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ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 
ʪʝʢʩʪʠʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

 
 
ʋɼʂ 677.03:502.3 

 
ʊʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʠʟʚʦʜʩʪʚʫ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʵʢʦʥʦʤʠʢʠ 
 

ʅ.ʄ. ʉʅʆʇʆʂ, ɻ.ɺ. ɹɸʐʂʆɺɸ 
(ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 

 
ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʨʘʟʚʠʪʠʝ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʧʨʠʚʝʣʠ ʢ ʚʥʝʜʨʝʥʠʶ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʢʘʟʳʚʘʶʱʠʭ ʧʦʟʠʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 
ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʨʝʛʠʦʥʘʣʴʥʫʶ ʠ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʧʦʣʠʪʠʢʫ. ʀʥʥʦʚʘʮʠʦʥʥʳʝ 
ʪʝʭʥʦʣʦʛʠʠ ʤʦʛʫʪ ʙʳʪʴ ʦʪʥʝʩʝʥʳ ʢ ʟʝʣʝʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ, ʩʧʦʩʦʙʥʳʤ ʧʨʠʚʝʩʪʠ ʢ 
ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʣʴʥʷʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʈʦʩʩʠʠ, ʠ ʧʨʠʚʝʩʪʠ ʢ ʧʦʚʳʰʝʥʠʶ 
ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʣʝʛʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ɼʣʷ ʛʝʦʪʝʢʩʪʠʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʪʠʚʦʵʨʦʟʠʡʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʧʨʠ ʚʳʙʦʨʝ 
ʤʘʪʝʨʠʘʣʘ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘʪʫʨʘʣʴʥʳʝ ʚʦʣʦʢʥʘ ʩ ʚʣʦʞʝʥʠʝʤ ʦʪʭʦʜʦʚ. 
ɺʦʟʦʙʥʦʚʣʷʝʤʦʝ ʩʳʨʴʝ, ʥʘ ʧʨʠʤʝʨʝ ʣʴʥʘ, ʷʚʣʷʝʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʤ 
ʙʠʦʨʘʟʣʘʛʘʝʤʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 
ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ɻʝʦʪʝʢʩʪʠʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʨʦʪʠʚʦʵʨʦʟʠʡʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ 
ʪʘʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʢʘʢ: ʭʦʨʦʰʘʷ ʚʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʩʨʦʢ ʩʣʫʞʙʳ ʥʝ ʙʦʣʝʝ 3-5 ʣʝʪ 
(ʤʠʥʠʤʘʣʴʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʦʚʳʰʝʥʠʝ 
ʧʣʦʜʦʨʦʜʠʷ ʤʝʩʪʥʦʛʦ ʛʨʫʥʪʘ). 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʦʪʝʢʩʪʠʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʟ ʥʘʪʫʨʘʣʴʥʳʭ ʚʦʣʦʢʦʥ ʩ 
ʚʣʦʞʝʥʠʝʤ ʦʪʭʦʜʦʚ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ, ʯʝʤ ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ. 
ʊʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʨʠʢʦʪʘʞʥʳʭ ʧʦʣʦʪʝʥ ʥʦʚʳʭ ʩʪʨʫʢʪʫʨ ʠʟ ʣʴʥʦʩʦʜʝʨʞʘʱʝʡ 
ʧʨʷʞʠ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʠʪʴ ʚʩʝ ʪʨʝʙʦʚʘʥʠʷ, ʯʪʦ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʢ ʧʨʦʠʟʚʦʜʩʪʚʫ 
ʢʦʥʝʯʥʦʡ ʧʨʦʜʫʢʮʠʠ ʧʨʦʪʠʚʦʵʨʦʟʠʡʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʩʰʠʨʝʥʠʷ ʦʙʣʘʩʪʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʪʫʨʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 
ʩʚʷʟʘʥʘ ʩ ʧʨʦʜʣʝʥʠʝʤ ʛʦʩʧʦʜʜʝʨʞʢʠ ʄʠʥʩʝʣʴʭʦʟʦʤ ʈʦʩʩʠʠ ʥʦʚʳʭ ʠʥʥʦʚʘʮʠʦʥʥʳʭ 
ʧʨʦʠʟʚʦʜʩʪʚ ʧʦ ʛʣʫʙʦʢʦʡ ʧʝʨʝʨʘʙʦʪʢʝ ʣʴʥʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʦʤʘʪʝʨʠʘʣʦʚ ʠʟ 
ʥʘʪʫʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʫʚʝʣʠʯʠʚʘʶʪ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ. 
ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ï ʵʪʦ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʜʫʢʪʘ ʤʘʢʩʠʤʘʣʴʥʦ 
ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ 
ʩʨʝʜʳ, ʦʙʝʩʧʝʯʝʥʠʝ ʢʦʤʬʦʨʪʥʳʭ ʫʩʣʦʚʠʡ ʞʠʟʥʠ ʠ ʟʘʱʠʱʝʥʥʦʩʪʴ ʦʪ ʚʨʝʜʥʳʭ 
ʚʦʟʜʝʡʩʪʚʠʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʠ ʥʘ ʦʩʥʦʚʝ ʵʪʦʛʦ, ʨʘʟʚʠʪʠʝ ʥʦʚʳʭ ʚʠʜʦʚ 
ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʟʝʣʝʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ɼʣʷ ʵʢʦʥʦʤʠʢʠ ʩʪʨʘʥʳ ʠ ʦʪʨʘʩʣʠ ʚ ʮʝʣʦʤ, ʙʦʣʴʰʝʡ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴʶ 
ʦʙʣʘʜʘʝʪ ʪʦʪ ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ ʠ ʧʨʦʝʢʪ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʜʦʣʛʦʩʨʦʯʥʳʝ 
ʧʝʨʩʧʝʢʪʠʚʳ ʠ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ ʠʣʠ ʧʨʦʠʟʚʝʜʝʥ ʥʘ ʠʤʝʶʱʠʭʩʷ 
ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʷʭ. ʂ ʪʘʢʠʤ ʠʥʥʦʚʘʮʠʦʥʥʳʤ ʤʘʪʝʨʠʘʣʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 
ʚʳʧʫʱʝʥʥʳʝ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʧʘʨʪʠʷʤʠ ʥʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʠʟʜʝʣʠʷ, ʠ 
ʠʟʜʝʣʠʷ ʷʚʣʷʶʱʠʝʩʷ ʠʤʧʦʨʪʦʟʘʤʝʱʘʶʱʠʤʠ. ʇʦʵʪʦʤʫ ʜʣʷ ʨʘʟʚʠʪʠʷ ʦʪʨʘʩʣʠ ʚʘʞʝʥ 
ʥʦʚʳʡ ʘʩʩʦʨʪʠʤʝʥʪ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʪʨʝʙʦʚʘʥʠʷʤ ʠ ʥʦʨʤʘʤ 
ʙʝʟʦʧʘʩʥʦʩʪʠ. 
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʪʫʨʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ 
ʢʨʘʪʢʦʩʨʦʯʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʠʤʝʶʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ʥʘʜ ʫʛʣʝʨʦʜʥʳʤʠ ʚʦʣʦʢʥʘʤʠ, ʘ 
ʠʤʝʥʥʦ: 

- ʥʘʪʫʨʘʣʴʥʦʝ ʚʦʣʦʢʥʦ ʷʚʣʷʝʪʩʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤ ʨʝʩʫʨʩʦʤ; 
- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʪʫʨʘʣʴʥʦʛʦ ʚʦʣʦʢʥʘ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʥʦʤʫ ʙʠʦʨʘʟʣʦʞʝʥʠʶ ʠ 

ʫʣʫʯʰʝʥʠʶ ʧʦʯʚʳ ʫʜʦʙʨʷʷ ʝʝ, ʠʤʝʶʪ ʫʣʫʯʰʝʥʥʳʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʠʥʪʝʪʠʯʝʩʢʠʤʠ, 
ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ; 

- ʥʘʪʫʨʘʣʴʥʳʝ ʚʦʣʦʢʥʘ, ʟʘʢʫʧʘʝʤʳʝ ʫ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʠʤʝʶʪ 
ʙʦʣʝʝ ʥʠʟʢʫʶ ʮʝʥʫ, ʠ ʧʦʜʥʠʤʘʶʪ ʵʢʦʥʦʤʠʢʫ ʩʚʦʝʡ ʩʪʨʘʥʳ. 
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ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʫʯʝʥʠʶ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʭʣʦʧʢʦʚʦʛʦ ʚʦʣʦʢʥʘ, ʠʟʤʝʥʝʥʠʡ ʭʣʦʧʢʦʚʦʛʦ ʚʦʣʦʢʥʘ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʨʙʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʚʦʣʦʢʥʘ ʤʦʞʝʪ 
ʙʳʪʴ ʫʚʝʣʠʯʝʥʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʬʦʨʤʳ ʚʥʫʪʨʝʥʥʝʛʦ ʢʘʥʘʣʘ ʚʦʣʦʢʥʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 
ʦʪʜʝʣʴʥʳʝ ʩʣʦʠ ʮʝʣʣʶʣʦʟʳ ʦʙʨʘʟʦʚʘʥʳ ʠʟ ʬʠʙʨʠʣʣ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 
ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʫʯʢʠ ʤʠʢʨʦʬʠʙʨʠʣʣ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʜʝʩʷʪʢʦʚ ʠ ʩʦʪʝʥ ʮʝʧʝʡ 
ʤʘʢʨʦʤʦʣʝʢʫʣ ʮʝʣʣʶʣʦʟʳ. ʆʪʜʝʣʴʥʳʝ ʤʦʣʝʢʫʣʳ ʚ ʤʠʢʨʦʬʠʙʨʠʣʣʘʭ ʠ 
ʤʠʢʨʦʬʠʙʨʠʣʣʳ ʚ ʬʠʙʨʠʣʣʘʭ ʨʘʩʧʦʣʦʞʝʥʳ ʥʝʧʣʦʪʥʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʜʨʫʛ ʢ ʜʨʫʛʫ ʠ 
ʫʜʝʨʞʠʚʘʶʪʩʷ ʩʠʣʘʤʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʘ ʪʘʢʞʝ ʙʣʘʛʦʜʘʨʷ ʪʦʤʫ, 
ʯʪʦ ʜʣʠʥʥʳʝ ʮʝʧʠ ʤʘʢʨʦʤʦʣʝʢʫʣ ʚʭʦʜʷʪ ʦʪʜʝʣʴʥʳʤʠ ʩʚʦʠʤʠ ʯʘʩʪʷʤʠ ʚ ʨʘʟʥʳʝ 
ʤʠʢʨʦʬʠʙʨʠʣʣʳ ʠ ʬʠʙʨʠʣʣʳ. ʇʦʵʪʦʤʫ ʢʘʢ ʚ ʦʪʜʝʣʴʥʳʭ ʩʫʪʦʯʥʳʭ ʩʣʦʷʭ, ʪʘʢ ʠ ʤʝʞʜʫ 
ʥʠʤʠ ʠʤʝʶʪʩʷ ʥʝʧʣʦʪʥʦʩʪʠ - ʧʦʨʳ, ʤʠʢʨʦʱʝʣʠ. ʀʤʝʥʥʦ ʦʥʠ ʦʢʘʟʳʚʘʶʪ ʙʦʣʴʰʦʝ 
ʚʣʠʷʥʠʝ ʥʘ ʧʦʚʝʜʝʥʠʝ ʭʣʦʧʢʦʚʳʭ ʚʦʣʦʢʦʥ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʘʭ ʦʙʨʘʙʦʪʢʠ, ʚ 
ʯʘʩʪʥʦʩʪʠ ʧʨʠ ʢʨʘʰʝʥʠʠ [1,2]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʫʯʝʥʠʶ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʭʣʦʧʢʦʚʦʛʦ ʚʦʣʦʢʥʘ, ʠʟʤʝʥʝʥʠʡ ʭʣʦʧʢʦʚʦʛʦ ʚʦʣʦʢʥʘ ʧʦʩʣʝ ʨʘʟʣʠʯʥʳʭ 
ʚʦʟʜʝʡʩʪʚʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʦʚ. ʈʘʙʦʪʘ ʧʨʦʚʝʜʝʥʘ ʚ ʣʘʙʦʨʘʪʦʨʠʠ 
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ʥʘʥʥʦʩʪʨʫʢʪʫʨʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʤ. ɸ.ʉ. ɸʭʤʝʪʦʚʘ ʧʨʠ ʊʘʨʘʟʩʢʦʤ 
ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʠʤ. ʄ. ʍ. ɼʫʣʘʪʠ. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʫʞʠʣʘ 
ʭʣʦʧʯʘʪʦʙʫʤʘʞʥʘʷ ʪʢʘʥʴ, ʧʨʦʰʝʜʰʘʷ ʩʪʘʜʠʠ ʨʘʩʰʣʠʭʪʦʚʢʠ, ʱʝʣʦʯʥʦʡ ʦʪʚʘʨʢʠ ʠ 
ʝʣʝʥʠʷ.  

 
 

ʈʠʩ. 1. ʃʘʙʦʨʘʪʦʨʠ ̫ʥʘʥʥʦʩʪʨʫʢʪʫʨʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ 
 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʚʦʣʦʢʥʦ ʧʦʜ ʤʠʢʨʦʩʢʦʧʦʤ, ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʦʥʦ ʠʤʝʝʪ 
ʬʦʨʤʫ ʩʢʨʫʯʝʥʥʦʡ ʣʝʥʪʦʯʢʠ ʠʣʠ ʧʫʩʪʦʡ ʩʧʣʶʱʝʥʥʦʡ ʪʨʫʙʦʯʢʠ (ʨʠʩ. 2) ʩʦ ʩʪʝʥʢʘʤʠ ʠ 
ʢʘʥʘʣʦʤ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʦʣʱʠʥʳ, ʢʦʪʦʨʘʷ ʟʘʚʠʩʠʪ ʦʪ ʟʨʝʣʦʩʪʠ. 

ɺʥʫʪʨʝʥʥʷʷ ʧʦʣʦʩʪʴ ʚʦʣʦʢʥʘ ʚʝʩʴʤʘ ʟʥʘʯʠʪʝʣʴʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʦʣʱʠʥʦʡ 
ʩʪʝʥʢʠ, ʘ ʪʘʢ ʢʘʢ ʵʪʘ ʧʦʣʦʩʪʴ ʦʪʢʨʳʪʘ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʩ ʦʜʥʦʛʦ ʢʦʥʮʘ, ʪʦ ʭʣʦʧʢʦʚʦʝ 
ʚʦʣʦʢʥʦ ʩʧʦʩʦʙʥʦ ʙʳʩʪʨʦ ʠ ʣʝʛʢʦ ʩʤʘʯʠʚʘʪʴʩʷ ʠ ʥʘʙʫʭʘʪʴ ʠʟʥʫʪʨʠ. ʕʪʠʤ ʭʣʦʧʢʦʚʦʝ 
ʚʦʣʦʢʥʦ ʚʳʛʦʜʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʣʫʙʷʥʳʭ ʚʦʣʦʢʦʥ.  

ʇʨʠ ʤʘʣʦʡ ʤʘʩʩʝ ʭʣʦʧʢʦʚʦʝ ʚʦʣʦʢʥʦ ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʦ ʨʘʟʚʠʪʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, 
ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʭʣʦʧʢʘ ʢ ʘʜʩʦʨʙʮʠʦʥʥʳʤ ʧʨʦʮʝʩʩʘʤ. ʄʷʛʢʦʩʪʴ ʠ 
ʥʝʞʥʦʩʪʴ ʭʣʦʧʢʦʚʳʭ ʚʦʣʦʢʦʥ, ʠʭ ʩʢʨʫʯʝʥʥʘʷ ʬʦʨʤʘ ʦʙʲʷʩʥʷʶʪ ʚʳʩʦʢʫʶ ʮʝʥʥʦʩʪʴ 
ʭʣʦʧʢʘ ʢʘʢ ʧʨʷʜʠʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

 

 
 

ʈʠʩ. 2. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʮʝʣʣʶʣʦʟʥʦʛʦ ʚʦʣʦʢʥʘ 

 

ʆʪʜʝʣʴʥʳʝ ʚʦʣʦʩʢʠ ʭʣʦʧʢʘ ʣʝʛʢʦ ʩʮʝʧʣʷʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ, ʨʘʩʧʨʷʤʣʷʶʪʩʷ ʧʨʠ 
ʚʳʪʷʛʠʚʘʥʠʠ, ʜʝʨʞʘʪʩʷ ʚ ʪʦʥʢʠʭ ʥʠʪʷʭ ʠ ʧʦʜʜʘʶʪʩʷ ʟʘʢʨʫʯʠʚʘʥʠʶ. ʉʪʨʫʢʪʫʨʥʳʝ 
ʠʟʤʝʥʝʥʠʷ ʚ ʭʣʦʧʢʦʚʳʭ ʚʦʣʦʢʥʘʭ, ʠʥʠʮʠʠʨʦʚʘʥʥʳʝ ʩʦʨʙʠʨʦʚʘʥʥʦʡ ʚʣʘʛʦʡ, ʠʟʫʯʝʥʳ ʚ 
ʨʘʙʦʪʘʭ [1, 2]. 

ɼʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʥʘʥʦʣʘʙʦʨʘʪʦʨʠʠ ʊʘʨɻʋ ʚ ʜʘʣʴʥʝʡʰʝʤ 
ʧʦʟʚʦʣʠʪ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʠ ʛʣʫʙʞʝ ʦʩʚʝʪʠʪʴ ʚʦʧʨʦʩʳ ʠʟʫʯʝʥʠʷ ʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 
ʧʨʠʤʝʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʪʝʢʩʪʠʣʴʥʦʡ ʦʪʨʘʩʣʠ.  
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ʋɼʂ 677.017.424.2 
 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʘʩʰʪʘʙʥʦʛʦ ʵʬʬʝʢʪʘ ʧʨʦʯʥʦʩʪʠ ʘʨʘʤʠʜʥʳʭ ʥʠʪʝʡ ʤʘʣʦʡ 
ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʠ 

 
ʇ.ɽ. ʉɸʌʆʅʆɺ, ʉ.ʉ. ʖʍʀʅ 

(ʆʆʆ çʊɽʂʉ-ʎɽʅʊʈè, ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɸ.ʅ. ʂʦʩʳʛʠʥʘ) 
 
ɿʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʦʧʨʦʩ ʦʙ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʘʩʰʪʘʙʥʦʛʦ ʵʬʬʝʢʪʘ ʧʨʦʯʥʦʩʪʠ ʢʦʤʧʣʝʢʩʥʳʭ 
ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʠ ʚʳʩʦʢʦʤʦʜʫʣʴʥʳʭ ʥʠʪʝʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʢʘʥʝʡ 
ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

ʅʘʣʠʯʠʝ ʤʘʩʰʪʘʙʥʦʛʦ ʠʣʠ ʨʘʟʤʝʨʥʦʛʦ ʵʬʬʝʢʪʘ ʩʣʝʜʫʝʪ ʠʟ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 
(ʬʠʟʠʯʝʩʢʠʭ) ʪʝʦʨʠʡ ʨʘʟʨʫʰʝʥʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. ɺ ʦʩʥʦʚʝ ʦʜʥʦʡ ʠʟ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 
ʪʝʦʨʠʡ ʣʝʞʠʪ ʛʠʧʦʪʝʟʘ ʩʣʘʙʦʛʦ ʟʚʝʥʘ. ʇʨʦʯʥʦʩʪʴ ʚʦʣʦʢʥʘ ʜʣʠʥʦʡ ὰ ʦʧʨʝʜʝʣʷʝʪʩʷ 
ʧʨʦʯʥʦʩʪʴʶ ʝʛʦ ʥʘʠʙʦʣʝʝ ʩʣʘʙʦʛʦ ï ʜʝʬʝʢʪʥʦʛʦ ʤʝʩʪʘ. ʇʨʠʩʫʪʩʪʚʠʝ ʜʝʬʝʢʪʦʚ ʚ 
ʚʦʣʦʢʥʘʭ ʠ ʥʠʪʷʭ, ʢʦʪʦʨʳʝ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʧʦ ʚʩʝʡ ʠʭ ʜʣʠʥʝ, 
ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʭʘʨʘʢʪʝʨ ʟʘʢʦʥʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʨʘʟʨʳʚʥʳʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʚʠʩʷʪ ʦʪ ʨʘʟʤʝʨʘ ʦʙʨʘʟʮʘ, ʪ.ʝ. ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ 
ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʠ ʦʧʘʩʥʳʝ ʜʝʬʝʢʪʳ ʚʩʪʨʝʪʷʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʣʠʥʳ ʦʙʨʘʟʮʘ. 

ʊʝʦʨʠʷ ʥʘʠʩʣʘʙʝʡʰʝʛʦ ʟʚʝʥʘ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʪʝʢʩʪʠʣʴʥʳʤ ʤʘʪʝʨʠʘʣʘʤ ʙʳʣʘ 
ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʨʘʙʦʪʘʭ ʧʨʦʬ. ɺ.ʇ. ʑʝʨʙʘʢʦʚʘ ʠ ʝʛʦ ʫʯʝʥʠʢʦʚ [1-3]. ɺ ʦʩʥʦʚʝ 
ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʣʝʞʘʪ ʨʝʟʫʣʴʪʘʪʳ ɺ. ɺʝʡʙʫʣʣʘ, ʧʦʣʫʯʠʚʰʝʛʦ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʬʫʥʢʮʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʀʟʚʝʩʪʥʦ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʨʝʜʥʝʡ ʨʘʟʨʳʚʥʦʡ ʥʘʛʨʫʟʢʠ ʥʠʪʠ ʧʨʠ ʣʶʙʦʡ ʜʣʠʥʝ ὰ ʧʨʠ ʠʟʚʝʩʪʥʦʡ ʙʘʟʝ ʠʩʧʳʪʘʥʠʡ ὰ: 
 

                                              ὖ ὖ ũρ ȟ                                                   (1) 

 

ʛʜʝ: ὖ - ʩʨʝʜʥʷʷ ʨʘʟʨʳʚʥʘʷ ʥʘʛʨʫʟʢʘ, ʩʅ; ὰ ï ʟʘʞʠʤʥʘʷ ʜʣʠʥʘ ʥʠʪʠ, ʤʤ; ὖ ʠ  ï 

ʧʘʨʘʤʝʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ɺʝʡʙʫʣʣʘ; ũρ  ï ʛʘʤʤʘ-ʬʫʥʢʮʠʷ ʘʨʛʫʤʝʥʪʘ. 

ʀʩʩʣʝʜʫʝʤ ʤʘʩʰʪʘʙʥʳʡ ʵʬʬʝʢʪ ʧʨʦʯʥʦʩʪʠ ʜʣʷ ʪʨʝʭ ʚʠʜʦʚ ʧʘʨʘ-ʘʨʘʤʠʜʥʳʭ 
ʥʠʪʝʡ ʤʘʣʦʡ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ 
ʪʢʘʥʝʡ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʠ ʧʨʠ ʵʪʦʤ ʦʪʣʠʯʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʜʝʬʝʢʪʥʦʩʪʴʶ 
ʩʪʨʫʢʪʫʨʳ (ʧʨʠʩʫʪʩʪʚʫʶʪ ʤʘʩʩʦʚʳʝ ʦʙʨʳʚʳ ʦʪʜʝʣʴʥʳʭ ʬʠʣʘʤʝʥʪʦʚ). 

ɺ ʪʘʙʣ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ɺʝʡʙʫʣʣʘ ὖ ʠ  
ʜʣʷ ʘʨʘʤʠʜʥʳʭ ʥʠʪʝʡ ʤʘʣʦʡ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʠ. 

 
 

http://teacode.com/online/udc/67/677.017.424.2.html


7 

ʊʘʙʣʠʮʘ 1 
ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ɺʝʡʙʫʣʣʘ ʜʣʷ ʘʨʘʤʠʜʥʳʭ ʥʠʪʝʡ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʥʠʪʠ 
ʇʘʨʘʤʝʪʨ 

ὖ, ʩʅ  

ɸʨʤʘʣʦʥ 2,2 ʪʝʢʩ 14 ʬʠʣ. 414,447 3,701 

ɸʨʤʘʣʦʥ 3,3 ʪʝʢʩ 18 ʬʠʣ. 591,927 11,454 

ʈʫʩʣʘʥ 6,3 ʪʝʢʩ 50 ʬʠʣ. 1326,605 8,195 

 
ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʪʘʙʣ. 1 ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʚ ʥʘʠʙʦʣʴʰʝʡ 

ʩʪʝʧʝʥʠ ʤʘʩʰʪʘʙʥʳʡ ʵʬʬʝʢʪ ʧʨʦʯʥʦʩʪʠ ʙʫʜʝʪ ʚʳʨʘʞʝʥ ʜʣʷ ʥʠʪʝʡ ɸʨʤʘʣʦʥ 2,2 ʪʝʢʩ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʤʠʥʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʧʘʨʘʤʝʪʨʘ , ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 
ʚʳʩʦʢʦʤ ʢʦʵʬʬʠʮʠʝʥʪʝ ʚʘʨʠʘʮʠʠ ʧʦ ʧʨʦʯʥʦʩʪʠ, ʪ.ʝ. ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʣʠʥʳ ʜʘʥʥʦʡ ʥʠʪʠ 
ʝʝ ʧʨʦʯʥʦʩʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ. ʇʨʠ ʜʣʠʥʝ 50 ʤʤ ʨʘʟʨʳʚʥʘʷ ʥʘʛʨʫʟʢʘ ʩʦʩʪʘʚʠʪ 
544 ʩʅ, ʘ ʧʨʠ ʜʣʠʥʝ 500 ʤʤ ʫʞʝ 292 ʩʅ ï ʥʘ 46% ʤʝʥʴʰʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʮʝʥʢʠ 
ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʫʩʣʦʚʠʡ ʩʥʦʚʘʥʠʷ ʠ ʪʢʘʯʝʩʪʚʘ, ʪʘʢ ʢʘʢ ʧʦ ʠʟʚʝʩʪʥʦʡ ʜʣʠʥʝ ʥʠʪʠ ʚ 
ʟʘʧʨʘʚʢʝ ʤʘʰʠʥʳ ʠʣʠ ʩʪʘʥʢʘ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʝʝ ʩʨʝʜʥʶʶ ʧʨʦʯʥʦʩʪʴ ʠ ʚʳʙʨʘʪʴ 
ʨʘʮʠʦʥʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʥʘʪʷʞʝʥʠʷ. ʊʘʢ ʜʣʠʥʘ ʥʠʪʠ ʦʩʥʦʚʳ ʚ ʟʘʧʨʘʚʢʝ ʨʘʧʠʨʥʦʛʦ 
ʩʪʘʥʢʘ 1500-1800 ʤʤ, ʘ ʟʥʘʯʠʪ, ʩʨʝʜʥʷʷ ʨʘʩʯʝʪʥʘʷ ʧʨʦʯʥʦʩʪʴ ʥʠʪʠ 2,2 ʪʝʢʩ ʧʨʠ ʪʘʢʦʡ 
ʜʣʠʥʝ ʩʦʩʪʘʚʠʪ ʚʩʝʛʦ 207-217 ʩʅ. 
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ʚʝʨʝʪʝʥ 
 

ɸ.ʉ. ʃɽɹɪɼʂʀʅ, ɺ.ɻ. ɹʋʊʂɽɺʀʏ, ʊ.ɸ. ʄɸʏʀʍʆ  
(ɺʠʪʝʙʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɹʝʣʘʨʫʩʴ) 

 
ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʚ ʪʝʢʩʪʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʥʝʚʦʟʤʦʞʝʥ ʙʝʟ 

ʚʥʝʜʨʝʥʠʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ 
ʧʨʦʚʦʜʠʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʢʦʪʦʨʳʝ ʧʨʦʚʦʜʷʪʩʷ ʢʘʢ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʠʟʫʯʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʜʫʢʪʘ, ʪʘʢ ʠ 
ʪʝʦʨʠʪʠʯʝʩʢʠ ï ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʦʧʠʩʳʚʘʷ ʬʠʟʠʯʝʩʢʫʶ ʩʫʱʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʚʥʝʜʨʷʝʪʩʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʙʘʟʝ ʤʘʰʠʥʳ 
ʇʂ-100 ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʬʘʩʦʥʥʳʭ ʥʠʪʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʭ ʧʦʣʳʭ ʚʝʨʝʪʝʥ 
ʧʨʠ ʨʘʟʥʦʦʙʨʘʟʥʦʤ ʩʦʯʝʪʘʥʠʠ ʚʭʦʜʷʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʄʦʜʝʨʥʠʟʘʮʠʷ ʤʘʰʠʥʳ ʇʂ-100 
ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʘ ʥʝʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩʦʦʩʥʦ ʩ ʧʝʨʚʳʤ ʚʪʦʨʦʝ ʧʦʣʦʝ 
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ʚʝʨʝʪʝʥʦ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʨʘʱʝʥʠʝ ʝʛʦ ʚ ʦʙʨʘʪʥʫʶ ʩʪʦʨʦʥʫ ʩ ʯʘʩʪʦʪʦʡ, ʩʥʠʞʝʥʥʦʡ 
ʥʘ 30%, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʨʘʚʥʦʚʝʩʥʫʶ ʥʠʪʴ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʠ ʘʚʪʦʨʘʤʠ: 
- ʩʦʟʜʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʠʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʚʫʭ ʧʦʣʳʭ ʚʝʨʝʪʝʥ; 
- ʧʦʣʫʯʝʥʳ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʬʘʩʦʥʥʳʭ ʥʠʪʝʡ ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʠʭ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ; 
- ʘʥʘʣʠʪʠʯʝʩʢʠ ʦʧʠʩʘʥ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʦʨʩʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʧʨʠ 

ʧʦʣʫʯʝʥʠʠ ʬʘʩʦʥʥʦʡ ʥʠʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʭ ʧʦʣʳʭ ʚʝʨʝʪʝʥ; 
- ʦʧʨʝʜʝʣʝʥʳ ʩʠʣʳ ʥʘʪʷʞʝʥʠʷ ʚʦʨʩʦʚʦʡ ʥʠʪʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʧʣʘʥʝ ʦʙʨʳʚʥʦʩʪʠ; 
- ʦʧʪʠʤʠʟʠʨʦʚʘʥʘ ʧʣʦʪʥʦʩʪʴ ʥʘʙʠʚʢʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ; 
- ʥʘʨʘʙʦʪʘʥʳ ʦʧʳʪʥʳʝ ʧʘʨʪʠʠ ʥʠʪʝʡ ʠ ʧʨʦʨʘʙʦʪʘʥʳ ʚ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʪʢʘʥʳʭ ʠ 

ʪʨʠʢʦʪʘʞʥʳʭ ʠʟʜʝʣʠʡ; 
- ʧʦʣʫʯʝʥʳ ʟʘʢʣʶʯʝʥʠʷ ʦ ʧʨʦʨʘʙʦʪʢʝ ʠ ʜʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ. 
ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʬʘʩʦʥʥʳʭ ʥʠʪʝʡ ʥʘʛʦʥʥʳʡ ʢʦʤʧʦʥʝʥʪ ʚʨʘʱʘʝʪʩʷ 

ʨʘʚʥʦʤʝʨʥʦ ʠ ʧʨʠʥʠʤʘʝʪ ʥʝʢʦʪʦʨʫʶ ʬʦʨʤʫ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʬʠʛʫʨʫ, 
ʥʘʭʦʜʷʱʫʶʩʷ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʨʘʚʥʦʚʝʩʠʠ. ɿʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʬʦʨʤʳ ʠ ʥʘʪʷʞʝʥʠʷ 
ʚʨʘʱʘʶʱʝʡʩʷ ʥʠʪʠ ʠʤʝʝʪ ʥʝ ʪʦʣʴʢʦ ʪʝʦʨʠʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ, ʥʦ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ 
ʟʥʘʯʝʥʠʝ. ʇʨʘʚʠʣʴʥʘʷ ʟʘʧʦʣʥʷʝʤʦʩʪʴ ʚʦʨʩʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 
ʬʘʩʦʥʥʳʝ ʥʠʪʠ ʪʨʝʙʫʝʤʦʛʦ ʢʘʯʝʩʪʚʘ. ʇʨʠ ʨʝʰʝʥʠʠ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʙʳʣ 
ʨʘʩʩʤʦʪʨʝʥ ʧʨʦʮʝʩʩ ʚʨʘʱʝʥʠʷ ʛʠʙʢʦʡ ʥʠʪʠ ʚʦʢʨʫʛ ʩʪʝʨʞʥʝʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. ʇʨʠ ʵʪʦʤ 
ʥʘ ʢʘʞʜʫʶ ʦʜʠʥʦʯʥʫʶ ʝʜʠʥʠʮʫ ʤʘʩʩʳ ʥʠʪʠ ʜʝʡʩʪʚʫʝʪ ʮʝʥʪʨʦʙʝʞʥʘʷ ʩʠʣʘ, 
ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʩʠʣʘ, ʩʠʣʘ ʪʷʞʝʩʪʠ, ʩʠʣʘ ʥʘʪʷʞʝʥʠʷ ʥʠʪʠ. ʈʘʩʩʤʦʪʨʝʚ ʜʚʠʞʝʥʠʝ 
ʥʠʪʠ ʚ ʜʝʢʘʨʪʦʚʳʭ ʠ ʧʦʣʷʨʥʳʭ ʩʠʩʪʝʤʘʭ ʢʦʦʨʜʠʥʘʪ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 
ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʵʣʝʤʝʥʪʘ ʥʠʪʠ ʝʜʠʥʠʯʥʦʡ ʤʘʩʩʳ ʠ ʠʥʪʝʛʨʘʣ 
ʥʘʪʷʞʝʥʠʷ ʥʠʪʠ. ʇʦʩʪʦʷʥʥʳʝ, ʩ ʫʯʝʪʦʤ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ, ʧʦʣʫʯʝʥʳ ʥʘ ʦʩʥʦʚʝ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʣʦʚʠʡ, ʧʦʣʘʛʘʷ, ʯʪʦ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʦʜʠʥ ʢʦʥʝʮ 
ʥʠʪʠ ʟʘʢʨʝʧʣʝʥ, ʘ ʜʨʫʛʦʡ ʩʚʦʙʦʜʝʥ, ʪʦ ʝʩʪʴ ʥʘ ʥʝʛʦ ʥʝ ʜʝʡʩʪʚʫʝʪ ʩʠʣʘ ʥʘʪʷʞʝʥʠʷ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʘʩʯʝʪʥʳʝ ʬʦʨʤʫʣʳ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʥʘʪʷʞʝʥʠʝ ʥʠʪʠ, ʘ 
ʪʘʢʞʝ ʧʦʩʪʨʦʠʪʴ ʢʨʠʚʫʶ, ʦʙʨʘʟʦʚʘʥʥʫʶ ʥʠʪʴʶ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩʦ ʩʪʝʨʞʥʝʚʳʤ 
ʢʦʤʧʦʥʝʥʪʦʤ, ʧʦʣʫʯʠʪʴ ʦʧʪʠʤʘʣʴʥʦʝ ʟʘʧʦʣʥʝʥʠʝ ʬʘʩʦʥʥʦʡ ʥʠʪʠ ʚʦʨʩʦʚʳʤ 
ʢʦʤʧʦʥʝʥʪʦʤ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʦʣʫʯʠʪʴ ʥʠʪʠ ʪʨʝʙʫʝʤʦʛʦ ʢʘʯʝʩʪʚʘ. 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʙʨʳʚʥʦʩʪʠ ʬʘʩʦʥʥʦʡ ʥʠʪʠ ʚ ʮʝʣʦʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʙʨʳʚ 
ʧʨʦʠʩʭʦʜʠʪ ʦʙʳʯʥʦ ʥʘ ʢʦʥʮʝ ʧʦʣʦʛʦ ʚʝʨʝʪʝʥʘ ʚ ʟʦʥʝ ʥʘʣʦʞʝʥʠʷ ʥʘ ʩʪʝʨʞʥʝʚʦʡ 
ʢʦʤʧʦʥʝʥʪ ʦʙʚʠʚʦʯʥʦʛʦ. ʉ ʫʯʝʪʦʤ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʪʷʞʝʥʠʷ ʥʠʪʠ 
ʩʪʝʨʞʥʝʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʨʘʟʨʘʙʦʪʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʩʥʠʞʝʥʠʶ ʦʙʨʳʚʥʦʩʪʠ ʥʠʪʠ. 

ʊʢʘʥʠ ʠʟ ʧʨʝʜʣʘʛʘʝʤʳʭ ʥʠʪʝʡ ʨʝʢʦʤʝʥʜʫʶʪʩʷ ʜʣʷ ʧʦʰʠʚʘ ʞʝʥʩʢʠʭ ʙʣʫʟ 
ʨʘʟʣʠʯʥʳʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ, ʧʣʘʪʴʝʚ ʜʣʷ ʤʦʣʦʜʝʞʠ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʰʠʨʦʢʠʝ 
ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʟʜʝʣʠʡ ʠʟ ʵʪʠʭ ʪʢʘʥʝʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 
ʧʨʝʜʣʘʛʘʝʤʳʭ ʥʠʪʝʡ ʨʘʩʰʠʨʷʝʪ ʘʩʩʦʨʪʠʤʝʥʪ ʧʨʦʜʫʢʮʠʠ ʧʨʠ ʰʠʨʦʢʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 
ʥʘʪʫʨʘʣʴʥʳʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʪʢʘʥʝʡ ʠ ʪʝʢʩʪʠʣʴʥʳʭ ʠʟʜʝʣʠʡ, 
ʧʨʠʙʣʠʞʘʶʱʠʭʩʷ ʧʦ ʩʚʦʠʤ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʚ ʮʝʣʦʤ ʢ ʠʟʜʝʣʠʷʤ ʠʟ 
ʚʦʣʦʢʦʥ ʥʘʪʫʨʘʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ ʤʦʛʫʪ ʙʳʪʴ ʚʥʝʜʨʝʥʳ ʥʘ 
ʪʝʢʩʪʠʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʥʠʪʠ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʠ ʙʦʣʝʝ 60 ʪʝʢʩ. 
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ʊʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʘʢʪʥʦʡ ʧʨʷʞʠ ʢʘʤʚʦʣʴʥʦʛʦ ʧʨʷʜʝʥʠʷ 
 

ʉ.ʉ. ʄɽɼɺɽʎʂʀʁ, ʆ.ɺ. ʈɽʋʊ 
(ɺʠʪʝʙʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɹʝʣʘʨʫʩʴ) 

 
ɻʣʘʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʨʷʞʠ ʢʦʣʴʮʝʚʦʛʦ ʧʨʷʜʝʥʠʷ ʠ 

ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʷʜʠʣʴʥʳʭ ʤʘʰʠʥ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʝʪʩʷ 
ʢʦʤʧʘʢʪʥʦʝ ʧʨʷʜʝʥʠʝ, ʧʨʠʥʮʠʧ ʢʦʪʦʨʦʛʦ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʚ ʢʦʥʮʝ ʍX ʚʝʢʘ. ʇʨʠʤʝʥʝʥʠʝ 
ʢʦʤʧʘʢʪʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʥʘ ʢʦʣʴʮʝʚʳʭ ʧʨʷʜʠʣʴʥʳʭ ʤʘʰʠʥʘʭ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ 
ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʧʨʷʞʠ, ʥʦ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 
ʧʨʷʜʠʣʴʥʳʭ ʤʘʰʠʥ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʦʙʨʳʚʥʦʩʪʠ ʠ ʫʤʝʥʴʰʝʥʠʷ ʢʨʫʪʢʠ. 

ɺ ʆɸʆ çʂʘʤʚʦʣʴè (ʛ. ʄʠʥʩʢ) ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʤʧʣʝʢʩʥʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ 
ʧʨʦʠʟʚʦʜʩʪʚʘ ʫʩʪʘʥʦʚʣʝʥʘ ʢʦʣʴʮʝʚʘʷ ʧʨʷʜʠʣʴʥʘʷ ʤʘʰʠʥʘ ʬʠʨʤʳ Schlafhorst ʤʦʜʝʣʠ 
Zinser 451 Impact FX ʩ ʢʦʤʧʘʢʪʠʨʫʶʱʠʤ ʫʩʪʨʦʡʩʪʚʦʤ CompACT

3
. ʄʘʰʠʥʘ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ ʧʨʷʞʫ ʢʘʤʚʦʣʴʥʦʛʦ ʧʨʷʜʝʥʠʷ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʠ ʜʦ 38 ʪʝʢʩ. ʎʝʣʴ 
ʠʩʩʣʝʜʦʚʘʥʠʡ - ʩʨʘʚʥʠʪʴ ʩʚʦʡʩʪʚʘ ʦʙʳʯʥʦʡ ʢʘʤʚʦʣʴʥʦʡ ʧʨʷʞʠ ʠ ʘʥʘʣʦʛʠʯʥʦʡ ʧʨʷʞʠ 
ʢʦʤʧʘʢʪʥʦʛʦ ʧʨʷʜʝʥʠʷ. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʪʫʧʘʣʘ ʯʠʩʪʦʰʝʨʩʪʷʥʘʷ 
ʤʝʨʠʥʦʩʦʚʘʷ ʧʨʷʞʘ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʠ 15 ʪʝʢʩ. 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘ ʩʚʦʡʩʪʚʘ ʧʨʷʞʠ ʢʦʤʧʘʢʪʥʦʛʦ 
ʧʨʷʜʝʥʠʷ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʤʥʦʛʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʪʘʢʠʝ ʢʘʢ ʢʨʫʪʢʘ, ʥʦʤʝʨ ʙʝʛʫʥʢʘ, 
ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʚʝʨʝʪʝʥ, ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʘʪʳʚʘʥʠʷ ʧʨʷʞʠ ʠ ʜʨʫʛʠʝ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ ʚʣʠʷʥʠʝ ʢʨʫʪʢʠ ʠ ʥʦʤʝʨʘ ʙʝʛʫʥʢʘ ʥʘ 
ʧʦʢʘʟʘʪʝʣʠ ʧʨʷʞʠ ʢʦʤʧʘʢʪʥʦʛʦ ʧʨʷʜʝʥʠʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʝʚ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 
ʚʳʩʪʫʧʘʣʠ ʨʘʟʨʳʚʥʘʷ ʥʘʛʨʫʟʢʘ, ʚʦʨʩʠʩʪʦʩʪʴ ʠ ʨʘʟʨʳʚʥʦʝ ʫʜʣʠʥʝʥʠʝ ʧʨʷʞʠ, ʧʦʩʢʦʣʴʢʫ 
ʠʤʝʥʥʦ ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʪʣʠʯʘʶʪ ʢʦʤʧʘʢʪʥʫʶ ʧʨʷʞʫ. ʂʨʦʤʝ 
ʪʦʛʦ, ʢ ʢʘʤʚʦʣʴʥʳʤ ʪʢʘʥʷʤ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʢʦʩʪʶʤʥʦʛʦ ʠ ʦʜʝʞʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ 
ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʨʘʟʨʳʚʥʦʡ ʥʘʛʨʫʟʢʝ, ʛʣʘʜʢʦʩʪʠ ʠ, 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʠʟʢʦʡ ʚʦʨʩʠʩʪʦʩʪʠ. 

ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʧʨʝʜʝʣʷʶʱʝʝ 
ʚʣʠʷʥʠʝ ʥʘ ʚʦʨʩʠʩʪʦʩʪʴ ʧʨʷʞʠ ʦʢʘʟʳʚʘʝʪ ʢʨʫʪʢʘ. ʏʝʤ ʤʝʥʴʰʫʶ ʢʨʫʪʢʫ ʧʦʣʫʯʘʝʪ ʧʨʷʞʘ, 
ʪʝʤ ʙʦʣʝʝ 'ʚʦʨʩʠʩʪʘʷ' ʦʥʘ ʩʪʘʥʦʚʠʪʩʷ. ʕʪʘ ʚʟʘʠʤʦʩʚʷʟʴ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʘ ʪʝʤ, 
ʯʪʦ ʧʨʠ ʚʳʩʦʢʦʡ ʢʨʫʪʢʝ ʚʦʣʦʢʥʘ ʚ ʧʨʷʞʝ ʫʧʣʦʪʥʷʶʪʩʷ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ. ʊʘʢʞʝ 
ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʯʝʤ ʙʦʣʴʰʝ ʥʦʤʝʨ ʙʝʛʫʥʢʘ ʠ ʚʳʰʝ ʢʨʫʪʢʘ, ʪʝʤ ʙʦʣʴʰʝ ʨʘʟʨʳʚʥʘʷ 
ʥʘʛʨʫʟʢʘ ʧʨʷʞʠ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʙʦʣʴʰʦʡ ʥʦʤʝʨ ʙʝʛʫʥʢʘ ʠ ʚʳʩʦʢʘʷ ʢʨʫʪʢʘ 
ʜʘʶʪ ʙʦʣʴʰʦʝ ʥʘʪʷʞʝʥʠʝ ʧʨʷʞʠ ʚ ʧʨʦʮʝʩʩʝ ʧʨʷʜʝʥʠʷ, ʙʦʣʴʰʝʝ ʥʘʪʷʞʝʥʠʝ ʧʨʷʞʠ ʚ 
ʙʘʣʣʦʥʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʷʞʘ ʧʦʣʫʯʘʝʪʩʷ ʙʦʣʝʝ ʧʨʦʯʥʦʡ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ 
ʫʚʝʣʠʯʝʥʠʠ ʢʨʫʪʢʠ ʚʦʣʦʢʥʘ ʧʣʦʪʥʝʝ ʧʨʠʣʝʛʘʶʪ ʜʨʫʛ ʢ ʜʨʫʛʫ ʠ ʤʝʞʜʫ ʥʠʤʠ ʩʫʱʝʩʪʚʝʥʥʦ 
ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʩʫʤʤʘʨʥʳʝ ʩʠʣʳ ʪʨʝʥʠʷ. 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʚ ʧʨʦʛʨʘʤʤʝ Maple 
ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʘʤʚʦʣʴʥʘʷ ʧʨʷʞʘ ʥʘʠʣʫʯʰʝʛʦ ʢʘʯʝʩʪʚʘ ʧʦʣʫʯʘʝʪʩʷ ʧʨʠ ʢʨʫʪʢʝ 800 
ʢʨ/ʤ ʠ ʥʦʤʝʨʝ ʙʝʛʫʥʢʘ 30. 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʩʚʦʡʩʪʚ ʦʧʳʪʥʦʡ ʢʦʤʧʘʢʪʥʦʡ ʧʨʷʞʠ ʠ ʧʨʷʞʠ ʪʨʘʜʠʮʠʦʥʥʦʛʦ 
ʧʨʷʜʝʥʠʷ ʪʘʢʦʡ ʞʝ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʠ ʥʘ ʢʦʣʴʮʝʚʦʡ ʧʨʷʜʠʣʴʥʦʡ ʤʘʰʠʥʝ Zinser 451 
ʙʳʣʘ ʚʳʨʘʙʦʪʘʥʘ ʯʠʩʪʦʰʝʨʩʪʷʥʘʷ ʧʨʷʞʘ 15 ʪʝʢʩ. ʇʨʷʞʘ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʠ 15 ʪʝʢʩ 
ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʠ ʢʦʤʧʘʢʪʥʦʛʦ ʧʨʷʜʝʥʠʷ ʙʳʣʘ ʚʳʨʘʙʦʪʘʥʘ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʧʨʷʜʠʣʴʥʳʭ ʤʘʰʠʥ Zinser 451 ʠ Zinser 451 Impact 
FX. ʉʚʦʡʩʪʚʘ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʷʞʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 



10 

 
ʊʘʙʣʠʮʘ 1 

ʉʚʦʡʩʪʚʘ ʦʧʳʪʥʦʡ ʢʘʤʚʦʣʴʥʦʡ ʧʨʷʞʠ ʢʦʤʧʘʢʪʥʦʛʦ ʠ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʧʨʷʜʝʥʠʷ 

ʇʦʢʘʟʘʪʝʣʴ 
ʂʦʤʧʘʢʪʥʘʷ 
ʧʨʷʞʘ 

ʆʙʳʯʥʘʷ 
ʢʦʣʴʮʝʚʘʷ 
ʧʨʷʞʘ 

ʃʠʥʝʡʥʘʷ ʧʣʦʪʥʦʩʪʴ, ʪʝʢʩ 15 

ʈʘʟʨʳʚʥʘʷ ʥʘʛʨʫʟʢʘ, ʩʅ/ʪʝʢʩ 6 4,3 

ʂʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ʧʦ ʨʘʟʨʳʚʥʦʡ ʥʘʛʨʫʟʢʝ, % 14,9 13,7 

ʈʘʟʨʳʚʥʦʝ ʫʜʣʠʥʝʥʠʝ, % 11,96 6,73 

ɺʦʨʩʠʩʪʦʩʪʴ 4,25 5,67 

ʉʨʝʜʥʝʝ ʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʧʦ ʚʦʨʩʠʩʪʦʩʪʠ 1,27 1,62 

ʂʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ʧʦ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʠ 
ʧʨʷʞʠ, Cvm, % 

19,68 20,6 

ʋʪʦʥʝʥʠʷ, Thin -50% 322,5 436,8 

ʋʪʦʣʱʝʥʠʷ, Thick +50% 83,5 113,3 

ʅʝʧʩʳ, Neps +140% 158 174 

ʅʝʧʩʳ, Neps +280% 35 37,8 

 
ɸʥʘʣʠʟʠʨʫʷ ʪʘʙʣʠʯʥʳʝ ʜʘʥʥʳʝ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʟʨʳʚʥʘʷ ʥʘʛʨʫʟʢʘ ʧʨʷʞʠ 

ʢʦʤʧʘʢʪʥʦʛʦ ʧʨʷʜʝʥʠʷ ʚʳʰʝ ʥʘ 28 %, ʨʘʟʨʳʚʥʦʝ ʫʜʣʠʥʝʥʠʝ ʚʳʰʝ ʥʘ 43.7 %, 
ʚʦʨʩʠʩʪʦʩʪʴ ʤʝʥʴʰʝ ʥʘ 33 % ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʦʡ ʢʦʣʴʮʝʚʦʡ ʧʨʷʞʝʡ. ʊʘʢʞʝ 
ʧʨʷʞʘ ʢʦʤʧʘʢʪʥʦʛʦ ʧʨʷʜʝʥʠʷ ʥʝʩʢʦʣʴʢʦ ʨʦʚʥʝʝ ʪʨʘʜʠʮʠʦʥʥʦʡ ʢʦʣʴʮʝʚʦʡ ʧʨʷʞʠ ʠ 
ʩʦʜʝʨʞʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʫʪʦʥʝʥʠʡ, ʫʪʦʣʱʝʥʠʡ ʠ ʥʝʧʩʦʚ. 
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ʋɼʂ 677.03 

 
ɸʥʘʣʠʟ ʥʝʜʦʩʪʘʪʢʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʩʦʚʨʝʤʝʥʥʳʭ  

ʛʨʝʙʥʝʯʝʩʘʣʴʥʳʭ ʤʘʰʠʥ 
 

ʂ.ʊ. ʄɸʍɸʅɹɽʊɸʃʀɽɺɸ, ɾ.ɽ. ʂʋʈʄɸʅ  
(ʊʘʨʘʟʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ʍ. ɼʫʣʘʪʠ, ʂʘʟʘʭʩʪʘʥ) 

 
ɻʨʝʙʥʝʯʝʩʘʥʠʝ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʧʨʦʮʝʩʩʦʤ ʚ ʛʨʝʙʝʥʥʦʡ ʩʠʩʪʝʤʝ ʧʨʷʜʝʥʠʷ  

ʰʝʨʩʪʠ.  
ʉʫʱʥʦʩʪʴ  ʛʨʝʙʥʝʯʝʩʘʥʠʷ  ʟʘʢʣʶʯʘʝʪʩʷ  ʚ  ʫʜʘʣʝʥʠʠ  ʠʟ  ʧʨʦʯʝʩʳʚʘʝʤʦʛʦ 

ʧʨʦʜʫʢʪʘ  ʢʦʨʦʪʢʠʭ  ʚʦʣʦʢʦʥ,  ʨʘʟʲʝʜʠʥʝʥʠʠ,  ʨʘʩʧʨʷʤʣʝʥʠʠ  ʠ  ʧʘʨʘʣʣʝʣʠʟʘʮʠʠ ʙʦʣʝʝ 
ʜʣʠʥʥʳʭ ʚʦʣʦʢʦʥ, ʦʯʠʩʪʢʝ ʠʭ ʦʪ ʤʝʣʢʠʭ ʮʝʧʢʠʭ ʧʨʠʤʝʩʝʡ ʠ ʧʦʨʦʢʦʚ.  

ʉʦʚʨʝʤʝʥʥʳʝ  ʛʨʝʙʥʝʯʝʩʘʣʴʥʳʝ  ʤʘʰʠʥʳ  ʦʪʣʠʯʘʶʪʩʷ  ʤʝʞʜʫ  ʩʦʙʦʡ ʨʘʙʦʯʝʡ  
ʰʠʨʠʥʦʡ,  ʢʦʥʩʪʨʫʢʮʠʝʡ  ʫʟʣʦʚ  ʠ  ʪʠʧʘʤʠ  ʯʝʰʫʱʝʡ  ʛʘʨʥʠʪʫʨʳ,  ʘ ʧʦʩʣʝʜʥʠʝ ʤʦʜʝʣʠ 
çʊʝʢʩʪʠʤʘè 1603, 1604, 1605 ʠ 1606 ʠ çSʩhlumbergerè ʤʦʜʝʣʠ ʈɺ-32, ʈɺ-33  ʠ  çERAè  
ï  ʙʦʣʴʰʝʡ  ʩʢʦʨʦʩʪʴʶ  ʦʪ 200  ʜʦ  250  ʮʠʢʣʦʚ ʚ ʤʠʥʫʪʫ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ 
ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʣʦ ʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ.  
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ɺ  ʨʝʟʫʣʴʪʘʪʝ  ʧʨʦʚʝʜʝʥʥʦʛʦ  ʦʙʟʦʨʘ  ʫʩʪʘʥʦʚʣʝʥʦ,  ʯʪʦ  ʥʘʨʷʜʫ  ʩ 
ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ  ʬʘʢʪʦʨʘʤʠ,  ʧʨʦʮʝʩʩ  ʛʨʝʙʥʝʯʝʩʘʥʠʷ  ʠʤʝʝʪ  ʨʷʜ  ʟʥʘʯʠʪʝʣʴʥʳʭ 
ʥʝʜʦʩʪʘʪʢʦʚ. 

ʅʝʨʦʚʥʦʪʘ ʛʨʝʙʝʥʥʦʡ ʣʝʥʪʳ ʠ ʧʨʠʯʠʥʳ ʝʸ ʚʦʟʥʠʢʥʦʚʝʥʠʷ.ʈʘʚʥʦʤʝʨʥʦʩʪʴ  ʧʨʷʞʠ  
ʚ  ʦʩʥʦʚʥʦʤ  ʟʘʚʠʩʠʪ  ʦʪ  ʨʦʚʥʦʪʳ  ʧʦʣʫʬʘʙʨʠʢʘʪʘ (ʪʦʧʩʘ).  

ʈʘʩʩʤʦʪʨʠʤ  ʧʨʠʯʠʥʳ  ʦʙʨʘʟʦʚʘʥʠʷ  ʢʘʞʜʦʡ  ʠʟ  ʥʝʨʦʚʥʦʪ.  ʅʝʧʝʨʠʦʜʠʯʝʩʢʘʷ 
ʥʝʨʦʚʥʦʪʘ ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʘ ʩʣʝʜʫʶʱʠʤʠ ʧʨʠʯʠʥʘʤʠ: 

1)  ʅʝʧʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʟʘʧʨʘʚʢʠ ʣʝʥʪʦʯʥʳʭ 
ʤʘʰʠʥ ʧʝʨʝʜ ʛʨʝʙʥʝʯʝʩʘʥʠʝʤ (ʥʘʧʨ., ʨʘʟʚʦʜʢʘ, ʥʘʛʨʫʟʢʘ ʠ ʜʨ.), ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪ 
ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʥʝʨʦʚʥʦʪʫ; 

2) ʇʨʦʧʫʩʢʠ ʠʟ-ʟʘ ʦʙʨʳʚʘ ʣʝʥʪʳ ʥʘ ʨʘʤʢʝ ʛʨʝʙʥʝʯʝʩʘʣʴʥʦʡ ʤʘʰʠʥʳ. 
3) ʅʝʧʨʘʚʠʣʴʥʘʷ ʧʨʠʩʫʯʢʘ ʣʝʥʪ ʩʦ ʩʪʦʨʦʥʳ ʧʠʪʘʥʠʷ ʤʘʰʠʥ.  
4)  ʅʘʨʫʰʝʥʠʝ  ʩʠʥʭʨʦʥʠʟʘʮʠʠ  ʨʘʙʦʪʳ  ʧʠʪʘʶʱʠʭ  ʮʠʣʠʥʜʨʦʚ  ʠ  ʢʦʨʦʙʢʠ, 

ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʠʟʚʦʣʴʥʘʷ, ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʘʷ ʧʦʜʘʯʘ ʭʦʣʩʪʠʢʘ.  
ʉʣʝʜʫʝʪ  ʦʪʤʝʪʠʪʴ,  ʯʪʦ  ʜʣʷ  ʫʩʪʨʘʥʝʥʠʷ  ʥʝʨʦʚʥʦʪʳ  ʛʨʝʙʝʥʥʦʡ  ʣʝʥʪʳ  ʚ 

ʛʨʝʙʝʥʥʦʡ  ʩʠʩʪʝʤʝ  ʧʨʷʜʝʥʠʷ  ʧʨʠʤʝʥʷʶʪ  ʥʝʩʢʦʣʴʢʦ  ʧʝʨʝʭʦʜʦʚ  ʣʝʥʪʦʯʥʳʭ ʤʘʰʠʥ, 
ʧʦʩʣʝ ʢʦʪʦʨʳʭ ʥʝʨʦʚʥʦʪʘ ʣʝʥʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ. 

ʈʘʟʨʳʚ ʚʦʣʦʢʦʥ ʧʨʠ ʛʨʝʙʥʝʯʝʩʘʥʠʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ  ʧʨʦʬʝʩʩʦʨʘ  ɹʠʪʫʩʘ  ɽ.ʀ.  
ʧʦʢʘʟʘʣʠ,  ʯʪʦ  ʢ  ʧʨʠʯʠʥʘʤ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʤ ʨʘʟʨʳʚ ʚʦʣʦʢʦʥ ʧʨʠ ʛʨʝʙʥʝʯʝʩʘʥʠʠ, 
ʤʦʞʥʦ ʦʪʥʝʩʪʠ: 

1. ʅʠʟʢʦʝ ʢʘʯʝʩʪʚʦ ʧʦʩʪʫʧʘʶʱʝʛʦ ʚʦʣʦʢʥʘ (ʩʳʨʴʷ); 
2. ʅʝʦʧʪʠʤʘʣʴʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʣʝʥʪ ʢ ʛʨʝʙʥʝʯʝʩʘʥʠʶ; 
3.  ʅʝʜʦʩʪʘʪʢʠ  ʚ  ʥʘʩʪʨʦʡʢʝ  ʤʘʰʠʥʳ  -  ʥʝʦʧʪʠʤʘʣʴʥʳʡ  ʚʳʙʦʨ  ʟʘʧʨʘʚʦʯʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʛʨʝʙʥʝʯʝʩʘʣʴʥʦʡ ʤʘʰʠʥʳ; 
4.  ʅʝʜʦʩʪʘʪʢʠ  ʚ  ʢʦʥʩʪʨʫʢʮʠʠ  ʤʘʰʠʥʳ  -  ʥʝʦʧʪʠʤʘʣʴʥʳʝ  

ʮʠʢʣʦʛʨʘʤʤʳ,ʯʝʰʫʱʘʷ ʛʘʨʥʠʪʫʨʘ, ʩʢʦʨʦʩʪʥʳʝ ʨʝʞʠʤʳ ʛʨʝʙʥʝʯʝʩʘʥʠʷ ʠ ʜʨ.  
ɺʩʝ ʦʩʥʦʚʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʨʷʜʠʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦ ʚʩʝʤ ʧʝʨʝʭʦʜʘʤ 

ʦʩʥʘʱʝʥʦ  ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʤ  ʫʧʨʘʚʣʝʥʠʝʤ.  ʆʜʥʘʢʦ,  ʥʘ  ʛʨʝʙʥʝʯʝʩʘʣʴʥʳʭ ʤʘʰʠʥʘʭ  
ʩʨʝʜʩʪʚʘ  ʘʚʪʦʤʘʪʠʟʘʮʠʠ  ʚ  ʦʩʥʦʚʥʦʤ  ʦʩʫʱʝʩʪʚʣʷʶʪ  ʪʦʣʴʢʦ  ʬʫʥʢʮʠʶ ʢʦʥʪʨʦʣʷ  ʠ  
ʬʠʢʩʘʮʠʠ  ʪʝʢʫʱʝʛʦ  ʩʦʩʪʦʷʥʠʷ  ʧʨʦʮʝʩʩʘ.  ʇʦʵʪʦʤʫ  ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ,  ʯʪʦ  
ʩʫʱʝʩʪʚʝʥʥʳʤ  ʥʝʜʦʩʪʘʪʢʦʤ  ʜʣʷ  ʩʦʚʨʝʤʝʥʥʳʭ  ʛʨʝʙʥʝʯʝʩʘʣʴʥʳʭ ʤʘʰʠʥ  ʷʚʣʷʝʪʩʷ  
ʥʝʜʦʩʪʘʪʦʯʥʦʝ  ʠʩʧʦʣʴʟʦʚʘʥʠʝ  ʩʦʚʨʝʤʝʥʥʳʭ  ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ [2]. 
 
ʃʀʊɽʈɸʊʋʈɸ 
1. ʇʨʦʪʘʩʦʚʘ ɺ.ɸ. ʐʝʨʩʪʦʧʨʷʜʠʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ: ʋʯʝʙ. ʧʦʩʦʙʠʝ ʜʣʷ ʚʫʟʦʚ ʧʦ 
ʩʧʝʮ.çʇʨʷʜʝʥʠʝ ʥʘʪʫʨ. ʠ ʭʠʤ. ʚʦʣʦʢʦʥè / ɺ.ɸ. ʇʨʦʪʘʩʦʚʘ, ʇ.ʄ. ʇʘʥʠʥ, ɼ.ɸ. ʍʫʪʘʨʝʚ; 
ʇʦʜ ʨʝʜ. ɺ.ɸ. ʇʨʦʪʘʩʦʚʘ.-ʄ.: ʃʝʛʢʘʷ ʠʥʜʫʩʪʨʠʷ, 1980.-576ʩ.: ʠʣ. 
2. ɹʠʪʫʩ  ɽ.ʀ.  ʂʦʤʧʴʶʪʝʨʥʦʝ  ʤʦʜʝʣʠʨʦʚʘʥʠʝ  ʠ  ʦʧʪʠʤʠʟʘʮʠʷ  ʧʨʦʮʝʩʩʦʚ 
ʬʦʨʤʠʨʦʚʘʥʠʷ  ʛʨʝʙʝʥʥʦʡ  ʣʝʥʪʳ  ʚ  ʰʝʨʩʪʦʧʨʷʜʝʥʠʠ.  ï  ʄ.:  ʀʟʜ-ʚʦ  ʀʥʬʦʨʤ.  ï
ɿʥʘʥʠʝ, 2007. ï ʉ. 240. 
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ʇʦʣʫʯʝʥʠʝ ʨʝʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʚʦʣʦʢʦʥ ʠʟ ʩʫʨʦʚʳʭ ʢʦʥʮʦʚ ʧʨʷʞʠ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 
ʠʭ ʨʘʩʩʦʨʪʠʨʦʚʢʦʡ 

 
ʅ.ɽ. ʄʆʈʆɿʆɺɸ, ɻ.ʇ. ɺʆʃʂʆɺɸ, ʅ.ʉ. ʀʐɸʅʆɺɸ, ʀ.ɺ. ʌʈʆʃʆɺɸ 
(ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 

 
ʇʦʪʦʯʥʘʷ ʣʠʥʠʷ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ ʦʪʭʦʜʦʚ ʧʨʷʞʠ ʩʦʜʝʨʞʠʪ ʥʝʩʢʦʣʴʢʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʫʟʣʦʚ ʧʠʪʘʥʠʷ I, I I ,  III. ʋʟʝʣ ʧʠʪʘʥʠʷ I ʠʤʝʝʪ: 
ʪʨʘʥʩʧʦʨʪʝʨ 1 (ʨʠʩ.1ʘ), ʥʘʧʨʘʚʣʷʶʱʠʡ ʥʠʪʦʯʥʳʡ ʪʝʢʩʪʠʣʴʥʳʡ ʤʘʪʝʨʠʘʣ; 
ʦʙʨʝʟʠʥʝʥʥʳʡ ʚʘʣʠʢ 2; ʥʦʞʝʚʦʡ ʚʘʣʠʢ 3, ʩʦʜʝʨʞʘʱʠʡ ʚʘʣ 4 (ʨʠʩ.1ʙ), ʚʪʫʣʢʫ 
ʧʨʦʩʪʘʚʥʫʶ 5, ʧʝʨʝʢʨʝʩʪʥʳʡ ʥʦʞ ʣʝʚʳʡ 6, ʜʠʩʢʦʚʳʡ ʥʦʞ 7, ʧʝʨʝʢʨʝʩʪʥʳʡ ʥʦʞ 
ʧʨʘʚʳʡ 8, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʨʠʞʠʤ ʧʨʷʞʠ ʢ ʧʦʜʚʠʞʥʦʤʫ ʩʝʢʪʦʨʫ 9, ʯʪʦ ʚʝʜʝʪ ʢ 
ʨʘʩʧʣʶʱʠʚʘʥʠʶ, ʨʘʩʢʨʫʯʠʚʘʥʠʶ ʥʠʪʝʡ ʠ ʦʩʣʘʙʣʝʥʠʶ ʧʨʦʯʥʦʩʪʠ ʚ ʧʨʦʜʦʣʴʥʦʤ 
ʥʘʧʨʘʚʣʝʥʠʠ. ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʩʪʘʩʢʠʚʘʥʠʷ ʩʣʫʞʘʪ ʪʘʢʞʝ ʚʘʣʠʢʠ 10 ʩ 
ʧʠʣʴʯʘʪʦʡ ʛʘʨʥʠʪʫʨʦʡ. ɼʘʣʝʝ, ʱʘʜʷʱʝʝ ʠ ʵʬʬʝʢʪʠʚʥʦʝ ʨʘʟʚʦʣʦʢʥʝʥʠʝ ʥʠʪʝʡ 
ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʛʦʣʴʯʘʪʳʤ ʪʨʝʧʘʣʦʤ 11 ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʦʯʠʩʪʢʦʡ ʚʦʣʦʢʦʥ ʠ 
ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʠʭ ʚ ʩʣʦʡ ʥʘ ʢʦʥʜʝʥʩʦʨʘʭ 12. ʂʦʥʠʯʝʩʢʘʷ ʠʛʣʘ ʠʛʦʣʴʯʘʪʦʛʦ 
ʪʨʝʧʘʣʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʤʷʛʢʦʤʫ ʨʘʟʚʦʣʦʢʥʝʥʠʶ ʥʠʪʝʡ, ʪʘʢ ʢʘʢ ʧʨʠ ʧʨʦʢʦʣʝ 
ʢʦʥʫʩ ʠʛʣʳ ʧʦʩʪʝʧʝʥʥʦ ʚʭʦʜʠʪ ʚ ʥʠʪʴ, ʨʘʩʰʠʨʷʷ ʠ ʨʘʟʜʝʣʷʷ ʝʝ ʥʘ ʜʚʝ ʚʝʪʚʠ, 
ʦʙʨʘʟʫʷ ʧʨʦʬʠʣʴ ʚ ʥʝʡ ʚ ʚʠʜʝ ʵʣʣʠʧʩʘ. ɺʩʝ ʵʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʱʘʜʷʱʝʤʫ 
ʚʦʟʜʝʡʩʪʚʠʶ ʧʨʠ ʨʘʟʚʦʣʦʢʥʝʥʠʠ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʢʘʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
ʧʦʣʫʯʝʥʥʳʭ ʨʝʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʚʦʣʦʢʦʥ -  ʜʣʠʥʳ ʠ ʧʨʦʯʥʦʩʪʠ [1]. ʋʟʝʣ ʧʠʪʘʥʠʷ II 
ʩʦʜʝʨʞʠʪ ʩʲʝʤʥʳʝ ʮʠʣʠʥʜʨʳ 13, ʧʠʪʘʶʱʠʝ ʮʠʣʠʥʜʨ 14 ʠ ʩʪʦʣʠʢ 15. ɺ ʩʝʢʮʠʠ 
ʨʘʟʚʦʣʦʢʥʝʥʠʷ 16 ʧʨʦʜʦʣʞʘʝʪʩʷ ʨʝʛʝʥʝʨʘʮʠʷ ʚʦʣʦʢʦʥ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ 
ʚʦʣʦʢʥʠʩʪʦʛʦ ʩʣʦʷ ʥʘ ʢʦʥʜʝʥʩʦʨʘʭ 17. ɺ ʫʟʣʝ ʧʠʪʘʥʠʷ I I I  ʠʤʝʶʪʩʷ ʩʲʝʤʥʳʝ 
ʮʠʣʠʥʜʨʳ 18, ʧʠʪʘʶʱʘʷ ʧʘʨʘ 19 ʠ ʩʝʢʮʠʷ ʨʘʟʚʦʣʦʢʥʝʥʠʷ 20 ʚ ʚʠʜʝ ʯʝʩʘʣʴʥʳʭ 
ʚʘʣʠʢʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʨʘʩʯʝʩʳʚʘʥʠʝ, ʧʘʨʘʣʣʝʣʠʟʘʮʠ ʁ ʨʝʛʝʥʝʨʠʨʦʚʘʥʥʳʭ 
ʚʦʣʦʢʦʥ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʦʪʚʦʜʷʪʩʷ ʧʘʪʨʫʙʢʦʤ 21 ʚ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ 
ʘʵʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʨʘʩʩʦʨʪʠʨʦʚʢʠ ʠʭ ʧʦ ʜʣʠʥʘʤ (ʨʠʩ.1). ʆʙʱʠʡ ʵʬʬʝʢʪ 
ʨʝʛʝʥʝʨʘʮʠʠ, ʥʘ ʚʳʭʦʜʝ ʩʝʢʮʠʠ III, ʩʦʩʪʘʚʠʣ ʯʠʩʪʦʛʦ ʚʦʣʦʢʥʘ 79,6 %, ʯʘʩʪʠʮ 
ʥʠʪʝʡ - 20,4 %. ɺ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʤ ʫʩʪʨʦʡʩʪʚʝ ʚʦʣʦʢʥʠʩʪʦ-ʚʦʟʜʫʰʥʳʡ ʧʦʪʦʢ 22 
ʩʦʟʜʘʝʪʩʷ ʜʠʩʢʨʝʪʠʟʠʨʫʶʱʠʤ ʙʘʨʘʙʘʥʦʤ 24 ʠ ʧʦʜʘʝʪʩʷ ʩʦʧʣʦʤ 23 [2,3]. ʇʦʪʦʢ 
ʜʚʠʞʝʪʩʷ ʚʜʦʣʴ ʩʝʢʮʠʡ ʨʘʩʩʦʨʪʠʨʦʚʢʠ 35, 36, 37, ʦʛʨʘʥʠʯʝʥʥʳʭ ʩʪʝʥʢʘʤʠ 31, ʧʨʠ ʵʪʦʤ 
ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʩʦʨʪʠʨʦʚʢʘ ʚʦʣʦʢʦʥ ʧʦ ʜʣʠʥʘʤ.  ɸʵʨʦʤʝʭʘʥʠʯʝʩʢʘʷ ʦʯʠʩʪʢʘ ʦʪ ʩʦʨʥʳʭ 
ʧʨʠʤʝʩʝʡ  ʠ ʨʘʩʩʦʨʪʠʨʦʚʢʘ  ʥʠʞʥʝʡ  ʧʦʚʝʨʭʥʦʩʪʠ  ʚʦʣʦʢʥʠʩʪʦʛʦ ʧʦʪʦʢʘ 30 ʧʨʦʠʩʭʦʜʠʪ 
ʟʘ ʩʯʝʪ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʝʛʦ ʚʦʟʜʫʰʥʳʭ ʩʪʨʫʡ ʠʟ ʩʦʧʝʣ ʧʦʜʜʫʚʘ 32, 33 ʠ 34, 
ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʩʪʝʥʢʘʭ 31, ʘ ʩ ʚʝʨʭʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 25 - ʠʟ ʩʦʧʝʣ  26, 27, 
ʩʦʟʜʘʶʱʠʭ ʩʪʨʫʠ 28 ʠ 29 ʩ ʨʝʛʫʣʠʨʫʝʤʳʤʠ ʫʛʣʘʤʠ Ŭ1 ʠ Ŭ2. ʇʨʦʮʝʥʪʥʳʡ  ʩʦʩʪʘʚ  
ʨʝʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʚʦʣʦʢʦʥ, ʧʦʣʫʯʝʥʥʳʭ  ʧʨʠ  ʨʘʩʩʦʨʪʠʨʦʚʢʝ, ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 
1. 

 
ʊʘʙʣʠʮʘ 1 

ʈʘʩʩʦʨʪʠʨʦʚʢʘ ʨʝʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʚʦʣʦʢʦʥ ʧʦ ʜʣʠʥʘʤ 

ɺʠʜ ʦʪʭʦʜʦʚ ʂʦʤʧʣʝʢʩʳ ʠʟ 
ʚʦʣʦʢʦʥ, % 

ʇʦʚʨʝʞʜʝʥʥʳʝ, ʢʦʨʦʪʢʠʝ 
ʚʦʣʦʢʥʘ l<15 ʤʤ, % 

ʇʨʷʜʦʤʳʝ ʚʦʣʦʢʥʘ 
l  > 15 ʤʤ, % 

ʇʨʷʞʘ ʩʫʨʦʚʘʷ  
 

ʩʝʢʮʠʷ 35 
16,5 

 
 

ʩʝʢʮʠʷ 36 
22,7 

 
 

ʩʝʢʮʠʷ 37 
60,8 
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ʈʠʩ. 1 ʇʦʪʦʯʥʘʷ ʣʠʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʝʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʚʦʣʦʢʦʥ ʠʟ ʦʪʭʦʜʦʚ ʭ/ʙ ʧʨʷʞʠ 
ʠ ʠʭ ʨʘʩʩʦʨʪʠʨʦʚʢʦʡ ʧʦ ʜʣʠʥʘʤ: ʘ - ʦʙʱʠʡ ʚʠʜ; ʙ - ʥʦʞʝʚʦʡ ʚʘʣʠʢ. 
 
ʃʀʊɽʈɸʊʋʈɸ 
1.  ʌʨʦʣʦʚ ɺ.ɼ., ʂʘʧʫʩʪʠʥ ʉ.ʖ., ʂʘʭʨʘʤʘʥʦʚ ʌ.ʈ. ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʛʘʨʥʠʪʫʨʳ ʥʘ ʩʣʦʡ ʚʦʣʦʢʥʘ // ʀʟʚ. ʚʫʟʦʚ. ʊʝʭʥʦʣʦʛʠʷ 
ʪʝʢʩʪʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ.  -2009, ˉ 1. ʉ. 42-46. 
2. ʀʰʘʥʦʚʘ ʅ.ʉ. ɸʵʨʦʤʝʭʘʥʠʯʝʩʢʘʷ ʨʘʩʩʦʨʪʠʨʦʚʢʘ ʨʝʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʚʦʣʦʢʦʥ /ʅ.ɽ. 
ʄʦʨʦʟʦʚʘ, ɻ.ʇ. ɺʦʣʢʦʚʘ, ʀ.ɺ. ʌʨʦʣʦʚʘ// ʄʦʣʦʜʳʝ ʫʯʝʥʳʝ ï ʨʘʟʚʠʪʠʶ ʪʝʢʩʪʠʣʴʥʦ-
ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʣʘʩʪʝʨʘ (ʇʦʠʩʢ ï 2016): ʉʙʦʨʥʠʢ ʤʘʪʝʨʠʘʣʦʚ ʄʝʞʜʫʥʘʨʦʜʥʦʡ 
ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʘʩʧʠʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ. ʏ.1. ʀʚʘʥʦʚʦ: ʀɺɻʇʋ, 2016.  
ʉ. 21 ï23. 
3. ʌʨʦʣʦʚʘ ʀ.ɺ., ʀʰʘʥʦʚʘ ʅ.ʉ. ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʨʝʛʝʥʝʨʘʮʠʠ 
ʪʝʢʩʪʠʣʴʥʳʭ ʚʦʣʦʢʦʥ ʠʟ ʦʪʭʦʜʦʚ ʚ ʚʠʜʝ ʣʦʩʢʫʪʘ // ʀʟʚ. ʚʫʟʦʚ. ʊʝʭʥʦʣʦʛʠʷ ʪʝʢʩʪʠʣʴʥʦʡ 
ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. -2016, ˉ 4. ʉ. 82-86.  
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ʇʦʣʫʯʝʥʠʝ ʨʝʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʚʦʣʦʢʦʥ ʠʟ ʦʪʭʦʜʦʚ ʚ ʚʠʜʝ ʦʰʣʠʭʪʦʚʘʥʥʦʡ ʧʨʷʞʠ 
 

ʊ.ɸ. ʃʆʉʔʂʆɺɸ, ʀ.ɺ. ʌʈʆʃʆɺɸ 
(ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 

 
ʄʘʣʦʦʪʭʦʜʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚʥʦʚʴ ʘʢʪʫʘʣʴʥʳ ʠ ʚʦʩʪʨʝʙʦʚʘʥʳ, ʪʘʢ ʢʘʢ ʠʜʝʪ 

ʵʢʦʥʦʤʠʷ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʥʘʪʫʨʘʣʴʥʦʛʦ ʩʳʨʴʷ, ʫʜʝʰʝʚʣʝʥʠʝ ʪʝʢʩʪʠʣʴʥʦʡ ʧʨʦʜʫʢʮʠʠ, 
ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʚʦʣʦʢʦʥ ʠ ʩʙʝʨʝʞʝʥʠʝ 
ʵʢʦʣʦʛʠʠ (ʦʪʭʦʜʳ ʥʝ ʩʞʠʛʘʶʪʩʷ). ʆʰʣʠʭʪʦʚʘʥʥʘʷ ʧʨʷʞʘ ï ʵʪʦ ʩʣʦʞʥʳʡ ʦʙʲʝʢʪ ʜʣʷ 
ʨʝʛʝʥʝʨʘʮʠʠ, ʪʘʢ ʢʘʢ ʥʠʪʠ ʧʨʦʧʠʪʘʥʳ ʰʣʠʭʪʦʡ, ʢʦʪʦʨʘʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩ ʢʨʫʪʢʦʡ ʥʠʪʠ 
ʜʦʙʘʚʣʷʝʪ ʵʣʝʤʝʥʪ ʫʧʨʦʯʥʝʥʠʷ, ʩʚʷʟʳʚʘʷ ʚʦʣʦʢʥʘ ʚ ʝʜʠʥʦʝ ʮʝʣʦʝ. 

ʇʦʪʦʯʥʘʷ ʣʠʥʠʷ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ ʦʰʣʠʭʪʦʚʘʥʥʦʡ ʧʨʷʞʠ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ 
ʦʙʨʘʟʦʤ (ʨʠʩ.1): ʩ ʪʨʘʥʩʧʦʨʪʸʨʘ 1 ʦʪʭʦʜʳ ʚ ʚʠʜʝ ʦʰʣʠʭʪʦʚʘʥʥʦʡ ʧʨʷʞʠ ʧʦʧʘʜʘʶʪ ʚ 
ʨʝʟʘʪʝʣʴʥʫʶ ʤʘʰʠʥʫ ʠ ʨʘʟʨʝʟʘʶʪʩʷ ʥʝʧʦʜʚʠʞʥʳʤ ʥʦʞʦʤ 2 ʠ ʧʦʜʚʠʞʥʳʤ ï 3. ɼʘʣʝʝ  
ʥʠʪʦʯʥʳʡ ʪʝʢʩʪʠʣʴʥʳʡ ʤʘʪʝʨʠʘʣ ʧʦʩʪʫʧʘʝʪ  ʧʦʜ ʦʙʨʝʟʠʥʝʥʥʳʡ ʚʘʣʠʢ 5 ʠ ʧʨʠʞʠʤʘʝʪʩʷ 
ʠʤ ʢ ʧʦʜʚʠʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʝʨʘ 4  ʠ ʥʝʧʦʜʚʠʞʥʦʡ - ʧʠʪʘʶʱʝʛʦ ʩʪʦʣʠʢʘ 7. 
ɺʘʣʠʢ 6, ʦʙʪʷʥʫʪʳʡ ʛʘʨʥʠʪʫʨʦʡ,  ʠʤʝʝʪ ʙʦʣʴʰʫʶ ʩʢʦʨʦʩʪʴ, ʯʝʤ ʦʙʨʝʟʠʥʝʥʥʳʡ ʚʘʣʠʢ 5, 
ʦʥ ʜʝʣʘʝʪ ʥʘʜʨʝʟʳ ʚ ʥʠʪʷʭ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʭ ʥʘʯʘʣʴʥʦʤʫ ʨʘʩʰʣʠʭʪʦʚʘʥʠʶ,  ʟʘʪʝʤ 
ʚʘʣʠʢʦʤ 8, ʩ ʧʦʩʝʢʮʠʦʥʥʦʡ ʚʠʥʪʦʚʦʡ ʥʘʨʝʟʢʦʡ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʣʝʜʫʶʱʘʷ 
ʨʘʩʰʣʠʭʪʦʚʢʘ ʠ ʦʩʣʘʙʣʝʥʠʝ ʪʝʢʩʪʠʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʩʪʘʩʢʠʚʘʥʠʷ ʝʛʦ ʚ 
ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʆʰʣʠʭʪʦʚʘʥʥʳʝ ʥʠʪʠ ʧʨʦʡʜʷ ʧʝʨʚʫʶ ʩʪʘʜʠʶ ʨʘʟʚʦʣʦʢʥʝʥʠʷ 
ʧʦʜʘʶʪʩʷ ʚ ʩʝʢʮʠʶ ʧʠʣʴʯʘʪʦʛʦ ʙʘʨʘʙʘʥʘ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʜʚʫʭ ʧʠʪʘʶʱʠʭ ʮʠʣʠʥʜʨʦʚ 9, 
ʧʠʣʴʯʘʪʦʛʦ ʙʘʨʘʙʘʥʘ 10, ʛʜʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʜʘʣʴʥʝʡʰʝʝ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ 
ʨʘʟʚʦʣʦʢʥʝʥʠʝ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʦʩʪʘʪʢʦʚ ʚ ʩʣʦʡ ʥʘ ʧʝʨʬʦʨʠʨʦʚʘʥʥʳʭ ʢʦʥʜʝʥʩʦʨʘʭ 
11. ɼʘʣʝʝ, ʪʝʢʩʪʠʣʴʥʳʡ ʤʘʪʝʨʠʘʣ ʧʦʜʘʝʪʩʷ ʚ ʜʨʫʛʫʶ ʩʝʢʮʠʶ ʧʠʣʴʯʘʪʦʛʦ ʙʘʨʘʙʘʥʘ, 
ʩʦʩʪʦʷʱʫʶ ʠʟ ʜʚʫʭ ʩʲʝʤʥʳʭ ʚʘʣʠʢʦʚ 12, ʧʠʪʘʶʱʝʡ ʧʘʨʳ ʮʠʣʠʥʜʨʘ 13 ʠ ʩʪʦʣʠʢʘ 14, 
ʧʠʣʴʯʘʪʦʛʦ ʙʘʨʘʙʘʥʘ 15, ʛʜʝ ʚʥʦʚʴ ʨʘʟʚʦʣʦʢʥʷʝʪʩʷ ʠ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʩʣʦʡ ʥʘ 
ʢʦʥʜʝʥʩʦʨʘʭ. ʀʛʦʣʴʯʘʪʦʝ ʪʨʝʧʘʣʦ 16 ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʤʫ 
ʨʘʟʚʦʣʦʢʥʝʥʠʶ ʦʩʪʘʪʢʦʚ ʥʠʪʝʡ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʵʬʬʝʢʪ ʨʝʛʝʥʝʨʘʮʠʠ. ʆʙʱʠʡ ʚʳʭʦʜ 
ʯʠʩʪʦʛʦ ʚʦʣʦʢʥʘ ʚ ʧʦʪʦʯʥʦʡ ʣʠʥʠʠ ʩʦʩʪʘʚʣʷʝʪ 74,3 % ʪʘʙʣʠʮʘ 1. 

  
ʊʘʙʣʠʮʘ 1 

ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʧʦʪʦʯʥʦʡ ʣʠʥʠʠ  

ʉʦʩʪʘʚ ʚʦʣʦʢʥʠʩʪʦʡ ʤʘʩʩʳ ʧʦʩʣʝ ʨʘʟʚʦʣʦʢʥʝʥʠʷ ʈʝʛʝʥʝʨʘʮʠʷ ʦʰʣʠʭʪʦʚʘʥʥʦʡ 
ʧʨʷʞʠ 

 ʇʝʨʚʳʤ ʧʠʣʴʯʘʪʳʤ ʙʘʨʘʙʘʥʦʤ: 
ʜʦʣʷ ʚʦʣʦʢʥʘ, %                                                                
ʜʦʣʷ ʥʠʪʝʡ, % 

 
5,2 

94,8 

ɺʪʦʨʳʤ ʧʠʣʴʯʘʪʳʤ ʙʘʨʘʙʘʥʦʤ: 
ʜʦʣʷ ʚʦʣʦʢʥʘ, % 
ʜʦʣʷ ʥʠʪʝʡ, % 

 
16 

78,8 

ʀʛʦʣʴʯʘʪʳʤ ʪʨʝʧʘʣʦʤ: 
ʜʦʣʷ ʚʦʣʦʢʥʘ, % 
ʜʦʣʷ ʥʠʪʝʡ, % 

 
14,7 
64,1 

ʏʝʩʘʣʴʥʦʡ ʩʝʢʮʠʝʡ 
ʜʦʣʷ ʚʦʣʦʢʥʘ, % 
ʜʦʣʷ ʥʠʪʝʡ, % 

 
38,4 
25,7 



15 

 
ʆʢʦʥʯʘʪʝʣʴʥʦʝ ʨʘʟʚʦʣʦʢʥʝʥʠʝ, ʨʘʩʯʝʩʳʚʘʥʠʝ ʠ ʧʘʨʘʣʣʝʣʠʟʘʮʠʷ 

ʨʝʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʚʦʣʦʢʦʥ ʧʨʦʠʟʚʦʜʠʪʩʷ ʯʝʩʘʣʴʥʳʤʠ ʙʘʨʘʙʘʥʘʤʠ 17 ʠ 
ʨʘʩʯʝʩʳʚʘʶʱʠʤʠ ʚʘʣʠʢʘʤʠ 18,19. ɼʘʣʝʝ ʚ ʬʠʣʴʪʨʫʶʱʝʤ ʫʩʪʨʦʡʩʪʚʝ ʌʉ-1 ʧʨʦʠʩʭʦʜʠʪ 
ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʨʘʩʩʦʨʪʠʨʦʚʢʘ ʠ ʦʯʠʩʪʢʘ ʨʝʛʝʥʝʨʠʨʦʚʘʥʥʦʛʦ ʚʦʣʦʢʥʘ ʦʪ ʰʣʠʭʪʳ, 
ʧʳʣʠ ʠ ʧʫʭʘ. ʇʳʣʴ ʠ ʧʫʭ ʚʳʚʦʜʷʪʩʷ ʯʝʨʝʟ ʧʘʪʨʫʙʢʠ 21 ʠ 22, ʘ ʦʯʠʱʝʥʥʦʝ 
ʨʝʛʝʥʝʨʠʨʦʚʘʥʥʦʝ ʚʦʣʦʢʥʦ ï ʯʝʨʝʟ ʧʘʪʨʫʙʦʢ 20. ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ ʧʦʪʦʯʥʦʡ ʣʠʥʠʠ 
ʫʩʪʘʥʦʚʣʝʥ ʪʨʘʥʩʧʦʨʪʝʨ 23, ʢʦʪʦʨʳʡ ʩʦʙʠʨʘʝʪ ʚʳʧʘʚʰʝʝ ʚʦʣʦʢʥʦ ʠ ʧʝʨʝʜʘʝʪ ʝʛʦ ʢ 
ʥʘʯʘʣʫ ʧʦʪʦʯʥʦʡ ʣʠʥʠʠ. ʉʨʝʜʥʷʷ ʜʣʠʥʘ ʨʝʛʝʥʝʨʠʨʦʚʘʥʥʦʛʦ ʚʦʣʦʢʥʘ ʚ ʨʘʩʧʨʷʤʣʝʥʥʦʤ 
ʚʠʜʝ, ʧʦʩʣʝ ʯʝʩʘʣʴʥʦʡ ʩʝʢʮʠʠ, ʩʦʩʪʘʚʣʷʝʪ 15,9 ʤʤ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʚʘʨʠʘʮʠʠ ʉv = 
37,1%, ʘ ʧʦʩʣʝ ʨʘʩʩʦʨʪʠʨʦʚʢʠ ʥʘ ʌʉ-1, ʥʘ ʚʳʭʦʜʝ ʧʦʪʦʯʥʦʡ ʣʠʥʠʠ ï 18,9 ʤʤ ʩ ʉv = 
30,1%.  ʈʘʥʝʝ ʧʨʦʮʝʩʩ ʨʝʛʝʥʝʨʘʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʚ [1,2].   
 

 
ʈʠʩ. 1 ʇʦʪʦʯʥʘʷ ʣʠʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʝʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʚʦʣʦʢʦʥ ʠʟ ʦʪʭʦʜʦʚ ʚ ʚʠʜʝ 
ʦʰʣʠʭʪʦʚʘʥʥʦʡ ʧʨʷʞʠ. 
 
ʃʀʊɽʈɸʊʋʈɸ 
1.  ʌʨʦʣʦʚ ɺ.ɼ., ʂʘʧʫʩʪʠʥ ʉ.ʖ., ʂʘʭʨʘʤʘʥʦʚ ʌ.ʈ. ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʛʘʨʥʠʪʫʨʳ ʥʘ ʩʣʦʡ ʚʦʣʦʢʥʘ // ʀʟʚ. ʚʫʟʦʚ. ʊʝʭʥʦʣʦʛʠʷ 
ʪʝʢʩʪʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ.  -2009, ˉ 1. ʉ. 42-46. 
2. ʌʨʦʣʦʚʘ ʀ.ɺ., ʀʰʘʥʦʚʘ ʅ.ʉ. ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʨʝʛʝʥʝʨʘʮʠʠ 
ʪʝʢʩʪʠʣʴʥʳʭ ʚʦʣʦʢʦʥ ʠʟ ʦʪʭʦʜʦʚ ʚ ʚʠʜʝ ʣʦʩʢʫʪʘ // ʀʟʚ. ʚʫʟʦʚ. ʊʝʭʥʦʣʦʛʠʷ ʪʝʢʩʪʠʣʴʥʦʡ 
ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. -2016, ˉ 4. ʉ. 82-86.  
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ʋɼʂ 677.66 
 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʣʴʥʘ ʠ ʭʣʦʧʢʦʚʦʛʦ ʚʦʣʦʢʥʘ ʩ ʮʝʣʴʶ ʨʘʟʨʘʙʦʪʢʠ ʩʪʨʫʢʪʫʨ 

ʪʨʠʢʦʪʘʞʘ ʩ ʣʝʯʝʙʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ 
 

ʂ.ʊ. ʄɸʍɸʅɹɽʊɸʃʀɽɺɸ, ʉ.ɽ. ʉɸʈʓɹɸɽɺɸ 
(ʊʘʨʘʟʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ʍ. ɼʫʣʘʪʠ, ʂʘʟʘʭʩʪʘʥ) 

 
ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʪʨʠʢʦʪʘʞʘ ʩ ʣʝʯʝʙʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ  

ʩʚʦʡʩʪʚʘ ʣʴʥʘ ʠ ʭʣʦʧʢʘ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʝ 
ʩʚʦʡʩʪʚʘ ʣʴʥʘ ʠ ʭʣʦʧʢʦʚʦʛʦ ʚʦʣʦʢʥʘ. ɺʩʝʤ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʖʞʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʦʡ 
ʦʙʣʘʩʪʠ ʨʘʙʦʪʘʝʪ ʭʣʦʧʢʦʚʳʡ ʢʣʘʩʪʝʨ. ʇʨʝʜʧʨʠʷʪʠʷ ʪʝʢʩʪʠʣʴʥʦʡ ʦʪʨʘʩʣʠ ʂʘʟʘʭʩʪʘʥʘ 
ʚʳʨʘʙʘʪʳʚʘʶʪ ʨʘʟʥʳʝ ʚʠʜʳ ʠʟʜʝʣʠʷ ʠʟ ʭʣʦʧʢʦʚʦʛʦ ʚʦʣʦʢʥʘ.  

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʣʴʥʦʩʤʝʩʦʚʳʭ ʪʨʠʢʦʪʘʞʥr ʭ ʧʦʣʦʪʝʥ ʩ ʣʝʯʝʙʥʳʤʠ 
ʩʚʦʡʩʪʚʘʤʠ ʜʣʷ ʙʝʣʴʝʚʳʭ ʠʟʜʝʣʠʡ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʠʤʝʶʪ ʚʠʜ ʠʩʧʦʣʴʟʫʝʤʳʭ  
ʚʦʣʦʢʦʥ ʠ ʥʠʪʝʡ. 

ɺ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʢʩʪʠʣʷ ʧʨʝʚʳʩʠʣʦ 25 ʢʛ ʥʘ ʜʫʰʫ 
ʥʘʩʝʣʝʥʠʷ ʚ ʛʦʜ, ʚ ʪ.ʯ. 48 %  ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʜʦʣʶ ʭʣʦʧʢʘ, 32 %  - ʥʘ ʩʠʥʪʝʪʠʯʝʩʢʠʝ 
ʚʦʣʦʢʥʘ, ʦʢʦʣʦ 10 % - ʥʘ ʮʝʣʣʶʣʦʟʥʳʝ ʚʦʣʦʢʥʘ, 8 % - ʥʘ ʰʝʨʩʪʴ [1]. 

ʋʯʝʥʳʤʠ ʩʦʚʤʝʩʪʥʦ ʩ ʨʷʜʦʤ ʤʝʜʠʮʠʥʩʢʠʭ ʫʯʨʝʞʜʝʥʠʡ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ 
ʩʧʦʩʦʙʥʦʩʪʴ ʣʴʥʷʥʳʭ ʚʦʣʦʢʦʥ ʘʢʪʠʚʥʦ ʫʛʥʝʪʘʪʴ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ʙʦʣʝʟʥʝʪʚʦʨʥʦʡ 
ʤʠʢʨʦʬʣʦʨʳ. ʃʴʥʷʥʘʷ ʪʢʘʥʴ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʜʝʨʞʠʚʘʝʪ ʨʦʩʪ ʠ ʨʘʟʤʥʦʞʝʥʠʝ 
ʢʦʣʦʥʠʡ ʛʨʠʙʢʦʚ ʠ ʠʤʝʝʪ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʫʶ ʤʠʢʨʦʙʥʫʶ ʩʦʨʙʮʠʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 
ʭʣʦʧʯʘʪʦʙʫʤʘʞʥʦʡ. 

ʇʦ ʛʠʛʠʝʥʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ, ʪʘʢʠʤ ʢʘʢ ʧʦʛʣʦʱʝʥʠʝ ʠ ʦʪʜʘʯʘ ʚʣʘʛʠ, 
ʚʦʟʜʫʭʦʧʨʦʚʦʜʥʦʩʪʴ, ʵʣʝʢʪʨʠʟʫʝʤʦʩʪʴ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʣʴʥʷʥʘʷ ʪʢʘʥʴ ʧʨʝʚʦʩʭʦʜʠʪ  
ʭʣʦʧʯʘʪʦʙʫʤʘʞʥʫʶ. ʇʣʦʪʥʳʝ ʙʝʣʳʝ ʣʴʥʷʥʳʝ ʪʢʘʥʠ ʭʦʨʦʰʦ ʦʪʨʘʞʘʶʪ ʧʦʯʪʠ ʚʝʩʴ 
ʩʧʝʢʪʨ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʉʧʝʮʠʬʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʣʴʥʷʥʦʛʦ ʚʦʣʦʢʥʘ 
ʩʦʟʜʘʶʪ ʚ ʧʦʤʝʱʝʥʠʷʭ ʧʦʣʝʟʥʳʡ ʜʣʷ ʯʝʣʦʚʝʢʘ ʤʠʢʨʦʢʣʠʤʘʪ ʧʦʚʳʰʝʥʥʦʡ 
ʢʦʤʬʦʨʪʥʦʩʪʠ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʝʡ ʩʪʘʪʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ. 

ɺʩʣʝʜʩʪʚʠʝ ʦʪʩʫʪʩʪʚʠʷ ʟʘʨʷʜʦʚ ʩʪʘʪʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʠ ʤʘʣʦʡ 
ʚʦʨʩʠʩʪʦʩʪʠ ʣʴʥʷʥʳʝ ʪʢʘʥʠ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ ʟʘʛʨʷʟʥʷʶʪʩʷ ʠ ʣʝʛʯʝ 
ʦʪʩʪʠʨʳʚʘʶʪʩʷ, ʜʦʧʫʩʢʘʷ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʪʢʘʥʝʡ ʠʟ ʜʨʫʛʠʭ ʚʦʣʦʢʦʥ, ʢʠʧʷʯʝʥʠʝ ʚ 
ʱʝʣʦʯʥʳʭ ʨʘʩʪʚʦʨʘʭ, ʩʫʰʢʫ ʥʘ ʩʦʣʥʮʝ, ʛʣʘʞʝʥʠʝ ʛʦʨʷʯʠʤ ʫʪʶʛʦʤ, ʠ ʚʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ 
ʧʦʣʫʯʘʶʪ ʙʦʣʴʰʫʶ ʠ ʙʦʣʝʝ ʛʣʫʙʦʢʫʶ ʩʪʝʨʠʣʴʥʦʩʪʴ. ɽʩʪʴ ʠ ʜʨʫʛʠʝ ʦʙʲʝʢʪʠʚʥʳʝ 
ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʳʚʘʶʪ ʨʘʟʥʠʮʫ ʩʚʦʡʩʪʚ ʭʣʦʧʢʘ ʠ ʣʴʥʘ. 

ʈʘʟʥʠʮʘ ʚ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʣʴʥʘ ʠ ʭʣʦʧʢʘ, ʬʠʟʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʵʪʠʭ 
ʚʦʣʦʢʦʥ ʧʨʠʜʘʝʪ ʠʟʜʝʣʠʷʤ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʣʴʥʘ ʥʦʚʳʝ ʫʥʠʢʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ. ɽʱʝ 
ʦʜʥʠʤ ʫʥʠʢʘʣʴʥʳʤ ʩʚʦʡʩʪʚʦʤ ʣʴʥʦʩʦʜʝʨʞʘʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʧʦʛʣʦʱʝʥʠʝ 
ñʤʷʛʢʦʛʦò ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ. 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʧʨʠʚʝʜʝʥʥʳʭ ʫʯʝʥʳʤʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʫʶ 
ʫʥʠʢʘʣʴʥʦʩʪʴ ʤʝʜʠʢʘʤʝʥʪʦʟʥʳʭ ʠ ʛʠʛʠʝʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʣʴʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ 
ʪʝʢʩʪʠʣʴʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʫʢʘ ʜʦʢʘʟʘʣʘ, ʧʦʯʝʤʫ ʠ ʢʘʢ  ʣʝʥ ʠ ʩʤʝʩʴ ʭʣʦʧʢʘ ʠ ʣʴʥʘ 
ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʶʪ ʥʘ ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʠ ʛʠʛʠʝʥʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʩʦʩʪʦʷʥʠʷ 
ʯʝʣʦʚʝʢʘ. 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʬʘʢʪʦʨʦʚ, ʦʢʘʟʳʚʘʶʱʠʭ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʚʦʡʩʪʚʘ 
ʪʨʠʢʦʪʘʞʘ ʩ ʣʝʯʝʙʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʢʦʨʨʝʢʮʠʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʠ 
ʠʤʤʫʥʥʦʟʘʱʠʪʥʳʭ ʬʫʥʢʮʠʡ ʯʝʣʦʚʝʢʘ, ʷʚʣʷʝʪʩʷ ʧʨʘʚʠʣʴʥʳʡ ʧʦʜʙʦʨ ʩʳʨʴʷ, ʝʛʦ 
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ʨʘʮʠʦʥʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʪʨʠʢʦʪʘʞʝ. ʆʙʝʩʧʝʯʝʥʠʝ ʚʳʩʦʢʠʭ ʛʠʛʠʝʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 
ʙʘʟʠʨʫʝʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘʪʫʨʘʣʴʥʳʭ ʚʦʣʦʢʦʥ: ʣʴʥʘ, ʭʣʦʧʢʘ [2].  

ɺ ʟʘʢʣʶʯʝʥʠʠ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʪʨʠʢʦʪʘʞʘ  ʩ 
ʣʝʯʝʙʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʴʥʘ ʦʙʝʩʧʝʯʠʪ ʚʳʩʦʢʠʝ ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʝ 
ʩʚʦʡʩʪʚʘ, ʯʝʤ ʭʣʦʧʢʦʚʦʝ ʚʦʣʦʢʥʦ.  

 
ʃʀʊɽʈɸʊʋʈɸ 
1. ʆʛʣʷʜʠ ʨʠʥʢʫ. ï ʃʝʛʧʨʦʤ ʋʢʨʘʾʥʠ, 2005. ï 385 ʩ. ʩʤʝʰʠʚʘʥʠʷ ʩʦ ʣʴʥʦʤ, ʈʦʩʩʠʷ ʌɻʋʇ 
çʎʅʀʀʃʂɸè 
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ʂ.ʊ. ʄɸʍɸʅɹɽʊɸʃʀɽɺɸ, ʕ.ɽ. ʉɸʈʓɹɸɽɺɸ 
(ʊʘʨʘʟʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ʍ. ɼʫʣʘʪʠ, ʂʘʟʘʭʩʪʘʥ) 

 
ʂʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʜʫʢʮʠʠ, ʜʦʩʪʠʛʘʝʤʘʷ ʧʨʠʤʝʥʝʥʠʝʤ ʚʳʩʦʢʠʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ, ʧʦʩʪʦʷʥʥʳʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʤʘʪʝʨʠʘʣʴʥʦ-
ʪʝʭʥʠʯʝʩʢʦʡ ʠ ʩʳʨʴʝʚʦʡ ʙʘʟʳ, ʩʥʠʞʝʥʠʝʤ ʠʟʜʝʨʞʝʢ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʩʦʟʜʘʥʠʝʤ ʛʠʙʢʦʡ 
ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʝʡ ʪʝʭʥʦʣʦʛʠʠ, ʢʘʢ ʚʦʟʤʦʞʥʦʩʪʠ ʙʳʩʪʨʦʛʦ ʦʙʥʦʚʣʝʥʠʷ 
ʘʩʩʦʨʪʠʤʝʥʪʘ ʧʨʦʜʫʢʮʠʠ, ʷʚʣʷʶʪʩʷ ʙʘʟʦʡ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ 
ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ.  

ɺ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʘʚʪʦʨʘʤʠ ʚ ʧʝʨʠʦʜ 2014-2017 ʛʛ.ʣʝʯʝʙʥʦ-ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ 
ʠʟʜʝʣʠʷʭ ʨʝʞʠʤʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ï ʞʝʥʩʢʠʭ ʤʘʡʢʘʭ ï ʩʦʜʝʨʞʘʥʠʝ ʰʝʨʩʪʠ 
(ʚʝʨʙʣʴʶʞʝʡ ʠ ʦʚʝʯʴʝʡ) ʪʝʧʣʦʫʜʝʨʞʠʚʘʶʱʠʡ ʧʦʣʦʩ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 30 ʜʦ 60%, 
ʩʦʜʝʨʞʘʥʠʝ ʚʦʣʦʢʦʥ ʭʣʦʧʢʘ ʠ ʣʴʥʘ, ʠʟ ʢʦʪʦʨʦʛʦ ʩʦʩʪʦʷʪ ʪʝʧʣʦʧʝʨʝʜʘʶʱʠʝ ʧʦʣʦʩʳ 
ʠʟʜʝʣʠʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 40 ʜʦ 70% ʦʪ ʦʙʱʝʡ ʤʘʩʩʳ ʠʟʜʝʣʠʷ. ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʥʘʧʨʠʤʝʨ ʙʝʣʴʝʚʳʭ ʠʟʜʝʣʠʡ, 
ʧʨʝʜʧʦʣʦʛʘʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʡ ʩʧʨʦʩ ʞʝʥʩʢʦʛʦ ʘʩʩʦʨʪʠʤʝʥʪʘ, ʩʦʜʝʨʞʘʥʠʝ 
ʥʘʪʫʨʘʣʴʥʳʭ ʚʦʣʦʢʦʥ ʚ ʥʠʭ ʜʦʣʞʥʦ ʙʳʪʴ ʥʝ ʥʠʞʝ ʪʨʝʙʫʝʤʦʛʦ [1].  

ʈʘʟʨʘʙʦʪʘʥʳ ʪʨʠ ʚʠʜʘ ʞʝʥʩʢʠʭ ʤʘʡʦʢ ʩ ʣʝʯʝʙʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 
ʊʝʧʣʦʧʝʨʝʜʘʶʱʠʝ ʠ ʪʝʧʣʦʫʜʝʨʞʠʚʘʶʱʠʝ ʵʣʘʩʪʠʯʥʳʝ ʚʩʪʘʚʢʠ ʥʘ ʫʨʦʚʥʝ ʪʘʣʠʠ 
ʦʙʝʩʧʝʯʠʚʘʶʪ ʭʦʨʦʰʫʶ ʧʦʜʜʝʨʞʢʫ ʤʳʰʮʘʤ ʞʠʚʦʪʘ ʠ ʧʦʷʩʥʠʮʳ. ɹʣʘʛʦʜʘʨʷ ʤʷʛʢʦʤʫ, 
ʪʦʥʢʦʤʫ ʠ ʪʝʧʣʦʤʫ ʤʘʪʝʨʠʘʣʫ, ʘ ʪʘʢʞʝ ʦʙʣʝʛʘʶʱʝʤʫ ʬʘʩʦʥʫ, ʤʘʡʢʘ ʠʜʝʘʣʴʥʦ ʩʠʜʠʪ ʥʘ 
ʬʠʛʫʨʝ. ʆʥʘ ʥʘʜʝʚʘʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʪʝʣʦ ʧʦʜ ʣʶʙʫʶ ʦʜʝʞʜʫ, ʢʘʢ ʦʬʠʩʥʫʶ, 
ʪʘʢ ʠ ʜʦʤʘʰʥʶʶ, ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʦʩʠʪʴ ʵʣʝʛʘʥʪʥʳʝ ʦʙʪʷʛʠʚʘʶʱʠʝ 
ʧʣʘʪʴʷ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʚ ʧʦʤʝʱʝʥʠʠ ʠ ʟʘ ʦʢʥʦʤ. ʉʫʭʦʝ ʪʝʧʣʦ, 
ʢʦʪʦʨʦʝ ʜʘʝʪ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʥʘʪʫʨʘʣʴʥʦʡ ʰʝʨʩʪʠ (ʚʝʨʙʣʴʶʞʝʡ ʠ ʦʚʝʯʴʝʡ) ʚ 
ʠʟʜʝʣʠʠ, ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʧʨʠ ʣʝʯʝʥʠʠ ʠ ʧʨʦʬʠʣʘʢʪʠʢʠ 
ʧʨʦʩʪʫʜʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʩʦʢʨʘʱʝʥʠʷ ʙʦʣʝʚʳʭ ʦʱʫʱʝʥʠʡ ʧʨʠ 
ʚʦʩʧʘʣʝʥʠʷʭ ʨʘʟʣʠʯʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. ʄʘʪʝʨʠʘʣ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʘʡʝʢ ʩʦʩʪʦʠʪ ʠʟ ʦʚʝʯʴʝʡ 
ʰʝʨʩʪʠ (ʚʝʨʙʣʴʶʞʝʡ) ï 40 ʧʨʦʮʝʥʪʘ, ʥʘʪʫʨʘʣʴʥʦʛʦ ʭʣʦʧʢʘ (ʣʴʥʘ) ï 60 ʧʨʦʮʝʥʪʦʚ. 

ʀʟʜʝʣʠʷ ʦʢʘʟʳʚʘʶʪ ʨʝʬʣʝʢʪʦʨʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ, ʢʦʪʦʨʦʝ 
ʦʩʥʦʚʘʥʦ ʥʘ ʧʨʠʥʮʠʧʝ ʩʦʟʜʘʥʠʷ ʥʘ ʪʝʣʝ ʨʘʟʥʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʯʘʩʪʢʦʚ ʧʨʠ ʧʦʤʦʱʠ 
ʪʝʧʣʦʧʝʨʝʜʘʶʱʠʭ ʠ ʪʝʧʣʦʫʜʝʨʞʠʚʘʶʱʠʭ ʠʩʭʦʜʥʳʭ ʪʨʠʢʦʪʘʞʥʳʭ ʧʦʣʦʪʝʥ, ʚʩʣʝʜʩʪʚʠʝ 
ʵʪʦʛʦ ʜʦʩʪʠʛʘʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʪʝʧʣʦʚʳʭ ʠ ʭʦʣʦʜʦʚʳʭ ʨʝʮʝʧʪʦʨʦʚ. ʕʪʦ 
ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʦʪʚʝʪʥʳʭ ʨʝʘʢʮʠʡ ʦʨʛʘʥʠʟʤʘ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ 
ʦʟʜʦʨʘʚʣʠʚʘʶʱʠʡ ʵʬʬʝʢʪ.  
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ʇʨʦʚʝʜʝʥʥʳʝ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʢʘʬʝʜʨʳ çʊʝʭʥʦʣʦʛʠʠ ʪʝʢʩʪʠʣʴʥʦʡ 
ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝè ʊʘʨʘʟʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 
ʠʤʝʥʠ ʄ.ʍ. ɼʫʣʘʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʠʩʭʦʜʥʳʭ ʧʦʣʦʪʝʥ 
ʣʝʯʝʙʥʦ-ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ ʧʦʟʚʦʣʠʣʠ ʦʮʝʥʠʪʴ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʠʭ 
ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʩʚʦʡʩʪʚʘ ʧʫʪʝʤ ʧʦʜʙʦʨʘ ʠ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʧʦʣʦʪʝʥ ʩ ʨʘʟʣʠʯʥʳʤʠ 
ʚʠʜʘʤʠ ʧʝʨʝʧʣʝʪʝʥʠʡ [2].    

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʧʨʝʜʝʣʝʥʠʝ 
ʜʦʩʪʠʛʘʝʤʳʭ ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʪʝʣʝ ʧʦʜ ʪʝʧʣʦʧʝʨʝʜʘʶʱʠʤʠ ʠ 
ʪʝʧʣʦʫʜʝʨʞʠʚʘʶʱʠʤʠ ʧʦʣʦʩʘʤʠ ʚ ʨʘʟʥʳʭ ʤʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʥʝ ʦʪʨʘʞʘʝʪ 
ʧʦʢʘʟʘʪʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʦʪʝʥ, ʪʘʢ ʢʘʢ ʦʪʚʝʪʥʘʷ ʨʝʘʢʮʠʷ ʦʨʛʘʥʠʟʤʘ ʠʩʢʘʞʘʝʪ 
ʠʩʪʠʥʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʜʦʩʪʦʚʝʨʥʘʷ ʢʘʨʪʠʥʘ ʫʢʘʟʘʥʥʳʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ.   
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1
ʊʘʨʘʟʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ʍ.ɼʫʣʘʪʠ, ʂʘʟʘʭʩʪʘʥ,  

2
ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 

 
ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʳ 3 ʚʘʨʠʘʥʪʘ ʩʪʨʫʢʪʫʨʳ ʠ ʩʧʦʩʦʙʦʚ ʚʳʨʘʙʦʪʢʠ 

ʧʣʶʰʝʚʦʛʦ ʪʨʠʢʦʪʘʞʘ ʬʫʪʝʨʦʚʘʥʥʦʛʦ ʧʝʨʝʧʣʝʪʝʥʠʷ. ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 
ʚʳʨʘʙʦʪʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʣʶʰʝʚʦʛʦ ʪʨʠʢʦʪʘʞʘ ʬʫʪʝʨʦʚʘʥʥʦʛʦ ʧʝʨʝʧʣʝʪʝʥʠʷ 
ʠʩʧʳʪʳʚʘʣʠʩʴ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ [1]. 

ʇʦʜ ʚʦʟʜʫʭʦʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʧʦʥʠʤʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʧʫʩʢʘʪʴ 
ʚʦʟʜʫʭ. ɺʦʟʜʫʭʦʧʨʦʥʠʮʘʝʤʦʩʪʴ ʧʣʶʰʝʚʦʛʦ ʪʨʠʢʦʪʘʞʘ ʬʫʪʝʨʦʚʘʥʥʦʛʦ ʧʝʨʝʧʣʝʪʝʥʠʷ ʧʦ 
ʩʨʘʚʥʝʥʠʶ ʩ ʙʘʟʦʚʳʤ ʧʝʨʝʧʣʝʪʝʥʠʝʤ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʩʨʝʜʠ ʦʙʨʘʟʮʦʚ ʧʣʶʰʝʚʦʛʦ 
ʪʨʠʢʦʪʘʞʘ ʬʫʪʝʨʦʚʘʥʥʦʛʦ ʧʝʨʝʧʣʝʪʝʥʠʷ ʥʘʠʤʝʥʴʰʝʡ ʚʦʟʜʫʭʦʧʨʦʥʠʮʘʝʤʦʩʪʴʶ 
ʦʙʣʘʜʘʝʪ ʚʘʨʠʘʥʪ III. 

ɺʦʟʜʫʭʦʧʨʦʥʠʮʘʝʤʦʩʪʴ ʵʪʦʛʦ ʚʘʨʠʘʥʪʘ ʩʦʩʪʘʚʣʷʝʪ 46,3 ʩʤ
3
/ʩʤ Ā ʩʝʢ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʙʘʟʦʚʳʤ ʧʝʨʝʧʣʝʪʝʥʠʝʤ ʤʝʥʴʰʝ ʥʘ 33,1%. ʀʟʤʝʥʝʥʠʝ ʟʘʧʨʘʚʢʠ ʧʨʠʚʦʜʠʪ 
ʢ ʠʟʤʝʥʝʥʠʶ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʣʶʰʝʚʦʛʦ ʪʨʠʢʦʪʘʞʘ ʬʫʪʝʨʦʚʘʥʥʦʛʦ 
ʧʝʨʝʧʣʝʪʝʥʠʷ. 
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ɺʦʟʜʫʭʦʧʨʦʥʠʮʘʝʤʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʧʣʶʰʝʚʦʛʦ ʪʨʠʢʦʪʘʞʘ 
ʬʫʪʝʨʦʚʘʥʥʦʛʦ ʧʝʨʝʧʣʝʪʝʥʠʷ ʤʝʥʷʝʪʩʷ ʦʪ 46,3 ʜʦ 66,9 ʩʤ

3
/ʩʤ Ā ʩʝʢ. 

ɺʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʩʪʦʡʢʦʩʪʴ ʪʨʠʢʦʪʘʞʘ ʢ ʠʩʪʠʨʘʥʠʶ ʠʟʫʯʘʣʦʩʴ ʚ 
ʨʷʜʝ ʨʘʙʦʪ. ʅʘʧʨʠʤʝʨ, ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʧʣʦʪʥʦʩʪʠ ʚʷʟʘʥʠʷ ʪʨʠʢʦʪʘʞʘ ʥʘ 
ʝʛʦ ʩʪʦʡʢʦʩʪʴ ʢ ʠʩʪʠʨʘʥʠʶ ʠ ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʚʷʟʘʥʠʷ 
ʩʪʦʡʢʦʩʪʴ ʪʨʠʢʦʪʘʞʘ ʢ ʠʩʪʠʨʘʥʠʶ ʚʦʟʨʘʩʪʘʝʪ. ʇʨʠ ʵʪʦʤ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʚʣʠʷʥʠʝ 
ʧʣʦʪʥʦʩʪʠ ʚʷʟʘʥʠʷ ʥʘ ʩʪʦʡʢʦʩʪʴ ʪʨʠʢʦʪʘʞʘ ʢ ʠʩʪʠʨʘʥʠʶ ʥʝʚʝʣʠʢʦ ʠ ʧʦʩʣʝʜʥʷʷ ʚ 
ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʩʪʦʡʢʦʩʪʠ ʢ ʠʩʪʠʨʘʥʠʶ ʩʘʤʦʡ ʥʠʪʠ, ʯʝʤ ʦʪ ʧʣʦʪʥʦʩʪʠ 
ʚʷʟʘʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʷ ʪʨʠʢʦʪʘʞʘ ʥʘ ʠʩʪʠʨʘʥʠʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʦʯʥʦʩʪʴ ʥʘ 
ʠʩʪʠʨʘʥʠʝ ʫ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʧʦʣʦʪʝʥ ʧʣʶʰʝʚʦʛʦ ʪʨʠʢʦʪʘʞʘ ʬʫʪʝʨʦʚʘʥʥʦʛʦ 
ʧʝʨʝʧʣʝʪʝʥʠʷ ʙʦʣʴʰʝ, ʯʝʤ ʫ ʙʘʟʦʚʦʛʦ ʧʝʨʝʧʣʝʪʝʥʠʷ. ʇʨʦʯʥʦʩʪʴ ʥʘ ʠʩʪʠʨʘʥʠʝ ʫ ʵʪʠʭ 
ʚʘʨʠʘʥʪʦʚ ʤʝʥʷʝʪʩʷ ʦʪ 15000 ʜʦ 36000 ʮʠʢʣʦʚ. ʉʘʤʳʡ ʚʳʩʦʢʠʡ ʧʦʢʘʟʘʪʝʣʴ ʧʨʦʯʥʦʩʪʠ 
ʫ III ʚʘʨʠʘʥʪʘ ʧʣʶʰʝʚʦʛʦ ʪʨʠʢʦʪʘʞʘ ʬʫʪʝʨʦʚʘʥʥʦʛʦ ʧʝʨʝʧʣʝʪʝʥʠʷ ʠ ʩʦʩʪʘʚʣʷʝʪ 36000 
ʮʠʢʣʦʚ, ʥʘ 45,5% ʙʦʣʴʰʝ, ʯʝʤ ʙʘʟʦʚʦʝ ʧʝʨʝʧʣʝʪʝʥʠʝ. 

ʈʘʟʨʳʚʥʘʷ ʥʘʛʨʫʟʢʘ ʧʦ ʜʣʠʥʝ ʧʣʶʰʝʚʦʛʦ ʪʨʠʢʦʪʘʞʘ ʬʫʪʝʨʦʚʘʥʥʦʛʦ 
ʧʝʨʝʧʣʝʪʝʥʠʷ ʤʝʥʷʝʪʩʷ ʦʪ 294,5 ʜʦ 317,4ʅ. ʉʘʤʳʤ ʧʨʦʯʥʳʤ ʷʚʣʷʝʪʩʷ III ʚʘʨʠʘʥʪ 
ʧʣʶʰʝʚʦʛʦ ʪʨʠʢʦʪʘʞʘ, ʛʜʝ ʨʘʟʨʳʚʥʘʷ ʥʘʛʨʫʟʢʘ ʧʦ ʜʣʠʥʝ ʩʦʩʪʘʚʣʷʝʪ 317,4ʅ, ʥʘ 4,9% 
ʙʦʣʴʰʝ, ʯʝʤ ʫ ʙʘʟʦʚʦʛʦ ʧʝʨʝʧʣʝʪʝʥʠʷ. 

ʈʘʟʨʳʚʥʦʝ ʫʜʣʠʥʝʥʠʝ   ʧʦ ʜʣʠʥʝ ʤʝʥʷʝʪʩʷ 64,3 ʦʪ 79,75 %.  
ʇʦʜ ʫʩʘʜʢʦʡ ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʦʚ ʪʨʠʢʦʪʘʞʥʦʛʦ ʧʦʣʦʪʥʘ ʚ 

ʧʨʦʮʝʩʩʝ ʤʦʢʨʳʭ ʦʙʨʘʙʦʪʦʢ (ʟʘʤʘʯʠʚʘʥʠʷ, ʩʪʠʨʢʠ); ʫʚʝʣʠʯʝʥʠʝ ʞʝ ʨʘʟʤʝʨʦʚ  
ʦʙʨʘʟʮʘ ʧʨʠ ʵʪʦʤ ʥʘʟʳʚʘʶʪ ʧʨʦʪʷʞʢʦʡ.  

ʊʨʠʢʦʪʘʞʥʳʝ ʧʦʣʦʪʥʘ ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʨʘʩʪʷʞʠʤʦʩʪʴ, ʯʝʤ 
ʪʢʘʥʠ, ʘ ʧʦʵʪʦʤʫ ʠ ʙʦʣʝʝ ʧʦʜʚʠʞʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʯʫʚʩʪʚʠʪʝʣʴʥʫʶ ʜʘʞʝ ʢ ʥʝʙʦʣʴʰʠʤ 
ʧʨʠʢʣʘʜʳʚʘʝʤʳʤ ʫʩʠʣʠʷʤ. ʇʨʠʥʮʠʧ ʞʝ ʨʘʙʦʪʳ ʦʪʜʝʣʦʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ 
ʪʨʠʢʦʪʘʞʥʳʭ ʧʦʣʦʪʝʥ ʥʠʯʝʤ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʨʠʥʮʠʧʦʚ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ, 
ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʦʪʜʝʣʢʠ ʪʢʘʥʝʡ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʙʦʣʴʰʠʭ 
ʫʩʘʜʦʢ ʷʚʣʷʝʪʩʷ ʯʨʝʟʤʝʨʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʪʨʠʢʦʪʘʞʥʳʭ ʧʦʣʦʪʝʥ ʚ ʦʪʜʝʣʦʯʥʳʭ 
ʦʧʝʨʘʮʠʷʭ. 

ʋʩʘʜʢʘ ʧʦ ʜʣʠʥʝ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʣʶʰʝʚʦʛʦ ʪʨʠʢʦʪʘʞʘ ʬʫʪʝʨʥʦʛʦ 
ʧʝʨʝʧʣʝʪʝʥʠʷ ʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 11 ʜʦ 12 % [2]. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʝ ʚʘʨʠʘʥʪʳ ʦʙʨʘʟʮʦʚ 
ʧʣʶʰʝʚʦʛʦ ʪʨʠʢʦʪʘʞʘ ʬʫʪʝʨʦʚʘʥʥʦʛʦ ʧʝʨʝʧʣʝʪʝʥʠʷ ʠʤʝʶʪ ʫʣʫʯʰʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ.  

ʇʦʣʫʯʝʥʥʳʡ ʪʨʠʢʦʪʘʞ ʤʦʞʥʦ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʚʝʨʭʥʝʛʦ 
ʪʨʠʢʦʪʘʞʘ ʠ ʜʝʪʩʢʦʛʦ ʘʩʩʦʨʪʠʤʝʥʪʘ. 
 
ʃʀʊɽʈɸʊʋʈɸ 
1. ʊʦʨʢʫʥʦʚʘ ɿ.ɸ. ʀʩʧʳʪʘʥʠʷ ʪʨʠʢʦʪʘʞʘ / ɿ.ɸ. ʊʦʨʢʫʥʦʚʘ. ï ʄ.: ʃʝʛʢʘʷ ʠʥʜʫʩʪʨʠʷ, 1975. 
ï 223 ʩ. 
2. ʉʘʨʳʙʘʝʚʘ, ʕ.ɽ. ʆʩʦʙʝʥʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʠ ʚʷʟʘʥʠʷ ʬʫʪʝʨʦʚʘʥʥʦʛʦ ʪʨʠʢʦʪʘʞʘ ʩ 
ʠʤʠʪʘʮʠʝʡ ʧʣʶʰʝʚʦʛʦ ʵʬʬʝʢʪʘ / ʕ.ɽ. ʉʘʨʳʙʘʝʚʘ, ɻ.ɺ. ɹʘʰʢʦʚʘ // ʄʦʣʦʜʳʝ ʫʯʝʥʳʝ ï 
ʨʘʟʚʠʪʠʶ ʪʝʢʩʪʠʣʴʥʦ-ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʣʘʩʪʝʨʘ: ʪʝʟ. ʜʦʢʣ. ʤʝʞʚʫʟ. ʥʘʫʯ-ʪʝʭʥ. ʢʦʥʬ. 
ʉʙʦʨʥʠʢ ʤʘʪʝʨʠʘʣʦʚ. (ʇʆʀʉʂ-2014). ï ʀʚʘʥʦʚʦ: ʀɻʊɸ, 2014. ï ʉ. 56-57. 
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ʋɼʂ 677. 075 
 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʪʨʠʢʦʪʘʞʥʳʭ ʠʟʜʝʣʠʡ ʠʟ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʧʨʷʞʠ   

 
ʕ.ɽ. ʉɸʈʓɹɸɽɺɸ, ʉ.ʅ. ʄʋʍɸʄɽɼɾɸʅʆɺɸ 

(ʊʘʨʘʟʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ʍ.ɼʫʣʘʪʠ, ʂʘʟʘʭʩʪʘʥ) 
 
ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʟʥʦʩʦʫʩʪʦʡʯʠʚʦʩʪʠ ʪʨʠʢʦʪʘʞʥʳʭ ʠʟʜʝʣʠʡ ʠʟ 

ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʧʨʷʞʠ, ʩʦʜʝʨʞʘʱʝʡ 34% ʭʣʦʧʢʘ, 33% ʚʠʩʢʦʟʥʦʛʦ ʰʪʘʧʝʣʴʥʦʛʦ 
ʚʦʣʦʢʥʘ ʠ 33% ʢʘʧʨʦʥʦʚʦʛʦ ʰʪʘʧʝʣʴʥʦʛʦ ʚʦʣʦʢʥʘ ʙʳʣʠ ʚʳʨʘʙʦʪʘʥʳ ʥʦʩʢʠ ʠʟ ʧʨʷʞʠ ʩ 
ʨʘʟʣʠʯʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʢʨʫʪʢʠ: ʠʟ ʧʨʷʞʠ ʚ ʜʚʘ ʩʣʦʞʝʥʠʷ ʩ Ŭ=112,116,120 ʠ ʠʟ 
ʢʨʫʯʝʥʦʡ ʧʨʷʞʠ ʩ Ŭ1=112 ʠ Ŭ2=95 [1]. 

ʂʘʯʝʩʪʚʦ ʠʟʜʝʣʠʡ, ʚʳʨʘʙʦʪʘʥʥʳʭ ʧʦ ʚʩʝʤ ʫʢʘʟʘʥʥʳʤ ʚʘʨʠʘʥʪʘʤ, ʩʨʘʚʥʠʚʘʣʠ ʩ 
ʢʘʯʝʩʪʚʦʤ ʠʟʜʝʣʠʡ ʠʟ ʭʣʦʧʢʘ [2]. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.  

 
ʊʘʙʣʠʮʘ 1 

ʅʦʤʝʨ 
ʚʘʨʠʘʥʪʘ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʘʨʠʘʥʪʦʚ ʇʣʦʪʥʦʩʪʴ ʂʦʣʠʯʝʩʪʚʦ 
ʦʙʦʨʦʪʦʚ 
ʜʠʩʢʘ 

ʧʨʠʙʦʨʘ ʜʣʷ 
ʠʩʪʠʨʘʥʠʷ ʜʦ 
ʧʦʣʥʦʛʦ 
ʨʘʟʨʫʰʝʥʠʷ 
ʪʨʠʢʦʪʘʞʘ 

ʧʦ  
ʚʝʨʪʠʢʘʣʠ 

ʧʦ 
ʛʦʨʠʟʦʥʪʘʣʠ 

1 ʍʣʦʧʯʘʪʦʙʫʤʘʞʥʘʷ ʧʨʷʞʘ 
ʊ=29,4 ʪʝʢʩ, Ŭ=120 

55,0 44,3 2934 

2 ʊʨʝʭʢʦʤʧʦʥʝʥʪʥʘʷ 
ʢʨʫʯʝʥʘʷ ʧʨʷʞʘ ʊ=29,4ʭ2 
ʪʝʢʩ Ŭ1=112, Ŭ2=95. 

43,8 37,3 3255 

3 ʊʨʝʭʢʦʤʧʦʥʝʥʪʥʘʷ ʧʨʷʞʘ 
ʊ=29,4 ʪʝʢʩ,  Ŭ=112 

49,0 43,6 6332 

4 ʊʨʝʭʢʦʤʧʦʥʝʥʪʥʘʷ ʧʨʷʞʘ 
ʊ=29,4 ʪʝʢʩ,  Ŭ=116 

48,2 42,8 8233 

5 ʊʨʝʭʢʦʤʧʦʥʝʥʪʥʘʷ ʧʨʷʞʘ 
ʊ=29,4 ʪʝʢʩ,  Ŭ=120 

49,0 42,4 11030 

 
ɼʘʥʥʳʝ ʪʘʙʣʠʮʳ 1 ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʠʟʥʦʩʦʫʩʪʦʡʯʠʚʦʩʪʴ ʠʟʜʝʣʠʡ ʠʟ 

ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʧʨʷʞʠ ʚ ʪʨʠ-ʯʝʪʳʨʝ ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʠʟʜʝʣʠʡ ʠʟ 
ʭʣʦʧʯʘʪʦʙʫʤʘʞʥʦʡ ʧʨʷʞʠ. ɽʩʣʠ ʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʨʫʯʝʥʘʷ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʘʷ ʧʨʷʞʘ, ʪʦ 
ʠʟʥʦʩʦʫʩʪʦʡʯʠʚʦʩʪʴ ʠʟʜʝʣʠʡ ʠʟ ʥʝʝ ʚ ʜʚʘ ʨʘʟʘ ʥʠʞʝ, ʯʝʤ ʠʟʜʝʣʠʡ, ʚʳʨʘʙʦʪʘʥʥʳʭ ʠʟ 
ʜʚʫʭ ʦʜʠʥʦʯʥʳʭ ʥʠʪʝʡ. ʆʧʳʪʥʘʷ ʥʦʩʢʘ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʩʨʦʢ ʥʦʩʢʠ ʠʟʜʝʣʠʡ ʠʟ 
ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʧʨʷʞʠ ʧʨʠʤʝʨʥʦ ʚ ʜʚʘ ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʠʟʜʝʣʠʡ ʠʟ ʯʠʩʪʦʛʦ ʭʣʦʧʢʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʪʘʢʞʝ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʨʫʪʢʠ 
ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʧʨʷʞʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠʟʥʦʩʦʫʩʪʦʡʯʠʚʦʩʪʴ ʛʦʪʦʚʳʭ ʠʟʜʝʣʠʡ [3,4].  
 
ʃʀʊɽʈɸʊʋʈɸ 
1. ʆʬʬʝʨʤʘʥʥ ʇ., ʊʘʫʰ-ʄʘʨʪʦʥ ʍ. ʆʩʥʦʚʳ ʪʝʭʥʦʣʦʛʠʠ ʪʨʠʢʦʪʘʞʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ / 
ʇ.ʆʬʬʝʨʤʘʥʥ ï ʄ.: ʃʝʛʢʘʷ ʠ ʧʠʱʝʚʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, 1991. ï  430 ʩ. 
2. ɹʫʟʦʚ ɹ.ɸ., ɸʣʳʤʝʥʢʦʚʘ ʅ.ɼ. ʄʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠʟʜʝʣʠʡ ʣʝʛʢʦʡ 
ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ / ɹ.ɸ. ɹʫʟʦʚ. ï ʄ.: ʀʟʜʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ çɸʢʘʜʝʤʠʷè, 2004. ï  448 ʩ. 
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3. ʉʘʨʳʙʘʝʚʘ, ʕ. ɽ., ʄʫʭʘʤʝʜʞʘʥʦʚʘ ʉ.ʅ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʘʯʝʩʪʚʘ ʪʨʠʢʦʪʘʞʥʳʭ 
ʠʟʜʝʣʠʡ ʠʟ ʭʣʦʧʢʦ-ʚʠʩʢʦʟʥʦʡ ʧʨʷʞʠ // ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʧʦʜʭʦʜʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ 
ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʫʩʣʦʚʠʷʭ ʛʣʦʙʘʣʴʥʦʡ ʢʦʥʢʫʨʝʥʮʠʠ: ʪʝʟ.  
ʜʦʢʣ. ʥʘʫʯ-ʧʨʘʢʪ. ʢʦʥʬ. ʉʙʦʨʥʠʢ ʤʘʪʝʨʠʘʣʦʚ. ï ʈʂ ʉʝʤʝʡ: 1 ʤʘʨʪʘ  2016. ï ʉ. 126. 
4. ʉʘʨʳʙʘʝʚʘ ʕ. ɽ., ɹʘʡʞʘʥʦʚʘ ʉ. ɹ.,  ɹʘʰʢʦʚʘ ɻ. ɺ., ʉʘʨʳʙʘʝʚʘ ʂ. ɽ., ʐʘʨʜʘʨʙʝʢ  ʄ. 
ʐ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʧʝʨʝʧʣʝʪʝʥʠʷ ʢʘʢ ʩʧʦʩʦʙ ʩʥʠʞʝʥʠʷ 
ʤʘʪʝʨʠʘʣʦʸʤʢʦʩʪʠ ʜʚʦʡʥʦʛʦ ʪʨʠʢʦʪʘʞʘ // ʀʟʚʝʩʪʠʷ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ. 
ʊʝʭʥʦʣʦʛʠʷ ʪʝʢʩʪʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ï 2015 ï ˉ 5 (359). ï ʉ. 119-122.  
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʪʨʠʢʦʪʘʞʘ  
ʥʘ ʙʘʟʝ ʠʥʪʝʨʣʦʯʥʦʛʦ ʧʝʨʝʧʣʝʪʝʥʠʷ 
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1
, ʄ.ʐ. ʐɸʈɼɸʈɹɽʂ

1
 

(
1
ʊʘʨʘʟʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ʍ.ɼʫʣʘʪʠ, ʂʘʟʘʭʩʪʘʥ,  

2
ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 

 
ʉʝʛʦʜʥʷ ʧʝʨʝʜ ʫʯʝʥʳʤʠ ʠ ʨʘʙʦʪʥʠʢʘʤʠ ʪʨʠʢʦʪʘʞʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʦʩʦʙʦ 

ʦʩʪʨʦ ʩʪʦʷʪ ʧʨʦʙʣʝʤʳ ʨʘʟʨʘʙʦʪʢʠ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʝʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ 
ʪʨʠʢʦʪʘʞʘ, ʨʘʩʰʠʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʚʷʟʘʣʴʥʳʭ ʤʘʰʠʥ ʠ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʩʪʥʦʛʦ ʩʳʨʴʷ. 

ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ ʨʘʩʰʠʨʝʥʠʷ ʘʩʩʦʨʪʠʤʝʥʪʘ ʠ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʚʳʧʫʩʢʘʝʤʳʭ 
ʪʨʠʢʦʪʘʞʥʳʭ ʠʟʜʝʣʠʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʩʪʨʫʢʪʫʨ ʠ ʩʧʦʩʦʙʦʚ ʚʳʨʘʙʦʪʢʠ 
ʪʨʠʢʦʪʘʞʘ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʢʘʯʝʩʪʚʝʥʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ. 

ɺʘʞʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʢʘʯʝʩʪʚʘ ʪʨʠʢʦʪʘʞʘ ʜʣʷ ʚʝʨʭʥʠʭ ʠʟʜʝʣʠʡ ʷʚʣʷʝʪʩʷ ʝʛʦ    
ʬʦʨʤʦʫʩʪʦʡʯʠʚʦʩʪʴ,    ʧʦʜ    ʢʦʪʦʨʦʡ    ʦʙʳʯʥʦ    ʧʦʥʠʤʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴ ʪʨʠʢʦʪʘʞʘ 
ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʧʝʨʚʦʥʘʯʘʣʴʥʫʶ ʬʦʨʤʫ ʚ ʧʨʦʮʝʩʩʝ ʨʝʣʘʢʩʘʮʠʠ ʧʦʩʣʝ ʜʝʬʦʨʤʘʮʠʡ. 

ʉ ʮʝʣʴʶ ʨʘʩʰʠʨʝʥʠʷ ʘʩʩʦʨʪʠʤʝʥʪʘ ʪʨʠʢʦʪʘʞʥʳʭ ʧʦʣʦʪʝʥ ʨʘʟʨʘʙʦʪʘʥʳ 4 
ʚʘʨʠʘʥʪʘ ʩʪʨʫʢʪʫʨʳ ʠ ʩʧʦʩʦʙʦʚ ʚʳʨʘʙʦʪʢʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʪʨʠʢʦʪʘʞʘ ʥʘ ʙʘʟʝ 
ʠʥʪʝʨʣʦʯʥʦʛʦ ʧʝʨʝʧʣʝʪʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʭʣʦʧʯʘʪʦʙʫʤʘʞʥʘʷ 
ʧʨʷʞʘ ʩ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʴʶ 20 ʪʝʢʩ, ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʛʦ ʧʝʨʝʧʣʝʪʝʥʠʷ ʙʳʣʦ 
ʚʳʙʨʘʥʦ ʧʝʨʝʧʣʝʪʝʥʠʝ ʠʥʪʝʨʣʦʢ (ʚʘʨʠʘʥʪ 0) [1,2]. 

ɽʩʣʠ ʦʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʪʨʠʢʦʪʘʞʘ ɯV ʚʘʨʠʘʥʪʘ ʧʨʠ 
ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ Ms = 204,4 ʛ/ʤ

2 
 ʠ ʪʦʣʱʠʥʝ ʊ = 0,7 ʤʤ ʨʘʚʥʘ    292 ʤʛ/ʩʤ

3 
, ʪʦ 

ʦʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ ʠʥʪʝʨʣʦʯʥʦʛʦ ʪʨʠʢʦʪʘʞʘ ʧʨʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ Ms = 214,9 
ʛ/ʤ

2 
 ʠ ʪʦʣʱʠʥʝ 0,65 ʤʤ, ʨʘʚʥʘ 330,6 ʤʛ/ʩʤ

3
, ʘʙʩʦʣʶʪʥʦʝ ʦʙʲʝʤʥʦʝ ʦʙʣʝʛʯʝʥʠʝ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʙʘʟʦʚʳʤ, ʩʦʩʪʘʚʣʷʝʪ: 

Ўɿ Ü ɿ  σσπȟφ ɀςως  σψȟφ ̍ Ⱦ̄ Ã̍σ 
ɻʜʝ Ў  - ʘʙʩʦʣʶʪʥʘʷ ʦʙʲʝʤʥʘʷ ʦʙʣʝʛʯʝʥʥʦʩʪʴ ʤʛ/ cʤ

3
; 

Üï ʦʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ ʙʘʟʦʚʦʛʦ ʧʦʣʦʪʥʘ ʤʛ/ cʤ
3
; 

ɿ - ʦʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ ʦʧʳʪʥʦʛʦ ʧʦʣʦʪʥʘ ʤʛ/ cʤ
3
. 

  ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʦʙʣʝʛʯʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ: 

— ρ


̂
ρππ ρ  

ςως

σσπȟφ
ρππρςϷ 

ʇʦʢʘʟʘʪʝʣʠ ʘʙʩʦʣʶʪʥʦʡ ʦʙʲʝʤʥʦʡ ʦʙʣʝʛʯʝʥʥʦʩʪʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʦʙʣʝʛʯʝʥʠʝ 
ʜʨʫʛʠʭ ʚʘʨʠʘʥʪʦʚ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʪʨʠʢʦʪʘʞʘ ʥʘ ʙʘʟʝ ʠʥʪʝʨʣʦʯʥʦʛʦ ʧʝʨʝʧʣʝʪʝʥʠʷ 
ʧʨʠʚʦʜʠʪʩʷ ʚ ʪʘʙʣʠʮʝ 5.4. 
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ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʥʘʤʠ ʧʨʠʤʝʨʳ ʧʦʢʘʟʳʚʘʶʪ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ 
ʚʩʝʭ ʪʨʝʭ ʛʣʘʚʥʳʭ ʜʦʩʪʦʠʥʩʪʚ ʪʨʠʢʦʪʘʞʘ, ʪʘʢʠʭ ʢʘʢ ʚʥʝʰʥʠʡ ʚʠʜ, ʜʦʩʪʘʪʦʯʥʘʷ 
ʬʦʨʤʦʫʩʪʦʡʯʠʚʦʩʪʴ, ʥʝʙʦʣʴʰʘʷ ʦʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ ʪʨʠʢʦʪʘʞʘ ʧʫʪʝʤ 
ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ, ʪ.ʝ. ʩʦʯʝʪʘʥʠʷ ʚ  ʵʣʝʤʝʥʪʘʨʥʳʭ ʨʷʜʘʭ ʨʘʟʣʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 
ʧʝʪʝʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʯʝʨʝʜʦʚʘʥʠʷ ʵʪʠʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʨʷʜʦʚ ʚ ʧʝʨʝʧʣʝʪʝʥʠʠ.  
 
ʃʀʊɽʈɸʊʋʈɸ 
1. ʉʘʨʳʙʘʝʚʘ, ʕ. ɽ. ʄʝʪʦʜʳ ʩʥʠʞʝʥʠʷ ʤʘʪʝʨʠʘʣʦʝʤʢʦʩʪʠ ʪʨʠʢʦʪʘʞʘ / ʕ. ɽ. ʉʘʨʳʙʘʝʚʘ  
// ʄʦʣʦʜʳʝ ʫʯʝʥʳʝ - ʨʘʟʚʠʪʠʶ ʪʝʢʩʪʠʣʴʥʦʡ ʠ ʣʝʛʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ: ʪʝʟ. ʜʦʢʣ. 
ʤʝʞʚʫʟ. ʥʘʫʯ-ʪʝʭʥ. ʢʦʥʬ. ʉʙʦʨʥʠʢ ʤʘʪʝʨʠʘʣʦʚ. (ʇʆʀʉʂ-2012). ï ʀʚʘʥʦʚʦ: ʀɻʊɸ, 2012. 
ï ʉ. 534.  
2. ʉʘʨʳʙʘʝʚʘ ʕ. ɽ., ɹʘʡʞʘʥʦʚʘ ʉ. ɹ.,  ɹʘʰʢʦʚʘ ɻ. ɺ., ʉʘʨʳʙʘʝʚʘ ʂ. ɽ., ʐʘʨʜʘʨʙʝʢ  ʄ. 
ʐ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʧʝʨʝʧʣʝʪʝʥʠʷ ʢʘʢ ʩʧʦʩʦʙ ʩʥʠʞʝʥʠʷ 
ʤʘʪʝʨʠʘʣʦʸʤʢʦʩʪʠ ʜʚʦʡʥʦʛʦ ʪʨʠʢʦʪʘʞʘ // ʀʟʚʝʩʪʠʷ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ. 
ʊʝʭʥʦʣʦʛʠʷ ʪʝʢʩʪʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ï 2015 ï ˉ 5 (359). ï ʉ. 119-122.  
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ʊʨʫʙʯʘʪʳʡ ʚʦʨʩʦʚʳʡ ʪʨʠʢʦʪʘʞ 
 

ʀ.ʄ. ʇʀʉʂʋʅ, ʉ.ɸ. ʇʃɽʏʂʆ, ɸ.ɺ. ʏɸʈʂʆɺʉʂʀʁ 
(ɺʠʪʝʙʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɹʝʣʘʨʫʩʴ) 

 
ʊʝʭʥʦʣʦʛʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʨʠʢʦʪʘʞʘ ʪʨʫʙʯʘʪʦʡ ʬʦʨʤʳ ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ 

ʚʳʨʘʙʦʪʢʠ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʯʫʣʦʯʥʦ-ʥʦʩʦʯʥʳʭ ʠʟʜʝʣʠʡ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 
ʘʩʩʦʨʪʠʤʝʥʪʘ ʯʫʣʦʯʥʦ-ʥʦʩʦʯʥʳʭ ʠʟʜʝʣʠʡ ʚʘʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʷʚʣʷʝʪʩʷ ʚʝʣʠʯʠʥʘ 
ʚʦʜʦʧʦʛʣʦʱʝʥʠʷ. 

ʉʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʚʦʜʦʧʦʛʣʦʱʝʥʠʝ ʦʢʘʟʳʚʘʝʪ ʧʣʦʱʘʜʴ ʩʦʨʙʠʨʫʶʱʝʡ 
ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʜʝʣʠʷ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʣʦʱʘʜʴ ʩʦʨʙʠʨʫʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʚʠʩʠʪ ʦʪ 
ʩʪʨʫʢʪʫʨʳ ʪʝʢʩʪʠʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʊʨʠʢʦʪʘʞ ʩ ʚʦʨʩʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠʤʝʝʪ ʚʳʩʦʢʦʝ 
ʟʘʧʦʣʥʝʥʠʝ ʥʠʪʷʤʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʦʝ ʚʦʜʦʧʦʛʣʦʱʝʥʠʝ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʚʦʨʩʦʚʦʛʦ ʪʨʠʢʦʪʘʞʘ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʧʣʶʰʝʚʳʝ 
ʧʝʨʝʧʣʝʪʝʥʠʷ, ʨʠʩ. 1. 
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 ʈʠʩ. 1 ï ʉʪʨʦʝʥʠʝ ʢʫʣʠʨʥʦʛʦ ʦʜʥʦʩʪʦʨʦʥʥʝʛʦ ʠʟʥʘʥʦʯʥʦʛʦ ʧʝʪʝʣʴʥʦʛʦ 
ʛʣʘʜʢʦʛʦ ʪʨʠʢʦʪʘʞʘ ʧʣʶʰʝʚʦʛʦ ʧʝʨʝʧʣʝʪʝʥʠʷ  
 

ɺ ʪʘʢʠʭ ʧʝʨʝʧʣʝʪʝʥʠʷʭ ʤʦʞʥʦ ʢʦʤʙʠʥʠʨʦʚʘʪʴ ʥʠʪʠ çʛè, çnè ʩ ʨʘʟʥʳʤʠ 
ʩʚʦʡʩʪʚʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʪʨʝʙʫʝʤʳʝ ʩʚʦʡʩʪʚʘ ʪʨʠʢʦʪʘʞʥʦʛʦ ʠʟʜʝʣʠʷ. 
ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʦʙʨʘʟʮʳ ʪʨʠʢʦʪʘʞʘ ʠʟʛʦʪʘʚʣʠʚʘʣʠʩʴ ʥʘ ʢʨʫʛʣʦʯʫʣʦʯʥʳʭ 
ʘʚʪʦʤʘʪʘʭ. ɼʣʷ ʚʷʟʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʦʣʠʵʬʠʨʥʳʝ ʤʫʣʴʪʠʬʠʣʘʤʝʥʪʥʳʝ ʥʠʪʠ ʠ 
ʭʣʦʧʢʦʣʴʥʷʥʘʷ ʧʨʷʞʘ. ʆʪʤʝʯʝʥʦ ʩʥʠʞʝʥʠʝ ʞʝʩʪʢʦʩʪʠ ʪʨʠʢʦʪʘʞʘ ʟʘ ʩʯʝʪ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʫʣʴʪʠʬʠʣʘʤʝʥʪʥʳʭ ʥʠʪʝʡ. ʈʘʟʨʘʙʦʪʘʥ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʨʝʞʠʤ 
ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʨʠʢʦʪʘʞʥʳʭ ʚʦʨʩʦʚʳʭ ʪʨʫʙʦʢ. 
 
 
ʋɼʂ 677.025.7 
 
ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 

ʩʪʨʫʢʪʫʨ ʦʩʥʦʚʦʚʷʟʘʥʦʛʦ ʪʨʠʢʦʪʘʞʘ  
 

ʅ.ɸ. ʆʅʀʇʏɽʅʂʆ, ɻ.ɺ. ɹɸʐʂʆɺɸ 
(ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 

 
ʅʘʟʥʘʯʝʥʠʝʤ ʉɸʇʈ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʙʳʩʪʨʦʛʦ ʠ ʫʜʦʙʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʨʝʘʣʠʩʪʠʯʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨ ʥʘ ʵʢʨʘʥʝ ʢʦʤʧʴʶʪʝʨʘ, ʯʪʦ 
ʧʦʟʚʦʣʷʝʪ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘʤ ʦʮʝʥʠʪʴ ʩʚʦʠ ʧʨʦʝʢʪʳ ʜʦ ʤʦʤʝʥʪʘ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʂʘʢ ʚ 
ʈʦʩʩʠʠ, ʪʘʢ ʠ ʟʘ ʨʫʙʝʞʦʤ ʜʦʩʪʘʪʦʯʥʦ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ, ʤʦʜʝʣʠ ʠ ʧʨʦʛʨʘʤʤʥʦʝ 
ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʨʘʩʯʝʪʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʪʢʘʥʦʛʦ ʧʦʣʦʪʥʘ, ʛʜʝ ʩʠʣʦʚʦʝ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʥʠʪʷʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ (2D 
ʧʨʦʩʪʨʘʥʩʪʚʝ) [1, 2]. ʊʘʢʘʷ ʤʦʜʝʣʴ ʜʣʷ ʨʘʩʧʦʨʯʘʪʦʛʦ ʪʨʠʢʦʪʘʞʘ ʠʤʝʝʪ ʦʛʨʘʥʠʯʝʥʠʷ, ʚ 
ʪʦ ʚʨʝʤʷ ʢʘʢ ʪʨʸʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʜʘʸʪ ʙʦʣʝʝ ʨʝʘʣʠʩʪʠʯʥʦʝ ʠ ʘʜʝʢʚʘʪʥʦʝ 
ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʩʪʨʫʢʪʫʨʝ, ʧʦʟʚʦʣʷʝʪ ʤʘʥʠʧʫʣʠʨʦʚʘʪʴ ʤʦʜʝʣʴʶ ʟʘ ʩʯʝʪ  
(ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ, ʧʦʚʦʨʦʪʘ ʠ ʪ.ʜ.), ʠ, ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʚʘʪʴ  
ʵʩʪʝʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʷʞʘ ʧʨʝʜʩʪʘʚʣʷʣʘʩʴ ʚ ʚʠʜʝ ʩʧʣʘʡʥʦʚ ʠ ʚ ʚʠʜʝ ʦʙʲʝʤʥʦʡ 
ʧʦʚʝʨʭʥʦʩʪʠ. ʉʧʣʘʡʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʧʨʝʨʳʚʥʫʶ ʢʨʠʚʫʶ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʠʟ 
ʥʝʩʢʦʣʴʢʠʭ ʧʦʣʠʥʦʤʠʘʣʴʥʳʭ ʩʝʛʤʝʥʪʦʚ [4]. 
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ɽʩʣʠ ʩʧʣʘʡʥʳ ʚ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʫʧʨʦʱʝʥʥʫʶ ʤʦʜʝʣʴ 
ʧʝʪʣʠ ʧʦ ʦʩʠ ʥʠʪʠ, ʪʦ ʨʝʘʣʠʩʪʠʯʥʫʶ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʬʦʨʤʫ ʥʠʪʠ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ, 
ʧʨʝʦʙʨʘʟʦʚʘʚ ʩʧʣʘʡʥ ʚ ʦʙʲʝʤʥʦʝ ʪʝʣʦ.  

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʠ ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʜʦʧʫʱʝʥʠʷ:  
ï ʫʯʘʩʪʦʢ ʥʠʪʠ ʠʤʝʝʪ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʬʦʨʤʫ ʢʨʫʛʣʦʛʦ ʩʝʯʝʥʠʷ ʩ ʧʦʩʪʦʷʥʥʳʤ 

ʜʠʘʤʝʪʨʦʤ;  
ï ʪʨʝʥʠʝʤ ʤʝʞʜʫ ʥʠʪʷʤʠ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. 
ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʠ ʤʦʞʥʦ ʧʨʠʙʝʛʥʫʪʴ ʢ ʤʝʪʦʜʫ ʢʣʶʯʝʚʳʭ ʪʦʯʝʢ, ʪ.ʝ. ʪʦʯʝʢ 

ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ ʥʠʪʷʤʠ ʚ ʧʝʪʝʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ, ʛʜʝ ʠʭ ʢʦʦʨʜʠʥʘʪʳ  ʚʳʨʘʞʝʥʳ 
ʧʘʨʘʤʝʪʨʠʯʝʩʢʠ. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʩʠʩʪʝʤʳ 3D CAD ʥʘʧʠʩʘʥʦ ʥʘ ʷʟʳʢʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C++ ʠ OpenGL SDK. ʇʨʦʛʨʘʤʤʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʠʥʪʝʨʘʢʪʠʚʥʳʡ 
ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʥʩʪʨʫʤʝʥʪ 
ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʥʪʫʨʘ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʣʴʟʦʚʘʪʝʣʶ ʩʦʟʜʘʚʘʪʴ ʩʚʦʶ ʩʦʙʩʪʚʝʥʥʫʶ 
ʤʦʜʝʣʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʣʠ ʵʤʧʠʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ʆʥʘ ʚʢʣʶʯʘʝʪ ʚ 
ʩʝʙʷ  ʩʧʝʮʠʬʠʢʘʮʠʶ ʧʦʨʷʜʢʘ ʟʘʧʨʘʚʢʠ ʪʨʠʢʦʪʘʞʥʦʡ ʤʘʰʠʥʳ, ʟʘʧʠʩʴ ʜʚʠʞʝʥʠʷ 
ʛʨʝʙʸʥʦʢ, ʘ ʪʘʢʞʝ ʦʪʦʙʨʘʞʝʥʠʝ  ʨʝʟʫʣʴʪʘʪʘ ʨʘʩʯʸʪʘ ʧʝʨʝʧʣʝʪʝʥʠʷ ʚ ʧʨʦʛʨʘʤʤʝ.  

ɺʳʚʦʜʳ: 
1) ɺ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʴʥʦʡ ʝʜʠʥʠʮʳ ʪʨʸʭʤʝʨʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ 

ʩʣʫʞʠʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʢʨʠʚʘʷ ï ʩʧʣʘʡʥ. 
2) ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʦʨʤʳ ʧʝʪʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʢʣʶʯʝʚʳʭ ʪʦʯʝʢ. 
3) ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ  ʩʣʦʞʥʳʭ ʩʪʨʫʢʪʫʨ, ʛʝʦʤʝʪʨʠʷ ʢʘʞʜʦʛʦ ʩʝʛʤʝʥʪʘ 

ʦʧʠʩʳʚʘʝʪʩʷ ʚ ʜʠʩʢʨʝʪʥʦʡ ʬʦʨʤʝ ʢʘʢ ʚʝʢʪʦʨ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʚ ʣʦʢʘʣʴʥʦʡ ʩʠʩʪʝʤʝ 
ʢʦʦʨʜʠʥʘʪ. 
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ʅ.ɻ. ʐɽɺɽʃɽʅʂʆ, ɸ.ɺ. ʏɸʈʂʆɺʉʂʀʁ 
(ɺʠʪʝʙʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɹʝʣʘʨʫʩʴ) 

 
ʈʘʟʨʘʙʦʪʢʘ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʪʨʠʢʦʪʘʞʘ ʩ ʚʳʩʦʢʠʤ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʟʘʧʦʣʥʝʥʠʝʤ 

ʥʝʧʨʝʨʳʚʥʦ ʨʘʩʪʝʪ. ʊʘʢʦʡ ʪʨʠʢʦʪʘʞ ʩ ʫʩʧʝʭʦʤ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 
ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʬʠʣʴʪʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʬʠʣʴʪʨʦʚʘʥʠʷ ʞʠʜʢʠʭ 
ʠ ʛʘʟʦʦʙʨʘʟʥʳʭ ʩʨʝʜ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʘʩʴ ʨʘʟʨʘʙʦʪʢʘ ʦʩʥʦʚʦʚʷʟʘʥʦʛʦ ʦʜʠʥʘʨʥʦʛʦ 
ʪʨʠʢʦʪʘʞʘ ʩ ʚʳʩʦʢʠʤ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʟʘʧʦʣʥʝʥʠʝʤ, ʬʦʨʤʦʫʩʪʦʡʯʠʚʦʛʦ ʩ ʤʠʥʠʤʘʣʴʥʦʡ 
ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʴʶ. ɺʘʞʥʳʤ ʠʩʭʦʜʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʪʘʢʦʤʫ 
ʪʨʠʢʦʪʘʞʫ ʷʚʣʷʝʪʩʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʠʟʤʝʥʝʥʠʶ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʧʦʜ 
ʜʝʡʩʪʚʠʝʤ ʤʥʦʛʦʮʠʢʣʦʚʳʭ ʥʘʛʨʫʟʦʢ. ʉʪʨʫʢʪʫʨʘ ʪʨʠʢʦʪʘʞʘ ʚ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ 
ʦʧʨʝʜʝʣʷʝʪ ʝʛʦ ʩʚʦʡʩʪʚʘ. ʆʩʥʦʚʦʚʷʟʘʣʴʥʳʡ ʩʧʦʩʦʙ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʨʠʢʦʪʘʞʘ ʧʦʟʚʦʣʷʝʪ 
ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʚʩʝ ʠʩʭʦʜʥʳʝ ʪʨʝʙʦʚʘʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʩʥʦʚʦʚʷʟʘʣʴʥʳʭ ʤʘʰʠʥ 
ʚʳʩʦʢʦʛʦ ʢʣʘʩʩʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ ʪʨʠʢʦʪʘʞʘ ʩ ʚʳʩʦʢʠʤ ʧʦʚʝʨʭʥʦʩʪʥʳʤ 
ʟʘʧʦʣʥʝʥʠʝʤ. ɺʳʩʦʢʘʷ ʬʦʨʤʦʫʩʪʦʡʯʠʚʦʩʪʴ ʜʦʩʪʠʛʘʝʪʩʷ ʢʦʤʙʠʥʠʨʦʚʘʥʠʝʤ 
ʧʝʨʝʧʣʝʪʝʥʠʡ ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʥʠʟʢʫʶ ʨʘʩʪʷʞʠʤʦʩʪʴ ʪʨʠʢʦʪʘʞʘ ʚ ʧʨʦʜʦʣʴʥʦʤ ʠ 
ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ. ʅʠʟʢʘʷ ʨʘʩʪʷʞʠʤʦʩʪʴ ʚ ʧʨʦʜʦʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 
ʜʦʩʪʠʛʘʣʘʩʴ ʧʨʠʤʝʥʝʥʠʝʤ ʧʝʨʝʧʣʝʪʝʥʠʷ çʦʜʠʥʘʨʥʘʷ ʮʝʧʦʯʢʘè. ʇʝʨʝʧʣʝʪʝʥʠʝ 
çʧʨʦʠʟʚʦʜʥʳʝ ʪʨʠʢʦè ʦʛʨʘʥʠʯʠʚʘʶʪ ʨʘʩʪʷʞʠʤʦʩʪʴ ʦʩʥʦʚʦʚʷʟʘʥʦʛʦ ʪʨʠʢʦʪʘʞʘ ʚ 
ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʦʙʨʘʟʮʳ ʪʨʠʢʦʪʘʞʘ ʚʳʨʘʙʘʪʳʚʘʣʠ ʥʘ ʦʜʥʦʬʦʥʪʫʨʥʳʭ 
ʦʩʥʦʚʦʚʷʟʘʣʴʥʳʭ ʤʘʰʠʥʘʭ 28 ʢʣʘʩʩʘ. ɼʣʷ ʚʷʟʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦʣʠʵʬʠʨʥʳʝ 
ʪʝʢʩʪʫʨʠʨʦʚʘʥʥʳʝ ʥʠʪʠ. ɺʳʙʦʨ ʧʦʣʠʵʬʠʨʥʳʭ ʥʠʪʝʡ ʦʙʲʷʩʥʷʝʪʩʷ ʠʭ ʧʨʠʝʤʣʝʤʳʤʠ ʜʣʷ 
ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʪʨʠʢʦʪʘʞʘ ʩʚʦʡʩʪʚʘʤʠ ï ʜʦʩʪʘʪʦʯʥʘʷ ʧʨʦʯʥʦʩʪʴ, ʜʦʩʪʘʪʦʯʥʦ 
ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʟʤʷʛʯʝʥʠʷ, ʰʠʨʦʢʠʡ ʘʩʩʦʨʪʠʤʝʥʪ ʪʦʣʱʠʥ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 
ʪʝʢʩʪʫʨʠʨʦʚʘʥʥʳʭ ʥʠʪʝʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ 
ʪʨʠʢʦʪʘʞʘ. 

ʀʩʩʣʝʜʦʚʘʥʳ ʩʚʦʡʩʪʚʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʪʨʠʢʦʪʘʞʘ ï ʪʦʣʱʠʥʘ, 
ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ, ʨʘʩʪʷʞʠʤʦʩʪʴ ʧʨʠ ʥʘʛʨʫʟʢʝ ʤʝʥʴʰʝ ʨʘʟʨʳʚʥʦʡ, ʚʝʣʠʯʠʥʘ 
ʥʝʦʙʨʘʪʠʤʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʨʘʟʨʳʚʥʘʷ ʥʘʛʨʫʟʢʘ ʠ ʨʘʟʨʳʚʥʦʝ ʫʜʣʠʥʝʥʠʝ. ʂʦʤʧʣʝʢʩʥʘʷ 
ʦʮʝʥʢʘ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʧʦʟʚʦʣʠʣʘ ʚʳʷʚʠʪʴ ʪʨʠʢʦʪʘʞ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ 
ʦʪʚʝʯʘʶʱʠʡ ʠʩʭʦʜʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. 
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʫʣʴʪʠʬʠʣʘʤʝʥʪʥʳʭ ʥʠʪʝʡ ʚ ʯʫʣʦʯʥʦ-ʥʦʩʦʯʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ 

 
ʄ.ʉ. ʂɸɾʋʈʆ, ɸ.ɺ. ʏɸʈʂʆɺʉʂʀʁ 

(ɺʠʪʝʙʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɹʝʣʘʨʫʩʴ) 
 

ʏʫʣʦʯʥʦ-ʥʦʩʦʯʥʳʝ ʠʟʜʝʣʠʷ ʧʦʣʴʟʫʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤ ʩʧʨʦʩʦʤ. ɺ ʙʦʣʴʰʦʡ 
ʩʪʝʧʝʥʠ ʩʚʦʡʩʪʚʘ ʯʫʣʦʯʥʦ-ʥʦʩʦʯʥʳʭ ʠʟʜʝʣʠʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʠʜʦʤ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ 
ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʳʨʴʷ. ʇʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʚʠʜʦʚ ʥʠʪʝʡ ʠ ʧʨʷʞʠ ʨʘʩʰʠʨʷʝʪ 
ʘʩʩʦʨʪʠʤʝʥʪ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʢʦʥʢʫʨʝʥʪʥʦʩʪʠ ʠʟʜʝʣʠʡ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚ 
ʈʝʩʧʫʙʣʠʢʝ ɹʝʣʘʨʫʩʴ ʦʩʚʦʝʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʦʚʳʭ ʚʠʜʦʚ ʧʦʣʠʵʬʠʨʥʳʭ ʥʠʪʝʡ ï 
ʤʫʣʴʪʠʬʠʣʘʤʝʥʪʥʳʭ. ʄʫʣʴʪʠʬʠʣʘʤʝʥʪʥʳʝ ʥʠʪʠ, ʦʩʦʙʝʥʥʦ ʧʦʣʠʵʬʠʨʥʳʝ, ʦʙʣʘʜʘʶʪ 
ʤʝʥʴʰʝʡ ʞʝʩʪʢʦʩʪʴʶ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʠʪʴ ʞʝʩʪʢʦʩʪʴ ʪʨʠʢʦʪʘʞʘ ʠ 
ʪʝʤ ʩʘʤʳʤ ʫʣʫʯʰʠʪʴ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʝ ʩʚʦʡʩʪʚʘ ʯʫʣʦʯʥʦ-ʥʦʩʦʯʥʳʭ ʠʟʜʝʣʠʡ. 

ʅʘʤʠ ʠʟʫʯʘʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʯʫʣʦʯʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ 
ʤʫʣʴʪʠʬʠʣʘʤʝʥʪʥʳʭ ʥʠʪʝʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʆɸʆ çʉʚʝʪʣʦʛʦʨʩʢ-ʍʠʤʚʦʣʦʢʥʦè, ʈɹ. ɼʣʷ 
ʚʷʟʘʥʠʷ ʤʫʞʩʢʠʭ ʥʦʩʢʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʦʣʠʵʬʠʨʥʳʭ ʤʫʣʴʪʠʬʠʣʘʤʝʥʪʥʳʭ ʥʠʪʝʡ 
ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʛʣʘʜʢʠʝ ʧʣʘʪʠʨʦʚʘʥʥʳʝ ʧʝʨʝʧʣʝʪʝʥʠʷ. 

ʇʦʣʠʵʬʠʨʥʘʷ ʥʠʪʴ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʤʝʱʝʥʘ ʩ ʣʠʮʝʚʦʡ ʠʣʠ ʞʝ ʩ ʠʟʥʘʥʦʯʥʦʡ 
ʩʪʦʨʦʥʳ ʠʟʜʝʣʠʷ. ʈʘʟʤʝʱʝʥʠʝ ʧʦʣʠʵʬʠʨʥʦʡ ʥʠʪʠ ʩ ʠʟʥʘʥʦʯʥʦʡ ʩʪʦʨʦʥʳ ʦʙʝʩʧʝʯʠʚʘʝʪ 
ʣʫʯʰʠʡ ʦʪʚʦʜ ʧʦʪʘ ʚ ʥʘʨʫʞʥʳʡ ʣʠʮʝʚʦʡ çʭʣʦʧʯʘʪʦʙʫʤʘʞʥʳʡè ʩʣʦʡ ʠʟʜʝʣʠʷ. ʇʨʠ ʵʪʦʤ 
ʚʥʫʪʨʝʥʥʠʡ ʠʟʥʘʥʦʯʥʳʡ çʧʦʣʠʵʬʠʨʥʳʡè ʩʣʦʡ ʦʩʪʘʝʪʩʷ ʩʫʭʠʤ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 
ʣʫʯʰʫʶ ʢʦʤʬʦʨʪʥʦʩʪʴ ʥʦʩʢʠ ʯʫʣʦʯʥʦ-ʥʦʩʦʯʥʦʛʦ ʠʟʜʝʣʠʷ. 

ɺʳʧʦʣʥʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʭʦʨʦʰʫʶ ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʫʶ 
ʩʧʦʩʦʙʥʦʩʪʴ ʤʫʣʴʪʠʬʠʣʘʤʝʥʪʥʳʭ ʧʦʣʠʵʬʠʨʥʳʭ ʪʝʢʩʪʫʨʠʨʦʚʘʥʥʳʭ ʥʠʪʝʡ ʣʠʥʝʡʥʦʡ 
ʧʣʦʪʥʦʩʪʴʶ 16,7 ʪʝʢʩ ʥʘ ʯʫʣʦʯʥʦ-ʥʦʩʦʯʥʳʭ ʘʚʪʦʤʘʪʘʭ. ʀʟʜʝʣʠʷ ʦʙʣʘʜʘʶʪ ʤʷʛʢʠʤ 
ʛʨʠʬʦʤ. ʈʘʟʨʘʙʦʪʘʥ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʨʝʞʠʤ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʦʩʦʯʥʳʭ ʠʟʜʝʣʠʡ ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʫʣʴʪʠʬʠʣʘʤʝʥʪʥʳʭ ʧʦʣʠʵʬʠʨʥʳʭ ʥʠʪʝʡ. 
 
 
ʋɼʂ 677.075:617 
 

ʈʘʟʨʘʙʦʪʢʘ ʪʨʠʢʦʪʘʞʥʳʭ ʪʨʫʙʦʢ ʤʘʣʦʛʦ ʜʠʘʤʝʪʨʘ 
 

ʀ.ɺ. ɿʓʑʀʂ, ɺ.ɸ. ʉʆʃɼɸʊɽʅʂʆ, ɸ.ɺ. ʏɸʈʂʆɺʉʂʀʁ 
(ɺʠʪʝʙʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɹʝʣʘʨʫʩʴ) 

 
ʊʨʠʢʦʪʘʞ ʪʨʫʙʯʘʪʦʡ ʬʦʨʤʳ ʥʘʭʦʜʠʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʪʝʭʥʠʢʝ, ʤʝʜʠʮʠʥʝ, ʙʳʪʫ. 

ʊʘʢʦʡ ʪʨʠʢʦʪʘʞ ʤʦʞʥʦ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʥʘ ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ ʪʨʠʢʦʪʘʞʥʳʭ ʤʘʰʠʥ ï 
ʢʨʫʛʣʦʚʷʟʘʣʴʥʳʭ, ʦʩʥʦʚʦʚʷʟʘʣʴʥʳʭ ʠ ʧʣʦʩʢʦʚʷʟʘʣʴʥʳʭ. ʅʘʤʠ ʠʟʫʯʘʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ 
ʚʳʨʘʙʦʪʢʠ ʪʨʠʢʦʪʘʞʥʳʭ ʪʨʫʙʦʢ ʤʘʣʦʛʦ ʜʠʘʤʝʪʨʘ ʥʘ ʜʚʫʭʬʦʥʪʫʨʥʳʭ ʧʣʦʩʢʦʚʷʟʘʣʴʥʳʭ 
ʤʘʰʠʥʘʭ 16 ʢʣʘʩʩʘ. ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʩʧʦʩʦʙʘ ʚʷʟʘʥʠʷ ʪʨʫʙʦʢ ʥʘ ʜʚʫʭʬʦʥʪʫʨʥʳʭ 
ʧʣʦʩʢʦʚʷʟʘʣʴʥʳʭ ʤʘʰʠʥʘʭ ʷʚʣʷʝʪʩʷ ʝʛʦ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ï ʥʘ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʤʘʰʠʥʝ 
ʤʦʞʥʦ ʚʳʨʘʙʘʪʳʚʘʪʴ ʪʨʫʙʢʠ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʜʠʘʤʝʪʨʦʚ. ɺʷʟʘʥʠʝ ʪʨʫʙʦʢ ʥʘ 
ʜʚʫʭʬʦʥʪʫʨʥʳʭ ʧʣʦʩʢʦʚʷʟʘʣʴʥʳʭ ʤʘʰʠʥʘʭ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʫʶ ʨʘʙʦʪʫ 
ʢʘʞʜʦʡ ʠʟ ʠʛʦʣʴʥʠʮ. 

ɼʣʷ ʚʷʟʘʥʠʷ ʪʨʠʢʦʪʘʞʥʳʭ ʪʨʫʙʦʢ ʤʝʜʠʮʠʥʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ 
ʧʦʣʠʵʬʠʨʥʳʝ ʥʠʪʠ, ʦʙʣʘʜʘʶʱʠʝ ʚʳʩʦʢʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʴʶ ʩ 
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ʦʨʛʘʥʠʟʤʦʤ, ʘ ʜʣʷ ʚʷʟʘʥʠʷ ʪʨʫʙʦʢ ʪʝʭʥʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ï ʪʝʢʩʪʫʨʠʨʦʚʘʥʥʳʝ 
ʧʦʣʠʘʤʠʜʥʳʝ ʥʠʪʠ, ʦʙʣʘʜʘʶʱʠʝ ʚʳʩʦʢʦʡ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ. 

ʀʩʩʣʝʜʦʚʘʣʠ ʩʚʦʡʩʪʚʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʪʨʠʢʦʪʘʞʥʳʭ ʪʨʫʙʦʢ 
ʚʢʣʶʯʘʶʱʠʝ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʧʝʪʝʣʴ ʥʘ 1 ʩʤ

2
, ʪʦʣʱʠʥʳ ʩʪʝʥʢʠ, ʰʠʨʠʥʳ. 

ʈʘʟʨʘʙʦʪʘʥ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʨʝʞʠʤ ʧʦʣʫʯʝʥʠʷ ʪʨʫʙʦʢ ʤʘʣʦʛʦ ʜʠʘʤʝʪʨʘ ʥʘ 
ʧʣʦʩʢʦʚʷʟʘʣʴʥʳʭ ʤʘʰʠʥʘʭ. 
 
 
ʋɼʂ 677.055 
 

ɺʳʷʚʣʝʥʠʝ ʧʨʠʯʠʥ ʧʦʣʦʤʦʢ ʠʛʣ ʢʨʫʛʣʦʚʷʟʘʣʴʥʳʭ ʤʘʰʠʥ 
 

ʈ.ʈ. ɸʃʃʗʄʆɺ, ɸ.ɸ. ʄɸʂʉʀʄʆɺ 
(ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 

 
ʕʢʩʧʣʫʘʪʘʮʠʷ ʢʨʫʛʣʦʚʷʟʘʣʴʥʳʭ ʤʘʰʠʥ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ, 

ʩʥʠʞʝʥʠʷ ʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʷʚʣʷʝʪʩʷ ʥʠʟʢʘʷ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʠʛʣ ʠʟ-ʟʘ ʧʦʣʦʤʦʢ 
ʢʨʶʯʢʘ, ʷʟʳʯʢʘ, ʧʷʪʢʠ. ʀʛʣʘ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ, ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ 
ʜʝʪʘʣʝʡ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ ʧʝʪʣʝʦʙʨʘʟʦʚʘʥʠʷ, ʩʣʝʜʩʪʚʝʥʥʦ 
ʝʝ ʚʳʭʦʜ ʠʟ ʩʪʨʦʷ  ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʥʦ ʠ 
ʥʘ ʢʘʯʝʩʪʚʝ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ.  

ɺ ʧʨʦʮʝʩʩʝ ʧʝʪʣʝʦʙʨʘʟʦʚʘʥʠʷ ʠʛʣʘ, ʜʚʠʛʘʷʩʴ ʧʦ ʢʘʥʘʣʘʤ ʟʘʤʢʦʚ ʚʷʟʘʣʴʥʦʡ 
ʤʘʰʠʥʳ, ʠʟʤʝʥʷʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ, ʯʪʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʜʘʨʦʤ 
ʝʝ ʧʷʪʢʠ ʦ ʢʣʠʥʴʷ ʟʘʤʢʦʚ. ɺʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʵʪʦʤ ʜʠʥʘʤʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ ʷʚʣʷʶʪʩʷ 
ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʨʘʟʨʫʰʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʠʛʣʳ (ʧʷʪʢʠ, ʢʨʶʯʢʘ, ʷʟʳʯʢʘ).  

ʀʟ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ 
ʩʥʠʞʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʠʛʣʳ, ʷʚʣʷʶʪʩʷ ʥʝʜʦʩʪʘʪʢʠ ʝʝ ʢʦʥʩʪʨʫʢʮʠʠ. 
ʉʪʦʠʪ ʦʪʜʝʣʴʥʦ ʚʳʜʝʣʠʪʴ, ʥʝʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʷʝʤʳʭ ʩʧʦʩʦʙʦʚ ʢʨʝʧʣʝʥʠʷ 
ʷʟʳʯʢʘ, ʦʯʝʥʴ ʯʘʩʪʦ, ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʜʦʩʪʘʪʦʯʥʦʡ ʥʘʜʝʞʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʠʟ-
ʟʘ ʨʘʩʢʘʯʠʚʘʥʠʷ ʩʘʤʦʛʦ ʷʟʳʯʢʘ,  ʯʪʦ ʥʝʨʝʜʢʦ ʧʨʠʚʦʜʠʪ ʥʝ ʪʦʣʴʢʦ ʢ ʨʘʟʨʫʰʝʥʠʶ ʠʛʣʳ, 
ʥʦ ʠ ʫʭʫʜʰʝʥʠʶ ʦʙʱʝʛʦ ʢʘʯʝʩʪʚʘ ʧʨʦʠʟʚʦʜʠʤʦʛʦ ʪʨʠʢʦʪʘʞʘ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʟʣʦʞʝʥʥʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ 
ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʠʛʣ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʊʘʢ ʞʝ ʥʝ 
ʩʪʦʠʪ ʟʘʙʳʚʘʪʴ ʦ ʪʦʤ, ʯʪʦ ʢ ʧʨʠʯʠʥʘʤ ʩʥʠʞʘʶʱʠʤ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʠʛʣ, ʤʦʞʥʦ ʦʪʥʝʩʪʠ 
ʠ ʜʝʬʝʢʪʳ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʦʚʨʝʞʜʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʠ ʜʝʪʘʣʝʡ, 
ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʧʝʪʣʝʦʙʨʘʟʦʚʘʥʠʠ, ʠʟʥʦʩ ʢʣʠʥʴʝʚ ʠ ʧʘʟʦʚ ʮʠʣʠʥʜʨʘ. 
 
ʃʀʊɽʈɸʊʋʈɸ  
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ʧʦʚʨʝʞʜʘʝʤʦʩʪʠ ʥʠʪʠ ʥʘ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʘʨʤʠʨʫʶʱʝʛʦ 
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2014). ʀʚʘʥʦʚʦ 2014. 
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ʅʘʪʷʞʝʥʠʝ ʥʠʪʠ ʧʨʠ ʩʤʘʪʳʚʘʥʠʠ ʝʝ ʩ ʙʦʙʠʥʳ  
ʥʘ ʩʥʦʚʘʣʴʥʦ-ʰʣʠʭʪʦʚʘʣʴʥʦʤ ʘʛʨʝʛʘʪʝ 

 
ʊ.ɺ. ʉʄʀʈʅʆɺɸ, ɺ.ʃ. ʄɸʍʆɺɽʈ 

(ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ)  
 
ʉʦʛʣʘʩʥʦ [1] ʩʢʦʨʦʩʪʴ ʩʤʘʪʳʚʘʥʠʷ ʥʠʪʝʡ ʩ ʙʦʙʠʥ ʰʧʫʣʷʨʥʠʢʘ ʩʥʦʚʘʣʴʥʦ-

ʰʣʠʭʪʦʚʘʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ [2] ʚ 6-8 ʨʘʟ ʤʝʥʴʰʝ ʩʢʦʨʦʩʪʠ ʧʨʦʮʝʩʩʘ ʧʘʨʪʠʦʥʥʦʛʦ 
ʩʥʦʚʘʥʠʷ. ʇʦʵʪʦʤʫ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ 
ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʪʷʞʝʥʠʷ ʥʠʪʠ, ʩʤʘʪʳʚʘʶʱʝʡʩʷ ʩʦ ʰʧʫʣʷʨʥʠʢʘ ʧʨʠ ʩʢʦʨʦʩʪʷʭ, ʙʣʠʟʢʠʭ 
ʢ ʩʢʦʨʦʩʪʷʤ ʥʘ ʩʥʦʚʘʣʴʥʦ-ʰʣʠʭʪʦʚʘʣʴʥʦʤ ʘʛʨʝʛʘʪʝ. 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʦʣʥʳʡ ʬʘʢʪʦʨʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʇʌʕ2
3 
 ʠ ʙʳʣʠ 

ʚʢʣʶʯʝʥʳ ʪʨʠ ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʭ ʬʘʢʪʦʨʘ, ʦʙʦʟʥʘʯʝʥʠʝ ʠ ʥʘʠʤʝʥʦʚʘʥʠʝ 
ʢʦʪʦʨʳʭ, ʠʭ ʫʨʦʚʥʠ ʠ ʠʥʪʝʨʚʘʣʳ ʚʘʨʴʠʨʦʚʘʥʠʷ ʫʢʘʟʘʥʳ ʚ ʪʘʙʣ. 1 

 
ʊʘʙʣʠʮʘ 1 

ʌʘʢʪʦʨʳ, ʠʭ ʫʨʦʚʥʠ ʠ ʠʥʪʝʨʚʘʣʳ ʚʘʨʴʠʨʦʚʘʥʠʷ 

ʆʙʦʟʥʘʯʝʥʠʝ  
ʠ ʥʘʠʤʝʥʦʚʘʥʠʝ  
ʬʘʢʪʦʨʦʚ 

ʋʨʦʚʥʠ  

ʚʘʨʴʠʨʦʚʘʥʠʷ iʭ 

 
ʀʥʪʝʨʚʘʣʳ 

ʚʘʨʴʠʨʦʚʘʥʠʷ iY  
-1 0 +1 

1ʍ - ʩʢʦʨʦʩʪʴ ʩʤʘʪʳʚʘʥʠʷ, 

ʤ/ʤʠʥ 

 
80 

 
100 

 
120 

 
20 

2ʍ - ʜʠʘʤʝʪʨ ʙʦʙʠʥʳ, ʤʤ 80 150 220 70 

3ʍ - ʚʝʩ ʰʘʡʙʳ ʚ ʥʘʪʷʞʥʦʤ  

ʧʨʠʙʦʨʝ, ʩʅ 

 
9 

 
18 

 
27 

 
9 

 
ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ ʩ ʭʣʦʧʯʘʪʦʙʫʤʘʞʥʦʡ ʧʨʷʞʝʡ ʜʚʫʭ ʧʦʜʭʦʜʷʱʠʭ 

ʣʠʥʝʡʥʳʭ ʧʣʦʪʥʦʩʪʝʡ 18,5 ʠ 42 ʪʝʢʩ, ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʘʨʪʠʢʫʣʦʚ ʪʢʘʥʝʡ ʙʷʟʴ ʘʨʪ. 299 
ʠ ʤʘʨʣʷ ʘʨʪ. 6498. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʘ ʧʨʠʚʝʜʝʥʘ ʥʘ 
ʨʠʩ. 1 

 
 

ʈʠʩ. 1 ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʘ  
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ʆʥ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠʤʝʶʱʠʝʩʷ ʥʘ ʤʦʪʘʣʴʥʦʡ ʤʘʰʠʥʝ ʙʦʢʦʚʦʡ 
ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ 1, ʚʝʜʫʱʠʡ ʠ ʚʝʜʦʤʳʡ ʰʢʠʚʳ 2 ʠ 3 ʢʣʠʥʦʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʯʠ, ʚʘʣ 4 
ʤʦʪʘʣʴʥʳʭ ʙʘʨʘʙʘʥʯʠʢʦʚ. ɺʤʝʩʪʦ ʧʦʩʣʝʜʥʝʛʦ (ʢʨʘʡʥʝʛʦ) ʤʦʪʘʣʴʥʦʛʦ ʙʘʨʘʙʘʥʯʠʢʘ ʥʘ 
ʤʘʰʠʥʝ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʡ ʥʘʤʘʪʳʚʘʶʱʠʡ ʙʣʦʢ 5 ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʜʠʘʤʝʪʨʘʤʠ 
1D  ʠ 2D . 

ʅʠʪʴ 6 (ʨʠʩ. 1), ʩʤʘʪʳʚʘʶʱʘʷʩʷ ʩ ʙʦʙʠʥʳ 7, ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʰʘʡʙʦʚʳʡ 
ʥʘʪʷʞʥʦʡ ʧʨʠʙʦʨ 8, ʜʘʪʯʠʢ 9 ʠʟʤʝʨʠʪʝʣʷ ʥʘʪʷʞʝʥʠʷ ʠ ʥʘʤʘʪʳʚʘʝʪʩʷ ʥʘ ʦʜʥʫ ʠʟ 
ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘʤʘʪʳʚʘʶʱʝʛʦ ʙʣʦʢʘ 5.  

ɺʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʦʚʝʨʷʣʘʩʴ ʧʦ ʢʨʠʪʝʨʠʶ ʂʦʭʨʝʥʘ. ɺ 
ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥʳ ʘʜʝʢʚʘʪʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʩʦ ʟʥʘʯʠʤʳʤʠ 
ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʛʜʝ ʬʘʢʪʦʨʳ ʟʘʧʠʩʘʥʳ ʚ ʢʦʜʠʨʦʚʘʥʥʦʤ ʚʠʜʝ: 

- ʜʣʷ ʧʨʷʞʠ 18,5 ʪʝʢʩ (ʜʣʷ ʪʢʘʥʠ ʤʘʨʣʷ): 

2 3 1 2 1 3 2 3 1 2 313,250 1,375 2,375 1,625 2,125 1,250 ;Y x x x x x x x x x x x= + + - + - +(1) 
- ʜʣʷ ʧʨʷʞʠ 42 ʪʝʢʩ (ʜʣʷ ʪʢʘʥʠ ʙʷʟʴ): 

2 3 1 2 1 3 1 2 319,375 1,875 2,875 1,625 1,875 0,875 .Y x x x x x x x x x= + + - + +
(2) 

ɸʜʝʢʚʘʪʥʦʩʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʧʨʦʚʝʨʷʣʘʩʴ ʧʦ ʢʨʠʪʝʨʠʶ ʌʠʰʝʨʘ, ʘ 
ʥʝʟʥʘʯʠʤʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ ʥʠʭ ʩ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ 0,95ʜP = ʠʩʢʣʶʯʝʥʳ 

ʩ ʧʦʤʦʱʴʶ ʢʨʠʪʝʨʠʷ ʉʪʴʶʜʝʥʪʘ. 
ɸʥʘʣʠʟ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ ʩʝʯʝʥʠʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʢʣʠʢʘ ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʝʩʘ ʛʨʫʟʦʚʳʭ ʰʘʡʙ ʚ ʥʘʪʷʞʥʦʤ ʧʨʠʙʦʨʝ ʥʘʪʷʞʝʥʠʝ ʥʠʪʠ, 
ʩʤʘʪʳʚʘʶʱʝʡʩʷ ʩ ʙʦʙʠʥʳ, ʚʦʟʨʘʩʪʘʝʪ, ʘ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʜʠʘʤʝʪʨʘ ʙʦʙʠʥʳ ʥʘʪʷʞʝʥʠʝ 
ʥʠʪʠ ʫʤʝʥʴʰʘʝʪʩʷ. ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʶʪ ʫʩʪʘʥʦʚʠʪʴ ʚʝʣʠʯʠʥʫ ʰʘʡʙʦʚʦʡ 
ʥʘʛʨʫʟʢʠ ʚ ʥʘʪʷʞʥʦʤ ʧʨʠʙʦʨʝ ʰʧʫʣʷʨʥʠʢʘ ʩʥʦʚʘʣʴʥʦ-ʰʣʠʭʪʦʚʘʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ, 
ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʨʝʢʦʤʝʥʜʫʝʤʦʛʦ ʥʘʪʷʞʝʥʠʷ ʥʠʪʠ, ʧʨʠ ʟʘʜʘʥʥʦʡ ʩʢʦʨʦʩʪʠ 
ʧʨʦʮʝʩʩʘ. 
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ʈʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʚʳʨʘʙʦʪʢʠ ʞʘʢʢʘʨʜʦʚʦʛʦ ʢʦʚʨʦʚʦʛʦ ʠʟʜʝʣʠʷ ʥʘ 

ʥʦʚʳʭ ʢʦʚʨʦʪʢʘʮʢʠʭ ʩʪʘʥʢʘʭ ʬʠʨʤʳ çWan de Wieleè 
 

ɽ.ʃ. ʄɸʈʏɽʅʂʆ, ʊ.ʇ. ɹʆʅɼɸʈɽɺɸ 
(ɺʠʪʝʙʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɹʝʣʘʨʫʩʴ) 

 
ɺ ʈʝʩʧʫʙʣʠʢʝ ɹʝʣʘʨʫʩʴ ʪʝʢʩʪʠʣʴʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʪʨʘʜʠʮʠʦʥʥʦ ʟʘʥʠʤʘʝʪ 

ʦʜʥʦ ʠʟ ʚʝʜʫʱʠʭ ʤʝʩʪ ʩʨʝʜʠ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 
ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʶʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʩʜʚʠʛʠ ʚ ʪʝʢʩʪʠʣʴʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʧʨʝʜʧʨʠʷʪʠʷ ʧʨʠʦʙʨʝʪʘʶʪ ʩʦʚʨʝʤʝʥʥʦʝ 
ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʤʦʜʝʨʥʠʟʠʨʫʶʪ ʪʝʭʥʦʣʦʛʠʠ, ʙʦʣʴʰʝ ʚʥʠʤʘʥʠʷ 
ʫʜʝʣʷʶʪ ʤʘʨʢʝʪʠʥʛʦʚʦʡ ʧʦʣʠʪʠʢʝ. ʊʝʭʥʠʯʝʩʢʦʝ ʧʝʨʝʦʩʥʘʱʝʥʠʝ ʜʝʡʩʪʚʫʶʱʠʭ ʢʦʚʨʦʚʳʭ 
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ʧʨʝʜʧʨʠʷʪʠʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʙʘʟʝ ʥʦʚʦʡ ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. 
ɸʩʩʦʨʪʠʤʝʥʪ ʧʨʦʜʫʢʮʠʠ ʦʢʘʟʳʚʘʝʪ ʩʘʤʦʝ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʦʙʲʝʤ 
ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʥʘ ʚʩʝ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʨʘʙʦʪʳ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʉʣʝʜʫʝʪ ʠʤʝʪʴ ʚʚʠʜʫ, ʯʪʦ ʜʣʷ ʣʶʙʦʛʦ ʪʝʢʩʪʠʣʴʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʚʦʟʤʦʞʥʦʩʪʠ 
ʨʘʩʰʠʨʝʥʠʷ ʘʩʩʦʨʪʠʤʝʥʪʘ ʦʛʨʘʥʠʯʝʥʳ c ʩʫʱʝʩʪʚʫʶʱʠʤ ʧʘʨʢʦʤ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʨʠ 
ʵʪʦʤ ʩ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʦʧʨʷʞʝʥʥʦʩʪʠ ʧʝʨʝʭʦʜʦʚ ʤʦʞʥʦ 
ʫʩʪʘʥʦʚʠʪʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʜʦʩʪʠʛʘʝʤʳʭ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ 
ʧʦʢʘʟʘʪʝʣʝʡ, ʘʩʩʦʨʪʠʤʝʥʪ ʧʨʦʜʫʢʮʠʠ ʠ ʦʙʝʩʧʝʯʠʪʴ ʦʧʪʠʤʘʣʴʥʫʶ ʟʘʛʨʫʟʢʫ ʤʘʰʠʥ ʧʨʠ ʠʭ 
ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʦʩʪʠ. 

ʎʝʣʴʶ ʥʘʰʝʡ ʨʘʙʦʪʳ ʷʚʠʣʘʩʴ ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʚʦʩʴʤʠ ʮʚʝʪʥʦʛʦ 
ʞʘʢʢʘʨʜʦʚʦʛʦ ʢʦʚʨʦʚʦʛʦ ʠʟʜʝʣʠʷ ʥʘ ʥʦʚʦʤ ʢʦʚʨʦʪʢʘʮʢʦʤ ʩʪʘʥʢʝ CRP-92-400 
ʙʝʣʴʛʠʡʩʢʦʡ ʬʠʨʤʳ çWan de Wieleè ʚʤʝʩʪʝ ʙʦʣʝʝ ʩʪʘʨʦʛʦ ʩʪʘʥʢʘ ɸʣʴʬʘ-300 ʥʝʤʝʮʢʦʡ 
ʬʠʨʤʳ çSchonherrè [1]. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʤʠ ʙʳʣ ʚʳʙʨʘʥ ʦʙʨʘʟʝʮ ʞʘʢʢʘʨʜʦʚʦʛʦ 
ʚʳʩʦʢʦʧʣʦʪʥʦʛʦ ʢʦʚʨʘ ʩ ʨʝʣʴʝʬʥʳʤ (ʚʳʩʪʨʠʞʥʳʤ) ʚʦʨʩʦʤ, ʘʨʪ. 7ʉ5-ɺʀ, ʢʦʪʦʨʳʡ 
ʧʦʣʴʟʫʝʪʩʷ ʧʦʚʳʰʝʥʥʳʤ ʩʧʨʦʩʦʤ ʫ ʧʦʪʨʝʙʠʪʝʣʷ ʠ ʦʪʣʠʯʘʝʪʩʷ ʜʦʩʪʫʧʥʦʡ ʮʝʥʦʡ. 
ɺʳʙʨʘʥʥʳʡ ʢʦʚʸʨ-ʘʥʘʣʦʛ ʦʪʚʝʯʘʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʘʩʩʦʨʪʠʤʝʥʪʘ ʠ 
ʥʘʧʨʘʚʣʝʥʠʷʤ ʤʦʜʳ ʥʘ 2016-2017 ʛʦʜʳ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʢʦʚʨʦʚʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʚʩʝ ʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘʭʦʜʷʪ 
ʭʠʤʠʯʝʩʢʠʝ ʥʠʪʠ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʠʭ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ, ʩʪʦʡʢʦʩʪʴʶ ʢ ʠʩʪʠʨʘʥʠʶ, ʯʪʦ 
ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʢʘʯʝʩʪʚʦ ʢʦʚʨʦʚ, ʥʝ ʫʭʫʜʰʘʷ ʠʭ ʚʥʝʰʥʠʡ ʚʠʜ, ʟʥʘʯʠʪʝʣʴʥʦ 
ʩʥʠʞʘʝʪ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʢʦʚʨʦʚʳʭ ʠʟʜʝʣʠʡ  ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʟʜʝʣʠʷʤ ʠʟ ʥʘʪʫʨʘʣʴʥʳʭ 
ʥʠʪʝʡ. 

ɼʣʷ ʚʳʨʘʙʦʪʢʠ ʢʦʚʨʘ ʥʘ ʩʪʘʥʢʝ ɸʣʴʬʘ-300 ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ 
ʥʠʪʝʡ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʢʘʢ ʧʦ ʩʦʩʪʘʚʫ, ʪʘʢ ʠ ʧʦ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʠ: 1) ʥʠʪʴ 
ʧʦʣʠʧʨʦʧʠʣʝʥʦʚʘʷ çheat-setè 210 ʪʝʢʩ (ʚʦʨʩʦʚʘʷ ʦʩʥʦʚʘ); 2) ʥʠʪʴ ʧʦʣʠʵʬʠʨʥʘʷ 
ʪʝʢʩʪʫʨʠʨʦʚʘʥʥʘʷ 32 ʪʝʢʩ ʭ 2 (ʢʦʨʝʥʥʘʷ ʦʩʥʦʚʘ); 3) ʥʠʪɹ ʧʦʣʠʵʬʠʨʥʘʷ 
ʪʝʢʩʪʫʨʠʨʦʚʘʥʥʘʷ 29 ʪʝʢʩ ʭ 3 (ʥʘʩʪʠʣʦʯʥʘʷ ʦʩʥʦʚʘ); 4) ʥʠʪʴ ʜʞʫʪʦʚʘʷ 180 ʪʝʢʩ ʭ 2 
(ʫʪʦʢ). ʅʘ ʵʪʦʤ ʩʪʘʥʢʝ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 2-ʭʫʪʦʯʥʘʷ ʪʝʭʥʠʢʘ ʧʝʨʝʧʣʝʪʝʥʠʷ ʩ 2-ʭʫʪʦʯʥʦʡ 
ʦʙʦʨʦʪʥʦʩʪʴʶ ʧʨʠ ʩʢʦʨʦʩʪʠ ʛʣʘʚʥʦʛʦ ʚʘʣʘ 130 ʤʠʥ

-1
. ʅʘ ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʦʤ ʩʪʘʥʢʝ 

CRP-92-400 ʩʢʦʨʦʩʪʴ ʛʣʘʚʥʦʛʦ ʚʘʣʘ ʜʦʩʪʠʛʘʝʪ 140 ʤʠʥ
-1
. ʇʨʠ ʵʪʦʤ ʤʦʞʥʦ ʠʟʤʝʥʠʪʴ 

ʪʝʭʥʠʢʫ ʧʝʨʝʧʣʝʪʝʥʠʷ ʥʘ 1-ʦʫʪʦʯʥʫʶ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʨʘʩʭʦʜ ʚʦʨʩʦʚʦʡ 
ʦʩʥʦʚʳ. ʉʳʨʴʝʚʦʡ ʩʦʩʪʘʚ ʚʩʝʭ ʩʠʩʪʝʤ ʥʠʪʝʡ ʢʦʚʨʘ ʤʳ ʥʝ ʠʟʤʝʥʷʣʠ, ʪʦʣʴʢʦ ʫʤʝʥʴʰʠʣʠ 
ʣʠʥʝʡʥʫʶ ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʦʚʦʡ ʦʩʥʦʚʳ ʜʦ 200 ʪʝʢʩ.   

ʇʝʨʝʧʣʝʪʝʥʠʝ ʛʨʫʥʪʦʚʦʡ ʦʩʥʦʚʳ: ʨʝʧʩ ʦʩʥʦʚʥʳʡ 2/2. ʇʝʨʝʧʣʝʪʝʥʠʝ ʚʦʨʩʘ 
ʩʣʦʞʥʦʝ. ɺ ʟʘʢʨʝʧʣʝʥʠʠ ʚʦʨʩʘ ʫʯʘʩʪʚʫʝʪ ʦʜʥʘ ʥʠʪʴ ʫʪʢʘ. ʈʘʟʤʝʨʳ ʫʟʦʨʘ ʜʣʷ ʙʘʟʦʚʦʛʦ 
ʠ ʦʧʳʪʥʦʛʦ ʦʙʨʘʟʮʘ ʦʜʠʥʘʢʦʚʳʝ: ʰʠʨʠʥʘ ï 200 ʩʤ, ʚʳʩʦʪʘ ï 150 ʩʤ. 

ɿʘʧʨʘʚʦʯʥʳʝ ʧʘʨʘʤʝʪʨʳ ʢʦʚʨʘ ʥʘ ʩʪʘʥʢʝ CRP-92-400 ʙʳʣʠ ʩʣʝʜʫʶʱʠʝ: 1) 
ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʦʚʦʡ ʦʩʥʦʚʳ ï 33ʥ/10 ʩʤ; 2) ʧʣʦʪʥʦʩʪʴ ʢʦʨʝʥʥʦʡ ʦʩʥʦʚʳ  ï 66ʥ/10 ʩʤ; 3) 
ʧʣʦʪʥʦʩʪʴ ʥʘʩʪʠʣʦʯʥʦʡ ʦʩʥʦʚʳ  ï 141ʥ/10 ʩʤ; 4) ʧʣʦʪʥʦʩʪʴ ʧʦ ʫʪʢʫ ï 84 ʥ/10 ʩʤ; 5) 
ʥʦʤʝʨ ʙʝʨʜʘ ï 32; 6) ʰʠʨʠʥʘ ʟʘʧʨʘʚʢʠ ʧʦ ʙʝʨʫ  ï 417 ʩʤ; 8) ʢʦʣʠʯʝʩʪʚʦ ʥʠʪʝʡ ʦʩʥʦʚʳ 
ʜʣʷ ʜʚʫʭ ʧʦʣʦʪʝʥ: ʚʦʨʩʦʚʦʡ ï 10368, ʢʦʨʝʥʥʦʡ ï 5181, ʥʘʩʪʠʣʦʯʥʦʡ ï 2628.. 

ʈʝʣʴʝʬʥʫʶ ʚʳʩʪʨʠʞʢʫ ʥʘ ʢʦʚʨʝ ʧʨʦʠʟʚʦʜʷʪ ʥʘ ʩʪʨʠʛʘʣʴʥʦʡ ʤʘʰʠʥʝ 
çɹʝʜʞʠʤʘʢè. ʇʨʠ ʵʪʦʤ ʧʦʪʝʨʠ ʚʦʨʩʘ ʚ ʦʪʜʝʣʢʝ ʩʦʩʪʘʚʣʷʶʪ 20,3 % 

ɿʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʪʝʭʥʠʢʠ ʧʝʨʝʧʣʝʪʝʥʠʷ ʢʦʚʨʦʚʦʛʦ ʠʟʜʝʣʠʷ ʩ 2-ʭʫʪʦʯʥʦʡ ʥʘ 1-
ʦʫʪʦʯʥʫʶ ʠ ʫʤʝʥʴʰʝʥʠʷ ʣʠʥʝʡʥʦʡ  ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʡ ʦʩʥʦʚʳ ʧʨʦʠʟʦʰʣʦ 
ʫʤʝʥʴʰʝʥʠʝ ʫʨʘʙʦʪʢʠ ʥʝʨʘʙʦʯʝʛʦ ʚʦʨʩʘ ʩ 4 % ʜʦ 3,6 %. ɺ ʩʦʯʝʪʘʥʠʠ ʩ ʙʦʣʴʰʝʡ 
ʩʢʦʨʦʩʪʴʶ ʥʦʚʦʛʦ ʩʪʘʥʢʘ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʚ ʛʦʜʦʚʦʤ ʦʙʲʝʤʝ ʧʨʦʠʟʚʦʜʩʪʚʘ 
ʢʦʚʨʦʚʳʭ ʠʟʜʝʣʠʡ ʘʨʪ. 7ʉ5-ɺʀ ʩʦʩʪʘʚʠʣ 21000 ʙʝʣʦʨʫʩʩʢʠʭ ʜʝʥʦʤʠʥʠʨʦʚʘʥʥʳʭ 
ʨʫʙʣʝʡ. 
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ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʦʙʨʘʟʝʮ ʢʦʚʨʦʚʦʛʦ ʠʟʜʝʣʠʷ ʧʦ ʩʚʦʠʤ ʧʦʢʘʟʘʪʝʣʷʤ 
ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊ 28415-89 çʇʦʢʨʳʪʠʷ ʠ ʠʟʜʝʣʠʷ ʢʦʚʨʦʚʳʝ ʪʢʘʥʳʝ 
ʤʘʰʠʥʥʦʛʦ ʩʧʦʩʦʙʘ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʆʙʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷè. 
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ʈʘʟʨʘʙʦʪʢʘ ʩʪʨʫʢʪʫʨ ʪʨʝʭʦʩʥʳʭ ʪʢʘʥʝʡ, ʫʩʠʣʝʥʥʳʭ ʧʦ ʦʩʥʦʚʝ 

 
ɽ.ʆ. ɻʈʋɿʀʅɸ, ʊ.ʖ. ʂɸʈɽɺɸ 

(ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 
 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʝ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ 
ʪʝʢʩʪʠʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʣʫʯʠʣʠ ʪʝʢʩʪʠʣʴʥʳʡ ʤʘʪʝʨʠʘʣʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ 
ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ. ʅʘʨʷʜʫ ʩ ʪʢʘʥʷʤʠ ʢʣʘʩʩʠʯʝʩʢʦʛʦ, 
ʦʨʪʦʛʦʥʘʣʴʥʦʛʦ ʩʪʨʦʝʥʠʷ ʚʩʝ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʩʪʘʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʢʘʥʠ ʥʦʚʳʭ 
ʩʪʨʫʢʪʫʨ, ʚ ʢʦʪʦʨʳʭ ʥʠʪʠ ʦʩʥʦʚʳ ʚ ʧʨʦʮʝʩʩʝ ʪʢʘʥʝʬʦʨʤʠʨʦʚʘʥʠʷ ʥʝ ʦʩʪʘʶʪʩʷ 
ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʤʠ ʥʠʪʷʤ ʫʪʢʘ, ʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʪʢʘʥʠ ʧʦʜ ʫʛʣʦʤ ʢ ʫʪʦʯʥʳʤ ʥʠʪʷʤ, 
ʧʨʠ ʵʪʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʤʝʞʜʫ ʩʦʙʦʡ. ʏʘʱʝ ʚʩʝʛʦ ʫʛʦʣ ʥʘʢʣʦʥʘ ʥʠʪʝʡ ʦʩʥʦʚʳ ʢ ʥʠʪʷʤ 
ʫʪʢʘ ʩʦʩʪʘʚʣʷʝʪ 60

ʦ
, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʠ ʫʛʦʣ ʥʘʢʣʦʥʘ ʦʩʥʦʚʥʳʭ  ʥʠʪʝʡ ʤʝʞʜʫ ʩʦʙʦʡ 

ʙʫʜʝʪ ʩʦʩʪʘʚʣʷʪʴ 60
ʦ
. ɺ ʩʚʷʟʠ ʩ ʯʝʤ, ʪʘʢʠʝ ʪʨʝʭʦʩʥʳʝ ʪʢʘʥʠ ʷʚʣʷʶʪʩʷ ʠʟʦʪʨʦʧʥʳʤʠ, 

ʠʤʝʶʱʠʤʠ ʦʜʠʥʘʢʦʚʳʝ ʩʚʦʡʩʪʚʘ ʚ ʨʘʟʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷ ʪʢʘʥʦʛʦ ʧʦʣʦʪʥʘ.  
ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʩʪʨʫʢʪʫʨ ʪʢʘʥʝʡ ʩ ʧʝʨʝʤʝʥʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʦʩʝʡ ʥʠʪʝʡ ʦʩʥʦʚʳ ʚ ʧʨʦʮʝʩʩʝ ʪʢʘʯʝʩʪʚʘ, ʟʘʥʠʤʘʣʠʩʴ ʚ ʀʚʘʥʦʚʩʢʦʤ 
ʪʝʢʩʪʠʣʴʥʦʤ ʠʥʩʪʠʪʫʪʝ (ɸʢʘʜʝʤʠʠ). ɹʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʪʨʫʢʪʫʨʘ ʪʨʝʭʦʩʥʦʡ ʪʢʘʥʠ, 
ʩʧʦʩʦʙ ʝʝ ʧʦʣʫʯʝʥʠʷ, ʘ ʪʘʢ ʞʝ ʩʪʘʥʦʢ ʜʣʷ ʝʝ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʚ ʢʦʪʦʨʦʡ ʥʠʪʠ ʦʩʥʦʚʳ 
ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʣʠ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʧʝʨʝʤʝʱʘʷʩʴ ʚʜʦʣʴ ʫʪʢʘ ʥʘ ʥʝʩʢʦʣʴʢʦ ʰʘʛʦʚ ʚ ʦʜʥʫ 
ʩʪʦʨʦʥʫ, ʘ ʟʘʪʝʤ ʦʙʨʘʪʥʦ [1,2]. ʅʘ ʢʘʬʝʜʨʝ ʊʇʊʀ ʀʚɻʇʋ ʚ ʢʘʯʝʩʪʚʝ 
ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠ ʨʘʩʰʠʨʝʥʠʷ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʨʘʥʥʝʝ 
ʩʪʨʫʢʪʫʨ, ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʩʪʨʫʢʪʫʨʘ ʪʨʝʭʦʩʥʦʡ ʪʢʘʥʠ, ʚ ʢʦʪʦʨʦʡ ʥʠʪʠ ʦʩʥʦʚʳ 
ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʤʝʞʜʫ ʩʦʙʦʡ (ʢʘʞʜʘʷ - ʩʦ ʚʩʝʤʠ) ʧʦ ʚʩʝʡ ʰʠʨʠʥʝ ʪʢʘʮʢʦʛʦ ʩʪʘʥʢʘ [3]. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʪʨʝʭʦʩʥʳʝ ʪʢʘʥʠ ʠʤʝʶʪ ʣʫʯʰʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 
ʧʦ ʩʨʘʚʥʝʥʠʶ  ʩ ʪʢʘʥʷʤʠ ʦʨʪʦʛʦʥʘʣʴʥʦʛʦ ʩʪʨʦʝʥʠʷ ʪʦʛʦ ʞʝ ʧʝʨʝʧʣʝʪʝʥʠʷ ʠ 
ʤʘʪʝʨʠʘʣʦʚʣʦʞʝʥʠʷ. ɺ ʥʝʢʦʪʦʨʳʭ ʦʙʣʘʩʪʷʭ ʧʨʠʤʝʥʝʥʠʷ ʪʨʝʭʦʩʥʳʭ ʪʢʘʥʝʡ 
ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʨʘʟʨʳʚʥʳʤ ʥʘʛʨʫʟʢʘʤ. ʆʜʥʘʢʦ, ʚ ʩʠʣʫ 
ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʧʦʩʦʙʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʨʝʭʦʩʥʳʭ ʪʢʘʥʝʡ,  ʧʣʦʪʥʦʩʪʴ ʪʢʘʥʠ ʧʦ ʦʩʥʦʚʝ ʚ 
ʪʢʘʥʷʭ ʥʝʦʨʪʦʛʦʥʘʣʴʥʦʛʦ ʩʪʨʦʝʥʠʷ ʦʛʨʘʥʠʯʝʥʘ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ 
ʧʨʝʜʝʣʘ ʨʘʟʨʳʚʥʦʡ ʥʘʛʨʫʟʢʠ ʪʢʘʥʠ ʚʜʦʣʴ ʦʩʥʦʚʳ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ, ʥʘʤʠ 
ʨʘʟʨʘʙʦʪʘʥʘ ʩʪʨʫʢʪʫʨʘ ʪʨʝʭʦʩʥʦʡ ʪʢʘʥʠ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʚʣʦʞʝʥʠʝʤ ʦʩʥʦʚʥʳʭ 
ʥʠʪʝʡ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʢʘʥʦʛʦ ʧʦʣʦʪʥʘ 
ʚʜʦʣʴ ʦʩʥʦʚʳ. ʇʨʠ ʵʪʦʤ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʦʩʥʦʚʥʳʭ ʥʠʪʝʡ ʤʦʞʝʪ ʣʠʙʦ 
ʩʚʦʙʦʜʥʦ ʣʝʞʘʪʴ ʚʥʫʪʨʠ ʪʨʝʭʦʩʥʦʡ ʪʢʘʥʠ (ʤʝʞʜʫ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʤʠ ʦʩʥʦʚʥʳʤʠ 
ʥʠʪʷʤʠ), ʣʠʙʦ ʧʝʨʝʧʣʝʪʘʝʪʩʷ ʩ ʥʠʪʷʤʠ ʫʪʢʘ. 
 
 
 



32 

ʃʀʊɽʈɸʊʋʈɸ 
1. ʂʘʨʝʚʘ, ʊ.ʖ.  ʅʘʪʷʞʝʥʠʝ ʦʩʥʦʚʥʳʭ ʥʠʪʝʡ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʪʢʘʥʠ ʩ ʧʝʨʝʤʝʥʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʦʩʝʡ ʥʠʪʝʡ ʚ ʧʨʦʮʝʩʩʝ ʪʢʘʯʝʩʪʚʘ / ʊ.ʖ.ʂʘʨʝʚʘ// ʀʟʚ.ʚʫʟʦʚ. ʊʝʭʥʦʣʦʛʠʷ 

ʪʝʢʩʪʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ.-2001.-ˉ3.-ʉ.37-41 

2. ʂʘʨʝʚʘ, ʊ.ʖ., ʇʣʶʭʘʥʦʚʘ ʊ.ʖ. ɼʝʬʦʨʤʘʮʠʷ ʥʠʪʝʡ ʦʩʥʦʚʳ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʪʢʘʥʠ 

ʧʝʨʝʚʠʚʦʯʥʦʛʦ ʧʝʨʝʧʣʝʪʝʥʠʷ / ʊ.ʖ. ʂʘʨʝʚʘ, ʊ.ʖ.ʇʣʶʭʘʥʦʚʘ// ʀʟʚ.ʚʫʟʦʚ. ʊʝʭʥʦʣʦʛʠʷ 

ʪʝʢʩʪʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ.-2000.-ˉ2.-ʉ.46-50 

3. ʂʦʞʝʚʥʠʢʦʚʘ, ʃ.ɺ. ʆʩʦʙʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʪʨʝʭʦʩʥʦʡ ʪʢʘʥʠ/ ʃ.ɺ. ʂʦʞʝʚʥʠʢʦʚʘ, ʊ.ʖ. 
ʂʘʨʝʚʘ, ʉ.ʆ. ʂʦʞʝʚʥʠʢʦʚ// ɺʝʩʪʥʠʢ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ 
ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʪʝʭʥʦʣʦʛʠʠ ʠ ʩʝʨʚʠʩʘ/ ï 2016. ï ˉ4.- ʩ. 6-9. 
 
 
ʋɼʂ 677.024.1 
 
ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʝʨʝʧʣʝʪʝʥʠʡ  

ʪʢʘʥʝʡ ʩ ʚʠʟʫʘʣʴʥʳʤ ʦʙʲʝʤʥʳʤ ʵʬʬʝʢʪʦʤ 
 

ɼ.ɸ. ʄʀʈʆʐʅʀʏɽʅʂʆ 
(ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 

 
ʅʘ ʢʘʬʝʜʨʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʝʢʩʪʠʣʴʥʳʭ ʠʟʜʝʣʠʡ ʨʘʟʨʘʙʦʪʘʥʘ 

ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟʚʝʩʪʥʳʭ ʧʝʨʝʧʣʝʪʝʥʠʡ  
ʦʜʥʦʩʣʦʡʥʳʭ ʪʢʘʥʝʡ. ɺ ʵʪʫ ʩʠʩʪʝʤʫ ʚʭʦʜʷʪ ʧʦʜʩʠʩʪʝʤʳ ʧʦʩʪʨʦʝʥʠʷ ʧʝʨʝʧʣʝʪʝʥʠʡ 
ʛʣʘʚʥʦʛʦ ʢʣʘʩʩʘ, ʪʝʥʝʚʳʭ, ʚʘʬʝʣʴʥʳʭ, ʢʨʝʧʦʚʳʭ ʠ ʜʨʫʛʠʭ. ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ 
ʦʭʚʘʪʳʚʘʝʪ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʦʜʦʚ ʧʦʩʪʨʦʝʥʠʷ ʧʝʨʝʧʣʝʪʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ 
ʧʝʨʝʧʣʝʪʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʩʦʟʜʘʪʴ ʥʘ ʦʜʥʦʩʣʦʡʥʦʡ ʪʢʘʥʠ ʵʬʬʝʢʪ ʨʘʟʣʠʯʥʳʭ 
ʦʙʲʝʤʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʠʛʫʨ, ʧʦʵʪʦʤʫ ʩʯʠʪʘʝʤ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ  ʚʳʜʝʣʠʪʴ 
ʩʧʦʩʦʙʳ ʧʦʩʪʨʦʝʥʠʷ ʧʝʨʝʧʣʝʪʝʥʠʡ ʩ ʧʩʝʚʜʦʦʙʲʝʤʥʳʤ ʵʬʬʝʢʪʦʤ ʚ ʦʪʜʝʣʴʥʳʡ 
ʢʦʤʧʣʝʢʩ.  

ɺ ʩʠʩʪʝʤʫ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʧʝʨʝʧʣʝʪʝʥʠʡ ʪʢʘʥʝʡ ʩ 
ʚʠʟʫʘʣʴʥʳʤ ʵʬʬʝʢʪʦʤ ʦʙʲʝʤʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʠʛʫʨ ʚʭʦʜʷʪ ʩʧʦʩʦʙʳ ʧʦʩʪʨʦʝʥʠʷ 
ʧʝʨʝʧʣʝʪʝʥʠʡ ʥʝʩʢʦʣʴʢʠʭ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ. ɺ ʧʝʨʚʫʶ ʛʨʫʧʧʫ ʚʭʦʜʷʪ ʧʝʨʝʧʣʝʪʝʥʠʷ, 
ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʣʫʯʘʪʴ ʥʘ ʪʢʘʥʠ ʵʬʬʝʢʪ ʦʙʲʝʤʥʳʭ ʧʨʦʜʦʣʴʥʳʭ ʠ ʧʦʧʝʨʝʯʥʳʭ ʧʦʣʦʩ 
ʥʘ ʦʩʥʦʚʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʪʝʥʝʚʳʭ [1] ʠʣʠ ʰʘʰʝʯʥʳʭ [2] ʧʝʨʝʧʣʝʪʝʥʠʡ. ʕʪʠ 
ʧʝʨʝʧʣʝʪʝʥʠʷ ʧʦʣʫʯʘʶʪ ʩ ʧʝʨʝʭʦʜʦʤ  ʦʪ çʩʚʝʪʘ ʢ ʪʝʥʠè ʠ ʦʙʨʘʪʥʦ ʚʜʦʣʴ ʦʩʥʦʚʳ ʠʣʠ 
ʚʜʦʣʴ ʫʪʢʘ. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʚʝʪʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚʜʦʣʴ ʦʙʝʠʭ ʩʠʩʪʝʤ ʦʜʥʦʚʨʝʤʝʥʥʦ 
ʧʦʣʫʯʘʶʪ ʧʝʨʝʧʣʝʪʝʥʠʷ ʩ ʵʬʬʝʢʪʦʤ ʦʙʲʝʤʥʳʭ ʩʦʪʦʚ [3], ʚʭʦʜʷʱʠʭ ʚʦ ʚʪʦʨʫʶ ʛʨʫʧʧʫ 
ʩʧʦʩʦʙʦʚ. ʊʝʥʝʚʳʝ ʧʝʨʝʧʣʝʪʝʥʠʷ ʩ ʵʬʬʝʢʪʦʤ ʦʙʲʝʤʥʳʭ ʥʘʢʣʦʥʥʳʭ ʧʦʣʦʩ [4], 
ʚʭʦʜʷʱʠʝ ʚ ʪʨʝʪʴʶ ʛʨʫʧʧʫ, ʢʘʢ ʠ ʧʝʨʝʧʣʝʪʝʥʠʷ ʚʪʦʨʦʡ ʛʨʫʧʧʳ, ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʘʪʴ 
ʪʦʣʴʢʦ ʥʘ ʙʘʟʝ ʠʩʭʦʜʥʳʭ ʪʝʥʝʚʳʭ ʧʝʨʝʧʣʝʪʝʥʠʡ. ʅʘ ʙʘʟʝ ʥʘʢʣʦʥʥʳʭ ʦʙʲʝʤʥʳʭ ʧʦʣʦʩ 
ʧʦʣʫʯʘʶʪ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʧʝʨʝʧʣʝʪʝʥʠʷ ʯʝʪʚʝʨʪʦʡ ʛʨʫʧʧʳ, ʩʦʟʜʘʶʱʠʝ ʵʬʬʝʢʪ 
ʦʙʲʝʤʥʳʭ ʧʨʦʜʦʣʴʥʳʭ ʠ ʧʦʧʝʨʝʯʥʳʭ ʟʫʙʮʦʚ [5], ʘ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʠʭ ʠʟʣʦʤʝ ʧʦ 
ʦʩʥʦʚʝ ʠ ʧʦ ʫʪʢʫ ʧʦʣʫʯʘʶʪ ʧʝʨʝʧʣʝʪʝʥʠʷ ʧʷʪʦʡ ʛʨʫʧʧʳ, ʩ ʵʬʬʝʢʪʦʤ ʦʙʲʝʤʥʳʭ 
ʨʦʤʙʦʚ [6]. ʅʘ ʦʩʥʦʚʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʧʝʨʝʧʣʝʪʝʥʠʡ ʩ ʦʙʲʝʤʥʳʤʠ ʧʨʦʜʦʣʴʥʳʤʠ ʠ 
ʧʦʧʝʨʝʯʥʳʤʠ ʟʫʙʮʘʤʠ ʧʦʣʫʯʘʶʪ ʧʝʨʝʧʣʝʪʝʥʠʷ ʰʝʩʪʦʡ ʛʨʫʧʧʳ, ʩ ʚʠʟʫʘʣʴʥʳʤ 
ʵʬʬʝʢʪʦʤ ʦʙʲʝʤʥʳʭ ʟʠʛʟʘʛʦʚ [7]. 

ʆʩʦʙʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʥʦʚʫʶ ʩʠʩʪʝʤʫ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʢʘʥʝʡ ʩ ʧʩʝʚʜʦʦʙʲʝʤʥʳʤ ʵʬʬʝʢʪʦʤ ʙʫʜʫʪ ʚʭʦʜʠʪʴ ʥʝʜʘʚʥʦ 
ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʧʝʨʝʧʣʝʪʝʥʠʷ ʩ ʵʬʬʝʢʪʦʤ ʦʙʲʝʤʥʳʭ ʜʠʘʛʦʥʘʣʴʥʦ ʩʠʤʤʝʪʨʠʯʥʳʭ 
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ʧʦʚʝʨʭʥʦʩʪʝʡ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʦʙʲʝʤʥʳʭ ʧʦʣʫʩʬʝʨ ʠ ʦʙʲʝʤʥʳʭ ʢʣʝʪʦʢ, ʥʘ ʩʧʦʩʦʙʳ 
ʧʦʩʪʨʦʝʥʠʷ ʢʦʪʦʨʳʭ ʧʦʜʘʥʳ ʟʘʷʚʢʠ ʥʘ ʧʘʪʝʥʪʳ ʥʘ ʠʟʦʙʨʝʪʝʥʠʷ.  

ɼʣʷ ʫʜʦʙʩʪʚʘ ʚʳʙʦʨʘ ʩʧʦʩʦʙʘ ʧʦʩʪʨʦʝʥʠʷ ʧʝʨʝʧʣʝʪʝʥʠʡ ʨʘʟʨʘʙʦʪʘʥ ʫʜʦʙʥʳʡ 
ʜʨʫʞʝʣʶʙʥʳʡ ʠʥʪʝʨʬʝʡʩ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʘʨʴʠʨʦʚʘʥʠʷ ʤʥʦʞʝʩʪʚʘ ʨʘʟʣʠʯʥʳʭ 
ʧʘʨʘʤʝʪʨʦʚ. ʅʘʧʨʠʤʝʨ, ʚʦʟʤʦʞʥʦ ʚʳʙʠʨʘʪʴ ʚʠʜ ʙʘʟʦʚʦʛʦ ʧʝʨʝʧʣʝʪʝʥʠʷ, ʚʠʜ ʪʝʥʝʚʦʛʦ 
ʦʙʲʝʤʥʦʛʦ ʧʝʨʝʧʣʝʪʝʥʠʷ, ʚʠʜ ʩʚʝʪʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʠ ʩʧʦʩʦʙʘ ʧʦʩʪʨʦʝʥʠʷ ʠʩʭʦʜʥʦʛʦ 
ʪʝʥʝʚʦʛʦ ʧʝʨʝʧʣʝʪʝʥʠʷ, ʚʳʙʦʨ ʥʘʧʨʘʚʣʝʥʠʷ ʫʩʠʣʝʥʠʷ ʧʝʨʝʢʨʳʪʠʡ, ʚʳʙʦʨ ʯʠʩʣʘ 
ʧʦʚʪʦʨʝʥʠʷ ʨʘʧʧʦʨʪʦʚ ʚ ʦʪʜʝʣʴʥʳʭ ʩʪʫʧʝʥʷʭ ʠ ʨʷʜ ʜʨʫʛʠʭ ʦʩʦʙʝʥʥʳʭ ʜʣʷ ʢʘʞʜʦʛʦ 
ʧʝʨʝʧʣʝʪʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ [8]. 

ʄʝʪʦʜʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʩʧʦʩʦʙʦʚ ʧʦʩʪʨʦʝʥʠʷ ʧʝʨʝʧʣʝʪʝʥʠʡ 
ʪʢʘʥʝʡ ʩ ʚʠʟʫʘʣʴʥʳʤ ʵʬʬʝʢʪʦʤ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʤʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʠʛʫʨ 
ʘʥʘʣʦʛʠʯʝʥ ʠʜʝʦʣʦʛʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʚʘʬʝʣʴʥʳʭ 
ʧʝʨʝʧʣʝʪʝʥʠʡ ʪʢʘʥʠ [9]. 
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ʆʙʟʦʨ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʚʘʬʝʣʴʥʳʭ ʧʝʨʝʧʣʝʪʝʥʠʡ ʩ ʨʘʟʣʠʯʥʳʤʠ 
ʨʝʣʴʝʬʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ 

 
ɽ.ɽ. ɼɽʄʀɼʆɺɸ 

(ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 
 

ɺʘʬʝʣʴʥʳʝ ʧʝʨʝʧʣʝʪʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʪʢʘʥʠ ʩ ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʡ 
ʨʝʣʴʝʬʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʀʟʚʝʩʪʥʦ ʤʥʦʞʝʩʪʚʦ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʚʘʬʝʣʴʥʳʭ 
ʧʝʨʝʧʣʝʪʝʥʠʡ, ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʢʦʪʦʨʳʭ ʧʨʝʜʣʦʞʝʥʘ ʚ ʣʠʪʝʨʘʪʫʨʝ [1].  ɺ ʫʯʝʙʥʠʢʝ [2] 
ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʚʘʬʝʣʴʥʦʛʦ ʧʝʨʝʧʣʝʪʝʥʠʷ ʷʚʣʷʝʪʩʷ 
ʦʙʨʘʟʦʚʘʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʢʘʥʠ ʷʯʝʝʢ ʩ ʚʦʟʚʳʰʝʥʥʳʤʠ ʩʪʦʨʦʥʘʤʠ ʠ ʫʛʣʫʙʣʝʥʥʦʡ 
ʩʝʨʝʜʠʥʦʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʩʧʦʩʦʙʳ 
ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʚʘʬʝʣʴʥʳʭ ʧʝʨʝʧʣʝʪʝʥʠʡ [3-6].  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘ ʪʢʘʥʠ ʥʦʚʳʭ ʪʢʘʮʢʠʭ ʵʬʬʝʢʪʦʚ ʧʨʝʜʣʦʞʝʥʦ ʚ ʨʘʧʧʦʨʪʝ 
ʚʘʬʝʣʴʥʦʛʦ ʧʝʨʝʧʣʝʪʝʥʠʷ ʩ ʨʦʤʙʦʚʠʜʥʳʤʠ ʨʝʣʴʝʬʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʧʦʤʝʱʘʪʴ 
ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʠʟ ʦʩʥʦʚʥʳʭ, ʫʪʦʯʥʳʭ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ 
ʥʘʩʪʠʣʦʚ ʚ ʚʠʜʝ ʢʚʘʜʨʘʪʦʚ [1] ʠʣʠ ʨʦʤʙʦʚ [4, 5, 7]. 

ʆʩʦʙʫʶ ʚʳʨʘʟʠʪʝʣʴʥʦʩʪʴ ʠʤʝʶʪ ʚʘʬʝʣʴʥʳʝ ʧʝʨʝʧʣʝʪʝʥʠʷ ʩ ʘʩʩʠʤʝʪʨʠʯʥʳʤʠ 
ʨʝʣʴʝʬʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʩʦʟʜʘʶʱʠʤʠ ʤʷʛʢʠʡ ʨʝʣʴʝʬ ʪʢʘʥʠ. ʅʠʢʠʪʠʥ ʄ. ʅ. 
ʧʨʝʜʣʘʛʘʝʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʚʳʩʪʘʠʚʘʪʴ ʧʘʨʘʣʣʝʣʴʥʳʝ ʜʠʘʛʦʥʘʣʠ ʠʟ ʦʜʠʥʦʯʥʳʭ 
ʧʝʨʝʢʨʳʪʠʡ, ʚ ʦʢʥʘʭ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʧʦʤʝʱʘʪʴ ʦʩʥʦʚʥʳʝ ʥʘʩʪʠʣʳ ʧʝʨʝʤʝʥʥʦʡ ʜʣʠʥʳ, 
ʜʚʘ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʶʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʜʣʠʥʫ [8]. ʊʘʢʦʡ ʧʦʜʭʦʜ ʥʝ ʦʙʲʷʩʥʷʝʪ ʩʧʦʩʦʙ 
ʧʦʣʫʯʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʦʩʥʦʚʥʳʭ ʥʘʩʪʠʣʦʚ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʣʠʥʳ. ʕʪʦʪ ʞʝ ʥʝʜʦʩʪʘʪʦʢ 
ʠʤʝʝʪ ʤʝʪʦʜʠʢʘ ʧʨʝʜʣʦʞʝʥʥʘʷ ʚ ʣʠʪʝʨʘʪʫʨʝ [6].  

ʅʘ ʢʘʬʝʜʨʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʝʢʩʪʠʣʴʥʳʭ ʠʟʜʝʣʠʡ ʧʨʝʜʣʦʞʝʥʳ 
ʥʦʚʳʝ ʤʝʪʦʜʠʢʠ ʧʦʩʪʨʦʝʥʠʷ ʚʘʬʝʣʴʥʳʭ ʧʝʨʝʧʣʝʪʝʥʠʡ ʩ ʘʩʩʠʤʝʪʨʠʯʥʳʤʠ 
ʨʝʣʴʝʬʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʤʝʱʘʪʴ ʚ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʜʠʘʛʦʥʘʣʴʥʦ 
ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʨʝʣʴʝʬʥʳʭ ʵʣʝʤʝʥʪʘʭ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʠ ʫʪʦʯʥʳʭ ʥʘʩʪʠʣʦʚ 
ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʣʠʥʳ [9].  

ʈʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 
ʧʦʩʪʨʦʝʥʠʷ ʥʦʚʳʭ ʚʘʬʝʣʴʥʳʭ ʧʝʨʝʧʣʝʪʝʥʠʡ. 
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ʆʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʪʢʘʥʝʡ ʚʘʬʝʣʴʥʳʭ ʧʝʨʝʧʣʝʪʝʥʠʡ 
 

ɽ.ɽ. ɼɽʄʀɼʆɺɸ, ɻ.ʀ. ʊʆʃʋɹɽɽɺɸ 
(ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 

 
ʊʢʘʥʠ ʚʘʬʝʣʴʥʳʭ ʧʝʨʝʧʣʝʪʝʥʠʡ ʩʯʠʪʘʶʪ ʦʜʥʦʩʣʦʡʥʳʤʠ, ʪʘʢ ʢʘʢ ʜʣʷ ʠʭ 

ʚʳʨʘʙʦʪʢʠ ʪʨʝʙʫʝʪʩʷ ʦʜʥʘ ʩʠʩʪʝʤʘ ʦʩʥʦʚʥʳʭ ʠ ʦʜʥʘ ʩʠʩʪʝʤʘ ʫʪʦʯʥʳʭ ʥʠʪʝʡ. ɻʨʫʧʧʘ 
ʚʘʬʝʣʴʥʳʭ ʧʝʨʝʧʣʝʪʝʥʠʡ ʦʪʥʦʩʠʪʩʷ ʢ ʢʣʘʩʩʫ ʤʝʣʢʦʫʟʦʨʯʘʪʳʭ, ʧʦʜʢʣʘʩʩʫ 
ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ [1, ʩ. 55-56].  ʄʥʦʞʝʩʪʚʦ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʚʘʬʝʣʴʥʳʭ 
ʧʝʨʝʧʣʝʪʝʥʠʡ ʨʘʟʜʝʣʝʥʳ ʥʘ ʧʦʜʛʨʫʧʧʳ ʧʦ ʚʠʜʫ ʨʝʣʴʝʬʥʦʛʦ ʵʣʝʤʝʥʪʘ [2], ʢʦʪʦʨʳʝ ʚ 
ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦ ʘʚʪʦʤʘʪʠʟʠʨʫʶʪʩʷ [3-6].  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʚʘʬʝʣʴʥʳʭ ʧʝʨʝʧʣʝʪʝʥʠʡ ʷʚʣʷʝʪʩʷ 
ʦʙʨʘʟʦʚʘʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʢʘʥʠ ʷʯʝʝʢ ʩ ʚʦʟʚʳʰʝʥʥʳʤʠ ʩʪʦʨʦʥʘʤʠ ʠ ʫʛʣʫʙʣʝʥʥʦʡ 
ʩʝʨʝʜʠʥʦʡ.  ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʦ ʥʝʪʨʘʜʠʮʠʦʥʥʦʝ ʧʝʨʝʧʣʝʪʝʥʠʝ ʚʘʬʝʣʴʥʦʡ ʪʢʘʥʠ, 
ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʨʝʛʠʦʥʘ.  

 

 
 

ʈʠʩ. 1  ʇʨʠʤʝʨ ʚʘʬʝʣʴʥʦʛʦ ʧʝʨʝʧʣʝʪʝʥʠʷ 
 

ɸʥʘʣʠʟ ʤʠʢʨʦʩʨʝʟʦʚ ʪʢʘʥʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʩʥʦʚʥʳʝ ʠ ʫʪʦʯʥʳʝ ʥʠʪʠ ʣʝʞʘʪ ʚ 
ʥʝʩʢʦʣʴʢʠʭ ʫʨʦʚʥʷʭ. ʇʦ ʩʫʪʠ, ʪʢʘʥʴ ʷʚʣʷʝʪʩʷ ʪʨʝʭʩʣʦʡʥʦʡ. ʆʩʥʦʚʥʳʝ ʥʠʪʠ 1, 2 ʠ 10, 
ʫʪʦʯʥʳʝ ʥʠʪʠ 1, 2 ʠ 8, ʦʙʨʘʟʫʶʱʠʝ ʚʦʟʚʳʰʝʥʥʳʝ ʛʨʘʥʠ ʷʯʝʝʢ ʥʘ ʣʠʮʝʚʦʡ ʩʪʦʨʦʥʝ, 
ʚʩʝʛʜʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʚʝʨʭʥʝʤ ʩʣʦʝ. ʆʩʥʦʚʥʳʝ ʥʠʪʠ 5, 6 ʠ 7,  ʫʪʦʯʥʳʝ ʥʠʪʠ 4, 5 ʠ 6,  
ʦʙʨʘʟʫʶʱʠʝ ʚʦʟʚʳʰʝʥʥʳʝ ʛʨʘʥʠ ʷʯʝʝʢ ʥʘ ʠʟʥʘʥʦʯʥʦʡ ʩʪʦʨʦʥʝ,  ʥʘʭʦʜʷʪʩʷ ʚ ʥʠʞʥʝʤ 
ʩʣʦʝ. ɺ ʩʨʝʜʥʝʤ ʩʣʦʝ ʣʝʞʘʪ ʫʪʦʯʥʳʝ ʥʠʪʠ 3 ʠ 7. ɺʝʨʭʥʠʡ ʠ ʩʨʝʜʥʠʡ ʩʣʦʠ ʩʦʝʜʠʥʷʶʪʩʷ 
ʥʠʪʷʤʠ ʦʩʥʦʚʳ 3 ʠ 9, ʩʨʝʜʥʠʡ ʠ ʥʠʞʥʠʡ ʩʣʦʠ ʩʦʝʜʠʥʷʶʪʩʷ ʥʠʪʷʤʠ ʦʩʥʦʚʳ 4 ʠ 8, 
ʩʧʦʩʦʙʦʤ çʦʪ ʩʨʝʜʥʝʛʦ ʩʣʦʷè.  

ʊʘʢʦʡ ʧʦʜʭʦʜ ʨʝʘʣʠʟʦʚʘʥ ʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʤ ʥʘ ʢʘʬʝʜʨʝ ʪʝʭʥʦʣʦʛʠʠ ʠ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʝʢʩʪʠʣʴʥʳʭ ʠʟʜʝʣʠʡ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ ʜʣʷ 
ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʨʘʟʨʝʟʦʚ. ʈʘʟʨʝʟʳ ʧʝʨʚʳʭ ʰʝʩʪʠ ʦʩʥʦʚʥʳʭ ʥʠʪʝʡ 
ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 2. 
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ʈʠʩ. 2   ʈʘʟʨʝʟʳ ʥʠʪʝʡ ʧʦ ʦʩʥʦʚʝ 
ʈʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʧʦʟʚʦʣʷʝʪ ʪʘʢʞʝ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 

ʫʨʘʙʦʪʢʫ ʥʠʪʝʡ ʦʩʥʦʚʳ ʠ ʫʪʢʘ ʠ ʚʳʧʦʣʥʷʪʴ ʚʠʟʫʘʣʠʟʘʮʠʶ ʪʢʘʥʠ ʥʘ ʩʪʘʜʠʠ ʝʝ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 
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ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʦʝʥʠʷ ʪʢʘʥʝʡ 
ʚʘʬʝʣʴʥʦʛʦ ʧʝʨʝʧʣʝʪʝʥʠʷ 

 
ɽ.ɺ. ʉʊɽʇɸʅʆɺɸ, ʅ.ɸ. ʂʃʖɽɺɸ, ʊ.ʖ. ʂɸʈɽɺɸ, ʊ.ʀ. ʐɽʁʅʆɺɸ 
(ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 

 
ʉʪʨʦʝʥʠʝ ʪʢʘʥʠ ʚʘʬʝʣʴʥʦʛʦ ʧʝʨʝʧʣʝʪʝʥʠʷ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʧʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʠʪʝʡ ʚ ʨʘʧʧʦʨʪʝ ʧʝʨʝʧʣʝʪʝʥʠʷ. ɼʣʷ ʵʪʦʛʦ ʠʟʦʙʨʘʞʘʣʠʩʴ 
ʨʘʟʨʝʟʳ ʪʢʘʥʠ ʚʜʦʣʴ ʥʠʪʝʡ ʦʩʥʦʚʳ ʠ ʫʪʢʘ, ʟʘʪʝʤ ʦʧʨʝʜʝʣʷʣʠʩʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ 
ʟʥʘʯʝʥʠʷ ʫʨʘʙʦʪʦʢ ʥʠʪʝʡ [1]. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʧʦʣʫʯʝʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ 
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ʫʨʘʙʦʪʦʢ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʝʨʝʤʝʥʥʦʡ ʠʣʠ ʢʦʵʬʬʠʮʠʝʥʪʘ, ʦʪʨʘʞʘʶʱʝʛʦ 
ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʚ ʫʢʘʟʘʥʥʳʭ ʫʨʘʚʥʝʥʠʷʭ, ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʵʪʦ ʯʠʩʣʦ 
ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʠʩʣʫ ʧʝʨʝʩʝʯʝʢ ʚʜʦʣʴ ʥʠʪʝʡ ʦʩʥʦʚʳ ʠʣʠ ʫʪʢʘ. ɿʘʢʦʥʦʤʝʨʥʦʩʪʴ 
ʧʦʣʫʯʝʥʠʷ ʬʦʨʤʫʣʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʨʘʙʦʪʢʠ ʫʪʦʯʥʳʭ ʥʠʪʝʡ ʩʦʭʨʘʥʷʝʪʩʷ ʪʘʢʦʡ ʞʝ, 
ʢʘʢ ʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʨʘʙʦʪʢʠ ʥʠʪʝʡ ʦʩʥʦʚʳ. 

ʈʘʩʩʤʦʪʨʝʚ ʚʩʝ ʨʘʟʨʝʟʳ ʥʠʪʝʡ, ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʩʝʯʝʢ ʥʘ 
ʢʘʞʜʦʡ ʠʟ ʥʠʪʝʡ ʦʩʥʦʚʳ ʦʪʣʠʯʘʝʪʩʷ, ʯʪʦ ʜʦʣʞʥʦ ʧʨʠʚʦʜʠʪʴ ʢ ʨʘʟʥʳʤ ʟʥʘʯʝʥʠʷʤ 
ʫʨʘʙʦʪʢʠ ʥʠʪʝʡ. ʆʜʥʘʢʦ, ʚ ʚʘʬʝʣʴʥʦʤ ʧʝʨʝʧʣʝʪʝʥʠʠ ʦʥʠ ʫʨʘʙʘʪʳʚʘʶʪʩʷ ʦʜʠʥʘʢʦʚʦ, 
ʧʦʵʪʦʤʫ ʜʣʷ ʢʘʞʜʦʡ ʥʠʪʠ ʦʩʥʦʚʳ ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ ʫʨʘʙʦʪʢʝ, ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦʨʷʜʦʢ 
ʬʘʟʳ ʩʪʨʦʝʥʠʷ, ʧʨʠʥʠʤʘʷ ʯʠʩʣʦ ʧʝʨʝʩʝʯʝʢ ʚʜʦʣʴ ʥʠʪʝʡ ʫʪʢʘ, ʢʘʢ ʩʨʝʜʥʶʶ ʚʝʣʠʯʠʥʫ 
ʜʣʷ ʪʢʘʥʠ ʚ ʮʝʣʦʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ, ʯʪʦ ʧʦʨʷʜʦʢ ʬʘʟʳ ʩʪʨʦʝʥʠʷ ʧʦ ʦʩʥʦʚʝ 
ʠʟʤʝʥʷʝʪʩʷ ʦʪ 5, 23 ʜʦ 6,46. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʨʷʜʢʦʤ ʬʘʟʳ ʩʪʨʦʝʥʠʷ ʜʣʷ ʢʘʞʜʦʡ ʥʠʪʠ ʦʧʨʝʜʝʣʝʥʳ 
ʚʳʩʦʪʳ ʚʦʣʥ ʠʟʛʠʙʘ ʥʠʪʝʡ ʦʩʥʦʚʳ ʠ ʫʪʢʘ. ʈʝʟʫʣʴʪʘʪʳ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʠ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʟʨʝʟʦʚ ʚʜʦʣʴ ʥʠʪʝʡ ʦʩʥʦʚʳ ʠ ʫʪʢʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ 
ʢʘʞʜʘʷ ʥʠʪʴ ʠʤʝʝʪ ʩʚʦʶ ʚʳʩʦʪʫ ʚʦʣʥʳ ʠʟʛʠʙʘ ʠ ʧʦʨʷʜʦʢ ʬʘʟʳ ʩʪʨʦʝʥʠʷ, ʪʦ ʝʩʪʴ ʥʠʪʠ ʚ 
ʪʢʘʥʠ ʙʫʜʫʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʚ ʨʘʟʥʳʭ ʧʣʦʩʢʦʩʪʷʭ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʝʣʴʝʬʥʦʡ ʩʪʨʫʢʪʫʨʝ 
ʚʘʬʝʣʴʥʦʛʦ ʧʝʨʝʧʣʝʪʝʥʠʷ [2]. 
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ʊʝʭʥʠʯʝʩʢʠʝ (ʟʘʧʨʘʚʦʯʥʳʝ) ʧʘʨʘʤʝʪʨʳ ʪʢʘʥʠ ʧʨʠ ʚʳʨʘʙʦʪʢʝ ʥʘ ʩʪʘʥʢʝ 
ʠʟʤʝʥʷʶʪʩʷ ʢʘʢ ʧʦ ʰʠʨʠʥʝ, ʪʘʢ ʠ ʧʦ ʜʣʠʥʝ ʧʦʣʦʪʥʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʤʝʥʷʶʪʩʷ ʠ 
ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʢʘʥʝʡ. ʀʩʩʣʝʜʦʚʘʣʠʩʴ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʘʢ ʧʣʦʪʥʦʩʪʴ 
ʧʦ ʦʩʥʦʚʝ ʠ ʧʦ ʫʪʢʫ, ʫʨʘʙʦʪʢʠ ʥʠʪʝʡ ʦʩʥʦʚʳ ʠ ʫʪʢʘ, ʣʠʥʝʡʥʳʝ ʧʣʦʪʥʦʩʪʠ ʥʠʪʝʡ ʦʩʥʦʚʳ 
ʠ ʫʪʢʘ. ʆʪ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʟʘʚʠʩʠʪ ʚʝʣʠʯʠʥʘ 
ʤʘʪʝʨʠʘʣʦʚʣʦʞʝʥʠʷ, ʪʦ ʝʩʪʴ ʟʘʪʨʘʪʳ ʥʘ ʩʳʨʴʝ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʢʘʥʝʡ, ʚʣʠʷʶʱʠʝ ʥʘ 
ʝʝ ʩʝʙʝʩʪʦʠʤʦʩʪʴ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʚ ʪʢʘʮʢʠʭ ʣʘʙʦʨʘʪʦʨʠʷʭ ʧʣʦʪʥʦʩʪʠ ʠ ʫʨʘʙʦʪʢʠ 
ʦʧʨʝʜʝʣʷʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʠʥʝʡʢʠ ʠ ʣʫʧʳ. ɺ ʩʚʷʟʠ ʩ ʯʝʤ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʦ 
ʪʦʯʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʟʤʝʨʝʥʠʡ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ 
ʠʟʤʝʨʝʥʠʷ ʟʘʧʨʘʚʦʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʚʦʜʠʣʠ ʥʝʩʢʦʣʴʢʦ ʧʘʨ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, 
ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʷʣ ʧʦ 10 ʠʟʤʝʨʝʥʠʡ ʜʣʷ ʪʢʘʥʠ ʙʷʟʴ ʠ ʪʢʘʥʠ ʚʘʬʝʣʴʥʦʛʦ 
ʧʝʨʝʧʣʝʪʝʥʠʷ /1/. ɿʘʪʝʤ ʢʘʞʜʳʤ ʠʟ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ 
ʦʙʨʘʙʦʪʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ɹʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ 
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ʟʘʧʨʘʚʦʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʜʠʩʧʝʨʩʠʷ, ʩʨʝʜʥʝʝ ʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ, 
ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʦʰʠʙʢʘ ʦʧʳʪʘ ʠ ʥʝʦʙʭʦʜʠʤʦʝ ʯʠʩʣʦ ʦʧʳʪʦʚ 
ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʦʰʠʙʢʘ ʩʦʩʪʘʚʣʷʝʪ 5% /2/. 
ʈʝʟʫʣʴʪʘʪʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʟʘʧʨʘʚʦʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʝʠʭ ʪʢʘʥʝʡ ʙʳʣʠ 
ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʳ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʦʧʨʝʜʝʣʠʣʠ 
ʟʥʘʯʠʤʦʩʪʠ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʩʨʝʜʥʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʘʨʘʤʝʪʨʦʚ ʪʢʘʥʠ, ʧʦʣʫʯʝʥʥʳʭ 
ʜʚʫʤʷ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ. ʂʘʢ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʟʥʘʯʝʥʠʷ 
ʧʘʨʘʤʝʪʨʦʚ ʪʢʘʥʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʢʘʞʜʦʡ ʧʘʨʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʦʪʣʠʯʘʣʠʩʴ ʢʘʢ ʤʝʞʜʫ 
ʩʦʙʦʡ, ʪʘʢ ʠ ʤʝʞʜʫ ʧʘʨʘʤʠ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ  ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ  ʨʘʟʣʠʯʠʷ 
ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ  ʠʩʩʣʝʜʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʪʢʘʥʠ, ʪ.ʝ. ʦʧʨʝʜʝʣʝʥʠʷ - ʥʘʩʢʦʣʴʢʦ ʵʪʠ 
ʨʝʟʫʣʴʪʘʪʳ ʦʜʠʥʘʢʦʚʳ, ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʨʠʪʝʨʠʡ ʉʪʴʶʜʝʥʪʘ, ʩ ʫʯʝʪʦʤ  ʦʜʥʦʨʦʜʥʦʩʪʠ  
ʠʣʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ  ʜʠʩʧʝʨʩʠʡ ʠʩʩʣʝʜʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʈʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ 
ʩʨʘʚʥʠʚʘʣʦʩʴ ʩ ʪʘʙʣʠʯʥʳʤ ʜʣʷ ʪʢʘʥʝʡ ʙʷʟʴ ʠ ʚʘʬʝʣʴʥʦʛʦ ʧʝʨʝʧʣʝʪʝʥʠʷ.  ɹʳʣʦ 
ʧʦʣʫʯʝʥʦ, ʯʪʦ ʨʘʩʯʝʪʥʦʝ  ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ ʉʪʴʶʜʝʥʪʘ ʧʦ ʧʣʦʪʥʦʩʪʷʤ ʤʝʥʴʰʝ 
ʪʘʙʣʠʯʥʦʛʦ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʨʘʟʣʠʯʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʥʝʟʥʘʯʠʤʦ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ 
ʜʘʥʥʳʝ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʦʜʠʥʘʢʦʚʳʤʠ. ʏʪʦ ʢʘʩʘʝʪʩʷ  ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʫʨʘʙʦʪʢʠ ʥʠʪʝʡ 
ʦʩʥʦʚʳ ʠ ʫʪʢʘ, ʪʦ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʨʘʩʯʝʪʥʦʝ  ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ ʉʪʴʶʜʝʥʪʘ ʚ 
ʜʘʥʥʦʤ ʩʣʫʯʘʝ   ʙʦʣʴʰʝ ʪʘʙʣʠʯʥʦʛʦ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ  ʜʘʥʥʳʝ, ʦʧʨʝʜʝʣʝʥʥʳʝ 
ʜʚʫʤʷ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʙʳʣʠ ʨʘʟʣʠʯʥʳʤʠ. ɺ ʩʚʷʟʠ ʩ ʯʝʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʨʘʙʦʪʢʠ 
ʥʠʪʝʡ ʚ ʪʢʘʥʠ  ʩʣʝʜʦʚʘʣʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝ ʣʠʥʝʡʢʫ, ʘ, ʥʘʧʨʠʤʝʨ,  ʤʝʪʦʜ ʤʝʪʦʢ. ʊʦʞʝ 
ʩʘʤʦʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠ ʨʘʙʦʪʥʠʢʘʤ ʪʢʘʮʢʠʭ ʣʘʙʦʨʘʪʦʨʠʡ. 
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ʧʝʨʝʧʣʝʪʝʥʠʡ / ʀʟʚʝʩʪʠʷ ʚʫʟʦʚ. ʊʝʭʥʦʣʦʛʠʷ ʪʝʢʩʪʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. - 2016, ˉ2. 
2. ʉʝʚʘʩʪʴʷʥʦʚ ɸ.ɻ. ʄʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 
ʧʨʦʮʝʩʩʦʚ ʪʝʢʩʪʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ï ʄ.: ʃʝʛʢʘʷ ʠʥʜʫʩʪʨʠʷ, 1980. 
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ʄʝʪʦʜʠʢʘ ʧʦʜʙʦʨʘ ʧʝʨʝʧʣʝʪʝʥʠʷ ʚ ʧʨʦʜʦʣʴʥʳʭ ʧʦʣʦʩʘʭ ʪʢʘʥʠ ʩ ʫʩʣʦʚʠʝʤ 
ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʛʦ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ ʪʢʘʯʝʩʪʚʘ 

 
ʃ.ɺ. ʂʆɾɽɺʅʀʂʆɺɸ 

(ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 
 

ʆʩʥʦʚʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʤʘʪʝʨʠʘʣʦʝʤʢʦʩʪʴ ʪʢʘʥʠ, ʷʚʣʷʝʪʩʷ 
ʫʨʘʙʦʪʢʘ. ɸ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʪʢʘʥʝʡ ʩ ʨʘʟʥʳʤʠ ʚʠʜʘʤʠ ʧʝʨʝʧʣʝʪʝʥʠʡ ʚ ʧʦʣʦʩʘʭ 
ʚʝʣʠʯʠʥʘ ʨʘʟʥʠʮʳ ʫʨʘʙʦʪʦʢ ʥʠʪʝʡ ʦʩʥʦʚʳ ʚ ʪʢʘʥʠ ʷʚʣʷʝʪʩʷ ʧʦʢʘʟʘʪʝʣʝʤ ʩʪʘʙʠʣʴʥʦʩʪʠ 
ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ ʪʢʘʯʝʩʪʚʘ. ʅʘ ʢʘʬʝʜʨʝ ʊʝʭʥʦʣʦʛʠʷ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʪʝʢʩʪʠʣʴʥʳʭ 
ʠʟʜʝʣʠʡ ʀɺɻʇʋ ʨʘʟʨʘʙʦʪʘʥʘ ʥʦʚʘʷ ʤʝʪʦʜʠʢʘ ʧʦʜʙʦʨʘ ʧʝʨʝʧʣʝʪʝʥʠʷ ʚ ʧʨʦʜʦʣʴʥʳʭ 
ʧʦʣʦʩʘʭ ʪʢʘʥʠ ʩ ʫʩʣʦʚʠʝʤ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʛʦ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ ʪʢʘʯʝʩʪʚʘ ʠ 
ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʢʘʥʝʡ ʩ ʧʨʦʜʦʣʴʥʳʤʠ ʧʦʣʦʩʘʤʠ. 

ʊʢʘʮʢʠʡ ʥʘʚʦʡ ʚ ʟʦʥʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʢʘʥʠ ʟʘ ʦʜʠʥ ʦʙʦʨʦʪ ʛʣʘʚʥʦʛʦ ʚʘʣʘ, ʪ.ʝ. 
ʟʘ ʦʜʥʫ ʫʪʦʯʥʫʶ ʧʨʦʢʠʜʢʫ ʧʦʜʘʝʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʜʣʠʥʫ ʦʩʥʦʚʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
ʥʘʩʪʨʦʡʢʠ ʪʦʚʘʨʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ. ɽʩʣʠ ʪʢʘʥʴ ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ ʩ ʧʨʦʜʦʣʴʥʳʤʠ 
ʧʦʣʦʩʘʤʠ, ʪʦ ʨʝʛʫʣʷʪʦʨ ʥʘʩʪʨʘʠʚʘʶʪ ʥʘ ʪʦ ʧʝʨʝʧʣʝʪʝʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʙʦʣʴʰʝʝ 
ʢʦʣʠʯʝʩʪʚʦ ʥʠʪʝʡ ʠ ʧʦʜ ʪʫ ʫʨʘʙʦʪʢʫ ʥʠʪʝʡ ʦʩʥʦʚʳ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʶʱʝʡ. 
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ɽʩʣʠ ʜʣʷ ʧʝʨʝʧʣʝʪʝʥʠʷ i-ʦʡ ʧʦʣʦʩʳ ʪʢʘʥʠ ʧʦʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʘʷ ʜʣʠʥʘ ʥʠʪʠ ʯʝʤ ʜʣʷ 
ʧʝʨʝʧʣʝʪʝʥʠʷ ʦʧʨʝʜʝʣʷʶʱʝʡ ʧʦʣʦʩʳ, ʪʦ ʵʪʘ ʧʦʣʦʩʘ ʙʫʜʝʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʩʪʘʙʠʣʴʥʦ 
ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʭʚʘʪʠʪ ʟʘʧʘʩʘ ʜʦʧʫʩʪʠʤʦʡ ʨʘʟʥʠʮʳ (ʚʳʨʘʞʝʥʠʝ (17)[1]) ʚ ʟʥʘʯʝʥʠʷʭ 
ʫʨʘʙʦʪʦʢ ʦʧʨʝʜʝʣʷʶʱʝʡ ʠ i-ʦʡ ʧʦʣʦʩʳ. ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʜʣʷ ʧʝʨʝʧʣʝʪʝʥʠʷ i-ʦʡ ʧʦʣʦʩʳ 
ʪʢʘʥʠ ʧʦʜʘʚʘʝʤʘʷ ʜʣʠʥʘ ʦʩʥʦʚʥʳʤ ʨʝʛʫʣʷʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʝʡ ʯʝʤ ʥʫʞʥʦ, ʪʦ ʥʠʪʠ 
ʦʩʥʦʚʳ ʙʫʜʫʪ ʚʳʭʦʜʠʪʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʪʢʘʥʠ, ʟʘʥʠʤʘʷ ʙʦʣʴʰʠʡ ʦʙʲʝʤ, ʧʨʠ ʵʪʦʤ 
ʫʨʘʙʦʪʢʘ ʫʪʢʘ ʙʫʜʝʪ ʫʤʝʥʴʰʘʪʴʩʷ, ʘ ʧʦʨʷʜʦʢ ʬʘʟʳ ʩʪʨʦʝʥʠʷ ʇʌC ʵʪʦʡ ʧʦʣʦʩʳ ï 
ʫʚʝʣʠʯʠʚʘʪʴʩʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʧʨʦʩ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʦʜʥʦʚʨʝʤʝʥʥʦʡ 
ʚʳʨʘʙʦʪʢʠ ʪʢʘʥʠ ʩ ʨʘʟʥʳʤʠ ʧʨʦʜʦʣʴʥʳʤʠ ʧʦʣʦʩʘʤʠ ʙʫʜʝʪ ʨʝʰʘʪʴʩʷ ʩ ʧʦʟʠʮʠʠ 
ʩʨʘʚʥʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʫʨʘʙʦʪʦʢ ʥʠʪʝʡ ʦʩʥʦʚʳ ʚ ʧʨʦʜʦʣʴʥʳʭ ʧʦʣʦʩʘʭ ʦʪʥʦʩʠʪʝʣʴʥʦ 
ʫʨʘʙʦʪʢʠ ʥʠʪʝʡ ʚ ʧʦʣʦʩʝ, ʦʧʨʝʜʝʣʷʶʱʝʡ ʜʣʠʥʫ ʦʩʥʦʚʥʦʡ ʥʠʪʠ ʧʦʜʘʚʘʝʤʦʡ ʚ ʟʦʥʫ 
ʬʦʨʤʠʨʦʚʘʥʠʷ. 

ʉ ʫʯʝʪʦʤ ʠʟʚʝʩʪʥʦʡ ʬʦʨʤʫʣʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʨʘʙʦʪʢʠ ʥʠʪʝʡ ʚ ʪʢʘʥʠ 
ʟʘʧʠʰʝʤ: 
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ʛʜʝ ʋʈ  - ʧʣʦʪʥʦʩʪʴ ʪʢʘʥʠ ʧʦ ʫʪʢʫ, ʥʠʪ./ʜʤ. 

ʅʘ ʪʢʘʮʢʦʤ ʩʪʘʥʢʝ ʚʝʣʠʯʠʥʘ ʆʅL  ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʚʝʣʠʯʠʥʝ ʧʦʜʘʯʠ 

ʦʩʥʦʚʳ ʦʩʥʦʚʥʳʤ ʨʝʛʫʣʷʪʦʨʦʤ, ʘ ʊʂL  ï ʵʪʦ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʩʦʩʝʜʥʠʭ 

ʫʪʦʯʥʳʭ ʥʠʪʝʡ. 
ʄʝʪʦʜʠʢʘ ʧʦʜʙʦʨʘ ʧʝʨʝʧʣʝʪʝʥʠʷ ʚ ʧʦʣʦʩʘʭ ʪʢʘʥʠ ʩ ʧʨʦʜʦʣʴʥʳʤʠ ʧʦʣʦʩʘʤʠ: 
1. ʧʦ ʚʳʨʘʞʝʥʠʶ (6) [2] ʧʦ ʟʘʧʨʘʚʦʯʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʪʢʘʥʠ ʧʨʦʛʥʦʟʠʨʫʝʪʩʷ 

ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʫʨʘʙʦʪʢʘ ʦʩʥʦʚʥʳʭ ʥʠʪʝʡ ʚ ʧʝʨʚʦʡ ʧʦʣʦʩʝ ʪʢʘʥʠ; 

2. ʧʦ ʚʳʨʘʞʝʥʠʶ (17) [1]ʩ ʫʯʝʪʦʤ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠʩʧʦʣʴʟʫʝʤʦʡ 
ʧʨʷʞʠ ʧʨʦʛʥʦʟʠʨʫʝʪʩʷ ʜʦʧʫʩʪʠʤʘʷ ʚʝʣʠʯʠʥʘ ʨʘʟʥʠʮʳ ʫʨʘʙʦʪʦʢ ʥʠʪʝʡ ʦʩʥʦʚʳ ʚ 
ʧʦʣʦʩʘʭ; 

3. ʧʦ ʚʳʨʘʞʝʥʠʶ (6) [2] ʧʦ ʟʘʧʨʘʚʦʯʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʧʨʦʛʥʦʟʠʨʫʝʪʩʷ 
ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʫʨʘʙʦʪʢʘ ʦʩʥʦʚʥʳʭ ʥʠʪʝʡ ʚ i-ʦʡ ʧʦʣʦʩʝ ʪʢʘʥʠ; 

4. ʧʨʦʚʦʜʠʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ ʫʨʘʙʦʪʦʢ: - ʚ 
ʩʣʫʯʘʝ ʝʩʣʠ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʫʨʘʙʦʪʢʘ i-ʦʡ ʧʦʣʦʩʳ ʙʦʣʴʰʝ ʫʨʘʙʦʪʢʠ ʦʧʨʝʜʝʣʷʶʱʝʡ 
ʧʦʣʦʩʳ, ʪʦ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʝʨʝʧʣʝʪʝʥʠʷ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ 
ʚʳʧʦʣʥʝʥʠʝʤ ʫʩʣʦʚʠʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʟʥʠʮʳ ʤʝʞʜʫ ʵʪʠʤʠ ʫʨʘʙʦʪʢʘʤʠ ʤʝʥʴʰʝʡ ʣʠʙʦ 

ʨʘʚʥʦʡ ʜʦʧʫʩʪʠʤʦʡ ʘD  (ʚʳʨʘʞʝʥʠʝ (17)[1]); ʚ ʦʙʨʘʪʥʦʤ ʩʣʫʯʘʝ ʪʢʘʥʴ ʙʫʜʝʪ 

ʚʳʨʘʙʘʪʳʚʘʪʴʩʷ ʩʪʘʙʠʣʴʥʦ, ʘ ʠʟʣʠʰʝʢ ʜʣʠʥʳ ʧʦʜʘʚʘʝʤʦʡ ʥʠʪʠ ʙʫʜʝʪ ʫʭʦʜʠʪʴ ʥʘ 
ʫʚʝʣʠʯʝʥʠʝ ʚʳʩʦʪʳ ʚʦʣʥʳ ʠʟʛʠʙʘ ʦʩʥʦʚʳ ʠ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʇʌʉ ʪʢʘʥʠ. 

ʈʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ ʚ ʩʨʝʜʝ Microsoft Office Excel ʜʣʷ ʧʦʜʙʦʨʘ 
ʧʝʨʝʧʣʝʪʝʥʠʷ ʚ ʧʨʦʜʦʣʴʥʳʭ ʧʦʣʦʩʘʭ ʩ ʫʯʝʪʦʤ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʛʦ ʧʨʦʪʝʢʘʥʠʷ 
ʧʨʦʮʝʩʩʘ ʪʢʘʯʝʩʪʚʘ.  
 
ʃʀʊɽʈɸʊʋʈɸ 
1. ʊ.ʖ. ʂʘʨʝʚʘ, ʃ.ɺ.ʂʦʞʝʚʥʠʢʦʚʘ, ɸ.ɺ.ɸʚʜʫʩʠʥʘ. ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 
ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʢʘʥʠ ʩ ʨʘʟʥʦʫʨʘʙʘʪʳʚʘʶʱʠʤʠʩʷ ʥʠʪʷʤʠ/ ʀʟʚʝʩʪʠʷ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ 
ʟʘʚʝʜʝʥʠʡ. ʊʝʭʥʦʣʦʛʠʷ ʪʝʢʩʪʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ.ï 2014. ï  ˉ 2. ï ʉ. 56-59. 
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2. ʃ.ɺ. ʂʦʞʝʚʥʠʢʦʚʘ, ʉ.ʆ. ʂʦʞʝʚʥʠʢʦʚ. ɸʥʘʣʠʪʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʫʨʘʙʦʪʢʠ ʦʩʥʦʚʥʳʭ 
ʥʠʪʝʡ ʧʦ ʟʘʧʨʘʚʦʯʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʪʢʘʥʠ ʥʘ ʪʢʘʮʢʦʤ ʩʪʘʥʢʝ / ʌʠʟʠʢʘ ʚʦʣʦʢʥʠʩʪʳʭ 
ʤʘʪʝʨʠʘʣʦʚ: ʩʪʨʫʢʪʫʨʘ, ʩʚʦʡʩʪʚʘ, ʥʘʫʢʦʝʤʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʤʘʪʝʨʠʘʣʳ (SMARTEX-
2016): ʩʙ. ʤʘʪʝʨʠʘʣʦʚ ʍIX ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʬʦʨʫʤʘ, 23ï27 ʤʘʷ 
2016 ʛʦʜʘ. ï ʀʚʘʥʦʚʦ: ʀɺɻʇʋ, 2016. ï ʏ. 1.ïʩ.280-284. 
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ʧʨʦʜʦʣʴʥʳʤʠ ʧʦʣʦʩʘʤʠ ʯʝʨʝʟ ʟʘʧʨʘʚʦʯʥʳʝ ʧʘʨʘʤʝʪʨʳ ʪʢʘʥʠ ʥʘ ʪʢʘʮʢʦʤ ʩʪʘʥʢʝ 

 
ʃ.ɺ. ʂʆɾɽɺʅʀʂʆɺɸ, ʊ.ʖ. ʂɸʈɽɺɸ, ʉ.ʆ. ʂʆɾɽɺʅʀʂʆɺ 

(ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 
 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʨʳʥʢʝ ʪʢʘʥʝʡ ʠ ʪʝʢʩʪʠʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚʩʝ ʙʦʣʴʰʫʶ 

ʧʦʧʫʣʷʨʥʦʩʪʴ ʟʘʥʠʤʘʶʪ ʪʢʘʥʠ ʩ ʨʘʟʥʦʦʙʨʘʟʥʤʠ ʵʬʬʝʢʪʘʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʩʚʷʟʠ ʩ 
ʵʪʠʤ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʡ ʨʘʟʥʠʮʳ ʤʝʞʜʫ ʚʝʣʠʯʠʥʘʤʠ ʫʨʘʙʦʪʦʢ ʥʠʪʝʡ ʦʩʥʦʚʳ 
ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʪʢʘʥʝʡ ʩ ʧʨʦʜʦʣʴʥʳʤʠ ʧʦʣʦʩʘʤʠ, ʢʣʝʪʢʘʤʠ ʠ ʪ.ʜ., ʧʨʠ ʢʦʪʦʨʦʡ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʙʫʜʝʪ ʧʨʦʪʝʢʘʪʴ ʩʪʘʙʠʣʴʥʦ, ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʝʡ ʘʢʪʫʘʣʴʥʦʡ. 

ɼʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ ʫʨʘʙʦʪʢʠ ʥʠʪʝʡ ʦʩʥʦʚʳ ʚ ʣʶʙʦʡ 

ʧʦʣʦʩʝ Oi1O ʘ...ʘ
 ʪʢʘʥʠ (ʛʜʝ 1Oʘ  - ʫʨʘʙʦʪʢʘ ʦʧʨʝʜʝʣʷʶʱʝʡ ʧʦʣʦʩʳ ʪʢʘʥʠ, ʜʣʷ ʢʦʪʦʨʦʡ 

ʙʫʜʝʪ ʧʦʜʙʠʨʘʪʴʩʷ ʫʨʘʙʦʪʢʠ ʥʠʪʝʡ ʚ ʜʨʫʛʠʭ ʧʦʣʦʩʘʭ ʪʢʘʥʠ) ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʚʳʨʘʞʝʥʠʝ (6) [1] ʩ ʫʯʝʪʦʤ ʟʘʤʝʥʳ ʫʨʘʙʦʪʢʠ ʦʩʥʦʚʳ Oʘ, ʜʠʘʤʝʪʨʘ ʦʩʥʦʚʥʳʭ ʥʠʪʝʡ ʆd

, ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʧʦʣʥʝʥʠʷ ʪʢʘʥʠ ʚʦʣʦʢʥʠʩʪʳʤ ʤʘʪʝʨʠʘʣʦʤ ʧʦ ʦʩʥʦʚʝ ʅʆʂ  ʠ 

ʩʨʝʜʥʝʛʦ ʯʠʩʣʘ ʧʝʨʝʩʝʯʝʢ, ʧʨʠʭʦʜʷʱʠʭʩʷ ʥʘ ʥʠʪʴ ʦʩʥʦʚʳ ʆt  ʚ ʬʦʥʝ ʪʢʘʥʠ ʥʘ ʫʨʘʙʦʪʢʫ 

ʦʩʥʦʚʳ Oiʘ , ʜʠʘʤʝʪʨ ʦʩʥʦʚʥʳʭ ʥʠʪʝʡ iʆd , ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʧʝʨʝʩʝʯʝʢ ʆit , ʠ 

ʢʦʵʬʬʠʮʠʝʥʪ ʅʆiʂ  ʚ i-ʦʡ ʧʦʣʦʩʝ ʪʢʘʥʠ.  

ʊʦʛʜʘ ʥʝʨʘʚʝʥʩʪʚʦ ʧʨʦʛʥʦʟʠʨʫʶʱʝʝ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ 
ʪʢʘʯʝʩʪʚʘ ʙʫʜʝʪ ʠʤʝʪʴ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

 

                                               ,ʘʘʘ 1ʆʆi D+¢                                                         (1) 

 

ʛʜʝ ʆiʘ  ï ʧʨʦʛʥʦʟʠʨʫʝʤʘʷ ʫʨʘʙʦʪʢʘ ʥʠʪʝʡ ʦʩʥʦʚʳ ʧʦ ʚʳʨʘʞʝʥʠʶ (6) 
[]1

 ʚ i-ʦʡ ʧʦʣʦʩʝ 

ʪʢʘʥʠ, %; ʘD  ï ʜʦʧʫʩʪʠʤʘʷ ʚʝʣʠʯʠʥʘ ʨʘʟʥʠʮʳ ʟʥʘʯʝʥʠʡ ʫʨʘʙʦʪʦʢ ʥʠʪʝʡ ʦʩʥʦʚʳ ʩ ʫʯʝʪʦʤ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠʩʧʦʣʴʟʫʝʤʦʡ ʧʨʷʞʠ, ʨʘʩʩʯʠʪʳʚʘʝʤʘʷ ʧʦ ʚʳʨʘʞʝʥʠʶ (17) 
[2], %. 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʥʝʨʘʚʝʥʩʪʚʘ (1) ʩʘʤʳʤ ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ 

ʠʟʤʝʥʷʪʴ, ʷʚʣʷʝʪʩʷ ʦʪʥʦʰʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʝʨʝʧʣʝʪʝʥʠʷ Oiʋit/R  i-ʦʡ ʧʦʣʦʩʳ, ʛʜʝ 

ʋiR  - ʨʘʧʧʦʨʪ ʪʢʘʥʠ ʧʦ ʫʪʢʫ ʚ i-ʦʡ ʧʦʣʦʩʝ, Oit  - ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʧʝʨʝʩʝʯʝʢ ʧʦ ʦʩʥʦʚʝ ʚ i-

ʦʡ ʧʦʣʦʩʝ, ʢʦʪʦʨʦʝ ʜʣʷ ʪʢʘʥʠ ʩ ʧʨʦʜʦʣʴʥʳʤʠ ʧʦʣʦʩʘʤʠ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
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ɼʘʥʥʦʝ ʥʝʨʘʚʝʥʩʪʚʦ ʧʦʟʚʦʣʷʝʪ ʧʦʜʙʠʨʘʪʴ ʧʝʨʝʧʣʝʪʝʥʠʷ iïʦʡ ʧʦʣʦʩʳ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʷ ʩʪʘʙʠʣʴʥʦʛʦ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ ʪʢʘʯʝʩʪʚʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, 
ʯʪʦ ʜʣʷ ʪʢʘʥʝʡ ʩ ʧʨʦʜʦʣʴʥʳʤʠ ʧʦʣʦʩʘʤʠ ʥʘ ʨʷʜʫ ʩ ʠʟʤʝʥʝʥʠʝʤ ʧʝʨʝʧʣʝʪʝʥʠʷ ʤʦʞʥʦ 
ʠʟʤʝʥʷʪʴ ʣʠʥʝʡʥʳʝ ʧʣʦʪʥʦʩʪʠ ʦʩʥʦʚʥʳʭ ʥʠʪʝʡ ʚ ʧʦʣʦʩʘʭ ʠ ʧʣʦʪʥʦʩʪʠ ʪʢʘʥʠ ʧʦ ʦʩʥʦʚʝ 
ʚ ʧʦʣʦʩʘʭ. ʅʘ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʪʢʘʥʠ ʩ ʧʨʦʜʦʣʴʥʳʤʠ 
ʧʦʣʦʩʘʤʠ ʤʝʥʷʶʪ ʧʝʨʝʧʣʝʪʝʥʠʝ, ʨʝʞʝ ʧʣʦʪʥʦʩʪʠ ʪʢʘʥʠ ʧʦ ʦʩʥʦʚʝ ʚ ʧʦʣʦʩʘʭ ʠ 
ʣʠʥʝʡʥʳʝ ʧʣʦʪʥʦʩʪʠ ʥʠʪʝʡ ʚ ʩʠʣʫ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʜʛʦʪʦʚʢʠ ʥʠʪʝʡ ʦʩʥʦʚʳ ʢ ʪʢʘʯʝʩʪʚʫ. 

 
ʃʀʊɽʈɸʊʋʈɸ: 
1. ʃ.ɺ. ʂʦʞʝʚʥʠʢʦʚʘ, ʉ.ʆ. ʂʦʞʝʚʥʠʢʦʚ. ɸʥʘʣʠʪʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʫʨʘʙʦʪʢʠ ʦʩʥʦʚʥʳʭ 
ʥʠʪʝʡ ʧʦ ʟʘʧʨʘʚʦʯʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʪʢʘʥʠ ʥʘ ʪʢʘʮʢʦʤ ʩʪʘʥʢʝ / ʌʠʟʠʢʘ ʚʦʣʦʢʥʠʩʪʳʭ 
ʤʘʪʝʨʠʘʣʦʚ: ʩʪʨʫʢʪʫʨʘ, ʩʚʦʡʩʪʚʘ, ʥʘʫʢʦʝʤʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʤʘʪʝʨʠʘʣʳ (SMARTEX-
2016): ʩʙ. ʤʘʪʝʨʠʘʣʦʚ ʍIX ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʬʦʨʫʤʘ, 23ï27 ʤʘʷ 
2016 ʛʦʜʘ. ï ʀʚʘʥʦʚʦ: ʀɺɻʇʋ, 2016. ï ʏ. 1.ïʩ.280-284. 
2. ʊ.ʖ. ʂʘʨʝʚʘ, ʃ.ɺ.ʂʦʞʝʚʥʠʢʦʚʘ, ɸ.ɺ.ɸʚʜʫʩʠʥʘ. ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 
ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʢʘʥʠ ʩ ʨʘʟʥʦʫʨʘʙʘʪʳʚʘʶʱʠʤʠʩʷ ʥʠʪʷʤʠ/ ʀʟʚʝʩʪʠʷ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ 
ʟʘʚʝʜʝʥʠʡ. ʊʝʭʥʦʣʦʛʠʷ ʪʝʢʩʪʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ.ï 2014. ï  ˉ 2. ï ʉ. 56-59. 
 
 
ʋɼʂ 677.027.44 
 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʢʨʘʰʝʥʠʷ ʪʝʢʩʪʠʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʵʥʝʨʛʠʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ 
 

ɸ.ɸ. ʈʆɺɼʆ, ɸ.ʆ. ʂʋʃʔʅɽɺ, ɸ.ɻ. ʂʆɻɸʅ  
(ɺʠʪʝʙʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɹʝʣʘʨʫʩʴ) 

 
ʇʦʣʠʵʬʠʨʥʳʝ ʚʦʣʦʢʥʘ ʦʪʥʦʩʷʪʩʷ ʢ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʤ ʚʦʣʦʢʥʘʤ. ʆʩʥʦʚʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʚʦʣʦʢʦʥ ʷʚʣʷʝʪʩʷ ʥʠʟʢʘʷ ʩʪʝʧʝʥʴ ʚʣʘʛʦʧʦʛʣʦʱʝʥʠʷ ʠ, 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʝʚʳʩʦʢʦʝ ʥʘʙʫʭʘʥʠʝ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ, ʤʘʣʦʝ ʩʦʜʝʨʞʘʥʠʝ 
ʘʢʪʠʚʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ, ʩʧʦʩʦʙʥʳʭ ʦʙʨʘʟʦʚʘʪʴ ʩ ʢʨʘʩʠʪʝʣʝʤ ʭʠʤʠʯʝʩʢʠʝ 
ʩʚʷʟʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʨʦʯʥʳʝ ʦʢʨʘʩʢʠ. 

ʆʩʥʦʚʥʳʤ ʫʩʣʦʚʠʝʤ ʢʨʘʰʝʥʠʷ ʷʚʣʷʝʪʩʷ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʩʦʧʦʩʪʘʚʠʤʦʩʪʴ 
ʨʘʟʤʝʨʦʚ ʧʦʨ ʚʦʣʦʢʥʘ ʠ ʤʦʣʝʢʫʣʳ ʢʨʘʩʠʪʝʣʷ, ʠ ʵʪʦʤʫ ʫʩʣʦʚʠʶ ʦʪʚʝʯʘʝʪ ʢʣʘʩʩ 
ʜʠʩʧʝʨʩʥʳʭ ʢʨʘʩʠʪʝʣʝʡ, ʷʚʣʷʶʱʠʭʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʜʣʷ ʚʩʝʭ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ 
ʚʦʣʦʢʦʥ. 

ʆʜʥʠʤ ʠʟ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʫʪʝʡ ʨʝʰʝʥʠʷ ʚʦʧʨʦʩʘ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ 
ʪʝʭʥʦʣʦʛʠʡ ʧʦʜʛʦʪʦʚʢʠ ʠ ʢʦʣʦʨʠʨʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʢʩʪʠʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 
ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʤʝʪʦʜʦʚ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʦʚ. 
ʇʦʵʪʦʤʫ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʢʨʘʰʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʠʟ 
ʧʦʣʠʵʬʠʨʥʳʭ ʚʦʣʦʢʦʥ ʩ ʥʘʣʦʞʝʥʠʝʤ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʚʦʣʥ. 

ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʫʯʘʩʪʠʝʤ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ 
ʫʣʴʪʨʘʟʚʫʢʦʚʘʷ ʚʘʥʥʘ çʉʘʧʬʠʨè. ɺʘʥʥʘ ʠʟʛʦʪʦʚʣʝʥʘ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ, ʢʦ ʜʥʫ 
ʧʨʠʢʨʝʧʣʝʥʳ ʜʚʘ ʠʩʪʦʯʥʠʢʘ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʚʦʣʥ ʩ ʯʘʩʪʦʪʦʡ ʢʦʣʝʙʘʥʠʡ 35ʢɻʮ. 
ʄʦʱʥʦʩʪʴ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʚʦʟʤʦʞʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʦʪ 0 ʜʦ 99% ʦʪ ʦʙʱʝʡ 
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ʤʦʱʥʦʩʪʠ ʩ ʰʘʛʦʤ 10%. ʋʩʪʨʦʡʩʪʚʦ ʦʙʣʘʜʘʝʪ ʥʘʛʨʝʚʘʪʝʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʠ ʜʘʪʯʠʢʦʤ 
ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʩʨʝʜʳ ʚ ʚʘʥʥʦʡ. 
ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʧʘʨʘʤʝʪʨ ʚʦʟʤʦʞʥʦ ʜʦ 75Áʉ ʩ ʰʘʛʦʤ 1Áʉ. 

 ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʩ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ 
ʧʨʦʮʝʩʩʘ ʢʨʘʰʝʥʠʷ ʧʦʣʠʵʬʠʨʥʳʭ ʚʦʣʦʢʦʥ ʜʠʩʧʝʨʩʥʳʤʠ ʢʨʘʩʠʪʝʣʷʤʠ. ɺ ʢʘʯʝʩʪʚʝ 
ʢʨʘʩʠʪʝʣʷ ʙʳʣ ʚʳʙʨʘʥ ʜʠʩʧʝʨʩʥʳʡ ʘʣʳʡ. 

ʎʝʣʴʶ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʦ ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ ʪʨʘʜʠʮʠʦʥʥʳʤ 
ʩʧʦʩʦʙʦʤ ʧʦʣʠʵʬʠʨʥʳʭ ʚʦʣʦʢʦʥ, ʧʫʪʝʤ ʦʟʚʫʯʠʚʘʥʠʷ (ʧʝʨʝʤʝʰʠʚʘʥʠʷ) ʨʘʩʪʚʦʨʘ ʋɿ 
ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʢʨʘʰʝʥʠʝʤ, ʟʘʪʝʤ ʦʙʨʘʟʝʮ ʦʢʨʘʰʠʚʘʣʩʷ ʧʦ ʪʨʘʜʠʮʠʦʥʥʦʡ 
ʪʝʭʥʦʣʦʛʠʠ, ʥʦ ʩ ʩʦʢʨʘʱʝʥʠʝʤ ʚʨʝʤʝʥʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʫʜʘʣʦʩʴ ʜʦʙʠʪʴʩʷ ʨʝʟʫʣʴʪʘʪʘ 
ʩʦʧʦʩʪʘʚʠʤʦʛʦ ʪʨʘʜʠʮʠʦʥʥʦʤʫ ʩʧʦʩʦʙʫ ʧʨʠ 30 ʤʠʥʫʪʘʭ ʦʙʨʘʙʦʪʢʠ ʧʦʩʣʝ ʦʟʚʫʯʠʚʘʥʠʷ 
ʢʨʘʩʠʪʝʣʷ ʚ ʋɿ ʧʦʣʝ, ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʧʨʝʙʳʚʘʥʠʠ ʦʙʨʘʟʮʘ ʚ ʢʨʘʩʠʣʴʥʦʤ ʨʘʩʪʚʦʨʝ 
ʫʜʘʣʦʩʴ ʜʦʙʠʪʴʩʷ ʥʘʩʳʱʝʥʥʦʛʦ ʮʚʝʪʘ ʦʢʨʘʩʘ ʤʘʪʝʨʠʘʣʘ. 

 
 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʢʨʘʰʝʥʠʷ ʧʦʣʠʵʬʠʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ 
 

ɼʣʷ ʦʮʝʥʢʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʦʢʨʘʩʦʢ ʙʳʣ ʧʦʜʛʦʪʦʚʣʝʥ ʦʙʨʘʟʝʮ, 
ʦʢʨʘʰʝʥʥʳʡ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʪʝʭʥʦʣʦʛʠʠ.  

 

 ʉ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʚʝʜʝʥʳ ʨʷʜ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ 
ʧʦʜʙʦʨʫ ʨʝʞʠʤʦʚ ʦʟʚʫʯʠʚʘʥʠʷ ʢʨʘʩʠʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʋɿ ʧʦʣʝ ʧʦ ʩʣʝʜʫʶʱʠʤ 
ʬʘʢʪʦʨʘʤ: 

ï ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʩʪʚʦʨʘ 40 Áʉ ʠ 70 Áʉ; 
ï ʤʦʱʥʦʩʪʴ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ 50ɺʪ ʠ 100ɺʪ; 
ï ʚʨʝʤʷ ʚʦʟʜʝʡʩʪʚʠʷ ʫʣʴʪʨʘʟʚʫʢʘ ʥʘ ʨʘʩʪʚʦʨ ʢʨʘʩʠʪʝʣʷ 5 ʤʠʥ ʠ 10 ʤʠʥ. 
ʋʩʪʦʡʯʠʚʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʦʢʨʘʩʦʢ ʦʮʝʥʠʚʘʣʘʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 

97733.4ï83 çʄʘʪʝʨʠʘʣʳ ʪʝʢʩʪʠʣʴʥʳʝ. ʄʝʪʦʜʳ ʠʩʧʳʪʘʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʢʨʘʩʢʠ ʢ 
ʩʪʠʨʢʘʤè ʠ ɻʆʉʊ 97733.4ï83 çʄʘʪʝʨʠʘʣʳ ʪʝʢʩʪʠʣʴʥʳʝ. ʄʝʪʦʜʳ ʠʩʧʳʪʘʥʠʡ 
ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʢʨʘʩʢʠ ʢ ʪʨʝʥʠʶè.  

ɺʳʚʦʜ: ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʢʨʘʰʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʠʟ 
ʧʦʣʠʵʬʠʨʥʳʭ ʚʦʣʦʢʦʥ ʜʠʩʧʝʨʩʥʳʤ ʢʨʘʩʠʪʝʣʝʤ. ʇʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʢʨʘʰʝʥʠʷ 
ʦʟʚʫʯʝʥʥʳʤ ʢʨʘʩʠʣʴʥʳʤ ʨʘʩʪʚʦʨʦʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʨʘʰʝʥʠʷ, 
ʫʤʝʥʴʰʠʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠ ʩʦʭʨʘʥʠʪʴ ʚʳʩʦʢʫʶ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʠ ʛʣʫʙʠʥʫ ʦʢʨʘʩʘ. 
ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʟʚʫʯʠʚʘʥʠʝ ʢʨʘʩʠʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ 
ʧʨʦʮʝʩʩʦʤ ʢʨʘʰʝʥʠʷ ʧʦʚʳʰʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʢʨʘʩʢʠ ʢ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ 
ʚʦʟʜʝʡʩʪʚʠʷʤ: ʩʪʠʨʢʘʤ, ʩʫʭʦʤʫ ʠ ʤʦʢʨʦʤʫ ʪʨʝʥʠʶ. ʇʨʠ ʵʪʦʤ, ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ 
ʨʝʞʠʤ ʦʟʚʫʯʠʚʘʥʠʷ ʨʘʩʪʚʦʨʘ.  

 
ʃʀʊɽʈɸʊʋʈɸ 
1. ʂʦʚʪʫʥ ʃ. ɻ. ʍʠʤʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʦʪʜʝʣʢʠ ʪʨʠʢʦʪʘʞʥʳʭ ʠʟʜʝʣʠʡ: ʋʯʝʙ. ʜʣʷ ʚʫʟʦʚ - 
ʄ.: ʃʝʛʧʨʦʤʙʳʪʠʟʜʘʪ, 1989ʛ. - 232ʩ. 
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ʋɼʂ 677.051.16.522 
 

ʀʟʤʝʨʝʥʠʝ ʨʝʟʦʥʘʥʩʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤ 
ʚʦʣʦʯʠʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ 

 
ɸ.ɺ. ɹɽʃʗɽɺ, ʖ.ɺ. ʅʆɺʀʂʆɺ, ɺ.ʖ. ʅʆɺʀʂʆɺ 

(ɺʠʪʝʙʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɹʝʣʘʨʫʩʴ) 
 
ɺ ʢʘʯʝʩʪʚʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʨʝʟʦʥʘʥʩʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʚʦʣʦʯʝʥʠʷ ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʝʜʥʦ-ʩʝʨʝʙʨʷʥʦʡ ʧʨʦʚʦʣʦʢʠ 
ʤʝʜʠʮʠʥʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʀʩʧʦʣʴʟʫʝʪʩʷ: ʩʪʫʧʝʥʯʘʪʳʡ ʢʦʥʮʝʥʪʨʘʪʦʨ ʩ ʨʝʟʴʙʦʚʦʡ 
ʬʠʢʩʘʮʠʝʡ ʚʦʣʦʢʠ. ʀʩʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ: ʨʝʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ f = 18 
ʢɻʮ, ʤʘʪʝʨʠʘʣ ʥʝʨʞʘʚʝʶʱʘʷ ʩʪʘʣʴ: ʧʣʦʪʥʦʩʪʴ ï 7800 ʢʛ/ʤ3; ʤʦʜʫʣʴ ʖʥʛʘ ï 2,1ʭ1011 
ʇʘ; ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ ï 0,30. 

ʇʨʦʜʦʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ ʦʧʠʩʳʚʘʣʠ ʚʦʣʥʦʚʳʤ ʫʨʘʚʥʝʥʠʝʤ [2]: 

                                            , 
(1) 

ʛʜʝ  ï ʘʤʧʣʠʪʫʜʘ ʧʨʦʜʦʣʴʥʳʭ ʩʤʝʱʝʥʠʡ, ʤ;  ï ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ 

ʩʝʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʪʦʨʘ, ʤ
2
;  ï ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʫʧʨʫʛʦʡ ʚʦʣʥʳ ʚ ʤʘʪʝʨʠʘʣʝ, 

ʤ/ʩ;  ï ʚʦʣʥʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʚʦʣʥʦʚʦʜʘ, ʢʛ/ʤ
2
Ŀʩ. 

ʈʘʩʯʝʪ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʧʨʦʚʦʜʠʣʩʷ ʜʣʷ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʧʨʦʮʝʩʩʘ, 
ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʚ ʚʠʜʝ ʦʙʱʠʭ ʚʳʨʘʞʝʥʠʡ, ʜʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʠʣ ʠ ʩʢʦʨʦʩʪʝʡ 
ʚ ʨʘʟʣʠʯʥʳʭ ʪʦʯʢʘʭ ʵʪʦʡ ʩʠʩʪʝʤʳ [2]: 

                                           , 
(2) 

ʛʜʝ  (ʅ) ʠ  (ʤ/ʩ) ʩʠʣʘ ʠ ʩʢʦʨʦʩʪʴ (ʩ ʠʥʜʝʢʩʦʤ m ï ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʭ ʦʪ 

ʢʦʥʮʘ ʩʠʩʪʝʤʳ, ʩ ʠʥʜʝʢʩʦʤ ml ï ʥʘ ʢʦʥʮʝ ʩʠʩʪʝʤʳ);  ï ʧʦʩʪʦʷʥʥʘʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, 

ʤ
-1
. 

ʄʦʜʘʣʴʥʳʡ ʘʥʘʣʠʟ ʚ CAE-ʩʠʩʪʝʤʝ ANSYS ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʧʦʟʚʦʣʷʶʪ 
ʧʦʣʫʯʘʪʴ ʩʭʦʞʠʝ ʟʥʘʯʝʥʠʷ ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʦʪ ʩ ʦʪʣʠʯʠʝʤ ʚ 0,6 ï 2,3 % 
ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʩʠʣʝʥʠʷ ʚ 4,6 ï 4,9 % ʦʪ ʨʝʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ, ʢʦʛʜʘ ʯʠʩʣʝʥʥʦ-
ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʜʘʝʪ ʧʦʛʨʝʰʥʦʩʪʴ ʚ 1,1 ï 4,7 % ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʦʪ, ʠ 4,7 ï 11 % 
ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʩʠʣʝʥʠʷ. 

ɺʳʧʦʣʥʝʥ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʦʙʟʦʨ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚʠʜʦʚ 
ʠʩʧʦʣʥʝʥʠʷ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤ. ɺʳʧʦʣʥʝʥ ʯʠʩʣʝʥʥʦ-
ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤ. ʇʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ 
ʨʝʟʦʥʘʥʩʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʩʣʝʜʫʝʤʳʭ ʚʦʣʥʦʚʦʜʦʚ ʥʘ ʵʪʘʧʝ ʠʭ ʘʥʘʣʠʟʘ ʚ CAE-
ʩʠʩʪʝʤʝ ANSYS. ʀʟʤʝʨʝʥʳ ʨʝʟʦʥʘʥʩʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʘʢʫʩʪʠʯʝʩʢʠʭ 
ʩʠʩʪʝʤ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʫʣʴʪʨʘʟʚʫʢʦʚʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ. 
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ʀʟʤʝʨʝʥʠʝ ʫʩʠʣʠʡ ʚʦʣʦʯʝʥʠʷ ʧʨʦʚʦʣʦʢʠ ʥʠʢʝʣʠʜʘ ʪʠʪʘʥʘ ʩ ʥʘʥʝʩʝʥʥʳʤ 
ʩʣʦʝʤ ʥʠʪʨʠʜʘ ʪʠʪʘʥʘ 

 
ɸ.ɺ. ɹɽʃʗɽɺ, ʖ.ɺ. ʅʆɺʀʂʆɺ, ɺ.ʖ. ʅʆɺʀʂʆɺ  

(ɺʠʪʝʙʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɹʝʣʘʨʫʩʴ)  

 
ʉʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʥʠʢʝʣʠʜʘ ʪʠʪʘʥʘ (TiNi) ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ ʤʝʜʠʮʠʥʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʆʩʥʦʚʥʳʤ ʧʨʝʧʷʪʩʪʚʠʝʤ ʜʣʷ ʤʘʩʩʦʚʦʛʦ 
ʚʥʝʜʨʝʥʠʷ ʥʠʢʝʣʠʜʘ ʪʠʪʘʥʘ ʷʚʣʷʝʪʩʷ ʚʳʭʦʜ ʠʟ ʤʘʪʝʨʠʘʣʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʠʦʥʦʚ 
ʥʠʢʝʣʷ (Ni), ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ ʪʦʢʩʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ [1,2,3]. ʋʤʝʥʴʰʠʪʴ ʜʠʬʬʫʟʠʶ 
ʠʦʥʦʚ ʤʝʪʘʣʣʘ  ʤʦʞʥʦ ʟʘ ʩʯʝʪ ʥʘʥʝʩʝʥʠʷ ʙʘʨʴʝʨʥʦʛʦ ʩʣʦʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʩʧʣʘʚʘ 
ʤʝʪʦʜʦʤ ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʦʛʦ ʦʩʘʞʜʝʥʠʷ [4]. ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 
ʫʤʝʥʴʰʝʥʠʝ ʫʩʠʣʠʡ ʚʦʣʦʯʝʥʠʷ ʧʨʦʚʦʣʦʢʠ ʥʠʢʝʣʠʜʘ ʪʠʪʘʥʘ ʩ ʥʘʥʝʩʝʥʥʳʤ ʩʣʦʝʤ 
ʥʠʪʨʠʜʘ ʪʠʪʘʥʘ. 

ʀʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʚʦʣʦʢʫ TiNi ʵʢʚʠʘʪʦʤʥʦʛʦ ʩʦʩʪʘʚʘ ʜʠʘʤʝʪʨʦʤ 0,6 ʤʤ. 
ʇʦʢʨʳʪʠʷ ʠʟ ʥʠʪʨʠʜʘ ʪʠʪʘʥʘ ʥʘʥʦʩʠʣʠ ʤʝʪʦʜʦʤ ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʦʛʦ ʦʩʘʞʜʝʥʠʷ. 
ʆʙʨʘʟʮʳ ʧʦʜʚʝʨʛʘʣʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʯʠʩʪʢʝ ʚ ʩʨʝʜʝ ʅʝʬʨʘʩ ʉ2ï80/120. ʅʘʥʝʩʝʥʠʝ 
TiN ʧʦʢʨʳʪʠʡ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ, ʢʦʛʜʘ  ʪʦʢ ʜʫʛʠ ʩʦʩʪʘʚʣʷʣ ʦʢʦʣʦ 110 ɸ, ʥʘʧʨʷʞʝʥʠʝ 
ʩʤʝʱʝʥʠʷ ʥʘ ʧʦʜʣʦʞʢʝ 100 ɺ, ʜʘʚʣʝʥʠʝ ʘʟʦʪʘ 0,3 ʇʘ. ɺʨʝʤʷ ʥʘʧʳʣʝʥʠʷ ʦʢʦʣʦ 15 
ʤʠʥʫʪ ʩʦʟʜʘʚʘʣʦ ʪʦʣʱʠʥʫ ʩʣʦʷ 0,8õ1 ʤʢʤ.  

 

 
ʈʠʩ. 1 ï ɼʠʘʛʨʘʤʤʳ ʨʘʩʪʷʞʝʥʠʷ TiNi ʧʨʦʚʦʣʦʢʠ: 1 ï ʚ ʫʩʣʦʚʠʷʭ ʧʦʩʪʘʚʢʠ; 2 ï ʩ TiN 
ʧʦʢʨʳʪʠʝʤ; 3 ï ʧʦʩʣʝ ʨʝʢʨʠʩʪʘʣʠʟʘʮʠʦʥʥʦʛʦ ʦʪʞʠʛʘ; 4 ï ʩ TiN ʧʦʢʨʳʪʠʝʤ ʧʦʩʣʝ 

ʨʝʢʨʠʩʪʘʣʠʟʘʮʠʦʥʥʦʛʦ ʦʪʞʠʛʘ 
 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʧʦʢʨʳʪʠʷ ʠʟ TiN ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ  
ʥʠʢʝʣʠʜʘ ʪʠʪʘʥʘ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʩʚʦʡʩʪʚ ʦʩʥʦʚʳ, ʚʳʨʘʞʘʶʱʝʝʩʷ ʚ 



45 

ʫʤʝʥʴʰʝʥʠʠ ʚʝʣʠʯʠʥʳ ʬʘʟʦʚʦʛʦ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʩ 400 ʄʇʘ ʜʦ 350 ʄʇʘ (ʨʠʩ. 1). 
ʇʨʠ ʵʪʦʤ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʦʙʨʘʟʮʘ ʩ ʧʦʢʨʳʪʠʝʤ (ʨʠʩ. 1, ʢʨʠʚʘʷ 2) ʚʳʰʝ ʧʦ 
ʩʨʘʚʥʝʥʠʶ ʩ TiNi ʧʨʦʚʦʣʦʢʦʡ ʚ ʫʩʣʦʚʠʷʭ ʧʦʩʪʘʚʢʠ (ʨʠʩ. 1, ʢʨʠʚʘʷ 1). 

ʅʘ ʦʩʥʦʚʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʚʦʣʦʯʝʥʠʷ TiNi ʧʨʦʚʦʣʦʢʠ ʧʦʩʣʝ ʦʪʞʠʛʘ,  ʩ 
ʦʩʘʞʜʝʥʥʳʤ TiN ʩʣʦʝʤ, ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʫʩʠʣʠʷ ʚʦʣʦʯʝʥʠʷ ʤʝʥʴʰʝ ʫ ʦʙʨʘʟʮʦʚ ʙʝʟ 
ʥʘʥʝʩʝʥʥʦʛʦ ʩʣʦʷ. ʇʨʠʩʫʪʩʪʚʠʝ ʤʘʩʣʷʥʦʡ ʧʣʝʥʢʠ ʩʥʠʞʘʝʪ ʫʩʠʣʠʝ ʚʦʣʦʯʝʥʠʷ ʜʣʷ 
ʦʙʨʘʟʮʦʚ ʩ ʥʘʥʝʩʝʥʥʳʤ ʩʣʦʝʤ, ʥʘʠʣʫʯhʠʡ ʵʬʬʝʢʪ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʦʙʞʘʪʠʠ ï 25 %. 
 
ʃʀʊɽʈɸʊʋʈɸ 
1. Ryhanen J. // Minimally Invasive Therapy & Allied Technologies. ï 2000. ï Vol. 9. ï P. 99-
107. 
2. ɻʶʥʪʝʨ ɺ.ʕ., ʄʠʨʛʘʟʠʟʦʚ ʄ.ɿ. // ʈʦʩʩʠʡʩʢʠʡ ʚʝʩʪʥʠʢ ʜʝʥʪʘʣʴʥʦʡ ʠʤʧʣʘʥʪʦʣʦʛʠʠ. ï 
2004. ï ˉ 1. ï ʉ. 52-56. 
3. ʃʦʪʢʦʚ ɸ.ʀ., ʄʝʡʩʥʝʨ ʃ.ʃ., ɻʨʠʰʢʦʚ ɺ.ʅ. // ʌʄʄ. ï 2005. ï ʊ. 99, ˉ 5. ï ʉ. 66-78. 
4. Yongqing Fu, Hejun Du, Sam Zhang. // Surface and Coatings Technology. ï 2003. ï Vol. 
167. ï P. 129-136 
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ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʥʘʤʦʪʢʠ ʧʨʷʞʠ ʥʘ ʪʢʘʮʢʦʤ ʥʘʚʦʝ ʠ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʧʠʨʘʣʠ ʥʘʤʦʪʢʠ 
 

ʂ. ʉ. ʇʃʀʉ, ʀ.ʉ. ɹɸʈɸɹɸʅʑʀʂʆɺɸ 
(ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 

 
ɺ ʩʚʷʟʠ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʪʢʘʯʝʩʪʚʘ ʠ ʣʠʢʚʠʜʘʮʠʠ 

ʦʪʭʦʜʦʚ ʧʨʷʞʠ ʠʟ-ʟʘ ʥʝʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʩʭʦʜʘ ʦʩʥʦʚ ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʜʚʫʭʥʘʚʦʡʥʳʭ 
ʪʢʘʮʢʠʭ ʩʪʘʥʢʘʭ ʉʊɹ ʦʩʪʨʦ ʩʪʦʠʪ ʧʨʦʙʣʝʤʘ ʧʦʣʫʯʝʥʠʷ ʠʜʝʥʪʠʯʥʳʭ ʪʢʘʮʢʠʭ ʥʘʚʦʝʚ.  

ʅʘʤʠ ʨʘʩʩʤʦʪʨʝʥ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʧʦʣʫʯʝʥʠʶ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʧʠʨʘʣʠ ʥʘʤʦʪʢʠ ʠ 
ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʘʤʦʪʢʠ ʚ ʮʝʣʦʤ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʠʟʚʝʩʪʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 
ʤʦʜʝʣʝʡ [1] ʚ ʝʝ ʦʩʥʦʚʫ ʧʦʣʦʞʝʥʘ ʥʝ ʜʠʥʘʤʠʯʝʩʢʘ  ̫ʩʧʠʨʘʣʴ, ʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʟʘʜʘʥʥʳʡ ʟʘʢʦʥ )( rg=g  ʠʟʤʝʥʝʥʠʷ ʩʨʝʜʥʝʡ ʫʜʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ g ʥʘʤʦʪʢʠ ʧʦ 

ʨʘʜʠʫʩʫ ʧʘʢʦʚʢʠ. ʇʦʣʫʯʝʥ rʫʩʣʦʚʠʷ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʥʘʤʘʪʳʚʘʥʠʷ ʨʘʟʥʳʭ 

ʪʢʘʮʢʠʭ ʥʘʚʦʝʚ ʦʜʠʥʘʢʦʚʦʛʦ ʟʘʢʦʥʘ )( rg=g . 

ʇʨʠ ʨʝʰʝʥʠʠ ʵʪʦʡ ʟʘʜʘʯʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦʣʫʯʝʥʥʫʶ ʚ [2] ʚʟʘʠʤʦʩʚʷʟʴ 

ʧʦʩʣʦʡʥʦʡ )(Φrg  ʧʣʦʪʥʦʩʪʠ ʥʘʤʦʪʢʠ ʩ ʠʥʪʝʛʨʘʣʴʥʦʡ (ʩʨʝʜʥʝʡ) ʧʣʦʪʥʦʩʪʴʶ: 

                                     
r

g
Ö

r

-r
+rg=rg

d

d

2

r
)()(

2
0

2

Φ                                        (1) 

ʠ ʬʦʨʤʫʣʫ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʣʱʠʥʳ Φd  ʩʣʦʷ ʥʠʪʝʡ, ʥʘʤʦʪʘʥʥʳʭ ʟʘ ʦʜʠʥ ʦʙʦʨʦʪ 

ʧʘʢʦʚʢʠ [3]: 

)ͺ10/()ͼ01,01(́m Φ
5

ΖΡ0Φ g+=d
,                              (2) 

http://comms.informahealthcare.com/journals/minimally-invasive-therapy-allied-technologies/
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ʛʜʝ Ρ0 T,m - ʯʠʩʣʦ ʥʠʪʝʡ ʥʘ ʪʢʘʮʢʦʤ ʥʘʚʦʝ ʠ ʣʠʥʝʡʥʘʷ ʧʣʦʪʥʦʩʪʴ ʤʷʛʢʦʡ ʧʨʷʞʠ, ʪʝʢʩ; 

H,r0 - ʨʘʜʠʫʩ ʩʪʚʦʣʘ ʠ ʨʘʩʩʘʜʢʘ ʬʣʘʥʮʝʚ ʪʢʘʮʢʦʛʦ ʥʘʚʦʷ, ʩʤ; Ζͼ - ʚʠʜʠʤʳʡ ʧʨʠʢʣʝʡ 

ʰʣʠʭʪʦʚʘʥʥʦʡ ʧʨʷʞʠ, %. 

ʊʘʢ ʢʘʢ cdn/d d=r , ʩ ʫʯʝʪʦʤ (2) ʧʦʣʫʯʠʣʠ: 

                                             )ͺ10/()ͼ01,01(Tm
dn

d
Φ

5
ΖΡ0 g+=

r
.                              (3) 

ʊʝʢʫʘɦ  ̫ ʜʣʠʥʘ L ʥʘʤʦʪʘʥʥʳʭ ʥʘ ʪʢʘʮʢʠʡ ʥʘʚʦʡ ʥʠʪʝʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ 

dn2dL ÖrÖp= . ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʩʶʜʘ ʠʟ (3) ʚʳʨʘʞʝʥʠʷ ʜʣʷ dn  ʥʘʰʣʠ: 

                          rÖrrg
+

Öp
= d)(

)ͼ01,01(́m

ͺ102
dL Φ

ΖΡ0

3

.                                  (4) 

ɺʭʦʜʷʱʠʝ ʚ ʧʦʣʫʯʝʥʥʳʝ ʚʳʨʘʞʝʥʠʷ ʚʝʣʠʯʠʥʳ L,r  ʠ g ʠʤʝʶʪ ʨʘʟʤʝʨʥʦʩʪʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʤ, ʤ ʠ ʛ/ʩʤ
3
. 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ (1), (3), (4) ʠ ʬʦʨʤʫʣʘ (2) ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ 
ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʥʘʤʦʪʢʠ ʧʨʷʞʠ ʥʘ ʪʢʘʮʢʦʤ ʥʘʚʦʝ [3]. ɺʩʝ 
ʝʝ ʧʝʨʝʤʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʚ ʤʦʤʝʥʪ ʫʢʣʘʜʢʠ ʥʠʪʝʡ ʥʘ ʪʝʢʫʱʫʶ 
ʦʪʢʨʳʪʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʥʘʤʘʪʳʚʘʥʠʷ ʨʘʜʠʫʩʘ r. ʆʧʨʝʜʝʣʠʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦ 

ʠʟʤʝʨʝʥʠʷʤ ʪʝʢʫʱʝʡ ʜʣʠʥʳ ʥʠʪʝʡ ʠ ʨʘʜʠʫʩʘ ʥʘʤʦʪʢʠ ʚ ʧʨʦʮʝʩʩʝ ʥʘʤʘʪʳʚʘʥʠʷ ʥʘʚʦʷ 

ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ )( rg=g , ʩʦʛʣʘʩʥʦ (1) ʤʦʞʥʦ ʥʘʡʪʠ ʬʫʥʢʮʠʶ )(ΦΦ rg=g , ʘ ʧʦ 

ʬʦʨʤʫʣʝ (2) ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʷʤ (3) ʠ (4) ʧʨʠ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

0r=r , 0n=  ʠ 0L=  ʣʝʛʢʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ )(ΦΦ rd=d , 

)(nn r=  ʠ )(LL r= .  

ʇʦʣʫʯʝʥʥʳʝ ʧʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʠʥʘʤʠʯʝʩʢʘʷ ʩʧʠʨʘʣʴ ʥʘʤʦʪʢʠ 

)(nn r=  ʠ ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʶʪ ʧʦʩʣʦʡʥʫʶ )(Φrg  ʠ 

ʠʥʪʝʛʨʘʣʴʥʫʶ )( rg  ʫʜʝʣʴʥʳʝ  ʧʣʦʪʥʦʩʪʠ ʥʘʤʦʪʢʠ. ʇʦʵʪʦʤʫ ʧʫʪʝʤ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʚ 

ʧʨʦʮʝʩʩʝ ʥʘʤʘʪʳʚʘʥʠʷ ʥʘʚʦʝʚ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʧʠʨʘʣʠ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ 
ʠʜʝʥʪʠʯʥʳʝ ʧʦ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʪʢʘʮʢʠʝ ʥʘʚʦʠ. 
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ʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʥʝʤʫ ʧʨʝʜʲʷʚʣʷʝʤʳʝ 
 

ʖ.ʇ. ɻʈʀɼɸʉʆɺɸ, ɻ.ɺ. ɹɸʐʂʆɺɸ  
(ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 

 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ ʧʦʷʚʠʣʠʩʴ ʧʝʨʩʧʝʢʪʠʚʥʳʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʪʝʢʩʪʠʣʴʥʳʝ ʧʦʣʦʪʥʘ: ʙʘʨʴʝʨʥʳʝ (ʧʨʦʪʠʚ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, 
ʞʠʜʢʦʩʪʠ, ʭʠʤʠʢʘʣʠʡ); ʪʨʝʭʤʝʨʥʳʝ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʨʘʩʧʦʨʯʘʪʳʝ), 
ʘʥʪʠʤʠʢʨʦʙʥʳʝ ʠʣʠ ʙʘʢʪʝʨʠʦʩʪʘʪʠʯʝʩʢʠʝ; ʢʨʦʚʝ- ʠ ʚʦʜʦʦʪʪʘʣʢʠʚʘʶʱʠʝ; 
ʚʳʩʦʢʦʩʦʨʙʮʠʦʥʥʳʝ ʠ ʚʳʩʦʢʦʢʘʧʠʣʣʷʨʥʳʝ. 

ʆʩʥʦʚʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʨʘʩʧʦʨʯʘʪʦʛʦ ʪʨʠʢʦʪʘʞʘ ʷʚʣʷʶʪʩʷ 
ʚʦʟʜʫʭʦʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʧʦʛʣʦʱʝʥʠʝ ʵʥʝʨʛʠʠ, ʧʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ, ʠʟʦʣʷʮʠʷ, 
ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʷ, ʭʦʨʦʰʝʝ ʚʣʘʛʦʧʦʛʣʦʱʝʥʠʝ, ʚʦʟʤʦʞʥʦʩʪʴ ʚʪʦʨʠʯʥʦʡ 
ʧʝʨʝʨʘʙʦʪʢʠ. ʕʪʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʜʝʣʘʶʪ ʨʘʩʧʦʨʯʘʪʳʡ ʪʨʠʢʦʪʘʞ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ 
ʜʣʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʧʨʠʤʝʥʝʥʠʷ: ʚ ʤʝʜʠʮʠʥʝ, ʩʨʝʜʩʪʚʘʭ ʛʠʛʠʝʥʳ ʧʨʠ ʚʳʭʘʞʠʚʘʥʠʠ 
ʤʘʣʦʧʦʜʚʠʞʥʳʭ ʙʦʣʴʥʳʭ, ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʠ ʜʨʫʛʠʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʛʝʦʪʝʢʩʪʠʣʷ, 
ʛʨʘʞʜʘʥʩʢʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʩʧʦʨʪʘ ʠ ʦʪʜʳʭʘ, ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, 
ʬʠʣʴʪʨʘʮʠʠ, ʦʯʠʩʪʢʠ, ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʟʘʱʠʪʳ.  

ʀʟ-ʟʘ ʦʩʦʙʳʭ ʩʚʦʡʩʪʚ ʨʘʩʧʦʨʯʘʪʦʛʦ ʪʨʠʢʦʪʘʞʘ, ʪʘʢʠʭ ʢʘʢ ʧʦʛʣʦʱʝʥʠʝ 
ʵʢʩʩʫʜʘʪʦʚ,  ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʪʝʧʣʘ ʠ ʚʣʘʛʠ, ʦʧʪʠʤʘʣʴʥʳʡ ʘʤʦʨʪʠʟʠʨʫʶʱʠʡ ʵʬʬʝʢʪ 
ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʨʘʟʜʨʘʞʘʶʱʝ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʢʦʞʫ ʝʛʦ ʧʨʠʤʝʥʷʶʪ ʚ 
ʪʝʢʩʪʠʣʴʥʳʭ ʠʟʜʝʣʠʷʭ ʣʝʯʝʙʥʦʛʦ ʠ ʛʠʛʠʝʥʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 
ʪʨʠʢʦʪʘʞ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʬʠʢʩʠʨʫʶʱʠʭ ʧʦʚʷʟʦʢ ʜʣʷ ʣʝʯʝʥʠʷ ʦʪʝʢʦʚ ʠ 
ʦʧʫʭʦʣʝʡ,  ʦʨʪʦʧʝʜʠʯʝʩʢʠʭ ʦʨʪʝʟʦʚ, ʦʙʠʚʢʠ ʤʘʪʨʘʩʦʚ ʜʣʷ ʙʦʣʴʥʠʯʥʳʭ ʢʦʝʢ ʧʨʠ 
ʣʝʯʝʥʠʠ ʠ ʧʨʦʬʠʣʘʢʪʠʢʠ ʷʟʚ ʠ ʧʨʦʣʝʞʥʝʡ ʫ ʙʦʣʴʥʳʭ ʩ ʦʛʨʘʥʠʯʝʥʥʦʡ ʜʚʠʛʘʪʝʣʴʥʦʡ 
ʘʢʪʠʚʥʦʩʪʴʶ, ʦʨʪʦʧʝʜʠʯʝʩʢʠʝ ʠʤʧʣʘʥʪʘʪʳ ʩ ʧʦʢʨʳʪʠʝʤ.  

ɺʥʝʰʥʠʡ ʩʣʦʡ ʛʦʩʧʠʪʘʣʴʥʳʭ ʤʘʪʨʘʩʦʚ, ʢʘʢ ʠ ʧʨʦʪʠʚʦʧʨʦʣʝʞʥʝʚʘʷ ʧʦʜʩʪʠʣʢʘ 
ʜʦʣʞʥ r ʩʦʭʨʘʥʷʪʴ ʢʦʞʫ ʩʫʭʦʡ, ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʝʨʝʤʝʥʥʦʝ ʜʘʚʣʝʥʠʝ ʥʘ ʦʪʜʝʣʴʥʳʝ 
ʫʯʘʩʪʢʠ ʢʦʞʠ. ʇʨʠ ʵʪʦʤ ʚʣʘʛʘ ʦʪ ʢʦʞʥʦʛʦ ʜʳʭʘʥʠʷ ʠ ʞʠʜʢʦʩʪʴ ʜʦʣʞʥʳ ʙʳʩʪʨʦ 
ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʪʴʩʷ ʚ ʦʙʲʝʤ ʧʦʜʣʦʞʢʠ ʠ ʥʝ ʧʨʦʭʦʜʠʪʴ ʚʦ ʚʥʝʰʥʶʶ ʩʨʝʜʫ. 
ɾʝʣʘʪʝʣʴʥʦ, ʯʪʦʙʳ ʠʟʜʝʣʠʝ ʠʤʝʣʦ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ ʠ 
ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʧʦʜʘʚʣʝʥʠʶ ʨʘʟʚʠʪʠʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʊʝʢʩʪʠʣʴʥʦʝ ʧʦʣʦʪʥʦ, 
ʠʩʧʦʣʴʟʫʝʤʦʝ ʚ ʤʥʦʛʦʩʣʦʡʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʜʦʣʞʥʦ ʙʳʪʴ ʙʝʟʚʨʝʜʥʳʤ ʠ 
ʛʠʧʦʘʣʣʝʨʛʝʥʥʳʤ. ʂʨʦʤʝ ʪʦʛʦ, ʜʦʣʞʥʘ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʘ ʣʝʛʢʦʩʪʴ ʚ ʫʭʦʜʝ ʠ 
ʜʦʣʛʦʚʨʝʤʝʥʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʂ ʦʩʥʦʚʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʤʘʪʨʘʩʘʤ ʢʘʢ ʤʥʦʛʦʩʣʦʡʥʦʤʫ ʧʘʢʝʪʫ ʜʣʷ ʣʝʞʘʯʠʭ 
ʙʦʣʴʥʳʭ ʦʪʥʦʩʷʪʩʷ: ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʝ ʛʠʧʝʨʪʝʨʤʠʠ, ʪʦ ʝʩʪʴ ʧʦʜʜʝʨʞʘʥʠʝ ʦʧʪʠʤʘʣʴʥʦʡ 
ʪʝʤʧʝʨʘʪʫʨʳ, ʨʝʣʴʝʬʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ (ʩʠʩʪʝʤʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʢʘʥʘʣʦʚ, ʷʯʝʝʢ); 
ʢʘʧʠʣʣʷʨʥʦʩʪʴ (ʜʠʬʬʫʟʠʷ ʚʣʘʛʠ); ʧʨʦʧʫʩʢʘʥʠʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ; 
ʘʥʪʠʘʣʣʝʨʛʝʥʥʦʩʪʴ (ʦʪʩʫʪʩʪʚʠʝ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ); ʙʘʨʴʝʨ ʜʣʷ ʢʣʝʱʝʡ ʠ ʧʨʦʜʫʢʪʦʚ ʠʭ 
ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ; ʚʳʩʦʢʘʷ ʚʣʘʛʦyʤʢʦʩʪʴ; ʘʥʪʠʩʪʘʪʠʯʥʦʩʪʴ (ʞʝʣʘʪʝʣʴʥʘ); 
ʚʦʜʦʫʧʦʨʥʦʩʪʴ (ʙʘʨʴʝʨ ʜʣʷ ʚʦʜʳ); ʣʝʛʢʦʩʪʴ ʚ ʫʭʦʜʝ; ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ; 
ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʠʩʪʠʨʘʥʠʶ. 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʣʷ ʵʪʦʡ ʮʝʣʠ ʚʳʟʳʚʘʝʪ 
ʜʚʫʭʩʣʦʡʥʳʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ (ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʨʘʩʧʦʨʯʘʪʳʡ) ʪʨʠʢʦʪʘʞ ʩ 
ʩʦʝʜʠʥʠʪʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠʟ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʥʠʪʝʡ. ʆʩʦʙʝʥʥʦʩʪʴ ʝʛʦ ʚ ʪʦʤ, ʯʪʦ 
ʤʝʞʜʫ ʩʣʦʷʤʠ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʧʨʦʪʷʞʢʠ, ʠʛʨʘʶʱʠʝ ʨʦʣʴ ʨʘʩʧʦʨʦʢ. ʇʨʠ ʵʪʦʤ 
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ʩʦʟʜʘʝʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʷʯʝʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦ ʩʚʦʠʤ ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ 
ʘʥʘʣʦʛʠʯʥʘʷ ʩʪʨʦʠʪʝʣʴʥʳʤ ʦʙʦʣʦʯʢʘʤ ʩʣʦʞʥʳʭ ʧʦʢʨʳʪʠʡ. ʆʩʦʙʝʥʥʦʩʪʴ ʤʝʭʘʥʠʯʝʩʢʠʭ 
ʩʚʦʡʩʪʚ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʨʘʙʦʪʦʡ çʧʨʦʪʷʞʝʢ-ʨʘʩʧʦʨʦʢè ʥʘ ʧʨʦʜʦʣʴʥʦʝ 
ʩʞʘʪʠʝ ʠ ʠʟʛʠʙ ʘʥʘʣʦʛʠʯʥʦ ʛʠʙʢʠʤ ʩʪʝʨʞʥʷʤ. ʇʨʠ ʵʪʦʤ ʪʘʢʠʝ ʜʚʫʭʩʣʦʡʥʳʝ 
ʪʨʠʢʦʪʘʞʥʳʝ ʩʪʨʫʢʪʫʨʳ ʩʧʦʩʦʙʥʳ ʩʦʧʨʦʪʠʚʣʷʪʴʩʷ ʜʝʬʦʨʤʘʮʠʷʤ ʩʞʘʪʠʷ ʠ ʠʟʛʠʙʘ, ʯʪʦ 
ʩʦʚʝʨʰʝʥʥʦ ʥʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʦʙʳʯʥʳʭ ʪʝʢʩʪʠʣʴʥʳʭ ʧʦʣʦʪʝʥ. ʅʘʣʠʯʠʝ ʚʦʟʜʫʰʥʦʛʦ 
ʧʨʦʩʪʨʘʥʩʪʚʘ ʤʝʞʜʫ ʩʣʦʷʤʠ ʧʦʩʪʦʷʥʥʦ ʩʦʭʨʘʥʷʶʱʝʛʦʩʷ ʦʙʲʝʤʘ ʦʙʝʩʧʝʯʠʪ 
ʢʦʤʬʦʨʪʥʳʝ ʛʠʛʠʝʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʣʝʞʘʯʝʛʦ ʙʦʣʴʥʦʛʦ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʝʛʦ ʦʙʤʝʥʥʳʭ 
ʧʨʦʮʝʩʩʦʚ. ʀʤʝʥʥʦ ʪʘʢʘʷ ʪʨʠʢʦʪʘʞʥʘʷ ʩʪʨʫʢʪʫʨʘ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʦʡ ʜʣʷ 
ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʪʝʧʣʦʚʣʘʛʦʧʝʨʝʥʦʩʘ, ʚʳʩʦʢʦʡ ʩʦʨʙʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ 
ʟʘʜʘʥʥʦʛʦ ʫʨʦʚʥ  ̫ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 
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ʉʝʢʮʠʷ 2 

 
ʉʪʨʫʢʪʫʨʘ ʠ ʩʚʦʡʩʪʚʘ ʚʦʣʦʢʥʠʩʪʳʭ 
ʤʘʪʝʨʠʘʣʦʚ ʠ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ  

 
ʋɼʂ  677.074.1 
 
ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʦʨʦʚʦʡ ʩʪʨʫʢʪʫʨʳ, ʘʢʪʠʚʠʨʦʚʘʥʠʝ ʚʦʣʦʢʥʠʩʪʦʡ ʦʩʥʦʚʳ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʥʘ ʚʦʣʦʢʥʠʩʪʦʡ ʦʩʥʦʚʝ 
 

ʊ.ʅ. ʄʆʈɻʋʅʆɺɸ, ʈ.ɺ. ʄɸɺʈʀʅ, ɼ.ʉ. ʂʆɿʃʆɺ, ɸ.ʂ. ʀɿɻʆʈʆɼʀʅ 
(ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 

 
ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʠ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʥʘʥʦʢʦʤʧʦʟʠʪʳ ʥʘ ʚʦʣʦʢʥʠʩʪʦʡ 

ʦʩʥʦʚʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦʩʪʨʝʙʦʚʘʥʳ ʚʦ ʚʩʝʭ ʩʬʝʨʘʭ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ: 
ʦʙʦʨʦʥʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ; ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ; ʵʥʝʨʛʝʪʠʢʘ; 
ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʘ; ʘʚʠʘʮʠʷ; ʟʘʱʠʪʥʘʷ ʦʜʝʞʜʘ ʜʣʷ ʩʠʣʦʚʳʭ ʩʪʨʫʢʪʫʨ, ʧʦʣʷʨʥʠʢʦʚ, 
ʩʧʦʨʪʩʤʝʥʦʚ, ʢʦʩʤʦʥʘʚʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʚʠʜʝ ʙʨʦʥʝʞʠʣʝʪʦʚ, ʤʝʜʪʝʢʩʪʠʣʴ, 
ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʟʘʱʠʪʫ ʦʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ, ʘʢʫʩʪʠʯʝʩʢʦʛʦ, ʪʝʨʤʠʯʝʩʢʦʛʦ ʠ 
ʭʠʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʡ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʠʝ ʘʜʘʧʪʘʮʠʦʥʥʦ-ʨʝʛʝʥʝʨʘʮʠʦʥʥʦʛʦ 
ʨʝʟʝʨʚʘ ʦʨʛʘʥʠʟʤʘ, ʨʝʘʣʠʟʘʮʠʠ ʤʘʛʥʠʪʦʪʝʨʘʧʠʠ, ʩʦʟʜʘʥʠʝ ʠʤʧʣʘʥʪʘʪʦʚ ʚ ʚʠʜʝ 
ʩʦʩʫʜʦʚ, ʩʚʷʟʦʢ, ʩʫʭʦʞʠʣʠʡ, ʥʝʨʚʥʳʭ ʚʦʣʦʢʦʥ, ʧʦʯʝʢ, ʧʝʯʝʥʠ, ʣʝʛʢʠʭ. 

ɺ ʠʥʞʝʥʝʨʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦʣʫʯʝʥʳ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʥʘʥʦʢʦʤʧʦʟʠʪʳ ʚ ʚʠʜʝ 
ʩʧʠʥʪʨʦʥʠʢʦʚ, ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʚ, ʧʴʝʟʦʵʣʝʢʪʨʠʢʦʚ, ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʠʢʦʚ. 

ʀʟ ʜʘʥʥʳʭ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʠʥʬʨʘʢʨʘʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, 
ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʤʝʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ 
ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʫ ʚʦʣʦʢʥʠʩʪʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ 
ʥʝʦʙʭʦʜʠʤʦ ʘʢʪʠʚʠʨʦʚʘʥʠʝ ʚʦʣʦʢʥʠʩʪʦʡ ʦʩʥʦʚʳ, ʘ ʪʘʢʞʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚ ʥʝʡ ʧʦʨʦʚʦʡ 
ʩʪʨʫʢʪʫʨʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʟʤʝʨʘʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɺ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʢʪʠʚʠʨʦʚʘʥʠʝ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʚʦʣʦʢʥʠʩʪʦʡ 
ʦʩʥʦʚʳ ʤʦʞʥʦ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ, ʦʙʝʩʧʝʯʠʪʴ ʚʦʟʜʝʡʩʪʚʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, 
ʦʙʝʩʧʝʯʠʚʘʷ, ʧʨʠ ʵʪʦʤ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʩʚʷʟʝʡ ʤʝʞʜʫ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ 
ʚʦʣʦʢʦʥ: CH2, OH, CH, O, O2, O3, NO ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʤʠ 
ʦʙʨʘʟʦʚʘʥʠʷʤʠ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʩʪʨʫʢʪʫʨʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʚ ʚʦʣʦʢʥʘʭ, 
ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ ï NO, H, C, O ʠ O2 ʷʚʣʷʶʪʩʷ ʧʘʨʘʤʘʛʥʝʪʠʢʘʤʠ, ʯʪʦ ʦʢʘʟʳʚʘʝʪ 
ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʬʦʨʤʠʨʫʝʤʦʛʦ 
ʤʘʛʥʠʪʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʚʚʦʜʠʤʳʤʠ ʚ ʚʦʣʦʢʥʠʩʪʫʶ ʦʩʥʦʚʫ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ  ʧʦʣʫʯʘʝʤʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ 
ʘʢʪʠʚʠʨʦʚʘʥʠʝ ʚʦʣʦʢʥʠʩʪʦʡ ʦʩʥʦʚʳ ʧʨʦʚʝʜʝʥʦ ʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʣʘʟʤʝ 
ʢʦʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ, ʯʪʦ ʚ ʜʝʩʷʪʢʠ ʠ ʩʦʪʥʠ ʨʘʟ ʧʦʟʚʦʣʷʝʪ 
ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʘʢʪʠʚʠʨʦʚʘʥʠʝ ʚʦʣʦʢʥʠʩʪʦʡ ʦʩʥʦʚʳ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ, ʪʝʭʥʦʣʦʛʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʨʦʚʦʡ 
ʩʪʨʫʢʪʫʨʳ, ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʥʘ ʚʦʣʦʢʥʠʩʪʦʡ ʦʩʥʦʚʝ 
ʠʩʧʦʣʴʟʦʚʘʥʳ ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ [1-5]. 
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5. ɸʣʦʷʥ ʈ.ʄ., ʇʝʪʨʫʭʠʥ ɸ.ɹ., ʆʧʘʨʠʥʘ ʃ.ɸ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʝʩʫʨʩʦ- ʠ 
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_ 
ʉ.10-14. 

 
 
ʋɼʂ  675.04:677.027 
 
ʂʚʘʥʪʦʚʦ-ʤʝʭʘʥʠʯʝʩʢʦʝ ʚʳʯʠʩʣʝʥʠʝ ʤʦʤʝʥʪʦʚ ʠʥʝʨʮʠʠ ʤʦʣʝʢʫʣʳ ʫʢʩʫʩʥʦʡ 

ʢʠʩʣʦʪʳ 
 

ɸ.ɸ. ʄʀʍɸʁʃʆɺ, ʈ.ʉ. ɺʆʈʆɹʔɽɺ, ɸ.ɸ. ʊɸʃɸʅʆɺ, ʄ.ʀ. ɻʆɼʅɽɺɸ 
(ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 

 
 ʂʘʢ ʠʟʚʝʩʪʥʦ, ʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ ʥʘʭʦʜʠʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʪʝʢʩʪʠʣʴʥʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʠ ʦʪʜʝʣʢʝ ʪʢʘʥʝʡ, ʚ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ,  ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ 
ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʨʘʩʠʪʝʣʝʡ ʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʤʝʜʠʢʘʤʝʥʪʦʚ, ʧʣʘʩʪʠʯʝʩʢʠʭ ʤʘʩʩ, 
ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ  ʚʦʣʦʢʦʥ ʠ ʪ.ʜ. ʇʦʵʪʦʤʫ ʜʦʩʪʦʚʝʨʥʳʝ ʜʘʥʥʳʝ ʦ 
ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʝ  ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʵʪʦʡ ʤʦʣʝʢʫʣʳ, ʢʦʪʦʨʳʝ 
ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ, ʚ ʯʘʩʪʥʦʩʪʠ, ʠʟ ʠʩʩʣʝʜʦʚʘʥʠʷ ʝʝ ʚʨʘʱʘʪʝʣʴʥʳʭ ʩʧʝʢʪʨʦʚ, 
ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʝʩʦʤʥʝʥʥʳʡ ʠʥʪʝʨʝʩ. ʂʨʦʤʝ ʪʦʛʦ, ʤʦʣʝʢʫʣʘ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʷʚʣʷʝʪʩʷ 
ʦʜʥʦʡ ʠʟ ʩʨʘʚʥʠʪʝʣʴʥʦ ʧʨʦʩʪʳʭ ʤʦʣʝʢʫʣ ʩ ʚʥʫʪʨʝʥʥʠʤ ʚʨʘʱʝʥʠʝʤ. ʆʥʘ ʦʪʥʦʩʠʪʩʷ ʢ 
ʢʣʘʩʩʫ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʥʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʦʩʪʦʚʘ ʠ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʚʦʣʯʢʘ. 

ɺ ʥʘʩʪʦʷʱʝʤ ʩʦʦʙʱʝʥʠʠ ʜʣʷ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦ 
ʚʥʫʪʨʝʥʥʝʤ ʚʨʘʱʝʥʠʠ (ɺɺ) ʚ ʤʦʣʝʢʫʣʝ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ (CH3COOH) 
ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʘʙʦʪʳ (ʩʤ., ʥʘʧʨ.[1-5]), 
ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʚʳʙʨʘʥʘ ʤʦʜʝʣʴ 
ʤʦʣʝʢʫʣʳ ʠ ʚʠʜ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʪʝʥʟʦʨʘ ʠʥʝʨʮʠʠ ʠ ʦʧʝʨʘʪʦʨʘ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʤʦʣʝʢʫʣʳ 
ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʚ ʨʘʤʢʘʭ ʧʦʣʫʞʝʩʪʢʦʡ ʤʦʜʝʣʠ ʚʳʧʦʣʥʝʥʳ ʨʘʩʯʝʪʳ ʧʨʠʚʝʜʝʥʥʳʭ  ʢ 
ʛʣʘʚʥʳʤ ʦʩʷʤ  ʤʦʤʝʥʪʦʚ ʠʥʝʨʮʠʠ  I1, I2, I3  ʠ ʦʙʦʙʱʝʥʥʦʛʦ  ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ S44,  
ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʚʥʫʪʨʝʥʥʝʝ ʚʨʘʱʝʥʠʝ ʚʦʣʯʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʪʦʚʘ. ɼʣʷ 
ʚʳʯʠʩʣʝʥʠʷ ʦʙʦʙʱʝʥʥʦʛʦ  ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ  ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʧʝʮʠʘʣʴʥʘʷ ʩʠʩʪʝʤʘ 
ʢʦʦʨʜʠʥʘʪ, ʚ ʢʦʪʦʨʦʡ ʚʥʫʪʨʝʥʥʝʝ ʚʨʘʱʝʥʠʝ ʦʪʜʝʣʝʥʦ ʦʪ ʚʥʝʰʥʝʛʦ ʚʨʘʱʝʥʠʷ. 

ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʨʠʚʝʜʝʥʥʳʭ ʤʦʤʝʥʪʦʚ ʠʥʝʨʮʠʠ, 
ʢʦʪʦʨʳʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠʚʝʜʝʥʥʳʝ ʢ ʛʣʘʚʥʳʤ ʦʩʷʤ ʤʦʣʝʢʫʣʳ ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ 

ʦʢʘʟʳʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʤʠ (I1<I2<I3), ʥʦ ʥʝʟʘʚʠʩʠʤʳʤʠ ʦʪ ʫʛʣʘ ʚʥʫʪʨʝʥʥʝʛʦ ʚʨʘʱʝʥʠʷ t
. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʦ ʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷ ʣʶʙʦʡ ʤʥʦʛʦʘʪʦʤʥʦʡ ʤʦʣʝʢʫʣʳ ʩ 
ɺɺ ʩ ʥʝʩʠʤʤʝʪʨʠʯʥʳʤ ʦʩʪʦʚʦʤ ʠ ʩʠʤʤʝʪʨʠʯʥʳʤ ʚʦʣʯʢʦʤ. 

ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʨʝʣʘʢʩʘʮʠʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʚʝʣʠʯʠʥʫ   
ʤʦʤʝʥʪʦʚ ʠʥʝʨʮʠʠ ʤʦʣʝʢʫʣʳ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ. 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʨʘʩʯʝʪʳ, ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 
ʧʨʠ ʨʝʣʘʢʩʘʮʠʠ ʩʦʩʪʘʚʣʷʶʪ ~ 1%. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʤʘʢʩʠʤʘʣʴʥʳʝ ʦʪʥʦʩʠʪʝʣʴʥʳʝ 
ʠʟʤʝʥʝʥʠʷ ʤʦʤʝʥʪʦʚ ʠʥʝʨʮʠʠ ʥʝ ʧʨʝʚʦʩʭʦʜʠʪ 4%. 
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ʣʘʪʝʢʩʦʚ, ʪʘʢ ʠ ʧʦʣʫʯʘʝʤʳʝ ʠʟ ʥʠʭ ʠʣʠ ʩ ʠʭ ʧʦʤʦʱʴʶ ʠʟʜʝʣʠʷ ʠ ʤʘʪʝʨʠʘʣʳ [1, 2]. 

ʇʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚʦʜʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʜʠʩʧʝʨʩʠʡ 
ʥʝʫʢʣʦʥʥʦ ʚʦʟʨʘʩʪʘʝʪ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʜʦʩʪʦʠʥʩʪʚʘʤʠ ʪʘʢʠʭ 
ʩʠʩʪʝʤ: ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʴʶ, ʦʙʝʩʧʝʯʠʚʘʝʤʦʡ ʠʩʢʣʶʯʝʥʠʝʤ ʪʦʢʩʠʯʥʳʭ 
ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ; ʧʦʞʘʨʦʙʝʟʦʧʘʩʥʦʩʪʴʶ; ʥʝʩʣʦʞʥʦʩʪʴʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 
ʤʝʪʦʜʦʚ ʠʭ ʧʝʨʝʨʘʙʦʪʢʠ; ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʣʫʯʝʥʠʷ ʠʟ ʣʘʪʝʢʩʦʚ ʪʘʢʠʭ ʠʟʜʝʣʠʡ ʠ 
ʤʘʪʝʨʠʘʣʦʚ, ʠʟʛʦʪʦʚʣʝʥʠʝ ʢʦʪʦʨʳʭ ʠʟ ʪʚʝʨʜʳʭ ʧʦʣʠʤʝʨʦʚ ʥʝʚʦʟʤʦʞʥʦ ʠʣʠ ʢʨʘʡʥʝ 
ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘʭʦʜʷʪ ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ, 
ʩʦʜʝʨʞʘʱʠʝ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʣʶʤʠʥʦʬʦʨʳ ʨʘʟʣʠʯʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ, 
ʧʨʝʦʙʨʘʟʫʶʱʠʝ ʧʦʛʣʦʱʘʝʤʫʶ ʠʤʠ ʵʥʝʨʛʠʶ  ʚ ʩʚʝʪʦʚʦʝ ʠʟʣʫʯʝʥʠʝ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 
ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʥʦ, ʪʘʢ ʢʘʢ ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʥʦʚʳʝ 
ʢʦʣʦʨʠʩʪʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ, ʘ ʪʘʢʞʝ ʧʨʠʦʙʨʝʪʘʪʴ ʩʚʦʡʩʪʚʘ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ 
ʩʧʝʮʠʘʣʴʥʳʭ ʮʝʣʝʡ [3]. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʣʶʤʠʥʦʬʦʨʳ 
ʜʣʠʪʝʣʴʥʦʛʦ ʧʦʩʣʝʩʚʝʯʝʥʠʷ, ʩʧʦʩʦʙʥʳʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʙʝʟ ʥʘʣʠʯʠʷ ʠʩʪʦʯʥʠʢʦʚ 
ʩʚʝʪʠʪʴʩʷ ʚ ʪʝʯʝʥʠʝ ʪʝʤʥʦʛʦ ʚʨʝʤʝʥʠ ʩʫʪʦʢ ʟʘ ʩʯʝʪ ʵʥʝʨʛʠʠ, ʥʘʢʦʧʣʝʥʥʦʡ ʚ ʩʚʝʪʣʦʝ 
ʚʨʝʤʷ. ʆʥʠ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 
ʩʧʝʮʠʘʣʴʥʦʡ ʦʜʝʞʜʳ, ʦʜʝʞʜʳ ʜʣʷ ʜʝʪʝʡ ʠ ʚʟʨʦʩʣʦʳʭ, ʧʨʝʜʫʧʨʝʞʜʘʶʱʠʭ, 
ʫʢʘʟʳʚʘʶʱʠʭ ʠ ʜʨʫʛʠʭ ʩʚʝʪʦʟʥʘʢʦʚ, ʦʧʦʟʥʘʚʘʪʝʣʴʥʳʭ ʟʥʘʢʦʚ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. 
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ  ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʩʦʟʜʘʥʠʶ 
ʧʦʣʠʤʝʨʥʳʭ ʣʶʤʠʥʦʬʦʨʩʦʜʝʨʞʘʱʠʭ  ʢʦʤʧʦʟʠʮʠʡ ʥʘ ʦʩʥʦʚʝ ʩʦʧʦʣʠʤʝʨʥʳʭ 
ʘʢʨʠʣʘʪʥʳʭ ʣʘʪʝʢʩʦʚ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʠʭ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ  ʧʦʣʫʯʝʥʠʷ 
ʧʣʝʥʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʩʠʛʥʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʜʝʞʜʳ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʧʠʛʤʝʥʪʘ  ʙʳʣ ʚʳʙʨʘʥ ʦʪʝʯʝʩʪʚʝʥʥʳʡ 
ʧʨʦʤʳʰʣʝʥʥʳʡ ʣʶʤʠʥʦʬʦʨ ʥʘ ʦʩʥʦʚʝ ʘʣʶʤʠʥʘʪʘ ʩʪʨʦʥʮʠʷ ʤʘʨʢʠ ʌɺ-530ɼ. 

ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ  ʩʦʩʪʘʚʘ ʚʦʜʥʳʭ ʜʠʩʧʝʨʩʠʡ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ 
ʩʦʜʝʨʞʘʥʠʷ ʣʶʤʠʥʦʬʦʨʘ  ʥʘ ʧʣʝʥʢʦʦʙʨʘʟʫʶʱʠʝ ʩʚʦʡʩʪʚʘ   ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʠ 
ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʣʝʥʦʯʥʳʭ ʧʦʢʨʳʪʠʡ 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ  ʦʧʨʝʜʝʣʝʥʳ 
ʦʧʪʠʤʘʣʴʥʳʝ ʜʦʟʠʨʦʚʢʠ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʣʠʤʝʨʥʳʭ ʩʤʝʩʝʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 
ʪʨʝʙʫʝʤʫʶ ʚʷʟʢʦʩʪʴ ʠ ʘʛʨʝʛʘʪʠʚʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʣʶʤʠʥʦʬʦʨʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʦʟʠʮʠʡ 
ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʣʘʪʝʢʩʥʳʭ ʩʠʩʪʝʤ ʢ ʚʚʝʜʝʥʠʶ 
ʣʶʤʠʥʦʬʦʨʘ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʟʘ ʩʯʝʪ   ʧʨʠʤʝʥʝʥʠʷ ʵʤʫʣʴʛʘʪʦʨʘ, ʫʣʫʯʰʘʶʱʝʛʦ 
ʩʤʘʯʠʚʘʝʤʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʧʠʛʤʝʥʪʘ ʠ ʦʙʣʝʛʯʘʶʱʝʛʦ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʝ.  

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ 
ʦʪʨʘʙʦʪʘʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʞʠʤʳ ʧʦʣʫʯʝʥʠʷ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ. ʀʩʩʣʝʜʦʚʘʥʦ 
ʚʣʠʷʥʠʝ ʪʦʣʱʠʥʳ ʧʦʣʠʤʝʨʥʳʭ ʩʣʦʝʚ ʥʘ ʢʘʯʝʩʪʚʦ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʣʝʥʦʢ.    

ʉ ʫʯʝʪʦʤ ʚʳʷʚʣʝʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʠ 
ʨʝʞʠʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʦʩʥʦʚʝ ʚʦʜʥʳʭ ʜʠʩʧʝʨʩʠʡ 
ʘʢʨʠʣʦʚʳʭ ʧʦʣʠʤʝʨʦʚ. 

ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʦʩʣʝʩʚʝʯʝʥʠʷ ʦʙʨʘʟʮʦʚ ʧʣʝʥʦʯʥʳʭ 
ʧʦʢʨʳʪʠʡ ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʧʠʛʤʝʥʪʘ.   
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1
ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɸ.ʅ. ʂʦʩʳʛʠʥʘ 

(ʊʝʭʥʦʣʦʛʠʠ. ɼʠʟʘʡʥ. ʀʩʢʫʩʩʪʚʦ); 
2
ʀʥʩʪʠʪʫʪ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠʤ. ʅ. ʅ. ʉʝʤʝʥʦʚʘ) 

 
ɸʢʪʫʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʟʘʱʠʪʥʦʛʦ ʪʝʢʩʪʠʣʷ ʢʘʢ ʙʳʪʦʚʦʛʦ, ʪʘʢ 

ʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʆʜʥʠʤ ʠʟ ʨʝʰʝʥʠʡ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʉɺʏ-ʵʥʝʨʛʠʠ, 
ʧʦʩʢʦʣʴʢʫ ʠʥʪʝʨʝʩ ʢ ʉɺʏ-ʠʟʣʫʯʝʥʠʶ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʰʠʨʦʢʠʤʠ 
ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʘ ʪʘʢʞʝ 
ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʤʠ ʧʦʚʳʰʝʥʠʝʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 
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ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝʤ. ʇʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʚʥʝʜʨʝʥʠʷ ʉɺʏ, 
ʚʢʣʶʯʘʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʙʳʪʦʚʳʭ ʧʨʠʙʦʨʘʭ, ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʥʘʣʠʯʠʝʤ ʜʦʩʪʫʧʥʳʭ ʠ 
ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʦʨʦʛʠʭ ʫʩʪʨʦʡʩʪʚ ʠ ʘʧʧʘʨʘʪʦʚ. 

ɿʘʜʘʯʘ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʧʨʦʙʣʝʤ ʪʝʢʩʪʠʣʴʥʦʡ 
ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʯʪʦ ʩʣʫʞʠʪ ʦʩʥʦʚʥʳʤ ʩʪʠʤʫʣʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ 
ʧʨʝʠʤʫʱʝʩʪʚ ʉɺʏ-ʦʙʨʘʙʦʪʢʠ ʥʘ ʩʪʘʜʠʷʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ, ʢʨʘʰʝʥʠʷ ʠ 
ʟʘʢʣʶʯʠʪʝʣʴʥʦʡ ʦʪʜʝʣʢʠ ʪʝʢʩʪʠʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʨʝʠʤʫʱʝʩʪʚʘ ʉɺʏ ʧʨʠ ʧʝʯʘʪʠ 
ʥʘʠʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʨʘʩʩʤʦʪʨʝʥʦ ʥʘ ʧʨʠʤʝʨʝ ʧʨʦʮʝʩʩʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʢʪʠʚʥʳʭ 
ʢʨʘʩʠʪʝʣʝʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʦʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʪ ʧʦʚʳʩʠʪʴ 
ʩʦʜʝʨʞʘʥʠʝ ʢʨʘʩʠʪʝʣʷ ʥʘ ʪʢʘʥʠ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʢʨʘʩʢʠ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʚʳʩʦʢʦʡ 
ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ 
ʘʥʘʣʠʟ ʚʦʟʤʦʞʥʦʩʪʝʡ ʢʦʣʦʨʠʨʦʚʘʥʠʷ ʪʝʢʩʪʠʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʝʪʦʜʦʤ ʧʠʛʤʝʥʪʥʦʡ 
ʧʝʯʘʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʉɺʏ-ʠʟʣʫʯʝʥʠʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʝʯʘʪʥʳʝ ʩʦʩʪʘʚʳ ʥʘ ʦʩʥʦʚʝ 
ʧʦʣʠʫʨʝʪʘʥʦʚʦʛʦ ʟʘʛʫʩʪʠʪʝʣʷ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʥʘʥʦʧʠʛʤʝʥʪʦʚ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 
ʜʘʥʥʳʝ ʦʧʨʝʜʝʣʠʣʠ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʧʦʜʛʦʪʦʚʢʠ ʧʝʯʘʪʥʳʭ ʩʦʩʪʘʚʦʚ (ʩʧʦʩʦʙ 
ʦʙʨʘʙʦʪʢʠ ʧʠʛʤʝʥʪʦʚ, ʠʭ ʩʦʜʝʨʞʘʥʠʝ ʠ ʤʝʪʦʜʳ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʚ ʩʚʷʟʫʶʱʝʤ), ʘ 
ʪʘʢʞʝ ʠʭ ʬʠʢʩʘʮʠʠ ʥʘ ʤʘʪʝʨʠʘʣʝ (ʤʦʱʥʦʩʪʴ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ ʚʦʟʜʝʡʩʪʚʠʷ ʉɺʏ-
ʠʟʣʫʯʝʥʠʷ). 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʉɺʏ-ʦʙʨʘʙʦʪʢʘ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʝʝ ʚʳʩʦʢʫʶ 
ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʢʨʘʩʢʠ ʢ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ (ʩʪʠʨʢʝ, ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ 
ʚʦʜʝ, çʧʦʪʫè, ʩʚʝʪʫ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʨʤʦʬʠʢʩʘʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ. ʊʢʘʥʠ 
ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʚʳʰʝʥʥʳʤʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʠ 
ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʦʢʨʘʩʢʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʥʦʚʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʉɺʏ-ʦʙʨʘʙʦʪʢʠ ʷʚʣʷʝʪʩʷ ʨʝʟʢʦʝ, ʙʦʣʝʝ ʯʝʤ ʥʘ ʧʦʨʷʜʦʢ, ʩʥʠʞʝʥʠʝ 
ʚʨʝʤʝʥʠ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ ʧʨʦʮʝʩʩʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʦʙʳʯʥʳʤ ʪʝʨʤʠʯʝʩʢʠʤ 
ʥʘʛʨʝʚʦʤ, ʯʪʦ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ 
ʧʝʯʘʪʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ ʯʘʩʪʦʪʝ 8.5 
ɻɻʮ. ʆʙʨʘʟʮʳ ʧʦʤʝʱʘʣʠʩʴ ʚ ʚʦʣʥʦʚʦʜʥʳʡ ʪʨʘʢʪ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ. 
ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟʤʝʨʷʣʠʩʴ ʤʦʜʫʣʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʦʪ ʚʦʣʥʦʚʦʜʥʦʡ 
ʷʯʝʡʢʠ, ʩʦʛʣʘʩʦʚʘʥʥʦʡ ʩ ʪʨʘʢʪʦʤ (ʨʘʙʦʪʘʶʱʝʡ ʚ çʠʟʣʫʯʘʶʱʝʤè ʨʝʞʠʤʝ), ʩ ʫʨʦʚʥʝʤ 
ʦʙʨʘʪʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʥʠʞʝ -30 ʜɹ, ʥʘʛʨʫʞʝʥʥʫʶ ʥʘ ʠʟʤʝʨʷʝʤʳʡ ʦʙʨʘʟʝʮ, ʘ ʪʘʢʞʝ 
ʤʦʜʫʣʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʭʦʞʜʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʕʄʀ) ʯʝʨʝʟ 
ʦʙʨʘʟʝʮ, ʨʘʟʤʝʱʸʥʥʳʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʢʨʳʪʴ ʩʝʯʝʥʠʝ 
ʚʦʣʥʦʚʦʜʥʦʛʦ ʪʨʘʢʪʘ. ɼʣʷ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʘʥʠʟʦʪʨʦʧʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 
ʦʙʨʘʟʮʦʚ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ ʜʚʫʭ ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ 
ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʧʦʣʦʞʝʥʠʡ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ. ʀʩʪʦʯʥʠʢʦʤ ʢʚʘʟʠʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʛʦ 
ʠʟʣʫʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʜʠʘʧʘʟʦʥʘ ʷʚʣʷʝʪʩʷ ʩʚʠʧ-ʛʝʥʝʨʘʪʦʨ ʥʘ ʜʠʦʜʝ ɻʘʥʥʘ ʩ 
ʘʤʧʣʠʪʫʜʥʦʡ ʤʦʜʫʣʷʮʠʝʡ pin-ʜʠʦʜʘʤʠ. ɻʝʥʝʨʘʮʠʷ ʠʟʣʫʯʝʥʠʷ ʧʨʦʚʦʜʠʪʩʷ ʚ ʨʝʞʠʤʝ 
ʣʠʥʝʡʥʦ ʠʟʤʝʥʷʶʱʝʡʩʷ ʯʘʩʪʦʪʳ ʚ ʧʨʝʜʝʣʘʭ ʨʘʙʦʯʝʛʦ ʜʠʘʧʘʟʦʥʘ ʚʦʣʥʦʚʦʜʘ ʠʣʠ ʥʘ 
ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʯʘʩʪʦʪʝ. ʇʝʨʝʩʪʨʦʡʢʘ ʯʘʩʪʦʪʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʣʠʥʝʡʥʦʛʦ 
ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʩʪʦʷʥʥʦʛʦ ʧʦʜʤʘʛʥʠʯʝʚʘʶʱʝʛʦ ʧʦʣʷ ʚ ʨʝʟʦʥʘʪʦʨʝ ʩ 
ʬʝʨʨʠʪ-ʛʨʘʥʘʪʦʚʦʡ ʩʬʝʨʦʡ. ɺ ʢʘʯʝʩʪʚʝ ʚʳʜʝʣʷʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʠʩʧʦʣʴʟʫʶʪʩʷ 
ʥʘʧʨʘʚʣʝʥʥʳʝ ʜʝʪʝʢʪʦʨʳ ʧʘʜʘʶʱʝʛʦ, ʦʪʨʘʞʝʥʥʦʛʦ ʠʣʠ ʧʨʦʰʝʜʰʝʛʦ ʠʟʣʫʯʝʥʠʷ, 
ʩʦʩʪʦʷʱʠʝ ʠʟ ʥʘʧʨʘʚʣʝʥʥʳʭ ʚʦʣʥʦʚʦʜʥʳʭ ʦʪʚʝʪʚʠʪʝʣʝʡ ʥʘ ʩʦʯʣʝʥʝʥʥʳʭ 
ʧʝʨʬʦʨʠʨʦʚʘʥʥʳʭ ʚʦʣʥʦʚʦʜʘʭ ʩ ʚʩʪʨʦʝʥʥʳʤ ʚʦ ʚʪʦʨʠʯʥʳʡ ʪʨʘʢʪ ʉɺʏ-ʜʝʪʝʢʪʦʨʦʤ, 
ʨʘʙʦʪʘʶʱʝʤ ʚ ʣʠʥʝʡʥʦʤ ʧʦ ʧʦʣʶ ʨʝʞʠʤʝ ʚ ʨʝʞʠʤʝ ʩʤʝʱʝʥʠʷ ʨʘʙʦʯʝʡ ʪʦʯʢʠ. 



54 

ʋʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʥʘʥʦʧʠʛʤʝʥʪʘ ʧʨʠ ʩʦʟʜʘʥʠʠ ʵʢʨʘʥʠʨʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ 
ʧʦʟʚʦʣʠʣʦ ʫʣʫʯʰʠʪʴ ʟʘʱʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʠʩʩʣʝʜʫʝʤʦʡ ʪʢʘʥʠ ʦʪ ʉɺʏ-ʠʟʣʫʯʝʥʠʷ. 
ʇʨʠʚʝʜʸʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʦʭʦʞʜʝʥʠʷ ʕʄʀ ʯʝʨʝʟ ʦʙʨʘʟʝʮ Kʧʨʦʭ, ʦʪʨʘʞʝʥʠʷ ʦʪ 
ʦʙʨʘʟʮʘ Kʦʪʨ, ʘ ʪʘʢʞʝ ʫʜʝʣʴʥʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ɟS ʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ 
ʯʘʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ Ů' (ʦʮʝʥʦʯʥʦ) ʧʦʢʘʟʳʚʘʶʪ ʧʦʚʳʰʝʥʠʝ 
ʵʢʨʘʥʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʪ ʫʚʝʣʠʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʥʘʥʦʧʠʛʤʝʥʪʘ ʚ ʠʩʩʣʝʜʫʝʤʳʭ 
ʦʙʨʘʟʮʘʭ. 
 
 
ʋɼʂ 677.494 

 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʩʪʚʦʨʘ ʧʦʣʠʤʝʨʦʚ ʧʦʣʠʘʤʠʜ-6 ï ʛʠʘʣʫʨʦʥʦʚʘʷ 

ʢʠʩʣʦʪʘ ʧʨʠ ʭʨʘʥʝʥʠʠ 
 

ɸ.ɺ. ɽɺʊʋʐɽʅʂʆ 
(ɺʠʪʝʙʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɹʝʣʘʨʫʩʴ) 
 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʦʙʣʘʩʪʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ 

ʷʚʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʵʣʝʢʪʨʦʬʦʨʤʦʚʘʥʠʷ ʥʘʥʦʚʦʣʦʢʦʥ ʠʟ ʨʘʩʪʚʦʨʦʚ ʧʦʣʠʤʝʨʦʚ. ʕʪʦʪ 
ʤʝʪʦʜ ʦʪʣʠʯʘʝʪʩʷ ʘʧʧʘʨʘʪʫʨʥʦʡ ʧʨʦʩʪʦʪʦʡ, ʚʳʩʦʢʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ, 
ʛʠʙʢʦʩʪʴʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʧʨʦʜʫʢʮʠʠ [1]. 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʩʚʦʡʩʪʚ ʧʨʷʜʠʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʠ ʵʣʝʢʪʨʦʬʦʨʤʦʚʘʥʠʠ 
ʥʘʥʦʚʦʣʦʢʥʠʩʪʳʭ ʧʦʢʨʳʪʠʡ ʷʚʣʷʝʪʩʷ ʝʛʦ ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ. ɺ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ 
ʚʷʟʢʦʩʪʴ ʨʘʩʪʚʦʨʘ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ, ʘ ʪʘʢʞʝ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ 
ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʦʯʝʢ, ʜʝʛʨʘʜʘʮʠʷ ʧʦʣʠʤʝʨʘ ʠʣʠ ʨʘʟʜʝʣʝʥʠʝ ʬʘʟ. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ 
ʩʦʩʪʘʚʘ ʨʘʩʪʚʦʨʦʚ ʥʝʦʙʭʦʜʠʤʦ ʩʪʨʝʤʠʪʴʩʷ ʢ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠʭ ʩʚʦʡʩʪʚ ʚ 
ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʩʪʦʷʥʩʪʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
ʥʘʥʦʚʦʣʦʢʥʠʩʪʳʭ ʧʦʢʨʳʪʠʡ. ʇʦʵʪʦʤʫ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʠʟʤʝʥʝʥʠʝ ʚʷʟʢʦʩʪʠ ʩʤʝʩʠ 
ʧʦʣʠʤʝʨʦʚ ʚʦ ʚʨʝʤʝʥʠ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʘʩʪʚʦʨʳ ʧʦʣʠʘʤʠʜʘ-6 ʚ 
ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʝ ʠ ʨʘʩʪʚʦʨ ʛʠʘʣʫʨʦʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʜʦʙʘʚʣʝʥʥʳʡ ʜʣʷ ʧʨʠʜʘʥʠʷ 
ʚʦʣʦʢʥʫ ʢʦʩʤʝʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʩʪʚʦʨʳ ʧʦʣʠʤʝʨʦʚ ʨʘʩʩʣʘʠʚʘʶʪʩʷ 
ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʧʦʣʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʚ 
ʨʘʩʪʚʦʨʘʭ ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ. ɼʣʷ ʪʦʯʥʦʡ ʦʮʝʥʢʠ ʚʨʝʤʝʥʠ ʨʘʩʩʣʘʠʚʘʥʠʷ 
ʧʨʠʛʦʪʦʚʣʝʥʥʳʝ ʨʘʩʪʚʦʨʳ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʠ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʦʣʠʘʤʠʜʘ ʚ 
ʩʤʝʩʠ ʩ ʛʠʘʣʫʨʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ ʨʘʟʣʠʯʥʦʛʦ ʚʨʝʤʝʥʠ ʩ 
ʚʠʟʫʘʣʴʥʳʤ ʢʦʥʪʨʦʣʝʤ ʠʭ ʦʜʥʦʨʦʜʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʢʦʥʪʨʦʣʝʤ ʠʭ ʚʷʟʢʦʩʪʠ. 

ɹr ʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ ʨʘʩʪʚʦʨʳ ʧʦʣʠʘʤʠʜʘ-6 ʜʚʫʭ ʚʠʜʦʚ: 
- 15 %-ʥʳʡ ʨʘʩʪʚʦʨ ʥʠʟʢʦʚʷʟʢʦʛʦ ʧʦʣʠʘʤʠʜʘ ʚ ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʝ; 
- 12 %-ʥʳʡ ʨʘʩʪʚʦʨ ʚʳʩʦʢʦʚʷʟʢʦʛʦ ʧʦʣʠʘʤʠʜʘ ʚ ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʝ. 
ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʨʝʟʫʣʴʪʘʪʳ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʷʟʢʦʩʪʴ ʨʘʩʪʚʦʨʘ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ ʚ ʪʝʯʝʥʠʝ 3 ʩʫʪʦʢ ʧʦʩʣʝ ʝʛʦ ʧʨʠʛʦʪʦʚʣʝʥʠʷ, ʘ ʜʘʣʝʝ 
ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ. ʋʤʝʥʴʰʝʥʠʝ ʚʷʟʢʦʩʪʠ ʩʤʝʩʠ ʧʦʣʠʤʝʨʦʚ ʧʦʣʠʘʤʠʜ-6 ï ʛʠʘʣʫʨʦʥʦʚʘʷ 
ʢʠʩʣʦʪʘ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʤʠʢʨʦʨʘʩʩʣʦʝʥʠʝʤ ʩʠʩʪʝʤʳ ʥʘ ʜʚʝ ʬʘʟʳ ʠ ʧʦʷʚʣʝʥʠʝʤ 
ʠʟʙʳʪʦʯʥʦʛʦ ʩʚʦʙʦʜʥʦʛʦ ʦʙʲʝʤʘ, ʢʦʪʦʨʳʡ ʣʦʢʘʣʠʟʫʝʪʩʷ ʥʘ ʛʨʘʥʠʮʝ ʬʘʟ. ɺ ʪʦ ʞʝ 
ʚʨʝʤʷ, ʢʘʢ ʫʩʪʘʥʦʚʣʝʥʦ ʥʘ ʧʨʝʜʳʜʫʱʝʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ 12 %-ʥʳʡ ʨʘʩʪʚʦʨ 
ʚʳʩʦʢʦʚʷʟʢʦʛʦ ʧʦʣʠʘʤʠʜʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʴʶ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ 
1,5 ʥʠʞʝ ʟʥʘʯʝʥʠʡ, ʦʧʨʝʜʝʣʝʥʥʳʭ ʜʣʷ ʨʘʩʪʚʦʨʦʚ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʛʠʘʣʫʨʦʥʦʚʦʡ 
ʢʠʩʣʦʪʳ ʧʦʩʣʝ 3 ʩʫʪʦʢ ʠʭ ʭʨʘʥʝʥʠʷ. 
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ʈʘʩʩʣʘʠʚʘʥʠʝ ʨʘʩʪʚʦʨʘ ʥʘ ʬʘʟʳ ʯʝʨʝʟ 24 ʯʘʩʘ ʧʦʩʣʝ ʠʭ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 
ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʥʝʩʦʚʤʝʩʪʠʤʦʩʪʠ ʧʦʣʠʤʝʨʦʚ ʚ ʫʢʘʟʘʥʥʦʤ 
ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ.  

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʪʝʭʥʦʣʦʛʠʷ ʙʝʩʢʘʧʠʣʣʷʨʥʦʛʦ ʵʣʝʢʪʨʦʬʦʨʤʦʚʘʥʠʷ Nanospider ʥʝ 
ʠʩʢʣʶʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʨʘʙʦʪʢʠ ʨʘʩʪʚʦʨʦʚ ʩʤʝʩʝʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ 
ʥʝʩʦʚʤʝʩʪʠʤʳʭ ʧʦʣʠʤʝʨʦʚ, ʪ.ʢ. ʧʨʦʤʳʰʣʝʥʥʘʷ ʫʩʪʘʥʦʚʢʘ Nanospider ʠʤʝʝʪ ʩʠʩʪʝʤʫ 
ʥʝʧʨʝʨʳʚʥʦʡ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʨʘʩʪʚʦʨʘ. ɺʨʘʱʝʥʠʝ ʬʦʨʤʦʚʦʯʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʪʘʢʞʝ 
ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʝʨʝʤʝʰʠʚʘʥʠʶ ʬʦʨʤʦʚʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʠ ʧʦʩʪʦʷʥʥʦʤʫ ʝʛʦ ʦʙʥʦʚʣʝʥʠʶ 
ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ. ʇʦʵʪʦʤʫ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʩʤʝʩʝʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ 
ʥʝʩʦʚʤʝʩʪʠʤʳʭ ʧʦʣʠʤʝʨʦʚ ʜʦʩʪʘʪʦʯʥʦ ʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ, ʫʩʣʦʚʠʝʤ 
ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʚʠʜʠʤʦʛʦ ʨʘʩʩʣʦʝʥʠʷ ʨʘʩʪʚʦʨʘ ʩʤʝʩʠ ʧʦʣʠʤʝʨʦʚ ʚ 
ʪʝʯʝʥʠʝ ʭʦʪʷ ʙʳ 1 ʯʘʩʘ [2]. 

ɺ ʩʣʫʯʘʝ ʨʘʩʪʚʦʨʘ ʩʤʝʩʠ ʧʦʣʠʤʝʨʦʚ ʥʠʟʢʦʚʷʟʢʠʡ ʧʦʣʠʘʤʠʜ - ʛʠʘʣʫʨʦʥʦʚʘʷ 
ʢʠʩʣʦʪʘ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʘʩʩʦʮʠʘʪʦʚ ʤʘʢʨʦʤʦʣʝʢʫʣ ʛʠʘʣʫʨʦʥʦʚʦʡ ʢʠʩʣʦʪʳ, 
ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʧʨʦʮʝʩʩ ʵʣʝʢʪʨʦʬʦʨʤʦʚʘʥʠʷ. ɺ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʦʤ ʨʘʩʪʚʦʨʝ 
ʧʦʣʠʘʤʠʜʘ ʨʘʟʥʦʨʦʜʥʳʝ ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʩʤʝʩʠ (ʧʦʣʠʘʤʠʜ-ʛʠʘʣʫʨʦʥʦʚʘʷ ʢʠʩʣʦʪʘ) 
ʦʙʣʘʜʘʶʪ ʤʝʥʴʰʝʡ ʵʥʝʨʛʠʝʡ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʯʝʤ ʦʜʥʦʨʦʜʥʳʝ 
ʤʦʣʝʢʫʣʳ ʙʦʣʝʝ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʛʠʘʣʫʨʦʥʦʚʦʡ ʢʠʩʣʦʪʳ. ʇʦʚʳʰʝʥʠʝ 
ʪʝʤʧʝʨʘʪʫʨʳ ʩʤʝʰʝʥʠʷ ʧʦʣʠʤʝʨʦʚ ʧʦʟʚʦʣʠʪ ʫʩʪʨʘʥʠʪʴ ʵʪʦ ʥʝʞʝʣʘʪʝʣʴʥʦʝ ʷʚʣʝʥʠʝ. 

ɺ ʩʚʷʟʠ ʩ ʚʦʟʥʠʢʰʠʤʠ ʧʨʦʙʣʝʤʘʤʠ ʧʨʠ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʨʘʩʪʚʦʨʦʚ ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʠʟʢʦʚʷʟʢʦʛʦ ʧʦʣʠʘʤʠʜʘ-6, ʘ ʪʘʢʞʝ ʩ ʨʘʩʩʣʦʝʥʠʝʤ ʨʘʩʪʚʦʨʦʚ ʥʘ ʬʘʟʳ 
ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦ ʧʨʦʚʝʜʝʥʠʠ ʧʦʚʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʩʪʚʦʨʦʚ ʩ 
ʜʦʙʘʚʣʝʥʠʝʤ 2,5% ʛʠʘʣʫʨʦʥʦʚʦʡ ʢʠʩʣʦʪʳ: 

- 12 %-ʥʳʡ ʨʘʩʪʚʦʨ ʥʠʟʢʦʚʷʟʢʦʛʦ ʧʦʣʠʘʤʠʜʘ ʚ ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʝ; 
- 10 %-ʥʳʡ ʨʘʩʪʚʦʨ ʚʳʩʦʢʦʚʷʟʢʦʛʦ ʧʦʣʠʘʤʠʜʘ ʚ ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʝ. 
ɸʥʘʣʠʟʠʨʫʷ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 
- ʜʦʙʘʚʣʝʥʠʝ 2,5 % ʛʠʘʣʫʨʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʥʝ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ 

ʚʣʠʷʥʠʷ ʥʘ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʨʘʩʪʚʦʨʦʚ; 
- ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʦʡ ʦʢʘʟʘʣʘʩʴ ʩʤʝʩʴ ʧʦʣʠʤʝʨʦʚ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʡ 

ʧʦʣʠʘʤʠʜ ï ʛʠʘʣʫʨʦʥʦʚʘʷ ʢʠʩʣʦʪʘ, ʥʝ ʨʘʩʩʣʘʠʚʘʶʱʘʷʩʷ ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ ʩʫʪʦʢ, ʯʪʦ 
ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʵʪʠʭ ʧʦʣʠʤʝʨʦʚ ʚ ʨʘʩʪʚʦʨʘʭ 
ʪʘʢʦʛʦ ʩʦʩʪʘʚʘ. 
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ʇʦʜʙʦʨ ʫʩʣʦʚʠʡ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʣʫʙʦʚʦʣʦʢʥʠʩʪʦʛʦ ʩʳʨʴʷ  
ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʝʛʦ ʧʦʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

 

ʇ.ʖ. ʂʋʈɿɸʅʆɺɸ 
1, 2* 

(
1
ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

2
ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʨʘʩʪʚʦʨʦʚ ʠʤ. ɻ.ɸ. ʂʨʝʩʪʦʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʛ. ʀʚʘʥʦʚʦ) 

 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʚ ʨʘʤʢʘʭ ʧʦʠʩʢʘ ʧʫʪʝʡ ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ 

ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʭ ʩʦʨʙʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʧʨʠʨʦʜʥʦʛʦ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ, 
ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʦʛʦ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʦʪʭʦʜ r ʣʴʥʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ 
ʪʝʢʩʪʠʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ.  

ʃɹ ʥʦʚʦʣʢʥʠʩʪʳʡ ʤʘʪʝʨʠʘʣ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʠʨʦʜʥʫʶ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʫʶ 
ʢʦʤʧʦʟʠʮʠʶ. ʇʦʚʳʰʝʥʠʝ ʩʦʨʙʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʚʦʟʤʦʞʥʦ, ʚ ʪʦʤ ʯʠʩʣʝ, 
ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʝʛʦ ʧʦʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ 
ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʝʝ ʢʦʤʧʦʥʝʥʪʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ 
ʩʦʪʨʫʜʥʠʢʘʤʠ ʀʍʈ ʈɸʅ, ʦʨʠʛʠʥʘʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʝʤʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-
ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʜʝʩʪʨʫʢʮʠʠ ʧʦʣʠʤʝʨʦʚ ʚ ʩʪʨʫʢʪʫʨʥʳʭ ʦʙʨʘʟʦʚʘʥʠʷʭ ʩʚʷʟʫʶʱʠʭ 
ʚʝʱʝʩʪʚ ʣʫʙʷʥʳʭ ʧʫʯʢʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʬʝʨʤʝʥʪʦʚ [1] ʤʦʛʫʪ ʩʪʘʪʴ ʦʜʥʠʤ ʠʟ ʚʘʨʠʘʥʪʦʚ 
ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ.  

ʎʝʣʴ ʨʘʙʦʪʳ ʩʦʩʪʦʷʣʘ ʚ ʧʦʜʙʦʨʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ 
ʦʙʨʘʙʦʪʢʠ ʣʫʙʦʚʦʣʦʢʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʝʛʦ ʧʦʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥ rʣʴʥʷʥʳʝ ʦʯʝʩʳ, ʷʚʣʷʶʱʠʝʩʷ 
ʦʪʭʦʜʘʤʠ ʣʴʥʦʧʨʦʠʟʚʦʜʩʪʚʘ, ʦʙʨʘʟʫʝʤʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʩʘʥʠʷ ʪʨʝʧʘʥʦʛʦ ʣʴʥʘ ʥʘ 
ʣʴʥʦʯʝʩʘʣʴʥʦʡ ʤʘʰʠʥʝ. ʃɹ ʥʷʥʳʝ ʦʯʝʩʳ ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʧʨʝʜʧʨʠʷʪʠʝʤ ʆɸʆ 
çɺʦʣʦʛʦʜʩʢʠʡ ʪʝʢʩʪʠʣʴè. ʌʝʨʤʝʥʪʘʪʠʚʥʘ  ̫ ʦʙʨʘʙʦʪʢʘ ʣʴʥʦʚʦʣʦʢʥʠʩʪʳʭ ʦʙʨʘʟʮʦʚ 
ʦʩʫʱʝʩʪʚʣʝʥʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʨʘʩʪʚʦʨʘ 40

ʦ
ʉ, ʟʥʘʯʝʥʠʠ ʨʅ 6,5 ʠ ʦʪʥʦʰʝʥʠʠ ʦʙʲʝʤʘ 

ʨʘʩʪʚʦʨʘ ʢ ʤʘʩʩʝ ʦʙʨʘʟʮʘ 10:1. ʇʦʜʙʦʨ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ 
ʦʙʨʘʙʦʪʢʠ ʣʫʙʦʚʦʣʦʢʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʦʚʝʜʝʥ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʩʦʩʪʘʚʘ 
ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʣʠʬʝʨʤʝʥʪʥʦʡ ʢʦʤʧʦʟʠʮʠʠ, ʠʭ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ 
ʜʣʠʪʝʣʴʥʦʩʪʠ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚ ʠʥʪʝʨʚʘʣʝ 1é2,5 ʯ. ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 
ʧʦʣʠʬʝʨʤʝʥʪʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʨʠ ʚʠʜʘ ʬʝʨʤʝʥʪʥʳʭ ʧʨʝʧʘʨʘʪʦʚ:  
ʢʦʤʧʣʝʢʩ ʮʝʣʣʶʣʦʣʠʪʠʯʝʩʢʠʭ ʬʝʨʤʝʥʪʦʚ (ʎʇ) ʠ ʛʦʤʦʛʝʥʥʳʝ ʬʝʨʤʝʥʪʳ 
ʵʢʟʦʛʘʣʘʢʪʦʟʠʜʘʟʘ (ɻʣ) ʠ ʵʢʟʦʢʩʠʣʦʟʠʜʘʟʘ (ʂʩ) ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʠʨʤʳ ʆʆʆ ʇʆ 
çʉʠʙʙʠʦʬʘʨʤè (ʛ. ɹʝʨʜʩʢ). ʎʇ ʷʚʣʷʣʩʷ ʙʘʟʦʚʳʤ ʧʨʝʧʘʨʘʪʦʤ. ʇʨʝʧʘʨʘʪʳ ɻʣ ʠ ʂʩ 
ʠʩʧʦʣʴʟʦʚʘʥ  r ʢʘʢ ʜʦʙʘʚʢʠ ʢ ʧʨʝʧʘʨʘʪʫ ʎʇ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʚʳʰʝʥʠʷ ʧʦʨʦʚʦʛʦ 
ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʩʪʨʫʢʪʫʨʝ ʣʫʙʦʚʦʣʦʢʥʠʩʪʦʛʦ ʩʳʨʴʷ ʧʦʩʣʝ ʙʠʦʤʦʜʠʬʠʢʘʮʠʠ ʦʮʝʥʝʥʘ ʧʦ 
ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʥʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʧʣʦʱʘʜʠ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ (Sʫʜ, 
ɻʆʉʊ 13144-79) ʠ ʩʫʤʤʘʨʥʦʛʦ ʦʙʲʝʤʘ ʧʦʨ (Vʦʙ,ɦ ɻʆʉʊ 17219-71).  

 ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʳʤ ʚʘʨʠʘʥʪʦʤ 
ʙʠʦʤʦʜʠʬʠʢʘʮʠʠ ʣʴʥʷʥʳʭ ʦʯʝʩʦʚ ʷʚʣʷʝʪʩʷ ʨʝʞʠʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʠʬʝʨʤʝʥʪʥʦʡ 
ʢʦʤʧʦʟʠʮʠʠ ʥʘ ʦʩʥʦʚʝ ʎʇ, ɻʣ ʠ ʂʩ ʠ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ 2 ʯ. ʂʦʤʧʣʝʢʩʥʦʝ 
ʨʘʩʱʝʧʣʝʥʠʝ ʧʦʣʠʤʝʨʦʚ ʚ ʦʜʨʝʚʝʩʥʝʣʳʭ ʤʝʞʢʣʝʪʥʳʭ ʦʙʨʘʟʦʚʘʥʠʷʭ ʣʫʙʷʥʦʛʦ ʧʫʯʢʘ 
ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʝʩʪʨʫʢʮʠʶ ʛʝʤʠʮʝʣʣʶʣʦʟʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʫʤʝʥʴʰʘʷ ʠʭ ʩʦʜʝʨʞʘʥʠʷ ʩ 
13,3 ʜʦ 7,6 ʤʘʩʩ.%, ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʫʜʘʣʝʥʠʠ ʧʝʢʪʠʥʦʚʳʭ ʚʝʱʝʩʪʚ ʩ 3,3 ʜʦ 2,5 
ʤʘʩʩ.%. ʂʨʦʤʝ ʪʦʛʦ, ʩʦʟʜʘʶʪʩʷ ʫʩʣʦʚʠʷ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʝʨʝʚʦʜʘ ʣʠʛʥʠʥʘ ʚ 
ʨʘʩʪʚʦʨʠʤʦʝ ʩʦʩʪʦʷʥʠʝ. ʇʨʠ ʵʪʦʤ ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʪʦʨʘʩʪʚʦʨʠʤʦʛʦ ʣʠʛʥʠʥʘ 
ʧʦʚʳʰʘʝʪʩʷ ʚ 8 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʦʙʨʘʙʦʪʘʥʥʳʤ ʦʙʨʘʟʮʦʤ. ʊʘʢʦʝ ʩʦʜʝʨʞʘʥʠʝ 
ʧʦʣʠʤʝʨʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚ ʚʦʣʦʢʥʠʩʪʦʡ ʤʘʪʨʠʮʝ ʨʘʟʚʠʪʦʡ ʩʠʩʪʝʤʳ 
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ʤʠʢʨʦ- ʠ ʤʝʟʦʧʦʨ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʮʝʥʢʠ ʠʟʤʝʥʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ 
ʧʣʦʱʘʜʠ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʦʢʥʘ ʠ ʩʫʤʤʘʨʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʦʙʲʝʤʘ ʧʦʨ. 
ɺʳʷʚʣʝʥʦ, ʯʪʦ ʙʠʦʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʣʴʥʷʥʳʝ ʦʯʝʩʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ 
ʩ ʥʝʦʙʨʘʙʦʪʘʥʥʳʤ ʦʙʨʘʟʮʦʤ ʫʚʝʣʠʯʝʥʠʝʤ ʚʝʣʠʯʠʥ Sʫʜ ʠ Vʦʙ ɦʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ 2 ʠ 2,4 
ʨʘʟʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʷʚʣʝʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠ ̫ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ 
ʦʙʨʘʙʦʪʢʠ ʣɹ ʥʷʥʳʭ ʦʯʝʩʦʚ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʠʭ ʧʦʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʯʪʦ ʤʦʞʝʪ ʩʪʘʪʴ 
ʦʩʥʦʚʦʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʩʦʨʙʝʥʪʦʚ ʠʟ ʣʴʥʦʚʦʣʦʢʥʠʩʪʳʭ 
ʤʘʪʝʨʠʘʣʦʚ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ 
ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ˉ15-43-03075ʮʯʨ. 
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ʆʜʥʠʤ ʠʟ ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ʢʘʧʶʰʦʥʘʤ ʩʘʤʦʩʧʘʩʘʪʝʣʷ, 

ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʠʟ ʤʘʪʝʨʠʘʣʘ ʩ ʇɺʍïʧʦʢʨʳʪʠʝʤ, ʷʚʣʷʝʪʩʷ ʦʩʥʘʱʝʥʠʝ ʠʭ ʩʠʛʥʘʣʴʥʳʤʠ 
ʵʣʝʤʝʥʪʘʤʠ ʚ ʚʠʜʝ ʧʦʣʦʩ ʠʟ ʩʚʝʪʦʚʦʟʚʨʘʱʘʶʱʝʡ ʣʝʥʪʳ [1, 2]. ɺʘʞʥʳʤ ʫʩʣʦʚʠʝʤ ʧʨʠ 
ʵʪʦʤ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʦʯʥʦʛʦ ʘʜʛʝʟʠʦʥʥʦʛʦ ʢʦʥʪʘʢʪʘ ʩʦʝʜʠʥʷʝʤʳʭ ʜʝʪʘʣʝʡ. 
ʂʘʢ ʠʟʚʝʩʪʥʦ, ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʩʦʝʜʠʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ 
ʰʚʝʡʥʳʭ ʠʟʜʝʣʠʷʭ ʷʚʣʷʝʪʩʷ ʩʢʣʝʠʚʘʥʠʝ [3]. ʀʟ ʯʠʩʣʘ ʠʩʧʦʣʴʟʫʝʤʳʭ ʢʣʝʝʚ ʦʩʦʙʳʡ 
ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʘʜʛʝʟʠʚʳ ʥʘ ʦʩʥʦʚʝ ʚʦʜʥʳʭ ʜʠʩʧʝʨʩʠʡ ʧʦʣʠʤʝʨʦʚ. ʕʪʦ 
ʦʙʫʩʣʦʚʣʝʥʦ,  ʧʨʝʞʜʝ ʚʩʝʛʦ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʩʦʦʙʨʘʞʝʥʠʷʤʠ ï ʠʩʢʣʶʯʝʥʠʝʤ 
ʧʨʠʤʝʥʝʥʠʷ ʪʦʢʩʠʯʥʳʭ ʧʦʞʘʨʦ- ʠ ʚʟʨʳʚʦʦʧʘʩʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʚʳʜʝʣʷʶʱʠʭʩʷ ʚ 
ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ 
ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʧʫʪʝʤ ʩʦʝʜʠʥʝʥʠʷ  
ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙ, ʚʢʣʶʯʘʶʱʠʡ ʧʦʣʫʯʝʥʠʝ ʩʘʤʦʢʣʝʷʱʝʡʩʷ ʩʚʝʪʦʚʦʟʚʨʘʱʘʶʱʝʡ ʣʝʥʪʳ 
ʩ ʜʘʣʴʥʝʡʰʠʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʝʝ ʜʣʷ ʩʢʣʝʠʚʘʥʠʷ ʩ ʤʘʪʝʨʠʘʣʦʤ, ʧʨʠʤʝʥʷʝʤʳʤ ʜʣʷ 
ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʘʧʶʰʦʥʦʚ ʩʘʤʦʩʧʘʩʘʪʝʣʷ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʨʘʟʨʘʙʦʪʢʘ ʨʝʮʝʧʪʫʨʳ ʘʜʛʝʟʠʚʥʦʛʦ ʩʦʩʪʘʚʘ ʠ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʩʚʝʪʦʚʦʟʚʨʘʱʘʶʱʝʡ ʣʝʥʪʳ ʩ ʢʣʝʝʚʳʤ ʩʣʦʝʤ. 

ɺ ʢʘʯʝʩʪʚʝ ʘʜʛʝʟʠʚʘ ʜʣʷ ʩʢʣʝʠʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʣʝʝʚʳʝ 
ʢʦʤʧʦʟʠʮʠʠ ʥʘ ʦʩʥʦʚʝ ʘʢʨʠʣʦʚʦʡ ʜʠʩʧʝʨʩʠʠ çʃʘʢʨʦʪʵʥ ʕ-52è. ʈʝʮʝʧʪʫʨʥʦ-
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʞʠʤʳ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʢʣʝʝʚʳʭ ʢʦʤʧʦʟʠʮʠʡ ʠ ʫʩʣʦʚʠʷ 
ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʣʝʝʚʦʛʦ ʩʣʦʷ, ʦʙʣʘʜʘʶʱʝʛʦ ʦʩʪʘʪʦʯʥʦʡ ʣʠʧʢʦʩʪʴʶ, ʦʪʨʘʙʘʪʳʚʘʣʠʩʴ 
ʢʘʢ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ, ʪʘʢ ʠ ʚ ʦʪʜʝʣʝ ʦʧʳʪʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ ʥʘ 
ʥʘʥʦʩʥʦ-ʧʝʨʝʥʦʩʥʦʡ ʣʠʥʠʠ ʘʛʨʝʛʘʪʘ çSpoonerè. 
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ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ ʚʳʷʚʣʝʥʦ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ, ʚ 
ʪʦʤ ʯʠʩʣʝ ʩʧʦʩʦʙʘ ʥʘʥʝʩʝʥʠʷ, ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʪʦʣʱʠʥʳ ʧʦʣʠʤʝʨʥʦʛʦ 
ʩʣʦʷ ʥʘ ʩʚʦʡʩʪʚʘ ʢʣʝʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʘʤʦʢʣʝʷʱʝʛʦʩʷ ʤʘʪʝʨʠʘʣʘ 
ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʫʙʣʠʨʦʚʘʥʠʷ ʉɺ-ʣʝʥʪʳ ʩ ʢʣʝʝʚʳʤ ʩʣʦʝʤ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 
ʩʬʦʨʤʠʨʦʚʘʥʥʳʤ ʥʘ ʘʥʪʠʘʜʛʝʟʠʦʥʥʦʡ ʧʦʜʣʦʞʢʝ (ʧʣʝʥʢʘ ʇʕʊ). 

ʈʘʟʨʘʙʦʪʘʥʦ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ ʢ ʨʘʟʤʦʪʦʯʥʦʤʫ ʫʟʣʫ ʫʩʪʘʥʦʚʢʠ, ʧʦʟʚʦʣʷʶʱʝʝ 
ʦʩʫʱʝʩʪʚʣʷʪʴ ʦʜʥʦʚʨʝʤʝʥʥʫʶ ʧʦʜʘʯʫ ʉɺ-ʣʝʥʪʳ (50 ʤʤ) ʚ ʥʝʩʢʦʣʴʢʦ ʨʷʜʦʚ, ʯʪʦ 
ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʣʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʩʘʤʦʢʣʝʶʱʝʛʦʩʷ 
ʤʘʪʝʨʠʘʣʘ. 

ʀʟʛʦʪʦʚʣʝʥʥʳʝ ʦʙʨʘʟʮʳ ʩʚʝʪʦʚʦʟʚʨʘʱʘʶʱʝʡ ʣʝʥʪʳ ʩ ʢʣʝʝʚʳʤ ʩʣʦʝʤ ʙʳʣʠ 
ʠʩʧʳʪʘʥʳ ʥʘ ʧʦʢʘʟʘʪʝʣʴ ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʧʦʩʣʝ ʧʨʦʢʣʝʠʚʘʥʠʷ ʠʭ ʩ ʤʘʪʝʨʠʘʣʦʤ 
ʢʘʧʶʰʦʥʘ.  

 ʆʮʝʥʢʘ ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʤʝʪʦʜʦʤ ʨʘʩʩʣʘʠʚʘʥʠʷ ʥʘ 
ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʤʘʰʠʥʝ ʀʈ 5081-10 ʩ ʧʨʦʛʨʘʤʤʥʦ-ʪʝʭʥʠʯʝʩʢʠʤ 
ʢʦʤʧʣʝʢʩʦʤ (ʇʊʂ), ʚʢʣʶʯʘʶʱʠʤ ʧʝʨʩʦʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ  IBM ʩʦʚʤʝʩʪʠʤʳʡ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ  ʧʦʟʚʦʣʠʣʠ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ ʚʳʩʦʢʠʡ 
ʫʨʦʚʝʥʴ ʧʦʢʘʟʘʪʝʣʷ ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ (ʜʦ 1 ʢʛʩ/ʩʤ) ʩʢʣʝʠʚʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. 
ʇʨʠ ʵʪʦʤ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʢʦʥʪʘʢʪʘ ʩʦʝʜʠʥʷʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘʙʣʶʜʘʣʩʷ 
ʨʦʩʪ ʧʦʢʘʟʘʪʝʣʷ ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʘ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʜʛʝʟʠʚʦʚ ʥʘ ʦʩʥʦʚʝ ʘʢʨʠʣʘʪʥʦʛʦ ʣʘʪʝʢʩʘ, 
ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʨʦʯʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʩʠʛʥʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʟ ʩʚʝʪʦʚʦʟʚʨʘʱʘʶʱʝʡ 
ʣʝʥʪʳ ʩ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʢʘʧʶʰʦʥʘ ʩʘʤʦʩʧʘʩʘʪʝʣʷ. 
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ɸ.ɸ. ʇɽʊʈʆɺɸ, ɸ.ɽ. ʊʈɽʊʔʗʂʆɺɸ, ɺ.ɺ. ʉɸʌʆʅʆɺ 
(ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɸ.ʅ. ʂʦʩʳʛʠʥʘ 

(ʊʝʭʥʦʣʦʛʠʠ. ɼʠʟʘʡʥ. ʀʩʢʫʩʩʪʚʦ)) 
 
ʉ ʤʦʤʝʥʪʘ ʩʦʟʜʘʥʠʷ ʧʨʝʜʧʨʠʷʪʠʡ ʭʠʤʠʯʝʩʢʦʡ ʯʠʩʪʢʠ ʠ ʧʦ ʩʝʡ ʜʝʥʴ ʚʝʜʫʪʩʷ 

ʨʘʙʦʪʳ ʥʘʜ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʢʘʯʝʩʪʚʘ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʫʩʣʫʛ, ʪʘʢ ʢʘʢ ʩ ʢʘʞʜʳʤ 
ʛʦʜʦʤ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʪʦʣʴʢʦ ʚʦʟʨʘʩʪʘʶʪ, ʯʪʦ ʦʙʦʟʥʘʯʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ 
ʣʶʙʳʭ ʥʦʚʳʭ ʨʘʟʨʘʙʦʪʦʢ, ʧʦʚʳʰʘʶʱʠʭ ʢʘʯʝʩʪʚʦ ʯʠʩʪʢʠ, ʚʳʚʝʜʝʥʠʷ ʧʷʪʝʥ ʠ 
ʧʦʜʜʝʨʞʘʥʠʷ ʪʦʚʘʨʥʦʛʦ ʚʠʜʘ  ʚ ʜʘʥʥʦʤ ʩʝʛʤʝʥʪʝ. ʍʠʤʠʯʝʩʢʘʷ ʯʠʩʪʢʘ ʚʦʟʤʦʞʥʘ ʩ 
ʧʦʤʦʱʴʶ ʇɸɺʦʚ, ʨʘʟʣʠʯʥʳʭ ʬʝʨʤʝʥʪʦʚ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʨʘʩʪʚʦʨʠʪʝʣʝʡ. ʇʨʝʠʤʫʱʝʩʪʚʦ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʜʘʣʝʥʠʠ ʧʷʪʝʥ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 
ʭʘʨʘʢʪʝʨʘ, ʥʘʧʨʠʤʝʨ, ʙʝʣʢʦʚʳʝ, ʞʠʨʦʚʳʝ ʠ ʪʘʢ ʜʘʣʝʝ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʠʟʚʝʩʪʥʳ 
ʩʣʝʜʫʶʱʠʝ ʥʘʠʙʦʣʝʝ ʠʩʧʦʣʴʟʫʝʤʳʝ ʨʘʩʪʚʦʨʠʪʝʣʠ (ʥʘʟʚʘʥʠʷ ʧʨʠʚʝʜʝʥʳ ʦʙʦʙʱʝʥʥʦ): 

¶ ʇʝʨʭʣʦʨʵʪʠʣʝʥ; 

¶ ʋʛʣʝʚʦʜʦʨʦʜʥʳʡ ʨʘʩʪʚʦʨʠʪʝʣʴ; 

¶ ʉʠʣʠʢʦʥʦʚʳʡ ʨʘʩʪʚʦʨʠʪʝʣʴ; 

¶ ɺʦʜʘ (ʘʢʚʘʯʠʩʪʢʘ); 

¶ ʈʷʜ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʜʣʷ ʚʳʚʝʜʝʥʠʷ ʧʷʪʝʥ ʫʟʢʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ (ʥʘʧʨʠʤʝʨ, ʜʣʷ 
ʚʳʚʝʜʝʥʠʷ ʧʷʪʝʥ ʯʝʨʥʠʣ, ʪʘʥʠʥʥʳʭ ʧʷʪʝʥ ʠ ʜʨʫʛʠʝ). 
ʎʝʣʴʁ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʦʧʪʠʤʘʣʴʥʳʭ ʩʦʩʪʘʚʦʚ ʭʠʤʠʯʝʩʢʦʡ 

ʯʠʩʪʢʠ, ʘ ʪʘʢʞʝ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʥʘ ʦʩʥʦʚʝ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ, ʥʦʚʳʭ ï ʩʠʣʠʢʦʥʦʚʳʭ 
ʨʘʩʪʚʦʨʠʪʝʣʝʡ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʩʠʣʠʢʦʥʦʚʳʡ ʨʘʩʪʚʦʨʠʪʝʣʴ ʫʞʝ ʚʥʝʜʨʝʥ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠ 
ʜʣʷ ʥʝʛʦ ʨʘʟʨʘʙʦʪʘʥʦ ʩʧʝʮʠʘʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʪʦʯʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʝʛʦ ʚʣʠʷʥʠʠ 
ʥʘ ʚʦʣʦʢʥʘ, ʢʨʘʩʠʪʝʣʠ ʠ ʧʷʪʥʘ ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʥʝ ʠʟʚʝʩʪʥʳ ʜʣʷ 
ʧʦʪʨʝʙʠʪʝʣʝʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚʧʝʨʚʳʝ 
ʠʩʩʣʝʜʫʶʪʩʷ ʨʘʩʪʚʦʨʠʪʝʣʠ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʚʩʝʭ 
ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʩʪʦʨʦʥ ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤ ʪʠʧʦʤ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʝʛʦ 
ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʚʠʜʳ ʪʢʘʥʝʡ ʠ ʧʷʪʝʥ. 

ɻʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩʪʦʠʪ ʧʦʜʙʦʨ ʪʘʢʦʛʦ ʩʦʩʪʘʚʘ ʨʘʩʪʚʦʨʠʪʝʣʷ 
ʜʣʷ ʭʠʤʠʯʝʩʢʦʡ ʯʠʩʪʢʠ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʦʪʚʝʯʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ: 

¶ ʋʜʘʣʝʥʠʝ ʧʷʪʥʘ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ; 

¶ ʉʦʭʨʘʥʝʥʠʝ ʮʚʝʪʦʚʦʛʦ ʪʦʥʘ ʠʟʜʝʣʠʷ; 

¶ ʉʦʭʨʘʥʝʥʠʝ ʮʝʣʦʩʪʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʪʢʘʥʠ; 

¶ ʇʦʜʜʝʨʞʘʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʥʦʨʤ; 

¶ ʉʦʭʨʘʥʝʥʠʝ ʣʠʥʝʡʥʳʭ ʨʘʟʤʝʨʦʚ ʪʝʢʩʪʠʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 
ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʩʦʩʪʘʚʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʘ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʤ 

ʧʨʝʜʧʨʠʷʪʠʠ, ʣʠʙʦ ʚʥʝʜʨʷʪʴʩʷ ʚ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ʭʠʤʠʯʝʩʢʦʡ ʯʠʩʪʢʠ, 
ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʥʘ ʧʨʝʜʦʩʪʘʚʣʝʥʠʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʫʩʣʫʛ ʚ ʜʘʥʥʦʡ ʦʪʨʘʩʣʠ. 
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ʋʛʣʝʨʦʜʥʳʡ ʚʦʣʦʢʥʠʩʪʳʡ ʩʦʨʙʝʥʪ C-300, 
ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠ ̫ʤʝʪʘʥʘ 

 
ʉ.ɺ. ʉɸʇʆɾʅʀʂʆɺ 

(ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɸ.ʅ. ʂʦʩʳʛʠʥʘ 
(ʊʝʭʥʦʣʦʛʠʠ. ɼʠʟʘʡʥ. ʀʩʢʫʩʩʪʚʦ) 

 
ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʪʘʣʠ ʘʢʪʫʘʣʴʥʳ, ʦʩʦʙʝʥʥʦ ʚ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʵʥʝʨʛʝʪʠʢʝ, 

ʟʘʜʘʯʠ ʥʘʢʦʧʣʝʥʠʷ ʠ ʦʙʨʘʪʠʤʦʛʦ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ï ʤʝʪʘʥʘ 
ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʧʦʨʠʩʪʳʭ ʫʛʣʝʨʦʜʥʳʭ ʘʜʩʦʨʙʝʥʪʦʚ ʧʨʠ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʭ 
ʜʘʚʣʝʥʠʷʭ ʠ ʪʝʤʧʝʨʘʪʫʨʘʭ [1]. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʜʦʩʪʠʛʘʶʪʩʷ ʚʳʩʦʢʠʝ ʟʘʧʦʣʥʝʥʠʷ 
ʤʠʢʨʦʧʦʨ, ʘ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʝ ʚʝʱʝʩʪʚʦ ʥʘʭʦʜʠʪʩʷ ʚ ʦʩʦʙʦʤ ʥʘʥʦʜʠʩʧʝʨʛʠʨʦʚʘʥʥʦʤ 
ʩʦʩʪʦʷʥʠʠ  (ʅɼʉ-ʩʦʩʪʦʷʥʠʝ).  ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʠʤʝʥʝʥʠʝ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʥʠʩʪʳʭ 
ʩʦʨʙʝʥʪʦʚ ʜʣʷ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ ʤʝʪʘʥʘ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠ ʘʢʪʫʘʣʴʥʦʩʪʠ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʘʜʩʦʨʙʮʠʠ.  
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ɺ ʩʠʩʪʝʤʘʭ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ ʪʨʝʙʫʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ 
ʤʘʩʩʦʡ ʘʜʩʦʨʙʘʪʘ ʠ ʦʙʲʝʤʦʤ ʘʜʩʦʨʙʝʥʪʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʘʜʩʦʨʙʝʥʪʦʚ 
ʩ ʤʘʢʩʠʤʘʣʴʥʦ ʨʘʟʚʠʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. 

ʋʛʣʝʨʦʜʥʳʡ ʚʦʣʦʢʥʠʩʪʳʡ ʩʦʨʙʝʥʪ (ʋɺʉ) ï ʵʪʦ ʧʦʨʠʩʪʳʡ ʚʦʣʦʢʥʠʩʪʳʡ 
ʤʘʪʝʨʠʘʣ ʥʘ ʦʩʥʦʚʝ ʫʛʣʝʨʦʜʘ ʠ ʦʙʣʘʜʘʶʱʠʡ ʚʳʨʘʞʝʥʥʳʤʠ ʘʜʩʦʨʙʮʠʦʥʥʳʤʠ 
ʩʚʦʡʩʪʚʘʤʠ [2]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʣʦʢʥʠʩʪʳʭ ʩʦʨʙʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʫʩʪʨʘʥʠʪʴ ʧʨʦʙʣʝʤʫ 
ʧʳʣʝʥʠʷ ʘʜʩʦʨʙʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʨʝʩʫʨʩʦʚ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ 
ʘʚʪʦʤʦʙʠʣʷ.  

ɺʦʣʦʢʥʠʩʪʳʡ ʩʦʨʙʝʥʪ ʚʳʙʠʨʘʣʩʷ ʩʨʝʜʠ ʰʠʨʦʢʦʛʦ ʨʷʜʘ ʧʨʦʤʳʰʣʝʥʥʳʭ 
ʧʦʨʠʩʪʳʭ ʫʛʣʝʨʦʜʥʳʭ ʘʜʩʦʨʙʝʥʪʦʚ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʘʜʩʦʨʙʮʠʠ, 
ʫʜʝʣʴʥʦʤʫ ʦʙʲʝʤʫ ʤʠʢʨʦʧʦʨ ʠ ʥʘʩʳʧʥʦʤʫ ʚʝʩʫ. 

ɺ ʢʘʯʝʩʪʚʝ ʩʦʨʙʝʥʪʘ ʚʳʙʨʘʥ ʧʦʨʠʩʪʳʡ ʚʦʣʦʢʥʠʩʪʳʡ ʤʘʪʝʨʠʘʣ ʉ-300, 
ʧʦʣʫʯʝʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʤʝʨʥʳʭ ʚʦʣʦʢʦʥ ʠʟ ʚʠʩʢʦʟʳ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʭ 
ʠ ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʭ ʩʦʨʙʝʥʪʦʚ, ʦʥ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ, ʘ ʠʤʝʥʥʦ: 
ʧʦʚʳʰʝʥʥʦʡ ʢʠʥʝʪʠʢʦʡ ʩʦʨʙʮʠʠ ʟʘ ʩʯʝʪ ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʙʦʣʴʰʝʡ 
ʜʦʩʪʫʧʥʦʩʪʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ, ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʧʦʛʣʦʱʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 
ʚʝʱʝʩʪʚ, ʧʨʦʯʥʦʩʪʴʶ, ʦʪʩʫʪʩʪʚʠʝʤ ʧʳʣʝʥʠʷ, ʚʳʩʦʢʦʡ ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. 
ɺʦʣʦʢʥʘ ʩʦʨʙʝʥʪʘ ʩʧʣʝʪʝʥʳ ʠʟ ʦʪʜʝʣʴʥʳʭ ʥʠʪʝʡ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʨʘʟʤʝʨ ʧʦʨʷʜʢʘ 
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 ʤʤ.  
ʇʦʣʫʯʝʥʠʝ ʧʦʨʠʩʪʦʛʦ ʚʦʣʦʢʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʚʝ ʩʪʘʜʠʠ: 

ʧʠʨʦʣʠʟ ʠ ʘʢʪʠʚʘʮʠʶ. ɺ ʧʨʦʮʝʩʩʝ ʧʠʨʦʣʠʟʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʮʝʩʩ ʢʘʨʙʦʥʠʟʘʮʠʠ 
ʚʦʣʦʢʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʇʨʠ ʘʢʪʠʚʘʮʠʠ ʢʘʨʙʦʥʠʟʠʨʦʚʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʧʦʜʚʝʨʛʘʶʪ 
ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (700 - 1000 

o
ʉ) ʚ ʩʨʝʜʝ ʚʦʜʷʥʦʛʦ 

ʧʘʨʘ ʠʣʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ. ʀʤʝʥʥʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʡ ʦʙʨʘʙʦʪʢʠ ʚ ʫʛʣʝʨʦʜʥʦʤ 
ʤʘʪʝʨʠʘʣʝ ʦʙʨʘʟʫʶʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʦʨʳ, ʱʝʣʠ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ 
ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʦʙʲʝʤ ʤʠʢʨʦʧʦʨ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ʀʟʦʩʪʝʨʠʯʝʩʢʘʷ ʪʝʧʣʦʪʘ ʘʜʩʦʨʙʮʠʠ ʥʘ ʥʘʯʘʣʴʥʦʤ ʫʯʘʩʪʢʝ ʫʤʝʥʴʰʘʝʪʩʷ 
ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ. ʊʝʧʣʦʪʘ ʘʜʩʦʨʙʮʠʠ ʧʣʘʚʥʦ ʧʘʜʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 
ʘʜʩʦʨʙʮʠʠ, ʪ.ʝ. ʩ ʨʦʩʪʦʤ ʟʘʧʦʣʥʝʥʠʷ ʦʙʲʝʤʘ ʤʠʢʨʦʧʦʨ. ʅʘʯʘʣʴʥʘʷ ʪʝʧʣʦʪʘ ʘʜʩʦʨʙʮʠʠ 
ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 14 - 15 ʢɼʞ/ʤʦʣʴ. ʄʦʣʝʢʫʣʳ ʘʜʩʦʨʙʘʪʘ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʟʘʥʠʤʘʶʪ 
ʥʘʠʙʦʣʝʝ ʚʳʛʦʜʥʳʝ ʘʜʩʦʨʙʮʠʦʥʥʳʝ ʮʝʥʪʨʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʪʝʧʣʦʪʘ ʧʘʜʘʝʪ 
ʩ ʨʦʩʪʦʤ ʘʜʩʦʨʙʮʠʠ. 

ʅʘʠʙʦʣʴʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʛʣʝʨʦʜʥʦʛʦ ʚʦʣʦʢʥʠʩʪʦʛʦ 
ʩʦʨʙʝʥʪʘ ʉ-300 ʜʣʷ ʘʜʩʦʨʙʮʠʦʥʥʦʛʦ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ ʤʝʪʘʥʘ ʥʘʙʣʶʜʘʝʪʩʷ 
ʚ ʠʥʪʝʨʚʘʣʝ ʜʘʚʣʝʥʠʡ ʦʪ 3 ʜʦ 7 ʄʇʘ ʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 303 - 333 ʂ. ʇʨʠ ʵʪʦʤ ʚ ʜʘʥʥʦʡ 
ʦʙʣʘʩʪʠ ʜʘʚʣʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʨʠʩʪʦʛʦ ʚʦʣʦʢʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʟʚʦʣʷʝʪ 
ʧʦʚʳʩʠʪʴ ʦʙʲʝʤ ʟʘʧʘʩʝʥʥʦʛʦ ʤʝʪʘʥʘ ʧʦʯʪʠ ʚ 2 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʘʣʣʦʥʦʤ ʙʝʟ 
ʘʜʩʦʨʙʝʥʪʘ. ʇʨʠ ʜʘʚʣʝʥʠʷʭ ʚʳʰʝ 15 - 17 ʄʇʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʨʙʝʥʪʘ ʉ-300 
ʥʝʵʬʬʝʢʪʠʚʥʦ. 
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ɺʣʠʷʥʠʝ ʩʦʩʪʦʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʵʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪʘ ʥʘ ʧʨʦʮʝʩʩʳ 
ʩʤʘʯʠʚʘʥʠʷ ʞʠʜʢʦʩʪʷʤʠ ʠ ʤʝʪʘʣʣʠʟʘʮʠʠ 

 
ɺ.ʆ. ɿɸʂɸɿʅʆɺ

1
, ɸ.ɺ. ɹɸʈɸʅʆɺ

1
, ʊ.ɸ. ʂʆʄɸʈʆɺɸ

2 

(
1
 ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

2
 ʀʚʘʥʦʚʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ) 

 
ʇʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʠʟʢʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʠ ʧʦʵʪʦʤʫ, ʧʣʦʭʦ ʩʤʘʯʠʚʘʶʪʩʷ ʞʠʜʢʦʩʪʷʤʠ ʠ 
ʦʙʣʘʜʘʶʪ ʥʠʟʢʠʤʠ ʘʜʛʝʟʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʆʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠ 
ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʤʝʨʦʚ ï ʚʦʟʜʝʡʩʪʚʠʝ 
ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʣʘʟʤʳ [1-3]. ʇʨʠ  ʪʨʘʚʣʝʥʠʠ  ʧʦʣʠʤʝʨʦʚ  ʚ  ʧʣʘʟʤʝ  ʧʨʦʠʩʭʦʜʠʪ  
ʨʘʟʨʫʰʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʨʝʜʳ, ʦʢʠʩʣʝʥʠʝ. ʆʢʠʩʣʝʥʠʝ  
ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ  ʩʣʦʷ  ʧʦʣʠʤʝʨʦʚ  ʚ  ʧʣʘʟʤʝ  ʚʦʟʜʫʭʘ  ʠ ʢʠʩʣʦʨʦʜʘ ʧʨʠʚʦʜʠʪ  ʢ  ʝʛʦ 
ʛʠʜʨʦʬʠʣʠʟʘʮʠʠ  ʟʘ  ʩʯʝʪ  ʦʙʨʘʟʦʚʘʥʠʷ  ʧʦʣʷʨʥʳʭ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ  ʛʨʫʧʧ,  
ʩʫʱʝʩʪʚʝʥʥʦ  ʠʟʤʝʥʷʶʱʠʭ  ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ  ʧʦʚʝʨʭʥʦʩʪʠ. ʉ ʧʦʤʦʱʴʶ ʪʘʢʦʡ 
ʦʙʨʘʙʦʪʢʠ ʤʦʞʥʦ ʨʝʰʠʪʴ ʮʝʣʳʡ ʨʷʜ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ: 
 - ʫʚʝʣʠʯʠʪʴ ʘʜʛʝʟʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʣʠʤʝʨʥʳʭ ʚʦʣʦʢʦʥ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʢʘʯʝʩʪʚʝ 
ʘʨʤʠʨʫʶʱʝʛʦ ʥʘʧʦʣʥʠʪʝʣʷ ʚ ʢʦʤʧʦʟʠʪʘʭ ʠ ʫʣʫʯʰʠʪʴ ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ; 
 - ʦʙʝʩʧʝʯʠʪʴ ʢʘʯʝʩʪʚʝʥʥʫʶ ʤʝʪʘʣʣʠʟʘʮʠʶ ʧʦʣʠʤʝʨʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠʣʠ ʠʭ ʦʢʨʘʩʢʫ; 
 - ʫʣʫʯʰʠʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʢʘʥʝʡ ʠ ʚʦʣʦʢʦʥ 
(ʨʝʛʫʣʠʨʦʚʘʪʴ ʛʠʜʨʦʬʠʣʴʥʦʩʪʴ, ʫʚʝʣʠʯʠʪʴ ʛʨʷʟʝʦʪʪʘʣʢʠʚʘʥʠʝ, ʫʤʝʥʴʰʠʪʴ 
ʵʣʝʢʪʨʠʟʫʝʤʦʩʪʴ);  
- ʫʜʘʣʠʪʴ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʚ 
ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʨʘʩʰʣʠʭʪʦʚʢʝ ʪʢʘʥʝʡ). 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʢʨʠʪʝʨʠʝʤ ʩʦʩʪʦʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʫʞʠʪ ʢʨʘʝʚʦʡ ʫʛʦʣ 
ʩʤʘʯʠʚʘʥʠʷ ʪʝʩʪʦʚʳʤʠ ʞʠʜʢʦʩʪʷʤʠ, ʥʘ ʚʝʣʠʯʠʥʫ ʢʦʪʦʨʦʛʦ ʚʣʠʷʝʪ ʮʝʣʳʡ ʨʷʜ ʬʘʢʪʦʨʦʚ: 
ʭʠʤʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʝʝ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ. 
ʂʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʩʤʘʯʠʚʘʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ 
ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʢʘʞʜʦʛʦ ʠʟ ʜʘʥʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʢʨʘʝʚʦʡ ʫʛʦʣ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʷʚʠʣʦʩʴ ʠʟʫʯʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ  ʩʦʩʪʦʷʥʠʝʤ 
ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʢʠ ʧʦʣʠʵʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪʘ, ʬʦʨʤʠʨʫʶʱʝʡʩʷ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʚ 
ʧʣʘʟʤʝ ʢʦʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ ʠ ʚʝʣʠʯʠʥʦʡ ʢʨʘʝʚʦʛʦ ʫʛʣʘ ʩʤʘʯʠʚʘʥʠʷ ʚʦʜʦʡ, ʛʣʠʮʝʨʠʥʦʤ ʠ 
ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʦʤ.   

ʀʟʫʯʝʥʠʝ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʚʦʜʠʣʠ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ 
ʧʨʦʬʠʣʦʛʨʘʤʤ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʬʠʣʦʤʝʪʨʘ ʤʦʜʝʣʠ 130,  ʜʣʷ 
ʠʟʫʯʝʥʠʷ ʥʘʥʦʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʢʘʥʠʨʫʶʱʠʡ 
ʤʫʣʴʪʠʤʠʢʨʦʩʢʦʧ çʉʄʄ-2000ʂè (ʧʨʦʠʟʚʦʜʠʪʝʣʴ ʢʦʤʧʣʝʢʩʘ çʇʈʆʊʆʅ-ʄʀʕʊè). 
ʉʢʘʥʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʚ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʤ ʨʝʞʠʤʝ ʚ ʢʦʥʪʘʢʪʥʦʡ ʤʦʜʝ ʧʦ ʤʝʪʦʜʫ 
ʧʦʩʪʦʷʥʥʦʡ ʩʠʣʳ.  

ɺ ʢʘʯʝʩʪʚʝ ʠʣʣʶʩʪʨʘʮʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʇʕʊʌ 
ʧʣʝʥʢʠ ʧʨʦʚʦʜʠʣʠ ʝʝ ʤʝʪʘʣʣʠʟʘʮʠʶ ʤʝʪʦʜʦʤ ʢʘʪʦʜʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ. ʉ ʧʦʤʦʱʴʶ 
ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʤʠʢʨʦʩʢʦʧʘ ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʩʨʝʜʥʝʡ ʢʚʘʜʨʘʪʠʯʥʦʡ 
ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʦʙʨʘʟʮʦʚ, ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʠ ʨʷʜʘ ʜʨʫʛʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 
ʇʦʩʪʨʦʝʥʳ ʜʠʘʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʥʦʟʝʨʝʥ ʧʦʢʨʳʪʠʷ ʧʦ ʨʘʟʤʝʨʘʤ. ʇʦʣʫʯʝʥʥʳʝ 
ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʤʝʪʦʜ ɸʉʄ ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 
ʤʦʨʬʦʣʦʛʠʶ ʠ ʣʦʢʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʟʚʦʣʷʝʪ 
ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʧʦʣʫʯʝʥʠʷ  ʤʘʪʝʨʠʘʣʦʚ. 
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ʀʟʚʝʩʪʠʷ ʚʫʟʦʚ. ʊʝʭʥʦʣʦʛʠʷ ʪʝʢʩʪʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ï 2009. ï ˉ 4ʉ(319) ï ʉ. 
129-131. 
3. ɹʣʠʥʠʯʝʚʘ ʀ.ɹ. ɸʢʪʠʚʘʮʠʷ ʩʫʨʦʚʳʭ ʭʣʦʧʯʘʪʦʙʫʤʘʞʥʳʭ ʪʢʘʥʝʡ ʪʣʝʶʱʠʤ ʨʘʟʨʷʜʦʤ ʩ 
ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ ʠʭ ʛʠʜʨʦʬʠʣʴʥʳʭ ʩʚʦʡʩʪʚ ʠ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʧʨʦʧʠʪʢʠ/ 
ʀ.ɹ. ɹʣʠʥʠʯʝʚʘ, ʄ.ʖ. ɹʫʨʤʠʩʪʦʚʘ, ɹ.ʃ. ɻʦʨʙʝʨʛ // ʀʟʚʝʩʪʠʷ ʚʫʟʦʚ. ʊʝʭʥʦʣʦʛʠʷ 
ʪʝʢʩʪʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ï 1988. ï ˉ12. ï ʉ. 129-131. 
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ʀ.ʄ. ɹɸʁɼʆɺ, ʈ.ʉ. ʂʈɸʁʅɽɺ, ʄ.ʀ. ɻʆɼʅɽɺɸ 
(ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 

 
ʀʟʫʯʝʥʠʝ ʚʥʫʪʨʝʥʥʝʛʦ ʚʨʘʱʝʥʠʷ (ɺɺ) ʢʘʢ ʦʜʥʦʛʦ ʠʟ ʚʠʜʦʚ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ 

ʜʚʠʞʝʥʠʡ  ʚ ʧʨʦʠʟʚʦʣʴʥʳʭ ʤʥʦʛʦʘʪʦʤʥʳʭ ʤʦʣʝʢʫʣʘʭ ʠ ʤʘʢʨʦʤʦʣʝʢʫʣʘʭ ʧʦʣʠʤʝʨʦʚ 
ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʵʥʝʨʛʝʪʠʢʠ 
ʤʦʣʝʢʫʣ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʩʦʦʙʱʝʥʠʷ ʷʚʣʷʝʪʩʷ ʚʳʯʠʩʣʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ 
ɺɺ (ʪʦʨʩʠʦʥʥʳʭ ʫʨʦʚʥʝʡ) ʤʦʣʝʢʫʣʳ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʦʡ  ʚ ʨʷʜʝ  
ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ  
ʧʘʢʝʪ ʧʨʦʛʨʘʤʤ (ʩʚ. ʦʙ ʦʬʠʮ. ʨʝʛʠʩʪʨ. ˉ 50200400176), ʚ ʦʩʥʦʚʫ ʘʣʛʦʨʠʪʤʘ ʢʦʪʦʨʳʭ 
ʧʦʣʦʞʝʥ ʚʘʨʠʘʮʠʦʥʥʳʡ ʤʝʪʦʜ ʈʠʪʮʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʌʫʨʴʝ 
[1]. 

ɼʣʷ ʥʠʞʥʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ ʩʜʝʣʘʥʦ ʦʪʥʝʩʝʥʠʝ ʠʭ  ʧʦ ʩʠʤʤʝʪʨʠʠ. 
ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ En. 
ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʠʟʢʠʡ 

ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʙʘʨʴʝʨ ɺɺ ʤʦʣʝʢʫʣʳ CH3COOH, ʩʦʚʧʘʜʘʝʪ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʫʨʦʚʥʝʡ, 
ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ  ʚʦʣʯʢʦʚ ʩ ʜʘʥʥʦʡ ʩʠʤʤʝʪʨʠʝʡ. ʅʠʞʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʨʦʚʥʠ, 
ʣʝʞʘʱʠʝ ʚʥʫʪʨʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʷʤʳ, ʨʘʩʱʝʧʣʷʶʪʩʷ ʥʘ ʥʝʚʳʨʦʞʜʝʥʥʳʡ ʠ ʜʚʘʞʜʳ 
ʚʳʨʦʞʜʝʥʥʳʡ ʧʦʜʫʨʦʚʥʠ. 

 ʅʘʯʠʥʘʷ  ʩ  n = 6, ʜʣʷ ʤʦʣʝʢʫʣʳ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʥʘ ʩʤʝʥʫ ʟʘʪʦʨʤʦʞʝʥʥʦʤʫ 
ʚʨʘʱʝʥʠʶ ʧʨʠʭʦʜʠʪ ʩʚʦʙʦʜʥʦʝ  ʚʥʫʪʨʝʥʥʝʝ ʚʨʘʱʝʥʠʝ, ʠ ʫʨʦʚʥʠ ʵʥʝʨʛʠʠ ʩʪʘʥʦʚʷʪʩʷ 
ʜʚʘʞʜʳ ʚʳʨʦʞʜʝʥʥʳʤʠ. 

ɼʣʷ ʤʦʣʝʢʫʣʳ CH3COOH  [2-4] ʠʩʩʣʝʜʦʚʘʥʦ ʪʘʢʞʝ ʚʣʠʷʥʠʝ ʨʝʣʘʢʩʘʮʠʠ 
ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ  ʥʘ ʚʝʣʠʯʠʥʫ ʟʥʘʯʝʥʠʡ  ʠ  ʩʪʨʫʢʪʫʨʫ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 
ʫʨʦʚʥʝʡ.  

ʊʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʤʦʤʝʥʪʦʚ ʠʥʝʨʮʠʠ, ʚʣʠʷʥʠʝ ʨʝʣʘʢʩʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʥʘ 
ʚʝʣʠʯʠʥʫ ʥʠʞʥʠʭ  ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ  ʫʨʦʚʥʝʡ ʦʢʘʟʘʣʦʩʴ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ, ʘ 
ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʵʥʝʨʛʠʠ ʥʝ ʧʨʝʚʦʩʭʦʜʷʱʠʤ  ~ 2%. ʇʦʜʦʙʥʳʝ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʠ ʨʘʩʰʠʬʨʦʚʘʪʴ ʚʨʘʱʘʪʝʣʴʥʳʝ ʠ 
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ʪʦʨʩʠʦʥʥʦ-ʚʨʘʱʘʪʝʣʴʥʳʝ ʩʧʝʢʪʨʳ ʤʦʣʝʢʫʣ, ʨʘʩʩʯʠʪʘʪʴ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ, 
ʦʧʨʝʜʝʣʠʪʴ  ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠ ʜʠʧʦʣʴʥʳʝ ʤʦʤʝʥʪʳ ʮʝʣʦʛʦ ʢʣʘʩʩʘ ʤʦʣʝʢʫʣ ʩ ɺɺ. 
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ʉʝʢʮʠʷ 3 

 
ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʧʨʠʢʣʘʜʥʦʡ ʭʠʤʠʠ. 
ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʘʨʭʠʪʝʢʪʫʨʳ ʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ 
 
 
ʋɼʂ 620.193.8 

 
ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʢʦʨʨʦʟʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

 
ɺ.ɸ. ʂʀʉɽʃɪɺ, ʉ.ɸ. ʃʆɻʀʅʆɺɸ, ʊ.ɺ. ʏɽʉʅʆʂʆɺɸ 

(ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 
 

ɹʠʦʢʦʨʨʦʟʠʷ ʷʚʣʷʝʪʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʤ ʦʩʦʙʳʤ ʚʠʜʦʤ ʢʦʨʨʦʟʠʠ. ʆʥʘ 
ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʝ ʨʘʟʨʫʰʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ 
ʚʦʟʜʝʡʩʪʚʠʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʄʥʦʛʠʝ ʠʟ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʙʝʪʦʥ, ʢʠʨʧʠʯ, 
ʧʣʘʩʪʠʢ, ʜʨʝʚʝʩʠʥʘ ʠ ʪ.ʜ.), ʤʦʛʫʪ ʙʳʪʴ ʧʦʜʚʝʨʞʝʥʳ ʙʠʦʢʦʨʨʦʟʠʠ, ʯʪʦ ʚʝʜʝʪ ʟʘ ʩʦʙʦʡ 
ʩʥʠʞʝʥʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ [1,2]. 

ʂʨʘʡʥʠʤ ʧʨʦʷʚʣʝʥʠʝʤ ʙʠʦʧʦʚʨʝʞʜʘʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʷʚʣʷʝʪʩʷ ʯʘʩʪʠʯʥʦʝ ʠʣʠ 
ʧʦʣʥʦʝ ʦʙʨʫʰʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʡ [4].  

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʨʦʩʪ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʪʨʝʱʠʥʘʭ, ʦʢʘʟʳʚʘʝʪ 
ʨʘʩʢʣʠʥʠʚʘʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʤʝʭʘʥʠʯʝʩʢʦʤʫ ʧʦʚʨʝʞʜʝʥʠʶ 
ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʥʦʚʳʭ ʪʨʝʱʠʥ.[2,3] 

ɺ ʧʨʦʮʝʩʩʝ ʩʚʦʝʡ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʧʨʦʜʫʮʠʨʫʶʪ 
ʬʝʨʤʝʥʪʳ, ʢʝʪʦʥʳ, ʩʧʠʨʪʳ ʠ ʪʘʢʠʝ ʘʛʨʝʩʩʠʚʥʳʝ ʤʝʪʘʙʦʣʠʪʳ, ʢʘʢ ʦʨʛʘʥʠʯʝʩʢʠʝ ʠ 
ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʢʠʩʣʦʪʳ, ʢʦʪʦʨʳʝ ʚʳʟʳʚʘʶʪ ʙʳʩʪʨʫʶ ʠ ʛʣʫʙʦʢʫʶ ʜʝʩʪʨʫʢʮʠʶ. 

ʂʨʦʤʝ ʪʦʛʦ, ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʪʦʢʩʠʯʥʳʭ, ʢʘʥʮʝʨʦʛʝʥʥʳʭ ʠ 
ʘʣʣʝʨʛʝʥʥʳʭ ʚʝʱʝʩʪʚ, ʯʪʦ ʥʝʩʦʤʥʝʥʥʦ ʦʧʘʩʥʦ ʜʣʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʟʜʦʨʦʚʴʷ 
ʯʝʣʦʚʝʢʘ. 

ʆʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʢʦʨʨʦʟʠʠ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʶʪʩʷ: ʚʳʩʦʢʘʷ ʚʣʘʞʥʦʩʪʴ, 
ʩʨʘʚʥʠʪʝʣʴʥʦ ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʟʘʛʨʷʟʥʝʥʠʷ, ʨʘʟʥʦʩʪʴ 
ʧʦʪʝʥʮʠʘʣʦʚ ʠ ʩʜʚʠʛ pH ʩʨʝʜʳ. 

ɿʘʱʠʪʘ ʦʪ ʙʠʦʢʦʨʨʦʟʠʠ ʤʦʞʝʪ ʧʨʦʭʦʜʠʪʴ ʧʦ ʪʨʸʤ ʧʫʪʷʤ: ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 
ʦʢʨʫʞʘʶʱʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʧʦʚʳʰʝʥʠʝ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʠ ʠʟʤʝʥʝʥʠʝ 
ʭʘʨʘʢʪʝʨʘ ʚʣʠʷʥʠʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ɹʦʣʝʝ ʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ 
ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʫʶ ʦʙʨʘʙʦʪʢʫ ʠʟʜʝʣʠʡ ʥʘ ʩʪʘʜʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ.  

ʇʨʠ ʚʳʙʦʨʝ ʤʝʪʦʜʦʚ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʦʡ ʟʘʱʠʪʳ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ 
ʪʱʘʪʝʣʴʥʳʡ ʘʥʘʣʠʟ, ʤʦʥʠʪʦʨʠʥʛ, ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʬʘʢʪʦʨʦʚ ʚʣʠʷʶʱʠʭ ʥʘ 
ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʦʨʨʦʟʠʠ.  
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ɺʣʠʷʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʩʨʝʜʳ ʥʘ ʢʦʨʨʦʟʠʶ ʙʝʪʦʥʘ. 
 

ɺ.ɸ. ʂʀʉɽʃɪɺ, ʉ.ɸ. ʃʆɻʀʅʆɺɸ, ɺ.ɽ. ʈʋʄʗʅʎɽɺɸ 
(ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 

 
ɺ ʥʘʰʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʴʰʝ ʚʥʠʤʘʥʠʷ ʫʜʝʣʷʝʪʩʷ ʚʦʧʨʦʩʫ ʧʦʚʳʰʝʥʠʷ 

ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʡ, ʠʟʜʝʣʠʡ ʠ ʟʜʘʥʠʡ ʠʟ ʙʝʪʦʥʘ ʠ ʞʝʣʝʟʦʙʝʪʦʥʘ. ʆʜʥʠʤ ʠʟ 
ʚʘʞʥʝʡʰʠʭ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʢʦʨʦʩʪʴ ʠʟʥʦʩʘ ʩʦʦʨʫʞʝʥʠʡ, ʷʚʣʷʝʪʩʷ 
ʧʦʚʨʝʞʜʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʙʠʦʢʦʨʨʦʟʠʝʡ.  

ʇʦʜ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʢʦʨʨʦʟʠʝʡ ʧʦʥʠʤʘʶʪ ʨʘʟʨʫʰʝʥʠʝ ʩʪʨʦʠʪʝʣʴʥʳʭ 
ʤʘʪʝʨʠʘʣʦʚ, ʠʟʜʝʣʠʡ ʠ ʢʦʥʩʪʨʫʢʮʠʡ ʥʘ ʠʭ ʦʩʥʦʚʝ, ʘ ʪʘʢʞʝ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʧʦʜ 
ʜʝʡʩʪʚʠʝʤ ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʩʨʝʜʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ (ʙʘʢʪʝʨʠʡ, ʤʠʮʝʣʠʘʣʴʥʳʭ ʛʨʠʙʦʚ 
ʠ ʪ.ʜ.) [1,2]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʢʦʨʨʦʟʠʷ ʦʪʥʦʩʠʪʩʷ ʢ ʯʠʩʣʫ ʩʝʨʴʝʟʥʳʭ 
ʧʨʦʙʣʝʤ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʥʘʨʫʰʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʦʙʲʝʢʪʦʚ. 
ʋʙʳʪʢʠ ʦʪ ʧʦʚʨʝʞʜʝʥʠʡ ʜʦʩʪʠʛʘʶʪ ʦʛʨʦʤʥʳʭ ʨʘʟʤʝʨʦʚ: ʙʦʣʝʝ 7% ʦʪ ʩʫʤʤʘʨʥʦʡ 
ʩʪʦʠʤʦʩʪʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠʟʜʝʣʠʡ ʚ ʤʠʨʦʚʦʤ ʤʘʩʰʪʘʙʝ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʩʦʪʥʠ 
ʤʠʣʣʠʘʨʜʦʚ ʜʦʣʣʘʨʦʚ [3]. 

ʏʝʤ ʞʝ ʪʘʢ ʦʧʘʩʥʘ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʢʦʨʨʦʟʠʷ? ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʦʩʪʘ 
ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʦʚ (ʩʥʠʞʝʥʠʝ ʧʨʦʯʥʦʩʪʠ, ʞʝʩʪʢʦʩʪʠ ʠ ʪ.ʜ.), ʘ ʪʘʢʞʝ ʫʭʫʜʰʝʥʠʝ 
ʠʭ ʵʩʪʝʪʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ. ʇʨʦʜʫʢʪʳ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʤʦʛʫʪ 
ʫʩʢʦʨʷʪʴ ʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ, ʪʘʢ ʢʘʢ ʷʚʣʷʶʪʩʷ ʦʪʣʠʯʥʳʤʠ 
ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ. ʂʨʘʡʥʠʤ ʧʨʦʷʚʣʝʥʠʝʤ ʙʠʦʧʦʚʨʝʞʜʘʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʚ ʦʪʥʦʰʝʥʠʠ 
ʙʝʪʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʯʘʩʪʠʯʥʦʝ ʠʣʠ ʧʦʣʥʦʝ ʦʙʨʫʰʝʥʠʝ [4].  

ʉʪʝʧʝʥʴ ʨʘʟʚʠʪʠʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʥʘ ʙʝʪʦʥʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʠʟʠʯʝʩʢʠʤʠ, 
ʭʠʤʠʯʝʩʢʠʤʠ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ. ʆʩʥʦʚʥʳʤʠ ʠʟ ʥʠʭ, ʩʪʠʤʫʣʠʨʫʶʱʠʤʠ 
ʨʘʟʤʥʦʞʝʥʠʝ, ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʘʷ ʚʣʘʞʥʦʩʪʴ, ʩʨʘʚʥʠʪʝʣʴʥʦ ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʘ 
ʪʘʢʞʝ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʟʘʛʨʷʟʥʝʥʠʷ. 

ʅʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʙʦʣʴʰʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʤʥʦʛʠʝ ʚʠʜʳ 
ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʧʦʛʠʙʘʶʪ. ʄʝʭʘʥʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʝ ʣʫʯʠ, 
ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʠ ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʠʟʣʫʯʝʥʠʷ ʪʘʢʞʝ ʧʨʠʚʦʜʷʪ ʢ ʛʠʙʝʣʠ ʙʦʣʴʰʝʛʦ 
ʯʠʩʣʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʘ ʟʥʘʯʠʪ ʩʥʠʞʝʥʠʶ ʩʢʦʨʦʩʪʠ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ.  

ɸʥʘʣʠʟ ʧʨʠʯʠʥ ʠ ʧʨʦʮʝʩʩʘ ʧʨʦʪʝʢʘʥʠʷ ʙʠʦʢʦʨʨʦʟʠʠ ʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʠʟʜʝʣʠʷʭ 
ʧʦʟʚʦʣʠʪ ʟʘʤʝʜʣʠʪʴ ʧʨʦʮʝʩʩʳ ʨʘʟʨʫʰʝʥʠʷ, ʘ ʪʘʢʞʝ ʨʝʰʠʪʴ ʚʦʧʨʦʩ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ 
ʟʘʱʠʪʳ ʦʪ ʙʠʦʧʦʨʘʞʝʥʠʷ ʚ ʙʫʜʫʱʝʤ. 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ 
ʧʨʦʩʪʦ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʟʘʱʠʪʫ ʦʪ ʚʣʠʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʚ ʯʘʩʪʥʦʩʪʠ ʦʪ 
ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʧʦʩʢʦʣʴʢʫ ʫʙʳʪʢʠ ʦʪ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʢʦʨʨʦʟʠʠ 
ʢʦʣʦʩʩʘʣʴʥʳ.  
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ʕʢʦʣʦʛʠʯʝʩʢʦʝ ʦʩʚʝʱʝʥʠʝ

* 

 
ʀ.ɺ. ʏɽʈʅʆɺɸ 

(ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 
 

ʉʚʝʪʦʜʠʦʜʳ -  ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ ʧʨʠʙʦʨ ʩ ʵʣʝʢʪʨʦʥʥʦ-ʜʳʨʦʯʥʳʤ ʧʝʨʝʭʦʜʦʤ, 
ʩʦʟʜʘʶʱʠʡ ʦʧʪʠʯʝʩʢʦʝ ʠʟʣʫʯʝʥʠʝ ʧʨʠ ʧʨʦʧʫʩʢʘʥʠʠ ʯʝʨʝʟ ʥʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʚ 
ʧʨʷʤʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

ʀʟʣʫʯʘʝʤʳʡ ʩʚʝʪʦʜʠʦʜʦʤ ʩʚʝʪ ʣʝʞʠʪ ʚ ʫʟʢʦʤ ʜʠʘʧʘʟʦʥʝ ʩʧʝʢʪʨʘ. ʀʥʳʤʠ 
ʩʣʦʚʘʤʠ, ʝʛʦ ʢʨʠʩʪʘʣʣ ʠʟʥʘʯʘʣʴʥʦ ʠʟʣʫʯʘʝʪ ʢʦʥʢʨʝʪʥʳʡ ʮʚʝʪ (ʝʩʣʠ ʨʝʯʴ ʠʜʸʪ ʦʙ ʉɼ 
ʚʠʜʠʤʦʛʦ ʜʠʘʧʘʟʦʥʘ) ð ʚ ʦʪʣʠʯʠʝ ʦʪ ʣʘʤʧʳ, ʠʟʣʫʯʘʶʱʝʡ ʙʦʣʝʝ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ, ʛʜʝ 
ʥʫʞʥʳʡ ʮʚʝʪ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʣʠʰʴ ʧʨʠʤʝʥʝʥʠʝʤ ʚʥʝʰʥʝʛʦ ʩʚʝʪʦʬʠʣʴʪʨʘ. ɼʠʘʧʘʟʦʥ 
ʠʟʣʫʯʝʥʠʷ ʩʚʝʪʦʜʠʦʜʘ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 
ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ. ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʫʢʘʟʘʥʥʦʛʦ ʚʠʜʘ ʦʩʚʝʱʝʥʠʷ 
ʷʚʣʷʶʪʩʷ: 

1) ʜʣʠʥʥʳʡ ʩʪʨʦʢ ʩʣʫʞʙʳ ʩʚʝʪʦʜʠʦʜʥʳʭ ʣʘʤʧ: ʟʘʷʚʣʝʥʘ ʮʠʬʨʘ ʚ 50 000 ʯʘʩʦʚ (6-
10 ʣʝʪ); 

2) ʥʝʙʦʣʴʰʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʳʤʠ ʣʘʤʧʘʤʠ ʧʨʠ ʪʘʢʦʤ 
ʞʝ ʩʚʝʪʦʚʦʤ ʧʦʪʦʢʝ, ʚʩʷ ʵʥʝʨʛʠʷ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʣʘʤʧʦʡ, ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ; 

3) ʤʠʥʠʤʫʤ ʚʳʜʝʣʷʝʤʦʛʦ ʪʝʧʣʘ;  
4) ʚʳʙʦʨ ʮʚʝʪʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʳ;  
5) ʩʚʝʪʦʜʠʦʜʥʳʝ ʣʘʤʧʳ ʠʜʝʘʣʴʥʳ ʜʣʷ ʜʝʢʦʨʘʮʠʡ, ʙʣʘʛʦʜʘʨʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʚʳʙʦʨʘ ʨʘʟʣʠʯʥʳʭ ʮʚʝʪʦʚ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʦʩʚʝʱʝʥʠʷ.  
6) ʢʦʤʧʘʢʪʥʦʩʪʴ ʩʚʝʪʦʜʠʦʜʥʳʭ ʣʘʤʧ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ 

ʜʠʟʘʡʥʝʨʩʢʠʝ ʨʝʰʝʥʠʷ. 
ɺ ʦʩʥʦʚʝ ʨʘʙʦʪʳ ʧʣʘʟʤʝʥʥʦʛʦ ʩʚʝʪʠʣʴʥʠʢʘ ʣʝʞʠʪ ʧʨʠʥʮʠʧ ʤʠʢʨʦʚʦʣʥʦʚʦʡ 

ʠʦʥʠʟʘʮʠʠ ʛʘʟʦʚ. ʄʠʢʨʦʚʦʣʥʦʚʦʝ ʠʟʣʫʯʝʥʠʝ, ʠʩʧʫʩʢʘʝʤʦʝ ʤʘʛʥʝʪʨʦʥʦʤ (ʚʧʨʦʯʝʤ, ʪʘʢ ʢʘʢ 
ʵʪʦ ʫʞʝ ʥʝ ʤʠʢʨʦʚʦʣʥʦʚʘʷ ʧʝʯʴ, ʘ ʩʚʝʪʠʣʴʥʠʢ, ʚ ʢʦʤʧʘʥʠʠ ʧʨʠʜʫʤʘʣʠ ʥʦʚʳʡ ʪʝʨʤʠʥ - 
çʣʘʡʪʨʦʥè), ʚʦʟʙʫʞʜʘʝʪ ʧʘʨʳ ʩʝʨʳ ʚ ʘʨʛʦʥʝ ʚʥʫʪʨʠ ʢʦʣʙʳ ʣʘʤʧʳ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ 
ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʩʦʢʦ ʠʦʥʠʟʠʨʦʚʘʥʥʳʡ ʛʘʟ ʧʝʨʝʭʦʜʠʪ ʚ 
ʩʦʩʪʦʷʥʠʝ ʧʣʘʟʤʳ, ʢʦʪʦʨʦʝ ʥʘʯʠʥʘʝʪ ʧʦʩʪʦʷʥʥʦ ʠʩʧʫʩʢʘʪʴ ʩʚʝʪ. ɺ ʦʪʣʠʯʠʝ ʦʪ 
ʩʚʝʪʦʜʠʦʜʥʳʭ ʣʘʤʧ, ʧʣʘʟʤʝʥʥʳʝ ʩʚʝʪʠʣʴʥʠʢʠ ʤʦʛʫʪ ʩʦʟʜʘʚʘʪʴ ʙʦʣʴʰʦʡ ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ, 
ʠ ʪʝʤ ʩʘʤʳʤ ʧʨʠʛʦʜʥʳ ʜʣʷ ʦʩʚʝʱʝʥʠʷ ʙʦʣʴʰʠʭ ʧʨʦʩʪʨʘʥʩʪʚ - ʦʪʢʨʳʪʳʭ ʪʝʨʨʠʪʦʨʠʡ, 
ʩʪʘʜʠʦʥʦʚ, ʧʦʜʩʚʝʪʢʠ ʬʣʘʛʰʪʦʢʦʚ ʠ ʨʝʢʣʘʤʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʱʠʪʦʚ, ʧʦʜʩʚʝʪʢʠ 
ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʠ ʪʘʢ ʜʘʣʝʝ. ʇʣʘʟʤʝʥʥʳʝ ʩʚʝʪʠʣʴʥʠʢʠ ʦʢʘʟʘʣʠʩʴ ʥʝ ʚ ʧʨʠʤʝʨ 
ʵʢʦʣʦʛʠʯʥʝʝ, ʯʝʤ ʨʪʫʪʥʳʝ, ʤʝʪʘʣʣʦʛʘʣʦʛʝʥʥʳʝ ʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ. ʅʘʧʨʠʤʝʨ, 
ʩʦʜʝʨʞʘʥʠʝ ʨʪʫʪʠ ʚ ʨʪʫʪʥʦʡ ʣʘʤʧʝ - 200-250 ʤʛ, ʚ ʤʝʪʘʣʣʦʛʘʣʦʛʝʥʥʦʡ - 100-150 ʤʛ, ʚ 
ʣʶʤʠʥʝʩʮʝʥʪʥʦʡ - 10-20 ʤʛ; ʚ ʧʣʘʟʤʝʥʥʦʤ ʞʝ ʩʚʝʪʠʣʴʥʠʢʝ ʨʪʫʪʠ ʥʝʪ ʚʦʦʙʱʝ, ʯʪʦ ʩʪʘʚʠʪ 
ʧʣʘʟʤʝʥʥʳʝ ʩʚʝʪʠʣʴʥʠʢʠ ʥʘ ʦʜʥʫ ʩʪʫʧʝʥʴʢʫ ʧʦ ʵʢʦʣʦʛʠʯʥʦʩʪʠ ʩʦ ʩʚʝʪʦʜʠʦʜʥʳʤʠ. ʊʘʢʞʝ 
ʧʣʘʟʤʝʥʥʳʝ ʩʚʝʪʠʣʴʥʠʢʠ ʥʝ ʩʦʜʝʨʞʘʪ ʥʠ ʩʚʠʥʮʘ, ʥʠ ʤʳʰʴʷʢʘ. 

ʇʦʣʳʝ ʩʚʝʪʦʚʦʜʳ - ʵʪʦ ʧʫʩʪʦʪʝʣʳʝ ʧʨʦʪʷʞʝʥʥʳʝ ʦʩʚʝʪʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʢʘʢ 
ʧʨʘʚʠʣʦ, ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʩ ʚʥʫʪʨʝʥʥʝʡ ʦʪʨʘʞʘʶʱʝʡ ʩʚʝʪ ʧʦʚʝʨʭʥʦʩʪʴʶ. 
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ʊʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʩʚʝʪʘ ʧʦ ʪʨʫʙʘʤ, ʧʦʜʦʙʥʘ ʛʘʟʫ ʠ ʚʦʜʝ, ʧʦ ʩʧʣʦʰʥʳʤ ʩʚʝʪʦʚʦʜʘʤ ʟʘ 
ʩʯʝʪ ʤʦʱʥʳʭ ʣʘʤʧ ʥʘʢʘʣʠʚʘʥʠʷ ʜʘʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʪʝʭʥʠʢʝ. ʊʨʘʥʩʧʦʨʪʠʨʦʚʢʘ 
ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʝ ʜʣʷ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʤʝʩʪʘ ʟʘ ʩʯʝʪ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʳʭ ʩʚʝʪʦʚʦʜʦʚ ʩ ʚʥʫʪʨʝʥʥʝʡ ʟʝʨʢʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩʧʦʩʦʙʥʦ 
ʢʘʨʜʠʥʘʣʴʥʦ ʠʟʤʝʥʠʪʴ ʧʨʠʥʮʠʧʳ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʧʦʤʝʱʝʥʠʡ, ʘ ʪʘʢʞʝ 
ʘʨʭʠʪʝʢʪʫʨʫ ʟʜʘʥʠʡ. 

ʉʣʝʜʫʝʪ ʩʯʠʪʘʪʴ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʳʤ ʘʨʭʠʪʝʢʪʦʨʘʤ ʠ ʜʠʟʘʡʥʝʨʘʤ ʩʪʦʠʪ ʠʜʪʠ ʚ ʥʦʛʫ 
ʩʦ ʚʨʝʤʝʥʝʤ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʩʚʦʠʭ ʧʨʦʝʢʪʘʭ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʦʩʚʝʱʝʥʠʷ. 
ɺʳʷʚʣʝʥʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʦʩʚʝʪʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ 
ʧʦʟʚʦʣʷʪ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʢʦʤʧʣʝʢʩʥʫʶ ʟʘʜʘʯʫ ʨʘʟʚʠʪʠʷ ʘʨʭʠʪʝʢʪʫʨʳ ʟʜʘʥʠʡ ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʦʩʚʝʱʝʥʠʷ. 

 
*
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(ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 
 

ʄʫʟʝʡʥʳʝ ʬʦʥʜʳ ʨʘʟʤʝʱʘʶʪʩʷ ʚ ʩʧʝʮʠʘʣʴʥʦ ʦʙʦʨʫʜʦʚʘʥʥʳʭ ʭʨʘʥʠʣʠʱʘʭ. ʕʪʦ 
ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʦʩʪʦʨʥʳʝ ʧʦʤʝʱʝʥʠʷ ʩ ʨʝʛʫʣʠʨʫʝʤʳʤʠ ʩʠʩʪʝʤʘʤʠ ʦʩʚʝʱʝʥʠʷ, 
ʚʝʥʪʠʣʷʮʠʠ ʠ ʦʪʦʧʣʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʥʝʦʙʭʦʜʠʤʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʧʨʘʚʠʣʴʥʦʛʦ 
ʭʨʘʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʠʷ ʤʫʟʝʡʥʳʭ ʮʝʥʥʦʩʪʝʡ ʚ ʮʝʣʷʭ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʠʭ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʍʨʘʥʠʣʠʱʘ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʦʭʨʘʥʳ 
ʠ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʫʢʨʝʧʣʝʥʥʦʩʪʠ ʤʫʟʝʝʚ, ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʭʨʘʥʝʥʠʷ 
ʤʫʟʝʡʥʳʭ ʧʨʝʜʤʝʪʦʚ ʠ ʤʫʟʝʡʥʳʭ ʢʦʣʣʝʢʮʠʡ ʠ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ.  

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʭʨʘʥʥʦʩʪʠ ʤʫʟʝʡʥʳʭ ʵʢʩʧʦʥʘʪʦʚ ʚ ʤʫʟʝʝ ʜʦʣʞʥʳ ʙʳʪʴ 
ʩʦʟʜʘʥʳ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʦʤʝʱʝʥʠʷ: 

- ʜʣʷ ʥʦʚʳʭ ʧʦʩʪʫʧʣʝʥʠʡ; 
- ʠʟʦʣʷʪʦʨ ʠ ʜʝʟʦʢʘʤʝʨʘ;  
- ʜʣʷ ʭʨʘʥʝʥʠʷ ʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʠʥʚʝʥʪʘʨʷ ʠ ʫʙʦʨʢʠ ʬʦʥʜʦʭʨʘʥʠʣʠʱ ʠ 

ʵʢʩʧʦʟʠʮʠʡ; 
- ʜʣʷ ʫʧʘʢʦʚʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʟʘʧʘʩʦʚ ʤʘʪʝʨʠʘʣʦʚ ʢʦʥʩʝʨʚʘʮʠʦʥʥʦʛʦ 

ʭʘʨʘʢʪʝʨʘ; 
- ʜʣʷ ʭʨʘʥʝʥʠʷ ʵʢʩʧʦʟʠʮʠʦʥʥʦ-ʬʦʥʜʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; 
- ʜʣʷ ʨʘʙʦʪʳ ʧʦʩʝʪʠʪʝʣʝʡ ʬʦʥʜʦʭʨʘʥʠʣʠʱ. 
ʆʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʭʨʘʥʝʥʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʠʟ ʤʝʪʘʣʣʘ ʠʣʠ ʩʫʭʦʛʦ ʜʝʨʝʚʘ, 

ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʘʥʪʠʩʝʧʪʠʯʝʩʢʠʤ ʠ ʦʛʥʝʟʘʱʠʪʥʳʤ ʩʦʩʪʘʚʦʤ. ɼʝʨʝʚʷʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ 
ʧʝʨʠʦʜʠʯʝʩʢʠ ʦʩʤʘʪʨʠʚʘʝʪʩʷ ʜʣʷ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʚʨʝʜʠʪʝʣʝʡ ʜʨʝʚʝʩʠʥʳ ʠ 
ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʦʛʥʝʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚ. 

ɼʣʷ ʚʥʦʚʴ ʩʪʨʦʷʱʠʭʩʷ ʤʫʟʝʡʥʳʭ ʟʜʘʥʠʡ ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʩʠʩʪʝʤʘ 
ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠʣʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʢʣʠʤʘʪʘ. ʇʨʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩʪʘʨʳʭ ʟʜʘʥʠʡ 
ʩʣʝʜʫʝʪ ʦʙʨʘʱʘʪʴ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʥʘ ʩʦʟʜʘʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦ ʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʜʣʷ 
ʤʫʟʝʡʥʳʭ ʧʨʝʜʤʝʪʦʚ ʤʠʢʨʦʢʣʠʤʘʪʘ. 

ɺʘʞʥʝʡʰʠʝ ʚʥʝʰʥʠʝ ʧʨʠʯʠʥʳ ʨʘʟʨʫʰʝʥʠʷ ʤʫʟʝʡʥʳʭ ʮʝʥʥʦʩʪʝʡ ʠ ʵʢʩʧʦʥʘʪʦʚ 
ʤʦʛʫʪ ʙʳʪʴ ʚʳʟʚʘʥʳ: 

- ʨʝʟʢʠʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʠ ʥʘʨʫʰʝʥʠʝʤ ʥʦʨʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ; 
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- ʚʨʝʜʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʚʝʪʘ ʠʣʠ ʝʛʦ ʥʝʜʦʩʪʘʪʢʦʤ (ʦʪʩʫʪʩʪʚʠʝʤ); 
- ʟʘʩʦʨʝʥʠʝʤ ʚʦʟʜʫʭʘ ʚʨʝʜʥʳʤʠ ʛʘʟʘʤʠ, ʢʦʧʦʪʴʶ, ʧʳʣʴʶ; 
- ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʚʨʝʜʠʪʝʣʷʤʠ; 
- ʥʝʙʨʝʞʥʳʤ ʦʙʨʘʱʝʥʠʝʤ ʩ ʧʨʝʜʤʝʪʦʤ, ʚʝʜʫʱʠʤ ʢ ʤʝʭʘʥʠʯʝʩʢʠʤ ʧʦʚʨʝʞʜʝʥʠʷʤ; 
- ʥʝʧʨʘʚʠʣʴʥʳʤ ʭʨʘʥʝʥʠʝʤ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʢʩʧʦʥʘʪʦʚ [1,2]. 
ɺʘʞʥʝʡʰʠʤ ʫʩʣʦʚʠʝʤ ʧʨʘʚʠʣʴʥʦʛʦ ʭʨʘʥʝʥʠʷ ʤʫʟʝʡʥʳʭ ʬʦʥʜʦʚ ʷʚʣʷʝʪʩʷ 

ʧʦʜʜʝʨʞʘʥʠʝ ʧʦʩʪʦʷʥʥʦʡ ʠ ʥʝʦʙʭʦʜʠʤʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ 
ʚʦʟʜʫʭʘ ʚ ʟʜʘʥʠʠ ʤʫʟʝʷ. ʂʘʪʝʛʦʨʠʯʝʩʢʠ ʟʘʧʨʝʱʘʝʪʩʷ ʜʝʣʘʪʴ ʧʝʨʝʨʳʚʳ ʚ ʦʪʦʧʣʝʥʠʠ ʠ 
ʜʦʧʫʩʢʘʪʴ ʨʝʟʢʠʝ ʢʦʣʝʙʘʥʠʷ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʟʜʘʥʠʠ ʤʫʟʝʷ. ʊʝʤʧʝʨʘʪʫʨʘ 
ʚʦʟʜʫʭʘ ʚ ʤʫʟʝʡʥʳʭ ʧʦʤʝʱʝʥʠʷʭ ʧʨʠ ʢʦʤʧʣʝʢʩʥʦʤ ʭʨʘʥʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 
ʜʦʣʞʥʘ ʙʳʪʴ ʚ ʧʨʝʜʝʣʘʭ 18 Ñ 1 

0
ʉ. ʆʧʪʠʤʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ  

ʷʚʣʷʶʪʩʷ 55 Ñ 5 %. ɹʝʟʦʧʘʩʥʳʝ ʧʨʝʜʝʣʳ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʜʣʷ ʤʫʟʝʝʚ, ʥʝ 
ʦʩʥʘʱʝʥʥʳʭ ʢʦʥʜʠʮʠʦʥʝʨʘʤʠ ï 50 ï 65 %. 
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ʉʦʟʜʘʥʠʝ ʚ ʛʦʨʦʜʝ ʦʩʦʙʦʡ ʚʠʜʠʤʦʡ ʩʨʝʜʳ, ʢʦʪʦʨʘʷ ʨʝʟʢʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 
ʧʨʠʨʦʜʥʦʡ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʧʝʮʠʬʠʯʥʦʡ ʮʚʝʪʦʚʦʡ ʛʘʤʤʦʡ ʠ ʥʘʙʦʨʦʤ ʭʘʨʘʢʪʝʨʥʳʭ 
ʚʠʟʫʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʪʢʘʟʦʤ ʦʪ çʘʨʭʠʪʝʢʪʫʨʥʳʭ ʠʟʣʠʰʝʩʪʚè ʚ ʧʦʣʴʟʫ 
ʨʘʮʠʦʥʘʣʠʟʤʘ. ʇʨʦʙʣʝʤʘ ʦʙʦʩʪʨʷʝʪʩʷ ʝʱʸ ʠ ʪʝʤ, ʯʪʦ ʛʦʨʦʜʘ ʛʦʜ ʦʪ ʛʦʜʘ ʫʚʝʣʠʯʠʚʘʶʪʩʷ 
ʚ ʨʘʟʤʝʨʝ, ʥʘʨʫʰʘʷ ʵʢʦʩʠʩʪʝʤʳ ʠ ʦʪʪʦʨʛʘʷ ʯʝʣʦʚʝʢʘ ʦʪ ʝʩʪʝʩʪʚʝʥʥʦʡ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ, 
ʛʜʝ ʦʥ ʩʬʦʨʤʠʨʦʚʘʣʩʷ ʢʘʢ ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʚʠʜ. ʂ ʪʦʤʫ ʞʝ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ 
ʤʘʪʝʨʠʘʣʳ ʚʩʸ ʤʝʥʝʝ ʥʘʧʦʤʠʥʘʶʪ ʧʨʠʨʦʜʥʳʝ [1]. 

ɺʠʜʝʦʵʢʦʣʦʛʠʷ  ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʠ ʘʥʘʣʠʟʠʨʫʝʪ ʢʘʢ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʪʦʨ 
ʦʢʨʫʞʘʶʱʫʶ ʚʠʟʫʘʣʴʥʫʶ ʩʨʝʜʫ, ʢʦʪʦʨʘʷ ʚʩʸ ʙʦʣʴʰʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʨʠʨʦʜʥʦʡ ʠ 
ʧʨʦʪʠʚʦʨʝʯʠʪ ʟʘʢʦʥʘʤ ʥʦʨʤʘʣʴʥʦʛʦ ʟʨʠʪʝʣʴʥʦʛʦ ʚʦʩʧʨʠʷʪʠʷ ʯʝʣʦʚʝʢʘ. ʉʦʚʨʝʤʝʥʥʳʡ 
ʛʦʨʦʞʘʥʠʥ ʩʤʦʪʨʠʪ ʥʘ ʦʙʲʝʢʪʳ, ʪʨʝʙʫʶʱʠʝ ʧʨʠʩʪʘʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ. ʕʪʦ ʚʝʜʸʪ ʢ 
ʩʝʨʴʸʟʥʦʤʫ ʫʭʫʜʰʝʥʠʶ ʟʨʝʥʠʷ, ʪʘʢ ʢʘʢ ʧʦʩʪʦʷʥʥʘʷ ʚʦʟʨʘʩʪʘʶʱʘʷ ʥʘʛʨʫʟʢʘ ʦʧʘʩʥʘ ʜʣʷ 
ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʯʝʣʦʚʝʢʘ [2]. 

ʅʝʙʣʘʛʦʧʨʠʷʪʥʫʶ ʚʠʟʫʘʣʴʥʫʶ ʩʨʝʜʫ ʨʘʟʜʝʣʷʶʪ ʥʘ ʛʦʤʦʛʝʥʥʫʶ ʠ ʘʛʨʝʩʩʠʚʥʫʶ. 
ɻʦʤʦʛʝʥʥʦʡ ʩʯʠʪʘʝʪʩʷ ʚʠʜʠʤʘʷ ʩʨʝʜʘ, ʛʜʝ ʟʨʠʤʳʝ ʵʣʝʤʝʥʪʳ ʣʠʙʦ ʦʪʩʫʪʩʪʚʫʶʪ ʩʦʚʩʝʤ, 
ʣʠʙʦ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʦʯʝʥʴ ʤʘʣʦ. ʂ ʭʘʨʘʢʪʝʨʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʪʘʢʦʡ ʩʨʝʜʳ ʦʪʥʦʩʷʪʩʷ 
ʛʣʫʭʠʝ ʟʘʙʦʨʳ ʠ ʦʛʨʘʞʜʝʥʠʷ, ʛʦʣʳʝ ʩʪʝʥʳ ʠʟ ʩʪʝʢʣʘ ʠ ʙʝʪʦʥʘ, ʙʝʟʣʠʢʠʝ ʪʦʨʮʳ ʟʜʘʥʠʡ, 
ʛʜʝ ʛʣʘʟʫ ʥʝ ʟʘ ʯʪʦ çʟʘʮʝʧʠʪʴʩʷè, ʧʝʨʝʭʦʜʳ ʠ ʤʦʥʦʪʦʥʥʳʝ ʘʩʬʘʣʴʪʠʨʦʚʘʥʥʳʝ ʧʦʢʨʳʪʠʷ. 
ɺʪʦʨʳʤ ʪʠʧʦʤ ʥʝʛʘʪʠʚʥʦʡ ʚʠʟʫʘʣʴʥʦʡ ʩʨʝʜʳ ʷʚʣʷʝʪʩʷ ʘʛʨʝʩʩʠʚʥʘʷ ʩʨʝʜʘ ï ʵʪʦ ʚʠʜʠʤʦʝ 
ʧʦʣʝ, ʢʦʪʦʨʦʝ ʩʦʩʪʦʠʪ ʠʟ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʜʠʥʘʢʦʚʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʠʟʫʘʣʴʥʳʭ 
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ʵʣʝʤʝʥʪʦʚ. ʗʨʢʠʤ ʧʨʠʤʝʨʦʤ ʩʣʫʞʠʪ ʣʶʙʦʝ ʤʥʦʛʦʵʪʘʞʥʦʝ ʟʜʘʥʠʝ, ʥʘ ʙʦʣʴʰʦʡ 
ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʥʳ ʢʦʪʦʨʦʛʦ ʨʘʩʩʨʝʜʦʪʦʯʝʥʦ ʤʥʦʞʝʩʪʚʦ ʦʢʦʥ. ʇʨʠ ʚʟʛʣʷʜʝ ʥʘ ʪʘʢʠʝ 
ʧʣʦʩʢʦʩʪʠ ʥʘʯʠʥʘʝʪ ʨʷʙʠʪʴ ʚ ʛʣʘʟʘʭ. ʇʨʦʠʩʭʦʜʠʪ ʥʘʨʫʰʝʥʠʝ ʛʣʘʚʥʦʡ ʬʫʥʢʮʠʠ ʟʨʝʥʠʷ  - 
ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʜʘʥʥʳʝ ʦ ʪʦʤ, ʢʫʜʘ ʩʤʦʪʨʷʪ ʛʣʘʟʘ, ʠ ʯʪʦ ʦʥʠ ʚʠʜʷʪ [2,3]. 

ʉʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ ʩʦʟʜʘʥʠʠ ʙʣʘʛʦʧʨʠʷʪʥʦʡ ʚʠʟʫʘʣʴʥʦʡ ʩʨʝʜʳ ʠʛʨʘʝʪ 
ʢʦʣʦʨʠʩʪʠʢʘ. ʅʘʠʙʦʣʝʝ ʫʜʨʫʯʘʶʱʠʤʠ ʷʚʣʷʶʪʩʷ ʦʪʪʝʥʢʠ ʩʝʨʦʛʦ, ʙʣʝʜʥʦ-ʛʦʣʫʙʦʡ ʠ ʪʝʤʥʦ-
ʢʦʨʠʯʥʝʚʳʡ ʮʚʝʪʘ. ɺ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʦʥʠ ʫʛʥʝʪʘʶʪ, ʚʳʟʳʚʘʶʪ ʦʪʚʨʘʱʝʥʠʝ ʠ 
ʜʝʧʨʝʩʩʠʶ, ʥʝʛʘʪʠʚʥʦ ʚʦʟʜʝʡʩʪʚʫʷ ʥʘ ʧʩʠʭʠʢʫ [4]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʤʝʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʜʘʥʥʳʭ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ 
ʢʦʤʧʦʥʝʥʪʦʚ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʷʚʣʷʝʪʩʷ ʚʠʟʫʘʣʴʥʘʷ ʩʨʝʜʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʝʸ 
ʥʝʧʨʘʚʠʣʴʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʷʟʘʪʝʣʴʥʦ ʚʦʟʥʠʢʥʫʪ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ, 
ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʥʷʪʴ ʛʣʦʙʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. ʉʦʚʨʝʤʝʥʥʳʝ ʘʨʭʠʪʝʢʪʦʨʳ ʧʨʠ 
ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʥʦʚʦʤʦʜʥʳʭ ʚʳʩʦʪʦʢ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʫʢʨʘʰʘʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʰʢʦʣ ʠ 
ʜʝʪʩʢʠʭ ʩʘʜʦʚ ʚ ʚʠʜʝ ʢʦʨʦʙʦʢ ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʩʪʦʨʦʥʫ 
ʧʨʦʝʢʪʘ, ʥʦ ʠ ʚʦʟʜʝʡʩʪʚʠʝ ʟʜʘʥʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʠʜʝʦʵʢʦʣʦʛʠʠ. 
ʆʥʘ ʧʨʠʟʚʘʥʘ ʦʙʝʩʧʝʯʠʪʴ ʵʩʪʝʪʠʯʝʩʢʫʶ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ, ʢʦʤʬʦʨʪʥʦʝ ʚʦʩʧʨʠʷʪʠʝ 
ʯʝʣʦʚʝʢʦʤ ʨʘʟʣʠʯʥʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ. ɺʠʜʝʦʵʢʦʣʦʛʠʷ ʢʘʢ ʥʘʫʢʘ ʠʤʝʝʪ 
ʧʝʨʩʧʝʢʪʠʚʳ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʠ ʚʧʦʩʣʝʜʩʪʚʠʠ ʩʪʘʥʝʪ ʦʧʨʝʜʝʣʷʶʱʠʤ ʢʨʠʪʝʨʠʝʤ 
ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ʛʦʨʦʜʦʚ. 
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ʄʦʙʠʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ï ʨʷʜ ʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʤʘʨʪʬʦʥʳ, 
ʧʣʘʥʰʝʪʳ, ʵʣʝʢʪʨʦʥʥʳʝ ʢʥʠʛʠ, ʪʝʣʝʬʦʥʳ, ʂʇʂ ʠ ʥʝʪʙʫʢʠ, ʛʣʘʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʦʪʦʨʳʭ 
ʷʚʣʷʝʪʩʷ ʨʘʟʤʝʨ, ʘ ʪʘʢʞʝ ʢʦʣʠʯʝʩʪʚʦ ʚʳʧʦʣʥʷʝʤʳʭ ʠʤʠ ʬʫʥʢʮʠʡ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʤʦʙʠʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʪʚʝʨʜʦ ʟʘʢʨʝʧʠʣʠʩʴ ʚ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ 
ʣʶʜʝʡ ʠ ʧʦ ʤʥʦʛʠʤ ʘʩʧʝʢʪʘʤ ʩʪʘʣʠ ʥʝʟʘʤʝʥʠʤʳ. ʇʨʠʨʦʩʪ ʠʥʪʝʨʥʝʪ-ʘʫʜʠʪʦʨʠʠ 
ʧʨʦʠʟʦʰʝʣ ʟʘ ʩʯʝʪ ʘʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʦʩʩʠʷʥʘʤʠ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ 
ʫʚʝʣʠʯʝʥʠʷ ʜʦʣʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩʨʝʜʥʝʛʦ ʠ ʩʪʘʨʰʝʛʦ ʚʦʟʨʘʩʪʘ. ʇʨʦʥʠʢʥʦʚʝʥʠʝ 
ʠʥʪʝʨʥʝʪʘ ʩʨʝʜʠ ʤʦʣʦʜʳʭ ʨʦʩʩʠʷʥ (16-29 ʣʝʪ) ʜʦʩʪʠʛʣʦ ʧʨʝʜʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʝʱʝ ʚ 
ʧʨʝʜʳʜʫʱʠʝ ʛʦʜʳ ʠ, ʧʦ ʜʘʥʥʳʤ GfK, ʩʦʩʪʘʚʣʷʝʪ ʩʝʡʯʘʩ 97%. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʦ ʚʣʠʷʥʠʠ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʥʘ ʯʝʣʦʚʝʢʘ ʥʘʯʘʣʠʩʴ ʩ ʪʦʛʦ, ʯʪʦ 
ʚ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ ʣʶʜʠ ʩ ʙʦʣʝʟʥʷʤʠ ʩʝʨʜʮʘ ʩʪʘʣʠ ʞʘʣʦʚʘʪʴʩʷ ʥʘ ʙʦʣʠ, ʢʦʪʦʨʳʝ 
ʧʦʷʚʣʷʣʠʩʴ ʪʦʛʜʘ, ʢʦʛʜʘ ʦʥʠ ʥʦʩʠʣʠ ʤʦʙʠʣʴʥʳʡ ʪʝʣʝʬʦʥ ʚ ʥʘʛʨʫʜʥʦʤ ʢʘʨʤʘʥʝ. 
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ʇʦʪʝʥʮʠʘʣʴʥʳʡ ʚʨʝʜ ʟʜʦʨʦʚʴʶ ʦʪ ʤʦʙʠʣʴʥʦʛʦ ʪʝʣʝʬʦʥʘ, ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʶʱʝʛʦ ʥʘ 
ʯʝʣʦʚʝʢʘ, ʩʚʷʟʘʥ ʩ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʛʝʥʝʨʘʮʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ. ʆʩʥʦʚʥʳʤʠ 
ʵʣʝʤʝʥʪʘʤʠ ʩʠʩʪʝʤʳ ʩʦʪʦʚʦʡ ʩʚʷʟʠ ʷʚʣʷʶʪʩʷ ʙʘʟʦʚʳʝ ʩʪʘʥʮʠʠ (ɹʉ) ʠ ʤʦʙʠʣʴʥʳʝ 
ʨʘʜʠʦʪʝʣʝʬʦʥʳ (ʄʈʊ).    ʉʚʷʟʴ ʧʦ ʤʦʙʠʣʴʥʳʤ ʪʝʣʝʬʦʥʘʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 
ʨʘʜʠʦʚʦʣʥ, ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʳʭ ʯʝʨʝʟ ʩʝʪʴ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʘʥʪʝʥʥ, ʥʘʟʳʚʘʝʤʳʭ 
ʙʘʟʦʚʳʤʠ ʩʪʘʥʮʠʷʤʠ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʤʦʙʠʣʴʥʳʝ ʪʝʣʝʬʦʥʳ ʨʘʙʦʪʘʶʪ ʥʘ ʩʪʘʥʜʘʨʪʝ GSM, ʢʦʪʦʨʘʷ  ʚ 
ʩʚʦʶ ʦʯʝʨʝʜʴ     ʠʤʝʝʪ: 

- ʜʠʘʧʘʟʦʥ ʨʘʙʦʯʠʭ ʯʘʩʪʦʪ ɹʉ   1805 ï 1880 ʄɻʮ 
- ʜʠʘʧʘʟʦʥ ʨʘʙʦʯʠʭ ʯʘʩʪʦʪ ʄʈʊ 1710 ï 1785 ʄɻʮ 
- ʤʘʢʩʠʤʘʣʴʥʘʷ ʠʟʣʫʯʘʝʤʘʷ ʤʦʱʥʦʩʪʴ ɹʉ  = 20 ɺʪ 0,125 
- ʤʘʢʩʠʤʘʣʴʥʘʷ ʠʟʣʫʯʘʝʤʘʷ ʤʦʱʥʦʩʪʴ ʄʈʊ ʈʘʜʠʫʩ çʩʦʪèr =  ɺʪ 0,5 ï 35 ʢʤ. 
ɺʣʠʷʥʠʝ ʤʦʙʠʣʴʥʳʭ ʨʘʜʠʦʧʝʨʝʛʦʚʦʨʥʳʭ ʫʩʪʨʦʡʩʪʚ ʥʘ ʟʜʦʨʦʚʴʝ 

ʯʝʣʦʚʝʢʘ ʥʝʦʜʥʦʢʨʘʪʥʦ ʠʩʩʣʝʜʦʚʘʣʦʩʴ, ʧʨʠʯʸʤ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʣʠʩʴ 
ʟʘʯʘʩʪʫʶ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤ ʦʙʨʘʟʦʤ. ʉʧʦʨʳ ʦ ʚʨʝʜʝ ʠʣʠ ʙʝʟʚʨʝʜʥʦʩʪʠ ʤʦʙʠʣʴʥʳʭ 
ʪʝʣʝʬʦʥʦʚ ʚʝʜʫʪʩʷ ʧʦʩʪʦʷʥʥʦ, ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʥʠ ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ ʦʛʨʦʤʥʦʤ 
ʢʦʣʠʯʝʩʪʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʟʳʩʢʘʥʠʡ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ ʚʝʜʫʱʠʭ 
ʥʘʫʯʥʳʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠʟʜʘʥʠʷʭ.  

ʇʦʤʠʤʦ ʚʦʟʜʝʡʩʪʚʠʷ  ʥʘ ʬʠʟʠʯʝʩʢʦʤ ʫʨʦʚʥʝ - ʚʣʠʷʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ, 
ʙʘʢʪʝʨʠʡ, ʤʦʙʠʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ  ʦʢʘʟʳʚʘʶʪ ʤʦʱʥʦʝ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, 
ʧʝʨʝʰʝʜʰʝʝ ʟʘ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʚ ʩʝʨʴʝʟʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ. 

ʊʘʢ ʞʝ ʩʨʝʜʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩʦʪʦʚʳʭ ʪʝʣʝʬʦʥʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʚ 
ʧʦʩʪʦʷʥʥʦʡ ʧʝʨʝʧʠʩʢʝ. ʀʪʘʣʴʷʥʩʢʠʝ ʫʯʝʥʥʳʝ ʩʯʠʪʘʶʪ, ʯʪʦ ʣʶʜʠ, ʦʪʩʳʣʘʶʱʠʝ ʚ ʜʝʥʴ 
ʙʦʣʝʝ 15 ʩʦʦʙʱʝʥʠʡ, ʟʘʯʘʩʪʫʶ ʨʘʩʪʨʘʯʠʚʘʶʪ ʚʨʝʤʷ ʧʦʧʫʩʪʫ, ʠ ʥʝ ʤʦʛʫʪ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ 
ʥʘ ʚʘʞʥʳʭ ʜʝʣʘʭ. ɸ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʧʦʥʠʞʘʝʪʩʷ ʫʚʝʨʝʥʥʦʩʪʴ ʚ ʩʦʙʩʪʚʝʥʥʳʭ ʩʠʣʘʭ ʠ 
ʧʦʪʝʨʷ ʢʦʥʪʨʦʣʷ ʥʘʜ ʩʠʪʫʘʮʠʝʡ. 

ʆʙʱʝʩʪʚʦ 21 ʚʝʢʘ, ʩ ʚʦʩʪʦʨʛʦʤ ʚʩʪʨʝʪʠʚʰʝʝ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ  ʧʨʦʛʨʝʩʩ, ʢ 
2016 ʛʦʜʫ ʩʪʘʣʦ ʯʘʩʪʴʶ ʛʣʦʙʘʣʴʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʤʝʭʘʥʠʟʤʘ.   

ɺ ʈʦʩʩʠʠ ʉʘʥʠʪʘʨʥʳʤʠ ʧʨʘʚʠʣʘʤʠ ʠ ʥʦʨʤʘʤʠ (ʉʘʥʇʠʅ 2.1.8/2.2.4.1190-03, ʧʫʥʢʪ 
6.9) ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʦʛʨʘʥʠʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʙʠʣʴʥʳʭ ʪʝʣʝʬʦʥʦʚ 
ʣʠʮʘʤʠ, ʥʝ ʜʦʩʪʠʛʰʠʤʠ 18 ʣʝʪ.   
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ʆʙʟʦʨ ʚʠʜʦʚ ʢʦʨʨʦʟʠʦʥʥʳʭ ʨʘʟʨʫʰʝʥʠʡ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ 
 

ʉ.ɺ. ʏɽɹʆʊɸʈɽɺ, ɸ.ɺ. ʂʆʃʔʏʋɻʀʅ 
(ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 

 
ʂʦʨʨʦʟʠʷ ʤʝʪʘʣʣʦʚ ï ʨʘʟʨʫʰʝʥʠʝ ʤʝʪʘʣʣʦʚ ʚʩʣʝʜʩʪʚʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʧʨʠ ʢʦʪʦʨʦʤ ʤʝʪʘʣʣ ʧʝʨʝʭʦʜʠʪ ʚ ʦʢʠʩʣʝʥʥʦʝ (ʠʦʥʥʦʝ) 
ʩʦʩʪʦʷʥʠʝ ʠ ʪʝʨʷʝʪ ʧʨʠʩʫʱʠʝ ʝʤʫ ʩʚʦʡʩʪʚʘ. ʉʨʝʜʘ, ʚ ʢʦʪʦʨʦʡ ʤʝʪʘʣʣ ʧʦʜʚʝʨʛʘʝʪʩʷ 
ʢʦʨʨʦʟʠʠ, ʥʘʟʳʚʘʝʪʩʷ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʨʝʜʦʡ.  

ʃʶʙʦʡ ʢʦʨʨʦʟʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʩʪʘʜʠʡʥʳʤ. 
- ʧʦʜʚʦʜ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʨʝʜʳ ʠʣʠ ʦʪʜʝʣʴʥʳʭ ʝʝ ʢʦʤʧʦʥʝʥʪʦʚ ʢ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʝʪʘʣʣʘ; 
- ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʨʝʜʳ ʩ ʤʝʪʘʣʣʦʤ; 
- ʦʪʚʦʜ ʧʨʦʜʫʢʪʦʚ ʢʦʨʨʦʟʠʠ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ ʚ ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʨʝʜʫ. 
ʂʦʨʨʦʟʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪ ʧʦ ʨʘʟʣʠʯʥʳʤ ʧʨʠʟʥʘʢʘʤ. 
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1. ʇʦ ʪʠʧʫ ʨʘʟʨʫʰʝʥʠʡ ʢʦʨʨʦʟʠʷ ʜʝʣʠʪʩʷ ʥʘ ʩʧʣʦʰʥʫʶ ʠ ʤʝʩʪʥʫʶ. ʉʧʣʦʰʥʘʷ 
ʢʦʨʨʦʟʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʨʘʚʥʦʤʝʨʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʢʦʨʨʦʟʠʦʥʥʳʭ ʨʘʟʨʫʰʝʥʠʡ ʧʦ 
ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ. ɽʩʣʠ ʨʘʟʨʫʰʝʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʥʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ 
ʤʝʪʘʣʣʘ, ʪʦ ʚʦʟʥʠʢʘʝʪ ʤʝʩʪʥʘʷ ʢʦʨʨʦʟʠʷ. ʆʥʘ ʦʧʘʩʥʝʝ, ʯʝʤ ʩʧʣʦʰʥʘʷ, ʪʘʢ ʢʘʢ ʨʝʟʢʦ 
ʫʤʝʥʴʰʘʝʪʩʷ ʥʘʜʝʞʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ. 

2. ʇʦ ʤʝʭʘʥʠʟʤʫ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʨʘʟʣʠʯʘʶʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʪʠʧʘ 
ʢʦʨʨʦʟʠʠ: ʭʠʤʠʯʝʩʢʫʶ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʫʶ. 

- ʭʠʤʠʯʝʩʢʘʷ ʢʦʨʨʦʟʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʤʝʪʘʣʣʦʚ ʩ 
ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ ʙʝʟ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʛʨʘʥʠʮʝ 
ʨʘʟʜʝʣʘ ʬʘʟ. ʆʥʘ ʦʩʥʦʚʘʥʘ ʥʘ ʧʨʦʪʝʢʘʥʠʠ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʤʝʞʜʫ ʤʝʪʘʣʣʦʤ ʠ 
ʘʛʨʝʩʩʠʚʥʳʤ ʘʛʝʥʪʦʤ. ʏʘʱʝ ï ʵʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʪʘʣʣʘ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 
ʩ ʢʠʩʣʦʨʦʜʦʤ ʠ ʜʨʫʛʠʤʠ ʘʛʨʝʩʩʠʚʥʳʤʠ ʩʨʝʜʘʤʠ, ʥʘʧʨʠʤʝʨ ʩ ʩʦʝʜʠʥʝʥʠʷʤʠ ʩʝʨʳ, 
ʛʘʣʦʛʝʥʘʤʠ, ʫʛʘʨʥʳʤ ʛʘʟʦʤ (ʛʘʟʦʚʘʷ ʢʦʨʨʦʟʠʷ ). 

- ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ ʢʦʨʨʦʟʠʷ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʤʝʪʘʣʣʦʚ ʩ 
ʵʣʝʢʪʨʦʣʠʪʘʤʠ ʯʘʱʝ ʚ ʚʠʜʝ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʠʣʠ ʨʘʩʧʣʘʚʘʤʠ ʩʦʣʝʡ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ 
ʪʝʤʧʝʨʘʪʫʨʘʭ. ʊʘʢʘʷ ʢʦʨʨʦʟʠʷ ʩʚʷʟʘʥʘ ʩ ʥʘʣʠʯʠʝʤ ʚ ʤʝʪʘʣʣʝ ʩʣʫʯʘʡʥʳʭ ʧʨʠʤʝʩʝʡ ʠʣʠ 
ʩʧʝʮʠʘʣʴʥʦ ʚʚʝʜʝʥʥʳʭ ʣʝʛʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ. ʆʙʱʘʷ ʨʝʘʢʮʠʷ ʢʦʨʨʦʟʠʠ ʟʜʝʩʴ ʤʦʞʝʪ 
ʙʳʪʴ ʨʘʟʜʝʣʝʥʘ ʥʘ ʜʚʘ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʵʣʝʢʪʨʦʜʥʳʭ ʧʨʦʮʝʩʩʘ - ʘʥʦʜʥʳʡ ʠ ʢʘʪʦʜʥʳʡ. 
ɸʥʦʜʥʳʡ ʧʨʦʮʝʩʩ - ʧʝʨʝʭʦʜ ʤʝʪʘʣʣʘ ʚ ʨʘʩʪʚʦʨ ʚ ʚʠʜʝ ʠʦʥʦʚ ʠ ʦʩʚʦʙʦʞʜʝʥʠʝ 
ʵʣʝʢʪʨʦʥʦʚ ʚ ʤʝʪʘʣʣʝ, ʢʘʪʦʜʥʳʡ ʧʨʦʮʝʩʩ ï ʘʩʩʠʤʠʣʷʮʠʷ ʧʦʷʚʠʚʰʠʭʩʷ ʚ ʤʝʪʘʣʣʝ 
ʠʟʙʳʪʦʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʜʝʧʦʣʷʨʠʟʘʪʦʨʘʤʠ. ʈʘʟʣʠʯʘʶʪ ʢʦʨʨʦʟʠʶ ʩ ʚʦʜʦʨʦʜʥʦʡ ʠ 
ʢʠʩʣʦʨʦʜʥʦʡ ʜʝʧʦʣʷʨʠʟʘʮʠʝʡ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʚʪʦʨʦʡ ʚʠʜ, ʢʦʛʜʘ 
ʜʝʧʦʣʷʨʠʟʘʮʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʩʪʚʦʨʝʥʥʳʤ ʚ ʵʣʝʢʪʨʦʣʠʪʝ ʢʠʩʣʦʨʦʜʦʤ ʧʨʠ 
ʢʦʨʨʦʟʠʠ ʚ ʥʝʡʪʨʘʣʴʥʳʭ ʩʦʣʝʚʳʭ ʨʘʩʪʚʦʨʘʭ, ʚ ʤʦʨʩʢʦʡ ʚʦʜʝ, ʚ ʟʝʤʣʝ, ʚ ʘʪʤʦʩʬʝʨʝ 
ʚʦʟʜʫʭʘ. 

ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʦʟʥʠʢʘʶʪ ʩʣʝʜʫʶʱʠʝ ʪʠʧʳ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʢʦʨʨʦʟʠʠ: 
- ʢʦʨʨʦʟʠʷ ʚ ʵʣʝʢʪʨʦʣʠʪʘʭ. ʂ ʪʘʢʦʤʫ ʪʠʧʫ ʦʪʥʦʩʠʪʩʷ ʢʦʨʨʦʟʠʷ ʚ ʧʨʠʨʦʜʥʦʡ ʠ 

ʤʦʨʩʢʦʡ ʚʦʜʝ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʢʦʨʨʦʟʠʠ ʚ ʞʠʜʢʠʭ ʩʨʝʜʘʭ. ɿʜʝʩʴ ʨʘʟʣʠʯʘʶʪ 
ʢʠʩʣʦʪʥʫʶ, ʱʝʣʦʯʥʫʶ, ʩʦʣʝʚʫʶ ʠ ʤʦʨʩʢʫʶ ʢʦʨʨʦʟʠʶ. 

- ʧʦʯʚʝʥʥʘʷ ʢʦʨʨʦʟʠʷ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʤʝʪʘʣʣ ʛʨʫʥʪʘ ʚ ʢʘʯʝʩʪʚʝ 
ʩʚʦʝʦʙʨʘʟʥʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ. 

- ʘʪʤʦʩʬʝʨʥʘʷ ʢʦʨʨʦʟʠʷ ï ʢʦʨʨʦʟʠʷ ʚ ʫʩʣʦʚʠʷʭ ʚʣʘʞʥʦʡ ʘʪʤʦʩʬʝʨʳ, ʢʦʛʜʘ ʥʘ 
ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ  ʠʤʝʝʪʩʷ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʡ ʩʣʦʡ ʚʣʘʛʠ. 

- ʢʦʨʨʦʟʠʷ ʚ ʫʩʣʦʚʠʷʭ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ 
ʠʥʞʝʥʝʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʚ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʉʫʱʝʩʪʚʫʶʪ ʪʘʢʞʝ ʜʨʫʛʠʝ ʚʠʜʳ ʢʦʨʨʦʟʠʦʥʥʳʭ ʨʘʟʨʫʰʝʥʠʡ ʤʝʪʘʣʣʦʚ ʠ 
ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʢʦʨʨʦʟʠʠ, ʥʦ ʦʥʠ ʤʝʥʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ. 
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ʋɼʂ 544.654.2 
 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚ ʮʠʥʢʦʚʳʭ ʥʘʥʦʧʦʢʨʳʪʠʡ 
 

ɸ.ɺ. ʆʉʓʂʆ, ɻ.ʄ. ʇʈʀʗʊʂʀʅ, ɺ.ɺ. ɺɸʉʀʃʔɽɺ 
(ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 

 
ʎʠʥʢʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ ʚ 

ʛʘʣʴʚʘʥʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘʭ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ. 
ʋʩʪʦʡʯʠʚʳʡ ʩʧʨʦʩ ʥʘ ʮʠʥʢ ʧʨʠʚʦʜʠʪ ʢ ʩʪʘʙʠʣʴʥʦʤʫ ʨʦʩʪʫ ʮʝʥ ʥʘ ʵʪʦʪ ʤʝʪʘʣʣ. ʈʦʩʪ 
ʩʪʦʠʤʦʩʪʠ ʮʠʥʢʘ ʦʩʦʙʝʥʥʦ ʟʘʤʝʪʝʥ ʥʘ ʬʦʥʝ ʩʪʘʛʥʘʮʠʠ ʨʳʥʢʘ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ 
ʦʩʥʦʚʥʳʭ ʤʝʪʘʣʣʦʚ. 

ʈʘʟʣʠʯʥʳʝ ʩʪʘʥʜʘʨʪʳ ʠ ʥʦʨʤʘʪʠʚʳ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʦʩʘʞʜʝʥʠʝ ʮʠʥʢʦʚʳʭ 
ʧʦʢʨʳʪʠʡ ʪʦʣʱʠʥʦʡ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʤʠʢʨʦʥ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʤʠʢʨʦʥ. ɼʣʷ 
ʥʝʢʦʪʦʨʳʭ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʘʢʠʝ ʪʦʣʱʠʥʳ ʷʚʣʷʶʪʩʷ ʷʚʥʦ ʠʟʙʳʪʦʯʥʳʤʠ. ɺ ʩʚʷʟʠ 
ʩ ʵʪʠʤ ʘʢʪʫʘʣʴʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʪʦʣʱʠʥʳ 
ʮʠʥʢʦʚʳʭ ʧʦʢʨʳʪʠʡ ʜʦ ʥʘʥʦʨʘʟʤʝʨʦʚ. ɸʥʘʣʦʛʠʯʥʳʝ ʥʘʥʦʧʦʢʨʳʪʠʷ ʧʦʣʫʯʠʣʠ ʚ 
ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʧʨʘʢʪʠʢʝ ʥʠʢʝʣʠʨʦʚʘʥʠʷ, ʟʦʣʦʯʝʥʠʷ ʠ 
ʨʦʜʠʨʦʚʘʥʠʷ. 

ʅʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʧʨʦʚʝʜʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʧʨʦʮʝʩʩʦʚ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʷ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʳʭ ʮʠʥʢʦʚʳʭ ʧʦʢʨʳʪʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ 
ʢʠʩʣʳʭ ʩʫʣʴʬʘʪʥʳʭ, ʢʠʩʣʳʭ ʭʣʦʨʠʜʥʳʭ, ʘʤʤʦʥʠʡʥʳʭ, ʘʤʤʠʘʢʘʪʥʳʭ ʠ ʮʠʥʢʘʪʥʳʭ 
ʵʣʝʢʪʨʦʣʠʪʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʵʣʝʢʪʨʦʣʠʪʳ, ʦʩʦʙʝʥʥʦ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ 
ʜʦʙʘʚʢʘʤʠ ʇɸɺ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʣʫʯʝʥʠʝ ʩʧʣʦʰʥʳʭ ʤʘʣʦʧʦʨʠʩʪʳʭ ʮʠʥʢʦʚʳʭ 
ʧʦʢʨʳʪʠʡ ʩ ʚʳʩʦʢʠʤʠ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʨʠ ʪʦʣʱʠʥʘʭ ʤʝʥʝʝ 1 ʤʠʢʨʦʥʘ 
[1,2]. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʠʥʪʝʨʝʩ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʡ, 
ʧʨʦʠʟʚʦʜʷʱʠʭ ʮʠʥʢʦʚʘʥʠʝ ʠʟʜʝʣʠʡ, ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʚ ʥʝʞʝʩʪʢʠʭ ʫʩʣʦʚʠʷʭ. 
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ʂʦʨʨʦʟʠ ̫ʙʝʪʦʥʘ ʚ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜʘʭ 
 

ɸ.ɺ. ʇʆʇʆɺ, ɸ.ɸ. ʉɸʌʆʅʆɺ 
(ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 

 
ɹʝʪʦʥ - ʩʪʨʦʠʪʝʣʴʥʳʡ ʢʘʤʝʥʥʳʡ ʤʘʪʝʨʠʘʣ, ʦʩʥʦʚʦʡ ʜʣʷ ʢʦʪʦʨʦʛʦ ʩʣʫʞʘʪ  

ʮʝʤʝʥʪ, ʚʦʜʘ, ʟʘʧʦʣʥʠʪʝʣʴ ʠ ʧʝʩʦʢ. ɺ ʧʨʦʮʝʩʩʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʫʢʘʟʘʥʥʘʷ ʩʤʝʩʴ 
ʟʘʪʚʝʨʜʝʚʘʝʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʦʣʫʯʘʶʪ ʧʨʦʯʥʳʡ ʙʝʪʦʥ. ɺ ʢʘʯʝʩʪʚʝ ʟʘʧʦʣʥʠʪʝʣʷ 
ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ  ʨʘʟʣʠʯʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʥʦ ʯʘʱʝ ʚʩʝʛʦ ʝʛʦ ʬʫʥʢʮʠʠ ʚʳʧʦʣʥʷʶʪ 
ʛʨʘʚʠʡ ʠ ʱʝʙʝʥʢʘ [1]. 

ʂʦʨʨʦʟʠʷ ʙʝʪʦʥʘ ï ʵʪʦ ʧʨʦʮʝʩʩ ʨʘʟʨʫʰʝʥʠʷ ʝʛʦ ʩʪʨʫʢʪʫʨʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ  
ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ: ʚʦʜʳ, ʚʣʘʛʠ, ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʦʚʪʦʨʷʶʱʝʛʦʩʷ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʠ 
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ʨʘʟʤʦʨʘʞʠʚʘʥʠʷ, ʚʳʩʳʭʘʥʠʷ ʠ ʥʘʩʳʱʝʥʠʷ ʚʣʘʛʦʡ. ʊʘʢ ʞʝ ʙʝʪʦʥ ʥʘʯʠʥʘʝʪ 
ʧʦʜʚʝʨʛʘʪʴʩʷ ʢʦʨʨʦʟʠʠ, ʢʦʛʜʘ ʚʩʪʫʧʘʝʪ ʚ ʢʦʥʪʘʢʪ ʩ ʨʘʟʣʠʯʥʳʤʠ ʘʛʨʝʩʩʠʚʥʳʤʠ ʩʨʝʜʘʤʠ, 
ʚ ʢʦʪʦʨʳʭ ʥʘʭʦʜʷʪʩʷ ʙʝʪʦʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʩʦʦʨʫʞʝʥʠʷ [2]. 

ʉʦʚʨʝʤʝʥʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʢʦʨʨʦʟʠʠ ʚʳʜʝʣʷʝʪ ʪʨʠ ʝʝ ʚʠʜʘ [1,2]: 

- I ʚʠʜ - ʨʘʩʪʚʦʨʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʙʝʪʦʥʘ; 

- II ʚʠʜ - ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʙʝʪʦʥ ʘʛʨʝʩʩʠʚʥʳʭ ʚʝʱʝʩʪʚ; 

- III ʚʠʜ - ʦʙʲʝʜʠʥʷʝʪ ʚʩʝ ʧʨʦʮʝʩʩʳ, ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʢʦʪʦʨʳʭ, ʙʝʪʦʥ 
ʦʙʨʘʟʫʝʪ ʨʘʟʥʦʛʦ ʚʠʜʘ ʩʦʝʜʠʥʝʥʠʷ. 

ʈʘʩʩʤʦʪʨʠʤ ʢʘʞʜʳʡ ʚʠʜ ʢʦʨʨʦʟʠʠ ʙʝʪʦʥʘ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ. 

ʂʦʨʨʦʟʠʷ ʙʝʪʦʥʘ I-ʛʦ ʚʠʜʘ ʷʚʣʷʝʪʩʷ ʩʘʤʦʡ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʡ. ʇʦʩʢʦʣʴʢʫ ʙʝʪʦʥ 
ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ ʦʪʢʨʳʪʦʤ ʚʦʟʜʫʭʝ, ʪʦ ʦʥ ʯʘʩʪʦ ʧʦʜʚʝʨʛʘʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʶ 
ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʠ ʜʨʫʛʠʭ ʞʠʜʢʠʭ ʩʨʝʜ. ʂʦʨʨʦʟʠʷ ʙʝʪʦʥʘ ʥʘʯʠʥʘʝʪʩʷ ʠʟ-ʟʘ 
ʨʘʩʪʚʦʨʝʥʠʷ ʚʦʜʦʡ ʢʦʤʧʦʥʝʥʪʦʚ ʙʝʪʦʥʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʫʝʪʩʷ ʛʠʜʨʦʢʩʠʜ 
ʢʘʣʴʮʠʷ Ca(OH)2 ï ʛʘʰʝʥʘʷ ʠʟʚʝʩʪʴ, ʢʦʪʦʨʘʷ ʣʝʛʢʦ ʨʘʩʪʚʦʨʷʝʪʩʷ ʠ ʚʳʤʳʚʘʝʪʩʷ, ʪʝʤ 
ʩʘʤʳʤ ʥʘʨʫʰʘʷ ʩʪʨʫʢʪʫʨʫ ʙʝʪʦʥʘ. 

ʂʦʨʨʦʟʠʷ II-ʛʦ ʚʠʜʘ ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʙʝʪʦʥ ʨʘʟʣʠʯʥʳʭ 
ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʢʦʪʦʨʳʤʠ ʦʙʨʘʟʫʶʪʩʷ ʜʚʘ ʪʠʧʘ 
ʩʦʝʜʠʥʝʥʠʡ:  

ʘ) ʩʦʣʠ, 

ʙ) ʘʤʦʨʬʥʳʝ ʤʘʩʩʳ. 

ʆʙʨʘʟʫʶʱʠʝʩʷ ʩʦʣʠ ʷʚʣʷʶʪʩʷ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʤʠ ʠ ʚʳʤʳʚʘʶʪʩʷ ʚʦʜʦʡ. ɸʤʦʨʬʥʳʝ 
ʤʘʩʩʳ ʥʝ ʦʙʣʘʜʘʶʪ ʩʚʷʟʳʚʘʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʪʘʢ ʞʝ ʣʝʛʢʦ ʚʳʤʳʚʘʶʪʩʷ ʠʟ ʙʝʪʦʥʘ. 

ʂʦʨʨʦʟʠʷ III-ʛʦ ʚʠʜʘ ʦʪʣʠʯʘʝʪʩʷ ʧʨʦʮʝʩʩʘʤʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʦʙʨʘʟʫʶʪʩʷ 
ʩʣʘʙʦ ʨʘʩʪʚʦʨʠʤʳʝ ʚʝʱʝʩʪʚʘ, ʢʨʠʩʪʘʣʣʠʟʠʨʫʶʱʠʝʩʷ ʩ ʙʦʣʴʰʠʤ ʫʚʝʣʠʯʝʥʠʝʤ ʦʙʲʝʤʘ 
ʪʚʝʨʜʳʭ ʬʘʟ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʩʥʘʯʘʣʘ ʫʧʣʦʪʥʝʥʠʝ ʙʝʪʦʥʘ ʠ ʧʦʚʳʰʝʥʠʝ ʝʛʦ ʧʨʦʯʥʦʩʪʠ, 
ʟʘʪʝʤ ʜʘʚʣʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʚʳʟʳʚʘʝʪ ʨʦʩʪ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʨʘʟʨʫʰʝʥʠʝ 
ʙʝʪʦʥʘ [3]. 

ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʩʨʦʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʦʦʨʫʞʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʟʘʱʠʱʘʪʴ ʙʝʪʦʥ 
ʦʪ ʢʦʨʨʦʟʠʠ, ʜʣʷ ʵʪʦʛʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʟʘʱʠʪʳ. 
ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʦ-ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʟʘʱʠʪʳ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʫʩʪʨʘʥʝʥʠʠ 
ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ, ʫʣʫʯʰʝʥʠʠ ʛʝʨʤʝʪʠʟʘʮʠʠ ʩʦʦʨʫʞʝʥʠʡ, ʧʨʘʚʠʣʴʥʦʤ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ 
ʩʦʦʨʫʞʝʥʠʡ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʧʨʦʚʦʜʷʪ ʩʧʝʮʠʘʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ ʧʦʚʝʨʭʥʦʩʪʝʡ ʙʝʪʦʥʥʳʭ 
ʢʦʥʩʪʨʫʢʮʠʡ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʩʢʦʧʣʝʥʠʷ ʠ ʙʳʩʪʨʦʛʦ ʦʪʚʝʜʝʥʠʷ ʚʦʜʳ.   

ʉʫʱʝʩʪʚʫʝʪ ʧʝʨʚʠʯʥʘʷ ʠ ʚʪʦʨʠʯʥʘʷ ʟʘʱʠʪʘ ʦʪ ʢʦʨʨʦʟʠʠ. ʇʝʨʚʠʯʥʘʷ ʟʘʱʠʪʘ 
ʙʝʪʦʥʘ ʦʪ ʢʦʨʨʦʟʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ 
ʩʧʝʮʠʘʣʴʥʳʭ ʜʦʙʘʚʦʢ, ʢʦʪʦʨʳʝ ʧʦʚʳʰʘʶʪ ʩʚʦʡʩʪʚʘ ʙʝʪʦʥʘ. ɺʪʦʨʠʯʥʘʷ ʟʘʱʠʪʘ ʙʝʪʦʥʘ 
ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʦʢʨʳʪʠʡ, ʢʦʪʦʨʳʝ 
ʧʨʝʜʦʪʚʨʘʱʘʶʪ ʧʦʧʘʜʘʥʠʝ ʥʘ ʙʝʪʦʥ ʨʘʟʣʠʯʥʳʭ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ (ʢʨʘʩʢʠ, ʣʘʢʠ, 
ʩʧʝʮʠʘʣʴʥʳʝ ʟʘʱʠʪʥʳʝ ʩʤʝʩʠ ʠ ʧʦʢʨʳʪʠʷ) [4]. 
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ʄʝʪʦʜʳ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʦʪʨʘʙʦʪʘʥʥʳʭ ʵʤʫʣʴʩʠʡ 
 

ɸ.ɺ. ʉʄɽʊɸʅʀʅ, ʄ.ɺ. ʃʆʉɽɺɸ 
(ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 

 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʢʦʛʜʘ ʫʞʝʩʪʦʯʠʣʠʩʴ ʩʦʮʠʘʣʴʥʦ-ʛʠʛʠʝʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ 

ʢ ʣʶʙʦʤʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʧʨʦʮʝʩʩʫ, ʨʝʰʝʥʠʶ ʚʦʧʨʦʩʦʚ ʩʦʟʜʘʥʠʷ ʙʝʟʦʪʭʦʜʥʳʭ 
ʧʨʦʠʟʚʦʜʩʪʚ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʟʘʤʢʥʫʪʳʭ ʮʠʢʣʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, 
ʜʦʣʞʥʦ ʙʳʪʴ ʫʜʝʣʝʥʦ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ. ɺʘʞʥʦʝ ʤʝʩʪʦ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʨʦʙʣʝʤʝ 
ʟʘʥʠʤʘʶʪ ʦʪʨʘʙʦʪʘʥʥʳʝ ʉʆɾ. ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʞʠʜʢʦʩʪʠ ʟʘʛʨʷʟʥʷʶʪʩʷ 
ʨʘʟʣʠʯʥʳʤʠ ʧʨʠʤʝʩʷʤʠ, ʧʦʜʚʝʨʛʘʶʪʩʷ ʙʠʦʧʦʨʘʞʝʥʠʶ ʠ, ʚ ʠʪʦʛʝ, ʪʝʨʷʶʪ ʩʚʦʡ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʯʘʩʪʦʡ ʟʘʤʝʥʳ 
ʟʘʛʨʷʟʥʝʥʥʳʭ ʉʆɾ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʳʤʠ, ʘ ʦʪʨʘʙʦʪʘʥʥʳʭ ʢ  ʩʣʠʚʫ ʚ ʩʠʩʪʝʤʫ 
ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʠʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʤʝʪʦʜʳ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʵʤʫʣʴʩʠʡ ʤʦʞʥʦ 
ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ: ʪʝʨʤʠʯʝʩʢʠʝ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʝ. 
ʅʠ ʦʜʥʘ ʠʟ ʫʢʘʟʘʥʥʳʭ ʛʨʫʧʧ ʤʝʪʦʜʦʚ ʥʝ ʤʦʞʝʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʦʙʝʩʧʝʯʠʪʴ 
ʩʦʚʨʝʤʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʢʘʯʝʩʪʚʫ ʧʦʣʫʯʘʝʤʦʡ ʚʦʜʳ ʠ ʢʦʣʠʯʝʩʪʚʫ ʦʙʨʘʟʫʶʱʠʭʩʷ 
ʦʪʭʦʜʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʧʨʘʢʪʠʢʝ, ʚ ʦʩʥʦʚʥʦʤ, ʧʨʠʤʝʥʷʶʪ 
ʢʦʤʧʣʝʢʩʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʨʘʟʣʦʞʝʥʠʷ ʉʆɾ.  

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʧʦʩʦʙʦʚ 
ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʦʪʨʘʙʦʪʘʥʥʳʭ ʵʤʫʣʴʩʠʡ ʷʚʣʷʝʪʩʷ ʠʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʯʠʩʪʢʘ ʦʪ 
ʛʨʫʙʦʜʠʩʧʝʨʩʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ ʠ ʤʘʩʝʣ, ʨʘʟʣʦʞʝʥʠʝ ʨʘʟʣʠʯʥʳʤʠ 
ʜʝʵʤʫʣʴʛʘʪʦʨʘʤʠ (ʭʠʤʨʝʘʛʝʥʪʘʤʠ ʠ ʥʝʬʪʝʩʦʨʙʝʥʪʘʤʠ), ʩʦʨʙʮʠʦʥʥʘʷ ʜʦʦʯʠʩʪʢʘ 
ʚʦʜʥʦʡ ʬʘʟʳ, ʫʪʠʣʠʟʘʮʠʷ (ʘ ʯʘʱʝ ʟʘʭʦʨʦʥʝʥʠʝ) ʦʙʨʘʟʫʶʱʠʭʩʷ ʥʝʬʪʝʰʣʘʤʦʚ ʠ 
ʧʝʥʦʤʘʩʣʷʥʳʭ ʧʨʦʜʫʢʪʦʚ. ʇʨʠʤʝʥʷʝʤʳʝ ʥʘ ʙʦʣʴʰʠʥʩʪʚʝ ʧʨʝʜʧʨʠʷʪʠʡ ʚ ʢʘʯʝʩʪʚʝ 
ʜʝʵʤʫʣʴʛʘʪʦʨʦʚ ʢʠʩʣʦʪʳ ʠ ʱʝʣʦʯʠ, ʘ ʪʘʢʞʝ ʢʦʘʛʫʣʷʥʪʳ ʥʘ ʦʩʥʦʚʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ 
ʩʦʣʝʡ ʘʣʶʤʠʥʠʷ ʠ ʞʝʣʝʟʘ ʧʨʠʚʦʜʷʪ ʢ ʟʘʩʦʣʝʥʠʶ ʚʦʜʥʦʡ ʬʘʟʳ ʠ ʦʙʨʘʟʦʚʘʥʠʶ 
ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʪʨʫʜʥʦʫʪʠʣʠʟʠʨʫʝʤʳʭ ʥʝʬʪʝʰʣʘʤʦʚ (ʦʪ 80 ʜʦ 300 ʢʛ ʥʘ 1ʤ

3
 ʉʆɾ). 

ʇʦʣʫʯʘʝʤʘʷ ʫʩʣʦʚʥʦ çʯʠʩʪʘʷè ʚʦʜʘ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʜʦʦʯʠʩʪʢʠ ʥʝʧʨʠʛʦʜʥʘ ʜʣʷ 
ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʟʘʯʘʩʪʫʶ ʪʨʝʙʫʝʪ ʨʘʟʙʘʚʣʝʥʠʷ ʧʝʨʝʜ ʩʙʨʦʩʦʤ ʚ ʚʦʜʦʝʤʳ. 

ʇʨʝʜʣʘʛʘʝʤʳʝ ʩʝʛʦʜʥʷ ʥʘ ʨʦʩʩʠʡʩʢʦʤ ʨʳʥʢʝ ʜʝʵʤʫʣʴʛʘʪʦʨʳ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ 
ʥʘ ʦʩʥʦʚʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʦʚ ʪʘʢʞʝ ʥʝ ʣʠʰʝʥʳ ʥʝʜʦʩʪʘʪʢʦʚ. ʂʨʦʤʝ ʚʳʩʦʢʦʡ 
ʩʪʦʠʤʦʩʪʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʫʜʥʦʫʪʠʣʠʟʠʨʫʝʤʳʭ ʥʝʬʪʝʰʣʘʤʦʚ (ʦʪ 50 ʜʦ 150 ʢʛ ʥʘ 1ʤ

3
 

ʉʆɾ), ʦʥʠ, ʦʙʳʯʥʦ, ʷʚʣʷʶʪʩʷ ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ, ʪ.ʝ. ʵʬʬʝʢʪʠʚʥʦ 
ʨʘʟʨʫʰʘʶʪ ʦʜʥʠ ʚʠʜʳ ʵʤʫʣʴʩʠʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʶʪ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʜʨʫʛʠʭ. ʕʪʦ 
ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪʳ ʧʦ ʧʦʜʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʜʝʵʤʫʣʴʛʘʪʦʨʘ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ 
ʤʘʨʢʠ ʉʆɾ, ʯʪʦ ʥʝ ʚʩʝʛʜʘ ʧʦʜ ʩʠʣʫ ʟʘʚʦʜʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ. 

ʅʝʬʪʝʩʦʨʙʝʥʪʳ ʨʘʟʨʫʰʘʶʪ ʦʪʨʘʙʦʪʘʥʥʳʝ ʉʆɾ ʟʘ ʩʯʝʪ ʘʜʩʦʨʙʮʠʠ ʥʘ ʩʚʦʝʡ 
ʧʦʚʝʨʭʥʦʩʪʠ ʵʤʫʣʴʛʘʪʦʨʘ, ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʛʦ ʵʤʫʣʴʩʠʶ. ʊʝʭʧʨʦʮʝʩʩ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ 
ʦʪʨʘʙʦʪʘʥʥʳʭ ʉʆɾ ʩ ʧʦʤʦʱʴʶ ʥʝʬʪʝʩʦʨʙʝʥʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʝʰʝʚ, ʠʤʝʝʪ ʧʨʦʩʪʦʝ 
ʘʧʧʘʨʘʪʫʨʥʦʝ ʦʬʦʨʤʣʝʥʠʝ, ʦʜʥʘʢʦ ʧʨʠ ʥʝʤ ʦʙʨʘʟʫʝʪʩʷ ʥʝʜʦʧʫʩʪʠʤʦ ʙʦʣʴʰʦʝ 
ʢʦʣʠʯʝʩʪʚʦ ʥʝʬʪʝʰʣʘʤʦʚ, ʪʨʝʙʫʶʱʠʭ ʟʘʭʦʨʦʥʝʥʠʷ ʠʣʠ ʩʞʠʛʘʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ 
ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʬʘʟ ʥʝʦʙʭʦʜʠʤʦ ʜʦʨʦʛʦʩʪʦʷʱʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ (ʨʘʟʣʠʯʥʳʝ 
ʩʝʧʘʨʘʪʦʨʳ). ɺ ʩʚʷʟʠ ʩ ʫʢʘʟʘʥʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ, ʘ ʪʘʢʞʝ ʚ ʩʚʷʟʠ ʩ ʦʯʝʥʴ ʞʝʩʪʢʠʤʠ 
ʩʦʚʨʝʤʝʥʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʚʦʜʥʦʡ ʬʘʟʝ ʧʦʩʣʝ ʨʘʟʣʦʞʝʥʠʷ ʉʆɾ, ʢʘʢ ʚ ʈʦʩʩʠʠ, ʪʘʢ 
ʠ ʟʘ ʨʫʙʝʞʦʤ, ʨʝʘʛʝʥʪʥʳʝ ʤʝʪʦʜʳ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʦʪʨʘʙʦʪʘʥʥʳʭ ʵʤʫʣʴʩʠʡ ʩʯʠʪʘʶʪʩʷ 
ʩʝʛʦʜʥʷ ʤʘʣʦʧʝʨʩʧʝʢʪʠʚʥʳʤʠ. 
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ʇʨʠʤʝʥʷʝʤʳʝ ʥʘ ʨʷʜʝ ʧʨʝʜʧʨʠʷʪʠʡ ʵʣʝʢʪʨʦʢʦʘʛʫʣʷʪʦʨʳ ʜʣʷ ʨʘʟʣʦʞʝʥʠʷ 
ʦʪʨʘʙʦʪʘʥʥʳʭ ʉʆɾ ʥʝ ʧʨʠʚʦʜʷʪ ʢ ʟʘʩʦʣʝʥʠʶ ʩʪʦʢʦʚ ʠ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʨʘʟʨʫʰʘʶʪ 
ʵʤʫʣʴʩʠʠ. ʆʜʥʘʢʦ ʚʳʩʦʢʠʝ ʟʘʪʨʘʪʳ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʧʨʦʙʣʝʤʳ ʩ ʧʘʩʩʠʚʘʮʠʝʡ ʘʥʦʜʦʚ ʠ 
ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ ʦʙʨʘʟʫʶʱʠʭʩʷ ʦʩʘʜʢʦʚ (ʦʪ 100 ʜʦ 250 ʢʛ ʥʘ 1ʤ

3
 ʉʆɾ) ʪʘʢʞʝ ʥʝ 

ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʜʘʥʥʳʡ ʤʝʪʦʜ ʢʘʢ ʩʦʚʨʝʤʝʥʥʳʡ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʡ. 
ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʦʯʠʩʪʢʠ ʙʦʣʴʰʠʥʩʪʚʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ, ʧʨʠʤʝʥʷʶʱʠʭʩʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ 
ʤʝʤʙʨʘʥʥʦʡ ʬʠʣʴʪʨʘʮʠʠ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʩʝʛʦʜʥʷ ʤʝʤʙʨʘʥʳ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ 
ʛʣʫʙʦʢʫʶ ʦʯʠʩʪʢʫ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʞʠʜʢʦʩʪʝʡ ʦʪ ʨʘʟʣʠʯʥʳʭ ʟʘʛʨʷʟʥʷʶʱʠʭ 
ʚʝʱʝʩʪʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʜʠʩʧʝʨʩʥʦʩʪʠ. ʇʨʠ ʨʘʟʣʦʞʝʥʠʠ ʦʪʨʘʙʦʪʘʥʥʳʭ 
ʉʆɾ ʦʙʨʘʟʫʝʪʩʷ ʚʦʜʘ, ʧʦʣʥʦʩʪʴʶ ʦʪʚʝʯʘʶʱʘʷ ʪʨʝʙʫʝʤʳʤ ʥʦʨʤʘʤ ʜʣʷ ʚʦʟʚʨʘʪʘ ʝʝ ʥʘ 
ʧʦʚʪʦʨʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ (ʥʝ ʙʦʣʝʝ 50 ʢʛ ʥʘ 1ʤ

3
 ʉʆɾ) 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʦʩʘʜʢʘ, ʧʨʠʛʦʜʥʦʛʦ ʜʣʷ ʤʘʣʦʵʥʝʨʛʦʝʤʢʦʛʦ ʩʞʠʛʘʥʠʷ. ʉʞʠʛʘʥʠʝ, 
ʙʝʟʫʩʣʦʚʥʦ, ʥʝ ʝʜʠʥʩʪʚʝʥʥʳʡ ʩʧʦʩʦʙ ʣʠʢʚʠʜʘʮʠʠ ʫʢʘʟʘʥʥʦʛʦ ʦʪʭʦʜʘ, ʦʜʥʘʢʦ ʝʛʦ 
ʟʘʭʦʨʦʥʝʥʠʝ, ʢʘʢ ʦʪʭʦʜʘ 2-3 ʢʣʘʩʩʘ ʦʧʘʩʥʦʩʪʠ, ʧʦʪʨʝʙʫʝʪ ʩʚʦʙʦʜʥʳʭ ʧʣʦʱʘʜʝʡ ʜʣʷ 
ʩʦʟʜʘʥʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦʣʠʛʦʥʘ ʪʦʢʩʠʯʥʳʭ ʧʨʦʤʦʪʭʦʜʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʨʘʟʣʦʞʝʥʠʷ ʦʪʨʘʙʦʪʘʥʥʳʭ ʉʆɾ, 
ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʝ ʦʪ ʛʨʫʙʦʜʠʩʧʝʨʩʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ 
ʧʨʠʤʝʩʝʡ ʠ ʤʘʩʝʣ, ʨʘʟʨʫʰʝʥʠʠ ʵʤʫʣʴʩʠʠ c ʧʦʤʦʱʴʶ ʤʝʤʙʨʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩ 
ʜʘʣʴʥʝʡʰʠʤ ʩʞʠʛʘʥʠʝʤ ʢʦʥʮʝʥʪʨʘʪʘ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ 
ʢʦʤʧʣʝʢʩʘʭ ʪʝʨʤʠʯʝʩʢʦʛʦ ʫʥʠʯʪʦʞʝʥʠʷ ʦʪʭʦʜʦʚ, ʥʝ ʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʠʝ ʢʘʧʠʪʘʣʴʥʳʝ 
ʟʘʪʨʘʪʳ, ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʨʝʰʝʥʠʝʤ ʜʘʥʥʦʡ 
ʧʨʦʙʣʝʤʳ ʠ ʙʫʜʝʪ ʦʩʪʘʚʘʪʴʩʷ ʩʦʚʨʝʤʝʥʥʳʤ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 
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ɺ.ɺ. ɹʆɻʆʄʆʃʆɺɸ, ʄ.ɺ. ʃʆʉɽɺɸ  
(ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 

 
ʈʘʟʚʠʪʠʝ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʠ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ, ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʚʥʝʜʨʝʥʠʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʢ 
ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʶ. ʕʪʠ ʧʦʜʭʦʜʳ ʩʚʷʟʘʥʳ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ 
ʟʘʜʘʯ ʥʘ ʦʩʥʦʚʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʢʦʥʦʚ ʠ ʠʥʞʝʥʝʨʥʦʡ ʵʢʦʣʦʛʠʠ, ʠʟʫʯʘʶʱʝʡ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʦʡ ʦʙʠʪʘʥʠʷ. 

ɺʦʧʨʦʩʳ ʨʘʟʤʝʱʝʥʠʷ ʦʙʲʝʢʪʦʚ ʚ ʛʦʨʦʜʘʭ ʠ ʨʝʛʠʦʥʘʭ ʚ ʩʬʝʨʝ ʦʭʨʘʥʳ 
ʦʢʨʫʞʘʶʱʝʡ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʠʤʝʶʪ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ. ʕʢʦʣʦʛʠʯʝʩʢʠʝ 
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ʪʨʝʙʦʚʘʥʠʷ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʜʦʣʞʥʳ ʚʳʧʦʣʥʷʪʴʩʷ ʥʘ ʚʩʝʭ 
ʩʪʘʜʠʷʭ (ʵʪʘʧʘʭ) ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ï ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ, 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʩʪʨʦʠʪʝʣʴʩʪʚ, ʨʝʢʦʥʩʪʨʫʢʮʠʠ, ʚʚʦʜʝ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ. 

ɺ ʦʙʣʘʩʪʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʦʙʲʝʢʪʦʚ ʜʝʡʩʪʚʫʝʪ ʨʷʜ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʭ ʜʦʢʫʤʝʥʪʦʚ, 
ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʦʭʨʘʥʫ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʪʘʢʠʝ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʝ 
ʘʢʪʳ ʢʘʢ ɻʨʘʜʦʩʪʨʦʠʪʝʣʴʥʳʡ ʢʦʜʝʢʩ ʈʌ, ʃʝʩʥʦʡ ʢʦʜʝʢʩ ʈʌ, ɿʝʤʝʣʴʥʳʡ ʢʦʜʝʢʩ ʈʌ, 
ɻʨʘʞʜʘʥʩʢʠʡ ʢʦʜʝʢʩ ʈʌ ʠ, ʢʦʥʝʯʥʦ, ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ ʦʙ ʦʭʨʘʥʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʈʌ.  

ʈʝʞʠʤ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʦʪ ʚʨʝʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʝʜʧʨʠʷʪʠʡ, 
ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʧʨʠʜʘʥʠʷ ʵʪʠʤ ʦʙʲʝʢʪʘʤ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 
ʩʪʘʪʫʩʘ (ʧʘʩʧʦʨʪʠʟʘʮʠʷ ʦʙʲʝʢʪʦʚ) ʠ ʵʢʦʣʦʛʠʟʘʮʠʠ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʅʘʤʝʯʘʝʤʘʷ ʭʦʟʷʡʩʪʚʝʥʥʘʷ ʠ ʠʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʩʧʦʩʦʙʥʘʷ ʦʢʘʟʘʪʴ 
ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ, ʷʚʣʷʝʪʩʷ ʦʙʲʝʢʪʦʤ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 
ʵʢʩʧʝʨʪʠʟʳ. ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʵʢʩʧʝʨʪʠʟʘ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʚʝʜʝʥʘ ʙʝʟ ʧʨʝʜʰʝʩʪʚʫʶʱʝʡ 
ʝʡ ʦʮʝʥʢʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʵʢʦʣʦʛʠʯʝʩʢʘʷ 
ʵʢʩʧʝʨʪʠʟʘ ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʦʡ ʤʝʨʦʡ ʧʦ ʦʭʨʘʥʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʢʦʪʦʨʘʷ 
ʧʨʦʚʦʜʠʪʩʷ ʩ ʮʝʣʴʶ ʧʨʦʚʝʨʢʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʠʣʠ ʠʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 
ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʙʱʝʩʪʚʘ, ʘ ʪʘʢʞʝ ʧʨʝʜʫʧʨʝʞʜʝʥʠʶ ʚʦʟʤʦʞʥʳʭ 
ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʦʙʲʝʢʪʘ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʕʢʦʣʦʛʠʯʝʩʢʘʷ 
ʵʢʩʧʝʨʪʠʟʘ ʧʨʦʚʦʜʠʪʩʷ ʵʢʦʣʦʛʦ-ʵʢʩʧʝʨʪʥʦʡ ʢʦʤʠʩʩʠʝʡ ʧʦ ʠʥʠʮʠʘʪʠʚʝ ʚʣʘʩʪʥʳʭ 
ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʠʣʠ ʦʨʛʘʥʘʤʠ ʄʠʥʠʩʪʝʨʩʪʚʘ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʈʌ. 
ʇʦʣʦʞʠʪʝʣʴʥʦʝ ʟʘʢʣʶʯʝʥʠʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʵʢʩʧʝʨʪʠʟʳ ʷʚʣʷʝʪʩʷ 
ʦʜʥʠʤ ʠʟ ʦʙʷʟʘʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʨʝʘʣʠʟʘʮʠʠ ʦʙʲʝʢʪʘ ʵʢʩʧʝʨʪʠʟʳ. 
ʇʨʘʚʦʚʳʤ ʧʦʩʣʝʜʩʪʚʠʝʤ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʟʘʢʣʶʯʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 
ʵʢʩʧʝʨʪʠʟʳ ʷʚʣʷʝʪʩʷ ʟʘʧʨʝʪ ʨʝʘʣʠʟʘʮʠʠ ʦʙʲʝʢʪʘ. ɺ ʮʝʣʷʭ ʢʦʥʪʨʦʣʷ ʠʥʬʦʨʤʘʮʠʷ ʦ 
ʟʘʢʣʶʯʝʥʠʠ ʥʘʧʨʘʚʣʷʝʪʩʷ ʥʠʞʝʩʪʦʷʱʝʤʫ ʩʧʝʮʠʘʣʴʥʦ ʫʧʦʣʥʦʤʦʯʝʥʥʦʤʫ ʦʨʛʘʥʫ 
ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʵʢʩʧʝʨʪʠʟʳ, ʦʨʛʘʥʘʤ ʠʩʧʦʣʥʠʪʝʣʴʥʦʡ ʚʣʘʩʪʠ ʠ 
ʤʝʩʪʥʦʛʦ ʩʘʤʦʫʧʨʘʚʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʫʨʦʚʥʷ. 

ɿʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦ ʈʌ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʫʛʦʣʦʚʥʫʶ, ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʫʶ ʠ ʛʨʘʞʜʘʥʩʢʫʶ 
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ʀʚʘʥʦʚʩʢʘʷ ʧʦʞʘʨʥʦ-ʩʧʘʩʘʪʝʣʴʥʘʷ ʘʢʘʜʝʤʠʷ ɻʇʉ ʄʏʉ ʈʦʩʩʠʠ, 
2
ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 

 
ʉʦʛʣʘʩʥʦ ʩʪʘʪʠʩʪʠʢʝ ʧʦʞʘʨʦʚ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʟʘ 2016 ʛʦʜ [5], ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʙʦʣʴʰʠʥʩʪʚʦ ʧʦʞʘʨʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚ ʞʠʣʦʤ ʩʝʢʪʦʨʝ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, 
ʥʘʠʙʦʣʴʰʠʡ ʧʨʦʮʝʥʪ ʛʠʙʝʣʠ ʣʶʜʝʡ ʠ ʤʘʪʝʨʠʘʣʴʥʳʡ ʫʱʝʨʙ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʠʤʝʥʥʦ 
ʧʨʠ ʧʦʞʘʨʘʭ ʚ ʟʜʘʥʠʷʭ ʞʠʣʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʚ ʛʦʨʦʜʘʭ ʠ ʩʝʣʴʩʢʠʭ ʥʘʩʝʣʸʥʥʳʭ ʧʫʥʢʪʘʭ. 
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ʆʙʱʝʠʟʚʝʩʪʥʦ, ʯʪʦ ʜʨʝʚʝʩʠʥʘ ʷʚʣʷʝʪʩʷ ʤʘʪʝʨʠʘʣʦʤ, ʚʝʩʴʤʘ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʤ ʚ 
ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʞʠʣʳʭ ʟʜʘʥʠʷʭ. ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʛʦ 
ʤʘʪʝʨʠʘʣʘ ʷʚʣʷʝʪʩʷ ʛʦʨʶʯʝʩʪʴ, ʜʣʷ ʩʥʠʞʝʥʠʷ ʢʦʪʦʨʦʡ ʧʨʠʤʝʥʷʝʪʩʷ ʦʙʨʘʙʦʪʢʘ 
ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʜʝʣʠʡ ʠ ʢʦʥʩʪʨʫʢʮʠʡ ʦʛʥʝʟʘʱʠʪʥʳʤʠ ʢʦʤʧʦʟʠʮʠʷʤʠ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ 
ʟʘʱʠʪʳ ʢʦʥʩʪʨʫʢʮʠʡ ʥʘ ʜʨʝʚʝʩʥʦʡ ʦʩʥʦʚʝ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʞʘʨʘ ʜʣʷ ʩʥʠʞʝʥʠʷ 
ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʫʱʝʨʙʘ, ʢʦʣʠʯʝʩʪʚʘ ʧʦʛʠʙʰʠʭ ʠ ʧʦʩʪʨʘʜʘʚʰʠʭ ʦʧʨʝʜʝʣʷʝʪ 
ʘʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʤʝʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 
ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ ʜʨʝʚʝʩʠʥʳ, 
ʦʛʥʝʟʘʱʠʪʝ ʜʝʨʝʚʷʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʨʝʮʝʧʪʫʨ 
ʦʛʥʝʟʘʱʠʪʥʳʭ ʩʦʩʪʘʚʦʚ [2, 3, 4]. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʚʝʱʝʩʪʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʠʣʠ ʧʨʠʤʝʥʷʚʰʠʭʩʷ 
ʨʘʥʝʝ ʜʣʷ ʟʘʱʠʪʳ ʜʨʝʚʝʩʠʥʳ ʦʪ ʚʦʟʛʦʨʘʥʠʷ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 
ʦʛʥʝʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚ ʧʨʦʧʠʪʦʢ ʠ ʩʥʠʞʝʥʠʝ ʠʭ ʩʪʦʠʤʦʩʪʠ.  

ʇʝʨʚʳʝ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʳʝ ʨʘʙʦʪʳ ʧʦ ʩʥʠʞʝʥʠʶ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ 
ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʦʪʥʦʩʷʪʩʷ ʢ ʥʘʯʘʣʫ XVIII  ʚʝʢʘ [1]. ʇʦʩʣʝ ʧʦʞʘʨʘ 1812 ʛʦʜʘ 
ʩʪʘʣʠ ʟʘʧʨʝʱʘʪʴ ʩʪʨʦʠʪʴ ʜʦʤʘ ʠʟ ʜʨʝʚʝʩʠʥʳ. ɼʦʤʘ, ʠʤʝʚʰʠʝ ʙʨʝʚʝʥʯʘʪʳʝ ʩʪʝʥʳ, 
ʜʦʣʞʥʳ ʙʳʣʠ ʦʰʪʫʢʘʪʫʨʠʚʘʪʴʩʷ ʛʣʠʥʦʡ. ʅʘʫʯʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʚ ʩʬʝʨʝ 
ʦʛʥʝʟʘʱʠʪʳ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʢʦʥʩʪʨʫʢʮʠʡ ʩʪʘʣ ʟʘʥʠʤʘʪʴʩʷ ʭʠʤʠʯʝʩʢʠʡ 
ʦʪʜʝʣ ʎʝʥʪʨʘʣʴʥʦʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ (ʥʳʥʝ ï ɺʅʀʀʇʆ ʄʏʉ 
ʈʦʩʩʠʠ) ʪʦʣʴʢʦ ʧʦʩʣʝ 1917 ʛʦʜʘ.  ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʸʥʥʳʝ ʚ ʪʝ ʛʦʜʳ, ʧʦʟʚʦʣʠʣʠ 
ʩʦʟʜʘʪʴ ʨʷʜ ʦʛʥʝʟʘʱʠʪʥʳʭ ʩʦʩʪʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʧʨʦʩʪʝʡʰʠʭ ʩʚʷʟʫʶʱʠʭ (ʩʫʧʝʨʬʦʩʬʘʪ, 
ʛʣʠʥʘ, ʠʟʚʝʩʪʴ ʠ ʜʨ.). ʕʪʠ ʩʦʩʪʘʚʳ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʣʠʩʴ ʚ ʃʝʥʠʥʛʨʘʜʝ ʠ ʄʦʩʢʚʝ ʜʣʷ 
ʟʘʱʠʪʳ ʯʝʨʜʘʯʥʳʭ ʧʦʤʝʱʝʥʠʡ ʚ ʟʜʘʥʠʷʭ [4]. 7 ʬʝʚʨʘʣʷ 1949 ʛʦʜʘ ʙʳʣʘ ʫʪʚʝʨʞʜʝʥʘ 
ʀʥʩʪʨʫʢʮʠʷ ʧʦ ʙʦʨʴʙʝ ʩ ʛʥʠʝʥʠʝʤ ʠ ʧʦʚʳʰʝʥʠʶ ʦʛʥʝʩʪʦʡʢʦʩʪʠ ʜʝʨʝʚʷʥʥʳʭ ʵʣʝʤʝʥʪʦʚ 
ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ, ʢʦʪʦʨʦʡ ʧʨʝʜʫʩʤʘʪʨʠʚʘʣʠʩʴ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʧʦʚʳʰʝʥʠʶ 
ʦʛʥʝʩʪʦʡʢʦʩʪʠ ʜʝʨʝʚʷʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʫʪʚʝʨʞʜʘʚʰʘʷ ʩʦʩʪʘʚ ʥʝʢʦʪʦʨʳʭ 
ʦʛʥʝʟʘʱʠʪʥʳʭ ʢʦʤʧʦʟʠʮʠʡ. ʉʦʩʪʘʚ ʜʣʷ ʛʣʫʙʦʢʦʡ ʧʨʦʧʠʪʢʠ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʩʦʩʪʦʷʣ ʠʟ 
ʬʪʦʨʠʩʪʦʛʦ ʥʘʪʨʠʷ, ʩʝʨʥʦʢʠʩʣʦʛʦ ʠ ʬʦʩʬʦʨʥʦʢʠʩʣʦʛʦ ʘʤʤʦʥʠʷ. ʉʦʩʪʘʚ ʜʣʷ 
ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʨʦʧʠʪʢʠ ʩʦʩʪʦʷʣ ʠʟ ʚʦʜʳ, 100%-ʛʦ ʬʦʩʬʦʨʥʦʢʠʩʣʦʛʦ ʘʤʤʦʥʠʷ, 98%-ʛʦ 
ʩʝʨʥʦʢʠʩʣʦʛʦ ʘʤʤʦʥʠʷ ʠ ʢʝʨʦʩʠʥʦʚʦʛʦ ʢʦʥʪʘʢʪʘ. ɺ 50-60-ʭ ʛʦʜʘʭ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ 
ʦʛʥʝʟʘʱʠʪʥʳʝ ʩʦʩʪʘʚʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʜʠʘʤʤʦʥʠʡʬʦʩʬʘʪʘ, ʩʫʣʴʬʘʪʘ ʘʤʤʦʥʠʷ ʠ 
ʢʝʨʦʩʠʥʦʚʦʛʦ ʢʦʥʪʘʢʪʘ, ʢʨʘʩʢʘ ʥʘ ʦʩʥʦʚʝ ʞʠʜʢʦʛʦ ʩʪʝʢʣʘ ʠ ʚʝʨʤʠʢʫʣʠʪʘ. ɺ 60-70-ʭ 
ʛʦʜʘʭ ʥʘʯʘʣʦʩʴ ʧʨʠʤʝʥʝʥʠʝ ʚʩʧʫʯʠʚʘʶʱʠʭʩʷ ʢʨʘʩʦʢ ʜʣʷ ʦʛʥʝʟʘʱʠʪʳ ʢʘʢ ʜʨʝʚʝʩʠʥʳ, 
ʪʘʢ ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʭʦʜʠʣʠ 
ʤʦʯʝʚʠʥʦʬʦʨʤʘʣʴʜʝʛʠʜʥʘʷ ʩʤʦʣʘ, ʬʦʩʬʦʨʥʦʢʠʩʣʳʡ ʘʤʤʦʥʠʡ, ʜʠʮʠʘʥʜʠʘʤʠʜ. 
ʆʩʥʦʚʦʡ ʜʣʷ ʠʭ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʷʚʣʷʣʠʩʴ ʢʘʨʙʘʤʠʜʥʳʝ ʩʤʦʣʳ [4].  

ʂʨʘʪʢʠʡ ʦʙʟʦʨ ʧʘʪʝʥʪʦʚ ʠ ʘʚʪʦʨʩʢʠʭ ʩʚʠʜʝʪʝʣʴʩʪʚ ʧʦ ʘʥʪʠʧʠʨʝʥʘʤ, 
ʧʨʦʚʝʜʝʥʥʳʡ ʚ ʨʘʤʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʵʪʘʧʘ ʨʘʙʦʪʳ,  ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ 
ʩʣʝʜʫʶʱʠʝ ʚʝʱʝʩʪʚʘ: ʞʠʜʢʦʝ ʩʪʝʢʣʦ; ʙʠʰʦʬʠʪ; ʢʘʨʙʘʤʠʜ; ʬʦʩʬʦʨʥʘʷ ʢʠʩʣʦʪʘ; 
ʩʫʣʴʬʘʪ ʘʤʤʦʥʠʷ; ʜʠʘʤʤʦʥʠʡʬʦʩʬʘʪ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʩʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ 
ʚʝʱʝʩʪʚʘ ʷʚʣʷʶʪʩʷ ʩʦʝʜʠʥʝʥʠʷʤʠ ʥʘ ʦʩʥʦʚʝ ʥʘʪʨʠʷ, ʢʨʝʤʥʠʷ, ʬʦʩʬʦʨʘ ʠ ʘʤʤʦʥʠʷ. 
ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʵʪʠʭ ʚʝʱʝʩʪʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʣʠ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ 
ʥʘʠʙʦʣʝʝ ʜʦʩʪʫʧʥʦʡ ʠ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʡ ʷʚʣʷʝʪʩʷ ʧʦʚʘʨʝʥʥʘʷ ʩʦʣʴ NaCl. 
ʋʢʘʟʘʥʥʳʝ ʚʝʱʝʩʪʚʘ ʦʙʣʘʜʘʶʪ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʴʶ ʠ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʤʠ 
ʘʥʪʠʧʠʨʝʥʘʤʠ. 

ʇʦʜʚʦʜʷ ʠʪʦʛ ʨʘʙʦʪʳ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʩʪʘʥʦʚʣʝʥʳ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʝ ʠ 
ʥʝʜʦʨʦʛʠʝ ʚʝʱʝʩʪʚʘ, ʦʧʪʠʤʘʣʴʥʦ ʧʦʜʭʦʜʷʱʠʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ, 
ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʥʝʜʦʨʦʛʠʭ ʦʛʥʝʟʘʱʠʪʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʜʣʷ ʜʝʨʝʚʷʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 
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ʂ ʚʦʧʨʦʩʫ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʪʝʧʣʦʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚ  
ʙʦʝʚʦʡ ʦʜʝʞʜʳ ʧʦʞʘʨʥʦʛʦ 

 
ɼ.ɺ. ʉʆʈʆʂʀʅ, ɸ.ʃ. ʅʀʂʀʌʆʈʆɺ, ʉ.ʅ. ɾʀɺʆʊʗɻʀʅɸ,  

ʄ.ɺ. ɺʀʅʆʂʋʈʆɺ, ʆ.ɻ. ɺʆʃʂʆɺ 
(ʀʚʘʥʦʚʩʢʘʷ ʧʦʞʘʨʥʦ-ʩʧʘʩʘʪʝʣʴʥʘʷ ʘʢʘʜʝʤʠʷ ɻʇʉ ʄʏʉ ʈʦʩʩʠʠ) 

 
ʆʩʥʦʚʥʳʤ ʩʨʝʜʩʪʚʦʤ ʟʘʱʠʪʳ ʧʦʞʘʨʥʦʛʦ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʦʧʘʩʥʳʭ ʬʘʢʪʦʨʦʚ 

ʧʦʞʘʨʘ ʷʚʣʷʝʪʩʷ ʙʦʝʚʘʷ ʦʜʝʞʜʘ.  
ɹʦʝʚʘʷ ʦʜʝʞʜʘ ʧʦʞʘʨʥʦʛʦ (ɹʆʇ) - ʵʪʦ ʢʦʤʧʣʝʢʪ ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʧʝʮʠʘʣʴʥʦʡ 

ʟʘʱʠʪʥʦʡ ʦʜʝʞʜʳ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʢʫʨʪʢʠ, ʙʨʶʢ (ʧʦʣʫʢʦʤʙʠʥʝʟʦʥʘ) ʠ 
ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʟʘʱʠʪʳ ʧʦʞʘʨʥʦʛʦ ʦʪ ʦʧʘʩʥʳʭ ʠ ʚʨʝʜʥʳʭ ʬʘʢʪʦʨʦʚ ʦʢʨʫʞʘʶʱʝʡ 
ʩʨʝʜʳ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʪʫʰʝʥʠʠ ʧʦʞʘʨʦʚ ʠ ʧʨʦʚʝʜʝʥʠʠ ʘʚʘʨʠʡʥʦ-ʩʧʘʩʘʪʝʣʴʥʳʭ 
ʨʘʙʦʪ, ʘ ʪʘʢʞʝ ʦʪ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ [1]. 

ʇʘʢʝʪ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʢʘʥʝʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʫʨʪʢʠ, ʙʨʶʢ 
(ʧʦʣʫʢʦʤʙʠʥʝʟʦʥʘ) ɹʆʇ ʩʪʨʫʢʪʫʨʥʦ ʩʦʩʪʦʠʪ ʠʟ 3 ʦʩʥʦʚʥʳʭ ʩʣʦʝʚ: 

ï ʤʘʪʝʨʠʘʣʘ ʚʝʨʭʘ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʠʟ ʥʝʛʦʨʶʯʠʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʟʘʱʠʪʳ ʦʪ 
ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʦʪʢʨʳʪʦʛʦ ʧʣʘʤʝʥʠ, ʘ ʪʘʢʞʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ; 

ï ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʦʛʦ ʩʣʦ̫, ʚʳʧʦʣʥʝʥʥʦʛʦ ʠʟ ʨʘʟʣʠʯʥʳʭ ʧʦʣʠʤʝʨʥʳʭ 
ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʥʝʛʘʪʠʚʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʚʣʘʛʠ, ʚʝʪʨʘ; 

ï ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʡ ʧʦʜʢʣʘʜʢʠ, ʚʳʧʦʣʥʝʥʥʦʡ ʠʟ ʤʘʪʝʨʠʘʣʦʚ ʩ ʥʠʟʢʦʡ 
ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʧʦʚʳʰʝʥʥʳʭ ʪʝʧʣʦʚʳʭ 
ʚʦʟʜʝʡʩʪʚʠʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ʈʠʩ.1). 

ɼʦʧʫʩʢʘʝʪʩʷ ʩʦʚʤʝʱʝʥʠʝ ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʦʛʦ ʩʣʦʷ ʩ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʡ 
ʧʦʜʢʣʘʜʢʦʡ ʠʣʠ ʤʘʪʝʨʠʘʣʘ ʚʝʨʭʘ ʩ ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʳʤ ʩʣʦʝʤ (ʤʘʪʝʨʠʘʣ ʩ 
ʧʦʣʠʤʝʨʥʳʤ ʧʣʝʥʦʯʥʳʤ ʧʦʢʨʳʪʠʝʤ) [1]. 
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ʈʠʩ. 1 ʉʪʨʫʢʪʫʨʘ ʧʘʢʝʪʘ ʤʘʪʝʨʠʘʣʦʚ ɹʆʇ 

 
ʂʦʥʩʪʨʫʢʪʠʚʥʦʝ ʠʩʧʦʣʥʝʥʠʝ ɹʆʇ ʥʘʧʨʘʚʣʝʥʦ ʟʘ ʟʘʱʠʪʫ ʧʦʞʘʨʥʦʛʦ ʦʪ ʚʥʝʰʥʠʭ 

ʦʧʘʩʥʳʭ ʠ ʚʨʝʜʥʳʭ ʬʘʢʪʦʨʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʘ ʧʦʞʘʨʝ, ʦʩʥʦʚʥʳʤ ʠʟ ʢʦʪʦʨʳʭ 
ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʥʦʝ ʪʝʧʣʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ. ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʘʢʝʪʘ 
ʤʘʪʝʨʠʘʣʦʚ ɹʆʇ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʚʣʘʞʥʦʩʪʠ. ɼʣʷ ʟʘʱʠʪʳ ʦʪ ʚʦʜʳ, ʧʦʩʪʫʧʘʶʱʝʡ 
ʠʟ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ɹʆʇ ʧʨʝʜʫʩʤʦʪʨʝʥ ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʳʡ ʩʣʦʡ. 
ʆʜʥʘʢʦ ʚʣʘʛʘ ʚ ʧʘʢʝʪ ʤʘʪʝʨʠʘʣʦʚ ʤʦʞʝʪ ʧʦʩʪʫʧʘʪʴ ʥʝ ʪʦʣʴʢʦ ʠʟ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, 
ʥʦ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʪʦʦʪʜʝʣʝʥʠʷ ʯʝʣʦʚʝʢʘ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʝ ʠ 
ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʂʦʣʠʯʝʩʪʚʦ ʚʣʘʛʠ, ʧʝʨʝʜʘʚʘʝʤʦʝ ʚ ʧʘʢʝʪ ʤʘʪʝʨʠʘʣʦʚ ɹʆʇ, 
ʤʦʞʝʪ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʳʤ. ʊʘʢ ʚ ʨʘʙʦʪʝ [2] ʧʨʠʚʝʜʝʥʳ ʧʦʢʘʟʘʪʝʣʠ ʧʦʪʦʦʪʜʝʣʝʥʠʷ 
ʯʝʣʦʚʝʢʘ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʡ ʨʘʙʦʪʝ ʚ ʩʧʝʮʠʘʣʴʥʦʡ ʟʘʱʠʪʥʦʡ ʦʜʝʞʜʝ ʧʦʞʘʨʥʦʛʦ, 
ʢʦʣʠʯʝʩʪʚʦ ʚʣʘʛʠ, ʚʳʜʝʣʷʝʤʦʝ ʧʨʠ ʵʪʦʤ ʩʧʦʩʦʙʥʦ ʧʦʚʳʩʠʪʴ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 
ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʛʦ ʩʣʦʷ ɹʆʇ ʙʦʣʝʝ ʯʝʤ ʚ 2 ʨʘʟʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 
ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʧʦʞʘʨʥʳʤ ʦʧʝʨʘʪʠʚʥʦ-ʪʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ 
ʧʦʚʳʰʝʥʥʳʭ ʪʝʧʣʦʚʳʭ ʧʦʪʦʢʦʚ, ʧʨʦʠʟʦʡʜʝʪ ʩʦʢʨʘʱʝʥʠʝ ʥʦʨʤʠʨʫʝʤʦʛʦ ʚʨʝʤʝʥʠ 
ʟʘʱʠʪʥʦʛʦ ʜʝʡʩʪʚʠʷ.  

ɺʦʟʥʠʢʘʝʪ ʥʝʢʠʡ ʧʘʨʘʜʦʢʩ: ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ, ʦʩʫʱʝʩʪʚʣʷʷ ʪʝʨʤʦʨʝʛʫʣʷʮʠʶ 
ʧʨʠ ʧʦʤʦʱʠ ʧʦʪʦʦʪʜʝʣʝʥʠʷ, ʫʩʢʦʨʷʝʪ ʨʦʩʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʦʜʢʦʩʪʶʤʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 
ʙʦʝʚʦʡ ʦʜʝʞʜʳ ʧʦʞʘʨʥʦʛʦ. 

ʄʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʩʥʠʞʝʥʠʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 
ʧʦʪʦʦʪʜʝʣʝʥʠʷ ʯʝʣʦʚʝʢʘ ʥʘ ʪʝʧʣʦʟʘʱʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʘʢʝʪʘ ʤʘʪʝʨʠʘʣʦʚ ɹʆʇ: 

ï ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ɹʆʇ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʳʡ 
ʩʣʦʡ ʤʝʞʜʫ ʪʝʧʣʦʠʟʦʣʠʨʫʶʱʝʡ ʧʦʜʢʣʘʜʢʦʡ ʠ ʛʠʛʠʝʥʠʯʝʩʢʦʡ ʭʣʦʧʯʘʪʦʙʫʤʘʞʥʦʡ 
ʪʢʘʥʴʶ; 

ï ʦʙʨʘʙʦʪʘʪʴ ʪʝʧʣʦʠʟʦʣʠʨʫʶʱʫʶ ʧʦʜʢʣʘʜʢʫ ʛʠʜʨʦʬʦʙʥʳʤʠ ʩʦʩʪʘʚʘʤʠ.  
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ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʦʝʚʦʡ ʦʜʝʞʜʳ ʧʦʞʘʨʥʦʛʦ  
ʧʦ ʩʜʝʨʞʠʚʘʥʠʶ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ  

 
ɸ.ʃ. ʅʀʂʀʌʆʈʆɺ

1
, ɼ.ɺ. ʉʆʈʆʂʀʅ

1
, ʉ.ʅ. ɾʀɺʆʊʗɻʀʅɸ

1
,  

ʆ.ɻ. ʎʀʈʂʀʅɸ
2
, ɺ.ʖ. ɹʆɹʓʃɽɺ

1
 

(
1
ʀʚʘʥʦʚʩʢʘʷ ʧʦʞʘʨʥʦ-ʩʧʘʩʘʪʝʣʴʥʘʷ ʘʢʘʜʝʤʠʷ ɻʇʉ ʄʏʉ ʈʦʩʩʠʠ, 
2
ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 

 
ʈʝʟʫʣʴʪʘʪ ʜʝʷʪʝʣʴʥʦʩʪʠ ʣʶʙʦʛʦ ʩʧʝʮʠʘʣʠʩʪʘ-ʧʨʦʬʝʩʩʠʦʥʘʣʘ ʟʘʯʘʩʪʫʶ 

ʥʘʭʦʜʠʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʫʱʝʩʪʚʫʶʱʠʭ ʚ ʝʛʦ ʨʘʩʧʦʨʷʞʝʥʠʠ ʦʙʤʫʥʜʠʨʦʚʘʥʠʷ, 
ʩʥʘʨʷʞʝʥʠʷ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ. ɼʣʷ ʫʩʧʝʰʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʠ ʧʦ ʪʫʰʝʥʠʶ 
ʧʦʞʘʨʦʚ ʠ ʧʨʦʚʝʜʝʥʠʶ ʘʚʘʨʠʡʥʦ-ʩʧʘʩʘʪʝʣʴʥʳʭ ʨʘʙʦʪ ʧʦʞʘʨʥʦ-ʩʧʘʩʘʪʝʣʴʥʳʤ 
ʧʦʜʨʘʟʜʝʣʝʥʠʷʤ ɻʇʉ ʄʏʉ ʈʦʩʩʠʠ ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʟʘʱʠʪʥʘʷ ʦʜʝʞʜʘ ʠʣʠ ʙʦʝʚʘʷ 
ʦʜʝʞʜʘ ʧʦʞʘʨʥʦʛʦ (ɹʆʇ). ɹʦʝʚʘʷ ʦʜʝʞʜʘ ʧʦʞʘʨʥʦʛʦ ʜʦʣʞʥʘ ʥʝ ʩʢʦʚʳʚʘʪʴ ʜʚʠʞʝʥʠʷ, 
ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʜʦʩʪʘʪʦʯʥʳʡ ʫʨʦʚʝʥʴ ʟʘʱʠʪʳ ʦʪ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ, ʪʝʨʤʠʯʝʩʢʠʭ 
ʚʦʟʜʝʡʩʪʚʠʡ, ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʟʘʱʠʪʫ ʥʝ ʪʦʣʴʢʦ ʦʪ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʚʦʜʳ 
ʠʟ ʚʥʝ, ʥʦ ʠ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʦʧʪʠʤʘʣʴʥʫʶ ʪʝʨʤʦʨʝʛʫʣʷʮʠʶ ʚʥʫʪʨʠ. ɹʦʝʚʘʷ ʦʜʝʞʜʘ 
ʧʦʞʘʨʥʦʛʦ ʩʦʩʪʦʠʪ ʠʟ ʤʘʪʝʨʠʘʣʘ ʚʝʨʭʘ, ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʦʛʦ ʩʣʦʷ ʠ 
ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʡ ʧʦʜʢʣʘʜʢʠ [1]. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʥʘʨʫʞʥʦʛʦ ʩʣʦʷ ʙʦʝʚʦʡ 
ʦʜʝʞʜʳ ʧʦʞʘʨʥʳʭ ʟʘʥʠʤʘʶʪ ʤʘʪʝʨʠʘʣʳ ʩ ʧʦʣʠʤʝʨʥʳʤ ʧʣʝʥʦʯʥʳʤ ʧʦʢʨʳʪʠʝʤ. 
ʊʢʘʥʝʚʦʡ ʦʩʥʦʚʦʡ ʜʣʷ ʥʠʭ ʩʣʫʞʘʪ ʤʝʪʘ- ʠ ʧʘʨʘʘʨʘʤʠʜʥʳʝ ʪʢʘʥʠ ʩ ʤʝʥʴʰʝʡ 
ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʴʶ (ʜʦ 150 ʛ/ʤ

2
). ɺ ʢʘʯʝʩʪʚʝ ʧʦʣʠʤʝʨʥʳʭ ʧʦʢʨʳʪʠʡ ʠʩʧʦʣʴʟʫʶʪ 

ʨʝʟʠʥʦʪʝʭʥʠʯʝʩʢʠʝ ʢʦʤʧʦʟʠʮʠʠ ʥʘ ʦʩʥʦʚʝ ʩʠʣʠʢʦʥʦʚʳʭ ʵʣʘʩʪʦʤʝʨʦʚ 
(ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʝ ʧʦʣʠʤʝʨʳ), ʘ ʪʘʢʞʝ ʜʨʫʛʠʝ ʤʥʦʛʦʩʣʦʡʥʳʝ ʢʘʫʯʫʢʦʚʳʝ 
ʢʦʤʧʦʟʠʮʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʙʦʝʚʦʡ ʦʜʝʞʜʳ ʠʩʧʦʣʴʟʫʶʪʩʷ 
ʰʝʨʩʪʷʥʳʝ ʚʦʡʣʦʢʠ, ʘ ʪʘʢʞʝ ʰʝʨʩʪʷʥʳʝ ʠ ʧʦʣʫʰʝʨʩʪʷʥʳʝ ʚʘʪʠʥʳ [2]. 

ɺ ʈʦʩʩʠʠ ʙʦʝʚʘʷ ʦʜʝʞʜʘ ʧʦʞʘʨʥʦʛʦ ʠʟʛʦʪʦʚʣʷʝʪʩʷ ʠʟ ʨʘʟʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ 
ʦʩʥʦʚʥʦʤ ʧʨʠʤʝʥʷʝʪʩʷ ʤʘʪʝʨʠʘʣ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʥʘ ʅʦʤʝʢʩ ʩʧʝʮʠʘʣʴʥʦʡ ʢʦʤʧʘʥʠʠ 
ʉʆʃʆ (ʈʦʩʩʠʷ). ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʚʦʣʦʢʦʥ ʅʦʤʝʢʩ, ʨʘʟʨʘʙʦʪʢʦʡ ʢʦʪʦʨʳʭ 
ʟʘʥʠʤʘʝʪʩʷ ʬʠʨʤʘ DuPont, ʷʚʣʷʝʪʩʷ ʠʭ ʩʪʨʫʢʪʫʨʘ. ɺʦʣʦʢʥʦ ʅʦʤʝʢʩ ʥʝ ʧʣʘʚʠʪʩʷ ʠ, 
ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝ ʧʨʠʣʠʧʘʝʪ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 400Á ʉ ʥʘʯʠʥʘʝʪʩʷ ʧʠʨʦʣʠʟ, ʥʦ ʪʢʘʥʴ 
ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʧʨʦʜʦʣʞʘʝʪ ʩʦʭʨʘʥʷʪʴ ʟʘʱʠʪʥʳʝ ʩʚʦʡʩʪʚʘ [3]. 

ʅʘ ʟʘʨʫʙʝʞʥʦʤ ʨʳʥʢʝ, ʠʟʛʦʪʦʚʣʝʥʠʝʤ ʙʦʝʚʦʡ ʦʜʝʞʜʳ ʧʦʞʘʨʥʦʛʦ ʟʘʥʠʤʘʶʪʩʷ 
ʤʥʦʛʠʝ ʬʠʨʤʳ ʠʟʛʦʪʦʚʣʷʶʱʠʝ ʪʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʢʘʢ:  ʂʝʚʣʘʨ, (ʬʠʨʤʳ Du Pont ʉʐɸ), 
Basofil (ʬʠʨʤʳ BASF, ɻʝʨʤʘʥʠʷ). ɺʦʣʦʢʥʘ ʂʝʚʣʘʨ ʩʦʩʪʦʷʪ ʠʟ ʣʠʥʝʡʥʳʭ ʞʝʩʪʢʠʭ ʮʝʧʥʳʭ 
ʤʘʢʨʦʤʦʣʝʢʫʣ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʠʟ ʨʝʛʫʣʷʨʥʦ ʯʝʨʝʜʫʶʱʠʭʩʷ ʟʚʝʥʴʝʚ 
ʧʘʨʘʬʝʥʠʣʝʥʪʝʨʝʬʪʘʣʠʤʠʜʘ. ʄʘʢʨʦʤʦʣʝʢʫʣʳ ʧʦʣʠʤʝʨʘ ʠʤʝʶʪ ʫʧʦʨʷʜʦʯʝʥʥʦʝ 
ʨʘʩʧʦʣʦʞʝʥʠʝ, ʧʦʟʚʦʣʷʶʱʝʝ ʦʙʨʘʟʦʚʳʚʘʪʴ ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʚʳʩʦʢʦʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ 
ʩʪʨʫʢʪʫʨʥʳʝ ʵʣʝʤʝʥʪʳ ʩ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʤʠ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ. 

 ʄʥʦʛʠʝ ʭʣʦʧʢʦʚʳʝ ʠ ʩʤʝʩʦʚʳʝ ʤʘʪʝʨʠʘʣʳ  ʩ  ʜʦʙʘʚʣʝʥʠʝʤ  ʘʥʪʠʩʪʘʪʠʯʝʩʢʦʡ 
ʥʠʪʠ, ʦʛʥʝʟʘʱʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʨʠʦʙʨʝʪʘʶʪ ʙʣʘʛʦʜʘʨʷ ʦʛʥʝʟʘʱʠʪʥʦʡ ʧʨʦʧʠʪʢʝ 
ʇʠʨʦʚʘʪʝʢʩ ʠʣʠ ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ PROBAN [3]. ʆʛʥʝʟʘʱʠʪʥʳʡ ʩʦʩʪʘʚ 
ʇʠʨʦʚʘʪʝʢʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ N-ʛʠʜʨʦʢʩʠʤʝʪʠʣ-(ʜʠʤʝʪʠʣ)-
ʬʦʩʬʦʥʧʨʦʧʠʦʥʘʤʠʜʘ, ʤʦʯʝʚʠʥʳ, ʩʰʠʚʘʶʱʝʛʦ ʘʛʝʥʪʘ ʠ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʉʫʱʝʩʪʚʝʥʥʳʤ 
ʥʝʜʦʩʪʘʪʢʦʤ ʪʢʘʥʝʡ, ʦʙʨʘʙʦʪʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʛʥʝʟʘʱʠʪʥʦʛʦ ʩʦʩʪʘʚʘ 
ʇʠʨʦʚʘʪʝʢʩ, ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʪʦʢʩʠʯʥʦʩʪʴ ʧʨʦʜʫʢʪʦʚ ʧʠʨʦʣʠʟʘ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ.  



81 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ 
ʧʨʠʤʝʥʝʥʠʝ ʣʠʙʦ ʜʚʫʭʩʣʦʡʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʚʥʝʰʥʠʡ ʩʣʦʡ ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʠʟ 
ʦʛʥʝʩʪʦʡʢʠʭ ʚʦʣʦʢʦʥ ï ʉɺ, ʘʨʘʤʠʜ, ʘʨʠʤʠʜ, ʚʥʫʪʨʝʥʥʠʡ ï ʠʟ ʰʝʨʩʪʠ), ʣʠʙʦ ʩʤʝʩʦʚʳʭ 
ʤʘʪʝʨʠʘʣʦʚ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ (ʦʪ 20 ʜʦ 60%) ʰʝʨʩʪʠ ʩ ʦʛʥʝʟʘʱʠʪʥʦʡ 
ʧʨʦʧʠʪʢʦʡ. ɺʝʜʝʪʩʷ ʧʦʠʩʢ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʙʦʝʚʦʡ 
ʦʜʝʞʜʳ ʧʦʞʘʨʥʦʛʦ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʛʥʝʟʘʱʠʪʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ 
ʩʜʝʨʞʠʚʘʥʠʶ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ [4-5]. ɼʣʷ ʵʪʦʛʦ ʠʟʫʯʘʶʪʩʷ  ʪʝʧʣʦʦʪʨʘʞʘʶʱʠʝ ʩʚʦʡʩʪʚʘ 
ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʮʝʣʣʶʣʦʟʦʩʦʜʝʨʞʘʱʠʭ ʪʢʘʥʝʡ ʠ ʧʣʝʥʦʯʥʳʭ 
ʩʠʣʦʢʩʘʥʦʚʳʭ ʧʦʢʨʳʪʠʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʜʦʙʘʚʢʘʤʠ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 
ʙʦʝʚʦʡ ʦʜʝʞʜʳ ʧʦʞʘʨʥʦʛʦ ʤʘʪʝʨʠʘʣʦʚ  ʩ ʥʘʥʝʩʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʦʛʥʝʟʘʱʠʪʥʳʭ 
ʩʦʩʪʘʚʦʚ.  
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ʪʝʢʩʪʠʣʴʥʦ-ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʣʘʩʪʝʨʘè (çʇʆʀʉʂ - 2016è) ʏ. 1. ï ʀʚʘʥʦʚʦ: ʀɺɻʇʋ, 
2016. ï 292 ʩ., ʩ. 102-103 
5. ʉʦʨʦʢʠʥ ɼ.ɺ., ɿʘʡʮʝʚ ɼ.ɺ., ʅʠʢʠʬʦʨʦʚ ɸ.ʃ., ɹʫʣʛʘʢʦʚ ɺ.ɺ., ʂʦʤʝʣʴʢʦʚ ɺ.ɸ. ɹʦʝʚʘʷ 
ʦʜʝʞʜʘ ʧʦʞʘʨʥʦʛʦ ï ʘʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʟʘʱʠʪʳ. ʉʙ. ʤʘʪʝʨʠʘʣʦʚ ʤʝʞʚʫʟ. ʥʘʫʯ.-ʪʝʭʥ. 
ʢʦʥʬ. ʘʩʧʠʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ (ʩ ʤʝʞʜʫʥʘʨ. ʫʯʘʩʪʠʝʤ). çʄʦʣʦʜʳʝ ʫʯʝʥʳʝ ï ʨʘʟʚʠʪʠʶ 
ʪʝʢʩʪʠʣʴʥʦ-ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʣʘʩʪʝʨʘè (çʇʆʀʉʂ - 2016è) ʏ. 1. ï ʀʚʘʥʦʚʦ: ʀɺɻʇʋ, 
2016. ï 292 ʩ., ʩ. 108-109 
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ɸ.ʆ. ɿɸʁʎɽɺɸ, ɻ.ʉ. ʀʉʇʆʃɸʊʆɺɸ 
(ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ ï ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 

 
ʃʝʢʘʨʩʪʚʝʥʥʳʝ ʩʠʩʪʝʤʳ ï ʵʪʦ ʧʦʣʠʤʝʨʥʳʝ ʜʝʧʦ-ʤʘʪʝʨʠʘʣʳ 

ʧʨʦʣʦʥʛʠʨʦʚʘʥʥʦʛʦ ʜʝʡʩʪʚʠʷ ï ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʡ 
ʤʝʜʠʮʠʥʳ, ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʶʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ  ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʠ ʜʦʩʪʘʚʢʠ 
ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʜʠʮʠʥʩʢʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʠ ʨʝʘʣʴʥʦʡ 
ʧʦʪʨʝʙʥʦʩʪʴʶ ʞʠʚʦʛʦ ʦʨʛʘʥʠʟʤʘ[1]. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʧʦʣʠʤʝʨʘ-ʟʘʛʫʩʪʠʪʝʣʷ, ʚʭʦʜʷʱʝʛʦ ʚ 
ʩʦʩʪʘʚ ʧʝʯʘʪʥʦʡ ʢʦʤʧʦʟʠʮʠʠ ʜʣʷ  ʧʦʣʫʯʝʥʠʷ ʘʧʧʣʠʢʘʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 
ʧʨʦʣʦʥʛʠʨʦʚʘʥʥʦʛʦ ʜʝʡʩʪʚʠʷ ʥʘ ʦʩʥʦʚʝ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ. ʀʭ ʚʥʝʜʨʝʥʠʝ ʚ 
ʪʝʢʩʪʠʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ʤʝʜʠʮʠʥʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʤʝʪʦʜʦʤ ʪʝʢʩʪʠʣʴʥʦʡ ʧʝʯʘʪʠ 
ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʘʱʠʪʫ ʦʪ ʤʠʢʨʦʙʦʚ ʠ ʟʘʛʨʷʟʥʝʥʠʡ. ʅʘʥʦʯʘʩʪʠʮʳ ʩʝʨʝʙʨʘ ʩʧʦʩʦʙʥʳ 
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ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʩʦʭʨʘʥʷʪʴ ʙʘʢʪʝʨʠʮʠʜʥʳʝ ʩʚʦʡʩʪʚʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʩʨʦʢ 
ʛʦʜʥʦʩʪʠ ʤʝʜʠʮʠʥʩʢʠʭ ʪʝʢʩʪʠʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ[2]. 

ʇʦʣʠʤʝʨʳ ʤʝʜʠʮʠʥʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 
ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʠ ʙʝʟʚʨʝʜʥʦʩʪʴʶ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʥʘʭʦʞʜʝʥʠʠ ʚ ʦʨʛʘʥʠʟʤʝ, ʥʝ 
ʠʟʤʝʥʷʪʴ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʥʝ ʩʥʠʞʘʪʴ ʟʘ ʩʯʝʪ 
ʚʦʟʤʦʞʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʢʪʠʚʥʦʩʪʠ ʚʚʝʜʝʥʥʦʛʦ ʚ ʥʠʭ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʧʨʝʧʘʨʘʪʘ 
[3]. ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʛʫʩʪʠʪʝʣʠ: ʘʣʴʛʠʥʘʪ 
ʥʘʪʨʠʷ, ʧʝʢʪʠʥ, ʘʛʘʨ-ʘʛʘʨ, ʢʘʨʨʘʛʠʥʘʥ, ʛʫʘʨʦʚʘʷ ʢʘʤʝʜʴ, ʢʩʘʥʪʘʥʦʚʘʷ ʢʘʤʝʜʴ, ʘ ʪʘʢʞʝ 
ʢʦʤʧʦʟʠʮʠʠ ʥʘ ʠʭ ʦʩʥʦʚʝ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʝʧʝʥʠ ʥʘʙʫʭʘʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʧʣʝʥʦʢ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʪʦʛʦ, 
ʯʪʦʙʳ ʧʦʥʷʪʴ ʩ ʢʘʢʦʡ ʩʢʦʨʦʩʪʴʶ ʙʫʜʝʪ ʚʳʩʚʦʙʦʞʜʘʪʴʩʷ ʣʝʢʘʨʩʪʚʝʥʥʳʡ ʧʨʝʧʘʨʘʪ. ʏʝʤ 
ʥʠʞʝ ʩʪʝʧʝʥʴ ʥʘʙʫʭʘʥʠʷ, ʪʝʤ ʜʦʣʴʰʝ ʣʝʢʘʨʩʪʚʝʥʥʳʡ ʧʨʝʧʘʨʘʪ ʙʫʜʝʪ ʥʘʭʦʜʠʪʴʩʷ ʥʘ 
ʪʝʢʩʪʠʣʴʥʦʤ ʤʘʪʝʨʠʘʣʝ ʠ  ʦʢʘʟʳʚʘʪʴ ʣʝʯʝʙʥʦʝ ʜʝʡʩʪʚʠʝ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʘʷ ʩʪʝʧʝʥʴ ʥʘʙʫʭʘʥʠʷ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʧʣʝʥʦʢ 
ʘʣʴʛʠʥʘʪʘ ʥʘʪʨʠʷ ʠ ʢʩʘʥʪʘʥʦʚʦʡ ʢʘʤʝʜʠ. ʄʝʥʝʝ ʵʬʬʝʢʪʠʚʥʦ ʥʘʙʫʭʘʶʪ ʧʦʣʠʤʝʨʥʳʝ 
ʧʣʝʥʢʠ ʥʘ ʦʩʥʦʚʝ ʧʝʢʪʠʥʘ, ʛʫʘʨʦʚʦʡ ʢʘʤʝʜʠ ʠ ʘʛʘʨ-ʘʛʘʨʘ. ʉʘʤʘʷ ʥʠʟʢʘʷ ʩʪʝʧʝʥʴ 
ʥʘʙʫʭʘʥʠʷ ʫ ʧʣʝʥʢʠ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʠʟ ʢʘʨʨʘʛʠʥʘʥʘ.  

ɸʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ ʠʟʫʯʝʥʠʶ ʥʘʙʫʭʘʥʠʷ ʧʦʣʠʤʝʨʥʳʭ 
ʧʣʸʥʦʢ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʩʤʝʩʝʡ ʧʦʣʠʤʝʨʦʚ, ʧʦʢʘʟʘʣ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʘʛʘʨ-ʘʛʘʨʘ ʚ ʩʠʩʪʝʤʫ 
ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʩʪʝʧʝʥʴ ʥʘʙʫʭʘʥʠʷ ʧʣʝʥʦʢ, ʚʢʣʶʯʘʶʱʠʭ ʘʣʴʛʠʥʘʪ 
ʥʘʪʨʠʷ, ʢʩʘʥʪʘʥʦʚʫʶ ʠ ʛʫʘʨʦʚʫʶ ʢʘʤʝʜʴ, ʥʝʩʢʦʣʴʢʦ ʧʦʚʳʩʠʪʴ ʥʘʙʫʭʘʥʠʝ ʧʣʝʥʦʢ 
ʢʘʨʨʘʛʠʥʘʥʘ ʠ ʧʝʢʪʠʥʘ. ɺʚʝʜʝʥʠʝ ʘʛʘʨ-ʘʛʘʨʘ ʚ ʩʦʩʪʘʚ ʧʣʝʥʦʢ ʢʘʨʨʘʛʠʥʘʥʘ ʧʨʠʚʦʜʠʪ ʢ 
ʩʥʠʞʝʥʠʶ ʩʢʦʨʦʩʪʠ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʠ ʧʦʚʳʰʝʥʠʶ ʵʣʘʩʪʠʯʥʦʩʪʠ ʧʣʝʥʢʠ. 

ʅʘ ʨʠʩ. ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʠʥʝʪʠʢʘ ʥʘʙʫʭʘʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʧʣʝʥʦʢ , ʩʦʜʝʨʞʘʱʠʭ 
ʯʘʩʪʠʮʳ ʥʘʥʦʩʝʨʝʙʨʘ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʚ ʩʠʩʪʝʤʫ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ 
ʫʚʝʣʠʯʠʚʘʝʪ ʩʪʝʧʝʥʴ ʥʘʙʫʭʘʥʠʷ ʧʣʝʥʦʢ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ  ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ 
ʧʣʝʥʦʢ ʥʘ ʦʩʥʦʚʝ ʛʫʘʨʦʚʦʡ ʢʘʤʝʜʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʳʩʪʨʦʝ ʚʳʩʚʦʙʦʞʜʝʥʠʝ 
ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʧʨʝʧʘʨʘʪʘ, ʨʘʩʧʨʝʜʝʣʸʥʥʦʛʦ ʚ ʧʣʸʥʢʝ ʧʦʣʠʤʝʨʘ ï ʟʘʛʫʩʪʠʪʝʣʷ. 
ɺʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʙʳʩʪʨʦʡ ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ 
ʧʨʝʧʘʨʘʪʘ ʢ ʧʦʨʘʞʝʥʥʦʤʫ ʫʯʘʩʪʢʫ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʧʨʠ ʦʢʘʟʘʥʠʠ ʩʨʦʯʥʦʡ 
ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʠ. 
 

 
ʈʠʩ.  ɿʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʥʘʙʫʭʘʥʠʷ ʦʪ ʚʨʝʤʝʥʠ 
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ɺʨʝʤʷ, ʤʠʥ. 

ʇʝʢʪʠʥ  

ʂʘʨʨʘʛʠʥ
ʘʥ  

ɻʫʘʨʦʚʘʷ 
ʢʘʤʝʜʴ 

ɸʛʘʨ-ʘʛʘʨ  
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(ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 

 
ɸʢʪʫʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʨʘʟʚʠʪʠʠ ʩʝʛʤʝʥʪʘ ʨʳʥʢʘ çʍʝʣʩʥʝʪè ʷʚʣʷʝʪʩʷ 

ʩʦʟʜʘʥʠʝ ʪʝʢʩʪʠʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʘʥʪʠʤʠʢʨʦʙʥʦʡ ʦʪʜʝʣʢʦʡ  ʥʘ ʦʩʥʦʚʝ 
ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ. 
ʉʝʨʝʙʨʦ ʷʚʣʷʝʪʩʷ ʥʘʪʫʨʘʣʴʥʳʤ ʘʥʪʠʩʝʧʪʠʢʦʤ, ʧʦʜʘʚʣʷʶʱʠʤ ʙʦʣʴʰʠʥʩʪʚʦ 
ʙʦʣʝʟʥʝʪʚʦʨʥʳʭ ʤʠʢʨʦʙʦʚ, ʚʠʨʫʩʦʚ, ʛʨʠʙʢʦʚ ʠ ʘʙʩʦʣʶʪʥʦ ʙʝʟʦʧʘʩʥʦ ʜʣʷ ʯʝʣʦʚʝʢʘ. 
ɸʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʩʝʨʝʙʨʘ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʶʪ ʩʧʝʮʠʬʠʯʝʩʢʫʶ ʟʘʱʠʪʫ 
ʦʨʛʘʥʠʟʤʘ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʥʦ ʧʨʠ ʝʛʦ ʥʠʟʢʦʡ ʠʤʤʫʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʊʝʢʩʪʠʣʴʥʳʝ 
ʠʟʜʝʣʠʷ ʩ ʩʝʨʝʙʨʦʩʦʜʝʨʞʘʱʝʡ ʦʪʜʝʣʢʦʡ ʨʝʢʦʤʝʥʜʫʶʪʩʷ ʜʣʷ ʚʟʨʦʩʣʳʭ ʠ ʜʝʪʝʡ, 
ʢʦʪʦʨʳʝ ʩʪʨʘʜʘʶʪ ʢʦʞʥʳʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ (ʘʪʦʧʠʯʝʩʢʠʡ ʜʝʨʤʘʪʠʪ, ʵʢʟʝʤʘ, ʧʩʦʨʠʘʟ ʠ 
ʜʨ.) ʠ ʯʴʷ ʢʦʞʘ ʥʫʞʜʘʝʪʩʷ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʟʘʱʠʪʝ.  

ʎʝʣʴ ʨʘʙʦʪʳ ʩʦʩʪʦʷʣʘ ʚ ʧʨʠʜʘʥʠʠ ʰʝʨʩʪʷʥʳʤ ʪʝʢʩʪʠʣʴʥʳʤ ʤʘʪʝʨʠʘʣʘʤ 
ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʭ ʩʚʦʡʩʪʚ  ʩ ʧʦʤʦʱʴʶ ʧʨʝʧʘʨʘʪʦʚ ʥʘ ʦʩʥʦʚʝ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ. 

ʀʩʩʣʝʜʦʚʘʥʘ ʢʠʥʝʪʠʢʘ ʩʦʨʙʮʠʠ ʠʦʥʦʚ ʩʝʨʝʙʨʘ ʰʝʨʩʪʷʥʳʤ ʚʦʣʦʢʥʦʤ.  ʀʟʫʯʝʥʦ 
ʚʣʠʷʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚʦʣʦʢʦʥ ʛʣʠʥʘʤʠ ʥʘ ʩʦʨʙʮʠʦʥʥʫʶ ʝʤʢʦʩʪʴ 
ʰʝʨʩʪʠ. ʇʦʩʪʨʦʝʥʳ ʢʠʥʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʩʦʨʙʮʠʠ. ʈʘʩʩʯʠʪʘʥʳ ʩʦʨʙʮʠʦʥʥʳʝ 
ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʮʝʩʩʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʫʶ ʩʦʨʙʮʠʶ ʠʦʥʦʚ ʩʝʨʝʙʨʘ 
ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʙʨʘʙʦʪʢʘ ʪʝʢʩʪʠʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ɹʝʥʪʦʥʠʪʦʤ ʠ ʌʊɸʉ. ɹʝʥʪʦʥʠʪ 
ʦʪʥʦʩʠʪʩʷ ʢ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʦʚʳʤ ʛʣʠʥʘʤ, ʦʙʣʘʜʘʶʱʠʤ ʨʘʟʜʚʠʞʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 
ʩʪʨʫʢʪʫʨʦʡ. ʇʨʠ ʠʭ ʛʠʜʨʘʪʘʮʠʠ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʠ ʦʙʤʝʥʥʳʝ ʢʘʪʠʦʥʳ ʤʦʛʫʪ ʧʨʦʥʠʢʘʪʴ ʚ 
ʤʝʞʩʣʦʝʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʪʴ ʤʝʞʩʣʦʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ, 
ʦʙʫʩʣʘʚʣʠʚʘʷ ʵʪʠʤ ʙʦʣʴʰʦʝ ʚʥʫʪʨʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʥʘʙʫʭʘʥʠʝ. ʉʪʨʫʢʪʫʨʘ ʤʠʥʝʨʘʣʘ 

ʪʨʝʭʩʣʦʡʥʘ ʠ ʠʤʝʝʪ ʪʦʣʱʠʥʫ ʩʠʣʠʢʘʪʥʦʛʦ ʩʣʦʷ ~0,94 ʥʤ. ɺ ʚʦʜʝ ʪʘʢʠʝ ʤʠʥʝʨʘʣʳ ʤʦʛʫʪ 
ʥʘʙʫʭʘʪʴ, ʫʚʝʣʠʯʠʚʘʷ ʦʙʲʝʤ ʚ 16 ʨʘʟ  -  ʧʨʘʢʪʠʯʝʩʢʠ ʜʦ ʧʦʣʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʩʣʦʝʚ. 
ʈʘʩʰʠʨʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʥʘ ʙʘʟʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 
ʩʣʦʝʚ, ʦʪ ʚʠʜʘ ʠ ʢʦʣʠʯʝʩʪʚʘ ʦʙʤʝʥʥʳʭ ʢʘʪʠʦʥʦʚ, ʨʘʟʤʝʨʘ ʚʢʣʠʥʠʚʘʶʱʠʭʩʷ ʤʦʣʝʢʫʣ 
ʧʦʣʷʨʥʳʭ ʚʝʱʝʩʪʚ.  

ɹʝʥʪʦʥʠʪ ʚʭʦʜʠʪ ʚ ʛʨʫʧʧʫ ʩʣʦʠʩʪʦ-ʣʝʥʪʦʯʥʳʭ ʘʣʶʤʦʩʠʣʠʢʘʪʦʚ ʩ 
ʨʘʩʰʠʨʷʶʱʝʡʩʷ ʩʪʨʫʢʪʫʨʦʡ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʝʡ ʠʭ ʚʳʩʦʢʫʶ ʩʦʨʙʮʠʦʥʥʫʶ ʝʤʢʦʩʪʴ ʠ 
ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʥʘʙʫʭʘʥʠʶ. ʌʪʦʨʠʨʦʚʘʥʥʳʡ ʘʣʶʤʦʩʠʣʠʢʘʪ (ʌʊɸʉ) - ʷʚʣʷʝʪʩʷ ʧʦʙʦʯʥʳʤ 
ʧʨʦʜʫʢʪʦʤ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʬʪʦʨʠʜʘ ʘʣʶʤʠʥʠʷ, ʚʳʧʫʩʢʘʝʤʦʛʦ ʏʝʨʝʧʦʚʝʮʢʠʤ 
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ʭʠʤʠʯʝʩʢʠʤ ʢʦʤʙʠʥʘʪʦʤ. ʂʨʦʤʝ ʦʢʠʩʣʦʚ ʘʣʶʤʠʥʠʷ ʠ ʢʨʝʤʥʠʷ, ʌʊɸʉ ʩʦʜʝʨʞʠʪ ʚ ʩʚʦʝʤ 
ʩʦʩʪʘʚʝ ʦʪ 2 ʜʦ 6 % ʬʪʦʨʠʜʘ ʘʣʶʤʠʥʠʷ, ʠʤʝʷ ʙʨʫʪʪʦ ʬʦʨʤʫʣʫ xAl2O3*ySiO2*zAlF3. 
ʋʥʠʢʘʣʴʥʦʩʪʴ  ʵʪʦʛʦ ʧʨʝʧʘʨʘʪʘ  ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʦʙʳʯʥʳʭ 
ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʘʣʶʤʦʩʠʣʠʢʘʪʦʚ ʌʊɸʉ ʩʦʯʝʪʘʝʪ ʥʝʨʘʩʪʚʦʨʠʤʫʶ (ʦʢʩʠʜʳ ʢʨʝʤʥʠʷ ʠ 
ʘʣʶʤʠʥʠʷ) ʠ ʨʘʩʪʚʦʨʠʤʫʶ  (ʬʪʦʨʠʜ ʘʣʶʤʠʥʠʷ) ʬʨʘʢʮʠʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʦʛʨʘʥʠʯʝʥʥʫʶ 
ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ (0,41% ʧʦ ʤʘʩʩʝ ʧʨʠ 25 ÁC),  ʬʪʦʨʠʜ ʘʣʶʤʠʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠ 
ʘʢʪʠʚʝʥ ʠ ʚ ʵʪʦʤ ʢʘʯʝʩʪʚʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʨʷʜʝ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʯʪʦ ʧʦ-
ʚʠʜʠʤʦʤʫ ʠ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʩʦʨʙʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʰʝʨʩʪʷʥʦʛʦ ʚʦʣʦʢʥʘ 
ʢ ʠʦʥʘʤ ʩʝʨʝʙʨʘ . 

ɼʣʷ ʦʮʝʥʢʠ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ ʤʝʪʦʜʦʤ 
çʜʠʩʢʦʚè ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʣʝʜʫʶʱʠʝ ʢʫʣʴʪʫʨʳ: Escherichia coli, Staphylococcus aureus, 
Staphylococcus epidermidis, ʧʦʣʫʯʝʥʥʳʝ ʚ ʙʘʢʣʘʙʦʨʘʪʦʨʠʠ ʦʙʣʘʩʪʥʦʛʦ ʪʫʙʜʠʩʧʘʥʩʝʨʘ, 
ʛ. ʀʚʘʥʦʚʦ. ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʳʩʦʢʘʷ ʙʘʢʪʝʨʠʮʠʜʥʦʩʪʴ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ 
ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚ ʦʪʥʦʰʝʥʠʠ ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʇʦʵʪʦʤʫ 
ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʪʝʩʪ-ʤʠʢʨʦʙʘ ʚʳʙʨʘʣʠ ʢʫʣʴʪʫʨʳ ʩʪʘʬʠʣʦʢʦʢʢʦʚ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪ 
ʩʦʙʦʡ ʛʨʘʤʧʦʣʦʞʠʪʝʣʴʥʳʝ ʥʝʜʚʠʞʠʤʳʝ ʘʵʨʦʙʥʳʝ ʠʣʠ ʬʘʢʫʣʴʪʘʪʠʚʥʳʝ ʘʥʘʵʨʦʙʥʳʝ 
ʢʦʢʢʠ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʢ ʢʣʘʩʩʫ ʤʠʢʨʦʢʦʢʢʦʚ. ʆʛʨʦʤʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʧʘʪʦʣʦʛʠʠ ʯʝʣʦʚʝʢʘ 
ʠʤʝʝʪ ʟʦʣʦʪʠʩʪʳʡ ʩʪʘʬʠʣʦʢʦʢʢ. ʆʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʩʪʘʬʠʣʦʢʦʢʢʦʚʦʡ ʠʥʬʝʢʮʠʠ ð 
ʛʥʦʡʥʳʝ ʧʦʨʘʞʝʥʠʷ ʢʦʞʠ ʠ ʧʦʜʢʦʞʥʦʡ ʢʣʝʪʯʘʪʢʠ, ʩʪʘʬʠʣʦʢʦʢʢʦʚʳʡ ʩʝʧʩʠʩ, ʩʠʥʜʨʦʤ 
ʪʦʢʩʠʯʝʩʢʦʛʦ ʰʦʢʘ, ʧʥʝʚʤʦʥʠʠ, ʘʥʛʠʥʳ, ʵʥʪʝʨʦʢʦʣʠʪ, ʦʪʨʘʚʣʝʥʠʝ ʩʪʘʬʠʣʦʢʦʢʢʦʚʳʤ 
ʵʥʪʝʨʦʪʦʢʩʠʥʦʤ ʠ ʨʘʩʩʪʨʦʡʩʪʚʦ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 
ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʩʦʩʪʘʚʳ ʦʙʣʘʜʘʶʪ ʧʦʚʳʰʝʥʥʦʡ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʧʦ 
ʦʪʥʦʰʝʥʠʶ ʢ Escherichia coli ʠ Staphylococcus aureus. 
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ʈʘʟʨʘʙʦʪʢʘ ʤʠʢʨʦʢʘʧʩʫʣʠʨʦʚʘʥʥʦʛʦ ʨʝʧʝʣʣʝʥʪʘ ʜʣʷ ʦʪʜʝʣʢʠ  
ʪʝʢʩʪʠʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

 
ɸ.ɸ. ʇʈʆʍʆʈʆɺɸ, ʃ.ʉ. ʇɽʊʈʆɺɸ, ɽ.ʆ. ɸɺɸʂʆɺɸ 

(ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 
 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʘʜʘʯʘ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʚ ʧʝʨʠʦʜ 
ʵʧʠʜʝʤʠʠ  ʢʣʝʱʝʚʦʛʦ ʵʥʮʝʬʘʣʠʪʘ  ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦʡ. ʆʜʝʞʜʘ ʩ 
ʨʝʧʝʣʣʝʥʪʥʦʡ ʦʪʜʝʣʢʦʡ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʩʨʝʜʩʪʚʦʤ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʟʘʱʠʪʳ 
ʜʣʷ ʣʶʜʝʡ, ʯʴʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʘ ʩ ʨʘʙʦʪʦʡ ʚ ʣʝʩʦʩʪʝʧʥʦʡ 
ʧʦʣʦʩʝ. 

ʆʩʦʙʳʡ ʥʘʫʯʥʳʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʝʪ ʧʨʦʙʣʝʤʘ 
ʤʠʢʨʦʢʘʧʩʫʣʠʨʦʚʘʥʠʷ: ʤʠʢʨʦʯʘʩʪʠʮʳ ʪʚʝʨʜʳʭ ʠ ʞʠʜʢʠʭ ʚʝʱʝʩʪʚ, ʟʘʢʣʶʯʝʥʥʳʝ ʚ 
ʧʦʣʠʤʝʨʥʫʶ ʦʙʦʣʦʯʢʫ, ʦʙʣʘʜʘʶʪ ʩʦʚʝʨʰʝʥʥʦ ʥʦʚʳʤʠ ʢʘʯʝʩʪʚʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 
ʠʩʭʦʜʥʳʤʠ ʭʠʤʠʯʝʩʢʠʤʠ, ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʤʠ ʠ ʜʨʫʛʠʤʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤʠ 
ʦʙʲʝʢʪʘʤʠ[1]. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʷʣʘ ʚ ʨʘʟʨʘʙʦʪʢʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʦʛʦ ʊɺɺ, 
ʚʢʣʶʯʘʶʱʝʛʦ ʚ ʩʚʦʡ ʩʦʩʪʘʚ ʤʠʢʨʦʢʘʧʩʫʣʠʨʦʚʘʥʥʦʝ ʘʢʘʨʠʮʠʜʥʦ-ʨʝʧʝʣʣʝʥʪʥʦʝ 
ʚʝʱʝʩʪʚʦ,  ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ  ʨʝʧʝʣʣʝʥʪʥʦʡ ʦʪʜʝʣʢʠ ʮʝʣʣʶʣʦʟʥʳʭ ʪʝʢʩʪʠʣʴʥʳʭ 
ʤʘʪʝʨʠʘʣʦʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʨʝʧʝʣʣʝʥʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʙʳʣ  ʚʳʙʨʘʥ  ʘʣʴʬʘʮʠʧʝʨʤʝʪʨʠʥ ï 
ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʧʝʨʠʪʨʦʠʜ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ  ʧʨʦʠʟʚʦʜʩʪʚʘ.  
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ʀʩʩʣʝʜʦʚʘʥʳ ʵʤʫʣʴʩʠʠ, ʚʢʣʶʯʘʶʱʠʝ ʘʢʘʨʠʮʠʜʥʦʝ ʚʝʱʝʩʪʚʦ, ʧʦʜʦʙʨʘʥʥʫʶ 
ʩʠʩʪʝʤʫ ʵʤʫʣʴʛʘʪʦʨʦʚ, ʥʝʪʦʢʩʠʯʥʳʡ ʨʘʩʪʚʦʨʠʪʝʣʴ ʠ ʩʪʘʙʠʣʠʟʘʪʦʨ. ʄʝʪʦʜʦʤ 
ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ NIBS ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 
ʵʤʫʣʴʩʠʷ, ʩʦʜʝʨʞʘʱʘʷ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʦʢʩʠʵʪʠʣʠʨʦʚʘʥʥʳʡ ʘʣʢʠʣʬʝʥʦʣ ɸʌ 10, 
ʦʙʣʘʜʘʝʪ ʥʘʠʤʝʥʴʰʠʤ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ. 

ʇʦʢʘʟʘʥʦ  ʚʣʠʷʥʠʝ ʨʷʜʘ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ ʥʘ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʵʤʫʣʴʩʠʠ. 
ʂʘʪʠʦʥʥʳʡ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪ - ʇɼɸɼʄɸʍ   ʤʠʥʠʤʠʟʠʨʫʝʪ  ʨʘʟʤʝʨʳ ʯʘʩʪʠʮ, ʪʦ ʝʩʪʴ  
ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʵʤʫʣʴʩʠʠ, ʧʨʝʧʷʪʩʪʚʫʷ  ʠʭ ʘʛʨʝʛʠʨʦʚʘʥʠʶ, ʘ ʪʘʢʞʝ 
ʬʦʨʤʠʨʫʝʪ ʧʝʨʚʠʯʥʫʶ ʦʙʦʣʦʯʢʫ ʢʘʧʩʫʣʳ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ ʘʥʠʦʥʦʘʢʪʠʚʥʳʤ ʇɸɺ. 

ʋʩʪʘʥʦʚʣʝʥʳ ʬʘʢʪʦʨʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ 
ʤʠʛʨʘʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʥʳʭ ʘʢʘʨʠʮʠʜʥʦ-ʨʝʧʝʣʣʝʥʪʥʳʭ ʚʝʱʝʩʪʚ, 
ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʠʭ ʧʨʦʣʦʥʛʠʨʦʚʘʥʥʦʝ ʜʝʡʩʪʚʠʝ.  

ʇʨʦʚʝʜʝʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʘʣʴʬʘʮʠʧʝʨʤʝʪʨʠʥʘ ʥʘ 
ʪʝʢʩʪʠʣʴʥʦʤ ʤʘʪʝʨʠʘʣʝ ʧʦʩʣʝ 5 ʩʪʠʨʦʢ. ʉʪʝʧʝʥʴ ʬʠʢʩʘʮʠʠ ʨʝʧʝʣʣʝʥʪʘ ʩʦʩʪʘʚʣʷʝʪ 81-
83%, ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ ʧʦʩʣʦʡʥʦʛʦ ʥʘʥʝʩʝʥʠʷ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ ʩ 
ʚʥʝʜʨʝʥʥʳʤʠ ʚ ʥʘʥʦʩʣʦʠ ʢʘʧʩʫʣʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʝ ʟʘʢʨʝʧʣʝʥʠʝ 
ʨʝʧʝʣʣʝʥʪʦʚ ʥʘ ʪʝʢʩʪʠʣʴʥʦʤ ʤʘʪʝʨʠʘʣʝ. 

 
ʃʀʊɽʈɸʊʋʈɸ 
1. Misal Ravikumar, Waghmare Atish, Aqueel Shikh. Recent advances in 
microencapsulation: a review // International Journal of Pharmacy and Technology - 2013. -  
Vol. 5.. - ˉ 2. - P. 2520-2530. 
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ɸʥʘʣʠʟ ʚʣʠʷʥʠʷ ʊɺɺ ʥʘ ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʣʠʵʬʠʨʩʦʜʝʨʞʘʱʠʭ 
ʚʦʣʦʢʥʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ 

 
ʄ.ʇ. ʑɸɺʃɽɺ 

(ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 
 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʭʠʤʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ ʢ ʥʘʯʘʣʫ ʪʨʝʪʴʝʛʦ ʪʳʩʷʯʝʣʝʪʠʷ ʩʪʘʣʦ ʦʜʥʦʡ 
ʠʟ ʚʘʞʥʝʡʰʠʭ ʦʪʨʘʩʣʝʡ ʤʠʨʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʇʨʠʯʠʥʘʤʠ, ʩʪʠʤʫʣʠʨʫʶʱʠʤʠ 
ʙʳʩʪʨʳʡ ʨʦʩʪ, ʷʚʣʷʶʪʩʷ: 

- ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʭʠʤʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ; 
- ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʚʦʡʩʪʚ ʠ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʠʟʜʝʣʠʡ ʠʟ ʭʠʤʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ. 
ʇʦʩʣʝ ʬʦʨʤʦʚʘʥʠʷ, ʫʜʘʣʝʥʠʷ ʧʨʠʤʝʩʝʡ ʠ ʩʫʰʢʠ ʭʠʤʠʯʝʩʢʠʝ ʚʦʣʦʢʥʘ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʥʝʧʨʠʛʦʜʥʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʪʝʢʩʪʠʣʴʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ 
ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʦʨʩʘ ʚʦ ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ ʥʠʪʠ ʧʦ ʥʠʪʝʧʨʦʚʦʜʷʱʠʤ ʜʝʪʘʣʷʤ, ʩʣʠʧʘʥʠʷ 
ʰʪʘʧʝʣʴʥʳʭ ʚʦʣʦʢʦʥ ʚʦ ʚʨʝʤʷ ʯʝʩʘʥʠʷ, ʚʳʧʘʜʝʥʠʷ ʚʦʣʦʢʦʥ ʠʟ ʣʝʥʪʳ ʠ ʪ. ʧ. 

ʊʘʢʠʝ ʧʨʦʮʝʩʩʳ ʢʘʢ ʧʦʣʫʯʝʥʠʝ ʠʟ ʚʦʣʦʢʥʘ ʨʦʚʥʠʮʳ, ʣʝʥʪʳ, ʧʨʷʞʠ ʠ ʪʢʘʥʠ 
ʩʦʧʨʷʞʝʥʳ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʪʨʫʜʥʦʩʪʷʤʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ ʧʨʦʚʝʜʝʥʠʷ ʮʝʣʠʢʦʤ ʠ 
ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʦʤ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʳʭ 
ʚʦʣʦʢʦʥ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠ ʧʨʦʯʥʦʩʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦʣʫʧʨʦʜʫʢʪʘ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʠʣʘʩʴ ʫʣʫʯʰʝʥʠʝ ʧʝʨʝʨʘʙʦʪʢʠ ʪʝʢʩʪʠʣʴʥʳʭ 
ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʧʦʤʦʱʠ ʧʦʜʙʦʨʘ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʪʝʢʩʪʠʣʴʥʦ-ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ 
ʚʝʱʝʩʪʚ (ʊɺɺ), ʧʦʟʚʦʣʷʶʱʠʭ ʫʣʫʯʰʘʪʴ ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʧʦʣʠʵʬʠʨʥʳʭ ʠ ʩʤʝʩʦʚʳʭ ʚʦʣʦʢʥʠʩʪʳʭ ʧʦʣʫʧʨʦʜʫʢʪʦʚ ʥʘ ʩʪʘʜʠʷʭ ʯʝʩʘʥʠʷ ʠ ʧʨʷʜʝʥʠʷ. 
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ɸʥʘʣʠʟ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʦʧʳʪʘ, ʘ ʪʘʢʞʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 
ʟʘʨʫʙʝʞʥʳʭ ʬʠʨʤ, ʩʧʝʮʠʘʣʠʟʠʨʫʶʱʠʭʩʷ ʚ ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʠʷ ʟʘʤʘʩʣʠʚʘʪʝʣʝʡ ʠ 
ʘʚʠʚʘʞʥʳʭ ʩʦʩʪʘʚʦʚ, ʧʦʟʚʦʣʠʣ, ʩʦʚʤʝʩʪʥʦ ʩ ʭʠʤʠʢʘʤʠ ɸʆ çʀʚʭʠʤʧʨʦʤè ʦʪʦʙʨʘʪʴ ʜʣʷ 
ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʷʜ ʊɺɺ, ʚʳʧʫʩʢʘʝʤʳʭ ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ ʤʘʩʰʪʘʙʝ.  

ɺ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʣʘʩʴ ʢʦʤʧʣʝʢʩʥʘʷ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʊɺɺ ʥʘ 
ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʠʩʩʣʝʜʫʝʤʳʭ ʚʦʣʦʢʥʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʨʘʟʨʳʚʥʫʶ 
ʥʘʛʨʫʟʢʫ, ʨʘʟʨʳʚʥʦʝ ʫʜʣʠʥʝʥʠʝ ʠ ʞʝʩʪʢʦʩʪʴ). ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ 
ʦʪʦʙʨʘʥʳ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʊɺɺ, ʦʙʨʘʙʦʪʢʘ ʢʦʪʦʨʳʤʠ ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʘʪʴ 
ʘʥʘʣʠʟʠʨʫʝʤʳʝ  ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʠʵʬʠʨʩʦʜʝʨʞʘʱʠʭ ʚʦʣʦʢʥʠʩʪʳʭ  ʤʘʪʝʨʠʘʣʦʚ, ʪ.ʝ. 
ʧʦʚʳʰʘʪʴ ʧʨʦʯʥʦʩʪʴ (ʥʠʪʝʡ ʚ ʩʨʝʜʥʝʤ ʥʘ 5-10% ʠ ʚʦʣʦʢʦʥ 18-20%), ʵʣʘʩʪʠʯʥʦʩʪʴ 
ʥʠʪʝʡ (ʥʘ 10-20%) ʠ ʠʭ ʤʷʛʢʦʩʪʴ (ʥʘ 15-18%).   
 
ʋɼʂ 699.812:666.972.16+691.6 

 
ʅʦʚʳʡ ʧʦʜʭʦʜ ʢ ʠʟʫʯʝʥʠʶ ʦʛʥʝ- ʠ ʦʛʥʝʙʠʦʟʘʱʠʪʥʳʭ ʩʦʩʪʘʚʦʚ ʜʣʷ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʜʨʝʚʝʩʠʥʳ 
 

ɸ.ɸ. ɸʃɽʂʉɸʅɼʈʆɺ, ɸ.ɸ. ɺʆʈʆʅʎʆɺɸ, ʅ.ʄ. ʇɸʅɽɺ, ɸ.ʃ. ʅʀʂʀʌʆʈʆɺ, 
ɼ.ɺ. ʂɸʃɸʐʅʀʂʆɺ 

(ʀʚʘʥʦʚʩʢʘʷ ʧʦʞʘʨʥʦ-ʩʧʘʩʘʪʝʣʴʥʘʷ ʘʢʘʜʝʤʠʷ ɻʇʉ ʄʏʉ ʈʦʩʩʠʠ,  
ʉʕʋ ʌʇʉ çʀʩʧʳʪʘʪʝʣʴʥʘʷ ʧʦʞʘʨʥʘʷ ʣʘʙʦʨʘʪʦʨʠʷè ʧʦ ʀʚʘʥʦʚʩʢʦʡ ʦʙʣʘʩʪʠè) 

 
ʆʜʥʠʤ ʠʟ ʥʝʜʦʩʪʘʪʢʦʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʜʨʝʚʝʩʠʥʳ ʷʚʣʷʝʪʩʷ ʠʭ 

ʧʦʚʳʰʝʥʥʘʷ ʧʦʞʘʨʥʘʷ ʦʧʘʩʥʦʩʪʴ. ʉ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ ʧʨʝʜʝʣʘ ʦʛʥʝʩʪʦʡʢʦʩʪʠ 
ʜʝʨʝʚʷʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠʭ ʧʦʜʚʝʨʛʘʶʪ ʦʙʨʘʙʦʪʢʝ ʦʛʥʝ- ʠ ʦʛʥʝʙʠʦʟʘʱʠʪʥʳʤʠ 
ʩʦʩʪʘʚʘʤʠ.  

ʆʛʥʝʟʘʱʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʦʛʥʝʟʘʱʠʪʥʳʭ ʩʦʩʪʘʚʦʚ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 
ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʦʛʣʘʩʥʦ ɻʆʉʊ ʈ 53292-2009 çʆʛʥʝʟʘʱʠʪʥʳʝ ʩʦʩʪʘʚʳ ʠ ʚʝʱʝʩʪʚʘ ʜʣʷ 
ʜʨʝʚʝʩʠʥʳ ʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʝʝ ʦʩʥʦʚʝ. ʆʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷ. ʄʝʪʦʜʳ ʠʩʧʳʪʘʥʠʡè. ɼʣʷ 
ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʨʝʜʩʪʚ ʦʛʥʝʟʘʱʠʪʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʳ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 
(ʊɻɸ, ɼʊɸ, ɼʉʂ) ʧʦ ʠʥʩʪʨʫʢʮʠʠ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʌɻʋ ɺʅʀʀʇʆ ʄʏʉ ʈʦʩʩʠʠ. ʉʪʦʠʪ 
ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʠʟʫʯʝʥʠʠ ʦʛʥʝʟʘʱʠʪʳ ʜʨʝʚʝʩʠʥʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠʙʦʨʳ ʠ 
ʦʙʦʨʫʜʦʚʘʥʠʝ ʩ ʚʳʩʦʢʦʡ ʩʝʙʝʩʪʦʠʤʦʩʪʴʶ, ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʜʣʠʪʝʣʴʥʳ ʠ ʥʝ ʚʩʝʛʜʘ 
ʵʬʬʝʢʪʠʚʥʳ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʆʪʤʝʪʠʤ, 
ʯʪʦ ʜʦ ʩʠʭ ʧʦʨ ʚ ʵʢʩʧʝʨʪʥʦʡ ʧʨʘʢʪʠʢʝ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʦʛʥʝʟʘʱʠʪʥʳʭ ʩʦʩʪʘʚʦʚ ʩ ʮʝʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ ʠʭ ʥʘʣʠʯʠʷ ʜʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʞʘʨʘ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʤʦʤʝʥʪ ʚ ʩʠʩʪʝʤʝ ʄʏʉ ʈʦʩʩʠʠ ʠʩʧʳʪʘʪʝʣʴʥʳʤʠ ʨʘʙʦʪʘʤʠ ʚ 
ʦʙʣʘʩʪʠ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʚʦʜʷʪʩʷ ʩʫʜʝʙʥʦ-ʵʢʩʧʝʨʪʥʳʤʠ ʫʯʨʝʞʜʝʥʠʷʤʠ 
ʬʝʜʝʨʘʣʴʥʦʡ ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʡ ʩʣʫʞʙʳ, ʢʦʪʦʨʳʝ ʩʦʟʜʘʥʳ ʚ ʢʘʞʜʦʤ ʨʝʛʠʦʥʝ ʩʪʨʘʥʳ. 
ʇʨʠ ʵʪʦʤ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʫʯʨʝʞʜʝʥʠʡ ʥʝ ʠʤʝʝʪ ʚ ʩʚʦʝʤ ʧʦʣʴʟʦʚʘʥʠʠ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ 
ʧʨʦʚʝʜʝʥʠʷ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩʨʝʜʩʪʚ ʦʛʥʝʟʘʱʠʪʳ ʚʚʠʜʫ ʜʦʨʦʛʦʚʠʟʥʳ 
ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʦʜʙʦʨʘ ʩʧʝʮʠʘʣʠʩʪʦʚ ʩ ʥʝʧʨʦʬʠʣʴʥʳʤ 
ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʣʷ ʫʯʨʝʞʜʝʥʠʡ ʩʠʩʪʝʤʳ ʄʏʉ ʈʦʩʩʠʠ. ʇʦʵʪʦʤʫ ʘʚʪʦʨʘʤʠ ʨʘʙʦʪʳ 
ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʛʥʝ- ʠ ʦʛʥʝʙʠʦʟʘʱʠʪʥʳʭ ʩʦʩʪʘʚʦʚ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ 
ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʜʝʨʝʚʷʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ (ʚ ʯʘʩʪʥʦʩʪʠ, ʯʝʨʜʘʯʥʳʭ 
ʢʦʥʩʪʨʫʢʮʠʡ) ʦʙʲʝʢʪʦʚ ʩ ʤʘʩʩʦʚʳʤ ʧʨʝʙʳʚʘʥʠʝʤ ʣʶʜʝʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ 
ʪʝʨʨʠʪʦʨʠʠ ʀʚʘʥʦʚʩʢʦʡ ʦʙʣʘʩʪʠ.  

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ: ʙʠʦʧʠʨʝʥ (ʘʥʪʠʧʠʨʝʥ ï 
ʘʥʪʠʩʝʧʪʠʢ) ʄʀɻ-09, ʘʥʪʠʩʝʧʪʠʢ ʦʛʥʝʙʠʦʟʘʱʠʪʥʳʡ çʅʝʦʤʠʜ-450è, ʦʛʥʝʙʠʦʟʘʱʠʪʥʳʡ 
ʩʦʩʪʘʚ çʈʘʫʤ-ʇʨʦʬʠè, ʩʨʝʜʩʪʚʦ çʉʝʥʝʞ ʆʛʥʝʙʠʦ ʇʨʦʬè, ʦʛʥʝʙʠʦʟʘʱʠʪʥʳʡ ʩʦʩʪʘʚ 
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çʌʦʩʢʦʥ-ʂʦʩʪʨʦʤʘ-ʇʣʶʩè, ʦʛʥʝʙʠʦʟʘʱʠʪʥʳʡ ʩʦʩʪʘʚ çʆʛʥʝʙʠʦ ʇʨʦʬ 1è ʠ ʯʠʩʪʘʷ 
ʩʦʩʥʦʚʘʷ ʜʨʝʚʝʩʠʥʘ. ɺ ʢʘʯʝʩʪʚʝ ʥʘʠʙʦʣʝʝ ʜʦʩʪʫʧʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ 
ʚʳʙʨʘʥʳ: ʤʝʪʦʜ ʠʥʬʨʘʢʨʘʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʤʝʪʦʜ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ 
ʭʠʤʠʯʝʩʢʠʝ ʪʝʩʪ-ʤʝʪʦʜʳ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʩʥʠʤʘʣʠʩʴ ʠʥʬʨʘʢʨʘʩʥʳʝ ʩʧʝʢʪʨʳ ʠ ʩʧʝʢʪʨʳ 
ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚʳʙʨʘʥʥʳʭ ʦʛʥʝʙʠʦʟʘʱʠʪʥʳʭ ʩʦʩʪʘʚʦʚ. ɼʣʷ ʢʘʞʜʦʛʦ ʩʨʝʜʩʪʚʘ ʙʳʣʠ 
ʧʦʜʦʙʨʘʥʳ ʮʚʝʪʥʳʝ ʢʘʯʝʩʪʚʝʥʥʳʝ ʨʝʘʢʮʠʠ.  

ɼʣʷ ʠʟʫʯʝʥʠʷ ʧʦʚʝʜʝʥʠʷ ʦʛʥʝʙʠʦʟʘʱʠʪʥʳʭ ʩʦʩʪʘʚʦʚ ʚ ʫʩʣʦʚʠʷʭ ʧʦʞʘʨʘ, ʦʥʠ 
ʥʘʥʦʩʠʣʠʩʴ ʥʘ ʬʨʘʛʤʝʥʪʳ ʩʦʩʥʦʚʦʡ ʜʨʝʚʝʩʠʥʳ ʠ ʧʦʜʚʝʨʛʘʣʠʩʴ ʦʛʥʝʚʳʤ ʠʩʧʳʪʘʥʠʷʤ ʚ 
ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 350 ʠ 700 Áʉ. ʀʟ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʦʙʨʘʟʮʦʚ, 
ʧʦʜʚʝʨʛʰʠʭʩʷ ʪʝʨʤʠʯʝʩʢʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ, ʤʝʪʦʜʦʤ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʵʢʩʪʨʘʢʮʠʠ 
ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʦʩʪʘʪʢʠ ʦʛʥʝʙʠʦʟʘʱʠʪʥʳʭ ʩʦʩʪʘʚʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ 
ʵʢʩʪʨʘʢʪʳ ʫʧʘʨʠʚʘʣʠʩʴ, ʪʚʝʨʜʳʝ ʦʩʪʘʪʢʠ ʩʫʰʠʣʠʩʴ ʜʦ ʧʦʩʪʦʷʥʥʦʡ ʤʘʩʩʳ ʠ ʜʘʣʝʝ 
ʩʥʠʤʘʣʠʩʴ ʠʥʬʨʘʢʨʘʩʥʳʝ ʩʧʝʢʪʨʳ ʠ ʩʧʝʢʪʨʳ ʬʣʫʦʨʝʩʮʝʥʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʙʳʣʠ 
ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʭʠʤʠʯʝʩʢʠʭ ʪʝʩʪ-ʤʝʪʦʜʦʚ. 

ʇʦ ʠʪʦʛʘʤ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ ʨʘʙʦʪʳ ʙʳʣʘ ʩʦʟʜʘʥʘ ʙʘʟʘ 
ʜʘʥʥʳʭ ʠʥʬʨʘʢʨʘʩʥʳʭ ʩʧʝʢʪʨʦʚ ʠ ʩʧʝʢʪʨʦʚ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʠʟʫʯʘʝʤʳʭ 
ʦʛʥʝʙʠʦʟʘʱʠʪʥʳʭ ʩʦʩʪʘʚʦʚ ʜʣʷ ʜʨʝʚʝʩʠʥʳ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ 
ʧʦʞʘʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʤʠ ʵʢʩʧʝʨʪʘʤʠ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʥʝʠʟʚʝʩʪʥʳʭ ʩʨʝʜʩʪʚ 
ʦʛʥʝʟʘʱʠʪʳ, ʧʨʝʜʩʪʘʚʣʷʝʤʳʭ ʥʘ ʵʢʩʧʝʨʪʠʟʫ. ɸʚʪʦʨʘʤʠ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 
ʢʦʤʧʣʝʢʩʘ ʙʦʣʝʝ ʜʦʩʪʫʧʥʳʭ, ʧʨʦʩʪʳʭ ʠ ʫʜʦʙʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʛʥʝ- ʠ 
ʦʛʥʝʙʠʦʟʘʱʠʪʥʳʭ ʩʦʩʪʘʚʦʚ, ʥʘʥʝʩʝʥʥʳʭ ʥʘ ʩʪʨʦʠʪʝʣʴʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟ ʜʨʝʚʝʩʠʥʳ. 
 
 
ʋɼʂ 678.675 
 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʘʜʩʦʨʙʮʠʠ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ 
çʪʚʝʨʜʦʝ ʪʝʣʦ-ʨʘʩʪʚʦʨè 

 
ʀ.ɸ. ʂʈɸʉʀʃʔʅʀʂʆɺɸ 

(ɺʣʘʜʠʤʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɸʣʝʢʩʘʥʜʨʘ ɻʨʠʛʦʨʴʝʚʠʯʘ ʠ 
ʅʠʢʦʣʘʷ ɻʨʠʛʦʨʴʝʚʠʯʘ ʉʪʦʣʝʪʦʚʳʭ) 

 
ʉʦʚʨʝʤʝʥʥʳʝ ʦʪʨʘʩʣʠ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (ʭʠʤʠʯʝʩʢʦʡ, 

ʪʝʢʩʪʠʣʴʥʦʡ, ʩʪʨʦʠʪʝʣʴʥʦʡ, ʧʠʱʝʚʦʡ, ʤʝʜʠʮʠʥʩʢʦʡ ʠ ʜʨ.) ʚ ʵʣʝʤʝʥʪʘʭ ʩʚʦʠʭ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʮʠʢʣʦʚ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʧʨʦʮʝʩʩʳ ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʤʝʭʘʥʠʟʤʘʭ 
ʩʦʨʙʮʠʠ. ʋʩʪʘʥʦʚʣʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʦʧʠʩʘʥʠʡ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʟʘʢʦʥʦʚ, 
ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʩʦʨʙʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʧʦʟʚʦʣʠʪ ʦʧʨʝʜʝʣʷʪʴ ʦʧʪʠʤʘʣʴʥʳʝ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʚ ʧʨʠʤʝʥʷʝʤʳʭ ʧʨʦʠʟʚʦʜʩʪʚʘʭ. 

ʀʟʫʯʝʥʠʝ ʘʜʩʦʨʙʮʠʠ ʩʞʠʞʝʥʥʳʭ ʛʘʟʦʚ, ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 
ʞʠʜʢʦʩʪʝʡ ʥʘ ʪʚʝʨʜʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʧʦʢʘʟʘʣʦ, ʚ ʦʩʥʦʚʥʦʤ, ʧʨʠʤʝʥʠʤʦʩʪʴ ʫʨʘʚʥʝʥʠʡ 
ɻʝʥʨʠ, ʌʨʝʡʥʜʣʠʭʘ, ʃʝʥʛʤʶʨʘ, ɹʨʫʥʘʵʨʘ-ʕʤʤʝʪʘ-ʊʝʣʣʝʨʘ (ɹʕʊ) ʠ ʜʨ.[1]. 

ʅʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʧʨʦʮʝʩʩʘ ʩʦʨʙʮʠʠ, ʧʨʠ ʙʦʣʴʰʦʡ ʨʘʟʥʠʮʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚ 
ʪʚʝʨʜʦʡ ʠ ʞʠʜʢʦʡ ʬʘʟʘʭ, ʜʠʬʬʫʟʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʧʨʦʭʦʜʷʪ ʜʦʚʦʣʴʥʦ ʠʥʪʝʥʩʠʚʥʦ, 
ʧʨʠ ʵʪʦʤ ʢʦʣʠʯʝʩʪʚʘ ʩʦʨʙʠʨʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ, q ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 
ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʩʳʱʝʥʠʷ ʨʘʩʪʚʦʨʘ, Ce: 

ekCq= .     (1) 

ʋʨʘʚʥʝʥʠʝ (1) ʧʦ ʩʚʦʝʡ ʩʫʪʠ ʘʥʘʣʦʛ ʫʨʘʚʥʝʥʠʷ ɻʝʥʨʠ. ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʥʩʪʘʥʪʳ 
ʨʘʚʥʦʚʝʩʠʷ k, ʚ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʜʦʚʦʣʴʥʦ ʥʝʩʣʦʞʥʦ [2]. 

ɽʩʣʠ ʧʨʦʮʝʩʩ ʩʦʨʙʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʤʝʥʴʰʝʡ ʨʘʟʥʠʮʳ ʢʦʥʮʝʥʪʨʘʮʠʡ, ʠʣʠ 
ʠʟʤʝʥʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʩʦʨʙʠʨʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ ʷʚʥʦ ʥʝ ʧʦʜʯʠʥʷʝʪʩʷ 
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ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʤʫ ʟʘʢʦʥʫ, ʪʦ ʤʦʜʝʣʴ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩ ʜʨʫʛʠʭ ʧʦʟʠʮʠʡ, 
ʧʨʠ ʵʪʦʤ ʫʚʝʣʠʯʠʚʘʷ ʢʦʣʠʯʝʩʪʚʦ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʧʨʦʮʝʩʩ [3]. 

ʀʟʦʪʝʨʤʘ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʦʡ ʘʜʩʦʨʙʮʠʠ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʃʝʥʛʤʶʨʘ, 
ʛʜʝ ʘʜʩʦʨʙʮʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʩʠʣʘʤʠ ʙʣʠʟʢʠʤʠ ʢ ʭʠʤʠʯʝʩʢʠʤ, ʧʨʦʠʩʭʦʜʠʪ ʣʦʢʘʣʴʥʦ ʥʘ 
ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʘʭ ï ʦʩʦʙʳʭ ʫʯʘʩʪʢʘʭ ʧʦʚʝʨʭʥʦʩʪʠ ʘʜʩʦʨʙʝʥʪʘ. ɸʢʪʠʚʥʳʝ ʮʝʥʪʨʳ 
ʥʝʟʘʚʠʩʠʤʳ ʠ ʩʧʦʩʦʙʥʳ ʥʘʩʳʱʘʪʴʩʷ: ʥʘ ʦʜʥʦʤ ʘʢʪʠʚʥʦʤ ʮʝʥʪʨʝ ʤʦʞʝʪ 
ʘʜʩʦʨʙʠʨʦʚʘʪʴʩʷ ʦʜʥʘ ʤʦʣʝʢʫʣʘ. ʉʦʩʪʦʷʥʠʶ ʥʘʩʳʱʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʘʜʩʦʨʙʝʥʪʘ 
ʦʪʚʝʯʘʝʪ ʧʨʝʜʝʣʴʥʘʷ ʫʜʝʣʴʥʘʷ ʘʜʩʦʨʙʮʠʷ aÐ. ʃʝʥʛʤʶʨʦʚʩʢʘʷ ʘʜʩʦʨʙʮʠʷ ʦʙʨʘʪʠʤʘ ʠ 
ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʦʥʩʪʘʥʪʦʡ ʘʜʩʦʨʙʮʠʦʥʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʂ.[4]. ʋʨʘʚʥʝʥʠʝ ʠʟʦʪʝʨʤʳ 
ʘʜʩʦʨʙʮʠʠ ʃʝʥʛʤʶʨʘ: 

                                     
1+

= ¤

e

e

KC

KC
aa                    (2) 

ʛʜʝ a ʠ a¤ - ʫʜʝʣʴʥʘʷ ʘʜʩʦʨʙʮʠʷ ʠ ʧʨʝʜʝʣʴʥʘʷ ʫʜʝʣʴʥʘʷ ʘʜʩʦʨʙʮʠʷ (ʤʦʣʴ/ ʛ); ʂ ï 
ʢʦʥʩʪʘʥʪʘ ʘʜʩʦʨʙʮʠʦʥʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ. 

ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ, ʤʦʞʝʪ ʙʳʪʴ ʫʜʦʙʥʳʤ, ʧʨʠʤʝʥʝʥʠʝ ʠʟʦʪʝʨʤʳ ʩʦʨʙʮʠʠ 
ʦʧʠʩʘʥʥʦʡ ʵʤʧʠʨʠʯʝʩʢʠʤ ʫʨʘʚʥʝʥʠʝʤ ʌʨʝʡʥʜʣʠʭʘ: 

  

                                                      a = ʂʉe
1/n

,                                  (3) 
ʛʜʝ ʂ, n ï ʵʤʧʠʨʠʯʝʩʢʠʝ ʢʦʥʩʪʘʥʪʳ ʫʨʘʚʥʝʥʠʷ. 

ʂʨʦʤʝ ʵʪʦʛʦ ʤʦʞʥʦ ʦʙʦʙʱʠʪʴ ʫʨʘʚʥʝʥʠʷ (2) ʠ (3), ʪ.ʝ. ʠʩʧʦʣʴʟʦʚʘʪʴ 
ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ, ʢʦʪʦʨʳʡ ʥʘʟʳʚʘʝʪʩʷ ʤʦʜʝʣʴʶ ʃʝʥʛʤʶʨʘ-ʌʨʝʥʜʣʠʭʘ [5]: 

                                  
( )
( ) 1

1/n

1/n

+
= ¤

e

e

KC

KC
aa .                   (4) 

ɺ ʦʩʥʦʚʝ ʤʦʜʝʣʠ ɹʨʫʥʘʫʵʨʘ, ʕʤʤʝʪʪʘ ʠ ʊʝʣʣʝʨʘ (ɹʕʊ) ʣʝʞʠʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 
ʧʦʣʠʤʦʣʝʢʫʣʷʨʥʦʡ ʪʝʦʨʠʠ ʘʜʩʦʨʙʮʠʠ. ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʘʜʩʦʨʙʮʠʠ ʠʟ ʨʘʩʪʚʦʨʦʚ 
ʫʨʘʚʥʝʥʠʝ ɹʕʊ ʟʘʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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CKCCC
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,                  (5) 

ʛʜʝ ʂɹʕT ï ʢʦʥʩʪʘʥʪʘ ʫʨʘʚʥʝʥʠʷ ɹʕʊ, ʉs ï ʧʨʝʜʝʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʜʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ. 
ʄʦʜʝʣʴ ɹʕʊ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʧʦʣʠʩʣʦʡʥʦʝ ʟʘʧʦʣʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʘʜʩʦʨʙʘʪʦʤ. 

ʂʘʢ ʚʠʜʥʦ, ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʩʠʩʪʝʤʝ, ʢʘʢ ʤʠʥʠʤʫʤ, ʪʨʝʪʴʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚʦ 
ʤʥʦʛʦʤ ʫʩʣʦʞʥʷʝʪ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʪʨʘʢʪʦʚʢʫ ʧʨʦʮʝʩʩʦʚ 
ʩʦʨʙʮʠʠ ʠʟ ʨʘʩʪʚʦʨʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. ʕʪʦ ʩʚʷʟʘʥʦ, ʚʦ-ʧʝʨʚʳʭ, ʩ 
ʥʘʣʠʯʠʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʨʘʩʪʚʦʨʠʪʝʣʝʤ ʠ ʨʘʩʪʚʦʨʝʥʥʳʤ ʚʝʱʝʩʪʚʦʤ, ʚʦ-
ʚʪʦʨʳʭ, ʟʥʘʯʠʪʝʣʴʥʦʡ ʢʦʥʢʫʨʝʥʮʠʠ ʟʘ ʘʢʪʠʚʥʳʝ ʮʝʥʪʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʠ, ʚ-ʪʨʝʪʴʠʭ, 
ʟʘʤʝʜʣʝʥʠʝʤ ʧʨʦʮʝʩʩʘ ʜʠʬʬʫʟʠʠ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟ-ʟʘ 
ʚʷʟʢʦʩʪʠ ʩʨʝʜ r ʠ ʩʦʟʜʘʥʠʝʤ ʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ. ʋʧʣʦʪʥʝʥʥʳʡ ʛʨʘʥʠʯʥʳʡ ʩʣʦʡ, 
ʩʦʩʪʦʷʱʠʡ ʠʟ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʧʨʝʧʷʪʩʪʚʫʝʪ ʦʙʤʝʥʫ 
ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʟʘʤʝʜʣʷʝʪ ʫʩʪʘʥʦʚʣʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʚ 
ʩʠʩʪʝʤʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʫʯʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʫʯʝʥʳʭ ʧʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʦʧʠʩʘʥʠʶ 
ʧʨʦʮʝʩʩʦʚ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ çʪʚʝʨʜʦʝ ʪʝʣʦ-ʨʘʩʪʚʦʨè ʨʘʟʥʦʦʙʨʘʟʥʳ ʠ ʧʦʟʚʦʣʷʶʪ 
ʫʯʠʪʳʚʘʪʴ ʤʥʦʛʠʝ ʬʠʟʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ ʧʨʠ ʩʦʨʙʮʠʠ. ʐʠʨʦʢʦʝ 
ʧʨʠʤʝʥʝʥʠʝ ʠʭ ʧʦʟʚʦʣʠʪ ʦʧʨʝʜʝʣʷʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 
ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʧʨʦʮʝʩʩʘʭ ʩʦʨʙʮʠʠ [6,7]. 
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ɸ.ɺ. ʆʉʓʂʆ, ʆ.ɻ. ʎʀʈʂʀʅɸ 
(ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 

 
ʂʦʨʨʦʟʠʷ - ʵʪʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʨʘʟʨʫʰʝʥʠʷ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʂʦʨʨʦʟʠʷ ʧʨʠʚʦʜʠʪ ʥʝ ʪʦʣʴʢʦ ʢ ʧʨʷʤʳʤ ʧʦʪʝʨʷʤ 
ʤʝʪʘʣʣʦʚ, ʥʦ ʠ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʘʚʘʨʠʡʥʳʝ ʩʠʪʫʘʮʠʠ, ʢʘʪʘʩʪʨʦʬʳ, ʧʨʝʞʜʝʚʨʝʤʝʥʥʳʡ 
ʚʳʭʦʜ ʠʟ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʣʦʞʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ (ʩʪʘʥʢʦʚ, ʪʨʘʥʩʧʦʨʪʘ, ʨʘʟʣʠʯʥʦʛʦ 
ʦʙʦʨʫʜʦʚʘʥʠʷ), ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʦʙʱʠʝ ʧʦʪʝʨʠ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ ʩʪʦʠʤʦʩʪʠ 
ʨʘʟʨʫʰʝʥʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ[1]. 

ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʣʠ 
ʢʦʥʩʪʨʫʢʮʠʠ ʷʚʣʷʝʪʩʷ ʠʭ ʢʦʨʨʦʟʠʦʥʥʳʡ ʠʟʥʦʩ ʚʩʣʝʜʩʪʚʠʝ ʘʛʨʝʩʩʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ  
ʨʘʟʣʠʯʥʳʭ ʩʨʝʜ. ʏʘʱʝ ʚʩʝʛʦ ʢʦʨʨʦʟʠʷ ʧʨʦʪʝʢʘʝʪ ʧʦ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʤʫ ʤʝʭʘʥʠʟʤʫ, 
ʯʪʦ ʚʦʟʤʦʞʥʦ ʧʨʠ ʫʩʣʦʚʠʠ ʢʦʥʪʘʢʪʘ ʤʝʪʘʣʣʘ ʩ ʚʦʜʥʳʤʠ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʤʠ ʩʨʝʜʘʤʠ, 
ʚ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʘʪʩ  ̫ʢʦʨʨʦʟʠʦʥʥʦ-ʘʛʨʝʩʩʠʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʪʘʢʠʝ ʢʘʢ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ, 
ʢʠʩʣʦʨʦʜ, ʩʝʨʦʚʦʜʦʨʦʜ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʨʠʤʝʩʠ ʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤ.r ʉʫʱʝʩʪʚʫʶʪ ʠ 
ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ ʨʠʩʢʘ ʢʦʨʨʦʟʠʠ: ʪʝʤʧʝʨʘʪʫʨʘ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʩʦʩʪʦʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ 
ʤʝʪʘʣʣʘ ʢʦʥʩʪʨʫʢʮʠʠ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʩʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ[2]. 
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ʎʝʣʴʶ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ, ʘʥʘʣʠʟ ʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ 
ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʤʦʥʠʪʦʨʠʥʛʘ ʢʦʨʨʦʟʠʠ ʠ ʠʥʛʠʙʠʪʦʨʥʦʡ ʟʘʱʠʪʝ 
ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʢʦʥʩʪʨʫʢʮʠʡ, ʧʦʜʚʝʨʛʘʶʱʠʭʩʷ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ 
ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ ʚ ʭʦʜʝ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʄʦʥʠʪʦʨʠʥʛ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʦʙʲʝʢʪʦʚ 
ʜʣʷ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʚʳʷʚʣʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʠʭ ʦʮʝʥʢʠ ʠ 
ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʥʝʛʘʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ.ʄʦʥʠʪʦʨʠʥʛ ʢʦʨʨʦʟʠʠ ʧʨʝʜʧʦʣʘʛʘʝʪ 
ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʦʮʝʥʠʪʴ ʠ ʠʟʤʝʨʠʪʴ ʩʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ 
ʜʝʡʩʪʚʫʶʱʝʛʦ ʦʙʲʝʢʪʘ (ʢʦʥʩʪʨʫʢʮʠʠ) ʠʣʠ ʢʦʨʨʦʟʠʦʥʥʫʶ ʘʛʨʝʩʩʠʚʥʦʩʪʴ ʩʨʝʜʳ. 
ʄʦʥʠʪʦʨʠʥʛ ʢʦʨʨʦʟʠʠ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʩʭʝʤʘ, ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʝʙʷ 
ʩʣʝʜʫʶʱʠʝ ʵʣʝʤʝʥʪʳ: ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ; ʵʢʩʧʣʫʘʪʘʮʠʷ; ʫʧʨʘʚʣʝʥʠʝ[2]. 

ʆʧʨʝʜʝʣʝʥʠʝ ʤʘʩʰʪʘʙʘ ʠ ʩʪʝʧʝʥʠ ʩʣʦʞʥʦʩʪʠ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʥʘʯʠʥʘʶʪ ʩ 
ʘʥʘʣʠʟʘ ʟʥʘʯʠʤʦʩʪʠ ʦʙʲʝʢʪʘ ʠʣʠ ʢʦʥʩʪʨʫʢʮʠʠ, ʢʦʪʦʨʳʝ ʧʦʜʣʝʞʘʪ ʟʘʱʠʪʝ ʦʪ ʢʦʨʨʦʟʠʠ. 
ʇʨʠ ʵʪʦʤ  ʮʝʣʴ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ  ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ, 
ʢʦʪʦʨʘʷ ʙʳ ʦʧʪʠʤʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʧʦʩʪʘʚʣʝʥʥʳʤ ʮʝʣʷʤ ʠ ʟʘʜʘʯʘʤ 
ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʢʦʨʨʦʟʠʠ. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘʙʦʨ ʨʝʛʫʣʷʨʥʦ 
ʠʟʤʝʨʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʚʳʙʠʨʘʶʪʩʷ ʤʝʩʪʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʫʟʣʦʚ ʢʦʥʪʨʦʣʷ ʢʦʨʨʦʟʠʠ 
(ʋʂʂ), ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʝʪʦʜʳ (ʪʝʭʥʠʢʘ) ʠʟʤʝʨʝʥʠʡ, ʪʨʝʙʫʝʤʳʝ ʜʣʷ ʵʪʦʛʦ ʪʝʭʥʠʯʝʩʢʠʝ 
ʩʨʝʜʩʪʚʘ ʠ ʚʳʨʘʙʘʪʳʚʘʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʙʦʨʫ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʦʣʫʯʘʝʤʳʭ 
ʨʝʟʫʣʴʪʘʪʦʚ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʢʦʨʨʦʟʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ 
ʥʝʩʢʦʣʴʢʦ ʩʪʘʜʠʡ, ʧʨʠ ʵʪʦʤ ʚʳʙʠʨʘʶʪʩʷʧʘʨʘʤʝʪʨ r ʤʦʥʠʪʦʨʠʥʛʘ;ʤʝʩʪʘ 
ʤʦʥʠʪʦʨʠʥʛʘ;ʪʝʭʥʠʢʘ ʠʟʤʝʨʝʥʠʷ, ʠʩʧʦʣʥʝʥʠʷ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ 
ʫʩʪʨʦʡʩʪʚʘ;ʦʧʨʝʜʝʣʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʢ ʯʘʩʪʦʪʝ ʩʙʦʨʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʠʥʬʦʨʤʘʮʠʠ 
(ʜʘʥʥʳʭ). ʊʘʢʞʝ  ʦʮʝʥʠʚʘʝʪʩʷ ʜʦʩʪʫʧʥʦʩʪ ɹ ʠ ʩʪʦʠʤʦʩʪ ɹ
ʦʙʦʨʫʜʦʚʘʥʠʷ;ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʜʝʪʘʣʴʥʘʷʩʭʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʢʦʨʨʦʟʠʠ ʠ ʦʮʝʥʠʚʘʶʪʩʷ 
ʟʘʪʨʘʪʳʥʘ ʵʢʩʧʣʫʘʪʘʮʠʶ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ[3]. 

ʇʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʩʧʦʣʥʝʥʠʝ ʨʝʛʣʘʤʝʥʪʠʨʫʝʤʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, 
ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʩʙʦʨ ʠ ʥʘʢʦʧʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ 
ʧʨʦʚʝʜʝʥʠʷ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ.  

ɺ ʧʨʦʮʝʩʩʝ ʫʧʨʘʚʣʝʥʠʷ ʦʮʝʥʠʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʠ ʢʘʯʝʩʪʚʝʥʥʦʝ 
ʩʦʦʪʚʝʪʩʪʚʠʝ ʚʳʧʦʣʥʷʝʤʳʭ ʦʧʝʨʘʮʠʡ ʪʨʝʙʦʚʘʥʠʷʤ ʨʝʛʣʘʤʝʥʪʘ ʤʦʥʠʪʦʨʠʥʛʘ ʢʦʨʨʦʟʠʠ. 
ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʮʝʥʢʠʚʥʦʩʷʪʩʷ ʢʦʨʨʝʢʪʠʚʳ ʚ ʨʝʛʣʘʤʝʥʪ ʤʦʥʠʪʦʨʠʥʛʘ ʢʦʨʨʦʟʠʠ. 
ʈʝʟʫʣʴʪʘʪʳ ʤʦʥʠʪʦʨʠʥʛʘ ʢʦʨʨʦʟʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 
ʫʧʨʘʚʣʝʥʠʷ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʳʤʠ ʤʝʨʦʧʨʠʷʪʠʷʤʠ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 
ʧʝʨʝʯʝʥʴ ʠ ʟʘʜʘʶʪʩʷ ʟʥʘʯʝʥʠʷ ʢʣʶʯʝʚʳʭ ʠʥʜʠʢʘʪʦʨʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʂʀɼ), ʧʦ ʢʦʪʦʨʳʤ 
ʦʪʩʣʝʞʠʚʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʘʤʦʛʦ ʧʨʦʮʝʩʩʘ ʤʦʥʠʪʦʨʠʥʛʘ ʠ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, 
ʚʥʦʩʷʪʩʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʚ ʝʛʦ ʦʨʛʘʥʠʟʘʮʠʶ [2,3]. 

 
ʃʀʊɽʈɸʊʋʈɸ 
1.ʉʝʤʝʥʦʚʘ ʀ.ɺ., ʌʣʦʨʠʘʥʦʚʠʯ ɻ.ʄ., ʍʦʨʦʰʠʣʦʚ ɸ.ɺ. ʂʦʨʨʦʟʠʷ ʠ ʟʘʱʠʪʘ ʦʪ ʢʦʨʨʦʟʠʠ/ 
ʇʦʜ ʨʝʜ. ʀ.ɺ. ʉʝʤʝʥʦʚʦʡ ï ʄ.: ʌʀɿʄɸʊʃʀʊ, 2002. ï 336 ʩ. 
2.ʂʠʯʝʥʢʦ ɸ. ʄʦʥʠʪʦʨʠʥʛ ʢʦʨʨʦʟʠʠ ʥʝʬʪʝʧʨʦʤʳʩʣʦʚʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ.- LAP Lambert 
Academic Publishing, 2015. ï 268 ʩ. 
3. ʄʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʠʩʧʦʣʥʝʥʠʶ ʧʨʦʛʨʘʤʤ ʤʦʥʠʪʦʨʠʥʛʘ 
ʢʦʨʨʦʟʠʠ ʧʨʦʤʳʩʣʦʚʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. -  ʄ.: ʆɸʆ çɻʘʟʧʨʦʤ ʥʝʬʪʴè, 2009. -  55 ʩ. 
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ʚ ʛʦʨʦʜʝ 
 

ɸ.ʉ. ʊɸʈɽɺɸ, ʊ.ɺ. ʏɽʉʅʆʂʆɺɸ 

(ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 

 
ʆʙʲʝʢʪʦʤ ʥʝʜʚʠʞʠʤʦʩʪʠ ʥʘʟʳʚʘʶʪ ʦʙʲʝʢʪʳ ʧʨʦʯʥʦ ʩʚʷʟʘʥʥʳʝ ʩ ʟʝʤʣʝʡ, ʵʪʦ 

ʟʜʘʥʠʷ ʠ ʩʦʦʨʫʞʝʥʠʷ. ɺ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʝ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʟʜʘʥʠʡ ʩʦʩʪʘʚʣʷʝʪ ʞʠʣʦʡ 
ʬʦʥʜ. ʇʦʵʪʦʤʫ, ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ 
ʩʪʦʠʤʦʩʪʠ ʞʠʣʴʷ ʦʪ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ. 

ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʚ ʢʦʥʪʝʢʩʪʝ ʦʮʝʥʢʠ ʥʝʜʚʠʞʠʤʦʩʪʠ - ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ 
ʯʠʩʪʦ ʧʨʠʨʦʜʥʳʭ ʠ ʧʨʠʨʦʜʥʦ-ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʥʝ ʷʚʣʷʶʱʠʭʩʷ ʩʨʝʜʩʪʚʘʤʠ 
ʪʨʫʜʘ, ʧʨʝʜʤʝʪʘʤʠ ʧʦʪʨʝʙʣʝʥʠʷ ʠʣʠ ʠʩʪʦʯʥʠʢʘʤʠ ʵʥʝʨʛʠʠ ʠ ʩʳʨʴʷ, ʥʦ ʦʢʘʟʳʚʘʶʱʠʭ 
ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʧʦʣʝʟʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
ʦʙʲʝʢʪʘ ʥʝʜʚʠʞʠʤʦʩʪʠ. ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʫʧʨʘʚʣʷʝʤʳʝ ( 
ʩʪʝʧʝʥʴ ʯʠʩʪʦʪʳ ʧʦʪʨʝʙʣʷʝʤʦʡ ʚʦʜʳ, ʨʘʟʥʦʦʙʨʘʟʠʝ ʟʝʣʝʥʳʭ ʥʘʩʘʞʜʝʥʠʡ) ʠ 
ʥʝʫʧʨʘʚʣʷʝʤʳʝ ( ʪʠʧ ʧʦʯʚ, ʨʝʣʴʝʬ ʠ ʚʝʪʨʦʚʦʡ ʨʝʞʠʤ, ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʟʜʫʭʘ, ʰʫʤ, 
ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠ ʨʘʜʠʘʮʠʦʥʥʦʝ ʟʘʛʨʷʟʥʝʥʠʷ). 

ɼʣ ̫ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʦʙʲʝʢʪʘ ʥʝʜʚʠʞʠʤʦʩʪʠ ʩ ʫʯʝʪʦʤ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 
ʬʘʢʪʦʨʦʚ ʥʝʦʙʭʦʜʠʤʘ ʠʭ ʵʢʩʧʝʨʪʠʟʘ. ʉʦʚʦʢʫʧʥʦʩʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, 
ʚʣʠʷʶʱʠʭ ʥʘ ʩʪʦʠʤʦʩʪʴ ʦʙʲʝʢʪʘ ʥʝʜʚʠʞʠʤʦʩʪʠ, ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʩ ʧʦʟʠʮʠʠ ʢʘʢ 
ʥʝʛʘʪʠʚʥʦʛʦ, ʪʘʢ ʠ ʧʦʟʠʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ. ʉ ʧʦʟʠʮʠʠ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʵʢʩʧʝʨʪʠʟʘ 
ʜʦʣʞʥʘ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʦ ʪʨʝʤ ʦʩʥʦʚʥʳʤ ʚʠʜʘʤ 
ʟʘʛʨʷʟʥʝʥʠʷ: ʤʝʭʘʥʠʯʝʩʢʦʝ, ʭʠʤʠʯʝʩʢʦʝ ʠ ʬʠʟʠʯʝʩʢʦʝ. ʇʨʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 
ʵʢʩʧʝʨʪʠʟʝ ʦʙʲʝʢʪʦʚ ʥʝʜʚʠʞʠʤʦʩʪʠ, ʠʘʨʷʜʫ ʩ ʥʝʛʘʪʠʚʥʳʤʠ ʧʦʩʣʝʜʩʪʚʠʷʤʠ 
ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʧʨʠʨʦʜʥʦ-ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʩʨʝʜʳ ʦʙʲʝʢʪʘ ʥʝʜʚʠʞʠʤʦʩʪʠ, 
ʦʧʨʝʜʝʣʷʶʪʩʷ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ 
ʥʘ ʨʳʥʦʯʥʫʶ ʩʪʦʠʤʦʩʪʴ ʦʙʲʝʢʪʘ ʥʝʜʚʠʞʠʤʦʩʪʠ [1,2]. ʇʦ ʧʦʜʩʯʝʪʘʤ ʤʦʩʢʦʚʩʢʠʭ 
ʵʢʩʧʝʨʪʦʚ, çʧʨʝʤʠʷè ʟʘ ʙʣʠʟʦʩʪʴ ʟʝʣʝʥʦʡ ʟʦʥʳ ʠʣʠ ʚʦʜʦʝʤʘ ʚ ʮʝʥʝ ʢʚʘʜʨʘʪʥʦʛʦ 
ʤʝʪʨʘ ʦʙʳʯʥʦ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 4%. ʅʝʫʜʠʚʠʪʝʣʴʥʦ, ʯʪʦ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜ-ʜʚʘ ʧʨʠ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʢʣʘʤʥʳʭ ʢʘʤʧʘʥʠʡ ʘʢʮʝʥʪʳ ʜʝʣʘʶʪ 
ʥʘ ʦʟʝʣʝʥʝʥʠʝ ʬʘʩʘʜʦʚ, ʣʘʥʜʰʘʬʪʥʳʡ ʜʠʟʘʡʥ ʠ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʦ ʧʨʠʜʦʤʦʚʦʡ 
ʪʝʨʨʠʪʦʨʠʠ [3,4]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʣʠʷʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʩʪʦʠʤʦʩʪʴ ʞʠʣʴʷ 
ʩʫʱʝʩʪʚʝʥʥʦ, ʘ ʠʥʚʝʩʪʠʮʠʠ ʚ ʫʣʫʯʰʝʥʠʝ ʵʢʦʣʦʛʠʠ ʞʠʣʳʭ ʢʚʘʨʪʘʣʦʚ ʤʦʛʫʪ ʧʨʠʥʦʩʠʪʴ 
ʜʦʭʦʜ. 
 
ʃʀʊɽʈɸʊʋʈɸ:  
1. ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ çʆʙ ʦʮʝʥʦʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʈʌè ʦʪ 29.07.1998 ʛʦʜʘ ˉ 135-
ʌɿ [ʊʝʢʩʪ]//ʂʦʥʩʫʣʴʪʘʥʪʇʣʶʩ. 
2. ʌʝʜʝʨʘʣʴʥʳʡ ʩʪʘʥʜʘʨʪ ʦʮʝʥʢʠ çʎʝʣʴ ʦʮʝʥʢʠ ʠ ʚʠʜʳ ʩʪʦʠʤʦʩʪʠ (ʌʉʆ ˉ 2)è.ʦʪ 20 
ʠʶʣʷ 2007 ʛʦʜʘ N 255 [ʊʝʢʩʪ]// ʂʦʥʩʫʣʴʪʘʥʪʇʣʶʩ 
3.[ʩʘʡʪ] http://www.restate.ru/material/ocenivaya-vozduh-43101.html  
4.[ʩʘʡʪ] http://www.doklad4ik.ru/analytics/09realestate/deal305.php 
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ʂʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ 
 

ɸ.ɸ. ʉɸʌʆʅʆɺ, ɸ.ɺ. ʇʆʇʆɺ 
(ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 

 
ʂʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, 

ʧʦʩʢʦʣʴʢʫ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʩʚʦʡʩʪʚ,  ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 
ʢʦʥʩʪʨʫʢʮʠʡ. ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʨʘʙʦʪʘ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢʦʚʦʡ ʠ ʧʨʝʩʣʝʜʫʝʪ ʮʝʣʴ ʧʨʦʚʝʩʪʠ 
ʘʥʘʣʠʟ ʠʤʝʶʱʠʭʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʩʚʝʜʝʥʠʡ ʧʦ ʦʟʥʘʯʝʥʥʦʡ ʪʝʤʘʪʠʢʝ.  

ʂʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʢʦʤʧʦʟʠʪʳ) ï ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʤʘʪʝʨʠʘʣʳ, 
ʩʦʩʪʦʷʱʠʝ ʠʟ ʤʘʪʨʠʮʳ (ʧʣʘʩʪʠʯʥʦʡ ʦʩʥʦʚʳ), ʘʨʤʠʨʦʚʘʥʥʦʡ ʥʘʧʦʣʥʠʪʝʣʷʤʠ, 
ʦʙʣʘʜʘʶʱʠʤʠ ʚʳʩʦʢʦʡ ʞʝʩʪʢʦʩʪʴʶ,  ʧʨʦʯʥʦʩʪʴʶ, ʠ ʨʷʜʦʤ ʜʨʫʛʠʭ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 
ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʚʦʡʩʪʚ.  

ʂʦʤʧʦʥʝʥʪʘʤʠ ʢʦʤʧʦʟʠʪʦʚ ʷʚʣʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʘʪʝʨʠʘʣʳ - ʢʝʨʘʤʠʢʘ, 
ʧʣʘʩʪʤʘʩʩʳ, ʤʝʪʘʣʣʳ, ʩʪʝʢʣʘ, ʫʛʣʝʨʦʜ ʠ ʜʨ. ʄʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ 
ʤʘʪʝʨʠʘʣʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʠʤʘʪʨʠʯʥʳʤʠ ï ʩʦʯʝʪʘʶɦʠʤʠ ʥʝʩʢʦʣʴʢʦ ʤʘʪʨʠʮ ʚ ʦʜʥʦʤ 
ʤʘʪʝʨʠʘʣʝ, ʠ ʛʠʙʨʠʜʥʳʤʠ -  ʚʢʣʶʯʘʶʱʠʤʠ ʚ ʩʝʙʷ ʨʘʟʥʳʝ ʥʘʧʦʣʥʠʪʝʣʠ. ʄʘʪʨʠʮʘ 
ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʝʨʝʜʘʯʫ ʥʘʧʨʷʞʝʥʠʷ ʚ ʥʘʧʦʣʥʠʪʝʣʝ, ʩʪʦʡʢʦʩʪʴ ʢ ʨʘʟʣʠʯʥʳʤ ʚʥʝʰʥʠʤ 
ʚʦʟʜʝʡʩʪʚʠʷʤ ʠ ʤʦʥʦʣʠʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ, ʘ ʥʘʧʦʣʥʠʪʝʣʴ ʦʧʨʝʜʝʣʷʝʪ 
ʜʝʬʦʨʤʠʨʫʝʤʦʩʪʴ, ʧʨʦʯʥʦʩʪʴ ʠ ʞʝʩʪʢʦʩʪʴ ʤʘʪʝʨʠʘʣʘ [1]. 

ʇʦ ʩʪʨʫʢʪʫʨʝ ʢʦʤʧʦʟʠʪʳ ʜʝʣʷʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʢʣʘʩʩʦʚ: ʩʣʦʠʩʪʳʝ, 
ʚʦʣʦʢʥʠʩʪʳʝ,  ʜʠʩʧʝʨʩʥʦ-ʫʧʨʦʯʥʝʥʥʳʝ, ʫʧʨʦʯʥʝʥʥʳʝ ʯʘʩʪʠʮʘʤʠ ʠ ʥʘʥʦʢʦʤʧʦʟʠʪʳ.  

ʇʦʣʠʤʝʨʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʇʂʄ)- ʵʪʦ ʢʦʤʧʦʟʠʪʳ, ʚ ʢʦʪʦʨʳʭ 
ʤʘʪʨʠʮʝʡ ʩʣʫʞʠʪ ʧʦʣʠʤʝʨʥʳʡ ʤʘʪʝʨʠʘʣ. ɺ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʝʡ ʇʂʄ ʠʩʧʦʣʴʟʫʝʪʩʷ 
ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʩʪʚ. 

ʘ) ʙʦʨʦʧʣʘʩʪʠʢʠ ï ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʢʘʯʝʩʪʚʝ 
ʥʘʧʦʣʥʠʪʝʣʷ ʙʦʨʥʳʝ ʚʦʣʦʢʥʘ, ʚʥʝʜʨʝʥʥʳʝ ʚ ʪʝʨʤʦʨʝʘʢʪʠʚʥʫʶ ʧʦʣʠʤʝʨʥʫʶ ʤʘʪʨʠʮʫ, 
ʧʨʠ ʵʪʦʤ ʚʦʣʦʢʥʘ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ ʚ ʚʠʜʝ ʤʦʥʦʥʠʪʝʡ, ʪʘʢ ʠ ʚ ʚʠʜʝ ʞʛʫʪʦʚ, ʦʧʣʝʪʝʥʥʳʭ 
ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʩʪʝʢʣʷʥʥʦʡ ʥʠʪʴʶ ʠʣʠ ʣʝʥʪ, ʚ ʢʦʪʦʨʳʭ ʙʦʨʥʳʝ ʥʠʪʠ ʧʝʨʝʧʣʝʪʝʥʳ ʩ 
ʜʨʫʛʠʤʠ ʥʠʪʷʤʠ;  

ʙ) ʦʨʛʘʥʦʧʣʘʩʪʠʢʠ ï ʢʦʤʧʦʟʠʪʳ, ʚ ʢʦʪʦʨʳʭ ʥʘʧʦʣʥʠʪʝʣʷʤʠ ʩʣʫʞʘʪ ʦʨʛʘʥʠʯʝʩʢʠʝ 
ʩʠʥʪʝʪʠʯʝʩʢʠʝ, ʨʝʞʝ ï ʧʨʠʨʦʜʥʳʝ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʚʦʣʦʢʥʘ ʚ ʚʠʜʝ ʞʛʫʪʦʚ, ʥʠʪʝʡ, 
ʪʢʘʥʝʡ, ʙʫʤʘʛʠ;  

ʚ) ʧʦʣʠʤʝʨʳ, ʥʘʧʦʣʥʝʥʥʳʝ ʧʦʨʦʰʢʘʤʠ; 
ʛ) ʪʝʢʩʪʦʣʠʪʳ ï ʩʣʦʠʩʪʳʝ ʧʣʘʩʪʠʢʠ, ʘʨʤʠʨʦʚʘʥʥʳʝ ʪʢʘʥʷʤʠ ʠʟ ʨʘʟʣʠʯʥʳʭ 

ʚʦʣʦʢʦʥ; 
ʜ) ʩʪʝʢʣʦʧʣʘʩʪʠʢʠ ï ʧʦʣʠʤʝʨʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʘʨʤʠʨʦʚʘʥʥʳʝ 

ʩʪʝʢʣʷʥʥʳʤʠ ʚʦʣʦʢʥʘʤʠ, ʢʦʪʦʨʳʝ ʬʦʨʤʫʶʪ ʠʟ ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ 
ʩʪʝʢʣʘ; 

ʝ) ʫʛʣʝʧʣʘʩʪʠʢʠ ï ʚ ʵʪʠʭ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʘʭ ʥʘʧʦʣʥʠʪʝʣʝʤ ʷʚʣʷʶʪʩʷ 
ʫʛʣʝʨʦʜʥʳʝ ʚʦʣʦʢʥʘ [1,2].  

ʉʫʱʝʩʪʚʫʶʪ ʪʘʢʞʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩ ʤʝʪʘʣʣʠʯʝʩʢʦʡ 
ʤʘʪʨʠʮʝʡ. ʇʨʠ ʩʦʟʜʘʥʠʠ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʤʝʪʘʣʣʦʚ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ ʯʘʱʝ 
ʚʩʝʛʦ ʧʨʠʤʝʥʷʶʪ ʤʘʛʥʠʡ, ʤʝʜʴ, ʘʣʶʤʠʥʠʡ, ʮʠʥʢ,  ʤʘʛʥʠʡ ʠ ʩʚʠʥʝʮ. ʅʘʧʦʣʥʠʪʝʣʝʤ 
ʩʣʫʞʘʪ ʣʠʙʦ ʚʳʩʦʢʦʧʨʦʯʥʳʝ ʚʦʣʦʢʥʘ, ʣʠʙʦ ʪʫʛʦʧʣʘʚʢʠʝ, ʥʝ ʨʘʩʪʚʦʨʷʶʱʠʝʩʷ ʚ 
ʦʩʥʦʚʥʦʤ ʤʝʪʘʣʣʝ ʯʘʩʪʠʮʳ ʨʘʟʣʠʯʥʦʡ ʜʠʩʧʝʨʩʥʦʩʪʠ. 

ʂʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʢʝʨʘʤʠʢʠ ʧʦʣʫʯʘʶʪ ʧʫʪʝʤ ʘʨʤʠʨʦʚʘʥʠʷ 
ʢʝʨʘʤʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚʦʣʦʢʥʘʤʠ, ʘ ʪʘʢʞʝ ʢʝʨʘʤʠʯʝʩʢʠʤʠ ʜʠʩʧʝʨʩʥʳʤʠ ʠ 
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ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʯʘʩʪʠʮʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʚʳʩʦʢʦʧʨʦʯʥʳʝ ʢʦʤʧʦʟʠʪʳ, 
ʦʜʥʘʢʦ, ʘʩʩʦʨʪʠʤʝʥʪ ʚʦʣʦʢʦʥ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʘʨʤʠʨʦʚʘʥʠʷ ʢʝʨʘʤʠʢʠ, ʦʛʨʘʥʠʯʝʥ 
ʩʚʦʡʩʪʚʘʤʠ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʂʝʨʘʤʠʯʝʩʢʠʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ 
ʧʦʣʫʯʘʶʪ ʤʝʪʦʜʦʤ ʰʣʠʢʝʨʥʦʛʦ ʣʠʪʴʷ - ʚʦʣʦʢʥʘ ʟʘʣʠʚʘʶʪʩʷ ʩʫʩʧʝʥʟʠʝʡ ʤʘʪʨʠʯʥʦʛʦ 
ʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʘʷ ʧʦʩʣʝ ʩʫʰʢʠ ʪʘʢʞʝ ʧʦʜʚʝʨʛʘʝʪʩʷ ʩʧʝʢʘʥʠʶ, ʠʣʠ ʤʝʪʦʜʘʤʠ 
ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ  - ʪʘʙʣʝʪʠʨʦʚʘʥʠʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʧʝʢʘʥʠʝʤ ʧʦʜ ʜʘʚʣʝʥʠʝʤ 
[3,4]. 
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ʉʝʢʮʠʷ 4 

 
ʇʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʜʠʟʘʡʥʝ, 
ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʦʜʝʞʜʳ 

 
 
ʋɼʂ 687.016:004 
 

ʂʦʥʩʪʨʫʢʪʦʨʩʢʘʷ ʧʨʦʨʘʙʦʪʢʘ ʤʦʜʝʣʝʡ ʦʜʝʞʜʳ ʜʣʷ ʀʥʪʝʨʥʝʪ-ʛʘʣʝʨʝʠ 
 
ʄ.ʉ. ɻʆʃʀʂʆɺɸ, ʅ.ɸ. ɿɸʂʋʈʀʅɸ, ʄ.ɺ. ʅʆɺʆʇʆʊʅʀʎʂɸʗ, ʂ.ɺ. ʂʋʇʈʀʗʅʆɺɸ, 

ʅ.ʄ. ʂʆʏɸʅʆɺɸ 
(ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 

 
ɺ ʨʘʙʦʪʝ ʧʦʜʛʦʪʦʚʣʝʥʘ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ ʥʘ 

ʤʦʜʝʣʠ ʦʜʝʞʜʳ ʩ ʮʝʣʴʶ ʦʙʥʦʚʣʝʥʠʷ ʘʩʩʦʨʪʠʤʝʥʪʘ ʀʥʪʝʨʥʝʪ-ʛʘʣʝʨʝʠ ʢʘʬʝʜʨʳ 
ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʰʚʝʡʥʳʭ ʠʟʜʝʣʠʡ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʩʪʫʜʝʥʪʘʤʠ 4 ʢʫʨʩʘ ʚ ʨʘʤʢʘʭ 
ʢʫʨʩʦʚʦʡ ʧʦ ʜʠʩʮʠʧʣʠʥʝ çʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠʟʜʝʣʠʡ ʣʝʛʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʉɸʇʈè. 
ɼʣʷ ʧʨʦʨʘʙʦʪʢʠ ʚʳʙʨʘʥʳ ʤʦʜʝʣʠ ʞʝʥʩʢʦʡ ʣʝʛʢʦʡ ʦʜʝʞʜʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʦʜʥʳʤʠ 
ʪʨʝʥʜʘʤʠ ʩʝʟʦʥʘ ʦʩʝʥʴ-ʟʠʤʘ 2016-2017. 

ʂʦʥʩʪʨʫʢʪʦʨʩʢʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ ʥʘ ʢʘʞʜʫʶ ʤʦʜʝʣ ɹ ʦʜʝʞʜʳ, ʧʦʜʛʦʪʦʚʣʝʥʥʘ̫  
ʩʨʝʜʩʪʚʘʤʠ ʉɸʇʈ çɻʨʘʮʠʷè, ʚʢʣʶʯʘʝʪ: ʯʝʨʪʝʞʠ ʙʘʟʦʚʦʡ ʠ ʤʦʜʝʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʡ, 
ʩʧʝʮʠʬʠʢʘʮʠʶ ʠ ʯʝʨʪʝʞʠ ʣʝʢʘʣ ʦʩʥʦʚʥʳʭ ʠ ʧʨʦʠʟʚʦʜʥʳʭ ʜʝʪʘʣʝʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʦʡ ʩʙʦʨʢʠ, ʪʘʙʝʣ ɹʪʝʭʥʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʠʟʜʝʣʠʷ ʚ ʛʦʪʦʚʦʤ 
ʚʠʜʝ ʠ ʣʝʢʘʣʘʭ ʥʘ ʜʠʘʧʘʟʦʥ ʨʘʟʤʝʨʦʚ 80é104 ʩʤ ʠ ʨʦʩʪʦʚ 152é176 ʩʤ, ʨʘʩʢʣʘʜʢʫ 
ʣʝʢʘʣ ʥʘ ʙʘʟʦʚʳʡ ʨʘʟʤʝʨʦ-ʨʦʩʪ. ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʠʢʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʚʳʙʨʘʥʘ 
ʎʆʊʐʃ. ʆʙʨʘʟʮʳ ʠʟʜʝʣʠʡ ʠʟʛʦʪʦʚʣʝʥʳ ʥʘ ʙʘʟʦʚʳʡ ʨʘʟʤʝʨʦ-ʨʦʩʪ ʠʟ ʤʘʪʝʨʠʘʣʦʚ 
ʬʠʨʤʳ Zlata.  

ʇʦʩʣʝ ʧʦʩʪʨʦʝʥʠʷ ʯʝʨʪʝʞʝʡ ʙʘʟʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩʨʝʜʩʪʚʘʤʠ ʉɸʇʈ çɻʨʘʮʠʷè 
ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʧʦʢʘʟʘʪʝʣʝʡ ʘʥʪʨʦʧʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠ ʙʘʣʘʥʩʦʚʦʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ ʚ 
ʜʠʘʧʘʟʦʥʝ ʨʘʟʤʝʨʦʚ 80é104 ʩʤ ʠ ʨʦʩʪʦʚ 152é176 ʩʤ. ɼʣʷ ʟʘʢʦʥʦʤʝʨʥʦʛʦ ʠʟʤʝʥʝʥʠʷ 
ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʝ ʟʘʜʘʥʠʝ ʠʭ ʟʥʘʯʝʥʠʡ 
ʜʣʷ ʪʠʧʦʚʳʭ ʬʠʛʫʨ ʨʘʟʥʳʭ ʨʘʟʤʝʨʦʚ ʠ ʨʦʩʪʦʚ [1, 2]. ʌʦʨʤʫʣʘ ʜʣʷ ʨʘʩʯʝʪʘ ʟʥʘʯʝʥʠʡ 
ʧʘʨʘʤʝʪʨʦʚ: ʚʳʩʦʪ r ʧʨʦʡʤʳ ʩʧʠʥʢʠ, ʜʣʠʥ r ʩʧʠʥʢʠ ʜʦ ʪʘʣʠʠ, ʰʠʨʠʥ r ʛʦʨʣʦʚʠʥʳ 
ʩʧʠʥʢʠ, ʰʠʨʠʥ rʧʨʦʡʤʳ, ʰʠʨʠʥ rʧʦʣʦʯʢʠ, ʛʣʫʙʠʥʳ ʧʨʦʡʤʳ, ʰʠʨʠʥ rʦʢʘʪʘ ʨʫʢʘʚʘ, 
ʚʳʩʦʪ rʦʢʘʪʘ ʨʫʢʘʚʘ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʚ ʉɸʇʈ çɻʨʘʮʠʷè ʚʢʣʶʯʘʣʘ ʝʛʦ ʤʝʞʨʘʟʤʝʨʥʦʝ ʠ 
ʤʝʞʨʦʩʪʦʚʦʝ ʠʟʤʝʥʝʥʠʝ: 

ʂʇ
ʤ
 = ʂʇ

ʙ
 + (ʊ16

ʤ
 - ʊ16

ʙ
) / 40 + (ʊ1

ʤ
 - ʊ1

ʙ
) / 60, 

ʛʜʝ ʂʇ
ʤ
 ï ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʜʣʷ ʨʘʟʤʝʨʘ (ʊ16

ʤ
) ʠ ʨʦʩʪʘ (ʊ1

ʤ
), ʦʪʣʠʯʥʦʛʦ ʦʪ 

ʙʘʟʦʚʦʛʦ, ʂʇ
ʙ
 ï ʟʥʘʯʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʘʨʘʤʝʪʨʘ ʜʣʷ ʙʘʟʦʚʦʛʦ ʨʘʟʤʝʨʦ-ʨʦʩʪʘ 

(ʊ16
ʙ
- ʊ1

ʙ
). 
ʅʘ ʨʠʩ.1 ʧʨʠʚʝʜʝʥ rʬʦʪʦʛʨʘʬʠʠ ʤʦʜʝʣʝʡ ʞʝʥʩʢʠʭ ʧʣʘʪʴʝʚ ʠ ʜʚʫʭʩʪʦʨʦʥʥʝʡ 

ʙʣʫʟʢʠ-ʪʨʘʥʩʬʦʨʤʝʨʘ, ʢʦʥʩʪʨʫʢʪʦʨʩʢʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ ʥʘ ʢʦʪʦʨʳʝ ʦʧʫʙʣʠʢʦʚʘʥʘ ʚ 
ʀʥʪʝʨʥʝʪ-ʛʘʣʝʨʝʝ ʢʘʬʝʜʨʳ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʰʚʝʡʥʳʭ ʠʟʜʝʣʠʡ. 
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ʉʦʚʨʝʤʝʥʥʳʝ ʧʦʜʩʠʩʪʝʤʳ ʚʠʨʪʫʘʣʴʥʦʡ ʧʨʠʤʝʨʢʠ ʉɸʇʈ ʦʩʫʱʝʩʪʚʣʷʶʪ 
ʩʠʤʫʣʷʮʠʶ ʜʘʚʣʝʥʠʷ ʧʦʜ ʦʜʝʞʜʦʡ, ʚ ʧʨʦʮʝʩʩʝ ʢʦʪʦʨʦʡ ʪʦʧʦʛʨʘʬʠʷ ʟʦʥ ʜʘʚʣʝʥʠʷ ʥʘ 
ʫʯʘʩʪʢʘʭ ʢʦʥʩʪʨʫʢʮʠʠ ʦʜʝʞʜʳ ʠʜʝʥʪʠʬʠʮʠʨʫʝʪʩʷ ʠ ʚʠʟʫʘʣʠʟʠʨʫʝʪʩʷ ʚ ʟʦʥʘʭ 
ʜʝʬʦʨʤʘʮʠʡ (ʨʘʩʪʷʞʝʥʠʷ, ʩʞʘʪʠʷ, ʧʝʨʝʢʦʩʘ) ʙʝʟ ʫʯʝʪʘ ʦʱʫʱʝʥʠʡ ʥʦʩʯʠʢʦʚ [1, 2]. ɺ 
ʨʘʙʦʪʝ [1] ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʞʝʥʩʢʠʭ ʧʣʘʪʴʝʚ 
(ʦʩʥʦʚʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʨʠʙʘʚʦʢ, ʧʨʦʮʝʥʪʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʥʦʡ ʧʨʠʙʘʚʢʠ 
ʧʦ ʛʨʫʜʠ ʤʝʞʜʫ ʫʯʘʩʪʢʘʤʠ ʩʧʠʥʢʠ, ʧʨʦʡʤʳ, ʧʦʣʦʯʢʠ, ʪʘʣʠʝʚʳʭ ʚʳʪʘʯʝʢ, ʜʣʠʥʳ ʨʫʢʘʚʦʚ) 
ʠ ʧʦʢʘʟʘʪʝʣʝʡ ʩʚʦʡʩʪʚ ʪʝʢʩʪʠʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝ ʪʝʢʩʪʠʣʴʥʦʡ 
ʦʙʦʣʦʯʢʠ ʚʦʢʨʫʛ ʬʠʛʫʨʳ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ʩʠʩʪʝʤʘʭ çʬʠʛʫʨʘ-ʧʣʘʪʴʝè ʠ 
ʩʫʙʲʝʢʪʠʚʥʳʝ ʦʱʫʱʝʥʠʷ ʥʦʩʯʠʢʦʚ ʚ ʩʪʘʪʠʯʝʩʢʦʡ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʟʘʭ. ɺʣʠʷʥʠʝ 


