


ɸʅʆʊɸʎɯʗ 

ʉʪʝʧʘʥʦʚʘ ʊ.ʄ. ʊʝʭʥʦʣʦʛʽʷ ʞʝʣʝ ʧʣʦʜʦʚʦ-ʷʛʽʜʥʦʛʦ ʥʘ ʦʩʥʦʚʽ ʥʘʧʽʚʬʘʙ-

ʨʠʢʘʪʽʚ ʞʝʣʶʶʯʠʭ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʦ-ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.18.16 ï ʪʝʭʥʦʣʦʛʽʷ ʭʘʨʯʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. ï ʍʘʨʢʽʚʩʴʢʠʡ ʜʝʨ-

ʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʫʚʘʥʥʷ ʪʘ ʪʦʨʛʽʚʣʽ ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘ-

ʾʥʠ, ʍʘʨʢʽʚ, 2017. 

ɼʠʩʝʨʪʘʮʽʶ ʧʨʠʩʚʷʯʝʥʦ ʥʘʫʢʦʚʦʤʫ ʦʙˇʨʫʥʪʫʚʘʥʥʶ ʪʝʭʥʦʣʦʛʽʾ ʞʝʣʝ 

ʧʣʦʜʦʚʦ-ʷʛʽʜʥʦʛʦ ʥʘ ʦʩʥʦʚʽ ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ ʞʝʣʶʯʁʠʭ ʜʣʷ ʩʦʣʦʜʢʠʭ ʩʪʨʘʚ 

(ʅɾʉʉ). 

ʋ ʜʠʩʝʨʪʘʮʽʾ ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʩʫʯʘʩʥʠʭ ʪʝʥʜʝʥʮʽʡ ʫ 

ʚʠʨʦʙʥʠʮʪʚʽ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʽʟ ʞʝʣʝʡʥʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʦʢʨʝʩʣʝʥʦ ʧʝʨ-

ʩʧʝʢʪʠʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʠʭ ʚʠʜʽʚ ʛʝʣʝʫʪʚʦʨʶʚʘʯʽʚ, ʱʦ ʩʪʘʣʦ ʧʽʜʨ̌ʫʥʪʷʤ 

ʨʦʟʨʦʙʢʠ ʪʝʭʥʦʣʦʛʽʾ ʜʝʩʝʨʪʥʦʾ ʧʨʦʜʫʢʮʽʾ ʥʘ ʦʩʥʦʚʽ ʧʝʢʪʠʥʫ 

ʥʠʟʴʢʦʝʪʝʨʠʬʽʢʦʚʘʥʦʛʦ ʘʤʽʜʦʚʘʥʦʛʦ (ʇʅɽɸ). ʇʦʢʘʟʘʥʦ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʪʘ 

ʘʢʪʫʘʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʇʅɽɸ ʚ ʪʝʭʥʦʣʦʛʽʾ ʅɾʉʉ ʪʘ ʩʧʨʦʛʥʦʟʦʚʘʥʦ 

ʜʦʮʽʣʴʥʽʩʪʴ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʩʢʣʘʜʽ ʞʝʣʝ ʧʣʦʜʦʚʦ-ʷʛʽʜʥʦʛʦ.  

ʅʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʨʦʰʢʫ ʷʻʯʥʦʾ ʰʢʘ-

ʨʘʣʫʧʠ (ʇʗʐ) ʷʢ ʜʞʝʨʝʣʘ ʚʽʣʴʥʠʭ ʽʦʥʽʚ ʉʘ
2+

 ʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤʘʭ ʥʘ 

ʦʩʥʦʚʽ ʇʅɽɸ. 

ʐʣʷʭʦʤ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʟʥʘʯʝʥʦ 

ʥ̔ʥʦʚʘʮʽʡʥʫ ʩʪʨʘʪʝʛʽʶ ʨʦʟʨʦʙʢʠ ʥʦʚʦʛʦ ʧʨʦʜʫʢʪʫ, ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʪʠʯʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʩʪʝʤʠ çʇʅɽɸ ï ʉʘ 
2+
è ʪʘ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʤʝʭʘʥʽʟʤ 

ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʛʝʣʽʚ çʇʅɽɸ ï ʉʘ 
2+
è ʟʘ ʫʤʦʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʇʗʐ ʷʢ 

ʜʞʝʨʝʣʘ ʽʦʥʽʚ ʉʘ 
2+

. 

ʊʝʭʥʦʣʦʛʽʷ ʞʝʣʝ ʧʣʦʜʦʚʦ-ʷʛʽʜʥʦʛʦ ʥʘ ʦʩʥʦʚʽ ʅɾʉʉ ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʽʥʥʦʚʘʮʽʡ ʫ ʛʘʣʫʟʽ ʚʠʨʦʙʥʠʮʪʚʘ ʩʦʣʦʜʢʠʭ ʩʪʨʘʚ ʽʟ ʞʝʣʝʧʦʜʽʙʥʦʶ 

ʩʪʨʫʢʪʫʨʦʶ, ʨʝʘʣʽʟʫʶʯʠ ʤʝʪʦʜʠ ʽʦʥʦʪʨʦʧʥʦʛʦ ʛʝʣʝʫʪʚʦʨʝʥʥʷ, ʦʙˇʨʫʥʪʦʚʘʥʽ 

ʧʘʨʘʤʝʪʨʠ ʧʨʦʪʽʢʘʥʥʷ ʷʢʦʛʦ ʜʦʟʚʦʣʷʪʴ ʩʬʦʨʤʫʚʘʪʠ ʚʠʩʦʢʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ 

ʪʘ ʭʘʨʯʦʚʦʾ ʮʽʥʥʦʩʪʽ ʥʦʚʦʛʦ ʧʨʦʜʫʢʪʫ. 

2 



ɻʝʣʝʫʪʚʦʨʝʥʥʷ ʇʅɽɸ ʦʙʫʤʦʚʣʝʥʦ ʧʦʷʚʦʶ ʪʘʢ ʟʚʘʥʠʭ çʛʝʣʴ-ʪʦʯʦʢè 

(ʛʘʣʘʢʪʫʨʦʥʘʪʽʚ ʢʘʣʴʮʽʶ), ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʟʘ ʨʘʭʫʥʦʢ ʨʝʘʣʽʟʘʮʽʾ ʭʽʤʽʯʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ ʚʽʣʴʥʠʭ ʽʦʥʽʚ ʢʘʣʴʮʽʶ, ʱʦ ʧʦʪʨʘʧʠʣʠ ʜʦ ʨʦʟʯʠʥʫ ʛʽʜʨʦʢʦʣʦʾʜʫ ʚ 

ʢʦʣʦ ʢʘʨʙʦʢʩʠʣʴʥʠʭ ʛʨʫʧ ʯʦʪʠʨʴʦʭ ʧʽʨʘʥʦʟʥʠʭ ʬʦʨʤ ʧʝʢʪʠʥʦʚʦʾ ʢʠʩʣʦʪʠ ʪʘ 

ʨʦʟʧʦʯʠʥʘʶʪʴ ʫʪʚʦʨʶʚʘʪʠ ʭʽʤʽʯʥʽ ʟʚôʷʟʢʠ ʤʽʞ ʤʦʣʝʢʫʣʘʤʠ ʧʦʣʽʤʝʨʫ. ʋʪʚʦ-

ʨʝʥʥʷ ʟʚôʷʟʢʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʨʽʚʥʦʟʥʘʯʥʦʛʦ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʝʥʝʨʛʽʾ 

ʟʚôʷʟʫʚʘʥʥʷ ʤʽʞ ʟʘʨʷʜʞʝʥʦʶ ʯʘʩʪʠʥʢʦʶ ʙʽʚʘʣʝʥʪʥʦʛʦ ʤʝʪʘʣʫ ʪʘ ʯʦʪʠʨʤʘ ʢʘʨ-

ʙʦʢʩʠʣʴʥʠʤʠ ʛʨʫʧʘʤʠ, ʩʢʫʧʯʝʥʠʤʠ ʥʘʚʢʦʣʦ ʥʴʦʛʦ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʫʪʚʦʨʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʙʫʜʦʚʠ ʤʽʞ ʢʘʨʙʦʢʩʠʣʴʥʠʤʠ ʛʨʫ-

ʧʘʤʠ ʯʦʪʠʨʴʦʭ ʟʘʣʠʰʢʽʚ ʛʘʣʘʢʪʫʨʦʥʦʚʦʾ ʢʠʩʣʦʪʠ, ʱʦ ʩʪʚʦʨʶʶʪʴ ʨʽʟʥʽ ʣʘʥʮʶ-

ʛʠ ʧʝʢʪʠʥʫ, ʪʘ ʽʦʥʦʤ ʉʘ
2+

 ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʚôʷʟʦʢ, ʷʢʠʡ, ʧʨʦʛʥʦʟʦʚʘʥʦ, ʥʦʩʠʪʴ 

ʢʦʦʨʜʠʥʘʮʽʡʥʠʡ ʭʘʨʘʢʪʝʨ. 

ɯʦʥ ʉʘ
2+

 ʚʠʩʪʫʧʘʻ ʚ ʨʦʣʽ ʝʣʝʤʝʥʪʘ, ʱʦ ʟʚôʷʟʫʻ ʧʦʣʽʤʝʨʥʽ ʣʘʥʮʶʛʠ ʧʝʢ-

ʪʠʥʫ, ʪʘ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʟʤʝʥʰʫʻ ʢʽʣʴʢʽʩʪʴ ʚʦʜʥʝʚʠʭ ʟʚôʷʟʢʽʚ ʽ ʧʝʨʝʪʚʦʨʶʻ 

ʘʤʦʨʬʥʠʡ ʛʝʣʴ ʛʽʜʨʦʢʦʣʦʾʜʫ ʥʘ ʙʽʣʴʰ ʧʨʫʞʥʠʡ ʪʘ ʤôʷʢʠʡ. 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʩʽʪʢʠ ʛʝʣʶ ʚ ʩʠʩʪʝʤʽ çʇʅEA ï ʉʘ
2+
è ʤʦʞ-

ʣʠʚʝ ʪʨʘʜʠʮʽʡʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʘʣʴʮʽʻʚʤʽʩʥʠʭ ʩʦʣʝʡ ʷʢ ʥʝʦʨʛʘʥʽʯʥʦʛʦ, ʪʘʢ ʽ 

ʦʨʛʘʥʽʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ. ʐʢʘʨʘʣʫʧʫ ʢʫʨʷʯʠʭ ʷʻʮʴ ʯʝʨʝʟ ʜʦʩʪʘʪʥʶ ʢʽʣʴʢʽʩʪʴ 

ʢʘʣʴʮʽʶ ʤʦʞʥʘ ʨʝʢʦʤʝʥʜʫʚʘʪʠ ʜʣʷ ʫʯʘʩʪʽ ʚ ʩʪʚʦʨʝʥʥʽ ʩʠʩʪʝʤʠ çʇʅEA ï 

ʉʘ
2+
è. ɿʚʘʞʘʶʯʠ, ʱʦ ʩʽʣʴ ʉʘʉʆ3  ʥʝʨʦʟʯʠʥʥʘ, ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ ʧʨʦ ʧʝ-

ʨʝʚʝʜʝʥʥʷ ʢʘʣʴʮʽʶ ʚ ʽʦʥʥʫ ʬʦʨʤʫ ʰʣʷʭʦʤ ʨʦʟʯʠʥʝʥʥʷ ʚ ʨʦʟʯʠʥʽ ʟ ʨʅ < 7. ɹʫ-

ʣʦ ʦʛʣʷʥʫʪʦ ʪʘʢʠʡ ʧʝʨʝʣʽʢ ʢʠʩʣʦʪ ʷʢ ʥʝʦʨʛʘʥʽʯʥʠʭ (ʦʨʪʦʬʦʩʬʦʨʥʘ, ʩʦʣʷʥʘ, 

ʩʽʨʯʘʥʘ, ʘʟʦʪʥʘ), ʪʘʢ ʽ ʦʨʛʘʥʽʯʥʠʭ (ʷʙʣʫʯʥʘ, ʚʠʥʥʘ, ʙʫʨʰʪʠʥʦʚʘ, ʦʮʪʦʚʘ, ʣʠ-

ʤʦʥʥʘ, ʘʩʢʦʨʙʽʥʦʚʘ). ʅʘ ʧʽʜʩʪʘʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʦʨʛʘʥʽʯʥʠʭ ʢʠʩʣʦʪ 

ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʩʠʩʪʝʤʽ çʇʅɽɸ ï ʉʘ 
2+
è ʧʨʠʡʥʷʪ-

ʥʦʶ ʪʘ ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʦʶ ʻ ʣʠʤʦʥʥʘ ʢʠʩʣʦʪʘ. 

ʋʨʘʭʦʚʫʶʯʠ, ʱʦ ʉʘʉʆ3 ʇʗʐ ʤʘʻ ʥʝʚʠʩʦʢʫ ʨʦʟʯʠʥʥʽʩʪʴ ʫ ʚʦʜʽ ï 

0,0015 ʛ/100 ʤʣ, ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʦʟʯʠʥ ʣʠʤʦʥʥʦʾ ʢʠʩʣʦ-

ʪʠ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʝʨʝʭʦʜʫ ʽʦʥʽʚ ʉʘ
2+ 
ʫ ʘʢʪʠʚʥʫ ʬʦʨʤʫ. 

3 



ɼʦʩʣʽʜʞʝʥʦ ʢʽʥʝʪʠʢʫ ʚʠʣʫʯʝʥʥʷ ʽʦʥʽʚ ʉʘ
2+ 
ʚ 0,18%-ʤʫ ʨʦʟʯʠʥʽ ʣʠʤʦʥʥʦʾ 

ʢʠʩʣʦʪʠ ʟʘʣʝʞʥʦ ʚʽʜ ʩʪʫʧʝʥʷ ʧʦʜʨʽʙʥʝʥʥʷ ʇʗʐ 

ʋʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʉʘʉʆ3 ʨʦʟʯʠʥʷʻʪʴʩʷ ʫ 0,18%-ʤʫ ʨʦʟʯʠʥʽ ʣʠʤʦʥʥʦʾ ʢʠ-

ʩʣʦʪʠ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʧʝʨʝʭʦʜʠʪʴ ʫ ʬʦʨʤʫ ʢʘʣʴʮʽʡ ʮʠʪʨʘʪʫ. 

ʇʽʩʣʷ ʧʦʪʨʘʧʣʷʥʥʷ ʇʅɽɸ ʜʦ ʩʠʩʪʝʤʠ ʨʦʟʯʠʥʝʥʦʛʦ ʚ ʢʠʩʣʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʇʗʐ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʝʘʢʮʽʷ ʫʪʚʦʨʝʥʥʷ ʛʘʣʘʢʪʫʨʦʥʘʪʫ ʢʘʣʴʮʽʶ. 

ɯʦʥʠ ʉʘ
2+

 ʧʝʨʝʭʦʜʷʪʴ ʽʟ ʥʝʨʦʟʯʠʥʥʦʾ ʩʦʣʽ ʉʘʉʆ3 ʜʦ ʤʘʣʦʨʦʟʯʠʥʥʦʾ ï ʢʘʣʴʮʽʡ 

ʮʠʪʨʘʪʫ.  

ɺʠʟʥʘʯʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʯʘʩʫ ʨʦʟʯʠʥʝʥʥʷ ʇʗʐ ʫ ʨʦʟʯʠʥʽ ʣʠʤʦʥʥʦʾ ʢʠ-

ʩʣʦʪʠ ʚʽʜ ʩʪʫʧʝʥʷ ʧʦʜʨʽʙʥʝʥʥʷ ʪʘ ʰʚʠʜʢʦʩʪʽ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ ʟ ʇʅɽɸ. 

ʈʘʮʽʦʥʘʣʴʥʠʡ ʯʘʩ ʨʦʟʯʠʥʝʥʥʷ ʇʗʐ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 180é200 ʩ, 

ʱʦ ʤʘʻ ʪʘʢʦʞ ʩʝʨʝʜʥʽ ʧʦʢʘʟʥʠʢʠ ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ ʚ 

ʤʝʞʘʭ 2,0é2,3 ʤʦʣʴ/ʣĬʩ. 

ɿʘ ʩʪʝʭʽʦʤʝʪʨʽʻʶ, ʜʣʷ ʧʦʚʥʦʛʦ ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʮʝʩʽʚ ʚʠʚʽʣʴʥʝʥʥʷ ʽʦʥʽʚ 

ʉʘ 
2+

 ʟ ʇʗʐ ʪʘ ʾʭ ʟʚôʷʟʫʚʘʥʥʷ ʟ ʟʘʣʠʰʢʘʤʠ ʛʘʣʘʢʪʫʨʦʥʦʚʦʾ ʢʠʩʣʦʪʠ ʚ ʤʘʪʨʠʮʽ 

ʧʝʢʪʠʥʫ ʥʝʦʙʭʽʜʥʦ ʚʟʷʪʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʇʅɽɸ:ʇʗʐ:ʣʠʤʦʥʥʘ ʢʠʩʣʦʪʘ ʷʢ 

1:0,06:0,07 ʚʽʜʧʦʚʽʜʥʦ. ɸʥʘʣʽʪʠʯʥʦ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʚʝʜʝʥʦ 

ʜʦʮʽʣʥɹʽʩʪʴ ʚʥʝʩʝʥʥʷ ʇʗʐ ʫ ʢʽʣʴʢʦʩʪʽ 0,1% ʜʦ ʩʢʣʘʜʫ ʅɾʉʉ. ʉʘʤʝ ʟʘ ʮʠʭ 

ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʪʘ ʫʤʦʚ ʧʨʦʪʽʢʘʥʥʷ ʚʠʱʝʥʘʚʝʜʝʥʠʭ ʨʝʘʢʮʽʡ ʤʦʞʥʘ ʦʜʝʨʞʘʪʠ 

ʛʝʣʴ ʽʟ ʚʠʩʦʢʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ. 

ɯʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʇʗʐ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʦʧʪʠʤʫʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʇʅɽɸ:ʇʗʐ:ʣʠʤʦʥʥʘ ʢʠʩʣʦʪʘ ʧʨʦʚʝʜʝʥʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʥʦ-ʤʝʭʘʥʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʤʘʪʨʠʯʥʠʭ ʛʝʣʽʚ ʫ ʜʽʘʧʘʟʦʥʽ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʇʗʐ 0,05é0,2%.  

ʂʦʥʮʝʥʪʨʘʮʽʾ ʇʗʐ, ʟʘ ʷʢʠʭ ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʦʟʦʨʽ, ʤôʷʢʽ ʪʘ ʝʣʘʩʪʠʯʥʽ 

ʛʝʣʽ, ʱʦ ʥʝ ʧʽʜʜʘʶʪʴʩʷ ʩʠʥʝʨʝʟʠʩʫ ʪʨʠʚʘʣʠʡ ʯʘʩ, ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʜʽʘʧʘʟʦʥʽ 

0,05é0,1%. 

ʊʝʦʨʝʪʠʯʥʦ ʨʦʟʨʘʭʦʚʘʥʦ ʢʽʣʴʢʽʩʪʴ ʟʘʣʠʰʢʽʚ ʛʘʣʘʢʪʫʨʦʥʦʚʦʾ ʢʠʩʣʦʪʠ, 

ʱʦ ʤʽʩʪʠʪʴʩʷ ʚ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʛʝʣʝʫʪʚʦʨʶʚʘʯʘ 1,0 ʪʘ 1,1% ʪʘ ʜʦʟʚʦʣʠʪʴ ʫ 

ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ ʟʚôʷʟʘʪʠ ʢʽʣʴʢʽʩʪʴ ʽʦʥʽʚ ʙʽʚʘʣʝʥʪʥʦʛʦ ʤʝʪʘʣʫ ʚ ʢʽʣʴʢʦʩʪʽ 0,1%, 
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ʚʠʚʽʣʴʥʝʥʠʭ ʟʽ ʩʢʣʘʜʫ ʇʗʐ. ʉʪʨʫʢʪʫʨʥʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʛʝʣʽʚ ʟʘ ʦʙʦʭ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʢʘʨʜʠʥʘʣʴʥʠʭ ʨʦʟʙʽʞʥʦʩʪʝʡ ʥʝ ʤʘʶʪʴ, ʚʦʣʦʛʦʫʪʨʠʤʫʚʘʣʴʥʘ 

ʟʜʘʪʥʽʩʪʴ ʫʧʨʦʜʦʚʞ ʫʩʪʘʥʦʚʣʝʥʦʛʦ ʪʝʨʤʽʥʫ ʟʙʝʨʽʛʘʥʥʷ ʻ ʥʝʟʤʽʥʥʦʶ. ʆʨʛʘʥʦ-

ʣʝʧʪʠʯʥʘ ʦʮʽʥʢʘ ʦʙʦʭ ʟʨʘʟʢʽʚ ʦʜʥʘʢʦʚʘ ʽ ʤʘʻ ʥʘʡʚʠʱʽ ʧʦʢʘʟʥʠʢʠ ʟ-ʧʦʤʽʞ 

ʟʨʘʟʢʽʚ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʟʘ ʽʥʰʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʇʅɽɸ. 

ɺʠʟʥʘʯʝʥʦ ʢʽʥʝʪʠʢʫ ʫʪʚʦʨʝʥʥʷ ʛʝʣʽʚ ʥʘ ʦʩʥʦʚʽ ʩʠʩʪʝʤʠ çʇʅɽɸ ï ʉʘ
2+
è 

ʟʘʣʝʞʥʦ ʚʽʜ ʨʅ. 

ʅʘʡʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʝ ʥʘʨʦʩʪʘʥʥʷ ʤʽʮʥʦʩʪʽ ʛʝʣʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʪʷʛʦʤ 

ʧʝʨʰʠʭ (40é60)Ĭ60 ʩ. ʋ ʟʨʘʟʢʘʭ ʽʟ ʨʅ 2,8 ʥʘʨʦʩʪʘʥʥʷ ʤʽʮʥʦʩʪʽ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʰʚʠʜʰʝ ʪʘ ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ (80é100)Ĭ60 ʩ, ʪʦʜʽ ʷʢ ʫ ʟʨʘʟʢʘʭ ʽʟ ʨʅ 3,4 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʚʽʣʴʥʽʰʝ ʥʘʨʦʩʪʘʥʥʷ ʤʽʮʥʦʩʪʽ ʛʝʣʽʚ, ʷʢʝ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʜʽʘʧʘʟʦʥʽ (60é80)Ĭ60 ʩ, ʙʦ ʧʨʦʮʝʩ ʚʠʣʫʯʝʥʥʷ ʽʦʥʽʚ ʉʘ
2+

 ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʦʚʽʣʥɹʽʰʝ.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʘʮʽʦʥʘʣʴʥʠʡ ʚʤʽʩʪ ʣʠʤʦʥʥʦʾ ʢʠʩʣʦʪʠ ʟʥʘʭʦʜʠʪʴʩʷ ʫ 

ʜʽʘʧʘʟʦʥʽ 0,09é0,13%.  

ʋʩʪʘʥʦʚʣʝʥʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʫ ʬʦʨʤʫʚʘʥʥʽ ʩʪʨʫʢʪʫʨʥʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘ-

ʩʪʠʚʦʩʪʝʡ ʛʝʣʽʚ ʥʘ ʦʩʥʦʚʽ ʩʠʩʪʝʤʠ ʟ ʅɾʉʉ ʫ ʤʝʞʘʭ ʩʪʝʭʽʦʤʝʪʨʠʯʥʠʭ 

ʩʧʽʚʚʽʜʥʦʰʝʥʴ çʇʅEA ï Ca 
2+
è ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʘʭʘʨʦʟʠ, ʷʢʘ ʟʤʝʥʰʫʻ 

ʩʪʫʧʽʥʴ ʛʽʜʨʘʪʘʮʽʾ ʤʦʣʝʢʫʣ ʧʦʣʽʩʘʭʘʨʠʜʫ ʟʘ ʨʘʭʫʥʦʢ ʩʦʨʙʮʽʾ ʜʠʧʦʣʽʚ ʚʦʜʠ ʯʝ-

ʨʝʟ ʚʦʜʥʝʚʽ ʟʚôʷʟʢʠ ʟ ʫʪʚʦʨʝʥʥʷʤ ʥʝʩʪʽʡʢʦʾ ʤʽʞʬʘʟʥʦʾ ʧʦʚʝʨʭʥʽ. ʈʘʮʽʦʥʘʣʴʥʠʡ 

ʚʤʽʩʪ ʩʘʭʘʨʦʟʠ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʜʽʘʧʘʟʦʥʽ 10é16%. ʈʦʟʨʦʙʣʝʥʦ ʪʝʭʥʦʣʦʛʽʯʥʫ 

ʩʭʝʤʫ ʚʠʨʦʙʥʠʮʪʚʘ ʅɾʉʉ, ʱʦ ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘ ʥʘʩʪʫʧʥʠʤʠ ʚʘʨʽʘʥʪʘʤʠ: 

ʅɾʉʉ-1 (ʟ ʢʠʩʣʦʪʦʶ) ʪʘ ʅɾʉʉ-2 (ʙʝʟ ʢʠʩʣʦʪʠ). ɺʠʟʥʘʯʝʥʦ ʦʩʥʦʚʥʽ 

ʦʨʛʘʥʦʣʝʧʪʠʯʥʽ, ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʪʘ ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʅɾʉʉ. 

ʋʩʪʘʥʦʚʣʝʥʦ ʚʧʣʠʚ ʨʝʮʝʧʪʫʨʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʥʘ ʧʨʦʮʝʩ ʛʝʣʝʫʪʚʦʨʝʥʥʷ 

ʪʘ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʞʝʣʝ ʧʣʦʜʦʚʦ-ʷʛʽʜʥʦʛʦ ʥʘ ʦʩʥʦʚʽ ʅɾʉʉ; ʚʠʟʥʘʯʝʥʦ ʨʝ-

ʮʝʧʪʫʨʥʠʡ ʩʢʣʘʜ ʥʦʚʦʾ ʧʨʦʜʫʢʮʽʾ; ʨʦʟʨʦʙʣʝʥʦ ʪʝʭʥʦʣʦʛʽʯʥʽ ʩʭʝʤʠ ʚʠʨʦʙʥʠʮ-

ʪʚʘ ʞʝʣʝ; ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʪʝʨʤʽʥʠ ʟʙʝʨʽʛʘʥʥʷ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ.  

ɿʛʽʜʥʦ ʟ ʊʋ ʋ 10.8-04718013-012:2015 ʅɾʉʉ ʤʘʻ ʪʝʨʤʽʥ ʟʙʝʨʽʛʘʥʥʷ ʥʝ 

ʙʽʣʴʰʝ ʥʽʞ 12 ʤʽʩʷʮʽʚ (ʟʘ t Ò 20C̄, Wʧʦʚ. = 70Ñ5%), ʚʠʨʦʙʥʠʮʪʚʦ ʞʝʣʝ ʧʣʦʜʦ-
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ʚʦ-ʷʛʽʜʥʦʛʦ ʟʚʦʜʠʪʴʩʷ ʜʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʚʥʝʩʝʥʥʷ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ 

ʜʦ ʪʨʘʜʠʮʽʡʥʠʭ ʭʘʨʯʦʚʠʭ ʩʠʩʪʝʤ ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʾʭ ʨʝʮʝʧʪʫʨʥʦʛʦ ʩʢʣʘʜʫ. 

ʈʦʟʨʦʙʣʝʥʦ ʪʝʭʥʦʣʦʛʽʶ ʞʝʣʝ ʧʣʦʜʦʚʦ-ʷʛʽʜʥʦʛʦ: çʇʽʂè (ʚʠʰʥʝʚʠʡ, ʘʧʝʣʴ-

ʩʠʥʦʚʠʡ ʪʘ ʣʠʤʦʥʥʠʡ) ʥʘ ʦʩʥʦʚʽ ʩʫʭʠʭ ʢʦʥʮʝʥʪʨʘʪʽʚ ʩʦʢʽʚ ï ʚʠʰʥʝʚʦʛʦ, 

ʘʧʝʣʴʩʠʥʥʦʛʦ, ʣʠʤʦʥʥʦʛʦ; çʇʽʂ ʇʨʝʤʽʫʤè (ʚʠʰʥʝʚʠʡ, ʘʧʝʣʴʩʠʥʦʚʠʡ, ʣʠʤʦʥ-

ʥʠʡ) ʥʘ ʦʩʥʦʚʽ ʨʽʜʢʠʭ ʢʦʥʮʝʥʪʨʘʪʽʚ ʩʦʢʽʚ ï ʚʠʰʥʝʚʦʛʦ, ʘʧʝʣʴʩʠʥʥʦʛʦ, ʣʠʤʦʥ-

ʥʦʛʦ; çʇʽʂ ʇʨʝʤʽʫʤ ʌʨʝʰè (ʚʠʰʥʝʚʠʡ, ʘʧʝʣʴʩʠʥʦʚʠʡ, ʣʠʤʦʥʥʠʡ) ʥʘ ʦʩʥʦʚʽ 

ʥʘʪʫʨʘʣʴʥʦʾ ʧʣʦʜʦʚʦ-ʷʛʽʜʥʦʾ ʩʠʨʦʚʠʥʠ ï ʚʠʰʥʽ, ʘʧʝʣʴʩʠʥʫ, ʣʠʤʦʥʫ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʦʟʨʦʙʣʝʥʽ ʞʝʣʝ ʧʣʦʜʦʚʦ-ʷʛʽʜʥʽ ʥʘ ʦʩʥʦʚʽ ʅɾʉʉ-1 ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʭʠʭ ʢʦʥʮʝʥʪʨʦʚʘʥʠʭ ʩʦʢʽʚ çʇʽʂè (ʘʧʝʣʴʩʠʥʦʚʠʡ, ʚʠʰʥʝʚʠʡ 

ʪʘ ʣʠʤʦʥʥʠʡ), ʅɾʉʉ-2 ʪʘ ʨʽʜʢʠʭ ʢʦʥʮʝʥʪʨʦʚʘʥʠʭ ʩʦʢʽʚ çʇʽʂ ʇʨʝʤʽʫʤè 

(ʘʧʝʣʴʩʠʥʦʚʠʡ, ʚʠʰʥʝʚʠʡ ʪʘ ʣʠʤʦʥʥʠʡ) ʽ ʧʣʦʜʦʚʦ-ʷʛʽʜʥʦʾ ʩʠʨʦʚʠʥʠ çʇʽʂ 

ʇʨʝʤʽʫʤ ʌʨʝʰè (ʘʧʝʣʴʩʠʥʦʚʠʡ, ʚʠʰʥʝʚʠʡ ʪʘ ʣʠʤʦʥʥʠʡ) ʤʘʶʪʴ ʚʠʩʦʢʽ 

ʦʨʛʘʥʦʣʝʧʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ, ʱʦ ʜʦʚʦʜʠʪʴ ʾʭ ʩʧʦʞʠʚʥʫ ʮʽʥʥʽʩʪʴ, ʧʨʦʛʥʦʟʫʻ ʚʠ-

ʩʦʢʠʡ ʨʽʚʝʥʴ ʧʦʧʠʪʫ ʥʘ ʮʝʡ ʚʠʜ ʧʨʦʜʫʢʮʽʾ ʪʘ ʚʠʟʥʘʯʘʻ ʷʢ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦ-

ʤʦʞʥʫ ʥʘ ʨʠʥʢʫ ʘʥʘʣʦʛʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ.  

ɯʟ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʭʘʨʯʦʚʦʾ ʮʽʥʥʦʩʪʽ ʚʠʟʥʘʯʘʣʠʩʷ ʭʽʤʽʯʥʠʡ ʪʘ 

ʤʽʥʝʨʘʣʴʥʦ-ʚʽʪʘʤʽʥʥʠʡ ʩʢʣʘʜ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. ʊʘʢʦʞ ʙʫʣʠ ʚʩʪʘʥʦʚʣʝʥʽ 

ʟʤʽʥʠ ʧʽʜ ʯʘʩ ʟʙʝʨʽʛʘʥʥʷ ʛʦʪʦʚʠʭ ʞʝʣʝ ʧʣʦʜʦʚʦ-ʷʛʽʜʥʠʭ. 

ɺʩʪʘʥʦʚʣʝʥʦ ʪʝʨʤʽʥʠ ʧʨʠʜʘʪʥʦʩʪʽ ʞʝʣʝ ʧʣʦʜʦʚʦ-ʷʛʽʜʥʦʛʦ (ʟʘ t = 4é6Áʉ 

ï ʜʦ 12 ʛʦʜ).  

ɼʦʩʣʽʜʞʝʥʦ ʧʦʢʘʟʥʠʢʠ ʙʝʟʧʝʯʥʦʩʪʽ ʟʨʘʟʢʽʚ ʥʦʚʠʭ ʞʝʣʝ ʧʣʦʜʦʚʦ-

ʷʛʽʜʥʦʛʦ ʥʘ ʦʩʥʦʚʽ ʅɾʉʉ, ʬʘʢʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʷʢʠʭ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʝʞʘʭ ʜʦ-

ʧʫʩʪʠʤʠʭ ʥʦʨʤ. ʈʦʟʨʦʙʣʝʥʦ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʦ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ.  

ʇʨʦʩʣʽʜʢʦʚʘʥʦ ʧʦʜʦʚʞʝʥʥʷ ʪʝʨʤʽʥʽʚ ʟʙʝʨʽʛʘʥʥʷ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʥʘ 

ʦʩʥʦʚʽ ʅɾʉʉ. ʅʘ ʧʽʜʩʪʘʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʷʢ ʢʦʥʩʝʨʚʘʥʪ ʜʣʷ ʨʦʟʨʦʙʣʝ-

ʥʠʭ ʞʝʣʝ ʧʣʦʜʦʚʦ-ʷʛʽʜʥʠʭ ʥʘ ʦʩʥʦʚʽ ʅɾʉʉ ʦʙʨʘʥʦ ʙʝʥʟʦʘʪ ʥʘʪʨʽʶ, ʨʝʢʦʤʝʥ-

ʜʦʚʘʥʘ ʢʽʣʴʢʽʩʪʴ ʜʦ ʚʥʝʩʝʥʥʷ ʷʢʦʛʦ ʩʢʣʘʜʘʻ 0,05%. ʊʝʨʤʽʥ ʧʨʠʜʘʪʥʦʩʪʽ ʞʝʣʝ 

ʧʣʦʜʦʚʦ-ʷʛʽʜʥʦʛʦ ʟʘ ʫʤʦʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʩʝʨʚʘʥʪʫ ʪʘ ʛʝʨʤʝʪʠʯʥʦʾ ʫʧʘʢʦʚ-

ʢʠ (ʟʘ t = 4é6Áʉ) ï ʜʦ 90 ʜʽʙ. 
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ʇʽʜʪʚʝʨʜʞʝʥʦ ʩʦʮʽʘʣʴʥʠʡ ʝʬʝʢʪ ʚʽʜ ʫʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʅɾʉʉ ʪʘ 

ʞʝʣʝ ʧʣʦʜʦʚʦ-ʷʛʽʜʥʦʛʦ ʥʘ ʾʭ ʦʩʥʦʚʽ, ʷʢʠʡ ʧʦʣʷʛʘʻ ʚ ʨʦʟʰʠʨʝʥʥʽ ʘʩʦʨʪʠʤʝʥʪʫ 

ʞʝʣʝʡʥʠʭ ʩʪʨʘʚ ʽʟ ʧʽʜʚʠʱʝʥʦʶ ʭʘʨʯʦʚʦʶ ʮʽʥʥʽʩʪʶ ʪʘ ʟʥʠʞʝʥʠʤ ʚʤʽʩʪʦʤ ʮʫʢ-

ʨʫ, ʱʦ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʚ ʟʘʢʣʘʜʘʭ ʨʝʩʪʦʨʘʥʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʪʘ ʥʘ 

ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʭʘʨʯʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

ɼʦʚʝʜʝʥʦ ʝʢʦʥʦʤʽʯʥʫ ʜʦʮʽʣʴʥʽʩʪʴ ʫʧʨʦʚʘʜʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʠʭ 

ʧʨʦʧʦʟʠʮʽʡ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʭʘʨʯʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʚ ʟʘʢʣʘʜʘʭ ʨʝʩʪʦʨʘʥʥʦ-

ʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ, ʘ ʪʘʢʦʞ ʧʨʠʚʘʙʣʠʚʽʩʪʴ ʥʘʫʢʦʚʠʭ ʨʦʟʨʦʙʦʢ ʷʢ ʦʙôʻʢʪʘ 

ʽʥʚʝʩʪʠʮʽʡʥʠʭ ʚʢʣʘʜʝʥʴ.  

ɺʠʟʥʘʯʝʥʦ, ʱʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʅɾʉʉ ʫ ʟʘʢʣʘʜʘʭ ʨʝʩʪʦʨʘʥʥʦ-

ʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʪʘ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʭʘʨʯʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʜʦʟʚʦʣʠʪʴ 

ʦʜʝʨʞʘʪʠ ʛʦʩʧʦʜʘʨʶʶʯʦʤʫ ʩʫʙôʻʢʪʫ ʧʨʠʙʫʪʦʢ ʫ ʨʦʟʤʽʨʽ 6,0é6,3 ʪʠʩ. ʛʨʥ ʥʘ 

ʢʦʞʥʫ ʪʦʥʥʫ ʨʝʘʣʽʟʦʚʘʥʦʾ ʧʨʦʜʫʢʮʽʾ. ʈʦʟʨʘʭʦʚʘʥʦ ʩʦʙʽʚʘʨʪʽʩʪʴ 100 ʧʦʨʮʽʡ 

ʞʝʣʝ ʧʣʦʜʦʚʦ-ʷʛʽʜʥʦʛʦ ʥʘ ʦʩʥʦʚʽ ʅɾʉʉ, ʱʦ ʩʪʘʥʦʚʠʪʴ 325é350 ʛʨʥ, ʟʘʣʝʞ-

ʥʦ ʚʽʜ ʘʩʦʨʪʠʤʝʥʪʫ. 

ɼʦʚʝʜʝʥʦ, ʱʦ ʮʝʡ ʥʘʧʽʚʬʘʙʨʠʢʘʪ ʽ ʧʨʦʜʫʢʪʠ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ ʻ ʜʦʩʪʫʧ-

ʥʠʤʠ ʜʣʷ ʰʠʨʦʢʠʭ ʚʝʨʩʪʚ ʥʘʩʝʣʝʥʥʷ ʟ ʨʽʟʥʠʤ ʨʽʚʥʝʤ ʜʦʭʦʜʫ, ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʟʘʢʣʘʜʘʭ ʨʝʩʪʦʨʘʥʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʪʘ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ 

ʭʘʨʯʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʷʢ ʜʦʧʦʚʥʝʥʥʷ ʜʦ ʭʘʨʯʦʚʠʭ ʨʘʮʽʦʥʽʚ. 

ɺʠʢʦʥʘʥʦ ʢʦʤʧʣʝʢʩ ʨʦʙʽʪ ʽʟ ʫʧʨʦʚʘʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʈʦʟʨʦʙʣʝʥʦ ʪʘ ʟʘʪʚʝʨʜʞʝʥʦ ʊʋ ʋ 10.8-04718013-012:2015 çʅʘʧʽʚʬʘʙʨʠʢʘʪʠ 

ʞʝʣʶʶʯʽ ʜʣʷ ʩʦʣʦʜʢʠʭ ʩʪʨʘʚè ʪʘ ʊɯ ʜʦ ʊʋ ʋ 10.8-04718013-012:2015. ʅʦʚʽ 

ʪʝʭʥʦʣʦʛʽʾ ʚʧʨʦʚʘʜʞʝʥʦ ʫ ʜʽʷʣʴʥʽʩʪʴ ʇʇ çʉʠʥʪʝʟè ʪʘ ʊʆɺ çɻʫʜʚʽʣ ɯʥʚʝʩʪè, 

ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ï ʚ ʦʩʚʽʪʥʽʡ ʧʨʦʮʝʩ ʉʅɸʋ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʞʝʣʝ ʧʣʦʜʦʚʦ-ʷʛʽʜʥʝ, ʥʠʟʴʢʦʝʪʝʨʠʬʽʢʦʚʘʥʠʡ ʘʤʽʜʦʚʘʥʠʡ 

ʧʝʢʪʠʥ, ʧʦʨʦʰʦʢ ʷʻʯʥʦʾ ʰʢʘʨʘʣʫʧʠ, ʢʘʣʴʮʽʡ, ʥʘʧʽʚʬʘʙʨʠʢʘʪ ʞʝʣʶʶʯʠʡ, 

ʩʦʣʦʜʢʽ ʩʪʨʘʚʠ. 
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ANNOTATION  

 

Stepanova T.M. Technology of fruit-berry jelly based of semi-finished jelly 

products. ï Manuscript. 

Thesis for Candidates degree by specialty 05.18.16 ï Technology of Food 

Products. ï Kharkiv State University of Food Technology and Trade, Ministry of 

Education and Science, Kharkiv, 2017. 

This thesis is devoted to the scientific justification of fruit-berry jelly tech-

nology based on the semi-finished jelly products for sweet dishes (SJPSD).  

The thesis presents the results of current trends analysis in food products of 

jelly structure and also determines the prospects for the use of new gelling agents. 

It has become the basis for the development of technology of dessert products 

based on low-esterified amidated pectin (PLEA). The prospects and relevance of 

PLEA used in the technology of SJPSD were shown and the expediency of their 

use in the fruit-berry jelly composition was predicted.  

The feasibility of using egg shell powder (ESP) as a source of free ions of 

Ca
2 +

 in technological systems based on PLEA was scientifically proved. 

An innovative strategy for the development of a new product through the 

theoretical and experimental research has been identified. The analytical research 

of the system of çPLEA ï ʉʘ 
2+
è was conducted and the mechanism of gel çPLEA 

ï ʉʘ 
2+
è structure formation, where ESP was used as a sourse of ʉʘ 

2+ 
ions, was 

scientifically proved. 

The technology of fruit-berry jelly based on SJPSD is developed taking into 

account the innovation in the field of production of sweet dishes with gelatinous 

structure by implementing methods of ionotropic gel formation, where the parame-

ters of this process will allow to form high indicators of quality and nutritional val-

ue of the new product. 

Gel formation of PLEA takes place due to the presence of çgel-pointsè (cal-

cium galacturonate). They can be found as a result of the extraction of the chemical 

potential of free calcium ions that interact with the solution of hydrocolloid being a 
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part of the carboxyl groups of four pyranose forms of pectinic acid and begin to 

form the chemical bonds between polymer molecules. The formation of the bonds 

takes place due to the equitable redistribution of the binding energy between the 

charged particle of the bivalent metal and the four carboxyl groups located around 

it. 

As a result of the formation of the spatial structure between the carboxyl 

groups of the four residues of galacturonic acid, which create different chains of 

pectin, and the Ca
2 +

 ion  we can trace a bond which has a predictable coordinating 

nature. 

Ion Ca
2 + 

acts as the element that binds the polymeric chains of pectin, 

reduces the amount of the hydrogen bonds and converts the amorphous gel of the 

hydrocolloid into more elastic and soft. 

To create spatial gel nets in the system of çPLEA ï Ca
2+
è, calcium-

containing salts, both inorganic and organic, can be used. A chicken egg shell, due 

to the sufficient amount of calcium, can be recommended for participation in the 

creation of the çPLEA ï Ca
2+
è system. Taking into consideration that the salt of 

CaCO3 is insoluble, it was necessary to convert calcium into an ionic form by 

dissolving it in a solution with pH <7. We have investigated such acids as both 

inorganic (orthophosphoric, hydrochloric, sulfuric, nitric) and organic (malic, 

tartaric, succinic, acetic, citric, ascorbic). On the basis of the monitoring of the or-

ganic acids it was concluded that citric acid is acceptable and economically 

advantageous to be used in the çPLEA ï Ca 
2+
è system. 

Considering that CaCO3 ESP has low water solubility ï 0,0015 g/100 ml, it 

was decided to use a solution of citric acid for the maximum transition of Ca
2 +

 

ions into the active form. 

The kinetics of Ca 
2+

 ions extraction in a 0.18% solution of citric acid, de-

pending on the grinding degree of ESP, was studied. 

It was established that CaCO3 is dissolved in a 0.18% solution of citric acid 

at room temperature and becomes calcium citrate. 
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After the infiltration of PLEA into the system of ESP, dissolved in the acid 

media, the formation of calcine galacturonate takes place. Ions of Ca
2 +

 extend 

from the insoluble salts of CaCO3 into the low-soluble calcium citrate.  

The dependence of the time of ESP dissolution in the solution of citric acid 

on the grinding degree and the speed of complextion with PLEA was determined. 

The rational dissolution time of ESP is within the period of 180 ... 200 s, 

which also has average characteristics of the rate of reaction of complex formation 

in the range of  2.0...2.3 moles/literĬs. 

According to stoichiometry, for the process of Ca 
2+

 ions extraction from 

ESP and their binding to the residues of galacturonic acid in the pectin matrix to be 

complete, it is necessary to imply the ratio of PLEA: ESP: citric acid as 

1:0.06:0.07 respectively. The necessity of introducing ESP in the amount of 0.1% 

to the SJPSD was analysed and proved experimentally. A high-quality gel with ra-

tios and conditions of the above-mentioned reactions can be obtained. In order to 

determine the rational concentration of ESP and in a move to establish the opti-

mum relations of PLEA:ESP:citric acid the study of structural and mechanical pa-

rameters of matrix gels in the range of ESP concentration 0,05é0,2% was con-

ducted.  

The number of çgel pointsè, as well as the locations of the chemical bonding 

between calcium ions and carboxyl groups situated nearby, increases and the gel 

frame becomes stronger. 

The ESP concentrations, used to create the transparent, soft and elastic gels 

that are not exposed to syneresis for a long time, are in the range of 0.05é0.1%. 

The amount of galacturonic acid residues, contained in the concentrations of 

the gelling agent 1.0 and 1.1%, is theoretically calculated. It allows to associate the 

amount of ions of bivalent metal in the amount of 0.1% released from ESP fully. 

The structural mechanical properties of gels at both concentrations do not have the 

drastic differences, the moisture retaining ability during the established shelf life is 

unchanged. The organoleptic evaluation of both samples is the same and has the 

highest values among the samples produced at other concentrations of PLEA. 
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The kinetics of gel formation on the basis of the çPLEAïCa 
2+
è system de-

pending on the pH has been determined. 

The dense gels strength increase takes place during the first (40é60) Ĭ60 s. 

In the samples with pH 2.8, the strength increase is faster and varies in the range of 

(80é100) Ĭ60 s. While samples with pH of 3.4 show a slower growth of gel 

strength, which is in the range of (60...80)Ĭ60 s, because the process of extracting 

of Ca
2+

 ions is slower. 

It was found out that the rational content of citric acid is in the range of    

0.09 ... 0.13%.  

The regularities in the formation of structural and mechanical properties of 

gels on the basis of the system with SJPSD in the stoichiometric ratios of çPLEAï

Ca
2+
è from the concentration of sucrose were established. It reduces the degree of 

hydration of the polysaccharide molecules by absorbing water dipoles through the 

hydrogen bonds to form an unstable interphase surface. The rational content of su-

crose is in the range of 10é16%. A technological scheme of SJPSD production 

has been developed. It can be fulfilled using the following options: SJPSD-1 (with 

acid) and SJPSD-2 (without acid). The basic organoleptic, physico-chemical and 

microbiological parameters of SJPSD are determined. 

The influence of the prescription elements on the gelation process and the 

quality indicators of fruit-berry jelly on the basis of SJPSD was established. The 

prescription elements of new products were determined. The technological 

schemes of jelly production have been developed. The terms of finished products 

storage were substantiated scientifically.  

According to TU U 10.8-04718013-012:2015 SJPSD has the shelf life with-

in 12 months (by t Ò 20C̄, Wair = 70Ñ5%). The produce fruit and berries jelly it is 

essential to substantiate the application of the semifinished products parameters in 

the framework of the traditional food systems and establish their prescription ele-

ments. 

The technology of fruit-berry jelly, such as çPʽCè (cherry, orange and lemon) 

based on dry juice concentrates ï cherry, orange, lemon; çPiC Premiumè (cherry, 
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orange and lemon) based on liquid juice concentrates ï cherry, orange and lemon; 

çPʽC Premium Freshè (cherry, orange and lemon) based on natural fruit and berry 

raw materials ï cherry, orange and lemon, was developed. 

It was proved that the fruit-berry jelly based on SJPSD-1 with the use of dry 

juice concentrates such as çPʽCè (orange, cherry and lemon), SJPSD-2 and liquid 

juice concentrates such as çPiC Premiumè (orange, cherry and lemon) and natural 

fruit and berry raw materials such as çPʽC Premium Fresh è (orange, cherry and 

lemon) has high quality organoleptic parameters, which proves their consumer val-

ue, predicts a high level of demand for this type of product and determines the 

competitiveness of the similar products in the market.  

To establish the nutritional value of the finished product, the chemical and 

mineral vitamin composition was determined. The changes which occur during the 

storage of the finished fruit-berry jelly were also defined.  

The shelf-life of fruit-berry jelly (at a t = 4é6Áʉ ï up to 12 hours) was de-

termined.  

The safety indexes of the new fruit-berry jelly, based on SJPSD and contain-

ing the actual values within the limits of the acceptable terms, were investigated. 

The recommendations for their use was developed.  

The extension of the shelf life of the finished products based on SJPSD has 

been observed. According to the analysis conducted, the sodium benzoate, aimed 

to be used as a preservative for the fruit-berry jelly based on SJPSD, was selected. 

Its recommended amount amounts up to 0.05%. The shelf life of fruit-berry jelly 

can be prolonged up to 90 days with the use of the preservatives and sealed pack-

aging (at a t = 4é6Áʉ). 

The social effect of the introduction of SJPSD technology and fruit-berry jel-

ly based on it is proved. It consists of expanding of the range of jelly foods with 

high nutritional value and reduced sugar content, which are produced in restaurants 

and at food industry enterprises. 

The economic feasibility of introducing the developed proposals at the en-

terprises of the food industry and in the restaurant industry has been proved. The 
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attractiveness of the scientific developments as objects of the investments has also 

been proved.   

It was determined that the implementation of the technology of SJPSD in the 

restaurant industry and at food industry enterprises will allow the economic entity 

to receive a profit in the amount of 6.0 ... 6.3 thousand UAH for each ton of prod-

ucts sold. The cost of 100 servings of fruit and berry jelly on the basis of SJPSD 

was calculated, which makes 325 ... 350 UAH, depending on the assortment. 

It is proved that products based this semi-finished product and this product 

itself are available for people with different income levels and can be used in res-

taurants and at food industry enterprises as additions to food rations. 

A range of works, aimed to implement the results of the research, was con-

ducted. The TU U 10.8-04718013-012:2015 çSemi-finished jelly products for 

sweet dishesè and ʊɯ to ʊU U 10.8-04718013-012:2015 were developed and ap-

proved. The new technologies are implemented in the activity of PE çSyntezè and 

LLC ç Gudvil Investè, and the results of the study are introduced in the education-

al process of SNAU. 

Keywords: fruit-berry jelly, low-esterified amidated pectin, eggshells pow-

der, calcium, semi-finished jelly product, sweet dishes. 
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ʧʨʦʜʫʢʮʽʾ, ʚʩʪʘʥʦʚʣʝʥʦ ʧʝʨʩʧʝʢʪʠʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʪʨʫʩʦʚʠʭ ʧʣʦʜʽʚ ʫ 

ʪʝʭʥʦʣʦʛʽʾ ʞʝʣʝʧʦʜʽʙʥʦʾ ʜʝʩʝʨʪʥʦʾ ʧʨʦʜʫʢʮʽʾ, ʫʟʘʛʘʣʴʥʝʥʦ ʨʝʟʫʣʴʪʘʪʠ. 
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2. ʉʪʝʧʘʥʦʚʘ ʊ. ʄ., ʇʠʚʦʚʘʨʦʚ ɽ. ʇ., ʂʦʥʜʨʘʪʶʢ ʅ. ɺ. ʇʝʨʩʧʝʢʪʠʚʳ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʷʠʯʥʦʡ ʩʢʦʨʣʫʧʳ ʚ ʪʝʭʥʦʣʦʛʠʠ ʩʣʘʜʢʠʭ ʙʣʶʜ ʥʘ ʦʩʥʦʚʝ ʧʝʢʪʠʥʘ 

// ʅʦʚʽ ʨʽh ʝʥʥʷ ʚ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ: ʟʙ. ʥʘʫʢ. ʧʨ. / ʅʘʮ. ʪʝʭʥ. ʫʥ-ʪ çʍʇɯè. 

ʍ.: ʅʊʋ çʍʇɯè. 2014. ɺʠʧ. 17. ʉ.175ï180. ʉʪʘʪʪʷ ʫ ʬʘʭʦʚʦʤʫ ʚʠʜʘʥʥʽ 

ʋʢʨʘʾʥʠ, ʱʦ ʚʢʣʶʯʝʥʦ ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ ʜʘʥʠʭ. ɺʥʝ-

ʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʜʦʩʣʽʜʞʝʥʦ ʪʝʭʥʦʣʦʛʽʯʥʽ ʩʠʩʪʝʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʨʦʰʢʫ 

ʷʻʯʥʦʾ ʰʢʘʨʘʣʫʧʠ ʚ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʽ ʟ ʥʠʟʴʢʦʝʪʝʨʠʬʽʢʦʚʘʥʠʤ 

ʘʤʽʜʦʚʘʥʠʤ ʧʝʢʪʠʥʦʤ. 

3. Stepanova Tetiana, Kondratjuk Natalia, Pyvovarov Pavlo, Pyvovarov 

Yevgen. Modeling of low calorie pectin-based product composition // Ukrainian 

Food Journal, 2015. Vol. 4. Is. 1. P. 40-49. ʉʪʘʪʪʷ ʫ ʬʘʭʦʚʦʤʫ ʚʠʜʘʥʥʽ 

ʋʢʨʘʾʥʠ, ʱʦ ʚʢʣʶʯʝʥʦ ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ ʜʘʥʠʭ. ɺʥʝ-

ʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʚʠʟʥʘʯʝʥʘ ʨʦʣʴ ʥʠʟʢɹʦʝʪʝʨʠʬʽʢʦʚʘʥʦʛʦ ʘʤʽʜʦʚʘʥʦʛʦ ʧʝʢʪʠʥʫ ʚ 

ʬʦʨʤʫʚʘʥʥʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʝʣʝʚʠʭ ʩʠʩʪʝʤ ʟʘ ʫʯʘʩʪʽ ʽʦʥʽʚ ʢʘʣʴʮʽʶ, ʦʜʝʨʞʘ-

ʥʠʭ ʰʣʷʭʦʤ ʢʠʩʣʦʪʥʦʛʦ ʛʽʜʨʦʣʽʟʫ ʟ ʧʦʨʦʰʢʫ   ʷʻʯʥʦʾ ʰʢʘʨʘʣʫʧʠ. 

4. ʉʪʝʧʘʥʦʚʘ ʊ. ʄ., ʂʦʥʜʨʘʪʶʢ ʅ. ɺ., ʇʠʚʦʚʘʨʦʚ ɭ. ʇ. ɺʧʣʠʚ ʩʘʭʘʨʦʟʠ 

ʥʘ ʩʪʨʫʢʪʫʨʥʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʠʩʪʝʤʠ ʥʘ ʦʩʥʦʚʽ çʥʘʧʽʚʬʘʙʨʠʢʘʪʫ 

ʜʨʘʛʣʝʫʪʚʦʨʶʶʯʦʛʦ ʜʣʷ ʞʝʣʝʡʥʠʭ ʚʠʨʦʙʽʚè // ʉʭʽʜʥʦ-ɭʚʨʦʧʝʡʩʴʢʠʡ ʞʫʨʥʘʣ 

ʧʝʨʝʜʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ. 2015. ɺʠʧ. 3/10 (75). C. 49-54. ʉʪʘʪʪʷ ʫ ʬʘʭʦʚʦʤʫ 

ʚʠʜʘʥʥʽ ʋʢʨʘʾʥʠ, ʱʦ ʚʢʣʶʯʝʥʦ ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ ʜʘ-

ʥʠʭ. ɺʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʦʜʝʨʞʘʥʦ ʪʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ 

ʱʦʜʦ ʚʧʣʠʚʫ ʩʘʭʘʨʦʟʠ ʥʘ ʧʨʦʮʝʩ ʛʝʣʝʫʪʚʦʨʝʥʥʷ ʚ ʩʠʩʪʝʤʘʭ ʥʘ ʦʩʥʦʚʽ ʅɾʉʉ. 

5. ʉʪʝʧʘʥʦʚʘ ʊ. ʄ. ʅʘʫʢʦʚʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʨʦʣʽ ʩʠʩʪʝʤʠ çNEA pec-

tin:Ca 
2+
è ʫ ʬʦʨʤʫʚʘʥʥʽ ʘʩʦʨʪʠʤʝʥʪʫ ʥʠʟʴʢʦʢʘʣʦʨʽʡʥʦʾ ʢʫʣʽʥʘʨʥʦʾ ʧʨʦʜʫʢʮʽʾ // 

ʇʨʦʛʨʝʩʠʚʥʽ ʪʝʭʥʽʢʘ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʭʘʨʯʦʚʠʭ ʚʠʨʦʙʥʠʮʪʚ, ʨʝʩʪʦʨʘʥʥʦʛʦ ʛʦʩʧʦ-

ʜʘʨʩʪʚʘ ʪʘ ʪʦʨʛʽʚʣʽ: ʟʙ. ʥʘʫʢ. ʧʨ. / ʍʘʨʢ. ʜʝʨʞ. ʫʥ-ʪ ʭʘʨʯ. ʪʘ ʪʦʨʛ. ʍ.: ʍɼʋʍʊ, 

2015. ɺʠʧ. 1 (21). ʉ. 325ï331.  

6. ʉʪʝʧʘʥʦʚʘ ʊ. ʄ. ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʠʜʝʠ ʚ ʪʝʭʥʦʣʦʛʠʠ ʩʣʘʜʢʠʭ ʞʝʣʠ-

ʨʦʚʘʥʥʳʭ ʙʣʶʜ ʥʘ ʦʩʥʦʚʝ ʧʣʦʜʦʚʦ-ʷʛʦʜʥʦʛʦ ʩʳʨʴʷ // ʅʦʚʽ ʨʽʰʝʥʥʷ ʚ ʩʫʯʘʩ-

ʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ: ʟʙ. ʥʘʫʢ. ʧʨ./ ʅʘʮ. ʪʝʭʥ. ʫʥ-ʪ çʍʇɯè. ʍ.: ʅʊʋ çʍʇɯè, 2015. 
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ɺʠʧ. 17. ʉ.108-113. ʉʪʘʪʪʷ ʫ ʬʘʭʦʚʦʤʫ ʚʠʜʘʥʥʽ ʋʢʨʘʾʥʠ, ʱʦ ʚʢʣʯʁʝʥʦ ʜʦ 

ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ ʜʘʥʠʭ.  

7. ʉʪʝʧʘʥʦʚʘ ʊ. ʄ., ʂʦʥʜʨʘʪʶʢ ʅ. ɺ., ɼʦʚʛʦʧʦʣʦʚʘ ʆ. ʆ. ʇʝʢʪʠʥʠ ʪʘ 

ʧʝʢʪʠʥʦʚʤʽʩʥʘ ʩʠʨʦʚʠʥʘ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʽʤʫʥʥʦʛʦ ʩʪʘʪʫʩʫ ʣʶʜʠʥʠ ʰʣʷʭʦʤ 

ʚʽʜʥʦʚʣʝʥʥʷ ʢʠʰʢʦʚʦʾ ʤʽʢʨʦʬʣʦʨʠ // ʇʨʦʙʣʝʤʠ ʬʦʨʤʫʚʘʥʥʷ ʟʜʦʨʦʚʦʛʦ ʩʧʦ-

ʩʦʙʫ ʞʠʪʪʷ ʫ ʤʦʣʦʜʽ: VI ɺʩʝʫʢʨ. ʥʘʫʢ.-ʧʨʘʢʪ. ʢʦʥʬ. ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ ʪʘ 

ʩʪʫʜʝʥʪʽʚ ʟ ʤʽʞʥʘʨʦʜʥʦʶ ʫʯʘʩʪʶ, 5-6 ʣʠʩʪʦʧʘʜʘ 2013 ʨ.: ʤʘʪʝʨʽʘʣʠ / ʆʜʝʩʴʢʘ 

ʥʘʮ. ʘʢʘʜ. ʭʘʨʯ. ʪʝʭʥʦʣ. ʆʜʝʩʘ: ʆʅɸʍʊ, 2013. ʉ. 73ï74. ɺʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: 

ʨʦʟʢʨʠʪʦ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʢʪʠʥʦ-ʚʤʽʩʥʦʾ ʩʠʨʦʚʠʥʠ ʚ ʪʝʭʥʦʣʦʛʽʾ 

ʭʘʨʯʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʽʤʫʥʥʦʛʦ ʩʪʘʪʫʩʫ ʣʶʜʠʥʠ ʚ ʧʨʦʮʝʩʽ 

ʚʽʜʥʦʚʣʝʥʥʷ ʢʠʰʢʦʚʦʾ ʤʽʢʨʦʬʣʦʨʠ 

8. ʉʪʝʧʘʥʦʚʘ ʊ. ʄ., ʂʦʥʜʨʘʪʶʢ ʅ. ɺ., ɻʨʠʰʘʢʦʚʘ ɸ. ʄ. ʅʘʪʫʨʘʣʴʥʽ 

ʙʘʨʚʥʠʢʠ ʪʘ ʘʨʦʤʘʪʠʟʘʪʦʨʠ ʚ ʞʝʣʝʡʥʽʡ ʜʝʩʝʨʪʥʽʡ ʧʨʦʜʫʢʮʽʾ ʜʣʷ ʜʽʪʝʡ ʪʘ ʜʦ-

ʨʦʩʣʠʭ // ʇʨʦʙʣʝʤʠ ʬʦʨʤʫʚʘʥʥʷ ʟʜʦʨʦʚʦʛʦ ʩʧʦʩʦʙʫ ʞʠʪʪʷ ʫ ʤʦʣʦʜʽ: VI ɺʩʝ-

ʫʢʨ. ʥʘʫʢ.-ʧʨʘʢʪ. ʢʦʥʬ. ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ ʪʘ ʩʪʫʜʝʥʪʽʚ ʟ ʤʽʞʥʘʨʦʜʥʦʶ ʫʯʘʩʪʶ, 

5-6 ʣʠʩʪʦʧʘʜʘ 2013 ʨ.: ʤʘʪʝʨʽʘʣʠ / ʆʜʝʩʴʢʘ ʥʘʮ. ʘʢʘʜ. ʭʘʨʯ. ʪʝʭʥʦʣ. ʆʜʝʩʘ: 

ʆʅɸʍʊ, 2013. ʉ. 136-137. ɺʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʦʙˇʨʫʥʪʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʥʘʪʫʨʘʣʴʥʠʭ ʙʘʨʚʥʠʢʽʚ ʪʘ ʘʨʦʤʘʪʠʟʘʪʦʨʽʚ ʫ ʪʝʭʥʦʣʦʛʽʾ ʜʝʩʝʨʪʥʦʾ ʧʨʦʜʫʢʮʽʾ 

ʟ ʞʝʣʝʧʦʜʽʙʥʦʶ ʩʪʨʫʢʪʫʨʦʶ. 

9. ʉʪʝʧʘʥʦʚʘ ʊ. ʄ., ʂʦʥʜʨʘʪʶʢ ʅ. ɺ. ɺʠʚʯʝʥʥʷ ʧʨʦʮʝʩʫ ʛʝʣʝʫʪʚʦʨʝʥʥʷ 

ʚ ʩʠʩʪʝʤʽ çNEA pectin:Ca
2+
è // ɯʥʥʦʚʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʭʘʨʯʦʚʽʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʨʝʩʪʦʨʘʥʥʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ: ʄʽʞʥʘʨ. ʥʘʫʢ.-ʧʨʘʢʪ. ʽʥʪʝʨʥʝʪ-

ʢʦʥʬ., 12-14 ʣʠʩʪʦʧʘʜʘ   2014 ʨ.: ʪʝʟʠ ʜʦʧ. / ʍʘʨʢ. ʜʝʨʞ. ʫʥ-ʪ ʭʘʨʯ. ʪʘ ʪʦʨʛ. ʍ.: 

ʍɼʋʍʊ, 2014. ʉ. 37. ɺʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʜʦʩʣʽʜʞʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʩʪʨʫʢʪʫʨʦ-

ʫʪʚʦʨʝʥʥʷ ʚ ʩʠʩʪʝʤʽ çʇʅɽɸ ï Ca 
2+
è; ʚʩʪʘʥʦʚʣʝʥʦ ʚʧʣʠʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʯʠʥʥʠʢʽʚ ʥʘ ʩʪʨʫʢʪʫʨʥʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʠʩʪʝʤ ʛʝʣʽʚ.  

10. ʉʪʝʧʘʥʦʚʘ ʊ. ʄ., ʂʦʥʜʨʘʪʶʢ ʅ. ɺ., ʌʝʜʽʨʢʦ ɸ. ʆ. ʇʨʦʙʣʝʤʘ 

ʢʘʣʴʮʽʻʜʝʬʽʮʠʪʫ ʩʝʨʝʜ ʤʦʣʦʜʽ ʪʘ ʩʧʦʩʦʙʠ ʾʾ ʧʦʜʦʣʘʥʥʷ // ʇʨʦʙʣʝʤʠ ʬʦʨʤʫ-

ʚʘʥʥʷ ʟʜʦʨʦʚʦʛʦ ʩʧʦʩʦʙʫ ʞʠʪʪʷ ʫ ʤʦʣʦʜʽ: VIɯ ɺʩʝʫʢʨ. ʥʘʫʢ.-ʧʨʘʢʪ. ʢʦʥʬ. ʤʦ-

ʣʦʜʠʭ ʫʯʝʥʠʭ ʪʘ ʩʪʫʜʝʥʪʽʚ ʟ ʤʽʞʥʘʨʦʜʥʦʶ ʫʯʘʩʪʶ, 4-5 ʣʠʩʪʦʧʘʜʘ 2014 ʨ.: 
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ʤʘʪʝʨʽʘʣʠ / ʆʜʝʩʴʢʘ ʥʘʮ. ʘʢʘʜ. ʭʘʨʯ. ʪʝʭʥʦʣ. ʆʜʝʩʘ: ʆʅɸʍʊ, 2014. ʉ. 71ï72. 

ɺʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʚʠʟʥʘʯʝʥʦ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʞʝʨʝʣ ʚʽʣʴʥʠʭ ʡʦʥʽʚ 

ʢʘʣʴʮʽʶ ʚ ʪʝʭʥʦʣʦʛʽʾ ʩʦʣʦʜʢʠʭ ʩʪʨʘʚ ʽʟ ʧʽʜʚʠʱʝʥʦʶ ʭʘʨʯʦʚʦʶ ʮʽʥʥʽʩʪʶ ʽ 

ʟʥʠʞʝʥʦʶ ʢʘʣʦʨʽʡʥʽʩʪʶ.  

11. ʉʪʝʧʘʥʦʚʘ ʊ. ʄ., ʂʦʥʜʨʘʪʶʢ ʅ. ɺ., ʋʜʷʥʩʴʢʘ ʖ. ʆ. ʆʩʦʙʣʠʚʦʩʪʽ 

ʧʨʠʛʦʪʫʚʘʥʥʷ ʩʦʣʦʜʢʠʭ ʞʝʣʝʡʥʠʭ ʚʠʨʦʙʽʚ ʥʘ ʦʩʥʦʚʽ ʩʠʩʪʝʤʠ çNEA pectin:    

ʉʘ 
2+
è // ʇʨʦʙʣʝʤʠ ʬʦʨʤʫʚʘʥʥʷ ʟʜʦʨʦʚʦʛʦ ʩʧʦʩʦʙʫ ʞʠʪʪʷ ʫ ʤʦʣʦʜʽ: VI ɺʩʝ-

ʫʢʨ. ʥʘʫʢ.-ʧʨʘʢʪ. ʢʦʥʬ. ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ ʪʘ ʩʪʫʜʝʥʪʽʚ ʟ ʤʽʞʥʘʨʦʜʥʦʶ ʫʯʘʩʪʶ, 

4-5 ʣʠʩʪʦʧʘʜʘ 2014 ʨ.: ʤʘʪʝʨʽʘʣʠ / ʆʜʝʩʴʢʘ ʥʘʮ. ʘʢʘʜ. ʭʘʨʯ. ʪʝʭʥʦʣ. ʆʜʝʩʘ: 
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ʛʘ (04.12.2014 ʨ.)éééééééééééééééééééééééééé 

ɻ.2. ɼʦʚʽʜʢʘ ʧʨʦ ʫʯʘʩʪʴ ʫ ʚʠʩʪʘʚʮʽ ʥʘʫʢʦʚʠʭ ʨʦʟʨʦʙʦʢ ʍɼʋʍʊ, ʧʨʠʩʚʷʯʝʥʽʡ 
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ʝʬʝʢʪʠʚʥʽʩʪʴè (14.04.2015 ʨ.)éééééééééééééééééééé 

ɻ. 4. ɼʦʚʽʜʢʘ ʧʨʦ ʫʯʘʩʪʴ ʫ ʚʠʩʪʘʚʮʽ ʥʘʫʢʦʚʠʭ ʨʦʟʨʦʙʦʢ ʚ ʨʘʤʢʘʭ ʫʢʨʘʾʥʦ-

ʧʦʣʴʩʴʢʦʛʦ ʧʨʦʝʢʪʫ çʅʘʫʢʦʚʽ ʧʽʢʥʽʢʠ ʚ ʋʢʨʘʾʥʽè (22.04.2015 ʨ.)ééééé. 

ɻ.5. ɼʦʚʽʜʢʘ ʧʨʦ ʫʯʘʩʪʴ ʫ ʚʠʩʪʘʚʮʽ ʥʘʫʢʦʚʠʭ ʨʦʟʨʦʙʦʢ ʚ ʨʘʤʢʘʭ ʧʝʨʰʦʾ ʩʧʝʮʽ-

ʘʣʽʟʦʚʘʥʦʾ ʚʠʩʪʘʚʢʠ-ʷʨʤʘʨʢʫ çɾʠʪʪʷ ʚ ʩʪʠʣʽ ɽʢʦ-ʉʫʤʱʠʥʘ 2015è    

(05.09.2015 ʨ.)ééééééééééééééééééééééééééé 

ɻ.6. ɼʦʚʽʜʢʘ ʧʨʦ ʫʯʘʩʪʴ ʫ ʚʠʩʪʘʚʮʽ ʥʘʫʢʦʚʠʭ ʨʦʟʨʦʙʦʢ ʚ ʨʘʤʢʘʭ ʧʝʨʰʦʾ ʩʧʝʮʽ-

ʘʣʽʟʦʚʘʥʦʾ ʚʠʩʪʘʚʢʠ-ʷʨʤʘʨʢʫ çɾʠʪʪʷ ʚ ʩʪʠʣʽ ɽʢʦ-ʉʫʤʱʠʥʘ 2016è    
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çɸɻʈʆɼɽʅʔ - 2016è (17.09.2016 ʨ.)éééééééééééééééé.é 

ɼʦʜʘʪʦʢ ɼ. ɸʢʪʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʦʟʨʦʙʦʢ ééééééééééééééé 

ɼ. 1. ɸʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ ʨʦʙʦʪʠ ʇʇ çʉʠʥʪʝʟè (ʚʽʜ 

30.09.2015 ʨ.)ééééééééééééééééééééééééééé. 

ɼ.2. ɸʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ ʨʦʙʦʪʠ ʊʆɺ çɻʫʜʚʽʣ-ɯʥʚʝʩʪè (ʚʽʜ 

15.10.2015 ʨ.)ééééééééééééééééééééééééééé. 

ɼ.3. ɸʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ, ʜʦʩʣʽʜʥʦ-

ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʠʭ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʦʙʽʪ ʫ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ ʚʠʱʠʭ ʥʘʚʯʘ-

ʣʴʥʠʭ ʟʘʢʣʘʜʽʚ (ʚʽʜ 07.10.2015 ʨ.)éééééééééééééééééé.. 

ɼ.4. ɸʢʪ ʧʨʦ ʚʠʧʫʩʢ ʜʦʩʣʽʜʥʦ-ʧʨʦʤʠʩʣʦʚʦʾ ʧʘʨʪʽʾ ʇʇ çʉʠʥʪʝʟè (ʚʽʜ 

30.09.2015 )éééééééééééééééééééééééééééé. 
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ɼ.5. ɸʢʪ ʧʨʦ ʚʠʧʫʩʢ ʜʦʩʣʽʜʥʦ-ʧʨʦʤʠʩʣʦʚʦʾ ʧʘʨʪʽʾ ʊʆɺ çɻʫʜʚʽʣ-ɯʥʚʝʩʪè (ʚʽʜ 

15.10.2015 ʨ.)ééééééééééééééééééééééééééé. 

 

314 

22 



ʇɽʈɽʃɯʂ ʉʂʆʈʆʏɽʅʔ, ʊɽʈʄɯʅɯɺ ʊɸ ʋʄʆɺʅʀʍ ʇʆɿʅɸʏɽʅʔ 

 

ɻɼʃ ï ʛʣʶʢʦʥʦ-ʜʝʣʴʪʘ-ʣʘʢʪʦʥ; 

ʅɾʉʉ ï ʥʘʧʽʚʬʘʙʨʠʢʘʪʠ ʞʝʣʶʶʯ ̔ʜʣʷ ʩʦʣʦʜʢʠʭ ʩʪʨʘʚ;  

ʇɺɽ ï ʧʝʢʪʠʥ ʚʠʩʦʢʦʝʪʝʨʠʬʽʢʦʚʘʥʠʡ; 

ʇʅɽ ï ʧʝʢʪʠʥ ʥʠʟʴʢʦʝʪʝʨʠʬʽʢʦʚʘʥʠʡ; 

ʇʅɽɸ ï ʧʝʢʪʠʥ ʥʠʟʴʢʦʝʪʝʨʠʬʽʢʦʚʘʥʠʡ ʘʤʽʜʦʚʘʥʠʡ; 

ʇʗʐ ï ʧʦʨʦʰʦʢ ʷʻʯʥʦʾ ʰʢʘʨʘʣʫʧʠ; 

ʈɼʅ ï ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʜʦʙʦʚʘ ʥʦʨʤʘ; 

ʐʂʊ ï ʰʣʫʥʢʦʚʦ-ʢʠʰʢʦʚʠʡ ʪʨʘʢʪ  
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ɺʉʊʋʇ 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ʂʦʥʮʝʧʪʫʘʣʴʥʽ ʟʤʽʥʠ ʚ ʭʘʨʯʫʚʘʥʥʽ ʩʪʘʶʪʴ ʦʩʥʦ-

ʚʦʶ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʦʟʨʦʙʦʢ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʟôʷʚʣʷʻʪʴʩʷ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ 

ʩʪʚʦʨʝʥʥʽ ʥʦʚʠʭ ʭʘʨʯʦʚʠʭ ʩʠʩʪʝʤ, ʟʙʘʣʘʥʩʦʚʘʥʠʭ ʟʘ ʤʽʢʨʦ- ʪʘ ʤʘʢʨʦʥʫʪʨʽʻʥ-

ʪʘʤʠ ʽ ʪʘʢʠʭ, ʱʦ ʤʦʞʥʘ ʘʜʘʧʪʫʚʘʪʠ ʧʽʜ ʨʽʟʥʽ ʩʤʘʢʠ ʩʧʦʞʠʚʘʯʽʚ. ʆʩʦʙʣʠʚʫ ʧʦ-

ʧʫʣʷʨʥʽʩʪʴ ʤʘʶʪʴ ʭʘʨʯʦʚʽ ʧʨʦʜʫʢʪʠ ʥʘ ʦʩʥʦʚʽ ʛʝʣʝʫʪʚʦʨʶʚʘʯʽʚ. ʊʝʦʨʝʪʠʯʥʽ 

ʦʩʥʦʚʠ ʪʘ ʧʨʘʢʪʠʯʥʽ ʘʩʧʝʢʪʠ ʚʠʨʦʙʥʠʮʪʚʘ ʭʘʨʯʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʥʘ ʦʩʥʦʚʽ ʛʝʣʽʚ 

ʜʦʩʣʽʜʞʫʚʘʣʠʩʴ ʫ ʥʘʫʢʦʚʠʭ ʰʢʦʣʘʭ ʧʨʦʚʽʜʥʠʭ ʫʢʨʘʾʥʩʴʢʠʭ ʚʯʝʥʠʭ             

ʇ.ʇ. ʇʠʚʦʚʘʨʦʚʘ, ʌ.ɺ. ʇʝʨʮʝʚʦʛʦ, ʆ.ʆ. ɻʨʠʥʯʝʥʢʦ. 

ʆʜʥʠʤ ʽʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʪʘ ʩʪʨʘʪʝʛʽʯʥʠʭ ʩʠʨʦʚʠʥʥʠʭ ʨʝʩʫʨʩʽʚ, ʱʦ ʚʠ-

ʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʷʢʦʩʪʽ ʛʝʣʝʫʪʚʦʨʶʚʘʯʘ ʻ ʧʝʢʪʠʥ, ʷʢʠʡ ʚʦʣʦʜʽʻ ʫʥʽʢʘʣʴʥʠʤʠ 

ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʶʚʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʱʦ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʭʦ-

ʣʝʩʪʝʨʠʥʦʚʠʡ ʦʙʤʽʥ ʚ ʦʨʛʘʥʽʟʤʽ, ʨʝʛʫʣʶʶʪʴ ʤʦʪʦʨʥʫ ʬʫʥʢʮʽʶ ʢʠʰʝʯʥʠʢʘ, 

ʩʪʘʙʽʣʽʟʫʶʪʴ ʨʅ, ʚʨʽʚʥʦʚʘʞʫʶʪʴ ʤʽʥʝʨʘʣʴʥʠʡ ʩʢʣʘʜ ʪʘ ʧʦʢʨʘʱʫʶʪʴ ʷʢʽʩʪʴ ʤʽ-

ʢʨʦʬʣʦʨʠ ʰʣʫʥʢʦʚʦ-ʢʠʰʢʦʚʦʛʦ ʪʨʘʢʪʫ, ʧʽʜʚʠʱʫʶʯʠ ʪʠʤ ʩʘʤʠʤ ʩʪʽʡʢʽʩʪʴ ʦʨ-

ʛʘʥʽʟʤʫ ʜʦ ʜʽʾ ʘʣʝʨʛʝʥʽʚ ʪʘ ʚʽʨʫʩʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʢʪʠʥʫ ʷʢ 

ʛʝʣʝʫʪʚʦʨʶʚʘʯʘ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʭʘʨʯʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʤʘʻ ʥʘʫʢʦʚʝ ʪʘ ʧʨʘʢʪʠʯʥʝ 

ʟʥʘʯʝʥʥʷ.  

ʅʝʱʦʜʘʚʥʦ ʧʝʢʪʠʥ ʚʠʣʫʯʘʣʠ ʣʠʰʝ ʟ ʧʣʦʜʽʚ ʪʘ ʦʚʦʯʽʚ. ʅʘ ʩʴʦʛʦʜʥʽ ʮʝ 

ʪʦʚʘʨʥʘ ʬʦʨʤʘ, ʱʦ ʚʠʨʦʙʣʷʻʪʴʩʷ ʟ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʨʦʩʣʠʥʥʦʾ ʩʠʨʦʚʠʥʠ ʽ 

ʤʘʻ ʨʽʟʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪ̔ .  

ʐʠʨʦʢʠʡ ʘʩʦʨʪʠʤʝʥʪ ʧʝʢʪʠʥʽʚ, ʱʦ ʥʘʨʘʟʽ ʽʩʥʫʻ, ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʘʪʠ   

ʭʘʨʯʦʚʽ ʩʠʩʪʝʤʠ ʟ ʨʽʟʥʠʤʠ ʨʝʦʣʦʛʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ: ʚʽʜ ʚôʷʟʢʦ ʪʝʢʫʯʦʾ 

ʥʝʥʴʶʪʦʥʽʚʩʴʢʦʾ ʨʽʜʠʥʠ ʜʦ ʱʽʣʴʥʦʛʦ ʟʤʽʮʥʝʥʦʛʦ ʘʙʦ ʧʨʫʞʥʦ-ʧʣʘʩʪʠʯʥʦʛʦ ʛʝ-

ʣʶ. ʂʨʽʤ ʪʦʛʦ, ʧʝʢʪʠʥʠ ʚʦʣʦʜʽʶʪʴ ʥʠʟʢʦʶ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʟʦʢ-

ʨʝʤʘ, ʚʠʩʦʢʦʶ ʚʦʣʦʛʦʫʪʨʠʤʫʚʘʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʪʘ ʪʨʠʚʘʣʦʶ ʩʪʘʙʽʣʴʥʽʩʪʶ 

ʫʪʚʦʨʝʥʠʭ ʩʠʩʪʝʤ.  

ʅʘ ʩʴʦʛʦʜʥʽ ʟʥʘʡʰʣʠ ʜʦʩʠʪʴ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʽ ʧʝʢʪʠ-

ʥʠ (ʥʠʟʴʢʦʝʪʝʨʠʬʽʢʦʚʘʥʽ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʡ ʘʤʽʜʦʚʘʥʽ), ʱʦ ʤʘʶʪʴ ʚʠʩʦʢʠʡ ʭʽʤʽʯ-

ʥʠʡ ʧʦʪʝʥʮʽʘʣ ʜʦ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʽʦʥʦʪʨʦʧʥʦʛʦ ʛʝʣʝʫʪʚʦʨʝʥʥʷ. ɿʚôʷʟʫʶʯʠʤ 
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ʘʛʝʥʪʦʤ ʤʦʞʫʪʴ ʚʠʩʪʫʧʘʪʠ ʽʦʥʠ ʉʘ 
2+
, ʷʢʽ ʜʦʮʽʣʴʥʦ ʦʜʝʨʞʫʚʘʪʠ ʟ ʧʨʠʨʦʜʥʠʭ 

ʨʝʩʫʨʩʽʚ, ʘʜʞʝ ʰʪʫʯʥʦ ʦʜʝʨʞʘʥʽ ʨʝʯʦʚʠʥʠ ʜʦʩʠʪʴ ʩʢʣʘʜʥʦ ʽ ʟʜʝʙʽʣʴʰʦʛʦ ʥʝ-

ʛʘʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʮʝʩʠ ʤʝʪʘʙʦʣʽʟʤʫ, ʘʩʠʤʽʣʷʮʽʾ, ʜʠʩʠʤʽʣʷʮʽʾ ʨʝʯʦʚʠʥ 

ʚ ʦʨʛʘʥʽʟʤʽ ʣʶʜʠʥʠ. ɼʞʝʨʝʣʦʤ ʨʝʘʢʮʽʡʥʦ ʟʜʘʪʥʦʛʦ ʢʘʣʴʮʽʶ ʻ ʷʻʯʥʘ ʰʢʘʨʘʣʫ-

ʧʘ, ʘʜʞʝ ʦʩʥʦʚʥʦʶ ʩʢʣʘʜʦʚʦʶ ʷʻʯʥʦʾ ʰʢʘʨʘʣʫʧʠ ʻ ʢʘʣʴʮʠʪ ï ʨʝʯʦʚʠʥʘ ʧʨʠʨʦ-

ʜʥʦʛʦ ʦʨʛʘʥʽʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʟ ʢʦʤʧʣʝʢʩʦʤ ʤʽʥʝʨʘʣʴʥʠʭ ʨʝʯʦʚʠʥ. ʎʝ ʜʦʚʝ-

ʜʝʥʦ ʥʠʟʢʦʶ ʨʦʙʽʪ, ʟʦʢʨʝʤʘ ɻ.ʄ ɼʴʷʢʦʥʝʥʢʦ, ʅ.ʇ. ʂʦʨʦʙʦʚʦʾ, ʉ.ʗ. ʂʦʨʷʯʢʽ-

ʥʦʾ, ʆ.ʉ. ʉʘʣʦʤʘʪʦʚʘ, ɻ.ʆ. ʆʩʠʧʦʚʦʾ ʪʘ ʚʠʨʦʙʥʠʢʘʤʠ ʭʘʨʯʦʚʠʭ ʜʦʙʘʚʦʢ ʜʦ ʾʞʽ 

çʊʷʥʴʰʠè, Solgar, IPAR.  

ʉʝʨʝʜ ʰʠʨʦʢʦʛʦ ʘʩʦʨʪʠʤʝʥʪʫ ʧʨʦʜʫʢʮʽʾ ʟʘʢʣʘʜʽʚ ʨʝʩʪʦʨʘʥʥʦʛʦ ʛʦʩʧʦ-

ʜʘʨʩʪʚʘ ʦʩʦʙʣʠʚʫ ʛʨʫʧʫ ʩʢʣʘʜʘʻ ʞʝʣʝʧʦʜʽʙʥʘ ʜʝʩʝʨʪʥʘ ʧʨʦʜʫʢʮʽʷ, ʘʥʘʣʽʟ ʨʠʥ-

ʢʫ ʷʢʦʾ ʚʢʘʟʫʻ ʥʘ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʨʦʟʰʠʨʝʥʥʷ ʘʩʦʨʪʠʤʝʥʪʫ, ʧʨʦʩʫʚʘʥʥʷ ʾʾ ʥʘ 

ʧʨʦʜʦʚʦʣʴʯʠʡ ʨʠʥʦʢ ʋʢʨʘʾʥʠ ʟʘ ʧʽʜʪʨʠʤʢʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʽ ʧʨʠʢʣʘʜʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʫ ʮʽʡ ʛʘʣʫʟʽ. ʇʨʦʪʝ ʥʝʜʦʩʪʘʪʥʽʡ ʨʽʚʝʥʴ ʽʥʜʫʩʪʨʽʘʣʴʥʦʾ ʚʠʨʦʙʥʠʯʦʾ 

ʙʘʟʠ, ʰʠʨʦʢʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʽʪʥʴʦʛʦ ʥʘʫʢʦʚʦʛʦ ʜʦʨʦʙʢʫ ʭʘʨʯʦʚʦʾ ʥʘʫʢʠ, 

ʘ ʪʘʢʦʞ ʩʪʽʡʢʽ ʪʝʥʜʝʥʮʽʾ ʟʘʣʫʯʝʥʥʷ ʜʦ ʚʠʨʦʙʥʠʮʪʚʘ ʞʝʣʝʡʥʦʾ ʧʨʦʜʫʢʮʽʾ       

ʽʤʧʦʨʪʥʠʭ ʛʝʣʝʫʪʚʦʨʶʚʘʯʽʚ, ʟʦʢʨʝʤʘ ʥʘ ʦʩʥʦʚʽ ʘʛʘʨʫ, ʬʫʨʮʝʣʘʨʘʥʫ, ʞʝʣʘʪʠʥʫ, 

ʩʧʦʥʫʢʘʻ ʜʦ ʧʦʰʫʢʫ ʩʫʯʘʩʥʠʭ ʚʽʪʯʠʟʥʷʥʠʭ ʨʝʩʫʨʩʽʚ, ʷʢʠʤ ʻ ʧʝʢʪʠʥ, ʘ ʜʣʷ 

ʟʚôʷʟʫʚʘʥʥʷ ʽ ʦʜʝʨʞʘʥʥʷ ʪʚʝʨʜʠʭ ʽ ʧʨʫʞʥʠʭ ʛʝʣʽʚ ʮʽʣʢʦʤ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦ-

ʚʫʚʘʪʠ ʽʦʥʠ ʢʘʣʴʮʽʶ ʟ ʷʻʯʥʦʾ ʰʢʘʨʘʣʫʧʠ. 

ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʨʦʙʦʪʠ ʟ ʧʦʰʫʢʫ ʩʠʨʦʚʠʥʥʠʭ ʧʝʢʪʠʥʦʚʤʽʩʥʠʭ ʨʝʩʫʨʩʽʚ 

ʧʨʠʨʦʜʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʻ ʘʢʪʫʘʣʴʥʠʤʠ, ʱʦ ʪʘʢʦʞ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʰʠʨʝʥ-

ʥʷ ʘʩʦʨʪʠʤʝʥʪʫ ʞʝʣʝʧʦʜʽʙʥʦʾ ʧʨʦʜʫʢʮʽʾ. 

ɼʣʷ ʟʨʫʯʥʦʩʪʽ ʧʨʦʚʝʜʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʽʤʦʚʽʨʥʦʶ ʻ ʨʦʟʨʦʙ-

ʢʘ ʩʫʭʠʭ ʩʫʤʽʰʝʡ, ʱʦ ʻ ʥʘʧʽʚʬʘʙʨʠʢʘʪʘʤʠ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʜʝʩʝʨʪʥʦʾ ʧʨʦʜʫ-

ʢʮʽʾ (ʩʫʭʽ ʩʫʤʽʰʽ ʜʣʷ ʤʦʨʦʟʠʚʘ, ʧʫʜʠʥʛʽʚ, ʢʠʩʝʣʽʚ, ʢʨʝʤʽʚ, ʞʝʣʝ). ʆʜʥʘʢ, ʜʣʷ 

ʨʝʩʪʦʨʘʥʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʮʴʦʛʦ ʟʘʤʘʣʦ. ʈʝʩʪʦʨʘʥʥʘ ʽʥʜʫʩʪʨʽʷ ʚʠʤʘʛʘʻ ʰʚʠ-

ʜʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ, ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʨʝʩʫʨ-

ʩʦ- ʪʘ ʝʥʝʨʛʦʚʠʪʨʘʪ. ʊʦʤʫ ʨʦʟʨʦʙʢʘ ʪʝʭʥʦʣʦʛʽʾ ʞʝʣʝ ʧʣʦʜʦʚʦ-ʷʛʽʜʥʦʛʦ ʥʘ ʦʩ-

ʥʦʚʽ ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ ʞʝʣʶʶʯʠʭ ʜʣʷ ʩʦʣʦʜʢʠʭ ʩʪʨʘʚ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʘʜʘʧʪʦ-
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ʚʘʥʦʶ ʜʣʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʨʝʮʝʧʪʫʨ ʽʥʰʠʭ ʜʝʩʝʨʪʽʚ, ʻ ʘʢʪʫʘʣʴʥʦʶ ʽ ʥʝʦʙ-

ʭʽʜʥʦʶ ʜʣʷ ʨʝʩʪʦʨʘʥʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʽ ʭʘʨʯʦʚʦʛʦ ʽʥʞʠʥʽʨʠʥʛʫ. 

ɿʚ'ʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. ɼʠʩʝʨ-

ʪʘʮʽʡʥʫ ʨʦʙʦʪʫ ʚʠʢʦʥʘʥʦ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʽʚ ʉʫʤʩʴʢʦʛʦ ʥʘʮʽʦ-

ʥʘʣʴʥʦʛʦ ʘʛʨʘʨʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ, ʍʘʨʢʽʚʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʭʘ-

ʨʯʫʚʘʥʥʷ ʪʘ ʪʦʨʛʽʚʣʽ ʽ ɼʥʽʧʨʦʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ʆʣʝʩʷ 

ɻʦʥʯʘʨʘ, ʟʦʢʨʝʤʘ ʟʛʽʜʥʦ ʟ ʧʣʘʥʦʤ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ ʢʘʬʝʜʨʠ ʭʘʨʯʦʚʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʟʘ ʪʝʤʦʶ ˉ 0113U0042 çʈʦʟʨʦʙʢʘ ʪʝʭʥʦʣʦʛʽʡ ʥʦʚʠʭ ʭʘʨʯʦʚʠʭ 

ʧʨʦʜʫʢʪʽʚ ʣʽʢʫʚʘʣʴʥʦ-ʧʨʦʬʽʣʘʢʪʠʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷè.  

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙ-

ʢʘ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʞʝʣʝ ʧʣʦʜʦʚʦ-ʷʛʽʜʥʦʛʦ ʥʘ ʦʩʥʦʚʽ ʥʘʧʽʚ-

ʬʘʙʨʠʢʘʪʽʚ ʞʝʣʶʯʁʠʭ ʜʣʷ ʩʦʣʦʜʢʠʭ ʩʪʨʘʚ (ʅɾʉʉ).  

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʪʘʢʽ ʟʘʜʘʯʽ: 

- ʨʦʟʨʦʙʠʪʠ ʪʝʭʥʦʣʦʛʽʶ ʞʝʣʝ ʧʣʦʜʦʚʦ-ʷʛʽʜʥʦʛʦ ʥʘ ʦʩʥʦʚʽ ʅɾʉʉ; 

- ʚʩʪʘʥʦʚʠʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʫʪʚʦʨʝʥʥʷ ʛʝʣʽʚ ʥʘ ʦʩʥʦʚʽ ʧʝʢʪʠʥʫ ʥʠʟʴ-

ʢʦʝʪʝʨʠʬʽʢʦʚʘʥʦʛʦ ʘʤʽʜʦʚʘʥʦʛʦ (ʇʅɽɸ) ʪʘ ʢʘʣʴʮʽʶ ʟ ʧʦʨʦʰʢʫ ʷʻʯʥʦʾ ʰʢʘʨʘ-

ʣʫʧʠ (ʇʗʐ) ʷʢ ʨʝʮʝʧʪʫʨʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʩʢʣʘʜʽ ʞʝʣʝʡʥʠʭ ʩʦʣʦʜʢʠʭ ʩʪʨʘʚ;  

- ʚʩʪʘʥʦʚʠʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʪʘ ʦʙˇʨʫʥʪʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʚ       

ʩʠʩʪʝʤʽ ʟʘ ʫʯʘʩʪʶ ʇʅɽɸ ʪʘ ʇʗʐ; 

- ʦʙˇʨʫʥʪʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʶ ʪʘ ʨʝʮʝʧʪʫʨʥʠʡ ʩʢʣʘʜ ʅɾʉʉ;  

- ʜʦʩʣʽʜʠʪʠ ʩʧʦʞʠʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʞʝʣʝ ʧʣʦʜʦʚʦ-ʷʛʽʜʥʦʛʦ ʥʘ ʦʩʥʦʚʽ 

ʅɾʉʉ; 

- ʟʜʽʡʩʥʠʪʠ ʢʦʤʧʣʝʢʩ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʘʭʦʜʽʚ ʽʟ ʫʧʨʦʚʘ-

ʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʚʠʨʦʙʥʠʮʪʚʦ ʽ ʚʠʟʥʘʯʠʪʠ ʝʢʦʥʦʤʽʯʥʫ    

ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʽʜ ʾʭ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ.  

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʪʝʭʥʦʣʦʛʽʷ ʞʝʣʝ ʧʣʦʜʦʚʦ-ʷʛʽʜʥʦʛʦ ʥʘ ʦʩʥʦʚʽ 

ʅɾʉʉ.  

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʛʝʣʽ ʪʘ ʤʦʜʝʣʴʥʽ ʩʠʩʪʝʤʠ ʥʘ ʦʩʥʦʚʽ ʇʅɽɸ ʪʘ 

ʢʘʣʴʮʽʶ ʟ ʇʗʐ, ʅɾʉʉ, ʞʝʣʝ ʧʣʦʜʦʚʦ-ʷʛʽʜʥʽ ʥʘ ʦʩʥʦʚʽ ʅɾʉʉ. 
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ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ: ʘʥʘʣʽʪʠʯʥʽ, ʦʨʛʘʥʦʣʝʧʪʠʯʥʽ, ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ,     

ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʽ, ʤʝʪʦʜʠ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʩʠʥʪʝʟʫ, ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʠʭ ʨʦʙʽʪ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʇʨʦʚʝʜʝʥʦ ʩʠʩʪʝʤʥʝ ʜʦʩʣʽ-

ʜʞʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʤʧʦʥʝʥʪʽʚ ʛʝʣʝʫʪʚʦʨʶʚʘʣʴʥʦʾ ʩʠʩ-

ʪʝʤʠ çʇʅɽɸ ï Ca
2+
è. ɺʩʪʘʥʦʚʣʝʥʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʦʜʝʨʞʘʥʥʷ ʛʝʣʽʚ ʰʣʷʭʦʤ 

ʽʦʥʦʪʨʦʧʥʦʛʦ ʛʝʣʝʫʪʚʦʨʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʦʜʝʨʞʘʪʠ ʥʘʫʢʦʚʫ ʽʥʬʦʨʤʘʮʽʶ 

ʧʨʦ ʬʘʟʦʚʠʡ ʩʪʘʥ ʢʦʤʧʦʥʝʥʪʽʚ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʫʪʚʦʨʝʥʥʷ ʛʦʤʦʛʝʥʥʠʭ ʛʝʣʽʚ ʽʟ 

ʟʘʜʘʥʠʤʠ ʩʪʨʫʢʪʫʨʥʦ-ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ʋʧʝʨʰʝ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʚʝʜʝʥʦ ʜʦʮʽʣʴ-

ʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʣʝʫʪʚʦʨʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ çʇʅɽɸ ï Ca
2+
è ʟʘ ʫʯʘʩʪʽ 

ʇʅɽɸ ʪʘ ʢʘʣʴʮʽʶ, ʜʞʝʨʝʣʦʤ ʷʢʦʛʦ ʻ ʇʗʐ, ʫ ʪʝʭʥʦʣʦʛʽʾ ʅɾʉʉ ʪʘ ʦʜʝʨʞʘʥʥʷ 

ʞʝʣʝ ʧʣʦʜʦʚʦ-ʷʛʽʜʥʠʭ ʽʟ ʚʠʩʦʢʦʶ ʭʘʨʯʦʚʦʶ ʮʽʥʥʽʩʪʶ ʪʘ ʥʦʚʠʤʠ ʩʧʦʞʠʚʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʤ̫ʠ. 

ɺʩʪʘʥʦʚʣʝʥʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʦʩʥʦʚʥʠʭ ʩʧʦʞʠʚʥʠʭ ʚʣʘʩʪʠ-

ʚʦʩʪʝʡ ʅɾʉʉ, ʚʠʟʥʘʯʝʥʦ ʡ ʫʟʘʛʘʣʴʥʝʥʦ ʚʧʣʠʚ ʨʝʮʝʧʪʫʨʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʥʘ 

ʟʤʽʥʫ ʩʪʨʫʢʪʫʨʥʦ-ʤʝʭʘʥʽʯʥʠʭ, ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʪʘ ʦʨʛʘʥʦʣʝʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦ-

ʩʪʝʡ ʤʦʜʝʣʴʥʠʭ ʩʠʩʪʝʤ, ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ ʽ ʞʝʣʝ ʧʣʦʜʦʚʦ-ʷʛʽʜʥʦʛʦ ʥʘ ʾʭ        

ʦʩʥʦʚʽ.  

ʅʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʩʢʣʘʜ ʇʗʐ, ʘ ʪʘʢʦʞ ʧʦʨʷʜʦʢ ʡʦʛʦ ʚʥʝʩʝʥʥʷ ʜʦ          

ʛʝʣʝʫʪʚʦʨʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ, ʚʠʷʚʣʝʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʠʤʦʥʥʦʾ 

ʢʠʩʣʦʪʠ ʚ ʩʠʩʪʝʤʘʭ ʽʟ ʢʦʥʪʨʦʣʴʦʚʘʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʨʅ, ʦʙˇʨʫʥʪʦʚʘʥʦ ʪʝʭʥʦ-

ʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʛʝʣʝʫʪʚʦʨʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʛʝʣʝʫʪʚʦʨʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ 

çʇʅɽɸ ï Ca
2+
è ʽʟ ʦʜʝʨʞʘʥʥʷʤ ʅɾʉʉ ʪʘ ʞʝʣʝ ʧʣʦʜʦʚʦ-ʷʛʽʜʥʦʛʦ ʥʘ ʾʭ ʦʩʥʦʚʽ. 

ʅʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʫʤʦʚʠ ʪʘ ʪʝʨʤʽʥʠ ʟʙʝʨʽʛʘʥʥʷ ʥʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. 

ʅʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʧʘʨʘʤʝʪʨʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʧʽʜ ʯʘʩ ʚʠʨʦ-

ʙʥʠʮʪʚʘ ʅɾʉʉ ʪʘ ʞʝʣʝ ʧʣʦʜʦʚʦ-ʷʛʽʜʥʠʭ ʥʘ ʾʭ ʦʩʥʦʚʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʭʠʭ 

ʪʘ ʨʽʜʢʠʭ ʢʦʥʮʝʥʪʨʘʪʽʚ ʩʦʢʽʚ, ʘ ʪʘʢʦʞ ʥʘʪʫʨʘʣʴʥʦʾ ʧʣʦʜʦʚʦ-ʷʛʽʜʥʦʾ ʩʠʨʦʚʠʥʠ, 

ʱʦ ʟʘʙʝʟʧʝʯʫʁ ʪʴ ʚʠʩʦʢʽ ʩʧʦʞʠʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ.  
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ʋʩʪʘʥʦʚʣʝʥʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʤʽʥʠ ʦʩʥʦʚʥʠʭ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ, ʩʪʨʫʢʪʫ-

ʨʥʦ-ʤʝʭʘʥʽʯʥʠʭ ʪʘ ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʟʨʘʟʢʽʚ ʞʝʣʝ ʧʣʦʜʦʚʦ-

ʷʛʽʜʥʦʛʦ ʥʘ ʦʩʥʦʚʽ ʅɾʉʉ ʧʽʜ ʯʘʩ ʟʙʝʨʽʛʘʥʥʷ.  

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʈʦʟʨʦʙʣʝʥʦ ʪʝʭʥʦʣʦʛʽʶ 

ʅɾʉʉ ʥʘ ʦʩʥʦʚʽ ʛʝʣʝʫʪʚʦʨʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ çʇʅɽɸ ï Ca
2+
è ʽ ʪʝʭʥʦʣʦʛʽʶ 

ʞʝʣʝ ʧʣʦʜʦʚʦ-ʷʛʽʜʥʦʛʦ ʥʘ ʦʩʥʦʚʽ ʅɾʉʉ ʟʽ ʟʥʠʞʝʥʠʤ ʚʤʽʩʪʦʤ ʮʫʢʨʫ ʪʘ ʚʠʩʦ-

ʢʦʶ ʭʘʨʯʦʚʦʶ ʮʽʥʥʽʩʪʶ. ʈʦʟʨʦʙʣʝʥʽ ʪʝʭʥʦʣʦʛʽʾ ʜʦʟʚʦʣʷʶʪʴ ʷʢʽʩʥʦ ʜʦʧʦʚʥʠʪʠ 

ʨʘʮʽʦʥ ʩʧʦʞʠʚʘʯʽʚ ʧʝʢʪʠʥʦʚʠʤʠ ʨʝʯʦʚʠʥʘʤʠ, ʚʽʪʘʤʽʥʘʤʠ (ʟʦʢʨʝʤʘ ʛʨʫʧʠ ɺ ʪʘ 

ʘʩʢʦʨʙʽʥʦʚʦʶ ʢʠʩʣʦʪʦʶ), ʤʽʢʨʦʝʣʝʤʝʥʪʘʤʠ, ʘ ʪʘʢʦʞ ʨʦʟʰʠʨʠʪʠ ʘʩʦʨʪʠʤʝʥʪ 

ʪʘ ʚʧʨʦʚʘʜʠʪʠ ʫ ʚʠʨʦʙʥʠʮʪʚʦ ʥʦʚʽ ʩʪʨʘʚʠ ʟ ʚʠʩʦʢʦʶ ʭʘʨʯʦʚʦʶ ʮʽʥʥʽʩʪʶ, 

ʟʥʠʞʝʥʠʤ ʚʤʽʩʪʦʤ ʮʫʢʨʫ ʪʘ ʥʦʚʠʤʠ ʩʧʦʞʠʚʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ.  

ʈʦʟʨʦʙʣʝʥʦ ʪʘ ʟʘʪʚʝʨʜʞʝʥʦ ʥʦʨʤʘʪʠʚʥʫ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʫ ʜʦʢʫʤʝʥʪʘʮʽʶ 

(ʊʋ ʋ 10.8-04718013-012:2015 çʅʘʧʽʚʬʘʙʨʠʢʘʪʠ ʞʝʣʶʶʯʽ ʜʣʷ ʩʦʣʦʜʢʠʭ 

ʩʪʨʘʚè ʪʘ ʊɯ ʜʦ ʊʋ ʋ 10.8-04718013-012:2015).  

ʈʝʘʣʽʟʘʮʽʷ ʨʦʙʦʪʠ. ɿʜʽʡʩʥʝʥʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʅɾʉʉ ʫ ʇʇ 

çʉʠʥʪʝʟè (ʤ. ɼʥʽʧʨʦ, ʘʢʪ ʚʽʜ 30.09.2015 ʨ.), ʊʆɺ çɻʫʜʚʽʣ ɯʥʚʝʩʪè (ʤ. ɼʥʽʧʨʦ, 

ʘʢʪ ʚʽʜ 15.10.2015 ʨ) ʪʘ ʞʝʣʝ ʧʣʦʜʦʚʦ-ʷʛʽʜʥʦʛʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʅɾʉʉ ʫ ʇʇ 

çʉʠʥʪʝʟè (ʤ. ɼʥʽʧʨʦ, ʘʢʪ ʚʽʜ 30.09.2015 ʨ.), ʊʆɺ çɻʫʜʚʽʣ ɯʥʚʝʩʪè (ʤ. ɼʥʽʧʨʦ, 

ʘʢʪ ʚʽʜ 15.10.2015 ʨ.).  

ɺʠʧʫʱʝʥʦ ʜʦʩʣʽʜʥʦ-ʧʨʦʤʠʩʣʦʚʽ ʧʘʨʪʽʾ ʅɾʉʉ ʪʘ ʞʝʣʝ ʧʣʦʜʦʚʦ-ʷʛʽʜʥʦʛʦ 

ʥʘ ʾʭ ʦʩʥʦʚʽ. ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚʧʨʦʚʘʜʞʝʥʦ ʚ ʥʘʚʯʘʣʴʥʠʡ 

ʧʨʦʮʝʩ ʉʫʤʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʘʛʨʘʨʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ                              

(ʘʢʪ ʚʽʜ 30.09.2015 ʨ.). 

ʇʽʜʪʚʝʨʜʞʝʥʦ ʩʦʮʽʘʣʴʥʠʡ ʪʘ ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪʠ ʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ  

ʨʦʟʨʦʙʦʢ. ʈʦʟʨʘʭʦʚʘʥʦ ʩʦʙʽʚʘʨʪʽʩʪʴ 100 ʧʦʨʮʽʡ ʞʝʣʝ ʧʣʦʜʦʚʦ-ʷʛʽʜʥʦʛʦ ʥʘ ʦʩ-

ʥʦʚʽ ʅɾʉʉ, ʱʦ ʩʪʘʥʦʚʠʪʴ 325é350 ʛʨʥ, ʟʘʣʝʞʥʦ ʚʽʜ ʘʩʦʨʪʠʤʝʥʪʫ.  

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ ʧʦʣʷʛʘʻ ʚ ʘʥʘʣʽʟʽ ʧʨʦʙʣʝʤʠ, ʥʘʫʢʦʚʦʤʫ 

ʦʙˇʨʫʥʪʫʚʘʥʥʽ ʪʘ ʬʦʨʤʫʣʶʚʘʥʥʽ ʤʝʪʠ, ʟʘʜʘʯ ʪʘ ʧʨʦʛʨʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ; ʟʘ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʾʫʯʘʩʪ ̔ʟʜʦʙʫʚʘʯʘ ʧʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʨʦʟʨʦʙʣʝʥʦ ʥʦʨʤʘʪʠʚʥʫ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʫ ʜʦʢʫʤʝʥʪʘʮʽʶ, ʟʜʽʡʩʥʝʥʦ 

28 



ʧʨʦʤʠʩʣʦʚʫ ʘʧʨʦʙʘʮʽʶ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ ʚʠʨʦʙʥʠʮʪʚʦ ʨʦʟʨʦʙʣʝʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ. ɸʚʪʦʨʦʤ ʫʟʘʛʘʣʴʥʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʩʬʦʨʤʫʣʴʦʚʘʥʦ 

ʚʠʩʥʦʚʢʠ, ʧʽʜʛʦʪʦʚʣʝʥʦ ʜʦ ʧʫʙʣʽʢʘʮʽʾ ʩʪʘʪʪʽ ʪʘ ʪʝʟʠ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʜʦʧʦʚʽʜʘʣʠʩʷ, ʦʙʛʦʚʦʨʶʚʘʣʠʩʷ ʪʘ ʦʜʝʨʞʘʣʠ ʧʦʟʠʪʠʚʥʫ 

ʦʮʽʥʢʫ ʥʘ ʱʦʨʽʯʥʠʭ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ ʧʨʦʬʝʩʦʨʩʴʢʦ-ʚʠʢʣʘʜʘʮʴʢʦʛʦ 

ʩʢʣʘʜʫ ʪʘ ʘʩʧʽʨʘʥʪʽʚ ʍʘʨʢʽʚʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʭʘʨʯʫʚʘʥʥʷ ʪʘ 

ʪʦʨʛʽʚʣʽ (ʤ. ʍʘʨʢʽʚ, 2013-2015 ʨʨ.), VI ʪʘ VII ɺʩʝʫʢʨʘʾʥʩʴʢʠʭ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ ʪʘ ʩʪʫʜʝʥʪʽʚ ʽʟ ʤʽʞʥʘʨʦʜʥʦʶ     

ʫʯʘʩʪʶ çʇʨʦʙʣʝʤʠ ʬʦʨʤʫʚʘʥʥʷ ʟʜʦʨʦʚʦʛʦ ʩʧʦʩʦʙʫ ʞʠʪʪʷ ʫ ʤʦʣʦʜʽè             

(ʤ. ʆʜʝʩʘ, ʆʅɸʍʊ, 2013, 2014 ʨʨ.), ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝ-

ʨʝʥʮʽʾ çɸʢʪʫʘʣʴʥʽ ʧʨʦʙʣʝʤʠ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʭʘʨʯʦʚʠʭ ʚʠʨʦʙʥʠʮʪʚ, 

ʛʦʪʝʣʴʥʦ-ʨʝʩʪʦʨʘʥʥʦʛʦ ʪʘ ʪʫʨʠʩʪʠʯʥʦʛʦ ʙʽʟʥʝʩʫè, ʧʨʠʩʚʷʯʝʥʽʡ 40-ʨʽʯʯʶ ʟʘ-

ʩʥʫʚʘʥʥʷ ʬʘʢʫʣʴʪʝʪʫ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʛʦʪʝʣʴʥʦ-ʨʝʩʪʦʨʘʥʥʦʛʦ ʽ ʪʫʨʠʩʪʠ-

ʯʥʦʛʦ ʙʽʟʥʝʩʫ (ʤ. ʇʦʣʪʘʚʘ, ʇʋɽʊ, 2014 ʨ.), ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ 

ʢʦʥʬʝʨʝʥʮʽʾ çʅʦʚʽʪʥʽ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽ ʨʽʰʝʥʥʷ ʚ ʭʘʨʯʦʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽè 

(ʤ. ʃʴʚʽʚ, ɯʥʩʪʠʪʫʪ ʙʽʦʪʝʭʥʦʣʦʛʽʾ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʽ ʭʘʨʯʦʚʦʾ ʧʨʦʤʠʩʣʦ-

ʚʦʩʪʽ, 2015 ʨ.), ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʍʘʨʯʦʚʽ ʪʝʭ-

ʥʦʣʦʛʽʾ, ʭʣʽʙʦʧʨʦʜʫʢʪʠ ʪʘ ʢʦʤʙʽʢʦʨʤʠè (ʤ. ʆʜʝʩʘ, ʆʅɸʍʊ, 2015 ʨ.), ʄʽʞʥʘ-

ʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çModern scientific researches and 

developments: theoretical value and practical resultsè (ʤ. ɹʨʘʪʽʩʣʘʚʘ, ɸʢʘʜʝʤʽʯʥʝ 

ʪʦʚʘʨʠʩʪʚʦ ʄ. ɹʘʣʫʜʷʥʩʴʢʦʛʦ, 2016 ʨ.), ɯɯɯ ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʽʡ 

ʢʦʥʬʝʨʝʥʮʽʾ çModern scientific achievements and their practical applicationè     

(ʤ. ɼʫʙʘʾ, ʅɼʎ ʟ ʧʠʪʘʥʴ ʦʩʚʽʪʠ RS Global, 2016 ʨ.).  

ʅʦʚʽ ʚʠʜʠ ʧʨʦʜʫʢʮʽʾ ʙʫʣʠ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʽ ʪʘ ʧʦʟʠʪʠʚʥʦ ʦʮʽʥʝʥʽ ʥʘ 

ʚʠʩʪʘʚʢʘʭ-ʜʝʛʫʩʪʘʮʽʷʭ ʥʘʫʢʦʚʠʭ ʨʦʟʨʦʙʦʢ ʫ ʍʘʨʢʽʚʩʴʢʦʤʫ ʜʝʨʞʘʚʥʦʤʫ ʫʥʽ-

ʚʝʨʩʠʪʝʪʽ ʭʘʨʯʫʚʘʥʥʷ ʪʘ ʪʦʨʛʽʚʣʽ (ʤ. ʍʘʨʢʽʚ, 2014-2015 ʨʨ.), ʚʠʩʪʘʚʮʽ ʚ ʤʝʞʘʭ 

ʫʢʨʘʾ ʥʦ-ʧʦʣʴʩʴʢʦʛʦ ʧʨʦʝʢʪʫ çʅʘʫʢʦʚʽ ʧʽʢʥʽʢʠ ʚ ʋʢʨʘʾʥʽè (ʤ. ʍʘʨʢʽʚ, ʍɼʋʍʊ, 

2015 ʨ.), ʚʠʩʪʘʚʢʘʭ-ʷʨʤʘʨʢʘʭ çɾʠʪʪʷ ʚ ʩʪʠʣʽ ɽʢʦ ʉʫʤʱʠʥʘè (ʤ. ʉʫʤʠ, ʉʅɸʋ, 
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2015, 2016 ʨʨ.), ʚʠʩʪʘʚʮʽ ʚ ʤʝʞʘʭ ʟʘʭʦʜʫ çɸɻʈʆɼɽʅʔ - 2016è (ʤ. ʉʫʤʠ, 

ʉʅɸʋ, 2016 ʨ.). 

ʇʫʙʣʽʢʘʮʽʾ. ɿʘ ʤʘʪʝʨʽʘʣʘʤʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʦʧʫʙʣʽʢʦʚʘʥʦ 16 ʥʘʫ-

ʢʦʚʠʭ ʧʨʘʮʴ, ʫ ʪʦʤʫ ʯʠʩʣʽ: 6 ʩʪʘʪʝʡ ʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ, 

ʩʝʨʝʜ ʥʠʭ 4 ï ʫ ʚʠʜʘʥʥʷʭ, ʷʢʽ ʚʢʣʶʯʝʥʦ ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ 

ʙʘʟ; 10 ʪʝʟ ʜʦʧʦʚʜ̔ʝʡ ʪʘ ʤʘʪʝʨʽʘʣʽʚ ʢʦʥʬʝʨʝʥʮʽʡ  

ʉʪʨʫʢʪʫʨʘ ʡ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʘʥʦ-

ʪʘʮʽʾ, ʚʩʪʫʧʫ, 5 ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ, 18 ʜʦʜʘʪʢʽʚ. 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʜʠʩʝʨʪʘʮʽʾ ʚʠʢʣʘʜʝʥʦ ʥʘ 152 ʩʪʦʨʽʥʢʘʭ ʜʨʫʢʦʚʘʥʦʛʦ ʪʝʢʩʪʫ, 

ʤʽʩʪʠʪʴ 50 ʪʘʙʣʠʮʴ, 52 ʨʠʩʫʥʢʠ. ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʤʽʩʪʠʪʴ 157 

ʜʞʝʨʝʣ, ʫ ʪʦʤʫ ʯʠʩʣʽ 54 ʽʥʦʟʝʤʥʠʭ. 
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ʈʆɿɼɯʃ 1 

ʉʋʏɸʉʅɯ ʊɽʅɼɽʅʎɯɰ ʈʆɿɺʀʊʂʋ ʊɽʍʅʆʃʆɻɯʁ ɺʀʈʆɹʅʀʎʊɺɸ 

ʉʆʃʆɼʂʀʍ ʉʊʈɸɺ  

 

ʅʘ ʩʫʯʘʩʥʦʤʫ ʧʨʦʜʦʚʦʣʴʯʦʤʫ ʨʠʥʢʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʦʟʰʠʨʝʥʥʷ ʘʩʦʨ-

ʪʠʤʝʥʪʫ ʩʦʣʦʜʢʠʭ ʩʪʨʘʚ ʟʽ ʟʥʠʞʝʥʦʶ ʢʘʣʦʨʽʡʥʽʩʪʶ. ʇʨʦʪʝ, ʫ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜ-

ʢʘʭ, ʨʘʟʦʤ ʟʽ ʟʥʠʞʝʥʥʷʤ ʝʥʝʨʛʝʪʠʯʥʦʾ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʭʘʨʯʦʚʦʾ ʪʘ 

ʙʽʦʣʦʛʽʯʥʦʾ ʮʽʥʥʦʩʪʝʡ.  

ʈʦʟʰʠʨʝʥʥʷ ʜʽʷʣʴʥʦʩʪʽ ʫ ʩʬʝʨʽ ʚʠʨʦʙʥʠʮʪʚʘ ʩʦʣʦʜʢʠʭ ʩʪʨʘʚ, ʧʝʨʝʜʫʩʽʤ, 

ʧʦʚôʷʟʘʥʝ ʽʟ ʟʨʦʩʪʘʥʥʷʤ ʾʭ ʧʦʧʫʣʷʨʥʦʩʪ̔ ʩʝʨʝʜ ʩʧʦʞʠʚʘʯʽʚ ʫ ʙʘʛʘʪʴʦʭ ʢʨʘʥʾʘʭ 

ʩʚʽʪʫ. ʐʠʨʦʢʠʡ ʩʧʝʢʪʨ ʚʠʨʦʙʥʠʮʪʚʘ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʤʦʜʠʬʽʢʘʮʽʾ ʷʢʽʩʥʦʛʦ ʪʘ 

ʚʘʨʽʘʮʽʾ ʢʽʣʴʢʽʩʥʦʛʦ ʩʢʣʘʜʫ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʫ. ɻʥʫʯʢʽʩʪʴ ʪʝʭʥʦʣʦʛʽʡ ʩʦʣʦʜ-

ʢʠʭ ʩʪʨʘʚ ʚʠʤʘʛʘʻ ʛʣʠʙʦʢʦʛʦ ʥʘʫʢʦʚʦʛʦ ʚʠʚʯʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʧʨʦʮʝʩʠ ʥʝʜʦʩʪʘ-

ʪʥʴʦ ʦʙˇʨʫʥʪʦʚʘʥʦʾ ʪʘ ʥʘʜʤʽʨʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ ʤʦʞʫʪʴ ʤʘʪʠ ʜʦʩʠʪʴ ʥʝʛʘʪʠʚʥʽ 

ʥʘʩʣʽʜʢʠ ʜʣʷ ʦʨʛʘʥʽʟʤʫ ʣʶʜʠʥʠ, ʱʦ ʾʭ ʧʦʩʪʽʡʥʦ ʩʧʦʞʠʚʘ.̒ 

ʊʘʢʦʞ ʚʠʢʣʠʢʘʻ ʩʪʫʨʙʦʚʘʥʽʩʪʴ ʨʽʚʝʥʴ ʘʣʽʤʝʥʪʘʨʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ ʨʽʟʥʦ-

ʛʦ ʩʪʫʧʝʥ ̫ʪʷʞʢʦʩʪʽ, ʷʢʠʤʠ ʟʘ ʜʘʥʠʤʠ ʄʆɿ ʋʢʨʘʾʥʠ ʩʪʨʘʞʜʘʻ 1,2 % ʩʧʽʚʚʽʪ-

ʯʠʟʥʠʢʽʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʡ ʜʽʪʝʡ. ʋʥʘʩʣʽʜʦʢ ʥʝʧʨʘʚʠʣʴʥʦʛʦ ʭʘʨʯʫʚʘʥʥʷ ʢʽʣʴ-

ʢʽʩʪʴ ʦʞʠʨʽʥʥʷ ɯɯ ʪʘ ɯɯɯ ʩʪʫʧʝʥʷ ʚ ʜʽʪʝʡ ʜʦʰʢʽʣʴʥʦʛʦ ʪʘ ʰʢʽʣʴʥʦʛʦ ʚʽʢʫ ʩʪʘʥʦ-

ʚʠʪʴ 1,5 %. ʉʪʨʽʤʢʦ ʟʨʦʩʪʘʻ ʟʘʭʚʦʨʶʚʘʥʽʩʪʴ ʥʘ ʮʫʢʨʦʚʠʡ ʜʽʘʙʝʪ, ʟʦʢʨʝʤʘ ʩʝ-

ʨʝʜ ʜʽʪʝʡ ʜʦ 14 ʨʦʢʽʚ ʢʽʣʴʢʽʩʪʴ ʭʚʦʨʠʭ ʩʪʘʥʦʚʠʪʴ 10,26 ʥʘ 10 ʪʠʩ. ʥʘʩʝʣʝʥʥʷ, 

ʤʘʡʞʝ ʚ 70% ʜʽʘʛʥʦʩʪʫʶʪʴ ʧʦʨʫʰʝʥʥʷ ʨʦʙʦʪʠ ʐʂʊ [1]. 

ʆʟʥʘʯʝʥʽ ʟʘʭʚʦʨʶʚʘʥʥʷ ʻ ʥʘʩʣʽʜʢʦʤ ʥʝʜʙʘʣʦʛʦ ʩʪʘʚʣʝʥʥʷ ʜʦ ʚʣʘʩʥʦʛʦ 

ʭʘʨʯʦʚʦʛʦ ʨʘʮʽʦʥʫ, ʢʽʣʴʢʦʩʪʽ ʪʘ ʷʢʦʩʪʽ ʩʧʦʞʠʚʘʥʦʾ ʾʞʽ, ʫʤʦʚ ʾʾ ʩʧʦʞʠʚʘʥʥʷ 

ʪʦʱʦ. ʊʦʤʫ, ʜʦʩʠʪʴ ʘʢʪʫʘʣʴʥʠʤ ʻ ʤʦʥʽʪʦʨʠʥʛ ʥʘʷʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʥʦʚ ̔ʨʦ-

ʟʨʦʙʢʠ ʪʘ ʪʝʥʜʝʥʮʽ ʾʫ ʥʘʧʨʷʤ ̔ʩʪʚʦʨʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʪʘʢʠʭ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢ-

ʪʽʚ, ʷʢʽ ʙ ʤʘʣʠ ʥʘʡʚʠʱʠʡ ʨʽʚʝʥʴ ʫʧʦʜʦʙʘʥʥʷ ʩʝʨʝʜ ʨʽʟʥʠʭ ʛʨʫʧ ʣʶʜʝʡ ʽ ʦʜʥʦ-

ʯʘʩʥʦ ʤʘʣʠ ʙ ʚʠʩʦʢʫ ʭʘʨʯʦʚʫ ʮʽʥʥʽʩʪʴ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʟʜʽʡʩʥʝʥʦ ʦʛʣʷʜ ʣʽʪʝʨʘʪʫʨʠ, ʫ ʷʢʽʡ 

ʽʜʝʪʴʩʷ ʧʨʦ ʪʝʭʥʦʣʦʛʽ ʾʥʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ, ʱʦ ʤʽʩʪʷʪʴ ʬʫʥʢʮʽʦʥʘʣʴ-
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ʥʽ ʽʥʛʨʝʜʽʻʥʪʠ, ʷʢʽ ʟʜʘʪʥʽ ʩʧʨʠʷʪʠ ʟʤʝʥʰʝʥʥʶ ʨʠʟʠʢʫ ʘʣʽʤʝʥʪʘʨʥʠʭ ʟʘʭʚʦʨʶ-

ʚʘʥʴ. 

 

1.1.  ɸʥʘʣʽʟ ʩʫʯʘʩʥʦʛʦ ʨʠʥʢʫ ʛʝʣʝʫʪʚʦʨʶʚʘʯʽʚ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ  

ʞʝʣʝʧʦʜʽʙʥʠʭ ʩʦʣʦʜʢʠʭ ʩʪʨʘʚ 

 

ʋ ʨʘʮʽʦʥʽ ʩʫʯʘʩʥʦʾ ʣʶʜʠʥʠ ʦʩʦʙʣʠʚʝ ʤʽʩʮʝ ʚʽʜʚʝʜʝʥʦ ʩʦʣʦʜʢʠʤ ʩʪʨʘ-

ʚʘʤ. ɿʘʚʜʷʢʠ ʟʙʘʣʘʥʩʦʚʘʥʠʤ ʩʤʘʢʦʚʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ ʟʘ ʨʘʭʫʥʦʢ ʚʤʽʩʪʫ ʟʥʘʯ-

ʥʦʾ ʢʽʣʴʢʦʩʪʽ ʮʫʢʨʫ, ʧʣʦʜʦʚʦ-ʷʛʽʜʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ (ʩʚʽʞʽ ʷʛʦʜʠ ʪʘ ʬʨʫʢʪʠ, 

ʬʨʫʢʪʦʚʽ ʪʘ ʷʛʽʜʥʽ ʩʦʢʠ, ʧʶʨʝ, ʩʠʨʦʧʠ, ʚʘʨʝʥʥʷ), ʧʝʨʝʚʘʞʥʦ ʥʽʞʥʽʡ ʢʦʥʩʠʩʪʝ-

ʥʮʽʾ ʽ ʧʨʠʚʘʙʣʠʚʦʤʫ ʟʦʚʥʽʰʥʴʦʤʫ ʚʠʛʣʷʜʫ, ʚʦʥʠ ʻ ʜʦʩʠʪʴ ʧʦʧʫʣʷʨʥʠʤʠ ʩʝʨʝʜ 

ʥʘʩʝʣʝʥʥʷ. ʉʦʣʦʜʢʽ ʩʪʨʘʚʠ, ʷʢ ʧʨʘʚʠʣʦ, ʟʘʚʝʨʰʫʶʪʴ ʧʨʠʡʦʤ ʾʞʽ, ʪʦʤʫ ʩʣʽʜ ʧʽ-

ʜʢʨʝʩʣʠʪʠ, ʜʦʮʽʣʥɹʽʩʪʴ ʾʭ ʣʝʛʢʦʛʦ ʟʘʩʚʦʻʥʥʷ ʦʨʛʘʥʽʟʤʦʤ ʣʶʜʠʥʠ.  

ɿʘ ʩʪʫʧʽʥʴ ʟʘʩʚʦʶʚʘʥʦʩʪʽ ʩʦʣʦʜʢʠʭ ʩʪʨʘʚ ʧʝʨʝʚʘʞʥʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʘʢ̔ 

ʩʠʨʦʚʠʥʥʽ ʢʦʤʧʦʥʝʥʪʠ ʨʝʮʝʧʪʫʨʠ: ʮʫʢʦʨ, ʞʠʨʠ, ʷʡʮʷ, ʤʦʣʦʢʦ, ʚʝʨʰʢʠ ʪʦʱʦ. 

ʆʜʥʘʢ, ʮ̔  ʽʥʛʨʝʜʽʻʥʪʠ ʨʦʙʣʷʪʴ ʩʤʘʯʥʽ ʩʪʨʘʚʠ ʚʠʩʦʢʦʢʘʣʦʨʽʡʥʠʤʠ. ʈʘʟʦʤ ʟ̔ 

ʮʠʤ, ʩʪʨʽʤʢʦ ʟʨʦʩʪʘʻ ʧʦʧʠʪ ʥʘ ʮ  ʁʛʨʫʧʫ ʧʨʦʜʫʢʮʽʾ ʯʝʨʝʟ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʞʠʪ-

ʪʷ ʥʘʩʝʣʝʥʥʷ, ʘʜʞʝ ʩʧʦʞʠʚʘʥʥʷ ʚʠʩʦʢʦʢʘʣʦʨʽʡʥʠʭ ʪʘ ʣʝʛʢʦʟʘʩʚʦʚʁʘʥʠʭ ʩʪʨʘʚ 

ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʜʝʰʝʚʠʭ ʩʧʦʩʦʙʽʚ ʧʝʨʝʢʫʩʠʪʠ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʚ ʨʝʮʝʧʪʫʨʥʦʤʫ ʩʢʣʘʜʽ ʚʠʱʝʥʘʚʝʜʝʥʠʭ ʩʪʨʘʚ ʧʣʦʜʦʚʦ-

ʷʛʽʜʥʦʾ ʩʠʨʦʚʠʥʠ ʟʥʘʯʥʦ ʟʥʠʞʫʻ ʝʥʝʨʛʝʪʠʯʥʫ ʪʘ ʧʽʜʚʠʱʫʻ ʭʘʨʯʦʚʫ ʮʽʥʥʽʩʪʴ 

ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʟʘʚʜʷʢʠ ʚʠʩʦʢʦʤʫ ʚʤʽʩʪʫ ʚʽʪʘʤʽʥʽʚ, ʦʨʛʘʥʽʯʥʠʭ ʢʠʩʣʦʪ, ʙʽʦ-

ʣʦʛʽʯʥʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ, ʤʘʢʨʦ- ʪʘ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ. ʊʘʢʦʞ ʩʦʣʦʜʢʽ ʩʪʨʘʚʠ 

ʥʘ ʦʩʥʦʚʽ ʧʣʦʜʦʚʦ-ʷʛʽʜʥʦʾ ʩʠʨʦʚʠʥʠ ʙʘʛʘʪʽ ʥʘ ʣʽʧʦʪʨʦʧʥʽ ʨʝʯʦʚʠʥʠ ʪʘ ʤʝʪʽʦ-

ʥʥ̔, ʭʦʣʽʥ, ʽʥʦʟʠʪ, ʷʢʽ ʥʦʨʤʘʣʽʟʫʶʪʴ ʞʠʨʦʚʠʡ ʦʙʤʽʥ [2]. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʧʝʨʝʨʘʭʦʚʘʥʽ ʧʝʨʝʚʘʛʠ ʚʢʘʟʘʥʦʾ ʛʨʫʧʠ ʩʦʣʦʜʢʠʭ ʩʪʨʘʚ, 

ʾʭ ʩʧʦʞʠʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʜʦʩʠʪʴ ʦʙʤʝʞʝʥʠʤ ʩʝʨʝʜ ʥʘʩʝʣʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʚʠʩʦ-

ʢʘ ʢʘʣʦʨʽʡʥʽʩʪʴ ʨʝʮʝʧʪʫʨʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʚʤʽʩʪ ʣʝʛʢʦʟʘʩʚʦʶʚʘʥʠʭ ʚʫʛʣʝʚʦ-

ʜʽʚ ʢʘʪʝʛʦʨʠʯʥʦ ʧʨʦʪʠʧʦʢʘʟʘʥ ̔ʣʶʜ̫ʤ ʽʟ ʥʘʜʤʽʨʥʦʶ ʤʘʩʦʶ ʪʽʣʘ, ʛʽʧʦʜʠʥʘʤʽ-
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ʻʶ, ʝʥʜʦʢʨʠʥʥʠʤʠ, ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʠʤʠ, ʘ ʪʘʢʦʞ ʟʘʭʚʦʨʶʚʘʥʥʷʤʠ ʦʨʛʘʥʽʚ 

ʐʂʊ. 

ɺʠʨʦʙʥʠʮʪʚʦ ʞʝʣʝʡʥʠʭ ʩʦʣʦʜʢʠʭ ʩʪʨʘʚ ʚ ʫʤʦʚʘʭ ʨʝʩʪʦʨʘʥʥʦʛʦ ʛʦʩʧʦ-

ʜʘʨʩʪʚʘ ʥʘʙʫʚʘʻ ʟʥʘʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʟʘ ʨʘʭʫʥʦʢ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʢʣʘʩʠʯʥʠʭ ʪʝʭ-

ʥʦʣʦʛʽʡ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʠʭ ʽʥʛʨʝʜʽʻʥʪʽʚ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʝʥʝʨʛʦʟʘʦʱʘʜʞʫ-

ʚʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʍʦʯʘ ʙʽʣʴʰʽʩʪʴ ʟ̔ ʥʠʭ ʤʘʻ ʩʢʣʘʜʥʫ ʽ ʪʨʫʜʦʤʽʩʪʢʫ ʪʝʭ-

ʥʦʣʦʛʽʶ ʧʨʠʛʦʪʫʚʘʥʥʷ, ʥʝʚʝʣʠʢʠʡ ʪʝʨʤʽʥ ʨʝʘʣʽʟʘʮʽʾ (ʚʽʜ 6 ʜʦ 12 ʛʦʜʠʥ ʟʘ ʥʘʷ-

ʚʥʦʩʪʽ ʭʦʣʦʜʠʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ), ʧʦʧʠʪ ʥʘ ʮ  ʁʛʨʫʧʫ ʧʨʦʜʫ-

ʢʮʽʾ ʟʨʦʩʪʘʻ. ʂʣʘʩʠʬʢ̔ʘʮʽʷ ʩʦʣʦʜʢʠʭ ʩʪʨʘʚ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1.1 [3]. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ɿʘ ʪʝʤʧʝʨʘʪʫʨʦʶ ʧʦʜʘʯʽ ɿʘ ʚʠʜʦʤ ʩʠʨʦʚʠʥʠ ʜʣʷ 

ʦʩʥʦʚʠ 

ʇʣʦʜʦʚʦ-ʷʛʽʜʥʽ 

ʉʦʣʦʜʢʽ ʩʪʨʘʚʠ 

ʄʦʣʦʯʥʽ 

ʥʘ ʦʩʥʦʚʽ ʢʠʩʣʦ-
ʤʦʣʦʯʥʦʾ ʩʠʨʦʚʠʥʠ 
(ʡʦʛʫʨʪ, ʢʝʬʽʨ, 
ʚʝʨʰʢʠ, ʩʤʝʪʘʥʘ)  
- ʢʨʝʤʠ;  
- ʞʝʣʝ ʪʦʱʦ 

ʥʘ ʦʩʥʦʚʽ ʩʠʨʫ 

ʥʝʟʨʽʣʦʛʦ) 

- ʩʠʨʢʦʚʽ ʜʝʩʝʨʪʠ; 

- ʩʫʬʣʝ; 

- ʢʨʝʤʠ ʪʦʱʦ 

ʟ ʥʘʪʫʨʘʣʴʥʦʛʦ 

ʤʦʣʦʢʘ: 

- ʞʝʣʝ; 

- ʢʠʩʽʣʴ ʪʦʱʦ 

ʥʘ ʦʩʥʦʚʽ 

ʧʣʦʜʦʚʦ-

ʷʛʽʜʥʦʛʦ ʧʶʨʝ: 

- ʤʫʩʠ; 

- ʩʘʤʙʫʢʠ ʪʦʱʦ 

ʥʘ ʦʩʥʦʚʽ ʩʦʢʫ: 

- ʞʝʣʝ; 

- ʢʨʝʤʠ ʪʦʱʦ 

ʥʘ ʦʩʥʦʚʽ ʮʽʣʠʭ 

(ʥʘʨʽʟʘʥʠʭ) ʧʣʦʜʽʚ, 

ʷʛʽʜ: 

- ʧʣʦʜʠ ʪʘ ʷʛʦʜʠ ʫ 

ʩʠʨʦʧʽ; 

- ʢʦʤʧʦʪʠ; 

- ʟʘʧʝʯʝʥʽ ʧʣʦʜʠ 

ʪʘ ʷʛʦʜʠ; 

- ʢʠʩʝʣʽ ʪʦʱʦ 

ʷʛʦʜʠ ʽ 

ʧʣʦʜʠ ʩʚʽʞʽ 

ʪʘ ʰʚʠʜʢʦ-

ʟʘʤʦʨʦʞʝʥʽ 

ʤʦʨʦʟʠʚʦ 

ʟʙʠʪʽ 

ʚʝʨʰʢʠ, 

ʩʤʝʪʘʥʘ 

ʍʦʣʦʜʥʽ 
(tʧʦʜʘʯ ̔= 12-140ʉ) 

ɻʘʨʷʯʽ 
(tʧʦʜʘʯ ̔= 70-750ʉ) 

ʩʫʬʣʝ 

ʧʫʜʠʥʛʠ 

ɹʦʨʦʰʥʷʥʽ 
ʢʫʣʽʥʘʨʥʽ 
ʚʠʨʦʙʠ  
ʟ ʩʦʣʦʜʢʦʶ 
ʥʘʯʠʥʢʦʶ 

ʟʘʧʝʯʝʥʽ 

ʬʨʫʢʪʠ 

ʢʦʤʧʦʪʠ 

ʢʠʩʝʣʽ 

ʞʝʣʝ 

ʩʘʤʙʫʢʠ 

ʤʫʩʠ 

ʢʨʝʤʠ 

ʩʦʨʙʝ 

ʩʘʥʜʽ 

ʈʠʩ. 1.1. ʂʣʘʩʠʬʽʢʘʮʽʷ ʩʦʣʦʜʢʠʭ ʩʪʨʘʚ 
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ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʫ 1.1., ʦʢʨʝʤʫ ʛʨʫʧʫ ʩʢʣʘʜʘʶʪʴ ʞʝʣʝʡʥʽ ʩʦʣʦʜʢʽ ʩʪʨʘ-

ʚʠ: ʢʠʩʝʣʽ, ʞʝʣʝ, ʤʫʩʠ, ʩʘʤʙʫʢʠ, ʢʨʝʤʠ. 

ʆʙôʻʜʥʫʶʯʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʞʝʣʝʡʥʠʭ ʩʦʣʦʜʢʠʭ ʩʪʨʘʚ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʛʝʣʝʫʪʚʦʨʶʚʘʯʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʢʫʣʽʥʘʨʥʦʾ ʧʨʦʜʫ-

ʢʮʽʾ.  

ɻʝʣʝʫʪʚʦʨʶʚʘʯʽ ï ʮʝ ʨʝʯʦʚʠʥʠ, ʷʢʽ ʟʘ ʧʝʚʥʠʭ ʫʤʦʚ ʟʜʘʪʥʽ ʫʪʚʦʨʶʚʘʪʠ 

ʪʨʠʚʠʤʽʨʥʽ ʩʪʨʫʢʪʫʨʠ ʛʝʣʶ, ʧʨʠ ʯʦʤʫ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʥʠʭ ʟʘ ʨʽʟʥʠʭ ʢʦʥʮʝʥʪ-

ʨʘʮʽʡ ʫʪʚʦʨʶʶʪʴʩʷ ʨʽʟʥʽ ʩʪʨʫʢʪʫʨʠ. ʅʘʧʨʠʢʣʘʜ ʟʘ ʤʽʥʽʤʘʣʴʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ 

ʘʛʘʨʫ (0,2é0,3%) ʫʪʚʦʨʶʶʪʴʩʷ ʣʘʤʢʽ ʪʝʨʤʦʦʙʝʨʥʝʥʽ ʛʝʣʽ, ʟʘ ʙʽʣʴʰ ʚʠʩʦʢʠʭ 

ʡʦʛʦ ʢʦʥʮʝʥʪʨʘʮʽʡ (1,0é2,0%) ï ʩʪʨʫʢʪʫʨʠ ʫʱʽʣʴʥʶʶʪʴʩʷ ʪʘ ʟʥʘʯʥʦ ʜʦʚʰʝ 

ʫʪʨʠʤʫʶʪʴ ʚʦʣʦʛʫ. ʑʝ ʦʜʥʠʤ ʧʦʢʘʟʦʚʠʤ ʯʠʥʥʠʢʦʤ ʛʝʣʝʫʪʚʦʨʝʥʥʷ ʻ ʪʝʤʧʝʨʘ-

ʪʫʨʘ, ʧʨʠʯʦʤʫ ʜʝʷʢʽ ʚʠʜʠ ʛʝʣʝʫʪʚʦʨʶʚʘʯʽʚ (ʘʛʘʨ, ʧʝʢʪʠʥ) ʬʦʨʤʫʶʪʴ ʩʽʪʢʫ ʛʝ-

ʣʶ ʟʘ ʫʤʦʚ ʦʩʪʠʛʘʥʥʷ (30é42ʉ̄), ʞʝʣʘʪʠʥ ï ʟʘ ʫʤʦʚ ʦʭʦʣʦʜʞʝʥʥʷ (0é4ʉ̄). 

ʂʨʽʤ ʪʦʛʦ, ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ ʧʦʯʘʪʢʫ ʛʝʣʝʫʪʚʦʨʝʥʥʷ ʻ ʧʦʢʘʟʦʚʠʤ ʬʘʢʪʦ-

ʨʦʤ. ʊʘʢ, ʜʣʷ ʞʝʣʘʪʠʥʫ ʧʦʪʨʽʙʥʝ ʣʠʰʝ ʜʦʚʝʜʝʥʥʷ ʜʦ ʢʠʧʽʥʥʷ, ʘ ʜʣʷ ʛʝʣʝʫʪʚʦ-

ʨʶʚʘʯʽʚ ʧʦʣʽʩʘʭʘʨʠʜʥʦʾ ʧʨʠʨʦʜʠ ï ʢʦʨʦʪʢʦʯʘʩʥʝ ʢʠʧô̫ ʪʽʥʥʷ [4].  

ɹʽʣʴʰʽʩʪʴ ʚʽʜʦʤʠʭ ʛʝʣʝʫʪʚʦʨʶʚʘʯʽʚ ʤʘʶʪʴ ʧʦʣʽʩʘʭʘʨʠʜʥʫ ʧʨʠʨʦʜʫ ʪʘ 

ʧʦʭʦʜʷʪʴ ʽʟ ʥʘʟʝʤʥʠʭ ʨʦʩʣʠʥ ʘʙʦ ʚʦʜʦʨʦʩʪʝʡ ʪʘ ʻ ʨʦʩʣʠʥʥʠʤʠ ʛʽʜʨʦʢʦʣʦʾʜʘ-

ʤʠ, ʙʣ̔ʢʦʚʦʾ ʧʨʠʨʦʜʠ ʣʠʰʝ ʦʜʠʥ ï ʞʝʣʘʪʠʥ ʪʚʘʨʠʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ [5]. 

ɻʝʣʽ ʻ ʜʠʩʧʝʨʩʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʟ ʨʽʜʢʠʤ ʜʠʩʧʝʨʩʽʡʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ, ʫ 

ʷʢʠʭ ʯʘʩʪʠʥʢʠ ʜʠʩʧʝʨʩʥʦʾ ʬʘʟʠ ʫʪʚʦʨʶʶʪʴ ʧʨʦʩʪʦʨʦʚʫ ʩʪʨʫʢʪʫʨʥʫ ʩʽʪʢʫ. ɻʝʣʽ 

ʻ ʪʚʝʨʜʦʧʦʜʽʙʥʠʤʠ çʞʝʣʝʧʦʜʽʙʥʠʤʠè ʪʽʣʘʤʠ, ʱʦ ʟʜʘʪʥʽ ʟʙʝʨʽʛʘʪʠ ʬʦʨʤʫ ʪʘ 

ʚʠʷʚʣʷʶʪʴ ʧʨʫʞʥʽ (ʝʣʘʩʪʠʯʥʽ) ʪʘ ʧʣʘʩʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ.  

ɿʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʛʝʣʽ ʧʨʘʢʪʠʯʥʦ ʻ ʟʘʢʨʽʧʣʝʥʦʶ ʬʦʨʤʦʶ ʢʦʣʦʾʜʥʦʛʦ 

ʨʦʟʯʠʥʫ, ʟʦʣʶ, ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʦʣʶ ʚ ʛʝʣʴ ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʤʽʞ ʨʦʟʧʦʜʽʣʝ-

ʥʠʤʠ ʚ ʨʽʜʠʥʽ ʤʦʣʝʢʫʣʘʤʠ ʧʦʯʘʣʠ ʜʽʷʪʠ ʩʠʣʠ, ʱʦ ʚʠʢʣʠʢʘʶʪʴ ʤʽʞʤʦʣʝʢʫʣʷʨ-

ʥʫ ʚʟʘʻʤʦʜʽʶ. ʎʝ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʧʦ-ʨʽʟʥʦʤʫ: ʟʥʠʞʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʨʦʟʯʠʥ-

ʥʠʢʘ ʟʘ ʨʘʭʫʥʦʢ ʚʠʧʘʨʦʚʫʚʘʥʥʷ; ʟʥʠʞʝʥʥʷʤ ʨʦʟʯʠʥʥʦʩʪʽ ʨʦʟʧʦʜʽʣʝʥʦʾ ʨʝʯʦ-

ʚʠʥʠ ʟʘ ʨʘʭʫʥʦʢ ʭʽʤʽʯʥʦʾ ʚʟʘʻʤʦʜʽʾ; ʜʦʜʘʚʘʥʥʷʤ ʨʝʯʦʚʠʥ, ʱʦ ʩʧʨʠʷʶʪʴ ʫʪʚʦ-
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ʨʝʥʥʶ ʟʚ'ʷʟʢʽʚ ʽ ʧʦʧʝʨʝʯʥʽʡ ʚʟʘʻʤʦʜʽʾ; ʟʤʽʥʦʶ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʨʝʛʫʣʶʚʘʥʥʷʤ 

ʚʝʣʠʯʠʥʠ ʨʅ [6]. 

ʋ ʩʫʯʘʩʥʽʡ ʭʘʨʯʦʚʽʡ ʪʝʭʥʦʣʦʛʽʾ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʛʝʣʝ-

ʣʝʫʪʚʦʨʶʚʘʯʽʚ, ʷʢ ʙʽʣʢʦʚʦʾ, ʪʘʢ ʽ ʧʦʣʽʩʘʭʘʨʠʜʥʦʾ ʧʨʠʨʦʜʠ, ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʧʦ-

ʜʘʣʴʰʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢʠʭ ʦʙʫʤʦʚʣʝʥʝ ʥʠʟʢʦʶ ʚʠʟʥʘʯʘʣʴʥʠʭ ʬʘʢʪʦʨʽʚ     

(ʪʘʙʣ. 1.1.) ï ʧʦʭʦʜʞʝʥʥʷʤ, ʭʽʤʽʯʥʦʶ ʙʫʜʦʚʦʶ ʪʦʱʦ. 

ɼʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʛʝʣʝʫʪʚʦʨʶʚʘʯʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʾʭ ʧʨʠʨʦ-

ʜʠ, ʨʝʘʢʮʽʡʥʠʭ ʛʨʫʧ, ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʘʩʠ, ʘʢʪʠʚʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ, ʥʝʦʙʭʽʜʥʦʾ 

ʜʣʷ ʛʝʣʝʫʪʚʦʨʝʥʥʷ, ʪʦʱʦ. ɯʟ ʥʘʚʝʜʝʥʠʭ ʜʘʥʠʭ ʫ ʪʘʙʣ. 1.1. ʥʘʦʯʥʦ ʚʠʜʥʦ, ʱʦ 

ʧʨʽʦʨʠʪʝʪʥʠʤʠ ʛʝʣʝʫʪʚʦʨʶʚʘʯʘʤʠ, ʟʦʢʨʝʤʘ ʟ ʪʦʯʢʠ ʟʦʨʫ ʾʭ ʘʢʪʠʚʥʦʾ ʢʦʥʮʝʥʪ-

ʨʘʮʽʾ, ʻ ʛʝʣʝʫʪʚʦʨʚʁʘʯʽ ʧʦʣʽʩʘʭʘʨʠʜʥʦʾ ʧʨʠʨʦʜʠ ʪʘ ʞʝʣʘʪʠʥ. 

ʇʨʦʪʝ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʜʦʩʪʫʧʥʽʩʪʴ  ̔ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʞʝʣʘʪʠʥʫ ʚ 

ʪʝʭʥʦʣʦʛʽʾ ʩʦʣʦʜʢʠʭ ʩʪʨʘʚ, ʚʽʥ ʤʘʻ ʜʝʷʢʽ ʥʝʜʦʣʽʢʠ: ʞʝʣʘʪʠʥ ʫ ʥʠʟʮʽ ʤʝʪʦʜʽʚ 

ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ ʧʦʞʠʚʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʜʣʷ ʢʫʣʴʪʠʚʫʚʘʥʥʷ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʩʪʨʘʚʠ ʥʘ ʦʩʥʦʚʽ ʞʝʣʘʪʠʥʫ ʤʦʞʫʪʴ ʙʫʪʠ 

ʩʧʨʠʷʪʣʠʚʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʽ ʜʣʷ ʨʦʟʚʠʪʢʫ ʧʘʪʦʛʝʥʥʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. ʋʤʦ-

ʚʠ ʛʝʣʝʫʪʚʦʨʝʥʥʷ ʞʝʣʘʪʠʥʫ ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʘʩʪʝʨʠʟʘʮʽʶ, ʱʦ ʻ 

ʥʝʦʙʭʽʜʥʠʤ ʜʣʷ ʧʨʦʜʫʢʮʽʾ ʪʨʠʚʘʣʦʛʦ ʟʙʝʨʛ̔ʘʥʥʷ. ʇʦʭʦʜʞʝʥʥʷ ʩʠʨʦʚʠʥʠ ʜʣʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʞʝʣʘʪʠʥʫ ʟʫʤʦʚʣʶʻ ʪʘʢʦʞ ʨʝʣʽʛʽʡʥʽ ʦʙʤʝʞʝʥʥʷ, ʱʦʜʦ ʩʧʦʞʠ-

ʚʘʥʥʷ ʧʨʦʜʫʢʮʽʾ ʥʘ ʦʩʥʦʚʽ ʮʦɹʛʦ ʛʝʣʝʫʪʚʦʨʶʚʘʯʘ [6]. ʅʘʷʚʥʽʩʪʴ ʩʚʦʻʨʽʜʥʦʛʦ 

ʟʘʧʘʭʫ ʪʘ ʢʦʣʴʦʨʫ ʞʝʣʘʪʠʥʫ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʦʛʦ ʚʥʝʩʝʥ-

ʥʷ ʩʤʘʢʦ-ʘʨʦʤʘʪʠʯʥʦʾ ʩʠʨʦʚʠʥʠ ʪʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʢʘʣʦʨʽʡʥʦʩʪʽ 

ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʚ ʨʘʟʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʝʛʢʦʟʘʩʚʦʶʚʘʥʠʭ ʮʫʢʨʽʚ, ʘ ʪʘʢʦʞ ʧʽʜ-

ʚʠʱʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ ʧʨʦʜʫʢʮʽʾ.    
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ʊʘʙʣʠʮʷ 1.1.  

ɺʣʘʩʪʠʚʦʩʪʽ ʛʝʣʝʫʪʚʦʨʶʚʘʯʽʚ ʭʘʨʯʦʚʠʭ ʩʠʩʪʝʤ 

ʅʘʟʚʘ ʛʝʣʝ- 

ʫʪʚʦʨʶʚʘʯʘ 

ʆʩʥʦʚʥʘ ʭʽʤʯ̔ʥʘ  

ʩʢʣʘʜʦʚʘ 

ʄʦʣʝʢʫʣʷʨʥʘ  

ʤʘʩʘ, ʫʤ. ʦʜ. 

ɸʢʪʠʚʥʘ  

ʢʦʥʮʝʥʪʨʘʮʽʷ, 

%, ʥʝ ʤʝʥʰʝ 

ʈʦʣʴ ʫ ʭʘʨʯʦʚʠʭ  

ʩʠʩʪʝʤʘʭ 

ɿʘʩʪʦʩʫʚʘʥʥ ̫

1 2 3 4 5 6 

ɾʝʣʘʪʠʥ  

ɽ-441 

ɻʽʜʨʦʢʩʽʧʨʦʣʽʥ   

 

50 000 ï 70 000 1,0 ɻʝʣʝʫʪʚʦʨʝʥʥʷ ʟʘ ʨʘ-

ʭʫʥʦʢ ʥʝʧʦʚʥʦʛʦ   

ʛ̔ʜʨʦʣʽʟʫ ʢʦʣʘʛʝʥʫ, 

ʪʝʨʤʦʥʝʟʚʦʨʦʪʥʽ ʛʝʣʽ 

ɻʝʣʝʫʪʚʦʨʶʚʘʯ ʞʝʣʝʡʥʦʾ 

ʧʨʦʜʫʢʮʽʾ, ʟʘʣʠʚʦʢ ʜʣʷ 

ʢʦʥʩʝʨʚʽʚ, ʟʘʩʽʙ ʜʣʷ ʢʘʧ-

ʩʫʣʶʚʘʥʥʷ, ʦʩʚʽʪʣʚʁʘʯ ʫ 

ʚʠʥʦʨʦʙʩʪʚʽ 

ɸʛʘʨ 

ɽ-406 

3,6-ʘʥʛʽʜʨʦ-Ŭ-L-

ʛʘʣʘʢʪʦʟʘ 

 

11 000 ï 25 000 0,5 ɻʝʣʝʫʪʚʦʨʝʥʥʷ ʟʘ  

ʨʘʭʫʥʦʢ ʚʦʜʥʝʚʠʭ 

ʟʚôʷʟʢʽʚ, ʱʦ 

ʟôʻʜʥʫʶʪʴ ʧʦʣʽʤʝʨʥʽ 

ʤʦʣʝʢʫʣʠ, ʪʝʨʤʦʪʨʦ-

ʧʥʽ, ʪʝʨʤʦʟʚʦʨʦʪʥʽ 

ʛʝʣʽ 

ɻʝʣʝʫʪʚʦʨʶʚʘʯ ʧʘʩʪʠʣʴ-

ʥʦ-ʤʘʨʤʝʣʘʜʥʠʭ ʚʠʨʦʙʽʚ, 

ʟʘʣʠʚʦʢ ʜʣʷ ʢʦʥʩʝʨʚʽʚ, 

ʚʦʣʦʛʦʫʪʨʠʤʫʚʘʣʴʥʠʡ 

ʘʛʝʥʪ ʭʣʽʙʦʙʫʣʦʯʥʠʭ   

ʚʠʨʦʙʽʚ 

ʉʦʣʽ  

ʘʣʴʛʽʥʦʚʦʾ  

ʢʠʩʣʦʪʠ 

ɓ-D-ʤʘʥʫʨʦʥʦʚʘ  

ʢʠʩʣʦʪʘ,  

Ŭ- D- ʛʫʣʫʨʦʥʦʚʘ  

ʢʠʩʣʦʪʘ 

 

32 000 ï 600 000 0,5 ɯʦʥʦʪʨʦʧʥʝ ʛʝʣʝʫʪ-

ʚʦʨʝʥʥʷ ʚ ʥʘʷʚʥʦʩʪʽ 

ʽʦʥʽʚ ʉʘ 
2+

 ʪʝʨʤʦʥʝ-

ʟʚʦʨʦʪʥʽ ʛʝʣʽ 

ɻʝʣʝʫʪʚʦʨʶʚʘʯ, ʩʪʘʙʽʣʽʟʘ-

ʪʦʨ ʜʝʩʝʨʪʽʚ, ʧʣʘʚʣʝʥʦʛʦ 

ʩʠʨʫ, ʚʠʨʦʙʽʚ ʽʟ ʢʠʩʣʦʤʦ-

ʣʦʯʥʦʛʦ ʩʠʨʫ, ʩʦʫʩʽʚ, 

ʤôʷʩʥʠʭ ʢʦʥʩʝʨʚʽʚ, ʤʦʨʦʟʠ-

ʚʘ, ʟʘʩʽʙ ʜʣʷ ʢʘʧʩʫʣʚʁʘʥʥʷ, 

ʚʦʣʦʛʦʫʪʨʠʤʫʚʘʣʴʥʠʡ 

ʘʛʝʥʪ ʭʣʽʙʘ ʪʘ ʢʦʥʜʠʪʝʨʩʴ-

ʢʠʭ ʚʠʨʦʙʽʚ, ʢʦʤʧʣʝʢʩʦ-

ʫʪʚʦʨʶʚʘʯ 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 1.1. 

1 2 3 4 5 6 

ɸʣʴʛʽʥʘʪ  

ʥʘʪʨʽʶ  

ɽ-401 

 
 

32 000 ï 600 000 0,5 

ɯʦʥʦʪʨʦʧʥʝ ʛʝʣʝʫʪ-

ʚʦʨʝʥʥʷ ʚ ʧʨʠʩʫʪ-

ʥʦʩʪʽ ʽʦʥʽʚ ʉʘ 
2+

 

ʪʝʨʤʦʥʝʟʚʦʨʦʪʥʽ  

ʛʝʣʽ 

 

 

 

 

 

 

 

 

 

ɻʝʣʝʫʪʚʦʨʶʚʘʯ, ʩʪʘʙʽʣʽ-

ʟʘʪʦʨ ʜʝʩʝʨʪʽʚ, ʧʣʘʚʣʝʥʦ-

ʛʦ ʩʠʨʫ, ʚʠʨʦʙʽʚ ʽʟ ʢʠʩ-

ʣʦʤʦʣʦʯʥʦʛʦ ʩʠʨʫ, ʩʦʫ-

ʩʽʚ, ʤôʷʩʥʠʭ ʢʦʥʩʝʨʚʽʚ, 

ʤʦʨʦʟʠʚʘ, ʟʘʩʽʙ ʜʣʷ ʢʘʧ-

ʩʫʣʶʚʘʥʥʷ, ʚʦʣʦʛʦʫʪʨʠ-

ʤʫʚʘʣʴʥʠʡ ʘʛʝʥʪ ʭʣʽʙʘ ʪʘ 

ʢʦʥʜʠʪʝʨʩʴʢʠʭ ʚʠʨʦʙʽʚ, 

ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʚʁʘʯ 

ɸʣʴʛʽʥʘʪ  

ʢʘʣʽʶ 

ɽ-402 

 
 

32 000 ï 600 000 0,5 

ɸʣʴʛʽʥʘʪ  

ʢʘʣʴʮʽʶ 

ɽ-404 

 

 
 

32 000 ï 600 000 0,5 

ɸʣʴʛʽʥʘʪ 

ʘʤʦʥʽʶ 

ɽ-403 

 

 

32 000 ï 600 000 0,5 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 1.1. 

1 2 3 4 5 6 

k - ʢʘʨʘʛʽʥʘʥ 

ɽ-407 

D-ʛʘʣʘʢʪʦʟʘ ʪʘ 3,6-

ʘʥʛʽʜʨʦ-D-ʛʘʣʘʢʪʦʟʘ 

 

200 000 ï 400 000 0,2 ʉʫʤʽʩʥʝ ʪʝʨʤʽʯʥʝ ʪʘ 

ʽʦʥʦʪʨʦʧʥʝ ʛʝʣʝʫʪ-

ʚʦʨʝʥʥʷ ʟʘ ʥʘʷʚʥʦʩ-

ʪʽ ʽʦʥʽʚ ʂ
+
,  

ʪʝʨʤʦʥʝʟʚʦʨʦʪʥʽ  

ʛʝʣʽ 

ʌʨʫʢʪʦʚʽ ʪʘ ʦʚʦʯʝʚʽ ʢʦʥ-

ʩʝʨʚʠ, ʧʣʘʚʣʝʥʽ ʩʠʨʠ, ʢʠ-

ʩʣʦʤʦʣʦʯʥʽ ʧʨʦʜʫʢʪʠ, 

ʤʦʨʦʟʠʚʦ, ʤôʷʩʥʽ ʚʠʨʦʙʠ, 

ʩʦʫʩʠ 
i - ʢʘʨʘʛʽʥʘʥ 

ɽ-407 

 

200 000 ï 400 000 0,2 ʉʫʤʽʩʥʝ ʪʝʨʤʽʯʥʝ ʪʘ 

ʽʦʥʦʪʨʦʧʥʝ ʛʝʣʝʫʪ-

ʚʦʨʝʥʥʷ ʟʘ ʥʘʷʚʥʦʩ-

ʪʽ ʽʦʥʽʚ ʉʘ 
2+

 ʪʝʨʤʦ-

ʥʝʟʚʦʨʦʪʥʽ ʛʝʣʽ 

l - ʢʘʨʘʛʽʥʘʥ 

ɽ-407 

 

200 000 ï 400 000 0,2 ʋʪʚʦʨʶʻ ʛʝʣʽ ʟʘ ʥʘ-

ʷʚʥʦʩʪʽ ʙʽʣʢʽʚ 

 

ɿʘʛʫʱʝʥʥʷ  

ʤʦʣʦʯʥʠʭ ʧʨʦʜʫʢʪʽʚ 

n - ʢʘʨʘʛʽʥʘʥ 

 
 

 

200 000 ï 400 000 0,2 ɹʽʦʣʦʛʽʯʥʠʡ  

ʧʦʧʝʨʝʜʥʠʢ  

i -ʢʘʨʘʛʽʥʘʥʫ 

 

ʉʠʥʪʝʟ i -ʢʘʨʘʛʽʥʘʥʫ 
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ɿʘʢʽʥʯʝʥʥʷ ʪʘʙʣʠʮʽ 1.1. 

1 2 3 4 5 6 

m ï ʢʘʨʘʛʽʥʘʥ 

 

200 000 ï 400 000 0,2 ɹʽʦʣʦʛʽʯʥʠʡ  

ʧʦʧʝʨʝʜʥʠʢ  

k -ʢʘʨʘʛʽʥʘʥʫ 

ʉʠʥʪʝʟ  

k -ʢʘʨʘʛʽʥʘʥʫ 

ʇʝʢʪʠʥ  

ɽ-440 

Ŭ- D-ʛʘʣʘʢʪʫʨʦʥʦʚʘ 

ʢʠʩʣʦʪʘ 

 

  ʊʝʨʤʦʪʨʦʧʥʝ ʪʘ  

ʽʦʥʦʪʨʦʧʥʝ  

ʛʝʣʝʫʪʚʦʨʝʥʥʷ  

ʟʘʣʝʞʥʦ ʚʽʜ ʩʪʫʧʝʥ̫ 

ʝʪʝʨʠʬʽʢʘʮʽʾ 

ɿʘʛʫʱʫʚʘʯ, ʛʝʣʝʫʪʚʦʨʶ-

ʚʘʯ, ʩʪʘʙʽʣʽʟʘʪʦʨ, ʚʦʣʦʛʦ-

ʫʪʨʠʤʫʚʘʣʴʥʠʡ ʘʛʝʥʪ  

ɺʠʩʦʢʦʝʪʝ-

ʨʠʬ̔ʢʦʚʘʥʠʡ 

(ɺɽ) ʧʝʢʪʠʥ 

> 50 % ʉʆʆʅ ʛʨʫʧ 

ʝʪʝʨʠʬʽʢʦʚʘʥʦ ʆʉʅ3 

50 000 ï 80 000 0,3 ʊʝʨʤʦʪʨʦʧʥʝ ʛʝʣʝʫ-

ʪʚʦʨʝʥʥʷ ʟʘ ʥʘʷʚʥʦ-

ʩʪʽ ʢʠʩʣʦʪʠ ʪʘ ʮʫʢʨʫ 

ʂʦʥʜʠʪʝʨʩʢɹʽ, ʧʘʩʪʠʣʴʥʽ 

ʚʠʨʦʙʠ, ʩʪʘʙʽʣʽʟʘʮʽʷ ʢʠʩ-

ʣʦʤʦʣʦʯʥʠʭ ʥʘʧʦʾʚ 

 

ʅʠʟʴʢʦʝʪʝ-

ʨʠʬ̔ʢʦʚʘʥʠʡ 

(ʅɽ) ʧʝʢʪʠʥ 

< 50 % ʉʆʆʅ ʛʨʫʧ 

ʝʪʝʨʠʬʽʢʦʚʘʥʦ ʆʉʅ3 

35 000 ï 50 000 0,5 ɯʦʥʦʪʨʦʧʥʝ ʛʝʣʝʫʪ-

ʚʦʨʝʥʥʷ ʟʘ ʥʘʷʚʥʦʩ-

ʪʽ ʽʦʥʽʚ ʉʘ 
2+

,       

ʪʝʨʤʦʥʝʟʚʦʨʦʪʥʽ  

ʛʝʣʽ 

ɿʘʛʫʱʫʚʘʯ, ʩʪʘʙʽʣʽʟʘʪʦʨ 

ʢʦʥʩʠʩʪʝʥʮʽʾ ʢʠʩʣʦʤʦʣʦ-

ʯʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʪʝʨʤʦʩ-

ʪʽʡʢʠʭ ʥʘʯʠʥʦʢ, ʚʦʣʦʛʦʫ-

ʪʨʠʤʫʚʘʣʴʥʠʡ ʘʛʝʥʪ ʭʣʙ̔ʘ 

ʪʘ ʢʦʥʜʠʪʝʨʩʴʢʠʭ ʚʠʨʦʙʽʚ 

ʅʠʟʴʢʦʝʪʝ-

ʨʠʬ̔ʢʦʚʘʥʠʡ 

ʘʤʽʜʦʚʘʥʠʡ  

ʅɽɸ ʧʝʢʪʠʥ 

< 50 % ʉʆʆʅ ʛʨʫʧ 

ʝʪʝʨʠʬʽʢʦʚʘʥʽ ʆʉʅ3 ʽ 

< 25 % ʉʆʆʅ ʛʨʫʧ 

ʘʤʽʜʦʚʘʥʽ NH2
 

20 000 ï 35 000 0,4 ɯʦʥʦʪʨʦʧʥʝ ʛʝʣʝʫʪ-

ʚʦʨʝʥʥʷ ʯʫʪʣʠʚʝ ʜʦ 

ʽʦʥʽʚ ʉʘ 
2+
, ʪʝʨʤʦʥʝ-

ʟʚʦʨʦʪʥʽ ʛʝʣ ̔

ɺʠʨʦʙʥʠʮʪʚʦ ʞʝʣʝʡʥʦʾ 

ʧʨʦʜʫʢʮʽʾ ʟ ʥʠʟʴʢʠʤ ʨʽʚ-

ʥʝʤ ʮʫʢʨʫ 
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ʇʝʢʪʠʥ 

ɿʘ ʚʠʜʦʤ ʩʠʨʦʚʠʥʠ  

ʮʠʪʨʫʩʦʚʠʡ 

ʷʙʣʫʯʥʠʡ 

ʮʫʢʨʦʚʦʛʦ  

ʙʫʨʷʢʫ 

ʢʦʰʠʢʽʚ  

ʩʦʥʷʰʥʠʢʫ 

ʢʦʨʦʙʦʯʦʢ  

ʙʘʚʦʚʥʠʢʘ 

ʥʠʟɹʢʦʝʪʝʨʠʬʽʢʦʚʘʥʠʡ (Ò 50 % 

ʉʆʆʅ ʛʨʫʧ ʝʪʝʨʠʬʽʢʦʚʘʥʦ ʉʅ3
-
) 

ɿʘ ʩʪʫʧʝʥʝʤ ʝʪʝʨʠʬʽʢʘʮʽʾ 

ʚʠʩʦʢʦʝʪʝʨʠʬʽʢʦʚʘʥʠʡ  

(Ó 50 % ʉʆʆʅ ʛʨʫʧ 

ʝʪʝʨʠʬʽʢʦʚʘʥʦ ʉʅ3
-
) 

ʟʚʠʯʘʡʥʠʡ  

ʥʠʟɹʢʦʝʪʝʨʠʬʽʢʦʚʘʥʠʡ 

ʥʠʟɹʢʦʝʪʝʨʠʬʽʢʦʚʘʥʠʡ  

ʘʤ̔ʜʦʚʘʥʠʡ  

(Ò 50 % ʉʆʆʅ ʛʨʫʧ  

ʝʪʝʨʠʬʽʢʦʚʘʥʦ ʉʅ3
-
, Ò 25 % 

ʉʆʆʅ ʛʨʫʧ ʘʤʜ̔ʦʚʘʥʦ) 

ɿʘ ʪʝʤʧʝʨʘʪʫʨʦ  ʁʪʘ  

ʰʚʠʜʢʽʩʪʶ ʛʝʣʝʫʪʚʦʨʝʥʥʷ  

ʧʦʚʽʣʴʥʦʛʦ ʛʝʣʝʫʪʚʦʨʝʥʥʷ (ʧʦ-

ʚʽʣʴʥʦʾ ʩʘʜʢʠ) t = 45-60 ̄ C,  
pH 2,8-3,2 

ʰʚʠʜʢʦʛʦ ʛʝʣʝʫʪʚʦʨʝʥʥʷ 

(ʰʚʠʜʢʦʾ ʩʘʜʢʠ)  

t = 75-85 ̄ C, pH 3,1-3,6 

ʩʝʨʝʜʥʴʦʛʦ ʛʝʣʝʫʪʚʦʨʝʥʥʷ 
(ʩʝʨʝʜʥʴʦʾ ʩʘʜʢʠ)  

t = 55-75 ̄ C, pH 3,0-3,3 

ɿʘ ʨʽʚʥʝʤ ʯʫʪʣʠʚʦʩʪʽ  

ʜʦ ʢʘʣʴʮʽʁ   

ʚʠʩʦʢʦʾ  
ʯʫʪʣʠʚʦʩʪ̔ 

ʩʝʨʝʜʥʴʦʾ  

ʯʫʪʣʠʚʦʩʪ̔ 

ʥʠʟɹʢʦʾ  

ʯʫʪʣʠʚʦʩʪ̔ 

ɺʦʜʥʦʯʘʩ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʚʝʜʝʥʠʭ ʚʦʜʦʨʦʩʪʝʚʠʭ ʛʝʣʝʫʪʚʦʨʶʚʘʯʽʚ, ʫ 

ʩʫʯʘʩʥʠʭ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʷʭ ʪʷʛʥʝ ʟʘ ʩʦʙʦʶ ʟʥʘʯʥʝ ʟʙʽʣʴʰʝʥʥʷ ʩʦʙʽʚʘʨʪʦ-

ʩʪʽ ʧʨʦʜʫʢʮʽʾ, ʟʚʘʞʘʶʯʠ ʥʘ ʧʦʭʦʜʞʝʥʥʷ ʦʧʠʩʘʥʦʛʦ ʚʠʜʫ ʩʠʨʦʚʠʥʠ ʪʘ ʦʙʤʝʞʝ-

ʥʽʩʪʴ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʨʝʩʫʨʩʽʚ ʤʦʨʩʴʢʦʾ ʬʣʦʨʠ [7].  

ʇʝʢʪʠʥʠ ï ʛʝʪʝʨʦʧʦʣʽʤʝʨʠ ʟ ʚʠʩʦʢʦʶ ʤʦʣʝʢʫʣʷʨʥʦʶ ʤʘʩʦʶ, ʦʩʥʦʚʫ 

ʷʢʠʭ (60 %) ʩʢʣʘʜʘʶʪʴ ʟʘʣʠʰʢʠ ʛʘʣʘʢʪʫʨʦʥʦʚʦʡ ʢʠʩʣʦʪʠ. ʂʠʩʣʦʪʥʘ ʛʨʫʧʘ 

ʤʦʞʝ ʙʫʪʠ ʚʽʣʴʥʦʶ (ʫ ʚʠʛʣʷʜʽ ʧʨʦʩʪʦʾ ʩʦʣʽ ʥʘʪʨʽʶ, ʢʘʣʽʶ, ʢʘʣʴʮʽʶ ʘʙʦ ʘʤʦ-

ʥʽʶ) ʘʙʦ ʧʨʠʨʦʜʥʦ ʝʪʝʨʠʬʽʢʦʚʘʥʦʶ ʤʝʪʘʥʦʣʦʤ [8; 9]. ʂʣʘʩʠʬʽʢʘʮʽʷ ʧʝʢʪʠʥʽʚ 

ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1.2. [8]. 
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ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 1.2., ʽʩʥʫʻ ʜʦʩʠʪʴ ʰʠʨʦʢʠʡ ʜʽʘʧʘʟʦʥ ʧʝʢʪʠʥʽʚ, ʷʢʽ ʤʘʶʪʴ 

ʚʽʜʤʽʥʥʽ ʦʟʥʘʢʠ, ʱʦ ʟʫʤʦʚʣʶʶʪʴ ʾʭ ʦʩʦʙʣʠʚʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʘ ʧʦʚʝʜʽʥʢʠ ʚ ʭʘʨʯʦʚʠʭ ʩʠʩʪʝʤʘʭ. 

ʇɺɽ (ʨʠʩ. 1.3.) ï 0,3é0,5%-ʚʠʡ ʨʦʟʯʠʥ ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʢʠʩʣʦʪʠ ʟʘ ʧʝʚ-

ʥʦʛʦ ʚʤʽʩʪʫ ʩʫʭʠʭ ʨʝʯʦʚʠʥ (55é80%) ʪʘ ʧʦʚʽʣʴʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥ ̫

(20é120)Ĭ60 ʩ ʫʪʚʦʨʶʻ ʧʨʦʟʦʨʠʡ ʥʝʧʣʘʚʢʠʡ ʛʝʣʴ ʽʟ ʙʣʠʩʢʫʯʠʤ ʟʣʦʤʦʤ        

[8-11].  

ʈʦʟʯʠʥʥʽʩʪʴ ʇɺɽ ʟʨʦʩʪʘʻ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʩʪʫʧʝʥʷ ʝʪʝʨʠʬʽʢʘʮʽʾ ʪʘ ʟʥʠ-

ʞʝʥʥʷʤ ʜʦʚʞʠʥʠ ʣʘʥʮʶʛʘ. ʄʽʮʥʽʩʪʴ ʧʝʢʪʠʥʦʚʦʛʦ ʛʝʣʶ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʚʠʜʫ 

ʧʝʢʪʠʥʫ, ʟʨʦʩʪʘʻ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʝʢʪʠʥʫ ʪʘ ʩʪʫʧʝʥ ̫ʧʦʣʽʤʝʨʠ-

ʟʘʮʽʾ. 
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n  

ʈʠʩ. 1.3. ʍʽʤʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʇɺɽ 

ɿʘʣʝʞʥʦ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʯʘʪʢʫ ʛʝʣʝʫʪʚʦʨʝʥʥʷ ʇɺɽ ʨʦ-

ʟʜʽʣʷʶʪʴ ʥʘ ʜʚʽ ʛʨʫʧʠ: ʪʽ, ʷʢʽ ʰʚʠʜʢʦ ʫʪʚʦʨʶʶʪʴ ʛʝʣʽ ʪʘ ʪʽ, ʱʦ ʧʦʚʽʣʴʥʦ ʫʪʚʦ-

ʨʶʶʪʴ ʛʝʣʽ. ʇʝʢʪʠʥʠ, ʷʢʽ ʰʚʠʜʢʦ ʫʪʚʦʨʶʶʪʴ ʛʝʣʽ, ʤʘʶʪʴ ʙʽʣʴʰ ʚʠʩʦʢʠʡ ʩʪʫ-

ʧʽʥʴ ʝʪʝʨʠʬʽʢʘʮʽʾ ʪʘ ʩʪʨʫʢʪʫʨʫʶʪʴʩʷ ʟʘ ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʟʥʘʯʝʥʴ ʨʅ. ʅʘʡʙʽʣʴʰ 

ʩʧʨʠʷʪʣʠʚʘ ʦʙʣʘʩʪʴ ʨʅ ʜʣʷ ʪʠʭ, ʱʦ ʰʚʠʜʢʦ ʫʪʚʦʨʶʶʪʴ ʛʝʣʽ, ʚʽʜ 3,0 ʜʦ 3,4, 

ʜʣʷ ʪʠʭ, ʱʦ ʧʦʚʽʣʴʥʦ ʫʪʚʦʨʶʶʪʴ ʛʝʣʽ ï ʚʽʜ 2,8 ʜʦ 3,2. ʇʦʚʥʽʩʪʶ ʝʪʝʨʠʬʽʢʦʚʘ-

ʥʠʡ ʧʝʢʪʠʥ ʤʦʞʝ ʫʪʚʦʨʶʚʘʪʠ ʛʝʣʽ ʙʝʟ ʜʦʜʘʚʘʥʥʷ ʢʠʩʣʦʪʠ, ʣʠʰʝ ʟ ʮʫʢʨʦʤ. 

ɿʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʮʫʢʨʫ ʪʘ ʚʝʣʠʯʠʥʠ ʨʅ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʧʨʠʩʢʦ-

ʨʝʥʥʷ ʧʨʦʮʝʩʫ ʛʝʣʝʫʪʚʦʨʝʥʥʷ. ʉʧʦʚʽʣʴʥʠʪʠ ʛʝʣʝʫʪʚʦʨʝʥʥʷ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩ-

ʪʘʥʥʷ ʙʫʬʝʨʥʠʭ ʩʦʣʝʡ ʂ
+
, ʘ ʪʘʢʦʞ ʣʘʢʪʘʪʽʚ, ʪʘʨʪʨʘʪʽʚ, ʮʠʪʨʘʪʽʚ ʘʙʦ ʬʦʩʬʘʪʽʚ 

ʨʽʟʥʦʛʦ ʩʢʣʘʜʫ. ʂʘʪʽʦʥʠ ʟʘʚʘʞʘʶʪʴ ʧʝʢʪʠʥʦʚʠʤ ʣʘʥʮʶʛʘʤ ʟʙʣʠʟʠʪʠʩʷ ʜʣʷ 

ʫʪʚʦʨʝʥʥʷ ʛʝʣʶ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʯʘʩ ʛʝʣʝʫʪʚʦʨʝʥʥʷ ʪʘ ʟʥʠʞʫ-

ʻʪʴʩʷ ʡʦʛʦ ʪʝʤʧʝʨʘʪʫʨʘ. ʂʨʽʤ ʪʦʛʦ, ʙʫʬʝʨʥʽ ʩʦʣʽ ʧʽʜʚʠʱʫʶʪʴ ʨʅ ʧʝʨʝʜ ʜʦʟʫ-

ʚʘʥʥʷʤ ʢʠʩʣʦʪʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʦʧʝʨʝʜʠʪʠ ʧʝʨʝʜʯʘʩʥʝ ʛʝʣʝʫʪʚʦʨʝʥʥʷ, ʭʦʯʘ ʜʦ-
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ʩʠʪʴ ʟʥʘʯʥʝ ʜʦʟʫʚʘʥʥʷ ʩʦʣʝʡ ʤʦʞʝ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʥʫʪʠ ʥʘ ʩʤʘʢ ʪʘ ʤʽʮʥʽʩʪʴ 

ʛʝʣʶ.  

ʇʅɽ (ʨʠʩ. 1.4.) ï ʮʝ ʧʝʢʪʠʥʠ ʟʽ ʩʪʫʧʝʥʝʤ ʝʪʝʨʠʬʽʢʘʮʽʾ ʧʦʣʽʛʘʣʘʢʪʫʨʦʥʦ-

ʚʦʾ ʢʠʩʣʦʪʠ ʤʝʥʰʝ ʥʽʞ 50 %. ɺʦʥʠ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʟ ʩʠʨʦʚʠʥʠ, ʱʦ ʤʽʩʪʠʪʴ 

ɺɽ ʧʝʢʪʠʥ, ʰʣʷʭʦʤ ʢʦʥʪʨʦʣʴʦʚʘʥʦʾ ʜʝʝʪʝʨʠʬʽʢʘʮʽʾ ʚ ʢʠʩʣʦʪʥʦʤʫ ʘʙʦ ʣʫʞʥʦ-

ʤʫ ʩʝʨʝʜʦʚʠʱʽ.  

ʇʅɽ ʚ ʢʘʣʴʮʽʻʚʤʽʩʥʠʭ ʨʦʟʯʠʥʘʭ ʫ ʨʘʟʽ ʦʭʦʣʦʜʞʝʥʥ ̫ʫʪʚʦʨʶʻ ʤʘʡʞʝ 

ʧʨʦʟʦʨʠʡ ʛʝʣʴ. ʐʚʠʜʢʽʩʪʴ ʛʝʣʝʫʪʚʦʨʝʥʥʷ ʪʘ ʤʽʮʥʽʩʪʴ ʛʝʣʶ ʟʘʣʝʞʘʪʴ ʚʽʜ ʢʦʥ-

ʮʝʥʪʨʘʮʽʾ ʽʦʥʽʚ ʉʘ 
2+
, ʘ ʪʘʢʦʞ ʚʽʜ ʧʦʢʘʟʥʠʢʘ ʨʅ ʪʘ ʚʤʽʩʪʫ ʮʫʢʨʫ. ɿʙʽʣʴʰʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʉʘ ï ʧʨʠʩʢʦʨʶʻ ʛʝʣʝʫʪʚʦʨʝʥʥʷ, ʟʘ ʥʠʟʴʢʠʭ ʧʦʢʘʟʥʠʢʽʚ ʨʅ ʫʥʝ-

ʤʦʞʣʠʚʣʶʻ ʛʝʣʝʫʪʚʦʨʝʥʥʷ. ɺʤʽʩʪ ʡʦʛʦ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʛʝʣʝʫʪʚʦʨʝʥʥʷ ʧʦʚʠ-

ʥʝʥ ʟʥʘʭʦʜʠʪʠʩʷ ʚ ʤʝʞʘʭ 5é20 % [9; 10; 12]. 
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ʈʠʩ. 1.4. ʍʽʤʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʇʅɽ  

ʂʦʞʝʥ ʪʠʧ ʇʅɽ ʤʘʻ ʨʽʟʥʫ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʢʘʣʴʮʽʶ (ʨʠʩ. 1.5). ʇʽʜ ʯʘʩ ʧʦʩ-

ʪʫʧʦʚʦʾ ʜʝʝʪʝʨʠʬʽʢʘʮʽʾ ʚ ʤʦʣʝʢʫʣʽ ʧʝʢʪʠʥʫ ʟôʷʚʣʷʻʪʴʩʷ ʚʩʝ ʙʽʣʴʰʝ ʽ ʙʽʣʴʰʝ 

ʢʘʨʙʦʢʩʠʣʴʥʠʭ ʛʨʫʧ ʽ ʪʘʢʠʤ ʯʠʥʦʤ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʢʘʣʴʮʽʶ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʛʝ-

ʣʶ ʟʨʦʩʪʘʻ. ɯʟ ʤʝʪʦʶ ʟʥʠʞʝʥʥʷ ʯʫʪʣʠʚʦʩʪʽ ʧʝʢʪʠʥʫ ʜʦ ʽʦʥʽʚ ʜʚʦʚʘʣʝʥʪʥʠʭ ʤʝ-

ʪʘʣʽʚ ʧʨʦʚʦʜʷʪʴ ʡʦʛʦ ʘʤʽʜʫʚʘʥʥʷ. ʎʝʡ ʧʨʦʮʝʩ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʣʷʭʦʤ ʜʦʜʘʚʘʥʥʷ 

ʘʤʽʘʢʫ ʚ ʣʫʞʥʦʤʫ ʧʨʦʮʝʩʽ ʜʝʝʪʝʨʠʬʽʢʘʮʽʾ (ʨʠʩ. 1.5). ʂʨʽʤ ʛʘʣʘʢʪʫʨʦʥʦʚʠʭ ʢʠ-

ʩʣʦʪ, ʤʝʪʠʣʦʚʠʭ ʝʬʽʨʽʚ ʛʘʣʘʢʪʫʨʦʥʦʚʦʾ ʢʠʩʣʦʪʠ, ʘʤʽʜʦʚʘʥʠʡ ʥʠʟʴʢʦʝʪʝʨʠʬʽ-

ʢʦʚʘʥʠʡ ʧʝʢʪʠʥ ʤʽʩʪʠʪʴ ʫ ʤʦʣʝʢʫʣʷʨʥʦʤʫ ʣʘʥʮʶʛʫ ʛʘʣʘʢʪʫʨʦʥʘʤʽʜʥʽ ʣʘʥʢʠ 

[9ï12]. 
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ʈʠʩ. 1.5 ʍʽʤʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʇʅɽɸ 



ɸʤʽʜʦʚʘʥʽ ʧʝʢʪʠʥʠ ʤʝʥʰ ʯʫʪʣʠʚʽ ʜʦ ʢʘʣʴʮʽʶ, ʪʦʤʫ ʧʨʦʮʝʩ ʛʝʣʝʫʪʚʦ-

ʨʝʥʥʷ ʤʦʞʣʠʚʠʡ ʟʘ ʫʤʦʚʠ ʡʦʛʦ ʥʠʞʯʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ, ʧʦʨʽʚʥʷʥʦ ʟʽ ʟʚʠʯʘʡ-

ʥʠʤ ʥʠʟʴʢʦʝʪʝʨʠʬʽʢʦʚʘʥʠʤ ʥʝʘʤʽʜʦʚʘʥʠʤ ʧʝʢʪʠʥʦʤ. ɼʣʷ ʙʽʣʴʰʦʩʪʽ ʪʠʧʽʚ ʧʝ-

ʢʪʠʥʽʚ ʧʽʜʚʠʱʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʘʣʴʮʽʶ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʱʽʣʴʥʦʩ-

ʪʽ ʛʝʣʶ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʩʘʜʢʠ ʜʦ ʪʠʭ ʤʝʞ, ʢʦʣʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʝʨʝʜʯʘʩʥʝ 

ʛʝʣʝʫʪʚʦʨʝʥʥʷ, ʪʦʙʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʩʘʜʢʠ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʢʠ-

ʧʽʥʥʷ.  

ʉʝʨʝʜ ʦʧʠʩʘʥʠʭ ʨʽʟʥʦʚʠʜʽʚ ʛʝʣʝʫʪʚʦʨʶʚʘʯʽʚ ʚʠʦʢʨʝʤʣʝʥʦ ʩʘʤʝ ʧʝʢʪʠ-

ʥʠ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʻ ʙʽʣʴʰ ʜʦʩʪʫʧʥʠʤʠ ʧʦʨʽʚʥʷʥʦ ʟ ʛʝʣʝʫʪʚʦʨʶʚʘʯʘʤʠ, ʦʜʝʨ-

ʞʘʥʠʤʠ ʟ ʤʦʨʩʴʢʠʭ ʚʦʜʦʨʦʩʪʝʡ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʠʭ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥ-

ʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. ʊʦʜʽ ʷʢ ʧʝʢʪʠʥʠ ʻ ʚʪʦʨʠʥʥʠʤʠ ʧʨʦʜʫʢʪʘʤʠ, 

ʪʘ ʤʦʞʫʪʴ ʙʫʪʠ ʦʜʝʨʞʘʥʽ ʟ ʚʽʜʭʦʜʽʚ  ʧʽʜ ʯʘʩ ʧʝʨʝʨʦʙʢʠ ʧʣʦʜʦʚʦ-ʷʛʽʜʥʦʾ, ʦʚʦ-

ʯʝʚʦʾ ʪʘ ʪʝʭʥʯ̔ʥʦʾ ʩʠʨʦʚʠʥʠ (ʪʘʙʣ. 1.2.) [8; 13].  

ʊʘʙʣʠʮʷ 1.2.  

ɺʤʽʩʪ ʧʝʢʪʠʥʦʚʠʭ ʨʝʯʦʚʠʥ ʫ ʧʣʦʜʘʭ ʪʘ ʦʚʦʯʘʭ 

ʅʘʟʚʘ ʩʠʨʦʚʠʥʠ ɺʤʽʩʪ ʧʝʢʪʠʥʦʚʠʭ 

ʨʝʯʦʚʠʥ, % 

ʅʘʟʚʘ ʩʠʨʦʚʠʥʠ ɺʤʽʩʪ ʧʝʢʪʠʥʦʚʠʭ 

ʨʝʯʦʚʠʥ, % 

ɸˇʨʫʩ 0,2-1,4 ʄʘʣʠʥʘ  0,2-0,7 

ʄʘʥʜʘʨʠʥʠ  0,3-1,1 ɺʠʰʥʷ 0,2-0,8 

ʉʤʦʨʦʜʠʥʘ  

ʯʝʨʚʦʥʘ 

0,4-0,7 ʂʚʘʩʦʣʷ 0,4-0,6 

ɸʙʨʠʢʦʩʠ  0,4-1,3 ɸʡʚʘ 0,5-1,1 

ɹʘʥʘʥʠ 0,5-0,6 ʇʦʣʫʥʠʮʷ 0,5-1,4 

ɾʫʨʘʚʣʠʥʘ 0,5-1,3 ɻʨʝʡʧʬʨʫʪʠ 0,6-0,7 

ɸʣʠʯʘ 0,6-1,1 ɸʧʝʣʴʩʠʥʠ 0,6-0,9 

ʇʝʨʩʠʢʠ  0,6-1,2 ʉʤʦʨʦʜʠʥʘ ʯʦʨʥʘ 0,6-2,7 

ʏʝʨʝʰʥʷ  0,6-1,6 ʄʦʨʢʚʘ 0,7-1,1 

ɺʠʥʦʛʨʘʜ 0,7-0,8 ʗʙʣʫʢʘ 0,8-1,8 

ʃʠʤʦʥʠ  0,7-1,1 ɹʫʨʷʢ ʮʫʢʨʦʚʠʡ 

(ʧʫʣʴʧʘ) 

15,0 

ʉʣʠʚʠ 0,8-1,5 ʉʦʥʷʰʥʠʢ  

(ʢʦh ʠʢʠ) 

25,0 

 

ʆʩʥʦʚʥʠʤ ʚʠʜʦʤ ʧʨʦʤʠʩʣʦʚʦʾ ʩʠʨʦʚʠʥʠ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʧʝʢʪʠʥʫ ʚ 

ʧʨʦʤʠʩʣʦʚʦ ʨʦʟʚʠʥʫʪʠʭ ʢʨʘʾʥʘʭ ʻ ʚʠʯʘʚʢʠ ʢʨʫʧʥʦʧʣʽʜʥʠʭ ʮʠʪʨʫʩʦʚʠʭ. ʇʨʠʙ-
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ʣʠʟʥʦ 60 % ʩʚʽʪʦʚʦʛʦ ʦʙôʻʤʫ ʧʝʢʪʠʥʫ ʩʢʣʘʜʘʻ ʮʠʪʨʫʩʦʚʠʡ ʧʝʢʪʠʥ. ɺʤʽʩʪ ʧʝʢ-

ʪʠʥʦʚʠʭ ʨʝʯʦʚʠʥ ʫ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥʘʭ ʧʣʦʜʫ ʮʠʪʨʫʩʦʚʠʭ ʩʪʘʥʦʚʠʪʴ ʚ ʘʣʴʙʝ-

ʜʦ (ʚʥʫʪʨʽʰʥʴʦʤʫ ʙʽʣʦʤʫ ʨʠʭʣʦʤʫ ʛʫʙʯʘʩʪʦʤʫ ʰʘʨʦʚʽ ʰʢʽʨʢʠ ʧʣʦʜʽʚ ʮʠʪʨʫ-

ʩʦʚʠʭ) ʽ ʬʣʘʚʝʜʦ (ʟʦʚʥʽʰʥʽʡ ʯʘʩʪʠʥʽ ʰʢʽʨʢʠ ʧʣʦʜʽʚ ʮʠʪʨʫʩʦʚʠʭ, ʧʨʝʜʩʪʘʚʣʝ-

ʥʽʡ ʞʦʚʪʠʤ ʘʙʦ ʧʦʤʘʨʘʥʯʝʚʠʤ ʟʘʣʦʟʠʩʪʠʤ ʰʘʨʦʤ) ʫ ʘʧʝʣʴʩʠʥʽʚ ï 20,5 ʽ 

11,5%; ʫ ʣʠʤʦʥʽʚ ï 29,9 ʽ 24,6%; ʫ ʤʘʥʜʘʨʠʥʽʚ ï 9,3 ʽ 6,8% ʚʽʜʧʦʚʽʜʥʦ. ʇʨʠ 

ʮʴʦʤʫ ʚ ʤôʷʢʦʪʽ ʟʨʽʣʠʭ ʧʣʦʜʽʚ ʧʨʠʙʣʠʟʥʦ 2/3 ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʝʢʪʠʥʦʚʠʭ 

ʨʝʯʦʚʠʥ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʬʦʨʤʽ ʧʨʦʪʦʧʝʢʪʠʥʫ [13]. 

ʊʦʤʫ ʚʠʯʘʚʢʠ ʙʫʜʴ-ʷʢʠʭ ʚʝʣʠʢʦʧʣʽʜʥʠʭ ʮʠʪʨʫʩʦʚʠʭ ʻ ʧʨʦʤʠʩʣʦʚʦʶ ʩʠ-

ʨʦʚʠʥʦʶ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʧʝʢʪʠʥʫ. 

ʄʝʭʘʥʽʟʤ ʛʝʣʝʫʪʚʦʨʝʥʥʷ ʇɺɽ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʦʛʦ ʚʤʽʩʪʫ ʩʫʭʠʭ ʨʝʯʦʚʠʥ  

(55é58 %), ʱʦ ʧʝʚʥʦʶ ʤʽʨʦʶ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʫʥʝʩʝʥʥʷ ʮʫʢʨʫ ʪʘ ʦʙ-

ʤʝʞʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʦɹʛʦ ʛʝʣʝʫʪʚʦʨʶʚʘʯʘ ʧʽʜ ʯʘʩ ʚʠʨʦʙʥʠʮʪʚʘ ʥʠʟʴʢʦʢʘʣʦ-

ʨʽʡʥʦʾ ʧʨʦʜʫʢʮʽʾ. ʊʘʢ, ʟʨʦʙʣʝʥʦ ʚʠʙʽʨ ʫ ʙʽʢ ʇʅɽɸ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʚʠʩʦʢʦʶ 

ʯʫʪʣʠʚʽʩʪʶ ʜʦ ʽʦʥʽʚ ʉʘ 
2+

 ʧʦʨʽʚʥʷʥʦ ʟ ʇʅɽ, ʱʦ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʚʠʤʘʛʘʻ ʤʝʥh ʦʾ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʽʥʝʨʘʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʜʣʷ ʛʝʣʝʫʪʚʦʨʝʥʥʷ ʪʘ, ʽʤʦʚʽʨʥʦ, ʙʫʜʝ 

ʩʧʨʠʷʪʠ ʢʨʘʱʦʤʫ ʟʘʩʚʦʻʥʥʶ ʭʘʨʯʦʚʦʾ ʩʠʩʪʝʤʠ ʚ ʦʨʛʘʥʽʟʤʽ ʣʶʜʠʥʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʢʪʠʥʫ ʷʢ ʛʝʣʝʫʪʚʦʨʶʚʘʯʘ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʚ 

ʪʝʭʥʦʣʦʛʽʾ ʩʦʣʦʜʢʠʭ ʩʪʨʘʚ ʽʟ ʞʝʣʝʧʦʜʽʙʥʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʻ ʥʝ ʣʠʰʝ ʝʢʦʥʦʤʽʯ-

ʥʦ ʜʦʮʽʣʴʥʠʤ, ʘʣʝ ʽ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʪʦʨʠʥʥʠʭ ʧʨʦʜʫʢʪʽʚ ʧʝʨʝ-

ʨʦʙʢʠ ʦʚʦʯʝʚʦ-ʧʣʦʜʦʚʦʾ ʩʠʨʦʚʠʥʠ. ʇʨʦʛʥʦʟʫʻʪʴʩʷ, ʱʦ ʟʘʚʜʷʢʠ ʬʫʥʢʮʽʦʥʘʣʴ-

ʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ ʪʘ ʥʝʚʠʩʦʢʽʡ ʢʘʣʦʨʽʡʥʦʩʪʽ ʮʦɹʛʦ ʚʠʜʫ ʛʝʣʝʫʪʚʦʨʶʚʘʯʘ ʦʜʝ-

ʨʞʘʥʘ ʧʨʦʜʫʢʮʽʷ ʤʘʪʠʤʝ ʚʠʩʦʢ ̔ʧʦʢʘʟʥʠʢʠ ʭʘʨʯʦʚʦʾ ʮʽʥʥʦʩʪʽ, ʥʘʪʦʤʽʩʪʴ ʙʝʟ 

ʟʙʽʣʴʰʝʥʥʷ ʢʘʣʦʨʽʡʥʦʩʪʽ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ.  

 

1.2. ʊʝʦʨʝʪʠʯʥʽ ʘʩʧʝʢʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʣʝʫʪʚʦʨʶʚʘʯʽʚ ʧʦʣʽʩʘʭʘʨʠʜʥʦʾ 

ʧʨʠʨʦʜʠ ʚ ʪʝʭʥʦʣʦʛʽʾ ʞʝʣʝ ʧʣʦʜʦʚʦ-ʷʛʽʜʥʦʛʦ  

 

ʅʘ ʩʴʦʛʦʜʥʽ ʚ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ ʚʠʨʦʙʥʠʮʪʚʘ ʞʝʣʝ ʚʠʢʦʨʠʩʪʦʚʫ-

ʶʪʴ ʪʨʠ ʤʝʭʘʥʽʟʤʠ ʧʝʨʝʚʝʜʝʥʥʷ ʧʦʣʩ̔ʘʭʘʨʠʜʽʚ ʫ ʛʝʣʝʧʦʜʽʙʥʠʡ ʩʪʘʥ.  
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1. ʊʝʨʤʦʪʨʦʧʥʝ ʛʝʣʝʫʪʚʦʨʝʥʥʷ, ʷʢʝ ʧʨʦʪʽʢʘʻ ʟʘ ʧʽʜʚʠʱʝʥʥ ̫ʪʝʤʧʝʨʘʪʫ-

ʨʠ ʧʽʜ ʯʘʩ ʫʪʚʦʨʝʥʥʷ ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʨʦʟʯʠʥʫ. ʇ̔ ʜ ʯʘʩ ʪʝʨʤʦʪʨʦʧʥʦʛʦ 

ʛʝʣʝʫʪʚʦʨʝʥʥ,̫ ʟʦʢʨʝʤʘ ʜʣʷ ʇɺɽ, ʩʫʣʴʬʘʪʦʚʘʥʠʭ ʛʘʣʘʢʪʘʥʽʚ, ʤʝʪʠʣʮʝʣʶʣʦʟʠ 

ʚʘʞʣʠʚʠʤ ʧʘʨʘʤʝʪʨʦʤ ʧʨʦʮʝʩʫ ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ ʻ ʪʝʤʧʝʨʘʪʫʨʘ. ʏʽʪʢʦ ʧʨʦʩʣʽʜ-

ʢʦʚʫʻʪʴʩʷ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʭʽʤʽʯʥʦʶ ʙʫʜʦʚʦʶ ʛʝʣʝʫʪʚʦʨʶʚʘʯʘ, ʢʦʥʬʦʨʤʘ-

ʮʽʻʶ ʪʘ ʟʜʘʪʥʽʩʪʶ ʜʦ ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ. ɻʝʣʝʫʪʚʦʨʝʥʥʶ ʦʙʦʚôʷʟʢʦʚʦ ʧʝʨʝʜʫʻ 

ʩʪʘʜʽʷ ʫʪʚʦʨʝʥʥʷ ʘʩʦʮʽʘʪʽʚ ʤʘʢʨʦʤʦʣʝʢʫʣ, ʪʘ ʛʝʣʴ ʫʪʚʦʨʶʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʦʙôʻʜʥʘʥʥʷ ʮʠʭ ʘʩʦʮʽʘʪʽʚ ʫ ʧʨʦʩʪʦʨʦʚʫ ʩʽʪʢʫ. ʇʨʦʪʝ ʟʘʚʜʷʢʠ ʚʽʜʥʦʩʥʽʡ ʧʨʦʩ-

ʪʦʪʽ ʭʽʤʽʯʥʦʾ ʙʫʜʦʚʠ, ʟʦʢʨʝʤʘ ʜʣʷ ʧʦʣʽʩʘʭʘʨʠʜʽʚ, ʧʨʦʮʝʩʠ ʪʝʨʤʦʪʨʦʧʥʦʛʦ ʛʝ-

ʣʝʫʪʚʦʨʝʥʥʷ ʟʜʝʙʽʣʴʰʦʛʦ ʦʙʝʨʥʝʥʽ, ʱʦ ʥʝ ʜʦʟʚʦʣʷʻ ʮʠʤ ʩʧʦʩʦʙʦʤ ʦʜʝʨʞʘʪʠ 

ʞʝʣʝʡʥʫ ʧʨʦʜʫʢʮʽʶ ʟ ʨʝʛʫʣʴʦʚʘʥʠʤ ʩʢʣʘʜʦʤ ʪʘ ʩʪʘʙʽʣʴʥʦʶ ʩʪʨʫʢʪʫʨʦʶ [14]. 

2. ɯʦʥʦʪʨʦʧʥʝ ʛʝʣʝʫʪʚʦʨʝʥʥʷ ï ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʦʥʥʠʤ ʩʢʣʘʜʦʤ ʩʠʩʪʝʤʠ ʽ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʨʝʘʣʽʟʘʮʽʾ ʭʽʤʽʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʤʽʞ ʢʘʪʽʦʥʘʤʠ ʪʘ 

ʘʥʽʦʥʘʤʠ [15; 16]. 

ʇʨʦʮʝʩ ʽʦʥʦʪʨʦʧʥʦʛʦ ʛʝʣʝʫʪʚʦʨʝʥʥʷ ʟʥʘʭʦʜʠʪʴ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʧʽʜ ʯʘʩ ʫʪʚʦʨʝʥʥ ̫ʧʨʦʩʪʦʨʦʚʠʭ ʛʝʣʽʚ. ʊʘʢ ʦʜʝʨʞʫʶʪʴ ʛʝʣʽ ʟ ʨʦʟʚʠʥʫʪʦʶ ʬʘʟʦ-

ʚʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʱʦ ʚʽʜʪʚʦʨʶʻ ʩʪʨʫʢʪʫʨʫ ʥʠʟʢʠ ʙʽʦʣʦʛʽʯʥʠʭ ʪʢʘʥʠʥ [17]. 

ʊʝʦʨʽʾ, ʘʢʪʫʘʣʴʥʽ ʥʘ ʩʴʦʛʦʜʥʽ, ʧʦʷʩʥʶʶʪʴ ʫʪʚʦʨʝʥʥʷ ʩʪʘʙʽʣʴʥʦʛʦ ʛʝʣʶ 

ʟʘ ʨʘʭʫʥʦʢ ʚʟʘʻʤʦʜʽʾ ʩʧʽʨʘʣʽʟʦʚʘʥʠʭ ʤʘʢʨʦʤʦʣʝʢʫʣ ʧʦʣʽʩʘʭʘʨʠʜʽʚ ʽʟ ʧʦʣʽʚʘʣʝ-

ʥʪʥʠʤʠ ʽʦʥʘʤʠ ʤʝʪʘʣʽʚ ʢʦʦʨʜʠʥʘʮʽʡʥʠʤʠ ʟʚôʷʟʢʘʤʠ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʟ ʜʚʦʤʘ 

ʛʽʜʨʦʢʩʠʣʴʥʠʤʠ ʛʨʫʧʘʤʠ ʤʦʣʝʢʫʣʠ ʧʦʣʽʩʘʭʘʨʠʜʫ ʪʘ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦ 

ʟʚôʷʟʘʥʠʤʠ ʟ ʜʚʦʤʘ ʢʘʨʙʦʢʩʠʣʴʥʠʤʠ ʛʨʫʧʘʤʠ ʽʥʰʦʾ ʡʦʛʦ ʤʦʣʝʢʫʣʠ [18]. 

ʄʝʪʦʜ ʽʦʥʦʪʨʦʧʥʦʛʦ ʛʝʣʝʫʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʘʪʠʯʥʦ ʜʦʩʣʽʜʞʝʥʦ ʟ ʧʦʟʠʮʽʾ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʘʣʴʮʽʻʚʤʽʩʥʠʭ ʩʦʣʝʡ: ʦʨʛʘʥʽʯʥʠʭ, ʥʝʦʨʛʘʥʽʯʥʠʭ, ʫ ʚʠʛʣʷʜʽ ʨʦʟ-

ʯʠʥʽʚ ʘʙʦ ʪʚʝʨʜʠʭ ʨʝʯʦʚʠʥ. ɿʜʝʙʽʣʴʰʦʛʦ ʜʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʘʢ̔ ʩʦʣʽ: 

ʭʣʦʨʠʜʠ, ʩʫʣʴʬʘʪʠ, ʬʦʩʬʘʪʠ, ʮʠʪʨʘʪʠ, ʛʣʶʢʦʥʘʪʠ, ʣʘʢʪʘʪʠ ʪʘ ʢʘʨʙʦʥʘʪʠ. ʎʝ 

ʜʦʟʚʦʣʷʻ ʨʝʛʫʣʶʚʘʪʠ ʚ ʰʠʨʦʢʠʭ ʤʝʞʘʭ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʜʝʨʞʘʥʠʭ 

ʛʝʣʽʚ [19].  

ʂʦʥʬʦʨʤʘʮʽʡʥʠʡ ʩʪʘʥ ʪʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʢʦʥʬʦʨʤʘʮʽʾ ʩʧʽʨʘʣʽʟʦʚʘʥʠʭ ʤʦ-

ʣʝʢʫʣ ʧʦʣʽʩʘʭʘʨʠʜʽʚ ʟʘ ʽʦʥʦʪʨʦʧʥʦʛʦ ʛʝʣʝʫʪʚʦʨʝʥʥ ̫ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʜʫ ʪʘ 
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ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʦʣʽʚʘʣʝʥʪʥʠʭ ʤʝʪʘʣʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʪʘ ʪʽʩʥʦ ʧʦʚôʷʟʘʥʽ 

ʟ ʩʦʧʦʣʽʤʝʨʥʠʤ ʩʢʣʘʜʦʤ ʧʦʣʽʩʘʭʘʨʠʜʫ ʽ ʡʦʛʦ ʤʦʣʝʢʫʣʷʨʥʦʶ ʤʘʩʦʶ [20]. ʊʦʤʫ 

ʧʽʜ ʯʘʩ ʨʦʟʨʦʙʢʠ ʪʝʭʥʦʣʦʛʽʾ ʞʝʣʝ ʧʣʦʜʦʚʦ-ʷʛʽʜʥʦʛʦ, ʦʜʝʨʞʘʥʦʛʦ ʤʝʪʦʜʦʤ ʽʦ-

ʥʦʪʨʦʧʥʦʛʦ ʛʝʣʝʫʪʚʦʨʝʥʥʷ, ʚʘʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ ʪʘʢʽ ʢʦʥʮʝʥʪʨʘʮʽʡʥʽ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʠ ʧʦʣʽʩʘʭʘʨʠʜʫ ʽ ʢʘʣʴʮʽʻʚʦʛʦ ʧʨʝʧʘʨʘʪʫ, ʟʘ ʷʢʠʭ ʢʽʣʴʢʽʩʪʴ ʘʩʦʮʽʘʪʽʚ ʤʘ-

ʢʨʦʤʦʣʝʢʫʣ, ʱʦ ʥʘʙʫʭʣʠ, ʙʫʜʝ ʤʘʢʩʠʤʘʣʴʥʦʶ ʽ ʧʨʠ ʮʴʦʤʫ ʩʢʣʘʜ ʽ ʩʪʨʫʢʪʫʨʘ 

ʘʩʦʮʽʘʪʽʚ ʥʝ ʙʫʜʝ ʟʘʟʥʘʚʘʪʠ ʢʦʥʬʦʨʤʘʮʽʡʥʠʭ ʟʤʽʥ [18ï20]. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʚ ʩʠʩʪʝʤʘʭ ʘʣʴʛʽʥʘʪʫ ʻ ʜʦʮʽʣʴʥʠʤ ʟʘʚʜʷʢʠ ʟʜʘʪʥʦʩʪʽ 

ʫʪʚʦʨʶʚʘʪʠ ʪʝʨʤʦʩʪʘʙʽʣʴʥʽ ʛʝʣʽ, ʷʢʽ ʤʦʞʫʪʴ ʬʦʨʤʫʚʘʪʠʩʷ ʚʞʝ ʟʘ ʢʽʤʥʘʪʥʦ ʾ

ʪʝʤʧʝʨʘʪʫʨʠ [21].  

ʇʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ ʛʝʣʝʫʪʚʦʨʝʥʥʷ ʚ ʩʠʩʪʝʤʘʭ ʥʘ ʦʩʥʦʚʽ ʘʣʴʛʽʥʘʪʫ ʽʥh  ̔

ʘʚʪʦʨʠ [22ï27] ʪʘʢʦʞ ʫʩʪʘʥʦʚʠʣʠ, ʱʦ ʦʙʦʚôʷʟʢʦʚʦʶ ʫʤʦʚʦʶ ʻ ʥʘʷʚʥʽʩʪʴ ʽʦʥʽʚ 

Ca
2+
. ɿʦʢʨʝʤʘ, ʘʚʪʦʨʦʤ [24] ʜʦʩʣʽʜʞʝʥʦ ʩʠʩʪʝʤʠ ʛʝʣʽʚ ʽʟ ʨʽʟʥʠʤ ʩʧʽʚʚʽʜʥʦ-

ʰʝʥʥʷʤ ʘʣʴʛʽʥʘʪʫ ʥʘʪʨʽʶ ʪʘ ʢʘʣʴʮʽʶ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʜʦʚʝʜʝʥʦ, ʱʦ ʚʤʽʩʪ ʢʘʣʴ-

ʮʽʶ ʚʠʟʥʘʯʘʻ ʤʽʮʥʽʩʪʴ ʛʝʣʶ, ʪʘʢʦʞ ʫʩʪʘʥʦʚʣʝʥʦ ʩʪʝʭʽʦʤʝʪʨʠʯʥʝ ʩʧʽʚʚʽʜʥʦ-

ʰʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ AlgNa : ʉʘ
2+

 = 6:0,288 ʛ/ʛ ʟʘ ʷʢʦʛʦ ʛʝʣʴ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʦʜʥʦʨʽʜʥʦʶ ʢʦʥʩʠʩʪʝʥʮʽʻʶ ʪʘ ʤʽʥʽʤʘʣʴʥʦʶ ʚʦʣʦʛʦʚʠʜʽʣʷʶʯʦʶ ʟʜʘʪʥʽʩʪʶ. 

ʆʜʥʘʢ ʫ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʩʦʣʦʜʢʠʭ ʩʪʨʘʚ ʽʟ ʞʝʣʝʧʦʜʽʙʥʦʶ ʩʪʨʫʢʪʫʨʦʶ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʝʪʘʧ ʧʘʩʪʝʨʠʟʘʮʽʾ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʘʙʦ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʫ, ʧʽʜ 

ʯʘʩ ʷʢʦʛʦ ʤʦʞʣʠʚʝ ʚʠʜʽʣʝʥʥʷ ʚʦʣʦʛʠ ʟʘ ʨʘʭʫʥʦʢ ʩʪʠʩʢʘʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʩʽʪʢʠ 

ʛʝʣʶ ʘʣʴʛʽʥʘʪʫ. ʇʨʠ ʮʴʦʤʫ ʚʦʣʦʛʦʫʪʨʠʤʫʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʧʨʦʜʫʢʪʫ ʚʠʟʥʘʯʘʻ 

ʬʨʘʢʮʽʷ ʘʣʴʛʽʥʘʪʫ ʥʘʪʨʽʶ, ʘ ʥʝ ʘʣʴʛʽʥʘʪʫ ʢʘʣʴʮʽʶ, ʪʦʤʫ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʻ ʨʦʟ-

ʨʦʙʢʘ ʪʝʭʥʦʣʦʛʽʡ ʘʣʴʛʽʥʦʚʠʭ ʛʝʣʽʚ ʫ ʤʝʞʘʭ ʜʦʩʪʝʭʽʦʤʝʪʨʠʯʥʦʛʦ ʩʧʽʚʚʽʜʥʦ-

ʰʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ, ʪʦʙʪʦ ʧʝʨʝʚʘʛʘ ʢʽʣʴʢʦʩʪʽ ʘʣʴʛʽʥʘʪʫ ʥʘʪʨʽʶ ʥʘʜ ʢʽʣʴʢʽʩʪʶ 

ʢʘʣɹʮʽʶ. 

ɸʚʪʦʨ [22; 24] ʫʩʪʘʥʦʚʠʚ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ CaCl2 ʷʢ ʜʞʝʨʝʣʘ ʽʦʥʽʚ ʢʘ-

ʣʴʮʽʶ ʤʘʻ ʽʩʪʦʪʥʠʡ ʥʝʜʦʣʽʢ, ʦʩʢʽʣʴʢʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʤʘʡʞʝ ʤʠʪʪʻʚʝ ʨʦʟʯʠʥʝʥʥʷ 

ʩʦʣʽ, ʰʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ ʛʝʣʝʫʪʚʦʨʝʥʥʷ ʜʦʩʠʪʴ ʚʝʣʠʢʘ ʪʘ ʚʘʞʢʦ ʢʦʥʪʨʦʣʶʻʪʴ-

ʩʷ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʫʪʚʦʨʶʻʪʴʩʷ ʥʝʦʜʥʦʨʽʜʥʘ ʩʪʨʫʢʪʫʨʘ, ʷʢʘ ʥʝ ʤʘʻ ʜʦʩʪʘʪʥʴʦʾ 
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ʤʝʭʘʥʽʯʥʦʾ ʤʽʮʥʦʩʪʽ. ɼʣʷ ʪʦʛʦ ʱʦʙ ʦʜʝʨʞʘʪʠ ʦʜʥʦʨʽʜʥʠʡ, ʤʝʭʘʥʽʯʥʦ ʤʮ̔ʥʠʡ 

ʛʝʣʴ, ʥʝʦʙʭʽʜʥʦ ʜʦʩʷʛʪʠ ʧʦʚʽʣʴʥʦʛʦ ʧʨʦʪʽʢʘʥʥʷ ʨʝʘʢʮʽʾ. 

ɸʚʪʦʨ [24] ʧʨʦʧʦʥʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʭʽʤʽʯʥʦʾ ʩʠʩʪʝʤʠ çʘʣʴʛʽʥʘʪ ʥʘʪʨʽʶ 

ð CaCO3ðD-ʛʣʶʢʦʥʦ-ŭ-ʣʘʢʪʦʥè. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʦʜʥʦʨʽʜʥʘ ʟʘ ʚʩ̔ʤ 

ʦʙôʻʤʦʤ ʩʪʨʫʢʪʫʨʘ ʛʝʣʶ ʫʪʚʦʨʶʻʪʴʩʷ ʰʣʷʭʦʤ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʚʠʚʽʣʴʥʝʥʥʷ 

ʽʦʥʽʚ ʢʘʣʴʮʽʶ ʚʩʝʨʝʜʠʥʽ ʩʠʩʪʝʤʠ. ɼʞʝʨʝʣʦʤ ʽʦʥʽʚ ʢʘʣʴʮʽʶ ʦʙʨʘʥʦ ʡʦʛʦ ʥʝʨʦʟ-

ʯʠʥʥʫ ʩʽʣʴ CaCO3 (Ks¯
 
=3,8Ĭ10

ī9
).  ʋʥʘʩʣʽʜʦʢ ʟʤʽʰʫʚʘʥʥʷ ʮʽʻʾ ʩʦʣʽ ʟ ʨʦʟʯʠ-

ʥʦʤ ʘʣʴʛʽʥʘʪʫ ʥʘʪʨʽʶ ʚ ʥʝʡʪʨʘʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʨʝʘʢʮʽʷ ʧʨʦʪʽʢʘʪʠ ʥʝ ʙʫʜʝ. 

ɼʣʷ ʽʥʮ̔ʽʶʚʘʥʥʷ ʨʝʘʢʮʽʾ ʛʝʣʝʫʪʚʦʨʝʥʥʷ ʚ ʩʠʩʪʝʤʫ ʚʚʦʜʠʪʴʩʷ D-ʛʣʶʢʦʥʦ-ŭ-

ʣʘʢʪʦʥ. ʋ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ ʚʽʥ ʧʽʜʣʷʛʘʻ ʧʦʚʽʣʴʥʦʤʫ ʛʽʜʨʦʣʽʟʫ ʟ ʫʪʚʦʨʝʥʥʷʤ 

ʛʣʶʢʦʥʦʚʦʾ ʢʠʩʣʦʪʠ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʨʝʛʫʣʶʚʘʪʠ ʨʅ ʩʠʩʪʝʤʠ. ɯʟ ʥʠʞʯʝʥʘ-

ʚʝʜʝʥʠʭ ʨʝʘʢʮʽʡ (1.1) ʚʠʜʥʦ, ʱʦ ʽʦʥʠ ʚʦʜʥʶ, ʱʦ ʚʠʚʽʣʴʥʠʣʠʩʷ, ʨʝʘʛʫʶʪʴ ʟ̔ 

ʤʦʣʝʢʫʣʘʤʠ  ʉʘʉʆ3, ʩʧʨʠʷʶʪʴ ʧʦʩʪʫʧʦʚʦʤʫ ʾʭ ʨʦʟʯʠʥʝʥʥʶ ʪʘ ʥʘʩʪʫʧʥʦʤʫ 

ʧʦʚʽʣʴʥʦʤʫ ʧʨʦʪʽʢʘʥʥʶ ʨʝʘʢʮʽʾ ʛʝʣʝʫʪʚʦʨʝʥʥʷ:  

ʉ5ʅ10ʆ5ʉ =ʆ +ʅ2ʆ Ÿ ʉ5ʅ11ʆ5ʉʆʆ
ī 
+ʅ

+
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+
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ʛʝʣʴ 

ɯʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ ʚʽʜʦʤʦ, ʱʦ ʘʣʴʛʽʥʘʪʠ ʟʘʚʜʷʢʠ ʟʜʘʪʥʦʩʪʽ ʜʦ ʽʦʥʦʪ-

ʨʦʧʥʦʛʦ ʛʝʣʝʫʪʚʦʨʝʥʥʷ ʟ ʧʦʣʽʚʘʣʝʥʪʥʠʤʠ ʤʝʪʘʣʘʤʠ ʪʘ ʫʪʚʦʨʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ 

ʩʽʪʢʠ ʛʝʣʶ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʰʠʨʦʢʦʛʦ ʘʩʦʨʪʠʤʝʥʪʫ ʧʨʦʜʫʢʪʽʚ 

ʭʘʨʯʫʚʘʥʥʷ ʟ ʞʝʣʝʧʦʜʽʙʥʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʪʘʢʠʭ ʷʢ ʤʫʩʠ, ʢʨʝʤʠ, ʞʝʣʝ, ʤʘʨʤʝ-

ʣʘʜ ʪʦʱʦ. ʇʨʦʪʝ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʇʅɽɸ ʤʘʶʪʴ ʘʥʘʣʦʛʽʯʥʽ ʤʝʭʘʥʽʟʤʠ ʫʪʚʦ-

ʨʝʥʥʷ ʛʝʣʝʧʦʜʽʙʥʠʭ ʨʦʟʯʠʥʽʚ ʪʘ ʽʦʥʦʪʨʦʧʥʠʭ ʛʝʣʽʚ ʥʘ ʟʨʘʟʦʢ ʘʣʴʛʽʥʘʪʽʚ.  

ʋ ʨʝʟʫʣʴʪʘʪʽ ʽʦʥʦʪʨʦʧʥʦʛʦ ʛʝʣʝʫʪʚʦʨʝʥʥʷ ʚ ʩʠʩʪʝʤʽ ʷʢ ʘʣʴʛʽʥʘʪʫ, ʪʘʢ ʽ 

ʇʅɽɸ ʤʦʞʣʠʚʝ ʦʜʝʨʞʘʥʥʷ ʦʙʦʣʦʥʦʢ ʽ ʛʨʘʥʫʣ. ɿʜʝʙʽʣʴʰʦʛʦ ʦʜʝʨʞʘʥʽ ʬʦʨʤʠ 

ʤʘʶʪʴ ʩʪʘʪʫʩ ʤʘʪʨʠʯʥʦʛʦ ʛʝʣʶ ʜʣʷ ʚʽʪʘʤʽʥʽʚ, ʤʽʥʝʨʘʣʽʚ, ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ 

ʨʝʯʦʚʠʥ, ʘ ʪʘʢʦʞ ʫ ʨʘʟʽ ʩʪʚʦʨʝʥʥʷ ʦʙʦʣʦʥʢʠ ʤʦʞʫʪʴ ʩʪʘʪʠ ʪʨʘʥʟʠʪʥʦʶ ʬʦʨ-

ʤʦʶ ʜʣʷ ʞʠʚʠʭ ʧʨʦʙʽʦʪʠʯʥʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. ʆʟʥʘʯʝʥʽ ʬʦʨʤʠ ʚʠʩʪʫʧʘʶʪʴ 

ʷʢ ʬʫʥʢʮʽʦʥʘʣʴʥ ̔ʧʨʦʜʫʢʪʠ ʽ ʧʦʢʨʘʱʫʶʪʴ ʩʪʘʥ ʟʜʦʨʦʚôʷ ʣʶʜʠʥʠ [23]. 
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ʊʘʢ ʩʘʤʦ, ʟʘ ʫʤʦʚ ʧʨʦʪʽʢʘʥʥʷ ʽʦʥʦʪʨʦʧʥʦʛʦ ʛʝʣʝʫʪʚʦʨʝʥʥʷ, ʩʪʨʫʢʪʫʨʠ ʟ 

ʪʝʨʤʦʨʝʚʝʨʩʠʚʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʫʪʚʦʨʶʶʪʴ ʢʘʨʘʛʽʥʘʥʠ. ɻʝʣʝʫʪʚʦʨʝʥʥʷ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʣʠʰʝ ʟʘ ʥʘʷʚʥʦʩʪʽ ʽʦʥʽʚ K
+
, Ca

2+
. ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ, ʟʘ ʫʤʦʚ 

ʦʭʦʣʦʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʥʠʞʯʝ ʪʝʤʧʝʨʘʪʫʨʠ ʛʝʣʝʫʪʚʦʨʝʥʥʷ ʢʘʨʘʛʽʥʘʥʫ, ʩʪʨʫʢ-

ʪʫʨʫʚʘʥʥʷ ʧʦʯʠʥʘʻʪʴʩʷ ʤʠʪʪʻʚʦ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʢʘʨʘʛʽʥʘʥ ʻ ʙʽʣʴʰ 

ʩʣʘʙʢʠʤ ʛʝʣʝʫʪʚʦʨʶʚʘʯʝʤ, ʥʽʞ ʘʛʘʨ, ʚʽʥ ʟʥʘʭʦʜʠʪʴ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢ 

ʞʝʣʶʶʯʠʡ ʪʘ ʩʪʘʙʽʣʽʟʫʶʯʠʡ ʘʛʝʥʪ ʚʦʜʥʦʾ ʬʘʟʠ ʚ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʘʭ. ʎʝ ʚʽʜ-

ʙʫʚʘʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʟʘʚʜʷʢʠ ʟʜʘʪʥʦʩʪʽ ʜʦ ʪʝʢʩʪʫʨʫʚʘʥʥʷ ʪʘ ʩʭʠʣʴʥʦʩʪʽ ʜʦ 

ʩʠʥʝʨʛʽʟʤʫ ʟ ʪʚʘʨʠʥʥʠʤʠ ʙʽʣʢʘʤʠ ʽ ʧʦʣʽʩʘʭʘʨʠʜʘʤʠ [28]. 

ʋ ʨʦʙʦʪʘʭ [29; 30] ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʠʪʘʥʥʷ ʚʧʣʠʚʫ ʨʅ ʩʝʨʝʜʦʚʠʱʘ [29] ʪʘ 

ʢʠʩʣʦʪʥʦ-ʣʫʞʥʠʭ ʚʟʘʻʤʦʜʽʡ [30] ʥʘ ʫʤʦʚʠ ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʮʝʩʫ ʩʪʨʫʢʪʫʨʦʫʪ-

ʚʦʨʝʥʥʷ ʚ ʩʠʩʪʝʤʽ ʇʅɽ. ɯʟ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʥʘʦʯʥʦ ʚʠʜʥʦ, ʱʦ ʬʘʢʪʦʨ 

ʢʠʩʣʦʪʥʦʩʪʽ ʻ ʨʝʛʫʣʷʪʦʨʦʤ ʧʨʦʮʝʩʫ ʭʽʤʽʯʥʠʭ ʚʟʘʻʤʦʜʽʡ ʫ ʩʠʩʪʝʤʽ ʥʘ ʦʩʥʦʚʽ 

ʇʅɽ. ɸʚʪʦʨʠ [29] ʦʧʠʩʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʫʪʚʦʨʝʥʥʷ ʛʝʣʝʧʦʜʽʙʥʠʭ ʩʠʩʪʝʤ ʥʘ 

ʦʩʥʦʚʽ ʧʝʢʪʠʥʫ ʟʘ ʫʯʘʩʪʶ ʢʘʣʴʮʽʶ ʪʘ ʟʘ ʫʤʦʚ ʢʦʥʪʨʦʣʴʦʚʘʥʦʾ ʟʤʽʥʠ ʨʅ. 

ʗʢ ʙʘʯʠʤʦ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʢʪʠʥʫ ʷʢ ʧʨʦʜʫʢʪʫ ʚʽʪʯʠʟʥʷʥʦʛʦ ʚʠʨʦʙʥʠʮ-

ʪʚʘ ʪʘ ʷʢ ʪʘʢʦʛʦ, ʱʦ ʻ ʘʥʘʣʦʛʦʤ ʽʥʰʠʭ ʧʦʣʽʩʘʭʘʨʠʜʽʚ ʟʘʢʦʨʜʦʥʥʦʛʦ ʚʠʨʦʙʥʠʮ-

ʪʚʘ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʧʨʦʜʫʢʪʠ ʷʢʠʭ ʟʜʘʪʥʽ ʧʦʢ-

ʨʘʱʠʪʠ ʩʪʘʥ ʟʜʦʨʦʚôʷ ʙʘʛʘʪʴʦʭ ʣʶʜʝʡ ʨʽʟʥʦʛʦ ʚʽʢʫ. ʆʢʨʽʤ ʧʨʠʚʘʙʣʠʚʠʭ ʪʝʭ-

ʥʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘʢʦʞ ʚʠʷʚʠʚʩʷ ʧʦʪʫʞʥʠʤ ʽ ʝʢʦʥʦʤʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ ʧʦʣʽʩʘʭʘʨʠʜʫ, ʦʩʢʽʣʴʢʠ ʩʠʨʦʚʠʥʥʽ ʨʝʩʫʨʩʠ ʻ ʚʽʪʯʠʟʥʷʥʠ-

ʤʠ ʽ ʜʦʩʪʘʪʥʴʦ ʤʘʩʰʪʘʙʥʠʤʠ (ʮʫʢʨʦʚʠʡ ʙʫʨʷʢ, ʷʙʣʫʢʘ, ʩʦʥʷʰʥʠʢ ʪʦʱʦ). ʇʝʢ-

ʪʠʥ ʟʘʚʜʷʢʠ ʟʜʘʪʥʦʩʪʽ ʜʦ ʤʦʜʠʬʽʢʘʮʽʡ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦ-

ʮʝʩ ʤʘʢʩʠʤʘʣʴʥʦ ʢʝʨʦʚʘʥʠʤ, ʱʦ, ʙʝʟʩʫʤʥʽʚʥʦ, ʧʦʟʠʪʠʚʥʦ ʚʽʜ̔ʙô̒ ʪʴʩʷ ʥʘ ʧʦʢʘ-

ʟʥʠʢʘʭ ʷʢʦʩʪʽ ʪʘ ʙʝʟʧʝʢʠ ʧʨʦʜʫʢʮʽʾ, ʱʦ ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ [30]. 

ʋ ʨʦʙʦʪʽ [31] ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʡ ʩʪʨʫʢʪʫ-

ʨʦʚʘʥʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʽ ʽʦʥʦʪʨʦʧʥʦʛʦ ʛʝʣʝʫʪʚʦʨʝʥʥʷ, ʜʞʝʨʝʣʘ ʽʦʥʽʚ ʉʘ
2+

 

ʤʦʞʫʪʴ ʤʘʪʠ ʷʢ ʦʨʛʘʥʽʯʥʝ ʪʘʢ ʽ ʥʝʦʨʛʘʥʽʯʥʝ ʧʦʭʦʜʞʝʥʥʷ. ʊʘʢ, ʘʚʪʦʨʠ          

ʨʦʙʦʪʠ [32] ʚʠʚʯʘʣʠ ʫʯʘʩʪʴ ʉʘCl2 ʫ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʩʠʩʪʝʤʘʭ ʥʘ ʦʩʥʦʚʽ ʇʅɽ. 
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ɯʥʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩ ̫ʟʘ ʫʤʦʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʧʦʜʽʙʥʠʭ ʧʨʦʮʝʩʘʭ 

ʢʘʨʙʦʥʘʪʫ [33] ʪʘ ʬʦʩʬʘʪʫ ʢʘʣʴʮʽʶ [34]. 

ɺʠʚʯʝʥʥʶ ʨʦʣʽ ʩʦʣʝʡ ʢʘʣʴʮʽʶ ʟ ʦʨʛʘʥʽʯʥʠʤʠ ʘʥʽʦʥʥʠʤʠ ʟʘʣʠʰʢʘʤʠ 

ʧʨʠʜʣ̔ʝʥʦ ʫʚʘʛʫ ʚ ʨʦʙʦʪʘʭ [35; 36], ʜʝ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʧʨʦʮʝʩʠ ʛʝʣʝʫʪʚʦʨʝʥʥʷ 

ʟʘ ʫʯʘʩʪʽ ʢʘʣʴʮʽʶ ʮʠʪʨʘʪʫ [35], ʘ ʪʘʢʦʞ ʢʘʣʴʮʽʶ ʛʣʶʢʦʥʘʪʫ ʪʘ ʣʘʢʪʘʪʫ [36]. 

ɸʚʪʦʨʠ [37] ʧʨʦʧʦʥʫʶʪʴ ʚʠʢʦʨʠʩʪʘʪʠ ʇʗʐ ʫ ʧʨʦʮʝʩʽ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʟʘ 

ʫʯʘʩʪʶ ʇʅɽɸ.  

ʋ ʨʦʙʦʪʽ [37] ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʠʡ ʭʽʤʽʟʤ ʚʟʘʻʤʦʜʽʾ ʽʦʥʽʚ Ca
2+

 ʟ ʢʘʨʙʦʢʩʠ-

ʣʴʥʠʤʠ ʛʨʫʧʘʤʠ ʛʘʣʘʢʪʫʨʦʥʦʚʠʭ ʢʠʩʣʦʪ ʇʅɽɸ. ʈʝʘʢʮʽʷ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʟʘ 

ʫʤʦʚ ʟʤʽʥʠ ʨʅ. 

ʋʩʝ ʮʝ ʩʪʘʣʦ ʧʽʜˇʨʫʥʪʷʤ ʜʣʷ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʩʪʝʤ ʥʘ 

ʦʩʥʦʚʽ ʇʅɽɸ ʪʘ ʽʦʥʽʚ ʉʘ 
2+

 ʟ̔ ʤʝʪʦʶ ʩʪʚʦʨʝʥʥʷ ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ ʞʝʣʶʶʯʠʭ 

ʜʣʷ ʩʦʣʦʜʢʠʭ ʩʪʨʘʚ ʪʘ ʞʝʣʝ ʧʣʦʜʦʚʦ-ʷʛʽʜʥʦʛʦ ʥʘ ʾʭ ʦʩʥʦʚʽ. 

 

1.3. ɸʥʘʣʽʪʠʯʥʽ ʧʝʨʝʜʫʤʦʚʠ ʛʝʣʝʫʪʚʦʨʝʥʥʷ ʟʘ ʫʯʘʩʪʽ ʧʝʢʪʠʥʫ ʥʠʟʴʢʦ-

ʝʪʝʨʠʬʽʢʦʚʘʥʦʛʦ ʘʤʽʜʦʚʘʥʦʛʦ 

 

ʋ ʧ. 1.2. ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʦ ʭʽʤʽʯʥʫ ʙʫʜʦʚʫ ʧʦʣʽʩʘʭʘʨʠʜʽʚ, ʟʦʢʨʝʤʘ ʨʽʟ-

ʥʠʭ ʚʠʜʽʚ ʧʝʢʪʠʥʫ, ʪʘ ʥʘʚʝʜʝʥʦ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʫʪʚʦʨʝʥʥʷ ʚ ʾʭ 

ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ ʩʽʪʢʠ ʛʝʣʶ. ʈʦʟʛʣʷʜʘʶʯʠ ʇʅɽɸ, ʚʘʨʪʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʛʝʣʝʫ-

ʪʚʦʨʝʥʥʷ ʧʨʦʪʽʢʘʻ ʪʽʣʴʢʠ ʟʘ ʥʘʷʚʥʦʩʪʽ ʚʽʣʴʥʠʭ ʽʦʥʽʚ ʤʝʪʘʣʽʚ, ʱʦ ʧʨʦʷʚʣʷʶʪʴ 

ʩʭʠʣʴʥʽʩʪʴ ʜʦ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ. ʋ ʚʠʧʘʜʢʫ ʟ ʽʦʥʘʤʠ ʢʘʣʴʮʽʶ, ʱʦ ʚʠʚʽʣʴ-

ʥʷʶʪʴʩʷ ʟʽ ʩʢʣʘʜʫ ʰʢʘʨʘʣʫʧʠ ʢʫʨʷʯʠʭ ʷʻʮʴ, ʪʘʢʠʡ ʤʝʭʘʥʽʟʤ ʧʦʪʨʝʙʫʻ ʥʘʫʢʦ-

ʚʦʾ ʫʚʘʛʠ, ʦʩʢʽʣʴʢʠ ʱʝ ʡ ʜʦʩʽ ʟʘʣʠʰʘ̒ ʪʴʩʷ ʥʝ ʚʠʚʯʝʥʠʤ.  

ʗʢ ʚʞʝ ʟʘʟʥʘʯʘʣʦʩʷ ʨʘʥʽʰʝ, ʧʝʢʪʠʥ ï ʮʝ ʣʘʥʮʶʛ ʟ̔ ʟʘʣʠʰʢʽʚ Ŭ-D-

ʛʘʣʘʢʪʫʨʦʥʦʚʦʾ ʢʠʩʣʦʪʠ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʧʽʨʘʥʦʟʥʽʡ ʬʦʨʤʽ, ʦʙôʻʜʥʘʥʽ           

1-4- ʛʣʽʢʦʟʠʜʥʠʤ ʟʚôʷʟʢʦʤ [38]. ʋ ʮʴʦʤʫ ʻ ʧʝʨʝʚʘʛʘ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʚʣʘʩʪʠʚʦʩ-

ʪʝʡ ʇʅɽɸ ʷʢ ʛʽʜʨʦʢʦʣʦʾʜʫ. ɺʽʜʦʤʦ, ʱʦ ʇʅɽɸ ʟʜʘʪʥʽ ʜʦ ʛʝʣʝʫʪʚʦʨʝʥʥʷ ʪʽʣʴʢʠ 

ʟʘ ʥʘʷʚʥʦʩʪʽ ʽʦʥʽʚ ʪʘʢʠʭ ʤʝʪʘʣʽʚ (ʄg 
2+
, ʉʘ 

2+
, Cu 

2+
, Pb 

2+
, Fe 

3+
, Al 

3+
). ʇʨʠ 

ʮʴʦʤʫ, Cu 
2+

, Pb 
2+

, Al 
3+

 ʪʘ ʾʭ ʩʦʣʽ ʻ ʪʦʢʩʠʯʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ ʜʣʷ ʦʨʛʘʥʽʟʤʫ 
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ʣʶʜʠʥʠ, ʘ ʄg 
2+ 
ʽ Fe 

3+ 
ʥʝ ʟʜʘʪʥʽ ʫʪʚʦʨʠʪʠ ʩʪʽʡʢʽ ʩʪʨʫʢʪʫʨʠ ʟ ʚʠʩʦʢʦʶ ʚʦʣʦʛʦ-

ʫʪʨʠʤʫʚʘʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ [39]. ʋ ʚʠʧʘʜʢʫ ʟ ʽʦʥʘʤʠ ʢʘʣʴʮʽʶ ʟʜʽʡʩʥʶʻʪʴʩʷ ʪʘ-

ʢʠʡ ʤʝʭʘʥʽʟʤ: ʤʦʣʝʢʫʣʠ ʧʝʢʪʠʥʫ ʟʚôʷʟʫʶʪʴʩʷ ʟ ʉʘ 
2+

 ʟʘ ʨʘʭʫʥʦʢ ʨʝʘʣʽʟʘʮʽʾ ʭʽ-

ʤʽʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʢʘʨʙʦʢʩʠʣʴʥʠʭ ʛʨʫʧ. ʊʘʢʽ ʛʝʣʽ ʥʘʟʠʚʘʶʪʴʩʷ ʽʦ-

ʥʦʟʚôʷʟʘʥʠʤʠ, ʘ ʤʝʭʘʥʽʟʤ ʛʝʣʝʫʪʚʦʨʝʥʥʷ ï ʽʦʥʦʪʨʦʧʥʠʤ. ʇʨʦʮʝʩ ʛʝʣʝʫʪʚʦʨʝʥ-

ʥʷ ʇʅɽɸ ʧʝʨʝʜʙʘʯʘʻ ʥʠʟʴʢʠʡ ʚʤʽʩʪ ʩʫʭʠʭ ʨʝʯʦʚʠʥ (å 35%) [40]. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʇɺɽ, ʫ ʷʢʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʟʘʻʤʦʜʽʷ ʤʽʞ ʚʦʜʥʝʚʠʤʠ 

ʟʚôʷʟʢʘʤʠ ʟʘ ʫʯʘʩʪʽ ʥʝʜʠʩʦʮʽʡʦʚʘʥʠʭ ʚʽʣʴʥʠʭ ʢʘʨʙʦʢʩʠʣʴʥʠʭ ʛʨʫʧ ʽ ʟʘ ʛʝʣʝʫʪ-

ʚʦʨʝʥʥʷ ʚʽʜʧʦʚʽʜʘʣʴʥʽ ʛʽʜʨʦʬʦʙʥʽ ʚʟʘʻʤʦʜʽʾ. ʉʪʫʧʽʥʴ ʛʽʜʨʦʬʦʙʥʦʩʪʽ ʟʨʦʩʪʘʻ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʘʭʘʨʦʟʠ, ʷʢʘ ʚʠʢʦʥʫʻ ʨʦʣʴ ʜʝʛʽʜʨʘʪʫʶʯʦʾ ʨʝʯʦʚʠ-

ʥʠ [41].  

ɼʦʜʘʚʘʥʥʷ ʩʘʭʘʨʦʟʠ ʘʙʦ ʽʥʰʠʭ ʮʫʢʨʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʝʛʽʜʨʘʪʘʮʽʾ ʧʝʢ-

ʪʠʥʦʚʠʭ ʤʦʣʝʢʫʣ, ʱʦ ʧʦʣʝʛʰʫʻ ʟʙʣʠʞʝʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʣʘʥʮʶʛʽʚ ʤʽʞ ʩʦʙʦʶ 

ʪʘ ʨʦʙʠʪʴ ʤʦʞʣʠʚʠʤ ʫʪʚʦʨʝʥʥʷ ʛʝʣʝʚʦʾ ʩʪʨʫʢʪʫʨʠ ʯʝʨʝʟ ʚʦʜʥʝʚʽ ʟʚôʷʟʢʠ. ʅʝ-

ʦʙʭʽʜʥʽʩʪʴ ʚʠʩʦʢʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʘʭʘʨʦʟʠ ʜʣʷ ʛʝʣʝʫʪʚʦʨʝʥʥʷ ʇɺɽ ʧʦʷʩʥʶʻʪʴ-

ʩʷ ʪʠʤ, ʱʦ ʧʝʚʥʽ ʮʫʢʨʠ ʩʪʘʙʽʣʽʟʫʶʪʴ ʛʽʜʨʦʬʦʙʥʫ ʚʟʘʻʤʦʜʽʶ [42].  

ʋ ʇʅɽ ʫʪʚʦʨʶʶʪʴʩʷ ʤʽʞʣʘʥʮʶʛʦʚʽ ʥʘʜʤʦʣʝʢʫʣʷʨʥʽ ʩʪʨʫʢʪʫʨʠ ʟʘ ʨʘʭʫ-

ʥʦʢ ʢʘʨʙʦʢʩʠʣʴʥʠʭ ʛʨʫʧ, ʟʚôʷʟʘʥʠʭ ʟ ʽʦʥʘʤʠ ʉʘ 
2+

 [43].  

ʄʽʞʤʦʣʝʢʫʣʷʨʥʘ ʚʟʘʻʤʦʜʽʷ ʛʘʣʘʢʪʫʨʦʥʘʪʽʚ ʧʨʦʭʦʜʠʪʴ ʟʘ ʤʝʭʘʥʽʟʤʦʤ 

çʙʽʢ ʫ ʙʽʢè ʟ ʫʪʚʦʨʝʥʥʷʤ ʧʘʨʘʣʝʣʴʥʠʭ ʟʚôʷʟʢʽʚ ʩʫʤʽʞʥʠʭ ʣʘʥʮʶʛʽʚ, ʟʚôʷʟʘʥʠʭ 

ʚʥʫʪʨʽʰʥʴʦ ʤʦʣʝʢʫʣʷʨʥʠʤʠ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʠʤʠ ʩʠʣʘʤʠ ʪʘ ʽʦʥʥʠʤʠ ʟʚôʷʟʢʘʤʠ 

ʪʘʢʦʞ ʯʝʨʝʟ ʢʘʨʙʦʢʩʠʣʴʥʽ ʛʨʫʧʠ [44]. 

ɿʜʘʪʥʽʩʪʴ ʜʦ ʛʝʣʝʫʪʚʦʨʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʙʽʣʴʰʝ ʨʝʘʣʽʟʦʚʘʥʦʶ ʟʘ ʨʘʭʫʥʦʢ 

ʘʤʽʜʫʚʘʥʥʷ ʇʅɽ, ʷʢʝ ʧʦʣʷʛʘʻ ʚ ʧʦʧʝʨʝʜʥʽʡ ʦʙʨʦʙʮʽ ʇʅɽ ʚ ʨʦʟʯʠʥʽ ʘʤʽʘʢʫ 

[45]. ʂʨʽʤ ʛʘʣʘʢʪʫʨʦʥʦʚʠʭ ʢʠʩʣʦʪ, ʤʝʪʠʣʦʚʠʭ ʝʬʽʨʽʚ ʛʘʣʘʢʪʫʨʦʥʦʚʦʾ ʢʠʩʣʦʪʠ, 

ʘʤʽʜʦʚʘʥʠʡ ʥʠʟʴʢʦʝʪʝʨʠʬʽʢʦʚʘʥʠʡ ʧʝʢʪʠʥ ʤʽʩʪʠʪʴ ʫ ʤʦʣʝʢʫʣʷʨʥʦʤʫ ʣʘʥʮʶʛʫ 

ʛʘʣʘʢʪʫʨʦʥʘʤʽʜʥʽ ʣʘʥʢʠ [12]. ʄʝʭʘʥʽʟʤ ʘʤʽʜʫʚʘʥʥʷ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1.6. [46].  
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ʈʠʩ. 1.6. ʄʝʭʘʥʽʟʤ ʘʤʽʜʫʚʘʥʥʷ ʇʅɽ  

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʫ 1.6, ʨʘʜʠʢʘʣ ʉʅ3 ʧʦʩʪʫʧʘʻʪʴʩʷ ʤʽʩʮʝʤ ʘʤʽʜʥʽʡ ʛʨʫʧʽ 

NH (NH-R), ʜʝ R ʤʦʞʝ ʙʫʪʠ H
+
.  

ɻʝʣʝʫʪʚʦʨʝʥʥʷ ʟʘ ʫʯʘʩʪʽ ʇʅɽɸ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʥʝʚʠʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ 

ʽʦʥʽʚ ʉʘ 
2+ 

 ï ʜʦ 0,1% ʚʽʜ ʤʘʩʠ ʛʝʣʶ (ʨʠʩ. 1.7) [47]. ɸʤʽʜʦʚʘʥʽ ʧʝʢʪʠʥʠ ʤʝʥʰ 

ʚʠʤʦʛʣʠʚʽ ʜʦ ʧʨʠʩʫʪʥʦʩʪʽ ʽʦʥʽʚ ʉʘ
2+
. ɼʽʘʧʘʟʦʥ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽʦʥʽʚ ʉʘ 

2+
 (0,08é 

0,12%). [30; 47]. ʅʘʷʚʥʽʩʪʴ ʘʤʽʜʥʠʭ ʛʨʫʧ ʫ ʇʅɽɸ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʥʝʘʤʽʜʦʚʘ-

ʥʦʛʦ ʇʅɽ,  ʩʪʚʦʨʶʻ ʜʦʜʘʪʢʦʚʽ ʟʦʥʠ ʚʟʘʻʤʦʜʽʾ ʯʝʨʝʟ ʚʦʜʥʝʚʽ ʟʚôʷʟʢʠ. ɿʽ ʟʙʽʣʴ-

ʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʘʤʽʜʥʠʭ ʛʨʫʧ ʟʙʽʣʴʰʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʟʦʥ, ʟʜʘʪʥʠʭ ʜʦ ʫʪʚʦ-

ʨʝʥʥʷ ʭʘʣʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʟ ʽʦʥʘʤʠ ʉʘ
2+ 

 [48].ʊʘʢʠʤ ʯʠʥʦʤ, ʘʤʽʜʫʚʘʥʥʷ ʧʽʜ-

ʚʠʱʫʻ ʟʜʘʪʥʽʩʪʴ ʜʦ ʛʝʣʝʫʪʚʦʨʝʥʥʷ ʇʅɽ. ʇʨʦʮʝʩ ʭʝʣʘʪʦʫʪʚʦʨʝʥʥʷ ʧʝʢʪʠʥʦʚ-

ʤʽʩʥʠʭ ʣʘʥʮʶʛʽʚ ʧʨʦʪʽʢʘʻ ʙʽʣʴʰ ʢʦʥʪʨʦʣʴʦʚʘʥʦ, ʥʽʞ ʮʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʫʯʘʩʪʽ  

ʥʝʘʤʜ̔ʦʚʘʥʠʭ ʇʅɽ. 

ʅʘ ʨʠʩʫʥʢʫ 1.8 ʟʦʙʨʘʞʝʥʦ ʤʝʭʘʥʽʟʤ ʭʽʤʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʽʦʥʽʚ ʉʘ 
2+
, ʱʦ 

ʚʠʥʠʢʘʻ ʧʽʜ ʯʘʩ ʾʭ ʧʦʪʨʘʧʣʷʥʥʷ ʜʦ ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʨʦʟʯʠʥʫ ʇʅɽɸ. 

 

 
ɯ ʝʪʘʧ 

ʇʝʢʪʠʥʦʚʽ ʣʘʥʮʶʛʠ ʚ ʨʦʟʯʠʥʽ 

ɯɯ ʝʪʘʧ 

ɿô̒ ʜʥʘʥʥʷ ʧʝʢʪʠʥʦʚʠʭ ʣʘʥʮʶʛʽʚ 

ɯɯɯ ʝʪʘʧ 

ʌʦʨʤʫʚʘʥʥʷ ʛʝʣʶ 

ɯV ʝʪʘʧ 

ʆʩʘʜʞʝʥʥʷ ʧʝʢʪʠʥʘʪʫ ʢʘʣʴʮʽʶ 
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ʈʠʩ. 1.8. ʄʝʭʘʥʽʟʤ ʛʝʣʝʫʪʚʦʨʝʥʥʷ ʇʅɽɸ 



ʅʝʘʤʽʜʦʚʘʥʽ ʇʅɽ ʟʘʟʚʠʯʘʡ ʚʠʤʘʛʘʶʪʴ ʧʽʜʚʠʱʝʥʦʛʦ ʚʤʽʩʪʫ ʽʦʥʽʚ ʉʘ
2+

 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʝʣʝʫʪʚʦʨʝʥʥʷ. 

ʉʪʫʧʽʥʴ ʝʪʝʨʠʬʽʢʘʮʽʾ ʪʘ ʘʤʽʜʫʚʘʥʥʷ ʚʠʟʥʘʯʘʻ ʨʽʚʝʥʴ ʯʫʪʣʠʚʦʩʪʽ ʜʦ ʽʦʥʽʚ 

ʉʘ
2+

 ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʇʅɽ (ʪʘʙʣ. 1.3) [48]. 

ʊʘʙʣʠʮʷ 1.3  

ʈʽʚʝʥʴ ʯʫʪʣʠʚʦʩʪʽ ʜʦ ʽʦʥʽʚ ʉʘ
2+

 ʇʅɽ 

ʉʪʫʧʽʥʴ  

ʝʪʝʨʠʬʽʢʘʮʽʾ, % 

ʉʪʫʧʽʥʴ  

ʘʤʽʜʘʮʽʾ, % 

ʈʽʚʝʥʴ ʯʫʪʣʠʚʦʩʪʽ 

ʜʦ ʽʦʥʽʚ ʉʘ
2+

   

ʐʚʠʜʢʽʩʪʴ 

ʩʘʜʢʠ 

35 15 ʥʠʟʴʢʠʡ ʧʦʚʽʣʴʥʘ 

32 18 ʩʝʨʝʜʥʽʡ ʩʝʨʝʜʥʷ 

30 20 ʚʠʩʦʢʠʡ ʚʠʩʦʢʘ 

 

ʗʢ ʙʘʯʠʤʦ ʟ ʪʘʙʣʠʮʽ 1.3, ʦʜʥʽʻʶ ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʫ ʛʝʣʝʫʪʚʦʨʝʥ-

ʥʷ ʻ ʩʘʜʢʘ ʛʝʣʽʚ, ʪʦʙʪʦ ʧʨʦʮʝʩ ʫʪʚʦʨʝʥʥʷ ʛʝʣʶ ʚ ʤʽʨʫ ʦʭʦʣʦʜʞʝʥʥʷ ʧʝʢʪʠʥʦ-

ʚʦʛʦ ʨʦʟʯʠʥʫ [49]. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʘʛʦʤʠʡ ʚʧʣʠʚ ʥʘ ʰʚʠʜʢʽʩʪʴ ʩʘʜʢʠ ʩʠʩ-

ʪʝʤʠ çʇʅɽɸ ï ʉʘ 
2+
è ʤʘʻ ʢʽʣʴʢʽʩʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʧʝʢʪʠʥʫ ʪʘ 

ʽʦʥʽʚ ʉʘ
2+
. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʩʫʭʠʭ ʨʝʯʦʚʠʥ ʩʘʜʢʘ ʧʨʠʩʢʦʨʶʻʪʴʩʷ. ɺʠ-

ʟʥʘʯʝʥʦ [50], ʱʦ ʚ ʨʘʟʽ ʟʙʽʣʴʰʝʥʥ ̫ʨʅ, ʽʦʥʥʦʾ ʩʠʣʠ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʟʯʠʥʫ 

ʩʘʜʢʘ ʧʨʠʩʢʦʨʶʻʪʴʩ.̫ ʎʝ ʻ ʥʝʙʘʞʘʥʠʤ ʜʣʷ ʩʠʩʪʝʤʠ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʪʦʤʫ 

ʧʽʜ ʯʘʩ ʤʦʜʝʣʶʚʘʥʥ ̫ʧʨʦʮʝʩʫ ʜʫʞʝ ʚʘʞʣʠʚʦ ʚʨʘʭʫʚʘʪʠ ʨʅ (ʚʽʜ 2,8 ʜʦ 3,4), 

ʪʝʤʧʝʨʘʪʫʨʫ ʨʦʟʯʠʥʫ ʧʽʜ ʯʘʩ ʛʝʣʝʫʪʚʦʨʝʥʥʷ, ʷʢʘ ʥʝ ʧʦʚʠʥʥʘ ʙʫʪʠ ʥʠʞʯʦʶ ʥʽʞ 

65̄ʉ. 

ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʤʦʞʥʘ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʟʛʽʜʥʦ ʟ ʟʘʛʘʣʴʥʦʁ ʢʦʥʮʝʧʮʽʻ  ʁ

ʜʦʩʣʽʜʞʝʥʥʷ ʛʝʣʝʧʦʜʽʙʥʘ ʩʠʩʪʝʤʘ çʇʅɽɸ ï ʉʘ 
2+
è ʤʦʞʝ ʟʘ ʫʩʽʤʘ ʭʘʨʘʢʪʝʨʠʩ-

ʪʠʢʘʤʠ ʩʪʘʪʠ ʦʩʥʦʚʦʶ ʜʣʷ ʪʘʢʠʭ ʩʦʣʦʜʢʠʭ ʩʪʨʘʚ, ʷʢ ʞʝʣʝ. ʇʨʠ ʮʴʦʤʫ ʜʦʩʠʪʴ 

ʚʘʞʣʠʚʠʤ ʻ ʜʦʩʣʽʜʠʪʠ ʫʯʘʩʪʴ ʩʘʭʘʨʦʟʠ ʫ ʬʦʨʤʫʚʘʥʥʽ ʛʝʣʽʚ, ʦʩʢʽʣʴʢʠ ʮʫʢʦʨ ʻ 

ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʨʝʮʝʧʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ ʩʦʣʦʜʢʠʭ ʩʪʨʘʚ.  

ʋ ʨʦʙʦʪʽ [51] ʜʦʩʣʽʜʞʝʥʦ, ʱʦ ʫʪʚʦʨʝʥʥʷ ʛʝʣʶ ʥʘ ʦʩʥʦʚʽ ʩʠʩʪʝʤʠ 

çʇʅɽɸ ï ʉʘ
2+
è, ʘʣʝ ʙʝʟ ʩʘʭʘʨʦʟʠ, ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʅ. ʇʨʦʪʝ ʚʽʜ-

ʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʟʜʘʪʥʦʩʪʽ ʜʦ ʛʝʣʝʫʪʚʦʨʝʥʥʷ ʚ ʜʽʘʧʘʟʦʥʽ ʨʅ 

1,5é3,5, ʢʽʣʴʢʽʩʪʴ ʉʘ
2+ 
ʫ ʮ̔ ʡ ʩʠʩʪʝʤʽ ʩʣʽʜ ʟʙʽʣʴʰʫʚʘʪʠ ʤʘʡʞʝ ʜʦ 0,2 %.  
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ʇʝʨʝʭʽʜ ʟʦʣʶ ʚ ʛʝʣʴ ʧʨʠʩʢʦʨʶʻʪʴʩʷ ʟʘ ʟʥʠʞʝʥʥ ̫ʨʅ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʮʴʦ-

ʤʫ ʟʤʝʥʰʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʜʠʩʦʮʽʡʦʚʘʥʠʭ ʢʘʨʙʦʢʩʠʣʴʥʠʭ ʛʨʫʧ (ʉʆʆ
-
), ʷʢʽ 

ʩʢʣʘʜʘʶʪʴ ʟʘʛʘʣʴʥʠʡ ʥʝʛʘʪʠʚʥʠʡ ʟʘʨʷʜ ʤʘʢʨʦʽʦʥʘ ʧʝʢʪʠʥʫ.  

ɻʝʣʝʫʪʚʦʨʝʥʥʷ ʇʅɽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʨʝʘʣʽʟʘʮʽʾ ʭʽʤʽʯʥʦʛʦ ʧʦʪʝ-

ʥʮʽʘʣʫ ʚʽʣʴʥʠʭ ʽʦʥʽʚ ʉʘ
2+
, ʱʦ ʧʦʪʨʘʧʠʣʠ ʜʦ ʨʦʟʯʠʥʫ ʛʽʜʨʦʢʦʣʦʾʜʫ ʪʘ ʨʦʟʧʦʯʠ-

ʥʘʶʪʴ ʫʪʚʦʨʶʚʘʪʠ ʭʽʤʽʯʥʽ ʟʚôʷʟʢʠ ʤʽʞ ʤʦʣʝʢʫʣʘʤʠ ʧʦʣʽʤʝʨʫ ʰʣʷʭʦʤ ʫʪʚʦ-

ʨʝʥʥʷ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʟʚôʷʟʢʽʚ ʽʟ ʟʘʣʠʰʢʘʤʠ ʛʘʣʘʢʪʫʨʦʥʦʚʦʾ ʢʠʩʣʦʪʠ. ʊʘʢʫ 

ʘʢʪʠʚʥʽʩʪʴ ʤʦʞʥʘ ʟʦʙʨʘʟʠʪʠ ʛʨʘʬʽʯʥʦ (ʨʠʩ. 1.9). ʫ ʨʘʤʢʘʭ ʥʘʩʪʫʧʥʦʾ ʭʽʤʽʯʥʦʾ 

ʨʝʘʢʮʽʾ:  

 

+m(Ca
2+

) 

n n+m 

        I            ɯɯ 

ʈʠʩ 1.9 Cʭʝʤʘ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ ʫʪʚʦʨʝʥʥʷ ʉʘ-ʛʘʣʘʢʪʫʨʦʥʘʪʫ 

I ï 4 ʟʘʣʠʰʢʠ ʛʘʣʘʢʪʫʨʦʥʦʚʦʾ ʢʠʩʣʦʪʠ, ɯɯ ï ʩʪʨʫʢʪʫʨʘ ʉʘ-ʛʘʣʘʢʪʫʨʦʥʘʪʫ  

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʫ 1.4, ʤʽʞ ʢʘʨʙʦʢʩʠʣʴʥʠʤʠ ʛʨʫʧʘʤʠ ʯʦʪʠʨʴʦʭ ʟʘʣʠʰ-

ʢʽʚ ʛʘʣʘʢʪʫʨʦʥʦʚʦʾ ʢʠʩʣʦʪʠ, ʱʦ ʩʪʚʦʨʶʶʪʴ ʨʽʟʥʽ ʣʘʥʮʶʛʠ ʧʝʢʪʠʥʫ, ʪʘ ʽʦʥʦʤ 

ʉʘ
2+

 ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʦʩʪʦʨʦʚʘ ʙʫʜʦʚʘ (ɯ). ʇʨʠ ʮʴʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʚôʷʟʦʢ, 

ʷʢʠʡ, ʽʤʦʚʽʨʥʦ, ʷʢ ʽ ʫ ʚʠʧʘʜʢʫ ʟ ʘʣʴʛʽʥʘʪʦʤ ʢʘʣʴʮʽʶ [52] ʥʦʩʠʪʴ ʢʦʦʨʜʠʥʘʮʽʡ-

ʥʠʡ ʭʘʨʘʢʪʝʨ (ʩʪʨʫʢʪʫʨʘ ɯɯ). ɯʦʥ ʉʘ
2+

 ʟʚôʷʟʫʻ ʧʦʣʽʤʝʨʥʽ ʣʘʥʮʶʛʠ ʧʝʢʪʠʥʫ, ʪʘ, ʫ 

ʩʚʦʶ ʯʝʨʛʫ, ʟʤʝʥʰʫʻ ʢʽʣʴʢʽʩʪʴ ʚʦʜʥʝʚʠʭ ʟʚôʷʟʢʽʚ, ʧʝʨʝʪʚʦʨʶʶʯʠ ʘʤʦʨʬʥʠʡ 

ʛʝʣʴ ʛʽʜʨʦʢʦʣʦʾʜʫ ʥʘ ʙʽʣʴʰ ʧʨʫʞʥʠʡ ʪʘ ʤôʷʢʠʡ [53].  

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʟʥʘʯʝʥʦ ʧʝʨʝʜʫʤʦʚʠ ʛʝʣʝʫʪʚʦʨʝʥʥʷ ʚ ʩʠʩʪʝʤʽ çʇʅɽɸ ï 

ʉʘ
2+
è, ʦʜʥʘʢ ʨʦʣʴ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʶʚʘʯʘ ʚ çʞʠʪʪʻʚʦʤʫ ʮʠʢʣʽè ʪʘʢʦʾ ʩʠʩʪʝʤʠ 

ʱʝ ʡ ʜʦʩʽ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʚʯʝʥʦʶ. 
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