘʷ ʪʝʤ ʩʘʤʳʤ ʤʫʩʢʫʣʳ ʵʥʝʨʛʠʝʡ. 

ʇʦ ʬʦʨʤʝ ʙʝʣʢʦʚʦʡ ʤʦʣʝʢʫʣ r

ʌʠʙʨʠʣʣʷʨʥʳʝ ʙʝʣʢʠ. ʕʪʠ ʙʝʣʢʠ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʠʛ-
ʨʘʶʪ ʩʪʨʫʢʪʫʨʥʫʶ ʨʦʣʴ ʚ ʢʣʝʪʢʘʭ ʠ ʪʢʘʥʷʭ ʞʠʚʦʪʥʳʭ, ʦʥʠ ʥʝʨʘʩʪʚʦʨʠ-
ʤʳ ʠ ʦʯʝʥʴ ʫʩʪʦʡʯʠʚʳ ʢ ʧʨʦʪʝʦʣʠʪʠʯʝʩʢʠʤ ʬʝʨʤʝʥʪʘʤ. ʆʥʠ ʩʦʩʪʦʷʪ ʠʟ 
ʜʣʠʥʥʳʭ ʮʝʧʝʡ, ʩʦʝʜʠʥʝʥʥʳʭ ʚʤʝʩʪʝ ʧʦʧʝʨʝʯʥʳʤʠ ʩʚʷʟʷʤʠ.  

ʂʦʣʣʘʛʝʥʳ ʷʚʣʷʶʪʩʷ ʛʣʘʚʥʳʤʠ ʙʝʣʢʘʤʠ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʪʢʘʥʝʡ 
ʠ ʩʦʩʪʘʚʣʷʶʪ ʜʦ 38% ʙʝʣʢʘ ʚ ʪʝʣʝ ʞʠʚʦʪʥʦʛʦ. ʂʘʢ ʧʦʜʯʝʨʢʠʚʘʣʦʩʴ ʨʘ-
ʥʝʝ, ʘʤʠʥʦʢʠʩʣʦʪʘ ʦʢʩʠʧʨʦʣʠʥ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʢʦʣʣʘ-
ʛʝʥʘ. ɻʠʜʨʦʢʩʠʣʘʮʠʷ ʧʨʦʣʠʥʘ ʜʦ ʛʠʜʨʦʢʩʠʧʨʦʣʠʥʘ ʦʩʣʘʙʣʷʝʪʩʷ ʩ ʚʦʟ-
ʨʘʩʪʦʤ ʞʠʚʦʪʥʳʭ,ʵʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʚʝʣʠʯʝʥʠ ʁʵʢʩʩʫʜʘʪʘ ʠ ʧʦʨʘ-
ʞʝʥʠʁ ʢʦʞʠ. ʊʨʠʧʪʦʬʘʥ ʥʝ ʥʘʡʜʝʥ ʚ ʢʦʣʣʘʛʝʥʝ. 

ʕʣʘʩʪʠʥ ï ʥʘʡʜʝʥ ʚ ʵʣʘʩʪʠʯʥʳʭ ʪʢʘʥʷʭ, ʪʘʢʠʭ ʢʘʢ ʩʫʭʦʞʠʣʠʷ ʠ 
ʘʨʪʝʨʠʠ. ʇʦʣʠʧʝʧʪʠʜʥʘʷ ʮʝʧʴ ʵʣʘʩʪʠʥʘ ʙʦʛʘʪʘ ʘʣʘʥʠʥʦʤ ʠ ʛʣʠʮʠʥʦʤ. 
ʆʥʘ ʩʦʜʝʨʞʠʪ ʧʦʧʝʨʝʯʥʳʝ ʩʚʷʟʠ, ʚʢʣʶʯʘʶʱʠʝ ʙʦʢʦʚʳʝ ʮʝʧʠ ʣʠʟʠʥʘ, 
ʢʦʪʦʨʳʡ ʟʘʱʠʱʘʝʪ ʙʝʣʦʢ ʦʪ ʯʨʝʟʤʝʨʥʦʛʦ ʨʘʩʪʷʛʠʚʘʥʠʷ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ 
ʦʙʨʘʪʥʦʤʫ ʚʦʟʚʨʘʪʫ ʢ ʥʦʨʤʘʣʴʥʦʡ ʜʣʠʥʝ ʧʦʩʣʝ ʨʘʩʪʷʞʝʥʠʷ. 

ʂʝʨʘʪʠʥʳ ï ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʚ ʜʚʘ ʪʠʧʘ: Ŭ ï ʢʝʨʘʪʠʥʳ ʷʚʣʷ-
ʶʪʩʷ ʛʣʘʚʥʳʤ ʙʝʣʢʦʤ ʰʝʨʩʪʠ ʠ ʚʦʣʦʩ, ɓ ï ʢʝʨʘʪʠʥ ʥʘʭʦʜʠʪʩʷ ʚ ʧʝʨʴʷʭ, 
ʢʦʞʝ, ʢʣʶʚʝ, ʯʝʰʫʝ ʙʦʣʴʰʠʥʩʪʚʘ ʧʪʠʮ ʠ ʨʝʧʪʠʣʠʡ. ɹʝʣʢʠ ʦʯʝʥʴ ʙʦʛʘʪʳ 
ʩʝʨʫʩʦʜʝʨʞʘʱʝʡ ʘʤʠʥʦʢʠʩʣʦʪʦʡ ʮʠʩʪʝʠʥʦʤ; ʙʝʣʦʢ ʰʝʨʩʪʠ, ʥʘʧʨʠʤʝʨ, 
ʩʦʜʝʨʞʠʪ ʦʢʦʣʦ 4% ʩʝʨʳ. 
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ɻʣʦʙʫʣʷʨʥʳʝ ʙʝʣʢʠ. ʆʥʠ ʥʘʟʳʚʘʶʪʩʷ ʪʘʢ ʧʦʪʦʤʫ, ʯʪʦ ʠʭ ʧʦʣʠ-
ʧʝʧʪʠʜʥʳʝ ʮʝʧʠ ʩʚʝʨʥʫʪʳ ʚ ʢʦʤʧʘʢʪʥʳʝ ʬʦʨʤʳ ʚ ʚʠʜʝ ʛʣʦʙʫʣ ʰʘʨʦʚʠʜ-
ʥʦʡ ʬʦʨʤʳ. ʕʪʘ ʛʨʫʧʧʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʩʝ ʵʥʟʠʤʳ, ʘʥʪʠʪʝʣʘ ʠ ʛʦʨʤʦ-
ʥʳ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʙʝʣʢʘʤʠ. ʇʝʨʚʘʷ ʧʦʜʛʨʫʧʧʘ ʛʣʦʙʫʣʷʨʥʳʭ ʙʝʣʢʦʚ 
ï ʘʣʴʙʫʤʠʥʳ, ʷʚʣʷʶʪʩʷ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʤʠ ʙʝʣʢʘʤʠ, ʢʦʘʛʫʣʠʨʫʶʱʠʤʠ 
ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ. ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʭ ʥʘʭʦʜʠʪʩʷ ʚ ʤʦʣʦ-
ʢʝ, ʢʨʦʚʠ, ʷʡʮʘʭ ʠ ʤʥʦʛʠʭ ʨʘʩʪʝʥʠʷʭ. 

ɻʠʩʪʦʥʳ ï ʙʝʣʢʠ ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʦʩʥʦʚʘʥʠʡ, ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʢʣʝ-

ʪʦʯʥʦʤ ʷʜʨʝ, ʛʜʝ ʩʚʷʟʘʥʳ ʩ ʜʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ (ɼʅʂ). 

ʆʥʠ ʨʘʩʪʚʦʨʠʤʳ ʚ ʩʦʣʝʚʳʭ ʨʘʩʪʚʦʨʘʭ ʠ ʥʝ ʢʦʘʛʫʣʠʨʫʶʪʩʷ ʪʝʧʣʦʤ, ʩʦ-

ʜʝʨʞʘʪ ʤʥʦʛʦ ʘʨʛʠʥʠʥʘ ʠ ʣʠʟʠʥʘ. 

ʇʨʦʪʘʤʠʥʳ ï ʙʝʣʢʠ, ʦʙʣʘʜʘʶʱʠʝ ʦʩʥʦʚʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʩ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʫʢʣʝʠʥʦʚʳʤʠ 

ʢʠʩʣʦʪʘʤʠ ʠ ʠʤʝʶʱʠʝʩʷ ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚ ʤʫʞʩʢʠʭ ʧʦʣʦʚʳʭ 

ʢʣʝʪʢʘʭ (ʩʧʝʨʤʘʪʦʟʦʠʜʘʭ, ʤʦʣʦʢʘʭ) ʠ ʠʢʨʝ ʨʳʙ. ʇʨʦʪʘʤʠʥʳ ʙʦʛʘʪʳ ʘʨ-

ʛʠʥʠʥʦʤ, ʦʜʥʘʢʦ, ʥʝ ʩʦʜʝʨʞʘʪ ʪʠʨʦʟʠʥʘ, ʪʨʠʧʪʦʬʘʥʘ ʠ ʩʝʨʫʩʦʜʝʨʞʘʱʠʭ 

ʘʤʠʥʦʢʠʩʣʦʪ. 

ɻʣʦʙʫʣʠʥʳ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʚ ʤʦʣʦʢʝ, ʷʡʮʘʭ ʠ ʢʨʦʚʠ, ʷʚʣʷʶʪʩʷ 

ʛʣʘʚʥʳʤ ʨʝʟʝʨʚʥʳʤ ʙʝʣʢʦʤ ʚʦ ʤʥʦʛʠʭ ʩʝʤʝʥʘʭ, ʦʩʦʙʝʥʥʦ ʙʦʙʦʚʳʭ ï ʩʦʝ, 

ʛʦʨʦʭʝ ʠ ʜʨʫʛʠʭ. 

ʇʦ ʩʪʨʫʢʪʫʨʝ (ʢʦʥʬʦʨʤʘʮʠʠ) ʙʝʣʢʦʚʦʡ ʤʦʣʝʢʫʣʳ 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʛʣʦʙʫʣʷʨʥʳʝ ʠ ʬʠʙʨʠʣʣʷʨʥʳʝ ʙʝʣʢʠ ʚ ʮʝʣʦʤ 

ʦʪʨʘʞʘʶʪ ʚʥʝʰʥʶʶ ʬʦʨʤʫ ʙʝʣʢʦʚ, ʦʜʥʘʢʦ, ʪʘʢʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʥʝ ʷʚ-

ʣʷʝʪʩʷ ʫʜʦʙʥʦʡ ʜʣʷ ʟʘʢʣʶʯʝʥʠʷ ʦ ʨʘʟʥʦʦʙʨʘʟʠʠ ʦʨʛʘʥʠʟʘʮʠʠ ʙʝʣʢʦʚʦʡ 

ʩʪʨʫʢʪʫʨʳ. 

ʉʦʚʨʝʤʝʥʥʳʡ ʧʦʜʭʦʜ ʚ ʧʦʥʠʤʘʥʠʠ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʦʚʦʡ ʤʦʣʝʢʫ-

ʣʳ, ʦʩʥʦʚʘʥ ʥʘ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʘʤʠʥʦʢʠʩʣʦʪ. 

ɹʝʣʢʦʚʘʷ ʤʦʣʝʢʫʣʘ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʨʘʟʣʠʯʥʦʡ ʧʨʦʩʪʨʘʥʩʪ-

ʚʝʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. ɻʦʚʦʨʷ ʦ ʢʦʥʬʠʛʫʨʘʮʠʠ 

(ʢʦʥʬʦʨʤʘʮʠʠ), ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʨʘʟʤʝʨ, ʬʦʨʤʘ, ʫʧʘʢʦʚʘʥʥʦʩʪʴ ʧʦʣʠ-

ʧʝʧʪʠʜʥʦʡ ʮʝʧʠ. ʆʪ ʵʪʠʭ ʩʚʦʡʩʪʚ ʟʘʚʠʩʷʪ ʘʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʦʚ, ʧʠʪʘ-

ʪʝʣʴʥʳʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʦʜʫʢʪʦʚ. 
ʀʤʝʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʬʠʟʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʳʝ ʚʤʝʩʪʝ ʚʣʠʷʶʪ ʥʘ ʨʘʟʤʝʨ, ʬʦʨʤʫ ʠ ʬʠʟʠʢʦ-
ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʙʝʣʢʦʚ. ɼʚʘ ʪʠʧʘ ʩʚʷʟʝʡ ʤʝʞʜʫ ʘʤʠʥʦʢʠʩʣʦʪʥʳʤʠ 
ʦʩʪʘʪʢʘʤʠ ʚ ʙʝʣʢʦʚʦʡ ʤʦʣʝʢʫʣʝ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʠ ʥʘʠʙʦʣʝʝ ʚʘʞ-
ʥʳʤʠ ï ʢʦʚʘʣʝʥʪʥʳʝ ʩʚʷʟʠ ʠ ʬʠʟʠʯʝʩʢʠʝ ʩʠʣʳ. 

ʂ ʢʦʚʘʣʝʥʪʥʳʤ ʩʚʷʟʷʤ ʦʪʥʦʩʠʪʩʷ ʧʝʧʪʠʜʥʘʷ -C(O)-NH- ʠ ʜʠʩʫʣʴ-

ʬʠʜʥʘ-̫S-S- ʩʚʷʟ.ɹ ʇʝʧʪʠʜʥʘʷ ʩʚʷʟʴ ʦʯʝʥʴ ʧʨʦʯʥʘʷ ʠ ʪʨʝʙʫʝʪʩʷ ʭʠʤʠʯʝ-

ʩʢʘʷ ʨʝʘʢʮʠʷ ʜʣʷ ʝʝ ʨʘʟʨʳʚʘ. 

ɼʚʝ ʚʘʞʥʳʝ, ʚ ʦʪʥʦʰʝʥʠʠ ʧʦʣʷʨʥʦʩʪʠ, ʘʤʠʥʦʢʠʩʣʦʪʳ ï ʮʠʩʪʝʠʥ 

ʠ ʮʠʩʪʠʥ. ʎʠʩʪʝʠʥ ʩʦʜʝʨʞʠʪ ʩʫʣʴʬʛʠʜʨʠʣʥɹʫʶ SH-ʛʨʫʧʧʫ ï ʚʝʩʴʤʘ ʧʦ-

ʣʷʨʥʫʶ, ʢʦʪʦʨʘʷ ʠʦʥʠʟʠʨʫʝʪ ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ. ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʦʢʠʩʣʠ-
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ʪʝʣʝʡ, ʥʘʧʨʠʤʝʨ ʚʦʟʜʫʭʘ, ʜʚʘ ʙʣʠʟʢʠʭ ʮʠʩʪʝʠʥʦʚʳʭ ʦʩʪʘʪʢʘ ʦʢʠʩʣʷʶʪʩʷ 

ʜʦ ʮʠʩʪʠʥʘ ʩ ʢʦʚʘʣʝʥʪʥʦʡ ʜʠʩʫʣʴʬʠʜʥʦʡ ʩʚʷʟʴʶ S-S. 

ʌʠʟʠʯʝʩʢʠʝ ʩʠʣʳ ʚʢʣʶʯʘʶʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, 

ʚʦʜʦʨʦʜʥʳʝ ʠ ʛʠʜʨʦʬʦʙʥʳʝ ʩʚʷʟʠ. ʂ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤ (ʠʦʥʥʳʤ) 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʪʪʘʣʢʠʚʘʥʠʷ ʨʘʚʥʦ-

ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʝʡ ʙʝʣʢʦʚʳʭ ʤʦʣʝʢʫʣ ʠʣʠ ʧʨʠʪʷʞʝʥʠʷ ʨʘʟʥʦʟʘʨʷʞʝʥ-

ʥʳʭ. ʅʘʠʙʦʣʝʝ ʧʦʣʷʨʥʳʤʠ ʙʦʢʦʚʳʤʠ ʮʝʧʷʤʠ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ 

ʷʚʣʷʶʪʩʷ ʢʠʩʣʳʝ ʛʨʫʧʧʳ ʛʣʶʪʘʤʠʥʦʚʦʡ ʠ ʘʩʧʘʨʛʠʥʦʚʦʡ ʢʠʩʣʦʪ ʚ ʚʠʜʝ 

ʩʚʦʙʦʜʥʳʭ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ, ʢʦʪʦʨʳʝ ʚ ʥʝʡʪʨʘʣʴʥʳʭ ʠ ʱʝʣʦʯʥʳʭ 

ʨʘʩʪʚʦʨʘʭ ʠʦʥʠʟʠʨʫʶʪʩʷ ʠ ʜʘʶʪ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ ʙʝʣʢʫ (ʨʠʩ. 6.1). 

ʌʠʟʠʯʝʩʢʠʝ ʩʚʷʟʠ ʤʝʥʝʝ ʧʨʦʯʥʳ ʠ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʨʫʰʝʥʳ ʩʧʝʮʠ-

ʬʠʯʝʩʢʠʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ, ʠʟʤʝʥʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠ pH ʩʨʝʜʳ, ʫʚʝ-

ʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʠ. 

ʆʩʥʦʚʥʳʝ ʘʤʠʥʦʢʠʩʣʦʪʳ ï ʣʠʟʠʥ, ʛʠʩʪʠʜʠʥ, ʘʨʛʠʥʠʥ ʠʤʝʶʪ ʢʦʥ-

ʮʝʚʳʝ ʛʨʫʧʧʳ, ʩʧʦʩʦʙʥʳʝ ʧʨʠʩʦʝʜʠʥʷʪʴ ʚʦʜʦʨʦʜʥʳʡ ʠʦʥ ʚ ʥʝʡʪʨʘʣʴʥʦʡ  

ʠʣʠ ʢʠʩʣʦʡ ʩʨʝʜʝ, ʦʙʨʘʟʫʷ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ ʥʘ ʙʝʣʢʦʚʦʡ ʤʦʣʝʢʫʣʝ. 

ɺʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʳʭ ʠ ʢʠʩʣʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ʚ ʘʣʴʙʫʤʠʥʘʭ ʠ 

ʛʣʦʙʫʣʠʥʘʭ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʭ ʛʠʜʨʦʬʠʣʴʥʦʩʪʴ, ʪ.ʝ. ʭʦʨʦʰʫʶ ʨʘʩʪʚʦʨʠ-

ʤʦʩʪʴ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ. 

ɻʠʜʨʦʬʦʙʥʳʝ ʩʚʷʟʠ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʠʯʠʥʥʳʤʠ ʜʣʷ ʩʞʘʪʠʷ 

ʙʝʣʢʦʚʳʭ ʤʦʣʝʢʫʣ. ʇʨʠʤʝʨʦʤ ʛʠʜʨʦʬʦʙʥʳʭ ʩʚʷʟʝʡ ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʚʘ-

ʥʠʝ ʤʘʩʣʷʥʳʭ ʢʘʧʝʣʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ. ɼʣʠʥʥʳʝ ʥʝʧʦʣʷʨʥʳʝ ʫʛʣʝ-

ʚʦʜʦʨʦʜʥʳʝ ʮʝʧʦʯʢʠ ʤʘʩʣʘ ʧʨʝʜʧʦʯʠʪʘʶʪ ʩʚʦʝ ʩʦʙʩʪʚʝʥʥʦʝ ʦʢʨʫʞʝʥʠʝ 

ʦʢʨʫʞʝʥʠʶ ʧʦʣʷʨʥʦʡ ʚʦʜʳ. ʇʦʜʦʙʥʦ ʵʪʦʤʫ ʮʝʧʠ ʥʝʧʦʣʷʨʥʳʭ ʘʤʠʥʦ-

ʢʠʩʣʦʪ ʠʤʝʶʪ ʪʝʥʜʝʥʮʠʶ ʩʦʝʜʠʥʷʪʴʩʷ ʩ ʜʨʫʛʠʤʠ ʥʝʧʦʣʷʨʥʳʤʠ ʛʨʫʧʧʘ-

ʤʠ ʚ ʤʦʣʝʢʫʣʘʭ ʙʝʣʢʘ, ʚʳʪʘʣʢʠʚʘʷ ʠʟ ʧʨʦʩʪʨʘʥʩʪʚʘ ʤʝʞʜʫ ʥʠʤʠ ʚʦʜʫ. 

ʅʝʧʦʣʷʨʥʳʝ ʘʤʠʥʦʢʠʩʣʦʪʳ ï ʚʘʣʠʥ, ʠʟʦʣʝʡʮʠʥ, ʬʝʥʠʣʘʣʘʥʠʥ, ʧʨʦʣʠʥ, 

ʘʣʘʥʠʥ, ʛʣʠʮʠʥ. ʀʭ ʙʦʢʦʚʘʷ ʮʝʧʴ ʩʦʩʪʦʠʪ ʝʜʠʥʩʪʚʝʥʥʦ ʠʟ CH3 -ʛʨʫʧʧ. 

 
ɺʦʜʦʨʦʜʥʘʷ ʩʚʷʟʴ 

ʤʝʞʜʫ ʧʝʧʪʠʜʥʳʤʠ 

ʛʨʫʧʧʘʤʠ 

ɺʦʜʦʨʦʜʥʘʷ ʩʚʷʟʴ 

ʤʝʞʜʫ ʙʦʢʦʚʳʤʠ 

ʮʝʧʷʤʠ 

ʀʦʥʥʘʷ ʩʚʷʟʴ ʅʝʧʦʣʷʨʥʘʷ, ʠʣʠ ʛʠʜ-

ʨʦʬʦʙʥʘʷ ʩʚʷʟʴ 
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ʈʠʩʫʥʦʢ 6.1 - ɺʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʝ ʥʝʢʦʚʘʣʝʥʪʥʳʝ ʩʚʷʟʠ, ʦʪʚʝʪʩʪʚʝʥ-

ʥʳʝ ʟʘ ʧʦʜʜʝʨʞʘʥʠʝ ʚʪʦʨʠʯʥʦʡ ʠ ʪʨʝʪʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ɹʝʣʢʠ, ʙʦʛʘʪʳʝ ʥʝʧʦʣʷʨʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʥʝ ʨʘʩʪʚʦʨʷʶʪʩʷ ʚ 

ʧʦʣʷʨʥʦʡ ʩʨʝʜʝ, ʠ ʪʦʣʴʢʦ ʦʨʛʘʥʠʯʝʩʢʠʝ ʨʘʩʪʚʦʨʠʪʝʣʠ ʩʧʦʩʦʙʥʳ ʠʭ ʜʠʩ-

ʧʝʨʛʠʨʦʚʘʪʴ. ʊʘʢʠʝ ʨʘʩʪʚʦʨʠʪʝʣʠ, ʢʘʢ ʵʪʘʥʦʣ, ʧʦʤʦʛʘʶʪ ʨʘʩʪʚʦʨʷʪʴ ʧʨʦ-

ʣʘʤʠʥʳ ʟʝʨʥʘ, ʙʦʛʘʪʳʝ ʥʝʧʦʣʷʨʥʳʤʠ ʘʤʠʥʦʢʠʩʣʦʪʥʳʤʠ ʦʩʪʘʪʢʘʤʠ. 

ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʩʪʨʫʢʪʫʨʫ ʙʝʣʢʦʚʦʡ ʤʦʣʝʢʫʣʳ 

ʢʣʘʩʩʠʬʠʮʠʨʫʶʪ ʥʘ ʧʝʨʚʠʯʥʫʶ, ʚʪʦʨʠʯʥʫʶ, ʪʨʝʪʠʯʥʫʶ ʠ ʯʝʪʚʝʨʪʠʯʥʫʶ. 

ʇʝʨʚʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ ï ʦʧʨʝʜʝʣʷʝʪʩʷ ʣʠʥʝʡʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦʩʪʴʶ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʦʣʠʧʝʧʪʠʜʥʫʶ ʮʝʧʴ 

ʙʝʣʢʦʚʦʡ ʤʦʣʝʢʫʣʳ. ʇʨʠ ʵʪʦʤ ʦʩʥʦʚʥʦʡ ʩʚʷʟʴʶ ʷʚʣʷʝʪʩʷ ʢʦʚʘʣʝʥʪʥʘʷ 

ʧʝʧʪʠʜʥʘʷ ʩʚʷʟʴ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʢʦʥʬʠʛʫʨʘʮʠʷ ʙʝʣʢʦʚʦʡ ʤʦʣʝʢʫʣʳ ʤʦ-

ʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʣʠʥʥʦʡ ʮʝʧʴʶ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦʩʪʴʶ ʩʚʷʟʘʥʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ. ʅʘ ʨʠʩʫʥʢʝ 6.2 ʧʦʢʘʟʘʥʘ 

ʧʝʨʚʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ ʙʝʣʢʘ ʣʠʟʦʮʠʤʘ ʩʦʩʪʦʷʱʝʛʦ ʠʟ 129 ʘʤʠʥʦʢʠʩʣʦʪ-

ʥʳʭ ʦʩʪʘʪʢʦʚ. 

 
ʈʠʩʫʥʦʢ 6.2 - ʇʝʨʚʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ ʤʦʣʝʢʫʣʳ ʙʝʣʢʘ ʣʠʟʦʮʠʤʘ ʮʳʧʣʝʥʢʘ. 

ʏʝʨʥʳʝ ʢʚʘʜʨʘʪʳ ʠʟʦʙʨʘʞʘʶʪ ʜʠʩʫʣʴʬʠʜʥʳʝ ʤʦʩʪʠʢʠ 

ɺʪʦʨʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ ʚʢʣʶʯʘʝʪ 3 ʚʠʜʘ ʩʦʩʪʦʷʥʠʷ ʙʝʣʢʘ: Ŭ-

ʩʧʠʨʘʣʴ, ɓ-ʩʣʦʡ, ʦʙʨʘʪʥʳʡ ʠʟʛʠʙ. ɼʣʷ ʛʣʦʙʫʣʷʨʥʳʭ ʙʝʣʢʦʚ ʩʦʚʩʝʤ ʥʝ-

ʜʘʚʥʦ ʚ ʧʨʝʜʝʣʘʭ ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʦʙʥʘʨʫʞʝʥʘ ʥʦʚʘʷ ʢʘʪʝʛʦʨʠʷ ï 

ʵʪʦ ʩʝʛʤʝʥʪ ʧʦʣʠʧʝʧʪʠʜʥʦʡ ʮʝʧʠ, ʥʘʧʦʤʠʥʘʶʱʠʡ ʧʝʪʣʶ, ʥʘʧʦʜʦʙʠʝ 

ʛʨʝʯʝʩʢʦʡ ʙʫʢʚʳ ʦʤʝʛʘ ɋ. ɺʪʦʨʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝʢʦʚʘ-

ʣʝʥʪʥʳʤʠ ʩʚʷʟʷʤʠ, ʦʙʨʘʟʫʶʱʠʤʠʩʷ ʟʘ ʩʯʝʪ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ 
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ʦʪʜʝʣʴʥʳʤʠ ʫʯʘʩʪʢʘʤʠ ʧʦʣʠʧʝʧʪʠʜʥʦʡ ʮʝʧʠ. ɺ ʦʜʠʥ ʚʠʪʦʢ Ŭ-ʩʧʠʨʘʣʠ 

ʚʭʦʜʠʪ 3,6 ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ. ʂ ʵʪʦʤʫ ʢʣʘʩʩʫ ʩʪʨʫʢʪʫʨʥʦʡ ʦʨʛʘ-

ʥʠʟʘʮʠʠ ʙʝʣʢʦʚʦʡ ʤʦʣʝʢʫʣʳ ʦʪʥʦʩʷʪ ʢʝʨʘʪʠʥʦʚʳʝ, ʤʠʦʟʠʥʦʚʳʝ, ʵʧʠ-

ʜʝʨʤʠʥʦʚʳʝ, ʬʠʙʨʠʥʦʚʳʝ, ʢʦʣʣʘʛʝʥʦʚʳʝ ʙʝʣʢʠ. 

ʊʨʝʪʠʯʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩʚʷʟʳʚʘʶʪ ʩ ʫʧʘʢʦʚʘʥʥʦʩʪʴʶ ʩʧʠʨʘʣʝ-

ʚʠʜʥʦʡ ʧʦʣʠʧʝʧʪʠʜʥʦʡ ʮʝʧʦʯʢʠ ʜʦ ʩʬʝʨʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʅʘ ʫʧʘʢʦ-

ʚʘʥʥʦʩʪʴ ʙʝʣʢʘ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʚʣʠʷʶʪ ʢʦʚʘʣʝʥʪʥʳʝ ʜʠʩʫʣʴʬʠʜʥʳʝ 

ʩʚʷʟʠ ʮʠʩʪʝʠʥʦʚʳʭ ʦʩʪʘʪʢʦʚ, ʩʦʝʜʠʥʷʶʱʠʭ ʤʝʞʜʫ ʩʦʙʦʡ ʦʪʜʝʣʴʥʳʝ 

ʫʯʘʩʪʢʠ ʧʦʣʠʧʝʧʪʠʜʥʦʡ ʮʝʧʠ. ʇʦʤʠʤʦ ʵʪʦʛʦ ʥʘ ʪʨʝʪʠʯʥʫʶ ʩʪʨʫʢʪʫʨʫ 

ʚʣʠʷʶʪ ʛʠʜʨʦʬʦʙʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʩʠʣʘʤʠ ɺʘʥ ʜʝʨ 

ɺʘʣʴʩʘ ʧʨʠ ʩʙʣʠʞʝʥʠʠ ʠʣʠ ʦʪʪʘʣʢʠʚʘʥʠʠ ʥʝʧʦʣʷʨʥʳʭ ʯʘʩʪʝʡ ʧʦʣʠʧʝʧ-

ʪʠʜʥʳʭ ʮʝʧʦʯʝʢ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʟʥʘʷ ʩʪʝʧʝʥʴ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ ʩ ʦʢʨʫʞʘʶʱʝʡ ʚʦʜʦʡ. ɻʠʜʨʦʬʦʙʥʳʝ ʥʝʢʦʚʘʣʝʥʪʥʳʝ ʩʚʷʟʠ ʠʛʨʘʶʪ 

ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʩʦʟʜʘʥʠʠ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʳ, ʩʧʝʮʠʬʠʯʥʦʡ ʜʣʷ 

ʢʘʞʜʦʛʦ ʙʝʣʢʘ. 

 
ʈʠʩʫʥʦʢ 6.3 - ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʪʨʝʪʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ (ʢʦʥ-

ʬʦʨʤʘʮʠʠ) ʤʦʣʝʢʫʣʳ ʙʝʣʢʘ ʣʠʟʦʮʠʤʘ ʮʳʧʣʝʥʢʘ. ɿʘʰʪʨʠʭʦʚʘʥʥʳʝ ʧʨ̫-

ʤʦʫʛʦʣʴʥʠʢʠ ʠʟʦʙʨʘʞʘʶʪ ʜʠʩʫʣʴʬʠʜʥʳʝ ʤʦʩʪʠʢʠ, ʮʠʬʨʳ ʫʢʘʟʳʚʘʶʪ 

ʥʦʤʝʨʘ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʪʘʪʢʦʚ, ʥʘʯʠʥʘʷ ʩ N-ʢʦʥʮʘ. 
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ʉʨʘʚʥʠʪʝ ʧʝʨʚʠʯʥʫʶ ʠ ʪʨʝʪʠʯʥʫʶ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʘ ʣʠʟʦʮʠʤʘ 

ʮʳʧʣʝʥʢʘ. 

ʏʝʪʚʝʨʪʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʚ ʙʝʣʢʦʚʦʡ 

ʤʦʣʝʢʫʣʝ ʥʝʩʢʦʣʴʢʠʭ ʩʫʙʲʝʜʠʥʠʮ (ʧʦʣʠʧʝʧʪʠʜʥʳʭ ʮʝʧʦʯʝʢ), ʩʚʷʟʘʥʥʳʭ 

ʤʝʞʜʫ ʩʦʙʦʶ ʥʝʢʦʚʘʣʝʥʪʥʳʤʠ ʩʚʷʟʷʤʠ ï ʚʦʜʦʨʦʜʥʳʤʠ, ʠʦʥʥʳʤʠ, ʛʠʜ-

ʨʦʬʦʙʥʳʤʠ. ʂʣʘʩʩʠʯʝʩʢʠʤ ʧʨʠʤʝʨʦʤ ʪʘʢʦʛʦ ʙʝʣʢʘ ʷʚʣʷʝʪʩʷ ʛʝʤʦʛʣʦ-

ʙʠʥ, ʩʦʩʪʦʷʱʠʡ ʠʟ 4-ʭ ʧʦʣʠʧʝʧʪʠʜʥʳʭ ʮʝʧʦʯʝʢ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʩʚʷ-

ʟʘʥʘ ʩ ʘʪʦʤʦʤ ʞʝʣʝʟʘ, ʟʘʢʣʶʯʝʥʥʦʤ ʚ ʩʦʝʜʠʥʝʥʠʠ, ʥʘʟʳʚʘʝʤʦʤ ʛʝʤʦʤ. 

ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʙʝʣʢʦʚ ʯʝʪʚʝʨʪʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʷʚʣʷʝʪʩʷ ʠʭ 

ʦʙʨʘʪʠʤʘʷ ʜʠʩʩʦʮʠʘʮʠʷ ʥʘ ʩʫʙʲʝʜʠʥʠʮʳ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʂʦʥʬʦʨʤʘʮʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʙʝʣʢʘ 

ʍʘʨʘʢʪʝʨ ʢʦʥʬʦʨʤʘʮʠʠ ʙʝʣʢʘ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʚ ʧʨʦʷʚ-

ʣʝʥʠʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʦʚ, 

ʬʠʟʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʙʝʣʢʦʚʳʭ ʧʨʦʜʫʢʪʦʚ. 

ʂʘʪʘʣʠʪʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʬʝʨʤʝʥʪʘ ʩ ʩʫʙʩʪʨʘʪʦʤ ʧʨʦʠʩ-

ʭʦʜʠʪ ʤʝʞʜʫ ʘʢʪʠʚʥʳʤ ʮʝʥʪʨʦʤ ʬʝʨʤʝʥʪʘ ʠ ʘʪʘʢʫʝʤʳʤ ʫʯʘʩʪʢʦʤ ʤʦʣʝ-

ʢʫʣʳ ʩʫʙʩʪʨʘʪʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʦʟʤʦʞʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʝʨʤʝʥʪʘ ʩ 

ʩʫʙʩʪʨʘʪʦʤ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʦʤ ʫʧʘʢʦʚʘʥʥʦ-

ʩʪʠ ʦʙʝʠʭ ʤʦʣʝʢʫʣ ʠ ʜʦʩʪʫʧʥʦʩʪʴʶ ʘʢʪʠʚʥʳʭ ʛʨʫʧʧʠʨʦʚʦʢ ʢ ʩʙʣʠʞʝʥʠʶ. 

ɺ ʧʨʦʩʪʝʡʰʝʤ ʧʦʜʭʦʜʝ ʜʝʥʘʪʫʨʘʮʠʶ ʙʝʣʢʘ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʢʘʢ ʠʟʤʝʥʝʥʠʝ ʥʘʪʠʚʥʦʡ ʢʦʥʬʦʨʤʘʮʠʠ ʙʝʣʢʘ ʠ ʧʦʪʝʨʝʡ ʬʫʥʢʮʠʦʥʘʣʴ-

ʥʳʭ ʩʚʦʡʩʪʚ. ɼʝʥʘʪʫʨʘʮʠʷ ʥʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʘʟʨʳʚʦʤ ʧʝʧʪʠʜʥʳʭ ʩʚʷ-

ʟʝʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʘʟʥʳʭ ʬʘʢʪʦʨʦʚ ï ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʢʠ-

ʩʣʦʡ ʠʣʠ ʱʝʣʦʯʥʦʡ ʩʨʝʜʳ, ʜʝʡʩʪʚʠʷ ʠʦʥʦʚ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʠ ʜʨʫʛʠʭ 

ʚʝʱʝʩʪʚ. ɼʝʥʘʪʫʨʠʨʦʚʘʥʥʳʝ ʙʝʣʢʠ ʚ ʚʦʜʝ ʥʝ ʨʘʩʪʚʦʨʷʶʪʩʷ. ʇʨʠ ʵʪʦʤ 

ʧʨʦʠʩʭʦʜʠʪ ʥʘʨʫʰʝʥʠʝ ʚʪʦʨʠʯʥʦʡ, ʪʨʝʪʠʯʥʦʡ ʠ ʯʝʪʚʝʨʪʠʯʥʦʡ ʩʪʨʫʢʪʫ-

ʨʳ ʠ ʧʦʪʝʨʷ ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʦʚ. ɼʝʥʘʪʫʨʘʮʠʷ ʙʝʣʢʘ ʠʤʝʝʪ ʤʝʩʪʦ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʞʝʣʫʜʦʯʥʦʛʦ ʩʦʢʘ ʫ ʞʠʚʦʪʥʳʭ ʠ ʯʝʣʦʚʝ-

ʢʘ. ɹʝʣʢʦʚʘʷ ʤʦʣʝʢʫʣʘ ʢʘʢ ʙʳ ʨʘʟʚʝʨʪʳʚʘʝʪʩʷ, ʧʨʠʥʠʤʘʷ ʚʠʜ ʙʝʩʧʦʨʷ-

ʜʦʯʥʦʛʦ ʢʣʫʙʢʘ. ɸʢʪʠʚʥʳʝ ʫʯʘʩʪʢʠ ʧʦʣʠʧʝʧʪʠʜʥʦʡ ʮʝʧʦʯʢʠ ʩʪʘʥʦʚʷʪʩʷ 

ʜʦʩʪʫʧʥʳʤʠ ʜʝʡʩʪʚʠʶ ʬʝʨʤʝʥʪʦʚ. 

ʂʘʩʘʷʩʴ ʨʘʩʪʠʪʝʣʴʥʳʭ ʙʝʣʢʦʚ, ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʠʩʢʣʶʯʠ-

ʪʝʣʴʥʦ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʥʬʦʨʤʘʮʠʠ ʙʝʣʢʦʚʦʡ ʤʦʣʝʢʫʣʳ ʥʘ ʝʝ ʭʠʤʠ-

ʢʦ-ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʂʦʥʮʝʚʳʝ ʛʨʫʧʧʳ ʘʤʠʥʦʢʠʩʣʦʪ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʦ-

ʢʘʟʘʪʝʣʠ ʨʘʩʪʚʦʨʠʤʦʩʪʠ, ʫʧʨʫʛʦʩʪʠ, ʵʣʘʩʪʠʯʥʦʩʪʠ. ʀ ʵʪʦ ʦʪʨʘʞʘʝʪʩʷ ʥʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʧʠʱʝʚʳʭ ʩʚʦʡʩʪʚʘʭ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ, ʠʤʝʶʱʠʭ 

ʨʘʟʥʳʝ ʧʦ ʩʚʦʠʤ ʩʚʦʡʩʪʚʘʤ ʙʝʣʢʠ. ʅʘʧʨʠʤʝʨ, ʭʦʨʦʰʝʝ ʠʣʠ ʧʣʦʭʦʝ ʪʝʩʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʠʤʝʥʥʦ ʩʪʨʫʢʪʫʨʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʙʝʣʢʦʚ ʧʰʝʥʠʯʥʦʡ ʤʫʢʠ. 

ʈʘʩʪʠʪʝʣʴʥʳʝ ʧʨʦʜʫʢʪʳ ʩʝʡʯʘʩ ʧʦʜʚʝʨʛʘʶʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʚʦʟ-

ʜʝʡʩʪʚʠʷʤ ʩʦ ʩʪʦʨʦʥʳ ʯʝʣʦʚʝʢʘ: ʫʙʦʨʢʘ ʟʝʨʥʦʚʳʭ ʠ ʜʨʫʛʠʭ ʢʫʣʴʪʫʨ, ʠʭ 

ʧʝʨʝʨʘʙʦʪʢʘ (ʩʫʰʢʘ, ʵʢʩʪʨʫʜʠʨʦʚʘʥʠʝ, ʩʠʣʦʩʦʚʘʥʠʝ, ʚʘʨʢʘ), ʭʨʘʥʝʥʠʝ, 
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ʧʝʨʝʚʦʟʢʘ, ʧʨʦʜʘʞʘ ʠ ʜʨ. ʇʨʠ ʵʪʦʤ ʚʘʞʥʦ ʩʦʭʨʘʥʠʪʴ ʠʣʠ ʫʣʫʯʰʠʪʴ ʢʘ-

ʯʝʩʪʚʦ ʧʨʦʜʫʢʪʦʚ.  

6.2. ɸʤʠʥʦʢʠʩʣʦʪʥʳʡ ʩʦʩʪʘʚ ʙʝʣʢʦʚ 

ɽʱʝ ʚ ʢʦʥʮʝ 18 ʚʝʢʘ ʚ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʪʤʝʯʘʣʠ ʩʫʱʝʩʪ-

ʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʨʘʟʥʳʤʠ ʙʝʣʢʦʚʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʥʘ ʨʦʩʪ ʠ ʩʦ-

ʩʪʦʷʥʠʝ ʟʜʦʨʦʚʴʷ ʤʦʣʦʜʳʭ ʞʠʚʦʪʥʳʭ ʠ ʯʝʣʦʚʝʢʘ. ɺ ʢʦʥʮʝ 19-ʛʦ, ʥʘʯʘʣʝ 

20-ʛʦ ʚʝʢʦʚ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʙʝʣʢʠ ʩʦʩʪʦʷʪ ʠʟ ʘʤʠʥʦʢʠʩʣʦʪ ʠ ʨʘʟ-

ʣʠʯʘʶʪʩʷ ʧʦ ʠʭ ʩʦʩʪʘʚʫ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪ ʊ. ʆʩʙʦʨʥʘ ʠ ʃ. ʄʝʥʜʝʣʷ (1914), ʚ ʧʦʩʣʝʜʫʶ-

ʱʝʤ ʈʦʫʟʘ (1935) ʠ ʜʨʫʛʠʭ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʯʪʠ ʧʦʣʦʚʠʥʘ ʘʤʠ-

ʥʦʢʠʩʣʦʪ ʷʚʣʷʶʪʩʷ ʥʝʟʘʤʝʥʠʤʳʤʠ, ʪʘʢ ʢʘʢ ʥʝ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʚ 

ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ ʚ ʩʢʦʣʴʢʦ-ʥʠʙʫʜʴ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠ-

ʯʝʩʪʚʘʭ ʠ ʜʦʣʞʥʳ ʦʙʷʟʘʪʝʣʴʥʦ ʧʦʩʪʫʧʘʪʴ ʩ ʧʠʱʝʡ. ɼʨʫʛʘʷ ʩʠʪʫʘʮʠʷ ʫ 

ʙʘʢʪʝʨʠʡ, ʨʘʩʪʝʥʠʡ ʠ ʛʨʠʙʦʚ. ɹʘʢʪʝʨʠʠ ʠ ʚʩʝ ʨʘʩʪʝʥʠʷ ʩʠʥʪʝʟʠʨʫʶʪ ʚʩʝ 

ʘʤʠʥʦʢʠʩʣʦʪʳ ʠʟ ʧʨʦʩʪʳʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ï ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʘʤʤʠʘ-

ʢʘ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʚ ʧʨʦʮʝʩʩʝ ʵʚʦʣʶʮʠʠ ʞʠʚʦʪʥʳʝ ʧʦʪʝʨʷʣʠ ʯʘʩʪʴ ɼʅʂ, 

ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʩʠʥʪʝʟ ʥʝʟʘʤʝʥʠʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ. 

6.3. ʅʝʟʘʤʝʥʠʤʳʝ ʘʤʠʥʦʢʠʩʣʦʪʳ 

ʂ ʥʝʟʘʤʝʥʠʤʳʤ ʦʪʥʦʩʷʪʩʷ: ʣʠʟʠʥ, ʤʝʪʠʦʥʠʥ, ʪʨʠʧʪʦʬʘʥ, ʪʨʝʦ-

ʥʠʥ, ʠʟʦʣʝʡʮʠʥ, ʣʝʡʮʠʥ, ʚʘʣʠʥ, ʬʝʥʠʣʘʣʘʥʠʥ, ʘʨʛʠʥʠʥ, ʛʠʩʪʠʜʠʥ 

(ʪʘʙʣ. 6.1). ʎʠʩʪʝʠʥ ʠ ʪʠʨʦʟʠʥ ʦʪʥʦʩʷʪ ʢ ʧʦʣʫʥʝʟʘʤʝʥʠʤʳʤ, ʪʘʢ ʢʘʢ ʧʝʨ-

ʚʳʡ ʦʙʨʘʟʫʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʦʙʤʝʥʘ ʠʟ ʤʝʪʠʦʥʠʥʘ, ʚʪʦʨʦʡ ï ʠʟ ʬʝʥʠʣʘʣʘ-

ʥʠʥʘ. ʇʨʠ ʥʝʜʦʩʪʘʪʢʝ ʚ ʨʘʮʠʦʥʝ ʤʝʪʠʦʥʠʥʘ ʠ ʬʝʥʠʣʘʣʘʥʠʥʘ ʥʘʨʫʰʘʝʪʩʷ, 

ʩʦʦʪʚʝʪʩʚʝʥʥʦ, ʦʙʨʘʟʦʚʘʥʠʝ ʮʠʩʪʝʠʥʘ ʠ ʪʠʨʦʟʠʥʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʞʝʪ 

ʚʦʟʥʠʢʥʫʪʴ ʠʭ ʜʝʬʠʮʠʪ, ʪʘʢ ʢʘʢ ʜʨʫʛʠʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʠʭ ʦʙʨʘʟʦʚʘ-

ʥʠʷ ʚ ʦʨʛʘʥʠʟʤʝ ʥʝʪ. ɺ ʦʨʛʘʥʠʟʤʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʮʠʩʪʝʠʥ. ɼʚʝ ʤʦʣʝʢʫʣʳ 

ʮʠʩʪʝʠʥʘ ʦʙʴʝʜʠʥʷʶʪʩʷ ʚ ʦʜʥʫ ʤʦʣʝʢʫʣʫ ʮʠʩʪʠʥʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʢʠʩʣʝ-

ʥʠʷ SH ʛʨʫʧʧ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʜʠʩʫʣʴʬʠʜʥʦʡ ʩʚʷʟʠ S-S. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ 

ʢʦʣʠʯʝʩʪʚʦ ʬʝʥʠʣʘʣʘʥʠʥʘ ʚ ʨʘʮʠʦʥʘʭ ʮʳʧʣʷʪ ʜʦʣʞʥʦ ʩʦʩʪʘʚʣʷʪʴ ʥʝ ʤʝ-

ʥʝʝ 58% ʦʪ ʧʦʪʨʝʙʥʦʩʪʠ ʬʝʥʠʣʘʣʘʥʠʥ+ʪʠʨʦʟʠʥ, ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʠʦʥʠʥʘ 

50% ʦʪ ʩʫʤʤʳ ʤʝʪʠʦʥʠʥ+ ʮʠʩʪʠʥ. 

ɼʣʷ ʯʝʣʦʚʝʢʘ ʠ ʤʳʰʠ ʘʨʛʠʥʠʥ ʥʝ ʩʯʠʪʘʝʪʩʷ ʥʝʟʘʤʝʥʠʤʦʡ ʘʤʠʥʦ-

ʢʠʩʣʦʪʦʡ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʛʠʩʪʠʜʠʥʘ, ʪʦ ʝʛʦ ʧʦʪʨʝʙʥʦʩʪʴ ʜʣʷ ʚʟʨʦʩʣʳʭ ʣʶ-

ʜʝʡ ʥʝ ʫʩʪʘʥʦʚʣʝʥʘ. ɼʣʷ ʮʳʧʣʷʪ 11-ʦʡ ʥʝʟʘʤʝʥʠʤʦʡ ʘʤʠʥʦʢʠʩʣʦʪʦʡ ʥʘ-

ʟʳʚʘʶʪ ʛʣʠʮʠʥ. 

ʂʦʰʢʘ ʷʚʣʷʝʪʩʷ ʫʥʠʢʘʣʴʥʦʡ ʦʩʦʙʴʶ ʩʨʝʜʠ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʘʤʠʥʦʢʠʩʣʦʪʘʤ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʥʘ ʜʠʝʪʝ ʙʝʟ ʘʨʛʠʥʠʥʘ 

ʦʥʠ ʧʦʛʠʙʘʶʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʠʧʝʨʘʤʤʦʥʠʤʠʠ, ʨʚʦʪʳ, ʪʝʪʘʥʠʯʝʩʢʠʭ ʩʧʘʟ-

ʤʦʚ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʢʦʰʢʠ ʥʝ ʩʧʦʩʦʙʥʳ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʦʨʥʠʪʠʥ, ʧʦʵʪʦʤʫ 

ʥʫʞʜʘʶʪʩʷ ʚ ʘʨʛʠʥʠʥʝ.ʋ ʢʦʰʝʢ ʪʘʢ ʞʝ ʦʙʥʘʨʫʞʠʣʘʩʴ ʩʧʝʮʠʬʠʯʝʩʢʘʷ 

ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʪʘʫʨʠʥʝ, ʨʦʣʴ ʢʦʪʦʨʦʛʦ ʩʚʷʟʘʥʘ ʩ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝʤ ʜʝ-
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ʛʨʘʜʘʮʠʠ ʨʝʪʠʥʦʣʘ ʚ ʩʝʪʯʘʪʢʝ ʛʣʘʟ. ʋ ʧʪʠʮ ʘʙʩʦʣʶʪʥʘʷ ʥʝʟʘʤʝʥʠʤʦʩʪʴ 

ʘʨʛʠʥʠʥʘ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʦʪʩʫʪʩʚʠʷ ʮʠʢʣʘ ʤʦʯʝʚʠʥʦʦʙʨʘʟʦʚʘʥʠʷ. 

ʊʘʙʣʠʮʘ 6.1 ï ʅʝʟʘʤʝʥʠʤʳʝ ʠ ʟʘʤʝʥʠʤʳʝ ʘʤʠʥʦʢʠʩʣʦʪʳ 

ɸʤʠʥʦʢʠʩʣʦ-

ʪ r

ʂʨʳʩʘ 

 

 

ʉʦʙʘʢʘ  ʄʳʰʴ  ʎʳʧʣʝʥʦʢ  
ʇʦʨʦʩʝ-

ʥʦʢ  

ʏʝʣʦʚʝʢ 

ʚʟʨʦʩʣʳʡ  

ʈʳʙʘ 

(ʣʦʩʦʩʴ) 
ʈʝʙʝʥʦʢ 

ʂʦʪʝ-

ʥʦʢ 

ʃʠʟʠʥ + + + + + + + + + 

ʄʝʪʠʦʥʠʥ + + + + + + + + + 

ʊʨʠʧʪʦʬʘʥ + + + + + + + + + 

ɺʘʣʠʥ + + + + + + + + + 

ʀʟʦʣʝʡʮʠʥ + + + + + + + + + 

ʃʝʡʮʠʥ + + + + + + + + + 

ʊʨʝʦʥʠʥ + + + + + + + + + 

ʌʝʥʠʣʘʣʘ-

ʥʠʥ 

+ + + + + + + + + 

ɻʠʩʪʠʜʠʥ + - + + + - + + + 

ɸʨʛʠʥʠʥ + - Ñ + Ñ - +   

ʊʘʫʨʠʥ - - - - - - - - + 

ʎʠʩʪʠʥ +/- +/- +/- +/- +/- +/- +/-   

ʊʠʨʦʟʠʥ +/- +/- +/- +/- +/- +/- +/-   

ɸʣʘʥʠʥ - - - - - - -   

ɸʩʧʘʨʘʛʠ-

ʥʦʚʘʷ ʢ-ʪʘ 

- - - - - - -   

ɸʩʧʘʨʘʛʠʥ          

ɻʣʠʮʠʥ - - - Ñ - - -   

ʇʨʦʣʠʥ - - - Ñ - - -   

ʉʝʨʠʥ - - - - - - -   

ɻʣʶʪʘʤʠ-

ʥʦʚʘʷ ʢ-ʪʘ 

- - - Ñ - - -   

ɻʣʶʪʘʤʠʥ - - - Ñ - - -   

+ ʥʝʟʘʤʝʥʠʤʘ;̫ - ʟʘʤʝʥʠʤʘ;̫ Ñ ʟʘʤʝʥʠʤʳʝ, ʥʦ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʙʳʩʪʨʦ-

ʛʦ ʨʦʩʪʘ ʤʦʣʦʜʳʭ ʞʠʚʦʪʥʳʭ (ʫʩʣʦʚʥʦ ʟʘʤʝʥʠʤʳʝ); +/- ʧʦʣʫʥʝʟʘʤʝʥʠʤʘʷ. 
 

ʉʠʤʧʪʦʤʳ ʜʝʬʠʮʠʪʘ ʥʝʟʘʤʝʥʠʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ 

ʆʪʩʫʪʩʪʚʠʝ ʠʣʠ ʥʝʜʦʩʪʘʪʦʢ ʚ ʜʠʝʪʝ ʢʘʢʦʡ-ʣʠʙʦ ʘʤʠʥʦʢʠʩʣʦʪʳ ʧʦ-

ʨʘʟʥʦʤʫ ʜʝʡʩʪʚʫʝʪ ʥʘ ʞʠʚʦʪʥʳʭ. ʎʳʧʣʷʪʘ, ʚ ʜʠʝʪʝ ʢʦʪʦʨʳʭ ʥʝ ʙʳʣʦ ʚʘ-

ʣʠʥʘ, ʧʦʛʠʙʘʣʠ ʥʘ 13-ʡ ʜʝʥʴ, ʠʟʦʣʝʡʮʠʥʘ ï 16-ʡ ʜʝʥʴ, ʪʨʝʦʥʠʥʘ, ʣʝʡʮʠʥʘ 

ï 22-ʡ ʜʝʥʴ, ʤʝʪʠʦʥʠʥʘ ï 24-ʡ ʜʝʥʴ, ʘʨʛʠʥʠʥʘ ï 25-ʡ ʜʝʥʴ, ʬʝʥʠʣʘʣʘʥʠʥʘ 

ï 35-ʡ ʜʝʥʴ, ʪʨʠʧʪʦʬʘʥʘ ï 38-ʡ ʜʝʥʴ, ʣʠʟʠʥʘ ï 50-ʡ ʜʝʥʴ, ʛʠʩʪʠʜʠʥʘ ï 61-ʡ 

ʜʝʥʴ (ʃʝʩʪʝʨʭʘʫʪ, 1960). 

ʇʨʠ ʫʜʘʣʝʥʠʠ ʥʘ 50% ʦʜʥʦʡ ʠʟ ʥʝʟʘʤʝʥʠʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ʠʟ 

ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʜʠʝʪʳ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʨʦʩʪ ʙʳʣ ʧʦʣʫʯʝʥ ʦʪ ʩʥʠʞʝʥʠʷ 

ʪʨʝʦʥʠʥʘ (ʧʨʠʨʦʩʪ ʚ ʢʦʥʪʨʦʣʝ ʟʘ 14 ʜʥʝʡ 25 ʛ/ʛʦʣʦʚʫ, ʚ ʛʨʫʧʧʝ, ʛʜʝ ʩʥʠ-

ʞʝʥ ʪʨʝʦʥʠʥ ï 0,8 ʛ). ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʜʦʣʠ ʜʨʫʛʠʭ ʘʤʠʥʦʢʠʩʣʦʪ ʨʦʩʪ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʥʪʨʦʣʶ ʩʦʩʪʘʚʣʷʣ ʚ %: ʣʝʡʮʠʥ ï 96, ʤʝʪʠʦʥʠʥ ï 74, 

ʠʟʦʣʝʡʮʠʥ ï 65, ʣʠʟʠʥ ï 47, ʚʘʣʠʥ ï 44, ʬʝʥʠʣʘʣʘʥʠʥ ï 42, ʛʠʩʪʠʜʠʥ ï 
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29, ʘʨʛʠʥʠʥ ï 26, ʪʨʠʧʪʦʬʘʥ ï 12 (Aojama, Ashida, 1975) ʕʪʠ ʜʘʥʥʳʝ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʥʝʟʘʤʝʥʠʤʳʝ ʘʤʠʥʦʢʠʩʣʦʪʳ ʯʨʝʟʚʳʯʘʡʥʦ 

ʨʘʟʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʦ ʭʘʨʘʢʪʝʨʫ ʤʝʪʘʙʦʣʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ. 

ɸʤʠʥʦʢʠʩʣʦʪʳ ʷʚʣʷʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʙʣʦʢʘʤʠ, ʠʟ ʢʦʪʦʨʳʭ ʩʪʨʦʠʪʩʷ ʙʝʣ-

ʢʦʚʘʷ ʤʦʣʝʢʫʣʘ ʠ ʦʙʣʘʜʘʶʪ ʨʘʟʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʨʝʫʪʠʣʠʟʘʮʠʠ ʚ ʧʨʦ-

ʮʝʩʩʝ ʦʩʥʦʚʥʦʛʦ ʦʙʤʝʥʘ, ʥʦ ʠʛʨʘʶʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʨʦʣʴ ʚ ʥʝʡʨʦʛʫʤʦ-

ʨʘʣʴʥʦʡ ʨʝʛʫʣʷʮʠʠ ʦʙʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʦʨʛʘʥʠʟʤʘ. 

ʅʘʨʫʰʝʥʠʷ ʚ ʦʨʛʘʥʠʟʤʝ ʠʟ-ʟʘ ʦʩʪʨʦʛʦ ʜʝʬʠʮʠʪʘ ʥʘ ʫʨʦʚʥʝ 50-

70% ʠʣʠ ʧʦʣʥʦʛʦ ʦʪʩʫʪʩʪʚʠʷ ʦʪʜʝʣʴʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ʠʟʫʯʘʣʠʩʴ ʚ ʣʘʙʦ-

ʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʠ ʧʦʣʫʠʩʢʫʩʩʪʚʝʥʥʳʭ ʜʠʝʪʘʭ. 

ʇʨʠʚʝʜʝʤ ʜʘʥʥʳʝ ʧʦ ʥʝʢʦʪʦʨʳʤ ʘʤʠʥʦʢʠʩʣʦʪʘʤ. 

ʃʠʟʠʥ. ʈʝʟʢʦʝ ʫʭʫʜʰʝʥʠʝ ʘʧʧʝʪʠʪʘ, ʦʩʪʘʥʦʚʢʘ ʨʦʩʪʘ, ʘʥʝʤʠʷ, 

ʩʥʠʞʝʥʠʝ ʚ ʢʨʦʚʠ ʦʙʱʝʛʦ ʙʝʣʢʘ ʠ ʛʘʤʤʘ-ʛʣʦʙʫʣʠʥʦʚ, ʠʩʪʦʱʝʥʠʝ ʤʫʩ-

ʢʫʣʴʥʦʡ ʪʢʘʥʠ; ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠ ̫ʚ ʪʝʣʝ ʚʦʜʳ, ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘ-

ʥʠʷ ʙʝʣʢʘ ʠ ʞʠʨʘ ʚ ʧʝʯʝʥʠ; ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʢʘʣʴʮʠʬʠʢʘʮʠʷ ʢʦʩʪʝʡ, ʥʝʜʦ-

ʨʘʟʚʠʪʦʩʪʴ ʵʧʠʬʠʟʘʨʥʳʭ ʭʨʷʱʝʡ, ʢʘʨʠʝʩ ʟʫʙʦʚ; ʥʘʨʫʰʝʥʠʝ ʫʩʣʦʚʥʦ-

ʨʝʬʣʝʢʪʦʨʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ, ʥʝʨʚʦʟ-

ʥʦʩʪʴ, ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʜʚʠʞʝʥʠʡ; ʫ ʩʘʤʦʢ ʩʥʠʞʘʝʪʩʷ ʦʧʣʦʜʦʪʚʦʨʷʝʤʦʩʪʴ 

ʷʡʮʝʢʣʝʪʦʢ, ʤʦʣʦʯʥʦʩʪʴ, ʩʥʠʞʘʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʛʦʥʘʜʦʪʨʦʧʥʳʭ ʛʦʨ-

ʤʦʥʦʚ ʧʣʘʮʝʥʪ;r ʦʛʨʫʙʣʝʥʠʝ ʢʦʞʥʦ-ʚʦʣʦʩʷʥʦʛʦ ʧʦʢʨʦʚʘ, ʚʟʲʝʨʦʰʝʥ-

ʥʦʩʪʴ, ʯʝʩʦʪʦʯʥʘʷ ʢʦʞʘ. 

ʊʨʠʧʪʦʬʘʥ. ʇʦʪʝʨʷ ʘʧʧʝʪʠʪʘ ʠ ʩʥʠʞʝʥʠʝ ʚʝʩʘ ʞʠʚʦʪʥʳʭ. ʇʦ-

ʤʫʪʥʝʥʠʝ ʨʦʛʦʚʠʮʳ ʛʣʘʟ, ʢʘʪʘʨʘʢʪʘ, ʚʳʧʘʜʝʥʠʝ ʰʝʨʩʪʠ, ʧʦʨʘʞʝʥʠʝ ʟʫ-

ʙʦʚ, ʘʥʝʤʠʷ, ʧʦʪʝʨʷ ʚʦʩʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. 

ʄʝʪʠʦʥʠʥ. ʆʞʠʨʝʥʠʝ ʧʝʯʝʥʠ ʠ ʧʦʯʝʢ, ʩʥʠʞʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ 

ʧʨʦʪʝʦʣʠʪʠʯʝʩʢʠʭ ʬʝʨʤʝʥʪʦʚ ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ. ɸʥʝʤʠʷ, ʠʩʪʦʱʝ-

ʥʠʝ. ʅʘʨʫʰʝʥʠʝ ʛʦʨʤʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʨʳ ʥʘʜʧʦʯʝʯʥʠʢʦʚ. 

ʄʝʪʠʦʥʠʥʫ ʧʨʠʜʘʶʪ ʟʥʘʯʝʥʠʝ ʢʘʢ ʣʠʧʦʪʨʦʧʥʦʤʫ ʬʘʢʪʦʨʫ ʠ 

çʚʦʟʤʦʞʥʦʤʫ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʤʫ ʜʝʡʩʪʚʠʶ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʧʨʝʧʘʨʘʪʘ 

DL ï ʤʝʪʠʦʥʠʥʘè ʜʣʷ ʩʥʠʞʝʥʠʷ ʦʞʠʨʝʥʠʷ ʧʝʯʝʥʠ, ʫʨʦʚʥʷ ʭʦʣʝʩʪʝʨʠʥʘ ʚ 

ʢʨʦʚʠ; ʤʝʪʠʦʥʠʥ ʧʦʚʳʰʘʝʪ ʛʫʤʦʨʘʣʴʥʳʡ ʠ ʢʣʝʪʦʯʥʳʡ ʠʤʤʫʥʠʪʝʪ. 

ɻʠʩʪʠʜʠʥ. ʈʝʟʢʦʝ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʛʝʤʦʛʣʦʙʠʥʘ. ʅʝ ʥʘʙʣʶʜʘʝʪ-

ʩʷ ʨʝʟʢʦʛʦ ʩʥʠʞʝʥʠʷ ʚʝʩʘ ʮʳʧʣʷʪ ʜʦ ʤʦʤʝʥʪʘ ʛʠʙʝʣʠ ʥʘ ʜʠʝʪʝ ʙʝʟ ʛʠʩʪʠ-

ʜʠʥʘ. 

ɸʨʛʠʥʠʥ. ɸʪʨʦʬʠʷ ʩʝʤʝʥʥʠʢʦʚ, ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʧʝʨ-

ʤʘʪʦʟʦʠʜʦʚ. ʋʭʫʜʰʝʥʠʝ ʚʩʘʩʳʚʘʥʠʷ Ca ʚ ʢʠʰʝʯʥʠʢʝ. ɸʨʛʠʥʠʥ ʷʚʣʷʝʪʩʷ 

ʧʨʷʤʳʤ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʤ ʦʢʩʠʜʘ ʘʟʦʪʘ (Nʆ). 

ʊʨʝʦʥʠʥ. ʉʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʣʠʧʘʟʳ ʠ ʘʤʠʣʘʟʳ ʧʦʜʞʝʣʫʜʦʯʥʦʡ 

ʞʝʣʝʟʳ, ʚʤʝʩʪʝ ʩ ʪʝʤ ʤʘʣʦ ʚʣʠʷʝʪ ʥʘ ʠʭ ʘʢʪʠʚʥʦʩʪʴ. 

ɺʘʣʠʥ. ʆʞʠʨʝʥʠʝ ʧʝʯʝʥʠ, ʘʪʨʦʬʠʷ ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ, ʩʝʣʝ-

ʟʝʥʢʠ, ʩʣʶʥʥʳʭ ʞʝʣʝʟ. ʅʘʨʫʰʝʥʠʝ ʥʝʨʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʨʘʩʩʪʨʦʡʩʪʚʦ 

ʢʦʦʨʜʠʥʘʮʠʠ ʜʚʠʞʝʥʠʡ. 

ʀʟʦʣʝʡʮʠʥ, ʣʝʡʮʠʥ. ʇʦʪʝʨʷ ʘʧʧʝʪʠʪʘ, ʠʩʭʫʜʘʥʠʝ, ʥʝʨʚʦʟʥʦʩʪʴ. 
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ɿʘʢʣʶʯʝʥʠʝ. ʇʦʩʢʦʣʴʢʫ ʚ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʪʨʝʙʥʦʩʪʴ ʚ 

ʘʤʠʥʦʢʠʩʣʦʪʘʭ ʫ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʝʩʪʝʩʪ-

ʚʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʙʝʣʢʘ, ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ ʢʘʢʦʡ-ʪʦ ʠʟ ʥʠʭ ʧʨʘʢʪʠʯʝ-

ʩʢʠ ʥʝʚʦʟʤʦʞʥʦ. ʆʩʪʨʳʡ ʜʝʬʠʮʠʪ ʣʠʟʠʥʘ ʠʤʝʝʪ ʤʝʩʪʦ, ʢʦʛʜʘ ʚ ʧʠʪʘʥʠʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʣʴʢʦ ʟʝʨʥʦ ʟʣʘʢʦʚʳʭ ʢʫʣʴʪʫʨ ï ʧʰʝʥʠʮʘ, ʢʫʢʫʨʫʟʘ, ʩʦʨ-

ʛʦ, ʧʨʦʩʦ ï ʠʣʠ ʧʨʦʜʫʢʪʳ ʠʟ ʥʠʭ ʙʝʟ ʢʘʢʦʛʦ-ʣʠʙʦ ʧʦʪʨʝʙʣʝʥʠʷ ʧʦʣʥʦ-

ʮʝʥʥʳʭ ʧʦ ʘʤʠʥʦʢʠʩʣʦʪʘʤ ʙʝʣʢʦʚʳʭ ʢʦʨʤʦʚ ʞʠʚʦʪʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ 

ʠʣʠ ʩʦʠ. ʆʩʪʨʳʡ ʜʝʬʠʮʠʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʣʠʟʠʥʘ ʠ ʪʨʠʧʪʦʬʘʥʘ ʥʘʙʣʶʜʘ-

ʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʧʠʪʘʥʠʷ ʷʚʣʷʝʪʩʷ ʢʫʢʫʨʫ-

ʟʘ. 

6.4. ɿʘʤʝʥʠʤʳʝ ʘʤʠʥʦʢʠʩʣʦʪʳ 

ʂ ʟʘʤʝʥʠʤʳʤ ʦʪʥʦʩʷʪʩʷ: ʘʣʘʥʠʥ, ʛʣʠʮʠʥ, ʩʝʨʠʥ, ʛʣʶʪʘʤʠʥʦʚʘʷ 

ʢʠʩʣʦʪʘ, ʛʣʶʪʘʤʠʥ, ʘʩʧʘʨʘʛʠʥʦʚʘʷ ʢʠʩʣʦʪʘ, ʘʩʧʘʨʘʛʠʥ, ʧʨʦʣʠʥ, ʮʠʩʪʠʥ, 

ʪʠʨʦʟʠʥ. 

ʅʝʣʴʟʷ ʜʫʤʘʪʴ, ʯʪʦ ʯʝʣʦʚʝʢ ʠ ʞʠʚʦʪʥʳʝ ʤʦʛʫʪ ʙʝʟ ʫʱʝʨʙʘ ʦʙʭʦ-

ʜʠʪʴʩʷ ʙʝʟ ʟʘʤʝʥʠʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ. ʆʧʳʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘ ʜʠʝʪʘʭ, 

ʩʦʩʪʘʚʣʝʥʥʳʭ ʪʦʣʴʢʦ ʠʟ ʥʝʟʘʤʝʥʠʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ, ʮʳʧʣʷʪʘ, ʙʝʣʳʝ 

ʢʨʳʩʳ ʨʦʩʣʠ ʥʘʤʥʦʛʦ ʭʫʞʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʤ, ʢʦʛʜʘ 40-50% ʥʝʟʘʤʝ-

ʥʠʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ʢʦʤʧʝʥʩʠʨʦʚʘʣʠ ʟʘʤʝʥʠʤʳʤʠ. 

ʆʪʤʝʯʘʝʪʩʷ ʫʭʫʜʰʝʥʠʝ ʨʦʩʪʘ ʮʳʧʣʷʪ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚ ʠʭ ʨʘʮʠʦ-

ʥʝ ʛʣʶʪʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʧʨʦʣʠʥʘ. ɺ ʦʧʳʪʘʭ ʥʘ ʙʝʨʝʤʝʥʥʳʭ ʢʨʳʩʘʭ, 

ʠʟ ʜʠʝʪʳ ʢʦʪʦʨʳʭ ʠʩʢʣʶʯʘʣʠ ʘʩʧʘʨʘʛʠʥ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ,ʯʪʦ ʨʦʞʜʘʝ-

ʤʦʝ ʧʦʪʦʤʩʪʚʦ ʙʳʣʦ ʤʘʣʦʯʠʩʣʝʥʥʦʝ ʠ ʩʣʘʙʦʝ. ɺ ʩʪʚʦʣʝ ʤʦʟʛʘ ʥʦʚʦʨʦʞ-

ʜʝʥʥʳʭ ʦʪʤʝʯʝʥʦ ʧʦʥʠʞʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʙʝʣʢʘ ʠ ʭʦʣʝʩʪʝʨʠʥʘ. 

ɺʝʩʴʤʘ ʟʥʘʯʠʪʝʣʴʥʘ ʨʦʣʴ ʛʣʶʪʘʤʠʥʘ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ ʠ ʞʠ-

ʚʦʪʥʳʭ. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʧʦʪʨʝʙʣʝʥʠʝ ʜʠʝʪʳ ʩ ʛʣʶʪʘʤʠʥʦʤ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʧʦʚʳʰʝʥʠʶ ʜʳʭʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʦʣʠʬʠʣʠʨʫʶʱʠʭ ʵʥʪʝʨʦʮʠʪʦʚ 

ʠ ʣʠʤʬʦʮʠʪʦʚ, ʨʝʛʫʣʠʨʦʚʘʥʠʶ ʢʠʩʣʦʪʥʦ-ʱʝʣʦʯʥʦʛʦ ʙʘʣʘʥʩʘ. ɻʣʶʪʘʤʠʥ 

ʷʚʣʷʝʪʩʷ ʧʝʨʝʥʦʩʯʠʢʦʤ ʘʟʦʪʘ ʤʝʞʜʫ ʪʢʘʥʷʤʠ , ʚʘʞʥʳʤ ʧʨʝʜʰʝʩʪʚʝʥʥʠ-

ʢʦʤ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ, ʥʫʢʣʝʦʪʠʜʦʚ, ʘʤʠʥʦʩʘʭʘʨʦʚ ʠ ʙʝʣʢʦʚ. ʇʨʠ 

ʩʪʨʝʩʩʦʚʳʭ ʩʠʪʫʘʮʠʷʭ ʧʦʪʨʝʙʥʦʩʪʴ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ ʚ ʛʣʶʪʘʤʠʥʝ 

ʧʨʝʚʳʰʘʝʪ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʠʟʚʦʜʠʪʴ ʵʪʫ ʘʤʠʥʦʢʠʩʣʦʪʫ ʚ ʜʦʩʪʘʪʦʯ-

ʥʦʤ ʢʦʣʠʯʝʩʪʚʝ. 

ʅʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʩʢʣʦʥʥʳ ʦʪʥʦʩʠʪʴ ʛʣʶʪʘʤʠʥ ʚ ʨʘʟʨʷʜ 

ʥʝʟʘʤʝʥʠʤʦʡ ʘʤʠʥʦʢʠʩʣʦʪʳ. ʂʩʪʘʪʠ, ʩʘʤʦʝ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʛʣʶʪʘ-

ʤʠʥʘ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʙʝʣʢʦʚ ʧʰʝʥʠʯʥʦʡ ʢʣʝʡʢʦʚʠʥʳ. ʆʥʦ ʧʨʝʚʳʰʘʝʪ 

ʩʦʜʝʨʞʘʥʠʝ ʝʛʦ ʚ ʤʷʩʝ, ʤʦʣʦʢʝ, ʷʡʮʘʭ ʚ 4-8 ʨʘʟ. 

ʗʩʥʦ ʦʜʥʦ, ʯʪʦ ʟʘʤʝʥʠʤʳʝ ʘʤʠʥʦʢʠʩʣʦʪʳ ʥʝʣʴʟʷ ʠʛʥʦʨʠʨʦʚʘʪʴ 

ʧʨʠ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪʥʦʛʦ ʩʦʩʪʘʚʘ ʨʘʟʣʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠ 

ʦʨʛʘʥʠʟʘʮʠʠ ʧʠʪʘʥʠʷ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ. ʇʦʵʪʦʤʫ, ʚʘʞʥʦ ʧʨʠʜʝʨʞʠ-

ʚʘʪʴʩʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ 

ʩʫʤʤʦʡ ʥʝʟʘʤʝʥʠʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ (ʅɸʂ) ʢ ʩʫʤʤʝ ʟʘʤʝʥʠʤʳʭ (ɿɸʂ) ʚ 
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ʜʠʝʪʘʭ ʠ ʢʦʨʤʘʭ ʜʣʷ ʞʠʚʦʪʥʳʭ. ɺ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʮʝʥʥʳʭ ʧʨʦʜʫʢʪʘʭ ʦʪ-

ʥʦʰʝʥʠʝ ʅɸʂ/ɿɸʂ (ʙʝʟ ʫʯʝʪʘ ʧʦʣʫʥʝʟʘʤʝʥʠʤʳʭ ʮʠʩʪʠʥʘ ʠ ʪʠʨʦʟʠʥʘ) 

ʪʘʢʦʚʦ: ʚ ʙʝʣʢʝ ʛʦʚʷʜʠʥʳ ʚ ʧʨʝʜʝʣʘʭ 0,96-1,10, ʩʚʠʥʠʥʳ ï 1,04, ʨʳʙʝ ï 

1,14, ʷʡʮʘ ï 1,14, ʤʦʣʦʢʘ ʯʝʣʦʚʝʢʘ ï 0,88, ʢʦʨʦʚʴʝʛʦ ʤʦʣʦʢʘ 0,96. ʂʦʥ-

ʮʝʧʮʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʅɸʂ/ɿɸʂ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʩʪʘ 

ʞʠʚʦʪʥʦʛʦ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʠʦʩʠʥʪʝʟʘ ʙʝʣʢʘ ʠʟʫʯʘʣʘʩʴ ʚʝʩʴʤʘ ʠʥʪʝʥ-

ʩʠʚʦ. ʉʯʠʪʘʶʪ ʦʧʪʠʤʘʣʴʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʜʣʷ ʧʦʨʦʩʷʪ 

ʅɸʂ:ɿɸʂ=1:1,22.  

ɺʘʞʥʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ ɿɸʂ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ 

ʅɸʂ ʤʝʜʣʝʥʥʦ ʪʨʘʥʩʬʦʨʤʠʨʫʶʪʩʷ ʚ ɿɸʂ, ʢʦʪʦʨʳʝ ʙʳʚʘʶʪ ʩʨʦʯʥʦ ʥʝ-

ʦʙʭʦʜʠʤʳ ʧʨʠ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, ʢʦʛʜʘ ʵʥʜʦʛʝʥʥʘʷ ʩʠʥ-

ʪʝʪʠʯʝʩʢʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʘʤʠʥʦʢʠʩʣʦʪ ʠ ʤʝʪʘʙʦʣʠʯʝʩʢʘʷ ʜʦʩʪʫʧʥʦʩʪʴ 

ʥʫʞʥʦʛʦ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʦʛʨʘʥʠʯʝʥʘ. ʇʨʠʤʝʨʘʤʠ ʪʘʢʠʭ ʫʩʣʦʚʥʦ ʥʝʟʘ-

ʤʝʥʠʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ʤʦʛʫʪ ʙʳʪʴ ʘʨʛʠʥʠʥ, ʧʨʦʣʠʥ, ʛʣʶʪʘʤʠʥ, ʛʣʶʪʘ-

ʤʠʥʦʚʘ ̫ʢʠʩʣʦʪʘ. 

ʂʣʘʩʩʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʟʘʤʝʥʠʤʦʩʪʠ ʷʚʣʷʝʪʩʷ ʩʣʠʰʢʦʤ 

ʫʧʨʦʱʝʥʥʳʤ. ʉʯʠʪʘʶʪ, ʯʪʦ ʟʘʤʝʥʠʤʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ ʦʩʦʙʝʥ-

ʥʦʩʪʴʶ ʫʛʣʝʨʦʜʥʦʛʦ ʩʢʝʣʝʪʘ, ʘ ʥʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ NH2 ʠ 

COOH. ʄʝʞʜʫ ʪʝʤ, ʚ ʦʧʳʪʘʭ ʩ ʤʝʯʝʥʥʳʤ 
15

N ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʫʱʝ-

ʩʪʚʫʝʪ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʧʝʨʝʥʦʩʘ ʘʤʠʥʥʳʭ ʛʨʫʧʧ ʤʝʞʜʫ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ. 

ʅʘ ʵʪʦʡ ʦʩʥʦʚʝ ʪʦʣʴʢʦ ʣʠʟʠʥ ʠ ʪʨʝʦʥʠʥ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʘʙʩʦʣʶʪʥʦ 

ʥʝʟʘʤʝʥʠʤʳʝ ʘʤʠʥʦʢʠʩʣʦʪʳ. ɸʣʘʥʠʥ, ʛʣʶʪʘʤʠʥʦʚʘʷ ʠ ʘʩʧʘʨʘʛʠʥʦʚʘʷ 

ʢʠʩʣʦʪʳ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ ʠʟ ʣʝʛʢʦ ʜʦʩʪʫʧʥʳʭ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦ-

ʜʫʢʪʦʚ ʦʪʥʦʩʷʪʩʷ ʢ ʠʩʪʠʥʥʦ ʟʘʤʝʥʠʤʳʤ. ɺʩʝ ʜʨʫʛʠʝ ʟʘʤʝʥʠʤʳʝ ʘʤʠʥʦ-

ʢʠʩʣʦʪʳ ʷʚʣʷʶʪʩʷ ʫʩʣʦʚʥʦ ʥʝʟʘʤʝʥʠʤʳʤʠ, ʪʘʢ ʢʘʢ ʦʙʨʘʟʫʶʪʩʷ ʠʟ ʥʝʟʘ-

ʤʝʥʠʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ʠʣʠ ʧʦʢʘʟʳʚʘʶʪ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʥʠʭ 

ʧʨʝʚʳʰʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʠʭ ʩʠʥʪʝʟʘ. 

6.5. L- ʠ D-ʘʤʠʥʦʢʠʩʣʦʪ r

ɸʤʠʥʦʢʠʩʣʦʪʳ ʥʘʪʫʨʘʣʴʥʳʭ ʙʝʣʢʦʚ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʫʶ ʢʦʥʬʠ-

ʛʫʨʘʮʠʶ ʫ Ŭ-ʫʛʣʝʨʦʜʥʦʛʦ ʘʪʦʤʘï L ʢʦʥʬʠʛʫʨʘʮʠʶ. ʕʪʦ ʦʙʦʟʥʘʯʝʥʠʝ 

ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʚʩʝʭ ʧʨʠʨʦʜʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪ. ɺ ʧʨʠʨʦʜʝ ʚʩʪʨʝʯʘʶʪʩʷ 

ʘʤʠʥʦʢʠʩʣʦʪʳ, ʠʤʝʶʱʠʝ D ʢʦʥʬʠʛʫʨʘʮʠʶ. ʅʦ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʩʣʠʰʢʦʤ 

ʤʘʣʦ. 

ʇʨʦʠʟʚʦʜʥʦʝ ʩʨʘʟʫ D- ʠ L- ʬʦʨʤ ï DL-ʘʤʠʥʦʢʠʩʣʦʪʳ ʧʦʣʫʯʘʶʪ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ. ʕʪʦ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʨʘʮʝʤʠʯʝʩʢʘʷ 

ʩʤʝʩʴ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʨʘʚʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʚʫʭ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʘʥʪʠ-

ʧʦʜʦʚ. 

ɺ ʦʙʠʭʦʜʝ ʯʘʩʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʧʫʪʘʥʠʮʘ, ʢʦʛʜʘ L- ʬʦʨʤʳ ʧʨʠʯʠʩ-

ʣʷʶʪ ʢ ʣʝʚʦʚʨʘʱʘʶʱʠʤ, ʘ D- ʬʦʨʤʳ ï ʢ ʧʨʘʚʦʚʨʘʱʘʶʱʠʤ. ɺ ʜʝʡʩʪʚʠ-

ʪʝʣʴʥʦʩʪʠ ʧʦʯʪʠ ʧʦʣʦʚʠʥʘ ʧʨʠʨʦʜʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ʚʨʘʱʘʝʪ ʧʫʯʦʢ ʧʦ-

ʣʷʨʠʟʦʚʘʥʥʦʛʦ ʩʚʝʪʘ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʚʧʨʘʚʦ, ʯʪʦ ʠ ʦʙʦʟʥʘʯʘʝʪʩʷ ʟʥʘ-

ʢʦʤ (+), ʜʨʫʛʘʷ ʧʦʣʦʚʠʥʘ ï ʚʣʝʚʦ ʠ ʦʙʦʟʥʘʯʘʝʪʩʷ ʟʥʘʢʦʤ (-). ɺ ʪʦ ʞʝ 
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ʚʨʝʤʷ L-ʠ D- ʢʦʥʬʠʛʫʨʘʮʠʠ ʦʧʨʝʜʝʣʷʶʪ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʩ ʢʦʥʬʠʛʫʨʘʮʠ-

ʝʡ ʛʣʠʮʝʨʠʥʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ, ʧʨʠʥʷʪʦʛʦ ʟʘ ʩʪʘʥʜʘʨʪ. 

ɽʩʣʠ ʟʘʤʝʱʘʶʱʠʝ ʛʨʫʧʧʳ ʧʨʠ Ŭ-ʫʛʣʝʨʦʜʥʦʤ ʨʘʜʠʢʘʣʝ ʘʤʠʥʦ-

ʢʠʩʣʦʪ ʠʤʝʶʪ ʪʦ ʞʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʢʘʢ ʠ ʫ ʛʣʠʮʝʨʠʥʦʚʦ-

ʛʦ ʘʣʴʜʝʛʠʜʘ, ʪʦ ʧʨʠʯʠʩʣʝʥʠʝ ʘʤʠʥʦʢʠʩʣʦʪ ʢ L- ʠʣʠ D- ʨʷʜʫ ʙʫʜʝʪ ʦʧʨʝ-

ʜʝʣʷʪʴʩʷ ʠ ʠʭ ʩʦʦʪʚʝʪʩʪʚʠʝʤ ʢ L- ʠʣʠ D- ʛʣʠʮʝʨʠʥʦʚʦʤʫ ʘʣʴʜʝʛʠʜʫ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʟʥʘʥʠʷ ʬʦʨʤʳ ʘʤʠʥʦʢʠʩʣʦʪ ʦʙʫʩʣʦʚʣʝʥʘ ʠʭ ʨʘʟ-

ʣʠʯʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʫʩʚʘʠʚʘʪʴʩʷ ʦʨʛʘʥʠʟʤʘʤʠ ʞʠʚʦʪʥʳʭ ʠ ʯʝʣʦʚʝʢʘ ʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩ ̫ʜʣʷ ʩʠʥʪʝʟʘ ʙʝʣʢʘ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ L- ʘʤʠʥʦʢʠʩʣʦʪʳ 

ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʙʝʟʚʢʫʩʥʳʝ ʠʣʠ ʛʦʨʴʢʠʝ, ʘ D- ʘʤʠʥʦʢʠʩʣʦʪʳ ï ʩʣʘʜʢʠʝ. 

L- ʛʣʶʪʘʤʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʦʙʣʘʜʘʝʪ ʟʘʧʘʭʦʤ ʠ ʚʢʫʩʦʤ ʤʷʩʘ. ɻʣʠʮʠʥ, ʢʦ-

ʪʦʨʳʡ ʦʧʪʠʯʝʩʢʠ ʥʝʘʢʪʠʚʝʥ, ʦʙʣʘʜʘʝʪ ʩʣʘʜʢʠʤ ʚʢʫʩʦʤ, ʩʭʦʜʥʳʤ ʩʦ ʚʢʫ-

ʩʦʤ ʩʘʭʘʨʘ. 

ʇʨʠ ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʢʨʳʩʘʭ ʠ ʮʳʧʣʷʪʘʭ D- ʠʟʦʤʝʨʦʚ ʘʤʠʥʦʢʠʩʣʦʪ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ D- ʬʦʨʤʳ ʤʝʪʠʦʥʠʥʘ, ʮʠʩʪʠʥʘ, ʬʝʥʠʣʘʣʘʥʠʥʘ, ʪʠʨʦʟʠ-

ʥʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʜʠʥʘʢʦʚʦ, ʢʘʢ ʠ L-ʬʦʨʤʳ, ʢʦʛʜʘ ʜʘʶʪʩʷ ʚ ʚʠʜʝ DL- 

ʨʘʮʝʤʘʪʘ. D- ʬʦʨʤʳ ʣʠʟʠʥʘ, ʪʨʝʦʥʠʥʘ ʠ ʠʟʦʣʝʡʮʠʥʘ ʩʦʚʝʨʰʝʥʥʦ ʥʝ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ. D- ʪʨʠʧʪʦʬʘʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ 58-60% ʧʦʨʦʩʷʪʘʤʠ (ʪʘʙʣ. 

6.2).  

ʂʨʳʩʳ ʯʘʩʪʠʯʥʦ ʠʩʧʦʣʴʟʫʶʪ D- ʬʦʨʤʳ ʚʘʣʠʥʘ, ʛʠʩʪʠʜʠʥʘ ʠ ʘʨ-

ʛʠʥʠʥʘ. ʎʳʧʣʷʪʘ ʧʦʯʪʠ ʥʝ ʠʩʧʦʣʴʟʫʶʪ D- ʬʦʨʤʳ ʘʨʛʠʥʠʥʘ, ʛʠʩʪʠʜʠʥʘ, 

ʚʘʣʠʥʘ, ʪʨʠʧʪʦʬʘʥʘ, ʥʦ ʭʦʨʦʰʦ ʨʘʩʪʫʪ ʧʨʠ ʥʘʣʠʯʠʠ D- ʣʝʡʮʠʥʘ. 

ʊʘʙʣʠʮʘ 6.2 ï ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠʟʦʤʝʨʦʚ ʠ ʘʥʘʣʦʛʦʚ ʘʤʠʥʦʢʠʩʣʦʪ ʚ % ʦʪ 

ʜʝʡʩʪʚʠʷ ʠʭ L ï ʠʟʦʤʝʨʦʚ 

ɸʤʠʥʦʢʠʩʣʦʪʳ ʎʳʧʣʷʪʘ ʂʨʳʩʘ ʄʳʰ ɹ ʉʦʙʘʢʘ ʉʚʠʥʴʷ 

D-ʣʠʟʠʥ 0 0 0 - - 

D-ʪʨʝʦʥʠʥ 0 0 0 -  

D-ʪʨʠʧʪʦʬʘʥ 20 100 30 35 80 

D-ʤʝʪʠʦʥʠʥ 90 90 75 100 100 

DL-ʤʝʪʠʦʥʠʥ 95 95 88 100 100 

DL-ʆʅ-ʤʝʪʠʦʥʠʥ 80 - 70 - 100 

ʂʝʪʦ-ʤʝʪʠʦʥʠʥ 90 - - - - 

N-ʘʮʝʪʠʣ-L-

ʤʝʪʠʦʥʠʥ 

100 100 90 100 - 

D-ʘʨʛʠʥʠʥ 0 0 - - - 

D-ʛʠʩʪʠʜʠʥ 10 10 10 - - 

D-ʣʝʡʮʠʥ 100 50 15 - - 

D-ʚʘʣʠʥ 70 15 5 - - 

D-ʠʟʦʣʝʡʮʠʥ 0 - - - - 

D-ʬʝʥʠʣʘʣʘʥʠʥ 75 70 - - - 

L-OH-ʬʝʥʠʣʘʣʘʥʠʥ 70 50 - - - 

ʂʝʪʦ-ʬʝʥʠʣʘʣʘʥʠʥ 85 65 - - - 

D-ʪʠʨʦʟʠʥ 100 100 - - - 
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ʉʧʦʩʦʙʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ D- ʬʦʨʤʳ ʩʚʷʟʘʥʘ ʩ ʥʘʣʠʯʠʝʤ ʠʣʠ ʦʪ-
ʩʫʪʩʪʚʠʝʤ ʚ ʧʦʯʢʘʭ ʬʝʨʤʝʥʪʦʚ, ʩʧʦʩʦʙʥʳʭ ʧʨʝʚʨʘʱʘʪʴ ʠʭ ʚ ʩʦʦʪʚʝʪʩʪ-
ʚʫʶʱʫʶ Ŭ-ʢʝʪʦ ʢʠʩʣʦʪʫ ʠ ʟʘʪʝʤ ʧʝʨʝʘʤʠʥʠʨʦʚʘʪʴ ʠʭ ʚ L- ʢʠʩʣʦʪʳ ʩ ʧʦ-
ʤʦʱʴʶ ʧʦʯʝʯʥʦʛʦ ʠ ʧʝʯʝʥʦʯʥʦʛʦ ʬʝʨʤʝʥʪʘ D- ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʦʢʩʠʜʘ-
ʟʳ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʪʘʢʠʝ ʬʝʨʤʝʥʪʳ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʥʝ ʜʣʷ ʚʩʝʭ 
ʘʤʠʥʦʢʠʩʣʦʪ ʠ ʜʣʷ ʨʘʟʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ʠʤʝʪʴ ʨʘʟʥʫʶ ʘʢʪʠʚʥʦʩʪʴ. 

ʉʪʨʦʝʥʠʝ ʘʤʠʥʦʢʠʩʣʦʪ 

ɸʤʠʥʦʢʠʩʣʦʪʳ ʩʦʜʝʨʞʘʪ ʦʩʥʦʚʥʫʶ (ʱʝʣʦʯʥʫʶ) ʘʤʠʥʥʫʶ ʛʨʫʧʧʫ 
(-NH2) ʠ ʢʠʩʣʫʶ ʢʘʨʙʦʢʩʠʣʴʥʫʶ ʛʨʫʧʧʫ (-ʉʆʆʅ). ɹʦʣʴʰʠʥʩʪʚʦ ʘʤʠʥʦ-
ʢʠʩʣʦʪ, ʦʙʳʯʥʦ ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʥʘʪʫʨʘʣʴʥʳʭ ʙʝʣʢʘʭ, ʷʚʣʷʶʪʩʷ Ŭ-
ʪʠʧʘ, ʢʦʛʜʘ ʘʤʠʥʥʘʷ ʛʨʫʧʧʘ ʧʨʠʤʢʥʫʪʘ ʢ ʫʛʣʝʨʦʜʥʦʤʫ ʘʪʦʤʫ, ʢ ʢʦʪʦʨʦ-
ʤʫ ʧʨʠʩʦʝʜʠʥʝʥʘ ʛʠʜʨʦʢʩʠʣʴʥʘʷ ʛʨʫʧʧʘ. ɺ ʙʝʣʢʘʭ ʘʤʠʥʦʢʠʩʣʦʪʳ ʩʦʝʜʠ-
ʥʝʥʳ ʩ ʧʦʤʦʱʴʶ ʧʝʧʪʠʜʥʳʭ ʩʚʷʟʝʡ ʉʆ-NH. ʆʙʨʘʟʦʚʘʥʠʝ ʧʝʧʪʠʜʥʳʭ 
ʩʚʷʟʝʡ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʨʦʮʝʩʩʝ ʙʠʦʩʠʥʪʝʟʘ ʙʝʣʢʘ, ʧʨʠ ʵʪʦʤ ʢʘʞʜʘʷ ʘʤʠ-
ʥʦʢʠʩʣʦʪʘ ʪʝʨʷʝʪ ʢʘʨʙʦʢʩʠʣʴʥʫʶ ʆʅ ʛʨʫʧʧʫ ʠ ʚʦʜʦʨʦʜ (ʅ). ɺ ʩʚʷʟʠ ʩ 
ʦʪʱʝʧʣʝʥʠʝʤ ʚʦʜʳ ʘʤʠʥʦʢʠʩʣʦʪʳ ʚ ʩʦʩʪʘʚʝ ʙʝʣʢʘ ʥʘʟʳʚʘʶʪ ʘʤʠʥʦʢʠʩ-
ʣʦʪʥʳʤʠ ʦʩʪʘʪʢʘʤʠ. ɹʦʢʦʚʳʝ ʛʨʫʧʧʳ ʫ ʨʘʟʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ʨʘʟʥʳʝ. ʋ 
ʦʜʥʠʭ ʦʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʘʪʦʤʦʤ ʚʦʜʦʨʦʜʘ, ʢʘʢ ʫ ʛʣʠʮʠʥʘ, ʫ ʜʨʫʛʠʭ, ʥʘ-
ʧʨʠʤʝʨ, ʫ ʬʝʥʠʣʘʣʘʥʠʥʘ ï ʬʝʥʦʣʴʥʦʡ ʛʨʫʧʧʦʡ. ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʦ-
ʣʝʢʫʣʘ ʛʦʨʤʦʥʘ ʚʘʟʦʧʨʝʩʩʠʥʘ. ʆʥʘ ʩʦʩʪʦʠʪ ʠʟ 9 ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪ-
ʢʦʚ. 

 
ʈʠʩʫʥʦʢ 6.4 ï ʄʦʣʝʢʫʣʘ ʚʘʟʦʧʨʝʩʩʠʥʘ: ʘ ï ʚ ʚʠʜʝ ʩʪʨʫʢʪʫʨʥʦʡ ʬʦʨʤʫʣʳ; 
ʙ ï ʟʘʧʠʩʘʥʥʘʷ ʩ ʧʦʤʦʱʴʶ ʪʨʝʭʙʫʢʚʝʥʥʦʡ ʩʠʤʚʦʣʠʢʠ; ʚ ï ʟʘʧʠʩʘʥʥʘʷ ʩ 
ʧʦʤʦʱʴʶ ʦʜʥʦʙʫʢʚʝʥʥʦʡ ʩʠʤʚʦʣʠʢʠ. ʃʠʥʠʷ, ʩʦʝʜʠʥʷʶʱʘʷ ʩʠʤʚʦʣʳ 
ʦʩʪʘʪʢʦʚ ʮʠʩʪʝʠʥʘ, ʦʟʥʘʯʘʝʪ ʥʘʣʠʯʠʝ ʤʝʞʜʫ ʥʠʤʠ ʜʠʩʫʣʴʬʠʜʥʦʛʦ ʤʦʩ-
ʪʠʢʘ; ʚ ʧʫʥʢʪʠʨʦʤ ʦʚʘʣʝ ʦʙʦʟʥʘʯʝʥ rʧʝʧʪʠʜʥʳʝ ʩʚʷʟʠ. 

ʅʘ ʨʠʩʫʥʢʝ ʭʦʨʦʰʦ ʚʠʜʥʳ ʙʦʢʦʚʳʝ ʮʝʧʠ ʪʠʨʦʟʠʥʘ, ʬʝʥʠʣʘʣʘʥʠ-
ʥʘ, ʛʣʶʪʘʤʠʥʘ, ʘʩʧʘʨʘʛʠʥʘ, ʧʨʦʣʠʥʘ, ʘʨʛʠʥʠʥʘ. ɼʚʝ ʤʦʣʝʢʫʣʳ ʮʠʩʪʝʠʥʘ 
ʦʙʨʘʟʦʚʘʣʠ ʜʠʩʫʣʴʬʠʜʥʫʶ ʩʚʷʟʴ -S-S-. ʄʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʦʞʥʦʩʪʴ 
ʚʩrʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʤʦʣʝʢʫʣ ʙʝʣʢʘ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʠ 
ʪʳʩʷʯ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ. ʅʘʧʨʠʤʝʨ, ʤʦʣʝʢʫʣʘ ʤʠʦʟʠʥʘ ʩʦʩʪʦʠʪ 
ʠʟ 858 ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ, ʢʦʣʣʘʛʝʥʘ 959, ʛʣʶʪʝʣʠʥʘ ʧʰʝʥʠʮʳ 
ʙʦʣʝʝ 2500.  

ʘ 

ʙ ʚ 
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ʇʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʘʤʠʥʦʢʠʩʣʦʪʳ ʜʝʣʷʪ ʥʘ ʩʣʝʜʫʶʱʠʝ 
ʛʨʫʧʧʳ: ʤʦʥʦʘʤʠʥʦ-ʤʦʥʦʢʘʨʙʦʥʦʚʳʝ, ʤʦʥʦʘʤʠʥʦ-ʜʠʢʘʨʙʦʥʦʚʳʝ, ʜʠʘ-
ʤʠʥʦ-ʤʦʥʦʢʘʨʙʦʥʦʚʳʝ, ʩʝʨʫʩʦʜʝʨʞʘʱʠʝ ʘʤʠʥʦʢʠʩʣʦʪʳ. 

 

 
ʇʨʦʜʫʢʪʳ ʦʙʤʝʥʘ ʩʝʨʫʩʦʜʝʨʞʘʱʠʭ ʘʤʠʥʦʢʠʩʣʦʪ 

  
ʮʠʩʪʠʥ ʊʘʫʨʠʥ 
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ʇʨʦʚʝʨʦʯʥʳʝ ʚʦʧʨʦʩʳ ʠ ʣʠʪʝʨʘʪʫʨʫ ʩʤ. ʥʘ ʩʪʨʘʥʠʮʝ 261. 
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ɻʣʘʚʘ 7. ʄʠʥʝʨʘʣʴʥʳʝ ʚʝʱʝʩʪʚʘ 

ʉʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʞʠʚʦʪʥʳʝ ʥʫʞʜʘʶʪʩʷ ʚ ʩʣʝʜʫʶʱʠʭ ʤʠ-

ʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚʘʭ: ʢʘʣʴʮʠʠ, ʬʦʩʬʦʨʝ, ʤʘʛʥʠʠ, ʢʘʣʠʠ, ʩʝʨʝ, ʥʘʪʨʠʠ, 

ʭʣʦʨʝ. ʕʪʠ ʚʝʱʝʩʪʚʘ ʪʨʝʙʫʶʪʩʷ ʚ ʛʨʘʤʤʘʭ ʥʘ ʢʛ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʥʘ-

ʟʳʚʘʶʪʩʷ ʤʘʢʨʦʵʣʝʤʝʥʪʘʤʠ. ɸ ʪʘʢ ʞʝ ʚ ʞʝʣʝʟʝ, ʤʝʜʠ, ʮʠʥʢʝ, ʩʝʣʝʥʝ, 

ʡʦʜʝ, ʤʘʨʛʘʥʮʝ, ʢʦʙʘʣʴʪʝ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪʩʷ ʚ ʤʠʣʣʠʛʨʘʤʤʘʭ ʠ ʥʘʟʳ-

ʚʘʶʪʩʷ ʤʠʢʨʦʵʣʝʤʝʥʪʘʤʠ. ʍʨʦʤ ʪʘʢ ʞʝ ʧʨʠʟʥʘʥ ʦʙʷʟʘʪʝʣʴʥʳʤ ʵʣʝʤʝʥ-

ʪʦʤ. ʂʦʙʘʣʴʪ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʩʠʥʪʝʟʘ ʚʠʪʘʤʠʥʘ ɺ12. ɽʩʪʴ ʦʪʜʝʣʴʥʳʝ ʩʦ-

ʦʙʱʝʥʠʷ, ʯʪʦ ʤʳʰʴʷʢ, ʙʨʦʤ, ʬʪʦʨ, ʤʦʣʠʙʜʝʥ, ʥʠʢʝʣʴ, ʢʨʝʤʥʠʡ, ʚʘʥʘʜʠʡ 

ʠʤʝʶʪ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. ʅʦ ʦʥʠ ʪʨʝʙʫʶʪʩʷ ʚ ʪʘʢʠʭ ʥʝʟʥʘʯʠ-

ʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʭ ʢʦʥʪʨʦʣʷ ʚ ʨʘʮʠʦʥʝ ʧʦʢʘ ʥʝ 

ʜʦʢʘʟʘʥʘ. 

ɺʩʝ ʤʠʥʝʨʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ, ʧʦʤʠʤʦ ʫʯʘʩʪʠʷ ʚ ʩʦʩʪʘʚʝ ʥʝʢʦʪʦ-

ʨʳʭ ʪʢʘʥʝʡ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʚ ʢʦʩʪʷʢʝ, ʚʳʧʦʣʥʷʶʪ ʚʘʞʥʳʝ ʨʝʛʫʣʷʪʦʨʥʳʝ 

ʬʫʥʢʮʠʠ ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʬʝʨʤʝʥʪʦʚ. ɾʝʣʝʟʦ ʚʭʦʜʠʪ ʚ 

ʩʦʩʪʘʚ ʛʝʤʦʛʣʦʙʠʥʘ ʢʨʦʚʠ, ʥʘʪʨʠʡ ʠ ʢʘʣʠʡ ʫʯʘʩʪʚʫʶʪ ʚ Na
+
K

+ 
- ʥʘʩʦʩʝ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʤ ʤʝʤʙʨʘʥʥʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʢʣʝʪʦʢ. ʌʦʩ-

ʬʦʨ ʚʭʦʜʠʪ ʚ ʚʘʞʥʝʡʰʠʝ ʩʪʨʫʢʪʫʨʳ ʦʨʛʘʥʠʟʤʘ: ʘʜʝʥʦʟʠʥʪʨʠʬʦʩʬʘʪ 

(ɸʊʌ), ɼʅʂ, ʈʅʂ ʠ ʜʨ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʚʦʟʨʘʩʪʘʶʱʠʭ ʤʘʩʰʪʘʙʘʭ 

ʚʥʝʜʨʷʶʪʩʷ ʠʥʪʝʥʩʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠ ʦʪʩʫʪʩʚʠʠ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ 

ʞʠʚʦʪʥʳʭ ʩ ʝʩʪʝʩʪʚʝʥʥʦʡ ʩʨʝʜʦʡ ï ʧʦʯʚʦʡ, ʨʘʩʪʠʪʝʣʴʥʳʤ ʠ ʞʠʚʦʪʥʳʤ 

ʤʠʨʦʤ. ʇʦʵʪʦʤʫ ʦʙʝʩʧʝʯʝʥʠʝ ʤʘʢʨʦʵʣʝʤʝʥʪʘʤʠ (Ca, P, Mg, K) ʦʩʫʱʝʩʪ-

ʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʢʦʨʤʦʚ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʜʦʙʘʚʦʢ, ʤʠʢʨʦʵʣʝʤʝʥʪʘʤʠ ï 

ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ ʟʘ ʩʯʝʪ ʧʨʝʤʠʢʩʦʚ.  

7.1. ʄʘʢʨʦʵʣʝʤʝʥʪʳ 

ʂʘʣʴʮʠʡ. ʗʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʩʪʨʫʢʪʫʨʥʳʤ ʵʣʝʤʝʥʪʦʤ ʢʦʩʪʥʦʡ 

ʪʢʘʥʠ, ʫʯʘʩʪʚʫʝʪ ʚ ʨʝʛʝʥʝʨʘʮʠʠ ʧʦʪʝʥʮʠʘʣʘ ʜʝʡʩʪʚʠʷ ʚ ʥʝʨʚʥʳʭ ʠ ʤʳ-

ʰʝʯʥʳʭ ʢʣʝʪʢʘʭ, ʚ ʩʠʥʘʧʩʘʭ, ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʤʳʰʝʯʥʦʤ ʩʦ-

ʢʨʘʱʝʥʠʠ. 

ʌʦʩʬʦʨ. ʂʘʢ ʠ ʢʘʣʴʮʠʡ ʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʥʳʤ ʵʣʝʤʝʥʪʦʤ ʢʦʩʪ-

ʥʦʡ ʪʢʘʥʠ, ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʦʙʤʝʥʝ, ʢʘʢ ʢʦʤʧʦʥʝʥʪ 

ɸʊʌ ʚ ʩʦʩʪʘʚʝ ɼʅʂ ʠ ʈʅʂ, ʬʝʨʤʝʥʪʦʚ , ʬʦʩʬʦʣʠʧʠʜʦʚ ʠ ʬʦʩʬʦʧʨʦʪʝʠ-

ʥʦʚ. 

ʉʠʤʧʪʦʤʳ ʜʝʬʠʮʠʪʘ ʢʘʣʴʮʠʷ ʠ ʬʦʩʬʦʨʘ ʩʭʦʜʥʳ ʩ ʩʠʤʧʪʦʤʘʤʠ 

ʜʝʬʠʮʠʪʘ ʚʠʪʘʤʠʥʘ D. ʆʥʠ ʚʢʣʶʯʘʶʪ ʜʝʧʨʝʩʩʠʶ ʨʦʩʪʘ, ʧʣʦʭʫʶ ʤʠʥʝ-

ʨʘʣʠʟʘʮʠʶ ʢʦʩʪʝʡ, ʧʨʠʚʦʜʷʱʫʶ ʢ ʨʘʭʠʪʫ ʫ ʤʦʣʦʜʥʷʢʘ ʠ ʦʩʪʝʦʤʘʣʷʮʠʠ ʫ 

ʚʟʨʦʩʣʳʭ, ʧʘʨʘʣʠʯʫ ʟʘʜʥʠʭ ʥʦʛ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʢ ʢʦʥʮʫ ʣʘʢʪʘʮʠʠ. 

ʅʘʪʨʠʡ. ʆʩʥʦʚʥʦʡ ʢʘʪʠʦʥ ʚʥʝʢʣʝʪʦʯʥʦʡ ʞʠʜʢʦʩʪʠ, ʫʯʘʩʪʚʫʝʪ ʚ 

ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʘ ʢʘʣʠʡ-ʥʘʪʨʠʝʚʦʛʦ ʥʘʩʦʩʘ, ʦʙʨʘʟʦʚʘʥʠʠ ʠ ʧʨʦʚʝʜʝ-

ʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ ʚ ʥʝʨʚʥʦʡ ʠ ʤʳʰʝʯʥʦʡ ʪʢʘʥʠ, ʫʯʘʩʪʚʫ-
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ʝʪ ʚ ʧʦʜʜʝʨʞʘʥʠʠ ʢʠʩʣʦʪʥʦ-ʱʝʣʦʯʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʚ ʞʠʜʢʦʩʪʷʭ ʦʨʛʘ-

ʥʠʟʤʘ. 

ʍʣʦʨ. ʗʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʚʥʝʢʣʝʪʦʯʥʳʤ ʘʥʠʦʥʦʤ ʦʨʛʘʥʠʟʤʘ, 

ʢʦʤʧʦʥʝʥʪʦʤ ʞʝʣʫʜʦʯʥʦʛʦ ʩʦʢʘ ʚ ʩʦʩʪʘʚʝ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ. ʗʚʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʳʤ ʚʝʱʝʩʪʚʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʢʠʩʣʦʪʥʦ-ʱʝʣʦʯʥʦʝ ʨʘʚʥʦʚʝ-

ʩʠʝ. 

ɼʝʬʠʮʠʪ ʥʘʪʨʠʷ ʠ ʭʣʦʨʘ ʚʳʟʳʚʘʝʪ ʩʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ. 

ʏʨʝʟʤʝʨʥʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʠʭ ʚ ʚʦʜʝ ʠʣʠ ʢʦʨʤʝ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ 

ʪʦʢʩʠʢʦʟ, ʚʳʨʘʞʘʶʱʠʡʩʷ ʥʝʨʚʦʟʥʦʩʪʴʶ, ʩʣʘʙʦʩʪʴʶ, ʵʧʠʣʝʧʩʠʝʡ, ʧʘʨʘ-

ʣʠʯʦʤ ʠ ʛʠʙʝʣʴʶ ʞʠʚʦʪʥʳʭ. 

ʂʘʣʠʡ. ɻʣʘʚʥʳʡ ʢʘʪʠʦʥ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʞʠʜʢʦʩʪʠ. ʂʘʢ ʠ ʥʘ-

ʪʨʠʡ ʫʯʘʩʪʚʫʝʪ ʚ ʨʝʛʝʥʝʨʘʮʠʠ ʧʦʪʝʥʮʠʘʣʘ ʜʝʡʩʪʚʠʷ, ʚ ʧʦʜʜʝʨʞʘʥʠʠ ʱʝ-

ʣʦʯʥʦʛʦ ʨʝʟʝʨʚʘ ʦʨʛʘʥʠʟʤʘ. ʉʠʤʧʪʦʤʳ ʜʝʬʠʮʠʪʘ ʢʘʣʠʷ: ʘʥʦʨʝʢʩʠʷ (ʦʪ-

ʢʘʟ ʦʪ ʢʦʨʤʘ), ʠʩʪʦʱʝʥʠʝ, ʛʨʫʙʳʡ ʚʦʣʦʩʷʥʦʡ ʧʦʢʨʦʚ, ʧʘʩʩʠʚʥʦʩʪʴ, ʘʪʘʢ-

ʩʠʷ, ʩʥʠʞʝʥʠʝ ʯʘʩʪʦʪʳ ʧʫʣʴʩʘ. 

ʄʘʛʥʠʡ. ʗʚʣʷʝʪʩʷ ʢʦʬʘʢʪʦʨʤ ʤʥʦʛʠʭ ʬʝʨʤʝʥʪʦʚ, ʠʛʨʘʝʪ ʚʘʞʥʫʶ 

ʨʦʣʴ ʚ ʘʢʪʠʚʘʮʠʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ, ʩʦʟʜʘʥʠʠ ʠ ʧʨʦʚʝ-

ʜʝʥʠʠ ʥʝʨʚʥʳʭ ʠʤʧʫʣʴʩʦʚ, ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʢʦʩʪʥʦʡ ʪʢʘʥʠ. ʉʠʤʧʪʦʤʳ 

ʜʝʬʠʮʠʪʘ ʤʘʛʥʠʷ, ʚʳʷʚʣʝʥʳ ʥʘ ʩʠʥʪʝʪʠʯʝʩʢʦʤ ʨʘʮʠʦʥʝ: ʩʚʝʨʭʨʘʟʜʨʘ-

ʞʠʤʦʩʪʴ, ʩʫʜʦʨʦʛʠ ʤʫʩʢʫʣʦʚ, ʥʝʞʝʣʘʥʠʝ ʩʪʦʷʪʴ ʥʘ ʥʦʛʘʭ, ʥʝʫʩʪʦʡʯʠ-

ʚʦʩʪʴ, ʪʝʪʘʥʠʷ ʠ ʩʤʝʨʪʴ. 

ʀʩʪʦʯʥʠʢʠ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ 

ʂʦʨʤʘ. ɿʝʨʥʦʚʳʝ ʢʦʨʤʘ, ʢʘʢ ʦʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʢʦʤʙʠʢʦʨʤʦʚ 

ʜʣʷ ʩʚʠʥʝʡ ʠ ʧʪʠʮ, ʦʯʝʥʴ ʤʘʣʦ ʩʦʜʝʨʞʘʪ ʢʘʣʴʮʠʷ (0,3-0,5 ʛ/ʢʛ), ʢʦʪʦʨʳʡ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʥʦʩʠʪ ʩʢʦʣʴʢʦ-ʥʠʙʫʜʴ ʟʘʤʝʪʥʦʛʦ ʚʢʣʘʜʘ ʚ ʙʘʣʘʥʩ ʉʘ 

ʨʘʮʠʦʥʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʟʝʨʥʦʚʳʝ ʷʚʣʷʶʪʩʷ ʙʦʛʘʪʳʤʠ ʠʩʪʦʯʥʠʢʘʠ ʬʦʩ-

ʬʦʨʘ, ʝʛʦ ʢʦʣʠʯʝʩʪʚʦ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 2,5 ʜʦ 4 ʛ ʚ ʢʛ ʟʝʨʥʘ (ʪʘʙʣ.7.1). ʆʜʥʘ-

ʢʦ ʬʦʩʬʦʨ ʚ ʟʝʨʥʝ ʧʨʦʯʥʦ ʩʚʷʟʘʥ ʩ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʠ ʦʢʘʟʳʚʘʝʪʩʷ 

ʥʝʜʦʩʪʫʧʥʳʤ ʜʣʷ ʚʩʘʩʳʚʘʥʠʷ ʚ ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʤ ʪʨʘʢʪʝ ʩʚʠʥʝʡ ʠ ʧʪʠʮ. 

ʀʟ ʟʝʨʥʘ ʠ ʞʤʳʭʦʚ ʫʩʚʦʝʥʠʝ ʬʦʩʬʦʨʘ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 20-30% ʦʪ 

ʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚ ʵʪʠʭ ʢʦʨʤʘʭ. ɼʣʷ ʦʩʚʦʙʦʞʜʝʥʠʷ ʬʦʩʬʦʨʘ ʠʟ ʬʠʪʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʧʨʠʤʝʥʷʶʪ ʬʝʨʤʝʥʪ ʬʠʪʘʟʫ, ʜʦʙʘʚʣʷʝʤʫʶ ʚ ʢʦʤʙʠʢʦʨʤ ʚ ʢʦ-

ʣʠʯʝʩʪʚʝ 0,1-0,2 ʢʛ ʥʘ ʪʦʥʥʫ. ʅʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʦʩʚʦʙʦʞʜʘʝʪʩʷ 60-70% ʬʦʩʬʦʨʘ ʨʘʥʝʝ ʩʚʷʟʘʥʥʦʛʦ ʩ ʬʠʪʘʪʦʤ. ʉʝ-

ʣʝʢʮʠʦʥʝʨʳ ʥʘʩʪʦʡʯʠʚʦ ʨʘʙʦʪʘʶʪ ʥʘʜ ʩʦʟʜʘʥʠʝʤ ʥʠʟʢʦ- ʠ ʙʝʟʬʠʪʠʥʦ-

ʬʳʭ ʩʦʨʪʦʚ ʠ ʛʠʙʨʠʜʦʚ ʟʣʘʢʦʚʳʭ ʢʫʣʴʪʫʨ. ʀʩʧʳʪʘʥʠʷ ʥʘ ʩʚʠʥʴʷʭ ʠ 

ʙʨʦʡʣʝʨʘʭ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫʩʚʦʝʥʠʝ ʬʦʩʬʦʨʘ ʠʟ ʥʠʟʢʦʬʠʪʠʥʦʚʦʡ ʢʫʢʫʨʫ-

ʟʳ ʧʦʚʳʩʠʣʦʩʴ ʜʦ 80-90%. ʉʦʟʜʘʥʠʝ ʪʘʢʠʭ ʩʦʨʪʦʚ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝ-

ʥʠʝ ʥʝ ʪʦʣʴʢʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʫʣʫʯʰʝʥʠʷ ʬʦʩʬʦʨʥʦʛʦ ʧʠʪʘʥʠʷ ʞʠʚʦʪ-

ʥʳʭ, ʥʦ ʪʘʢʞʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʥʠʞʝʥʠʷ ʟʘʛʨʷʟʥʝʥʠʷ ʦʨʢʫʞʘʶʱʝʡ ʩʪʨʝ-

ʜʳ ʥʝʧʝʨʝʚʘʨʝʥʥʳʤ ʬʦʩʬʦʨʦʤ.  
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ʈʘʩʪʠʪʝʣʴʥʳʝ ʢʦʨʤʘ ï ʟʝʣʝʥʘʷ ʤʘʩʩʘ, ʩʝʥʘʞ, ʩʝʥʦ ʠʟ ʣʶʮʝʨʥʳ ʩʦ-

ʜʝʨʞʘʪ ʤʥʦʛʦ ʢʘʣʴʮʠʷ (14-16 ʛ/ʢʛ ʉɺ), ʠ ʬʦʩʬʦʨʘ 2,8-3,5 ʛ/ʢʛ ʉɺ. ʉʝʥʦ, 

ʩʝʥʘʞ, ʩʠʣʦʩ ʠ ʪʨʘʚʘ ʟʣʘʢʦʚʳʭ ʢʫʣʴʪʫʨ ʥʝ ʪʘʢ ʙʦʛʘʪʳ ʬʦʩʬʦʨʦʤ, ʢʘʢ ʙʦ-

ʙʦʚʳʝ, ʥʦ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ ʤʝʞʜʫ ʉʘ:ʈ ʜʣʷ ʞʚʘʯʥʳʭ ʞʠʚʦʪʥʳʭ ʦʥʠ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ. 

ɹʦʛʘʪʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʢʘʣʴʮʠʷ ʠ ʬʦʩʬʦʨʘ ʷʚʣʷʶʪʩʷ ʢʦʨʤʘ ʞʠ-

ʚʦʪʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʨʳʙʥʘʷ ʤʫʢʘ. ʅʦ ʵʪʠ ʢʦʨʤʘ ʜʦʨʦʛʠʝ, 

ʧʦʵʪʦʤʫ ʠʭ ʠʩʧʦʣʟɹʫʶʪ, ʚ ʦʩʥʦʚʥʦʤ, ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʝʩʪʘʨʪʝʨʥʳʭ ʠ 

ʩʪʘʨʪʝʥʳʭ ʢʦʨʤʦʚ ʜʣʷ ʧʦʨʦʩʷʪ, ʮʳʧʣʷʪ, ʪʝʣʷʪ. 

ʊʘʙʣʠʮʘ 7.1 ï ʉʦʜʝʨʞʘʥʠʝ ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʢʦʨʤʘʭ, ʛ/ʢʛ ʉɺ 

ʂʦʨʤʘ Ca P Mg S K Na Cl 

ʉʠʣʦʩ ʢʫʢʫʨ. 2,6 2,5 1,6 1,0 11,0 0,1 1,7 

ʉʝʥʦ ʩʫʜʘʥʢʠ 4,9 2,7 1,9 4,8 18 1,7 6,7 

ʉʝʥʦ ʣʶʮ. 14,7 2,8 2,9 2,6 23,7 1,0 6,5 

ɾʦʤ ʩʫʭʦʡ 9,1 0,9 2,3 3,0 9,6 3,1 1,8 

ʂʫʢʫʨʫʟʘ 0,4 3,0 1,2 1,0 4,2 0,2 0,8 

ʗʯʤʝʥʴ 0,6 3,9 1,4 1,2 5,6 0,2 1,3 

ɾʤʳʭ ʩʦʝʚ. 3,6 6,6 3,0 3,4 21,2 0,4 1,0 

ʇʘʪʦʢʘ 1,5 0,3 2,9 3,6 60,6 14,8 - 

ʆʪʨʫʙʠ 1,3 11,8 5,3 2,1 13,2 0,4 1,6 

ʈʳʙʥʘʷ ʤʫʢʘ 24 17,6 1,8 6,9 10,1 6,1 11,2 
 

ɹʘʣʘʥʩʠʨʦʚʘʥʠʝ ʨʘʮʠʦʥʦʚ ʢʦʨʦʚ ʧʦ ʜʦʩʪʫʧʥʳʤ ʤʠʥʝʨʘʣʴʥʳʤ 

ʚʝʱʝʩʪʚʘʤ 

ʇʨʠ ʙʘʣʘʥʩʠʨʦʚʘʥʠʠ ʨʘʮʠʦʥʦʚ ʧʦ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʘʤ ʥʝ-

ʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʠʭ ʫʩʚʦʷʝʤʦʩʪʴ ʠʟ ʢʦʨʤʦʚ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʧʨʝʧʘʨʘ-

ʪʦʚ. ʉʘ ʠʟ ʦʙʲʝʤʠʩʪʳʭ ʢʦʨʤʦʚ ʫʩʚʘʠʚʘʝʪʩʷ ʫ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ʥʘ 

30%, ʠʟ ʢʦʥʮʝʥʪʨʘʪʦʚ ï 60%. ɹʠʦʜʦʩʪʫʧʥʦʩʪʴ ʬʦʩʬʦʨʘ ʩʦʩʪʘʚʣʷʝʪ 64% 

ʠʟ ʦʙʲʝʤʠʩʪʳʭ ʢʦʨʤʦʚ ʠ 70% ʠʟ ʢʦʥʮʝʥʪʨʘʪʦʚ. ʆʩʦʙʝʥʥʦ ʩʠʣʴʥʦ ʜʠʩʙʘ-

ʣʘʥʩ ʤʠʥʝʨʘʣʦʚ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʟʜʦʨʦʚʴʝ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʢʦʨʦʚ ʚ ʧʝʨʝ-

ʭʦʜʥʳʡ ʧʝʨʠʦʜ. ɿʘʙʦʣʝʚʘʥʠʝ ʢʦʨʦʚ ʨʦʜʠʣʴʥʳʤ ʧʘʨʝʟʦʤ ʩʚʷʟʘʥʥʦ ʩ ʛʠ-

ʧʦʢʘʣʴʮʝʤʠʝʡ ʠ ʦʪʢʣʦʥʝʥʠʝʤ ʦʪ ʥʦʨʤʘʪʠʚʥʦʛʦ ʢʘʪʠʦʥʥʦ-ʘʥʠʦʥʥʦʛʦ ʙʘ-

ʣʘʥʩʘ. ʅʝʦʙʭʦʜʠʤʦ ʚʥʠʤʘʪʝʣʴʥʦ ʦʪʥʦʩʠʪʴʩʷ ʢ ʙʘʣʘʥʩʠʨʦʚʘʥʠʶ ʨʘʮʠʦ-

ʥʦʚ ʧʦ ʤʠʥʝʥʨʘʣʴʥʳʤ ʚʝʱʝʩʪʚʘʤ ʚ ʧʨʝʜʨʦʜʦʚʦʡ 21-0 ʜʥ. ʠ ʧʦʩʣʝʨʦʜʦ-

ʚʦʡ 0-21 ʜʥ. ʧʝʨʠʦʜʳ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʩʜʝʣʘʝʤ ʦʮʝʥʢʫ ʥʠʞʝ ʧʨʝʜ-

ʩʪʘʚʣʝʥʥʦʛʦ ʨʘʮʠʦʥʘ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʥʦʨʤʘʤ ʧʦʪʨʝʙʥʦʩʪʠ ʢʦʨʦʚ ʚ ʧʝ-

ʨʠʦʜ 21-0 ʜʥ. ʜʦ ʦʪʝʣʘ ʠ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʠʟʚʝʜʝʤ ʝʛʦ ʢʦʨʨʝʢʪʠ-

ʨʦʚʢʫ ʧʦ ʤʘʢʨʦʵʣʝʤʝʥʪʘʤ ʠ ʢʘʪʠʦʥʥʦ-ʘʥʠʦʥʥʦʤʫ ʙʘʣʘʥʩʫ. 

ɺ ʢʛ ʉɺ ʨʘʮʠʦʥʘ ʠʤʝʝʪʩʷ ʠʟʙʳʪʦʢ ʂ, ʥʝʜʦʩʪʘʸʪ ʚ ʨʘʟʥʦʡ ʤʝʨʝ ʢʦ-

ʣʠʯʝʩʪʚ ʦʩʪʘʣʴʥʳʭ ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ ʜʦ ʥʦʨʤ ʧʦʪʨʝʙʥʦʩʪʠ (ʪʘʙʣ. 7.2). 

ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʥʝʜʦʩʪʘʪʢʘ ʢʘʣʴʮʠʷ ʠ ʬʦʩʬʦʨʘ ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ 1 ʛ 

ʤʦʥʦʢʘʣʴʮʠʡʬʦʩʬʘʪʘ (ʈ=0,211Ĭ1=0,2; ʉʘ=0,17Ĭ1=0,17) ʠ 3 ʛ ʤʝʣʘ 

(ʉʘ=0,385Ĭ3=1,16). ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʦʜʝʨʞʘʥʠʝ ʬʦʩʬʦʨʘ ʚ ʢʛ ʉɺ ʨʘʮʠʦʥʘ 
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ʩʦʩʪʘʚʠʣʦ: ʈ=2,1+0,2=2,3; ʩʦʜʝʨʞʘʥʠʝ ʢʘʣʴʮʠʷ: ʉʘ=3,3+0,17+1,16= 4,63. 

ɼʣʷ ʧʦʢʨʳʪʠʷ ʜʝʬʠʮʠʪʘ 1 ʛ Na ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʚ ʨʘʮʠʦʥ 2,6 ʛ ʧʦʚʘ-

ʨʝʥʥʦʡ ʩʦʣʠ, ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪ 39,5% ʥʘʪʨʠʷ ʠ 59% ʭʣʦʨʘ 

(Na=0,395Ĭ2,6=1,03; Cl=0,59Ĭ2,6=1,53). ʉʦʜʝʨʞʘʥʠʝ ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ ʚ 

ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚʘʭ ʚ ʪʘʙʣʠʮʝ 7.3. 

ʊʘʙʣʠʮʘ 7.2 ï ʉʦʜʝʨʞʘʥʠʝ ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʨʘʮʠʦʥʝ ʢʦʨʦʚ ʚ ʧʨʝʜʦ-

ʪʝʣʴʥʳʡ ʧʝʨʠʦʜ 21-0 ʜʥ., ʚ 1 ʢʛ ʉɺ 

ʂʦʨʤʘ % ʉɺ ʢʛ/ʢʛ 

ʉɺ 

Ca P Mg S K Na Cl 

ʉʠʣʦʩ ʢʫʢʫʨ. 28,0 0,280 0,73 0,70 0,45 0,28 3,08 0,03 0,48 

ʉʝʥʘʞ ʣʶʮ. 28,0 0,280 
5,30 1,01 1,05 0,94 8,56 0,28 2,35 

ʉʝʥʦ ʣʶʮ. 8,1 0,081 

ɾʦʤ ʩʫʭʦʡ 8,7 0,087 0,79 0,08 0,20 0,26 0,83 0,27 0,16 

ʂʫʢʫʨʫʟʘ 8,5 0,085 0,03 0,26 0,10 0,09 0,36 0,02 0,07 

ʗʯʤʝʥʴ 3,2 0,032 0,02 0,13 0,04 0,04 0,18 0,01 0,04 

ɾʤʳʭ ʩʦʝʚ. 8,7 0,087 0,31 0,57 0,26 0,30 1,84 0,03 0,09 

ʇʘʪʦʢʘ 2,2 0,022 0,03 0,01 0,06 0,08 1,33 0,33 - 

ʆʪʨʫʙʠ ʧʰʝʥ. 3,6 0,036 0,05 0,42 0,19 0,08 0,48 0,01 0,06 

ʇʨʝʤʠʢʩ 1,0 0,010 - - - - - - - 

ʀʪʦʛʦ 100 1000 7,26 3,18 2,35 2,04 16,66 0,98 3,25 

ʋʩʚʦʷʝʤʦʩʪʴ,% Ĭ Ĭ 45 67 - - 95 80 90 

ʉʦʜʝʨʞʘʥʠʝ ʫʩ-

ʚʦʷʝʤʳʭ  

Ĭ Ĭ 3,3 2,1 - - 15,8 0,8 2,9 

ʅʦʨʤʳ ʧʦʪʨʝʙʥʦ-

ʩʪʠ, ʫʩʚʦʷʝʤʳʭ 

Ĭ Ĭ 4,6 2,3 3,8 3,0 13,0 1,8 8,0 

ɼʝʬʠʮʠʪ-ʠʟʙʳʪʦʢ 

Ñ 

Ĭ Ĭ -1,3 -0,2 -1,45 -0,96 2,8 -1,0 -5,1 

ɼʦʙʘʚʢʠ, ʛ Ĭ Ĭ 1,34 0,2 1,45 1,97  1,03 1,53 

ʠʪʦʛʦ Ĭ Ĭ 4,64 2,3 3,8 4,01 15,8 1,83 4,43 
 

ɺʳʩʦʢʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʭʣʦʨʝ ʜʣʷ ʢʦʨʦʚ ʚ ʧʨʝʜʦʪʝʣʴʥʳʡ ʧʝʨʠʦʜ 

21-0 ʜʥʝʡ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʦʜʜʝʨʞʘʥʠʷ ʢʘʪʠʦʥʥʦ-

ʘʥʠʦʥʥʦʛʦ ʙʘʣʘʥʩʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʦʨʤʦʡ, ʨʘʚʥʦʡ 0-(-10) ʤʛ ʵʢʚ/100 ʛ 

ʉɺ, ʪ.ʝ. ʘʥʠʦʥʳ ʜʦʣʞʥʳ ʧʨʝʚʳʰʘʪʴ ʢʘʪʠʦʥʳ (ʩʤ. ʥʦʨʤʳ ʪʘʙʣ. 18.1) 

ɼʘʣʴʥʝʡʰʝʝ ʧʦʚʳʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʭʣʦʨʘ ʜʦ ʥʦʨʤʳ ʟʘ ʩʯʝʪ NaCl 

ʙʫʜʝʪ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʧʦʚʳʰʝʥʠʝʤ ʢʘʪʠʦʥʘ Na
+
, ʯʪʦ ʥʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ. 

ʅʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʜʨʫʛʠʝ ʠʩʪʦʯʥʠʢʠ ʘʥʠʦʥʦʚ, ʢʦʪʦʨʳʤʠ ʤʦʞʝʪ ʙʳʪʴ ʥʝ 

ʪʦʣʴʢʦ Cl
-
, ʥʦ ʠ S

2-
. ʋʯʠʪʳʚʘʷ ʥʝʜʦʩʪʘʪʦʢ ʤʘʛʥʠʷ ʠ ʩʝʨʳ, ʠʭ ʢʦʤʧʝʥʩʘ-

ʮʠʶ ʤʦʞʥʦ ʧʨʦʠʟʚʝʩʪʠ ʟʘ ʩʯʝʪ ʩʫʣʴʬʘʪʘ ʤʘʛʥʠʷ (MgSO4Ŀ7H2O). ʉʦʜʝʨ-

ʞʘʥʠʷ Mg ʠ S ʚ ʵʪʦʤ ʧʨʝʧʘʨʘʪʝ ʩʦʩʪʘʚʣʷʝʪ 9,6% ʠ 13,04% ʩʦʦʪʚʝʪʩʪʚʝʥ-

ʥʦ. ʉ ʜʦʙʘʚʢʦʡ 15 ʛ ʩʫʣʴʬʘʪʘ ʤʘʛʥʠʷ ʚ ʢʛ ʉɺ ʨʘʮʠʦʥʘ ʧʦʩʪʫʧʠʪ: 

0,096Ĭ15=1,45 ʛ Mg ʠ: 0,1304Ĭ15=1,97 ʛ S. ʊʝʧʨʝʴ ʨʘʩʩʯʠʪʘʝʤ ʢʘʪʠʦʥʥʦ-

ʘʥʠʦʥʥʳʡ ʙʘʣʘʥʩ. 
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ʊʘʙʣʠʮʘ 7.3 ï ʉʦʜʝʨʞʘʥʠʝ ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚʘʭ 

ʄʠʥʝʨʘʣʴʥʳʝ ʚʝʱʝʩʪʚʘ ʉʘ, % 
ʈ, % 

Na, % Cl,% ʂ, % Mg, % S, % 
ʦʙʱ. ʜʦʩʪʫʧ. 

ʂʦʩʪʥʘʷ ʤʫʢʘ ʧʨʦʧʘʨʝʥʥʘʷ 29,80 12,50 80-90 0,04 - 0,20 0,30 2,40 

ʄʝʣ (ʫʛʣʝʢʠʩʣʳʡ ʢʘʣʴʮʠʡ 

CaCO3) 38,50 0,02 - 0,08 0,02 0,08 1,61 0,08 

ɼʠʢʘʣʴʮʠʡʬʦʩʬʘʪ (CaHPO4) 20-24 18,50 95-100 0,18 0,47 0,15 0,80 0,80 

ʍʣʦʨʠʩʪʳʡ ʢʘʣʴʮʠʡ ʙʝʟʚʦʜ-

ʥʳʡ, ʯʠʩʪʳʡ ʉʘʉ12
ʭʯʦ

 36,11 - - - 63,89 - - - 

ʄʦʥʦʢʘʣʴʮʠʡʬʦʩʬʘʪ 

[Ca(H2PO4)2] 17,00 21,10 100 0,20 - 0,16 0,90 0,80 

ʊʨʠʢʘʣʴʮʠʡʬʦʩʬʘʪ [Ca3(PO4)2] 32,00 14 80 - - - - - 

ʂʘʣʴʮʠʡ ʩʝʨʥʦʢʠʩʣʳʡ 

(CaSO4Ŀ2H2O) 21,85 - - - - - 0,48 16,19 

ʀʟʚʝʩʪʥʷʢ 35,84 0,01 - 0,06 0,02 0,11 2,06 0,04 

ʄʘʛʥʠʡ ʫʛʣʝʢʠʩʣʳʡ 

[MgCO3ĿMg(OH)2] 0,02 - - - - - 30,20 - 

ʆʢʠʩʴ ʤʘʛʥʠʷ (MgO) 1,69 - - - - 0,02 55,00 0,10 

ʄʘʛʥʠʷ ʩʫʣʴʬʘʪ (MgSO4Ŀ7H2O) 0,02 - - - 0,01 - 9,60 13,04 

ʆʙʝʩʬʪʦʨʝʥʥʳʡ ʬʦʩʬʘʪ 32,00 18,00 85-95 3,27 - 0,10 0,29 0,13 

ʄʦʥʦʘʤʤʦʥʠʡʬʦʩʬʘʪ 

(NH4)H2PO4 0,35 24,20 100 0,20 - 0,16 0,75 1,50 

ʂʘʣʠʡ ʭʣʦʨʠʩʪʳʡ (KCl) 0,05 - - 1,00 46,93 51,37 0,23 0,32 

ʂʘʣʠʡ ʩʝʨʥʦʢʠʩʣʳʡ (K2SO4) 0,15 - - 0,09 1,50 43,04 0,60 17,64 

ʅʘʪʨʠʡ ʜʚʫʫʛʣʝʢʠʩʣʳʡ  

(ʩʦʜʘ) (NaHCO3) - - - 23,30 - - - - 

ʅʘʪʨʠʡ ʫʛʣʝʢʠʩʣʳʡ 

(Na2CO3ĿH2O) 0,01 - - 27,00 - 0,01 - - 

ʅʘʪʨʠʡ ʭʣʦʨʠʩʪʳʡ (NaCl) 0,30 - - 39,50 59,00 - 0,005 0,20 

ʅʘʪʨʠʡ ʬʦʩʬʦʨʥʦʢʠʩʣʳʡ 

(NaH2PO4ĿH2O) - 21,50 100 31,04 - - - - 

ʅʘʪʨʠʡ ʩʝʨʥʦʢʠʩʣʳʡ 

(Na2SO4Ŀ10H2O) - - - 13,80 - - - 9,70 

7.2. ʂʘʪʠʦʥʥʦ-ʘʥʠʦʥʥʳʡ ʙʘʣʘʥʩ (ʂɸɹ) 

ʂɸɹ ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʫʨʘʚʥʝʥʠʶʂɸɹ=(Na+K)-(Cl+S), ʧʨʠ ʵʪʦʤ 

ʢʦʣʠʯʝʩʪʚʦ ʢʘʪʠʦʥʦʚ ʠ ʘʥʠʦʥʦʚ ʚʳʨʘʞʘʶʪ ʚ ʤʠʣʣʠʛʨʘʤʤ-ʵʢʚʠʚʘʣʝʥʪʘʭ 

ʥʘ 100 ʛ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʨʘʮʠʦʥʦʚ. ɺ ʪʘʙʣʠʮʫ ʧʝʨʝʥʦʩʷʪ ʠʪʦʛʦʚʳʝ 

ʮʳʬʨʳ ʩʦʜʝʨʞʘʥʠʷ ʚ 1 ʢʛ ʉɺ ʨʘʮʠʦʥʘ Na
+
, K

+
, Cl

-
, S

2-
 ʚ ʤʛ/100 ʛ ʉɺ. ʂʦ-

ʣʠʯʝʩʪʚʦ ʤʛ ʵʢʚ. ʨʘʩʩʯʠʪʳʚʘʶʪ ʜʝʣʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ 

ʥʘ ʝʛʦ ʘʪʦʤʥʫʶ ʤʘʩʩʫ. ɼʣʷ ʜʚʫʭʚʘʣʝʥʪʥʦʡ ʩʝʨʳ ʢʦʣʠʯʝʩʪʚʦ ʤʛ ʵʢʚ. ʫʜ-

ʚʘʠʚʘʶʪ (ʪʘʙʣ. 7.4). 

ʂɸɹ ʚ ʵʪʦʤ ʚʘʨʠʘʥʪʝ ʨʘʩʯʝʪʦʚ ʦʢʘʟʘʣʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʤ: 

(7,96+40,4)-(12,5+25,0)=48,36-37,5=10,86 ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʢʦʨʦʚ ʚ 

ʧʨʝʜʨʦʜʦʚʦʡ ʧʝʨʠʦʜ ʦʥ ʜʦʣʞʝʥ ʙʳʪʴ ʦʪʨʠʮʘʪʝʣʴʥʳʤ. ʏʪʦʙʳ ʜʦʙʠʪʴʩʷ 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʨʝʟʫʣʴʪʘʪʘ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʙʫʜʝʪ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʢʣʶ-

ʯʠʪʴ ʠʟ ʨʘʮʠʦʥʘ ʧʘʪʦʢʫ (2,2%), ʢʦʪʦʨʘʷ ʦʯʝʥʴ ʙʦʛʘʪʘ ʢʘʣʠʝʤ ʠ ʜʘʸʪ ʝʛʦ 
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ʧʦʯʪʠ 10% ʚ ʨʘʮʠʦʥʝ, ʘ ʪʘʢ ʞʝ ʚʤʝʩʪʦ 3 ʛ ʤʝʣʘ ʚʚʝʩʪʠ 5 ʛ ʭʣʦʨʠʩʪʦʛʦ 

ʢʘʣʴʮʠʷ (ʉʘʉl2).ʇʦʩʣʝ ʠʩʢʣʶʯʝʥʠʷ ʠʟ ʨʘʮʠʦʥʘ ʧʘʪʦʢʠ ʩʦʜʝʨʞʘʥʠʝ K 

ʩʥʠʟʠʣʦʩʴ ʜʦ: (16,66-11,33)Ĭ0,95=14,56. ʈʘʩʯʝʪ ʥʦʚʦʛʦ ʚʘʨʠʘʥʪʘ ʂɸɹ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʤʳ ʜʦʩʪʠʛʣʠ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ï ʂɸɹ=-1,34, ʥʦ ʧʨʠ ʵʪʦʤ 

ʧʨʠʰʣʦʩʴ ʫʚʝʣʠʯʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʢʘʣʴʮʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʨʤʳ ʥʘ 0,5 ʛ ʚ 

ʢʛ ʉɺ, ʥʦ ʵʪʦ ʚʧʦʣʥʝʝ ʜʦʧʫʩʪʠʤʦ (ʪʘʙʣ. 7.5). 

ʊʘʙʣʠʮʘ 7.4 ï ʈʘʩʯʝʪ ʢʘʪʠʦʥʥʦ-ʘʥʠʦʥʥʦʛʦ ʙʘʣʘʥʩʘ ʚ ʤʛʵʢʚ/100ʛ ʉɺ ʨʘ-

ʮʠʦʥʘ ʢʦʨʦʚ ʚ ʧʝʨʠʦʜ 21-0 ʜʥ. ʜʦ ʦʪʝʣʘ, 1 ʚʘʨʠʘʥʪ 

ʕʣʝʤʝʥʪ ʉʦʜʝʨʞʠʪʩʷ ʚ 

ʨʘʮʠʦʥʝ, ʤʛ/100ʛ 

ɸʪʦʤʥʘʷ ʤʘʩʩʘ ɺʘʣʝʥʪʥʦʩʪʴ ʤʛʵʢʚ 

Na 183 23,0 1 7,96 

K 1580 39,1 1 40,4 

Cl 443 35,45 1 15,7 

S 401 32,06 2 25,0 
 

ʊʘʙʣʠʮʘ 7.5 ï ʈʘʩʯʝʪ ʢʘʪʠʦʥʥʦ-ʘʥʠʦʥʥʦʛʦ ʙʘʣʘʥʩʘ ʚ ʤʛʵʢʚ/100ʛ ʉɺ ʨʘ-

ʮʠʦʥʘ ʢʦʨʦʚ 21-0 ʜʥ., 2 ʚʘʨʠʘʥʪ 

ʕʣʝʤʝʥʪ ʉʦʜʝʨʞʠʪʩʷ ʚ 

ʨʘʮʠʦʥʝ, ʤʛ/100ʛ 

ɸʪʦʤʥʘʷ ʤʘʩʩʘ ɺʘʣʝʥʪʥʦʩʪʴ ʤʛʵʢʚ 

Na 183 23,0 1 7,96 

K 1456 39,1 1 37,2 

Cl 762 35,45 1 21,5 

S 401 32,06 2 25,0 
 

ʂɸɹ=(Na+K)-(Cl+S)=(7,96+37,2)-(21,5+25,0)=45,16-46,5=-1,34 

ʂʦʨʦʚʘ ʚ ʧʝʨʠʦʜ 21-0 ʜʥʝʡ ʩʲʝʜʘʝʪ ʦʢʦʣʦ 13 ʢʛ ʉɺ ʚ ʜʝʥʴ, ʦʙʱʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʜʦʙʘʚʣʝʥʥʦʛʦ ʩʫʣʴʬʘʪʘ ʤʘʛʥʠʷ ʩʦʩʪʘʚʠʪ: 15Ĭ13=195 ʛ, ʭʣʦ-

ʨʠʩʪʦʛʦ ʢʘʣʴʮʠʷ: 5Ĭ13=65 ʛ, ʩʦʣʠ: 2,6Ĭ13=33,8 ʛ, ʤʦʥʦʢʘʣʴʮʠʡʬʦʩʬʘʪ: 

2Ĭ13=26 ʛ. 

ʈʘʩʯʝʪʳ ʂɸɹ ʜʣʷ ʩʚʠʥʦʤʘʪʦʢ ʜʝʣʘʶʪ ʧʦ ʚʳʰʝʦʧʠʩʘʥʥʦʡ ʪʝʭʥʦ-

ʣʦʛʠʠ. 

7.3. ʄʠʢʨʦʵʣʝʤʝʥʪʳ 

ʍʨʦʤ. ɺ ʢʘʯʝʩʪʚʝ ʢʦʬʘʢʪʦʨʘ ʬʝʨʤʝʥʪʦʚ ʫʯʘʩʪʚʫʝʪ ʚ ʫʛʣʝʚʦʜʥʦʤ, 

ʞʠʨʦʚʦʤ ʠ ʙʝʣʢʦʚʦʤ ʦʙʤʝʥʝ, ʦʙʤʝʥʝ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ, ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʫʝʪ ʩ ʛʦʨʤʦʥʦʤ ʠʥʩʫʣʠʥʦʤ, ʧʦʚʳʰʘʷ ʝʛʦ ʘʢʪʠʚʥʦʩʪʴ ʚ ʩʥʠʞʝʥʠʠ 

ʫʨʦʚʥʷ ʛʣʶʢʦʟʳ ʚ ʢʨʦʚʠ. 

ʂʦʙʘʣʴʪ. ʗʚʣʷʝʪʩʷ ʢʦʤʧʦʥʝʥʪʦʤ ʚʠʪʘʤʠʥʘ ɺ12, ʢʦʪʦʨʳʡ ʥʝʦʙʭʦ-

ʜʠʤ ʜʣʷ ʢʨʦʚʝʪʚʦʨʝʥʠʷ. ʀʟʙʳʪʦʢ ʚ ʨʘʮʠʦʥʝ ʢʦʙʘʣʴʪʘ (400 ʤʛ/ʢʛ ʩʫʭʦʛʦ 

ʚʝʱʝʩʪʚʘ) ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʦʪʢʘʟ ʦʪ ʢʦʨʤʘ, çʦʜʝʨʝʚʝʥʝʣʦʩʪʴè ʥʦʛ, ʦʙʨʘʟʦ-

ʚʘʥʠʝ ʛʦʨʙʘ, ʤʳʰʝʯʥʳʝ ʩʫʜʦʨʦʛʠ, ʘʥʝʤʠʶ. 

ʄʝʜʴ. ʋʯʘʩʪʚʫʝʪ ʚ ʩʠʥʪʝʟʝ ʛʝʤʦʛʣʦʙʠʥʘ, ʩʠʥʪʝʟʝ ʠ ʘʢʪʠʚʘʮʠʠ ʦʢʠʩ-

ʣʠʪʝʣʴʥʳʭ ʬʝʨʤʝʥʪʦʚ. ʋʯʘʩʪʚʫʝʪ ʚ ʧʨʦʮʝʩʩʘʭ ʢʨʦʚʝʪʚʦʨʝʥʠʷ, ʫʩʢʦʨʷʷ 

ʚʢʣʶʯʝʥʠʝ ʞʝʣʝʟʘ ʚ ʛʝʤʦʛʣʦʙʠʥ. ɼʝʬʠʮʠʪ ʤʝʜʠ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʦʙ-
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ʨʘʟʦʚʘʥʠʷ ʛʝʤʦʛʣʦʙʠʥʘ, ʫʭʫʜʰʝʥʠʶ ʢʝʨʘʪʠʥʠʟʘʮʠʠ. ʀʟʙʳʪʦʢ ʤʝʜʠ ʚ ʨʘ-

ʮʠʦʥʝ ʚʳʟʳʚʘʝʪ ʪʦʢʩʠʢʦʟ, ʢʦʪʦʨʳʡ ʚʳʨʘʞʘʝʪʩʷ ʧʦʥʠʞʝʥʥʳʤ ʫʨʦʚʥʝʤ ʛʝ-

ʤʦʛʣʦʙʠʥʘ, ʞʝʣʪʫʭʦʡ ʚʩʣʝʜʩʪʚʠʝ ʥʘʢʦʧʣʝʥʠʷ ʤʝʜʠ ʚ ʧʝʯʝʥʠ ʠ ʦʨʛʘʥʘʭ. 

ʁʦʜ. ʁʦʜ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʛʦʨʤʦʥʦʚ ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʳ. ʅʝʜʦʩ-

ʪʘʪʦʢ ʡʦʜʘ ʚ ʧʠʪʘʥʠʠ ʞʠʚʦʪʥʳʭ ʧʨʠʚʦʜʠʪ ʢ ʟʘʙʦʣʝʚʘʥʠʶ ʱʠʪʦʚʠʜʥʦʡ 

ʞʝʣʝʟʳ ʠ ʥʘʨʫʰʝʥʠʶ ʙʝʣʢʦʚʦʛʦ, ʫʛʣʝʚʦʜʥʦʛʦ ʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʦʙʤʝʥʘ 

ʚʝʱʝʩʪʚ. ʉʠʤʧʪʦʤʳ ʦʩʪʨʦʛʦ ʜʝʬʠʮʠʪʘ ʡʦʜʘ: ʦʩʪʘʥʦʚʢʘ ʨʦʩʪʘ, ʫʚʝʣʠʯʝʥ-

ʥʳʡ çʟʦʙè (ʱʠʪʦʚʠʜʥʘʷ ʞʝʣʝʟʘ), ʫ ʩʘʤʦʢ ï ʤʝʨʪʚʦʨʦʞʜʝʥʥʳʝ ʧʣʦʜʳ ʩ 

ʦʪʩʫʪʩʪʚʠʝʤ ʚʦʣʦʩʷʥʦʛʦ ʧʦʢʨʦʚʘ. ʇʨʠ ʚʳʩʦʢʠʭ ʫʨʦʚʥʷʭ ʡʦʜʘ ʚ ʨʘʮʠʦʥʝ 

(800 ʤʛ/ʢʛ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ) ʧʦʜʘʚʣʷʝʪʩʷ ʨʦʩʪ, ʩʥʠʞʘʝʪʩʷ ʫʨʦʚʝʥʴ ʛʝʤʦ-

ʛʣʦʙʠʥʘ. 

ɾʝʣʝʟʦ. ʇʦʪʨʝʙʥʦʩʪʴ ʞʠʚʦʪʥʳʭ ʚ ʞʝʣʝʟʝ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ 

ʦʥʦ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʦʡ ʯʘʩʪʴʶ ʛʝʤʦʛʣʦʙʠʥʘ ʵʨʠʪʨʦʮʠʪʦʚ. ɾʝʣʝʟʦ ʩʦ-

ʜʝʨʞʠʪʩʷ ʪʘʢʞʝ ʚ ʤʠʦʛʣʦʙʠʥʝ, ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʠ ʧʣʘʮʝʥʪʝ ʚ ʚʠʜʝ 

ʬʝʨʤʝʥʪʘ ʪʨʘʥʩʬʝʨʨʠʥʘ, ʚ ʤʦʣʦʢʝ ï ʣʘʢʪʦʬʝʨʨʠʥʘ. ʆʥʦ ʠʛʨʘʝʪ ʚʘʞʥʫʶ 

ʨʦʣʴ ʚ ʦʨʛʘʥʠʟʤʝ ʚ ʩʦʩʪʘʚʝ ʥʝʩʢʦʣʴʢʠʭ ʤʝʪʘʣʣʦʵʥʟʠʤʦʚ. 

ʉʠʤʧʪʦʤʳ ʜʝʬʠʮʠʪʘ: ʩʣʘʙʳʡ ʨʦʩʪ, ʘʥʝʤʠʷ, ʙʣʝʜʥʦʩʪʴ ʩʣʠʟʠʩʪʳʭ 

ʦʙʦʣʦʯʝʢ, ʟʘʪʨʫʜʥʝʥʥʦʝ ʜʳʭʘʥʠʝ ʧʦʩʣʝ ʥʝʙʦʣʴʰʦʡ ʬʠʟʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦ-

ʩʪʠ, ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʩʫʜʦʨʦʛʠ ʤʫʩʢʫʣʦʚ ʜʠʘʬʨʘʛʤʳ (çʫʜʘʨè), ʫʚʝʣʠʯʝʥ-

ʥʘʷ ʠ ʦʞʠʨʝʚʰʘʷ ʧʝʯʝʥʴ, ʟʘʤʝʪʥʦʝ ʨʘʩʰʠʨʝʥʠʝ ʩʝʨʜʮʘ, ʚʦʩʧʨʠʠʤʯʠ-

ʚʦʩʪʴ ʢ ʠʥʬʝʢʮʠʷʤ. 

ʄʘʨʛʘʥʝʮ. ʗʚʣʷʝʪʩʷ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʨʷʜʘ ʬʝʨʤʝʥʪʦʚ, ʫʯʘʩʪ-

ʚʫʶʱʠʭ ʚ ʧʨʦʮʝʩʩʘʭ ʦʙʤʝʥʘ ʙʝʣʢʦʚ, ʫʛʣʝʚʦʜʦʚ ʠ ʞʠʨʦʚ. ʉʠʤʧʪʦʤʳ ʜʝ-

ʬʠʮʠʪʘ: ʧʦʚʳʰʝʥʥʦʝ ʦʪʣʦʞʝʥʠʝ ʚ ʪʝʣʝ ʞʠʨʘ, ʧʨʝʢʨʘʱʝʥʠʝ ʧʦʣʦʚʳʭ 

ʮʠʢʣʦʚ, ʨʘʩʩʘʩʳʚʘʥʠʝ ʧʣʦʜʦʚ, ʨʦʞʜʝʥʠʝ ʩʣʘʙʳʭ ʞʠʚʦʪʥʳʭ, ʥʠʟʢʘʷ ʤʦ-

ʣʦʯʥʘʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ. 

ʉʝʣʝʥ. ɺʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʬʝʨʤʝʥʪʘ ʛʣʶʪʘʪʠʦʥʧʝʨʦʢʩʠʜʘʟʳ, ʢʦʪʦ-

ʨʳʡ ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʦʙʨʘʟʫʝʪʩʷ ʚ ʧʝʯʝʥʠ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪ ʜʝʪʦʢ-

ʩʠʢʘʮʠʶ ʧʝʨʝʢʠʩʝʡ ʞʠʨʦʚ, ʦʙʝʩʧʝʯʠʚʘʷ ʟʘʱʠʪʫ ʢʣʝʪʦʯʥʳʭ ʠ ʩʫʙʢʣʝʪʦʯ-

ʥʳʭ ʤʝʤʙʨʘʥ ʦʪ ʨʘʟʨʫʰʝʥʠʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʝʨʝʢʠʩʝʡ. ɺ ʵʪʦʤ ʧʣʘʥʝ ʩʝ-

ʣʝʥ ʚʤʝʩʪʝ ʩ ʚʠʪʘʤʠʥʦʤ ɽ ʠʛʨʘʝʪ ʨʦʣʴ ʘʥʪʠʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʘʛʝʥʪʘ. ʉʝ-

ʣʝʥ ʜʝʡʩʪʚʫʝʪ ʥʘ ʱʠʪʦʚʠʜʥʫʶ ʞʝʣʝʟʫ, ʪʘʢ ʢʘʢ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʬʝʨʤʝʥʪʘ 

ʡʦʜʪʠʨʦʥʠʥʘ-5,1-ʜʠʡʦʜʠʥʘʟʳ. ʉʠʤʧʪʦʤʳ ʜʝʬʠʮʠʪʘ: ʩʥʠʞʝʥʠʝ ʚ ʩʳʚʦ-

ʨʦʪʢʝ ʢʨʦʚʠ ʛʣʶʪʘʪʠʦʥ-ʧʝʨʦʢʩʠʜʘʟʳ, ʥʝʦʞʠʜʘʥʥʘʷ ʩʤʝʨʪʴ, ʥʝʢʨʦʟ ʧʝʯʝ-

ʥʠ, ʦʪʝʯʥʦʩʪʴ ʪʦʣʩʪʦʛʦ ʦʪʜʝʣʘ ʢʠʰʝʯʥʠʢʘ, ʩʣʠʟʠʩʪʦʡ ʠ ʧʦʜʩʣʠʟʠʩʪʦʡ 

ʞʝʣʫʜʢʘ, ʜʠʩʪʨʦʬʠʷ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ (çʙʣʝʜʥʦʝ ʤʷʩʦè), ʧʷʪʥʠʩʪʦʩʪʴ ʠ 

ʜʠʩʪʨʦʬʠʷ ʤʳʰʮ ʩʝʨʜʮʘ, ʧʣʦʭʘʷ ʨʝʧʨʦʜʫʢʮʠʷ ʠ ʤʦʣʦʯʥʦʩʪʴ, ʦʩʣʘʙʣʝʥʠʝ 

ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ. ʇʨʠʟʥʘʢʠ ʪʦʢʩʠʢʦʟʘ ʩʝʣʝʥʘ: ʘʥʦʨʝʢʩʠʷ, ʧʦʪʝʨʷ ʚʦ-

ʣʦʩʷʥʦʛʦ ʧʦʢʨʦʚʘ, ʦʞʠʨʝʥʠʝ ʧʝʯʝʥʠ, ʜʝʛʝʥʝʨʘʪʠʚʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʧʝʯʝ-

ʥʠ ʠ ʧʦʯʢʘʭ, ʦʪʝʯʥʦʩʪʴ, ʥʝʦʞʠʜʘʥʥʦʝ ʦʪʜʝʣʝʥʠʝ ʢʦʧʳʪ, ʢʦʞʠ. 

ʎʠʥʢ. ʗʚʣʷʝʪʩʷ ʢʦʤʧʦʥʝʥʪʦʤ ʤʥʦʛʠʭ ʤʝʪʘʣʣʦʬʝʨʤʝʥʪʦʚ, ʚʢʣʶ-

ʯʘʷ ɼʅʂ ʠ ʈʅʂ- ʩʠʥʪʝʪʘʟʳ ʠ ʪʨʘʥʩʬʝʨʘʟʳ, ʤʥʦʛʠʭ ʧʠʱʝʚʘʨʠʪʝʣʴʥʳʭ 

ʬʝʨʤʝʥʪʦʚ ʠ ʩʚʷʟʘʥ ʩ ʛʦʨʤʦʥʦʤ ʠʥʩʫʣʠʥʦʤ. ʎʠʥʢ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 
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ʙʝʣʢʦʚʦʤ, ʫʛʣʝʚʦʜʥʦʤ ʠ ʞʠʨʦʚʦʤ ʦʙʤʝʥʝ. ʂʣʘʩʩʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʦʤ ʜʝ-

ʬʠʮʠʪʘ ʮʠʥʢʘ ʷʚʣʷʝʪʩʷ ʛʠʧʝʨʢʝʨʘʪʠʥʠʟʘʮʠʷ ʢʦʞʠ, ʥʘʟʳʚʘʝʤʘʷ ʧʘʨʘʢʝ-

ʨʘʪʦʟʦʤ. ʇʨʠ ʥʝʜʦʩʪʘʪʢʝ ʮʠʥʢʘ ʫ ʩʘʤʮʦʚ ʩʥʠʞʘʝʪʩʷ ʧʦʣʦʚʘʷ ʘʢʪʠʚʥʦʩʪʴ, 

ʘ ʫ ʩʘʤʦʢ ïʤʥʦʛʦʧʣʦʜʠʝ, ʚ ʢʨʦʚʠ ʩʥʠʞʘʝʪʩʷ ʫʨʦʚʝʥʴ ʱʝʣʦʯʥʦʡ ʬʦʩʬʘʪʘ-

ʟʳ ʠ ʘʣʴʙʫʤʠʥʘ. ʊʦʢʩʠʯʥʦʩʪʴ ʧʨʦʷʚʣʷʝʪʩʷ ʚʳʩʦʢʠʤ ʘʨʪʝʨʠʘʣʴʥʳʤ ʜʘʚ-

ʣʝʥʠʝʤ, ʛʘʩʪʨʠʪʘʤʠ ʠ ʛʠʙʝʣʴʶ. 

7.4. ɹʠʦʜʦʩʪʫʧʥʦʩʪʴ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ 

ʄʠʢʨʦʵʣʝʤʝʥʪʳ ʠʟ ʢʦʨʤʦʚ ʞʚʘʯʥʳʤʠ ʫʩʚʘʠʚʘʶʪʩʷ, %: Mn-2, Zn-

15, Cu-20, Se-40, Fe-10,ʉʦ-60 (NRC-2001). ʇʦʵʪʦʤʫ ʙʘʣʘʥʩʠʨʦʚʘʥʠʝ ʨʘ-

ʮʠʦʥʦʚ ʧʦ ʤʠʢʨʦʵʣʝʤʝʥʪʘʤ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʘʪʴ ʟʘ ʩʯʝʪ ʧʨʝʤʠʢʩʦʚ 

(ʪʘʙʣ.7.7). ɹʠʦʜʦʩʪʫʧʥʦʩʪʴ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚʳʩʦʢʘʷ (ʧʦʯʪʠ 100%) ʚ ʩʝʨ-

ʥʦʢʠʩʣʳʭ ʩʦʣʷʭ, ʭʫʞʝ ʚ ʫʛʣʝʢʠʩʣʳʭ ʠ ʥʝʚʳʩʦʢʘʷ ʚ ʦʢʩʠʜʘʭ (ʪʘʙʣ. 7.6). 

ʊʘʙʣʠʮʘ 7.6 ï ʉʦʜʝʨʞʘʥʠʝ ʠ ʙʠʦʜʦʩʪʫʧʥʦʩʪʴ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʧʨʝʧʘ-

ʨʘʪʘʭ ʜʣʷ ʩʚʠʥʝʡ ʠ ʧʪʠʮ 

ʄʠʢʨʦʵʣʝʤʝʥʪ ʠ ʝʛʦ ʠʩʪʦʯʥʠʢ 
ʍʠʤʠʯʝʩʢʘʷ  

ʬʦʨʤʫʣʘ 

ʉʦʜʝʨʞʘ-

ʥʠʝ ʚʝʱʝ-

ʩʪʚʘ, % 

ɹʠʦ-

ʜʦʩʪʫʧ-

ʥʦʩʪʴ, % 

1 2 3 4 

ʄʝʜʴ (Cu)    

ʄʝʜʴ ʩʝʨʥʦʢʠʩʣʘʷ (ʧʝʥʪʘʛʠʜʨʘʪ) CuSO4Ŀ5H2O 25,2 100 

ʄʝʜʴ ʭʣʦʨʠʩʪʘʷ Cu2(OH)3Cl 58,0 100 

ʄʝʜʴ ʦʢʠʩʴ CuO 75,0 0-10 

ʄʝʜʴ ʫʛʣʝʢʠʩʣʘʷ (ʤʦʥʦʛʠʜʨʘʪ) CuCO3ĿCu(OH)2ĿH2O 50-55 60-100 

ʄʝʜʴ ʩʝʨʥʦʢʠʩʣʘʷ (ʙʝʟʚʦʜʥʘʷ) CuSO4 39,9 100 

ɾʝʣʝʟʦ (Fe)    

ɾʝʣʝʟʦ ʩʝʨʥʦʢʠʩʣʦʝ (ʤʦʥʦʛʠʜʨʘʪ) FeSO4ĿH2O 30,0 100 

ɾʝʣʝʟʦ ʩʝʨʥʦʢʠʩʣʦʝ (ʛʝʧʪʘʛʠʜʨʘʪ) FeSO4Ŀ7H2O 20,0 100 

ɾʝʣʝʟʦ ʫʛʣʝʢʠʩʣʦʝ FeCO3 38,0 15-80 

ɾʝʣʝʟʦ ʦʢʠʩʴ Fe2O3 69,9 0 

ɾʝʣʝʟʦ ʭʣʦʨʥʦʝ (ʛʝʢʩʘʛʠʜʨʘʪ) FeCl3Ŀ6H2O 20,7 40-100 

ɾʝʣʝʟʘ ʟʘʢʠʩʴ FeO 77,8 ʥʝʪ ʜʘʥʥʳʭ 

ʁʦʜ (I)    

ʕʪʠʣʝʥʜʠʘʤʠʜ ʜʠʛʠʜʨʦʡʦʜ C2H8N2HI 79,5 100 

ʂʘʣʴʮʠʡ ʡʦʜʥʦʚʘʪʦʢʠʩʣʳʡ Ca(IO3)2 63,5 100 

ʂʘʣʠʡ ʡʦʜʠʩʪʳʡ KI 68,8 100 

ʂʘʣʠʡ ʡʦʜʥʦʚʘʪʦʢʠʩʣʳʡ KIO3 59,3 ʥʝʪ ʜʘʥʥʳʭ 

ʄʘʛʥʠʡ ʡʦʜʠʩʪʳʡ MgI2 66,6 100 

ʄʘʨʛʘʥʝʮ (Mn)    

ʄʘʨʛʘʥʝʮ ʩʝʨʥʦʢʠʩʣʳʡ (ʤʦʥʦʛʠʜʨʘʪ) MnSO4ĿH2O 29,5 100 

ʄʘʨʛʘʥʝʮ ʦʢʠʩʴ MnO 60,0 70 

ʄʘʨʛʘʥʝʮ ʜʚʫʦʢʠʩʴ MnO2 63,1 35-95 

ʄʘʨʛʘʥʝʮ ʫʛʣʝʢʠʩʣʳʡ MnCO3 46,4 30-100 

ʄʘʨʛʘʥʝʮ ʭʣʦʨʠʩʪʳʡ (ʪʝʪʨʘʛʠʜʨʘʪ) MnCl2Ŀ4H2O 27,5 100 

ʉʝʣʝʥ (Se)    

ʉʝʣʝʥʠʪ ʥʘʪʨʠʷ Na2SeO3 45,0 100 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 7.6 

1 2 3 4 

ʉʝʣʝʥʘʪ ʥʘʪʨʠʷ (ʜʝʢʘʛʠʜʨʘʪ) Na2SeO4Ŀ10 H2O 21,4 100 

ʎʠʥʢ (Zn)    

ʎʠʥʢ ʩʝʨʥʦʢʠʩʣʳʡ (ʤʦʥʦʛʠʜʨʘʪ) ZnSO4ĿH2O 35,5 100 

ʎʠʥʢ ʦʢʠʩʴ ZnO 72,0 50-80 

ʎʠʥʢ ʩʝʨʥʦʢʠʩʣʳʡ (ʛʝʧʪʘʛʠʜʨʘʪ) ZnSO4Ŀ7H2O 22,3 100 

ʎʠʥʢ ʫʛʣʝʢʠʩʣʳʡ ZnCO3 56,0 100 

ʎʠʥʢ ʭʣʦʨʠʩʪʳʡ ZnCl2 48,0 100 
 

ʊʘʙʣʠʮʘ 7.7 ï ʊʠʧʠʯʥʳʡ ʩʦʩʪʘʚ ʤʠʢʨʦʵʣʝʤʝʥʪʥʳʭ ʧʨʝʤʠʢʩʦʚ, ʜʦʙʘʚ-

ʣʷʝʤʳʭ ʚ ʨʘʩʯʝʪʝ ʥʘ ʢʛ ʉɺ ʨʘʮʠʦʥʘ. 

ʄʠʥʝ-

ʨʘʣʳ 

ɽʜ. 

ʠʟʤ

. 

ʇʦʨʦʩʷ-

ʪʘ 21-60 

ʜʥ. 

ʩʚʠʥʦʤʘʪʢʠ ʂʦʨʦʚʳ  ʊʝʣ̫-

ʪʘ 0-3 

ʤʝʩ. 

ʎʳʧʣ̫-

ʪʘ ʷʠʯ-

ʥʳʝ 

ʎʳʧʣʷʪʘ-

ʙʨʦʡʣʝʨʳ 

ʩʪʘʨʪ 

ʂʫʨʳ-

ʥʝ-

ʩʫh ʢʠ 
ʩʫʧʦ-

ʨʦʩʥ. 

ʣʘʢʪʠ-

ʨʫʶʱʠʝ 

21-0 

ʜʥ. 

0-21 

ʜʥ 

Cu ʤʛ 100 16 15 22,5 15  4,4 8 4 

Zn ʤʛ 60 160 50 75 50 40 66 80 66 

Mn ʤʛ 50 40 30 75 50 40 66 100 66 

I ʤʛ 0,3 0,3 0,3 2,25 1,5 1 0,9 1 0,75 

Co ʤʛ - - - 0,75 0,5 0,5 - - 0,2 

Se ʤʛ 0,3 0,3 0,3 0,45 0,3 0,5 0,3 0,15 0,15 

Fe ʤʛ 150 150 100 30 20 50 33 80 33 
 

ʇʨʦʚʝʨʦʯʥʳʝ ʚʦʧʨʦʩʳ: 

1. ʂʘʢʠʝ ʤʠʥʝʨʘʣʳ ʦʪʥʦʩʷʪ ʢ ʤʘʢʨʦʵʣʝʤʝʥʪʘʤ, ʢʘʢʠʝ ʢ ʤʠʢʨʦʵʣʝʤʝʥ-

ʪʘʤ ʠ ʧʦʯʝʤʫ? 

2. ʆʩʥʦʚʥʳʝ ʧʨʠʟʥʘʢʠ ʜʝʬʠʮʠʪʘ Ca ʠ Pʫ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠ-

ʚʦʪʥʳʭ? 

3. ʂʘʢʠʝ ʢʦʨʤʘ ʩʦʜʝʨʞʘʪ ʤʥʦʛʦ ʢʘʣʴʮʠʷ ʠ ʢʘʢʠʝ ʩʦʜʝʨʞʘʪ ʤʘʣʦ ʢʘʣʴ-

ʮʠʷ? 

4. ʂʘʢʠʝ ʢʦʨʤʘ ʩʦʜʝʨʞʘʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʥʦʛʦ ʬʦʩʬʦʨʘ ʠ ʢʘʢʠʝ ʩʦʜʝʨ-

ʞʘʪ ʤʘʣʦ ʬʦʩʬʦʨʘ? 

5. ʅʘʟʦʚʠʪʝ ʛʣʘʚʥʳʝ ʤʠʥʝʨʘʣʴʥʳʝ ʠʩʪʦʯʥʠʢʠ ʢʘʣʴʮʠʷ ʠ ʬʦʩʬʦʨʘ, ʧʨʠ-

ʤʝʥʷʝʤʳʝ ʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ. 

6. ʂʘʢʦʚʘ ʜʦʩʪʫʧʥʦʩʪʴ (ʫʩʚʦʷʝʤʦʩʪʴ) Ca ʠ P ʚ ʢʦʨʤʘʭ ʜʣʷ ʢʨʩ? 

7. ʏʪʦ ʪʘʢʦʝ ʬʠʪʠʥʦʚʳʡ ʬʦʩʬʦʨ, ʝʛʦ ʫʩʚʦʷʝʤʦʩʪʴ ʫ ʩʚʠʥʝʡ ʠ ʧʪʠʮ, ʩʧʦ-

ʩʦʙʳ ʧʦʚʳʰʝʥʠʷ ʫʩʚʦʷʝʤʦʩʪʠ ʬʠʪʠʥʦʚʦʛʦ ʬʦʩʬʦʨʘ? 

8. ʂʘʢʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʳ ʦʪʥʦʩʷʪ ʢ ʢʘʪʠʦʥʘʤ (+) ʠ ʢʘʢʠʝ ʢ ʘʥʠʦʥʘʤ (-)? 

9. ʂʘʢ ʨʘʩʩʯʠʪʘʪʴ ʢʘʪʠʦʥʥʦ-ʘʥʠʦʥʥʳʡ ʙʘʣʘʥʩ ʨʘʮʠʦʥʘ ʠ ʟʘʯʝʤ ʝʛʦ 

ʥʫʞʥʦ ʚʳʜʝʨʞʠʚʘʪʴ? 

10.  ʅʘʟʦʚʠʪʝ ʢʦʨʤʘ ʠ ʤʠʥʝʨʘʣʴʥʳʝ ʠʩʪʦʯʥʠʢʠ ʙʦʛʘʪʳʝ ʢʘʪʠʦʥʥʳʤʠ ʠ 
ʘʥʠʦʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. 

11.  ʅʘʟʦʚʠʪʝ ʦʩʥʦʚʥʳʝ ʤʠʥʝʨʘʣʴʥʳʝ ʠʩʪʦʯʥʠʢʠ ʩʣʝʜʫʶʱʠʭ ʤʠʢʨʦʵʣʝ-

ʤʝʥʪʦʚ: Cu, Zn, Mn, Fe, I, Co, Se. 

12.  ʈʦʣʴ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʦʙʤʝʥʝ ʚʝʱʝʩʪʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠ-

ʚʦʪʥʳʭ.  
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13. ʋʩʚʦʷʝʤʦʩʪʴ Mn, Fe, Zn ʠʟ ʢʦʨʤʦʚ ʫ ʞʚʘʯʥʳʭ ʞʠʚʦʪʥʳʭ? 
 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʄʘʢʘʨʮʝʚ ɺ. ʀ. ʂʦʨʤʣʝʥʠʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ. / 

ɺ. ʀ. ʄʘʢʘʨʮʝʚ, ʀ. ʌ. ɼʨʘʛʘʥʦʚ, ɺ. ɺ. ʂʘʣʘʰʥʠʢʦʚ ï ʄ.: ʂʦʣʦʩ, 

2011. ï 640 ʩ. 

2. ʅʦʚʦʝ ʚ ʢʦʨʤʣʝʥʠʠ ʞʠʚʦʪʥʳʭ. ʉʧʨʘʚʦʯʥʦʝ ʧʦʩʦʙʠʝ. / ɸʚʪʦʨʩʢʠʡ 

ʢʦʣʣʝʢʪʠʚ: ɺ. ʀ. ʌʠʩʠʥʠʥ, ɺ. ɺ. ʂʘʣʘʰʥʠʢʦʚ, ʀ. ʌ. ɼʨʘʛʘʥʦʚ [ʠ ʜʨ.]. 

- ʄ.: ʀʟʜʘʪʝʣʴʩʪʚʦ ʈɻɸʋ-ʄʉʍɸ, 2012. ï 612 ʩ.  

3. ʈʷʜʯʠʢʦʚ ɺ. ɻ. ʆʩʥʦʚʳ ʧʠʪʘʥʠʷ ʠ ʢʦʨʤʣʝʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʞʠʚʦʪʥʳʭ. / ɺ. ɻ. ʈʷʜʯʠʢʦʚ.- ʂʨʘʩʥʦʜʘʨ 2012. ï 328 ʩ. 
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ɻʣʘʚʘ 8. ɺʠʪʘʤʠʥʳ 

ɺʠʪʘʤʠʥʳ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʥʘ ʞʠʨʦʨʘʩʪʚʦʨʠʤʳʝ (A, D, E, K) ʠ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ï ʚʠʪʘʤʠʥʳ ʛʨʫʧʧʳ ɺ: ʪʠʘʤʠʥ (ɺ1), ʨʠʙʦʬʣʘʚʠʥ (ɺ2), 

ʧʘʥʪʦʪʝʥʦʚʘʷ ʢʠʩʣʦʪʘ (ɺ3), ʭʦʣʠʥ (ɺ4), ʥʠʘʮʠʥ (ʜʨʫʛʠʝ ʥʘʟʚʘʥʠʷ ʵʪʦʛʦ 

ʚʠʪʘʤʠʥʘ: ʥʠʢʦʪʠʥʦʚʘʷ ʢʠʩʣʦʪʘ, ʚʠʪʘʤʠʥ ɺ5 ʠʣʠ ʚʠʪʘʤʠʥ ʈʈ), ʧʠʨʠʜʦʢ-

ʩʠʥ (ɺ6), ʙʠʦʪʠʥ (ɺ7 ʠʣʠ ʚʠʪʘʤʠʥ ʅ), ʠʥʦʟʠʪ (ɺ8), ʬʦʣʘʮʠʥ (ʬʦʣʠʝʚʘʷ 

ʢʠʩʣʦʪʘ, ɺ9, ɺʩ), ʮʠʘʥʦʢʦʙʘʣʘʤʠʥ (ɺ12), ʘʩʢʦʨʙʠʥʦʚʘʷ ʢʠʩʣʦʪʘ (ʚʠʪʘʤʠʥ 

ʉ). ɺʩʝ ʚʠʪʘʤʠʥʳ ʷʚʣʷʶʪʩʷ ʢʦʵʥʟʠʤʘʤʠ, ʧʦʵʪʦʤʫ ʠʛʨʘʶʪ ʙʦʣʴʰʫʶ ʨʦʣʴ 

ʚ ʦʙʤʝʥʝ ʚʝʱʝʩʪʚ. ɺ ʢʦʨʤʘʭ ʦʥʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʚʠʜʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠ-

ʢʦʚ ʢʦʵʥʟʠʤʦʚ, ʢʦʪʦʨʳʝ ʯʘʱʝ ʚʩʝʛʦ ʩʚʷʟʘʥʳ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʜʨʫʛʠʤʠ ʚʝ-

ʱʝʩʪʚʘʤʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʦʮʝʩʩ ʧʝʨʝʚʘʨʠʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʠʭ ʦʩ-

ʚʦʙʦʞʜʝʥʠʷ ʠʣʠ ʧʨʝʚʨʘʱʝʥʠʷ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʚ ʜʦʩʪʫʧʥʳʝ ʠ ʠʩʧʦʣʴ-

ʟʫʝʤʳʝ ʬʦʨʤʳ ʚʠʪʘʤʠʥʦʚ.  

8.1. ɾʠʨʦʨʘʩʪʚʦʨʠʤʳʝ ʚʠʪʘʤʠʥʳ 

ɺʠʪʘʤʠʥ ɸ (ʨʝʪʠʥʦʣ). ʅʝʦʙʭʦʜʠʤ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʟʨʝʥʠʷ ʠ ʨʝ-

ʧʨʦʜʫʢʮʠʠ, ʨʦʩʪʘ, ʩʦʭʨʘʥʝʥʠʷ ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʠ ʩʣʠʟʠʩʪʳʭ ʦʙʦʣʦʯʝʢ ʦʨ-

ʛʘʥʦʚ ʞʠʚʦʪʥʳʭ.  

 
ɺʠʪʘʤʠʥ ɸ 

 

ɺ ʨʘʩʪʝʥʠʷʭ ʚʠʪʘʤʠʥ ɸ ʥʘʭʦʜʠʪʩʷ ʚ ʬʦʨʤʝ ʧʨʦʚʠʪʘʤʠʥʘ ɸ (ʢʘʨʦ-

ʪʠʥʘ), ʢʦʪʦʨʳʡ ʘʢʪʠʚʠʨʫʝʪʩʷ ʜʦ ʨʝʪʠʥʦʣʘ ʚ ʢʠʰʝʯʥʠʢʝ ʠ ʧʝʯʝʥʠ.  

 
ɓ-ʢʘʨʦʪʠʥ 

 

ʂʦʣʠʯʝʩʪʚʦ ʚʠʪʘʤʠʥʘ ɸ ʠʟʤʝʨʷʝʪʩʷ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʝʜʠʥʠʮʘʭ 

(ʄɽ). ɺʠʪʘʤʠʥ ɸ ʝʩʪʴ ʚ ʞʠʚʦʪʥʳʭ ʧʨʦʜʫʢʪʘʭ ï ʤʷʩʝ, ʷʡʮʝ, ʤʦʣʦʢʝ. ʅʘ-

ʪʫʨʘʣʴʥʳʡ ʚʠʪʘʤʠʥ ɸ ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʨʝʪʠʥʦʣ ʷʚʣʷʶʪʩʷ ʘʥʘʣʦʛʘʤʠ. 

1 ʄɽ ʚʠʪʘʤʠʥʘ ɸ=0,3 ʤʢʛ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʧʠʨʪʦʚʦʛʦ ʚʠʪʘʤʠʥʘ ɸ, 

ʠʣʠ 0,344 ʤʢʛ ʘʮʝʪʘʪʘ ʚʠʪʘʤʠʥʘ ɸ ʠʣʠ 0,55 ʤʢʛ ʧʘʣʴʤʠʪʘʪʘ ʚʠʪʘʤʠʥʘ ɸ. 

ʂʨʫʧʥʳʡ ʨʦʛʘʪʳʡ ʩʢʦʪ, ʩʚʠʥʴʠ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʦ, ʯʝʤ ʧʪʠʮʳ ʠ 

ʢʨʳʩʳ ʧʨʝʚʨʘʱʘʶʪ ʢʘʨʦʪʠʥ ʚ ʚʠʪʘʤʠʥ ɸ. 
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ʊʘʙʣʠʮʘ 8.1 ï ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʥʚʝʨʩʠʠ ɓ-ʢʘʨʦʪʠʥʘ ʚ ʚʠʪʘʤʠʥ ɸ 

ɺʠʜʳ ʂʦʥʚʝʨʩʠʷ, % 
ʂʦʣ-ʚʦ ʄɽ ʚʠʪʘ. ɸ, ʵʢʚʠʚʘ-

ʣʝʥʪʥʦʝ 1 ʤʛ ɓ-ʢʘʨʦʪʠʥʘ 

ʂʨʳʩʘ 100 1667 

ʎʳʧʣʝʥʦʢ 100 1667 

ʇʦʨʦʩʝʥʦʢ 30 500 

ʂʦʨʦʚʘ 24 400 

ʆʚʮʘ 30 500 

ʃʦʰʘʜʴ 33 555 

ʏʝʣʦʚʝʢ 33 555 

ʉʦʙʘʢʘ 67 1111 
 

ɼʦʢʘʟʘʥʦ, ʯʪʦ ɓ-ʢʘʨʦʪʠʥ ʧʦʣʦʞʠʪʝʣʴʥʦ ʜʝʡʩʪʚʫʝʪ ʥʘ ʨʝʧʨʦʜʫʢ-

ʮʠʶ ʤʘʪʦʢ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʥʘʣʠʯʠʷ ʚʠʪʘʤʠʥʘ ɸ. ɺʥʫʪʨʠʤʳʰʝʯʥʘʷ ʠʥʲ-

ʝʢʮʠʷ ɓ-ʢʘʨʦʪʠʥʘ ʧʦʚʳʰʘʝʪ ʚʳʞʠʚʘʝʤʦʩʪʴ ʵʤʙʨʠʦʥʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʝʢ-

ʨʝʮʠʠ ʚ ʤʘʪʢʝ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʙʝʣʢʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷʭ ʜʦʙʘʚʣʝʥʠʝ ʢʘʨʦʪʠʥʘ ʚ ʨʘʮʠʦʥ ʥʝ ʚʳʷʚʠʣʦ ʧʦʜʦʙʥʦʛʦ ʵʬʬʝʢʪʘ. 

ɾʠʚʦʪʥʳʝ ʩʧʦʩʦʙʥʳ ʟʘʧʘʩʘʪʴ ʚʠʪʘʤʠʥ ɸ ʚ ʧʝʯʝʥʠ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪ-

ʩʷ ʚ ʧʝʨʠʦʜʳ ʥʝʜʦʩʪʘʪʢʘ ʝʛʦ ʚ ʢʦʨʤʝ. 

ʉʠʤʧʪʦʤʳ ʜʝʬʠʮʠʪʘ ʚʠʪʘʤʠʥʘ ɸ: ʩʥʠʞʝʥʠʝ ʨʦʩʪʘ, ʥʘʨʫʰʝʥʠʝ 

ʜʚʠʞʝʥʠʡ, ʧʘʨʘʣʠʯ ʟʘʜʘ, ʩʣʝʧʦʪʘ (ʙʦʣʝʟʥʴ çʢʫʨʠʥʘʷ ʩʣʝʧʦʪʘè), ʧʦʚʳ-

ʰʝʥʥʦʝ ʜʘʚʣʝʥʠʝ ʮʝʨʝʙʨʦʩʧʠʥʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ, ʩʥʠʞʝʥʠʝ ʚʠʪʘʤʠʥʘ ɸ ʚ 

ʧʣʘʟʤʝ ʢʨʦʚʠ ʠ ʧʝʯʝʥʠ. ʆʛʨʫʙʣʝʥʠʝ ʚʦʣʦʩʷʥʦʛʦ ʧʦʢʨʦʚʘ, ʩʚʝʨʭʨʘʟʜʨʘ-

ʞʠʤʦʩʪʴ, ʚʳʩʦʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʧʨʠʢʦʩʥʦʚʝʥʠʶ, ʢʨʦʚʦʪʦʯʘʱʠʝ 

ʪʨʝʱʠʥʳ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ ʥʘ ʢʦʞʝ ʞʠʚʦʪʘ, ʢʨʦʚʴ ʚ ʤʦʯʝ ʠ ʬʝʢʘʣʠ-

ʷʭ, ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʥʦʛ, ʧʨʦʷʚʣʷʶʱʘʷʩʷ ʚ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʧʦʜʥʷʪʴʩʷ, 

ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʢʦʥʚʫʣʴʩʠʠ. 

ɺʠʪʘʤʠʥ D. ʉʫʱʝʩʪʚʫʶʪ ʜʚʝ ʦʩʥʦʚʥʳʝ ʬʦʨʤʳ ʚʠʪʘʤʠʥʘ D ï ʵʨʛʦʢʘʣɹ -

ʮʠʬʝʨʦʣ (D2) ʠ ʭʦʣʝʢʘʣʴʮʠʬʝʨʦʣ (D3).  

 
ɺʠʪʘʤʠʥ D2(ʵʨʛʦʢʘʣʴʮʠʬʝʨʦʣ) 

 

 
ɺʠʪʘʤʠʥ D3(ʭʦʣʝʢʘʣʴʮʠʬʝʨʦʣ) 
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ʌʠʪʦʭʠʤʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ (ʜʥʝʚʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ) ʧʨʝʚʨʘ-

ʱʘʝʪ 7-ʜʠʛʠʜʨʦʭʦʣʝʩʪʝʨʦʣ ʚ ʢʦʞʝ ʞʠʚʦʪʥʳʭ ʚ ʭʦʣʝʢʘʣʴʮʠʬʝʨʦʣ (D3). 

ʆʜʥʘ ʄɽ ʚʠʪʘʤʠʥʘ D ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʘʢʪʠʚʥʦʩʪʴ 0,025 ʤʢʛ ʭʦʣʝʢʘʣɹ-

ʮʠʬʝʨʦʣʘ. ɺʠʪʘʤʠʥ D2 ʠ D3 ʚ ʧʦʯʢʘʭ ʛʠʜʨʦʢʩʠʣʠʨʫʶʪʩʷ ʜʦ 25-ʛʠʜʨʦʢʩʠ 

ʬʦʨʤ, ʜʘʣʝʝ 25-ʛʠʜʨʦʦʢʩʠ D3 ʦʢʠʩʣʷʝʪʩʷ ʜʦ 1,25-ʜʠʛʠʜʨʦʦʢʠʩʠ D3, ʧʦ-

ʩʣʝʜʥʠʡ ʦʙʣʘʜʘʝʪ ʛʦʨʤʦʥʘʣʴʥʳʤ ʜʝʡʩʪʚʠʝʤ.  

 
ʈʠʩʫʥʦʢ 8.1 ï ʄʝʪʘʙʦʣʠʯʝʩʢʠʡ ʧʫʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʛʦʨʤʦʥʘʣʴʥʦ ʘʢʪʠʚʥʦʡ 

ʬʦʨʤʳ ʚʠʪʘʤʠʥʘ D. 

ɺʠʪʘʤʠʥ D ʠ ʝʛʦ ʢʘʨʙʦʢʩʠʣʴʥʳʝ ʤʝʪʘʙʦʣʠʪʳ ʜʝʡʩʪʚʫʶʪ ʥʘ ʩʣʠ-

ʟʠʩʪʫʶ ʪʦʥʢʦʛʦ ʢʠʰʝʯʥʠʢʘ, ʚʳʟʳʚʘʷ ʦʙʨʘʟʦʚʘʥʠʝ ʉʘ-ʩʚʷʟʘʥʥʳʭ ʙʝʣʢʦʚ, 

ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʚʩʘʩʳʚʘʥʠʶ ʉʘ ʠ Mg, ʚʣʠʷʶʪ ʥʘ ʚʩʘʩʳʚʘʥʠʝ 

ʬʦʩʬʦʨʘ. ʂʨʦʤʝ ʪʦʛʦ ʛʠʜʨʦʦʢʠʩʴ D3 ʚʤʝʩʪʝ ʩ ʛʦʨʤʦʥʘʤʠ ʧʘʨʘʱʠʪʦʚʠʜ-

ʥʦʡ ʞʝʣʝʟʳ ʠ ʢʘʣʴʮʠʪʦʥʠʥʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʦʤʝʦʩʪʘʟ ʢʘʣʴʮʠʷ ʠ ʬʦʩʬʦ-

ʨʘ. 

ʉʠʤʧʪʦʤʳ ʜʝʬʠʮʠʪʘ ʚʠʪʘʤʠʥʘ D: ʥʘʨʫʰʝʥʠʝ ʚʩʘʩʳʚʘʥʠʷ ʠ 

ʦʙʤʝʥʘ ʢʘʣʴʮʠʷ ʠ ʬʦʩʬʦʨʘ, ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʢʘʣʴʮʠʬʠʢʘʮʠʷ ʢʦʩʪʝʡ, ʨʘʭʠʪ 

ʫ ʤʦʣʦʜʥʷʢʘ, ʫ ʚʟʨʦʩʣʳʭ ʞʠʚʦʪʥʳʭ ʦʩʪʝʦʤʘʣʷʮʠʷ (ʫʤʝʥʴʰʝʥʠʝ ʤʠʥʝ-

ʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ ʢʦʩʪʷʭ). ʇʨʠ ʦʩʪʨʦʤ ʥʝʜʦʩʪʘʪʢʝ ʧʨʦʷʚʣʷʶʪʩʷ ʩʠʤ-

ʧʪʦʤʳ ʜʝʬʠʮʠʪʘ ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ, ʚʢʣʶʯʘʷ ʪʝʪʘʥʠʶ ʛʣʘʜʢʠʭ ʠ ʩʢʝʣʝʪ-

ʥʳʭ ʤʳʰʮ.  

ɺʠʪʘʤʠʥ ɽ. ʌʫʥʢʮʠʷ ʚʠʪʘʤʠʥʘ ɽ ʩʦʩʪʦʠʪ ʚ ʟʘʱʠʪʝ ʢʣʝʪʦʯʥʦʡ 

ʤʝʤʙʨʘʥʳ ʦʪ ʦʢʠʩʣʝʥʠʷ. ʀʤʝʝʪʩʷ 8 ʝʩʪʝʩʪʚʝʥʥʦ ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʬʦʨʤ 

ʚʠʪʘʤʠʥʘ ɽ: Ŭ, ɓ, ɔ ʠ ŭ-ʪʦʢʦʬʝʨʦʣʳ; Ŭ, ɓ, ɔ ʠ ŭ-ʪʦʢʦʪʨʠʝʥʦʣʳ. ʀʟ ʥʠʭ D- 

Ŭ-ʪʦʢʦʬʝʨʦʣ ʠʤʝʝʪ ʩʘʤʫʶ ʚʳʩʦʢʫʶ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ. ʆʜʥʘ 

ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʝʜʠʥʠʮʘ ʚʠʪʘʤʠʥʘ ɽ ï ʵʪʦ ʘʢʪʠʚʥʦʩʪʴ 1 ʤʛ DL-Ŭ-

ʪʦʢʦʬʝʨʠʣʘ ʘʮʝʪʘʪʘ.  

ʂʦʨʤ 

ʕʨʛʦʢʘʣʴʮʠʬʝʨʦʣ (D2) 7-ɼʝʛʠʜʨʦʭʦʣʝʩʪʝʨʦʣ 

ʍʦʣʝʢʘʣʴʮʠʬʝʨʦʣ (D3) 

ʂʦʞʘ 

ʫ.ʬ. ʦʙʣʫʯʝʥʠʝ 

25-ɻʠʜʨʦʦʢʩʠʭʦʣʝʢʘʣʴʮʠʬʝʨʦʣ 

ʧʝʯʝʥʴ 

1,25-ɼʠʛʠʜʨʦʭʦʣʝʢʘʣʴʮʠʬʝʨʦʣ 

ʧʦʯʢʠ 
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ɺʠʪʘʤʠʥ ɽ (ʘʣʴʬʘ-ʪʦʢʦʬʝʨʦʣ) 

 

ʅʘʪʫʨʘʣʴʥʳʡ ʚʠʪʘʤʠʥ ɽ ʚ ʢʦʨʤʘʭ ʙʳʩʪʨʦ ʨʘʟʨʫʰʘʝʪʩʷ ʧʦʜ ʜʝʡ-

ʩʪʚʠʝʤ ʪʝʧʣʘ, ʚʣʘʛʠ, ʦʢʠʩʣʝʥʥʳʭ ʞʠʨʦʚ. ʇʦʵʪʦʤʫ ʪʦʯʥʦ ʧʨʝʜʩʢʘʟʘʪʴ ʢʦ-

ʣʠʯʝʩʪʚʦ ʘʢʪʠʚʥʦʛʦ ʚʠʪʘʤʠʥʘ ɽ ʚ ʢʦʨʤʘʭ ʪʨʫʜʥʦ. 

ʉʠʤʧʪʦʤʳ ʜʝʬʠʮʠʪʘ: ʜʝʛʝʥʝʨʘʮʠʷ ʩʢʝʣʝʪʥʳʭ ʠ ʩʝʨʜʝʯʥʳʭ 

ʤʳʰʮ, ʪʨʦʤʙʦʪʠʯʝʩʢʠʝ ʧʦʚʨʝʞʜʝʥʠʷ ʩʦʩʫʜʦʚ, ʧʘʨʘʢʝʨʘʪʦʟ ʩʣʠʟʠʩʪʦʡ 

ʞʝʣʫʜʢʘ, ʘʥʝʤʠʷ, ʥʝʢʨʦʟ ʧʝʯʝʥʠ, ʝʝ ʦʙʝʩʮʚʝʯʠʚʘʥʠʝ, ʞʝʣʪʘʷ ʞʠʨʦʚʘʷ 

ʪʢʘʥʴ, ʥʝʦʞʠʜʘʥʥʘʷ ʩʤʝʨʪʴ; ʫ ʩʘʤʦʢ ʢʦʤʧʣʝʢʩ ʤʘʩʪʠʪʥʦ-ʤʝʪʨʠʪʥʦʡ ʙʦ-

ʣʝʟʥʠ, ʦʪʩʫʪʩʪʚʠʝ ʤʦʣʦʢʘ. ʇʣʘʮʝʥʪʘʨʥʳʡ ʪʨʘʥʩʧʦʨʪ ʪʦʢʦʬʝʨʦʣʘ ʦʪ ʤʘ-

ʪʝʨʠ ʢ ʧʣʦʜʫ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ, ʧʦʵʪʦʤʫ ʧʦʪʦʤʩʪʚʦ ʤʦʞʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴ 

ʪʦʣʴʢʦ ʥʘ ʧʦʩʪʫʧʣʝʥʠʝ ʝʛʦ ʩ ʤʦʣʦʟʠʚʦʤ ʠ ʤʦʣʦʢʦʤ.  

ɺʠʪʘʤʠʥ ʂ. ɺʠʪʘʤʠʥ ʂ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʩʠʥʪʝʟʘ ʙʝʣʢʘ ʧʣʘʟʤʳ 

ʢʨʦʚʠ ʧʨʦʪʨʦʤʙʠʥʘ ʠ ʜʨʫʛʠʭ ʙʝʣʢʦʚ, ʷʚʣʷʶʱʠʭʩʷ ʚʘʞʥʳʤ ʟʚʝʥʦʤ ʚ 

ʩʚʝʨʪʳʚʘʥʠʠ ʢʨʦʚʠ. ʕʪʠ ʙʝʣʢʠ ʩʠʥʪʝʟʠʨʫʶʪʩʷ ʚ ʧʝʯʝʥʠ ʢʘʢ ʥʝʘʢʪʠʚʥʳʝ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʠ. ɼʝʡʩʪʚʠʝ ʚʠʪʘʤʠʥʘ ʂ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʘʢʪʠʚʘʮʠʠ ʥʝʘʢ-

ʪʠʚʥʦʛʦ ʙʝʣʢʘ ʧʣʘʟʤʳ ʧʨʦʪʦʤʙʠʥʘ ʚ ʘʢʪʠʚʥʳʡ ʪʨʦʤʙʠʥ, ʢʦʪʦʨʳʡ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʧʨʝʚʨʘʱʘʝʪ ʙʝʣʦʢ ʧʣʘʟʤʳ ʬʠʙʨʠʥʦʛʝʥ ʚ ʬʠʙʨʠʥ. ɼʨʫʛʠʝ ʂ-

ʟʘʚʠʩʠʤʳʝ ʙʝʣʢʠ, ʢʘʢ ʧʦʣʘʛʘʶʪ, ʚʢʣʶʯʝʥʳ ʚ ʦʙʤʝʥ ʉʘ. 

 
ʈʠʩʫʥʦʢ 8.2 ï ʂʘʨʙʦʢʩʠʣʘʮʠʷ ʛʣʶʪʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʘʢʪʠʚʘʮʠʷ ʛʣʶ-

ʪʘʤʘʪ-ʩʦʜʝʨʞʘʱʠʭ ʙʝʣʢʦʚ. 

ʅʝʘʢʪʠʚʥʳʡ ʙʝʣʦʢ 
ʛʣʪʁʘʤʠʥʦʚʘʷ ʢ-ʪʘ 

ɺʠʪʘʤʠʥ ʂ + ʉʆ2 

ɔ-ʢʘʨʙʦʢʩʠʛʣʶʪʘʤʠʥʦʚʘʷ ʢ-ʪʘ 

ɸʢʪʠʚʠʨʦʚʘʥʥʳʡ ʙʝʣʦʢ 

(ʥʘʧʨʠʤʝʨ, ʦʩʪʝʦʢʘʣʴʮʠʥ 

ʠʣʠ ʧʨʦʪʨʦʤʙʠʥ) 

ʂʨʦʚʷʥʦʡ ʩʛʫʩʪʦʢ ʄʠʥʝʨʘʣʠʟʦʚʘʥʥʘʷ ʢʦʩʪʴ 

ʉʘ
++

 ʉʘ
++
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ɺʠʪʘʤʠʥ ʂ1 

 

ɺʠʪʘʤʠʥ ʂ ʩʫʱʝʩʪʚʫʝʪ ʚ ʪʨʝʭ ʬʦʨʤʘʭ: ʂ1 ï ʚ ʨʘʩʪʝʥʠʷʭ, ʂ2 ï ʦʙ-

ʨʘʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʠʢʨʦʙʥʦʡ ʬʝʨʤʝʥʪʘʮʠʠ ʠ ʂ3 (ʤʝʥʘʜʠʦʥ), ʢʦʪʦ-

ʨʳʡ ʷʚʣʷʝʪʩʷ ʩʠʥʪʝʪʠʯʝʩʢʠʤ ʧʨʦʜʫʢʪʦʤ.  

ʉʠʤʧʪʦʤʳ ʜʝʬʠʮʠʪʘ: ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʨʝʤʷ ʩʚʝʨʪʳʚʘʥʠʷ ʢʨʦʚʠ, 

ʛʝʤʤʦʨʘʛʠʷ ʚʥʫʪʨʝʥʥʦʩʪʝʡ ʠ ʛʠʙʝʣʴ. 

ɺʠʪʘʤʠʥ ʂ ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʢʠʰʝʯʥʦʡ ʤʠʢʨʦʬʣʦʨʦʡ, ʥʘʧʨʠʤʝʨ, ʫ 

ʞʚʘʯʥʳʭ ʚ ʜʦʩʪʘʪʦʯʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʠ ʚ 

ʵʪʦʤ ʚʠʪʘʤʠʥʝ. ʇʨʠ ʚʳʩʦʢʠʭ ʫʨʦʚʥʷʭ ʚ ʢʦʨʤʝ ʘʥʪʠʙʠʦʪʠʢʦʚ ʩʠʥʪʝʟ 

ʩʥʠʞʘʝʪʩʷ. ʇʨʠʩʫʪʩʪʚʠʝ ʘʥʪʠʩʚʝʨʪʳʚʘʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʚ ʢʦʨʤʦʚʳʭ ʧʨʦ-

ʜʫʢʪʘʭ (ʢʫʤʘʨʠʥ) ʚʳʟʳʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʚʠʪʘʤʠʥʘ ʂ 

8.2. ɺʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʚʠʪʘʤʠʥʳ 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʚʠʪʘʤʠʥʳ ʚ ʜʦʩʪʘʪʦʯʥʦʤ ʢʦʣʠ-

ʯʝʩʪʚʝ ʩʠʥʪʝʟʠʨʫʶʪʩʷ ʚ ʧʨʝʜʞʝʣʫʜʢʘʭ ʞʚʘʯʥʳʭ ʞʠʚʦʪʥʳʭ. 

ɹʠʦʪʠʥ (ɺ7, ʅ). ʀʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʢʘʯʝʩʪʚʝ ʢʦʬʘʢʪʦʨʘ ʥʝ-

ʩʢʦʣʴʢʠʭ ʬʝʨʤʝʥʪʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʛʣʶʢʦʥʝʦʛʝʥʝʟʝ, ʩʠʥʪʝʟʝ ʞʠʨʥʳʭ 

ʢʠʩʣʦʪ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʙʠʦʪʠʥʘ ʠ ʘʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʘ ʧʠʨʫʚʘʪʢʘʨʙʦʢ-

ʩʠʣʘʟʳ ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ ʷʚʣʷʶʪʩʷ ʥʘʜʝʞʥʳʤʠ ʤʝʪʦʜʘʤʠ ʦʮʝʥʢʠ ʦʙʝʩʧʝ-

ʯʝʥʥʦʩʪʠ ʩʚʠʥʝʡ ʙʠʦʪʠʥʦʤ. D-ʠʟʦʤʝʨ ï ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʘʷ ʬʦʨʤʘ 

ʙʠʦʪʠʥʘ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʙʠʦʪʠʥʝ ʧʦʢʨʳʚʘʝʪʩʷ  ʟʘ 

ʩʯʝʪ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʩʠʥʪʝʟʘ ʚ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʤ ʪʨʘʢʪʝ. 

 
ɹʠʦʪʠʥ 

 

ʅʘ ʩʚʠʥʦʤʘʪʢʘʭ ʠ ʢʦʨʦʚʘʭ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʦʪ ʜʦʙʘʚʢʠ ʙʠʦʪʠ-

ʥʘ ʫʣʫʯʰʘʝʪʩʷ ʢʨʝʧʦʩʪʴ ʢʦʧʳʪ, ʢʨʝʧʦʩʪʴ ʠ ʩʦʩʪʦʷʥʠʝ ʢʦʞʠ, ʚʦʣʦʩʷʥʦʛʦ 

ʧʦʢʨʦʚʘ, ʩʥʠʞʘʣʠʩʴ ʪʨʝʱʠʥʳ ʢʦʧʳʪ ʠ ʙʦʣʝʟʥʠ ʩʪʫʧʥʝʡ.  

ʉʠʤʧʪʦʤʳ ʜʝʬʠʮʠʪʘ ʙʠʦʪʠʥʘ: ʧʦʪʝʨʷ ʚʦʣʦʩ, ʷʟʚʳ ʠ ʜʝʨʤʘʪʠʪʳ 

ʢʦʞʠ, ʦʪʝʯʥʦʩʪʴ ʚʦʢʨʫʛ ʛʣʘʟ, ʚʦʩʧʘʣʝʥʠʝ ʩʣʠʟʠʩʪʳʭ ʦʙʦʣʦʯʝʢ ʨʪʘ, ʧʨʦ-

ʥʠʢʘʶʱʠʝ ʪʨʝʱʠʥʳ ʢʦʧʳʪ, ʪʨʝʱʠʥʳ ʠ ʢʨʦʚʦʪʝʯʝʥʠʝ ʧʦʜʦʰʚʳ 
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ʥʦʛ.ɹʝʣʦʢ ʩʳʨʦʛʦ ʷʡʮʘ ʘʚʠʜʠʥ ʦʙʨʘʟʫʝʪ ʩ ʙʠʦʪʠʥʦʤ ʢʦʤʧʣʝʢʩ, ʜʝʣʘʷ 

ʙʠʦʪʠʥ ʥʝʜʦʩʪʫʧʥʳʤ ʜʣʷ ʧʦʨʦʩʷʪ. 

ʍʦʣʠʥ (ɺ4). ʍʦʣʠʥ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʩʠʥʪʝʟʘ ʬʦʩʬʦʣʠʧʠʜʦʚ, ʪ.ʝ. 

ʣʠʮʠʪʠʥʘ, ʦʙʨʘʟʦʚʘʥʠʷ ʘʮʝʪʠʣʭʦʣʠʥʘ ʠ ʪʨʘʥʩʤʝʪʠʣʠʨʦʚʘʥʠʷ ʛʦʤʦʮʠ-

ʩʪʝʠʥʘ ʚ ʤʝʪʠʦʥʠʥ. ʇʨʦʜʫʢʪʦʤ ʦʢʠʩʣʝʥʠʷ ʭʦʣʠʥʘ ʷʚʣʷʝʪʩʷ ʙʝʪʘʠʥ, ʢʦ-

ʪʦʨʳʡ ʤʦʞʝʪ ʟʘʤʝʥʷʪʴ ʭʦʣʠʥ ʚ ʧʨʦʮʝʩʩʘʭ ʤʝʪʠʣʠʨʦʚʘʥʠʷ. ʇʨʠ ʦʩʪʨʦʤ 

ʜʝʬʠʮʠʪʝ ʭʦʣʠʥʘ ʩʥʠʞʘʝʪʩʷ ʝʛʦ ʜʝʡʩʪʚʠʝ ʚ ʤʝʪʠʣʠʨʦʚʘʥʠʠ. ʄʝʪʠʦʥʠʥ 

ʤʦʞʝʪ ʧʨʝʚʨʘʱʘʪʴʩʷ ʚ ʭʦʣʠʥ.  

 
ʍʦʣʠʥ 

 

ʉʠʤʧʪʦʤʳ ʜʝʬʠʮʠʪʘ ʭʦʣʠʥʘ: ʩʥʠʞʝʥʠʝ ʨʦʩʪʘ ʤʦʣʦʜʥʷʢʘ, ʛʨʫ-

ʙʦʩʪʴ ʚʦʣʦʩʷʥʦʛʦ ʧʦʢʨʦʚʘ, ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʨʠʪʨʦʮʠʪʦʚ ʚ ʢʨʦ-

ʚʠ, ʛʝʤʦʛʣʦʙʠʥʘ ʠ ʛʝʤʘʪʦʢʨʠʪʘ, ʧʦʚʳʰʝʥʠʝ ʚ ʢʨʦʚʠ ʱʝʣʦʯʥʦʡ ʬʦʩʬʦʪʘ-

ʟʳ, ʰʘʪʘʶʱʘʷʩʷ ʧʦʭʦʜʢʘ. ʇʨʠ ʦʩʪʨʦʤ ʜʝʬʠʮʠʪʝ ï ʟʘʢʫʧʦʨʢʘ ʧʦʯʝʯʥʳʭ 

ʢʘʥʘʣʴʮʝʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʘʩʩʠʚʥʦʡ ʞʠʨʦʚʦʡ ʠʥʬʠʣʴʪʨʘʮʠʠ.  

ʅʠʢʘʢʠʭ ʩʠʤʧʪʦʤʦʚ ʪʦʢʩʠʯʥʦʩʪʠ ʭʦʣʠʥʘ ʥʝ ʚʳʷʚʣʝʥʦ. ʇʨʠ ʫʨʦʚ-

ʥʝ 2000 ʤʛ/ʢʛ ʨʘʮʠʦʥʘ ʥʘʙʣʶʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝ ʧʨʠʚʝʩʦʚ ʫ ʨʘʩʪʫʱʠʭ ʠ 

ʦʪʢʘʨʤʣʠʚʘʝʤʳʭ ʩʚʠʥʝʡ. ʇʨʠ ʫʨʦʚʥʝ 10000 ʤʛ/ʢʛ ʧʦʜʘʚʣʷʣʩʷ ʨʦʩʪ ʫ ʧʦ-

ʨʦʩʷʪ. 

ʌʦʣʠʝʚʘʷ ʢʠʩʣʦʪʘ. ɼʝʬʠʮʠʪ ʬʦʣʠʝʚʦʡ ʢʠʩʣʦʪʳ ʚʳʟʳʚʘʝʪ ʥʘʨʫ-

ʰʝʥʠʝ ʚ ʦʙʤʝʥʝ ʦʜʥʦʫʛʣʝʨʦʜʥʳʭ ʚʝʱʝʩʪʚ, ʚʢʣʶʯʘʷ ʤʝʪʠʣʴʥʳʝ ʛʨʫʧʧʳ 

ʩʝʨʠʥʘ, ʧʫʨʠʥʘ ʠ ʪʠʤʠʥʘ, ʫʯʘʩʪʚʫʝʪ ʚ ʨʝʘʢʮʠʷʭ ʧʨʝʚʨʘʱʝʥʠʷ ʩʝʨʠʥʘ ʚ 

ʛʣʠʮʠʥ ʠ ʛʦʤʦʮʠʩʪʝʠʥʘ ʚ ʤʝʪʠʦʥʠʥ. ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʬʦʣʠʝʚʦʡ ʢʠʩʣʦʪʳ 

ʚʩʘʩʳʚʘʝʪʩʷ ʢʠʰʝʯʥʦʡ ʩʪʝʥʢʦʡ, ʛʜʝ ʚʦʩʩʪʘʚʣʠʚʘʝʪʩʷ ʜʦ ʪʝʪʨʘ- ʛʠʜʨʦʬʦ-

ʣʠʝʚʡ ʢʠʩʣʦʪʳ ʠ ʟʘʪʝʤ ʤʝʪʠʣʠʨʫʝʪʩʷ ʜʦ ʤʝʪʠʣ-ʬʦʣʠʝʚʦʡ ʢʠʩʣʦʪʳ. ɺ ʣʠ-

ʩʪʴʷʭ ʨʘʩʪʝʥʠʡ ʤʥʦʛʦ ʬʦʣʠʝʚʦʡ ʢʠʩʣʦʪʳ (ʣʘʪ. folium ï ʣʠʩʪʴʷ). 

 
ʌʦʣʠʝʚʘʷ ʢʠʩʣʦʪʘ (ʧʪʝʨʦʠʣʤʦʥʦʛʣʶʪʘʤʠʥʦʚʘʷ ʢʠʩʣʦʪʘ) 

 

ʉʠʤʧʪʦʤʳ ʜʝʬʠʮʠʪʘ ʬʦʣʠʝʚʦʡ ʢʠʩʣʦʪʳ: ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴ-

ʥʳʡ ʨʦʩʪ, ʙʣʝʢʣʳʡ ʮʚʝʪ ʚʦʣʦʩ, ʘʥʝʤʠʷ, ʣʝʡʢʦʧʝʥʠʷ, ʪʨʦʤʙʦʧʝʥʠʷ, ʧʦ-

ʥʠʞʝʥʥʳʡ ʛʝʤʘʪʦʢʨʠʪ, ʛʠʧʝʨʧʣʘʟʠʷ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ. 

ʅʠʘʮʠʥ (ʥʠʢʦʪʠʥʦʚʘʷ ʢʠʩʣʦʪʘ). ʗʚʣʷʝʪʩʷ ʢʦʤʧʦʥʝʥʪʦʤ ʢʦʵʥ-

ʟʠʤʦʚ, ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʦʙʤʝʥʘ ʫʛʣʝʚʦʜʦʚ, ʙʝʣʢʦʚ ʠ ʞʠʨʦʚ. ʀʟʙʳʪʦʯʥʳʡ 
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ʪʨʠʧʪʦʬʘʥ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʥʠʘʮʠʥ. ʀʟ 50 ʤʛ ʪʨʠʧʪʦʬʘʥʘ ʦʙʨʘʟʫʝʪʩʷ 1 ʤʛ 

ʥʠʘʮʠʥʘ. 

ɹʠʦʜʦʩʪʫʧʥʦʩʪʴ ʥʠʘʮʠʥʘ ʠʟ ʞʝʣʪʦʡ ʢʫʢʫʨʫʟʳ, ʦʚʩʘ, ʧʰʝʥʠʮʳ ʠ 

ʩʦʨʛʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʫʣʝʚʘʷ, ʪʘʢ ʢʘʢ ʚ ʵʪʠʭ ʧʨʦʜʫʢʪʘʭ ʥʠʘʮʠʥ ʥʘʭʦʜʠʪʩʷ 

ʚ ʩʚʷʟʘʥʥʦʡ ʬʦʨʤʝ. ɺ ʩʦʝʚʳʭ ʢʦʨʤʘʭ ʥʠʘʮʠʥ ʚʳʩʦʢʦʜʦʩʪʫʧʝʥ. ɸʢʪʠʚ-

ʥʦʩʪʴ ʥʠʘʮʠʥʘ ʚ ʢʦʤʤʝʨʯʝʩʢʦʤ ʧʨʝʧʘʨʘʪʝ ʥʠʢʦʪʠʥʘʤʠʜʝ (ʥʠʘʮʠʥʘʤʠʜʝ) 

ʩʦʩʪʘʚʣʷʝʪ 120% ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʢʦʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. 

  
ʅʠʢʦʪʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʅʠʢʦʪʠʥʘʤʠʜ 

 

ʉʠʤʧʪʦʤʳ ʜʝʬʠʮʠʪʘ ʩʥʠʞʝʥʠʝ ʨʦʩʪʘ, ʘʥʦʨʝʢʩʠʷ, ʨʚʦʪʘ, ʩʫʭʘʷ 

ʢʦʞʘ, ʜʝʨʤʘʪʠʪʳ, ʛʨʫʙʳʡ ʚʦʣʦʩʷʥʦʡ ʧʦʢʨʦʚ, ʧʦʪʝʨʷ ʚʦʣʦʩ, ʠʟʲʷʟʚʣʝʥʠʝ 

ʩʣʠʟʠʩʪʦʡ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ, ʚʦʩʧʘʣʝʥʠʝ ʠ ʥʝʢʨʦʟ ʩʣʝʧʦʡ ʠ 

ʦʙʦʜʦʯʥʦʡ ʢʠʰʦʢ. 

ʇʘʥʪʦʪʝʥʦʚʘʷ ʢʠʩʣʦʪʘ. ʕʪʦʪ ʚʠʪʘʤʠʥ ʩʦʩʪʦʠʪ ʠʟ ʧʘʥʪʦʪʝʥʦʚʦʡ 

ʢʠʩʣʦʪʳ, ʧʨʠʩʦʝʜʠʥʝʥʥʦʡ ʢ ɓ-ʘʣʘʥʠʥʫ ʯʝʨʝʟ ʘʤʠʜʥʫʶ ʩʚʷʟʴ.  

 
ʇʘʥʪʦʪʝʥʦʚʘʷ ʢʠʩʣʦʪʘ 

 

ɺ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʘ ʢʦʵʥʟʠʤʘ ɸ ʧʘʥʪʦʪʝʥʦʚʘʷ ʢʠʩʣʦʪʘ ʫʯʘʩʪ-

ʚʫʝʪ ʚ ʦʙʤʝʥʝ ʫʛʣʝʚʦʜʦʚ ʠ ʞʠʨʘ. ɹʠʦʜʦʩʪʫʧʥʦʩʪʴ ʝʛʦ ʚ ʷʯʤʝʥʝ, ʧʰʝʥʠ-

ʮʝ, ʩʦʨʛʦ ï ʥʠʟʢʘʷ, ʥʦ ʚʳʩʦʢʘʷ ʚ ʞʝʣʪʦʡ ʢʫʢʫʨʫʟʝ ʠ ʩʦʝʚʳʭ ʢʦʨʤʘʭ. 

ʊʦʣʴʢʦ D-ʠʟʦʤʝʨ ʧʘʥʪʦʪʝʥʦʚʦʡ ʢʠʩʣʦʪʳ ʙʠʦʣʦʛʠʯʝʩʢʠ ʜʦʩʪʫʧʝʥ. ʂʘʢ 

ʧʨʘʚʠʣʦ, ʚ ʢʦʨʤʘ ʩʚʠʥʝʡ ʜʦʙʘʚʣʷʶʪ ʩʠʥʪʝʪʠʯʝʩʢʫʶ ʧʘʥʪʦʪʝʥʦʚʫʶ ʢʠ-

ʩʣʦʪʫ, ʚ ʚʠʜʝ D-ʢʘʣʴʮʠʡ ʧʘʥʪʦʪʝʥʘʪʘ. ʕʪʦ ï ʩʦʣʴ, ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʘʷ, ʯʝʤ 

ʧʘʥʪʦʪʝʥʦʚʘʷ ʢʠʩʣʦʪʘ, ʩʦʜʝʨʞʠʪ 92%ʘʢʪʠʚʥʦʡ ʧʘʥʪʦʪʝʥʦʚʦʡ ʢʠʩʣʦʪʳ, 

DL-ʉʘ-ʧʘʥʪʦʪʝʥʘʪ-ʉʘʉl2 ʩʦʜʝʨʞʠʪ 32% ʘʢʪʠʚʥʦʩʪʠ. 

ʉʠʤʧʪʦʤʳ ʜʝʬʠʮʠʪʘ: ʧʣʦʭʦʡ ʨʦʩʪ, ʜʠʘʨʝʷ, ʩʫʭʘʷ ʢʦʞʘ, ʛʨʫʙʳʡ 

ʚʦʣʦʩʷʥʦʡ ʧʦʢʨʦʚ, ʧʦʥʠʞʝʥʥʘʷ ʠʤʤʫʥʥʘʷ ʨʝʘʢʮʠʷ, ʥʝʥʦʨʤʘʣʴʥʦʝ ʜʚʠ-

ʞʝʥʠʝ ʟʘʜʥʠʭ ʥʦʛ, ʥʘʟʳʚʘʝʤʦʝ ʛʫʩʠʥʳʤ ʰʘʛʦʤ. ɸʥʘʣʠʟ ʧʦʩʤʝʨʪʥʦʛʦ 

ʚʩʢʨʳʪʠʷ ʧʦʨʦʩʷʪ ʩ ʧʘʥʪʦʪʝʥʦʚʳʤ ʜʝʬʠʮʠʪʦʤ ʧʦʢʘʟʘʣ ʥʘʣʠʯʠʝ ʦʪʝʯʥʦ-

ʩʪʠ ʠ ʥʝʢʨʦʟ ʩʣʠʟʠʩʪʦʡ ʢʠʰʝʯʥʠʢʘ, ʧʦʚʳʰʝʥʥʫʶ ʠʥʚʘʟʠʶ ʩʦʝʜʠʥʠʪʝʣʴ-

ʥʳʭ ʪʢʘʥʝʡ, ʧʦʪʝʨʶ ʤʠʝʣʠʥʦʚʳʭ ʦʙʦʣʦʯʝʢ ʥʝʨʚʦʚ, ʜʝʛʝʥʝʨʘʮʠʶ ʜʦʨ-

ʩʘʣʴʥʳʭ ʢʦʨʝʰʢʦʚ ʢʣʝʪʦʢ ʥʝʨʚʥʳʭ ʛʘʥʛʣʠʝʚ. 

ʈʠʙʦʬʣʘʚʠʥ. ʗʚʣʷʝʪʩʷ ʢʦʤʧʦʥʝʥʪʦʤ ʜʚʫʭ ʢʦʵʥʟʠʤʦʚ ï ʬʣʘʚʠʥʘ 

ʤʦʥʦʥʫʢʣʝʦʪʠʜʘ (ʌʄʅ) ʠ ʬʣʘʚʠʥʘ ʘʜʝʥʠʥʘ ʜʠʥʫʢʣʝʦʪʠʜʘ (ʌɸɼ). ʈʠ-

ʙʦʬʣʘʚʠʥ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʦʙʤʝʥʝ ʙʝʣʢʦʚ, ʞʠʨʦʚ ʠ ʫʛʣʝʚʦʜʦʚ. ɺ 

ʢʦʨʤʘʭ ʨʠʙʦʬʣʘʚʠʥ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʩʪʘʚʝ ʌɸɼ. 



124 
 

 
ʈʠʙʦʬʣʘʚʠʥ 

 

ʉʠʤʧʪʦʤʳ ʜʝʬʠʮʠʪʘ: ʧʦʪʝʨʷ ʨʝʧʨʦʜʫʢʪʠʚʥʳʭ ʬʫʥʢʮʠʡ ʫ ʩʚʠ-

ʥʦʢ, ʫ ʢʫʨ, ʫ ʤʦʣʦʜʥʷʢʘ ï ʩʥʠʞʝʥʠʝ ʨʦʩʪʘ, ʢʘʪʘʨʘʢʪʘ, ʪʨʫʜʥʘʷ ʧʦʭʦʜʢʘ, 

ʩʝʙʦʨʝʷ, ʨʚʦʪʘ ʠ ʦʙʣʳʩʝʥʠʝ. ʇʨʠ ʦʩʪʨʦʤ ʜʝʬʠʮʠʪʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳ-

ʰʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚ ʢʨʦʚʠ ʛʨʘʥʫʣʷʨʥʳʭ ʥʝʡʪʨʦʬʠʣʦʚ, ʧʦʥʠʞʝʥʥʘʷ 

ʠʤʤʫʥʥʘʷ ʨʝʘʢʮʠʷ, ʙʣʝʜʥʘʷ ʧʝʯʝʥʴ ʠ ʧʦʯʢʠ, ʦʞʠʨʝʥʠʝ ʧʝʯʝʥʠ, ʧʦʛʠʙ-

ʰʠʝ ʬʦʣʣʠʢʫʣʳ ʫ ʩʚʠʥʦʤʘʪʦʢ, ʜʝʛʝʥʝʨʘʮʠʷ ʷʡʮʝʢʣʝʪʦʢ, ʜʝʛʝʥʝʨʘʮʠʷ 

ʤʠʝʣʠʥʘ ʩʝʜʘʣʠʱʥʦʛʦ ʠ ʧʣʝʯʝʚʦʛʦ ʥʝʨʚʦʚ. 

ʊʠʘʤʠʥ ʥʝʦʙʭʦʜʠʤ ʚ ʧʨʦʮʝʩʩʘʭ ʦʙʤʝʥʘ ʫʛʣʝʚʦʜʦʚ ʠ ʙʝʣʢʦʚ. ʂʦ-

ʵʥʟʠʤ ʪʠʘʤʠʥ ʬʦʩʬʘʪʘʟʘ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʷ Ŭ-

ʢʝʪʦʢʠʩʣʦʪ. ʊʠʘʤʠʥ ʦʯʝʥʴ ʥʝʫʩʪʦʡʯʠʚ ʢ ʪʝʧʣʫ. ʇʦʵʪʦʤʫ ʠʟʙʳʪʦʯʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʠʣʠ ʘʚʪʦʢʣʘʚʠʨʦʚʘʥʠʝ ʢʦʨʤʦʚ ʨʝʟʢʦ ʩʥʠʞʘʝʪ ʩʦʜʝʨʞʘʥʠʝ 

ʪʠʘʤʠʥʘ. 

 
ʊʠʘʤʠʥ ʛʠʜʨʦʭʣʦʨʠʜ 

 

ʋ ʪʠʘʤʠʥʜʝʬʠʮʠʪʥʳʭ ʧʦʨʦʩʷʪ ʩʥʠʞʘʣʩʷ ʨʦʩʪ, ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʣʘ, 

ʩʝʨʜʝʯʥʳʡ ʠʤʧʫʣʴʩ, ʦʪʤʝʯʝʥʦ ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʨʚʦʪʘ, ʛʠʧʝʨʪʨʦʬʠʷ ʩʝʨʜ-

ʮʘ, ʩʣʘʙʦʝ ʩʝʨʜʮʝ, ʜʝʛʝʥʝʨʘʮʠʷ ʩʝʨʜʝʯʥʦʡ ʤʳʰʮʳ ʠ ʚʥʝʟʘʧʥʘʷ ʩʤʝʨʪʴ 

ʠʟ-ʟʘ ʦʩʪʘʥʦʚʢʠ ʩʝʨʜʮʘ, ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ ʧʦʚʳʰʝʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʠ-

ʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ. 

ɿʝʨʥʦ ʙʦʣʴʰʠʥʩʪʚʘ ʟʣʘʢʦʚʳʭ ʢʫʣʴʪʫʨ ʙʦʛʘʪʦ ʪʠʘʤʠʥʦʤ. ʇʦʵʪʦʤʫ 

ʩʚʠʥʴʷʤ ʠ ʧʪʠʮʘʤ ʥʘ ʟʝʨʥʦʚʦ-ʞʤʳʭʦʚʳʭ ʨʘʮʠʦʥʘʭ ʪʠʘʤʠʥ ʜʦʙʘʚʣʷʪʴ ʥʝ 

ʦʙʷʟʘʪʝʣʴʥʦ. 

ʇʠʨʠʜʦʢʩʠʥ (ɺʠʪʘʤʠʥ ɺ6). ɺʠʪʘʤʠʥ ɺ6 ʩʦʜʝʨʞʠʪʩʷ ʚ ʢʦʨʤʘʭ ʚ 

ʚʠʜʝ ʧʠʨʠʜʦʢʩʠʥʘ, ʧʠʨʠʜʦʢʩʘʣʷ, ʧʠʨʠʜʦʢʩʘʤʠʥʘ ʠ ʧʠʨʠʜʦʢʩʘʣʴ ʬʦʩʬʘʪʘ. 

ʇʦʩʣʝʜʥʠʡ ʷʚʣʷʝʪʩʷ ʢʦʬʘʢʪʦʨʦʤ ʤʥʦʛʠʭ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʬʝʨ-

ʤʝʥʪʘʪʠʚʥʳʭ ʩʠʩʪʝʤ, ʚʢʣʶʯʘʷ ʪʨʘʥʩʘʤʠʥʘʟʳ, ʜʝʢʘʨʙʦʢʩʠʣʘʟʳ, ʜʝʛʠʜʨʘ-

ʪʘʟʳ, ʩʠʥʪʝʪʘʟʳ ʠ ʨʘʮʝʤʘʟʳ. ɺʠʪʘʤʠʥ ɺ6 ʠʛʨʘʝʪ ʛʣʘʚʥʫʶ ʨʦʣʴ ʚ ʬʫʥʢʮʠ-

ʷʭ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ. ʆʥ ʚʢʣʶʯʝʥ ʚ ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʝ 

ʧʨʦʠʟʚʦʜʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ï ʥʝʡʨʦʪʨʘʥʩʤʠʪʪʝʨʦʚ ʠ ʥʝʡʨʦʠʥʛʠʙʠʪʦʨʦʚ. 

ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʜʦʩʪʫʧʥʦʩʪʴ ʚʠʪʘʤʠʥʘ ɺ6 ʠʟ ʢʦʨʤʦʚ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʘ.  
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ʇʠʨʠʜʦʢʩʠʥ ʇʠʨʠʜʦʢʩʘʣʴ ʇʠʨʠʜʦʢʩʘʤʠʥ 

 

ʉʠʤʧʪʦʤʳ ʜʝʬʠʮʠʪʘ: ʫʭʫʜʰʝʥʠʝ ʘʧʧʝʪʠʪʘ ʠ ʨʦʩʪʘ, ʵʢʩʩʫʜʘʪʠʚ-

ʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʢʨʫʛ ʛʣʘʟ, ʢʦʥʚʫʣʴʩʠʠ, ʦʜʳʰʢʘ, ʢʦʤʘ ʠ ʩʤʝʨʪʴ, ʚ 

ʢʨʦʚʠ ʩʥʠʞʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʛʝʤʦʛʣʦʙʠʥʘ, ʵʨʠʪʨʦʮʠʪʦʚ ʠ ʣʠʤʬʦʮʠʪʦʚ, 

ʩʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ ʚ ʩʳʚʦʨʦʪʢʝ ʠ ʛʘʤʤʘ-ʛʣʦʙʫʣʠʥʘ ʧʦʚʳʰʘʝʪʩʷ; ʜʝʛʝ-

ʥʝʨʘʮʠʷ ʧʝʨʠʬʝʨʠʯʝʩʢʦʛʦ ʤʠʝʣʠʥʘ ʠ ʩʝʥʩʦʨʥʳʭ ʥʝʡʨʦʥʦʚ, ʛʠʧʦʭʨʦʤʥʘʷ 

ʘʥʝʤʠʷ, ʞʠʨʦʚʘʷ ʠʥʬʠʣʴʪʨʘʮʠʷ ʧʝʯʝʥʠ. ʊʨʠʧʪʦʬʘʥ-ʥʘʩʳʱʘʶʱʠʡ ʪʝʩʪ, 

ʧʨʠ ʢʦʪʦʨʦʤ ʢʦʥʚʝʨʩʠʷ ʪʨʠʧʪʦʬʘʥʘ ʚ ʥʠʘʮʠʥ ʫʭʫʜʰʘʝʪʩʷ ʤʦʞʝʪ ʦʧʨʝ-

ʜʝʣʷʪʴ ʩʪʘʪʫʩ ʚʠʪʘʤʠʥʘ ɺ6, ʧʦ ʫʚʝʣʠʯʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʩʘʥʪʫʨʠʥʦ-

ʚʦʡ ʠ ʢʠʥʫʨʠʥʦʚʦʡ ʢʠʩʣʦʪ ʚ ʤʦʯʝ.  

ɺʠʪʘʤʠʥ ɺ12 ʠʣʠ ʮʠʘʥʢʦʙʘʣʘʤʠʥ ʩʦʜʝʨʞʠʪ ʚ ʩʚʦʝʡ ʤʦʣʝʢʫʣʝ 

ʤʠʢʨʦʵʣʝʤʝʥʪ ʢʦʙʘʣʴʪ.  

 
ɺʠʪʘʤʠʥ ɺ12 (ʮʠʘʥʢʦʙʘʣʘʤʠʥ) 
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ɺʠʪʘʤʠʥ ɺ12 ʢʘʢ ʢʦʵʥʟʠʤ ʚʢʣʶʯʝʥ ʚ ʩʠʥʪʝʟ ʪʠʤʠʥʘ, ʢʦʪʦʨʳʡ ʧʨʝ-

ʚʨʘʱʘʝʪʩʷ ʚ ʪʠʤʠʜʠʥ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʠʥʪʝʟʘ ɼʅʂ. ʋ ʞʚʘʯʥʳʭ ʚʠ-

ʪʘʤʠʥ ɺ12 ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʨʫʙʮʦʚʦʡ ʤʠʢʨʦʬʣʦʨʦʡ. 

ʉʠʥʪʝʟ ʚʠʪʘʤʠʥʘ ɺ12 ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ ʚ ʢʠʰʝʯʥʦʤ ʪʨʘʢʪʝ, ʘ 

ʪʘʢ ʞʝ ʩʚʦʡʩʪʚʝʥʥʘʷ ʩʚʠʥʴʷʤ ʢʘʧʨʦʬʘʛʠʷ, ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʧʦʪʨʝʙ-

ʥʦʩʪʴ ʩʚʠʥʝʡ ʚ ʚʠʪʘʤʠʥʝ ɺ12. ʈʘʩʪʠʪʝʣʴʥʳʝ ʢʦʨʤʘ ʥʝ ʩʦʜʝʨʞʘʪ ʚʠʪʘʤʠʥ 

ɺ12, ʥʦ ʞʠʚʦʪʥʳʝ ʠ ʬʝʨʤʝʥʪʠʨʦʚʘʥʥʳʝ ʢʦʨʤʘ ʝʛʦ ʩʦʜʝʨʞʘʪ. ʂʦʤʤʝʨʯʝ-

ʩʢʠʝ ʧʨʝʧʘʨʘʪʳ ɺ12ïɻ ʪʦ ʧʨʦʜʫʢʪʳ ʤʠʢʨʦʙʥʦʛʦ ʩʠʥʪʝʟʘ. ʈʝʮʝʧʪʦʨʥʳʝ 

ʫʯʘʩʪʢʠ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ ɺ12 ʥʘʭʦʜʷʪʩʷ ʚ ʧʦʜʚʟʜʦʰʥʦʡ ʢʠʰʢʝ. ʇʝʨʝʜ 

ʚʩʘʩʳʚʘʥʠʝʤ ʢʦʙʘʣʘʤʠʥ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢ çʚʥʫʪʨʝʥʥʝʤʫ ʬʘʢʪʦʨʫè, ʢʦ-

ʪʦʨʳʡ ʚʳʜʝʣʷʝʪʩʷ ʠʟ ʧʨʠʩʪʝʥʦʯʥʳʭ ʢʣʝʪʦʢ ʩʣʠʟʠʩʪʦʡ ʞʝʣʫʜʢʘ. ʀʟʙʳʪʦʢ 

ʚʠʪʘʤʠʥʘ ɺ12 ʵʬʬʝʢʪʠʚʥʦ ʟʘʧʘʩʘʝʪʩʷ ʚ ʧʝʯʝʥʠ ʠ ʧʦʩʪʝʧʝʥʥʦ ʠʩʧʦʣʴʟʫʝʪ-

ʩʷ ʧʨʠ ʜʝʬʠʮʠʪʝ ʝʛʦ ʚ ʨʘʮʠʦʥʝ. 

ʉʠʤʧʪʦʤʳ ʜʝʬʠʮʠʪʘ: ʫʭʫʜʰʝʥʠʝ ʘʧʧʝʪʠʪʘ ʠ ʩʥʠʞʝʥʠʝ ʨʦʩʪʘ, 

ʦʛʨʫʙʣʝʥʠʝ ʢʦʞʥʦʛʦ ʠ ʚʦʣʦʩʷʥʦʛʦ ʧʦʢʨʦʚʘ, ʨʘʟʜʨʘʞʠʪʝʣʴʥʦʩʪʴ, ʦʪʩʫʪ-

ʩʪʚʠʝ ʢʦʦʨʜʠʥʘʮʠʠ ʟʘʜʥʠʭ ʥʦʛ, ʘʥʝʤʠʷ, ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʥʝʡʪʨʦʬʠ-

ʣʦʚ. ʇʨʠʟʥʘʢʠ ʜʝʬʠʮʠʪʘ ʬʦʣʠʝʚʦʡ ʢʠʩʣʦʪʳ ʩʦʧʦʩʪʘʚʣʷʶʪʩʷ ʩ ʪʘʢʦʚʳʤʠ 

ɺ12, ʧʦʩʢʦʣʴʢʫ ɺ12 ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʦʙʤʝʥʘ ʬʦʣʠʝʚʦʡ ʢʠʩʣʦʪʳ. 

ɺʠʪʘʤʠʥ ʉ (ʘʩʢʦʨʙʠʥʦʚʘʷ ʢʠʩʣʦʪʘ). ʗʚʣʷʝʪʩʷ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʤ 

ʘʥʪʠʦʢʩʠʜʘʥʪʦʤ, ʦʥ ʫʯʘʩʪʚʫʝʪ ʚ ʦʢʩʠʜʘʮʠʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʢʠʩʣʦʪ, 

ʩʠʥʪʝʟʝ ʥʦʨʵʧʠʥʝʬʨʠʥʘ ʠ ʢʘʨʥʠʪʠʥʘ, ʠ ʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʢʣʝʪʦʯʥʦʛʦ 

ʬʝʨʨʠʪʠʚʥʦʛʦ ʞʝʣʝʟʘ ʜʣʷ ʪʨʘʥʩʧʦʨʪʘ ʚ ʞʠʜʢʦʩʪʷʭ ʪʝʣʘ. ɸʩʢʦʨʙʠʥʦʚʘʷ 

ʢʠʩʣʦʪʘ ʥʝʦʙʭʦʜʠʤʘ ʪʘʢ ʞʝ ʜʣʷ ʛʠʜʨʦʢʩʠʣʘʮʠʠ ʧʨʦʣʠʥʘ ʠ ʣʠʟʠʥʘ, ʢʦʪʦ-

ʨʳʝ ʷʚʣʷʶʪʩʷ ʩʦʩʪʘʚʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʢʦʣʣʘʛʝʥʘ. ɺʠʪʘʤʠʥ ʉ ʧʦʚʳʰʘʝʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʢʘʢ ʢʦʩʪʥʦʡ ʤʘʪʨʠʮʳ, ʪʘʢ ʜʝʥʪʠʥʘ ʟʫʙʦʚ. ʇʨʠ ʜʝʬʠʮʠʪʝ ʚʠ-

ʪʘʤʠʥʘ ʉ ʢʨʦʚʦʠʟʣʠʷʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʧʦ ʚʩʝʤʫ ʪʝʣʫ. ɺʠʪʘʤʠʥ ʉ ʷʚʣʷʝʪʩʷ 

ʥʝʟʘʤʝʥʠʤʳʤ ʜʣʷ ʧʨʠʤʘʪʦʚ ʠ ʤʦʨʩʢʠʭ ʩʚʠʥʦʢ. ɼʦʤʘʰʥʠʝ ʞʠʚʦʪʥʳʝ ʤʦ-

ʛʫʪ ʝʛʦ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʠʟ ʛʣʶʢʦʟʳ. ʉʯʠʪʘʶʪ, ʯʪʦ ʦʩʪʝʦʭʦʥʜʨʦʟ ʤʦʞʝʪ 

ʙʳʪʴ ʩʚʷʟʘʥ ʩ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʣʣʘʛʝʥʘ ʠʟ-ʟʘ ʧʦʥʠʞʝʥ-

ʥʦʡ ʛʠʜʨʦʢʩʠʣʘʮʠʠ ʣʠʟʠʥʘ ʚ ʛʠʜʨʦʦʢʩʠʣʠʟʠʥ. ʆʜʥʘʢʦ ʜʦʙʘʚʢʘ ʚʠʪʘʤʠʥʘ 

ʉ ʙʳʣʘ ʥʝʵʬʬʝʢʪʠʚʥʦʡ ʚ ʧʨʝʜʦʪʚʨʘʱʝʥʠʠ ʵʪʦʛʦ ʥʘʨʫʰʝʥʠʷ. 

 
ɺʠʪʘʤʠʥ ʉ (L-ʘʩʢʦʨʙʠʥʦʚʘʷ ʢʠʩʣʦʪʘ) 

 

ʆʪʤʝʯʝʥʘ ʙʳʩʪʨʘʷ ʦʩʪʘʥʦʚʢʘ ʢʨʦʚʦʪʝʯʝʥʠʷ ʧʫʧʦʚʠʥʳ ʫ ʥʦʚʦʨʦʞ-

ʜʝʥʥʳʭ ʧʦʨʦʩʷʪ, ʢʦʛʜʘ 1 ʛ ʚʠʪʘʤʠʥʘ ʉ ʚ ʜʝʥʴ ʩʢʘʨʤʣʠʚʘʣʠ ʩʫʧʦʨʦʩʥʳʤ 

ʤʘʪʢʘʤ, ʥʘʯʠʥʘʷ ʩ 5 ʜʥʷ ʧʝʨʝʜ ʦʞʠʜʘʝʤʳʤʠ ʨʦʜʘʤʠ. ʇʦʨʦʩʷʪʘ ʦʪ ʤʘʪʦʢ, 
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ʢʦʪʦʨʳʤ ʜʦʙʘʚʣʷʣʠ ʚʠʪʘʤʠʥ ʉ, ʨʦʩʣʠ ʣʫʯʰʝ ʢ 3 ʥʝʜʝʣʴʥʦʤʫ ʚʦʟʨʘʩʪʫ, 

ʯʝʤ ʢʦʥʪʨʦʣʴʥʳʝ. 

8.3. ɺʠʪʘʤʠʥʥʳʝ ʧʨʝʤʠʢʩʳ 

ʉʝʡʯʘʩ ʞʠʚʦʪʥʦʚʦʜʳ ʥʝ ʦʯʝʥʴ ʥʘʜʝʶʪʩʷ ʥʘ ʢʦʨʤʘ, ʢʘʢ ʠʩʪʦʯʥʠʢʠ 

ʚʠʪʘʤʠʥʦʚ, ʦʩʦʙʝʥʥʦ ʪʘʢʠʭ ʢʘʢ A, D, E, B12, ʥʠʢʦʪʠʥʦʚʦʡ ʠ ʧʘʥʪʦʪʝʥʦ-

ʚʦʡ ʢʠʩʣʦʪ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʦʙʘʚʣʷʶʪ ʠʭ ʚ ʨʘʮʠʦʥʳ ʚ ʩʦʩʪʘʚʝ ʧʨʝʤʠʢ-

ʩʦʚ. ʇʨʠ ʵʪʦʤ ʜʦʙʘʚʢʠ ʵʪʠʭ ʚʠʪʘʤʠʥʦʚ ʚ ʨʘʟʳ ʧʨʝʚʳʰʘʶʪ ʫʩʪʘʥʦʚʣʝʥ-

ʥʫʶ ʤʠʥʠʤʘʣʴʥʫʶ ʧʦʪʨʝʙʥʦʩʪʴ. ʊʨʫʜʥʦ ʩʢʘʟʘʪʴ, ʥʘʩʢʦʣʴʢʦ ʵʪʦ ʦʧʨʘʚ-

ʜʘʥʦ. ʉ ʫʯʝʪʦʤ ʧʦʪʝʨʴ ʚʠʪʘʤʠʥʦʚ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʪʨʘʥʩʧʦʨʪʠ-

ʨʦʚʢʠ ʠ ʭʨʘʥʝʥʠʷ ʧʨʝʤʠʢʩʦʚ, ʘ ʪʘʢ ʞʝ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʚʠʪʘʤʠʥʦʚ ʯʝ-

ʨʝʟ ʧʨʝʜʞʝʣʫʜʢʠ ʞʚʘʯʥʳʭ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʵʪʦ ʠʤʝʝʪ ʦʧʨʝʜʝʣʝʥʥʳʡ 

ʩʤʳʩʣ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʨʘʟʤʝʨʳ ʵʪʠʭ ʧʦʪʝʨʴ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʠ ʚʚʦʜʠʪʴ ʚʠʪʘʤʠʥʳ ʚ 

ʧʨʝʤʠʢʩʳ ʙʝʟ ʠʟʣʠʰʢʘ. ʅʝʢʦʪʦʨʳʝ ʜʘʥʥʳʝ ʬʠʨʤʳ ɹɸʉʌ ʧʦ ʩʦʭʨʘʥʥʦ-

ʩʪʠ ʚʠʪʘʤʠʥʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 8.2. ʈʘʟʥʳʝ ʚʠʪʘʤʠʥʳ ʥʝʦʜʠʥʘ-

ʢʦʚʦ ʨʝʘʛʠʨʫʶʪ ʥʘ ʭʨʘʥʝʥʠʝ ʩ ʤʠʥʝʨʘʣʴʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʠ ʭʦʣʠʥ-

ʭʣʦʨʠʜʦʤ. ʇʦʪʝʨʠ ʚʠʪ. ɺ1, ʚʠʪ. ʂ, ʚʠʪ. ʉ, ʧʨʠ ʭʨʘʥʝʥʠʠ ʩ ʭʦʣʠʥ-

ʭʣʦʨʠʜʦʤ ʦʢʘʟʘʣʠʩʴ ʩʘʤʳʝ ʚʳʩʦʢʠʝ 35-69%. 

ʕʬʠʨʥʳʝ ʧʨʝʧʘʨʘʪʳ ʚʠʪʘʤʠʥʘ ɸ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳ ʚ ʧʨʝʤʠʢʩʘʭ ʠ 

ʢʦʨʤʘʭ, ʯʝʤ ʯʠʩʪʳʡ ʚʠʪʘʤʠʥ. ɺʣʘʛʘ ʦʪʨʠʮʘʪʝʣʴʥʦ ʜʝʡʩʪʚʫʝʪ ʥʘ ʩʪʘ-

ʙʠʣʴʥʦʩʪʴ ʚʠʪʘʤʠʥʘ ɸ, ʧʦʚʳʰʘʷ ʝʛʦ ʦʢʠʩʣʝʥʠʝ ʢʠʩʣʦʨʦʜʦʤ. ʇʨʠʩʫʪʩʪ-

ʚʠʝ ʭʦʣʠʥ-ʭʣʦʨʠʜʘ, ʢʦʪʦʨʳʡ ʦʯʝʥʴ ʛʠʛʨʦʩʢʦʧʠʯʝʥ, ʧʦʚʳʰʘʝʪ ʨʘʟʨʫʰʝ-

ʥʠʝ ʚʠʪʘʤʠʥʘ ɸ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʢʦʤʤʝʨʯʝʩʢʠʝ ʧʨʝʧʘʨʘʪʳ ʚʠʪʘʤʠʥʘ ɸ 

ʩʦʜʝʨʞʘʪ ʘʥʪʠʦʢʩʠʜʘʥʪʳ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦʢʨʳʪʳ ʟʘʱʠʪʥʦʡ ʦʙʦʣʦʯʢʦʡ. 

ɸʢʪʠʚʥʦʩʪʴ ʚʠʪʘʤʠʥʘ ʂ ʩʥʠʞʘʝʪʩʷ ʥʘ 80%, ʝʩʣʠ ʦʥ ʥʘʭʦʜʠʪʩʷ ʚ 

ʩʦʩʪʘʚʝ ʚʠʪʘʤʠʥʥʦ-ʤʠʢʨʦʵʣʝʤʝʥʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʪʝʯʝʥʠʝ 3 ʤʝʩʷʮʝʚ. 

ʀʟʙʳʪʦʢ ʚ ʨʘʮʠʦʥʝ ʉʘ ʤʦʞʝʪ ʧʦʚʳʰʘʪʴ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʚʠʪʘʤʠʥʝ ʂ. ɿʘ-

ʧʘʩʳ ʚʠʪʘʤʠʥʘ ʂ ʚ ʧʝʯʝʥʠ ʙʳʩʪʨʦ ʠʩʯʝʟʘʶʪ ʧʨʠ ʝʛʦ ʜʝʬʠʮʠʪʝ ʚ ʢʦʨʤʘʭ. 

ʇʘʥʪʦʪʝʥʦʚʘʷ ʢʠʩʣʦʪʘ ʪʝʨʤʦʣʘʙʠʣʴʥʘ. ʆʩʦʙʝʥʥʦ ʥʝʫʩʪʦʡʯʠʚʘ ʦʥʘ 

ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʨʘʩʪʚʦʨʘʭ ʢʠʩʣʦʪ ʠʣʠ ʱʝʣʦʯʝʡ. ɺ ʥʝʡʪʨʘʣʴʥʳʭ ʨʘʩ-

ʪʚʦʨʘʭ ʧʘʥʪʦʪʝʥʦʚʘʷ ʢʠʩʣʦʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʙʠʣʴʥʘ. ɽʱʝ ʙʦʣʝʝ ʫʩ-

ʪʦʡʯʠʚʳ ʝʝ ʩʦʣʠ. 

ʅʘʪʫʨʘʣʴʥʳʡ ʚʠʪʘʤʠʥ ɽ ʚ ʢʦʨʤʘʭ ʙʳʩʪʨʦ ʨʘʟʨʫʰʘʝʪʩʷ ʧʦʜ ʜʝʡ-

ʩʪʚʠʝʤ ʪʝʧʣʘ, ʚʣʘʛʠ, ʦʢʠʩʣʝʥʥʳʭ ʞʠʨʦʚ. ʇʦʵʪʦʤʫ ʪʦʯʥʦ ʧʨʝʜʩʢʘʟʘʪʴ ʢʦ-

ʣʠʯʝʩʪʚʦ ʘʢʪʠʚʥʦʛʦ ʚʠʪʘʤʠʥʘ ɽ ʚ ʢʦʨʤʘʭ ʜʦʩʪʘʪʦʯʥʦ ʪʨʫʜʥʦ. ʇʨʠ ʭʨʘ-

ʥʝʥʠʠ ʣʶʮʝʨʥʦʚʳʭ ʢʦʨʤʦʚ ʚʠʪʘʤʠʥ ɽ ʪʝʨʷʝʪʩʷ ʥʘ 50-70%, ʧʨʠ ʪʝʤʧʝʨʘ-

ʪʫʨʝ 32Áʉ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʥʝʜʝʣʴ ʠ ʦʪ 5 ʜʦ 30% ʝʛʦ ʪʝʨʷʝʪʩʷ ʚ 

ʧʨʦʮʝʩʩʝ ʦʙʝʟʚʦʞʠʚʘʥʠʷ. ʆʙʨʘʙʦʪʢʘ ʢʦʨʤʦʚ ʢʠʩʣʦʪʘʤʠ ʩʥʠʞʘʝʪ ʩʦʜʝʨ-

ʞʘʥʠʝ ʚʠʪʘʤʠʥʘ ɽ. 
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ʊʘʙʣʠʮʘ 8.2 ï ʇʦʪʝʨʠ ʚʠʪʘʤʠʥʦʚ ʚ ʙʨʦʡʣʝʨʥʳʭ ʢʦʨʤʘʭ ʧʨʠ ʭʨʘʥʝʥʠʠ ʚ 

ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ, %. 

ɺʠʪʘʤʠʥ ʌʦʨʤʘ 
ʊʠʧ ʧʨʝ-
ʤʠʢʩʘ 

ʀʜʝʘʣʴʥʳʝ ʫʩʣʦʚʠʷ 
ʇʨʠ ʭʨʘʥʝʥʠʠ ʚ ʧʨʝ-

ʤʠʢʩʘʭ 

ʇʨʠ ʭʨʘʥʝʥʠʠ ʧʨʝ-
ʤʠʢʩʦʚ ʚ ʩʦʩʪʘʚʝ 
ʢʦʨʤʦʚ 

   ʄʝʰʘʥʢʘ ɻʨʘʥʫʣʳ ʄʝʰʘʥʢʘ ɻʨʘʥʫʣʳ ʄʝʰʘʥʢʘ ɻʨʘʥʫʣʳ 

ɸ ɼʨʘʞʝ A/D3 

ɺ1 3 8 4 9 11 16 

ɺʄ2 4 9 8 13 15 19 

ɺʄʍ3 5 10 12 17 19 23 

D3 ɼʨʘʞʝ A/D3 

ɺ 2 8 3 9 11 17 

ɺʄ 2 9 5 11 13 18 

ɺʄʍ 3 9 9 15 17 22 

ɽ ɸʮʝʪʘʪ 

ɺ 1 7 1 7 4 10 

ɺʄ 1 7 4 10 7 13 

ɺʄʍ 1 7 7 13 10 16 

ʂ ʂʄʅɹ
4
 

ɺ 7 35 8 36 26 49 

ɺʄ 12 39 22 46 37 56 

ɺʄʍ 12 39 33 53 46 62 

ɺ1 
ʊʠʘʤʠʥ 

HCI 

ɺ 3 17 4 18 15 27 

ɺʄ 8 21 24 35 33 42 

ɺʄʍ 8 39 30 40 38 47 

ɺ2 ʈʠʙʦʬʣʘʚʠʥ 

ɺ 1 10 1 10 7 16 

ɺʄ 1 10 5 14 11 19 

ɺʄʍ 3 12 8 17 14 22 

ɺ6 ʇʠʨʠʜʦʢʩʠʥ 

ɺ 3 13 3 13 9 19 

ɺʄ 4 14 8 18 14 23 

ɺʄʍ 6 16 13 22 19 27 

ʇʘʥʪʦʪʝ-
ʥʦʚʘʷ ʢʠ-
ʩʣʦʪʘ 

ʇʘʥʪʦʪʝʥʘʪ 
ʢʘʣʴʮʠʷ 

ɺ 1 10 1 10 6 15 

ɺʄ 1 10 1 10 6 15 

ɺʄʍ 2 11 13 21 18 25 

ɹʠʦʪʠʥ  

ɺ 3 13 3 13 10 20 

ɺʄ 4 14 7 17 14 23 

ɺʄʍ 6 16 13 22 20 28 

ʌʦʣʠʝʚʘʷ 
ʢʠʩʣʦʪʘ 

 

ɺ 1 11 1 11 3 13 

ɺʄ 2 12 6 16 8 16 

ɺʄʍ 3 13 16 25 18 26 

ʅʠʘʠʮʠʥ 
ʅʠʢʦʪʠʥʦʚʘʷ 
ʢʠʩʣʦʪʘ 

ɺ 4 13 4 13 12 20 

ɺʄ 6 15 10 18 18 25 

ɺʄʍ 6 15 13 21 20 28 

ɺʠʪʘʤʠʥ ʉ 
ɸʩʢʦʨʙʠʥʦ-
ʚʘʷʢʠʩʣʦʪʘ 

ɺ 11 56 14 57 39 70 

ɺʄ 16 58 37 69 55 78 

ɺʄʍ 16 58 37 69 55 78 

ɺʠʪʘʤʠʥ ʉ 
ɿʘʱʠʱʝʥ-
ʥʳʡ 

ɺ 5 27 1 29 25 42 

ɺʄ 8 30 18 37 34 49 

ɺʄʍ 8 30 27 44 41 55 

ʍʦʣʠʥ 
ʍʦʣʠʥ-
ʭʣʦʨʠʜ 

ɺ - - - - - - 

ɺʄ - - - - - - 

ɺʄʍ - - - - 1 4 

ʋʩʣʦʚʠʷ ʭʨʘʥʝʥʠʷ: 
ʍʨʘʥʝʥʠʝ ʚʠʪʘʤʠʥʦʚ 

ʍʨʘʥʝʥʠʝ ʧʨʝʤʠʢʩʦʚ; 15Áʉ, ʆɺ5 - 
60% 

ʍʨʘʥʝʥʠʝ ʢʦʨʤʦʚ; 20 Áʉ, ʆɺ ï 
60% 

0 ʜʥʝʡ 

 

14 ʜʥʝʡ 

 

7 ʜʥʝʡ 

0 ʜʥʝʡ 
 

56 ʜʥʝʡ 
 

7 ʜʥʝʡ 

0 ʜʥʝʡ 
 

56 ʜʥʝʡ 
 

28 ʜʥʝʡ 

ɺ
1
 ï ʚʠʪʘʤʠʥʳ; ɺʄ

2
 ï ʚʠʪʘʤʠʥʳ+ʤʠʥʝʨʘʣʴʥʳʝ ʚʝʱʝʩʪʚʘ; ɺʄʍ

3
 ï ʚʠʪʘʤʠ-

ʥʳ+ʤʠʥʝʨʘʣʴʥʳʝ ʚʝʱʝʩʪʚʘ + ʭʦʣʠʥ-ʭʣʦʨʠʜ; ʂʄʅɹ
4
 ï ʢʦʤʧʣʝʢʩʥʳʡ ʧʨʝʧʘʨʘʪ ʤʝʥʘ-

ʜʠʦʥʘ ʥʘʪʨʠʷ ʙʠʩʫʣʴʬʘʪʘ; ʆɺ
5
 ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ. 
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ʊʠʘʤʠʥ ʦʯʝʥʴ ʥʝʫʩʪʦʡʯʠʚ ʢ ʪʝʧʣʫ. ʇʦʵʪʦʤʫ ʠʟʙʳʪʦʯʥʘʷ ʪʝʤʧʝʨʘ-
ʪʫʨʘ ʠʣʠ ʘʚʪʦʢʣʘʚʠʨʦʚʘʥʠʝ ʢʦʨʤʦʚ ʨʝʟʢʦ ʩʥʠʞʘʝʪ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ. 

ʊʘʙʣʠʮʘ 8.3 ï ʊʠʧʠʯʥʳʡ ʩʦʩʪʘʚ ʚʠʪʘʤʠʥʥʳʭ ʧʨʝʤʠʢʩʦʚ, ʜʦʙʘʚʣʷʝʤʳʭ ʚ 

ʨʘʩʯʝʪʝ ʥʘ ʢʛ ʉɺ ʨʘʮʠʦʥʘ. 

ɺʠʪʘʤʠ-

ʥ r

ɽʜ. 

ʠʟʤ. 

ʇʦʨʦʩʷ-

ʪʘ 21-60 

ʜʥ. 

ʩʚʠʥʦʤʘʪʢʠ ʂʦʨʦʚʳ  ʊʝʣ̫-

ʪʘ 0-3 

ʤʝʩ. 

ʎʳʧʣ̫-

ʪʘ ʷʠʯ-

ʥʳʝ 

ʎʳʧʣʷʪʘ 

ʙʨʦʡʣʝ-

ʨʳ ʩʪʘʨʪ 

ʢʫʨʳ 

ʥʝʩ-

ʰʢʠ 
ʩʫʧʨ. ʣʘʢʪʠ-

ʨʫʶʱʠʝ 

21-0 

ʜʥ. 

0-21 

ʜʥ 

A ʄɽ 12 000 11 000 7 000 15 000 10 000 11 000 9 000 15 000 7 000 

D3 ʄɽ 1 200 1 700 1 000 3 500 2 500 8 000 3 000 5 000 3 000 

E ʤʛ 40 35 30 60 25 30 10 75 6 

K ʤʛ 3 4 3   7 0,5 4 0,5 

B1 ʤʛ 1   10 5 4 1 3 1 

B2 ʤʛ 8 8 5,5   10 3,5 8 4 

B3 ʤʛ 20 28 20   35 10 20 8 

B4 ʤʛ 300 200 180    300 1 800 230 

B5 ʤʛ 30 40 30 200 100 30 25 60 20 

B6 ʤʛ 2 1    10 2,5 5 2,5 

B7 ʤʛ 0,08 0,1 0,1 0,5 0,25 0,1 0,75 0,2 - 

B9 ʤʛ 1 1,5 1   1 0,2 2 0,1 

B12 ʤʢʛ 30 30 20   80 10 16 8 

ʉ ʤʛ 200     100    

ʇʨʦʚʝʨʦʯʥʳʝ ʚʦʧʨʦʩʳ: 
1. ʅʘʟʦʚʠʪʝ ʞʠʨʦʨʘʩʪʚʦʨʠʤʳʝ ʠ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʚʠʪʘʤʠʥʳ. 
2. ʇʦʯʝʤʫ ʜʣʷ ʚʟʨʦʩʣʳʭ ʞʚʘʯʥʳʭ ʞʠʚʦʪʥʳʭ ʙʘʣʘʥʩʠʨʦʚʘʥʠʝ ʧʦ ʚʦʜʦ-
ʨʘʩʪʚʦʨʠʤʳʤ ʚʠʪʘʤʠʥʘʤ ʥʝ ʩʪʦʣʴ ʦʙʷʟʘʪʝʣʴʥʦ, ʢʘʢ ʜʣʷ ʩʚʠʥʝʡ ʠ 
ʧʪʠʮ? 

3. ʇʨʠʟʥʘʢʠ ʜʝʬʠʮʠʪʘ ʚʠʪʘʤʠʥʘ ɸ ʫ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ. 
4. ʈʦʣʴ ʚʠʪʘʤʠʥʦʚ ʛʨʫʧʧʳ ɺ ʚ ʦʙʤʝʥʝ ʚʝʱʝʩʪʚ. 
5. ʏʪʦ ʪʘʢʦʝ ʧʨʝʤʠʢʩ? ʇʦ ʢʘʢʠʤ ʵʣʝʤʝʥʪʘʤ ʦʪʣʠʯʘʶʪʩʷ ʧʨʝʤʠʢʩʳ ʜʣʷ 
ʚʟʨʦʩʣʦʛʦ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ʦʪ ʧʨʝʤʠʢʩʦʚ ʜʣʷ ʩʚʠʥʝʡ ʠ ʧʪʠʮ? 
ɺ ʢʘʢʦʤ ʢʦʣʠʯʝʩʪʚʝ (%) ʚʚʦʜʷʪ ʧʨʝʤʠʢʩ ʚ ʢʦʤʙʠʢʦʨʤʘ ʜʣʷ ʧʪʠʮ ʠ 
ʩʚʠʥʝʡ? 

6. ɼʦʩʪʫʧʥʦʩʪʴ ʚʠʪʘʤʠʥʦʚ ɺ3 ʠ ɺ5 ʠʟ ʟʝʨʥʘ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ. 
7. ʂʘʨʦʪʠʥ ʢʘʢ ʠʩʪʦʯʥʠʢ ʚʠʪʘʤʠʥʘ ɸ. ɿʥʘʯʝʥʠʝ ʢʘʨʦʪʠʥʘ ʚ ʧʦʜʜʝʨʞʘ-
ʥʠʠ ʚʦʩʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʬʫʥʢʮʠʡ ʫ ʞʠʚʦʪʥʳʭ. 

8.  ʇʨʠʟʥʘʢʠ ʜʝʬʠʮʠʪʘ ʚʠʪʘʤʠʥʘ ɼ ʫ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ. 
9. ʇʦ ʢʘʢʠʤ ʚʠʪʘʤʠʥʘʤ ʥʝʦʙʭʦʜʠʤʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʨʘʮʠʦʥʳ ʩʚʠʥʝʡ ʠ 
ʧʪʠʮ. 

10. ʈʦʣʴ ʚʠʪʘʤʠʥʘ ɺ12 ʚ ʦʨʛʘʥʠʟʤʝ ʞʠʚʦʪʥʳʭ, ʠʩʪʦʯʥʠʢʠ ɺ12 ʜʣʷ ʞʚʘʯ-
ʥʳʭ ʠ ʥʝʞʚʘʯʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ. 

ʃʠʪʝʨʘʪʫʨʘ 
1. ʄʘʢʘʨʮʝʚ ɺ.ʀ. ʂʦʨʤʣʝʥʠʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ. / 
ɺ. ʀ. ʄʘʢʘʨʮʝʚ, ʀ. ʌ. ɼʨʘʛʘʥʦʚ, ɺ. ɺ. ʂʘʣʘʰʥʠʢʦʚ. ï ʄ.: ʂʦʣʦʩ, 2011. ï 
640 ʩ. 

2. ʅʦʚʦʝ ʚ ʢʦʨʤʣʝʥʠʠ ʞʠʚʦʪʥʳʭ. ʉʧʨʘʚʦʯʥʦʝ ʧʦʩʦʙʠʝ. /ɸʚʪʦʨʩʢʠʡ 
ʢʦʣʣʝʢʪʠʚ: ɺ. ʀ. ʌʠʩʠʥʠʥ ɺ. ɺ. ʂʘʣʘʰʥʠʢʦʚ,ʀ. ʌ. ɼʨʘʛʘʥʦʚ [ʠ ʜʨ.]. - 
ʄ.: ʀʟʜʘʪʝʣʴʩʪʚʦ ʈɻɸʋ-ʄʉʍɸ, 2012. ï 612 ʩ.  

3. ʈʷʜʯʠʢʦʚ ɺ. ɻ. ʆʩʥʦʚʳ ʧʠʪʘʥʠʷ ʠ ʢʦʨʤʣʝʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 
ʞʠʚʦʪʥʳʭ / ɺ. ɻ. ʈʷʜʯʠʢʦʚ. - ʂʨʘʩʥʦʜʘʨ 2012. ï 328 ʩ. 
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ɻʣʘʚʘ 9. ʌʝʨʤʝʥʪʳ (ʵʥʟʠʤʳ) 

ʌʝʨʤʝʥʪʳ ï ʩʘʤʳʡ ʢʨʫʧʥʳʡ ʠ ʚʳʩʦʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʢʣʘʩʩ 

ʙʝʣʢʦʚʳʭ ʤʦʣʝʢʫʣ, ʧʨʠ ʧʦʤʦʱʠ ʢʦʪʦʨʳʭ ʨʝʘʣʠʟʫʝʪʩʷ ʜʝʡʩʪʚʠʝ ʛʝʥʦʚ ʚ 

ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʞʠʟʥʝʥʥʦ ʥʝʦʙʭʦʜʠʤʳʭ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʚ ʦʨʛʘʥʠʟ-

ʤʝ ʞʠʚʦʪʥʳʭ. ʌʝʨʤʝʥʪʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʦʙʣʘʜʘʶʪ ʪʘʢʞʝ ʤʘʪʨʠʯ-

ʥʳʝ ʈʅʂ, ʥʘʟʳʚʘʝʤʳʝ ʨʠʙʦʟʠʤʘʤʠ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʦʪʢʨʳʪʦ ʙʦ-

ʣʝʝ ʪʳʩʷʯʠ ʬʝʨʤʝʥʪʦʚ, ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʝ ʧʦʣʫʯʝʥʳ ʚ ʢʨʠʩʪʘʣ-

ʣʠʯʝʩʢʦʤ ʚʠʜʝ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ ï ʤʝʜʠʮʠʥʝ, ʚ ʩʝʣʴ-

ʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʪ.ʜ. 

ʀʩʪʦʨʠʷ ʵʥʟʠʤʦʣʦʛʠʠ. ʊʝʨʤʠʥ ʬʝʨʤʝʥʪ ʧʨʝʜʣʦʞʝʥ ʚ XVII  ʚʝʢʝ 

ʭʠʤʠʢʦʤ ʚʘʥ ɻʝʣʴʤʦʥʪʦʤ ʧʨʠ ʦʙʩʫʞʜʝʥʠʠ ʤʝʭʘʥʠʟʤʦʚ ʧʠʱʝʚʘʨʝʥʠʷ (ʦʪ 

ʣʘʪ. fermentum ï ʟʘʢʚʘʩʢʘ). ʊʝʨʤʠʥ ʵʥʟʠʤ (ʦʪ ʛʨʝʯ. ï ʜʨʦʞʞʠ, ʟʘʢʚʘʩʢʘ) 

ʧʨʝʜʣʦʞʝʥ ʚ 1876 ʛ. ɺ. ʂʶʥʝ ʜʣʷ ʬʝʨʤʝʥʪʦʚ, ʩʝʢʨʝʪʠʨʫʝʤʳʭ ʢʣʝʪʢʘʤʠ 

ʞʝʣʫʜʢʘ. ʃ.ʇʘʩʪʝʨ (1866) ʫʩʪʘʥʦʚʠʣ, ʯʪʦ ʧʨʦʮʝʩʩ ʩʧʠʨʪʦʚʦʛʦ ʠ ʤʦʣʦʯ-

ʥʦ-ʢʠʩʣʦʛʦ ʙʨʦʞʝʥʠʷ ʢʘʪʘʣʠʟʠʨʫʝʪʩʷ çʞʠʚʳʤʠè ʬʝʨʤʝʥʪʘʤʠ, ʪ.ʝ. ʤʠʢ-

ʨʦʦʨʛʘʥʠʟʤʘʤʠ. ʕ. ɹʫʭʥʝʨ ʜʦʢʘʟʘʣ ʚ 1897 ʛ., ʯʪʦ ʙʝʩʢʣʝʪʦʯʥʳʡ ʜʨʦʞʞʝ-

ʚʦʡ ʩʦʢ ʩʧʦʩʦʙʝʥ ʢʘʪʘʣʠʟʠʨʦʚʘʪʴ ʩʧʠʨʪʦʚʦʝ ʙʨʦʞʝʥʠʝ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʥʝ-

ʨʘʟʨʫʰʝʥʥʳʝ ʜʨʦʞʞʝʚʳʝ ʢʣʝʪʢʠ; ɼʞ. ʉʘʤʥʝʨ ʚ 1926 ʛ. ʚʳʜʝʣʠʣ ʬʝʨ-

ʤʝʥʪ ʫʨʝʘʟʫ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʦʨʤʝ; ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʈʅʂ 

ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʚ 1980ʛ. ʊ.ʏʝʢʦʤ. 

ʅʘʟʚʘʥʠʝ ʤʥʦʛʠʭ ʬʝʨʤʝʥʪʦʚ ʦʙʨʘʟʫʶʪʩʷ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʩʫʬ-

ʬʠʢʩʘ ï ʘʟʘ ʢ ʥʘʟʚʘʥʠʶ ʩʫʙʩʪʨʘʪʘ, ʪ.ʝ. ʪʦʛʦ ʚʝʱʝʩʪʚʘ, ʥʘ ʢʦʪʦʨʦʝ ʚʦʟ-

ʜʝʡʩʪʚʫʝʪ ʜʘʥʥʳʡ ʬʝʨʤʝʥʪ. ʋʨʝʘʟʘ ʢʘʪʘʣʠʟʠʨʫʝʪ ʛʠʜʨʦʣʠʟ ʤʦʯʝʚʠʥʳ 

(ʘʥʛʣ. urea-ʶʨʝʘ-ʤʦʯʝʚʠʥʘ) ʜʦ NH3 ʠ CO2, ʘʨʛʠʥʘʟʘ ʢʘʪʘʣʠʟʠʨʫʝʪ ʛʠʜʨʦ-

ʣʠʟ ʘʨʛʠʥʠʥʘ ʜʦ ʦʨʥʠʪʠʥʘ ʠ ʤʦʯʝʚʠʥʳ. ʉʫʤʤʘʨʥʦʝ ʥʘʟʚʘʥʠʝ ʬʝʨʤʝʥʪʦʚ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʣʘʩʩʘ ʚʝʱʝʩʪʚ: ʧʨʦʪʝʘʟʳ ï ʬʝʨʤʝʥʪʳ ʨʘʩʱʝʧʣʷʶ-

ʱʠʝ ʙʝʣʢʠ (ʧʨʦʪʝʠʥʳ), ʣʠʧʘʟʳ, ʨʘʩʱʝʧʣʷʶʱʠʝ ʣʠʧʠʜʳ (ʞʠʨʳ), ʢʘʨʙʦ-

ʛʠʜʨʘʟʳ ï ʫʛʣʝʚʦʜʳ, ʥʫʢʣʝʘʟʳ ï ʥʫʢʣʝʠʥʦʚʳʝ ʢʠʩʣʦʪʳ ʠ ʪ.ʜ. ʉʣʦʚʘ ʬʝʨ-

ʤʝʥʪ ʠ ʵʥʟʠʤ ʠʤʝʶʪ ʨʘʚʥʳʡ ʩʤʳʩʣ. 

ʌʝʨʤʝʥʪʳ, ʠʣʠ ʵʥʟʠʤʳ ï ʵʪʦ ʢʘʪʘʣʠʟʘʪʦʨʳ, ʯʪʦ ʚ ʢʣʘʩʩʠʯʝʩʢʦʤ 

ʭʠʤʠʯʝʩʢʦʤ ʧʦʥʠʤʘʥʠʠ ʦʟʥʘʯʘʝʪ ʚʝʱʝʩʪʚʦ, ʢʦʪʦʨʦʝ ʚʣʠʷʝʪ ʥʘ ʩʢʦʨʦʩʪʴ 

ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʙʝʟ ʧʦʷʚʣʝʥʠʷ ʚ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʘʭ; ʭʘʨʘʢʪʝʨʥʦ, 

ʯʪʦ ʢʘʪʘʣʠʟʘʪʦʨ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʝʥʥʳʤ ʧʦ ʟʘʚʝʨʰʝʥʠʠ ʨʝʘʢʮʠʠ. ʕʥʟʠ-

ʤʳ ʩʧʦʩʦʙʥʳ ʧʦʚʳʰʘʪʴ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʚ 10
9
-10

12
 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʥʝʢʘʪʘʣʠʟʠʨʦʚʘʥʥʦʡ ʨʝʘʢʮʠʝʡ. ʈʝʘʢʮʠʠ, ʢʘʪʘʣʠʟʠʨʫʝʤʳʝ ʵʥʟʠʤʘʤʠ, 

ʪʝʦʨʝʪʠʯʝʩʢʠ ʷʚʣʷʶʪʩʷ ʦʙʨʘʪʠʤʳʤʠ ʠ ʜʦʣʞʥʳ ʜʦʩʪʠʛʘʪʴ ʨʘʚʥʦʚʝʩʠʷ. ɺ 

ʞʠʚʳʭ ʢʣʝʪʢʘʭ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ ʫʜʘʣʷʶʪʩʷ, ʠ ʨʝʘʢʮʠʠ ʷʚʣʷʶʪʩʷ ʚ ʟʥʘ-

ʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʤʠ ʠ ʥʝ ʜʦʩʪʠʛʘʶʪ ʨʘʚʥʦʚʝʩʠʷ, ʩʢʦʨʝʝ, 

ʦʥʠ ʜʦʩʪʠʛʘʶʪ ʩʪʘʙʠʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʝʘʢ-

ʪʘʥʪʦʚ ʦʩʪʘʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʩʪʦʷʥʥʳʤʠ.  
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ʂʘʞʜʘʷ ʞʠʚʘʷ ʢʣʝʪʢʘ ʩʦʜʝʨʞʠʪ ʩʦʪʥʠ ʵʥʟʠʤʦʚ ʠ ʤʦʞʝʪ ʬʫʥʢʮʠʦ-

ʥʠʨʦʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʜʝʡʩʪʚʠʷ ʵʥʟʠʤʦʚ ʙʣʘʛʦʧʨʠ-

ʷʪʥʦ ʩʢʦʦʨʜʠʥʠʨʦʚʘʥʳ. ɺʘʞʥʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʚ ʧʨʝʜʝʣʘʭ ʢʣʝʪʢʠ ʵʥ-

ʟʠʤʳ ʩʫʱʝʩʪʚʫʶʪ ʚ ʨʘʟʥʳʭ ʢʦʤʧʘʨʪʘʤʝʥʪʘʭ: ʢʣʝʪʢʘ ʥʝ ʷʱʠʢ, ʚ ʢʦʪʦʨʦʤ 

ʦʥʠ ʚ ʙʝʩʧʦʨʷʜʢʝ ʨʘʟʙʨʦʩʘʥʳ. ʅʘʧʨʠʤʝʨ, ʵʥʟʠʤʳ 1-ʦʡ ʩʪʘʜʠʠ ʚ ʦʢʠʩʣʝ-

ʥʠʠ ʛʣʶʢʦʟʳ (ʛʣʠʢʦʣʠʪʠʯʝʩʢʠʡ ʧʫʪʴ) ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʮʠʪʦʧʣʘʟʤʝ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʬʝʨʤʝʥʪʳ ʜʳʭʘʪʝʣʴʥʦʡ ʮʝʧʠ, ʚʢʣʶʯʝʥʥʳʝ ʚ ʮʠʢʣ ʪʨʠʢʘʨʙʦ-

ʥʦʚʳʭ ʢʠʩʣʦʪ, ʥʘʭʦʜʷʪʩʷ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ; ʬʝʨʤʝʥʪʳ, ʢʘʪʘʣʠʟʠʨʫʶʱʠʝ 

ʧʨʦʮʝʩʩʳ ʦʙʤʝʥʘ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ, ʣʦʢʘʣʠʟʦʚʘʥʳ ʚ ʷʜʨʝ ʠ ʪ.ʜ. 

9.1. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʵʥʟʠʤʦʚ 

ʕʥʟʠʤʳ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʥʘ 6 ʙʦʣʴʰʠʭ ʛʨʫʧʧ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʭʘʨʘʢʪʝʨʦʤ ʠʭ ʜʝʡʩʪʚʠʷ. 

ʆʢʩʠʜʦʨʝʜʫʢʪʘʟʳ ʢʘʪʘʣʠʟʠʨʫʶʪ ʦʢʠʩʣʠʪʝʣʴʥʦ ï ʚʦʩʩʪʘʥʦʚʠ-

ʪʝʣʴʥʳʝ ʨʝʘʢʮʠʠ, ʣʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ. ɺ ʨʝ-

ʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʥʦʩ ʚʦʜʦʨʦʜʘ, ʢʠʩʣʦʨʦʜʘ ʠʣʠ ʵʣʝʢʨʦ-

ʥʦʚ ʦʪ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ ʢ ʜʨʫʛʦʡ, ʥʘʧʨʠʤʝʨ, ʣʘʢʪʘʪ ʦʢʠʩʣ̫ ʝʪʩʷ ʚ ʧʠʨʫʚʘʪ 

ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʣʘʢʪʘʪʜʝʛʠʜʨʦʛʝʥʘʟʳ. ɺ ʧʨʦʮʝʩʩʝ ʨʝʘʢʮʠʠ ʜʚʘ ʵʣʝʢʪʨʦʥʘ 

ʠ ʜʚʘ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʦʪʨʳʚʘʶʪʩʷ ʦʪ ʩʧʠʨʪʦʚʦʡ ʛʨʫʧʧʳ, ʦʙʨʘʟʫʷ ʢʝʪʦʥ, 

ʠ ʪʨʘʥʩʬʦʨʤʠʨʫʶʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʠʢʦʪʠʥʘʤʠʜʘʜʝʥʠʥʜʠʥʫʢʣʝʦʪʠʜʘ 
(ʅɸɼʅ) (+ʅ

+
). 

 
ɻʨʫʧʧʘ ʚʢʣʶʯʘʝʪ: 

- ʜʝʛʠʜʨʦʛʝʥʘʟʳ; 

- ʦʢʩʠʜʘʟʳ; 

- ʧʝʨʦʢʩʠʜʘʟʳ; 

- ʢʘʪʘʣʘʟʳ; 

- ʦʢʩʠʛʝʥʘʟʳ; 

- ʛʠʜʨʦʢʩʠʣʘʟʳ. 
 

ʊʨʘʥʩʬʝʨʘʟʳ ï ʙʦʣʴʰʘʷ ʛʨʫʧʧʘ ʵʥʟʠʤʦʚ, ʢʦʪʦʨʳʝ ʢʘʪʘʣʠʟʠʨʫʶʪ 

ʧʝʨʝʥʦʩ ʦʪ ʩʫʙʩʪʨʘʪʘ (ʜʦʥʦʨ) ʢ ʜʨʫʛʦʤʫ ʚʝʱʝʩʪʚʫ (ʘʢʮʝʧʪʦʨ) ʨʘʟʥʳʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ, ʪʘʢʠʭ ʢʘʢ ʘʮʝʪʠʣ, ʘʤʠʥʦ ʠ ʬʦʩʬʘʪ ʦʪ ʦʜʥʦʡ ʤʦ-

ʣʝʢʫʣʳ ʢ ʜʨʫʛʦʡ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʛʣʶʢʦʟʘ-6-ʬʦʩʬʘʪ ʠʟ ʛʣʶ-

ʢʦʟʳ ʧʨʠ ʦʩʚʦʙʦʞʜʝʥʠʠ ʵʥʝʨʛʠʠ ʚ ʪʝʣʝ ʜʦʙʘʚʣʝʥʠʝ ʬʦʩʬʘʪʥʦʡ ʛʨʫʧʧʳ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʝʢʩʦʢʠʥʘʟʳ: 
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ɻʨʫʧʧʘ ʚʢʣʶʯʘʝʪ: 

- ʪʨʘʥʩʘʣʴʜʦʣʘʟʳ ʠ ʪʨʘʥʩʢʝʪʦʣʘʟʳ; 

- ʘʮʝʪʠʣ-, ʛʣʶʢʦʟʠʣ- ʠ ʬʦʩʬʦʨʠʣʪʨʘʥʩʬʝʨʘʟʳ; 

- ʢʠʥʘʟʳ; 

- ʬʦʩʬʦʤʫʪʘʟʳ. 
 

ɻʠʜʨʦʣʘʟʳ ʢʘʪʘʣʠʟʠʨʫʶʪ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʝ ʨʘʩʱʝʧʣʝʥʠʝ ʚʥʫʪ-

ʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʩʚʷʟʝʡ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʉ-ʉ ʩʚʷʟʝʡ) ʚ ʩʫʙʩʪʨʘʪʘʭ ʩ 

ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ ʅ2ʆ. ʊʠʧʠʯʥʳʤ ʷʚʣʷʝʪʩʷ ʛʠʜʨʦʣʠʟ ʞʠʨʦʚ ʠ ʙʝʣʢʦʚ. 

ɾʠʨ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʨʫʰʝʥ ʜʦ ʛʣʠʮʝʨʠʜʦʚ (ʘʮʠʣʛʣʠʮʝʨʦʣʦʚ) ʠ ʞʠʨʥʳʭ 

ʢʠʩʣʦʪ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʣʠʧʘʟʳ. 

 
ʇʦʜʦʙʥʳʤ ʦʙʨʘʟʦʤ ʧʝʧʪʠʜʘʟʳ ʨʘʩʱʝʧʣʷʶʪ ʙʝʣʢʠ ʧʫʪʝʤ ʛʠʜʨʦ-

ʣʠʟʘ ʧʝʧʪʠʜʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʩʤʝʞʥʳʤʠ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ. 

ʕʪʘ ʛʨʫʧʧʘ ʚʢʣʶʯʘʝʪ: 

- ʵʩʪʝʨʘʟʳ; 

- ʛʣʠʢʦʟʠʜʘʟʳ; 

- ʧʝʧʪʠʜʘʟʳ; 

- ʬʦʩʬʘʪʘʟʳ; 

- ʪʠʦʣʘʟʳ; 

- ʬʦʩʬʦʣʠʧʘʟʳ; 

- ʘʤʠʜʘʟʳ; 

- ʜʝʟʘʤʠʥʘʟʳ; 

- ʨʠʙʦʥʫʢʣʝʘʟʳ. 
 

ʃʠʘʟʳ ï ʵʥʟʠʤʳ, ʢʦʪʦʨʳʝ ʢʘʪʘʣʠʟʠʨʫʶʪ ʥʝʛʠʜʨʦʣʠʪʠʯʝʩʢʠʡ ʨʘʟ-

ʨʳʚ ʉ-ʆ, ʉ-ʉ, ʉ-N ʠ ʜʨʫʛʠʭ ʩʚʷʟʝʡ, ʚʢʣʶʯʘʷ ʦʪʨʳʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʛʨʫʧʧ 

ʧʨʠ ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʠ ʠʣʠ ʜʝʟʘʤʠʥʠʨʦʚʘʥʠʠ. ʇʠʨʫʚʘʪ ʜʝʢʘʨʙʦʩʠʣʘ-

ʟʘ, ʥʘʧʨʠʤʝʨ, ʢʘʪʘʣʠʟʠʨʫʝʪ ʧʨʝʚʨʘʱʝʥʠʝ 2-ʦʢʩʦ-ʢʠʩʣʦʪʳ ʚ ʘʣʴʜʝʛʠʜ, 

ʧʨʠ ʵʪʦʤ ʫʜʘʣʷʝʪʩʷ ʜʚʫʦʢʠʩʴ ʫʛʣʝʨʦʜʘ: 
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ʕʪʘ ʛʨʫʧʧʘ ʚʢʣʶʯʘʝʪ: 

- ʘʣʴʜʦʣʘʟʳ 

- ʛʠʜʨʘʪʘʟʳ 

- ʜʝʛʠʜʨʘʪʘʟʳ 

- ʩʠʥʪʘʟʳ 

-ʣʠʘʟʳ 
 

ʀʟʦʤʝʨʘʟʳ ʢʘʪʘʣʠʟʠʨʫʶʪ ʨʝʘʢʮʠʠ ʠʟʦʤʝʨʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʚ 

ʧʨʝʜʝʣʘʭ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ. ʅʘʧʨʠʤʝʨ, ʨʠʙʫʣʦʟʦʬʦʩʬʘʪ-3-ʵʧʠʤʝʨʘʟʘ ʠʟ-

ʤʝʥʷʝʪ ʢʦʥʬʠʛʫʨʘʮʠʶ ʤʦʣʝʢʫʣʳ ʧʨʠ ʦʜʥʦʤ ʘʪʦʤʝ ʫʛʣʝʨʦʜʘ ʠ ʧʨʝʚʨʘ-

ʱʘʶʪ ʨʠʙʫʣʦʟʦ-5-ʬʦʩʬʘʪ ʚ ʢʩʠʣʫʣʦʟʦ-5-ʬʦʩʬʘʪ: 

 
ɻʨʫʧʧʘ ʚʢʣʶʯʘʝʪ: 

- ʨʘʮʝʤʘʟʳ; 

- ʠʟʦʤʝʨʘʟʳ; 

- ʥʝʢʦʪʦʨʳʝ ʤʫʪʘʟʳ. 
 

ʃʠʛʘʟʳ. ʅʘʟʚʘʥʠʝ ʦʟʥʘʯʘʝʪ ʢʘʪʘʣʠʟ ʨʝʘʢʮʠʡ, ʛʜʝ ʩʚʷʟʳʚʘʶʪʩʷ 

ʜʚʝ ʤʦʣʝʢʫʣʳ ʟʘ ʩʯʝʪ ʨʘʟʨʫʰʝʥʠʷ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʬʦʩʬʘʪʥʦʡ 

ʩʚʷʟʠ ɸʊʌ, ʢʦʪʦʨʳʝ ʜʘʶʪ ʵʥʝʨʛʠʶ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʨʝʘʢʮʠʠ. ʅʘʧʨʠ-

ʤʝʨ, ʦʙʨʘʟʦʚʘʥʠʝ ʛʣʶʪʘʤʠʥʘ ʠʟ ʛʣʶʪʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʩ ʧʦʤʦʱʴʶ ʛʣʶʪʘʤʠʥʩʠʥʪʝʪʘʟʳ ʧʨʠ ʟʘʪʨʘʪʝ ʵʥʝʨʛʠʠ ɸʊʌ: 
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ɽʜʠʥʠʮʳ ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʦʚ 

1) ɿʘ ʝʜʠʥʠʮʫ ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʘ (U-unit, ʘʥʛʣ.) ʧʨʠʥʠʤʘʶʪ ʪʘ-

ʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʬʝʨʤʝʥʪʘ, ʢʦʪʦʨʦʝ ʢʘʪʘʣʠʟʠʨʫʝʪ ʧʨʝʚʨʘʱʝʥʠʝ 1 ʤʢʤʦʣʷ 

ʩʫʙʩʪʨʘʪʘ (ʉ) ʟʘ 1 ʤʠʥ. ʧʨʠ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ (1U= 1 ʤʢʤʦʣʴ/ʤʠʥ.) 

2) ɺ ʩʠʩʪʝʤʝ ʉʀ ʘʢʪʠʚʥʦʩʪʴ ʚʳʨʘʞʘʶʪ ʚ ʢʘʪʘʣʘʭ: 1 ʢʘʪʘʣ ï ʢʦʣʠʯʝʩʪ-

ʚʦ ʬʝʨʤʝʥʪʘ, ʢʘʪʘʣʠʟʠʨʫʶʱʝʝ ʧʨʝʚʨʘʱʝʥʠʝ 1 ʤʦʣʷ ʩʫʙʩʪʨʘʪʘ ʟʘ 1 ʩʝʢ. 

ʧʨʠ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ (1ʢʘʪ.=1 ʤʦʣʴ/ʩ) 

3) ʋʜʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ ʝʜʠʥʠʮ ʬʝʨʤʝʥ-

ʪʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʢʦʪʦʨʦʝ ʧʨʠʭʦʜʠʪʩʷ ʥʘ 1 ʤʛ ʙʝʣʢʘ ʚ ʙʠʦʣʦʛʠʯʝʩʢʦʤ 

ʦʙʲʝʢʪʝ (U/ʤʛ ʙʝʣʢʘ) 

4) ɺ ʤʝʜʠʮʠʥʩʢʦʡ ʵʥʟʠʤʦʣʦʛʠʠ ʘʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʘ ʚʳʨʘʞʘʶʪ ʚ 

ʝʜʠʥʠʮʘʭ (U) ʥʘ 1 ʣ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʠ (ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ, ʤʦʯʠ): 

U/ʣ. 

9.2. ʉʚʦʡʩʪʚʘ ʬʝʨʤʝʥʪʦʚ ʢʘʢ ʙʠʦʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʉʧʝʮʠʬʠʯʥʦʩʪʴ (ʠʟʙʠʨʘʪʝʣʴʥʦʩʪ)ɹ ʜʝʡʩʪʚʠʷ. ɺʳʜʝʣʷʶʪ ʪʘʢʠʝ ʝʝ 

ʚʠʜʳ: 

ʘ) ʘʙʩʦʣʶʪʥʘʷ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ï ʬʝʨʤʝʥʪ ʢʘʪʘʣʠʟʠʨʫʝʪ ʧʨʝʚʨʘ-

ʱʝʥʠʝ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʩʫʙʩʪʨʘʪʘ (ʦʜʠʥ ʬʝʨʤʝʥʪ ï ʦʜʠʥ ʩʫʙʩʪʨʘʪ). ʇʨʠʤʝʨ 

ï ʫʨʝʘʟʘ, ʘʨʛʠʥʘʟʘ, ʩʘʭʘʨʘʟʘ, ʣʘʢʪʘʟʘ ʠ ʜʨ. 

ʙ) ʩʪʝʨʝʦʩʪʨʫʢʪʫʨʥʘʷï ʬʝʨʤʝʥʪ ʢʘʪʘʣʠʟʠʨʫʝʪ ʧʨʝʚʨʘʱʝʥʠʝ ʦʧʨʝ-

ʜʝʣʝʥʥʦʛʦ ʩʪʝʨʝʦʠʟʦʤʝʨʘ (ʣʘʢʪʘʪʜʝʛʠʜʨʦʛʝʥʘʟʘ ʧʨʝʚʨʘʱʘʝʪ ʪʦʣʴʢʦ L-

ʣʘʢʪʘʪ) 

ʚ) ʦʪʥʦʩʠʪʝʣʴʥʘʷï ʬʝʨʤʝʥʪ ʢʘʪʘʣʠʟʠʨʫʝʪ ʧʨʝʚʨʘʱʝʥʠʝ ʛʨʫʧʧʳ ʚʝ-

ʱʝʩʪʚ ʩ ʦʜʥʠʤ ʪʠʧʦʤ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ (ʦʜʠʥ ʬʝʨʤʝʥʪ ï ʦʜʥʘ ʩʚʷʟʴ). 

ʇʨʠʤʝʨ ï ʧʝʧʪʠʜʘʟʳ, ʵʩʪʝʨʘʟʳ, ʛʣʠʢʦʟʠʜʘʟʳ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʨʝʘʢʮʠʠ ʦʪ ʪʝʤʧʝʨʘ-

ʪʫʨʳ 

ʌʝʨʤʝʥʪʘʪʠʚʥʳʝ ʨʝʘʢʮʠʠ, ʢʘʢ ʠ ʚʩʝ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʫʩʢʦʨʷ-

ʶʪʩʷ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ (ʚ 2-4 ʨʘʟʘ ʥʘ ʢʘʞʜʳʝ 10Áʉ). ʆʜʥʘʢʦ 

ʩʢʦʨʦʩʪʴ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʨʝʘʢʮʠʠ ʠʤʝʝʪ ʩʚʦʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʦʧʪʠʤʫʤ, 

ʧʨʝʚʳʰʝʥʠʝ ʢʦʪʦʨʦʛʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʥʠʞʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʦʚ 

ʠʟ-ʟʘ ʪʝʧʣʦʚʦʡ ʜʝʥʘʪʫʨʘʮʠʠ ʠʭ ʤʦʣʝʢʫʣ. ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʬʝʨʤʝʥʪʘ-

ʪʠʚʥʳʭ ʨʝʘʢʮʠʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʦʧʪʠʤʫʤ ï 38-40Áʉ. ʇʨʠ 50-60Áʉ ʠ ʚʳʰʝ 

ʩʢʦʨʦʩʪʴ ʬʝʨʤʝʥʪʘʪʠʚʥʳʭ ʨʝʘʢʮʠʡ ʩʠʣʴʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʠʟ-ʟʘ ʨʘʟʨʫʰʝʥʠʷ 

ʤʦʣʝʢʫʣ ʬʝʨʤʝʥʪʘ (ʨʠʩ. 9.1ɸ). ɿʘʚʠʩʠʤʦʩʪʴ ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʦʚ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʟʳʚʘʝʪʩʷ ʪʝʨʤʦʣʘʙʠʣʴʥʦʩʪʴʶ. ʌʝʨʤʝʥʪʳ ʣʫʯʰʝ ʩʦʭʨʘ-

ʥʷʶʪʩʷ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʭʦʪʷ ʧʨʠ ʵʪʦʤ ʠʭ ʘʢʪʠʚʥʦʩʪʴ ʩʥʠʞʘʝʪ-

ʩʷ, ʥʦ ʜʝʥʘʪʫʨʘʮʠʠ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. 
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ɿʘʚʠʩʠʤʦʩʪʴ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʦʪ ʨʅ ʩʨʝʜʳ 

ʂʘʞʜʳʡ ʬʝʨʤʝʥʪ ʠʤʝʝʪ ʩʚʦʡ ʨʅ-ʦʧʪʠʤʫʤ, ʪ.ʝ. ʟʥʘʯʝʥʠʝ ʨʅ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʝʛʦ ʘʢʪʠʚʥʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʘ. ʌʝʨʤʝʥʪ, ʢʘʢ ʠ ʣʶʙʦʡ ʙʝʣʦʢ, ʠʤʝ-

ʝʪ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʠʦʥʦʛʝʥʥʳʝ ʛʨʫʧʧʳ (ʥʘʧʨʠʤʝʨ, ʢʘʨʙʦʢʩʠʣʴʥʳʝ ʛʨʫʧ-

ʧʳ ʠʣʠ ʘʤʠʥʦʛʨʫʧʧʳ ʚ ʙʦʢʦʚʳʭ ʮʝʧʷʭ), ʘ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ ʚʦʜʦ-

ʨʦʜʘ ʟʘʚʠʩʠʪ ʠʭ ʜʠʩʩʦʮʠʘʮʠʷ ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʧʦʣʦʞʠʪʝʣʴʥʦ ʠ ʦʪ-

ʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʤʠ ʛʨʫʧʧʘʤʠ. ʉʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʵʪʠʤʠ ʛʨʫʧʧʘʤʠ 

ʦʧʨʝʜʝʣʷʝʪ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʩʪʨʦʝʥʠʝ ʤʦʣʝʢʫʣʳ ʬʝʨʤʝʥʪʘ (ʝʛʦ ʢʦʥʬʦʨ-

ʤʘʮʠʶ), ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʝʛʦ ʘʢʪʠʚʥʦʩʪʴ. ɹʦʣʴʰʠʥʩʪʚʦ ʬʝʨʤʝʥʪʦʚ ʥʘʠʙʦ-

ʣʝʝ ʘʢʪʠʚʥʳ ʧʨʠ ʨʅ=6-8. ʀʩʢʣʶʯʝʥʠʷ ï ʧʝʧʩʠʥ (ʨʅʦʧʪ= 1,5-2), ʘʨʛʠʥʘʟʘ 

(ʨʅʦʧʪ=10-11), (ʨʠʩ. 9.1ɹ). 

 
ʈʠʩʫʥʦʢ 9.1 ï ɿʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʨʝʘʢʮʠʠ ʦʪ ʪʝʤʧʝ-

ʨʘʪʫʨʳ (ɸ) ʠ ʨʅ (ɹ) 

ʌʝʨʤʝʥʪʳ ʚ ʦʪʣʠʯʠʝ ʦʪ ʥʝʙʠʦʣʦʛʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʨʦʷʚ-

ʣʷʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʩʚʦʶ ʩʧʦʩʦʙʥʦʩʪʴ ʫʩʢʦʨʷʪʴ ʨʝʘʢʮʠʠ ʚ 

ʦʯʝʥʴ ʤʘʣʝʥʴʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ (ʥʘʧʨʠʤʝʨ, ʦʜʥʘ ʤʦʣʝʢʫʣʘ ʢʘʨʙʦʘʥʛʠʜ-

ʨʘʟʳ ʩʧʦʩʦʙʥʘ ʨʘʩʱʝʧʠʪʴ 36 ʤʣʥ. ʤʦʣʝʢʫʣ ʅ2ʉʆ3).  

ʎʝʥʪʨʳ ʬʝʨʤʝʥʪʦʚ. ʄʦʣʝʢʫʣʘ ʬʝʨʤʝʥʪʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʩʫʙ-

ʩʪʨʘʪʦʤ ʥʝ ʚʩʝʡ ʩʚʦʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʘ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʫʯʘʩʪʢʘʤʠ. ʅʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʬʝʨʤʝʥʪʘ ʝʩʪʴ: ʘʢʪʠʚʥʳʡ ʮʝʥʪʨ ï ʵʪʦ ʫʯʘʩʪʦʢ, ʢʦʪʦʨʳʡ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʩʫʙʩʪʨʘʪʦʤ. ɸʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʚ ʤʦʣʝʢʫʣʝ ʬʝʨʤʝʥʪʘ 

ʤʦʞʝʪ ʙʳʪʴ ʥʝʩʢʦʣʴʢʦ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚ ʩʦʩʪʘʚ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʬʝʨ-

ʤʝʥʪʦʚ ʚʭʦʜʷʪ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ ʪʘʢʠʭ ʘʤʠʥʦʢʠʩʣʦʪ: 

-ʆʅ - ʛʨʫʧʧʳ ʩʝʨʠʥʘ, ʪʨʝʦʥʠʥʘ, ʪʠʨʦʟʠʥʘ; 

-SH- ʛʨʫʧʧʳ ʮʠʩʪʝʠʥʘ; 

-NH- ʛʨʫʧʧʘ ʛʠʩʪʠʜʠʥʘ; 

-ʉʆʆʅ- ʛʨʫʧʧʳ ʛʣʫʪʘʤʘʪʘ ʠ ʘʩʧʘʨʪʘʪʘ; 

-NH2- ʛʨʫʧʧʳ ʘʨʛʠʥʠʥʘ ʠ ʣʠʟʠʥʘ. 

ɺ ʩʪʨʫʢʪʫʨʝ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ ʚʳʜʝʣʷʶʪ: ʫʯʘʩʪʦʢ, ʢʦʪʦʨʳʡ ʩʚʷ-

ʟʳʚʘʝʪʩʷ ʩ ʩʫʙʩʪʨʘʪʦʤ ʠ ʥʘʟʳʚʘʝʪʩʷ ʢʦʥʪʘʢʪʥʳʡ (ç̫ ʢʦʨʥʳʡè) ʫʯʘʩʪʦʢ; 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʫʯʘʩʪʦʢ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʚʭʦʜʷʪ ʭʠʤʠʯʝʩʢʠʝ ʛʨʫʧʧʳ, 
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ʧʨʠʥʠʤʘʶʱʠʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʫʯʘʩʪʠʝ ʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʩʫʙʩʪʨʘʪʘ:-ʆʅ, -

SH, =N, -NH3
+
,-ʉʆʆʅ.  

ʂʨʦʤʝ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ, ʥʝʢʦʪʦʨʳʝ ʬʝʨʤʝʥʪʳ ʠʤʝʶʪ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʡ, ʨʝʛʫʣʷʪʦʨʥʳʡ, ʘʣʣʦʩʪʝʨʠʯʝʩʢʠʡ (allosï ʜʨʫʛʦʡ, steros ï ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʳʡ) ʮʝʥʪʨ, ʩ ʢʦʪʦʨʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʘʣʣʦʩʪʝʨʠʯʝʩʢʠʝ ʨʝʛʫʣʷʪʦ-

ʨʳ (ʵʬʬʝʢʪʦʨʳ, ʤʦʜʫʣʷʪʦʨʳ). ɸʣʣʦʩʪʝʨʠʯʝʩʢʠʝ ʵʬʬʝʢʪʦʨʳ ʤʦʛʫʪ ʙʳʪʴ 

ʧʦʟʠʪʠʚʥʳʤʠ (ʘʢʪʠʚʘʪʦʨʘʤʠ), ʢʦʪʦʨʳʝ ʧʦʚʳʰʘʶʪ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢ-

ʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʘ, ʠʣʠ ʥʝʛʘʪʠʚʥʳʤʠ (ʠʥʛʠʙʠʪʦʨʘʤʠ), ʢʦʪʦʨʳʝ ʝʝ ʩʥʠ-

ʞʘʶʪ. 

ɸʢʪʠʚʥʳʡ ʠ ʘʣʣʦʩʪʝʨʠʯʝʩʢʠʡ ʮʝʥʪʨʳ ʣʦʢʘʣʠʟʫʶʪʩʷ ʥʘ ʨʘʟʥʳʭ 

ʩʫʙʲʝʜʠʥʠʮʘʭ ʬʝʨʤʝʥʪʘ. ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʘʣʣʦʩʪʝʨʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ 

ʩ ʵʬʬʝʢʪʦʨʘʤʠ ʧʨʦʠʩʭʦʜʷʪ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʘʢʪʠʚʥʦʛʦ ʮʝʥ-

ʪʨʘ ʬʝʨʤʝʥʪʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʠʣʠ ʩʥʠʞʝʥʠʶ ʝʛʦ ʘʢʪʠʚʥʦʩʪʠ. 

ʌʝʨʤʝʥʪʳ, ʠʤʝʶʱʠʝ ʘʣʣʦʩʪʝʨʠʯʝʩʢʠʡ ʮʝʥʪʨ, ʥʘʟʳʚʘʶʪʩʷ ʨʝʛʫʣʷʪʦʨʥʳʤʠ. 

ɸʢʪʠʚʘʪʦʨʳ ʠ ʠʥʛʠʙʠʪʦʨʳ ʬʝʨʤʝʥʪʦʚ 

ɸʢʪʠʚʘʪʦʨʳ ï ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʧʦʚʳʰʘʶʪ ʩʢʦʨʦʩʪʴ ʬʝʨʤʝʥʪʘ-

ʪʠʚʥʳʭ ʨʝʘʢʮʠʡ, ʫʚʝʣʠʯʠʚʘʶʪ ʘʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʦʚ. ʆʥʠ ʙʳʚʘʶʪ ʦʨʛʘ-

ʥʠʯʝʩʢʦʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ. 

ɸʢʪʠʚʘʪʦʨʳ ʦʨʛʘʥʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ: ʞʝʣʯʥʳʝ ʢʠʩʣʦʪʳ (ʘʢʪʠʚʠ-

ʨʫʶʪ ʧʦʜʞʝʣʫʜʦʯʥʫʶ ʣʠʧʘʟʫ), ʵʥʪʝʨʦʢʠʥʘʟʘ (ʘʢʪʠʚʠʨʫʝʪ ʪʨʠʧʩʠʥʦʛʝʥ), 

ʛʣʫʪʘʪʠʦʥ, ʮʠʩʪʝʠʥ, ʚʠʪʘʤʠʥ ʉ ʧʦʚʳʰʘʶʪ ʘʢʪʠʚʥʦʩʪʴ ʦʩʢʠʜʦʨʝʜʫʢʪʘʟ. 

ɸʢʪʠʚʘʪʦʨʳ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ: ʥʘʧʨʠʤʝʨ, ʅʉ1 ʘʢʪʠʚʠ-

ʨʫʝʪ ʧʝʧʩʠʥʦʛʝʥ, ʠʦʥʳ ʤʝʪʘʣʣʦʚ (Na, Cl, ʂ, Mg, Mn, Zn) ʘʢʪʠʚʠʨʫʶʪ ʦʯʝʥʴ 

ʤʥʦʛʠʝ ʬʝʨʤʝʥʪʳ. ʀʦʥʳ ʤʝʪʘʣʣʦʚ: ʘ) ʩʧʦʩʦʙʩʪʚʫʶʪ ʦʙʨʘʟʦʚʘʥʠʶ ʬʝʨ-

ʤʝʥʪ-ʩʫʙʩʪʨʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ; ʙ) ʩʣʫʞʘʪ ʜʦʥʦʨʘʤʠ ʠ ʘʢʮʝʧʪʦʨʘʤʠ ʵʣʝʢ-

ʪʨʦʥʦʚ; ʚ) ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ ʬʝʨʤʝʥʪʦʚ 

(Zn ï ʚ ʩʦʩʪʘʚʝ ʢʘʨʙʦʘʥʛʠʜʨʘʟʳ, Fe ï ʚ ʩʦʩʪʘʚʝ ʮʠʪʦʭʨʦʤʦʚ, ʢʘʪʘʣʘʟʳ, ʧʝ-

ʨʦʢʩʠʜʘʟʳ); ʛ) ʚʳʩʪʫʧʘʶʪ ʚ ʨʦʣʠ ʘʣʣʦʩʪʝʨʠʯʝʩʢʠʭ ʨʝʛʫʣʷʪʦʨʦʚ. 

ʀʥʛʠʙʠʪʦʨʳ ï ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʫʤʝʥʴʰʘʶʪ ʘʢʪʠʚʥʦʩʪʴ ʬʝʨ-

ʤʝʥʪʦʚ ʠ ʟʘʤʝʜʣʷʶʪ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ. ʈʘʟʣʠʯʘʶʪ ʦʙʨʘʪʠʤʦʝ ʠ ʥʝʦʙ-

ʨʘʪʠʤʦʝ ʠʥʛʠʙʠʨʦʚʘʥʠʝ: 

ʝʩʣʠ ʠʥʛʠʙʠʪʦʨ (ʀ) ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʤʦʣʝʢʫʣʦʡ ʬʝʨʤʝʥʪʘ (ʌ) ʩʣʘ-

ʙʳʤʠ ʩʚʷʟʷʤʠ (ʌ+ʀźʌʀ), ʪʦ ʪʘʢʦʡ ʠʥʛʠʙʠʪʦʨ ʣʝʛʢʦ ʫʜʘʣʷʝʪʩʷ ʠ ʘʢʪʠʚ-

ʥʦʩʪʴ ʬʝʨʤʝʥʪʘ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ; 

ʝʩʣʠ ʠʥʛʠʙʠʪʦʨ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʤʦʣʝʢʫʣʦʡ ʬʝʨʤʝʥʪʘ ʧʨʦʯʥʳʤʠ ʢʦ-

ʚʘʣʝʥʪʥʳʤʠ ʩʚʷʟʷʤʠ (ʌ+ʀŸʌʀ), ʪʦ ʥʘʩʪʫʧʘʝʪ ʥʝʦʙʨʘʪʠʤʦʝ ʧʦʜʘʚʣʝ-

ʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʘ. 

ʀʟʦʬʝʨʤʝʥʪʳ. ʏʘʩʪʴ ʬʝʨʤʝʥʪʦʚ ʩʦʩʪʦʷʪ ʥʝ ʠʟ ʦʜʥʦʡ ʙʝʣʢʦʚʦʡ ʮʝ-

ʧʦʯʢʠ, ʘ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʩʫʙʲʝʜʠʥʠʮ. ʀʟʦʬʝʨʤʝʥʪʳ ï ʵʪʦ ʩʝʤʝʡʩʪʚʦ ʬʝʨ-

ʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʢʘʪʘʣʠʟʠʨʫʶʪ ʦʜʥʫ ʠ ʪʫ ʞʝ ʨʝʘʢʮʠʶ, ʥʦ ʦʪʣʠʯʘʶʪʩʷ ʧʦ 

ʩʪʨʦʝʥʠʶ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ. ʅʘʧʨʠʤʝʨ: ʣʘʢʪʘʪʜʝʛʠʜʨʦ-

ʛʝʥʘʟʘ (ʃɼɻ) ʩʦʩʪʦʠʪ ʠʟ 4 ʩʫʙʲʝʜʠʥʠʮ 2ʭ-ʪʠʧʦʚ: ʩʫʙʲʝʜʠʥʠʮʘ ʅ, ʚʳʜʝʣʝʥ-
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ʥʘʷ ʠʟ ʩʝʨʜʝʯʥʦʡ ʤʳʰʮʳ (heart ï ʩʝʨʜʮʝ), ʩʫʙʲʝʜʠʥʠʮʘ ʄ, ʚʳʜʝʣʝʥʥʘʷ ʠʟ 

ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ (musculus ï ʤʳʰʮʘ). ʕʪʠ ʩʫʙʲʝʜʠʥʠʮʳ ʢʦʜʠʨʫʶʪʩʷ ʨʘʟ-

ʥʳʤʠ ʛʝʥʘʤʠ. ɺ ʨʘʟʥʳʭ ʦʨʛʘʥʘʭ ʠʤʝʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʳ ʃɼɻ ʩ ʨʘʟ-

ʣʠʯʥʳʤ ʥʘʙʦʨʦʤ ʩʫʙʲʝʜʠʥʠʮ.  

9.3. ʄʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ ʬʝʨʤʝʥʪʦʚ 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʬʝʨʤʝʥʪʘ ʠ ʩʫʙʩʪʨʘʪʘ ʧʨʦʠʩʭʦʜʠʪ 

ʧʦ ʟʘʢʦʥʫ ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʩʪʠ. ʊʦ ʝʩʪʴ ʢʦʥʬʦʨʤʘʮʠʷ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ ʬʝʨ-

ʤʝʥʪʘ ʜʦʣʞʥʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʫʙʩʪʨʘʪʘ, ʦʥʠ ʧʦʜʭʦʜʷʪ 

ʜʨʫʛ ʢ ʜʨʫʛʫ ʢʘʢ çʢʣʶʯ ʢ ʟʘʤʢʫè (ʨʠʩ. 9.2). 

 
ʈʠʩʫʥʦʢ 9.2 ï ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʝʨʤʝʥʪ-

ʩʫʙʩʪʨʘʪ 

ʇʦʟʞʝ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʪʝʦʨʠʷ çʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦè ʩʦʦʪʚʝʪʩʪʚʠʷ 

ï ʟʘʤʦʢ ʬʦʨʤʠʨʫʝʪʩʷ ʪʦʣʴʢʦ ʚ ʤʦʤʝʥʪ ʧʨʠʙʣʠʞʝʥʠʷ ʩʫʙʩʪʨʘʪʘ ʢ ʘʢʪʠʚʥʦ-

ʤʫ ʮʝʥʪʨʫ ʬʝʨʤʝʥʪʘ.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʟʤʝʨ ʤʦʣʝʢʫʣʳ ʬʝʨʤʝʥʪʘ ʥʘʤʥʦʛʦ 

ʙʦʣʴʰʝ ʤʦʣʝʢʫʣ ʩʫʙʩʪʨʘʪʘ. ɺʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ, ʢʘʢʦʝ ʵʪʦ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ 

ʜʣʷ ʢʘʪʘʣʠʟʘ ʠ, ʟʘʯʝʤ ʥʫʞʥʘ ʪʘ ʯʘʩʪʴ ʤʦʣʝʢʫʣʳ ʬʝʨʤʝʥʪʘ, ʢʦʪʦʨʘʷ ʥʝ 

ʚʭʦʜʠʪ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʮʝʥʪʨ. ʅʘʧʨʠʤʝʨ, ʤʦʣʝʢʫʣʘ ʭʠʤʦʪʨʠʧʩʠʥʘ ʩʦ-

ʩʪʦʠʪ ʠʟ 245 ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ 

ʮʝʥʪʨ ʚʢʣʶʯʘʝʪ ʚʩʝʛʦ ʜʚʝ ʘʤʠʥʦʢʠʩʣʦʪʳ ï ʩʝʨʠʥ ʠ ʛʠʩʪʠʜʠʥ (ʨʠʩ. 9.3). 

ʀʟʫʯʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʜʝʡʩʪʚʠʷ ʭʠʤʦʪʨʠʧʩʠʥʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʙʦʣʴʰʦʡ ʨʘʟʤʝʨ ʝʝ ʤʦʣʝʢʫʣʳ ʧʦʟʚʦʣʷʝʪ ʚʳʟʚʘʪʴ ʥʘʧʨʷʞʝʥʠʝ ʚ ʩʪʨʫʢʪʫ-

ʨʝ ʩʫʙʩʪʨʘʪʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʩʘ-

ʤʦʛʦ ʬʝʨʤʝʥʪʘ. ɺʩʣʝʜʩʪʚʠʝ ʪʘʢʦʡ çʧʦʜʛʦʥʢʠè ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʪʦʯʥʦʝ 

ʚʟʘʠʤʦʨʘʩʧʦʣʦʞʝʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ ʬʝʨʤʝʥʪʘ ʠ ʢʘʪʘʣʠʟʠʨʫʝ-

ʤʳʭ ʛʨʫʧʧ ʩʫʙʩʪʨʘʪʘ, ʪ.ʝ. ʠʥʜʫʮʠʨʦʚʘʥʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʬʝʨʤʝʥʪʘ ʩʫʙ-

ʩʪʨʘʪʫ. ɼʨʫʛʦʡ ʩʤʳʩʣ ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ 

ʬʝʨʤʝʥʪʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʦʩʚʦʙʦʞʜʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʨʝ-

ʘʢʮʠʠ ʠʟ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ, ʧʦʩʣʝ ʯʝʛʦ ʢʦʥʬʦʨʤʘʮʠʷ ʤʦʣʝʢʫʣʳ ʚʦʟʚʨʘ-

ʱʘʝʪʩʷ ʚ ʠʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ. 
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ʈʠʩʫʥʦʢ 9.3 ï ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʤʦʜʝʣʴ Ŭ-ʭʠʤʦʪʨʠʧʩʠʥʘ, ʧʦʩʪʨʦʝʥʥʘʷ 

ʧʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ɺ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʮʝʥʪʨʝ 

ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʦʩʪʘʪʢʠ ɻʠʩ-57, ʉʝʨ-195 ʠ, ʚʦʟʤʦʞʥʦ, ɸʩʧ-102. 

ʇʦʥʷʪʠʝ ʦʙ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʙʘʨʴʝʨʝ 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʬʝʨʤʝʥʪʳ ʫʩʢʦʨʷʶʪ ʭʦʜ ʭʠʤʠʯʝ-

ʩʢʦʡ ʨʝʘʢʮʠʠ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ. ʕʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ï 

ʵʪʦ ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʦʝ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʝʨʝʚʦʜʘ ʚʩʝʭ ʤʦʣʝʢʫʣ 

1 ʤʦʣʷ ʚʝʱʝʩʪʚʘ (ʩʫʙʩʪʨʘʪʘ) ʚ ʘʢʪʠʚʥʦʝ ʩʦʩʪʦʷʥʠʝ. ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ 

ʙʘʨʴʝʨ ï ʵʪʦ ʪʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʦʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʦʜʦʣʝʪʴ 

ʤʦʣʝʢʫʣʘʤ, ʯʪʦʙʳ ʚʩʪʫʧʠʪʴ ʚ ʭʠʤʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. ʄʦʣʝʢʫʣʳ ʚ 

ʩʫʙʩʪʨʘʪʝ ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʝ ʵʥʝʨʛʠʠ ʠ ʪʦʣʴʢʦ ʥʝʤʥʦʛʠʝ ʩʧʦʩʦʙʥʳ ʧʨʝ-

ʦʜʦʣʝʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʘʨʴʝʨ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʷ ʤʦʞʝʪ ʥʝ 

ʧʨʦʡʪʠ ʠʣʠ ʧʨʦʡʪʠ ʦʯʝʥʴ ʤʝʜʣʝʥʥʦ. ɺ ʩʦʩʪʦʷʥʠʠ ʛʘʟʦʚ ʠʣʠ ʨʘʩʪʚʦʨʦʚ 

ʵʥʝʨʛʠ ̫ʤʦʣʝʢʫʣ ʤʦʞʝʪ ʙʳʪʴ ʧʦʚʳʰʝʥʘ ʟʘ ʩʯʝʪ ʵʥʝʨʛʠʠ ʚ ʚʠʜʝ ʪʝʧʣʘ; 

ʙʦʣʴʰʝ ʤʦʣʝʢʫʣ ʙʫʜʫʪ ʧʨʝʦʜʦʣʝʚʘʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʘʨʴʝʨ ʠ ʨʝʘʢʮʠʷ 

ʫʩʢʦʨʠʪʩʷ. ɺ ʪʝʣʝ ʵʪʦʛʦ ʥʝ ʤʦʞʝʪ ʙʳʪʴ, ʫʯʠʪʳʚʘʷ ʩʪʨʦʛʠʡ ʢʦʥʪʨʦʣʴ ʧʦ-

ʩʪʦʷʥʩʪʚʘ ʪʝʤʧʝʨʘʪʫʨʳ. ɺ ʪʘʢʦʡ ʩʠʪʫʘʮʠʠ ʪʦ ʞʝ ʩʘʤʦʝ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩ-

ʪʠʛʥʫʪʦ ʧʫʪʝʤ ʩʥʠʞʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʨʴʝʨʘ, ʚʤʝʩʪʦ ʧʦʚʳʰʝʥʠʷ 

ʵʥʝʨʛʠʠ ʤʦʣʝʢʫʣ. ʕʪʦ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʢʘʪʘʣʠʟʘ. ʅʘ 

ʨʠʩʫʥʢʝ 9.4. ʚʝʨʭʥʷʷ ʣʠʥʠʷ ʧʦʢʘʟʳʚʘʝʪ ʜʝʡʩʪʚʠʝ ʥʘ ʩʢʦʨʦʩʪʴ ʥʝʢʘʪʘʣʠ-

ʟʠʨʦʚʘʥʥʦʡ ʨʝʘʢʮʠʠ ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ ʚʥʝʰʥʝʡ ʵʥʝʨʛʠʠ.  
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ʈʠʩʫʥʦʢ 9.4 ï ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʠ ʥʝʢʘʪʘʣʠʟʠʨʫʝ-

ʤʦʡ ʨʝʘʢʮʠʠ. 

ʇʠʢ ʢʨʠʚʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʩʪʦʷʥʠʝ ʧʝʨʝʭʦʜʘ ʠ ʵʥʝʨʛʠʶ, ʢʦʪʦʨʘʷ 

ʥʝʦʙʭʦʜʠʤʘ ʤʦʣʝʢʫʣʝ, ʯʪʦʙʳ ʪʘʢʘʷ ʨʝʘʢʮʠʷ ʧʨʦʠʟʦʰʣʘ. ʉʚʦʙʦʜʥʘʷ 

ʵʥʝʨʛʠʷ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʙr ʪʴ ʦʙʝʩʧʝʯʝʥʘ, ʯʪʦʙʳ ʜʦʩʪʠʯʴ ʵʪʦʛʦ, ʷʚʣʷʝʪ-

ʩʷ ʵʥʝʨʛʠʝʡ ʘʢʪʠʚʘʮʠʠ. ʅʠʞʥʷʷ ʣʠʥʠʷ ʧʦʢʘʟʳʚʘʝʪ ʧʦʜʦʙʥʳʡ ʫʯʘʩʪʦʢ 

ʜʣʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʬʝʨʤʝʥʪ ï ʩʫʙʩʪʨʘʪ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʵʥʝʨʛʠʷ 

ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʡ ʥʠʞʝ, ʙʦʣʴʰʝ ʤʦʣʝʢʫʣ ʩʧʦʩʦʙʥʳ ʜʦʩʪʠʯʴ ʝʝ ʠ ʩʢʦ-

ʨʦʩʪʴ ʨʝʘʢʮʠʠ ʧʦʚʳʰʘʝʪʩʷ. ɺʘʞʥʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʢʘʪʘʣʠʟʘʪʦʨ ʥʝ ʠʟ-

ʤʝʥʷʝʪ ʨʘʚʥʦʚʝʩʠʷ, ʥʦ ʩʥʠʞʘʝʪ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʘʨʴʝʨ ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ 

ʨʝʘʢʮʠʠ ʠ ʠʟʤʝʥʷʝʪ ʩʢʦʨʦʩʪʴ, ʩ ʢʦʪʦʨʦʡ ʦʥʘ ʜʦʩʪʠʛʘʝʪʩʷ. 

ʂʠʥʝʪʠʢʘ ʬʝʨʤʝʥʪʘʪʠʚʥʳʭ ʨʝʘʢʮʠʡ. ʕʪʦʪ ʨʘʟʜʝʣ ʵʥʟʠʤʦʣʦʛʠʠ 

ʠʟʫʯʘʝʪ ʚʣʠʷʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʠ ʬʠʟʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʩʢʦʨʦʩʪʴ ʬʝʨʤʝʥ-

ʪʘʪʠʚʥʦʡ ʨʝʘʢʮʠʠ. ɺ 1913 ʛ. ʄʠʭʘʵʣʠʩ ʠ ʄʝʥʪʝʥ ʩʦʟʜʘʣʠ ʪʝʦʨʠʶ ʬʝʨʤʝʥʪʘ-

ʪʠʚʥʦʡ ʢʠʥʝʪʠʢʠ, ʠʩʭʦʜʷ ʠʟ ʪʦʛʦ, ʯʪʦ ʬʝʨʤʝʥʪ (ʌ) ʚʩʪʫʧʘʝʪ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪ-

ʚʠʝ ʩ ʩʫʙʩʪʨʘʪʦʤ (ʉ) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʬʝʨʤʝʥʪ-

ʩʫʙʩʪʨʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʌʉ), ʢʦʪʦʨʳʡ ʜʘʣʝʝ ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ ʬʝʨʤʝʥʪ ʠ 

ʧʨʦʜʫʢʪ (ʇ) ʨʝʘʢʮʠʠ ʧʦ ʫʨʘʚʥʝʥʠʶ: 

 
ʛʜʝ, ʂ1 ï ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʬʝʨʤʝʥʪ-ʩʫʙʩʪʨʘʪʥʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ-ʌʉ; ʂ2 ï ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʨʘʩʭʦʜʘ ʬʝʨʤʝʥʪ-ʩʫʙʩʪʨʘʪʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʠʟ ʠʩʭʦʜʥʦʛʦ ʚʝʱʝʩʪʚʘ; ʂ3 ï ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʨʘʩʧʘʜʘ 

ʬʝʨʤʝʥʪ-ʩʫʙʩʪʨʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ ʧʨʦʜʫʢʪ ʠ ʬʝʨʤʝʥʪ (ʌ+ʇ). 
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ʂʘʞʜʳʡ ʵʪʘʧ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʫʙʩʪʨʘʪʘ ʩ ʬʝʨʤʝʥʪʦʤ ʭʘʨʘʢʪʝʨʠ-

ʟʫʝʪʩʷ ʩʚʦʠʤʠ ʢʦʥʩʪʘʥʪʘʤʠ ʩʢʦʨʦʩʪʠ. ʆʪʥʦʰʝʥʠʝ ʩʫʤʤʳ ʢʦʥʩʪʘʥʪ ʩʢʦ-

ʨʦʩʪʠ ʨʘʩʧʘʜʘ ʬʝʨʤʝʥʪ-ʩʫʙʩʪʨʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʢ ʢʦʥʩʪʘʥʪʝ ʩʢʦʨʦʩʪʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʬʝʨʤeʥʪ-cyʙcʪpaʪʥoʛo ʢʦʤʧʣʝʢʩʘ ʥʘʟʳʚʘʝʪʩʷ ʢʦʥʩʪʘʥʪʦʡ ʄʠ-

ʭʘʣɻʠʩʘ (Km). ʇʦ ʚʝʣʠʯʠʥʝ Km  ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʤʦʞʥʦ ʧʦʜʝʣʠʪʴ 

ʥʘ ʙʳʩʪʨʳʝ (Km  10
-6

 ʤʦʣʴ/ʣ ʠ ʤʝʥʴʰʝ) ʠ ʤʝʜʣʝʥʥʳʝ (Km  10
-2 
ï ʜʦ 10

-6
). 

ɿʘʚʠʩʠʤʦʩʪʴ ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʘ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʩʫʙʩʪʨʘʪʘ 

ʉʣʠʰʢʦʤ ʥʠʟʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʫʙʩʪʨʘʪʘ ʧʨʠʚʦʜʠʪ ʢ ʥʠʟʢʦʡ 

ʩʢʦʨʩʪʠ ʨʝʘʢʮʠʠ ʬʝʨʤʝʥʪ-ʩʫʙʩʪʨʘʪ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʚʩʝ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʫʯʘʩʪʢʠ ʥʘ ʬʝʨʤʝʥʪʝ ʚ ʣʶʙʦʡ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʟʘʥʷʪʳʤʠ ʩʫʙʩʪʨʘʪʦʤ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʢʘ-

ʪʘʣʠʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʩʠʩʪʝʤʳ ʥʝ ʤʦʞʝʪ ʧʦʣʥʦʩʪʴʶ ʨʝʘʣʠʟʦʚʘʪʴʩʷ. 

ʇʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʫʙʩʪʨʘʪʘ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʬʝʨʤʝʥʪ 

ï ʩʫʙʩʪʨʘʪ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʡ Vmax (ʨʠʩ. 9.5).  

 

ʈʠʩʫʥʦʢ 9.5 ï ɿʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʨʝʘʢʮʠʠ ʦʪ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ ʩʫʙʩʪʨʘʪʘ 

ʅʘʯʠʥʘʷ ʩ ʵʪʦʡ ʪʦʯʢʠ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʫʙʩʪʨʘʪʘ ʩʪʘʥʦʚʠʪʩʷ ʩʣʠʰ-

ʢʦʤ ʚʳʩʦʢʦʡ, ʯʪʦʙʳ ʚʩʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʫʯʘʩʪʢʠ ʬʝʨʤʝʥʪʘ ʙʳʣʠ ʟʘʜʝʡ-

ʩʪʚʦʚʘʥʳ. ʇʨʠ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʩʫʙʩʪʨʘʪʘ ʥʘʩʪʫʧʘʝʪ ʥʘʩʳʱʝʥʠʝ 

ʬʝʨʤʝʥʪʘ ʩʫʙʩʪʨʘʪʦʤ, ʪʦ ʝʩʪʴ ʥʘʩʪʫʧʘʝʪ ʪʘʢʦʡ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʫʞʝ ʚʩʝ 

ʤʦʣʝʢʫʣʳ ʬʝʨʤʝʥʪʘ ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʠ ʧʨʠʨʦʩ-

ʪʘ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʥʝ ʙʫʜʝʪ.  

9.4. ʂʦʬʘʢʪʦʨʳ ʬʝʨʤʝʥʪʦʚ 

ɸʢʪʠʚʥʦʩʪʴ ʨʷʜʘ ʬʝʨʤʝʥʪʦʚ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʩʪʨʫʢʪʫʨʳ ʝʛʦ ʙʝʣ-

ʢʦʚʦʡ ʤʦʣʝʢʫʣʳ, ʪʦʛʜʘ ʢʘʢ ʜʣʷ ʜʨʫʛʠʭ ʪʨʝʙʫʝʪʩʷ, ʢʨʦʤʝ ʪʦʛʦ, ʧʨʠʩʫʪʩʪ-

ʚʠʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʛʨʫʧʧ ʥʝʙʝʣʢʦʚʦʡ ʧʨʠʨʦʜʳ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ, ʢʦʬʘʢ-

ʪʦʨʦʚ. ɺ ʨʦʣʠ ʢʦʬʘʢʪʦʨʦʚ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʠʣʠ ʠʦʥʳ ʤʝʪʘʣʣʦʚ, ʠʣʠ 
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ʩʣʦʞʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʥʘʟʳʚʘʝʤʳʝ ʢʦʬʝʨʤʝʥʪʘʤʠ; ʠʥʦʛʜʘ 

ʜʣʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʥʘʣʠʯʠʝ ʪʝʭ ʠ ʜʨʫʛʠʭ. ʂʦ-

ʬʘʢʪʦʨʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʪʝʨʤʦʩʪʘʙʠʣʴʥʳ, ʪʦʛʜʘ ʢʘʢ ʙʦʣʴʰʠʥʩʪʚʦ ʬʝʨʤʝʥ-

ʪʦʚ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʠʥʘʢʪʠʚʠʨʫʝʪʩʷ. ʉʚʷʟʳʚʘʥʠʝ ʢʦʬʘʢʪʦʨʦʚ ʩ ʬʝʨʤʝʥ-

ʪʘʤʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʟʥʦʡ ʩʪʝʧʝʥʴʶ ʩʨʦʜʩʪʚʘ. ʉʫʱʝʩʪʚʫʶʪ ʢʦʬʘʢʪʦ-

ʨʳ, ʢʦʚʘʣʝʥʪʥʦ ʩʚʷʟʘʥʥʳʝ ʩ ʙʝʣʢʦʤ. ʇʨʠʨʦʜʥʳʡ ʢʦʤʧʣʝʢʩ ʬʝʨʤʝʥʪʘ ʩ 

ʢʦʬʘʢʪʦʨʦʤ ʥʘʟʳʚʘʶʪ ʭʦʣʦʬʝʨʤʝʥʪʦʤ, ʘ ʥʝʘʢʪʠʚʥʳʡ ʙʝʣʦʢ, ʦʩʪʘʶʱʠʡ-

ʩʷ ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʢʦʬʘʢʪʦʨʘ ï ʘʧʦʬʝʨʤʝʥʪʦʤ. 

ʅʠʞʝ ʧʝʨʝʯʠʩʣʝʥʳ ʥʝʢʦʪʦʨʳʝ ʬʝʨʤʝʥʪʳ, ʜʣʷ ʢʦʪʦʨʳʭ ʢʦʬʘʢʪʦ-

ʨʘʤʠ ʩʣʫʞʘʪ ʫʢʘʟʘʥʥʳʝ ʠʦʥʳ ʤʝʪʘʣʣʦʚ.  
 

Zn
2+

 ʉu
2+

 (Cu
+
) 

ɸʣʢʦʛʦʣʴʜʝʛʠʜʨʦʛʝʥʘʟʘ ʊʠʨʦʟʠʥʘʟʘ 

ʂʘʨʙʦʘʥʛʠʜʨʘʟʘ ʎʠʪʦʭʨʦʤʦʢʩʠʜʘʟʘ 

ʂʘʨʙʦʢʩʠʧʝʧʪʠʜʘʟʘ  

Mg
2+

 ʂ
+
 

ʌʦʩʬʦʛʠʜʨʦʣʘʟʳ ʇʠʨʫʚʘʪʬʦʩʬʦʢʠʥʘʟʘ 

ʌʦʩʬʦʪʨʘʥʩʬʝʨʘʟʳ (ʪʨʝʙʫʝʪ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʠʷ  

 ʠʦʥʦʚ Mg
2+

) 

Mn
2+

 Na
+
 

ɸʨʛʠʥʘʟʘ ɸʊʌʘʟʘ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ  

ʌʦʩʬʦʪʨʘʥʩʬʝʨʟʳ ʤʝʤʙʨʘʥʳ (ʪʨʝʙʫʝʪ ʪʘʢʞʝ  

Fe
2+

 ʠʣʠ Fe
3+

 ʧʨʠʩʫʪʩʪʚʠʝ ʠʦʥʦʚ ʂ
+
 ʠ Mg

2+
) 

ʎʠʪʦʭʨʦʤʳ  

ʇʝʨʦʢʩʠʜʘʟʘ  

ʂʘʪʘʣʘʟʘ  

ʌʝʨʨʝʜʦʢʩʠʥ  
 

ʋ ʪʘʢʠʭ ʬʝʨʤʝʥʪʦʚ ʠʦʥ ʤʝʪʘʣʣʘ ʚʳʧʦʣʥʷʝʪ ʢʘʢʫʶ-ʥʠʙʫʜʴ ʦʜʥʫ ʠʟ 

ʜʚʫʭ ʚʦʟʤʦʞʥʳʭ ʬʫʥʢʮʠʡ. ʆʥ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʤʦʩʪʠʢʦʤ, ʩʚʷʟʳʚʘʶʱʠʤ 

ʬʝʨʤʝʥʪ ʩ ʩʫʙʩʪʨʘʪʦʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ, ʠʣʠ ʦʥ ʤʦʞʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʳʧʦʣʥʷʪʴ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ 

ʬʫʥʢʮʠʶ. ʉʯʠʪʘʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʯʪʦ ʫ ʢʘʪʘʣʘʟʳ - ʬʝʨʤʝʥʪʘ, ʢʘʪʘʣʠʟʠ-

ʨʫʶʱʝʛʦ ʨʘʟʣʦʞʝʥʠʝ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ, - ʘʪʦʤ ʞʝʣʝʟʘ ʠʛʨʘʝʪ ʨʦʣʴ ʢʘ-

ʪʘʣʠʪʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ. ʅʝʢʦʪʦʨʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʨʘʟʣʘʛʘʪʴ ʧʝʨʝʢʠʩʴ ʚʦ-

ʜʦʨʦʜʘ ʦʙʣʘʜʘʶʪ ʜʘʞʝ ʧʨʦʩʪʳʝ ʩʦʣʠ ʞʝʣʝʟʘ, ʧʨʠʩʫʪʩʪʚʠʝ ʬʝʨʤʝʥʪʥʦʛʦ 

ʙʝʣʢʘ ʚʦ ʤʥʦʛʦ ʨʘʟ ʫʩʠʣʠʚʘʝʪ ʵʪʫ ʩʧʦʩʦʙʥʦʩʪʴ. 

9.5. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʢʦʬʝʨʤʝʥʪʦʚ 

ʂʦʬʝʨʤʝʥʪʳ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʧʦ ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʝ: ʚʠʪʘ-

ʤʠʥʥʳʝ, ʚʠʪʘʤʠʥʦʧʦʜʦʙʥʳʝ, ʥʝʚʠʪʘʤʠʥʥʳʝ, ʠ ʧʦ ʤʝʭʘʥʠʟʤʫ ʜʝʡʩʪʚʠʷ: 

ʧʝʨʝʥʦʩʯʠʢʠ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ, ʵʣʝʢʪʨʦʥʦʚ, ʧʨʦʪʦʥʦʚ ʠ ʦʪʜʝʣʴʥʳʭ ʭʠ-

ʤʠʯʝʩʢʠʭ ʛʨʫʧʧ. 
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ʂʦʬʝʨʤʝʥʪʳ ʧʝʨʝʥʦʩʯʠʢʠ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ, ʵʣʝʢʪʨʦʥʦʚ ʠ ʧʨʦ-

ʪʦʥʦʚ 

ʅʝʚʠʪʘʤʠʥʥʳʝ ʢʦʬʝʨʤʝʥʪʳ 

ɻʝʤ ï ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʛʝʤʩʦʜʝʨʞʘʱʠʭ ʬʝʨʤʝʥʪʦʚ: ʮʠʪʦʭʨʦʤʦʚ 

(ʬʝʨʤʝʥʪʳ ʪʢʘʥʝʚʦʛʦ ʜʳʭʘʥʠʷ ʠ ʤʠʢʨʦʩʦʤʘʣʴʥʦʛʦ ʦʢʠʩʣʝʥʠʷ), ʬʝʨʤʝʥ-

ʪʦʚ ʢʘʪʘʣʘʟʳ ʠ ʧʝʨʦʢʩʠʜʘʟʳ. ʉʪʨʫʢʪʫʨʫ ʛʝʤʘ ʩʦʩʪʘʚʣʷʝʪ ʩʫʧʝʨʢʦʣʴʮʦ 

ʧʨʦʪʦʧʦʨʬʠʨʠʥʘ Iʍ, ʢʦʪʦʨʦʝ ʩʦʩʪʦʠʪ ʠʟ 4 ʧʠʨʦʣʴʥʠʭ ʢʦʣʝʮ, ʚ ʮʝʥʪʨʝ 

ʧʨʦʪʦʧʦʨʬʠʨʠʥʦʚʦʛʦ ʷʜʨʘ ʥʘʭʦʜʠʪʩʷ ʘʪʦʤ Fe
2+
, ʙʣʘʛʦʜʘʨʷ ʝʛʦ ʥʘʣʠʯʠʶ, 

ʬʝʨʤʝʥʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʛʝʤ, ʩʧʦʩʦʙʥʳ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʪʴ ʵʣʝʢʪʨʦʥʳ. 

ʇʨʠ ʵʪʦʤ ʞʝʣʝʟʦ ʧʝʨʝʭʦʜʠʪ ʠʟ ʜʚʫʭʚʘʣʝʥʪʥʦʡ ʬʦʨʤʳ ʚ ʪʨʝʭʚʘʣʝʥʪʥʫʶ 

ʬʦʨʤʫ ʠ ʥʘʦʙʦʨʦʪ. 

 
ʛʝʤ 

 

ɻʣʶʪʘʪʠʦʥ (G-SH) ï ʪʨʠʧʝʧʪʠʜ, ʩʦʩʪʦʠʪ ʠʟ ʦʩʪʘʪʢʦʚ ʛʣʶʪʘʤʘʪʘ, 

ʮʠʩʪʝʠʥʘ ʠ ʛʣʠʮʠʥʘ (ʛʘʤʤʘ-ʛʣʶʪʘʤʠʥʠʣ-ʮʠʩʪʝʠʥʠʣ-ʛʣʠʮʠʥ) ʪʨʘʥʩʧʦʨ-

ʪʠʨʫʝʪ ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ. ʀʤʝʝʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʩʚʦʙʦʜʥʫʶ SH-ʛpyʧʧy 

ʮʠʩʪʝʠʥʘ, ʟʘ ʩʯʝʪ ʢʦʪʦʨʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʥʦʩ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʠʣʠ 

ʠʜʝʪ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʩʫʙʩʪʨʘʪʦʚ: 2GSH ź GS-SG. 

ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʨʦʣʴ ʛʣʶʪʘʪʠʦʥʘ ʚ ʢʘʯʝʩʪʚʝ ʢʦʬʝʨʤʝʥʪʘ ʩʦʩʪʦʠʪ ʚ 

ʪʦʤ, ʯʪʦ ʦʥ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʚ ʩʦʩʪʘʚʝ ʬʝʨʤʝʥʪʦʚ ʛʣʶʪʘʪʠʦʥʧʝʨʦʢʩʠʜʘʟʳ 

ʠ ʛʣʶʪʘʪʠʦʥʨʝʜʫʢʪʘʟʳ (ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʭ ʬʝʨʤʝʥʪʦʚ), ʛʣʶʪʘʪʠʦʥ-S-

ʪʨʘʥʩʬʝʨʘʟʳ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʝʟʚʨʝʞʠʚʘʥʠʶ ʪʦʢʩʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. 

 
ʛʣʶʪʘʪʠʦʥ 
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ɺʠʪʘʤʠʥʦʧʦʜʦʙʥʳʝ ʢʦʬʝʨʤʝʥʪʳ 

ʋʙʠʭʠʥʦʥ (ʢʦʵʥʟʠʤ Q) ï ʣʠʧʠʜʦʨʘʩʪʚʦʨʠʤʳʡ ʭʠʥʦʥ ʩ ʠʟʦʧʨʝ-

ʥʦʠʜʥʦʡ ʙʦʢʦʚʦʡ ʮʝʧʴʶ. ʊʨʘʥʩʧʦʨʪʠʨʫʝʪ ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ ʠ ʵʣʝʢʪʨʦʥʳ. 

ɺʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʜʳʭʘʪʝʣʴʥʦʡ ʮʝʧʠ ʤʠʪʦʭʦʥʜʨʠʡ. 

 
ʫʙʠʭʠʥʦʥ 

 

ʃʠʧʦʝʚʘʷ ʢʠʩʣʦʪʘ ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʚ ʨʝʘʢʮʠʷʭ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʛʦ ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʷ ʘ-ʢʝʪʦʢʠʩʣʦʪ. 

 
ʣʠʧʦʝʚʘʷ ʢʠʩʣʦʪʘ 

ɺʠʪʘʤʠʥʥʳʝ ʢʦʬʝʨʤʝʥʪʳ 

5-ʜʝʟʦʢʩʠʘʜʝʥʦʟʠʣ-ʢʦʙʘʣʘʤʠʥ ʦʙʨʘʟʫʝʪʩʷ ʠʟ ʚʠʪʘʤʠʥʘ B12 ʚ ʤʠʪʦ-

ʭʦʥʜʨʠʷʭ. ɹʠʦʣʦʛʠʯʩʢʘʷ ʨʦʣʴ ï ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʡ ʧʝʨʝʥʦʩ ʘʪʦʤʦʚ 

ʚʦʜʦʨʦʜʘ. ɺʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʬʝʨʤʝʥʪʘ ʤʝʪʠʣʤʘʣʦʥʠʥ-ʂʦɸ-ʤʫʪʘʟʳ, ʢʦʪʦ-

ʨʳʡ ʧʨʝʚʨʘʱʘʝʪ ʤʝʪʠʣʤʘʣʦʥʠʣ-ʂʦɸ ʚ ʩʫʢʮʠʥʘʪ. 

ɸʩʢʦʨʙʠʥʦʚʘʷ ʢʠʩʣʦʪʘ (ʚʠʪʘʤʠʥ ʉ). ɹʠʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʘʩ-

ʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (ɸʂ) ʩʚʷʟʘʥʳ ʩ ʝʝ ʩʧʦʩʦʙʥʦʩʪʴʶ ʚʩʪʫʧʘʪʴ ʚ ʦʢʠʩʣʠ-

ʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʨʝʘʢʮʠʠ. ɸʂ ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʚ ʧʝʨʝʥʦʩʝ ʘʪʦ-

ʤʦʚ ʚʦʜʦʨʦʜʘ ʠ ʵʣʝʢʪʨʦʥʦʚ. ɸʂ ʚ ʢʘʯʝʩʪʚʝ ʢʦʬʘʢʪʦʨʘ ʫʯʘʩʪʚʫʝʪ ʚ ʨʝʘʢʮʠʠ 

ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʷ: ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʝ ʜʦʬʘʤʠʥʘ ʚ ʥʦʨʘʜʨʝʥʘʣʠʥ; ʧʘʨʘ-

ʛʠʜʨʦʢʩʠʬʝʥʠʣʧʠʨʫʚʘʪʘ ʚ ʛʦʤʦʛʝʥʪʠʟʠʥʦʚʫʶ ʢʠʩʣʦʪʫ; ʪʨʠʧʪʘʤʠʥʘ ʚ 5-

ʦʢʩʠʪʨʠʧʪʘʤʠʥ; ʧʨʦʣʠʥʘ ʚ ʛʠʜʨʦʢʩʠʧʨʦʣʠʥ ʠ ʣʠʟʠʥʘ ʚ ʛʠʜʨʦʢʩʠʣʠʟʠʥ ʚ 

ʢʦʣʣʘʛʝʥʦʚʳʭ ʙʝʣʢʘʭ (ʷʚʣʷʝʪʩʷ ʢʦʬʘʢʪʦʨʦʤ ʧʨʦʣʠʣʛʠʜʨʦʢʩʠʜʘʟʳ); ʛʠʜʨʦ-

ʢʩʠʣʠʨʦʚʘʥʠʝ ɔ-ʙʫʪʠʨʦʙʝʪʘʠʥʘ ʚ ʢʘʨʥʠʪʠʥ; ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʝ ʢʦʨʪʠʢʦ-

ʩʪʝʨʦʠʜʦʚ (ʥʘʠʙʦʣʴʰʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ɸʂ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʥʘʜʧʦʯʝʯʥʠʢʘʭ). 

ɸʥʪʠʦʢʩʠʜʘʥʪʥʳʝ ʬʫʥʢʮʠʠ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʦ ʩʚʦʙʦʜʥʳʤʠ ʨʘ-

ʜʠʢʘʣʘʤʠ. ɸʂ ʣʝʛʢʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʩʫʧʝʨʦʢʩʠʜʥʳʤ ʨʘʜʠʢʘʣʦʤ, ʧʨʝ-

ʚʨʘʱʘʷʩʴ ʚ ʜʝʛʠʜʨʦʘʩʢʦʨʙʠʥʦʚʫʶ ʢʠʩʣʦʪʫ; ɸʂ ʢʘʪʘʣʠʟʠʨʫʝʪ ʚʳʩʚʦʙʦʞ-

ʜʝʥʠʝ ʠʦʥʘ Fe
2+ 
ʠʟ ʬʝʨʨʠʪʠʥʘ (ʧʦʩʣʝʜʥʠʡ ʚʳʧʦʣʥʷʝʪ ʨʦʣʴ ʜʝʧʦ ʞʝʣʝʟʘ ʚ 

ʦʨʛʘʥʠʟʤʝ). 
ʌʝʨʨʠʪʠʥ ï Fe

3+
+AK +2H

+ 
Ÿ ʬʝʨʨʠʪʠʥ+Fe

2+
+ʘʩʢʦʨʙʘʪ-ʨʘʜʠʢʘʣ 

ʅʠʢʦʪʠʥʘʤʠʜʥʳʝ ʢʦʬʝʨʤʝʥʪʳ: ʵʪʦ ʧʨʦʠʟʚʦʜʥʳʝ ʚʠʪʘʤʠʥʘ PP, 

ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʪʁʩʷ ʬʝʨʤʝʥʪʘʤʠ ï ʦʢʩʠʜʦʨʝʜʫʢʪʘʟʘʤʠ. ʅʘʠʙʦʣʝʝ ʠʟ-

ʚʝʩʪʥʳʤʠ ʷʚʣʷʶʪʩʷ ʅɸɼ (ʥʠʢʦʪʠʥʘʤʠʜʘʜʝʥʠʥʜʠʥʫʢʣʝʦʪʠʜ) ʠ ʅɸɼʌ 

(ʥʠʢʦʪʠʥʘʤʠʜʘʜʝʥʠʥʜʠʥʫʢʣʝʦʪʠʜʬʦʩʬʘʪ): 
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ʌʫʥʢʮʠʷ ʅɸɼ ʠ ʅɸɼʌ ʩʦʩʪʦʠʪ ʚ ʧʝʨʝʥʦʩʝ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʠ ʵʣʝʢ-

ʪʨʦʥʦʚ (ʵʪʘ ʨʝʘʢʮʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʥʠʢʦʪʠʥʘʤʠʜʥʦʡ ʯʘʩʪʠ ʤʦʣʝ-

ʢʫʣ ʢʦʬʝʨʤʝʥʪʦʚ): 

 

ʉʫʙʩʪʨʘʪ-ʅ2 + ʅɸɼ(ʌ) ʉʫʙʩʪʨʘʪ + ʅɸɼ(ʌ)ʅ + ʅ
+ 

 

ʈʦʣʴ ʅɸɼ ʠ ʅɸɼʌ ʦʯʝʥʴ ʚʝʣʠʢʘ. ʋʢʘʞʝʤ ʥʘ ʥʝʢʦʪʦʨʳʝ ʧʨʦʮʝʩʩʳ, 

ʢʦʪʦʨʳʝ ʠʜʫʪ ʩ ʫʯʘʩʪʠʝʤ ʅɸɼ ʠ ʅɸɼʌ-ʟʘʚʠʩʠʤʳʭ ʜʝʛʠʜʨʦʛʝʥʘʟ: 1) ʛʣʠʢʦ-

ʣʠʟ (ʘʵʨʦʙʥʳʡ, ʘʥʘʵʨʦʙʥʳʡ); 2) ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʝ Ŭ-ʢʝʪʦʢʠʩʣʦʪ; 3) ʧʝʥ-

ʪʦʟʦʬʦʩʬʘʪʥʳʡ ʮʠʢʣ (ʚ ʥʝʤ ʠʜʝʪ ʩʠʥʪʝʟ ʅɸɼʌʅ); 4) ʮʠʢʣ ʪʨʠʢʘʨʙʦʥʦʚʳʭ 

ʢʠʩʣʦʪ; 5) ɓ-ʦʢʠʩʣʝʥʠʝ ʠ ʩʠʥʪʝʟ ʞʠʨʥʳʭ ʢʠʩʣʦʪ; 6) ʩʠʥʪʝʟ ʠ ʛʠʜʨʦʢʩʠʣʠʨʦ-

ʚʘʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʠ ʩʪʝʨʦʠʜʦʚ; 7) ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʝ ʢʩʝʥʦʙʠʦʪʠʢʦʚ. 

ʌʣʘʚʠʥʦʚʳʝ ʢʦʬʝʨʤʝʥʪʳ ʩʦʜʝʨʞʘʪ ʚʠʪʘʤʠʥ ɺ2ï ʨʠʙʦʬʣʘʚʠʥ, 

ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʞʝʣʪʳʡ ʮʚʝʪ, ʧʦʵʪʦʤʫ ʦʥʠ ʙʳʣʠ ʥʘʟʚʘʥʳ ʞʝʣʪʳʤʠ ʢʦʬʝʨ-

ʤʝʥʪʘʤʠ. ɻʣʘʚʥʳʤʠ ʠʟ ʥʠʭ ʷʚʣʷʶʪʩʷ ʌʄʅ (ʬʣʘʚʠʥʤʦʥʦʥʫʢʣʝʦʪʠʜ) ʠ 

ʌɸɼ (ʬʣʘʚʠʥʘʜʝʥʠʥʜʠʥʫʢʣʝʦʪʠʜ): 
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ʆʩʦʙʝʥʥʦʩʪʴʶ ʠʭ ʩʪʨʫʢʪʫʨʳ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʠ ʩʦʜʝʨʞʘʪ ʧʨʦʠʟ-

ʚʦʜʥʦʝ ʨʠʙʦʟʳ ï ʩʧʠʨʪ ʨʠʙʠʪʦʣ. ɼʝʡʩʪʚʫʶʱʘʷ ʯʘʩʪʴ ʢʦʬʝʨʤʝʥʪʘ ï ʬʣʘʚʠʥ 

(ʚ ʝʛʦ ʦʩʥʦʚʝ ʣʝʞʠʪ ʢʦʣʴʮʦ ʠʟʦʘʣʣʦʢʩʦʟʠʥʘ). ʄʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ ʌɸɼ ʠ 

ʌʄʅ ʩʦʩʪʦʠʪ ʚ ʧʝʨʝʥʦʩʝ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ (ʧʨʦʪʦʥʦʚ ʠ ʵʣʝʢʪʨʦʥʦʚ): 

 
 

 
ʌɸɼ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʬʝʨʤʝʥʪʦʚ - ʬʣʘʚʦʧʨʦʪʝʠʥʦʚ, ʢʦʪʦʨʳʝ ʢʘʪʘʣʠ-

ʟʠʨʫʶʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʥʳʭ ʨʝʘʢʮʠʡ. ɺʳʜʝʣʷʶʪ ʪʨʠ ʪʠʧʘ ʛʣʘʚ-

ʥʳʭ ʨʝʘʢʮʠʡ: 

- ʦʩʫʱʝʩʪʚʣʷʶʪ ʦʙʨʘʪʠʤʫʶ ʨʝʘʢʮʠʶ ʜʝʛʠʜʨʠʨʦʚʘʥʠʷ (ʦʪʱʝʧʣʝ-

ʥʠʷ-ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ) ʦʪ ʩʫʙʩʪʨʘʪʘ; 
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- ʧʝʨʝʥʦʩ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ (ʵʣʝʢʪʨʦʥʦʚ ʠ ʧʨʦʪʦʥʦʚ) ʚ ʜʳʭʘʪʝʣʴ-

ʥʦʡ ʮʝʧʠ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ, ʟʘʙʠʨʘʷ ʠʭ ʦʪ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʥʠʢʦʪʠʥʘ-

ʤʠʜʥʳʭ ʢʦʬʝʨʤʝʥʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ; 

- ʚ ʩʚʦʙʦʜʥʦ-ʨʘʜʠʢʘʣʴʥʳʭ ʨʝʘʢʮʠʷʭ. ʀʤʝʥʥʦ ʬʣʘʚʠʥʦʚʳʝ ʢʦʬʝʨ-

ʤʝʥʪʳ ʚ ʜʳʭʘʪʝʣʴʥʦʡ ʮʝʧʠ ʤʠʪʦʭʦʥʜʨʠʡ, ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʠʩʪʦʯ-

ʥʠʢʘʤʠ ʩʫʧʝʨʦʢʩʠʜʥʦʛʦ ʨʘʜʠʢʘʣʘ ʠ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ. 

ʌɸɼ+ʌɸɼʅ2Ÿʌɸɼʅ (ʩʝʤʠʭʠʥʦʥʥʳʡ ʬʣʘʚʠʥʦʚʳʡ ʨʘʜʠʢʘʣ)  
ʌɸɼʅ + ʆ2 + ʅ

+
Ÿ ʌɸɼ + ʅ2ʆ2 

ʌʄʅ ʠ ʌɸɼ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʤʥʦʛʠʭ ʬʝʨʤʝʥʪʦʚ: ʩʫʢʮʠʥʘʪʜʝʛʠʜ-

ʨʦʛʝʥʘʟʳ, ʘʣʴʜʝʛʠʜʦʢʩʠʜʘʟʳ, ʢʩʘʥʪʠʥʦʢʩʠʜʘʟʳ, ʦʢʩʠʜʘʟʳ D-

ʘʤʠʥʦʢʠʩʣʦʪ, ʤʦʥʦʘʤʠʥʦʢʩʠʜʘʟʳ. ʌʣʘʚʠʥʦʚʳʝ ʬʝʨʤʝʥʪʳ ʧʨʠʥʠʤʘʶʪ 

ʫʯʘʩʪʠʝ ʚ ɓ-ʦʢʠʩʣʝʥʠʠ ʞʠʨʥʳʭ ʢʠʩʣʦʪ, ʚ ʦʢʠʩʣʝʥʠʠ ʩʧʠʨʪʦʚ, ʘʣʴʜʝʛʠ-

ʜʦʚ, ʛʣʶʢʦʟʳ, ʘʤʠʥʦʚ, ʛʣʠʮʝʨʠʥʘ, ʧʫʨʠʥʦʚ (ʢʩʘʥʪʠʥʘ, ʛʠʧʦʢʩʘʥʪʠʥʘ, 6-

ʤʝʪʠʣʧʫʨʠʥʘ), ʧʨʦʠʟʚʦʜʥʳʭ ʥʠʢʦʪʠʥʘ, ʭʠʥʦʣʠʥʘ, ʅɸɼʅ ʠ ʅɸɼʌʅ, 

ʘʤʠʜʘ ʣʠʧʦʝʚʦʡ ʢʠʩʣʦʪʳ. ʌɸɼ ʫʯʘʩʪʚʫʝʪ ʚ ʨʘʙʦʪʝ ʧʠʨʫʚʘʪʜʝʛʠʜʨʦʛʝ-

ʥʘʟʥʦʛʦ ʠ ʘʣʴʬʘ-ʢʝʪʦʛʣʫʪʘʨʘʪʜʝʛʠʜʨʦʛʝʥʘʟʥʦʛʦ ʢʦʤʧʣʝʢʩʦʚ, ʚ ʦʢʠʩʣʝ-

ʥʠʠ ʢʩʝʥʦʙʠʦʪʠʢʦʚ. ʅʘʧʨʠʤʝʨ, ʤʦʥʦʘʤʠʥʦʢʩʠʜʘʟʘ ʦʢʠʩʣʷʝʪ ʙʠʦʛʝʥʥʳʝ 

ʘʤʠʥʳ īʛʦʨʤʦʥʳ ʠ ʥʝʡʨʦʤʝʜʠʘʪʦʨʳ ʜʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʣʴʜʝʛʠʜʦʚ. 

ɺ ʨʝʘʢʮʠʷʭ, ʢʦʪʦʨʳʝ ʧʨʦʪʝʢʘʶʪ ʩ ʫʯʘʩʪʠʝʤ ʢʠʩʣʦʨʦʜʘ, ʬʣʘʚʦʧʨʦ-

ʪʝʠʥʳ ʧʝʨʝʥʦʩʷʪ ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʢʠʩʣʦʨʦʜ, ʯʪʦ ʚʝ-

ʜʝʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ. ʊʘʢʠʝ ʬʣʘʚʦʧʨʦʪʝʠʥʳ ʦʪʥʦʩʷʪ ʢ 

ʦʢʩʠʜʘʟʘʤ (ʘʵʨʦʙʥʳʤ ʜʝʛʠʜʨʦʛʝʥʘʟʘʤ) ï ʤʦʥʦʘʤʠʥʦʢʩʠʜʘʟʘ, ʢʩʘʥʪʠʥʦʢ-

ʩʠʜʘʟʘ. 

ʂʦʬʝʨʤʝʥʪʳ ï ʧʝʨʝʥʦʩʯʠʢʠ ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʛʨʫʧʧ 

ʅʝʚʠʪʘʤʠʥʥʳʝ ʢʦʬʝʨʤʝʥʪ  r

ʌʦʩʬʘʪʳ ʥʫʢʣʝʦʟʠʜʦʚ: ʢ ʥʠʤ ʦʪʥʦʩʷʪʩʷ: ɸʊʌ, ɻʊʌ, ʋʊʌ, 

ʎʊʌ, ʊɼʌ. ʄʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ: ʪʨʘʥʩʧʦʨʪʠʨʫʶʪ ʬʦʩʬʦʨʥʳʝ ʦʩʪʘʪʢʠ. 

ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʨʦʣʴ: ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʬʝʨʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʳ 

ʜʣʷ ʚʢʣʶʯʝʥʠʷ ʚʝʱʝʩʪʚ ʚ ʜʘʣʴʥʝʡʰʠʡ ʤʝʪʘʙʦʣʠʟʤ ʠʣʠ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ 

ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʚʝʱʝʩʪʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʪʨʘʥʩʬʝʨʘʟʥʳʭ ʨʝʘʢʮʠʷʭ: 

- ʢʠʥʘʟ: ʛʣʶʢʦʟʘ + ɸʊʌ 
ʛʣʶʢʦʢʠʥʘʟʘ

 ʛʣʶʢʦʟʦ-6-ʬʦʩʬʘʪ+ ɸɼʌ 

- ʪʨʘʥʩʬʝʨʘʟ: 

ʘ) ɻʣʶʢʦʟʦ-1-ʬʦʩʬʘʪ + ʋʊʌ
ʪʨʘʥʩʬʝʨʘʟʘ

 = ʋɼʌ-ʛʣʶʢʦʟʘ + ʌʥ; 

ʙ) ɻʣʶʢʫʨʦʥʦʚʘʷ ʢ-ʪʘ + ʋʊʌ
ʪʨʘʥʩʬʝʨʘʟʘ

 ʋɼʌ-ʛʣʶʢʫʨʦʥʘʪ + ʌʥ; 

ʚ) ʌʦʩʬʦʭʦʣʠʥ + ʎʊʌ
ʪʨʘʥʩʬʝʨʘʟʘ

 = ʎɼʌ-ʭʦʣʠʥ + ʌʌʥ. 

ʌʦʩʬʘʪʳ ʫʛʣʝʚʦʜʦʚ. ʄʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ: ʪʨʘʥʩʧʦʨʪʠʨʫʶʪ ʬʦʩ-

ʬʦʨʥʳʝ ʦʩʪʘʪʢʠ ʠ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʬʝʨʤʝʥʪʦʚ ʛʣʶʢʦʟʦ-ʬʦʩʬʘʪ-

ʠʟʦʤʝʨʘʟʳ, ʬʦʩʬʦʛʣʠʮʝʨʘʪʤʫʪʘʟʳ ʠ ʜʨʫʛʠʭ. 

ɺʠʪʘʤʠʥʥʳʝ ʢʦʬʝʨʤʝʥʪʳ 

ʊʠʘʤʠʥʜʠʬʦʩʬʘʪ (ʊɼʌ ʠʣʠ ʪʠʘʤʠʥʧʠʨʦʬʦʩʬʘʪ). ʂʦʬʝʨʤʝʥʪ 

ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʛʝʪʝʨʦʮʠʢʣʦʚ (ʷʜʨʘ ʪʠʘʟʦʣʘ ʠ ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʢʦʣʴʮʘ) 
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ʠ ʧʠʨʦʬʦʩʬʘʪʥʦʛʦ ʦʩʪʘʪʢʘ. ʊʠʘʤʠʥʜʠʬʦʩʬʘʪ ʚ ʩʦʩʪʘʚʝ ʬʝʨʤʝʥʪʦʚ ʢʘʪʘ-

ʣʠʟʠʨʫʝʪ ʦʢʠʩʣʠʪʝʣʴʥʦʝ ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʝ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʠ ʘʣʴ-

ʬʘ-ʢʝʪʦʛʣʫʪʘʨʦʚʦʡ ʢʠʩʣʦʪ ʠ ʧʝʨʝʥʦʩ ʛʣʠʢʦʣʴʘʣʴʜʝʛʠʜʥʦʡ ʛʨʫʧʧʳ ʦʪ ʢʝ-

ʪʦʩʘʭʘʨʦʚ ʥʘ ʘʣʴʜʦʩʘʭʘʨʘ ʚ ʩʦʩʪʘʚʝ ʬʝʨʤʝʥʪʘ ʪʨʘʥʩʢʝʪʦʣʘʟʳ. 

 
ʪʠʘʤʠʥʜʠʬʦʩʬʘʪ 

 

ʂʦʵʥʟʠʤ A (KoA-SH), ʢʦʬʝʨʤʝʥʪ ʘʮʠʣʠʨʦʚʘʥʠʷ (ʢʦʬʝʨʤʝʥʪ ʘʮʝ-

ʪʠʣ-ʠ ʘʮʠʣʪʨʘʥʩʬʝʨʘʟ) ï ʫʯʘʩʪʚʫʝʪ ʚ ʤʝʪʘʙʦʣʠʟʤʝ ʫʛʣʝʚʦʜʦʚ (ʜʝʢʘʨʙʦʢ-

ʩʠʣʠʨʦʚʘʥʠʝ ʧʠʨʫʚʘʪʘ ʠ ʘʣʴʬʘ-ʢʝʪʦʛʣʫʪʘʨʘʪʘ), ʚ ʨʝʘʢʮʠʷʭ ʦʢʠʩʣʝʥʠʷ ʠ 

ʩʠʥʪʝʟʘ ʞʠʨʥʳʭ ʢʠʩʣʦʪ, ʭʦʣʝʩʪʝʨʠʥʘ, ʛʝʤʘ, ʘʮʝʪʠʣʭʦʣʠʥʘ, ʦʙʝʟʚʨʝʞʠʚʘ-

ʥʠʠ ʯʫʞʝʨʦʜʥʳʭ ʚʝʱʝʩʪʚ ʠ ʜʨ. KoA-SH ï ʵʪʦ ʪʠʧʠʯʥʳʡ ʥʫʢʣʝʦʪʠʜ ʠ 

ʩʦʩʪʦʠʪ ʠʟ ʘʜʝʥʠʣʦʚʦʛʦ ʥʫʢʣʝʦʪʠʜʘ, ʩʦʝʜʠʥʝʥʥʦʛʦ ʩ ʧʘʥʪʦʪʝʥʦʚʦʡ ʢʠ-

ʩʣʦʪʦʡ (ʚʠʪʘʤʠʥ ɺʟ) ʠ ʙʝʪʘ-ʤʝʨʢʘʧʪʦʵʪʠʣʘʤʠʥʦʤ. 

ʌʫʥʢʮʠʷ ʂʦA-SH ʩʦʩʪʦʠʪ ʚ ʘʢʪʠʚʘʮʠʠ ʠ ʧʝʨʝʥʦʩʝ ʦʩʪʘʪʢʦʚ ʢʘʨ-

ʙʦʥʦʚʳʭ ʢʠʩʣʦʪ: 
ʉʅ3-ʉʆʆʅ +ATʌ + KoA-SH Ÿ ʉʅ3-CO~S-KoA + ʅ2ʆ 

 
ʢʦʵʥʟʠʤ ɸ 

 

ʇʠʨʠʜʦʢʩʘʣʴʬʦʩʬʘʪ (ʇɸʃʌ) ʠ ʧʠʨʠʜʦʢʩʘʤʠʥʬʦʩʬʘʪ (ʇɸʄʌ) 

ʷʚʣʷʶʪʩʷ ʧʨʦʠʟʚʦʜʥʳʤʠ ʚʠʪʘʤʠʥʘ ɺ6. ʇɸʃʌ ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʚ ʨʝ-

ʘʢʮʠʷʭ ʦʙʤʝʥʘ ʘʤʠʥʦʢʠʩʣʦʪ, ʧʝʨʝʥʦʩʠʪ ʭʠʤʠʯʝʩʢʠʝ ʛʨʫʧʧʳ (NH2, ʉʆ2): 

ʘ) ʚ ʩʦʩʪʘʚʝ ʘʤʠʥʦʪʨʘʥʩʬʝʨʘʟ ʢʘʪʘʣʠʟʠʨʫʝʪ ʧʨʦʮʝʩʩʳ ʧʝʨʝʘʤʠʥʠʨʦʚʘ-

ʥʠʷ, ʧʝʨʝʥʦʩʷ NH2-ʛʨʫʧʧʫ ʩ ʘʤʠʥʦʢʠʩʣʦʪʳ ʥʘ ʢʝʪʦʢʠʩʣʦʪʫ; ʙ) ʚ ʩʦʩʪʘʚʝ 

ʜʝʢʘʨʙʦʢʩʠʣʘʟ ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʚ ʧʨʦʮʝʩʘʭ ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʷ 
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ʘʤʠʥʦʢʠʩʣʦʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʠʦʛʝʥʥʳʭ ʘʤʠʥʦʚ; ʚ) ʚ ʩʦʩʪʘʚʝ ŭ-ʘʤʠʥʦ-

ʣʝʚʫʣʠʥʘʪʩʠʥʪʘʟʳ ʫʯʘʩʪʚʫʝʪ ʚ ʩʠʥʪʝʟʝ ʛʝʤʘ; ʛ) ʫʯʘʩʪʚʫʝʪ ʚʦ ʚʟʘʠʤʦʧʨʝ-

ʚʨʘʱʝʥʠʷʭ ʛʣʠʮʠʥʘ ʠ ʩʝʨʠʥʘ. 

 
 

ɹʠʦʮʠʪʠʥ ʩʦʩʪʦʠʪ ʠʟ ʙʠʦʪʠʥʘ (ʚʠʪʘʤʠʥʘ B7) ʠ ʦʩʪʘʪʢʘ ʣʠʟʠʥʘ. 

ɹʠʦʪʠʥ ʵʪʦ ʛʝʪʝʨʦʮʠʢʣ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʠʤʠʜʘʟʦʣʴʥʦʛʦ ʠ ʪʠʦʬʝʥʦʚʦʛʦ ʢʦ-

ʣʝʮ. ɹʠʦʮʠʪʠʥ ʷʚʣʷʝʪʩʷ ʢʦʬʝʨʤʝʥʪʦʤ ʢʘʨʙʦʢʩʠʣʘʟ, ʢʦʪʦʨʳʝ ʧʨʠʩʦʝʜʠ-

ʥʷʶʪ ʉʆ2 ʢ ʤʦʣʝʢʫʣʝ ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʫʜʣʠʥʝʥʠʝʤ ʮʝʧʠ ʥʘ 1 ʘʪʦʤ 

ʫʛʣʝʨʦʜʘ. ʆʥ ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʚ ʨʝʘʢʮʠʷʭ ʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʷ ʚ ʧʨʠ-

ʩʫʪʩʪʚʠʠ ɸʊʌ: ʥʘʧʨʠʤʝʨ, ʦʙʨʘʟʦʚʘʥʠʠ ʤʘʣʦʥʠʣ-ʂʦɸ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʚ 

ʨʝʘʢʮʠʷʭ ʩʠʥʪʝʟʘ ʞʠʨʥʳʭ ʢʠʩʣʦʪ, ʠʣʠ ʦʙʨʘʟʦʚʘʥʠʠ ʱʘʚʝʣʝʚʦʫʢʩʫʩʥʦʡ 

ʢʠʩʣʦʪʳ ʚ ʮʠʢʣʝ ʪʨʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ: 

 

ɹʠʦʮʠʪʠʥ ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʚ ʨʝʘʢʮʠʷʭ ʪʨʘʥʩʢʘʨʙʦʢʩʠʣʠʨʦʚʘ-

ʥʠʷ (ʙʝʟ ʫʯʘʩʪʠʷ ɸʊʌ), ʧʨʠ ʢʦʪʦʨʳʭ ʩʫʙʩʪʨʘʪʳ ʦʙʤʝʥʠʚʘʶʪʩʷ ʢʘʨʙʦʢ-

ʩʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ: 
R1-COOH+R2HŸR2H+R1-COOH 

 

ʊʝʪʨʘʛʠʜʨʦʬʦʣʠʝʚʘʷ ʢʠʩʣʦʪʘ (ʊɻʌʂ). ʉʪʨʫʢʪʫʨʘ ʢʦʬʝʨʤʝʥʪʘ 

ʚʢʣʶʯʘʝʪ ʢʦʣʴʮʦ ʧʪʝʨʠʜʠʥʘ, ʧʘʨʘ-ʘʤʠʥʦʙʝʥʟʦʡʥʫʶ ʢʠʩʣʦʪʫ (ʇɸɹʂ) ʠ 

ʛʣʶʪʘʤʠʥʦʚʫʶ ʢʠʩʣʦʪʫ. ʊɻʌʂ ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʠʟ ʚʠʪʘʤʠʥʘ ɺ9 (ʬʦʣʠʝ-

ʚʦʡ ʢʠʩʣʦʪʳ) ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʬʝʨʤʝʥʪʘ ʜʠʛʠʜʨʦʬʦʣʘʪʨʝʜʫʢʪʘʟʳ, ʢʦʪʦ-

ʨʳʡ ʧʨʠʩʦʝʜʠʥʷʝʪ 4 ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʢ ʬʦʣʠʝʚʦʡ ʢʠʩʣʦʪʝ. ʕʪʦʪ ʬʝʨʤʝʥʪ 

ʠʥʛʠʙʠʨʫʝʪʩʷ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʤ ʧʨʝʧʘʨʘʪʦʤ ʤʝʪʦʪʨʝʢʩʘʪʦʤ, ʯʪʦ ʚʝʜʝʪ 

ʢ ʪʦʨʤʦʞʝʥʠʁ  ʩʠʥʪʝʟʘ ʥʫʢʣʝʦʪʠʜʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʨʝʧʣʠʢʘʮʠʠ 

ɼʅʂ, ʠ ʪʦʨʤʦʟʠʪ ʨʦʩʪ ʦʧʫʭʦʣʠ. 
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ʌʫʥʢʮʠʠ ʊɻʌʂ ʩʦʩʪʦʷʪ ʚ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʤ ʧʝʨʝʥʦʩʝ ʦʜʥʦʫʛʣʝ-

ʨʦʜʥʳʭ ʬʨʘʛʤʝʥʪʦʚ: ʤʝʪʠʣʴʥʦʛʦ (-ʉʅ3), ʤʝʪʠʣʝʥʦʚʦʛʦ (-ʉʅ2-), ʤʝʪʠ-

ʥʠʣʴʥʦʛʦ (-ʉʅ=),ʦʢʩʠʤʝʪʠʣʴʥʦʛʦ (-ʉʅ-ʆʅ), ʬʦʨʤʠʣʴʥʦʛʦ (-ʉʆʅ), ʬʦʨ-

ʤʠʥʦʠʤʠʥʥʦʛʦ (-CH=NH). 

ʊɻʌʂ ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʚ ʦʙʤʝʥʝ ʘʤʠʥʦʢʠʩʣʦʪ (ʩʠʥʪʝʟ ʤʝʪʠʦʥʠʥʘ 

ʠʟ ʛʦʤʦʮʠʩʪʝʠʥʘ), ʚ ʩʠʥʪʝʟʝ ʜʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʦʪʠʜʦʚ ʠ ʧʫʨʠʥʦʚʳʭ ʷʜʝʨ 

(ʘʜʝʥʠʥʘ ʠ ʛʫʘʥʠʥʘ), ʭʦʣʠʥʘ, ʢʨʝʘʪʠʥʘ, ʘʜʨʝʥʘʣʠʥʘ. 

ʄʝʪʠʣʢʦʙʘʣʘʤʠʥ ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʠʟ ʚʠʪʘʤʠʥʘ B12, ʩʪʨʫʢʪʫʨʘ ʢʦʪʦ-

ʨʦʛʦ ʦʯʝʥʴ ʩʣʦʞʥʘʷ ʠ ʚʢʣʶʯʘʝʪ ʢʦʨʠʥʦʚʦʝ ʷʜʨʦ, ʚ ʮʝʥʪʨʝ ʢʦʪʦʨʦʛʦ ʨʘʩʧʦ-

ʣʦʞʝʥ ʘʪʦʤ ʢʦʙʘʣʴʪʘ, ʩʦʝʜʠʥʝʥʥʳʡ ʩ 4 ʧʠʨʨʦʣʴʥʳʤʠ ʢʦʣʴʮʘʤʠ. ʄʝʪʠʣʢʦʙʘ-

ʣʘʤʠʥ ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʚ ʤʝʪʠʣʠʨʦʚʘʥʠʠ ʛʦʤʦʮʠʩʪʝʠʥʘ ʚ ʤʝʪʠʦʥʠʥ. 

ʌʝʨʤʝʥʪ ʛʦʤʦʮʠʩʪʝʠʥʤʝʪʠʣʪʨʘʥʩʬʝʨʘʟʘ ʧʝʨʝʥʦʩʠʪ ʤʝʪʠʣʴʥʳʡ ʨʘʜʠʢʘʣ ʠʟ 

ʤʝʪʠʣʪʝʪʨʘʛʠʜʨʦʬʦʣʘʪʘ ʥʘ ʛʦʤʦʮʠʩʪʝʠʥ.  

ɺʠʪʘʤʠʥ ɸ (ʨʝʪʠʥʦʣ) ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʚ ʩʠʥʪʝʟʝ ʛʣʠʢʦʧʨʦʪʝʠʥʦʚ 

ʚ ʢʘʯʝʩʪʚʝ ʢʦʬʘʢʪʦʨʘ ʛʣʠʢʦʟʠʣʪʨʘʥʩʬʝʨʘʟ ï ʬʝʨʤʝʥʪʦʚ, ʛʣʠʢʦʟʠʣʠʨʫʶʱʠʭ 

ʙʝʣʢʠ. ʇʝʨʝʥʦʩʠʪ ʦʣʠʛʦʩʘʭʘʨʠʜʳ ʯʝʨʝʟ ʤʝʤʙʨʘʥʫ. ɻʣʠʢʦʧʨʦʪʝʠʥʳ ʷʚʣʷʶʪ-

ʩʷ ʦʩʥʦʚʦʡ ʤʫʮʠʥʦʚ, ʢʦʪʦʨʳʝ ʧʦʢʨʳʚʘʶʪ ʩʣʠʟʠʩʪʳʝ ʦʙʦʣʦʯʢʠ. ɺʠʪʘʤʠʥ ɸ 

ʷʚʣʷʝʪʩʷ ʘʥʪʠʦʢʩʠʜʘʥʪʦʤ, ʪʘʢ ʢʘʢ ʟʘʱʠʱʘʝʪ ʤʝʤʙʨʘʥʳ ʦʪ ʜʝʡʩʪʚʠʷ ʘʢʪʠʚʥʳʭ 

ʨʘʜʠʢʘʣʦʚ. 

ɺʠʪʘʤʠʥ ʂ ï ʷʚʣʷʝʪʩʷ ʢʦʬʘʢʪʦʨʦʤ ʛʘʤʤʘ-ʛʣʫʪʘʤʠʣʢʘʨʙʦʢʩʠʣʘʟʳ, 

ʢʦʪʦʨʘʷ ʘʢʪʠʚʠʨʫʝʪ ʧʨʦʪʨʦʤʙʠʥ, ʧʨʝʚʨʘʱʘʷ ʝʛʦ ʚ ʪʨʦʤʙʠʥ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ 

ʚʠʪʘʤʠʥ ʂ ʷʚʣʷʝʪʩʷ ʢʦʬʘʢʪʦʨʦʤ 7 ʬʘʢʪʦʨʦʚ ʩʚʝʨʪʳʚʘʥʠʷ ʢʨʦʚʠ ʠ ʤʥʦʛʠʭ 

ʙʝʣʢʦʚ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʪʢʘʥʠ ʠ ʢʦʩʪʝʡ. ʂʦʬʝʨʤʝʥʪʥʘʷ ʬʫʥʢʮʠʷ ʚʠʪʘʤʠʥʘ ʂ 

ʩʦʩʪʦʠʪ ʚ ʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʠ ʦʩʪʘʪʢʦʚ ʛʣʶʪʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʙʝʣʢʘʭ. 

ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʚ ʛʣʶʪʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪʝ ʧʦʷʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʢʘʨ-

ʙʦʢʩʠʣʴʥʘʷ ʛʨʫʧʧʘ ʠ ʪʘʢʦʡ ʙʝʣʦʢ ʧʨʠʦʙʨʝʪʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʩʚʷʟʳʚʘʪʴ ʠʦʥ r

ʢʘʣʴʮʠʷ, ʯʪʦ ʠ ʟʘʧʫʩʢʘʝʪ ʧʨʦʮʝʩʩ ʩʚʝʨʪʳʚʘʥʠʷ ʢʨʦʚʠ ʠ ʜʨʫʛʠʝ ʨʝʘʢʮʠʠ (ʥʘ-

ʧʨʠʤʝʨ, ʜʝʧʦʥʠʨʦʚʘʥʠʝ ʩʦʣʝʡ ʢʘʣʴʮʠʷ ʚ ʢʦʩʪʷʭ).  
 

ɺʠʪ. ʂ+ʉʆ2+ʛʣʶʪʘʤʘʪ-ʙʝʣʦʢŸɺʠʪ. ʂ-ʵʧʦʢʩʠʜ+ʛʘʤʤʘ-ʢʘʨʙʦʢʩʠʛʣʶʪʘʤʘʪ-

-ʙʝʣʦʢ 
 

ɺʠʪʘʤʠʥ ɽ (ʪʦʢʦʬʝʨʦʣ) ʷʚʣʷʝʪʩʷ ʢʦʬʝʨʤʝʥʪʦʤ ʜʝʩʘʪʫʨʘʟʳ ʞʠʨʥʳʭ 

ʢʠʩʣʦʪ, ʘ ʪʘʢʞʝ ʧʨʦʷʚʣʷʝʪ ʤʦʱʥʳʝ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʝ ʩʚʦʡʩʪʚʘ. 
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ʇʨʦʚʝʨʦʯʥʳʝ ʚʦʧʨʦʩʳ: 

1. ʉʚʦʡʩʪʚʘ ʬʝʨʤʝʥʪʦʚ ʢʘʢ ʙʠʦʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

2. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʬʝʨʤʝʥʪʦʚ. 

3. ɼʝʡʩʪʚʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʨʅ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʫʙʩʪʨʘʪʘ ʥʘ ʢʘʪʘʣʠʪʠʯʝ-

ʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʦʚ. 

4. ʄʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ ʬʝʨʤʝʥʪʦʚ ʥʘ ʧʨʠʤʝʨʝ ʭʠʤʦʪʨʠʧʩʠʥʘ (ʢʦʥʬʦʨ-

ʤʘʮʠʷ, ʘʢʪʠʚʥʳʡ ʮʝʥʪʨ ʩʪʝʨʝʦʩʧʝʮʠʬʠʯʥʦʩʪʴ). 

5. ʂʦʬʘʢʪʦʨʳ ʬʝʨʤʝʥʪʦʚ, ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ. 

6. ʂʦʬʝʨʤʝʥʪʳ, ʚʠʪʘʤʠʥʥʳʝ ʠ ʥʝʚʠʪʘʤʠʥʥʳʝ, ʜʝʡʩʪʚʠʝ ʚ ʤʝʪʘʙʦʣʠʯʝ-

ʩʢʠʭ ʨʝʘʢʮʠʷʭ. 

ʃʠʪʝʨʘʪʫʨʘ 

1. ɹʠʦʣʦʛʠʯʝʩʢʠʡ ʵʥʮʠʢʣʦʧʝʜʠʯʝʩʢʠʡ ʩʣʦʚʘʨʴ. / ʛʣ. ʨʝʜʘʢʪʦʨ 

ʄ. ʉ. ɻʠʣʷʨʦʚ. -2-ʝ ʠʟʜ., ʠʩʧʨʘʚʣ. - ʄ.: çʉʦʚʝʪʩʢʘʷ ʵʥʮʠʢʣʦʧʝʜʠʷè, 

1989. ï 864 ʩ. 
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151 
 

ʈʘʟʜʝʣ III. ʆʙʤʝʥ ʚʝʱʝʩʪʚ 

ʆʙʤʝʥ ʚʝʱʝʩʪʚ (ʤʝʪʘʙʦʣʠʟʤ) ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʬʝʨʤʝʥʪʘʪʠʚʥʳʭ ʨʝʘʢʮʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʢʣʝʪʢʘʭ ʞʠʚʦʪʥʳʭ ʠ ʯʝʣʦʚʝ-

ʢʘ, ʧʨʠ ʵʪʦʤ ʭʦʨʦʰʦ ʩʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʠ ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʦʙʝʩʧʝʯʝ-

ʥʠʝ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʠʟʤʘ. ʆʙʤʝʥ ʚʝʱʝʩʪʚ ʫʧʨʘʚʣʷʝʪʩʷ ʮʝʥ-

ʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʦʡ ʥʘ ʛʝʥʝʪʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʠ ʢʦʨʨʝʢʪʠʨʫʝʪʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ï ʧʠʪʘʥʠʷ, ʬʠʟʠʯʝʩʢʠʭ ʚʦʟ-

ʜʝʡʩʪʚʠʡ (ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʜʨ.). 

ʆʙʤʝʥ ʚʝʱʝʩʪʚ ʦʩʫʱʝʩʪʚʣʷʝʪ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʠ: 

- ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ï ʠʟʚʣʝʯʝʥʠʝ ʵʥʝʨʛʠʠ ʠʟ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ; ʚ 

ʩʣʫʯʘʝ ʞʠʚʦʪʥʳʭ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ (ʛʣʶʢʦʟʳ, ʘʤʠ-

ʥʦʢʠʩʣʦʪ, ʞʠʨʥʳʭ ʢʠʩʣʦʪ), ʧʦʩʪʫʧʠʚʰʠʭ ʧʦʩʣʝ ʧʝʨʝʚʘʨʠʚʘʥʠʷ ʢʦʨʤʘ, 

ʠʣʠ ʚʝʱʝʩʪʚ ʠʟ ʟʘʧʘʩʦʚ ʪʝʣʘ-ʛʣʠʢʦʛʝʥʘ, ʞʠʨʘ, ʙʝʣʢʘ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠ-

ʢʦʚ ʵʥʝʨʛʠʠ; 

- ʧʣʘʩʪʠʯʝʩʢʫʶ ï ʧʨʝʚʨʘʱʝʥʠʝ ʵʢʟʦʛʝʥʥʳʭ ʚʝʱʝʩʪʚ ʚ ʙʝʣʢʠ, 

ʥʫʢʣʝʠʥʦʚʳʝ ʢʠʩʣʦʪʳ, ʞʠʨʳ, ʢʣʝʪʦʯʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʪʝʣʘ ʚ ʧʨʦʮʝʩʩʝ 

ʨʦʩʪʘ, ʨʘʟʚʠʪʠʷ ʠ ʩʪʘʨʝʥʠʷ ʞʠʚʦʪʥʳʭ; 

- ʩʧʝʮʠʬʠʯʝʩʢʫʶ ï ʩʠʥʪʝʟ ʠ ʨʘʟʨʫʰʝʥʠʝ ʙʠʦʤʦʣʝʢʫʣ (ʙʝʣʢʦʚ, 

ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ, ʞʠʨʦʚ, ʛʣʠʢʦʛʝʥʘ ʠ ʜʨʫʛʠʭ) ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʦʙʥʦʚ-

ʣʝʥʠʷ ʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʚʥʝʰʥʝʡ ʠ ʚʥʫʪʨʝʥʥʝʡ ʩʨʝʜʳ ʦʨʛʘ-

ʥʠʟʤʘ ʞʠʚʦʪʥʳʭ. 

ʆʙʤʝʥ ʚʝʱʝʩʪʚ ʚʢʣʶʯʘʝʪ ʜʚʘ ʧʨʦʮʝʩʩʘ ï ʘʥʘʙʦʣʠʟʤ ʠ ʢʘʪʘʙʦʣʠʟʤ 

(ʩʠʥʪʝʟ ʠ ʨʘʟʨʫʰʝʥʠʝ). 

ɸʥʘʙʦʣʠʟʤ ï ʵʪʦ ʬʝʨʤʝʥʪʘʪʠʚʥʳʡ ʩʠʥʪʝʟ ʩʨʘʚʥʠʪʝʣʴʥʦ ʢʨʫʧʥʳʭ 

ʢʣʝʪʦʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠʟ ʧʨʦʩʪʳʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ. ʇʨʦʮʝʩʩʳ ʩʠʥ-

ʪʝʟʘ ʩʚʷʟʘʥʳ ʩ ʧʦʪʨʝʙʣʝʥʠʝʤ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʘʷ ʧʦʩʪʘʚʣʷʝʪʩʷ ʚ 

ʬʦʨʤʝ ʵʥʝʨʛʠʠ ʬʦʩʬʘʪʥʳʭ ʩʚʷʟʝʡ ɸʊʌ. 

ʂʘʪʘʙʦʣʠʟʤ ï ʵʪʦ ʬʝʨʤʝʥʪʘʪʠʚʥʦʝ ʨʘʩʱʝʧʣʝʥʠʝ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʢʨʫʧʥʳʭ ʤʦʣʝʢʫʣ ʛʣʶʢʦʟʳ, ʞʠʨʥʳʭ ʢʠʩʣʦʪ, ʘʤʠʥʦʢʠʩʣʦʪ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʝʘʢʮʠʡ ʦʢʠʩʣʝʥʠʷ ʜʦ ʙʦʣʝʝ ʤʝʣʢʠʭ, ʥʘʧʨʠʤʝʨ, ʤʦʣʦʯʥʦʡ ʢʠʩʣʦʪʳ, ʫʢ-

ʩʫʩʥʦʡ ʢʠʩʣʦʪʳ, CO2, NH3 ʠ ʤʦʯʝʚʠʥʳ. ʂʘʪʘʙʦʣʠʟʤ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʳ-

ʜʝʣʝʥʠʝʤ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ, ʟʘʢʣʶʯʝʥʥʦʡ ʚ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʷʭ ʨʘʩʱʝʧ-

ʣʷʝʤʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ, ʠ ʟʘʧʘʩʘʥʠʝʤ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ʚ ʬʦʨʤʝ 

ʵʥʝʨʛʠʠ ʬʦʩʬʘʪʥʳʭ ʩʚʷʟʝʡ ɸʊʌ. 

ʉʪʘʜʠʡʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʢʘʪʘʙʦʣʠʟʤʘ ʠ ʘʥʘʙʦʣʠʟʤʘ 

ʂʘʪʘʙʦʣʠʟʤ ʦʩʥʦʚʥʳʭ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚʢʣʶʯʘʝʪ ʪʨʠ ʛʣʘʚ-

ʥʳʝ ʩʪʘʜʠʠ (ʨʠʩ 10.1). ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʢʨʫʧʥʳʝ ʤʦʣʝʢʫʣʳ, ʧʦʩʪʫʧʘʶ-

ʱʠʝ ʠʟ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʨʘʩʱʝʧʣʷʶʪʩʷ ʥʘ ʩʦʩʪʘʚʣʷʶʱʠʝ ʠʭ ʦʩʥʦʚʥʳʝ 

ʩʪʨʦʠʪʝʣʴʥʳʝ ʙʣʦʢʠ. ʇʦʣʠʩʘʭʘʨʠʜʳ (ʢʨʘʭʤʘʣ ʠ ʜʨ.) ʨʘʩʱʝʧʣʷʶʪʩʷ ʜʦ 

ʤʦʥʦʩʘʭʘʨʦʚ - ʛʣʶʢʦʟʳ, ʬʨʫʢʪʦʟʳ ʠ ʜʨ., ʙʝʣʢʠ ï ʜʦ ʘʤʠʥʦʢʠʩʣʦʪ, ʞʠʨʳ 



152 
 

ï ʜʦ ʛʣʠʮʝʨʠʥʘ ʠ ʞʠʨʥʳʭ ʢʠʩʣʦʪ. ʅʘ ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ 

ʧʨʦʜʫʢʪʳ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʙʦʣʝʝ ʧʨʦʩʪʳʝ ʤʦʣʝʢʫʣʳ, ʥʘʧʨʠʤʝʨ, ʛʣʶʢʦʟʘ- 

ʚ ʪʨʝʭʫʛʣʝʨʦʜʥʳʡ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʥʳʡ ʩʘʭʘʨ ʛʣʠʮʝʨʘʣʴʜʝʛʠʜ-3-ʬʦʩʬʘʪ, 

ʘ ʟʘʪʝʤ ʨʘʩʱʝʧʣʷʶʪʩʷ ʜʦ ʝʜʠʥʩʪʚʝʥʥʦʡ ʜʚʫʫʛʣʝʨʦʜʥʦʡ ʬʦʨʤʳ ï ʘʮʝ-

ʪʠʣʴʥʦʡ ʛʨʫʧʧʳ, ʚʭʦʜʷʱʝʡ ʚ ʩʦʩʪʘʚ ʘʮʝʪʠʣ-ʢʦʵʥʟʠʤʘ ɸ (ʘʮʝʪʠʣ-ʂʦɸ). 

ɸʤʠʥʦʢʠʩʣʦʪʳ ʪʘʢʞʝ ʜʘʶʪ ʧʨʠ ʨʘʩʱʝʧʣʝʥʠʠ ʥʝʩʢʦʣʴʢʦ ʢʦʥʝʯʥʳʭ ʧʨʦ-

ʜʫʢʪʦʚ ï ʘʮʝʪʠʣ-ʂʦɸ, ʷʥʪʘʨʥʫʶ ʢʠʩʣʦʪʫ (ʩʫʢʮʠʥʘʪ), ʬʫʤʘʨʦʚʫʶ ʢʠʩʣʦ-

ʪʫ (ʬʫʤʘʨʘʪ) ʠ ʱʘʚʝʣʝʚʦ ï ʫʢʩʫʩʥʫʶ ʢʠʩʣʦʪʫ (ʦʢʩʘʣʦʘʮʝʪʘʪ).  

ʇʨʦʜʫʢʪʳ, ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʥʘ ʚʪʦʨʦʡ ʩʪʘʜʠʠ, ʚʩʪʫʧʘʶʪ ʚ ʪʨʝʪʴʶ 

ʩʪʘʜʠʶ, ʢʦʪʦʨʘʷ ʜʣʷ ʥʠʭ ʚʩʝʭ ʷʚʣʷʝʪʩʷ ʦʙʱʝʡ, ʠ ʥʘ ʢʦʪʦʨʦʡ ʦʥʠ, ʚ ʢʦ-

ʥʝʯʥʦʤ ʩʯʝʪʝ, ʦʢʠʩʣʷʶʪʩʷ ʜʦ ʉʆ2 ʠ ʅ2ʆ. 

ʇʨʦʮʝʩʩʳ ʘʥʘʙʦʣʠʟʤʘ ʪʘʢʞʝ ʚʢʣʶʯʘʶʪ ʪʨʠ ʩʪʘʜʠʠ. ʀʩʭʦʜʥʳʤʠ 

ʚʝʱʝʩʪʚʘʤʠ, ʠʣʠ ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʙʣʦʢʘʤʠ, ʩʣʫʞʘʪ ʜʣʷ ʥʠʭ ʩʦʝʜʠʥʝʥʠʷ, 

ʧʦʩʪʘʚʣʷʝʤʳʝ ʪʨʝʪʴʝʡ ʩʪʘʜʠʝʡ ʢʘʪʘʙʦʣʠʟʤʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʨʝʪʴʷ ʩʪʘ-

ʜʠʷ ʢʘʪʘʙʦʣʠʟʤʘ ʷʚʣʷʝʪʩʷ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʧʝʨʚʦʡ ʠʩʭʦʜʥʦʡ ʩʪʘʜʠʝʡ ʘʥʘ-

ʙʦʣʠʟʤʘ. ʉʠʥʪʝʟ ʙʝʣʢʘ, ʥʘʧʨʠʤʝʨ, ʥʘʯʠʥʘʝʪʩʷ ʥʘ ʵʪʦʡ ʩʪʘʜʠʠ ʩ Ŭ-

ʢʝʪʦʢʠʩʣʦʪ, ʷʚʣʷʶʱʠʭʩʷ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ Ŭ-ʘʤʠʥʦʢʠʩʣʦʪ (ʢʨʦʤʝ ʥʝ-

ʟʘʤʝʥʠʤʳʭ ʫ ʞʠʚʦʪʥʳʭ). ʅʘ ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʘʥʘʙʦʣʠʟʤʘ Ŭ-ʢʝʪʦʢʠʩʣʦʪʳ 

ʘʤʠʥʠʨʫʶʪʩʷ ʘʤʠʥʦʛʨʫʧʧʦʡ ʜʦʥʦʨʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ Ŭ-ʘʤʠʥʦʢʠʩʣʦʪ. ʅʘ 

ʪʨʝʪʴʝʡ ʟʘʢʣʶʯʠʪʝʣʴʥʦʡ ʩʪʘʜʠʠ ʘʤʠʥʦʢʠʩʣʦʪʳ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʧʝʧʪʠʜ-

ʥʳʝ ʮʝʧʠ, ʦʙʨʘʟʫʶʪ ʤʦʣʝʢʫʣʳ ʙʝʣʢʦʚ. 

ʌʨʘʟʘ çʧʨʦʤʝʞʫʪʦʯʥʳʡ ʦʙʤʝʥè ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʪʝʢʩʪʘʭ ʧʦ 

ʧʠʪʘʥʠʶ ʠ ʙʠʦʭʠʤʠʠ. ʆʥ ʦʪʥʦʩʠʪʩʷ ʢʦ ʤʥʦʛʠʤ ʩʪʫʧʝʥʷʤ ʨʝʘʢʮʠʡ- ʦʪ 

ʥʘʯʘʣʘ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʜʦ ʠʭ ʦʢʦʥʯʘʥʠʷ. ʅʘʧʨʠʤʝʨ, ʙʠʦʭʠ-

ʤʠʯʝʩʢʠʡ ʧʫʪʴ ʦʢʠʩʣʝʥʠʷ ʛʣʶʢʦʟʳ ʚ ʢʣʝʪʢʝ. ʉʪʫʧʝʥʴʢʠ ʚ ʵʪʦʤ ʧʫʪʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʨʝʘʢʮʠʠ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʳ, ʯʪʦʙʳ ʧʨʝʚʨʘʪʠʪʴ 6-

ʫʛʣʝʨʦʜʥʳʡ ʛʝʢʩʦʟʥʳʡ ʩʘʭʘʨ ʚ ʜʚʝ 3-ʭ ʫʛʣʝʨʦʜʥʳʝ ʤʦʣʝʢʫʣʳ ʧʠʨʦʚʠʥʦ-

ʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ (ʧʠʨʫʚʘʪʘ). ʕʪʦʪ ʧʨʦʮʝʩʩ ʥʘʟʳʚʘʝʪʩʷ ʪʘʢʞʝ ʘʥʘʵʨʦʙ-

ʥʳʤ ʜʳʭʘʥʠʝʤ. ʈʘʟʣʠʯʥʳʝ ʤʦʣʝʢʫʣʳ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʧʨʦʠʟʚʦʜʷʪʩʷ ʟʘ 

10 ʩʪʫʧʝʥʝʡ ʛʣʠʢʦʣʠʟʘ, ʥʘʟʳʚʘʶʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʤʝʪʘʙʦʣʠʪʘʤʠ, ʘ 

ʚʝʩʴ ʧʨʦʮʝʩʩ ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʜʦ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ï ʧʨʦʤʝʞʫʪʦʯʥʳʤ 

ʦʙʤʝʥʦʤ. 

ʇʦʯʪʠ ʚʩʝ ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ, ʧʦ-

ʩʢʦʣʴʢʫ ʧʨʦʜʫʢʪ ʦʜʥʦʡ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʨʝʘʢʮʠʠ ʩʣʫʞʠʪ ʩʫʙʩʪʨʘʪʦʤ 

ʜʨʫʛʦʡ ʨʝʘʢʮʠʠ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʩʪʫʧʝʥʴʶ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʨʝʘʢʮʠʠ 

ʠ ʪ.ʜ. ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʪʘʢʦʡ ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʠ ʦʙʫʩʣʦʚʣʠʚʘʝʪʩʷ ʩʧʝʮʠ-

ʬʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʬʝʨʤʝʥʪʦʚ. ɺ ʬʝʨʤʝʥʪʘʪʠʚʥʳʭ ʨʝʘʢʮʠʷʭ 

ʧʨʦʠʩʭʦʜʠʪ ʦʪʱʝʧʣʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʦʪ ʤʦʣʝ-

ʢʫʣ ʤʝʪʘʙʦʣʠʪʦʚ ʠ ʧʝʨʝʥʦʩ ʵʪʠʭ ʛʨʫʧʧ ʥʘ ʘʢʮʝʧʪʦʨʥʳʝ ʤʦʣʝʢʫʣʳ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʨʝʘʢʮʠʡ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʦʙʤʝʥʘ ʩʚʷʟʘʥʦ ʩʦ ʩʪʫʧʝʥʯʘʪʳʤ 

ʧʝʨʝʥʦʩʦʤ ʘʤʠʥʥʳʭ, ʘʮʝʪʠʣʴʥʳʭ, ʬʦʩʬʘʪʥʳʭ, ʤʝʪʠʣʴʥʳʭ, ʬʦʨʤʠʣʴʥʳʭ 

ʠʣʠ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ, ʠʣʠ ʞʝ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ. 
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ʈʠʩʫʥʦʢ 10.1 ï ʊʨʠ ʩʪʘʜʠʠ ʢʘʪʘʙʦʣʠʟʤʘ ʠ ʘʥʘʙʦʣʠʟʤʘ. ɾʠʨʥʳʝ ʩʪʨʝʣʢʠ 

ï ʢʘʪʘʙʦʣʠʯʝʩʢʠʝ ʧʫʪʠ, ʪʦʥʢʠʝ ï ʘʥʘʙʦʣʠʯʝʩʢʠʝ. ʉʪʘʜʠʷ ɯɯɯ ʥʦʩʠʪ ʥʘʟʚʘ-

ʥʠʝ ʘʤʬʠʙʦʣʠʯʝʩʢʦʡ. ʅʘ ʵʪʦʡ ʩʪʘʜʠʠ ʟʘʚʝʨʰʘʝʪʩʷ ʨʘʟʨʫʰʝʥʠʝ ʧʠʱʝʚʳʭ 

ʤʦʣʝʢʫʣ ʜʦ ʉʆ2, ʠ ʦʥʘ ʞʝ ʧʦʩʪʘʚʣʷʝʪ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʧʨʝʜʰʝʩʪʚʝʥ-

ʥʠʢʠ ʜʣʷ ʘʥʘʙʦʣʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ɿʘʠʤʩʪʚʦʚʘʥʥʦ ʫ ɸ. ʃʝʥʠʥʜʞʝʨ 

(1974) 

ʃʠʧʠʜʳ ʇʦʣʠʩʘʭʘʨʠʜʳ ɹʝʣʢʠ 

ɾʠʨʥʳʝ ʢʠʩʣʦʪʳ, 

ʛʣʠʮʝʨʠʥ 

ɻʝʢʩʦʟʳ, 

ʧʝʥʪʦʟʳ 

ɸʤʠʥʦ-
ʢʠʩʣʦʪ r

ɻʣʠʮʝʨʘʣʴʜʝʛʠʜ-

3-ʬʦʩʬʘʪ 

ʌʦʩʬʦʵʥʦʣʧʠʨʫʚʘʪ 

ʇʠʨʫʚʘʪ 

ɸʮʝʪʠʣ-ʂʦɸ 

ʎʠʪʨʘʪ 

ʀʟʦʮʠʪʨʘʪ 

ʉʫʢʮʠʥʘʪ ʌʫʤʘʨʘʪ 

ʄʘʣʘʪ 

ʆʢʩʘʣʦʘʮʝʪʘʪ 

ʉʆ2 
ʎʠʢʣ ʪʨʠʢʘʨʙʦʥʦʚʳʭ 

ʢʠʩʣʦʪ 

Ŭ-ʂʝʪʦʛʣʶʪʘʨʘʪ 

ʉʪʘʜʠʷ II 

ʉʪʘʜʠʷ I 

ʉʪʘʜʠʷ III 
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ɻʣʘʚʘ 10. ʆʙʤʝʥ ʵʥʝʨʛʠʠ 

10.1. ʍʠʤʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʠ ʝʝ ʧʝʨʝʥʦʩʯʠʢʠ 

ʍʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʦʨʛʘʥʠʟʤʝ ʞʠʚʦʪʥʳʭ ʚ 

ʧʨʦʮʝʩʩʝ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʦʙʤʝʥʘ, ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʧʦʛʣʦʱʝʥʠʝʤ ʠʣʠ 

ʦʩʚʦʙʦʞʜʝʥʠʝʤ ʵʥʝʨʛʠʠ. ʊʘ ʯʘʩʪʴ ʦʩʚʦʙʦʞʜʝʥʥʦʡ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʘʷ ʩʪʘ-

ʥʦʚʠʪʩʷ ʜʦʩʪʫʧʥʦʡ, ʯʪʦʙʳ ʜʝʣʘʪʴ ʨʘʙʦʪʫ, ʥʘʟʳʚʘʝʪʩʷ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠ-

ʝʡ, ʦʙʦʟʥʘʯʘʝʪʩʷ ȹG, ʢʘʢ ʠʟʦʙʘʨʥʦ-ʠʟʦʪʝʨʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ, ʠʣʠ 

ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ (ʞʠʚʘʷ ʢʣʝʪʢʘ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʠʤʝʝʪ ʦʜʠʥʘʢʦʚʫʶ ʪʝʤ-

ʧʝʨʘʪʫʨʫ, ʪʦ ʝʩʪʴ ʠʟʦʪʝʨʤʠʯʥʘ, ʠ ʠʤʝʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʦʝ ʜʘʚʣʝ-

ʥʠʝ, ʪ.ʝ. ʠʟʦʙʘʨʠʯʥʘ). 

ʈʝʘʢʮʠʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʦʩʚʦʙʦʞʜʝʥʠʝ (ʦʪʜʘ-

ʯʘ) ʵʥʝʨʛʠʠ, ʥʘʟʳʚʘʶʪʩʷ ʵʢʟʝʨʛʦʥʠʯʝʩʢʠʤʠ, æG ʷʚʣʷʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʦʡ 

(æG-). ʈʝʘʢʮʠʠ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʩ ʧʦʛʣʦʱʝʥʠʝʤ ʵʥʝʨʛʠʠ, ʥʘʟʳʚʘʶʪʩʷ ʵʥ-

ʜʝʨʛʦʥʠʯʝʩʢʠʤʠ, æG ʷʚʣʷʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʦʡ (æG+). ɼʣʷ ʣʫʯʰʝʛʦ ʧʦ-

ʥʠʤʘʥʠʷ ʵʪʠ ʨʝʘʢʮʠʠ ʤʦʞʥʦ ʩʨʘʚʥʠʪʴ ʩ ʨʝʘʢʮʠʷʤʠ ʚ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ 

ʭʠʤʠʠ. ʆʜʥʠ ʨʝʘʢʮʠʠ ʧʨʦʠʩʭʦʜʷʪ ʩ ʚʳʜʝʣʝʥʠʝʤ ʪʝʧʣʘ ʠ ʧʦʪʝʨʝʡ ʝʛʦ ʚ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ (ʥʘʧʨʠʤʝʨ, ʜʦʙʘʚʣʝʥʠʝ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʝʨʥʦʡ 

ʢʠʩʣʦʪʳ ʚ ʚʦʜʫ), ʠʭ ʥʘʟʳʚʘʶʪ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʤʠ ʨʝʘʢʮʠʷʤʠ (æG ʦʪʨʠ-

ʮʘʪʝʣʴʥʘʷ), ʜʨʫʛʠʝ ʩ ʧʦʛʣʦʱʝʥʠʝʤ ʪʝʧʣʘ ʠʟ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ï ʵʪʦ 

ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ (æG ʧʦʣʦʞʠʪʝʣʴʥʘʷ). 

ɹʦʣʴʰʠʥʩʪʚʦ ʨʝʘʢʮʠʡ ʩʠʥʪʝʟʘ ʚʝʱʝʩʪʚ ʚ ʪʝʣʝ ʞʠʚʦʪʥʳʭ ʷʚʣʷʶʪ-

ʩʷ ʵʥʜʝʨʛʦʥʠʯʝʩʢʠʤʠ, ʠ ʧʦʪʨʝʙʥʘʷ ʵʥʝʨʛʠʷ ʜʣʷ ʠʭ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʦʣʫ-

ʯʘʝʪʩʷ ʠʟ ʵʢʟʝʨʛʦʥʠʯʝʩʢʠʭ ʢʘʪʘʙʦʣʠʪʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. ʆʩʚʦʙʦʞʜʝʥʥʘʷ 

ʵʥʝʨʛʠʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʚʝʱʝʩʪʚ ʩ ʧʦʤʦ-

ʱʴʶ ʧʦʩʨʝʜʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʚ ʦʙʦʠʭ ʧʨʦʮʝʩʩʘʭ, ʟʘ-

ʙʠʨʘʷ ʵʥʝʨʛʠʶ ʠʟ ʦʜʥʦʛʦ ʠ ʧʝʨʝʥʦʩʷ ʝʝ ʜʨʫʛʦʤʫ. ʊʠʧʠʯʥʳʤʠ ʧʨʦʤʝʞʫ-

ʪʦʯʥʳʤʠ ʧʦʩʨʝʜʥʠʢʘʤʠ ʷʚʣʷʶʪʩʷ ʘʜʝʥʦʟʠʥʪʨʠʬʦʩʬʘʪ (ɸʊʌ), ʛʫʘʥʦʟʠʥ-

ʪʨʠʬʦʩʬʘʪ (ɻʊʌ), ʮʠʪʠʜʠʥʪʨʠʬʦʩʬʘʪ (ʎʊʌ) ʠ ʫʨʠʜʠʥʪʨʠʬʦʩʬʘʪ 

(ʋʊʌ). ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʠʟ ʵʪʠʭ ʥʫʢʣʝʦʪʠʜʦʚ ʷʚʣʷʝʪʩʷ ɸʊʌ. 
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ɸʜʝʥʦʟʠʥ ʦʙʨʘʟʫʝʪʩʷ ʠʟ ʧʫʨʠʥʦʚʦʛʦ ʦʩʥʦʚʘʥʠʷ ʘʜʝʥʠʥʘ ʠ ʩʘʭʘʨʘ 

D-ʨʠʙʦʟʳ. ʌʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʧʨʠ 5-ʦʤ ʫʛʣʝ-

ʨʦʜʥʦʤ ʘʪʦʤʝ ʩʘʭʘʨʘ ʜʘʝʪ ʘʜʝʥʦʟʠʥʤʦʥʦʬʦʩʬʘʪ (ɸʄʌ); ʧʦʩʣʝʜʫʶʱʝʝ 

ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʬʦʩʬʘʪʘ (ʈʥ) ʜʘʝʪ ʘʜʝʥʦʟʠʥʜʠʬʦʩʬʘʪ 

(ɸɼʌ) ʠ ʟʘʪʝʤ ʘʜʝʥʦʟʠʥʪʨʠʬʦʩʬʘʪ (ɸʊʌ). ʇʨʠ ʪʘʢʠʭ ʨʝʘʢʮʠʷʭ ʚ ʢʣʝʪʢʝ 

ɸʊʌ ʠ ɸɼʌ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʤʘʛʥʠʝʤ MgATʌĮĖ ʠ 

Mgɸɼʌľ, ʚ ʥʝʢʦʪʦʨʳʭ ʨʝʘʢʮʠʷʭ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʤʘʨʛʘʥʮʝʤ ʄnATʌĮĖ. 

ɼʦʙʘʚʣʝʥʠʝ ʧʦʩʣʝʜʥʠʭ ʜʚʫʭ ʬʦʩʬʘʪʥʳʭ ʩʚʷʟʝʡ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʫʪʝʤ 

ʨʝʘʢʮʠʠ ɸʄʌ ʠʣʠ ɸɼʌ ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʙʦʛʘʪʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. ʅʘ-

ʧʨʠʤʝʨ, ʧʨʠ ʨʘʩʧʘʜʝ ʫʛʣʝʚʦʜʦʚ ʥʘ ʦʜʥʦʡ ʠʟ ʩʪʫʧʝʥʝʡ ʧʨʦʠʩʭʦʜʠʪ ʧʨʝ-

ʚʨʘʱʝʥʠʝ ʬʦʩʬʦʵʥʦʣʧʠʨʫʚʘʪʘ ʚ ʧʠʨʫʚʘʪ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ  ʦʙʨʘʟʦʚʘʥʠʝ 

ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ ɸʊʌ, ʧʦʣʫʯʝʥʥʦʡ ʠʟ ɸɼʌ + ʬʦʩʬʘʪ. 

 
ʌʦʩʬʦʵʥʦʣʧʠʨʫʚʘʪ ʇʠʨʫʚʘʪ 
 

ʉʚʦʙʦʜʥʘʷ ʵʥʝʨʛʠʷ ɸʊʌ ʚʳʜʝʣʷʝʪʩʷ ʧʨʠ ʛʠʜʨʦʣʠʟʝ, ʝʝ ʧʦʪʝʥʮʠʘʣ 

æG=ī50 ʢɼʞ. ʂʦʛʜʘ ɸʊʌ ʦʙʨʘʟʫʝʪʩʷ ʠʟ ɸɼʌ ʚʦ ʚʨʝʤʷ ʨʝʘʢʮʠʠ, ʢʘʢ ʚ 

ʵʪʦʤ ʧʨʠʤʝʨʝ, ʧʨʦʮʝʩʩ ʥʘʟʳʚʘʝʪʩʷ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝʤ ʥʘ ʩʫʙʩʪʨʘʪʥʦʤ 

ʫʨʦʚʥʝ. ɸʣʴʪʝʨʥʘʪʠʚʥʦ ɸʊʌ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʠʟʚʝʜʝʥ ʥʝʧʨʷʤʳʤ ʩʧʦʩʦ-

ʙʦʤ.  

ɺ ʦʩʥʦʚʝ ʙʦʣʴʰʠʥʩʪʚʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʦʢʠʩʣʝʥʠʷ ʣʝʞʠʪ 

ʧʨʦʮʝʩʩ ʦʪʱʝʧʣʝʥʠʷ ʚʦʜʦʨʦʜʘ (ʅ) ʦʪ ʩʫʙʩʪʨʘʪʘ, ʦʜʥʘʢʦ ʦʢʦʥʯʘʪʝʣʴʥʦʝ 

ʝʛʦ ʩʦʝʜʠʥʝʥʠʝ ʩ ʢʠʩʣʦʨʦʜʦʤ, ʯʪʦʙʳ ʦʙʨʘʟʦʚʘʪʴ ʚʦʜʫ, ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴ-

ʢʦ ʚ ʢʦʥʮʝ ʩʝʨʠʠ ʨʝʘʢʮʠʡ. ʊʠʧʠʯʥʳʤ ʧʨʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ ʦʪʱʝʧʣʝʥʠʝ 

ʚʦʜʦʨʦʜʘ ʥʠʢʦʪʠʥʘʤʠʜʘʜʝʥʠʥʜʠʥʫʢʣʝʦʪʠʜʦʤ (ʅɸɼ
+
) ʜʣʷ ʦʢʠʩʣʝʥʠʷ 

ʠʟʦʮʠʪʨʘʪʘ ʜʦ Ŭ-ʛʣʶʪʘʨʘʪʘ. 

ʆʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʡ ʢʠʩʣʦʨʦʜ ʩʦʝʜʠʥʷʝʪʩʷ ʩ ʜʚʫʤʷ ʧʨʦʪʦ-

ʥʘʤʠ ʚʦʜʦʨʦʜʘ, ʦʙʨʘʟʫʷ ʚʦʜʫ (ʅ2ʆ). ɺ ʧʨʦʮʝʩʩʝ ʵʪʦʛʦ ʧʫʪʠ ɸʊʌ ʦʙʨʘʟʫ-

ʝʪʩʷ ʠʟ ɸɼʌ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʬʦʩʬʘʪʘ (ʈʥ), ʧʨʦʮʝʩʩ ʥʘʟʳʚʘʝʪʩʷ 

ʦʢʠʩʣʠʪʝʣʴʥʳʤ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝʤ. ʆʥ ʧʨʦʠʩʭʦʜʠʪ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ 

ʩ ʧʦʤʦʱʴʶ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʅɸɼ
+
, ʧʨʦʠʟʚʝʜʝʥʥʦʛʦ ʚ ʥʠʭ. 

ʅɸɼʅ(+ʅ
+
)+ʆ+3ɸɼʌ+3 PʥŸʅɸɼ

+
+3 ɸʊʌ+ʅ2ʆ 

 

ɺ ʧʨʦʩʪʝʡʰʝʤ ʠʟʣʦʞʝʥʠʠ ʞʠʚʦʪʥʳʝ ʧʦʣʫʯʘʶʪ ʵʥʝʨʛʠʶ ʚ ʨʝʟʫʣʴ-

ʪʘʪʝ ʦʢʠʩʣʝʥʠʷ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʢʦʨʤʦʚ: 
ʂʦʨʤ + ʆ2 + ɸɼʌ + ʈʥ ŸCO2 + ʅ2ʆ + ɸʊʌ 
 

ɺ ʩʣʫʯʘʝ ʦʢʠʩʣʝʥʠʷ ʦʜʥʦʡ ʤʦʣʠ ʛʣʶʢʦʟʳ (180ʛ.): 
ʉ6ʅ12ʆ6 + 6ʆ2 + 38ɸɼʌ +38ʈʥ Ÿ 6ʉʆ2 + 6ʅ2ʆ + 38ɸʊʌ 
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ʕʥʝʨʛʠʷ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʘʷ ʚ ɸʊʌ, ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʨʘʙʦʪʳ, ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʞʠʟʥʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ 

ʧʦʜʜʝʨʞʘʥʠʠ ʞʠʚʦʪʥʳʭ ʠ ʩʠʥʪʝʟʘ ʧʨʦʜʫʢʮʠʠ ï ʤʦʣʦʢʘ, ʤʷʩʘ, ʷʠʮ ʠ ʜʨ. 

ʂʘʢ ʩʦʢʨʘʱʝʥʠʝ, ʪʘʢ ʠ ʨʘʩʩʣʘʙʣʝʥʠʝ ʤʫʩʢʫʣʦʚ ʚʢʣʶʯʘʶʪ ʨʝʘʢʮʠʠ, ʪʨʝ-

ʙʫʶʱʠʝ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʨʘʩʧʘʜʘ ɸʊʌ ʜʦ ɸɼʌ 

ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʬʦʩʬʘʪʘ. ʕʥʝʨʛʠʷ, ʬʠʢʩʠʨʦʚʘʥʥʘʷ ʚ ɸʊʌ, ʤʦʞʝʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʨʝʘʢʮʠʡ, ʚ ʢʦʪʦʨʳʭ ʬʦʩʬʘʪʥʘʷ 

ʛʨʫʧʧʘ ʦʪʜʘʝʪʩʷ ʙʦʣʴʰʦʤʫ ʨʘʟʥʦʦʙʨʘʟʠʶ ʘʢʮʝʧʪʦʨʥʳʭ ʤʦʣʝʢʫʣ. ʉʨʝʜʠ 

ʥʠʭ ʥʘʭʦʜʠʪʩʷ D-ʛʣʶʢʦʟʘ: 
ɸʊʌ+D-ʛʣʶʢʦʟʘŸɸɼʌ+D-ʛʣʶʢʦʟʘ-ʬʦʩʬʘʪ 

ɺ ʵʪʦʤ ʧʫʪʠ ʛʣʶʢʦʟʘ ʟʘʨʷʞʘʝʪʩʷ ʵʥʝʨʛʠʝʡ ʜʣʷ ʧʦʩʣʝʜʫʶʱʠʭ ʙʠʦ-

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. ɺ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ, ʪʘʢʠʭ ʢʘʢ ʧʝʨʚʘʷ ʩʪʘʜʠʷ ʩʠʥ-

ʪʝʟʘ ʞʠʨʥʳʭ ʢʠʩʣʦʪ, ɸʊʌ ʦʪʜʘʝʪ ʵʥʝʨʛʠʶ ʠ ʨʘʟʨʫʰʘʝʪʩʷ ʜʦ ɸʄʌ ʠ ʥʝ-

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʬʦʩʬʘʪʘ. 
ɸʮʝʪʘʪ+ʂʦ ɸ+ɸʊʌźʘʮʝʪʠʣ-ʂʦ ɸ+ʧʠʨʦʬʦʩʬʘʪ +ɸʄʌ 

ʈʦʣʴ ɸʊʌ ʚ ʩʥʘʙʞʝʥʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʥʝʨʛʠʠ ʤʦʞʝʪ ʙʳʪʴ ʧʦ-

ʢʘʟʘʥʘ ʥʘ ʨʠʩ. 10.2. 

 
ʈʠʩʫʥʦʢ 10.2 ï ʈʦʣʴ ɸʊʌ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʥʝʨʛʠʠ 

ʂʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʦʝ ʩʪʘʥʦʚʠʪʩʷ ʜʦʩʪʫʧʥʳʤ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʦʪʝʨʠ ʢʘʞʜʦʡ ʠʟ ʜʚʫʭ ʢʦʥʮʝʚʳʭ ʬʦʩʬʘʪʥʳʭ ʩʚʷʟʝʡ ɸʊʌ, ʚʘʨʴʠʨʫʝʪ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʛʠʜʨʦʣʠʟ. ʉʝʡʯʘʩ ʩʣʦʞʠʣʦʩʴ 

ʩʦʛʣʘʩʠʝ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʠʥʪʘʢʪʥʦʡ ʢʣʝʪʢʠ ʦʥʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 

50 ʢɼʞ/ʤʦʣʴ, ʦʜʥʘʢʦ, ʢʦʣʠʯʝʩʪʚʦ ʠʟʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʅ, ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ Mg
++

 ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ɸʊʌ, ɸɼʌ ʠ ʬʦʩʬʘʪʘ. ʌʦʩʬʘʪ-

ʥʳʝ ʩʚʷʟʠ ʦʪʥʦʩʷʪʩʷ ʢ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʩʚʷʟʷʤ, ʠ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ 

ʚ ʚʠʜʝ ~[ʈ]. 

ʌʠʢʩʘʮʠʷ ʵʥʝʨʛʠʠ ʚ ʬʦʨʤʝ ɸʊʌ ʷʚʣʷʝʪʩʷ ʤʠʤʦʣʝʪʥʳʤ ʬʝʥʦʤʝ-

ʥʦʤ, ʠ ʵʥʝʨʛʠʷ, ʧʨʦʠʟʚʝʜʝʥʥʘʷ ʚ ʠʟʙʳʪʢʝ ʦʪ ʧʦʪʨʝʙʥʦʩʪʠ, ʟʘʧʘʩʘʝʪʩʷ ʚ 

ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʦʡ ʬʦʨʤʝ ʚ ʪʘʢʠʭ ʚʝʱʝʩʪʚʘʭ ʢʘʢ ʬʦʩʬʦʢʨʝʘʪʠʥ ʤʫʩʢʫʣʦʚ, 

ʢʦʪʦʨʳʡ ʦʙʨʘʟʫʝʪʩʷ ʠʟ ʢʨʝʘʪʠʥʘ, ʢʦʛʜʘ ɸɼʌ ʠʤʝʝʪʩʷ ʚ ʠʟʙʳʪʢʝ. 
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ʂʦʛʜʘ ɸʊʌ ʥʝ ʭʚʘʪʘʝʪ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʵʥʝʨʛʠʠ, 

ʪʦ ʙʦʣʴʰʝ ɸʊʌ ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʟ ʬʦʩʬʦʢʨʝʘʪʠʥʘ ʧʫʪʝʤ ʦʙʨʘʪʥʦʡ ʨʝʘʢ-

ʮʠʠ. ɼʘʞʝ ʝʩʣʠ ʤʘʪʝʨʠʘʣʳ, ʧʦʜʦʙʥʳʝ ʬʦʩʬʦʢʨʝʘʪʠʥʫ, ʦʢʘʞʫʪʩʷ ʥʝʜʦʩ-

ʪʘʪʦʯʥʳʤʠ, ʪʦ ʠ ʵʪʠ ʚʨʝʤʝʥʥʳʝ ʟʘʧʘʩʳ ʥʝ ʝʜʠʥʩʪʚʝʥʥʳʝ. ɹʦʣʴʰʦʝ ʢʦʣʠ-

ʯʝʩʪʚʦ ʵʥʝʨʛʠʠ ʟʘʧʘʩʘʝʪʩʷ ʚ ʪʝʣʝ ʚ ʞʠʨʦʚʳʭ ʜʝʧʦ ʠ ʥʝʙʦʣʴʰʠʭ ʟʘʧʘʩʘʭ 

ʫʛʣʝʚʦʜʥʦʡ ʵʥʝʨʛʠʠ ʚ ʚʠʜʝ ʛʣʠʢʦʛʝʥʘ. ɺ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʙʝʣʦʢ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠ. 

ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʵʪʦʡ ʟʘʧʘʩʥʦʡ ʵʥʝʨʛʠʠ, ʪʝʣʦ ʙʝ-

ʨʝʪ ʵʥʝʨʛʠʶ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʚʩʦʩʘʚʰʠʭʩʷ ʚ 

ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʤ ʪʨʘʢʪʝ. ɻʣʘʚʥʳʤ ʠʟ ʥʠʭ ʫ ʤʦʥʦʛʘʩʪʨʠʯʥʳʭ ʞʠʚʦʪʥʳʭ 

ʷʚʣʷʶʪʩʷ ʛʣʶʢʦʟʘ, ʫ ʞʚʘʯʥʳʭ ʞʠʚʦʪʥʳʭ ʣʝʪʫʯʠʝ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ ʟʘ-

ʥʠʤʘʶʪ ʪʘʢʦʝ ʞʝ ʤʝʩʪʦ.  

10.2. ɻʣʶʢʦʟʘ ʢʘʢ ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ. ɻʣʠʢʦʣʠʟ 

ɻʣʶʢʦʟʘ ʫʯʘʩʪʚʫʝʪ ʚ ʩʣʝʜʫʶʱʠʭ ʨʝʘʢʮʠʷʭ: 

ɻʣʠʢʦʣʠʟ. ɸʥʘʵʨʦʙʥʘʷ ʦʢʩʠʜʘʮʠʷ ʤʦʣʝʢʫʣ ʛʣʶʢʦʟʳ ʯʝʨʝʟ 10 ʵʥ-

ʟʠʤʘʪʝʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʜʚʝ ʤʦʣʝʢʫʣʳ ʧʠʨʫʚʘʪʘ. ʈʝʘʢʮʠʷ 

ʠʜʝʪ ʚ ʮʠʪʦʧʣʘʟʤʝ ʢʣʝʪʦʢ 

ʄʠʢʨʦʦʨʛʘʥʠʟʤʳ (ʙʘʢʪʝʨʠʠ, ʜʨʦʞʞʠ, ʤʠʮʝʣʠʠ ʛʨʠʙʦʚ) ʦʙʣʠʛʘʪ-

ʥʦ ʠ ʬʘʢʫʣʴʪʘʪʠʚʥʦ ʞʠʚʫʱʠʝ ʚ ʘʥʘʵʨʦʙʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʨʝʚʨʘʱʘʶʪ ʧʠ-

ʨʫʚʘʪ ʚ ʤʦʣʦʯʥʫʶ ʢʠʩʣʦʪʫ, ʢʘʢ ʵʪʦ, ʥʘʧʨʠʤʝʨ, ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʫʙʮʝ 

ʞʚʘʯʥʳʭ. 

ɻʣʠʢʦʣʠʟ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʧʠʨʫʚʘʪʘ ʷʚʣʷʝʪʩʷ ʦʙʱʝʡ ʩʭʝʤʦʡ ʚ ʨʘʩ-

ʧʘʜʝ ʛʣʶʢʦʟʳ ʠ ʫ ʞʠʚʦʪʥʳʭ. ʆʜʥʘʢʦ ʫ ʞʠʚʦʪʥʳʭ ʧʦʣʥʳʡ ʨʘʩʧʘʜ ʛʣʶʢʦ-

ʟʳ ʜʦ ʉʆ2 ʠ ʅ2ʆ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʨʦʜʘ, ʜʦʩʪʘʚʣʷʝʤʦʛʦ ʚ 

ʢʣʝʪʢʠ ʚ ʧʨʦʮʝʩʩʝ ʜʳʭʘʥʠʷ, ʪ.ʝ. ʚ ʘʵʨʦʙʥʳʭ ʫʩʣʦʚʠʷʭ - ʚ ʮʠʢʣʝ ʪʨʠʢʘʨ-

ʙʦʥʦʚʳʭ ʢʠʩʣʦʪ. ɻʣʠʢʦʣʠʟ + ʮʠʢʣ ʪʨʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʥʘʟʳʚʘʶʪ ʛʣʠ-

ʢʦʣʠʟʥʳʤ ʢʘʪʘʙʦʣʠʯʝʩʢʠʤ ʧʫʪʝʤ. 

ɻʣʠʢʦʛʝʥʦʣʠʟ. ʈʘʩʱʝʧʣʝʥʠʝ ʛʣʠʢʦʛʝʥʘ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʣʶʢʦ-

ʟʳ ʠ ʫʪʠʣʠʟʘʮʠʠ ʚ ʛʣʠʢʦʣʠʟʥʦʤ ʢʘʪʘʙʦʣʠʯʝʩʢʦʤ ʧʫʪʠ. 

ɻʣʠʢʦʛʝʥʝʟ. ʉʠʥʪʝʟ ʛʣʠʢʦʛʝʥʘ ʠʟ ʛʣʶʢʦʟʳ, ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʠʟ-

ʙʳʪʢʝ ʛʣʶʢʦʟʳ. 

ɻʣʶʢʦʥʝʦʛʝʥʝʟ. ʉʠʥʪʝʟ ʛʣʶʢʦʟʳ ʠʟ ʥʝʫʛʣʝʚʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

(ʧʨʦʧʠʦʥʘʪʘ, ʟʘʤʝʥʠʤʳʭ ʠ ʥʝʟʘʤʝʥʠʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ, ʛʣʠʮʝʨʦʣʘ). ʀʤʝ-
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ʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʛʦʣʦʜʘʥʠʠ, ʚʦ ʚʨʝʤʷ ʩʪʨʝʩʩʘ (ʨʦʜʳ, ʧʦʩʣʝʨʦʜʦ-

ʚʦʝ ʩʦʩʪʦʷʥʠʝ). ʆʩʦʙʝʥʥʦ ʚʘʞʥʘ ʫ ʞʚʘʯʥʳʭ ʠʟ-ʟʘ ʨʘʩʭʦʜʘ ʫʛʣʝʚʦʜʦʚ ʨʘ-

ʮʠʦʥʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʭ ʬʝʨʤʝʥʪʘʮʠʠ ʚ ʨʫʙʮʝ ʥʘ ʩʠʪʝʟ ʣʝʪʫʯʠʭ ʞʠʨʥʳʭ 

ʢʠʩʣʦʪ. 

ɻʣʠʢʦʣʠʟ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʨʝʘʢʮʠʠ ʛʣʠʢʦʣʠʟʘ (ʧʫʪʴ ʕʤʙʜʝʥ ï 

ʄʝʡʝʨʛʦʬʘ) ʢʘʪʘʣʠʟʠʨʫʶʪʩʷ ʛʨʫʧʧʦʡ ʠʟ 11 ʬʝʨʤʝʥʪʦʚ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ 

ʚ ʮʠʪʦʧʣʘʟʤʝ ʢʣʝʪʦʢ (ʨʠʩ. 10.3). ʈʘʟʣʠʯʘʶʪ ʜʚʝ ʩʪʘʜʠʠ ʛʣʠʢʦʣʠʟʘ. 

ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʛʣʶʢʦʟʘ ʜʚʘʞʜʳ ʬʦʩʬʦʨʠʣʠʨʫʝʪʩʷ ʟʘ ʩʯʝʪ 

ɸʊʌ, ʦʙʨʘʟʫʷ ʬʨʫʢʪʦʟʦ-1,6-ʬʦʩʬʘʪ. ʇʦʩʣʝʜʥʠʡ ʨʘʩʱʝʧʣʷʝʪʩʷ ʩ ʦʙʨʘʟʦ-

ʚʘʥʠʝʤ ʜʚʫʭ ʤʦʣʝʢʫʣ ʪʨʝʭʫʛʣʝʨʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ï ʛʣʠʮʝʨʘʣʴʜʝʛʠʜ-3-

ʬʦʩʬʘʪʘ ʠ ʜʠʦʢʩʠʘʮʝʪʦʥʬʦʩʬʘʪʘ, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʛʣʠʮʝ-

ʨʘʣʴʜʝʛʠʜ-3-ʬʦʩʬʘʪ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʬʝʨʤʝʥʪʘ ʪʨʠʦʟʦʬʦʩʬʘʪʠʟʦʤʝʨʘ-

ʟʳ. ʇʦʵʪʦʤʫ ʜʚʝ ʤʦʣʝʢʫʣʳ ʛʣʠʮʝʨʘʣʴʜʝʛʠʜʬʦʩʬʘʪʘ ʦʙʨʘʟʫʝʪʩʷ ʥʘ ʧʝʨ-

ʚʦʡ ʩʪʘʜʠʠ ʛʣʠʢʦʣʠʟʘ. ɺ ʧʦʩʣʝʜʫʶʱʠʭ ʨʝʘʢʮʠʷʭ ʦʙʝ ʧʦʣʦʚʠʥʢʠ ʤʦʣʝʢʫ-

ʣʳ ʛʣʶʢʦʟʳ ʧʨʝʪʝʨʧʝʚʘʶʪ ʦʜʠʥʘʢʦʚʳʝ ʠʟʤʝʥʝʥʠʷ.  

 
ʈʠʩʫʥʦʢ 10.3 ï ʉʭʝʤʘ ʨʘʩʧʘʜʘ ʛʣʶʢʦʟʳ ʚ ʧʨʦʮʝʩʩʝ ʘʥʘʵʨʦʙʥʦʡ ʦʢʩʠʜʘ-

ʮʠʠ. ɺ ʩʭʝʤʝ ʥʝ ʫʢʘʟʘʥ ʢʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ- ʤʦʣʦʯʥʘʷ ʢʠʩʣʦʪʘ (ʣʘʢʪʘʪ); 

ʦʙ ʵʪʦʤ ʙʫʜʝʪ ʩʢʘʟʘʥʦ ʥʠʞʝ 
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ʇʝʨʚʫʶ ʩʪʘʜʠʶ ʛʣʠʢʦʣʠʟʘ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʦʜʛʦʪʦʚʠ-

ʪʝʣʴʥʳʡ ʠʣʠ ʥʘʢʦʧʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ. 

ɺʪʦʨʘʷ ʩʪʘʜʠʷ ʚʢʣʶʯʘʝʪ ʦʢʠʩʣʠʪʝʣʴʥʦ ï ʚʦʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʨʝʘʢ-

ʮʠʠ ʠ ʨʝʘʢʮʠʠ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ, ʚ ʧʨʦʮʝʩʩʝ ʢʦʪʦʨʳʭ ʦʙʨʘʟʫʝʪʩʷ ɸʊʌ. 

ʅʘʯʠʥʘʷ ʩ ʛʣʠʮʝʨʘʣʴʜʝʛʠʜ-3-ʬʦʩʬʘʪʘ ʥʘ ʧʦʩʣʝʜʫʶʱʠʭ ʵʪʘʧʘʭ ʦʢʠʩʣʠ-

ʪʝʣʴʥʦ-ʚʦʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ ʦʙʨʘʟʫʶʪʩʷ ɸʊʌ ʠ ʧʠʨʦʚʠʥʦʛʨʘʜʥʘʷ 

ʢʠʩʣʦʪʘ (ʧʠʨʫʚʘʪ). ʇʨʦʮʝʩʩ ʟʘʧʘʩʘʥʠʷ ʚʳʩʚʦʙʦʞʜʝʥʥʦʡ ʵʥʝʨʛʠʠ ʚ ɸʊʌ 

ʢʘʪʘʣʠʟʠʨʫʝʪʩʷ ʬʝʨʤʝʥʪʦʤ ʛʣʠʮʝʨʘʣʴʜʝʛʠʜ-3-ʬʦʩʬʘʪʜʝʛʠʜʨʦʛʝʥʘʟʦʡ. 

ɺʘʞʥʳʤ ʫʯʘʩʪʥʠʢʦʤ ʨʝʘʢʮʠʠ ʷʚʣʷʝʪʩʷ ʦʢʠʩʣʝʥʥʳʡ ʅɸɼ
+
, ʧʨʠ-

ʩʦʝʜʠʥʷʶʱʠʡ ʵʣʝʢʪʨʦʥʳ ʦʪ ʘʣʴʜʝʛʠʜʥʦʡ ʛʨʫʧʧʳ D-ʛʣʠʮʝʨʘʣʴʜʝʛʠʜʘ-3-

ʬʦʩʬʘʪʘ. ʉʠʤʚʦʣʦʤ ʅɸɼ ʦʙʦʟʥʘʯʘʝʪʩʷ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʪʘʥʦʚʠʪʝʣʴʥʳʡ 

ʢʦʬʝʨʤʝʥʪ ʥʠʢʦʪʠʥʘʤʠʜʘʜʝʥʠʥʜʠʥʫʢʣʝʦʪʠʜ. ʆʥ ʩʣʫʞʠʪ ʧʝʨʝʥʦʩʯʠʢʦʤ 

ʵʣʝʢʪʨʦʥʦʚ ʦʪ D-ʛʣʠʮʝʨʘʣʴʜʝʛʠʜʘ-3-ʬʦʩʬʘʪʘ, ʠʛʨʘʶʱʝʛʦ ʨʦʣʴ ʜʦʥʦʨʘ 

ʵʣʝʢʪʨʦʥʦʚ, ʢ ʧʠʨʫʚʘʪʫ, ʦʙʨʘʟʫʶʱʝʤʫʩʷ ʥʘ ʙʦʣʝʝ ʧʦʟʜʥʝʡ ʩʪʘʜʠʠ ʛʣʠ-

ʢʦʣʠʟʘ. ʄʦʣʝʢʫʣʘ ʅɸɼ
+
 ʦʙʦʟʥʘʯʘʝʪ ʦʢʠʩʣʝʥʥʫʶ ʬʦʨʤʫ ʅɸɼ, ʩʦʜʝʨʞʠʪ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʝ ʫʯʘʩʪʢʠ ʧʠʨʠʜʠʥʥʠʢʦʪʠʥʘʤʠʜʘ. 

ɺʩʝ ʨʝʘʢʮʠʠ ʚ ʵʪʦʤ ʧʫʪʠ ʦʙʨʘʪʠʤʳ, ʦʜʥʘʢʦ, ʨʝʘʢʮʠʠ 1, 3, 8 ʠ 11 

ʠʤʝʶʪ ʙʦʣʴʰʫʶ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ȹG ʚʝʣʠʯʠʥʫ ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦ-

ʚʠʷʭ ʠ, ʝʩʪʝʩʪʚʝʥʥʦ, ʥʝʦʙʨʘʪʠʤʳʝ. ɼʚʘ ʤʦʣʷ ɸʊʌ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʥʘʯʘ-

ʣʝ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʥʘ ʵʪʘʧʘʭ 1 ʠ 3. ɺʧʦʩʣʝʜʩʪʚʠʠ, ʦʜʠʥ ʤʦʣʴ ɸʊʌ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠ ʢʘʞʜʦʤ 8 ʠ 11 ʵʪʘʧʘʭ. ʏʝʪʳʨʝ ʤʦʣʷ 

ɸʊʌ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʳ ʠʟ ʦʜʥʦʛʦ ʤʦʣʷ ʛʣʶʢʦʟʳ. ʊʘʢ ʢʘʢ ʜʚʘ 

ʤʦʣʷ ɸʊʌ ʨʘʩʭʦʜʫʝʪʩʷ, ʪʦ ʯʠʩʪʘʷ ʧʨʦʜʫʢʮʠʷ ɸʊʌ ʠʟ ɸɼʌ ʩʦʩʪʘʚʣʷʝʪ 

ʜʚʘ ʤʦʣʷ ʠʟ ʦʜʥʦʛʦ ʤʦʣʷ ʛʣʶʢʦʟʳ. ɺ ʧʨʦʮʝʩʩʝ ʘʥʘʵʨʦʙʥʦʛʦ ʦʢʠʩʣʝʥʠʷ 

ʧʠʨʫʚʘʪ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʤʦʣʦʯʥʫʶ ʢʠʩʣʦʪʫ. 

ʉʫʤʤʘʨʥʘʷ ʨʝʘʢʮʠʷ ʛʣʠʢʦʣʠʟʘ:  
 

ɻʣʶʢʦʟʘ+2ɸʊʌ+2ʅɸɼ
+
+2ʌʥ+4ɸɼʌ+2ʅɸɼĿʅ+2ʅ

+
Ÿ 

Ÿ2ʣʘʢʪʘʪ+2ɸɼʌ+2ʅɸɼĿʅ+2ʅ
+
+2ʅɸɼ

+
+4ɸʊʌ+2ʅ2ʆ 

 

ɺʳʯʝʨʢʥʫʚ ʚ ʧʨʘʚʦʡ ʠ ʣʝʚʦʡ ʯʘʩʪʷʭ ʫʨʘʚʥʝʥʠʷ ʦʜʥʠ ʠ ʪʝ ʞʝ ʯʣʝ-

ʥʳ, ʧʦʣʫʯʠʤ: 
 

ɻʣʶʢʦʟʘ+2ʌʥ+2ɸɼʌŸ2ʣʘʢʪʘʪ+2ɸʊʌ+2ʅ2ʆ 
 

ʉʫʤʤʘʨʥʳʡ ʨʝʟʫʣʴʪʘʪ ʩʦʩʪʦʠʪ ʚ ʧʨʝʚʨʘʱʝʥʠʠ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ 

ʛʣʶʢʦʟʳ ʚ ʜʚʝ ʤʦʣʝʢʫʣʳ ʣʘʢʪʘʪʘ, ʠ ʜʚʫʭ ʤʦʣʝʢʫʣ ɸɼʌ ʚ ʜʚʝ ʤʦʣʝʢʫʣʳ 

ɸʊʌ; ʢʨʦʤʝ ʪʦʛʦ, ʦʪ ʛʣʠʮʝʨʘʣʴʜʝʛʠʜ-3-ʬʦʩʬʘʪʘ ʢ ʧʠʨʫʚʘʪʫ ʧʝʨʝʥʦʩʠʪʩʷ 

4 ʵʣʝʢʪʨʦʥʘ ʚ ʬʦʨʤʝ 2ʅɸɼĿʅ+2ʅ
+ 

ɺ ʘʥʘʵʨʦʙʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝʪ ʢʠʩʣʦʨʦʜʘ ʜʣʷ ʦʢʠʩʣʝʥʠʷ ʚʦʩʩʪʘʥʦʚ-

ʣʝʥʥʦʛʦ ʅɸɼ
+
 ʧʫʪʝʤ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ. ʆʢʩʠʜʘʮʠʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʅɸɼ
+
 ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʦʚʘʥʠʷ 

ʣʘʢʪʘʪʘ ʠʟ ʧʠʨʫʚʘʪʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʣʘʢʪʘʪ-ʜʝʛʠʜʨʦʛʝʥʘʟʳ:  
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ʃʘʢʪʘʪ- ʢʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ ʛʣʠʢʦʣʠʟʘ ʚ ʘʥʘʵʨʦʙʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʂʦʛʜʘ ʤʳʰʝʯʥʳʝ ʢʣʝʪʢʠ ʚʳʩʰʠʭ ʞʠʚʦʪʥʳʭ ʚ ʤʦʤʝʥʪʳ ʩʠʣʴʥʦʡ ʤʳ-

ʰʝʯʥʦʡ ʥʘʛʨʫʟʢʠ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʧʨʠ ʥʝʜʦʩʪʘʪʢʝ ʢʠʩʣʦʨʦʜʘ, ʚ ʥʠʭ ʦʙ-

ʨʘʟʫʶʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʣʘʢʪʘʪʘ. ʋʪʦʤʣʝʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʩʜʚʠʛʦʤ 

ʨʅ ʚ ʢʠʩʣʫʶ ʩʪʦʨʦʥʫ ʟʘ ʩʯʝʪ ʣʘʢʪʘʪʘ. ɺ ʧʦʩʣʝʜʫʶʱʝʤ ʤʦʣʦʯʥʘʷ ʢʠʩʣʦʪʘ 

ʠʟ ʢʣʝʪʦʢ ʧʦʩʪʫʧʘʝʪ ʚ ʢʨʦʚʴ, ʟʘʪʝʤ ʚ ʧʝʯʝʥʴ, ʛʜʝ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʛʣʶʢʦ-

ʟʫ. ɻʣʠʢʦʣʠʟ ʧʨʦʠʩʭʦʜʠʪ ʪʘʢʞʝ ʧʨʠ ʙʘʢʪʝʨʠʘʣʴʥʦʤ ʩʙʨʘʞʠʚʘʥʠʠ ʠʩʪʦʯ-

ʥʠʢʦʚ ʛʣʶʢʦʟʳ ʠ ʜʨʫʛʠʭ ʤʦʥʦʩʘʭʘʨʠʜʦʚ ʚ ʨʫʙʮʝ ʞʚʘʯʥʳʭ. 

ʎʠʢʣ ʪʨʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ. ɺ ʧʨʦʮʝʩʩʝ ʛʣʠʢʦʣʠʟʘ ʚʳʩʚʦʙʦʞ-

ʜʘʝʪʩʷ ʣʠʰʴ ʦʯʝʥʴ ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʪʦʡ ʭʠʤʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʢʦʪʦ-

ʨʘʷ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʞʝʪ ʙʳʪʴ ʠʟʚʣʝʯʝʥʘ ʠʟ ʤʦʣʝʢʫʣʳ ʛʣʶʢʦʟʳ. ʇʨʠ 

ʧʦʣʥʦʤ ʦʢʠʩʣʝʥʠʠ ʛʣʶʢʦʟʳ, ʪ.ʝ. ʧʨʠ ʝʝ ʦʢʠʩʣʝʥʠʠ ʜʦ ʉʆ2 ʠ ʅ2ʆ, ʚr -

ʩʚʦʙʦʞʜʘʝʪʩʷ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ ʵʥʝʨʛʠʠ, ʯʝʤ ʧʨʠ ʛʣʠʢʦʣʠʟʝ. 

ɸʮʝʪʠʣʴʥʳʝ ʛʨʫʧʧʳ, ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʠʟ ʫʛʣʝʚʦʜʦʚ, ʞʠʨʦʚ, ʘʤʠ-

ʥʦʢʠʩʣʦʪ ʥʘ 2-ʦʡ ʩʪʘʜʠʠ ʛʣʠʢʦʣʠʟʘ ʚʩʪʫʧʘʶʪ ʚ ʪʨʝʪʴʶ ʩʪʘʜʠʶ, ʪ.ʝ. ʮʠʢʣ 

ʪʨʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ (ʝʛʦ ʥʘʟʳʚʘʶʪ ʪʘʢʞʝ ʮʠʢʣʦʤ ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʳ 

ʠʣʠ ʮʠʢʣʦʤ ʂʨʝʙʩʘ) ï ʦʙʱʠʡ ʢʦʥʝʯʥʳʡ ʧʫʪʴ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʢʘʪʘʙʦ-

ʣʠʟʤʘ ʚʩʝʭ ʚʠʜʦʚ ʢʣʝʪʦʯʥʦʛʦ ʪʦʧʣʠʚʘ ʚ ʘʵʨʦʙʥʳʭ ʫʩʣʦʚʠʷʭ (ʨʠʩ. 10.4). 

ʇʦʣʫʯʝʥʥʘʷ ʧʫʪʝʤ ʛʣʠʢʦʣʠʟʘ ʧʠʨʦʚʠʥʦʛʨʘʜʥʘʷ ʢʠʩʣʦʪʘ (ʧʠʨʫʚʘʪ) 

ʦʢʠʩʣʷʝʪʩʷ ʜʦ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ (ʘʮʝʪʘʪʘ) ʚ ʬʦʨʤʝ ʘʮʝʪʠʣʴʥʦʛʦ ʧʨʦʠʟ-

ʚʦʜʥʦʛʦ ʘʮʝʪʠʣ-ʂʦɸ. ʇʨʝʚʨʘʱʝʥʠʝ ʧʠʨʫʚʘʪʘ ʚ ʘʮʝʪʠʣ-ʂʦɸ ʷʚʣʷʝʪʩʷ ʥʝ-

ʦʙʨʘʪʠʤʳʤ ʧʨʦʮʝʩʩʦʤ ʠ ʢʘʪʘʣʠʟʠʨʫʝʪʩʷ ʧʠʨʫʚʘʪʜʝʛʠʜʨʦʛʝʥʘʟʥʳʤ ʢʦʤ-

ʧʣʝʢʩʦʤ, ʩʦʩʪʦʷʱʠʤ ʠʟ ʪʨʝʭ ʬʝʨʤʝʥʪʦʚ ʠ ʧʷʪʠ ʢʦʬʝʨʤʝʥʪʦʚ: ʅɸɼ, 

ʌɸɼ, ʊʇʌ, ʘʤʠʜʘ ʣʠʧʦʝʚʦʡ ʢʠʩʣʦʪʳ, ʉʦɸ. 

 
 

ʕʪʦʪ ʧʨʦʮʝʩʩ ʥʝ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʮʠʢʣʘ ʪʨʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ, 

ʥʦ ʙʣʘʛʦʜʘʨʷ ʝʤʫ ʫʛʣʝʚʦʜʳ ʯʝʨʝʟ ʧʠʨʫʚʘʪ ʚʢʣʶʯʘʶʪʩʷ ʚ ʮʠʢʣ ʪʨʠʢʘʨʙʦ-

ʥʦʚʳʭ ʢʠʩʣʦʪ. ʂʦɸ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ ʧʝʨʝʥʦʩʯʠʢʘ ʘʮʝʪʠʣʴʥʳʭ ʛʨʫʧʧ, 

ʪʦʯʥʦ ʪʘʢ ʞʝ, ʢʘʢ ɸʊʌ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ ʧʝʨʝʥʦʩʯʠʢʘ ʬʦʩʬʘʪʥʳʭ 
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ʛʨʫʧʧ. ɺ ʦʙʨʘʟʦʚʘʥʠʠ ʘʮʝʪʠʣ-ʂʦɸ ʫʯʘʩʪʚʫʶʪ ʢʘʨʙʦʢʩʠʣʴʥʘʷ ʛʨʫʧʧʘ ʫʢ-

ʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʠ ʪʠʦʣʦʚʘʷ ʛʨʫʧʧʘ (ʩʝʨʫʩʦʜʝʨʞʘʱʘʷ) ɓ-

ʤʝʨʢʘʧʪʦʵʪʠʣʘʤʠʥʘ, ʚʭʦʜʷʱʝʛʦ ʚ ʩʦʩʪʘʚ ʂʦɸ. 

 
ʈʠʩʫʥʦʢ 10.4 ï ʎʠʢʣ ʪʨʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ (ʮʠʢʣ ʂʨʝʙʩʘ). ɺ ʢʚʘʜʨʘʪʘʭ 

ʚʥʫʪʨʠ ʮʠʢʣʘ ʜʘʥʳ ʥʘʟʚʘʥʠʷ ʬʝʨʤʝʥʪʦʚ 

ʎʠʢʣ ʥʘʯʠʥʘʝʪʩʷ ʩ ʢʦʥʜʝʥʩʘʮʠʠ ʱʘʚʝʣʝʚʦʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ (ʦʢ-

ʩʘʣʦʘʮʝʪʘʪʘ) ʩ ʘʮʝʪʠʣ-ʂʦɸ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʳ (ʮʠʪʨʘʪʘ) 

ʠ ʂʦɸ. ʈʝʘʢʮʠʷ ʢʘʪʘʣʠʟʠʨʫʝʪʩʷ ʮʠʪʨʘʪʩʠʥʪʝʪʘʟʦʡ. ɼʘʣʝʝ ʮʠʪʨʘʪ ʠʟʦʤʝ-

ʨʠʟʫʝʪʩʷ ʚ ʠʟʦʣʠʤʦʥʥʫʶ ʢʠʩʣʦʪʫ (ʠʟʦʮʠʪʨʘʪ) ʯʝʨʝʟ ʩʪʘʜʠʶ ʦʙʨʘʟʦʚʘʥʠʷ 

ʮʠʩ-ʘʢʦʥʠʪʦʚʦʡ ʢʠʩʣʦʪʳ (ʮʠʩ-ʘʢʦʥʠʪʘʪʘ). ʀʟʦʮʠʪʨʘʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʠʟʦʮʠʪʨʘʪʜʝʛʠʜʨʦʛʝʥʘʟʳ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ Ŭ-ʢʝʪʦʛʣʶʪʘʨʦʚʫʶ ʢʠʩʣʦʪʫ (Ŭ-

ʢʝʪʦʛʣʫʪʘʨʘʪ). ʂʦʬʝʨʤʝʥʪʦʤ ʠʟʦʮʠʪʨʘʪʜʝʛʠʜʨʦʛʝʥʘʟʳ ʷʚʣʷʝʪʩʷ ʅɸɼ. 

ɼʘʣʴʰʝ Ŭ-ʢʝʪʦʛʣʫʪʘʨʘʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ Ŭ-ʢʝʪʦʛʣʫʪʘʨʘʪʜʝʛʠʜʨʦʛʝʥʘʟʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʅɸɼ, ʌɸɼ, ʂʦɸ, ʊʇʌ ʠ ʘʤʠʜʘ ʣʠʧʦʝʚʦʡ ʢʠ-

ʩʣʦʪʳ ʚ ʢʘʯʝʩʪʚʝ ʢʦʬʝʨʤʝʥʪʦʚ, ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʩʫʢʮʠʥʠʣ-ʂʦɸ. ʅʘ ʵʪʦʤ 

ʵʪʘʧʝ ʧʨʦʠʩʭʦʜʠʪ ʦʢʠʩʣʠʪʝʣʴʥʦʝ ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʝ. ɺ ʩʫʢʮʠʥʠʣ-

ʂʦɸ ʠʤʝʝʪʩʷ ʩʚʷʟʴ, ʙʦʛʘʪʘʷ ʵʥʝʨʛʠʝʡ. ʇʨʠ ʛʠʜʨʦʣʠʟʝ ʩʫʢʮʠʥʠʣ-ʂʦɸ ʦʙ-
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ʨʘʟʫʝʪʩʷ ʦʢʦʣʦ 33 ʢɼʞ/ʤʦʣʴ, ʯʪʦ ʩʨʘʚʥʠʤʦ ʩ ʚʝʣʠʯʠʥʦʡ ʵʥʝʨʛʠʠ, ʥʝʦʙ-

ʭʦʜʠʤʦʡ ʜʣʷ ʩʠʥʪʝʟʘ ɸʊʌ (~30,5 ʢɼʞ/ʤʦʣʴ). 

ɿʘʪʝʤ ʷʥʪʘʨʥʘʷ ʢʠʩʣʦʪʘ (ʩʫʢʮʠʥʘʪ) ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʫʢʮʠʥʘʪʜʝ-

ʛʠʜʨʦʛʝʥʘʟʳ, ʩʦʜʝʨʞʘʱʝʡ ʌɸɼ ʚ ʢʘʯʝʩʪʚʝ ʢʦʬʝʨʤʝʥʪʘ, ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ 

ʬʫʤʘʨʦʚʫʶ ʢʠʩʣʦʪʫ (ʬʫʤʘʨʘʪ). ʅʘ ʩʣʝʜʫʶʱʝʡ ʩʪʘʜʠʠ ʬʫʤʘʨʦʚʘʷ ʢʠʩʣʦ-

ʪʘ (ʬʫʤʘʨʘʪ) ʧʦʜʚʝʨʛʘʝʪʩʷ ʨʝʘʢʮʠʠ ʛʠʜʨʘʪʘʮʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʷʙʣʦʯ-

ʥʦʡ ʢʠʩʣʦʪʳ (ʤʘʣʘʪʘ). ʗʙʣʦʯʥʘʷ ʢʠʩʣʦʪʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʅɸɼ-ʟʘʚʠʩʠʤʦʡ 

ʤʘʣʘʪʜʝʛʠʜʨʦʛʝʥʘʟʳ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʱʘʚʝʣʝʚʦʫʢʩʫʩʥʫʶ ʢʠʩʣʦʪʫ. ʉʣʝ-

ʜʦʚʘʪʝʣʴʥʦ, ʚ ʮʠʢʣʝ ʧʨʦʠʩʭʦʜʠʪ ʨʝʛʝʥʝʨʘʮʠʷ ʱʘʚʝʣʝʚʦʫʢʩʫʩʥʦʡ ʢʠʩʣʦ-

ʪʳ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʮʠʢʣʘ ʪʨʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ. 

3 ʅɸɼʅ ʠ ʌɸɼʅ2, ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʮʠʢʣʝ ʪʨʠʢʘʙʦʥʦʚʳʭ ʢʠʩʣʦʪ, 

ʦʢʠʩʣʷʶʪʩʷ ʚ ʜʳʭʘʪʝʣʴʥʦʡ ʮʝʧʠ (ʠʣʠ ʚ ʮʝʧʠ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʦʚ). ɻʝ-

ʥʝʨʠʨʦʚʘʥʠʝ ɸʊʌ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʪʨʘʥʩʧʦʨʪʝ ʵʣʝʢʪʨʦʥʦʚ ʦʪ ʵʪʠʭ ʧʝʨʝ-

ʥʦʩʯʠʢʦʚ ʥʘ ʆ2. ʅʘ ʢʘʞʜʫʶ ʤʦʣʝʢʫʣʫ ʅɸɼʅ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʦʙʨʘʟʫʝʪ-

ʩʷ 3 ɸʊʌ, ʘ ʥʘ 1 ʤʦʣʝʢʫʣʫ ʌɸɼʅ2ï 2 ʤʦʣʝʢʫʣʳ ɸʊʌ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ 

ʧʨʦʮʝʩʩʝ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʦʙʨʘʟʫʝʪʩʷ 11 ɸʊʌ. 

ʂʨʦʤʝ ʪʦʛʦ, 1 ʤʦʣʴ ɸʊʌ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʩʫʢʮʠʥʠʣ-ʂʦɸ 

ʚ ʩʫʢʮʠʥʘʪ. ʆʢʠʩʣʝʥʠʝ ʢʘʞʜʦʛʦ ʤʦʣʷ ʧʠʨʫʚʘʪʘ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʝʪ 

15 ʤʦʣʝʡ ɸʊʌ. ʆʙʱʘʷ ʧʨʦʜʫʢʮʠʷ ɸʊʌ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʦʜʥʦʛʦ ʤʦʣʷ ʛʣʶ-

ʢʦʟʳ: 
 

 ʄʦʣʝʡ ɸʊʌ 

+ - 

1 ʤʦʣʴ ʛʣʶʢʦʟʳ ʜʦ 2 ʤʦʣʝʡ ʧʠʨʫʚʘʪʘ 10 2 

2 ʤʦʣʷ ʧʠʨʫʚʘʪʘ ʜʦ 2 ʤʦʣʝʡ ʘʮʝʪʠʣ-ʉʦɸ 6 0 

2 ʤʦʣʷ ʘʮʝʪʠʣ-ʉʦɸ ʜʦ ʉʆ2 ʠ ʅ2ʆ 24 0 

ɺʩʝʛʦ ʥʘ ʤʦʣʴ ʛʣʶʢʦʟʳ             38 
 

ɺʳʭʦʜ ʵʥʝʨʛʠʠ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ 38 ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʬʦʩ-

ʬʘʪʥʳʭ ʩʚʷʟʝʡ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥ ʢʘʢ 38 Ĭ 50= 1900 ʢɼʞ/ʤʦʣʴ ʛʣʶ-

ʢʦʟʳ. ʆʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ʛʣʶʢʦʟʳ 2870 ʢɼʞ/ʤʦʣʴ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʭʦʜʘ ʵʥʝʨʛʠʠ ʚ ʚʠʜʝ ɸʊʌ ʚ ʪʝʣʝ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦ-

ʩʪʘʚʣʷʝʪ 1900/2870= 0,66. ʆʩʪʘʣʴʥʘʷ ʵʥʝʨʛʠʷ- 0,34, ʠʣʠ 34%, ʪʝʨʷʝʪʩʷ ʚ 

ʚʠʜʝ ʪʝʧʣʘ. ʇʝʨʝʥʦʩ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʅɸɼ
+
, ʧʨʦʠʟʚʝʜʝʥʥʦʛʦ ʚʦ ʚʨʝʤʷ 

ʛʣʠʢʦʣʠʟʘ, ʚʢʣʶʯʘʝʪ ʛʣʠʮʝʨʦʬʦʩʬʘʪʥʳʡ ʯʝʣʥʦʢ, ʚʳʭʦʜ ɸʊʌ ʩʦʩʪʘʚʣʷʝʪ 

ʪʦʣʴʢʦ 2 ʤʦʣʷ ʥʘ ʤʦʣʴ, ʧʦʵʪʦʤʫ ʚʳʭʦʜ ɸʊʌ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʢʘʞʜʦʛʦ ʤʦ-

ʣʷ ʛʣʶʢʦʟʳ ʩʦʩʪʘʚʠʪ 36 ʤʦʣʝʡ. ʂʦʵʬʬʠʮʠʝʥʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʨʘʟʦʚʘ-

ʥʠʷ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ʙʫʜʝʪ ʨʘʚʝʥ: 36Ĭ50/2870=0,63. ʊʘʢʠʝ ʨʘʩʯʝʪʳ 

ʧʨʠʟʥʘʶʪʩʷ ʦʙʲʝʢʪʠʚʥʳʤ ʜʣʷ ʨʝʘʢʮʠʡ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʚ 

ʢʣʝʪʢʝ. 

ɼʳʭʘʪʝʣʴʥʘʷ ʮʝʧʴ (ʬʝʨʤʝʥʪʳ ʪʢʘʥʝʚʦʛʦ ʜʳʭʘʥʠʷ) ï ʵʪʦ ʧʝʨʝʥʦʩ-

ʯʠʢʠ ʧʨʦʪʦʥʦʚ ʠ ʵʣʝʢʪʨʦʥʦʚ ʦʪ ʦʢʠʩʣʷʝʤʦʛʦ ʩʫʙʩʪʨʘʪʘ ʥʘ ʢʠʩʣʦʨʦʜ. ʄʦ-

ʣʝʢʫʣʷʨʥʳʡ ʢʠʩʣʦʨʦʜ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʝ ʫʯʘʩʪʚʫʝʪ ʚ ʮʠʢʣʝ ʪʨʠʢʘʨʙʦ-

ʥʦʚʳʭ ʢʠʩʣʦʪ. ʆʜʥʘʢʦ ʮʠʢʣ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʣʠʰʴ ʚ ʘʵʨʦʙʥʳʭ ʫʩʣʦʚʠʷʭ 
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ʧʦʩʢʦʣʴʢʫ ʅɸɼ
+
ʠ ʌɸɼ ʚ ʤʠʪʦʭʦʥʜʨʠʠ ʤʦʛʫʪ ʛʝʥʝʨʠʨʦʚʘʪʴʩʷ ʪʦʣʴʢʦ 

ʧʨʠ ʧʝʨʝʥʦʩʝ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʤʦʣʝʢʫʣʷʨʥʳʡ ʢʠʩʣʦʨʦʜ. 

ɼʳʭʘʪʝʣʴʥʘʷ ʮʝʧʴ ʩʦʩʪʦʠʪ ʠʟ: 1) ʅɸɼ ï ʟʘʚʠʩʠʤʦʡ ʜʝʛʠʜʨʦʛʝʥʘʟʳ; 

2) ʌɸɼ ï ʟʘʚʠʩʠʤʦʡ ʜʝʛʠʜʨʦʛʝʥʘʟʳ; 3) ʋʙʠʭʠʥʦʥʘ (KoQ); 4) ʎʠʪʦʭʨʦʤʦʚ: 

b, ʩ, ʘ+ʘ3. 

ʅɸɼ-ʟʘʚʠʩʠʤʳʝ ʜʝʛʠʜʨʦʛʝʥʘʟʳ. ɺ ʢʘʯʝʩʪʚʝ ʢʦʬʝʨʤʝʥʪʘ ʩʦʜʝʨʞʘʪ 

ʅɸɼ ʠ ʅɸɼʌ. ʇʠʨʠʜʠʥʦʚʦʝ ʢʦʣʴʮʦ ʥʠʢʦʪʠʥʘʤʠʜʘ ʩʧʦʩʦʙʥʦ ʧʨʠʩʦʝʜʠ-

ʥʷʪʴ ʵʣʝʢʪʨʦʥʳ ʠ ʧʨʦʪʦʥʳ ʚʦʜʦʨʦʜʘ. 

ʌɸɼ ʠ ʌʄʅ-ʟʘʚʠʩʠʤʳʝ ʜʝʛʠʜʨʦʛʝʥʘʟʳ ʩʦʜʝʨʞʘʪ ʚ ʢʘʯʝʩʪʚʝ ʢʦ-

ʬʝʨʤʝʥʪʘ ʬʦʩʬʦʨʥʳʡ ʵʬʠʨ ʚʠʪʘʤʠʥʘ ɺ2 (ʌɸɼ). 

ʋʙʠʭʠʥʦʥ (ʂʦQ) ʦʪʥʠʤʘʝʪ ʚʦʜʦʨʦʜ ʫ ʬʣʘʚʦʧʨʦʪʝʠʜʦʚ ʠ ʧʨʝʚʨʘʱʘ-

ʝʪʩʷ ʧʨʠ ʵʪʦʤ ʚ ʛʠʜʨʦʭʠʥʦʥ. 

ʎʠʪʦʭʨʦʤʳ ï ʙʝʣʢʠ -ʭʨʦʤʦʧʨʦʪʝʠʜʳ, ʩʧʦʩʦʙʥʳʝ ʧʨʠʩʦʝʜʠʥʷʪʴ 

ʵʣʝʢʪʨʦʥʳ ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʩʪʝʪʠʯʝ-

ʩʢʠʭ ʛʨʫʧʧ ʞʝʣʝʟʦʧʦʨʬʠʨʠʥʦʚ. ʆʥʠ ʧʨʠʥʠʤʘʶʪ ʵʣʝʢʪʨʦʥ ʦʪ ʚʝʱʝʩʪʚʘ, 

ʷʚʣʷʶʱʝʛʦʩʷ ʙʦʣʝʝ ʩʠʣʴʥʳʤ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʤ, ʠ ʧʝʨʝʜʘʶʪ ʝʛʦ ʙʦʣʝʝ ʩʠʣʴ-

ʥʦʤʫ ʦʢʠʩʣʠʪʝʣʶ. 

ɺ ʮʠʪʦʭʨʦʤʝ ʩ-ʧʦʨʬʠʨʠʥʦʚʘʷ ʧʣʦʩʢʦʩʪʴ ʢʦʚʘʣʝʥʪʥʦ ʩʚʷʟʘʥʘ ʩ 

ʙʝʣʢʦʤ ʯʝʨʝʟ ʜʚʘ ʦʩʪʘʪʢʘ ʮʠʩʪʝʠʥʘ, ʘ ʚ ʮʠʪʦʭʨʦʤʘʭ b ʠ ʘ ʦʥʘ ʢʦʚʘʣʝʥʪʥʦ 

ʥʝ ʩʚʷʟʘʥʘ ʩ ʙʝʣʢʦʤ. 

ɺ ʮʠʪʦʭʨʦʤʝ a+a3 (ʮʠʪʦʭʨʦʤʦʢʩʠʜʘʟʝ) ʚʤʝʩʪʦ ʧʨʦʪʦʧʦʨʬʠʨʠʥʘ ʩʦ-

ʜʝʨʞʠʪʩʷ ʧʦʨʬʠʨʠʥ ɸ, ʢʦʪʦʨʳʡ ʦʪʣʠʯʘʝʪʩʷ ʨʷʜʦʤ ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦ-

ʩʪʝʡ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʛʝʤʘ ʛʝʤʦʛʣʦʙʠʥʘ ʘʪʦʤ ʞʝʣʝʟʘ ʚ ʮʠʪʦʭʨʦʤʘʭ ʤʦʞʝʪ 

ʦʙʨʘʪʠʤʦ ʧʝʨʝʭʦʜʠʪʴ ʠʟ ʜʚʫʭ ʚ ʪʨʝʭʚʘʣʝʥʪʥʦʝ ʩʦʩʪʦʷʥʠʝ; ʵʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʪʨʘʥʩʧʦʨʪ ʵʣʝʢʪʨʦʥʦʚ. 

ʇʝʥʪʦʟʦʬʦʩʬʘʪʥʳʡ ʧʫʪʴ. ʅʘʨʷʜʫ ʩ ʮʠʢʣʦʤ ʪʨʠʢʘʨʙʦʥʦʚʳʭ ʢʠ-

ʩʣʦʪ ʩʫʱʝʩʪʚʫʝʪ ʜʨʫʛʦʡ ʧʫʪʴ ʨʘʩʱʝʧʣʝʥʠʷ ʛʣʶʢʦʟʳ. ʇʝʨʚʘʷ ʨʝʘʢʮʠʷ ʥʘ 

ʵʪʦʤ ʧʫʪʠ ï ʦʢʠʩʣʝʥʠʝ ʛʣʶʢʦʟʦ-6-ʬʦʩʬʘʪʘ ʜʦ 6-ʬʦʩʬʦʛʣʶʢʦʥʘʪʘ. ʌʦʩ-

ʬʦʛʣʶʢʦʥʘʪʥʳʡ ʧʫʪʴ (ʠʟʚʝʩʪʥʳʡ ʪʘʢʞʝ ʢʘʢ ʧʝʥʪʦʟʦʬʦʩʬʘʪʥʳʡ ʧʫʪʴ ʠʣʠ 

ʛʝʢʩʦʟʦʤʦʥʦʬʦʩʬʘʪʥʳʡ ʰʫʥʪ) ʥʝ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʧʫʪʝʤ ʦʢʠʩʣʝʥʠʷ 

ʛʣʶʢʦʟʳ. ɽʛʦ ʦʩʥʦʚʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʛʝʥʝʨʠʨʦʚʘʪʴ ʚ 

ʮʠʪʦʧʣʘʟʤʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ ʚ ʬʦʨʤʝ ʅɸɼĀʅ. ɽʛʦ ʬʫʥʢʮʠʷ ʦʩʦʙʝʥʥʦ 

ʚʘʞʥʘ ʜʣʷ ʢʣʝʪʦʢ, ʚ ʢʦʪʦʨʳʭ ʠʜʝʪ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʩʠʥʪʝʟ ʞʠʨʥʳʭ 

ʢʠʩʣʦʪ ʠ ʩʪʝʨʦʠʜʦʚ; ʢ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʢʣʝʪʢʠ ʧʝʯʝʥʠ, ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ, 

ʞʠʨʦʚʦʡ ʪʢʘʥʠ ʠ ʢʦʨʳ ʥʘʜʧʦʯʝʯʥʠʢʦʚ. ɺ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮʘʭ ʬʦʩʬʦʛʣʶ-

ʢʦʥʘʪʥʦʛʦ ʧʫʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʪ. ɺʪʦʨʘʷ ʬʫʥʢʮʠʷ ʵʪʦʛʦ ʧʫʪʠ ʟʘʢʣʶʯʘ-

ʝʪʩʷ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʧʝʥʪʦʟʳ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, D ï ʨʠʙʦʟʳ ʜʣʷ ʩʠʥʪʝʟʘ 

ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ. ʉʪʫʧʝʥʠ ʵʪʦʛʦ ʧʫʪʠ ʥʘ ʨʠʩʫʥʢʝ 10.5. 
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ʈʠʩʫʥʦʢ 10.5 ï ʉʭʝʤʘ ʧʝʥʪʦʟʦ-ʬʦʩʬʘʪʥʦʛʦ ʧʫʪʠ 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʅɸɼ
+
 ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʡ ʅɸɼʈ

+
 

ʥʝ ʧʦʜʚʝʨʛʘʝʪʩʷ ʦʢʠʩʣʠʪʝʣʴʥʦʤʫ ʬʦʩʬʦʣʠʨʠʨʦʚʘʥʠʶ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ɸʊʌ, ʠ ʛʣʘʚʥʘʷ ʬʫʥʢʮʠʷ ʧʝʥʪʦʟʦ-ʬʦʩʬʘʪʥʦʛʦ ʧʫʪʠ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ 

ʧʨʦʠʟʚʝʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʡ ʅɸɼʈ
+
 ʜʣʷ ʪʢʘʥʝʡ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʩʧʝʮʠ-

ʬʠʯʝʩʢʫʶ ʚ ʥʝʤ ʧʦʪʨʝʙʥʦʩʪʴ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʪʝʭ, ʛʜʝ ʘʢʪʠʚʥʦ ʩʠʥʪʝʟʠ-

ʨʫʶʪʩʷ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ. ʇʦʯʪʠ ʦʜʥʘ ʪʨʝʪʴ ʛʣʶʢʦʟʳ, ʤʝʪʘʙʦʣʠʟʠʨʦʚʘʥ-

ʥʦʡ ʧʝʯʝʥʴʶ, ʤʦʞʝʪ ʧʨʦʭʦʜʠʪʴ ʵʪʠʤ ʧʫʪʝʤ, ʝʛʦ ʫʨʦʚʝʥʴ ʚʳʰʝ ʚ ʞʠʨʦ-

ʚʦʡ ʪʢʘʥʠ. ɺʦʩʩʪʘʥʦʚʣʝʥʥʳʡ ʅɸɼʈ
+ 
ʤʦʞʝʪ ʙʳʪʴ ʢʦʥʚʝʨʪʠʨʦʚʘʥ ʚ ʚʦʩ-

ʩʪʘʥʦʚʣʝʥʥʳʡ ʅɸɼ
+
 ʯʝʨʝʟ ʵʥʝʨʛʦ-ʩʚʷʟʘʥʥʫʶ ʪʨʘʥʩʛʠʜʨʦʛʝʥʘʟʫ ʠ, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʙʳʪʴ ʥʝʧʨʷʤʳʤ ʠʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠ, ʥʘʧʦʜʦʙʠʝ ɸʊʌ. 

10.3. ɻʣʠʢʦʛʝʥ ʢʘʢ ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ 

ɻʣʠʢʦʛʝʥ ï ʦʩʥʦʚʥʘʷ ʬʦʨʤʘ ʟʘʧʘʩʘ ʫʛʣʝʚʦʜʦʚ ʫ ʞʠʚʦʪʥʳʭ, ʧʨʠ-

ʩʫʪʩʪʚʫʝʪ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʢʣʝʪʦʢ. ʆʥ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʜʦ 8% ʩʚʝʞʝʡ 

ʧʝʯʝʥʠ ʠ ʜʦ 1% ʚ ʤʫʩʢʫʣʘʭ. ʆʩʚʦʙʦʞʜʝʥʠʝ ʵʥʝʨʛʠʠ ʠʟ ʛʣʠʢʦʛʝʥʘ ʚ ʫʪʠ-

ʣʠʟʠʨʫʝʤʦʡ ʬʦʨʤʝ ʪʨʝʙʫʝʪ ʝʛʦ ʨʘʩʱʝʧʣʝʥʠʷ ʜʦ ʛʣʶʢʦʟʳ, ʢʦʪʦʨʘʷ ʟʘʪʝʤ 

ʨʘʩʧʘʜʘʝʪʩʷ, ʢʘʢ ʵʪʦ ʦʧʠʩʘʥʦ ʚʳʰʝ. ʈʘʩʧʘʜ ʛʣʠʢʦʛʝʥʘ ʚ ʢʣʝʪʢʘʭ ʧʨʦʠʩ-

ʭʦʜʠʪ ʙʣʘʛʦʜʘʨʷ ʜʝʡʩʪʚʠʶ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʬʦʩʬʘʪʘ ʠ ʛʣʠʢʦʛʝʥʦʚʦʡ 

ʬʦʩʬʦʨʠʣʘʟʳ. ʕʪʦʪ ʵʥʟʠʤ ʢʘʪʘʣʠʟʠʨʫʝʪ ʨʘʟʨʳʚ 1,4-ʛʣʠʢʦʟʠʜʥʳʭ ʩʚʷʟʝʡ 

ʛʣʠʢʦʛʝʥʘ, ʠ ʜʝʛʨʘʜʘʮʠʷ ʥʘʯʠʥʘʝʪʩʷ ʦʪ ʥʝʨʝʜʫʮʠʨʦʚʘʥʥʦʛʦ ʢʦʥʮʘ ʮʝʧʠ. 

ʄʦʣʝʢʫʣʳ ʛʣʶʢʦʟʦ-1-ʬʦʩʬʘʪ ʦʩʚʦʙʦʞʜʘʶʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʜʦʩ-

ʪʠʛʥʫʪ ʪʦʯʢʠ ʨʘʟʚʝʪʚʣʝʥʠʷ. ʇʝʨʝʩʪʨʦʡʢʘ ʤʦʣʝʢʫʣʳ ʧʦʩʣʝ ʵʪʦʛʦ ʧʨʦʠʩ-

ʭʦʜʠʪ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʣʠʛʦʪʨʘʥʩʬʝʨʘʟʳ, ʠ ʦʙʨʘʟʫʶʪʩʷ ʢʦʨʦʪʢʠʝ ʜʝʢʩʪ-

ʨʠʥʳ ʩ ʢʦʥʮʝʚʳʤʠ 1,6-ʩʚʷʟʷʤʠ ʩ ʛʣʶʢʦʟʦʡ. ʇʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʦʣʠʛʦ-1,6-

ʛʣʶʢʦʟʠʜʘʟʳ ʥʘ 1,6 ʩʚʷʟʠ ʦʩʚʦʙʦʞʜʘʝʪʩʷ ʛʣʶʢʦʟʘ, ʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʬʦʩʬʦʨʠʣʘʟʳ ʧʨʦʠʟʚʦʜʠʪʩʷ ʛʣʶʢʦʟʦ-1-ʬʦʩʬʘʪ. ʀʪʦʛʦʤ ʨʘʩʱʝʧʣʝʥʠʷ 

ʛʣʠʢʦʛʝʥʘ ʷʚʣʷʝʪʩʷ ʧʨʦʜʫʢʮʠʷ ʛʣʶʢʦʟʦ-1-ʬʦʩʬʘʪ ʧʣʶʩ ʥʝʤʥʦʛʦ ʛʣʶʢʦ-

ʟʳ. ɻʣʶʢʦʟʦ-1-ʬʦʩʬʘʪ ʧʨʝʚʨʘʱʘʝʪʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʬʦʩʬʦʛʣʶʢʦʤʫ-

ʪʘʟʳ ʚ ʛʣʶʢʦʟʦ-6-ʬʦʩʬʘʪ, ʢʦʪʦʨʳʡ ʚʭʦʜʠʪ ʚ ʕʤʙʜʝʥ-ʄʝʡʝʨʛʦʬ ʠʣʠ ʧʝʥ-

ʪʦʟʦ-ʬʦʩʬʘʪʥʳʡ ʧʫʪʠ, ʢʘʢ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʩ ʦʩʪʘʪʢʘʤʠ ʛʣʶʢʦʟʳ. ʇʨʦʠʟ-
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ʚʝʜʝʥʥʳʡ ʛʣʶʢʦʟʦ-6-ʬʦʩʬʘʪ ʠʟ ʛʣʠʢʦʛʝʥʘ ʥʝ ʚʢʣʶʯʘʝʪʩʷ ʚ ʩʠʩʪʝʤʫ ɸʊʌ 

ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʛʣʶʢʦʟʦ-6-ʬʦʩʬʘʪʘ,ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʦʥʚʝʨʩʠʠ 

ʦʩʪʘʪʦʯʥʦʡ ʛʣʶʢʦʟʳ ʚ ʛʣʶʢʦʟʦ-6-ʬʦʩʬʘʪ. ʇʨʦʠʟʚʦʜʩʪʚʦ ʵʥʝʨʛʠʠ ʠʟ ʛʣʠ-

ʢʦʛʝʥʘ ʷʚʣʷʝʪʩʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ, ʯʝʤ ʵʪʦ 

ʧʨʦʠʩʭʦʜʠʪ ʠʟ ʛʣʶʢʦʟʳ, ʧʦʩʪʫʧʠʚʰʝʡ ʠʟ ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʛʦ ʪʨʘʢʪʘ. 

10.4. ɾʠʨ ʢʘʢ ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ 

ɿʘʧʘʩʳ ʪʨʠʛʣʠʮʝʨʠʜʦʚ ʚ ʪʝʣʝ ʤʦʙʠʣʠʟʫʶʪʩʷ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ 

ʵʥʝʨʛʠʝʡ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʣʠʧʘʟ, ʢʦʪʦʨʳʝ ʢʘʪʘʣʠʟʠʨʫʶʪ ʧʦʣʫʯʝʥʠʝ ʛʣʠ-

ʮʝʨʦʣʘ ʠ ʞʠʨʥʳʭ ʢʠʩʣʦʪ. ɻʣʠʮʝʨʦʣ ʷʚʣʷʝʪʩʷ ʛʣʠʢʦʛʝʥʥʳʤ ʠ ʚʢʣʶʯʘʝʪʩʷ 

ʚ ʛʣʠʢʦʣʠʪʠʯʝʩʢʠʡ ʧʫʪʴ ʢʘʢ ʜʠʛʠʜʨʦʘʮʝʪʦʥʬʦʩʬʘʪ, ʧʦʣʫʯʝʥʥʳʡ ʚ ʩʦʦʪ-

ʚʝʪʩʪʚʠʠ ʩʦ ʩʣʝʜʫʶʱʝʡ ʨʝʘʢʮʠʝʡ:  

 
ɻʣʶʢʦʟʘ ʤʦʞʝʪ ʟʘʪʝʤ ʙʳʪʴ ʧʨʦʠʟʚʝʜʝʥʘ ʧʫʪʝʤ ʦʙʨʘʪʠʤʦʡ ʘʣʴʜʦ-

ʣʘʟʥʦʡ ʨʝʘʢʮʠʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʬʨʫʢʪʦʟʦ-1,6-ʜʠʬʦʩʬʘʪʘ, ʢʦʪʦʨʳʡ ʧʨʝ-

ʚʨʘʱʘʝʪʩʷ ʚ ʛʣʶʢʦʟʫ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʛʝʢʩʦʟʥʦʡ ʜʠʬʦʩʬʘʪʘʟʳ, ʛʣʶʢʦʟʦ-6-

ʬʦʩʬʘʪ ʠʟʦʤʝʨʘʟʳ ʠ ʛʣʶʢʦʟʦ-6-ʬʦʩʬʘʪʘʟʳ. ɽʩʣʠ ʛʣʶʢʦʟʘ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʥʝʨʛʠʠ (ʥʘ 1 ʤʦʣʴ ʛʣʶʢʦʟʳ ʨʘʩʭʦʜʫʝʪʩʷ 2 ʤʦʣʷ ʛʣʠ-

ʮʝʨʦʣʘ), ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʛʣʠʮʝʨʦʣʘ ʢʘʢ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ ʩʦʩʪʘʚʠʪ: 
 

 ʄʦʣʝʡ ɸʊʌ 

+ - 

2 ʤʦʣʷ ʛʣʠʮʝʨʦʣʘ ʜʦ 2 ʤʦʣʝʡ ʜʠʛʠʜʨʦʦʢʩʠʘʮʝʪʦʥ ʬʦʩʬʘʪʘ 6 2 

2 ʤʦʣʷ ʜʠʛʠʜʨʦʘʮʝʪʦʥ ʬʦʩʬʘʪʘ ʜʦ 1 ʤʦʣʷ ʛʣʶʢʦʟʳ   

1 ʤʦʣʴ ʛʣʶʢʦʟʳ ʜʦ ʉʆ2 ʠ ʅ2ʆ 38  

ɺʩʝʛʦ  44 2 

ʏʠʩʪʳʡ ʚʳʭʦʜ ɸʊʌ ʥʘ 1 ʤʦʣʴ ʛʣʠʮʝʨʦʣʘ  21 
 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʜʠʛʠʜʨʦʦʢʩʠʘʮʝʪʦʥʬʦʩʬʘʪ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴʩʷ 

ʚ ʛʣʠʢʦʣʠʪʠʯʝʩʢʠʡ ʧʫʪʴ ʠ ʤʝʪʘʙʦʣʠʟʠʨʦʚʘʪʴʩʷ ʯʝʨʝʟ ʧʠʨʫʚʘʪ ʠ ʮʠʢʣ 

ʪʨʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʜʦ ʉʆ2 ʠ ʅ2ʆ ʩ ʧʦʣʫʯʝʥʠʝʤ ʵʥʝʨʛʠʠ. ʕʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʛʣʠʮʝʨʦʣʘ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʙʫʜʝʪ ʪʘʢʦʡ: 
 

 ʄʦʣʝʡ ɸʊʌ 

+ - 

1 ʤʦʣʴ ʛʣʠʮʝʨʦʣʘ ʜʦ 1 ʤʦʣʷ ʜʠʛʠʜʨʦʦʢʩʠʘʮʝʪʦʥʬʦʩʬʘʪʘ 3 1 

1 ʤʦʣʴ ʜʠʛʠʜʨʦʦʢʩʠʘʮʝʪʦʥʘ ʜʦ 1 ʤʦʣʷ ʧʠʨʫʚʘʪʘ 5  

1 ʤʦʣʴ ʧʠʨʫʚʘʪʘ ʜʦ ʉʆ2 ʠ ʅ2ʆ 15  

ɺʩʝʛʦ  23 1 

ʏʠʩʪʳʡ ʚʳʭʦʜ ɸʊʌ ʥʘ 1 ʤʦʣʴ ʛʣʠʮʝʨʦʣʘ 22 
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ʆʩʥʦʚʥʘʷ ʜʦʣʷ ʵʥʝʨʛʠʠ, ʧʨʦʠʟʚʦʜʠʤʘʷ ʠʟ ʞʠʨʘ, ʧʨʠʭʦʜʠʪʩʷ ʥʘ 
ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ. ɻʣʘʚʥʳʡ ʧʫʪʴ ʠʭ ʜʝʛʨʘʜʘʮʠʠ ʷʚʣʷʝʪʩʷ ɓ-ʦʢʠʩʣʝʥʠʝ, 
ʢʦʪʦʨʳʡ ʧʨʠʚʦʜʠʪ ʢ ʧʦʩʪʫʧʘʪʝʣʴʥʦʤʫ ʫʢʦʨʦʯʝʥʠʶ ʫʛʣʝʨʦʜʥʦʡ ʮʝʧʠ ʧʫ-
ʪʝʤ ʦʪʨʳʚʘ ʢʘʞʜʳʡ ʨʘʟ ʧʦ ʜʚʘ ʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʘ. ʇʝʨʚʦʡ ʩʪʘʜʠʝʡ ʨʝʘʢ-
ʮʠʠ ɓ-ʦʢʠʩʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʨʝʘʢʮʠʷ ʞʠʨʥʦʡ ʢʠʩʣʦʪʳ ʩ ʢʦʵʥʟʠʤʦʤ ɸ ʚ 
ʧʨʠʩʫʪʩʪʚʠʠ ɸʊʌ ʠ ʞʠʨʦʘʮʠʣ-ʂʦɸ ʣʠʛʘʟʳ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʘʮʠʣ-ʂʦ ɸ. 
ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʮʠʪʦʟʦʣʝ ʠ ʞʠʨʦʘʮʠʣ-ʂʦɸ ʟʘʪʝʤ ʧʝʨʝʭʦʜʠʪ ʚ ʤʠʪʦ-
ʭʦʥʜʨʠʠ ʚ ʚʠʜʝ ʢʦʤʧʣʝʢʩʘ ʩ ʢʘʨʥʠʪʠʥʦʤ ʠ ʪʘʤ ʨʝʛʝʥʝʨʠʨʫʝʪʩʷ. ɿʘʪʝʤ ʦʥ 
ʧʦʜʚʝʨʛʘʝʪʩʷ ʩʝʨʠʠ ʨʝʘʢʮʠʡ ʩ ʧʦʣʫʯʝʥʠʝʤ ʘʮʠʣ-ʂʦ ɸ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ 
ʥʘ ʜʚʘ ʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʭ ʢʦʣʠʯʝʩʪʚʦʤ ʚ ʥʘʯʘʣʝ, ʧʨʠ 
ʵʪʦʤ 1 ʤʦʣʴ ʘʮʝʪʠʣ-ʂʦɸ ʦʩʚʦʙʦʞʜʘʝʪʩʷ. 

ɺ ʪʝʯʝʥʠʝ ʦʪʨʳʚʦʚ ʧʦ ʜʚʘ-ʫʛʣʝʨʦʜʥʳʭ ʘʮʝʪʠʣ-ʂʦɸ ʧʨʦʠʟʚʦʜʠʪʩʷ 
ʵʢʚʠʚʘʣʝʥʪ, ʨʘʚʥʳʡ 5 ʤʦʣʷʤ ɸʊʌ. ʆʩʪʘʶʱʠʡʩʷ ʘʮʠʣʢʦʵʥʟʠʤ ʧʦʜʚʝʨʛʘ-
ʝʪʩʷ ʪʘʢʦʡ ʞʝ ʩʝʨʠʠ ʨʝʘʢʮʠʡ, ʠ ʧʨʦʮʝʩʩ ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ 
ʫʛʣʝʨʦʜʥʘʷ ʮʝʧʴ ʧʦʣʥʦʩʪʴʶ ʥʝ ʧʨʝʚʨʘʪʠʪʩʷ ʚ ʘʮʝʪʠʣ-ʢʦʵʥʟʠʤ ɸ. ʆʥ 
ʚʢʣʶʯʘʝʪʩʷ ʚ ʮʠʢʣ ʪʨʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʠ ʦʢʠʩʣʷʝʪʩʷ ʜʦ ʉʆ2 ʠ ʅ2ʆ, 
ʢʘʞʜʳʡ ʤʦʣʴ ʘʮʝʪʠʣ-ʉʦɸ ʤʝʪʘʙʦʣʠʟʠʨʫʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 12 ʤʦʣʝʡ 
ɸʊʌ. ʊʘʢ ʢʘʢ ʥʘʯʘʣʴʥʘʷ ʣʠʛʘʟʥʘʷ ʨʝʘʢʮʠʷ ʝʜʠʥʩʪʚʝʥʥʦ ʥʝʦʙʭʦʜʠʤʘ 
ʦʜʠʥ ʨʘʟ ʜʣʷ ʢʘʞʜʦʡ ʤʦʣʝʢʫʣʳ, ʪʦ ʙʦʣʴʰʝ ɸʊʌ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʪʝʯʝʥʠʝ 
ʧʨʦʮʝʩʩʘ ʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʩ ʧʦʤʦʱʴʶ ʦʢʠʩʣʝʥʠʷ ʜʣʠʥʥʦʡ, ʯʝʤ ʢʦ-
ʨʦʪʢʦʡ ʮʝʧʠ ʢʠʩʣʦʪ. ʆʢʠʩʣʝʥʠʝ 16-ʫʛʣʝʨʦʜʥʦʡ ʧʘʣʴʤʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 
(ʧʘʣʴʤʠʪʘʪʘ) ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ10.6. 

 

 
ʈʠʩʫʥʦʢ 10.6 ï ɓ-ʦʢʩʠʜʘʮʠʷ ʧʘʣʴʤʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (ʧʘʣʴʤʠʪʘʪʘ) 

ʇʘʣʴʤʠʪʘʪ 

ɸʄʌ ɸʊʌ 

ʇʘʣʴʤʠʪʦʠʣ-ʂʦɸ 

ɸʮʝʪʠʣ-ʂʦɸ 

 

5ɸʊʌ 

ʄʠʨʠʩʪʦʠʣ-ʂʦɸ 

ɸʮʝʪʠʣ-ʂʦɸ 

 

5ɸʊʌ 

ʃʘʫʨʦʠʣ-ʂʦɸ 

ɸʮʝʪʠʣ-ʂʦɸ 

 

5ɸʊʌ 

ʂʘʧʨʦʠʣ-ʂʦɸ 

ɸʮʝʪʠʣ-ʂʦɸ 

 

5ɸʊʌ 

ʂʘʧʨʠʣʦʠʣ-ʂʦɸ 

ɸʮʝʪʠʣ-ʂʦɸ 

 

5ɸʊʌ 

ʂʘʧʨʫʠʣ-ʂʦɸ 

ɸʮʝʪʠʣ-ʂʦɸ 

 

5ɸʊʌ 

ɹʫʪʠʨʦʠʣ-ʂʦɸ 

ɸʮʝʪʠʣ-ʂʦɸ 

 

5ɸʊʌ 

ɸʮʝʪʠʣ-ʂʦɸ 
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ʇʨʦʜʫʢʮʠʶ ʵʥʝʨʛʠʠ ʚ ʵʪʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʤʦʞʥʦ ʩʫʤʤʠʨʦ-

ʚʘʪʴ ʪʘʢ: 
 ʄʦʣʝʡ ɸʊʌ 

+ ī 

1 ʤʦʣʴ ʧʘʣʴʤʠʪʘʪʘ ʚ ʧʘʣʴʤʠʪʦʠʣ-ʂʦɸ  2 

1 ʤʦʣʴ ʧʘʣʴʤʠʪʦʠʣ-ʂʦɸ ʚ 8 ʤʦʣʝʡ ʘʮʝʪʠʣ-ʂʦɸ 35  

8 ʤʦʣʝʡ ʘʮʝʪʠʣ-ʂʦɸ ʚ  ʉʆ2 ʠ ʅ2ʆ 96  

ɺʩʝʛʦ  131 2 

ʏʠʩʪʳʡ ʚʳʭʦʜ ɸʊʌ ʥʘ 1 ʤʦʣʴ ʧʘʣʴʤʠʪʘʪʘ 129 
 

10.5. ɸʤʠʥʦʢʠʩʣʦʪʳ ʢʘʢ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ 

ʂʦʛʜʘ ʘʤʠʥʦʢʠʩʣʦʪʳ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʠʟʙʳʪʢʝ ʦʪ ʧʦʪʨʝʙʥʦʩʪʠ 

ʞʠʚʦʪʥʦʛʦ ʠʣʠ ʢʦʛʜʘ ʞʠʚʦʪʥʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʢʘʪʘʙʦʣʠʟʠʨʦʚʘʪʴ ʪʢʘʥʠ 

ʪʝʣʘ, ʯʪʦʙʳ ʧʦʜʜʝʨʞʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʘʤʠʥʦ-

ʢʠʩʣʦʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʥʝʨʛʠʝʡ. ɼʝʛʨʘʜʘ-

ʮʠʷ ʘʤʠʥʦʢʠʩʣʦʪ ʧʨʦʠʩʭʦʜʠʪ ʚʦ ʚʩʝʭ ʪʢʘʥʷʭ, ʥʦ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʚ ʧʝ-

ʯʝʥʠ; ʧʦʯʢʠ ʪʘʢʞʝ ʘʢʪʠʚʥʳ ʚ ʵʪʦʤ ʧʣʘʥʝ. ʄʫʩʢʫʣʴʥʳʝ ʪʢʘʥʠ ʤʘʣʦʘʢ-

ʪʠʚʥʳ. 
ʇʝʨʚʘʷ ʩʪʘʜʠʷ ʚ ʦʢʩʠʜʘʪʠʚʥʦʡ ʜʝʛʨʘʜʘʮʠʠ ʘʤʠʥʦʢʠʩʣʦʪ ï ʵʪʦ 

ʦʪʱʝʧʣʝʥʠʝ ʘʤʠʥʦʛʨʫʧʧʳ ʩ ʧʦʤʦʱʴʶ ʦʜʥʦʛʦ ʠʣʠ ʜʨʫʛʦʛʦ ʠʟ ʜʚʫʭ ʛʣʘʚ-
ʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʜʝʟʘʤʠʥʠʨʦʚʘʥʠʷ ʠ ʧʝʨʝʘʤʠʥʠʨʦʚʘʥʠʷ 
(ʪʨʘʥʩʘʤʠʥʠʨʦʚʘʥʠʷ). ʇʨʠ ʧʝʨʝʘʤʠʥʠʨʦʚʘʥʠʠ ʘʤʠʥʦʛʨʫʧʧʘ ʧʝʨʝʥʦʩʠʪʩʷ 
ʥʘ Ŭ-ʫʛʣʝʨʦʜʥʳʡ ʘʪʦʤ ʢʝʪʦ-ʢʠʩʣʦʪʳ, ʦʙʳʯʥʦ, ʥʘ Ŭ-ʢʝʪʦʛʣʶʪʦʨʘʪ, ʚ ʨʝ-
ʟʫʣʴʪʘʪʝ ʦʙʨʘʟʫʝʪʩʷ ʜʨʫʛʘʷ ʢʝʪʦ-ʢʠʩʣʦʪʘ ʠ ʛʣʶʪʘʤʠʥʦʚʘʷ ʢʠʩʣʦʪʘ (ʛʣʶ-
ʪʘʤʘʪ). ʈʝʘʢʮʠʷ ʢʘʪʘʣʠʟʠʨʫʝʪʩʷ ʵʥʟʠʤʘʤʠ ʘʤʠʥʦʪʨʘʥʩʬʝʨʘʟʘʤʠ. ʈʝʘʢʮʠʷ 
ʜʣʷ ʘʩʧʘʨʘʛʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (ʘʩʧʘʨʪʘʪʘ): 

 
ɻʣʶʪʘʤʘʪ, ʪʘʢʠʤ ʧʫʪʝʤ ʦʙʨʘʟʦʚʘʥʥʳʡ, ʘ ʪʘʢʞʝ ʛʣʶʪʘʤʘʪ, ʢʦʪʦ-

ʨʳʡ ʧʦʩʪʫʧʘʝʪ ʠʟ ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʛʦ ʪʨʘʢʪʘ ʠ ʧʨʠ ʨʘʩʱʝʧʣʝʥʠʠ ʙʝʣʢʦʚ 

ʪʢʘʥʝʡ, ʤʦʞʝʪ ʧʦʜʚʝʨʛʘʪʴʩʷ ʦʢʠʩʣʠʪʝʣʴʥʦʤʫ ʜʝʟʘʤʠʥʠʨʦʚʘʥʠʶ ʚ ʧʨʠ-

ʩʫʪʩʪʚʠʠ ʛʣʶʪʘʤʘʪʜʝʛʠʜʨʦʛʝʥʘʟʳ: 
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Ŭ-ʢʝʪʦʛʣʶʪʦʨʘʪ ʤʦʞʝʪ ʟʘʪʝʤ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʧʦʩʣʝʜʫʶʱʝʤ 

ʪʨʘʥʩʘʤʠʥʠʨʦʚʘʥʠʠ, ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʡ ʢʦʵʥʟʠʤ ʦʢʠʩʣʷʝʪʩʷ ʧʫʪʝʤ 

ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ. 

ɻʣʶʪʘʤʘʪ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʦʡ ʘʤʠʥʦʢʠʩʣʦʪʦʡ ʚ ʪʢʘʥʠ ʤʣʝʢʦ-

ʧʠʪʘʶʱʠʭ, ʢʦʪʦʨʳʡ ʧʦʜʚʝʨʛʘʝʪʩʷ ʦʢʠʩʣʠʪʝʣʴʥʦʤʫ ʜʝʟʘʤʠʥʠʨʦʚʘʥʠʶ ʩ 

ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ. ʅʘʯʘʣʴʥʦʝ ʪʨʘʥʩʘʤʠʥʠʨʦʚʘʥʠʝ ï ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʡ 

ʵʪʘʧ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʤʠʥʦʢʠʩʣʦʪ ʢʘʢ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. ʌʣʘʚʠʥ-

ʩʚʷʟʘʥʥʳʝ D-ʠ L- ʘʤʠʠʥʦʢʠʩʣʦʪʥʳʝ ʦʢʩʠʜʘʟʳ, ʢʦʪʦʨʳʝ ʢʘʪʘʣʠʟʠʨʫʶʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʢʝʪʦ-ʢʠʩʣʦʪ ʠ ʘʤʤʠʘʢʘ, ʠʤʝʪʁʩʷ, ʥʦ ʠʭ ʟʥʘʯʝʥʠʝ ʢʨʘʡʥʝ 

ʩʣʘʙʦʝ. ʂʦʥʝʯʥʳʤ ʧʨʦʜʫʢʪʦʤ ʜʝʛʨʘʜʘʮʠʠ ʘʤʠʥʦʢʠʩʣʦʪ ʷʚʣʷʝʪʩʷ ʘʮʝʪʠʣ-

ʢʦʵʥʟʠʤ ɸ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʮʠʢʣ ʪʨʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʵʥʝʨʛʠʠ. ɸʮʝʪʠʣ-ʢʦʵʥʟʠʤ ɸ ʤʦʞʝʪ ʧʦʣʫʯʘʪʴʩʷ ʥʘʧʨʷʤʫʶ 

(ʢʘʢ ʚ ʩʣʫʯʘʝ ʪʨʠʧʪʦʬʘʥʘ, ʠʟʦʣʝʡʮʠʥʘ ʠ ʣʝʡʮʠʥʘ), ʯʝʨʝʟ ʧʠʨʫʚʘʪ (ʘʣʘ-

ʥʠʥ, ʛʣʠʮʠʥ, ʩʝʨʠʥ, ʪʨʝʦʥʠʥ, ʮʠʩʪʝʠʥ), ʠʣʠ ʯʝʨʝʟ ʘʮʝʪʦʘʮʝʪʠʣ-ʂʦɸ (ʬʝ-

ʥʠʣʘʣʘʥʠʥ, ʪʠʨʦʟʠʥ, ʣʝʡʮʠʥ, ʣʠʟʠʥ ʠ ʪʨʠʧʪʦʬʘʥ). ɼʨʫʛʠʝ ʘʤʠʥʦʢʠʩʣʦʪʳ 

ʨʘʟʨʫʰʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʨʝʘʢʮʠʡ ʨʘʟʥʦʡ ʩʣʦʞʥʦʩʪʠ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ 

ʪʘʢʠʝ ʧʨʦʜʫʢʪʳ, ʢʘʢ Ŭ-ʢʝʪʦʛʣʶʪʘʨʘʪ, ʦʢʩʘʣʦʘʮʝʪʘʪ, ʬʫʤʘʨʘʪ ʠ ʩʫʢʮʠ-

ʥʠʣ-ʂʦɸ, ʢʦʪʦʨʳʝ ʚʩʪʫʧʘʶʪ ʚ ʮʠʢʣ ʪʨʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʠ ʜʘʶʪ ʘʮʝ-

ʪʠʣ-ʂʦɸ ʯʝʨʝʟ ʬʦʩʬʦʵʥʦʣʧʠʨʫʚʘʪ. 

ʆʜʥʠʤ ʠʟ ʧʦʩʣʝʜʩʪʚʠʡ ʢʘʪʘʙʦʣʠʟʤʘ ʘʤʠʥʦʢʠʩʣʦʪ ʷʚʣʷʝʪʩʷ ʧʨʦ-

ʜʫʢʮʠʷ ʘʤʤʠʘʢʘ, ʢʦʪʦʨʳʡ ʚʳʩʦʢʦʪʦʢʩʠʯʝʥ. ʏʘʩʪʴ ʝʛʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩ-

ʧʦʣʴʟʦʚʘʥʘ ʚ ʘʤʠʥʠʨʦʚʘʥʠʠ ʧʨʠ ʩʠʥʪʝʟʝ ʘʤʠʥʦʢʠʩʣʦʪ ʚ ʪʝʣʝ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʘʤʤʠʘʢ ʨʝʘʛʠʨʫʝʪ ʩ Ŭ-ʢʝʪʦʛʣʶʪʘʨʘʪʦʤ ʠ ʦʙʨʘʟʫʝʪ ʛʣʶʪʘʤʘʪ, ʢʦ-

ʪʦʨʳʡ ʟʘʪʝʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʠʥʪʝʟʝ. ʈʝʘʢʮʠʷ ʷʚʣʷʝʪʩʷ ʦʙʨʘʪʠʤʦʡ ʚ 

ʦʢʠʩʣʠʪʝʣʴʥʦʤ ʜʝʟʘʤʠʥʠʨʦʚʘʥʠʠ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ, ʯʪʦ ʅɸɼʈ
+
 ʟʘʤʝʥʷ-

ʶʪ ʅɸɼ
+
. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʘʤʤʠʘʢʘ ʵʢʩʢʨʝʪʠʨʫʝʪʩʷ ʠʟ ʪʝʣʘ ʚ ʚʠʜʝ ʤʦʯʝ-

ʚʠʥʳ ʫ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʠ ʤʦʯʝʚʦʡ ʢʠʩʣʦʪʳ ʫ ʧʪʠʮ. 

10.6. ʆʙʨʘʟʦʚʘʥʠʝ ʤʦʯʝʚʠʥʳ ʠ ʤʦʯʝʚʦʡ ʢʠʩʣʦʪʳ 

ɼʝʟʘʤʠʥʠʨʦʚʘʥʠʝ ʘʤʠʥʦʢʠʩʣʦʪ ʧʨʦʠʩʭʦʜʠʪ ʚʦ ʚʩʝʭ ʦʨʛʘʥʘʭ ʪʝʣʘ, 

ʦʜʥʘʢʦ ʚ ʥʘʠʙʦʣʴʰʝʡ ʤʝʨʝ ʚ ʧʝʯʝʥʠ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʜʨʫʛʠʭ ʪʢʘʥʝʡ ʘʤ-

ʤʠʘʢ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʛʣʶʪʘʤʠʥʘ ʠʣʠ ʘʣʘʥʠʥʘ (ʚ ʤʫʩʢʫʣʘʭ), 

ʧʨʝʞʜʝ ʯʝʤ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʪʴʩʷ ʚ ʧʝʯʝʥʴ ʠ ʨʝʛʝʥʝʨʠʨʦʚʘʪʴʩʷ. 

ʋ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʘʤʤʠʘʢ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʤʦʯʝʚʠʥʫ. ʕʪʦ ʜʚʫ-

ʩʪʘʜʠʡʥʳʡ ʧʨʦʮʝʩʩ, ʪʨʝʙʫʶʱʠʡ ʵʥʝʨʛʠʠ ʚ ʬʦʨʤʝ ɸʊʌ. ʇʝʨʚʘʷ ʩʪʘʜʠʷ 

ʩʚʷʟʘʥʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʨʙʘʤʦʠʣʬʦʩʬʘʪʘ ʠʟ ʜʚʫʦʢʠʩʠ ʫʛʣʝʨʦʜʘ ʠ ʘʤ-

ʤʦʥʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʨʙʘʤʦʠʣʬʦʩʬʘʪʩʠʥʪʝʪʘʟʳ: 
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ʂʘʨʙʘʤʦʠʣ ʬʦʩʬʘʪ ʟʘʪʝʤ ʨʝʘʛʠʨʫʝʪ ʩ ʦʨʥʠʪʠʥʦʤ, ʯʪʦʙʳ ʥʘʯʘʪʴ 

ʮʠʢʣ ʨʝʘʢʮʠʡ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʤʦʯʝʚʠʥʳ (ʨʠʩ. 10.7). 

 

 
ʈʠʩʫʥʦʢ 10.7 ï ʎʠʢʣ ʤʦʯʝʚʠʥʳ. ɺ ʢʚʘʜʨʘʪʘʭ ʠʟ ʩʧʣʦʰʥʳʭ ʣʠʥʠʡ ʫʢʘʟʘ-

ʥʳ ʬʝʨʤʝʥʪʳ ʮʠʢʣʘ 

ɸʩʧʘʨʪʘʪ, ʫʯʘʩʪʚʫʶʱʠʡ ʚ ʮʠʢʣʝ, ʧʦʣʫʯʘʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢ-

ʮʠʠ ʛʣʶʪʘʤʘʪʘ ʩ ʦʢʩʘʣʦʘʮʝʪʘʪʦʤ; ʛʣʶʪʘʤʘʪ, ʧʨʦʠʟʚʝʜʝʥʥʳʡ ʠʟ Ŭ-

ʢʝʪʦʛʣʶʪʘʨʘʪʘ ʧʣʶʩ ʘʤʤʠʘʢ, ʦʩʚʦʙʦʞʜʘʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʟʘʤʠʥʠʨʦ-

ʚʘʥʠʷ. ʆʢʩʘʣʦʘʮʝʪʘʪ ʧʦʣʫʯʘʝʪʩʷ ʠʟ ʬʫʤʘʨʦʚʦʡ ʢʠʩʣʦʪʳ (ʬʫʤʘʨʘʪʘ), ʦʩ-

ʚʦʙʦʞʜʝʥʥʦʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʦʚʘʥʠʷ ʘʨʛʠʥʠʥʘ ʠʟ ʘʨʛʠʥʠʥʩʫʢʮʠʥʘʪʘ, 

ʢʦʪʦʨʳʡ ʚʩʪʫʧʘʝʪ ʚ ʮʠʢʣ ʪʨʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʠ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʤʘ-

ʣʘʪ, ʘ ʟʘʪʝʤ ʦʢʩʘʣʦʘʮʝʪʘʪ. ɿʘʪʝʤ ʥʘʩʪʫʧʘʝʪ ʚʪʦʨʦʡ ʮʠʢʣ, ʩʚʷʟʳʚʘʶʱʠʡ 

ʮʠʢʣ ʤʦʯʝʚʠʥʳ ʠ ʮʠʢʣ ʪʨʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥ-

ʢʝ 10.8. 
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ʈʠʩʫʥʦʢ10.8 ï ʉʚʷʟʴ ʮʠʢʣʘ ʤʦʯʝʚʠʥʳ ʩ ʮʠʢʣʦʤ ʪʨʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ 

ʇʨʠ ʦʮʝʥʢʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʥʝʨʛʠʠ ʠʟ ʘʤʠʥʦʢʠʩ-

ʣʦʪ, ʵʥʝʨʛʠʷ, ʟʘʪʨʘʯʠʚʘʝʤʘʷ ʥʘ ʩʠʥʪʝʟ ʤʦʯʝʚʠʥʳ, ʜʦʣʞʥʘ ʙʳʪʴ ʫʩʪʘʥʦʚ-

ʣʝʥʘ ʠ ʚʳʯʪʝʥʘ ʠʟ ʵʥʝʨʛʠʠ, ʧʦʣʫʯʘʝʤʦʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʢʩʠʜʘʮʠʠ ʫʛʣʝ-

ʨʦʜʥʦʛʦ ʩʢʝʣʝʪʘ. ɽʩʣʠ ʚʟʷʪʴ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʘʩʧʘʨʪʘʪ, ʦʥ ʩʥʘʯʘʣʘ 

ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʦʢʩʘʣʦʘʮʝʪʘʪ ʠ ʛʣʶʪʘʤʘʪ ʧʫʪʝʤ ʨʝʘʢʮʠʠ ʩ Ŭ-

ʢʝʪʦʛʣʶʪʘʨʘʪʦʤ. ʆʢʩʘʣʦʘʮʝʪʘʪ ʦʢʠʩʣʷʝʪʩʷ ʯʝʨʝʟ ʬʦʩʬʦʝʥʦʣʧʠʨʫʚʘʪʥʳʡ 

ʧʫʪʴ ʠ ʮʠʢʣ ʪʨʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ. ɻʣʶʪʘʤʘʪ ʜʝʟʘʤʠʥʠʨʫʝʪʩʷ ʚ ʨʝʛʝʥʝ-

ʨʠʨʦʚʘʥʥʳʡ Ŭ-ʢʝʪʦʛʣʶʪʘʨʘʪ ʠ ʦʩʚʦʙʦʞʜʝʥʥʳʡ ʘʤʤʠʘʢ ʢʦʥʚʝʨʪʠʨʫʝʪʩʷ ʚ 

ʤʦʯʝʚʠʥʫ. ɹʘʣʘʥʩʦʚʳʡ ʨʘʩʯʝʪ ʧʨʝʜʩʪʘʚʣʝʥ ʥʠʞʝ: 
 

 ʄʦʣʝʡ ɸʊʌ 

+ - 

2 ʤʦʣʷ ʘʩʧʘʨʪʘʪʘ ʚ ʛʣʶʪʘʤʘʪ+ʘʢʩʘʣʦʘʮʝʪʘʪ 0 0 

2 ʤʦʣʷ ʛʣʶʪʘʤʘʪʘ ʚ Ŭ-ʢʝʪʦʛʣʶʪʘʨʘʪ+NH3 6 0 

2 ʤʦʣʷ ʘʤʤʠʘʢʘ ʚ ʛʣʶʪʘʤʠʥ 0 2 

1 ʤʦʣʴ ʘʤʤʠʘʢʘ ʚ ʢʘʨʙʘʤʦʠʣʬʦʩʬʘʪ 0 2 

1 ʤʦʣʴ ʮʠʪʨʫʣʠʥʘ ʚ ʘʨʛʠʥʠʥʦʩʫʢʮʠʥʘʪ 0 2 

1 ʤʦʣʴ ʤʘʣʘʪʘ ʚ ʦʢʩʘʣʦʘʮʝʪʘʪ 3 0 

1 ʤʦʣʴ ʘʤʤʠʘʢʘ ʚ ʘʩʧʘʨʪʘʪ 0 3 

2 ʤʦʣʷ ʦʢʩʘʣʦʘʮʝʪʘʪʘ ʚ ʉʆ2 ʠ ʅ2ʆ 30 0 

ɺʩʝʛʦ  39 9 

ʏʠʩʪʳʡ ʚʳʭʦʜ ʠʟ 2 ʤʦʣʝʡ ʘʩʧʘʨʪʘʪʘ - 30 

ʏʠʩʪʳʡ ʚʳʭʦʜ ʠʟ 1 ʤʦʣʷ ʘʩʧʘʨʪʘʪʘ 15 
 

ʋ ʧʪʠʮ ʵʢʩʢʨʝʮʠʷ ʘʤʤʠʘʢʘ ʠʜʝʪ ʧʦ ʧʫʪʠ ʤʦʯʝʚʦʡ ʢʠʩʣʦʪʳ, ʢʦʪʦ-

ʨrʡ ʚʢʣʶʯʘʝʪ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʘʤʤʠʘʢʘ ʢ ʛʣʶʪʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪʝ ʩ ʦʙʨʘ-

ʟʦʚʘʥʠʝʤ ʛʣʶʪʘʤʠʥʘ.  
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ɻʣʶʪʘʤʠʥ ʟʘʪʝʤ ʚʢʣʶʯʘʝʪʩʷ ʚ ʩʝʨʠʶ ʨʝʘʢʮʠʡ ʩ ʨʠʙʦʟʦ-5-

ʬʦʩʬʘʪʦʤ, ʛʣʠʮʠʥʦʤ ʠ ʘʩʧʘʨʪʘʪʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʦʟʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, 

ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪ ʧʫʨʠʥʦʚʦʝ ʷʜʨʦ. ʉʝʨʠʶ ʨʝʘʢʮʠʡ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ 

ʪʘʢ: 
 

2 ɻʣʶʪʘʤʠʥ+ɻʣʠʮʠʥ+ɸʩʧʘʨʪʘʪʀʥʦʟʠʥʦʚʘʷ ʢʠʩʣʦʪʘ+ʌʫʤʘʨʘʪ 
 

ʈʠʙʦʟʘ-5-ʬʦʩʬʘʪʥʳʡ ʦʩʪʘʪʦʢ ʟʘʪʝʤ ʫʜʘʣʷʝʪʩʷ, ʦʙʨʘʟʫʷ ʛʠʧʦʢʩʘʥ-

ʪʠʥ. ʇʨʠ ʜʝʡʩʪʚʠʠ ʥʘ ʥʝʛʦ ʢʩʘʥʪʠʥʦʢʩʠʜʘʟʳ, ʢʦʪʦʨʘʷ ʦʧʦʩʨʝʜʫʝʪ ʦʢʩʠ-

ʜʘʮʠʶ, ʧʦʣʫʯʘʶʪ ʢʩʘʥʪʠʥ ʠ ʟʘʪʝʤ ʤʦʯʝʚʫʶ ʢʠʩʣʦʪʫ (ʨʠʩ. 10.9). ʋ ʧʨʠ-

ʤʘʪʦʚ ʠ ʧʪʠʮ ʢʦʥʝʯʥʳʤ ʧʨʦʜʫʢʪʦʤ ʷʚʣʷʝʪʩʷ ʤʦʯʝʚʘʷ ʢʠʩʣʦʪʘ, ʫ ʙʦʣʴʰʝ-

ʥʩʪʚʘ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ï ʘʣʣʘʥʪʦʠʥ. 

ʆʪʨʳʚ ʜʚʫʭ ʤʦʣʝʡ ʘʤʤʠʘʢʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʟʘʪʨʘʪʘʭ ʰʝʩʪʠ ʤʦ-

ʣʝʡ ɸʊʌ, ʢʨʦʤʝ ʪʦʛʦ ʜʚʘ ʤʦʣ ̫ʛʣʶʪʘʤʘʪʘ, ʦʜʠʥ ʤʦʣʴ ʛʣʠʮʠʥʘ ʠ ʦʜʠʥ 

ʤʦʣʴ ʘʩʧʘʨʪʘʪʘ ʨʘʩʭʦʜʫʝʪʩʷ, ʧʨʠ ʵʪʦʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʜʠʥ ʤʦʣʴ ʬʫʤʘʨʘʪʘ.  

ʕʬʬʝʢʪʠʚʥʦʩʪʴ, ʩ ʢʦʪʦʨʦʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʠʪʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ 

ʢʘʢ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 10.1. 

ʊʘʙʣʠʮʘ 10.1 ï ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʢʘʢ ʠʩ-

ʪʦʯʥʠʢʦʚ ɸʊʌ. 

ɺʝʱʝʩʪʚʘ æG(ʢɼʞ/ʤʦʣʴ) 

ʄʦʣʝʡɸʊʌ 

ʥʘ ʤʦʣʴ 

ʚʝʱʝʩʪʚʘ 

ʄʦʣʝʡ 

ɸʊʌ/100 ʛ 

ʚʝʱʝʩʪʚʘ 

ʊʝʧʣʦʪʘ ʦʪ ʩʛʦ-

ʨʘʥʠʷ ʤʦʣʷ ɸʊʌ 

(ʢɼʞ) 

ɻʣʶʢʦʟʘ 2870 38 21,2(4) 75,5 

ʇʨʦʧʠʦʥʦʚʘʷ ʢʠʩʣʦʪʘ 1528 17 22,9(3) 89,9 

ʋʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ 874 10 16,7(5) 87,4 

ʄʘʩʣʷʥʘʷ ʢʠʩʣʦʪʘ 2184 26 38,5(2) 84,0 

ɸʩʧʘʨʘʛʠʥʦʚʘʷ ʢʠʩʣʦʪʘ 1568 15 11,4(6) 104,5 

ʊʨʠʧʘʣʴʤʠʪʠʥ 32025 409 50,7(1) 78,3 

ʇʨʠʤʝʯʘʥʠʝ: ʟʘʪʨʘʪʳ ʥʘ ʧʦʣʫʯʝʥʠʝ ʤʦʣʷ ɸʊʌ ʟʜʝʩʴ ʚʟʷʪʳ 86,3 ʄɼʞ, ʚʦʦʙʱʝ 

ʞʝ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ 85,4 ʄɼʞ. 

 

 

 

уˢ́̅ 
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ʈʠʩʫʥʦʢ10.9 ï ʆʙʨʘʟʦʚʘʥʠʝ ʤʦʯʝʚʦʡ ʢʠʩʣʦʪʳ ʠʟ ʠʥʦʟʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 
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10.7. ɻʣʶʢʦʥʝʦʛʝʥʝʟ 

ɽʩʣʠ ʧʦʣʫʯʘʝʤʦʝ ʩ ʧʠʱʝʡ ʢʦʣʠʯʝʩʪʚʦ ʫʛʣʝʚʦʜʦʚ ʥʝʜʦʩʪʘʪʦʯʥʦ, 

ʥʝʦʙʭʦʜʠʤʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʛʣʶʢʦʟʳ ʚ ʢʨʦʚʠ ʤʦʞʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴʩʷ ʥʝ-

ʢʦʪʦʨʦʝ ʚʨʝʤʷ ʟʘ ʩʯʝʪ ʨʘʩʱʝʧʣʝʥʠʷ ʛʣʠʢʦʛʝʥʘ ʚ ʧʝʯʝʥʠ. ɽʩʣʠ ʠʩʪʦʱʝʥʳ 

ʠ ʪɻʠ ʟʘʧʘʩʳ, ʚ ʧʝʯʝʥʠ ʟʘʧʫʩʢʘʝʪʩʷ ʩʠʥʪʝʟ ʛʣʶʢʦʟʳ de novo- ʛʣʶʢʦʥʝʦ-

ʛʝʥʝʟ. ʅʘʨʷʜʫ ʩ ʧʝʯʝʥʴʶ ʚʳʩʦʢʦʡ ʛʣʶʢʦʥʝʦʛʝʥʝʟʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʦʙʣʘ-

ʜʘʶʪ ʪʘʢʞʝ ʢʣʝʪʢʠ ʧʦʯʝʯʥʳʭ ʢʘʥʘʣʴʮʝʚ. ʀʩʭʦʜʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʚ 

ʛʣʶʢʦʥʝʦʛʝʥʝʟʝ ʷʚʣʷʶʪʩʷ ʘʤʠʥʦʢʠʩʣʦʪʳ ʤʳʰʝʯʥʦʡ ʪʢʘʥʠ. ʇʨʠ ʜʣʠ-

ʪʝʣʴʥʦʤ ʛʦʣʦʜʘʥʠʠ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʤʘʩʩʠʚʥʦʤʫ ʨʘʩʧʘʜʫ ʤʳʰʝʯʥʦʛʦ 

ʙʝʣʢʘ. ɼʨʫʛʠʤ ʚʘʞʥʳʤ ʠʩʭʦʜʥʳʤ ʚʝʱʝʩʪʚʦʤ ʜʣʷ ʩʠʥʪʝʟʘ ʛʣʶʢʦʟʳ ʩʣʫ-

ʞʠʪ ʣʘʢʪʘʪ, ʦʙʨʘʟʫʶʱʠʡʩʷ ʚ ʵʨʠʪʨʦʮʠʪʘʭ ʠ ʤʳʰʝʯʥʦʡ ʪʢʘʥʠ ʧʨʠ ʥʝʜʦʩ-

ʪʘʪʢʝ ʆ2 , ʘ ʪʘʢʞʝ ʛʣʠʮʝʨʠʥ, ʦʙʨʘʟʫʶʱʠʡʩʷ ʧʨʠ ʨʘʩʱʝʧʣʝʥʠʠ ʞʠʨʦʚ. 

ɾʠʨʥʝr ʢʠʩʣʦʪʳ ʥʝ ʤʦʛʫʪ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴʩʷ ʚ ʛʣʶʢʦʟʫ ʚ ʦʨʛʘʥʠʟʤʝ 

ʞʠʚʦʪʥʳʭ. ɺ ʦʨʛʘʥʠʟʤʝ ʢʦʨʦʚ ʟʘ ʩʯʝʪ ʛʣʶʢʦʥʝʦʛʝʥʝʟʘ ʦʙʨʘʟʫʝʪʩʷ ʜʦ 3-

4 ʢʛ ʛʣʶʢʦʟʳ ʚ ʩʫʪʢʠ. ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʛʣʶʢʦʟʳ ʫ 

ʞʚʘʯʥʳʭ ʷʚʣʷʶʪʩʷ ʧʨʦʧʠʦʥʘʪ, ʛʣʠʮʝʨʦʣ ʠ ʘʤʠʥʦʢʠʩʣʦʪʳ. 

ʄʥʦʛʠʝ ʨʝʘʢʮʠʠ ʛʣʶʢʦʥʝʦʛʝʥʝʟʘ ʢʘʪʘʣʠʟʠʨʫʶʪʩʷ ʪʝʤʠ ʞʝ ʬʝʨ-

ʤʝʥʪʘʤʠ, ʯʪʦ ʠ ʧʨʦʮʝʩʩʳ ʛʣʠʢʦʣʠʟʘ. ʅʝʢʦʪʦʨʳʝ ʬʝʨʤʝʥʪʳ ʩʧʝʮʠʬʠʯʥʳ 

ʜʣʷ ʛʣʶʢʦʥʝʦʛʝʥʝʟʘ ʠ ʩʠʥʪʝʟʠʨʫʶʪʩʷ ʪʦʣʴʢʦ ʧʦ ʤʝʨʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʛʦʨʤʦʥʦʚ ʢʦʨʪʠʟʦʣʘ ʠ ʛʣʁ ʢʘʛʦʥʘ. ʅʘ ʩʭʝʤʝ ʧʨʝʜʩʪʘʚ-

ʣʝʥʘ ʪʦʣʴʢʦ ʵʪʘ ʛʨʫʧʧʘ ʬʝʨʤʝʥʪʦʚ (ʨʠʩ.10.10). ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʛʣʠʢʦʣʠʟ 

ʧʨʦʪʝʢʘʝʪ ʚ ʮʠʪʦʧʣʘʟʤʝ, ʛʣʶʢʦʥʝʦʛʝʥʝʟ ʧʨʦʠʩʭʦʜʠʪ ʪʘʢʞʝ ʚ ʤʠʪʦʭʦʥʜ-

ʨʠʷʭ ʠ ɻʥʜʦʧʣʘʟʤʘʪʠʯʝʩʢʦʤ ʨʝʪʠʢʫʣʫʤʝ. 

ʇʝʨʚʳʝ ʩʪʘʜʠʠ ʨʝʘʢʮʠʦʥʥʦʡ ʮʝʧʠ ʧʨʦʪʝʢʘʶʪ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ. 

ɼʣʷ ʧʝʨʝʚʦʜʘ ʧʠʨʫʚʘʪʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʬʦʩʬʦʝʥʦʣʧʠʨʫʚʘʪ (ʌɽʇ) 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʵʥʝʨʛʠʠ ʨʘʩʱʝʧʣʝʥʠʷ ɸʊʌ. ʇʠʨʫʚʘʪ, ʦʙʨʘʟʫʶʱʠʡʩʷ ʠʟ 

ʣʘʢʪʘʪʘ ʠʣʠ ʘʤʠʥʦʢʠʩʣʦʪ, ʧʝʨʝʥʦʩʠʪʩʷ ʚ ʤʘʪʨʠʢʩ ʤʠʪʦʭʦʥʜʨʠʡ ʠ ʪʘʤ 

ʢʘʨʙʦʢʩʠʣʠʨʫʝʪʩʷ ʚ ʦʢʩʘʣʦʘʮʝʪʘʪ ʚ ʙʠʦʪʠʥʟʘʚʠʩʠʤʦʡ ʨʝʘʢʮʠʠ, ʢʘʪʘʣʠ-

ʟʠʨʫʝʤʦʡ ʧʠʨʫʚʘʪʢʘʨʙʦʢʩʠʣʘʟʦʡ. ʆʢʩʘʣʦʘʮʝʪʘʪ ʷʚʣʷʝʪʩʷ ʧʨʦʤʝʞʫʪʦʯ-

ʥʳʤ ʤʝʪʘʙʦʣʠʪʦʤ ʮʠʪʨʘʪʥʦʛʦ ʮʠʢʣʘ. ʇʦʵʪʦʤʫ ʘʤʠʥʦʢʠʩʣʦʪʳ, ʢʦʪʦʨʳʝ 

ʚʢʣʶʯʘʶʪʩʷ ʚ ʮʠʪʨʘʪʥʳʡ ʮʠʢʣ ʠʣʠ ʢʦʥʚʝʨʪʠʨʫʶʪʩʷ ʚ ʧʠʨʫʚʘʪ, ʤʦʛʫʪ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʝʚʨʘʱʘʪʴʩʷ ʚ ʛʣʶʢʦʟʫ (ʛʣʶʢʦʛʝʥʥʳʝ ʘʤʠʥʦʢʠʩʣʦ-

ʪr). ʆʢʩʘʣʦʘʮʝʪʘʪ, ʦʙʨʘʟʫʶʱʠʡʩʷ ʚ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʤ ʤʘʪʨʠʢʩʝ, ʚʦʩ-

ʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʤʘʣʘʪ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʧʝʨʝʥʦʩʠʪʴʩʷ ʚ ʮʠʪʦʧʣʘʟʤʫ ʩ 

ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ ʧʝʨʝʥʦʩʯʠʢʦʚ. 

ɺ ʮʠʪʦʧʣʘʟʤʝ ʤʘʣʘʪ ʧʨʠ ʫʯʘʩʪʠʠ ʤʘʣʘʪʜʝʛʠʜʨʦʛʝʥʘʟʳ ʚʥʦʚʴ ʧʨʝ-

ʚʨʘʱʘʝʪʩʷ ʚ ʦʢʩʘʣʦʘʮʝʪʘʪ, ʢʦʪʦʨʳʡ ʚ ʨʝʘʢʮʠʠ, ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ɻʊʌ-

ʟʘʚʠʩʠʤʦʡ ʌɽʇ-ʢʘʨʙʦʢʩʠʢʠʥʘʟʦʡ, ʧʝʨʝʚʦʜʠʪʩʷ ʚ ʬʦʩʬʦʝʥʦʣʧʠʨʫʚʘʪ. 

ʇʦʩʣʝʜʫʶʱʠʝ ʩʪʘʜʠʠ ʜʦ ʬʨʫʢʪʦʟʦ-1,6-ʜʠʬʦʩʬʘʪʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʤʦʜʠʬʠʢʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʘʢʮʠʡ ʛʣʠʢʦʣʠʟʘ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʦʙʨʘ-

ʟʦʚʘʥʠʷ 1,3-ʜʠʬʦʩʬʦʛʣʠʮʝʨʘʪʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʨʘʩʭʦʜʫʝʪʩʷ ɸʊʌ. 
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ʈʠʩʫʥʦʢ 10.10 ï ʉʭʝʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʛʣʶʢʦʟʳ (ʛʣʶʢʦʥʝʦʛʝʥʝʟ) ʚ ʢʣʝʪʢʝ 

ʧʝʯʝʥʠ ʞʠʚʦʪʥʳʭ ʠʟ ʘʤʠʥʦʢʠʩʣʦʪ, ʣʘʢʪʘʪʘ ʠ ʛʣʠʮʝʨʠʥʘ 
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ɼʚʝ ʛʣʶʢʦʥʝʦʛʝʥʝʟ-ʩʧʝʮʠʬʠʯʥʳʝ ʬʦʩʬʘʪʘʟʳ ʦʪʱʝʧʣʷʶʪ ʧʦ 

ʦʯʝʨʝʜʠ ʬʦʩʬʘʪʥʳʝ ʦʩʪʘʪʢʠ ʦʪ ʬʨʫʢʪʦʟʦ-1,6-ʜʠʬʦʩʬʘʪʘ. ʇʨʦʤʝʞʫ-

ʪʦʯʥʦʡ ʩʪʘʜʠʝʡ ʷʚʣʷʝʪʩʷ ʠʟʦʤʝʨʠʟʘʮʠʷ ʬʨʫʢʪʦʟʦ-6-ʬʦʩʬʘʪʘ ʚ ʛʣʶʢʦ-

ʟʦ-6-ʬʦʩʬʘʪ. ɻʣʶʢʦʟʦ-6-ʬʦʩʬʘʪʘʟʘ ʧʝʯʝʥʠ ʷʚʣʷʝʪʩʷ ʤʝʤʙʨʘʥʥʳʤ 

ʬʝʨʤʝʥʪʦʤ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʤ ʚʥʫʪʨʠ ʛʣʘʜʢʦʛʦ ʵʥʜʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ 

ʨʝʪʠʢʫʣʫʤʘ. ʇʝʨʝʥʦʩ ʛʣʶʢʦʟʦ-6-ʬʦʩʬʘʪʘ ʚ ʵʥʜʦʧʣʘʟʤʘʪʠʯʝʩʢʠʡ ʨʝʪʠ-

ʢʫʣʫʤ ʠ ʚʦʟʚʨʘʪ ʦʙʨʘʟʫʶʱʝʡʩʷ ʛʣʶʢʦʟʳ ʚ ʮʠʪʦʧʣʘʟʤʫ ʦʩʫʱʝʩʪʚʣʷʝʪ-

ʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʧʝʨʝʥʦʩʯʠʢʘʤʠ. ʀʟ ʮʠʪʦʧʣʘʟʤʳ ʛʣʶʢʦʟʘ ʧʦʩʪʫʧʘ-

ʝʪ ʚ ʢʨʦʚʴ. 

ɻʣʠʮʝʨʠʥ ʧʨʝʞʜʝ ʚʩʝʛʦ ʬʦʩʬʦʨʠʣʠʨʫʝʪʩʷ ʚ ʧʦʣʦʞʝʥʠʠ 3. ʆʙ-

ʨʘʟʫʶʱʠʡʩʷ 3-ʛʣʠʮʝʨʦʬʦʩʬʘʪ ʦʢʠʩʣʷʝʪʩʷ ʅɸɼ
+
-ʟʘʚʠʩʠʤʦʡ ʜʝʛʠʜʨʦ-

ʛʝʥʘʟʦʡ ʚ ʜʠʛʠʜʨʦʢʩʠʘʮʝʪʦʥ-3-ʬʦʩʬʘʪ, ʢʦʪʦʨʳʡ ʜʘʣʝʝ ʚʢʣʶʯʘʝʪʩʷ ʚ 

ʛʣʶʢʦʥʝʦʛʝʥʝʟ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʛʣʶʢʦʟʳ ʠʟ ʧʨʦʧʠʦʥʘʪʘ. ɾʠʚʫʱʠʝ ʚ ʨʫʙʮʝ ʙʘʢ-

ʪʝʨʠʠ ʨʘʩʱʝʧʣʷʶʪ ʮʝʣʣʶʣʦʟʫ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʚʦʙʦʜʥʦʡ D-ʛʣʶʢʦʟʳ. 

ʅʘ ʵʪʦʤ, ʦʜʥʘʢʦ, ʜʝʷʪʝʣʴʥʦʩʪʴ ʙʘʢʪʝʨʠʡ ʥʝ ʢʦʥʯʘʝʪʩʷ. ʆʥʠ ʩʙʨʘʞʠ-

ʚʘʶʪ ʧʦʯʪʠ ʚʩʶ ʛʣʶʢʦʟʫ ʜʦ ʣʘʢʪʘʪʘ ʠ ʨʷʜʘ ʜʨʫʛʠʭ ʧʨʦʜʫʢʪʦʚ, ʩʨʝʜʠ 

ʢʦʪʦʨʳʭ ʛʣʘʚʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʘʮʝʪʘʪ, ʧʨʦʧʠʦʥʘʪ ʠ ʙʫʪʠʨʘʪ. ɺ ʩʫʪʢʠ ʫ 

ʢʦʨʦʚʳ ʧʦʩʪʫʧʘʝʪ ʠʟ ʢʠʰʝʯʥʠʢʘ ʚ ʢʨʦʚʴ ʥʝ ʙʦʣʝʝ 100-200 ʛʨʘʤʤʦʚ 

ʥʝʩʙʨʦʞʝʥʥʦʡ ʛʣʶʢʦʟʳ. ʆʜʥʘʢʦ ʢʦʨʦʚʝ ʛʣʶʢʦʟʘ ʥʫʞʥʘ ʥʝ ʪʦʣʴʢʦ ʢʘʢ 

ʢʣʝʪʦʯʥʦʝ ʪʦʧʣʠʚʦ ʜʣʷ ʤʦʟʛʘ ʠ ʜʨʫʛʠʭ ʪʢʘʥʝʡ, ʥʦ ʪʘʢʞʝ ʠ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʣʘʢʪʦʟʳ (ʤʦʣʦʯʥʦʛʦ ʩʘʭʘʨʘ) ʚ ʧʝʨʠʦʜ ʣʘʢʪʘʮʠʠ. 

ʇʦʪʨʝʙʥʦʩʪʴ ʚ ʛʣʶʢʦʟʝ ʫ ʞʚʘʯʥʳʭ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʟʘ ʩʯʝʪ 

ʛʣʶʢʦʥʝʦʛʝʥʝʟʘ, ʧʨʦʪʝʢʘʶʱʝʛʦ ʚ ʧʝʯʝʥʠ ʚʝʩʴʤʘ ʠʥʪʝʥʩʠʚʥʦ. ʃʘʢʪʘʪ, 

ʦʙʨʘʟʫʝʤʳʡ ʚ ʨʫʙʮʝ ʙʘʢʪʝʨʠʷʤʠ, ʚʩʘʩʳʚʘʝʪʩʷ ʚ ʢʨʦʚʴ ʠ ʚ ʧʝʯʝʥʠ ʧʨʝ-

ʚʨʘʱʘʝʪʩʷ ʚ ʛʣʶʢʦʟʫ. ʆʜʥʘʢʦ ʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʙʠʦʩʠʥʪʝʟ 

ʛʣʶʢʦʟʳ ʚ ʧʝʯʝʥʠ ʜʝʣʘʝʪ ʧʨʦʧʠʦʥʘʪ. ʇʫʪʴ ʚʩʪʫʧʣʝʥʠʷ ʧʨʦʧʠʦʥʘʪʘ ʚ 

ʛʣʶʢʦʥʝʦʛʝʥʝʟ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ:1) ʜʚʫʦʢʠʩʴ ʫʛʣʝʨʦʜʘ çʬʠʢ-

ʩʠʨʫʝʪʩʷè, ʪ.ʝ. ʧʝʨʝʭʦʜʠʪ ʚ ʦʨʛʘʥʠʯʝʩʢʫʶ ʬʦʨʤʫ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʘʨʙʦʢ-

ʩʠʣʠʨʦʚʘʥʠʷ ʧʨʦʧʠʦʥʠʣ-ʂʦɸ; 2) ʛʣʶʢʦʥʝʦʛʝʥʝʟʥʳʡ ʧʫʪʴ, ʚʝʜʫʱʠʡ ʦʪ 

ʧʨʦʧʠʦʥʘʪʘ ʢ ʛʣʶʢʦʟʝ, ʚʢʣʶʯʘʝʪ ʵʪʘʧ, ʢʘʪʘʣʠʟʠʨʫʝʤʳʡ ʬʝʨʤʝʥʪʦʤ, 

ʩʦʜʝʨʞʘʱʠʤ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʩʪʝʪʠʯʝʩʢʦʡ ʛʨʫʧʧʳ ʧʨʦʯʥʦ ʩʚʷʟʘʥʥʫʶ 

ʢʦʬʝʨʤʝʥʪʥʫʶ ʬʦʨʤʫ ʚʠʪʘʤʠʥʘ ɺ12 (ʨʠʩ. 10.11). ɺ ʨʝʘʢʮʠʠ, ʢʦʪʦʨʫʶ 

ʦʥ ʢʘʪʘʣʠʟʠʨʫʝʪ, ʩʣʦʞʥʘʷ ʩʤʝʱʝʥʥʘʷ ʘʣʢʠʣʴʥʘʷ ʛʨʫʧʧʘ ʧʝʨʝʥʦʩʠʪʩʷ 

ʦʪ ʦʜʥʦʛʦ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ ʢ ʜʨʫʛʦʤʫ, ʩʦʩʝʜʥʝʤʫ, ʚ ʦʙʤʝʥ ʥʘ ʘʪʦʤ ʚʦ-

ʜʦʨʦʜʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʫʢʮʠʥʠʣ-ʂʦɸ. 
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ʈʠʩʫʥʦʢ 10.11 ï ʇʨʝʚʨʘʱʝʥʠʝ ʧʨʦʧʠʦʥʘʨʪʘ ʚ ʩʫʢʮʠʥʠʣ-ʂʦɸ, ʢʦʪʦʨʳʡ 

ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʬʦʩʬʦʝʥʦʣʧʠʨʫʚʘʪ ʠ ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ ʚ ʛʣʶʢʦʟʫ 

ʇʨʦʚʝʨʦʯʥʳʝ ʚʦʧʨʦʩʳ: 

1. ʂʘʢʠʝ ʞʠʟʥʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʦʩʫʱʝʩʪʚʣʷʝʪ ʦʙʤʝʥ ʚʝʱʝʩʪʚ? 

2. ʂʘʢʠʝ ʧʨʦʮʝʩʩʳ ʚʢʣʶʯʘʝʪ ʦʙʤʝʥ ʚʝʱʝʩʪʚ? 

3. ʉʪʘʜʠʠ ʢʘʪʘʙʦʣʠʟʤʘ ʠ ʘʥʘʙʦʣʠʟʤʘ. 

4. ʆʙʤʝʥ ʵʥʝʨʛʠʠ, ʵʢʟʝʨʛʦʥʠʯʝʩʢʠʝ ʠ ʵʥʜʝʨʛʦʥʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʠʭ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʘ ʠ ʟʥʘʯʝʥʠʝ. 

5. ʆʩʥʦʚʥʳʝ ʥʦʩʠʪʝʣʠ ʵʥʝʨʛʠʠ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʦʙʤʝʥʝ ʚʝʱʝʩʪʚ. 

6. ɻʣʶʢʦʟʘ ʢʘʢ ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ ʚ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʘʭ. 
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7. ɻʣʠʢʦʣʠʟ ʚ ʘʥʘʵʨʦʙʥʳʭ ʠ ʘʵʨʦʙʥʳʭ ʫʩʣʦʚʠʷʭ, ʮʠʢʣ ʪʨʠʢʘʨʙʦʥʦʚʳʭ 
ʢʠʩʣʦʪ, ʧʨʦʜʫʢʮʠʷ ɸʊʌ. ʆʩʥʦʚʥʳʝ ʵʪʘʧʳ ʛʣʠʢʦʣʠʟʘ. 

8. ɾʠʨ ʢʘʢ ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ, ɓ-ʦʢʠʩʣʝʥʠʝ ʞʠʨʥʳʭ ʢʠʩʣʦʪ, ʧʨʦʜʫʢʮʠʷ 

ɸʊʌ. 

9. ɸʤʠʥʦʢʠʩʣʦʪʳ ʢʘʢ ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ, ʧʨʦʜʫʢʮʠʷ ɸʊʌ. 

10. ɻʣʶʢʦʥʝʦʛʝʥʝʟ, ʦʩʥʦʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʠ ʵʪʘʧʳ ʚ ʧʫʪʠ ʦʙʨʘʟʦʚʘʥʠʷ 
ʛʣʶʢʦʟʳ. 

 

ʃʠʪʝʨʘʪʫʨʘ 
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ɻʣʘʚʘ 11. ɹʠʦʩʠʥʪʝʟ ʙʝʣʢʘ 

11.1. ʅʫʢʣʝʠʥʦʚʳʝ ʢʠʩʣʦʪʳ. ɼʅʂ, ʈʅʂ 

ʅʫʢʣʝʠʥʦʚʳʝ ʢʠʩʣʦʪʳ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʤʠ ʚʝʱʝʩʪ-
ʚʘʤʠ, ʠʛʨʘʶʱʠʤʠ ʛʣʘʚʥʫʶ ʨʦʣʴ ʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʘʭ ʢʘʢ ʭʨʘʥʠʪʝʣʠ ʛʝ-
ʥʝʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘʷ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʩʠʥʪʝʟʝ ʥʝʦʙʭʦʜʠʤʳʭ 
ʦʨʛʘʥʠʟʤʫ ʞʠʚʦʪʥʳʭ ʙʝʣʢʦʚ. ʅʫʢʣʝʠʥʦʚʳʝ ʢʠʩʣʦʪʳ ʚʢʣʶʯʘʶʪ ʘʟʦʪʥʳʝ 
ʢʦʤʧʦʥʝʥʪʳ (ʧʫʨʠʥʳ ʠ ʧʠʨʠʤʠʜʠʥʳ), ʧʝʥʪʦʟʳ (ʨʠʙʦʟʫ ʠʣʠ ʜʝʟʦʢʩʠʨʠ-
ʙʦʟʫ) ʠ ʬʦʩʬʦʨʥʫʶ ʢʠʩʣʦʪʫ. 

ɻʣʘʚʥʳʝ ʧʠʨʠʤʠʜʠʥʳ, ʦʙʥʘʨʫʞʠʚʘʝʤʳʝ ʚ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦ-
ʪʘʭ, ʷʚʣʷʶʪʩʷ ʮʠʪʦʟʠʥ, ʪʠʤʠʥ ʠ ʫʨʘʮʠʣ:  

 
ɸʜʝʥʠʥ ʠ ʛʫʘʥʠʥ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʧʫʨʠʥʦʚʳʤʠ ʦʩʥʦʚʘʥʠʷ-

ʤʠ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʤʠ ʚ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪʘʭ: 

 
ɺʝʱʝʩʪʚʦ, ʦʙʨʘʟʦʚʘʥʥʦʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʚʳʰʝʥʘ-

ʟʚʘʥʥʳʭ ʦʩʥʦʚʘʥʠʡ ʢ ʧʝʥʪʦʟʝ, ʥʘʟʳʚʘʝʪʩʷ ʥʫʢʣʝʦʟʠʜʦʤ: 
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ʅʫʢʣʝʦʟʠʜʳ ʚ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪʘʭ, ʵʪʝʨʠʬʠʮʠʨʫʶʪʩʷ ʬʦʩʬʦʨ-

ʥʦʡ ʢʠʩʣʦʪʦʡ, ʦʙʨʘʟʫʷ ʥʫʢʣʝʦʪʠʜʳ: ʜʝʟʦʢʩʠʘʜʝʥʦʟʠʥʤʦʥʦʬʦʩʬʘʪ 

(ʜɸʄʌ), ʜʝʟʦʢʩʠʛʫʘʥʦʟʠʥʤʦʥʦʬʦʩʬʘʪ (ʜɻʄʌ), ʜʝʟʦʢʩʠʮʠʪʠʜʠʥʤʦʥʦ-

ʬʦʩʬʘʪ (ʜʎʄʌ), ʜʝʟʦʢʩʠʪʠʤʠʜʠʥʤʦʥʦʬʦʩʬʘʪ (ʜʊʄʌ) 

ʅʫʢʣʝʠʥʦʚʳʝ ʢʠʩʣʦʪʳ ʷʚʣʷʶʪʩʷ ʧʦʣʠʥʫʢʣʝʦʪʠʜʘʤʠ ʩ ʦʯʝʥʴ 

ʙʦʣʴʰʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ ʚ ʥʝʩʢʦʣʴʢʦ ʤʠʣʣʠʦʥʦʚ. ʅʫʢʣʝʠʥʦʚʘʷ 

ʢʠʩʣʦʪʘ, ʩʦʜʝʨʞʘʱʘʷ ʨʠʙʦʟʫ, ʥʘʟʳʚʘʝʪʩʷ ʨʠʙʦʥʫʢʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ 

(ʈʅʂ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʦʜʝʨʞʘʱʘʷ ʜʝʟʦʢʩʠʨʠʙʦʟʫ, ï ʜʝʟʦʢʩʠʨʠʙʦʥʫʢ-

ʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ (ɼʅʂ). 

ʅʫʢʣʝʦʪʠʜʳ ʚ ʥʫʢʣʝʠʥʦʚʦʭ ʢʠʩʣʦʪʘʭ ʚʳʩʪʨʘʠʚʘʶʪʩʷ ʚ ʦʧʨʝʜʝ-

ʣʝʥʥʦʤ ʧʦʨʷʜʢʝ. ɼʅʂ ʩʦʩʪʦʠʪ ʠʟ ʜʚʦʡʥʦʡ ʩʢʨʫʯʝʥʥʦʡ ʧʦʣʠʥʫʢʣʝʦʪʠʜ-

ʥʦʡ ʩʧʠʨʘʣʠ (ʨʠʩ. 11.1). 

 
ʈʠʩʫʥʦʢ 11.1 ï ʉʭʝʤʘ ʠʟʦʙʨʘʞʝʥʠʷ ʫʯʘʩʪʢʘ ʤʦʣʝʢʫʣʳ ɼʅʂ: ʩʣʝʚʘ ï 

ʜʚʦʡʥʘʷ ʧʦʣʠʥʫʢʣʝʦʪʠʜʥʘʷ ʩʧʠʨʘʣʴ ɼʅʂ, ʚ ʜʚʦʡʥʦʡ ʩʧʠʨʘʣʠ ʥʘ ʦʜʠʥ 

ʚʠʪʦʢ ʧʨʠʭʦʜʠʪʩʷ 10 ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʘʨ, ʜʣʠʥʘ ʚʠʪʢʘ ï 3,4ʥʤ; ʩʧʨʘʚʘ ï 

ʤʦʣʝʢʫʣʷʨʥʳʡ ʩʦʩʪʘʚ ɼʅʂ: ʈ-ʬʦʩʬʘʪ, ʧʷʪʠʫʛʦʣʴʥʠʢ ï ʩʘʭʘʨ ʜʝʟʦʢʩʠʨʠ-

ʙʦʟʘ; ʚ ʢʚʘʜʨʘʪʘʭ: ɸ-ʘʜʝʥʠʥ, ʊ-ʪʠʤʠʥ, ɻ-ʛʫʘʥʠʥ, ʎ-ʮʠʪʦʟʠʥ 

ʂʘʞʜʘʷ ʥʠʪʢʘ ʩʦʩʪʦʠʪ ʠʟ ʝʜʠʥʠʮ ʜʝʟʦʢʩʠʨʠʙʦʟʳ ʠ ʬʦʩʬʘʪʥʳʭ 

ʛʨʫʧʧ. ʂ ʢʘʞʜʦʡ ʩʘʭʘʨʥʦʡ ʛʨʫʧʧʝ ʧʨʠʤʳʢʘʝʪ ʦʜʠʥ ʠʟ ʯʝʪʳʨʝʭ ʦʩʥʦʚʘ-
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ʥʠʡ ï ʮʠʪʦʟʠʥ, ʪʠʤʠʥ, ʘʜʝʥʠʥ ʠʣʠ ʛʫʘʥʠʥ. ʆʩʥʦʚʘʥʠʷ ʥʘ ʜʚʫʭ ʥʠʪʢʘʭ 

ʩʧʠʨʘʣʠ ʩʦʝʜʠʥʝʥʳ ʧʦʧʘʨʥʦ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ, ʪʠʤʠʥ ʥʘ ʦʜʥʦʡ 

ʥʠʪʢʝ ʚʩʝʛʜʘ ʩʧʘʨʝʥ ʩ ʘʜʝʥʠʥʦʤ, ʥʘ ʜʨʫʛʦʡ ï ʮʠʪʦʟʠʥ ï ʩ ʛʫʘʥʠʥʦʤ. ʇʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʩʥʦʚʘʥʠʡ ʚʜʦʣʴ ʵʪʠʭ ʥʠʪʦʢ ʧʨʝʜʩʪʘʚʣʷʶʪ ʛʝʥʝʪʠʯʝ-

ʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʞʠʚʦʡ ʢʣʝʪʢʠ. ɼʅʂ ʥʘʭʦʜʠʪʩʷ ʚ ʷʜʨʝ ʢʣʝʪʢʠ, ʢʘʢ 

ʯʘʩʪʴ ʭʨʦʤʦʩʦʤʥʦʡ ʩʪʨʫʢʪʫʨʳ. 

ɹʠʦʩʠʥʪʝʟ ʙʝʣʢʘ ʚ ʢʣʝʪʢʘʭ ʪʢʘʥʝʡ ʠ ʦʨʛʘʥʦʚ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʤ 

ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʤ ʧʨʦʮʝʩʩʦʤ. ʉʦʚʝʨʰʘʝʪʩʷ ʦʥ ʚ ʩʧʝʮʠʘʣʴʥʳʭ ʦʨʛʘʥʝʣ-

ʣʘʭ ï ʨʠʙʦʩʦʤʘʭ. ʇʦʤʠʤʦ ɼʅʂ, ʚ ʥʝʤ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʨʠʙʦʥʫʢʣʝʠ-

ʥʦʚʳʝ ʢʠʩʣʦʪʳ (ʈʅʂ). ʉʫʱʝʩʪʚʫʶʪ ʪʨʠ ʦʩʥʦʚʥʳʝ ʚʠʜʘ ʈʅʂ: ʤʘʪʨʠʯʥʘʷ 

(ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ) ʤʈʅʂ, ʨʠʙʦʩʦʤʥʘʷ ʨʈʅʂ ʠ ʪʨʘʥʩʧʦʨʪʥʘʷ ʪʈʅʂ. ʋ 

ʥʠʭ ʨʘʟʥʳʝ ʬʫʥʢʮʠʠ. 

11.2. ɻʝʥʳ ʠ ʠʭ ʩʪʨʫʢʪʫʨʘ 

ʀʥʬʦʨʤʘʮʠʷ ʦ ʩʪʨʫʢʪʫʨʝ ʙʝʣʢʦʚ ʠ ʈʅʂ ʟʘʧʠʩʘʥʘ ʚ ʫʯʘʩʪʢʘʭ ɼʅʂ, 

ʥʘʟʳʚʘʝʤʳʭ ʛʝʥʘʤʠ ʠ ʮʠʩʪʨʦʥʘʤʠ. ɻʝʥ ï ʵʪʦ ʫʯʘʩʪʦʢ ɼʅʂ, ʢʦʜʠʨʫʶʱʠʡ 

ʦʜʠʥ ʙʝʣʦʢ. ʎʠʩʪʨʦʥ ï ʫʯʘʩʪʦʢ ɼʅʂ, ʢʦʜʠʨʫʶʱʠʡ ʦʜʥʫ ʧʦʣʠʧʝʧʪʠʜʥʫʶ 

ʮʝʧʴ.ɽʩʣʠ ʙʝʣʦʢ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʨʘʟʥʳʭ ʧʦʣʠʧʝʧʪʠʜʥʳʭ ʮʝʧʝʡ 

(ʩʫʙʲʝʜʠʥʠʮ), ʪʦ ʝʛʦ ʛʝʥ ʚʢʣʶʯʘʝʪ ʥʝʩʢʦʣʴʢʦ ʮʠʩʪʨʦʥʦʚ. ʅʘʧʨʠʤʝʨ,ʫ 

ʞʠʚʦʪʥʳʭ ʠ ʯʝʣʦʚʝʢʘ ʮʠʩʪʨʦʥʳ ʥʝʨʝʜʢʦ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʨʘʟʥʳʭ ʭʨʦʤʦ-

ʩʦʤʘʭ ʠ ʦʙʳʯʥʦ ʪʦʞʝ ʥʘʟʳʚʘʶʪʩʷ ʛʝʥʘʤʠ, ʥʘʧʨʠʤʝʨ, ʛʝʥ Ŭ-ʮʝʧʠ ʠ ʛʝʥ ɓ-

ʮʝʧʠ ʛʝʤʦʛʣʦʙʠʥʘ. 

ʂʨʦʤʝ ʛʝʥʦʚ ʚʩʝʭ ʙʝʣʢʦʚ ʦʨʛʘʥʠʟʤʘ, ʚ ʭʨʦʤʦʩʦʤʘʭ ʠʤʝʶʪʩʷ ʪʘʢ-

ʞʝ ʛʝʥʳ ʈʅʂ: ʤʘʪʨʠʯʥʳʭ ʈʅʂ (ʠʭ ʪʳʩʷʯʠ), ʯʝʪʳʨʝʭ ʚʠʜʦʚ ʨʠʙʦʩʦʤʥʳʭ 

ʈʅʂ ʠ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʚʠʜʦʚ ʪʨʘʥʩʧʦʨʪʥʳʭ ʈʅʂ. 

ʏʝʪʳʨʝ ʚʠʜʘ ʨʈʅʂ ʩʠʥʪʝʟʠʨʫʶʪʩʷ ʚ ʷʜʨʝ (ʘ ʪʦʯʥʝʝ, ʚ ʷʜʨʳʰʢʘʭ), 

ʦʙʲʝʜʠʥʷʶʪʩʷ ʩ ʨʠʙʦʩʦʤʥʳʤʠ ʙʝʣʢʘʤʠ, ʬʦʨʤʠʨʫʷ ʩʫʙʲʝʜʠʥʠʮʳ ʨʠʙʦ-

ʩʦʤ. ʕʪʠ ʩʫʙʲʝʜʠʥʠʮʳ ʯʝʨʝʟ ʷʜʝʨʥʳʝ ʧʦʨʳ ʧʝʨʝʤʝʱʘʶʪʩʷ ʚ ʮʠʪʦʧʣʘʟ-

ʤʫ. ʊʫʜʘ ʞʝ ʧʝʨʝʤʝʱʘʶʪʩʷ ʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʤʈʅʂ (ʚ ʢʦʤʧʣʝʢʩʝ ʩʦ 

ʩʧʝʮʠʘʣʴʥʳʤʠ ʙʝʣʢʘʤʠ), ʘ ʪʘʢʞʝ ʪʈʅʂ. 

ʆʙʱʘʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʛʝʥʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʥʘʩʣʝʜʩʪʚʝʥʥʫʶ ʠʥ-

ʬʦʨʤʘʮʠʶ ʦʨʛʘʥʠʟʤʘ, ʥʘʟʳʚʘʝʪʩʷ ʛʝʥʦʤʦʤ. ɺʩʝʛʦ ʚ ʛʝʥʦʤʝ (ʭʨʦʤʦʩʦ-

ʤʘʭ) ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ ʯʠʩʣʦ ʛʝʥʦʚ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 30000. 

ʇʝʨʝʜʘʯʘ ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʩ ɼʅʂ ʥʘ ʤʈʅʂ ʥʘʟʳʚʘʝʪʩʷ 

ʪʨʘʥʩʢʨʠʧʮʠʝʡ (ʩʯʠʪʳʚʘʥʠʝ). ɺ ʛʝʥʘʭ ʫʯʘʩʪʢʠ ʩʚʷʟʳʚʘʥʠʷ ʈʅʂ-

ʧʦʣʠʤʝʨʘʟʳ (ʬʝʨʤʝʥʪʘ, ʩʠʥʪʝʟʠʨʫʶʱʝʛʦ ʈʅʂ ʥʘ ɼʅʂ) ʥʘʟʳʚʘʶʪʩʷ 

ʧʨʦʤʦʪʦʨʘʤʠ. ʉʚʷʟʳʚʘʥʠʝ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʳ ʩ ʧʨʦʤʦʪʦʨʦʤ ʦʩʫʱʝʩʪʚ-

ʣʷʝʪʩʷ ʩ ʫʯʘʩʪʠʝʤ ʙʝʣʢʦʚ ï ʬʘʢʪʦʨʦʚ ʪʨʘʥʩʢʨʠʧʮʠʠ. ʕʪʠ ʬʘʢʪʦʨʳ ʠʤʝ-

ʶʪʩʷ ʚʦ ʚʩʝʭ ʢʣʝʪʢʘʭ ʠ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ çʧʨʦʯʪʝʥʠʷè ʣʶʙʦʛʦ ʬʫʥʢʮʠʦ-

ʥʠʨʫʶʱʝʛʦ ʛʝʥʘ. 

ɺ ʧʨʦʮʝʩʩʝ ʪʨʘʥʩʢʨʠʧʮʠʠ ʛʝʥʘ ʦʙʨʘʟʫʝʤʳʝ ʤʈʅʂ ʥʘʟʳʚʘʶʪ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ ʤʈʅʂ (ʧʨʝ-ʤʈʅʂ), ʪ.ʢ. ʠʤ ʥʝʦʙʭʦʜʠʤʦ ʝʱʝ ʧʨʦʡʪʠ 

ʚ ʷʜʨʝ ʧʨʦʮʝʩʩ ʩʦʟʨʝʚʘʥʠʷ. 
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ʉʧʦʩʦʙ ʟʘʧʠʩʠ ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ɼʚʝ ʮʝʧʠ ɼʅʂ ʚ ʦʙʣʘʩʪʠ ʛʝʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ 

ʩʚʦʝʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʨʦʣʠ: ʦʜʥʘ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʢʦʜʠʨʫʶʱʝʡ, ʠʣʠ 

ʩʤʳʩʣʦʚʦʡ, ʚʪʦʨʘʷ - ʤʘʪʨʠʯʥʦʡ (ʨʠʩ. 11.2). 

 
ʈʠʩʫʥʦʢ 11.2 ï ʇʨʠʥʮʠʧ ʟʘʧʠʩʠ ʠ ʨʝʘʣʠʟʘʮʠʠ ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ çʩʯʠʪʳʚʘʥʠʷè ʛʝʥʘ (ʪʨʘʥʩʢʨʠʧʮʠʠ, 

ʠʣʠ ʩʠʥʪʝʟʘ ʧʨʝ-ʤʈʅʂ) ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ ʚʳʩʪʫʧʘʝʪ ʪʦʣʴʢʦ ʦʜʥʘ ï 

ʤʘʪʨʠʯʥʘʷ ʮʝʧʴ ɼʅʂ. ʇʨʦʜʫʢʪ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ - ʧʨʝ-ʤʈʅʂ ï ʧʦ ʧʦʩʣʝ-

ʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʫʢʣʝʦʪʠʜʦʚ ʩʦʚʧʘʜʘʝʪ ʩ ʢʦʜʠʨʫʶʱʝʡ ʮʝʧʴʶ ɼʅʂ (ʩ ʟʘ-

ʤʝʥʦʡ ʪʠʤʠʥʦʚʳʭ ʦʩʥʦʚʘʥʠʡ ʥʘ ʫʨʘʮʠʣʦʚʳʝ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʩ ʧʦʤʦʱʴʶ ʤʘʪʨʠʯʥʦʡ ʮʝʧʠ ɼʅʂ 

ʧʨʠ ʪʨʘʥʩʢʨʠʧʮʠʠ ʚʦʩʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʩʪʨʫʢʪʫʨʝ ʈʅʂ ʛʝʥʝʪʠʯʝʩʢʘʷ ʠʥ-

ʬʦʨʤʘʮʠʷ ʢʦʜʠʨʫʶʱʝʡ (ʩʤʳʩʣʦʚʦʡ) ʮʝʧʠ ɼʅʂ, ʪ.ʝ. ʛʝʥ. 

ʅʘ ʨʠʩʫʥʢʘʭ ʛʝʥ ʧʨʠʥʷʪʦ ʠʟʦʙʨʘʞʘʪʴ ʪʘʢ, ʯʪʦʙʳ ʢʦʜʠʨʫʶʱʘʷ 

ʮʝʧʴ ʙʳʣʘ ʩʚʝʨʭʫ; ʪʦʛʜʘ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʙʱʠʤ ʧʨʘʚʠʣʦʤ ʠʟʦʙʨʘʞʝ-

ʥʠʷ ɼʅʂ, 5'-ʢʦʥʝʮ ʢʦʜʠʨʫʶʱʝʡ ʮʝʧʠ ʜʦʣʞʝʥ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʩʣʝʚʘ. 

ɻʝʥʝʪʠʯʝʩʢʠʡ ʢʦʜ. ɽʜʠʥʠʮʝʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʢʦʜʠʨʫʶʱʝʡ ʮʝʧʠ 

ɼʅʂ ʷʚʣʷʝʪʩʷ ʪʨʠʧʣʝʪ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʟ ʪʨʝʭ ʥʫʢʣʝʦʪʠʜʦʚ. 4 ʚʠʜʘ 

ʥʫʢʣʝʦʪʠʜʦʚ (ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʚ ɼʅʂ) ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ 4
3
=64 ʚʠʜʘ 

ʪʨʠʧʣʝʪʦʚ. ʀʟ ʥʠʭ 61 ʪʨʠʧʣʝʪ ʷʚʣʷʪʁʩʷ ʩʤʳʩʣʦʚʳʤʠ, ʪ. ʝ. ʢʦʜʠʨʫʝʪ ʪʫ 

ʠʣʠ ʠʥʫʶ ʠʟ 20 ʘʤʠʥʦʢʠʩʣʦʪ, ʘ 3 ʪʨʠʧʣʝʪʘ ʷʚʣʷʶʪʩʷ çʙʝʩʩʤʳʩʣʝʥʥʳʤʠè 

(ʪʘʙʣ. 11.1). 

ʂʘʢ ʚʠʜʠʤ, ʥʘ ʦʜʥʫ ʘʤʠʥʦʢʠʩʣʦʪʫ ʧʨʠʭʦʜʠʪʩʷ ʚ ʩʨʝʜʥʝʤ ʥʝ-

ʩʢʦʣʴʢʦ ʩʤʳʩʣʦʚʳʭ ʪʨʠʧʣʝʪʦʚ (ʚ ʨʝʘʣʴʥʦʩʪʠ ï ʦʪ 1 ʜʦ 6). ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʢʦʜ ʩʧʝʮʠʬʠʯʝʥ: ʢʘʞʜʦʤʫ ʠʟ ʩʤʳʩʣʦʚʳʭ ʪʨʠʧʣʝʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʣʴ-

ʢʦ ʦʜʥʘ ʘʤʠʥʦʢʠʩʣʦʪʘ.ʉʘʤʘ ʞʝ ʠʥʬʦʨʤʘʮʠʷ ʦ ʙʝʣʢʝ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʚ 

ʧʦʣʥʦʤ ʛʝʥʝ ʣʠʥʝʡʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʪʨʠʧʣʝʪʦʚ ʢʦʜʠʨʫʝʪ ʘʥʘʣʦ-

ʛʠʯʥʫʶ ʣʠʥʝʡʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʘʤʠʥʦʢʠʩʣʦʪ ʚ ʧʝʨʚʠʯʥʦʡ ʩʪʨʫʢ-

ʪʫʨʝ ʜʘʥʥʦʛʦ ʙʝʣʢʘ (ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʘʤʠʥʥʦʛʦ ʢ ʢʘʨʙʦʢʩʠʣʴʥʦʤʫ ʢʦʥ-

ʮʫ ʧʝʧʪʠʜʥʦʡ ʮʝʧʠ) (ʨʠʩ. 11.2). 


