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ʋʉʃʆɺʅʓɽ ʆɹʆɿʅɸʏɽʅʀʗ 

 

ɸɻ ï ʘʧʠʦʛʘʣʘʢʪʫʨʦʥʘʥ 

ɸʌ ï ʘʛʨʝʛʠʨʦʚʘʥʥʘʷ ʬʨʘʢʮʠʷ 

ɹɸɺ ï ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ  

ɹɺ ï ʙʘʣʣʘʩʪʥʳʝ ʚʝʱʝʩʪʚʘ 

ɺʄ-ʧʝʢʪʠʥ ï ʚʳʩʦʢʦʤʝʪʠʣʠʨʦʚʘʥʥʳʡ ʧʝʢʪʠʥ 

ɻɻʉ ï ʛʣʶʢʦʟʦ-ʛʘʣʘʢʪʦʟʥʳʡ ʩʠʨʦʧ 

ɻʂ ï ʛʘʣʘʢʪʫʨʦʥʦʚʘʷ ʢʠʩʣʦʪʘ 

ɼɺ ï ʜʠʝʪʠʯʝʩʢʠʝ ʚʦʣʦʢʥʘ  

ɼʋʌ ï ʜʠʘ-ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʷ  

Ig ï ʠʤʤʫʥʦʛʣʦʙʫʣʠʥ 

Ŭ-Lʘ ï Ŭ-ʣʘʢʪʘʣʴʙʫʤʠʥ 

ɓ-Lg ï ɓ-ʣʘʢʪʦʛʣʦʙʫʣʠʥ  

Lgʉ ï ʢʦʥʮʝʥʪʨʘʪ ʣʘʢʪʦʛʣʦʙʫʣʠʥʦʚ  

ɾʂʊ ï ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʳʡ ʪʨʘʢʪ 

ʂʇ ï ʢʦʨʟʠʥʢʠ ʧʦʜʩʦʣʥʝʯʥʠʢʘ 

ʂʉ ï ʢʣʝʪʦʯʥʘʷ ʩʪʝʥʢʘ 

ʃɺ ï ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʚʝʱʝʩʪʚʘ 

ʄɻ ï ʤʠʢʨʦʛʝʣʴ 

ʄʄ ï ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ  

ʄʄʈ ï ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ  

ʄʉ ï ʤʦʣʦʯʥʘʷ ʩʳʚʦʨʦʪʢʘ  
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ʄz, z ï ʩʨʝʜʥʷʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ  

Mw ï ʩʨʝʜʥʝʤʘʩʩʦʚʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ 

Mn ï ʩʨʝʜʥʝʯʠʩʣʦʚʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ 

Mw/Mn, Mz/Mw ï ʧʦʢʘʟʘʪʝʣʠ ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʠ  

ʅʄ-ʧʝʢʪʠʥ ï ʥʠʟʢʦʤʝʪʠʣʠʨʦʚʘʥʥʳʡ ʧʝʢʪʠʥ 

ʆʉ ï ʦʣʠʛʦʩʘʭʘʨʠʜʳ 
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ʇɺ ï ʧʝʢʪʠʥʦʚʳʝ ʚʝʱʝʩʪʚʘ 

ʇɻ ï ʧʨʦʯʥʦʩʪʴ ʛʝʣʷ 

ʇʄ ï ʧʦʣʠʩʘʭʘʨʠʜʥʳʡ ʤʘʪʨʠʢʩ 

ʇʆʉ ï ʧʝʢʪʠʥʦʚʳʝ ʦʣʠʛʦʩʘʭʘʨʠʜʳ 

ʇʇ ï ʧʝʢʪʠʥʦʚʳʝ ʧʦʣʠʩʘʭʘʨʠʜʳ 

ʈʍ ï ʧʠʨʦʢʩʠʢʘʤ 

ʉɼʃ ï ʩʠʩʪʝʤʘ ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚ  

ʉɹ ï ʩʳʚʦʨʦʪʦʯʥʳʡ ʙʝʣʦʢ 

ʉʕ ï ʩʪʝʧʝʥʴ ʵʪʝʨʠʬʠʢʘʮʠʠ 

ʊɼʄ ï ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʝ ʜʘʚʣʝʥʠʝ  

ʊɼʋʌ ï ʜʠʘ-ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʷ ʩ ʪʘʥʛʝʥʮʠʘʣʴʥʳʤ ʧʦʪʦʢʦʤ  

ʊʄ ï ʪʨʘʜʠʮʠʦʥʥʳʡ ʤʝʪʦʜ 

ʋʌ ï ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʷ  

ʕɾʍ ï ʵʢʩʢʣʶʟʠʦʥʥʘʷ ʞʠʜʢʦʩʪʥʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ 

HG ï ʛʦʤʦʛʘʣʘʢʪʫʨʦʥʘʥ 

RG-I ï ʨʘʤʥʦʛʘʣʘʢʪʫʨʦʥʘʥ-I 

RG-II ï ʨʘʤʥʦʛʘʣʘʢʪʫʨʦʥʘʥ-II  
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ɺɺɽɼɽʅʀɽ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʙʝʩʧʝʯʝʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʠ 

ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʪʨʘʥʳ ʥʘʨʷʜʫ ʩ ʠʥʜʫʩʪʨʠʘʣʠʟʘʮʠʝʡ, 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʥʝʟʘʚʠʩʠʤʦʩʪʴʶ, ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ ʢʦʤʤʫʥʠʢʘʮʠʡ ʠ ʜʦʨʦʛ ʥʘ 

ʙʣʠʞʘʡʰʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ï ʦʜʥʘ ʠʟ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʮʝʣʝʡ ʇʨʘʚʠʪʝʣʴʩʪʚʘ 

ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ, ʩʨʦʢʠ ʜʦʩʪʠʞʝʥʠʷ ʢʦʪʦʨʦʡ ʚʦʟʤʦʞʥʦ ʫʤʝʥʴʰʠʪʴ ʚ 

ʨʘʟʳ ʧʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʠ ʛʨʘʤʦʪʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʢ ʫʞʝ ʠʤʝʶʱʠʭʩʷ ʥʘʫʯʥʳʭ 

ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʜʦʩʪʠʞʝʥʠʡ, ʪʘʢ ʠ ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʩʪʘʜʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ 

ʘʧʨʦʙʘʮʠʠ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʤ ʫʨʦʚʥʝ. ʇʦʵʪʦʤʫ ʚʥʝʜʨʝʥʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ 

ʧʨʦʠʟʚʦʜʠʪʴ ʠʟ ʚʪʦʨʠʯʥʦʛʦ ʩʳʨʴʷ ʧʨʦʜʫʢʮʠʶ ʞʝʣʘʝʤʦʛʦ ʢʘʯʝʩʪʚʘ ʠ ʥʠʟʢʦʡ 

ʩʝʙʝʩʪʦʠʤʦʩʪʴʶ, ï ʥʘʧʨʘʚʣʝʥʠʝ ʚʘʞʥʦʝ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʝ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʨʝʯʴ 

ʠʜʸʪ ʦ ʧʨʦʠʟʚʦʜʩʪʚʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʠ ʙʝʣʢʦʚ ʠʟ ʚʪʦʨʠʯʥʳʭ ʨʝʩʫʨʩʦʚ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʠ ʞʠʚʦʪʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ.  

ɺ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ç...ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʧʠʪʘʥʠʝ ʧʨʠʟʥʘʶʪ, ʢʘʢ 

ʘʣʴʪʝʨʥʘʪʠʚʫ ʤʝʜʠʢʘʤʝʥʪʦʟʥʦʡ ʪʝʨʘʧʠʠ ʠ ʦʧʨʝʜʝʣʷʶʪ, ʢʘʢ Food for Specific 

Health Use (FOSHU)...è1, ʪʘʢ ʢʘʢ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʧʠʱʘ ï ʵʪʦ ʧʠʱʘ, ʢʦʪʦʨʘʷ 

ʠʤʝʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʬʫʥʢʮʠʶ ʟʘ ʩʯʝʪ ʜʦʙʘʚʣʝʥʠʷ ʥʦʚʳʭ ʠʥʛʨʝʜʠʝʥʪʦʚ ʠʣʠ 

ʥʝʩʢʦʣʴʢʠʭ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʥʛʨʝʜʠʝʥʪʦʚ.  

ʇʨʠʤʝʥʝʥʠʝ ʚ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʨʠʨʦʜʥʳʭ ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ 

ʧʦʣʠʤʝʨʦʚ, ʇʇ, ʢʦʪʦʨʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦ ʠʟʫʯʘʶʪʩʷ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ 

ʚ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʢʦʩʤʝʪʠʢʝ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʠʤʝʝʪ ʙʦʛʘʪʫʶ 

ʠʩʪʦʨʠʶ. 

ʄʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʧʝʢʪʠʥ ʠʛʨʘʝʪ ʚʘʞʥʫʶ 

ʨʦʣʴ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ: ʩʚʷʟʳʚʘʝʪ ʣʠʧʦʧʨʦʪʝʠʜʳ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ ʠ 

                                                           
1 https://en.wikipedia.org/wiki/Functional_food 
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ʩʥʠʞʘʝʪ ʨʠʩʢ ʨʘʟʚʠʪʠʷ ʘʪʝʨʦʩʢʣʝʨʦʟʘ, ʠʥʩʫʣʴʪʘ ʠ ʨʷʜʘ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡ, ʚʣʠʷʝʪ ʥʘ ʚʩʘʩʳʚʘʥʠʝ ʛʣʶʢʦʟʳ, ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ, ʩʪʘʙʠʣʝʥ ʚ 

ʞʝʣʫʜʢʝ ʠ ʪʦʥʢʦʡ ʢʠʰʢʝ ʠ ʨʘʟʨʫʰʘʝʪʩʷ ʬʝʨʤʝʥʪʘʤʠ ʙʘʢʪʝʨʠʡ ʪʦʣʩʪʦʡ ʢʠʰʢʠ ï 

ʧʨʦʜʫʢʪʳ ʨʘʟʣʦʞʝʥʠʷ ʧʝʢʪʠʥʦʚ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʧʨʝʙʠʦʪʠʢʠ. 

ʆʣʠʛʦʛʘʣʘʢʪʫʨʦʥʠʜʳ ʨʘʟʣʠʯʥʦʡ ʄʄ ʠ ʉʕ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʜʝʪʩʢʠʭ 

ʩʤʝʩʷʭ ʜʣʷ ʫʢʨʝʧʣʝʥʠʷ ʟʜʦʨʦʚʴʷ (ʤʠʢʨʦʬʣʦʨʳ ʢʠʰʝʯʥʠʢʘ ʠ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ) 

ʤʣʘʜʝʥʮʝʚ ʠ ʜʣʷ ʟʘʱʠʪʳ ʢʘʢ ʫʞʝ ʙʦʣʴʥʳʭ, ʪʘʢ ʠ ʟʜʦʨʦʚʳʭ ʣʶʜʝʡ ʦʪ ʷʜʦʚʠʪʳʭ 

ʚʝʱʝʩʪʚ, ʧʘʪʦʛʝʥʥʳʭ ʙʘʢʪʝʨʠʡ ʠ ʪʦʢʩʠʯʝʩʢʠʭ ʤʝʪʘʙʦʣʠʪʦʚ. ʅʘ ʟʘʛʨʷʟʥʝʥʥʳʭ 

ʪʝʨʨʠʪʦʨʠʷʭ ʧʝʢʪʠʥʳ ʠ ʇʆʉ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ 

ʮʝʣʷʭ ʚ ʢʘʯʝʩʪʚʝ ʘʥʪʠʜʦʪʦʚ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʦʪʨʘʚʣʝʥʠʷ ʨʘʙʦʪʥʠʢʦʚ 

ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ. 

ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʠ ʧʝʢʪʠʥʳ, ʠ ʧʨʦʜʫʢʪʳ ʥʘ ʠʭ ʦʩʥʦʚʝ ʷʚʣʷʶʪʩʷ 

ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʤ ʩʨʝʜʩʪʚʦʤ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʠ ʚ ʤʝʜʠʮʠʥʩʢʦʡ 

ʧʨʘʢʪʠʢʝ. 

ɺʩʝ ʵʪʦ ʦʙʲʷʩʥʷʝʪ ʚʦʟʨʘʩʪʘʶʱʫʶ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʧʝʢʪʠʥʘʭ ʠ ʧʨʦʜʫʢʪʘʭ ʥʘ 

ʠʭ ʦʩʥʦʚʝ. ʊʘʢ, ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʠʟ ç... ʜʦʢʣʘʜʘ ʧʨʝʜʩʪʘʚʠʪʝʣʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʮʝʥʪʨʘ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʛʠʜʨʦʢʦʣʣʦʠʜʦʚ çIMR Internationalè, ʥʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʫʩʪʦʡʯʠʚʳʡ ʨʦʩʪ ʧʦʪʨʝʙʣʝʥʠʷ ʧʝʢʪʠʥʘ ʚ ʩʨʝʜʥʝʤ ʥʘ 3-3,5% 

ʚ ʛʦʜ ...è2. ɺ 2021 ʛʦʜʫ ʦʙʲʝʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝʢʪʠʥʦʚ ʜʦʩʪʠʛ 70 ʪʳʩʷʯ ʪʦʥʥ, ʠʭ 

ʧʨʦʜʘʞʘ ʩʦʩʪʘʚʠʣʘ 1.25 ʤʣʨʜ. ʜʦʣʣʘʨʦʚ ʉʐɸ, ʠʟ ʵʪʦʛʦ ʥʘ ʜʦʣʶ ʉʪʨʘʥ ʉʅɻ 

ʧʨʠʭʦʜʠʪʩʷ ʦʢʦʣʦ 100 ʤʣʥ. ʜʦʣʣʘʨʦʚ. ʕʪʘ ʪʝʥʜʝʥʮʠʷ ʧʨʦʜʦʣʞʘʝʪ ʚʦʟʨʘʩʪʘʪʴ ʠ 

ʚ 2025 ʛʦʜʫ ʜʦʩʪʠʛʥʝʪ 1.75 ʤʣʨʜ. ʜʦʣʣʘʨʦʚ3. ʆʩʥʦʚʥʳʤʠ ʮʝʥʪʨʘʤʠ ʨʝʘʣʠʟʘʮʠʠ 

ʧʝʢʪʠʥʘ ʷʚʣʷʶʪʩʷ ʨʳʥʢʠ ʧʠʱʝʚʦʡ ʠ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

çéʄʠʨʦʚʦʡ ʨʳʥʦʢ ʧʝʢʪʠʥʘ ʩʦʩʨʝʜʦʪʦʯʝʥ ʚ ʪʘʢʠʭ ʩʪʨʘʥʘʭ, ʢʘʢ ɸʨʛʝʥʪʠʥʘ, 

ɹʨʘʟʠʣʠʷ, ʖʞʥʘʷ ɸʬʨʠʢʘ, ʂʠʪʘʡ, ʀʨʘʥ, ʉʅɻ ʠ ʜʨ., ʠ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 

55ï60 ʪʳʩ. ʪ. ʅʘ ʜʦʣʶ ʧʝʢʪʠʥʘ ʠʟ ʮʠʪʨʫʩʦʚʳʭ ʢʫʣʴʪʫʨ ʧʨʠʭʦʜʠʪʩʷ 70% 

ʧʨʦʠʟʚʦʜʠʤʦʛʦ ʧʝʢʪʠʥʘ, ʥʘ ʜʦʣʶ ʷʙʣʦʯʥʳʭ ʧʝʢʪʠʥʦʚ ï 30% éè [1]. 

                                                           
2 Food Hydrocolloid Market 2020. IMR International/ www.hydrocolloid.com 
3 https://www.winmarketresearch.com 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʨʘʜʠʮʠʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʇʇ ʫ 

ʧʦʜʘʚʣʷʶʱʝʛʦ ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʦʩʥʦʚʘʥʘ ʥʘ ʛʠʜʨʦʣʠʟʝ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʢʠʩʣʦʪʦʡ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ 

ʠ ʦʩʘʞʜʝʥʠʝʤ ʠʟ ʢʦʥʮʝʥʪʨʘʪʘ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʜʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʩʪʦʪ̫ ʠʟ ʩʣʝʜʫʶʱʠʭ ʵʪʘʧʦʚ: 

ʛʠʜʨʦʣʠʟ ʧʝʢʪʠʥʦʚʳʭ ʙʠʦʧʦʣʠʤʝʨʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 80-100ʦʉ, ʨʅ 1.2-2.0 ʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʧʨʦʮʝʩʩʘ ʦʪ 1 ʜʦ 3 ʯʘʩʦʚ; ʚʳʜʝʣʝʥʠʝ ʧʝʢʪʠʥʘ ʠʟ ʨʘʩʪʚʦʨʘ 

ʛʠʜʨʦʣʠʟʘʪʘ; ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʥʘ ʚʘʢʫʫʤ-ʚʳʧʘʨʥʳʭ ʫʩʪʘʥʦʚʢʘʭ; ʦʩʘʞʜʝʥʠʝ 

ʵʪʠʣʦʚʳʤ ʩʧʠʨʪʦʤ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʠʢʣʘ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʩʦʩʪʘʚʣʷʝʪ ʦʪ 12 ʠ ʙʦʣʝʝ ʯʘʩʦʚ. 

çéʊʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʧʝʢʪʠʥʦʚ ʷʚʣʷʶʪʩʷ ʟʘʢʨʳʪʳʤʠ ʠ ʩʧʝʮʠʘʣʴʥʦ 

ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʵʪʦʛʦ ʧʨʦʜʫʢʪʘéè [1] ï 

ʢʦʤʧʘʥʠʷʤʠ CPKelco (ɼʘʥʠʷ, ʉʐɸ), Herbstright & Fox KG, ʠ Degussa 

(ɻʝʨʤʘʥʠʷ), Danisco (DuPont) (USA, ʏʝʭʠʷ), Cargill (ʉʐɸ, ɻʝʨʤʘʥʠʷ, ʌʨʘʥʮʠʷ), 

Yantai Andre Pectin (ʂʠʪʘʡ) ʠ ʜʨ.  

 ɺ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤ ʩʝʢʪʦʨʝ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ ʦʩʥʦʚʥʦʝ 

ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʧʨʦʠʟʚʦʜʩʪʚʦ ʬʨʫʢʪʦʚ ʠ ʦʚʦʱʝʡ, ʦʪʭʦʜʳ ʦʪ ʢʦʪʦʨʳʭ ʠʜʫʪ ʚ 

ʦʩʥʦʚʥʦʤ ʥʘ ʢʦʨʤʣʝʥʠʝ ʩʢʦʪʘ. ʉʦʛʣʘʩʥʦ ʦʬʠʮʠʘʣʴʥʳʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤ 

ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ, ʚ 2021 ʛʦʜʫ ʚ ʩʪʨʘʥʝ ʚʳʨʘʱʝʥʦ ʬʨʫʢʪʦʚʳʭ ʢʫʣʴʪʫʨ ʚ 

ʢʦʣʠʯʝʩʪʚʝ 444,440 ʪʳʩ. ʪʦʥʥ, ʯʪʦ ʥʘ 38,0% ʙʦʣʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 2012 ʛʦʜʦʤ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʝʩʧʫʙʣʠʢʝ ʚʳʨʘʱʠʚʘʝʪʩʷ ʙʦʣʝʝ 818 ʪʳʩ. ʪʦʥʥ (ʧʦ ʜʘʥʥʳʤ 2021 

ʛʦʜʘ) ʙʘʭʯʝʚʳʭ ʢʫʣʴʪʫʨ, ʦʪʭʦʜʳ ʦʪ ʢʦʪʦʨʳʭ ʚʳʙʨʘʩʳʚʘʶʪʩʷ [2], ʭʦʪʷ ʩʦʜʝʨʞʘʪ 

ʮʝʥʥʳʝ ɹɸɺ ï ʧʦʣʠʩʘʭʘʨʠʜʳ, ʙʝʣʢʠ, ʧʦʣʠʬʝʥʦʣʴʥʳʝ ʚʝʱʝʩʪʚʘ ʠ ʪ. ʜ. 

ʋʯʠʪʳʚʘʷ ʚʳʰʝʩʢʘʟʘʥʥʦʝ, ʥʘ ʨʷʜʫ ʩ ʧʦʠʩʢʦʤ ʥʦʚʳʭ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʇʇ ʢʨʘʡʥʝ ʘʢʪʫʘʣʴʥʳʤ ʩʯʠʪʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ 

ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʧʠʱʠ. 

ʆʜʥʘʢʦ ʢʦʤʤʝʨʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ, ʧʨʠ ʥʘʣʠʯʠʠ ʦʛʨʦʤʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʠʩʪʦʯʥʠʢʦʚ ʩʳʨʴʷ, ʧʦʣʫʯʠʣʠ ʣʠʰʴ ʮʠʪʨʫʩʦʚʳʝ ʦʪʭʦʜʳ ʠ ʚʳʞʠʤʢʠ ʷʙʣʦʢ. 
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ʅʘʣʠʮʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʩʣʝʜʦʚʘʪʴ ʜʨʫʛʠʝ ʠʩʪʦʯʥʠʢʠ ʧʦʣʫʯʝʥʠʷ ʧʝʢʪʠʥʘ ʠʣʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʧʝʢʪʠʥʘ ʞʝʣʘʝʤʦʛʦ 

ʢʘʯʝʩʪʚʘ ʠʟ ʜʨʫʛʠʭ ʠʩʪʦʯʥʠʢʦʚ.  

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʝʢʪʠʥʘ ʷʚʣʷʝʪʩʷ ʝʛʦ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʧʠʱʝʚʦʡ ʜʦʙʘʚʢʠ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʥʦʚʳʭ ʧʠʱʝʚʳʭ 

ʧʨʦʜʫʢʪʦʚ ʠ ʧʨʦʜʫʢʪʦʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʇʝʢʪʠʥʦʚʳʝ ʛʝʣʠ ʠ ʠʭ 

ʢʦʤʧʦʟʠʪʳ ʩ ʙʝʣʢʘʤʠ ʥʘʭʦʜʷʪ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ 

ʙʠʦʤʝʜʠʮʠʥʝ ʜʣʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʜʦʩʪʘʚʢʠ ʧʠʱʝʚʳʭ ʠʥʛʨʝʜʠʝʥʪʦʚ ʠ ʃɺ. ɺ 

ʵʪʦʡ ʩʚʷʟʠ, ʠʟʫʯʝʥʠʝ ʥʘʫʯʥʳʭ ʦʩʥʦʚ ʩʦʟʜʘʥʠʷ ʧʠʱʝʚʳʭ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ 

ʧʝʢʪʠʥʘ ʠ ʙʝʣʢʦʚ ʩ ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʥʳʤʠ ɹɸɺ ʜʣʷ ʚʦʟʤʦʞʥʦʛʦ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ.  

ʉʪʝʧʝʥʴ ʥʘʫʯʥʦʡ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʠʟʫʯʘʝʤʦʡ ʧʨʦʙʣʝʤʳ. ɺʘʞʥʝʡʰʠʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʚʥʝʜʨʝʥʠʝ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʨʦʠʟʚʦʜʠʪʴ ʧʦ ʥʠʟʢʦʡ ʩʝʙʝʩʪʦʠʤʦʩʪʠ 

ʧʨʦʜʫʢʮʠʶ ʠʟ ʦʪʭʦʜʦʚ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʠʙʦ ʚʟʘʤʝʥ 

ʧʝʨʚʠʯʥʦʛʦ ʩʳʨʴʷ, ʣʠʙʦ ʢʘʢ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʡ ʚʠʜ ʩʳʨʴʷ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʠ ʧʦʜʛʦʪʦʚʢʠ ʢ ʧʨʠʤʝʥʝʥʠʶ. ɺ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʜʘʥʥʳʤ 

ʪʨʝʙʦʚʘʥʠʷʤ ʦʪʚʝʯʘʝʪ ʚʩʸ ʝʱʝ ʦʩʪʘʶʱʝʝʩʷ ʩʣʦʞʥʳʤ ʠ ʤʘʣʦʨʝʥʪʘʙʝʣʴʥʳʤ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʠʟ ʚʪʦʨʠʯʥʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʳʨʴʝʚʳʭ ʨʝʩʫʨʩʦʚ ï 

ʬʨʫʢʪʦʚʳʭ ʚʳʞʠʤʦʢ, ʙʘʭʯʝʚʳʭ ʢʫʣʴʪʫʨ ʠ ʢʦʨʟʠʥʦʢ ʧʦʜʩʦʣʥʝʯʥʠʢʘ, ʦʩʪʘʶʱʠʭʩʷ 

ʚ ʤʥʦʛʦʪʦʥʥʘʞʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʬʨʫʢʪʦʚʳʭ ʩʦʢʦʚ ʠ 

ʧʦʜʩʦʣʥʝʯʥʦʛʦ ʤʘʩʣʘ. ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʩʧʝʮʠʬʠʢʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʣʠʟ-ʵʢʩʪʨʘʢʮʠʠ ʇʇ (ʨʝʩʫʨʩʦ- ʠ 

ʵʥʝʨʛʦʟʘʪʨʘʪʳ, ʵʢʦʣʦʛʠʯʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʪ.ʜ.), ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʠ, ʪʝʤ ʩʘʤʳʤ, ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʭ 

ʜʦʩʪʫʧʥʦʩʪʴ ʰʠʨʦʢʦʤʫ ʢʨʫʛʫ ʧʦʪʨʝʙʠʪʝʣʝʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʦʛʦ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʤʝʤʙʨʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʜʣʷ ʦʯʠʩʪʢʠ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʧʝʢʪʠʥʦʚʳʭ ʨʘʩʪʚʦʨʦʚ, 

ʚ ʯʘʩʪʥʦʩʪʠ, ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʇʇ ʜʠʘ- ʠ ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʝʡ, 
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ʦʮʝʥʢʘ ʚʦʟʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʝ ʜʘʚʣʝʥʠʝ, 

ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ, ʧʦʜʘʯʘ ʩʤʝʩʠ ʠ ʪ.ʜ.) ʥʘ ʟʘʛʨʷʟʥʝʥʠʝ ʤʝʤʙʨʘʥʳ, ʘ ʪʘʢʞʝ 

ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʝʤʙʨʘʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʩ ʧʦʧʝʨʝʯʥʳʤ ʧʦʪʦʢʦʤ, ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʦʯʠʩʪʢʘ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʧʝʢʪʠʥʦʚʳʭ ʨʘʩʪʚʦʨʦʚ 

ɼʋʌ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. ʕʪʦʪ ʤʝʪʦʜ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ 

ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʪʘʢ ʢʘʢ ʦʙʘ ʧʨʦʮʝʩʩʘ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʚ ʦʜʥʦʤ 

ʮʠʢʣʝ, ʘ ʩʘʤ ʧʨʦʮʝʩʩ ʤʦʞʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ.   

ʅʝ ʤʝʥʝʝ ʚʘʞʥʳʤ ʥʘ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʙʠʦʧʦʣʠʤʝʨʥʳʭ, 

ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ ʠ ʙʠʦʩʦʚʤʝʩʪʠʤʳʭ ʥʦʩʠʪʝʣʝʡ. ʇʝʢʪʠʥ ï ʦʜʠʥ ʠʟ ʪʘʢʠʭ 

ʥʦʩʠʪʝʣʝʡ: ʙʣʘʛʦʜʘʨʷ ʝʛʦ ʜʣʠʪʝʣʴʥʦʤʫ ʫʜʝʨʞʘʥʠʶ ʚ ɾʂʊ ʠ ʧʦʯʪʠ ʧʦʣʥʦʡ 

ʜʝʛʨʘʜʘʮʠʠ ʙʘʢʪʝʨʠʡ, ʞʠʚʫʱʠʭ ʚ ʪʦʣʩʪʦʡ ʢʠʰʢʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʤʝʪʦʜʦʚ 

ʛʠʜʨʦʣʠʟ-ʵʢʩʪʨʘʢʮʠʠ ʇʇ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʩʪʥʳʭ ʩʳʨʴʝʚʳʭ ʨʝʩʫʨʩʦʚ, 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠ ʁʩʧʦʩʦʙʦʚ ʦʯʠʩʪʢʠ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʇʇ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʠʟʫʯʝʥʠʶ ʛʝʣʝʦʙʨʘʟʫʶʱʠʭ ʩʚʦʡʩʪʚ ʅʄ-

ʧʝʢʪʠʥʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʣʫʯʝʥʠʶ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʧʝʢʪʠʥʘ ʠ ʙʝʣʢʦʚ ʩ 

ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʥʳʤʠ ɹɸɺ, ʫʩʪʦʡʯʠʚʳʭ ʢ ʜʝʡʩʪʚʠʶ ʩʨʝʜʳ ʞʝʣʫʜʢʘ, ʜʣʷ 

ʚʦʟʤʦʞʥʦʛʦ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʥʦʚʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚ ʥʘʰʝʡ ʨʝʩʧʫʙʣʠʢʝ. 

ʉʚʷʟʴ ʨʘʙʦʪʳ ʩ ʥʘʫʯʥʳʤʠ ʪʝʤʘʤʠ ʠ ʧʨʦʝʢʪʘʤʠ. ʈʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ 

ʧʦʣʫʯʝʥʠʷ ʧʝʢʪʠʥʘ ʠ ʙʝʣʢʦʚ ʠʟ ʦʪʭʦʜʦʚ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ ʙʳʣʘ ʚʢʣʶʯʝʥʘ ʚ ʉʪʨʘʪʝʛʠʶ 

ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ ʚ ʦʙʣʘʩʪʠ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ ʥʘ 2011ï2015 ʛʛ. ʠ 

ʇʨʦʛʨʘʤʤʫ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ ʥʘ 

2011 ï 2020 ʛʛ., ʘ ʪʘʢʞʝ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʨʘʤʢʘʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʧʨʦʝʢʪʦʚ ʄʅʊʎ 

(ʊ-1419, ʊ-1420). 
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ʆɹʑɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʈɸɹʆʊʓ 

 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ: (1) ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʛʠʜʨʦʣʠʟ-

ʵʢʩʪʨʘʢʮʠʠ ʇʇ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʩʪʥʳʭ ʩʳʨʴʝʚʳʭ ʨʝʩʫʨʩʦʚ, 

(2) ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʧʦʩʦʙʦʚ ʦʯʠʩʪʢʠ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʇʇ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ, (3) ʩʦʟʜʘʥʠʝ ʧʠʱʝʚʳʭ 

ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʘ ʧʝʢʪʠʥʦʚ ʩ ʙʝʣʢʘʤʠ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ 

ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʈʘʟʨʘʙʦʪʘʪʴ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʧʦʣʫʯʝʥʠʷ ʧʝʢʪʠʥʦʚ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟ 

ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ.  

2. ʆʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʣʠʟ-ʵʢʩʪʨʘʢʮʠʠ ʇʇ ʠʟ ʨʘʟʣʠʯʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʩ ʦʧʪʠʤʘʣʴʥʳʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʙʠʦʤʝʜʠʮʠʥʝ. 

3. ʈʘʟʨʘʙʦʪʘʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʣʦʛʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝʢʪʠʥʘ ʥʦʚʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʨʘʟʨʘʙʦʪʘʪʴ ʩʧʦʩʦʙʳ ʫʧʨʘʚʣʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʠʢʣʘ ʚ ʮʝʣʦʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʠ ʢʘʯʝʩʪʚʘ ʠʩʭʦʜʥʦʛʦ 

ʩʳʨʴʷ. 

4. ɺʳʜʝʣʠʪʴ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʦʙʨʘʟʮʳ ʙʝʣʢʦʚ (ʟʝʠʥʘ ʠ Lg) ʠ ʆʉ ʠʟ ʢʫʢʫʨʫʟʥʦʡ 

ʤʫʢʠ ʠ ʄʉ. 

5. ʀʟʫʯʠʪʴ ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʧʝʢʪʠʥʦʚ (ʄʄ, ʩʦʜʝʨʞʘʥʠʝ ɻʂ ʠ ʉʕ 

ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ) ʠ ʠʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

6. ʀʩʩʣʝʜʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʝʢʪʠʥʦʚ ʩ ʙʝʣʢʘʤʠ ʠ 

ʨʘʟʨʘʙʦʪʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʝʡ ʃɺ ʠ ʧʠʱʝʚʳʭ ʠʥʛʨʝʜʠʝʥʪʦʚ ʩʪʘʙʠʣʴʥʳʝ 

ʢʦʤʧʦʟʠʪʳ. 

7. ʅʘʡʪʠ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʥʦʛʦ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʥʘ ʦʩʥʦʚʝ ʧʨʠʨʦʜʥʳʭ ʙʠʦʧʦʣʠʤʝʨʦʚ, ʧʝʢʪʠʥʘ ʠ ʟʝʠʥʘ, ʠ ʠʟʫʯʠʪʴ ʚʣʠʷʥʠʝ 

ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ ʚ ʫʩʣʦʚʠʷʭ ʩʨʝʜʳ ɾʂʊ.  
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8. ʀʟʫʯʠʪʴ ʢʠʥʝʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʃɺ ʚ ʫʩʣʦʚʠʷʭ, ʠʤʠʪʠʨʫʶʱʠʭ 

ʩʨʝʜʫ ɾʂʊ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ: 

1.  ʈʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʩʧʦʩʦʙʳ ʛʠʜʨʦʣʠʟ-ʵʢʩʪʨʘʢʮʠʠ ʧʝʢʪʠʥʦʚ ʠʟ ʬʨʫʢʪʦʚʳʭ 

ʚʳʞʠʤʦʢ ʠ ʂʇ: ʬʣʝʰ ʠ ʜʠʥʘʤʠʯʝʩʢʠʡ ʤʝʪʦʜ.r 

2. ʇʨʝʜʣʦʞʝʥ rɼʋʌ ʦʯʠʩʪʢʘ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʧʝʢʪʠʥʦʚʦʛʦ ʛʠʜʨʦʣʠʟʘʪʘ. ʅʘ 

ʦʩʥʦʚʝ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ 

ʧʝʢʪʠʥʦʚ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʠʟʚʝʩʪʥʳʭ, 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʥʦʩʪʴʶ ʦʯʠʩʪʠʪʴ ʧʝʢʪʠʥʦʚʳʡ ʛʠʜʨʦʣʠʟʘʪ ʦʪ ʥʝʡʪʨʘʣʴʥʳʭ 

ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʠ ʜʨʫʛʠʭ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʚʝʱʝʩʪʚ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ 

ʫʣʫʯʰʝʥʠʝʤ ʢʘʯʝʩʪʚʘ ʧʝʢʪʠʥʘ. 

3. ʅʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʳ ʠ ʧʨʝʜʣʦʞʝʥʳ ʤʝʪʦʜʳ ʚʳʜʝʣʝʥʠʷ Lgʉ ʠ ʣʘʢʪʦʟʳ ʠʟ ʄʉ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʯʝʪʘʥʠʷ ʤʝʪʦʜʦʚ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʠ ʋʌ, ʯʪʦ ʧʦʟʚʦʣʠʪ 

ʧʨʦʠʟʚʦʜʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʨʦʜʫʢʪʳ, ʦʙʦʛʘʱʸʥʥʳʝ ʢʦʤʧʣʝʢʩʦʤ 

ʥʝʦʙʭʦʜʠʤʳʭ ɹɸɺ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʧʦʪʨʝʙʥʦʩʪʠ 

ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ ʥʘʩʝʣʝʥʠʷ. 

4. ʄʝʪʦʜʦʤ ʚʠʩʢʦʟʠʤʝʪʨʠʠ ʠ ʄʋʃʉ ʦʧʨʝʜʝʣʝʥʳ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʧʝʢʪʠʥʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʝʢʪʠʥʦʚʳʭ 

ʤʘʢʨʦʤʦʣʝʢʫʣ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʷʪ ʦʪ ʉʕ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ: 

ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʉʕ ʩʧʠʨʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʤʘʢʨʦʤʦʣʝʢʫʣ ʧʝʨʝʭʦʜʠʪ ʚ ʬʦʨʤʫ 

ʢʣʫʙʢʘ, ʧʨʠʯʝʤ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʪʦʪ ʧʨʦʮʝʩʩ ʦʢʘʟʳʚʘʝʪ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʚʦʙʦʜʥʳʭ ʠ ʵʪʝʨʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ. 

5. ʀʟʫʯʝʥʘ ʛʝʣʝʦʙʨʘʟʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʅʄ-ʧʝʢʪʠʥʘ ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʧʦʣʠʚʘʣʝʥʪʥʳʭ ʤʝʪʘʣʣʦʚ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʢʘʣʴʮʠʷ, ʧʨʦʠʩʭʦʜʷʪ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʠʤʝʨʦʚ ʠ ʧʦʣʠʤʝʨʥʳʭ ʘʛʨʝʛʘʪʦʚ ʚʧʣʦʪʴ ʜʦ ʬʘʟʦʚʦʛʦ 

ʨʘʟʜʝʣʝʥʠʷ ʩʠʣʴʥʦ ʥʘʙʫʭʰʝʛʦ ʛʝʣʷ. ʇʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʥʘʯʝʥʠʷ 

ʧʦʢʘʟʘʪʝʣʷ ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʠ (Mz/ʄw), ʦʪʨʘʞʘʶʱʝʛʦ ʩʪʝʧʝʥʴ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʘʛʨʝʛʘʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʚʧʝʨʚʳʝ ʦʧʨʝʜʝʣʠʪʴ ʥʦʚʳʡ ʬʘʢʪʦʨ, ʚʣʠʷʶʱʠʡ ʥʘ 

ʧʨʦʯʥʦʩʪʴ ʩʪʫʜʥʷ. 
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6. ʇʨʠʤʝʥʝʥʦ ʠʥʦʪʨʦʧʥʦʝ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʝ ʧʝʢʪʠʥʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʜʚʫʭʚʘʣʝʥʪʥʳʭ ʢʘʪʠʦʥʦʚ ʩ ʮʝʣʴʁ  ʨʘʟʨʘʙʦʪʢʠ ʫʩʣʦʚʠʡ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʥʘ 

ʦʩʥʦʚʝ ʧʝʢʪʠʥʘ ʠ ʟʝʠʥʘ ʩ ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʥʳʤʠ ʣʝʢʘʨʩʪʚʘʤʠ, ʫʩʪʦʡʯʠʚʳʤʠ ʢ 

ʜʝʡʩʪʚʠʶ ʩʨʝʜʳ ʞʝʣʫʜʢʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʦʥʳ Zn2+ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʙʦʣʝʝ ʢʦʤʧʘʢʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʧʝʢʪʠʥʦʤ ʚ ʢʘʯʝʩʪʚʝ 

ʩʰʠʚʘʶʱʝʛʦ ʤʝʪʘʣʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʦʥʘʤʠ Ca2+, ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʧʨʠ 

ʩʦʟʜʘʥʠʠ ʥʦʩʠʪʝʣʝʡ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʫʩʪʦʡʯʠʚʳʭ ʢ 

ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʤʫ ʚʳʩʚʦʙʦʞʜʝʥʠʶ ʃɺ ʚ ʚʝʨʭʥʠʭ ʦʪʜʝʣʘʭ ɾʂʊ. 

7. ɼʘʥʘ ʦʮʝʥʢʘ ʢʠʥʝʪʠʢʠ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʣʝʢʘʨʩʪʚʘ: PX ʠʟ ʉɼʃ ʚ ʫʩʣʦʚʠʷʭ, 

ʤʦʜʝʣʠʨʫʶʱʠʭ ɾʂʊ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʫʩʪʘʥʦʚʠʪʴ ʥʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʢʠʥʝʪʠʢʠ ʜʘʥʥʳʭ ʩʠʩʪʝʤ. ɼʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩʧʦʩʦʙʥʳ 

ʧʦʜʘʚʣʷʪʴ ʥʘʙʫʭʘʥʠʝ ʧʝʢʪʠʥʘ ʚ ʞʝʣʫʜʢʝ ʠ ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʨʘʟʨʫʰʝʥʠʶ 

ʣʝʢʘʨʩʪʚʘ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ɾʂʊ. 

 ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ 

ʩʣʝʜʫʶʱʝʤ:  

ï ʨʘʟʨʘʙʦʪʘʥʳ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʧʦʣʫʯʝʥʠʷ ʧʝʢʪʠʥʦʚ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟ 

ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ: ʬʣʝʰ-ʩʧʦʩʦʙ ʛʠʜʨʦʣʠʟ-ʵʢʩʪʨʘʢʮʠʠ ʧʝʢʪʠʥʦʚ ʠʟ 

ʬʨʫʢʪʦʚʳʭ ʚʳʞʠʤʦʢ ʠ ʜʠʥʘʤʠʯʝʩʢʠʡ ʤʝʪʦʜ ʛʠʜʨʦʣʠʟ-ʵʢʩʪʨʘʢʮʠʠ ʧʝʢʪʠʥʘ ʠʟ 

ʂʇ; 

ï ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʚʥʝʜʨʝʥʘ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ɼʋʌ ʦʯʠʩʪʢʘ ʧʝʢʪʠʥʘ ʠ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʧʝʢʪʠʥʦʚʦʛʦ ʛʠʜʨʦʣʠʟʘʪʘ; 

ï ʨʘʟʨʘʙʦʪʘʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝʢʪʠʥʘ ʠʟ ʷʙʣʦʯʥʳʭ ʚʳʞʠʤʦʢ ʥʦʚʳʤ ʤʝʪʦʜʦʤ ʥʘ ʦʩʥʦʚʝ 

ʦʪʜʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʮʝʧʦʯʢʠ ʠ ʨʘʩʭʦʜʘ ʧʦʪʦʢʦʚ ʤʘʩʩ ʤʝʞʜʫ 

ʟʚʝʥʴʷʤʠ ʠ ʩʭʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʧʝʢʪʠʥʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʠʢʣʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʠ ʢʘʯʝʩʪʚʘ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ; 



17 
 

 

ï ʧʨʝʜʣʦʞʝʥʳ ʤʝʪʦʜʳ ʚʳʜʝʣʝʥʠʷ LgC ʠ ʣʘʢʪʦʟʳ ʠʟ ʄʉ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʦʯʝʪʘʥʠʷ ʤʝʪʦʜʦʚ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʠ ʋʌ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʨʦʠʟʚʦʜʠʪʴ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʨʦʜʫʢʪʳ, ʦʙʦʛʘʱʸʥʥʳʝ ʢʦʤʧʣʝʢʩʦʤ ʥʝʦʙʭʦʜʠʤʳʭ ɹɸɺ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ ʥʘʩʝʣʝʥʠʷ; 

ï ʦʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʥʦʛʦ 

ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ ʦʩʥʦʚʝ ʧʨʠʨʦʜʥʳʭ ʙʠʦʧʦʣʠʤʝʨʦʚ ï ʧʝʢʪʠʥʘ ʠ 

ʟʝʠʥʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘ ʧʨʦʮʝʩʩ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʪʝʧʝʥʴ ʥʘʩʳʱʝʥʠʷ ʃɺ 

ʚʣʠʷʶʪ ʧʨʠʨʦʜʘ ʙʠʦʧʦʣʠʤʝʨʦʚ, ʠʭ ʧʨʦʧʦʨʮʠʠ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʠ ʪʠʧ 

ʜʚʫʭʚʘʣʝʥʪʥʦʛʦ ʤʝʪʘʣʣʘ; 

ï ʧʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʥʘʜ ʞʝʣʠʨʫʶʱʠʤʠ ʠ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʷʙʣʦʯʥʦʛʦ ʧʝʢʪʠʥʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʬʣʝʰ-ʩʧʦʩʦʙʦʤ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʢʦʥʜʠʪʝʨʩʢʠʭ ʠʟʜʝʣʠʡ ʥʘ ʬʘʙʨʠʢʝ çʐʠʨʠʥè (ʆɸʆ, ʛ. ɼʫʰʘʥʙʝ) ʠ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʠʩʣʦʤʦʣʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ (ʢʝʬʠʨʘ ʠ ʬʨʫʢʪʦʚʦʛʦ ʡʦʛʫʨʪʘ) ʥʘ 

çʂʦʤʙʠʥʘʪʠ ʰʠʨʠ ɼʫʰʘʥʙʝè (ɸʆɿʊ, ʛ. ɼʫʰʘʥʙʝ); 

ï ʧʨʝʜʣʦʞʝʥʦ ʧʨʠʤʝʥʝʥʠʝ ʉɼʃ ʥʘ ʦʩʥʦʚʝ ʙʠʦʧʦʣʠʤʝʨʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʬʦʨʤ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ. 

ʆʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʠʩʴ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʧʝʢʪʠʥʘ, 

ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʢʠʩʣʦʪʥʦʤ ʛʠʜʨʦʣʠʟʝ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʚʳʜʝʣʝʥʠʝʤ ʧʝʢʪʠʥʘ ʵʪʠʣʦʚʳʤ ʩʧʠʨʪʦʤ ʠʟ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ, 

ʩʧʦʩʦʙʳ ʚʳʜʝʣʝʥʠʷ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʙʝʣʢʦʚ, ʧʨʦʮʝʩʩʳ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ʇʇ, 

ʧʨʦʮʝʩʩʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʠʜʨʦʛʝʣʝʚʳʭ ʤʠʢʨʦʩʬʝʨ ʧʝʢʪʠʥʘ ʩ ʙʝʣʢʦʤ, 

ʢʠʥʝʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʃɺ ʚ ʫʩʣʦʚʠʷʭ, ʠʤʠʪʠʨʫʶʱʠʭ ʩʨʝʜʫ 

ɾʂʊ, ʠ ʧʝʢʪʠʥʳ ʠʟ ʨʘʟʣʠʯʥʦʛʦ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ. 

ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠ ̫ʷʚʣʷʣʠʩʴ ʧʘʨʘʤʝʪʨʳ 

ʧʨʦʮʝʩʩʦʚ ʧʦʣʫʯʝʥʠʷ ʧʝʢʪʠʥʘ ʠ ʝʛʦ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʠ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, 

ʦʧʪʠʤʠʟʘʮʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʇʇ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝʢʪʠʥʘ, ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʜʦʚ ʚʳʜʝʣʝʥʠʷ, ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʠ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʙʝʣʢʦʚ, ʠʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʇʇ ʚ ʨʘʟʙʘʚʣʝʥʥʳʭ ʨʘʩʪʚʦʨʘʭ ʩ ʠʦʥʘʤʠ ʧʦʣʠʚʘʣʝʥʪʥʳʭ ʤʝʪʘʣʣʦʚ, 
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ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʞʝʣʝ ʥʘ ʦʩʥʦʚʝ ʧʝʢʪʠʥʘ, 

ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʦʚ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʝʢʪʠʥʦʚ ʩ ʙʝʣʢʘʤʠ,  

ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʤʧʦʟʠʪʦʚ ʥʦʩʠʪʝʣʝʡ ʃɺ ʠ ʠʭ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚ ʫʩʣʦʚʠʷʭ 

ʩʨʝʜʳ ɾʂʊ ʠ ʤʝʭʘʥʠʟʤ r ʢʠʥʝʪʠʢʠ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʃɺ ʚ ʫʩʣʦʚʠʷʭ, 

ʠʤʠʪʠʨʫʶʱʠʭ ʩʨʝʜʫ ɾʂʊ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʊʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ 

ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʪʨʫʜʳ ʟʘʨʫʙʝʞʥʳʭ ʫʯʝʥʳʭ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ 

ʠʟʫʯʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʨʘʩʪʠʪʝʣʴʥʳʭ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʠ ʤʝʪʦʜʦʚ 

ʬʦʨʤʠʨʦʚʘʥʠ ̫ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ, ʘ ʪʘʢʞʝ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʇʇ ʚʢʣʶʯʘʣʠ: 

ʩʦʜʝʨʞʘʥʠʝ ʩʚʦʙʦʜʥʳʭ ʠ ʵʪʝʨʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʠ ʉʕ ï 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʪʠʪʨʠʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠ ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʦʩʢʦʧʠ;ʁ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʫʁ  ʚʷʟʢʦʩʪʴ, ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʨʘʜʠʫʩ, ʤʦʣʝʢʫʣʷʨʥʳʝ ʤʘʩʩʳ 

ʠ ʧʦʢʘʟʘʪʝʣʴ ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʠ ï ʤʝʪʦʜ ʕɾʍ. ʄʦʥʦʩʘʭʘʨʠʜʥʳʡ ʩʦʩʪʘʚ ʧʝʢʪʠʥʦʚ 

ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʛʘʟʦʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ. ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʩʪʨʫʢʪʫʨʳ ʇʇ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜʳ ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʗʄʈ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʉʪʫʜʥʝʦʙʨʘʟʫʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʝʢʪʠʥʦʚ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʤʝʪʦʜʫ 

ʊʘʨʨ-ɹʝʡʢʝʨʘ, ʧʨʦʯʥʦʩʪʴ ʧʝʢʪʠʥʦʚʦʛʦ ʩʪʫʜʥʷ ï ʧʦ ʈʠʜʞʝʣʠʤʝʪʨʫ. ɼʣʷ ʚʳʜʝʣʝʥʠʷ 

ʠ ʘʥʘʣʠʟʘ ʙʝʣʢʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜʳ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʠ, ʵʣʝʢʪʨʦʬʦʨʝʟʘ 

ʙʝʣʢʦʚ ʥʘ ʧʦʣʠʘʢʨʠʣʘʤʠʜʥʳʭ ʛʝʣʷʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʜʦʜʝʮʠʣʩʫʣʴʬʘʪʘ ʥʘʪʨʠʷ ʠ 

ʢʘʧʠʣʣʷʨʥʦʛʦ ʵʣʝʢʪʨʦʬʦʨʝʟʘ. ʇʦʣʠʜʠʩʧʝʨʩʥʦʩʪʴ ʤʘʢʨʦʤʦʣʝʢʫʣ ʙʝʣʢʘ (ʟʝʠʥʘ) 

ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʪʫʨʙʠʜʠʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ.  

ʃʠʯʥʳʡ ʚʢʣʘʜ ʩʦʠʩʢʘʪʝʣʷ. ʆʙʱʘʷ ʢʦʥʮʝʧʮʠʷ ʜʠʩʩʝʨʪʘʮʠʠ, ʝʝ ʩʪʨʫʢʪʫʨʘ, 

ʫʨʦʚʝʥʴ ʧʦʥʠʤʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚ ʥʝʡ ʧʨʦʙʣʝʤ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ 

ʩʜʝʣʘʥʥʳʝ ʚʳʚʦʜʳ, ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ, ʦʪʨʘʞʘʶʪ ʢʦʥʢʨʝʪʥʳʡ 

ʪʚʦʨʯʝʩʢʠʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʠ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʝʛʦ ʪʦʯʢʫ ʟʨʝʥʠʷ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʫʶ 

ʧʨʦʙʣʝʤʫ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʦʪʨʘʞʝʥʥʳʝ ʚ ʨʘʟʜʝʣʝ çʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘè ʠ ʚ 

ʦʩʥʦʚʝ ʧʦʣʦʞʝʥʠʡ, ʚʳʥʦʩʠʤʳʭ ʥʘ ʟʘʱʠʪʫ, ʧʦʣʫʯʝʥʳ ʘʚʪʦʨʦʤ ʚ ʩʦʘʚʪʦʨʩʪʚʝ ʩ 

ʢʦʣʣʝʢʪʠʚʦʤ ʘʚʪʦʨʦʚ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʥʘʫʯʥʦʛʦ ʢʦʥʩʫʣʴʪʘʥʪʘ. ʈʘʟʨʘʙʦʪʢʘ 
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ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʘʣʛʦʨʠʪʤʦʚ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ 

ʨʝʟʫʣʴʪʘʪʦʚ ʪʘʢʞʝ ʦʩʫʱʝʩʪʚʣʝʥʳ ʘʚʪʦʨʦʤ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʚʤʝʩʪʥʦ ʩ ʢʦʣʣʝʢʪʠʚʦʤ 

ʘʚʪʦʨʦʚ. 

ʇʨʘʢʪʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʧʝʢʪʠʥʘ ʢʘʢ ʩʪʫʜʥʝʦʙʨʘʟʦʚʘʪʝʣʷ ʠ ʩʪʘʙʠʣʠʟʘʪʦʨʘ 

ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʥʘ ʧʠʱʝʚʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ 

ʧʨʦʚʝʜʝʥʳ ʣʠʯʥʦ ʘʚʪʦʨʦʤ. 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʦʩʦʙʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʥʘʫʯʥʦʤʫ ʢʦʥʩʫʣʴʪʘʥʪʫ 

ʜ.ʭ.ʥ., ʧʨʦʬʝʩʩʦʨʫ ʄʫʭʠʜʠʥʦʚʫ ɿ. ʂ. ʟʘ ʧʨʝʜʣʦʞʝʥʥʫʶ ʧʝʨʩʧʝʢʪʠʚʥʫʶ ʪʝʤʘʪʠʢʫ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʬʦʨʤʫʣʠʨʦʚʢʫ ʠʜʝʠ ʨʘʙʦʪʳ ʠ ʫʯʘʩʪʠʝ ʚ ʦʙʩʫʞʜʝʥʠʠ ʚʘʞʥʝʡʰʠʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʦʬʦʨʤʣʝʥʠʠ ʜʠʩʩʝʨʪʘʮʠʠ. ɸʚʪʦʨ ʩʝʨʜʝʯʥʦ ʙʣʘʛʦʜʘʨʠʪ 

ʜ.ʭ.ʥ., ʧʨʦʬʝʩʩʦʨʘ, ʘʢʘʜʝʤʠʢʘ ʅɸʅʊ, ʟʘʚ. ʣʘʙʦʨʘʪʦʨʠʝʡ ʭʠʤʠʠ ɺʄʉ ʀʥʩʪʠʪʫʪʘ 

ʭʠʤʠʠ ʠʤ. ɺ. ʀ. ʅʠʢʠʪʠʥʘ ʅɸʅʊ ʍʘʣʠʢʦʚʘ ɼ. ʍ. ʟʘ ʮʝʥʥʳʝ ʢʦʥʩʫʣʴʪʘʮʠʠ, 

ʧʦʜʜʝʨʞʢʫ ʠ ʧʦʤʦʱʴ ʚ ʨʘʙʦʪʝ, ʘ ʪʘʢʞʝ ʙʣʘʛʦʜʘʨʠʪ ʩʦʘʚʪʦʨʦʚ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʨʘʙʦʪ.  

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʜʨ. ʃʠʫ ʃʠʥ ʐʫ ʠ ʜʨ. ʄʘʨʰʘʣʫ 

ʌʠʰʤʘʥʫ, ʢʦʣʣʘʙʦʨʘʪʦʨʘʤ ʧʘʨʪʥʝʨʩʢʠʭ ʧʨʦʝʢʪʦʚ ʄʅʊʎ ʊ-1419 ʠ ʊ-1420, 

ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʙʳʣʠ ʦʙʝʩʧʝʯʝʥʳ ʬʠʥʘʥʩʦʚʘʷ ʠ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʧʦʜʜʝʨʞʢʘ, ʘ ʪʘʢʞʝ ʩʦʪʨʫʜʥʠʢʫ ʣʘʙʦʨʘʪʦʨʠʠ ɺʦʩʪʦʯʥʦʛʦ 

ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʜʝʧʘʨʪʘʤʝʥʪʘ ʉʐɸ ʧʦ 

ʩʝʣʴʩʢʦʤʫ ʭʦʟʷʡʩʪʚʫ ʜʨ. ɻʘʨʠ ʉʪʨʘʭʘʥʫ ʟʘ ʨʝʛʠʩʪʨʘʮʠʶ ʗʄʈ-ʩʧʝʢʪʨʦʚ ʧʝʢʪʠʥʦʚ. 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʜʠʩʩʝʨʪʘʮʠʠ ʧʘʩʧʦʨʪʫ ʥʘʫʯʥʦʡ ʩʧʝʮʠʘʣʴʥʦʩʪʠ. 

ɼʠʩʩʝʨʪʘʮʠʷ ʧʦ ʩʚʦʝʤʫ ʩʦʜʝʨʞʘʥʠʶ ʠ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʘʩʧʦʨʪʫ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 05.18.12 ï ʇʨʦʮʝʩʩʳ ʠ ʘʧʧʘʨʘʪʳ ʧʠʱʝʚʳʭ ʧʨʦʠʟʚʦʜʩʪʚ 

(ʧʫʥʢʪʦʚ 1-3). 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1. ʉʧʦʩʦʙʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝʢʪʠʥʦʚ ʠʟ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: ʬʣʝʰ-ʩʧʦʩʦʙ 

ʛʠʜʨʦʣʠʟ-ʵʢʩʪʨʘʢʮʠʠ ʧʝʢʪʠʥʘ ʠʟ ʬʨʫʢʪʦʚʳʭ ʚʳʞʠʤʦʢ ʠ ʜʠʥʘʤʠʯʝʩʢʠʡ ʤʝʪʦʜ 

ʛʠʜʨʦʣʠʟ-ʵʢʩʪʨʘʢʮʠʠ ʧʝʢʪʠʥʘ ʠʟ ʂʇ. 

2. ɼʋʌ ʦʯʠʩʪʢʘ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʧʝʢʪʠʥʦʚʦʛʦ ʛʠʜʨʦʣʠʟʘʪʘ. 

3. ʀʥʬʦʨʤʘʮʠʦʥʥʦ-ʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʩʭʝʤʘ 

ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝʢʪʠʥʦʚ. 
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4. ʂʦʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʝʢʪʠʥʦʚʳʭ ʤʘʢʨʦʤʦʣʝʢʫʣ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʉʕ 

ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʠʩʢʦʟʠʤʝʪʨʠʠ ʠ ʤʝʪʦʜʘ ʄʋʃʉ. 

5. ʇʨʠʤʝʥʝʥʠʝ ʥʦʚʦʛʦ ʧʘʨʘʤʝʪʨʘ Mz/Mw ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʝʧʝʥʠ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʘʛʨʝʛʘʮʠʠ ʧʨʠ ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ ʩʪʫʜʥʝʡ. 

6. ʉʧʦʩʦʙ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʠʜʨʦʛʝʣʝʚʳʭ ʤʠʢʨʦʩʬʝʨ ʜʣʷ ʩʦʟʜʘʥʠʷ ʉɼʃ. 

7. ɼʝʤʦʥʩʪʨʘʮʠʷ ʢʠʥʝʪʠʢʠ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʃɺ ʠʟ ʉɼʃ ʚ ʫʩʣʦʚʠʷʭ, 

ʠʤʠʪʠʨʫʶʱʠʭ ʩʨʝʜʫ ɾʂʊ. 

8. ʇʨʘʢʪʠʯʝʩʢʘ ̫ ʟʥʘʯʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʝʢʪʠʥʘ ʢʘʢ 

ʩʪʫʜʥʝʦʙʨʘʟʦʚʘʪʝʣʷ ʠ ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ.   

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʘʢʠʭ ʚʟʘʠʤʦʜʦʧʦʣʥʷʶʱʠʭ 

ʩʦʚʨʝʤʝʥʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʢʘʢ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠ ̫(ʤʝʪʦʜʳ 1D 

ʠ 2D), ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʠ ʄʋʃʉ, ʚʳʧʦʣʥʝʥʥʳʝ ʥʘ ʫʥʠʢʘʣʴʥʳʭ 

ʧʨʠʙʦʨʘʭ ʠʟʚʝʩʪʥʳʭ ʢʦʤʧʘʥʠʡ (Waters, Tesla, Wyatt Technology (ʉʐɸ), Perkin 

Elmer (ʐʚʝʡʮʘʨʠʷ) ʠ ʜʨ.), ʠ ʭʦʨʦʰʠʤ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ.  

 ɸʧʨʦʙʘʮʠʷ ʜʠʩʩʝʨʪʘʮʠʠ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʠ 

ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ ʙʦʣʝʝ ʯʝʤ 33 ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʨʝʩʧʫʙʣʠʢʘʥʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ 

ʩʠʤʧʦʟʠʫʤʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʇʝʨʚʦʡ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʭʠʤʠʠ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʘʩʧʝʢʪʳ ʠʭ ʧʨʠʤʝʥʝʥʠʷè (ɼʫʰʘʥʙʝ, 2022); XII 

ʅʘʮʠʦʥʘʣʴʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ 

çʊʝʭʥʦʣʦʛʠʠ ʠ ʧʨʦʜʫʢʪʳ ʟʜʦʨʦʚʦʛʦ ʧʠʪʘʥʠʷè (ʉʘʨʘʪʦʚ, 2021);  ACS Spring 2020 

National Meeting & Expo (Philadelphia, USA, 2020); ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʊʝʭʥʦʣʦʛʠʠ ʠ ʧʨʦʜʫʢʪʳ ʟʜʦʨʦʚʦʛʦ ʧʠʪʘʥʠʷè (ʉʘʨʘʪʦʚ, 

2019); 19th Gum and Stabiliser for Food Industry Conference (Berlin, Germany, 2017); 18th 

Gums & Stabilisers for the Food Industry Conference (Wrexham, UK, 2015); 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ, ʧʦʩʚʷʱʝʥʥʦʡ 1150-ʣʝʪʠʶ 

ʧʝʨʩʠʜʩʢʦ-ʪʘʜʞʠʢʩʢʦʛʦ ʫʯʸʥʦʛʦ ɸʙʫʙʘʢʨʘ ʈʘʟʠ (ɼʫʰʘʥʙʝ, 2015); 14th International 

Symposium on Macromolecular Complexes (Helsinki, Finland, 2012); XX International 
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conference on Chemical Reactors CHEMREACTOR 20 (Luxemburg, 2012); 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʇʨʦʙʣʝʤʳ ʫʩʪʦʡʯʠʚʦʛʦ 

ʨʘʟʚʠʪʠʷ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠè (ʛ. ʍʫʜʞʘʥʜ, 2012); 3rd 

International Congress on Biohydrogels (Florence, Italy, 2011); 4th International Workshop 

on Specialty Polymers for Environment protection, Oil Industry, Bio-,nanotechnology and 

medicine (Almaty, Kazakhstan, 2011); The 16th Gum and Stabilisers for the Food Industry 

(Wageningen, the Nitherlands, 2011); ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʉʪʠʤʫʣʠʨʦʚʘʥʠʝ 

ʧʦʪʝʥʮʠʘʣʘ ʦʙʱʝʩʪʚʘ, ʥʘʫʢʠ ʠ ʅʇʆ ʢ ʩʦʭʨʘʥʝʥʠʶ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʠ ʦʭʨʘʥʳ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳè (ɼʫʰʘʥʙʝ, 2011); ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çʇʦʜʛʦʪʦʚʢʘ ʥʘʫʯʥʳʭ ʢʘʜʨʦʚ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʥʦʚʦʡ ʬʦʨʤʘʮʠʠ ʚ ʩʚʝʪʝ 

ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʛʦʩʫʜʘʨʩʪʚè (ɼʫʰʘʥʙʝ, 2010);  ʇʷʪʦʡ ɺʩʝʨʦʩʩʠʡʩʢʦʡ 

ʂʘʨʛʠʥʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʇʦʣʠʤʝʨʳ-2010è (ʄʦʩʢʚʘ, 2010); ɺʪʦʨʦʡ 

ʈʝʩʧʫʙʣʠʢʘʥʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çɿʜʦʨʦʚʦʝ ʧʠʪʘʥʠʝ ï 

ʟʜʦʨʦʚʘʷ ʥʘʮʠʷè (ɼʫʰʘʥʙʝ, 2009); ʈʝʩʧʫʙʣʠʢʘʥʩʢʠʭ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ: ʅʫʤʘʥʦʚʩʢʠʭ ʯʪʝʥʠʷʭ (ɼʫʰʘʥʙʝ 2009, 2017, 2021); The 9th International 

Hydrocolloids Conference (Singapore, 2008); III ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʚ 21 ʚʝʢʝè (ɼʫʰʘʥʙʝ, 

2008); ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʉʦʚʨʝʤʝʥʥʘʷ ʭʠʤʠʯʝʩʢʘʷ ʥʘʫʢʘ ʠ ʝʝ 

ʧʨʠʢʣʘʜʥʳʝ ʘʩʧʝʢʪʳè (ɼʫʰʘʥʙʝ, 2006); 5th International Symposium on the Chemistry of 

Natural Compounds (Tashkent, Uzbekistan, 2003) ʠ ʜʨ. 

ʇʫʙʣʠʢʘʮʠʠ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ. ʆʩʥʦʚʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʜʠʩʩʝʨʪʘʮʠʠ 

ʦʧʫʙʣʠʢʦʚʘʥʦ ʚ 72 ʧʝʯʘʪʥʳʭ ʨʘʙʦʪʘʭ: 37 ʩʪʘʪʴʷʭ ʚ ʠʟʜʘʥʠʷʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ 

ɺɸʂ ʧʨʠ ʇʨʝʟʠʜʝʥʪʝ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ (ʠʟ ʥʠʭ 10 ʩʪʘʪʝʡ ʚ ʞʫʨʥʘʣʘʭ, 

ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʙʘʟʳ ʜʘʥʥʳʭ (Web of Science, Scopus ʠ 

ʠʥʦʩʪʨʘʥʥʳʝ ʠʟʜʘʥʠʷ); 2 ʤʘʣʳʭ ʧʘʪʝʥʪʘʭ ʈʊ; 28 ʪʝʟʠʩʘʭ ʜʦʢʣʘʜʦʚ ʥʘ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ, 5 ʪʝʟʠʩʘʭ ʜʦʢʣʘʜʦʚ ʥʘ ʨʝʩʧʫʙʣʠʢʘʥʩʢʠʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ.  

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 

ʯʝʪʝʨʸʭ ʛʣʘʚ, ʚʳʚʦʜʦʚ ʠ ʙʠʙʣʠʦʛʨʘʬʠʠ ʠʟ 338 ʠʩʪʦʯʥʠʢʦʚ, ʩʦʜʝʨʞʠʪ 313 ʩʪʨʘʥʠʮ, 

54 ʨʠʩʫʥʢʘ ʠ 41 ʪʘʙʣʠʮʫ. 
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ɻʃɸɺɸ 1. ʃʀʊɽʈɸʊʋʈʅʓʁ ʆɹɿʆʈ 

1.1 ʅʦʚʳʝ ʠʩʪʦʯʥʠʢʠ ʧʦʣʫʯʝʥʠʷ ʧʝʢʪʠʥʦʚʳʭ ʧʦʣʠʩʘʭʘʨʠʜʦʚ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʇʇ ʷʚʣʷʶʪʩʷ 

ʚʳʞʠʤʢʠ ʷʙʣʦʢ, ʢʦʞʫʨʘ ʠ ʘʣʴʙʝʜʦ ʮʠʪʨʫʩʦʚʳʭ, ʩʚʝʢʣʦʚʠʯʥʳʡ ʞʦʤ ʠ ʂʇ. ʇʇ 

ʩʦʜʝʨʞʘʪʩʷ ʚʦ ʚʩʝʭ ʚʳʩʰʠʭ ʮʚʝʪʢʦʚʳʭ ʨʘʩʪʝʥʠʷʭ, ʦʥʠ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʂʉ ʠ 

ʩʦʩʪʘʚʣʷʶʪ ʧʨʠʤʝʨʥʦ ʦʜʥʫ ʪʨʝʪʴ ʦʪ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʂʉ (ʪʘʙʣʠʮʘ 1.1.1). ʅʘʠʙʦʣʴʰʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʝʢʪʠʥʘ ʥʘʭʦʜʠʪʩʷ ʚ ʢʦʞʫʨʝ, ʣʘʤʝʣʷʭ ʠ ʩʝʨʜʮʝʚʠʥʝ ʬʨʫʢʪʘʭ. 

ʊʘʙʣʠʮʘ 1.1.1 ï ʀʩʪʦʯʥʠʢʠ ʧʦʣʫʯʝʥʠʷ ʧʝʢʪʠʥʘ 
 

ʀʩʪʦʯʥʠʢ ʧʝʢʪʠʥʘ ɺʳʭʦʜ, % ʉʕ, % ʀʩʪʦʯʥʠʢ 

ʣʠʪʝʨʘʪʫʨʳ 

1 2 3 4 

ɸʙʨʠʢʦʩ 7-10 43ï65 [3-ɸ, 4] 

ɸʣʦʵ 5 3 [5, 6] 

ɹʘʥʘʥ 2ï15 49ï80 [7] 

ɻʦʨʦʭ 8 67 [8] 

ɻʨʝʡʧʬʨʫʪ 13ï32 75-76 [9] 

ɼʫʨʠʘʥ (ʧʣʦʜʳ)  2ï10 >50 [10] 

ʄʦʨʢʦʚʴ 7ï19 34ï58 [11, 12] 

ʂʘʨʪʦʬʝʣʴ 5ï10 11 [13] 

ʂʘʢʘʦ (ʰʝʣʫʭʘ) 4ï11 57 [14] 

ʄʘʥʛʦ 9ï29 49ï86 [15, 16] 

ʄʘʨʘʢʫʡʷ (ʧʣʦʜʳ) 4ï70 10 [17, 18] 

ʇʣʦʜʳ ʜʝʨʝʚʘ çʢʨʘʩʥʳʡ 

ʜʨʘʢʦʥè 

4ï15 51ï75 [19] 

ʇʝʨʩʠʢ 4ï18 20ï94 [3, 4, 20, 21] 

ʇʦʜʩʦʣʥʝʯʥʠʢ (ʢʦʨʟʠʥʢʠ) 4ï16 34ï39 [3, 22, 24] 

ʈʝʚʝʥʴ ʩʢʘʣʴʥʳʡ 47 40 [23-ɸ, 24] 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1.1.1 

1 2 3 4 

ʊʳʢʚʘ 7ï22 53ï81 [25, 26-ɸ] 

ʉʦʷ (ʰʝʣʫʭʘ)  18ï28 53ï60 [27] 

ʉʘʭʘʨʥʘʷ ʩʚʸʢʣʘ 10ï11 14ï48 [28, 29] 

ʎʠʢʦʨʠʡ (ʢʦʨʝʥʴ) 3-5 35ï56 [30] 

ʎʠʪʨʫʩʦʚʳʝ 6ï26 56ï80 [3, 31-33] 

ʗʙʣʦʢʦ 2ï19 22ï80 [3, 34ï36] 

 

ɿʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʫʶ ʧʨʦʧʦʨʮʠʶ ʵʪʠʭ ʚʝʱʝʩʪʚ ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʂʉ ʪʨʘʚ 

[37]. ʆʥʠ ʩʚʷʟʘʥʳ ʩ ʜʨʫʛʠʤʠ ʧʦʣʠʩʘʭʘʨʠʜʘʤʠ ʂʉ ʨʘʩʪʝʥʠʡ ʢʦʚʘʣʝʥʪʥʳʤʠ 

ʩʚʷʟʷʤʠ ʯʝʨʝʟ ʩʚʦʠ ʙʦʢʦʚʳʝ ʦʣʠʛʦ- ʠ ʧʦʣʠʩʘʭʘʨʠʜʳ ʨʘʟʣʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʇʇ 

ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʇʄ ʂʉ ʨʘʩʪʝʥʠʡ, ʧʦ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʷʚʣʷʶʪʩʷ ʩʣʦʞʥʳʤʠ 

ʛʠʜʨʦʬʠʣʴʥʳʤʠ ʙʠʦʧʦʣʠʤʝʨʘʤʠ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʣʠʥʝʡʥʦʛʦ ʛʦʤʦʛʘʣʘʢʪʫʨʦʥʘʥʘ 

(HG) ʠ ʨʘʟʚʝʪʚʣʝʥʥʳʝ ʨʘʤʥʦʛʘʣʘʢʪʫʨʦʥʘʥʘ-I (RG-I), ʨʘʤʥʦʛʘʣʘʢʪʫʨʦʥʘʥʘ-II (RG-

II), ɸɻ ʠ ʢʩʠʣʦʛʘʣʘʢʪʫʨʦʥʘʥʘ [38-43]. "éʅʝʵʪʝʨʠʬʠʮʠʨʦʚʘʥʥʳʝ ʠ 

ʥʝʨʘʟʚʝʪʚʣʝʥʥʳʝ ʙʣʦʢʠ ʇʇ, ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʚ ʂʉ ʤʥʦʛʠʭ ʨʘʩʪʝʥʠʡ, ʦʙʨʘʟʫʶʪ 

ʚʦʣʦʢʥʠʩʪʳʝ ʧʫʯʢʠ (ʘʛʨʝʛʘʪʳ) ʧʦʩʨʝʜʩʪʚʦʤ ʠʦʥʦʚ ʢʘʣʴʮʠʷ [43] ʠ ʚʳʜʝʣʷʶʪʩʷ ʠʟ 

ʨʘʩʪʚʦʨʘ ʛʠʜʨʦʣʠʟʘʪʘ ʧʨʠ ʵʢʩʪʨʘʢʮʠʠ ʚ ʚʠʜʝ ʄɻé" [44]. 

ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʛʠʜʨʦʣʠʟʘ ʇʇ ʨʘʩʪʝʥʠʡ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʫʶ ʟʘʜʘʯʫ, ʠʙʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʇɺ ʩ 

ʦʧʨʝʜʝʣʸʥʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʥʝʦʙʭʦʜʠʤʦ ʦʯʝʥʴ ʪʦʥʢʦʝ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʝʘʢʮʠʠ ʛʠʜʨʦʣʠʟʘ. "é ʉʣʦʞʥʦʩʪʴ 

ʧʨʦʙʣʝʤʳ ʫʩʫʛʫʙʣʷʝʪʩʷ ʝʱʸ ʠ ʪʝʤ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦʤ, ʯʪʦ ʦʧʪʠʤʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ 

ʛʠʜʨʦʣʠʟʘ ʇʄ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʚʠʜʘ ʨʘʩʪʝʥʠʡ, ʩʦʨʪʘ ʠ ʩʪʝʧʝʥʠ ʝʛʦ 

ʟʨʝʣʦʩʪʠ é" [38].  

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʇɺ ʠʤʝʶʪʩʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʩʪʝʥʠʡ, ʯʠʩʣʦ 

ʠʩʪʦʯʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʧʝʢʪʠʥʦʚ ʷʚʣʷʶʪʩʷ ʦʯʝʥʴ ʦʛʨʘʥʠʯʝʥʥʳʤʠ (ʪʘʙʣʠʮʘ 1.1.1). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 
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ʩʳʨʴʸʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʇɺ ʯʘʱʝ ʚʩʝʛʦ ʩʣʫʞʘʪ ʩʚʝʞʠʝ ʬʨʫʢʪʳ ʠ ʦʚʦʱʠ, ʯʪʦ 

ʫʚʝʣʠʯʠʚʘʝʪ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ. ʄʝʞʜʫ ʪʝʤ, ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʧʝʢʪʠʥʘ ʤʦʛʫʪ ʩʪʘʪʴ ʚʪʦʨʠʯʥʳʝ ʨʝʩʫʨʩʳ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ɽʞʝʛʦʜʥʦ ʚ ʊʘʜʞʠʢʠʩʪʘʥʝ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʦʢʦʚ ʦʩʪʘʸʪʩʷ ʦʛʨʦʤʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʷʙʣʦʯʥʳʭ ʚʳʞʠʤʦʢ, ʚʪʦʨʠʯʥʘʷ ʧʝʨʝʨʘʙʦʪʢʘ ʢʦʪʦʨʳʭ ʤʦʞʝʪ 

ʧʨʠʥʝʩʪʠ ʟʥʘʯʠʪʝʣʴʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ [3, 23, 24, 26]. 

ʇʝʢʪʠʥʳ, ʚ ʢʦʪʦʨʳʭ ʉʕ ʛʘʣʘʢʪʫʨʦʥʦʚʳʭ ʦʩʪʘʪʢʦʚ >50%, ʠʟʚʝʩʪʥʳ ʢʘʢ ɺʄ-

ʧʝʢʪʠʥʳ, ʘ <50% ʢʘʢ ʅM-ʧʝʢʪʠʥʳ. ʇɺ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ, ʦʪʣʠʯʘʶʪʩʷ ʢʘʢ ʧʦ ʩʪʨʫʢʪʫʨʝ, ʪʘʢ ʠ ʧʦ ʄʄ ʠ ʄʄʈ [3, 23, 24, 26]. 

ʂʨʦʤʝ ʪʦʛʦ, ʇʇ ʤʦʛʫʪ ʨʘʟʣʠʯʘʪʴʩʷ ʠ ʧʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ [3, 39, 40-

43, 45, 46]. 

ʀʤʝʶʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʩʳʨʴʝʚʳʝ ʙʘʟʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʅʄ-ʧʝʢʪʠʥʦʚ, 

ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʩʚʝʢʣʦʚʠʯʥʳʡ ʞʦʤ, ʂʇ ʠ ʧʣʦʜ rʪʳʢʚʳ. ʅʘʣʠʯʠʝ 

ʧʝʨʝʯʠʩʣʝʥʥʦʡ ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʩʪʘʚʠʪ ʥʘ ʧʦʚʝʩʪʢʫ ʜʥʷ ʚʦʧʨʦʩ ʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʫʧʨʦʱʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʅʄ-ʧʝʢʪʠʥʦʚ ʠ ʠʟʫʯʝʥʠʝ ʠʭ ʧʨʠʤʝʥʠʤʦʩʪʠ, ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʚ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝ [46].  

ʅʄ-ʧʝʢʪʠʥʳ, ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʩʚʦʙʦʜʥʳʭ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ, 

ʩʧʦʩʦʙʥʳ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʩʚʷʟʝʡ ʩ ʥʠʟʢʦ- ʠ 

ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. ʇʨʦʷʚʣʝʥʠʝ ʫʢʘʟʘʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʇɺ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʚʝʜʝʥʠʝʤ ʤʘʢʨʦʤʦʣʝʢʫʣ ʧʝʢʪʠʥʦʚ ʚ 

ʨʘʩʪʚʦʨʘʭ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʟʘʚʠʩʷʪ ʦʪ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ, ʭʠʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʩʦʩʪʘʚʘ ʠ ʩʦʦʪʥʦʰʝʥʠʷ ʢʠʩʣʳʭ ʠ 

ʥʝʡʪʨʘʣʴʥʳʭ ʤʦʥʦʩʘʭʘʨʠʜʥʳʭ ʦʩʪʘʪʢʦʚ. ʇʨʠ ʵʪʦʤ ʩʚʦʡʩʪʚʘ ʅʄ-ʧʝʢʪʠʥʦʚ 

ʦʙʨʘʟʦʚʳʚʘʪʴ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʜʠʩʧʝʨʩʥʳʝ 

ʩʠʩʪʝʤʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʦʥʦʚ ʧʦʣʠʚʘʣʝʥʪʥʳʭ ʤʝʪʘʣʣʦʚ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ 

ʩʦʟʜʘʥʠʠ ʥʦʩʠʪʝʣʝʡ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʞʝʣʝʡʥʳʭ 

ʧʨʦʜʫʢʪʦʚ. ʇʦʵʪʦʤʫ ʅʄ-ʧʝʢʪʠʥʳ ʩʪʘʥʦʚʷʪʩʷ ʥʝʟʘʤʝʥʠʤʳʤʠ 

ʛʝʣʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʜʠʝʪʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝ ʩ 

ʤʠʥʠʤʘʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʘʭʘʨʘ ʠ ʢʠʩʣʦʪ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠʟʫʯʝʥʠʝ 

ʚʟʘʠʤʦʩʚʷʟʠ ʧʦʚʝʜʝʥʠʷ ʤʘʢʨʦʤʦʣʝʢʫʣ ʅʄ-ʧʝʢʪʠʥʦʚ ʚ ʨʘʩʪʚʦʨʝ ʠ ʠʭ 
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ʛʝʣʝʦʙʨʘʟʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ 

ʨʘʩʪʚʦʨʘ ʠ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ʂʇ ʷʚʣʷʶʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʅʄ-ʧʝʢʪʠʥʘ, ʥʦ ʧʨʦʮʝʩʩ ʠʟʚʣʝʯʝʥʠʷ 

ʇɺ ʠʟ ʜʘʥʥʦʛʦ ʩʳʨʴʷ ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ ʩʧʝʮʠʬʠʯʥʳʤ, ʠʟ-ʟʘ ʠʭ ʩʪʨʫʢʪʫʨʳ ʠ ʦʩʦʙʦʡ 

ʧʨʠʨʦʜʳ ʩʚʷʟʝʡ, ʫʜʝʨʞʠʚʘʶʱʠʭ ʤʘʢʨʦʤʦʣʝʢʫʣ rʧʝʢʪʠʥʘ ʚ ʂʉ [45, 47, 48]. 

ʇʝʢʪʠʥʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʛʝʣʝʦʙʨʘʟʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ. ʉʧʦʩʦʙʥʦʩʪʴ 

ʧʝʢʪʠʥʦʚ ʦʙʨʘʟʦʚʚrʘʪʴ ʛʝʣʠ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʘ ʤʦʣʝʢʫʣ ʠ ʩʪʝʧʝʥʠ ʠʭ 

ʵʪʝʨʠʬʠʢʘʮʠʠ (ʪʘʙʣʠʮʘ 1.1.1). ʀʟ-ʟʘ ʨʘʟʣʠʯʠʡ ʚ ʵʪʠʭ ʧʘʨʘʤʝʪʨʘʭ ʧʝʢʪʠʥʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʥʝ ʦʙʣʘʜʘʶʪ ʦʜʥʠʤʠ ʠ ʪʝʤʠ ʞʝ 

ʛʝʣʝʦʙʨʘʟʫʶʱʠʤʠ ʩʧʦʩʦʙʥʦʩʪʷʤʠ. ɸʣʴʪʝʨʥʘʪʠʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝʢʪʠʥʘ ʷʚʣʷʶʪʩʷ ʪʘʢʞʝ ʦʪʭʦʜʳ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʩʘʭʘʨʘ [49].  

 

1.2 ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝʢʪʠʥʦʚʳʭ ʧʦʣʠʩʘʭʘʨʠʜʦʚ 

çéʇʨʦʠʟʚʦʜʩʪʚʦ ʧʝʢʪʠʥʘ ʦʪʥʦʩʠʪʩʷ ʢ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʩʬʝʨʝ 

ʙʠʟʥʝʩʘ ʩ ʝʞʝʛʦʜʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ 3-4 %. ʉʦʚʨʝʤʝʥʥʦʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʝʢʪʠʥʘ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʚ ʦʩʥʦʚʥʦʤ ʚ ʪʘʢʠʭ ʩʪʨʘʥʘʭ, ʢʘʢ ɸʨʛʝʥʪʠʥʘ, 

ɹʨʘʟʠʣʠʷ, ʖʞʥʘʷ ɸʬʨʠʢʘ, ʂʠʪʘʡ, ʀʨʘʥéè [1]. ʆʙʲʝʤ ʝʞʝʛʦʜʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʧʝʢʪʠʥʘ ʚ ʤʠʨʝ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 70 ʪʳʩ. ʪʦʥʥ ʚ ʛʦʜ. ɺʝʜʫʱʠʤʠ 

ʤʠʨʦʚʳʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʵʪʦʛʦ ʧʨʦʜʫʢʪʘ ʷʚʣʷʶʪʩʷ ʪʘʢʠʝ ʢʦʤʧʘʥʠʠ, ʢʘʢ 

CPKelco (ɼʘʥʠʷ, ʉʐɸ), Herbstright & Fox KG, ʠ Degussa (ɻʝʨʤʘʥʠʷ), Danisco 

(DuPont) (USA, ʏʝʭʠʷ), Cargill (ʉʐɸ, ɻʝʨʤʘʥʠʷ, ʌʨʘʥʮʠʷ), Yantai Andre Pectin 

(ʂʠʪʘʡ) ʠ ʜʨ. [44].  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʤʠʨʦʚʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʧʝʢʪʠʥʘ ʧʦʩʪʦʷʥʥʦ ʚʦʟʨʘʩʪʘʝʪ ʚ 

ʩʚʷʟʠ ʩ ʨʘʩʰʠʨʷʶʱʠʤʩʷ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʢʪʠʥʦʚ ʚ ʬʘʨʤʘʮʠʠ ʠ 

ʤʝʜʠʮʠʥʝ [5, 45, 50].  ʇʦ ʦʮʝʥʢʘʤ [51], ç...ʥʘʯʠʥʘʷ ʩ 1991 ʛ. ʥʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʫʩʪʦʡʯʠʚʳʡ ʨʦʩʪ ʧʦʪʨʝʙʣʝʥʠʷ ʧʝʢʪʠʥʘ ʚ ʩʨʝʜʥʝʤ ʥʘ 3,0-3,5% ʚ ʛʦʜ, 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʟʘ ʩʯʝʪ ʨʦʩʪʘ ʧʦʪʨʝʙʣʝʥʠʷ ʧʝʢʪʠʥʘ ʢʦʥʜʠʪʝʨʩʢʦʡ ʠ ʢʦʥʩʝʨʚʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ...è [51]. ɺ 2020 ʧʨʦʜʘʞʘ ʧʝʢʪʠʥʦʚ ʩʦʩʪʘʚʠʣ 1.25 ʤʣʨʜ. 
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ʜʦʣʣʘʨʦʚ ʉʐɸ, ʠʟ ʵʪʦʡ ʩʫʤʤʳ ʥʘ ʜʦʣʶ ʉʪʨʘʥ ʉʅɻ ʧʨʠʭʦʜʠʪʩʷ ʦʢʦʣʦ 100 ʤʣʥ. 

ʜʦʣʣʘʨʦʚ. ʕʪʘ ʪʝʥʜʝʥʮʠʷ ʧʨʦʜʦʣʞʘʝʪ ʚʦʟʨʘʩʪʘʪʴ ʠ ʚ 2025 ʛʦʜʫ ʜʦʩʪʠʛʥʝʪ 1.75 

ʤʣʨʜ. ʜʦʣʣʘʨʦʚ. ɺʩʝ ʵʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʦʩʪʦʷʥʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʦʙʲʝʤʘ 

ʤʠʨʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝʢʪʠʥʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʝʯʝʩʪʚʝʥʥʳʡ ʨʳʥʦʢ 

ʧʦʪʨʝʙʣʝʥʠʷ ʧʝʢʪʠʥʦʚ ʯʨʝʟʚʳʯʘʡʥʦ ʰʠʨʦʢ. ʕʪʦ ʢʦʥʜʠʪʝʨʩʢʘʷ, ʤʦʣʦʯʥʘʷ ʠ 

ʢʦʥʩʝʨʚʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʇʇ ʦʩʥʦʚʘʥʘ ʥʘ ʢʠʩʣʦʪʥʦʤ 

ʛʠʜʨʦʣʠʟʝ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʜʝʣʝʥʠʝʤ ʧʝʢʪʠʥʘ ʠʟ ʨʘʩʪʚʦʨʘ 

ʛʠʜʨʦʣʠʟʘʪʘ ʧʫʪʝʤ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʥʘ ʚʘʢʫʫʤ-ʚʳʧʘʨʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʠ 

ʦʩʘʞʜʝʥʠʝʤ ʠʟ ʢʦʥʮʝʥʪʨʘʪʘ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʜʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʩʪʦʪ̫ ʠʟ ʩʣʝʜʫʶʱʠʭ ʵʪʘʧʦʚ: 

ʛʠʜʨʦʣʠʟ ʧʝʢʪʠʥʦʚʳʭ ʙʠʦʧʦʣʠʤʝʨʦʚ ʚ ʨʘʩʪʚʦʨʝ ʩ ʨʅ 1.2-2.0 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 80-

100ʦʉ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʣʠʟʘ 1-3 ʯʘʩʘ; ʚʳʜʝʣʝʥʠʝ ʧʝʢʪʠʥʘ ʠʟ 

ʨʘʩʪʚʦʨʘ ʛʠʜʨʦʣʠʟʘʪʘ; ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʥʘ ʚʘʢʫʫʤ-ʚʳʧʘʨʥʳʭ ʫʩʪʘʥʦʚʢʘʭ; 

ʦʩʘʞʜʝʥʠʝ ʠʟ ʢʦʥʮʝʥʪʨʘʪʘ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ. 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʠʢʣʘ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 12 ʠ 

ʙʦʣʝʝ ʯʘʩʦʚ (ʨʠʩʫʥʦʢ 1.2.1) [49, 50, 52-54]. 

ɺʦʟʜʝʡʩʪʚʠʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʥʘ 

ʧʝʢʪʠʥʦʚʳʝ ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʧʨʠʚʦʜʠʪ ʢ ʜʝʛʨʘʜʘʮʠʠ ʠʭ ʤʦʣʝʢʫʣ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʯʝʛʦ ʧʝʢʪʠʥ ʪʝʨʷʝʪ ʛʝʣʝʦʙʨʘʟʫʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ. ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʫʯʝʩʪʴ, ʯʪʦ ʚ 

ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʝ ʦʩʥʦʚʥʳʝ ʧʨʦʮʝʩʩʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝʢʪʠʥʘ ï 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʠ ʝʛʦ ʦʯʠʩʪʢʘ ʷʚʣʷʶʪʩʷ ʵʥʝʨʛʦʝʤʢʠʤʠ ʠ ʜʦʨʦʛʦʩʪʦʷʱʠʤʠ.  

ɺ ʵʪʦʡ ʩʚʷʟʠ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʠ ʩʧʦʩʦʙʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʇʇ, 

ʩʥʠʞʘʶʱʠʭ ʠʣʠ ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʢʣʶʯʘʶʱʠʭ ʧʨʠʤʝʥʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ, 

ʘ ʪʘʢʞʝ ʚʥʝʜʨʝʥʠʝ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʩʪʥʳʭ 

ʩʳʨʴʝʚʳʭ ʨʝʩʫʨʩʦʚ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʇɺ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʇʇ.  

ʉ ʫʯʝʪʦʤ ʚʳʰʝʫʧʦʤʷʥʫʪʦʛʦ, ʚ ʀʥʩʪʠʪʫʪʝ ʭʠʤʠʠ ʠʤ. ɺ.ʀ. ʅʠʢʠʪʠʥʘ 

ʅʘʮʠʦʥʘʣʴʥʦʡ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʊʘʜʞʠʢʠʩʪʘʥʘ ʥʘʤʠ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ 

ʩʧʦʩʦʙʳ ʛʠʜʨʦʣʠʟ-ʵʢʩʪʨʘʢʮʠʠ ʇɺ ʠʟ ʨʘʟʣʠʯʥʳʭ ʤʝʩʪʥʳʭ ʩʳʨʴʝʚʳʭ ʨʝʩʫʨʩʦʚ [48, 
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55-58] ʠ ʤʝʪʦʜʳ ʵʬʬʝʢʪʠʚʥʦʡ ʦʯʠʩʪʢʠ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʠ ʧʝʢʪʠʥʦʚʳʭ 

ʛʠʜʨʦʣʠʟʘʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʤʙʨʘʥʥʳʭ ʤʝʪʦʜʦʚ ʨʘʟʜʝʣʝʥʠʷ [54].  

 

ʈʠʩʫʥʦʢ 1.2.1. ïʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝʢʪʠʥʘ [52] 
 

ʊʘʢʞʝ ʥʘʤʠ ʧʨʦʚʝʜʝʥʘ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʩʪʨʫʢʪʫʨʳ ʠ ʢʘʯʝʩʪʚʘ 

ʧʝʢʪʠʥʘ, ʦʯʠʱʝʥʥʦʛʦ ʩʫʱʝʩʪʚʫʶʱʠʤ ʠ ʧʨʝʜʣʘʛʘʝʤʳʤ ʩʧʦʩʦʙʘʤʠ, ʠ ʦʮʝʥʢʘ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʘʷ 

ʧʦʟʚʦʣʠʪ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʠ ʩʥʠʟʠʪʴ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ [58]. 

 

1.3 ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚʳʜʝʣʝʥʠʷ ʧʝʢʪʠʥʦʚʳʭ 

ʧʦʣʠʩʘʭʘʨʠʜʦʚ 

 çéʀʟʚʝʩʪʝʥ ʩʧʦʩʦʙ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝʢʪʠʥʘ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʡ 

ʩʤʝʰʠʚʘʥʠʝ ʧʝʢʪʠʥʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ ʩ ʚʦʜʦʡ, ʦʙʨʘʙʦʪʢʫ ʩʤʝʩʠ ʚ ʨʦʪʦʨʥʦ-
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ʢʘʚʠʪʘʮʠʦʥʥʦʤ ʵʢʩʪʨʘʢʪʦʨʝ, ʨʘʟʜʝʣʝʥʠʝ ʬʘʟ ʠ ʚʳʜʝʣʝʥʠʝ ʧʝʢʪʠʥʘ ʠʟ ʞʠʜʢʦʡ 

ʬʘʟérè [59]. ʉʫʪʴ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙʨʘʙʦʪʢʠ ʩʦʜʝʨʞʘʱʝʛʦ 

ʧʝʢʪʠʥ ʩʳʨʴʷ ʩ ʚʦʜʦʡ çéʚ ʩʪʫʧʝʥʯʘʪʦʤ ʨʦʪʦʨʥʦ-ʢʘʚʠʪʘʮʠʦʥʥʦʤ ʵʢʩʪʨʘʢʪʦʨʝ ʧʨʠ 

ʧʦʩʪʦʷʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʛʠʜʨʦʤʦʜʫʣʷ ʠ ʠʥʜʝʢʩʘ ʢʘʚʠʪʘʮʠʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʦʪʦʨʳʭ ʠʟʤʝʥʷʝʪʩʷ ʚʳʭʦʜ ʇɺ ʠ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʞʠʜʢʦʡ ʬʘʟʝ. ɸʚʪʦʨʘʤʠ ʙʳʣʦ 

ʚʳʷʚʣʝʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʡ ʚʳʭʦʜ ʧʝʢʪʠʥʘ ʠʟ ʦʙʨʘʟʮʦʚ ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ ʩʳʨʴʷ, 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʨʘʚʥʦʚʝʩʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʞʠʜʢʦʡ ʠ 

ʪʚʝʨʜʦʡ ʬʘʟʘʭ, ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʛʠʜʨʦʤʦʜʫʣʝ ʦʪ 1:7 ʜʦ 1:11. ʅʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʛʦ 

ʩʧʦʩʦʙʘ ʩʯʠʪʘʝʪʩʷ ʥʠʟʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʝʢʪʠʥʘ ʚ ʞʠʜʢʦʡ ʬʘʟʝ, ʚʳʩʦʢʠʝ 

ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʥʘ ʝʛʦ ʚʳʜʝʣʝʥʠʝ ʠ ʩʣʦʞʥʦʩʪʴ ʘʧʧʘʨʘʪʫʨʳ...ò [44].    

ɸʚʪʦʨʘʤʠ [60] ʨʘʟʨʘʙʦʪʘʥ ʩʧʦʩʦʙ ʙʳʩʪʨʦʛʦ ʢʠʩʣʦʪʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʧʝʢʪʠʥʘ 

ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʚʝʨʭʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ɼʘʥʥʳʡ ʩʧʦʩʦʙ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ç...ʩʤʝʰʠʚʘʥʠʝ ʧʝʢʪʠʥʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ ʩ ʢʠʩʣʳʤ ʨʘʩʪʚʦʨʦʤ 

ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:25 (ʛ/ʤʣ), ʛʠʜʨʦʣʠʟ ʩʤʝʩʠ ʚ ʟʘʢʨʳʪʦʤ ʩʦʩʫʜʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʯʘʩʪʦʪʦʡ 2450 ʄɻʮ ʠ ʵʥʝʨʛʠʝʡ 630 ɺʪ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 80-125ʦʉ ʚ ʪʝʯʝʥʠʝ 2-3 ʤʠʥʫʪ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʭʣʘʞʜʝʥʠʝʤ, 

ʬʠʣʴʪʨʦʚʘʥʠʝʤ ʩʤʝʩʠ ʜʣʷ ʦʪʜʝʣʝʥʠʷ ʧʝʢʪʠʥʦʚʦʛʦ ʵʢʩʪʨʘʢʪʘ 70%-ʥʳʤ 

ʠʟʦʧʨʦʧʠʣʦʚʳʤ ʩʧʠʨʪʦʤ (ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:5) ʠ ʜʘʣʴʥʝʡʰʝʡ 3-ʢʨʘʪʥʦʡ 

ʧʨʦʤʳʚʢʦʡ 70%-ʥʳʤ ʪʝʤ ʞʝ ʩʧʠʨʪʦʤ ʠ 3-ʢʨʘʪʥʳʤ 100%-ʚʳʤ ʩʧʠʨʪʦʤ, ʦʪʞʠʤʦʤ 

ʠ ʚʳʩʫʰʠʚʘʥʠʝʤ.  ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʧʦʩʦʙʘ ʦʪʥʦʩʠʪʩʷ: 

ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʩʚʝʨʭʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʨʠʚʦʜʷʱʝʝ ʢ 

ʜʝʛʨʘʜʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʂʉ ʨʘʩʪʝʥʠʡ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʙʣʫʯʝʥʥʳʭ ʠ 

ʪʦʢʩʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʫʭʫʜʰʝʥʠʶ ʢʘʯʝʩʪʚʘ 

ʇʇ; ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʠʨʪʘ ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ, ʯʪʦ ʦʪʨʠʮʘʪʝʣʴʥʦ 

ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʵʢʦʣʦʛʠʶ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ 

ʩʪʦʠʤʦʩʪʴ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ...è [44]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʧʨʦʩ ʥʘ ʧʝʢʪʠʥ ʥʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ ʧʦʩʪʝʧʝʥʥʦ ʨʘʩʪʝʪ. 

ʊʨʘʜʠʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʦʜʝʨʞʘʱʝʛʦ ʧʝʢʪʠʥ ʩʳʨʴʷ ï ʮʠʪʨʫʩʦʚʳʭ ʢʦʨʦʢ ʠ 

ʚʳʞʠʤʦʢ ʷʙʣʦʢ ʫʞʝ ʥʝ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʩʧʨʦʩʘ ʥʘ ʥʝʛʦ. ç...ʇʝʢʪʠʥ 
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ʠʟ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ ʠ ʂʇ ʷʚʣʷʝʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʅʄ-ʧʝʢʪʠʥʘ, ʦʜʥʘʢʦ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʣʠʥʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʷ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʝ ʥʘʣʘʞʝʥʘ. ʉ ʵʪʦʡ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʯʝʥʴ ʠʥʪʝʨʝʩʥʳʤ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʩʳʨʴʸʤ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʪʘʢʞʝ 

ʧʣʦʜʳ ʪʳʢʚʳéè [25, 26, 61]. 

çéʆʛʨʦʤʥʳʝ ʩʳʨʴʝʚʳʝ ʟʘʧʘʩʳ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ ʩʳʨʴʷ 

ʜʘʶʪ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʪʳʢʚʝʥʥʦʛʦ ʧʝʢʪʠʥʘ. ʂ 

ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ, ʢ ʩʦʞʘʣʝʥʠʶ, ʩʦʩʪʘʚ ʠ ʩʚʦʡʩʪʚʘ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʵʪʦʛʦ 

ʮʝʥʥʦʛʦ ʩʳʨʴʷ ʷʚʣʷʶʪʩʷ ʤʘʣʦʠʟʫʯʝʥʥʳʤʠéè [62, 44]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʦʙʠʣʠʝ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʩʳʨʴʷ, ʝʞʝʛʦʜʥʦ ʫʭʫʜʰʘʶʱʘʷʩʷ 

ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘ, ʨʝʟʢʦ ʚʦʟʨʦʩʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʟʘʙʦʣʝʚʘʥʠʡ ʞʝʣʫʜʦʯʥʦ-

ʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ, ʥʘʨʫʰʝʥʠʡ ʦʙʤʝʥʘ ʚʝʱʝʩʪʚ ʠ ʜʨʫʛʠʭ ʦʨʛʘʥʦʚ ʠ ʩʠʩʪʝʤ 

ʦʨʛʘʥʠʟʤʘ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʫʚʝʣʠʯʝʥʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʠʨʦʜʥʳʭ 

ʜʝʪʦʢʩʠʢʘʥʪʦʚ, ʦʜʥʠʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʧʝʢʪʠʥ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʦʙʣʝʤʘ 

ʧʦʠʩʢʘ ʥʦʚʳʭ ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʇɺ ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ 

ʘʢʪʫʘʣʴʥʦʡ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʤʦʞʝʪ ʩʪʘʪʴ ʨʝʚʝʥʴ ʩʢʘʣʴʥʳʡ (Rheum 

rupestre) ï ʤʥʦʛʦʣʝʪʥʝʝ ʪʨʘʚʷʥʠʩʪʦʝ ʨʘʩʪʝʥʠʝ ʩʝʤʝʡʩʪʚʘ ɻʨʝʯʠʰʥʳʭ. ɼʘʥʥʳʡ 

ʚʠʜ ʨʝʚʝʥʷ ʚ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʧʨʦʠʟʨʘʩʪʘʝʪ ʚ ʛʦʨʥʳʭ ʨʘʡʦʥʘʭ ʈʝʩʧʫʙʣʠʢʠ 

ʊʘʜʞʠʢʠʩʪʘʥ [23]. 

ʊʨʘʜʠʮʠʦʥʥʦ, ʛʠʜʨʦʣʠʟ-ʵʢʩʪʨʘʢʮʠʶ ʂʇ ʧʨʦʚʦʜʷʪ ʢʘʢ ʩ ʧʦʤʦʱʴʶ 

ʭʝʣʘʪʥʳʭ ʘʛʝʥʪʦʚ (0.75% ʨʘʩʪʚʦʨ ʛʝʢʩʘʤʝʪʘʬʦʩʬʘʪʘ ʥʘʪʨʠʷ (ɻʄʌʅ)) [63, 64] ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 75ʦʉ, ʨʅ 3.5 ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ, ʪʘʢ ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʥʝʨʘʣʴʥʳʭ 

ʢʠʩʣʦʪ ʚ ʩʪʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 85ʦʉ ʚ ʪʝʯʝʥʠʝ  1 ʯʘʩʘ ʩ ʥʠʟʢʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʨʅ-ʩʨʝʜʳ ʦʪ 1.05 ʜʦ 1.6, ʩʦʦʪʥʦʰʝʥʠ ̫ʪʚʝʨʜʦʡ ʠ ʞʠʜʢʦʡ ʬʘʟʳ ʚ 

ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʦʜʠʥʘʢʦʚʳ ʠ ʨʘʚʥ r1:20. ʇʦʣʫʯʝʥʥʳʡ ʵʢʩʪʨʘʢʪ ʦʪʜʝʣʷʶʪ ʦʪ 

ʦʩʪʘʪʢʦʚ ʂʉ, ʥʝʡʪʨʘʣʠʟʫʶʪ ʠ ʠʟ ʨʘʩʪʚʦʨʘ ʚʳʜʝʣʷʶʪ ʧʝʢʪʠʥ ʦʩʘʞʜʝʥʠʝʤ ʩʧʠʨʪʦʤ 

ʠʣʠ ʢʠʩʣʦʪʦʡ. ʆʩʘʞʜʝʥʠʝ ʨʘʩʪʚʦʨʘ ʩʧʠʨʪʦʤ ʧʨʦʚʦʜʷʪ ʪʨʝʭʢʨʘʪʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʧʝʢʪʠʥʘ. ʆʩʪʘʚʰʠʡʩʷ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʦʡ ʨʘʩʪʚʦʨ 

ʫʧʘʨʠʚʘʶʪ ʥʘ ʨʦʪʦʨʥʦʤ ʠʩʧʘʨʠʪʝʣʝ, ʦʪʜʝʣʷʷ ʆʉ. 
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ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʇʇ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʷʚʣʷʶʪʩʷ ʤʝʤʙʨʘʥʥʳʝ 

ʧʨʦʮʝʩʩʳ ʨʘʟʜʝʣʝʥʠʷ ʩʤʝʩʝʡ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʜʝʣʝʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʝʤʙʨʘʥʳ ʩʦ ʚʨʝʤʝʥʝʤ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʠʪʴʩʷ ʚ 

ʩʪʦʨʦʥʫ ʧʘʜʝʥʠʝ ʧʦʪʦʢʘ ʥʘʜ ʤʝʤʙʨʘʥʦʡ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʘʚʠʣʴʥʦ ʧʦʜʦʙʨʘʪʴ 

ʧʦʣʫʧʨʦʥʠʮʘʝʤʫʶ ʤʝʤʙʨʘʥʫ ʩ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʚʳʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʦʚ. ç...ɺʦ ʚʨʝʤʷ ʤʠʢʨʦ- ʠ ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʤʙʨʘʥʳ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ 

ʩʣʦʷ ʛʝʣʠʝʚʳʭ ʦʪʣʦʞʝʥʠʡ, ʯʪʦ ʥʝʠʟʙʝʞʥʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʫʜʝʣʴʥʦʡ 

ʩʢʦʨʦʩʪʠ ʧʨʦʮʝʩʩʘ (ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʤʝʤʙʨʘʥʳ), ʚʧʣʦʪʴ ʜʦ ʝʛʦ ʧʦʣʥʦʡ ʦʩʪʘʥʦʚʢʠ. 

ɼʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʦʧʫʩʢʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʤʝʤʙʨʘʥʳ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʚʦʜʠʪʴ ʝʝ ʧʝʨʠʦʜʠʯʝʩʢʫʶ ʨʝʛʝʥʝʨʘʮʠʶ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʳʤ 

ʵʣʝʤʝʥʪʦʤ ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʣʶʙʦʛʦ ʤʝʤʙʨʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. ɺ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʛʝʥʝʨʘʮʠʠ ʦʧʨʝʜʝʣʷʝʪ ʩʨʦʢ ʩʣʫʞʙʳ ʤʝʤʙʨʘʥ ʚ ʫʩʪʘʥʦʚʢʘʭ 

ʤʠʢʨʦ- ʠ ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʠ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʤʝʤʙʨʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ...è [65-70].  

ç...ɺ ʧʨʦʮʝʩʩʘʭ ʤʠʢʨʦ- ʠ ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʠ ʧʘʜʝʥʠʝ ʧʦʪʦʢʘ ʯʘʩʪʦ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʠʪʫʘʮʠʝʡ, ʢʦʛʜʘ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʜʝʣʝʥʠʷ ʩʤʝʩʝʡ ʧʦʪʦʢ 

ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 5% ʦʪ ʧʦʪʦʢʘ ʯʠʩʪʦʡ ʚʦʜʳ, ʧʨʠʯʠʥʦʡ ʢʦʪʦʨʦʛʦ ʤʦʞʝʪ ʙʳʪʴ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ ʧʦʣʷʨʠʟʘʮʠʷ ʠ ʘʜʩʦʨʙʮʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʤʙʨʘʥ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʣʦʷ ʛʝʣʠʝʚʳʭ ʦʪʣʦʞʝʥʠʡ ʠ ʙʣʦʢʠʨʦʚʢʠ ʧʦʨ... è [38, 66-70, 71, 72, 

73]. ɼʘʥʥʳʝ ʬʘʢʪʦʨʳ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʳʭ ç...ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʤʝʤʙʨʘʥʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʠ ʩʚʦʡʩʪʚ ʨʘʩʪʚʦʨʘ (ʧʦʪʦʢʘ), ʧʦʜʘʶʱʝʛʦʩʷ ʥʘ ʤʝʤʙʨʘʥʫ, ʦʢʘʟʳʚʘʶʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʨʘʥʩʧʦʨʪʫ ʚʝʱʝʩʪʚ ʯʝʨʝʟ ʤʝʤʙʨʘʥʫ... è [44, 72, 

73]. çéʕʪʦ ʷʚʣʝʥʠʝ ʦʩʦʙʝʥʥʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʨʘʩʪʚʦʨʦʚ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠ ʙʝʣʢʦʚ. ɺ ʩʣʫʯʘʝ ʧʦʨʠʩʪʳʭ ʤʝʤʙʨʘʥ ʥʝʢʦʪʦʨʳʝ ʢʦʤʧʦʥʝʥʪʳ ʤʦʛʫʪ 

ʧʨʦʥʠʢʘʪʴ ʚʥʫʪʨʴ ʤʝʤʙʨʘʥʳ ʠ ʙʣʦʢʠʨʦʚʘʪʴ ʧʦʨʳ. ʕʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘʟʳʚʘʶʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʙʣʦʢʠʨʦʚʘʥʥʳʭ ʧʦʨéè [44, 66-70]. 

ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʦʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘ ʤʝʤʙʨʘʥʝ ʷʚʣʷʝʪʩʷ ʘʜʩʦʨʙʮʠʦʥʥʳʝ ʷʚʣʝʥʠʷ, 
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ʧʨʦʠʩʭʦʜʷʱʠʝ ʢʘʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʤʙʨʘʥʳ, ʪʘʢ ʠ ʥʘ ʩʪʝʥʢʘʭ ʧʦʨ. ʋʤʝʥʴʰʝʥʠʝ 

ʧʦʪʦʢʘ ʪʘʢʞʝ ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʤʝʤʙʨʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʨʘʟʜʝʣʝʥʠʷ, ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʜʘʥʥʦʛʦ 

ʥʝʛʘʪʠʚʥʦʛʦ ʷʚʣʝʥʠʷ ʥʫʞʥʦ ʧʨʠʥʷʪʴ ʦʧʨʝʜʝʣʸʥʥʳʝ ʥʝʦʙʭʦʜʠʤʳʝ ʤʝʨʳ ʧʦ 

ʫʩʪʨʘʥʝʥʠ ʁ ʧʨʠʯʠʥ ʠ ʩʦʟʜʘʥʠʶ ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ [70, 72, 74]. 

ç...ʇʨʦʮʝʩʩʳ ʤʝʤʙʨʘʥʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʚ ʧʠʱʝʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʠʟ-ʟʘ ʠʭ ʩʧʦʩʦʙʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʚ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ, ʠ 

ʥʝ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʬʘʟʦʚʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʠʣʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ ʭʠʤʠʯʝʩʢʠʭ 

ʘʛʝʥʪʦʚ. ɺ ʨʘʙʦʪʝ [66] ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʤʙʨʘʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʜʣʷ ʜʝʧʝʢʪʠʥʠʟʘʮʠʠ ʧʨʠ ʦʯʠʩʪʢʝ ʬʨʫʢʪʦʚʳʭ ʩʦʢʦʚ. ʀʟʫʯʝʥʦ, ʯʪʦ 

ʧʨʦʮʝʩʩ ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʦʯʠʩʪʢʠ ʩʦʢʘ ʷʙʣʦʢʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʤʝʤʙʨʘʥʥʦʛʦ ʬʝʨʤʝʥʪʩʦʜʝʨʞʘʱʝʛʦ ʨʝʘʢʪʦʨʘ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʥʘ 

ʧʦʣʫʧʨʦʤʳʰʣʝʥʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʤʙʨʘʥʥʦʡ 

ʩʠʩʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʘ ʧʨʦʥʠʢʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʚʝʱʝʩʪʚʘ ʠ ʩʪʝʧʝʥʴ 

ʜʝʧʝʢʪʠʥʠʟʘʮʠʠ. ɹʳʣʘ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʚʦʟʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

(ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʝ ʜʘʚʣʝʥʠʝ, ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ, ʧʦʜʘʯʘ ʩʤʝʩʠ ʠ ʪ.ʜ.) ʥʘ 

ʟʘʛʨʷʟʥʝʥʠʝ ʤʝʤʙʨʘʥʳ ʠ ʤʝʭʘʥʠʟʤ ʟʘʛʨʷʟʥʝʥʠʷ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʣʩʷ ʚ ʪʝʨʤʠʥʘʭ 

ʧʦʣʥʦʛʦ ʙʣʦʢʠʨʦʚʘʥʠʷ ʧʦʨ ʠʣʠ ʬʠʣʴʪʨʘʮʠʦʥʥʦʡ ʧʨʦʙʢʠ. ʇʦʪʦʢ ʨʘʩʪʚʦʨʝʥʥʦʛʦ 

ʚʝʱʝʩʪʚʘ ʫʣʫʯʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʦʮʝʥʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʬʝʨʤʝʥʪʘ ʚ 

ʧʦʜʘʚʘʝʤʦʡ ʩʤʝʩʠ...è [44, 66]. 

ç...ɿʘʧʘʪʝʥʪʦʚʘʥ ʩʧʦʩʦʙ ʦʯʠʩʪʢʠ ʧʝʢʪʠʥʩʦʜʝʨʞʘʱʝʛʦ ʨʘʩʪʚʦʨʘ ʋʌ ʯʝʨʝʟ 

ʤʝʤʙʨʘʥʳ, ʧʨʦʧʫʩʢʘʶʱʠʝ ʚʝʱʝʩʪʚʘ ʩ ʄʄ 6 000-20 000 ɼʘ [74] 75. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʪʬʠʣʴʪʨʦʚʘʥʥʳʡ ʧʝʢʪʠʥʦʚʳʡ ʛʠʜʨʦʣʠʟʘʪ ʢʠʩʣʦʪʥʦʩʪʴ 

ʢʦʪʦʨʦʛʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ NH4OH ʜʦ ʨʅ 3.5 ʫʣʴʪʨʘʬʠʣʴʪʨʫʶʪ ʯʝʨʝʟ 

ʢʦʤʤʝʨʯʝʩʢʫʶ ʤʝʤʙʨʘʥʫ (IL-100 Ayahi Kasei Co) ʧʨʠ 60ʦʉ ʚ ʪʝʯʝʥʠʝ 3 ʯʘʩʦʚ ʧʦʜ 

ʜʘʚʣʝʥʠʝʤ 1 ʢʛ/ʩʤ2. ʇʨʠ ʵʪʦʤ ʧʦʣʫʯʘʶʪ ʧʝʢʪʠʥʦʚʳʡ ʧʨʝʧʘʨʘʪ ʩ ʛʨʘʜʫʩʦʤ 

ʩʪʫʜʥʝʦʙʨʘʟʦʚʘʥʠʷ 1900 SAG...è [44, 75]. 
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ç...ʇʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʦʩʚʝʪʣʝʥʠʷ ʧʣʦʜʦʚʦ-ʷʛʦʜʥʳʭ ʠ ʦʚʦʱʥʳʭ ʩʦʢʦʚ 

(ʷʙʣʦʯʥʦʛʦ, ʮʠʪʨʫʩʦʚʦʛʦ, ʚʠʥʦʛʨʘʜʥʦʛʦ, ʤʦʨʢʦʚʥʦʛʦ, ʟʝʤʣʷʥʠʯʥʦʛʦ, 

ʩʚʝʢʦʣʴʥʦʛʦ) ʩ ʧʦʩʣʝʜʫʶʱʝʤ ʚʳʜʝʣʝʥʠʝʤ ʧʝʢʪʠʥʘ ʥʘ ʋʌ ʤʝʤʙʨʘʥʝ...è [44, 74]. 

ʂ ʧʨʠʤʝʨʫ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ çéʬʨʫʢʪʦʚʳʝ ʠʣʠ ʦʚʦʱʥʳʝ ʩʦʢʠ ʠʟ ʷʙʣʦʢ, ʢʣʫʙʥʠʢʠ 

ʠ ʩʚʝʢʣʳ, ʦʙʨʘʙʘʪʳʚʘʣʠ 2 ʠ ʙʦʣʝʝ ʮʠʢʣʘʤʠ ʋʌ ʩ ʧʦʣʫʯʝʥʠʝʤ ʦʯʠʱʝʥʥʦʛʦ ʩʦʢʘ ʠ 

ʯʠʩʪʦʛʦ ʧʝʢʪʠʥʘ. ʅʘʧʨʠʤʝʨ, ʩʳʨʦʡ ʷʙʣʦʯʥʳʡ ʩʦʢ ʥʘʛʨʝʚʘʣʠ ʜʦ 57-59ʦʉ, ʨʅ 

ʧʦʜʜʝʨʞʠʚʘʣʠ ʚ ʧʨʝʜʝʣʘʭ 3.5-4.0 ʠ ʧʦʜʚʝʨʛʘʣʠ ʋʌ ʯʝʨʝʟ ʪʨʫʙʯʘʪʫʶ ʤʝʤʙʨʘʥʫ, 

ʟʘʜʝʨʞʠʚʘʶʱʫʶ ʚʝʱʝʩʪʚʘ ʩ ʄʄ 20000, ʩ ʚʳʭʦʜʦʤ ʦʯʠʱʝʥʥʦʛʦ ʩʦʢʘ ʠ ʩʳʨʦʛʦ 

ʧʝʢʪʠʥʦʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ. ʂʦʥʮʝʥʪʨʘʪ ʨʘʟʙʘʚʣʷʣʠ ʠ ʚʥʦʚʴ ʫʣʴʪʨʘʬʠʣʴʪʨʦʚʘʣʠ ʩ 

ʧʦʣʫʯʝʥʠʝʤ ʙʦʣʝʝ ʯʠʩʪʦʛʦ ʧʝʢʪʠʥʘ ʠ ʚʪʦʨʠʯʥʦʛʦ ʩʦʢʘéè [44, 74]. 

ʀʟʚʝʩʪʝʥ ç...ʩʧʦʩʦʙ ʵʢʩʪʨʘʢʮʠʠ ʧʝʢʪʠʥʘ ʠ ʜʨʫʛʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʠʟ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʪʭʦʜʦʚ [76], ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʡ ʛʠʜʨʦʣʠʟ-ʵʢʩʪʨʘʢʮʠʶ ʩʳʨʴʷ, 

ʨʘʟʜʝʣʝʥʠʝ ʧʫʣʴʧʳ ʥʘ ʞʠʜʢʫʶ ʠ ʪʚʝʨʜʫʶ ʬʘʟʳ ʚ ʧʦʣʝ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ, 

ʤʠʢʨʦʬʠʣʴʪʨʘʮʠʶ ʞʠʜʢʦʡ ʬʘʟʳ, ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʬʠʣʴʪʨʘʪʘ ʥʘ 

ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʤʝʤʙʨʘʥʘʭ ʥʘ ʪʚʝʨʜʦʡ ʧʦʜʣʦʞʢʝ, ʧʦʩʣʝʜʫʶʱʝʝ 

ʩʛʫʱʝʥʠʝ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʜʚʫʭʢʦʨʧʫʩʥʦʤ ʧʨʷʤʦʪʦʯʥʦʤ ʚʘʢʫʫʤ-ʚʳʧʘʨʥʦʤ 

ʘʧʧʘʨʘʪʝ ʮʠʨʢʫʣʷʮʠʦʥʥʦ-ʧʣʝʥʦʯʥʦʛʦ ʪʠʧʘ ʠ ʩʫʰʢʫ. ʇʨʠʯʝʤ ʩʳʨʴʝ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʟʤʝʣʴʯʘʶʪ ʜʦ ʢʨʫʧʥʦʩʪʠ ʯʘʩʪʠʮ ʥʝ ʙʦʣʝʝ 1 ʤʤ, ʩʤʝʰʠʚʘʶʪ ʩ 

ʚʦʜʦʡ ʧʨʠ ʛʠʜʨʦʤʦʜʫʣʝ 1:8-10 ʠ ʧʨʦʚʦʜʷʪ ʛʠʜʨʦʣʠʟ-ʵʢʩʪʨʘʢʮʠʶ ʚ ʘʧʧʘʨʘʪʝ 

ʚʠʭʨʝʚʦʛʦ ʩʣʦʷ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ ʚ ʪʝʯʝʥʠʝ 1-3 ʤʠʥ ʧʨʠ ʯʘʩʪʦʪʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 50 ɻʮ...è [76].  

ɺ ʨʘʙʦʪʝ [77] ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʩʚʝʢʣʦʚʠʯʥʦʛʦ ʧʝʢʪʠʥʘ ʠʟ ʩʚʝʞʝʛʦ ʠ 

ʚʳʩʫʰʝʥʥʦʛʦ ʩʚʝʢʣʦʚʠʯʥʦʛʦ ʞʦʤʘ ʤʝʪʦʜʦʤ ʢʘʚʠʪʘʮʠʦʥʥʦ-ʢʠʩʣʦʪʥʦʡ 

ʵʢʩʪʨʘʢʮʠʠ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʇɺ ʜʠʘ- ʠ ʋʌ ʠʟ 

ʩʦʣʷʥʦʢʠʩʣʳʭ ʵʢʩʪʨʘʢʪʦʚ. ɼʣʷ ʯʝʛʦ, ç...ʧʦʣʫʯʝʥʥʳʝ ʵʢʩʪʨʘʢʪʳ 

ʮʝʥʪʨʦʬʫʛʠʨʦʚʘʣʠ ʠ ʬʠʣʴʪʨʦʚʘʣʠ ʯʝʨʝʟ ʬʠʣʴʪʨ-ʪʢʘʥʠ (ʙʝʣʴʪʠʥʛ) ʠ ʜʘʣʝʝ 

ʧʦʜʚʝʨʛʘʣʠ ʧʨʦʮʝʩʩʫ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʶ ʥʘ ʋʌ ʫʩʪʘʥʦʚʢʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʦʣʦʚʦʣʦʢʦʥʥʳʭ ʤʝʤʙʨʘʥʘʭ ɺʇʋ-15 ʩ ʬʠʣʴʪʨʫʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 6 ʤ2.  ɹʳʣʠ 

ʫʩʪʘʥʦʚʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʞʠʤʳ ʧʨʦʮʝʩʩʦʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʠ ʦʯʠʩʪʢʠ 



33 
 

 

ʵʢʩʪʨʘʢʪʦʚ ʋʌ: ʪʝʤʧʝʨʘʪʫʨʘ ï 40-45ʦʉ, ʜʘʚʣʝʥʠʝ ï   0,2 ʄʇʘ...è [44]. ɸʚʪʦʨʘʤʠ 

ʪʘʢʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʪ ʧʦʩʣʝ ʋʌ ʥʘʨʷʜʫ ʩ ʇɺ ʩʦʜʝʨʞʘʣ ʪʘʢʠʝ 

ʧʦʙʦʯʥʳʝ ʚʝʱʝʩʪʚʘ, ʢʘʢ ʤʠʥʝʨʘʣʴʥʳʝ ʚʝʱʝʩʪʚʘ, ʩʘʭʘʨ, ʩʦʣʠ, ʢʨʘʩʷʱʠʝ ʚʝʱʝʩʪʚʘ, 

ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʯʘʩʪʠʯʥʦʡ ʦʯʠʩʪʢʝ ʧʝʢʪʠʥʦʚ ʋʌ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝʤ. ɺ 

ʩʚʷʟʠ ʩ ʯʝʤ, ʧʨʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʠ ʠ ʦʯʠʩʪʢʠ ʇɺ ʜʣʷ ʦʪʜʝʣʝʥʠʷ 

ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʬʨʘʢʮʠʡ ʦʪ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʤʝʥʷʪʴ 

ʜʠʘʬʠʣʴʪʨʘʮʠʶ. 

ɺ ʨʘʙʦʪʝ [78] ʠʩʩʣʝʜʦʚʘʥʘ ʤʠʢʨʦʬʠʣʴʪʨʘʮʠʷ ʨʘʩʪʚʦʨʦʚ ʮʠʪʨʫʩʦʚʦʛʦ ʠ 

ʷʙʣʦʯʥʦʛʦ ʧʝʢʪʠʥʦʚ ʩ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʦʡ ʧʝʢʪʠʥʘʟʦʡ. ɺ ʢʘʯʝʩʪʚʝ ʤʝʤʙʨʘʥʳ   

ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʪʨʫʙʯʘʪʘʷ ʤʘʢʨʦʧʦʨʠʩʪʘʷ ʪʠʪʘʥʦʚʘʷ ʤʝʤʙʨʘʥʘ ʜʠʘʤʝʪʨʦʤ 1,6 

ʩʤ, ʘ ʩʢʦʨʦʩʪʴ ʧʦʧʝʨʝʯʥʦʛʦ ʧʦʪʦʢʘ ʯʝʨʝʟ ʤʝʤʙʨʘʥʫ ʜʦʩʪʠʛʘʣʘ ʜʦ 1,64 ʤ/ʩ. ʊʘʢʞʝ 

ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʯʝʨʝʟ ʤʝʤʙʨʘʥʫ ʙʝʟ 

ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʦʡ ʧʝʢʪʠʥʘʟʳ ʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʩʢʦʨʦʩʪʠ 

ʧʦʧʝʨʝʯʥʦʛʦ ʧʦʪʦʢʘ, ʨʘʚʥʳʤ 0,80 ʠ 1,2 ʤ/ʩ, ʚʝʣʠʯʠʥʘ ʧʦʪʦʢʘ ʙʳʣʘ ʟʥʘʯʠʪʝʣʴʥʦ 

ʚʳʰʝ ʯʝʨʝʟ ʤʝʤʙʨʘʥʫ ʚ ʩʣʫʯʘʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʦʡ ʧʝʢʪʠʥʘʟʳ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʦʡ ʧʝʢʪʠʥʘʟʳ ʚ ʧʨʦʮʝʩʩʝ ʤʠʢʨʦʬʠʣʴʪʨʘʮʠʠ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʦʙʣʘʩʪʠ ʩʢʦʨʦʩʪʠ ʧʦʧʝʨʝʯʥʦʛʦ ʧʦʪʦʢʘ 

ʯʝʨʝʟ ʤʝʤʙʨʘʥʫ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʮʝʣʷʭ ʩʦʟʜʘʥʠʷ ʫʩʣʦʚʠʡ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʧʦʪʦʢʘ ʚ ʧʨʦʮʝʩʩʝ ʩ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʦʡ ʧʝʢʪʠʥʘʟʦʡ ʙʳʣʘ ʫʤʝʥʴʰʝʥʘ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩ ʦʪʚʦʜʦʤ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ ʩʣʦʷ. [78]. 

ɺ ʨʘʙʦʪʝ [79], ç...ʜʣʷ ʜʝʧʝʢʪʠʥʠʟʘʮʠʠ ʥʝʧʨʦʟʨʘʯʥʦʛʦ ʩʦʢʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʩʩʦʚʘʥʠʷ ʷʙʣʦʢ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʨʘʟʣʠʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʢʦʤʤʝʨʯʝʩʢʦʡ ʧʝʢʪʠʥʘʟʳ Pectinex 3XL (0-400 ʨʨm). ʇʨʦʮʝʩʩ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʚ 

ʧʘʢʝʪʥʦʤ ʨʝʘʢʪʦʨʝ ʧʨʠ 55ʦʉ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ. ɼʘʣʝʝ ʧʦʣʫʯʝʥʥʘʷ ʩʤʝʩʴ ʧʦʩʪʫʧʘʣ 

ʚ ʋʌ ʫʩʪʘʥʦʚʢʫ ʩ ʤʝʤʙʨʘʥʦʡ ʧʦʢʨʳʪʦʡ ʦʢʠʩʴʶ ʮʠʨʢʦʥʠʷ (ZrO2) ʩ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ 15 000 ɼʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʳʭʦʜ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʩʣʝ 

ʤʝʤʙʨʘʥʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʙʳʣ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʩʦʜʝʨʞʘʥʠʶ ʧʝʢʪʠʥʘ ʚ ʨʘʩʪʚʦʨʝ 

ʧʦʜʘʚʘʝʤʦʛʦ ʚ ʫʩʪʘʥʦʚʢʫ ʋʌ...è [38, 44, 79]. 
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ç...ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʋʌ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʠ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ 

ʚʷʟʢʦʩʪʠ ʨʘʩʪʚʦʨʦʚ ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʶʪ ʥʘ ʤʘʩʩʦʦʙʤʝʥ, ʩʥʠʞʘʷ ʝʛʦ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ [70]. ɺ ʨʘʙʦʪʝ [71] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʸʤʥʦʡ ʚʷʟʢʦʩʪʠ, 

ʧʨʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʠ ʨʘʩʪʚʦʨʦʚ, ʤʦʞʝʪ ʫʚʝʣʠʯʠʪʴ ʠʣʠ ʫʤʝʥʴʰʘʪʴ 

ʢʦʵʬʬʠʮʠʝʥʪ ʤʘʩʩʦʦʙʤʝʥʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʞʠʤʘ ʧʦʪʦʢʘ. ʇʨʠ ʣʘʤʠʥʘʨʥʳʭ 

ʧʦʪʦʢʘʭ ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʥʦʡ ʚʷʟʢʦʩʪʠ ʫʩʠʣʠʚʘʝʪ ʩʢʘʣʳʚʘʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ ʚ 

ʤʝʤʙʨʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʪ ʢ ʫʣʫʯʰʝʥʠʶ ʤʘʩʩʦʦʙʤʝʥʘ. ʇʨʠ 

ʪʫʨʙʫʣʝʥʪʥʦʤ ʧʦʪʦʢʝ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʤ ʫʚʝʣʠʯʝʥʠʝʤ ʦʙʲʝʤʥʦʡ ʚʷʟʢʦʩʪʠ, 

ʧʨʦʠʩʭʦʜʠʪ ʧʘʜʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʘʩʩʦʦʙʤʝʥʘ...ò [38, 70, 71]. ɺʣʠʷʥʠʝ ʵʪʠʭ 

ʨʝʞʠʤʦʚ ʥʘ ʤʘʩʩʦʦʙʤʝʥ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦʩʴ ʧʨʠ ʠʟʫʯʝʥʠʠ ʚʟʘʠʤʦʩʚʷʟʠ ʩʢʦʨʦʩʪʠ 

ʧʦʪʦʢʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʣʷ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʢʘʤʝʜʠ, ʢʩʘʥʪʘʥʘ ʠ ʧʝʢʪʠʥʘ. 

ʀʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢ ʧʦʥʠʤʘʥʠʶ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ, 

ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʝʤʙʨʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩ ʧʦʧʝʨʝʯʥʳʤ 

ʧʦʪʦʢʦʤ, ʠ ʧʦʠʩʢ ʨʝʰʝʥʠʡ ʷʚʣʝʥʠ ̫ ʩʥʠʞʝʥʠʷ ʧʦʪʦʢʘ ʠʟ-ʟʘ ʧʦʣʷʨʠʟʘʮʠʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʟʘʛʨʷʟʥʝʥʠʷ ʤʝʤʙʨʘʥʳ ʧʨʠʚʝʣʦ ʢ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʝʤʙʨʘʥ ʠ ʧʦʪʦʢʘ ʩ ʮʝʣʶ ʫʤʝʥʴʰʝʥʠ ̫ʦʙʨʘʟʦʚʘʥʠʷ ʚʪʦʨʠʯʥʦʛʦ ʠʣʠ ʛʝʣʝʚʦʛʦ ʩʣʦʷ 

[72]. 

ʄʦʜʠʬʠʢʘʮʠ ̫ʧʦʪʦʢʘ ʚ ʤʝʤʙʨʘʥʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʩ ʧʦʧʝʨʝʯʥʳʤ ʧʦʪʦʢʦʤ 

ʩʯʠʪʘʝʪʩʷ ʢʘʢ ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʤʥʦʛʦʦʙʝʱʘʶʱʠʭ ʤʝʪʦʜʦʚ. ʂʦʥʮʝʧʮʠʷ 

ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʚʢʣʶʯʝʥʠʷ ʦʙʨʘʪʥʦʡ ʧʦʜʘʯʠ ʧʦʪʦʢʘ ʚ ʪʨʫʙʯʘʪʳʭ ʋʌ ʤʦʜʫʣʷʭ 

ʜʣʷ ʫʩʠʣʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʝʤʙʨʘʥ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ 

ʫʩʪʘʥʦʚʢʝ ʜʣʷ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʷʙʣʦʯʥʦʛʦ ʩʦʢʘ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʟʘ 

ʩʯʸʪ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠ ̫ ʧʦʪʦʢʘ ʚʦʟʤʦʞʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʦ ʧʝʨʤʝʘʪʫ, ʠ ʵʪʦ ʤʦʞʥʦ ç...ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʨʝʜʩʪʚʘ ʜʣʷ ʩʤʷʛʯʝʥʠʷ ʚʨʝʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʤʝʤʙʨʘʥʥʦʛʦ 

ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ...è [72, 80]. 

ʂʘʩʩʘʥʦ ʠ ʩʦʘʚʪ. [81] ʦʩʚʝʪʣʠʣʠ ʩʚʝʞʠʡ ʜʝʧʝʢʪʠʥʠʟʠʨʦʚʘʥʥʳʡ ʩʦʢ ʢʠʚʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʋʌ-ʫʩʪʘʥʦʚʢʠ ʩ ʤʝʤʙʨʘʥʦʡ ʤʝʤʙʨʘʥʥʳʤ ʤʦʜʫʣʝʤ (MWCO), 

ʧʨʦʧʫʩʢʘʶʱʝʡ ʚʝʱʝʩʪʚʘ ʩ ʤʦʣʝʢʫʣʷʨʥʳʤ ʚʝʩʦʤ 15 ʢɼʘ ʠ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʧʦʪʦʢ 



35 
 

 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 20 ʜʦ 30Áʉ ʠ ʜʘʚʣʝʥʠʠ 90 ʢʇʘ ʧʨʠ ʩʢʦʨʦʩʪʠ 

ʧʦʜʘʯʠ ʚ ʦʩʝʚʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ 300 ʜʦ 700 ʣ/ʯʘʩ. ɸʚʪʦʨʳ [82] ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʤʝʤʙʨʘʥʫ MWCO 15 ʠ 50 ʢɼʘ ʜʣʷ ʦʩʚʝʪʣʝʥʠʷ ʷʙʣʦʯʥʦʛʦ ʩʦʢʘ ʩ ʪʘʥʛʝʥʮʠʘʣʴʥʳʤ 

ʧʦʪʦʢʦʤ 2 ʠ 7 ʤ/ʩ ʠ ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʤ ʜʘʚʣʝʥʠʝʤ (TMɼ) 150 ʠ 400 ʢʇʘ. ʉʨʝʜʥʠʡ 

ʧʦʪʦʢ ʧʝʨʤʝʘʪʘ ʚʘʨʴʠʨʦʚʘʣʩʷ ʦʪ 56 ʜʦ 157 ʣ/(ʤ2ʯ), ʠ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʥʘʙʦʨ 

ʧʝʨʝʤʝʥʥʳʭ (ʮʚʝʪ, ʧʨʦʟʨʘʯʥʦʩʪʴ ʠ ʤʫʪʥʦʩʪʴ ʩʦʢʘ) ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʣʩʷ ʧʦʩʣʝ 

ʋʌ. ʕʪʠ ʞʝ ʘʚʪʦʨʳ [82] ʩʦʦʙʱʠʣʠ ʦ ʚʣʠʷʥʠʠ ʩʢʦʨʦʩʪʠ ʧʦʧʝʨʝʯʥʦʛʦ ʧʦʪʦʢʘ, ʊʄɼ 

ʠ MWCO ʥʘ ʟʘʛʨʷʟʥʝʥʠʝ ʤʝʤʙʨʘʥʳ ʚ ʧʨʦʮʝʩʩʝ ʋʌ ʷʙʣʦʯʥʦʛʦ ʩʦʢʘ. ʈʝʟʫʣʴʪʘʪʳ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʝʤʙʨʘʥʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʙʳʣʦ ʥʠʟʢʠʤ ʧʨʠ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ 

ʧʦʜʘʯʠ (7 ʤ/ʩ) ʠ ʥʠʟʢʦʤ ʊʄɼ (150 ʢʇʘ). ʆʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʩʦʢʘ ʩʦʩʪʘʚʣʷʣʠ 400 ʢʇʘ ʠ 2 ʤ/ʩ. ʇʨʠ ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ 

ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʩʥʠʞʘʣʘ ʩʢʦʨʦʩʪʴ ʟʘʛʨʷʟʥʝʥʠʷ, ʫʣʫʯʰʘʷ ʩʨʝʜʥʠʡ ʧʦʪʦʢ 

ʧʝʨʤʝʘʪʘ, ʥʦ ʧʨʠ ʵʪʦʤ ʧʦʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʠʠ ʥʝʩʢʦʣʴʢʦ ʫʚʝʣʠʯʠʚʘʣʩʷ. 

ʆʩʥʦʚʥʳʤ ʦʛʨʘʥʠʯʠʚʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʚ ʧʨʦʮʝʩʩʘʭ ʤʝʤʙʨʘʥʥʦʡ 

ʬʠʣʴʪʨʘʮʠʠ ʷʚʣʷʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʩʦ ʚʨʝʤʝʥʝʤ ʠʟ-ʟʘ 

ʟʘʛʨʷʟʥʝʥʠʷ ʤʝʤʙʨʘʥʳ, ʯʪʦ ʩʥʠʞʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ [73]. ɿʘʛʨʷʟʥʝʥʠʝ 

ʪʘʢʞʝ ʚʣʠʷʝʪ ʥʘ ʫʤʝʥʴʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʝʦʙʨʘʪʠʤʳʤ 

ʷʚʣʝʥʠʝʤ ʠ ʤʦʞʝʪ ʙʳʪʴ ʫʜʘʣʝʥʦ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ [83, 84] ʠʣʠ ʭʠʤʠʯʝʩʢʦʡ 

ʦʯʠʩʪʢʦʡ [85]. ʅʦʥʛ-ʉʶʵ ʠ ʩʦʘʚʪ. [86] ʠʟʫʯʘʣʠ ʫʩʣʦʚʠʷ ʋʌ ʨʘʟʜʝʣʝʥʠʷ ʷʙʣʦʯʥʦʛʦ 

ʧʝʢʪʠʥʘ ʠ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʦʪʥʦʩʠʪʝʣʴʥʳʤʠ ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʤʘʩʩʘʤʠ, ʘ ʪʘʢʞʝ 

ʠʭ ʩʪʨʫʢʪʫʨʦʡ ʠ ʧʘʨʘʤʝʪʨʘʤʠ ʋʌ. ʉʦʜʝʨʞʘʥʠʝ ɻʂ, ʉʕ ʠ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʝ 

ʧʝʢʪʠʥʘ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʝʛʦ ʄʄ ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʩʦʩʪʘʚʦʤ 

ʤʦʥʦʩʘʭʘʨʠʜʦʚ, ʥʦ ʩʦʜʝʨʞʘʥʠʝ ɻʂ ʚ ʧʝʢʪʠʥʘʭ ʩ ʄʄ 5-10 ʢɼʘ ʙʳʣʦ ʪʦʣʴʢʦ ʥʠʞʝ, 

ʯʝʤ ʚ ʧʝʢʪʠʥʘʭ ʩ ʄʄ 100-300 ʢɼʘ ʠ ʙʦʣʝʝ 300 ʢɼʘ. 

 

1.4 ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʝʢʪʠʥʘ 

ç...ʂʦʤʧʴʶʪʝʨʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʨʘʩʰʠʨʠʣʠ ʚʦʟʤʦʞʥʦʩʪʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʠ ʩʝʛʦʜʥʷ ʪʨʫʜʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʫʶ ʠ 

ʩʝʨʴʝʟʥʫʶ ʧʨʦʝʢʪʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʦʣʦʛʠʠ ʠ 
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ʩʦʚʨʝʤʝʥʥʳʭ ʩʨʝʜʩʪʚ ʧʦʩʪʨʦʝʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʜʝʣʝʡ. ɺ ʨʳʥʦʯʥʳʭ 

ʫʩʣʦʚʠʷʭ ʫʩʧʝʰʥʦʝ ʚʝʜʝʥʠʝ ʙʠʟʥʝʩʘ ʪʨʝʙʫʝʪ ʦʧʪʠʤʠʟʘʮʠʠ ʚʩʝʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʠʢʣʘ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʨʘʩʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ...è [80]. ʅʘ 

ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʧʠʱʝʚʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʧʨʦʜʫʢʪʦʚ 

ʧʠʪʘʥʠʷ ʚʩʝ ʙʦʣʴʰʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʠʩʪʝʤʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʦʩʥʦʚʥʳʤ 

ʧʨʠʥʮʠʧʦʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʜʝʢʦʤʧʦʟʠʮʠʷ ʩʣʦʞʥʦʡ ʙʠʦʩʠʩʪʝʤʳ, ʢʘʢʦʚʳʤʠ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʷʚʣʷʶʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ɺ ʨʘʙʦʪʝ [80] ç...ʧʨʠ ʨʘʩʯʝʪʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʩʪʘʜʠʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝʢʪʠʥʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʦʜʝʣʠ 

ʘʚʪʦʨʝʛʨʝʩʩʠʠ ʩ ʧʨʦʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤ ʩʢʦʣʴʟʷʱʠʤ ʩʨʝʜʥʠʤ ʥʘ ʦʩʥʦʚʝ 

ʧʦʩʪʨʦʝʥʥʦʛʦ ʜʘʥʥʳʭ ʥʘʪʫʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʇʨʝʜʣʦʞʝʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ 

ʩʭʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝʢʪʠʥʘ ʥʘ ʦʩʥʦʚʝ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ...è [80]. 

ɺ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʇʇ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʝʪʩʷ 

ʛʠʜʨʦʣʠʟ-ʵʢʩʪʨʘʢʮʠʷ, ʦʪ ʯʝʛʦ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʢʘʯʝʩʪʚʦ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʠ 

ʝʛʦ ʚʳʭʦʜ.   

ʅʘʧʨʠʤʝʨ, ʘʚʪʦʨʳ [87] ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʦʧʪʠʤʠʟʘʮʠʶ ʧʘʨʘʤʝʪʨʦʚ 

ç...ɻ ʢʩʪʨʘʢʮʠʠ ʧʝʢʪʠʥʘ ʠʟ ʤʦʨʢʦʚʥʦʡ ʚʳʞʠʤʢʠ ʨʘʩʪʚʦʨʦʤ ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʮʝʥʪʨʘʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʢʦʤʧʦʟʠʪʥʳʤ ʜʠʟʘʡʥʦʤ 

(ʎʕʂɼ) ʩ ʯʝʪʳʨʴʤʷ ʧʝʨʝʤʝʥʥʳʤʠ: ʨʅ, ʪʝʤʧʝʨʘʪʫʨʦʡ, ʚʨʝʤʝʥʝʤ ʠ ʩʦʦʪʥʦʰʝʥʠʝʤ 

ʞʠʜʢʦʩʪʠ ʠ ʪʚʝʨʜʦʛʦ ʚʝʱʝʩʪʚʘ (ɾ:ʊɺ) ʵʢʩʪʨʘʢʮʠʠ ʧʝʢʪʠʥʘ...è [80, 87].  

ɺ ʨʘʙʦʪʝ [88] ʧʦʩʪʨʦʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʵʢʩʪʨʘʢʮʠʠ 

ʷʙʣʦʯʥʦʛʦ ʅʄ-ʧʝʢʪʠʥʘ ʠ ʦʧʨʝʜʝʣʝʥʦ ç...ʚʣʠʷʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʪʳ ʥʘ ʚʨʝʤʷ 

ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʠ ʚʳʭʦʜ ʧʝʢʪʠʥʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʦʚʦʜʠʤʘʷ ʵʢʩʪʨʘʢʮʠʷ ʠ 

ʢʘʯʝʩʪʚʘ ʧʦʣʫʯʘʝʤʦʛʦ ʧʝʢʪʠʥʘ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʷʪ ʦʪ ʪʠʧʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʪʳ ʠ 

ʝʛʦ ʚʨʝʤʝʥʠ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʮʝʩʩʘ...è [88]. ʇʨʝʜʣʘʛʘʝʤʳʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʜʦʣʞʥʳ ʭʦʨʦʰʦ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʫʣʫʯʰʝʥʠʝ ʪʘʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʦʛʦ ʧʝʢʪʠʥʘ ʠ ʝʛʦ ʉʕ. 

ɺ ʨʘʙʦʪʝ [89] ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʘ ʚʠʙʨʦʵʢʩʪʨʘʢʮʠʠ ʇɺ ʠʟ ʩʚʝʢʣʦʚʠʯʥʦʛʦ ʞʦʤʘ. ç...ʉʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʘ 
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ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʩʣʝʜʫʶʱʠʭ ʬʘʢʪʦʨʦʚ: ʚʝʣʠʯʠʥʳ ʜʚʠʞʫʱʝʡ ʩʠʣʳ 

ʧʨʦʮʝʩʩʘ; ʩʢʦʨʦʩʪʠ ʢʘʞʜʦʡ ʠʟ ʩʪʘʜʠʡ ʧʨʦʮʝʩʩʘ; ʨʘʟʤʝʨʘ ʠ ʬʦʨʤʳ ʯʘʩʪʠʮ; ʚʠʜʘ 

ʩʣʦʷ ʯʘʩʪʠʮ, ʢʦʪʦʨʳʡ ʦʥʠ ʦʙʨʘʟʫʶʪ (ʧʦʜʚʠʞʥʳʡ, ʥʝʧʦʜʚʠʞʥʳʡ); ʩʦʦʪʥʦʰʝʥʠʷ 

ʤʘʩʩ ʵʢʩʪʨʘʛʝʥʪʘ ʠ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ; ʭʘʨʘʢʪʝʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʪʚʝʨʜʳʭ 

ʯʘʩʪʠʮ ʠ ʵʢʩʪʨʘʛʝʥʪʘ (ʧʨʷʤʦʪʦʢ, ʧʨʦʪʠʚʦʪʦʢ, ʨʝʮʠʨʢʫʣʷʮʠʷ ʞʠʜʢʦʩʪʠ); ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʬʘʟ; ʪʝʤʧʝʨʘʪʫʨʳ...è [89]. 

 ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ç...ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʣʠʤʠʪʠʨʫʶʱʝʡ ʩʪʘʜʠʝʡ ʧʨʦʮʝʩʩʘ 

ʷʚʣʷʝʪʩʷ ʤʘʩʩʦʦʪʜʘʯʘ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ ʢ ʵʢʩʪʨʘʛʝʥʪʫ, ʚʦʟʥʠʢʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʷʪʴ ʧʝʨʝʤʝʰʠʚʘʥʠʝ, ʚʠʙʨʘʮʠʶ ʠ ʜʨʫʛʠʝ ʩʨʝʜʩʪʚʘ, 

ʠʥʪʝʥʩʠʬʠʮʠʨʫʶʱʠʝ ʤʘʩʩʦʦʪʜʘʯʫ...è [90]. ʇʝʨʝʥʦʩ ʚʝʱʝʩʪʚʘ ʜʠʬʬʫʟʠʝʡ ʠ 

ʢʦʥʚʝʢʮʠʝʡ ʦʧʠʩʳʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ 

ʧʘʨʘʙʦʣʠʯʝʩʢʦʛʦ ʪʠʧʘ. 

ʆʜʥʘʢʦ, ʜʣʷ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʚʩʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʝʦʙʭʦʜʠʤʘ ʤʦʜʝʣʴ 

ʦʪʜʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʫʧʨʘʚʣʝʥʠʝ ʚ ʨʘʤʢʘʭ ʝʜʠʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʮʠʢʣʘ.  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠ ̫ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʞʠʤʦʚ ʠʭ 

ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ 

ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʢʨʠʪʝʨʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʠ ʫʨʘʚʥʝʥʠʝ 

ʨʝʛʨʝʩʩʠʠ. ʆʩʦʙʝʥʥʦ ʯʘʩʪʦ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʠʤʝʥʷʶʪ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʧʨʠ ʵʪʦʤ ʧʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ 

ʦʧʨʝʜʝʣʷʶʪ ʢʦʥʩʪʘʥʪʳ ʫʨʘʚʥʝʥʠʡ ʠ ʠʭ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ. 

ʆʜʥʘʢʦ, ʜʘʥʥʳʡ ʚʠʜ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʪʥʦʩʠʪʩʷ ʢ ʦʜʥʦʤʫ ʠʟ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʭ ʠ 

ʧʦʜʨʦʙʥʦ ʠʟʣʦʞʝʥ ʚ [91]. 

ɺ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʇʇ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʛʠʜʨʦʣʠʟ-ʵʢʩʪʨʘʢʮʠʠ 

ʧʨʦʪʝʢʘʶʪ ʩʣʦʞʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʠ ʧʨʠ ʵʪʦʤ ʩʚʦʡʩʪʚʘ 

ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʟʘʚʠʩʪ̫ ʦʪ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ 

ʧʨʦʮʝʩʩʘ ʩ ʫʯʝʪʦʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʩʝʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

(ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ, ʚʝʣʠʯʠʥʳ ʨʅ, ʛʠʜʨʦʣʠʟʘ, ʠ ʜʨ.) [80].  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʪʩʫʪʩʪʚʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʙʳʩʪʨʦ ʠ ʪʦʯʥʦ ʦʮʝʥʠʚʘʪʴ ʪʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʧʨʦʠʩʭʦʜʷʪ ʚ ʧʨʦʮʝʩʩʘʭ 

ʛʠʜʨʦʣʠʟʘ ʠ ʵʢʩʪʨʘʢʮʠʠ, ʚʳʟʚʘʣʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 
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ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʧʨʦʚʝʜʝʥʠʷ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʦʚ ʜʣʷ ʚʳʜʝʣʝʥʠʷ 

ʇʇ ʠʟ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʠ ʠʭ ʜʘʣʴʥʝʡʰʝʡ ʦʯʠʩʪʢʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ 

ʫʩʪʘʥʦʚʣʝʥʠʶ ʦʧʪʠʤʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʩʪʦʨʦʥʫ ʧʦʚʳʰʝʥʠʷ 

ʢʘʯʝʩʪʚʘ ʠ ʚʳʭʦʜʘ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ [92, 93].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʧʨʦʚʝʜʝʥʠʝ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʦʚ ʜʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʧʨʦʮʝʩʩʦʚ ʪʝʭʥʦʣʦʛʠʠ ʇʇ ʧʦʟʚʦʣʷʶʪ 

ʥʝ ʪʦʣʴʢʦ ʫʩʪʘʥʦʚʣʝʥʠʶ ʦʧʪʠʤʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʩʪʦʨʦʥʫ 

ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʠ ʚʳʭʦʜʘ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʥʦ ʠ ʠʩʩʣʝʜʦʚʘʥʠʶ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ ʧʨʦʪʝʢʘʥʠʷ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ.   

ɺ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʝʢʪʠʥʘ ʧʨʦʮʝʩʩʳ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʠ ʦʯʠʩʪʢʠ 

ʧʝʢʪʠʥʦʚʳʭ ʵʢʩʪʨʘʢʪʦʚ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʤʠ ʠ ʜʦʨʦʛʦʩʪʦʷʱʠʤʠ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ ʦʯʠʩʪʢʠ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ 

ʧʝʢʪʠʥʦʚʳʭ ʨʘʩʪʚʦʨʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʥʝ 

ʥʘʨʫʰʘʶʱʠʭ ʥʘʪʠʚʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ ʤʦʣʝʢʫʣ ʧʝʢʪʠʥʘ. çéʅʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʚ ʵʪʦʤ ʧʣʘʥʝ ʷʚʣʷʝʪʩʷ ʩʦʯʝʪʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʦʯʠʩʪʢʠ 

ʧʝʢʪʠʥʦʚʳʭ ʨʘʩʪʚʦʨʦʚ ʤʝʪʦʜʦʤ ɼʋʌ ʠ ʠʭ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʋʌ ʚ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʠ ʧʦʣʫʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ...è [54, 94]. ʕʪʦʪ ʤʝʪʦʜ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʧʦʩʢʦʣʴʢʫ ʦʙʘ ʧʨʦʮʝʩʩʘ 

ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʚ ʦʜʥʦʤ ʮʠʢʣʝ, ʘ ʩʘʤ ʧʨʦʮʝʩʩ ʤʦʞʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 
 
 

1.5 ʇʨʦʙʣʝʤʘ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʣʦʯʥʦʡ ʩʳʚʦʨʦʪʢʠ 

 

ʄʉ ʟʘʥʠʤʘʝʪ ʦʩʦʙʦʝ ʤʝʩʪʦ ʩʨʝʜʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʤʦʣʦʯʥʦʛʦ ʩʳʨʴʷ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʤʦʣʦʯʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʘʣʦʦʪʭʦʜʥʦʡ ʠ 

ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʝʡ ʪʝʭʥʦʣʦʛʠʠ ʠʟ ʄʉ ʚʳʨʘʙʘʪʳʚʘʶʪ ʤʦʣʦʯʥʦ-ʙʝʣʢʦʚʳʝ 

ʢʦʥʮʝʥʪʨʘʪʳ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʙʦʛʘʱʝʥʠʷ ʤʦʣʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʙʝʣʢʘʤʠ. ɼʘʥʥʘʷ ʪʝʥʜʝʥʮʠʷ ʩʚʷʟʘʥʘ ʩ ʥʝʭʚʘʪʢʦʡ ʧʠʱʝʚʦʛʦ ʙʝʣʢʘ ʚ ʧʠʪʘʥʠʠ 

ʯʝʣʦʚʝʢʘ, ʢʦʪʦʨʘʷ, ʚʝʨʦʷʪʥʦ, ʩʦʭʨʘʥʠʪʩʷ ï ʷʚʣʷʷʩʴ ʥʝʟʘʤʝʥʠʤʦʡ ʯʘʩʪʴʶ ʧʠʱʠ, 

ʙʝʣʢʠ ʥʝ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ ʨʝʟʝʨʚʝ ʠ ʥʝ ʦʙʨʘʟʫʶʪʩʷ ʠʟ ʜʨʫʛʠʭ ʧʠʱʝʚʳʭ ʚʝʱʝʩʪʚ 

[95]. ʋʚʝʣʠʯʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʚʦʨʦʛʘ ʠ ʪʚʦʨʦʞʥʳʭ ʠʟʜʝʣʠʡ, ʘ ʪʘʢʞʝ ʩʳʨʦʚ 
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ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʄʉ ʢʘʢ ʧʦʙʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ 

ʧʝʨʝʨʘʙʦʪʢʠ ʤʦʣʦʢʘ. ʄʉ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʧʠʱʝʚʫʶ ʠ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ. 

ʆʥʘ ʩʦʜʝʨʞʠʪ ʦʢʦʣʦ 50% ʩʫʭʠʭ ʚʝʱʝʩʪʚ ʤʦʣʦʢʘ. ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ, ʟʘ 

ʩʯʸʪ ʚʳʩʦʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʣʘʢʪʦʟʳ, ʩʦʩʪʘʚʣʷʝʪ 35% ʦʪ ʮʝʣʴʥʦʛʦ ʤʦʣʦʢʘ [96]. 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʙʝʣʢʦʚ ʤʦʣʦʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʟʝʠʥʦʤ (78-85%). ʄʘʩʩʦʚʘʷ ʜʦʣʷ 

ʢʘʟʝʠʥʘ ʚ ʤʦʣʦʢʝ 2,1-2,8%. ʂʦʤʧʦʥʝʥʪʘʤʠ (ʬʨʘʢʮʠʷʤʠ) ʢʘʟʝʠʥʘ ʷʚʣʷʶʪʩʷ: Ŭ-,                  

ɓ-, ʠ ə-ʢʘʟʝʠʥʳ. ʉʳʚʦʨʦʪʦʯʥʳʤʠ ʙʝʣʢʘʤʠ ʤʦʣʦʢʘ ʷʚʣʷʶʪʩʷ ɓ-Lg, Ŭ-Lʘ, 

ʠʤʤʫʥʦʛʣʦʙʫʣʠʥʳ (Ig), ʣʘʢʪʦʬʝʨʨʠʥ, ʘʣʴʙʫʤʠʥ, ʣʠʟʦʮʠʤ, ʣʘʢʪʦʧʝʨʦʢʩʠʜʘʟʘ, 

ʧʦʜʩʳʨʥʘʷ ʩʳʚʦʨʦʪʢʘ ʩʦʜʝʨʞʠʪ ʝʱʝ ʠ ʛʣʠʢʦʤʘʢʨʦʧʝʧʪʠʜ [97, 98]. 

ç...ʉʳʚʦʨʦʪʦʯʥʳʝ ʙʝʣʢʠ (~3ʛ/ʣ), ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ 

ʄʉ, ʦʧʪʠʤʘʣʴʥʦ ʩʙʘʣʘʥʩʠʨʦʚʘʥʳ ʧʦ ʘʤʠʥʦʢʠʩʣʦʪʥʦʤʫ ʥʘʙʦʨʫ, ʦʩʦʙʝʥʥʦ 

ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʘʤʠʥʦʢʠʩʣʦʪ ʮʠʩʪʠʥʘ ʠ ʤʝʪʠʦʥʠʥʘ, ʯʪʦ ʩʦʟʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʜʣʷ ʨʝʛʝʥʝʨʘʮʠʠ ʙʝʣʢʦʚ ʧʝʯʝʥʠ, ʛʝʤʦʛʣʦʙʠʥʘ ʠ ʙʝʣʢʦʚ ʧʣʘʟʤʳ ʢʨʦʚʠ...è [99]. 

ç...ɸʤʠʥʦʢʠʩʣʦʪʥʳʡ ʩʦʩʪʘʚ ʩʳʚʦʨʦʪʦʯʥʳʭ ʙʝʣʢʦʚ ʥʘʠʙʦʣʝʝ ʙʣʠʟʦʢ ʢ 

ʘʤʠʥʦʢʠʩʣʦʪʥʦʤʫ ʩʦʩʪʘʚʫ ʤʳʰʝʯʥʦʡ ʪʢʘʥʠ ʯʝʣʦʚʝʢʘ, ʘ ʧʦ ʩʦʜʝʨʞʘʥʠʶ 

ʥʝʟʘʤʝʥʠʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ʠ ʘʤʠʥʦʢʠʩʣʦʪ ʩ ʨʘʟʚʝʪʚʣʝʥʥʦʡ ʮʝʧʴʶ: ʚʘʣʠʥʘ, 

ʣʝʡʮʠʥʘ ʠ ʠʟʦʣʝʡʮʠʥʘ, ʦʥʠ ʧʨʝʚʦʩʭʦʜʷʪ ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʙʝʣʢʠ ʞʠʚʦʪʥʦʛʦ ʠ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠʤʝʨʥʦ 14% ʙʝʣʢʦʚ ʄʉ ʥʘʭʦʜʠʪʩʷ 

ʚ ʚʠʜʝ ʧʨʦʜʫʢʪʦʚ ʛʠʜʨʦʣʠʟʘ (ʘʤʠʥʦʢʠʩʣʦʪ, ʜʠ-, ʪʨʠ- ʠ ʧʦʣʠʧʝʧʪʠʜʦʚ), ʢʦʪʦʨʳʝ 

ʷʚʣʷʶʪʩʷ ʠʥʠʮʠʘʪʦʨʘʤʠ ʧʠʱʝʚʘʨʝʥʠʷ ʠ ʫʯʘʩʪʚʫʶʪ ʚ ʩʠʥʪʝʟʝ ʙʦʣʴʰʠʥʩʪʚʘ 

ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʭ ʬʝʨʤʝʥʪʦʚ ʠ ʛʦʨʤʦʥʦʚ. ʊʘʢʞʝ ʙʝʣʢʠ ʄʉ ʟʘʤʝʪʥʦ ʩʥʠʞʘʶʪ 

ʫʨʦʚʝʥʴ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʢʨʦʚʠ ʠ ʦʙʣʘʜʘʶʪ ʟʘʱʠʪʥʳʤʠ ʬʫʥʢʮʠʷʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʣʘʢʪʦʬʝʨʨʠʥ ʦʙʣʘʜʘʝʪ ʞʝʣʝʟʦʩʚʷʟʳʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶéè [100]. 

çéʃʘʢʪʦʬʝʨʨʠʥ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʘʟʚʠʪʠʷ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʜʝʪʝʡ, 

ʪʘʢ ʢʘʢ ʦʥ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʨʦʩʪ ɽ. coli, ʩʪʘʬʠʣʦʢʦʢʢʦʚ, Candida albicans ʚ 

ʦʨʛʘʥʠʟʤʝ ʠ ʪʨʘʥʩʧʦʨʪʠʨʫʝʪ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʝʙʝʥʢʘ ʠʦʥʳ ʞʝʣʝʟʘéè [97]. 

ʀʤʤʫʥʦʛʣʦʙʫʣʠʥʳ ʦʙʣʘʜʘʶʪ ʘʢʪʠʚʥʦʩʪʴʶ ʘʥʪʠʪʝʣ ʧʨʦʪʠʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʥʪʠʛʝʥʦʚ. ʃʠʟʦʮʠʤ ʦʢʘʟʳʚʘʝʪ ʧʨʷʤʦʝ ʣʠʪʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʥʘ 

ʙʘʢʪʝʨʠʠ, ʨʘʟʨʫʰʘʷ ʠʭ ʦʙʦʣʦʯʢʫ. ʂʨʦʤʝ ʪʦʛʦ, çéʣʠʟʦʮʠʤ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʤʫ ʜʝʡʩʪʚʠʶ ʘʥʪʠʪʝʣ. ɸʣʴʙʫʤʠʥ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ ʪʘʢʞʝ 
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ʥʘʭʦʜʷʪ ʚ ʩʳʚʦʨʦʪʢʝ ʤʦʣʦʢʘ, ʢʫʜʘ ʦʥ ʧʦʧʘʜʘʝʪ ʠʟ ʢʨʦʚʠ ʚ ʥʝʠʟʤʝʥʝʥʥʦʤ ʚʠʜʝéè 

[100]. ʄʠʥʝʨʘʣʴʥʳʝ ʩʦʣʠ ʩʳʚʦʨʦʪʢʠ ʠʜʝʥʪʠʯʥʳ ʩʦʣʷʤ ʮʝʣʴʥʦʛʦ ʤʦʣʦʢʘ ʠ 

ʩʦʜʝʨʞʘʪ çʟʘʱʠʪʥʳʝè ʢʦʤʧʣʝʢʩʳ ʘʥʪʠʩʢʣʝʨʦʪʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ [98].  

Lgʉ ʢʘʢ ʩʪʨʫʢʪʫʨʠʨʫʶʱʘʷ ʧʠʱʝʚʘʷ ʜʦʙʘʚʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʠʩʣʦʤʦʣʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ (ʡʦʛʫʨʪʦʚ, ʡʦʛʫʨʪʦʚ ʩ ʧʨʦʙʠʦʪʠʢʘʤʠ ʠ 

ʜʨ.) ʠ ʧʨʦʜʫʢʪʦʚ ʜʝʪʩʢʦʛʦ ʧʠʪʘʥʠʷ. ɓ-Lg ʦʙʣʘʜʘʶʪ ʢʦʤʧʣʝʢʩʦ- ʠ 

ʛʝʣʝʦʙʨʘʟʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʩ ʜʨʫʛʠʤʠ ʧʨʠʨʦʜʥʳʤʠ ʧʦʣʠʤʝʨʘʤʠ, ʯʪʦ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʩʪʨʫʢʪʫʨʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ. Ŭ-Lʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʧʠʱʝʚʘʷ ʜʦʙʘʚʢʘ ʚ ʧʠʪʘʥʠʠ ʜʣʷ ʜʝʪʝʡ [95-98, 101]. 

ʇʨʦʙʣʝʤʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʄʉ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʚʦ ʚʩʝʤ ʤʠʨʝ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʧʝʨʝʨʘʙʦʪʢʠ ʄʉ ʦʙʲʷʩʥʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴʶ, ʥʦ ʪʘʢʞʝ ʠ ʧʨʦʙʣʝʤʦʡ ʫʭʫʜʰʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʙʣʝʤʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʳʚʦʨʦʪʢʠ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʘ 

ʩ ʧʨʦʙʣʝʤʦʡ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ [95, 96]. 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʄʉ ʚ ʨʝʩʧʫʙʣʠʢʝ ʧʨʦʜʘʝʪʩʷ ʭʦʟʷʡʩʪʚʘʤ ʠʣʠ ʧʦʧʨʦʩʪʫ 

ʩʣʠʚʘʝʪʩʷ. ʇʦ ʠʤʝʶʱʠʤʩʷ ʜʘʥʥʳʤ ʥʘ ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ 

ʈʝʩʧʫʙʣʠʢʠ, ʢʦʪʦʨʳʭ ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʦʢʦʣʦ 90, ʚ ʜʝʥʴ ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ ʦʢʦʣʦ 

70 ʪʦʥʥ ʨʘʟʣʠʯʥʦʡ ʩʳʚʦʨʦʪʢʠ.  ʇʨʠʯʠʥʳ, ʩʜʝʨʞʠʚʘʶʱʠʝ ʧʝʨʝʨʘʙʦʪʢʫ 

ʩʳʚʦʨʦʪʢʠ, ï ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʠʥʚʝʩʪʠʮʠʠ ʚ ʤʦʣʦʯʥʫʶ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, 

ʦʪʩʫʪʩʪʚʠʝ ʩʨʝʜʩʪʚ ʥʘ ʚʥʝʜʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʦʢʫʧʢʫ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʨʝʠʤʫʱʝʩʪʚʘʭ ʧʨʦʜʫʢʪʦʚ ʠʟ 

ʩʳʚʦʨʦʪʢʠ.  

ʅʘ ʩʝʛʦʜʥʷ ʚ ʉʐɸ ʠ ɽʚʨʦʧʝʡʩʢʠʭ ʩʪʨʘʥʘʭ ʚʳʨʘʙʘʪʳʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ 

ʧʨʦʜʫʢʪʳ ʠʟ ʄʉ. ʅʘʧʨʠʤʝʨ, ʩʪʦʠʤʦʩʪʴ ʢʘʟʝʠʥʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʵʪʦʛʦ ʩʳʨʴʷ, 

ʩʦʩʪʘʚʣʷʝʪ 2750 ʜʦʣʣʘʨʦʚ ʉʐɸ ʟʘ ʪʦʥʥʫ, ʩʫʭʦʡ ʄʉ ï 1764 ʜʦʣʣʘʨʦʚ ʉʐɸ, 

ʧʨʠʯʝʤ ʚ ɽʚʨʦʧʝʡʩʢʠʭ ʩʪʨʘʥʘʭ ʮʝʥʘ ʩʫʭʦʡ ʄʉ ʜʦʩʪʠʛʘʝʪ 2300 ʜʦʣʣʘʨʦʚ ʉʐɸ. 

ʀʟ ʄʉ ʪʘʢʞʝ ʧʦʣʫʯʘʶʪ ʩʣʘʜʢʫʶ ʩʳʚʦʨʦʪʢʫ ʧʦ ʮʝʥʝ 625-700 ʜʦʣʣʘʨʦʚ ʉʐɸ ʠ 

ʢʦʥʮʝʥʪʨʘʪ ʩʳʚʦʨʦʪʦʯʥʳʭ ʙʝʣʢʦʚ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʩʫʭʠʭ ʚʝʱʝʩʪʚ 34% ʧʦ ʮʝʥʝ 

1400 ʜʦʣʣʘʨʦʚ ʉʐɸ. ʊʘʢʞʝ ʥʝ ʩʣʝʜʫʝʪ ʩʙʨʘʩʳʚʘʪʴ ʩʦ ʩʯʝʪʦʚ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʡ 
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ʘʩʧʝʢʪ: 1 ʪ ʄʉ, ʩʣʠʚʘʝʤʦʡ ʚ ʢʘʥʘʣʠʟʘʮʠʶ, ʟʘʛʨʷʟʥʷʝʪ ʚʦʜʦʝʤʳ ʪʘʢ ʞʝ, ʢʘʢ 100 ʤ3 

ʭʦʟʷʡʩʪʚʝʥʥʦ-ʙʳʪʦʚʳʭ ʩʪʦʢʦʚ [96]. 

 ʉʳʚʦʨʦʪʦʯʥʳʝ ʙʝʣʢʠ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʧʦʯʪʠ 20% ʙʝʣʢʦʚ ʤʦʣʦʢʘ, 

ʷʚʣʷʶʪʩʷ ʥʝʟʘʤʝʥʠʤʳʤ ʠʩʪʦʯʥʠʢʦʤ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʙʝʣʢʘ ʠ ʤʦʛʫʪ ʥʘʡʪʠ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʧʦʨʪʠʚʥʳʭ, ʜʠʝʪʠʯʝʩʢʠʭ ʠ ʙʝʟʘʣʢʦʛʦʣʴʥʳʭ 

ʥʘʧʠʪʢʦʚ. ʆʜʥʘʢʦ ʠʟ-ʟʘ ʥʝʭʚʘʪʢʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʦʥʠ 

ʥʝ ʥʘʰʣʠ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠ.̫ ʕʪʠ ʠʤʝʶʱʠʝʩʷ ʥʘ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ 

ʦʛʨʘʥʠʯʝʥʠʷ ʪʨʝʙʫʶʪ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʭr ʩʧʦʩʦʙʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʄʉ ʠ 

ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʜʘʥʥʦʡ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʟʥʘʯʠʤʦʡ ʧʠʱʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ʆʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʦʪʨʘʩʣʝʚʦʡ ʥʘʫʢʠ ʷʚʣʷʝʪʩʷ 

ʨʘʟʨʘʙʦʪʢʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ ʦʨʠʛʠʥʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ 

ʨʘʮʠʦʥʘʣʴʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʤʦʣʦʯʥʦʛʦ ʩʳʨʴʷ ʥʘ ʦʩʥʦʚʝ ʛʣʫʙʦʢʦʛʦ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʝʛʦ ʢʦʤʧʦʥʝʥʪʦʚ. ʅʘ ʥʘʰ ʚʟʛʣʷʜ, ʧʨʠʦʨʠʪʝʪʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʨʝʰʝʥʠʠ ʦʟʚʫʯʝʥʥʳʭ ʚʳʰʝ ʧʨʦʙʣʝʤ ʷʚʣʷʝʪʩʷ ʚʥʝʜʨʝʥʠʝ 

ʤʝʤʙʨʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʭ ʵʬʬʝʢʪʠʚʥʫʶ ʧʝʨʝʨʘʙʦʪʢʫ ʄʉ 

ʩ ʮʝʣʴʶ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ ʚ 

ʪʝʭʥʦʣʦʛʠʠ ʥʦʚʳʭ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʤʝʜʠʢʘʤʝʥʪʦʚ. 

ɺ ʨʘʙʦʪʝ [102] ʥʘʤʠ ʠʟʫʯʝʥʦ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ Lgʉ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʧʝʢʪʠʥʘʤʠ ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʝʞʜʫ ʵʪʠʤʠ ʙʠʦʧʦʣʠʤʝʨʘʤʠ ʦʙʨʘʟʫʝʪʩʷ ʜʚʘ ʚʠʜʘ 

ʢʦʤʧʣʝʢʩʦʚ ï ʨʘʩʪʚʦʨʠʤʳʝ ʠ ʥʝʨʘʩʪʚʦʨʠʤʳʝ. ʕʪʠ ʢʦʤʧʣʝʢʩʳ ʤʦʛʫʪ ʥʘʡʪʠ 

ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʩʦʟʜʘʥʠʠ ʥʦʩʠʪʝʣʝʡ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʚʝʱʝʩʪʚ ʚ ʚʠʜʝ ʵʤʫʣʴʩʠʡ ʠ 

ʚ ʛʝʣʝʚʳʭ ʬʦʨʤʘʭ. 

ʇʝʨʝʨʘʙʦʪʢʘ ʄʉ ʧʦ-ʧʨʝʞʥʝʤʫ ʷʚʣʷʝʪʩʷ ʩʝʨʴʸʟʥʦʡ ʧʨʦʙʣʝʤʦʡ ʜʣʷ 

ʤʦʣʦʯʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʄʉ ʩʦʜʝʨʞʠʪ 5-6% ʩʫʭʠʭ ʚʝʱʝʩʪʚ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʣʘʢʪʦʟʫ, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ ʦʢʦʣʦ 70% ʦʪ ʦʙʱʝʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʩʫʭʠʭ ʚʝʱʝʩʪʚ [103]. ɺ ʊʘʜʞʠʢʠʩʪʘʥʝ ʜʦʣʛʦʝ ʚʨʝʤʷ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʄʉ ʝʝ ʙʦʣʴʰʘʷ ʯʘʩʪʴ 

ʩʯʠʪʘʣʘʩʴ ʦʪʭʦʜʦʤ ʠ ʩʣʠʚʘʣʘʩʴ ʚ ʩʪʦʯʥʳʝ ʚʦʜʳ [104]. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝ ʪʦʣʴʢʦ 
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ʫʥʠʯʪʦʞʘʣʩ ̫ ʦʯʝʥʴ ʮʝʥʥʳʡ ʧʠʱʝʚʦʡ ʧʨʦʜʫʢʪ, ʥʦ ʠ ʥʘʥʦʩʠʣʩʷ ʫʱʝʨʙ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʫʱʝʩʪʚʫʪʁ ʧʨʦʙʣʝʤ rʩ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʩʘʭʘʨʘ, ʘ ʠʤʧʦʨʪ ɻ ʪʦʛʦ 

ʧʨʦʜʫʢʪʘ ʚ ʊʘʜʞʠʢʠʩʪʘʥ ʦʯʝʥʴ ʜʦʨʦʛ. ʇʝʨʝʨʘʙʦʪʢʘ ʣʘʢʪʦʟʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ɻɻʉ 

ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʦʪ ʥʦʚʳʡ ʧʨʦʜʫʢʪ ʚ ʢʘʯʝʩʪʚʝ ʩʘʭʘʨʦʟʘʤʝʥʠʪʝʣʷ, ʯʪʦ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʧʦʣʠʪʠʢʝ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ ʚ ʨʝʩʧʫʙʣʠʢʝ.  

ʇʦʵʪʦʤʫ ʢʦʤʧʣʝʢʩʥʘʷ ʧʝʨʝʨʘʙʦʪʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠ ʨʘʟʨʘʙʦʪʢʦʡ ʥʦʚʳʭ 

ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʄʉ ʚ ʨʝʩʧʫʙʣʠʢʝ ̫ ʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

 

1.6 ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʩʚʦʡʩʪʚʘ ʠ ʧʨʠʤʝʥʝʥʠʝ ʟʝʠʥʘ 

1.6.1 ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠ ʩʚʦʡʩʪʚʘ ʟʝʠʥʘ 

ç...ɿʝʠʥʳ ʦʪʥʦʩʠʪʩʷ ʢ ʙʝʣʢʘʤ ʩʝʤʷʥ ʟʣʘʢʦʚʳʭ ʢʫʣʴʪʫʨ ʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ 

ʧʠʱʝʚʦʡ ʮʝʥʥʦʩʪʴʶ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʦʪʣʠʯʘʶʪʩʷ ʧʦʣʠʤʦʨʬʠʟʤʦʤ 

ʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʵʬʬʝʢʪʠʚʥʳʝ ʙʝʣʢʦʚʳʝ ʤʘʨʢʝʨʳ ʚ ʛʝʥʝʪʠʢʝ ʠ 

ʩʝʣʝʢʮʠʠ...è [105-107]. ʀʤʝʥʥʦ, ʙʣʘʛʦʜʘʨʷ ʫʥʠʢʘʣʴʥʳʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ, 

ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʠ ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ, ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʦʙʣʘʩʪʴ ʠʭ 

ʧʨʠʤʝʥʝʥʠʷ ʨʘʩʰʠʨʷʝʪʩʷ ʩ ʧʝʨʩʧʝʢʪʠʚʦʡ ʩʦʟʜʘʥʠʷ ʫʧʘʢʦʚʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʩʠʩʪʝʤ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ [108-115].  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ç...ʟʝʠʥʳ, ʦʩʥʦʚʥʳʝ ʙʝʣʢʠ ʟʝʨʥʘ ʢʫʢʫʨʫʟʳ, 

ʩʠʥʪʝʟʠʨʫʶʪʩʷ ʥʘ ʧʦʣʠʩʦʤʘʭ, ʢʦʪʦʨʳʝ ʧʨʠʢʨʝʧʣʷʶʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʵʥʜʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ ʨʝʪʠʢʫʣʫʤʘ ʠʣʠ ʚʘʢʫʦʣʝʡ. ʕʪʦ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʙʝʣʢʠ ʩ 

ʚʳʩʦʢʦʡ ʘʛʨʝʛʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʩʦʩʪʦʷʪ ʠʟ ʯʝʪʳʨʸʭ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ: Ŭ-, ɓ-, 

ɔ- ʠ ŭ-ʟʝʠʥʦʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʧʦ ʄʄ ʠ ʨʘʩʧʦʣʦʞʝʥʠʶ ʚ ʙʝʣʢʦʚʳʭ ʪʝʣʴʮʘʭ. 

ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʟʝʠʥʦʚ ʟʘʚʠʩʠʪ ʦʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ ʚ 

ʤʦʣʝʢʫʣʝ ʙʝʣʢʘ. Ŭ-ʟʝʠʥ ʩʦʩʪʘʚʣʷʝʪ 75-85% ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʙʝʣʢʘ, ʧʦʩʪʨʦʝʥ ʠʟ 

ʜʚʫʭ ʧʦʣʠʧʝʧʪʠʜʥʳʭ ʮʝʧʝʡ ʤʘʩʩʦʡ 23000-24000 ʠ 26500-27000 ɼa, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ɓ-ʟʝʠʥ (17 500 ɼa) ʠ ɔ-ʟʝʠʥ (21 800 ɼa) ʩʦʩʪʘʚʣʷʶʪ 10-15% ʠ 5-10% ʦʪ ʦʙʱʝʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʙʝʣʢʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɹʝʣʦʢ ɔ-ʟʝʠʥ ʩʦʩʪʦʠʪ ʠʟ ʪʨʸʭ ʜʦʤʝʥʦʚ: N-
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ʢʦʥʮʝʚʦʛʦ ʧʨʦʣʠʥʘ ï ʙʦʛʘʪʦʛʦ ʜʦʤʝʥʘ, ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʠ ʙʦʣʴʰʦʛʦ ʉ-ʢʦʥʮʝʚʦʛʦ 

ʮʠʩʪʝʠʥʘ ï ʙʦʛʘʪʦʛʦ ʜʦʤʝʥʘ. ɹʝʣʦʢ ɔ-ʟʝʠʥ, ʧʦʚʪʦʨʷʶʱʠʡʩʷ ʜʦʤʝʥ ʙʝʣʦʢ ʢʫʢʫʨʫʟʳ ʩ 

N-ʢʦʥʮʝʚʳʤ ʧʨʦʣʠʥʦʚʳʤ ʦʩʪʘʪʢʦʤ (ɔ-ZNPRD), ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʨʦʪʝʠʥʦʚʳʭ ʪʝʣ. ʇʝʧʪʠʜʳ ʚ ʤʦʣʝʢʫʣʝ ʟʝʠʥʘ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʧʨʠʥʠʤʘʶʪ 

ʩʧʠʨʘʣʴʥʫʶ ʢʦʥʬʦʨʤʘʮʠʶ ʪʠʧʘ ʧʦʣʠʧʨʦʣʠʥ II (PPII) ʩʪʨʫʢʪʫʨʫ, ʚ ʢʦʪʦʨʦʡ ʩʧʠʨʘʣʴ 

ʠʤʝʝʪ ʜʣʠʥʫ 15.3 ʥʤ ʠ ʜʠʘʤʝʪʨ 1.2 ʥʤ (ʨʠʩʫʥʦʢ 1.6.1.1, ʘ) ...è [115, 116].  

 ʇʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ç...ɔ-ZNPRD ʤʦʞʝʪ ʙʳʪʴ ʩʬʦʨʤʠʨʦʚʘʥ 

ʘʤʬʠʧʘʪʠʯʝʩʢʠʤʠ ʩʧʠʨʘʣʷʤʠ, ʟʘʨʷʞʝʥʥʳʤʠ ʛʠʩʪʠʜʠʥʦʤ ʚ ʙʦʢʦʚʦʡ ʮʝʧʠ, 

ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʛʠʜʨʦʬʠʣʴʥʳʤ, ʘ ʪʘʢʞʝ ʚʘʣʠʥʦʤ ʠ ʣʝʡʮʠʥʦʤ ʚ ʙʦʢʦʚʦʡ ʮʝʧʠ ï 

ʛʠʜʨʦʬʦʙʥʳʤʠ ʦʩʪʘʪʢʘʤʠ. ɿʝʠʥ ʤʦʞʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʘʛʨʝʛʘʪʳ 

ʜʠʘʤʝʪʨʘʤʠ ʦʪ 6 ʜʦ 20 ʥʤ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ (ʨʠʩʫʥʦʢ 1.6.1.1, ʙ) ...è [115]. 

 

a)    ʙ) 

ʈʠʩʫʥʦʢ 1.6.1.1. ï (a) ʆʪʜʝʣʴʥʘʷ ʤʦʣʝʢʫʣʘ ʦʢʪʘʤʝʨʘ ʩʤʦʜʝʣʠʨʦʚʘʥʘ ʥʘ 

ʦʩʥʦʚʝ ʩʪʨʫʢʪʫʨ r PPII. ɻʠʜʨʦʬʦʙʥʳʝ ʘʤʠʥʦʢʠʩʣʦʪʳ ʣʝʡʮʠʥ ʠ ʚʘʣʠʥ, 

ʠʤʝʶʱʠʝ ʥʝʣʠʥʝʡʥʳʝ ʙʦʢʦʚʳʝ ʮʝʧʠ ʚʳʜʝʣʝʥʳ ʚ ʙʝʣʳʝ ʢʨʫʞʦʯʢʠ, ʘ 

ʧʦʣʷʨʥʳʝ ʙʦʢʦʚʳʝ ʮʝʧʠ ʛʠʩʪʠʜʠʥʘ ʢʘʢ ʣʦʧʘʩʪʠ; (ʙ) ʉʭʝʤʘʪʠʯʝʩʢʠʡ 

ʥʘʢʣʦʥʥʳʡ ʦʙʟʦʨ ʘʛʨʝʛʠʨʦʚʘʥʠʷ ʤʠʮʝʣʣ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʙʦʣʴʰʝʛʦ ʜʠʘʤʝʪʨʘ ʩʫʧʝʨʩʪʨʫʢʪʫʨ ʚ ʬʦʨʤʝ ʮʠʣʠʥʜʨʘ [115].  

 ɺ ʨʘʙʦʪʝ [117] ç...ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʠʧʝʧʪʠʜʥʦʛʦ ʩʦʩʪʘʚʘ ʠ 

ʘʛʨʝʛʠʨʫʶʱʠʭ ʩʚʦʡʩʪʚ ʟʝʠʥʦʚ ʙʳʣ ʧʨʦʚʝʜʸʥ ʵʣʝʢʪʨʦʬʦʨʝʟ ʙʝʣʢʦʚ ʚ 14% ʇɸɸɻ 

ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʜʦʜʝʮʠʣʩʫʣʬʘʪʘ ʥʘʪʨʠʷ (SDS-Na), ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ ʦʢʦʣʦ 7 

ʢʦʤʧʦʥʝʥʪʦʚ, ʦʪʥʝʩʸʥʥʳʭ ʢ Ŭ-, ɓ-, ɔ-ʟʝʠʥʘʤ ʠ ʠʭ ʜʠʤʝʨʘʤ ʠ ʪʝʪʨʘʤʝʨʘʤ...è [117]. 
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1.6.2 ʇʨʠʤʝʥʝʥʠʝ ʟʝʠʥʘ 

ç...ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʙʝʣʢʠ ʩʝʤʷʥ ʟʣʘʢʦʚʳʭ ʢʫʣʴʪʫʨ 

ʠʥʪʝʥʩʠʚʥʦ ʠʩʩʣʝʜʫʶʪʩʷ, ʯʪʦ ʩʚʷʟʘʥʦ ʥʝ ʪʦʣʴʢʦ ʩ ʧʦʣʫʯʝʥʠʝʤ ʧʦʣʥʦʮʝʥʥʦʛʦ 

ʧʨʦʜʫʢʪʘ ʧʠʪʘʥʠʷ. ʉʧʝʢʪʨ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʨʦʩ. ʊʘʢ 

ʩʧʠʨʪʦʨʘʩʪʚʦʨʠʤʳʝ ʙʝʣʢʠ ʢʫʢʫʨʫʟʳ ï ʟʝʠʥʳ ï ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʢʘʢ ʘʣʴʪʝʨʥʘʪʠʚʘ ʨʘʟʣʠʯʥʳʤ ʢʦʤʤʝʨʯʝʩʢʠʤ ʧʣʘʩʪʤʘʩʩʘʤ ʥʘ ʦʩʥʦʚʝ ʥʝʬʪʠ. 

ʇʨʠʯʸʤ ʫʧʘʢʦʚʦʯʥʳʝ ʧʣʝʥʢʠ ʠ ʙʠʦʧʣʘʩʪʠʢʠ ʥʘ ʦʩʥʦʚʝ ʟʝʠʥʘ ʧʨʦʠʟʚʦʜʷʪ 

ʩʪʘʥʜʘʨʪʥʳʤ ʤʝʪʦʜʦʤ ï ʵʢʩʪʨʫʟʠʝʡ (ʚʳʜʘʚʣʠʚʘʥʠʝʤ)...è [111-114].  

ɺʤʝʩʪʝ ʩ ʪʝʤ, ç...ʟʝʠʥʳ ʦʙʣʘʜʘʶʪ ʧʨʝʢʨʘʩʥʳʤʠ ʧʣʸʥʢʦʦʙʨʘʟʫʶʱʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ɼʣʷ ʵʪʦʛʦ ʪʨʝʙʫʝʪʩʷ ʣʠʰʴ ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ, 

ʫʣʫʯʰʘʶʱʘʷ ʩʚʦʡʩʪʚʘ ʟʝʠʥʦʚʳʭ ʧʣʸʥʦʢ ʩ ʧʦʤʦʱʴʶ ʪʘʢʠʭ ʩʰʠʚʘʶʱʠʭ ʘʛʝʥʪʦʚ, 

ʢʘʢ ʬʦʨʤʘʣʴʜʝʛʠʜ, ʛʣʫʪʘʨʘʣʴʜʝʛʠʜ, ʵʧʠʭʣʦʨʛʠʜʨʠʥ, ʣʠʤʦʥʥʘʷ ʢʠʩʣʦʪʘ, ʢʨʘʭʤʘʣ 

ʠ ʜʨ. [110-114]. ɻʠʙʢʠʝ ʟʝʠʥoʚʳʝ ʧʣʸʥʢʠ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʤʝʜʠʮʠʥʝ ʠ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʀʩʩʣeʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ 

ʵʪʠʭ ʫʥʠʢʘʣʴʥʳʭ ʧʦ ʩʪʨʫʢʪʫʨʝ ʙʝʣʢʦʚ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʪʴ ʩʧʝʢʪʨ ʠʭ 

ʧʨʠʤeʥʝʥʠʷ...è [117]. 

ç...ɿʝʠʥ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʛʦ 

ʧʦʩʪʦʷʥʥʦʤʫ ʚʳʩʚʦʙʦʞʜʝʥʠʶ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʤʦʣʝʢʫʣ ʠʟ ʤʠʢʨʦʩʬʝʨ, 

ʛʠʜʨʦʛʝʣʠ, ʧʣʝʥʦʢ ʠ ʪʘʙʣʝʪʦʢ...è [108, 109]. ç...ʀʚʝʨʤʝʢʪʠʥ ʠ ʭʝʨʘʧʠʥ ʙʳʣʠ 

ʚʳʙʨʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʞʠʨʦʨʘʩʪʚʦʨʠʤʳʭ ʠ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʤʦʜʝʣʝʡ. ʇʣʝʥʢʘ, ʥʘʩʳʱʝʥʥʘʷ ʭʝʨʘʧʠʥʦʤ ʠʣʠ ʪʘʙʣʝʪʢʘ, ʥʘʩʳʱʝʥʥʘʷ 

ʠʚʝʨʤʝʢʪʠʥʦʤ, ʧʨʠʛʦʪʦʚʣʝʥʳ ʥʘ ʦʩʥʦʚʝ ʤʠʢʨʦʩʬʝʨ ʟʝʠʥʘ, ʥʘʩʳʱʝʥʥʳʭ 

ʣʝʢʘʨʩʪʚʦʤ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʨʘʟʜʝʣʝʥʠʷ ʬʘʟ ʠ 

ʭʘʨʘʢʪʝʨʠʟʠʨʦʚʘʥʳ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʝʡ ʠ ʣʘʟʝʨʥʳʤ 

ʩʚʝʪʦʚʳʤ ʨʘʩʩʝʷʥʠʝʤ ʧʦ ʢʨʫʧʥʦʩʪʠ ʯʘʩʪʠʮ. ɹʳʣʘ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ 

ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʠ ʟʝʠʥʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʘʣʣʘʥʪʦʠʜʥʫʶ (ʧʫʧʦʯʥʫʶ) ʚʝʥʫ 

ʯʝʣʦʚʝʢʘ ʩ ʵʥʜʦʪʝʣʠʘʣʴʥʳʤʠ ʢʣʝʪʢʘʤʠ ʠ ʛʝʤʦʩʦʚʤʝʩʪʠʤʦʩʪʴʶ. ɿʘʪʝʤ ʙʳʣʦ 

ʦʧʨʝʜʝʣʝʥʦ ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʚ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʣʝʢʘʨʩʪʚ ʠʟ ʤʠʢʨʦʩʬʝʨ, 

ʧʣʝʥʦʢ ʠ ʪʘʙʣʝʪʦʢ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʟʝʠʥ ʠ ʝʛʦ ʜʝʛʨʘʜʠʨʦʚʘʥʥʳʡ 
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ʧʨʦʜʫʢʪ ʦʙʣʘʜʘʣʠ ʣʫʯʰʝʡ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴʶ; ʨʘʟʤʝʨʳ ʤʠʢʨʦʩʬʝʨ ʙʳʣʠ 10 ʤʢʤ 

ʠ ʟʘʚʠʩʝʣʠ ʦʪ ʫʩʣʦʚʠʡ ʧʨʠʛʦʪʦʚʣʝʥʠʷ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʝʠʥʘ ʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʩʨʝʜʩʪʚ. ʃʝʢʘʨʩʪʚʦ ʚ ʤʠʢʨʦʩʬʝʨʘʭ, ʧʣʝʥʢʘʭ ʠ ʪʘʙʣʝʪʢʘʭ ʚʳʩʚʦʙʦʞʜʘʣʦʩʴ 

ʤʝʜʣʝʥʥʦ, ʧʦ ʤʝʭʘʥʠʟʤʫ ʜʠʬʬʫʟʠʠ ʣʝʢʘʨʩʪʚ ʯʝʨʝʟ ʤʘʪʨʠʢʩ (ʤʝʞʢʣʝʪʦʯʥʦʝ 

ʚʝʱʝʩʪʚʦ). ɹʦʣʝʝ ʪʦʛʦ, ʣʝʢʘʨʩʪʚʘ ʩʦʭʨʘʥʷʣʠ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ. ʊʘʢʘʷ ʉɼʃ ʢ 

ʥʫʞʥʦʤʫ ʫʯʘʩʪʢʫ ʩʪʘʣʘ ʙʳʩʪʨʦ ʨʘʟʚʠʚʘʪʴʩʷ ʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʦ ʤʥʦʛʠʭ 

ʦʙʣʘʩʪʷʭ, ʚʢʣʶʯʘʷ ʬʘʨʤʘʮʝʚʪʠʢʫ, ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ, ʢʦʩʤʝʪʦʣʦʛʠʶ, ʧʠʱʝʚʫʶ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʠ ʪ.ʜ....è [108-111, 116, 117]. 

ɹʝʣʢʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʩʦʚʤʝʩʪʥʦ ʩ ʜʨʫʛʠʤʠ ʧʠʱʝʚʳʤʠ 

ʧʦʣʠʤʝʨʘʤʠ, ʢʘʢ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ, ʩʧʦʩʦʙʥʳ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ 

ʚʨʝʤʷ ʜʝʡʩʪʚʠʷ ʠ ʩʥʠʟʠʪʴ ʪʦʢʩʠʯʥʦʩʪʴ ʚʚʦʜʠʤʳʭ ʚ ʦʨʛʘʥʠʟʤ ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʚʝʱʝʩʪʚ [107]. ʉ ʵʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʶʪ ʙʝʣʢʠ ʟʝʨʥʘ 

ʢʫʢʫʨʫʟʳ, ʚʳʨʘʱʝʥʥʦʡ ʚ ʫʩʣʦʚʠʷʭ ʊʘʜʞʠʢʠʩʪʘʥʘ. ʆʩʥʦʚʥʫʶ ʯʘʩʪʴ ʙʝʣʢʦʚ 

ʢʫʢʫʨʫʟʳ ʩʦʩʪʘʚʣʷʝʪ ʩʧʠʨʪʦʨʘʩʪʚʦʨʠʤʘʷ ʬʨʘʢʮʠʷ ï ʟʝʠʥʳ. ɿʝʠʥʳ ʟʘ ʩʯʸʪ 

ʚʳʩʦʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʘʤʠʥʦʢʠʩʣʦʪ, ʣʝʡʮʠʥʘ, ʠʟʦʣʝʡʮʠʥʘ, ʚʘʣʠʥʘ ʠ 

ʬʝʥʠʣʘʣʘʥʠʥʘ, ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʛʠʜʨʦʬʦʙʥʦʩʪʴʶ. ʅʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʦʩʥʦʚʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ï ʣʠʟʠʥʘ ʠ ʘʨʛʠʥʠʥʘ ʚ ʩʪʨʫʢʪʫʨʝ ʝʛʦ ʤʦʣʝʢʫʣʳ 

ʦʧʨʝʜʝʣʷʝʪ ʩʣʘʙʦʝ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʝ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. 

ɿʝʠʥʳ, ʚʳʜʝʣʝʥʥʳʝ ʵʢʩʪʨʘʢʮʠʝʡ (ʚʦʜʥʳʤ ʵʪʘʥʦʣʦʤ) ʠʟ ʢʫʢʫʨʫʟʥʦʡ ʤʫʢʠ, 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʤʝʩʴ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʢʦʚʘʣʝʥʪʥʦ ʩʚʷʟʘʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʠ ʘʛʨʝʛʘʪʦʚ 

ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ [118].  

 

1.7 ʇʝʢʪʠʥ ʢʘʢ ʛʝʣʝʦʙʨʘʟʫʶʱʠʡ ʙʠʦʧʦʣʠʤʝʨ 

ç...ʀʟʚʝʩʪʥʦ, ʯʪʦ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʝ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʚʳʟʚʘʥʦ ʩʦʩʪʦʷʥʠʝʤ ʘʛʨʝʛʘʮʠʠ ʠʭ ʤʦʣʝʢʫʣ ʚ ʨʘʩʪʚʦʨʝ, ʢʦʛʜʘ ʮʝʧʥʳʝ ʤʦʣʝʢʫʣʳ, 

ʩʚʷʟʘʥʥʳʝ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʯʝʨʝʟ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ ʠʦʥʥʳʤʠ, ʚʦʜʦʨʦʜʥʳʤʠ 

ʠʣʠ ʜʠʧʦʣʴʥʳʤʠ ʩʚʷʟʷʤʠ, ʦʙʨʘʟʫʶʪ ʥʝʧʨʝʨʳʚʥʫʶ ʪʚʝʨʜʫʶ ʬʘʟʫ, ʩʦʭʨʘʥʷʷ ʪʫ 

ʠʣʠ ʠʥʫʶ ʩʪʝʧʝʥʴ ʩʦʣʴʚʘʪʘʮʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʦʣʷʨʥʳʭ ʘʪʦʤʦʚ, ʠ ʤʦʛʫʪ 
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ʩʦʜʝʨʞʘʪʴ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʪʚʦʨʘ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʚʝʱʝʩʪʚ...è 

[44]. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʉʕ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ, ʢʦʤʤʝʨʯʝʩʢʠʝ ʧʝʢʪʠʥʳ 

ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʢʘʢ ɺʄ-ʧʝʢʪʠʥ r(ʉʕ>50%) ʠ ʅʄ-ʧʝʢʪʠʥʳ (ʉʕ <50%) [52]. ɺ 

ʦʙʱʝʤ, ɺʄ-ʧʝʢʪʠʥ ʦʙʨʘʟʫʝʪ ʛʝʣʴ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ (ʦʙʳʯʥʦ pH 2.5-3.2) ʠ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʚʝʱʝʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʩʘʭʘʨʦʟʘ ʠ ʢʘʣʴʮʠʷ [119-121].  

ʆʩʥʦʚʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ʧʝʢʪʠʥʦʚ ʚ ʧʠʱʝʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʜʞʝʤʳ ʠ ʚʘʨʝʥʴʝ. ʋʩʣʦʚʠʷ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʩʘʭʘʨʘ ʠ ʢʠʩʣʦʪʳ ʚ ʨʘʩʪʚʦʨʝ ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʥʝʞʝʣʠ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ. ɹʦʣʴʰʠʥʩʪʚʦ 

ʤʝʞʮʝʧʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʧʦʣʠʤʝʨʥʳʭ ʩʠʩʪʝʤʘʭ ʥʝ ʦʩʥʦʚʘʥʦ ʥʘ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ, ʧʦʵʪʦʤʫ ʛʠʜʨʦʬʦʙʥʳʝ ʠ ʚʦʜʦʨʦʜʥʳʝ 

ʩʚʷʟʠ ʦʢʘʟʳʚʘʶʪ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʦʣʠʤʝʨʥʳʭ ʛʝʣʝʡ. 

ʉʠʩʪʝʤʳ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʘʭʘʨʘ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʥʠʟʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʚʦʜʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʝʪʢʠ. ʕʪʠ ʷʚʣʝʥʠ ̫ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʩʠʩʪʝʤʝ 

ɺʄ-ʧʝʢʪʠʥʦʚ ʙʳʩʪʨʦʡ (ʉʕ ~77) ʠ ʤʝʜʣʝʥʥʦʡ (ʉʕ ~60) ʩʘʜʢʠ. ɺʄ-ʧʝʢʪʠʥʳ ʩ 

ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʛʠʜʨʦʬʦʙʥʳʭ ʛʨʫʧʧ ʧʨʦʷʚʣʷʶʪ ʤʝʜʣʝʥʥʦʝ 

ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʝ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʫʜʦʙʥʳʤ ʜʣʷ ʧʠʱʝʚʠʢʦʚ ʧʨʠ ʧʦʣʫʯʝʥʠʠ 

ʞʝʣʠʨʫʶʱʠʭ ʧʨʦʜʫʢʪʦʚ.  

çéʇʝʢʪʠʥʳ, ʷʚʣʷʷʩʴ ʪʠʧʠʯʥʳʤʠ ʛʝʣʝʦʙʨʘʟʫʶʱʠʤʠ ʘʛʝʥʪʘʤʠ, 

ʪʨʘʜʠʮʠʦʥʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʨʘʟʣʠʯʥʳʭ ʞʝʣʝ ʠ ʢʦʥʜʠʪʝʨʩʢʠʭ 

ʠʟʜʝʣʠʡ, ʪʘʢʞʝ ʥʘʰʣʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʜʨʫʛʠʭ ʧʠʱʝʚʳʭ, ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʠ 

ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʘʭ, ʪʘʢʠʭ ʢʘʢ ʙʝʟʘʣʢʦʛʦʣʴʥʳʝ ʥʘʧʠʪʢʠ ʠ ʤʦʣʦʯʥʳʝ 

ʧʨʦʜʫʢʪʳ, ʜʝʪʩʢʦʝ ʧʠʪʘʥʠʝ ʠ ʩʠʩʪʝʤʳ ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚéè [50-

52, 44, 122]. ʇʝʢʪʠʥʳ ʤʦʛʫʪ ʵʬʬʝʢʪʠʚʥʦ ʩʚʷʟʳʚʘʪʴʩʷ ʯʝʨʝʟ ʙʦʢʦʚʳʝ ʮʝʧʠ ʠ ʩ 

ʪʘʢʠʤʠ ʧʨʠʨʦʜʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʢʘʢ ʮʝʣʣʶʣʦʟʘ ʠ ʢʨʘʭʤʘʣ, ʦʙʨʘʟʦʚʳʚʘʪʴ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʭʠʪʦʟʘʥʦʤ ʠ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʨʝʘʢʮʠʷʭ ʄʘʡʷʨʘ ʩ 

ʙʝʣʢʘʤʠ. ʀ ʧʝʢʪʠʥ, ʠ ʢʨʘʭʤʘʣ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʠʱʝʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʧʦʵʪʦʤʫ ʧʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤ ʧʝʢʪʠʥ/ʢʨʘʭʤʘʣ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 
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ʩʘʭʘʨʦʟʳ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʪʝʢʩʪʫʨʥʳʭ ʩʚʦʡʩʪʚ ʧʠʱʝʚʳʭ 

ʧʨʦʜʫʢʪʦʚ. ʂʦʤʙʠʥʘʮʠʷ ʧʝʢʪʠʥʘ, ʭʠʪʦʟʘʥʘ ʠ ʘʥʪʦʮʠʘʥʘ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ. ʇʨʘʚʠʣʴʥʦ 

ʧʨʠʛʦʪʦʚʣʝʥʥʳʝ ʧʝʢʪʠʥ-ʙʝʣʢʦʚʳʝ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʧʠʱʝʚʳʭ ʵʤʫʣʴʩʠʡ ʙʣʘʛʦʜʘʨʷ ʠʭ ʵʤʫʣʴʛʠʨʫʶʱʠʤ ʩʚʦʡʩʪʚʘʤ [122].  

ʇʝʢʪʠʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʡ ʧʦʣʠʩʘʭʘʨʠʜ (ɺʈʇ), ʢʦʪʦʨʳʡ 

ʥʘʤʝʨʝʥʥʦ ʜʦʙʘʚʣʷʝʪʩʷ ʚ ʧʠʱʝʚʳʝ ʩʠʩʪʝʤʳ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʩʚʦʡʩʪʚ. ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ɺʈʇ ʷʚʣʷʝʪʩʷ ʠʭ 

ʩʧʦʩʦʙʥʦʩʪʴ ʩʚʷʟʳʚʘʪʴ ʚʦʜʫ ʠ ʧʦʚʳʰʘʪʴ ʚʷʟʢʦʩʪʴ ʧʨʦʜʫʢʪʦʚ. ɺʈʇ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ ʠ ʟʘʛʫʩʪʠʪʝʣʝʡ ʜʣʷ ʢʦʥʪʨʦʣʷ ʪʝʢʩʪʫʨʳ 

ʧʦʣʫʪʚʝʨʜʳʭ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ [123]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʢʪʠʥ, ʚ ʧʠʱʝʚʳʭ 

ʧʨʦʜʫʢʪʘʭ, ʮʝʥʠʪʩʷ ʙʣʘʛʦʜʘʨʷ ʪʘʢʠʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʩʚʦʡʩʪʚʘʤ, ʢʘʢ ʧʦʚʳʰʝʥʠʝ 

ʚʷʟʢʦʩʪʠ, ʦʙʨʘʟʦʚʘʥʠʝ ʛʝʣʷ ʠ ʩʪʘʙʠʣʠʟʘʮʠʷ ʙʝʣʢʘ [124]. 

çéʄʝʭʘʥʠʟʤ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ɺʄ- ʠ ʅʄ-ʧʝʢʪʠʥʦʚ ʦʪʣʠʯʘʝʪʩʷ: ɺʄ-

ʧʝʢʪʠʥʳ ʦʙʨʘʟʫʶʪ ʛʝʣʝʚʫʶ ʩʪʨʫʢʪʫʨʫ ʚ ʧʨʠʩʫʪʩʪʚʠʝ ʩʘʭʘʨʦʚ ʠ ʧʨʠ ʥʠʟʢʦʡ 

ʢʠʩʣʦʪʥʦʩʪʠ ʟʘ ʩʯʝʪ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ [119, 120]; ʚ ʪʦ ʚʨʝʤʷ ʅʄ-ʧʝʢʪʠʥʳ 

ʬʦʨʤʠʨʫʶʪ ʩʪʨʫʢʪʫʨʫ ʛʝʣʷ ʧʦʩʨʝʜʩʪʚʦʤ ʠʦʥʦʚ ʢʘʣʴʮʠʷéè [50-52, 44, 124-127] 

(ʨʠʩʫʥʦʢ 1.7.1).  

ʄʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʝʣʝʚʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʧʨʦʮʝʩʩʝ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ 

ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʤ, ʥʦ ʝʛʦ ʧʨʠʥʮʠʧʳ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳ ʠ ʦʧʠʩʘʥʳ ʚ ʣʠʪʝʨʘʪʫʨʝ 

[128]. ʆʙʱʝʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʛʝʣʷ ʠ ʚʦʜʘ ʤʦʞʝʪ ʙʳʪʴ ʚʢʣʶʯʝʥʘ ʚ 

ʩʝʪʢʫ ʛʝʣʷ, ʢʦʛʜʘ ʟʦʥʳ ʩʦʝʜʠʥʝʥʠʷ ʚ ʛʣʘʜʢʠʭ ʦʙʣʘʩʪʷʭ (HG) ʤʦʣʝʢʫʣ ʧʝʢʪʠʥʘ 

ʦʙʨʘʟʫʶʪ ʪʨʝʭʤʝʨʥʫʶ ʩʝʪʴ ʯʝʨʝʟ ʩʧʝʮʠʬʠʯʝʩʢʫʶ ʤʝʞʤʦʣʝʢʫʣʷʨʥʫʶ ʩʚʷʟʴ. 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʪʠʧʠʯʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʩʘʭʘʨʥʦ-ʢʠʩʣʦʪʥʦʛʦ ʛʝʣʷ ɺM-

ʧʝʢʪʠʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʫʭʩʪʘʜʠʡʥʳʡ ʧʨʦʮʝʩʩ ʩ ʜʚʫʤʷ ʪʠʧʘʤʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ: ʚʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʘʭʘʨʘ ʩʥʠʞʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʝʢʪʠʥ-

ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʛʠʜʨʦʬʦʙʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ 

ʤʝʪʦʢʩʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʧʦʣʠʛʘʣʘʢʪʫʨʦʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ. 
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ʈʠʩʫʥʦʢ 1.7.1. ï ʄʝʭʘʥʠʟʤʳ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ: ʘ) ɺʄ-ʧʝʢʪʠʥʘ ʠ ʙ) ʅʄ-

ʧʝʢʪʠʥʘ [52]. 

ʕʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʦʤʠʥʠʨʫʶʪ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʅʠʟʢʦʝ 

ʟʥʘʯʝʥʠʝ pH ʫʤʝʥʴʰʘʝʪ ʜʠʩʩʦʮʠʘʮʠʶ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʧʦʜʘʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʦʪʪʘʣʢʠʚʘʥʠʝ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʧʝʢʪʠʥʘ ʠ 

ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʥʝʜʠʩʩʦʮʠʠʨʦʚʘʥʥʳʤʠ 

ʢʘʨʙʦʢʩʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʠ ʚʪʦʨʠʯʥʳʤʠ ʛʠʜʨʦʢʩʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ. 

ʇʦʩʣʝʜʥʠʡ ʧʨʦʮʝʩʩ ʜʦʤʠʥʠʨʫʝʪ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ [119, 129-132]. 

ʇʦʵʪʦʤʫ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʧʨʦʮʝʩʩʘ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ HM-ʧʝʢʪʠʥʘ 

ʠ ʩʚʦʡʩʪʚʘʤʠ ʛʝʣʷ ʷʚʣʷʶʪʩʷ ʢʘʢ ʚʥʫʪʨʝʥʥʠʝ ʧʝʨʝʤʝʥʥʳʝ ʤʦʣʝʢʫʣ ʧʝʢʪʠʥʘ (ʉʕ, 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʣʦʞʥʦʵʬʠʨʥʳʭ ʛʨʫʧʧ ʚʜʦʣʴ ʦʩʥʦʚʥʦʡ ʮʝʧʠ ʧʝʢʪʠʥʘ, ʄʄ, 

ʙʦʢʦʚʳʝ ʮʝʧʠ ʥʝʡʪʨʘʣʴʥʦʛʦ ʩʘʭʘʨʘ ʠ ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ), ʪʘʢ ʠ ʚʥʝʰʥʠʝ ʬʘʢʪʦʨʳ 

(pH, ʠʦʥʥʘʷ ʩʠʣʘ, ʨʘʩʪʚʦʨʠʤʳʝ ʪʚʝʨʜʳʝ ʚʝʱʝʩʪʚʘ, ʢʦʣʠʯʝʩʪʚʦ ʠ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʝʢʪʠʥʘ). ʇʦʤʠʤʦ ʪʠʧʘ ʧʝʢʪʠʥʘ ʠ ʙʫʬʝʨʥʦʡ ʩʠʩʪʝʤʳ, ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ 

ʚʣʠʷʝʪ ʥʘ ʫʧʨʫʛʠʝ ʩʚʦʡʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʧʝʢʪʠʥʦʚʦʡ ʩʪʨʫʢʪʫʨʳ [119, 129-133]. 

ʇʦʵʪʦʤʫ ʈʘʦ ʠ ʂʫʣʠ [134] ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʫʩʣʦʚʠʷ ʦʭʣʘʞʜʝʥʠʷ 

ʜʦʣʞʥʳ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴʩʷ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʛʝʣʷ. 
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ç...ɿʥʘʥʠʝ ʩʪʨʫʢʪʫʨʠʨʫʶʱʠʭ ʩʚʦʡʩʪʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʪʝʤʧʝʨʘʪʫʨʳ 

ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ʧʝʢʪʠʥʦʚ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʠ, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʪʦʯʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ, ʪ.ʝ. çʪʦʯʢʘ ʛʝʣʷè, ʧʨʠ 

ʢʦʪʦʨʦʡ ʤʘʪʝʨʠʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʠʟʤʝʥʷʶʪʩʷ ʦʪ ʞʠʜʢʦʩʪʠ ʢ ʙʦʣʝʝ ʪʚʝʨʜʳʤ, ʙʳʣʦ 

ʠʟʫʯʝʥʦ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʠʣʝʪʠʡ. ʆʩʥʦʚʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʧʝʢʪʠʥʦʚʳʭ ʛʝʣʝʡ, ʢʘʢ ʠ ʯʠʩʪʳʭ ʚʳʩʦʢʦʧʦʣʠʤʝʨʦʚ, ʷʚʣʷʝʪʩʷ 

ʩʦʯʝʪʘʥʠʝ ʚʳʩʦʢʦʵʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʩ ʪʝʢʫʯʝʩʪʴʶ ʧʨʠ ʥʘʧʨʷʞʝʥʠʷʭ ʩʜʚʠʛʘ, 

ʧʨʝʚʳʰʘʶʱʠʭ ʧʨʝʜʝʣ ʫʧʨʫʛʦʩʪʠ...è [44, 127, 135, 136].   

çéʀʩʩʣʝʜʦʚʘʪʝʣʠ ʠʟ CP Kelco [137] ʦʧʨʝʜʝʣʠʣʠ ʪʝʤʧʝʨʘʪʫʨʫ 

ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ʯʝʨʝʟ ʧʨʦʚʦʜʠʤʦʩʪʴ, ʜʨʫʛʠʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʗʄʈ-ʩʧʝʢʪʨʳ [138], 

ʘ ʪʘʢʞʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʳʝ ʚʠʟʫʘʣʴʥʳʝ ʪʝʩʪʳ...è [139, 140]. 

 

1.7.1 ʄʝʭʘʥʠʟʤ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ʧʝʢʪʠʥʦʚ 

1.7.1.1 ʇʦʚʝʜʝʥʠʝ ʧʝʢʪʠʥʦʚ ʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʘʭ 

çéʇʨʦʮʝʩʩ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ʇʇ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʳʡ, ʝʛʦ ʤʝʭʘʥʠʟʤ ʚ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʙʳʣ ʨʘʩʰʠʨʝʥ. ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ 

ʧʨʦʯʥʦʩʪʴ ʧʝʢʪʠʥʦʚʳʭ ʛʝʣʝʡ, ʚʩʝ ʞʝ ʦʩʪʘʶʪʩʷ ʨʅ, ʢʦʥʮʝʥʪʨʘʮʠʷ Ca2+ ʠ 

ʩʦʜʝʨʞʘʥʠʝ ʨʘʩʪʚʦʨʠʤʳʭ ʩʫʭʠʭ ʚʝʱʝʩʪʚ (ʥʘʧʨʠʤʝʨ, ʩʘʭʘʨʘ)éè [139-144]. 

çéʆʜʥʦʚʘʣʝʥʪʥʳʝ ʢʘʪʠʦʥʳ, ʪʘʢʠʝ ʢʘʢ ʥʘʪʨʠʡ ʠ ʢʘʣʠʡ, ʢʘʢ ʧʦʣʘʛʘʶʪ, 

ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʧʝʢʪʠʥʘʤʠ ʪʦʣʴʢʦ ʯʝʨʝʟ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝ ʚʳʟʳʚʘʶʪ ʦʙʨʘʟʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʛʝʣʝʡéè [145]. 

çéʉʧʝʮʠʬʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʝʢʪʠʥʦʚʳʭ ʚʝʱʝʩʪʚ ï ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʳ, 

ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʫʩʣʦʚʠʷʭ, ʚ ʢʦʪʦʨʳʭ ʠʭ ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʠʤʝʶʪ ʣʦʢʘʣʴʥʳʝ 

ʥʝʢʦʤʧʝʥʩʠʨʦʚʘʥʥʳʝ ʟʘʨʷʜʳ. ʕʪʠ ʩʚʦʡʩʪʚʘ ʚ ʦʩʥʦʚʥʦʤ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʟʘʨʷʞʝʥʥʳʭ ʛʨʫʧʧ ʧʦʣʠʠʦʥʦʚ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʩ ʦʢʨʫʞʘʶʱʠʤʠ 

ʠʭ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʤʠ ʧʨʦʪʠʚʦʠʦʥʘʤʠéè [38]. 

çéʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ ʅʄ-ʧʝʢʪʠʥʘ 

ʚ ʨʘʙʦʪʘʭ [38, 141, 146] ʦʧʨʝʜʝʣʝʥʳ ʚʝʣʠʯʠʥʳ ʩʪʘʪʠʯʝʩʢʦʡ ʦʙʲʝʤʥʦʡ ʝʤʢʦʩʪʠ 

(ɽ), ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʢʦʥʩʪʘʥʪʳ ʠʦʥʠʟʘʮʠʠ (ʨʂʭ) ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ 



50 
 

 

ʩʪʝʧʝʥʠ ʠʦʥʠʟʘʮʠʠ (Ŭ), ʧʘʨʘʤʝʪʨ çnè ʚ ʫʨʘʚʥʝʥʠʠ ɻʝʥʜʝʨʩʦʥʘ-ɻʘʩʩʝʣʴʙʘʭʘ ʠ 

ʚʝʣʠʯʠʥʝ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ (DGʵʣ). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʨʂʭ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʩ ʨʦʩʪʦʤ ʟʥʘʯʝʥʠʷ Ŭ, ʘ ʟʘʚʠʩʠʤʦʩʪʴ ʨʅ ʦʪ lg(Ŭ/(1-Ŭ)), ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ 

ɻʝʥʜʝʨʩʦʥʘ-ɻʘʩʩʝʣʴʙʘʭʘ, ʥʦʩʠʪ ʧʨʷʤʦʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ ʧʨʠ ʚʝʣʠʯʠʥʝ n = 2,1. 

ɼʘʥʥʳʝ ʧʦ ʟʥʘʯʝʥʠʷʤ n>1 ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʟʥʘʯʠʪʝʣʴʥʦʤ ʚʣʠʷʥʠʠ ʩʦʩʝʜʥʠʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʥʘ ʠʦʥʠʟʘʮʠʶ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʤʦʥʦʤʝʨʥʳʭ 

ʟʚʝʥʴʝʚ ʧʦʣʠʛʘʣʘʢʪʫʨʦʥʦʚʳʭ ʤʘʢʨʦʤʦʣʝʢʫʣ. ʇʨʠ ʠʦʥʠʟʘʮʠʠ ʤʘʢʨʦʤʦʣʝʢʫʣ ʅʄ-

ʧʝʢʪʠʥʘ ʧʨʦʠʩʭʦʜʷʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʥʝ ʪʦʣʴʢʦ ʚʦʟʜʝʡʩʪʚʠʝʤ ʦʜʥʦʠʤʝʥʥʳʭ ʟʘʨʷʜʦʚ, ʥʦ ʠ 

ʨʘʟʨʫʰʝʥʠʝʤ ʠʣʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡéè [38, 141, 146]. 

çéʀʦʥʠʟʘʮʠʷ ʅʄ-ʧʝʢʪʠʥʦʚ ʷʚʣʷʝʪʩʷ ʟʘʢʦʥʦʤʝʨʥʳʡ ʧʨʦʮʝʩʩʦʤ, 

ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʧʦʣʠʤʝʨʥʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʩ ʫʯʝʪʦʤ ʥʝʢʦʪʦʨʳʭ ʩʪʨʫʢʪʫʨʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʘʣʠʯʠʝʤ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʚʦʜʦʨʦʜʥʳʭ 

ʩʚʷʟʝʡéè [38].  

çéɻʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʝʢʪʠʥʦʚʳʭ ʚʝʱʝʩʪʚ ʚ ʨʘʟʙʘʚʣʝʥʥʦʤ 

ʨʘʩʪʚʦʨʝ ʙʳʣʠ ʠʟʫʯʝʥʳ ʤʝʪʦʜʦʤ ʚʠʩʢʦʟʠʤʝʪʨʠʠ [146]. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʶʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ʠʟʤʝʨʝʥʠʶ ʚʷʟʢʦʩʪʠ 

ʧʝʢʪʠʥʦʚʳʭ ʚʝʱʝʩʪʚ ʚ ʨʘʟʙʘʚʣʝʥʥʦʤ ʨʘʩʪʚʦʨʝ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʨʘʩʯʝʪʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʩʩ. ʆʜʥʘʢʦ ʜʘʥʥʳʝ ʨʘʟʥʳʭ ʘʚʪʦʨʦʚ ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʜʘʞʝ ʜʣʷ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɼʘʥʥʦʝ ʨʘʩʭʦʞʜʝʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʩʢʦʣʴʢʠʤʠ ʬʘʢʪʦʨʘʤʠ. ʂ ʥʠʤ ʚ ʦʩʥʦʚʥʦʤ 

ʦʪʥʦʩʷʪʩʷ ʩʪʝʧʝʥʴ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʪʝʨʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ, 

ʩʦʦʪʥʦʰʝʥʠʝ ʛʦʤʦ- ʠ ʨʘʤʥʦʛʘʣʘʢʪʫʨʦʥʘʥʦʚʳʭ ʮʝʧʝʡ ʚ ʤʘʢʨʦʤʦʣʝʢʫʣʝ ʠ ʚʳʙʦʨ 

ʜʠʘʧʘʟʦʥʘ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʚʷʟʢʦʩʪʠ ʨʘʩʪʚʦʨʦʚ ʧʝʢʪʠʥʘéè [38].  

çéʇʦʵʪʦʤʫ ʧʨʠ ʚʳʙʦʨʝ ʦʙʣʘʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʨʘʟʙʘʚʣʝʥʥʦʛʦ 

ʢ ʫʤʝʨʝʥʥʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʤʫ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʤʫ ʨʘʩʪʚʦʨʫ ʠ ʢʘʯʝʩʪʚʘ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘʤʠ ʫʯʠʪʳʚʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʢʨʠʪʝʨʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʨʘʚʥʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ (ʉ) ʩ ʦʙʨʘʪʥʳʤ ʟʥʘʯʝʥʠʝʤ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ (1/[h]) ʠ 

ʦʮʝʥʢʘ ʟʥʘʯʝʥʠʡ ʢʦʥʩʪʘʥʪ ʍʘʛʛʠʥʩʘ (ʂ1). ʕʪʠ ʞʝ ʢʨʠʪʝʨʠʠ ʧʨʠʤʝʥʷʣʠʩʴ ʜʣʷ 
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ʨʘʩʪʚʦʨʦʚ ʨʘʟʣʠʯʥʦʡ ʠʦʥʥʦʡ ʩʠʣʳ (J), ʢʦʪʦʨʘʷ ʜʦʩʪʠʛʘʣʘʩʴ ʧʨʠʙʘʚʣʝʥʠʝʤ ʚ 

ʨʘʩʪʚʦʨ ʨʘʟʣʠʯʥʳʭ ʢʦʣʠʯʝʩʪʚ ʩʦʣʝʡ NaCl, KCl, CuCl2, CaCl2, AlCl3. ʇʦʢʘʟʘʥʦ 

[146], ʯʪʦ ʚʦ ʚʩʝʡ ʦʙʣʘʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʝʢʪʠʥʘ ʠ ʠʦʥʥʦʡ ʩʠʣʳ ʜʦʩʪʠʛʘʝʪʩʷ 

ʢʨʠʪʝʨʠʡ ʉ Ã 1/[h], ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʧʦʣʥʝʥʠʠ ʚʩʝʭ ʠʟʤʝʨʝʥʠʡ ʚʷʟʢʦʩʪʠ 

ʚ ʦʙʣʘʩʪʠ ʨʘʟʙʘʚʣʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ. ɺʝʣʠʯʠʥʘ ʂ1 ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʠʦʥʥʦʡ 

ʩʠʣʳ ʨʘʩʪʚʦʨʘ ʠ ʚ ʠʟʫʯʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪʩʷ ʢʨʠʪʝʨʠʡ ʂ1>0,5, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʥʷʪʠʶ çʧʣʦʭʦʡ ʨʘʩʪʚʦʨʠʪʝʣʴè. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʠʟʤʝʨʝʥʠʡ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʩʦʣʝʡ ʥʘʪʨʠʷ ʠ ʢʘʣʠʷ ʣʠʰʴ ʧʨʠ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʷʭ ʠʦʥʥʦʡ ʩʠʣʳ 

ʢʘʯʝʩʪʚʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʢʨʠʪʝʨʠʶ çʭʦʨʦʰʝʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷè 

(ʂ1Ó0,2-0,3). 

 ɺʦ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʢʨʦʤʝ ʨʘʩʪʚʦʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʠʦʥʳ ʢʘʣʴʮʠʷ, 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʷʤʦʣʠʥʝʡʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʚʝʣʠʯʠʥʳ [ɖ] ʩ ʨʦʩʪʦʤ ʠʦʥʥʦʡ ʩʠʣʳ. ɺ 

ʧʨʠʩʫʪʩʪʚʠʠ ʠʦʥʦʚ ʉʘ2+ ʚʝʣʠʯʠʥʘ [ɖ] ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʩʦʣʝʡ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʝʩʣʠ ʜʝʡʩʪʚʠʝ ʠʦʥʦʚ 

ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ, ʤʝʜʠ ʠ ʘʣʶʤʠʥʠʷ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʫʤʝʥʴʰʝʥʠʝ ʵʬʬʝʢʪʘ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ ʚʩʣʝʜʩʪʚʠʝ 

ʯʘʩʪʠʯʥʦʛʦ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʟʘʨʷʜʦʚ, ʪʦ ʠʦʥʳ ʢʘʣʴʮʠʷ ʤʦʛʫʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʢʘʨʙʦʢʩʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʧʝʢʪʠʥʦʚʳʭ ʤʘʢʨʦʤʦʣʝʢʫʣ. ɺ 

ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʚʩʝ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʨʘʟʙʘʚʣʝʥʥʦʤ ʨʘʩʪʚʦʨʝ, ʛʜʝ 

ʠʩʢʣʶʯʘʝʪʩʷ ʤʝʞʮʝʧʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʘʥʦʤʘʣʴʥʦʝ ʧʦʚʝʜʝʥʠʝ ʠʦʥʦʚ ʢʘʣʴʮʠʷ 

ʩʣʝʜʫʝʪ ʮʝʣʠʢʦʤ ʦʪʥʝʩʪʠ ʢ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʤʫ ʵʬʬʝʢʪʫ, ʢʦʪʦʨʳʡ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʦʙʫʩʣʦʚʣʝʥ ʠʟʤʝʥʝʥʠʝʤ ʬʦʨʤʳ ʧʦʣʠʤʝʨʥʦʛʦ ʢʣʫʙʢʘéè [141].  

çéɼʨʫʛʦʡ ʧʦʜʭʦʜ ʧʨʠ ʦʧʠʩʘʥʠʠ ʧʦʚʝʜʝʥʠʷ ʘʥʠʦʥʥʳʭ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʚ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʘʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʠʦʥʦʦʙʤʝʥʥʦʡ ʤʦʜʝʣʠ, ʧʨʠʤʝʥʠʣʠ ʍʦʫʛ ʠ ʉʤʠʜʩʨʦʜ [147], ʘ ʪʘʢʞʝ ʂʦʥ ʩ 

ʩʦʘʚʪʦʨʘʤʠ [148]. ʅʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʦʙʨʘʟʮʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʩʠʩʪʝʤʝ 

ʧʦʣʠʫʨʦʥʦʚʳʭ ʢʠʩʣʦʪ, ʘʣʴʛʠʥʘʪʦʚ ʠ ʧʦʣʠʢʘʨʙʦʢʩʠʣʴʥʳʭ ʩʤʦʣ, ʦʥʠ ʫʩʪʘʥʦʚʠʣʠ, 

ʯʪʦ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʠʤʝʨʘ ʩ ʠʦʥʘʤʠ ʜʚʫʭʚʘʣʝʥʪʥʳʭ ʤʝʪʘʣʣʦʚ 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: Ba2+ > Sr2+ > Ca2+ > Mg2+. ʍʦʪʷ 
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ʵʪʘ ʤʦʜʝʣʴ ʫʜʦʙʥʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʧʠʩʘʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ 

ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʠ, ʦʜʥʘʢʦ ʦʥʘ ʥʝ ʜʘʝʪ ʥʘʛʣʷʜʥʦʡ ʢʘʨʪʠʥʳ ʩʪʨʫʢʪʫʨʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʙʨʘʟʦʚʘʚʰʝʡʩʷ ʧʦʣʠʤʝʨʥʦʡ ʩʝʪʢʠéè [38]. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʦʛʦ ʘʚʪʦʨ r ʤʥʦʛʠʭ ʨʘʙʦʪ, ʠʟʫʯʘʚʱʠʝ 

ʤʝʭʘʥʠʟʤ r ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ʅʄ-ʧʝʢʪʠʥʘ ʧʨʝʜʧʦʯʠʪʘʶʪ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʤʦʜʝʣʠ çʷʠʯʥʦʡ ʢʦʨʦʙʢʠè (ʨʠʩʫʥʦʢ 1.7.1, 

ʙ), ʢʦʛʜʘ ʚ ʢʘʯʝʩʪʚʝ ʘʥʠʦʥʥʦʛʦ ʧʦʣʠʩʘʭʘʨʠʜʘ ʅʄ-ʧʝʢʪʠʥʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʆʉ 

ʘʣʴʛʠʥʘʪʦʚ ʠ ʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʪʳ ʧʝʢʪʠʥʦʚ [149-151]. ʊʘʢʦʝ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʝ 

ʩʚʷʟʳʚʘʥʠʝ ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʩ ʧʦʣʠʛʘʣʘʢʪʫʨʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ 

ʂʦʥʦʤ ʠ ʃʫʢʥʘʨʦʤ [150] ʠ ʈʘʚʘʥʘʪʦʤ ʠ ʈʠʥʘʫʜʦ [151]. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, çéʤʦʜʝʣʴ çʷʠʯʥʦʡ ʢʦʨʦʙʢʠè, ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʶʱʘʷ 

ʧʦʚʝʜʝʥʠʝ ʘʣʴʛʠʥʘʪʦʚ ʠ ʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʪʦʚ, ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʚ ʪʦʯʥʦʩʪʠ ʧʨʠʤʝʥʝʥʘ 

ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʧʨʦʠʟʚʦʜʥʳʭ ʮʝʣʣʶʣʦʟʳ ʠ ʜʝʢʩʪʨʘʥʘéè [38]. ʌʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʮʝʥʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʠʦʧʦʣʠʤʝʨʘ, 

ʪʘʢʠʭ ʢʘʢ ʞʝʩʪʢʦʩʪʴ ʮʝʧʠ ʠ ʨʘʟʤʝʨ ʮʝʧʠ, ʢʦʪʦʨʳʝ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩʦ ʩʢʣʦʥʥʦʩʪʴʶ 

ʧʦʣʠʤʝʨʘ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʘʛʨʝʛʘʮʠʦʥʥʳʭ ʠ ʚʳʩʦʢʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ, 

ʪʘʢʠʭ ʢʘʢ ʛʝʣʠ. ɸʚʪʦʨʳ [147] ʧʨʝʜʣʦʞʠʣʠ ʧʦ ʜʘʥʥʳʤ ʠʟʤʝʨʝʥʠʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʦʥʦʚʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ 

ʦʮʝʥʠʪʴ ʧʘʨʘʤʝʪʨ ʞʝʩʪʢʦʩʪʠ ʙʠʦʧʦʣʠʤʝʨʦʚ çBè ʧʦ ʫʨʘʚʥʝʥʠʶ 1.7.1.1.1: 

                                        S=B([ɖ]0,1) ɡ,                                               (1.7.1.1.1) 

ɼʣʷ ʯʝʛʦ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ çéʠʟʤʝʨʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ ʧʨʠ 

ʨʘʟʣʠʯʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʬʦʥʦʚʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ ʠ ʧʦʩʪʨʦʝʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ 

[ɖ] ʦʪJ/1 , ʛʜʝ J ï ʠʦʥʥʘʷ ʩʠʣʘ ʨʘʩʪʚʦʨʘ. ʇʦ ʥʘʢʣʦʥʫ ʧʦʣʫʯʝʥʥʦʡ ʧʨʷʤʦʣʠʥʝʡʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʙʳʣʘ ʥʘʡʜʝʥʘ ʚʝʣʠʯʠʥʘ (S), ʢʦʪʦʨʘʷ ʩʚʷʟʘʥʘ ʩ ʧʘʨʘʤʝʪʨʦʤ çɺè ʠʟ 

ʫʨʘʚʥʝʥʠʷ 1.7.1.1.1: 

                              
[]
( )I/1

 S
D

D
=

h
,                                                           (1.7.1.1.2)  
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ʛʜʝ [ɖ]0,1 ï ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʧʦʣʠʤʝʨʘ, ʧʦʣʫʯʝʥʥʘʷ ʚ 0,1ʄ ʨʘʩʪʚʦʨʝ 

ʩʦʣʠ; ɡ ï ʚʝʣʠʯʠʥʘ, ʠʟʤʝʥʷʶʱʘʷʩʷ ʦʪ 1,2 ʜʦ 1,4. ɼʣʷ ʧʨʠʙʣʠʞʝʥʥʦʡ ʦʮʝʥʢʠ 

ʚʝʣʠʯʠʥʳ çɺè ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʨʝʜʥʶʶ ʚʝʣʠʯʠʥʫ ɡ, ʨʘʚʥʫʶ 1,3éè [38, 

147]. 

çéɼʘʞʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʦʣʝʡ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ, ʛʜʝ, ʧʦ ʚʩʝʡ 

ʚʝʨʦʷʪʥʦʩʪʠ, ʦʪʩʫʪʩʪʚʫʝʪ ʩʧʝʮʠʬʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʦʥʦʚ ʩ ʧʝʢʪʠʥʦʚʦʡ 

ʤʘʢʨʦʤʦʣʝʢʫʣʦʡ, çɺè ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ ʚ ʜʝʩʷʪʴ ʨʘʟ ʤʝʥʴʰʝ, ʯʝʤ ʜʣʷ 

ʧʦʣʠʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ (ɺ=0,44), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʦʣʝʝ ʞʝʩʪʢʦʡ 

ʩʪʨʫʢʪʫʨʝ ʮʝʧʠ ʧʝʨʚʦʡ ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʚʪʦʨʦʡéè [38]. 

çéɺ ʧʨʠʩʫʪʩʪʚʠʠ ʠʦʥʦʚ ʧʦʣʠʚʘʣʝʥʪʥʳʭ ʤʝʪʘʣʣʦʚ ʵʪʦʪ ʵʬʬʝʢʪ ʝʱʝ ʙʦʣʴʰʝ 

ʫʩʠʣʠʚʘʝʪʩʷ ʠ çɺè ʧʨʠʥʠʤʘʝʪ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʩʠʩʪʝʤʘʭ, ʩʦʜʝʨʞʘʱʠʭ 

ʠʦʥʳ ʢʘʣʴʮʠʷ (ɺ=0,0035), ʢʦʪʦʨʦʝ ʧʦʯʪʠ ʚ ʧʦʣʪʦʨʘ ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʜʣʷ ʪʘʢʦʡ 

ʞʝʩʪʢʦʮʝʧʥʦʡ ʤʘʢʨʦʤʦʣʝʢʫʣʳ, ʢʘʢ ɼʅʂ (ɺ = 0,0055)éè [38, 147]. 

ɼʘʥʥʳʝ ʪʘʙʣʠʮʳ 1.7.1.1.1 ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʚʝʣʠʯʠʥʘ çɺè ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʬʦʥʦʚʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʠʤʝʝʪ ʥʝʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦʙ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʞʝʩʪʢʦʩʪʠ ʤʘʢʨʦʤʦʣʝʢʫʣ ʅʄ-

ʧʝʢʪʠʥʘ. 
 

ʊʘʙʣʠʮʘ 1.7.1.1.1 ï ɿʥʘʯʝʥʠʷ [ɖ]0,1, S ʠ çɺè ʜʣʷ ʅʄ-ʧʝʢʪʠʥʘ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʩʦʣʝʡ ʚ ʨʘʩʪʚʦʨʝ [147] 
 

 ̄

ʧ/ʧ 

ʍʠʤʠʯʝʩʢʘʷ 

ʬʦʨʤʫʣʘ ʩʦʣʠ 

[ɖ]0,1, 

ʜʣ/ʛ 
S, 

ʛ

1/2
ʤʦʣʴ

1/2
ʃ  

ɺ 

1 NaCl 1,40 0,080 0,056 

2 KCl 1,60 0,092 0,051 

3 CaCl2 0,88 0,0030 0,0035 

4 CuCl2 0,40 0,0014 0,0047 

5 AlCl 3 0,30 0,0023 0,011 

   

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, çéʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʘ çɺè ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʞʝʩʪʢʦʩʪʠ ʤʘʢʨʦʤʦʣʝʢʫʣ ʅʄ-ʧʝʢʪʠʥʘ ʷʚʣʷʝʪʩʷ ʩʠʤʙʘʪʥʳʤ ʚʘʣʝʥʪʥʦʩʪʠ ʠʦʥʦʚ 
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ʤʝʪʘʣʣʦʚ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʠʦʥʦʚ ʢʘʣʴʮʠʷ, ʛʜʝ ʠʤʝʝʪ ʤʝʩʪʦ ʩʧʝʮʠʬʠʯʝʩʢʦʝ 

ʠʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʛʦ ʪʠʧʘ, ʧʨʠʚʦʜʷʱʝʝ ʢ ʨʝʟʢʦʤʫ 

ʫʚʝʣʠʯʝʥʠʶ ʞʝʩʪʢʦʩʪʠ ʤʘʢʨʦʤʦʣʝʢʫʣéè [38].  

çéʍʘʨʘʢʪʝʨ ʟʦʥ ʧʦʧʝʨʝʯʥʳʭ ʩʚʷʟʝʡ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʠʟʫʯʝʥ, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʧʨʠʨʦʜʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʘʣʴʥʝʛʦ ʧʦʨʷʜʢʘ ʚ ʛʝʣʷʭ ʦʩʪʘʝʪʩʷ ʤʘʣʦ ʠʟʫʯʝʥʥʦʡ. 

ʅʘ ʨʠʩʫʥʢʝ 1.7.1.1.1 ʧʦʢʘʟʘʥʳ ʩʭʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʩʚʷʟʳʚʘʥʠʷ ʧʝʢʪʠʥʦʚʳʭ 

ʛʝʣʝʡ ʧʦʩʨʝʜʩʪʚʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʘʣʴʥʝʛʦ ʧʦʨʷʜʢʘéè [44].  ʉʪʨʫʢʪʫʨʳ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ, ʦʙʳʯʥʦ ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʙʦʪʘʭ, ʧʦʩʚʷʱʝʥʥʳʭ 

ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʶ ʧʦʣʠʩʘʭʘʨʠʜʦʚ.  

ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1.7.1.1.1 (ʘ), ʵʪʠ çéʧʩʝʚʜʦʵʣʘʩʪʠʯʥʳʝ ʩʝʪʢʠ 

ʦʪʥʦʩʷʪ ʢ ʵʥʪʨʦʧʠʡʥʳʤ ʛʝʣʷʤ. ɺ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ (ʨʠʩʫʥʦʢ 1.7.1.1.1, ʙ) 

ʧʨʠʚʦʜʷʪʩʷ ʵʥʪʘʣʴʧʠʡʥʳʝ ʛʝʣʠ, ʚ ʢʦʪʦʨʳʭ ʧʦʧʝʨʝʯʥʳʝ ʩʚʷʟʠ ʜʝʡʩʪʚʫʶʪ ʢʘʢ 

ʣʠʧʢʠʝ ʩʤʘʟʘʥʥʳʝ ʫʯʘʩʪʢʠ (ʧʷʪʥʦ) ʩʚʷʟʳʚʘʥʠʷ ʤʦʣʝʢʫʣ ʚʥʫʪʨʠ ʚʳʪʷʥʫʪʦʡ 

ʨʘʟʚʝʪʚʣʸʥʥʦʡ ʚʦʣʦʢʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳéè [44, 152]. 

 

  
 

ʈʠʩʫʥʦʢ 1.7.1.1.1. ï ɸʣʴʪʝʨʥʘʪʠʚʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʤʦʜʝʣʠ ʧʝʢʪʠʥʦʚʳʭ ʛʝʣʝʡ 

ʧʦʩʨʝʜʩʪʚʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʘʣʴʥʝʛʦ ʧʦʨʷʜʢʘ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ 

ʠʣʠ ʩ ʠʦʥʘʤʠ ʢʘʣʴʮʠʷ [44, 153]. 

 çéʋʯʠʪʳʚʘʷ, ʯʪʦ ʧʦʣʠʛʘʣʘʢʪʫʨʦʥʦʚʘʷ ʢʠʩʣʦʪʘ ʷʚʣʷʝʪʩʷ ʟʘʨʷʞʝʥʥʦʡ 

ʤʦʣʝʢʫʣʦʡ, ʥʝʫʜʠʚʠʪʝʣʴʥʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʥʘ ʩʢʨʫʯʠʚʘʝʪʩʷ ʚ 
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ʚʦʣʦʢʥʘ, ʯʪʦʙʳ ʤʘʢʩʠʤʘʣʴʥʦ ʥʝʡʪʨʘʣʠʟʦʚʘʪʴ ʟʘʨʷʜ. ʇʦʵʪʦʤʫ, ʠʥʪʝʨʝʩʥʦ 

ʨʘʩʩʤʦʪʨʝʪʴ ʩʪʨʫʢʪʫʨʳ, ʦʙʨʘʟʦʚʘʥʥʳʝ ɺM-ʧʝʢʪʠʥʘʤʠ, ʢʦʪʦʨʳʝ ʥʝ ʩʦʜʝʨʞʘʪ 

ʯʝʨʝʜʫʶʱʠʭʩʷ ʙʣʦʢʦʚ ɻʂ, ʚ ʪʦ ʚʨʝʤʷ ʦʥʠ ʩʧʦʩʦʙʥʳ ʢʦʦʧʝʨʘʪʠʚʥʦ ʩʚʷʟʳʚʘʪʴ 

ʠʦʥʳ ʢʘʣʴʮʠʷ. ʇʝʢʪʠʥʦʚʳʡ ʵʢʩʪʨʘʢʪ, ʧʦʣʫʯʝʥʥʳʡ ʮʠʢʣʦʛʝʢʩʘʥ ʜʠʘʤʠʥ 

ʪʝʪʨʘʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ (ʎɻɼʊʋʂ) ʠʟ ʟʝʣʸʥʳʭ ʧʦʤʠʜʦʨʦʚ, ʦʪʥʦʩʷʪʩʷ ʢ ɺʄ-

ʧʝʢʪʠʥʘʤ, ʥʦ ʦʥʠ ʦʙʨʘʟʫʶʪ ʛʝʣʠ ʩ ʠʦʥʘʤʠ ʢʘʣʴʮʠʷ [154], ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʦʥʠ 

ʩʦʜʝʨʞʘʪ ʦʪʜʝʣʴʥʳʝ ʙʣʦʢʠ ɻʂ. ʅʘ ʨʠʩʫʥʢʝ 1.7.1.1.2 (b) ʧʦʢʘʟʘʥʦ ɸʉʄ-

ʠʟʦʙʨʘʞʝʥʠʝ ʬʨʘʛʤʝʥʪʦʚ ʢʘʣʴʮʠʡ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʛʝʣʷ ʠʟ ʧʝʢʪʠʥʘ 

ʧʦʤʠʜʦʨʘéè [44, 154]. 

ʕʪʠ ʠʟʦʙʨʘʞʝʥʠʷ çéʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʘʞʝ ʦʛʨʘʥʠʯʝʥʥʳʝ ʧʦ ʨʘʟʤʝʨʫ 

ʧʝʢʪʠʥʦʚʳʝ ʮʝʧʠ, ʩʧʦʩʦʙʥʳ ʢ ʩʰʠʚʘʥʠʶ, ʦʥʠ ʜʝʡʩʪʚʫʶʪ ʢʘʢ ʧʫʯʢʠ ʩʢʣʝʠʚʘʷʩʴ 

ʚʤʝʩʪʝ ʚ ʚʦʣʦʢʥʘʭ: ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʦʣʦʢʦʥ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʨʷʜʘ ʚʜʦʣʴ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠéè [44]. 

 

  
 

ʈʠʩʫʥʦʢ 1.7.1.1.2. ï ɸʉʄ-ʠʟʦʙʨʘʞʝʥʠʝ ʬʨʘʛʤʝʥʪʦʚ ʛʝʣʷ ʧʝʢʪʘʪʘ 

ʢʘʣʴʮʠʷ. ɻʝʣʝʦʙʨʘʟʦʚʘʥʠʝ ʚʳʟʚʘʥʦ ʜʦʙʘʚʣʝʥʠʝʤ CaCl2: 

(ʘ) ʊʦʧʦʛʨʘʬʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʬʨʘʛʤʝʥʪʦʚ ʧʝʢʪʘʪʘ ʢʘʣʴʮʠʷ ʅʄ-

ʧʝʢʪʠʥʘ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ. (b) ɸʉʄ-ʠʟʦʙʨʘʞʝʥʠʝ, ʩʥʷʪʦʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʝʞʠʤʘ ʩʙʦʨʢʠ (tapping mode) ʠʟ ʬʨʘʛʤʝʥʪʦʚ ʧʝʢʪʘʪʘ ʢʘʣʴʮʠʷ, ʧʦʣʫʯʝʥʥʳʭ 

ʎɼʊʋʂ ʠʟ ʟʝʣʝʥʦʛʦ ʧʦʤʠʜʦʨʘ [154]. 
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ʅʝʜʘʚʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ [155] ʤʝʭʘʥʠʟʤʘ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ʘʣʴʛʠʥʘʪʘ ʠ 

ʧʝʢʪʠʥʘ ʧʨʠʚʝʣʠ ʢ ʫʩʦʤʥʝʥʠʶ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʤʦʜʝʣʠ ʷʠʯʥʦʡ ʢʦʨʦʙʢʠ, ʛʜʝ ʠʦʥʳ 

ʢʘʣʴʮʠʡ ʚ ʦʩʥʦʚʥʦʤ ʦʜʠʥʘʢʦʚʦ ʨʘʩʧʨʝʜʝʣʝʥʳ, ʧʦʪʦʤʫ ʯʪʦ ʠʭ ʤʝʩʪʘ ʩʚʷʟʳʚʘʥʠʷ ʩ 

ʢʘʣʴʮʠʝʤ ʠʤʝʶʪ ʟʝʨʢʘʣʴʥʦ-ʩʠʤʤʝʪʨʠʯʥʫʶ ʢʦʥʬʦʨʤʘʮʠʶ. ʆʜʥʘʢʦ ʘʚʪʦʨʳ [155] 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʩʪʨʫʢʪʫʨʘ ʜʠʤʝʨʦʚ ʷʠʯʥʦʡ ʢʦʨʦʙʢʠ ʤʝʞʜʫ 

ʘʣʴʛʠʥʘʪʦʤ ʠ ʧʝʢʪʠʥʦʤ ʦʪʣʠʯʘʶʪʩʷ. ʇʦʵʪʦʤʫ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʧʨʦʚʝʩʪʠ 

ʦʪʜʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʯʪʦʙʳ ʩʥʘʯʘʣʘ ʦʙʦʙʱʠʪʴ ʚʥʫʪʨʝʥʥʠʝ ʠ ʚʥʝʰʥʠʝ 

ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʝ ʘʣʴʛʠʥʘʪʘ ʠ ʧʝʢʪʠʥʘ. ɿʘʪʝʤ 

ʦʙʩʫʞʜʘʣʠʩʴ ʨʘʟʣʠʯʠʷ ʚʦ ʚʣʠʷʥʠʠ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʝ ʘʣʴʛʠʥʘʪʘ ʠ 

ʧʝʢʪʠʥʘ (ʨʠʩʫʥʦʢ 1.7.1.1.3). ʄʝʞʜʫ ʪʝʤ, ʪʘʢʞʝ ʙʳʣʠ ʦʙʦʙʱʝʥʳ ʩʭʦʜʩʪʚʦ ʠ 

ʨʘʟʣʠʯʠʝ ʚ ʤʝʭʘʥʠʟʤʝ ʠʭ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ. ɿʥʘʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʵʪʦʡ ʨʘʙʦʪʝ, 

ʦʙʝʩʧʝʯʘʪ ʧʦʣʝʟʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʘʣʴʛʠʥʘʪʘ ʠ 

ʧʝʢʪʠʥʘ [155]. 

 

ʈʠʩʫʥʦʢ 1.7.1.1.3. ï ʅʦʚʘʷ ʤʦʜʝʣʴ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʝ ʅʄ-ʧʝʢʪʠʥʘ, 

ʧʨʠʚʝʜʝʥʥʘʷ ʠʟ ʨʘʙʦʪʳ [155]. 
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1.8 ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʨʦʜʫʢʪʳ ʥʘ ʦʩʥʦʚʝ ʧʝʢʪʠʥʘ ʠ ʙʝʣʢʦʚ 

ɺʥʝ ʚʩʷʢʦʛʦ ʩʦʤʥʝʥʠʷ, ʮʠʪʘʪʫ ʚʝʣʠʢʦʛʦ ɻʠʧʧʦʢʨʘʪʘ (ɻʠʧʧʦʢʨʘʪ ʂʦʩʩʢʠʡ, 

460ï370 ʜʦ ʥ.ʵ.) ʧʦʯʪʠ 2500-ʣʝʪʥʝʡ ʜʘʚʥʦʩʪʠ: çʇʫʩʪʴ ʧʠʱʘ ʙʫʜʝʪ ʚʘʰʠʤ 

ʣʝʢʘʨʩʪʚʦʤ, ʠ ʧʫʩʪʴ ʚʘʰʝ ʣʝʢʘʨʩʪʚʦ ʙʫʜʝʪ ʚʘʰʝʡ ʧʠʱʝʡè, ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʢʘʢ ʜʝʚʠʟ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ ʦ ʧʠʱʝ. ʄʫʭʘʤʤʘʜ ɿʘʢʘʨʠʷ ʈʘʟʠ, ʧʝʨʩʠʜʩʢʠʡ 

ʭʠʤʠʢ ʠ ʚʨʘʯ, ʧʦʩʣʝ ʧʦʷʚʣʝʥʠʝ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʚ 9 ʚʝʢʝ ʥʘʰʝʡ ʵʨʳ 

ʥʘʧʦʤʥʠʣ, ʯʪʦ çɼʠʝʪʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ ʤʦʞʥʦ ʚʝʟʜʝ ʜʦʩʪʠʛʥʫʪʴ ʛʦʨʘʟʜʦ 

ʙʦʣʴʰʝʛʦ, ʯʝʤ ʣʝʢʘʨʩʪʚʝʥʥʳʤʠè. ɼʘʞʝ ʚ ʵʧʦʭʫ ʩʨʝʜʥʝʚʝʢʦʚʴʷ, ʢʦʛʜʘ ʨʘʟʚʠʚʘʣʘʩʴ 

ʬʘʨʤʘʢʦʪʝʨʘʧʠʷ, ʚʝʣʠʢʠʡ ʧʝʨʩʠʜʩʢʦ-ʪʘʜʞʠʢʩʢʠʡ ʫʯʝʥʳʡ ɸʙʫʘʣʠ ʠʙʥ ʉʠʥʦ 

ʧʨʠʜʘʚʘʣ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʨʝʞʠʤʫ ʧʠʪʘʥʠʷ, ʧʦʜʨʘʟʫʤʝʚʘʷ ʧʨʠ ʵʪʦʤ ʢʘʯʝʩʪʚʦ, 

ʢʦʣʠʯʝʩʪʚʦ ʧʠʱʠ ʠ ʚʨʝʤʷ ʝʝ ʧʨʠʝʤʘ. ɺ ʝʛʦ ʨʘʙʦʪʘʭ ʧʨʠʟʥʘʝʪʩʷ ʚʘʞʥʘʷ ʨʦʣʴ 

ʚʦʣʦʢʥʠʩʪʦʡ ʧʠʱʠ ʢʘʢ ʬʘʢʪʦʨʘ ʥʦʨʤʘʣʠʟʘʮʠʠ ʬʫʥʢʮʠʠ ʧʠʱʝʚʦʛʦ ʢʘʥʘʣʘ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʷʚʠʣʦʩʴ ʧʦʥʷʪʠʷ çʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʧʠʱʘè, ʢʦʪʦʨʘʷ ʦʪʨʘʞʘʝʪ 

ʚʳʰʝʠʟʣʦʞʝʥʥʳʝ ʩʣʦʚʘ ʚʝʣʠʢʠʭ ʤʳʩʣʠʪʝʣʝʡ ʤʠʨʘ. ʈʦʜʠʥʦʡ ʧʦʥʷʪʠʷ 

çʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʨʦʜʫʢʪ r ʧʠʪʘʥʠʷ ʯʝʣʦʚʝʢʘè ʷʚʣʷʝʪʩʷ 

ʗʧʦʥʠʷ, ʢʦʪʦʨʘʷ ʚ 1980 ʛʦʜʫ ʧʨʠʥʷʣʘ ʟʘʢʦʥ ʦʙ ʫʣʫʯʰʝʥʠʠ ʧʠʪʘʥʠʷ. ʅʦʚʘʷ 

ʩʠʩʪʝʤʘ ʙʳʣʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʪʦ, ʯʪʦʙʳ ʧʦʤʦʯʴ ʧʨʦʜʚʠʛʘʪʴ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ, ʥʘʮʝʣʝʥʥʳʭ ʥʘ ʨʝʰʝʥʠʝ ʩʝʨʴʝʟʥʳʭ ʧʨʦʙʣʝʤ ʩʦ ʟʜʦʨʦʚʴʝʤ.   

ɺ ʟʘʢʦʥʝ ʨʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ çʆ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚè 

ʧʦʥʷʪʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʠʱʝʚʳʝ ʧʨʦʜʫʢʪʳ ʪʨʘʢʪʫʝʪʩʷ ʢʘʢ çʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʧʠʱʝʚʳʝ ʧʨʦʜʫʢʪʳ ï ʧʨʦʜʫʢʪʳ ʧʠʪʘʥʠʷ ʥʘʪʫʨʘʣʴʥʦʛʦ ʠʣʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʦʙʣʘʜʘʶʱʠʝ ʧʨʠʷʪʥʳʤ ʚʢʫʩʦʤ ʠ ʚʳʨʘʞʝʥʥʳʤ 

ʦʟʜʦʨʦʚʠʪʝʣʴʥʳʤ ʵʬʬʝʢʪʦʤ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʢʘʞʜʦʜʥʝʚʥʦʛʦ ʠ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷè. ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ ʧʠʪʘʥʠʝ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ 

ʷʚʣʷʝʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʤʝʜʠʢʘʤʝʥʪʦʟʥʦʡ ʪʝʨʘʧʠʠ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʧʨʦʜʫʢʪ 

ʜʣʷ ʣʶʜʝʡ ʩʦ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʩʦʩʪʦʷʥʠʝʤ ʟʜʦʨʦʚʴʷ [156].  

çéʇʦʪʨʝʙʣʝʥʠʝ ʧʠʱʠ ʙʦʛʘʪʦʡ ʨʘʩʪʠʪʝʣʴʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ, ʠʤʝʶʱʠʭ 

ʞʠʟʥʝʥʥʦ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ, ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 
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ʨʘʟʚʠʪʠʶ ʬʠʪʦʭʠʤʠʠ ï ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʥʝʢʘʣʦʨʠʡʥʳʭ ʚʝʱʝʩʪʚ. ʆʨʝʭʠ, ʟʝʨʥʦʚʳʝ 

ʧʨʦʜʫʢʪʳ, ʬʨʫʢʪʳ ʠ ʦʚʦʱʠ ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʬʝʥʦʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʪʝʨʧʝʥʦʠʜʦʚ, ʧʠʛʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʥʘʪʫʨʘʣʴʥʳʝ ʘʥʪʠʦʢʩʠʜʘʥʪʳ, ʢʦʪʦʨʳʝ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʙʝʩʧʝʯʠʚʘʶʪ ʟʘʱʠʪʫ ʦʪ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʨʘʢʘ, 

ʜʠʘʙʝʪʘ ʠ ʟʘʙʦʣʝʚʘʥʠʡ ɾʂʊ. ʇʠʱʘ ʩ ʥʘʠʙʦʣʴʰʝʡ ʧʨʦʪʠʚʦʨʘʢʦʚʦʡ ʘʢʪʠʚʥʦʩʪʴʶ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʪʘʢʠʝ ʨʘʩʪʠʪʝʣʴʥʳʝ ʧʨʦʜʫʢʪʳ, ʢʘʢ ʯʝʩʥʦʢ, ʙʦʙʳ, ʢʘʧʫʩʪʘ, ʠʤʙʠʨʴ, 

ʩʦʣʦʜʢʘ ʠ ʜʨ. ʎʠʪʨʫʩʦʚʳʝ, ʷʙʣʦʢʠ ʠ ʷʛʦʜʳ, ʢʨʦʤʝ ʠʟʚʝʩʪʥʳʭ ʚʩʝʤ ʚʠʪʘʤʠʥʘ ʉ, 

ʬʦʣʠʝʚʦʡ ʢʠʩʣʦʪʳ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʩʦʜʝʨʞʘʪ ʧʝʢʪʠʥ ʠ ʨʷʜ ʚʦʣʦʢʥʠʩʪʳʭ 

ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʥʦʨʤʘʣʴʥʦʛʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʷʜʘ ʦʨʛʘʥʦʚ ʯʝʣʦʚʝʢʘéè [38, 50, 157-159]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʩʚʷʟʘʥʥʳʝ ʩ ʜʠʝʪʠʯʝʩʢʠʤ 

ʬʘʢʪʦʨʦʤ ʨʘʟʣʠʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʪʘʢʠʭ, ʢʘʢ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʝ ʟʘʙʦʣʝʚʘʥʠʷ, 

ʦʞʠʨʝʥʠʝ, ʛʠʧʝʨʪʦʥʠʷ, ʜʠʘʙʝʪ ʠ ʜʘʞʝ ʨʘʢ, ʥʝʫʢʣʦʥʥʦ ʨʘʩʪʫʪ. ʄʥʦʛʠʝ ʫʯʝʥʳʝ 

ʧʨʘʚʠʣʴʥʦʝ ʧʠʪʘʥʠʝ ʩʯʠʪʘʶʪ ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ ʩʥʠʞʝʥʠʷ ʨʠʩʢʘ ʠ ʦʛʨʘʥʠʯʝʥʠ ̫

ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʷ ʤʥʦʛʠʭ ʭʨʦʥʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ [157]. ʇʦʚʳʰʝʥʠʝ 

ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʠ ʦ ʩʚʷʟʠ ʤʝʞʜʫ ʝʜʦʡ ʠ ʟʜʦʨʦʚʴʝʤ ʧʨʠʚʝʣʘ ʢ ʧʦʷʚʣʝʥʠʶ ʥʦʚʳʭ 

ʪʝʨʤʠʥʦʚ: çʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʧʠʱʘè, çʥʫʪʨʠʮʝʚʪʠʢʠè ʠ çʧʨʝʙʠʦʪʠʢʠè [160]. ɺ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʧʠʱʘ ï ʵʪʦ ʚʠʜ ʧʠʱʠ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ 

ʟʜʦʨʦʚʴʝ ʧʨʝʠʤʫʱʝʩʪʚʦʤ, ʚʳʭʦʜʷʱʠʤ ʟʘ ʨʘʤʢʠ ʦʩʥʦʚʥʦʛʦ ʧʠʪʘʥʠʷ [161], 

ʥʫʪʨʠʮʝʚʪʠʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʦʣʝʟʥʳʝ ʜʣʷ ʟʜʦʨʦʚʴʷ ʩʦʝʜʠʥʝʥʠʷ, 

ʚʳʜʝʣʝʥʥʳʝ ʠʣʠ ʦʯʠʱʝʥʥʳʝ ʠʟ ʧʠʱʝʚʳʭ ʠʩʪʦʯʥʠʢʦʚ [162, 163]. ʊʝʨʤʠʥ 

çʧʨʝʙʠʦʪʠʢè ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʧʠʱʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʦʩʪʫ ʧʦʣʝʟʥʳʭ ʜʣʷ ʟʜʦʨʦʚʴʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʢʠʰʝʯʥʦʛʦ 

ʤʠʢʨʦʙʠʦʤʘ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʨʦʠʟʚʦʜʩʪʚʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʧʠʱʝʚʦʡ ʧʨʦʜʫʢʮʠʠ, 

ʩʦʩʪʦʷʱʝʡ ʠʟ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʥʘʧʠʪʢʦʚ ʠ ʧʠʱʝʚʳʭ ʜʦʙʘʚʦʢ ʠʩʧʳʪʳʚʘʝʪ 

ʙʳʩʪʨʳʡ ʨʦʩʪ [164]. ʇʦ ʦʮʝʥʢʘʤ, ʛʣʦʙʘʣʴʥʳʡ ʨʳʥʦʢ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʧʠʱʝʚʦʡ 

ʧʨʦʜʫʢʮʠʠ ʜʦʩʪʠʛ ʙʦʣʝʝ 400 ʤʣʨʜ ʜʦʣʣʘʨʦʚ ʉʐɸ ʚ 2022. ɺ 2027 ʛʦʜʫ, ʧʨʠ 

ʩʦʚʦʢʫʧʥʦʤ ʩʨʝʜʥʝʛʦʜʦʚʦʤ ʪʝʤʧʝ ʨʦʩʪʘ (ʉʉɻʊʈ- CAGR) 7,5%, ʜʦʩʪʠʛʥʝʪ 
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550 ʤʣʨʜ. ɺ ʯʘʩʪʥʦʩʪʠ, ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʧʠʱʝʚʦʡ ʩʝʢʪʦʨ ʙʫʜʝʪ ʨʘʩʪʠ ʥʘ 6,9%, ʘ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʩʝʢʪʦʨ ʥʘʧʠʪʢʦʚ ʩʪʘʥʝʪ ʩʘʤʳʤ ʙʳʩʪʨʦʨʘʩʪʫʱʠʤ ʩʝʛʤʝʥʪʦʤ ʩ 

CAGR ʚ 10,8%. ʊʘʢʦʡ ʨʦʩʪ ʩʪʠʤʫʣʠʨʫʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʧʨʦʤʳʰʣʝʥʥʳʤʠ 

ʠʥʥʦʚʘʮʠʷʤʠ ʠ ʨʘʟʨʘʙʦʪʢʦʡ ʥʦʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʢʦʪʦʨʳʝ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʩʧʨʦʩ ʩʦ 

ʩʪʦʨʦʥʳ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʥʦ ʠ ʫʨʦʚʥʝʤ ʢʘʯʝʩʪʚʦʤ ʧʠʪʘʥʠʷ ʥʘʩʝʣʝʥʠʷ, ʟʘʙʦʪʷʱʠʭʩʷ 

ʦ ʩʚʦʝʤ ʟʜʦʨʦʚʴʝ [165].  

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʨʦʜʫʢʪʳ ʩʦʜʝʨʞʘʪ ʤʥʦʛʦ ɹɸɺ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ: 

ʤʦʣʦʯʥʦʢʠʩʣʳʝ ʙʘʢʪʝʨʠʠ ʠ ʧʨʦʙʠʦʪʠʢʠ, ʚʠʪʘʤʠʥʳ, ʧʠʱʝʚʳʝ ʚʦʣʦʢʥʘ, ʆʉ, 

ʧʦʣʠʬʝʥʦʣʳ (ʘʥʪʠʦʢʩʠʜʘʥʪʳ), ʧʦʣʠʥʝʥʘʩʳʱʝʥʥʳʝ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ, 

ʵʡʢʦʟʘʧʝʥʪʘʝʥʦʚʘʷ ʢʠʩʣʦʪʘ (ʆʤʝʛʘ-3), ʥʝʟʘʤʝʥʠʤʳʝ ʘʤʠʥʦʢʠʩʣʦʪʳ, ʧʝʧʪʠʜʳ, 

ʙʝʣʢʠ, ʭʦʣʠʥʳ ʠ ʛʣʠʢʦʟʠʜʳ. 

ʇʨʦʙʠʦʪʠʯʝʩʢʠʝ ʙʘʢʪʝʨʠʠ, ʠʟ-ʟʘ ʧʨʠʧʠʩʳʚʘʝʤʦʡ ʠʤ ʧʦʣʴʟʳ ʜʣʷ ʟʜʦʨʦʚʴʷ, 

ʚʩʝ ʯʘʱʝ ʚʢʣʶʯʘʶʪʩʷ ʚ ʡʦʛʫʨʪ rʠ ʬʝʨʤʝʥʪʠʨʦʚʘʥʥʦʝ ʤʦʣʦʢʦ ʠ ʧʦʪʨʝʙʣʷʶʪʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʠ ʢʘʢ ʯʘʩʪʴ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʛʦ ʧʠʪʘʥʠʷ. ɼʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʨʝʢʦʤʝʥʜʫʝʤʳʡ ʤʠʥʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ 

ʧʨʦʙʠʦʪʠʯʝʩʢʠʭ ʙʘʢʪʝʨʠʡ ʚ ʬʝʨʤʝʥʪʠʨʦʚʘʥʥʦʤ ʤʦʣʦʢʝ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 106 ʜʦ 

107 ʂʆɽ ʤʣ-1 [166]. ʇʦʵʪʦʤʫ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʟʘʠʥʪʝʨʝʩʦʚʘʥʳ ʚ ʨʘʟʨʘʙʦʪʢʝ 

ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ ʧʣʦʪʥʦʩʪʴ ʧʨʦʙʠʦʪʠʯʝʩʢʠʭ 

ʰʪʘʤʤʦʚ ʚ ʧʨʦʜʫʢʪʝ. ʅʘʧʨʠʤʝʨ, ʜʦʙʘʚʣʝʥʠʝ ʚ ʤʦʣʦʢʦ ʢʦʤʙʠʥʘʮʠʠ ʙʝʣʢʦʚʳʭ 

ʛʠʜʨʦʣʠʟʘʪʦʚ, ʢʦʥʮʝʥʪʨʘʪʘ ʩʳʚʦʨʦʪʦʯʥʦʛʦ ʙʝʣʢʘ ʬʨʫʢʪʦʟʳ, ʪʦʤʘʪʥʦʛʦ ʩʦʢʘ ʠ 

ʤʷʢʦʪʠ ʧʘʧʘʡʠ ʩʪʠʤʫʣʠʨʦʚʘʣʦ L. acidophilus, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʮʠʩʪʝʠʥ, ʢʠʩʣʦʪʥʳʝ 

ʛʠʜʨʦʣʠʟʘʪʳ, ʪʨʠʧʪʦʥ, ʚʠʪʘʤʠʥʳ, ʜʝʢʩʪʨʠʥ ʠ ʤʘʣʴʪʦʟʘ ʫʣʫʯʰʘʣʠ 

ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʙʠʬʠʜʦʙʘʢʪʝʨʠʡ. 

ʇʨʝʙʠʦʪʠʢʠ, ʪʘʢʠʝ ʢʘʢ ʆʉ, ʜʦʙʘʚʣʷʶʪ ʚ ʧʠʱʫ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʛʦ ʨʦʩʪʘ ʧʨʦʙʠʦʪʠʯʝʩʢʠʭ ʦʨʛʘʥʠʟʤʦʚ [167]. 

ʀʥʫʣʠʥ ʠ ʦʚʩʷʥʘʷ ʢʣʝʪʯʘʪʢʘ, ʥʝʧʝʨʝʚʘʨʠʚʘʝʤʳʡ ʫʛʣʝʚʦʜ, ʩʦʜʝʨʞʘʱʠʡ 

ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʚ ʧʨʠʨʦʜʝ ʬʨʫʢʪʦʦʣʠʛʦʩʘʭʘʨʠʜʳ ʠ ɓ-ʛʣʶʢʘʥ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʦʙʣʘʜʘʶʪ ʥʝʢʦʪʦʨʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʠʱʝʚʳʭ ʚʦʣʦʢʦʥ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʤʝʪʘʙʦʣʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ [167-172]. ʀʥʫʣʠʥ 
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ʠ ʦʚʩʷʥʦʝ ʚʦʣʦʢʥʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʟʘʤʝʥʠʪʝʣʠ ʞʠʨʘ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ 

ʫʛʣʝʚʦʜʦʚ, ʦʙʣʘʜʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʶ ʩ ʚʦʜʦʡ ʠ ʠʤʝʶʪ ʥʠʟʢʫʶ 

ʢʘʣʦʨʠʡʥʦʩʪʴ [171, 172]. ʇʦʤʠʤʦ ʧʦʣʴʟʳ ʜʣʷ ʟʜʦʨʦʚʴʷ, ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʠʥʫʣʠʥ ʠ 

ʦʚʩʷʥʘʷ ʢʣʝʪʯʘʪʢʘ ʦʙʣʘʜʘʶʪ ʧʨʝʙʠʦʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ 

ʩʧʦʩʦʙʥʦʩʪʴ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʧʨʦʙʠʦʪʠʯʝʩʢʠʝ ʙʘʢʪʝʨʠʠ, ʥʝ ʚʣʠʷʷ ʥʘ ʚʢʫʩ [168-

172]. ɹʣʘʛʦʜʘʨʷ ʠʭ ʧʨʝʙʠʦʪʠʯʝʩʢʦʤʫ ʵʬʬʝʢʪʫ ʜʦʙʘʚʣʝʥʠʝ ʠʥʫʣʠʥʘ ʠʣʠ ʦʚʩʷʥʳʭ 

ʚʦʣʦʢʦʥ ʤʦʞʝʪ ʫʣʫʯʰʘʪʴ ʜʝʡʩʪʚʠʝ ʧʨʦʙʠʦʪʠʯʝʩʢʠʭ ʙʘʢʪʝʨʠʡ. ɸʙʨʠʢʦʩ ʷʚʣʷʝʪʩʷ 

ʙʦʛʘʪʳʤ ʠʩʪʦʯʥʠʢʦʤ ʩʘʭʘʨʦʚ, ʢʣʝʪʯʘʪʢʠ, ʤʠʥʝʨʘʣʦʚ, ʙʠʦʘʢʪʠʚʥʳʭ 

ʬʠʪʦʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʠ ʚʠʪʘʤʠʥʦʚ, ʪʘʢʠʭ ʢʘʢ ɸ, ʉ, ʪʠʘʤʠʥ, ʨʠʙʦʬʣʘʚʠʥ, 

ʥʠʘʮʠʥ ʠ ʧʘʥʪʦʪʝʥʦʚʘʷ ʢʠʩʣʦʪʘ, ʠ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʤʦʣʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʙʨʠʢʦʩʦʚʳʡ 

ʧʨʦʙʠʦʪʠʯʝʩʢʠʡ ʧʠʪʴʝʚʦʡ ʡʦʛʫʨʪ (APDY) [173].  

ɺ ʥʘʫʢʝ ʦ ʧʠʱʝ ʧʦʣʠʩʘʭʘʨʠʜ rʨʘʟʜʝʣʷʶʪ ʥʘ ʢʨʘʭʤʘʣ ʠ ʥʝʢʨʘʭʤʘʣʴʥʳʝ 

ʧʦʣʠʩʘʭʘʨʠʜʳ (ʅʂʇ) [174]. ʆʥʠ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʣʝʪʦʯʥʳʭ 

ʩʪʝʥʦʢ ʤʥʦʛʠʭ ʨʘʩʪʝʥʠʡ, ʠʤʝʶʪ ʩʣʦʞʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʚʳʧʦʣʥʷʶʪ 

ʨʘʟʣʠʯʥʳʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ. ʆʩʥʦʚʥʳʤʠ ʧʦʣʠʩʘʭʘʨʠʜʘʤʠ ʅʂʇ ʷʚʣʷʶʪʩʷ 

ʮʝʣʣʶʣʦʟʘ, ʧʝʢʪʠʥʳ, ɓ-ʛʣʶʢʘʥʳ, ʧʝʥʪʦʟʘʥʳ, ʛʝʪʝʨʦʢʩʠʣʘʥʳ ʠ ʢʩʠʣʦʛʣʶʢʘʥ, 

ʢʦʪʦʨʳʝ ʥʝ ʤʦʛʫʪ ʛʠʜʨʦʣʠʟʦʚʘʪʴʩʷ ɻ ʥʜʦʛʝʥʥʳʤʠ ʬʝʨʤʝʥʪʘʤʠ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ 

ʚ ʞʝʣʫʜʢʝ. ʅʂʇ ʚʤʝʩʪʝ ʩʦʩʪʘʚʣʷʶʪ ʦʩʥʦʚʥʫʶ ʯʘʩʪʴ ʜʠʝʪʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ (ɼɺ). 

ʈʘʩʪʠʪʝʣʴʥʳʝ ʠʥʛʨʝʜʠʝʥʪʳ ʦʙʳʯʥʦ ʩʦʜʝʨʞʘʪ ʩʤʝʩʴ ʢʘʢ ʨʘʩʪʚʦʨʠʤʳʭ, ʪʘʢ ʠ 

ʥʝʨʘʩʪʚʦʨʠʤʳʭ ɼɺ ʚ ʩʦʦʪʥʦʰʝʥʠʠ, ʢʦʪʦʨʦʝ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʠ 

ʩʪʘʜʠʠ ʟʨʝʣʦʩʪʠ ʨʘʩʪʝʥʠʡ [50, 157-159, 167, 174]. ʈʘʩʪʚʦʨʠʤʳʝ ɼɺ ʦʙʨʘʟʫʶʪ 

ʜʠʩʧʝʨʩʠʠ ʧʨʠ ʩʤʝʰʠʚʘʥʠʠ ʩ ʚʦʜʦʡ ʠ ʦʙʣʘʜʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʦʚʳʰʘʪʴ ʚʷʟʢʦʩʪʴ 

ʧʝʨʝʚʘʨʠʚʘʝʤʦʡ ʧʠʱʠ, ʯʪʦ ʟʘʤʝʜʣʷʝʪ ʜʠʬʬʫʟʠʶ ʧʠʱʝʚʘʨʠʪʝʣʴʥʳʭ ʬʝʨʤʝʥʪʦʚ ʠ 

ʚʩʘʩʳʚʘʥʠʝ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ [50, 157-159]. 

ɼɺ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪ ʥʘ ʦʩʥʦʚʝ ʠʩʪʦʯʥʠʢʘ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʧʦʣʠʩʘʭʘʨʠʜʳ ʨʘʩʪʝʥʠʡ, ʧʦʣʠʩʘʭʘʨʠʜʳ ʞʠʚʦʪʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʧʦʣʠʩʘʭʘʨʠʜʳ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʧʨʠʨʦʜʥʳʭ ʠʣʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʠʩʪʦʯʥʠʢʦʚ. ʅʘ ʦʩʥʦʚʝ ʩʪʨʫʢʪʫʨʳ ʧʦʣʠʩʘʭʘʨʠʜʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʧʦʣʠʤʝʨʳ, 
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ʠʤʝʶʱʠʝ ʣʠʥʝʡʥʫʶ ʠʣʠ ʥʝʣʠʥʝʡʥʫʶ ʤʦʣʝʢʫʣʷʨʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʇʦ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʦʥʠ ʙʳʚʘʶʪ ʨʘʩʪʚʦʨʠʤʳʤʠ ʠʣʠ ʥʝʨʘʩʪʚʦʨʠʤʳʤʠ. ɼʨʫʛʠʝ 

ʢʘʪʝʛʦʨʠʠ ɼɺ ʦʩʥʦʚʘʥʳ ʥʘ ʠʭ ʩʚʦʡʩʪʚʘʭ ʠ ʧʨʠʤʝʥʝʥʠʠ. ɼɺ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 

4 ʦʩʥʦʚʥʳʝ ʢʘʪʝʛʦʨʠʠ: ʦʙʱʠʝ ʅʂʇ, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʶʪ ʦʪ 11,8 ʜʦ 16,4 ʛ/ʩʫʪ ʦʪ 

ʦʙʱʝʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʧʠʱʝʚʳʭ ʚʦʣʦʢʦʥ. ʕʪʘ ʯʘʩʪʴ ʚ ʦʩʥʦʚʥʦʤ ʧʦʩʪʫʧʘʝʪ ʠʟ 

ʟʣʘʢʦʚ ʠ ʦʚʦʱʝʡ, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʶʪ ʧʨʠʤʝʨʥʦ ʦʪ 40% ʜʦ 50% ʦʪ ɼɺ. 

ʈʘʩʪʚʦʨʠʤʳʝ ʠ ʥʝʨʘʩʪʚʦʨʠʤʳʝ ɼɺ ʩʦʩʪʘʚʣʷʶʪ ʦʪ 5,3% ʜʦ 8,7% ʠ ʦʪ 6,5% ʜʦ 7,0%, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʤʠʤʦ ʅʂʇ, ʜʨʫʛʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʷʚʣʷʶʪʩʷ ʠʥʫʣʠʥ, 

ʬʨʫʢʪʦʦʣʠʛʦʩʘʭʘʨʠʜʳ (ʌʆʉ) ʠ ʇʆʉ, ʫʩʪʦʡʯʠʚʳʡ ʢʨʘʭʤʘʣ ʠ ʣʠʛʥʠʥ, ʢʦʪʦʨʳʝ 

ʩʦʩʪʘʚʣʷʶʪ 2-12, 1,5-15%, 15-30% ʠ ʦʪ 1,0% ʜʦ 1,4%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩʫʥʦʢ 

1.8.1) [175]. 

 

 

ʈʠʩʫʥʦʢ 1.8.1. ï ʂʣʘʩʩʠʬʠʢʘʮʠʷ ɼɺ ʧʦ ʭʠʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʠ 

ʩʚʦʡʩʪʚʘʤ [177-ɸ].  

ɽʞʝʜʥʝʚʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ɼɺ ʚ ʧʠʱʫ ʧʨʠʤʝʨʥʦ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 16,3 ʜʦ 

43,4 ʛ/ʜʝʥʴ. ʕʥʝʨʛʠʷ, ʦʙʝʩʧʝʯʠʚʘʝʤʘʷ ʢʣʝʪʯʘʪʢʦʡ, ʨʘʟʣʠʯʘʝʪʩʷ ʦʪ ʠʩʪʦʯʥʠʢʘ ʢ 

ɼʠʝʪʠʯʝʩʢʠʝ ʚʦʣʦʢʥʘ (ɼɺ) 

ʀʥʫʣʠʥ 

ʅʝʨʘʩʪʚʦʨʠʤʳʝ ɼɺ 

ɻʝʤʠʮʝʣʣʶʣʦʟʘ 

ʎʝʣʣʶʣʦʟʘ 

ʃʠʛʥʠʥ 

ʋʩʪʦʡʯʠʚʳʡ 

ʢʨʘʭʤʘʣ 

ʉʣʠʟʠ ʂʘʤʝʜʠ 

ʇʝʢʪʠʥ 

ʌʆʉ 

ʈʘʩʪʚʦʨʠʤʳʝ ɼɺ 

ʇʆʉ 
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ʠʩʪʦʯʥʠʢʫ, ʥʦ ʦʙʱʝʧʨʠʥʷʪʦʝ ʠ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʦʝ ʟʥʘʯʝʥʠʝ 

ʩʦʩʪʘʚʣʷʝʪ 2 ʢʢʘʣ/ʛ [176]. 

ɺ ʨʘʙʦʪʝ [177] ʧʨʠʚʦʜʠʪʩʷ ʦʙʟʦʨ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʩ ʟʘʜʘʥʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʥʘ ʦʩʥʦʚʝ ʠʥʫʣʠʥʩʦʜʝʨʞʘʱʝʛʦ ʠ ʧʝʢʪʠʥʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ. 

ʀʥʫʣʠʥ ï ʵʪʦ ʧʨʠʨʦʜʥʳʡ ʘʥʘʣʦʛ ʠʥʩʫʣʠʥʘ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, 

ʟʘʧʘʩʥʦʡ ʧʦʣʠʩʘʭʘʨʠʜ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʡ ʚʦ ʤʥʦʛʠʭ ʨʘʩʪʝʥʠʷʭ, ʪʘʢʠʭ ʢʘʢ ʢʦʨʝʥʴ 

ʮʠʢʦʨʠʷ, ʧʰʝʥʠʮʘ, ʩʧʘʨʞʘ, ʣʫʢ, ʯʝʩʥʦʢ, ʛʝʦʨʛʠʥʘ ʠ ʪʦʧʠʥʘʤʙʫʨ (Helianthus 

tuberosus L.) [178, 179]. 

ʀʟʚʝʩʪʥʦ ʦ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʠʥʫʣʠʥʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ ʩʨʝʜʠ 

ʙʦʣʴʥʳʭ ʜʠʘʙʝʪʦʤ II ʪʠʧʘ, ʧʨʦʜʫʢʪʳ ʧʝʨʝʨʘʙʦʪʢʠ ʢʦʪʦʨʦʛʦ ʩʧʦʩʦʙʥʳ ʧʦʚʳʩʠʪʴ 

ʠʤʤʫʥʦʟʘʱʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ [180]. ʉʦʟʜʘʥʠʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʥʘ ʦʩʥʦʚʝ ʠʥʫʣʠʥʩʦʜʝʨʞʘʱʝʛʦ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʥʘʩʝʣʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʧʠʪʘʥʠʝʤ 

ʜʠʘʙʝʪʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ. ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʧʨʠ ʩʦʟʜʘʥʠʠ ʨʝʮʝʧʪʫʨʳ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʧʠʱʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʷʚʣʷʝʪʩʷ ʪʦʯʥʦ ʩʤʦʜʝʣʠʨʦʚʘʥʥʳʡ 

ʠʥʛʨʝʜʠʝʥʪʥʳʡ ʩʦʩʪʘʚ ʩ ʟʘʜʘʥʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʠʥʫʣʠʥʘ 

ʚ ʥʠʭ [178-180].  

ʇʝʢʪʠʥ ï ʦʜʥʘ ʠʟ ʩʘʤʳʭ ʥʝʟʘʤʝʥʠʤʳʭ ʧʠʱʝʚʳʭ ʜʦʙʘʚʦʢ. çéɽʛʦ 

ʠʩʧʦʣʴʟʫʶʪ ʚ ʢʘʯʝʩʪʚʝ ʩʪʫʜʥʝ- ʠ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʪʝʣʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʢʦʥʜʠʪʝʨʩʢʠʭ ʠʟʜʝʣʠʡ, ʤʘʨʤʝʣʘʜʦʚ, ʧʘʩʪʠʣʳ, ʜʞʝʤʦʚ, ʢʦʥʬʠʪʶʨʦʚ, ʞʝʣʝ, 

ʬʨʫʢʪʦʚʳʭ ʥʘʧʠʪʢʦʚ, ʩʦʢʦʚ, ʤʘʡʦʥʝʟʦʚ ʠ ʜʨʫʛʠʭ ʤʘʩʣʦʞʠʨʦʚʳʭ ʠ ʤʦʣʦʯʥʳʭ 

ʧʨʦʜʫʢʪʦʚéè [50, 159]. çéʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ɺʆɿ 

ʧʦʟʚʦʣʠʣʠ ʨʘʩʢʨʳʪʴ ʤʥʦʛʦʧʣʘʥʦʚʦʩʪʴ ʚʦʟʜʝʡʩʪʚʠʷ ʧʝʢʪʠʥʘ ʥʘ ʦʨʛʘʥʠʟʤ 

ʯʝʣʦʚʝʢʘ ʠ ʫʩʪʘʥʦʚʠʪʴ ʩʣʝʜʫʶʱʝʝ:  

¶ ʧʦʧʘʜʘʷ ʚ ɾʂʊ, ʧʝʢʪʠʥʳ ʦʙʨʘʟʫʶʪ ʛʝʣʠ, ʢʦʪʦʨʳʝ, ʧʨʦʜʚʠʛʘʷʩʴ ʧʦ 

ʢʠʰʝʯʥʠʢʫ, ʟʘʭʚʘʪʳʚʘʶʪ ʪʦʢʩʠʯʥʳʝ ʚʝʱʝʩʪʚʘ ʠ ʟʘʱʠʱʘʶʪ ʩʣʠʟʠʩʪʳʝ ʦʪ 

ʨʘʟʜʨʘʞʝʥʠʷ; 
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¶ ʚ ʧʨʦʮʝʩʩʝ ʫʩʚʦʝʥʠʷ ʧʠʱʠ ʧʝʢʪʠʥʳ, ʩʦʝʜʠʥʷʷʩʴ ʩ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ ʠ 

ʨʘʜʠʦʥʫʢʣʠʜʘʤʠ, ʦʙʨʘʟʫʶʪ ʥʝʨʘʩʪʚʦʨʠʤʳʝ ʢʦʤʧʣʝʢʩʳ, ʢʦʪʦʨʳʝ, ʥʝ ʚʩʘʩʳʚʘʷʩʴ 

ʚ ʩʣʠʟʠʩʪʫʶ ʦʙʦʣʦʯʢʫ ɾʂʊ, ʚʳʚʦʜʷʪʩʷ ʠʟ ʦʨʛʘʥʠʟʤʘ; 

¶ ʟʘʱʠʪʥʦʝ ʜʝʡʩʪʚʠʝ ʧʝʢʪʠʥʦʚ ʦʙʲʷʩʥʷʝʪʩʷ ʪʘʢʞʝ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴʶ ʚʤʝʩʪʝ ʩ 

ʜʨʫʛʠʤʠ ʧʠʱʝʚʳʤʠ ʚʦʣʦʢʥʘʤʠ ʫʣʫʯʰʘʪʴ ʨʘʙʦʪʫ (ʧʝʨʠʩʪʘʣʴʪʠʢʫ) ʢʠʰʝʯʥʠʢʘ, 

ʩʧʦʩʦʙʩʪʚʫʷ ʪʝʤ ʩʘʤʳʤ ʙʦʣʝʝ ʙʳʩʪʨʦʤʫ ʚʳʚʝʜʝʥʠʶ ʪʦʢʩʠʥʦʚ ʠ ʥʝʜʦʦʢʠʩʣʝʥʥʳʭ 

ʚʝʱʝʩʪʚ ʠʟ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ;  

¶ ʧʦʧʘʜʘʷ ʚ ʢʠʰʝʯʥʠʢ, ʇɺ ʩʜʚʠʛʘʶʪ ʨʅ ʩʨʝʜʳ ʚ ʙʦʣʝʝ ʢʠʩʣʫʶ ʩʪʦʨʦʥʫ, 

ʦʢʘʟʳʚʘʷ ʪʝʤ ʩʘʤʳʤ, ʙʘʢʪʝʨʠʮʠʜʥʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʙʦʣʝʟʥʝʪʚʦʨʥʳʝ ʙʘʢʪʝʨʠʠ; 

¶ ʧʝʢʪʠʥʳ, ʩʚʷʟʳʚʘʷ ʞʝʣʯʥʳʝ ʢʠʩʣʦʪʳ, ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʛʠʧʦʭʦʣʝʩʪʝʨʠʥʝʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪéè [181].  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʝʢʪʠʥʳ ʩʪʘʣʠ ʚʘʞʥʦʡ ʯʘʩʪʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʨʘʟʨʘʙʦʪʦʢ ʥʘʪʫʨʘʣʴʥʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʠ ʧʨʦʜʫʢʪʦʚ ʜʣʷ ʟʜʦʨʦʚʴʷ ʠʟ-ʟʘ 

ʠʭ ʰʠʨʦʢʦʡ ʜʦʩʪʫʧʥʦʩʪʠ. C ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘ 

ʩʚʷʟʠ ʤʝʞʜʫ ʭʠʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʧʝʢʪʠʥʦʚ ʩ 

ʮʝʣʴʶ ʨʘʩʰʠʨʝʥʠʷ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʤʝʜʠʮʠʥʝ ʠ ʬʘʨʤʘʢʦʣʦʛʠʠ. 

ʇʨʠʚʝʜʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠ ʢʣʠʥʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʧʨʠ ʫʯʘʩʪʠʠ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ, ʜʘʶʪ ʦʩʥʦʚʘʥʠʝ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʙʘʢʪʝʨʠʮʠʜʥʳʝ, ʜʝʪʦʢʩʠʢʘʮʠʦʥʥʳʝ 

ʠ ʩʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʧʝʢʪʠʥʘ ʜʦʣʞʥʳ ʦʪʢʨʳʪʴ ʥʦʚʫʶ ʩʪʨʘʥʠʮʫ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ, 

ʢʘʢ ʚ ʢʦʤʧʣʝʢʩʥʦʤ ʣʝʯʝʥʠʠ ʮʝʣʦʛʦ ʨʷʜʘ ʟʘʙʦʣʝʚʘʥʠʡ, ʠ ʚ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʬʦʨʤ, ʪʘʢ ʠ ʚ ʜʠʝʪʦʣʦʛʠʠ, ʚ ʢʘʯʝʩʪʚʝ 

ʢʦʤʧʦʥʝʥʪʘ ʝʞʝʜʥʝʚʥʦʛʦ ʨʘʮʠʦʥʘ ʧʠʪʘʥʠʷ ʯʝʣʦʚʝʢʘ [50, 182]. 

ɽʱʝ ʦʜʥʠʤ ʙʠʦʣʦʛʠʯʝʩʢʠ ʚʘʞʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʩʪʘʣʠ 

ʧʨʝʜʤʝʪʦʤ ʰʠʨʦʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʷʚʣʷʶʪʩʷ ʧʦʣʠʬʝʥʦʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ-

ʘʥʪʠʦʢʩʠʜʘʥʪʳ, ʦʩʦʙʝʥʥʦ ʬʣʘʚʦʥʦʠʜʳ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʠʱʝʚʳʝ ʧʨʦʜʫʢʪʳ, 

ʦʙʦʛʘʱʝʥʥʳʝ ʬʣʘʚʦʥʦʠʜʘʤʠ, ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ. ʌʣʘʚʦʥʦʠʜʳ, ʦʩʦʙʝʥʥʦ ʠʭ ʛʣʶʢʦʟʠʜʳ, ʧʨʠʟʥʘʥʳ ʚʘʞʥʳʤʠ 

ʧʦʣʠʬʝʥʦʣʘʤʠ ʚ ʨʘʮʠʦʥʝ ʯʝʣʦʚʝʢʘ, ʧʦʩʢʦʣʴʢʫ ʷʚʣʷʶʪʩʷ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ 
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ʘʢʪʠʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʩʧʦʩʦʙʥʳʤʠ ʩʥʠʞʘʪʴ ʨʠʩʢ ʨʘʟʚʠʪʠʷ ʭʨʦʥʠʯʝʩʢʠʭ 

ʟʘʙʦʣʝʚʘʥʠʡ [183, 184]. ʆʜʥʘʢʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʙʠʦʜʦʩʪʫʧʥʦʩʪʴ ʬʣʘʚʦʥʦʠʜʦʚ ʠʟ 

ɾʂʊ ʦʛʨʘʥʠʯʝʥʘ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʠʭ ʥʠʟʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ 

ʚ ʚʦʜʝ ʠ ʦʛʨʘʥʠʯʝʥʥʦʡ ʧʨʦʭʦʞʜʝʥʠʶ ʯʝʨʝʟ ʤʝʤʙʨʘʥ r[183, 185]. ʋʩʚʦʷʝʤʦʩʪʴ 

ʬʣʘʚʦʥʦʠʜʦʚ ʠʟ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʧʠʱʝʚʘʨʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ 

ʩʪʨʫʢʪʫʨʳ ʠ ʩʦʩʪʘʚʘ ʧʠʱʠ, ʚ ʢʦʪʦʨʫʶ ʚʭʦʜʷʪ ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʚ 

ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʡ ʩʨʝʜʝ ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʨʘʟʣʠʯʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʝʞʜʫ ʬʣʘʚʦʥʦʠʜʘʤʠ ʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʠʱʠ [186], ʦʩʦʙʝʥʥʦ ʙʝʣʢʘʤʠ [187] ʠ/ʠʣʠ 

ʤʠʢʨʦʵʣʝʤʝʥʪʘʤʠ [188]. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʠʱʝʚʘʨʝʥʠʷ, ʤʦʜʝʣʠʨʫʶʱʠʝ in vitro, 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʠʱʝʚʘʷ ʤʘʪʨʠʮʘ ʤʦʞʝʪ ʣʠʙʦ ʧʦʚʳʰʘʪʴ, ʣʠʙʦ ʦʛʨʘʥʠʯʠʚʘʪʴ 

ʙʠʦʜʦʩʪʫʧʥʦʩʪʴ ʬʣʘʚʦʥʦʠʜʦʚ [188]. 

ɺ ʫʩʣʦʚʠʷʭ ʩʦʚʨʝʤʝʥʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʧʠʱʘ ʜʦʣʞʥʘ ʥʝ ʪʦʣʴʢʦ 

ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʛʦʣʦʜ, ʥʦ ʠ ʩʣʫʞʠʪʴ ʩʨʝʜʩʪʚʦʤ ʫʢʨʝʧʣʝʥʠʷ ʟʜʦʨʦʚʴʷ, ʪʘʢ ʢʘʢ 

ʥʝʧʦʣʥʦʮʝʥʥʦʝ ʧʠʪʘʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʢʘʢ ʦʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ 

ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʧʠʱʝʚʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʩʦʩʨʝʜʦʪʦʯʠʣʘʩʴ ʥʘ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʠ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʚʨʝʜʘ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʱʝʚʳʭ ʜʦʙʘʚʦʢ ʠ ʥʘ 

ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʧʦʣʝʟʥʳʝ ʜʣʷ ʟʜʦʨʦʚʴʷ 

ʯʝʣʦʚʝʢʘ ʠʥʛʨʝʜʠʝʥʪʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʠʦʘʢʪʠʚʥʳʝ ʥʘʪʫʨʘʣʴʥʳʝ ʧʨʦʜʫʢʪʳ 

ʩʯʠʪʘʶʪʩʷ ʞʠʟʥʝʩʧʦʩʦʙʥʳʤʠ ʠ ʙʦʣʝʝ ʙʝʟʦʧʘʩʥʳʤʠ ʟʘʤʝʥʠʪʝʣʷʤʠ ʜʣʷ 

ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʩʧʨʦʩʘ ʤʠʨʦʚʦʛʦ ʨʳʥʢʘ ʥʘ ʥʦʚʳʝ ʧʨʦʜʫʢʪʳ [189]. 

 

1.8.1 ʄʠʢʨʦʢʘʧʩʫʣʠʨʦʚʘʥʠʝ ʙʠʦʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ ʜʝʬʠʮʠʪʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʧʠʱʝʚʳʝ ʠ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʨʘʩʪʝʥʠʷ, ʧʨʦʜʫʢʪʳ ʧʯʝʣʦʚʦʜʩʪʚʘ, ʧʨʠʨʦʜʥʳʝ 

ʤʠʥʝʨʘʣʴʥʦ-ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʫʙʩʪʨʘʪʳ ʠ ʜʨ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʨʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʚ ʚʠʜʝ ɹɸɺ ʦʧʨʘʚʜʘʥʦ ʩ ʥʘʫʯʥʦʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʦʯʝʢ ʟʨʝʥʠʷ: ʩʦʜʝʨʞʘʥʠʝ ʚ ʥʠʭ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʚ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʘʭ [190]. ʕʪʠ ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʚ ʧʨʠʨʦʜʝ ʩʦʝʜʠʥʝʥʠʷ ʜʘʚʥʦ 
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ʠʟʫʯʝʥʳ ʠ ʙʫʜʫʪ ʠʩʪʦʯʥʠʢʦʤ ʧʦʩʪʦʷʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʯʝʥʳʭ ʚʩʝʛʦ ʤʠʨʘ. ʉʨʝʜʠ 

ʚʩʝʭ ʚʘʞʥʳʭ ʬʠʪʦʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʬʝʥʦʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʶʪʩʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ ʬʠʪʦʢʦʤʧʦʥʝʥʪʘʤʠ ʩ ʤʦʱʥʳʤ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʤ ʠ 

ʘʥʪʠʤʠʢʨʦʙʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʤʥʦʛʠʝ ʠʟ ʥʠʭ ʷʚʣʷʶʪʩʷ 

ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʧʨʦʪʠʚ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʙʘʢʪʝʨʠʡ [191, 192]. 

ʇʦʣʠʬʝʥʦʣʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʛʨʦʤʥʦʝ ʩʝʤʝʡʩʪʚʦ ʩʦʝʜʠʥʝʥʠʡ ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʩʦ ʩʭʦʜʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ (ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʦʜʥʦʤ ʠʣʠ 

ʥʝʩʢʦʣʴʢʠʭ ʬʝʥʦʣʴʥʳʭ ʢʦʣʴʮʘʭ), ʦʪʣʠʯʘʶʱʝʡʩʷ ʪʠʧʦʤ ʠ ʢʦʣʠʯʝʩʪʚʦʤ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ, ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʢ ʫʛʣʝʨʦʜʥʦʡ ʮʝʧʠ. ɼʠʝʪʠʯʝʩʢʠʝ 

ʧʦʣʠʬʝʥʦʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʬʣʘʚʦʥʦʠʜʘʤʠ ʠ ʬʝʥʦʣʴʥʳʤʠ ʢʠʩʣʦʪʘʤʠ. 

ɼʠʝʪʦʣʦʛʠ ʨʝʢʦʤʝʥʜʫʶʪ ʠʭ ʩʨʝʜʥʝʩʫʪʦʯʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʚ ʦʙʱʝʡ ʧʦʧʫʣʷʮʠʠ 

ʧʨʠʤʝʨʥʦ ʦʢʦʣʦ 1 ʛ. ɿʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʧʦʷʚʠʣʦʩʴ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ, ʧʦʜʪʚʝʨʞʜʘʶʱʝʡ ʨʦʣʴ ʧʦʣʠʬʝʥʦʣʦʚ ʚ ʣʝʯʝʥʠʠ ʨʷʜʘ 

ʭʨʦʥʠʯʝʩʢʠʭ ʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ [191, 192]. 

ʅʦʚʳʝ çʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʨʦʜʫʢʪʳè ʚʦʟʥʠʢʣʠ ʥʘ ʛʨʘʥʠʮʝ ʤʝʞʜʫ ʧʠʪʘʥʠʝʤ 

ʠ ʟʜʦʨʦʚʴʝʤ, ʦʙʝʩʧʝʯʠʚʘʷ ʜʦʣʛʦʩʨʦʯʥʳʡ ʧʦʣʝʟʥʳʡ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʡ ʠ 

ʦʟʜʦʨʦʚʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ, ʚʳʭʦʜʷʱʠʡ ʟʘ ʨʘʤʢʠ ʧʠʪʘʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ. ʇʦʥʷʪʠʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ ʧʦʷʚʠʣʦʩʴ 40 ʣʝʪ ʥʘʟʘʜ, ʦʜʥʘʢʦ ʨʘʩʪʫʱʠʡ ʠʥʪʝʨʝʩ ʢ 

ʵʪʦʤʫ ʚʠʜʫ ʧʨʦʜʫʢʪʦʚ ʢʘʢ ʩʦ ʩʪʦʨʦʥʳ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (ʚʥʝʜʨʝʥʠʝ, 

ʠʟʦʙʨʝʪʝʥʠʝ), ʪʘʢ ʠ ʥʘʫʯʥʳʭ ʢʨʫʛʦʚ (ʯʝʨʝʟ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʩʪʘʪʴʠ ʠ 

ʦʙʟʦʨʳ) ʥʘʙʣʶʜʘʣʩʷ ʪʦʣʴʢʦ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ 1990-ʭ ʛʛ. ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʪʝʥʜʝʥʮʠʶ ʢ ʫʚʝʣʠʯʝʥʠʶ (ʨʠʩʫʥʦʢ 1.8.1.1) [193]. 

ʅʘ ʩʦʩʪʦʷʥʠʝ 27 ʘʚʛʫʩʪʘ 2022 ʛ. ʵʪʠ ʮʠʬʨʳ ʜʦʩʪʠʛʣʠ 115 000 ʩʪʘʪʝʡ ʠ 16600 

ʧʘʪʝʥʪʥʳʭ ʧʫʙʣʠʢʘʮʠʝʡ ʚ ʝʞʝʛʦʜʥʦʤ ʨʦʩʪʝ ʚ 100% ʧʦ ʩʪʘʪʴʷʤ ʠ 10% ʧʦ 

ʧʘʪʝʥʪʥʳʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [194].  

ʇʨʦʙʣʝʤʳ ʩʦ ʟʜʦʨʦʚʴʝʤ ʚʳʟʳʚʘʶʪ ʚʩʝ ʙʦʣʴʰʫʶ ʦʟʘʙʦʯʝʥʥʦʩʪʴ ʫ 

ʥʘʩʝʣʝʥʠʷ ʤʠʨʘ, ʠ ʧʦʵʪʦʤʫ ʧʠʱʝʚʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʠʱʝʪ ʥʦʚʳʝ ʧʠʱʝʚʳʝ 

ʧʨʦʜʫʢʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʧʦʣʝʟʥʳʝ ʜʣʷ ʟʜʦʨʦʚʴʷ ɹɸɺ, ʥʦ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʠʥʛʨʝʜʠʝʥʪʦʚ. ʆʜʥʘʢʦ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʠʱʝʚʳʭ 

ʧʨʦʜʫʢʪʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʙʠʦʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʚʦʟʥʠʢʘʶʪ 
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ʥʝʢʦʪʦʨʳʝ ʧʨʦʙʣʝʤʳ. ʆʥʠ ʥʝʩʪʘʙʠʣʴʥʳʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʚʝʪʘ, ʨʅ ʨʘʩʪʚʦʨʘ ɾʂʊ, 

ʤʦʛʫʪ ʣʝʛʢʦ ʨʝʘʛʠʨʦʚʘʪʴ ʩ ʜʨʫʛʠʤʠ ʠʥʛʨʝʜʠʝʥʪʘʤʠ ʧʠʱʝʚʦʡ ʤʘʪʨʠʮʳ ʠʣʠ 

ʧʨʦʷʚʣʷʶʪ ʩʠʣʴʥʳʡ ʟʘʧʘʭ ʠ ʚʢʫʩ. 
 

 

ʈʠʩʫʥʦʢ 1.8.1.1. ï ʂʦʣʠʯʝʩʪʚʦ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʠ ʧʘʪʝʥʪʦʚ ʚ 

ʧʝʨʠʦʜʝ ʩ 1975 ʜʦ 2014 ʛʛ. ʧʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʧʠʱʝ [193] 

ʅʝʩʤʦʪʨʷ ʥʘ ʦʛʨʦʤʥʦʝ ʚʣʠʷʥʠʝ ʥʘʪʫʨʘʣʴʥʳʭ ʵʢʩʪʨʘʢʪʦʚ ʠ ʨʦʜʩʪʚʝʥʥʳʭ ʠʤ 

ʤʝʪʘʙʦʣʠʪʦʚ ʥʘ ʟʜʦʨʦʚʴʝ, ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʠʙʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʢʘʯʝʩʪʚʝ 

ʧʠʱʠ, ʣʠʙʦ ʠʭ ʚʢʣʶʯʝʥʠʝ ʚ ʧʠʱʝʚʳʝ ʨʝʮʝʧʪʫʨʳ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʨʷʜʦʤ ʧʨʦʙʣʝʤ 

ʚʦ ʚʨʝʤʷ ʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʯʪʦ ʜʝʣʘʝʪ ʵʪʠ ɹɸɺ 

ʬʠʟʠʯʝʩʢʠ, ʭʠʤʠʯʝʩʢʠ ʠ ʬʝʨʤʝʥʪʘʪʠʚʥʦ ʥʝʩʪʘʙʠʣʴʥʳʤʠ. ʕʪʘ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ 

ʧʨʠʚʦʜʠʪ ʢ ʜʝʛʨʘʜʘʮʠʠ ʠ ʧʦʪʝʨʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʙʠʦʘʢʪʠʚʥʳʭ ʵʢʩʪʨʘʢʪʦʚ 

[193]. 

ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʤʠʢʨʦʠʥʢʘʧʩʫʣʷʮʠʷ ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʳʡ 

ʧʦʜʭʦʜ ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʚ ʧʨʠʚʝʜʸʥʥʳʭ ʚʳʰʝ ʧʨʦʙʣʝʤ ʠ, ʙʦʣʝʝ ʪʦʛʦ, 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʥʪʨʦʣʠʨʫʝʤʫ  ʁʠʣʠ ʥʘʧʨʘʚʣʝʥʥʫ  ʁʜʦʩʪʘʚʢʫ ʠʣʠ ʚʳʩʚʦʙʦʞʜʝʥʠʷ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʚʝʱʝʩʪʚ ʠ ɹɸɺ [193, 195-197]. ʄʠʢʨʦʢʘʧʩʫʣʠʨʦʚʘʥʠʝ ï ʵʪʦ 
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ʧʨʦʮʝʩʩ, ʢʦʪʦʨʳʡ ʙʳʩʪʨʦ ʨʘʟʚʠʚʘʝʪʩʷ ʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʠʱʝʚʦʡ, 

ʢʦʩʤʝʪʠʯʝʩʢʦʡ ʠ ʤʝʜʠʮʠʥʩʢʦʡ ʦʪʨʘʩʣʷʭ [195].  

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦʷʚʠʣʩʷ ʠʥʪʝʨʝʩ ʢ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ 

ʘʢʪʠʚʥʳʭ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʫʧʘʢʦʚʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ 

ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ [198, 199]. ɸʢʪʠʚʥʳʝ 

ʫʧʘʢʦʚʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩʦʜʝʨʞʘʪ ʜʦʙʘʚʢʠ, ʫʣʫʯʰʘʶʱʠʝ ʭʠʤʠʯʝʩʢʫʶ ʠʣʠ 

ʤʠʢʨʦʙʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʪʘʢʠʝ ʢʘʢ ʘʥʪʠʦʢʩʠʜʘʥʪʳ ʠ 

ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʳʝ ʧʨʝʧʘʨʘʪʳ. ʇʨʠʯʝʤ, ʥʦʚʦʝ ʧʦʢʦʣʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ 

ʫʧʘʢʦʚʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ï ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʛʘʣʦʭʨʦʤʥʳʡ ʫʧʘʢʦʚʦʯʥʳʡ 

ʤʘʪʝʨʠʘʣ ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʧʫʪʝʤ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʘʥʪʦʮʠʘʥʦʚ ʣʝʧʝʩʪʢʦʚ ʰʘʬʨʘʥʘ 

ʚ ʙʠʦʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʥʘʥʦʚʦʣʦʢʦʥ ʭʠʪʦʟʘʥʘ ʠ 

ʤʝʪʠʣʮʝʣʣʶʣʦʟʳ. ʎʚʝʪ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʣʝʥʦʢ ʟʘʚʠʩʝʣ ʦʪ ʨʅ ʠ ʫʨʦʚʥʷ 

ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʘʤʤʠʘʢʘ, ʦʙʨʘʟʫʶʱʝʛʦ ʧʨʠ ʧʦʨʯʠ ʧʨʦʜʫʢʪʘ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʠʟʤʝʥʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʘʥʪʦʮʠʘʥʦʚ [200]. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʤʥʦʛʠʝ ʚʦʧʨʦʩʳ ʵʤʫʣʴʩʠʦʥʥʦʛʦ ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʠʷ 

(ʩʪʘʙʠʣʴʥʦʩʪʠ ʵʤʫʣʴʩʠʠ, ʢʦʣʠʯʝʩʪʚʘ ʟʘʭʚʘʯʝʥʥʦʛʦ ʃɺ ʚ ʝʜʠʥʠʮʝ ʤʘʩʩʳ ʥʦʩʠʪʝʣʷ 

ʠ ʢʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʃɺ), ʦʩʪʘʶʪʩʷ ʜʦ ʥʘʩʪʦʷʱʝʛʦ 

ʚʨʝʤʝʥʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʥʳʤʠ. ɺʝʜʫʪʩʷ ʨʘʟʨʘʙʦʪʢʠ ʪʘʢʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ 

ʙʠʦʧʦʣʠʤʝʨʦʚ ʧʝʢʪʠʥʘ ʠ ʙʝʣʢʦʚ ʜʣʷ ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʠʷ ʤʘʣʦʨʘʩʪʚʦʨʠʤʳʭ ʃɺ ʠ 

ɹɸɺ [50, 201-204]. 

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʥʘʤʠ ʙʳʣ çéʠʟʫʯʝʥ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʤʠʢʨʦʢʘʧʩʫʣʠʨʦʚʘʥʠʷ ʵʤʫʣʴʩʠʠ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ 

ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʩ ʢʦʥʮʝʥʪʨʘʪʦʤ LgC ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʵʤʫʣʴʩʠʦʥʥʳʭ ʯʘʩʪʠʮ ʤʘʩʣʦ-ʚ-ʚʦʜʝ, ʩʧʦʩʦʙʥʳʭ ʵʬʬʝʢʪʠʚʥʦ ʟʘʭʚʘʪʳʚʘʪʴ ʃɺ. 

ʇʦʢʘʟʘʥʦ ʯʪʦ, ʫʩʣʦʚʠʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʡ ʵʤʫʣʴʩʠʠ ʩ ʚʳʩʦʢʠʤ ʟʘʭʚʘʪʦʤ 

ʃɺ ʟʘʚʠʩʠʪ ʦʪ ʩʪʨʫʢʪʫʨʳ ʧʝʢʪʠʥʘ, ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʝʩʘ, ʫʩʣʦʚʠʡ ʩʨʝʜʳ (ʨʅ ʠ 

ʠʦʥʥʘʷ ʩʠʣʘ) ʠ ʩʦʦʪʥʦʰʝʥʠʷ ʙʝʣʢʘ ʠ ʧʝʢʪʠʥʘéè [205, 206]. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠʥʩʪʠʪʫʪʘ ʭʠʤʠʠ ʅɸʅʊ ʧʨʦʜʦʣʞʘʶʪʩʷ ʠ ʠʭ ʜʘʣʴʥʝʡʰʠʤʠ ʮʝʣʷʤʠ 
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ʷʚʣʷʶʪʩʷ çéʨʘʟʨʘʙʦʪʢʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʦʣʫʯʝʥʠʶ ʚʳʩʦʢʦʫʩʪʦʡʯʠʚʳʭ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʵʤʫʣʴʩʠʦʥʥʳʭ ʤʠʢʨʦʢʘʧʩʫʣ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ 

ʢʦʤʧʣʝʢʩʘʤʠ ʣʘʢʪʦʛʣʦʙʫʣʠʥʦʚ ʩ ʅʄ-ʧʝʢʪʠʥʘʤʠ ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, 

ʠʟʫʯʝʥʠʝ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʧʦʣʠʬʝʥʦʣʘʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʧʠʱʠéè [207]. 

ʊʝʭʥʦʣʦʛʠʷ ʧʦʣʠʤʝʨʥʳʭ ʙʠʦʤʘʪʝʨʠʘʣʦʚ, ʚʩʝ ʙʦʣʴʰʝ ʠ ʙʦʣʴʰʝ ʧʨʝʜʩʪʘʚʣʷʷ 

ʥʘʫʯʥʳʡ ʠʥʪʝʨʝʩ, ʠ ʨʘʟʚʠʚʘʝʪʩʷ, ʠ ʠʥʚʝʩʪʠʨʫʝʪʩʷ. ɹʠʦʧʦʣʠʤʝʨʳ ʬʘʢʪʠʯʝʩʢʠ 

ʩʬʦʨʤʠʨʦʚʘʣʠ ʩʦʚʨʝʤʝʥʥʳʡ ʤʠʨ ʠ ʠʟʤʝʥʠʣʠ ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ ʚ ʙʝʩʯʠʩʣʝʥʥʳʭ 

ʦʙʣʘʩʪʷʭ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʆʥʠ ʜʦʙʘʚʠʣʠ ʥʦʚʳʝ ʠʟʤʝʨʝʥʠʷ ʚ ʩʪʘʥʜʘʨʪʳ 

ʞʠʟʥʠ ʠ ʨʘʟʨʘʙʦʪʢʫ ʥʝʜʦʨʦʛʠʭ ʧʨʦʜʫʢʪʦʚ. ʄʠʨ ʙʠʦʧʦʣʠʤʝʨʦʚ ʟʘʪʨʦʥʫʣ ʠʭ ʚʩʝʭ: ʦʪ 

ʪʨʘʥʩʧʦʨʪʘ ʜʦ ʩʚʷʟʠ, ʦʪ ʨʘʟʚʣʝʯʝʥʠʡ ʜʦ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ [208-212]. 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʶʪ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʪʦ ʝʩʪʴ ʤʘʪʝʨʠʘʣʳ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʟʜʝʣʠʡ, ʫʩʪʨʦʡʩʪʚ ʠ ʧʨʝʧʘʨʘʪʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ 

ʤʝʜʠʮʠʥʝ, ʙʠʦʪʝʭʥʦʣʦʛʠʠ, ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʠ ʪ.ʧ. ʠ ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ, ʞʠʚʦʪʥʳʭ, ʨʘʩʪʝʥʠʡ, 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʇʦʣʠʤʝʨʥʳʝ ʛʠʜʨʦʛʝʣʠ ʧʨʠʚʣʝʢʘʶʪ ʧʨʠʩʪʘʣʴʥʦʝ ʚʥʠʤʘʥʠʝ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʙʠʦʤʘʪʝʨʠʘʣʦʚ, 

ʛʠʜʨʦʬʠʣʴʥʦʩʪʴʶ, ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴʶ, ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʠ 

ʵʣʘʩʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʙʣʠʟʢʠʤʠ ʩʚʦʡʩʪʚʘʤ ʞʠʚʳʭ ʪʢʘʥʝʡ, ʠ ʮʝʣʳʤ ʨʷʜʦʤ 

ʜʨʫʛʠʭ ʫʥʠʢʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ [50, 211-216].  

ʇʨʠʨʦʜʥʳʝ ʧʦʣʠʩʘʭʘʨʠʜʳ ʠʟ ʨʘʩʪʠʪʝʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʜʘʚʥʦ ʠʟʫʯʝʥʳ ʠ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ, ʪʘʢʠʭ ʢʘʢ ʧʨʦʜʫʢʪʳ ʧʠʪʘʥʠʷ, 

ʤʝʜʠʮʠʥʘ ʠ ʬʘʨʤʘʮʝʚʪʠʢʠ, ʘ ʪʘʢʞʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʙʫʤʘʛʠ. ɺ ʧʦʩʣʝʜʥʠʝ 

ʜʝʩʷʪʠʣʝʪʠʷ ʚʦʟʨʦʩ ʠʥʪʝʨʝʩ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʦʣʠʩʘʭʘʨʠʜʦʚ, ʦʩʦʙʝʥʥʦ 

ʙʠʦʘʢʪʠʚʥʳʭ, ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʥʦʚʳʭ ʧʨʠʤʝʥʝʥʠʡ ʙʣʘʛʦʜʘʨʷ ʠʭ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʠ, 

ʙʠʦʨʘʟʣʘʛʘʝʤʦʩʪʠ, ʥʝʪʦʢʩʠʯʥʦʩʪʠ ʠ ʥʝʢʦʪʦʨʳʤ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʤ 

ʜʝʡʩʪʚʠʷʤ. ʆʪʩʶʜʘ ʚʩʧʣʝʩʢ ʠʥʪʝʨʝʩʘ ʢ ʧʨʠʨʦʜʥʳʤ ʧʦʣʠʩʘʭʘʨʠʜʘʤ (ʚ ʯʘʩʪʥʦʩʪʠ, 

ʧʝʢʪʠʥʫ), ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʨʘʩʩʤʦʪʨʝʥʠʝ ʧʨʠʤʝʥʝʥʠʷ ʚ 
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ʬʘʨʤʘʢʦʣʦʛʠʠ [209-217]. ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʇʇ ʦʙʣʘʜʘʶʪ ʦʛʨʦʤʥʳʤ 

ʧʦʪʝʥʮʠʘʣʦʤ ʠ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʠ, ʧʠʱʝʚʦʡ ʠ ʢʦʩʤʝʪʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʙʣʘʛʦʜʘʨʷ ʠʭ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʤʫ ʜʝʡʩʪʚʠʶ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ 

ʪʦʢʩʠʯʥʦʩʪʠ [50, 210-114, 218, 182].  

ʇʝʢʪʠʥ ʠʤʝʝʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʢʨʦʚʠ 

[211, 212], ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʧʨʠʨʦʜʥʦʝ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʧʨʦʪʠʚ 

ʦʪʨʘʚʣʝʥʠʷ ʪʦʢʩʠʯʥʳʤʠ ʤʝʪʘʣʣʘʤʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʝʢʪʠʥ ʵʬʬʝʢʪʠʚʝʥ ʜʣʷ 

ʫʜʘʣʝʥʠʷ ʩʚʠʥʮʘ ʠ ʨʪʫʪʠ ʠʟ ɾʂʊ ʠ ʦʨʛʘʥʦʚ ʜʳʭʘʥʠʷ [216]. ʂʦʤʙʠʥʘʮʠʠ ʧʝʢʪʠʥʘ 

ʩ ʜʨʫʛʠʤʠ ʛʠʜʨʦʢʦʣʣʦʠʜʘʤʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʣʝʯʝʥʠʷ ʜʠʘʨʝʡʥʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡ, ʦʩʦʙʝʥʥʦ ʫ ʤʣʘʜʝʥʮʝʚ ʠ ʜʝʪʝʡ [210].  

ɺ ʥʝʜʘʚʥʠʭ ʦʙʟʦʨʘʭ [182, 217, 218, 219-222], ʦʙʦʙʱʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʠʦʘʢʪʠʚʥʦʩʪʠ ʇʇ, ʚʢʣʶʯʘʷ ʠʭ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ.  

ʍʠʤʠʯʝʩʢʠʝ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʵʪʦʛʦ ʧʦʣʠʩʘʭʘʨʠʜʘ ʧʦʟʚʦʣʷʶʪ ʝʤʫ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʤʦʣʝʢʫʣ, ʬʦʨʤʠʨʫʷ ʥʦʚʳʝ ʢʦʤʧʦʟʠʪʥʳʝ 

ʤʘʪʨʠʮʳ ʜʣʷ ʮʝʣʝʚʦʡ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʜʦʩʪʘʚʢʠ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ, ʛʝʥʦʚ ʠʣʠ 

ʢʣʝʪʦʢ. ʇʝʢʪʠʥʳ, ʩʯʠʪʘʶʱʠʝʩʷ ʜʠʝʪʠʯʝʩʢʠʤ ʚʦʣʦʢʥʦʤ ʠ ʧʨʦʙʠʦʪʠʢʦʤ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʥʦʛʠʤ ʥʦʨʤʘʪʠʚʘʤ ʚ ʦʪʥʦʰʝʥʠʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʠ 

ʚ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ [182, 218].  

ɼʨʫʛʦʡ ʤʥʦʛʦʦʙʝʱʘʶʱʝʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʝʢʪʠʥʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʦʯʝʚʠʜʥʳʡ 

ʩʠʥʝʨʛʠʟʤ ʠ ʭʠʤʠʦʧʨʦʪʝʢʪʦʨʥʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʝ ʨʘʢʘ ʠ ʨʦʩʪ 

ʧʝʨʚʠʯʥʳʭ ʦʧʫʭʦʣʝʡ ʧʨʠ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʪʠʧʘʭ ʨʘʢʘ ʫ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʝʢʪʠʥ ʦʢʘʟʳʚʘʝʪ ʩʠʥʝʨʛʠʟʤ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʦʙʳʯʥʳʤʠ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʤʠ ʧʨʝʧʘʨʘʪʘʤʠ. ʕʪʠ ʤʝʭʘʥʠʟʤʳ ʚʩʝ ʝʱʝ ʠʟʫʯʘʶʪʩʷ ʠ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʟʘʚʠʩʷʪ ʦʪ ʩʪʨʫʢʪʫʨʳ ʧʝʢʪʠʥʘ, ʧʨʠʚʦʜʷʱʝʛʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʨʘʟʣʠʯʥʳʭ ʘʢʪʠʚʥʳʭ ʬʨʘʛʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʦʪʠʚʦʜʝʡʩʪʚʦʚʘʪʴ ʘʢʪʠʚʥʦʤʫ 

ʩʘʡʪʫ ʠʣʠ ʩʚʷʟʳʚʘʪʴ ʤʦʣʝʢʫʣʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʥʜʫʮʠʨʦʚʘʪʴ ʢʣʝʪʦʯʥʳʡ ʘʧʦʧʪʦʟ 

ʠ ʠʥʛʠʙʠʨʦʚʘʪʴ ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʝ ʦʧʫʭʦʣʠ [211, 219, 220]. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʢʪʠʥ ʢʘʢ ʟʘʱʠʪʥʳʡ ʙʠʦʧʦʣʠʤʝʨ ʇʄ ʢʣʝʪʦʯʥʳʭ ʩʪʝʥʦʢ 

ʨʘʩʪʝʥʠʡ, ʧʨʠʦʙʨʝʪʘʝʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦ ʩʦʟʜʘʥʠʶ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʧʠʱʠ [45, 50, 53, 209, 210-212].  

ɺʥʝʢʣʝʪʦʯʥʳʡ ʤʘʪʨʠʢʩ ʢʣʝʪʦʢ ʞʠʚʦʪʥʳʭ ʠ ʨʘʩʪʝʥʠʡ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ 

ʧʨʠ ʚʠʨʫʩʥʳʭ ʟʘʙʦʣʝʚʘʥʠʷʭ. ɺ ʢʣʝʪʢʘʭ ʞʠʚʦʪʥʳʭ ʢʦʤʧʦʥʝʥʪʳ ʚʥʝʢʣʝʪʦʯʥʦʛʦ 

ʤʘʪʨʠʢʩʘ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚʠʨʫʩʘʤʠ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ, ʧʨʠʢʨʝʧʣʝʥʠʷ ʠ 

ʧʨʦʥʠʢʥʦʚʝʥʠʷ, ʘ ʂʉ ʨʘʩʪʝʥʠʷ ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʬʠʟʠʯʝʩʢʠʡ ʙʘʨʴʝʨ ʜʣʷ 

ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚʠʨʫʩʘ ʠ ʜʦʙʘʚʣʷʝʪ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʩʣʦʞʥʦʩʪʠ 

ʤʝʞʢʣʝʪʦʯʥʦʤʫ ʧʝʨʝʤʝʱʝʥʠʶ ʚʠʨʫʩʦʚ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʢʘʢ ʚ ʨʘʩʪʠʪʝʣʴʥʦʡ, ʪʘʢ 

ʠ ʚ ʞʠʚʦʪʥʦʡ ʩʠʩʪʝʤʘʭ, ʇʄ ʤʦʞʝʪ ʙʳʪʴ ʪʱʘʪʝʣʴʥʦ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥ ʚʦ ʚʨʝʤʷ 

ʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ, ʧʦʥʠʤʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʘʛʝʥʪʦʚ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ. 

 ʅʝ ʤʝʥʝʝ ʘʢʪʫʘʣʴʥʳ ʚʦʧʨʦʩʳ ʦ ʨʦʣʠ ʧʠʱʝʚʳʭ ʚʦʣʦʢʦʥ ʚ ʦʨʛʘʥʠʟʘʮʠʠ 

ʟʜʦʨʦʚʦʛʦ ʧʠʪʘʥʠʷ, ʧʠʱʝʚʘʨʝʥʠʠ, ʧʨʦʬʠʣʘʢʪʠʢʝ ʠ ʣʝʯʝʥʠʠ ʤʥʦʛʠʭ ʟʘʙʦʣʝʚʘʥʠʡ. 

ʉʦʛʣʘʩʥʦ ʂʦʤʠʩʩʠʠ Codex Alimentarius, ʧʠʱʝʚʳʝ ʚʦʣʦʢʥʘ, ʧʨʝʜʩʪʘʚʣʷʷ ʩʦʙʦʡ 

ʧʠʱʝʚʳʝ ʫʛʣʝʚʦʜʥʳʝ ʧʦʣʠʤʝʨʳ ʩ ʪʨʝʤʷ ʠʣʠ ʙʦʣʝʝ ʤʦʥʦʤʝʨʥʳʤʠ ʝʜʠʥʠʮʘʤʠ, 

ʜʦʩʪʘʪʦʯʥʦ ʫʩʪʦʡʯʠʚʳ ʢ ʵʥʜʦʛʝʥʥʳʤ ʧʠʱʝʚʘʨʠʪʝʣʴʥʳʤ ʬʝʨʤʝʥʪʘʤ ʚ ʢʠʰʝʯʥʠʢʝ 

ʠ ʩʧʦʩʦʙʥʳ ʨʝʛʫʣʠʨʦʚʘʪʴ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ. ʋʯʠʪʳʚʘʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʪʠʧʳ ʠ 

ʠʩʪʦʯʥʠʢʠ ʧʠʱʝʚʳʭ ʚʦʣʦʢʦʥ ʠ ʠʭ ʨʘʟʣʠʯʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʪʨʫʜʥʦ, ʥʦ ʚʘʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʢʣʶʯʝʚʳʝ ʤʝʭʘʥʠʟʤʳ 

ʜʣʷ ʧʦʣʝʟʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʠʱʝʚʳʝ ʚʦʣʦʢʥʘ ʥʘ ʟʜʦʨʦʚʴʝ [222]. 

ʇʠʱʝʚʳʝ ʚʦʣʦʢʥʘ ʨʘʩʪʝʥʠʡ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʩʦʩʪʘʚʘ 

ʠ ʩʣʦʞʥʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ ʤʠʢʨʦʙʠʦʪʳ ʢʠʰʝʯʥʠʢʘ, ʯʪʦ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʟʜʦʨʦʚʴʝ 

[210, 50]. ʇʝʢʪʠʥ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʂʉ ʨʘʩʪʝʥʠʡ, ʜʝʛʨʘʜʠʨʫʝʪ 

ʧʨʠ ʧʦʧʘʜʘʥʠʠ ʚ ʢʠʰʝʯʥʠʢ ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʙʘʢʪʝʨʠʷʤʠ ʠ, ʢʘʢ ʧʦʢʘʟʘʣʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʨʦʩʪʘ ʧʦʣʝʟʥʦʡ 

ʤʠʢʨʦʬʣʦʨʳ ʪʦʣʩʪʦʡ ʢʠʰʢʠ [222, 223].  

ʉʦʩʪʘʚ ʜʠʝʪʳ ʠ ʦʩʦʙʝʥʥʦ ʧʦʪʨʝʙʣʝʥʠʝ ʥʝ ʧʝʨʝʚʘʨʠʚʘʝʤʳʭ ʧʦʣʠʩʘʭʘʨʠʜʦʚ, 

ʚʝʨʦʷʪʥʦ, ʦʢʘʞʝʪ ʩʝʨʴʝʟʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ 
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ʤʠʢʨʦʙʥʳʭ ʧʦʧʫʣʷʮʠʡ ʢʠʰʝʯʥʠʢʘ4 [224] ʠ ʠʭ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ. 

ʆʜʥʘʢʦ ʚʠʜʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ ʠ 

ʧʨʠʥʦʩʠʪʴ ʧʦʣʴʟʫ ʟʜʦʨʦʚʴʶ, ʝʱʸ ʥʝ ʠʟʫʯʝʥʳ. ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʘʚʪʦʨʘʤʠ 

[222-225] ʧʨʝʜʧʦʣʘʛʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʧʨʝʙʠʦʪʠʯʝʩʢʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʧʝʢʪʠʥʘ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʙʘʣʘʥʩʘ ʤʠʢʨʦʙʠʦʪʳ 

ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʧʨʦʬʠʣʷ. 

ʇʝʢʪʠʥ ʦʙʣʘʜʘʝʪ ʣʝʛʢʠʤ ʘʥʪʠʤʠʢʨʦʙʥʳʤ ʜʝʡʩʪʚʠʝʤ ʚ ʦʪʥʦʰʝʥʠʠ 

Echerichia coli. ʇʝʢʪʠʥʳ ʠ ʇʆʉ, ʧʦʣʫʯʝʥʥʳʝ ʧʫʪʝʤ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ 

ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʛʠʜʨʦʣʠʟʘ, ʦʮʝʥʠʚʘʣʠ ʧʦ ʠʭ ʩʧʦʩʦʙʥʦʩʪʠ ʚʣʠʷʪʴ ʥʘ 

ʪʦʢʩʠʯʥʦʩʪʴ ʰʠʛʝʣʣ ʧʦʜʦʙʥʳʭ ʪʦʢʩʠʥʦʚ ʠʟ ʰʪʘʤʤʘ Escherichia coli O157:H7. ʆʙʘ 

ʦʙʨʘʟʮʘ ʦʙʝʩʧʝʯʠʣʠ ʥʝʢʦʪʦʨʫʶ ʩʪʝʧʝʥʴ ʟʘʱʠʪʳ, ʥʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʆʉ ʬʨʘʢʮʠʡ 

ʙʳʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ (P>0,01), ʯʪʦ ʦʙʝʩʧʝʯʠʣʦ ʚʳʞʠʚʘʝʤʦʩʪʴ ʢʣʝʪʦʢ ʥʘ 90-

100% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʧʝʢʪʠʥʦʤ (70-80%) [22]. ɺʣʠʷʥʠʝ ʉʕ ʧʝʢʪʠʥʘ ʥʘ 

ʟʘʱʠʪʥʳʡ ʵʬʬʝʢʪ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʩʪʝʧʝʥʷʭ ʘʢʪʠʚʥʦʩʪʠ. ɹʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʇʆʉ ʠ ʛʘʣʘʙʠʦʟʘ, ʘʥʘʣʦʛ ʨʝʮʝʧʪʦʨʘ ʪʦʢʩʠʥʘ, ʠʥʛʠʙʠʨʫʶʪ 

ʪʦʢʩʠʯʥʦʩʪʴ ʠ ʧʨʦʷʚʣʷʶʪ ʟʘʱʠʪʥʳʝ ʬʫʥʢʮʠʠ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 10 ʤʛ/ʤʣ [226]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʵʪʦʤ ʦʙʟʦʨʝ ʧʝʨʝʯʠʩʣʝʥʦ ʤʥʦʛʦ ʥʦʚʳʭ ʢʦʤʧʦʟʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʧʝʢʪʠʥʘ, ʢʦʪʦʨʳʝ, ʚʝʨʦʷʪʥʦ, ʧʦʤʦʛʫʪ ʩʤʷʛʯʠʪʴ ʚʦʟʜʝʡʩʪʚʠʝ 

ʦʞʠʨʝʥʠʷ, ʜʠʘʙʝʪʘ ʠ ʩʝʨʜʝʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʧʦʤʦʛʫʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʨʝʘʣʴʥʳʝ 

ʵʧʠʜʝʤʠʠ, ʨʘʩʰʠʨʷʪ ʢʨʫʛ ʧʠʱʝʚʳʭ ʜʦʙʘʚʦʢ ʠ ʜʠʟʘʡʥ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ.  

1.8.2 ʇʝʢʪʠʥ ʢʘʢ ʦʩʥʦʚʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʩʠʪʝʣʝʡ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ 

ɻʠʜʨʦʛʝʣʠ ʧʝʢʪʠʥʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʩʦʩʪʘʚʘʭ ʪʘʙʣʝʪʦʢ ʚ ʢʘʯʝʩʪʚʝ 

ʩʚʷʟʫʶʱʝʛʦ ʘʛʝʥʪʘ [217, 218], ʘ ʪʘʢʞʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʤʘʪʨʠʯʥʳʭ ʨʝʮʝʧʪʫʨʘʭ 

ʪʘʙʣʝʪʦʢ ʩ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ ʚʳʩʚʦʙʦʞʜʝʥʠʝʤ [210-214]. ʇʝʢʪʠʥ ʠʤʝʝʪ 

ʤʥʦʛʦʦʙʝʱʘʶʱʝʝ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

                                                           
4 ˬ˴́ ;͔͍͔ͦ͊͟͡ ͔͙ͫͦ͒ͪ͗ͭ ͙ͦ͋͡Έ͔ͤͦ ͙ ͔ͪ͊ͤͦͦ͋ͪ͊ͤͦ͘͘ ͙͔ͣͪͦ͋ͤͦ͟ ͫͦͦ͋΅͔͍ͫͭͦΣ ͔ͦͭͦͪͦ͟ ͤ͊ͫ;͙ͭ·͍͔͊ͭ ͔͔͋ͦ͡ млл ͙͙͍ͭͪͦͤͦ͡͡ 
͙͎͙͍ͣͪͦͦͪ͊ͤͣͦ͘͟Φ ˸͙͙ͪͦ͋ͦͭ͊͟ ͙͟΄͔;͙ͤ͊͟ ͙ͫͦͫͭͦͭ ͙͘ ͙ͪ͊͘͡;ͤ·ͻ ͍͙͍͒ͦ ͔͙͚͋͊ͭͪ͟Σ ͦͭͦͪ͟·͔ ͙͊ͫͫ͟͡ͺ͙ͼ͙ͪͯΌͭͫΎ ͨͦ ͪͦ͒ͯΣ 

͔͔͚͍ͫͣͫͭͯΣ ͨͦͪΎ͒ͯ͟ ͙ ͙ͭͨͯΦ ͙́ͨ Firmicutes ͙ͫͦͫͭͦͭ ͙͘ ͔͔͋ͦ͡ ;͔ͣ нлл ͙ͪ͊͘͡;ͤ·ͻ ͍ͪͦ͒ͦΣ ͙ͭ͊͟ͻ ͊͟͟ Lactobacillus, Bacillus, 
Clostridium, Enterococcus ͙ RuminicoccusΦ ˾ͦ͒· Clostridium ͨ ͔͍ͪ͒ͫͭ͊͡ΎΌͭ фр҈ ͙͍ͭͨͦ Firmicutes. 
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ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʤʘʪʝʨʠʘʣ-ʥʦʩʠʪʝʣʴ ʚ ʩʠʩʪʝʤʘʭ ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚ, ʩʧʝʮʠʬʠʯʥʳʭ 

ʜʣʷ ʪʦʣʩʪʦʡ ʢʠʰʢʠ [50, 182, 214]. ʇʝʢʪʠʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʷ 

ʤʥʦʞʝʩʪʚʘ ʣʝʢʘʨʩʪʚ ʜʣʷ ʧʨʠʤʝʥʝʥʠʡ ʩ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ ʚʳʩʚʦʙʦʞʜʝʥʠʝʤ. ʇʝʢʪʠʥ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʥʦʛʠʭ ʤʝʜʠʮʠʥʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʣʦʩʴʦʥʳ, 

ʢʨʝʤʳ ʜʣʷ ʣʠʮʘ ʠ ʜʨʫʛʠʝ ʚʠʜʳ ʤʘʢʠʷʞʘ [182, 208-213, 218, 219]. 

ɺ ʙʫʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʢʨʘʡʥʝ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʢʨʳʪʴ ʤʦʣʝʢʫʣʷʨʥʳʡ 

ʤʝʭʘʥʠʟʤ ʧʝʢʪʠʥʦʚʦʛʦ ʧʦʣʠʤʝʨʘ ʚ ʧʨʦʮʝʩʩʘʭ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ʢʘʢ ʚ ʨʘʩʪʝʥʠʷʭ, 

ʪʘʢ ʠ ʚ ʧʨʦʜʫʢʪʘʭ ʜʣʷ ʙʦʣʴʰʝʡ ʧʨʠʤʝʥʠʤʦʩʪʠ ʚ ʨʘʟʣʠʯʥʳʭ ʥʦʚʳʭ ʦʙʣʘʩʪʷʭ. 

ɹʦʣʝʝ ʪʦʛʦ, ʥʦʚʳʡ ʩʪʨʫʢʪʫʨʥʦ ʠʟʤʝʥʝʥʥʳʡ ʧʝʢʪʠʥ ʩ ʦʩʦʙʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʦʢʘʞʝʪ ʩʝʨʴʝʟʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʝʨʝʨʘʙʦʪʢʫ ʬʨʫʢʪʦʚ ʠ 

ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʫʶ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʟʨʘʙʦʪʢʘ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ, ʫʜʦʙʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʠʟʚʦʜʩʪʚ ʧʝʢʪʠʥʦʚʳʭ ʧʨʝʧʘʨʘʪʦʚ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʨʝʜʤʝʪʦʤ ʜʣʷ 

ʙʫʜʫʱʝʡ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

 1.8.3 ɻʠʜʨʦʛʝʣʠʝʚʳʝ ʤʠʢʨʦʩʬʝʨʳ ʧʝʢʪʠʥʘ ʩ ʟʝʠʥʦʤ ʢʘʢ ʥʦʩʠʪʝʣʠ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʚʝʱʝʩʪʚ ʠ ʧʠʱʝʚʳʭ ʠʥʛʨʝʜʠʝʥʪʦʚ 

ɹʠʦʩʦʚʤʝʩʪʠʤʳʝ ʧʨʠʨʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ï ʧʦʣʠʩʘʭʘʨʠʜʳ ʠ ʙʝʣʢʠ ʥʘʭʦʜʷʪ 

ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʨʠ ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ 

ʧʨʦʜʫʢʪʦʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ ʠ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʨʠ 

ʩʦʟʜʘʥʠʠ ʩʠʩʪʝʤ ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ (ʉɼʃ) ï ʜʣʷ ʥʘʧʨʘʚʣʝʥʥʦʡ 

ʜʦʩʪʘʚʢʠ ɹɸɺ ʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʬʦʨʤ [50, 53, 117, 214, 218, 227-241].  

ʅʘʧʨʘʚʣʝʥʥʘʷ ʜʦʩʪʘʚʢʘ ʃɺ ʠ/ʠʣʠ ɹɸɺ ʚ ʪʦʣʩʪʫʶ ʦʙʣʘʩʪʴ ʢʠʰʝʯʥʠʢʘ 

ʧʦʩʨʝʜʩʪʚʦʤ ʧʝʨʦʨʘʣʴʥʦʛʦ ʚʚʝʜʝʥʠʷ ʪʨʝʙʫʝʪ ʩʪʘʙʠʣʴʥʦʛʦ ʪʨʘʥʟʠʪʘ ʥʦʩʠʪʝʣʷ 

ʯʝʨʝʟ ʚʝʨʭʥʠʡ ʦʪʜʝʣ ɾʂʊ ʙʝʟ ʚʳʩʚʦʙʦʞʜʝʥʠʷ. ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʣʝʢʘʨʩʪʚ 

ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʪʦʣʩʪʳʡ ʢʠʰʝʯʥʠʢ ʷʚʣʷʝʪʩʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʤʝʩʪʦʤ 

ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʃɺ ʠʣʠ ɹɸɺ ʠʟ-ʟʘ ʧʦʯʪʠ ʥʝʡʪʨʘʣʴʥʦʛʦ ʨʅ, ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ ʧʨʦʭʦʞʜʝʥʠʷ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʝʝ ʥʠʟʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʧʨʦʪʝʦʣʠʪʠʯʝʩʢʦʛʦ ʬʝʨʤʝʥʪʘ ʠ ʙʦʣʴʰʝʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʫʩʠʣʝʥʠʶ 

ʚʩʘʩʳʚʘʥʠʷ [50, 53, 117, 227-241]. 
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ʇʝʢʪʠʥ ʷʚʣʷʝʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʙʠʦʧʦʣʠʤʝʨʦʤ ʠ ʩʧʦʩʦʙʝʥ ʦʙʝʩʧʝʯʠʪʴ 

ʜʦʩʪʘʚʢʫ ʃɺ ʠ ɹɸɺ ʚ ɾʂʊ ʙʣʘʛʦʜʘʨʷ ʜʣʠʪʝʣʴʥʦʤʫ ʪʨʘʥʟʠʪʫ ʧʦ ɾʂʊ ʠ ʝʛʦ 

ʧʦʣʥʦʡ ʜʝʛʨʘʜʘʮʠʠ ʙʘʢʪʝʨʠʷʤʠ, ʞʠʚʫʱʠʭ ʚ ʪʦʣʩʪʦʤ ʢʠʰʝʯʥʠʢʝ. ʂʨʦʤʝ ʪʦʛʦ, 

ʧʝʢʪʠʥʳ ʷʚʣʷʶʪʩʷ ʥʝʪʦʢʩʠʯʥʳʤʠ, ʙʠʦʨʘʟʣʘʛʘʝʤʳʤʠ ʠ ʙʠʦʩʦʚʤʝʩʪʠʤʳʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ [45, 49-54, 227]. 

ʂʘʢ ʧʨʠʨʦʜʥʳʡ ʙʠʦʨʘʟʣʘʛʘeʤʳʡ ʧʦʣʠʤʝʨ, ʧʝʢʪʠʥ ʤʦʞʝʪ ʠʤʝʪʴ 

ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʩʢʦʨʦʩʪʠ ʜʠʬʬʫʟʠʠ ʠ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ [233]. ɺʢʣʶʯʠʚ ʚ ʩʦʩʪʘʚ ʢʦʤʧʦʟʠʪʦʚ 

ʥʝʨʘʩʪʚʦʨʠʤʳʝ ʧʣʝʥʢʦʦʙʨʘʟʫʶʱʠʝ ʧʦʣʠʤʝʨʳ, ʪʘʢʠʝ ʢʘʢ ʧʨʦʠʟʚʦʜʥʳʝ 

ʮʝʣʣʶʣʦʟʳ, ʤʥʦʛʠʝ ʘʚʪʦʨʳ [234-238] ʧʨʝʦʜʦʣʝʣʠ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʚʳʩʦʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ. ʆʙʨʘʟʦʚʘʥʠʝ ʧʝʢʪʠʥʦʚʳʭ ʛʠʜʨʦʛʝʣʝʡ ʧʫʪʝʤ ʩʰʠʚʘʥʠʷ 

ʩ ʛʠʜʨʦʬʠʣʴʥʳʤ ʘʢʨʠʣʦʚʳʤ ʧʦʣʠʤʝʨʦʤ ʧʦʩʨʝʜʩʪʚʦʤ ʱʝʣʦʯʥʦʛʦ ʛʠʜʨʦʣʠʟʘ 

ʷʚʣʷʝʪʩʷ ʜʨʫʛʠʤ ʧʦʜʭʦʜʦʤ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʉɼʃ [239].  

ʀʥʦʪʨʦʧʥʦʝ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʝ ʠʦʥʥʳʭ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʜʚʫʭʚʘʣʝʥʪʥʳʭ ʢʘʪʠʦʥʦʚ ʪʘʢʞʝ ʟʘʱʠʱʘʝʪ ʣʝʢʘʨʩʪʚʝʥʥʳʝ 

ʩʨʝʜʩʪʚʘ, ʦʙʨʘʟʫʷ ʥʝʨʘʩʪʚʦʨʠʤʳʝ ʛʠʜʨʦʛʝʣʠ. ʅʝʨʘʩʪʚʦʨʠʤʳʝ ʛʠʜʨʦʛʝʣʠ 

ʧʨʠʚʦʜʷʪ ʢ ʫʩʪʦʡʯʠʚʳʤ ʧʨʦʬʠʣʷʤ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʩʨʝʜʩʪʚʘ ʚ 

ɾʂʊ [242, 117, 230, 231]. ʀʥʢʘʧʩʫʣʷʮʠʷ ʥʘʰʣʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʧʠʱʝʚʦʡ ʠ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʢʘʯʝʩʪʚʝ ʢʨʘʩʠʪʝʣʝʡ, 

ʘʨʦʤʘʪʠʟʘʪʦʨʦʚ ʠ ʜʨʫʛʠʭ ɹɸɺ ʚ ʮʝʣʷʭ ʫʚʝʣʠʯʝʥʠʷ ʩʨʦʢʘ ʠʭ ʛʦʜʥʦʩʪʠ. ɺ 

ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʨʠʨʦʜʥʳʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʧʦʣʠʤʝʨʳ ʙʳʣʠ ʰʠʨʦʢʦ 

ʠʩʩʣʝʜʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ ʜʣʷ ʟʘʭʚʘʪʘ ʩʦʝʜʠʥʝʥʠʡ, ʠʤʝʶʱʠʭ 

ʙʠʦʣʦʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. ɿʘʧʦʣʥʝʥʥʳʝ ʛʠʜʨʦʛʝʣʠʝʚʳʝ ʤʘʪʨʠʮʳ ʟʘʪʝʤ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʢʘʯʝʩʪʚʝ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʭ ʙʠʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠʣʠ ʜʣʷ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʢʘʧʩʫʣʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

çéʉʧʦʩʦʙʥʦʩʪʴ ʟʝʠʥʘ ʬʦʨʤʠʨʦʚʘʪʴ ʢʦʤʧʣʝʢʩʳ ʩ ʧʦʣʠʩʘʭʘʨʠʜʘʤʠ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ, ʚʢʣʶʯʘʷ ʤʝʜʠʮʠʥʫé" [109, 117, 229, 230, 243]. 

ɺ ʵʪʦʡ ʩʚʷʟʠ, ʮʝʣʴʶ ʜʘʥʥʦʡ ʯʘʩʪʠ ʨʘʙʦʪʳ ʙʳʣʘ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʦʡ ʣʝʢʘʨʩʪʚʝʥʥʦʡ 

ʬʦʨʤʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʩʪʝʨʦʠʜʥʦʛʦ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ï 

ʈʍ ʠ ʧʝʢʪʠʥ-ʟʝʠʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʇɿʂ) ʜʣʷ ʝʛʦ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ. "éʊʘʢʦʡ 
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ʧʦʜʭʦʜ ʦʙʫʩʣʦʚʣʝʥ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʪʝʤ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʃɺ ʧʣʦʭʦ ʨʘʩʪʚʦʨʠʤʳ ʚ 

ʚʦʜʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʟʘʤʝʜʣʝʥʠʶ ʠʭ ʘʜʩʦʨʙʮʠʠ ʧʨʠ ʧʝʨʦʨʘʣʴʥʦʤ ʧʨʠʝʤʝ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʵʬʬʝʢʪʦʚ ʚ ɾʂʊ. ʂʦʥʪʨʦʣʠʨʫʝʤʦʝ 

ʚʚʝʜʝʥʠʝ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʜʦʟ ʃɺ ʵʬʬʝʢʪʠʚʥʦ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʧʦʜʜʝʨʞʘʥʠʠ 

ʜʦʟʳ, ʪ.ʝ. ʧʦʜʯʠʥʷʪʴʩʷ ʟʘʢʦʥʘʤ ʢʠʥʝʪʠʢʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ. ʉʧʘʜ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʃɺ ʚ ʢʨʦʚʠ ʥʠʞʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʫʨʦʚʥʷ ʩʯʠʪʘʝʪʩʷ ʥʝ ʵʬʬʝʢʪʠʚʥʳʤ.  ʂʨʦʤʝ ʪʦʛʦ, 

ʥʝʢʦʪʦʨʳʝ ʧʨʝʧʘʨʘʪʳ ʪʦʢʩʠʯʥʳ ʧʨʠ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʚ ʢʨʦʚʠ, ʠ ʧʨʠ 

ʙʳʩʪʨʦʤ ʧʘʜʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʝʧʘʨʘʪʘ ʦʯʝʥʴ ʪʨʫʜʥʦ ʫʩʪʘʥʦʚʠʪʴ ʙʘʣʘʥʩ 

ʤʝʞʜʫ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʪʦʢʩʠʯʥʳʤ ʫʨʦʚʥʷʤʠ. ʇʦʵʪʦʤʫ, ʥʝʦʙʭʦʜʠʤʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ ʠ 

ʧʦʜʜʝʨʞʘʥʠʷ ʧʨʠʝʤʘ ʃɺéè [230].  
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ɻʃɸɺɸ 2. ʆɹʒɽʂʊʓ ʀ ʄɽʊʆɼʓ ʀʉʉʃɽɼʆɺɸʅʀʗ 
 

 

2.1 ʉʳʨʴʝ ʠ ʨʝʘʛʝʥʪʳ 

 

2.1.1 ʉʙʦʨ ʠ ʧʦʜʛʦʪʦʚʢʘ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ 

 

ʌʨʫʢʪʦʚʳʝ ʚʳʞʠʤʢʠ ʠʣʠ ʂʇ, ʩʦʙʠʨʘʶʪ ʧʦʩʣʝ ʚʳʜʝʣʝʥʠʷ ʩʦʢʘ ʠ ʩʙʦʨʘ 

ʫʨʦʞʘʷ ʧʦʜʩʦʣʥʝʯʥʠʢʘ. ɺʳʞʠʤʢʠ ʧʨʦʤʳʚʘʶʪ ʚʦʜʦʡ ʠ ʩʫʰʘʪ. ʂʦʨʟʠʥʢʠ 

ʨʘʟʨʝʟʘʶʪ ʥʘ ʥʝʙʦʣʴʰʠʝ ʢʫʩʢʠ ʠ ʩʫʰʘʪ ʥʘ ʦʪʢʨʳʪʦʤ ʚʦʟʜʫʭʝ. ʇʦʩʣʝ ʯʝʛʦ 

ʨʘʩʪʠʪʝʣʴʥʳʡ ʤʘʪʝʨʠʘʣ ʠʟʤʝʣʴʯʘʶʪ ʩ ʧʦʤʦʱʴʶ ʜʨʦʙʠʣʢʠ ʠʣʠ ʚ ʩʪʫʧʢʝ ʜʦ 

ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ, ʙʣʠʟʢʠʭ ʢ 100 ʤʢʤ. ʀʟʤʝʣʴʯʝʥʥʦʝ ʩʳʨʴʝ ʦʙʨʘʙʘʪʳʚʘʶʪ ʛʦʨʷʯʝʡ 

ʚʦʜʦʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 85Áʉ ʚ ʪʝʯʝʥʠʝ 2 ʤʠʥʫʪ ʧʨʠ ʛʠʜʨʦʤʦʜʫʣʝ ʩʳʨʴʷ-ʚʦʜʘ 

(1:20), ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʪʨʝʭʢʨʘʪʥʦʡ ʜʝʢʘʥʪʘʮʠʝʡ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʢʦʤʧʦʥʝʥʪʳ ʘʥʘʣʠʟʠʨʫʶʪ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʧʝʢʪʠʥʘ. 

ɺʳʩʫʰʝʥʥʳʝ ʦʩʪʘʪʢʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʦʤʳʚʘʶʪ ʵʪʠʣʦʚʳʤ ʠʣʠ 

ʠʟʦʧʨʦʧʠʣʦʚʳʤ ʩʧʠʨʪʦʤ, ʧʨʠ ʢʦʪʦʨʦʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʵʢʩʪʨʘʛʠʨʫʝʪʩʷ 

ʩʧʠʨʪʦʨʘʩʪʚʦʨʠʤʳʝ ʢʦʤʧʦʥʝʥʪʳ. ʆʩʪʘʪʢʠ ʩʳʨʴʷ ʩʫʰʘʪ ʧʨʠ 95-100Áʉ ʚ 

ʩʫʰʠʣʴʥʦʤ ʰʢʘʬʫ ʠ ʭʨʘʥʷʪ ʚ ʧʦʣʠʵʪʠʣʝʥʦʚʳʭ ʤʝʰʢʘʭ [141]. 

ʉʳʨʴʸʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʝʢʪʠʥʦʚʳʭ ʵʢʩʪʨʘʢʪʦʚ ʷʚʣʷʣʠʩʴ ʷʙʣʦʢʠ ʩʦʨʪʦʚ 

ɻʨʘʬʝʥʰʪʝʡʥʩʢʦʝ ʢʨʘʩʥʦʝ (ʗɺɻ) ʠ ʇʝʨʚʝʥʝʮ ʉʘʤʘʨʢʘʥʜʘ (ʗɺʇ), ʣʠʤʦʥʥʳʝ 

ʢʦʨʢʠ (ʃʂ), ʘʡʚʳ (ɸʡ), ʘʙʨʠʢʦʩʘ (ɸʙ), ʧʝʨʩʠʢʘ (ʇʨ), ʩʪʝʙʣʠ ʠ ʣʠʩʪʴʷ ʨʝʚʝʥʷ (ʈʚ), 

ʧʣʦʜʳ ʪʳʢʚʳ (ʊʢʚ) ʠ ʂʇ, ʚʳʞʠʤʢʠ ʷʙʣʦʢ ʠʟ ʮʝʥʪʨʘʣʴʥʳʭ (ɺʘʨʟʦʙ, ʌʘʡʟʘʙʘʜʘ ʠ 

ʐʘʭʨʠʥʘʚ) ʠ ʶʞʥʦʛʦ (ʄʫʤʠʥʦʙʦʜ) ʨʝʛʠʦʥʦʚ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ. 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʫʩʣʦʚʠʡ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʦʩʥʦʚʝ ʧʝʢʪʠʥʘ ʠ ʟʝʠʥʘ 

ʩ ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʥʳʤ ʩʨʝʜʩʪʚʦʤ ʚ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ: ʥʠʟʢʦʢʦʤʦʣʝʢʫʣʷʨʥʳʡ 

ʢʦʤʤʝʨʯʝʩʢʠʡ ʮʠʪʨʫʩʦʚʳʡ ʧʝʢʪʠʥ GENU L/200-CP Kelco (CP Kelco, ɼʘʥʠʷ) ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ ɻʂ 69.0% ʠ ʉʕ 9.0%, ʠʤʝʶʱʠʡ Mw 212 ʢɼʘ; ʷʙʣʦʯʥʳʡ 

ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʡ ʧʝʢʪʠʥ ʄʫʤʠʥʦʙʘʜʩʢʦʛʦ ʨʘʡʦʥʘ (ɺʄ-ʗʇʄ), ʩʦʜʝʨʞʘʱʠʡ 

ɻʂ 68.0% ʠ ʉʕ 52%, ʩ Mw 134 ʢɼʘ ï ɺʄ-ʗʇʄ-120-5-2.0; ʷʙʣʦʯʥʳʡ ʅʄ-ʧʝʢʪʠʥ 

ʐʘʭʨʠʥʘʚʩʢʦʛʦ ʨʘʡʦʥʘ (ʅʄ-ʗʇʐ) ʩ ʩʦʜʝʨʞʘʥʠʝʤ ɻʂ 58.0%, ʉʕ 43,0% ʠ Mw 
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119 ʢɼʘ ï ʅʄ-ʗʇʐ-85-60-1.8, ʠ ʧʦʜʩʦʣʥʝʯʥʳʡ ʅʄ-ʧʝʢʪʠʥ, ʧʦʣʫʯʝʥʥʳʡ 

ʜʠʥʘʤʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ (ʅʄ-ʂʇ-ɼ-2ʄ-2.0) ʠ ʩʦʜʝʨʞʘʱʠʡ ɻʂ 68.0%, ʉʕ 42.0 ʠ 

Mw 142 ʢɼʘ. 

ʀʩʭʦʜʥʳʤ ʩʳʨʴʝʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ɻɻʉ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʷʚʠʣʠʩʴ ʧʝʨʤʝʘʪ r

ʪʚʦʨʦʞʥʦʡ ʠ ʧʦʜʩʳʨʥʦʡ ʩʳʚʦʨʦʪʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʝʡ ʄʉ. ɺ 

ʪʘʙʣʠʮʝ 2.1.1.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʦʩʪʘʚ ʠ ʨʅ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʧʝʨʤʝʘʪʦʚ. 

ʊʘʙʣʠʮʘ 2.1.1.1 ï ʉʦʩʪʘʚ ʠ pH ʧʝʨʤʝʘʪʦʚ ʧʦʜʩʳʨʥʦʡ ʠ ʪʚʦʨʦʞʥʦʡ 

ʩʳʚʦʨʦʪʦʢ  

ʇʝʨʤʝʘʪ ɾʠʨʳ, % ɹʝʣʢʠ, % ʃʘʢʪʦʟʘ, % ɺʩʝʛʦ ʪʚʝʨʜʳʭ 

ʚʝʱʝʩʪʚ, % 

pH 

ʇʦʜʩʳʨʥʘʷ 

ʩʳʚʦʨʦʪʢʘ  

0 0.2Ñ0.1 3.8Ñ0.1 4,6Ñ0.1 6.1Ñ0.1 

ʊʚʦʨʦʞʥʘ ̫

ʩʳʚʦʨʦʪʢʘ  

0 0.68Ñ0.1 4.09Ñ0.2 5.09Ñ0.1 4.49Ñ0.2 

 

ɺ ʥʘʯʘʣʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʚʦʜʠʣʩʷ ʘʥʘʣʠʟ ʩʦʩʪʘʚʘ ʧʝʨʤʝʘʪʦʚ ʩ ʧʦʤʦʱʴʶ 

ʘʥʘʣʠʟʘʪʦʨʘ ʤʦʣʦʢʘ MilkoScanTM Mars (Foss Analytical, ɼʘʥʠʷ) ʠ ʠʟʤʝʨʷʣʠʩʴ 

ʟʥʘʯʝʥʠʷ ʨʅ ʩ ʧʦʤʦʱʴʶ ʨʅ-ʤʝʪʨʘ GPH 114 (ɻʝʨʤʘʥʠʷ) [244].  

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʢʦʤʤʝʨʯʝʩʢʘʷ ɓ-ʛʘʣʘʢʪʦʟʠʜʘʟʘ NOLA 

Ê Fit 5500 (Chr. Hansen, ɼʘʥʠʷ) ï ʚʳʩʦʢʦʦʯʠʱʝʥʥʳʡ ʬʝʨʤʝʥʪ, ʧʦʣʫʯʝʥʥʳʡ ʠʟ 

Bacillus licheniformis. ʉʦʛʣʘʩʥʦ ʨʝʢʦʤʝʥʜʘʮʠʷʤ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʬʝʨʤʝʥʪ NOLA 

Ê Fit 5500 ʘʢʪʠʚʝʥ ʚ ʢʠʩʣʳʭ ʫʩʣʦʚʠʷʭ (ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ pH 5.0-7.0, 

ʪʝʤʧʝʨʘʪʫʨʘ 35-50 C), ʝʛʦ ʘʢʪʠʚʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 5500 ɹʃɽ (ʙʠʬʠʜʦʣʘʢʪʦʟʥʳʭ 

ʝʜʠʥʠʮ) ʛ.ʣ-1 [245]. 

ʊʘʢʞʝ ʚ ʨʘʙʦʪʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʦʛʦ ʪʠʧʘ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʬʦʨʤʳ ʧʨʠ 

ʧʦʣʫʯʝʥʠʠ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʦʩʥʦʚʝ ʧʝʢʪʠʥʘ ʠ ʟʝʠʥʘ ʩ ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʥʳʤ 

ʩʨʝʜʩʪʚʦʤ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʛʦ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʥʝʩʪʝʨʦʠʜʥʳʡ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʡ ʧʨʝʧʘʨʘʪ ï PX. 
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2.1.2 ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʝʘʛʝʥʪʦʚ ʠ ʨʘʙʦʯʠʭ ʨʘʩʪʚʦʨʦʚ 

ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʦʣʷʥʘʷ ʠ ʩʝʨʥʘʷ ʢʠʩʣʦʪʳ ʤʘʨʢʠ (ʭʯ), 

ʛʠʜʨʦʢʩʠʜ ʥʘʪʨʠʷ ʠ ʢʘʣʠʷ (ʯʜʘ), ʢʘʣʴʮʠʷ ʠ ʘʤʤʦʥʠʷ (ʭʯ), ʪʨʠʣʦʥ ɹ (ʬʠʢʩʘʥʘʣ), 

ʤʝʪʘʥʦʣ (ʭʯ), ʵʪʘʥʦʣ (ʨʝʢʪʠʬʠʢʘʪ) ʠ ʠʟʦʧʨʦʧʘʥʦʣ (ʭʯ). ʈʘʩʪʚʦʨʳ ʩʦʣʷʥʦʡ 

ʢʠʩʣʦʪʳ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʨʅ ʛʦʪʦʚʠʣʠ ʧʫʪʝʤ ʨʘʟʚʝʜʝʥʠʷ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʢʠʩʣʦʪʳ ʩ ʚʦʜʦʡ. ʨʅ ʨʘʩʪʚʦʨʘ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʥʘ ʨʅ-ʤʝʪʨʝ. 

ʉʪʘʥʜʘʨʪʥʳʝ ʨʘʩʪʚʦʨʳ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ, ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ ʠ ʪʨʠʣʦʥʘ ɹ 

ʛʦʪʦʚʠʣʠ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʠʢʩʘʥʘʣʦʚ [141].  

ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʦʯʠʱʝʥʥʳʝ ʧʦ ʦʙʱʝʧʨʠʥʷʪʳʤ ʤʝʪʦʜʠʢʘʤ 

ʨʘʩʪʚʦʨʠʪʝʣʠ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʣʠ, ʢʠʩʣʦʪʳ ʠ ʱʝʣʦʯʠ ʤʘʨʢʠ çʭʯè ʠʣʠ çʯʜʘè 

ʧʨʦʠʟʚʦʜʩʪʚʘ çʈʝʘʭʠʤè. 

ɼʣʷ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʢʠʩʣʦʛʦ ʧʝʨʤʠʘʪʘ ʩʳʚʦʨʦʪʢʠ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʩʫʭʠʭ 

ʚʝʱʝʩʪʚ (5.09 Ñ 0.01)% ʠ ʨʅ 4.24 ʚ ʢʘʯʝʩʪʚʝ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʤʦʥʦʛʠʜʨʘʪ D-ʣʘʢʪʦʟʳ, D-ʛʣʶʢʦʟʫ, D-ʛʘʣʘʢʪʦʟʫ ʩ ʯʠʩʪʦʪʦʡ ʙʦʣʝʝ 98% (ɺʕɾʍ) 

(Sigma-Aldrich, ʃʘʪʚʠʷ), NaHCO3 (Voldemar Ltd.), NH4OH (Chempur, ʃʘʪʚʠʷ), 

KOH (loriena, ʃʘʪʚʠʷ).  

2.1.3 ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʠʩʭʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ 

2.1.3.1 ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʨʘʩʪʚʦʨʦʚ ʧʝʢʪʠʥʦʚ 

ʅʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʘʭ ʚʟʚʝʰʠʚʘʣʠ ʪʦʯʥʫʶ ʥʘʚʝʩʪʢʫ ʧʝʢʪʠʥʘ, ʜʦʙʘʚʣʷʣʠ 

ʥʝʩʢʦʣʴʢʦ ʢʘʧʝʣʴ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʜʣʷ ʫʜʘʣʝʥʠʷ ʧʫʟʳʨʴʢʦʚ ʚʦʟʜʫʭʘ ʠʟ 

ʧʦʣʠʤʝʨʘ, ʟʘʪʝʤ ʜʦʙʘʚʣʷʣʠ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʠʣʠ 

ʙʫʬʝʨʥʳʡ ʨʘʩʪʚʦʨ, ʧʝʨʝʤʝʰʠʚʘʷ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 40ʦʉ 

ʚ ʪʝʯʝʥʠʝ 2 ʯ. ɿʘʪʝʤ, ʜʦʚʦʜʠʣʠ ʦʙʲʝʤ ʨʘʩʪʚʦʨʘ ʚʦʜʦʡ ʜʦ 50 ʤʣ ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ 

ʜʦ ʧʦʣʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʧʝʢʪʠʥʘ. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʧʨʠ 

5000 ʦʙ/ʤʠʥ. ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥʫʪ, ʦʩʘʜʦʢ ʦʪʜʝʣʷʣʠ ʠ ʚʳʩʫʰʠʚʘʣʠ ʧʨʠ 60-70ʦʉ ʚ 

ʩʫʰʠʣʴʥʦʤ ʰʢʘʬʫ, ʚʟʚʝʰʠʚʘʣʠ ʠ ʨʘʩʩʯʠʪʳʚʘʣʠ ʢʦʥʮʝʥʪʨʘʮʠʶ ʨʘʩʪʚʦʨʘ ʧʦ 

ʨʘʟʥʠʮʝ ʚʟʷʪʦʡ ʥʘʚʝʩʢʠ ʠ ʤʘʩʩʳ ʦʩʘʜʢʘ.  
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2.1.3.2 ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʨʘʩʪʚʦʨʘ ʢʦʥʮʝʥʪʨʘʪʘ ʩʳʚʦʨʦʪʦʯʥʳʭ ʙʝʣʢʦʚ  

ʅʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʘʭ ʚʟʚʝʰʠʚʘʣʠ 0.20 ʛʨ. ʙʝʣʢʘ (LgC), ʟʘʪʝʤ ʜʦʙʘʚʣʷʣʠ 

ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ (20 ʤʣ), ʧʝʨʝʤʝʰʠʚʘʣʠ ʥʘ 

ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ. ɿʘʪʝʤ ʜʦʚʦʜʠʣʠ ʦʙʲʝʤ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ 

ʚʦʜʦʡ ʜʦ 50 ʤʣ ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʜʦ ʧʦʣʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʙʝʣʢʘ. ʈʘʩʪʚʦʨ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʧʨʠ 5000 ʦʙ/ʤʠʥ ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥ, ʦʩʘʜʦʢ ʦʪʜʝʣʷʣʠ ʠ 

ʚʳʩʫʰʠʚʘʣʠ ʧʨʠ 60ʦʉ ʚ ʩʫʰʠʣʴʥʦʤ ʰʢʘʬʫ. ɺʝʩ ʦʩʘʜʢʘ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʨʘʟʥʠʮʝ 

ʚʟʷʪʦʡ ʥʘʚʝʩʢʠ ʠ ʤʘʩʩʳ ʧʦʣʫʯʝʥʥʦʛʦ ʦʩʘʜʢʘ.  

 

2.1.3.3. ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʙʫʬʝʨʥʳʭ ʨʘʩʪʚʦʨʦʚ 

 ɹʫʬʝʨʥʳʝ ʨʘʩʪʚʦʨʳ: ʩʦʣʷʥʦʢʠʩʣʳʡ (ʨʅ 1.5) ʠ ʬʦʩʬʘʪʥʳʡ (ʨʅ 6.4) ʙʳʣʠ 

ʧʨʠʛʦʪʦʚʣʝʥʳ ʩʦʛʣʘʩʥʦ ʩʧʨʘʚʦʯʥʠʢʫ ʧʦ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ [246].  

 

2.2 ʉʧʦʩʦʙʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝʢʪʠʥʦʚʳʭ ʧʦʣʠʩʘʭʘʨʠʜʦʚ 

2.2.1 ɺʳʜʝʣʝʥʠʝ ʧʝʢʪʠʥʘ ʠʟ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ 

ʊʨʘʜʠʮʠʦʥʥʳʡ ʤʝʪʦʜ [52, 54]. ɻʠʜʨʦʣʠʟ-ʵʢʩʪʨʘʢʮʠʶ ʂʇ ʧʨʦʚʦʜʠʣʠ ʚ 

ʪʝʯʝʥʠʝ 60 ʤʠʥʫʪ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 85ʦʉ, ʛʠʜʨʦʤʦʜʫʣʝ 1:20 ʠ ʥʝʧʨʝʨʳʚʥʦʤ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ, ʠʩʧʦʣʴʟʫʷ ʚ ʢʘʯʝʩʪʚʝ ʵʢʩʪʨʘʛʝʥʪʘ ʨʘʩʪʚʦʨ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʩ ʨʅ 

1.2. ʇʦʣʫʯʝʥʥʳʡ ʵʢʩʪʨʘʢʪ ʦʪʜʝʣʷʣʠ ʦʪ ʦʩʪʘʪʢʦʚ ʢʣʝʪʦʯʥʦʡ ʩʪʝʥʢʠ ʠ ʨʘʟʜʝʣʷʣʠ ʥʘ 

ʪʨʠ ʬʨʘʢʮʠʠ, ʫʩʣʦʚʥʦ ʥʘʟʚʘʥʥʳʝ: ʄɻ, ʇɺ ʠ ʆʉ. 

ʇʦʣʫʯʝʥʠʝ ʄɻ. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʣʠʟ-ʵʢʩʪʨʘʢʮʠʠ, 

ʨʘʩʪʚʦʨ ʧʨʦʧʫʩʪʠʣʠ ʯʝʨʝʟ ʬʠʣʴʪʨ, ʦʩʪʘʪʦʢ ʚʳʞʠʤʦʢ ʪʨʠʞʜʳ ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ ʠ 

ʧʦʩʣʝ ʚʳʩʫʰʠʚʘʥʠʷ ʦʧʨʝʜʝʣʷʣʠ ʤʘʩʩʫ. ʈʘʩʪʚʦʨ ʛʠʜʨʦʣʠʟʘʪʘ ʥʝʡʪʨʘʣʠʟʦʚʘʣʠ ʩ 

ʧʦʤʦʱʴʶ ʘʤʤʠʘʢʘ ʜʦ ʨʅ 3.5 ʠ ʄɻ ʦʪʜʝʣʷʣʠ ʠʟ ʨʘʩʪʚʦʨʘ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʚ 

ʪʝʯʝʥʠʠ 30 ʤʠʥʫʪ, ʧʨʠ ʩʢʦʨʦʩʪʠ ʨʦʪʦʨʘ 7 000 ʦʙ/ʤʠʥ., ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʧʨʦʤʳʚʘʥʠʝʤ 70% ʠ 96% ʩʧʠʨʪʦʤ ʜʦ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʥʘ ʠʦʥʳ ʭʣʦʨʘ, 

ʚʳʩʫʰʠʚʘʣʠ ʧʨʠ 55-60ʦʉ ʚ ʩʫʰʠʣʴʥʦʤ ʰʢʘʬʫ. 
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ʇʦʣʫʯʝʥʠʝ ʇɺ. ɺʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʦʩʪʘʚʰʠʝʩʷ ʚ 

ʨʘʩʪʚʦʨʝ (ʛʠʜʨʦʣʠʟʘʪ) ʧʦʩʣʝ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ, ʦʩʘʞʜʘʣʠ ʜʦʙʘʚʣʝʥʠʝʤ 

ʪʨʝʭʢʨʘʪʥʦʛʦ ʦʙʲʝʤʘ 96%-ʛʦ ʠʟʦʧʨʦʧʘʥʦʣʘ. ʆʩʘʜʦʢ ʦʙʨʘʙʘʪʳʚʘʣʠ ʩʦʣʷʥʦʢʠʩʣʳʤ 

ʩʧʠʨʪʦʤ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʤʳʚʘʣʠ 70%-ʳʤ ʩʧʠʨʪʦʤ ʜʦ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʥʘ 

ʉlƄ ʠʦʥʳ, ʜʝʢʘʥʪʠʨʦʚʘʣʠ ʩʧʠʨʪʦʤ ʠ ʘʮʝʪʦʥʦʤ ʠ ʚʳʩʫʰʠʚʘʣʠ ʧʨʠ 40-60Áʉ. 

ʄʝʪʦʜ ʙʳʩʪʨʦʡ ʛʠʜʨʦʣʠʟ-ʵʢʩʪʨʘʢʮʠʠ ʧʝʢʪʠʥʘ ʧʨʦʚʦʜʠʣʠ ʚ ʘʚʪʦʢʣʘʚʝ ʧʦʜ 

ʜʘʚʣʝʥʠʝʤ ʟʘ ʢʦʨʦʪʢʠʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ [56]. ʅʘʙʫʭʰʝʝ ʩʳʨʴʝ ʧʦʤʝʱʘʣʠ ʚ 

ʘʚʪʦʢʣʘʚ, ʜʦʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʩ ʨʅ 2.0 ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:20 ʠ 

ʧʨʦʚʦʜʠʣʠ ʛʠʜʨʦʣʠʟ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 120ʦʉ ʠ ʜʘʚʣʝʥʠʝ 1.5 ʘʪ ʚ ʪʝʯʝʥʠʝ 3ï10 ʤʠʥʫʪ. 

ɼʘʚʣʝʥʠʝ ʚ ʘʚʪʦʢʣʘʚʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʢʦʥʪʨʦʣʠʨʦʚʘʣʦʩʴ ʧʘʨʦʚʳʤ ʛʝʥʝʨʘʪʦʨʦʤ 

(ʇʘʨʦʚʦʡ ʛʝʥʝʨʘʪʦʨ MBA-20D, ʉʐɸ). ʇʝʢʪʠʥʦʚʳʡ ʛʠʜʨʦʣʠʟʘʪ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ 

ʯʝʨʝʟ ʧʣʦʪʥʳʡ ʣʘʚʩʘʥ, ʧʦʣʫʯʝʥʥʳʡ ʵʢʩʪʨʘʢʪ ʦʭʣʘʞʜʘʣʠ, ʥʝʡʪʨʘʣʠʟʦʚʘʣʠ ʜʦ ʨʅ 3.5, 

ʦʪʜʝʣʷʣʠ ʄɻ ʧʫʪʝʤ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʧʨʠ ʩʢʦʨʦʩʪʠ 4000-5000 ʦʙ/ʤʠʥ. ɿʘʪʝʤ 

ʧʨʦʚʦʜʠʣʠ ʦʩʘʞʜʝʥʠʝ ʨʘʩʪʚʦʨʘ ʪʨʝʭʢʨʘʪʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʜʣʷ 

ʚʳʜʝʣʝʥʠʷ ʇɺ. ʆʩʪʘʚʰʠʡʩʷ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʦʡ ʨʘʩʪʚʦʨ ʫʧʘʨʠʚʘʣʠ ʥʘ ʨʦʪʦʨʥʦʤ 

ʠʩʧʘʨʠʪʝʣʝ, ʦʪʜʝʣʷʷ ʆʉ. ɼʘʣʴʥʝʡʰʫʶ ʦʯʠʩʪʢʫ ʨʘʩʪʚʦʨʘ ʛʠʜʨʦʣʠʟʘʪʘ ʧʨʦʚʦʜʠʣʠ ʧʦ 

ʤʝʪʦʜʫ [5]. 

ʉʳʨʴʸ, ʩʦʜʝʨʞʘʱʝʝ ʧʝʢʪʠʥ, ʧʦʜʘʚʘʣʩʷ ʚ ʘʚʪʦʢʣʘʚ (ʨʠʩʫʥʦʢ 2.2.1.1) ʧʨʠ 

ʩʦʦʪʥʦʰʝʥʠʠ ʪʚʸʨʜʦʡ ʤʘʩʩʳ ʢ ʞʠʜʢʦʩʪʠ ʢʘʢ 1:10 ʠ ʟʘʱʠʪʥʘʷ ʥʘʢʣʘʜʢʘ ʢʨʝʧʢʦ 

ʟʘʢʨʳʚʘʣʘʩʴ. 

 

ʈʠʩʫʥʦʢ 2.2.1.1. ï ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʙʳʩʪʨʦʡ ʛʠʜʨʦʣʠʟ-ʵʢʩʪʨʘʢʮʠʠ 

ʧʝʢʪʠʥʦʚʳʭ ʚʝʱʝʩʪʚ. 
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ʅʦʨʤʠʨʦʚʘʥʥʳʡ ʧʘʨ ʧʨʦʠʟʚʦʜʠʣʩʷ ʛʝʥʝʨʘʪʦʨʦʤ MBA-20D (ʉʐɸ) ʠ ʯʝʨʝʟ 

ʦʩʥʦʚʥʦʡ ʢʨʘʥ ʧʦʜʘʚʘʣʩʷ ʚ ʘʚʪʦʢʣʘʚ. 

ʆʩʥʘʱʥyʥʘʷ ʦʧʳʪʥʘʷ ʫʩʪʘʥʦʚʢʘ ʤʦʞʝʪ ʦʙʨʘʙʘʪʳʚʘʪʴ 2 ʢʛ ʩʳʨʴʷ ʚ ʯʘʩ, ʧʨʠ 

ʟʘʛʨʫʟʢʝ 180 ʣ ʛʠʜʨʦʣʠʟʘʪʘ, ʩʦʜʝʨʞʘʱʝʛʦ 1,5 ʢʛ ʧʝʢʪʠʥ. 

 

2.2.2 ʆʯʠʩʪʢʘ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʧʝʢʪʠʥʦʚʳʭ ʚʝʱʝʩʪʚ 

 

ʆʯʠʩʪʢʘ ʵʪʘʥʦʣʦʤ. ʇɺ ʦʙʨʘʙʘʪʳʚʘʣʠ ʩʤʝʩʴʶ 70% ʉ2ʅ5ʆʅ, 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʅʉI ʠ ʚʦʜʳ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 14:3.6:2.4 ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɿʘʪʝʤ ʧʨʦʤʳʚʘʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ: 70% ʩʧʠʨʪʦʤ ʜʦ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʥʘ ʉI--ʠʦʥʳ, 96% ʵʪʘʥʦʣʦʤ, ʘʮʝʪʦʥʦʤ ʠ ʚʳʩʫʰʠʚʘʣʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 40-60ʦʉ.  

ɼʣʷ ʫʜʘʣʝʥʠʷ ʤʠʢʨʦʛʝʣʷ, 0.5%- ʡr ʨʘʩʪʚʦʨ ʧʝʢʪʠʥʘ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʧʨʠ 

7.100 g ʚ ʪʝʯʝʥʠʝ 1.5 ʯ, ʠʣʠ ʫʣʴʪʨʘʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʧʨʠ 60 000g ʚ ʪʝʯʝʥʠʝ 1 ʯ. 

 ʅʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʬʨʘʢʮʠʠ ʇɺ ʦʪʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ 

ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʦʥʥʦʡ ʤʝʤʙʨʘʥʳ ʋʇʄ-100 ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʡ ʷʯʝʡʢʝ ʧʨʠ 

ʜʘʚʣʝʥʠʠ 0.16 ʄʇʘ [38]. ʃʠʦʬʠʣʴʥʦ ʚʳʩʫʰʝʥʥʳʡ ʧʨʝʧʘʨʘʪ ʧʝʢʪʠʥʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʘʥʘʣʠʟʘ.  

ʄʝʤʙʨʘʥʥʘʷ ʦʯʠʩʪʢʘ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʇɺ. ʇʨʦʮʝʩʩ ʨʘʟʜʝʣʝʥʠʷ 

ʞʠʜʢʦʡ ʩʤʝʩʠ, ʘ ʪʘʢʞʝ ʢʦʣʣʦʠʜʥʦʡ ʩʠʩʪʝʤʳ ʯʝʨʝʟ ʨʘʟʜʝʣʠʪʝʣʴʥʫʶ ʧʝʨʝʛʦʨʦʜʢʫ 

ʦʩʥʦʚʘʥ ʥʘ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚʭʦʜʷʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʵʪʦʡ ʩʠʩʪʝʤʝ ʠʣʠ ʩʤʝʩʠ. 

ʆʙʳʯʥʦ ʬʘʟʫ, ʧʨʦʰʝʜʰʫʶ ʯʝʨʝʟ ʤʝʤʙʨʘʥʫ ʥʘʟʳʚʘʶʪ ʬʠʣʴʪʨʘʪʦʤ (ʧʝʨʤʝʘʪʦʤ), ʘ 

ʟʘʜʝʨʞʘʥʥʫʶ ï ʢʦʥʮʝʥʪʨʘʪʦʤ (ʨʝʪʝʥʪʘʪʦʤ). ʇʨʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʠ ʚʦʟʨʘʩʪʘʝʪ 

ʚʷʟʢʦʩʪʴ ʧʝʢʪʠʥʦʚʦʛʦ ʵʢʩʪʨʘʢʪʘ ʠ ʩʥʠʞʘʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʘʧʧʘʨʘʪʘ. 

ʋʜʝʣʴʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʝʤʙʨʘʥʳ ʦʮʝʥʠʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ:  

G = V/FĿŰ        (2.2.2.1)  

ʛʜʝ G ï ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʘʧʧʘʨʘʪʘ, ʣ/ʤ2Ŀʯ; V ï ʦʙʲʝʤ ʩʤʝʩʠ, ʣ; F ï 

ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʧʝʨʝʛʦʨʦʜʢʠ, ʤ2; Ű ï ʚʨʝʤʷ ʧʨʦʰʝʜʰʝʡ ʢʦʣʠʯʝʩʪʚʦ ʩʤʝʩʠ 

ʯʝʨʝʟ ʤʝʤʙʨʘʥʫ, ʯʘʩ.  
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ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʦʥʥʳʝ ʤʝʤʙʨʘʥʳ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʠʘʤʠʜʘ ʩ ʙʦʣʴʰʠʤ ʜʠʘʤʝʪʨʦʤ ʧʦʨ, ʘ ʠʤʝʥʥʦ ʧʦʣʠʚʦʣʦʢʦʥʥʳʝ ʤʝʤʙʨʘʥʳ ʥʘ 

ʦʩʥʦʚʝ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʣʠʘʤʠʜʘ ɺʇʋ-50 ʠ ɺʇʋ-100, ʧʨʦʧʫʩʢʘʶʱʠʝ ʚʝʱʝʩʪʚʘ ʩ 

ʤʦʣʝʢʫʣʷʨʥʳʤ ʚʝʩʦʤ ʦʪ 50 ʜʦ 100 ʢɼʘ. ʇʨʠ ʦʧʪʠʤʘʣʴʥʦ ʚʳʙʨʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʵʪʠ 

ʤʝʤʙʨʘʥʳ, ʦʯʝʚʠʜʥʦ, ʧʨʠʦʙʨʝʪʘʶʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ, ʢʦʛʜʘ ʧʝʢʪʠʥʦʚʳʝ 

ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʠʤʝʶʪ ʬʦʨʤʫ ʮʠʣʠʥʜʨʘ ʩ ʣʦʢʘʣʴʥʳʤ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʟʘʨʷʜʦʤ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʩʦʟʜʘʶʪʩʷ ʫʩʣʦʚʠʷ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʦʯʠʩʪʢʠ ʧʝʢʪʠʥʦʚʳʭ ʤʘʢʨʦʤʦʣʝʢʫʣ 

ʦʪ ʥʝʡʪʨʘʣʴʥʳʭ ʧʦʣʠʩʘʭʘʨʠʜʦʚ, ʢʨʘʩʷʱʠʭ ʠ ʜʨʫʛʠʭ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʚʝʱʝʩʪʚ. 

ʂʨʦʤʝ ʪʦʛʦ, ʢʦʛʜʘ ʧʨʦʮʝʩʩ ʜʠʘʬʠʣʴʪʨʘʮʠʠ ʧʨʦʚʦʜʠʪʩʷ ʜʦ ʋʌ, ʪʦ ʵʪʦ ʧʦʟʚʦʣʷʝʪ 

ʦʯʠʩʪʠʪʴ ʧʝʢʪʠʥʦʚʳʡ ʛʠʜʨʦʣʠʟʘʪ ʚ ʨʘʟʙʘʚʣʝʥʥʦʤ ʨʘʩʪʚʦʨʝ, ʚ ʢʦʪʦʨʦʤ ʦʪʩʫʪʩʪʚʫʶʪ 

ʘʛʨʝʛʘʪʳ. ʇʨʠʯʝʤ, ʚʦ-ʧʝʨʚʳʭ, ʦʯʠʱʝʥʥʳʡ ʧʝʢʪʠʥʦʚʳʡ ʨʘʩʪʚʦʨ ʣʝʛʢʦ 

ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ, ʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʝʤʙʨʘʥ ʧʦ ʬʠʣʴʪʨʫ ʧʨʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʠ 

ʚʦʟʨʘʩʪʘʝʪ ʚ ʜʚʘ ʠ ʙʦʣʝʝ ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʚʝʩʪʥʳʤʠ ʨʝʰʝʥʠʷʤʠ. ɺʦ-ʚʪʦʨʳʭ, ʩ 

ʚʢʣʶʯʝʥʠʝʤ ʩʪʘʜʠʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ (ʩʝʧʘʨʠʨʦʚʘʥʠʷ) ʫʜʘʝʪʩʷ ʣʝʛʢʦ ʫʜʘʣʠʪʴ ʛʝʣʴ, 

ʢʦʪʦʨʳʡ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʤʝʰʘʝʪ ʧʨʦʮʝʩʩʫ ɼʋʌ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʤʦʞʝʪ ʥʘʡʪʠ 

ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (ʦʩʥʦʚʘ ʜʣʷ ʤʘʟʝʡ, ʧʘʩʪ 

ʠ ʜʨ.), ʘ ʪʘʢʞʝ ʚ ʤʠʢʨʦʙʠʦʣʦʛʠʠ ʚ ʢʘʯʝʩʪʚʝ ʛʝʣʷ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʧʠʪʘʪʝʣʴʥʳʭ 

ʩʨʝʜʩʪʚ. ɺ-ʪʨʝʪʴʠʭ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʩʧʦʩʦʙʘ ʠʩʢʣʶʯʘʶʪʩʷ ʠʟ 

ʠʟʚʝʩʪʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʣʠʥʠʠ ʩʪʘʜʠʠ ʪʦʥʢʦʡ ʬʠʣʴʪʨʘʮʠʠ, ʦʙʝʩʮʚʝʯʠʚʘʥʠʷ ʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʧʦʜ ʚʘʢʫʫʤʦʤ, ʛʜʝ ʨʘʩʭʦʜʫʝʪʩʷ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ [55]. ʅʘʨʷʜʫ ʩ ʤʝʪʦʜʦʤ ʦʩʘʞʜʝʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʝʢʪʠʥʦʚʳʭ 

ʚʝʱʝʩʪʚ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ɼʋʌ ʩ ʧʦʤʦʱʴʶ ʤʝʤʙʨʘʥʳ ʋʇʄ-100 ʠ Kross Flo 

(30 ʢɼʘ, 100 ʢɼʘ) ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʡ ʷʯʝʡʢʝ ʧʨʠ ʜʘʚʣʝʥʠʠ 0.16 ʄʇʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʣʠʦʬʠʣʠʟʘʮʠʝʡ ʦʯʠʱʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʧʝʢʪʠʥʦʚʳʭ ʚʝʱʝʩʪʚ [55, 94, 247]. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʠ ʨʘʟʜʝʣʝʥʠʠ ʧʝʢʪʠʥʦʚʳʭ ʵʢʩʪʨʘʢʪʦʚ ʩʥʠʞʘʶʪʩʷ ʜʚʠʞʫʱʘʷ ʩʠʣʘ 

ʧʨʦʮʝʩʩʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩ ʵʪʠʤ, ʩʥʠʞʘʶʪʩʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ 

ʩʨʦʢ ʩʣʫʞʙʳ ʤʝʤʙʨʘʥ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʤʙʨʘʥʳ ʦʩʘʞʜʘʶʪʩʷ ʪʨʫʜʥʦʨʘʩʪʚʦʨʠʤʳʝ 

ʩʦʣʠ ʠ ʧʨʦʠʩʭʦʜʠʪ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʝ ʧʦʣʠʩʘʭʘʨʠʜʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʦʯʠʩʪʢʠ ʤʝʤʙʨʘʥ. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʚʣʠʷʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʠ 

ʫʚʝʣʠʯʝʥʠ ̫ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʝʤʙʨʘʥ ʧʨʠʤʝʥʷʣʠ ʤʝʪʦʜ ɼʋʌ ʩ 
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ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʚʳʨʘʚʥʠʚʘʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʢʦʤʧʦʥʝʥʪʦʚ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚ ʷʜʨʝ ʧʦʪʦʢʘ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʚʝʣʠʯʠʚʘʣʠ ʩʢʦʨʦʩʪ ɹ

ʧʦʪʦʢʘ ʜʦ 4-6 ʤ/ʩ. ʕʪʦʪ ʧʦʜʭʦʜ ʙʳʣ ʜʦʩʪʠʛʥʫʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝʢʪʠʥʘ ʧʫʪʤy ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʅʘ ʨʠʩʫʥʢʝ 2.2.1.1 ʧʦʢʘʟʘʥ ʦʙʱʠʡ ʚʠʜ ʫʩʪʘʥʦʚʢʠ ʊɼʋʌ. ɼʘʥʥʘʷ ʫʩʪʘʥʦʚʢʘ 

ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʦʚʤʝʩʪʥʦ ʩ ʫʯʝʥʳʤʠ ʠʟ ʄʍʊʀ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ ʠ ʩʦʩʪʦʠʪ 

ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʘʨʢʘʩʘ, 2 ʨʝʪʝʥʪʘʪʦʚ ʠ ʧʝʨʤʝʘʪʥʳʭ ʪʨʫʙ ʚ ʩʙʦʨʝ ʩ 

24 ʤʫʬʪʘʤʠ, ʮʝʥʪʨʦʙʝʞʥʳʤ ʥʘʩʦʩʦʤ (ʪʘʥʛʝʥʮʠʘʣʴʥʳʡ ʧʦʪʦʢ), ʩʠʩʪʝʤʦʡ 

ʢʦʥʪʨʦʣʷ ʜʘʚʣʝʥʠʷ, ʋʌ ʤʝʤʙʨʘʥ ʩ ʤʝʩʪ ʜʣʷ ʤʦʜʫʣʝʡ ʠʟ ʧʦʣʳʭ ʚʦʣʦʢʦʥ ʠ ʜʚʫʭ 

ʢʦʥʪʝʡʥʝʨʦʚ ʧʦ 100 ʠ 550 ʣʠʪʨʦʚ [83, 248].  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʉʠʩʪʝʤʘ ʬʠʣʴʪʨʦʚ ʚʢʣʶʯʘʝʪ ʠʩʪʦʯʥʠʢ ʧʦʜʘʯʠ, ʩʦʝʜʠʥʝʥʥʳʡ ʩ ʥʘʩʦʩʦʤ ʜʣʷ 

ʧʦʜʘʯʠ ʪʘʥʛʝʥʮʠʘʣʴʥʦʛʦ ʧʦʪʦʢʘ ʚ ʤʝʤʙʨʘʥʥʳʡ ʬʠʣʴʪʨ ʩ ʧʦʣʳʤʠ ʚʦʣʦʢʥʘʤʠ. 

ɿʘʪʝʤ ʧʝʨʤʝʘʪ ʩʦʙʠʨʘʶʪ ʚ ʧʨʠʝʤʥʫʶ ʝʤʢʦʩʪʴ. ʉʠʩʪʝʤʘ ʊɼʋʌ ʧʦʟʚʦʣʷʝʪ 

ʈʠʩʫʥʦʢ 2.2.1.1 ï ʆʙʱʠʡ ʚʠʜ ʫʩʪʘʥʦʚʢʠ ʊɼʋʌ           
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ʧʨʦʩʪʳʤ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʝʤ ʧʝʨʝʡʪʠ ʚ ʨʝʞʠʤ ʦʙʨʘʪʥʦʡ ʧʨʦʤʳʚʢʠ, ʯʪʦʙʳ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʤʝʤʙʨʘʥʫ. ɺ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʪʝʭʥʠʢʠ ʠʟʚʝʩʪʥʦ ʦʙʨʘʪʥʘʷ 

ʧʫʣʴʩʘʮʠʷ ʵʪʦʡ ʢʦʤʧʦʥʦʚʢʠ ʧʫʪʝʤ ʧʦʜʘʯʠ ʧʦʪʦʢʘ ʤʘʪʝʨʠʘʣʘ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ 

ʢ ʚʳʧʫʩʢʥʦʤʫ ʦʪʚʝʨʩʪʠʶ ʧʝʨʤʝʘʪʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʶ ʥʦʨʤʘʣʴʥʦʛʦ ʧʦʪʦʢʘ ʧʝʨʤʝʘʪʘ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʛʦ ʦʙʨʘʪʥʦʛʦ ʠʤʧʫʣʴʩʘ ʜʘʚʣʝʥʠʷ, ʧʦʩʣʝ 

ʟʘʚʝʨʰʝʥʠʷ ʦʧʝʨʘʮʠʠ ʧʦʪʦʢ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʦʟʦʙʥʦʚʣʷʝʪʩʷ ʚ ʪʦʤ ʞʝ 

ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʚʧʫʩʢʥʦʛʦ ʦʪʚʝʨʩʪʠʷ 1 ʢ ʚʳʭʦʜʥʦʤʫ ʚʧʫʩʢʥʦʤʫ ʦʪʚʝʨʩʪʠʶ 2. 

 

2.2.3 ʉʫʰʢʘ ʧʝʢʪʠʥʦʚʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ ʥʘ ʨʘʩʧʳʣʠʪʝʣʴʥʦʡ ʩʫʰʠʣʢʝ 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʥyʥʳʤ ʤʝʪʦʜʦʤ, ʧʨʠʤʝʥʷʝʤʳʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʡ ʧʠʱʝʚʦʡ ʧʨʦʜʫʢʮʠʠ, ʷʚʣʷʝʪʩʷ ʚʦʟʜʫʰʥʘʷ ʩʫʰʢʘ. ʇʨʦʮʝʩʩ 

ʩʫʰʢʠ ʧʠʱʝʚʦʛʦ ʩʳʨʴʷ (ʨʘʩʪʚʦʨʘ) ʩ ʧʦʣʫʯʝʥʠʝʤ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʨʦʰʢʦʚ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʩʧʳʣʠʪʝʣʴʥʳʤʠ ʩʫʰʠʣʢʘʤʠ ʩ ʧʨʷʤʦʪʦʯʥʳʤ, ʧʨʦʪʠʚʦʪʦʯʥʳʤ 

ʠ ʩʤʝʰʘʥʥʳʤ ʜʚʠʞʝʥʠʝʤ ʩʫʰʠʣʴʥʦʛʦ ʘʛʝʥʪʘ ï ʚʦʟʜʫʭʘ. 

ʂʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʘʧʧʘʨʘʪʫʨʥʦʛʦ ʦʬʦʨʤʣʝʥʠʷ ʫʩʪʘʥʦʚʦʢ 

ʨʘʩʧʳʣʠʪʝʣʴʥʦʡ ʩʫʰʢʠ ʦʙʫʩʣʦʚʣʝʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ, ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʙʝʟʚʦʞʠʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʧʨʦʮʝʩʩʫ 

ʠ ʧʘʨʘʤʝʪʨʘʤ ʬʘʢʝʣʘ ʨʘʩʧʳʣʝʥʠʷ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʠ ʪ.ʧ. ɺʘʞʥʳʤ 

ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʨʘʩʧʳʣʠʪʝʣʴʥʦʡ ʩʫʰʢʠ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʝ ʠ ʫʜʦʙʥʦʝ 

ʦʙʝʟʚʦʞʠʚʘʥʠʝ ʥʝʦʜʥʦʨʦʜʥʳʭ ʞʠʜʢʠʭ ʩʠʩʪʝʤ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ. 

ʈʘʩʧʳʣʠʪʝʣʴʥʘʷ ʩʫʰʢʘ ʧʦʣʫʯʠʣʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ ʩʫʭʦʛʦ ʤʦʣʦʢʘ ʠ ʤʦʣʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʩʫʭʠʭ 

ʤʦʣʦʯʥʳʭ ʩʤʝʩʝʡ ʜʝʪʩʢʦʛʦ ʧʠʪʘʥʠʷ, ʙʳʩʪʨʦʨʘʩʪʚʦʨʠʤʦʛʦ ʢʦʬʝ, ʷʚʣʷʝʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʦʚʦʱʥʳʭ ʠ ʬʨʫʢʪʦʚʦ-ʷʛʦʜʥʳʭ, ʷʠʯʥʳʭ 

ʧʦʨʦʰʢʦʚ [249-251]. ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʠʥʪʝʥʩʠʬʠʮʠʨʦʚʘʪʴ 

ʧʨʦʮʝʩʩ ʟʘ ʩʯʝʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ. ɺ ʩʫʰʠʣʢʘʭ 

ʪʘʢʦʛʦ ʪʠʧʘ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʧʳʣʝʥʠʝ ʞʠʜʢʦʛʦ ʩʳʨʴʷ ʠ ʚʳʩʫʰʠʚʘʥʠʝ ʝʛʦ ʧʨʠ 

ʜʚʠʞʝʥʠʠ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʤ ʧʦʪʦʢʦʤ ʩʫʰʠʣʴʥʦʛʦ ʘʛʝʥʪʘ. ʅʘʛʨʝʪʳʡ ʚ 
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ʢʘʣʦʨʠʬʝʨʝ ʜʦ 160-200ƺʉ ʚʦʟʜʫʭ ʧʦʩʪʫʧʘʝʪ ʚ ʩʫʰʠʣʴʥʫʶ ʢʘʤʝʨʫ. ʏʘʱʝ ʚʩʝʛʦ 

ʦʥʘ ʠʤʝʝʪ ʬʦʨʤʫ ʮʠʣʠʥʜʨʘ ʩ ʧʣʦʩʢʠʤ ʠʣʠ ʢʦʥʠʯʝʩʢʠʤ ʦʩʥʦʚʘʥʠʝʤ. ʉʧʦʩʦʙ 

ʩʫʰʢʠ ʨʘʩʧʳʣʝʥʠʝʤ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ 

ʤʝʪʦʜʘʤʠ ʩʫʰʢʠ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʵʪʦʪ ʤʝʪʦʜ ʩʫʰʢʠ 

ʧʝʢʪʠʥʦʚʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʩʫʰʠʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʪʠʧʘ Mini Spray Dryer B-290 

ʧʨʠʚʝʜʥy ʥʘ ʨʠʩʫʥʢʝ 2.2.3.1. 

 
 

ʈʠʩʫʥʦʢ 2.2.3.1. ï ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʨʘʙʦʪʳ ʨʘʩʧʳʣʠʪʝʣʴʥʦʡ 

ʩʫʰʠʣʢʠ Mini Spray Dryer B ï 290: 1 ï ʧʦʜʘʯʘ ʨʘʩʪʚʦʨʘ, 2 ï ʨʘʩʧʳʣʠʪʝʣʴʥʘʷ 

ʬʦʨʩʫʥʢʘ, 3 ï ʧʦʜʘʯʘ ʩʫʰʠʣʴʥʦʛʦ ʘʛʝʥʪʘ (ʚʦʟʜʫʭʘ), 4 ï ʩʫʰʠʣʴʥʘʷ ʢʘʤʝʨʘ, 5 

ï ʩʦʩʫʜ ʜʣʷ ʩʙʦʨʘ ʧʨʦʜʫʢʪʘ, 6 ï ʮʝʥʪʨʦʙʝʞʥʳʡ ʩʝʧʘʨʘʪʦʨ, 7 ï ʚʳʭʦʜʥʦʡ 

ʬʠʣʴʪʨ. 

ʋʩʪʨʦʡʩʪʚʦ ʨʘʩʧʳʣʠʪʝʣʴʥʦʡ ʩʫʰʠʣʢʠ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʯʘʩʪʝʡ: 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʥʘʛʨʝʚʘʪʝʣʴʥʦʛʦ ʙʣʦʢʘ, ʜʚʫʭʧʦʪʦʯʥʦʡ ʨʘʩʧʳʣʠʪʝʣʴʥʦʡ 
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ʬʦʨʩʫʥʢʠ, ʩʫʰʠʣʴʥʦʡ ʢʘʤʝʨʳ (ʮʠʣʠʥʜʨ), ʩʦʩʫʜ ʜʣʷ ʩʙʦʨʘ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ 

(ʧʦʨʦʰʦʢ), ʮʠʢʣʦʥ     ʬʠʣʴʪʨʘ, ʚʳʭʦʜʥʦʛʦ ʬʠʣʴʪʨʘ, ʘʩʧʠʨʘʪʦʨʘ, 

ʧʝʨʠʩʪʘʣʴʪʠʯʝʩʢʦʛʦ ʥʘʩʦʩʘ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʩʫʰʠʣʴʥʦʡ ʢʘʤʝʨʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʥʘ 

ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʫʨʦʚʥʝ. ʉ ʧʦʤʦʱʴʶ ʜʚʦʡʥʦʡ ʨʘʩʧʳʣʠʪʝʣʴʥʦʡ ʬʦʨʩʫʥʢʠ 

ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʨʘʥʫʣ. ɺ ʩʫʰʠʣʴʥʦʡ ʢʘʤʝʨʝ ʧʨʦʠʩʭʦʜʠʪ 

ʢʦʥʜʫʢʪʠʚʥʳʡ ʪʝʧʣʦʦʙʤʝʥ ʤʝʞʜʫ ʩʫʰʠʣʴʥʳʤ ʛʘʟʦʤ ʠ ʛʨʘʥʫʣʘʤʠ ʦʙʨʘʟʮʘ. 

ɼʣʷ ʧʝʨʝʥʦʩʘ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʦʧʳʪʥʳʭ ʫʩʪʘʥʦʚʢʘʭ 

ʥʝʦʙʭʦʜʠʤʦ ʩʦʙʣʶʜʝʥʠʝ ʫʩʣʦʚʠʡ ʤʘʩʰʪʘʙʥʦʛʦ ʧʝʨʝʭʦʜʘ. ʇʨʠʙʣʠʞʝʥʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʫʰʢʠ ʩʣʝʜʫʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʨʘʩʯʝʪʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɺʳʩʫʰʝʥʥʳʡ ʧʨʦʜʫʢʪ ʚʤʝʩʪʝ ʩ ʧʦʪʦʢʦʤ ʛʦʨʷʯʝʛʦ ʚʦʟʜʫʭʘ ʪʨʘʥʩʧʦʨʪʠʨʫʝʪʩʷ ʚ 

ʫʣʘʚʣʠʚʘʪʝʣʴ (ʩʦʩʫʜ ʜʣʷ ʩʙʦʨʘ ʧʦʨʦʰʢʘ). ʇʦ ʮʠʢʣʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ʢʘʤʝʨʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʙʦʨ ʪʷʞʸʣʳʭ ʯʘʩʪʠʮ ʥʝ ʧʦʜʚʝʨʞʝʥʥʳʭ ʧʦʣʥʦʡ ʩʫʰʢʝ. 

ɺʳʭʦʜʥʦʡ ʬʠʣʴʪʨ ʦʩʫʱʝʩʪʚʣʷʝʪ ʩʙʦʨ ʤʝʣʴʯʘʡʰʠʭ ʯʘʩʪʠʮ ʜʣʷ ʟʘʱʠʪʳ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʀʩʭʦʜʥʳʝ ʦʙʨʘʟʮʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʥʘ ʬʠʟʠʢʦ- 

ʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʭʦʜʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 2.2.3.1. 

ʊʘʙʣʠʮʘ 2.2.3.1 ï ʀʩʭʦʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʟʮʦʚ 

ˉ 

ʧ/ʧ 

ʇʦʢʘʟʘʪʝʣʠ ʗʙʣʦʯʥʳʡ 

ʢʦʥʮʝʥʪʨʘʪ 

ʇʦʜʩʦʣʥʝʯʥʳʡ 

ʢʦʥʮʝʥʪʨʘʪ 

1 ʉʦʜʝʨʞʘʥʠʝ ʩʫʭʠʭ ʚʝʱʝʩʪʚ, % 6 4 

2 ɿʥʘʯʝʥʠʝ ʨʅ 2.0 1.8 

3 ʄʄ, ʢɼʘ 201 181 

4 ʇʨʦʯʥʦʩʪʴ ʧʝʢʪʠʥʦʚʦʛʦ ʩʪʫʜʥʷ, ʢʇʘ 73 65 

5 ʉʕ, % 52 32 
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ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʦʮʝʩʩʘ ʩʫʰʢʠ ʧʝʢʪʠʥʦʚʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ, ʪ.ʝ. 

ʚʣʠʷʥʠʝ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʪʝʤʧʝʨʘʪʫʨʳ ʘʧʧʘʨʘʪʘ, ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ ʠ 

ʨʘʩʪʚʦʨʘ ʥʘ ʚʳʭʦʜ ʧʝʢʪʠʥʘ ʧʨʠʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʝ 2.2.3.2. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʷʙʣʦʯʥʳʝ ʢʦʥʮʝʥʪʨʘʪʳ ʧʝʢʪʠʥʘ: ʷʙʣʦʯʥʳʡ ʧʝʢʪʠʥ 

ɺʘʨʟʦʙʩʢʦʛʦ (ʗʇɺ) ʠ ̫ ʙʣʦʯʥʳʡ ʧʝʢʪʠʥ ʌʘʡʟʘʙʘʜʩʢʦʛʦ (ʗʇʌ) ʨʘʡʦʥʦʚ 

ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ. 

ɼʣʷ ʧʝʨʝʥʦʩʘ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʦʧʳʪʥʳʭ ʫʩʪʘʥʦʚʢʘʭ 

ʥʝʦʙʭʦʜʠʤʦ ʩʦʙʣʶʜʝʥʠʝ ʫʩʣʦʚʠʡ ʤʘʩʰʪʘʙʥʦʛʦ ʧʝʨʝʭʦʜʘ. ʇʨʠʙʣʠʞʝʥʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʫʰʢʠ ʩʣʝʜʫʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʨʘʩʯʝʪʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʊʘʙʣʠʮʘ 2.2.3.2. ï ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʦʮʝʩʩʘ ʩʫʰʢʠ ʇɺ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʧʦʪʦʢʘʭ ʚʦʟʜʫʭʘ ʩʫʰʠʣʴʥʦʛʦ ʘʛʝʥʪʘ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʦʙʨʘʟʮʘ 

ʊ
ʝ
ʤ
ʧ
ʝ
ʨ
ʘ
ʪ
ʫ
ʨ
ʘ
 
ʥ
ʘ
 

ʚ
ʭ
ʦ
ʜ
ʝ
 

ʢ
ʘ
ʤ
ʝ
ʨ
ʳ
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ʦ
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ʜ
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ʨ
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ʦ
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ʉ
ʢ
ʦ
ʨ
ʦ
ʩ
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ʴ
 
ʧ
ʦ
ʜ
ʘ
ʯ
ʠ
 

ʚ
ʦ
ʟ
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ʫ
ʭ
ʘ
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ʤ

3
/
ʯ
ʘ
ʩ

 

ʉ
ʢ
ʦ
ʨ
ʦ
ʩ
ʪ
ʴ
 
ʧ
ʦ
ʜ
ʘ
ʯ
ʠ
 

ʨ
ʘ
ʩ
ʪ
ʚ
ʦ
ʨ
ʘ

, 

ʤ
ʣ
/
ʤ
ʠ
ʥ

. 

ɺ
ʳ
ʭ
ʦ
ʜ
 

ʧ
ʝ
ʢ
ʪ
ʠ
ʥ
ʦ
ʚ
ʦ
ʛ
ʦ
 

ʧ
ʦ
ʨ
ʦ
ʰ
ʢ
ʘ
 
(
%
)
 
ʦ
ʪ
 

ʠ
ʩ
ʭ
ʦ
ʜ
ʥ
ʦ
ʡ
 
ʤ
ʘ
ʩ
ʩ
ʳ

 

ʗʇʌ (120-7-2.0) 173-176 85-90 65-70 12-15 15.1 

ʗʇɺ (120-7-2.0) 166-182 85-90 65-68 10-17 14.9 

ʗʇʌ (120-7-2.0) 152-161 75-80 65-70 10-15 14.5 

ʗʇɺ (120-7-2.0) 173-177 85-90 65-68 13-17 15.2 

ʗʇʌ (120-7-2.0) 141-152 70-75 65-70 10-15 14.1 

ʗʇɺ (120-7-2.0) 152-164 75-80 65-68 10-17 14.7 

 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʩʫʰʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʦʮʝʥʠʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ: 

V ʋʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʩʫʰʠʣʴʥʦʛʦ ʘʛʝʥʪʘ (ʚ ʢʠʣʦʛʨʘʤʤʘʭ ʩʫʭʦʛʦ ʚʦʟʜʫʭʘ ʥʘ 

ʢʠʣʦʛʨʘʤʤ ʠʩʧʘʨʥyʥʦʡ ʚʣʘʛʠ): 
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  Ὅ
 
 
 

 ɀ
 ,       (2.2.3.1) 

 

ʛʜʝ ὼ2, ὼ0 - ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝ ʩʫʰʠʣʴʥʦʛʦ ʘʛʝʥʪʘ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʠʟ 

ʩʫʰʠʣʴʥʦʡ ʢʘʤʝʨʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʚ ʢʠʣʦʛʨʘʤʤʘʭ ʚʣʘʛʠ ʥʘ ʢʠʣʦʛʨʘʤʤ ʩʫʭʦʛʦ 

ʚʦʟʜʫʭʘ); 

ὒ ī ʨʘʩʭʦʜ ʩʫʭʦʛʦ ʚʦʟʜʫʭʘ, ʢʛ/ʩ; 

W ī ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʠʩʧʘʨʝʥʥʦʡ ʚʣʘʛʠ, ʢʛ/ʩ; 

V ʋʜʝʣʴʥʳʡ ʨʘʩʭʦʜ   ʪʝʧʣʦʪʳ (ʚ ʢʠʣʦʜʞʦʫʣʷʭ ʥʘ ʢʠʣʦʛʨʘʤʤ ʠʩʧʘʨʝʥʥʦʡ 

ʚʣʘʛʠ): 

ή
 
 
 

 ɀ
,       (2.2.3.2) 

 

ʛʜʝ i1 i0 ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʵʥʪʘʣʴʧʠʷ ʩʫʰʠʣʴʥʦʛʦ ʘʛʝʥʪʘ ʥʘ ʚʭʦʜʝ ʚ 

ʢʘʣʦʨʠʬʝʨ ʠ ʚ ʩʫʰʠʣʴʥʫʶ ʢʘʤʝʨʫ (ʚ ʢʠʣʦʜʞʦʫʣʷʭ ʥʘ ʢʠʣʦʛʨʘʤʤ ʠʩʧʘʨʝʥʥʦʡ 

ʚʣʘʛʠ); 

V ɺʣʘʛʦʩʲʝʤ ʩ 1 ʤ3 ʨʘʙʦʯʝʛʦ ʦʙʲʝʤʘ ʩʫʰʠʣʴʥʦʡ ʢʘʤʝʨʳ (ʚ ʢʠʣʦʛʨʘʤʤʘʭ 

ʠʩʧʘʨʝʥʥʦʡ ʚʣʘʛʠ ʥʘ ʢʠʣʦʛʨʘʤʤ 1 ʤ3 ʩʫʰʠʣʴʥʦʡ ʢʘʤʝʨʳ ʚ ʯʘʩ): 

ὃ
 
 ,       (2.2.3.3) 

 

ʛʜʝ V ï ʦʙʲʝʤ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʯʘʩʪʠ ʩʫʰʠʣʴʥʦʡ ʢʘʤʝʨʳ, ʤ3. 

ɼʣʷ ʨʘʩʯʝʪʘ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ: 

ʚʣʘʞʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ (U, %), ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʩʫʰʠʣʴʥʦʛʦ ʘʛʝʥʪʘ (ʢʛ/ʩ). 

 

Ὅ
 
Ὠ ὴ‌Ѝς

 Ў
 ,       (2.2.3.4) 

 

ʛʜʝ Ὠ0 ï ʜʠʘʤʝʪʨ ʦʪʚʝʨʩʪʠʷ ʜʠʘʬʨʘʛʤʳ, ʤ; 

” ï ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ ʧʨʠ ὸ2, ʢʛ/ʤ3, ” ρȢςωσ Ƞ 

æ ï ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʭʦʜʘ ʜʠʘʬʨʘʛʤʳ, ‌ = ī 0,8; 
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Ὣ = 9.81 ï ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ, ʤ/ʩ2; 

ὴ ï ʧʦʢʘʟʘʥʠʝ ʜʠʬʘʥʦʤʝʪʨʘ ʫ ʜʠʘʬʨʘʛʤʳ. 

V ʄʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʠʩʧʘʨʝʥʥʦʡ ʚʣʘʛʠ ʚ ʢʛ/ʩ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 

ὡ '   

  
 ,      (2.2.3.5) 

 

ʛʜʝ Ὗὲ, ὟὯ ï ʠʩʭʦʜʥʘʷ ʠ ʢʦʥʝʯʥʘʷ ʚʣʘʞʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, %; 

V ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʫʰʠʣʢʠ ὋὯ ʧʦ ʩʫʭʦʤʫ ʤʘʪʝʨʠʘʣʫ (ʧʝʢʪʠʥʦʚʳʡ 

ʧʦʨʦʰʦʢ) ʚ ʢʛ/ʩ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ:  

 

ὋὯ = Ὃὲ ï W ,      (2.2.3.6) 

ʛʜʝ Ὃὲ ï ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʫʰʠʣʢʠ ʧʦ ʠʩʭʦʜʥʦʤʫ ʢʦʥʮʝʥʪʨʘʪʫ, ʢʛ/ʩ. 

 

2.3 ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʧʝʢʪʠʥʦʚʳʭ ʧʦʣʠʩʘʭʘʨʠʜʦʚ 

2.3.1 ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʪʠʪʨʠʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ 

ʆʧʨʝʜʝʣʝʥʠʝ ʩʚʦʙʦʜʥʳʭ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ [141, 252]. ʅʘʚʝʩʢʫ 

(ʦʢʦʣʦ 0,1 ʛ) ʚʳʩʫʰʝʥʥʦʛʦ ʦʙʨʘʟʮʘ ʩʤʘʯʠʚʘʣʠ 96%-ʳʤ ʵʪʘʥʦʣʦʤ (5ʤʣ), 

ʜʦʙʘʚʣʷʣʠ 100 ʤʣ ʅ2ʆ ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ ʜʦ ʧʦʣʥʦʛʦ 

ʨʘʩʪʚʦʨʝʥʠʷ (1,5-2,0 ʯʘʩʘ). ɿʘʪʝʤ ʘʣʠʢʚʦʪʫ (10-20 ʤʣ) ʪʠʪʨʦʚʘʣʠ 0,01 ʥ ʨʘʩʪʚʦʨʦʤ 

ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠ ʜʦ ʨʅ 7.5. ʉʦʜʝʨʞʘʥʠʝ ʩʚʦʙʦʜʥʳʭ 

ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ (ʂʩ) ʚ ʧʨʦʮʝʥʪʘʭ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʬʦʨʤʫʣʝ: 

 

                    100
q1,0

0045,0
ʆʅ

V
ʆʅ

¶

¶
N

¶
N
N

=K
aa

c ,   (2.3.1.1) 

     

ʛʜʝ q ï ʤʘʩʩʘ ʦʯʠʱʝʥʥʦʛʦ ʧʝʢʪʠʥʘ, ʩʦʜʝʨʞʘʚʰʝʛʦʩʷ ʚ ʘʣʠʢʚʦʪʝ (1ʤʣ 0,1 ʥ 

ʨʘʩʪʚʦʨʘ Nʘʆʅ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 0,0045 ʛ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ). 
 

ʆʧʨʝʜʝʣʝʥʠʝ ʵʪʝʨʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ [141, 252]. ʂ 

ʦʪʪʠʪʨʦʚʘʥʥʦʤʫ ʨʘʩʪʚʦʨʫ ʧʨʠʣʠʚʘʣʠ 5 ʤʣ 0,1 ʥ ʨʘʩʪʚʦʨʘ ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ, 
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ʧʣʦʪʥʦ ʟʘʢʨʳʚʘʣʠ ʠ ʦʩʪʘʚʣʷʣʠ ʥʘ ʜʚʘ ʯʘʩʘ ʧʨʠ 20-40Áʉ ʜʣʷ ʧʦʣʥʦʛʦ ʦʤʳʣʝʥʠʷ. 

ʀʟʙʳʪʦʢ ʱʝʣʦʯʠ ʦʪʪʠʪʨʦʚʘʣʠ 0,1 ʥ ʨʘʩʪʚʦʨʦʤ ʅʉl ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠ ʜʦ 

ʨʝʟʢʦʛʦ ʩʢʘʯʢʘ ʨʅ. ʇʘʨʘʣʣʝʣʴʥʦ ʧʨʦʚʦʜʠʣʩʷ ʭʦʣʦʩʪʦʡ ʦʧʳʪ. ʉʦʜʝʨʞʘʥʠʝ 

ʵʪʝʨʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ (ʂʵ) ʚ ʧʨʦʮʝʥʪʘʭ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ 

ʬʦʨʤʫʣʝ: 

 

100
q1,0

0045,0)11
HCl

V1
HCl

V(

HCl
N ¶

¶-

¶=Kʵ ,   (2.3.1.2) 

 

ʛʜʝ V1
HCI ï ʦʙʲʝʤ ʨʘʩʪʚʦʨʘ HCI ʥʦʨʤʘʣʴʥʦʩʪʠ N, ʠʟʨʘʩʭʦʜʦʚʘʥʥʦʛʦ ʥʘ    

ʪʠʪʨʦʚʘʥʠʝ ʭʦʣʦʩʪʦʛʦ ʦʧʳʪʘ; V11
HCI ï ʦʙʲʝʤ ʨʘʩʪʚʦʨʘ HCI, ʠʟʨʘʩʭʦʜʦʚʘʥʥʦʛʦ ʥʘ 

ʪʠʪʨʦʚʘʥʠʝ ʧʨʦʙʳ; q ï ʤʘʩʩʘ ʇɺ, ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ ʘʣʠʢʚʦʪʝ, ʛ. 

 

2.3.2 ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʩʚʦʙʦʜʥʳʭ ʠ ʵʪʝʨʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʩ ʧʦʤʦʱʴʶ ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʉ ʧʦʤʦʱʴʶ ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʙʳʣʠ ʟʘʧʠʩʘʥʳ ʩʧʝʢʪʨʳ ʩʫʭʠʭ 

ʦʙʨʘʟʮʦʚ ʧʝʢʪʠʥʦʚ ʧʨʠ ʧʦʤʦʱʠ ʧʨʠʙʦʨʘ Spectrum 65 FT-IR (Perkin Elmer, 

ʐʚʝʡʮʘʨʠʷ). ʉʧʝʢʪʨʦʤʝʪʨ ʦʩʥʘʱʝʥ ʧʨʠʩʪʘʚʢʦʡ ʥʘʨʫʰʝʥʥʦʛʦ ʧʦʣʥʦʛʦ 

ʚʥʫʪʨʝʥʥʝʛʦ ʦʪʨʘʞʝʥʠʷ (ʅʇɺʆ), (ɸttenuated total reflection-ATR, MIRACLE) ʩ 

ʢʨʠʩʪʘʣʣʦʤ ZnSe [253]. ʂʘʞʜʳʡ ʟʘʧʠʩʘʥʥʳʡ ʩʧʝʢʪʨ ʙʳʣ ʧʦʣʫʯʝʥ ʚ ʩʨʝʜʥʝʤ ʠʟ 

16-20 ʩʢʘʥʠʨʦʚʘʥʠʡ, ʢʦʪʦʨʳʝ ʚʘʨʴʠʨʦʚʘʣʠʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 4000 ʩʤ-1-600 ʩʤ-1 ʩ 

ʨʘʟʨʝʰʝʥʠʝʤ 4 ʩʤ-1. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʳʩʫʰʝʥʥʳʭ 

ʦʙʨʘʟʮʘʭ ʧʦʩʣʝ ʩʥʷʪʠʷ ʬʦʥʦʚʦʛʦ ʩʧʝʢʪʨʘ, ʟʘʧʠʩʘʥʥʦʛʦ ʧʝʨʝʜ ʢʘʞʜʳʤ ʘʥʘʣʠʟʦʤ. 

ʂʘʞʜʳʡ ʩʧʝʢʪʨ ʙʳʣ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

Perkin Elmer Spectrum, ʚʝʨʩʠʷ 10.03.07. 

ʇʦʚʪʦʨʥʳʝ ʠʟʤʝʨʝʥʠʷ ʢʘʞʜʦʛʦ ʩʧʝʢʪʨʘ ʧʦʢʘʟʘʣʠ ʩʜʚʠʛ ʦʪ ʧʨʝʜʳʜʫʱʝʛʦ ʥʝ 

ʙʦʣʝʝ 2%. ʉʦʜʝʨʞʘʥʠʝ ʵʪʝʨʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʚ ʧʨʦʮʝʥʪʘʭ 

ʨʘʩʩʯʠʪʳʚʘʣʦʩʴ ʧʦ ʬʦʨʤʫʣʝ: 

ʉʕ = ((455 Ñ 20) Ŀ (ɸ1439/ɸ1015)) + (2 Ñ 5),     (2.3.2.1) 
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ʛʜʝ 455 ï ʧʦʩʪʦʷʥʥʦʝ ʟʥʘʯʝʥʠʝ; ɸ1439 ʠ ɸ1015 ï ʧʣʦʱʘʜʴ ʧʦʜ ʧʠʢʘʤʠ ʧʨʠ 

ʯʘʩʪʦʪʝ ʩʧʝʢʪʨʦʚ, 1439 ʩʤ-1 ʠ 1015 ʩʤ-1; 2 ï ʧʨʦʮʝʥʪ ʦʪʢʣʦʥʝʥʠʷ ʧʨʠ ʩʝʨʠʡʥʦʡ 

ʟʘʧʠʩʠ, ʢʘʢ ʦʧʠʩʘʥʦ ʚ [254]. 

 

2.3.3. ʌʦʪʦʤʝʪʨʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʤʝʪʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ 

ɼʣʷ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʪʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ [141, 255, 256]  10 ʤʛ 

ʧʝʢʪʠʥʘ ʨʘʩʪʚʦʨʷʣʠ ʚ 8 ʤʣ 0.1 ʥ Naʆʅ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʏʝʨʝʟ 30 ʤʠʥʫʪ 

ʢ ʱʝʣʦʯʥʦʤʫ ʨʘʩʪʚʦʨʫ ʧʨʠʣʠʚʘʣʠ 2 ʤʣ 2 ʥ H2S04, ʨʅ>4.0. ʂ 1 ʤʣ ʬʠʣʴʪʨʘʪʘ 

ʧʨʠʣʠʚʘʣʠ 1 ʤʣ 3Ā10ï2 ʄ ʂʄnO4 ʚ 4,4 ʄ ʅ3ʈʆ4, ʩʤʝʩʴ ʦʩʪʘʚʣʷʣʠ ʥʘ 20 ʤʠʥʫʪ, ʟʘʪʝʤ 

ʧʨʠʣʠʚʘʣʠ 0,5 ʤʣ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ 0.15 ʄ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ Na2SO3. ʂ 1 ʤʣ 

ʦʙʝʩʮʚʝʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʜʦʙʘʚʣʷʣʠ 0,5 ʤʣ ʨʘʩʪʚʦʨʘ ʭʨʦʤʦʪʨʦʧʦʚʦʡ ʢʠʩʣʦʪʳ (30 

ʤʛ/ʤʣ) ʠ 3,5 ʤʣ H2SO4 (82ï96%), ʦʭʣʘʞʜʝʥʥʦʡ ʜʦ 0ʦʉ. ʉʤʝʩʴ ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʢʠʧʷʱʝʡ 

ʚʦʜʷʥʦʡ ʙʘʥʝ 10 ʤʠʥ, ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʠʟʤʝʨʷʣʠ ʦʧʪʠʯʝʩʢʫʶ 

ʧʣʦʪʥʦʩʪʴ ʧʨʠ ʤʘʢʩʠʤʫʤʝ ʧʦʛʣʦʱʝʥʠʷ (570 ʥʤ) ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʫʣʝʚʦʛʦ ʨʘʩʪʚʦʨʘ. 

           ʉʦʜʝʨʞʘʥʠʝ ʤʝʪʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ (CH3O) ʚ ʤʘʩʩʦʚʳʭ ʧʨʦʮʝʥʪʘʭ 

ʚʳʯʠʩʣʷʣʠ ʧʦ ʬʦʨʤʫʣʝ: 
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ʛʜʝ ɼ ï ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʨʘʩʪʚʦʨʘ ʧʨʠ 570 ʥʤ; L ï ʪʦʣʱʠʥʘ ʧʦʛʣʦʱʘʶʱʝʛʦ 

ʩʣʦʷ; ʂ ï ʫʩʣʦʚʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ, ʨʘʚʥʳʡ 6,1 ʤʣĀ ʤʛ-1Ā ʩʤï1;  

ʉ1 ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʝʢʪʠʥʘ ʚ ʠʩʭʦʜʥʦʤ ʨʘʩʪʚʦʨʝ, ʤʛ/ʤʣ; 1,03 ï ʦʪʥʦʰʝʥʠʝ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʩʩ ʄCH3Oʅ /ʄʉʅ3ʆ. 

 

2.3.4. ʆʧʨʝʜʝʣʝʥʠʝ ʫʨʦʥʦʚʳʭ ʢʠʩʣʦʪ ʤʝʪʘʛʠʜʨʦʢʩʠʜʠʬʝʥʠʣʴʥʳʤ ʤʝʪʦʜʦʤ  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʨʦʥʦʚʳʭ ʢʠʩʣʦʪ [257] ʙʝʟ ʚʢʣʶʯʝʥʠʷ ʥʝʡʪʨʘʣʴʥʳʭ 

ʩʘʭʘʨʦʚ (ʤʝʪʦʜ ʌʠʣʠʟʝʪʪʘ-ʂʦʟʠ) ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʦʪʦʚʳʡ ʩʪʘʥʜʘʨʪʥʳʡ ʨʘʩʪʚʦʨ ɻʂ 

ʠʣʠ ʦʙʨʘʟʮʘ ʇɺ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 100 ʤʢʛ/ʤʣ. ʇʝʨʝʜ ʨʘʩʪʚʦʨʝʥʠʝʤ ʩʪʘʥʜʘʨʪʘ ʠʣʠ 

ʦʙʨʘʟʮʘ ʠʭ ʥʝʦʙʭʦʜʠʤʦ ʧʦʤʝʩʪʠʪʴ ʚ ʚʘʢʫʫʤ ʥʘ ʩʫʪʢʠ. ʈʘʙʦʪʘʪʴ ʤʦʞʥʦ ʤʘʢʩʠʤʫʤ 
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ʩ 10 ʧʨʦʙʠʨʢʘʤʠ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʢʨʠʚʦʡ ʛʦʪʦʚʷʪ ʩʝʨʠʶ 

ʨʘʩʪʚʦʨʦʚ: 25%, 50%, 75%, 100%. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʨʦʙʠʨʢʫ ʧʦʤʝʩʪʠʣʠ 0,4 ʤʣ ʨʘʩʪʚʦʨʘ ʠ ʜʦʙʘʚʠʣʠ 40 ʤʢʣ 

4 ʤʦʣʷʨʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩʫʣʴʬʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. ʇʨʦʙʠʨʢʠ ʟʘʢʨʳʣʠ ʠ 

ʧʝʨʝʤʝʰʘʣʠ, ʟʘʪʝʤ ʧʦʤʝʩʪʠʣʠ ʚ ʩʦʩʫʜ ʩ ʚʦʜʦʡ ʠ ʣʴʜʦʤ ʠ ʦʩʪʦʨʦʞʥʦ ʧʨʠʣʠʚʘʣʠ 

2,5 ʤʣ ʨʘʩʪʚʦʨʘ ʪʝʪʨʘʙʦʨʘʪʘ ʚ ʩʝʨʥʦʡ ʢʠʩʣʦʪʝ. 

ʇʨʦʙʠʨʢʠ ʚʩʪʨʷʭʠʚʘʣʠ ʚ ʦʭʣʘʞʜʝʥʥʦʡ ʩʤʝʩʠ ʠ ʥʘʛʨʝʚʘʣʠ 15 ʤʠʥʫʪ ʚ 

ʢʠʧʷʱʝʡ ʚʦʜʷʥʦʡ ʙʘʥʝ. ʇʦʩʣʝ ʵʪʦʛʦ ʧʨʦʙʠʨʢʠ ʦʭʣʘʞʜʘʣʠ ʚ ʩʦʩʫʜʝ ʩ ʚʦʜʦʡ ʠ 

ʣʴʜʦʤ ʚ ʪʝʯʝʥʠʝ 1-1,5 ʯʘʩʦʚ. 

ɼʘʣʝʝ, ʚ ʧʨʦʙʠʨʢʠ ʜʦʙʘʚʣʷʣʠ 80 ʤʢʣ 0,5%-ʛʦ ʨʘʩʪʚʦʨʘ 

ʤʝʪʘʛʠʜʨʦʢʩʠʙʠʬʝʥʠʣʘ, ʦʩʪʘʚʣʷʣʠ ʥʘ 3 ʤʠʥʫʪʳ, ʧʦʩʣʝ ʯʝʛʦ ʧʝʨʝʤʝʰʠʚʘʣʠ ʜʦ 

ʧʦʷʚʣʝʥʠʷ ʦʢʨʘʩʢʠ. ʆʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ ʠʟʤʝʨʷʣʠ ʧʨʠ 525 ʥʤ (ʦʢʨʘʩʢʘ 

ʩʪʘʙʠʣʴʥʘ ʚ ʪʝʯʝʥʠʝ 13 ʤʠʥʫʪ). ʉʦʜʝʨʞʘʥʠʝ ɻʂ ʚʳʯʠʩʣʷʣʠ ʧʦ ʬʦʨʤʫʣʝ: 

X = aĀ V2 Ā V Ā 100/ H Ā V3 Ā V1 Ā1000000,     (2.3.3.1)  

   

  ɻʜʝ ʘ ï ʩʦʜʝʨʞʘʥʠʝ ɻʂ ʚ ʧʨʦʙʝ, ʥʘʡʜʝʥʥʦʝ ʧʦ ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʢʨʠʚʦʡ, ʤʢʛ; 

ʅ ï ʤʘʩʩʘ ʥʘʚʝʩʢʠ, ʛ; 

V ï ʦʙʲʝʤ ʵʢʩʪʨʘʢʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʥʘʚʝʩʢʠ, ʤʣ; 

V1 ï ʦʙʲʝʤ, ʚʟʷʪʳʡ ʜʣʷ ʨʘʟʚʝʜʝʥʠʷ, ʤʣ; 

V2 ï ʦʙʲʝʤ, ʧʦʣʫʯʝʥʥʳʡ ʧʦʩʣʝ ʨʘʟʚʝʜʝʥʠʷ, ʤʣ; 

V3 ï ʦʙʲʝʤ ʧʨʦʙʳ, ʚʟʷʪʦʡ ʜʣʷ ʨʝʘʢʮʠʠ, ʤʣ; 

100 ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʚʦʜʘ ʚ ʧʨʦʮʝʥʪʳ. 

ʇʦʩʪʨʦʝʥʠʝ ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʢʨʠʚʦʡ ɻʂ ʧʦ ɻʂ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 3-ʛʠʜʨʦʢʩʠ 

ʜʠʬʝʥʠʣʘ. 

ʉʪʘʥʜʘʨʪʥʳʡ ʨʘʩʪʚʦʨ ɻʂ ʛʦʪʦʚʠʣʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 110 ʤʛ ɻʂ 

ʨʘʩʪʚʦʨʠʣʠ ʚ 100 ʤʣ ʚʦʜʳ ʠ ʨʘʟʙʘʚʠʣʠ ʜʦ ʢʦʥʮʝʥʪʨʘʮʠʠ 100 ʤʢʛ/ʤʣ. ʇʫʪʝʤ 

ʨʘʟʙʘʚʣʝʥʠʷ ʜʣʷ ʢʘʣʠʙʨʦʚʢʠ ʛʦʪʦʚʠʣʠ ʩʝʨʠʶ ʨʘʩʪʚʦʨʦʚ: 10%, 20%, 40%, 60%, 

80%, 100%. ɼʘʣʝʝ ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʠ ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʫ 1. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩʪʨʦʠʣʠ ʢʘʣʠʙʨʦʚʦʯʥʫʶ ʢʨʠʚʫʶ ɻʂ.  
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2.3.5. ʕʢʩʢʣʶʟʠʦʥʥʘʷ ʞʠʜʢʦʩʪʥʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ  

ʉʨʝʜʥʝʚʝʩʦʚʘʷ (Mw), ʩʨʝʜʥʝʯʠʩʣʝʥʥʘʷ (Mn), z-ʩʨʝʜʥʷʷ (Mz) ʤʦʣʝʢʫʣʷʨʥʳʝ 

ʤʘʩʩʳ ʠ ʧʦʢʘʟʘʪʝʣʴ ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʠ (Mw/Mn) ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʤʝʪʦʜʦʤ ʕɾʍ 

[3]. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʷʟʢʦʩʪʠ ʨʘʩʪʚʦʨʘ ʧʝʢʪʠʥʘ ʚʳʩʫʰʝʥʥʳʡ ʦʙʨʘʟʝʮ 

ʨʘʩʪʚʦʨʷʣʠ ʚ 0.05ʄ NaNO3 ʜʦ ʢʦʥʝʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 1 ʠʣʠ 2 ʤʛ/ʤʣ, 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʧʨʠ 20000 g ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥʫʪ ʜʣʷ ʦʪʜʝʣʝʥʠʷ ɸʌ ʠ 

ʬʠʣʴʪʨʦʚʘʣʠ ʯʝʨʝʟ ʤʝʤʙʨʘʥʥʳʡ ʬʠʣʴʪʨ (0,45 ʤʢʤ, Millipore Millex ï HN). 

ʈʘʩʪʚʦʨ ʚ ʢʦʣʠʯʝʩʪʚʝ 0,1-0,2 ʤʣ ʚ ʭʨʦʤʘʪʦʛʨʘʬ ʚʚʦʜʠʣʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ. 

ʉʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʵʣʶʝʥʪʘ ï 0,8 ʤʣ/ʤʠʥ. ʉʠʩʪʝʤʘ ʜʦʩʪʘʚʢʠ ʨʘʩʪʚʦʨʠʪʝʣʷ ʩʦʩʪʦʷʣʘ 

ʠʟ ʜʚʫʭʢʘʥʘʣʴʥʦʛʦ ʚʘʢʫʫʤʥʦʛʦ ʜʝʛʘʟʘʪʦʨʘ, ʥʘʩʦʩʘ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ (Waters 

1515 Isocratic Pump) ʠ ʘʚʪʦʠʥʞʝʢʪʦʨʘ (717 Plus Auto Injector, Waters). ɼʣʷ 

ʨʘʟʜʝʣʝʥʠʷ ʇʇ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʚʝ ʢʦʣʦʥʢʠ, ʩʦʜʝʨʞʘʱʠʝ PL-Aquagel OH40 ʠ PL-

Aquagel OH60. ʄʄ ʧʝʢʪʠʥʦʚ ʦʧʨʝʜʝʣʷʣʘʩʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ASTRA 5.3.4.13 (Wyatt Technology) ʠ Breez (Waters). 

ɿʥʘʯʝʥʠʷ ʜʣʷ Mw ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘ ʕɾʍ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʥʠʚʝʨʩʘʣʴʥʦʡ 

ʢʘʣʠʙʨʦʚʢʠ. ʕɾʍ ʢʦʣʦʥʢʠ ʢʘʣʠʙʨʦʚʘʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʩʪʘʥʜʘʨʪʦʚ ʇʫʣʣʫʣʘʥʘ (Showa Denko K.K., Japan). 

ɿʥʘʯʝʥʠʷ Mw, Mw/Mn ʠ RMS ʨʘʜʠʫʩ ʦʯʠʱʝʥʥʳʭ ʇʇ ʦʙʨʘʟʮʦʚ ʪʘʢʞʝ ʙʳʣʠ 

ʦʧʨʝʜʝʣʝʥʳ ʩ ʧʦʤʦʱʴʶ ʕɾʍ ʩʠʩʪʝʤʳ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʜʝʪʝʢʪʦʨʦʤ ʤʥʦʛʦʫʛʣʦʚʦʛʦ 

ʣʘʟʝʨʥʦʛʦ ʩʚʝʪʦʨʘʩʩʝʠʚʘʥʠʷ (ʄʋʃʉ, HELEOS II, Wyatt Technology Corp., Santa 

Barbara, CA, ʉʐɸ), ʋʌ (UV, Wyatt Technology), ʚʠʩʢʦʟʠʤʝʪʨʠʯʝʩʢʦʛʦ (Viscostar 

II, Wyatt Technology) ʠ ʨʝʬʨʘʢʪʦʤʝʪʨʠʯʝʩʢʦʛʦ (REX, Wyatt Technology) 

ʜʝʪʝʢʪʦʨʦʚ. ɼʣʷ ʕɾʍ ʨʘʟʜʝʣʝʥʠʷ ʇʇ ʚ ʧʝʨʚʦʤ ʤʝʪʦʜʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʚʝ 

ʢʦʣʦʥʢʠ, ʩʦʜʝʨʞʘʱʠʝ PL-Aquagel OH40 ʠ PL-Aquagel OH60, ʘ ʚʦ ʚʪʦʨʦʤ ʤʝʪʦʜʝ 

ʢʦʣʦʥʢʠ ʬʠʨʤʳ Tosoh GMPWxl columns - TSKgel GMPWxl (7.8 mm ID x 30 cm, 

13 Mw ʚ ʦʙʣʘʩʪʠ 5 x 10 -2-8 x 10-6). ʄʄ ʧʝʢʪʠʥʦʚ ʦʧʨʝʜʝʣʷʣʘʩʴ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ASTRA 5.3.4.13 (Wyatt Technology). ɿʥʘʯʝʥʠʷ ʜʣʷ 

Mw ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʢʘʣʠʙʨʦʚʢʠ ʠ Zimm 1st 
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order ʜʣʷ ʤʥʦʛʦʫʛʣʦʚʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʚʝʪʦʨʘʩʩʝʠʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕɾʍ 

ʢʦʣʦʥʢʠ ʢʘʣʠʙʨʦʚʘʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʇʫʣʣʫʣʘʥʘ 

(Showa Denko K.K., Japan) ʠ ʩʝʨʠʠ ʜʝʢʩʪʨʘʥʦʚ (ʊ10-ʊ500). ɿʥʘʯʝʥʠʝ ʠʥʢʨʝʤʝʥʪʘ 

dn/dc, ʨʘʚʥʦʛʦ 0.134, ʙʳʣʦ ʟʘʠʤʩʪʚʦʚʘʥʦ ʠʟ ʨʘʙʦʪʳ [258]. ʄʄ ʧʝʢʪʠʥʦʚ 

ʦʧʨʝʜʝʣʷʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ASTRA 5.3.4.13 (Wyatt 

Technology). 

 

2.3.6. ʆʧʨʝʜʝʣʝʥʠʝ ʤʦʥʦʩʘʭʘʨʠʜʥʦʛʦ ʩʦʩʪʘʚʘ ʧʝʢʪʠʥʦʚ ʛʘʟʦʞʠʜʢʦʩʪʥʦʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʝʡ 

 

ʄʦʥʦʩʘʭʘʨʠʜʥʳʡ ʩʦʩʪʘʚ ʧʝʢʪʠʥʦʚ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʛʘʟʦʞʠʜʢʦʩʪʥʦʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʠ, ʚʟʷʪʦʡ ʠʟ ʨʘʙʦʪʳ [141]. 

       ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʘʥʜʘʨʪʘ 

[42]. ʂʦʥʮʝʥʪʨʘʮʠʶ ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ (ʉi) ʚ ʤʘʩʩʦʚʳʭ ʧʨʦʮʝʥʪʘʭ ʦʧʨʝʜʝʣʷʣʠ 

ʧʦ ʬʦʨʤʫʣʝ: 
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,    (2.3.4.1)   

ʛʜʝ Si ï ʧʣʦʱʘʜʴ ʧʠʢʘ ʢʦʤʧʦʥʝʥʪʘ i ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʩʤʝʩʠ; fi ï 

ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʧʦʧʨʘʚʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʩʪʘʥʜʘʨʪʫ; Sst ï ʧʣʦʱʘʜʴ ʧʠʢʘ ʩʪʘʥʜʘʨʪʘ; Mst, Mm ï ʤʘʩʩʳ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʘʥʜʘʨʪʘ 

ʠ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʩʤʝʩʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

2.4 ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʚ ʧʝʢʪʠʥʝ 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʢʘʣʴʮʠʷ [256] ʚ ʨʘʩʪʠʪʝʣʴʥʦʤ ʩʳʨʴʝ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʚʝʩʪʠ ʝʛʦ ʠʟ ʩʚʷʟʘʥʥʦʛʦ ʚ ʨʘʩʪʚʦʨʠʤʦʝ ʩʦʩʪʦʷʥʠʝ. ɼʣʷ 

ʨʘʩʪʚʦʨʝʥʠʷ ʢʘʣʴʮʠʷ ʥʝʦʙʭʦʜʠʤʳ ʩʠʣʴʥʳʝ ʢʠʩʣʦʪʳ, ʥʘʧʨʠʤʝʨ, HCI, H2SO4, 

HNO3 ʠ ʜʨ. 

        ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʉʘ2+ ʚ ʇɺ ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ (100ʤʛ) ʦʙʨʘʟʮʘ 

ʦʙʨʘʙʘʪʳʚʘʣʠ 4ʥ ʨʘʩʪʚʦʨʦʤ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ (20 ʤʣ) ʠ ʥʝʡʪʨʘʣʠʟʦʚʘʣʠ 4ʥ 

ʨʘʩʪʚʦʨʦʤ NaOH (20 ʤʣ). ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʨʘʟʙʘʚʣʷʣʠ ʜʦ 100 ʤʣ, ʜʦʙʘʚʣʷʣʠ 
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5 ʤʣ ʘʤʤʠʘʯʥʦʛʦ ʙʫʬʝʨʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 54 ʛ 

NH4CI ʠ 350 ʤʣ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ NH4OH ʩʤʝʰʠʚʘʣʠ ʠ ʨʘʟʙʘʚʣʷʣʠ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʜʦ ʦʙʱʝʛʦ ʦʙʲʝʤʘ 1ʣ (NH4CI ʠ NH4OH ʥʝ ʜʦʣʞʥʳ 

ʩʦʜʝʨʞʘʪʴ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ, ʮʚʝʪʥʳʭ  ʠ ʯʝʨʥʳʭ ʤʝʪʘʣʣʦʚ) ʠ 0,5-1,0 ʤʣ ʨʘʩʪʚʦʨʘ 

ʠʥʜʠʢʘʪʦʨʘ ʵʨʠʦʭʨʦʤʘ ʯʝʨʥʦʛʦ ʊ (ʚʤʝʩʪʦ ʨʘʩʪʚʦʨʘ ʠʥʜʠʢʘʪʦʨʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʝʛʦ ʧʦʨʦʰʢʦʦʙʨʘʟʥʫʶ ʩʤʝʩʴ ʩ NaCI ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:100, ʜʦʙʘʚʣʷʷ ʝʝ ʥʝʙʦʣʴʰʠʤʠ 

ʧʦʨʮʠʷʤʠ ʜʦ ʧʦʣʫʯʝʥʠʷ ʚʠʥʥʦ-ʨʦʟʦʚʦʡ ʦʢʨʘʩʢʠ ʨʘʩʪʚʦʨʘ). ʈʘʩʪʚʦʨ ʥʘʛʨʝʚʘʣʠ ʜʦ 

40Áʉ ʠ ʪʠʪʨʦʚʘʣʠ 0,05 ʥ ʨʘʩʪʚʦʨʦʤ ʪʨʠʣʦʥʘ ɹ ʜʦ ʧʝʨʝʭʦʜʘ ʦʢʨʘʩʢʠ ʚ ʩʠʥʝ-ʟʝʣʝʥʫʶ. 

ɽʩʣʠ ʨʘʩʪʚʦʨ ʥʝ ʩʦʜʝʨʞʘʣ ʟʘʤʝʪʥʳʭ ʢʦʣʠʯʝʩʪʚ ʩʦʣʝʡ ʤʘʛʥʠʷ, ʪʦ ʧʝʨʝʜ ʪʠʪʨʦʚʘʥʠʝʤ 

ʚʚʦʜʠʣʠ 5 ʛ ʢʦʤʧʣʝʢʩʦʥʘʪʘ ʤʘʛʥʠʷ (Na+)2[MgY] . 

ɽʩʣʠ ʚ ʨʘʩʪʚʦʨʝ ʠʤʝʣʦʩʴ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, ʪʦ ʚ 

ʥʝʛʦ ʜʦʙʘʚʣʷʣʠ 0,5 ʛ Na2S. ʉʦʜʝʨʞʘʥʠʝ ʢʘʣʴʮʠʷ ʚʳʯʠʩʣʷʣʠ ʧʦ ʬʦʨʤʫʣʝ: 
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ʛʜʝ V ï ʦʙʲʝʤ ʨʘʩʪʚʦʨʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʦʩʣʝ ʨʘʟʚʝʜʝʥʠʷ, ʤʣ; V1 ï ʦʙʲʝʤ 

ʨʘʩʪʚʦʨʘ ʪʨʠʣʦʥʘ ɹ, ʤʣ; V2 ï ʦʙʲʝʤ ʧʨʦʙʳ ʨʘʩʪʚʦʨʘ, ʚʟʷʪʦʡ ʜʣʷ ʪʠʪʨʦʚʘʥʠʷ, ʤʣ; 

N ï ʥʦʨʤʘʣʴʥʦʩʪʴ ʨʘʩʪʚʦʨʘ ʪʨʠʣʦʥʘ ɹ; 20,04 ï ʵʢʚʠʚʘʣʝʥʪ ʠʦʥʦʚ ʢʘʣʴʮʠʷ. 
 

2.5 ʆʧʨʝʜʝʣʝʥʠʝ ʩʪʫʜʥʝʦʙʨʘʟʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʥʠʟʢʦʤʝʪʠʣʠʨʦʚʘʥʥʦʛʦ 

ʧʝʢʪʠʥʘ 

ʄʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʦʧʨʝʜʝʣʝʥʠʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʦʯʥʦʩʪʠ ʩʪʫʜʥʷ ʥʘ ʨʘʟʨʳʚ 

ʚ ʩʝʨʠʠ ʧʨʦʙ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʠʩʣʦʪʳ [259]. 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʧʨʠʙʦʨʝ ʊɸʈʈ-ɹʝʡʢʝʨʘ. ʇʦ ʊɸʈʈ-ɹʝʡʢʝʨʫ 

ʥʦʨʤʘʣʴʥʳʤ ʩʯʠʪʘʝʪʩʷ ʩʪʫʜʝʥʴ, ʩʦʜʝʨʞʘʱʠʡ 65% ʩʘʭʘʨʘ, ʦʧʪʠʤʘʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʚʠʥʥʦʡ ʢʠʩʣʦʪʳ ʠ ʪʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʝʢʪʠʥʘ, ʯʪʦʙʳ ʧʨʦʯʥʦʩʪʴ ʝʛʦ ʥʘ 

ʨʘʟʨʳʚ ʧʦ ʧʨʠʙʦʨʫ ʊɸʈʈ-ɹʝʡʢʝʨʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ 50 ʩʤ ʩʪʦʣʙʘ 

ʯʝʪʳʨʝʭʭʣʦʨʠʩʪʦʛʦ ʫʛʣʝʨʦʜʘ. ʏʠʩʣʦ ʛʨʘʜʫʩʦʚ ʊɸʈʈ-ɹʝʡʢʝʨʘ (ʦʊɹ) ʧʦʢʘʟʳʚʘʝʪ, 
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ʢʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʘʭʘʨʘ ʚ ʛʨʘʤʤʘʭ ʩʚʷʟʳʚʘʝʪ ʦʜʠʥ ʛʨʘʤʤ ʜʘʥʥʦʛʦ ʧʝʢʪʠʥʘ ʜʣʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʥʦʨʤʘʣʴʥʦʛʦ ʩʪʫʜʥʷ. 

          ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ ʩʪʫʜʥʝʦʙʨʘʟʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʛʦʪʦʚʷʪ ʩʝʨʠʶ ʠʟ 5-8 ʧʨʦʙ, ʩʚʘʨʝʥʥʳʭ ʩ ʨʘʟʣʠʯʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʨʘʩʪʚʦʨʘ ʚʠʥʥʦʡ 

ʢʠʩʣʦʪʳ, ʚ ʠʥʪʝʨʚʘʣʝ ʨʅ 3.4-2.6. ʆʨʠʝʥʪʠʨʦʚʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʠʩʣʦʪʳ ʦʪ 0,2 ʜʦ 

2,0 ʤʣ ʩ ʠʥʪʝʨʚʘʣʦʤ 0,2 ʤʣ. 

        ʅʘʚʝʩʢʫ 0,36 ʛ ʧʝʢʪʠʥʘ, ʚʟʚʝʰʝʥʥʫʶ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ 0,01 ʛ, ʧʝʨʝʥʦʩʷʪ ʚ ʩʫʭʫʶ 

ʠʣʠ ʦʧʦʣʦʩʥʫʪʫʶ ʩʧʠʨʪʦʤ ʤʝʨʥʫʶ ʢʦʣʙʫ ʦʙʲʝʤʦʤ 500 ʤʣ, ʫʚʣʘʞʥʷʶʪ 3-4 ʤʣ ʩʧʠʨʪʘ 

ʠ ʨʘʩʪʚʦʨʷʶʪ ʚ ʪʝʧʣʦʡ (30-40ʦʉ) ʚʦʜʝ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. ɿʘʪʝʤ ʢʦʣʙʫ 

ʩ ʩʦʜʝʨʞʠʤʳʤ ʦʭʣʘʞʜʘʶʪ ʜʦ 20ʦʉ, ʜʦʣʠʚʘʶʪ ʚʦʜʫ ʜʦ ʤʝʪʢʠ ʠ ʚʩʪʨʷʭʠʚʘʶʪ. ʆʪʙʠʨʘʶʪ 

ʧʠʧʝʪʢʦʡ 50 ʤʣ ʧʝʢʪʠʥʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʠ ʧʝʨʝʥʦʩʷʪ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʟʚʝʰʝʥʥʫʶ 

ʚʤʝʩʪʝ ʩʦ ʩʪʝʢʣʷʥʥʦʡ ʧʘʣʦʯʢʦʡ-ʤʝʰʘʣʢʦʡ ʝʤʢʦʩʪʴ ʜʣʷ ʚʘʨʢʠ ʩʪʫʜʥʷ. ʇʠʧʝʪʢʫ 

ʦʧʦʣʘʩʢʠʚʘʶʪ 25 ʤʣ ʚʦʜʳ, ʩʦʙʠʨʘʷ ʝʝ ʚ ʝʤʢʦʩʪʴ, ʜʦʙʘʚʣʷʶʪ 108 ʛ ʩʘʭʘʨʘ, ʚʟʚʝʰʝʥʥʦʛʦ 

ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʥʝ ʙʦʣʝʝ 0,1 ʛ. ʉʤʝʩʴ ʥʘʛʨʝʚʘʶʪ ʜʦ ʢʠʧʝʥʠʷ, ʚʥʦʩʷʪ ʪʨʝʙʫʝʤʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʪʚʦʨʘ ʚʠʥʥʦʡ ʢʠʩʣʦʪʳ ʠ ʧʨʦʜʦʣʞʘʶʪ ʚʘʨʢʫ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʜʦ ʧʦʣʫʯʝʥʠʷ ʤʘʩʩʳ ʥʝʪʪʦ 167 ʛ, ʚʟʚʝʰʝʥʥʦʡ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʥʝ 

ʙʦʣʝʝ 0,1 ʛ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʘʨʢʠ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 5 ʤʠʥʫʪ ʩ ʤʦʤʝʥʪʘ 

ʟʘʢʠʧʘʥʠʷ ʩʤʝʩʠ, ʯʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʥʘʛʨʝʚʘ. ɺ ʭʦʜʝ ʚʘʨʢʠ ʤʘʩʩʫ ʧʨʦʙ 

ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʨʦʚʝʨʷʶʪ ʚʟʚʝʰʠʚʘʥʠʝʤ. ʇʦ ʜʦʩʪʠʞʝʥʠʠ ʪʨʝʙʫʝʤʦʡ ʚʝʣʠʯʠʥʳ ʤʘʩʩʳ, 

ʩʤʝʩʴ ʪʦʪ ʯʘʩ, ʚʳʣʠʚʘʶʪ ʚ ʩʪʘʥʜʘʨʪʥʳʡ ʩʪʝʢʣʷʥʥʳʡ ʩʪʘʢʘʥ, ʧʨʠʜʝʨʞʠʚʘʷ 

ʦʙʨʘʟʦʚʘʚʰʫʶʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʢʫ ʤʝʰʘʣʢʦʡ, ʩʪʘʢʘʥ ʟʘʧʦʣʥʷʶʪ ʥʘ ʚʳʩʦʪʫ 

65 ʤʤ, ʧʦʤʝʯʝʥʥʫʶ ʯʝʨʪʦʡ. ʏʝʨʝʟ 1 ʤʠʥ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʫʜʥʷ ʦʩʪʦʨʦʞʥʦ ʩʥʠʤʘʶʪ 

ʦʙʨʘʟʦʚʘʚʰʫʶʩʷ ʪʦʥʢʫʶ ʧʣʝʥʢʫ, ʘ ʝʱʝ ʯʝʨʝʟ 10 ʤʠʥ ʧʦʚʝʨʭʥʦʩʪʴ ʩʪʫʜʥʷ ʧʦʢʨʳʚʘʶʪ 

ʪʦʥʢʠʤ ʩʣʦʝʤ ʞʠʜʢʠʤ ʚʘʟʝʣʠʥʦʚʳʤ ʤʘʩʣʦʤ, ʥʘʥʦʩʷ ʝʛʦ ʧʠʧʝʪʢʦʡ (8-10 ʢʘʧʝʣʴ). ʇʨʦʙʫ 

ʦʭʣʘʞʜʘʶʪ, ʧʦʤʝʱʘʷ ʩʪʘʢʘʥ ʚ ʚʘʥʥʫ ʩ ʭʦʣʦʜʥʦʡ ʚʦʜʦʡ, ʟʘʪʝʤ ʦʩʪʘʚʣʷʶʪ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʝ ʤʝʥʝʝ ʯʝʤ ʥʘ 20 ʯʘʩʦʚ. ɺ ʟʦʥʝ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʤʘʢʩʠʤʫʤʘ 

ʛʦʪʦʚʷʪ ʜʚʝ ʧʨʦʙʳ ʩʪʫʜʥʷ ʩ ʦʜʠʥʘʢʦʚʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʢʠʩʣʦʪʳ. 

ʀʟ ʩʝʨʠʠ ʦʧʨʝʜʝʣʝʥʠʡ ʫʯʠʪʳʚʘʶʪ ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʠ ʥʘʭʦʜʷʪ 

ʩʪʫʜʥʝʦʙʨʘʟʫʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʚ ʛʨʘʜʫʩʘʭ ʊɸʈʈ-ɹʝʡʢʝʨʘ ʧʦ ʪʘʙʣʠʮʝ. ʇʨʠ ʵʪʦʤ 



96 
 

 

ʧʦʣʴʟʫʶʪʩʷ ʟʥʘʯʝʥʠʷʤʠ ʚʝʣʠʯʠʥʳ ʩʪʦʣʙʘ ʯʝʪʳʨʝʭʭʣʦʨʠʩʪʦʛʦ ʫʛʣʝʨʦʜʘ ʦʪ 20 ʜʦ 

50 ʩʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʝʜʝʣʫ ʥʘʠʙʦʣʴʰʝʡ ʪʦʯʥʦʩʪʠ. ɺ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʚʳʩʦʪʘ 

ʩʪʦʣʙʘ ʯʝʪʳʨʝʭʭʣʦʨʠʩʪʦʛʦ ʫʛʣʝʨʦʜʘ, ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚ ʦʧʳʪʝ, ʚʳʭʦʜʠʪ ʟʘ 

ʫʢʘʟʘʥʥʳʝ ʧʨʝʜʝʣʳ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʛʦʪʦʚʠʪʴ ʥʦʚʫʶ ʩʝʨʠʶ ʧʨʦʙ ʩʪʫʜʥʷ ʩ 

ʫʚʝʣʠʯʝʥʥʳʤ ʠʣʠ ʫʤʝʥʴʰʝʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʝʢʪʠʥʘ, ʦʪʣʠʯʥʳʤ ʦʪ 0,36 ʛ. 

ʀʩʪʠʥʥʫʶ ʩʪʫʜʥʝʦʙʨʘʟʫʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ (ʍ) ʚʳʯʠʩʣʷʶʪ ʧʦ ʬʦʨʤʫʣʝ: 
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= ,                                                         (2.5.1) 

 
 

ʛʜʝ  ʍ1 ï ʩʪʫʜʥʝʦʙʨʘʟʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʝʢʪʠʥʘ, ʥʘʡʜʝʥʥʘʷ ʧʦ ʪʘʙʣʠʮʝ; 

m ï ʤʘʩʩʘ ʧʝʢʪʠʥʘ ʚ ʩʪʘʥʜʘʨʪʥʦʡ ʧʨʦʙʝ, ʛ.  

         ɿʘ ʨʝʟʫʣʴʪʘʪ ʘʥʘʣʠʟʘ ʧʨʠʥʠʤʘʶʪ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʜʚʫʭ ʟʥʘʯʝʥʠʡ 

ʩʪʫʜʥʝʦʙʨʘʟʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩ ʦʜʠʥʘʢʦʚʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʢʠʩʣʦʪʳ, ʜʦʧʫʩʪʠʤʦʝ 

ʨʘʩʭʦʞʜʝʥʠʝ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʥʝ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ 15ʦʊɹ (ʈ=0,95). 

 

2.6 ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʧʝʢʪʠʥʦʚʦʛʦ ʩʪʫʜʥʷ ʧʦ ʈʠʜʞʝʣʠʤʝʪʨʫ 

 

ʇʨʦʯʥʦʩʪʴ ʧʝʢʪʠʥʦʚʦʛʦ ʩʪʫʜʥʷ ʦʧʨʝʜʝʣʷʶʪ ʩ ʧʦʤʦʱʴʶ ʈʠʜʞʝʣʠʤʝʪʨʘ 

[260], ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʠʙʦʨ ʩ ʤʠʢʨʦʤʝʪʨʦʤ (ʨʠʩʫʥʦʢ 2.6.1). 

ʉʪʝʢʣʷʥʥʳʝ ʩʦʩʫʜʳ ʜʣʷ ʈʠʜʞʝʣʠʤʝʪʨʘ ʠʤʝʶʪ ʚʳʩʦʪʫ 79,4 ʤʤ ʧʦ ʮʝʥʪʨʫ. ʇʝʨʝʜ 

ʥʘʯʘʣʦʤ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʫʜʳ ʧʦʜʛʦʪʘʚʣʠʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʦʙʦʜʦʢ ʠʟ 

ʧʘʨʘʬʠʥʠʨʦʚʘʥʥʦʡ ʙʫʤʘʛʠ ʰʠʨʠʥʦʡ 40 ʤʤ ʧʨʠʢʨʝʧʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʢʣʝʡʢʦʡ 

ʣʝʥʪʳ ʢ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʩʪʝʢʣʷʥʥʦʛʦ ʩʦʩʫʜʘ, ʯʪʦʙʳ ʫʚʝʣʠʯʠʪʴ ʝʛʦ ʧʨʠʤʝʨʥʦ ʥʘ 

25 ʤʤ.  

ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʧʝʢʪʠʥʦʚʦʛʦ ʩʪʫʜʥʷ 30 ʛ ʩʘʭʘʨʘ ʨʘʩʪʚʦʨʷʶʪ ʚ 15 ʤʣ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʚ ʭʠʤʠʯʝʩʢʦʤ ʩʪʘʢʘʥʝ ʝʤʢʦʩʪʴʶ 400 ʤʣ. ʇʦʩʣʝ 

ʦʭʣʘʞʜʝʥʠʷ ʨʘʩʪʚʦʨʘ ʚʥʦʩʷʪ ʦʪʚʝʰʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʛʦ ʧʝʢʪʠʥʘ 

ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. ʄʘʩʩʫ ʧʝʢʪʠʥʘ ʦʧʨʝʜʝʣʷʶʪ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʧʨʠʥʷʪʦʛʦ ʛʨʘʜʫʩʘ ʧʨʦʯʥʦʩʪʠ ʠʟ ʨʘʩʯʝʪʘ: ʜʣʷ ʧʨʦʯʥʦʩʪʠ 100ʦʉ SAG ʤʘʩʩʘ 

ʧʝʢʪʠʥʘ ʩʦʩʪʘʚʣʷʝʪ 4,625 ʛ. 
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ʏʝʨʝʟ 5ï10 ʤʠʥʫʪ ʢ ʩʫʩʧʝʥʟʠʠ ʧʝʢʪʠʥʘ ʧʨʠʣʠʚʘʶʪ 150 ʤʣ ʛʦʨʷʯʝʡ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʠ ʦʩʪʘʚʣʷʶʪ ʥʘ ʦʜʠʥ ʯʘʩ. ɿʘʪʝʤ ʜʦʙʘʚʣʷʶʪ ʝʱʝ 150 ʤʣ 

ʚʦʜʳ ʠ ʜʦʚʦʜʷʪ ʨʅ ʩʤʝʩʠ ʜʦ 3.10 ʙʫʬʝʨʥʳʤʠ ʩʦʣʷʤʠ. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʩ 

387 ʛ ʩʘʭʘʨʘ ʚʘʨʷʪ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʟʚʝʰʝʥʥʦʤ ʩʦʩʫʜʝ ʝʤʢʦʩʪʴʶ 2-3 ʣ. ʇʨʠ 

ʫʚʘʨʠʚʘʥʠʠ ʩʤʝʩʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʚʦʜʷʪ ʙʫʬʝʨʥʳʡ ʨʘʩʪʚʦʨ (25 ʤʣ). ɾʝʣʝʡʥʫʶ 

ʤʘʩʩʫ ʫʚʘʨʠʚʘʶʪ ʜʦ 600 ʛ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʘʨʢʠ 8-12 ʤʠʥʫʪ. ʉʦʜʝʨʞʘʥʠʝ 

ʩʫʭʠʭ ʚʝʱʝʩʪʚ 70-71% ʧʦ ʨʝʬʨʘʢʪʦʤʝʪʨʫ, ʨʅ 50% ʨʘʩʪʚʦʨʘ (ʚ ʦʪʥʦʰʝʥʠʝ ʚʝʩʘ ʢ 

ʦʙʲʝʤʫ) ʜʦʣʞʥʦ ʩʦʩʪʘʚʣʷʪʴ 3.05-3.15. 

 

ʈʠʩʫʥʦʢ 2.6.1. ï ʈʠʜʞʝʣʠʤʝʪʨ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʘʯʝʩʪʚʘ ʧʝʢʪʠʥʘ: 

1 ï ʤʠʢʨʦʤʝʪʨ; 2 ï ʩʪʫʜʝʥʴ; 3 ï ʩʪʝʢʣʷʥʥʘʷ ʧʣʘʩʪʠʥʘ 

ʇʦʣʫʯʝʥʥʫʶ ʤʘʩʩʫ ʨʘʟʣʠʚʘʶʪ ʚ ʜʚʘ ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʩʦʩʫʜʘ ʪʘʢ, ʯʪʦʙʳ 

ʫʨʦʚʝʥʴ ʞʠʜʢʦʩʪʠ ʙʳʣ ʧʨʠʤʝʨʥʦ ʥʘ 12,7 ʤʤ ʥʠʞʝ ʚʝʨʭʥʝʛʦ ʢʨʘʷ ʙʫʤʘʛʠ. ʉʦʩʫʜʳ 

ʩ ʦʭʣʘʞʜʝʥʥʦʡ ʤʘʩʩʦʡ ʥʘʢʨʳʚʘʶʪ ʯʘʩʦʚʳʤʠ ʩʪʝʢʣʘʤʠ ʠ ʦʩʪʘʚʣʷʶʪ ʜʣʷ 

ʩʪʫʜʥʝʚʘʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 15,5-18,5ʦʉ ʥʘ 18 ʯʘʩʦʚ. 

ʇʝʨʝʜ ʠʟʤʝʨʝʥʠʝʤ ʧʨʦʯʥʦʩʪʠ ʩʪʫʜʥʷ ʩ ʩʦʩʫʜʘ ʩʥʠʤʘʶʪ ʙʫʤʘʞʥʳʡ ʦʙʦʜʦʢ 

ʠ ʧʨʦʚʦʣʦʯʥʳʤ ʨʝʟʘʢʦʤ ʩʨʝʟʘʶʪ ʚʝʨʭʥʶʶ ʯʘʩʪʴ ʩʪʫʜʥʷ ʥʘ ʫʨʦʚʥʝ ʢʨʘʷ ʩʪʘʢʘʥʘ. 

ʇʨʦʚʦʣʦʢʫ ʨʝʟʘʢʘ ʜʝʨʞʘʪ ʪʫʛʦ ʥʘʪʷʥʫʪʦʡ ʩ ʧʦʤʦʱʴʶ ʫʧʨʫʛʦʡ ʩʪʘʣʴʥʦʡ ʧʝʪʣʠ. 

ʆʪʨʝʟʘʥʥʫʶ ʯʘʩʪʴ ʩʪʫʜʥʷ ʫʜʘʣʷʶʪ, ʘ ʩʪʫʜʝʥʴ ʠʟ ʩʪʘʢʘʥʘ ʧʦʤʝʱʘʶʪ ʥʘ 

1

2

3
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ʩʪʝʢʣʷʥʥʫʶ ʧʣʘʩʪʠʥʢʫ ʈʠʜʞʝʣʠʤʝʪʨʘ, ʦʧʨʦʢʠʜʳʚʘʷ ʠ ʧʝʨʝʚʦʨʘʯʠʚʘʷ ʧʦʥʝʤʥʦʛʫ 

ʩʪʝʢʣʷʥʥʫʶ ʬʦʨʤʫ. ʄʠʢʨʦʤʝʪʨ ʜʦʣʞʝʥ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʞʥʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʠʥʪʘ ʤʠʢʨʦʤʝʪʨʘ ʠ ʚʝʨʭʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʩʪʝʢʣʷʥʥʦʡ ʧʣʘʩʪʠʥʳ ʙʳʣʦ ʨʘʚʥʳʤ 79,4 ʤʤ, ʢʦʛʜʘ ʤʠʢʨʦʤʝʪʨ 

ʧʦʢʘʟʳʚʘʝʪ ʥʦʣʴ. 

ɺr ʩʦʪʘ ʩʪʫʜʥʷ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʩʪʝʢʣʷʥʥʦʡ ʬʦʨʤʝ. ɺʠʥʪ ʤʠʢʨʦʤʝʪʨʘ 

ʦʪʢʘʣʠʙʨʦʚʘʥ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʦʜʠʥ ʧʦʚʦʨʦʪ ʨʘʚʝʥ ʦʜʥʦʤʫ ʜʝʣʝʥʠʶ ʰʢʘʣʳ ʠ 

ʨʘʚʝʥ 0,8 ʤʤ. ʈʦʚʥʦ ʯʝʨʝʟ 1 ʤʠʥʫʪʫ ʠʟʤʝʨʷʶʪ ʚʳʩʦʪʫ ʥʝʧʦʜʜʝʨʞʠʚʘʝʤʦʛʦ 

ʩʪʫʜʥʷ, ʦʧʫʩʢʘʷ ʤʠʢʨʦʤʝʪʨ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʝʛʦ ʦʩʪʨʳʡ ʢʦʥʝʮ ʥʝ ʢʦʩʥʝʪʩʷ 

ʚʝʨʭʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʫʜʥʷ.  

ʇʦʪʝʨ ̫ʩʪʫʜʥʝʤ ʚʳʩʦʪʳ ʙʝʟ ʧʦʜʜʝʨʞʢʠ ʥʘʟʳʚʘʝʪʩʷ çʧʨʦʛʠʙʦʤè ʠ ʦʜʥʦ 

ʜʝʣʝʥʠʝ ʰʢʘʣʳ ʨʘʚʥʦ çʧʨʦʛʠʙʫè ʚ 1%. ʇʨʠʙʦʨ ʦʪʢʘʣʠʙʨʦʚʘʥ ʧʦ ʠʟʚʝʩʪʥʦʤʫ 

ʩʪʘʥʜʘʨʪʥʦʤʫ ʧʝʢʪʠʥʫ ʧʨʦʯʥʦʩʪʴʶ 100S̄AG, ʜʘʶʱʝʤʫ çʧʨʦʛʠʙè ʧʨʠʤʝʨʥʦ 25%. 

ʀʩʩʣʝʜʫʷ ʩʪʘʥʜʘʨʪʥʳʝ ʩʪʫʜʥʠ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʝ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʧʝʢʪʠʥʘ, ʩʪʨʦʷʪ ʛʨʘʬʠʢ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʦʭʚʘʪʳʚʘʪʴ ʜʠʘʧʘʟʦʥ çʧʨʦʛʠʙʘè ʦʪ 10 

ʜʦ 35%. ʕʪʦʪ ʛʨʘʬʠʢ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʜʫʩʘ 

ʧʨʦʯʥʦʩʪʠ ʥʝʠʟʚʝʩʪʥʳʭ ʚʠʜʦʚ ʧʝʢʪʠʥʘ. 

 

2.7 ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

 

2.7.1 ʆʧʨʝʜʝʣʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ 

 

 ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ [261] ʢ ʥʘʚʝʩʢʝ ʧʝʢʪʠʥʘ 

ʜʦʙʘʚʣʷʣʠ ʨʘʩʩʯʠʪʘʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 1%-ʛʦ ʨʘʩʪʚʦʨʘ ʂʉ1 ʠ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʩ ʧʦʤʦʱʴʶ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʠ ʨʘʩʪʚʦʨʷʣʠ, ʥʝʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʦʩʪʘʪʢʦʚ ʦʪʜʝʣʷʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʧʨʠ 

ʩʢʦʨʦʩʪʠ ʨʦʪʦʨʘ ʨʘʚʥʦʡ 7000 ʦʙ/ʤʠʥ., ʚʳʩʫʰʠʚʘʣʠ ʠ ʫʯʠʪʳʚʘʣʠ ʧʨʠ ʨʘʩʯʝʪʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʘ. ʀʟʤʝʨʝʥʠʝ ʚʨʝʤʝʥʠ ʪʝʯʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʨʘʟʣʠʯʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ (ʦʪ 0,20 ʜʦ 0,06 ʛ/ʜʣ) ʧʨʦʚʦʜʠʣʠ ʚ ʚʠʩʢʦʟʠʤʝʪʨʝ ʋʙʙʝʣʦʜʝ (ʚʨʝʤʷ 

ʪʝʯʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ 75 ʩʝʢ.) ʧʨʠ 25ʦʉ ʩ ʪʦʯʥʦʩʪʴʶ 0,1 ʩʝʢ. ʇʦ ʧʦʣʫʯʝʥʥʳʤ 

ʜʘʥʥʳʤ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʨʠʚʝʜʝʥʥʳʝ ʚʷʟʢʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 
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ʨʘʩʪʚʦʨʘ ʠ ʧʫʪʝʤ ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʧʝʨʚʦʛʦ ʧʘʨʘʤʝʪʨʘ ʢ ʥʫʣʝʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʦʧʨʝʜʝʣʷʣʠ ʟʥʘʯʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ. 

ʇʝʢʪʠʥ ʨʘʩʪʚʦʨʷʣʠ ʚ 1%-ʦʤ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʂʉ1, ʬʠʣʴʪʨʦʚʘʣʠ ʯʝʨʝʟ 

ʬʠʣʴʪʨ ʐʦʪʪʘ ˉ2. ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʫʶ ʚʷʟʢʦʩʪʴ ([ɖ], ʜʣ/ʛ) ʦʧʨʝʜʝʣʷʣʠ ʧʫʪʝʤ 

ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʠ ʪʝʯʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʨʘʟʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ.  

 

2.7.2 ʆʧʨʝʜʝʣʝʥʠʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʝʢʪʠʥʦʚ ʤʝʪʦʜʦʤ 

ʵʢʩʢʣʶʟʠʦʥʥʦʡ ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ 

 

ʍʨʦʤʘʪʦʛʨʘʬʠʶ ʦʙʨʘʟʮʦʚ ʧʝʢʪʠʥʘ ʧʨʦʚʦʜʠʣʠ ʢʘʢ ʦʧʠʩʘʥʦ ʚ ʨʘʟʜʝʣʝ 2.3.5. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ: ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ 

[ɖ] ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʜʠʫʩʘ [Rh] ʨʘʟʙʘʚʣʝʥʥʳʝ ʨʘʩʪʚʦʨʳ ʚʚʦʜʠʣʠ 

ʪʨʝʭʢʨʘʪʥʦ ʠ ʚ ʨʘʩʯʝʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʠ 

(Mw/Mn, Mz/Mn), ʩʨʝʜʥʝʯʠʩʣʝʥʥʦʡ ʄʄ (Mn), ʩʨʝʜʥʝʚʝʩʦʚʦʡ ʄʄ (Mw), z-ʩʨʝʜʥʝʡ 

ʄʄ (Mz) [261]. ʀʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʝʣʦʤʣʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʣʠʤʝʨʘ dn/dc ʚ ʨʘʩʪʚʦʨʝ 50ʤM NaNO3 ʨʘʚʥʦʝ 0.132 ʙʳʣʦ ʚʟʷʪʦ 

ʠʟ ʨʘʙʦʪʳ [262]. ɻʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʝʢʪʠʥʦʚ ʦʧʨʝʜʝʣʷʣʠʩʴ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ASTRA 5.3.4.13 (Wyatt Technology). 

 

2.8 ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʧʦʣʠʩʘʭʘʨʠʜʦʚ 

 

2.8.1 ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

 

 ʆʙʨʘʟʝʮ ʧʦʣʠʩʘʭʘʨʠʜʘ ʩʫʰʠʣʠ ʧʨʠ 110oC ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ ʠ 

ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʤʝʪʨʘ 

Nicolet ÊiSÊ50 (ʂʠʦʪʦ, ʗʧʦʥʠʷ), ʦʩʥʦʱʝʥʥʦʛʦ ʧʨʠʩʪʘʚʢʦʡ ʥʘʨʫʰʝʥʥʦʛʦ 

ʧʦʣʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʦʪʨʘʞʝʥʠʷ (ɸttenuated total reflection-ATR, MIRACLE), 

ʤʦʥʦʣʠʪʥʳʤ ʢʨʠʩʪʘʣʣʦʤ ʘʣʤʘʟʘ, ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ 

Omnic. ʆʙʨʘʟʝʮ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʚ ʜʠʘʧʘʟʦʥʝ ʩʢʘʥʠʨʦʚʘʥʠʷ 400-4000 ʩʤ-1 ʩ 128 

ʩʢʘʥʠʨʦʚʘʥʠʡ ʩ ʩʧʝʢʪʨʘʣʴʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 2 ʩʤ-1 [248]. ʋʩʪʨʦʡʩʪʚʦ ʢʦʥʪʨʦʣʷ 

ʜʘʚʣʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʣʦ ʭʦʨʦʰʠʡ ʢʦʥʪʘʢʪ ʤʝʞʜʫ ʦʙʨʘʟʮʦʤ ʠ ʢʨʠʩʪʘʣʣʦʤ. 

ʌʦʥʦʚʳʡ ʩʧʝʢʪʨ ʙʳʣ ʧʦʣʫʯʝʥ ʥʘ ʚʦʟʜʫʭʝ. 
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2.8.2 ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

 

 ʆʙʨʘʟʝʮ ʧʝʢʪʠʥʦʚ ʨʘʩʪʚʦʨʠʣʠ ʚ D2O ʩ ʜʦʙʘʚʣʝʥʠʝʤ d4-

ʪʨʠʤʝʪʠʣʩʠʣʠʣʧʨʦʧʘʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʢʘʯʝʩʪʚʝ ʚʥʫʪʨʝʥʥʝʛʦ ʵʪʘʣʦʥʥʦʛʦ 

ʩʪʘʥʜʘʨʪʘ. ʀʭ ʩʧʝʢʪʨ ʙʳʣ ʧʦʣʫʯʝʥ ʥʘ ʗʄʈ-ʩʧʝʢʪʨʦʤʝʪʨʝ 14 Tesla Agilent DD2 

(ʉʘʥʪʘ-ʂʣʘʨʘ, ʂʘʣʠʬʦʨʥʠʷ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 5-ʤʤ ʟʦʥʜʘ OneNMR ʩ 

ʛʨʘʜʠʝʥʪʘʤʠ ʠʤʧʫʣʴʩʥʦʛʦ ʧʦʣʷ ʧʦ ʦʩʠ z, ʨʘʙʦʪʘʶʱʠʤʠ ʧʨʠ 25-80Áʉ. ɺ ʗʄʈ 

ʩʧʝʢʪʨʘʭ ʩʠʛʥʘʣʳ ʠʟʤʝʨʝʥʠʷ ʧʨʠ ʜʚʫʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʢʘʟʘʣʠ ʦʯʝʥʴ ʤʘʣʦ 

ʟʘʤʝʪʥʳʭ ʨʘʟʣʠʯʠʡ. ʆʜʥʦʤʝʨʥʳʝ ʗʄʈ-ʩʧʝʢʪʨʳ 1D-1H ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʫʛʣʦʤ 

ʠʤʧʫʣʴʩʘ 45Á, ʟʘʜʝʨʞʢʦʡ ʨʝʣʘʢʩʘʮʠʠ 1ʩ ʠ ʰʠʨʠʥʦʡ ʩʧʝʢʪʨʘ 8 ppm, ʠʩʧʦʣʴʟʫʷ 

32 ʪʳʩ. ʪʦʯʝʢ ʠ ʫʩʨʝʜʥʸʥʥʳʝ ʧʦ 64-256 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʮʠʢʣʦʚ (ʨʝʞʠʤ 

ʥʘʢʦʧʣʝʥʠʷ). ʉʧʝʢʪʨʳ 1D-13C ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʫʛʣʦʤ ʠʤʧʫʣʴʩʘ 45Á, ʟʘʜʝʨʞʢʦʡ 

ʨʝʣʘʢʩʘʮʠʠ 0,2 ʩ ʠ ʰʠʨʠʥʦʡ ʩʧʝʢʪʨʘ 220-250 ʤ.ʜ. ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʚʷʟʢʠ 

ʧʨʦʪʦʥʦʚ ʧʦ ʚʩʝʡ ʜʣʠʥʝ, 32 ʪʳʩ. ʪʦʯʝʢ ʜʘʥʥʳʭ ʠ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʣʠ ʙʦʣʝʝ 

30000-100000 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʮʠʢʣʦʚ. ɺʩʝ 1D ʗʄʈ-ʩʧʝʢʪʨʳ ʦʙʨʘʙʘʪʳʚʘʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʟʳ ʜʘʥʥʳʭ ʙʠʙʣʠʦʪʝʢʠ MestReNova [263].  

ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ zTOCSY ʚʨʝʤʷ ʧʝʨʝʤʝʰʠʚʘʥʠʷ 100 ʤʩ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ 

ʜʚʫʤʝʨʥʦʡ ʛʝʪʝʨʦʷʜʝʨʥʦʡ ʢʦʨʨʝʣʷʮʠʠ, HSQC, HSQCTOXY ʠ HMBC, ʙʳʣʠ 

ʫʩʠʣʝʥʳ ʛʨʘʜʠʝʥʪʦʤ ʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʜʠʘʙʘʪʠʯʝʩʢʠʝ ʠʤʧʫʣʴʩʳ. ʕʪʠ ʩʧʝʢʪʨʳ 

ʠʤʝʣʠ ʩʧʝʢʪʨʘʣʴʥʫʶ ʰʠʨʠʥʫ 8 ppm ʚ ʠʟʤʝʨʝʥʠʠ ʩ ʧʨʷʤʳʤ ʦʙʥʘʨʫʞʝʥʠʝʤ (1H) ʠ 

201 ppm ʚ ʠʟʤʝʨʝʥʠʠ ʩ ʢʦʩʚʝʥʥʳʤ ʦʙʥʘʨʫʞʝʥʠʝʤ (13C) ʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ 

ʫʛʣʘʤʠ ʠʤʧʫʣʴʩʦʚ 90Á, ʫʩʨʝʜʥʝʥʳ ʧʦ 96 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʮʠʢʣʦʚ ʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 2 ʪʳʩ. ʪʦʯʢʠ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʩ ʧʨʷʤʳʤ ʦʙʥʘʨʫʞʝʥʠʝʤ. ɺ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ HSQCTOXY ʚʨʝʤʷ ʩʤʝʰʠʚʘʥʠʷ (t2) ʩʦʩʪʘʚʠʣʦ 100 ʤʩ, ʠ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʪʨʠ ʵʢʩʧʝʨʠʤʝʥʪʘ HMBC ʩ ʢʦʥʩʪʘʥʪʘʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 8, 10 ʠ 

12 ɻʮ. ɺʩʝ 2D-ʩʧʝʢʪʨʳ ʙʳʣʠ ʦʙʨʘʙʦʪʘʥʳ ʧʨʦʛʨʘʤʤʦʡ VNMRJ (-ʂʣʘʨʘ, 

ʂʘʣʠʬʦʨʥʠʷ) ʠ ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʳ Sparky [264].  
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2.9 ɺʳʜʝʣʝʥʠʝ ʠ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʙʝʣʢʦʚ 

 

2.9.1 ɺʳʜʝʣʝʥʠʝ ɓ-ʣʘʢʪʦʛʣʦʙʫʣʠʥʘ ʠʟ ʤʦʣʦʯʥʦʡ ʩʳʚʦʨʦʪʢʠ 

 

ʂʦʥʮʝʥʪʨʘʪ ɓ-La ʙʳʣ ʚʳʜʝʣʝʥ ʠʟ ʄʉ ʤʦʣʦʯʥʦʡ ʬʘʙʨʠʢʠ çʉʘʦʜʘʪè. ɼʣʷ 

ʚʳʜʝʣʝʥʠʷ ɓ-La ʠʟ ʄʉ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ [265, 266], ʚʢʣʶʯʘʶʱʠʡ 

ʩʣʝʜʫʶʱʠʝ ʩʪʘʜʠʠ: ʧʦʜʢʠʩʣʝʥʠʝ ʩʳʚʦʨʦʪʢʠ ʜʦ ʨʅ 4.0, ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝ, ʋʌ 

ʛʦʨʷʯʝʡ ʩʳʚʦʨʦʪʢʠ ʥʘ ʤʝʤʙʨʘʥʝ, ʩʧʦʩʦʙʥʦʡ ʧʨʦʧʫʩʢʘʪʴ ʚʝʱʝʩʪʚʘ ʩ 

ʤʦʣʝʢʫʣʷʨʥʳʤ ʚʝʩʦʤ Ò 50 ʢɼʘ, ʜʣʷ ʫʜʘʣʝʥʠʷ ʦʩʪʘʪʢʦʚ ʢʘʟʝʠʥʘ ʠ ʘʣʴʙʫʤʠʥʘ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ɼʋʌ ʥʘ ʤʝʤʙʨʘʥʝ, ʧʨʦʧʫʩʢʘʶʱʝʡ ʚʝʱʝʩʪʚʘ ʩ ʤʦʣʝʢʫʣʷʨʥʳʤ 

ʚʝʩʦʤ Ò 10 ʢɼʘ, ʠ ʚʳʜʝʣʝʥʠʝ LgC ʚ ʨʝʪʝʥʪʘʥʪʝ.  ʂʦʥʪʨʦʣʴ ʩʦʜʝʨʞʘʥʠʷ LgC 

ʦʩʫʱʝʩʪʚʣʷʣʠ ʤʝʪʦʜʦʤ ʢʘʧʠʣʣʷʨʥʦʛʦ ʵʣʝʢʪʨʦʬʦʨʝʟʘ (ʂʕ) ʥʘ ʧʨʠʙʦʨʝ 3D Agilent 

HPCEG 1600 AX ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʦʡ Agilent ChemStation Software (Rev. 

B.02.01-SR2) [266]. 

ʇʦʣʫʯʝʥʥʳʡ ʢʦʥʮʝʥʪʨʘʪ ʦʭʣʘʞʜʘʣʠ ʜʦ 5ʦʉ ʜʣʷ ʫʜʘʣʝʥʠʷ ʧʨʠʤʝʩʝʡ, 

ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʄʉ, ʚ ʯʘʩʪʥʦʩʪʠ ʢʘʟʝʠʥʘ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʩʦʣʝʡ, ʠ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʧʨʠ 5000 ʦʙ/ʤʠʥ. ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥʫʪ. ɼʘʣʝʝ ʤʝʪʦʜʦʤ ʋʌ 

ʧʨʦʚʦʜʠʣʠ ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʶ ʜʣʷ ʫʜʘʣʝʥʠʷ ʨʘʩʪʚʦʨʠʤʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʩʦʣʝʡ ʠ 

ʣʘʢʪʦʟʳ. ʋʌ ʧʨʠ ʈ = 1.4 ʘʪʤ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʜʚʘ ʵʪʘʧʘ: ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʄʉ 

ʧʨʦʧʫʩʢʘʣʠ ʯʝʨʝʟ ʤʝʤʙʨʘʥʫ ʜʠʘʤʝʪʨʦʤ 0,2 ʤʢʤ, ʥʘ ʚʪʦʨʦʤ ʄʉ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ 

ʥʘ ʤʝʤʙʨʘʥʝ ʋɸʄ 175 ɸʦ. ʂʦʥʮʝʥʪʨʘʮʠʶ ʙʝʣʢʦʚ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʉʝʜʤʘʢʘ 

ʧʦ ʢʘʣʠʙʨʦʚʦʯʥʦʤʫ ʛʨʘʬʠʢʫ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʦʥʦʦʙʤʝʥʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ 

ʙʨʘʣʠ ʢʦʣʦʥʢʫ ʚʤʝʩʪʠʤʦʩʪʴʶ 450 ʤʣ, ʟʘʧʦʣʥʷʣʠ 300 ʤʣ ʘʤʙʝʨʣʠʪʘ ʀʈɸ-400 (ʚ 

ʥʘʙʫʭʰʝʤ ʚʠʜʝ) ʠ ʨʝʛʝʥʝʨʠʨʦʚʘʣʠ 0,1 ʥ ʨʘʩʪʚʦʨʦʤ NaOH. ʇʨʦʤʳʚʘʣʠ ʢʦʣʦʥʢʫ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʜʦ ʥʝʡʪʨʘʣʴʥʦʡ ʩʨʝʜʳ ʠ ʧʨʦʧʫʩʢʘʣʠ 1 ʣ ʄʉ 

(ʉ=1,02 ʤʛ/ʤʣ). ɿʘʪʝʤ ʢʦʣʦʥʢʫ ʧʨʦʤʳʚʘʣʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ, ʵʣʶʠʨʦʚʘʣʠ 

1ʄ ʨʘʩʪʚʦʨʦʤ NaCI ʩʦ ʩʢʦʨʦʩʪʴʶ 6 ʤʣ/ʤʠʥ., ʦʪʙʠʨʘʣʠ ʵʣʶʘʪ ʧʦ 10 ʤʣ ʠ 

ʦʧʨʝʜʝʣʷʣʠ ʢʦʥʮʝʥʪʨʘʮʠʶ ʙʝʣʢʘ. ʇʦ ʦʢʦʥʯʘʥʠʠ ʢʦʣʦʥʢʫ ʨʝʛʝʥʝʨʠʨʦʚʘʣʠ 

ʬʦʩʬʘʪʥʳʤ ʙʫʬʝʨʦʤ (ʨH 7), ʧʨʦʤʳʚʘʣʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʠ 

ʨʝʛʝʥʝʨʠʨʦʚʘʣʠ 0,1 ʥ ʨʘʩʪʚʦʨʦʤ NaOH ʩ ʮʝʣʴʶ ʚʪʦʨʠʯʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 
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ʇʦʣʫʯʝʥʥʳʝ ʬʨʘʢʮʠʠ ʩʪʘʚʠʣʠ ʥʘ ʜʠʘʣʠʟ ʠ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʯʠʩʪʦʪʫ LgC ʤʝʪʦʜʦʤ 

ʛʝʣʴ-ʵʣʝʢʪʨʦʬʦʨʝʟʘ [118].  

 

2.9.2 ʆʧʨʝʜʝʣʝʥʠʝ ʙʝʣʢʘ ʤʝʪʦʜʦʤ ʉʝʜʤʘʢʘ  
 

ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʙʝʣʢʦʚ ʢʦʥʮʝʥʪʨʘʪʘ ɓ-La, ʚʳʜʝʣʝʥʥʦʛʦ ʠʟ 

ʤʦʣʦʯʥʦʡ ʩʳʚʦʨʦʪʢʠ [266], ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ ʉʝʜʤʘʢʘ [258]. 1.5 ʤʣ 

ʨʘʩʪʚʦʨʘ ʧʨʝʧʘʨʘʪʘ, ʩʦʜʝʨʞʘʱʝʛʦ 0.010-0.0150 ʤʛ ʠʩʧʳʪʫʝʤʦʛʦ ʙʝʣʢʘ, ʧʦʤʝʱʘʣʠ 

ʚ ʧʨʦʙʠʨʢʫ, ʧʨʠʙʘʚʣʷʣʠ 1.5 ʤʣ ʨʘʩʪʚʦʨʘ ʂʫʤʘʩʩʠ ʷʨʢʦ-ʛʦʣʫʙʦʛʦ G-250, 

ʧʝʨʝʤʝʰʠʚʘʣʠ ʠ ʦʩʪʘʚʣʷʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ ʦʪ 5 ʤʠʥ ʜʦ 

3 ʯʘʩʦʚ. ʆʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ ʠʟʤʝʨʷʣʠ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ ʧʨʠ ʜʚʫʭ ʜʣʠʥʘʭ 

ʚʦʣʥ: 620 ʠ 465 ʥʤ ʚ ʢʶʚʝʪʝ ʩ ʪʦʣʱʠʥʦʡ ʩʣʦʷ 10 ʤʤ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʘ 

ʩʨʘʚʥʝʥʠʷ [265] ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʩʪʚʦʨ ʙʝʟ ʧʨʝʧʘʨʘʪʘ ʠ ʢʨʘʩʠʪʝʣʷ ʂʫʤʘʩʩʠ ʷʨʢʦ-

ʛʦʣʫʙʦʛʦ G - 250. ʂʘʣʠʙʨʦʚʦʯʥʳʡ ʛʨʘʬʠʢ ʩʪʨʦʠʣʠ ʚ ʧʨʝʜʝʣʘʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʪ 

0.005 ʜʦ 0.150 ʤʛ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʙʨʘʟʮʘ ʙʝʣʢʘ [265] ʧʨʠ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ 

620 ʠ 465 ʥʤ. 

 

2.9.3 ʄʝʪʦʜʳ ʚʳʜʝʣʝʥʠʷ ʟʝʠʥʘ ʠʟ ʢʫʢʫʨʫʟʥʦʡ ʤʫʢʠ 

 

ʆʙʝʟʞʠʨʦʚʘʥʠʝ ʩʝʤʷʥ ʢʫʢʫʨʫʟʳ ʠ ʚʳʜʝʣʝʥʠʝ ʟʝʠʥʘ.  ʉʝʤʝʥʘ 

ʢʫʢʫʨʫʟʳ ʠʟʤʝʣʯʘʣʠ ʥʘ ʤʝʣʴʥʠʮʝ, ʧʦʣʫʯʝʥʥʫʶ ʤʫʢʫ ʧʨʦʩʝʠʚʘʣʠ ʯʝʨʝʟ ʩʠʪʦ 

ʜʣʷ ʤʫʢʠ. ʆʙʝʟʞʠʨʦʚʘʣʠ ʤʫʢʫ ʜʚʫʭʢʨʘʪʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ʧʝʪʨʦʣʝʡʥʳʤ ʵʬʠʨʦʤ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 0-4 ʦʉ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʢʘʞʜʦʡ ʦʙʨʘʙʦʪʢʠ 3-4 ʯʘʩʘ. 

ʆʙʝʟʞʠʨʝʥʥʫʶ ʤʫʢʫ ʩʫʰʠʣʠ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʚʝʩʘ ʥʘ ʚʦʟʜʫʭʝ.  

ɼʘʣʝʝ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʟʝʠʥʘ ʥʘʚʝʩʪʢʫ ʤʫʢʠ ʩʤʝʰʠʚʘʣʠ ʩ 5-ʢʨʘʪʥʳʤ ʦʙʲʸʤʦʤ 

ʚʦʜʥʦ-ʩʧʠʨʪʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʠ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʙʝʣʦʢ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ. ʇʦʣʫʯʝʥʥʳʡ ʵʢʩʪʨʘʢʪ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥʫʪ ʧʨʠ 4000 ʦʙ/ʤʠʥ., ʥʘʜʦʩʘʜʦʯʥʫʶ 

ʞʠʜʢʦʩʪʴ ʫʜʘʣʠʣʠ, ʘ ʦʩʘʜʦʢ ʚʥʦʚʴ ʧʦʤʝʱʘʣʠ ʚ ʵʢʩʪʨʘʢʪʦʨ ʉʦʢʩʣʝʪʘ. ʊʨʝʪʴʶ 

ʵʢʩʪʨʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 60oʉ ʚ ʪʝʯʝʥʠʝ 2 ʯ 3-ʢʨʘʪʥʳʤ ʦʙʲʸʤʦʤ ʚʦʜʥʦʛʦ 

ʵʪʘʥʦʣʘ. ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʪʨʘʢʪʳ ʦʭʣʘʞʜʘʣʠ, ʙʝʣʦʢ ʚʳʩʘʞʠʚʘʣʠ 0.1 ʄ 
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ʨʘʩʪʚʦʨʦʤ NaCl ʚ ʭʦʣʦʜʠʣʴʥʠʢʝ ʚ ʪʝʯʝʥʠʝ ʥʦʯʠ, ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʧʨʠ 

4000 ʦʙ/ʤʠʥ. 5 ʤʠʥʫʪ, ʦʩʘʜʦʢ ʜʚʘʞʜʳ ʧʨʦʤʳʚʘʣʠ ʦʪ ʠʦʥʦʚ ʭʣʦʨʘ ʠ ʩʫʰʠʣʠ ʚ 

ʵʢʩʠʢʘʪʦʨʝ ʥʘʜ ʂʆʅ.  

ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʟʝʠʥʘ ʠʟ ʢʫʢʫʨʫʟʥʦʡ ʤʫʢʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʵʢʩʪʨʘʢʮʠʝʡ 

ʚʥʘʯʘʣʝ ʠʟʚʣʝʢʘʣʠ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʝ ʚʦʜʦʡ ʠ 0.1 ʄ NaCl ʙʝʣʢʠ ï ʘʣʴʙʫʤʠʥʳ ʠ 

ʛʣʦʙʫʣʠʥʳ, ʟʘʪʝʤ ʩʧʠʨʪʦʨʘʩʪʚʦʨʠʤʳʝ ʟʝʠʥʳ 75% ʵʪʘʥʦʣʦʤ ʠ ʛʣʶʪʝʣʠʥʳ 0.05 ʅ 

ʨʘʩʪʚʦʨʦʤ ʱʸʣʦʯʠ [118]. 

 ɺʳʜʝʣʝʥʠʝ ʢʫʢʫʨʫʟʥʦʛʦ ʤʘʩʣʘ. ʇʨʦʩʝʷʥʥʫʶ ʢʫʢʫʨʫʟʥʫʶ ʤʫʢʫ 

ʧʦʤʝʱʘʣʠ ʚ ʙʫʤʘʞʥʳʡ ʧʘʪʨʦʥ, ʧʦʢʨʳʚʘʣʠ ʪʦʥʢʠʤ ʩʣʦʝʤ ʚʘʪʳ ʠ ʚʩʪʘʚʣʷʣʠ ʚ 

ʵʢʩʪʨʘʢʪʦʨ ʘʧʧʘʨʘʪʘ ʉʦʢʩʣʝʪ. ɺ ʩʦʙʨʘʥʥʳʡ ʘʧʧʘʨʘʪ ʯʝʨʝʟ ʭʦʣʦʜʠʣʴʥʠʢ ʟʘʣʠʚʘʣʠ 

ʵʬʠʨ, ʚʢʣʶʯʘʣʠ ʚʦʜʫ ʠ ʥʘʛʨʝʚʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ. ɼʣʷ ʧʦʣʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʤʘʩʣʘ 

ʜʦʩʪʘʪʦʯʥʦ 3 ʯ ʥʝʧʨʝʨʳʚʥʦʡ ʨʘʙʦʪʳ ʘʧʧʘʨʘʪʘ. ʇʦʣʫʯʝʥʥʦʝ ʤʘʩʣʦ ʩʫʰʠʣʠ 

ʩʫʣʴʬʘʪʦʤ ʥʘʪʨʠʷ ʠ ʬʠʣʴʪʨʦʚʘʣʠ ʯʝʨʝʟ ʩʢʣʘʜʯʘʪʳʡ ʬʠʣʴʪʨ. ɼʘʣʴʥʝʡʰʠʝ 

ʧʨʦʮʝʜʫʨʳ ʧʨʦʚʦʜʠʣʠ ʚ ʩʧʝʮʠʘʣʴʥʦʤ ʫʩʪʨʦʡʩʪʚʝ ʜʣʷ ʦʪʛʦʥʢʠ ʵʬʠʨʘ. ʇʦʣʫʯʝʥʥʦʝ 

ʤʘʩʣʦ ʬʠʣʴʪʨʦʚʘʣʠ ʯʝʨʝʟ ʩʪʝʢʣʷʥʥʳʡ ʬʠʣʴʪʨ ʠ ʚʟʚʝʰʠʚʘʣʠ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʦʙʱʝʛʦ ʙʝʣʢʘ ʚ ʦʙʝʟʞʠʨʝʥʥʦʡ ʤʫʢʝ ʢʫʢʫʨʫʟʳ. 

ʆʙʝʟʞʠʨʝʥʥʫʶ ʤʫʢʫ ʢʫʢʫʨʫʟʳ ʟʘʣʠʚʘʣʠ ʩʤʝʩʴʶ ʵʪʘʥʦʣʘ ʠ 4% ʨʘʩʪʚʦʨʘ ʱʸʣʦʯʠ 

ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1 ʚ ʢʦʣʙʝ ʩ ʧʨʠʪʸʨʪʦʡ ʧʨʦʙʢʦʡ, ʚʦ ʠʟʙʝʞʘʥʠʝ ʠʩʧʘʨʝʥʠʷ 

ʵʪʘʥʦʣʘ. ʉʤʝʩʴ ʭʦʨʦʰʦ ʚʟʙʘʣʪʳʚʘʣʠ ʠ ʦʩʪʘʚʣʷʣʠ ʥʘ ʥʦʯʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ɿʘʪʝʤ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʧʨʠ 4000 ʦʙ/ʤʠʥ. ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ. ɺ 

ʩʫʧʝʨʥʘʪʘʥʪʝ ʙʝʣʦʢ ʦʧʨʝʜʝʣʷʣʠ ʙʠʫʨʝʪʦʚʳʤ ʤʝʪʦʜʦʤ. ɼʣʷ ʵʪʦʛʦ ʦʪʙʠʨʘʣʠ ʧʨʦʙʳ 

ʧʦ 1 ʤʣ ʨʘʩʪʚʦʨʘ ʙʝʣʢʘ, ʜʦʙʘʚʣʷʣʠ 4 ʤʣ ʙʠʫʨʝʪʦʚʦʛʦ ʨʝʘʢʪʠʚʘ ʠ ʩʤʝʩʴ ʦʩʪʘʚʣʷʣʠ 

ʥʘ 30 ʤʠʥʫʪ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʦʢʨʘʩʢʠ ʦʧʨʝʜʝʣʷʣʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠ ʧʨʠ 

ʜʣʠʥʝ ʚʦʣʥʳ 540-650 ʥʤ. ʉʦʜʝʨʞʘʥʠʝ ʙʝʣʢʘ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʚʝʣʠʯʠʥʝ ʵʢʩʪʠʥʢʮʠʠ 

ʩ ʧʦʤʦʱʴʶ ʢʘʣʠʙʨʦʚʦʯʥʦʛʦ ʛʨʘʬʠʢʘ, ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʦʪʦʨʦʛʦ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʩʳʚʦʨʦʪʦʯʥʳʡ ʘʣʴʙʫʤʠʥ. 

 

2.9.4. ʆʧʨʝʜʝʣʝʥʠʝ ʙʝʣʢʦʚ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʙʝʣʢʦʚ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ 

[267]. ʀʩʧʦʣʴʟʦʚʘʣʠ ʩʪʘʥʜʘʨʪʥʳʝ ʙʝʣʢʠ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ, ʙʳʯʠʡ 
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ʩʳʚʦʨʦʪʦʯʥʳʡ ʘʣʴʙʫʤʠʥ, ʷʠʯʥʳʡ ʘʣʴʙʫʤʠʥ, ʣʠʟʦʮʠʤ, ʧʝʧʩʠʥ, ʭʠʤʦʪʨʠʧʩʠʥ, 

ʨʠʙʦʥʫʢʣʝʘʟʫ, ʠʥʛʠʙʠʪʦʨ ʪʨʠʧʩʠʥʘ ʠʟ ʩʦʠ, ʧʝʨʦʢʩʠʜʘʟʫ ʠʟ ʭʨʝʥʘ (ʈʝʘʥʘʣ, 

ɺʝʥʛʨʠʷ), ʪʨʠʧʩʠʥ (ʉʧʦʬʘ, ʏʉʉʈ). 

 ʈʘʩʪʚʦʨʳ ʩʪʘʥʜʘʨʪʥʳʭ ʙʝʣʢʦʚ ʛʦʪʦʚʠʣʠ ʚ ʪʨʝʭ ʧʦʚʪʦʨʥʦʩʪʷʭ 

(ʢʦʥʮʝʥʪʨʘʮʠʷ 0,5 ʤʛ/ʤʣ). ʇʨʝʧʘʨʘʪ ʧʝʨʦʢʩʠʜʘʟʳ ʨʘʩʪʚʦʨʷʣʠ ʚ ʘʮʝʪʘʪʥʦʤ ʙʫʬʝʨʝ 

(ʨʅ 5), ʘʣʴʙʫʤʠʥ ʷʠʯʥʳʡ ʠ ʣʠʟʦʮʠʤ ï ʚ ʬʦʩʬʘʪʥʦʤ ʙʫʬʝʨʝ (ʨʅ 7,9), ʦʩʪʘʣʴʥʳʝ 

ʙʝʣʢʠ ï ʚ ʚʦʜʝ.           

ʆʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ ʨʘʩʪʚʦʨʦʚ ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ 

Specʦrd ʄ 40 ʚ 1 ʩʤ ʢʶʚʝʪʝ, ʠʩʧʦʣʴʟʫʷ ʧʨʦʛʨʘʤʤʫ ʠʟʤʝʨʝʥʠʷ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʪʨʝʭ 

ʙʣʦʢʦʚ ʧʦ ʟʥʘʯʝʥʠʷʤ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʜʣʠʥ ʚʦʣʥ (235, 260 ʠ 280 ʥʤ). ʈʘʩʯʝʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʝʣʢʘ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʢʦʤʧʴʶʪʝʨʝ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʨʦʛʨʘʤʤʝ. 

ʂʦʥʮʝʥʪʨʘʮʠʶ ʙʝʣʢʘ (ʤʛ/ʤʣ) ʧʦ ʟʥʘʯʝʥʠʷʤ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʧʨʠ 260 

ʠ 280 ʥʤ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʬʦʨʤʫʣʝ (2.9.3.1), ʘ ʧʨʠ 235 ʠ 280 ʥʤ ï ʧʦ ʬʦʨʤʫʣʝ 

(2.9.3.2):  

 

C = 1,45D280 ï 0,74D260                             (2.9.3.1) 

 

C = (D235- D280) / 2,51                                       (2.9.3.2) 

 

2.9.5 ʆʧʨʝʜʝʣʝʥʠʝ ʙʝʣʢʦʚ ʤʦʣʦʯʥʦʡ ʩʳʚʦʨʦʪʢʠ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʠʤ 

ʤʝʪʦʜʦʤ 

 

ɼʣʷ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʙʝʣʢʦʚ ʄʉ ʧʨʠʤʝʥʠʣʠ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʤʝʪʦʜ ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʙʝʣʢʦʚ ʚ ʧʦʣʠʘʢʨʠʣʘʤʠʜʥʦʤ ʛʝʣʝ 

(ʇɸɸɻ) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʜʦʜʝʮʠʣʩʫʣʬʘʪʘ ʥʘʪʨʠʷ (SDS-Na). 

ʂʘʯʝʩʪʚʝʥʥʳʡ ʙʝʣʢʦʚʳʡ ʩʦʩʪʘʚ ʄʉ ʦʧʨʝʜʝʣʠʣʠ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʬʦʨʝʟʘ 

[268] ʚ ʇɸɸɻ (4-14%), ʩʦʜʝʨʞʘʱʝʤ ʜʦʜʝʮʠʣʩʫʣʬʘʪʘ ʥʘʪʨʠʷ (SDS-Na). ɺ 

ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʜʥʦʛʦ ʙʫʬʝʨʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʠʛʦʪʦʚʠʣʠ 0.025ʄ ʊʨʠʩ-

ʛʣʠʮʠʥʦʚʳʡ ʨʘʩʪʚʦʨ ʩ ʨʅ 8.3. ɹʫʬʝʨ ʜʣʷ ʨʘʩʪʚʦʨʝʥʠʷ ʦʙʨʘʟʮʦʚ ʩʦʜʝʨʞʘʣ 0.44 ʄ 

ʊʨʠʩ-ʆʅ, 0.1% ʤʄ ʕɼʊɸ, 10% SDS-Na ʠ 20% ɓ-ʤʝʨʢʘʧʪʦʵʪʘʥʦʣ. ʕʣʝʢʪʨʦʬʦʨʝʟ 
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ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʥʘʧʨʷʞʝʥʠʠ 120 ɺ ʚ ʪʝʯʝʥʠʝ 16-20 ʯʘʩʦʚ. ʇʦʩʣʝ 

ʟʘʚʝʨʰʝʥʠʷ ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʛʝʣʠ ʦʢʨʘʰʠʚʘʣʠ ʚ ʢʦʣʣʦʠʜʥʦʤ 0,25% ʨʘʩʪʚʦʨʝ 

ʂʫʤʘʩʩʠ G-250, ʟʘʪʝʤ ʜʣʷ ʦʙʝʩʮʚʝʯʠʚʘʥʠʷ ʬʦʥʘ ʦʪʤʳʚʘʣʠ ʚʦʜʦʡ ʠ ʚʳʩʫʰʠʚʘʣʠ 

ʤʝʞʜʫ ʩʣʦʷʤʠ ʮʝʣʣʦʬʘʥʘ. 

ʀʩʧʦʣʴʟʫʝʤʘʷ ʤʠʥʠʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʬʠʨʤʳ SIGMA ʜʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʧʦʟʚʦʣʷʝʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʙʝʣʢʦʚʳʭ ʬʨʘʢʮʠʡ ʩʳʚʦʨʦʪʢʠ, ʚʢʣʶʯʘʷ ʤʠʥʦʨʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, 

ʦʮʝʥʠʪʴ ʦʙʱʫʶ ʢʘʨʪʠʥʫ ʙʝʣʢʦʚʦʛʦ ʩʧʝʢʪʨʘ ʠ ʦʧʨʝʜʝʣʠʪʴ ʤʦʣʝʢʫʣʷʨʥʳʝ ʤʘʩʩʳ 

ʙʝʣʢʦʚ. 

ʄʦʣʝʢʫʣʷʨʥʳʝ ʤʘʩʩʳ ʙʝʣʢʦʚ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʢʘʣʠʙʨʦʚʦʯʥʦʤʫ ʛʨʘʬʠʢʫ, 

ʧʦʩʪʨʦʝʥʥʦʤʫ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʜʚʠʞʥʦʩʪʠ ʙʝʣʢʦʚ ï ʩʪʘʥʜʘʨʪʦʚ ʬʠʨʤʳ 

SIGMA. 

 

2.9.6 ʄʝʪʦʜʠʢʘ ʨʘʟʜʝʣʝʥʠʷ ʙʝʣʢʦʚ ʤʦʣʦʯʥʦʡ ʩʳʚʦʨʦʪʢʠ ʥʘ ʢʘʧʠʣʣʷʨʥʦʤ 

ʵʣʝʢʪʨʦʬʦʨʝʟʝ 

 

ʄʝʪʦʜ ʤʠʮʝʣʣʷʨʥʦʡ ʵʣʝʢʪʨʦʢʠʥʝʪʠʯʝʩʢʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ (ʄʕʂʍ) 

ʦʙʲʝʜʠʥʷʝʪ ʵʣʝʢʪʨʦʬʦʨʝʟ ʠ ʭʨʦʤʘʪʦʛʨʘʬʠʶ. ʄʕʂʍ ʧʦʣʫʯʠʣ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʨʝʜʠ ʜʨʫʛʠʭ ʚʘʨʠʘʥʪʦʚ ʢʘʧʠʣʣʷʨʥʦʛʦ ʵʣʝʢʪʨʦʬʦʨʝʟʘ, ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ, ʟʘ ʩʯʝʪ ʩʧʦʩʦʙʥʦʩʪʠ ʨʘʟʜʝʣʷʪʴ ʢʘʢ ʠʦʥʦʛʝʥʥʳʝ, ʪʘʢ ʠ ʥʝʟʘʨʷʞʝʥʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʧʨʦʙ [266]. 

ʈʘʟʜʝʣʝʥʠʝ ʙʝʣʢʦʚ ʚ ʢʘʧʠʣʣʷʨʥʦʤ ʵʣʝʢʪʨʦʬʦʨʝʟʝ (3DAgilent HPCE 

G1600AX, ʬʠʨʤʳ Agilent Technologies, ʉʐɸ) ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʘʧʠʣʣʷʨʘ ʠʟ ʠʥʝʨʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʧʦʣʠʤʝʨʥʳʤ ʧʦʢʨʳʪʠʝʤ. ɻʦʪʦʚʠʣʠ ʦʙʨʘʟʝʮ 

ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ (1ʤʛ/ʤʣ) ʚ 25% ʬʦʩʬʘʪʥʦʤ ʙʫʬʝʨʝ. ʈʘʙʦʯʠʡ ʙʫʬʝʨ ʩʦʜʝʨʞʘʣ 

200 ʪʄ ʥʘʪʨʠʷ ʬʦʩʬʘʪ ʩ ʨʅ 2.0 ʠ 0.1% SDS-Na.  

ʀʩʩʣʝʜʫʝʤʳʡ ʦʙʨʘʟʝʮ ʨʘʩʪʚʦʨʷʣʠ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:3 ʚ 2.5 ʪʄ ʊʨʠʩ-

ʛʣʠʮʠʥʦʚʦʤ ʨʘʩʪʚʦʨʝ ʩ ʨʅ 8.9, 5% ɓ-ʤʝʨʢʘʧʪʦʵʪʘʥʦʣʝ, 1% SDS-Na, 10% 

ʛʣʠʮʝʨʠʥʝ ʠ ʥʘʛʨʝʚʘʣʠ 5 ʤʠʥʫʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʢʠʧʝʥʠʷ. ʕʣʝʢʪʨʦʬʦʨʝʟ 

ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʥʘʧʨʷʞʝʥʠʠ 10 ʢɺ.  
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2.9.7 ʕʣʝʢʪʨʦʬʦʨʝʟ ʟʝʠʥʘ ʚ 7.5% ʇɸɸɻ 
 

 

ʕʣʝʢʪʨʦʬʦʨʝʟ ʟʝʠʥʘ ʙʳʣ ʧʨʦʚʝʜʸʥ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ 7.5 % ʇɸɸɻ (ʨʅ 3.1), 

ʩʦʜʝʨʞʘʱʝʤ 5% ʫʢʩʫʩʥʫʶ ʢʠʩʣʦʪʫ ʠ 6 ʄ ʤʦʯʝʚʠʥʫ ʚ 0.026 ʄ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ 

ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ 200 ɺ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ, ʠ ʧʨʠ 580 ɺ ʚ ʪʝʯʝʥʠʝ 45 ʯʘʩʦʚ. ʇʝʨʝʜ 

ʨʘʟʜʝʣʝʥʠʝʤ ʦʙʨʘʟʮʳ ʙʝʣʢʘ ʨʘʩʪʚʦʨʷʣʠ ʚ ʙʫʬʝʨʝ, ʩʦʜʝʨʞʘʱʝʤ 6 ʄ ʤʦʯʝʚʠʥʫ ʩ 

6% ʘʢʨʠʣʘʤʠʜʦʤ. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʛʝʣʠ ʦʢʨʘʰʠʚʘʣʠ ʚ 

ʢʦʣʣʦʠʜʥʦʤ ʨʘʩʪʚʦʨʝ ʂʫʤʘʩʩʠ G-250, ʟʘʪʝʤ ʜʣʷ ʦʙʝʩʮʚʝʯʠʚʘʥʠʷ ʬʦʥʘ ʦʪʤʳʚʘʣʠ 

ʚʦʜʦʡ ʠ ʚʳʩʫʰʠʚʘʣʠ ʤʝʞʜʫ ʩʣʦʷʤʠ ʮʝʣʣʦʬʘʥʘ [268]. 
 

 

2.9.8 ʕʣʝʢʪʨʦʬʦʨʝʟ ʟʝʠʥʘ ʚ ʇɸɸɻ, ʩʦʜʝʨʞʘʱʝʤ SDS-Na 
 

ɼʣʷ ʨʘʟʜʝʣʝʥʠʷ ʟʝʠʥʘ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʦʙʱʝʧʨʠʥʷʪʳʡ ʤʝʪʦʜ ï 

ʵʣʝʢʪʨʦʬʦʨʝʟ ʚ ʇɸɸɻ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʜʦʜʝʮʠʣʩʫʣʬʘʪʘ ʥʘʪʨʠʷ (SDS-Na). 

ʕʣʝʢʪʨʦʬʦʨʝʟ ʧʨʦʚʝʜʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 14% ʨʘʟʜʝʣʷʶʱʝʛʦ ʠ 4% 

ʢʦʥʮʝʥʪʨʠʨʫʶʱʝʛʦ ʛʝʣʝʡ.  ɺ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʜʥʦʛʦ ʙʫʬʝʨʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʧʨʠʛʦʪʦʚʠʣʠ 0.025ʄ ʊʨʠʩ-ʛʣʠʮʠʥʦʚʳʡ ʨʘʩʪʚʦʨ ʩ ʨʅ 8.3. ɹʫʬʝʨ ʜʣʷ ʨʘʩʪʚʦʨʝʥʠʷ 

ʦʙʨʘʟʮʦʚ ʩʦʜʝʨʞʘʣ 0.44 ʄ ʊʨʠʩ-ʆʅ, 0.1% ʤʄ ʕɼʊɸ, 10% SDS-Na ʠ 20% ɓ-

ʤʝʨʢʘʧʪʦʵʪʘʥʦʣ. ʕʣʝʢʪʨʦʬʦʨʝʟ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʥʘʧʨʷʞʝʥʠʠ 120 ɺ ʚ 

ʪʝʯʝʥʠʝ 16-20 ʯʘʩʦʚ. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʛʝʣʠ ʦʢʨʘʰʠʚʘʣʠ ʚ 

ʢʦʣʣʦʠʜʥʦʤ ʨʘʩʪʚʦʨʝ ʂʫʤʘʩʩʠ G-250, ʟʘʪʝʤ ʜʣʷ ʦʙʝʩʮʚʝʯʠʚʘʥʠʷ ʬʦʥʘ ʦʪʤʳʚʘʣʠ 

ʚʦʜʦʡ ʠ ʚʳʩʫʰʠʚʘʣʠ ʤʝʞʜʫ ʩʣʦʷʤʠ ʮʝʣʣʦʬʘʥʘ [268]. 

 

2.9.9 ʊʫʨʙʠʜʠʤʝʪʨʠʯʝʩʢʦʝ ʪʠʪʨʦʚʘʥʠʝ ʟʝʠʥʘ ʢʫʢʫʨʫʟʳ 
 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʠ ʤʘʢʨʦʤʦʣʝʢʫʣ ʟʝʠʥʘ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʤʝʪʦʜ ʪʫʨʙʠʜʠʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ [269].  

ʉʥʘʯʘʣʘ ʧʨʦʚʦʜʠʣʠ ʛʨʫʙʦʝ ʪʠʪʨʦʚʘʥʠʝ. ɺ ʧʣʦʩʢʦʜʦʥʥʫʶ ʢʦʣʙʫ ʥʘʣʠʚʘʣʠ 

15 ʤʣ ʨʘʩʪʚʦʨʘ ʧʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ ʚ ʘʮʝʪʦʥʝ, ʧʦʛʨʫʞʘʣʠ ʚ ʨʘʩʪʚʦʨ ʩʪʝʨʞʝʥʝʢ 

ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʠ, ʢʦʣʙʫ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʥʘ ʩʪʦʣʠʢ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʠ ʠ ʧʨʠ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʪʠʪʨʦʚʘʣʠ ʨʘʩʪʚʦʨ ʚʦʜʦʡ ʜʦ ʧʦʷʚʣʝʥʠʷ ʝʣʝ ʟʘʤʝʪʥʦʡ ʥʘ ʛʣʘʟ 

ʤʫʪʥʦʩʪʠ. ʀʟʤʝʨʷʣʠ ʦʙʲʝʤ ʦʩʘʜʠʪʝʣʷ, ʠʟʨʘʩʭʦʜʦʚʘʥʥʦʛʦ ʥʘ ʛʨʫʙʦʝ ʪʠʪʨʦʚʘʥʠʝ.  
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ʊʦʯʥʦʝ ʪʠʪʨʦʚʘʥʠʝ ʚʳʧʦʣʥʷʣʠ ʚ ʢʶʚʝʪʝ. ɺ ʢʶʚʝʪʫ ʥʘʣʠʚʘʣʠ 15 ʤʣ 

ʠʩʭʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʦʣʠʤʝʨʘ, ʧʦʛʨʫʞʘʣʠ ʚ ʥʝʛʦ ʩʪʝʨʞʝʥʝʢ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʠ 

ʠ ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʙʳʩʪʨʦ ʜʦʙʘʚʣʷʣʠ ʚ ʢʶʚʝʪʫ ʚʦʜʫ (ʥʘ 2 ʤʣ 

ʤʝʥʴʰʝ, ʯʝʤ ʧʦʰʣʦ ʥʘ ʛʨʫʙʦʝ ʪʠʪʨʦʚʘʥʠʝ). ɺ ʜʚʝ ʜʨʫʛʠʝ ʢʶʚʝʪʳ ʥʘʣʠʚʘʣʠ 

ʯʠʩʪʳʡ ʨʘʩʪʚʦʨʠʪʝʣʴ. ʉʣʝʜʠʣʠ ʟʘ ʪʝʤ, ʯʪʦʙʳ ʩʪʝʥʢʠ ʢʶʚʝʪ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ 

ʧʨʦʭʦʜʷʪ ʧʫʯʢʠ ʩʚʝʪʘ, ʚʩʝʛʜʘ ʙʳʣʠ ʯʠʩʪʳʤʠ. ʇʦʤʝʱʘʣʠ ʢʶʚʝʪʳ ʚ 

ʢʶʚʝʪʜʝʨʞʘʪʝʣʠ ʠ ʠʟʤʝʨʷʣʠ ʦʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ ʨʘʙʦʯʝʛʦ ʨʘʩʪʚʦʨʘ ʩ 

ʧʦʤʦʱʴʶ ʌʕʂ. ɿʘʪʝʤ, ʚʥʦʚʴ ʧʦʤʝʩʪʠʚ ʢʶʚʝʪʫ ʩ ʨʘʙʦʯʠʤ ʨʘʩʪʚʦʨʦʤ ʥʘ ʩʪʦʣʠʢ 

ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʠ, ʧʨʦʜʦʣʞʘʣʠ ʧʝʨʝʤʝʰʠʚʘʪʴ ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʜʦʙʘʚʣʝʥʠʷ 

0,3 ʤʣ ʦʩʘʜʠʪʝʣʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʨʘʩʪʚʦʨʘ ʥʝ ʧʝʨʝʩʪʘʣʘ 

ʠʟʤʝʥʷʪʴʩʷ.  

ʌʦʨʤʘ ʟʘʧʠʩʠ ʨʝʟʫʣʴʪʘʪʦʚ: ʠʩʩʣʝʜʫʝʤʘʷ ʩʠʩʪʝʤʘ ï ʥʘʯʘʣʴʥʳʡ ʦʙʲʝʤ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʘ: ʆʙʲʝʤ ʦʩʘʜʠʪʝʣʷ, ʠʟʨʘʩʭʦʜʦʚʘʥʥʦʛʦ ʥʘ ʛʨʫʙʦʝ 

ʪʠʪʨʦʚʘʥʠʝ: ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: V ï ʦʙʲʝʤ ʜʦʙʘʚʣʝʥʥʦʛʦ ʦʩʘʜʠʪʝʣʷ; NTU ï 

ʤʫʪʥʦʩʪʴ ʨʘʩʪʚʦʨʘ ʧʦʣʠʤʝʨʘ; NTU0 ï ʤʫʪʥʦʩʪʴ ʜʦ ʧʦʨʦʛʘ ʦʩʘʞʜʝʥʠʷ, ʪ.ʝ. 

ʤʫʪʥʦʩʪʴ ʝʱʝ ʧʨʦʟʨʘʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʜʦ ʥʘʯʘʣʘ ʚʳʜʝʣʝʥʠʷ ʠʟ ʥʝʛʦ ʧʦʣʠʤʝʨʘ; ɔ ï 

ʦʙʲʝʤʥʘʷ ʜʦʣʷ ʦʩʘʜʠʪʝʣʷ; NTU1 ï ʤʫʪʥʦʩʪʴ ʨʘʩʪʚʦʨʘ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ 

ʚʳʜʝʣʝʥʥʳʤ ʧʦʣʠʤʝʨʦʤ; NTU2 ï ʤʫʪʥʦʩʪʴ ʨʘʩʪʚʦʨʘ ʩ ʧʦʧʨʘʚʢʦʡ ʥʘ ʨʘʟʙʘʚʣʝʥʠʝ 

ʨʘʩʪʚʦʨʘ ʦʩʘʜʠʪʝʣʝʤ.  

ʆʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ: ʦʪʢʣʘʜʳʚʘʷ ʧʦ ʦʩʠ ʘʙʩʮʠʩʩ ʟʥʘʯʝʥʠʷ ɔ, ʘ ʧʦ ʦʩʠ 

ʦʨʜʠʥʘʪ ʟʥʘʯʝʥʠʷ D2, ʩʪʨʦʠʣʠ ʠʥʪʝʛʨʘʣʴʥʫʶ ʢʨʠʚʫʶ ʪʫʨʙʠʜʠʤʝʪʨʠʯʝʩʢʦʛʦ 

ʪʠʪʨʦʚʘʥʠʷ. ɻʨʘʬʠʯʝʩʢʠʤ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝʤ ʵʪʦʡ ʢʨʠʚʦʡ ʧʦ ɔ ʧʦʣʫʯʘʣʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʫʶ ʢʨʠʚʫʶ ʪʠʪʨʦʚʘʥʠʷ. ɼʣʷ ʵʪʦʛʦ ʥʘ ʦʩʠ ʘʙʩʮʠʩʩ ʚʳʙʠʨʘʣʠ ʥʘ 

ʨʘʚʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʪʦʯʢʠ, ʠʟ ʢʦʪʦʨʳʭ ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʠ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨ ʜʦ ʧʝʨʝʩʝʯʝʥʠʷ ʩ ʢʨʠʚʦʡ, ʠ ʠʟ ʵʪʠʭ ʪʦʯʝʢ ʧʝʨʝʩʝʯʝʥʠʷ ʧʨʦʚʦʜʠʣʠ 

ʧʨʷʤʳʝ, ʧʘʨʘʣʣʝʣʴʥʳʝ ʦʩʠ ʘʙʩʮʠʩʩ, ʜʦ ʧʝʨʝʩʝʯʝʥʠʷ ʩʦ ʩʣʝʜʫʶʱʝʡ ʦʨʜʠʥʘʪʦʡ. 

ʈʘʩʩʯʠʪʳʚʘʣʠ ʦʪʥʦʰʝʥʠʝ ʧʨʠʨʘʱʝʥʠʡ æD2/æɔ ʜʣʷ ʢʘʞʜʦʡ ʚʳʙʨʘʥʥʦʡ ʪʦʯʢʠ. 

ʉʪʨʦʠʣʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʫʶ ʢʨʠʚʫʶ, ʦʪʢʣʘʜʳʚʘʷ ʥʘ ʦʩʠ ʦʨʜʠʥʘʪ æD2/æɔ, ʘ ʥʘ 

ʦʩʠ ʘʙʩʮʠʩʩ ɔ. ʀʥʪʝʛʨʘʣʴʥʫʶ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʫʶ ʢʨʠʚʳʝ ʩʪʨʦʠʣʠ ʥʘ ʦʜʥʦʤ 

ʛʨʘʬʠʢʝ. 
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2.10 ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʤʠʢʨʦʢʘʧʩʫʣ ʚ ʵʤʫʣʴʩʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʤʘʩʣʦ ʚ ʚʦʜʝ 

(ʤ/ʚ)  

 

ʄʠʢʨʦʢʘʧʩʫʣʳ ʧʦʣʫʯʘʣʠ ʜʚʫʭʩʪʘʜʠʡʥʦʡ ʧʨʦʮʝʜʫʨʦʡ: ʧʝʨʚʠʯʥʫʶ 

ʵʤʫʣʴʩʠʶ ï ʛʦʤʦʛʝʥʠʟʘʮʠʝʡ 4 ʤʣ ʧʦʜʩʦʣʥʝʯʥʦʛʦ ʤʘʩʣʘ ʩ 10 ʤʣ 0.2 % ʤʦʜʝʣʴʥʦʛʦ 

ʃɺ PX ʚ ʵʪʘʥʦʣʝ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʢʘʪʠʦʥʘʢʪʠʚʥʦʛʦ ʵʤʫʣʴʛʘʪʦʨʘ ï 2 % Lgʉ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥʫʪ 

ʧʨʠ 1000-2000 ʦʙ/ʤʠʥ. ʠ ʪʝʤʧʝʨʘʪʫʨʝ 60Áʉ ʥʘ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʤ ʛʦʤʦʛʝʥʠʟʘʪʦʨʝ 

IKA T -25 (ULTRA TURRAX, IKA-WERKE GMBH & CO.KG, Germany). ɿʘʪʝʤ, ʚ 

ʧʦʣʫʯʝʥʥʫʶ ʵʤʫʣʴʩʠʶ, ʥʝ ʧʨʝʢʨʘʱʘʷ ʤʝʰʘʪʴ, ʤʝʜʣʝʥʥʦ ʜʦʙʘʚʣʷʣʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʦʙʲⱪʤ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʟʘʨʷʞʝʥʥʦʛʦ 

ʧʝʢʪʠʥʘ, ʢʦʪʦʨʳʡ, ʘʜʩʦʨʙʠʨʫʷʩʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʣʠʧʠʜʥʳʭ ʢʘʧʝʣʴ, ʦʙʨʘʟʫʝʪ 

ʚʪʦʨʠʯʥʫʶ 41 ʵʤʫʣʴʩʠʶ. ʇʝʨʝʤʝʰʠʚʘʥʠʝ ʧʨʦʜʦʣʞʘʣʠ ʝʱ yʚ ʪʝʯʝʥʠʝ 20 ʤʠʥʫʪ, 

ʧʦʣʫʯʝʥʥʫʶ ʵʤʫʣʴʩʠʶ ʧʨʦʤʳʚʘʣʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʜʣʷ ʫʜʘʣʝʥʠʷ 

ʥʝʩʚʷʟʘʥʥʳʭ ʃɺ. 2.6.1.  

 

2.11 ɺʳʜʝʣʝʥʠʝ ʠ ʦʯʠʩʪʢʘ ʧʠʨʦʢʩʠʢʘʤʘ 

 

ʍʠʤʠʯʝʩʢʦʝ ʥʘʟʚʘʥʠʝ PX: 4-ʛʠʜʨʦʢʩʠ-2-ʤʝʪʠʣ-N-2-ʧʠʨʠʜʠʥʠʣ-2H-1,2-

ʙʝʥʟʦʪʠʘʟʠʥ-3-ʢʘʨʙʦʢʩʘʤʠʜ-1,1-ʜʠʦʢʩʠʜ. ɹʨʫʪʪʦ-ʬʦʨʤʫʣʘ ï C15H13N3O4S.  

 PX ʙʳʣ ʧʦʣʫʯʝʥ ʠʟ ʣʝʢʨʩʪʚʝʥʥʳʭ ʢʘʧʩʫʣ (ʧʨʦʠʟʚʦʜʩʪʚʦ ABIDI, Iran) 

ʵʢʩʪʨʘʢʮʠʝʡ ʩ ʧʦʤʦʱʴʶ ʭʣʦʨʦʬʦʨʤʦʤ ʠ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʝʛʦ 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʛʝʢʩʘʥʦʤ.  

ʉʪʝʧʝʥʴ ʝʛʦ ʦʯʠʩʪʢʠ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ ʂʕ. ʕʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʝ 

ʨʘʟʜʝʣʝʥʠʝ ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʨʠʙʦʨʝ ʜʣʷ ʢʘʧʠʣʣʷʨʥʦʛʦ ʵʣʝʢʪʨʦʬʦʨʝʟʘ Agilent 3D 

CE Model G1600 ʩ ʢʚʘʨʮʝʚʳʤ ʢʘʧʠʣʣʷʨʦʤ G1600-61232, ʵʬʬʝʢʪʠʚʥʦʡ ʜʣʠʥʦʡ 

40 ʩʤ ʠ ʚʥʫʪʨʝʥʥʳʤ ʜʠʘʤʝʪʨʦʤ 50 ʤʢʤ. 

ɺʨʝʤʷ ʵʣʝʢʪʨʦʤʠʛʨʘʮʠʠ PX ʩʦʩʪʘʚʠʣʦ 8,121 ʤʠʥ. (ʨʠʩʫʥʦʢ 2.12.1). 
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ʈʠʩʫʥʦʢ 2.12.1. ʕʣʝʢʪʨʦʬʦʨʝʛʨʘʤʤʘ PX ʧʨʠ ʨʅ 8.5 

 

ʇʝʨʝʜ ʘʥʘʣʠʟʦʤ ʢʘʧʠʣʣʷʨʥʫʶ ʢʦʣʦʥʢʫ ʧʨʦʤʳʣʠ ʱʝʣʦʯʥʳʤ ʨʘʩʪʚʦʨʦʤ 

(1 ʄ NaOH, 0.1 ʄ NaOH), ʚʦʜʦʡ ʠ ʨʘʙʦʯʠʤ ʙʫʬʝʨʦʤ. ɺ ʥʘʯʘʣʝ ʢʘʞʜʦʛʦ ʨʘʙʦʯʝʛʦ 

ʜʥʷ, ʢʘʧʠʣʣʷʨ ʧʨʦʤʳʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ ʨʘʙʦʯʠʤ ʙʫʬʝʨʦʤ. ʄʝʞʜʫ ʢʘʞʜʳʤ 

ʘʥʘʣʠʟʦʤ, ʢʘʧʠʣʣʷʨ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ ʠ ʤʝʪʘʥʦʣʦʤ ʚ ʪʝʯʝʥʠʝ 

2 ʤʠʥʫʪ, ʟʘʪʝʤ ʨʘʙʦʯʠʤ ʙʫʬʝʨʦʤ ʚ ʪʝʯʝʥʠʝ 3 ʤʠʥʫʪ. ɺʝʜʫʱʠʡ ʵʣʝʢʪʨʦʣʠʪ ʜʣʷ 

ʨʘʟʜʝʣʝʥʠʷ PX ʩʦʩʪʦʷʣ ʠʟ 50 ʤʄ ʘʮʝʪʘʪʘ ʘʤʤʦʥʠʷ Ñ 13,75 ʤʄ ʘʤʤʠʘʢʘ ʚ 

ʤʝʪʘʥʦʣʝ ʩ ʨʅ 8.5. ʅʘʧʨʷʞʝʥʠʝ ʩʦʩʪʘʚʣʷʣʦ Ñ 25 ʢɺ (ʧʦʣʷʨʥʦʩʪʴ ʢ ʘʥʦʜʫ). 

ɼʝʪʝʢʪʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʦʜʦʤʘʪʨʠʯʥʦʛʦ ʋʌ-ʜʝʪʝʢʪʦʨʘ 

ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 220 ʥʤ. ɺʩʝ ʨʘʩʪʚʦʨʳ ʧʝʨʝʜ ʚʚʝʜʝʥʠʝʤ ʚ ʢʘʧʠʣʣʷʨ 

ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʬʠʣʴʪʨʦʚʘʣʠʩʴ ʯʝʨʝʟ 0.45 ʤʢʤ ʤʝʤʙʨʘʥʥʳʡ ʬʠʣʴʪʨ. ʇʨʦʙʫ 

ʚʚʦʜʠʣʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠ ʚ ʪʝʯʝʥʠʝ 3 ʩʝʢʫʥʜ (ʩʦʦʪʚʝʪʩʪʚʫʝʪ 8 ʥʣ). 

ʂʘʧʠʣʣʷʨʥʫʶ ʢʦʣʦʥʢʫ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʣʠ ʧʨʠ 25oC. ɸʥʘʣʠʟʠʨʫʝʤʦʝ ʚʝʱʝʩʪʚʦ 

ʨʘʩʪʚʦʨʠʣʠ ʚ ʤʝʪʘʥʦʣʝ. ʕʣʝʢʪʨʦʦʩʤʦʪʠʯʝʩʢʠʡ ʧʦʪʦʢ ʠʟʤʝʨʷʣʠ ʥʝʡʪʨʘʣʴʥʳʤ 

ʤʘʨʢʝʨʦʤ (0,01% ʙʝʥʟʠʣʦʚʳʤ ʩʧʠʨʪʦʤ). 

2.12 ʇʦʣʫʯʝʥʠʝ ʛʠʜʨʦʛʝʣʝʚʳʭ ʤʠʢʨʦʩʬʝʨ ʥʘ ʦʩʥʦʚʝ ʧʝʢʪʠʥʘ ʠ ʟʝʠʥʘ 

ʇʝʢʪʠʥ-ʟʝʠʥʦʚʳʝ ʤʠʢʨʦʩʬʝʨʳ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: ʘ) ʧʫʪʸʤ 

ʜʦʙʘʚʣʝʥʠʷ 12 ʤʣ ʨʘʩʪʚʦʨʘ ʧʝʢʪʠʥʘ ʢ 75 ʦʙ. % ʩʧʠʨʪʦʚʦʤʫ ʨʘʩʪʚʦʨʫ ʟʝʠʥʘ (15ʤʣ), 
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ʩʦʜʝʨʞʘʱʝʤʫ ʈʍ ʠ ʉʘʉl2 (ʠʟ ʨʘʩʯʝʪʘ 30 ʤʛ ʉʘ
2+ ʥʘ 1 ʛ ʧʝʢʪʠʥʘ) ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ; ʙ) ʧʫʪʝʤ ʧʨʠʢʘʧʳʚʘʥʠʷ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʧʝʢʪʠʥʘ (12 ʤʣ), ʩʦʜʝʨʞʘʱʝʛʦ ʈʍ ʚ 3ʤʣ 75 ʦʙ. % ʩʧʠʨʪʘ ʢ 13 ʤʣ ʩʤʝʩʠ 75 ʦʙ. % 

ʩʧʠʨʪʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʟʝʠʥʘ ʠ ʩʦʣʝʡ ʜʚʫʭʚʘʣʝʥʪʥʳʭ ʤʝʪʘʣʣʦʚ (CaCl2, ZnSO4), 

ʧʨʠʯʝʤ ʈʍ ʠ ʩʰʠʚʘʶʱʠʝ ʤʝʪʘʣʣʳ ʙʨʘʣʠ ʚʜʚʦʝ ʙʦʣʴʰʝ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʟʝʠʥʘ 

ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʦʪ 50 ʜʦ 1000 ʤʛ, ʧʝʢʪʠʥʘ ʦʪ 200 ʜʦ 350 ʤʛ, ʈʍ-20 ʠ 50 ʤʛ, ʚʦ ʚʩʝʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ ʧʝʢʪʠʥ:ʟʝʠʥ 1.4:1, 

ʛʜʝ ʈʍ ʙʨʘʣʠ ʚ ʠʟʙʳʪʢʝ (200 ʤʛ). ʇʦʣʫʯʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ, 

50 ʦʙ. % ʵʪʘʥʦʣʦʤ ʜʣʷ ʫʜʘʣʝʥʠʷ ʥʝʩʚʷʟʘʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʚʳʩʫʰʠʚʘʣʠ ʧʨʠ 

25-30ʦʉ ʜʦ ʧʦʩʪʦʷʥʥʦʛʦ ʚʝʩʘ [230]. 

 ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʈʍ ʩʚʷʟʘʥʥʦʛʦ ʚ ʢʦʤʧʣʝʢʩʳ, ʢ 15 ʤʛ ʩʫʭʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʜʦʙʘʚʣʷʣʠ 10 ʤʣ 75 ʦʙ. % ʵʪʘʥʦʣʘ, ʩʦʜʝʨʞʘʱʝʛʦ 0.4 ʚʝʩ. % Nʘʆʅ, 0.5 ʚʝʩ. % ʊʚʠʥ-

20 ʠ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʣʠ ʧʨʠ 37ʦʉ ʚ ʪʝʯʝʥʠʝ ʥʦʯʠ. ʆʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʈʍ ʚ 

ʩʫʧʝʨʥʘʪʘʥʪʝ ʧʦʩʣʝ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʢʘʣʠʙʨʦʚʦʯʥʦʤʫ 

ʛʨʘʬʠʢʫ, ʧʦʩʪʨʦʝʥʥʦʤʫ ʧʦ ʩʪʘʥʜʘʨʪʥʦʤʫ ʈʍ, ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ UV-1 Thermo 

Spectronic (UK) ʧʨʠ 355 ʥʤ. 

 

2.13 ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʤʦʜʝʣʴʥʦʛʦ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʠʟ 

ʩʠʩʪʝʤʳ ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚ ʚ ʦʧʳʪʘʭ in vitro  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʠʥʝʪʠʢʠ ʧʨʦʮʝʩʩʘ ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ ʙʫʬʝʨʳ, 

ʠʤʠʪʠʨʫʶʱʠʝ ʞʝʣʫʜʦʯʥʫ ʁʩʨʝʜʫ (HCl/ ʂʉl 0.2 ʄ, ʨʅ 1.2) ʠ ʢʠʰʝʯʥʫ  ʁʩʨʝʜʫ 

(0.2 ʄ ʬʦʩʬʘʪʥʳʡ ʙʫʬʝʨ, ʨʅ 6.4). ɺʳʩʫʰʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʚ ʢʦʣʠʯʝʩʪʚʘʭ 50 ʤʛ 

ʟʘʣʠʚʘʣʠ 50 ʤʣ ʙʫʬʝʨʘ ʨʅ 1.2 ʠ ʨʅ 6.4 ʚ ʧʨʦʙʠʨʢʘʭ ʩ ʧʨʠʪʝʨʪʳʤʠ ʧʨʦʙʢʘʤʠ. 

ʇʨʦʙʳ ʧʦʤʝʱʘʣʠ ʚ ʪʝʨʤʦʩʪʘʪ ʧʨʠ 37ʦʉ ʠ ʯʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʦʤʝʞʫʪʢʠ 

ʚʨʝʤʝʥʠ ʟʘʤʝʨʷʣʠ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ UV 1 Thermo Spectronic, UK (ʀʥʜʠʷ) 

ʵʢʩʪʠʥʢʮʠʶ ʨʘʩʪʚʦʨʦʚ ʧʨʠ 355 ʥʤ. ʂʦʣʠʯʝʩʪʚʦ ʚʳʩʚʦʙʦʜʠʚʰʝʛʦʩʷ ʣʝʢʘʨʩʪʚʘ 

ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʢʘʣʠʙʨʦʚʦʯʥʦʤʫ ʛʨʘʬʠʢʫ, ʧʦʩʪʨʦʝʥʥʦʤʫ ʧʦ ʩʪʘʥʜʘʨʪʥʦʤʫ ʈʍ. 

ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʚʣʝʯʝʥʥʦʛʦ ʣʝʢʘʨʩʪʚʘ ʚ ʛʠʜʨʦʛʝʣʝʚʳʝ ʢʦʤʧʣʝʢʩʳ Mo ʠ 

ʚʳʩʚʦʙʦʞʜʝʥʥʦʝ ʧʦ ʚʨʝʤʝʥʠ Mt ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʦʙʲʝʤʫ ʥʘ ʛʨʘʤʤ ʢʦʤʧʣʝʢʩʦʚ. 
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2.14 ʌʝʨʤʝʥʪʘʪʠʚʥʳʡ ʛʠʜʨʦʣʠʟ ʧʝʨʤʝʘʪʘ ʪʚʦʨʦʞʥʦʡ ʩʳʚʦʨʦʪʢʠ 
 

ɻʠʜʨʦʣʠʟ ʣʘʢʪʦʟʳ ʧʨʦʚʦʜʠʣʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʤʝʪʦʜʦʤ, ʦʧʠʩʘʥʥʳʤ ʚ 

ʨʘʙʦʪʝ [270], ʩ ʚʥʝʩʝʥʠʝʤ ʥʝʢʦʪʦʨʳʭ ʠʟʤʝʥʝʥʠʡ. ʂʦʤʤʝʨʯʝʩʢʠʡ ʬʝʨʤʝʥʪ 

ʧʦʤʝʱʘʣʩʷ ʚ ʢʦʥʠʯʝʩʢʫʶ ʢʦʣʙʫ ʥʘ 100 ʤʣ, ʩʦʜʝʨʞʘʱʫʶ 50 ʤʣ ʢʠʩʣʦʛʦ ʧʝʨʤʝʘʪʘ 

ʩʳʚʦʨʦʪʢʠ ʩʦ ʟʥʘʯʝʥʠʝʤ pH 4.24 ʠ ʩʦʜʝʨʞʘʥʠʝʤ ʣʘʢʪʦʟʳ 20%. ɼʣʷ 

ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʧʝʨʤʝʘʪʘ ʟʥʘʯʝʥʠʝ pH ʜʦʚʦʜʠʣʦʩʴ ʜʦ ʟʥʘʯʝʥʠʡ 6.20Ñ0.03 ʩ 

ʧʦʤʦʱʴʶ 5% ʠ 10% ʨʘʩʪʚʦʨʦʚ KOH, MgOH, NH4OH, NaHCO3. ʇʦʩʣʝ 

ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʩʫʙʩʪʨʘʪ (ʧʝʨʤʝʘʪ ʩʳʚʦʨʦʪʢʠ) ʧʘʩʪʝʨʠʟʦʚʘʣʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

80.0Ñ1.0ÁC ʩ ʚʳʜʝʨʞʢʦʡ 4-5 ʤʠʥ ʜʣʷ ʠʥʘʢʪʠʚʘʮʠʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʂ ʦʜʥʦʤʫ 

ʣʠʪʨʫ ʨʘʩʪʚʦʨʘ ʩʫʙʩʪʨʘʪʘ ʜʦʙʘʚʣʷʣʩʷ ʬʝʨʤʝʥʪ ʩ ʘʢʪʠʚʥʦʩʪʴʶ 7200 ɹʃɽ, ʨʘʩʪʚʦʨ 

ʧʝʨʝʤʝʰʠʚʘʣʩʷ ʚ ʪʝʯʝʥʠʝ 2 ʤʠʥʫʪ ʠ ʧʦʤʝʱʘʣʩʷ ʚ ʪʝʨʤʦʩʪʘʪ IN55 (Memmert, 

ɻʝʨʤʘʥʠʷ), ʛʜʝ ʚʳʜʝʨʞʠʚʘʣʩʷ ʚ ʪʝʯʝʥʠʝ 3 ʯʘʩʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 38Ñ1.0ÁC. ɼʘʣʝʝ 

ʢʘʞʜʳʡ ʯʘʩ ʧʨʦʚʦʜʠʣʩʷ ʤʦʥʠʪʦʨʠʥʛ ʟʥʘʯʝʥʠʷ pH ʧʦʩʣʝ ʨʝʘʢʮʠʠ ʛʠʜʨʦʣʠʟʘ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ɻɻʉ ʬʝʨʤʝʥʪʠʨʦʚʘʥʥʳʡ ʨʘʩʪʚʦʨ ʫʧʘʨʠʚʘʣʩʷ ʚ ʚʘʢʫʫʤ-

ʚʳʧʘʨʥʦʤ ʠʩʧʘʨʠʪʝʣʝ Heidolph Laborota 4000 efficiency (Heidolph Instruments 

GmbH & Co KG, ɻʝʨʤʘʥʠʷ). ʇʨʦʮʝʩʩ ʧʨʦʚʦʜʠʣʩʷ ʧʨʠ ʜʘʚʣʝʥʠʠ 4ï8 ʢʇʘ ʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 51Ñ9Áʉ. ʆʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʩʫʭʠʭ ʚʝʱʝʩʪʚ ʚ ʩʠʨʦʧʝ ʜʦʚʦʜʠʣʩʷ ʜʦ 

65Ñ2% ʠ 70Ñ2%. ʂʦʥʮʝʥʪʨʘʮʠʷ ʩʫʭʠʭ ʚʝʱʝʩʪʚ ʦʧʨʝʜʝʣʷʣʘʩʴ ʩ ʧʦʤʦʱʴʶ 

ʨʝʬʨʘʢʪʦʤʝʪʨʘ DR301-95 (KRUSS, ɻʝʨʤʘʥʠʷ) [271].  
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ɻʃɸɺɸ 3. ʈɽɿʋʃʔʊɸʊʓ ʀʉʉʃɽɼʆɺɸʅʀʗ 

 

3.1 ʇʝʢʪʠʥʦʚʳʝ ʧʦʣʠʩʘʭʘʨʠʜʳ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ 

ʧʦʣʫʯʝʥʠʷ 

 

3.1.1 ʌʣʝʰ-ʩʧʦʩʦʙ ʛʠʜʨʦʣʠʟʘ ʧʝʢʪʠʥʦʚ ʠʟ ʬʨʫʢʪʦʚʳʭ ʦʪʭʦʜʦʚ 

 

 ʅʘʤʠ ʨʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʩʧʦʩʦʙ ʛʠʜʨʦʣʠʟ-ʵʢʩʪʨʘʢʮʠʠ ʇʇ ï ʬʣʝʰ-ʩʧʦʩʦʙ 

[56], ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʳʩʪʨʦʡ ʩʢʦʨʦʩʪʴʶ ʵʢʩʪʨʘʢʮʠʠ ʧʦʜ ʜʘʚʣʝʥʠʝʤ. 

ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʩʦʢʨʘʱʘʝʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʣʠʟ-

ʵʢʩʪʨʘʢʮʠʠ (ʦʪ 1-3 ʯʘʩʦʚ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ) ʠ ʦʧʪʠʤʠʟʠʨʫʝʪ ʟʥʘʯʝʥʠʝ 

ʚʳʭʦʜʦʚ ʧʨʦʜʫʢʪʦʚ ʨʘʩʧʘʜʘ ʇʇ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ. 

ʉʦʛʣʘʩʥʦ ʩ ʟʘʧʘʪʝʥʪʦʚʘʥʥʳʤ ʩʧʦʩʦʙʦʤ [48, 56] ʧʝʢʪʠʥʩʦʜʝʨʞʘʱʠʝ 

ʨʘʩʪʠʪʝʣʴʥʦʝ ʩʳʨʴʝ ʩʤʝhʠʚʘʶʪ ʩ ʢʠʩʣʳʤ ʨʘʩʪʚʦʨʦʤ ʠ ʟʘʛʨʫʞʘʶʪ ʚ ʘʚʪʦʢʣʘʚ, ʛʜʝ 

ʧʨʦʚʦʜʠʪʩʷ ʧʨʦʮʝʩʩ ʛʠʜʨʦʣʠʟ-ʵʢʩʪʨʘʢʮʠʠ ʇɺ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 110-140ʦʉ, ʜʘʚʣʝʥʠʠ 

1.2-1.5 ʘʪʤ. ʠ ʥʠʟʢʦʤ ʟʥʘʯʝʥʠʠ ʨʅ ʨʘʩʪʚʦʨʘ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ 3-

10 ʤʠʥʫʪ. ʇʨʦʮʝʩʩ ʛʠʜʨʦʣʠʟ-ʵʢʩʪʨʘʢʮʠʠ ʪʘʢʞʝ ʧʨʦʚʦʜʠʣʩʷ ʊʄ [49], ʯʪʦʙʳ ʩʨʘʚʥʠʪʴ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʠ ʢʘʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʇʇ, ʧʦʣʫʯʝʥʥʳʭ ʵʪʠʤʠ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ.   

ʉʳʨʴʸʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʝʢʪʠʥʦʚʳʭ ʵʢʩʪʨʘʢʪʦʚ ʷʚʣʷʣʠʩʴ ʷʙʣʦʢʠ ʩʦʨʪʦʚ 

ɻʨʘʬʝʥʰʪʝʡʥʩʢʦʝ ʢʨʘʩʥʦʝ (ʗɺɻ) ʠ ʇʝʨʚʝʥʝʮ ʉʘʤʘʨʢʘʥʜʘ (ʗɺʇ), ʣʠʤʦʥʥʳʝ ʢʦʨʢʠ 

(ʃʂ), ʘʡʚʘ (ɸʡ), ʘʙʨʠʢʦʩ (ɸʙ), ʧʝʨʩʠʢ (ʇʨ), ʩʪʝʙʣʠ ʠ ʣʠʩʪʴʷ ʨʝʚʝʥʷ (ʈʚ), ʧʣʦʜʳ 

ʪʳʢʚʳ (ʊʢʚ) ʠ ʂʇ. 

ʏʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʚʳʭʦʜʦʚ ʬʨʘʢʮʠʡ ʇʇ ʨʘʟʣʠʯʥʦʛʦ ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʩʳʨʴʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʦʩʦʙʘ ʛʠʜʨʦʣʠʟ-ʵʢʩʪʨʘʢʮʠʠ (ʊʄ ʠ ʬʣʝʰ-ʩʧʦʩʦʙʦʤ) 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.1.1.1. ʇʦ ʜʘʥʥʦʡ ʪʘʙʣʠʮʝ ʚʠʜʥʦ, ʯʪʦ ʩʫʤʤʘʨʥʳʡ ʚʳʭʦʜ 

ʬʨʘʢʮʠʡ ʧʨʦʜʫʢʪʦʚ ʨʘʩʧʘʜʘ ʇʇ (ʄɻ, ʇɺ, ʆʉ) ʜʣʷ ʚʩʝʭ ʚʠʜʦʚ ʧʨʠʤʝʥʷʝʤʦʛʦ 

ʩʳʨʴʷ ʬʣʝʰ-ʩʧʦʩʦʙʦʤ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʝʪ ʧʦʢʘʟʘʪʝʣʴ, ʧʦʣʫʯʝʥʥʳʡ ʊʄ. 

ʈʝʟʫʣʴʪʘʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 3.1.1.1, ʪʘʢʞʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʳʭʦʜ ʄɻ 

ʥʘʠʙʦʣʝʝ ʚʳʩʦʢ ʧʨʠ ʬʣʝʰ-ʩʧʦʩʦʙʝ ʜʣʷ ʚʩʝʭ ʚʠʜʦʚ ʧʨʠʤʝʥʷʝʤʦʛʦ ʩʳʨʴʷ, ʢʨʦʤʝ 

ʗɺɻ. 
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ʊʘʙʣʠʮʘ 3.1.1.1ï ɺʳʭʦʜ ʬʨʘʢʮʠʡ ʇʇ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʦʩʦʙʘ ʛʠʜʨʦʣʠʟ-ʵʢʩʪʨʘʢʮʠʠ [49, 56-ɸ]  
 

 

ɺʳʭʦʜ ʬʨʘʢʮʠʡ ʇʇ, % 

ʉʳʨʴʸ 

ʄɻ ʇɺ ʆʉ 

ʊʄ 
ʌʣʝʰ-

ʩʧʦʩʦʙ 
ʊʄ 

ʌʣʝʰ-

ʩʧʦʩʦʙ 
ʊʄ 

ʌʣʝʰ-

ʩʧʦʩʦʙ 

ʗɺɻ 3.60 2.60 14.25 23.60 24.65 28.00 

ʗɺʇ 2.00 2.26 22.00 22.37 20.60 31.87 

ɸʡ 1.40 4.50 11.40 12.40 25.90 56.50 

ɸʙ 1.22 3.76 4.86 7.05 37.92 69.19 

ʃʂ 2.00 2.06 19.00 20.06 23.80 45.84 

ʈʚ 1.11 3.18 12.36 17.50 35.03 29.32 

ʇʨ 0.86 4.28 6.49 7.20 37.85 43.36 

ʊʢʚ 1.19 8.68 2.24 3.77 73.71 76.92 

ʂʇ 4.30 8.20 10.20 24.68 13.40 7.50 

 

ɺʝʨʦʷʪʥʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʚʠʜʦʚ ʩʳʨʴʷ ʗɺɻ ʠʤʝʝʪ ʙʦʣʝʝ ʨʳʭʣʫʶ 

ʩʪʨʫʢʪʫʨʫ ʂʉ ʟʘ ʩʯʝʪ ʩʣʘʙʦʡ ʩʚʷʟʠ ʇʇ ʩ ʛʝʤʠʮʝʣʣʶʣʦʟʦʡ. ʅʠʟʢʠʡ ʚʳʭʦʜ ʄɻ ʚ ʩʣʫʯʘʝ 

ʩ ʗɺɻ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʜʘʥʥʘʷ ʬʨʘʢʮʠʷ ʚ ʧʨʦʮʝʩʩʝ ʛʠʜʨʦʣʠʟ-ʵʢʩʪʨʘʢʮʠʠ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʜʠʬʬʫʥʜʠʨʫʝʪ ʠʟ ʂʉ ʚ ʨʘʩʪʚʦʨ 

ʛʠʜʨʦʣʠʟʘʪʘ, ʜʘʣʝʝ ʧʨʦʠʩʭʦʜʠʪ ʝʝ ʜʝʛʨʘʜʘʮʠʷ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʚ ʧʝʢʪʠʥ. 

ʇʦʜʪʚʝʨʞʜʝʥʠʝʤ ʧʨʘʚʠʣʴʥʦʩʪʠ ʵʪʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʚʳʭʦʜʘ ʬʨʘʢʮʠʡ ʇɺ ʠʟ ʗɺɻ ʧʨʠ ʬʣʝʰ-ʩʧʦʩʦʙʝ.  

ʇʨʦʮʝʩʩʳ ʛʠʜʨʦʣʠʟ-ʵʢʩʪʨʘʢʮʠʠ ʚʣʠʷʶʪ ʪʘʢʞʝ ʥʘ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʇɺ.  ʇʦʢʘʟʘʪʝʣʷʤʠ ʢʘʯʝʩʪʚʘ ʇɺ ʷʚʣʷʶʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ɻʂ, ʉʕ ʠ ʄʄ [42, 257, 

272] ʠ ʠʭ ʨʝʛʫʣʠʨʦʚʘʥʠʶ ʚ ʧʨʦʮʝʩʩʝ ʛʠʜʨʦʣʠʟ-ʵʢʩʪʨʘʢʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʫʜʝʣʠʪʴ 

ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʧʨʦʜʫʢʪ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɺ ʪʘʙʣʠʮʝ 

3.1.1.2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʥʘʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʝ ʟʚʝʥʴʝʚ ɻʂ ʠ ʉʕ ʇɺ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʧʦʩʦʙʘ ʛʠʜʨʦʣʠʟ-ʵʢʩʪʨʘʢʮʠʠ.  
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ʊʘʙʣʠʮʘ 3.1.1.2 ï ʉʦʜʝʨʞʘʥʠʝ ʟʚʝʥʴʝʚ ɻʂ ʠ ʉʕ ʇɺ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʧʦʩʦʙʘ ʛʠʜʨʦʣʠʟ-ʵʢʩʪʨʘʢʮʠʠ [26-ɸ, 56-ɸ]  
 

 

ʉʳʨʴʸ 
ɻʂ, % ʉʕ, % 

ʊʄ ʌʣʝʰ-ʩʧʦʩʦʙ ʊʄ ʌʣʝʰ-ʩʧʦʩʦʙ 

ʗɺɻ 70.0 70.7 52.0 52.2 

ʗɺʇ 49.8 50.4 71.6 68.6 

ɸʡ 66.0 67.2 58.2 57.4 

ɸʙ 66.0 67.2 54.65 52.8 

ʃʂ 72.24 74.4 76.74 74.42 

ʈʚ 81.0 81.6 50.6 50.0 

ʊʢʚ 64.80 75.00 85.71 81.69 

ʇʨ 65.3 66.0 94.9 94.8 

 

ʄʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʇɺ, ʧʦʢʘʟʘʪʝʣʴ ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʠ (Mw/Mn) ʠ 

ʩʦʜʝʨʞʘʥʠʝ ʘʛʨʝʛʠʨʦʚʘʥʥʦʡ ʬʨʘʢʮʠʠ ï ʄɻ ʧʝʢʪʠʥʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 

3.1.1.1 ʠ ʚ ʪʘʙʣʠʮʝ 3.1.1.3. 

 
 

ʈʠʩʫʥʦʢ 3.1.1.1 ï ɿʘʚʠʩʠʤʦʩʪʴ ʄʄ ʦʪ ʦʙʲʝʤʘ ʵʣʶʠʨʦʚʘʥʠʷ ʠ ʢʨʠʚʳʝ 

ʄʄʈ ʧʝʢʪʠʥʦʚ (1 ï ʘʙʨʠʢʦʩʦʚʦʛʦ; 2 ï ʮʠʪʨʫʩʦʚʦʛʦ; 3 ï ʨʝʚʝʥʷ; 4 ï ʪʳʢʚʳ) 

ʥʘ ʵʢʩʢʣʶʟʠʦʥʥʦʡ ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ (ʕɾʍ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʦʯʝʪʘʥʠʷ ʚʠʟʢʦʟʠʤʝʪʨʠʯʝʩʢʦʛʦ ʠ ʨʝʬʨʘʢʪʦʤʝʪʨʠʯʝʢʦʛʦ ʜʝʪʝʢʪʦʨʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʬʣʝʰ-ʩʧʦʩʦʙʦʤ [3-ɸ, 26-A]   

1 

2 3 

4 



115 
 

 

ʊʘʙʣʠʮʘ 3.1.1.3 ï ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʇɺ, 

ʧʦʣʫʯʝʥʥʳʝ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ [3-ɸ, 26-A]  

 

ʉʳʨʴʸ 

MwĿe
-3, ʢɼʘ Mw/Mn MzĿe

-3, ʢɼʘ ʄɻ, % 

ʊʄ 
ʌʣʝʰ-

ʩʧʦʩʦʙ 
ʊʄ 

ʌʣʝʰ-

ʩʧʦʩʦʙ 
ʊʄ 

ʌʣʝʰ-

ʩʧʦʩʦʙ 
ʊʄ 

ʌʣʝʰ-

ʩʧʦʩʦʙ 

ʗɺɻ 134.00 168.40 3.80 2.50 1133 2820 23.50 20.00 

ʗɺʇ 112.00 92.50 5.60 4.50 4743 1558 36.50 18.50 

ɸʡ 176.00 66.30 4.35 3.20 7309 153 25.00 8.50 

ɸʙ 114.50 713.00 4.70 12.10 755 1479 18.50 8.50 

ʃʂ 107.80 82.00 2.89 9.00 267 426 18.50 16.00 

ʈʚ 268.00 107.40 4.80 2.30 1479 325 26.50 49.00 

ʇʨ 243.80 65.50 6.30 3.07 2103 145 14.50 23.00 

ʊʢʚ 673.90 769.50 1.93 3.40 2069 3969 17.70 40.00 

ʂʇ 142.40 118.60 3.22 4.30 1793 1152 40.00 33.50 

 

3.1.2 ʌʣʝʰ-ʩʧʦʩʦʙ ʛʠʜʨʦʣʠʟʘ ʧʝʢʪʠʥʦʚ ʠʟ ʧʣʦʜʦʚ ʪʳʢʚʳ 

 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʚʝʞʠʝ ʧʣʦʜʳ ʪʳʢʚʳ ʩʦʨʪʘ 

ʃʝʥʠʥʘʙʘʜʩʢʘʷ, ʥʘʨʝʟʘʥʥʳʝ ʥʘ ʢʫʩʢʠ ʩʨʝʜʥʠʭ ʨʘʟʤʝʨʦʚ, ʢʦʪʦʨʳʝ ʧʦʩʣʝ 

ʧʨʦʤʳʚʢʠ ʠ ʨʘʚʥʦʚʝʩʥʦʛʦ ʥʘʙʫʭʘʥʠʷ ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ ʛʠʜʨʦʣʠʟ-ʵʢʩʪʨʘʢʮʠʠ 

ʧʨʠ ʧʦʤʦʱʠ ʤʦʜʠʬʠʢʘʮʠʠ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʢʠʩʣʦʪʥʦʛʦ ʛʠʜʨʦʣʠʟʘ [49, 53, 54] 

(ʪʝʤʧʝʨʘʪʫʨʘ 85ʦʉ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʣʠʟʘ 60 ʤʠʥʫʪ, ʨʅ 1.6) ʠ 

ʬʣʝʰ-ʩʧʦʩʦʙʦʤ [56]. ʈʘʩʪʚʦʨʳ-ʛʠʜʨʦʣʠʟʘʪʳ ʦʪʜʝʣʷʣʠ ʦʪ ʂʉ, ʘ ʧʦʣʫʯʝʥʥʳʡ 

ʵʢʩʪʨʘʢʪ ʨʘʟʜʝʣʷʣʠ ʥʘ ʪʨʠ ʬʨʘʢʮʠʠ: ʄɻ, ʧʝʢʪʠʥ ʠ ʆʉ. ʉʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʬʨʘʢʮʠʡ ʜʣʷ ʢʘʞʜʦʡ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʣʠʟ-

ʵʢʩʪʨʘʢʮʠʠ ʧʨʠʥʠʤʘʣʠ ʟʘ ʩʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʇʇ, ʨʘʩʧʘʜʘʶʱʝʛʦʩʷ ʚ ʵʪʦʪ ʞʝ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʧʝʢʪʠʥʳ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʩʦʜʝʨʞʘʥʠʝʤ ʟʚʝʥʴʝʚ ɻʂ 

[257], ʉʕ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ɻʂ [272] ʠ ʄʄ. ʂʨʦʤʝ ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʝʤʘʩʩʦʚʦʡ 
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ʄʄ (Mw) ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ çASTRAè (Wyatt Technology, USA) ʙʳʣʠ 

ʦʧʨʝʜʝʣʝʥʳ ʩʨʝʜʥʝʯʠʩʣʦʚʘʷ ʄʄ (Mn), z ï ʩʨʝʜʥʷʷ ʄʄ (Mz) ʠ ʧʦʢʘʟʘʪʝʣʴ 

ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʠ (Mw/Mn) [273]. ɼʘʥʥʳʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 3.1.2.1, 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʣʷ ʧʣʦʜʦʚ ʪʳʢʚʳ ʭʘʨʘʢʪʝʨʥʦ ʧʨʝʜʝʣʴʥʦ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ 

ʩʫʤʤʘʨʥʦʛʦ ʨʘʩʧʘʜʘ ʇʇ.   

 

ʊʘʙʣʠʮʘ 3.1.2.1 ï ɿʥʘʯʝʥʠʷ ʚʳʭʦʜʘ ʧʨʦʜʫʢʪʦʚ ʨʘʩʧʘʜʘ ʇʇ (ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʤʘʩʩʝ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ) ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʧʝʢʪʠʥʘ ʪʳʢʚʳ, ʧʦʣʫʯʝʥʥʳʭ ʬʣʝʰ-ʩʧʦʩʦʙʦʤ (120ʦʉ, t=3-10 ʤʠʥ.) ʠ ʊʄ 

(85ʦʉ, t=60 ʤʠʥ.) [26-A, 56-A]   

t, ʤʠʥ. ɺʳʭʦʜ ʧʨʦʜʫʢʪʦʚ ʛʠʜʨʦʣʠʟʘ, % ʇʘʨʘʤʝʪʨʳ ʧʝʢʪʠʥʘ, % 

ʄɻ ʇʝʢʪʠʥ ʆʉ ʈʘʩʧʘʜ 

ʇʇ 

ʂʉ ɻʂ ʉʕ ɹɺ 

60 1.19 2.24 73.71 77.14 22.86 64.80 85.71 6.02 

3 7.16 1.77 72.15 81.08 18.92 72.00 84.51 17.93 

5 8.68 3.77 76.92 89.36 10.64 75.00 81.69 14.20 

7 7.43 3.92 77.23 88.58 11.42 70.80 82.35 10.74 

10 10.81 4.97 77.87 93.65 6.35 61.20 84.29 9.64 

 

ɺ ʥʘʯʘʣʝ ʧʨʦʮʝʩʩʘ ʙʳʩʪʨʦʡ ʵʢʩʪʨʘʢʮʠʠ ʩʦʜʝʨʞʘʥʠʝ ʟʚʝʥʴʝʚ ɻʂ ʚ ʧʝʢʪʠʥʝ 

ʪʳʢʚʳ ʧʨʝʚʳʰʘʝʪ ʘʥʘʣʦʛʠʯʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʧʝʢʪʠʥʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʊʄ (72,00 ʠ 

64,80%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʉ ʨʦʩʪʦʤ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ, ʠʟʤʝʥʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʟʚʝʥʴʝʚ ɻʂ ʥʦʩʠʪ ʵʢʩʪʨʝʤʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. ʇʨʠ ʵʪʦʤ ʤʘʢʩʠʤʫʤ 

ʧʨʠʭʦʜʠʪʩʷ ʥʘ 5-ʠ ʤʠʥʫʪʥʫʶ ʵʢʩʪʨʘʢʮʠʶ. ɼʘʣʝʝ, ʩʦʜʝʨʞʘʥʠʝ ɻʂ ʩʥʠʞʘʝʪʩʷ, 

ʜʦʩʪʠʛʘʷ ʚ ʢʦʥʮʝ ʧʨʦʮʝʩʩʘ 61,20%.  ɼʘʥʥʳʡ ʬʘʢʪ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ 

ʧʨʦʮʝʩʩʘ ʨʘʩʧʘʜʘ ʧʨʦʪʦʧʝʢʪʠʥʘ ʪʳʢʚʳ. 

ɺ ʪʘʙʣʠʮʝ 3.1.2.2 ʠ ʥʘ ʨʠʩʫʥʢʝ 3.1.2.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʢʪʠʥʦʚ, ʘ ʪʘʢʞʝ ʩʦʜʝʨʞʘʥʠʝ ʄɻ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʕɾʍ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ çASTRAè 5.3.4.13 ʠ Breez (Waters). 
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ʊʘʙʣʠʮʘ 3.1.2.2 ï ʄʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʇʇ ʧʣʦʜʦʚ 

ʪʳʢʚʳ [26-A]  

 

t, ʤʠʥ. ˉ ʧʠʢʘ MwĀe
-3, 

ʢɼʘ 

Mw/Mn MzĀ e-3, 

ʢɼʘ 

[ɖ], ʤʣ/ʛ Rh, ʥʤ ʄɻ, 

% 

60 1 673.90 1.93 2069.00 747.0 39.7 17.70 

2 72.02 1.20 82.99 251.0 13.2 17.70 

3 1 661.00 1.80 1267.00 689.4 39.0 37.50 

2 65.71 1.15 74.29 162.4 11.2 37.50 

5 1 999.70 2.74 4112.00 375.1 33.1 40.00 

2 58.58 1.20 69.01 125.8 10.0 40.00 

7 1 622.10 1.86 1317.00 471.8 33.4 21.60 

2 62.61 1.28 77.84 153.3 10.9 21.60 

10 1 403.50 1.56 619.40 492.4 33.1 34.95 

2 41.72 1.31 48.64 180.0 10.2 34.95 

 

 

ʈʠʩʫʥʦʢ 3.1.2.1. ï ɿʘʚʠʩʠʤʦʩʪʴ ʄʄ ʦʪ ʦʙʲʝʤʘ ʵʣʶʠʨʦʚʘʥʠʷ ʠ ʢʨʠʚʳʝ 

ʄʄʈ ʧʝʢʪʠʥʘ ʪʳʢʚʳ, ʧʦʣʫʯʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ʙʳʩʪʨʦʡ ʵʢʩʪʨʘʢʮʠʠ (1 ï t = 

3 ʤʠʥ., 2 ï t = 5 ʤʠʥ., 3 ï t = 7 ʤʠʥ., 4 ï t =10 ʤʠʥ.) [26-A]    
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ɺ ʥʘʯʘʣʝ ʧʨʦʮʝʩʩʘ ʙʳʩʪʨʦʡ ʵʢʩʪʨʘʢʮʠʠ ʧʝʢʪʠʥʳ ʠʤʝʶʪ ʟʥʘʯʝʥʠʷ ʄʄ ʠ 

Mw/Mn, ʧʨʠʙʣʠʞʝʥʥʳʝ ʢ ʘʥʘʣʦʛʠʯʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ 

ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʅʦ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ, ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʜʚʫʢʨʘʪʥʦʝ 

ʩʥʠʞʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ Mz. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʙʳʩʪʨʦʡ 

ʵʢʩʪʨʘʢʮʠʠ ʠʟʤʝʥʝʥʠʝ ʄʄ ʦʙʝʠʭ ʬʨʘʢʮʠʡ ʧʝʢʪʠʥʘ ʪʳʢʚʳ ʥʦʩʠʪ ʵʢʩʪʨʝʤʘʣʴʥʳʡ 

ʭʘʨʘʢʪʝʨ. ʇʨʠ ʵʪʦʤ ʤʘʢʩʠʤʫʤ ʧʨʠʭʦʜʠʪʩʷ ʥʘ 5 ʤʠʥʫʪ. ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ 

ʠʟʤʝʥʷʝʪʩʷ ʧʦʢʘʟʘʪʝʣʴ Mz ʠ Mw/Mn ʦʙʨʘʟʮʦʚ. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʘʩʧʘʜ ʧʨʦʪʦʧʝʢʪʠʥʘ ʪʳʢʚʳ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʧʨʦʮʝʩʩʘ ʧʨʦʪʝʢʘʝʪ ʥʝʨʘʚʥʦʤʝʨʥʦ. ʇʦʷʚʣʝʥʠʝ ʤʘʢʩʠʤʫʤʦʚ ʚ ʢʠʥʝʪʠʢʝ ʚʳʭʦʜʘ 

ʄɻ, ʠʟʤʝʥʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʟʚʝʥʴʝʚ ɻʂ, ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ 

ʦʙʣʘʩʪʠ 5 ʤʠʥʫʪ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʜʦ ʜʘʥʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʧʨʦʪʝʢʘʝʪ ʨʘʩʧʘʜ ʂʉ ʠ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʝ ʥʘʪʠʚʥʳʭ ʤʘʢʨʦʤʦʣʝʢʫʣ ʧʨʦʪʦʧʝʢʪʠʥʘ. 

ʉ ʜʘʣʴʥʝʡʰʠʤ ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ, ʥʘʨʷʜʫ ʩ 

ʧʨʦʜʦʣʞʘʶʱʠʤʩʷ ʨʘʩʧʘʜʦʤ ʵʣʝʤʝʥʪʦʚ ʂʉ, ʥʘʯʠʥʘʝʪʩʷ ʨʘʩʧʘʜ 

ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʫʙʲʝʜʠʥʠʮ ʚ ʨʘʩʪʚʦʨʝ ʛʠʜʨʦʣʠʟʘʪʘ. 

 

3.1.3 ʌʣʝʰ-ʩʧʦʩʦʙ ʛʠʜʨʦʣʠʟʘ ʧʝʢʪʠʥʦʚ ʠʟ ʨʝʚʝʥʷ 

 

ʉ ʮʝʣʶ ʨʘʩʰʠʨʝʥʠʷ ʥʦʚʳʭ ʚʠʜʦʚ ʤʝʩʪʥʳʭ ʩʳʨʴʝʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʇʇ ʙʳʣ 

ʧʨʦʚʝʜʝʥ ʧʨʦʮʝʩʩ ʛʠʜʨʦʣʠʟ-ʵʢʩʪʨʘʢʮʠʠ ʇʇ ʨʝʚʝʥʷ ʩʢʘʣʴʥʦʛʦ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʥʝʢʦʪʦʨʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʛʠʜʨʦʣʠʟʘ. 

ʇʨʦʮʝʩʩ ʛʠʜʨʦʣʠʟ-ʵʢʩʪʨʘʢʮʠʠ ʇʇ ʨʝʚʝʥʷ ʩʢʘʣʴʥʦʛʦ ʧʨʦʚʦʜʠʣʩʷ 

ʪʨʘʜʠʮʠʦʥʥʳʤ ʠ ʬʣʝʰ-ʩʧʦʩʦʙʦʤ ʢʘʢ ʦʧʠʩʘʥʦ ʨʘʥʝʝ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʚʳʭʦʜʦʚ ʬʨʘʢʮʠʡ ʇʇ ʨʝʚʝʥʷ ʩʢʘʣʴʥʦʛʦ: ʩʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʄɻ, ʧʝʢʪʠʥʘ ʠ 

ʆʉ ʜʣʷ ʢʘʞʜʦʡ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʨʝʘʢʮʠʠ ʛʠʜʨʦʣʠʟ-

ʵʢʩʪʨʘʢʮʠʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.3.3.1. ʂʘʢ ʚʠʜʥʦ, ʧʨʠ 3-ʭ ʤʠʥʫʪʥʦʤ ʛʠʜʨʦʣʠʟʝ 

ʚ ʘʚʪʦʢʣʘʚʝ ʨʘʩʧʘʜ ʇʇ ʧʨʠʤʝʨʥʦ ʨʘʚʝʥ ʨʘʩʧʘʜʫ ʧʨʠ ʊʄ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ 

ʫʚʝʣʠʯʝʥʠʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʣʠʟ-ʵʢʩʪʨʘʢʮʠʠ ʚ ʘʚʪʦʢʣʘʚʝ 
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ʨʘʩʧʘʜ ʇʇ ʟʘʢʦʥʦʤʝʨʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʥʘʙʣʶʜʘʝʪʩʷ 

ʘʥʘʣʦʛʠʯʥʦʝ ʩʥʠʞʝʥʠʝ ʤʘʩʩʳ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ. 

ʊʘʙʣʠʮʘ 3.1.3.1 ï ɺʳʭʦʜ ʧʨʦʜʫʢʪʦʚ ʛʠʜʨʦʣʠʟʘ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʧʝʢʪʠʥʘ [23-A]    

ɺʨʝʤʷ 

ʛʠʜʨʦʣʠʟʘ, 

ʤʠʥ. 

ɺʳʭʦʜ ʧʨʦʜʫʢʪʦʚ 

ʛʠʜʨʦʣʠʟʘ, % 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʝʢʪʠʥʘ 

ʄɻ ʇʝʢʪʠʥ ʆʉ  ɻʂ, % ʉʕ, % Mw Å e-3, 

ʢɼʘ 
Mw/Mn 

ʊʄ 

60 1.11 12.36 35.03 81.0 50.57 268.00 4.80 

ʌʣʝʰ-ʩʧʦʩʦʙ   

3 3.64 15 27.55  78 49.44 98.00 2.40 

5 3.18 17.5 29.32  81.6 50 114.00 2.30 

7 2.73 18 31.36  84 51.14 127.00 7.50 

10 1.81 18.98 34.85  85.2 52.27 98.00 2.40 

 

ʅʝʩʤʦʪʨʷ ʥʘ ʥʝʧʨʝʨʳʚʥʦʝ ʚʦʟʨʘʩʪʘʥʠʝ ʩʫʤʤʘʨʥʦʛʦ ʨʘʩʧʘʜʘ ʇʇ, ʚ 

ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʚʳʭʦʜʦʚ ʬʨʘʢʮʠʡ ʧʦʜʦʙʥʦʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ. ʂʘʢ ʚʠʜʥʦ, ʟʥʘʯʝʥʠʷ ʚʳʭʦʜʦʚ ʬʨʘʢʮʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʘʚʪʦʢʣʘʚʝ, 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʚʳʭʦʜʦʚ ʧʝʢʪʠʥʘ, ʧʦʣʫʯʝʥʥʳʭ ʊʄ. ɿʘ ʤʠʥʠʤʘʣʴʥʦʝ 

ʚʨʝʤʷ ʛʠʜʨʦʣʠʟʘ ʚ ʘʚʪʦʢʣʘʚʝ ʚʳʭʦʜ ʄɻ ʙʦʣʝʝ ʯʝʤ ʚʪʨʦʝ ʧʨʝʚʦʩʭʦʜʠʪ ʟʥʘʯʝʥʠʝ 

ʚʳʭʦʜʘ ʄɻ, ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʫʩʣʦʚʠʷʭ ʣʘʙʦʨʘʪʦʨʠʠ ʊʄ. ʉ ʜʘʣʴʥʝʡʰʠʤ 

ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʘʚʪʦʢʣʘʚʠʨʦʚʘʥʠʷ, ʚʳʭʦʜ ʄɻ ʨʝʟʢʦ 

ʩʥʠʞʘʝʪʩʷ, ʜʦʩʪʠʛʘʷ ʧʨʠ 10 ʤʠʥʫʪʥʦʤ ʛʠʜʨʦʣʠʟʝ ʚʝʣʠʯʠʥʳ, ʧʨʠʙʣʠʞʝʥʥʦʡ ʢ 

ʟʥʘʯʝʥʠʶ ʚʳʭʦʜʘ ʄɻ, ʧʦʣʫʯʝʥʥʦʛʦ ʊʄ. 

ʄʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʇɺ ʨʝʚʝʥʷ ʩʢʘʣʴʥʦʛʦ, Mw/Mn, ʚʳʭʦʜ ʦʙʨʘʟʮʦʚ ʠʟ 

ʢʦʣʦʥʢʠ ʕɾʍ ʠ ʩʦʜʝʨʞʘʥʠʝ ʄɻ ʚ ʧʝʢʪʠʥʝ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.1.3.1.  

ʅʘ ʨʠʩʫʥʢʝ 3.1.3.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʠʚʳʝ ʄʄʈ ʧʝʢʪʠʥʦʚ, ʧʦʣʫʯʝʥʥʳʭ 

ʤʝʪʦʜʦʤ ʕɾʍ. ʂʘʢ ʚʠʜʥʦ, ʇɺ, ʧʦʣʫʯʝʥʥʳʝ ʊʄ, ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʴʰʝʡ ʄʄ ʠ 
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ʙʦʣʝʝ ʧʦʣʠʜʠʩʧʝʨʩʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʢʪʠʥʦʤ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʘʚʪʦʢʣʘʚʝ ʧʨʠ 

3-ʭ ʠ 5-ʪʠ ʤʠʥʫʪʥʦʤ ʛʠʜʨʦʣʠʟʝ.  

  

ʈʠʩʫʥʦʢ 3.1.3.1. ï ɿʘʚʠʩʠʤʦʩʪʴ ʄʄ ʦʪ ʦʙʲʝʤʘ ʵʣʶʠʨʦʚʘʥʠʷ ʠ ʢʨʠʚʳʝ 

ʄʄʈ ʧʝʢʪʠʥʦʚ ʨʝʚʝʥʷ, ʧʦʣʫʯʝʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ: 1 ï ʊʄ; 2,3,4 ï 

ʬʣʝʰ-ʩʧʦʩʦʙʦʤ ʟʘ ï 3, 5, 7 ʤʠʥ., ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [23-A] .   

 

3.1.4 ɼʠʥʘʤʠʯʝʩʢʠʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʧʝʢʪʠʥʦʚ 

 

 ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʀʥʩʪʠʪʫʪʝ ʭʠʤʠʠ ʠʤ. ɺ.ʀ. ʅʠʢʠʪʠʥʘ ʅʘʮʠʦʥʘʣʴʥʦʡ 

ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʊʘʜʞʠʢʠʩʪʘʥʘ ʥʘʤʠ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʨʦʬʝʩʩʦʨʘ 

ʄʫʭʠʜʠʥʦʚʘ ɿ. ʂ. ʧʨʦʚʦʜʠʣʠʩʴ ʨʘʙʦʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʧʨʦʮʝʩʩʦʚ ʛʠʜʨʦʣʠʟ-

ʵʢʩʪʨʘʢʮʠʠ ʠ ʦʯʠʩʪʢʠ ʧʝʢʪʠʥʦʚ ʠʟ ʧʦʜʩʦʣʥʝʯʥʠʢʘ [3, 24, 38, 48, 56, 58, 274] ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ. ɹʳʣ ʟʘʧʘʪʝʥʪʦʚʘʥ ʥʦʚʳʡ ʩʧʦʩʦʙ ʵʢʩʪʨʘʢʮʠʠ 

ʧʝʢʪʠʥʘ ʠʟ ʢʦʨʟʠʥʦʢ ʠ ʩʪʝʙʣʝʡ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʩʳʨʴʷ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʡ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ ʚʳʭʦʜʦʤ ʠ ʢʘʯʝʩʪʚʦʤ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ [48, 

56]. ʇʨʠ ʵʪʦʤ ʨʘʟʨʘʙʦʪʘʥʦ ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʪʦʨʠʯʥʳʭ ʦʪʭʦʜʦʚ 

ʧʦʜʩʦʣʥʝʯʥʠʢʘ, ʢʨʦʤʝ ʧʝʢʪʠʥʘ, ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʫʧʘʢʦʚʦʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ [275].  

1 

2 

3 

4 
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ɺ ʜʘʥʥʦʡ ʯʘʩʪʠ ʨʘʙʦʪʳ ʦʙʩʫʞʜʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ 

ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʝʢʪʠʥʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʧʦʪʦʢʝ ʛʠʜʨʦʣʠʟʠʨʫʶʱʝʛʦ 

ʨʘʩʪʚʦʨʘ ʩ ʠʟʚʝʩʪʥʳʤ ʤʝʪʦʜʦʤ ʛʠʜʨʦʣʠʟʘ ʚ ʩʪʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ [63]. 

ɻʠʜʨʦʣʠʟ ʂʇ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʧʨʦʚʦʜʠʣʩ ̫ʧʦ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ, 

ʦʧʠʩʘʥʥʦʡ ʚ [48, 63]. ʀʟʤʝʣʴʯyʥʥʳʝ ʂʇ ʧʦʜʚʝʨʛʘʶʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʦʙʨʘʙʦʪʢʝ ʜʣʷ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʜʠʬʬʫʟʠʠ ʧʦʣʠʩʘʭʘʨʠʜʦʚ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʬʨʘʢʮʠʦʥʥʦʝ ʚʳʜʝʣʝʥʠʝ ʠʭ ʧʦ ʩʪʝʧʝʥʠ ʩʚʷʟʳʚʘʥʠʷ ʚ ʂʉ. 

ʇʦʩʣʝʜʫʶʱʘʷ ʛʠʜʨʦʣʠʟ-ʵʢʩʪʨʘʢʮʠ ̫ʇʇ ʧʨʦʠʩʭʦʜʠʪ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʧʨʦʮʝʩʩʝ, 

ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʟʥʘʯʝʥʠʷ ʨʅ-ʩʨʝʜʳ ʠ ʪʝʤʧʝʨʘʪʫʨʳ 85ʦʉ.   

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʣʠʟ-

ʵʢʩʪʨʘʢʮʠʷ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʂʉ ʪʘʢʞʝ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʩʪʘʪʠʩʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. ɺ 

ʪʘʙʣʠʮʝ 3.1.4.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʥʘʯʝʥʠʷ ʚʳʭʦʜʘ ʬʨʘʢʮʠʡ ʄɻ, ʧʝʢʪʠʥʘ, ʆʉ ʠ 

ʦʩʪʘʪʢʠ ʢʣʝʪʦʯʥʳʭ ʩʪʝʥʦʢ ʧʦʣʠʩʘʭʘʨʠʜʦʚ. ɼʘʥʥʳʝ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʜʘʥʥʦʡ 

ʪʘʙʣʠʮʝ, ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʚʳʭʦʜʘ ʚʩʝʭ ʬʨʘʢʮʠʡ ʧʦʣʠʩʘʭʘʨʠʜʦʚ, 

ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʚʤʝʩʪʝ ʩ ʧʝʢʪʠʥʘʤʠ.  

ʊʘʙʣʠʮʘ 3.1.4.1 ï ɺʳʭʦʜ ʬʨʘʢʮʠʡ ʧʦʣʠʩʘʭʘʨʠʜʦʚ (ʚ ʧʨʦʮʝʥʪʘʭ) ʂʇ ʧʦʩʣʝ 

ʛʠʜʨʦʣʠʟʘ ʧʨʠ ʩʪʘʪʠʯʝʩʢʦʤ ʠ ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʛʠʜʨʦʣʠʟʘ [24, 63-A]   

 ʨʅ 
ʄɻ ʇɽʂʊʀʅ ʆʉ ʆʩʪʘʪʦʢ ʂʉ 

ʩʪʘʪ. ʜʠʥʘʤ. ʩʪʘʪ. ʜʠʥʘʤ. ʩʪʘʪ. ʜʠʥʘʤ. ʩʪʘʪ. ʜʠʥʘʤ. 

1.05 5.10 15.50 11.10 16.20 15.60 24.80 68.20 43.20 

1.20 4.30 15.40 10.20 15.60 15.40 24.00 69.70 45.00 

1.60 2.80 14.90 7.40 14.20 13.50 24.20 76.30 46.40 

2.00 1.20 14.60 5.80 12.30 12.80 23.50 80.20 49.60 

3.50 0.80 3.90 4.60 9.50 10.00 22.20 85.60 64.00 

5.60 0.40 0.00 3.00 6.00 9.60 21.00 87.00 72.00 

3.5 

(ɻʄʌʅ) 
1.08  8.85  19.09  74.00  
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ʂʘʢ ʚ ʩʪʘʪʠʯʝʩʢʦʤ, ʪʘʢ ʠ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʘʭ ʤʘʢʩʠʤʘʣʴʥʳʡ ʚʳʭʦʜ 

ʬʨʘʢʮʠʡ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʟʥʘʯʝʥʠʠ ʨʅ 1.05. ɼʣʷ ʨʘʩʪʚʦʨʠʤʳʭ 

ʧʦʣʠʩʘʭʘʨʠʜʦʚ ï ʧʝʢʪʠʥ ʠ ʆʉ, ʚ ʜʠʥʘʤʠʢʝ, ʚʳʭʦʜ ʧʨʠ ʨʅ 1.05 ʠ 1.2 ʧʨʝʚʳʰʘʝʪ 

ʜʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʚ ʩʪʘʪʠʢʝ ʥʘ ʧʦʣʪʦʨʘ, ʘ ʩ ʨʅ 1.60 ʚʳʭʦʜ ʧʦʣʠʩʘʭʘʨʠʜʦʚ 

ʧʨʝʚʳʰʘʝʪ ʧʦʯʪʠ ʚ ʜʚʘ ʨʘʟʘ. ʕʪʦ ʛʦʚʦʨʠʪ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʛʠʜʨʦʣʠʟʘ ʧʝʢʪʠʥʘ ʚ ʜʠʥʘʤʠʢʝ ʧʨʠ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʷʭ ʨʅ ʨʘʩʪʚʦʨʘ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʚʳʩʦʢʠʡ ʚʳʭʦʜ ʧʝʢʪʠʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʥʝʨʘʩʪʚʦʨʠʤʦʡ ʬʨʘʢʮʠʠ 

ʧʝʢʪʠʥʦʚ (ʄɻ) ʚ ʨʝʞʠʤʝ ʜʠʥʘʤʠʢʠ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʦʙ ʵʢʩʪʨʘʢʮʠʠ 

ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʛʦʤʦ- ʠ ʨʘʤʥʦʛʘʣʘʢʪʫʨʦʥʘʥʦʚ, ʢʦʪʦʨʳʝ ʧʨʠ ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʧʦʜʚʝʨʛʘʶʪʩʷ ʜʘʣʴʥʝʡʰʝʤʫ ʛʠʜʨʦʣʠʟʫ. 

ʊʘʢʦʡ ʧʨʦʮʝʩʩ ʥʝ ʠʤʝʝʪ ʤʝʩʪʦ ʫ ʨʘʩʪʚʦʨʘ ʛʠʜʨʦʣʠʟʘʪʘ ʧʨʠ ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ, 

ʪʘʢ ʢʘʢ ʵʢʩʪʨʘʛʠʨʦʚʘʥʥʳʡ ʧʝʢʪʠʥ ʠʟʦʣʠʨʫʝʪʩʷ ʠʟ ʧʨʦʮʝʩʩʘ. 

ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʚʳʭʦʜʘ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʦʪ ʢʠʩʣʦʪʥʦʩʪʠ ʨʘʩʪʚʦʨʦʚ 

ʛʠʜʨʦʣʠʟʘʪʘ ʥʘʛʣʷʜʥʦ ʤʦʞʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʛʨʘʬʠʯʝʩʢʠ (ʨʠʩʫʥʦʢ 3.1.4.1).  

 

 
 

ʈʠʩʫʥʦʢ 3.1.4.1. ï ɿʘʚʠʩʠʤʦʩʪʠ ʚʳʭʦʜʘ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʂʉ 

ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʦʪ ʨʅ ʨʘʩʪʚʦʨʦʚ ʧʨʠ ʛʠʜʨʦʣʠʟʝ ʚ ʨʝʞʠʤʘʭ ʩʪʘʪʠʢʠ ʠ 

ʜʠʥʘʤʠʢʠ [24, 63-A] .  
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ʀʟ ʢʨʠʚʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚʳʭʦʜʘ ʧʨʦʜʫʢʪʦʚ ʦʪ ʨʅ ʨʘʩʪʚʦʨʦʚ, ʦʪʣʠʯʠʝ 

ʭʘʨʘʢʪʝʨʘ ʠʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʝ ʚʳʭʦʜʦʚ ʧʨʦʜʫʢʪʦʚ ʛʠʜʨʦʣʠʟʘ, ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ 

ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʣʠʥʝʡʥʦʩʪʠ ʢʨʠʚʳʭ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʫʨʘʚʥʝʥʠʷʤ ʪʨʝʥʜʘ 

(ʪʘʙʣʠʮʘ 3.1.4.2). 

ʊʘʙʣʠʮʘ 3.1.4.2 ï ʃʠʥʝʡʥʝr ʫʨʘʚʥʝʥʠ ̫ʪʨʝʥʜʘ ʠ ʚʝʣʠʯʠʥ r

ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ R2 ʚʳʭʦʜʘ ʧʨʦʜʫʢʪʦʚ ʛʠʜʨʦʣʠʟʘ ʚ ʨʝʞʠʤʝ 

ʩʪʘʪʠʢʠ ʠ ʜʠʥʘʤʠʢʠ [24, 63-A]  

ʇʨʦʜʫʢʪʳ 

ʛʠʜʨʦʣʠʟʘ 

ʈʝʞʠʤ ʛʠʜʨʦʣʠʟʘ ʋʨʘʚʥʝʥʠʝ ʧʨʷʤʦʡ 

ʣʠʥʠʠ  

R2 

 

ʄɻ ʉʪʘʪʠʯʝʩʢʠʡ 681.4902.0 +-= pHY  0.659 

ʜʠʥʘʤʠʯʝʩʢʠʡ 187.20801.3 +-= pHY  0.936 

ʇɽʂʊʀʅ ʉʪʘʪʠʯʝʩʢʠʡ 990.10595.1 +-= pHY  0.780 

ʜʠʥʘʤʠʯʝʩʢʠʡ 777.17198.2 +-= pHY  0.967 

ʆʉ ʉʪʘʪʠʯʝʩʢʠʡ 167.16344.1 +-= pHY  0.843 

ɼʠʥʘʤʠʯʝʩʢʠʡ 253.25791.0 +-= pHY  0.958 

 

ʄʦʣʝʢʫʣʷʨʥʳʝ ʤʘʩʩʳ ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʝʢʪʠʥʦʚ, ʧʦʣʫʯʝʥʥʳʭ 

ʥʦʚʳʤ (ʚ ʜʠʥʘʤʠʢʝ) ʠ ʪʨʘʜʠʮʠʦʥʥʳʤ ʤʝʪʦʜʘʤʠ, ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.1.4.3. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 3.1.4.3, ʤʠʥʠʤʘʣʴʥʦʝ ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʩʩ, ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ ([ɖ]) ʠ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʜʠʫʩʘ (Rh) ʫ ʧʝʢʪʠʥʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʤ 

ʤʝʪʦʜʦʤ, ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ. 

ʆʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʝ ʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʣʷ ʧʝʢʪʠʥʦʚ, 

ʵʢʩʪʨʘʛʠʨʦʚʘʥʥʳʭ ʧʨʠ ʨʅ 2.0 ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. ʂʦʵʬʬʠʮʠʝʥʪ, 

ʦʧʨʝʜʝʣʷʶʱʠʡ ʢʦʥʬʦʨʤʘʮʠʠ ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʚ ʨʘʩʪʚʦʨʝ ʠ ʥʘʡʜʝʥʥʳʡ ʠʟ ʢʨʠʚʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʜʠʫʩʘ ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ, ʪʘʢʞʝ ʙʳʣ 

ʚʳʩʦʢʠʤ ʜʣʷ ʧʝʢʪʠʥʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʜʠʥʘʤʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. ɼʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʝʱʝ ʨʘʟ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʧʨʦʚʝʜʝʥʠʷ ʛʠʜʨʦʣʠʟʘ ʚ ʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ 
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ʧʦʟʚʦʣʷʝʪ ʫʩʪʨʘʥʠʪ ɹ ʥʝʜʦʩʪʘʪʢʠ ʊʄ ʠ ʧʦʣʫʯʠʪʴ ʢʘʯʝʩʪʚʝʥʥʳʡ ʧʝʢʪʠʥ ʩ 

ʧʦʚʳʰʝʥʥʦʡ ʩʪʝʧʝʥʴʶ ʯʠʩʪʦʪʳ. 

ʊʘʙʣʠʮʘ 3.1.4.3 ï ʄʦʣʝʢʫʣʷʨʥʳʝ ʤʘʩʩʳ ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʧʝʢʪʠʥʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʥʦʚʳʤ ʤʝʪʦʜʦʤ (ʚ ʜʠʥʘʤʠʢʝ) ʠ 

ʪʨʘʜʠʮʠʦʥʥʳʤ (ʚ ʩʪʘʪʠʢʝ) [24, 63-A]  

 

ʨʅ 

ɻʠʜʨʦʣʠʟ ʚ ʜʠʥʘʤʠʢʝ 

Mw Å e-3, 

ʢɼʘ 

Mw/Mn Mz Å e
-3, 

ʢɼʘ 

[ɖ], ʤʣ/ʛ Rh, ʥʤ b**  

1.2 72-112* 7-15 157-709 30-48 6.2-7.9 0.41 

2.0 76-161* 3-23 138-2022 58-114 8.3-11.2 0.56 

3.5 67-159* 7-13 156-998 43-83 6.8-10.1 0.44 

ɻʠʜʨʦʣʠʟ ʚ ʩʪʘʪʠʢʝ 

1.6 63.9 2.2 225 45.6 7.4 0.50 

 

 * ʇʨʠ ʜʠʥʘʤʠʯʝʩʢʦʤ ʤʝʪʦʜʝ ʜʘʶʪʩʷ ʄʄ ʠ ʤʠʥʠʤʘʣʴʥʳʝ ʠ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ 8 ʬʨʘʢʮʠʡ ʧʝʢʪʠʥʦʚ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʣʠʩʴ ʤʝʪʦʜʦʤ 

ʕɾʍ [1] 3.  

** ʂʦʵʬʬʠʮʠʝʥʪ, ʥʘʡʜʝʥʥʳʡ ʠʟ ʢʨʠʚʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʜʠʫʩʘ ʠ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʢʦʥʬʦʨʤʘʮʠʠ ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʚ ʨʘʩʪʚʦʨʝ.   

 

3.1.5 ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʤʙʨʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʝʢʪʠʥʦʚʳʭ 

ʧʦʣʠʩʘʭʘʨʠʜʦʚ 
 

 

3.1.5.1 ʄʝʤʙʨʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʦʯʠʩʪʢʠ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʧʝʢʪʠʥʦʚʦʛʦ 

ʛʠʜʨʦʣʠʟʘʪʘ 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʥʠʤʘʥʠʝ ʫʯʝʥʳʭ ʚʩʝ ʙʦʣʝʝ ʧʨʠʚʣʝʢʘʝʪ ʧʨʠʤʝʥʝʥʠʝ 

ʤʝʤʙʨʘʥʥʳʭ ʤʝʪʦʜʦʚ ʨʘʟʜʝʣʝʥʠʷ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʥʘʪʫʨʘʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ ʚ 

ʪʦʤ ʯʠʩʣʝ ʠ ʦʣʠʛʦ- ʠ ʧʦʣʠʩʘʭʘʨʠʜʦʚ [276]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʤʙʨʘʥʥʳʭ ʤʝʪʦʜʦʚ 

ʦʙʨʘʙʦʪʢʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʩʦʟʜʘʚʘʪʴ 

ʟʘʤʢʥʫʪʳʝ, ʙʝʟʦʪʭʦʜʥʳʝ, ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʝ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʥʦ ʠ ʧʦʣʫʯʘʪʴ 

ʧʠʱʝʚʳʝ ʧʨʦʜʫʢʪʳ ʩ ʧʠʱʝʚʦʡ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʴʶ ʠ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʤʠ 
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ʚʢʫʩʦʚʳʤʠ ʢʘʯʝʩʪʚʘʤʠ [276]. ʕʪʳ ʤʝʪʦʜʳ ʦʩʦʙʝʥʥʦ ʚʘʞʥʳ çéʧʨʠ ʧʝʨʝʨʘʙʦʪʢʠ 

ʞʠʜʢʠʭ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʩʦʜʝʨʞʘʱʠʝ ʮʝʥʥʳʝ ʪʝʨʤʦʣʘʙʠʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, 

ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʦʚʦʱʥʳʝ ʠ ʬʨʫʢʪʦʚʳʝ ʩʦʢʠ, ʧʝʢʪʠʥʦʚʳʝ ʵʢʩʪʨʘʢʪʳ, 

ʵʢʩʪʨʘʢʪʳ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʪʨʘʚ ʠ ʪ.ʜ. ʉ ʧʦʤʦʱʴʶ ʤʝʤʙʨʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʤʦʞʥʦ 

ʨʘʟʜʝʣʷʪʴ, ʦʯʠʱʘʪʴ, ʬʨʘʢʮʠʦʥʠʨʦʚʘʪʴ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴ ʙʠʦʣʦʛʠʯʝʩʢʠʝ 

ʞʠʜʢʦʩʪʠ, ʙʝʟ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪʘʭ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʝʥʠʝ ʥʘʪʠʚʥʳʭ ʩʚʦʡʩʪʚ ʩʳʨʴʷéè [44].  

ʂʘʢ ʫʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʝʢʪʠʥʘ ʧʨʦʮʝʩʩʳ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʠ ʦʯʠʩʪʢʠ ʧʝʢʪʠʥʦʚʳʭ ʵʢʩʪʨʘʢʪʦʚ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ 

ʩʣʦʞʥʳʤʠ ʠ ʜʦʨʦʛʦʩʪʦʷʱʠʤʠ.  çéʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʷʚʣʷʝʪʩʷ 

ʩʦʯʝʪʘʥʠʝ ʦʯʠʩʪʢʠ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʧʝʢʪʠʥʦʚʳʭ ʨʘʩʪʚʦʨʦʚ ʤʝʪʦʜʦʤ ɼʋʌ 

éè [77, 72, 94, 247, 248]. ʕʪʦʪ ʩʧʦʩʦʙ ʧʦʟʚʦʣʷʝʪ ʩʦʚʤʝʩʪʠʪʴ ʦʙʘ ʧʨʦʮʝʩʩʘ ʚ ʦʜʥʦʤ 

ʮʠʢʣʝ, ʘ ʪʘʢʞʝ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʩʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʯʪʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʝʢʪʠʥʘ [94]. 

 

3.1.5.2 ʇʨʠʤʝʥʝʥʠʝ ʪʘʥʛʝʥʮʠʘʣʴʥʦʛʦ ʧʦʪʦʢʘ ʧʨʠ ʜʠʘʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʠ 

ʧʝʢʪʠʥʦʚʦʛʦ ʛʠʜʨʦʣʠʟʘʪʘ 

ɺ ʮʝʣʷʭ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʤʝʤʙʨʘʥʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʧʨʠʤʝʥʷʶʪ 

ʙʘʨʙʦʪʘʞʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʠ ʪʫʨʙʫʣʠʟʘʪʦʨʳ [71, 83, 277, 278]. ɸʧʧʘʨʘʪʳ 

ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚʳʰʝ ʧʦʚʳʰʝʥʥʳʤ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʤ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʨʘʟʜʝʣʷʝʤʳʡ ʧʦʪʦʢ ʪʫʨʙʫʣʠʟʘʪʦʨʘ, ʦʜʥʘʢʦ ʩʢʦʨʦʩʪʴ ʠʭ ʤʘʣʘ 

(200-400 ʦʙ/ʤʠʥ) [277], ʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʧʧʘʨʘʪʘ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʳʤ 

ʵʥʝʨʛʦʟʘʪʨʘʪʘʤ. ɿʘ ʩʯʝʪ ʩʦʟʜʘʥʥʦʛʦ ʠʤʧʫʣʴʩʥʦʛʦ ʨʝʞʠʤʘ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ 

ʚʨʝʤʷ ʧʨʠ ʧʫʣʴʩʠʨʫʶʱʝʤ ʜʚʠʞʝʥʠʠ, ʦʪʚʝʜʝʥʥʦʝ ʥʘ ʦʪʢʣʶʯʝʥʠʝ ʜʣʷ ʧʨʦʤʳʚʢʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʤʙʨʘʥ, ʙʫʜʝʪ ʩʚʦʜʠʪʴʩʷ ʢ ʥʫʣʶ.  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʠʘʬʠʣʴʪʨʘʮʠʷ ï ʚʘʨʠʘʥʪ ʙʘʨʦʤʝʤʙʨʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʨʘʟʜʝʣʝʥʠʷ ʨʘʩʪʚʦʨʝʥʥʳʭ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʠ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʧʨʠ ʢʦʪʦʨʦʤ ʢʦʥʮʝʥʪʨʘʪ ʨʘʟʙʘʚʣʷʶʪ ʨʘʩʪʚʦʨʠʪʝʣʝʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʯʝʛʦ ʜʦʩʪʠʛʘʝʪʩʷ ʣʫʯʰʝʝ ʨʘʟʜʝʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ [65, 279]. ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ 
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ʩʦʯʝʪʘʥʠ ̫ ʜʠʘʣʠʟʘ ʠ ʋʌ ʧʝʢʪʠʥʦʚʦʛʦ ʛʠʜʨʦʣʠʟʘʪʘ ʙʳʣʦ ʜʦʩʪʠʛʥʫʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʨʦʮʝʩʩʘ [55]. ʅʫʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʠʘʣʠʟ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʦʮʝʩʩʫ ʋʌ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʧʝʢʪʠʥʦʚʳʭ ʛʠʜʨʦʣʠʟʘʪʦʚ, ʩʧʦʩʦʙʝʥ ʫʚʝʣʠʯʠʪʴ ʩʢʦʨʦʩʪ ɹ

ʬʠʣʴʪʨʘʮʠʠ, ʩʥʠʟʠʪʴ ʩʢʦʨʦʩʪʴ ʦʩʘʜʢʦʦʙʨʘʟʦʚʘʥʠʷ [55, 248].  

ɺ ʫʩʪʘʥʦʚʢʘʭ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʮʠʨʢʫʣʷʮʠʦʥʥʳʡ ʥʘʩʦʩ ʩʦʟʜʘʝʪ 

ʧʦʪʦʢ, ʢʦʪʦʨʳʡ ʜʚʠʞʝʪʩʷ ʚʜʦʣʴ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʤʙʨʘʥʳ, ʧʨʝʜʦʪʚʨʘʱʘʷ 

ʦʙʨʘʟʦʚʘʥʠʝ ʦʩʘʜʢʘ, ʥʘ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ ʬʠʣʴʪʨʘʮʠʠ. ʌʠʣʴʪʨʘʮʠʷ ʚ 

ʪʘʥʛʝʥʮʠʘʣʴʥʦʤ ʧʦʪʦʢʝ ʧʦʟʚʦʣʷʝʪ ʚʝʩʪʠ ʧʨʦʮʝʩʩ ʬʠʣʴʪʨʘʮʠʠ ʚ ʥʝʧʨʝʨʳʚʥʦʤ 

ʨʝʞʠʤʝ, ʙʝʟ ʙʣʦʢʠʨʦʚʘʥʠʷ ʧʦʨ ʤʝʤʙʨʘʥʳ, ʩʦʭʨʘʥʷʷ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ.  

ʉʠʩʪʝʤʘ ʊɼʋʌ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʦʚʤʝʩʪʥʦ ʩ ʫʯʝʥʳʤʠ ʠʟ ʄʍʊʀ 

ʠʤ. ɼ. ʀ. ʄʝʥʜʝʣʝʝʚʘ ʠ ʩʦʩʪʦʠʪ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʘʨʢʘʩʘ, 2 ʨʝʪʝʥʪʘʪʦʚ ʠ 

ʧʝʨʤʝʘʪʥʳʭ ʪʨʫʙ ʚ ʩʙʦʨʝ ʩ 24 ʤʫʬʪʘʤʠ, ʮʝʥʪʨʦʙʝʞʥʳʤ ʥʘʩʦʩʦʤ (ʪʘʥʛʝʥʮʠʘʣʴʥʳʡ 

ʧʦʪʦʢ), ʩʠʩʪʝʤʦʡ ʢʦʥʪʨʦʣʷ ʜʘʚʣʝʥʠʷ, ʋʌ ʤʝʤʙʨʘʥ ʩ ʤʝʩʪ ʜʣʷ ʤʦʜʫʣʝʡ ʠʟ ʧʦʣʳʭ 

ʚʦʣʦʢʦʥ ʠ ʜʚʘ ʢʦʥʪʝʡʥʝʨʘ ʧʦ 100 ʠ 550 ʣʠʪʨʦʚ [83, 248].  

ʉʠʩʪʝʤʘ ʬʠʣʴʪʨʦʚ ʚʢʣʶʯʘʝʪ ʠʩʪʦʯʥʠʢ ʧʦʜʘʯʠ, ʩʦʝʜʠʥʝʥʥʳʡ ʩ ʥʘʩʦʩʦʤ ʜʣʷ 

ʧʦʜʘʯʠ ʪʘʥʛʝʥʮʠʘʣʴʥʦʛʦ ʧʦʪʦʢʘ ʚ ʤʝʤʙʨʘʥʥʳʡ ʬʠʣʴʪʨ ʩ ʧʦʣʳʤʠ ʚʦʣʦʢʥʘʤʠ. 

ɿʘʪʝʤ ʧʝʨʤʝʘʪ ʩʦʙʠʨʘʶʪ ʚ ʧʨʠʝʤʥʫʶ ʝʤʢʦʩʪʴ. ʉʠʩʪʝʤʘ ʊɼʋʌ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʩʪʳʤ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʝʤ ʧʝʨʝʡʪʠ ʚ ʨʝʞʠʤ ʦʙʨʘʪʥʦʡ ʧʨʦʤʳʚʢʠ ʯʪʦʙʳ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʤʝʤʙʨʘʥʫ. ɺ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʪʝʭʥʠʢʠ ʠʟʚʝʩʪʥʦ ʦʙʨʘʪʥʘʷ 

ʧʫʣʴʩʘʮʠʷ ʵʪʦʡ ʢʦʤʧʦʥʦʚʢʠ ʧʫʪʝʤ ʧʦʜʘʯʠ ʧʦʪʦʢʘ ʤʘʪʝʨʠʘʣʘ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ 

ʢ ʚʳʧʫʩʢʥʦʤʫ ʦʪʚʝʨʩʪʠʶ ʧʝʨʤʝʘʪʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʶ ʥʦʨʤʘʣʴʥʦʛʦ ʧʦʪʦʢʘ ʧʝʨʤʝʘʪʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʛʦ ʦʙʨʘʪʥʦʛʦ ʠʤʧʫʣʴʩʘ ʜʘʚʣʝʥʠʷ, ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʦʧʝʨʘʮʠʠ, 

ʧʦʪʦʢ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʦʟʦʙʥʦʚʣʷʝʪʩʷ ʚ ʪʦʤ ʞʝ ʥʘʧʨʘʚʣʝʥʠʠ ï ʦʪ ʚʧʫʩʢʥʦʛʦ 

ʦʪʚʝʨʩʪʠʷ ʢ ʚʳʭʦʜʥʦʤʫ ʚʧʫʩʢʥʦʤʫ ʦʪʚʝʨʩʪʠʶ. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʪʘʢʞʝ ʠ ʥʝʢʦʪʦʨʳʝ ʦʙʱʠʝ ʧʦʜʭʦʜʳ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʳ ʦʯʠʩʪʢʠ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ 
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ʧʝʢʪʠʥʘ, ʘ ʪʘʢʞʝ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʠ ʩʥʠʟʠʪʴ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ 

[55, 248].  

ʉʠʩʪʝʤʘ ʊɼʋʌ ʙʳʣʘ ʩʦʙʨʘʥʘ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʨʘʤʳ, ʣʠʥʠʠ ʧʝʨʤʝʘʪʘ ʠ 

ʢʦʥʮʝʥʪʨʘʪʘ, ʩʦʩʪʦʷʱʠʭ ʠʟ 24 ʢʨʘʥʦʚ, ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʥʘʩʦʩʘ (ʪʘʥʛʝʥʮʠʘʣʴʥʦʛʦ 

ʧʦʪʦʢʘ), ʢʦʥʪʨʦʣʷ ʜʘʚʣʝʥʠʷ, ʤʦʜʫʣʝʡ ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʠ ʩ ʧʦʣʳʤʠ ʚʦʣʦʢʥʘʤʠ ʠ 

ʜʚʫʭ ʝʤʢʦʩʪʝʡ ʧʦ 550 ʠ 100 ʣʠʪʨʦʚ. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʊɼʋʌ ʥʘ ʦʧʳʪʥʦʡ 

ʫʩʪʘʥʦʚʢʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.1.5.2.  

 

 
 

ʈʠʩʫʥʦʢ 3.1.5.2. ï ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʫʩʪʘʥʦʚʢʠ ʊɼʋʌ: 1,2 ï ʝʤʢʦʩʪʠ ʥʘ 100 ʠ 550 ʣ; 3 ï ʪʘʥʛʝʥʮʠʘʣʴʥʳʡ ʥʘʩʦʩ; 4 

ï ʤʘʥʦʤʝʪʨ ʥʘ ʚʭʦʜʝ; 5 ï ʧʦʣʦʚʦʣʦʢʦʥʥʳʝ ʤʝʤʙʨʘʥʳ; 6,7 ï ʢʣʘʧʘʥ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʜʘʚʣʝʥʠʷ ʠ ʙʘʡʧʘʩʥʘʷ ʣʠʥʠʷ; 8 ï ʨʘʩʭʦʜʦʤʝʨ ʨʝʪʝʥʪʘʪʘ; 9 ï 

ʨʘʩʭʦʜʦʤʝʨ ʧʝʨʤʝʘʪʘ; 10 ï ʤʘʥʦʤʝʪʨ ʥʘ ʚʳʭʦʜʝ; 11 ï ʪʝʨʤʦʤʝʪʨ; 12 ï 

ʪʝʧʣʦʦʙʤʝʥʥʠʢ; 13,14 ï ʝʤʢʦʩʪʴ-ʧʨʠʝʤʥʠʢʠ ʧʝʨʤʝʘʪʘ. 



128 
 

 

ʉʠʩʪʝʤʘ ʬʠʣʴʪʨʘʮʠʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʦʜʘʯʫ ʩʳʨʴʷ, ʩʦʝʜʠʥʝʥʥʫʶ ʩ 

ʥʘʩʦʩʦʤ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʘʥʛʝʥʮʠʘʣʴʥʳʡ ʧʦʪʦʢ ʠʩʭʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʢ 

ʬʠʣʴʪʨʫ ʩ ʤʝʤʙʨʘʥʦʡ ʠʟ ʧʦʣʳʭ ʚʦʣʦʢʦʥ. ʇʝʨʤʝʘʪ ʩʦʙʠʨʘʝʪʩʷ ʚ ʧʨʠʝʤʥʳʡ 

ʢʦʥʪʝʡʥʝʨ. ʉʠʩʪʝʤʘ ʊɼʋʌ ʜʦʧʫʩʢʘʝʪ ʨʝʞʠʤ ʦʙʨʘʪʥʦʡ ʧʨʦʤʳʚʢʠ ʜʣʷ 

ʨʝʛʝʥʝʨʘʮʠʠ ʤʝʤʙʨʘʥʳ ʩ ʧʦʤʦʱʴʶ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦʛʦ ʠ ʧʨʦʩʪʦʛʦ ʤʝʪʦʜʘ ʧʦʜʘʯʠ 

ʧʦʪʦʢʘ ʤʘʪʝʨʠʘʣʘ ʧʦʜ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ ʢ ʚʳʧʫʩʢʥʦʤʫ ʦʪʚʝʨʩʪʠʶ ʧʝʨʤʝʘʪʘ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʥʦʨʤʘʣʴʥʦʤʫ ʧʦʪʦʢʫ ʧʝʨʤʝʘʪʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʦʙʨʘʪʥʦʡ ʧʫʣʴʩʘʮʠʠ ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʦʧʝʨʘʮʠʠ 

ʧʦʪʦʢ ʤʦʞʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʦʟʦʙʥʦʚʣʷʪʴʩʷ ʚ ʥʦʨʤʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ 

ʚʭʦʜʥʦʛʦ ʰʪʫʮʝʨʘ ʢ ʚʳʭʦʜʥʦʤʫ.  

ʊɼʋʌ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʥʘ ʜʚʫʭ ʪʠʧʘʭ ʧʦʣʳʭ ʚʦʣʦʢʦʥʥʳʭ ʤʝʤʙʨʘʥʥʳʭ 

ʫʩʪʨʦʡʩʪʚʘʭ: ʧʦʣʠʩʫʣʴʬʦʥʦʚʦʡ (ʇʉ ï ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʦ-ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ɹʝʣʦʨʫʩʩʢʦʡ ɸʢʘʜʝʤʠʠ ʅʘʫʢ, ʄʠʥʩʢ, ɹʝʣʦʨʫʩʩʠʷ) ʠ ʧʦʣʠʘʤʠʜʥʦʡ (ɺʇʋ ï 

ʇʨʝʜʧʨʠʷʪʠʝ ʍʠʤʚʦʣʦʢʥʦ, ʛ. ʄʳʪʠʱʠ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ). ʇʨʦʮʝʩʩ ʊɼʋʌ 

ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 25-27ʦʉ ʠ ʚʭʦʜʷʱʝʤ ʜʘʚʣʝʥʠʠ 0.7-1.0 ʘʪʤ [248]. 

ʉʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ 26-28 ʣ ʨʘʩʪʚʦʨʘ ʧʝʢʪʠʥʦʚʳʭ ʛʠʜʨʦʣʠʟʘʪʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʚʳʞʠʤʦʢ ʷʙʣʦʢ ʌʘʡʟʘʙʘʜʩʢʦʛʦ ʨʘʡʦʥʘ (ʗʇʌ) ʠ ʂʇ, ʙʳʣʘ 

ʧʨʦʚʝʜʝʥʘ ʤʝʪʦʜʦʤ ʊɼʋʌ ʥʘ ʤʦʜʫʣʝ ʋʌ ʩ ʜʚʫʤʷ ʧʦʣʳʤʠ ʚʦʣʦʢʥʘʤʠ, ʧʣʦʱʘʜʴ 

ʬʠʣʴʪʨʘʮʠʠ 2 ʤ2 (ʨʠʩʫʥʦʢ 3.1.5.2).  

ɺʝʣʠʯʠʥʘ ʊʄɼ ʩʦʩʪʘʚʣʷʣʘ 1.3-1.5 ʙʘʨ, ʩʢʦʨʦʩʪʴ ʞʠʜʢʦʩʪʠ ʚʘʨʴʠʨʦʚʘʣʩʷ ʚ 

ʧʨʠʜʝʣʘʭ 1.0-6.0 ʤ/ʩ, ʘ ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ʧʦʪʦʢʘ ʧʦʜʘʯʠ ʩʦʩʪʘʚʣʷʣʦ Re = 3000-

6000. ʇʦʜʨʦʙʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʊɼʋʌ ʦʧʠʩʘʥʳ ʚ ʧʘʪʝʥʪʝ [55]. ʀʟ ʧʦʣʫʯʝʥʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʛʠʜʨʦʣʠʟʘʪʘ ʧʦʩʣʝ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʦʪʙʠʨʘʣʠ ʧʨʦʙʫ 1,2 ʣʠʪʨʘ ʜʣʷ 

ʨʘʩʯʝʪʘ ʚʳʭʦʜʘ ʧʝʢʪʠʥʘ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ: ʩʦʜʝʨʞʘʥʠʝ ɻʂ ʠ ʉʕ 

ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ, ʄʄ ʠ ʩʪʨʫʢʪʫʨʳ ʧʝʢʪʠʥʘ ʤʝʪʦʜʦʤ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, 

ʦʧʠʩʘʥʥʳʝ ʚ ʨʘʙʦʪʝ [248]. ʇʦʚʪʦʨʥʫʶ ʊɼʋʌ ʧʨʦʚʦʜʠʣʠ ʨʘʟʙʘʚʣʝʥʠʝʤ ʦʩʪʘʪʢʘ 

ʨʘʩʪʚʦʨʘ ʜʦ 20-30 ʣʠʪʨʦʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʠ ʩʥʦʚʘ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʜʦ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʦʙʲʝʤʘ. ɺ ʢʦʥʮʝ ʧʨʦʮʝʩʩʘ (4,0-4,5 ʯʘʩʘ) 2 ʣ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʠʟʚʣʝʢʘʣʠ ʜʣʷ ʩʫʰʢʠ ʧʝʢʪʠʥʘ ʚ ʨʘʩʧʳʣʠʪʝʣʴʥʦʡ ʩʫʰʠʣʢʝ. ɼʣʷ ʜʠʘʣʠʟʘ 
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ʦʪ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʆʉ ʠ ʩʤʝʩʠ ʬʝʥʦʣʦʚ ʧʨʦʙʫ ʬʠʣʴʪʨʘʪʘ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ 

ʜʦ ʥʝʦʙʭʦʜʠʤʦʛʦ ʦʙʲʸʤʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʢʦʤʧʦʥʝʥʪʳ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ ʠ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʛʘʟʦʞʠʜʢʦʩʪʥʦʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʠ (ɻɾʍ) [280, 281]. ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʊɼʋʌ 

ʧʝʢʪʠʥʦʚʳʭ ʨʘʩʪʚʦʨʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʗʇʌ ʠ ʂʇ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʞʠʤʦʚ 

ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʣʠʟʘ (ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 100-130ʦʉ, ʨʅ 2.0, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ 5 

ʠ 7 ʤʠʥʫʪ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.1.5.2.1.  

ʊʘʙʣʠʮʘ 3.1.5.2.1 ï ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʊɼʋʌ ʧʝʢʪʠʥʦʚʳʭ 

ʨʘʩʪʚʦʨʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʷʙʣʦʢ ʠ ʂʇ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʛʠʜʨʦʣʠʟʘ [281-ɸ]  
 

 

ʇʝʢʪʠʥ* 

ʀʩʭ. 

ʢʦʥʮ. 

ʨʘʩʪʚʦʨʘ 

ʧʝʢʪʠʥʘ, 

% 

ʊʠʧ 

ʤʝʤʙʨʘʥʳ 
ʈ, ʘʪʤ 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʤʝʤʙʨʘʥʳ, ʣ/ʤ2ʯ 

ʊɼʋʌ 1 ʊɼʋʌ 2 

K=1.5 K=4.0 K=1.5 K=4.0 

ʗʇʌ-100-7 0.32 ɺʇʋ-100 1.0 31.30 15.79 23.25 13.95 

ʗʇʌ-120-7 0.33 ɺʇʋ-100 0.9 17.47 8.69 13.09 8.53 

ʗʇʌ-130-5 0.18 ʇʉ-100 0.9 22.50 13.91 20.00 15.15 

ʂʇ-120-7 0.32 ʇʉ-100 1.0 45.71 29.09 31.64 12.68 

ʂʇ-120-7  0.49 ɺʇʋ-100 0.9 83.18 56.25 71.80 39.13 

*ʎʠʬʨʳ ʧʦʩʣʝ ʙʫʢʚ ï ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʨʝʤʝʥʠ.  

 

ʅʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʝʤʙʨʘʥʳ ʚʣʠʷʝʪ ʢʘʢ ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʘ 

ʧʝʢʪʠʥʘ, ʪʘʢ ʠ ʝʛʦ ʩʪʝʧʝʥʴ ʜʝʛʨʘʜʘʮʠʠ, Mw, ʢʦʪʦʨʘʷ ʟʘʚʠʩʠʪ ʦʪ ʨʝʞʠʤʦʚ ʧʨʦʮʝʩʩʘ 

ʛʠʜʨʦʣʠʟʘ (ʪʘʙʣʠʮʘ 3.1.5.2.2). 

ʆʩʥʦʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚ ʧʨʦʮʝʩʩʝ ʊɼʋʌ ʷʚʣʷʶʪʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʚʳʙʨʘʥʥʳʭ ʤʝʤʙʨʘʥ. ʉʝʣʝʢʪʠʚʥʦʩʪʴ ʚʳʙʨʘʥʥʳʭ ʤʝʤʙʨʘʥ, ʥʘʤʠ 

ʙʳʣʘ ʠʟʫʯʝʥʘ ʚ ʨʘʙʦʪʝ [94]. ʀʟʤʝʥʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʋʌ-ʤʝʤʙʨʘʥʳ ɺʇʋ-

100 ʚ ʧʨʦʮʝʩʩʝ ʊɼʋʌ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.1.5.2.1.  

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʝʤʙʨʘʥʳ ʚ ʥʘʯʘʣʝ ʧʨʦʮʝʩʩʘ ʩʦʩʪʘʚʣʷʝʪ 24.30 ʣ/ʤ2ʯ, 

ʘ ʚ ʢʦʥʮʝ ʧʨʦʮʝʩʩʘ ʫʤʝʥʴʰʘʝʪʩʷ ʧʦʯʪʠ ʚ 2 ʨʘʟʘ. ʊʘʢʘʷ ʞʝ ʢʘʨʪʠʥʘ ʥʘʙʣʶʜʘʝʪʩʷ 
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ʧʨʠ ʊɼʋʌ ʧʝʢʪʠʥʦʚʦʛʦ ʛʠʜʨʦʣʠʟʘʪʘ. ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʝʤʙʨʘʥʳ ʧʦ ʊɼʋʌ 

ʨʘʩʪʚʦʨʘ ʧʝʢʪʠʥʘ ʚ ʥʘʯʘʣʝ ʧʝʨʚʦʛʦ ʮʠʢʣʘ ʧʨʦʮʝʩʩʘ ʜʦʩʪʠʛʘʣʘ 17.47 ʣ/ʤ2ʯʘʩ ʠ 

ʥʝʩʢʦʣʴʢʦ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʧʨʠ ʚʪʦʨʦʤ ʜʠʘʣʠʟʝ. 

 

ʊʘʙʣʠʮʘ 3.1.5.2.2 ï ʄʦʣʝʢʫʣʷʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠʩʩʣʝʜʫʝʤʳʭ ʧʝʢʪʠʥʦʚ [281-ɸ]  

 

ʇʝʢʪʠʥ Mw, ʢɼʘ Mw/Mn Mz, ʢɼʘ Rh, ʥʤ 

ʗʇʌ-100-7*  165.0 6.9 771 13.6 

ʗʇʌ-120-7*  105.0 9.8 893 9.0 

ʗʇʌ-130-5*  99.0 9.0 773 9.0 

ʂʇ-120-7-ɺʇʋ* 58.0 2.6 171 6.3 

ʂʇ-120-7-ʇʉ* 61.2 3.1 279 6.5 

 

*  ʎʠʬʨʳ ʧʦʩʣʝ ʙʫʢʚ ï ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʨʝʤʝʥʠ; ʙʫʢʚʳ ʧʦʩʣʝ 

ʮʠʬʨ ï ʪʠʧ ʤʝʤʙʨʘʥʳ. 

 
 
 

 
 

 

ʈʠʩʫʥʦʢ 3.1.5.2.1. ï ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʝʤʙʨʘʥʳ ɺʇʋ-100 ʧʦ 

ʨʘʩʪʚʦʨʫ ʧʝʢʪʠʥʘ ʧʨʠ ʦʜʥʦʢʨʘʪʥʦʤ (DF1), ʜʚʫʢʨʘʪʥʦʤ (DF2), ʠ ʪʨʝʭʢʨʘʪʥʦʤ 

(DF3) ʊɼʋʌ ʨʘʩʪʚʦʨʘ ʷʙʣʦʯʥʦʛʦ ʧʝʢʪʠʥʘ [248-ɸ]  

0,000

5,000

10,000

15,000

20,000

25,000

30,000

0 500 1000 1500 2000

ʈ
,ʣ

/(
ʤ

2
ʯ
ʘ
ʩ)

V, ʤʣ

Concentration (2000/1000)

DF1 (200/2000/200)

DF2 (200/2000/200)

DF3 (200/2000/200)



131 
 

 

 

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʧʨʠ ʧʦʣʥʦʡ ʊɼʋʌ 

ʩʦʩʪʘʚʣʷʣʘ 8.5-8.7 ʣ/ʤ2ʯ. ʕʪʠ ʜʘʥʥʳʝ [248] ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʜʘʥʥʳʤʠ, 

ʧʦʣʫʯʝʥʥʳʤʠ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʝ ʧʦ ʦʯʠʩʪʢʝ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʶ 

ʧʝʢʪʠʥʦʚʦʛʦ ʛʠʜʨʦʣʠʟʘʪʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʫʣʴʩʠʨʫʶʱʝʛʦ ʧʦʪʦʢʘ [94]. 

 

3.1.5.3 ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʩʪʨʫʢʪʫʨʳ ʠ ʢʘʯʝʩʪʚʘ ʧʝʢʪʠʥʘ, ʦʯʠʱʝʥʥʦʛʦ 

ʪʨʘʜʠʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʠ ʜʠʘʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʝʡ ʩ ʪʘʥʛʝʥʩʠʘʣʴʥʳʤ 

ʧʦʪʦʢʦʤ 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʧʠʣʦʪʥʦʡ ʫʩʪʘʥʦʚʢʝ ʙʳʣʠ ʩʧʣʘʥʠʨʦʚʘʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʞʠʤʢʠ ʷʙʣʦʢ ʠ ʂʇ ʚ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ. ʇʝʢʪʠʥʦʚʳʝ ʦʙʨʘʟʮʳ ʜʣʷ 

ʘʥʘʣʠʟʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʬʣʝʰ-ʩʧʦʩʦʙʦʤ [56] ʠ ʦʯʠʱʝʥʳ ʠʟʚʝʩʪʥʳʤ ʩʧʠʨʪʦʚʳʤ 

ʦʩʘʞʜʝʥʠʝʤ (ʉʆ) [49] ʠ ʊɼʋʌ [248] ʤʝʪʦʜʘʤʠ. ʉʝʤʴ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʣʷ 

ʷʙʣʦʯʥʦʡ ʚʳʞʠʤʢʠ ʠ ʯʝʪʳʨʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʣʷ ʛʦʣʦʚʢʠ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʛʠʜʨʦʣʠʟʘ ʠ ʟʘʪʝʤ ʨʘʩʪʚʦʨʳ ʛʠʜʨʦʣʠʟʘʪʘ 

ʦʯʠʱʘʣʠʩʴ ʥʘ ʧʠʣʦʪʥʦʡ ʫʩʪʘʥʦʚʢʝ ʊɼʋʌ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʭ ʪʠʧʦʚ 

ʧʦʣʦʚʦʣʦʢʦʥʥʳʭ ʤʝʤʙʨʘʥ. 

ɺ ʪʘʙʣʠʮʝ 3.1.5.3.1 ʧʨʠʚʝʜʝʥʳ ʚʳʭʦʜ ʬʨʘʢʮʠʠ ʇʇ, ʩʦʜʝʨʞʘʥʠʝ ɻʂ, ʉʕ ʠ 

ʢʦʣʠʯʝʩʪʚʦ ɹɺ ʚ ʢʦʥʝʯʥʦʤ ʧʨʦʜʫʢʪʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʞʠʤʦʚ ʧʨʦʮʝʩʩʘ 

ʛʠʜʨʦʣʠʟ-ʵʢʩʪʨʘʢʮʠʠ ʠ ʩʧʦʩʦʙʦʚ ʦʯʠʩʪʢʠ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʩ ʫʯʝʪʦʤ ʮʠʢʣʘ 

ʜʠʘʣʠʟʘ.   

ʊʘʙʣʠʮʘ 3.1.5.3.1 ï ɺʳʭʦʜʳ ʬʨʘʢʮʠʡ ʇʇ, ʩʦʜʝʨʞʘʥʠʝ ɻʂ, ʉʕ ʠ 

ʢʦʣʠʯʝʩʪʚʦ ɹɺ ʚ ʦʙʨʘʟʮʘʭ [281-ɸ]  

 

ʆʙʨʘʟʮʳ ʧʝʢʪʠʥʘ 
ɺʳʭʦʜ ʬʨʘʢʮʠʠ, % ɻʂ, % ʉʕ, % ɹɺ, % 

Mɻ ʇɺ Oʉ 

1 2 3 4 5 6 7 

ʗʇʌ-100-7-ʉʆ* 2.26 22.37 31.87 50.4 68.60 12.00 

ʗʇʌ-100-7-ɺʇʋ-1ʜ* 2.26 18.69 44.55 64.8 81.40 5.80 

ʗʇʌ-100-7-ʉʆ* 2.26 22.37 31.87 50.4 68.60 12.00 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 3.1.5.3.1 

1 2 3 4 5 6 7 

ʗʇʌ-100-7-ɺʇʋ-2ʜ*  2.26 14.23 47.01 67.2 82.56 3.20 

ʗʇʌ-120-7-ʉʆ*  1.52 25.63 31.69 52.8 68.60 11.20 

ʗʇʌ-120-7-ɺʇʋ-1ʜ*  1.52 14.33 49.99 69.6 76.47 3.80 

ʗʇʌ-130-5-ʉʆ* 1.15 26.83 31.82 57.6 69.77 10.80 

ʗʇʌ-130-5-ʇʉ-1ʜ*  1.15 14.43 51.22 68.4 78.16 5.60 

ʗʇʌ-130-5-ʇʉ-2ʜ*  1.15 12.80 51.85 73.2 76.74 2.80 

ʂʇ-120-7-ʉʆ* 6.40 28.62 9.98 64.4 22.73 29.23 

ʂʇ-120-7-ɺʇʋ-1ʜ*  6.12 10.32 28.36 81.6 26.19 5.40 

ʂʇ-120-7-ʇʉ-1ʜ* 6.40 10.22 28.75 85.2 25.88 4.62 

*  ʎʠʬʨʳ ʧʦʩʣʝ ʙʫʢʚ ï ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʨʝʤʝʥʠ; ʙʫʢʚʳ ʧʦʩʣʝ 

ʮʠʬʨ ï ʪʠʧ ʤʝʤʙʨʘʥʳ, 1ʜ ï ʧʝʨʚʳʡ ʮʠʢʣ ʜʠʘʣʠʟʘ, 2ʜ ï ʚʪʦʨʦʡ ʮʠʢʣ ʜʠʘʣʠʟʘ. 

 
 

3.1.5.4 ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʧʝʢʪʠʥʘ ʠ ʠʟʤʝʥʝʥʠʝ ʝʛʦ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʦʯʠʩʪʢʝ 

ʧʦ ʩʧʝʢʪʨʘʤ ʗʄʈ 

 
 

ɼʣʷ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʚʣʠʷʥʠʷ ʉʆ ʠ ʊɼʋʌ ʤʝʪʦʜʦʚ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ 

ʢʘʯʝʩʪʚʦ ʧʝʢʪʠʥʘ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ 1D ʠ 2D ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ɼʣʷ ʵʪʦʡ 

ʮʝʣʠ, ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʩʣʦʞʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʗʄʈ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʪʦʣʴʢʦ ʗʄʈ-ʩʧʝʢʪʨʳ ʷʙʣʦʯʥʦʛʦ ʧʝʢʪʠʥʘ (ʗʇʌ-120-7) ʠ ʘʥʘʣʠʟʠʨʦʚʘʥʘ ʝʛʦ 

ʩʪʨʫʢʪʫʨʘ, ʪʘʢ ʢʘʢ ʩʪʨʫʢʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʪʦʛʦ ʧʝʢʪʠʥʘ ʭʦʨʦʰʦ ʦʧʠʩʘʥʳ 

ʚ ʣʠʪʝʨʘʪʫʨʝ [282-287].  

ʉʧʝʢʪʨ ʗʄʈ 13C ʦʙʨʘʟʮʦʚ ʷʙʣʦʯʥʦʛʦ ʧʝʢʪʠʥʘ (ʨʠʩʫʥʦʢ 3.1.5.4.1), 

ʧʦʣʫʯʝʥʥʳʭ ʦʙʦʠʤʠ ʤʝʪʦʜʘʤʠ, ʧʦʢʘʟʳʚʘʝʪ ʩʠʛʥʘʣʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ 

ʛʣʠʢʦʟʠʣʴʥʳʤ ʦʩʪʘʪʢʘʤ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʩʥʦʚʥʦʡ ʦʩʪʦʚ ʤʘʢʨʦʤʦʣʝʢʫʣʳ 

ʧʝʢʪʠʥʘ, ʪ.ʝ. HG ʠ RG ʦʙʣʘʩʪʝʡ [282-287].  

ɺ ʗʄʈ-ʩʧʝʢʪʨʘʭ 13ʉ ʧʨʦʷʚʠʣʠʩʴ ʜʚʘ ʠʥʪʝʥʩʠʚʥʳʭ ʩʠʛʥʘʣʦʚ ʧʨʠ 173,5 ʤ.ʜ. 

ʠ 184,7 ʤ.ʜ., ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʉ-6 ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʟʚʝʥʴʝʚ ɻʂ ʚ 

ʵʪʝʨʠʬʠʮʠʨʦʚʘʥʥʦʡ ʠ ʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʬʦʨʤʘʭ. ʇʨʠ ʠʥʪʝʛʨʘʮʠʠ ʵʪʠʭ ʨʝʟʦʥʘʥʩʦʚ 
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63% ʢʘʨʙʦʥʠʣʴʥʳʭ ʛʨʫʧʧ, ʚʝʨʦʷʪʥʦ, ʥʘʭʦʜʷʪʩʷ ʚ ʚʠʜʝ ʩʣʦʞʥʳʭ ʵʬʠʨʦʚ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʦʩʪʘʚʰʠʝʩʷ 37% ʩʚʦʙʦʜʥʳʝ ʢʘʨʙʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ ʧʝʢʪʠʥʘ.  
 

 

ʈʠʩʫʥʦʢ 3.1.5.4.1. ï 13C ʗʄʈ ʩʧʝʢʪʨʳ ʦʙʨʘʟʮʦʚ ʷʙʣʦʯʥʦʛʦ ʧʝʢʪʠʥʘ, 

ʦʯʠʱʝʥʥʳʭ ʉʆ (ʚʝʨʭʥʷʷ) ʠ ʊɼʋʌ (ʥʠʞʥʷʷ) ʤʝʪʦʜʘʤʠ [248-A]   
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ʉʨʘʚʥʝʥʠʝ ʗʄʈ-ʩʧʝʢʪʨʦʚ 13C (ʨʠʩʫʥʦʢ 3.1.5.4.2) ʷʩʥʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʯʠʩʣʦ ʨʝʟʦʥʘʥʩʦʚ ʦʩʥʦʚʥʳʭ ʮʝʧʝʡ ʧʝʢʪʠʥʘ ʚ ʦʙʨʘʟʮʘʭ, ʦʯʠʱʝʥʥʳʭ ʉʆ ʤʝʪʦʜʦʤ, 

ʩʠʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʦʙʨʘʟʮʦʚ, ʦʯʠʱʝʥʥʳʭ ʊɼʋʌ ʤʝʪʦʜʦʤ. 

 

 

ʈʠʩʫʥʦʢ 3.1.5.4.2. ï ʉʧʝʢʪʨʳ ʗʄʈ 1ʅ ʦʙʨʘʟʮʦʚ ʷʙʣʦʯʥʦʛʦ ʧʝʢʪʠʥʘ, 

ʦʯʠʱʝʥʥʳʭ ʉʆ (ʚʝʨʭʥʷʷ) ʠ ʊɼʋʌ (ʥʠʞʥʷʷ) ʤʝʪʦʜʘʤʠ [248-A] .  
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ɼʚʝʥʘʜʮʘʪʴ ʫʛʣʝʨʦʜʥʳʭ ʨʝʟʦʥʘʥʩʦʚ ʥʘʙʣʶʜʘʶʪʩʷ ʜʣʷ C-2,3,5 (ŭ ~ 70-81 

ʤ.ʜ.) ʚ ʩʘʭʘʨʥʳʭ ʦʩʪʘʪʢʘʭ ʦʩʥʦʚʥʦʡ ʮʝʧʠ ʧʝʢʪʠʥʘ, ʦʯʠʱʝʥʥʦʛʦ ʩʧʠʨʪʦʤ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʚ ʪʦʡ ʞʝ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ, ʫ ʧʝʢʪʠʥʘ, ʦʯʠʱʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ʊɼʋʌ, 

ʥʘʙʣʶʜʘʝʪʩʷ ʚʩʝʛʦ 5 ʩʠʛʥʘʣʦʚ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʥʘʙʣʶʜʝʥʠʝ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʗʄʈ-ʩʧʝʢʪʨʦʚ ʧʨʦʪʦʥʦʚ (ʨʠʩʫʥʦʢ 3.1.5.4.2).  

ɺ ʦʙʣʘʩʪʠ 3,56-3,52 ʤ.ʜ. 1H ʗʄʈ-ʩʧʝʢʪʨʘ ʦʙʨʘʟʮʘ ʗʇʌ-120-7-ʉʆ 

ʥʘʙʣʶʜʘʝʪʩʷ ʤʥʦʞʝʩʪʚʘ ʧʠʢʦʚ ʩ ʫʟʢʦʡ ʰʠʨʠʥʦʡ ʣʠʥʠʠ. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʥʢʦʡ 

ʩʪʨʫʢʪʫʨʝ ʠ ʩʚʷʟʠ, ʢʦʪʦʨʘʷ ʦʙʳʯʥʦ ʚʦʟʥʠʢʘʝʪ ʠʟ ʩʧʝʢʪʨʘ ʤʘʣʝʥʴʢʠʭ ʤʦʣʝʢʫʣ ʠʣʠ 

ʦʯʝʥʴ ʧʦʜʚʠʞʥʦʡ ʯʘʩʪʠ ʙʦʣʝʝ ʢʨʫʧʥʦʡ ʤʦʣʝʢʫʣʳ. ɺ ʜʚʫʤʝʨʥʳʭ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ 

ʩʧʝʢʪʨʘʭ HSQC (ʨʠʩʫʥʦʢ 3.1.5.4.3) ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʝʝ ʷʩʥʘʷ ʢʘʨʪʠʥʘ ï ʚʠʜʥʳ ʠ 

ʜʨʫʛʠʝ ʤʝʣʢʠʝ ʩʠʛʥʘʣʳ, ʢʦʪʦʨʳʝ ʜʝʪʘʣʴʥʦ ʦʧʠʩʳʚʘʪʁʩʷ ʚ ʨʘʙʦʪʝ [248].  

 

  
 

ʈʠʩʫʥʦʢ 3.1.5.4.3. ʉʧʝʢʪʨʳ 1H-13C-HSQC ʷʙʣʦʯʥʦʛʦ ʧʝʢʪʠʥʘ, ʧʦʣʫʯʝʥʥʦʛʦ 

ʤʝʪʦʜʦʤ ʉʆ: (ɸ) ʤʝʪʠʣʴʥʘʷ ʠ ʘʮʝʪʠʣʴʥʘʷ ʛʨʫʧʧʳ; (ɺ) ʨʝʟʦʥʘʥʩʳ 

ʘʥʦʤʝʨʥʳʭ ʘʪʦʤʦʚ; (ʉ) ʉ/ʅ-2,3,4,5 ʨʝʟʦʥʘʥʩʳ [248-A] . 
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ʅʘʧʨʠʤʝʨ, ʚ ʩʧʝʢʪʨʝ HSQC ʦʙʨʘʟʮʘ ʗʇʌ-120-7-ʉʆ ʝʩʪʴ ʩʣʘʙʳʡ ʩʠʛʥʘʣ 

ʧʨʠ ŭ 107,2/4,62 ʤ.ʜ., ʢʦʪʦʨʳʡ ʚʦʟʥʠʢʘʝʪ ʠʟ ʛʘʣʘʢʪʦʧʠʨʘʥʦʟʥʳʭ (-Galp) ʦʩʪʘʪʢʦʚ, 

ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʦʙʨʘʟʮʝ ʗʇʌ-120-7-ʊɼʋʌ (ʨʠʩʫʥʦʢ 3.1.5.4.4) ʜʘʥʥʳʡ ʧʠʢ 

ʩʤʝɦʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʩʣʘʙʳʭ ʧʦʣʝʡ ʠ ʦʙʥʘʨʫʞʝʥ ʧʨʠ ŭ 109,9/5,08 ʤ.ʜ., ʯʪʦ ʙʳʣʦ 

ʦʪʥʝʩʝʥʦ ʢ L-ʘʨʘʙʠʥʦʬʫʨʘʥʦʟʥʳʤ (ɸraf) ʦʩʪʘʪʢʘʤ, ʧʦʩʢʦʣʴʢʫ ʭʠʤʠʯʝʩʢʠʝ ʩʜʚʠʛʠ 

ʬʫʨʘʥʦʟʥʳʭ ʦʩʪʘʪʢʦʚ ʦʙʳʯʥʦ ʧʨʦʷʚʣʷʶʪʩʷ ʧʨʠ 103-110 ʤ.ʜ. [106] 262. ʕʪʠ 

ʜʘʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʥʝ ʧʨʠʚʦʜʷʪʩʷ. 

 

 
 

ʈʠʩʫʥʦʢ 3.1.5.4.4. ʉʧʝʢʪʨʳ 1H-13C-HSQC ʷʙʣʦʯʥʦʛʦ ʧʝʢʪʠʥʘ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ʊɼʋʌ: (ɸ) ʤʝʪʠʣʴʥʘʷ ʠ ʘʮʝʪʠʣʴʥʘʷ ʛʨʫʧʧʳ; (ɺ) 

ʨʝʟʦʥʘʥʩʳ ʘʥʦʤʝʨʥʳʭ ʘʪʦʤʦʚ; (ʉ) ʉ/ʅ-2,3,4,5 ʨʝʟʦʥʘʥʩʳ [248-A] . 

 

3.1.6 ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʩʩ ʠ ʤʦʣʝʢʫʣʷʥʦ-ʤʘʩʩʦʚʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʙʨʘʟʮʦʚ ʧʝʢʪʠʥʘ 
 

 

ʄʄ ʠ MMʈ ʧʦʣʠʤʝʨʦʚ ʷʚʣʷʶʪʩʷ ʝʱʝ ʦʜʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʜʣʷ ʦʮʝʥʢʠ 

ʢʘʯʝʩʪʚʘ ʧʝʢʪʠʥʘ. ʄʄ ʠ MMʈ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩ ɹʩ ʧʦʤʦʱʴʶ ʕɾʍ, ʢʘʢ ʦʧʠʩʘʥʦ ʚ 
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ʧʨʝʜʳʜʫʱʠʭ ʨʘʙʦʪʘʭ [3], ʠ ʤʝʪʦʜʦʤ ʄʋʃʉ [288]. ɿʥʘʯʝʥʠʷ Mw, Mn ʠ Mz ʜʣʷ 

ʧʝʢʪʠʥʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʢʘʣʠʙʨʦʚʢʠ. 

ʇʨʠʨʘʱʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ (dn/dc), ʠʩʧʦʣʴʟʦʚʘʥʥʦʝ ʜʣʷ ʨʘʩʯʝʪʘ ʄʄ ʚ 

ʧʦʜʚʠʞʥʦʡ ʬʘʟʝ (0,05 ʄ NaNO3), ʩʦʩʪʘʚʠʣʦ 0,134 ʤʣ/ʛ, ʧʦʣʫʯʝʥʥʦʛʦ ʜʣʷ 

ʮʠʪʨʫʩʦʚʦʛʦ ʧʝʢʪʠʥʘ [287]. 

ʇʨʦʬʠʣʴ ʭʨʦʤʘʪʦʛʨʘʤʤ ʦʪ ʩʚʝʪʦʨʘʩʩʝʠʚʘʥʠʷ (LS), ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ 

(UV), ʚʠʟʢʦʟʠʤʝʪʨʠʯʝʩʢʦʛʦ (DP) ʠ ʨʝʬʨʘʢʪʦʤʝʪʨʠʯʝʩʢʦʛʦ (RI) ʜʝʪʝʢʪʦʨʦʚ 

ʦʙʨʘʟʮʦʚ ʗʇʌ-120-7-ʊɼʋʌ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.1.6.1.  

 

 

ʈʠʩʫʥʦʢ 3.1.6.1. ï ʇʨʦʬʠʣʴ ʭʨʦʤʘʪʦʛʨʘʤʤ ʦʪ ʩʚʝʪʦʨʘʩʩʝʠʚʘʥʠʷ (LS-

ʢʨʘʩʥʳʡ), ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ (UV-ʟʝʣʝʥʳʡ), ʚʠʟʢʦʟʠʤʝʪʨʠʯʝʩʢʦʛʦ (DP-

ʯʝʨʥʳʡ) ʠ ʨʝʬʨʘʢʪʦʤʝʪʨʠʯʝʩʢʦʛʦ (RI-ʩʠʥʠʡ) ʜʝʪʝʢʪʦʨʦʚ ʦʙʨʘʟʮʘ ʗʇʌ-120-

7-ʊɼʋʌ [248-A]   
 

ʋ ʦʙʦʠʭ ʦʙʨʘʟʮʦʚ ʭʨʦʤʘʪʦʛʨʘʤʤʳ LS ʠʤʝʣʠ ʦʜʠʥ ʧʠʢ 1, ʵʣʶʠʨʦʚʘʥʥʳʡ ʩ 

26,2 ʤʣ ʜʦ 30,5 ʤʣ. ɹʝʣʦʢ, ʦʙʥʘʨʫʞʝʥʥʳʡ ʠʟ ʋʌ-ʧʦʛʣʦʱʝʥʠʷ, ʙʳʣ ʩʚʷʟʘʥ ʩ 

ʦʙʦʠʤʠ ʦʙʨʘʟʮʘʤʠ ʠ ʵʣʶʠʨʦʚʘʣʩʷ ʚ ʦʜʥʦʤ ʧʦʜʦʙʥʦʤ ʧʠʢʝ. ʍʨʦʤʘʪʦʛʨʘʤʤʳ LS ʠ 

ʢʨʠʚʳʝ ʄʄʈ ʚ ʦʙʦʠʭ ʦʙʨʘʟʮʘʭ ʧʦʢʘʟʳʚʘʶʪ ʩʠʤʤʝʪʨʠʯʥʳʡ ʧʠʢ. 

ɺ ʪʘʙʣʠʮʝ 3.1.6.1 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʠ (Mw/Mn, Mz/Mn), ʟʥʘʯʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʩʩ (Mw, Mn, Mz) ʠ 
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ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ (ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ [h], 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʜʠʫʩʘ (Rh)) ʠ ʧʘʨʘʤʝʪʨʘ, ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʢʦʥʬʦʨʤʘʮʠʠ ʮʝʧʠ 

ʤʘʢʨʦʤʦʣʝʢʫʣʳ (ʘ) ʦʙʨʘʟʮʦʚ ʷʙʣʦʯʥʦʛʦ ʧʝʢʪʠʥʘ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʄʋʃʉ. 

ɼʘʥʥʳʝ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʚ ʚʠʜʝ ʝʜʠʥʦʛʦ ʧʠʢʘ ʜʣʷ ʦʙʱʠʭ 

ʭʨʦʤʘʪʦʛʨʘʤʤ ʜʣʷ ʧʝʢʪʠʥʘ, ʦʯʠʱʝʥʥʦʛʦ ʩʧʠʨʪʦʚʳʤ ʦʩʘʞʜʝʥʠʝʤ (ʗʇʌ-120-7-

ʉʆ) ʠ ʧʝʢʪʠʥʘ, ʦʯʠʱʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ʊɼʋʌ (ʗʇʌ-120-7-ʊɼʋʌ), ʠʤʝʶʪ Mw 483 

ʠ 492 ʢɼʘ, ʟʥʘʯʝʥʠʝ [h] 230 ʠ 198 ʤʣ/ʤʛ ʠ Rh 49,5 ʠ 32,9 ʥʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.   

ʊʘʙʣʠʮʘ 3.1.6.1 ï ɿʥʘʯʝʥʠʷ ʧʦʣʠʜʠʩʧʝʨʩʪʦʩʪʠ, ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʩʩ, 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʧʘʨʘʤʝʪʨʘ, ʦʧʨʝʜʝʣʷʶʱʝʛʦ 

ʢʦʥʬʦʨʤʘʮʠʠ ʮʝʧʠ ʤʘʢʨʦʤʦʣʝʢʫʣ ʙ̫ʣʦʯʥʦʛʦ ʧʝʢʪʠʥʘ, ʧʦʣʫʯʝʥʥʦʛʦ 

ʤʝʪʦʜʦʤ ʄʋʃʉ [248-A]    

ʆʙʨʘʟʮʳ 

ʧʝʢʪʠʥʘ 
% Rec Mw/Mn 

Mw, 

ʢɼʘ 

[h], 

ʤʣ/ʤʛ 
Rh, ʥʤ a 

ʗʇʌ-120-7-ʉʆ 78.4(.1) 3.03(.03) 483(3) 2.30(.01) 34.9(1) 0.557(.02) 

ʗʇʌ-120-ʊɼʋʌ 76.8(.3) 3.10(.05) 492(7) 1.98(.01) 32.9(.8) 0.573(.01) 

 

ɼʘʥʥʳʝ ʄʋʃʉ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʊɼʋʌ ʫʚʝʣʠʯʠʚʘʝʪ ʄʄ 

ʧʝʢʪʠʥʘ, ʩʥʠʞʘʝʪ ʧʦʢʘʟʘʪʝʣʴ ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʠ ʦʙʨʘʟʮʘ ʠ ʧʦʚʳʰʘʝʪ ʯʠʩʪʦʪʫ 

ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ (ʪʘʙʣʠʮʘ 3.1.6.1). 

ʇʨʠ ʧʨʦʩʤʦʪʨʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʦʣʝʢʫʣ ʧʦ 

ʤʘʩʩʝ ʦʪ ʄʄ (ʨʠʩʫʥʦʢ 3.1.6.1) ʜʣʷ ʦʙʨʘʟʮʦʚ ʧʝʢʪʠʥʘ ʷʙʣʦʢʘ ʠ ʧʦʜʩʦʣʥʝʯʥʠʢʘ, 

ʧʦʣʫʯʝʥʥʳʭ ʪʨʘʜʠʮʠʦʥʥʳʤ ʩʧʦʩʦʙʦʤ ʦʯʠʩʪʢʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʪʦʜʘʤʠ 

ʦʯʠʩʪʢʠ ʊɼʋʌ, ʷʩʥʦ ʚʠʜʥʦ, ʢʘʢ ʢʨʠʚʘʷ ʄʄʈ ʧʝʢʪʠʥʘ ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ ʢ 

ʤʦʥʦʤʦʜʘʣʴʥʦʤʫ ʠ ʩʠʤʤʝʪʨʠʯʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʤʘʢʨʦʤʦʣʝʢʫʣ ʧʫʪʝʤ 

ʫʜʘʣʝʥʠʷ ʧʨʠʤʝʩʝʡ ʩ ʥʠʟʢʦʡ ʤʦʣʷʨʥʦʡ ʤʘʩʩʦʡ ʠʟ ʧʝʢʪʠʥʦʚʦʛʦ ʨʘʩʪʚʦʨʘ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʠʟ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʩʦʜʝʨʞʘʥʠʝ ɻʂ, 1D ʠ 2D ʗʄʈ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʨʘʟʤʝʨʦʚ ʦʙʨʘʟʮʦʚ ʧʝʢʪʠʥʘ, ʦʯʠʱʝʥʥʳʭ ʊʄ ʠ 

ʤʝʪʦʜʦʤ ʊɼʋʌ, ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ɼʋʌ ʧʦʟʚʦʣʷʝʪ 

ʫʩʧʝʰʥʦ ʠʟʚʣʝʢʘʪʴ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʬʨʘʢʮʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ 
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ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʠ ʦʙʨʘʟʮʦʚ (ʨʠʩʫʥʦʢ 3.1.6.2), ʧʦʚʳʰʝʥʠʶ ʯʠʩʪʦʪʳ ʢʦʥʝʯʥʦʛʦ 

ʧʨʦʜʫʢʪʘ (ʪʘʙʣʠʮʘ 3.1.5.3.1) ʠ ʫʚʝʣʠʯʝʥʠʶ ʄʄ (ʪʘʙʣʠʮʘ 3.1.6.1), ʯʪʦ ʜʝʣʘʝʪ ʵʪʦʪ 

ʤʝʪʦʜ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 
 

 

ʘ) 

 

ʙ) 

ʈʠʩʫʥʦʢ 3.1.6.2. ï ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʄʄ ʷʙʣʦʯʥʦʛʦ ʧʝʢʪʠʥʘ (ʘ) ʠ ʧʦʜʩʦʣʥʝʯʥʦʛʦ ʧʝʢʪʠʥʘ (ʙ), ʧʦʣʫʯʝʥʥʳʭ 

ʤʝʪʦʜʘʤʠ ʉʆ (1), ʊɼʋʌ1 (2) ʠ ʊɼʋʌ2 (3) [248-A]   

1 

2 

3 

1 

2 

3 
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3.1.7 ʈʘʩʭʦʜ ʩʧʠʨʪʘ ʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʨʠ ʚʳʜʝʣʝʥʠʠ ʧʝʢʪʠʥʘ ʩʧʠʨʪʦʚʳʤ 

ʦʩʘʞʜʝʥʠʝʤ ʠ ʜʠʘʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʦʥʥʳʤ ʤʝʪʦʜʘʤʠ 

 

ʆʙʲʝʤ ʵʪʘʥʦʣʘ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʦʩʘʞʜʝʥʠʷ ʧʝʢʪʠʥʘ ʠʟ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʝʢʪʠʥʘ, ʠ ʤʦʱʥʦʩʪʴ, ʧʦʪʨʝʙʣʷʝʤʘʷ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʳʭ ʩʧʦʩʦʙʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚ ʪʘʙʣʠʮʝ 3.1.7.1. ʀʟ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʵʪʘʥʦʣʘ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ 

ʚʳʜʝʣʝʥʠʷ ʧʝʢʪʠʥʘ ʤʝʪʦʜʦʤ ʉʆ ʩ ʚʘʢʫʫʤʥʳʤ ʚʳʧʘʨʠʚʘʥʠʝʤ ʛʠʜʨʦʣʠʟʘʪʘ, 

ʦʙʳʯʥʦ ʧʨʠʤʝʥʷʝʤʦʛʦ ʚ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʚʦ ʚʩʝʭ ʧʦʟʠʮʠʷʭ ʚ ʜʚʘ-ʪʨʠ 

ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʢʦʣʠʯʝʩʪʚʦ, ʠʩʧʦʣʴʟʫʝʤʦʝ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʧʝʢʪʠʥʘ ʤʝʪʦʜʦʤ 

ʊɼʋʌ. ʂʨʦʤʝ ʪʦʛʦ, ʊɼʋʌ ʧʦʪʨʝʙʣʷʝʪ ʧʨʠʤʝʨʥʦ ʚ ʯʝʪʳʨʝ ʨʘʟʘ ʤʝʥʴʰʝ ʵʥʝʨʛʠʠ 

ʠ ʠʤʝʝʪ ʣʫʯʰʝʝ ʢʘʯʝʩʪʚʦ ʧʝʢʪʠʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ 

ʚʘʢʫʫʤʥʦʛʦ ʚʳʧʘʨʠʚʘʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʩʘʞʜʝʥʠʝʤ ʩʧʠʨʪʦʤ. 

ʊʘʙʣʠʮʘ 3.1.7.1 ï ʈʘʩʭʦʜ ʩʧʠʨʪʘ ʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 1 ʢʛ 

ʧʝʢʪʠʥʘ ʊʄ ʠ ʤʝʪʦʜʦʤ ʊɼʋʌ [248-A]   

 

ʇʝʢʪʠʥʳ 
ʈʘʩʪʚʦʨ 

ʛʠʜʨʦʣʠʟʘʪʘ, ʣ 

ʂʦʥʮ. 

ʨʘʩʪʚʦʨ, ʣ 

ʈʘʩʭʦʜ 

ʵʪʘʥʦʣʘ, ʣ 

ʈʘʩʭʦʜ ʵʥʝʨʛʠʠ,  

ʢɺʪẗʯ ʢɺʪ 

ʗʇʌ-120-7-ʉʆ 27.6 14.2 55.0 3.0 x 4.5 13.50 

ʗʇʌ-120-7-ʊɼʋʌ  26.0 9.4 19.8 4.6 x 0.75 3.45 

ʗʇʌ-130-5-ʉʆ 28.6 14.6 56.5 3.0 x 4.5 13.50 

ʗʇʌ-130-5-ʊɼʋʌ 26.2 9.3 24.6 4.2 x 0.75 3.15 

ʂʇ-120-7-ʉʆ 28.0 15.5 65.0 3.0 x 4.5 13.50 

ʂʇ-120-7-ʊɼʋʌ 27.8 9.5 20.7 4.8 x 0.75 3.60 

ʂʇ-120-7-ʇʉ 26.4 9.6 20.8 4.6 x 0.75 3.45 

 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʧʠʣʦʪʥʦʡ ʫʩʪʘʥʦʚʢʝ [248] ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʊɼʋʌ ʧʦ ʨʘʩʭʦʜʫ ʩʧʠʨʪʘ ʠ ʵʥʝʨʛʠʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʧʝʢʪʠʥʘ (ʪʘʙʣʠʮʘ 3.1.7.1). 
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ʂ ʪʦʤʫ ʞʝ, ʧʨʠ ʊɼʋʌ ʢʘʯʝʩʪʚʦ ʧʝʢʪʠʥʘ ʚ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʘʭ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʘʢʦʚʳʤʠ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ TM. ɺ 

ʧʨʝʜʣʘʛʘʝʤʦʤ ʥʘʤʠ ʧʨʦʮʝʩʩʝ ʵʥʝʨʛʠʷ ʨʘʩʭʦʜʫʝʪʩʷ ʪʦʣʴʢʦ ʥʘ ʛʠʜʨʦʣʠʟ ʠ ʨʘʙʦʪʫ 

ʥʘʩʦʩʘ. ʊʄ, ʥʘʧʨʦʪʠʚ, ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ ʥʘ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʨʘʩʪʚʦʨʘ ʧʝʢʪʠʥʦʚʦʛʦ ʛʠʜʨʦʣʠʟʘʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʵʥʝʨʛʦʝʤʢʠʭ ʚʘʢʫʫʤ-ʚʳʧʘʨʥʳʭ ʫʩʪʘʥʦʚʦʢ ʠ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʛʠʜʨʦʣʠʟʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʪʘʢʞʝ ʧʦʢʘʟʘʣʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʦʣʦʚʦʣʦʢʦʥʥʳʭ ʤʝʤʙʨʘʥ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʘʤʠʜʘ ʧʝʨʝʜ ʧʦʣʠʩʫʣʴʬʦʥʦʚʳʤʠ 

ʤʝʤʙʨʘʥʘʤʠ, ʚʚʠʜʫ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʇɺ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʤ 

ʩʥʠʞʝʥʠʠ ʟʘʪʨʘʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʝʢʪʠʥʘ [248]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʊɼʋʌ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʝʢʪʠʥʘ, ʘ ʪʘʢʞʝ ʦʩʦʙʝʥʥʦʩʪʠ ʦʯʠʩʪʢʠ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ 

ʷʙʣʦʯʥʦʛʦ ʠ ʧʦʜʩʦʣʥʝʯʥʦʛʦ ʧʝʢʪʠʥʘ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʊɼʋʌ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʝʘʣʠʟʘʮʠʠ ʧʨʠʤʝʥʝʥʠʷ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ 

ʪʝʭʥʦʣʦʛʠʡ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʝʢʪʠʥʘ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, 

ʦʪʚʝʯʘʶʱʠʭ ʪʨʝʙʫʝʤʦʤʫ ʢʘʯʝʩʪʚʫ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ [248].  

 

3.1.8 ʈʘʩʯʸʪ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝʢʪʠʥʦʚ 

ʪʨʘʜʠʮʠʦʥʥʳʤ ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ 

 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʣʠʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝʢʪʠʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʊɼʋʌ 

(ʨʠʩʫʥʦʢ 3.1.8.1) ʙʳʣʘ ʘʧʨʦʙʠʨʦʚʘʥʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʧʝʢʪʠʥʦʚʦʤ ʮʝʭʝ 

ʇɸʇʆ çʐʘʭʨʠʥʘʚè ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ ʧʫʪʝʤ ʚʳʧʫʩʢʘ ʙʦʣʝʝ 20 ʦʧʳʪʥʳʭ 

ʧʘʨʪʠʡ. ʇʨʠʝʤʫʱʝʩʪʚʘ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʙʳʣ r ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ r ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʚʝʩʪʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʦʯʠʩʪʢʠ ʠ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ DE 3041096 A1 (ʉhisso Corp., Osaka, JP) ʠ ɽʈ 0426434 ɸ1 

(SBP, INC) [74, 75].  

ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʩʘ (ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʝʤʙʨʘʥ) ʠ 

ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʪʘ (ʯʠʩʪʦʪʘ ʧʝʢʪʠʥʘ ʠ ʝʛʦ ʞʝʣʠʨʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ) ʧʨʠʚʦʜʠʪʩʷ 

ʚ ʪʘʙʣʠʮʝ 3.1.8.1. 
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ʈʠʩʫʥʦʢ 3.1.8.1. ï ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʣʠʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝʢʪʠʥʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʦʯʠʩʪʢʠ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ: ʄʝʪʦʜ 

ɸ ï ʧʦ ʧʘʪʝʥʪʫ [75], ʤʝʪʦʜ ɺ ï ʧʦ ʧʘʪʝʥʪʘʤ [55, 56-ɸ] 

ʊʘʙʣʠʮʘ 3.1.8.1 ï ʆʩʥʦʚʥʳʝ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʠ ʠʟʚʝʩʪʥʦʛʦ ʩʧʦʩʦʙʦʚ [248-A]    

 ʇʨʝʜʣʘʛʘʝʤʳʡ ʩʧʦʩʦʙ ʀʟʚʝʩʪʥʳʡ ʩʧʦʩʦʙ 

ˉ 

ʧʨʠ-

ʤʝʨʘ 

ʇʨʦʠʟ-

ʥʦʩʪʴ 

ʘʧʧʘʨʘʪʘ, 

ʈʩʨ, ʣ/ʤ
2ʯ 

ʏʠʩʪʦʪʘ 

ʧʝʢʪʠʥʘ, 

% 

ʉʪʝʧʝʥʴ 

ʞʝʣ-ʥʠʷ, 

0SAG 

ʇʨʦʠʟ-

ʥʦʩʪʴ 

ʘʧʧʘʨʘʪʘ, 

ʈʩʨ, ʣ/ʤ
2ʯ 

ʏʠʩʪʦʪʘ 

ʧʝʢʪʠʥʘ, 

% 

ʉʪʝʧʝʥʴ 

ʞʝʣ-

ʥʠʷ, 

0SAG 

1 24,5 58.0 145 17,5 51.0 120 

2 37,0 76.0 210 22,0 68.0 190 

3 40,0 57.0 130 - - - 
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ʉ ʧʨʠʤʝʥʝʥʠʝʤ ʩʪʘʜʠʠ ʩʝʧʘʨʠʨʦʚʘʥʠʷ ʚ ʜʘʥʥʦʤ ʩʧʦʩʦʙʝ ʠʩʢʣʶʯʘʶʪʩʷ ʜʚʝ 

ʩʣʦʞʥʳʝ ʩʪʘʜʠʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ï ʪʦʥʢʘʷ ʬʠʣʴʪʨʘʮʠʷ ʠ ʦʙʝʩʮʚʝʯʠʚʘʥʠʝ ʨʘʩʪʚʦʨʘ 

ʛʠʜʨʦʣʠʟʘʪʘ, ʘ ʪʘʢʞʝ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʧʦʣʫʯʝʥʠʝ ʝʱʝ ʦʜʥʦʛʦ ʧʨʦʜʫʢʪʘ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʝʢʪʠʥʘ ï ʧʝʢʪʠʥʦʚʦʛʦ ʛʝʣʷ. 

ʅʘ ʧʦʩʣʝʜʥʝʡ ʩʪʘʜʠʠ ʧʦʣʫʯʝʥʥʳʡ ʢʦʥʮʝʥʪʨʘʪ ʚʳʩʫʰʠʚʘʶʪ ʨʘʩʧʳʣʝʥʠʝʤ ʠ 

ʧʦʤʝʱʘʶʪ ʚ ʧʦʣʠʵʪʠʣʝʥʦʚʳʝ ʤʝʰʢʠ. ɼʘʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʟʘʨʫʙʝʞʥʳʤ ʠʤʝʝʪ ʩʝʨʴʝʟʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʨʳʥʢʝ, ʪʘʢ ʢʘʢ 

ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʝʢʪʠʥʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʧʨʝʜʣʘʛʘʝʤʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ 

ʠʩʧʦʣʥʝʥʠʠ ʚ ʧʦʣʪʦʨʘ ʨʘʟʘ ʥʠʞʝ ʠʜʝʥʪʠʯʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʜʣʷ ʧʝʢʪʠʥʘ, 

ʧʨʦʠʟʚʝʜʝʥʥʦʛʦ ʧʦ ʢʣʘʩʩʠʯʝʩʢʦʡ "ʢʠʩʣʦʪʥʦ-ʩʧʠʨʪʦʚʦʡ" ʪʝʭʥʦʣʦʛʠʠ, 

ʠʩʧʦʣʴʟʫʝʤʦʡ ʟʘ ʨʫʙʝʞʦʤ (ʨʠʩʫʥʦʢ 1.2.1). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʘʛʘʝʤʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʨʠʩʫʥʦʢ 

3.1.8.1) ʦʩʥʦʚʘʥ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʛʠʜʨʦʣʠʟ-ʵʢʩʪʨʘʢʮʠʠ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʟʘ ʢʦʨʦʪʢʠʡ 

ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʵʢʩʪʨʘʛʝʥʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʩʪʚʦʨ ʘʟʦʪʥʦʡ 

ʢʠʩʣʦʪʳ ʩ ʨʅ 2.0. ʂʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʠ ʦʯʠʩʪʢʘ ʇɺ ʧʨʦʠʟʚʦʜʠʪʩʷ ʤʝʪʦʜʦʤ ʊɼʋʌ. 

ɼʘʥʥrʡ ʧʨʦʮʝʩʩ ʥʘʟʦʚʝʤ ʠʥʥʦʚʘʮʠʦʥʥʤr ʠ ʦʙʦʟʥʘʯʠʤ ʢʘʢ ʊʝʭʥʦʣʦʛʠʷ ɹ.   

ɺ ʪʘʙʣʠʮʝ 3.1.8.2 ʧʨʠʚʦʜʠʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʘʩʭʦʜʦʚ ʩʳʨʴʷ, 

ʵʥʝʨʛʠʠ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʠʢʣʘ ʥʘ 1 ʢʛ ʧʝʢʪʠʥʘ ʨʘʟʥʳʤʠ 

ʪʝʭʥʦʣʦʛʠʷʤʠ (ʊʝʭʥʦʣʦʛʠʷ ɸ ï ʪʨʘʜʠʮʠʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʊʝʭʥʦʣʦʛʠʷ ɹ ï 

ʠʥʥʦʚʘʮʠʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ). 

ʊʘʙʣʠʮʘ 3.1.8.2 ï ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʘʩʭʦʜʦʚ ʩʳʨʴʷ, ʵʥʝʨʛʠʠ ʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʠʢʣʘ ʧʦʣʫʯʝʥʠʷ ʧʝʢʪʠʥʘ ʨʘʟʥʳʤʠ 

ʪʝʭʥʦʣʦʛʠʷʤʠ [248-A]   

  ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʊʝʭʥʦʣʦʛʠʷ ɸ ʊʝʭʥʦʣʦʛʠʷ ɹ 

ʅʦʨʤʘ 

ʨʘʩʭʦʜʘ 

US $ ʥʘ 

1 ʢʛ 

ʅʦʨʤʘ 

ʨʘʩʭʦʜʘ 

US $ ʥʘ 

1 ʢʛ 

1 2 3 4 5 

ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʮʠʢʣ, ʯʘʩ 12 ʯʘʩʦʚ 8 ʯʘʩʦʚ 

ʈʘʩʭʦʜʳ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ, ʢɺʪ/ʢʛ 4.8-5.2 3.48 3.5 0.94 

 

http://www.esi.ru/cavitat.htm
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 3.1.8.2  

1 2 3 4 5 

ʈʘʩʭʦʜ ʚʦʜʳ, ʤ3/ʢʛ 0.7 0.28 0.9 0.36 

ʈʘʩʭʦʜ ʧʘʨʘ, ɻʢʘʣ/ʢʛ 3.40 0.85 1.75 0.45 

ʈʘʩʭʦʜ ʩʳʨʴʷ:  

ɺʳʞʠʤʢʠ, ʢʛ/ʢʛ 10 1.0 10 1.0 

ɸʤʤʠʘʢ /ʩʦʜʘ ʢʘʫʩʪʠʯʝʩʢʘʷ, ʢʛ/ʢʛ   0.120 0.1 0.10 0.1 

ɸʟʦʪʥʘʷ ʢʠʩʣʦʪʘ, ʢʛ/ʢʛ 0.30 1.2 0.15 0.6 

ʋʌ-ʤʝʤʙʨʘʥʘ, ʤ2/ʢʛ   0.05 5.0 

ʌʦʨʤʘʣʠʥ, ʣ/ʢʛ   0.001 0.2 

ʉʪʦʢ ʤ3/ʥʘ ʢʛ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ 0.55 0.25 0.75 0.4 

ʈʘʩʭʦʜ ʩʧʠʨʪʘ, ʣ/ʢʛ 190.0 7.0 0 0 

ɸʜʩʦʨʙʝʥʪ ʜʣʷ ʚʦʜʦʦʯʠʩʪʢʠ, ʢʛ/ʢʛ 0.5 0.5 1.0 1.0 

ʆʙʱʘʷ ʩʪʦʠʤʦʩʪʴ ʨʘʩʭʦʜʦʚ, US $ 14.66 10.5 

 

ʂʨʦʤʝ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʟʘ ʩʯʝʪ ʩʦʢʨʘʱʝʥʠʝ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʠʢʣʘ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʨʦʮʝʩʩ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝʢʪʠʥʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʤʷʛʢʠʭ ʨʝʞʠʤʘʭ, ʷʚʣʷʝʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʯʠʩʪʳʤ ʠ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʤ. ɹʦʣʝʝ ʪʦʛʦ, ʦʙʱʘʷ ʩʪʦʠʤʦʩʪʴ ʨʘʩʭʦʜʦʚ ʠ 

ʩʦʢʨʘʱʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʠʢʣʘ ʩʧʦʩʦʙʩʪʚʫʪʁ ʩʥʠʞʝʥʠʶ ʩʝʙʝʩʪʦʠʤʦʩʪʠ 

ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ (ʪʘʙʣʠʮʘ 3.1.8.2). 

ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ 

ʧʝʢʪʠʥʘ ʟʘ ʢʦʨʦʪʢʠʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʛʠʜʨʦʣʠʟʘ 5-10 ʤʠʥ, ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ 3-4 

ʯʘʩʘ ʠ ʩʫʰʢʠ 2 ʯʘʩʘ ʩ ʦʙʱʠʤ ʥʝʧʨʝʨʳʚʥʳʤ ʮʠʢʣʦʤ ʧʨʦʮʝʩʩʘ ʜʦ 8 ʯʘʩʦʚ ʙʝʟ 

ʧʨʠʤʝʥʝʥʠʷ ʚʳʩʦʢʦʡ ʢʠʩʣʦʪʥʦʩʪʠ (ʨʅ) ʠ ʦʩʥʦʚʘʥʠʡ ʜʣʷ ʠʭ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʥʘ 

ʩʪʘʜʠʠ ʵʢʩʪʨʘʢʮʠʠ ʠ ʛʠʜʨʦʣʠʟʘ ʧʝʢʪʠʥʦʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ, ʘ ʪʘʢʞʝ 

ʤʠʥʝʨʘʣʴʥʳʭ ʩʦʣʝʡ ʠ ɻʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʝʢʪʠʥʘ ʧʦ ʧʨʝʜʣʘʛʘʝʤʦʡ 

ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʝʡ ʪʝʭʥʦʣʦʛʠʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʠʢʣʘ, ʘ 
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ʪʘʢʞʝ ʧʦ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʩʦʟʜʘʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʝʨʝʜ ʢʦʥʢʫʨʝʥʪʘʤʠ ʠʟ ʟʘʨʫʙʝʞʥʳʭ ʩʪʨʘʥ, ʧʦʩʪʘʚʣʷʶʱʠʭ 

ʧʝʢʪʠʥ rʚ ʥʘʰʫ ʨʝʩʧʫʙʣʠʢʫ.  

 

3.2 ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʝʢʪʠʥʘ 

 

3.2.1 ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝʢʪʠʥʘ 

 

ɺ ʠʥʩʪʠʪʫʪʝ ʭʠʤʠʠ ʅɸʅʊ ʜʣʷ ʩʫʰʢʠ ʢʦʥʮʝʥʪʨʘʪʦʚ ʧʝʢʪʠʥʦʚʦʛʦ 

ʛʠʜʨʦʣʠʟʘʪʘ ʧʨʠʤʝʥʷʝʪʩʷ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʘʷ ʪʝʭʥʦʣʦʛʠʷ ʥʘ ʦʩʥʦʚʝ 

ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʝʛʦ ʢʦʣʣʝʢʪʦʨʘ, ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ 

ʵʥʝʨʛʠʠ [93].  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʟʘʜʘʯʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʢʠʥʝʪʠʢʠ 

ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʫʰʢʠ ʨʘʩʪʚʦʨʘ ʧʝʢʪʠʥʦʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʠ ʫʧʨʘʚʣʝʥʠʝ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʨʘʩʧʳʣʠʪʝʣʴʥʦʡ 

ʩʫʰʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʦʜʫʢʪʘ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʠ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʘ ʩʫʰʢʠ ʩ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʫʩʪʘʥʦʚʢʠ. çéʈʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʩʫʰʢʠ ʧʝʢʪʠʥʦʚʦʛʦ 

ʨʘʩʪʚʦʨʘ ʥʘ ʨʘʩʧʳʣʠʪʝʣʴʥʦʡ ʩʫʰʠʣʢʝ ʩ ʫʯʝʪʦʤ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦ- ʠ 

ʤʘʩʩʦʦʙʤʝʥʘéè [80]. ʀʩʩʣʝʜʦʚʘʥʘ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ-ʠʥʪʝʛʨʘʣʴʥʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʨʝʛʫʣʷʪʦʨʦʤ ʠ ʧʨʝʜʠʢʪʦʨʦʤ 

ʉʤʠʪʘ ʦʙʲʝʢʪʘ ʩ ʟʘʧʘʟʜʳʚʘʥʠʝʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ 

ʟʘʧʘʟʜʳʚʘʥʠʷ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩ ʧʨʝʜʠʢʪʦʨʦʤ ʉʤʠʪʘ, ʜʘʝʪ 

ʣʫʯʰʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦ ʢʘʯʝʩʪʚʫ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ.   

 

3.2.1.1 ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʣʠʟ-ʵʢʩʪʨʘʢʮʠʠ ʧʝʢʪʠʥʘ ʬʣʝʰ-ʩʧʦʩʦʙʦʤ 

 

ʂʘʢ ʧʦʢʘʟʳʚʘʪʁ ʘʥʘʣʠʟ ʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ, ʚʳʙʦʨ ʠ 

ʦʧʪʠʤʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝʢʪʠʥʘ ï ʛʠʜʨʦʣʠʟ-

ʵʢʩʪʨʘʢʮʠʠ, ʦʯʠʩʪʢʠ, ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʠ ʩʫʰʢʠ ʥʘ ʦʩʥʦʚʝ ʧʦʩʪʨʦʝʥʠʷ 
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ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʦʚ ʩ ʫʯʝʪʦʤ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ, ʩʥʠʞʘʶʱʠʭ 

ʠʣʠ ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʢʣʶʯʘʶʱʠʭ ʧʨʠʤʝʥʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ ʠ ʧʦʣʫʯʝʥʠʷ 

ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʩ ʟʘʜʘʥʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʠ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ.   

ɼʣʷ ʨʝʰʝʥʠʝ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʚ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʧʪʠʤʠʟʘʮʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʣʠʟ-ʵʢʩʪʨʘʢʮʠʠ ʇʇ ʬʣʝʰ-ʩʧʦʩʦʙʦʤ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ [48, 56-58, 80].     

çéɻʠʜʨʦʣʠʟ-ʵʢʩʪʨʘʢʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʧʘʪʝʥʪʦʚʘʥʥʳʤ 

ʩʧʦʩʦʙʦʤ [56], ʧʨʠ ʢʦʪʦʨʦʤ ʧʝʢʪʠʥʩʦʜʝʨʞʘʱʝʝ ʩʳʨʴʸ ʧʦʜʘʸʪʩʷ ʚ ʘʚʪʦʢʣʘʚ ʧʨʠ 

ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʷʭ: ʪʝʤʧʝʨʘʪʫʨʘ ï 110-130 ʦʉ, ʜʘʚʣʝʥʠʷ ʚ ʘʚʪʦʢʣʘʚʝ ï 1.2-1.6 ʘʪʤ, 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʛʠʜʨʦʣʠʟʘ ï 3-10 ʤʠʥʫʪ ʠ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʨʅéè [56] (ʨʠʩʫʥʦʢ 

3.2.1.1.1). 

ɻʠʜʨʦʣʠʟ-ʵʢʩʪʨʘʢʮʠʶ ʇʇ ʜʣʷ 9 ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

120ʦʉ, ʜʘʚʣʝʥʠʠ 0.152 ʄʇʘ, ʛʠʜʨʦʤʦʜʫʣʝ 1:20 ʚ ʪʝʯʝʥʠʝ 3-10 ʤʠʥʫʪ.  ʂʦʥʪʨʦʣʴ 

ʜʘʚʣʝʥʠʷ ʚ ʧʘʨʦʛʝʥʝʨʘʪʦʨʝ (MBA-20D, ʉʐɸ) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʘʥʠʷ ʜʘʚʣʝʥʠʷ.   

 
 

 

 

ʈʠʩʫʥʦʢ 3.2.1.1.1. ï ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝʢʪʠʥʘ [56-A]   

ɿʘʤʘʯʠʚʘʥʠʝ  

(Z) 

ɻʠʜʨʦʣʠʟ ï 

ʵʢʩʪʨʘʢʮʠʷ (GE) 
ʌʠʣʴʪʨʘʮʠʷ 

(F) 

ʅʝʡʪʨʘʣʠʟʘʮʠʷ  

(N) 

ʋʣʴʪʨʘʬʠʣʴʪʨʘʮʠ

ʷ  

(UF) 

ʈʘʩʧʳʣʠʪʝʣʴʥʘʷ 

ʩʫʰʢʘ (RS)  

ʋʧʘʢʦʚʢʘ  

(U) 

ʎʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝ 

(SF) 
 

ʉʳʨʴʸ 

ɻʦʪʦʚʳʡ ʧʨʦʜʫʢʪ 

(ʇʝʢʪʠʥ)  
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ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʠ ʩʨʘʚʥʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʝʢʪʠʥʘ ʛʠʜʨʦʣʠʟ-

ʵʢʩʪʨʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʪʘʢʞʝ ʊʄ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ ʢʘʞʜʦʛʦ ʚʠʜʘ ʩʳʨʴʷ [49, 

52-54]. ʇʝʢʪʠʥʦʚʳʡ ʛʠʜʨʦʣʠʟʘʪ ʬʠʣʴʪʨʦʚʘʣʠ ʯʝʨʝʟ ʬʠʣʴʪʨʫʶʱʠʡ ʤʘʪʝʨʠʘʣ. 

ʇʦʣʫʯʝʥʥʳʡ ʵʢʩʪʨʘʢʪ ʦʭʣʘʞʜʘʣʠ, ʥʝʡʪʨʘʣʠʟʦʚʘʣʠ ʜʦ pH 3.5 ʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ 

ʧʨʠ 4000-5000 ʦʙ/ʤʠʥ. ʜʣʷ ʦʪʜʝʣʝʥʠʷ ʄɻ. 

çéʆʧʪʠʤʠʟʘʮʠʷ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʘʥʘʣʠʟʦʤ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ 

ʚʭʦʜʥʳʤʠ ʠ ʚʳʭʦʜʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʦʧʨʝʜʝʣʝʥʠʝʤ ʦʧʪʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚéè [80, 93].  

ɺ ʪʘʙʣʠʮʝ 3.2.1.1.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʚʳʭʦʜʘ ʧʨʦʜʫʢʪʦʚ 

ʛʠʜʨʦʣʠʟʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʦʩʦʙʘ ʠ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ.   

ʊʘʙʣʠʮʘ 3.2.1.1.1 ï ɺʣʠʷʥʠʝ ʩʧʦʩʦʙʦʚ ʠ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʣʠʟ-

ʵʢʩʪʨʘʢʮʠʠ ʥʘ ʚʳʭʦʜ ʇʇ ʠ ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ [56-ɸ]  

 ʊ, 
ʦ
C 

ɺʨʝʤʷ, 

(ʤʠʥ.) 

ɺʳʭʦʜ ʧʨʦʜʫʢʪʦʚ ʛʠʜʨʦʣʠʟʘ, 

(%) 

ʇʘʨʘʤʝʪʨʳ ʧʝʢʪʠʥʘ 

ʇɺ+ʄɻ ʆʉ ʉʫʤʤʘ Mw, ʢɼʘ ɻʂ, % ʉʕ, % 

85 60 5.13 32.61 37.74 673.90 64.80 48.71 

120 3 8.93 32.15 41.08 661.00 62.00 52.51 

120 5 14.12 45.00 59.12 769.50 71.50 46.79 

120 7 15.02 63.84 78.86 622.10 70.80 43.35 

120 10 16.8 67.46 84.26 403.50 61.20 41.29 

 

ʉʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʇɺ, ʄɻ ʠ ʆʉ ʚ ʦʧʨʝʜʝʣʝʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

ʨʝʘʢʮʠʠ ʛʠʜʨʦʣʠʟ-ʵʢʩʪʨʘʢʮʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʜʝʨʞʘʥʠʝ ʧʨʦʜʫʢʪʦʚ 

ʛʠʜʨʦʣʠʟʘ, ʨʘʟʣʦʞʠʚʰʠʭʩʷ ʟʘ ʵʪʦ ʚʨʝʤʷ. 

ʇʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʢʘʯʝʩʪʚʝ ʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʠ 

ʚʟʷʪʳ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʣʠʟʘ (ʪʝʤʧʝʨʘʪʫʨʘ ʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʛʠʜʨʦʣʠʟʘ) ʠ ʦʙʦʟʥʘʯʝʥʳ: ʍ1 ï ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʍ2 ï 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ (ʪʘʙʣʠʮʘ 3.2.1.1.2). ɺ ʜʘʥʥʦʡ ʪʘʙʣʠʮʝ 
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ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʚʝʨʭʥʝʛʦ (ʧʝʨʝʤʝʥʥʘʷ ʩʦ ʟʥʘʢʦʤ ç+è), ʦʩʥʦʚʥʦʛʦ (ç0è), 

ʥʠʞʥʝʛʦ (çïè) ʠ ʧʦ ʰʘʛʫ ʚʘʨʴʠʨʦʚʘʥʠʷ ʫʨʦʚʥʠ ʬʘʢʪʦʨʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʝʨʝʤʝʥʥʳʭ ʚʭʦʜʥʳʭ ʬʘʢʪʦʨʦʚ [80].   

ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʨʠ ʦʧʪʠʤʠʟʘʮʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʛʨʝʩʩʠʠ ʧʦʣʠʥʦʤʘ ʚʪʦʨʦʡ ʩʪʝʧʝʥʠ [289] ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʣʠʟʘ 

ʇʇ ʧʦʟʚʦʣʷʝʪ ʥʘʠʙʦʣʝʝ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʚʣʠʷʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ 

(ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ) ʥʘ ʚʳʭʦʜ ʇɺ. ʂʨʦʤʝ ʪʦʛʦ, 

çéʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʵʢʦʥʦʤʠʯʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʚʝʩʪʠ ʤʠʥʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʫʩʪʦʡʯʠʚʳʭ 

ʦʮʝʥʦʢ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʦʜʝʣʠéè [80].  

ʊʘʙʣʠʮʘ 3.2.1.1.2 ï ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ, 

ʚʟʷʪʳʝ ʠʟ ʨʘʙʦʪʳ [80] 

 

ʋʨʦʚʝʥɹ 

ʬʘʢʪʦʨʘ 

ɺʭʦʜʥʳʝ ʬʘʢʪʦʨʳ 

ʇʝʨʝʤʝʥʥʘʷ ʊʝʤʧʝʨʘʪʫʨʘ X1, 
Üʉ ɺʨʝʤʷ X2, ʤʠʥ. 

ɺʝʨʭʥʠʡ X i 
(+1) 130 10 

ʆʩʥʦʚʥʦʡ X i
0 120 7 

ʅʠʞʥʠʡ X i
(-1) 

i 

110 5 

ʐʘʛ 

ʚʘʨʴʠʨʦʚʘʥʠ

 ̫

ʇ 

i 

10 ʠ 3 3 

 

ɺ ʪʘʙʣʠʮʝ 3.2.1.1.3 ʧʨʠʚʝʜʝʥʘ ʤʘʪʨʠʮʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʜʚʫʭʬʘʢʪʦʨʥʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʚ ʢʦʪʦʨʦʡ ʩʠʤʚʦʣʘʤʠ ç+1è, çï1è, ç0è ʦʙʦʟʥʘʯʝʥʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʤʘʢʩʠʤʘʣʴʥʦʝ, ʤʠʥʠʤʘʣʴʥʦʝ ʠ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʷ ʚʭʦʜʥʳʭ ʬʘʢʪʦʨʦʚ.    

ʊʘʙʣʠʮʘ 3.2.1.1.3 ï ʄʘʪʨʠʮʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʜʚʫʭʬʘʢʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ [80]  

ˉ ʚʘʨʠʘʥʪʘ 
ʂʦʜʠʨʦʚʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʬʘʢʪʦʨʦʚ 

x1U x2U yU 

1 2 3 4 

1 +1 +1 y1 

2 ï1 +1 y2 

3 +1 ï1 y3 
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   ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 3.2.1.1.3 

1 2 3 4 

4 ï1 ï1 y4 

5 +1 0 y5 

6 ï1 0 y6 

7 0 +1 y7 

8 0 ï1 y8 

9 0 0 y9 

 

ʉʪʨʫʢʪʫʨʥʘʷ ʤʘʪʨʠʮʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʜʚʫʭʬʘʢʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ 

ʫʯʸʪʦʤ ʧʨʠʥʷʪʳʭ ʦʙʦʟʥʘʯʝʥʠʡ ʙʫʜʝʪ ʠʤʝʪʴ ʩʣʝʜʫʶʱʠʡ ʚʠʜ (ʪʘʙʣʠʮʘ 3.2.1.1.4). 

ʊʘʙʣʠʮʘ 3.2.1.1.4 ï ʉʪʨʫʢʪʫʨʥʘʷ ʤʘʪʨʠʮʘ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʜʚʫʭʬʘʢʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ [80]  

ˉ 

ʚʘʨʠʘʥʪʘ 

ʇʘʨʘʤʝʪʨʳ ɺʳʭʦʜʥʦʡ 

ʧʘʨʘʤʝʪʨ yU ʊʝʤʧʝʨʘʪʫʨʘ X1, Áʉ ɺʨʝʤʷ X2, ʤʠʥ. 

1 130 10 y1 

2 100 10 y2 

3 130 7 y3 

4 110 3 y4 

5 130 7 y5 

6 110 7 y6 

7 120 10 y7 

8 120 3 y8 

9 120 7 y9 

 

ɺ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʚʳʷʚʣʝʥʠʝ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ 

ʚʭʦʜʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʠʩʩʣʝʜʫʝʤʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʨʦʚʦʜʠʣʦʩʴ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʛʨʘʤʤʳ DataFit 9.1.  ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.2.1.1.5. 
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ʀʩʧʦʣʴʟʫʷ ʤʝʪʦʜʳ ʜʚʫʭʬʘʢʪʦʨʥʦʛʦ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʠ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ 

ʘʥʘʣʠʟʘ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʧʦ ʜʘʥʥʳʤ 

ʢʦʪʦʨʳʭ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ DataFit ʧʦʣʫʯʝʥʦ ʫʨʘʚʥʝʥʠʝ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ, 

ʫʩʪʘʥʘʚʣʠʚʘʶʱʝʝ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʣʠʟ-ʵʢʩʪʨʘʢʮʠʠ 

(ʪʝʤʧʝʨʘʪʫʨʘ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠ ʜʘʚʣʝʥʠʝ) ʠ ʚʳʭʦʜʦʤ ʯʠʩʪʦʛʦ ʧʝʢʪʠʥʘ 

(ʨʠʩʫʥʦʢ 3.2.1.1.2) [80]:  

 

ˠ υυȢςψςȢτσ8  ρȢσς8 πȢχσ8,   (3.2.1.1.1) 

 

ʛʜʝ ʍ1 ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʮʝʩʩʘ, Áʉ; ʍ2 ï ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ, ʤʠʥ.; 

ʍ3 ï ʜʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʣʠʟ-ʵʢʩʪʨʘʢʮʠʠ; ʂʦʵʬʬʠʮʠʝʥʪʳ ʨʝʛʨʝʩʩʠʠ: b0 = 

8.052,   b1 = 48.156, b2 = 1.095, b3 = - 0.137, b4 = 0.005. ʂʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ 

ï 98.65 %, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ï 4.91%. 

ʊʘʙʣʠʮʘ 3.2.1.1.5 ï ʄʘʪʨʠʮʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʜʚʫʭʬʘʢʪʦʨʥʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʨʝʟʫʣʴʪʘʪʳ ʦʧʳʪʦʚ (ʚʳʭʦʜ ʧʝʢʪʠʥʘ) [80] 
 

ˉ ʚʘʨʠʘʥʪʘ ɺʳʭʦʜ ʧʝʢʪʠʥʘ, % 

ʧʦʚʪʦʨʥʦʩʪʠ 

1 2 3 4 5 6 7 

1 10.81 8.34 9.53 8.51 19.34 11.14 7.94 

2 9.57 7.52 6.64 7.79 7.64 6.06 7.44 

3 11.69 8.8 9.77 8.9 20.28 12.03 29.95 

4 10.71 8.1 8.48 8.5 17.24 17.95 29.93 

5 10.93 8.37 9.67 8.58 19.25 18.06 29.96 

6 10.14 10.41 6.56 7.56 7.7 5.68 29.39 

7 11.73 16.85 18.82 23.78 26.3 33.11 37.98 

8 10.15 10.44 6.6 7.76 7.65 6.08 29.49 

9 9.17 7.47 6.64 8.82 9.13 8.01 29.44 
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ʈʠʩʫʥʦʢ 3.2.1.1.2. ï ɺʳʭʦʜ ʧʝʢʪʠʥʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʣʠʷʶʱʠʭ ʬʘʢʪʦʨʦʚ 

ʚ ʧʨʦʮʝʩʩʝ ʛʠʜʨʦʣʠʟ-ʵʢʪʨʘʢʮʠʠ (ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʠʟ ʨʘʙʦʪʳ [80]). 

  ʇʦ ʤʦʜʝʣʠ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʝʪʝʨʤʠʥʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 98.65%, ʘ 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʨʘʚʥʘ 4.91%, ʧʦʵʪʦʤʫ ʟʘʚʠʩʠʤʦʩʪʴ (3.2.1.1.1) 

ʤʦʞʝʪʴ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʢʘʢ ʧʨʦʛʥʦʟʥʘʷ ʤʦʜʝʣʴ [80]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʝ ʩʦʩʪʘʚʣʝʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʠ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʣʠʟ-ʵʢʩʪʨʘʢʮʠʠ (ʪʝʤʧʝʨʘʪʫʨʘ ʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ) ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʚʠʜʦʚ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ. 

 

3.2.1.2 ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʋʌ-ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʠ ʦʯʠʩʪʢʠ 

ʧʝʢʪʠʥʦʚʳʭ ʧʦʣʠʩʘʭʘʨʠʜʦʚ 

 

ɺ ʧʨʦʮʝʩʩʝ ʋʌ ʧʨʦʠʩʭʦʜʠʪ ʧʘʜʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʝʤʙʨʘʥ ʩʦ 

ʚʨʝʤʝʥʝʤ ʠʟ-ʟʘ ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʜʢʦʚ, ʢʦʪʦʨʳʝ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ 

ʧʨʦʮʝʩʩʝ ʬʠʣʴʪʨʘʮʠʠ. ʊʘʢʦʝ ʷʚʣʝʥʠʝ çéʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʦ ʥʝʩʢʦʣʴʢʠʤʠ 

ʧʨʠʯʠʥʘʤʠ ï ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ, ʘʜʩʦʨʙʮʠʝʡ [64, 65], ʘ ʪʘʢʞʝ 

ʘʛʨʝʛʘʮʠʝʡ ʧʝʢʪʠʥʦʚʳʭ ʤʘʢʨʦʤʦʣʝʢʫʣ ʧʨʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʠ ʨʘʟʙʘʚʣʝʥʥʳʭ 
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ʨʘʩʪʚʦʨʦʚéè [272]. çéʆʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʝʣʴ-ʩʣʦʷ ʚʥʦʩʷʪ ʇʇ, ʘ 

ʪʘʢʞʝ ʮʝʣʣʶʣʦʟʘ. ɼʣʷ ʨʝʛʝʥʝʨʘʮʠʠ ʤʝʤʙʨʘʥ ʘʚʪʦʨʳ [77, 73, 83] ʨʝʢʦʤʝʥʜʫʶʪ 

ʧʨʠʤʝʥʷʪʴ ʤʦʶʱʫʶ ʢʦʤʧʦʟʠʮʠʶ, ʩʦʜʝʨʞʘʱʫʶ ʬʝʨʤʝʥʪʥʳʝ ʧʨʝʧʘʨʘʪʳ 

ʧʝʢʪʦʣʠʪʠʯʝʩʢʦʛʦ ʠ ʢʘʨʙʦʛʠʜʨʘʟʥʦʛʦ ʜʝʡʩʪʚʠʷ. ɺ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ, 

ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʩʦʚʤʝʩʪʥʦ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʅɸʅʊ, ʜʣʷ 

ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʤʝʤʙʨʘʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʮʝʩʩ ɼʋʌ ʚ ʪʘʥʛʝʥʮʠʘʣʴʥʦʤ 

ʧʦʪʦʢʝ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʘʛʨʝʛʘʮʠʠ ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʚʦ 

ʚʨʝʤʷ ʬʠʣʴʪʨʘʮʠʠ, ʢʦʪʦʨʘʷ ʧʨʦʤʳʚʘʷ ʤʝʤʙʨʘʥʳ, ʯʝʨʝʟ ʙʘʡʧʘʩʥʫʶ ʣʠʥʠʶ 

ʧʦʧʘʜʘʝʪ ʚ ʩʦʩʫʜ, ʩʦʜʝʨʞʘʱʠʡ ʢʦʥʮʝʥʪʨʘʪ, ʯʪʦ ʫʤʝʥʴʰʘʝʪ ʦʩʘʞʜʝʥʠʝ 

ʧʝʢʪʠʥʦʚʦʛʦ ʛʝʣʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʤʙʨʘʥéè [77, 73, 83, 80]. ɿʘʪʝʤ ʮʠʢʣ ʋʌ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʧʦʚʪʦʨʷʝʪʩʷ ʜʦ ʧʦʣʫʯʝʥʠʷ ʨʘʩʪʚʦʨʘ ʥʫʞʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

[94, 247, 248, 290]. çéʕʪʦʪ ʧʨʦʮʝʩʩ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ, ʛʦʪʦʚʥʦʩʪʴ ʢʦʥʝʯʥʦʛʦ 

ʧʨʦʜʫʢʪʘ ʦʧʨʝʜʝʣʷʝʪ ʜʘʪʯʠʢ ʜʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʡ ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʬʠʣʴʪʨʘʮʠʦʥʥʦʡ 

ʢʦʣʦʥʢʝéè [80].  

çéʇʝʨʠʦʜʠʯʝʩʢʘʷ ʦʯʠʩʪʢʘ ʋʌ ʢʦʣʦʥʥʳ ʧʦ ʫʢʘʟʘʥʥʦʤʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ 

ʧʨʦʮʝʩʩʫ ʧʨʠʚʦʜʠʪ ʢ ʨʘʩʪʚʦʨʝʥʠʶ ʧʝʢʪʠʥʘ ʠ ʫʤʝʥʴʰʘʝʪ ʛʝʣʠʝʚʳʡ ʩʣʦʡ ʥʘ 

ʤʝʤʙʨʘʥʝ. ʆʧʳʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʪʘʢʦʡ ʤʝʪʦʜ ʦʯʠʩʪʢʠ ʧʝʢʪʠʥʦʚʦʛʦ ʨʘʩʪʚʦʨʘ 

ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʯʘʩʪʦʪʫ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʤʳʚʦʢ. ʀʤʝʝʪʩʷ ʨʷʜ ʨʘʙʦʪ, 

ʧʦʩʚʷʱʝʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʠ ʵʪʦʤ 

ʧʨʦʮʝʩʩʦʚéè [80, 291-293]. 

çéʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʵʪʠʭ ʤʦʜʝʣʝʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʧʠʩʳʚʘʝʪ ʧʨʦʮʝʩʩʳ, 

ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʩʣʫʯʘʝ ʥʝʠʟʤʝʥʥʳʭ ʚʥʝʰʥʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʦʯʠʩʪʦʢ ʤʝʤʙʨʘʥʳ ʪʘʢʠʤʠ ʤʦʜʝʣʷʤʠ ʥʝ ʦʪʨʘʞʘʝʪʩʷ. ʂʨʦʤʝ ʪʦʛʦ, 

ʦʥʠ ʚ ʦʩʥʦʚʥʦʤ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʦʜʠʥ ʤʝʭʘʥʠʟʤ ʚʣʠʷʥʠʷ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ʥʘ 

ʧʨʦʮʝʩʩ ʋʌ ï ʧʦʚʳʰʝʥʠʝ ʦʙʱʝʛʦ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʠʩʪʝʤʳ 

çʤʝʤʙʨʘʥʘ-ʛʝʣʴè ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʪʦʣʱʠʥʳ ʩʣʦʷ ʛʝʣʷéè [80]. 

 ʈʷʜ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʫʯʘʶʪ ʪʘʢʦʡ ʤʝʭʘʥʠʟʤ, ʢʘʢ 

ʙʣʦʢʠʨʦʚʘʥʠʝ ʧʦʨ ʤʝʤʙʨʘʥʳ ʛʝʣʠʝʚʳʤʠ çʧʨʦʙʢʘʤʠè [72, 293, 294].  
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çéʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʩʪʨʦʠʪʩʷ ʩ ʫʯʝʪʦʤ ʩʣʝʜʫʶʱʠʭ 

ʜʦʧʫʱʝʥʠʡ...è [295]: 

1. çéʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʝʤʙʨʘʥʳ (ʣ/ʤ2
Āʩ), ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

ʦʙʲʸʤʥʳʡ ʨʘʩʭʦʜ ʧʝʨʤʝʘʪʘ ʚ ʨʘʩʯʸʪʝ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʝʤʙʨʘʥʳ ʠ ʤʦʞʝʪ ʙʳʪʴ ʦʪʦʞʜʝʩʪʚʣʝʥʘ ʩʦ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʴʶ v (ʤ/ʩ) ʜʚʠʞʝʥʠʷ 

ʧʝʨʤʝʘʪʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʥʦʨʤʘʣʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 

ʊʄɼ ï ὴ (ʧʝʨʝʧʘʜʫ ʜʘʚʣʝʥʠʡ, ʂʇʘ) ʠ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʩʫʤʤʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʤʝʤʙʨʘʥʳ ʠ ʩʣʦʷ ʛʝʣʷ. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʤʝʤʙʨʘʥʳ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ 

ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʩʫʤʤʘʨʥʦʡ ʧʣʦʱʘʜʠ F(t) ʩ ʫʯʝʪʦʤ ʧʦʩʪʦʷʥʩʪʚʘ 

ʪʦʣʱʠʥʳ ʩʣʦʷ ʚʜʦʣʴ ʤʝʤʙʨʘʥʳ ʟʘ ʬʠʣʴʪʨʘʮʠʦʥʥʳʡ ʮʠʢʣ, ʩʝʯʝʥʠʝ ʩʚʦʙʦʜʥʳʭ 

ʧʦʨ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʤʝʤʙʨʘʥʝ ʚ ʨʘʩʯʝʪʝ ʥʘ ʝʜʠʥʠʮʝ ʧʣʦʱʘʜʠ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʘ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʣʦʷ ʛʝʣʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʪʦʣʱʠʥʝ ʵʪʦʛʦ ʩʣʦʷ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʝʤʙʨʘʥʳ ʦʧʠʩʳʚʘʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ: 

 
 

 ὺ ȟ                                                                    (3.2.1.2.1) 

 

ʛʜʝ b ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ; ὑï ʫʜʝʣʴʥʘʷ ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʩʣʦʷ ʛʝʣʷ, ʤ2/(ʇʘĀʩ); ‏ ï ʪʦʣʱʠʥʘ ʩʣʦʷ ʛʝʣʷéè  [295]; 

2. çéʉʚʦʡʩʪʚʘ ʛʝʣʷ, ʪʦʣʱʠʥʘ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʩʣʦʷ ʛʝʣʷ ʩʯʠʪʘʶʪʩʷ 

ʧʦʩʪʦʷʥʥʳʤʠ ʚʜʦʣʴ ʤʝʤʙʨʘʥʳ; ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʛʝʣʷ ʥʘʯʠʥʘʝʪʩʷ 

ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʨʘʩʪʚʦʨʦʤ ʦʧʨʝʜʝʣʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ὧ ʧʨʠ ʧʣʦʪʥʦʩʪʠ ʛʝʣʷ 

ʨʘʚʥʦʡ g (ʤʘʩʩʘ ʧʝʢʪʠʥʘ ʚ ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ ʩʣʦʷ ʛʝʣʷ). ʊʦʛʜʘ ʫʨʘʚʥʝʥʠʝ 

ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʙʘʣʘʥʩʘ ʜʣʷ ʩʣʦʷ ʛʝʣʷ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝéè [295]: 

 
 

 

”
Ὠ‏

Ὠὸ
ὺὧȟ                                                                               σȢςȢρȢςȢς 

 

 

 

3. ç...ʂʦʣʠʯʝʩʪʚʦ ʧʦʨ ʤʝʤʙʨʘʥʳ, ʟʘʩʦʨʷʝʤʳʭ ʟʘ ʚʨʝʤʷ dt, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 

ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʧʝʢʪʠʥʘ, ʧʨʠʥʦʩʠʤʦʛʦ ʨʘʩʪʚʦʨʦʤ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʤʙʨʘʥʳ, ʠ 
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ʢʦʣʠʯʝʩʪʚʫ ʩʚʦʙʦʜʥʳʭ (ʥʝ ʟʘʩʦʨʝʥʥʳʭ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ) ʧʦʨ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʩʫʤʤʘʨʥʦʡ ʧʣʦʱʘʜʠ ʩʚʦʙʦʜʥʳʭ ʧʦʨ ʤʦʞʥʦ ʦʧʠʩʘʪʴ 

ʚʳʨʘʞʝʥʠʝʤ: 
 

 

 

ὨὊ

Ὠὸ
ὥὺὧὊ Ὑȟ                                                                   σȢςȢρȢςȢσ 

 

ʛʜʝ ὥ ï ʢʦʥʩʪʘʥʪʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʛʫʩʪʢʦʚ ʛʝʣʷ ʙʣʦʢʠʨʦʚʘʪʴ 

ʧʦʨʳ ʤʝʤʙʨʘʥʳ. ʆʥʘ ʠʟʤʝʨʷʝʪʩʷ ʚ ʤ2/ʢʛ ʠ ʠʤʝʝʪ ʩʤʳʩʣ ʩʫʤʤʘʨʥʦʡ ʧʣʦʱʘʜʠ 

ʩʝʯʝʥʠʡ ʧʦʨ, ʙʣʦʢʠʨʫʝʤʳʭ ʝʜʠʥʠʮʝʡ ʤʘʩʩʳ ʛʝʣʷ, R ï ʦʩʪʘʪʦʯʥʘʷ ʧʣʦʱʘʜʴ 

ʥʝʧʨʦʥʠʮʘʝʤʳʭ ʧʦʨ, ʠʟʤʝʨʷʝʪʩʷ ʚ ʤ2...è [289]; 

4. çéʇʨʦʤʳʚʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʤʙʨʘʥʳ ʧʨʠʚʦʜʠʪ ʢʘʢ ʢ ʯʘʩʪʠʯʥʦʤʫ ʫʜʘʣʝʥʠʶ 

ʩʣʦʷ ʛʝʣʷ, ʢʦʪʦʨʳʡ ʚʥʦʚʴ ʧʦʧʘʜʘʝʪ ʚ ʠʩʭʦʜʥʳʡ ʬʠʣʴʪʨʫʝʤʳʡ ʨʘʩʪʚʦʨ ʪʘʢ ʠ ʢ 

ʯʘʩʪʠʯʥʦʡ ʦʯʠʩʪʢʝ ʧʦʨ ʤʝʤʙʨʘʥʳéè  [295];    

5. çéɺʨʝʤʷ, ʟʘʪʨʘʯʠʚʘʝʤʦʝ ʥʘ ʦʯʠʩʪʢʫ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʤʙʨʘʥʳ, ʥʝ 

ʫʯʠʪʳʚʘʝʪʩʷ; ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʩʘ, ʩʚʷʟʘʥʥʦʝ ʩ 

ʦʯʠʩʪʢʦʡ, ʧʨʦʠʩʭʦʜʠʪ ʩʢʘʯʢʦʦʙʨʘʟʥʦé" [295].  ʅʘʣʠʯʠʝ ʟʘʚʠʩʠʤʦʩʪʝʡ F(t) ʠ (t) 

ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʦʪʨʝʪʴ ʬʫʥʢʮʠʶ F(ŭ), ʟʘʜʘʥʥʫʶ ʧʨʠ ʧʦʤʦʱʠ ʧʘʨʘʤʝʪʨʘ t. 

ʈʘʟʜʝʣʠʚ ʫʨʘʚʥʝʥʠʝ (3.2.1.2.3) ʥʘ (3.2.1.2.2), ʧʦʣʫʯʠʤ: 
   

 

ὨὊ

Ὠ‏
ὥὊ”Ȣ                                                                              σȢςȢρȢςȢτ 

 

 

ʇʦʣʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʧʣʦʱʘʜʠ ʋʌ ʚʜʦʣʴ ʪʦʣʱʠʥʳ ʛʝʣʠʝʚʦʛʦ ʩʣʦʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʤʙʨʘʥʳ. ʇʦʩʣʝ ʥʝʩʢʦʣʴʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʫʨʘʚʥʝʥʠʝ, ʦʧʠʩʳʚʘʶʱʝʝ ʠʟʤʝʥʝʥʠʝ ʪʦʣʱʠʥʳ ʛʝʣʝʚʦʛʦ ʩʣʦʷ ʩ ʪʝʯʝʥʠʝʤ 

ʚʨʝʤʝʥʠ: 

    ὺ ὦὊ”                                                                                   σȢςȢρȢςȢυ 

 

 

ʜʣʷ ʥʘʯʘʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ ʢʘʞʜʦʛʦ ʵʪʘʧʘ ʧʨʦʮʝʩʩʘ ʬʠʣʴʪʨʘʮʠʠ, 

(ʧʘʨʘʤʝʪʨʳ ʩ ʠʥʜʝʢʩʦʤ 0), ʪʦ ʝʩʪʴ ʜʣʷ ʯʠʩʪʦʡ ʤʝʤʙʨʘʥʳ ʧʦʣʫʯʠʤ:  
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        ὧ
ὦὊ

ὑ
‏

ὺ

ὴὑ
 Ȣ                                                              σȢςȢρȢςȢφ‏

 

 

 

 

 

           ὃ
ὥ”ὴὑ

ὺ
Ȣ                                                                            σȢςȢρȢςȢχ 

 

 

ʆʙʦʟʥʘʯʠʚ ʪʦʣʱʠʥʫ ʛʝʣʝʚʦʛʦ ʩʣʦʷ ʠ ʩʫʤʤʘʨʥʫʶ ʧʣʦʱʘʜʴ ʦʪʢʨʳʪʳʭ ʧʦʨ ʚ 

ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʵʪʘʧʘ ʧʨʦʮʝʩʩʘ (ʧʦʩʣʝ ʦʯʝʨʝʜʥʦʡ 

ʦʯʠʩʪʢʠ ʤʝʤʙʨʘʥʳ) ʯʝʨʝʟ ‏ ʠ Ὂ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʢʦʥʯʘʪʝʣʴʥʦ ʧʦʣʫʯʠʤ 

(3.2.1.2.8). ʕʪʠ ʚʝʣʠʯʠʥʳ ʷʚʣʷʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ 

ʵʪʘʧʘ ï ʜʣʷ ʨʘʟʥʳʭ ʵʪʘʧʦʚ ʨʘʟʣʠʯʥʳ: 

 
 

 

Ὠ ὧ

Ὠὸ

ρ 

ὧ ὯὩ
  ȟ                                                                  σȢςȢρȢςȢψ 

 

 

ʛʜʝ   ̒ï ʠʩʭʦʜʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ, k = F0/F'. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʮʝʩʩ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʚʫʤʷ ʧʘʨʘʤʝʪʨʘʤʠ, ʧʨʠʯʝʤ ɸ ï

ʦʩʥʦʚʥʦʡ ʧʘʨʘʤʝʪʨ, ʦʜʠʥʘʢʦʚʳʡ ʜʣʷ ʚʩʝʭ ʵʪʘʧʦʚ, ʚʪʦʨʦʡ ʧʘʨʘʤʝʪʨ ï ʦʪʥʦʰʝʥʠʝ 

(k = F0/F') ï ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʪʝʧʝʥʴ ʧʨʦʤʳʚʢʠ ʧʦʨ ʧʨʠ ʦʙʱʝʡ ʦʯʠʩʪʢʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʤʙʨʘʥʳ ʠ ʧʦʵʪʦʤʫ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʪʜʝʣʴʥʦʛʦ 

ʮʠʢʣʘ. ɿʥʘʯʝʥʠʷ ʤʥʦʛʠʭ ʧʘʨʘʤʝʪʨʦʚ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. 

ʈʝʰʝʥʠʝ ʧʦʣʫʯʝʥʥʦʡ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʬʦʨʤʝ 

ʂʦʰʠ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʩʨʝʜʝ Matlab/Simulink. ʅʘ ʨʠʩʫʥʢʝ 3.2.1.2.1 ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʘ ʧʝʢʪʠʥʘ ʠ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʤʝʤʙʨʘʥʳ ʦʪ ʚʨʝʤʝʥʠ, ʥʘ ʨʠʩʫʥʢʝ 3.2.1.2.2 ʧʨʠʚʝʜʝʥ 3D ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʝʤʙʨʘʥʳ ʦʪ ʚʨʝʤʝʥʠ ʠ ʜʘʚʣʝʥʠʷ ʚ ʩʠʩʪʝʤʝ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʠʷʥʠʷ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʤʝʤʙʨʘʥ ʥʘ ʋʌ-

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʠ ʦʯʠʩʪʢʫ ʧʝʢʪʠʥʘ ʠʟ ʷʙʣʦʢ ʠ ʂʇ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʷʜ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ [94]. ʇʦ ʜʘʥʥʳʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ ʪʘʙʣʠʮʝ, 

ʧʦʣʫʯʝʥʥʳʤ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʦʙʨʘʙʦʪʘʥʥʳʤ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ 

DataFit 9.0, ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 
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ʤʝʤʙʨʘʥʳ ʦʪ ʚʨʝʤʝʥʠ ʋʌ ʠ ʚʭʦʜʷʱʝʛʦ ʜʘʚʣʝʥʠʷ ʚ ʩʠʩʪʝʤʝ (ʨʠʩʫʥʢʠ 3.2.1.2.3 ʠ 

3.2.1.2.4) [92].   
 

 
 

ʈʠʩʫʥʦʢ 3.2.1.2.1. ï ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʘ 

ʧʝʢʪʠʥʘ (Cg) ʠ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʤʝʤʙʨʘʥʳ (G) ʦʪ ʚʨʝʤʝʥʠ [92-A]  

  

ʈʠʩʫʥʦʢ 3.2.1.2.2. ï 3D ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʤʝʤʙʨʘʥʳ ʦʪ ʚʨʝʤʝʥʠ ʠ ʜʘʚʣʝʥʠʷ ʚ ʩʠʩʪʝʤʝ [92-A] .  
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ʈʠʩʫʥʦʢ 3.2.1.2.3. ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʤʝʤʙʨʘʥʳ ʦʪ ʚʨʝʤʝʥʠ ʋʌ [92-A]  
 

 

ʈʠʩʫʥʦʢ 3.2.1.2.4. ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʤʝʤʙʨʘʥʳ ʦʪ ʚʭʦʜʷʱʝʛʦ ʜʘʚʣʝʥʠʷ [92-A] .  

 

3.2.1.3 ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʧʨʠʤʝʨʝ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝʢʪʠʥʦʚʳʭ ʚʝʱʝʩʪʚ ʠʟ ʚʳʞʠʤʦʢ ʷʙʣʦʢ 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʇɺ ʠʟ 

ʚʳʞʠʤʦʢ ʷʙʣʦʢ ʚ ʨʘʙʦʪʝ [80] ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʦʩʥʦʚʥʳʭ ʵʪʘʧʦʚ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʠ 
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ʧʨʦʠʟʚʦʜʩʪʚʝ ʇʇ, ʨʘʩʭʦʜ ʧʝʢʪʠʥʦʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ, ʘ ʪʘʢʞʝ ʧʨʝʜʧʨʠʥʷʪʘ 

ʧʦʧʳʪʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʩʢʨʳʪʠʷ ʤʝʭʘʥʠʟʤʘ ʚʣʠʷʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʣʠʟ-ʵʢʩʪʨʘʢʮʠʠ ʥʘ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʦʛʦ ʧʝʢʪʠʥʘ.  

 

3.2.2 ʇʦʩʪʨʦʝʥʠʝ ʦʙʱʝʡ ʤʦʜʝʣʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʧʝʢʪʠʥʘ 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʝ ʦʙʱʝʡ ʤʦʜʝʣʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʇʇ, ʢʘʢ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʥʘʤʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʦʙʱʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝʢʪʠʥʘ ʠʟ ʚʳʞʠʤʦʢ ʷʙʣʦʢ ʬʣʝʰ-

ʩʧʦʩʦʙʦʤ (ʨʠʩʫʥʦʢ 3.2.1.1.1) [92, 91]. ʆʙʱʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝʢʪʠʥʘ ʚʢʣʶʯʘʝʪ ʧʨʦʮʝʩʩ ʩʫʰʢʠ 

ʧʝʢʪʠʥʦʚʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʡ ʨʘʩʧʣrʠʪʝʣʴʥʦʡ 

ʩʫʰʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ [93]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʘʡʜʝʥʳ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨ r

ʧʨʦʮʝʩʩʘ ʩʫʰʢʠ, ʚʣʠʷʶʱʠʝ ʥʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʇʇ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʩʫʰʢʠ ʇʇ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʝʦʨʠʝʡ ʤʘʩʩʦ- ʠ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʚʠʜʝ ʩʦʩʪʘʚʣʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʪʝʧʣʦʚʦʛʦ ʠ 

ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʙʘʣʘʥʩʦʚ ʧʨʦʮʝʩʩʘ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʥʘʡʜʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ: ʨʘʩʭʦʜ ʛʦʨʷʯʝʛʦ ʚʦʟʜʫʭʘ ï 65 ʤ3/ʯ; ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ 

ʚʭʦʜʝ ʚ ʩʫʰʠʣʴʥʫʶ ʙʘʰʥʶ ï 170ʦʉ; ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʳʭʦʜʝ ï 85ʦʉ; ʩʢʦʨʦʩʪʴ 

ʧʦʜʘʯʠ ʧʝʢʪʠʥʦʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ï 15 ʤʣ/ʤʠʥ.  ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ 

ʜʘʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʧʝʢʪʠʥʳ ʚʳʩʦʢʦʛʦ 

ʢʘʯʝʩʪʚʘ ʠ ʩ ʥʠʟʢʦʡ ʩʝʙʝʩʪʦʠʤʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʭʨʘʥʝʥʠʶ ʝʛʦ 

ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʩʚʦʡʩʪʚ.  

ɺ ʩʦʦʪʚʝʩʪʚʠʠ ʩ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʦʙʱʝʡ ʤʦʜʝʣʴ  ʁʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝʢʪʠʥʘ 

ʨʘʩʩʯʠʪʘʥ ʚʳʭʦʜ ʇɺ ʠʟ ʚʳʞʠʤʦʢ ʷʙʣʦʢ ʠ ʜʨʫʛʦʛʦ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ, 

ʩʦʜʝʨʞʘʱʝʛʦ ʧʝʢʪʠʥ (ʪʘʙʣʠʮʘ 3.2.2.1).  
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ʊʘʙʣʠʮʘ 3.2.2.1 ï ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʧʝʢʪʠʥʘ ʬʣʝʰ-ʩʧʦʩʦʙʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʦʙʱʝʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʘʭ [3-A]  
 

ʉʳʨʴʸ 

ɺʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ɺʳʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ɺʨʝʤʷ, 

ʤʠʥ 

T, ʦʉ P, 

ʘʪʤ 

pH ʇɺ, 

% 

ɻʂ, 

% 

Mw.e-3, 

ʢɼʘ 

ʉʕ, 

% 

ɸʙ 5 130 2.0 2.0 14.43 68.4 125.60 78.2 

ɸʡ 5 120 1.5  1.5 26.83 57.6 915.00 69.8 

ʂʇ 60 85 1.0 1.5 22.2 66.6 151.90 68.3 

ʃʂ 5 130 2.0 2.0 12.8 73.2 131.80 76.7 

ʈʚ 7 120 1.5 2.0 22.37 50.4 150.80 68.6 

ʊʢʚ 10 130 2.0 2.0 27.2 45.3 174.80 60.2 

ʗʇʄ 7 120 1.5 2.0 25.63 52.8 105.20 68.6 

ʗʇʌ 7 120 1.5  2.0 14.33 69.6 167400 76.5 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʦʙʲʝʢʪʘ, ʦʪʜʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʠ ʨʘʩʭʦʜʘ ʤʘʩʩʦʚʦʛʦ ʧʦʪʦʢʘ ʤʝʞʜʫ ʟʚʝʥʴʷʤʠ ʧʦʟʚʦʣʠʣʠ ʩʠʥʪʝʟʠʨʦʚʘʪʴ 

ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝʢʪʠʥʘ ʚ 

ʚʠʜʝ ʘʚʪʦʨʝʛʨʝʩʩʠʦʥʥʦʡ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ ʩʦ ʩʢʦʣʴʟʷʱʝʡ ʩʨʝʜʥʝʡ. 

ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʯʠʩʣʝʥʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚ ʤʦʜʝʣʷʭ ʘʚʪʦʨʝʛʨʝʩʩʠʠ ʩʦ 

ʩʢʦʣʴʟʷʱʠʤ ʩʨʝʜʥʠʤ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʟʠʪʴ ʵʪʫ 

ʤʦʜʝʣʴ ʢ ʨʝʘʣʴʥʳʤ ʠʩʭʦʜʥʳʤ ʜʘʥʥʳʤ [80]. 

ʅʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʧʨʝʜʣʦʞʝʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ 

ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝʢʪʠʥʘ ʩ ʫʯʝʪʦʤ 

ʧʨʦʮʝʩʩʘ ʝʛʦ ʩʫʰʢʠ [80, 92]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʪʜʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʇʇ ʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʩʭʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʧʨʝʜʣʦʞʝʥʘ ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʚʦʟʤʦʞʥʦʛʦ ʟʘʧʫʩʢʘ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝʢʪʠʥʘ [80]. ʀʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ (ʨʠʩʫʥʦʢ 3.2.2.1) ʩʦʩʪʦʠʪ ʠʟ 
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ʧʷʪʠ ʧʘʥʝʣʝʡ (ʨʘʟʜʝʣʦʚ), ʢʦʪʦʨʳʝ ʩʣʫʞʘʪ ʜʣʷ ʚʳʙʦʨʘ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ ʠ ʵʪʘʧʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʳʭ ʨʘʟʜʝʣʦʚ ʙʫʜʫʪ ʧʨʦʠʩʭʦʜʠʪ ʢʦʥʪʨʦʣʴ, 

ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʠ ʫʧʨʘʚʣʝʥʠʷ ʧʘʨʘʤʝʪʨʘʤʠ ʦʪʜʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʪ.ʝ. ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʣʥʦʛʦ ʢʦʥʪʨʦʣʷ ʭʦʜʘ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

 

 

ʈʠʩʫʥʦʢ 3.2.2.1. ï ʀʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʚʦʟʤʦʞʥʦʛʦ ʟʘʧʫʩʢʘ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝʢʪʠʥʘ [80]. 

 

ʇʨʦʚʝʜʝʥʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʟʚʦʣʠʣʠ ʧʦʣʫʯʠʪʴ 

ʛʨʘʬʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʜʠʥʘʤʠʢʠ ʩʦʩʪʦʷʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ. 

 

3.3 ɺʳʜʝʣʝʥʠʝ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʙʝʣʢʦʚ ʠ ʠʭ ʠʜʝʥʪʠʬʠʢʘʮʠʷ   

 

3.3.1 ɺʳʜʝʣʝʥʠʝ ʩʳʚʦʨʦʪʦʯʥʳʭ ʙʝʣʢʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʤʙʨʘʥʥʳʭ 

ʤʝʪʦʜʦʚ 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦʷʚʠʣʠʩʴ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʝ ʩʧʦʩʦʙʳ ʧʝʨʝʨʘʙʦʪʢʠ 

ʩʳʚʦʨʦʪʢʠ ʧʫʪʝʤ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʝʝ ʢʦʤʧʦʥʝʥʪʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʤʝʤʙʨʘʥʥʦʡ ʪʝʭʥʠʢʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʝʝ ʚ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʘʭ ʠ ʬʘʨʤʘʮʝʚʪʠʢʠ. 

ʎʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʳʭ ʩʧʦʩʦʙʦʚ ʚʳʜʝʣʝʥʠʷ ʙʝʣʢʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʢʘʯʝʩʪʚʦʤ ʧʦʣʫʯʘʝʤʳʭ ʙʝʣʢʦʚʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ, ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ 



161 
 

 

ʩʚʦʡʩʪʚʘʤʠ, ʫʨʦʚʥʝʤ ʤʘʪʝʨʠʘʣʴʥʳʭ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ ʥʘ ʧʦʣʫʯʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʪʦʚ ʠ ʚʝʣʠʯʠʥʦʡ ʧʦʪʝʨʴ ʙʝʣʢʘ ʚ ʧʨʦʮʝʩʩʘʭ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ. 

ɸʥʘʣʠʟ ʚʦʟʤʦʞʥʦʩʪʝʡ ʤʝʤʙʨʘʥʥʳʭ ʤʝʪʦʜʦʚ ʙʳʣ ʙʳ ʥʝʧʦʣʥʳʤ ʙʝʟ ʠʭ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʮʝʥʢʠ. ʉʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʤʝʤʙʨʘʥʥʘʷ 

ʪʝʭʥʦʣʦʛʠʷ ʷʚʣʷʝʪʩʷ ʙʝʟʨʝʘʛʝʥʪʥʦʡ. ʇʦʤʠʤʦ ʚʳʩʦʢʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʤʝʤʙʨʘʥʥʳʝ ʤʝʪʦʜʳ ʥʘʠʙʦʣʝʝ ʵʢʦʥʦʤʠʯʥʳ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʢʦʥʢʫʨʠʨʫʶʱʠʤʠ ʤʝʪʦʜʘʤʠ ʨʘʟʜʝʣʝʥʠʷ ʚʝʱʝʩʪʚ [296, 207].  

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ, ʚʳʜʝʣʷʝʤʳʭ ʧʨʠ ʤʝʤʙʨʘʥʥʦʡ 

ʬʠʣʴʪʨʘʮʠʠ, ʧʦʜʨʘʟʜʝʣʷʶʪ ʯʝʪʳʨʝ ʪʠʧʘ ʤʝʤʙʨʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ:    

1. ʄʠʢʨʦʬʠʣʴʪʨʘʮʠʶ (ʄʌ). ɺ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʦʪʜʝʣʷʶʪʩʷ ʯʘʩʪʠʮʳ 

ʨʘʟʤʝʨʦʤ 0,05-10 ʤʢʤ. ɺ ʵʪʦʪ ʜʠʘʧʘʟʦʥ ʧʦʧʘʜʘʶʪ ʙʘʢʪʝʨʠʠ, ʞʠʨʦʚʳʝ ʰʘʨʠʢʠ 

ʤʦʣʦʢʘ ʠ ʢʨʫʧʥʳʝ ʤʠʮʝʣʣʳ ʢʘʟʝʠʥʘ. ʄʌ ʥʘʟʳʚʘʶʪ çʭʦʣʦʜʥʦʡ ʩʪʝʨʠʣʠʟʘʮʠʝʡè. 

2. ʋʣʴʪʨʘʬʠʣʴʪʨʘʮʠʶ (ʋʌ). ɺ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʦʪʜʝʣʷʶʪʩʷ ʯʘʩʪʠʮʳ ʠ 

ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʚʝʱʝʩʪʚʘ (ɺʄɺ) ʨʘʟʤʝʨʦʤ 0,001-0,05 ʤʢʤ ʠʣʠ 5-500 ʢɼʘ. 

ɺ ʵʪʦʪ ʜʠʘʧʘʟʦʥ ʧʦʧʘʜʘʶʪ ʢʘʟʝʠʥ ʠ ʩʳʚʦʨʦʪʦʯʥʳʝ ʙʝʣʢʠ. 

3. ʅʘʥʦʬʠʣʴʪʨʘʮʠʶ (ʅʌ). ɺ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʦʪʜʝʣʷʶʪʩʷ ʤʦʣʝʢʫʣʳ 

ʨʘʟʤʝʨʦʤ 0,4-1 ʢɼʘ ʠʣʠ 0,0005-0,001 ʤʠʢʨʦʥ. ɺ ʵʪʦʪ ʜʠʘʧʘʟʦʥ ʧʦʧʘʜʘʶʪ ʣʘʢʪʦʟʘ 

ʠ ʘʤʠʥʦʢʠʩʣʦʪʳ. 

4. ʆʙʨʘʪʥʳʡ ʦʩʤʦʩ (ʆʆ). ɺ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʦʪʜʝʣʷʶʪʩʷ ʤʦʣʝʢʫʣʳ ʠ ʠʦʥʳ 

ʨʘʟʤʝʨʦʤ ʤʝʥʝʝ 0,0005 ʤʢʤ ʩ ʤʦʣʝʢʫʣʷʨʥʳʤ ʚʝʩʦʤ ʤʝʥʴʰʝ 0,4 ʢɼʘ. ʇʨʦʮʝʩʩʳ 

ʄʌ, ʋʌ ʠ ʅʌ ʧʨʦʪʝʢʘʶʪ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʤ ʜʘʚʣʝʥʠʠ (ʥʝ ʙʦʣʝʝ 12 

ʢʛʩ/ʩʤ2). ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʆʆ ʥʝʦʙʭʦʜʠʤʦ ʜʘʚʣʝʥʠʝ (ʦʢʦʣʦ 20 ʢʛʩ/ʩʤ2) 

[297].  

ʇʨʦʮʝʩʩʳ ʤʝʤʙʨʘʥʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʥʘʛʣʷʜʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 3.3.1.1 [297].  

ʉʦʩʪʘʚ ʙʳʯʝʛʦ ɓ-Lg, ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʩ ʧʦʤʦʱʴʶ ʗʄʈ [298] ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʫʶ ʤʦʣʝʢʫʣʫ ʙʝʣʢʘ, ʩʦʩʪʦʷʱʫʶ ʠʟ 162 ʦʩʪʘʪʢʦʚ 

ʘʤʠʥʦʢʠʩʣʦʪ ʩ ʄʄ 18,4 ʢɼʘ.  
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                                           ɹʘʢʪʝʨʠʠ, ʞʠʨ, ʢʘʟʝʠʥ                                                                                                                

  ʄʌ       0,05-10 ʤʢʤ                                                                                              

  ʈ = 1-2 ʘʪʤ. 

   

                                                             ʂʘʟʝʠʥ, ʩʳʚʦʨʦʪʦʯʥʳʝ ʙʝʣʢʠ 

ʋʌ        0,001-0,05 ʤʢʤ                                             

 ʈ = 2-10 ʘʪʤ.                                            

   

                                                                          ɸʤʠʥʦʢʠʩʣʦʪʳ, ʣʘʢʪʦʟʘ 

 ʅʌ     0,0005-0,001 ʤʢʤ                                                        

 ʈ = 8-13 ʘʪʤ. 

   

  

 ʆʆ    <   0,0005 ʤʢʤ                        ʉʦʣʠ ʠ ʠʦʥʳ                                              

 ʈ = 16-20 ʘʪʤ. 

  

ʈʠʩʫʥʦʢ 3.3.1.1. ï ʄʝʤʙʨʘʥʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʨʘʟʤʝʨ 

ʯʘʩʪʠʮ ʤʦʣʦʢʘ [297]. 

 ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʩʳʚʦʨʦʪʦʯʥʳʭ ʙʝʣʢʦʚ ʤʦʣʦʢʘ ʧʨʠʤʝʥʷʶʪ ʠʦʥʦʦʙʤʝʥʥʫʶ 

ʭʨʦʤʘʪʦʛʨʘʬʠʶ [299, 300] ʠ ʋʌ [296, 301], ʘ ʜʣʷ ʠʟʫʯʝʥʠʝ ʠʭ ʢʦʤʧʦʥʝʥʪʥʦʛʦ 

ʩʦʩʪʘʚʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʢʘʧʠʣʣʷʨʥʦʛʦ ʵʣʝʢʪʨʦʬʦʨʝʟʘ [265, 266, 302] ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʝʤʦʛʦ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ.      

ʅʘʤʠ ʨʘʟʨʘʙʦʪʘʥ ʩʝʣʝʢʪʠʚʥʳʡ ʣʘʙʦʨʘʪʦʨʥʳʡ ʤʝʪʦʜ (ʃʄ) ʚʳʜʝʣʝʥʠʷ Lgʉ 

ʠʟ ʄʉ ʤʦʣʦʯʥʦʡ ʬʘʙʨʠʢʠ çʉʘʦʜʘʪè ʥʘ ʦʩʥʦʚʝ ʋʌ ʨʘʟʜʝʣʝʥʠʝ ʠʭ ʠʟ ʢʦʥʮʝʥʪʨʘʪʘ 

ʪʚʦʨʦʞʥʦʡ ʩʳʚʦʨʦʪʢʠ [266]. ʕʪʠʤ ʤʝʪʦʜʦʤ ʤʦʞʥʦ ʦʪʜʝʣʠʪʴ ʢʘʟʝʠʥ ʠ ʘʣʴʙʫʤʠʥʳ 

ʄʉ ʦʪ Lg. ʉʪʘʜʠʠ: ʧʦʜʢʠʩʣʝʥʠʝ ʩʳʚʦʨʦʪʢʠ ʜʦ ʨʅ 4.0, ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝ, ʋʌ 

ʛʦʨʷʯʝʡ ʩʳʚʦʨʦʪʢʠ ʥʘ ʤʝʤʙʨʘʥʝ PS/50 (Spectrum Lab., ʉʐɸ) ʠʣʠ ʋʇʄ-ʇ ʠ 

ʋɸʄ-175 (ɺʣʘʜʠʧʦʨ, ʈʦʩʩʠʷ). 

ɼʣʷ ʢʦʥʪʨʦʣʷ ʩʦʜʝʨʞʘʥʠʷ Lgʉ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʳ 

ʬʦʪʦʢʘʣʦʨʠʤʝʪʨʠʠ (ʄʝʪʦʜ ʉʝʜʤʘʢʘ) [258] ʠ ʢʘʧʠʣʣʷʨʥʦʛʦ ʵʣʝʢʪʨʦʬʦʨʝʟʘ (ʂʕ) 

(3D Agilent HPCE G1600AX, ʉʐɸ). ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʚʳʭʦʜʘ ʠ ʯʠʩʪʦʪʳ ʧʨʦʜʫʢʪʘ 



163 
 

 

ʧʨʦʚʝʜʸʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ [265] ʩ ʠʟʚʝʩʪʥʳʤ 

ʟʘʧʘʪʝʥʪʦʚʘʥʥʳʤ ʤʝʪʦʜʦʤ ʚʳʜʝʣʝʥʠʷ Lgʉ [301].  

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʨʦʮʝʩʩʘ ʧʝʨʝʨʘʙʦʪʢʠ ʄʉ ʵʪʠʤʠ ʤʝʪʦʜʘʤʠ ʧʨʠʚʝʜʝʥʳ 

ʚ ʪʘʙʣʠʮʝ 3.3.1.1. ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʜʘʥʥʦʡ ʪʘʙʣʠʮʝ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʥʘʤʠ ʤʝʪʦʜ 

ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ ʟʘʜʝʨʞʠʚʘʝʪ ʢʘʟʝʠʥʳ ʠ ʘʣʴʙʫʤʠʥʳ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʳʜʝʣʝʥʠʶ 

Lgʉ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʟʚʝʩʪʥʦʛʦ ʤʝʪʦʜʘ ʘʣʴʙʫʤʠʥ ʠ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʬʨʘʢʮʠʠ ʢʘʟʝʠʥʘ ʧʝʨʝʭʦʜʷʪ ʚ Lgʉ, ʥʘ ʯʪʦ ʫʢʘʟʳʚʘʝʪ 

ʚʳʩʦʢʠʡ ʚʳʭʦʜ ʢʦʥʮʝʥʪʨʘʪʘ (32-42%) [266]. 

 

ʊʘʙʣʠʮʘ 3.3.1.1 ï ʉʦʜʝʨʞʘʥʠʝ ʙʝʣʢʦʚ ʄʉ, ʦʧʨʝʜʝʣʝʥʥʦʝ ʤʝʪʦʜʦʤ 

ʢʦʣʦʨʠʤʝʪʨʠʠ ʠ ʢʘʧʠʣʣʷʨʥʦʛʦ ʵʣʝʢʪʨʦʬʦʨʝʟʘ [265, 266-ɸ]  
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ʧʨʦʮʝʩʩʘ, ʤʛ 

Lgʉ ʧʦʩʣʝ 

ʜʠʘʣʠʟʘ, 

ʤʛ/ʤʣ 

ʄʘʩʩʘ
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ʠ
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 ʋʌ ʧʦ 

ʉʝʜ-

ʤʘʢʫ 

ʂʕ ʂʘʟʝʠʥ Lgʉ 

ʃʄ 1000 4,6 2,50 930,0 1050,0 15,0 1,512 500 79.20 20.00 

ʃʄ 1000 4,6 2,60 750,0 1100,0 11,0 2,356 580 71.00 22.30 

ʉʨʝʜ 1000 4,6 2,55 840,0 1075,0 13,0 1,934 540 75.10 21.15 

EP 

ʇʘʪ 

1000 4,6 3,50 - 1800,0* 33,0 3,562 1500 51.40 42.80 

EP 

ʇʘʪ 

1000 4,6 4,00 - 2100,0* 27,0 2,053 1300 52.50 32.50 

ʉʨʝʜ 1000 4,6 3,70 - 1950,0* 30,0 2,807 1400 51.95 37.65 
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ɼʣʷ ʦʮʝʥʢʠ ʧʨʠʤʝʥʠʤʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʙʳʣ ʧʨʦʚʝʜʸʥ 

ʧʘʨʘʣʣʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʧʝʨʝʨʘʙʦʪʢʠ ʄʉ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠʟʚʝʩʪʥʦʛʦ ʤʝʪʦʜʘ 

ʚʳʜʝʣʝʥʠʷ Lgʉ [301, 266]. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 3.3.1.1, ʚʳʙʨʘʥʥʳʝ ʥʘʤʠ ʤʝʤʙʨʘʥʳ 

ʩʝʣʝʢʪʠʚʥʦ ʦʪʜʝʣʷʶʪ Lg ʦʪ ʢʘʟʝʠʥʘ ʠ ʜʨʫʛʠʭ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʤʝʤʙʨʘʥʳ PS/50 ʠʣʠ ʋʇʄ-ʇ ʦʪʜʝʣʷʶʪ Lg ʦʪ ʦʩʪʘʪʢʘ ʢʘʟʝʠʥʘ 

ʠ ʘʣʴʙʫʤʠʥʘ, ʢʦʪʦʨʳʝ ʟʘʜʝʨʞʠʚʘʶʪʩʷ ʚ ʨʝʪʝʥʪʘʥʪʝ. ʉʣʝʜʫʶʱʘʷ ʩʪʘʜʠʷ ɼʋʌ ʥʘ 

ʤʝʤʙʨʘʥʝ ʋɸʄ-175, ʧʨʦʧʫʩʢʘʶʱʝʡ ʚʝʱʝʩʪʚʘ ʩ ʄʄ ʤʝʥʴʰʝ 10 ʢɼʘ, ʦʯʠʱʘʝʪ ʠ 

ʢʦʥʮʝʥʪʨʠʨʫʝʪ Lg, ʧʨʦʧʫʩʢʘʝʪ ʣʘʢʪʦʟʫ ʠ ʜʨʫʛʠʝ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʚʝʱʝʩʪʚʘ ʚ 

ʬʠʣʴʪʨʘʪʝ. 

ʉʪʝʧʝʥʴ ʯʠʩʪʦʪʳ Lgʉ ʙʳʣʘ ʘʥʘʣʠʟʠʨʦʚʘʥʘ ʥʘ ʂʕ (Agilent HPCE G1600AX) 

ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʳ ʢʦʥʚʝʨʪʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ Agilent ChemStation 

Software B.02.01 SR2. ɼʣʷ ʨʘʟʜʝʣʝʥʠʷ Lgʉ ʄʉ ʧʨʠʤʝʥʝʥʘ ʢʚʘʨʮʝʚʘʷ 

ʢʘʧʠʣʣʷʨʥʘʷ ʢʦʣʦʥʢʘ (USIL-WAX) ʨʘʟʤʝʨʦʤ 95 ʩʤ ʭ 50 ʤʢʤ ʠ ʵʬʬʝʢʪʠʚʥʦʡ 

ʜʣʠʥʦʡ 70.0 cʤ. 

ʉʪʘʥʜʘʨʪʥʳʝ ʙʝʣʢʠ ʬʠʨʤʳ Sigma (ɓ-LgB, ʘʣʴʙʫʤʠʥ, Ŭ-La, ʩ ʄʄ 18.0 ʢɼa, 

66.0 ʢɼʘ ʠ 14.0 ʢɼʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ. 

ʈʘʩʪʚʦʨʳ ʙʝʣʢʦʚ ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 5 ʤʄ ʬʦʩʬʘʪʥʦʛʦ ʙʫʬʝʨʘ 

(ʨʅ 2.9) ʩ ʜʦʙʘʚʣʝʥʠʝʤ 1ʄ ʤʦʯʝʚʠʥʳ. 10 ʤM ʬʦʩʬʘʪʥʳʡ ʙʫʬʝʨ ʩ pH 2.9 ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʚʝʜʫʱʝʛʦ ʵʣʝʢʪʨʦʣʠʪʘ. ɺʩʝ ʨʘʩʪʚʦʨʳ ʧʝʨʝʜ ʚʚʝʜʝʥʠʝʤ ʚ 

ʢʘʧʠʣʣʷʨ ʜʣʷ ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʬʠʣʴʪʨʦʚʘʣʠʩʴ ʯʝʨʝʟ ʤʝʤʙʨʘʥʥʳʝ ʬʠʣʴʪʨʳ 

ʜʠʘʤʝʪʨʦʤ 0.45 ʤʢʤ [265].  

ʕʣʝʢʪʨʦʬʦʨʝʛʨʘʤʤʳ ʩʪʘʥʜʘʨʪʥʦʛʦ Lgʉ ʬʠʨʤʳ Sigma ʠ ʩʳʚʦʨʦʪʦʯʥʳʭ 

ʙʝʣʢʦʚ, ʚʳʜʝʣʝʥʥʦʛʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 

3.3.1.2 (ʘ ʠ ʙ).  ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʠʩʫʥʢʦʚ ʦʜʥʦʟʥʘʯʥʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʠʜʝʥʪʠʯʥʦʩʪʴ ʧʦʣʫʯʝʥʥʦʛʦ Lgʉ ʩʦ ʩʪʘʥʜʘʨʪʦʤ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʥʘʤʠ ʤʝʪʦʜʘ [266]. 
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a)

ʙ) 

ʈʠʩʫʥʦʢ 3.3.1.2. ï ʕʣʝʢʪʨʦʬʦʨʝʛʨʘʤʤʳ ʩʪʘʥʜʘʨʪʥʳʭ ʙʝʣʢʦʚ ʬʠʨʤʳ 

Sigma (ʘ) ʠ ʩʳʚʦʨʦʪʦʯʥʳʭ ʙʝʣʢʦʚ (ʙ). ɺʚʦʜ ʧʨʦʙʳ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ 50 

ʧʨʠ ʤʙʘʨ ʚ ʪʝʯʝʥʠʝ 2 ʩʝʢʫʥʜ, ʥʘʧʨʷʞʝʥʠʝ ï 26.5 ʢɺ, ʪʝʤʧʝʨʘʪʫʨʘ ï 22.0ÁC, 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʧʨʠ 200 ʥʤ [266-ɸ].  

ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ Lgʉ ʧʦʣʫʯʝʥʥʦʛʦ ʥʦʚʳʤ ʤʝʪʦʜʦʤ ʧʨʝʜʩʪʘʚʣʝʥ ʚ 

ʪʘʙʣʠʮʝ 3.3.1.2. ʂʘʢ ʚʠʜʥʦ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʙʝʣʢʦʚ ʧʦ ʤʝʨʝ ʦʯʠʩʪʢʠ ʚ ʧʨʦʮʝʩʩʝ 

ʧʝʨʝʨʘʙʦʪʢʠ ʧʦʩʪʝʧʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ ʠ ʚ ʢʦʥʮʝ ʧʨʦʮʝʩʩʘ ʚʳʜʝʣʷʝʪʩʷ ʢʦʥʮʝʥʪʨʘʪ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ 99,95% Lg [266].  

ʅʘʤʠ ʠʩʩʣʝʜʦʚʘʥʘ ʪʦʣʴʢʦ ʧʝʨʤʝʘʪʥʘʷ ʯʘʩʪʴ ʄʉ ʜʣʷ ʧʦʣʫʯʝʥʠʷ Lgʉ, ʦʜʥʘʢʦ 

ʚ ʧʝʨʚʦʤ ʨʝʪʝʥʪʘʥʪʝ (ʢʦʥʮʝʥʪʨʘʪʝ) ʧʨʦʮʝʩʩʘ ʋʌ ʦʩʪʘʶʪʩʷ ʜʨʫʛʠʝ ʝ ʚʝʱʝʩʪʚʘ 

(ʩʳʚʦʨʦʪʦʯʥʳʡ ʘʣʴʙʫʤʠʥ, ʣʘʢʪʦʬʝʨʨʠʥ, ʣʘʢʪʦʧʝʨʦʢʩʠʜʘʟʘ ʠ Ig), ʢʦʪʦʨʳʝ ʪʘʢʞʝ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʄʉ. ʅʘʧʨʠʤʝʨ, ʚ 

ʨʘʙʦʪʝ [303] ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʢʦʥʮʝʥʪʨʘʪʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʳʚʦʨʦʪʦʯʥʳʡ 

ʘʣʴʙʫʤʠʥ, ʣʘʢʪʦʬʝʨʨʠʥ, ʣʘʢʪʦʧʝʨʦʢʩʠʜʘʟʘ ʠ Ig, ʘ ʚ ʧʝʨʤʝʘʪʝ ï Ŭ-Lʘ ʠ ɓ-Lg. 
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ʇʦʣʫʯʝʥʦ ʜʚʘ ʙʝʣʢʦʚʳʭ ʦʙʨʘʟʮʘ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʤʝʩʴ Ig, 

ʘ ʜʨʫʛʦʡ ï ʩʤʝʩʴ ʣʘʢʪʦʬʝʨʨʠʥʘ ʠ ʧʝʨʦʢʩʠʜʘʟʳ. 

ʊʘʙʣʠʮʘ 3.3.1.2 ï ʉʦʜʝʨʞʘʥʠʝ ʙʝʣʢʦʚ ʄʉ, ʦʧʨʝʜʝʣʝʥʥʦʝ ʥʘ ʂʕ ʚ 

ʧʨʦʮʝʩʩʝ ʧʝʨʝʨʘʙʦʪʢʠ ʃʄ [266-ɸ]  

ɹʝʣʢʠ ʄʉ ʂʦʥʮʝʥʪʨʘʮʠʷ ʙʝʣʢʘ, ʤʛ/ʤʣ (ʤʝʪʦʜ ʂʕ) ɺʳʭʦʜ, % 

ʇʝʨʤʝʘʪ 

ʤʝʤʙʨʘʥʳ 

PS 50 KD 

ʈʝʪʝʥʪʘʥʪ 

ʤʝʤʙʨʘʥʳ 

ʋɸʄ 175 

ɼʋʌ 

ɓ-Lg A 1,85  4,76  20,2  37.35 

ɓ-Lg B 1,945  5,61  28,6  52.9 

Ŭ-Lʘ 0,515  1,03  5,24  9.7 

ʆʙʱʝʝ 

ʩʦʜʝʨʞʘʥʠʝ 

ʙʝʣʢʦʚ 

4,315 11,40 54,08 99.95 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʤʠ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʚʳʜʝʣʝʥʠʷ Lgʉ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʦʯʝʪʘʥʠʷ ʤʝʪʦʜʦʚ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʠ ʋʌ ʠ ʫʩʪʘʥʦʚʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʧʨʦʚʝʜʝʥʠʷ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʣʘʢʪʦʛʣʦʙʫʣʠʥʦʚ ʄʉ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʥʘ ʚʳʭʦʜ Lgʉ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʨʅ, ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʄʄ ʢʦʤʧʦʥʝʥʪʦʚ ʄʉ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʦʙʨʘʟʮʳ ʤʦʣʦʯʥʦ-ʙʝʣʢʦʚʳʭ 

ʢʦʥʮʝʥʪʨʘʪʦʚ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʦʥʮʝʥʪʨʘʪʘ 

ʄʉ ʠ ʤʦʣʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʧʠʱʝʚʦʡ ʮʝʥʥʦʩʪʠ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ.  

 

3.3.2 ʂʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʩʳʚʦʨʦʪʦʯʥʳʭ ʙʝʣʢʦʚ ʤʦʣʦʯʥʦʡ ʩʳʚʦʨʦʪʢʠ 

ʥʠʟʢʦʤʝʪʠʣʠʨʦʚʘʥʥʳʤ ʧʝʢʪʠʥʦʤ 
 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʦʙʲʝʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʚʦʨʦʛʘ, ʢʘʟʝʠʥʘ, ʢʦʧʨʝʮʠʧʠʪʘʪʦʚ ʠ 

ʜʨʫʛʠʭ ʤʦʣʦʯʥʦ-ʙʝʣʢʦʚʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ ʤʦʣʦʯʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʧʦʣʫʯʘʝʪ 

ʚʩʝʚʦʟʨʘʩʪʘʶʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʄʉ (ʜʦ 8%) ʢ ʤʘʩʩʝ ʠʟʨʘʩʭʦʜʦʚʘʥʥʦʛʦ ʩʳʨʴʷ; ʚ 
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ʢʦʪʦʨʫʶ ʧʝʨʝʭʦʜʠʪ ʜʦ 50% ʩʫʭʠʭ ʚʝʱʝʩʪʚ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʠʩʭʦʜʥʦʤ ʤʦʣʦʢʝ. 

ʅʝʜʦʩʪʘʪʦʯʥʘʷ ʩʪʝʧʝʥʴ ʢʦʤʧʣʝʢʩʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʄʉ ʧʨʠʚʦʜʠʪ 

ʢ ʙʦʣʴʰʠʤ ʧʦʪʝʨʷʤ ʮʝʥʥʳʭ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʞʠʨ, ʙʝʣʦʢ ʠ 

ʣʘʢʪʦʟʘ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʨʘʩʭʦʜ ʩʳʨʴʷ ʠ ʩʥʠʞʘʝʪ ɻ ʬʬʝʢʪʠʚʥʦʩʪ ɹʧʨʦʠʟʚʦʜʩʪʚʘ ʚ 

ʤʦʣʦʯʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʇʨʦʙʣʝʤʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʄʉ ʥʝʨʘʟʨʳʚʥʘ ʩʚʷʟʘʥʘ ʩ 

ʧʨʦʙʣʝʤʦʡ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʥʘʤʝʪʠʪʴ ʦʩʥʦʚʥʳʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʩʳʚʦʨʦʪʢʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʦʣʥʦʩʪʴʶ 

ʫʪʠʣʠʟʠʨʫʶʪʩʷ ʝʝ ʢʦʤʧʦʥʝʥʪʳ. 

    ɺ ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʶʪʩʷ ʩʚʝʜʝʥʠʷ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʝʢʪʠʥʘ 

ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʨʘʟʣʠʯʥʳʭ ʤʦʣʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ [287, 143, 304-306]. ʆʩʥʦʚʥʳʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ ʚʘʞʥʳʤ ʩʚʦʡʩʪʚʦʤ ʧʝʢʪʠʥʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʞʝʣʠʨʫʶʱʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ. ʇʦʵʪʦʤʫ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʦʪ ʧʦʣʠʩʘʭʘʨʠʜ ʚ ʢʘʯʝʩʪʚʝ 

ʩʪʫʜʥʝʦʙʨʘʟʦʚʘʪʝʣʷ, ʩʪʘʙʠʣʠʟʘʪʦʨʘ, ʵʤʫʣʴʛʘʪʦʨʘ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʤʝʪʘʥʳ, 

ʡʦʛʫʨʪʘ, ʤʦʨʦʞʝʥʦʛʦ, ʤʦʣʦʯʥʳʭ ʜʝʩʝʨʪʦʚ ʠ ʜʨ. ʂʨʦʤʝ ʪʦʛʦ, ʙʣʘʛʦʜʘʨʷ 

ʩʧʦʩʦʙʥʦʩʪʠ ʦʙʨʘʟʦʚʳʚʘʪʴ ʜʦʚʦʣʴʥʦ ʧʨʦʯʥʫʶ ʧʣʝʥʢʫ ʧʝʢʪʠʥ ʠʩʧʦʣʴʟʫʶʪ ʧʨʠ 

ʧʦʣʫʯʝʥʠʠ ʧʦʢʨʳʪʠʡ ʜʣʷ ʩʳʨʘ. ʎʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʚʚʝʜʝʥʠʷ ʧʝʢʪʠʥʘ ʚ ʤʦʣʦʯʥʳʝ 

ʧʨʦʜʫʢʪʳ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʪʘʢʞʝ ʪʝʤ ʬʘʢʪʦʤ, ʯʪʦ ʵʪʦ ʩʦʝʜʠʥʝʥʠʝ ʦʢʘʟʳʚʘʝʪ 

ʙʣʘʛʦʪʚʦʨʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ: ʚʳʚʦʜʠʪ ʠʦʥʳ ʪʷʞʝʣʳʭ ʠ 

ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʤʝʪʘʣʣʦʚ, ʩʥʠʞʘʝʪ ʫʨʦʚʝʥʴ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʢʨʦʚʠ, ʩʚʷʟʳʚʘʝʪ 

ʞʝʣʯʥʳʝ ʢʠʩʣʦʪʳ ʠ ʪ. ʜ.  

ɼʨʫʛʠʤ ʘʩʧʝʢʪʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʝʢʪʠʥʘ ʚ ʤʦʣʦʯʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʷʚʣʷʝʪʩʷ ʧʨʝʜʣʦʞʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ɺʅʀʂʀʄ ʨʘʟʜʝʣʝʥʠʝ ʦʙʝʟʞʠʨʝʥʥʦʛʦ 

ʤʦʣʦʢʘ ʥʘ ʜʚʝ ʬʨʘʢʮʠʠ ʩ ʧʦʤʦʱʴʶ ʵʪʦʛʦ ʙʠʦʧʦʣʠʤʝʨʘ [307]. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʦʙʨʘʙʦʪʢʠ ʧʝʢʪʠʥʦʤ ʦʙʝʟʞʠʨʝʥʥʦʛʦ ʤʦʣʦʢʘ ʧʨʦʠʩʭʦʜʠʪ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʝ 

ʨʘʟʜʝʣʝʥʠʝ ʥʘ ʢʦʥʮʝʥʪʨʘʪ ʥʘʪʫʨʘʣʴʥʦʛʦ ʢʘʟʝʠʥʘ ʠ ʙʝʟʢʘʟʝʠʥʦʚʫʶ ʯʘʩʪʴ. ʆʙʝ 

ʬʨʘʢʮʠʠ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʜʣʷ ʪʝʭ 

ʠʣʠ ʠʥʳʭ ʮʝʣʝʡ.   
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ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʷʚʣʝʥʠʠ ʦʛʨʘʥʠʯʝʥʥʦʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʥʝʩʦʚʤʝʩʪʠʤʦʩʪʠ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʙʠʦʧʦʣʠʤʝʨʦʚ (ʦʩʥʦʚʥʦʛʦ ʙʝʣʢʘ ʤʦʣʦʢʘ-

ʢʘʟʝʠʥʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʦʚ) ʚ ʦʙʱʝʤ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ. ɺ ʦʩʥʦʚʝ ʨʘʟʜʝʣʝʥʠʷ 

ʜʚʫʭʬʘʟʥʦʡ ʩʠʩʪʝʤʳ ʣʝʞʠʪ ʠʟʙʠʨʘʪʝʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʚʝʱʝʩʪʚ ʤʝʞʜʫ ʜʚʫʤʷ ʬʘʟʘʤʠ, ʧʨʠʯʝʤ ʦʙʘ ʙʠʦʧʦʣʠʤʝʨʘ ʩʦʙʠʨʘʶʪʩʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʬʘʟʘʭ. ʊʘʢʦʡ ʧʨʦʮʝʩʩ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʢʘʢ 

ʙʝʟʤʝʤʙʨʘʥʥʳʡ ʦʩʤʦʩ, ʚ ʢʦʪʦʨʦʤ ʬʫʥʢʮʠʶ ʤʝʤʙʨʘʥʳ ʚʳʧʦʣʥʷʝʪ ʧʦʚʝʨʭʥʦʩʪʴ 

ʨʘʟʜʝʣʘ ʬʘʟ (ʨʘʩʪʚʦʨ ʙʝʣʢʘ ï ʨʘʩʪʚʦʨ ʧʦʣʠʩʘʭʘʨʠʜʘ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʪʝʩʥʝʥʠʷ 

ʙʝʣʢʘ ʠʟ ʪʦʡ ʯʘʩʪʠ ʦʙʲʝʤʘ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʟʘʥʷʪʘ ʤʘʢʨʦʤʦʣʝʢʫʣʘʤʠ 

ʙʠʦʧʦʣʠʤʝʨʘ, ʧʨʦʠʩʭʦʜʠʪ ʘʛʨʝʛʘʮʠʷ ʙʝʣʢʘ ʠ ʝʛʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ. ʇʨʠ ʵʪʦʤ 

ʨʘʩʪʚʦʨ ʙʝʣʢʘ ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ, ʘ ʨʘʩʪʚʦʨ ʧʦʣʠʩʘʭʘʨʠʜʘ ʨʘʟʙʘʚʣʷʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, 

ʧʦʢʘ ʥʝ ʚʳʨʘʚʥʠʪʩʷ ʦʩʤʦʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ ʚ ʵʪʠʭ ʨʘʩʪʚʦʨʘʭ. 

ɹʳʣʦ ʧʨʝʜʧʦʣʦʞʝʥʦ, ʯʪʦ ʘʥʘʣʦʛʠʯʥʳʝ ʧʨʦʮʝʩʩʳ ʧʨʦʪʝʢʘʶʪ ʧʨʠ 

ʜʦʙʘʚʣʝʥʠʠ ʢ ʄʉ ʧʝʢʪʠʥʘ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩ ʧʦʤʦʱʴʶ ʧʝʢʪʠʥʘ ʥʘʤʝʯʘʣʦʩʴ 

ʚʳʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ ʮʝʥʥʳʝ ʚ ʙʠʦʣʦʛʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʩʳʚʦʨʦʪʦʯʥʳʝ ʙʝʣʢʠ.     

ʉ ʵʪʦʡ ʮʝʣʴʶ, ʥʘʤʠ ʠʟʫʯʝʥʳ ʧʨʦʮʝʩʩʳ ʩʚʷʟʳʚʘʥʠʷ ʠ ʦʩʘʞʜʝʥʠʷ 

ʩʳʚʦʨʦʪʦʯʥʳʭ ʙʝʣʢʦʚ ʅʄ-ʧʝʢʪʠʥʦʤ ʷʙʣʦʢ. ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʄʉ, 

ʧʦʣʫʯʘʝʤʘʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʪʚʦʨʦʛʘ ʥʘ ɸʆɿʊ çʂʦʤʙʠʥʘʪʠ ʰʠʨʠ ɼʫʰʘʥʙʝè, ʠ 

ʧʨʦʤʳʰʣʝʥʥʳʡ ʷʙʣʦʯʥʳʡ ʅʄ-ʧʝʢʪʠʥ. 

ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢ ʤʦʣʦʯʥʦʡ ʩʳʚʦʨʦʪʢʝ ʚʦʜʥʦʛʦ 0,5%-ʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʝʢʪʠʥʘ 

ʚ ʩʦʦʪʥʦʰʝʥʠʠ ʦʪ 4:1 ʜʦ 4:0.05 ʟʘʤʝʪʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʬʘʟ ʥʝ ʧʨʦʠʟʦʰʣʦ ʚ ʪʝʯʝʥʠʝ 

24 ʯʘʩ. ɺʝʨʦʷʪʥʦ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʩʢʣʶʯʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʚʷʟʳʚʘʥʠʷ 

ʩʳʚʦʨʦʪʦʯʥʳʭ ʙʝʣʢʦʚ, ʚʳʩʪʫʧʘʶʱʠʭ ʚ ʨʦʣʠ ʤʘʢʨʦ - ʢʘʪʠʦʥʘ ʠʟ-ʟʘ ʧʦʜʘʚʣʝʥʠʷ 

ʜʠʩʩʦʮʠʘʮʠʠ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʧʦʩʣʝʜʥʝʛʦ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ ʩʳʚʦʨʦʪʢʠ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʘʤʠ ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʢʠʩʣʦʪʥʦʩʪʠ ʩʨʝʜʳ ʥʘ ʧʨʦʮʝʩʩ 

ʦʩʘʞʜʝʥʠʷ ʉɹ. ɿʥʘʯʝʥʠʝ ʨʅ ʚʘʨʴʠʨʦʚʘʣʠ ʦʪ 3.5 ʜʦ 7.5 ʠ ʜʘʣʴʥʝʡʰʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʪʘʢʦʡ ʢʠʩʣʦʪʥʦʩʪʠ ʩʳʚʦʨʦʪʢʠ. 
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ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʠʷʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʚʚʦʜʠʤʦʛʦ ʧʦʣʠʤʝʨʘ ʚ ʩʳʚʦʨʦʪʢʫ     ʩ 

ʨʅ 7.5 ʜʦʙʘʚʣʷʣʠ ʚʦʜʥʳʡ 0,5%-ʥʳʡ ʨʘʩʪʚʦʨ ʧʝʢʪʠʥʘ ʚ ʩʦʦʪʥʦʰʝʥʠʠ ʩʳʚʦʨʦʪʢʘ: 

ʧʝʢʪʠʥ (1:1 ï 10:1). ʅʘ ʨʠʩ. 3.4.5.1 ʧʨʠʚʝʜʝʥʳ ʢʨʠʚʳʝ ʩʚʷʟʳʚʘʥʠʷ ʩʳʚʦʨʦʪʦʯʥʳʭ 

ʙʝʣʢʦʚ ʧʝʢʪʠʥʦʤ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʨʘʩʪʚʦʨʘ ʩʳʚʦʨʦʪʢʠ ʠ ʧʝʢʪʠʥʘ. 

ɺʠʜʥʦ, ʯʪʦ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʉɹ:ʧʝʢʪʠʥ (3:1) ʜʦʩʪʠʛʘʝʪʩʷ ʨʘʚʥʦʚʝʩʠʝ, ʪ.ʝ. 

ʧʨʠ ʪʘʢʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʥʘ ʦʜʠʥ ʛʨʘʤʤ ʧʝʢʪʠʥʘ ʧʨʠʭʦʜʠʪʩʷ ʙʦʣʝʝ ʯʝʤ 15 ʛ. ʙʝʣʢʘ. 

ʆʜʥʘʢʦ, ʜʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʉɹ: ʧʝʢʪʠʥ ʧʨʠʚʦʜʠʪ ʢ 

ʥʘʨʫʰʝʥʠʶ ʨʘʚʥʦʚʝʩʠʷ, ʪ.ʝ. ʧʨʦʠʩʭʦʜʠʪ ʢʦʦʧʝʨʘʪʠʚʥʦʝ ʩʘʤʦʦʩʘʞʜʝʥʠʝ ʙʝʣʢʘ  

ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʬʘʟʦʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʩʠʩʪʝʤʳ. 

ɺʳʜʝʣʝʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʩʳʚʦʨʦʪʢʠ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʧʦʣʦʞʠʪʝʣʴʥʳʤ 

ʨʝʟʫʣʴʪʘʪʦʤ ʙʳʣʠ ʠʩʧʳʪʘʥʳ ʧʨʠ ʣʘʙʦʨʘʪʦʨʥʦʡ ʚʳʨʘʙʦʪʢʝ ʚʘʨʝʥʳʭ ʢʦʣʙʘʩ. ʇʨʠ 

ʵʪʦʤ ʫʣʫʯʰʠʣʘʩʴ ʢʦʥʩʠʩʪʝʥʮʠʷ, ʚʢʫʩʦʚʳʝ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʪʘ. ɹʝʣʢʦʚʳʡ 

ʢʦʥʮʝʥʪʨʘʪ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʩʚʦʡʩʪʚ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʜʣʷ ʦʙʦʛʘʱʝʥʠʷ ʙʝʣʢʦʤ, ʘ 

ʪʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʙʠʣʠʟʘʪʦʨʘ. 

 

 ʈʠʩʫʥʦʢ 3.4.5.1. ɿʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʉɹ ʚ ʠʩʭʦʜʥʦʤ 

ʨʘʩʪʚʦʨʝ ʠ ʢʦʣʠʯʝʩʪʚʦʤ ʩʚʷʟʘʥʥʦʛʦ ʉɹ ʥʘ ʛʨʘʤʤ ʧʝʢʪʠʥʘ. 
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ʆʙʦʙʱʘʷ ʚʳʰʝʫʢʘʟʘʥʥʳʡ ʤʘʪʝʨʠʘʣ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʥʦʚʤr 

ʚʠʜʘʤ ʧʠʱʝʚʳʭ ʙʝʣʢʦʚ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʩʚʷʟʳʚʘʥʠʷ ʠ ʦʩʘʞʜʝʥʠʷ 

ʩʳʚʦʨʦʪʦʯʥʳʭ ʙʝʣʢʦʚ ʷʙʣʦʯʥʳʤ ʅʄ-ʧʝʢʪʠʥʦʤ ʧʦʢʘʟʳʚʘʶʪ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʝʢʪʠʥʘ ʠ ʄʉ ʚ ʢʘʯʝʩʪʚʝ ʮʝʥʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʜʦʙʘʚʦʢ, 

ʦʙʣʘʜʘʶʱʠʭ ʟʘʱʠʪʥʳʤʠ ʠ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʈʘʟʨʘʙʦʪʘʥ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʩʳʚʦʨʦʪʦʯʥʳʭ ʙʝʣʢʦʚ ʄʉ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʅʄ-ʧʝʢʪʠʥʘ. ʇʨʠ ʵʪʦʤ ʥʘ ʙʘʟʝ ʩʦʟʜʘʥʠʷ ʙʝʟʦʪʭʦʜʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʜʦʩʪʠʛʘʝʪʩʷ ʢʦʤʧʣʝʢʩʥʘʷ ʧʝʨʝʨʘʙʦʪʢʘ ʦʪʭʦʜʦʚ ʤʦʣʦʢʘ ʠ ʬʨʫʢʪʦʚʦ-

ʦʚʦʱʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʯʪʦ ʵʢʦʣʦʛʠʯʝʩʢʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ ʠʩʧʳʪʘʥʠʷ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʅʄ-ʧʝʢʪʠʥ ʚʤʝʩʪʦ ʠʤʧʦʨʪʥʳʭ ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʢʠʩʣʦʤʦʣʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

 

3.3.3 ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʝʠʥʘ ʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ 

 

3.3.3.1 ʄʝʪʦʜʳ ʚʳʜʝʣʝʥʠʷ ʟʝʠʥʘ ʠʟ ʢʫʢʫʨʫʟʥʦʡ ʤʫʢʠ 

 

ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʟʝʠʥʘ ʠʟ ʢʫʢʫʨʫʟʥʦʡ ʤʫʢʠ ʤʝʪʦʜʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ 

ʵʢʩʪʨʘʢʮʠʠ ʩ ʥʘʯʘʣʘ ʚʦʜʦʡ ʠ 0.1 ʄ NaCl ʵʢʩʪʨʘʛʠʨʫʶʪ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʝ ʙʝʣʢʠ ï 

ʘʣʴʙʫʤʠʥʳ ʠ ʛʣʦʙʫʣʠʥ,r ʟʘʪʝʤ ʩʧʠʨʪʦʨʘʩʪʚʦʨʠʤʳʝ ʟʝʠʥʳ 75% ʵʪʘʥʦʣʦʤ ʠ 

ʛʣʶʪʝʣʠʥʳ 0.05 ʅ ʨʘʩʪʚʦʨʦʤ ʱʸʣʦʯʠ [118].  

ʕʣʝʢʪʨʦʬʦʨʝʟ ʟʝʠʥʘ ʙʳʣ ʧʨʦʚʝʜʸʥ ʚ çéʚʝʨʪʠʢʘʣʴʥʦʤ 7.5 % ʇɸɸɻ (ʨʅ 

3.1), ʩʦʜʝʨʞʘʱʝʤ 5%-ʥʫʶ ʫʢʩʫʩʥʫʶ ʢʠʩʣʦʪʫ ʠ 6 ʄ ʤʦʯʝʚʠʥʫ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ 

200 ɺ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ, ʠ ʧʨʠ 580 ɺ ʚ ʪʝʯʝʥʠʝ 4.5 ʯʘʩʦʚ. ʇʝʨʝʜ ʨʘʟʜʝʣʝʥʠʝʤ 

ʦʙʨʘʟʮʳ ʙʝʣʢʘ ʨʘʩʪʚʦʨʷʣʠ ʚ ʙʫʬʝʨʝ, ʩʦʜʝʨʞʘʱʝʤ 6 ʄ ʤʦʯʝʚʠʥʫ ʩ 6% 

ʘʢʨʠʣʘʤʠʜʦʤ. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʛʝʣʠ ʦʢʨʘʰʠʚʘʣʠ ʚ ʢʦʣʣʦʠʜʥʦʤ 

ʨʘʩʪʚʦʨʝ ʂʫʤʘʩʩʠ G-250, ʟʘʪʝʤ ʜʣʷ ʦʙʝʩʮʚʝʯʠʚʘʥʠʷ ʬʦʥʘ ʦʪʤʳʚʘʣʠ ʚʦʜʦʡ ʠ 

ʚʳʩʫʰʠʚʘʣʠ ʤʝʞʜʫ ʩʣʦʷʤʠ ʮʝʣʣʦʬʘʥʘéè [268]. 
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ʊʘʢʞʝ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʟʝʠʥʘ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʦʙʱʝʧʨʠʥʷʪʳʡ ʤʝʪʦʜ ï 

ʵʣʝʢʪʨʦʬʦʨʝʟ ʚ ʇɸɸɻ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʜʦʜʝʮʠʣʩʫʣʬʘʪʘ ʥʘʪʨʠʷ (SDS-Na). 

ʕʣʝʢʪʨʦʬʦʨʝʟ ʧʨʦʚʝʜʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 14% ʨʘʟʜʝʣʷʶʱʝʛʦ ʠ 4% 

ʢʦʥʮʝʥʪʨʠʨʫʶʱʝʛʦ ʛʝʣʝʡ.  ɺ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʜʥʦʛʦ ʙʫʬʝʨʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʧʨʠʛʦʪʦʚʠʣʠ 0.025ʄ ʊʨʠʩ-ʛʣʠʮʠʥʦʚʳʡ ʨʘʩʪʚʦʨ ʩ ʨʅ 8.3. ɹʫʬʝʨ ʜʣʷ ʨʘʩʪʚʦʨʝʥʠʷ 

ʦʙʨʘʟʮʦʚ ʩʦʜʝʨʞʘʣ 0.44 ʄ ʊʨʠʩ-ʆʅ, 0.1% ʤʄ ʕɼʊɸ, 10% SDS-Na ʠ 20% ɓ-

ʤʝʨʢʘʧʪʦʵʪʘʥʦʣ. ʕʣʝʢʪʨʦʬʦʨʝʟ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʥʘʧʨʷʞʝʥʠʠ 120 ɺ ʚ 

ʪʝʯʝʥʠʝ 16-20 ʯʘʩʦʚ.  

 
 

3.3.3.2 ʆʧʨʝʜʝʣʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʦʩʪʘʚʘ ʟʝʠʥʘ ʢʫʢʫʨʫʟʳ 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʦʩʪʘʚʘ ʵʪʠʭ ʫʥʠʢʘʣʴʥʳʭ ʧʦ ʩʪʨʫʢʪʫʨʝ 

ʙʝʣʢʦʚ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʪʴ ʩʧʝʢʪʨ ʠʭ ʧʨʠʤʝʥʝʥʠʷ. ɺ ʪʦʞʝ ʚʨʝʤʷ, ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʜʘʥʥʳʝ ʧʦ ʄʄʈ ʬʨʘʢʮʠʠ ʟʝʠʥʦʚ ʦʪʩʫʪʩʪʚʫʶʪ. ɺ ʩʚʷʟʠ ʩ ʯʝʤ, 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʦʮʝʥʢʘ ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʠ ʤʘʢʨʦʤʦʣʝʢʫʣ ʟʝʠʥʘ ʩ ʧʦʤʦʱʴʶ 

ʪʫʨʙʠʜʠʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ ʩ ʮʝʣʴʶ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʤʝʭʘʥʠʟʤʘ ʠʭ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ [118, 269].  

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʬʨʘʢʮʠʷ ʟʝʠʥʘ, ʚʳʜʝʣʝʥʥʘʷ ʠʟ ʢʫʢʫʨʫʟʥʦʡ ʤʫʢʠ ʚ 

75% ʵʪʘʥʦʣʝ. ɹʳʣ ʧʨʠʛʦʪʦʚʣʝʥ 0.01% ʨʘʩʪʚʦʨ, ʚ ʢʘʯʝʩʪʚʝ ʦʩʘʜʠʪʝʣʷ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ 0.1ʄ ʨʘʩʪʚʦʨ NaCl. ʈʘʩʪʚʦʨʠʪʝʣʴ ʠ ʦʩʘʜʠʪʝʣʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʧʨʦʧʫʩʢʘʣʠʩʴ ʯʝʨʝʟ ʧʦʨʠʩʪʫʶ ʤʝʤʙʨʘʥʫ [268]. 

ʊʫʨʙʠʜʠʤʝʪʨʠʯʝʩʢʦʝ ʪʠʪʨʦʚʘʥʠʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʤ 

ʪʫʨʙʠʜʠʤʝʪʨʝ 2100 AN IS (HACH, USA) ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɺ ʥʘʯʘʣʝ 

ʧʨʦʚʝʜʝʥʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʛʨʫʙʦʝ ʪʠʪʨʦʚʘʥʠʝ: 30 ʤʣ ʨʘʩʪʚʦʨʘ ʟʝʠʥʘ ʚ 75% 

ʵʪʘʥʦʣʝ ʧʦʤʝʱʘʶʪ ʥʘ ʤʘʛʥʠʪʥʫʶ ʤʝʰʘʣʢʫ Variomag ʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ 

ʪʠʪʨʫʶʪ ʨʘʩʪʚʦʨʦʤ 0.1ʄ NaCl ʜʦ ʧʦʷʚʣʝʥʠʷ ʝʣʝ ʟʘʤʝʪʥʦʛʦ ʧʦʤʫʪʥʝʥʠʷ. ʆʙʲʝʤ 

ʦʩʘʜʠʪʝʣʷ, ʠʟʨʘʩʭʦʜʦʚʘʥʥʦʛʦ ʥʘ ʛʨʫʙʦʝ ʪʠʪʨʦʚʘʥʠʝ, ʟʘʤʝʨʷʶʪ [269]. 

ɼʘʣʝʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʪʦʯʥʦʝ ʪʠʪʨʦʚʘʥʠʝ. ɼʣʷ ʵʪʦʛʦ ʚ ʩʪʘʢʘʥʯʠʢ ʥʘʣʠʚʘʶʪ 

ʠʩʭʦʜʥʳʡ ʨʘʩʪʚʦʨ ʟʝʠʥʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʙʲʝʤʫ 

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʷʯʝʡʢʠ, ʩʪʘʚʷʪ ʥʘ ʤʘʛʥʠʪʥʫʶ ʤʝʰʘʣʢʫ ʠ ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʤ 
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ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʜʦʙʘʚʣʷʶʪ ʦʧʨʝʜʝʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʠʪʝʣʷ ï 0.1ʄ ʨʘʩʪʚʦʨʘ 

NaCl. ʇʦʩʣʝ ʢʘʞʜʦʡ ʧʦʨʮʠʠ ʦʩʘʜʠʪʝʣʷ ʩʦʜʝʨʞʠʤʦʝ ʩʪʘʢʘʥʯʠʢʘ ʧʝʨʝʣʠʚʘʶʪ ʚ 

ʩʪʘʥʜʘʨʪʥʳʡ ʛʝʨʤʝʪʠʯʥʳʡ ʩʦʩʫʜ, ʢʦʪʦʨʳʡ ʧʦʤʝʱʝʥ ʚ ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʷʯʝʡʢʫ 

ʪʫʨʙʠʜʠʤʝʪʨʘ ʠ ʦʧʨʝʜʝʣʷʶʪ ʤʫʪʥʦʩʪʴ ʚ ʥʝʬʝʣʦʤʝʪʨʠʯʝʩʢʠʭ ʝʜʠʥʠʮʘʭ (NTU). 

ʆʪʩʯʝʪʳ ʧʨʦʠʟʚʦʜʷʪ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʦʩʘʜʠʪʝʣʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʤʫʪʥʦʩʪʴ 

ʨʘʩʪʚʦʨʘ ʥʝ ʧʝʨʝʩʪʘʥʝʪ ʠʟʤʝʥʷʪʴʩʷ. ʆʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʘʩʴ 

ʧʦ ʤʝʪʦʜʠʢʝ [118]. ɼʘʥʥʳʝ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.3.3.2.1. ʇʦ ʜʘʥʥʳʤ 

ʪʫʨʙʠʜʠʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʠʥʪʝʛʨʘʣʴʥʳʝ ʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʢʨʠʚʳʝ ʪʠʪʨʦʚʘʥʠʷ ʨʘʩʪʚʦʨʘ ʟʝʠʥʘ ʢʫʢʫʨʫʟʳ (ʨʠʩʫʥʦʢ 

3.3.3.1) [269].   
 

 

ʊʘʙʣʠʮʘ 3.3.3.2.1 ï ʈʝʟʫʣʴʪʘʪʳ ʪʫʨʙʠʜʠʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ ʨʘʩʪʚʦʨʘ 

ʟʝʠʥʘ ʢʫʢʫʨʫʟʳ  [269-ɸ]  

 ̄ V, ʤʣ ɔ=V/V0+V ȹɔ 1-ɔ T, NTU 
T1=T-

T0 

 

 

1 2 3 4 5 6 7 8 

1 3 0.078  0.922 1.93 0.38 0.412 

2 4 0.102 0.024 0.898 2.53 0.98 1.091 

3 5 0.124 0.022 0.876 3.47 1.92 2.192 

4 6 0.146 0.021 0.854 4.47 2.92 3.417 

5 7 0.166 0.02 0.834 5.38 3.83 4.591 

6 8 0.185 0.019 0.815 6.14 4.59 5.632 

7 9 0.203 0.018 0.797 6.76 5.21 6.541 

8 10 0.221 0.018 0.779 7.57 6.02 7.729 

9 11 0.238 0.017 0.762 7.57 6.02 7.9 

10 12 0.254 0.016 0.746 8.29 6.74 9.036 

g-
=

1

1
2

T
T
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 3.3.3.2.1 

1 2 3 4 5 6 7 8 

11 13 0.27 0.015 0.73 9.03 7.48 10.24 

12 14 0.284 0.015 0.716 9.75 8.2 11.458 

13 15 0.299 0.014 0.701 10.5 8.95 12.76 

14 16 0.315 0.016 0.685 11.4 9.85 14.379 

15 17 0.325 0.01 0.675 12 10.45 15.492 

16 18 0.338 0.013 0.662 12.3 10.75 16.242 

17 19 0.35 0.012 0.65 12.2 10.65 16.393 

18 20 0.362 0.012 0.638 12.4 10.85 17.009 

19 21 0.373 0.011 0.627 12.7 11.15 17.796 

20 22 0.384 0.011 0.616 13.1 11.55 18.762 

21 23 0.395 0.011 0.605 13.7 12.15 20.082 

22 24 0.405 0.01 0.595 13.6 12.05 20.258 

23 25 0.415 0.01 0.585 13.9 12.35 21.113 

24 26 0.425 0.01 0.575 14 12.45 21.637 

25 27 0.434 0.009 0.566 13.9 12.35 21.814 

26 28 0.443 0.009 0.557 14 0 23.467 

 

 

* ɺ ʪʘʙʣʠʮʝ 3.3.3.2.1: V ï ʦʙʲʝʤ ʜʦʙʘʚʣʝʥʥʦʛʦ ʦʩʘʜʠʪʝʣʷ; ʊ ï ʤʫʪʥʦʩʪʴ ʨʘʩʪʚʦʨʘ ʧʦʣʠʤʝʨʘ; ʊʦ ï 

ʤʫʪʥʦʩʪʴ ʧʨʦʟʨʘʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʦʣʠʤʝʨʘ, ʨʘʚʥʘʷ 1.55 NTU; Vʦ ï ʥʘʯʘʣʴʥʳʡ ʦʙʲʝʤ ʨʘʩʪʚʦʨʘ ʧʦʣʠʤʝʨʘ, ʨʘʚʥʳʡ 

35.23 ʤʣ; ɔ ï ʦʙʲʝʤʥʘʷ ʜʦʣʷ ʦʩʘʜʠʪʝʣʷ; ʊ1 ï ʤʫʪʥʦʩʪʴ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʚʳʜʝʣʝʥʥʳʤ ʧʦʣʠʤʝʨʦʤ; ʊ2 ï ʤʫʪʥʦʩʪʴ 

ʩ ʧʦʧʨʘʚʢʦʡ ʥʘ ʨʘʟʙʘʚʣʝʥʠʝ ʨʘʩʪʚʦʨʘ. 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 3.3.3.2.1, ʢʨʠʚʘʷ ʟʘʚʠʩʠʤʦʩʪʠ ʤʫʪʥʦʩʪʠ ʨʘʩʪʚʦʨʘ 

ʟʝʠʥʘ ʢʫʢʫʨʫʟʳ ʦʪ ʦʙʲʝʤʥʦʡ ʜʦʣʠ ʦʩʘʜʠʪʝʣʷ (ʠʥʪʝʛʨʘʣʴʥʘʷ ʢʨʠʚʘʷ 

ʪʫʨʙʠʜʠʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ) ʠʤʝʝʪ ʧʦʣʦʛʫʶ ʬʦʨʤʫ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʰʠʨʦʢʦʝ ʄʄʈ ʤʘʢʨʦʤʦʣʝʢʫʣ ʟʝʠʥʘ. 
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ʈʠʩʫʥʦʢ 3.3.3.2.1. ï ʂʨʠʚʳʝ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ 

ʪʫʨʙʠʜʠʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ ʨʘʩʪʚʦʨʘ ʟʝʠʥʘ ʢʫʢʫʨʫʟʳ [269-ɸ]. 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʢʨʠʚʘʷ ʪʫʨʙʠʜʠʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʟʝʠʥ ʠʤʝʝʪ ʧʷʪʴ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʳʭ ʬʨʘʢʮʠʡ ʩ ʫʟʢʠʤʠ ʄʄʈ. ʇʨʦʬʠʣʴ ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʪʠʭ ʬʨʘʢʮʠʡ ʧʦʜʪʚʝʨʞʜʘʶʪ ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʦ ʪʦʤ, ʯʪʦ ʵʪʠ 

ʬʨʘʢʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʣʠʧʝʧʪʠʜʘʤʠ Ŭ-ʟʝʠʥʘ ʩ ʄʄ 24 ʠ 26 ʢɼʘ, ɔ-ʟʝʠʥʘ 22 ʢɼʘ, 

ɓ-ʟʝʠʥʘ 17 ʢɼʘ ʠ ŭ-ʟʝʠʥʘ 12 ʢɼʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [269].      

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʝʪʦʜ ʪʫʨʙʠʜʠʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ 

ʤʦʞʝʪ ʟʘʤʝʥʠʪʴ ʪʘʢʠʝ ʜʦʨʦʛʦʩʪʦʷʱʠʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʄʄʈ ʙʝʣʢʦʚ, ʢʘʢ ʛʝʣʴ-

ʭʨʦʤʘʪʦʛʨʘʬʠʷ, ʫʣʴʪʨʘʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝ ʠ ʩʚʝʪʦʨʘʩʩʝʷʥʠʝ [269]. 

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʦ ʧʨʠʤʝʥʝʥʠʝ ʟʝʠʥʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʦʥ 

ʢʘʢ ʙʠʦʧʦʣʠʤʝʨ ʟʘ ʩʯʝʪ ʛʠʜʨʦʬʦʙʥʦʩʪʠ ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʦʡ ʘʛʨʝʛʠʨʫʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʦʙʨʘʟʦʚʘʪʴ ʛʠʜʨʦʬʦʙʥʳʝ ʧʦʢʨʳʪʠʷ, ʢʦʪʦʨʳʝ   ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʩʦʟʜʘʥʠʠ ʥʦʩʠʪʝʣʝʡ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʚʝʱʝʩʪʚ ʠ ʩʠʩʪʝʤ 

ʜʦʩʪʘʚʢʠ ʥʫʪʨʠʮʝʚʪʠʢʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʜʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʠ 

ʤʘʢʨʦʤʦʣʝʢʫʣ ʟʝʠʥʘ, ʚʳʜʝʣʝʥʥʦʛʦ ʠʟ ʢʫʢʫʨʫʟʥʦʡ ʤʫʢʠ ʤʝʩʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ 
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ʤʝʭʘʥʠʟʤʦʚ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ ʚ ʤʝʜʠʮʠʥʝ ʠ ʧʠʱʝʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [269].  
 

3.4 ɻʝʣʝʦʙʨʘʟʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʧʝʢʪʠʥʦʚ 

 

ɼʣʷ ʦʙʲʷʩʥʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʝʣʴ çʷʠʯʥʦʡ ʢʦʨʦʙʢʠè [124]. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʦʡ ʤʦʜʝʣʴʶ 

ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʝ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʫʩʢʦʨʷʝʪʩʷ ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʠ 

ʨʝʛʫʣʷʨʥʦʩʪʠ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʚ ʮʝʧʷʭ ʧʦʣʠʩʘʭʘʨʠʜʦʚ.  

ʄʝʪʦʜʘʤʠ ʢʦʥʜʫʢʪʦʤʝʪʨʠʠ, ʧʦʪʝʥʮʠʦʤʝʪʨʠʠ ʠ ʚʠʩʢʦʟʠʤʝʪʨʠʠ 

ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʩʪʨʫʢʪʫʨʳ ʧʝʢʪʠʥʘ, ʉʕ ʠ ʪʠʧʘ ʵʪʝʨʠʬʠʢʘʮʠʠ ʥʘ 

ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʝ ʩ ʧʦʣʠʚʘʣʝʥʪʥʳʤʠ ʧʨʦʪʠʚʦʠʦʥʘʤʠ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʭʦʨʦʰʦ ʦʯʠʱʝʥʥʳʝ ʦʙʨʘʟʮʳ ʷʙʣʦʯʥʦʛʦ ʠ ʧʦʜʩʦʣʥʝʯʥʦʛʦ ʅʄ-ʧʝʢʪʠʥʦʚ [141].  

ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʟʮʦʚ ʧʝʢʪʠʥʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.4.1. 

ʊʘʙʣʠʮʘ 3.4.1 ï ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʅʄ-ʧʝʢʪʠʥʦʚ ʠʟ ̫ʙʣʦʢ ʠ 

ʂʇ [141-ɸ] 
 

ʆʙʨʘʟʮʳ ʉʕ, % ɻʂ, % [h], ʜʣ/ʛ Sʘo, Cʚ xb 

ʅʄ-ʗʇʐʩ 47.3 70.1 1.14 1.96 0.848 

ʅʄ-ʂʇd 52.0 81.0 2.2 - 0.773 

aʂʦʵʬʬʠʮʠʝʥʪ ʩʝʜʠʤʝʥʪʘʮʠʠ; bʉʪʨʫʢʪʫʨʥʳʡ ʧʘʨʘʤʝʪʨ ʟʘʨʷʜʘ; ʩʗʙʣʦʯʥʳʡ ʧʝʢʪʠʥ 

ʐʘʭʨʠʥʘʚʩʢʦʛʦ ʨʘʡʦʥʘ; dʇʝʢʪʠʥ ʠʟ ʂʇ. 
 
 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 3.4.1, ʧʝʢʪʠʥ ʠʟ ʂʇ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʷʙʣʦʯʥʳʤ 

ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʟʚʝʥʴʝʚ ɻʂ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ 

ʉʕ ʠ ʄʄ. ɺ ʜʘʥʥʦʡ ʪʘʙʣʠʮʝ ʪʘʢʞʝ ʧʨʠʚʝʜʝʥ ʚʚʝʜʝʥʥʳʡ ʚʧʝʨʚʳʝ ʃʠʬʩʦʥʦʤ ʠ 

ʂʘʯʘʣʴʩʢʠʤ [308] ʧʘʨʘʤʝʪʨ ʟʘʨʷʜʘ, ʢʦʪʦʨʳʡ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʧʨʠ 25ęʉ ʙʝʟ ʫʯʝʪʘ 

ʥʝʙʦʣʴʰʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʨʘʤʥʦʟʳ ʚ ʤʘʢʨʦʤʦʣʝʢʫʣʝ ʧʝʢʪʠʥʘ, ʧʦ ʫʨʘʚʥʝʥʠʶ: 

 

x = Í2/bDkT(1-ʉʕ/100) = 1,61(1-ʉʕ/100),                                  (3.4.1) 

ʛʜʝ Í ï ʟʘʨʷʜ ʵʣʝʢʪʨʦʥʘ; kT ï ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ; b ï ʜʣʠʥʘ ʤʦʥʦʤʝʨʥʦʛʦ 

ʟʚʝʥʘ ʠ D ï ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʢʦʥʩʪʘʥʪʘ ʨʘʩʪʚʦʨʠʪʝʣʷ.  ɿʥʘʯʝʥʠʷ b ʜʣʷ ʧʝʢʪʠʥʘ ʨʘʚʥʦ 

4,35 ɸ. ʕʪʦʪ ʧʘʨʘʤʝʪʨ ʜʣʷ ʜʚʫʭ ʚʠʜʦʚ ʧʝʢʪʠʥʘ ʠʤʝʝʪ ʙʣʠʟʢʠʝ ʟʥʘʯʝʥʠʷ [308]. 
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ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʦʪʠʚʦʠʦʥʦʚ ʠ ʅʄ-ʧʝʢʪʠʥʘ ʙʳʣʦ ʠʟʫʯʝʥʦ ʤʝʪʦʜʦʤ 

ʢʦʥʜʫʢʪʦʤʝʪʨʠʠ. ʇʨʦʚʦʜʠʤʦʩʪʴ ʨʘʩʪʚʦʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʢʘʢ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʳ, 

ʪʘʢ ʠ ʦʙʳʯʥʳʝ ʵʣʝʢʪʨʦʣʠʪʳ, ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ, ʢʘʢ ʩʫʤʤʫ ʚʢʣʘʜʦʚ, ʚʥʦʩʠʤʳʭ 

ʤʘʣʳʤʠ ʠʦʥʘʤʠ ʠ ʧʦʣʠʠʦʥʘʤʠ. ʉʦʛʣʘʩʥʦ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʟʘʢʦʥʘ [308], 

ʦʧʠʩʳʚʘʶʱʝʛʦ ʧʨʦʚʦʜʠʤʦʩʪʴ ʯʠʩʪʦʛʦ ʨʘʩʪʚʦʨʘ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʘ, ʵʢʚʠʚʘʣʝʥʪʥʫʶ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʩʦʣʠ ʚ ʨʘʩʪʚʦʨʝ (L) ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ: 

 

               L = f (lc + lp),                                    (3.4.2) 
 

ʛʜʝ lc ï ɻ ʢʚʠʚʘʣʝʥʪʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʧʨʦʪʠʚʦʠʦʥʘ ʚ ʯʠʩʪʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ; 

lp ï ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʤʦʥʦʤʝʨʥʦʛʦ ʟʚʝʥʘ ʧʦʣʠʤʝʨʘ; f ï ʧʘʨʘʤʝʪʨ 

ʧʝʨʝʥʦʩʘ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʛʦ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ ʧʨʦʪʠʚʦʠʦʥʘ.  

ʉʦʛʣʘʩʥʦ (3.4.2), ʠʟʤʝʨʷʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʜʚʫʭ ʨʘʩʪʚʦʨʦʚ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ 

ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʨʦʪʠʚʦʠʦʥʘʤʠ ʠ, ʦʧʨʝʜʝʣʷʷ ʚʝʣʠʯʠʥʫ lc ʠʟ ʜʘʥʥʳʭ 

ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʨʘʩʪʚʦʨʦʚ ʩ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʤ ʵʣʝʢʪʨʦʣʠʪʦʤ, 

ʩʦʜʝʨʞʘʱʠʤ ʵʪʠ ʞʝ ʧʨʦʪʠʚʦʠʦʥʳ, ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʚʝʣʠʯʠʥʳ f ʠ lp ʠʟ ʜʚʫʭ 

ʫʨʘʚʥʝʥʠʡ ʩ ʜʚʫʤʷ ʥʝʠʟʚʝʩʪʥʳʤʠ [308]. 

  ʅʘ ʨʠʩʫʥʢʘʭ 3.4.1 ʠ 3.4.2 ʧʨʠʚʝʜʝʥʳ ʢʨʠʚʳʝ ʢʦʥʜʫʢʪʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʪʠʪʨʦʚʘʥʠʷ ʧʝʢʪʠʥʦʚʳʭ ʢʠʩʣʦʪ (ʅʄ-ʷʙʣʦʯʥʦʛʦ ʠ ʧʦʜʩʦʣʥʝʯʥʦʛʦ ʧʝʢʪʠʥʦʚ), 

ʦʩʥʦʚʘʥʠʷʤʠ ʂʆʅ ʠ ʉʘ(ʆʅ)2.  

 

ʈʠʩʫʥʦʢ 3.4.1. ï ʂʦʥʜʫʢʪʦʤʝʪʨʠʯʝʩʢʦʝ ʪʠʪʨʦʚʘʥʠʝ ʷʙʣʦʯʥʦʡ 

ʧʝʢʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʛʠʜʨʦʢʩʠʜʘʤʠ ʢʘʣʠʷ (1) ʠ ʢʘʣʴʮʠʷ (2) [146-ɸ].  
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ʈʠʩʫʥʦʢ 3.4.2. ï ʂʦʥʜʫʢʪʦʤʝʪʨʠʯʝʩʢʦʝ ʪʠʪʨʦʚʘʥʠʝ ʧʦʜʩʦʣʥʝʯʥʦʡ 

ʧʝʢʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʛʠʜʨʦʢʩʠʜʘʤʠ ʢʘʣʠʷ (1) ʠ ʢʘʣʴʮʠʷ (2) [146-ɸ]. 

ʂʘʢ ʚʠʜʥʦ, ʧʦʣʫʯʝʥʥʳʝ ʢʨʠʚʳʝ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ [309]. 

ɺʩʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʨʘʟʙʘʚʣʝʥʥʦʤ (ʉʨ<10-3ʵʢʚ/ʣ) ʠ ʚ ʦʪʩʫʪʩʪʚʠʠ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ. ɿʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥ lp ʠ f ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 3.4.2. 

ʊʘʙʣʠʮʘ 3.4.2 ï ʇʘʨʘʤʝʪʨʳ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʜʣʷ 

ʧʝʢʪʠʥʦʚ ʠ ʠʭ ʤʦʥʦʤʝʨʥʦʛʦ ʟʚʝʥʘ ʤʝʪʦʜʦʤ ʢʦʥʜʫʢʪʦʤʝʪʨʠʠ ʠ ʧʦ ʪʝʦʨʠʠ 

ʄʘʥʥʠʥʛʘ [146-ɸ, 310]  

 

ʆʙʨʘʟʝʮ 

ʅʄ-

ʧʝʢʪʠʥʘ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ 
ʊʝʦʨʝʪʠʯʝʩʢʠʝ 

ʜʘʥʥʳʝ 

lp fʂ
+ fʉʘ

+ fʂ
+ fʉʘ

+ 

ʅʄ-ʗʇʐ 45,4 0,695 0,296 0,867 0,443 

ʅʄ-ʂʇ 40,2 0,709 0,370 0,897 0,520 

GalA 29,2 0,968 0,911 1 1 

 

ʀʟ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 3.4.2, ʪʘʢʞʝ ʩʣʝʜʫʝʪ, ʯʪʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʚʝʣʠʯʠʥʳ f ʤʝʥʴʰʝ, ʯʝʤ ʨʘʩʩʯʠʪʘʥʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ, ʭʦʪʷ ʵʪʦ 
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ʨʘʟʣʠʯʠʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ ʧʘʨʘʤʝʪʨʘ ʜʣʷ 

ʜʚʫʭ ʚʠʜʦʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʝʢʪʠʥʦʚ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ɼʘʥʥʳʝ ʪʘʙʣʠʮʳ 3.4.2 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʤʦʥʦʤʝʨʥʦʛʦ ʟʚʝʥʘ 

ʧʦʣʠʤʝʨʘ (lp) ʷʙʣʦʯʥʦʡ ʧʝʢʪʦʚʦʡ ʢʠʩʣʦʪʳ ʙʦʣʴʰʝ, ʯʝʤ ʫ ʧʦʜʩʦʣʥʝʯʥʦʛʦ ʧʝʢʪʠʥʘ, ʠ 

ʯʪʦ ʵʪʦ ʩʚʷʟʘʥʦ ʩʦ ʉʕ, ʧʨʠʯʝʤ lp ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ ʤʝʨʝ ʫʤʝʥʴʰʝʥʠʷ ʉʕ [309].  

ɿʥʘʯʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʩʨʘʚʥʠʚʘʣʠ ʩʦ ʟʥʘʯʝʥʠʝʤ, ʧʦʣʫʯʝʥʥʳʤ 

ʧʦ ʪʝʦʨʠʠ ʄʘʥʥʠʥʛʘ [310]: 

 

fz = 1- {(0,55 (|Z| x)2} / {|Z|x +3,14}, |Z| x ¢ 1                             (3.4.3) 

 

fz = 0,87 (|Z|x)-1,                                               |Z| x >1,                         (3.4.4) 

 

ʛʜʝ Z ï ʟʘʨʷʜ ʧʨʦʪʠʚʦʠʦʥʘ [310]. 

ɺʝʣʠʯʠʥʘ f ʜʣʷ ʧʝʢʪʠʥʘ ʩ ʙʣʦʯʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ, 

ʢʘʢʦʚʳʤ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʷʚʣʷʝʪʩʷ ʧʦʜʩʦʣʥʝʯʥʳʡ ʧʝʢʪʠʥ, ʜʦʣʞʥʘ ʙʳʣʘ ʙʳ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʥʠʟʢʠʤ ʟʥʘʯʝʥʠʝʤ ʧʘʨʘʤʝʪʨʘ f, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʷʙʣʦʯʥʳʤ 

ʧʝʢʪʠʥʦʤ [194] 309. ʅʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʘʨʘʤʝʪʨʘ f ʜʣʷ ʠʦʥʦʚ 

ʢʘʣʴʮʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʘʚʪʦʨʘʤʠ ʛʠʧʦʪʝʟʫ ʜʠʤʝʨʠʟʘʮʠʠ 

ʧʝʢʪʠʥʦʚʳʭ ʤʘʢʨʦʤʦʣʝʢʫʣ [151].  

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʵʪʦʡ ʛʠʧʦʪʝʟʳ ʠʟʤʝʨʷʣʠ ʧʨʠʚʝʜʝʥʥʫʶ ʚʷʟʢʦʩʪʴ 

ʦʙʨʘʟʮʦʚ ʧʝʢʪʠʥʦʚʳʭ ʚʝʱʝʩʪʚ ʧʨʠ ʠʭ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʛʠʜʨʦʢʩʠʜʘʤʠ ʢʘʣʠʷ ʠ 

ʢʘʣʴʮʠʷ (ʨʠʩʫʥʦʢ 3.4.3).  

 ʂʘʢ ʚʠʜʥʦ, ʥʝʡʪʨʘʣʠʟʘʮʠʷ ʵʪʠʭ ʧʝʢʪʠʥʦʚ ʨʘʩʪʚʦʨʦʤ ʂʆʅ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʩʪʝʧʝʥʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ ʨʘʩʪʚʦʨʘ, ʚ ʪʦ ʚʨʝʤʷ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʉʘ(ʆʅ)2 ʥʘʙʣʶʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝ ʜʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ. 

ʇʝʨʚʦʝ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʦʙʫʩʣʦʚʣʝʥʦ ʵʣʝʢʪʨʦʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʦʪʪʘʣʢʠʚʘʥʠʝʤ 

ʦʜʥʦʠʤʝʥʥʦ ʟʘʨʷʞʝʥʥʳʭ ʠʦʥʦʚ ʤʘʢʨʦʤʦʣʝʢʫʣ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʳʭ, 

ʝʩʪʝʩʪʚʝʥʥʦ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ ʜʠʩʩʦʮʠʘʮʠʠ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʧʝʢʪʠʥʘ ʠ 

ʧʨʠʚʦʜʠʪ ʢ ʥʘʙʫʭʘʥʠʶ ʧʦʣʠʤʝʨʥʦʛʦ ʢʣʫʙʢʘ. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ, ʧʨʠ 
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ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʧʝʢʪʠʥʦʚʦʛʦ ʧʦʣʠʠʦʥʘ ʛʠʜʨʦʦʢʠʩʴʶ ʢʘʣʴʮʠʷ, ʠʦʥʳ ʤʝʪʘʣʣʘ 

ʚʩʪʫʧʘʶʪ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʢʘʨʙʦʢʩʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʧʝʢʪʠʥʦʚʳʭ 

ʤʘʢʨʦʤʦʣʝʢʫʣ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʢʦʤʧʘʢʪʠʟʘʮʠʷ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ.  

  

ʈʠʩʫʥʦʢ 3.4.3. ï ʀʟʤʝʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ ʨʘʩʪʚʦʨʦʚ 

ʅʄ-ʧʝʢʪʠʥʦʚ ʂʇ (1,2) ʠ ʷʙʣʦʢ (3,4) ʧʨʠ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʛʠʜʨʦʦʢʠʩʷʤʠ 

ʢʘʣʠʷ (1,3) ʠ ʢʘʣʴʮʠʷ (2,4) [141-ɸ]. 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʙʣʶʜʘʝʤʳʝ ʨʘʟʣʠʯʠʝ ʚ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʚʷʟʢʦʩʪʠ ʨʘʩʪʚʦʨʦʚ ʧʝʢʪʠʥʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʳ 

ʧʨʦʪʠʚʦʠʦʥʦʚ ʦʙʫʩʣʦʚʣʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʧʦʣʠʚʘʣʝʥʪʥʳʤʠ ʠʦʥʘʤʠ ʠ ʚʳʟʳʚʘʪʴ ʥʘʙʫʭʘʥʠʝ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʦʥʦʚʘʣʝʥʪʥʳʭ ʧʨʦʪʠʚʦʠʦʥʦʚ [141]. 

ʊʠʙʦʣʴʪ ʠ ʈʠʥʘʫʜʦ [309], ʠʟʫʯʠʚ ʧʨʦʮʝʩʩʳ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ʧʝʢʪʦʚʦʡ 

ʢʠʩʣʦʪʳ ʚ ʨʘʟʙʘʚʣʝʥʥʳʭ ʨʘʩʪʚʦʨʘʭ, ʚʳʚʝʣʠ ʵʤʧʠʨʠʯʝʩʢʫʶ ʬʦʨʤʫʣʫ, 

ʩʚʷʟʳʚʘʶʱʫʶ ʤʦʣʝʢʫʣʷʨʥʫʶ ʤʘʩʩʫ ʧʦʣʠʤʝʨʥʳʭ ʘʛʨʝʛʘʪʦʚ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʠʦʥʦʚ 

ʢʘʣʴʮʠʷ ʚ ʨʘʩʪʚʦʨʝ: 

 

,                                    (3.4.5) 
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ʛʜʝ 
ʧʦʣʠʤ

ʩʦʣʠ

ʕ

ʕ
q= ; qk ï ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ q, ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ 

ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʬʘʟʦʚʦʝ ʨʘʟʜʝʣʝʥʠʝ ʩʠʩʪʝʤʳ; ɔ ï ʵʤʧʠʨʠʯʝʩʢʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪ; ʄʢʘʞ ï ʢʘʞʫʱʘʷʩʷ ʄʄ ʧʦʣʠʩʘʭʘʨʠʜʘ, ʠʣʠ ʠʭ ʘʛʨʝʛʘʪʦʚ; ʄ0 ï 

ʩʨʝʜʥʷʷ ʄʄ ʧʦʣʠʩʘʭʘʨʠʜʘ;  N ï ʯʠʩʣʦ ʮʝʧʝʡ ʧʦʣʠʩʘʭʘʨʠʜʘ ʚ ʘʛʨʝʛʘʪʝ [309]. 

çéɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʚʝʣʠʯʠʥʫ N ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩ ʦʪʥʦʰʝʥʠʝʤ 

ʧʨʠʚʝʜʝʥʥʦʡ ʚʷʟʢʦʩʪʠ ʨʘʩʪʚʦʨʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ([ɖ]ʧʨ) ʠ ʦʪʩʫʪʩʪʚʠʠ ([ɖ]
0
ʧʨ) ʠʦʥʦʚ 

ʤʝʪʘʣʣʘ: 

 [ɖ]ʧʨ/ [ɖ]
0
ʧʨ ~ Na ~ (qk-q)-k              (3.4.6) 

 

ʛʜʝ, ʘ ï ʧʦʢʘʟʘʪʝʣʴ ʫʨʘʚʥʝʥʠʷ ʄʘʨʢʘ-ʂʫʥʘ-ʍʘʫʚʠʥʢʘ; ʂ ï ʵʤʧʠʨʠʯʝʩʢʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪéè [38]. 

ɺ ʨʘʙʦʪʝ [152] ʥʘʡʜʝʥʘ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʢʘʞʫʱʠʤʠʩʷ ʟʥʘʯʝʥʠʷʤʠ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʠ ʧʨʠʚʝʜʝʥʥʦʡ ʚʷʟʢʦʩʪʠ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʜʦʙʘʚʣʝʥʥʳʭ ʚ 

ʨʘʩʪʚʦʨ ʩʦʣʝʡ ʧʦʣʠʚʘʣʝʥʪʥʳʭ ʤʝʪʘʣʣʦʚ, ʢʘʣʴʮʠʷ, ʤʘʛʥʠʷ ʠ ʩʪʨʦʥʮʠʷ. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ ʛʝʣʝʦʙʨʘʟʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʣʠʤʝʨʘ ʚʝʣʠʯʠʥʳ q ʠ ʂ 

ʩʠʤʙʘʪʥʦ ʫʤʝʥʴʰʘʶʪʩʷ.  

ɿʘʜʘʯʘ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʠʟʫʯʝʥʠʠ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʨʘʩʪʚʦʨʦʚ ʅʄ-ʧʝʢʪʠʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʦʣʝʡ 

ʧʦʣʠʚʘʣʝʥʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʚ ʧʦʣʫʯʝʥʠʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʥʫʪʨʠ- ʠ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʵʬʬʝʢʪʘʭ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʶ.  ʕʪʠ ʩʚʦʡʩʪʚʘ 

ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʦʙʫʩʣʦʚʣʝʥʳ ʥʘʣʠʯʠʝʤ ʚ ʠʭ ʤʘʢʨʦʤʦʣʝʢʫʣʘʭ ʠʦʥʦʛʝʥʥʳʭ 

ʛʨʫʧʧʘʭ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʦʙʨʘʟʦʚʳʚʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʚʷʟʠ ʩ ʠʦʥʘʤʠ 

ʧʦʣʠʚʘʣʝʥʪʥʳʭ ʤʝʪʘʣʣʦʚ [141]. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʯʪʦ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʠʦʥʦʚ 

ʤʝʜʠ ʠ ʘʣʶʤʠʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʵʢʨʘʥʠʨʦʚʘʥʠʝʤ ʟʘʨʷʜʘ ʧʦʣʠʤʝʨʘ ʠ (ʠʣʠ) ʦʙʨʘʟʦʚʘʥʠʝʤ 
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ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʩʚʷʟʝʡ ʩ ʫʯʘʩʪʠʝʤ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ, ʧʨʠʚʦʜʷʱʠʝ ʢ 

ʢʦʤʧʘʢʪʥʦʡ ʢʦʥʬʦʨʤʘʮʠʠ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʣʫʙʢʘ. 

ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʭʣʦʨʠʜʘ ʢʘʣʴʮʠʷ ʚ ʨʘʩʪʚʦʨ ʅʄ-ʧʝʢʪʠʥʘ ʧʨʦʠʩʭʦʜʠʪ 

ʠʟʤʝʥʝʥʠʝ ʦʪʥʦʰʝʥʠʷ ɖʧʨ/ɖÁʧʨ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʘʉl2, ʚ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʜʝʡʩʪʚʠʶ ʭʣʦʨʠʜʘ ʤʝʜʠ ʠ ʘʣʶʤʠʥʠʷ. ʅʘ ʨʠʩʫʥʢʝ 3.4.4 

ʧʨʠʚʦʜʠʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ɖʧʨ/ɖÁʧʨ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʠʜʘ ʢʘʣʴʮʠʷ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʧʦʣʠʤʝʨʘ ʚ ʨʘʩʪʚʦʨʝ [141].  

ɺʠʜʥʦ, ʯʪʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʣʠʤʝʨʘ ʛʨʘʬʠʢ ʩʤʝʱʸʥ ʧʦ ʬʘʟʝ. 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ CaCl2 ʦʪʥʦʰʝʥʠʝ ɖʧʨ/ɖÁʧʨ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʦʜʠʥ 

ʤʠʥʠʤʫʤ ʠ, ʜʘʣʝʝ, ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʦʟʨʘʩʪʘʥʠʝ ʝʛʦ ʚʝʣʠʯʠʥʳ. 

 

ʈʠʩʫʥʦʢ 3.4.4. ï ʀʟʤʝʥʝʥʠʝ ʦʪʥʦʰʝʥʠʝ ɖʧʨ/ɖÁʧʨ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʭʣʦʨʠʜʘ ʢʘʣʴʮʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʅʄ-ʧʝʢʪʠʥʘ ʚ ʨʘʩʪʚʦʨʝ: 

ʉ(ʥʤʧ), ʛ/ʜʣ ʨʘʚʥʦʡ 0,1 (1); 0,08 (2); 0,06 (3); 0,04 (4) [141-ɸ]. 
 

 ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘʭʦʜʷʪ ʩʚʦʸ ʦʙʲʷʩʥʝʥʠʝ, ʝʩʣʠ ʧʨʠʥʷʪʴ ʩʣʝʜʫʶʱʫʶ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʩʚʷʟʳʚʘʥʠʷ ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʅʄ-ʧʝʢʪʠʥʦʤ.  ɺ ʦʪʣʠʯʠʝ 

ʦʪ ʜʝʡʩʪʚʠʷ ʭʣʦʨʠʜʘ ʤʝʜʠ ʠ ʘʣʶʤʠʥʠʷ, ʩʚʷʟʳʚʘʥʠʝ ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʅʄ-ʧʝʢʪʠʥʦʤ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʣʝʜʫʶʱʝʤ ʧʦʨʷʜʢʝ. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʠʦʥʘʤʠ ʤʝʜʠ ʠ ʘʣʶʤʠʥʠʷ, ʧʨʠ 

ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʚʥʫʪʨʠʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 
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ʢʦʤʧʘʢʪʥʘʷ ʢʦʥʬʦʨʤʘʮʠʷ ʧʦʣʠʤʝʨʥʦʛʦ ʢʣʫʙʢʘ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʧʝʢʪʠʥʦʚʳʭ 

ʤʠʢʨʦʛʝʣʝʡ ʟʘ ʩʯʝʪ ʜʠʤʝʨʠʟʘʮʠʠ ʧʦʣʠʤʝʨʘ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʩʚʷʟʝʡ ʥʘ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ. ɼʘʣʝʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

CaCl2 ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʜʠʤʝʨʦʚ ʠ ʘʛʨʝʛʘʪʦʚ ʧʦʣʠʤʝʨʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʦʙʨʘʟʫʝʪʩʷ ʩʠʣʴʥʦ ʥʘʙʫʭʰʠʡ ʛʠʜʨʦʛʝʣʴ. ʆʜʥʦʟʥʘʯʥʦ, ʯʪʦ ʵʪʦʪ ʧʨʦʮʝʩʩ ʫʩʢʦʨʷʝʪʩʷ 

ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʣʠʤʝʨʘ ʚ ʨʘʩʪʚʦʨʝ [141]. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʜʘʞʝ ʚ 

ʨʘʟʙʘʚʣʝʥʥʦʤ ʨʘʩʪʚʦʨʝ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʝʢʪʠʥʦʚʳʭ ʧʦʣʠʤʝʨʦʚ ʩ ʠʦʥʘʤʠ 

ʢʘʣʴʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʨʷʜ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ï ʦʪ ʦʙʳʯʥʦʛʦ 

ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʟʘʨʷʜʘ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʘʛʨʝʛʘʪʦʚ, ʥʘʧʦʤʠʥʘʶʱʠʭ ʧʦ ʩʪʨʫʢʪʫʨʝ 

çʷʠʯʥʫʶ ʢʦʨʦʙʢʫè. ɼʠʤʝʨʠʟʘʮʠʷ ʮʝʧʝʡ ʠ ʘʛʨʝʛʘʮʠʷ ʤʘʢʨʦʤʦʣʝʢʫʣ, ʧʦ-ʚʠʜʠʤʦʤʫ, 

ʧʨʦʠʩʭʦʜʷʪ ʩʦʚʤʝʩʪʥʦ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʝʟʢʠʤ ʫʚʝʣʝʯʝʥʠʝʤ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʨʘʟʙʘʚʣʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʧʝʢʪʠʥʦʚʳʭ ʚʝʱʝʩʪʚ. 

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʫʨʘʚʥʝʥʠʷʭ 3.4.5 ʠ 3.4.5 ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

qk ʠ çʂè, ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʪʦʨʳʭ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʅʄ-ʧʝʢʪʠʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 3.4.5.  

  
 

ʈʠʩʫʥʦʢ 3.4.5. ï ɿʘʚʠʩʠʤʦʩʪʴ qk (1) ʠ ʚʝʣʠʯʠʥʳ ʂ (2) ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʅʄ-

ʧʝʢʪʠʥʘ [141-ɸ]  
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ʂʘʢ ʚʠʜʥʦ, ʦʙʝ ʚʝʣʠʯʠʥʳ ʩ ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʣʠʤʝʨʘ ʫʤʝʥʴʰʘʶʪʩʷ 

ʠ ʩʪʨʝʤʷʪʩʷ ʢ ʧʨʝʜʝʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ ʂ=0,34 ʠ qk=4,3 ʧʨʠ ʢʦʵʬʬʠʮʠʝʥʪʘʭ 

ʢʦʨʨʝʣʷʮʠʠ, ʨʘʚʥʳʭ R2=0,9964 ʠ R2=0,9972, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɿʥʘʯʝʥʠʷ 

ʚʝʣʠʯʠʥʳ çʂè ʠ ʝʝ ʧʨʝʜʝʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʳʩʦʢʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʅʄ-ʧʝʢʪʠʥʘ ʢ ʩʚʷʟʳʚʘʥʠʶ ʠʦʥʦʚ ʢʘʣʴʮʠʷ. 

ʆʜʥʘʢʦ ʧʨʝʜʝʣʴʥʘʷ ʚʝʣʠʯʠʥʘ qk ʦʩʪʘʸʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ, ʯʪʦ ʷʚʣʷʝʪʩʷ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʩʣʝʜʩʪʚʠʝʤ ʥʝʨʝʛʫʣʷʨʥʦʛʦ ʯʝʨʝʜʦʚʘʥʠʷ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʠ ʵʬʠʨʥʳʭ 

ʛʨʫʧʧ ʚ ʤʘʢʨʦʤʦʣʝʢʫʣʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʷʙʣʦʯʥʦʛʦ ʧʝʢʪʠʥʘ [141]. 

ʄʝʭʘʥʠʟʤʳ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ʘʚʪʦʨʳ ʵʪʦʡ ʨʘʙʦʪʳ ʦʙʲʷʩʥʷʶʪ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʡ ʩʚʷʟʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʠʦʥʦʚ ʢʘʣʴʮʠʷ, ʘ ʨʦʣʴ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʠʥʠʤʘʶʪ ʚʦ ʚʥʠʤʘʥʠʝ. 

ʇʦʩʢʦʣʴʢʫ ʚʩʝ ʠʟʤʝʨʝʥʠʷ ʩʚʦʡʩʪʚ ʨʘʩʪʚʦʨʦʚ ʧʨʦʚʦʜʷʪʩʷ ʧʨʠ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 

ʧʦʣʠʤʝʨʘ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦʝ ʠʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʅʄ-ʧʝʢʪʠʥʘ ʩ ʠʦʥʘʤʠ ʤʝʪʘʣʣʘ ʚ ʩʘʤʦʤ ʥʘʯʘʣʝ ʧʨʦʮʝʩʩʘ, ʯʪʦ ʜʘʸʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʷʩʥʠʪʴ ʤʝʭʘʥʠʟʤ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ. ʕʪʦ ʘʥʘʣʦʛʠʷ ʤʦʜʝʣʠ çʷʠʯʥʳʭ 

ʢʦʨʦʙʦʢè ʩʦʟʜʘʥʥʦʡ ʜʣʷ ʛʝʣʝʡ ʅʄ-ʧʝʢʪʠʥʦʚ ʠ ʘʣʛʠʥʘʪʦʚ ʥʘ ʦʩʥʦʚʝ ʢʦʦʧʝʨʘʪʠʚʥʦʛʦ 

ʩʚʷʟʳʚʘʥʠʷ ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʩ HG [153-155, 311-313].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʅʄ-ʧʝʢʪʠʥʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʦʙʨʘʟʫʶʪ 

ʨʘʟʣʠʯʥʳʝ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʝ ʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʩʚʷʟʠ, ʢʦʤʧʘʢʪʥʳʝ ʠ 

ʨʘʟʚʝʪʚʣʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʘ ʠʦʥʳ ʢʘʣʴʮʠʷ ʦʪʣʠʯʘʶʪʩʷ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥ r ʚ 

ʦʙʨʘʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʘʛʨʝʛʘʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʪʨʝʭʤʝʨʥʳʝ ʩʝʪʢʠ.  

 

3.4.1 ɾʝʣʝʦʙʨʘʟʦʚʘʥʠʝ ʥʠʟʢʦʤʝʪʠʣʠʨʦʚʘʥʥʳʭ ʧʝʢʪʠʥʦʚ ʩ ʠʦʥʘʤʠ ʢʘʣʴʮʠʷ 

ʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʘʭ 

 

ʅʄ-ʧʝʢʪʠʥʳ ʦʙʨʘʟʫʶʪ ʛʝʣʠ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʩʘʭʘʨʘ ʠ 

ʢʠʩʣʦʪʥʦʩʪʠ ʩʨʝʜʳ. ɼʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʛʝʣʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʩʫʪʩʪʚʠʝ ʢʘʪʠʦʥʦʚ 

ʜʚʫʭʚʘʣʝʥʪʥʳʭ ʤʝʪʘʣʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʢʘʣʴʮʠʡ ʠ ʤʘʛʥʠʡ. ɼʚʫʭʚʘʣʝʥʪʥʳʝ ʤʝʪʘʣʣʳ 
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ʫʯʘʩʪʚʫʶʪ ʚ ʨʝʘʢʮʠʠ ʩʚʷʟʳʚʘʥʠʷ ʤʦʣʝʢʫʣʳ ʅʄ-ʧʝʢʪʠʥʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʝʣʝʚʦʡ ʩʪʨʫʢʪʫʨʳ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʠʦʥʦʚ 

ʤʝʪʘʣʣʦʚ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʛʝʣʷ, ʟʘʚʠʩʠʪ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʩʫʭʦʛʦ 

ʚʝʱʝʩʪʚʘ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʘʭʘʨʦʚ, ʟʥʘʯʝʥʠʷ ʨʅ ʧʨʦʜʫʢʪʘ, ʘ ʪʘʢʞʝ ʦʪ ʪʠʧʘ ʠ 

ʢʦʣʠʯʝʩʪʚʘ ʙʫʬʝʨʥʦʡ ʩʦʣʠ ʚ ʧʨʦʜʫʢʪʝ [314].  

ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʞʝʣʝ ʥʘʤʠ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʅʄ-ʧʝʢʪʠʥ, ʧʦʣʫʯʝʥʥʳʡ 

ʠʟ ʂʇ ʠ ʦʯʠʱʝʥʥʳʡ ʦʪ ʠʦʥʦʚ ʢʘʣʴʮʠʷ. ʅʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʦʛʦ ʞʝʣʝ ʦʢʘʟʳʚʘʶʪ ʪʝʤʧʝʨʘʪʫʨʘ ʦʩʝʜʘʥʠʷ ʞʝʣʝ, 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʝʢʪʠʥʘ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʘʨʢʠ, ʢʠʩʣʦʪʥʦʩʪʴ ʩʨʝʜʳ ʠ 

ʩʦʜʝʨʞʘʥʠʝ ʠʦʥʦʚ ʢʘʣʴʮʠʷ.  

ʇʨʠ ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ ɺʄ-ʧʝʢʪʠʥʦʚ ʩʣʝʜʫʝʪ ʫʯʝʩʪʴ, ʯʪʦ ʧʨʠʛʦʪʦʚʣʝʥʥʳʝ ʥʘ 

ʠʭ ʦʩʥʦʚʝ ʞʝʣʝ ʷʚʣʷʶʪʩʷ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʪʚʝʨʜʳʤʠ, ʯʝʤ ʪʝ, ʢʦʪʦʨʳʝ ʩʣʝʜʫʝʪ 

ʧʨʠʛʦʪʦʚʣʷʪʴ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʉʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʜʝʩʝʨʪʥʳʭ ʞʝʣʝ ʪʘʢʦʚʳ, ʯʪʦ ʦʥʠ ʪʨʝʙʫʶʪ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʦʙʰʠʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, 

ʝʩʣʠ ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʵʪʠʭ ʞʝʣʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʧʨʘʢʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. 

ʇʦʵʪʦʤʫ ʘʥʘʣʠʟ ʩʣʝʜʫʝʪ ʧʨʦʚʦʜʠʪʴ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʳʭ ʞʝʣʝ ʧʨʠ 

ʧʦʥʠʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʊʘʢʠʝ ʞʝʣʝ ʜʦʚʦʣʴʥʦ ʪʨʫʜʥʦ ʦʪʜʝʣʠʪʴ ʦʪ ʩʪʘʥʜʘʨʪʥʳʭ 

ʩʪʘʢʘʥʯʠʢʦʚ ʨʠʜʞʝʣʠʤʝʪʨʘ ʠ, ʢʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʥʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪ ʩʚʦʶ ʬʦʨʤʫ 

ʧʦʩʣʝ ʚʳʧʫʩʢʘ ʠʟ ʬʦʨʤ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʪʘʥʜʘʨʪʥʳʝ ʩʪʘʢʘʥʯʠʢʠ ʜʣʷ ʞʝʣʝ ʜʦʣʞʥʳ 

ʙʳʪʴ ʟʘʤʝʥʝʥʳ ʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤʠ ʸʤʢʦʩʪʷʤʠ.  

ɺ ʨʘʙʦʪʝ [152] ʞʝʣʝ ʚʘʨʠʣʠ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʞʝʣʘʝʤʦʛʦ ʚʝʩʘ ʠ ʚʳʣʠʚʘʣʠ ʚ 

ʮʠʣʠʥʜʨʳ ʥʘ ʦʩʥʦʚʝ ʦʨʛʩʪʝʢʣʘ (ʚʳʩʦʪʦʡ 50 ʤʤ ʠ ʚʥʫʪʨʝʥʥʠʤ ʜʠʘʤʝʪʨʦʤ 44 ʤʤ), 

ʠʤʝʶʱʠʝ ʟʘʱʠʪʥʳʝ ʣʝʥʪʦʯʥʳʝ ʢʦʣʴʮʘ, ʢʦʪʦʨʳʝ ʦʙʚʠʚʘʣʠʩʴ ʚʦʢʨʫʛ ʦʜʥʦʛʦ ʢʦʥʮʘ 

ʢʘʞʜʦʛʦ ʮʠʣʠʥʜʨʘ ʠ ʧʦʜʥʠʤʘʣʠʩʴ ʚʚʝʨʭ, ʧʨʝʚʳʰʘʷ ʚʝʨʭʥʶʶ ʢʨʦʤʢʫ ʮʠʣʠʥʜʨʦʚ ʥʘ 

6,35 ʤʤ. ɼʨʫʛʦʡ ʢʦʥʝʮ ʢʘʞʜʦʛʦ ʮʠʣʠʥʜʨʘ ʧʨʠʢʨʝʧʣʷʣʠ ʢ ʧʣʘʩʪʠʢʦʚʦʤʫ 

ʦʙʸʨʪʦʯʥʦʤʫ ʣʠʩʪʫ, ʩʣʝʛʢʘ ʦʙʨʘʙʦʪʘʥʥʦʤʫ ʩʠʣʠʢʦʥʦʚʦʡ ʩʤʘʟʢʦʡ ʚʦ ʠʟʙʝʞʘʥʠʝ 

ʧʨʦʪʝʢʘʥʠʷ. ʇʦʩʣʝ ʚʳʣʠʚʘʥʠʷ ʞʝʣʝ ʟʘʚʦʨʘʯʠʚʘʣʠ ʚ ʧʣʘʩʪʠʢʦʚʳʝ ʦʙʝʨʪʦʯʥʳʝ ʣʠʩʪʳ 

ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ 5-7 ʉ̄ ʚ ʪʝʯʝʥʠʝ 20-22 ʯʘʩʦʚ. ʉʨʘʟʫ ʞʝ ʧʦʩʣʝ ʵʪʦʛʦ ʦʙʝʨʪʦʯʥʳʡ 
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ʤʘʪʝʨʠʘʣ ʠ ʣʝʥʪʳ ʫʜʘʣʷʣʠ, ʘ ʠʟʣʠʰʢʠ ʞʝʣʝ ʩʨʝʟʘʣʠ ʧʨʦʚʦʣʦʯʥʳʤ ʨʝʟʘʢʦʤ (ʪʘʢʠʤ, 

ʢʦʪʦʨʳʡ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʨʝʟʢʠ ʩʳʨʘ), ʧʨʠ ʵʪʦʤ ʚʳʩʦʪʘ ʞʝʣʝ ʦʩʪʘʚʘʣʦʩʴ 

ʩʪʘʥʜʘʨʪʥʦʡ. ɿʘʪʝʤ ʩʥʠʤʘʣʠ ʥʠʞʥʶʶ ʦʙʸʨʪʦʯʥʫʶ ʧʨʦʢʣʘʜʢʫ ʠ ʞʝʣʝ ʚʳʣʠʚʘʣʠ ʚ 

ʯʘʰʢʫ ʇʝʪʨʠ, ʜʣʷ ʦʪʜʝʣʝʥʠʷ ʞʝʣʝ ʦʪ ʩʪʝʥʦʢ ʩʪʘʢʘʥʯʠʢʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʝʙʦʣʴʰʦʡ 

ʰʧʘʪʝʣʴ. ʏʝʨʝʟ ʤʠʥʫʪʫ ʧʦʩʣʝ ʚʳʣʠʚʘʥʠʷ ʞʝʣʝ ʚ ʯʘʰʢʫ ʇʝʪʨʠ ʧʨʠʩʪʫʧʘʣʠ ʢ 

ʠʟʤʝʨʝʥʠʶ ʦʩʝʜʘʥʠʷ ʞʝʣʝ ʦʙʤʝʥʥʳʤ ʨʠʜʞʝʣʠʤʝʪʨʦʤ ʬʠʨʤʳ çʀʤʩʯʝʥʜʞè 

(ʆʥʪʘʨʠʦ, ʂʘʣʠʬʦʨʥʠʷ).  

ʇʦʩʢʦʣʴʢʫ ʫʧʦʤʷʥʫʪʳʝ ʚʳʰʝ ʮʠʣʠʥʜʨʳ ʙʳʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʢʦʨʦʯʝ 

ʩʪʘʥʜʘʨʪʥʳʭ ʩʪʘʢʘʥʯʠʢʦʚ ʜʣʷ ʞʝʣʝ, ʚʭʦʜʷʱʠʭ ʚ ʢʦʤʧʣʝʢʪ ʨʠʜʞʝʣʠʤʝʪʨʘ, ʚ ʜʘʥʥʦʤ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʯʘʰʢʠ ʇʝʪʨʠ ʚʳʩʦʪʦʡ 25 ʤʤ. ʇʦʢʘʟʘʥʠʷ, 

ʩʥʠʤʘʝʤʳʝ ʧʦ ʰʢʘʣʝ ʨʠʜʞʝʣʠʤʝʪʨʘ, ʧʝʨʝʩʯʠʪʳʚʘʣʠ ʥʘ ʚʝʣʠʯʠʥʫ ʬʘʢʪʠʯʝʩʢʦʛʦ 

ʦʩʝʜʘʥʠʷ ʞʝʣʝ, ʧʦʣʴʟʫʷʩʴ ʜʣʷ ʵʪʦʛʦ ʢʘʣʠʙʨʦʚʦʯʥʳʤ ʛʨʘʬʠʢʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʥʘ 

ʨʠʩʫʥʢʝ 3.4.1.1. 
 

 

ʈʠʩʫʥʦʢ 3.4.1.1. ï ʂʘʣʠʙʨʦʚʦʯʥʳʡ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʢʘʟʘʥʠʷ 

ʨʠʜʞʝʣʠʤʝʪʨʘ ʦʪ ʬʘʢʪʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ ʦʩʝʜʘʥʠʷ ʞʝʣʝ [141-ɸ]. 

ʇʦʢʘʟʘʥʠʷ ʨʠʜʞʝʣʠʤʝʪʨʘ ʩʥʠʤʘʣʠʩʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘ ʜʚʫʭ ʦʙʨʘʟʮʘʭ ʞʝʣʝ, 

ʦʪʙʠʨʘʝʤʳʭ ʠʟ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʧʘʨʪʠʠ, ʧʨʠ ʵʪʦʤ, ʝʩʣʠ ʨʘʩʭʦʞʜʝʥʠʝ ʤʝʞʜʫ 
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ʧʦʢʘʟʘʥʠʷʤʠ ʧʨʝʚʳʰʘʣʦ 0,3 ʤʤ, ʪʦ ʜʘʥʥʳʡ ʦʙʨʘʟʝʮ ʞʝʣʝ ʙʨʘʢʦʚʘʣʩʷ. ʉʨʘʟʫ ʞʝ 

ʧʦʩʣʝ ʠʟʤʝʨʝʥʠʷ ʦʩʝʜʘʥʠʷ, ʞʝʣʝ ʨʘʟʨʝʟʘʣʠ ʢʨʝʩʪ-ʥʘʢʨʝʩʪ ʥʘ ʢʫʩʦʯʢʠ ʪʦʣʱʠʥʦʡ 10 

ʤʤ, ʦʩʪʘʚʰʠʡʩʷ ʥʠʞʥʠʡ ʢʫʩʦʯʝʢ ʚ ʫʯʝʪ ʥʝ ʧʨʠʥʠʤʘʣʩʷ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʫʩʠʣʠʡ ʥʘ 

ʨʘʟʨʫʰʝʥʠʝ 4 ʢʫʩʦʯʢʦʚ ʞʝʣʝ ʧʨʠʤʝʥʷʣʩʷ ʘʥʘʣʠʟʘʪʦʨ ʞʝʣʝ ʬʠʨʤʳ çMarin Cloudsè 

(ʉʧʨʠʥʛʬʠʣʜ, ʰʪʘʪ ʅʴʶ-ɼʞʝʨʩʠ) ʩ ʚʤʦʥʪʠʨʦʚʘʥʥʳʤ ʧʣʫʥʞʝʨʦʤ ʜʠʘʤʝʪʨʦʤ 10,9 

ʤʤ. ʃʶʙʳʝ ʧʦʢʘʟʘʥʠʷ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʙʦʣʝʝ, ʯʝʤ ʥʘ 10 ʛ ʧʦʩʣʝʜʫʶʱʝʛʦ ʟʥʘʯʝʥʠʷ, 

ʙʨʘʢʦʚʘʣʠʩʴ, ʘ ʩʨʝʜʥʝʝ ʨʘʟʨʫʰʘʶʱʝʝ ʫʩʠʣʠʝ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʨʘʩʩʯʠʪʳʚʘʣʠ ʦʪʜʝʣʴʥʦ 

ʜʣʷ ʢʘʞʜʦʡ ʧʦʚʪʦʨʥʦʩʪʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʙʨʘʟʮʳ ʚʳʧʫʩʢʘʝʤʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ ʩʤʝʩʠ ʜʝʩʝʨʪʥʦʛʦ ʣʠʤʦʥʘ ʥʘ ʞʝʣʘʪʠʥʝ, ʧʨʠʛʦʪʦʚʣʝʥʥʦʡ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʝʡʩʪʚʫʶʱʝʡ ʧʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʠʥʩʪʨʫʢʮʠʝʡ. ʊʘʢʠʝ ʞʝʣʝ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʩʨʝʜʥʠʤ ʦʩʝʜʘʥʠʝʤ, ʚ ʧʦʨʷʜʢʝ 12,5 ʤʤ, ʠ ʩʨʝʜʥʠʤ 

ʨʘʟʨʫʰʘʶʱʠʤ ʫʩʠʣʠʝʤ 95 ʛ ʧʨʠ 11ʉ̄. ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʞʝʣʝ ʥʘʤʠ ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʅʄ-ʧʝʢʪʠʥ, ʧʦʣʫʯʝʥʥʳʡ ʠʟ ʂʇ ʠ ʦʯʠʱʝʥʥʳʡ ʦʪ ʠʦʥʦʚ ʢʘʣʴʮʠʷ. 

ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʫʝʤʘʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʘʧʧʘʨʘʪʫʨʘ ʧʦʢʘʟʘʣʘ, ʯʪʦ 

ʦʩʝʜʘʥʠʝ ʚ 12,5 ʤʤ ʠ 95-ʛʨʘʤʤʦʚʦʝ ʨʘʟʨʫʰʘʶʱʝʝ ʫʩʠʣʠʝ ʥʘʙʣʶʜʘʣʠʩʴ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ ʚʝʨʭʥʝʤ ʠ ʥʠʞʥʝʤ ʧʨʝʜʝʣʘʭ ʠʟʤʝʨʝʥʠʡ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʚ 

ʜʘʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʟʘ ʩʪʘʥʜʘʨʪʥʳʡ ʦʙʨʘʟʝʮ ʙʳʣʦ ʧʨʠʥʷʪʦ ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ 

ʪʚʝʨʜʦʝ ʞʝʣʝ, ʦʙʣʘʜʘʶʱʝʝ ʦʩʝʜʘʥʠʝʤ 10,5 ʤʤ ʠ ʨʘʟʨʫʰʘʶʱʠʤ ʫʩʠʣʠʝʤ 126 ʛ ʧʨʠ 

11̄ ʉ. ʅʝʩʤʦʪʨʷ ʥʘ ʩʚʦʶ ʥʝʩʢʦʣʴʢʦ ʧʦʚʳʰʝʥʥʫʶ ʪʚʝʨʜʦʩʪʴ, ʪʘʢʦʝ ʞʝʣʝ ʧʦ 

ʚʢʫʩʦʚʳʤ ʦʱʫʱʝʥʠʷʤ ʦʯʝʥʴ ʥʘʧʦʤʠʥʘʣʦ ʩʪʘʥʜʘʨʪʥʳʡ ʜʝʩʝʨʪʥʳʡ ʞʝʣʘʪʠʥ. 

ʇʨʦʮʝʩʩ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʪʘʢʦʛʦ ʞʝʣʝ ʟʘʢʣʶʯʘʣʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: ʢ 350 ʤʣ ʚʦʜʳ 

ʜʦʙʘʚʣʷʣʠ 40 ʛ ʩʘʭʘʨʦʟʳ, 5 ʤʣ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ 1,95 ʛ ʛʠʜʨʘʪʘ ʣʠʤʦʥʥʦʡ 

ʢʠʩʣʦʪʳ. ʉʤʝʩʴ ʧʦʤʝʱʘʣʠ ʚ 3-ʭ ʣʠʪʨʦʚʫʶ ʢʘʩʪʨʶʣʶ ʠ ʚʘʨʠʣʠ ʥʘ ʧʣʠʪʝ. 4 ʛ ʅʄ-

ʧʝʢʪʠʥʘ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʤʝʰʘʥʥʳʝ ʩ 35 ʛ ʩʘʭʘʨʦʟʳ, ʜʦʙʘʚʣʷʣʠ ʚ ʩʤʝʩʴ ʠ 

ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 2-3 ʤʠʥʫʪ. ʇʦ ʠʩʪʝʯʝʥʠʠ ʫʢʘʟʘʥʥʦʛʦ ʚʨʝʤʝʥʠ ʚ ʩʤʝʩʴ 

ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʜʦʙʘʚʣʷʣʠ 20 ʤʣ ʨʘʩʪʚʦʨʘ ʭʣʦʨʠʩʪʦʛʦ ʢʘʣʴʮʠʷ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʦʦʪʥʦʰʝʥʠʶ 30 ʤʛ ʉʘ ʥʘ 1 ʛ ʅʄ-ʧʝʢʪʠʥ, ʧʦʩʣʝ ʯʝʛʦ ʩʤʝʩʴ 

ʧʨʦʜʦʣʞʘʣʠ ʢʠʧʷʪʠʪʴ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʝʸ ʚʝʩ ʥʝ ʜʦʩʪʠʛ 364 ʛ. ʆʙʱʝʝ ʚʨʝʤʷ ʚʘʨʢʠ 
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ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʜʜʝʨʞʠʚʘʣʦʩʴ ʚ ʧʨʝʜʝʣʘʭ 6 ʤʠʥʫʪ. ʇʦʣʫʯʝʥʥʳʡ ʩʪʘʥʜʘʨʪʥʳʡ 

ʛʝʣʴ (ʞʝʣʝ) ʦʙʣʘʜʘʣ ʢʠʩʣʦʪʥʦʩʪʴʶ ʨʅ 3.8 [141].  

 

3.4.2 ʆʧʨʝʜʝʣʝʥʠʝ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʞʝʣʝ 

 

ʉ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʞʝʣʝ, ʧʨʠʛʦʪʦʚʣʝʥʥʦʝ ʥʘ ʦʩʥʦʚʝ 

ʅʄ-ʧʝʢʪʠʥʘ, ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩ ʥʝʦʙʭʦʜʠʤʳʤʠ ʚʠʜʦʠʟʤʝʥʝʥʠʷʤʠ ʩʪʘʥʜʘʨʪʥʘʷ 

ʤʝʪʦʜʠʢʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʝʢʪʠʥʘ, 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚʘʨʢʠ ʠ ʩʦʜʝʨʞʘʥʠʷ ʢʘʣʴʮʠʷ ʥʘ ʧʨʦʯʥʦʩʪʠ ʞʝʣʝ [314].  

ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʧʨʦʯʥʦʩʪʴ ʞʝʣʝ [315]. ɺʳʜʝʨʞʠʚʘʥʠʝ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʞʝʣʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʦʚʦʜʠʣʠ ʚ ʪʝʯʝʥʠʝ ʨʘʟʣʠʯʥʳʭ 

ʧʝʨʠʦʜʦʚ ʚʨʝʤʝʥʠ. ʆʪʙʦʨ ʜʣʷ ʘʥʘʣʠʟʘ ʦʙʨʘʟʮʦʚ ʧʨʦʠʟʚʦʜʠʣʠ ʧʦʩʣʝ ʟʘʢʣʘʜʢʠ 

ʞʝʣʝ ʥʘ ʭʨʘʥʝʥʠʝ ʧʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʟʘʤʝʨʦʚ ʥʘ ʦʩʝʜʘʥʠʝ ʠ ʨʘʟʨʫʰʘʶʱʝʝ 

ʫʩʠʣʠʝ. ʀʟʤʝʨʷʣʠ ʪʝʤʧʝʨʘʪʫʨʫ ʦʙʨʘʟʮʦʚ ʞʝʣʝ ʩʨʘʟʫ ʞʝ ʧʦʩʣʝ ʢʘʞʜʦʡ ʩʝʨʠʠ 

ʧʫʪʸʤ ʚʚʝʜʝʥʠʷ ʪʝʨʤʦʤʝʪʨʘ ʚ ʮʝʥʪʨ ʦʙʨʘʟʮʘ ʞʝʣʝ. 

ʇʨʠ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʞʝʣʝ ʥʘ ʦʩʥʦʚʝ ʅʄ-ʧʝʢʪʠʥʘ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʝʝ ʢʦʥʩʠʩʪʝʥʮʠʷ ʨʘʟʤʷʛʯʘʝʪʩʷ. ʕʪʦ ʥʘʛʣʷʜʥʦ ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ 

ʜʘʥʥʳʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʥʘ ʨʠʩʫʥʢʝ 3.4.2.1.   

 

 

ʈʠʩʫʥʦʢ 3.4.2.1. ï ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ (8-16Áʉ) ʥʘ ʦʩʝʜʘʥʠʝ ʠ 

ʨʘʟʨʫʰʘʶʱʝʝ ʫʩʠʣʠʝ ʧʝʢʪʠʥʦʚʦʛʦ ʛʝʣʷ: ʦʩʝʜʘʥʠʝ ï ʢʦʣʦʥʢʠ; ʨʘʟʨʫʰʘʶʱʝʝ 

ʫʩʠʣʠʝ ï ʣʠʥʠʷ [315-ɸ]. 
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ɼʦʣʞʥʳʤ ʦʙʨʘʟʦʤ ʛʨʘʬʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʧʨʠʚʝʜʝʥʥʳʝ ʥʘ ʜʘʥʥʦʤ 

ʨʠʩʫʥʢʝ, ʤʦʞʥʦ ʦʧʠʩʳʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʥʠʞʝʩʣʝʜʫʶʱʠʭ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ:  

ʫ = 0,2ʭ + 9,8 ï ʜʣʷ ʟʘʚʠʩʠʤʦʩʪʠ ʦʩʝʜʘʥʠʝ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ; 

ʫ = ï 7,4ʭ + 149,6 ï ʜʣʷ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʟʨʫʰʘʶʱʝʛʦ ʫʩʠʣʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʀʟ ʨʠʩʫʥʢʘ 3.4.2.1. ʚʠʜʥʦ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 16 ʉ ʜʦ 8Áʉ ʧʨʠʚʦʜʠʪ 

ʢ ʦʩʝʜʘʥʠʶ ʞʝʣʝ ʥʘ ʚʳʩʦʪʫ 20 ʤʤ (20%), ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʫʩʠʣʠʚʘʝʪʩʷ ʧʨʦʯʥʦʩʪʴ ʛʝʣʷ 

ʥʘ 22% (ʫʚʝʣʠʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʨʘʟʨʫʰʘʶʱʝʛʦ ʫʩʠʣʠʷ ʦʪ 112 ʛ ʜʦ 142 ʛ). ʈʘʩʯʝʪ 

ʣʠʥʝʡʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʢʘʞʜʦʤ 

ʫʚʝʣʠʯʝʥʠʠ ʠʣʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 2Áʉ ʦʪ ʩʠʥʛʫʣʷʨʥʦʡ ʪʦʯʢʠ 14Áʉ ʚ 

ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 8 ʜʦ 16Áʉ ʦʪʢʣʦʥʝʥʠʝ ʦʩʝʜʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ Ñ 0.25. 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʟʘʤʝʨʘʭ ʨʘʟʨʫʰʘʶʱʠʭ ʫʩʠʣʠʡ ʧʦʢʘʟʘʣ, 

ʯʪʦ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 8 ʜʦ 16Áʉ ʜʣʷ ʣʶʙʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʥʘ 2Áʉ ʢʘʢ ʚ 

ʩʪʦʨʦʥʫ ʫʚʝʣʠʯʝʥʠʷ, ʪʘʢ ʠ ʚ ʩʪʦʨʦʥʫ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ ʩʠʥʛʫʣʷʨʥʦʡ 

ʪʦʯʢʠ, ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʧʦʧʨʘʚʢʘ ʩʦʩʪʘʚʣʷʝʪ Ñ 3.3. 

ɺʣʠʷʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʝʢʪʠʥʘ ʥʘ ʧʨʦʯʥʦʩʪʴ ʞʝʣʝ [315]. ʅʘ ʨʠʩʫʥʢʝ 

3.4.2.2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʩʪʘʥʜʘʨʪʥʳʭ ʞʝʣʝ. 

 

ʈʠʩʫʥʦʢ 3.4.2.2. ï ɺʣʠʷʥʠʝ ʩʦʜʝʨʞʘʥʠʝ ʧʝʢʪʠʥʘ ʥʘ ʦʩʝʜʘʥʠʝ (ʘ) ʠ 

ʧʨʦʯʥʦʩʪʴ ʞʝʣʝ (ʚ) [315-ɸ]. 
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ʉ ʚʦʟʨʘʩʪʘʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʝʢʪʠʥʘ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʩʦʜʝʨʞʘʥʠʠ 

ʢʘʣʴʮʠʷ ʇɻ ʧʦʚʳʰʘʝʪʩʷ, ʪ.ʝ. ʧʨʦʠʩʭʦʜʠʪ ʟʘʪʚʝʨʜʝʚʘʥʠʝ ʠ ʫʢʨʝʧʣʝʥʠʝ ʩʪʨʫʢʪʫʨʳ 

ʞʝʣʝ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʚʦʙʦʜʥʳʭ 

ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ. ɺʘʞʥʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ 

ʜʘʥʥʦʡ ʯʘʩʪʠ ʨʘʙʦʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʦʙʨʘʟʮʦʤ ʧʝʢʪʠʥʘ. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʅʄ-ʧʝʢʪʠʥ ʠʤʝʝʪ ʫʩʪʘʥʦʚʣʝʥʥʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʠʦʥʘʤ 

ʢʘʣʴʮʠʷ ʠ ʜʘʥʥʦʝ ʩʚʦʡʩʪʚʦ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ, ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ 

ʥʝʢʦʪʦʨʳʭ ʦʪʢʣʦʥʝʥʠʡ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʝʢʪʠʥʘ, ʧʦʣʫʯʝʥʥʦʛʦ 

ʜʨʫʛʠʤʠ ʩʧʦʩʦʙʘʤʠ. 

ɺʣʠʷʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚʘʨʢʠ ʥʘ ʧʨʦʯʥʦʩʪʴ ʞʝʣʝ [315]. 

ʆʧʨʝʜʝʣʝʥʠʝ ʚʣʠʷʥʠʷ ʚʨʝʤʝʥʠ ʚʘʨʢʠ ʥʘ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʩʪʘʥʜʘʨʪʥʳʭ ʞʝʣʝ, 

ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʧʨʠ ʫʩʣʦʚʠʷʭ (ʨʅ 3 ʠ 8, ʧʨʠ ʢʫʣʠʥʘʨʥʦʡ ʦʙʨʘʙʦʪʢʝ ʚ ʪʝʯʝʥʠʝ 

6,11,14 ʠ 18 ʤʠʥʫʪ) ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.4.2.3.   

 

ʈʠʩʫʥʦʢ 3.4.2.3. ï ɺʣʠʷʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚʘʨʢʠ ʥʘ ʦʩʝʜʘʥʠʝ (ʘ) ʠ 

ʧʨʦʯʥʦʩʪʴ ʞʝʣʝ (ʚ) [315-ɸ]. 
 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 3.4.2.3, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʚʘʨʢʠ ʫʩʠʣʠʚʘʝʪʩʷ 

ʵʬʬʝʢʪ ʜʝʧʦʣʠʤʝʨʠʟʘʮʠʠ ʧʝʢʪʠʥʘ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʩʣʘʙʣʝʥʠʶ ʩʪʨʫʢʪʫʨʳ 

ʞʝʣʝ.  
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ɺʣʠʷʥʠʝ ʨʅ. ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʦʙʨʘʟʮʘʤʠ 

ʞʝʣʝ, ʦʪʣʠʯʘʶʱʠʤʠʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʟʥʘʯʝʥʠʷʤʠ ʨʅ ʩʨʝʜʳ. ʅʝʦʙʭʦʜʠʤʫʶ 

ʢʠʩʣʦʪʥʦʩʪʴ ʞʝʣʝ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʜʦʙʘʚʣʝʥʠʝʤ ʨʘʟʣʠʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʳ (ʦʪ 2 ʤʣ ʜʦ 35 ʤʣ, ʨʘʩʪʚʦʨ ʣʠʤʦʥʥʦʡ 

ʢʠʩʣʦʪʳ ʩʦʜʝʨʞʘʣ 390 ʛ ʛʠʜʨʘʪʘ ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʳ ʥʘ ʣʠʪʨ ʚʦʜʳ) ʠ 

ʨʝʛʫʣʠʨʦʚʘʣʠ ʩ ʪʘʢʠʤ ʨʘʩʯʝʪʦʤ, ʯʪʦʙʳ ʩʦʜʝʨʞʘʥʠʝ ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ 

ʨʘʩʪʚʦʨʝ ʩʦʭʨʘʥʷʣʦʩʴ ʩʪʘʥʜʘʨʪʥʳʤ. ʂʠʩʣʦʪʥʦʩʪʴ ʞʝʣʝ ʩ ʧʦʤʦʱʴʶ ʢʠʩʣʦʪʦʤʝʨʘ 

ʂʦʨʠʠʥʛʘ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʦʢʦʥʯʘʥʠʠ ʧʨʦʚʝʜʝʥʠʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʞʝʣʝ.  

ʅʘ ʨʠʩʫʥʢʝ 3.4.2.4 ʧʨʠʚʝʜʝʥʦ ʚʣʠʷʥʠʝ ʨʅ ʩʨʝʜʳ ʥʘ ʦʩʝʜʘʥʠʝ ʠ 

ʨʘʟʨʫʰʘʶʱʝʝ ʫʩʠʣʠʝ ʞʝʣʝ, ʦʙʣʘʜʘʶʱʝʛʦ ʟʘʜʘʥʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʢʘʣʴʮʠʷ ʠ 

ʧʝʢʪʠʥʘ [316] . 
 

 

ʈʠʩʫʥʦʢ 3.4.2.4. ï ɺʣʠʷʥʠʝ ʢʠʩʣʦʪʥʦʩʪʠ ʥʘ ʦʩʝʜʘʥʠʝ (ʘ) ʠ ʨʘʟʨʫʰʘʶʱʝʝ 

ʫʩʠʣʠʝ ʞʝʣʝ (ʚ) [316-ɸ] 
 

ʅʄ-ʧʝʢʪʠʥʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʧʨʦʜʫʢʪʘʭ, ʦʙʣʘʜʘʶʱʠʭ ʨʅ 

ʩʨʝʜʳ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 2,5 ʜʦ 6,5. ʀʟ ʣʠʪʝʨʘʪʫʨʳ [132, 313, 314] ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʅʄ-ʧʝʢʪʠʥʘ ʩʦ ʉʕ ʤʝʥʝʝ 40%, ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʞʝʣʝ, 

ʠʟʤʝʨʷʝʤʦʝ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʨʝʩʩʠʦʥʥʦʛʦ ʤʦʜʫʣʷ ʵʣʘʩʪʠʯʥʦʩʪʠ, ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʠ 

ʧʦʩʪʦʷʥʥʦʤ ʩʥʠʞʝʥʠʠ ʢʠʩʣʦʪʥʦʩʪʠ ʜʦ ʨʅ 2,4-3,1.  

ʆʫʵʥʩ [317] ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʅʄ-ʧʝʢʪʠʥʘ ʩ ʧʦʩʪʦʷʥʥʳʤ 
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ʩʦʦʪʥʦʰʝʥʠʝʤ ʢʘʣʴʮʠʷ ʠ ʧʝʢʪʠʥʘ ʨʘʚʥʳʤ 40 ʤʛ/ʛ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʨʦʯʥʦʩʪʴ ʞʝʣʝ 

ʥʘʙʣʶʜʘʣʘʩʴ ʧʨʠ ʨʅ 2,7. ʆʜʥʘʢʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʨʘʟʨʫʰʘʶʱʝʝ ʫʩʠʣʠʝ ʚ ʥʘʰʝʤ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʜʩʦʣʥʝʯʥʦʛʦ ʧʝʢʪʠʥʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʠʦʥʥʦʡ ʩʠʣʳ, ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʨʅ 3,5-4,2, ʘ 

ʤʠʥʠʤʘʣʴʥʦʝ ʦʩʝʜʘʥʠʝ ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠ ʨʅ 3,5-4,0. 

ɿʜʝʩʴ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʚʝʣʠʯʠʥʳ ʨʅ ʩʨʝʜʳ (ʨʅ 3.5-4.2) ʚ 

ʩʪʦʨʦʥʫ, ʢʘʢ ʧʦʚʳʰʝʥʠʷ, ʪʘʢ ʠ ʧʦʥʠʞʝʥʠʷ ʢʠʩʣʦʪʥʦʩʪʠ, ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʩʥʠʞʝʥʠʝʤ ʧʨʦʯʥʦʩʪʠ ʞʝʣʝ. ʉʣʘʙʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʅʄ-

ʧʝʢʪʠʥʘ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʢ ʨʅ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʧʨʦʯʥʳʝ ʠ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʝ ʛʝʣʠ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ.  

ɺʣʠʷʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʥʘ ʧʨʦʯʥʦʩʪʠ ʞʝʣʝ. ɼʣʷ ʙʦʣʝʝ 

ʪʦʯʥʦʛʦ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʥʘ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʝ ʚ ʩʠʩʪʝʤʝ 

ʅʄ-ʧʝʢʪʠʥ, ʩʦʜʝʨʞʘʱʝʛʦʩʷ 30% ʩʘʭʘʨʘ, ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʨʦʯʥʦʩʪʠ ʩʪʫʜʥʷ ʊʘʨʨ-ɹʝʡʢʝʨʘ. ʅʘʨʷʜʫ ʩ ʵʪʠʤ ʠʩʩʣʝʜʦʚʘʥʳ ʟʘʚʠʩʠʤʦʩʪʴ 

ʧʨʦʯʥʦʩʪʠ ʞʝʣʝ ʅʄ-ʧʝʢʪʠʥʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʷʙʣʦʢ ʠ ʂʇ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʠʦʥʦʚ 

ʢʘʣʴʮʠʷ ʠ ʉʕ.  ʅʘ ʨʠʩʫʥʢʝ 3.4.2.5 ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʯʥʦʩʪʠ ʞʝʣʝ ʅʄ-

ʧʝʢʪʠʥʦʚ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʠʦʥʦʚ ʢʘʣʴʮʠʷ. [132, 313, 314].    
 

  

ʈʠʩʫʥʦʢ 3.4.2.5. ï ɺʣʠʷʥʠʝ ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʥʘ ʧʨʦʯʥʦʩʪʠ ʞʝʣʝ: ʨʷʜ 1 ï 

ʅʄ-ʧʝʢʪʠʥ ʠʟ ʷʙʣʦʢ; ʨʷʜ 2 ï ʅʄ-ʧʝʢʪʠʥ ʠʟ ʂʇ [315-ɸ]. 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 3.4.2.5, ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʯʥʦʩʪʠ ʞʝʣʝ ʦʪ ʢʦʣʠʯʝʩʪʚʘ 

ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʥʦʩʠʪ ʵʢʩʪʨʝʤʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʢʦʛʜʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 

ʅʄ-ʧʝʢʪʠʥʘ ʠ ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʩʦʩʪʘʚʣʷʝʪ 25-30 ʤʛ ʜʣʷ ʷʙʣʦʯʥʦʛʦ ʧʝʢʪʠʥʘ ʠ 30-

40 ʤʛ ʜʣʷ ʧʦʜʩʦʣʥʝʯʥʦʛʦ ʥʘ ʛʨʘʤʤ ʧʝʢʪʠʥʘ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʩʪʘʪʠʯʝʩʢʘʷ ʦʙʲʝʤʥʘʷ 

ʝʤʢʦʩʪʴ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʅʄ-ʧʝʢʪʠʥʘ ʷʙʣʦʢ, ʩʦʩʪʘʚʣʷʝʪ 2,25 ʤʵʢʚ/ʛ, ʪʦ ʤʘʢʩʠʤʫʤ 

ʧʨʦʯʥʦʩʪʠ ʛʝʣʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ 

ʦʙʣʘʩʪʠ, ʛʜʝ ʠʦʥʳ ʢʘʣʴʮʠʷ ʥʘʭʦʜʷʪʩʷ ʚ ʨʘʚʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʩ ʢʘʨʙʦʢʩʠʣʴʥʳʤʠ 

ʛʨʫʧʧʘʤʠ ʇɺ. ʉʨʘʚʥʠʪʝʣʴʥʦ ʧʦʚʳʰʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʧʨʦʯʥʳʭ ʛʝʣʝʡ ʚ ʩʣʫʯʘʝ ʩ ʷʙʣʦʯʥʳʤ ʅʄ-ʧʝʢʪʠʥʦʤ, ʚʠʜʠʤʦ, ʩʚʷʟʘʥʦ ʩ 

ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʥʝʵʪʝʨʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʨʙʦʢʩʠʣʦʚ.  

ɻʝʣʝʦʙʨʘʟʫʶʱʠʝ ʩʧʦʩʦʙʥʦʩʪʠ ʅʄ-ʧʝʢʪʠʥʘ ʫʩʠʣʠʚʘʪʁʩʷ ʩ ʫʤʝʥʴʰʝʥʠʝʤ 

ʉʕ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ (ʨʠʩʫʥʦʢ 3.4.2.5).   

 
 

 

ʈʠʩʫʥʦʢ 3.4.2.6. ï ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʦʯʥʦʩʪʠ ʞʝʣʝ ʦʪ ʉʕ: 1 ï ʅʄ-ʧʝʢʪʠʥ 

ʠʟ ʷʙʣʦʢ; 2 ï ʅʄ-ʧʝʢʪʠʥ ʠʟ ʂʇ [315-ɸ]. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 3.4.2.6, ʫʤʝʥʴʰʝʥʠʝ ʉʕ ʜʦ 20-25% ʧʨʠʚʦʜʠʪ ʢ 

ʚʦʟʨʘʩʪʘʥʠʶ ʧʨʦʯʥʦʩʪʠ ʞʝʣʝ: ʜʦ 180 ʦʊɹ ʩ ʅʄ-ʧʝʢʪʠʥʦʤ ʠʟ ʷʙʣʦʢ ʠ ʜʦ 220ʦʊɹ ʩ 

ʅʄ-ʧʝʢʪʠʥʦʤ ʠʟ ʂʇ.  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʦʜʩʦʣʥʝʯʥʳʡ ʅʄ-ʧʝʢʪʠʥ, 

ʧʦʣʫʯʝʥʥʳʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʰʠʨʦʢʠʤ 

ʜʠʘʧʘʟʦʥʦʤ ʨʅ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ʠ, ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ, ʚʳʩʦʢʦʡ ʇɻ. 

ʄʘʢʩʠʤʫʤ ʧʨʦʯʥʦʩʪʠ ʛʝʣʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʢ ʦʙʣʘʩʪʠ, ʛʜʝ ʠʦʥʳ ʢʘʣʴʮʠʷ ʥʘʭʦʜʷʪʩʷ ʚ ʨʘʚʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʩ 

ʢʘʨʙʦʢʩʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʇɺ. ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʛʝʣʝʦʙʨʘʟʫʶʱʠʝ 

ʩʚʦʡʩʪʚʘ ʅʄ-ʧʝʢʪʠʥʘ ʫʚʝʣʠʯʠʚʘʣʠʩʴ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʉʕ. ʈʝʟʫʣʴʪʘʪʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ 

ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

 

3.4.3 ʅʦʚʳʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʝ ʧʝʢʪʠʥʦʚ 
 

 

ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ 

ʥʘ ʫʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʛʝʣʷ ʠ ʢʦʥʝʯʥʦʝ ʝʛʦ ʢʘʯʝʩʪʚʦ ï ʧʨʦʯʥʦʩʪʴ ʛʝʣʷ. ɺ ʵʪʦʤ 

ʦʩʥʦʚʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʩʚʦʡʩʪʚʘ ʤʦʣʝʢʫʣ ʧʝʢʪʠʥʘ, ʠʭ ʜʣʠʥʘ ʮʝʧʠ ʠ ʭʠʤʠʯʝʩʢʘʷ 

ʧʨʠʨʦʜʘ ʩʚʷʟʝʡ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʩʝʪʢʫ ʛʝʣʷ. ʇʨʠ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ ʇɻ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʄʄ ʧʝʢʪʠʥʘ ʠ ʣʶʙʘʷ ʦʙʨʘʙʦʪʢʘ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʜʝʧʦʣʠʤʝʨʠʟʘʮʠʠ 

ʮʝʧʝʡ ʧʝʢʪʠʥʘ, ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʛʝʣʝʡ. ʇʨʦʯʥʦʩʪʴ ʧʨʠ ʨʘʟʨʳʚʝ 

ʫ ʛʝʣʷ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʜʥʫ ʜʣʠʥʫ ʮʝʧʠ ʤʦʣʝʢʫʣʳ, ʪʦʛʜʘ ʢʘʢ 

ʜʣʷ ʝʝ ʞʝʩʪʢʦʩʪʠ ʙʦʣʴʰʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʟʦʥ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʝʜʠʥʠʮʫ 

ʦʙʲʝʤʘ ʛʝʣʷ [122]. ɸʮʝʪʠʣʴʥʳʝ ʛʨʫʧʧʳ ʚ ʧʝʢʪʠʥʘʭ ʧʨʝʧʷʪʩʪʚʫʶʪ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʶ, 

ʘ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʚ ʤʘʢʨʦʤʦʣʝʢʫʣʝ ʧʝʢʪʠʥʘ ʦʧʨʝʜʝʣʷʝʪ 

ʪʝʤʧʝʨʘʪʫʨʫ ʩʭʚʘʪʳʚʘʥʠʷ ʛʝʣʷ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʛʝʣʷ ʟʘʚʠʩʠʪ ʦʪ ʩʪʨʫʢʪʫʨʳ ʧʝʢʪʠʥʦʚ, ʘ ʪʘʢʞʝ ʦʪ ʪʘʢʠʭ 

ʬʘʢʪʦʨʦʚ, ʢʘʢ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʝʢʪʠʥʘ ʠ ʩʘʭʘʨʘ, ʥʘʣʠʯʠʝ ʩʰʠʚʘʶʱʠʭ ʘʛʝʥʪʦʚ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʠ pH [120, 143, 146]. ʉʪʨʫʢʪʫʨʳ ʧʝʢʪʠʥʦʚ ʦʪʣʠʯʘʶʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ 

ʦʩʪʘʪʢʦʚ ɻʂ, ʠʤʝʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʩʪʝʧʝʥʠ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʠ ʘʮʝʪʠʣʠʨʦʚʘʥʠʷ, 

ʩʪʝʧʝʥʴ ʘʤʠʜʠʨʦʚʘʥʠʷ, ʄʄ ʠ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ [40].  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʫʶʱʠʭ ʚʝʱʝʩʪʚ, ʇʇ ʧʨʦʷʚʣʷʶʪ 

ʨʘʟʣʠʯʥʳʝ ʩʚʦʡʩʪʚʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʪʦʯʥʠʢʘ ʧʦʣʫʯʝʥʠʷ, ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ 
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ʠ ʦʯʠʩʪʢʠ, ʘ ʪʘʢʞʝ ʬʦʨʤʳ ʠ ʩʚʦʡʩʪʚ ʦʪʜʝʣʴʥʳʭ ʤʘʢʨʦʤʦʣʝʢʫʣ ʚ ʨʘʩʪʚʦʨʝ [44].  

ʇʦʵʪʦʤʫ ʜʣʷ ʢʘʞʜʦʛʦ ʚʠʜʘ ʧʝʢʪʠʥʘ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʙʠʨʘʪʴ ʧʦʜʭʦʜʷʱʠʝ ʫʩʣʦʚʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʞʝʣʝʡʥʳʭ ʧʨʦʜʫʢʪʦʚ. ʉʪʫʜʥʝʦʙʨʘʟʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʝʢʪʠʥʘ 

ʦʙʫʩʣʦʚʣʝʥʘ ʩʚʦʡʩʪʚʦʤ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʨʘʩʪʚʦʨʷʪʴʩʷ ʚ ʚʦʜʝ ʠ, ʚ 

ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ, ʟʘʚʠʩʠʪ ʦʪ ʝʛʦ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ, ʪ. ʝ. ʦʪ ʨʘʟʤʝʨʦʚ ʤʦʣʝʢʫʣ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʪʘʢʞʝ ʩʪʝʧʝʥʴ ʤʝʪʦʢʩʠʣʠʨʦʚʘʥʠʷ.  

ʅʘʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʘ Mz ʩʚʷʟʘʥʘ ʩʦ ʩʪʝʧʝʥʴʶ ʘʛʨʝʛʘʮʠʠ 

ʧʝʢʪʠʥʦʚʳʭ ʤʘʢʨʦʤʦʣʝʢʫʣ [3]. ʀʟ ʣʠʪʝʨʘʪʫʨʳ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʧʝʢʪʠʥ ʤʦʞʝʪ ʙʳʪʴ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʥʝʫʩʪʦʡʯʠʚ ʜʘʞʝ ʚ 

ʨʘʟʙʘʚʣʝʥʥʦʤ ʨʘʩʪʚʦʨʝ ʠ ʦʙʨʘʟʫʝʪ ʘʛʨʝʛʘʪʳ ʟʘ ʩʯʝʪ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ [41, 261, 

318-320]. ʈʘʥʝʝ ʥʘʤʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʇɺ, ʦʩʦʙʝʥʥʦ ʅʄ-

ʧʝʢʪʠʥʘ, ʜʘʞʝ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʚ 

ʘʛʨʝʛʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ [3, 44]. 

ʂʨʦʝ ʪʦʛʦ, ʘʚʪʦʨʘʤʠ [142, 143] ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ çéʩʪʝʧʝʥʴ 

ʟʘʤʝʱʝʥʠʷ ʚʦʜʦʨʦʜʘ ʫ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʦʧʨʝʜʝʣʷʝʪ ʭʘʨʘʢʪʝʨ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʘʭ ʧʝʢʪʠʥʘ. ʋ ɺʄ-ʧʝʢʪʠʥʦʚ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦʠʩʭʦʜʷʪ ʧʦʩʨʝʜʩʪʚʦʤ ʚʦʜʦʨʦʜʥʳʭ ʠ 

ʛʠʜʨʦʬʦʙʥʳʭ ʩʚʷʟʝʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫ ʅʄ-ʧʝʢʪʠʥʦʚ, ʚ ʦʩʥʦʚʥʦʤ, ʩ ʫʯʘʩʪʠʝʤ 

ʚʦʜʦʨʦʜʥʳʭ ʠ ʧʦʧʝʨʝʯʥʳʭ ʩʚʷʟʝʡ ʠʦʥʘʤʠ ʜʚʫʭʚʘʣʝʥʪʥʳʭ ʤʝʪʘʣʣʦʚéè [38, 142, 

143]. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʵʪʦ ʨʘʟʥʦʦʙʨʘʟʠʝ ʚ ʩʪʨʫʢʪʫʨʝ ʠ 

ʧʦʚʝʜʝʥʠʠ ʧʝʢʪʠʥʦʚ, ʟʥʘʥʠʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʝʢʪʠʥʦʚʳʭ 

ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʦʙʣʝʛʯʘʝʪ ʚʳʷʩʥʝʥʠʝ ʩʪʨʦʝʥʠʷ, ʧʦʥʠʤʘʥʠʝ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʵʪʠʭ ʙʠʦʧʦʣʠʤʝʨʦʚ ʠ ʦʙʣʝʛʯʘʝʪ 

ʟʘʜʘʯʫ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʞʝʣʝ-ʧʨʦʜʫʢʪʦʚ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚ ʨʘʙʦʪʝ [321] ʥʘʤʠ ʠʟʫʯʝʥʳ ʚʣʠʷʥʠʝ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʠ ʩʪʝʧʝʥʠ ʘʛʨʝʛʘʮʠʠ ʧʝʢʪʠʥʦʚ ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʥʘ ʠʭ 

ʩʪʫʜʥʝʦʙʨʘʟʫʶʱʠʝ ʩʚʦʡʩʪʚʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʝʢʪʠʥʦʚʦʛʦ ʵʢʩʪʨʘʢʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʂʇ, ʘʧʝʣʴʩʠʥʦʚʳʝ ʢʦʨʢʠ (ɸʧ), ʩʪʝʙʣʠ ʠ ʣʠʩʪʴʷ ʨʝʚʝʥʷ (ʈʚ), ʘʡʚʦʚʳʝ (ɸʡ), 

ʘʙʨʠʢʦʩʦʚʳʝ (ɸʙ), ʧʝʨʩʠʢʦʚʳʝ (ʇʨ) ʠ ʚʳʞʠʤʢʠ ʷʙʣʦʢ ʠʟ ʮʝʥʪʨʘʣʴʥʳʭ (ɺʘʨʟʦʙ, 
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ʐʘʭʨʠʥʘʚ ʠ ʌʘʡʟʘʙʘʜ) ʠ ʶʞʥʦʛʦ (ʄʫʤʠʥʦʙʦʜ) ʨʝʛʠʦʥʦʚ ʈʝʩʧʫʙʣʠʢʠ 

ʊʘʜʞʠʢʠʩʪʘʥ. ʇʨʦʮʝʩʩ ʛʠʜʨʦʣʠʟ-ʵʢʩʪʨʘʢʮʠʠ ʇʇ ʧʨʦʚʦʜʠʣʩʷ ʢʘʢ ʪʨʘʜʠʮʠʦʥʥʳʤ 

(ʊ 85ʦʉ, ʨʅ 1.5-1.8 ʠ ʧʨʠ 60-120 ʤʠʥ), ʪʘʢ ʠ ʥʦʚʳʤ ʧʨʝʜʣʘʛʘʝʤʳʤ ʩʧʦʩʦʙʦʤ ʚ 

ʘʚʪʦʢʣʘʚʝ ʚ ʩʣʘʙʦʢʠʩʣʦʤ ʨʘʩʪʚʦʨʝ (ʨʅ 2.0) ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʧʘʨʘ 1.5-2.0 ʘʪʤ ʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 100-130ʦʉ ʚ ʪʝʯʝʥʠʝ 3-10 ʤʠʥʫʪ [3, 56]. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ 

ʛʠʜʨʦʣʠʟʘʪʘ ʦʯʠʱʘʝʪʩʷ ʦʪ ʄɻ ʛʨʫʙʦʡ ʬʠʣʴʪʨʘʮʠʝʡ ʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ, ʘ ʦʪ 

ʜʨʫʛʠʭ ʙʘʣʣʘʩʪʥʳʭ ʚʝʱʝʩʪʚ ʩ ʧʦʤʦʱʴʶ ɼʋʌ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʝʛʦ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝʤ [248]. ʇʦʣʫʯʝʥʥʳʝ ʧʝʢʪʠʥʳ ʧʦʜʚʝʨʛʘʣʠʩʴ ʩʫʰʢʝ ʚ 

ʪʝʨʤʦʩʪʘʪʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 40ʦʉ ʩ ʦʙʜʫʚʦʤ ʚʦʟʜʫʭʦʤ. ɺ ʨʘʙʦʪʝ ʜʣʷ ʩʨʘʚʥʝʥʠʷ 

ʞʝʣʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʅʄ-ʧʝʢʪʠʥʦʚ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 

ʢʦʤʤʝʨʯʝʩʢʠʡ ʧʝʢʪʠʥ ʤʘʨʢʠ LM-12-CG ʧʨʦʠʟʚʦʜʩʪʚʘ CP Kelco ʉʐɸ.  

ɿʥʘʯʝʥʠʷ ʇɻ ʦʙʨʘʟʮʦʚ ʧʝʢʪʠʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʘʭʘʨʘ ʠ ʚʠʥʥʦʡ ʢʠʩʣʦʪʳ (ʨʅ 

3.2) ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʊʘʨʨ-ɹʝʡʢʝʨʘ (ʊɹ) (ʨʠʩʫʥʦʢ 3.4.3.1) [259]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 3.4.3.1. ï ʇʨʠʙʦʨ ʊʘʨʨ-ɹʝʡʢʝʨʘ [259]: 1 ï ʩʪʝʢʣʷʥʥʳʡ 

ʧʦʨʰʝʥʴ ʩ ʮʠʣʠʥʜʨʦʤ; 2,3 ï ʩʢʣʷʥʢʠ ʩ ʪʫʙʫʩʦʤ; 4 ï ʤʘʥʦʤʝʪʨ: ʚʥʫʪʨʝʥʥʠʡ 

ʜʠʘʤʝʪʨ ʪʨʫʙʢʠ (8Ñ1) ʤʤ, ʜʠʘʤʝʪʨ ʰʘʨʦʦʙʨʘʟʥʦʡ ʯʘʩʪʠ (70 Ñ2) ʤʤ; 5, 6, 7, 8, 

9 ï ʢʨʘʥʳ. 
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ʉʦʜʝʨʞʘʥʠʝ ʟʚʝʥʴʝʚ ɻʂ ʠ ʉʕ ʚ ʧʝʢʪʠʥʘʭ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʘʤʠ, 

ʦʧʠʩʘʥʥʳʤʠ ʚ ʨʘʙʦʪʘʭ [257, 272].  ʉʨʝʜʥʝʤʘʩʩʦʚʘʷ (Mw), ʩʨʝʜʥʝʯʠʩʣʝʥʥʘʷ (Mn), 

ʩʨʝʜʥʷʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ (Mz) ʠ ʧʦʢʘʟʘʪʝʣʴ ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʠ (Mw/Mn) ʙʳʣʠ 

ʦʧʨʝʜʝʣʝʥʳ ʤʝʪʦʜʦʤ ʕɾʍ, ʘ ʨʘʩʯʝʪ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʩʩ ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ: ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ [h] ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʨʘʜʠʫʩ Rh ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ASTRA 5.3.4.13 (Wyatt Technology) ʠ Breez 

(Waters) [1] 3. ʂʘʣʠʙʨʦʚʢʫ ʕɾʍ ʢʦʣʦʥʦʢ ʧʨʦʚʦʜʠʣʠ ʧʦ ʤʦʣʝʢʫʣʷʨʥʳʤ 

ʩʪʘʥʜʘʨʪʘʤ ʇʫʣʣʫʣʘʥʘ (Showa Denko K.K., ʗʧʦʥʠʷ). ɻʝʣʠ ʜʣʷ ɺʄ-ʧʝʢʪʠʥʦʚ 

ʛʦʪʦʚʠʣʠ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ.  

ʉʪʘʥʜʘʨʪʥʳʤ ʩʪʫʜʥʝʤ, ʧʦ ʊʘʨʨ-ɹʝʡʢʝʨʫ, ʩʯʠʪʘʶʪ ʩʪʫʜʝʥʴ, ʩʦʜʝʨʞʘʱʠʡ 

65% ʩʘʭʘʨʘ, ʦʧʪʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʠʥʦʡ ʢʠʩʣʦʪʳ ʠ ʪʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʝʢʪʠʥʘ, 

ʯʪʦʙʳ ʝʛʦ ʧʨʦʯʥʦʩʪʴ ʥʘ ʨʘʟʨʳʚ ʧʦ ʧʨʠʙʦʨʫ ʊɹ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ 50 ʩʤ ʩʪʦʣʙʘ 

ʯʝʪʳʨʝʭʭʣʦʨʠʩʪʦʛʦ ʫʛʣʝʨʦʜʘ. ʏʠʩʣʦ ʛʨʘʜʫʩʦʚ ʊʘʨʨ-ɹʝʡʢʝʨʘ (Áʊɹ) ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʢʦʣʠʯʝʩʪʚʦ ʩʘʭʘʨʘ (ʛ), ʩʚʷʟʘʥʥʦʛʦ ʩ 1 ʛ ʜʘʥʥʦʛʦ ʧʝʢʪʠʥʘ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʞʝʣʝ. 

ɺʣʠʷʥʠʝ ʩʧʦʩʦʙʘ ʦʯʠʩʪʢʠ ʥʘ ʩʪʫʜʥʝʦʙʨʘʟʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʧʝʢʪʠʥʦʚ 

ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ɺʄ-ʧʝʢʪʠʥʳ: ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ 

ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ɺʄ-ʧʝʢʪʠʥʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.4.3.1. ʆʙʨʘʟʮʳ 

ʧʝʢʪʠʥʘ ʨʘʟʣʠʯʘʣʠʩʴ ʧʦ ʩʦʜʝʨʞʘʥʠ ʁ ɻʂ, ʉʕ, ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʳʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʚ ʨʘʩʪʚʦʨʝ.  

ʇʨʠ ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ ʛʝʣʝʡ, ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ɺʄ-ʧʝʢʪʠʥʳ ʙʳʣʳ 

ʧʦʣʫʯʝʥʳ ʠʟ ʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʳʨʴʷ, ʘ ʪʘʢʞʝ ʦʪʣʠʯʘʣʠʩʴ ʩʧʦʩʦʙʘʤʠ ʛʠʜʨʦʣʠʟʘ ʠ 

ʦʯʠʩʪʢʠ (ʪʘʙʣʠʮʘ 3.4.3.1). 

  ʊʘʙʣʠʮʘ 3.4.3.1 ï ɺʣʠʷʥʠʝ ʩʧʦʩʦʙʦʚ ʛʠʜʨʦʣʠʟʘ ʠ ʦʯʠʩʪʢʠ ʥʘ ʇɻ ɺʄ-

ʧʝʢʪʠʥʦʚ [321-ɸ] 
 

ʇʝʢʪʠʥʳ 
ɻʂ, ʉʕ, ʄwĀʝ

-3,  MzĀʝ
-3, [ɖ], Rh, ʇɻ, 

% % ʢɼʘ  ʢɼʘ ʤʣ/ʛ  ʥʤ 0ʊɹ 

1 2 3 4 5 6 7 8 

ʗʇɺ-85-60-2.0-ʉʆ* 64.8 77.5 260.0 1305 335.0 20.2 215 

ʗʇʌ-85-60-2.0-ʉʆ* 49.8 71.5 120.0 513 140.0 11.6 160 



197 
 

 

ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 3.4.3.1. 

1 2 3 4 5 6 7 8 

ʗʇʌ-120-7-2.0-ʄ* 64.8 81.4 118.0 899 161.2 11.9 169 

ʗʇʌ-100-7-2.0-ʄ*  67.2 82.5 165.7 771 148.8 13.5 174 

ɸʧ-120-10-2.0-ʄ* 54.6 84.3 115.0 641 115.0 10.7 172 

ʇʨ-85-60-2.0-ʉʆ* 65.3 94.0 350.0 4975 420.0 22.3 190 

*ʎʠʬʨʳ ʧʦʩʣʝ ʙʫʢʚ ï ʪʝʤʧʝʨʘʪʫʨʘ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʠ ʟʥʘʯʝʥʠʝ ʨʅ ʛʠʜʨʦʣʠʟʘ; ʙʫʢʚʘ 

(ʳ) ʧʦʩʣʝ ʮʠʬʨ ï ʩʧʦʩʦʙ ʚʳʜʝʣʝʥʠʷ ʠ ʦʯʠʩʪʢʘ ʧʝʢʪʠʥʘ: ʉʆ ï ʩʧʠʨʪʦʚʦʝ ʦʩʘʞʜʝʥʠʝ; ʄ ï 

ʤʝʤʙʨʘʥʥʘʷ ʬʠʣʴʪʨʘʮʠʷ (ʪʠʧ ʤʝʤʙʨʘʥʳ ï ɺʇʋ). 
 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 3.4.3.1, ʫ ʷʙʣʦʯʥʦʛʦ (ʗʇɺ-85-60-2.0-ʉʆ) ʠ 

ʧʝʨʩʠʢʦʚʦʛʦ (ʇʨ-85-60-2.0-ʉʆ) ʧʝʢʪʠʥʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʊʄ ʠ ʷʙʣʦʯʥʦʛʦ (ʗʇʌ-

100-7-2.0-ʄ) ʠ ʘʧʝʣʴʩʠʥʦʚʦʛʦ (ɸʧ-120-10-2.0-ʄ), ʧʦʣʫʯʝʥʥʳʭ ʤʝʤʙʨʘʥʥʳʤ 

ʩʧʦʩʦʙʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʇɻ [52] 56. ʋ ʷʙʣʦʯʥʦʛʦ ʧʝʢʪʠʥʘ (ʗʇʌ-

100-7-2.0-ʄ) ʩ ʧʦʥʠʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʛʠʜʨʦʣʠʟ-ʵʢʩʪʨʘʢʮʠʠ ʠ ʦʯʠʩʪʢʠ 

ʨʘʩʪʚʦʨʘ ʛʠʜʨʦʣʠʟʘʪʘ ʋʌ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʘʢʠʤ ʞʝ ʧʝʢʪʠʥʦʤ (ʗʇʌ-85-60-2.0-

ʉʆ), ʧʦʣʫʯʝʥʥʳʤ ʊʄ, ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʤʝʪʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʠ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ (Mw, hw, Rh), ʘ ʪʘʢʞʝ ʚʦʟʨʘʩʪʘʥʠʝ ʟʥʘʯʝʥʠ ̫ʇɻ 

(174oʊɹ). 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʷʙʣʦʯʥʳʡ ɺʄ-ʧʝʢʪʠʥ (ʗʇʌ-85-60-

2.0-ʉʆ), ʧʦʣʫʯʝʥʥʳʡ ʊʄ, ʠ ʷʙʣʦʯʥʳʡ ɺʄ-ʧʝʢʪʠʥ (ʗʇʌ-120-7-2.0-ʄ), 

ʚʳʜʝʣʝʥʥʳʡ ʠʟ ʪʦʛʦ ʞʝ ʩʳʨʴʷ ʛʠʜʨʦʣʠʟʦʤ-ʵʢʩʪʨʘʢʮʠʠ ʥʦʚʳʤ ʩʧʦʩʦʙʦʤ, ʧʦ 

ʧʦʢʘʟʘʪʝʣʶ ʇɻ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʝʙʦʚʘʥʠʷʤ, ʧʨʝʜʷʚʣʷʝʤʳʤ ʢ ʥʠʤ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʞʝʣʝʡʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

ʅʄ-ʧʝʢʪʠʥʳ: ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʨʘʙʦʯʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ 

ʧʨʦʯʥʦʩʪʴ ʞʝʣʝ ʅʄ-ʧʝʢʪʠʥʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʪʘʥʜʘʨʪʥʳʝ ʤʝʪʦʜʠʢʠ ʧʦʣʫʯʝʥʠʷ 

ʞʝʣʝ ʩ ʥʝʢʦʪʦʨʳʤʠ ʤʦʜʠʬʠʢʘʮʠʷʤʠ. ɺʣʠʷʥʠʝ ʩʧʦʩʦʙʦʚ ʛʠʜʨʦʣʠʟ-ʵʢʩʪʨʘʢʮʠʠ ʠ 

ʦʯʠʩʪʢʠ ʥʘ ʇɻ ʅʄ-ʧʝʢʪʠʥʦʚ ʪʘʢʞʝ ʙʳʣʦ ʧʨʠʤʝʥʝʥʦ ʢ ʧʨʝʜʳʜʫʱʠʤ ʧʦʜʭʦʜʘʤ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʠʷʥʠʷ ʠʩʭʦʜʥʳʭ ʩʚʦʡʩʪʚ ʅʄ-ʧʝʢʪʠʥʦʚ ʥʘ ʇɻ ʧʨʠ 

ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʞʝʣʝ ʧʦ ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ ʤʝʪʦʜʠʢʝ ʚʤʝʩʪʦ ʚʠʥʥʦʡ ʢʠʩʣʦʪʳ ʧʨʠ ʨʅ 
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4.0 ʠʩʧʦʣʴʟʦʚʘʣʠ ʠʦʥʳ ʢʘʣʴʮʠʷ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʠʣʦ 25-40 ʤʛ ʥʘ 1 ʛ 

ʧʝʢʪʠʥʘ ʚ ʦʙʣʘʩʪʠ ʵʢʚʠʤʦʣʷʨʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʠʦʥʦʚ ʢʘʣʴʮʠʷ, ʨʘʚʥʦʛʦ ʢʦʣʠʯʝʩʪʚʫ 

ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʅʄ-ʧʝʢʪʠʥʦʚ [141].  

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 3.4.3.2, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʦʩʦʙʘ ʦʯʠʩʪʢʠ ʦʩʥʦʚʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʠ ʧʨʦʯʥʦʩʪʴ ʛʝʣʷ ʅʄ-ʧʝʢʪʠʥʦʚ ʨʘʟʣʠʯʘʶʪʩʷ, ʥʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠ ̫ʇɻ 

ʠʤʝʶʪ ʮʠʪʨʫʩʦʚʳʡ (LM-12-CG, CP Kelco, ʉʐɸ) ʠ ʷʙʣʦʯʥʳʝ ʧʝʢʪʠʥʳ (ʗʇʄ-120-5-

2.0-ʉʆ ʠ ʗʇʄ-120-10-2.0-ʄ), ʵʢʩʪʨʘʛʠʨʦʚʘʥʥʳʝ ʠ ʦʯʠʱʝʥʥʳʝ ʥʦʚʳʤ ʩʧʦʩʦʙʦʤ.  

ʉʪʫʜʥʠ, ʠʟʛʦʪʦʚʣʝʥʥʝr ʥʘ ʦʩʥʦʚʝ ʅʄ-ʧʝʢʪʠʥʦʚ ʠʟ ʢʦʨʟʠʥʦʢ ʧʦʜʩʦʣʥʝʯʥʠʢʘ, 

ʨʝʚʝʥʷ ʠ ʘʡʚʳ ʥʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʧʦ ʧʨʦʯʥʦʩʪʠ ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊʫ ʜʣʷ 

ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ, ʭʦʪʷ ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʧʝʢʪʠʥʘ ʠʤʝʣʠ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ 

ʩʨʝʜʥʝʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

 

 

ʊʘʙʣʠʮʘ 3.4.3.2 ï ɺʣʠʷʥʠʝ ʩʧʦʩʦʙʘ ʦʯʠʩʪʢʠ ʥʘ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠ 

ʧʨʦʯʥʦʩʪʴ ʛʝʣʷ ʅʄ-ʧʝʢʪʠʥʦʚ [321-ɸ] 
 

ʇʝʢʪʠʥʳ 
ɻʂ, ʉʕ, ʄwĀʝ

-3,  MzĀʝ
-3, [ɖ], Rh, ʇɻ, 

% % ʢɼʘ  ʢɼʘ ʤʣ/ʛ  ʥʤ 0ʊɹ 

ʂʇ-85-60-1.5-ʉʆ 74.0 26.6 49.2 154 29.5 5.4 125 

ʂʇ-120-7-2.0-ʄ 76.0 32.0 58.0 181 34.5 6.3 167 

LM-12 CG  69.0 35.0 136.0 596 180.0 14.0 192 

ʈʚ-120-7-2.0-ʉʆ 85.2 40.2 152.0 1633 182.0 14.2 168 

ʗʇʄ-85-60-1.8-ʉʆ 68.0 52.4 134.0 1133 148.6 13.3 172 

ʗʇʄ-120-5-2.0-ʉʆ 73.5 53.7 199.0 5673 115.3 12.3 180 

ʗʇʄ-120-10-2.0-ʄ 78.0 52.8 193.0 2820 132.0 12.1 183 

ɸʡ-85-60-2.0-ʉʆ 66.0 58.2 188.0 12030 205.5 13.7 153 

*ʎʠʬʨʳ ʧʦʩʣʝ ʙʫʢʚ ï ʪʝʤʧʝʨʘʪʫʨʘ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʨʝʤʝʥʠ ʠ ʟʥʘʯʝʥʠʝ ʨʅ 

ʛʠʜʨʦʣʠʟʘ; ʙʫʢʚʘ ʧʦʩʣʝ ʮʠʬʨ ï ʩʧʦʩʦʙ ʚʳʜʝʣʝʥʠʷ ʠ ʦʯʠʩʪʢʘ ʧʝʢʪʠʥʘ: ʉʆ ï ʩʧʠʨʪʦʚʦʝ 

ʦʩʘʞʜʝʥʠʝ; ʄ ï ʤʝʤʙʨʘʥʥʘʷ ʬʠʣʴʪʨʘʮʠʷ (ʪʠʧ ʤʝʤʙʨʘʥʳ ï ɺʇʋ). 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʧʨʠʤʝʨʝ ʷʙʣʦʯʥʦʛʦ ʧʝʢʪʠʥʘ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʩʧʦʩʦʙʦʚ ï ʫʩʢʦʨʝʥʥʝʛʦ ʛʠʜʨʦʣʠʟ-ʵʢʩʪʨʘʢʮʠʠ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 
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ʦʯʠʩʪʢʦʡ ʦʙʨʘʟʮʘ ʥʘ ʋʌ ʤʝʤʙʨʘʥʝ ï ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʣʫʯʠʪʴ ʧʝʢʪʠʥ ʩ ʚʳʩʦʢʦʡ 

ʄʄ ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʯʪʦ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʠʪʴ 

ʢʘʯʝʩʪʚʦ ʞʝʣʝ. 

 

3.4.4 ɺʣʠʷʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʧʨʦʯʥʦʩʪʴ ʩʪʫʜʥʝʡ 

ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʝʢʪʠʥʦʚ 

ʅʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʦʙʨʘʟʮʦʚ ʧʝʢʪʠʥʘ, ʧʦʪʨʝʙʠʪʝʣʷʤ ʧʝʢʪʠʥʘ ʩʣʦʞʥʦ ʦʮʝʥʠʪʴ ʝʛʦ ʢʘʯʝʩʪʚʦ ʧʦ 

ʩʦʜʝʨʞʘʥʠʶ ɻʂ, ʉʕ ʠ ʟʥʘʯʝʥʠʶ Mw. ʀʤʝʥʥʦ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʧʨʠʚʝʜʸʥʥʳʭ 

ʚ ʪʘʙʣʠʮʘʭ 3.4.3.3.1 ʠ 3.4.3.3.2 ʜʘʥʥʳʭ ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ ʯʝʪʢʠʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʣʠʷʥʠʷ ʄʄ ʠʣʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʘ ʇɻ ʢʘʢ ʜʣʷ 

ɺʄ-ʧʝʢʪʠʥʦʚ, ʪʘʢ ʠ ʜʣʷ ʅʄ-ʧʝʢʪʠʥʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ. ɹʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʄʄ, ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ 

ʚʷʟʢʦʩʪʠ ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʜʠʫʩʘ ʧʝʢʪʠʥʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʶʪ ʇɻ, ʚ 

ʪʦ ʚʨʝʤʷ ʢʘʢ ʟʥʘʯʝʥʠʷ Mz ʦʢʘʟʳʚʘʶʪ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʇɻ.   

ɺʣʠʷʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʠ Mz/ʄw ʥʘ ʇɻ ʧʨʠʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʝ 

3.4.4.1.  

ʊʘʙʣʠʮʘ 3.4.4.1 ï ɺʣʠʷʥʠʝ ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʠ (M z/ʄw) ʥʘ ʇɻ [321-ɸ]  
 

ʇʝʢʪʠʥʳ ɻʂ, ʉʕ, ʄwĀʝ
-3,  MzĀʝ

-3, Mz/ʄw, ʇɻ, 

  % % ʢɼʘ  ʢɼʘ  0ʊɹ 

ɸʡ-85-60-2.0-ʉʆ 66.0 58.2 188 12030 63.99 153 

ʈʚ-120-7-2.0-ʉʆ 85.2 40.2 152 2433 16.01 168 

ʗʇʄ-85-60-1.8-ʉʆ 68.0 52.4 134 2133 15.92 172 

ʗʇʄ-120-5-2.0-ʉʆ 73.5 53.7 199 2673 13.43 180 

ʗʇʄ-120-10-2.0-ʄ 78.0 52.8 193 2820 14.61 183 

ʇʨ-85-60-2.0-ʉʆ 65.3 94.0 350 4975 14.21 190 

LM-12 CG  69.0 35.0 136 596 4.38 192 

ʗʇɺ-85-60-2.0-ʉʆ 64.8 77.5 260 1305 5.02 215 
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ʂʘʢ ʚʠʜʥʦ, ʇɻ ʟʘʢʦʥʦʤʝʨʥʦ ʚʦʟʨʘʩʪʘʝʪ ʧʦ ʤʝʨʝ ʫʤʝʥʴʰʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ 

Mz/ʄw. ʕʪʦʪ ʬʘʢʪ ʥʘʛʣʷʜʥʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʚʝʣʠʯʠʥʳ ʄw, ʯʝʤ 

ʚʳʰʝ ʟʥʘʯʝʥʠʝ Mz, ʪʝʤ ʩʣʘʙʝʝ ʇɻ, ʧʦʣʫʯʝʥʥʦʛʦ ʦʙʦʠʤʠ ʚʠʜʘʤʠ ʧʝʢʪʠʥʘ. ʕʪʠʤ 

ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʫʶ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʝ ʧʝʢʪʠʥʦʚ ʘʡʚʳ, ʨʝʚʝʥʷ 

ʠ ʧʝʨʩʠʢʘ, ʥʝʟʘʚʠʩʷʱʫʶ ʦʪ ʠʭ ʄʄ. ʇʦ ʚʩʝʡ ʚʝʨʦʷʪʥʦʩʪʠ, ʩʢʣʦʥʥʦʩʪʴ ʵʪʠʭ 

ʧʝʢʪʠʥʦʚ ʢ ʘʛʨʝʛʘʮʠʠ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʤʝʭʘʥʠʟʤʘ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ, ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ 

ʢ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʤʫ ʟʘʩʪʫʜʥʝʚʘʥʠʶ ʠ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʢ ʨʘʟʨʫʰʝʥʠʶ ʦʙʱʝʡ 

ʩʪʨʫʢʪʫʨʳ ʛʝʣʷ. 

ʅʘ ʨʠʩʫʥʢʝ 3.4.4.1 ʥʘʛʣʷʜʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʇɻ ʦʪ 

ʦʪʥʦʰʝʥʠʷ Mz/ʄw ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʝʢʪʠʥʦʚ. ɼʘʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʇɻ= 239,85(Mz/ʄw)-0.109 ʩ R2 = 0.78. 

 

ʈʠʩʫʥʦʢ 3.4.4.1. ï ɿʘʚʠʩʠʤʦʩʪʴ ʇɻ ʦʪ ʦʪʥʦʰʝʥʠʷ Mz/ʄw ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʧʝʢʪʠʥʦʚ [321-ɸ]. 

ʀʟʚʝʩʪʥʦ [273, 320], ʯʪʦ ʚʝʣʠʯʠʥʘ Mz ʧʦʣʠʤʝʨʘ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʪʝʧʝʥʴ ʝʛʦ 

ʘʛʨʝʛʘʮʠʠ. ʌʠʰʤʘʥ ʠ ʜʨ. çéʠʩʩʣʝʜʦʚʘʥʠʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʪʦʤʥʦ ʩʠʣʦʚʦʛʦ 

ʤʠʢʨʦʩʢʦʧʘ (ɸʉʄ) ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʧʝʢʪʠʥʳ, ʜʘʞʝ ʚ ʨʘʟʙʘʚʣʝʥʥʳʭ ʨʘʩʪʚʦʨʘʭ, 

y = 239,85x-0,109

RĮ = 0,7817
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ʦʙʨʘʟʫʶʪ ʘʛʨʝʛʘʪʳ ʧʦʩʨʝʜʩʪʚʦʤ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡéè [313]. ɺ ʨʘʙʦʪʝ [261]  

ʨʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ çéʧʝʢʪʠʥʦʚʳʝ ʤʘʢʨʦʤʦʣʝʢʫʣʳ, ʦʩʦʙʝʥʥʦ ʅʄ-

ʧʝʢʪʠʥʳ, ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʘʛʨʝʛʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʠ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭéè [261].  çéɺʳʰʝʧʨʠʚʝʜʝʥʥʳʡ ʘʨʛʫʤʝʥʪ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩʦ 

ʩʚʦʡʩʪʚʘʤʠ ʩʪʫʜʥʝʡ ʧʝʢʪʠʥʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʘʡʚʳ ʠ ʨʝʚʝʥʷ ʩ ʚʳʩʦʢʠʤʠ 

ʟʥʘʯʝʥʠʝʤʠ ʄw, ʢʦʪʦʨʳʝ ʥʝ ʩʧʦʩʦʙʥʳ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʯʥʳʭ ʩʪʫʜʥʝʡ ʚ ʦʪʣʠʯʠʝ 

ʦʪ ʧʝʢʪʠʥʦʚ ʠʟ ʷʙʣʦʢ ʠ ʮʠʪʨʫʩʘ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʤ ʟʥʘʯʝʥʠʝʤ ʄwéè [44]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʦʚʳʭ ʧʨʝʜʣʦʞʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʧʝʢʪʠʥʘ ï ʫʩʢʦʨʝʥʥʦʡ ʛʠʜʨʦʣʠʟ-ʵʢʩʪʨʘʢʮʠʠ ʠ ʊɼʋʌ ʦʯʠʩʪʢʠ, ʢʦʪʦʨʳʝ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʦʣʫʯʝʥʠʶ ʧʝʢʪʠʥʦʚ ʩ ʚʳʩʦʢʠʤʠ ʛʝʣʝʦʙʨʘʟʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʇʨʠ ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ ʛʝʣʝʡ, ʧʦʤʠʤʦ ʠʟʚʝʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ 

ʟʥʘʯʝʥʠʝ ʉʕ ʠ ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʠ Mz/ʄw, ʢʦʪʦʨʝr ʧʦʢʘʟʳʚʘʪʁ ʩʪʝʧʝʥʴ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʘʛʨʝʛʘʮʠʠ, ʧʨʝʧʷʪʩʪʚʫʶʱʝʡ ʩʪʫʜʥʝʦʙʨʘʟʦʚʘʥʠʶ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʩʪʨʫʢʪʫʨʳ ʧʝʢʪʠʥʘ.  ʅʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʟʥʘʯʝʥʠʡ Mz ʥʘʡʜʝʥʘ 

ʩʚʷʟʴ ʤʝʞʜʫ ʩʪʝʧʝʥʴʶ ʤʦʣʝʢʫʣʷʨʥʦʡ ʘʛʨʝʛʘʮʠʠ ʠ ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʴʶ Mz/Mw ʠ 

ʚʧʝʨʚʳʝ ʚʳʷʚʣʝʥʳ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʇɻ.  

 

3.4.6 ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʝʥʠʷ ʧʝʢʪʠʥʦʚʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ 

ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ 

 

    ʇʠʱʝʚʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʩʝʣʝʥʠʷ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʥʘʮʝʣʝʥʳ ʥʘ 

ʤʦʜʝʨʥʠʟʘʮʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʚʥʝʜʨʝʥʠʶ ʤʘʣʦʦʪʭʦʜʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʩ ʫʯʝʪʦʤ ʧʝʨʝʨʘʙʦʪʢʠ ʚʪʦʨʠʯʥʦʛʦ ʤʦʣʦʯʥʦʛʦ ʩʳʨʴʷ, ʘ ʪʘʢʞʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʪʦʨʠʯʥʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʳʨʴʝʚʳʭ ʨʝʩʫʨʩʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʧʨʦʜʫʢʪʦʚ ʨʘʟʣʠʯʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ 

ʩʦʚʨʝʤʝʥʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʵʢʦʥʦʤʠʠ ʩʳʨʴʷ ʠ ʨʝʩʫʨʩʦʚ.  
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʝʢʪʠʥʘ ʚ ʢʘʯʝʩʪʚʝ 

ʛʝʣʝʦʙʨʘʟʦʚʘʪʝʣʷ ʠ ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʥʘ ʧʠʱʝʚʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʈʝʩʧʫʙʣʠʢʠ 

ʊʘʜʞʠʢʠʩʪʘʥ ʙʳʣʠ ʦʬʦʨʤʣʝʥʳ ʚ ʚʠʜʝ ʘʢʪʦʚ ʠʩʧʳʪʘʥʠʡ ʠ ʵʢʩʧʝʨʪʥʳʭ 

ʟʘʢʣʶʯʝʥʠʡ, ʚʢʣʶʯʘʶʱʠʭ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʩ ʥʘʫʯʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ: 

1. ɸʢʪ ʦʙ ʠʩʧʳʪʘʥʠʠ ʧʨʠʤʝʥʝʥʠʷ ʧʝʢʪʠʥʦʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʘʨʤʝʣʘʜʘ ʥʘ ʆɸʆ ʬʘʙʨʠʢʠ çʐʠʨʠʥè, ʛ. ɼʫʰʘʥʙʝ, 30.12.2011 

(ʇʨʠʣʦʞʝʥʠʝ ɺ).  

ɺ ʰʦʢʦʣʘʜʥʦʤ ʮʝʭʝ ʆɸʆ ʬʘʙʨʠʢʠ çʐʠʨʠʥè ʚ ʜʝʢʘʙʨʝ 2011 ʛ. ʧʨʦʚʝʜʝʥʦ 

ʠʩʧʳʪʘʥʠʝ ï ʧʨʠʤʝʥʝʥʠʝ ʧʝʢʪʠʥʦʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʨʤʝʣʘʜʘ ʧʦ 

ɻʆʉʊ 6441-80. ʇʝʢʪʠʥʦʚʳʡ ʨʘʩʪʚʦʨ ʙʳʣ ʧʦʣʫʯʝʥ ʠʟ ʷʙʣʦʯʥʳʭ ʚʳʞʠʤʦʢ ʗʇʌ 

ʬʣʝʰ-ʵʢʩʪʨʘʢʮʠʝʡ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥ ʥʦʚʳʤ ʩʧʦʩʦʙʦʤ (ʇʘʪʝʥʪ TJ ˉ197, ʉʧʦʩʦʙ 

ʦʯʠʩʪʢʠ ʧʝʢʪʠʥʦʚʦʛʦ ʛʠʜʨʦʣʠʟʘʪʘ ʠ ʧʦʣʫʯʝʥʠʝ ʧʝʢʪʠʥʦʚʦʛʦ ʛʝʣʷ, 14.11.98, ɹʶʣ.  

ˉ3 (11)). 

ʈʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʛʦ ʠʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʡ ʧʝʢʪʠʥʦʚʳʡ 

ʨʘʩʪʚʦʨ ʦʙʣʘʜʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʞʝʣʠʨʦʚʘʪʴ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʚ ʥʝʤ ʧʝʢʪʠʥʘ ʚ ʜʚʘ 

ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʘʨʤʝʣʘʜʘ 

ʠʤʧʦʨʪʥʦʛʦ ʧʝʢʪʠʥʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʂʠʪʘʷ, ʧʨʠʦʙʨʝʪʘʝʤʦʛʦ ʥʘ ʨʳʥʢʘʭ ʈʝʩʧʫʙʣʠʢʠ 

ʊʘʜʞʠʢʠʩʪʘʥ. 

 ʈʝʢʦʤʝʥʜʦʚʘʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʝʢʪʠʥʦʚʳʡ ʢʦʥʮʝʥʪʨʘʪ ʠʟ ʩʚʝʞʠʭ ʷʙʣʦʢ ʜʣʷ 

ʟʘʤʝʥʳ ʠʤʧʦʨʪʥʦʛʦ ʧʝʢʪʠʥʘ. ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʝʢʪʠʥʦʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʘʨʤʝʣʘʜʘ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 800 ʜʦ 

1200 ʩʦʤʦʥʠ ʥʘ ʪʦʥʥʫ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ.  

2. ɸʢʪ ʦʙ ʠʩʧʳʪʘʥʠʠ ʧʨʠʤʝʥʝʥʠʷ ʧʝʢʪʠʥʦʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʦʥʜʠʪʝʨʩʢʠʭ ʠʟʜʝʣʠʡ ʥʘ ʆɸʆ ʬʘʙʨʠʢʠ çʐʠʨʠʥè, ʛ. ɼʫʰʘʥʙʝ, 

10.05.2019.  
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ɺ ʰʦʢʦʣʘʜʥʦʤ ʮʝʭʝ ʆɸʆ ʬʘʙʨʠʢʠ çʐʠʨʠʥè ʚ ʜʝʢʘʙʨʝ 2011 ʛ. ʧʨʦʚʝʜʝʥʦ 

ʠʩʧʳʪʘʥʠʝ ï ʧʨʠʤʝʥʝʥʠʝ ʧʝʢʪʠʥʦʚʦʛʦ ʵʢʩʪʨʘʢʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʣʠʤʦʥʥʳʭ 

ʚʳʞʠʤʦʢ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʤʝʪʦʜʦʤ ʬʣʵʰ-ʵʢʩʪʨʘʢʮʠʠ (ʇʘʪʝʥʪ TJ 563, ʦʧʫʙʣ. 

29.12.2012, ɹʶʣ. ˉ.86 ʅʅʀʇʎ ʈʊ) ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʤʝʪʦʜʦʤ ʜʠʘ-

ʫʣʪʨʘʬʠʣʴʪʨʘʮʠʠ (ʇʘʪʝʥʪ TJ ˉ197, 14.11.98, ɹʶʣ.  ˉ3 (11) ʅʅʀʇʎ ʈʊ). ɹʳʣ 

ʧʦʣʫʯʝʥ ʤʘʨʤʝʣʘʜ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʝʢʪʠʥʦʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʧʦ ɻʆʉʊʫ 6441-80.  

ʈʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʛʦ ʠʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʧʝʢʪʠʥʦʚʦʛʦ 

ʢʦʥʮʝʥʪʨʘʪʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʨʤʝʣʘʜʘ ʠʩʢʣʶʯʘʝʪ ʩʪʘʜʠʠ ʨʘʩʪʚʦʨʝʥʠʷ ʧʝʢʪʠʥʘ ʠ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ. 

 ʈʝʢʦʤʝʥʜʦʚʘʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʝʢʪʠʥʦʚʳʡ ʢʦʥʮʝʥʪʨʘʪ ʠʟ ʦʪʭʦʜʦʚ 

ʮʠʪʨʫʩʦʚʳʭ (ʣʠʤʦʥʘ) ʜʣʷ ʟʘʤʝʥʳ ʠʤʧʦʨʪʥʦʛʦ ʧʝʢʪʠʥʘ. ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ 

ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʝʢʪʠʥʦʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʘʨʤʝʣʘʜʘ 

ʩʦʩʪʘʚʣʷʝʪ ʦʪ 1200 ʜʦ 1500 ʩʦʤʦʥʠ ʥʘ ʪʦʥʥʫ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ. 

3. ʕʢʩʧʝʨʪʥʦʝ ʟʘʢʣʶʯʝʥʠʝ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʧʝʢʪʠʥʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʜʣʷ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʠʩʣʦʤʦʣʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ (ʢʝʬʠʨ ʠ ʬʨʫʢʪʦʚʳʡ ʡʦʛʫʨʪ) ʥʘ ɸʆɿʊ 

çʂʦʤʙʠʥʘʪʠ ʰʠʨʠ ɼʫʰʘʥʙʝè ʦʪ 10.07.2013. 

ɼʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʠʩʣʦʤʦʣʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʧʨʦʠʟʚʦʜʠʤʳʭ ʥʘ ɸʆɿʊ 

çʂʦʤʙʠʥʘʪʠ ʰʠʨʠ ɼʫʰʘʥʙʝè, ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʩʪʚʦʨ ɺʄ-

ʧʝʢʪʠʥʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʷʙʣʦʢ ʗʇʌ ʥʦʚʳʤ ʩʧʦʩʦʙʦʤ ʬʣʝʰ-ʵʢʩʪʨʘʢʮʠʠ (ʇʘʪʝʥʪ 

TJ 563, ʦʧʫʙʣ. 29.12.2012, ɹʶʣ. ˉ.86 ʅʅʀʇʎ ʈʊ). 

ʀʩʧʳʪʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʢʦʤʙʠʥʘʪʘ, 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʷʙʣʦʯʥʦʛʦ ɺʄ-ʧʝʢʪʠʥʘ ʫʣʫʯʰʘʝʪ ʢʦʥʩʠʩʪʝʥʮʠʶ ʠ 

ʧʦʟʚʦʣʷʝʪ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʫʢʘʟʘʥʥʳʝ ʧʨʦʜʫʢʪʳ, ʯʪʦ ʧʨʝʧʷʪʩʪʚʫʝʪ ʦʪʜʝʣʝʥʠʶ 

ʩʳʚʦʨʦʪʢʠ ʧʨʠ ʭʨʘʥʝʥʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʚʥʝʩʝʥʠʠ 

ɺʄ-ʧʝʢʪʠʥʘ ʚ ʢʦʣʠʯʝʩʪʚʝ ʦʪ 0.5 ʜʦ 0.1% ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʝʬʠʨʘ ʠ ʬʨʫʢʪʦʚʦʛʦ 

ʡʦʛʫʨʪʘ ʧʝʨʝʜ ʧʘʩʪʝʨʠʟʘʮʠʠ ʧʨʦʜʫʢʪʦʚ ʧʦʟʚʦʣʷʝʪ ʧʨʦʜʣʠʪʴ ʩʨʦʢ ʭʨʘʥʝʥʠʝ 

ʛʦʪʦʚʳʭ ʧʨʦʜʫʢʪʦʚ ʜʦ 3-4 ʩʫʪʦʢ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 4Ñ2ʦʉ. 
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3.5 ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʨʦʜʫʢʪʳ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʦʟʠʪʥʳʭ ʛʝʣʝʡ ʠ ʣʘʢʪʦʟʳ 
 

3.5.1 ɻʠʜʨʦʛʝʣʠʝʚʳʝ ʤʠʢʨʦʩʬʝʨʳ ʧʝʢʪʠʥʘ ʩ ʟʝʠʥʦʤ ʢʘʢ ʥʦʩʠʪʝʣʠ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʚʝʱʝʩʪʚ ʠ ʧʠʱʝʚʳʭ ʠʥʛʨʝʜʠʝʥʪʦʚ 

 

ʎʝʣʴ ʜʘʥʥʦʡ ʯʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʷʣʘ ʚ ʨʘʟʨʘʙʦʪʢʝ ʫʩʣʦʚʠʡ ʧʦʣʫʯʝʥʠʷ 

ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʦʩʥʦʚʝ ʧʝʢʪʠʥʘ ʠ ʟʝʠʥʘ ʩ ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʥʳʤ ʩʨʝʜʩʪʚʦʤ, 

ʫʩʪʦʡʯʠʚʳʭ ʢ ʜʝʡʩʪʚʠʶ ʩʨʝʜʳ ʞʝʣʫʜʢʘ, ʜʣʷ ʚʦʟʤʦʞʥʦʛʦ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʢʘʯʝʩʪʚʝ ʥʦʚʦʡ ʬʦʨʤʳ ʣʝʢʘʨʩʪʚʘ ʩ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ ʚʳʩʚʦʙʦʞʜʝʥʠʝʤ ʚ ʪʦʣʩʪʫʶ 

ʦʙʣʘʩʪʴ ʢʠʰʝʯʥʠʢʘ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠ ʣʝʯʝʥʠʠ ʢʠʰʝʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ [229].      

ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ: ʢʦʤʤʝʨʯʝʩʢʠʡ ʮʠʪʨʫʩʦʚʳʡ ʅʄ-ʧʝʢʪʠʥ 

GENU L/200-CP Kelco (CP Kelco, ɼʘʥʠʷ) ʩ ʩʦʜʝʨʞʘʥʠʝʤ ɻʂ 69.0% ʠ ʉʕ 9.0%, 

ʠʤʝʶʱʠʡ Mw 212 ʢɼʘ; ʷʙʣʦʯʥʳʡ ɺʄ-ʧʝʢʪʠʥ ʄʫʤʠʥʦʙʘʜʩʢʦʛʦ ʨʘʡʦʥʘ (ɺʄ-

ʗʇʄ), ʩʦʜʝʨʞʘʱʠʡ ɻʂ 68.0% ʠ ʉʕ 52%, ʩ Mw 134 ʢɼʘ ï ɺʄ-ʗʇʄ-120-5-2.0; 

ʷʙʣʦʯʥʳʡ ʅʄ-ʧʝʢʪʠʥ ʐʘʭʨʠʥʘʚʩʢʦʛʦ ʨʘʡʦʥʘ (ʅʄ-ʗʇʐ) ʩ ʩʦʜʝʨʞʘʥʠʝʤ ɻʂ 

58.0%, ʉʕ 43,0% ʠ Mw 119 ʢɼʘ ï ʅʄ-ʗʇʐ-85-60-1.8, ʠ ʧʦʜʩʦʣʥʝʯʥʳʡ ʅʄ-

ʧʝʢʪʠʥ, ʧʦʣʫʯʝʥʥʳʡ ʜʠʥʘʤʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ (ʅʄ-ʂʇ-ɼ-2ʄ-2.0) ʠ ʩʦʜʝʨʞʘʱʠʡ 

ɻʂ 68.0%, ʉʕ 42.0 ʠ Mw 142 ʢɼʘ.  

ɿʝʠʥ ʧʦʣʫʯʝʥ ʧʦ ʨʘʥʝʝ ʦʧʠʩʘʥʥʦʡ ʤʝʪʦʜʠʢʝ [118]. Lgʉ ʚʳʜʝʣʝʥʳ ʠʟ ʄʉ ʧʦ 

ʤʝʪʦʜʫ [266]. ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʛʦ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʩʨʝʜʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥ 

ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʡ ʧʨʝʧʘʨʘʪ ï PX [229]. 

ɺ ʪʘʙʣʠʮʝ 3.5.1.1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʝʢʪʠʥʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ 

ʥʘʤʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ. 

ʇʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʙʳʣ ʢʦʥʪʨʦʣʠʨʦʚʘʥ ʤʝʪʦʜʘʤʠ 

ʢʦʥʜʫʢʪʦʤʝʪʨʠʠ, ʨʅ-ʤʝʪʨʠʠ ʠ ʪʫʨʙʠʜʠʤʝʪʨʠʠ [109, 269]. ʇɿʂ ʙʳʣ ʧʦʣʫʯʝʥ 

ʧʫʪʝʤ ʧʦʩʪʝʧʝʥʥʦʛʦ ʜʦʙʘʚʣʝʥʠʷ ʨʘʩʪʚʦʨʘ ʧʝʢʪʠʥʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʈʍ, ʢ 75% 

ʨʘʩʪʚʦʨʫ ʵʪʘʥʦʣʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʟʝʠʥ, ʉʘʉl2 ʠ ZnSO4 ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʂʦʤʧʣʝʢʩʳ ʧʝʢʪʠʥ-ʟʝʠʥ-Lgʉ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʦʙʘʚʣʝʥʠʝʤ ʧʝʢʪʠʥʘ ʠ Lgʉ ʚ 
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0.05ʄ ʬʦʩʬʘʪʥʦʤ ʙʫʬʝʨʝ (ʨʅ 5.5), ʩʦʜʝʨʞʘʱʝʤ ʈʍ, ʢ 75% ʩʧʠʨʪʦʚʦʤʫ ʨʘʩʪʚʦʨʫ 

ʟʝʠʥʘ ʩ ʉʘʉl2 [230].  

ʊʘʙʣʠʮʘ 3.5.1.1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʝʢʪʠʥʦʚʳʭ ʦʙʨʘʟʮʦʚ, ʚʳʜʝʣʝʥʥʳʭ 

ʠʟ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʳʨʴʷ [3-ɸ, 24-ɸ, 56-ɸ]  
 

ʀʩʪʦʯʥʠʢ ʩʳʨʴʷ ɻʂ, % ʉʕ, % Mw, ʢɼʘ 

ʅʄ-ʧʝʢʪʠʥ (GENU L/200-CP 

Kelco) 

69.0 9.0 212 

ɺʄ-ʗʇʄ-120-5-2.0 68.0 52.0 134 

ʅʄ-ʗʇʐ-85-60-1.8 58.0 43.0 119 

ʅʄ-ʂʇ-ɼ-2ʄ-2.0* 68.0 42.0 142 

        
 * ʆʙʨʘʟʝʮ, ʧʦʣʫʯʝʥʥʳʡ ʜʠʥʘʤʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ 2ʄ NaCl. 

 
 

ʇʝʢʪʠʥʳ, ʚʳʜʝʣʝʥʥʳʝ ʠʟ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʳʨʴʷ, ʦʪʣʠʯʘʶʪʩʷ ʧʦ 

ʦʩʥʦʚʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ï ʉʕ ʠ ʄʄ ʠ ʩʦʜʝʨʞʘʥʠʝʤ ɻʂ. ʉʕ ʮʠʪʨʫʩʦʚʦʛʦ ʧʝʢʪʠʥʘ 

ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ ʥʠʞʝ, ʯʝʤ ʫ ʦʩʪʘʣʴʥʳʭ ʧʝʢʪʠʥʦʚ, ʘ ʄʄ ʝʛʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʚʳʰʝ. ʇʝʢʪʠʥ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʅʄ-ʂʇ-ɼ-2ʄ-2.0 ʧʦ ʦʩʥʦʚʥʳʤ ʧʘʨʘʤʝʪʨʘʤ 

ʥʝʩʢʦʣʴʢʦ ʩʭʦʞ ʩ ʷʙʣʦʯʥʳʤ ʗʇʄ-120-5-2.0 ʧʝʢʪʠʥʦʤ, ʥʦ ʠʤʝʣ ʥʠʟʢʫʶ ʉʕ 

(ʪʘʙʣʠʮʘ 3.5.1.1).  

ʈʘʟʨʘʙʦʪʢʘ ʇɿʂ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʩʦʟʜʘʥʠʝ ʩʠʩʪʝʤ ʘʜʨʝʩʥʦʡ ʜʦʩʪʘʚʢʠ ʃɺ, 

ʛʘʨʘʥʪʠʨʫʶʱʠʭ ʠʭ ʮʝʣʦʩʪʥʦʩʪʴ ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʝ ʞʝʣʫʜʢʘ ʠ ʪʦʥʢʦʛʦ 

ʢʠʝhʯʥʠʢʘ. ʄʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʦʩʥʦʚʘʥ ʥʘ ʩʧʦʩʦʙʥʦʩʪʠ ʧʝʢʪʠʥʘ, 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʩʰʠʪʳʤʠ ʧʦʧʝʨʝʯʥʳʤʠ ʩʚʷʟʷʤʠ ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ, 

ʟʘʱʠʱʘʪʴ ʙʝʣʢʠ ʦʪ ʜʝʡʩʪʚʠʷ ʧʨʦʪʝʘʟ. ɿʝʠʥ ʨʘʩʧʦʣʘʛʘʷʩʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚʥʫʪʨʠ 

ʧʦʣʠʤʝʨʥʦʡ ʩʝʪʢʠ ʧʨʝʧʷʪʩʪʚʫʝʪ ʙʳʩʪʨʦʤʫ ʚʳʩʚʦʙʦʞʜʝʥʠʶ ʃɺ. ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ 

ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʧʨʝʧʘʨʘʪʘ ʟʘʚʠʩʠʪ ʦʪ ʨʷʜʘ 

ʬʘʢʪʦʨʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʪ ʪʠʧʘ ʧʝʢʪʠʥ-ʙʝʣʢʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʧʣʦʪʥʦʩʪʠ 

ʫʧʘʢʦʚʢʠ ʤʘʢʨʦʤʦʣʝʢʫʣ, ʘ ʪʘʢʞʝ ʦʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ 

ʙʠʦʧʦʣʠʤʝʨʦʚ ʠ ʠʭ ʩʪʨʫʢʪʫʨʳ [50, 229, 230, 322]. 
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ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʘʩʪʚʦʨʳ: 

ʨʘʩʪʚʦʨ ʟʝʠʥʘ ʚ 75% ʵʪʘʥʦʣʝ; ʨʘʩʪʚʦʨʳ ʧʝʢʪʠʥʦʚ ʚ ʚʦʜʝ, ʪʘʢ ʢʘʢ ʧʝʢʪʠʥ ʧʦʣʥʦʩʪʴʶ 

ʥʝ ʨʘʩʪʚʦʨʷʣʩʷ ʚ ʚʦʜʝ, ʨʘʩʪʚʦʨ ʧʦʩʣʝ ʥʘʙʫʭʘʥʠʷ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʠ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʦʪʙʠʨʘʣʠ ʥʘʜʦʩʘʜʦʯʥʫʶ ʞʠʜʢʦʩʪʴ.  ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʛʦ 

ʃɺ ʙʨʘʣʠ ʥʝʩʪʝʨʦʠʜʥʳʡ ʧʨʝʧʘʨʘʪ ʈʍ ʧʦ 20-100 ʤʛ ʩʫʭʦʛʦ ʧʦʨʦʰʢʘ ʚ ʢʘʞʜʦʤ 

ʦʪʜʝʣʴʥʦʤ ʦʧʳʪʝ. ʂʦʤʧʣʝʢʩʳ ʛʦʪʦʚʠʣʠ ʧʦʩʪʝʧʝʥʥʳʤ ʜʦʙʘʚʣʝʥʠʝʤ ʨʘʩʪʚʦʨʘ 

ʧʝʢʪʠʥʘ ʦʧʨʝʜʝʣʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢ ʩʤʝʩʠ, ʩʦʜʝʨʞʘʱʝʡ ʟʝʠʥ (ʚ 75% ʵʪʘʥʦʣʝ), 

ʈʍ ʠ ZnSO4 ʠʣʠ ʉʘʉl2 ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ ʠ 

ʦʩʪʘʚʣʷʣʠ ʥʘ 15 ʤʠʥ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʉʬʦʨʤʠʨʦʚʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥʫʪ ʧʨʠ 6.000 ʦʙ/ʤʠʥ., ʤʘʪʦʯʥʠʢʠ ʩʣʠʚʘʣʠ, ʘ 

ʦʩʘʜʢʠ ʪʨʠʞʜʳ ʧʨʦʤʳʚʘʣʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʦʪ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ. ʂʦʣʠʯʝʩʪʚʦ ʥʝʩʚʷʟʘʥʥʦʛʦ ʚ ʢʦʤʧʣʝʢʩʳ ʈʍ ʦʧʨʝʜʝʣʷʣʠ ʚ ʤʘʪʦʯʥʠʢʝ 

ʠ ʧʨʦʤʳʚʥʳʭ ʚʦʜʘʭ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ ʧʨʠ 355 ʥʤ. ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ 

ʪʝʦʨʝʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʳʚʘʣʠ ʢʦʣʠʯʝʩʪʚʦ ʈʍ, ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʥʦʛʦ ʚ ʢʦʤʧʣʝʢʩʳ. 

ɼʣʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʣʠ ʩʦʜʝʨʞʘʥʠʝ ʈʍ ʚ ʢʦʤʧʣʝʢʩʘʭ 

ʵʢʩʪʨʘʢʮʠʝʡ ʙʫʬʝʨʦʤ, ʩʦʜʝʨʞʘʱʠʤ: 100 ʤʣ 75% ʵʪʘʥʦʣʘ, 0.4 ʛ NaOH ʠ 0.5% ʊʚʠʥ-

20 ʧʨʠ 37ʦʉ ʠʟ ʛʠʜʨʦʛʝʣʝʡ ʜʦ ʠ ʧʦʩʣʝ ʠʭ ʚʳʩʫʰʠʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʣʠʩʴ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʩʭʦʞʜʝʥʠʷ, ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ ʥʝʦʙʨʘʪʠʤʳʤʠ 

ʩʪʨʫʢʪʫʨʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ, ʧʨʦʠʩʭʦʜʷʱʠʤʠ ʧʨʠ ʚʳʩʳʭʘʥʠʠ ʛʝʣʝʡ. ɼʣʷ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʳʪʳ ʧʦʚʪʦʨʷʣʠ ʜʚʘʞʜʳ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʢʦʤʧʣʝʢʩʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʮʠʪʨʫʩʦʚʳʤ ʠ ʷʙʣʦʯʥʳʤ ʧʝʢʪʠʥʘʤʠ, 

ʛʠʜʨʦʛʝʣʠ ʥʘ ʦʩʥʦʚʝ ʧʝʢʪʠʥʘ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʙʳʣʠ ʦʜʥʦʨʦʜʥʳʝ ʧʦ ʩʪʨʫʢʪʫʨʝ [230].   

ɺ ʪʘʙʣʠʮʝ 3.5.1.2 ʧʨʠʚʝʜʝʥʳ ʩʦʦʪʥʦʰʝʥʠ ̫ʠ ʢʦʣʠʯʝʩʪʚʦ ʢʦʤʧʦʥʝʥʪʦʚ, 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʇɿʂ ʥʘ ʦʩʥʦʚʝ ʮʠʪʨʫʩʦʚʦʛʦ ʧʝʢʪʠʥʘ, ʠ ʩʚʦʡʩʪʚʘ 

ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ: ʚʝʩ ʢʦʤʧʣʝʢʩʘ, ʩʪʝʧʝʥʴ ʥʘʙʫʭʘʥʠʷ ʠ ʢʦʣʠʯʝʩʪʚʦ 

ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʥʦʛʦ ʃɺ.  

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʩʪʝʧʝʥʴ 

ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʠʷ ʃɺ ʚ ʢʦʤʧʣʝʢʩʝ ʟʘʚʠʩʠʪ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʧʝʢʪʠʥʘ ʠ ʟʝʠʥʘ: 
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ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʟʝʠʥʘ ʚ ʢʦʤʧʣʝʢʩʝ ʧʨʠʚʦʜʠʪ ʢ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ 

ʩʚʷʟʳʚʘʥʠʷ ʈʍ. ʉʪʝʧʝʥʴ ʥʘʙʫʭʘʥʠʷ ʧʦʣʠʤʝʨʘ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʩʦʜʝʨʞʘʥʠʷ ʟʝʠʥʘ. 

ʊʘʙʣʠʮʘ 3.5.1.2 ï ʉʦʦʪʥʦʰʝʥʠʝ ʠ ʢʦʣʠʯʝʩʪʚʦ ʢʦʤʧʦʥʝʥʪʦʚ ʇɿʂ, 

ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʮʠʪʨʫʩʦʚʦʛʦ ʧʝʢʪʠʥʘ ʠ ʠʭ ʩʚʦʡʩʪʚʘ [230-ɸ] 
 

 ̄

ʧ/ʧ 

 ʉʦʦʪ-ʠʝ 

ʧʝʢʪʠʥ-

ʟʝʠʥ 

ʇʝʢʪʠʥ, 

   ʤʛ 

ɿʝʠʥ, 

  ʤʛ 

ʉʘʉl2 

(2%), 

  ʤʣ 

ʂʦʣ-

ʚʦ 

PX,  

ʤʛ 

ɺʝʩ 

ʢʦʤ-

ʧʣʝʢʩʘ, 

ʤʛ 

ʉʪʝʧʝʥʴ 

ʥʘʙʫʭʘʥʠʷ 

ʂʦʣ-ʚʦ 

ʠʥʢʘʧ-

ʥʦʛʦ 

  ʈʍ, % 

1 6:1 300 50 1.24 20 65 139 12.4 

2 3:1 300 100 1.24 20 70 179 9.8 

3 1:1 250 250 1.03 20 200 49 37.0 

4 1:1.4 350 500 1.03 20 400 33.25 57.0 

5 1:1.4 350 500 1.03 200 600 13.91 51.7 

6 1:2 250 500 1.03 20 440 19.45 72.6 

7 1:5 200 1000 0.83 20 800 7.5 93.8 

 

ɼʘʥʥʳʝ ʪʘʙʣʠʮʳ 3.5.1.2 ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʵʬʬʝʢʪ ʠʥʢʘʧʩʫʣʷʮʠʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʩ 51 ʜʦ 93% ʧʨʠ ʚʩʝʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʧʝʢʪʠʥʘ ʠ ʟʝʠʥʘ. ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʈʍ ʚ 10 ʨʘʟ (ʩʦʦʪʥʦʰʝʥʠʝ ʧʝʢʪʠʥ-ʟʝʠʥ ï 1:1.4) ʥʝ ʜʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʵʬʬʝʢʪʘ ʠʥʢʘʧʩʫʣʷʮʠʠ. ɺʦʟʤʦʞʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʛʠʜʨʦʬʦʙʥʦʡ 

ʧʨʠʨʦʜʦʡ ʙʠʦʧʦʣʠʤʝʨʘ ʠ ʧʣʦʪʥʦʩʪʴʶ ʫʧʘʢʦʚʢʠ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ, ʪ.ʝ. 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʘ ʤʦʛʫʪ ʫʯʘʩʪʚʦʚʘʪʴ 

ʵʥʪʘʣʴʧʠʡʥʳʝ ʬʘʢʪʦʨʳ [230]. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ çéʥʘ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʪʝʠʥ-ʧʦʣʠʩʘʭʘʨʠʜ 

ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʧʨʠʨʦʜʘ ʙʠʦʧʦʣʠʤʝʨʦʚ, ʠʭ ʩʦʦʪʥʦʰʝʥʠʝ, ʄʄ, ʧʣʦʪʥʦʩʪʴ 

ʟʘʨʷʜʘ ʠ ʨʷʜ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚéè [261, 323-325]. ɺ ʩʣʫʯʘʝ ʇɿʂ ʛʠʜʨʦʬʦʙʥʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳ, ʧʦʵʪʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ 

ʠʦʥʥʳʝ ʠ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ [109]. 
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ʈʝʟʫʣʴʪʘʪʳ ʪʫʨʙʠʜʠʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʦʥʦʚ ʢʘʣʴʮʠʷ 

[269] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʘʉl2 ʚʝʩʴ ʟʝʠʥ ʚʦʚʣʝʢʘʝʪʩʷ ʚ 

ʢʦʤʧʣʝʢʩ. ʇʨʠ ʵʪʦʤ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʝʠʥʘ ʦʙʨʘʟʫʶʪʩʷ ʜʚʘ ʪʠʧʘ 

ʢʦʤʧʣʝʢʩʦʚ: ʧʝʢʪʠʥ-ʉʘ2+-ʟʝʠʥ ʠ ʧʝʢʪʠʥ-ʟʝʠʥ. ʇʝʨʚʳʡ ʪʠʧ ʦʙʨʘʟʫʝʪʩʷ, ʚʝʨʦʷʪʥʦ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʟʘ ʩʯʝʪ ʩʰʠʚʘʥʠʷ ʉʘ2+ ʩ ʮʝʧʷʤʠ 

ʧʝʢʪʠʥʘ. ʆʙʨʘʟʦʚʘʥʠʝ ʚʪʦʨʦʛʦ ʪʠʧʘ, ʚʦʟʤʦʞʥʦ, ʦʙʫʩʣʦʚʣʝʥ ʩʣʘʙʳʤʠ ʛʠʜʨʦʬʦʙʥʳʤʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʠʣʠ ʢʦʘʮʝʨʚʘʮʠʝʡ ʜʚʫʭ ʙʠʦʧʦʣʠʤʝʨʦʚ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʥʢʘʧʩʫʣʷʮʠʠ ʃɺ ʷʚʣʷʝʪʩʷ ʩʪʝʧʝʥʴ ʥʘʙʫʭʘʥʠʷ ʢʦʤʧʣʝʢʩʘ. ʇʦʣʫʯʝʥʥʳʝ ʥʘʤʠ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʪʝʧʝʥʴ ʥʘʙʫʭʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʧʝʢʪʠʥʘ ʚ 

ʢʦʤʧʣʝʢʩʝ, ʧʨʠ ʯʝʤ ʩʪʝʧʝʥʴ ʥʘʙʫʭʘʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʩʦʦʪʥʦʰʝʥʠʝ ʧʝʢʪʠʥʘ ʚ ʢʦʤʧʣʝʢʩʝ (ʪʘʙʣʠʮʘ 3.5.1.2). ɹʦʣʝʝ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ 

ʥʘʙʫʭʘʥʠʷ ʥʘʙʣʶʜʘʣʘʩʴ ʚ ʢʦʤʧʣʝʢʩʘʭ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ ʧʝʢʪʠʥ-ʟʝʠʥ 6:1 ʠ 3:1. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʵʪʠ ʢʦʤʧʣʝʢʩʳ ʙʫʜʫʪ ʧʨʦʷʚʣʷʪʴ ʢʠʥʝʪʠʢʫ 

ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʛʦ ʨʘʩʧʘʜʘ ʩ ʚʳʩʚʦʙʦʞʜʝʥʠʝʤ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʩʨʝʜʩʪʚʘ ʚ 

ʫʩʣʦʚʠʷʭ ɾʂʊ. ʇʨʠ ʙʦʣʝʝ ʚʩrʦʢʦʤ ʩʦʜʝʨʞʘʥʠʠ ʟʝʠʥʘ ʩʪʝʧʝʥʴ ʥʘʙʫʭʘʥʠʷ ʙʳʣʘ 

ʥʠʞʝ, ʘ ʚʝʩ ʢʦʤʧʣʝʢʩʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʣʘʩʴ. ʆʧʪʠʤʘʣʴʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ 

ʧʝʢʪʠʥʘ ʠ ʟʝʠʥʘ ʩʦʩʪʘʚʠʣʠ 1:1, 1:2 ʠ 1:5.   

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʦʩʪʘʚʢʘ ʃɺ ʚ ʦʙʣʘʩʪʴ ʪʦʣʴʩʪʦʛʦ ʢʠʝhʯʥʠʢʘ ʪʨʝʙʫʝʪ 

ʩʦʭʨʘʥʝʥʠʷ ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʚ ʚʝʨʭʥʠʭ ʦʪʜʝʣʘʭ ɾʂʊ ʠ ʟʘʱʠʪʳ 

ʧʝʢʪʠʥʦʚʦʛʦ ʤʘʪʨʠʢʩʘ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʦʪʝʦʣʠʪʠʯʝʩʢʠʭ ʬʝʨʤʝʥʪʦʚ [230]. 

ɼʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʩ ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʥʳʤ ʃɺ, ʩʪʦʡʢʠʭ ʚ ʚʝʨʭʥʝʡ 

ʯʘʩʪʠ ɾʂʊ, ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠ, ʚʘʨʴʠʨʫʷ ʩʦʦʪʥʦʰʝʥʠʷ ʧʝʢʪʠʥʘ ʠ ʟʝʠʥʘ, 

ʢʦʥʮʝʥʪʨʘʮʠ ʁʠ ʪʠʧ ʩʰʠʚʘʝʤʦʛʦ ʤʝʪʘʣʣʘ, ʩʦʜʝʨʞʘʥʠʝ ʈʍ ʠ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ 

ʢʦʤʧʣʝʢʩʦʚ. ɼʣʷ ʵʪʦʛʦ ʢ ʨʘʩʪʚʦʨʫ ʧʝʢʪʠʥʘ, ʩʦʜʝʨʞʘʱʝʤʫ ʈʍ, ʜʦʙʘʚʣʷʣʠ 75% 

ʩʧʠʨʪʦʚʦʡ ʨʘʩʪʚʦʨ ʟʝʠʥʘ, ʩʦʜʝʨʞʘʱʠʡ ʩʦʣʠ CaCl2 ʠ ZnSO4, ʧʨʠʯʝʤ ʈʍ ʠ 

ʩʰʠʚʘʶʱʠʝ ʤʝʪʘʣʣʳ ʙʨʘʣʦʩʴ ʚʜʚʦʝ ʙʦʣʴʰʝ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʚ ʨʷʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 
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ʜʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʠʦʥʳ ʢʘʣʴʮʠʷ ʉʘ2+ ʙʳʣʠ ʟʘʤʝʥʝʥʳ ʥʘ ʠʦʥʳ ʮʠʥʢʘ Zn2+ 

[230].   

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʝʢʪʠʥ-ʟʝʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʢʦʥʮʝʥʪʨʘʪʦʤ 

ʣʘʢʪʦʛʣʦʙʫʣʠʥʦʚ (ʧʝʢʪʠʥ-ʟʝʠʥ-Lgʉ), ʩʦʜʝʨʞʘʱʠʭ ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʥʳʡ ʈʍ, ʚ 

ʨʘʩʪʚʦʨ ʧʝʢʪʠʥʘ ʩ ʈʍ ʜʦʙʘʚʣʷʣʠ Lgʉ, ʧʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʧʦ ʢʘʧʣʷʤ ʧʨʠʣʠʚʘʣʠ ʚ 

ʩʧʠʨʪʦʚʳʡ ʨʘʩʪʚʦʨ ʟʝʠʥʘ ʩ CaCl2 ʠ ʙʝʟ CaCl2. ɼʘʣʝʝ ʧʦʣʫʯʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ʪʨʠʞʜʳ ʧʨʦʤʳʚʘʣʠ 50% ʩʧʠʨʪʦʤ ʠ ʚʳʩʫʰʠʚʘʣʠ. ʂʦʣʠʯʝʩʪʚʦ ʩʚʷʟʘʥʥʦʛʦ ʈʍ ʚ 

ʢʦʤʧʣʝʢʩʘʭ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʵʢʩʪʨʘʢʮʠʠ 75% ʵʪʘʥʦʣʦʤ ʠ 

ʬʦʩʬʘʪʥʳʤ ʙʫʬʝʨʥʳʤ ʨʘʩʪʚʦʨʦʤ (ʨʅ 6.4) [230].   

ɺ ʪʘʙʣʠʮʝ 3.5.1.3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʩʭʦʜʥʳʝ ʩʦʦʪʥʦʰʝʥʠʝ ʙʠʦʧʦʣʠʤʝʨʦʚ, ʪʠʧ 

ʧʝʢʪʠʥʘ, ʩʦʜʝʨʞʘʥʠʝ ʩʦʣʝʡ ʢʘʣʴʮʠʷ ʠ ʮʠʥʢʘ, ʘ ʪʘʢʞʝ ʢʦʣʠʯʝʩʪʚʦ ʈʍ, ʚʟʷʪʦʝ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʛʠʜʨʦʛʝʣʝʡ.  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʛʠʜʨʦʛʝʣʠʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʬʦʨʤʝ ʰʘʨʠʢʦʚ 

ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʮʠʪʨʫʩʦʚʳʡ GENU L/200 ʠ ɺʄ-ʗʇʄ ʧʝʢʪʠʥʳ, ʢʦʪʦʨʳʝ 

ʦʪʣʠʯʘʣʠʩʴ ʧʦ ʩʪʨʫʢʪʫʨʝ. ɺ ʩʣʫʯʘʝ ʩ ʧʝʢʪʠʥʦʤ ʅʄ-ʗʇʐ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʦʥʦʚ 

ʤʝʪʘʣʣʘ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʩʣʘʙʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʛʠʜʨʦʛʝʣʠʝʚʳʝ ʰʘʨʠʢʠ, ʢʦʪʦʨʳʝ 

ʟʘʪʝʤ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʢʦʘʮʝʨʚʘʪʳ [229].  

 

ʊʘʙʣʠʮʘ 3.5.1.3 ï ʀʩʭʦʜʥʳʝ ʩʦʦʪʥʦʰʝʥʠʝ ʙʠʦʧʦʣʠʤʝʨʦʚ, ʪʠʧ ʧʝʢʪʠʥʘ, 

ʩʦʜʝʨʞʘʥʠʝ ʩʦʣʝʡ ʢʘʣʴʮʠʷ ʠ ʮʠʥʢʘ, ʘ ʪʘʢʞʝ ʢʦʣʠʯʝʩʪʚʦ ʈʍ 

ˉ 

ʵʢʩʧ. 

ʉʦʦʪʥʦʰʝʥʠʝ   

ʧʝʢʪʠʥ-ʟʝʠʥ*, 

ʧʝʢʪʠʥ-ʟʝʠʥ-LgC**  

ʊʠʧ ʧʝʢʪʠʥʘ 2% 

CaCl2, 

ʤʣ 

2% 

ZnSO4, 

ʤʣ 

PX, 

ʤʛ 

1 2 3 4 5 6 

1 1:1.5* GENU L/200 2.0 - 50 

2 1:1.5* GENU L/200 - 2.0 50 

3 1:2* GENU L/200 - 2.0 50 

4 3:1* GENU L/200 2.0 - 50 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 3.5.1.3 

1 2 3 4 5 6 

5 3:1* GENU L/200 - 2.0 50 

6 2:1* GENU L/200 - 2.0 50 

7 1:1* GENU L/200 1,0 - 20 

8 1:1* GENU L/200 2.0 - 20 

9 1:1* GENU L/200 2.0 - 50 

10 2:1:1** GENU L/200 2.0 - 50 

11 2:2:1** GENU L/200 2.0 - 50 

12 2:2:1** GENU L/200 - - 50 

13 2:1:2** GENU L/200 - - 50 

14 1:2* ɺʄ-ʗʇʄ-120-5-2.0 2.0 - 20 

15 1:1* ɺʄ-ʗʇʄ-120-5-2.0 2.0 - 20 

16 6:1* ɺʄ-ʗʇʄ-120-5-2.0 2.0 - 20 

17 1:2* ʅʄ-ʗʇʐ-85-60-1.8 2.0 - 20 

18 1:1* ʅʄ-ʗʇʐ-85-60-1.8 2.0 - 20 

19 1:1* ʅʄ-ʗʇʐ-85-60-1.8 - 2.0 20 

20 6:1* ʅʄ-ʗʇʐ-85-60-1.8 2.0 - 20 

21 1:1.5* ʅʄ-ʂʇ-ɼ-2ʄ-2.0 - 2.0 - 

22 1:1.2* ʅʄ-ʂʇ-ɼ-2ʄ-2.0 - 2.0 - 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ: ʩʦʦʪʥʦʰʝʥʠʝ ʧʝʢʪʠʥ-ʟʝʠʥ, 

ʩʪʝʧʝʥʠ ʥʘʙʫʭʘʥʠʷ ʠ ʥʘʩʳʱʝʥʠʷ ʈʍ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.5.1.4 [109].  

ɺ ʢʦʤʧʣʝʢʩʘʭ ʩ ʚʳʩʦʢʠʤ ʠ ʨʘʚʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʝʢʪʠʥʘ ʩ ʟʝʠʥʦʤ (1:0.35 ʠ 

1:1) ʧʨʠ ʟʘʤʝʥʝ ʠʦʥʦʚ Ca2+ ʥʘ ʠʦʥʳ Zn2+ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ 

ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʥʦʛʦ ʈʍ (ʦʪ 81 ʜʦ 86% ʠ ʦʪ 83 ʜʦ 99% ʜʣʷ ʧʝʢʪʠʥʘ    GENU L/200 ʠ 

ʦʪ 61 ʜʦ 71% ʜʣʷ ʧʝʢʪʠʥʘ ʅʄ-ʗʇʐ-85-60-1.8, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʉ ʫʤʝʥʴʰʝʥʠʝʤ 

ʩʦʜʝʨʞʘʥʠʝ ʧʝʢʪʠʥʘ ʚ ʢʦʤʧʣʝʢʩʝ ʚʝʩ ʛʠʜʨʦʛʝʣʷ ʠ ʩʪʝʧʝʥʴ ʥʘʩʳʱʝʥʠʷ ʈʍ 
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ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʶʪʩʷ. ɺʢʣʘʜ ʠʦʥʦʚ Zn2+ ʦʪʯʝʪʣʠʚʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʩʣʫʯʘʝ 

ʢʦʤʧʣʝʢʩʦʚ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ ʧʝʢʪʠʥ-ʟʝʠʥ ï 1:1. 

ʊʘʙʣʠʮʘ 3.5.1.4 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ: 

ʩʦʦʪʥʦʰʝʥʠʝ ʧʝʢʪʠʥ-ʟʝʠʥ, ʩʪʝʧʝʥʠ ʥʘʙʫʭʘʥʠʷ ʠ ʥʘʩʳʱʝʥʠʷ ʈʍ [109-A]   

 

ʀʩʪʦʯʥʠʢ ʩʳʨʴʷ, 

ʪʠʧ ʧʝʢʪʠʥʘ 

ʉʦʦʪ-ʥʠʝ 

ʧʝʢʪʠʥ-

ʟʝʠʥ (ʄʝ2+) 

ɺʝʩ 

ʛʠʜʨʦ-

ʛʝʣʷ, 

ʤʛ 

ʉʪʝʧʝʥʴ 

ʥʘʙʫʭʘ-

ʥʠʷ 

(S) 

ʂʦʣ-ʚʦ 

ʠʥʢʘʧʩ.     

ʈʍ, % 

ʂʦʣ-ʚʦ ʘʜʩʦʨ. 

ʈʍ ʚ ʢʦʤʧ. ʥʘ 

ʝʜʠʥ. ʤʘʩʩʳ 

ʛʝʣʷ, % 

1 2 3 4 5 6 

GENU L/200 1:2.0 (Ca2+) 

1:2.0 (Zn2+) 

310 

290 

6.0 

28.8 

76.0 

80.6 

12.4 

13.90 

GENU L/200 1:1.5 (Ca2+) 

1:1.5 (Zn2+) 

340 

300 

6.7 

28.6 

95.2 

80.6 

14.0 

13.4 

GENU L/200 1:1 (Ca2+) 

1:1 (Zn2+) 

200 

450 

11.0 

10.3 

83.3 

99.0 

5.3 

11.1 

GENU L/200 1:0.35 (Ca2+) 

1:0.35 (Zn2+) 

260 

300 

29.1 

31.0 

81.8 

86.0 

15.6 

14.5 

ɺʄ-ʗʇʄ-120-5-2.0 1:2.0 (Ca2+) 215 26.1 58.7 5.5 

ɺʄ-ʗʇʄ-120-5-2.0 1.0 (Ca2+) 203 27.7 32.5 3.3 

ɺʄ-ʗʇʄ-120-5-2.0 1:0.16(Ca2+) 180 30.2 39.0 4.3 

ʅʄ-ʗʇʐ-85-60-1.8 1:2.0 (Ca2+) 250 5.3 66.0 5.3 

ʅʄ-ʗʇʐ-85-60-1.8 1:1 (Ca2+) 

1:1 (Zn2+) 

190 

140 

8.9 

16.7 

61.1 

71.5 

6.4 

20.4 

ʅʄ-ʗʇʐ-85-60-1.8 1:0.16 (Ca2+) 120 22.7 70.2 11.7 

ʅʄ-ʗʇʐ-85-60-1.8 1:0.16 (Ca2+) 120 22.7 70.2 11.7 

ʅʄ-ʂʇ-ɼ-2ʄ-2.0 1:1.5 (Zn2+) 340 4.0 57.78 - 

ʅʄ-ʂʇ-ɼ-2ʄ-2.0 1:1.2 (Zn2+) 280 5.3 55.83 - 

GENU L/200+/Lgʉ 1:0.5 (Ca2+) 220 39.00 48.40 11.00 

GENU L/200+/Lgʉ 1:1 (Ca2+) 370 20.08 59.20 8.00 

GENU L/200+/Lgʉ 1:1 420 23,2 68.54 8.16 

GENU L/200+/Lgʉ 1:0.5 380 28,6 50.20 6.61 
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ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʈʍ (ʵʢʩʧʝʨʠʤʝʥʪʳ 7-9, ʪʘʙʣʠʮʘ 3.5.1.3) ʚʝʩ 

ʛʠʜʨʦʛʝʣʠʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʦʟʨʘʩʪʘʝʪ, ʜʦʩʪʠʛʘʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʥʘʩʳʱʝʥʠʷ ʃɺ (ʜʦ 

99%). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʦʪ ʠʥʢʘʧʩʫʣʷʮʠʠ ʃɺ [109]. 

 ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʥʘʛʣʷʜʥʦ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ 

ʠʦʥʦʚ Zn2+ ʠ PX ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʧʨʦʠʩʭʦʜʠʪ ʥʘʩʳʱʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ PX ʠ 

ʤʘʩʩʘ ʢʦʤʧʣʝʢʩʦʚ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʦʣʝʝ 

ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʈʍ ʚʣʠʷʝʪ ʠ ʥʘ ʩʪʝʧʝʥ ɹʥʘʙʫʭʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ: ʯʝʤ ʙʦʣʴʰʝ 

ʚʦʚʣʝʢʘʝʪʩʷ ʈʍ ʚ ʢʦʤʧʣʝʢʩ, ʪʝʤ ʚʳʰʝ ʩʪʝʧʝʥʴ ʥʘʙʫʭʘʥʠʷ [109].   

 

3.5.2 ʄʠʢʨʦʩʬʝʨʳ ʥʘ ʦʩʥʦʚʝ ʷʙʣʦʯʥʦʛʦ ʧʝʢʪʠʥʘ ʠ ʟʝʠʥʘ 

 

ʇʝʢʪʠʥ-ʟʝʠʥʦʚʳʝ ʤʠʢʨʦʩʬʝʨʳ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ ʧʝʢʪʠʥʘ ʠ ʟʝʠʥʘ 6:1, 1:1 ʠ 

1:2 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʷʙʣʦʯʥʳʭ ʧʝʢʪʠʥʦʚ ɺʄ-ʗʇʄ ʠ ʅʄ-ʗʇʐ 

ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ, ʯʪʦ ʠ ʚ ʧ. 3.5.1.1. ɼʘʥʥʝr ʪʘʙʣʠʮʳ 3.5.1.4 ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʢʦʤʧʣʝʢʩʳ ʩ ɺʄ-ʧʝʢʪʠʥʦʤ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʴʰʠʤ ʚʝʩʦʤ ʛʠʜʨʦʛʝʣʷ ʠ 

ʩʪʝʧʝʥʴʶ ʥʘʙʫʭʘʥʠʷ. ʆʜʥʘʢʦ ʚ ʢʦʤʧʣʝʢʩʘʭ ʩ ʷʙʣʦʯʥʳʤ ʅʄ-ʧʝʢʪʠʥʦʤ 

ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʥʦʛʦ ʈʍ ʙʳʣʦ ʙʦʣʴʰʝ. ʇʨʠ ʟʘʤʝʥʝ ʠʦʥʦʚ Ca2+ ʥʘ ʠʦʥʳ Zn2+ 

ʥʘʩʳʱʝʥʠʝ ʈʍ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʣʦ. ʕʪʦ ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʪʨʫʢʪʫʨʥʦ 

ʩʣʘʙʳʭ ʛʠʜʨʦʛʝʣʝʚʳʭ ʰʘʨʠʢʦʚ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʥʦʚʳʝ 

ʬʦʨʤʳ ï ʘʛʨʝʛʘʪʳ. ʉʪʝʧʝʥʴ ʩʚʷʟʳʚʘʥʠʷ ʈʍ ʚ ʢʦʤʧʣʝʢʩʳ ʙʳʣʘ ʚʳʰʝ ʜʣʷ ʅʄ-

ʧʝʢʪʠʥʘ, ʯʝʤ ʜʣʷ ɺM-ʧʝʢʪʠʥʘ. ʕʪʠ ʨʘʟʣʠʯʠʷ ʩʚʷʟʘʥʳ ʩʦ ʩʧʝʮʠʬʠʢʦʡ ʩʪʨʦʝʥʠʷ 

ʧʝʢʪʠʥʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʦʙʨʘʟʦʚʘʪʴ ʢʦʘʮʝʨʚʘʪʳ ʩ ʟʝʠʥʦʤ ʠ ʟʘʭʚʘʪʳʚʘʪʴ ʙʦʣʴʰʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʃɺ [109]. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʪʦʤ, ʯʪʦ ʠʦʥʳ Zn2+ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʙʦʣʝʝ ʢʦʤʧʘʢʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʧʝʢʪʠʥʦʤ ʚ 

ʢʘʯʝʩʪʚʝ ʩʰʠʚʘʶʱʝʛʦ ʤʝʪʘʣʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʦʥʘʤʠ Ca2+, ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ 

ʧʨʠ ʩʦʟʜʘʥʠʠ ʥʦʩʠʪʝʣʝʡ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʫʩʪʦʡʯʠʚʳʭ ʢ 

ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʤʫ ʚʳʩʚʦʙʦʞʜʝʥʠʶ ʃɺ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ɾʂʊ [326]. ɹʦʣʝʝ ʪʦʛʦ, 
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ʛʠʜʨʦʛʝʣʠ ʩ ʠʦʥʘʤʠ Zn2+ ʧʦʢʘʟʘʣʠ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ ʧʨʠ 

ʢʦʥʪʘʢʪʝ ʩ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤʠ ʨʘʩʪʚʦʨʘʤʠ, ʯʝʤ ʛʠʜʨʦʛʝʣʠ ʩ ʠʦʥʘʤʠ Ca2+
 [230].  

ʇʦ ʚʩʝʡ ʚʝʨʦʷʪʥʦʩʪʠ, ʵʪʦ ʷʚʣʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʯʘʩʪʠʯʥʳʤ ʟʘʤʝʱʝʥʠʝʤ ʠʦʥʦʚ 

ʢʘʣʴʮʠʷ ʠʦʥʘʤʠ ʥʘʪʨʠʷ ʥʘ ʫʯʘʩʪʢʘʭ ʛʦʤʦʛʘʣʘʢʪʫʨʦʥʘʥʦʚʦʡ ʮʝʧʠ, ʛʜʝ 

ʢʘʨʙʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ ʥʝʫʧʦʨʷʜʦʯʝʥʳ, ʥʝʞʝʣʠ ʚʩʣʝʜʩʪʚʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʤʦʜʝʣʠ 

ʚ ʚʠʜʝ çʷʠʯʥʦʡ ʢʦʨʦʙʢʠè ʩ ʜʘʥʥʳʤʠ ʠʦʥʘʤʠ, ʚ ʙʣʦʯʥʳʝ ʩʪʨʫʢʪʫʨʳ ʮʝʧʠ [326].  

 

3.5.3 ʄʠʢʨʦʩʬʝʨʳ ʥʘ ʦʩʥʦʚʝ ʧʝʢʪʠʥʘ ʠʟ ʢʦʨʟʠʥʦʢ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʠ ʟʝʠʥʘ 

  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʝʢʪʠʥ ʠʟ ʂʇ [3] ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʝʢʪʠʥʘ, ʚʳʜʝʣʝʥʥʦʛʦ 

ʠʟ ʮʠʪʨʫʩʦʚ ʠ ʷʙʣʦʢ, ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʠ ʠ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ HG ʩ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʥʝʡʪʨʘʣʴʥʳʭ ʩʘʭʘʨʦʚ, 

ʥʝʩʧʦʩʦʙʥʳʭ ʦʙʝʩʧʝʯʠʪʴ ʦʧʪʠʤʘʣʴʥʫʶ ʧʣʦʪʥʦʩʪʴ ʧʦʧʝʨʝʯʥʳʭ ʩʰʠʚʦʢ, ʯʪʦ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʦʛʣʦ ʧʨʠʚʝʩʪʠ ʢ ʥʘʨʫʰʝʥʠʶ ʙʘʣʘʥʩʘ ʤʝʞʜʫ ʵʣʘʩʪʠʯʥʦʩʪʴʶ ʠ 

ʞʝʣʘʝʤʦʡ ʧʨʦʯʥʦʩʪʴʶ ʧʦʣʠʤʝʨʥʦʡ ʢʦʤʧʦʟʠʮʠʠ. ɿʘ ʩʯʸʪ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʧʦʧʝʨʝʯʥʳʭ ʩʰʠʚʦʢ ʧʦʜʩʦʣʥʝʯʥʳʡ ʧʝʢʪʠʥ ʩʧʦʩʦʙʝʥ ʦʙʨʘʟʦʚʳʚʘʪʴ ʙʦʣʝʝ 

ʭʨʫʧʢʠʝ ʛʝʣʠ. ɺʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʩʠʣʴʥʦʤʫ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩ ʧʨʦʪʝʠʥʘʤʠ, ʯʪʦ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʤʦʛʣʦ ʧʨʠʚʝʩʪʠ ʢ ʫʪʨʘʪʝ ʛʠʙʢʦʩʪʠ ʠ ʧʦʜʚʠʞʥʦʩʪʠ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ. 

ʇʣʦʪʥʦʩʪʴ ʧʦʧʝʨʝʯʥʳʭ ʩʰʠʚʦʢ ʚʣʠʷʝʪ ʥʘ ʩʪʝʧʝʥʴ ʥʘʙʫʭʘʥʠʷ, ʤʝʭʘʥʠʯʝʩʢʫʶ 

ʧʨʦʯʥʦʩʪʴ ʠ ʵʣʘʩʪʠʯʥʦʩʪʴ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ. ɹʦʣʝʝ ʚʳʩʦʢʘʷ ʧʣʦʪʥʦʩʪʴ 

ʧʦʧʝʨʝʯʥʳʭ ʩʚʷʟʝʡ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ, ʥʦ 

ʩʥʠʞʝʥʠʶ ʵʣʘʩʪʠʯʥʦʩʪʠ ʠ ʥʘʙʫʭʘʝʤʦʩʪʠ, ʯʪʦ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 

ʦʙʨʘʟʦʚʘʥʠʶ ʭʨʫʧʢʠʭ ʛʝʣʝʡ [231-234]. ʇʦʵʪʦʤʫ, ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʠʜʨʦʛʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʩʘʭʘʨʠʜʘ ʠ ʙʝʣʢʦʚ, ʢʘʢ ʥʦʩʠʪʝʣʝʡ ʃɺ, 

ʥʝʦʙʭʦʜʠʤʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʧʝʨʝʯʥʳʭ ʩʰʠʚʦʢ. 

ʀʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 3.5.1.4 ʩʣʝʜʫʝʪ, ʯʪʦ ʤʠʢʨʦʩʬʝʨʳ ʩ ʧʝʢʪʠʥʦʤ 

ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʦʪʣʠʯʘʣʠʩʴ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʴʶ ʟʘʭʚʘʪʘ ʃɺ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʤʠʢʨʦʩʬʝʨʘʤʠ ʥʘ ʦʩʥʦʚʝ ʮʠʪʨʫʩʦʚʦʛʦ ʧʝʢʪʠʥʘ. ʉʪʝʧʝʥʴ ʥʘʙʫʭʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ, 
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ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʣʠ ʧʝʢʪʠʥʘ ʟʘʤʝʪʥʦ ʧʦʚʳʰʘʣʘʩʴ ʦʪ 4.0 ʜʦ 5.3, ʘ   ʩʪʝʧʝʥʴ 

ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʠʷ ʈʍ ʩʥʠʞʘʣʘʩʴ ʦʪ 57.78 ʜʦ 55.83%, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʪʝʧʝʥʴ 

ʥʘʙʫʭʘʥʠʷ ʛʠʜʨʦʛʝʣʝʡ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʮʠʪʨʫʩʦʚʳʤ ʠ ʷʙʣʦʯʥʳʤ ʧʝʢʪʠʥʘʤʠ, 

ʙʳʣʘ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ ʚʳʰʝ ʠ ʩʦʩʪʘʚʣʷʣʘ 28.6-28.8 ʜʣʷ ʮʠʪʨʫʩʦʚʦʛʦ ʠ ʦʪ 

26.1 ʜʦ 27.7 ʜʣʷ ʗʇʐ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʦʣʠ ʧʦʣʠʩʘʭʘʨʠʜʘ ʚ ʢʦʤʧʣʝʢʩʝ [117, 229, 

230]. ʉʘʤʘʷ ʥʠʟʢʘʷ ʩʪʝʧʝʥʴ ʥʘʙʫʭʘʥʠʷ ʦʪʤʝʯʘʝʪʩʷ ʫ ʢʦʤʧʣʝʢʩʦʚ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʅʄ-ʧʝʢʪʠʥʘʤʠ ʠʟ ʂʇ ʠ ʷʙʣʦʯʥʳʭ ʚʳʞʠʤʦʢ.  

 ɼʘʥʥʳʡ ʬʘʢʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʩʦʟʜʘʥʠʠ ʥʦʩʠʪʝʣʝʡ ʃɺ 

ʩʪʦʡʢʠʭ ʢ ʜʝʡʩʪʚʠʶ ʞʝʣʫʜʦʯʥʦʡ ʢʠʩʣʦʪʳ: ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʥʘʙʫʭʘʥʠʷ ʙʫʜʝʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʤʫ ʚʳʩʚʦʙʦʞʜʝʥʠʶ ʃɺ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ 

ʥʝʞʝʣʘʪʝʣʴʥʦʡ ʘʜʩʦʨʙʮʠʠ ʣʝʢʘʨʩʪʚʘ ʥʘ ʩʪʝʥʢʘʭ ʞʝʣʫʜʢʘ. ʂʦʤʧʣʝʢʩʳ ʩ ʥʠʟʢʦʡ 

ʩʪʝʧʝʥʴʶ ʥʘʙʫʭʘʥʠʷ ʙʫʜʫʪ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʩʜʝʨʞʠʚʘʪʴ ʫʨʦʚʝʥʴ ʃɺ, 

ʩʧʦʩʦʙʩʪʚʫʷ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʧʘʨʘʪʘ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 

ʢʦʤʧʣʝʢʩʳ ʩ ʧʝʢʪʠʥʦʤ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʙʫʜʫʪ ʧʨʦʷʚʣʷʪʴ ʢʠʥʝʪʠʢʫ ʤʝʜʣʝʥʥʦʛʦ 

ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʃɺ ʚ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʚʘʞʥʳʤ ʧʨʠ ʩʦʟʜʘʥʠʠ ʥʦʩʠʪʝʣʝʡ ʃɺ, ʩʪʦʡʢʠʭ ʢ ʜʝʡʩʪʚʠʶ ʞʝʣʫʜʦʯʥʦʡ ʢʠʩʣʦʪʳ. 

ʇʦʥʠʞʝʥʥʘʷ ʩʪʝʧʝʥʴ ʩʚʷʟʳʚʘʥʠʷ ʈʍ ʚ ʤʠʢʨʦʩʬʝʨʘʭ ʩ ʅʄ-ʧʝʢʪʠʥʦʤ 

ʧʦʜʩʦʣʥʝʯʥʠʢʘ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʮʠʪʨʫʩʦʚʳʤʠ, ʩʚʷʟʘʥʘ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʩʪʨʫʢʪʫʨʳ ʧʦʣʠʩʘʭʘʨʠʜʘ, ʥʝ ʠʩʢʣʶʯʘʷ ʵʥʪʘʣʴʧʠʡʥʳʝ ʬʘʢʪʦʨʳ: ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ 

ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʠ, ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʟʚʝʥʴʝʚ ɻʂ. ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ 

ʪʘʢʞʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦ ʦʩʥʦʚʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ (ʩʪʝʧʝʥʴ 

ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʠʷ ʃɺ, ʩʪʝʧʝʥʴ ʥʘʙʫʭʘʥʠʷ, ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ) ʛʠʜʨʦʛʝʣʠ 

ʩ ʧʝʢʪʠʥʦʤ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʥʝʩʢʦʣʴʢʦ ʩʭʦʞʠ ʩ ʛʠʜʨʦʛʝʣʷʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʩ 

ʷʙʣʦʯʥʳʤ ʧʝʢʪʠʥʦʤ ʅʄ-ʗʇʐ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ 

ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʥʦʛʦ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ ʦʩʥʦʚʝ ʧʨʠʨʦʜʥʳʭ 

ʙʠʦʧʦʣʠʤʝʨʦʚ ï ʧʝʢʪʠʥʘ ʠ ʟʝʠʥʘ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘ ʧʨʦʮʝʩʩ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʪʝʧʝʥʴ ʥʘʩʳʱʝʥʠʷ ʃɺ ʚʣʠʷʶʪ ʧʨʠʨʦʜʘ ʙʠʦʧʦʣʠʤʝʨʦʚ, 
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ʠʭ ʧʨʦʧʦʨʮʠʠ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʠ ʪʠʧ ʜʚʫʭʚʘʣʝʥʪʥʦʛʦ ʤʝʪʘʣʣʘ. ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʤʠʢʨʦʩʬʝʨ ʩ ʅʄ-ʧʝʢʪʠʥʦʤ ʢʦʤʧʣʝʢʩ ʦʙʨʘʟʫʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʟʘ ʩʯʝʪ ʩʰʠʚʢʠ ʩ 

ʠʦʥʘʤʠ ʜʚʫʭʚʘʣʝʥʪʥʳʭ ʤʝʪʘʣʣʦʚ, ʘ ʚ ʩʣʫʯʘʝ ʩ ɺʄ-ʧʝʢʪʠʥʦʤ ʧʦʩʨʝʜʩʪʚʦʤ 

ʛʠʜʨʦʬʦʙʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʙʠʦʧʦʣʠʤʝʨʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥ rʤʠʢʨʦʩʬʝʨ r

ʥʘ ʦʩʥʦʚʝ ʧʝʢʪʠʥʘ ʠ ʟʝʠʥʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ r ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʥʦʩʠʪʝʣʝʡ ʩ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ ʚʳʩʚʦʙʦʞʜʝʥʠʝʤ [230]. 

 

3.5.4 ʂʠʥʝʪʠʢʘ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʧʠʨʦʢʩʠʢʘʤʘ ʠʟ ʧʝʢʪʠʥ-ʟʝʠʥʦʚʳʭ 

ʤʠʢʨʦʩʬʝʨ ʚ ʫʩʣʦʚʠʷʭ, ʠʤʠʪʠʨʫʶʱʠʭ ʩʨʝʜʫ ɾʂʊ 
 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥrʝ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʀʥʩʪʠʪʫʪʘ ʭʠʤʠʠ ʠʤ. ɺ.ʀ. ʅʠʢʠʪʠʥʘ ʅɸʅʊ, ʥʘʨʷʜʫ ʩ ʜʨʫʛʠʤʠ ʨʘʙʦʪʘʤʠ [234, 326] 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʙʠʥʘʨʥʳʝ ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʨʠʮʳ ʷʚʣʷʶʪʩʷ ʭʦʨʦʰʠʤʠ 

ʥʦʩʠʪʝʣʷʤʠ ʃɺ, ʪʘʢ ʢʘʢ ʧʨʦʷʚʣʷʶʪ ʙʦʣʴʰʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʟʘ ʩʯʸʪ ʩʢʦʨʦʩʪʠ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʠʟ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʬʦʨʤʳ [50, 109, 230, 

243].   

ɺ ʨʘʙʦʪʘʭ [235-242], ʧʨʠʚʦʜʷʪʩʷ ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʉɼʃ 

ʧʦʨʠʩʪʳʭ ʧʦʣʠʤʝʨʥʳʭ ʤʠʢʨʦʥʦʩʠʪʝʣʝʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ 

ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʃɺ. ɺ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʜʦʩʪʘʚʢʘ ʃɺ ʧʨʦʜʣʠʚʘʝʪʩʷ, ʙʣʘʛʦʜʘʨʷ 

ʜʠʬʬʫʟʠʠ ʯʝʨʝʟ ʥʦʩʠʪʝʣʴ, ʥʦ ʥʝʪ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ, ʯʪʦ ʜʠʬʬʫʟʠʷ ʃɺ ʤʦʞʝʪ 

ʦʙʝʩʧʝʯʠʪʴ ʢʠʥʝʪʠʢʫ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʨʝʘʢʮʠʠ çʥʫʣʝʚʦʛʦè ʧʦʨʷʜʢʘ. ɺ ʨʘʙʦʪʝ 

[241] ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʉɼʃ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʬʘʟʦʚʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʚʳʩʚʦʙʦʞʜʝʥʠ ̫

ʧʨʦʪʝʠʥʘ ʠʟ ʧʦʣʠʤʝʨʘ ʤʦʣʦʯʥʦʡ ʢʠʩʣʦʪʳ, ʦʧʠʩʳʚʘʝʤʦʝ ʢʠʥʝʪʠʢʦʡ çʥʫʣʝʚʦʛʦè 

ʧʦʨʷʜʢʘ. ʂʦʥʪʨʦʣʴ ʚ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʧʦʢʘʟʘʣ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʥʘʯʘʣʴʥʦʝ 

ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʚ ʧʝʨʚʳʝ 20 ʯʘʩʦʚ, ʧʦʩʣʝ ʯʝʛʦ ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʧʨʦʠʩʭʦʜʠʣʦ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʠʥʝʪʠʢʦʡ ʨʝʘʢʮʠʠ çʥʫʣʝʚʦʛʦè ʧʦʨʷʜʢʘ ʧʨʠ ʥʠʟʢʠʭ ʫʨʦʚʥʷʭ 

ʘʢʪʠʚʥʳʭ ʩʨʝʜʩʪʚ. Williams ʠ ʜʨ. [242] çéʚ ʢʘʯʝʩʪʚʝ ʤʠʢʨʦʥʦʩʠʪʝʣʝʡ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦʨʠʩʪʳʝ ʧʦʣʠʤʝʨʳ ʩ ʤʘʛʥʠʪʥʳʤʠ ʯʘʩʪʠʮʘʤʠ çʄʘʛʥʘʧʦʨʳè ʠ 
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ʜʦʙʠʣʠʩʴ ʫʤʝʥʴʰʝʥʠʶ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ ʜʦʟʳ ʃɺ. ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʩʪʨʫʢʪʫʨʫ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʥʦʩʠʪʝʣʝʡ ʤʦʞʥʦ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʢʘʢ ʤʥʦʛʦʦʙʨʘʟʠʝ ʮʠʣʠʥʜʨʦʚ 

ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʳ ʠ ʜʠʘʤʝʪʨʘ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪ ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ, 

ʧʨʠʚʦʜʷʱʠʝ ʚ ʩʨʝʜʥʝʤ ʢ ʢʠʥʝʪʠʢʝ ʚʳʩʚʦʙʦʞʜʝʥʠʷ çʥʫʣʝʚʦʛʦè ʧʦʨʷʜʢʘéè [242]. 

ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʜʨʫʛʠʭ ʧʦʜʭʦʜʦʚ ʧʦ 

ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤ ʜʦʩʪʘʚʢʠ ʃɺ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʷʚʣʝʥʠʠ ʦʩʤʦʩʘ [232-235], ʛʜʝ 

ʤʝʭʘʥʠʟʤ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʃɺ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʢʠʥʝʪʠʢʝ çʥʫʣʝʚʦʛʦè ʧʦʨʷʜʢʘ. 

ɺ ʧʨʝʜʳʜʫʱʝʡ ʯʘʩʪʠ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʢʘʢ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʇɿʂ, ʪʘʢ ʠ ʧʦʠʩʢʘ ʩʠʩʪʝʤ ʜʦʩʪʘʚʢʠ ʃɺ ʥʘ ʠʭ ʦʩʥʦʚʝ, ʩʧʦʩʦʙʥʳʭ 

ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ (ʜʝʥʴ ʠ ʙʦʣʝʝ) ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʦʥʪʨʦʣʠʨʫʝʤʦʝ ʚʳʩʚʦʙʦʞʜʝʥʠʝ 

ʃɺ ʜʠʬʬʫʟʠʝʡ ʠ ʬʝʨʤʝʥʪʘʪʠʚʥʳʤ ʨʘʟʣʦʞʝʥʠʝʤ ʚ ɾʂʊ. çéʊʘʢʦʡ ʧʦʜʭʦʜ ʧʨʝʞʜʝ 

ʚʩʝʛʦ ʧʨʦʜʠʢʪʦʚʘʥ ʪʝʤ, ʯʪʦ ʧʣʦʭʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʃɺ ʚ ʚʦʜʝ ʧʨʠʚʦʜʠʪ ʢ 

ʟʘʤʝʜʣʝʥʠʶ ʧʨʦʮʝʩʩʘ ʘʙʩʦʨʙʮʠʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʧʦʙʦʯʥʳʭ ʵʬʬʝʢʪʦʚ ʩʦ ʩʪʦʨʦʥʳ ɾʂʊéè [322].   

ʇʦʵʪʦʤʫ ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʠʟʫʯʝʥʠʝ ʢʠʥʝʪʠʢʠ ʚʳʩʚʦʙʦʞʜʝʥʠʷ 

ʃɺ ʠʟ ʉɼʃ ʥʘ ʦʩʥʦʚʝ ʧʝʢʪʠʥʘ ʠ ʟʝʠʥʘ ʢʫʢʫʨʫʟʳ ʚ ʫʩʣʦʚʠʷʭ, ʠʤʠʪʠʨʫʶʱʠʭ ʩʨʝʜʫ 

ɾʂʊ [327]. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʧʣʦʭʦ ʨʘʩʪʚʦʨʠʤʦʛʦ ʧʨʝʧʘʨʘʪʘ 

ʠʟ ʚʝʨʭʥʠʭ ʦʪʜʝʣʦʚ ɾʂʊ ʚ ʢʠʰʝʯʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʉɼʃ ʚ 

ʚʠʜʝ ʤʠʢʨʦʩʬʝʨ ʥʘ ʦʩʥʦʚʝ ʇɿʂ, ʩʦʜʝʨʞʘʱʠʭ ʠʦʥr ʜʚʫʭʚʘʣʝʥʪʥʳʭ ʤʝʪʘʣʣʦʚ 

[109, 117, 229, 230]. ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʚʳʩʚʦʙʦʞʜʝʥʠʷ 

ʃɺ ʟʘʚʠʩʠʪ ʦʪ ʨʷʜʘ ʬʘʢʪʦʨʦʚ, ʚʢʣʶʯʘʷ ʪʠʧ ʧʝʢʪʠʥ-ʙʝʣʢʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, 

ʧʣʦʪʥʦʩʪ ɹʫʧʘʢʦʚʢʠ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ ʠ ʩʪʨʫʢʪʫʨʫ ʩʘʤʦʛʦ ʙʠʦʧʦʣʠʤʝʨʘ ʠ ʪ.ʜ. [50, 

229, 230, 322].  

ɿʝʠʥ ʧʦ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʜʨʫʛʠʭ ʩʧʠʨʪʦʨʘʩʪʚʦʨʠʤʳʭ ʙʝʣʢʦʚ ʟʣʘʢʦʚʳʭ ʢʫʣʴʪʫʨ. ʉʦʜʝʨʞʘʥʠʝ ʝʛʦ ʚ ʟʝʨʥʝ 

ʢʫʢʫʨʫʟʳ ʩʦʩʪʘʚʣʷʝʪ ʧʦʣʦʚʠʥʫ ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʙʝʣʢʦʚ. ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ 

ʚʳʰʝ, ʟʝʠʥ ʪʘʢʞʝ ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʘʤʠʥʦʢʠʩʣʦʪ ï ʧʨʦʣʠʥʘ ʠ 

ʛʣʶʪʘʤʠʥʘ. ɽʛʦ ʬʨʘʢʮʠʠ ʧʨʝʜʩʪʘʣʝʥʳ Ŭ-, ɓ-, ɔ-, ŭ-ʟʝʠʥʘʤʠ, ʠʤʝʶʱʠʤʠ 
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ʨʘʟʣʠʯʥʳʝ ʄʄ ʠ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʘʛʨʝʛʠʨʦʚʘʥʠʶ. ɿʝʠʥʳ ʟʘ ʩʯʸʪ ʚʳʩʦʢʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʘʤʠʥʦʢʠʩʣʦʪ, ʪ.ʢ. ʣʝʡʮʠʥ, ʠʟʦʣʝʡʮʠʥ, ʚʘʣʠʥ ʠ ʬʝʥʠʣʘʣʘʥʠʥ 

ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʛʠʜʨʦʬʦʙʥʦʩʪʴʶ. ʅʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʳʭ 

ʘʤʠʥʦʢʠʩʣʦʪ ï ʣʠʟʠʥʘ ʠ ʘʨʛʠʥʠʥʘ ʚ ʩʪʨʫʢʪʫʨʝ ʝʛʦ ʤʦʣʝʢʫʣʳ ʦʧʨʝʜʝʣʷʝʪ ʩʣʘʙʦʝ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʝ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. ʅʘʨʷʜʫ ʩ ʵʪʠʤ, çéʟʝʠʥ 

ʟʘ ʩʯʸʪ ʛʠʜʨʦʬʦʙʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʧʨʦʷʚʣʷʝʪ 

ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʨʘʟʣʠʯʥʳʭ ʘʛʨʝʛʘʪʦʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ 

ʜʠʘʤʝʪʨʦʤ 6-20 ʥʤéè [326]. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʤʠʢʨʦʩʬʝʨ, ʫʩʪʦʡʯʠʚʳʭ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ɾʂʊ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʇɿʂ, ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʩʰʠʚʘʝʤʳʭ 

ʤʝʪʘʣʣʦʚ, ʩʦʜʝʨʞʘʥʠʝʤ ʈʍ ʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ. ʂʦʤʧʣʝʢʩʳ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʜʦʙʘʚʣʝʥʠʝʤ ʨʘʩʪʚʦʨʘ ʧʝʢʪʠʥʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʈʍ ʢ 75 ʦʙ.% ʩʧʠʨʪʦʚʦʤʫ 

ʨʘʩʪʚʦʨʫ ʟʝʠʥʘ, ʩʦʜʝʨʞʘʱʝʛʦ CaCl2, ʧʨʠʯʝʤ ʈʍ ʠ ʩʰʠʚʘʶʱʠʭ ʤʝʪʘʣʣʦʚ ʙʳʣʦ ʚʟʷʪʦ 

ʚʜʚʦʝ ʙʦʣʴʰʝ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ 2 ʚʠʜʘ ʧʝʢʪʠʥʘ: ʅʄ-ʮʠʪʨʫʩʦʚʳʡ 

ʧʝʢʪʠʥ LM-31 (GENU 12CG) ʠ LM-9 (GENU L/200) ʬʠʨʤʳ CP Kelco (Wilmington, 

ʉʐɸ). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʤʧʣʝʢʩʳ ʦʪʣʠʯʘʣʠʩʴ ʧʦ ʩʪʨʫʢʪʫʨʝ ʠ ʩʪʝʧʝʥʠ ʥʘʩʳʱʝʥʠʷ ʈʍ 

[109, 229].  

ɺ ʨʘʙʦʪʝ [322] ʜʣʷ ʠʟʫʯʝʥʠʷ ʢʠʥʝʪʠʢʠ ʧʨʦʮʝʩʩʘ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʃɺ ʠʟ ʉɼʃ 

ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʙʫʬʝʨʥʳʝ ʨʘʩʪʚʦʨʳ, ʠʤʝʪʠʨʫʶʱʠʝ ʩʨʝʜʫ ɾʂʊ. ɼʣʷ ʯʝʛʦ 

ʚʳʩʫʰʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ (50 ʤʛ) ʟʘʣʠʚʘʣʠ ʙʫʬʝʨʦʤ (50 ʤʣ HCl/ʂʉl 0.2ʄ, ʨʅ 1.2 ï ʜʣʷ 

ʩʨʝʜʳ ʞʝʣʫʜʢʘ, 50 ʤʣ 0.2ʄ ʬʦʩʬʘʪʥʳʡ ʙʫʬʝʨ, ʨʅ 6.4 ï ʜʣʷ ʩʨʝʜʳ ʢʠʰʝʯʥʠʢʘ). ʇʦʩʣʝ 

ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʠʷ ʧʨʠ 37ʦʉ ʵʢʩʪʠʥʢʮʠʶ ʨʘʩʪʚʦʨʦʚ ʠʟʤʝʨʷʣʠ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠ ʧʨʠ 355 ʥʤ. ʂʦʣʠʯʝʩʪʚʦ ʚʳʩʚʦʙʦʞʜʘʝʤʦʛʦ ʃɺ ʦʧʨʝʜʝʣʷʣʠ 

ʧʦ ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʢʨʠʚʦʡ, ʧʦʩʪʨʦʝʥʥʦʡ ʧʦ ʯʠʩʪʦʤʫ ʈʍ. ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʃɺ, 

ʚʦʚʣʝʯʝʥʥʦʛʦ ʚ ʛʠʜʨʦʛʝʣʠʝʚʳʡ ʢʦʤʧʣʝʢʩ ʠ ʚʳʩʚʦʙʦʜʠʚʰʝʛʦʩʷ ʟʘ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ, 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʦʙʲʝʤʫ ʥʘ ʛʨʘʤʤ ʢʦʤʧʣʝʢʩʘ. 

ʂʠʥʝʪʠʢʘ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʈʍ ʠʟ ʧʝʢʪʠʥ-ʟʝʠʥʦʚʳʭ ʤʠʢʨʦʩʬʝʨ, ʩʦʜʝʨʞʘʱʠʭ 

CaCl2, ʚ ʫʩʣʦʚʠʷʭ, ʠʤʠʪʠʨʫʶʱʠʭ ʩʨʝʜʫ ɾʂʊ, ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.5.4.1.  
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ʈʠʩʫʥʦʢ 3.5.4.1. ï ʂʠʥʝʪʠʢʘ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʈʍ ʠʟ ʇɿʂ, ʩʦʜʝʨʞʘʱʠʭ 

CaCl2, ʚ ʫʩʣʦʚʠʷʭ, ʠʤʠʪʠʨʫʶʱʠʭ ʩʨʝʜʫ ɾʂʊ: ʥʘʯʘʣʴʥʳʝ ʫʯʘʩʪʢʠ ʢʨʠʚʳʭ 

ʣʠʥʠʡ (ʜʦ 4 ʯʘʩʦʚ ʧʨʠ ʨʅ 1.2); ʧʨʦʜʦʣʞʝʥʠʝ ʢʨʠʚʳʭ ʧʨʠ ʨʅ 6.4 [109-ɸ].  

ʂʘʢ ʚʠʜʥʦ ʠʟ ʜʘʥʥʦʛʦ ʨʠʩʫʥʢʘ, ʢʠʥʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʠʤʝʶʪ ʪʨʘʜʠʮʠʦʥʥʳʡ 

ʚʠʜ ʠ ʜʦʩʪʠʛʘʶʪ ʫʩʪʦʡʯʠʚʦʛʦ ʧʝʨʝʜʝʣʘ, ʪʘʢʞʝ ʟʘʚʠʩʷʱʝʛʦ ʦʪ ʩʦʩʪʘʚʘ ʢʦʤʧʦʟʠʮʠʡ, 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʟʝʠʥʘ.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʜʠʣʠ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʢʦʤʧʣʝʢʩʳ 

ʩ ʚʳʩʦʢʠʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʧʝʢʪʠʥʘ (ʧʝʢʪʠʥ-ʟʝʠʥ ï 3:1) ʚʳʩʚʦʙʦʞʜʘʶʪ ʧʨʠʤʝʨʥʦ 30-

50 ʚʝʩ. % ʈʍ ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ ʪʨʝʭ ʯʘʩʦʚ ʠʥʢʫʙʘʮʠʠ ʚ ʩʨʝʜʝ ʞʝʣʫʜʦʯʥʦʛʦ ʩʦʢʘ, ʘ 

ʦʩʪʘʚʰʘʷʩʷ ʣʝʢʘʨʩʪʚʝʥʥʘʷ ʬʦʨʤʘ ʧʨʠ ʟʘʤʝʥʝ ʚ ʩʨʝʜʝ ʢʠʰʝʯʥʠʢʘ ʣʠʥʝʡʥʦ 

ʚʳʩʚʦʙʦʞʜʘʝʪʩʷ ʧʦ ʤʝʭʘʥʠʟʤʫ ʢʠʥʝʪʠʢʠ çʥʫʣʝʚʦʛʦè ʧʦʨʷʜʢʘ. ʋʚʝʣʠʯʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʝ ʟʝʠʥʘ ʚ ʧʝʢʪʠʥ-ʟʝʠʥʦʚʦʤ ʢʦʤʧʣʝʢʩʝ (1:1, 1:2, 1:5) ʧʨʠʚʦʜʠʪ ʢ 

ʟʘʤʝʪʥʦʤʫ ʟʘʤʝʜʣʝʥʠʶ ʜʠʬʬʫʟʠʠ ʠ ʧʨʠ ʵʪʦʤ ʚʳʩʚʦʙʦʞʜʘʝʪʩʷ ʜʦ 20 ʚʝʩ. % ʈʍ ʟʘ 

ʪʦʪ ʞʝ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ. ʆʩʪʘʣʴʥʘ ̫ʯʘʩʪ ɹʈʍ ʚr ʩʚʦʙʦʞʜʘʝʪʩʷ ʧʦ ʣʠʥʝʡʥʦʤʫ 

ʤʝʭʘʥʠʟʤʫ.  

 ʅʘʠʙʦʣʴʰʘʷ ʩʪʝʧʝʥʴ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʈʍ ʚ ʩʣʫʯʘʝ ʩ ʚʳʩʦʢʠʤ ʩʦʦʪʥʦʰʝʥʠʝʤ 

ʧʝʢʪʠʥʘ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʧʨʦʮʝʩʩʘ ʨʝʣʘʢʩʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʧʦʣʠʤʝʨʥʦʡ ʩʝʪʢʠ 
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ʚʩʣʝʜʩʪʚʠʝ ʥʘʙʫʭʘʥʠʷ ʧʦʣʠʤʝʨʘ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩʨʝʜʳ.  ʋʚʝʣʠʯʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʝ ʟʝʠʥʘ ʚ ʢʦʤʧʣʝʢʩʝ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʧʦʣʠʤʝʨʥʦʡ ʩʝʪʢʠ, ʩʧʦʩʦʙʩʪʚʫʷ ʫʤʝʥʴʰʝʥʠʶ ʩʢʦʨʦʩʪʠ ʜʠʬʬʫʟʠʠ. ʂ ʟʘʤʝʜʣʝʥʦʤʫ 

ʚʳʩʚʦʙʦʞʜʝʥʠʶ ʪʘʢʞʝ ʚʝʜʫʪ ʛʠʜʨʦʬʦʙʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʝʠʥʘ ʩ ʈʍ.   

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʜʣʷ ʦʮʝʥʢʠ ʤʝʭʘʥʠʟʤʘ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʃɺ ʙʳʣʘ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʦʜʝʣʴ ʂʦʨʩʤʝʡʝʨʘ-ʇʝʧʧʘʩʘ, ʫʯʠʪʳʚʘʶʱʘʷ ʨʷʜ ʢʠʥʝʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘʙʫʭʘʥʠʝ ʠ ʨʘʩʪʚʦʨʝʥʠʝ ʤʘʪʨʠʮʳ ʠ ʜʠʬʬʫʟʠʶ ʃɺ: 

 

M t/M¤ =k1t
n ,           (3.5.4.1) 

 

ʛʜʝ M t/M¤ ï ʜʦʣʷ ʚʝʱʝʩʪʚʘ, ʚʳʩʚʦʙʦʜʠʚʰʝʛʦʩʷ ʢ ʤʦʤʝʥʪʫ ʚʨʝʤʝʥʠ t; k1 ï 

ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʚʳʩʚʦʙʦʞʜʝʥʠʷ; n ï ʢʦʥʩʪʘʥʪʘ, ʭʘʨʘʢʪʝʨʠʟʠʨʫʶʱʘʷ 

ʤʝʭʘʥʠʟʤ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʃɺ [328].  

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʥʩʪʘʥʪ (k1 ʠ n) ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ 

(R) ʤʝʭʘʥʠʟʤʘ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʃɺ (ʪʘʙʣʠʮʘ 3.5.4.1) ʠ ʟʘʚʠʩʠʤʦʩʪ ɹʜʘʥʥʳʭ ʢʦʥʩʪʘʥʪ 

ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʧʝʢʪʠʥ-ʟʝʠʥ ʚ ʤʠʢʨʦʩʬʝʨʘʭ (ʨʠʩʫʥʦʢ 3.5.4.2) ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʩ ʚʳʩʦʢʠʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʧʝʢʪʠʥʘ ʚ ʤʠʢʨʦʩʬʝʨʘʭ, 

ʧʨʦʮʝʩʩ ʜʝʩʦʨʙʮʠʠ ʈʍ ʠʤʝʝʪ ʜʠʬʬʫʟʠʦʥʥʳʡ ʭʘʨʘʢʪʝʨ, ʘ ʚ ʩʣʫʯʘʝ ʩ ʥʠʟʢʠʤ 

ʩʦʦʪʥʦʰʝʥʠʝʤ ʧʝʢʪʠʥʘ, ʥʘʦʙʦʨʦʪ, ʥʘʙʣʶʜʘʝʪʩʷ ʘʥʦʤʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʜʠʬʬʫʟʠʠ. 

ʊʘʙʣʠʮʘ 3.5.4.1 ï ʂʦʥʩʪʘʥʪʳ ʫʨʘʚʥʝʥʠʷ (3.5.4.1) k1 ʠ n ʜʣʷ ʧʝʢʪʠʥ-

ʟʝʠʥʦʚʳʭ ʤʠʢʨʦʩʬʝʨ, ʩʦʜʝʨʞʘʱʠʭ CaCl2, ʚ ʫʩʣʦʚʠʷʭ, ʠʤʠʪʠʨʫʶʱʠʭ ʩʨʝʜʫ 

ɾʂʊ [109-ɸ] 

ʇʝʢʪʠʥ-ʟʝʠʥ 

pH 1.2 pH 6.4 

k*102,  

min-1 

n R2 k*102,  

min-1 

n R2 

6:1 2,32 0,69 0,99 0,47 0,075 0,92 

3:1 1,48 0,54 0,99 0,93 0,16 0,85 

1:1 1,70 0,67 0,99 1,05 0,18 0,73 

1:2 0,87 0,19 0,92 1,47 0,24 0,8 

1:5 1,50 0,62 0,99 1,52 0,24 0,95 
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ʈʠʩʫʥʦʢ 3.5.4.2. ï ɿʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ k1 ʠ n ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʧʝʢʪʠʥ-

ʟʝʠʥ ʚ ʤʠʢʨʦʩʬʝʨʘʭ ʠʟ ʮʠʪʨʫʩʦʚʦʛʦ ʧʝʢʪʠʥʘ, ʩʦʜʝʨʞʘʱʠʭ CaCl2, ʧʨʠ ʨʅ ʚ 

ʫʩʣʦʚʠʷʭ, ʠʤʠʪʠʨʫʶʱʝʤ ʩʨʝʜʫ ɾʂʊ [327-ɸ]. 

 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʇɿʂ ʚ ʬʦʨʤʝ 

ʛʠʜʨʦʛʝʣʠʝʚʳʭ ʰʘʨʠʢʦʚ ʩ ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʥʳʤ ʈʍ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʠʦʥʘʤʠ Ca2+ ʠ 

Zn2+. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʟʘʤʝʥʘ ʠʦʥʦʚ Ca2+ ʥʘ ʠʦʥʳ Zn2+ ʚ ʢʦʤʧʣʝʢʩʘʭ ʩ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʟʝʠʥʘ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʤʘʩʩʳ ʛʠʜʨʦʛʝʣʠʝʚʳʭ ʰʘʨʠʢʦʚ ʠ 

ʩʥʠʞʝʥʠʶ ʩʪʝʧʝʥʠ ʥʘʩʳʱʝʥʠʷ ʈʍ ʩ 95 ʜʦ 80 ʚʝʩ.%. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ 

ʧʝʢʪʠʥʘ ʩʪʝʧʝʥʴ ʥʘʩʳʱʝʥʠʷ ʈʍ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ (ʦʪ 81 ʜʦ 86 ʚʝʩ.%). ɺʢʣʘʜ 

ʠʦʥʦʚ Zn2+ ʦʪʯʝʪʣʠʚʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʦʚ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ ʧʝʢʪʠʥ-

ʟʝʠʥ ï 1:1, ʛʜʝ ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʠʝ ʃɺ ʜʦʩʪʠʛʘʣʦ 99 ʚʝʩ.% [230]. 
 

ʂʠʥʝʪʠʢʘ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʈʍ ʠʟ ʧʝʢʪʠʥ-ʟʝʠʥʦʚʳʭ ʤʠʢʨʦʩʬʝʨ ʩ 

ʮʠʪʨʫʩʦʚʳʤ ʅʄ-ʧʝʢʪʠʥʦʤ (LM-31), ʩʦʜʝʨʞʘʱʠʤ Zn2+, ʚ ʫʩʣʦʚʠʷʭ, 

ʠʤʠʪʠʨʫʶʱʠʭ ʩʨʝʜʫ ɾʂʊ, ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.5.4.3.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʚ (ʧʝʢʪʠʥ-ʟʝʠʥ 3:1, 1:1.5, 1:2), ʢʘʢ ʠ ʙʳʣʦ 

ʧʨʝʜʧʦʣʦʞʝʥʦ, ʩʜʝʨʞʠʚʘʝʪ ʫʨʦʚʝʥʴ ʈʍ ʚ ʫʩʣʦʚʠʷʭ, ʠʤʠʪʠʨʫʶʱʠʭ ʩʨʝʜʫ ɾʂʊ, 

ʧʨʠ pH 1.2 ʠ ʢʦʣʠʯʝʩʪʚʦ ʚʳʩʚʦʙʦʞʜʝʥʥʦʛʦ ʈʍ ʧʨʠ ʵʪʦʤ ʩʦʩʪʘʚʠʣʦ 10 ʚʝʩ.%. 

ɺʳʩʚʦʙʦʞʜʝʥʠʝ PX ʚ ʙʫʬʝʨʝ, ʤʦʜeʣʠʨʫʶʱʝʤ ʩʨʝʜʫ ʢʠʰʝʯʥʠʢʘ, ʧʨʠ ʨʅ 6.4 

ʧʨʦʠʩʭʦʜʠʣʦ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʥʘʯʘʣʴʥʦʝ ʙʳʩʪʨʦʝ ʚʳʩʚʦʙʦʞʜʝʥʠʝ, 
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ʧʨʦʠʩʭʦʜʷʱʝʝ ʚʝʨʦʷʪʥʦ ʩ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʘʜʩʦʨʙʮʠʦʥʥʦʛʦ ʩʣʦʷ ʢʦʤʧʣʝʢʩoʚ ʩ 

ʧʦʩʣʝʜʫʱʠʤ ʩʧʘʜʦʤ ʚʦ ʚʨʝʤʝʥʠ.   

 

 

ʈʠʩʫʥʦʢ 3.5.4.3. ï ʂʠʥʝʪʠʢʘ ʚʳʩʚʦʙʦʞʜʝʥʠʷ PX ʠʟ ʇɿʂ, ʩʦʜʝʨʞʘʱʠʭ 

Zn2+ ʠ ʧʝʢʪʠʥ ʮʠʪʨʫʩʦʚʳʡ LM-31 ʚ ʫʩʣʦʚʠʷʭ, ʠʤʠʪʠʨʫʶʠɦʭ ʩʨʝʜʫ ɾʂʊ: 

ʦʪʨʝʟʢʠ ï ʣʠʥʠʠ ʧʨʠ pH 1.2, ʢʨʠʚʳʝ ʣʠʥʠʠ ï ʣʠʥʠʠ ʧʨʠ ʨʅ 6.4 [109-ɸ]. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 3.5.4.3, ʧʦʣʫʯʝʥʥʳʝ ʢʠʥʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʫʨʘʚʥʝʥʠʶ ʨʝʘʢʮʠʠ çʧʝʨʚʦʛoè ʧʦʨʷʜʢʘ. 

ʅʘʤʠ ʨʘʥʝʝ ʚ ʨʘʙʦʪʝ [230] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʪʨʫʢʪʫʨ rʇɿʂ ʨʘʟʣʠʯʘʪʁʩʷ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʚʦʡʩʪʚ ʧʝʢʪʠʥʘ: ʧʝʢʪʠʥʳ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ɻʂ ʠ ʥʠʟʢʦʡ 

ʉʕ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʰʘʨʦʦʙʨʘʟʥʳʝ, 

ʩʪʨʫʢʪʫʨʥʦ ʩʪʘʙʠʣʴʥʳʝ ʛʠʜʨʦʛʝʣʝʚʳʝ ʢʦʤʧʣʝʢʩʳ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʛʠʜʨʦʛʝʣʝʚʳʭ 

ʰʘʨʠʢʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʮʠʪʨʫʩʦʚʳʡ (LM-9 (GENU L/200)) ʠ 

ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʡ ʷʙʣʦʯʥʳʡ (LM Apple M) ʧʝʢʪʠʥʳ. ʅʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʡ 

ʷʙʣʦʯʥʳʡ ʧʝʢʪʠʥ (LM Apple S) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʧʨʠʚʦʜʠʣ ʢ 
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ʦʙʨʘʟʦʚʘʥʠʶ ʩʣʘʙʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʛʠʜʨʦʛʝʣʝʚʳʭ ʰʘʨʠʢʦʚ, ʢʦʪʦʨʳʝ 

ʧʨʝʚʨʘʱʘʣʠʩʴ ʚ ʢʦʘʮʝʨʚʘʪʳ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʜʦʙʥʦʡ ʜʦʩʪʘʚʢʠ 

ʟʘʱʠʪʠʪʴ ʣʝʢʘʨʩʪʚʦ ʦʪ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʛʦ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʝ 

ʞʝʣʫʜʢʘ ʠ ʪʦʥʢʦʛʦ ʢʠʝhʯʥʠʢʘ.  ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʉɼʃ ʪʘʢʞʝ ʜʦʣʞʥʘ 

ʙʳʪʴ ʩʧʦʩʦʙʥʘ ʧʦʜʜʝʨʞʠʚʘʪʴ ʫʨʦʚʝʥʴ ʣʝʢʘʨʩʪʚʘ ʚ ʢʨʦʚʠ ʚ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ ʜʦʟʝ ʜʦ 

ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʝʛʦ ʚ ʧʨʷʤʫʶ ʢʠʰʢʫ, ʯʪʦ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʸʪʝ, ʧʨʠʚʝʜʝʪ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʜʦʟʳ ʣʝʢʘʨʩʪʚʘ ʠ ʫʩʠʣʝʥʠʶ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ. ɼʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʚ 

ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʝʧʝʥʠ ʵʪʠʤ 

ʪʨʝʙʦʚʘʥʠʷʤ, ʧʦʢʘʟʳʚʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʢʠʥʝʪʠʢʠ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ 

ʣʝʢʘʨʩʪʚʘ ʚ ʪʝʯʝʥʠʝ ʙʦʣʝʝ ʜʚʘʜʮʘʪʠ ʯʝʪʳʨʝʭ ʯʘʩʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʦʩʥʦʚʝ ʧʨʠʨʦʜʥʳʭ 

ʙʠʦʧʦʣʠʤʝʨʦʚ ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʝʡ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʢʠʥʝʪʠʢʘ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʘʢʪʠʚʥʦʛʦ ʚʝʱʝʩʪʚʘ ï PX ʠʟ ʉɼʃ 

ʥʘ ʦʩʥʦʚʝ ʙʠʦʧʦʣʠʤʝʨʥʳʭ ʤʠʢʨʦʩʬʝʨ ʚ ʫʩʣʦʚʠʷʭ, ʤʦʜʝʣʠʨʫʶʱʠʭ ʩʨʝʜʫ ɾʂʊ, 

ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʫʩʪʘʥʦʚʠʪʴ ʥʝʢʦʪʦʨʳʝ ʢʠʥʝʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʜʘʥʥʳʭ ʩʠʩʪʝʤ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʉɼʃ ʩʧʦʩʦʙʥʳ ʧʦʜʘʚʣʷʪʴ ʥʘʙʫʭʘʥʠʝ ʧʝʢʪʠʥʘ ʚ 

ʞʝʣʫʜʢʝ ʠ ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʨʘʟʨʫʰʝʥʠʶ ʣʝʢʘʨʩʪʚʘ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ɾʂʊ. ʅʘ 

ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦʙ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʜʦʙʥʦʡ ʩʠʩʪʝʤʳ ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʝʡ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ. 

3.5.5 ʇʦʣʫʯʝʥʠʝ ʛʣʶʢʦʟʦ-ʛʘʣʘʢʪʘʟʥʦʛʦ ʩʠʨʦʧʘ ʠʟ ʤʦʣʦʯʥʦʡ ʩʳʚʦʨʦʪʢʠ 

ʇʝʨʝʨʘʙʦʪʢʘ ʄʉ ʧʦ-ʧʨʝʞʥʝʤʫ ʷʚʣʷʝʪʩʷ ʩʝʨʴʸʟʥʦʡ ʧʨʦʙʣʝʤʦʡ ʜʣʷ 

ʤʦʣʦʯʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʄʉ ʩʦʜʝʨʞʠʪ 5-6% ʩʫʭʠʭ ʚʝʱʝʩʪʚ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʣʘʢʪʦʟʫ, ʩʦʜʝʞʘʥʠʝ ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ ʦʢʦʣʦ 70% ʦʪ ʦʙʱʝʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʩʫʭʠʭ ʚʝʱʝʩʪʚ. ɺ ʊʘʜʞʠʢʠʩʪʘʥʝ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʵʬʬʝʢʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʄʉ ʜʦʣʛʦʝ ʚʨʝʤʷ ʝʝ ʙʦʣʴʰʘʷ ʯʘʩʪʴ 
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ʩʯʠʪʘʣʘʩʴ ʦʪʭʦʜʘʤʠ ʠ ʩʣʠʚʘʣʘʩʴ ʚ ʩʪʦʯʥʳʝ ʚʦʜʳ. ʇʨʠ ʵʪʦʤ, ʥʝ ʪʦʣʴʢʦ 

ʫʥʠʯʪʦʞʘʣʩʷ ʦʯʝʥʴ ʮʝʥʥʳʡ ʧʠʱʝʚʦʡ ʧʨʦʜʫʢʪ, ʥʦ ʠ ʥʘʥʦʩʠʣʩʷ ʫʱʝʨʙ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ʂʨʦʤʝ ʪʦʛʦ, ʩʫʱʝʩʪʚʫʶʪ ʧʨʦʙʣʝʤʳ ʩ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʩʘʭʘʨʘ, 

ʘ ʠʤʧʦʨʪ ʵʪʦʛʦ ʧʨʦʜʫʢʪʘ ʚ ʊʘʜʞʠʢʠʩʪʘʥ ʦʯʝʥʴ ʜʦʨʦʛ. ʇʝʨʝʨʘʙʦʪʢʘ ʣʘʢʪʦʟʳ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ɻɻʉ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʦʪ ʥʦʚʳʡ ʧʨʦʜʫʢʪ ʚ ʢʘʯʝʩʪʚʝ 

ʩʘʭʘʨʦʟʘʤʝʥʠʪʝʣʷ, ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʧʦʣʠʪʠʢʝ 

ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ ʚ ʨʝʩʧʫʙʣʠʢʝ. ʇʦʵʪʦʤʫ ʢʦʤʧʣʝʢʩʥʘʷ ʧʝʨʝʨʘʙʦʪʢʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠ ʨʘʟʨʘʙʦʪʢʦʡ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʄʉ ʚ 

ʨʝʩʧʫʙʣʠʢʝ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʥʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʦʩʚʷʱʝʥʳ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ 

ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ɻɻʉ ʠʟ ʄʉ ʠ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʫʯʥʳʭ ʠʟʜʝʣʠʡ [329]. ʇʨʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʬʝʨʤʝʥʪʘʮʠʠ 

ʧʝʨʤʝʘʪʘ ʄʉ ɓ-ʛʘʣʘʢʪʦʟʠʜʘʟʦʡ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ 

ʛʠʜʨʦʣʠʟʘ ʣʘʢʪʦʟʳ, ʚ ʯʘʩʪʥʦʩʪʠ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʩʦʩʪʘʚʠʣ 2 ʯʘʩʘ. 

ʇʦʩʢʦʣʴʢʫ ʩʪʝʧʝʥʴ ʩʣʘʜʦʩʪʠ ʩʠʨʦʧʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ 

ʝʛʦ ʢʘʯʝʩʪʚʦ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʣʠʟʘ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʣʶʢʦʟʳ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʩʣʘʜʦʩʪʠ 

ʩʠʨʦʧʘ, ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʷ ʥʘ ʝʛʦ ʢʘʯʝʩʪʚʦ.  

 ʉ ʮʝʣʴʶ ʫʧʨʦʱʝʥʠʠ ʧʨʦʮʝʩʩʘ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʘʚʪʦʨʘʤʠ [330] ʥʝ 

ʧʨʠʤʝʥʷʣʘʩʴ ʪʝʨʤʦʦʙʨʘʙʦʪʢʘ ʜʣʷ ʠʥʘʢʪʠʚʘʮʠʠ ɓ-ʛʘʣʘʢʪʦʟʠʜʘʟʳ ʧʦʩʣʝ ʋʌ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʄʉ ʠ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʛʠʜʨʦʣʠʟʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʢʪʠʚʥʳʡ 

ʬʝʨʤʝʥʪ ʚʳʟʳʚʘʣ ʨʘʟʥʠʮʫ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʣʶʢʦʟʳ ʠ ʛʘʣʘʢʪʦʟʳ ʚ ʩʠʨʦʧʝ, ʯʪʦ 

ʧʦʚʣʠʷʣʦ ʥʘ ʢʦʥʝʯʥʫʶ ʩʣʘʜʦʩʪʴ ʩʠʨʦʧʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ɻɻʉ 

ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʝʛʦ ʩʣʘʜʦʩʪʠ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʪʝʨʤʦʦʙʨʘʙʦʪʢʘ ʩ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʛʠʜʨʦʣʠʟʘ 

ʩʳʚʦʨʦʪʦʯʥʦʛʦ ʧʝʨʤʝʘʪʘ [331]. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ɻɻʉ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʤʘʪʝʨʠʘʣʳ: ʢʠʩʣʳʡ 

ʧʝʨʤʝʘʪ ʄʉ ʩ ʦʙʱʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʫʭʠʭ ʚʝʱʝʩʪʚ 4,80-5,09% (ʧʦ ʜʘʥʥʳʤ 
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Milkoscan Ê Mars, Foss, ɼʘʥʠʷ), ʢʦʤʤʝʨʯʝʩʢʘʷ ɓ-ʛʘʣʘʢʪʦʟʠʜʘʟʘ (NOLA TM Fit 

5500, Chr. HANSEN, ɼʘʥʠʷ) ʩ ʘʢʪʠʚʥʦʩʪʴʶ 7200 BLU ʠ 10% NaHCO3. 

ɻʠʜʨʦʣʠʟ ʣʘʢʪʦʟʳ ʧʨʦʚʝʜʝʥ ʧʨʠ 40Áʉ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ, ʘ ʪʝʨʤʦʦʙʨʘʙʦʪʢʘ ï

ʧʨʠ 80Ñ2Áʉ ʩ ʢʦʨʦʪʢʠʤ ʚʨʝʤʝʥʝʤ ʚʳʜʝʨʞʢʠ 3Ñ2 ʤʠʥʫʪ.r ɻʠʜʨʦʣʠʟʦʚʘʥʥʳʡ 

ʧʝʨʤʝʘʪ ʙʳʣ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥ ʜʦ 65% ʠ 70% ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʫʭʠʭ ʚʝʱʝʩʪʚ ʚ 

ʚʘʢʫʫʤʥʦʤ ʠʩʧʘʨʠʪʝʣʝ (Heidolph labourta 4000 efficiency, Heidolph Instruments 

GmbH & Co. KG, ɻʝʨʤʘʥʠʷ). ʆʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʩʫʭʠʭ ʚʝʱʝʩʪʚ ʚ ʩʠʨʦʧʝ 

ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʨʝʬʨʘʢʪʦʤʝʪʨʝ KRUSS (DR301-95, ɻʝʨʤʘʥʠʷ). ʄʦʥʦʩʘʭʘʨʠʜʥʳʡ 

ʩʦʩʪʘʚ ʩʠʨʦʧʘ ʫʩʪʘʥʦʚʠʣʠ ʤʝʪʦʜʦʤ ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ (Shimadzu, LC-20, 

Torrance, CA, USA). 

ɼʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ t-ʢʨʠʪʝʨʠʡ: ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʝ 

ʧʘʨʥʳʭ ʦʙʨʘʟʮʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʨʝʟʫʣʴʪʘʪʦʚ.   

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʦʥʦʩʘʭʘʨʠʜʥʦʛʦ ʩʦʩʪʘʚʘ ɻɻʉ ʧʨʝʜʩʪʘʚʣʝʥ ʚ 

ʪʘʙʣʠʮʝ 3.3.2.1. ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ ʜʘʥʥʳʭ ʚʠʜʥʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ 

ʛʘʣʘʢʪʦʟʳ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʦʙʨʘʙʦʪʢʝ. ɺʦʟʤʦʞʥʦ, ʚ ʧʨʦʮʝʩʩʝ 

ʪʝʨʤʠʯʝʩʢʦʡ ʦʦʙʨʘʙʦʪʢʠ ʤʝʞʜʫ ʩʳʚʦʨʦʪʦʯʥʳʤʠ ʙʝʣʢʘʤʠ ʠ ʫʛʣʝʚʦʜʘʤʠ 

ʧʨʦʪʝʢʘʝʪ ʨʝʘʢʮʠʷ ʄʘʡʷʨʘ. 

ʊʘʙʣʠʮʘ 3.3.2.1 ï ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʦʥʦʩʘʭʘʨʠʜʥʦʛʦ ʩʦʩʪʘʚʘ 

ɻɻʉ [330-ɸ] 

 

ʋʛʣʝʚʦʜʳ 65% ʩʫʭʠʭ ʚʝʱʝʩʪʚ 70% ʩʫʭʠʭ ʚʝʱʝʩʪʚ 

ʇʨʝʜʳʜʫʱʠʡ 

ʵʢʩʧʝʨʠʤʝʥʪ, 

% 

ʅʦʚʳʡ 

ʵʢʩʧʝʨʠʤʝʥʪ, 

% 

ʇʨʝʜʳʜʫʱʠʡ 

ʵʢʩʧʝʨʠʤʝʥʪ, 

% 

ʅʦʚʳʡ 

ʵʢʩʧʝʨʠʤʝʥʪ, 

% 

ɻʣʶʢʦʟʘ 45.0Ñ2.0 42.0Ñ0.2 43.0 Ñ 3.0 45.2Ñ 0.2 

ɻʘʣʘʢʪʦʟʘ 20.0 Ñ 3.0 15.0Ñ 0.2 24.0 Ñ 2.0 17.3Ñ 0.1 

ʅʝʠʜʝʥʪʠʬʠʮʠ- 

ʨʦʚʘʥʥʳʝ ʩʘʭʘʨʘ 

- ~ 8 - ~ 7,5 
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ɸʥʘʣʠʟ ʤʦʥʦʩʘʭʘʨʠʜʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢʦʤʤʝʨʯʝʩʢʠʝ ɓ-

ʛʘʣʘʢʪʦʟʠʜʘʟʳ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʦʣʴʥʦʤʫ ʛʠʜʨʦʣʠʟʫ ʣʘʢʪʦʟʳ ʜʦ ʛʣʶʢʦʟʳ ʠ 

ʛʘʣʘʢʪʦʟʳ, ʦʙʝʩʧʝʯʠʚʘʷ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʩʣʘʜʦʩʪʠ ʩʠʨʦʧʘ [332].  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʩʣʘʜʦʩʪʠ ɻɻʉ ʧʦʩʣʝ ʛʠʜʨʦʣʠʟʘ ʧʝʨʤʝʘʪʘ ʩʳʚʦʨʦʪʢʠ ʥʝʦʙʭʦʜʠʤʘ ʪʝʨʤʦʦʙʨʘʙʦʪʢʘ. 

ɹʳʣʠ ʧʦʣʫʯʝʥʳ ɻɻʉ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ 65Ñ2% ʠ 70Ñ2%. 

ʍʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ɻɻʉ ʩʦʜʝʨʞʠʪ 43-48% ʛʣʶʢʦʟʳ ʠ 16-

22% ʛʘʣʘʢʪʦʟʳ. ʕʪʦʪ ʬʘʢʪ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪ ɹ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʛʘʣʘʢʪʦʦʣʠʛʘʩʘʭʘʨʠʜʦʚ, ʪʘʢ ʢʘʢ ɓ-ʛʘʣʘʢʪʦʟʠʜʘʟʘ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʦʩʪʘʚʘʣʘʩʴ ʘʢʪʠʚʥʦʡ. ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴ ɻɻʉ ʜʦ 65% ʦʙʱʝʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʩʫʭʠʭ ʚʝʱʝʩʪʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ɻɻʉ ʠʟ ʧʝʨʤʝʘʪʘ ʄʉ ʧʫʪʝʤ 

ʬʝʨʤʝʥʪʘʮʠʠ ʩ ɓ-ʛʘʣʘʢʪʦʟʠʜʘʟʦʡ. ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʟʘʧʘʪʝʥʪʦʚʘʥʘ ʚ 

ʈʝʩʧʫʙʣʠʢʝ ʊʘʜʞʠʢʠʩʪʘʥ (ʇʨʠʣʦʞʝʥʠʝ ɹ). 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʛʣʦʙʘʣʴʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʢʨʠʟʠʩʳ 

ʚʩʝ ʙʦʣʴʰʝ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʶʪ ʥʘ ʩʪʘʙʠʣʴʥʳʡ ʫʨʦʚʝʥʴ ʦʙʝʩʧʝʯʝʥʠ ̫ʥʘʩʝʣʝʥʠʷ 

ʧʨʦʜʫʢʪʘʤʠ ʧʠʪʘʥʠʷ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ 

ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʚʪʦʨʠʯʥʦʛʦ ʩʳʨʴʷ, ʩʦʜʝʨʞʘʱʝʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʚʝʱʝʩʪʚʘ, ʠ ʩʦʟʜʘʥʠʝ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ 

ʚʘʞʥʦʡ ʠ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʥʘʤʠ ʧʨʝʜʣʦʞʝʥʘ ʪʝʭʥʦʣʦʛʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʷʥʠʢʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɻɻʉ ʠ ʦʧʨʝʜʝʣʝʥʳ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ 

ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ɻɻʉ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʷʥʠʢʦʚ ʥʘ 

ɿɸʆ çʃʘʟʟʘʪè (ʛ. ɼʫʰʘʥʙʝ) ʙʳʣʠ ʦʬʦʨʤʣʝʥʳ ʚ ʚʠʜʝ ʘʢʪʘ ʦʙ ʠʩʧʳʪʘʥʠʷʭ ʩ 

ʥʘʫʯʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʦʮʝʥʢʦʡ ʠ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʧʦ ʧʨʠʤʝʥʝʥʠʶ 

(ʇʨʠʣʦʞʝʥʠʝ ɼ). 
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ɻʃɸɺɸ 4. ʆɹʉʋɾɼɽʅʀɽ ʈɽɿʋʃʔʊɸʊʆɺ ʀʉʉʃɽɼʆɺɸʅʀʗ 

 
ʇʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʷʚʣʷʝʪʩʷ 

ʚʥʝʜʨʝʥʠʝ ʠ ʧʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʧʨʦʠʟʚʦʜʠʪʴ ʧʨʦʜʫʢʮʠʶ ʙʦʣʝʝ ʥʠʟʢʦʡ ʩʝʙʝʩʪʦʠʤʦʩʪʴʶ ʠʟ 

ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʚʪʦʨʠʯʥʦʛʦ ʩʳʨʴʷ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʠʭ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʠʙʦ ʚʟʘʤʝʥ ʧʝʨʚʠʯʥʦʛʦ ʩʳʨʴʷ, ʣʠʙʦ ʢʘʢ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʡ 

ʚʠʜ ʩʳʨʴʷ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʧʦʜʛʦʪʦʚʢʠ ʢ ʧʨʠʤʝʥʝʥʠʶ. ɼʘʥʥʳʤ 

ʪʨʝʙʦʚʘʥʠʷʤ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʪʚʝʯʘʝʪ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʠʟ 

ʚʪʦʨʠʯʥʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʳʨʴʝʚʳʭ ʨʝʩʫʨʩʦʚ. ʌʨʫʢʪʦʚʳʝ ʚʳʞʠʤʢʠ ʠ ʂʇ, 

ʢʦʪʦʨʳʝ ʦʩʪʘʶʪʩʷ ʚ ʤʥʦʛʦʪʦʥʥʘʞʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʬʨʫʢʪʦʚʳʭ ʩʦʢʦʚ ʠ ʧʦʜʩʦʣʥʝʯʥʦʛʦ ʤʘʩʣʘ, ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʩʳʨʴʸʤ 

ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʣʠʩʘʭʘʨʠʜʦʚ. ʅʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ ʇʇ ʠ 

ʆʉ ʠʭ ʧʨʦʤʳʰʣʝʥʥʦʝ ʧʦʣʫʯʝʥʠʝ ʦʩʪʘʝʪʩʷ ʩʣʦʞʥʳʤ ʠ ʤʘʣʦʨʝʥʪʘʙʝʣʴʥʳʤ. 

ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʩʧʝʮʠʬʠʢʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ 

ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʣʠʟ-ʵʢʩʪʨʘʢʮʠʠ ʇʇ (ʨʝʩʫʨʩʦ- ʠ ʵʥʝʨʛʦʟʘʪʨʘʪʳ, ʵʢʦʣʦʛʠʯʥʦʩʪʴ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʪ.ʜ.), ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʶʱʘʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʮʝʣʝʚʳʭ 

ʧʨʦʜʫʢʪʦʚ, ʠ, ʪʝʤ ʩʘʤʳʤ, ʦʛʨʘʥʠʯʠʚʘʶʱʘʷ ʠʭ ʜʦʩʪʫʧʥʦʩʪʴ ʜʣʷ ʰʠʨʦʢʦʛʦ 

ʢʨʫʛʘ ʧʦʪʨʝʙʠʪʝʣʝʡ. ʋʯʠʪʳʚʘʷ ʚʳʰʝʩʢʘʟʘʥʥʦʝ, ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ 

ʩʦʚʨʝʤʝʥʥʳʭ ʨʘʮʠʦʥʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʨʝʛʫʣʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ 

ʧʦʣʫʯʝʥʠʷ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʧʠʱʠ. 

ʇʝʢʪʠʥ ʠʤʧʦʨʪʠʨʫʝʪʩʷ ʚ ʈʝʩʧʫʙʣʠʢʫ ʊʘʜʞʠʢʠʩʪʘʥ ʠʟ ʜʨʫʛʠʭ ʩʪʨʘʥ. 

ʆʪʩʫʪʩʪʚʠʝ ʚ ʊʘʜʞʠʢʠʩʪʘʥʝ ʤʦʱʥʦʩʪʝʡ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʧʝʢʪʠʥʘ ʧʨʠʚʦʜʠʪ ʢ 

ʫʜʦʨʦʞʘʥʠʶ ʧʨʦʜʫʢʮʠʠ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʜʣʷ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ. 

ʊʘʢʘʷ ʩʠʪʫʘʮʠʷ ʚʣʠʷʝʪ ʥʘ ʨʦʩʪ ʮʝʥ ʥʘ ʧʨʦʜʫʢʮʠʶ, ʠʟʛʦʪʦʚʣʝʥʥʫʶ ʠʟ ʵʪʦʛʦ 

ʮʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ. 
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4.1 ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚʳʜʝʣʝʥʠʷ ʠ ʦʯʠʩʪʢʠ 

ʧʝʢʪʠʥʦʚʳʭ ʧʦʣʠʩʘʭʘʨʠʜʦʚ 

4.1.1 ʌʣʝʰ-ʩʧʦʩʦʙ ʛʠʜʨʦʣʠʟʘ ʧʝʢʪʠʥʦʚ ʠʟ ʬʨʫʢʪʦʚʳʭ ʦʪʭʦʜʦʚ 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʩʧʦʩʦʙ ʛʠʜʨʦʣʠʟ-ɻ ʢʩʪʨʘʢʮʠʠ ʇʇ ï 

ʬʣʝ-hʩʧʦʩʦʙ [56], ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʳʩʪʨʦʡ ʩʢʦʨʦʩʪʴʶ ʵʢʩʪʨʘʢʮʠʠ ʧʦʜ 

ʜʘʚʣʝʥʠʝʤ. ʇʨʠʤʝʥʝʥʠʝ ʵʪʦʛʦ ʩʧʦʩʦʙʘ ʧʦʟʚʦʣʠʣʦ ʩʦʢʨʘʪʠʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʣʠʟ-ɻ ʢʩʪʨʘʢʮʠʠ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʟʥʘʯʝʥʠʝ 

ʚʳʭʦʜʘ ʧʨʦʜʫʢʪʦʚ ʨʘʩʧʘʜʘ ʇʇ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ.  

ʀʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 3.1.1.1 ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʬʣʝʰ-ʩʧʦʩʦʙʝ ʧʦʢʘʟʘʪʝʣʠ 

ʚʳʭʦʜʦʚ ʇɺ ʠ ʆʉ ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʶʪ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʬʨʘʢʮʠʠ ʆʉ ʨʝʚʝʥʷ 

ʩʢʘʣʴʥʦʛʦ ʠ ʂʇ, ʜʣʷ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʠʙʦʣʴʰʠʡ ʚʳʭʦʜ ʵʪʠʭ ʬʨʘʢʮʠʡ ʧʨʠ 

ʊʄ. ʅʘʨʷʜʫ ʩ ʵʪʠʤ, ʩʫʤʤʘʨʥʳʡ ʚʳʭʦʜ ʬʨʘʢʮʠʡ ʧʨʦʜʫʢʪʦʚ ʨʘʩʧʘʜʘ ʇʇ ʜʣʷ ʈʚ ʠ 

ʂʇ ʵʪʠʤʠ ʩʧʦʩʦʙʘʤʠ ʛʠʜʨʦʣʠʟ-ɻ ʢʩʪʨʘʢʮʠʡ ʦʩʪʘʸʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥʥʳʤ. 

ɺʦʟʤʦʞʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʩʪʨʦʝʥʠʷ ʠ ʩʦʩʪʘʚʘ ʂʉ ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʩʳʨʴʷ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 3.3.1.2, ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ς ʩʦʜʝʨʞʘʥʠʝ ʟʚʝʥʴʝʚ 

ɻʂ ʠ ʉʕ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʦʩʦʙʘ ʛʠʜʨʦʣʠʟ-ɻ ʢʩʪʨʘʢʮʠʠ ʨʘʟʣʠʯʘʶʪʩʷ: ʜʣʷ ʚʩʝʭ 

ʚʠʜʦʚ ʧʨʠʤʝʥʷʝʤʦʛʦ ʩʳʨʴʷ ʩʦʜʝʨʞʘʥʠʝ ʟʚʝʥʴʝʚ ɻʂ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʧʨʠ 

ʬʣʝ-hʩʧʦʩʦʙʝ, ʘ ʟʥʘʯʝʥʠʝ ʉʕ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ, ʥʘʦʙʦʨʦʪ, ʙʦʣʴʰʝ ʧʨʠ ʊʄ, 

ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʦʟʜʝʡʩʪʚʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʉʕ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ 

ʧʝʢʪʠʥʦʚ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʝʡʩʪʚʠʝ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʯʘʩʪʦ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝʤ ʄʄ [261].  ʀʟ ʪʘʙʣʠʮʳ 3.3.1.3 ʚʠʜʥʦ, ʯʪʦ 

ʧʨʠʤʝʥʝʥʠʝ ʬʣʝʰ-ʩʧʦʩʦʙʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʵʪʦʪ ʧʘʨʘʤʝʪʨ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʊʄ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʢʘʟʳʚʘʷ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʟʥʘʯʝʥʠʝ 

ʉʕ. ɼʘʥʥʳʝ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʘʭ 3.3.1.2 ʠ 3.3.1.3, ʥʘʛʣʷʜʥʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʣʠʟ-ɻ ʢʩʪʨʘʢʮʠʠ ʧʨʦʪʦʧʝʢʪʠʥʘ ʠʟ ʨʘʟʣʠʯʥʦʛʦ ʩʳʨʴʷ 
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ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʪ.ʝ. ʧʦʣʫʯʝʥʥʳʝ ʬʣʝʰ-ʩʧʦʩʦʙʦʤ ʇɺ ʠʟ ʗɺɻ, ɸʙ, 

ʊʢʚ ʠ ʂʇ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʘ 

ʪʘʢʞʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʦʣʫʯʝʥʥʳʤʠ ʦʙʨʘʟʮʘʤʠ ʧʨʠ ʊʄ ʠʤʝʶʪ ʙʦʣʴʰʫʶ ʄʄ.  

ʇʦ ʜʘʥʥʳʤ ʚʳʭʦʜʘ ʘʛʨʝʛʠʨʦʚʘʥʥʳʭ ʤʘʢʨʦʤʦʣʝʢʫʣ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ 

ʘʥʦʤʘʣʠʠ ʚ ʥʝʢʦʪʦʨʳʭ ʦʙʨʘʟʮʘʭ ʇɺ.  ʂʘʢ ʚʠʜʥʦ, ʯʝʤ ʚʳʰʝ ʟʥʘʯʝʥʠʝ Mz ʧʝʢʪʠʥʘ, 

ʪʝʤ ʙʦʣʴʰʝ ʚʝʨʦʷʪʥʦʩʪʴ ʘʛʨʝʛʘʮʠʠ ʝʛʦ ʤʦʣʝʢʫʣ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʧʝʢʪʠʥʘ ʃʂ. 

ʕʪʦʪ ʬʘʢʪ, ʚʝʨʦʷʪʥʦ, ʦʙʲʷʩʥʷʝʪʩʷ ʩʧʝʮʠʬʠʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʝʢʪʠʥʘ.  

ʇʨʦʚʝʜʸʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ ʦʯʝʚʠʜʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʣʝ-hʩʧʦʩʦʙʘ ʜʣʷ ʛʠʜʨʦʣʠʟ-ɻ ʢʩʪʨʘʢʮʠʠ ʇɺ ʠʟ ʨʘʟʣʠʯʥʳʭ 

ʤʝʩʪʥʳʭ ʩʳʨʴʝʚʳʭ ʨʝʩʫʨʩʦʚ. ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʚʳʭʦʜʘ ʇʇ, ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʦʙʨʘʟʦʤ ʩʢʘʟʳʚʘʷʩʴ ʥʘ 

ʠʭ ʢʘʯʝʩʪʚʝ, ʄʄ ʠ ʄʄʈ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʬʣʝ-hʩʧʦʩʦʙʝ ʠʩʢʣʶʯʘʝʪʩʷ ʜʣʠʪʝʣʴʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʘʛʨʝʩʠʚʥʦʡ ʩʨʝʜʳ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʩʥʠʞʝʥʠʶ ʵʥʝʨʛʦʟʘʪʨʘʪʥʦʩʪʠ ʠ ʜʦʨʦʛʦʚʠʟʥʳ ʧʨʦʮʝʩʩʦʚ. 

ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ 

ʧʦʣʫʯʝʥʥʳʝ ʧʝʢʪʠʥʳ ʚ ʧʨʦʮʝʩʩʝ ʛʠʜʨʦʣʠʟ-ɻ ʢʩʪʨʘʢʮʠʠ ʚ ʘʚʪʦʢʣʘʚʝ ʠʤʝʶʪ 

ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʄʄ, ʩʦʜʝʨʞʘʥʠʝ ɻʂ ʠ ʦʧʪʠʤʘʣʴʥʫʶ ʉʕ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ 

ʠʤʝʶʪ ʫʟʢʠʝ ʄʄʈ (ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʠ) ʠ 

ʩʦʜʝʨʞʘʪ ʤʝʥɹh ʝ ʘʛʨʝʛʠʨʦʚʘʥʥʳʭ ʬʨʘʢʮʠʡ ï ʄɻ. ʇʦʤʠʤʦ ʛʠʙʢʦʩʪʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʨʘʙʦʪʘʪʴ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ, ʩʦʜʝʨʞʘʱʠʤ ʧʝʢʪʠʥ [48, 56-58, 62] ʠ 

ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʧʨʦʩʪʦʪ rʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʵʢʦʣʦʛʠʯʥʦʩʪʠ [38, 48, 56-58, 62].     

 

4.1.2 ʌʣʝʰ-ʩʧʦʩʦʙ ʛʠʜʨʦʣʠʟʘ ʧʝʢʪʠʥʘ ʠʟ ʧʣʦʜʦʚ ʪʳʢʚʳ 

 

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ (ʪʘʙʣʠʮʘ 3.1.2.1) ʩʣʝʜʫʝʪ, ʯʪʦ ʜʘʞʝ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ (85ʦʉ) ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʬʣʝ-hʩʧʦʩʦʙʫ, ʚʝʣʠʯʠʥʘ ʨʘʩʧʘʜʘ ʩʦʩʪʘʚʣʷʝʪ 77,14%. ʇʨʠ 3-ʭ ʤʠʥʫʪʥʦʡ 
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ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʙʳʩʪʨʦʡ ʵʢʩʪʨʘʢʮʠʠ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 120ʦʉ, ʩʫʤʤʘʨʥʳʡ 

ʨʘʩʧʘʜ ʩʦʩʪʘʚʠʣ 81,08%. ʕʪʦ ʟʥʘʯʝʥʠʝ ʨʘʩʪʝʪ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠ ̫ʚʨʝʤʝʥʠ 

ʧʨʦʮʝʩʩʘ (ʧʨʠ 10-ʠ ʤʠʥʫʪʥʦʤ ʛʠʜʨʦʣʠʟʝ) ʠ ʚ ʢʦʥʮʝ ʝʛʦ ʜʦʩʪʠʛʘʝʪ 93,65%, ʧʨʠ 

ʵʪʦʤ ʚʳʭʦʜ ʂʉ ʪʳʢʚʳ ʩʦʩʪʘʚʠʣ̫ 6,35%.   

ʂʘʢ ʧʦʢʘʟʘʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʝʢʪʠʥʳ ʪʳʢʚʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤ 

ʟʥʘʯʝʥʠʝʤ ʉʕ ʢʘʢ ʧʨʠ ʊʄ (85,71%), ʪʘʢ ʠ ʬʣʝʰ-ʩʧʦʩʦʙʝ (81,69-84,51%). ʕʪʦʪ 

ʬʘʢʪ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʛʠʜʨʦʣʠʟ-ɻ ʢʩʪʨʘʢʮʠ ̫(ʊʄ ʠ ʬʣʝʰ-ʩʧʦʩʦʙ) ʠ ʝy 

ʨʝʞʠʤʳ ʥʝ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʉʕ ʧʝʢʪʠʥʘ ʠʟ ʪʳʢʚʳ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʨʦʮʝʩʩʝ ʙʳʩʪʨʦʡ ʵʢʩʪʨʘʢʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʦʣʥʳʡ ʨʘʩʧʘʜ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʂʉ ʪʳʢʚʳ. ɺʳʭʦʜ ʄɻ ʚ ʥʘʯʘʣʝ ʧʨʦʮʝʩʩʘ ʙʳʩʪʨʦʡ 

ʵʢʩʪʨʘʢʮʠʠ ʚ 7 ʨʘʟ ʧʨʝʚʳʰʘʝʪ ʘʥʘʣʦʛʠʯʥʦʝ ʟʥʘʯʝʥʠʝ, ʧʦʣʫʯʝʥʥʦʝ ʧʨʠ ʊʄ. ɼʘʣʝʝ, 

ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠ ̫ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʚ ʢʠʥʝʪʠʢʝ ʚʳʭʦʜʘ ʄɻ 

ʥʘʙʣʶʜʘʝʪʩʷ 2 ʤʘʢʩʠʤʫʤʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʘʜʘ ʇʇ. 

ʇʨʠ 3-ʭ ʤʠʥʫʪʥʦʤ ʛʠʜʨʦʣʠʟʝ ʚʳʭʦʜ ʧʝʢʪʠʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʘʥʘʣʦʛʠʯʥʦʛʦ 

ʟʥʘʯʝʥʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (1,77 ʠ 2,24%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʚʝʣʠʯʠʥʘ ʚʳʭʦʜʘ ʧʝʢʪʠʥʘ 

ʥʝʧʨʝʨʳʚʥʦ ʚʦʟʨʘʩʪʘʝʪ, ʜʦʩʪʠʛʘʷ ʧʨʠ 10-ʠ ʤʠʥʫʪʥʦʡ ʵʢʩʪʨʘʢʮʠʠ 4,97%.  

ʇʣʦʜr ʪʳʢʚʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʆʉ, ʧʨʠʯʝʤ 

ʧʦʢʘʟʘʪʝʣʠ ʠʭ ʚʳʭʦʜʘ ʧʦʚʳhʘʶʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʦʙʨʘʙʦʪʢʠ, ʩ ʥʝʢʦʪʦʨʦʡ ʩʪʘʙʠʣʠʟʘʮʠʝʡ ʚ ʪʝʯʝʥʠʝ 5-10 ʤʠʥʫʪʥʦʡ ʵʢʩʪʨʘʢʮʠʠ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʩʚʦʡʩʪʚʘ ʧʨʦʜʫʢʪʦʚ ʨʘʩʧʘʜʘ ʪʳʢʚʝʥʥʦʛʦ ʧʨʦʪʦʧʝʢʪʠʥʘ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʳ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʳ ʜʝʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʦʩʥʦʚʥʳʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʧʝʨʝʜ 

ʦʧʨʝʜʝʣʝʥʠʝʤ ʫʢʘʟʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʯʠʱʘʣʠʩʴ ʦʪ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʂʉ 

ʢʦʤʧʦʥʝʥʪʦʚ ï ɹɺ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʬʨʘʢʮʠʠ, 

ʢʨʘʩʠʪʝʣʠ, ʞʠʨʦʚʦʩʢʦʚʳʝ ʚʝʱʝʩʪʚʘ ʠ ʪ.ʜ., ʢʦʪʦʨʳʝ ʵʢʩʪʨʘʛʠʨʫʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʛʠʜʨʦʣʠʟ-ɻ ʢʩʪʨʘʢʮʠʠ ʠ ʦʩʘʞʜʘʶʪʩʷ ʚʤʝʩʪʝ ʩ ʇɺ. 
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ɼʘʥʥʝr ʪʘʙʣʠʮʳ 3.1.2.2 ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʝʢʪʠʥ ʧʣʦʜʦʚ ʪʳʢʚʳ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʠʤʦʜʘʣʴʥʳʤ ʄʄʈ ʠ ʚʩʝ ʝʛʦ ʦʙʨʘʟʮʳ ʷʚʣʷʶʪʩʷ 

ʤʦʥʦʜʠʩʧʝʨʩʥʳʤʠ (Mw/Mn=1.10-2.74). ʇʦʷʚʣʝʥʠʝ ʚʪʦʨʦʛʦ ʧʠʢʘ ʥʘ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʢʨʠʚʦʡ ʄʄʈ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ ʚʪʦʨʦʡ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʦʡ ʬʨʘʢʮʠʠ ʠ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ ʥʘʣʠʯʠʝ ʜʚʫʭ 

ʩʫʙʲʝʜʠʥʠʮ ʪʳʢʚʝʥʥʦʛʦ ʇʇ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚʩʝ ʦʙʨʘʟʮʳ ʪʳʢʚʝʥʥʦʛʦ ʧʝʢʪʠʥʘ ʙʳʣʠ ʩʠʣʴʥʦ ʘʛʨʝʛʠʨʦʚʘʥʳ ʩ 

ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʄʄ (403.5-999.7 ʢɼʘ). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʦʩʥʦʚʥʘʷ ʬʨʘʢʮʠʷ 

ʧʝʢʪʠʥʘ, ʧʦʣʫʯʝʥʥʘʷ ʊʄ, ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠ ̫ʄʄ (673,9 ʢɼʘ), 

Mz (2069,0 ʢɼʘ) ʠ ʥʠʟʢʠʡ ʧʦʢʘʟʘʪʝʣʴ ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʠ (Mw/Mn=1.93). ɺʩʝ 

ʦʙʨʘʟʮʳ ʪʳʢʚʝʥʥʦʛʦ ʧʝʢʪʠʥʘ, ʧʦʣʫʯʝʥʥʳʝ ʩʧʦʩʦʙʦʤ ʫʩʢʦʨʝʥʥʦʡ ʵʢʩʪʨʘʢʮʠʠ, 

ʦʙʣʘʜʘʣʠ ʚʳʩʦʢʦʡ ʘʛʨʝʛʘʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴ.ʁ  

 

4.1.3 ʌʣʝʰ-ʩʧʦʩʦʙ ʛʠʜʨʦʣʠʟʘ ʧʝʢʪʠʥʘ ʠʟ ʨʝʚʝʥʷ 
 

ɺʳʭʦʜ ʧʝʢʪʠʥʘ ʧʨʠ 3-ʭ ʤʠʥʫʪʥʦʤ ʛʠʜʨʦʣʠʟʝ ʬʣʝ-hʩʧʦʩʦʙʦʤ ʧʨʝʚʳʰʘʝʪ 

ʟʥʘʯʝʥʠʝ ʚʳʭʦʜʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʊʄ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʧʨʦʮʝʩʩʘ, ʚʳʭʦʜ ʧʝʢʪʠʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʜʦʩʪʠʛʘʷ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʚʝʣʠʯʠʥʳ ʧʨʠ 10-ʠ ʤʠʥʫʪʥʦʤ ʛʠʜʨʦʣʠʟʝ. ɺʳʭʦʜ ʩʧʠʨʪʦʨʘʩʪʚʦʨʠʤʳʭ ʚʝʱʝʩʪʚ ï 

ʆʉ, ʚ ʥʘʯʘʣʝ ʧʨʦʮʝʩʩʘ, ʥʠʞʝ ʧʨʠ ʵʢʩʪʨʘʢʮʠʠ ʚ ʘʚʪʦʢʣʘʚʝ, ʯʝʤ ʧʨʠ ʊʄ. ʅʦ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʚʳʭʦʜ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʜʦʩʪʠʛʘʷ ʧʨʠ 

10-ʠ ʤʠʥʫʪʥʦʤ ʛʠʜʨʦʣʠʟʝ ʚʝʣʠʯʠʥʳ, ʨʘʚʥʦʡ ʟʥʘʯʝʥʠʶ ʚʳʭʦʜʘ ʆʉ, ʧʦʣʫʯʝʥʥʳʭ 

ʊʄ. ʉʥʠʞʝʥʠʝ ʚʳʭʦʜʘ ʄɻ ʠ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʇɺ ʠ ʆʉ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʇʄ ʚ ʇʇ ʠ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʦʩʪʘʪʢʠ ï ʆʉ 

(ʪʘʙʣʠʮʘ 3.1.3.1). 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʘ 3.1.3.1, ʜʣʷ ʄɻ ʠ ʇɺ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʨʝʚʝʥʷ 

ʩʢʘʣʴʥʦʛʦ, ʭʘʨʘʢʪʝʨʥʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʟʚʝʥʴʝʚ ɻʂ. ʉʦʜʝʨʞʘʥʠʝ ʟʚʝʥʴʝʚ ɻʂ 

ʜʦʩʪʠʛʘʝʪ ʚʝʣʠʯʠʥʳ, ʨʘʚʥʦʡ ʘʥʘʣʦʛʠʯʥʦʤʫ ʟʥʘʯʝʥʠʶ ʧʨʠ ʊʄ ʪʦʣʴʢʦ ʧʨʠ 5-ʠ 

ʤʠʥʫʪʥʦʤ ʛʠʜʨʦʣʠʟʝ ʚ ʘʚʪʦʢʣʘʚʝ. ɼʘʣʝʝ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 



231 
 

 

ʧʨʦʮʝʩʩʘ ʘʚʪʦʢʣʘʚʠʨʦʚʘʥʠʷ ʩʦʜʝʨʞʘʥʠʝ ʟʚʝʥʴʝʚ ɻʂ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʜʦʩʪʠʛʘʷ 

ʤʘʢʩʠʤʫʤʘ ʧʨʠ 7-ʠ ʤʠʥʫʪʥʦʤ ʛʠʜʨʦʣʠʟʝ. ʊʘʢʞʝ ʚʠʜʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʣʠʟ-ɻ ʢʩʪʨʘʢʮʠʠ ʚ ʘʚʪʦʢʣʘʚʝ, ʉʕ, ʩʦʜʝʨʞʘʥʠʝ 

ʄɻ ʠ ʇɺ ʥʝʩʢʦʣʴʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʇʨʠʯʠʥʦʡ ʵʪʦʛʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʦʛʘʱʝʥʠʝ 

ʦʩʥʦʚʥʳʭ ʮʝʧʝʡ ʤʘʢʨʦʤʦʣʝʢʫʣ ʧʝʢʪʠʥʘ ʫʯʘʩʪʢʘʤʠ, ʥʝʩʫʱʠʤʠ 

ʵʪʝʨʠʬʠʮʠʨʦʚʘʥʥʳʝ ʦʩʪʘʪʢʠ ɻʂ.  

ʀʟ ʜʘʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʠ ʄʄ ʦʪ ʦʙʲʸʤʘ ʵʣʶʠʨʦʚʘʥʠʷ ʠ ʢʨʠʚʳʭ ʄʄʈ 

ʧʝʢʪʠʥʦʚ ʨʝʚʝʥʷ, ʧʦʣʫʯʝʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ (ʨʠʩʫʥʦʢ 3.1.3.1), ʚʠʜʥʦ, 

ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʨʝʤʝʥʠ ʜʦ 7 ʤʠʥʫʪ, ʄʄʈ ʧʝʢʪʠʥʘ ʨʝʚʝʥʷ ʩʪʘʥʦʚʠʪʩʷ 

ʰʠʨʦʢʠʤ. ʊʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʄʄ ʧʝʢʪʠʥʘ. ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ 

ʪʘʢʦʛʦ ʷʚʣʝʥʠʷ, ʚʠʜʠʤʦ, ʷʚʣʷʝʪʩʷ ʵʢʩʪʨʘʢʮʠʷ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʧʦʣʠʩʘʭʘʨʠʜʘ ʠʟ ʚʪʦʨʠʯʥʳʭ ʩʪʝʥʦʢ ʨʘʩʪʝʥʠʡ. ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʚʳʩʦʢʦʝ 

ʟʥʘʯʝʥʠʝ Mw ʧʝʢʪʠʥʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʫʩʣʦʚʠʷʭ ʣʘʙʦʨʘʪʦʨʠʠ ʧʨʠ ʊʄ (ʚʨʝʤʝʥʠ 60 

ʤʠʥʫʪ ʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ), ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝ 

ʬʨʘʢʮʠʠ ʧʝʢʪʠʥʦʚ ʚ ʨʝʚʝʥʝ ʥʘʭʦʜʷʪʩʷ ʚʦ ʚʪʦʨʠʯʥʳʭ ʂʉ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʧʝʢʪʠʥʳ ʨʝʚʝʥʷ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʝʢʪʠʥʦʚ ʠʟ ʜʨʫʛʠʭ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ [3, 44], ʪʝʨʤʦʣʘʙʠʣʴʥʳ ʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʜʝʛʨʘʜʘʮʠʠ ʚ 

ʘʚʪʦʢʣʘʚʝ ʧʨʠ 120ʦʉ, ʜʘʞʝ ʚ ʪʝʯʝʥʠʝ ʢʦʨʦʪʢʦʛʦ ʚʨʝʤʝʥʠ. ʊʘʢʞʝ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ 

ɻʂ ʚ ʧʝʢʪʠʥʘʭ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʝʦʙʣʘʜʘʥʠʝ ʣʠʥʝʡʥʳʭ ʮʝʧʝʡ HG ʚ ʧʝʢʪʠʥʦʚʳʭ 

ʤʘʢʨʦʤʦʣʝʢʫʣʘʭ ʨʝʚʝʥʷ ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ.  

ʕʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʘʢʞʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ ʦʩʦʙʝʥʥʦʩʪʠ ʛʠʜʨʦʣʠʟ-

ʵʢʩʪʨʘʢʮʠʠ ʧʝʢʪʠʥʘ ʠʟ ʨʝʚʝʥʷ ʩʢʘʣʴʥʦʛʦ. ʇʝʢʪʠʥ ʠʟ ʜʘʥʥʦʛʦ ʩʳʨʴʷ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʧʝʢʪʠʥʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʠʟʚʝʩʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʚʦʝʡ ʪʝʨʤʦʣʘʙʠʣʴʥʦʩʪʴʶ ʠ 

ʣʠʥʝʡʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʚʳʩʦʢʠʤ ʟʥʘʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʟʚʝʥʴʝʚ ɻʂ, 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ, ʘ ʪʘʢʞʝ ʤʝʥʴʰʝʡ ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʴʶ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʨʝʚʝʥʷ ʩʢʘʣʴʥʦʛʦ ʚ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ 

ʧʦʣʠʩʘʭʘʨʠʜʦʚ. ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʙʳʩʪʨʦʡ ʛʠʜʨʦʣʠʟ-ɻ ʢʩʪʨʘʢʮʠʠ ʚ ʘʚʪʦʢʣʘʚʝ 
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ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʥʘʨʷʜʫ ʩ ʊʄ ʜʘʩʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʩ ʟʘʜʘʥʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʧʦʟʚʦʣʠʪ ʩʦʢʨʘʪʠʪʴ ʨʘʩʭʦʜʳ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʦʣʠʩʘʭʘʨʠʜʦʚ. 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ 

ʮʝʥʥʳʭ ʧʨʠʨʦʜʥʳʭ ʧʦʣʠʩʘʭʘʨʠʜʦʚ, ʝʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪ ɹʚ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʧʣʦʜ r

ʪʳʢʚʳ. ʉʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʠʡ ʚʳʭʦʜ ʇɺ ʫʜʘʯʥʦ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʚʳʩʦʢʠʤ 

ʚʳʭʦʜʦʤ ʆʉ, ʢʦʪʦʨʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʣʴʟʫʶʪʩʷ ʙʳʩʪʨʦʨʘʩʪʫʱʠʤ ʩʧʨʦʩʦʤ 

ʚ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʧʠʱʝʚʦʡ ʜʦʙʘʚʢʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʛʠʜʨʦʣʠʟʘ ʬʣʝʰ-ʩʧʦʩʦʙʦʤ ʥʘ ʜʝʛʨʘʜʘʮʠʶ ʇʇ ʪʳʢʚʳ ʠ 

ʧʘʨʘʤʝʪʨʦʚ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʧʦʟʚʦʣʷʪʁ ʧʦʣʫʯʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʪʨʫʢʪʫʨʝ ʤʘʢʨʦʤʦʣʝʢʫʣ ʧʨʦʪʦʧʝʢʪʠʥʘ ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʦʧʪʠʤʘʣʴʥʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʧʨʦʮʝʩʩʘ ʙʳʩʪʨʦʡ ʵʢʩʪʨʘʢʮʠʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

10 ʤʠʥʫʪ, ʢʦʛʜʘ ʜʦʩʪʠʛʘʶʪʩʷ ʦʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʝ Mw ʠ Mw/Mn ʦʙʨʘʟʮʦʚ, 

ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʧʨʠʤʝʥʠʤʦʩʪʴ ʜʘʥʥʦʛʦ ʧʝʢʪʠʥʘ ʚ ʧʨʦʮʝʩʩʝ 

ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʩʧʦʩʦʙ ʙʳʩʪʨʦʡ ʵʢʩʪʨʘʢʮʠʠ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ ʧʝʢʪʠʥ ʠʟ ʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩ ʦʧʪʠʤʘʣʴʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʄʄ, 

ʩʦʜʝʨʞʘʥʠʶ ɻʂ ʠ ʉʕ, ʯʪʦ ʨʘʩʰʠʨʷʝʪ ʩʧʝʢʪʨ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʙʣʘʩʪʷʭ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʙʠʦʤʝʜʠʮʠʥʝ. 

 

4.1.4. ɼʠʥʘʤʠʯʝʩʢʠʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʧʝʢʪʠʥʦʚ 

 

ɺ ʜʘʥʥʦʡ ʯʘʩʪʠ ʨʘʙʦʪʳ ʦʙʩʫʞʜʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ 

ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʝʢʪʠʥʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʧʦʪʦʢʝ ʛʠʜʨʦʣʠʟʠʨʫʶʱʝʛʦ 

ʨʘʩʪʚʦʨʘ ʩ ʠʟʚʝʩʪʥʳʤ ʤʝʪʦʜʦʤ ʛʠʜʨʦʣʠʟʘ ʚ ʩʪʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ [63]. 

ʀʟ ʢʨʠʚʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚʳʭʦʜʘ ʧʨʦʜʫʢʪʦʚ ʦʪ ʨʅ ʨʘʩʪʚʦʨʦʚ ʦʪʣʠʯʠʝ 

ʭʘʨʘʢʪʝʨʘ ʠʟʤʝʥʝʥʠʡ ʟʥʘʯʝʥʠʡ ʚʳʭʦʜʦʚ ʧʨʦʜʫʢʪʦʚ ʛʠʜʨʦʣʠʟʘ ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ 

ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʣʠʥʝʡʥʦʩʪʠ ʢʨʠʚʳʭ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʫʨʘʚʥʝʥʠʷʤ ʪʨʝʥʜʘ. ʕʪʠ 
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ʫʨʘʚʥʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.1.4.2, ʛʜʝ ʧʦ ʚʝʣʠʯʠʥʝ ʜʦʩʪʦʚʝʨʥʦʩʪʠ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ R2 ʯʝʪʢʦ ʚʠʜʥʦ, ʯʪʦ ʚʳʭʦʜ ʚʩʝʭ ʧʨʦʜʫʢʪʦʚ ʛʠʜʨʦʣʠʟʘ ʚ 

ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʛʠʜʨʦʣʠʟʘ ʠʟʤʝʥʷʝʪʩʷ ʣʠʥʝʡʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʨʅ 

ʨʘʩʪʚʦʨʦʚ. ɼʘʥʥʳʡ ʬʘʢʪ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʛʠʜʨʦʣʠʟ-

ʵʢʩʪʨʘʢʮʠʠ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʂʉ ʨʘʩʪʝʥʠʡ ʧʨʦʠʩʭʦʜʠʪ ʧʦʵʪʘʧʥʦʝ ʨʘʩʱʝʧʣʝʥʠʝ 

ʙʦʢʦʚʳʭ ʯʘʩʪʝʡ ʨʘʤʥʦʛʘʣʘʢʪʫʨʘʥʦʚ (RG), ʧʨʠ ʵʪʦʤ ʚʳʭʦʜ ʧʨʦʜʫʢʪʦʚ ʛʠʜʨʦʣʠʟʘ 

ʫʜʘʝʪʩʷ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʨʅ ʨʘʩʪʚʦʨʦʚ. ʇʨʠ ʢʠʩʣʦʪʥʦʡ ʛʠʜʨʦʣʠʟ-

ʵʢʩʪʨʘʢʮʠʠ ʠ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʷʭ ʨʅ ʧʨʦʠʩʭʦʜʠʪ ʦʪʱʝʧʣʝʥʠʝ ʪʦʣʴʢʦ ʙʦʢʦʚʳʭ 

ʫʯʘʩʪʢʦʚ ʮʝʧʠ ʤʘʢʨʦʤʦʣʝʢʫʣ RG I ʠ RG II, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʧʝʢʪʠʥʝ ʥʘʨʷʜʫ ʩ 

HG. ʕʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʠ ʨʝʟʢʦʝ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʟʚʝʥʴʝʚ 

ɻʂ, ʢʦʪʦʨʦʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʪʦʡ ʞʝ ʟʦʥʝ ʩʥʠʞʝʥʠʷ ʚʝʣʠʯʠʥʳ ʨʅ 

ʛʠʜʨʦʣʠʟʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ (ʪʘʙʣʠʮʘ 3.1.4.2). 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʠ ʵʢʩʪʨʘʢʮʠʠ ʧʝʢʪʠʥʘ ʭʝʣʘʪʥʳʤ ʘʛʝʥʪʦʤ ɻʄʌʅ ʚ ʩʪʘʪʠʢʝ 

ʝʛʦ ʚʳʭʦʜ ʥʝʟʥʘʯʠʪʝʣʝʥ. ʇʨʠ ʵʪʦʤ ʚʳʩʦʢʠʡ ʚʳʭʦʜ ʆʉ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ 

ʦʩʥʦʚʥʦʝ ʢʦʣʠʯʝʩʪʚʘ ʧʝʢʪʠʥʘ ʚ ʂʉ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʥʘʭʦʜʠʪʩʷ ʚ ʚʠʜʝ HG, 

ʩʚʷʟʘʥʥʳʭ ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʧʝʨʝʯʥʳʭ ʩʚʷʟʝʡ ʩ ʠʦʥʘʤʠ ʢʘʣʴʮʠʷ, ʘ ʥʝʡʪʨʘʣʴʥʘʷ 

ʯʘʩʪʴ ʧʝʢʪʠʥʘ ʧʨʠ ʵʪʦʤ ʫʜʝʨʞʠʚʘʝʪʩʷ ʩʢʦʨʝʝ ʚʩʝʛʦ HG ʤʘʪʨʠʢʩʦʤ, ʘ ʥʝ 

ʛʝʤʠʮʝʣʣʶʣʦʟʘʤʠ, ʢʘʢ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʘ ʜʣʷ ʜʨʫʛʠʭ ʧʝʢʪʠʥʦʚ [28, 39]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʨʝʠʤʫʱʝʩʪʚʘʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʛʠʜʨʦʣʠʟ-ɻ ʢʩʪʨʘʢʮʠʠ ʧʝʨʝʜ ʊʄ. 

ʋʧʨʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʦʤ ʥʝ ʪʦʣʴʢʦ ʧʨʠ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʷʭ ʨʅ, ʥʦ ʠ ʧʨʠ ʩʣʘʙʦʢʠʩʣʳʭ 

(ʨʅ 1.6-2.0), ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʇʇ ʩ ʦʧʪʠʤʘʣʴʥʳʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʚʳʭʦʜʦʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʟʘʪʨʘʪ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʝʢʪʠʥʘ. ʅʘʩʪʦʷʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʛʣʷʜʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ 

ʦʩʦʙʝʥʥʦʩʪʠ ʛʠʜʨʦʣʠʟ-ɻ ʢʩʪʨʘʢʮʠʠ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʂʇ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʛʠʜʨʦʣʠʟʘ ʚ ʢʦʣʦʥʯʘʪʦʤ ʵʢʩʪʨʘʢʪʦʨʝ ʦʙʣʘʜʘʝʪ 

ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʊʄ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʧʨʦʮʝʩʩ ʛʠʜʨʦʣʠʟʘ, ʠʟʙʝʛʘ ̫ʯʝʨʝʟʤʝʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʢʠʩʣʦʪ ʠ ʚʳʩʦʢʠʭ 
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ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʩʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʫ ʤʦʣʝʢʫʣ ʧʝʢʪʠʥʘ, ʚʳʜʝʣʝʥʥʦʛʦ ʠʟ ʨʘʩʪʚʦʨʘ 

ʛʠʜʨʦʣʠʟʘʪʘ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ. ʕʪʦ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʧʦʢʘʟʘʪʝʣʠ 

ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ, ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʢʘʯʝʩʪʚʦ ʇʇ ʠ ʚʝʩʪʠ ʧʨʦʮʝʩʩ ʚ ʫʤʝʨʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ. ʀʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʢʠʩʣʦʪʥʦʩʪʠ ʛʠʜʨʦʣʠʟʫʶʱʝʛʦ ʘʛʝʥʪʘ ʥʘ ʦʩʥʦʚʥʳʝ 

ʧʘʨʘʤʝʪʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʢʘʯʝʩʪʚʦ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ, ʧʦʟʚʦʣʠʪ ʨʘʟʨʘʙʦʪʘʪ ɹ

ʩʝʣʝʢʪʠʚʥʳʝ, ʵʥʝʨʛʦ- ʠ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩ,r 

ʦʪʚʝʯʘʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦʪʨʝʙʠʪʝʣʝʡ ʧʝʢʪʠʥʘ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

 

4.1.5 ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʤʙʨʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʝʢʪʠʥʦʚʳʭ 

ʧʦʣʠʩʘʭʘʨʠʜʦʚ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʛʣʦʙʘʣʴʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʢʨʠʟʠʩʳ 

ʚʩʝ ʙʦʣʴʰʝ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʶʪ ʥʘ ʩʪʘʙʠʣʴʥʳʡ ʫʨʦʚʝʥʴ ʦʙʝʩʧʝʯʝʥʠ ̫ʥʘʩʝʣʝʥʠʷ 

ʧʨʦʜʫʢʪʘʤʠ ʧʠʪʘʥʠʷ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʫʯʝʥʥʳʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʠʢʠ 

ʥʘʰʝʡ ʩʪʨʘʥʳ ʜʦʣʞʥʳ ʧʨʠʣʦʞʠʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ ʫʩʠʣʠʷ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʪʦʚ 

ʧʠʪʘʥʠʷ ʩ ʫʯʝʪʦʤ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʠ ʜʨʫʛʠʭ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ̫ʚʣʷʶʱʠʭʩʷ ʠʩʪʦʯʥʠʢʦʤ 

ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʧʠʱʠ. 

 ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʨʠʤʝʥʝʥʠʝ ʤʝʤʙʨʘʥʥʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʠ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʧʨʠʨʦʜʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʣʠʛʦ- ʠ ʧʦʣʠʩʘʭʘʨʠʜʦʚ, 

ʚʳʟʳʚʘʝʪ ʚʩʝ ʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʫʯʝʥʳʭ [276]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʤʙʨʘʥʥʳʭ 

ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ 

ʩʦʟʜʘʚʘʪʴ ʟʘʤʢʥʫʪʳʝ ʠ ʙʝʟʦʪʭʦʜʥʳʝ ɻ ʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʥʦ ʠ 

ʧʦʣʫʯʘʪʴ ʧʠʱʝʚʳʝ ʧʨʦʜʫʢʪʳ, ʦʙʣʘʜʘʶʱʠʝ ʧʠʱʝʚʦʡ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʴʶ 

ʠ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʤʠ ʚʢʫʩʦʚʳʤʠ ʢʘʯʝʩʪʚʘʤʠ [276]. ʕʪʠ ʤʝʪʦʜʳ ʦʩʦʙʝʥʥʦ ʚʘʞʥʳ 

ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʠ ʞʠʜʢʠʭ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʮʝʥʥʳʝ 

ʪʝʨʤʦʣʘʙʠʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʦʚʦʱʥʳʝ ʠ ʬʨʫʢʪʦʚʳʝ ʩʦʢʠ, 

ʧʝʢʪʠʥʦʚʳʝ ʵʢʩʪʨʘʢʪʳ, ʵʢʩʪʨʘʢʪʳ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʪʨʘʚ ʠ ʪ.ʜ. ʄʝʤʙʨʘʥʥʘʷ 
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ʪʝʭʥʦʣʦʛʠʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ, ʦʯʠʩʪʢʠ, 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ ʩ 

ʤʠʥʠʤʘʣʴʥʳʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʟʘʪʨʘʪʘʤʠ ʠ ʙʝʟ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʩʳʨʴʷ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʭʨʘʥʝʥʠʝ ʝʝ ʠʩʭʦʜʥʳʭ ʩʚʦʡʩʪʚ [276].   

ʇʝʢʪʠʥ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʧʨʠ ʣʝʯʝʥʠʠ ʨʘʢʦʚʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʢʨʦʤʝ ʪʦʛʦ, ʯʪʦ 

ʜʦʣʞʝʥ ʙʳʪʴ ʪʱʘʪʝʣʴʥʦ ʦʯʠʱʝʥ ʦʪ ʚʩʝʭ ʧʦʩʪʦʨʦʥʥʠʭ ʚʝʱʝʩʪʚ, ʜʦʣʞʝʥ ʠʤʝʪʴ ʄʄ 

ʚ ʧʝʨʝʜʝʣʘʭ 10-35 ʢɼʘ, ʉʕ ʥʝ ʙʦʣʝʝ 10%, ʦʯʝʥʴ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʘʮʝʪʠʣʴʥʳʭ 

ʛʨʫʧʧ ʠ ʨʅ 1% ʨʘʩʪʚʦʨʘ ʨʘʚʥʳʤ 6.3 [333-335]. ʇʝʢʪʠʥ ʩ ʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʦʣʫʯʘʪʴ ʠʟ ʨʘʟʣʠʯʥʦʛʦ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʤʝʤʙʨʘʥʥʳʭ ʤʝʪʦʜʦʚ ʨʘʟʜʝʣʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʤʙʨʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ ʇɺ ʥʝ ʪʦʣʴʢʦ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʥʦ ʩʦʟʜʘʚʘʪʴ ʙʝʟʦʪʭʦʜʥʳʝ ʠʣʠ 

ʤʘʣʦʦʪʭʦʜʥʳʝ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʝ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ɺ ʧʨʦʮʝʩʩʝ ʋʌ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʇʇ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʩʦ 

ʚʨʝʤʝʥʝʤ ʧʘʜʘʝʪ, ʧʨʠʯʠʥʘʤʠ ʵʪʦʤʫ ʤʦʛʫʪ ʙʳʪʴ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ ʧʦʣʷʨʠʟʘʮʠʷ, 

ʘʜʩʦʨʙʮʠʷ [70] ʠ ʘʛʨʝʛʘʮʠʷ ʧʝʢʪʠʥʦʚʳʭ ʤʘʢʨʦʤʦʣʝʢʫʣ [261]. ʌʦʨʤʠʨʦʚʘʥʠʶ ʩʣʦʷ 

ʛʝʣʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʤʙʨʘʥʳ ʚ ʦʩʥʦʚʥʦʤ ʩʧʦʩʦʙʩʪʚʫʶʪ ʇɺ ʠ ʮʝʣʣʶʣʦʟʘ. 

ɸʚʪʦʨʳ [83] ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʦʯʠʩʪʢʠ ʤʝʤʙʨʘʥ ʨʝʢʦʤʝʥʜʫʶʪ ʧʨʠʤʝʥʝʥʠʝ 

ʢʦʤʧʦʟʠʮʠʠ, ʩʦʜʝʨʞʘʱʝʡ ʩʤʝʩʴ ʬʝʨʤʝʥʪʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʧʝʢʪʦʣʠʪʠʯʝʩʢʦʛʦ ʠ 

ʢʘʨʙʦʛʠʜʨʘʟʥʦʛʦ ʜʝʡʩʪʚʠʷ. 

 ʅʘʧʨʘʚʣʝʥʠʝ ʠ ʭʘʨʘʢʪʝʨ ʧʦʪʦʢʘ ʨʘʩʪʚʦʨʘ ʧʨʠ ʬʠʣʴʪʨʘʮʠʠ ʠʤʝʶʪ ʨʷʜ 

ʦʪʣʠʯʠʡ. ʇʨʠ ʦʙʳʯʥʳʭ ʋʌ ʧʦʪʦʢ ʞʠʜʢʦʩʪʠ ʥʘʧʨʘʚʣʝʥ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʬʠʣʴʪʨʘ, ʘ ʧʨʠ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʦʥ ʜʚʠʞʝʪʩʷ 

ʢʦʣʣʠʥʝʘʨʥʦ. ʈʘʟʣʠʯʘʶʪʩʷ ʪʘʢʞʝ ʩʚʦʡʩʪʚʘ ʬʠʣʴʪʨʘʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʩʪʝʧʝʥʴ 

ʨʘʟʜʝʣʝʥʠʷ, ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ ʦʬʦʨʤʣʝʥʠʝ [70, 71, 248, 280].  

ʉʠʩʪʝʤʘ ʊɼʋʌ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʦʚʤʝʩʪʥʦ ʩ ʫʯʝʥʳʤʠ ʠʟ ʄʍʊʀ ʠʤ. ɼ.ʀ. 

ʄʝʥʜʝʣʝʝʚʘ ʠ ʩʦʩʪʦʠʪ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʘʨʢʘʩʘ, 2 ʨʝʪʝʥʪʘʪʦʚ ʠ ʧʝʨʤʝʘʪʥʳʭ ʪʨʫʙ ʚ 
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ʩʙʦʨʝ ʩ 24 ʤʫʬʪʘʤʠ, ʮʝʥʪʨʦʙʝʞʥʳʤ ʥʘʩʦʩʦʤ (ʪʘʥʛʝʥʮʠʘʣʴʥʳʡ ʧʦʪʦʢ), ʩʠʩʪʝʤʦʡ 

ʢʦʥʪʨʦʣʷ ʜʘʚʣʝʥʠʷ, ʋʌ ʤʝʤʙʨʘʥ ʩ ʤʝʩʪ ʜʣʷ ʤʦʜʫʣʝʡ ʠʟ ʧʦʣʳʭ ʚʦʣʦʢʦʥ ʠ ʜʚʘ 

ʢʦʥʪʝʡʥʝʨʘ ʧʦ 100 ʠ 550 ʣʠʪʨʦʚ [83, 248].  

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʊɼʋʌ ʧʝʢʪʠʥʦʚʳʭ ʨʘʩʪʚʦʨʦʚ, ʧʦʣʫʯʝʥʥʳʭ 

ʠʟ ʗʇʌ ʠ ʂʇ ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʨʝʞʠʤʝ ʛʠʜʨʦʣʠʟʘ (ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 100-130ʦʉ, ʨʅ 

2.0, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ 5 ʠ 7 ʤʠʥʫʪ) ʜʘʸʪʩʷ ʚ ʪʘʙʣʠʮʝ 3.1.5.2.1. ʂʘʢ ʚʠʜʥʦ, ʧʨʠ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʠ ʚ 1.5 ʨʘʟʘ (ʂ=1.5) ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʝʤʙʨʘʥ rʚ ʥʘʯʘʣʝ 

ʧʨʦʮʝʩʩʘ ʩʦʩʪʘʚʣʷʝʪ 31.30 ʣ/ʤ2ʯ, ʘ ʚ ʢʦʥʮʝ ʧʨʦʮʝʩʩʘ ʵʪʘ ʚʝʣʠʯʠʥʘ ʩʥʠʞʘʝʪʩʷ 

ʧʦʯʪʠ ʚ ʜʚʘ ʨʘʟʘ. ɺʦ ʚʪʦʨʦʤ ʮʠʢʣʝ ʊɼʋʌ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʙʝʠʭ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʝʤʙʨʘʥ ʙʳʣʘ ʚʦʩʩʪʘʥʘʚʣʝʥʘ ʜʦ 76-85%. ʅʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʤʝʤʙʨʘʥ rʚʣʠʷʝʪ ʢʘʢ ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʘ ʧʝʢʪʠʥʘ, ʪʘʢ ʠ ʝʛʦ ʩʪʝʧʝʥʴ 

ʜʝʛʨʘʜʘʮʠʠ ʠ Mw, ʢʦʪʦʨʘʷ ʟʘʚʠʩʠʪ ʦʪ ʨʝʞʠʤʦʚ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʣʠʟʘ (ʪʘʙʣʠʮʘ 

3.1.5.2.2). ʀʟ ʜʘʥʥʳʭ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣʠʮʘʭ 3.1.5.2.1 ʠ 3.1.5.2.2, ʥʝ ʫʜʘʣʦʩʴ 

ʫʩʪʘʥʦʚʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʝʤʙʨʘʥ rʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ Mw. 

ʅʘʧʨʠʤʝʨ, ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʟʥʘʯʝʥʠʡ Mw ̫ ʙʣʦʯʥʳʭ ʧʝʢʪʠʥʦʚ ʗʇʌ-100-7 ʠ 

ʗʇʌ-120-7 ʪʨʫʜʥʦ ʦʙʲʷʩʥʠʪʴ ʩʪʦʣʴ ʟʘʤʝʪʥʫʶ ʨʘʟʥʠʮʫ ʚ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʤʝʤʙʨʘʥʳ ɺʇʋ-100. ʆʜʥʘʢʦ ʩʨʘʚʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʄz ʠ Rh ɻ ʪʠʭ ʧʝʢʪʠʥʦʚ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʪʝʧʝʥʠ ʘʛʨʝʛʘʮʠʠ ʧʦʣʠʩʘʭʘʨʠʜʦʚ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʠʟʢʫʶ ʄʄ ʧʝʢʪʠʥ ʗʇʌ-120-7 ʠʤʝʝʪ ʙʦʣʝʝ 

ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ Mz ʠ ʥʠʟʢʦʝ ʟʥʘʯʝʥʠʝ Rh, ʯʝʤ ʧʝʢʪʠʥ ʗʇʌ-100-7. ʕʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʜʘʥʥʳʡ ʧʝʢʪʠʥ ʩʢʣʦʥʝʥ ʢ ʘʛʨʝʛʘʮʠʠ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʥʠʞʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʝʤʙʨʘʥʳ.  

ɹʦʣʝʝ ʚʳʩʦʢʠʡ ʚʳʭʦʜ ʧʝʢʪʠʥʘ ʠ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ɻʂ ʧʨʠ ʩʧʠʨʪʦʚʦʤ 

ʩʧʦʩʦʙʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʢʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ ʠʤʝʝʪ ʙʦʣʝʝ ʥʠʟʢʫʶ 

ʩʪʝʧʝʥʴ ʦʯʠʩʪʢʠ. ɺʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʦʯʠʩʪʢʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʢʦʥʝʯʥʦʤ ʧʨʦʜʫʢʪʝ, 

ʦʯʠʱʝʥʥʦʤ ʊɼʋʌ, ʚ ʢʦʪʦʨʦʤ ʩʦʜʝʨʞʘʥʠʝ ɹɺ, ʫʭʫʜʰʘʶʱʠʭ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʧʝʢʪʠʥʘ, ʫʤʝʥʴʰʘʝʪʩʷ ʚ 3-6 ʨʘʟʘ.  
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ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ɻʂ ʫ ʷʙʣʦʯʥʦʛʦ ʧʝʢʪʠʥʘ ʗʇʌ-130-5 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ 57.6 ʜʦ 68.4% ʧʨʠ ʦʜʥʦʢʨʘʪʥʦʡ ʊɼʋʌ ʠ ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʝʥʠʷ 

73.2% ʧʨʠ ʜʚʫʢʨʘʪʥʦʡ ʊɼʋʌ. ɺ ʩʣʫʯʘʝ ʧʦʜʩʦʣʥʝʯʥʦʛʦ ʧʝʢʪʠʥʘ ʊɼʋʌ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʤʙʨʘʥ ɺʇʋ ʠ ʇʉ ʧʦʟʚʦʣʠʣʘ ʫʚʝʣʠʯʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ɻʂ ʦʪ 64.4 

ʜʦ 81.6% ʠ 85.2%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʢʘʢ ʙʳʣʦ ʦʪʤʝʯʘʥʦ ʚʳʰʝ, 

ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ɹɺ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʘʭ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʪʥʦʤʫ 

ʫʤʝʥʴʰʝʥʠʶ ʚʳʭʦʜʘ ʧʝʢʪʠʥʘ. ʇʨʠ ʵʪʦʤ ʩʦʜʝʨʞʘʥʠʝ ɹɺ ʦʙʫʩʣʦʚʣʝʥʦ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʥʝʡʪʨʘʣʴʥʳʭ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʠ ʜʨʫʛʠʭ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʂʉ ʩʳʨʴʷ, ʠʟʚʣʝʢʘʝʤʳʭ ʚ ʧʨʦʮʝʩʩʝ ʛʠʜʨʦʣʠʟ-ɻ ʢʩʪʨʘʢʮʠʠ ʚʤʝʩʪʝ ʩ 

ʧʝʢʪʠʥʦʤ [248, 281]. 

ɼʣʷ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʚʣʠʷʥʠʷ ʉʆ ʠ ʊɼʋʌ ʤʝʪʦʜʦʚ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ 

ʢʘʯʝʩʪʚʦ ʧʝʢʪʠʥʘ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ 1D ʠ 2D ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ɼʣʷ ʵʪʦʡ 

ʮʝʣʠ, ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʩʣʦʞʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʗʄʈ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʪʦʣʴʢʦ ʗʄʈ-ʩʧʝʢʪʨʳ ʷʙʣʦʯʥʦʛʦ ʧʝʢʪʠʥʘ (ʗʇʌ-120-7) ʠ ʘʥʘʣʠʟʠʨʦʚʘʥʘ ʝʛʦ 

ʩʪʨʫʢʪʫʨʘ, ʪʘʢ ʢʘʢ ʩʪʨʫʢʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʪʦʛʦ ʧʝʢʪʠʥʘ ʭʦʨʦʰʦ ʦʧʠʩʘʥʳ ʚ 

ʣʠʪʝʨʘʪʫʨʝ [282-287].  

ʗʄʈ-ʩʧʝʢʪʨ 13C ʦʙʨʘʟʮʦʚ ʷʙʣʦʯʥʦʛʦ ʧʝʢʪʠʥʘ (ʨʠʩʫʥʦʢ 3.1.5.4.1), 

ʧʦʣʫʯʝʥʥʳʭ ʦʙʦʠʤʠ ʤʝʪʦʜʘʤʠ, ʧʦʢʘʟʳʚʘʝʪ ʩʠʛʥʘʣʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ 

ʛʣʠʢʦʟʠʣʴʥʳʤ ʦʩʪʘʪʢʘʤ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʩʥʦʚʥʦʡ ʦʩʪʦʚ ʤʘʢʨʦʤʦʣʝʢʫʣʳ 

ʧʝʢʪʠʥʘ, ʪ.ʝ. HG ʠ RG ʦʙʣʘʩʪʝʡ [282-287]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʧʝʨʚʠʯʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʧʝʢʪʠʥʘ 

(ʩʦʜʝʨʞʘʥʠʝ ɻʂ ʠ ʉʕ), ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʙʠʥʘʮʠʷ 1D ʠ 2D ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʫʙʝʜʠʪʝʣʴʥʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʦʪʣʠʯʠʝ ʠʟʫʯʝʥʥʳʭ ʚ ʨʘʙʦʪʝ [248] ʤʝʪʦʜʦʚ ʦʯʠʩʪʢʠ 

ʧʝʢʪʠʥʦʚ. ʉʨʘʚʥʝʥʠʝ ʜʚʫʭ ʥʘʙʦʨʦʚ ʩʧʝʢʪʨʦʚ (1ʅ ʗʄʈ ʠ 13ʉ ʗʄʈ) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʧʨʦʮʝʩʩ ʊɼʋʌ ʫʜʘʣʷʝʪ ʠʟ ʧʝʢʪʠʥʦʚʳʭ ʨʘʩʪʚʦʨʦʚ ʙʦʣʴʰʝ ʩʚʦʙʦʜʥʳʭ ʧʨʠʤʝʩʝʡ 

(ʤʦʥʦʩʘʭʘʨʠʜʳ ʠ ʜʨʫʛʠʝ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʙʘʣʣʘʩʪʳ), ʢʦʪʦʨʳʝ ʦʪʨʠʮʘʪʝʣʴʥʦ 

ʩʢʘʟʳʚʘʶʪʩʷ ʥʘ ʢʘʯʝʩʪʚʝ ʧʝʢʪʠʥʘ, ʯʪʦ ʜʝʣʘʝʪ ʵʪʦʪ ʤʝʪʦʜ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʜʣʷ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠʤʝʥʝʥʠʝ ʵʪʦʛʦ ʤʝʪʦʜʘ ʜʝʣʘʝʪ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʝʢʪʠʥʘ ʙʦʣʝʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ. 

ʄʄ ʠ MMʈ ʧʦʣʠʤʝʨʦʚ ʷʚʣʷʶʪʩʷ ʝʱʸ ʦʜʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʜʣʷ ʦʮʝʥʢʠ 

ʢʘʯʝʩʪʚʘ ʧʝʢʪʠʥʘ. ʄʄ ʠ MMʈ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʕɾʍ, ʢʘʢ ʦʧʠʩʘʥʦ ʚ 

ʧʨʝʜʳʜʫʱʠʭ ʨʘʙʦʪʘʭ [3], ʠ ʤʝʪʦʜʦʤ ʄʋʃʉ [288]. ɿʥʘʯʝʥʠʷ Mw, Mn ʠ Mz ʜʣʷ 

ʧʝʢʪʠʥʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʢʘʣʠʙʨʦʚʢʠ.  

ʇʨʠ ʧʨʦʩʤʦʪʨʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠ ̫ʤʦʣʝʢʫʣ 

ʧʦ ʤʘʩʩʝ ʦʪ ʄʄ (ʨʠʩʫʥʦʢ 3.1.6.1) ʜʣʷ ʦʙʨʘʟʮʦʚ ʧʝʢʪʠʥʘ ʷʙʣʦʯʥʳʭ ʚʳʞʠʤʦʢ ʠ ʂʇ, 

ʧʦʣʫʯʝʥʥʳʭ ʪʨʘʜʠʮʠʦʥʥʳʤ ʩʧʦʩʦʙʦʤ ʦʯʠʩʪʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʪʦʜʦʤ ʦʯʠʩʪʢʠ 

ʊɼʋʌ, ʷʩʥʦ ʚʠʜʥʦ, ʢʘʢ ʢʨʠʚʘʷ ʄʄʈ ʧʝʢʪʠʥʘ ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ ʢ 

ʤʦʥʦʤʦʜʘʣʴʥʦʤʫ ʠ ʩʠʤʤʝʪʨʠʯʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʤʘʢʨʦʤʦʣʝʢʫʣ ʧʫʪʝʤ 

ʫʜʘʣʝʥʠʷ ʧʨʠʤʝʩʝʡ ʩ ʥʠʟʢʦʡ ʤʦʣʷʨʥʦʡ ʤʘʩʩʦʡ ʠʟ ʧʝʢʪʠʥʦʚʦʛʦ ʨʘʩʪʚʦʨʘ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʠʟ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʩʦʜʝʨʞʘʥʠʝ ɻʂ, 1D ʠ 2D ʗʄʈ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʨʘʟʤʝʨʦʚ ʦʙʨʘʟʮʦʚ ʧʝʢʪʠʥʘ, ʦʯʠʱʝʥʥʳʭ ʊʄ ʠ 

ʤʝʪʦʜʦʤ ʊɼʋʌ ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ɼʋʌ ʧʦʟʚʦʣʷʝʪ ʫʩʧʝʰʥʦ 

ʠʟʚʣʝʢʘʪʴ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʬʨʘʢʮʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ 

ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʠ ʦʙʨʘʟʮʦʚ (ʨʠʩʫʥʦʢ 3.1.6.2), ʧʦʚʳʰʝʥʠʶ ʯʠʩʪʦʪʳ ʢʦʥʝʯʥʦʛʦ 

ʧʨʦʜʫʢʪʘ (ʪʘʙʣʠʮʘ 3.1.5.3.1) ʠ ʫʚʝʣʠʯʝʥʠʶ ʄʄ (ʪʘʙʣʠʮʘ 3.1.6.1), ʯʪʦ ʜʝʣʘʝʪ ʵʪʦʪ 

ʤʝʪʦʜ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ. 

ʈʘʩʭʦʜ ʵʪʘʥʦʣʘ, ʜʣʷ ʦʩʘʞʜʝʥʠʷ ʧʝʢʪʠʥʘ ʠʟ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʧʝʢʪʠʥʘ, ʠ ʤʦʱʥʦʩʪʴ, ʧʦʪʨʝʙʣʷʝʤʘʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ ʚʳʰʝʫʢʘʟʘʥʥʳʭ 

ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʳʭ ʩʧʦʩʦʙʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.1.7.1. ʕʢʩʧʝʨʠʤʝʥʪʳ ʥʘ 

ʧʠʣʦʪʥʦʡ ʫʩʪʘʥʦʚʢʝ [248] ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ 

ʊɼʋʌ ʧʦ ʨʘʩʭʦʜʫ ʩʧʠʨʪʘ ʠ ʵʥʝʨʛʠʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʝʢʪʠʥʘ (ʪʘʙʣʠʮʘ 3.1.7.1). 

ɺ ʦʪʣʠʯʠʠ ʦʪ ʠʟʚʝʩʪʥʳʭ ʩʧʦʩʦʙʦʚ ʦʯʠʩʪʢʠ ʩʦʜʝʨʞʘʱʝʡ ʧʝʢʪʠʥ ʞʠʜʢʦʩʪʠ 

ʧʨʝʜʣʘʛʘʝʤʳʡ ʩʧʦʩʦʙ ʧʦʟʚʦʣʷʝʪ ʧʦʣʥʦʩʪʴʶ ʦʯʠʩʪʠʪʴ ʛʠʜʨʦʣʠʟʘʪ ʦʪ ʥʝʡʪʨʘʣʴʥʳʭ 

ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʠ ʜʨʫʛʠʭ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʚʝʱʝʩʪʚ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʣʫʯʰʠʪ ɹ

ʢʘʯʝʩʪʚʦ ʧʝʢʪʠʥʘ ʠ ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪ ɹɼʋʌ ʫʩʪʘʥʦʚʢʠ. ɹʦʣʝʝ ʪʦʛʦ, 
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ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʊɼʋʌ ʜʣʷ ʦʯʠʩʪʢʠ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʧʝʢʪʠʥʦʚʳʭ ʛʠʜʨʦʣʠʟʘʪʦʚ 

ʠʩʢʣʶʯʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʠ ʧʝʢʪʠʥʦʚʦʛʦ 

ʛʠʜʨʦʣʠʟʘʪʘ ʚ ʚʘʢʫʫʤ-ʚʳʧʘʨʥʦʡ ʫʩʪʘʥʦʚʢʝ. 

ɻʠʙʢʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ, ʢʨʦʤʝ ʪʦʛʦ, ʧʦʟʚʦʣʷʝʪ ʦʙʨʘʙʘʪʳʚʘʪʴ 

ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʩʳʨʴʷ ʠ ʧʦʣʫʯʘʪʴ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʧʦʣʫʧʨʦʜʫʢʪʦʚ (ɼɺ, 

ʧʝʢʪʠʥʦʚʳʡ ʛʝʣʴ, ʥʝʡʪʨʘʣʴʥʳʡ ʩʘʭʘʨ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʳ) ʠ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʣʝʯʝʙʥʦ-ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʠ ʦʟʜʦʨʦʚʠʪʝʣʴʥʳʭ 

ʧʝʢʪʠʥʩʦʜʝʨʞʘʱʠʭ ʥʘʧʠʪʢʦʚ ʠ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ. 

ɺ   ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʦʪʨʝʙʠʪʝʣʠ ʜʝʣʷʪʩʷ ʥʘ ʪʨʠ ʦʩʥʦʚʥʳʝ 

ʛʨʫʧʧʳ: 

ï ʧʨʝʜʧʨʠʷʪʠʷ ʢʦʥʜʠʪʝʨʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ï 67% ʧʦʪʨʝʙʣʝʥʠʷ; 

ï ʧʨʝʜʧʨʠʷʪʠʷ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʤʦʣʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ï 17% ʧʦʪʨʝʙʣʝʥʠʷ; 

ï ʧʨʝʜʧʨʠʷʪʠʷ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʢʦʥʩʝʨʚʥʦʡ, ʤʘʩʣʦʞʠʨʦʚʦʡ ʠ 

ʙʝʟʘʣʢʦʛʦʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ï 7% ʧʦʪʨʝʙʣʝʥʠʷ; 

ï ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ï 10%.  

ʉʪʦʠʤʦʩʪʴ ʧʝʢʪʠʥʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʜʘʥʥʳʭ ʦʪʨʘʩʣʝʡ, ʩʦʩʪʘʚʣʷʝʪ ʥʘ 

ʤʠʨʦʚʦʤ ʨʳʥʢʝ 19-25 USD ʟʘ 1ʢʛ.   

ʌʘʨʤʘʮʝʚʪʠʯʝʩʢʠʡ ʨʳʥʦʢ ʊʘʜʞʠʢʠʩʪʘʥʘ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝ 

ʠʩʧʦʣʴʟʫʝʪ ʧʝʢʪʠʥ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʘʢʪʠʚʥʳʝ ʜʦʙʘʚʢʠ 

(ɹɸɼ) ʠ ʧʨʦʜʫʢʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʧʝʢʪʠʥ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʠ ʦʪʜʝʣʴʥʳʭ ʛʨʫʧʧ ʥʘʩʝʣʝʥʠʷ.  

ʅʝ ʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʥʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ (ʥʘ 10-20%) 

ʥʦʚʳʭ ʧʨʦʜʫʢʪʦʚ ʥʘ ʦʩʥʦʚʝ ʧʝʢʪʠʥʦʚ: ʥʠʟʢʦ-ʩʘʭʘʨʠʩʪʳʝ ʜʞʝʤʳ, 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ʢʠʩʣʦʤʦʣʦʯʥʳʝ ʧʨʦʜʫʢʪʳ ʥʘ ʦʩʥʦʚʝ ʅʄ-ʧʝʢʪʠʥʦʚ, ʥʘʧʠʪʢʠ, 

ʩʦʜʝʨʞʘʱʠʝ ʢʘʣʴʮʠʡ ʜʣʷ ʜʝʪʝʡ, ʟʘʤʝʥʠʪʝʣʴ ʞʠʨʘ ʥʘ ʦʩʥʦʚʝ ʧʝʢʪʠʥʘ, ʨʳʥʦʢ 

ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ, ʦʙʦʛʘʱʸʥʥʳʭ ʅʄ-ʧʝʢʪʠʥʦʤ, ʦʙʣʘʜʘʶʱʠʤ 

ʦʟʜʦʨʦʚʠʪʝʣʴʥʳʤʠ, ʟʘʱʠʪʥʳʤʠ ʠ ʣʝʯʝʙʥʦ-ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, 

ʩʝʛʦʜʥʷ ʝʱʝ ʩʚʦʙʦʜʝʥ ʦʪ ʢʦʥʢʫʨʝʥʮʠʠ ʠ ʯʨʝʟʚʳʯʘʡʥʦ ʦʙʰʠʨʝʥ. ʅʘʧʨʠʤʝʨ, 
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ʨʘʙʦʪʥʠʢʘʤ ʚʨʝʜʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ ʝʞʝʜʥʝʚʥʦ ʥʘʨʷʜʫ ʩ ʧʦʪʨʝʙʣʝʥʠʝʤ 0,5 ʣ ʤʦʣʦʢʘ 

ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʥʳ ʚʳʜʘʚʘʪʴʩʷ ʧʨʦʜʫʢʪʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 2 ʛʨ. ʧʝʢʪʠʥʘ. 

ʏʘʩʪʠʯʥʦ, ʣʠʰʴ ʙʣʘʛʦʜʘʨʷ ʠʤʧʦʨʪʫ ʜʘʥʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʩʝʛʦʜʥʷ 

ʩʚʦʠ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʧʝʢʪʠʥʝ ʢʦʥʜʠʪʝʨʩʢʠʝ ʠ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʝ ʧʨʝʜʧʨʠʷʪʠʷ.  

 

4.1.6 ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʝʢʪʠʥʘ 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ ʧʦʣʫʯʝʥʠʷ ʧʝʢʪʠʥʘ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʚʘʞʥʝʡʰʠʤʠ ʟʘʜʘʯʘʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝʢʪʠʥʘ ʧʦ-ʧʨʝʞʥʝʤʫ ʦʩʪʘʶʪʩʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʵʢʦʣʦʛʠʯʥʦʩʪʴ, ʘ 

ʪʘʢʞʝ ʧʦʣʫʯʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʠ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ.  ʂʘʢ 

ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʨʘʥʝʝ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʇɺ ʩ ʦʧʨʝʜʝʣʸʥʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩ ʫʯʝʪʦʤ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʠ ʩʚʦʡʩʪʚ 

ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ. ʈʝʰʝʥʠʝʤ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʦʧʪʠʤʠʟʘʮʠʠ 

ʧʫʪʸʤ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ 

ʧʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʪʦʡ ʤʦʜʝʣʠ ʧʨʦʠʟʚʦʜʩʪʚʘ [92]. 

ɺ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʇʇ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʝʪʩʷ 

ʛʠʜʨʦʣʠʟ-ɻ ʢʩʪʨʘʢʮʠʷ, ʦʪ ʢʦʪʦʨʦʡ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʢʘʯʝʩʪʚʦ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ 

ʠ ʝʛʦ ʚʳʭʦʜ.  ʆʜʥʘʢʦ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʝʱʝ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʳ, ʪ.ʝ. ʚ ʧʨʝʜʣʘʛʘʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ ʵʪʦʪ ʧʨʦʮʝʩʩ ʚ ʮʝʣʦʤ 

ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʢʦʤʧʣʝʢʩʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ 

ʥʝ ʪʦʣʴʢʦ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʦʮʝʥʠʪʴ ʚʦʟʜʝʡʩʪʚʠʝ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʩ ʫʯʝʪʦʤ 

ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ, ʥʦ ʠ ʧʨʦʚʝʩʪʠ ʫʧʨʘʚʣʷʝʤʫʶ ʛʠʜʨʦʣʠʟ-

ʵʢʩʪʨʘʢʮʠʶ ʩ ʥʘʭʦʞʜʝʥʠʝʤ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʠ ʨʘʩʩʯʝʪʘ ʝʛʦ 

ʧʘʨʘʤʝʪʨʦʚ [80].    

ʅʘʤʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʟʘʜʘʯʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʢʠʥʝʪʠʢʠ ʜʠʩʧʝʨʩʠʦʥʥʦʡ 

ʩʫʰʢʠ ʨʘʩʪʚʦʨʘ ʧʝʢʪʠʥʦʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʠ ʫʧʨʘʚʣʝʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʨʘʩʧʳʣʠʪʝʣʴʥʦʡ ʩʫʰʠʣʴʥʦʡ 
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ʫʩʪʘʥʦʚʢʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʦʜʫʢʪʘ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʠ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ 

ʧʨʦʮʝʩʩʘ ʩʫʰʢʠ ʩ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʫʩʪʘʥʦʚʢʠ. 

ʈʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʩʫʰʢʠ ʧʝʢʪʠʥʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʥʘ 

ʨʘʩʧʳʣʠʪʝʣʴʥʦʡ ʩʫʰʠʣʢʝ ʩ ʫʯʸʪʦʤ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦ- ʠ ʤʘʩʩʦʦʙʤʝʥʘ. 

ʀʩʩʣʝʜʦʚʘʥʘ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ-

ʠʥʪʝʛʨʘʣʴʥʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʨʝʛʫʣʷʪʦʨʦʤ ʠ ʧʨʝʜʠʢʪʦʨʦʤ ʉʤʠʪʘ ʦʙʲʝʢʪʘ ʩ 

ʟʘʧʘʟʜʳʚʘʥʠʝʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ ʟʘʧʘʟʜʳʚʘʥʠʷ ʩʠʩʪʝʤʘ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩ ʧʨʝʜʠʢʪʦʨʦʤ ʉʤʠʪʘ, ʜʘʸʪ ʣʫʯʰʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦ 

ʢʘʯʝʩʪʚʫ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ.   

ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʘʥʘʣʠʟ ʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ, ʚʳʙʦʨ ʠ 

ʦʧʪʠʤʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝʢʪʠʥʘ ï ʛʠʜʨʦʣʠʟ-

ʵʢʩʪʨʘʢʮʠʠ, ʦʯʠʩʪʢʠ, ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʠ ʩʫʰʢʠ ʥʘ ʦʩʥʦʚʝ ʧʦʩʪʨʦʝʥʠʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʦʚ ʩ ʫʯʸʪʦʤ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ, ʩʥʠʞʘʶʱʠʭ 

ʠʣʠ ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʢʣʶʯʘʶʱʠʭ ʧʨʠʤʝʥʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ ʠ ʧʦʣʫʯʝʥʠʷ 

ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʩ ʟʘʜʘʥʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʠ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ.   

ɼʣʷ ʨʝʰʝʥʠʝ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʚ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʧʪʠʤʠʟʘʮʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʣʠʟ-ɻ ʢʩʪʨʘʢʮʠʠ ʇʇ ʬʣʝʰ-ʩʧʦʩʦʙʦʤ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ [48, 56-58, 80]. ɺ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʴ ʤʝʤʙʨʘʥʳ ʧʝʨʠʦʜʠʯʝʩʢʠ ʦʯʠʱʘʝʪʩʷ ʜʣʷ ʯʘʩʪʠʯʥʦʛʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʝʝ ʬʠʣʴʪʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʚʝʩʴ ʧʨʦʮʝʩʩ ʜʝʣʠʪʩʷ 

ʥʘ ʦʪʜʝʣʴʥʳʝ ʩʪʘʜʠʠ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʧʦʩʪʦʷʥʥʳʝ ʚʥʝʰʥʠʝ ʫʩʣʦʚʠʷ ʠ 

ʥʝʧʨʝʨʳʚʥʳʝ ʠʟʤʝʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʄʦʤʝʥʪ ʦʢʦʥʯʘʥʠʷ ʦʯʝʨʝʜʥʦʛʦ ʵʪʘʧʘ ʠ 

ʥʘʯʘʣʘ ʩʣʝʜʫʶʱʝʛʦ ʩʚʷʟʘʥ ʩ ʦʯʠʩʪʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ, 

ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʦʯʠʩʪʢʠ, ʩʦʩʪʘʚʣʷʝʪ ʣʠʰʴ ʤʘʣʫʶ ʯʘʩʪʴ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʦʜʥʦʛʦ ʵʪʘʧʘ. ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʠʟʤʝʥʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʝʤʙʨʘʥʳ ʢʘʢ 
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ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʩʧʣʦʰʥʦʛʦ ʛʝʣʝʚʦʛʦ ʩʣʦʷ, ʪʘʢ ʠ ʟʘ ʩʯʝʪ ʙʣʦʢʠʨʦʚʘʥʠʷ 

ʦʪʜʝʣʴʥʳʭ ʧʦʨ [92].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʤʝʩʪʥʦʝ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ, ʚʳʨʘʞʝʥʥʳʭ ʚ ʥʦʤʘʣʴʥʦʡ ʬʦʨʤʝ ʂʦʰʠ, ʦʧʠʩʳʚʘʶʱʠʭ ʵʪʦʪ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʥʘʛʣʷʜʥʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ 

ʬʠʣʴʪʨʘʮʠʠ, ʪ.ʝ. ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʬʠʣʴʪʨʘʮʠʦʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʤʦʞʝʪ ʙʳʪʴ 

ʧʦʚʳʰʝʥʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪʳ ʧʨʦʤʳʚʦʢ. ɺ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʝʢʪʠʥʘ 

ʧʨʠʤʝʥʝʥʠʝ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʩʧʦʩʦʙʘ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʜʘʥʥʳʝ ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʠ 

ʥʘʧʨʘʚʠʪʴ ʧʨʦʮʝʩʩ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʚʳʭʦʜʘ ʠ ʦʧʪʠʤʠʟʘʮʠʶ ʢʘʯʝʩʪʚʘ [92]. 

 

4.1.7 ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʧʨʠʤʝʨʝ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʧʝʢʪʠʥʦʚʳʭ ʚʝʱʝʩʪʚ ʠʟ ʚʳʞʠʤʦʢ ʷʙʣʦʢ 

 

ʅʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʨʠʩʫʥʦʢ 3.2.1.1.1) ʨʘʟʨʘʙʦʪʘʥʘ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʧʝʢʪʠʥʘ ʠʟ ʚʳʞʠʤʦʢ ʷʙʣʦʢ [91, 92].  ʇʦʣʫʯʝʥʠʝ ʧʝʢʪʠʥʘ ʬʣʝʰ-ʩʧʦʩʦʙʦʤ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʪʚʦʨʘ ʩʣʘʙʦʡ ʢʠʩʣʦʪʥʦʩʪʠ ʠ ʧʨʦʪʦʯʥʦʡ ʤʝʤʙʨʘʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ [56] ʧʦʟʚʦʣʷʝʪ ʚ ʢʦʨʦʪʢʠʡ ʩʨʦʢ ʧʦʣʫʯʠʪʴ ʠʟ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ, 

ʧʨʦʠʟʨʘʩʪʘʶʱʝʛʦ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʘʭ ʨʝʩʧʫʙʣʠʢʠ, ʦʯʠʱʝʥʥʳʡ ʋʌ ʵʢʩʪʨʘʢʪ 

ʧʝʢʪʠʥʘ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʸʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʩʥʦʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʩʪʘʜʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝʢʪʠʥʘ ʠ ʨʘʩʭʦʜʘ ʤʘʩʩʦʚʳʭ ʧʦʪʦʢʦʚ ʤʝʞʜʫ ʟʚʝʥʴʷʤʠ ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʇɺ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʝʡ ʘʚʪʦʨʝʛʨʝʩʩʠʠ-ʧʨʦʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʩʢʦʣʴʟʷʱʝʛʦ 

ʩʨʝʜʥʝʛʦ. ʇʨʝʜʣʦʞʝʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ 

ʧʨʦʮʝʩʩʦʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝʢʪʠʥʘ ʥʘ ʦʩʥʦʚʝ ʘʣʛʦʨʠʪʤʦʚ ʥʝʡʨʦ-ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʟʚʦʣʠʣʠ ʪʘʢʞʝ ʧʦʣʫʯʠʪʴ 
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ʛʨʘʬʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʜʠʥʘʤʠʢʠ ʩʦʩʪʦʷʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʜʘʥʥʦʛʦ ʚʠʜʘ 

ʩʳʨʴʷ. ʅʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʦʪʜʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʇʇ ʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʩʭʝʤʳ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʝʜʣʦʞʝʥʘ ʧʨʦʛʨʘʤʤʘ 

ʜʣʷ ʚʦʟʤʦʞʥʦʛʦ ʟʘʧʫʩʢʘ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝʢʪʠʥʘ [80]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʧʨʝʜʣʦʞʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʧʦʟʚʦʣʠʪ ʥʝ ʪʦʣʴʢʦ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʇʇ ʠ ʦʙʝʩʧʝʯʠʪʴ ʧʦʣʴʥʳʡ ʢʦʥʪʨʦʣʴ ʭʦʜʘ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʥʦ ʠ ʧʦʣʫʯʠʪʴ ʧʝʢʪʠʥʳ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʠ ʩ ʥʠʟʢʦʡ 

ʩʝʙʝʩʪʦʠʤʦʩʪʴʶ.    

 

4.2 ɺʳʜʝʣʝʥʠʝ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʷ   ʙʝʣʢʦʚ ï ʣʘʢʪʦʛʣʦʙʫʣʠʥʦʚ ʠʟ ʤʦʣʦʯʥʦʡ 

ʩʳʚʦʨʦʪʢʠ ʠ ʟʝʠʥʘ ʠʟ ʢʫʢʫʨʫʟʳ 

 

4.2.1 ɺʳʜʝʣʝʥʠʝ ʩʳʚʦʨʦʪʦʯʥʳʭ ʙʝʣʢʦʚ ʠ ʣʘʢʪʦʟʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʤʝʤʙʨʘʥʥʳʭ ʤʝʪʦʜʦʚ  

 

ʅʘʤʠ ʨʘʟʨʘʙʦʪʘʥ ʩʝʣʝʢʪʠʚʥʳʡ ʣʘʙʦʨʘʪʦʨʥʳʡ ʤʝʪʦʜ (ʃʄ) ʚʳʜʝʣʝʥʠʷ Lgʉ 

ʠʟ ʢʦʥʮʝʥʪʨʘʪʘ ʪʚʦʨʦʞʥʦʡ ʩʳʚʦʨʦʪʢʠ ʤʦʣʦʯʥʦʡ ʬʘʙʨʠʢʠ çʉʘʦʜʘʪè ʧʫʪʝʤ ʋʌ 

[266]. ʕʪʠʤ ʤʝʪʦʜʦʤ ʤʦʞʥʦ ʦʪʜʝʣʠʪʴ ʢʘʟʝʠʥ ʠ ʘʣʴʙʫʤʠʥʳ ʄʉ ʦʪ Lg. ʕʪʘʧʳ: 

ʧʦʜʢʠʩʣʝʥʠʝ ʩʳʚʦʨʦʪʢʠ ʜʦ ʨʅ 4.0, ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝ, ʋʌ ʛʦʨʷʯʝʡ ʩʳʚʦʨʦʪʢʠ 

ʥʘ ʤʝʤʙʨʘʥʝ PS/50 (Spectrum Lab., ʉʐɸ) ʠʣʠ ʋʇʄ-ʇ ʠ ʋɸʄ-175 (ɺʣʘʜʠʧʦʨ, 

ʈʦʩʩʠʷ). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘ ʚʳʭʦʜ Lgʉ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʨʅ, ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʄʄ 

ʢʦʤʧʦʥʝʥʪʦʚ ʄʉ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʦʙʨʘʟʮʳ ʤʦʣʦʯʥʦ-

ʙʝʣʢʦʚʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʢʦʥʮʝʥʪʨʘʪʘ ʄʉ ʠ ʤʦʣʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 

ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʠʱʝʚʦʡ ʮʝʥʥʦʩʪʠ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʝʨʤʝʘʪ ʄʉ ʜʘʣʝʝ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʣʘʢʪʦʟʳ, ʬʝʨʤʝʥʪʘʪʠʚʥʳʡ ʛʠʜʨʦʣʠʟ ʢʦʪʦʨʦʡ ʜʘyʪ 
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ʮʝʥʥʳʡ ʧʨʦʜʫʢʪ ï ɻɻʉ. ɼʘʥʥʳʡ ʧʨʦʜʫʢʪ ʧʨʠʦʙʨʝʪʘʝʪ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠ ʙʝʣʢʦʚ. 

ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʩʪʥʦʛʦ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ (ʬʨʫʢʪʳ, ʦʚʦʱʠ, 

ʦʨʝʭʠ, ʙʦʙʦʚʳʝ ʠ ʜʨʫʛʠʝ ʟʣʘʢʦʚʳʝ ʢʫʣʴʪʫʨʳ), ʘ ʪʘʢʞʝ ʜʠʢʦʨʘʩʪʫʱʠʭ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʠ ʧʠʱʝʚʳʭ ʨʘʩʪʝʥʠʡ ʧʦʟʚʦʣʠʪ ʧʨʦʠʟʚʦʜʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʤʦʣʦʯʥʳʝ ʧʨʦʜʫʢʪʳ, ʦʙʦʛʘʱʸʥʥʳʝ ʢʦʤʧʣʝʢʩʦʤ ʥʝʦʙʭʦʜʠʤʳʭ ɹɸɺ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ ʥʘʩʝʣʝʥʠʷ. 

 

4.2.2 ɺʳʜʝʣʝʥʠʷ ʟʝʠʥʘ ʠʟ ʢʫʢʫʨʫʟʥʦʡ ʤʫʢʠ ʠ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

 

ɿʝʠʥ ʙʳʣ ʚʳʜʝʣʝʥ ʠʟ ʢʫʢʫʨʫʟʥʦʡ ʤʫʢʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʵʢʩʪʨʘʢʮʠʝʡ 

ʘʣʴʙʫʤʠʥʦʚ ʠ ʛʣʦʙʫʣʠʥʦʚ ʚʦʜʦʡ ʠ 0.1 ʄ NaCl, ʟʘʪʝʤ ʟʝʠʥʳ 75% ʵʪʘʥʦʣʦʤ. 

ʄʝʪʦʜʦʤ ʪʫʨʙʠʜʠʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʠ ʄʄʈ ʟʝʠʥʦʚ. 

ʇʨʠʚʝʜʸʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʠ ʤʘʢʨʦʤʦʣʝʢʫʣ ʟʝʠʥʘ, 

ʚʳʜʝʣʝʥʥʦʛʦ ʠʟ ʢʫʢʫʨʫʟʥʦʡ ʤʫʢʠ ʤʝʩʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʧʨʝʜʩʪʘʚʣʷʪʁ ʙʦʣʴʰʦʡ 

ʠʥʪʝʨʝʩ ʜʣ ̫ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʠʭ 

ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ʩ ʮʝʣʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʨʘʢʪʠʯʝʩʢʦʡ ʤʝʜʠʮʠʥʩʢʦʡ ʠ ʧʠʱʝʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [269]. 

 

4.3 ɻʠʜʨʦʛʝʣʠ ʥʘ ʦʩʥʦʚʝ ʧʝʢʪʠʥʦʚ ʠ ʠʭ ʢʦʤʧʣʝʢʩʳ ʩ ʙʝʣʢʘʤʠ 

 

4.3.1 ɻʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ʥʠʟʢʦʤʝʪʠʣʠʨʦʚʘʥʥʳʭ ʧʝʢʪʠʥʦʚ ʩ ʠʦʥʘʤʠ ʢʘʣʴʮʠʷ ʚ 

ʨʘʟʙʘʚʣʝʥʥʦʤ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʤ ʨʘʩʪʚʦʨʘʭ 

 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʨʘʟʙʘʚʣʝʥʥʳʭ ʨʘʩʪʚʦʨʘʭ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʝʢʪʠʥʦʚʦʡ 

ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʩ ʠʦʥʘʤʠ ʢʘʣʴʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʩʝʨʠʷ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ï ʦʪ ʦʙʳʯʥʦʛʦ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʟʘʨʷʜʘ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʘʛʨʝʛʘʪʦʚ, 

ʧʦʜʦʙʥʳʭ ʩʪʨʫʢʪʫʨʝ ç̫ ʠʯʥʦʡ ʢʦʨʦʙʢʠè. ɼʠʤʝʨʠʟʘʮʠʷ ʮʝʧʠ ʠ ʘʩʩʦʮʠʘʮʠʷ 

ʤʘʢʨʦʤʦʣʝʢʫʣ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʧʨʦʠʩʭʦʜʷʪ ʢʦʦʧʝʨʘʪʠʚʥʦ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʝʟʢʠʤ 

ʚʦʟʨʘʩʪʘʥʠʝʤ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʙʘʚʣʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ 
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ʧʝʢʪʠʥʦʚʳʭ ʚʝʱʝʩʪʚ. ʅʄ-ʧʝʢʪʠʥʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʚʩʪʫʧʘʶʪ ʚ 

ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʚʥʫʪʨʠ- ʠ ʤʝʞʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʚʷʟʝʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʢʦʤʧʘʢʪʥʳʭ ʠ ʨʘʟʚʝʪʚʣʝʥʥʳʭ ʩʪʨʫʢʪʫʨ, ʦʜʥʘʢʦ, ʠʦʥʳ ʢʘʣʴʮʠʷ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ 

ʘʢʪʠʚʥʳʤʠ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʘʛʨʝʛʘʪʦʚ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʪʨʝʭʤʝʨʥʳʭ ʩʝʪʦʢ. ʉʪʨʫʢʪʫʨʠʨʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʝʢʪʠʥʦʚʳʭ ʚʝʱʝʩʪʚ 

ʫʩʠʣʠʚʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ, ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ 

ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ ʠ ʩʪʝʧʝʥʠ ʜʠʩʩʦʮʠʘʮʠʠ.  

ɺ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʤ ʨʘʩʪʚʦʨʝ ʠʟʫʯʝʥ rʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʞʝʣʝ, 

ʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʥʘ ʦʩʥʦʚʝ ʅʄ-ʧʝʢʪʠʥʘ ʧʦʜ ʚʣʠʷʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʝʢʪʠʥʘ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚʘʨʢʠ ʠ ʩʦʜʝʨʞʘʥʠʷ ʢʘʣʴʮʠʷ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʯʪʦ ʅʄ-ʧʝʢʪʠʥ ʠʟ ʂʇ, ʧʦʣʫʯʝʥʥʳʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʭʣʦʨʠʜʘ 

ʥʘʪʨʠʷ ʦʙʣʘʜʘʝʪ ʰʠʨʦʢʠʤ ʜʠʘʧʘʟʦʥʦʤ ʨʅ ʞʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ʠ, ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ ʇɻ. ʄʘʢʩʠʤʫʤ ʧʨʦʯʥʦʩʪʠ ʛʝʣʷ ʦʪ ʢʦʣʠʯʝʩʪʚʘ 

ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʢ ʦʙʣʘʩʪʠ ʵʢʚʠʤʦʣʷʨʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʠʦʥʦʚ 

ʢʘʣʴʮʠʷ ʠ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʧʝʢʪʠʥʦʚʳʭ ʚʝʱʝʩʪʚ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʝ 

Mz ʧʝʢʪʠʥʦʚ ʩʚʷʟʘʥʦ ʩʦ ʩʪʝʧʝʥʴʶ ʘʛʨʝʛʘʮʠʠ ʤʘʢʨʦʤʦʣʝʢʫʣʳ. ʅʘ ʦʩʥʦʚʝ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʟʥʘʯʝʥʠʡ Mz ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʩʚʷʟʴ ʤʝʞʜʫ ʩʪʝʧʝʥʴ ʁ

ʤʦʣʝʢʫʣʷʨʥʦʡ ʘʛʨʝʛʘʮʠʠ ʠ ʦʪʥʦʰʝʥʠʝʤ Mz/ʄw ʠ ʚʧʝʨʚʳʝ ʦʧʨʝʜʝʣʝʥʳ ʬʘʢʪʦʨʳ, 

ʚʣʠʷʶʱʠʝ ʥʘ ʧʨʦʯʥʦʩʪʴ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ. ʊʘʢʞʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʫʤʝʥʴʰʝʥʠʝ ʉʕ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʝʯʝʥʠʶ ʞʝʣʠʨʫʶʱʠʭ ʩʚʦʡʩʪʚ ʅʄ-ʧʝʢʪʠʥʘ.  

ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ rʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʞʝʣʝʡʥʳʭ ʧʨʦʜʫʢʪʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʠʱʝʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ.  

 

4.3.2 ʉʠʩʪʝʤ ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʚʝʱʝʩʪʚ ʠ ʧʠʱʝʚʳʭ ʠʥʛʨʝʜʠʝʥʪʦʚ 

 

ʇɿʂ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʛʦ ʜʝʡʩʪʚʫʶʱʝʛʦ ʚʝʱʝʩʪʚʘ 

ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʡ ʧʨʝʧʘʨʘʪ PX, ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʜʣʷ ʩʦʟʜʘʥʠ ̫ʉɼʃ ʠ 

ʧʠʱʝʚʳʭ ʠʥʛʨʝʜʠʝʥʪʦʚ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʠʭ ʮʝʣʦʩʪʥʦʩʪʠ ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʝ 
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ʞʝʣʫʜʢʘ ʠ ʪʦʥʢʦʛʦ ʢʠʝhʯʥʠʢʘ. ʄʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʦʩʥʦʚʘʥ ʥʘ ʪʦʤ, 

ʯʪʦ ʧʝʢʪʠʥ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʡ ʩʰʠʪrʤʠ ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ (Ca2+, Zn2+), 

ʩʧʦʩʦʙʝʥ ʟʘʱʠʱʘʪʴ ʧʨʦʪʝʠʥʳ ʦʪ ʜʝʡʩʪʚʠʷ ʧʨʦʪʝʘʟ. ɿʝʠʥ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚʥʫʪʨʠ ʧʦʣʠʤʝʨʥʦʡ ʩʝʪʢʠ ʠ ʧʨʝʧʷʪʩʪʚʫʝʪ ʙʳʩʪʨʦʤʫ 

ʚʳʩʚʦʙʦʞʜʝʥʠʶ ʃɺ.  

ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ 

ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʥʦʛʦ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ ʦʩʥʦʚʝ ʧʨʠʨʦʜʥʳʭ 

ʙʠʦʧʦʣʠʤʝʨʦʚ ï ʧʝʢʪʠʥʘ ʠ ʟʝʠʥʘ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʪʝʧʝʥʴ 

ʥʘʩʳʱʝʥʠʷ ʈʍ ʚ ʢʦʤʧʣʝʢʩʝ ʟʘʚʠʩʠʪ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʧʝʢʪʠʥʘ ʠ ʟʝʠʥʘ, ʠ ʯʝʤ 

ʙʦʣʴʰʝ ʟʝʠʥʘ ʚ ʢʦʤʧʣʝʢʩʝ, ʪʝʤ ʚʳʰʝ ʩʪʝʧʝʥʴ ʩʚʷʟʳʚʘʥʠʷ ʈʍ. ʉʪʝʧʝʥʴ ʥʘʙʫʭʘʥʠʷ 

ʧʦʣʠʤʝʨʘ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʟʝʠʥʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘ 

ʩʚʦʡʩʪʚʘ ʧʨʦʪʝʠʥ-ʧʦʣʠʩʘʭʘʨʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚʣʠʷʶʪ ʧʨʠʨʦʜʘ ʙʠʦʧʦʣʠʤʝʨʘ, ʝʛʦ 

ʩʦʦʪʥʦʰʝʥʠʝ, ʩʪʝʧʝʥʴ ʥʘʙʫʭʘʥʠ,̫ ʄʄ, ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ ʠ ʜʨʫʛʠʝ ʬʘʢʪʦʨ.r 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʦʥʳ Zn2+ ʩʧʦʩʦʙʩʪʚʫʶʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʙʦʣʝʝ ʢʦʤʧʘʢʪʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʩ ʧʝʢʪʠʥʦʤ ʚ ʢʘʯʝʩʪʚʝ ʩʰʠʚʘʶʱʝʛʦ ʤʝʪʘʣʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʦʥʘʤʠ 

Ca2+, ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʧʨʠ ʩʦʟʜʘʥʠʠ ʥʦʩʠʪʝʣʝʡ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, 

ʫʩʪʦʡʯʠʚʳʭ ʢ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʤʫ ʚʳʩʚʦʙʦʞʜʝʥʠʶ ʃɺ ʚ ʚʝʨʭʥʠʭ ʦʪʜʝʣʘʭ ɾʂʊ 

[254] 326. ʂʨʦʤʝ ʪʦʛʦ, ʛʠʜʨʦʛʝʣʠ, ʩʦʜʝʨʞʘʱʠʝ ʠʦʥr ʮʠʥʢʘ, ʧʦʢʘʟʘʣʠ ʙʦʣʴʰʫʶ 

ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ, ʯʝʤ ʛʠʜʨʦʛʝʣʠ, ʩʦʜʝʨʞʘʱʠʝ ʠʦʥʳ ʢʘʣʴʩʠʷ, ʧʨʠ 

ʢʦʥʪʘʢʪʝ ʩ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤʠ ʨʘʩʪʚʦʨʘʤʠ.  ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʠʢʨʦʩʬʝʨ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʅʄ-ʧʝʢʪʠʥʘ ʩʰʠʚʢʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʩʥʦʚʥʦʤ ʩ ʠʦʥʘʤʠ 

ʜʚʫʭʚʘʣʝʥʪʥʳʭ ʤʝʪʘʣʣʦʚ, ʘ ʚ ʩʣʫʯʘʝ ʩ ɺʄ-ʧʝʢʪʠʥʦʤ ʙʠʦʧʦʣʠʤʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ʦʙʨʘʟʫʶʪʩʷ ʟʘ ʩʯʝʪ ʛʠʜʨʦʬʦʙʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ.  ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʩʝʨʠʶ ʤʠʢʨʦʩʬʝʨ ʥʘ ʦʩʥʦʚʝ ʧʝʢʪʠʥʘ ʠ ʟʝʠʥʘ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ 

ʙʠʦʨʘʟʣʘʛʘʝʤʳʤʠ ʠ ʙʠʦʩʦʚʤʝʩʪʠʤʳʤʠ ʧʦʣʠʤʝʨʘʤʠ, ʠ ʧʨʠʤʝʥʪ̫ʴ ʠʭ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʥʦʩʠʪʝʣʝʡ ʩ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ ʚʳʩʚʦʙʦʞʜʝʥʠʝʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʜʦʙʥʦʡ ʜʦʩʪʘʚʢʠ 

ʟʘʱʠʪʠʪʴ ʣʝʢʘʨʩʪʚʦ ʦʪ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʛʦ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ 
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ʩʨʝʜʝ ʞʝʣʫʜʢʘ ʠ ʪʦʥʢʦʛʦ ʢʠʝhʯʥʠʢʘ. ʉʦʛʣʘʩʥʦ ʧʨʦʚʝʜʝʥʥʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠ ʁ

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʢʠʥʝʪʠʢʘ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʘʢʪʠʚʥʦʛʦ ʚʝʱʝʩʪʚʘ ï PX ʠʟ ʉɼʃ 

ʥʘ ʦʩʥʦʚʝ ʙʠʦʧʦʣʠʤʝʨʥʳʭ ʤʠʢʨʦʩʬʝʨ ʚ ʫʩʣʦʚʠʷʭ, ʤʦʜʝʣʠʨʫʶʱʠʭ ʩʨʝʜʫ ɾʂʊ (in 

vitro) ʠ ʧʦʟʚʦʣʠʚʰʠʭ ʫʩʪʘʥʦʚʠʪʴ ʥʝʢʦʪʦʨʳʝ ʢʠʥʝʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʜʘʥʥʳʭ 

ʩʠʩʪʝʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʉɼʃ ʩʧʦʩʦʙʥʳ ʧʦʜʘʚʣʷʪʴ ʥʘʙʫʭʘʥʠʝ ʧʝʢʪʠʥʘ 

ʚ ʞʝʣʫʜʢʝ ʠ ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʨʘʟʨʫʰʝʥʠʶ ʣʝʢʘʨʩʪʚʘ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ɾʂʊ. ʅʘ 

ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦʙ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʜʦʙʥʦʡ ʩʠʩʪʝʤʳ ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʝʡ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ. 
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ɺʓɺʆɼʓ 
 

1. ʇʨʦʚʝʜʝʥʦ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʦʙʦʙʱʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ 

ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʧʝʢʪʠʥʘ ʠʟ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʳʨʴʷ, ʚʳʷʚʣʝʥʳ ʫʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ ʉɼʃ ʠ 

ʥʫʪʨʠʝʥʪʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ [1A-37A]. 

2. ʈʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʤʝʪʦʜʳ ʛʠʜʨʦʣʠʟ-ɻ ʢʩʪʨʘʢʮʠʠ ʧʝʢʪʠʥʦʚ ʬʨʫʢʪʦʚʳʭ 

ʚʳʞʠʤʦʢ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʬʣʝʰ-ʩʧʦʩʦʙʘ ï ʩʧʦʩʦʙʘ ʙʳʩʪʨʦʡ ʵʢʩʪʨʘʢʮʠʠ ʧʦʜ 

ʜʘʚʣʝʥʠʝʤ ʠ ʜʠʥʘʤʠʯʝʩʢʠʡ ʤʝʪʦʜ ʛʠʜʨʦʣʠʟ-ɻ ʢʩʪʨʘʢʮʠʠ ʧʝʢʪʠʥʘ ʠʟ ʂʇ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʩʦʢʨʘʪʠʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʣʠʟʘ, ʠʟʙʝʞʘʪʴ 

ʯʨʝʟʤʝʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʢʠʩʣʦʪ ʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʩʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʫ 

ʤʦʣʝʢʫʣʳ ʧʝʢʪʠʥʘ ʠ ʫʧʨʘʚʣʷʪʴ ʧʨʦʮʝʩʩʦʤ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʇʇ ʩ 

ʦʧʪʠʤʘʣʴʥʳʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʚʳʭʦʜʦʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʟʘʪʨʘʪ ʠ ʛʠʙʢʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʣʠʥʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝʢʪʠʥʘ [1-A], [7-A], [8-A], [22-A], [24-A], [25-A], [29-A], [33-A], 

[38-A]. 

3. ʀʩʩʣʝʜʦʚʘʥ rɼʋʌ ʦʯʠʩʪʢʘ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʧʝʢʪʠʥʦʚʦʛʦ 

ʛʠʜʨʦʣʠʟʘʪʘ. ɼʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʦʪʣʠʯʠʠ ʦʪ ʠʟʚʝʩʪʥʳʭ ʧʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʥʦʩʪʴʶ ʦʯʠʩʪʠʪʴ ʧʝʢʪʠʥʦʚʳʡ ʛʠʜʨʦʣʠʟʘʪ ʦʪ ʥʝʡʪʨʘʣʴʥʳʭ 

ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʠ ʜʨʫʛʠʭ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʚʝʱʝʩʪʚ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ 

ʫʣʫʯʰʝʥʠʝʤ ʢʘʯʝʩʪʚʘ ʧʝʢʪʠʥʘ (ʄʄ, ʩʦʜʝʨʞʘʥʠʷ ɻʂ ʠ ʉʕ), ʯʪʦ ʜʝʣʘʝʪ 

ʚʦʟʤʦʞʥʳʤ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ 

ʙʠʦʤʝʜʠʮʠʥʝ [5-A], [9-A], [20-A], [39-A], [42-A]. 

4. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ɼʋʌ ʧʫʪʸʤ ʨʘʟʨʘʙʦʪʢʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠ ʠʟʫʯʝʥʠʝ ʵʪʦʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʤʦʜʝʣʠ, 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʧʦʚʳʰʘʝʪʩʷ ʟʘ ʩʯʸʪ ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʣʘ ʮʠʢʣʦʚ 

ʜʠʘʣʠʟʘ. ʅʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʦʪʜʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʇʇ ʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʩʭʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 
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ʧʨʦʮʝʩʩʦʚ ʧʨʝʜʣʦʞʝʥʘ ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʚʦʟʤʦʞʥʦʛʦ ʟʘʧʫʩʢʘ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝʢʪʠʥʘ [27-A], [46-A], [57-A].    

5. ʅʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʳ ʠ ʧʨʝʜʣʦʞʝʥʳ ʤʝʪʦʜʳ ʚʳʜʝʣʝʥʠʷ Lgʉ ʠ ʣʘʢʪʦʟʳ ʠʟ 

ʄʉ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʯʝʪʘʥʠʷ ʤʝʪʦʜʦʚ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʠ ʋʌ, ʯʪʦ ʧʦʟʚʦʣʠʪ 

ʧʨʦʠʟʚʦʜʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʦʣʦʯʥʳʝ ʧʨʦʜʫʢʪʳ, ʦʙʦʛʘʱʸʥʥʳʝ ʢʦʤʧʣʝʢʩʦʤ 

ʥʝʦʙʭʦʜʠʤʳʭ ɹɸɺ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ 

ʛʨʫʧʧ ʥʘʩʝʣʝʥʠʷ [16-A], [30-A], [39-A]. 

6. ʀʟʫʯʝʥ ʤʝʭʘʥʠʟʤ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ʅʄ-ʧʝʢʪʠʥʘ ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʧʦʣʠʚʘʣʝʥʪʥʳʭ ʤʝʪʘʣʣʦʚ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʢʘʣʴʮʠʷ, ʧʨʦʠʩʭʦʜʷʪ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʜʠʤʝʨʦʚ ʠ ʧʦʣʠʤʝʨʥʳʭ ʘʛʨʝʛʘʪʦʚ ʚʧʣʦʪʴ ʜʦ ʬʘʟʦʚʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʩʠʣʴʥʦ 

ʥʘʙʫʭʰʝʛʦ ʛʝʣʷ. ʂʨʦʤʝ ʠʟʚʝʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ 

ʧʝʢʪʠʥʘ, ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʠ 

(Mz/ʄw), ʦʪʨʘʞʘʶʱʝʛʦ ʩʪʝʧʝʥʴ ʤʦʣʝʢʫʣʷʨʥʦʡ ʘʛʨʝʛʘʮʠʠ, ʯʪʦ ʚʧʝʨʚʳʝ ʧʦʟʚʦʣʠʣʦ 

ʦʧʨʝʜʝʣʠʪʴ ʥʦʚʳʡ ʬʘʢʪʦʨ, ʚʣʠʷʶʱʠʡ ʥʘ ʧʨʦʯʥʦʩʪʴ ʩʪʫʜʥ ̫[11-A] [13-A], [26-A], 

[31-A], [35-A], [51-A]. 

7. ʇʨʝʜʣʦʞʝʥʦ ʠʥʦʪʨʦʧʥʦʝ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʝ ʧʝʢʪʠʥʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʜʚʫʭʚʘʣʝʥʪʥʳʭ ʢʘʪʠʦʥʦʚ ʩ ʮʝʣʶ ʨʘʟʨʘʙʦʪʢʠ ʫʩʣʦʚʠʡ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʥʘ 

ʦʩʥʦʚʝ ʧʝʢʪʠʥʘ ʠ ʟʝʠʥʘ ʩ ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʥʳʤʠ ʣʝʢʘʨʩʪʚʘʤʠ, ʫʩʪʦʡʯʠʚʳʤʠ ʢ 

ʜʝʡʩʪʚʠʶ ʩʨʝʜʳ ʞʝʣʫʜʢʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʦʥʳ Zn2+ ʩʧʦʩʦʙʩʪʚʫʶʪ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʙʦʣʝʝ ʢʦʤʧʘʢʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʧʝʢʪʠʥʦʤ ʚ ʢʘʯʝʩʪʚʝ ʩʰʠʚʘʶʱʝʛʦ ʤʝʪʘʣʣʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʠʦʥʘʤʠ Ca2+, ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʧʨʠ ʩʦʟʜʘʥʠʠ ʥʦʩʠʪʝʣʝʡ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʫʩʪʦʡʯʠʚʳʭ ʢ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʤʫ ʚʳʩʚʦʙʦʞʜʝʥʠʶ ʃɺ 

ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ɾʂʊ [3-A], [4-A], [41-A]. 

8. ʅʘʡʜʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʥʦʛʦ 

ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ ʦʩʥʦʚʝ ʧʨʠʨʦʜʥʳʭ ʙʠʦʧʦʣʠʤʝʨʦʚ ï ʧʝʢʪʠʥʘ ʠ 

ʟʝʠʥʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘ ʧʨʦʮʝʩʩ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʪʝʧʝʥʴ ʥʘʩʳʱʝʥʠʷ ʃɺ 

ʚʣʠʷʶʪ ʧʨʠʨʦʜʘ ʙʠʦʧʦʣʠʤʝʨʦʚ, ʠʭ ʧʨʦʧʦʨʮʠʠ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʠ ʪʠʧ 

ʜʚʫʭʚʘʣʝʥʪʥʦʛʦ ʤʝʪʘʣʣʘ. ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʠʢʨʦʩʬʝʨ ʩ ʅʄ-ʧʝʢʪʠʥʦʤ 

ʢʦʤʧʣʝʢʩ ʦʙʨʘʟʫʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʟʘ ʩʯʝʪ ʩʰʠʚʢʠ ʩ ʠʦʥʘʤʠ ʜʚʫʭʚʘʣʝʥʪʥʳʭ 
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ʤʝʪʘʣʣʦʚ, ʘ ʚ ʩʣʫʯʘʝ ʩ ɺʄ-ʧʝʢʪʠʥʦʤ ʧʦʩʨʝʜʩʪʚʦʤ ʛʠʜʨʦʬʦʙʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

ʙʠʦʧʦʣʠʤʝʨʘ [4-A], [6-A], [14-A] [19-A]. 

9. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʢʠʥʝʪʠʢʘ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʘʢʪʠʚʥʦʛʦ ʚʝʱʝʩʪʚʘ ï PX 

ʠʟ ʉɼʃ ʥʘ ʦʩʥʦʚʝ ʙʠʦʧʦʣʠʤʝʨʥʳʭ ʤʠʢʨʦʩʬʝʨ ʚ ʫʩʣʦʚʠʷʭ, ʠʤʠʪʠʨʫʶʱʠʭ ʩʨʝʜʫ 

ɾʂʊ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʫʩʪʘʥʦʚʠʪʴ ʥʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʢʠʥʝʪʠʢʠ ʜʘʥʥʳʭ 

ʩʠʩʪʝʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩʧʦʩʦʙʥʳ ʧʦʜʘʚʣʷʪʴ ʥʘʙʫʭʘʥʠʝ 

ʧʝʢʪʠʥʘ ʚ ʞʝʣʫʜʢʝ ʠ ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʨʘʟʨʫʰʝʥʠʶ ʣʝʢʘʨʩʪʚʘ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ɾʂʊ 

[3-A], [6-A], [18-A], [50-A], [51-A], [54-A]. 

 

ʈɽʂʆʄɽʅɼɸʎʀʀ ʇʆ ʇʈɸʂʊʀʏɽʉʂʆʄʋ ʀʉʇʆʃʔɿʆɺɸʅʀʖ 

ʈɽɿʋʃʔʊɸʊʆɺ 

 
ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ, ʧʦʣʫʯʝʥʥʳʤ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʨʝʢʦʤʝʥʜʫʝʪʩʷ: 

1. ʇʨʝʜʣʦʞʝʥʥʳʝ ʩʧʦʩʦʙʳ ï ʬʣʝ-hʩʧʦʩʦʙ ʠ ʜʠʥʘʤʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ʛʠʜʨʦʣʠʟ-

ʵʢʩʪʨʘʢʮʠʠ ʇɺ ʠ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʥʘ ʠʭ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ 

ʧʝʢʪʠʥ ʩ ʦʧʪʠʤʘʣʴʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠʟ ʨʘʟʣʠʯʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ. ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʤʦʞʝʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝʢʪʠʥʘ ʠʟ ʣʶʙʦʛʦ ʩʦʜʝʨʞʘʱʝʛʦ ʧʝʢʪʠʥ ʩʳʨʴʷ, ʧʦʣʫʯʝʥʥʳʡ ʧʝʢʪʠʥ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ 

ʙʠʦʤʝʜʠʮʠʥʝ. 

2. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʊɼʋʌ ʤʝʪʦʜ ʜʣʷ ʦʯʠʩʪʢʠ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʧʝʢʪʠʥʦʚʳʭ 

ʛʠʜʨʦʣʠʟʘʪʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʣʥʦʩʪʴʶ ʦʯʠʩʪʠʪʴ ʧʝʢʪʠʥʦʚʳʝ ʨʘʩʪʚʦʨʳ ʦʪ 

ʥʝʡʪʨʘʣʴʥʳʭ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʠ ʜʨʫʛʠʭ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʚʝʱʝʩʪʚ, 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʶʱʠʭ ʥʘ ʢʘʯʝʩʪʚʦ ʧʝʢʪʠʥʘ, ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʶʱʠʭ ʥʘ 

ʢʘʯʝʩʪʚʦ ʧʝʢʪʠʥʘ. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʜʝʣʘʝʪ ʪʝʭʥʦʣʦʛʠʶ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝʢʪʠʥʘ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʩ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. 

3. ʇʨʝʜʣʦʞʝʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʪʜʝʣʴʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʇʇ, ʠ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʤʦʛʫʪ ʙʳʪʴ 

ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʚʦʟʤʦʞʥʦʛʦ ʟʘʧʫʩʢʘ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝʢʪʠʥʘ. 
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4. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʩʝʣʝʢʪʠʚʥʳʡ ʃʄ ʚʳʜʝʣʝʥʠʷ Lgʉ ʠʟ ʄʉ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʮʝʩʩʘ ʋʌ ʨʘʟʜʝʣʝʥʠʷ ʠ ʧʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮ rʤʦʣʦʯʥʦ-ʙʝʣʢʦʚʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʦʥʮʝʥʪʨʘʪʘ ʄʉ ʠ 

ʤʦʣʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʧʠʱʝʚʦʡ ʮʝʥʥʦʩʪʠ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ. ʇʦʣʫʯʝʥʥʳʡ ɻɻʉ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʣʘʢʪʦʟʳ ʋʌ-ʧʝʨʤʠʘʪʘ ʄʉ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ 

ʚ ʢʘʯʝʩʪʚʝ ʩʘʭʘʨʦʟʘʤʝʥʠʪʝʣʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʫʯʥʳʭ ʢʦʥʜʠʪʝʨʩʢʠʭ ʠʟʜʝʣʠʡ. 

5. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʝʣʝʦʙʨʘʟʫʶʱʠʭ ʩʚʦʡʩʪʚ ʧʝʢʪʠʥʘ ʩ ʫʯʝʪʦʤ 

ʚʣʠʷʶʱʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʧʨʦʯʥʦʩʪʴ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʞʝʣʝʡʥʳʭ ʧʨʦʜʫʢʪʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʠʱʝʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

6. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʩʚʷʟʳʚʘʥʠʷ ʠ ʦʩʘʞʜʝʥʠʷ 

ʩʳʚʦʨʦʪʦʯʥʳʭ ʙʝʣʢʦʚ ʷʙʣʦʯʥʳʤ ʅʄ-ʧʝʢʪʠʥʦʤ ʧʦʢʘʟʳʚʘʶʪ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʝʢʪʠʥʘ ʠ ʙʝʣʢʦʚ ʄʉ ʚ ʢʘʯʝʩʪʚʝ ʮʝʥʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʜʦʙʘʚʦʢ, 

ʦʙʣʘʜʘʶʱʠʤ ʟʘʱʠʪʥʳʤʠ ʠ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ 

ʠʩʧʳʪʘʥʠʷ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʅʄ-ʧʝʢʪʠʥ ʚʤʝʩʪʦ ʠʤʧʦʨʪʥʳʭ 

ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʠʩʣʦʤʦʣʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

7. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʛʠʜʨʦʛʝʣʠʝʚʳʭ ʤʠʢʨʦʩʬʝʨ ʥʘ ʦʩʥʦʚʝ 

ʧʨʠʨʦʜʥʳʭ ʙʠʦʧʦʣʠʤʝʨʦʚ ï ʧʝʢʪʠʥʘ ʠ ʟʝʠʥʘ ʩ ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʥʳʤ ʣʝʢʘʨʩʪʚʦʤ, ʘ 

ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʢʠʥʝʪʠʢʠ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʃɺ ʠʟ 

ʉɼʃ ʧʦʟʚʦʣʷʶʪ ʩʫʜʠʪʴ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʜʦʙʥʦʡ ʩʠʩʪʝʤʳ ʚ 

ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʝʡ ɹɸɺ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʥʦʩʠʪʝʣʝʡ ʩ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ ʚʳʩʚʦʙʦʞʜʝʥʠʝʤ ɹɸɺ ʚ ʧʠʱʝʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚ ʙʠʦʤʝʜʠʮʠʥʝ ʠ ʬʘʨʤʘʢʦʣʦʛʠʠ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʠ 

ʘʜʘʧʪʠʨʦʚʘʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʠʢʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʢʠʥʝʪʠʢʠ 

ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʃɺ ʠʟ ʉɼʃ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʫʩʣʦʚʠʷʭ, ʠʤʠʪʠʨʫʶʱʠʭ ʩʨʝʜʫ ɾʂʊ, 

ʤʦʛʫʪ ʙʳʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʜʣʷ ʩʢʨʠʥʠʥʛʘ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʣʠʤʝʨʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʜʦʩʪʘʚʢʠ ɹɸɺ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʝʢʪʠʥʘ ʚ ʢʘʯʝʩʪʚʝ 

ʛʝʣʝʦʙʨʘʟʦʚʘʪʝʣʷ ʠ ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʠ ʧʨʠʤʝʥʝʥʠʷ ɻɻʉ ʥʘ ʧʠʱʝʚʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ 
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ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ ʙʳʣʠ ʦʬʦʨʤʣʝʥʳ ʚ ʚʠʜʝ ʘʢʪʦʚ ʠʩʧʳʪʘʥʠʡ ʠ ʵʢʩʧʝʨʪʥʳʭ 

ʟʘʢʣʶʯʝʥʠʡ ʩ ʥʘʫʯʥʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʦʡ ʦʮʝʥʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʠ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʧʦ ʧʨʠʤʝʥʝʥʠʶ: 

- ɸʢʪ ʦʙ ʠʩʧʳʪʘʥʠʠ ʧʨʠʤʝʥʝʥʠʷ ʧʝʢʪʠʥʦʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʤʘʨʤʝʣʘʜʘ ʥʘ ʬʘʙʨʠʢʝ çʐʠʨʠʥè (ʆɸʆ, ʛ. ɼʫʰʘʥʙʝ), (ʇʨʠʣʦʞʝʥʠʝ ɺ); 

- ɸʢʪ ʦʙ ʠʩʧʳʪʘʥʠʠ ʧʨʠʤʝʥʝʥʠʷ ʧʝʢʪʠʥʦʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʢʦʥʜʠʪʝʨʩʢʠʭ ʠʟʜʝʣʠʡ ʥʘ ʬʘʙʨʠʢʝ çʐʠʨʠʥè (ʆɸʆ, ʛ. ɼʫʰʘʥʙʝ), (ʇʨʠʣʦʞʝʥʠʝ ɻ);  

- ɸʢʪ ʦʙ ʠʩʧʳʪʘʥʠʠ ʧʨʠʤʝʥʝʥʠʷ ʛʣʶʢʦʟʦ-ʛʘʣʘʢʪʦʟʥʦʛʦ ʩʠʨʦʧʘ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʧʨʷʥʠʢʦʚ ʥʘ çʃʘʟʟʘʪè (ɿɸʆ, ʛ. ɼʫʰʘʥʙʝ) (ʇʨʠʣʦʞʝʥʠʝ ɼ); 

- ʕʢʩʧʝʨʪʥʦʝ ʟʘʢʣʶʯʝʥʠʝ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʧʝʢʪʠʥʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʜʣʷ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʠʩʣʦʤʦʣʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ (ʢʝʬʠʨʘ ʠ ʬʨʫʢʪʦʚʦʛʦ ʡʦʛʫʨʪʘ) ʥʘ 

çʂʦʤʙʠʥʘʪʠ ʰʠʨʠ ɼʫʰʘʥʙʝè (ɸʆɿʊ, ʛ. ɼʫʰʘʥʙʝ) ʦʪ 10.07.2013 (ʇʨʠʣʦʞʝʥʠʝ ɽ). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



253 
 

 

ʉʇʀʉʆʂ ʀʉʇʆʃʔɿʆɺɸʅʅʆʁ ʃʀʊɽʈɸʊʋʈʓ 

1. ʇʨʦʠʟʚʦʜʩʪʚʦ ʧʝʢʪʠʥʘ. ʇʨʠʤʝʥʝʥʠʝ ʮʝʥʪʨʦʙʝʞʥʦʡ ʪʝʭʥʠʢʠ ʢʦʤʧʘʥʠʠ. 

çɺʝʩʪʬʘʣʠʷ ʩʝʧʘʨʘʪʦʨè ʌʈɻ // ʇʠʱʝʚʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ. ï 2006. ï ̄  9. ï ʉ. 32-

33. 

2. ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʝʞʝʛʦʜʥʠʢ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ // ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ 

ʩʙʦʨʥʠʢ / ɸʉʇʈʊ. ï ɼʫʰʘʥʙʝ, 2021. ï 466 ʩ.  

3. Muhidinov Z.K. Physico-Chemical Characterization of Pectic Polysaccharides from 

Various Sources Obtained by Steam Assisted Flash Extraction (SAFE) / Z.K. 

Muhidinov, Kh.I. Teshaev (Kh.I. Ikromi), A.C. Jonmurodov, D.Kh. Khalikov, M. 

Fishman // Macromol. Symp. Editors: V. Aseyev, H. Tenhu. ï 2012. ï V. 317-318, ˉ 

1. ï P.142-148.  

4. ʍʘʣʠʢʦʚ ɼ.ʍ. ɺʣʠʷʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʥʘ ʞʝʣʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʧʝʢʪʠʥʘ 

/ ɼ.ʍ. ʍʘʣʠʢʦʚ, ɸ.ʐ. ʐʪʘʥʯʘʝʚ, ɿ.ʂ. ʄʫʭʠʜʠʥʦʚ // ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ ɺʩʝʩʦʶʟʥʦʡ 

ʰʢʦʣʳ-ʩʝʤʠʥʘʨʘ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʤʝʪʦʜʘ ʫʣʴʪʨʘʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʚ ʭʠʤʠʠ ʠ 

ʙʠʦʣʦʛʠʠ çɸʥʘʣʠʪʠʯʝʩʢʦʝ ʫʣʴʪʨʘʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝ ʚ ʭʠʤʠʠ ʠ ʙʠʦʣʦʛʠʠè. ï 

ɼʫʰʘʥʙʝ, 1987. ï C. 140-145. 

5. Munarin F. Advances in biomedical applications of pectin gels / F. Munarin, M. C. 

Tanzi, P.  Petrini // Int. J. Biol. Macromol. ï 2012. ï V. 51, ï ˉ 4. ï P. 681-689. 

6. US Patent 5929051. Aloe Pectins / Ni Y., Yates K.M., Zarzycki R. US, 1999. 

7. Maneerat N. Effect of extraction condition on properties of pectin from banana peels 

and its function as fat replacer in salad cream / N. Maneerat, N. Tangsuphoom,  A. 

Nitithamyong // J. Food Sci. Technol. ï 2017. ï V. 54, ˉ 2. ï P. 386-397. 

8. Urias-Orona V. A Novel Pectin Material: Extraction, Characterization and Gelling 

Properties / V. Urias-Orona et al. // Int. J. Mol. Sci. ï 2010. ï V. 11, ˉ 10. ï P. 3686-

3695. 

9. Bagherian H. Comparisons between conventional, microwave- and ultrasound-

assisted methods for extraction of pectin from grapefruit / H. Bagherian et al. // Chem. 

Eng. Process. Process Intensif. ï 2011. ï V. 50, ˉ 11-12. ï P. 1237-1243. 



254 
 

 

10. Wai W.W. Optimization of pectin extraction from durian rind (Durio zibethinus) 

using response surface methodology / W.W. Wai, A.F.M. Alkarkhi, A.M.  Easa // J. 

Food Sci. ï 2009. ï V. 74, ˉ 8. ï P. C637-41. 

11. Jayani R.S. Microbial pectinolytic enzymes: A review / R.S. Jayani, S. Saxena, 

R. Gupta // Process Biochem. ï 2005. ï V. 40, ˉ 9. ï P. 2931-2944. 

12. Deroeck A. Effect of high pressure/high temperature processing on cell wall pectic 

substances in relation to firmness of carrot tissue / A. Deroeck et al. // Food Chem. ï 

2008. ï V. 107, ˉ 3. ï P. 1225-1235. 

13. Zhang C. Optimisation of pectin extraction from sweet potato (Ipomoea batatas, 

Convolvulaceae) residues with disodium phosphate solution by response surface 

method / C. Zhang, T. Mu // Int. J. Food Sci. Technol. ï 2011. ï V. 46, ˉ 11. ï P. 

2274-2280. 

14. Vriesmann L.C. Extraction and characterization of pectin from cacao pod husks 

(Theobroma cacao L.) with citric acid / L.C. Vriesmann, R.F. Te·filo, C. L¼cia de 

Oliveira Petkowicz // LWT - Food Sci. Technol. ï 2012. ï V. 49, ˉ 1. ï P. 108-116. 

15. Malviya R. Extraction and characterization of mango peel pectin as pharmaceutical 

excipient / R. Malviya, G.T. Kulkarni // Polim. Med. ï 2012. ï V. 42, ˉ 3-4. ï P. 185-

190. 

16. Sudhakar D.V. Isolation and characterization of mango peel pectins / D.V. 

Sudhakar, S.B. Maini // J. Food Process. Preserv. ï 2000. ï V. 24, ˉ 3. ï P. 209-227. 

17. Kulkarni S.G. Effect of extraction conditions on the quality characteristics of pectin 

from passion fruit peel (Passiflora edulis f. flavicarpa L.) / S.G. Kulkarni, P.  

Vijayanand // LWT - Food Sci. Technol. ï 2010. ï V. 43, ˉ 7. ï P. 1026-1031. 

18. Kliemann E. Optimisation of pectin acid extraction from passion fruit peel 

(Passiflora edulis flavicarpa) using response surface methodology / E. Kliemann et al. 

// Int. J. Food Sci. Technol. ï 2009. ï V. 44, ˉ 3. ï P. 476-483. 

19. Woo K.K. Pectin Extraction and Characterization from Red Dragon Fruit 

(Hylocereus polyrhizus): A Preliminary Study / K.K. Woo et al.  // J. Biol. Sci. ï 2010. 

ï V. 10, ˉ 7. ï P. 631-636. 



255 
 

 

20. Pag§n J. Extraction and characterization of pectin from stored peach pomace / J. 

Pag§n et al. // Food Res. Int. ï 2001. ï V. 34, ˉ 7. ï P. 605-612. 

21. Faravash R.S. The influence of acid volume, ethanol-to-extract ratio and acid-

washing time on the yield of pectic substances extraction from peach pomace / R.S. 

Faravash, F.Z. Ashtiani // Food Hydrocoll. ï 2008. ï V. 22, ˉ 1. ï P. 196-202. 

22. Sahari M.A. Effect of variety and acid washing method on extraction yield and 

quality of sunflower head pectin / M.A. Sahari, M.A.Akbarian, M. Hamedi  // Food 

Chem. ï 2003. ï V. 83, ˉ 1. ï P. 43-47. 

23. ɻʦʨʰʢʦʚʘ ʈ.ʄ. ʇʦʣʠʩʘʭʘʨʠʜʳ ʨʝʚʝʥʷ ʩʢʘʣʴʥʦʛʦ (Rheum rupestre) / ʈ.ʄ. 

ɻʦʨʰʢʦʚʘ, ɸ.ʉ. ʅʘʩʨʠʜʜʠʥʦʚ, ɿ.ʂ. ʄʫʭʠʜʠʥʦʚ, ɼ.ʍ. ʍʘʣʠʢʦʚ, ʉ.ɼ. ʍʘʣʠʢʦʚʘ, 

ʍ.ʀ. ʊʝʰʘʝʚ (ʍ.ʀ. ʀʢʨʦʤʠ) // ʍʠʤʠʷ ʠ ʭʠʤʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ. ï 2010. ï ʊ.53. ï 

ˉ 6. ï ʉ.87-90. 

24. Muhidinov Z.ʂ. Gravity Flow Dynamic Method for Pectin Extraction from 

Sunflower Head using Sodium Chloride / Z.ʂ. Muhidinov, D.Kh. Khalikov, L.M. 

Fishman, L.S. Liu  // Biopolym. Res. ï 2017. ï V. 01, ˉ 01. ï P. 1-8. 

25. Ptichkina N.M. Pectin extraction from pumpkin with the aid of microbial enzymes /  

N.M. Ptichkina, O.A. Markina, G.N.  Rumyantseva // Food Hydrocoll. ï 2008. ï V. 22, 

ˉ 1. ï P. 192-195. 

26. Jonmurodov A.S. Pectic polysaccharides from pumpkin fruit /A.S. Jonmurodov, 

Z.K. Muhidinov, G.D. Strahan, S.E. Kholov, Kh.I. Teshaev (Kh.I. Ikromi), M.L. 

Fishman, L.S.  Liu // ʊhe 18th Gums and Stabilisers for the Food Industry Conference 

/ Ed. by Peter A. Williams and Glyn O. Philips ï RSC Publishing. ï 2016. ï P. 23-36. 

https://doi.org/10.1039/9781782623830-00023 

27. Kalapathy U. Effect of acid extraction and alcohol precipitation conditions on the 

yield and purity of soy hull pectin / U. Kalapathy, A. Proctor // Food Chem. ï 2001. ï 

V. 73, ˉ 4. ï P. 393-396. 

28. Williams P.A. Elucidation of the Emulsification Properties of Sugar Beet Pectin / 

P.A. Williams, C. Sayers, C. Viebke, C. Seman, J. Mazoyer,  P. Boulengue // Journal 

of Agricultural and Food Chemistry. ï 2005. ï V.53. ï ʈ.3592. 

https://doi.org/10.1039/9781782623830-00023


256 
 

 

29. Phatak L. Isolation and Characterization of Pectin in Sugar-Beet Pulp / L. Phatak, 

K.C. Chang, G. Brown // Food Science. ï 1988. ï V. 53. ï P.830-833. 

30. Robert C. et al. Effect of variety and harvest date on pectin extracted from chicory 

roots (Cichorium intybus L.) // Food Chem. ï 2008. ï V. 108, ˉ 3. ï P. 1008-1018. 

31. Seggiani M. Effect of different extraction and precipitation methods on yield and 

quality of pectin / M. Seggiani et al. // Int. J. Food Sci. Technol. ï 2009. ï V. 44, ˉ 3. 

ï P. 574-580. 

32. Masmoudi M. Optimization of pectin extraction from lemon by-product with 

acidified date juice using response surface methodology / M. Masmoudi et al. // 

Carbohydr. Polym. ï 2008. ï V. 74, ˉ 2. ï P. 185-192. 

33. Kratchanova M. The effect of microwave heating of fresh orange peels on the fruit 

tissue and quality of extracted pectin / M. Kratchanova, E. Pavlova, I. Panchev // 

Carbohydr. Polym. ï 2004. ï V. 56, ˉ 2. ï P. 181-185. 

34. Garna H. Effect of extraction conditions on the yield and purity of apple pomace 

pectin precipitated but not washed by alcohol / H. Garna et al. // J. Food Sci. ï 2007. ï 

V. 72, ˉ 1. ï P. 001-009. 

35. Kumar A. Extraction and characterization of pectin from apple pomace and its 

evaluation as lipase (steapsin) inhibitor / A. Kumar, G.S. Chauhan // Carbohydr. 

Polym. ï 2010. ï V. 82, ˉ 2. ï P. 454-459. 

36. Virk B.S. Extraction and Characterization of Pectin from Apple (Malus Pumila, Cv 

Amri) Peel Waste / B.S. Virk, D.S.  Sogi // Int. J. Food Prop. ï 2004. ï V.7, ˉ 3. ï P. 

693-703. 

37. Kertesz Z.I. The Pectic Substances // J. Am. Pharm. Assoc. (Scientific ed.). ï 1952. 

ï V. 41, ˉ 1. ï P. 54.  

38. ʄʫʭʠʜʠʥʦʚ ɿ.ʂ. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʧʦʣʫʯʝʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ 

ʧʝʢʪʠʥʦʚʳʭ ʧʦʣʠʩʘʭʘʨʠʜʦʚ [ʊʝʢʩʪ]: ʜʠʩ. ... ʜʦʢ. ʭʠʤ. ʥʘʫʢ: 02.00.06 / 

ʄʫʭʠʜʜʠʥʦʚ ɿʘʡʥʠʜʜʠʥ ʂʘʤʘʨʦʚʠʯ.  ï ɼʫʰʘʥʙʝ, 2003. ï 238 ʩ. 

39. Vincken J.P. If Homogalacturonan were a side chain of Rhamnogalacturonan I. 

Implications for cell wall architecture / J.P. Vincken, H.A. Schols, R.J. Oomen, M.C. 



257 
 

 

McCann, P. Ulvskov, AG.J. Voragen, R.G.F. Visser // Plant Physiology. ï August 

2003. ï V. 132, ˉ 4. ï P. 1781-1789. 

40. BeMiller J.N. An Introduction to Pectins: Structure and Properties / Edited by M.L. 

Fishman, et al. // Chemistry and Function of Pectins. ï 1986. ï P. 2-12. 

41. Fishman M.L. Global structures of high methoxyl pectin from solution and in gels 

/ M.L. Fishman et al. // Biomacromolecules. ï 2007. ï V.8, ˉ 2. ï P. 573ï578. 

42. ʄʫʭʠʜʠʥʦʚ ɿ.ʂ. ʉʪʨʫʢʪʫʨʘ ʛʦʤʦʛʘʣʘʢʪʫʨʦʥʘʥʘ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ 

ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʦʯʠʱʝʥʥʦʛʦ ʧʝʢʪʠʥʘ [ʊʝʢʩʪ]: ʜʠʩéʢʘʥʜ. ʭʠʤ. ʥʘʫʢ: 02.00.06 / 

ʄʫʭʠʜʠʥʦʚ ɿʘʡʥʠʜʜʠʥ ʂʘʤʘʨʦʚʠʯ. ï ɼʫʰʘʥʙʝ, 1992. ï 155 ʩ. 

43. Morris V.J. Using AFM and force spectroscopy to determine pectin structure and 

(bio) functionality / V.J. Morris, A. Gromer, A.R. Kirby et al. // Food Hydrocolloids. 

ï 2011. ï V. 25. ï P. 230-237. 

44. ɼʞʦʥʤʫʨʦʜʦʚ ɸ.ʉ. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʧʝʢʪʠʥʦʚʳʭ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʠʟ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʩʳʨʴʝʚʳʭ ʠʩʪʦʯʥʠʢʦʚ [ʊʝʢʩʪ]: 

ʜʠʩéʢʘʥʜ. ʭʠʤ. ʥʘʫʢ: 02.00.06 / ɼʞʦʥʤʫʨʦʜʦʚ ɸʙʜʫʚʘʣʠ ʉʘʣʦʤʦʚʠʯ. ï ɼʫʰʘʥʙʝ, 

2016. ï 124 ʩ. 

45. Thakur B.R. Chemistry and uses of pectin ï A review / B.R. Thakur et al. // Crit. 

Rev. Food Sci. Nutr. ï 1997. ï V. 37, ˉ 1. ï P. 47-73. 

46. ɼʞʦʥʤʫʨʦʜʦʚ ɸ.ʉ. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ  

ʧʝʢʪʠʥʦʚʳʭ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʧʦʜʩʦʣʥʝʯʥʠʢʘ / ɸ.ʉ. ɼʞʦʥʤʫʨʦʜʦʚ, ʍ.ʀ. ʊʝʰʘʝʚ, 

ʐ.ɪ. ʍʦʣʦʚ, ʉ.ʈ. ʋʩʤʘʥʦʚʘ, ɿ.ʂ. ʄʫʭʠʜʠʥʦʚ, ʍ.ʂ. ʏʘʫ, ʃ.ʉ. ʃʠʫ // ɼɸʅ ʈʊ. ï 

2015. ï ʊ. 58. ï ˉ3. ï 241-247. 

47. Lin M.J.Y. Distribution and composition of pectins in sunflower plants / M.J.Y. 

Lin et al. // Can. J. Plant Sci. ï 1975. ï V. 55, ˉ 2. ï P. 507-513. 

48. ʇʘʪʝʥʪ EP 016871. ʉʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʧʝʢʪʠʥʘ ʠʟ ʧʦʜʩʦʣʥʝʯʥʠʢʘ / ʄʫʭʠʜʠʥʦʚ 

ɿ.ʂ., ʌʠʰʤʘʥ ʄ.ʃ., ʃʠʫ ʃ.ʐ. ʊʘʜʞʠʢʠʩʪʘʥ: ɽʚʨʘʟʠʡʩʢʘʷ ʧʘʪʝʥʪʥʘʷ 

ʦʨʛʘʥʠʟʘʮʠʷ, 2012. 

49. Rolin C. Commercial pectin preparation / In G.B. Seymour, J.P. Knox (Eds) // 

Pectin and Their Manipulation. ï Oxford: Blacwell Publishing. ï 2002. ï P. 221-241. 



258 
 

 

50. ʄʫʭʠʜʠʥʦʚ ɿ.ʂ., ɹʦʙʦʢʘʣʦʥʦʚ ɼ.ʊ., ʋʩʤʘʥʦʚʘ ʉ.ʈ. ʇʝʢʪʠʥ ï ʦʩʥʦʚʘ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʧʠʱʠ. ï ɼʫʰʘʥʙʝ: ʆʆʆ çʉʠʬʘʪ-ʆʬʩʝʪè, 2019. ï 192 ʩ. 

51. Seisun D. Strides in food texture and hydrocolloids / D. Seisun, N. Zalesny // Food 

Hydrocoll. ï 2021.  ï V. 117. ï ʈ.106575. 

https://doi.org/10.1016/j.foodhyd.2020.106575. 

52. May C.D. Pectins / Edited by A. Imeson // Thickening and gelling agents for food. 

ï London: Blackie Academic and Professional. ï 1997. ï ʈ.124-152. 

53. Endress H.U. Pectins: Production, properties and applications / H.U. Endress // In 

Renewable Resources for Functional Polymers and Biomaterials: Polysaccharides, 

Proteins and Polyesters / B.Z. Tang, P. A. Williams (Ed.s). ï RSC Publishing, 

Cambridge, 2011. 

54. ʂʘʨʧʦʚʠʯ ʅ.ʉ., ɼʦʥʯʝʥʢʦ ʃ.ɺ., ʅʝʣʠʥʘ ɺ.ɺ. ʠ ʜʨ. ʇʝʢʪʠʥ: ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ 

ʧʨʠʤʝʥʝʥʠʝ. ï ʂʠʝʚ: ʋʨʦʞʘʡ, 1989. ï 88 ʩ. 

55. ʇʘʪʝʥʪ TJ 197 ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ. ʉʧʦʩʦʙ ʦʯʠʩʪʢʠ ʧʝʢʪʠʥʦʚʦʛʦ 

ʛʠʜʨʦʣʠʟʘʪʘ ʠ ʧʦʣʫʯʝʥʠʝ ʧʝʢʪʠʥʦʚʦʛʦ ʛʝʣʷ / ʄʫʭʠʜʠʥʦʚ ɿ.ʂ. ʅʇʀʎʝʥʪʨ ʈʊ, 

1998. ɹʶʣ. ˉ3 (11). 

56. ʇʘʪʝʥʪ TJ 563 ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ. ʌʣʝʰ-ʩʧʦʩʦʙ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝʢʪʠʥʘ 

ʠʟ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ / ʄʫʭʠʜʠʥʦʚ ɿ.ʂ., ʊʝʰʘʝʚ ʍ.ʀ. (ʀʢʨʦʤʠ ʍ.ʀ.), 

ɼʞʦʥʤʫʨʦʜʦʚ ɸ.ʉ., ʃʠʫ ʃ.ʉ.  ʅʇʀʎʝʥʪʨ ʈʊ, 2011. ɹʶʣ. ˉ3 (11).  

57. ʇʘʪʝʥʪ UA 70046. Processing Line for Pectin Production / Muhidinov Z.K., 

Fishman M.L. 25.05.2012. ɹʶʣ. ˉ10. 

58. ʇʘʪʝʥʪ UA 70047. Processing Line for Pectin Production from sunflower head 

residue / Muhidinov Z.K. et al. 25.05.2012. ɹʶʣ. ˉ10. 

59. ʇʘʪʝʥʪ ʈʌ 2265612C1. ʉʧʦʩʦʙ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝʢʪʠʥʘ / ʐʘʟʟʦ ʈ.ʀ., ɹʦʛʫʩ 

ɸ.ʄ., ʂʚʘʩʝʥʢʦʚ ʆ.ʀ. 24.02.2004. 

60. Patent U.S 6143337. Extraction of pectin by microwave heating under pressure / 

Fishman M.L., Chau H. K. April 30.1999. 

https://doi.org/10.1016/j.foodhyd.2020.106575


259 
 

 

61. Jun H.I. Characterization of the pectic polysaccharides from pumpkin peel / H.I. 

Jun, C.H. Lee, G.S. Song et al. // LWT - Food Science Technology. ï 2006. ï ˉ 39. ï 

ʈ. 554. 

62. ʄʫʭʠʜʠʥʦʚ ɿ.ʂ. ʇʝʢʪʠʥʦʚʳʝ ʧʦʣʠʩʘʭʘʨʠʜʳ ʠʟ ʧʣʦʜʦʚ ʪʳʢʚʳ / ɿ.ʂ.  

ʄʫʭʠʜʠʥʦʚ, ʈ.ʄ. ɻʦʨʰʢʦʚʘ, ʉ.ɼ. ʍʘʣʠʢʦʚʘ, ɸ.ʉ. ʅʘʩʨʠʜʜʠʥʦʚ, ʍ.ʀ. ʊʝʰʘʝʚ 

(ʍ.ʀ. ʀʢʨʦʤʠ), L.S. Liu // ʄʘʪʝʨʠʘʣʳ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çʇʨʦʙʣʝʤʳ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʠʱʝʚʳʭ 

ʧʨʦʜʫʢʪʦʚ ʚ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠè, 15-17 ʤʘʨʪʘ 2012 ʛʦʜʘ. ï ʍʫʜʞʘʥʜ, ʈʝʩʧʫʙʣʠʢʘ 

ʊʘʜʞʠʢʠʩʪʘʥ, 2012.  ï ʉ. 43-48. 

63. Mukhidinov Z.K. Gravity flow dynamic method for hydrolysis and extraction of 

pectin from sunflower / Z. K. Mukhidinov, R. M. Gorshkova, D. Kh. Khalikov, Kh. I. 

Teshaev (Kh. I. Ikromi), L. S. Liu // XX International conference on Chemical Reactors 

çCHEMREACTOR-20è, December 3-7. ï Luxemburg. ï 2012. ï P. 212-213. 

64. Chang K.C. Sunflower head residue pectin extraction as affected by physical 

conditions / K.C. Chang, N. Dhuranhar, X. You, A. Miyamoto // Journal of Food 

Science. ï 1994. ï V.59, ̄  6. ï P.1207-1210. 

65. ʄʫʣʜʝʨ ʄ. ɺʚʝʜʝʥʠʝ ʚ ʤʝʤʙʨʘʥʥʫʶ ʪʝʭʥʦʣʦʛʠʶ / ʄ. ʄʫʣʜʝʨ; ʧʝʨ. ʩ ʘʥʛʣ.; 

ʧʦʜ. ʨʝʜ. ʉ.ʀ. ʇʦʣʴʩʢʦʛʦ, ɺ.ʇ. ɼʫʙʷʛʠ. ï ʄ.: ʄʠʨ, 1999. ï 513 ʩ. 

66. Giorno L. Study of fouling phenomena in apple juice clarification by enzyme 

membrane reactor / L. Giorno, L. Donato, S. Todisco, E. Drioli // Separ. Sci. Technol. 

ï 1998. ï V.33, ˉ 5. ï P.739-756. 

67. Patent BE 889950 (Belg.), C1A23L. Clear Vegetable juices and recovery of the 

valuable constituents / Y. Virignaud Yves. Fr.8017805. Appl. 13.08.80. Publ.01.12.81. 

68. ɻʦʣʫʙʝʚ ɺ.ʅ. ʄʝʤʙʨʘʥʥʦʝ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʞʠʜʢʠʭ ʧʠʱʝʚʳʭ ʩʨʝʜ / ɺ.ʅ. 

ɻʦʣʫʙʝʚ, ʖ.ɻ. ɻʘʜʞʠʝʚ, ʇ.ʉ. ʂʘʚʪʘʨʘʜʟʝ, ʊ.ʅ. ʂʘʨʯʠʝʚʘ // ʇʠʱʝʚʘʷ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ. ï 1992. ï ˉ2. ï ʉ.12.  

69. Brink L.E.S. Reducing the protein fouling of polysulfone surfaces and polysulfone 

ultrafiltration membranes: Optimization of the type of pre-adsorbed layer / L.E.S. 

Brink, D.J. Romijn // Desalination. ï 1990. ï V.78. ï ʈ.209-223. 



260 
 

 

70. Zeman L.J., Zydney A.L. Microfiltration and Ultrafiltration: Principles and 

Applications. ï N.-Y.: Marcel Dekker, 1996. 

71. Sulaiman M.Z. Limiting permeate flux in the clarification of untreated star fruit 

juice by membrane ultrafiltration / M.Z. Sulaiman, N.M. Sulaiman, L.S. Yih // 

Chemical Engineering Journal. ï 1998.  ï V.69. ï P.145-148. 

72. Patent U.S.  6423230. Method for Improving the Permeate Flux of a Crossflow 

Membrane Filter / Ilias S., Hargrove S.C., Talbert M. 2002. 

73. Guadix A. Predicting the flux decline in milk cross-flow ceramic ultrafiltration by 

artificial neural networks / A. Guadix, J.E. Zapata, M.C. Almecija, E.M. Guadix // 

Desalination. ï 2010. ï V. 250. ï P.1118-1120. 

74. Patent 7834063 Fr.A23L2/30. Procede pour la clarification des jus de 

pomnesetanalgues avec recuperation de concentres de pectin / Verniers Clsude, 

Vrignaud Yves. N 2443216. Appl. 4.12.78. Publ. 4.07.80. 

75. Patent DE3041096 A1, B 01 D 31/00. Verfahren zur Reiningung einer Pectin 

enthaltenden Flussigkeit / Fujii M., Kawamura S., Takano M., Minamata K. Appl. 

31.10.1980. Publ.16.06.1982. German Offen. ï 19 p. 

76. ʇʘʪʝʥʪ RU 2762980. ʄʇʂ C08B37/06. ʉʧʦʩʦʙ ʵʢʩʪʨʘʢʮʠʠ ʧʝʢʪʠʥʘ ʠ ʜʨʫʛʠʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʠʟ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʪʭʦʜʦʚ / ʂʘʨʪ ʄ.ɸ., ʂʦʚʘʣʝʚ ɼ.ɸ. 

ʂʘʪʨʘʝʚʘ ʀ.ɺ. ʠ ʜʨ. ɿʘʷʚ. 2021112032, 27.04.21. ʆʧʫʙ. 24.12.2021. 

77. ɻʦʣʫʙʝʚ ɺ.ʅ. ʄʝʤʙʨʘʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʵʢʩʪʨʘʢʪʦʚ ʩʚʝʢʣʦʚʠʯʥʦʛʦ ʧʝʢʪʠʥʘ / ɺ.ʅ. 

ɻʦʣʫʙʝʚ, ʉ.ʅ. ɹʦʥʜʘʨʴ // ʇʠʱʝʚʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ. ï 1992. ï ̄ 1. ï ʉ. 27-28. 

78. Szaniawski A.R. Effects of immobilized pectinase on the microfiltration of dilute 

pectin solutions by macroporoustitania membranes:                                                                                   

Resistance model interpretation / A.R. Szaniawski, H.G. Spencer // Journal Membrane 

Sci. ï 1997. ï V.127. ï P.69-73. 

79. Alvarez S. Influence of depectinization on apple juice ultrafiltration / S. Alvarez, 

R. Alvarez, F.A. Riera, J. Coca // Colloids and Surfaces A. ï 1998. ï V.138 (2-3). ï 

P.377-382. 



261 
 

 

80. ʍʦʣʦʚ ʐ.ɪ. ʆʧʪʠʤʠʟʘʮʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʧʝʢʪʠʥʦʚʳʭ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʧʫʪʝʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

[ʊʝʢʩʪ]: ʜʠʩ. ... ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ: 05.18.12 / ʍʦʣʦʚ ʐʘʚʢʘʪ ɪʨʦʚʠʯ. ï ɼʫʰʘʥʙʝ, 

2018. ï 110 ʩ. 

81. Cassano A. Ultrafiltration of kiwifruit juice: operating parameters, juice quality and 

membrane fouling / A. Cassano, L. Donato, E. Drioli // Journal Food Process Eng. ï 

2007. ï V.79. ï P.613-621. 

82. De Bruijn J.A. Ultrafiltration performance of Carbosep membranes for the 

clarification of apple juice / J.A. De Bruijn, J.A. Venegas, R. Martiēnez, R. Borquez // 

LWT- Food Science & Technology. ï 2003. ï V. 36 (4).  ï P. 397-406. 

83. ɻʦʨʷʯʠʡ ʅ.ɺ. ʆ ʧʨʠʨʦʜʝ ʟʘʛʨʷʟʥʝʥʠʡ ʤʝʤʙʨʘʥ ʚ ʧʨʦʮʝʩʩʝ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ 

ʧʝʢʪʠʥʦʚʳʭ ʵʢʩʪʨʘʢʪʦʚ. ʂʨʠʪʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ / ʅ.ɺ. ɻʦʨʷʯʠʡ, ɸ.ɸ. ʉʚʠʪʮʦʚ, 

ʄ.ʄ. ʄʘʨʜʘʥʷʥ ʠ ʜʨ. // ʄʝʤʙʨʘʥʳ. ï 2002. ï ʊ. 18. ï ˉ 2. ï C. 40-44. 

84. Vladisavljevic G.T. Permeate flux and fouling resistance in ultrafiltration of 

depectinized apple juice using ceramic membranes / G.T. Vladisavljevic, P. 

Vukosavljevic, B. Bukvic // Journal of Food Eng. ï 2003. ï V.60 (3). ï P.241ï247. 

85. Van der Bruggen B. Distillation vs. membrane filtration: overview of process 

evolutions in seawater desalination / B. Van der Bruggen, C. Vandecasteele // 

Desalination. ï 2002. ï V.143. ï P.207ï218. 

86. Nong-xue Q. Apple pectin behavior separated by ultrafiltration / Q. Nong-xue, T. 

Yu-xia, Q. Shu-tao, H. Deng // Agric. Sci. China. ï 2009. ï V.8 (10). ï P.1193-1202. 

87. Jafari F. Pectin from carrot pomace: Optimization of extraction and 

physicochemical properties / F. Jafari, F. Khodaiyan, H. Kiani, S.S. Hosseini // 

Carbohydrate Polymers. ï 2017. ï V. 157. ï P.1315-1322. 

88. ʂʘʬʘʨʦʚ ɺ.ɺ., ɻʣʝʙʦʚ ʄ.ɹ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʩʥʦʚʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚ. ï ʄ.: ɺʳʩʰʘʷ ʰʢʦʣʘ, 1991. ï 400 ʩ. 

89. ʄʠʱʝʥʢʦ ɺ.ʗ., ʄʠʱʝʥʢʦ ɽ.ɺ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʵʢʩʪʨʘʢʮʠʠ 

ʧʝʢʪʠʥʦʚʳʭ ʚʝʱʝʩʪʚ ʠʟ ʩʚʝʢʣʦʚʠʯʥʦʛʦ ʞʦʤʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚʠʙʨʘʮʠʦʥʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ // ɺʝʩʪʥʠʢ ʆʨʝʣ ɻɸʋ. ï 2011. ï ʊ. 30. ï ˉ 3. ï ʉ. 80ï82. 



262 
 

 

90. ɿʘʡʮʝʚʘ ʀ.ʉ. ʊʦʚʘʨʦʚʝʜʥʘʷ ʦʮʝʥʢʘ ʧʨʦʜʫʢʪʦʚ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ 

ʧʣʦʜʦʚʦ-ʷʛʦʜʥʦʛʦ ʩʳʨʴʷ ʉʠʙʠʨʠ: ʜʠʩ. ... ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ: 05.18.15 / ɿʘʡʮʝʚʘ 

ʀʨʠʥʘ ʉʝʨʛʝʝʚʥʘ. ï ʂʝʤʝʨʦʚʦ, 2009. ï 162 ʩ.: ʠʣ. ʈɻɹ ʆɼ, 61 09-5/140. 

91. Fertonanil H.C.R. Extraction Model Of Low Methoxyl Pectin from Apple Pomace 

Effects of acid concentration and time on the process and the product / H.C.R. 

Fertonani1, A. Scabio, E.B.B. Carneiro, M.H.C. Schemim, A. Nogueira and G. 

Wosiacki // Brazilian Archives of Biology and Technology  an International Journal. ï 

2009. ï V.1. ï P.177-185. 

92. ʍʦʣʦʚ ʐ.ɪ. ʆʩʦʙʝʥʥʦʩʪʠ ʠʥʞʝʥʝʨʥʦʛʦ ʨʘʩʯʝʪʘ ʧʨʦʮʝʩʩʘ 

ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʦʥʥʦʛʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʠ ʦʯʠʩʪʢʠ ʧʝʢʪʠʥʦʚʳʭ 

ʧʦʣʠʩʘʭʘʨʠʜʦʚ / ʐ.ɪ. ʍʦʣʦʚ, ʍ.ʀ. ʀʢʨʦʤʠ, ʅ.ʀ. ʖʥʫʩʦʚ, ɿ.ʂ. ʄʫʭʠʜʠʥʦʚ // 

ɺʝʩʪʥʠʢ ɺɻʋʀʊ. ï 2017. ï ʊ. 79. ï ˉ 4.  ï ʉ.19-23. doi: 0.20914/2310-1202-2017-

4-26-30. 

93. ʇʘʪʝʥʪ TJ ˉ 865 ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ. ʈʘʩʧʳʣʠʪʝʣʴʥʘʷ ʩʫʰʠʣʢʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ / ʍʦʣʦʚ ʐ.ɪ. ʠ ʜʨ. ʅʇʀ ʎʝʥʪʨ. ʆʧʫʙʣ. 

29.05.2017. ɹʶʣ. ˉ 133. 

94. ʄʫʭʠʜʠʥʦʚ ɿ.ʂ. ɼʠʘʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʦʥʥʘʷ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʠ ʦʯʠʩʪʢʘ 

ʧʝʢʪʠʥʦʚʳʭ ʧʦʣʠʩʘʭʘʨʠʜʦʚ / ɿ.ʂ. ʄʫʭʠʜʠʥʦʚ, ʈ.ʄ. ɻʦʨʰʢʦʚʘ, ɸ.ʉ. 

ɼʞʦʥʤʫʨʦʜʦʚ, ʍ.ʀ. ʊʝʰʘʝʚ (ʍ.ʀ. ʀʢʨʦʤʠ), L.S. Liu, M.L. Fishman // ʍʠʤʠʷ ʠ 

ʭʠʤʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ. ï 2011. ï ʊ.54. ï ɺʳʧ.2 ï ʉ. 121-125. ISSN 0579-2991; e-

ISSN 2500-3070. 

95. ʉʤʠʨʥʦʚʘ ʀ. ɸ. ʀʟʫʯʝʥʠʝ ʩʦʩʪʘʚʘ ʤʦʣʦʯʥʦ-ʙʝʣʢʦʚʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ / ʀ. ɸ. 

ʉʤʠʨʥʦʚʘ, ʅ. ʖ. ɻʫʪʦʚ, ɸ. ɸ. ʃʫʢʠʥ // ʊʝʭʥʠʢʘ ʠ ʪʝʭʥʦʣʦʛʠʷ ʧʠʱʝʚʳʭ 

ʧʨʦʠʟʚʦʜʩʪʚ. ï 2018. ï ˉ 1 (48). ï C. 85-90. doi: 10.21603/2074-9414-2018-1-85-

90. 

96. ɽʚʜʦʢʠʤʦʚ ʀ. ʗ. ʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʧʝʨʝʨʘʙʦʪʢʠ 

ʤʦʣʦʯʥʦʡ ʩʳʚʦʨʦʪʢʠ // ʄʦʣʦʯʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ. ï 2006.  ï ˉ 2.  ï ʉ.34-36. 

97. De Wit J.N. Functional properties of whey proteins / Fox P.F. // In: Developments 

in Dairy Chemistry. New York: Elsevier Applied Science. ï 1989. ï P.285-322. 



263 
 

 

98. Hambling S.G., McAlpine A.S., Sawyer L. Proteins, chapter: Beta-lactoglobulin / 

In: Advanced Dairy Chemistry. V.1. Proteins. Fox PF, editor. London: Elsevier 

Applied Science. ï 1992. ï P.141-190. 

99. ɼʫʥʯʝʥʢʦ ʅ.ʀ. ʕʢʩʧʝʨʪʠʟʘ ʤʦʣʦʢʘ ʠ ʤʦʣʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ. ʂʘʯʝʩʪʚʦ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʴ: ʫʯʝʙ.-ʩʧʨʘʚ. ʧʦʩʦʙʠʝ / ʅ.ʀ. ɼʫʥʯʝʥʢʦ, ɸ.ɻ. ʍʨʘʤʮʦʚ, ʀ.ɸ. ʄʘʢʝʝʚʘ 

ʠ ʜʨ.; ʧʦʜ ʦʙʱ. ʨʝʜ. ɺ.ʄ. ʇʦʟʥʷʢʦʚʩʢʦʛʦ. ï ʅʦʚʦʩʠʙʠʨʩʢ: ʉʠʙ. ʫʥʠʚ. ʠʟʜ-ʚʦ, 2006. 

ï 311ʩ. 

100. ʃʘʭʤʦʪʢʠʥʘ ɻ.ʅ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʠ ʦʮʝʥʢʘ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʩʚʦʡʩʪʚ 

ʩʧʝʮʠʘʣʴʥʳʭ ʤʷʩʥʳʭ ʠʟʜʝʣʠʡ, ʚʳʨʘʙʦʪʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠʥʛʨʝʜʠʝʥʪʦʚ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʛʦ ʣʶʧʠʥʘ [ʊʝʢʩʪ]: ʜʠʩ. ... 

ʢʘʥʜ. ʪʝʭ. ʥʘʫʢ: 05.18.15 / ʃʘʭʤʦʪʢʠʥʘ ɻʘʣʠʥʘ ʅʠʢʦʣʘʝʚʥʘ.  ï ʄʦʩʢʚʘ, 2013. ï 166 

ʩ. 

101. ʊʝʭʥʦʣʦʛʠʷ ʮʝʣʴʥʦʤʦʣʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʤʦʣʦʯʥʦ-ʙʝʣʢʦʚʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ: 

ʉʧʨʘʚʦʯʥʠʢ / ɽ.ɸ. ɹʦʛʜʘʥʦʚʘ, ʈ.ʅ. ʍʘʥʜʘʢ, 3.ʉ. ɿʦʙʢʦʚʘ ʠ ʜʨ.  ð ʄ.: 

ɸʛʨʦʧʨʦʤʠʟʜʘʪ, 1989. ï 311 c.: ʠʣ. 

102. ʄʫʭʠʜʠʥʦʚ ɿ.ʂ. ʅʝʨʘʩʪʚʦʨʠʤʳʝ ʢʦʤʧʣʝʢʩʳ ʙʝʣʢʦʚ ʤʦʣʦʯʥʦʡ ʩʳʚʦʨʦʪʢʠ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʧʝʢʪʠʥʘʤʠ / ɿ.ʂ.  ʄʫʭʠʜʠʥʦʚ, ɸ.ʐ. ʐʪʘʥʯʘʝʚ, ɸ.ʉ. ʅʘʩʨʠʜʜʠʥʦʚ, 

ɼ.ʊ. ɹʦʙʦʢʘʣʦʥʦʚ, ʍ.ʀ. ʊʝʰʘʝʚ (ʍ.ʀ. ʀʢʨʦʤʠ), ɼ.ʍ. ʍʘʣʠʢʦʚ // ɼʦʢʣ. ɸʅ ʈʊ. ï 

2008. ï ʊ.51. ï  ̄  8. ï ʉ.607-613. 

103. Cezar M. Whey permeate as the raw material in galacto-oligosaccharide synthesis 

using commercial enzymes / M. Cezar, R. Mano, B. Nicolau, G. Maria // Food 

Research International. ï 2018. ï V. 0-1. ï ʈ. 1-8. 

104. ʂʫʣʦʚ ɸ.ʅ., ʅʘʜʞʠʙʫʣʣʦʝʚ ɸ., ɹʫʜʥʠʢʦʚʘ ɽ.ɺ., ʀʩʤʦʠʣʦʚʘ ɿ., ɸʩʤʘʪʙʝʢʦʚ 

ʌ., ʍʦʜʞʘʝʚ ɿ. ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʝʞʝʛʦʜʥʠʢ ʨʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ /ɸʛʝʥʪʩʪʚʦ 

ʧʦ ʩʪʘʪʠʩʪʠʢʝ ʧʨʠ ʇʨʝʟʠʜʝʥʪʝ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ. ï 2017. ï ʉ. 1-365. 

105. ʂʦʥʘʨʝʚ ɸ.ɺ. ɹʝʣʢʠ ʩʝʤʷʥ ʢʘʢ ʤʘʨʢʝʨʳ ʚ ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤ ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʨʝʩʫʨʩʦʚ ʨʘʩʪʝʥʠʡ, ʩʝʣʝʢʮʠʠ ʠ ʩʝʤʝʥʦʚʦʜʩʪʚʘ / ɸ.ɺ. ʂʦʥʘʨʝʚ ʠ ʜʨ. // ʎʠʪʦʣʦʛʠʷ 

ʠ ʛʝʥʝʪʠʢʘ. ï 2000. ï ʊ.34. ï ˉ 2. ï ʉ. 91-104. 



264 
 

 

106. ʅʘʠʤʦʚ ʉ.ʅ. ɺʥʫʪʨʠʚʠʜʦʚʦʡ ʧʦʣʠʤʦʨʬʠʟʤ ʧʨʦʠʟʨʘʩʪʘʶʱʠʭ ʚ 

ʊʘʜʞʠʢʠʩʪʘʥʝ ʜʠʢʠʭ ʩʦʨʦʜʠʯʝʡ ʧʱʝʥʠʮʳ ʧʦ ʩʦʜʠʝʨʞʘʥʠʶ ʛʣʠʘʜʠʥʘ / ʉ.ʅ. 

ʅʘʠʤʦʚ, ɻ.ʌ. ʂʘʩʳʤʦʚʘ, ʌ.ʖ. ʅʘʩʳʨʦʚʘ, ʉ.ɺ. ɼʦʥʮʦʚʘ, ʄ. ʅʠʛʤʦʥʦʚ // 

ʄʘʪʝʨʠʘʣʳ 2-ʦʡ ʎʝʥʪʨʘʣʴʥʦ-ʘʟʠʘʪʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʟʝʨʥʦʚʳʤ ʢʫʣʴʪʫʨʘʤ. ï 

ɼʫʰʘʥʙʝ, 2006. ï ʉ.202-203. 

107. Dickey L.C. Zein batch extraction from dry-milled corn: cereal disintegration by 

dissolving fluid shear / L.C. Dickey, M.F. Dallmer, E.R. Radewonuk, N. Parris, M. 

Kurantz, J.C. Craig // Cereal chemistry. ï 1998. ï V. 75 (4). ï ʈ.443-448. 

doi:10.1094/CCHEM.1998.75.4.443 

108. Parris N. Encapsulation of essential oils in zein nanospherical particles / N. Parris, 

P.H.C. Cooke, K.B. Hicks // Journal of Agricultural and Food Chemistry. ï 2005. ï V. 

53 (12). ï ʈ.4788-4792.  

109. Muhidinov Z.K. Pectin-Zein Hydrogels for delivery of Drugs and Nutrients / Z.K. 

Muhidinov, Kh.I. Teshaev (Kh.I. Ikromi), G.F. Kasimova, A.S. Nasriddinov, L.S. Liu 

// Gum and Stabilisers for the Food Industry 16.  Editors: P. A. Williams and G. O. 

Philips. ï RSC Publishing. ï 2012. ï P. 401-406. 

https://doi.org/10.1039/9781849734554-FP005. 

110. Oymaci P. Improvement of barrier and mechanical properties of whey protein 

isolate based food packaging films by incorporation of zein nanoparticles as a novel 

bionanocomposite / P. Oymaci, S.A. Altinkaya // Food Hydrocol. ï 2016. ï V. 54. ï 

ʈ.1-9. https://doi.org/10.1016/j.foodhyd.2015.08.030 

111. Lawton J.W. Zein: a history of processing and use // Cereal Chem. ï 2002. ï V.79. 

ï P.1-18. 

112. Sessa D.J. Viscosity control of zeinprocessing with sodium dodecyl sulfate / D.J. 

Sessa, G.W. Selling, J.L.Willett, D.E. Palmquist // Industrial Crops and Products. ï 

2006. ï V. 23 (1). ï P.15-22. 

113. Kim S. Characterization of zein modified with a mild cross-linking agent / S. Kim, 

D.J. Sessa, J.W. Lawton // Industrial Crops and Products. ï 2004. ï V. 20. ï P.291-

300. 

https://doi.org/10.1039/9781849734554-FP005
https://doi.org/10.1016/j.foodhyd.2015.08.030


265 
 

 

114. Shukla K. Zein: the industrial protein from corn / K. Shukla, M. Cheryan // 

Industrial Crops and Products. ï 2001. ï V.13. ï P.171-192. 

115. Kogan M.J. Self-assembly of the Amphipathic Helix (VHLPPP). A Mechanism 

for Zein Protein Body Formation / M.J. Kogan, I. Dalcol, P. Gorostiza et al. // J. Mol. 

Biol. ï 2001. ï V. 312. ï P. 907-913. 

116. ʄʫʭʠʜʠʥʦʚ ɿ.ʂ. ʆʙʨʘʟʦʚʘʥʠʝ ʟʝʠʥ-ʧʝʢʪʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ / ɿ.ʂ. 

ʄʫʭʠʜʠʥʦʚ, ɸ.ʉ. ʅʘʩʨʠʜʜʠʥʦʚ, ʉ.ʈ. ʋʩʤʘʥʦʚʘ, ɸ.ʐ. ʐʪʘʥʯʘʝʚ, ʍ.ʀ. ʊʝʰʘʝʚ 

(ʍ.ʀ. ʀʢʨʦʤʠ), ɼ.ʍ. ʍʘʣʠʢʦʚ // ʄʘʪʝʨʠʘʣʳ III ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ: ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʚ 21 

ʚʝʢʝ, 22-24 ʤʘʷ 2008 ʛʦʜʘ. ï ɼʫʰʘʥʙʝ: ɼʝʚʘʰʪʠʯ, 2008. ï ʉ. 170-173. 

117. ʅʘʩʨʠʜʜʠʥʦʚ ɸ.ʉ. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʧʦʣʫʯʝʥʠʷ ʛʠʜʨʦʛʝʣʠʝʚʳʭ 

ʢʦʤʧʦʟʠʮʠʡ ʥʘ ʦʩʥʦʚʝ ʧʝʢʪʠʥʘ ʠ ʟʝʠʥʘ ʢʫʢʫʨʫʟʳ [ʊʝʢʩʪ]: ɼʠʩ. é ʢʘʥʜ. ʪʝʭ. ʥʘʫʢ: 

02.00.04 / ʅʘʩʨʠʜʜʠʥʦʚ ɸʙʫʙʘʢʨ ʉʘʠʜʢʫʣʦʚʠʯ. ï ɼʫʰʘʥʙʝ, 2012. ï 100 ʩ. 

118. ʂʘʙʘʥʦʚ ɺ.ɸ. ʇʨʘʢʪʠʢʫʤ ʧʦ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʤ ʩʦʝʜʠʥʝʥʠʷʤ: ʋʯʝʙ. ʧʦʩʦʙʠʝ / 

ʇʦʜ ʨʝʜ. ɺ.ɸ. ʂʘʙʘʥʦʚʘ. ï ʄ.: ʍʠʤʠʷ, 1985. ï 224 ʩ. 

119. Oakenfull D. Hydrophobic interaction in the gelation of high methoxyl pectins / 

D. Oakenfull, A. Scott // J. of Food Science. ï 1984. ï V. 49. ï P.1093-1098. 

120. Evageliou V. Effect of pH, sugar type and thermal annealing on high-methoxy 

pectin gels / V. Evageliou, R.K. Richardson, E.R. Morris // Carbohydrate Polymers. ï 

2000. ï V. 42. ï P. 245-259. 

121. OôBrien A.B. Gelation of high-methoxyl pectin by enzymatic de-esterification in 

the presence of calcium-ions: a preliminary evaluation / A.B. OôBrien, K. Philp, E.R. 

Morris // Carbohydrate Research. ï 2009. ï V. 344. ï P. 1818-1823. 

122. Gawkowska D. Structure-Related Gelling of Pectins and Linking with Other 

Natural Compounds: A Review / D. Gawkowska, J. Cybulska, A. Zdunek // Polymers. 

ï 2018. ï V.10 (762). ï P.1-25. doi:10.3390/polym10070762. 

123. Wang Q., Cui S.W. Understanding the physical properties of food polysaccharides 

/ In S.W. Cui (Ed.) // Food carbohydrates: Chemistry, physical properties and 

application. ï Florida: CRC Press, 2005. ï P.161-218. 



266 
 

 

124. Grant G.T. Biological interaction between polysaccharides and divalent cations: 

the egg-box model / G.T. Grant, E.R. Morris, D.A. Rees, P.J.C. Smith, D. Thom // 

FEBS Letters. ï 1973. ï V.32 (1). ï P.195-198. doi:10.1016/0014-5793(73)80770-7. 

125. Yuliarti O. Influence of pH, pectin and Ca concentration on gelation properties of 

low-methoxyl pectin extracted from Cyclea barbata Miers / O. Yuliarti, A.L.S. Hoon, 

S.Y. Chong // Food Structure. ï 2017. ï V.11. ï P.16-23. 

126. Grosso C.R.F. Dynamic rheology of structure development in low-methoxyl 

pectin + Ca2+ + sugar gels / C.R.F. Grosso, M.A. Rao // Food Hydrocolloids. ï 1998. 

ï V.12. ï P.357-363. 

127. Capel F. Influence of chain length and polymer concentration on the gelation of 

(amidated) low-methoxylated pectin induced by calcium / F. Capel, T. Nicolai, D. 

Durand et al. // Biomacromolecules. ï 2005. ï V.6 (6). ï P.2954-2960. 

128. Fraeye I. Hendrickx M. Fine-tuning the properties of pectin-calcium gels by 

control of pectin fine structure, gel composition and environmental conditions / I. 

Fraeye, T. Duvetter, E. Doungla, A. van Loey, M. Hendrickx // Trends in Food Science 

& Technology. ï 2010.  ï V. 21. ï P.219-228. 

129. Lopes da Silva J.A., Rao M.A. Rheological behaviour of food gels / In M.A. Rao 

(Ed.) // Rheology of food and semisolid foods. ï New York: Springer, 2007. ï P.339-

401. 

130. Fishman M.L. The structure of high-methoxyl sugar acid gels of citrus pectin as 

determined by AFM / M.L. Fishman, P.H. Cooke // Carbohydrate Research. ï 2009. ï 

V. 344. ï P.1792-1797. 

131. Agoub A. A., Giannouli P., Morris E.R. Gelation of high methoxy pectin by 

acidification with D-glucono-d-lactone (GDL) at room temperature / A.A. Agoub, P. 

Giannouli, E.R. Morris // Carbohydrate Polymers. ï 2009. ï V.75. ï P.269ï281. 

132. Voragen  A.G. Pectin,  a  versatile  polysaccharide present in plant cell walls / 

A.G. Voragen,  G.J. Coenen,  R.P. Verhoef,  H.A. Schols // Struct Chem. ï 2009. ï 

V.20 (2). ï P.263-275.  



267 
 

 

133. Kastner H. Structure formation in sugar containing pectin gels ï Influence of 

tartaric acid content (pH) and cooling rate on the gelation of high-methoxylated pectin 

/ H. Kastner, K. Kern, R. Wilde, A. Berthold, U. Einhorn-Stoll, S. Drusch // Food 

Chemistry. ï 2014. ï V.144. ï P.44-49. 

134. Rao M.A. Dynamic rheological measurement of structure development in high-

methoxyl pectin/fructose gels / M.A. Rao, H.J. Cooley // Journal of Food Science. ï 

1993. ï V. 58. ï P. 876-879. 

135. Lºfgren C. Microstructure and kinetic rheological behaviour of amidated and 

nonamidated LM pectin gels / C. Lºfgren, S. Guillotin, A.M. Hermansson // 

Biomacromolecules. ï 2006. ï V.7. ï P.114-121. 

136. Lºfgren C. Microstructure and rheological behaviour of pure and mixed pectin 

gels / C. Lºfgren, P. Walkenstrºm, A.M. Hermansson // Biomacromolecules. ï 2002. 

ï V.3. ï P.1144-1153. 

137. Bºttger L. Gelling temperature determination in pectin-based systems / L. Bºttger, 

S.H. Christensen, H. Stapelfeldt // Gums and Stabilisers for the Food Industry. ï 2008. 

ï V.14. ï P.153-163. 

138. Dobies M. Studies of gelation process investigated by fast field cycling 

relaxometry and dynamic rheology: the case of aqueous low methoxyl pectin solutions 

/ M. Dobies, M. Kozak, S. Jurga // Solid State Nuclear Magnetic Resonance. ï 2004. ï 

V.25. ï P.188-193. 

139. Dahme A. Gelpoint measurements in high-methoxyl pectin gels by different 

techniques / A. Dahme // J. of Texture Studies. ï 1992. ï V.23. ï P.1-11. 

140. Siew C.K. New insights into the mechanism of gelation of alginate and pectin: 

charge annihilation and reversal mechanism / C.K. Siew, P.A. Williams // 

Biomacromolecules. ï 2005. ï V.6. ï P.963-969. 

141. ʊʝʰʘʝʚ ʍ.ʀ. (ʀʢʨʦʤʠ ʍ.ʀ.). ʇʦʚʝʜʝʥʠʝ ʥʠʟʢʦʤʝʪʠʣʠʨʦʚʘʥʥʳʭ ʧʝʢʪʠʥʦʚ ʚ 

ʨʘʩʪʚʦʨʝ ʠ ʠʟʫʯʝʥʠʝ ʠʭ ʛʝʣʝʦʙʨʘʟʫʶʱʠʭ ʩʚʦʡʩʪʚ ʩ ʠʦʥʘʤʠ ʧʦʣʠʚʘʣʝʥʪʥʳʭ 

ʤʝʪʘʣʣʦʚ [ʊʝʢʩʪ]: ʜʠʩ. é ʢʘʥʜ. ʪʝʭ. ʥʘʫʢ: 02.00.04 / ʊʝʰʘʝʚ ʍʫʨʰʝʜ ʀʢʨʦʤʦʚʠʯ. 

ï ɼʫʰʘʥʙʝ, 2004. ï 96 ʩ. 



268 
 

 

142. Fu J.T. Rheology and structure development during gelation of low-methoxyl 

pectin gels: the effect of sucrose / J.T. Fu, M.A. Rao // Food Hydrocolloids. ï 2001. ï 

V.15. ï P.93-100. 

143. Loefgren ʉ. Pectins structure and gel forming properties, a literature study: PhD 

work at the Department of Food Science / ʉ. Loefgren. ï Sweden, Chalmers University 

of Technology, 2000. 

144. Cardoso S.M. Temperature dependence of the formation and melting of pectinï

Ca2+ networks: a rheological study / S.M. Cardoso, M.A. Coimbra, J.A. Lopes da Silva 

// Food Hydrocolloids. ï 2003. ï V.17. ï P.801-807. 

145. Neidhart S., Hannak C., Gierschner K. Investigation of the influence of various 

cations on the rheological properties of high-esterified pectin gels / J. Visser, A.G.J. 

Voragen (Eds.), Pectins and pectinases // Progress in Biotechnology.Elsevier Science. 

ï 1996. ï V.14. ï P.583-590. 

146. ʊʝʰʘʝʚ ʍ.ʀ. (ʀʢʨʦʤʠ ʍ.ʀ.). ɻʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ʥʠʟʢʦʤʝʪʠʣʠʨʦʚʘʥʥʦʛʦ 

ʧʝʢʪʠʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʦʥʦʚ ʧʦʣʠʚʘʣʝʥʪʥʳʭ ʤʝʪʘʣʣʦʚ / ʍ.ʀ. ʊʝʰʘʝʚ (ʍ.ʀ. 

ʀʢʨʦʤʠ), ɿ.ʂ. ʄʫʭʠʜʜʠʥʦʚ, ɼ.ʍ. ʍʘʣʠʢʦʚ, ʍ.ʍ. ɸʚʣʦʝʚ // ɼɸʅ ʈʊ. 2002. ï ʊ. 

XLV. ï ˉ 1-2. ï ʉ.72-78. 

147. Smidsred O. Some physical properties of alginats in solution and in gel state / 

Report ˉ 34, Norw. Inst. Seaweed Res. 1973.  

148. Kohn R. Binding of cadmium and copper (II) ions to oligogalacturonic acids / R. 

Kohn, K. Heinrichova, A. Malovikova // Collect. Czech. Chem. Commun. ï 1983. ï 

V.48 (7). ï P.1922-1936.  

149. Rees D.A. Polysaccharide Conformation in Solution and Gels ï Recent Results 

on Pectins // Carbohydr. Polym. ï 1982. ï V.2. ï P.254-263. 

150. Kohn R. Calcium and stroncium ion activity in solutions of corresponding 

pectinates and dependence on their degree of esterification / R. Kohn, O. Luknar // 

Collect. Czech. Chem. ï 1975. ï V.40 (4). ï P.959-970. 



269 
 

 

151. Rinaudo M. NMR investigation of oligo- and poly (galacturonic acid) S: gel 

formation in the presence of Ca2+ counterions / M. Rinaudo, G. Ravanat, M.Vincedon 

// Macromol. Chem. ï 1980. ï V. 181. ï P.1059-1070.  

152. Thibault J.F. Gelation of pectic acids in the presence of calcium counterions / J.F. 

Thibault, M. Rinaudo // British polym. J. ï 1985. ï V. 17 (2). ï P.181-184. 

153. Li L. Re-examining the eggbox model in calciumïalginate gels with X-ray 

diffraction / L. Li, Y. Fang, R. Vreeker, I. Appelqvist, E. Mendes // 

Biomacromolecules. ï 2007. ï V.8. ï P.464-468. 

154. MacDougall A.J. Calcium gelation of pectic polysaccharides isolated from unripe 

tomato fruit / A.J. MacDougall, P.W. Needs, N.M. Rigby, S.G. Ring // Carbohydrate 

Research. ï 1996. ï V. 293. ï P.235-249. 

155. Cao L. Egg-box model-based gelation of alginate and pectin: A review / L. Cao, 

W. Lu, A. Mata, K. Nishinari, Y. Fang // Carbohydrate polymers. ï 2020. ï V. 242. ï 

ʈ.116389. DOI: 10.1016/j.carbpol.2020.116389. 

156. ɿʘʢʦʥ ʈʊ ʦʪ 19 ʠʶʣʷ 2012 ʛʦʜʘ, ˉ 389. 

157. Keservani R.K. Nutraceutical formulations and challenges / R.K. Keservani, R.K. 

Kesharwani, A.K. Sharma, S.P. Gautam, S.K. Verma // Dev. New Funct. Food 

Nutraceutical Prod. ï 2017. ï ʈ.161-177. [CrossRef]. 

158. Gibson G. R. Roberfroid M. B. Dietary modulation of the human colonic 

microbiota: updating the concept of prebiotics  / G.R. Gibson, H.M. Probert, J.V. Loo, 

R.A. Rastall, M.B. Roberfroid // Nutr. Res. Rev. ï 2004. ï V.17. ï P.259. 

159. Sahasrabudhe N.M. et al. Dietary fiber pectin directly blocks toll-like receptor 2-1 

and prevents doxorubicin-induced ileitis / N.M. Sahasrabudhe et al. // Front. Immunol. 

ï2018. ï V.9. ï P.1-19. 

160. Cencic A. The role of functional foods, nutraceuticals, and food supplements in 

intestinal health / A. Cencic, W. Chingwaru // Nutrients. ï2010. ï V.2. ï P. 611-625. 

[CrossRef] 



270 
 

 

161. Nasri H. New concepts in nutraceuticals as alternative for pharmaceuticals / H. 

Nasri, A. Baradaran, H. Shirzad, M.R. Kopaei // Int. J. Prev. Med. ï 2014. ï V.5. ï 

P.1487-1499. [PubMed] 

162. Rivellese A.A. The possible role of nutraceuticals in the prevention of 

cardiovascular disease. High Blood Press / A.A. Rivellese, P. Ciciola, G. Costabile, C. 

Vetrani, M. Vitale // Cardiovasc. Prev. ï 2019. ï V.26. ï P.101ï111. [CrossRef] 

[PubMed]. 

163. Goverse G. Diet-Derived Short Chain Fatty Acids Stimulate Intestinal Epithelial 

Cells to Induce Mucosal Tolerogenic. Dendritic Cells / G. Goverse et al. // J. Immunol. 

ï 2017. ï P. 1600165. https://doi.org/10.4049/jimmunol.1600165. 

164. Scholan I. Functional Beverages where next? Innovation in functional beverages 

market is set to continue. [Electronic resource] // International Food Ingredients. ï 

2007. 

165. Ciriminna R. Pectin: New Science and Forthcoming Applications of the Most 

Valued Hydrocolloid / R. Ciriminna, A. Fidalgo, A. Scurria, L.M. Ilharco, M. Pagliaro 

// Food Hydrocolloids.  ï 2022. ï V.127. ï P.107483 

https://doi.org/10.1016/j.foodhyd.2022.107483. 

166. G¿ler-Akin M.B. Effects of Cysteine and Different Incubation Temperatures on 

the Microflora, Chemical Composition and Sensory Characteristics of Bio-Yogurt 

Made from Goatôs Milk / M.B. G¿ler-Akin, M.S. Akin // Food Chemistry. ï 2007. ï 

V.100. ï P.788-793. https:/doi.org/10.1016/j.foodchem.2005.10.038. 

167. Elleuch M. Dietary Fiber and Fiber-Rich By-Products of Food Processing: 

Characterisation, Technological Functionality and Commercial Applications: A 

Review / M. Elleuch, D. Bedigian, O. Roiseux, S. Besbes, C. Blecker, H. Attia // Food 

Chemistry. ï 2011. ï V.124. ï P.411-421. 

https:/doi.org/10.1016/j.foodchem.2010.06.077 

168. G¿ler-Akēn M.B. Apricot Probiotic Drinking Yoghurt Supplied with Inulin and 

Oat Fiber / M.B. G¿ler-Akēn, I. Ferliarslan, M.S. Akēn // Advances in Microbiology. ï 

2016. ï V.6. ï P.999-1009. http://dx.doi.org/10.4236/aim.2016.614094 

https://doi.org/10.4049/jimmunol.1600165
https://doi.org/10.1016/j.foodhyd.2022.107483
http://dx.doi.org/10.4236/aim.2016.614094


271 
 

 

169. Meyer D. Inulin as Texture Modifier in Dairy Products / D. Meyer, S. Bayarri, A. 

T§rrega, E.Costell // Food Hydrocolloid. ï 2011. ï V.25. ï P.1881-1890. 

https:/doi.org/10.1016/j.foodhyd.2011.04.012. 

170. Martensson O. The Effect of Yoghurt Culture on the Survival of Probiotic 

Bacteria in Oat-Based, Non-Dairy Products / O. Martensson, R. Osteb, O. Holsta // 

Food Research International.  ï 2002. ï V.35. ï P.775-784. 

https:/doi.org/10.1016/S0963-9969 (02)00074-1. 

171. De Moura F.A. Effects of Oxidative Treatment on the Physicochemical, 

Rheological and Functional Properties of Oat ɓ-Glucan / F.A. De Moura, J.M. Pereira, 

D.O. Da Silva, E. Da Rosa Zavareze, A. Da Silveira Moreira, E. Helbig, A.R.G. Dias 

// Food Chemistry. ï 2011. ï V.128. ï P.982-987. 

https:/doi.org/10.1016/j.foodchem.2011.04.003. 

172. Srisuvor N. Effects of Inulin and Polydextrose on Physicochemical and Sensory 

Properties of Low-Fat Set Yoghurt with Probiotic-Cultured Banana Puree. LWT / N. 

Srisuvor, N. Chinprahast, C. Prakitchaiwattana, S. Subhimaros // Food Science and 

Technology. ï 2012. ï V.51. P.10-18. https:/doi.org/10.1016/j.lwt.2012.10.018. 

173. Ali S. Physico-Chemical Characteristics of Apricot (Prunus armeniaca L.) Grown 

in Northern Areas of Pakistan / S. Ali, T. Masud, K.S. Abbasi // Scientia Horticulture. 

ï 2011. ï V.30. ï P.386-392.  

https:/doi.org/10.1016/j.scienta.2011.05.040. 

174. Kumar ʄ. Dietary Roles of Non-Starch Polysachharides in Human Nutrition: A 

Review / ʄ. Kumar, ɸ.K. Sinha, H.P. S. Makkar, Gudrun de Boeck, ʂ. Becker // 

Critical Reviews Food Science and Nutrition. ï 2012. ï V. 52 (10). ï P.  899-935. 

http://dx.doi.org/10.1080/10408398.2010.512671. 

175. BeMiller J.N. Classification, structure and chemistry of polysaccharides of foods 

/In: Cho, S.S., Dreher, M.L., (ed.) // Handbook of dietary fiber: Marcel Dekker Inc, 

New York. ï 2001. ï P. 603-11. 

http://dx.doi.org/10.1080/10408398.2010.512671


272 
 

 

176. Ambuja S.R. Review On ñDietary Fiber Incorporated Dairy Foods: A Healthy 

Trendò / S.R. Ambuja, S.N. Rajakumar // Int. Journal of Engineering Research and 

Application.  ï 2018. ï V.8 (2). ï P.34-40. ISSN: 2248-9622., www.ijera.com. 

177. ʀʢʨʦʤʠ ʍ.ʀ. ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʨʦʜʫʢʪʳ ʥʘ ʦʩʥʦʚʝ ʨʘʩʪʠʪʝʣʴʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ / ʍ.ʀ. ʀʢʨʦʤʠ // ʅʘʫʢʘ ʠ ʠʥʥʦʚʘʮʠʷ. ï 2023. ï ˉ 1. ï ʉ .96-103. 

178. Anderson-Dekkers I. Inulin, in Handbook of Hydrocolloids (Third Edition), 

Chapetr 17 / I. Anderson-Dekkers, E. Vaughan // Woodhead Publishing Series in Food 

Science, Technology and Nutrition. ï 2021. ï P. 537-562. https://doi.org/10.1016/B978-

0-12-820104-6.00015-2. 

179. Kontogiorgos V. Stabilisers. Inulin, in Encyclopedia of Dairy Sciences (Third 

Edition). ï 2022. ï V.2. ï P.689-694. https://doi.org/10.1016/B978-0-12-818766-

1.00321-4. 

180. James Jackson P.P. Food for thought! Inulin-type fructans: Does the food matrix 

matter? / P.P. James Jackson, A. Wijeyesekera, R.A. Rastall et al. // Journal of 

Functional Foods. ï 2022. https://doi.org/10.1016/j.jff .2022.104987. 

181. ɼʠʘʙʝʪ. ʀʥʬʦʨʤʘʮʠʦʥʥʳʡ↑ ʙʶʣʣʝʪʝʥʴ ɺʆɿ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] // 

https://www.who.int/southeastasia/home/search/ 2018. ï (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 

20.02.2023 ʛ.). 

182. Minzanova S.T. Biological Activity and Pharmacological Application of Pectic 

Polysaccharides: A Review / S.T. Minzanova, V.F. Mironov, D.M. Arkhipova et al. // 

Polymers. ï 2018. ï V.10.  ï P.1407. doi:10.3390/polym10121407. 

183. Acevedo-Fani A. Digestive dynamics of yoghurt structure impacting the release 

and bioaccessibility of the flavonoid rutin / A. Acevedo-Fani, A. Ochoa-Grimaldo, 

S.M. Loveday, H. Singh // Food Hydrocolloids. ï 2021. ï V.111. ï P. 106215 

184. Xiao J. B. Phytochemicals in food and nutrition // Critical Reviews in Food 

Science and Nutrition. ï 2016. ï V. 56. S1ïS3. 

185. Gullon B. Rutin: A review on extraction, identification and purification methods, 

biological activities and approaches to enhance its bioavailability / B. Gullon, T.A. Lu-

http://www.ijera.com/
https://doi.org/10.1016/B978-0-12-820104-6.00015-2
https://doi.org/10.1016/B978-0-12-820104-6.00015-2
https://doi.org/10.1016/B978-0-12-818766-1.00321-4
https://doi.org/10.1016/B978-0-12-818766-1.00321-4
https://doi.org/10.1016/j.jff.2022.104987


273 
 

 

Chau, M.T. Moreira, J.M. Lema, G. Eibes // Trends in Food Science & Technology. ï 

2017. ï V. 67. ï P. 220-235. 

186. Ahmed Nasef N. Food matrix and co-presence of turmeric compounds influence 

bioavailability of curcumin in healthy humans / N. Ahmed Nasef, S.M. Loveday, M. 

Golding, R.N. Martins, T.M. Shah, M. Clarke et al. // Food & Function. ï 2019. ï V. 

10 (8). ï P. 4584-4592. 

187. Yan X. A review of the structure, function, and application of plant-based proteinï

phenolic conjugates and complexes / X. Yan, Z. Zeng, D.J. McClements, X. Gong, P. 

Yu, J. Xia, D. Gong // Comprehensive Reviews in Food Science and Food Safety. ï 

2023. ï V. 00. ï P. 1-25. https://doi.org/10.1111/1541-4337.13112. 

188. Pellegrini M. Bioaccessibility of phenolic compounds and antioxidant capacity of 

chia (Salvia hispanica L.) Seeds / M. Pellegrini, R. Lucas-Gonzalez, E. Sayas-Barbera 

et al.  // Plant Foods for Human Nutrition. ï 2018. ï V. 73(1). ï P. 47-53. 

189. Milner J.A. Functional foods: the US perspective / J.A. Milner // The American 

Journal of Clinical Nutrition. ï 2000. ï V. 71, Is. 6. ï P. 1654-1659. 

https://doi.org/10.1093/ajcn/71.6.1654S. 

190. ʉʤʠʨʥʦʚ ʉ.ʆ. ʈʘʟʨʘʙʦʪʢʘ ʨʝʮʝʧʪʫʨʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠ 

ʘʢʪʠʚʥʦʡ ʜʦʙʘʚʢʠ ʢ ʧʠʱʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʨʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ / ʉ.ʆ. 

ʉʤʠʨʥʦʚ, ʆ.ʌ. ʌʘʟʫʣʣʠʥ // ʊʝʭʥʠʢʘ ʠ ʪʝʭʥʦʣʦʛʠʷ ʧʠʱʝʚʳʭ ʧʨʦʠʟʚʦʜʩʪʚ. ï 2018. 

ï ʊ. 48, ˉ 3. ï ʉ. 105-114.  https://doi.org/10.21603/2074-9414-2018-3-105-114. 

191. Vetrani C., Costabile G., Vitalea M., Giacco R. (Poly)phenols and cardiovascular 

diseases: Looking in to move forward / C. Vetrani, G. Costabile, M. Vitalea, R. Giacco 

// Journal of Functional Foods.  ï 2020. ï V. 71. ï ʈ.104013. 

https://doi.org/10.1016/j.jff.2020.104013. 

192. Lima M. A review of the current evidence of fruit phenolic compounds as 

potential antimicrobials against pathogenic bacteria / M. Lima, C.P.de Sousa, C. 

Fernandez-Prada, J. Harel, J. Dubreuil, E. de Souza // Microbial Pathogenesis. ï 2019. 

ïV. 130. ï ʈ.259-270. 

https://doi.org/10.1111/1541-4337.13112
https://doi.org/10.1093/ajcn/71.6.1654S
https://doi.org/10.21603/2074-9414-2018-3-105-114


274 
 

 

193. Dias M.I. Microencapsulation of bioactives for food applications / M.I. Dias, I.C. 

Ferreira, M.F. Barreiro // Food Funct. ï 2015. ï V.6. ï ʈ.1035-1052. [CrossRef] 

194.  https://www.google.com/search?q=functional+foods+articles 

195. Tolve R. Microencapsulation as a Tool for the Formulation of Functional Foods: 

The Phytosterolsô Case Study / R. Tolve, N. Cela, N. Condelli, M.D. Cairano, M.C. 

Caruso, F. Galgano // Foods. ï 2020. ï V.9, Is. 4. ï ʈ. 470. doi:0.3390/foods9040470. 

196. Ĺorkovic I. Microencapsulation of Chokeberry Polyphenols and Volatiles: 

Application of Alginate and Pectin as Wall Materials / I. Ĺorkovic, A. Pichler, I. Ivic Ӣ, 

J. Ġimunovic Ӣ, M. Kopjar // Gels. ï 2021. ï V.7. ï ʈ. 231. 

https://doi.org/10.3390/gels7040231 

197. DeFrates K. Protein Polymer-Based Nanoparticles: Fabrication and Medical 

Applications / K. DeFrates, T. Markiewicz, P. Gall et al. // Int. J. Mol. Sci. ï 2018. ï 

V. 19. ï ʈ.1-20. doi:0.3390/ijms19061717. 

198. Rai M. Smart nanopackaging for the enhancement of food shelf life / M. Rai, A.P. 

Ingle, I. Gupta, R. Pandit, P. Paralikar, A. Gade et al. // Environmental Chemistry 

Letters. ï 2019.  ï V.17, Is. 1. ï ʈ.277-290. 

199. Alizadeh-Sani M. Eco-friendly active packaging consisting of nanostructured 

biopolymer matrix reinforced with TiO2 and essential oil: Application for preservation 

of refrigerated meat / M. Alizadeh-Sani, E. Mohammadian, D.J. McClements // Food 

Chemistry. ï 2020. ï V. 322. ï ʈ.126782. 

200. Alizadeh-Sani M. Multifunctional halochromic packaging materials: Saffron petal 

anthocyanin loaded-chitosan nanofiber/methyl cellulose matrices / M. Alizadeh-Sani, 

M. Tavassoli, D.J. McClements // Food Hydrocolloids. ï 2021. ï V. 111. ï ʈ. 106237. 

201. Delcea M. Micrʦ- and Nanocapsules for Biological and Biomedical Applications 

/ M. Delcea, A. Yashchenok, K. Videnova, O. Kreft, H. Mºhwald, A.G. Skirtach // 

Macromolecular Bioscience. ï 2010. ï V. 10 (5). ï P. 459-462. 

202. Advanced Drug Delivery Systems Market - Growth, Trends, and Forecast (2019-

2027), Aug. 29, 2022.  https://www.mordorintelligence.com/industry-

reports/advanced-drug-delivery-systems-market. 

https://www.google.com/search?q=functional+foods+articles
https://doi.org/10.3390/gels7040231
https://www.mordorintelligence.com/industry-reports/advanced-drug-delivery-systems-market
https://www.mordorintelligence.com/industry-reports/advanced-drug-delivery-systems-market


275 
 

 

203. Xiaoyou Wang. Smart drug delivery systems for precise cancer therapy / Wang 

Xiaoyou, Li Chong, Wang Yiguang, Chen Huabing et al.//Acta Pharmaceutica Sinica 

B. ï 2022. ï V.12 (11). ï P. 4098-4121. https://doi.org/10.1016/j.apsb.2022.08.013. 

204. Syed M.H. An overview on recent biomedical applications of biopolymers: Their 

role in drug delivery systems and comparison of major systems / M.H. Syed, M.A.K.M. 

Zahari, M.M. Rahman Khan, M.D. Hossen Beg, N. Abdullah // Journal of Drug 

Delivery Science and Technology.  ï 2023. ï V. 80. ï ʈ.  10412.  

https://doi.org/10.1016/j.jddst.2022.104121. 

205. ʉʘʤʘʜʦʚ ʈ.ʉ. ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʨʦʜʫʢʪʳ ʥʘ ʦʩʥʦʚʝ ʙʠʦʧʦʣʠʤʝʨʦʚ / ʈ.ʉ. 

ʉʘʤʘʜʦʚ, ʍ.ʀ. ʀʢʨʦʤʠ, ɼʞ.ʊ. ɹʦʙʦʢʘʣʦʥʦʚ, ɿ.ʂ. ʄʫʭʠʜʠʥʦʚ // ʄʘʪʝʨʠʘʣʳ 

ʨʝʩʧʫʙʣʠʢʘʥʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʅʘʫʢʘ ʠ ʪʝʭʥʠʢʘ ʜʣʷ 

ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷè, 28 ʘʧʨʝʣʷ 2018 ʛʦʜʘ. ï ɼʫʰʘʥʙʝ, 2018. ï ʉ. 30-34. 

206. ʐʘʤʩʦʨʦ ʆ. ʄʠʢʨʦʢʘʧʩʫʣʳ ʥʘ ʦʩʥʦʚʝ ʧʝʢʪʠʥʘ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʠ 

ʢʦʥʮʝʥʪʨʘʪʘ ʙʝʣʢʦʚ ʤʦʣʦʯʥʦʡ ʩʳʚʦʨʦʪʢʠ / ʆ. ʐʘʤʩʦʨʦ, ʍ. ʀ. ʊʝʰʘʝʚ (ʍ. ʀ. 

ʀʢʨʦʤʠ), ɿ. ʂ.  ʄʫʭʠʜʠʥʦʚ, ʉ. ʈ. ʋʩʤʘʥʦʚʘ, ɿ. ɹ. ʐʘʨʠʬʦʚʘ, ʃ. ʐ. ʃʠʫ // 

ʀʟʚʝʩʪʠʷ ɸʅ ʈʊ. ï 2012. ï ˉ2 (147). ï ʉ. 89-95. 

207. ʀʢʨʦʤʠ ʍ.ʀ. ʄʠʢʨʦʢʘʧʩʫʣʠʨʦʚʘʥʠʝ ʙʠʦʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ / ʍ.ʀ. ʀʢʨʦʤʠ // ʅʘʫʢʘ ʠ ʠʥʥʦʚʘʮʠʷ. ï 

2022. ï ˉ 3. ï ʉ. 238-244. 

208. Natural Polymers. Industry Techniques and Applications / Ed. O. Olatunji // 

Springer International Publishing Switzerland. ï 2016. ï P.93-185. doi:10.1007/978-

3-319-26414-1. 

209. Natural Polymers, Biopolymers, Biomaterials, and Their Composites, Blends, and 

IPNs / Ed. Sabu Thomas, Neethu Ninan, Sneha Mohan and Elizabeth Francis // 

Advances in Materials Science. Apple Academic Press Inc. ï 2013. ï V.2. ï 422 p. 

210. ʄʫʭʠʜʠʥʦʚ ɿ.ʂ., ʍʘʣʠʢʦʚ ɼ.ʍ. ʇʝʢʪʠʥ ï ʣʝʯʝʙʥʦ-ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʡ 

ʧʨʦʜʫʢʪ ʜʣʷ ʟʜʦʨʦʚʳʭ ʠ ʙʦʣʴʥʳʭ / ʆʙʟʦʨ. ʠʥʬʦʨʤ. // ʅʇʀʎʝʥʪʨ. ï ɼʫʰʘʥʙʝ, 

2005. ï 60 ʩ. 

https://doi.org/10.1016/j.apsb.2022.08.013
https://doi.org/10.1016/j.jddst.2022.104121


276 
 

 

211. ɹʦʙʦʢʘʣʦʥʦʚ ɼ.ʊ. ʇʨʠʤʝʥʝʥʠʝ ʧʝʢʪʠʥʦʚ ʚ ʤʝʜʠʮʠʥʝ ʠ ʬʘʨʤʘʮʠʠ / ɼ.ʊ. 

ɹʦʙʦʢʘʣʦʥʦʚ, ɿ.ʂ. ʄʫʭʠʜʠʥʦʚ, ʉ.ɼ. ʀʩʫʧʦʚ, ɻ.ʀ. ʂʦʤʠʣʦʚʘ // ɺʝʩʪʥʠʢ ɸʢʘʜʝʤʠʠ 

ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ ʊʘʜʞʠʢʠʩʪʘʥʘ. ï 2013. ï ˉ 4 (08). ï C. 39-52. 

212. Sriamornsak P. Chemistry of Pectin and its Pharmaceutical Uses: A Review / P. 

Sriamornsak // Silpakorn University International Journal. ï 2003. ï V.3. ï P.206-228. 

213. Liu L.S. Pectin in controlled drug delivery ï A review / L.S. Liu, M.L. Fishman, K.B. 

Hicks // Cellulose. ï 2007. ï V.14 (1). ï P.15-24 doi: 10.1007/s10570-006-9095-7. 

214. Noreen A. Pectins functionalized biomaterials; a new viable approach for 

biomedical applications: A review / A. Noreen, Z. Nazli, J. Akram, I. Rasul, A. 

Mansha, N. Yaqoob, R. Iqbal, S. Tabasum, M. Zuber, K.M. Zia // International Journal 

of Biological Macromolecules. ï 2017. ï V.101. ï P. 254-272.  

215. Yu Y. Biological activities and pharmaceutical applications of polysaccharide 

from natural resources: A review / Y. Yu, M. Shen, Q. Song, J. Xie // Carbohydr. 

Polym. ï 2018. ï V.183. ï P.91-101.  

216. Kohn R. Binding of toxic cations to pectin, its oligomeric fragment and plant 

tissues / R. Kohn // Carbohydr. Polym. ï 1982. ï V.2. ï P.273-275.  

217. Polysaccharide Carriers for Drug Delivery / Eds. S. Maiti and S. Jana. ï 

Woodhead Publishing is an imprint of Elsevier.  ï 2019. ï 781p. 

218. Bush P. Pectin: Chemical Properties, Uses and Health Benefits // Food Science 

and Technology. ï Nova Science Publishers Inc.: Hauppauge, NY, USA. ï 2014. ISBN 

978-1633214385. 

219. Lara-Espinoza ʉ. Pectin and Pectin-Based Composite Materials: Beyond Food 

Texture / ʉ. Lara-Espinoza, ɽ. Carvajal-Mill§n, R. Balandr§n-Quintana et al. // 

Molecules. ï 2018. ï V. 23. ï P.942. 

220. Leclere L. Anti-Cancer activities of pH- or heat-Modified pectin / L. Leclere, P.V. 

Cutsem, C. Michiels // Front. Pharmacol. ï 2013. ï V.4. ï P.1-8. 

221. Jantrawut P. Anti-cancer Activity of Rutin Encapsulated in Low Methoxyl Pectin 

Beads / P. Jantrawut, H. Akazawa, W. Ruksiriwanich // Int. J. Pharm. Pharm. Sci. ï 

2014. ï V.6. ï P.199-202. 



277 
 

 

222. Stavolone L. Extracellular Matrix in Plants and Animals: hooks and Locks for 

Viruses / L. Stavolone, V. Lionetti // Frontiers in Microbiology. ï 2017. ï V.8. (1760). 

ï P.1-8. (www.frontiersin.org.) 

223. Cui J. Dietary Fibers from Fruits and Vegetables and Their Health Benefits via 

Modulation of Gut Microbiota / J. Cui, Y. Lian, C. Zhao et al. // Comprehensive 

Reviews in Food Science and Food Safety. ï 2019. ï V. 18 (5). ï P.1514-1532. 

doi:10.1111/1541-4337.12489. 

224. Chung W.S.F. Prebiotic potential of pectin and pectic oligosaccharides to promote 

anti-inflammatory commensal bacteria in the human colon / W.S.F. Chung, M. 

Meijerink, B. Zeuner et al. // FEMS Microbiology Ecology. ï 2017. ï V.93 (11). 

doi:10.1093/femsec/fix127. 

225. Rinninella E. What is the Healthy Gut Microbiota Composition? A Changing 

Ecosystem across Age, Environment, Diet, and Diseases / E. Rinninella, P. Raoul, M. 

Cintoni, F. Franceschi et al. // Microorganisms. ï 2019. ï V.7 (1). ï P.14. 

doi:10.3390/microorganisms7010014. 

226. Olano-Martin O. Pectins and pectic-oligosaccharides inhibit Escherichia coli 

O157:H7 Shiga toxin as directed towards the human colonic cell line HT29 / O. Olano-

Martin, R. Mark, M.R. Williams, G.R. Gibson, A. Robert, R.A. Rastall // FEMS 

Microbiology Letters. ï 2003. ï V. 218. ï P.101-105. 

227. Jung J. Pectin and charge modified pectin hydrogel beads as a colon-targeted drug 

delivery carrier / J. Jung, R.D. Arnold, L. Wicker // Colloids and Surfaces B: 

Biointerfaces. ï 2013. ï V.104. ï P.116-121. 

228. Laos K. Encapsulation of ɓ-carotene from sea buckthorn (Hippopha± rhamnoides 

L.) juice in furcellaran beads / K. Laos, T. L»ugas, A. Mªndmets, R. Vokk // Innovative 

Food Science and Emerging Technologies. ï 2007. ïV.8 (3). ï P.395-398. 

229. ʄʫʭʠʜʠʥʦʚ ɿ.ʂ. ɻʠʜʨʦʛʝʣʠʝʚʳʝ ʤʠʢʨʦʩʬʝʨʳ ʥʘ ʦʩʥʦʚʝ ʙʠʦʨʘʟʨʫʱʘʶʱʠʭ 

ʧʦʣʠʤʝʨʦʚ ʢʘʢ ʥʦʩʠʪʝʣʴ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ / ɿ.ʂ.  ʄʫʭʠʜʠʥʦʚ, ɻ.ʌ. 

ʂʘʩʳʤʦʚʘ, ɼ.ʊ. ɹʦʙʦʢʘʣʦʥʦʚ, ɸ.ʉ. ʅʘʩʨʠʜʜʠʥʦʚ, ɼ.ʍ. ʍʘʣʠʢʦʚ, ʍ.ʀ. ʊʝʰʘʝʚ 

(ʍ.ʀ. ʀʢʨʦʤʠ), ʃ.ʐ.  ʃʫʠ // ʀʟʚʝʩʪʠʷ ɸʅ ʈʊ. ï 2009. ï ˉ1 (134). ï C. 59-65. 

http://www.frontiersin.org/


278 
 

 

230. Muhidinov Z.K. Pectin-Zein microspheres as a Drug Delivery Systems / Z.K. 

Muhidinov, G.F. Kasimova, D.T. Bobokalonov, D.Kh. Khalikov, Kh.I. Teshaev (Kh. 

I. Ikromi), M.D. Khalikova, L.S. Liu // Pharmaceutical Chem. ï 2010. ï Vol. 44 (9). ï 

ʉ. 20-24. https://doi.org/10.1007/s11094-011-0518-x. 

231. Dickinson E. Emulsion gels: The structuring of soft solids with protein-stabilized 

oil droplet // Food Hydrocolloids. ï 2012. ï V.28 (1). ï P.224-241.doi: 

10.1016/j.foodhyd.2011.12.017. 

232. Lowman A.M. Structural and dynamic response of neutral and intelligent 

networks in biomedical environments / A.M. Lowman, T.D. Dziubla, P. Bures, N.A. 

Peppas / In: N.A. Peppas, M.V. Sefton, editors // Molecular and cellular foundations 

of biomaterials. ï New York: Academic Press, 2004. ï P.75-130. 

233. Huang Y. ɸ Molecular Theory of Polymer Gels / Y. Huang, I. Szleifer, A. 

Nicholas, N.A. Peppas // Macromolecules. ï 2002. ï V.35. ï P.1373-1380. 

234. Pillay V. Crosslinked calcium-alginate-pectinate-cellulose acetophthalate 

gelisphers system for liner drug release / V. Pillay, M.P. Danckwerts, R.A. Fassihi // 

Drug Delivery. ï 2002. ï V.9. ï P.77-86. 

235. Landgraf W. New Polymer Enables Near Zero-Order Release of Drugs / W. Landgraf, 

N.H. Li, J.R. Benson // Drug Delivery Technology. ï 2005. ï V.5 (2). ï P.48-55. 

236. Belting M., Wittrup A. Macromolecular Drug Delivery: Methods and Protocols / 

Mattias Belting (ed.). ï Totowa, NJ: Humana Press, 2009. ï 202 p. 

237. Posey-Dowty J.D. Zero order release formulations using a novel cellulose ester / 

J.D. Posey-Dowty, T.L. Watterson, A.K. Wilson, K.J. Edgar, M.C. Shelton, L.R.  

Lingerfelt // Cellulose. ï 2007. ï V.14 (1). ï P.73-83. 

238. Mahdavinia G.R. In situ synthesis of magnetic CaraPVA IPN nanocomposite 

hydrogels and controlled drug release / G.R. Mahdavinia, H. Etemadi // Mater. Sci. 

Eng. ï 2014. ï V. 45. ï P. 250-260. 

239. Samanta H.S. Synthesis, characterization, swelling and drug release behavior of 

semi-interpenetrating network hydrogels of sodium alginate and polyacrylamide / H.S. 

Samanta, S.K. Ray // Carbohydr Polym. ï 2014. ï V. 67. ï P.666-678. 

https://doi.org/10.1007/s11094-011-0518-x


279 
 

 

240. Kulkarni R.V. Interpenetrating polymer network microcapsules of gellan gum and 

egg albumin entrapped with diltiazemresin complex for controlled release application 

/ R.V. Kulkarni, B.S. Mangond, S. Mutalik, B. Sa // Carbohydr Polym. ï 2011. ï V. 

83. ï P.1001-1007. 

241. McGee J.P. Zero order release of protein from poly(D,Llactide-co-glycolide) 

microparticles prepared using a modified phase separation technique /  J.P. McGee, 

S.S. Davis, D.T. OôHagan // J. Controlled Release. ï 1995. ï V. 34. ï P.77-86. 

242. Williams H.D. Strategies to address low drug solubility in discovery and 

development / H.D. Williams, N.L. Trevaskis, S.A. Charman, R.M. Shanker, W.N. 

Charman, C.W. Pouton, C.J.H. Porter // Pharmacol Rev. ï 2013. ï V. 65(1). ï P.315-

499. 

243. Bobokalonov J.T. Kinetics of piroxicam release from low-methylated pectin/zein 

hydrogel microspheres / J.T. Bobokalonov, G.F. Kasimova, Z.K. Muhidinov et al. // 

Pharm. Chem. J. ï 2012. ï V. 46 (1). ï P.50-53. https://doi.org/10.1007/s11094-012-

0732-1. 

244. ISO 5546:2010 Caseins and caseinates. Determination of pH (Reference method) 

International Organization for Standardization, Geneva, Switzerland. 

245. NOLA TM Fit5500 Product Information, [accessed on 06.11.2018.]. Available: 

https://hjemmeriet.com/se/ChrHansen/Products/NOLAFit/PI_GLOB_NOLA_Fit5500

_350502_EN.pdf 

246. ʃʫʨʴʝ ʖ.ʖ. ʉʧʨʘʚʦʯʥʠʢ ʧʦ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ. ï ʄ.: ʍʠʤʠʷ, 1965. ï 390 

ʩ. 

247. Muhidinov Z.K. Stepwise dia-ultrafiltration system in the processing of pectin by 

products / Z.K. Muhidinov, J.T. Bobokalonov, M.A. Akhmedov et al. // Proceeding of 

CRE XI-Green Chemical Reactor Engineering Conferences, August 26-31. ï Spain. 

Bilbao. ï 2007. ï ʈ. 93.  

248. Muhidinov Z.K. Structural characterization of pectin obtained by different 

purification methods / Z.K. Muhidinov, Kh.I. Ikromi, A.S. Jonmurodov, A.S. 

Nasriddinov, S.R. Usmanova, J.T. Bobokalonov, G.D. Strahan, L.S. Liu // 

https://doi.org/10.1007/s11094-012-0732-1
https://doi.org/10.1007/s11094-012-0732-1
https://hjemmeriet.com/se/ChrHansen/Products/NOLAFit/PI_GLOB_NOLA_Fit5500_350502_EN.pdf
https://hjemmeriet.com/se/ChrHansen/Products/NOLAFit/PI_GLOB_NOLA_Fit5500_350502_EN.pdf


280 
 

 

International Journal of Biological Macromolecules. ï 2021. ï V.183. ï P. 2227-2337. 

https://doi.org/10.1016/j.ijbiomac.2021.05.094. 

249. ʄʘʢʩʠʤʝʥʢʦ ʖ.ɸ. ɸʥʘʣʠʟ ʚʣʠʷʥʠʷ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʦʮʝʩʩʘ ʩʫʰʢʠ ʩʳʨʴʷ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ [ʊʝʢʩʪ]/ ʖ.ɸ. 

ʄʘʢʩʠʤʝʥʢʦ, ʖ.ʉ. ʌʝʢʣʫʥʦʚʘ, ʕ.ʈ. ʊʝʣʠʯʢʠʥʘ // ɺʝʩʪʥʠʢ ɸɻʊʋ. ï 2014. ï ˉ2 

(58). ï ʉ. 97-101. 

250. ɻʫʙʘ ʆ.ɽ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʠʥʝʪʠʢʠ ʨʘʩʧʳʣʠʪʝʣʴʥʦʡ ʩʫʰʢʠ ʤʝʣʘʥʞʘ ʩ ʫʯʝʪʦʤ 

ʚʣʠʷʥʠʷ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʘ [ʊʝʢʩʪ] / ʆ.ɽ. 

ɻʫʙʘ, ʖ.ɸ. ʄʘʢʩʠʤʝʥʢʦ // ɾʫʨʥʘʣ. ɽʩʪʝʩʪʚʝʥʥʳʝ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ.  ï ˉ7 

(75). ï ʄ.: ʀʟʜʘʪʝʣʴʩʪʚʦ çʉʧʫʪʥʠʢ+è, 2014. ï ʉ. 72-74. 

251. ɸʣʝʢʩʘʥʷʥ ʀ.ʖ. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ 

ʢʦʥʚʝʢʪʠʚʥʦʡ ʩʫʰʢʝ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʚ ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ 

[ʊʝʢʩʪ] / ʀ.ʖ. ɸʣʝʢʩʘʥʷʥ, ʖ.ɸ. ʄʘʢʩʠʤʝʥʢʦ, ʖ.ʉ. ʌʝʢʣʫʥʦʚʘ // ɺʝʩʪʥʠʢ ɸɻʊʋ. 

ï 2013. ï ˉ2 (58). ï ʉ. 19-24. 

252. ɸʬʘʥʘʩʴʝʚ ʉ.ʇ. ʄʦʜʠʬʠʢʘʮʠʷ ʪʠʪʨʠʤʝʪʨʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ 

ʧʝʢʪʠʥʦʚʳʭ ʚʝʱʝʩʪʚ / ʉ.ʇ. ɸʬʘʥʘʩʴʝʚ, ʕ.ʇ. ʇʘʥʦʚʘ, ɻ.ʅ. ʂʘʮʝʚʘ, ɺ.ʗ. ʏʠʨʦʚʘ // 

ʍʠʤ. ʧʨʠʨʦʜ. ʩʦʝʜ. ï 1984. ï ˉ4. ï ʉ. 428-431. 

253. ʋʩʤʘʥʦʚʘ ʉ.ʈ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʦʚ ʧʝʢʪʠʥʘ ʪʳʢʚʳ / ʉ.ʈ. 

ʋʩʤʘʥʦʚʘ, ɸ.ʉ. ɼʞʦʥʤʫʨʦʜʦʚ, ʍ.ʀ. ʅʘʟʠʨʦʚʘ ʠ ʜʨ. // ʄʘʪʝʨʠʘʣʳ 12 ʅʫʤʘʥʦʚʩʢʠʝ 

ʯʪʝʥʠʷ ʧʦʩʚʷʱ. 55 ʣʝʪʠʶ ʩʦ ʜʥʷ ʨʦʞʜʝʥʠʷ ʜ.ʭ.ʥ., ʧʨʦʬʝʩʩʦʨʘ ʂʫʢʘʥʠʝʚʘ ʄ.ɸ. ï 

ɼʫʰʘʥʙʝ, 2015 ʛ. ï C. 143-145. 

254. Fellah A. Determining the degree of methylesterification of pectin by ATR/FT-

IR: Methodology 128ptimization and comparison with theoretical calculations / A. 

Fellah, P. Anjukandi, M.R. Waterland et al. // Carbohydrate Polymers. ï 2009. ï V. 78. 

ï ʈ. 847. 

255. ʄʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʧʝʢʪʠʥʦʚʳʭ ʚʝʱʝʩʪʚ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ / ʃ.ɺ. ɼʦʥʯʝʥʢʦ, ɺ.ɺ. ʅʝʣʠʥʘ, ʅ.ʉ. ʂʘʨʧʦʚʠʯ ʠ ʜʨ. ï ʄ.: ʉʧʝʢʪʨ, 

1997. ï 40 ʩ. 

https://doi.org/10.1016/j.ijbiomac.2021.05.094


281 
 

 

256. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʝʢʦʪʦʨʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʧʝʢʪʠʥʦʚʳʭ ʚʝʱʝʩʪʚ / ʀ.ʀ. 

ʐʝʣʫʭʠʥʘ, ɹ.ʕ. ʋʨʠʩʦʚʘ, ɻ.ɹ. ɸʡʤʫʭʘʤʝʜʦʚʘ // ʀʟʚ. ɸʅ ʂʠʨʛ. ʉʉʈ. ï 1982. ï ˉ 

5. ï ʉ. 37-39. 

257. Filisetti-Cozzi T.M.C.C. Measurement of uronic acids without interference from 

neutral sugars / T.M.C.C. Filisetti-Cozzi, N.C. Carpita // Analytical Biochemistry. ï 

1991. ï ˉ 197. ï P.157-162. 

258. ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʬʘʨʤʘʢʦʧʝʷ ʉʉʉʈ / 11-ʝ ʠʟʜ., ʚʳʧ.2. ï ʄ.: ʄʝʜʠʮʠʥʘ,1990. 

ï C.193-200. 

259. ɻʆʉʊ 29186-91. ʇʝʢʪʠʥ. ʊʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ. ɺʚʝʜ. 01.01.1993 ï ʄ.: ʀʟʜ-

ʚʦ ʩʪʘʥʜʘʨʪʦʚ, 2004. ï 13 ʩ.  

260. Committee on Pectin Standardisation // Journal of Food Technology. ï 1959. ï V. 

13.  ï P. 496ï500. 

261. Muhidinov Z.K. Effect of temperature on the intrinsic viscosity and conformation 

of different pectins / Z.K. Muhidinov, M.L. Fishman,  Ch.Ch. Avloev et al. // Polymer 

Sciences Journal. Series A. ï 2010. ï V. 52 (12). ï ʈ.1257-1263. 

262. Agrawal P.K. NMR Spectroscopy in the structural elucidation of oligosaccharides 

and glycosides // Phytochemistry. ï 1992. ï V.31 (10). ï P.3307ï3330. 

263. Maciejewski M.W. NMRbox: A Resource for Biomolecular NMR Computation / 

M.W. Maciejewski, A.D. Schuyler, M.R. Gryk, I.I. Moraru, P.R. Romero, E.L. Ulrich, 

J.C. Hoch // Biophysical Journal. ï 2017. ï V. 112 (8). ï P. 1529-1534. 

https://doi.org/10.1016/j.bpj.2017.03.011 

264. Goddard T.D., Kneller D.G. SPARKY 3. University of California. ï USA. San 

Francisco. ï 2008. Retrieved from https://www.cgl.ucsf.edu/home/sparky/ 

265. ɹʦʙʦʢʘʣʦʥʦʚ ɼ.ʊ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʣʘʢʪʦʛʣʦʙʫʣʠʥʦʚ ʤʦʣʦʯʥʦʡ ʩʳʚʦʨʦʪʢʠ 

ʤʝʪʦʜʦʤ ʢʘʧʠʣʣʷʨʥʦʛʦ ʵʣʝʢʪʨʦʬʦʨʝʟʘ / ɼ.ʊ. ɹʦʙʦʢʘʣʦʥʦʚ, ʄ.ɼ. ʍʘʣʠʢʦʚʘ, ɸ.C. 

ɼʞʦʥʤʫʨʦʜʦʚ, ɿ.ʂ. ʄʫʭʠʜʠʥʦʚ // ʄʘʪʝʨʠʘʣʳ VI-ʅʫʤʘʥʦʚʩʢʠʭ ʯʪʝʥʠʡ. ï ɼʫʰʘʥʙʝ, 

2009. ï ʉ.109-111. 

266. ʄʫʭʠʜʠʥʦʚ ɿ.ʂ. ʂʦʥʮʝʥʪʨʘʪ ʣʘʢʪʦʛʣʦʙʫʣʠʥʦʚ ʠʟ ʤʦʣʦʯʥʦʡ ʩʳʚʦʨʦʪʢʠ ʠ 

ʤʝʪʦʜʳ ʠʭ ʚʳʜʝʣʝʥʠʷ / ɿ. ʂ. ʄʫʭʠʜʠʥʦʚ, ɸ. ʉ. ɼʞʦʥʤʫʨʦʜʦʚ, ʍ.ʀ. ʊʝʰʘʝʚ (ʍ.ʀ. 

https://doi.org/10.1016/j.bpj.2017.03.011
https://www.cgl.ucsf.edu/home/sparky/


282 
 

 

ʀʢʨʦʤʠ), ɼ. ʊ. ɹʦʙʦʢʘʣʦʥʦʚ, ʄ. ɼ. ʍʘʣʠʢʦʚʘ, ɻ. ʌ. ʂʘʩʳʤʦʚʘ, ʐ. ʈ. ɸʙʜʫʣʣʘʝʚʘ 

// ɿʜʨʘʚʦʦʭʨʘʥʝʥʠʝ ʊʘʜʞʠʢʠʩʪʘʥʘ: ʄʘʪʝʨʠʘʣʳ ʚʪʦʨʦʡ ʈʝʩʧʫʙʣʠʢʘʥʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çɿʜʦʨʦʚʦʝ ʧʠʪʘʥʠʝ ï ʟʜʦʨʦʚʘʷ ʥʘʮʠʷè, ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ, 

14 ʥʦʷʙʨʷ 2009 ʛʦʜʘ. ï ɼʫʰʘʥʙʝ, 2009. ï ˉ 3. ï ʉ. 44-49. 

267. ʌʝʜʝʥʢʦ ɺ.ʉ. ʆʧʨʝʜʝʣʝʥʠʝ ʙʝʣʢʘ ʚ ʨʘʩʪʚʦʨʘʭ ʧʦ ʧʦʛʣʦʱʝʥʠʶ ʚ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ ʦʙʣʘʩʪʠ / ɺ.ʉ. ʌʝʜʝʥʢʦ // ʍʠʤʠʷ ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ï

1989. ï ˉ7. ï ʉ. 693-795. 

268. ʂʘʩʳʤʦʚʘ ɻ.ʌ. ɺʳʜʝʣʝʥʠʝ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʝʠʥʦʚ ʢʫʢʫʨʫʟʳ, 

ʧʨʦʠʟʨʘʩʪʘʶʱʝʡ ʚ ʊʘʜʞʠʢʠʩʪʘʥʝ / ɻ.ʌ. ʂʘʩʳʤʦʚʘ, ɼ.ʊ. ɹʦʙʦʢʘʣʦʥʦʚ, ɿ.ʂ. 

ʄʫʭʠʜʠʥʦʚ, ʄ.ɼ. ʍʘʣʠʢʦʚʘ // ʀʟʚ. ɸʅ ʈʊ. ï 2007.  ï ˉ2 (127). ï C. 42-50. 

269. ʐʪʘʥʯʘʝʚ ɸ.ʐ. Tʫʨʙʠʜʠʤʝʪʨʠʯʝʩʢʦʝ ʪʠʪʨʦʚʘʥʠʝ ʟʝʠʥa ʢʫʢʫʨʫʟʥʦʡ ʤʫʢʠ / 

ɸ.ʐ. ʐʪʘʥʯʘʝʚ, ɸ.ʉ. ʅʘʩʨʠʜʜʠʥʦʚ, ʍ.ʀ. ʊʝʰʘʝʚ (ʍ.ʀ. ʀʢʨʦʤʠ), ɿ.ʂ.  

ʄʫʭʠʜʠʥʦʚ, ɼ.ʍ. ʍʘʣʠʢʦʚ // ɼʦʢʣ. ɸʅ ʈʊ. ï 2007. ï ʊ. 50, ˉ 9-10. ï ʉ. 748-752. 

270. Zolnere K., Ciprovica I. Lactose hydrolysis in different solids content whey and 

milk permeates / Proceedings of the 13th Baltic Conference on Food Science and 

Technology FOODBALT 2019 joined with 5th North and East European Congress on 

Food NEEFood 2019. May 2ï3, 2019. ï Jelgava, Latvia. ï ʉ.35-39. 

271. Sarenkova I. The effect of concentrated whey solids on Lactobionic acid 

production by Pseudomonas taetrolens / I. Sarenkova, I. Ciprovica, I. Cinkmanis // In 

Conference Proceedings. FOODBALT 2019. 13th Baltic Conference on Food Science 

and Technology" FOOD, NUTRITION, WELL-BEING", 2-3 May 2019. ï Latvia 

University of Life Sciences and Technologies. ï Jelgava, Latvia. ï P. 250-253.  

272. CP Kelʩo Control methods / Determination of degree of methyl esterification. 

March 7, 2001. ʈ.3. 

273. Podzimek S. Light Scattering, Size Exclusion Chromatography and Asymmetric 

Flow Field Flow Fractionation powerful tools for the characterization of polymers, 

protein and nanoparticles / S. Podzimek // A John Wiley & Sons, Inc. ï New Jersey: 

Hoboken Publisher. ï 2011. ï ʈ. 333. 



283 
 

 

274. ʍʘʣʠʢʦʚ ɼ.ʍ. ʅʝʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʜʫʢʪʦʚ ʨʘʩʧʘʜʘ ʧʨʦʪʦʧʝʢʪʠʥʘ 

ʧʦʜʩʦʣʥʝʯʥʠʢʘ / ɼ.ʍ. ʍʘʣʠʢʦʚ, ɿ.ʂ. ʄʫʭʠʜʠʥʦʚ, ʍ.ʍ. ɸʚʣʦʝʚ, ʌ.ʊ. ɸʙʜʫʩʘʤʠʝʚ 

// ʍʠʤʠʷ ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ï 1999. ï ˉ5. ï C.581-585. 

275. Liu W. Properties of poly (butileneadipate-co-terephtalate) and sunflower head 

residue biocomposites / W. Liu, T. Liu, J. Xin, J. Zhang, Z.K. Muhidinov, L.S. Liu // 

Journal of Applied Polymer Science. ï 2017. ï V.134, ˉ 13. ï P.44644-44651. 

doi:10.1002/APP44644.  

276. Jing Li. Chase. Applications of membrane techniques for purification of natural 

products / Li Jing, A. Howard // Biotechnology Letters, Springer Verlag. ï 2010. ï 

V.32 (5). ï P.601-608. 

277. ʇʘʪʝʥʪ ʈʌ ˉ 2280496. ʄʝʤʙʨʘʥʥʳʡ ʘʧʧʘʨʘʪ ʩ ʧʝʨʝʤʝʥʥʳʤ ʩʝʯʝʥʠʝʤ 

ʧʦʪʦʢʘ / ʂʨʝʪʦʚ ʀ.ʊ., ʂʣʶʯʥʠʢʦʚ ɸ.ʀ., ʂʣʶʯʥʠʢʦʚ ɼ.ɺ. 2006. 

278. ʇʦʣʷʢʦʚ ʖ.ʉ. ʋʣʴʪʨʘ- ʠ ʤʠʢʨʦʬʠʣʴʪʨʘʮʠʷ ʚ ʧʦʣʦʚʦʣʦʢʦʥʥʳʭ ʘʧʧʘʨʘʪʘʭ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʩʘʜʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʤʙʨʘʥ: ʜʠʩ. ... ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ. ï ʄ., 

2004. ï150 ʩ. 

279. ɼʳʪʥʝʨʩʢʠʡ ʖ.ʀ. ɹʘʨʦʤʝʤʙʨʘʥʥʳʝ ʧʨʦʮʝʩʩʳ. ʊʝʦʨʠʷ ʠ ʨʘʩʯʝʪ / ʖ.ʀ. 

ɼʳʪʥʝʨʩʢʠʡ. ï ʄ.: ʍʠʤʠʷ, 1986. ï 272 ʩ. 

280. ʄʫʭʠʜʠʥʦʚ ɿ.ʂ. ʄʦʥʦʩʘʭʘʨʠʜʥʳʡ ʩʦʩʪʘʚ ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʧʨʤʳʰʣʝʥʥʳʭ ʧʝʢʪʠʥʦʚʳʭ ʚʝʱʝʩʪʚ / ɿ.ʂ. ʄʫʭʠʜʠʥʦʚ, ɼ.ʍ. ʍʘʣʠʢʦʚ, ɺ.ɸ. 

ɼʝʛʪʷʨʝʚ // ʍʠʤʠʷ ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ï 1990. ï ˉ 4. ï C. 455-460. 

281. ɼʞʦʥʤʫʨʦʜʦʚ ɸ.ʉ. ʂʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʠ ʦʯʠʩʪʢʘ ʧʝʢʪʠʥʦʚʳʭ 

ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʥʘ ʧʦʣʫʧʨʦʤʳʰʣʝʥʥʦʡ ʜʠʘ-ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʦʥʥʦʡ ʫʩʪʘʥʦʚʢʝ / 

ɸ.ʉ. ɼʞʦʥʤʫʨʦʜʦʚ, ʍ.ʀ. ʊʝʰʘʝʚ (ʍ.ʀ. ʀʢʨʦʤʠ), ɿ.ʂ.  ʄʫʭʠʜʠʥʦʚ, ʈ.ʄ. 

ɻʦʨʰʢʦʚʘ, ɼ.ʍ. ʍʘʣʠʢʦʚ, ʃ.ʐ. ʃʠʫ, ʄ.ʃ. ʌʠʰʤʘʥ // ʀʟʚʝʩʪʠʷ ɸʅ ʈʊ. ï 2011. ï 

ˉ1(142). ï ʉ. 67-72. 

282. Kostalova Z. Structural diversity of pectins isolated from the Styrian oil-pumpkin 

(Cucurbita pepo var. styriaca) fruit / Z. Kostalova, Z. Hromadkova, A. Ebringerova // 

Carbohydrate Polymers. ï 2013. ï V.93. ï P.163-171. 



284 
 

 

283. Patra P. Structure elucidation of an immunoenhancing pectic polysaccharide 

isolated from aqueous extract of pods of green bean (Phaseolus vulgaris L.) / P. Patra, 

D. Das, B. Behera et al. // Carbohydrate Polymers. ï 2012.  ï V.87. ï P. 2169-2175. 

284. Aguirre M.J. Characterization of a neutral polysaccharide with antioxidant 

capacity from red wine / M.J. Aguirre, M. Isaacs, I.B. Matsuhiro, L. Mendoza, E.A. 

Z¼¶iga // Carbohydrate Research. ï 2009. ï V.9. ï P.1095ï1101. 

285. Marcon M.V., Carneiro P.I.B., Wosiacki G., Beleski-Carneiro E., Petkowicz 

CLO. Pectins from apple pomace ï Characterization by 13C and 1H NMR 

spectroscopy / M.V. Marcon, P.I.B. Carneiro, G. Wosiacki, E. Beleski-Carneiro, CLO 

Petkowicz // Annual Magnetic Resonance. ï 2005. ï V.4. ï P.56ï63. 

286. Taboada E. Isolation and characterisation of pectic substances from murta (Ugni 

molinae Turcz) fruits / E. Taboada, P. Fisher, R. Jara et al. // Food Chemistry. ï 2010.  

ï V.123. ï P.669ï678. 

287. Muhiddinov Z.K. Isolation and structural characterization of pectins homo and 

rhamnogalacturonan / Z.K. Muhiddinov, D.Kh. Khalikov, F.T. Abdusamiev, Ch.Ch. 

Avloev // Talanta. ï 2000. ï V. 53. ï P.171-175. 

288. Fishman M.L. Solvent effects on molecular properties of pectins / M.L. Fishman, 

H.K. Chau, F. Kolpak, J.J. Brady // J. Agric. Food Chem. ï 2001.  ï V.49. ï P.4494-

4501. 

289. ʌʠʣʠʧʧʦʚ ɸ.ʅ. ʆʙʨʘʟʦʚʘʥʠʝ ʛʝʣʴ-ʩʣʦʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʤʙʨʘʥʳ 

(ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ) / ɸ.ʅ. ʌʠʣʠʧʧʦʚ, ɺ.ʄ. ʉʪʘʨʦʚ, ɺ.ɸ. ʃʷʣʠʥ // 

ʍʠʤʠʷ ʠ ʪʝʭʥʦʣʦʛʠʷ ʚʦʜʳ. ï 1989. ï ʊ. 11. ï ˉ 4. ï ʉ. 291-295. 

290. ɿʦʣʦʪʘʨʝʚ ʇ.ʇ. ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʧʨʦʮʝʩʩʘ ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʠ ʩ 

ʫʯʝʪʦʤ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ / ʇ.ʇ. ɿʦʣʦʪʘʨʝʚ, ʅ.ɺ.ʂʦʣʦʩʦʚ // ʍʠʤʠʷ ʠ ʪʝʭʥʦʣʦʛʠʷ 

ʚʦʜʳ. ï 1989. ï ʊ. 11. ï ˉ 1. ï ʉ. 7-9. 

291. Karasu K. A model for cross-flow ultrafiltration of dairy whey based on the 

rheology of the compressible cake / Karasu Kensuke, Yoshikawa Shiro, Kentish 

Sandra E., Stevens Geoffrey W. // Journal of Membrane Science. ï 2009. ï V. 341. ï 

P. 252ï260. 



285 
 

 

292. Ho C.C. A combined pore blockage and cake filtration model for protein fouling 

during microfiltration / C.C. Ho, A.L. Zydney // Journal of Colloid and Interface 

Science. ï 2000. ï V. 232 (2). ï P. 389ï399. 

293. Katsoufidou K. A study of ultrafiltration membrane fouling by humic acids and 

flux recovery by backwashing: Experiments and modeling / K. Katsoufidou, S.G. 

Yiantsios, F.J. Karabelas // Journal of Membrane Science. ï 2005. ï V. 266 (1). ï P. 

40ï50. 

294. ʉʝʤʝʥʦʚ ɸ.ɻ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʧʨʦʮʝʩʩʘ ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʠ ʩ 

ʫʯʝʪʦʤ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʤʙʨʘʥʳ / ɸ.ɻ. ʉʝʤʝʥʦʚ, ɹ.ɸ. 

ʃʦʙʘʩʝʥʢʦ // ʍʨʘʥʝʥʠʝ ʠ ʧʝʨʝʨʘʙʦʪʢʘ ʩʝʣʴʭʦʟʩʳʨʴʷ. ï 2001. ï ˉ8. ï ʉ. 15. 

295. ʉʝʤʝʥʦʚ ɸ.ɻ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʧʨʦʮʝʩʩʘ ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʠ ʩ 

ʫʯʝʪʦʤ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʤʙʨʘʥʳ [ʊʝʢʩʪ] / ɸ.ɻ. ʉʝʤʝʥʦʚ, ɹ.ɸ. 

ʃʦʙʘʩʝʥʢʦ // ʍʨʘʥʝʥʠʝ ʠ ʧʝʨʝʨʘʙʦʪʢʘ ʩʝʣʴʭʦʟʩʳʨʴʷ. ï 2001. ï ˉ 8. ï ʉ. 15-17. 

296. ʇʘʪʝʥʪ WO 92/03468, Int. CI. C07K 3/00, 3/24, C07K 3/28, 13/00, 15/06. 

Method for isolating alpha-lactalbumin from whey / W.E. Heine, P.D. KlEin, C. 

Miyashita. ̄  91/060447; filed 23.08.1991; pub. 05.03.1992. 

297. ɿʷʙʨʝʚ ɸ.ʌ. ʇʨʠʤʝʥʝʥʠʝ ʤʝʤʙʨʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʤʦʣʦʯʥʳʭ 

ʧʨʦʜʫʢʪʦʚ. ʄʝʤʙʨʘʥʥʳʝ ʩʠʩʪʝʤʳ çɹʠʦʢʦʥè / ɸ.ʌ. ɿʷʙʨʝʚ // ʇʝʨʝʨʘʙʦʪʢʘ ʤʦʣʦʢʘ. 

ï 2001. ï ˉ 12. ï ʉ.8-9. 

298. Uhrinova S. Structural changes accompanying pH-induced dissociation of the 

beta-lactoglobulin dimer / S. Uhrinova, M.H. Smith, G.B. Jameson, D. Uhrin, L. 

Sawyer, P.N. Barlow // Biochemistry. ï 2000. ï V.39 (13). ï ʈ.3565-3574. 

299. Turhan K.N. Whey protein isolate and alpha-lactalbumin recovery from lactic acid 

whey using cation-exchange chromatography / K.N.Turhan, M.R.  Etzel // Jour. Food 

Sci. ï 2004. ï V. 69 (2). ï ʈ. 66ï70. 

300. ʇʘʪʝʥʪ WO 2005/110112, Int. Appl. No PCT/US2005/016121. Methods and 

compositions involving whey protein isolates / M.R. Etzel, T.R. Helm, H.K. Vyas. filed 

06.05.2005; pub. 24.11.2005. 



286 
 

 

301. ʇʘʪʝʥʪ EP1613172.  Appl. No EP20040727563 20040415. Method for producing 

a whey protein concentrate enriched in beta-lactoglobulin and texture enhancer for use 

in dairy products / Maria Antonius Johannes Maas, Elisabeth Wilhelmina Gertruda 

Tindemans, Maria Lambertus Franciscus Van De Veerdonk. filed 15.04.2004; pub. 

date 11.01.2006. 

302. Manso M.A. Determination of vegetable protein in milk by sodium dodecyl 

sulfate-capillary gel electrophoresis. Interlaboratory study / M.A. Manso, T.M. 

Catteano, S. Borzaghi // Journal of AOAC International. ï 2002. ï V.85 (5). ï P.1090-

1095. 

303. ʈʳʪʯʝʥʢʦʚʘ ʆ.ɺ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʚʳʜʝʣʝʥʠʷ ʙʝʣʢʦʚ ʠʟ ʢʦʥʮʝʥʪʨʘʪʘ 

ʤʦʣʦʯʥʦʡ ʩʳʚʦʨʦʪʢʠ // ʋʩʧʝʭʠ ʚ ʭʠʤʠʠ ʠ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ. ï 2008. ï ʊ.22. 

ï ˉ13 (93). ï ʉ. 73-76. 

304. Tamine A.Y., Robinson R.K. Yogurt: Science and Technology // Pergamon Press. 

ï Oxford, UK, 1985. 

305. Ramaswamy H.S., Basak, S. Pectin and Raspberry Concentrate Effects on the 

Rheology of Stirred Commerical Yogurt // J. Food Sci. ï 1992. ï V. 57(2). ï ʈ. 357-

360.  

306. ʄʦʣʦʯʥʠʢʦʚ ɺ.ɺ., ʆʨʣʦʚʘ ʊ.ɸ., ɸʥʠʩʠʤʦʚ ʉ.ɺ. ɹʝʟʦʪʭʦʜʥʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʧʝʨʝʨʘʙʦʪʢʠ ʦʙʝʟʞʠʨʝʥʥʦʛʦ ʤʦʣʦʢʘ ʥʘ ʦʩʥʦʚʝ ʙʝʟʤʝʤʙʨʘʥʥʦʛʦ ʦʩʤʦʩʘ. ïʄ.: 

ɸʛʨʦʅʀʀʊʕʀʄʄʇ, 1986. ï 35 ʩ. 

307. Weiss H.O. Pectin in Yogurts and Desserts. Lebensmitteltechnik // Food and Nutr. 

Sci. ï1981. ï V. 13, No.7-8. ï ʈ. 345-349.  

308. Lifson S. The electrostatic free energy of polyelectrolyte solution. II. Fully 

starched macromolecules / S. Lifson, A.T. Katchalsky // Polym. Sci. ï 1954. ï V.13. ï 

P.43-55. 

309. Thibault J.F. Interaction of mono and divalent counterions with alkaline and 

enzim-deesterified Pectins in salt free solution / J.F. Thibault, M. Rinaudo // 

Biopolymers. ï 1985. ï V. 24. ï P.2131-2143. 



287 
 

 

310. Manning G.S. A condensed counterion theory for polarization of polyelectrolyte 

solutions in high fields // J. Chem. Phys. ï 1993. ï V. 99. ï P.477-486. 

311. Morris V.J. Gelation of polysaccharides / S.E. Hill, D.A. Ledward, J.R. Mitchell 

(Eds.) // Functional properties of food macromolecules. ï Aspen: Chapman & Hall. ï 

1998. ï P.143-170. 

312. Willats W.G.T. Pectin: New insights into an old polymer are starting to gel / 

W.G.T. Willats, J.P. Knox, J.D. Mikkelsen // Trends Food Sci. Technol. ï 2006. ï V. 

17. ï P.97-104. 

313. Fishman M.L. Pectin microgels and their subunit structure / M. L. Fishman, P. 

Cooke, B. Levaj et al. // Archives of Biochemistry and Biophysics. ï 1992. ï V. 294. 

ï P.253-260.  

314. The Specialists for Pectin. Herbstreith & Fox Corporate Group, 2003. 

(http://www.herbstreith-fox.de) 

315. ʀʢʨʦʤʠ ʍ. ʀ. ʌʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʞʝʣʝ ʥʘ 

ʦʩʥʦʚʝ ʥʠʟʢʦʤʝʪʠʣʠʨʦʚʘʥʥʦʛʦ ʧʝʢʪʠʥʘ // ɺʝʩʪʥʠʢ ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʊʘʜʞʠʢʠʩʪʘʥʘ. ï 2022. ï ˉ 4-2 (52). ï ʉ. 10-17. 

316. ʀʢʨʦʤʠ ʍ.ʀ. ɾʝʣʝʦʙʨʘʟʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʥʠʟʢʦʤʝʪʠʣʠʨʦʚʘʥʥʦʛʦ ʧʝʢʪʠʥʘ 

ʧʦʜʩʦʣʥʝʯʥʠʢʘ // ɺʝʩʪʥʠʢ ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʊʘʜʞʠʢʠʩʪʘʥʘ. ï 

2022. ï ˉ2 (49). ï ʉ. 28-35. 

317. McCready R.M. Pectinða product of citrus waste / R.M. McCready, H.S. Owens 

// Econ. Bot. ï 1954. ï V.8. ï P.29-47. https://doi.org/10.1007/BF02898879/ 

318. Siew C.K. New insights into the mechanism of gelation of alginate and pectin: 

charge annihilation and reversal mechanism / C.K. Siew, P.A. Williams // 

Biomacromolecules. ï 2005. ï V.6. ï P.963-969. 

319. Cesaro A. Phisicochemical properties of pectin acid. I. Termodynamic evidence 

of a pH-induced conformational transition in aqueous solution / A. Cesaro, A. Ciana, 

F. Delben et al. // Bioplymers. ï 1982. ï V.21. ï P.431-449. 

320. Cros S. Solution conformations of Pectin polysaccharides: Determination of chain 

characteristics by small angel neutron scattering, viscometry and molecular modeling 

http://www.herbstreith-fox.de/
https://doi.org/10.1007/BF02898879/


288 
 

 

/ S. Cros, C. Garnier, M.A.V. Axelos et al. // Biopolymers. ï 1996. ï V.39. ï P.339-

352. 

321. ʍʦʣʦʚ ʐ.ɪ. ʅʦʚʳʡ ʬʘʢʪʦʨ, ʚʣʠʷʶʱʠʡ ʥʘ ʞʝʣʝʦʙʨʘʟʦʚʘʥʠʝ ʧʝʢʪʠʥʦʚʳʭ 

ʧʦʣʠʩʘʭʘʨʠʜʦʚ / ʐ.ɪ. ʍʦʣʦʚ, ɿ.ʂ. ʄʫʭʠʜʠʥʦʚ, ʍ.ʀ. ʊʝʰʘʝʚ ʍ.ʀ. (ʀʢʨʦʤʠ) // 

ɺʝʩʪʥʠʢ ɺɻʋʀʊ. ï 2016. ï ˉ1. ï ʉ. 151-155. 

322. ɹʦʙʦʢʘʣʦʥʦʚ ɼʞ. ʊ. ʌʘʨʤʘʢʦʢʠʥʝʪʠʢʘ ʥʦʚʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʬʦʨʤ 

ʧʠʨʦʢʩʠʢʘʤʘ[ʊʝʢʩʪ]: ɼʠʩ. é ʢʘʥʜ. ʙʠʦʣ. ʥʘʫʢ: 14.03.06 / ɹʦʙʦʢʘʣʦʥʦʚ ɼʞʘʤʰʝʜ 

ʊʦʣʝʭʤʫʨʦʜʦʚʠʯ. ï ɼʫʰʘʥʙʝ, 2011. ï 100 ʩ. 

323. Sperber B.L.H.M. Influence of the overall charge and local charge density of 

pectin on the complex formation between pectin and b-lactoglobulin / B.L.H.M. 

Sperber, H.A. Schols, M.A.C. Stuart, W. Norde, A.G.J. Voragen // Food 

Hydrocolloids. ï 2009. ï V.23. ï ʈ.765-772. 

324. Turgeon S.L. ProteinïPolysaccharide Complexes and Coacervates / S.L. Turgeon, 

C. Schmitt, C. Sanchez // Current Opinion in Colloid and Interface Science. ï 2007. ï 

V.12 (4-5). ï P.166-178. http://dx.doi.org/10.1016/j.cocis.2007.07.007. 

325. ʋʩʤʘʥʦʚʘ ʉ.ʈ. ʂʦʤʧʣʝʢʩʳ ʨʘʟʣʠʯʥʳʭ ʧʝʢʪʠʥʦʚ ʩ ʙʝʣʢʘʤʠ ʤʦʣʦʯʥʦʡ 

ʩʳʚʦʨʦʪʢʠ ʧʨʠ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʷʭ ʨʅ ʤʝʪʦʜʦʤ ʪʫʨʙʠʜʠʤʝʪʨʠʠ / ʉ.ʈ.ʋʩʤʘʥʦʚʘ, 

ɿ.ʂ. ʄʫʭʠʜʠʥʦʚ, ʄ.ɹ. ʂʘʨʠʤʦʚ, ɼ.ʍ.  ʍʘʣʠʢʦʚ // ɺʝʩʪʥʠʢ ʊʅʋ. ï 2011. ï ˉ 6 

(70). ï ʉ.48-54. 

326. Pillay V., Danckwerts M.P., Muhydinov Z.K., Fassihi R. Novel Modulation of 

Drug Delivery Using Binary Zinc-Alginate-Pectinate Polyspheres for Zero-Order 

Kinetics Over Several Days: Experimental Design Strategy to Elucidate the 

Crosslinking Mechanism / V. Pillay, M.P. Danckwerts, Z.K. Muhydinov, R. Fassihi // 

Drug Development and Industrial Pharmacy. ï 2005. ï V.31. ï P.191-207. 

https://doi.org/10.1081/ddc-200047806. 

327. ʀʢʨʦʤʠ ʍ.ʀ. ʂʠʥʝʪʠʢʘ ʚʳʭʦʜʘ ʧʠʨʦʢʩʠʢʘʤʘ ʠʟ ʧʝʢʪʠʥ-ʟʝʠʥʦʚʳʭ ʤʠʢʨʦʩʬʝʨ 

ʚ ʫʩʣʦʚʠʷʭ, ʤʦʜʝʣʠʨʫʶʱʠʭ ʩʨʝʜʫ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ / ʍ.ʀ. ʀʢʨʦʤʠ // 

ɺʝʩʪʥʠʢ ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʊʘʜʞʠʢʠʩʪʘʥʘ. ï 2023. ï ˉ1 (53). ï ʉ. 

21-31. 

http://dx.doi.org/10.1016/j.cocis.2007.07.007
https://doi.org/10.1081/ddc-200047806


289 
 

 

328. Peppas N.A. Hydrogels for Oral Delivery of Therapeutic Proteins / N.A. Peppas, 

K.M. Wood, J.O. Blanchette // Expert Opin. Biol. Ther. ï 2004. ï V.4. ï P.881-887.doi: 

10.1517/14712598.4.6.881. 

329. ʍʨʘʤʮʦʚ ɸ.ɻ., ɺʘʩʠʣʠʩʠʥ ʉ.ɺ. ʉʧʨʘʚʦʯʥʠʢ ʪʝʭʥʦʣʦʛʘ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ 

ʤʦʣʦʢʘ. ʊʝʭʥʦʣʦʛʠʷ ʠ ʩʦʩʪʘʚ. ʊʦʤ 5. ʇʨʦʜʫʢʪʳ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ ʦʙʝʟʞʠʨʝʥʥʦʛʦ 

ʤʦʣʦʢʘ, ʧʘʭʪʳ ʠ ʩʳʚʦʨʦʪʢʠ. ï ʉʇʙ.: ɾʀɸʈɼ, 2004. ï 576 ʩ. 

330. ʉʘʤʘʜʦʚ ʈ.ʉ. ɺʣʠʷʥʠʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʧʝʨʤʝʘʪʘ ʤʦʣʦʯʥʦʡ ʩʳʚʦʨʦʪʢʠ ʥʘ 

ʢʘʯʝʩʪʚʦ ʛʣʶʢʦʟʦ-ʛʘʣʘʢʪʦʟʥʦʛʦ ʩʠʨʦʧʘ / ʈ.ʉ. ʉʘʤʘʜʦʚ, ʍ. ʀ. ʀʢʨʦʤʠ, ʀ. 

ʎʠʧʨʦʚʠʯʘ, ɿ.ʂ. ʄʫʭʠʜʠʥʦʚ // ʉʙʦʨʥʠʢ ʩʪʘʪʝʡ XI ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʊʝʭʥʦʣʦʛʠʠ ʠ ʧʨʦʜʫʢʪʳ ʟʜʦʨʦʚʦʛʦ ʧʠʪʘʥʠʷè 

ʉʘʨʘʪʦʚ, 28-29 ʥʦʷʙʨʷ 2019 ʛ. / ʇʦʜ ʨʝʜ. ʉʠʤʘʢʦʚʦʡ ʀ.ɺ., ʅʝʧʦʚʠʥʥʳʭ ʅ.ɺ. ï 

ʇʝʥʟʘ: ʈʀʆ ʇɻɸʋ, 2020. ï ʉ.130-134. 

331. ʉʘʤʘʜʦʚ ʈ.ʉ. ɺʣʠʷʥʠʝ ʪʠʧʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʱʝʣʦʯʥʦʛʦ ʘʛʝʥʪʘ ʥʘ ʫʛʣʝʚʦʜʥʳʡ 

ʩʦʩʪʘʚ ʛʣʶʢʦʟʦ-ʛʘʣʘʢʪʦʟʥʦʛʦ ʩʠʨʦʧʘ / ʈ.ʉ. ʉʘʤʘʜʦʚ, ʍ.ʀ. ʀʢʨʦʤʠ, ʀ. ʎʠʧʨʦʚʠʯʘ, 

ɿ.ʂ. ʄʫʭʠʜʠʥʦʚ // ʀʟʚʝʩʪʠʷ ʚʫʟʦʚ. ʇʠʱʝʚʘʷ ʪʝʭʥʦʣʦʛʠʷ. ï 2022. ï ˉ 2-3 (386-387). 

ï ʉ.16-20. 

332. Zhang W. Inhibition of Maillard Reactions by Replacing Galactose with Galacto-

Oligosaccharides in Casein Model Systems / W. Zhang, C. Ray, M.M. Poojary, T. 

Jansson, K.Olsen,  M.N.  Lund // Journal of Agricultural and Food Chemistry. ï 2019. 

ï V.67 (3). ï ʈ.875-886. 

333. Briggs S. Modified citrus pectin may halt metastasis / S. Briggs // Nutrition 

science news. 1997. 

334. Walker M. Anticancer attributes of modified citrus pectin / M. Walker // 

Townsend letter for doctors and patients.1996. 

335. Linehan W. Inhibition of prostate cancer metastasis: A critical challenge ahead / 

W. Linehan // Journal Nat. Cancer Inst. ï 1995. ï V. 87. ï P. 331-332. 

 



290 
 

 

ʉʇʀʉʆʂ ʆʇʋɹʃʀʂʆɺɸʅʅʓʍ ʅɸʋʏʅʓʍ ʈɸɹʆʊ ʉʆʀʉʂɸʊɽʃʗ 

ɸ) ʉʪʘʪʴʠ ʚ ʞʫʨʥʘʣʘʭ, ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʙʘʟʳ ʜʘʥʥʳʭ 

(Web of Science, Scopus ʠ ʠʥʦʩʪʨʘʥʥʳʭ ʠʟʜʘʥʠʷʭ) ʠ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ 

ʧʨʠ ʇʨʝʟʠʜʝʥʪʝ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ: 

[1-ɸ] Teshaev Kh. I. (Ikromi Kh. I.). Effect of supporting electrolyte on hydrolysis of 

sunflower protopectin / D. Kh. Khalikov, Kh. Kh. Avloev, R. M. Gorshkova, Z. K. 

Mukhiddinov, Kh. I. Teshaev (Kh. I. Ikromi) // Chemistry of Natural Compounds. ï 

2002. ï V. 38 (2). ï P.142-144. https://doi.org/10.1023/A:1019631813174.  

[2-ɸ] ʊʝʰʘʝʚ ʍ. ʀ. (ʀʢʨʦʤʠ ʍ. ʀ.). ʇʦʣʠʩʘʭʘʨʠʜʳ ʨʝʚʝʥʷ ʩʢʘʣʴʥʦʛʦ (Rheum 

rupestre) / ʈ. ʄ. ɻʦʨʰʢʦʚʘ, ɸ. ʉ. ʅʘʩʨʠʜʜʠʥʦʚ, ɿ. ʂ. ʄʫʭʠʜʠʥʦʚ, ɼ. ʍ. ʍʘʣʠʢʦʚ, 

ʉ. ɼ. ʍʘʣʠʢʦʚʘ, ʍ. ʀ. ʊʝʰʘʝʚ (ʍ. ʀ. ʀʢʨʦʤʠ) // ʀʟʚ. ʚʫʟʦʚ. ʍʠʤʠʷ ʠ ʭʠʤʠʯʝʩʢʘʷ 

ʪʝʭʥʦʣʦʛʠʷ. ï 2010. ï ʊ. 53, ˉ 6. ï ʉ.87-90. ISSN 0579-2991; e-ISSN 2500-3070. 

[3-ɸ] Teshaev Kh. I. (Ikromi Kh. I.). Pectin-Zein microspheres as a Drug Delivery 

Systems / Z. K. Muhidinov, G. F. Kasimova, D. T. Bobokalonov, D. Kh. Khalikov, 

Kh. I. Teshaev (Kh. I. Ikromi), M. D. Khalikova, L. S. Liu // Pharmaceutical Chem. ï 

2010. ï V. 44 (9). ï ʉ.20-24. https://doi.org/10.1007/s11094-011-0518-x. 

[4-ɸ] ʊʝʰʘʝʚ ʍ. ʀ. (ʀʢʨʦʤʠ ʍ. ʀ.). ʇʝʢʪʠʥ-ʟʝʠʥʦʚʳʝ ʛʝʣʠ ʜʣʷ ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʠʷ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʠ ʧʠʱʝʚʳʭ ʠʥʛʨʝʜʠʝʥʪʦʚ / ʍ. ʀ. ʊʝʰʘʝʚ (ʍ. ʀ. ʀʢʨʦʤʠ), 

ɼ. ʊ. ɹʦʙʦʢʘʣʦʥʦʚ, ɸ. ʉ. ɼʞʦʥʤʫʨʦʜʦʚ, ɿ. ʂ. ʄʫʭʠʜʠʥʦʚ, ɻ. ʌ. ʂʘʩʳʤʦʚʘ, L. S. 

Liu // ʀʟʚ. ʚʫʟʦʚ. ʍʠʤʠʷ ʠ ʭʠʤʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ. ï 2011. ï ʊ.54. ï ɺʳʧ.11 ï ʉ. 

97-100. ISSN 0579-2991; e-ISSN 2500-3070. 

[5-ɸ] ʊʝʰʘʝʚ ʍ.ʀ. (ʀʢʨʦʤʠ ʍ.ʀ.). ɼʠʘʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʦʥʥʦʝ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ 

ʠ ʦʯʠʩʪʢʘ ʧʝʢʪʠʥʦʚʳʭ ʧʦʣʠʩʘʭʘʨʠʜʦʚ / ɿ. ʂ. ʄʫʭʠʜʠʥʦʚ, ʈ. ʄ. ɻʦʨʰʢʦʚʘ, ɸ. ʉ. 

ɼʞʦʥʤʫʨʦʜʦʚ, ɼ. ʍ. ʍʘʣʠʢʦʚ, ʍ. ʀ. ʊʝʰʘʝʚ (ʍ. ʀ. ʀʢʨʦʤʠ), L. S. Liu, M. L. 

Fishman // ʀʟʚ. ʚʫʟʦʚ. ʍʠʤʠʷ ʠ ʭʠʤʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ. ï 2011. ï ʊ.54. ï ɺʳʧ.2 ï 

ʉ. 121-125. ISSN 0579-2991; e-ISSN 2500-3070. 

[6-ɸ] Teshaev Kh. I. (Ikromi Kh. I.). Pectin-Zein Hydrogels for the Delivery of Drugs 

and Nutrients / Z. K. Muhidinov, Kh. I. Teshaev (Kh. I. Ikromi), G. F. Kasimova, A. 

https://doi.org/10.1023/A:1019631813174
https://doi.org/10.1007/s11094-011-0518-x


291 
 

 

S. Nasridinov, L. S. Liu // Gums and Stabilisers for the Food Industry 16. Editors: P. 

A. Williams and G. O. Philips. ï RSC Publishing. ï 2012. ï P. 401-406. 

https://doi.org/10.1039/9781849734554-FP005. 

[7-ɸ] Teshaev Kh. I. (Ikromi Kh. I.). Physico-chemical characterization of pectic 

polysaccharides from various sources obtained by steam-assisted flash extraction 

(SAFE) / Z. K. Mukhidinov, Kh. I. Teshaev (Kh. I. Ikromi), A. S. Dzhonmurodov, D. 

Kh. Khalikov, M. L. Fishman // Macromolecular Symposia. Editors: V. Aseyev, H. 

Tenhu. ï 2012. ïV. 317-318 (1). ï P. 142-148. 

https://doi.org/10.1002/masy.201100108. 

[8-ɸ] Teshaev Kh. I. (Ikromi Kh. I.). Pectic polysaccharides from pumpkin fruit / A. 

S. Jonmurodov, Z. K. Mukhidinov, G. D. Strahan, S. E. Kholov, Kh. I. Teshaev (Kh. 

I. Ikromi), M. L. Fishman, L. S. Liu // 18th Gums and Stabilisers for the Food Industry 

Conference / Ed. by Peter A. Williams and Glyn O. Philips. ï RSC Publishing. ï 2016. 

ï P. 23-36. https://doi.org/10.1039/9781782623830-00023/ 

[9-ɸ] Ikromi Kh. I. Structural characterization of pectin obtained by different 

purification methods / Z. K. Muhidinov, Kh. I. Ikromi, A. S. Jonmurodov, A. S. 

Nasriddinov, S. R. Usmanova, J. T. Bobokalonov, G. D. Strahan, L. S. Liu // 

International Journal of Biological Macromolecules. ï 2021. ï V.183. ï P. 2227-2337. 

https://doi.org/10.1016/j.ijbiomac.2021.05.094. 

[10-ɸ] ʀʢʨʦʤʠ ʍ. ʀ. ʄʘʢʨʦʤʦʣʝʢʫʣʷʨʥʳʡ ʩʦʩʪʘʚ ʠʥʫʣʠʥʘ ʨʘʟʣʠʯʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʤ ʨʘʩʪʚʦʨʝ / ɸ. ʀ. ɸʰʫʨʦʚ, ɿ. ʋ. ʐʝʨʦʚʘ, ɸ. 

ʉ. ʅʘʩʨʠʜʜʠʥʦʚ, ʉ. ʈ. ʋʩʤʘʥʦʚʘ, ʍ. ʀ. ʀʢʨʦʤʠ, ɿ. ʂ.  ʄʫʭʠʜʠʥʦʚ // ʀʟʚʝʩʪʠʷ 

ʚʫʟʦʚ. ʇʨʠʢʣʘʜʥʘʷ ʭʠʤʠʷ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʷ. ï 2022. ï ˉ 12(2). ï ʉ. 279-290. 

https://doi.org/10.21285/2227-2925-2022-12-2-279-290.    
 

ɹ) ʉʪʘʪʴʠ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʚ ʜʨʫʛʠʭ ʠʟʜʘʥʠʷʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ ʧʨʠ 

ʇʨʝʟʠʜʝʥʪʝ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ 

[11-ɸ] ʊʝʰʘʝʚ ʍ. ʀ. (ʀʢʨʦʤʠ ʍ. ʀ.). ɻʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ʥʠʟʢʦʤʝʪʠʣʠʨʦʚʘʥʥʦʛʦ 

ʧʝʢʪʠʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʦʥʦʚ ʧʦʣʠʚʘʣʝʥʪʥʳʭ ʤʝʪʘʣʣʦʚ / ʍ. ʀ. ʊʝʰʘʝʚ 

https://doi.org/10.1039/9781849734554-FP005
https://doi.org/10.1002/masy.201100108
https://doi.org/10.1039/9781782623830-00023/
https://doi.org/10.1016/j.ijbiomac.2021.05.094
https://doi.org/10.21285/2227-2925-2022-12-2-279-290


292 
 

 

(ʍ. ʀ. ʀʢʨʦʤʠ), ɿ. ʂ.  ʄʫʭʠʜʠʥʦʚ, ɼ. ʍ. ʍʘʣʠʢʦʚ, ʍ. ʍ.  ɸʚʣʦʝʚ // ɼʦʢʣ. ɸʅ ʈʊ. 

ï 2002. ï ʊ. XLV, ˉ 1-2. ï ʉ. 72-78. 

[12-ɸ] ʊʝʰʘʝʚ ʍ. ʀ. (ʀʢʨʦʤʠ ʍ. ʀ.). ʌʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʞʝʣʝʦʙʨʘʟʦʚʘʥʠʝ 

ʥʠʟʢʦʤʝʪʠʣʠʨʦʚʘʥʥʦʛʦ ʧʝʢʪʠʥʘ / ɿ. ʂ.  ʄʫʭʠʜʠʥʦʚ, ʍ. ʀ. ʊʝʰʘʝʚ (ʍ. ʀ. ʀʢʨʦʤʠ), 

ɼ. ʍ. ʍʘʣʠʢʦʚ // ɼʦʢʣ. ɸʅ ʈʊ. ï 2004. ï ʊ. XLV11, ˉ 1-2. ï ʉ. 77-79. 

[13-ɸ] ʊʝʰʘʝʚ ʍ. ʀ. (ʀʢʨʦʤʠ ʍ. ʀ.), ʄʫʭʠʜʠʥʦʚ 3. K., ɸʚʣʦʝʚ X. X., 

ʍʘʣʠʢʦʚ ɼ. ʍ. ɼʝʡʩʪʚʠʝ ʠʦʥʦʚ ʧʦʣʠʚʘʣʝʥʪʥʳʭ ʤʝʪʘʣʣʦʚ ʥʘ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʝ 

ʥʠʟʢʦʤʝʪʠʣʠʨʦʚʘʥʥʦʛʦ ʧʝʢʪʠʥʘ. ï ʈʝʬʝʨʘʪʠʚʥʳʡ ʩʙʦʨʥʠʢ ʥʝʧʫʙʣʠʢʫʝʤʳʭ ʨʘʙʦʪ 

ʅʇʀʎʝʥʪʨʘ ʈʊ. ï ɺʳʧʫʩʢ 01.2004. ˉ ʀ (1632). ï 6 ʩ., ï ɹʠʙʣʠʦʛʨ.: 7 ʥʘʟʚ. ï ʈʫʩ. 

ï ɼʝʧ. ɺ ʅʇʀʎʝʥʪʨʝ 14.04.2004 ʛ. 

[14-ɸ] ʊʝʰʘʝʚ ʍ. ʀ. (ʀʢʨʦʤʠ ʍ. ʀ.), ʄʫʭʠʜʠʥʦʚ ɿ. ʂ., ʍʘʣʠʢʦʚ ɼ. ʍ., ɸʚʣʦʝʚ 

ʍ. ʍ., ʆʚʩʝʧʷʥ A. M., ʇʘʥʦʚ ɺ. ʇ. ʆʩʦʙʝʥʥʦʩʪʠ ʢʠʥʝʪʠʢʠ ʜʝʵʪʝʨʠʬʠʢʘʮʠʠ 

ʚʳʩʦʢʦʤʝʪʠʣʠʨʦʚʘʥʥʦʛʦ ʧʝʢʪʠʥʘ. ï ʈʝʬʝʨʘʪʠʚʥʳʡ ʩʙʦʨʥʠʢ ʥʝʧʫʙʣʠʢʫʝʤʳʭ 

ʨʘʙʦʪ ʅʇʀʎʝʥʪʨʘ ʈʊ. ï ɺʳʧʫʩʢ 01.2004. ˉ 13 (1634). ï 3 ʩ., ï ɹʠʙʣʠʦʛʨ.: 3 ʥʘʟʚ. 

ï ʈʫʩ. ï ɼʝʧ. ɺ ʅʇʀʎʝʥʪʨʝ 14.04.2004 ʛ. 

[15-ɸ] ʊʝʰʘʝʚ ʍ. ʀ. (ʀʢʨʦʤʠ ʍ. ʀ.). Tʫʨʙʠʜʠʤʝʪʨʠʯʝʩʢʦʝ ʪʠʪʨʦʚʘʥʠʝ ʟʝʠʥa 

ʢʫʢʫʨʫʟʥʦʡ ʤʫʢʠ / ɸ. ʐ. ʐʪʘʥʯʘʝʚ, ɸ. ʉ. ʅʘʩʨʠʜʜʠʥʦʚ, ʍ. ʀ. ʊʝhʘʝʚ 

(ʍ. ʀ. ʀʢʨʦʤʠ), ɿ. ʂ.  ʄʫʭʠʜʠʥʦʚ, ɼ. ʍ. ʍʘʣʠʢʦʚ // ɼʦʢʣ. ɸʅ ʈʊ. ï 2007. ï ʊ. 50, 

ˉ 9-10. ï ʉ. 748-752. 

[16-ɸ] ʊʝʰʘʝʚ ʍ. ʀ. (ʀʢʨʦʤʠ ʍ. ʀ.). ɹʝʣʢʠ ʤʦʣʦʯʥʦʡ ʩʳʚʦʨʦʪʢʠ: ʘʥʘʣʠʟ 

ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʚ ʧʦʣʠʘʢʨʠʣʘʤʠʜʥʦʤ ʛʝʣʝ, ʚʳʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ 

ʩʳʚʦʨʦʪʦʯʥʳʭ ʙʝʣʢʦʚ / ɿ. ʂ.  ʄʫʭʠʜʠʥʦʚ, ɻ. ʌ. ʂʘʩʳʤʦʚʘ, ʌ. ʅ. ɼʞʫʨʘʝʚʘ, 

ɼ. ʊ. ɹʦʙʦʢʘʣʦʥʦʚ, ʄ. ɼ. ʍʘʣʠʢʦʚʘ, ʍ. ʀ. ʊʝʰʘʝʚ (ʍ. ʀ. ʀʢʨʦʤʠ) // ʀʟʚʝʩʪʠʷ ɸʅ 

ʈʊ. ï 2008. ï ˉ1(130). ï  ʉ. 52-56. 

[17-ɸ] ʊʝʰʘʝʚ ʍ. ʀ. (ʀʢʨʦʤʠ ʍ. ʀ.). ʅʝʨʘʩʪʚʦʨʠʤʳʝ ʢʦʤʧʣʝʢʩʳ ʙʝʣʢʦʚ 

ʤʦʣʦʯʥʦʡ ʩʳʚʦʨʦʪʢʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʝʢʪʠʥʘʤʠ / ɿ. ʂ.  ʄʫʭʠʜʠʥʦʚ, 

ɸ. ʐ. ʐʪʘʥʯʘʝʚ, ɸ. ʉ. ʅʘʩʨʠʜʜʠʥʦʚ, ɼ. ʊ. ɹʦʙʦʢʘʣʦʥʦʚ, ʍ. ʀ. ʊʝʰʘʝʚ 

(ʍ. ʀ. ʀʢʨʦʤʠ), ɼ. ʍ. ʍʘʣʠʢʦʚ // ɼʦʢʣ. ɸʅ ʈʊ. ï 2008. ï ʊ. 51, ˉ 8. ï ʉ. 607-614. 



293 
 

 

[18-ɸ] ʊʝʰʘʝʚ ʍ. ʀ. (ʀʢʨʦʤʠ ʍ. ʀ.). ɻʠʜʨʦʛʝʣʠʝʚʳʝ ʤʠʢʨʦʩʬʝʨʳ ʥʘ ʦʩʥʦʚʝ 

ʙʠʦʨʘʟʨʫʱʘʶʱʠʭ ʧʦʣʠʤʝʨʦʚ ʢʘʢ ʥʦʩʠʪʝʣʴ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ / 

ɿ. ʂ. ʄʫʭʠʜʠʥʦʚ, ɻ. ʌ. ʂʘʩʳʤʦʚʘ, ɼ. ʊ. ɹʦʙʦʢʘʣʦʥʦʚ, ɸ. ʉ. ʅʘʩʨʠʜʜʠʥʦʚ, 

ɼ. ʍ. ʍʘʣʠʢʦʚ, ʍ. ʀ. ʊʝʰʘʝʚ (ʍ. ʀ. ʀʢʨʦʤʠ), ʃ. ʐ.  ʃʫʠ // ʀʟʚʝʩʪʠʷ ɸʅ ʈʊ. ï 

2009. ï ˉ1 (134). ï C. 59-65. 

[19-ɸ] ʊʝʰʘʝʚ ʍ. ʀ. (ʀʢʨʦʤʠ ʍ. ʀ.). ʇʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʝ ʪʠʪʨʦʚʘʥʠʝ ɓ-

ʣʘʢʪʦʛʣʦʙʫʣʠʥʘ ʤʦʣʦʯʥʦʡ ʩʳʚʦʨʦʪʢʠ / ɿ. ʂ.  ʄʫʭʠʜʠʥʦʚ, ʉ. ʈ. ʋʩʤʘʥʦʚʘ, 

ʍ. ʀ. ʊʝʰʘʝʚ (ʍ. ʀ. ʀʢʨʦʤʠ), ɿ. ɹ. ʐʘʨʠʬʦʚʘ, ʌ. ʅ. ɼʞʫʨʘʝʚʘ, ɼ. ʍ. ʍʘʣʠʢʦʚ // 

ɼʦʢʣ. ɸʅ ʈʊ. ï 2011. ï ʊ.54, ˉ 2. ï ʉ. 124-128. 

[20-ɸ] ʊʝʰʘʝʚ ʍ. ʀ. (ʀʢʨʦʤʠ ʍ. ʀ.). ʂʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʠ ʦʯʠʩʪʢʘ ʧʝʢʪʠʥʦʚʳʭ 

ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʥʘ ʧʦʣʫʧʨʦʤʳʰʣʝʥʥʦʡ ʜʠʘ-ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʦʥʥʦʡ ʫʩʪʘʥʦʚʢʝ / 

ɸ. ʉ. ɼʞʦʥʤʫʨʦʜʦʚ, ʍ.ʀ. ʊʝʰʘʝʚ (ʍ. ʀ. ʀʢʨʦʤʠ), ɿ. ʂ. ʄʫʭʠʜʠʥʦʚ, 

ʈ. ʄ. ɻʦʨʰʢʦʚʘ, ɼ. ʍ. ʍʘʣʠʢʦʚ, ʃ. ʐ. ʃʠʫ, ʄ. ʃ. ʌʠʰʤʘʥ // ʀʟʚʝʩʪʠʷ ɸʅ ʈʊ. ï 

2011. ï ˉ1(142). ï ʉ. 67-73. 

[21-ɸ] ʊʝʰʘʝʚ ʍ. ʀ. (ʀʢʨʦʤʠ ʍ. ʀ.). ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʠʟʢʦʤʝʪʠʣʠʨʦʚʘʥʥʳʭ 

ʧʝʢʪʠʥʦʚ ʩ ʢʦʥʮʝʥʪʨʘʪʦʤ ʙʝʣʢʦʚ ʤʦʣʦʯʥʦʡ ʩʳʚʦʨʦʪʢʠ / ʍ. ʀ. ʊʝʰʘʝʚ 

(ʍ. ʀ. ʀʢʨʦʤʠ), ʉ. ʈ. ʋʩʤʘʥʦʚʘ, ʆ. ʐʘʤʩʦʨʦ, ɿ. ʂ.  ʄʫʭʠʜʠʥʦʚ // ɺʝʩʪʥʠʢ 

ɺʦʨʦʥʝʞʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʥʞʝʥʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ï 2012. 

ï  ̄  1 (51). ï ʉ. 158-164. 

[22-ɸ] ʊʝʰʘʝʚ ʍ. ʀ. (ʀʢʨʦʤʠ ʍ. ʀ.). ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʝʢʪʠʥʘ, ʧʦʣʫʯʝʥʥʦʛʦ 

ʥʦʚʳʤ ʤʝʪʦʜʦʤ ʛʠʜʨʦʣʠʟʘ ʵʢʩʪʨʘʢʮʠʠ ʠʟ ʢʦʨʟʠʥʦʢ ʧʦʜʩʦʣʥʝʯʥʠʢʘ / ʍ. ʀ. ʊʝʰʘʝʚ 

(ʍ. ʀ. ʀʢʨʦʤʠ), ɿ. ʂ. ʄʫʭʠʜʠʥʦʚ, ʈ. ʄ. ɻʦʨʰʢʦʚʘ, ɸ. ʉ. ɼʞʦʥʤʫʨʦʜʦʚ // ɺʝʩʪʥʠʢ 

ɺʦʨʦʥʝʞʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʥʞʝʥʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ï 2012. 

ï  ̄  2 (52). ï ʉ. 162-167. 

[23-ɸ] ʊʝʰʘʝʚ ʍ. ʀ. (ʀʢʨʦʤʠ ʍ. ʀ.). ʄʠʢʨʦʢʘʧʩʫʣʳ ʥʘ ʦʩʥʦʚʝ ʧʝʢʪʠʥʘ 

ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʠ ʢʦʥʮʝʥʪʨʘʪʘ ʙʝʣʢʦʚ ʤʦʣʦʯʥʦʡ ʩʳʚʦʨʦʪʢʠ / ʆ. ʐʘʤʩʦʨʦ, 

ʍ. ʀ. ʊʝʰʘʝʚ (ʍ. ʀ. ʀʢʨʦʤʠ), ɿ. ʂ.  ʄʫʭʠʜʠʥʦʚ, ʉ. ʈ. ʋʩʤʘʥʦʚʘ, ɿ. ɹ. ʐʘʨʠʬʦʚʘ, 

ʃ. ʐ. ʃʠʫ // ʀʟʚʝʩʪʠʷ ɸʅ ʈʊ. ï 2012. ï ˉ2 (147). ï ʉ. 89-95. 



294 
 

 

[24-ɸ] ʊʝʰʘʝʚ ʍ. ʀ. (ʀʢʨʦʤʠ ʍ. ʀ.). ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʧʝʢʪʠʥʦʚʳʭ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʧʦʜʩʦʣʥʝʯʥʠʢʘ / ɸ. ʉ. ɼʞʦʥʤʫʨʦʜʦʚ, 

ʍ. ʀ. ʊʝʰʘʝʚ (ʍ. ʀ. ʀʢʨʦʤʠ), ʐ. ɪ. ʍʦʣʦʚ, ʉ. ʈ. ʋʩʤʘʥʦʚʘ, ɿ. ʂ.  ʄʫʭʠʜʠʥʦʚ, H. 

K. Chau, L. S. Liu // ɼʦʢʣ. ɸʅ ʈʊ. ï 2015. ï ʊ. 58, ˉ3. ï ʉ. 241-247. ISSN: 0002-

3469 

[25-ɸ] ʊʝʰʘʝʚ ʍ. ʀ. (ʀʢʨʦʤʠ ʍ. ʀ.). ʉʪʨʦʝʥʠʝ ʧʝʢʪʠʥʦʚʳʭ ʧʦʣʠʩʘʭʘʨʠʜʦʚ 

ʩʦʣʝʨʘʩʪʚʦʨʠʤʦʡ ʬʨʘʢʮʠʠ ʧʦʜʩʦʣʥʝʯʥʠʢʘ / A. S. ɼʞʦʥʤʫʨʦʜʦʚ, ʍ. ʀ. ʊʝʰʘʝʚ 

(ʍ. ʀ. ʀʢʨʦʤʠ), ʐ. ɪ. ʍʦʣʦʚ, ʉ. ʈ. ʋʩʤʘʥʦʚʘ, ɿ. ʂ.  ʄʫʭʠʜʠʥʦʚ, G. D. Strahan, 

L. S. Liu // ɼʦʢʣ. ɸʅ ʈʊ. ï 2015. ï ʊ.58, ˉ4. ï ʉ. 320-325. ISSN: 0002-3469. 

[26-ɸ] ʊʝʰʘʝʚ ʍ. ʀ. (ʀʢʨʦʤʠ ʍ. ʀ.). ʅʦʚʳʡ ʬʘʢʪʦʨ, ʚʣʠʷʶʱʠʡ ʥʘ 

ʞʝʣʝʦʙʨʘʟʦʚʘʥʠʝ ʧʝʢʪʠʥʦʚʳʭ ʧʦʣʠʩʘʭʘʨʠʜʦʚ / ʐ. ɪ. ʍʦʣʦʚ, ɸ. ʉ. ɼʞʦʥʤʫʨʦʜʦʚ, 

ɿ. ʂ.  ʄʫʭʠʜʠʥʦʚ, ʍ. ʀ. ʊʝʰʘʝʚ (ʍ. ʀ. ʀʢʨʦʤʠ) // ɺʝʩʪʥʠʢ ɺʦʨʦʥʝʞʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʥʞʝʥʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ.   ï 2016. ï ˉ1 (67). ï 

ʉ. 151-155. 

[27-ɸ] ʀʢʨʦʤʠ ʍ. ʀ. ʆʩʦʙʝʥʥʦʩʪʠ ʠʥʞʝʥʝʨʥʦʛʦ ʨʘʩʯʝʪʘ ʧʨʦʮʝʩʩʘ 

ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʦʥʥʦʛʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʠ ʦʯʠʩʪʢʠ ʧʝʢʪʠʥʦʚʳʭ 

ʧʦʣʠʩʘʭʘʨʠʜʦʚ / ʐ. ɪ. ʍʦʣʦʚ, ʍ. ʀ. ʀʢʨʦʤʠ, ʅ. ʀ. ʖʥʫʩʦʚ, ɿ. ʂ.  ʄʫʭʠʜʠʥʦʚ // 

ɺʝʩʪʥʠʢ ɺʦʨʦʥʝʞʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʥʞʝʥʝʨʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ. ï 2017. ï ʊ.79, ˉ 4. ï ʉ. 26-30. doi:10.20914/2310-1202-2017-4-26-30.         

[28-ɸ] ʀʢʨʦʤʠ ʍ. ʀ. ʆʣʠʛʦʩʘʭʘʨʠʜʳ ʠʟ ʧʣʦʜʦʚ ʘʙʨʠʢʦʩʘ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʤʝʪʦʜʦʤ ɺʕɾʍ / ʄ. ʍ. ʈʘʭʤʦʥʦʚ, ɸ. ʉ. ɼʞʦʥʤʫʨʦʜʦʚ, ʍ. ʀ. ʀʢʨʦʤʠ, 

ɿ. ʂ.  ʄʫʭʠʜʠʥʦʚ // ɸʢʪʫʘʣʴʥʘʷ ʙʠʦʪʝʭʥʦʣʦʛʠʷ. ï 2019. ï ˉ3 (30).  ï C. 201-204. 

ISSN 2304-4691. 

[29-ɸ] ʀʢʨʦʤʠ ʍ. ʀ. ʉʪʨʦʝʥʠʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʡ ʬʨʘʢʮʠʠ ʧʝʢʪʠʥʦʚʳʭ 

ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʧʦʜʩʦʣʥʝʯʥʠʢʘ / ɸ. ʉ. ɼʞʦʥʤʫʨʦʜʦʚ, ʍ. ʀ. ʀʢʨʦʤʠ, 

ʉ. ʈ. ʋʩʤʘʥʦʚʘ, ʐ. ɪ. ʍʦʣʦʚ, ɸ. ʉ. ʅʘʩʨʠʜʜʠʥʦʚ, ɿ. ʂ.  ʄʫʭʠʜʠʥʦʚ, G. D. Strahan 

// ɺʝʩʪʥʠʢ ʊʘʜʞʠʢʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʉʝʨʠʷ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢ. 

ï 2020. ï ˉ 4. ï ʉ. 269-276. 



295 
 

 

[30-ɸ] ʀʢʨʦʤʠ ʍ. ʀ. ɺʣʠʷʥʠʝ ʪʠʧʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʱʝʣʦʯʥʦʛʦ ʘʛʝʥʪʘ ʥʘ 

ʫʛʣʝʚʦʜʥʳʡ ʩʦʩʪʘʚ ʛʣʶʢʦʟʦ-ʛʘʣʘʢʪʦʟʥʦʛʦ ʩʠʨʦʧʘ / ʈ. ʉ. ʉʘʤʘʜʦʚ, ʍ. ʀ. ʀʢʨʦʤʠ, 

ʀ. ʎʠʧʨʦʚʠʯʘ, ɿ. ʂ.  ʄʫʭʠʜʠʥʦʚ // ʀʟʚʝʩʪʠʷ ʚʫʟʦʚ. ʇʠʱʝʚʘʷ ʪʝʭʥʦʣʦʛʠʷ. ï 2022. 

ï ˉ 2-3 (386-387). ï ʉ. 16-20. 

[31-ɸ] ʀʢʨʦʤʠ ʍ. ʀ. ɾʝʣʝʦʙʨʘʟʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʥʠʟʢʦʤʝʪʠʣʠʨʦʚʘʥʥʦʛʦ ʧʝʢʪʠʥʘ 

ʧʦʜʩʦʣʥʝʯʥʠʢʘ / ʍ. ʀ.  ʀʢʨʦʤʠ // ɺʝʩʪʥʠʢ ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʊʘʜʞʠʢʠʩʪʘʥʘ. ï 2022. ï ˉ2 (49). ï ʉ. 28-35. 

[32-ɸ] ʀʢʨʦʤʠ ʍ. ʀ. ʇʘʨʮʠʘʣʴʥʳʡ ʫʜʝʣʴʥʳʡ ʦʙʲʝʤ ʧʝʢʪʠʥʦʚ ʨʘʟʣʠʯʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ / ʍ. ʀ.  ʀʢʨʦʤʠ // ɺʝʩʪʥʠʢ ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʊʘʜʞʠʢʠʩʪʘʥʘ. ï 2022. ï ˉ3 (50). ï ʉ. 26-32. 

[33-ɸ] ʀʢʨʦʤʠ ʍ. ʀ. ʌʨʘʢʮʠʦʥʥʦʝ ʚʳʜʝʣʝʥʠʝ ʧʝʢʪʠʥʦʚʳʭ ʧʦʣʠʩʘʭʘʨʠʜʦʚ 

ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ / ʍ. ʀ.  ʀʢʨʦʤʠ // ʇʦʣʠʪʝʭʥʠʯʝʩʢʠʡ 

ʚʝʩʪʥʠʢ. ʉʝʨʠʷ: ʀʥʞʝʥʝʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ.  ï 2022. ï ˉ 3 (59). ï ʉ .72-76. 

[34-ɸ] ʀʢʨʦʤʠ ʍ.ʀ. ʄʠʢʨʦʢʘʧʩʫʣʠʨʦʚʘʥʠʝ ʙʠʦʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ / ʍ. ʀ.  ʀʢʨʦʤʠ // ʅʘʫʢʘ ʠ ʠʥʥʦʚʘʮʠʷ. ï 

2022. ï ˉ 3. ï ʉ.238-244. 

[35-ɸ] ʀʢʨʦʤʠ ʍ.ʀ. ʌʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʞʝʣʝ ʥʘ 

ʦʩʥʦʚʝ ʥʠʟʢʦʤʝʪʠʣʠʨʦʚʘʥʥʦʛʦ ʧʝʢʪʠʥʘ / ʍ. ʀ.  ʀʢʨʦʤʠ // ɺʝʩʪʥʠʢ 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʊʘʜʞʠʢʠʩʪʘʥʘ. ï 2022. ï ˉ 4/II (52). ï ʉ. 10-17. 

[36-ɸ] ʀʢʨʦʤʠ ʍ.ʀ. ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʨʦʜʫʢʪʳ ʥʘ ʦʩʥʦʚʝ ʨʘʩʪʠʪʝʣʴʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ / ʍ. ʀ.  ʀʢʨʦʤʠ // ʅʘʫʢʘ ʠ ʠʥʥʦʚʘʮʠʷ. ï 2023. ï ˉ 1. ï ʉ .96-103. 

[37-ɸ] ʀʢʨʦʤʠ ʍ.ʀ. ʂʠʥʝʪʠʢʘ ʚʳʭʦʜʘ ʧʠʨʦʢʩʠʢʘʤʘ ʠʟ ʧʝʢʪʠʥ-ʟʝʠʥʦʚʳʭ 

ʤʠʢʨʦʩʬʝʨ ʚ ʫʩʣʦʚʠʷʭ, ʤʦʜʝʣʠʨʫʶʱʠʭ ʩʨʝʜʫ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ / 

ʍ. ʀ.  ʀʢʨʦʤʠ // ɺʝʩʪʥʠʢ ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʊʘʜʞʠʢʠʩʪʘʥʘ. ï 2023. 

ï ˉ1 (52). ï ʉ. 29-36. 

 

ɺ) ʇʘʪʝʥʪʳ ʥʘ ʠʟʦʙʨʝʪʝʥʠʷ 

[38-ɸ] ʊʝʰʘʝʚ ʍ. ʀ. (ʀʢʨʦʤʠ ʍ. ʀ.). ʇʘʪʝʥʪ TJ 563 ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ. 

ʌʣʝʰ-ʩʧʦʩʦʙ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝʢʪʠʥʘ ʠʟ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ / ʄʫʭʠʜʠʥʦʚ ɿ. ʂ., 



296 
 

 

ʊʝʰʘʝʚ ʍ. ʀ. (ʀʢʨʦʤʠ ʍ. ʀ.), ɼʞʦʥʤʫʨʦʜʦʚ ɸ. ʉ., ʃʠʫ ʃ. ʉ.  ï ʅʇʀʎʝʥʪʨ ʈʊ, 

2011. ɹʶʣ. ˉ3 (11). 

[39-ɸ] ʀʢʨʦʤʠ ʍ. ʀ. ʇʘʪʝʥʪ TJ 1248 ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ. ʉʧʦʩʦʙ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʣʶʢʦʟʦ-ʛʘʣʘʢʪʦʟʥʦʛʦ ʩʠʨʦʧʘ / ʉʘʤʘʜʦʚ ʈ.ʉ., ʀʢʨʦʤʠ ʍ.ʀ., 

ʄʫʭʠʜʠʥʦʚ ɿ.ʂ. ɻʋ çʅʇʀʎʝʥʪʨè ʄʕʈʠʊ ʈʊ, 2022. ɹʶʣ. ˉ 182. 

 

ɻ) ʉʧʠʩʦʢ ʨʘʙʦʪ ʚ ʤʘʪʝʨʠʘʣʘʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ 

[40-ɸ] Teshaev Kh. I. (Ikromi Kh. I.). Investigation of alkaline de-esterification of 

pectin by infrared spectroscopy in solution / Z. K. Mukhidinov, A. M. Ovsepian, 

V. P. Panov, Kh. I. Teshaev (Kh. I. Ikromi), Kh. Kh. Avloev, D. Kh. Khalikov // ʊhe 

5th International Symposium on the Chemistry of Natural Compounds, May 20-23, 

2003. ï Tashkent, 2003. ï P. 233. 

[41-ɸ] Teshaev Kh. I. (Ikromi Kh. I.). Role of polyvalent metal ions in the structural 

formation of low methoxyl pectin gels / Kh. I. Teshaev (Kh. I. Ikromi), 

Z. K. Mukhidinov, Kh. Kh. Avloev, D. Kh. Khalikov // ʊhe 5th International 

Symposium on the Chemistry of Natural Compounds, May 20-23, 2003. ï Tashkent, 

2003. ï P. 246. 

[42-ɸ] Teshaev Kh. I. (Ikromi Kh. I.). ʂʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʠ ʦʯʠʩʪʢʘ ʧʝʢʪʠʥʦʚʳʭ 

ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʜʠʘʫʣʪʨʘʬʠʣʴʪʨʘʮʠʝʡ / ɿ. ʂ. ʄʫʭʠʜʠʥʦʚ, ʄ. ɸ. ɸʭʤʝʜʦʚ, 

ʍ. ʍ. ɸʚʣʦʝʚ, ɼ. ʍ. ʍʘʣʠʢʦʚ, ʍ. ʀ. ʊʝʰʘʝʚ (ʍ. ʀ. ʀʢʨʦʤʠ) // ʄʝʞʜʫʥʘʨʦʜʥʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ: çʉʦʚʨʝʤʝʥʥʘʷ ʭʠʤʠʯʝʩʢʘʷ ʥʘʫʢʘ ʠ ʝʝ ʧʨʠʢʣʘʜʥʳʝ ʘʩʧʝʢʪʳè,            

25-27 ʦʢʪʷʙʨʷ 2006 ʛʦʜʘ. ï ɼʫʰʘʥʙʝ, 2006. ï  ʉ. 133- 134. 

[43-ɸ] ʊʝʰʘʝʚ ʍ. ʀ. (ʀʢʨʦʤʠ ʍ. ʀ.). ʍʠʤʠʷ ʠ ʪʝʭʥʦʣʦʛʠʷ ʧʝʢʪʠʥʦʚʳʭ 

ʧʦʣʠʩʘʭʘʨʠʜʦʚ. ɼʦʩʪʠʞʝʥʠʷ ʟʘ ʧʦʩʣʝʜʥʳʝ 20 ʣʝʪ / ɿ. ʂ. ʄʫʭʠʜʠʥʦʚ, 

ʍ. ʍ. ɸʚʣʦʝʚ, ʍ. ʀ. ʊʝʰʘʝʚ (ʍ. ʀ. ʀʢʨʦʤʠ), ɼ. ʍ. ʍʘʣʠʢʦʚ // ʄʝʞʜʫʥʘʨʦʜʥʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ: çʉʦʚʨʝʤʝʥʥʘʷ ʭʠʤʠʯʝʩʢʘʷ ʥʘʫʢʘ ʠ ʝʝ ʧʨʠʢʣʘʜʥʳʝ ʘʩʧʝʢʪʳè, 25-27 

ʦʢʪʷʙʨʷ 2006 ʛʦʜʘ. ï ɼʫʰʘʥʙʝ, 2006. ï ʉ. 134- 135. [44-ɸ] ʊʝʰʘʝʚ ʍ. ʀ. 

(ʀʢʨʦʤʠ ʍ. ʀ.). ʆʙʨʘʟʦʚʘʥʠʝ ʟʝʠʥ-ʧʝʢʪʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ / ɿ. ʂ. ʄʫʭʠʜʠʥʦʚ, ɸ. 

ʉ. ʅʘʩʨʠʜʜʠʥʦʚ, ʉ. ʈ. ʋʩʤʘʥʦʚʘ, ɸ. ʐ. ʐʪʘʥʯʘʝʚ, ʍ. ʀ. ʊʝʰʘʝʚ (ʍ. ʀ. ʀʢʨʦʤʠ), 



297 
 

 

ɼ. ʍ. ʍʘʣʠʢʦʚ // ʄʘʪʝʨʠʘʣʳ III ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ: ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʚ 21 ʚʝʢʝ, 22-24 ʤʘʷ 

2008 ʛʦʜʘ. ï ɼʫhʘʥʙʝ: ɼʝʚʘʰʪʠʯ, 2008. ï ʉ. 170-173.  

[45-ɸ] Teshaev Kh. I. (Ikromi Kh. I.). Some Hydrodynamic Properties of Pectin in 

Dilute Solution / Z. K. Mukhidinov, D. Kh. Khalikov, Kh. I. Teshaev (Kh. I. Ikromi), 

A. S. Nasriddinov // The 9th International Hydrocolloids Conference, 15-19 June 2008. 

ï Rasa Sentosa Resort, Singapore. ï 2008. ï P. 47-48. 

[46-ɸ] ʊʝʰʘʝʚ ʍ. ʀ. (ʀʢʨʦʤʠ ʍ. ʀ.). ɼʠʘʫʣʴʪʨʬʠʣʴʪʨʘʮʠʦʥʥʘʷ ʦʯʠʩʪʢʘ ʠ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʧʝʢʪʠʥʦʚʳʭ ʧʦʣʠʩʘʭʘʨʠʜʦʚ / ɸ. ʉ. ɼʞʦʥʤʫʨʦʜʦʚ, 

ʍ. ʀ. ʊʝʰʘʝʚ (ʍ. ʀ. ʀʢʨʦʤʠ), ɿ. ʂ. ʄʫʭʠʜʠʥʦʚ, ʈ. ʄ. ɻʦʨʰʢʦʚʘ, ɼ. ʍ. ʍʘʣʠʢʦʚ, 

L. S. Liu // ʇʷʪʘʷ ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʂʘʨʛʠʥʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ: çʇʦʣʠʤʝʨʳ-2010è, 

21-25 ʠʶʥʷ 2010 ʛʦʜʘ. ï ʄʦʩʢʚʘ, 2010. ï ʉ. 146.  

[47-ɸ] ʊʝʰʘʝʚ ʍ. ʀ. (ʀʢʨʦʤʠ ʍ. ʀ.). ɻʠʜʨʦʛʝʣʠʝʚʳʝ ʢʦʤʧʦʟʠʮʠʠ ʥʘ ʦʩʥʦʚʝ 

ʧʝʢʪʠʥʘ ʠ ʟʝʠʥʘ, ʢʘʢ ʥʦʩʠʪʝʣʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʚʝʱʝʩʪʚ / ɻ. ʌ. ʂʘʩʳʤʦʚʘ, 

ɼ. ʊ. ɹʦʙʦʢʘʣʦʥʦʚ, ɿ. ʂ.  ʄʫʭʠʜʠʥʦʚ, ʈ. ʄ. ɻʦʨʰʢʦʚʘ, ʍ. ʀ. ʊʝʰʘʝʚ 

(ʍ. ʀ. ʀʢʨʦʤʠ), ɼ. ʍ. ʍʘʣʠʢʦʚ, L. S. Liu // ʇʷʪʘʷ ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʂʘʨʛʠʥʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ: çʇʦʣʠʤʝʨʳ-2010è, 21-25 ʠʶʥʷ 2010 ʛʦʜʘ. ï ʄʦʩʢʚʘ, 2010. ï ʉ. 27-

29. 

[48-ɸ] ʊʝʰʘʝʚ ʍ. ʀ. (ʀʢʨʦʤʠ ʍ. ʀ.). ʇʦʣʫʧʨʦʤʳʰʣʝʥʥʘʷ 

ʜʠʘʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʦʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʝʢʪʠʥʘ / 

ɸ. ʉ. ɼʞʦʥʤʫʨʦʜʦʚ, ʍ. ʀ. ʊʝʰʘʝʚ (ʍ. ʀ. ʀʢʨʦʤʠ), ɿ. ʂ. ʄʫʭʠʜʠʥʦʚ, 

ɸ. ʉ. ʅʘʩʨʠʜʜʠʥʦʚ, ʈ. ʄ. ɻʦʨʰʢʦʚʘ, ɼ. ʍ. ʍʘʣʠʢʦʚ, L. S. Liu // ʄʘʪʝʨʠʘʣʳ 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʇʦʜʛʦʪʦʚʢʘ ʥʘʫʯʥʳʭ 

ʢʘʜʨʦʚ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʥʦʚʦʡ ʬʦʨʤʘʮʠʠ ʚ ʩʚʝʪʝ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ 

ʛʦʩʫʜʘʨʩʪʚè, 30,31 ʦʢʪʷʙʨʷ ʠ 1 ʥʦʷʙʨʷ 2010 ʛʦʜʘ. ï ɼʫʰʘʥʙʝ: ʀʨʬʦʥ, 2010.  ï ʉ. 

222-225. 

[49-ɸ] ʊʝʰʘʝʚ ʍ. ʀ. (ʀʢʨʦʤʠ ʍ. ʀ.). ɹʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʧʨʦʜʫʢʪʳ ʠʟ 

ʚʪʦʨʠʯʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ / ɿ. ʂ. ʄʫʭʠʜʠʥʦʚ, ʍ. ʀ. ʊʝʰʘʝʚ (ʍ. 

ʀ. ʀʢʨʦʤʠ), ɻ. ʌ. ʂʘʩʳʤʦʚʘ, ɸ. ʉ. ɼʞʦʥʤʫʨʦʜʦʚ, L. S. Liu // ʉʙʦʨʥʠʢ ʪʝʟʠʩʦʚ 



298 
 

 

ʜʦʢʣʘʜʦʚ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʉʪʠʤʫʣʠʨʦʚʘʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʦʙʱʝʩʪʚʘ, 

ʥʘʫʢʠ ʠ ʅʇʆ ʢ ʩʦʭʨʘʥʝʥʠʶ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʠ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳè,            

24-25 ʤʘʨʪʘ 2011 ʛ. ï ɼʫʰʘʥʙʝ, 2011. ï ʉ. 140-142. 

[50-ɸ] Teshaev Kh. I. (Ikromi Kh. I.). Pectin-Zein Hydrogel for delivery of Drug and 

Nutrients / Z. K. Mukhidinov, Kh. I. Teshaev (Kh. I. Ikromi), G. F. Kasimova, A. S. 

Nasridinov, L. S. Liu // The Sixteenth Gum and Stabilisers for the Food Industry, 28th 

June-1stJuly, 2011.  ïWageningen, Nitherlands. ï 2011. 

[51-ɸ] Teshaev Kh. I. (Ikromi Kh. I.). A new factor effecting gel strength of pectin / 

Z. K. Mukhidinov, A. S. Jonmurodov, Kh. I. Teshaev (Kh. I. Ikromi), M. L. Fishman 

// The Sixteenth Gum and Stabilisers for the Food Industry, 28th June-1stJuly, 2011. ï 

Wageningen, Nitherlands. ï 2011. 

[52-ɸ] Teshaev Kh. I. (Ikromi Kh. I.). ʄolar mass and molar mass distribution of 

pectin from different sources Abstract Book / Z. K. Muhidinov, Kh. I. Teshaev (Kh. I. 

Ikromi), A. S. Dzhonmurodov, S. D. Khalikova, M. L. Fishman // ʊhe 14th IUPAC 

International Symposium on Macromolecular Complexes (MMC), University of 

Helsinki.  ï Helsinki, Finland, August 14-17. ï 2011. ï ʈ. 110. 

[53-ɸ] Teshaev Kh. I. (Ikromi Kh. I.). Delivery System from biodegradable polymers 

for encapsulation of poor water soluble drugs / Z. K. Mukhidinov, J. T. Bobokalonov, 

Kh. I. Teshaev (Kh. I. Ikromi), F. M. Khojaeva, K. B. Murzagulova, L. S. Liu // The 

4th International Workshop on Specialty Polymers for Environment protection, Oil 

Industry, Bio-, nanotechnology and medicine, May 20-21, 2011. ï Almaty, 

Kazakhstan, 2011. ï P. 65. 

[54-ɸ] Teshaev Kh. I. (Ikromi Kh. I.).  Drug Release from Zein/Pectin Hydrogels in 

Ex Vivo Experiments / Z. Mukhidinov, J. Bobokalonov, F. Khojaeva, Kh. Teshaev 

(Kh. I. Ikromi), L. S. Liu // ʊhe 3th International Congress on Biohydrogels. Gould 

Institute, November 08-12, 2011. ï Florence, Italy. ï 2011. ï P. 98. 

[55-ɸ] ʊʝʰʘʝʚ ʍ. ʀ. (ʀʢʨʦʤʠ ʍ. ʀ.). ʇʝʢʪʠʥʦʚʳʝ ʧʦʣʠʩʘʭʘʨʠʜʳ ʠʟ ʧʣʦʜʦʚ ʪʳʢʚʳ 

/ ɿ. ʂ.  ʄʫʭʠʜʠʥʦʚ, ʈ. ʄ. ɻʦʨʰʢʦʚʘ, ʉ. ɼ. ʍʘʣʠʢʦʚʘ, ɸ. ʉ. ʅʘʩʨʠʜʜʠʥʦʚ, ʍ. ʀ. 

ʊʝʰʘʝʚ (ʍ. ʀ. ʀʢʨʦʤʠ), L. S. Liu // ʄʘʪʝʨʠʘʣʳ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-



299 
 

 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʇʨʦʙʣʝʤʳ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʚ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠè, 15-17 ʤʘʨʪʘ 2012 ʛʦʜʘ. ï ʍʫʜʞʘʥʜ, 

ʈʝʩʧʫʙʣʠʢʘ ʊʘʜʞʠʢʠʩʪʘʥ, 2012.  ï ʉ. 43-48. 

[56-ɸ] ʊʝʰʘʝʚ ʍ. ʀ. (ʀʢʨʦʤʠ ʍ. ʀ.). ʇʘʨʘʤʝʪʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʞʝʣʝʦʙʨʘʟʦʚʘʥʠʝ 

ʧʝʢʪʠʥʦʚ / ɸ. ʉ. ɼʞʦʥʤʫʨʦʜʦʚ, ɿ. ʂ. ʄʫʭʠʜʠʥʦʚ, ʍ. ʀ. ʊʝʰʘʝʚ (ʍ. ʀ. ʀʢʨʦʤʠ), 

L. S. Liu // ʄʘʪʝʨʠʘʣʳ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çʇʨʦʙʣʝʤʳ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʚ 

ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠè, 15-17 ʤʘʨʪʘ 2012 ʛʦʜʘ. ï ʍʫʜʞʘʥʜ, ʈʝʩʧʫʙʣʠʢʘ 

ʊʘʜʞʠʢʠʩʪʘʥ. ï 2012.  ï ʉ.37-43. 

[57-ɸ] Teshaev Kh. I. (Ikromi Kh. I.). Purification and concentration of pectin 

polysaccharide hydrolisate by diaultrafiltartion. A pilot plan scale / A. S. Jonmurodov, 

Kh. I. Teshaev (Kh. I. Ikromi), Z. K. Mukhidinov, L. S. Liu // XX International 

conference on Chemical Reactors çCHEMREACTOR-20è, December 3-7. ï

Luxemburg. ï 2012. ï P. 184-185. 

[58-ɸ] Teshaev Kh. I. (Ikromi Kh. I.). Gravity flow dynamic method for hydrolysis 

and extraction of pectin from sunflower / Z. K. Mukhidinov, R. M. Gorshkova, D. Kh. 

Khalikov, Kh. I. Teshaev (Kh. I. Ikromi), L. S. Liu // XX International conference on 

Chemical Reactors çCHEMREACTOR-20è, December 3-7. ï Luxemburg. ï 2012. ï 

P. 212-213. 

[59-ɸ] Teshaev Kh. I. (Ikromi Kh. I.). Physico-chemical characterization of pectic 

polysaccharides from various sources obtained by steam assisted flash extraction 

(SAFE) / Z. K. Mukhidinov, Kh. I. Teshaev (Kh. I. Ikromi), A. S. Jonmurodov, D. Kh. 

Khalikov, M. L. Fishman // ʊhe 14th International Symposium on Macromolecular 

Complexes. ï Helsinki, Finland. ï 2012. ï ʈ.317-318.doi:10.1002/masy.201100108. 

[60-ɸ] ʊʝʰʘʝʚ ʍ. ʀ. (ʀʢʨʦʤʠ ʍ. ʀ.). ʄʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʧʝʢʪʠʥʦʚ, ʧʦʣʫʯʝʥʥʳʭ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʢʘʣʠʙʨʦʚʢʠ / ɸ. ʉ. ɼʞʦʥʤʫʨʦʜʦʚ, ʐ. ɪ. ʍʦʣʦʚ, 

ʈ. ʄ. ɻʦʨʰʢʦʚʘ, ʍ. ʀ. ʊʝʰʘʝʚ (ʍ. ʀ. ʀʢʨʦʤʠ), ɿ. ʂ. ʄʫʭʠʜʠʥʦʚ // ʄʘʪʝʨʠʘʣʳ 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ, ʧʦʩʚʷʱʝʥʥʦʡ 1150 ʣʝʪʠʶ 

http://dx.doi.org/10.1002/masy.201100108


300 
 

 

ʧʝʨʩʠʜʩʢʦ-ʪʘʜʞʠʢʩʢʦʛʦ ʫʯʸʥʦʛʦ ɸʙʫʙʘʢʨʘ ʈʘʟʠ, 27-28 ʤʘʷ 2015 ʛʦʜʘ. ï 

ɼʫʰʘʥʙʝ. ï 2015. ï ʉ.115-117. 

[61-ɸ] Teshaev Kh. I. (Ikromi Kh. I.). New approaches for pectin extraction from 

sunflower head residue / Z. K. Mukhidinov, Kh. I. Teshaev (Kh. I. Ikromi), 

S. E. Kholov, S. R. Usmanova, A. S. Jonmurodov, J. T. Bobokalonov, L. S. Liu // 

Abstract for 19th Gum and Stabiliser for Food Industry Conference, June 27th - 30th. ï 

Berlin, Germany. ï 2017. ï ʈ. 18. 

[62-ɸ] ʀʢʨʦʤʠ ʍ. ʀ. ʄʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʠ ʄʄʈ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʠʟ 

ʢʦʨʥʝʢʣʫʙʥʝʡ ʵʨʝʤʫʨʫʩʘ ɻʠʩʩʘʨʩʢʦʛʦ (ʧʝʢʪʠʥʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʢʘʣʠʙʨʦʚʢʠ) / ɸ. ʉ. ɼʞʦʥʤʫʨʦʜʦʚ, ʐ. ɪ. ʍʦʣʦʚ, ʈ. ʄ. ɻʦʨʰʢʦʚʘ, 

ʍ. ʀ. ʀʢʨʦʤʠ, ɿ. ʂ. ʄʫʭʠʜʠʥʦʚ // ʄʘʪʝʨʠʘʣʳ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦʩʚʷʱʸʥʥʫʶ çɼʥʶ ʭʠʤʠʢʘè ʠ 70-ʣʝʪʠʶ ʘʢʘʜʝʤʠʢʘ 

ɻʘʥʠʝʚʘ ʀ. ʅ., 28-ʤʘʷ 2018 ʛʦʜʘ. ï ɼʫʰʘʥʙʝ. ï 2018. ï ʉ. 221-224. 

[63-ɸ] ʀʢʨʦʤʠ ʍ. ʀ. ɺʣʠʷʥʠʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʧʝʨʤʝʘʪʘ ʤʦʣʦʯʥʦʡ ʩʳʚʦʨʦʪʢʠ ʥʘ 

ʢʘʯʝʩʪʚʦ ʛʣʶʢʦʟʦ-ʛʘʣʘʢʪʦʟʥʦʛʦ ʩʠʨʦʧʘ / ʈ. ʉ. ʉʘʤʘʜʦʚ, ʍ. ʀ. ʀʢʨʦʤʠ, ʀ. 

ʎʠʧʨʦʚʠʯʘ, ɿ. ʂ.  ʄʫʭʠʜʠʥʦʚ // ʉʙʦʨʥʠʢ ʩʪʘʪʝʡ XI ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʊʝʭʥʦʣʦʛʠʠ ʠ ʧʨʦʜʫʢʪʳ ʟʜʦʨʦʚʦʛʦ ʧʠʪʘʥʠʷè 

ʉʘʨʘʪʦʚ, 28-29 ʥʦʷʙʨʷ 2019 ʛ. / ʇʦʜ ʨʝʜ. ʉʠʤʘʢʦʚʦʡ ʀ.ɺ., ʅʝʧʦʚʠʥʥʳʭ ʅ.ɺ. ï 

ʇʝʥʟʘ: ʈʀʆ ʇɻɸʋ, 2020. ï ʉ.130-134. 

[64-ɸ] Ikromi Kh.I. A new method for pectin extraction from sunflower head residue 

/ Z. K. Muhidinov, Kh. I. Ikromi, A. S. Jonmurodov, A. S. Nasriddinov,                                 

J. T. Bobokalonov, L. S. Liu // ACS Spring 2020 National Meeting and Expo. Mar. 22-

26, 2020. https://www.morressier.com/article/new-method-pectin-extraction-

sunflower-head residue/5e73d6ce139645f83c22a03a? 

[65-ɸ] ʀʢʨʦʤʠ ʍ. ʀ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʝʢʪʠʥʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʩʳʨʴʷ / ɸ. ʉ. ʅʘʩʨʠʜʜʠʥʦʚ, ɸ. ʉ. ɼʞʦʥʤʫʨʦʜʦʚ, ʉ. ʈ. ʋʩʤʘʥʦʚʘ, 

ʍ. ʀ. ʀʢʨʦʤʠ, ɿ. ʂ. ʄʫʭʠʜʠʥʦʚ // ʉʙʦʨʥʠʢ ʩʪʘʪʝʡ XII ʅʘʮʠʦʥʘʣʴʥʦʡ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʊʝʭʥʦʣʦʛʠʠ ʠ 



301 
 

 

ʧʨʦʜʫʢʪʳ ʟʜʦʨʦʚʦʛʦ ʧʠʪʘʥʠʷè / ʇʦʜ ʦʙʱʝʡ ʨʝʜ. ʅʝʧʦʚʠʥʥʳʭ ʅ.ɺ., 

ʇʦʧʦʚʦʡ ʆ. ʄ., ʌʘʪʴʷʥʦʚʘ ɽ. ɺ. ï ʉʘʨʘʪʦʚ: ʉɻɸʋ, 2021. ï ʉ.461-467. 

[66-ɸ] ʀʢʨʦʤʠ ʍ. ʀ. ɺʣʠʷʥʠʝ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʠ ʦʯʠʩʪʢʠ ʬʨʫʢʪʦʚʳʭ 

ʛʠʜʨʦʣʠʟʘʪʦʚ ʥʘ ʧʨʦʯʥʦʩʪʴ ʧʝʢʪʠʥʦʚʳʭ ʛʝʣʝʡ / ʄ. ʍ. ʈʘʭʤʦʥʦʚ, ʐ. ɪ. ʍʦʣʦʚ, 

ɸ. ʉ. ɼʞʦʥʤʫʨʦʜʦʚ, ɸ. ʀ. ɸʰʫʨʦʚ, ʍ. ʀ. ʀʢʨʦʤʠ, ɿ. ʂ.  ʄʫʭʠʜʠʥʦʚ // ʉʙʦʨʥʠʢ 

ʩʪʘʪʝʡ XII ʅʘʮʠʦʥʘʣʴʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ 

ʫʯʘʩʪʠʝʤ çʊʝʭʥʦʣʦʛʠʠ ʠ ʧʨʦʜʫʢʪʳ ʟʜʦʨʦʚʦʛʦ ʧʠʪʘʥʠʷè / ʇʦʜ ʦʙʱʝʡ ʨʝʜ. 

ʅʝʧʦʚʠʥʥʳʭ ʅ.ɺ., ʇʦʧʦʚʦʡ ʆ.ʄ., ʌʘʪʴʷʥʦʚʘ ɽ.ɺ. ï ʉʘʨʘʪʦʚ: ʉɻɸʋ, 2021. ï ʉ. 

581-585. 

[67-ɸ] ʀʢʨʦʤʠ ʍ. ʀ. ɻʠʜʨʦʛʝʣʠ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʘ ʠʦʥʦʚ ʜʚʫʭʚʘʣʝʥʪʥʳʭ 

ʤʝʪʘʣʣʦʚ ʩ ʧʝʢʪʠʥʘʤʠ ʢʘʢ ʥʦʩʠʪʝʣʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʚʝʱʝʩʪʚ / ʊ. ʉ. ʄʘʣʠʢʦʚ, 

ɸ. ʉ. ʅʘʩʨʠʜʜʠʥʦʚ, ʀ. ɹ. ʀʩʤʦʠʣʦʚ, ʍ. ʀ. ʀʢʨʦʤʠ, ʉ. ʈ. ʋʩʤʘʥʦʚʘ, 

ɿ. ʂ. ʄʫʭʠʜʠʥʦʚ // ʉʙʦʨʥʠʢ ʩʪʘʪʴʝʡ ʧʝʨʚʦʡ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ 

ʭʠʤʠʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʘʩʧʝʢʪʳ ʠʭ ʧʨʠʤʝʥʝʥʠʷè, 30-31 ʤʘʨʪʘ 

2022. ï ɼʫʰʘʥʙʝ. ï 2022. ï ʉ. 74-79. 
 

ɻ) ʉʧʠʩʦʢ ʨʘʙʦʪ ʚ ʤʘʪʝʨʠʘʣʘʭ ʨʝʩʧʫʙʣʠʢʘʥʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʡ 

[68-ɸ] ʊʝʰʘʝʚ ʍ. ʀ. (ʀʢʨʦʤʠ ʍ. ʀ.). ʅʦʩʠʪʝʣʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʥʘ 

ʦʩʥʦʚʝ ʙʠʦʧʦʣʠʤʝʨʦʚ / ɿ.ʂ. ʄʫʭʠʜʠʥʦʚ, ɻ.ʌ. ʂʘʩʳʤʦʚʘ, ʄ.ɼ. ʍʘʣʠʢʦʚʘ, 

ɼ. ʊ. ɹʦʙʦʢʘʣʦʥʦʚ, ʍ. ʀ. ʊʝʰʘʝʚ (ʍ.ʀ. ʀʢʨʦʤʠ), ɼ.ʍ. ʍʘʣʠʢʦʚ, L. S. Liu // 

ʄʘʪʝʨʠʘʣʳ VI ʅʫʤʘʥʦʚʩʢʠʭ ʯʪʝʥʠʡ, 29-30 ʤʘʷ 2009 ʛʦʜʘ. ï ɼʫʰʘʥʙʝ, 2009.  

ï ʉ. 102-104. 

[69-ɸ] ʊʝʰʘʝʚ ʍ. ʀ. (ʀʢʨʦʤʠ ʍ. ʀ.). ʂʦʥʮʝʥʪʨʘʪ ʣʘʢʪʦʛʣʦʙʫʣʠʥʦʚ ʠʟ ʤʦʣʦʯʥʦʡ 

ʩʳʚʦʨʦʪʢʠ ʠ ʤʝʪʦʜʳ ʠʭ ʚʳʜʝʣʝʥʠʷ / ɿ. ʂ. ʄʫʭʠʜʠʥʦʚ, ɸ. ʉ. ɼʞʦʥʤʫʨʦʜʦʚ, ʍ.ʀ. 

ʊʝʰʘʝʚ (ʍ.ʀ. ʀʢʨʦʤʠ), ɼ.ʊ. ɹʦʙʦʢʘʣʦʥʦʚ, ʄ.ɼ. ʍʘʣʠʢʦʚʘ, ɻ. ʌ. ʂʘʩʳʤʦʚʘ, ʐ. ʈ. 

ɸʙʜʫʣʣʘʝʚʘ // ɿʜʨʘʚʦʦʭʨʘʥʝʥʠʝ ʊʘʜʞʠʢʠʩʪʘʥʘ: ʄʘʪʝʨʠʘʣʳ ʚʪʦʨʦʡ 

ʈʝʩʧʫʙʣʠʢʘʥʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çɿʜʦʨʦʚʦʝ ʧʠʪʘʥʠʝ ï ʟʜʦʨʦʚʘʷ ʥʘʮʠʷè, ʩ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ, 14 ʥʦʷʙʨʷ 2009 ʛʦʜʘ. ï ɼʫʰʘʥʙʝ, 2009. ï ̄  3. ï ʉ. 44-49. 



302 
 

 

[70-ɸ] ʀʢʨʦʤʠ ʍ. ʀ. ʀʥʫʣʠʥ ʠʟ ʢʦʨʥʝʢʣʫʙʥʝʡ ʪʦʧʠʥʘʤʙʫʨʘ / ɸ. ʀ. ɸʰʫʨʦʚ, 

ɸ. ʉ. ʅʘʩʨʠʜʜʠʥʦʚ, ʍ. ʀ. ʊʝʰʘʝʚ (ʍ. ʀ. ʀʢʨʦʤʠ), ɸ. ʉ. ɼʞʦʥʤʫʨʦʜʦʚ, ʂ. 

ʇʘʨʪʦʝʚ, ɿ. ʂ. ʄʫʭʠʜʠʥʦʚ // ʄʘʪʝʨʠʘʣʳ XIV ʅʫʤʘʥʦʚʩʢʠʭ ʯʪʝʥʠʡ: çɺʢʣʘʜ 

ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʚ ʨʘʟʚʠʪʠʝ ʭʠʤʠʯʝʩʢʦʡ ʥʘʫʢʠè, 22 ʥʦʷʙʨʷ 2017 ʛʦʜʘ. ï ɼʫʰʘʥʙʝ. 

ï 2017. ï ʉ. 171-173. 

[71-ɸ] ʀʢʨʦʤʠ ʍ. ʀ. ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʨʦʜʫʢʪʳ ʥʘ ʦʩʥʦʚʝ ʙʠʦʧʦʣʠʤʝʨʦʚ / 

ʈ. ʉ. ʉʘʤʘʜʦʚ, ʍ. ʀ. ʀʢʨʦʤʠ, ɼʞ. ʊ. ɹʦʙʦʢʘʣʦʥʦʚ, ɿ. ʂ.  ʄʫʭʠʜʠʥʦʚ // ʄʘʪʝʨʠʘʣʳ 

ʨʝʩʧʫʙʣʠʢʘʥʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʅʘʫʢʘ ʠ ʪʝʭʥʠʢʘ ʜʣʷ 

ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷè, 28 ʘʧʨʝʣʷ 2018 ʛʦʜʘ. ï ɼʫʰʘʥʙʝ, 2018. ï ʉ. 30-34. 

[72-ɸ] ʀʢʨʦʤʠ ʍ. ʀ. ʉʪʨʫʢʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʢʪʠʥʦʚʳʭ ʧʦʣʠʩʘʭʘʨʠʜʦʚ 

ʧʦʜʩʦʣʥʝʯʥʠʢʘ / ɸ. ʉ. ɼʞʦʥʤʫʨʦʜʦʚ, ɼ. ʊ. ɹʦʙʦʢʘʣʦʥʦʚ, ʍ. ʀ. ʀʢʨʦʤʠ, 

ɿ. ʂ. ʄʫʭʠʜʠʥʦʚ, ɻ. ɼ. ʉʪʨʘʭʘʥ // ʄʘʪʝʨʠʘʣʳ ʨʝʩʧʫʙʣʠʢʘʥʩʢʦʡ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ: XVI ʅʫʤʘʥʦʚʩʢʠʭ ʯʪʝʥʠʡ çɼʦʩʪʠʞʝʥʠʝ ʭʠʤʠʯʝʩʢʦʡ 

ʥʘʫʢʠ ʟʘ 30 ʣʝʪ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥè, 

27 ʦʢʪʷʙʨʷ 2021 ʛ. ï ɼʫʰʘʥʙʝ, 2021. ï ʉ. 124-127. 

 

 

 

 

 

 

 

 

 

 

 

 

 



303 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʇʈʀʃʆɾɽʅʀʗ  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



304 
 

 

ʇʈʀʃʆɾɽʅʀɽ ɸ 

 

 



305 
 

 

ʇʈʀʃʆɾɽʅʀɽ ɹ 

 
 

 



306 
 

 

ʇʈʀʃʆɾɽʅʀɽ ɺ 

 

 


