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CHEMISTRY 

 

ʆʊʈʀʄɸʅʅʗ ɽʂʆʃʆɻɯʏʅʆ ɹɽɿʇɽʏʅʀʍ ʄɯʂʈʆʌɯʃʔʊʈɯɺ ɯ ɰʍ ɺʀʂʆʈʀʉʊɸʅʅʗ ɼʃʗ 

ɿʅɽɿɸʃɯɿʅɽʅʅʗ ɸʈʊɽɿɯɸʅʉʔʂʆɰ ɺʆɼʀ 

 

ɹʘʣʘʢʽʥʘ ʄ.ʄ. 

ʜʦʢʪʦʨ ʭʽʤʽʯʥʠʭ ʥʘʫʢ, ʩʪʘʨʰʠʡ ʥʘʫʢʦʚʠʡ ʩʧʽʚʨʦʙʽʪʥʠʢ, 

ɯʥʩʪʠʪʫʪ ʢʦʣʦʾʜʥʦʾ ʭʽʤʽʾ ʪʘ ʭʽʤʽʾ ʚʦʜʠ 

ʽʤ. ɸ.ɺ. ɼʫʤʘʥʩʴʢʦʛʦ ʅɸʅ ʋʢʨʘʾʥʠ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

ʉʝʤʽʥʩʴʢʘ ʆ.ʆ. 
ʢʘʥʜʠʜʘʪ ʭʽʤʽʯʥʠʭ ʥʘʫʢ, ʥʘʫʢʦʚʠʡ ʩʧʽʚʨʦʙʽʪʥʠʢ, 

ɯʥʩʪʠʪʫʪ ʢʦʣʦʾʜʥʦʾ ʭʽʤʽʾ ʪʘ ʭʽʤʽʾ ʚʦʜʠ 

ʽʤ. ɸ.ɺ. ɼʫʤʘʥʩʴʢʦʛʦ ʅɸʅ ʋʢʨʘʾʥʠ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

ʇʽʱʘʡ ɯ.ʗ. 
ʤʦʣʦʜʰʠʡ ʥʘʫʢʦʚʠʡ ʩʧʽʚʨʦʙʽʪʥʠʢ, 

ɯʥʩʪʠʪʫʪ ʢʦʣʦʾʜʥʦʾ ʭʽʤʽʾ ʪʘ ʭʽʤʽʾ ʚʦʜʠ 

ʽʤ. ɸ.ɺ. ɼʫʤʘʥʩʴʢʦʛʦ ʅɸʅ ʋʢʨʘʾʥʠ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

ʈʝʤʝʟ ʉ.ɺ. 
ʧʨʦʚʽʜʥʠʡ ʽʥʞʝʥʝʨ, 

ɯʥʩʪʠʪʫʪ ʢʦʣʦʾʜʥʦʾ ʭʽʤʽʾ ʪʘ ʭʽʤʽʾ ʚʦʜʠ 

ʽʤ. ɸ.ɺ. ɼʫʤʘʥʩʴʢʦʛʦ ʅɸʅ ʋʢʨʘʾʥʠ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 
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ɸʥʦʪʘʮʽʷ 

ɼʦʩʣʽʜʞʝʥʦ ʫʤʦʚʠ ʦʪʨʠʤʘʥʥʷ ʢʦʤʧʦʟʠʪʥʠʭ ʤʽʢʨʦʬʽʣʴʪʨʽʚ ʟ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ï ʣʣʷ-

ʥʦʛʦ ʧʦʣʦʪʥʘ ʪʘ ʧʦʣʽʚʽʥʽʣʦʚʦʛʦ ʩʧʠʨʪʫ. ʇʦʢʘʟʘʥʦ, ʱʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʧʦʣʽʚʽʥʽʣʦʚʦʛʦ ʩʧʠʨʪʫ ʚ ʬʦʨʤʫʚʘʣʴʥʠʭ 

ʨʦʟʯʠʥʘʭ ʧʦʚʠʥʥʘ ʣʝʞʘʪʠ ʚ ʤʝʞʘʭ 1ï7 %, ʜʦʙʘʚʢʘ Fe3+ ʜʣʷ ʥʘʜʘʥʥʷ ʩʠʩʪʝʤʽ ʥʝʨʦʟʯʠʥʥʦʩʪʽ ʤʘʻ ʜʦʨʽʚʥʶʚʘʪʠ 

2ï5 % ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʚʤʽʩʪʫ ʧʦʣʽʤʝʨʫ ʧʨʠ ʟʜʽʡʩʥʝʥʥʽ ʨʝʘʢʮʽʾ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 110ï140 ʦʉ ʧʨʦʪʷʛʦʤ 10ï 

60 ʭʚ. 

ʈʦʙʦʪʘ ʤʽʢʨʦʬʽʣʴʪʨʘ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʨʘʜʽʫʩʦʤ ʧʦʨ 0,7 ʤʢʤ ʙʫʣʘ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʘ ʥʘ ʧʨʠʢʣʘʜʽ ʟʥʝ-

ʟʘʣ̔ʟʥʝʥʥʷ ʘʨʪʝʟʽʘʥʩʴʢʦʾ ʚʦʜʠ ʦʜʥʦʛʦ ʟ ʙʶʚʝʪʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʤ. ʂʠʻʚʘ, ʜʝ ʢʦʥʮʝʥʪʨʘʮʽʷ ʽʦʥʽʚ Fe2+ ʩʪʘʥʦ-

ʚʠʣʘ 2,5 ʤʛ/ʜʤ3. 

Abstract  
Conditions for obtaining composite microfilters from environmentally safe materials have been studied ï 

linen fabric and polyvinyl alcohol. It is shown that the concentration of polyvinyl alcohol in the molding solutions 

should be in the range of 1ï7 %, Fe3 supplement to give the system insolubility should be equal to 2ï5 % relative 

to the polymer content when carrying out the reaction at a temperature of 110ï140 oC for 10ï60 minutes. 

The operation of the microfilter with a maximum pore radius of 0.7 ɛm was demonstrated on the example of 

deferrization of artesian water of one of the pumping station complexes of Kyiv, where the concentration of Fe2+ 

ions was 2.5 mg/dm3. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʽ ʤʽʢʨʦʬʽʣʴʪʨʠ, ʣʣʷʥʝ ʧʦʣʦʪʥʦ, ʧʦʣʽʚʽʥʽʣʦʚʠʡ ʩʧʠʨʪ, ʘʨʪʝʟʽʘʥʩʴʢʽ 

ʚʦʜʠ, ʟʥʝʟʘʣʽʟʥʝʥʥʷ. 

Keywords: ecologically safe microfilters, linen fabric, polyvinyl alcohol, artesian waters, deferrization. 

 

ɺʦʜʘ ʜʣʷ ʣʶʜʠʥʠ ʤʘʻ ʞʠʪʪʻʚʦ ʚʘʞʣʠʚʝ ʟʥʘ-

ʯʝʥʥʷ, ʜʦʩʪʘʚʣʷʶʯʠ ʜʦ ʢʣʽʪʠʥ ʢʠʩʝʥʴ ʪʘ ʧʦʞʠʚʥʽ 

ʨʝʯʦʚʠʥʠ, ʩʧʨʠʷʶʯʠ ʧʝʨʝʨʦʙʮʽ ʾʞʽ ʚ ʝʥʝʨʛʽʶ, ʦʯʠ-

ʱʘʶʯʠ ʦʨʛʘʥʽʟʤ ʚʽʜ ʪʦʢʩʠʥʽʚ, ʙʝʨʫʯʠ ʫʯʘʩʪʴ ʫ ʨʝʛʫ-

ʣʶʚʘʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʪʽʣʘ. ʇʨʠ ʮʴʦʤʫ ʦʩʦʙʣʠʚʦ 

ʮʽʥʥʦʶ ʻ ʯʠʩʪʘ ʧʠʪʥʘ ʚʦʜʘ, ʦʩʢʽʣʴʢʠ ʟʜʦʨʦʚ'ʷ ʣʶ-

ʜʠʥʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʷʢʦʩʪʽ ʚʞʠʚʘʥʦʾ 
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ʥʝʶ ʚʦʜʠ. ʇʨʦʪʝ ʟʘʨʘʟ ʧʠʪʘʥʥʷ ʝʢʦʣʦʛʽʾ ʩʪʦʾʪʴ 

ʥʘʜʟʚʠʯʘʡʥʦ ʛʦʩʪʨʦ, ʽ ʪʦʤʫ ʚʦʜʘ ʜʣʷ ʧʠʪʥʠʭ ʧʦʪʨʝʙ 

ʚʠʤʘʛʘʻ ʦʙʦʚ'ʷʟʢʦʚʦʛʦ ʧʦʧʝʨʝʜʥʴʦʛʦ ʦʯʠʱʝʥʥʷ. ʅʘ 

ʩʴʦʛʦʜʥʽ ʜʣʷ ʮʴʦʛʦ ʚʩʝ ʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʙʘʨʦʤʝʤʙʨʘʥʥʽ ʧʨʦʮʝʩʠ [1ï3], ʷʢʽ ʧʦʣʷʛʘʶʪʴ ʫ ʧʨʦ-

ʜʘʚʣʶʚʘʥʥʽ ʨʽʜʠʥʠ ʧʨʦʪʠ ʛʨʘʜʽʻʥʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʯʝʨʝʟ ʥʘʧʽʚʧʨʦʥʠʢʥʫ ʤʝʤʙʨʘʥʫ. ɸʣʝ ʤʝʤʙʨʘʥʠ, ʱʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʟ ʮʽʻʶ ʤʝʪʦʶ, ʤʦʞʫʪʴ ʚʠʜʽʣʷʪʠ ʦʨ-

ʛʘʥʽʯʥʽ ʨʝʯʦʚʠʥʠ, ʷʢʽ, ʰʚʠʜʰʝ ʟʘ ʚʩʝ, ʻ ʧʨʦʜʫʢʪʘʤʠ 

ʘʙʦ ʥʝʧʦʚʥʦʾ ʧʦʣʽʤʝʨʠʟʘʮʽʾ, ʘʙʦ ʜʝʩʪʨʫʢʮʽʾ ʤʝʤ-

ʙʨʘʥʥʦʛʦ ʧʦʣʽʤʝʨʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʮʴʦʛʦ ʤʝʪʦʶ ʨʦʙʦʪʠ ʙʫʣʦ ʦʪʨʠ-

ʤʘʥʥʷ ʤʽʢʨʦʬʽʣʴʪʨʽʚ ʟ ʧʨʠʨʦʜʥʠʭ ʘʙʦ ʙʝʟʧʝʯʥʠʭ 

ʜʣʷ ʟʜʦʨʦʚ'ʷ ʣʶʜʠʥʠ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʾʭ ʤʦʞʣʠʚʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʧʽʜʛʦʪʦʚʮʽ ʚʦʜʠ ʧʠʪʥʦʛʦ ʧʨʠʟʥʘ-

ʯʝʥʥʷ.  

ʇʨʠ ʦʪʨʠʤʘʥʥʽ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʽʢʨʦʬʽʣʴʪʨʘ ʟʘ 

ʘʨʤʫʶʯʫ ʧʽʜʢʣʘʜʢʫ ʙʫʣʦ ʦʙʨʘʥʦ ʧʦʣʦʪʥʦ ʟʽ 100%-

ʥʦʛʦ ʥʘʪʫʨʘʣʴʥʦʛʦ ʣʴʦʥʫ. ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʨʦʟʜʽʣʦ-

ʚʦʛʦ ʰʘʨʫ ʤʽʢʨʦʬʽʣʴʪʨʽʚ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʦʜʠʥ ʟ 

ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʚʦʜʦʨʦʟʯʠʥʥʠʭ ʧʦʣʽʤʝʨʽʚ ï ʧʦʣʽ-

ʚʽʥʽʣʦʚʠʡ ʩʧʠʨʪ (ʇɺʉ), ʷʢʠʡ ʟʘʚʜʷʢʠ ʬʽʟʽʦʣʦʛʽʯʥʽʡ 

ʥʝʰʢʽʜʣʠʚʦʩʪʽ ʟʥʘʭʦʜʠʪʴ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ 

ʙʘʛʘʪʴʦʭ ʥʘʧʨʷʤʢʘʭ ʤʝʜʠʮʠʥʠ, ʚ ʭʘʨʯʦʚʽʡ ʧʨʦʤʠʩ-

ʣʦʚʦʩʪʽ, ʟʦʢʨʝʤʘ, ʷʢ ʞʝʣʶʶʯʠʡ ʟʘʩʽʙ, ʽ ʪʘʢʦʞ ʧʨʠ 

ʚʠʛʦʪʦʚʣʝʥʥʽ ʢʘʧʩʫʣʴʦʚʘʥʠʭ ʚʽʪʘʤʽʥʽʚ [4ï6].  

ʋ ʜʦʩʣʽʜʘʭ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʧʦʚʥʽʩʪʶ ʦʤʠʣʝ-

ʥʠʡ ʇɺʉ ʤʘʨʢʠ 6/1 ʟ ʪʘʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ [7]: 

 ʤʦʣʷʨʥʘ ʯʘʩʪʢʘ ʣʝʪʢʠʭ ʨʝʯʦʚʠʥ, ʥʝ ʙʽʣʴʰʝ 4 

%; 

 ʤʦʣʷʨʥʘ ʯʘʩʪʢʘ ʘʮʝʪʘʪʥʠʭ ʛʨʫʧ, ʥʝ ʙʽʣʴʰʝ 

0,5ï2,0 %; 

 ʨʅ 4 % ʨʦʟʯʠʥʫ 5ï8; 

 ʨʦʟʯʠʥʥʽʩʪʴ ʫ ʚʦʜʽ, ʥʝ ʤʝʥʰʝ 99,2 %. 

ʇɺʉ ï ʚʦʜʦʨʦʟʯʠʥʥʠʡ ʧʦʣʽʤʝʨ, ʘʣʝ ʰʣʷʭʦʤ 

ʩʧʝʮʽʘʣʴʥʦʾ ʦʙʨʦʙʢʠ ʡʦʤʫ ʤʦʞʝ ʙʫʪʠ ʥʘʜʘʥʘ ʯʘʩʪ-

ʢʦʚʘ ʘʙʦ ʥʘʚʽʪʴ ʧʦʚʥʘ ʥʝʨʦʟʯʠʥʥʽʩʪʴ [8]. ʆʜʥʠʤ ʟ 

ʪʘʢʠʭ ʰʣʷʭʽʚ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʜʘʪʥʦʩʪʽ 

ʇɺʉ ʫʪʚʦʨʶʚʘʪʠ ʢʦʤʧʣʝʢʩʠ ʟ ʥʝʨʦʟʯʠʥʥʠʤʠ ʛʠʜ-

ʨʦʢʩʠʜʘʤʠ ʜʚʦ- ʽ ʪʨʠʚʘʣʝʥʪʥʠʭ ʤʝʪʘʣʽʚ, ʫ ʪʦʤʫ ʯʠ-

ʩʣʽ ʽ ʟʘʣʽʟʘ [9].  

ʄʽʢʨʦʬʽʣʴʪʨʘʮʽʡʥʠʡ ʨʦʟʜʽʣʦʚʠʡ ʰʘʨ ʽʟ ʨʦʟʯʠ-

ʥʽʚ ʇɺʉ ʟ ʜʦʜʘʥʥʷʤ ʭʣʦʨʠʜʫ ʟʘʣʽʟʘ(ɯɯɯ) ʬʦʨʤʦʚʘʣʠ 

ʩʫʭʠʤ ʩʧʦʩʦʙʦʤ, ʪʦʙʪʦ ʨʦʟʯʠʥʥʠʢ (ʚʦʜʘ) ʚʠʜʘʣʷʚʩʷ 

ʰʣʷʭʦʤ ʚʠʧʘʨʦʚʫʚʘʥʥʷ [10]. ʄʘʢʩʠʤʘʣʴʥʠʡ ʜʽʘ-

ʤʝʪʨ ʧʦʨ ʤʽʢʨʦʬʽʣʴʪʨʽʚ ʚʠʟʥʘʯʘʣʠ ʤʝʪʦʜʦʤ ʪʦʯʢʠ 

ʙʫʣʴʙʘʰʢʠ [11]. 

ɺʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʽʚ ʇɺʉ, ʟ ʷʢʠʭ 

ʦʪʨʠʤʘʥʥʷ ʤʽʢʨʦʬʽʣʴʪʨʽʚ ʥʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʦ, 

ʧʦʢʘʟʘʣʠ (ʨʠʩ. 1. ʘ), ʱʦ ʚ ʤʝʞʘʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʇɺʉ 

(ʉʇɺʉ) ʚʽʜ 1 ʜʦ 5 % ʤʘʢʩʠʤʘʣʴʥʠʡ ʜʽʘʤʝʪʨ ʧʦʨ (d) 

ʦʜʝʨʞʘʥʠʭ ʤʽʢʨʦʬʽʣʴʪʨʽʚ ʟʤʝʥʰʫʻʪʴʩʷ, ʜʦʩʷʛʘʶʯʠ 

ʧʨʠ ʉʇɺʉ = 5 % 0,5 ʤʢʤ ʟʘʚʜʷʢʠ ʟʙʽʣʴʰʝʥʥʶ ʢʽʣʴʢʦ-

ʩʪʽ ʧʦʣʽʤʝʨʫ ʚ ʨʦʟʯʠʥʽ ʚ ʦʙʣʘʩʪʽ ʤʘʣʠʭ ʢʦʥʮʝʥʪʨʘ-

ʮʽʡ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʩʧʦʯʘʪʢʫ ʨʦʟʤʽʨʠ ʤʘʢʨʦʤʦʣʝʢʫʣʷ-

ʨʥʠʭ ʢʣʫʙʢʽʚ ʧʦʣʽʤʝʨʫ ʟʤʝʥʰʫʶʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʟʤʝ-

ʥʰʝʥʥʷ ʚʽʣʴʥʦʛʦ ʦʙ'ʻʤʫ; ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ ʟʨʦʩʪʘʥʥʽ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʦʙʤʝʞʫʻʪʴʩʷ ʨʫʭʣʠʚʽʩʪʴ ʩʝʛʤʝʥʪʽʚ ʤʘ-

ʢʨʦʤʦʣʝʢʫʣ ʚ ʟʘʚʜʷʢʠ ʧʝʨʝʰʢʦʜʘʤ, ʷʢʽ ʩʪʚʦʨʶ-

ʶʪʴʩʷ ʩʫʩʽʜʥʽʤʠ ʤʘʢʨʦʤʦʣʝʢʫʣʘʤʠ, ʱʦ ʤʦʞʝ ʧʨʠ-

ʚʝʩʪʠ ʜʦ ʯʘʩʪʢʦʚʦʛʦ ʨʦʟʛʦʨʪʘʥʥʷ ʢʣʫʙʢʽʚ ʽ ʚʠʥʠʢ-

ʥʝʥʥʶ ʧʘʨʘʣʝʣʴʥʦ ʫʧʘʢʦʚʘʥʠʭ ʘʛʨʝʛʘʪʽʚ ʤʦʣʝʢʫʣ 

[10]; ʧʨʠ ʮʴʦʤʫ ʧʦʣʝʛʰʫʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʟʚ'ʷʟʢʽʚ 

ʤʽʞ ʩʝʛʤʝʥʪʘʤʠ ʤʘʢʨʦʤʦʣʝʢʫʣ ʽ ʟʘʣʽʟʦʤ. ɺ ʤʝʞʘʭ 

ʉʇɺʉ ʚʽʜ 5 ʜʦ 7 %, ʦʯʝʚʠʜʥʦ, ʮʷ ʩʠʪʫʘʮʽʷ ʟʙʝʨʽʛʻʪʴʩʷ 

ï ʜʽʘʤʝʪʨ ʧʦʨ ʟʘʣʠʰʘʻʪʴʩʷ ʤʘʡʞʝ ʧʦʩʪʽʡʥʠʤ ʽ ʩʪʘ-

ʥʦʚʠʪʴ 05ï0,7 ʤʢʤ. ʇʨʦʪʝ ʥʘʜʘʣʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʽʩ-

ʪʦʪʥʝ ʟʙʽʣʴʰʝʥʥʷ d ʜʦ 2ï2,5 ʤʢʤ, ʱʦ, ʽʤʦʚʽʨʥʦ, ʧʦ-

ʚ'ʷʟʘʥʝ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚ'ʷʟʢʦʩʪʽ ʬʦʨʤʫʚʘʣʴʥʦʛʦ ʨʦ-

ʟʯʠʥʫ, ʷʢʝ ʚʠʢʣʠʢʘʻ ʩʪʝʨʠʯʥʽ ʪʨʫʜʥʦʱʽ ʨʝʘʢʮʽʾ 

ʚʟʘʻʤʦʜʽʾ ʇɺʉ ʽʟ ʟʘʣʽʟʦʤ ï ʩʠʩʪʝʤʘ ʩʪʘʻ ʙʽʣʴʰ ʨʦʟ-

ʯʠʥʥʦʶ ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʩʪʚʦʨʶʶʪʴʩʷ ʫʤʦʚʠ ʜʣʷ ʟʙʽ-

ʣʴʰʝʥʥʷ ʜʽʘʤʝʪʨʘ ʧʦʨ. ɺʽʜʪʘʢ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʬʦ-

ʨʤʦʚʦʯʥʽ ʨʦʟʯʠʥʠ ʟ ʉʇɺʉ > 7 % ʥʝ ʨʘʮʽʦʥʘʣʴʥʦ. 

ɺʘʞʣʠʚʠʤʠ ʬʘʢʪʦʨʘʤʠ ʥʝʨʦʟʯʠʥʥʦʩʪʽ ʧʦʣʽʚʽ-

ʥʽʣʩʧʠʨʪʦʚʠʭ ʢʦʤʧʦʟʠʮʽʡ ʻ ʪʝʤʧʝʨʘʪʫʨʘ ʪʘ ʪʨʠʚʘ-

ʣʽʩʪʴ ʨʝʘʢʮʽʾ. ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʮʠʭ ʬʘʢʪʦʨʽʚ ʢʝʨʫʚʘ-

ʣʠʩʷ ʨʦʟʤʽʨʦʤ ʜʽʘʤʝʪʨʫ ʧʦʨ ʽ ʥʘʙʨʷʢʘʥʥʷʤ (ȹW) ʧʽ-

ʩʣʷ ʧʝʨʝʙʫʚʘʥʥʷ ʫ ʚʦʜʽ ʧʨʦʪʷʛʦʤ 24 ʛʦʜ. 
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ʈʠʩ. 1. ɿʘʣʝʞʥʽʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʜʽʘʤʝʪʨʘ ʧʦʨ ʢʦʤʧʦʟʠʪʥʠʭ ʤʽʢʨʦʬʽʣʴʪʨʽʚ (d) ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʬʦʨʤʫʚʘʣʴʥʦʛʦ ʨʦʟʯʠʥʫ (ʘ) ʽ ʥʘʙʨʷʢʘʥʥʷ ʤʽʢʨʦʬʽʣʴʪʨʽʚ (ȹW) ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʨʝʘʢʮʽʾ (ʙ), ʾʾ ʪʨʠʚʘʣʦʩʪʽ 

(ʚ) ʽ ʢʽʣʴʢʦʩʪʽ ʚʚʝʜʝʥʦʛʦ ʚ ʬʦʨʤʫʚʘʣʴʥʠʡ ʨʦʟʯʠʥ ʟʘʣʽʟʘ (ʛ) 

 

ɿ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʨʝʘʢʮʽʾ ʟʤʝʥʰʫ-

ʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʠʡ ʜʽʘʤʝʪʨ ʧʦʨ ʽ ʧʨʠ 140 Áʉ ʚʽʥ 

ʩʪʘʥʦʚʠʪʴ 0,5 ʤʢʤ (ʨʠʩ. 1. ʙ), ʱʦ, ʦʯʝʚʠʜʥʦ, ʧʦʚ'ʷ-

ʟʘʥʦ ʟʽ ʟʨʦʩʪʘʶʯʦʶ ʨʫʭʣʠʚʽʩʪʶ ʧʦʣʽʤʝʨʥʠʭ ʣʘʥʮʶ-

ʛʽʚ ʽ ʢʨʘʱʦʶ ʜʦʩʪʫʧʥʽʩʪʶ ʜʣʷ ʽʦʥʽʚ ʟʘʣʽʟʘ(ɯɯɯ) ʨʝʘʢ-

ʮʽʡʥʠʭ ʛʨʫʧ ʇɺʉ. ʅʘʜʘʣʽ ʥʘ ʜʽʣʷʥʮʽ ʚʽʜ 140 ʜʦ 

170 ʦʉ ʨʦʟʤʽʨ ʜʽʘʤʝʪʨʫ ʧʦʨ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʱʦ, ʩʢʦ-

ʨʽʰʝ ʟʘ ʚʩʝ, ʻ ʥʘʩʣʽʜʢʦʤ ʜʝʩʪʨʫʢʮʽʾ ʇɺʉ ï ʭʦʯ ʡʦʛʦ 

ʜʝʩʪʨʫʢʮʽʷ ʧʦʯʠʥʘʻʪʴʩʷ ʣʠʰʝ ʧʨʠ 170 ʦʉ, ʧʨʦʪʝ, ʥʘ-

ʧʨʠʢʣʘʜ, ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʚ ʢʦʤʧʦʟʠʮʽʾ ʜʝʷʢʠʭ ʽʦʥʽʚ 

ʤʝʪʘʣʽʚ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʯʘʪʢʫ ʜʝʩʪʨʫʢʮʽʾ ʤʦʞʝ ʟʥʠ-

ʞʫʚʘʪʠʩʷ ʜʦ 140 ʦʉ. ʅʘ ʢʦʨʠʩʪʴ ʮʴʦʛʦ ʩʚʽʜʯʠʪʴ ʥʠ-

ʟʴʢʠʡ ʨʽʚʝʥʴ ʥʘʙʨʷʢʘʥʥʷ ʇɺʉ ʧʽʩʣʷ 140 Áʉ, ʚʽʨʦʛʽ-

ʜʥʦ, ʟʘ ʨʘʭʫʥʦʢ ʦʢʠʩʥʶʚʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ (ʨʠʩ. 1. ʙ) 

ï ʤʝʪʦʜʦʤ ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʚ 

ʧʨʦʮʝʩʽ ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʢʣʘʜʫ ʇɺʉ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʜʝʛʽʜʨʘʪʘʮʽʷ ʡ ʦʢʠʩʥʝʥʥʷ ʡʦʛʦ ʤʘʢʨʦʤʦʣʝʢʫʣ [12]. 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 1. ʚ, ʟʙʽʣʴʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʨʝ-

ʘʢʮʽʾ ʧʨʠ 140 ʦʉ ʜʦ 30 ʭʚ ʩʧʨʠʷʻ ʧʦʛʣʠʙʣʝʥʥʶ ʟʛʘ-

ʜʘʥʠʭ ʧʨʦʮʝʩʽʚ, ʧʨʦʪʝ ʥʘʜʘʣʽ ʟʥʘʯʝʥʥʷ d ʽ ȹW ʟʘʣʠ-

ʰʘʶʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʧʦʩʪʽʡʥʠʤʠ. 

ʇʽʜʚʠʱʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʚʚʝʜʝʥʦʛʦ ʟʘʣʽʟʘ(ɯɯɯ) ʚʽʜ 

2 ʜʦ 5 % ʧʨʠʚʦʜʠʪʴ ʜʦ ʨʽʟʢʦʛʦ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʫ 

ʧʦʨ ʤʽʢʨʦʬʽʣʴʪʨʘ; ʥʘʜʘʣʽ ʨʦʟʤʽʨ ʧʦʨ ʧʨʘʢʪʠʯʥʦ ʟʘ-

ʣʠʰʘʻʪʴʩʷ ʧʦʩʪʽʡʥʠʤ. ɼʣʷ ʥʘʙʨʷʢʘʥʥʷ ʩʧʦʩʪʝʨʽʛʘ-

ʻʪʴʩʷ ʩʭʦʞʘ ʟʘʣʝʞʥʽʩʪʴ (ʨʠʩ. 1, ʛ). ʄʦʞʥʘ ʧʨʠʧʫʩ-

ʪʠʪʠ, ʱʦ 5 %-ʥʦʾ ʢʽʣʴʢʦʩʪʽ ʟʘʣʽʟʘ (ɯɯɯ) ʫ ʧʝʨʝʨʘʭʫʥʢʫ 

ʥʘ ʽʦʥ Fe3+ ʚʠʷʚʠʣʦʩʷ ʜʦʩʪʘʪʥʽʤ ʜʣʷ ʚʟʘʻʤʦʜʽʾ ʟ 

ʇɺʉ. ʎʝ ʧʽʜʪʚʝʨʜʠʣʘ ʧʦʟʠʪʠʚʥʘ ʨʝʘʢʮʽʷ ʟ ʛʝʢʩʘʮʽʘ-

ʥʦʬʝʨʨʘʪʦʤ(ɯɯ) ʢʘʣʽʶ ʥʘ ʚʤʽʩʪ ʟʘʣʽʟʘ ʚ ʚʦʜʽ. 

ɿ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʧʣʠʚʘʻ, ʱʦ ʥʘ-

ʜʘʥʥʷ ʥʝʨʦʟʯʠʥʥʦʩʪʽ ʇɺʉ ʦʙʨʘʥʠʤ ʩʧʦʩʦʙʦʤ ʧʨʠ 

ʦʪʨʠʤʫʚʘʥʥʷ ʧʦʣʽʚʽʥʽʣʩʧʠʨʪʦʚʠʭ ʤʽʢʨʦʬʽʣʴʪʨʽʚ ʜʦ-

ʮʽʣʴʥʦ ʧʨʦʚʦʜʠʪʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʡʦʛʦ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ 5ï7 % ʟ ʜʦʜʘʚʘʥʥʷʤ 5 % ʟʘ-

ʣʽʟʘ(ɯɯɯ) ʫ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʽʦʥ Fe3+ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 

140 ʦʉ ʽ ʪʨʠʚʘʣʦʩʪʽ ʧʨʦʮʝʩʫ ~ 30 ʭʚ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʘʨʪʝʟʽʘʥʩʴʢʠʭ ʩʚʝʨʜʣʦʚʠʥ  

ʦʜʠʥ ʽʟ ʰʣʷʭʽʚ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʥʘʩʝʣʝʥʥʷ ʷʢʽʩʥʦʶ ʧʠʪʥʦʶ ʚʦʜʦʶ. ʅʘʨʘʟʽ ʢiʣʴʢʘ ʩʦ-

ʪʝʥʴ ʩʚʝʨʜʣʦʚʠʥ ʧʦʜʘʶʪʴ ʘʨʪʝʟiʘʥʩʴʢʫ ʚʦʜʫ ʚ ʤʝ-

ʨʝʞʫ ʢʠʾʚʩʴʢʦʛʦ ʤiʩʴʢʦʛʦ ʚʦʜʦʧʨʦʚʦʜʫ [13], ʽ, ʢʨʽʤ 

ʪʦʛʦ, ʚ ʤʽʩʪʽ ʥʘʣʽʯʫʻʪʴʩʷ 201 ʙʶʚʝʪʥʠʡ ʢʦʤʧʣʝʢʩ 

[14]. ʇʨʦʪʝ, ʭʘʨʘʢʪʝʨʥʠʤ ʧʨʠʨʦʜʥʠʤ ʢʦʤʧʦʥʝʥʪʦʤ 

ʘʨʪʝʟʽʘʥʩʴʢʦʾ ʚʦʜʠ ʜʣʷ ʢʠʾʚʩʴʢʦʛʦ ʨʝʛʽʦʥʫ ʻ ʟʘʣʽʟʦ 

[15], ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʡʦʛʦ ʚʤʽʩʪ ʫ ʚʦʜʽ ʜʝʷʢʠʭ ʙʶ-

ʚʝʪʽʚ ʧʨʠ ʥʦʨʤʽ ʚ ʧʠʪʥʽʡ ʚʦʜʽ 0,2 ʤʛ/ʜʤ3 [1] ʧʽʜʚʠ-

ʱʝʥʠʡ ʽ ʩʪʘʥʦʚʠʪʴ ʚʜ̔ 0,3 ʜʦ 2,5 ʤʛ/ʜʤ3 [16].  

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʟʘʣʽʟʦ ʻ ʞʠʪʪʻʚʦ ʥʝʦʙ-

ʭʽʜʥʠʤ ʜʣʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʨʛʘʥʽʟʤʫ ʣʶʜʠʥʠ ʝʣʝ-

ʤʝʥʪʦʤ [17], ʚʠʜʘʣʝʥʥʷ ʟ ʚʦʜʠ ʥʘʜʤʽʨʥʦʾ ʡʦʛʦ ʢʽʣʴ-

ʢʦʩʪʽ ʻ ʦʙʦʚ'ʷʟʢʦʚʠʤ ʝʪʘʧʦʤ ʧʽʜʛʦʪʦʚʢʠ ʷʢʽʩʥʦʾ ʪʘ 

ʮʽʣʢʦʤ ʙʝʟʧʝʯʥʦʾ ʜʣʷ ʟʜʦʨʦʚ'ʷ ʣʶʜʠʥʠ ʚʦʜʠ, ʦʩʢʽ-

ʣʴʢʠ ʧʝʨʝʚʠʱʝʥʥʷ ʡʦʛʦ ʥʦʨʤʦʚʘʥʦʾ ʢʽʣʴʢʦʩʪʽ ʤʦʞʝ 

ʩʪʘʪʠ ʧʨʠʯʠʥʦʶ ʚʠʥʠʢʥʝʥʥʷ ʮʽʣʦʛʦ ʨʷʜʫ ʟʘʭʚʦʨʶ-

ʚʘʥʴ [18]. ʂʨʽʤ ʪʦʛʦ, ʧʦʯʠʥʘʶʯʠ ʟ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘ-

ʣʽʟʘ 1,0ï1,5 ʤʛ/ʜʤ3 ʚʦʜʘ ʥʘʙʫʚʘʻ ʥʝʧʨʠʻʤʥʦʛʦ ʤʝʪʘ-

ʣʽʯʥʦʛʦ ʧʨʠʩʤʘʢʫ [19].  

ʈʦʙʦʪʘ ʤʽʢʨʦʬʽʣʴʪʨʘ ʟ d = 0,7 ʤʢʤ ʙʫʣʘ ʧʨʦʜʝ-

ʤʦʥʩʪʨʦʚʘʥʘ ʥʘ ʧʨʠʢʣʘʜʽ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʘʨʪʝʟʽʘʥʩʴ-

ʢʦʾ ʚʦʜʠ ʟ ʙʶʚʝʪʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʥʘ ʨʦʟʽ ʚʫʣ. ʉʽʯʦ-

ʚʠʭ ʩʪʨʽʣʴʮʽʚ ʽ ʂʫʜʨʷʚʩʴʢʦʾ ʚ ʤ. ʂʠʻʚʽ, ʢʦʥʮʝʥʪʨʘ-

ʮʽʷ ʽʦʥʽʚ Fe2+ ʫ ʷʢʽʡ ʜʦʨʽʚʥʶʚʘʣʘ 2,5 ʤʛ/ʜʤ3+ (ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʟʘʣʽʟʘ ʚ ʚʦʜʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʦ-

ʬʝʥʘʥʪʨʦʣʽʥʦʚʠʡ ʤʝʪʦʜ). ʄʽʢʨʦʬʽʣʴʪʨʘʮʽʡʥʝ ʬʽʣʴ-

ʪʨʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠ ʚ ʙʘʨʦʤʝʤʙʨʘʥʥʽʡ ʢʦʤʽʨʮʽ 

ʬʨʦʥʪʘʣʴʥʦʛʦ ʪʠʧʫ. ʏʝʨʝʟ ʪʝ, ʱʦ ʚ ʧʽʜʟʝʤʥʠʭ ʚʦʜʘʭ 

ʧʝʨʝʚʘʞʘʶʯʦʶ ʬʦʨʤʦʶ ʽʩʥʫʚʘʥʥʷ ʟʘʣʽʟʘ ʻ ʛʽʜʨʦʢʘ-

ʨʙʦʥʘʪ ʟʘʣʽʟʘ (II), ʪʦʜʽ ʷʢ ʩʧʦʣʫʢʠ ʟʘʣʽʟʘ(ɯɯɯ) ʤʘʶʪʴ 

ʤʝʥʰʫ ʨʦʟʯʠʥʥʽʩʪʴ, ʥʽʞ ʩʧʦʣʫʢʠ ʟʘʣʽʟʘ(ɯɯ), ʨʝʪʝʥʪʘʪ 

(ʬʽʣʴʪʨʘʪ) ʫ ʢʦʤʽʨʮʽ ʧʽʜʜʘʚʘʣʠ ʜʦʜʘʪʢʦʚʦʤʫ ʘʝʨʫ-

ʚʘʥʥʶ, ʟʘʚʜʷʢʠ ʯʦʤʫ ʧʨʦʮʝʩ ʦʢʠʩʥʝʥʥʷ ʟʜʽʡʩʥʶʚʘ-

ʚʩʷ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʭʽʤʽʯʥʠʭ ʨʝʘʛʝʥʪʽʚ. ʂʨʽʤ ʪʦʛʦ, 

ʦʯʠʱʝʥʘ ʚʦʜʘ (ʧʝʨʤʝʘʪ) ʟʙʘʛʘʯʫʚʘʣʘʩʷ ʢʠʩʥʝʤ ʧʦʚʽ-

ʪʨʷ. ʈʠʩ. 2 ʜʝʤʦʥʩʪʨʫʻ ʨʝʟʫʣʴʪʘʪʠ ʤʽʢʨʦʬʽʣʴʪʨʘʮʽʡ-

ʥʦʾ ʦʙʨʦʙʢʠ ʘʨʪʝʟʽʘʥʩʴʢʦʾ ʚʦʜʠ. 

 



Slovak international scientific journal # 63, (2022) 7 

  
ʈʠʩ. 2. ʈʦʙʦʯʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʽʢʨʦʬʽʣʴʪʨʘ: ʟʘʪʨʠʤʫʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ R (ʘ) ʽ ʧʠʪʦʤʘ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ JW (ʙ) ʧʨʠ ʟʥʝʟʘʣʽʟʥʝʥʥʽ ʘʨʪʝʟʽʘʥʩʴʢʦʾ ʚʦʜʠ ʟ ʚʤʽʩʪʦʤ Fe2+ 2,5 ʤʛ/ʜʤ3; ʪʨʘʥʩʤʝʤʙʨʘʥʥʠʡ 

ʪʠʩʢ 0,5 ʄʇʘ 

 

ɿ ʥʘʚʝʜʝʥʦʛʦ ʨʠʩʫʥʢʫ ʚʠʜʥʦ, ʱʦ ʥʘ ʧʦʯʘʪʢʫ ʬʽ-

ʣʴʪʨʫʚʘʥʥʷ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʽʥʪʝʥʩʠʚʥʝ ʟʥʠʞʝʥʥʷ 

ʧʠʪʦʤʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʚʠʢʣʠʢʘʥʝ ʫʪʚʦʨʝʥʥʷʤ ʛʽ-

ʜʨʦʢʩʦʩʧʦʣʫʢ ʟʘʣʽʟʘ ʟʘ ʨʘʭʫʥʦʢ ʘʝʨʫʚʘʥʥʷ ʨʦʟʯʠʥʫ, 

ʱʦ ʬʽʣʴʪʨʫʻʪʴʩʷ. ʏʝʨʝʟ ~ 15 ʭʚ ʟʥʠʞʝʥʥʷ JW ʫʧʦʚʽ-

ʣʴʥʠʣʦʩʷ, ʽ ʯʝʨʝʟ ~ 45 ʭʚ ʧʠʪʦʤʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʧʨʘʢʪʠʯʥʦ ʩʪʘʙʽʣʽʟʫʚʘʣʘʩʷ. ɺʽʜʤʽʯʝʥʽ ʟʤʽʥʠ ʚʢʘʟʫ-

ʶʪʴ ʥʘ ʫʪʚʦʨʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʤʽʢʨʦʬʽʣʴʪʨʘ ʤʦʜʠ-

ʬʽʢʫʶʯʦʛʦ ʰʘʨʫ ʟ ʛʽʜʨʦʢʩʦʩʧʦʣʫʢ ʟʘʣʽʟʘ. ʆʜʥʦʯʘ-

ʩʥʦ ʟʘʚʜʷʢʠ ʮʴʦʤʫ ʟʘʪʨʠʤʫʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʟʨʦʩʣʘ 

ʜʦ 99,9 % ʽ ʥʘʜʘʣʽ ʟʘʣʠʰʘʣʘʩʷ ʧʦʩʪʽʡʥʦʶ. ɺʤʽʩʪ ʽʦ-

ʥʽʚ ʟʘʣʽʟʘ ʚ ʧʝʨʤʝʘʪʽ ʩʪʘʥʦʚʠʚ < 0,05 ʤʛ/ʜʤ3 (ʯʫʪʣʠ-

ʚʽʩʪʴ ʦ-ʬʝʥʘʥʪʨʦʣʽʥʦʚʦʛʦ ʤʝʪʦʜʫ).  

ɺʠʩʥʦʚʦʢ. ɼʦʩʣʽʜʞʝʥʥʷ ʫʤʦʚ ʬʦʨʤʫʚʘʥʥʷ ʥʝ-

ʨʦʟʯʠʥʥʠʭ ʧʣʽʚʦʢ ʧʦʣʽʚʽʥʽʣʦʚʦʛʦ ʩʧʠʨʪʫ ʜʦʟʚʦʣʠʣʠ 

ʦʪʨʠʤʘʪʠ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʽ ʢʦʤʧʦʟʠʪʥʽ ʤʽʢʨʦʬʽʣʴ-

ʪʨʠ ʥʘ ʣʣʷʥʽʡ ʧʽʜʢʣʘʜʮʽ, ʱʦ ʧʨʠʜʘʪʥʽ ʜʣʷ ʚʠʢʦʨʠʩ-

ʪʘʥʥʷ ʚ ʪʝʭʥʦʣʦʛʽʷʭ ʦʯʠʱʝʥʥʷ ʚʦʜʠ ʜʣʷ ʧʠʪʥʠʭ ʮʽ-

ʣʝʡ. ʅʘ ʧʨʠʢʣʘʜʽ ʤʽʢʨʦʬʽʣʴʪʨʘʮʽʡʥʦʾ ʦʙʨʦʙʢʠ ʘʨʪʝ-

ʟʽʘʥʩʴʢʦʾ ʚʦʜʠ ʟ ʧʽʜʚʠʱʝʥʠʤ ʚʤʽʩʪʦʤ ʟʘʣʽʟʘ 

ʧʦʢʘʟʘʥʘ ʾʭ ʚʠʩʦʢʘ ʝʬʝʢʪʠʚʥʽʩʪʴ.  
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʦʟʦʥʘ ʥʘ ʥʝʢʦʪʦʨʳʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʢʫʣʴʪʫʨʳ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʥʘ ʩʝʤʝʥʘ ʦʛʫʨʮʦʚ, ʧʦʤʠʜʦʨʦʚ, ʢʫʢʫʨʫʟʳ ʩ ʮʝʣʴʶ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʠʭ ʚʩʭʦʞʝʩʪʠ ʠ ʩʪʠʤʫʣʷʮʠʠ 

ʨʦʩʪʘ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʟʦʥʥʦ-ʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ ʜʣʷ ʧʨʦʜʣʝʥʠʷ ʩʨʦʢʘ ʭʨʘʥʝʥʠʷ ʤʘʥʜʘʨʠʥʦʚ. 

ʋʩʪʘʥʦʚʣʝʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʩʝʤʷʥ ʦʟʦʥʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʠ ʦʟʦʥʥʦ-ʚʦʟʜʫʰʥʦʡ ʩʤʝʩʴʶ, ʘ 

ʪʘʢʞʝ ʜʣʷ ʢʘʞʜʦʜʥʝʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʦʟʦʥʥʦ-ʚʦʟʜʫʰʥʦʡ ʩʤʝʩʴʶ ʤʘʥʜʘʨʠʥʦʚ (ʚ ʪʝʯʝʥʠʠ 60 ʤʠʥʫʪ) ʩ ʮʝʣʴʶ 

ʧʨʦʜʣʝʥʠʷ ʠʭ ʭʨʘʥʝʥʠʷ. 

Abstract  
The influence of ozone on certain agricultural crops, in particular cucumber, tomato and corn seeds, has been 

studied for the purpose of accelerating their germination and achieving an increase in yields. The influence of 

ozone-air mixture on extension of storage life of tangerines has also been studied and it was established that daily 

treatment of tangerines with ozone-air mixture (60 min, room temperature) can extend their storage life to three 

months. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʟʦʥ, ʦʛʫʨʮʳ, ʧʦʤʠʜʦʨʳ, ʢʫʢʫʨʫʟʘ, ʤʘʥʜʘʨʠʥʳ ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ ʩʭʦʞʝʩʪʠ, ʩʪʠʤʫ-

ʣʷʮʠʷ ʨʦʩʪʘ.  

Keywords: ozone, cucumber, tomato, corn, tangerine, acceleration of germination, stimulation of growth. 

 

ɺʚʝʜʝʥʠʝ 

ʀʟʚʝʩʪʥʦ[1, 2, 3, 4, 5] ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ 

ʦʟʦʥʥʦ-ʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ ʠ ʦʟʦʥʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʥʘ 

ʩʪʨʫʢʪʫʨʫ ʧʦʯʚʳ, ʥʘ ʧʨʦʮʝʩʩ ʚʩʭʦʞʝʩʪʠ ʠ ʩʪʠʤʫʣʷ-

ʮʠ ʁʨʦʩʪʘ ʥʝʢʦʪʦʨʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴ-

ʪʫʨ, ʘ ʪʘʢʞʝ ʥʘ ʧʨʦʜʣʝʥʠʝ ʩʨʦʢʘ ʭʨʘʥʝʥʠʷ ʩʢʦʨʦ-

ʧʦʨʪʷʱʠʭ ʧʨʦʜʫʢʪʦʚ. 

ɼʣʷ ʧʨʦʜʣʝʥʠʷ ʩʨʦʢʘ ʩʢʦʨʦʧʦʨʪʷʱʠʭ ʧʨʦʜʫʢ-

ʪʦʚ ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʪʩʷ ʭʦʣʦʜʠʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, 

ʛʜʝ ʦʥʠ ʭʨʘʥʷʪʩʷ ʚ ʩʨʝʜʥʝʤ 40-50 ʜʥʝʡ. ɼʘʣʴʥʝʡʰʝʝ 

ʭʨʘʥʝʥʠʝ ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʢʘʯʝʩʪʚʦ ʧʣʦʜʦʚ 

ʠ ʧʨʦʠʟʚʝʜʸʥʥʳʭ ʧʨʦʜʫʢʪʦʚ[1]. ʉ ʵʪʦʡ ʮʝʣʴʶ ʪʘʢʞʝ 

ʧʨʠʤʝʥʷʶʪʩʷ ʭʠʤʠʢʘʪʳ, ʪʘʢʠʝ ʢʘʢ ʭʣʦʨ, ʩʝʨʥʳʡ ʘʥ-

ʛʠʜʨʠʜ, ʬʫʥʛʠʮʠʜʳ, ʜʠʬʝʥʠʣʘʤʠʥ ʠ ʜʨ. [2]. ʅʦ ʧʨʠ 
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ʠʭ ʧʨʠʤʝʥʝʥʠʠ ʥʘʨʷʜʫ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʵʬʬʝʢʪʦʤ 

ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ, ʯʪʦ ʧʨʦʷʚʣʷ-

ʝʪʩʷ ʚ ʥʘʢʦʧʣʝʥʠʠ ʚ ʧʦʯʚʝ ʷʜʦʭʠʤʠʢʘʪʦʚ, ʘ ʪʘʢʞʝ ʚ 

ʟʘʛʨʷʟʥʝʥʠʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʩʘʤʠʭ ʧʨʦʜʫʢʪʦʚ 

ʭʨʘʥʝʥʠʷ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ 

ʚʳʙʦʨʫ ʥʦʚʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʪʝʭʥʦʣʦ-

ʛʠʡ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʘʪ ʧʨʦʜʣʝʥʠʝ ʩʨʦʢʘ ʭʨʘʥʝʥʠʷ 

ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʵʬʬʝʢʪʠʚʥʳʭ 

ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʦʟʦʥʘ [3]. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʧʦʯʚʳ ʦʟʦʥʠʨʦ-

ʚʘʥʥʦʡ ʚʦʜʦʡ ʫʣʫʯʰʘʝʪʩʷ ʝʸ ʩʪʨʫʢʪʫʨʘ, ʜʘʞʝ ʚʳ-

ʚʝʪʨʝʥʥʳʝ, ʟʘʙʦʣʦʯʝʥʥʳʝ ʧʦʯʚʳ ʩʪʘʥʦʚʷʪʩʷ ʧʣʦʜʦ-

ʪʚʦʨʥʳʤʠ [5].

 

 

 

 

 
ʈʠʩ.1. ɺʣʠʷʥʠʝ ʦʟʦʥʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʥʘ ʩʪʨʫʢʪʫʨʫ ʧʦʯʚʳ 

 

ɺ ʥʘʩʳʱʝʥʥʦʡ ʦʟʦʥʦʤ ʚʦʜʝ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʦʟʦʥʘ ʜʦʩʪʠʛʘʝʪ ʧʦʯʪʠ ʧʨʝʜʝʣʴʥʦʜʦʧʫʩʪʠʤʦʡ-2, 4 

ʤʛ/ʣ [6]. 

ʊʘʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʟʦʥʘ ʚ ʚʦʜʝ ʦʛʨʘʥʠʯʝʥʥʦ 

ʫʥʠʯʪʦʞʘʝʪ ʚʨʝʜʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, ʚʦʟʜʝʡ-

ʩʪʚʫʝʪ ʥʘ ʧʦʯʚʫ ʪʘʢʞʝ, ʢʘʢ ʤʝʜʠʮʠʥʩʢʠʡ ʧʨʝʧʘʨʘʪ 

ʥʘ ʙʦʣʴʥʦʡ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ. 

ʋʯʠʪʳʚʘʷ ʚʳʰʝʩʢʘʟʘʥʥʦʝ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩ-

ʩʣʝʜʦʚʘʪʴ ʜʝʡʩʪʚʠʝ ʦʟʦʥʘ ʥʘ ʨʷʜ ʩʝʣʴʩʢʦʭʦʟʷʡ-

ʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʩ ʮʝʣʴʶ ʠʭ ʤʦʜʠʬʠʢʘʮʠʠ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ ʧʨʠʤʝʥʝ-

ʥʠʝ ʦʟʦʥʘ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʥʝʢʦʪʦʨʳʭ ʩʝʣʴʩʢʦʭʦ-

ʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ (ʦʛʫʨʮʦʚ, ʧʦʤʠʜʦʨʦʚ, ʢʫʢʫ-

ʨʫʟʳ, ʤʘʥʜʘʨʠʥʦʚ). ʇʨʦʜʝʣʘʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʮʝ-

ʣʴʶ ʚʳʷʚʣʝʥʠʷ ʵʬʬʝʢʪʘ ʚʦʟʜʝʡʩʪʚʠʷ ʦʟʦʥʘ. ɼʣʷ ʧʦ-

ʣʫʯʝʥʠʷ ʦʟʦʥʘ ʧʨʠʤʝʥʷʣʠʩʴ ʣʘʙʦʨʘʪʦʨʥʳʝ ʦʟʦʥʘ-

ʪʦʨʳ ʩ ʨʘʟʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ: 0, 8 ʛ/ʯʘʩ ʠ 1, 

95 ʛ/ʯʘʩ. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʩʝʤʷʥ ʦʛʫʨʮʦʚ ʠ ʧʦʤʠʜʦʨʦʚ 

ʦʟʦʥʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʠ ʦʟʦʥʥʦ-ʚʦʟʜʫʰʥʦʡ ʩʤʝʩʴʶ 

ʥʘʙʣʶʜʘʝʪʩʷ ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ ʠʭ ʚʩʭʦʞʝʩʪʠ, ʯʪʦ 

ʚʳʨʘʞʘʝʪʩʷ ʚ ʙʦʣʴʰʝʡ ʧʣʦʱʘʜʠ ʣʠʩʪʴʝʚ ʠ ʚʳʩʦʪʝ 

ʨʦʩʪʢʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤʠ ʦʙʨʘʟ-

ʮʘʤʠ(ʦʙʨʘʙʦʪʘʥʥʳʭ ʧʠʪʴʝʚʦʡ ʚʦʜʦʡ) [ʪʘʙʣʠʮʘ 1, 

ʨʠʩ.2]. 
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https://www.google.com/search?q=%E1%83%9D%E1%83%96%E1%83%9D%E1%83%9C%E1%83%98%E1%83%A0%E1%83%94%E1%83%91%E1%83%A3%E1%83%9A%E1%83%98+%E1%83%AC%E1%83%A7%E1%83%9A%E1%83%98%E1%83%97+%E1%83%9C%E1%83%98%E1%83%90%E1%83%93%E1%83%90%E1%83%92%E1%83%98%E1%83%A1+%E1%83%93%E1%83%90%E1%83%9B%E1%83%A3%E1%83%A8%E1%83%90%E1%83%95%E1%83%94%E1%83%91%E1%83%90+%E1%83%A0%E1%83%9D%E1%83%92%E1%83%9D%E1%83%A0+%E1%83%9B%E1%83%9D%E1%83%A5%E1%83%9B%E1%83%94%E1%83%93%E1%83%94%E1%83%91%E1%83%A1+%E1%83%9C%E1%83%98%E1%83%90%E1%83%93%E1%83%90%E1%83%92%E1%83%98%E1%83%A1+%E1%83%A1%E1%83%A2%E1%83%A0%E1%83%A3%E1%83%A5%E1%83%A2%E1%83%A3%E1%83%A0%E1%83%90%E1%83%96%E1%83%94&tbm=isch&source=iu&ictx=1&fir=V8enKFnn65BDmM:,tEeG4J68l9E6yM,_&vet=1&usg=AI4_-kTP-fb-y2DxX1kwyoK7ysC-mInx3g&sa=X&ved=2ahUKEwij2cfzkI3qAhVRSxUIHbi6Cp0Q9QEwC3oECAoQCQ#imgrc=V8enKFnn65BDmM:
https://www.google.com/search?q=%E1%83%9D%E1%83%96%E1%83%9D%E1%83%9C%E1%83%98%E1%83%A0%E1%83%94%E1%83%91%E1%83%A3%E1%83%9A%E1%83%98+%E1%83%AC%E1%83%A7%E1%83%9A%E1%83%98%E1%83%97+%E1%83%9C%E1%83%98%E1%83%90%E1%83%93%E1%83%90%E1%83%92%E1%83%98%E1%83%A1+%E1%83%93%E1%83%90%E1%83%9B%E1%83%A3%E1%83%A8%E1%83%90%E1%83%95%E1%83%94%E1%83%91%E1%83%90+%E1%83%A0%E1%83%9D%E1%83%92%E1%83%9D%E1%83%A0+%E1%83%9B%E1%83%9D%E1%83%A5%E1%83%9B%E1%83%94%E1%83%93%E1%83%94%E1%83%91%E1%83%A1+%E1%83%9C%E1%83%98%E1%83%90%E1%83%93%E1%83%90%E1%83%92%E1%83%98%E1%83%A1+%E1%83%A1%E1%83%A2%E1%83%A0%E1%83%A3%E1%83%A5%E1%83%A2%E1%83%A3%E1%83%A0%E1%83%90%E1%83%96%E1%83%94&tbm=isch&source=iu&ictx=1&fir=5zslpyXYMaPX5M:,YG15d_2KKHfN5M,_&vet=1&usg=AI4_-kR2SyE-KSdnamg7m_pzmtj6YazVcQ&sa=X&ved=2ahUKEwij2cfzkI3qAhVRSxUIHbi6Cp0Q9QEwDHoECAoQCw#imgrc=5zslpyXYMaPX5M:
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 ʊʘʙʣʠʮʘ 1. 

ʈʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ ʩʝʤʷʥ ʦʛʫʨʮʦʚ ʠ ʧʦʤʠʜʦʨʦʚ ʦʟʦʥʥʦ-ʚʦʟʜʫʰʥʦʡ ʩʤʝʩʴʶ, ʦʟʦʥʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʠ 

ʧʠʪʴʝʚʦʡ ʚʦʜʦʡ. 

ʆʙʨʘʟʮʳ ʆʛʫʨʮʳ ʇʦʤʠʜʦʨʳ 

ʄʝʪʦʜʳ ʦʙ-

ʨʘʙʦʪʢʠ 

ʉʪʝʧʝʥʴ ʧʨʦ-

ʨʘʩʪʘʥʠʷ, % 

ɺʳʩʦʪʘ 

ʨʦʩʪ-

ʢʦʚ, ʩʤ 

ʇʣʦʱʘʜʴ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʣʠ-

ʩʪʴʝʚ, ʩʤ2 

ʉʪʝʧʝʥʴ ʧʨʦ-

ʨʘʩʪʘʥʠʷ, % 

ɺʳʩʦʪʘ 

ʨʦʩʪʢʦʚ, 

ʩʤ 

ʇʣʦʱʘʜʴ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʣʠ-

ʩʪʴʝʚ, ʩʤ2 

O3 +H2O 96 37 64 96 27 15 

O3+ʚʦʟʜʫʭ 80 33 33 80 20 7 

ʇʠʪʴʝʚʘʷ 

ʚʦʜʘ 
75 30 28 74 18 4 

 

 
ʈʠʩ. 2. ʉʪʠʤʫʣʷʮʠʷ ʨʦʩʪʘ ʩʝʤʷʥ ʦʛʫʨʮʦʚ, ʦʙʨʘʙʦʪʘʥʥʳʭ ʦʟʦʥʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ 

 

ʀʟʫʯʝʥʳ ʪʘʢʞʝ ʚʩʭʦʞʝʩʪʴ, ʧʨʦʨʘʩʪʘʥʠʝ ʠ ʩʪʠ-

ʤʫʣʷʮʠʷ ʨʦʩʪʘ ʩʝʤʷʥ ʥʝʢʦʪʦʨʳʭ ʢʫʣʴʪʫʨ, ʚ ʯʘʩʪʥʦ-

ʩʪʠ, ʢʫʢʫʨʫʟʳ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʠʭ ʦʟʦʥʠʨʦʚʘʥʥʦʡ 

ʚʦʜʦʡ. ʉʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩ ʣʠʪʝʨʘʪʫʨ-

ʥʳʤʠ [4] ʧʦʢʘʟʘʣʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʥʳʡ ʤʝʪʦʜ ʙʦ-

ʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʠ ʧʨʦʩʪʦʡ. ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʥʘʙʣʶʜʝʥʠʡ, ʧʨʦʨʘʩʪʘʥʠʝ ʩʝʤʷʥ ʧʦ ʩʨʘʚʥʝʥʥʠʶ ʩ 

ʢʦʥʪʨʦʣʴʥʳʤʠ ʦʙʨʘʟʮʘʤʠ ʚʦʟʨʦʩʣʦ ʥʘ 21%, ʜʘʥʥʳʝ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

 

ʊʘʙʣʠʮʘ 2. 

ʈʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ ʩʝʤʷʥ ʢʫʢʫʨʫʟʳ ʦʟʦʥʠʨʦʚʘʥʥʦʡ ʠ ʧʠʪʴʝʚʦʡ ʚʦʜʦʡ. 

ʄʝʪʦʜʳ ʦʙʨʘ-

ʙʦʪʢʠ 

ɺʨʝʤʷ ʟʘʤʘ-

ʯʠʚʘʥʠʷ, 

ʯʘʩ 

ʉʪʝʧʝʥʴ 

ʚʩʭʦʞʝ-

ʩʪʠ ʧʦʩʣʝ 

4-ʝʭ 

ʜʥʝʡ, % 

ʧʨʦʨʘʩʪʘ-

ʥʠʝ ʧʦʩʣʝ 

1-ʦʡ ʥʝ-

ʜʝʣʠ, % 

ɺʳʩʦʪʘ 

ʨʦʩʪʢʦʚ 

ʢʫʢʫ-

ʨʫʟʳ ʟʘ 

31 ʜʝʥʴ, 

ʩʤ 

ʏʠʩʣʦ 

ʣʠ-

ʩʪʴʝʚ 

 

ʐʠ-

ʨʠʥʘ 

ʩʤ 

ʎʚʝʪ 

ʆʟʦʥʠʨʦʚʘʥ-

ʥʦʡ ʚʦʜʦʡ 

 

2 68 100 ʉʨ.51 4-5 2 
ʊʝʤʥʦʟʝʣʝ-

ʥʳʡ 

ʂʦʥʪʨʦʣʴʥʳʝ 

ʦʙʨʘʟʮʳ, ʧʠ-

ʪʴʝʚʦʡ ʚʦʜʦʡ 

2 48 86 ʉʨ. 47 2-3 1, 2 

ʉʚʝʪʣʦʟʝʣʝ-

ʥʳʡ 

 

 

ʂʘʢ ʚʠʜʥʦ, ʦʟʦʥʠʨʦʚʘʥʥʘʷ ʚʦʜʘ ʠʥʪʝʥʩʠʬʠʮʠ-

ʨʫʝʪ ʞʠʟʥʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚʥʫʪʨʠ ʩʝʤʷʥ, ʯʝʤ ʫʩʢʦ-

ʨʷʝʪʩʷ ʠʭ ʚʩʭʦʞʝʩʪʴ-ʧʨʦʨʘʩʪʘʥʠʝ, ʪʘʢʞʝ ʩʪʠʤʫʣʠ-

ʨʫʝʪ ʨʦʩʪ. 

ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʦʟʦʥʥʦ-ʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ ʜʣʷ 

ʧʨʦʜʣʝʥʠʷ ʩʨʦʢʘ ʭʨʘʥʝʥʠʷ ʤʘʥʜʘʨʠʥʦʚ. 

ɺ ɻʨʫʟʠʠ ʦʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʧʨʦʙʣʝʤ ʷʚʣʷʝʪʩʷ 

ʧʨʦʜʣʝʥʠʝ ʩʨʦʢʘ ʭʨʘʥʝʥʠʷ ʮʠʪʨʫʩʦʚ, ʪʘʢ ʢʘʢ ʩʝʟʦʥ 

ʩʙʦʨʘ ʫʨʦʞʘʷ ʮʠʪʨʫʩʦʚ ʧʨʦʜʦʣʞʘʝʪʩʷ 1-1, 5 ʤʝʩʷʮʘ. 

ʇʦʵʪʦʤʫ ʜʣʷ ʧʨʦʜʣʝʥʠʷ ʩʨʦʢʘ ʠʭ ʭʨʘʥʝʥʠʷ, ʚ ʯʘʩʪ-

ʥʦʩʪʠ, ʤʘʥʜʘʨʠʥʦʚ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʥʳʝ ʤʝʪʦʜʳ[1, 

2], ʢʦʪʦʨʳʝ ʥʘʨʷʜʫ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʵʬʬʝʢʪʦʤ ʦʙ-

ʣʘʜʘʶʪ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʚʣʠʷʥʠʝʤ ʥʘ ʢʘʯʝʩʪʚʦ 

ʧʨʦʜʫʢʪʘ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʟʦʥ ʥʝ ʚʣʠʷʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦ 

ʥʘ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʪʘ, ʥʝ ʤʝʥʷʝʪ ʚʢʫʩʘ ʠ ʘʨʦʤʘʪʘ, 

ʧʦʪʦʤʫ ʯʪʦ ʦʟʦʥ ʜʝʡʩʪʚʫʝʪ ʪʦʣʴʢʦ ʥʘ ʚʥʝʰʥʶʶ ʧʦ-

ʚʝʨʭʥʦʩʪʴ ʧʨʦʜʫʢʪʘ, ʢʘʢ ʘʥʪʠʩʝʧʪʠʢ, ʘ ʟʘʪʝʤ ʨʘʟʣʘ-

ʛʘʝʪʩʷ ʩ ʚʳʜʝʣʝʥʠʝʤ ʙʝʟʦʧʘʩʥʦʛʦ ʢʠʩʣʦʨʦʜʘ. 
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ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʦʜʣʝʥʠʷ ʩʨʦʢʘ ʭʨʘʥʝʥʠʷ 

ʤʘʥʜʘʨʠʥʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʞʜʦʜʥʝʚʥʦʛʦ ʚʦʟ-

ʜʝʡʩʪʚʠʷ ʦʟʦʥʥʦ-ʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ ʚ ʪʝʯʝʥʠʝ 32 

ʜʥʝʡ (60 ʤʠʥ/ʜʝʥʴ) ʩʦʭʨʘʥʠʣʦʩʴ 60% ʤʘʥʜʘʨʠ-

ʥʦʚ(ʨʠʩ.3) ʪʦʛʜʘ ʢʘʢ ʭʨʘʥʠʤʳʝ ʧʨʠ ʦʙʳʯʥʳʭ ʫʩʣʦ-

ʚʠʷʭ (ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʦʟʦʥʘ) ʠʩʧʦʨʪʠʣʠʩʴ ʚʩʝ ʦʙ-

ʨʘʟʮʳ. ʇʨʠ ʧʨʝʢʨʘʱʝʥʠʠ ʦʟʦʥʠʨʦʚʘʥʠʷ ʤʘʥʜʘʨʠʥʳ 

ʩʦʭʨʘʥʠʣʠʩʴ ʝʱʸ 3 ʥʝʜʝʣʠ. 

 

 
ʈʠʩ.3. ʆʟʦʥʠʨʦʚʘʥʥʳʝ ʤʘʥʜʘʨʠʥʳ ʯʝʨʝʟ 3 ʤʝʩʷʮʘ. 

 

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʦʟʦʥ ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʢʘʢ ʥʘ ʚʩʭʦʞʝʩʪʴ ʧʨʦ-

ʨʘʩʪʘʥʠʝ ʠ ʩʪʠʤʫʣʷʮʠʶ ʨʦʩʪʘ ʩʝʤʷʥ ʦʚʦʱʝʡ ʠ ʟʝʨ-

ʥʦʚʳʭ, ʘ ʪʘʢʞʝ ʥʘ ʧʨʦʜʣʝʥʠʝ ʩʨʦʢʘ ʭʨʘʥʝʥʠʷ ʤʘʥ-

ʜʘʨʠʥʦʚ. 
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ɯʅʊɽʃɽʂʊʋɸʃʔʅʀʁ ʄʆʅɯʊʆʈʀʅɻ ɺʀɹʆʈʋ ɯ ʆɹˆʈʋʅʊʋɺɸʅʅʗ ʌʆʈʄʀ ɿɸʈʗɼʋ ɼʃʗ 

ɽʌɽʂʊʀɺʅʆɻʆ ɺʀɹʋʍʆɺʆɻʆ ʈʋʁʅʋɺɸʅʅʅʗ ɻɯʈʉʔʂʀʍ ʇʆʈɯɼ ʋ ʂɸʈôɭʈɸʍ 

 

ʂʦʥʦʚʘʣ ɺ.ʄ. 

ʂʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʢʘʬ. ʧʨʦʤʠʩʣʦʚʦʛʦ ʪʘ ʮʠʚʽʣʴʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ ʏʝʨʢʘʩʴʢʦʛʦ ʜʝʨ-
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ɸʥʦʪʘʮʽ̫ 

ɺ ʩʪʘʪʽ ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʚʁʘʥʥ̫  ʜʨʦʙʣʝʥʥʷ ʪʚʝʨʜʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟʘʨʷʜʘʤʠ ʚʠʙʫʭʦʚʠʭ ʨʝʯʦ-

ʚʠʥ ʨʽʟʥʦʾ ʬʦʨʤʠ ʧʝʨʝʨʽʟʫ ʟʘ ʨʽʟʥʠʤʠ ʫʤʦʚʘʤʠ ʾʭ ʜʠʥʘʤʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʫʡʥʫʚʘʥʥʷ 

ʪʚʝʨʜʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʠʢʦʥʘʥʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʾ ʬʦʨʤʠ ʟʘʨʷʜʫ ʰʣʷʭʦʤ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʦʟʧʦ-

ʜʽʣʫ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʟʨʫʡʥʦʚʘʥʠʭ ʤʦʜʝʣʝʡ ʟʘ ʨʽʟʥʠʤʠ ʫʤʦʚʘʤʠ ʾʭ ʜʠʥʘʤʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʾ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʨʝʟʫʣʴʪʘʪʽʚ ʨʫʡʥʫʚʘʥʥʷ ʪʚʝʨʜʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʽʟ ʤʘʩʠʚʫ ʯʠʩʝʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʟʫʣʴʪʘʪʽʚ ʩʧʦʩʪʝʨʝʞʝʥʴ ʧʦʙʫʜʦʚʘʥʦ ʤʦ-

ʜʝʣʽ ʟʘ ʙʘʛʘʪʦʨʷʜʥʠʤ ʘʣʛʦʨʠʪʤʦʤ ʄɻʋɸ.  

Abstract 

The article presents the results of modeling the crushing of solid media by charges of explosives of different 

cross-sectional shapes under different conditions of their dynamic loading. Based on the results of solid medium 

destruction, the rational form of charge is substantiated by predicting the distribution of particle size distribution 

of destroyed models under different conditions of their dynamic loading using the technology of intelligent 

monitoring of solid medium destruction results. To obtain information from the array of numerical characteristics 

of the results of observations, models were built according to the multi-row algorithm of GMDH.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʦʜʝʣʴ, ʟʘʨʷʜ ʚʠʙʫʭʦʚʦʾ ʨʝʯʦʚʠʥʠ, ʚʠʙʫʭ, ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ, ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʡ 

ʤʦʥʽʪʦʨʠʥʛ, ʄɻʋɸ. 

Keywords: model, explosive charge, explosion, particle size distribution, intelligent monitoring, GMDH. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʇʨʦʮʝʩʠ ʛʽʨʥʠʯʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʟʘ ʪʝʭʥʦʣʦʛʽʯʥʦʶ ʦʟʥʘʢʦʶ ʤʦʞʥʘ ʨʦʟ-

ʜʽʣʠʪʠ ʥʘ ʪʨʠ ʦʩʥʦʚʥʽ ʛʨʫʧʠ: ʧʽʜʛʦʪʦʚʢʘ ʛʽʨʥʠʯʦʾ 

ʤʘʩʠ ʜʦ ʚʠʾʤʢʠ, ʚʠʾʤʢʦʚʦ-ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʽ ʪʘ ʪʨʘʥ-

ʩʧʦʨʪʥʽ ʨʦʙʦʪʠ, ʘ ʪʘʢʦʞ ʧʝʨʝʨʦʙʢʘ ʢʦʨʠʩʥʠʭ ʢʦʧʘ-

ʣʠʥ (ʤʝʭʘʥʽʯʥʝ ʜʨʦʙʣʝʥʥʷ, ʧʦʜʨʽʙʥʝʥʥʷ ʪʘ ʟʙʘʛʘ-

ʯʝʥʥʷ).  

ʇʝʨʰʠʤ ʽ, ʚ ʦʩʥʦʚʥʦʤʫ, ʚʠʟʥʘʯʘʣʴʥʠʤ ʧʨʦʮʝ-

ʩʦʤ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʝʢʩʢʘʚʘʮʽʾ, ʪʨʘʥʩ-

ʧʦʨʪʫʚʘʥʥʷ ʪʘ ʧʝʨʝʨʦʙʢʠ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ, ʻ ʙʫ-

ʨʦʧʽʜʨʠʚʥʽ ʨʦʙʦʪʠ (ɹʇʈ). ʇʨʠ ʮʴʦʤʫ ʙʫʨʦʚʽ ʨʦʙʦʪʠ 

ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʥʘʡʙʽʣʴʰ ʢʦʥʩʝʨʚʘʪʠʚʥʠʭ, ʱʦ ʚʠ-

ʟʥʘʯʝʥʦ ʪʠʧʦʤ ʽʩʥʫʶʯʠʭ ʙʫʨʦʚʠʭ ʚʝʨʩʪʘʪʽʚ, ʽ ʚʽʜʧʦ-

ʚʽʜʥʠʤ ʜʽʘʤʝʪʨʦʤ ʩʚʝʨʜʣʦʚʠʥ ʥʘ ʢʘʨ'ʻʨʘʭ, ʷʢ ʧʨʘ-

ʚʠʣʦ, ʾʭ ʥʝ ʟʤʽʥʶʶʪʴ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʪʝʨʤʽʥʫ ʝʢʩ-

ʧʣʫʘʪʘʮʽʾ ʨʦʜʦʚʠʱʘ. ʈʘʟʦʤ ʟ ʪʠʤ, ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ 

ʝʥʝʨʛʽʻʶ ʚʠʙʫʭʫ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʽʩʥʦʛʦ ʜʨʦʙ-

ʣʝʥʥʷ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʜʽʘʤʝʪʨ ʟʘʨʷʜʫ (ʩʚʝʨʜʣʦʚʠʥʠ) 

ʤʘʻ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʨʽʚʝʥʴ ʧʽʜʛʦʪʦ-

ʚʢʠ ʛʽʨʥʠʯʦʾ ʤʘʩʠ ʧʨʠ ʽʩʥʫʶʯʦʤʫ ʙʫʨʦʚʦʤʫ ʦʙʣʘʜ-

ʥʘʥʥʽ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʨʽʜ, ʱʦ ʨʫʡ-

ʥʫʶʪʴʩʷ (ʤʽʮʥʦʩʪʽ ʪʘ ʾʭ ʩʪʨʫʢʪʫʨʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ) 

ʟʘʣʝʞʠʪʴ, ʧʝʨʰ ʟʘ ʚʩʝ, ʚʽʜ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʙʫʭʦʚʠʭ 

ʨʦʙʽʪ. ɺʦʥʠ ʚʢʣʶʯʘʶʪʴ ʰʠʨʦʢʠʡ ʢʦʤʧʣʝʢʩ ʟʘʩʦʙʽʚ 

ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ, ʘ ʩʘʤʝ: ʚʠʙʽʨ ʪʠʧʫ ʚʠʙʫ-

ʭʦʚʠʭ ʨʝʯʦʚʠʥ (ɺʈ) ʪʘ ʟʘʩʦʙʽʚ ʽʥʽʮʽʶʚʘʥʥʷ, ʜʽʘʤʝʪʨ 

ʽ ʢʦʥʩʪʨʫʢʮʽʶ ʩʚʝʨʜʣʦʚʠʥʥʦʛʦ ʟʘʨʷʜʫ ɺʈ, ʩʭʝʤʠ 

ʽʥʽʮʽʶʚʘʥʥʷ, ʱʦ ʦʙʫʤʦʚʣʶʶʪʴ ʚʟʘʻʤʦʜʽʶ ʦʢʨʝʤʠʭ 

ʟʘʨʷʜʽʚ ɺʈ ʪʘ ʾʭ ʛʨʫʧ, ʫʤʦʚʠ ʧʽʜʨʠʚʘʥʥʷ (ʨʽʚʝʥʴ ʦʙ-

ʚʦʜʥʝʥʦʩʪʽ ʤʘʩʠʚʫ ʧʦʨʽʜ, ʥʘʷʚʥʽʩʪʴ ʧʽʜʧʽʨʥʦʾ ʩʪʽ-

ʥʢʠ), ʪʠʧ ʟʘʩʪʦʩʦʚʫʚʘʥʦʾ ʥʘʙʠʚʢʠ. 

ʊʦʤʫ ʚʠʙʽʨ ʽ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʫʜʦʩʢʦʥʘʣʝʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʩʚʝʨʜʣʦʚʠʥʥʦʛʦ ʟʘʨʷʜʫ ʻ ʦʜʥʽʻʶ ʽʟ 

ʫʤʦʚ ʩʪʚʦʨʝʥʥʷ ʩʫʯʘʩʥʠʭ ʨʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʠʭ ʚʠ-

ʙʫʭʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʨʫʡʥʫʚʘʥʥʷ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ 
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ʩʢʣʘʜʥʦʾ ʙʫʜʦʚʠ ʥʘ ʢʘʨôʻʨʘʭ ʨʫʜʥʠʭ ʽ ʥʝʨʫʜʥʠʭ ʢʦ-

ʨʠʩʥʠʭ ʢʦʧʘʣʠʥ.  

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ. 

ʗʢ ʚʽʜʦʤʦ, ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʝʥʝʨʛʽʾ ʚʠʙʫʭʫ ʚʠʪʨʘʯʘ-

ʻʪʴʩʷ ʚ ʟʦʥʽ, ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʨʠʤʠʢʘʻ ʜʦ ʟʘʨʷʜ-

ʥʦʾ ʧʦʨʦʞʥʠʥʠ (ʟʘʟʚʠʯʘʡ 2-3 ʨʘʜʽʫʩʫ ʟʘʨʷʜʫ), ʜʝ ʚʽ-

ʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʟʜʨʽʙʥʝʥʥʷ ʪʚʝʨʜʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, 

ʱʦ ʚʝʜʝ ʜʦ ʚʪʨʘʪ ʢʦʨʠʩʥʦʾ ʢʦʧʘʣʠʥʠ ʥʘ ʢʘʨ'ʻʨʘʭ ʙʫ-

ʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʈʝʛʫʣʶʚʘʥʥʷ ʚʝʣʠʯʠʥʠ ʧʠʪʦʤʦʾ ʝʥʝʨʛʽʾ ʚʠʙʫʭʫ 

ʧʨʠ ʨʫʡʥʫʚʘʥʥʽ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, ʷʢ ʜʦʚʝʜʝʥʦ ʫ ʨʦ-

ʙʦʪʽ ɭʬʨʝʤʦʚʘ ʕ.ʀ. [1], ʤʦʞʣʠʚʦ ʨʽʟʥʠʤʠ ʰʣʷʭʘʤʠ. 

ɿʦʢʨʝʤʘ, ʮʝ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʧʣʦʱʽ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʢʦʥʪʘʢʪʫ ʩʚʝʨʜʣʦʚʠʥʥʦʛʦ ʟʘʨʷʜʫ 

ʚʠʙʫʭʦʚʠʭ ʨʝʯʦʚʠʥ (ɺʈ) ʟ ʧʦʨʦʜʦʶ, ʱʦ ʨʫʡʥʫʻʪʴʩʷ, 

ʘʙʦ ʩʪʚʦʨʝʥʥʷ ʫʤʦʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʥʠʞʝʥʥʶ 

ʜʠʥʘʤʽʯʥʦʛʦ ʚʧʣʠʚʫ ʚʠʙʫʭʫ ʥʘ ʧʦʚʝʨʭʥʶ ʟʘʨʷʜʥʦʾ 

ʧʦʨʦʞʥʠʥʠ [1-3]. 

ɼʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʜʽʻʶ ʚʠʙʫʭʫ ʥʝ-

ʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʤʝʞʘ ʤʽʮʥʦʩʪʽ ʛʽʨʩʴʢʠʭ 

ʧʦʨʽʜ ʥʘ ʨʦʟʪʷʛʘʥʥʷ ʽ ʟʨʫʰʝʥʥʷ ʧʨʠʙʣʠʟʥʦ ʚ 10 ʨʘ-

ʟʽʚ ʤʝʥʰʝ ʟʘ ʤʝʞʫ ʤʽʮʥʦʩʪʽ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʥʘ ʩʪʠʩ-

ʢʘʥʥʷ. ɸ ʦʩʢʽʣʴʢʠ ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʨʫʡʥʫʚʘʥʥʷ ʪʚʝʨ-

ʜʠʭ ʩʝʨʝʜʦʚʠʱ ʧʨʦʧʦʨʮʽʡʥʘ ʢʚʘʜʨʘʪʫ ʾʭ ʤʝʞʽ ʤʽʮ-

ʥʦʩʪʽ ʧʨʠ ʢʦʥʢʨʝʪʥʦʤʫ ʚʠʜʫ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʪʦ 

ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʨʫʡʥʫʚʘʥʥʷ ʪʚʝʨʜʠʭ ʩʝʨʝʜʦʚʠʱ ʨʦʟ-

ʪʷʛʫʶʯʠʤʠ ʟʫʩʠʣʣʷʤʠ ʚ 100 ʨʘʟʽʚ ʤʝʥʰʘ ʟʘ ʝʥʝʨʛʦ-

ʻʤʥʽʩʪʴ ʨʫʡʥʫʚʘʥʥʷ ʧʨʠ ʜʽʾ ʩʪʠʩʢʘʶʯʠʭ ʥʘʧʨʫʞʝʥʴ. 

ʇʨʠ ʮʴʦʤʫ ʢʦʨʠʩʥʘ ʜʽʷ ʚʠʙʫʭʫ ʮʠʣʽʥʜʨʠʯʥʠʭ ʟʘʨʷ-

ʜʽʚ ʧʨʠ ʨʫʡʥʫʚʘʥʥʽ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʤʦʞʝ ʙʫʪʠ ʧʽʜʚʠ-

ʱʝʥʘ ʰʣʷʭʦʤ ʨʝʛʫʣʶʚʘʥʥʷ ʚʝʣʠʯʠʥʠ ʧʠʪʦʤʦʾ ʝʥʝʨ-

ʛʽʾ ɺʈ ʟʘ ʡʦʛʦ ʜʦʚʞʠʥʦʶ ʫ ʧʦʻʜʥʘʥʥʽ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʨʦʣʽ ʨʦʟʪʷʛʫʶʯʠʭ ʥʘʧʨʫʞʝʥʴ ʚ ʪʚʝʨʜʦʤʫ ʩʝʨʝʜʦ-

ʚʠʱʽ, ʱʦ ʨʫʡʥʫʻʪʴʩʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʦʜʦʚʞʝʥʠʭ 

ʢʦʤʙʽʥʦʚʘʥʠʭ ʟʘʨʷʜʽʚ: ʨʦʟʦʩʝʨʝʜʞʝʥʠʭ ʽʥʝʨʪʥʠʤʠ, 

ʧʦʚʽʪʨʷʥʠʤʠ ʪʘ ʚʦʜʥʠʤʠ ʧʨʦʤʽʞʢʘʤʠ, ʟʤʽʥʥʦʛʦ ʜʽʘ-

ʤʝʪʨʫ ʧʦ ʚʠʩʦʪʽ ʢʦʣʦʥʢʠ ʪʘ ʨʽʟʥʦʾ ʬʦʨʤʠ ʧʦʧʝʨʝʯ-

ʥʦʛʦ ʧʝʨʝʨʽʟʫ. 

ɿ ʚʠʱʝ ʩʢʘʟʘʥʦʛʦ ʽʩʥʫʻ ʥʠʟʢʘ ʩʧʦʩʦʙʽʚ ʬʦʨʤʫ-

ʚʘʥʥʷ ʩʚʝʨʜʣʦʚʠʥʥʠʭ ʟʘʨʷʜʽʚ, ʷʢ ʧʦ ʡʦʛʦ ʜʦʚʞʠʥʽ, 

ʪʘʢ ʽ ʫ ʧʦʧʝʨʝʯʥʦʤʫ ʧʝʨʝʨʽʟʫ. ɿʦʢʨʝʤʘ, ʮʝ: 

ï ʬʦʨʤʫʚʘʥʥʷ ʧʦ ʚʠʩʦʪʽ ʟʘʨʷʜʥʦʾ ʧʦʨʦʞʥʠʥʠ 

ʩʫʮʽʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʩʚʝʨʜʣʦʚʠʥʥʠʭ ʟʘʨʷʜʽʚ ɺʈ 

[4]; 

ï ʩʪʚʦʨʝʥʥʷ ʫ ʧʨʦʙʫʨʝʥʠʭ ʮʠʣʽʥʜʨʠʯʥʠʭ ʧʦʨʦ-

ʞʥʠʥʘʭ ʨʦʟʰʠʨʝʥʠʭ ʜʽʣʷʥʦʢ ʜʽʘʤʝʪʨʦʤ ʙʽʣʴʰʠʤ ʟʘ 

ʜʽʘʤʝʪʨ ʧʝʨʚʠʥʥʦʾ ʧʦʨʦʞʥʠʥʠ [5-6]; 

ï ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʩʝʨʝʜʠʥʽ ʟʘʨʷʜʥʦʾ ʧʦʨʦʞʥʠʥʠ 

ʩʫʮʽʣʴʥʦʾ ʢʦʣʦʥʢʠ ɺʈ ʚ ʧʦʣʽʝʪʠʣʝʥʦʚʠʭ ʦʙʦʣʦʥʢʘʭ 

ʟʤʽʥʥʦʛʦ ʜʽʘʤʝʪʨʫ, ʫ ʬʦʨʤʽ ʢʦʥʫʩʘ ʷʢʽ ʧʦʩʪʫʧʦʚʦ 

ʟʤʝʥʰʫʶʪʴʩʷ ʚ ʜʽʘʤʝʪʨʽ ʜʦ ʛʠʨʣʘ ʩʚʝʨʜʣʦʚʠʥʠ ʽ ʟ 

ʨʽʟʥʦʶ ʢʦʥʬʽʛʫʨʘʮʽʻʶ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ [7-8]; 

ï ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʩʝʨʝʜʠʥʽ ʟʘʨʷʜʥʠʭ ʧʦʨʦʞʥʠʥ 

ʧʦʨʦʞʥʠʩʪʠʭ ʪʘ ʽʥʰʦʾ ʬʦʨʤʠ ʬʽʛʫʨ ʟ ʽʥʝʨʪʥʠʭ ʤʘ-

ʪʝʨʽʘʣʽʚ [9-10]. 

ï ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʚʝʨʜʣʦʚʠʥʥʠʭ ʟʘʨʷʜʽʚ, ʨʦʟʦʩʝ-

ʨʝʜʞʝʥʠʭ ʧʦʚʽʪʨʷʥʠʤ ʧʨʦʤʽʞʢʦʤ [11-13]. 

ʅʘʡʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ ʧʨʠ ʚʽʜʙʽʡʮʽ ʛʽʨʩʴʢʠʭ 

ʧʦʨʽʜ ʥʘ ʢʘʨ'ʻʨʘʭ ʥʘʙʫʣʠ ʩʚʝʨʜʣʦʚʠʥʥʽ ʟʘʨʷʜʠ ɺʈ 

ʩʫʮʽʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʩʧʨʦʱʝʥ-

ʥʷʤ ʦʧʝʨʘʮʽʡ ʧʽʜ ʯʘʩ ʾʭ ʬʦʨʤʫʚʘʥʥʶ. ʆʩʥʦʚʥʠʡ ʥʝ-

ʜʦʣʽʢ ʩʫʮʽʣʴʥʦʛʦ ʩʚʝʨʜʣʦʚʠʥʥʦʛʦ ʟʘʨʷʜʫ ʧʦʣʷʛʘʻ ʚ 

ʪʦʤʫ, ʱʦ ʧʨʠ ʚʠʙʫʭʫ ʪʘʢʦʛʦ ʟʘʨʷʜʫ ʨʫʡʥʫʚʘʥʥʷ ʧʦ-

ʨʦʜʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʨʠ ʢʦʥʪʘʢʪʽ ʟ ʟʘ-

ʨʷʜʦʤ ɺʈ. ʈʦʙʦʪʫ ʟʘʨʷʜʫ, ʨʦʟʦʩʝʨʝʜʞʝʥʦʛʦ ʽʥʝʨʪ-

ʥʠʤ ʤʘʪʝʨʽʘʣʦʤ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʷʢ ʜʽʷ ʜʚʦʭ ʩʘʤʦʩʪʽʡ-

ʥʠʭ ʟʘʨʷʜʽʚ. ʍʘʨʘʢʪʝʨ ʨʫʡʥʫʚʘʥʥʷ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʫ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʦʜʽʙʥʘ ʜʦ ʨʫʡʥʫʚʘʥʥʷ, ʱʦ ʚʽʜʙʫʚʘ-

ʻʪʴʩʷ ʧʨʠ ʚʠʙʫʭʫ ʟʘʨʷʜʫ ɺʈ ʩʫʮʽʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ 

[14]. ʅʘʷʚʥʽʩʪʴ ʽʥʝʨʪʥʦʾ ʥʘʙʠʚʢʠ ʫʩʢʣʘʜʥʶʻ ʽʥʪʝʨ-

ʬʝʨʝʥʮʽʶ ʚʠʙʫʭʦʚʠʭ ʭʚʠʣʴ ʤʽʞ ʩʫʤʽʞʥʠʤʠ ʯʘʩʪʠ-

ʥʘʤʠ ʨʦʟʦʩʝʨʝʜʞʝʥʦʛʦ ʟʘʨʷʜʫ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʷʢʦʛʦ 

ʢʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʚʠʙʫʭʫ ʧʽʜʚʠʱʫ-

ʻʪʴʩʷ ʚ ʥʝʟʥʘʯʥʽʡ ʤʽʨʽ. 

ʆʜʥʠʤ ʽʟ ʩʧʦʩʦʙʽʚ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʽʰʦʛʦ ʚʠʢʦ-

ʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʚʠʙʫʭʫ ʧʨʠ ʨʫʡʥʫʚʘʥʥʽ ʛʽʨʩʴʢʠʭ 

ʧʦʨʽʜ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʚʝʨʜʣʦʚʠʥʥʠʭ ʟʘʨʷʜʽʚ, ʨʦʟʦ-

ʩʝʨʝʜʞʝʥʠʭ ʧʦʚʽʪʨʷʥʠʤ ʧʨʦʤʽʞʢʦʤ [11-13]. ʇʨʠ 

ʩʪʚʦʨʝʥʥʽ ʚ ʩʚʝʨʜʣʦʚʠʥʥʦʤʫ ʟʘʨʷʜʽ ʧʦʚʽʪʨʷʥʠʭ ʧʨʦ-

ʤʽʞʢʽʚ ʤʦʞʥʘ ʥʝ ʪʽʣʴʢʠ ʟʥʠʟʠʪʠ ʫʜʘʨʥʠʡ ʧʽʢ ʪʠʩʢʫ 

ʟʘ ʨʘʭʫʥʦʢ ʧʦʚʽʪʨʷʥʠʭ ʧʦʨʦʞʥʠʥ, ʘ ʡ ʟʙʽʣʴʰʠʪʠ ʯʘʩ 

ʜʽʾ ʚʠʙʫʭʫ ʥʘ ʤʘʩʠʚ, ʘ ʪʘʢʦʞ ʥʘʧʨʫʞʝʥʽʩʪʴ ʧʦʨʦʜʠ 

ʟʘ ʨʘʭʫʥʦʢ ʚʟʘʻʤʦʜʽʾ ʫʜʘʨʥʠʭ ʭʚʠʣʴ, ʱʦ ʨʦʟʧʦʚʩʶ-

ʜʞʫʶʪʴʩʷ ʧʦ ʤʘʩʠʚʫ ʧʦʨʽʜ ʚʽʜ ʜʚʦʭ ʨʦʟʦʩʝʨʝʜʞʝʥʠʭ 

ʯʘʩʪʠʥ ʟʘʨʷʜʫ ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʾʭ ʽʥʽʮʽʶʚʘʥʥʶ. 

ʋʜʘʨʥʘ ʭʚʠʣʷ, ʱʦ ʨʫʭʘʻʪʴʩʷ ʚ ʩʚʝʨʜʣʦʚʠʥʽ, ʥʝ 

ʪʽʣʴʢʠ ʟʘʙʝʟʧʝʯʫʻ ʚʩʴʦʤʫ ʧʨʦʮʝʩʫ ʜʠʥʘʤʽʯʥʽʩʪʴ, ʘ ʡ 

ʙʝʟʧʝʨʝʨʚʥʦ ʧʝʨʝʜʘʻ ʚ ʩʝʨʝʜʦʚʠʱʝ ʩʚʦʶ ʝʥʝʨʛʽʶ, 

ʱʦ ʽ ʚʠʟʥʘʯʘʻ ʧʽʜʚʠʱʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʜʨʦʙʣʝʥʥʷ 

ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʩʚʝʨʜʣʦʚʠʥʥʠʭ ʟʘʨʷʜʽʚ, ʨʦʟʦʩʝ-

ʨʝʜʞʝʥʠʭ ʧʦʚʽʪʨʷʥʠʤʠ ʧʨʦʤʽʞʢʘʤʠ ʜʦʚʝʜʝʥʘ ʙʘʛʘ-

ʪʦʨʽʯʥʦʶ ʧʨʘʢʪʠʢʦʶ ʚʠʙʫʭʦʚʠʭ ʨʦʙʽʪ, ʷʢ ʫ ʢʘʨ'ʻ-

ʨʘʭ, ʪʘʢ ʽ ʫ ʧʽʜʟʝʤʥʠʭ ʫʤʦʚʘʭ ʧʨʠ ʚʽʜʙʽʡʮʽ ʧʦʨʽʜ ʨʽ-

ʟʥʦʾ ʤʽʮʥʦʩʪʽ. 

ʅʘ ʞʘʣʴ, ʤʝʪʦʜ ʧʽʜʨʠʚʘʥʥʷ ʩʚʝʨʜʣʦʚʠʥʥʠʭ ʟʘ-

ʨʷʜʽʚ, ʨʦʟʦʩʝʨʝʜʞʝʥʠʭ ʧʦʚʽʪʨʷʥʠʤʠ ʧʨʦʤʽʞʢʘʤʠ, 

ʥʝ ʦʪʨʠʤʘʚ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʯʝʨʝʟ ʩʢʣʘʜʥʽʩʪʴ 

ʬʦʨʤʫʚʘʥʥʷ ʧʦʚʽʪʨʷʥʠʭ ʧʨʦʤʽʞʢʽʚ ʪʘ ʟʙʽʣʴʰʝʥʥʷ 

ʦʙʩʷʛʽʚ ʚʠʜʦʙʫʪʢʫ ʦʙʚʦʜʥʝʥʠʭ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ. 

ʋ ʪʦʡ ʩʘʤʠʡ ʯʘʩ, ʜʣʷ ʢʘʨ'ʻʨʽʚ ʥʝʨʫʜʥʦʾ ʧʨʦʤʠ-

ʩʣʦʚʦʩʪʽ ʟʤʝʥʰʝʥʥʷ ʧʣʦʱʽ ʢʦʥʪʘʢʪʫ ɺʈ ʽ ʧʦʨʦʜʠ, 

ʱʦ ʨʝʘʣʴʥʦ ʜʦʩʷʛʘʻʪʴʩʷ ʧʽʜ ʯʘʩ ʩʪʚʦʨʝʥʥʷ ʧʦʚʽʪʨʷ-

ʥʠʭ ʧʨʦʤʽʞʢʽʚ, ʜʫʞʝ ʘʢʪʫʘʣʴʥʦ ʟ ʧʦʟʠʮʽʾ ʟʤʝʥʰʝʥʥʷ 

ʚʠʭʦʜʫ ʜʨʽʙʥʠʭ (ʧʝʨʝʟʜʨʽʙʥʝʥʠʭ) ʬʨʘʢʮʽʡ. ɺʠʨʽ-

ʝhʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʚ ʫʤʦʚʘʭ ʢʘʨ'ʻʨʽʚ ɼʦʢʫʯʘʻʚʩʴ-

ʢʦʛʦ ʬʣʶʩʦ-ʜʦʣʦʤʽʪʥʦʛʦ ʢʦʤʙʽʥʘʪʫ ʩʪʘʣʦ ʤʦʞʣʠ-

ʚʠʤ ʧʽʩʣʷ ʩʪʚʦʨʝʥʥʷ ʩʧʝʮʽʘʣʴʥʦʛʦ ʟʘʤʠʢʘʶʯʦʛʦ 

ʧʨʠʩʪʨʦʶ ʢʫʤʫʣʷʪʠʚʥʦʾ ʜʽʾ [15]. ɺʠʧʨʦʙʫʚʘʥʥʷ 

ʧʨʦʚʦʜʠʣʠʩʷ ʧʽʜ ʯʘʩ ʚʽʜʙʽʡʢʠ ʥʝʦʙʚʦʜʥʝʥʠʭ ʛʽʨʩʴ-

ʢʠʭ ʧʦʨʽʜ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʭʽʜ ʬʨʘʢʮʽʾ ʜʨʦʙ-

ʣʝʥʥʷ ʤʝʥʰʝ 200 ʤʤ ʥʘ ʜʽʣʷʥʢʘʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʩʚʝʨʜʣʦʚʠʥ ʟ ʧʦʚʽʪʨʷʥʠʤʠ ʧʨʦʤʽʞʢʘʤʠ, ʟʘ ʨʽʚʥʠʭ 

ʫʤʦʚ ʧʽʜʨʠʚʘʥʥʷ (ʤʽʮʥʽʩʪʴ ʧʦʨʽʜ ʪʘ ʧʠʪʦʤʘ ʚʠʪʨʘʪʘ 

ɺʈ), ʥʘ 5-14 % ʥʠʞʯʝ, ʥʽʞ ʥʘ ʜʽʣʷʥʢʘʭ ʩʚʝʨʜʣʦʚʠʥ 

ʽʟ ʟʘʨʷʜʦʤ ʩʫʮʽʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. ʇʨʠ ʮʴʦʤʫ ʙʫʣʦ 

ʟʘʙʝʟʧʝʯʝʥʦ ʚʠʩʦʢʫ ʷʢʽʩʪʴ ʜʨʦʙʣʝʥʥʷ ʧʦʨʽʜ ʥʘʚʽʪʴ 

ʧʨʠ ʟʤʝʥʰʝʥʥʶ ʥʘ 10-15% ʧʠʪʦʤʠʭ ʚʠʪʨʘʪ ɺʈ ʥʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʽʣʷʥʢʘʭ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʟʘ ʨʘ-

ʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʯʘʩʪʢʠ ʥʝʨʝʛʫʣʴʦʚʘʥʦʛʦ ʜʨʦʙ-

ʣʝʥʥʷ ʥʘ ʨʽʚʥʽ ʥʘʙʠʚʢʠ ʟʥʠʟʠʪʠ ʚ 1,2-1,3 ʨʘʟʠ ʚʠʭʽʜ 

ʥʝʛʘʙʘʨʠʪʫ, ʦʙʩʷʛʫ ʧʝʨʝʟʜʨʽʙʥʝʥʠʭ ʧʦʨʽʜ ʽ ʪʠʤ ʩʘ-

ʤʠʤ ʧʠʣʦʛʘʟʦʚʠʭ ʚʠʢʠʜʽʚ ʚ ʘʪʤʦʩʬʝʨʫ ʢʘʨ'ʻʨʽʚ. 
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ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʟ'ʷʚʠʣʠʩʷ ʨʝʘʣʴʥʽ ʩʧʦʩʦʙʠ ʪʘ ʟʘ-

ʩʦʙʠ ʬʦʨʤʫʚʘʥʥʷ ʧʦʚʽʪʨʷʥʠʭ ʧʨʦʤʽʞʢʽʚ ʧʨʠ ʚʽʜ-

ʙʽʡʮʽ ʦʙʚʦʜʥʝʥʠʭ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ [16], ʷʢʽ ʧʨʦʡʰʣʠ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʛʨʘʥʽʪʥʠʭ ʢʘʨ'ʻʨʘʭ. 

ʈʦʣʴ ʦʩʥʦʚʥʠʭ ʨʫʡʥʫʶʯʠʭ ʯʠʥʥʠʢʽʚ ʧʽʜ ʯʘʩ ʚʠ-

ʙʫʭʫ (ʭʚʠʣʴ ʥʘʧʨʫʞʝʥʴ ʽ ʛʘʟʦʧʦʜʽʙʥʠʭ ʧʨʦʜʫʢʪʽʚ 

ʜʝʪʦʥʘʮʽʾ) ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʨʫʢʪʫʨʠ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ. 

ɿʘ ʥʘʷʚʥʦʩʪʽ ʚʦʜʠ ʫ ʪʚʝʨʜʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʽʟ ʩʫʮʽʣʴ-

ʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʽʜ ʯʘʩ ʚʠʙʫʭʫ ʟʥʠʞʫʻʪʴʩʷ ʘʤʧʣʽʪʫʜʘ 

ʪʠʩʢʫ ʥʘ ʢʦʥʪʘʢʪʽ ʟ ɺʈ. ʆʜʥʘʢ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʦʙ-

ʩʷʛʫ ʟʘʨʷʜʥʦʾ ʧʦʨʦʞʥʠʥʠ ʧʽʜ ʜʽʻʶ ʫʜʘʨʥʦʾ ʭʚʠʣʽ 

(ʜʘʣʽ ï ʋʍ) ʪʠʩʢ ʚ ʦʙʚʦʜʥʝʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʤʦʞʝ 

ʚʠʷʚʠʪʠʩʷ ʚʠʱʠʤ, ʥʽʞ ʫ ʥʝʦʙʚʦʜʥʝʥʦʤʫ, ʱʦ ʤʦʞʝ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʦʙʩʷʛʫ ʟʨʫʡʥʦ-

ʚʘʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɯ ʥʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʪʝ, ʱʦ ʥʘʧʨʫ-

ʞʝʥʥʷ ʫ ʭʚʠʣʽ ʩʪʠʩʢʘʥʥʷ ʚ ʦʙʚʦʜʥʝʥʠʭ ʩʝʨʝʜʦʚʠ-

ʱʘʭ ʚʠʱʝ, ʥʽʞ ʫ ʥʝʦʙʚʦʜʥʝʥʠʭ, ʥʘ ʧʨʘʢʪʠʮʽ ʩʧʦʩʪʝ-

ʨʽʛʘʻʪʴʩʷ ʧʦʛʽʨʰʝʥʥʷ ʜʨʦʙʣʝʥʥʷ ʧʦʨʽʜ ʚʠʙʫʭʦʤ. 

ʇʨʠ ʮʴʦʤʫ ʨʦʟʚ'ʷʟʘʥʥʷ ʧʨʦʙʣʝʤʠ ʽʥʪʝʥʩʠʬʽʢʘ-

ʮʽʾ ʜʨʦʙʣʝʥʥʷ ʧʦʨʽʜ, ʷʢ ʟʘʟʥʘʯʘʣʦʩʷ ʚʠʱʝ, ʫ ʚʝʨʭʥʽʡ 

ʯʘʩʪʠʥʽ ʫʩʪʫʧʫ ʥʘ ʨʽʚʥʽ ʥʘʙʠʚʢʠ, ʤʦʞʥʘ ʟʜʽʡʩʥʶ-

ʚʘʪʠ ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʦʩʝʨʝʜʞʝʥʥʷ ʢʦʣʦʥʢʠ ʟʘʨʷʜʫ ɺʈ 

ʽʥʝʨʪʥʠʤʠ ʧʨʦʤʽʞʢʘʤʠ ʽʟ ʙʫʨʦʚʦʛʦ ʰʣʘʤʫ, ʚʽʜʩʽʚʫ, 

ʛʣʠʥʠ ʘʙʦ ʧʦʚʽʪʨʷʥʠʤ ʽ ʚʦʜʥʠʤ ʧʨʦʤʽʞʢʦʤ [4].ʋ ʤʽ-

ʩʮʷʭ ʨʦʟʪʘʰʫʚʘʥʥʷ ʽʥʝʨʪʥʠʭ ʧʨʦʤʽʞʢʽʚ, ʚʥʘʩʣʽʜʦʢ 

ʟʥʠʞʝʥʥʷ ʪʠʩʢʫ ʧʨʦʜʫʢʪʽʚ ʜʝʪʦʥʘʮʽʾ ʥʘ ʩʪʽʥʢʠ ʟʘʨʷ-

ʜʥʦʾ ʧʦʨʦʞʥʠʥʠ, ʨʫʡʥʫʶʯʘ ʜʽʷ ʚʠʙʫʭʫ ʟʥʠʞʫʻʪʴʩʷ, 

ʱʦ ʽʩʪʦʪʥʦ ʚʘʞʣʠʚʦ ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚ ʥʝʨʫʜʥʦʾ ʧʨʦ-

ʤʠʩʣʦʚʦʩʪʽ. 

ʊʘʢ ʫ ʨʦʙʦʪʽ [17] ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʧʣʠʚ ʥʘ ʛʽʨ-

ʩʴʢʠʡ ʤʘʩʠʚ ʧʦʜʦʚʞʝʥʠʭ ʮʠʣʽʥʜʨʠʯʥʠʭ ʟʘʨʷʜʽʚ ʭʘ-

ʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʝʣʠʯʠʥʦʶ ʧʠʪʦʤʦʾ ʝʥʝʨʛʽʾ, ʱʦ ʧʨʠ-

ʧʘʜʘʻ ʥʘ ʦʜʠʥʠʮʶ ʡʦʛʦ ʙʽʯʥʦʾ ʧʦʚʝʨʭʥʽ. ʎʝ ʦʟʥʘʯʘʻ, 

ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʜʽʘʤʝʪʨʘ ʧʦʨʦʞʥʠʥʠ ʨʫʡʥʫʶʯʘ 

ʟʜʘʪʥʽʩʪʴ ʟʘʨʷʜʫ ʟʨʦʩʪʘʻ. ʆʜʥʘʢ ʮʝ ʤʘʻ ʤʽʩʮʝ ʪʽʣʴʢʠ 

ʧʨʠ ʟʘʙʝʟʧʝʯʝʥʥʽ ʫʤʦʚ ʧʦʚʥʦʛʦ ʟʘʤʠʢʘʥʥʷ ʟʘʨʷʜʫ 

ɺʈ ʫ ʩʝʨʝʜʦʚʠʱʽ, ʱʦ ʨʫʡʥʫʻʪʴʩʷ. ɼʣʷ ʩʚʝʨʜʣʦʚʠʥ-

ʥʠʭ ʟʘʨʷʜʽʚ, ʱʦ ʤʘʶʪʴ ʚʠʭʽʜ ʥʘ ʜʝʥʥʫ ʧʦʚʝʨʭʥʶ, ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʜʽʘʤʝʪʨʘ ʟʘʨʷʜʫ ʨʽʟʢʦ ʧʦʛʽʨʰʫʻʪʴʩʷ 

ʟʘʤʠʢʘʥʥʷ ʾʭ ʥʘʙʠʚʢʦʶ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʟʥʠʞʫʻʪʴʩʷ 

ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ ʝʥʝʨʛʽʾ ʚʠʙʫʭʫ. ʎʝ ʧʨʠʟʚʦ-

ʜʠʪʴ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ ʚʠʙʫʭʦʚʦʛʦ ʜʨʦʙʣʝʥʥʷ ʪʘ 

ʦʧʨʘʮʶʚʘʥʥʷ ʧʽʜʦʰʚʠ ʫʩʪʫʧʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʽʜʚʠʱʠʪʠ ʢʦʨʠʩʥʫ ʜʽʶ ʚʠʙʫʭʫ 

ʧʨʠ ʨʫʡʥʫʚʘʥʥʽ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫ-

ʶʯʠ ʟʘʨʷʜʠ ʩʚʝʨʜʣʦʚʠʥ, ʨʦʟʦʩʝʨʝʜʞʝʥʠʭ ʷʢ ʧʦʚʽʪ-

ʨʷʥʠʤ, ʪʘʢ ʽʥʝʨʪʥʠʤ ʧʨʦʤʽʞʢʦʤ, ʽʥʝʨʪʥʠʤ ʢʽʣʴʮʝ-

ʚʠʤ ʽ ʟʘʟʦʨʦʤ ʤʽʞ ʧʦʚʝʨʭʥʝʶ ɺʈ ʽ ʩʪʽʥʢʦʶ ʩʚʝʨʜʣʦ-

ʚʠʥʠ [18]. ʇʨʠ ʮʴʦʤʫ ʤʘʩʘ ɺʈ ʫ ʩʚʝʨʜʣʦʚʠʥʽ 

ʟʤʝʥʰʫʻʪʴʩʷ, ʧʨʦʪʝ ʟʘʧʘʩʫ ʝʥʝʨʛʽʾ ʤʦʞʝ ʙʫʪʠ ʜʦʩʪʘ-

ʪʥʴʦ ʜʣʷ ʨʫʡʥʫʚʘʥʥʷ ʧʦʨʦʜʠ. ʇʨʠ ʮʴʦʤʫ ʧʽʜʚʠ-

ʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʽʾ ʚʠʙʫʭʫ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫ-

ʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʫ ʜʽʾ ʚʠʙʫʭʫ ʥʘ ʤʘʩʠʚ ʪʘ ʡʦʛʦ ʨʽ-

ʟʥʦʛʨʘʜʽʻʥʪʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦ ʜʦʚʞʠʥʽ ʟʘʨʷʜʫ. 

ʏʠʤ ʙʽʣʴʰʘ ʧʦʚʝʨʭʥʷ ʢʦʥʪʘʢʪʫ ʟʘʨʷʜʫ ɺʈ ʪʘ ʧʦ-

ʨʦʜʠ, ʪʠʤ ʙʽʣʴʰʘ ʯʘʩʪʠʥʘ ʝʥʝʨʛʽʾ ʚʠʙʫʭʫ ʚʠʢʦʨʠʩ-

ʪʦʚʫʻʪʴʩʷ ʥʘ ʨʫʡʥʫʚʘʥʥʷ ʧʦʨʦʜʠ. ʊʦʜʽ ʧʦʚʝʨʭʥʷ ʢʦ-

ʥʪʘʢʪʫ ʧʦʨʦʜʠ ʟ ʟʘʨʷʜʦʤ ʧʦʩʪʽʡʥʦʾ ʤʘʩʠ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʬʦʨʤʠ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʽ ʱʽʣʴʥʦʩʪʽ ɺʈ, 

ʷʢʠʤ ʟʘʧʦʚʥʝʥʘ ʩʚʝʨʜʣʦʚʠʥʘ. ɿʙʽʣʴʰʝʥʥʷ ʧʦʚʝʨʭʥʽ 

ʟʘʨʷʜʫ ʧʦʩʪʽʡʥʦʛʦ ʦʙᾷʻʤʫ ʪʘ ʤʘʩʠ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘ-

ʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʜʽʘʤʝʪʨʘ ʟʘʨʷʜʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʧʦʣʽʧʰʝʥʥʷ ʜʨʦʙʣʝʥʥʷ ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ. 

ʎʝʡ ʝʬʝʢʪ ʨʝʘʣʽʟʦʚʘʥʠʡ, ʟʦʢʨʝʤʘ, ʧʨʠ ʟʘʩʪʦʩʫ-

ʚʘʥʥʽ ʧʦʜʦʚʞʝʥʠʭ ʟʘʨʷʜʽʚ ʟʤʽʥʥʦʛʦ ʜʽʘʤʝʪʨʫ [7-8]. 

ʇʨʠ ʮʴʦʤʫ ʟʘʨʷʜʠ ʬʦʨʤʫʶʪʴʩʷ ʰʣʷʭʦʤ ʨʦʟʤʽʱʝʥʥʷ 

ʚ ʧʨʦʙʫʨʝʥʠʭ ʩʚʝʨʜʣʦʚʠʥʘʭ ʧʦʣʽʝʪʠʣʝʥʦʚʠʭ ʦʙʦʣʦ-

ʥʦʢ (ʨʫʢʘʚʽʚ) ʟʤʽʥʥʦʛʦ ʜʽʘʤʝʪʨʫ, ʟʘʧʦʚʥʝʥʠʭ ɺʈ. 

ʇʨʠ ʟʤʽʥʽ ʜʽʘʤʝʪʨʘ ʟʘʨʷʜʫ ɺʈ ʟʤʽʥʶʻʪʴʩʷ ʝʥʝʨʛʽʷ, 

ʱʦ ʪʨʘʥʩʬʦʨʤʫʻʪʴʩʷ ʚ ʤʘʩʠʚ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, ʚʠʥʠ-

ʢʘʻ ʨʽʟʥʦʛʨʘʜʽʻʥʪʥʝ ʧʦʣʝ ʥʘʧʨʫʞʝʥʴ, ʚ ʷʢʦʤʫ ʟʨʦʩ-

ʪʘʻ ʨʦʣʴ ʥʘʧʨʫʞʝʥʴ ʨʦʟʪʷʛʘʥʥʷ ʧʨʠ ʨʫʡʥʫʚʘʥʥʽ ʧʦ-

ʨʦʜʠ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʪʘʢʠʭ ʟʘʨʷʜʽʚ ʧʽʜʪʚʝʨʜʞʝʥʦ ʧʨʠ 

ʚʽʜʙʽʡʮʽ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʚ ʫʤʦʚʘʭ ʟʘʣʽʟʦʨʫʜʥʠʭ ʪʘ 

ʬʣʶʩʦʚʠʭ ʢʘʨ'ʻʨʽʚ ʋʢʨʘʾʥʠ.  

ʉʚʝʨʜʣʦʚʠʥʥʽ ʟʘʨʷʜʠ ʟʤʽʥʥʦʛʦ ʜʽʘʤʝʪʨʫ ʬʦʨ-

ʤʫʚʘʣʠʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʣʽʝʪʠʣʝʥʦʚʠʭ ʨʫʢʘʚʽʚ, ʜʽ-

ʘʤʝʪʨ ʨʽʟʥʠʭ ʜʽʣʷʥʦʢ ʷʢʠʭ ʩʪʘʥʦʚʠʚ 180 ʪʘ 250ʤʤ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʨʷʜʽʚ 

ɺʈ ʟʤʽʥʥʦʛʦ ʜʽʘʤʝʪʨʫ, ʧʨʠ ʩʢʦʨʦʯʝʥʥʽ ʚʠʪʨʘʪʠ ɺʈ 

ʥʘ 10-15%, ʟʘʙʝʟʧʝʯʠʣʦ ʧʦʣʽʧʰʝʥʥʷ ʨʫʡʥʫʶʯʦʾ ʜʽʾ 

ʚʠʙʫʭʫ ʩʚʝʨʜʣʦʚʠʥʥʠʭ ʟʘʨʷʜʽʚ ʟʘ ʨʘʭʫʥʦʢ ʧʽʜʚʠ-

ʱʝʥʥʷ ʨʦʣʽ ʥʘʧʨʫʞʝʥʴ ʨʦʟʪʷʛʘʥʥʷ, ʘ ʩʘʤʝ ʜʦ ʟʥʠ-

ʞʝʥʥʶ ʦʙʩʷʛʫ ʧʝʨʝʟʜʨʽʙʥʝʥʠʭ ʬʨʘʢʮʽʡ, ʱʦ ʜʫʞʝ ʚʘ-

ʞʣʠʚʦ ʜʣʷ ʢʘʨ'ʻʨʽʚ ʥʝʨʫʜʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

ʇʦʰʫʢ ʨʘʮʽʦʥʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʩʚʝʨʜʣʦʚʠʥ-

ʥʦʛʦ ʟʘʨʷʜʫ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʙʫʭʦ-

ʚʠʭ ʨʦʙʽʪ ʧʨʠʟʚʽʚ ʜʦ ʩʪʚʦʨʝʥʥʷ ʚʜʦʩʢʦʥʘʣʝʥʦʛʦ 

ʩʧʦʩʦʙʫ ʢʦʪʣʦʚʠʭ ʨʦʟʰʠʨʝʥʴ ʧʦ ʚʠʩʦʪʽ ʩʚʝʨʜʣʦ-

ʚʠʥʠ [6]. ʈʝʘʣʽʟʘʮʽʷ ʥʦʚʦʛʦ ʩʧʦʩʦʙʫ ʚʧʝʨʰʝ ʙʫʣʘ 

ʟʜʽʡʩʥʝʥʘ ʚ ʫʤʦʚʘʭ ʢʘʨ'ʻʨʽʚ ʇʽʚʜɻɿʂ. ʉʚʝʨʜʣʦʚʠʥʠ 

ʟ ʢʦʪʣʦʚʠʤʠ ʨʦʟʰʠʨʝʥʥʷʤʠ ʙʫʣʠ ʩʪʚʦʨʝʥʽ ʟʘ ʜʦʧʦ-

ʤʦʛʦʶ ʚʝʨʩʪʘʪʽʚ ʚʦʛʥʝʚʦʛʦ ʙʫʨʽʥʥʷ. ʅʘʜʘʣʽ ʙʫʣʠ 

ʩʧʨʦʙʠ ʬʦʨʤʫʚʘʥʥʶ ʢʦʪʣʦʚʠʭ ʨʦʟʰʠʨʝʥʴ ʤʝʭʘʥʽʯ-

ʥʠʤ ʩʧʦʩʦʙʦʤ, ʧʨʦʪʝ ʚʦʥʠ ʥʝ ʥʘʙʫʣʠ ʨʦʟʚʠʪʢʫ. ʄʦ-

ʞʣʠʚʽʩʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʷʢʽʩʥʝ ʜʨʦʙʣʝʥʥʷ ʧʦʨʽʜ ʧʨʠ 

ʟʤʝʥʰʝʥʥʽ ʚʠʪʨʘʪ ɺʈ ʩʧʨʠʷʣʘ ʧʦʰʫʢʫ ʥʝʪʨʘʜʠʮʽʡ-

ʥʦʛʦ ʩʧʦʩʦʙʫ ʩʪʚʦʨʝʥʥʷ ʢʦʪʣʦʚʠʭ ʨʦʟʰʠʨʝʥʴ ʫ ʩʚʝ-

ʨʜʣʦʚʠʥʥʠʭ ʟʘʨʷʜʘʭ ʧʣʘʟʤʦʚʠʤ ʩʧʦʩʦʙʦʤ [5]. 

ʈʽʰʝʥʥʷ ʩʬʦʨʤʫʣʴʦʚʘʥʠʭ ʚʠʱʝ ʧʨʦʙʣʝʤ ʧʦʪ-

ʨʝʙʫʻ ʚʧʨʦʚʘʜʞʝʥʥʶ ʥʝʚʽʜʢʣʘʜʥʠʭ ʟʘʭʦʜʽʚ ʱʦʜʦ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʪʘ ʨʦʟʨʦʙʮʽ ʥʦʚʠʭ ʪʝʭʥʽʯ-

ʥʠʭ ʨʽʰʝʥʴ ʧʦ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʽʜʙʽʡʢʠ ʤʽʮʥʠʭ ʛʽʨʩʴ-

ʢʠʭ ʧʦʨʽʜ ʩʢʣʘʜʥʦʾ ʙʫʜʦʚʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʛʽʨʥʠʯʦ-

ʪʝʭʥʽʯʥʠʭ ʪʘ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʨʦʟʨʦʙʢʠ ʢʦʨʠ-

ʩʥʠʭ ʢʦʧʘʣʠʥ. 

ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʦʚ'ʷʟʘʥʽ ʟ ʚʠʙʦ-

ʨʦʤ ʽ ʦʙˇʨʫʥʪʫʚʘʥʥʷʤ ʥʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʩʚʝʨʜʣʦ-

ʚʠʥʥʦʛʦ ʟʘʨʷʜʫ, ʥʘʧʨʠʢʣʘʜ, ʟʤʽʥʥʦʾ ʬʦʨʤʠ ʧʦʧʝʨʝ-

ʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʻ ʦʩʥʦʚʦʶ ʨʘʮʽʦʥʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʯ-

ʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʦʚʠʭ ʨʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʠʭ ʩʧʦʩʦʙʽʚ 

ʚʽʜʙʽʡʢʠ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʨʘʭʫ-

ʚʘʥʥʽ ʪʨʽʱʠʥʦ-ʪʝʢʪʦʥʽʯʥʦʾ ʙʫʜʦʚʠ ʤʘʩʠʚʫ ʽ ʘʥʽʟʦʪ-

ʨʦʧʽʾ ʾʭ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʟʘʣʠʰʘ-

ʶʪʴʩʷ ʘʢʪʫʘʣʴʥʠʤʠ ʽ ʥʘ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ.  

ʄʝʪʘ ʪʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʴ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʧʨʦʚʝʜʝʥʥʷ ʽʥʜʫʢʪʠʚʥʦʛʦ ʤʦʜʝʣʶ-

ʚʘʥʥʷ ʧʽʜ ʯʘʩ ʧʨʦʮʝʩʫ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʤʦʥʽʪʦʨʠ-

ʥʛʫ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦ 

ʚʠʙʦʨʫ ʽ ʦʙˇʨʫʥʪʫʚʘʥʥʶ ʢʦʥʩʪʨʫʢʮʽʾ ʧʦʜʦʚʞʝʥʦʛʦ 

ʟʘʨʷʜʫ ɺʈ ʨʽʟʥʦʾ ʬʦʨʤʠ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʟ ʧʦ-

ʜʘʣʴʰʠʤ ʧʨʦʛʥʦʟʫʚʘʥʥʷʤ ʷʢʦʩʪʽ ʛʨʘʥʫʣʦʤʝʪʨʠʯ-

ʥʦʛʦ ʩʢʣʘʜʫ ʟʨʫʡʥʦʚʘʥʦʛʦ ʚʠʙʫʭʦʤ ʪʚʝʨʜʦʛʦ ʩʝʨʝ-

ʜʦʚʠʱʘ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʙʫʜʝ ʧʨʦʚʝʜʝʥʦ ʢʦʤ-

ʧʣʝʢʩʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʧʽʜʛʦʪʦʚʣʝʥʠʭ ʩʪʨʫʢʪʫʨʥʦ-

ʦʜʥʦʨʽʜʥʠʭ ʧʽʱʘʥʦ-ʮʝʤʝʥʪʥʠʭ ʤʦʜʝʣʷʭ ʢʫʙʽʯʥʦʾ 
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ʬʦʨʤʠ ʧʦ ʦʮʽʥʮʽ ʭʘʨʘʢʪʝʨʫ ʨʫʡʥʫʚʘʥʥʷ ʪʚʝʨʜʦʛʦ ʩʝ-

ʨʝʜʦʚʠʱʘ ʧʽʜ ʜʽʻʶ ʚʠʙʫʭʫ ʟʘʨʷʜʽʚ ɺʈ ʨʽʟʥʦʾ ʬʦʨʤʠ 

ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʪʘ ʟʘ ʨʽʟʥʠʤʠ ʫʤʦʚʘʤʠ ʧʝʨʝ-

ʜʘʯʽ ʝʥʝʨʛʽʾ ʚʠʙʫʭʫ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʨʦʙʣʝʥʥʷ ʤʦ-

ʜʝʣʝʡ ʽ ʦʪʨʠʤʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʽʟ ʤʘʩʠʚʫ ʯʠʩʝʣʴʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʟʫʣʴʪʘʪʽʚ ʩʧʦʩʪʝʨʝʞʝʥʴ ʙʫʜʫʪʴ ʧʦ-

ʙʫʜʦʚʘʥʽ ʤʦʜʝʣʽ ʟʘ ʙʘʛʘʪʦʨʷʜʥʠʤ ʘʣʛʦʨʠʪʤʦʤ 

ʄɻʋɸ, ʷʢʽ ʚʽʜʦʙʨʘʟʷʪʴ ʟʘʣʝʞʥʦʩʪʽ ʮʽʣʴʦʚʦʛʦ ʧʦʢʘʟ-

ʥʠʢʘ ʚʽʜ ʦʟʥʘʢ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʫʤʦʚʠ ʪʘ ʨʝʟʫʣʴ-

ʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʚʠʙʫʭʽʚ. ʇʝʨʝʣʽʢ ʦʟʥʘʢ ʪʘ ʢʽʣʴʢʽʩʪʴ 

ʩʧʦʩʪʝʨʝʞʝʥʴ ʚʠʟʥʘʯʝʥʦ ʝʢʩʧʝʨʪʥʠʤ ʰʣʷʭʦʤ.  

ɺʠʢʣʘʜ ʦʩʥʦʚʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʇʨʦʛʥʦʟʫ-

ʚʘʥʥʷ ʨʦʟʧʦʜʽʣʫ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʧʨʦʜʫ-

ʢʪʽʚ ʨʫʡʥʫʚʘʥʥʷ ʦʪʨʠʤʘʣʦ ʰʠʨʦʢʝ ʧʦʰʠʨʝʥʥʷ ʧʨʠ 

ʚʠʨʽʰʝʥʥʽ ʧʨʘʢʪʠʯʥʠʭ ʟʘʚʜʘʥʴ ʚʠʜʦʙʫʪʢʫ, ʪʨʘʥʩʧʦ-

ʨʪʫʚʘʥʥʷ ʽ ʧʝʨʝʨʦʙʢʠ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ [19]. ɺʦʥʦ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʠʥʮʠʧʘʭ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶ-

ʚʘʥʥʷ, ʪʦʙʪʦ ʚʠʚʯʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ ʷʚʠʱ, ʧʨʦʮʝʩʽʚ ʽ ʾʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʇʨʠ ʮʴʦʤʫ 

ʤʝʪʦʜ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚʩʝ ʙʽʣʴʰʝ ʟʘ-

ʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʡ ʦʮʽʥʢʠ ʡʤʦʚʽʨʥʦ-

ʩʪʽ ʦʪʨʠʤʘʥʥʷ ʚʠʭʦʜʫ ʢʦʥʜʠʮʽʡʥʠʭ ʢʫʩʢʽʚ (ʬʨʘʢʮʽʡ) 

ʧʝʚʥʠʭ ʢʣʘʩʽʚ ʫ ʚʽʜʙʠʪʽʡ ʛʽʨʥʠʯʽʡ ʤʘʩʽ ʯʠ ʾʭ ʫʩʝʨʝʜ-

ʥʝʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʨʠ ʚʝʜʝʥʥʽ ɹʇʈ, ʤʝʭʘʥʽʯʥʦʤʫ 

ʨʫʡʥʫʚʘʥʥʽ ʪʘ ʧʦʜʘʣʴʰʦʤʫ ʾʭ ʧʦʜʨʽʙʥʝʥʥʶ ʽ ʧʝʨʝ-

ʨʦʙʮʽ. 

ʑʦʙ ʧʨʦʛʥʦʟʫʚʘʪʠ ʚʠʭʽʜ ʬʨʘʢʮʽʡ, ʷʢʠʡ ʦʪʨʠ-

ʤʘʥʦ ʧʽʩʣʷ ʚʠʙʫʭʫ ʟʘʣʝʞʥʦ ʚʽʜ ʢʦʥʩʪʨʫʢʮʽʾ ʟʘʨʷʜʫ 

ɺʈ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘ ʦʜʥʠʤ ʽʟ ʽʥʜʫʢ-

ʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ï ʤʝʪʦʜʦʤ ʛʨʫʧʦʚʦʛʦ ʫʨʘʭʫʚʘʥʥʷ 

ʘʨʛʫʤʝʥʪʽʚ [20]. ʇʝʨʝʣʽʢ ʚʧʣʠʚʦʚʠʭ ʬʘʢʪʦʨʽʚ ʪʘ ʾʭ 

ʦʟʥʘʢ ʙʫʚ ʚʠʟʥʘʯʝʥʠʡ ʝʢʩʧʝʨʪʥʠʤ ʰʣʷʭʦʤ. 

ʇʨʦʮʝʩ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʤʝʪʦʶ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʽ 

ʢʝʨʫʚʘʥʥʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʤ ʩʢʣʘʜʦʤ ʧʨʦʜʫʢʪʽʚ 

ʨʫʡʥʫʚʘʥʥʷ, ʚʠʭʦʜʷʯʠ ʟ ʦʩʥʦʚʥʠʭ ʫʷʚʣʝʥʴ ʤʘʪʝʤʘ-

ʪʠʢʠ, ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʴ ʥʘ ʪʨʠ ʝʪʘʧʠ [21].  

ʇʝʨʰʠʡ ʝʪʘʧ ï ʧʦʙʫʜʦʚʘ ʤʦʜʝʣʝʡ, ʱʦ ʚʟʘʻʤʦ-

ʧʦʚôʷʟʫʶʪʴ ʦʩʥʦʚʥʽ ʨʦʟʤʽʨʥʽ (ʯʠ ʙʝʟʨʦʟʤʽʨʥʽ) ʧʘʨʘ-

ʤʝʪʨʠ ʰʤʘʪʢʽʚ ʽʟ ʬʽʟʠʯʥʠʤʠ ʯʠ ʩʪʘʪʠʯʥʠʤʠ ʧʘʨʘʤʝ-

ʪʨʘʤʠ ʧʨʦʮʝʩʫ.  

ɼʨʫʛʠʡ ï ʜʦʩʣʽʜʞʝʥʥʷ ʡ ʘʥʘʣʽʟ ʧʦʣʽʥʦʤʽʘʣʴʥʦʾ 

ʤʦʜʝʣʽ ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʟʘ ʨʦʟʤʽ-

ʨʦʤ ʰʤʘʪʢʘ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʾʭ ʧʦʨʽʚʥʷʥʥʷ ʟ ʨʝʟʫʣʴ-

ʪʘʪʘʤʠ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʠʚʯʘʶʪʴʩʷ ʥʘ ʧʨʘʢʪʠʮʽ.  

ʊʨʝʪʽʡ ʝʪʘʧ ʟôʷʩʦʚʫʻ, ʯʠ ʟʘʜʦʚʦʣʴʥʷʻ 

ʧʨʠʡʥʷʪʘ ʛʽʧʦʪʝʪʠʯʥʘ ʤʦʜʝʣʴ ʦʙʨʘʥʦʤʫ ʢʨʠʪʝʨʽʶ, 

ʪʦʙʪʦ ʯʠ ʫʟʛʦʜʞʫʶʪʴʩʷ ʨʝʟʫʣʴʪʘʪʠ ʧʨʘʢʪʠʯʥʠʭ ʩʧʦ-

ʩʪʝʨʝʞʝʥʴ ʛʨʘʥʫʣʦʤʝʪʨʽʾ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶ-

ʚʘʥʥʷ ʽʟ ʧʨʠʡʥʷʪʥʦʶ ʪʦʯʥʽʩʪʶ ʩʧʦʩʪʝʨʝʞʝʥʴ. 

ʗʢʽʩʪʴ ʨʫʡʥʫʚʘʥʥʷ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʚʠʙʫʭʦʤ ʚʠ-

ʟʥʘʯʘʻʪʴʩʷ ʟʥʘʯʥʦʶ ʢʽʣʴʢʽʩʪʶ ʧʦʚôʷʟʘʥʠʭ ʤʽʞ ʩʦ-

ʙʦʶ ʬʘʢʪʦʨʽʚ, ʨʽʚʥʽ ʷʢʠʭ ʽʩʪʦʪʥʦ ʚʘʨʽʶʶʪʴ [22]. 

ɺʦʥʘ ʟʘʣʝʞʠʪʴ, ʷʢ ʚʽʜ ʛʦʣʦʚʥʠʭ ʬʘʢʪʦʨʽʚ, ʦʙʫʤʦʚ-

ʣʶʶʯʠʭ ʬʽʟʠʯʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʫʪʚʦʨʝʥʥʷ ʢʫʩʢʽʚ, 

ʪʘʢ ʽ ʜʨʫʛʦʨʷʜʥʠʭ ʬʘʢʪʦʨʽʚ ï ʚʠʧʘʜʢʦʚʠʭ, ʱʦ ʭʘʨʘ-

ʢʪʝʨʠʟʫʶʪʴ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʮʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ, 

ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʩʪʘʪʠʩʪʠʯʥʠʡ ʭʘʨʘʢʪʝʨ ʧʨʦʮʝʩʫ 

ʨʫʡʥʫʚʘʥʥʷ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʚʠʙʫʭʦʤ. 

ɼʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʚʠʙʫʭʦʚʠʭ ʨʦʙʽʪ ʫ ʢʘʨôʻʨʘʭ ʥʝʨʫʜʥʠʭ ʢʦʨʠʩʥʠʭ ʢʦ-

ʧʘʣʠʥ ʝʢʩʧʝʨʪʥʠʤ ʰʣʷʭʦʤ ʙʫʚ ʚʠʟʥʘʯʝʥʠʡ ʧʝʨʝʣʽʢ 

ʦʩʥʦʚʥʠʭ ʫʤʦʚ: ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦ-

ʨʽʜ, ʾʭ ʪʨʽʱʠʥʫʚʘʪʽʩʪʴ ʨʽʟʥʠʭ ʨʽʚʥʽʚ, ʪʠʧ ɺʈ, ʧʘʨʘ-

ʤʝʪʨʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ʟʘʨʷʜʽʚ ɺʈ ʫ ʤʘʩʠʚʽ ʽ ʢʽʥʮʝʚʽ 

ʨʝʟʫʣʴʪʘʪʠ ʚʠʙʫʭʫ. ɿʛʽʜʥʦ ʥʘʚʝʜʝʥʠʭ ʫʤʦʚ ʧʦʙʫʜʫ-

ʻʤʦ ʤʦʜʝʣʴ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʦʟʧʦʜʽʣʫ ʛʨʘʥʫʣʦ-

ʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʧʽʜʽʨʚʘʥʦʾ ʛʽʨʩʴʢʦʾ ʤʘʩʠ. 

ɼʣʷ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʘ ʧʦʜʘʣʴʰʦʛʦ ʧʨʦʛʥʦʟʫ-

ʚʘʥʥʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʧʨʦʜʫʢʪʽʚ ʨʫʡʥʫ-

ʚʘʥʥʷ ʪʚʝʨʜʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ ʧʦʨʽʚʥʷʥʥʷ ʾʭ ʟ ʨʝ-

ʟʫʣʴʪʘʤʠ ʚʠʙʫʭʫ ʥʘ ʫʩʪʫʧʽ ʢʘʨôʻʨʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʢʦʥʩʪʨʫʢʮʽʾ ʟʘʨʷʜʫ ɺʈ ʽ ʫʤʦʚ ʧʝʨʝʜʘʯʽ ʝʥʝʨʛʽʾ ʚʠ-

ʙʫʭʫ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ 6 ʩʝʨʽʡ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʤʦʜʝʣʷʭ ʚ ʧʦʣʽʛʦʥʥʠʭ ʫʤʦʚʘʭ 

ʢʘʨôʻʨʫ çʉʽʚʘʯè ʂʦʨʩʫʥʴ-ʐʝʚʯʝʥʢʽʚʩʴʢʦʛʦ ʈʋ ʟʛʽ-

ʜʥʦ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ ʜʦʩʣʽʜʞʝʥʴ [23]. 

ʄʦʜʝʣʽ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʚʠʛʦʪʦʚʣʶʚʘʣʘʩʴ ʽʟ ʧʽ-

ʱʘʥʦ-ʮʝʤʝʥʪʥʦʾ ʩʫʤʽʰʽ ʟ ʜʦʙʘʚʣʷʥʥʷʤ ʚʦʜʠ ʧʨʠ ʾʭ-

ʥʴʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 1:1:0,5. ɼʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʦʜʥʽʻʾ ʯʘʩʪʢʠ ʤʦʜʝʣʝʡ ʟʘʧʦʚʥʶʚʘʯʝʤ ʩʣʫʞʠʚ ʤʽʣ-

ʢʠʡ ʨʽʯʢʦʚʠʡ ʧʽʩʦʢ, ʘ ʟʘʪʚʦʨʶʚʘʯʝʤ ï ʮʝʤʝʥʪ ʤʘʨʢʠ 

ʄ400. ɯʥʰʘ ʯʘʩʪʢʘ ʤʦʜʝʣʝʡ ʚʠʛʦʪʦʚʣʶʚʘʣʘʩʴ ʽʟ ʟʘ-

ʧʦʚʥʶʚʘʯʘ ï ʤʽʣʢʠʡ ʨʽʯʢʦʚʠʡ ʧʽʩʦʢ + ʛʨʘʥʽʪʥʠʡ ʚʽʜ-

ʩʽʚ ʜʽʘʤʝʪʨʦʤ ʬʨʘʢʮʽʡ 5-10 ʤʤ ʽ ʟʘʪʚʦʨʶʚʘʯʘ ï ʮʝ-

ʤʝʥʪ ʤʘʨʢʠ ʄ400 + ʚʦʜʘ ʧʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʢʦʤ-

ʧʦʥʝʥʪʽʚ 1:1:1:0,5. 

ʇʽʜʛʦʪʦʚʣʝʥʝ ʮʝʤʝʥʪʥʝ ʪʽʩʪʦ ʟʘʣʠʚʘʣʠ ʚ ʩʧʝʮʽ-

ʘʣʴʥʽ ʟʘʣʽʟʥʽ ʬʦʨʤʠ ʟ ʨʦʟʤʽʨʦʤ ʨʝʙʨʘ 150ʭ150ʭ150 

ʤʤ. ɺ ʮʝʥʪʨʽ ʢʦʞʥʦʾ ʤʦʜʝʣʽ ʚ ʧʨʦʮʝʩʽ ʾʾ ʚʠʛʦʪʦʚ-

ʣʝʥʥʷ ʬʦʨʤʫʚʘʣʠ ʟʘʨʷʜʥʽ ʧʦʨʦʞʥʠʥʠ ʨʦʟʤʽʱʝʥʥʷʤ 

ʚʩʪʘʚʦʢ ʜʽʘʤʝʪʨʦʤ 16 ʤʤ ʥʘ ʛʣʠʙʠʥʫ 80 ʤʤ. ʇʽʩʣʷ 

ʦʪʨʠʤʘʥʥʷ 30 % ʤʽʮʥʦʩʪʽ ʤʦʜʝʣʝʡ ʾʭ ʚʠʡʤʘʣʠ ʟ ʬʦ-

ʨʤʠ ʽ ʚʠʪʨʠʤʫʚʘʣʠ ʥʘ ʧʦʚʽʪʨʽ ʜʦ ʥʘʙʨʘʥʥʷ ʤʘʢʩʠʤʘ-

ʣʴʥʦʾ ʤʽʮʥʦʩʪʽ ʟʛʽʜʥʦ ʜʽʶʯʠʭ ɼʝʨʞʩʪʘʥʜʘʨʪʽʚ. ɼʣʷ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʣʦ ʚʠʛʦʪʦʚʣʝʥʦ 18 ʤʦʜʝʣʝʡ ʧʦ 3 

ʰʪ. ʜʣʷ ʢʦʞʥʦʾ ʩʝʨʽʾ ʝʢʩʧʝʨʠʤʝʥʪʽʚ + ʦʜʥʘ ʜʣʷ ʧʨʦ-

ʙʥʦʛʦ ʚʠʙʫʭʫ [24]. ʈʘʟʦʤ ʟ ʚʠʛʦʪʦʚʣʝʥʥʷʤ ʦʩʥʦʚʥʠʭ 

ʤʦʜʝʣʝʡ ʚʠʛʦʪʦʚʣʷʣʠʩʴ ʟʨʘʟʢʠ ʜʣʷ ʦʮʽʥʢʠ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʨʫʡʥʫ-

ʻʪʴʩʷ ʟʛʽʜʥʦ ʜʽʶʯʠʭ ɼʝʨʞʩʪʘʥʪʘʨʪʽʚ. 

ɼʣʷ ʨʫʡʥʫʚʘʥʥʷ ʧʽʜʛʦʪʦʚʣʝʥʠʭ ʤʦʜʝʣʝʡ ʽ ʧʨʦ-

ʚʝʜʝʥʥʷ 6-ʪʠ ʩʝʨʽʡ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʚʠʛʦʪʦʚʣʶʚʘʣʠ ʢʦʥʩʪʨʫʢʮʽʾ ʟʘʨʷʜʫ ɺʈ ʨʽʟʥʦʾ ʬʦʨʤʠ 

ʫ ʚʠʛʣʷʜʽ ʛʽʣʴʟʠ ʽʟ ʢʘʨʪʦʥʫ ʪʨʠʢʫʪʥʦʾ, ʢʚʘʜʨʘʪʥʦʾ 

ʬʦʨʤʠ ʽ ʫ ʚʠʛʣʷʜʽ ʢʦʣʘ ʚ ʧʝʨʝʨʽʟʫ. ɺ ʧʽʜʛʦʪʦʚʣʝʥʽ 

ʛʽʣʴʟʠ ʨʦʟʤʽʱʫʚʘʣʠ ʚʠʙʫʭʦʚʫ ʨʝʯʦʚʠʥʫ çʂʦʤʧʦ-

ʣʘʡʪ ɻʉ-6è ʚʘʛʦʶ 2ʛ ʟ ʽʥʽʮʽʘʪʦʨʦʤ ï ʢʘʧʩʫʣʝʤ-ʜʝʪʦ-

ʥʘʪʦʨʦʤ, ʟôʻʜʥʘʥʦʶ ʟ ʥʝʝʣʝʢʪʨʠʯʥʦʶ ʩʠʩʪʝʤʦʶ ʽʥʽ-

ʮʽʚʁʘʥʥʷ (ʅʉɯ) çɯʤʧʫʣʴʩè. ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʟʘʨʷ-

ʜʽʚ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1 
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ʘ ï ʟʘʨʷʜ ʧʦʩʪʽʡʥʦʛʦ ʧʝʨʝʨʽʟʫ; ʙ ï ʟʘʨʷʜ ʚ ʧʝʨʝʨʽʟʫ ʫ ʬʦʨʤʽ ʪʨʠʢʫʪʥʦʾ ʧʨʠʟʤʠ;  

ʚ ï ʟʘʨʷʜ ʚ ʧʝʨʝʨʽʟʫ ʫ ʬʦʨʤʽ ʢʚʘʜʨʘʪʥʦʾ ʧʨʠʟʤʠ; 

ʈʠʩ. 2. ʂʦʥʩʪʨʫʢʮʽʾ ʟʘʨʷʜʽʚ ɺʈ ʨʽʟʥʦʾ ʬʦʨʤʠ ʧʝʨʝʨʽʟʫ ʜʣʷ ʧʽʜʨʠʚʘʥʥʷ ʤʦʜʝʣʝʡ 

 

ʉʬʦʨʤʦʚʘʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʟʘʨʷʜʽʚ ɺʈ ʨʦʟʤʽʱʫ-

ʚʘʣʠ ʚ ʟʘʨʷʜʥʽʡ ʧʦʨʦʞʥʠʥʽ ʤʦʜʝʣʝʡ ʟ ʨʽʟʥʠʤʠ ʬʽ-

ʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʽ ʫʤʦʚʘʤʠ ʧʝʨʝ-

ʜʘʯʽ ʝʥʝʨʛʽʾ ʚʠʙʫʭʫ ʨʫʡʥʫʶʯʦʤʫ ʩʝʨʝʜʦʚʠʱʫ. ʎʽ 

ʫʤʦʚʠ ʙʫʣʠ ʥʘʩʪʫʧʥʠʤʠ.  

ʇʨʦʩʪʽʨ ʥʘʚʢʦʣʦ ʛʽʣʴʟ ʟʘʨʷʜʽʚ ʪʨʠʢʫʪʥʦʾ ʽ ʢʚʘʜ-

ʨʘʪʥʦʾ ʬʦʨʤʠ ʟʘʧʦʚʥʶʚʘʣʠ ʧʽʩʢʦʤ, ʚʦʜʦʶ ʽ ʟʘʣʠ-

ʰʘʣʠ ʟʘʟʦʨ ʟ ʧʦʚʽʪʨʷʥʠʤ ʧʨʦʤʽʞʢʦʤ, ʘ ʢʨʫʛʣʦʾ ʬʦ-

ʨʤʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʢʦʥʪʘʢʪʽ ʟ ʧʦʚʝʨʭʥʝʶ ʟʘʨʷʜʥʦʾ 

ʧʦʨʦʞʥʠʥʠ. ʇʽʜʛʦʪʦʚʣʝʥʽ ʤʦʜʝʣʽ ʨʦʟʪʘʰʦʚʫʚʘʣʠ ʚ 

ʚʠʙʫʭʦʚʽʡ ʢʘʤʝʨʽ ʚʥʫʪʨʽʰʥʷ ʧʦʚʝʨʭʥʷ ʷʢʦʾ ʬʫʪʝʨʦ-

ʚʘʥʘ ʚʘʢʫʫʤʥʦʶ ʛʫʤʦʶ ʽ ʧʽʜʨʠʚʘʣʠ. ʇʽʜʨʠʚʘʥʥʷ ʟʘ-

ʨʷʜʽʚ ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʚʠʙʫʭʦʚʠʤ ʧʨʠʣʘʜʦʤ ʢʦʥʜʝʥ-

ʩʘʪʦʨʥʠʤ ʪʠʧʫ ʇɯɺ 100. 

ɿʨʫʡʥʦʚʘʥʫ ʤʦʜʝʣʴ ʽʟ ʢʘʤʝʨʠ ʩʪʨʫʰʫʶʪʴ ʚ ʻʤ-

ʥʽʩʪʴ ʽ ʜʘʣʽ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʧʨʦʚʦʜʷʪʴ ʜʦʩ-

ʣʽʜʞʝʥʥʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʟʨʫʡʥʦʚʘʥʠʭ 

ʚʠʙʫʭʦʤ ʤʦʜʝʣʝʡ ʤʝʪʦʜʦʤ ʩʠʪʦʚʦʛʦ ʘʥʘʣʽʟʫ ʟʘ ʚʽʜʦ-

ʤʠʤʠ ʤʝʪʦʜʠʢʘʤʠ [25] ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʙʦʨʫ ʣʘ-

ʙʦʨʘʪʦʨʥʠʭ ʩʠʪ ʪʠʧʫ ʉʃ-200 ˉ58 ʪʘ ʘʥʘʣʽʟʘʪʦʨʫ 

ʩʠʪʦʚʦʛʦ ɸ30. 

 ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʛʨʘʥʫʣʦ-

ʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʟʨʫʡʥʦʚʘʥʠʭ ʚʠʙʫʭʦʤ ʤʦʜʝʣʝʡ 

ʙʫʚ ʩʬʦʨʤʦʚʘʥʠʡ ʤʘʩʠʚ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʜʣʷ ʽʥʜʫʢʪʠ-

ʚʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʪʦʜʫ ʛʨʫʧʦ-

ʚʦʛʦ ʫʨʘʭʫʚʘʥʥʷ ʘʨʛʫʤʝʥʪʽʚ (ʄɻʋɸ). 

ʄɻʋɸ ʚʠʢʦʨʠʩʪʘʥʦ ʷʢ ʤʝʪʦʜ ʧʦʙʫʜʦʚʠ ʽʥʜʫʢ-

ʪʠʚʥʦʾ ʤʦʜʝʣʽ ʪʘ ʚʽʜʦʙʨʘʞʝʥʥʽ ʫ ʾʾ ʩʪʨʫʢʪʫʨʽ ʚʣʘʩʪʠ-

ʚʦʩʪʝʡ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʦʙôʻʢʪʫ. ʇʨʠ ʦʨʛʘʥʽʟʘʮʽʾ 

ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʦʙôʻʢʪʦʤ ʝʢʩʧʝʨʪʥʠʤ ʰʣʷʭʦʤ ʬʦʨ-

ʤʫʻʪʴʩʷ ʩʣʦʚʥʠʢ ʦʟʥʘʢ ï ʧʝʨʝʣʽʢ ʧʦʢʘʟʥʠʢʽʚ, ʷʢʽ, ʷʢ 

ʚʚʘʞʘʶʪʴ ʝʢʩʧʝʨʪʠ, ʚʠʢʣʶʯʥʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʩʪʘʥ 

ʦʙôʻʢʪʘ. ʏʘʩʪʦ ʜʦ ʩʣʦʚʥʠʢʘ ʦʟʥʘʢ ʟʘʥʦʩʷʪʴʩʷ ʪʽ ʧʦ-

ʢʘʟʥʠʢʠ, ʷʢʽ ʚʞʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʚʠʟʥʘʥʠʭ ʤʝ-

ʪʦʜʠʢʘʭ ʽ ʚʞʝ ʜʦʚʝʣʠ ʩʚʦʶ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ. ɽʢʩʧʝ-

ʨʪʥʠʤ ʰʣʷʭʦʤ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʘʢʦʞ ʧʝʨʝʣʽʢ ʩʪʘʥʫ 

ʦʙôʻʢʪʫ ʪʘ ʢʽʣʴʢʽʩʪʴ ʩʧʦʩʪʝʨʝʞʝʥʴ ʦʙôʻʢʪʫ ʫ ʢʦʞ-

ʥʦʤʫ ʩʪʘʥʽ. ʇʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʩʧʦʩʪʝʨʝʞʝʥʴ ʽʥʬʦʨ-

ʤʘʮʽʷ ʧʨʦ ʦʙôʻʢʪ ʚʽʜʦʙʨʘʞʝʥʘ ʫ ʤʘʩʠʚʽ ʨʝʟʫʣʴʪʘʪʽʚ 

ï ʯʠʩʝʣʴʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʦʟʥʘʢ ʦʙôʻʢʪʫ ʫ ʨʽʟʥʠʭ 

ʡʦʛʦ ʩʪʘʥʘʭ, ʷʢʠʡ ʦʪʨʠʤʘʚ ʥʘʟʚʫ ʧʝʨʚʠʥʥʦʛʦ ʦʧʠʩʫ 

(ʇʆ). ʇʆ ʤʘʻ ʬʦʨʤʫ ʜʚʦʚʠʤʽʨʥʦʾ ʪʘʙʣʠʮʽ, ʷʢʫ ʫʪʚʦ-

ʨʶʶʪʴ ʚʝʢʪʦʨʠ ʯʠʩʝʣʴʥʠʭ ʟʥʘʯʝʥʴ ʨʝʟʫʣʴʪʘʪʽʚ ʩʧʦ-

ʩʪʝʨʝʞʝʥʴ ï ʧʦʢʘʟʥʠʢʽʚ ʩʣʦʚʥʠʢʘ ʦʟʥʘʢ. ʅʘʟʚʘ ʩʪʦ-

ʚʧʯʠʢʽʚ ʻ ʽʤʝʥʘʤʠ ʦʟʥʘʢ. ʂʦʞʝʥ ʚʝʢʪʦʨ ʻ ʪʦʯʢʦʶ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʫ ʙʘʛʘʪʦʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ ʦʟʥʘʢ 

[26]. 

ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʧʝʨʝʪʚʦʨʝʥʥʷ ʮʽʻʾ ʽʥʬʦʨʤʘ-

ʮʽʾ ʻ ʚʽʜʦʙʨʘʞʝʥʥʷ ʾʾ ʫ ʩʪʨʫʢʪʫʨʽ ʤʦʜʝʣʽ. ɺʽʜʦʙʨʘ-

ʞʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʙôʻʢʪʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʧʨʦʮʝʩʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʫ ʩʠʥʪʝʟʫ ʤʦʜʝʣʽ (ɸʉʄ) 

[26]. ɿʘ ʤʝʪʦʜʦʤ, ʥʘ ʷʢʦʤʫ ʙʫʜʫʻʪʴʩʷ ɸʉʄ, ʚʠʟʥʘ-

ʯʘʶʪʴ ʪʠʧ ʤʦʜʝʣʶʚʘʥʥʷ ï ʤʘʪʝʤʘʪʠʯʥʝ, ʩʪʘʪʠʩʪʠ-

ʯʥʝ, ʽʤʽʪʘʮʽʡʥʝ, ʽʥʜʫʢʪʠʚʥʝ ʪʘ ʙʘʛʘʪʦ ʽʥʰʠʭ. ʄʝʪʦʜ 

ʛʨʫʧʦʚʦʛʦ ʫʨʘʭʫʚʘʥʥʷ ʘʨʛʫʤʝʥʪʽʚ (ʄɻʋɸ) [27] - ʮʝ 

ʤʝʪʦʜ ʛʣʠʙʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʣʷ ʽʥʜʫʢʪʠʚʥʦʾ ʧʦʙʫʜʦʚʠ ʽʻʨʘʨʭʽʾ, ʷʢ ʧʨʘʚʠʣʦ, ʧʦ-

ʣʽʥʦʤʽʘʣʴʥʠʭ ʤʦʜʝʣʝʡ, ʟʘ ʇʆ, ʧʦʜʘʥʦʛʦ ʫ ʬʦʨʤʽ 

ʜʚʦʚʠʤʽʨʥʦʾ ʪʘʙʣʠʮʽ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʮʴʦʛʦ ʤʝʪʦʜʫ 

ʚʠʷʚʣʷʻʪʴʩʷ ʪʘ ʘʥʘʣʽʪʠʯʥʦ ʧʦʜʘʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʴ ʦʜ-

ʥʽʻʾ ʽʟ ʦʟʥʘʢ ʤʘʩʠʚʫ ʨʝʟʫʣʴʪʘʪʽʚ ʩʧʦʩʪʝʨʝʞʝʥʴ ʚʽʜ 

ʽʥʰʠʭ ʦʟʥʘʢ ʮʴʦʛʦ ʤʘʩʠʚʫ [28]. 

ɸʣʛʦʨʠʪʤʠ ʄɻʋɸ ʨʝʘʣʽʟʫʶʪʴ ʧʨʦʮʝʩ ʤʘʩʦʚʦʾ 

ʩʝʣʝʢʮʽʾ ʤʦʜʝʣʝʡ ʟʘ ʥʘʧʝʨʝʜ ʟʘʜʘʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ 

ʷʢʦʩʪʽ. ʇʦʯʘʪʢʦʚʘ ʧʦʧʫʣʷʮʽʷ ʤʦʜʝʣʝʡ ʛʝʥʝʨʫʻʪʴʩʷ ʫ 

ʬʦʨʤʽ ʢʦʤʙʽʥʘʮʽʡ ʦʜʥʽʻʾ, ʜʚʦʭ ʪʘ ʙʽʣʴʰʝ ʦʟʥʘʢ 

ʦʙôʻʢʪʘ ʘʙʦ ʧʨʦʮʝʩʫ, ʟʘ ʷʢʠʤʠ ʚʽʜʙʫʚʘʣʠʩʴ ʩʧʦʩʪʝ-

ʨʝʞʝʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ ʩʣʦʚʥʠʢ ʦʟʥʘʢ ʥʘʜʘʻ ʟʤʽʥʥʽ, 

ʟʘ ʷʢʠʤʠ ʙʫʜʫʶʪʴʩʷ ʦʧʦʨʥʽ ʬʦʨʤʠ ʤʦʜʝʣʝʡ, ʘʙʦ 

ʦʧʦʨʥʽ ʤʦʜʝʣʽ. ɺʠʜ ʦʧʦʨʥʠʭ ʬʦʨʤ ʚʠʟʥʘʯʘʻ ʩʪʨʫʢ-

ʪʫʨʫ ʦʩʪʘʪʦʯʥʦʾ ʤʦʜʝʣʽ ʦʧʪʠʤʘʣʴʥʦʾ ʩʢʣʘʜʥʦʩʪʽ, ʷʢʽ 

ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʨʦʙʦʪʠ ɸʉʄ ʄɻʋɸ. 

ɿʛʽʜʥʦ ʽʟ ʪʝʦʨʝʤʦʶ ʉʪʦʫʥʘ-ɺʝʻʨʰʪʨʘʩʩʘ [29] 

ʥʝʧʝʨʝʨʚʥʫ ʥʘ ʩʢʽʥʯʝʥʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʬʫʥʢʮʽʶ ʤʦ-

ʞʥʘ ʧʦʜʘʪʠ ʟ ʜʦʩʪʘʪʥʴʦʶ ʪʦʯʥʽʩʪʶ ʫ ʚʠʛʣʷʜʽ ʧʦʣʽ-

ʥʦʤʘ ʧʝʚʥʦʛʦ ʩʪʫʧʝʥʷ. ʊʦʤʫ ʄɻʋɸ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʧʦʣʽʥʦʤʠ ʷʢ ʬʦʨʤʫ ʦʧʦʨʥʦʾ ʤʦʜʝʣʽ. 
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ʆʧʦʨʥʽ ʬʦʨʤʠ ʤʦʜʝʣʝʡ ʙʫʜʫʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ 

ʜʠʩʢʨʝʪʥʦʛʦ ʘʥʘʣʦʛʫ ʨʷʜʫ ɺʦʣʴʪʝʨʨʠ - ʨʷʜʫ ɺʽʥʝʨʘ 

[30]: 

 

ὣὼȟὼȟȣȟὼ ὥ

ὥὼ

ὥὼὼ

ὥ ὼὼὼ

Ễ 

(1) 

 

ʆʧʦʨʥʽ ʤʦʜʝʣʽ ʻ ʥʝʥʘʚʯʝʥʠʤʠ, ʦʩʢʽʣʴʢʠ ʜʣʷ ʢʦ-

ʞʥʦʾ ʪʦʯʢʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʠʭ ʫ ʥʠʭ 

ʚʽʜʦʤʽ ʽʟ ʇʆ, ʘ ʟʥʘʯʝʥʥʷ ʧʦʩʪʽʡʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʨʠ 

ʮʠʭ ʟʤʽʥʥʠʭ ʻ ʥʝʚʽʜʦʤʠʤʠ. ʅʘʚʯʠʪʠ ʤʦʜʝʣʴ ʦʟʥʘʯʘʻ 

ʚʠʟʥʘʯʠʪʠ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʨʠ ʟʤʽʥʥʠʭ ʤʦ-

ʜʝʣʽ. ʄɻʋɸ ʤʘʻ ʢʽʣʴʢʘ ʜʝʩʷʪʢʽʚ ʧʨʦʮʝʜʫʨ ʥʘʚʯʘʥʥʷ 

ʤʦʜʝʣʝʡ, ʪʦʙʪʦ ʢʽʣʴʢʘ ɸʉʄ ʄɻʋɸ [27]. ʉʝʨʝʜ ʥʘʡ-

ʧʦʰʠʨʝʥʽʰʠʭ ï ʙʘʛʘʪʦʨʷʜʥʠʡ ʪʘ ʢʦʤʙʽʥʘʪʦʨʥʠʡ 

ɸʉʄ ʄɻʋɸ.  

ɺʧʝʨʰʝ ʧʨʦʮʝʜʫʨʫ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʽ, ʧʦʙʫʜʦʚʘ-

ʥʦʾ ʟʘ ʬʦʨʤʦʶ ʨʷʜʫ ɺʽʥʝʨʘ (1), ʰʣʷʭʦʤ ʧʽʜʣʘʰʪʫ-

ʚʘʥʥʷ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʽʚ ñaò ʜʦ ʜʠʥʘʤʽʢʠ ʯʘʩʦ-

ʚʦʛʦ ʨʷʜʫ, ʟʘʩʪʦʩʫʚʘʚ ɼ. ɻʘʙʦʨ ʜʣʷ ʧʝʨʝʜʙʘʯʝʥʥʷ 

ʤʘʡʙʫʪʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʦʟʥʘʢʠ ʟʘ ʾʾ ʽʩʪʦʨʠʯʥʠʤʠ ʟʥʘ-

ʯʝʥʥʷʤʠ [31]. ʎʝʡ ʤʝʪʦʜ ʩʠʥʪʝʟʫ ʧʨʦʛʥʦʟʥʠʭ ʤʦʜʝ-

ʣʝʡ ʦʪʨʠʤʘʚ ʥʘʟʚʫ çʇʝʨʝʜʙʘʯʘʶʯʠʡ ʬʽʣʴʪʨè. ʎʝʡ 

ʧʽʜʭʽʜ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʆ.ɻ. ɯʚʘʭʥʝʥʢʦʤ ʜʣʷ ʥʘʚ-

ʯʘʥʥʷ ʤʦʜʝʣʝʡ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʄɻʋɸ [32]. ʆʧʦʨʥʦʶ 

ʬʦʨʤʦʶ ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʬʽʣʴʪʨʘ ʚʠʢʦʨʠʩʪʦʥʦ ʦʢʨʝ-

ʤʠʡ ʚʠʧʘʜʦʢ ʨʷʜʫ ɺʽʥʝʨʘ (1), ʧʦʣʽʥʦʤ ʂʦʣʤʦʨʦ-

ʛʦʚʘ-ɻʘʙʦʨʘ 2 ʩʪʫʧʝʥʷ (2): 

 

̔ ὥ ὥὼ ὥὼ ὥὼὼ
ὥὼ ὥὼ ὥὼὼ ὼὼὼ

ὼὼὼ, 

(2) 

 

ʜʝ x1x2 ï ʢʦʤʙʽʥʘʮʽʷ ʧʦʻʜʥʘʥʴ ʟʤʽʥʥʠʭ ʽʟ ʩʣʦʚ-

ʥʠʢʘ ʦʟʥʘʢ. 

 

ʋ ʮʽʡ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʙʘʛʘʪʦʨʷʜʥʠʡ 

ɸʉʄ ʄɻʋɸ [27]. ʇʆ ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ 2 ʧʦʩʣʽʜʦʚ-

ʥʦʩʪʽ ʪʦʯʦʢ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. ʇʦʩʣʽʜʦʚʥʽʩʪʴ çɸè ʚʠ-

ʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʝʡ, ʧʦʩʣʽʜʦʚ-

ʥʽʩʪʴ ʪʦʯʦʢ çBè ï ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʥʷ ʮʠʭ ʤʦʜʝʣʝʡ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʧʦʨʥʽ ʬʦʨʤʠ, ʛʝʥʝʨʫʻʪʴʩʷ ʧʝʨ-

ʰʠʡ ʨʷʜ ʤʦʜʝʣʝʡ ʜʣʷ ʩʝʣʝʢʮʽʾ. ʉʪʨʫʢʪʫʨʘ ʢʦʞʥʦʾ 

ʤʦʜʝʣʽ (ʧʝʨʝʣʽʢ ʟʤʽʥʥʠʭ ʪʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʘʨʠʬʤʝ-

ʪʠʯʥʠʭ ʜʽʡ ʥʘʜ ʥʠʤʠ) ʟʘʜʘʻʪʴʩʷ ʦʧʦʨʥʦʶ ʬʦʨʤʦʶ. 

ɿʤʽʥʥʽ ʚʽʜʙʠʨʘʶʪʴʩʷ ʽʟ ʩʣʦʚʥʠʢʘ ʦʟʥʘʢ. ʏʠʩʣʦ ʚʩʽʭ 

ʢʦʤʙʽʥʘʮʽʡ ʟʤʽʥʥʠʭ ʚʠʟʥʘʯʘʻ, ʩʢʽʣʴʢʠ ʤʦʜʝʣʝʡ ʙʫʜʝ 

ʟʛʝʥʝʨʦʚʘʥʦ ʜʣʷ ʧʦʙʫʜʦʚʠ ʨʷʜʫ ʩʝʣʝʢʮʽʾ.  

ʇʽʩʣʷ ʧʦʙʫʜʦʚʠ ʨʷʜʫ ʩʝʣʝʢʮʽʾ ʤʠ ʦʪʨʠʤʫʻʤʦ 

ʤʥʦʞʠʥʫ ʥʝʥʘʚʯʝʥʠʭ ʤʦʜʝʣʝʡ. ɼʣʷ ʥʘʚʯʘʥʥʷ ʢʦʞ-

ʥʦʾ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʜʽʡ, 

ʦʧʠʩʘʥʘ ʚ [31]. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʪʦ-

ʯʦʢ ʩʧʦʩʪʝʨʝʞʝʥʥʷ çɸè, ʬʦʨʤʫʻʪʴʩʷ ʩʠʩʪʝʤʘ ʫʤʦʚ-

ʥʠʭ ʨʽʚʥʷʥʴ, ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʥʦʨʤʘʣʽʟʘʮʽʷ, ʩʠʩʪʝʤʘ 

ʥʦʨʤʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʨʦʟʚôʷʟʫʻʪʴʩʷ ʦʜʥʠʤ ʽʟ ʩʪʘʥʜʘ-

ʨʪʥʠʭ ʤʝʪʦʜʽʚ (ʥʘʧʨʠʢʣʘʜ ʟʘ ʤʝʪʦʜʦʤ ɿʝʡʜʝʣʷ), 

ʨʦʟʚôʷʟʢʠ ʩʠʩʪʝʤʠ ʥʦʨʤʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʜʘʶʪʴ ʟʥʘ-

ʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʨʠ ʟʤʽʥʥʠʭ ʜʣʷ ʟʘʜʘʥʦʾ ʤʦʜʝʣʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʧʨʦʮʝʩ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʽ ʟʘʚʝʨʰʝʥʠʡ.  

ʇʽʩʣʷ ʮʴʦʛʦ ʢʦʞʥʘ ʤʦʜʝʣʴ ʚʠʧʨʦʙʦʚʫʻʪʴʩʷ ʥʘ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʪʦʯʦʢ çBè. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʧʨʦʙʫ-

ʚʘʥʴ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʢʨʠʪʝʨʽʡ ʷʢʦʩʪʽ ʤʦʜʝʣʽ. ɯʩʥʫʻ 

ʢʽʣʴʢʘ ʢʨʠʪʝʨʽʾʚ ʷʢʦʩʪʽ ʤʦʜʝʣʽ [27]. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʟʘʚʜʘʥʥʷ, ʷʢʝ ʚʠʢʦʥʫʻ ʤʦʜʝʣʴ, ʪʘ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ 

ʨʝʟʫʣʴʪʘʪʽʚ ʩʧʦʩʪʝʨʝʞʝʥʴ ʇʆ ʧʽʜʙʠʨʘʻʪʴʩʷ ʥʘʡ-

ʙʽʣʴʰ ʘʜʝʢʚʘʪʥʠʡ ʢʨʠʪʝʨʽʡ ʷʢʦʩʪʽ. ʅʘʧʨʠʢʣʘʜ, ʢʨʠ-

ʪʝʨʽʡ ʨʝʛʫʣʷʨʥʦʩʪʽ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʷʢ ʩʝʨʝʜʥʻ ʢʚʘʜ-

ʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ (ʉʂɺ) ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶ-

ʚʘʥʥʷ ʚʽʜ ʜʽʡʩʥʠʭ ʟʥʘʯʝʥʴ ʤʦʜʝʣʴʦʚʘʥʦʛʦ 

ʧʦʢʘʟʥʠʢʘ ʫ ʇʆ ʥʘ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʪʦʯʦʢ ʩʧʦʩʪʝʨʝ-

ʞʝʥʥʷ çɺè. ʈʝʟʫʣʴʪʘʪʦʤ ʚʠʧʨʦʙʫʚʘʥʥʷ ʤʦʜʝʣʽ ʻ ʟʥʘ-

ʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʾʾ ʷʢʦʩʪʽ. ɿʘ ʮʠʤ ʢʨʠʪʝʨʽʻʤ ʤʦʜʝʣʽ 

ʨʘʥʞʫʶʪʴʩʷ. ʈʘʥʛ 1 ʧʨʠʩʚʦʶʻʪʴʩʷ ʤʦʜʝʣʽ ʽʟ çʥʘʡ-

ʢʨʘʱʠʤè ʟʥʘʯʝʥʥʷʤ ʢʨʠʪʝʨʽʶ ʷʢʦʩʪʽ (ʫ ʚʠʧʘʜʢʫ ʽʟ 

ʢʨʠʪʝʨʽʻʤ ʨʝʛʫʣʷʨʥʦʩʪʽ ʥʘʡʢʨʘʱʝ ï ʮʝ ʥʘʡʤʝʥʰʝ 

ʟʥʘʯʝʥʥʷ ʉʂɺ). ʊʘʢʠʤ ʯʠʥʦʤ ʚʽʜʙʫʣʘʩʴ ʧʦʙʫʜʦʚʘ 

ʤʥʦʞʠʥʠ ʤʦʜʝʣʝʡ, ʷʢ ʽʜʝʥʪʠʬʽʢʫʶʪʴ ʬʫʥʢʮʽʦʥʘ-

ʣʴʥʫ ʟʘʣʝʞʥʽʩʪʴ: 

 

Y = f(X), 

Y = {y1, y2, é, ym},  

X = {x1, x2,é, xn},  

(3) 

ʜʝ m ï ʯʠʩʣʦ ʤʦʜʝʣʝʡ, ʱʦ ʫʪʚʦʨʶʶʪʴ ʨʷʜ ʩʝʣʝ-

ʢʮʽʾ; n ï ʯʠʩʣʦ ʟʤʽʥʥʠʭ ʫ ʩʣʦʚʥʠʢʫ ʦʟʥʘʢ. 

ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʙʘʛʘʪʦʨʷʜʥʦʛʦ ʘʣʛʦʨʠʪʤʫ 

ʄɻʋɸ ʻ ʚʽʜʙʽʨ ʤʦʜʝʣʝʡ ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʚʠʱʦʛʦ ʨʷʜʫ 

ʩʝʣʝʢʮʽʾ ʤʦʜʝʣʝʡ. ɺʽʜʙʠʨʘʻʪʴʩʷ ʟʘʜʘʥʝ ʯʠʩʣʦ ʤʦʜʝ-

ʣʝʡ, ʥʘʡʚʠʱʠʭ ʟʘ ʨʘʥʛʦʤ, ʪʘ ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʢʨʠʪʝʨʽʡ 

ʟʫʧʠʥʢʠ ʧʨʦʮʝʩʫ ʛʝʥʝʨʘʮʽʾ ʚʠʱʦʛʦ ʨʷʜʫ ʩʝʣʝʢʮʽʾ. ɯʩ-

ʥʫʻ ʢʽʣʴʢʘ ʢʨʠʪʝʨʽʾʚ ʟʫʧʠʥʢʠ ʩʝʣʝʢʮʽʾ. ɺʠʢʦʨʠʩʪʦ-

ʚʫʶʪʴʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʜʝʣʽ, ʷʢʘ ʤʘʻ ʨʘʥʛ ç1è, 

ʘʙʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʥʦʞʠʥʠ ʤʦʜʝʣʝʡ, ʷʢʽ ʫʪʚʦʨʶ-

ʶʪʴ ʚʝʩʴ ʨʷʜ ʩʝʣʝʢʮʽʾ. ʇʨʦʮʝʩ ʩʝʣʝʢʮʽʾ ʟʫʧʠʥʷʻʪʴʩʷ, 

ʷʢʱʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʜʝʣʝʡ ʚʠʱʦʛʦ ʨʷʜʫ ʩʝʣʝʢ-

ʮʽʾ ʻ ʛʽʨʰʠʤʠ ʟʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʜʝʣʝʡ ʧʦʧʝʨʝʜ-

ʥʴʦʛʦ ʨʷʜʫ. ɿʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʟʫʧʠʥʢʠ ʩʝʣʝʢʮʽʾ ʧʦ-

ʯʠʥʘʶʪʴ ʢʦʥʪʨʦʣʶʚʘʪʠ, ʧʦʯʠʥʘʶʯʠ ʟ ʜʨʫʛʦʛʦ ʨʷʜʫ. 

ʗʢʱʦ ʩʝʣʝʢʮʽʷ ʤʦʜʝʣʝʡ ʥʝ ʟʫʧʠʥʝʥʘ, ʚʽʜʙʫʚʘ-

ʻʪʴʩʷ ʛʝʥʝʨʘʮʽʷ ʤʦʜʝʣʝʡ ʥʘʩʪʫʧʥʦʛʦ ʨʷʜʫ. ʇʨʦʮʝʩ 

ʪʘʢʠʡ ʞʝ ʷʢ ʽ ʛʝʥʝʨʘʮʽʷ ʤʦʜʝʣʝʡ ʧʝʨʰʦʛʦ ʨʷʜʫ, ʽʟ 

ʪʽʻʶ ʚʽʜʤʽʥʥʽʩʪʶ, ʱʦ ʫ ʷʢʦʩʪʽ ʟʤʽʥʥʠʭ ʚʠʩʪʫʧʘʶʪʴ 

ʚʞʝ çʢʨʘʱʽè ʤʦʜʝʣʽ ʧʦʧʝʨʝʜʥʴʦʛʦ ʨʷʜʫ: 

 

Z = f(Y), 

Z = {z1, z2, é, zk},  

Y = {y1, y2, é, yl},  

(4) 

 

ʜʝ k ï ʯʠʩʣʦ ʤʦʜʝʣʝʡ ʥʘʩʪʫʧʥʦʛʦ ʨʷʜʫ; l ï ʯʠ-

ʩʣʦ ʢʨʘʱʠʭ ʤʦʜʝʣʝʡ ʧʦʧʝʨʝʜʥʴʦʛʦ ʨʷʜʫ. 

ʇʽʩʣʷ ʩʧʨʘʮʶʚʘʥʥʷ ʢʨʠʪʝʨʽʶ ʟʫʧʠʥʢʠ ʩʝʣʝʢʮʽʾ, 

ɸʉʄ ʧʦʚʝʨʪʘʻʪʴʩʷ ʥʘ ʧʦʧʝʨʝʜʥʽʡ ʨʷʜ, ʚʠʜʠʙʘʻ ʤʦ-

ʜʝʣʴ ʽʟ ʨʘʥʛʦʤ ç1è, ʢʦʥʩʪʨʫʶʻ ʾʾ, ʚʠʨʘʞʘʶʯʠ ʯʝʨʝʟ 

ʟʤʽʥʥʽ ʩʣʦʚʥʠʢʘ ʦʟʥʘʢ ʤʥʦʞʠʥʠ ñXò. ʄʦʜʝʣʴ ʛʦʪʦʚʘ 

ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʙʘʛʘʪʦʨʷʜʥʦʛʦ ɸʉʄ ʄɻʋɸ 

ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦ ʨʦʟʚ'ʷʟʘʥʥʶ ʟʘʜʘʯʽ 
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ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʚʠʭʦʜʫ ʛʨʘʥʫʣʦʤʝʪʨʠʯ-

ʥʦʛʦ ʩʢʣʘʜʫ ʟʨʫʡʥʦʚʘʥʦʾ ʚʠʙʫʭʦʤ ʮʝʤʝʥʪʥʦ-ʧʽʱʘ-

ʥʠʭ ʤʦʜʝʣʝʡ ʚʽʜ ʢʦʥʩʪʨʫʢʮʽʾ ʽ ʬʦʨʤʠ ʟʘʨʷʜʫ ɺʈ ʪʘ 

ʧʦʙʫʜʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʨʫʡʥʫ-

ʚʘʥʥʷ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʶʚʘʥʥʷ, ʷʢʽ ʦʪʨʠʤʘʥʽ ʚ 

ʢʦʞʥʽʡ ʪʦʯʮʽ ʤʦʜʝʣʶʚʘʥʥʷ (ʧʝʚʥʘ ʢʦʤʙʽʥʘʮʽʷ ʬʘʢ-

ʪʦʨʽʚ) ʧʦʙʫʜʦʚʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʦʨʠʛʽʥʘʣʴʥʠʭ ʟʥʘʯʝʥʴ 

ʨʦʟʧʦʜʽʣʫ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʟʨʫʡʥʦʚʘʥʠʭ 

ʚʠʙʫʭʦʤ ʮʝʤʝʥʪʥʦ-ʧʽʱʘʥʠʭ ʤʦʜʝʣʝʡ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʧʨʦʛʥʦʟʥʠʤʠ ʦʮʽʥʢʘʤʠ ʚʠʭʦʜʫ ʨʽʟʥʠʭ ʬʨʘʢʮʽʡ ʪʘ 

ʜʠʥʘʤʽʢʫ ʧʦʢʘʟʥʠʢʽʚ ʫ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʜʽʘʧʘʟʦʥʽ 

(ʨʠʩ. 2-5).

 

 
ʈʠʩ. 2. ɺʠʭʽʜ ʬʨʘʢʮʽʾ 0ï5 ʤʤ 

 

 
ʈʠʩ. 3. ɺʠʭʽʜ ʬʨʘʢʮʽʾ 5ï20 ʤʤ 

 

 
ʈʠʩ. 4. ɺʠʭʽʜ ʬʨʘʢʮʽʾ 20ï40 ʤʤ 
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ʈʠʩ.5. ɺʠʭʽʜ ʬʨʘʢʮʽʾ 40ï70 ʤʤ 

 

ɺʠʩʥʦʚʢʠ. ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʚ 

ʧʦʣʽʛʦʥʥʠʭ ʫʤʦʚʘʭ ʚʠʢʦʨʠʩʪʘʥʦ ʨʦʟʨʦʙʣʝʥʫ ʤʝʪʦ-

ʜʠʢʫ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʤʦʜʝʣʷʭ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʝʪʘʧʽʚ ʧʽʜʛʦʪʦʚʢʠ ʪʚʝʨʜʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ ʨʫʡʥʫ-

ʚʘʥʥʷ ʡʦʛʦ ʝʥʝʨʛʽʻʶ ʚʠʙʫʭʫ ʟʘʨʷʜʘʤʠ ɺʈ ʨʽʟʥʦʾ ʬʦ-

ʨʤʠ ʧʝʨʝʨʽʟʫ. ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʩʪʘʪʠʩʪʠʯʥʠʭ 

ʜʘʥʠʭ ʨʦʟʧʦʜʽʣʫ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʟʨʫʡ-

ʥʦʚʘʥʦʛʦ ʚʠʙʫʭʦʤ ʪʚʝʨʜʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟ ʧʦʜʘʣʴ-

ʰʠʤ ʡʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷʤ ʧʦʙʫʜʦʚʘʥʦ ʟʘ ʜʦʧʦʤʦ-

ʛʦʶ ʙʘʛʘʪʦʨʷʜʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʄɻʋɸ ʤʘʪʝʤʘʪʠʯʥʫ 

ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʨʫʡʥʫʚʘʥʥʷ. ʅʘ ʦʩʥʦʚʽ ʧʦʙʫʜʦʚʘ-

ʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʚʠʢʦʥʘʥʦ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʽʥʜʫʢʪʠʚʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘʪʫʨʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʫ ʧʦʣʽʛʦʥʥʠʭ ʫʤʦʚʘʭ ʥʘ ʤʦʜʝʣʷʭ ʽ 

ʧʽʜʪʚʝʨʜʞʝʥʦ ʾʭ ʟʘʜʦʚʽʣʴʥʫ ʟʙʽʞʥʽʩʪʴ, ʷʢʘ ʥʝ ʧʝʨʝ-

ʚʠʱʠʣʘ 5-6 %.  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦ, 

ʱʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʫʡʥʫʚʘʥʥʷ ʤʦʜʝʣʝʡ ʧʨʠ ʧʦʩʪʽʡ-

ʥʽʡ ʤʘʩʽ ʟʘʨʷʜʫ ɺʈ ʟʘʣʝʞʠʪʴ ʚʽʜ ʾʾ ʬʦʨʤʠ ʧʝʨʝʨʽʟʫ 

ʪʘ ʫʤʦʚ ʧʝʨʝʜʘʯʽ ʝʥʝʨʛʽʾ ʚʠʙʫʭʫ ʯʝʨʝʟ ʧʨʦʤʽʞʥʝ ʩʝ-

ʨʝʜʦʚʠʱʝ ï ʧʦʚʽʪʨʷ, ʚʦʜʘ, ʧʽʩʦʢ, ʷʢʠʤ ʟʘʧʦʚʥʝʥʦ 

ʧʨʦʩʪʽʨ ʤʽʞ ʧʦʚʝʨʭʥʝʶ ʢʦʣʦʥʢʠ ʟʘʨʷʜʫ ʪʘ ʧʦʚʝʨʭ-

ʥʝʶ ʟʘʨʷʜʥʦʾ ʧʦʨʦʞʥʠʥʠ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʬʦʨʤʫʚʘʥʥʷ ʩʚʝʨʜʣʦ-

ʚʠʥʥʠʭ ʟʘʨʷʜʽʚ ʽʟ ʨʝʛʫʣʴʦʚʘʥʦʶ ʝʥʝʨʛʽʻʶ ʚʠʙʫʭʫ 

ʰʣʷʭʦʤ ʟʤʽʥʠ ʧʣʦʱʽ ʢʦʥʪʘʢʪʫ ɺʈ ʟʽ ʩʪʽʥʢʘʤʠ ʩʚʝʨ-

ʜʣʦʚʠʥ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ ʧʦʨʦʜʽ ʯʝʨʝʟ ʦʜʠʥʠʮʶ ʙʽʯ-

ʥʦʾ ʧʦʚʝʨʭʥʽ ʟʘʨʷʜʫ, ʟʫʤʦʚʣʶʻ ʬʦʨʤʫʚʘʥʥʶ ʚ ʮʽʡ 

ʟʦʥʽ ʨʽʟʥʦʛʨʘʜʽʻʥʪʥʠʭ ʟʜʚʠʛʦʚʠʭ ʽ ʥʘʧʨʫʞʝʥʥʷ ʨʦʟ-

ʪʛ̫ʘʥʥʷ ʟʽ ʟʤʽʱʝʥʥʷʤ ʾʭ ʫ ʯʘʩʽ ʽ ʧʨʦʩʪʦʨʽ, ʱʦ ʟʘʙʝʟ-

ʧʝʯʫʻ ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʜʨʦʙʣʝʥʥʷ ʧʦʨʦʜʠ, ʟʥʠʞʝʥʥʷ 

ʦʙôʻʤʫ ʧʝʨʝʟʜʨʽʙʥʝʥʠʭ ʬʨʘʢʮʽʡ ʽ ʚʠʪʨʘʪ ʥʘ ʚʠʙʫ-
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ɸʥʥʦʪʘʮʠʷ 

ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʧʝʨʩʧʝʢʪʠʚʘʤ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ ʦʜʥʦʛʦ ʠʟ ʩʪʘʨʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɸʙʰʝʨʦʥʩʢʦʛʦ 

ʧʦʣʫʦʩʪʨʦʚʘ ɸʟʝʨʙʘʡʜʞʘʥʘ, ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɿʳʭ. ʆʧʠʩʳʚʘʝʪʩʷ ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ɿʳʭ, ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʟʜʝʩʴ ʦʙʥʘʞʝʥʳ ʦʪʣʦʞʝʥʠʷ ʚʝʨʭʥʝʛʦ ʠ ʩʨʝʜʥʝʛʦ ʘʙʰʝʨʦʥʘ, ʘ ʩʢʚʘʞʠʥʘʤʠ ʚʩʢʨʳʪ ʨʘʟ-

ʨʝʟ ʧʣʠʦʮʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʆʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʮʝʣʠ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ, 

ʛʜʝ ʛʦʚʦʨʠʪʩʷ, ʯʪʦ ʥʘ ʠʩʩʣʝʜʫʝʤʦʡ ʧʣʦʱʘʜʠ ɿʳʭ ʧʨʦʙʫʨʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʩʢʚʘʞʠʥʳ ʠ ʧʨʦʚʝʜʝʥʳ ʛʝʦ-

ʬʠʟʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʵʪʦ ʤʥʦʛʠʝ ʚʦʧʨʦʩʳ ʛʣʫʙʠʥʥʦʡ ʪʝʢʪʦʥʠʢʠ ʪʝʨʨʠ-

ʪʦʨʠʠ ʠ ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʣʝʞʝʡ ʥʝʬʪʠ ʠ ʛʘʟʘ ʜʦ ʢʦʥʮʘ ʥʝ ʚʳʷʩʥʝʥʳ. ʄʝʩʪʦʨʦʞʜʝʥʠʝ ɿʳʭ ʥʘʭʦ-

ʜʠʪʩʷ ʥʘ ʧʦʟʜʥʝʡ ʩʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠ ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʤʝʝʪ ʪʦʣʴʢʦ ʦʜʥʫ ʜʝʡʩʪʚʫʶʱʫʶ ʩʢʚʘʞʠʥʫ. ʉ 

ʮʝʣʴʶ ʨʘʩʰʠʨʝʥʠʷ ʨʝʩʫʨʩʦʚ ʜʘʥʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʙʳʣʠ ʧʦʜʛʦʪʦʚʣʝʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʥʘ ʙʫʨʝʥʠʝ ʧʦ 

ʜʘʥʥʳʤ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ 3D ʧʦʠʩʢʦʚʦ ʦʮʝʥʦʯʥʦʡ ʩʢʚʘʞʠʥʳ ˉ2. ʇʨʠ ʚʳʙʦʨʝ ʚʘʨʠʘʥʪʦʚ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ 

ʛʣʫʙʦʢʠʭ ʧʦʠʩʢʦʚʳʭ ʩʢʚʘʞʠʥ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ɿʳʭ ʙʳʣ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʚʝʩʴ ʦʙʲʝʤ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʤʘ-

ʪʝʨʠʘʣʘ, ʘ ʪʘʢʞʝ ʢʫʙʳ ʩʝʡʩʤʠʯʝʩʢʠʭ ʘʪʨʠʙʫʪʦʚ ʢʘʢ ʤʦʥʦʘʪʨʠʙʫʪʦʚ, ʪʘʢ ʠ ʢʦʤʧʣʝʢʩʥʳʭ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʘʥʘʣʠʟʘ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʘʪʨʠʙʫʪʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ ʧʦʛʣʦʱʝʥʠʷ ʠ ʩʧʝʢʪʨʘʣʴʥʘʷ ʵʥʝʨʛʠʷ. ɺ 

ʩʪʘʪʴʝ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʝʜʧʦʩʳʣʢʘʤʠ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ ʥʘ ʚʦ-

ʩʪʦʯʥʦʤ ʩʢʣʦʥʝ ʧʦʜʥʷʪʠʷ ɿʳʭ ʷʚʣʷʶʪʩʷ ʩʫʱʝʩʪʚʦʚʘʚʰʠʝ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʨʝʛʠʦʥʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʨʘʟʚʠʪʠʷ 

ʥʝʬʪʷʥʦʡ ʩʠʩʪʝʤʳ. ɸ ʪʘʢʞʝ ʣʦʢʘʣʴʥʳʝ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ, ʢʦʪʦʨʳʝ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʥʘʣʠʯʠʠ ʪʦʣʱʠ 

ʵʢʨʘʥʠʨʦʚʘʥʠʷ, ʚʳʪʷʥʫʪʦʡ ʚ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʂ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʬʘʢʪʦʨʘʤ ʤʳ ʦʪʥʦʩʠʤ 

ʥʘʣʠʯʠʝ ʢʨʫʪʦʛʦ ʚʦʩʪʦʯʥʦʛʦ ʩʢʣʦʥʘ ʧʦʜʥʷʪʠʷ ɿʳʭ. ʊʘʢʞʝ ʫʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʦʩʥʦʚʥʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 

ʦʙʲʝʢʪʳ ʦʞʠʜʘʶʪʩʷ ʚ ʦʪʣʦʞʝʥʠʷʭ ʤʠʦʮʝʥʘ ʠ ʢʘʣʠʥʩʢʦʡ ʩʚʠʪʳ, ʥʦ ʩʫʱʝʩʪʚʫʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʛʝʦʣʦʛʠʯʝ-

ʩʢʠʝ ʨʠʩʢʠ ʠ ʦʥʠ ʧʝʨʝʯʠʩʣʝʥʳ.  

Abstract 

The article is devoted to the prospects for oil and gas potential of one of ancient fields of the Absheron 

Peninsula of Azerbaijan, the Zykh field. The geographical location of the Zykh deposit is described, it is noted 

that deposits of the upper and middle Absheron are exposed here, and a section of the Pliocene deposits has been 

opened by wells. The main objectives of the research were determined and the task was set, which states that 

numerous wells were drilled in the Zykh area under study and geophysical work was carried out by various meth-

ods, despite this, many issues of the deep tectonics of the territory and the conditions for the formation of oil and 

gas deposits have not been fully explicated. The Zykh field is at a late stage of development and currently has only 

one production well. In order to expand the resources of this field, recommendations were prepared for drilling 

based on 3D seismic data from prospecting appraisal well No. 2. When choosing options for the location of deep 
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exploration wells in the Zykh field, the entire volume of seismic material was analyzed, as well as cubes of seismic 

attributes, both mono-attributes and complex ones. When performing an analysis of the information content of 

seismic attributes, extinctions and spectral energy were selected. The article notes that the conducted studies have 

shown that the prerequisites for oil and gas potential on the eastern slope of the Zykh uplift are the existing favor-

able regional conditions for the development of the oil system. As well as local favorable conditions, which consist 

in the presence of a shielding thickness, elongated in the submeridional direction. We attribute the presence of a 

steep eastern slope of the Zykh uplift to negative factors. It is also indicated that the main production facilities are 

expected in the Miocene and Kalinskaya formations, but there are certain geological risks and they are listed. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʴ, ʣʠʪʦʣʦʛʦ-ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʦʪʣʦʞʝʥʠʷ ʧʘ-

ʣʝʦʛʝʥ-ʥʝʦʛʝʥʘ, ʩʢʣʘʜʢʘ, ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʥʝʬʪʠ ʠ ʛʘʟʘ, ʩʝʡʩʤʦʨʘʟʚʝʜʢʘ 3D, ʦʪʨʘʞʘʶʱʠʝ ʛʦʨʠʟʦʥʪʳ. 

Keywords: oil and gas potential, lithological and stratigraphic characteristics, Paleogene-Neogene deposits, 

fold, oil and gas field, 3D seismic, reflecting horizons. 

 

ɺʚʝʜʝʥʠʝ 

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ɿʳʭ ʥʘʭʦʜʠʪʩʷ ʥʘ ʚʦʩʪʦʯʥʦʡ 

ʦʢʨʘʠʥʝ ʛʦʨʦʜʘ ɹʘʢʫ ʚ ɸʙʰʝʨʦʥʩʢʦʤ ʧʦʣʫʦʩʪʨʦʚʝ. 

ʕʪʦ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʦʪʢʨʳʪʦ ʚ 1935 ʛʦʜʫ ʠ ʜʦ ʩʠʭ 

ʧʦʨ ʵʢʩʧʣʫʘʪʠʨʫʝʪʩʷ, ʥʝʬʪʴ ʠʟʚʣʝʢʘʝʪʩʷ ʩ ʧʨʦʜʫʢ-

ʪʠʚʥʦʡ ʪʦʣʱʠ (ʇʊ) ʥʠʞʥʝʛʦ ʧʣʠʦʮʝʥʘ, ʦʩʥʦʚʥʦʛʦ 

ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʛʦ ʦʙʲʝʢʪʘ ɸʟʝʨʙʘʡʜʞʘʥʘ [1]. ʉ ʮʝ-

ʣʴʶ ʨʘʩʰʠʨʝʥʠʷ ʨʝʩʫʨʩʥʦʡ ʙʘʟʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʟʜʝʩʴ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʝʡʩʤʦʨʘʟʚʝʜʦʯʥʳʝ ʨʘʙʦʪʳ 

3D, ʦʙʨʘʙʦʪʢʘ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʜʘʥʥʳʭ ʢʦʪʦʨʳʭ 

ʧʦʟʚʦʣʠʣʠ ʧʦʜʛʦʪʦʚʠʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʥʘ ʙʫʨʝʥʠʝ 

ʧʦʠʩʢʦʚʦ-ʦʮʝʥʦʯʥʳʭ ʩʢʚʘʞʠʥ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ 

ɿʳʭ [2]. ʉ ʵʪʦʡ ʮʝʣʴʶ ʙʳʣʠ ʧʦʜʛʦʪʦʚʣʝʥʳ ʛʝʦʣʦʛʦ-

ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʧʦ ʦʙʦʩʥʦʚʘʥʠʶ ʚʳʙʦʨʘ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʧʦʠʩʢʦʚʳʭ ʩʢʚʘʞʠʥ.  

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ʇʨʠ ʚʳʙʦʨʝ ʚʘʨʠʘʥʪʦʚ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʛʣʫʙʦ-

ʢʠʭ ʧʦʠʩʢʦʚʳʭ ʩʢʚʘʞʠʥ ʥʘ ʚʦʩʪʦʯʥʦʤ ʩʢʣʦʥʝ ʤʝ-

ʩʪʦʨʦʞʜʝʥʠʷ ɿʳʭ ʙʳʣ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʚʝʩʴ ʦʙʲʝʤ 

ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʘ ʪʘʢʞʝ ʢʫʙʳ ʩʝʡʩʤʠʯʝ-

ʩʢʠʭ ʘʪʨʠʙʫʪʦʚ ʢʘʢ ʤʦʥʦʘʪʨʠʙʫʪʦʚ, ʪʘʢ ʠ ʢʦʤʧʣʝʢʩ-

ʥʳʭ [3,4]. 

ʇʨʠ ʘʥʘʣʠʟʝ ʚʦʣʥʦʚʦʡ ʢʘʨʪʠʥʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦ-

ʚʘʥʳ ʪʘʢʠʝ ʧʦʜʭʦʜʳ ʠʥʪʝʨʧʨʝʪʘʮʠʠ, ʢʘʢ ʩʝʡʩʤʦʬʘ-

ʮʠʘʣʴʥʳʡ ʠ ʩʝʢʚʝʥʩ-ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʡ, ʩ ʫʯʝʪʦʤ 

ʜʦʩʪʠʛʥʫʪʦʛʦ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʢʘʯʝʩʪʚʘ ʩʝʡʩʤʠʯʝ-

ʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ [5,6]. 

ʇʦʩʣʝ ʘʥʘʣʠʟʘ ʩʝʡʩʤʠʯʝʩʢʠʭ ʢʫʙʦʚ ʙʳʣʠ ʚʳ-

ʙʨʘʥʳ 3 ʪʦʯʢʠ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʧʨʦʝʢʪʥʳʭ ʧʦʠʩʢʦ-

ʚʳʭ ʩʢʚʘʞʠʥ (ʨʠʩ. 1 - 4), ʠʟ ʢʦʪʦʨʳʭ ʙʳʣʘ ʚʳʙʨʘʥʘ 

ʠ ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʢ ʙʫʨʝʥʠʶ ʧʝʨʚʦʦʯʝʨʝʜʥʘʷ ʩʢʚʘ-

ʞʠʥʘ ï ɿʳʭ-2 (ʨʠʩ. 2). 

ʇʦʠʩʢʦʚʘʷ ʩʢʚʘʞʠʥʘ ˉ2 (ʨʠʩ. 2) ʨʘʩʧʦʣʦʞʝʥʘ 

ʥʘ ʚʦʩʪʦʯʥʦʤ ʪʝʢʪʦʥʠʯʝʩʢʦʤ ʙʣʦʢʝ ʧʦʜʥʷʪʠʷ ɿʳʭ 

(ʢʨʝʩʪ crossline 230, Inline 200). ʉʪʘʪʫʩ ʩʢʚʘʞʠʥʘ ï 

ʧʦʠʩʢʦʚʘʷ, ʧʨʦʝʢʪʥʳʝ ʛʣʫʙʠʥʳ ʚʩʢʨʳʪʠʷ ʮʝʣʝʚʳʭ 

ʛʦʨʠʟʦʥʪʦʚ 3100-4300ʤ, ʧʨʦʝʢʪʥʳʝ ʛʦʨʠʟʦʥʪʳ ï 

ʇʂ, ʂʘʉ, ʤʠʦʮʝʥ. ʇʨʦʝʢʪʥʳʡ ʟʘʙʦʡ 4500ʤ.  

ʇʦʠʩʢʦʚʘʷ ʩʢʚʘʞʠʥʘ ˉ3 (ʨʠʩ. 3) ʨʘʩʧʦʣʦʞʝʥʘ 

ʥʘ ʚʦʩʪʦʯʥʦʤ ʪʝʢʪʦʥʠʯʝʩʢʦʤ ʙʣʦʢʝ ʧʦʜʥʷʪʠʷ ɿʳʭ 

(ʢʨʝʩʪ crossline 190, Inline 230). ʉʪʘʪʫʩ ʩʢʚʘʞʠʥʘ ï 

ʧʦʠʩʢʦʚʘʷ, ʧʨʦʝʢʪʥʳʝ ʛʣʫʙʠʥʳ ʚʩʢʨʳʪʠʷ ʮʝʣʝʚʳʭ 

ʛʦʨʠʟʦʥʪʦʚ 3100-4200ʤ, ʧʨʦʝʢʪʥʳʝ ʛʦʨʠʟʦʥʪʳ ï 

ʂʘʉ, ʤʠʦʮʝʥ.  

ʇʦʠʩʢʦʚʘʷ ʩʢʚʘʞʠʥʘ ˉ6 (ʨʠʩ. 4) ʨʘʩʧʦʣʦʞʝʥʘ 

ʥʘ ʚʦʩʪʦʯʥʦʤ ʪʝʢʪʦʥʠʯʝʩʢʦʤ ʙʣʦʢʝ ʧʦʜʥʷʪʠʷ ɿʳʭ 

(ʢʨʝʩʪ crossline 110, Inline 200). ʉʪʘʪʫʩ ʩʢʚʘʞʠʥʘ ï 

ʧʦʠʩʢʦʚʘʷ, ʧʨʦʝʢʪʥʳʝ ʛʣʫʙʠʥʳ ʚʩʢʨʳʪʠʷ ʮʝʣʝʚʳʭ 

ʛʦʨʠʟʦʥʪʦʚ 3000-3900ʤ, ʧʨʦʝʢʪʥʳʝ ʛʦʨʠʟʦʥʪʳ ï 

ʇʂ, ʂʘʉ, ʤʠʦʮʝʥ. 

ʈʝʢʦʤʝʥʜʫʝʤʘʷ ʧʦʠʩʢʦʚʘʷ ʩʢʚʘʞʠʥʘ ɿʳʭ-2 

ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʚʦʩʪʦʯʥʦʤ ʢʨʫʪʦʤ ʩʢʣʦʥʝ ʧʦʜʥʷʪʠʷ 

ɿʳʭ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʦʩʦʙʝʥʥʦ-

ʩʪʷʤʠ:  

ʘ) ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʫʯʘʩʪʢʝ, ʛʜʝ ʚ ʨʘʟʨʝʟʝ ʜʦʩʪʦ-

ʚʝʨʥʦ ʠ ʫʚʝʨʝʥʥʦ ʚʳʜʝʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʩʝʡ-

ʩʤʦʬʘʮʠʠ ʚ ʠʥʪʝʨʚʘʣʘʭ ʢʘʣʠʥʩʢʦʡ ʩʚʠʪʳ ʠ ʧʝʨʩʧʝʢ-

ʪʠʚʥʳʝ ʦʙʲʝʢʪʳ ʚ ʨʘʟʨʝʟʝ ʤʠʦʮʝʥʘ [7,8].  

ʙ) ʥʘʣʠʯʠʝ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ 

ʘʪʨʠʙʫʪʦʚ, ʘ ʪʘʢʞʝ ʩʝʡʩʤʠʯʝʩʢʠʭ ʢʣʘʩʩʦʚ ʚ ʧʨʦʛʥʦ-

ʟʠʨʫʝʤʦʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ï ʚʩʝ ʵʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠ-

ʯʠʝ ʚʝʨʦʷʪʥʳʭ ʣʦʚʫʰʝʢ.  

ɺ) ʩʢʚʘʞʠʥʘ ʨʝʰʘʝʪ ʟʘʜʘʯʫ ʢʘʢ ʧʦʠʩʢʘ ʥʠʞʥʝʡ 

ʥʝʠʟʫʯʝʥʥʦʡ ʙʫʨʝʥʠʝʤ ʯʘʩʪʠ ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ, ʪʘʢ 

ʠ ʨʘʟʚʝʜʢʠ ʧʝʨʠʬʝʨʠʡʥʦʡ (ʚʦʩʪʦʯʥʦʡ) ʯʘʩʪʠ ʟʘ-

ʣʝʞʠ ʧʣʘʩʪʘ ʧʦʜʢʠʨʤʘʢʠʥʩʢʦʡ ʩʚʠʪʳ.
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