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ɾʫʨʥʘʣ ʚʢʣʶʯʝʥ ʚ ʇʝʨʝʯʝʥʴ ʨʦʩʩʠʡʩʢʠʭ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʦʚ, ʚ ʢʦʪʦʨʳʭ ʜʦʣʞʥʳ ʙʳʪʴ ʦʧʫʙʣʠʢʦʚʘʥʳ ʦʩʥʦʚ-
ʥʳʝ ʥʘʫʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʡ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʳʭ ʩʪʝʧʝʥʝʡ ʜʦʢʪʦʨʘ ʠ ʢʘʥʜʠʜʘʪʘ ʥʘʫʢ. ʉʚʝʜʝʥʠʷ ʦ ʞʫʨʥʘʣʘʭ ʩʦʜʝʨ-
ʞʘʪʩʷ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʙʘʟʘʭ ʜʘʥʥʳʭ Ulrich's Periodicals Directory, Crossref, ʘ ʪʘʢʞʝ ʚ ɺʀʅʀʊʀ ʠ ʈʀʅʎ. ʕʣʝʢʪʨʦʥʥʳʝ ʚʝʨ-
ʩʠʠ ʞʫʨʥʘʣʘ ʨʘʟʤʝʱʘʶʪʩʷ ʥʘ ʩʝʪʝʚʦʤ ʨʝʩʫʨʩʝ ʅʘʫʯʥʦʡ ʕʣʝʢʪʨʦʥʥʦʡ ɹʠʙʣʠʦʪʝʢʠ ʚ ʩʝʪʠ ʀʥʪʝʨʥʝʪ. 
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ʧʨʝʜʧʨʠʷʪʠʷʭ. ɻʦʨʥʦʜʦʙʳʚʘʶʱʘʷ ʦʪʨʘʩʣʴ ʦʪʣʠʯʘʝʪʩʷ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʦʧʘʩʥʳʭ ʠ ʚʨʝʜʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 
ʬʘʢʪʦʨʦʚ, ʫʛʨʦʞʘʶʱʠʭ ʞʠʟʥʠ ʠ ʟʜʦʨʦʚʴʶ ʛʦʨʥʳʭ ʨʘʙʦʯʠʭ. ʅʘʩʳʱʝʥʥʦʩʪʴ ʨʘʙʦʯʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʫʩʪʨʦʡʩʪʚʘʤʠ, 
ʤʘʰʠʥʘʤʠ ʠ ʤʝʭʘʥʠʟʤʘʤʠ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʦʧʘʩʥʳʭ ʛʘʟʦʚ, ʧʦʞʘʨʦʚ ʠ ʦʙʨʫʰʝʥʠʡ ʛʦʨʥʳʭ ʧʦʨʦʜ ï ʚʩʝ ʵʪʦ 
ʟʥʘʯʠʪʝʣʴʥʦ ʦʩʣʦʞʥʷʶʪ ʪʨʫʜʦʚʦʡ ʧʨʦʮʝʩʩ ʨʘʙʦʪʥʠʢʦʚ ʛʦʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. ʂʘʞʜʘʷ ʯʝʪʚʝʨʪʘʷ ʘʚʘʨʠʷ ʥʘ ʛʦʨʥʳʭ 
ʧʨʝʜʧʨʠʷʪʠʷʭ ï ʦʙʨʫʰʝʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ. ɺ ʰʘʭʪʘʭ ʦʩʦʙʫʶ ʦʧʘʩʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʶʪ ʫʯʘʩʪʢʠ ʚʳʨʘʙʦʪʦʢ, ʥʘ ʢʦʪʦʨʳʭ 
ʚʦʟʤʦʞʥʳ ʦʙʨʫʰʝʥʠʷ ʚʩʣʝʜʩʪʚʠʝ ʥʝʧʨʘʚʠʣʴʥʦ ʚʳʙʨʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʛʦʨʥʳʭ ʨʘʙʦʪ, ʘ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʘʨʴʝʨʦʚ 
ʟʥʘʯʠʪʝʣʴʥʫʶ ʦʧʘʩʥʦʩʪʴ ʩʦʟʜʘʶʪ ʦʧʦʣʟʥʠ ʠ ʦʙʨʫʰʝʥʠʷ ʫʩʪʫʧʦʚ ʠ ʙʦʨʪʦʚ ʢʘʨʴʝʨʦʚ. ʇʨʠʯʠʥʘʤʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 
ʦʧʦʣʟʥʝʡ ʥʘ ʢʘʨʴʝʨʘʭ ʷʚʣʷʶʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʦʪʢʦʩʦʚ ʙʦʨʪʦʚ ʢʘʨʴʝʨʦʚ ʠ ʦʪʚʘʣʦʚ; ʥʝʩʦ-
ʙʣʶʜʝʥʠʝ ʧʨʦʝʢʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ; ʥʘʨʫʰʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ʎʝʣʴ ʨʘʙʦʪʳ: ʩʦʚʝʨʰʝʥʩʪʚʦ-
ʚʘʥʠʝ ʩʠʩʪʝʤʳ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʏʉ ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʣʷ ʩʥʠʞʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʦʙʨʫʰʝʥʠʡ ʠ ʦʧʦʣʟʥʝʡ ʥʘ 
ʛʦʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. ʅʦʚʠʟʥʘ: cʫʱʝʩʪʚʫʶʱʠʝ ʠʥʞʝʥʝʨʥʳʝ ʤʝʪʦʜʠʢʠ ɺʅʀʄʀ, ʢʦʪʦʨʳʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʦʪʢʨʳʪʦʡ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʥʝ ʫʯʠʪʳʚʘʶʪ ʥʘʧʨʷʞʝʥʥʦ-
ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʤʘʩʩʠʚʘ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝ ʧʦʟʚʦʣʷʶʪ ʦʙʦʩʥʦʚʘʥʥʦ ʚʳʙʠʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪ-
ʨʳ ʧʦʛʘʰʝʥʠʷ ʦʪʢʦʩʦʚ ʙʦʨʪʦʚ. ʈʘʩʯʝʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʝʜʫʪʩʷ ʧʦ ʢʨʫʛʣʦʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʠʣʠ ʧʨʷʤʦʣʠʥʝʡʥʦʡ ʣʠʥʠʠ 
ʩʢʦʣʴʞʝʥʠʷ. ʆʜʥʘʢʦ ʧʨʘʢʪʠʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʝʬʦʨʤʘʮʠʠ ʙʦʨʪʦʚ ʢʘʨʴʝʨʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʬʝʨʠʯʝʩʢʫʶ ʧʦ-
ʚʝʨʭʥʦʩʪʴ. ʈʝʟʫʣʴʪʘʪ: ʚ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʝ ʨʘʩʯʝʪʘ ʦʙʲʝʤʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʘʩʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʪʢʦʩʘ ʠʩ-
ʧʦʣʴʟʦʚʘʥʦ ʩʫʤʤʠʨʦʚʘʥʠʝ ʫʜʝʨʞʠʚʘʶʱʠʭ ʠ ʩʜʚʠʛʘʶʱʠʭ ʩʠʣ ʩ ʫʯʝʪʦʤ ʠʟʤʝʥʯʠʚʦʩʪʠ ʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦ ʩʬʝʨʠʯʝ-
ʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ. ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ: ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʏʉ ʥʘ 
ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʣʷ ʩʥʠʞʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʦʙʨʫʰʝʥʠʡ ʠ ʦʧʦʣʟʥʝʡ ʥʘ ʛʦʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ. ɺ ʩʪʘʪʴʝ ʪʘʢʞʝ 
ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʦʚ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʪʢʦʩʦʚ ʙʦʨʪʦʚ ʢʘʨʴʝʨʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʘʨʠʷ, ʯʨʝʟʚʳʯʘʡʥʘʷ ʩʠʪʫʘʮʠʷ, ʢʘʨʴʝʨ, ʦʧʦʣʟʝʥʴ, ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʧʦʚʝʨʭ-

ʥʦʩʪʴ ʩʢʦʣʴʞʝʥʠʷ. 

ɺʚʝʜʝʥʠʝ  

ʇʨʝʜʧʨʠʷʪʠʷ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʦʪʨʘʩʣʠ ʦʪʣʠ-

ʯʘʶʪʩʷ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʦʧʘʩʥʳʭ ʠ ʚʨʝʜʥʳʭ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʫʛʨʦʞʘʶʱʠʭ ʞʠʟʥʠ ʠ 

ʟʜʦʨʦʚʴʶ ʛʦʨʥʳʭ ʨʘʙʦʯʠʭ. 

ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʵʪʦ ʥʘʩʳʱʝʥʥʦʩʪʴ ʨʘʙʦʯʝʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʤʘʰʠʥʘʤʠ ʠ ʤʝʭʘʥʠʟ-

ʤʘʤʠ, ʚʦ ʚʪʦʨʳʭ ï ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʦʧʘʩʥʳʭ 

ʛʘʟʦʚ, ʧʦʞʘʨʦʚ ʠ, ʢʦʥʝʯʥʦ ʞʝ, ʦʙʨʫʰʝʥʠʡ ʛʦʨʥʳʭ 

ʧʦʨʦʜ. ɺʩʝ ʵʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʦʩʣʦʞʥʷʝʪ ʪʨʫʜʦʚʦʡ 

ʧʨʦʮʝʩʩ ʨʘʙʦʪʥʠʢʦʚ ʛʦʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. 
                                                                                              

Ò ʉʚʠʨʠʜʦʚʘ ʊ.ɺ., ɹʦʙʨʦʚʘ ʆ.ɹ., ɺʦʣʢʦʚʘ ɽ.ɸ., ʇʝʨʷʪʠʥʩʢʠʡ ɸ.ʖ., 

ʉʦʤʦʚʘ ʖ.ɺ., 2016  

ʊʝʦʨʠʷ, ʤʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, 
ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʘʟʨʘʙʦʪʢʠ 

ʆʩʥʦʚʥʳʤʠ ʧʨʝʜʧʦʩʳʣʢʘʤʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ (ʏʉ) ʥʘ ʛʦʨʥʳʭ ʧʨʝʜ-

ʧʨʠʷʪʠʷʭ ʷʚʣʷʶʪʩʷ: 

¶ ʚʳʩʦʢʘʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ 

ʪʝʭʥʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ;  

¶ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʠʟʥʦʩʘ ʦʩʥʦʚʥʳʭ ʠ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝʥʥʳʭ ʬʦʥʜʦʚ ʠ ʩʠʩʪʝʤ ʟʘʱʠʪʳ;  

¶ ʥʘʨʫʰʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʜʠʩʮʠʧʣʠʥʳ 

ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʣʘʩʪʦʚ ʫʛʣʷ, ʩʢʣʦʥʥʳʭ ʢ ʩʘʤʦ-

ʚʦʟʛʦʨʘʥʠʶ;  



ʈɸɿʈɸɹʆʊʂɸ ʇʆʃɽɿʅʓʍ ʀʉʂʆʇɸɽʄʓʍ 

ððððððððððððððððððððððððððððððððð   ɺʝʩʪʥʠʢ ʄɻʊʋ ʠʤ. ɻ. ʀ. ʅʦʩʦʚʘ. 2016. ʊ. 14. ˉ4 6 

¶ ʩʣʦʞʥʳʝ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʧʨʠ 
ʜʦʙʯrʝ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʚʳʨʘʞʝʥʥʳʝ ʪʝʢ-
ʪʦʥʠʯʝʩʢʠʤʠ ʥʘʨʫʰʝʥʠʷʤʠ;  

¶ ʥʝʜʦʩʪʘʪʦʯʥʳʡ ʢʦʥʪʨʦʣʴ ʟʘ ʨʘʥʥʠʤʠ ʩʪʘʜʠ-
ʷʤʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʵʥʜʦʛʝʥʥʳʭ ʧʦʞʘʨʦʚ [1]. 
ʊʘʢ, ʘʥʘʣʠʟ ʜʝʷʪʝʣʴʥʦʩʪʠ ɺʦʝʥʠʟʠʨʦʚʘʥʥʦʡ 

ʛʦʨʥʦʩʧʘʩʘʪʝʣʴʥʦʡ ʯʘʩʪʠ ʄʏʉ ʈʦʩʩʠ (ɺɻʉʏ 
ʄʏʉ ʈʦʩʩʠʠ) ʟʘ ʧʝʨʠʦʜ 2009ï2014 ʛʦʜʦʚ ʧʦʢʘʟʳ-
ʚʘʝʪ, ʯʪʦ ʧʦʜʨʘʟʜʝʣʝʥʠʷʤʠ ʣʠʢʚʠʜʠʨʦʚʘʥʦ 265 
ʘʚʘʨʠʡ. ʀʟ ʥʠʭ ʧʦʜʟʝʤʥʳʭ ʧʦʞʘʨʦʚ ï 50, ʧʦʞʘʨʦʚ 
ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʩʣʫʞʠʚʘʝʤʳʭ ʦʙʲʝʢʪʦʚ ï 35, 
ʚʟʨʳʚʦʚ ʠ ʚʩʧʳʰʝʢ ʤʝʪʘʥʘ ï 25, ʦʙʨʫʰʝʥʠʡ ʛʦʨ-
ʥʦʡ ʤʘʩʩʳ ï 61, ʧʨʦʯʠʭ ʘʚʘʨʠʡ ï 94 (ʨʠʩ. 1ï3) [1]. 
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ʈʠʩ. 1. ɸʚʘʨʠʠ, ʣʠʢʚʠʜʠʨʦʚʘʥʥʳʝ  
ʧʦʜʨʘʟʜʝʣʝʥʠʷʤʠ ɺɻʉʏ ʄʏʉ ʈʦʩʩʠʠ  

ʟʘ ʧʝʨʠʦʜ 2009ï2014 ʛʦʜʳ 
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ʚʟʨr ʚr (ʛʦʨʝʥʠ̫, ʚʩʧr ʢhʠ) 
ʛʘʟʘ ʠ ʫʛʦʣɹʥʦʡ ʧrʣʠ

ʦʙʨʫh ʝʥʠ̫ ʛʦʨʥrʭ ʧʦʨʦʜ 
(ʠʥʮʠʜʝʥʪr )

 
ʈʠʩ. 2. ɺʟʨʳʚʳ ʠ ʦʙʨʫʰʝʥʠʷ, ʣʠʢʚʠʜʠʨʦʚʘʥʥʳʝ  

ʧʦʜʨʘʟʜʝʣʝʥʠʷʤʠ ɺɻʉʏ ʄʏʉ ʈʦʩʩʠʠ  

ʟʘ ʧʝʨʠʦʜ 2009ï2014 ʛʦʜʳ 
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ʥʘʜʟʝʤʥrʝ ʧʦʞʘʨr

ʧʦʜʟʝʤʥrʝ ʧʦʞʘʨr

 
ʈʠʩ. 3. ʇʦʞʘʨʳ, ʣʠʢʚʠʜʠʨʦʚʘʥʥʳʝ  

ʧʦʜʨʘʟʜʝʣʝʥʠʷʤʠ ɺɻʉʏ ʄʏʉ ʈʦʩʩʠʠ  

ʟʘ ʧʝʨʠʦʜ 2009ï2014 ʛʦʜʳ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʜʨʘʟʜʝʣʝʥʠʷʤʠ ɺɻʉʏ ʦʙ-
ʩʣʫʞʠʚʘʝʪʩʷ 998 ʦʧʘʩʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʙʲ-
ʝʢʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ: 100 ʫʛʦʣʴʥʳʭ ʰʘʭʪ (ʠʟ ʥʠʭ ʢ 

ʦʧʘʩʥʳʤ ʧʦ ʛʘʟʫ ʦʪʥʦʩʷʪʩʷ 90 ʰʘʭʪ), 82 ʧʦʜʟʝʤʥʳʭ 
ʦʙʲʝʢʪʘ ʧʦ ʜʦʙʳʯʝ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, 370 ʦʙʲ-
ʝʢʪʦʚ ʧʦ ʜʦʙʳʯʝ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʦʪʢʨʳʪʳʤ 
ʩʧʦʩʦʙʦʤ, 70 ʦʙʲʝʢʪʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʧʦʜʟʝʤʥʳʭ 
ʩʦʦʨʫʞʝʥʠʡ, 122 ʧʨʝʜʧʨʠʷʪʠʷ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ ʠ 
ʦʙʦʛʘʱʝʥʠʶ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʠ 254 ʧʨʦʯʠʭ 
ʦʧʘʩʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ (ʨʠʩ. 4) [1]. 

100

122

70

254

370

82

ʫʛʦʣɹʥrʝ hʘʭʪr

ʧʦʜʟʝʤʥrʝ ʦʙ̡ʝʢʪr 
ʧʦ ʜʦʙrʯʝ 
ʧʦʣʝʟʥrʭ ʠʩʢʦʧʘʝʤr ʭ

ʦʙ̡ʝʢʪr ʧʦ ʜʦʙrʯʝ 
ʧʦʣʝʟʥrʭ ʠʩʢʦʧʘʝʤr ʭ 
ʦʪʢʨrʪrʤ ʩʧʦʩʦʙʦʤ

ʦʙ̡ʝʢʪr ʩʪʨʦʠʪʝʣɹʩʪʚʘ 
ʧʦʜʟʝʤʥrʭ ʩʦʦʨʫʞʝʥʠʡ

ʧʨʝʜʧʨʠ̫ʪʠ̫ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ
ʠ ʦʙʦʛʘɦʝʥʠʁ  
ʧʦʣʝʟʥrʭ ʠʩʢʦʧʘʝʤr ʭ

ʧʨʦʯʠʝ ʦʧʘʩʥrʝ
ʧʨʦʠʟʚʦʜʩʪʚʝʥʥrʝ
ʦʙ̡ʝʢʪr  

ʈʠʩ. 4. ʆʙʲʝʢʪʳ, ʦʙʩʣʫʞʠʚʘʝʤʳʝ  
ʧʦʜʨʘʟʜʝʣʝʥʠʷʤʠ ɺɻʉʏ ʄʏʉ ʈʦʩʩʠʠ 

ʀʟ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʢʘʞʜʘʷ 

4-ʷ ʘʚʘʨʠʷ ʥʘ ʛʦʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ï ʦʙʨʫʰʝʥʠʝ 

ʛʦʨʥʳʭ ʧʦʨʦʜ. ʆʩʥʦʚʥʫʶ ʜʦʣʶ ʦʧʘʩʥʳʭ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʩʦʩʪʘʚʣʷʶʪ ʧʨʝʜʧʨʠʷʪʠʷ 

ʧʦ ʜʦʙʳʯʝ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʦʪʢʨʳʪʳʤ ʠ 

ʧʦʜʟʝʤʥʳʤ ʩʧʦʩʦʙʦʤ. 

ɺ ʰʘʭʪʘʭ ʦʩʦʙʫʶ ʦʧʘʩʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʫʯʘʩʪʢʠ ʚʳʨʘʙʦʪʦʢ, ʥʘ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʳ ʦʙʨʫ-

ʰʝʥʠʷ ʚʩʣʝʜʩʪʚʠʝ ʥʝʧʨʘʚʠʣʴʥʦ ʚʳʙʨʘʥʥʳʭ ʧʘ-

ʨʘʤʝʪʨʦʚ ʛʦʨʥʳʭ ʨʘʙʦʪ, ʘ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʘ-

ʨʴʝʨʦʚ ʟʥʘʯʠʪʝʣʴʥʫʶ ʦʧʘʩʥʦʩʪʴ ʩʦʟʜʘʶʪ ʦʧʦʣʟ-

ʥʠ ʠ ʦʙʨʫʰʝʥʠʷ ʫʩʪʫʧʦʚ ʠ ʙʦʨʪʦʚ ʢʘʨʴʝʨʦʚ. 

ʊʘʢ, ʟʘ ʧʦʩʣʝʜʥʠʝ 30 ʣʝʪ ʧʨʦʠʟʦʰʣʦ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʦʧʦʣʟʥʝʡ ʧʨʠ ʜʦ-

ʙʳʯʝ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʦʪʢʨʳʪʳʤ ʩʧʦʩʦʙʦʤ 

(ʩʤ. ʪʘʙʣʠʮʫ) [2]. 

ʆʧʦʣʟʥʠ ʦʪʢʨʳʪʳʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʠ ʦʪʚʘʣʦʚ 

ɻʦʜ ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ 
ʆʙʲʝʤ ʩʦʰʝʜʰʝʡ 

ʧʦʨʦʜʳ, ʤʣʥ ʤ3 

1985 
ɺʥʝʰʥʠʡ ʦʪʚʘʣ ʙʫʨʦʫʛʦʣʴʥʦʛʦ  

ʢʘʨʴʝʨʘ çʄʝʨʢʫʨè, ʪʝʨ.ʙʳʚʰ. ʏʉʉʈ 
120ï140 

1987 
ɹʦʨʪ ʢʘʨʴʝʨʘ ˉ3 ʇʨʠʢʘʩʧʠʡʩʢʦʛʦ 

ɻʄʂ, ʙʳʚʰ. ʉʉʉʈ 
25 

1990 
ɺʥʝʰʥʠʡ ʦʪʚʘʣ ʙʫʨʦʫʛʦʣʴʥʦʛʦ  

ʢʘʨʴʝʨʘ çʀʨʞʠè, ʪʝʨ.ʙʳʚʰ. ʏʉʉʈ 
50ï70 

1992 
ɺʥʝʰʥʠʡ ʦʪʚʘʣ ʅʦʨʠʣʴʩʢʦʛʦ ɻʄʂ, 

ʈʦʩʩʠʷ 
60 

2000 
ʅʝʨʘʙʦʯʠʡ ʙʦʨʪ ʢʘʨʴʝʨʘ  

çʃʫʯʝʛʦʨʩʢʠʡ-2è, ʈʦʩʩʠʷ 
1,5 

2002 ɹʦʨʪ ʢʘʨʴʝʨʘ ʂʫʤʪʦʨ, ʂʳʨʛʳʟʩʪʘʥ 2,7 

2003 
ɺʥʫʪʨʝʥʥʠʡ ʦʪʚʘʣ ʨʘʟʨʝʟʘ  

çʇʘʚʣʦʚʩʢʠʡ-2è, ʈʦʩʩʠʷ 
1,7 

2004 
ɹʦʨʪ ʙʫʨʦʫʛʦʣʴʥʦʛʦ ʨʘʟʨʝʟʘ  

çʋʨʪʫʡʩʢʠʡè, ʈʦʩʩʠʷ 
1,0 

2005 
ɺʥʫʪʨʝʥʥʠʡ ʦʪʚʘʣ ʨʘʟʨʝʟʘ  

çʉʝʚʝʨʥʘʷ ʜʝʧʨʝʩʩʠʷè, ʈʦʩʩʠʷ 
3 



ʆʙʝʩʧʝʯʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʪʢʦʩʦʚ ʙʦʨʪʦʚ ʢʘʨʴʝʨʦʚ é ʉʚʠʨʠʜʦʚʘ ʊ.ɺ., ɹʦʙʨʦʚʘ ʆ.ɹ., ɺʦʣʢʦʚʘ ɽ.ɸ. ʠ ʜʨ. 
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ʇʨʠʯʠʥʘʤʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʧʦʣʟʥʝʡ ʥʘ ʢʘ-
ʨʴʝʨʘʭ ʷʚʣʷʶʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ 
ʧʘʨʘʤʝʪʨʦʚ ʦʪʢʦʩʦʚ ʙʦʨʪʦʚ ʢʘʨʴʝʨʦʚ ʠ ʦʪʚʘʣʦʚ; 
ʥʝʩʦʙʣʶʜʝʥʠʝ ʧʨʦʝʢʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ; ʥʘʨʫʰʝ-
ʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ.  
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʩʥʠʞʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ 

ʦʙʨʫʰʝʥʠʡ ʠ ʦʧʦʣʟʥʝʡ ʥʘ ʛʦʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ 
ʥʝʦʙʭʦʜʠʤʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘ-
ʥʠʝ ʩʠʩʪʝʤʳ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʏʉ ʠʤʝʥʥʦ ʥʘ ʩʪʘ-
ʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ.  
ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʙʦʨʪʦʚ ʢʘʨʴ-

ʝʨʦʚ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʥʝʦʙʭʦʜʠʤʦ ʦʙʦʩʥʦʚʘʪʴ 
ʫʛʦʣ ʦʪʢʦʩʘ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʪ ʩʦʢʨʘʪʠʪʴ ʦʙʲʝʤ 
ʚʩʢʨʳʰʥʳʭ ʧʦʨʦʜ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʦʥ ʜʦʣʞʝʥ 
ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ ʫʩʪʦʡʯʠʚʦʩʪʠ.  
ɺ ʧʨʘʢʪʠʢʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʘʨʴʝʨʦʚ ʧʨʠʤʝ-

ʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ ʫʩʪʦʡʯʠʚʦʩʪʠ 
ʙʦʨʪʦʚ ʢʘʨʴʝʨʦʚ. 
ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʠ ʩʭʝʤ ʨʘʩʯʝ-

ʪʘ, ʢʦʪʦʨʳʤʠ ʧʦʣʴʟʫʶʪʩʷ ʧʨʦʝʢʪʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ, 
ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ ʠʭ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ, ʘ 
ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʪʴ ʫʩʣʦʚʠʷ ʠʭ ʧʨʠʤʝʥʝʥʠʷ [3,13]. 
ʊʘʢ, ʤʝʪʦʜ ɺ.ɺ. ʉʦʢʦʣʦʚʩʢʦʛʦ ï ʖ.ʅ. ʄʘ-

ʣʶʰʠʮʢʦʛʦ ʜʘʝʪ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘ-
ʪʳ ʧʨʠ ʚʳʩʦʪʝ ʦʪʢʦʩʦʚ ʦʪ 30 ʜʦ 80 ʤ, ʧʨʠ ʩʨʝʜ-
ʥʠʭ ʟʥʘʯʝʥʠʷʭ ʩʮʝʧʣʝʥʠʷ ʧʦʨʦʜ ʜʦ 10 ʪ/ʤ

2
 ʠ 

ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʷʭ ʫʛʣʘ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʙʦ-
ʣʝʝ 5 ʛʨʘʜ, ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʝʙʘʥʠʷʭ ʚʝ-
ʣʠʯʠʥ ʦʙʲʝʤʥʦʛʦ ʚʝʩʘ ʧʦʨʦʜ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʥʝ 
ʫʯʠʪʳʚʘʝʪ ʝʩʪʝʩʪʚʝʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʣʘʙʣʝ-
ʥʠʷ. ʇʦʵʪʦʤʫ ʧʨʠ ʥʘʣʠʯʠʠ ʚ ʪʦʣʱʝ ʧʦʨʦʜ ʩʣʘ-
ʙʳʭ ʢʦʥʪʘʢʪʦʚ ʠ ʨʘʟʣʠʯʥʳʭ ʥʘʨʫʰʝʥʠʡ ʩʣʝʜʫʝʪ 
ʧʨʦʠʟʚʦʜʠʪʴ ʧʨʦʚʝʨʦʯʥʳʝ ʨʘʩʯʝʪʳ ʜʨʫʛʠʤʠ ʤʝ-
ʪʦʜʘʤʠ. ʄʝʪʦʜ ʉʦʢʦʣʦʚʩʢʦʛʦ-ʄʘʣʶʰʠʮʢʦʛʦ ʜʘ-
ʝʪ ʙʦʣʝʝ ʧʦʣʦʛʠʝ ʫʛʣʳ, ʯʝʤ ʤʝʪʦʜ ɺʅʀʄʀ. 
ʅʘʠʙʦʣʝʝ ʧʦʣʦʛʠʡ ʫʛʦʣ ʧʦʣʫʯʘʝʪʩʷ ʧʨʠ ʨʘʩʯʝʪʝ 

ʧʦ ʤʝʪʦʜʫ ʅ.ʅ. ʄʘʩʣʦʚʘ, ʛʜʝ ʜʣʷ ʨʘʩʯʝʪʘ ʚʚʦʜʠʪʩʷ 
ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʜʚʠʛʫ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ 
ʪʝʤ, ʯʪʦ ʥʘ ʛʣʫʙʦʢʠʭ ʢʘʨʴʝʨʘʭ ʩ ʛʣʫʙʠʥʦʡ ʨʝʟʢʦ 
ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʩʞʠʤʘʶʱʠʝ ʥʘʛʨʫʟʢʠ, ʧʦʵʪʦʤʫ 
ʧʦʣʫʯʘʝʪʩʷ ʚʦʛʥʫʪʳʡ ʧʨʦʬʠʣʴ ʩ ʦʯʝʥʴ ʧʦʣʦʛʠʤ 
ʫʛʣʦʤ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʨʝʢʦʤʝʥʜʫ-
ʝʪʩʷ ʧʨʠʤʝʥʷʪʴ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʦʨʠʝʥʪʠʨʦʚʦʯ-
ʥʦʛʦ ʧʨʦʬʠʣʷ ʦʪʢʦʩʘ, ʘ ʪʘʢʞʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʛ-
ʣʦʚ ʦʪʢʦʩʦʚ ʦʪʜʝʣʴʥʳʭ ʫʩʪʫʧʦʚ. 
ʄʝʪʦʜ ʢʨʫʛʣʦʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʢʦʣʴʞʝʥʠʷ ʜʘʝʪ ʨʝʟʫʣʴʪʘʪʳ, ʙʣʠʟʢʠʝ ʢ ʨʝʟʫʣʴʪʘ-
ʪʘʤ ʧʦ ʤʝʪʦʜʫ ɺʅʀʄʀ. ʇʨʠʤʝʥʠʤ ʦʥ ʜʣʷ ʦʧʨʝʜʝ-
ʣʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʪʢʦʩʦʚ ʙʦʨʪʦʚ, ʩʣʦʞʝʥʥʳʭ ʠʟ 
ʧʦʨʦʜ, ʚ ʢʦʪʦʨʳʭ ʧʨʝʜʧʦʣʘʛʘʝʤʘʷ ʧʦʚʝʨʭʥʦʩʪʴ 
ʩʢʦʣʴʞʝʥʠʷ ʙʣʠʟʢʘ ʢ ʢʨʫʛʣʦʮʠʣʠʥʜʨʠʯʝʩʢʦʡ.  
ɿʘʥʠʞʝʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʟʘʧʘʩʘ ʫʩʪʦʡ-

ʯʠʚʦʩʪʠ ʦʪʢʦʩʦʚ ʜʘʝʪ ʤʝʪʦʜ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ 
ʩʠʣ ʅ.ʅ. ʄʘʩʣʦʚʘ-ɹʝʨʝʨʘ. ʇʨʠʥʷʪʳʡ ʚ ʵʪʦʤ 

ʤʝʪʦʜʝ ʥʝʪʦʯʥʳʡ ʩʧʦʩʦʙ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʠʣ 
ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʧʣʦʩʢʦʩʪʴ ʧʨʠʚʦʜʠʪ ʢ 
ʙʦʣʴʰʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʠʭ ʚ ʦʙʣʘʩʪʠ ʧʨʠʟʤʳ 
ʘʢʪʠʚʥʦʛʦ ʜʘʚʣʝʥʠʷ. 
ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ ʤʝʪʦʜ 

ɺʅʀʄʀ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʤ. ɽʛʦ 
ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʟʘʣʝ-
ʛʘʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʥʘʣʠʯʠʠ ʧʦʚʝʨʭʥʦʩʪʝʡ 
ʦʩʣʘʙʣʝʥʠʷ ʠ ʨʘʟʣʠʯʥʦʡ ʛʣʫʙʠʥʝ ʨʘʟʨʘʙʦʪʢʠ. ɺ 
ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʤʝʥʥʦ ʵʪʦʪ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ 
ʦʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʨʘʩʯʝʪʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʪʢʦ-
ʩʦʚ ʙʦʨʪʦʚ ʢʘʨʴʝʨʦʚ ʧʨʠ ʦʪʢʨʳʪʦʡ ʠ ʢʦʤʙʠʥʠʨʦ-
ʚʘʥʥʦʡ ʨʘʟʨʘʙʦʪʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ [3, 11, 12]. 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʛʣʳ ʥʝʨʘʙʦʯʠʭ ʙʦʨʪʦʚ 

ʢʘʨʴʝʨʦʚ ʩʦʩʪʘʚʣʷʶʪ 20ï40 ʛʨʘʜ, ʦʜʥʘʢʦ ʟʘʨʫ-
ʙʝʞʥʳʡ ʦʧʳʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʫʛʣʳ ʥʝʨʘʙʦʯʠʭ 
ʙʦʨʪʦʚ ʢʘʨʴʝʨʦʚ, ʩʣʦʞʝʥʥʳʭ ʩʢʘʣʴʥʳʤʠ ʧʦʨʦʜʘ-
ʤʠ, ʤʦʛʫʪ ʩʦʩʪʘʚʣʷʪʴ ʜʦ 55 ʛʨʘʜ. 
ʆʙʦʩʥʦʚʘʪʴ ʪʘʢʠʝ ʫʛʣʳ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʤʝʪʦ-

ʜʠʢʘʤʠ ʨʘʩʯʝʪʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʚʦʟʤʦʞʥʦ. ʉʫʱʝ-
ʩʪʚʫʶʱʠʝ ʠʥʞʝʥʝʨʥʳʝ ʤʝʪʦʜʠʢʠ ɺʅʀʄʀ, ʢʦʪʦ-
ʨʳʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 
ʦʪʢʨʳʪʦʡ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦ-
ʨʦʞʜʝʥʠʡ, ʥʝ ʫʯʠʪʳʚʘʶʪ ʥʘʧʨʷʞʝʥʥʦ-
ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʤʘʩʩʠʚʘ ʠ, ʩʣʝʜʦʚʘ-
ʪʝʣʴʥʦ, ʥʝ ʧʦʟʚʦʣʷʶʪ ʦʙʦʩʥʦʚʘʥʥʦ ʚʳʙʠʨʘʪʴ ʦʧ-
ʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʦʛʘʰʝʥʠʷ ʦʪʢʦʩʦʚ ʙʦʨʪʦʚ. 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʦʪʢʦʩʦʚ ʩ ʫʯʝʪʦʤ ʠʭ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 
ʧʨʠʤʝʥʷʶʪʩʷ ʩʪʨʦʛʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʩ 
ʥʝʢʦʪʦʨʳʤʠ ʫʧʨʦʱʘʶʱʠʤʠ ʜʦʧʫʱʝʥʠʷʤʠ ʦ ʚʠʜʝ 
ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʦʧʨʝʜʝʣʝʥʠʷ ʬʦʨʤʳ ʠ 
ʧʦʣʦʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ. 
ʈʘʩʯʝʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʝʜʫʪʩʷ ʧʦ ʢʨʫʛʣʦʮʠ-

ʣʠʥʜʨʠʯʝʩʢʦʡ ʠʣʠ ʧʨʷʤʦʣʠʥʝʡʥʦʡ ʣʠʥʠʠ ʩʢʦʣʴ-
ʞʝʥʠʷ. ʆʜʥʘʢʦ ʧʨʘʢʪʠʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʝʬʦʨ-
ʤʘʮʠʠ ʙʦʨʪʦʚ ʢʘʨʴʝʨʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʬʝ-
ʨʠʯʝʩʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ [14]. 
ɼʣʷ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʦʚ ʦʙʲʝʤʥʦʛʦ ʢʦʵʬʬʠ-

ʮʠʝʥʪʘ ʟʘʧʘʩʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʪʢʦʩʘ, ʥʝ ʧʦʜʨʘʙʦ-
ʪʘʥʥʦʛʦ ʠ ʧʦʜʨʘʙʦʪʘʥʥʦʛʦ ʧʦʜʟʝʤʥʳʤʠ ʚʳʨʘʙʦʪ-
ʢʘʤʠ, ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʩʫʤʤʠʨʦʚʘʥʠʝ 
ʫʜʝʨʞʠʚʘʶʱʠʭ ʠ ʩʜʚʠʛʘʶʱʠʭ ʩʠʣ ʩ ʫʯʝʪʦʤ ʠʟ-
ʤʝʥʯʠʚʦʩʪʠ ʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦ ʩʬʝʨʠʯʝʩʢʦʡ ʧʦ-
ʚʝʨʭʥʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ ʠ ʩ ʫʯʝʪʦʤ ʠʟʤʝʥʝʥʠʷ ʬʠ-
ʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʩʩʠʚʘ ʧʦʨʦʜ [4, 5, 8]. 
ʉʫʤʤʠʨʦʚʘʥʠʝ ʫʜʝʨʞʠʚʘʶʱʠʭ ʠ ʩʜʚʠʛʘʶ-

ʱʠʭ ʩʠʣ ʩ ʫʯʝʪʦʤ ʠʟʤʝʥʯʠʚʦʩʪʠ ʠʭ ʥʘʧʨʘʚʣʝʥʠʡ 
ʧʦ ʠʟʦʛʥʫʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ ʧʨʝʜʣʦ-
ʞʝʥʦ ʚ ʨʘʙʦʪʘʭ [6, 9, 10]. 
ʕʪʦʪ ʤʝʪʦʜ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʠ ʜʣʷ ʧʦʜʨʘʙʦ-

ʪʘʥʥʳʭ ʙʦʨʪʦʚ ʢʘʨʴʝʨʦʚ ʩ ʫʯʝʪʦʤ ʠʟʤʝʥʝʥʠʷ ʬʠ-
ʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʩʩʠʚʘ ï ʩʮʝʧʣʝʥʠʷ 
ʠ ʫʛʣʘ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ (ʨʠʩ. 5). 
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ʈʠʩ. 5. ʉʭʝʤʘ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʘʩʘ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ,  

ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ 

ʧʦʜʨʘʙʦʪʘʥʥʦʛʦ ʙʦʨʪʘ 

ʇʨʠ ʨʘʩʯʝʪʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʘʩʘ ʫʩʪʦʡʯʠ-

ʚʦʩʪʠ ʧʦ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʝʪʦʜʠʢʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʚ ʩʝʛʤʝʥʪʘʭ, ʚ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦʜʟʝʤʥʳʝ 

ʚʳʨʘʙʦʪʢʠ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʧʨʦʭʦʜʠʪ ʣʠʥʠʷ 

ʩʢʦʣʴʞʝʥʠʷ, ʩʮʝʧʣʝʥʠʝ ʧʨʠʥʷʪʴ ʨʘʚʥʳʤ 0, ʫʛʦʣ 

ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʩʥʠʟʠʪʴ ʥʘ ʧʨʦʮʝʥʪʥʦʝ ʩʦ-

ʦʪʥʦʰʝʥʠʝ ʜʣʠʥʳ ʣʠʥʠʠ ʩʢʦʣʴʞʝʥʠʷ, ʧʨʦʭʦʜʷ-

ʱʝʡ ʯʝʨʝʟ ʚʳʨʘʙʦʪʢʫ, ʢ ʦʙʱʝʡ ʜʣʠʥʝ ʣʠʥʠʠ 

ʩʢʦʣʴʞʝʥʠʷ (ʦʙʳʯʥʦ 7ï30%). ɺ ʩʦʩʝʜʥʠʭ ʩ ʚʳ-

ʨʘʙʦʪʢʘʤʠ ʩʝʛʤʝʥʪʘʭ ʧʨʠʟʤʳ ʩʢʦʣʴʞʝʥʠʷ ʩʮʝʧ-

ʣʝʥʠʝ ʠ ʫʛʦʣ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ 

ʩʥʠʟʠʪʴ ʥʘ ʘʥʘʣʦʛʠʯʥʦʝ ʧʨʦʮʝʥʪʥʦʝ ʩʦʦʪʥʦʰʝ-

ʥʠʝ (ʚ ʩʨʝʜʥʝʤ 18%)[7]. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʷ 

ʇʦ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʝʪʦʜʠʢʝ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʟʘʧʘʩʦʚ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʪʢʦʩʦʚ 

ʙʦʨʪʦʚ ʢʘʨʴʝʨʦʚ ʤʝʜʥʦ-ʢʦʣʯʝʜʘʥʥʳʭ ʤʝʩʪʦʨʦʞ-

ʜʝʥʠʡ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʦʵʬ-

ʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʨʘʩʩʯʠʪʘʥʥʳʡ ʧʦ 

ʤʝʪʦʜʠʢʝ ʩ ʫʯʝʪʦʤ ʦʙʲʝʤʥʳʭ ʩʠʣ, ʚʳʰʝ ʨʘʩʩʯʠ-

ʪʘʥʥʦʛʦ ʧʦ ʤʝʪʦʜʠʢʝ ɺʅʀʄʀ ʥʘ 20ï25%. ɼʘʥ-

ʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʧʨʠʥʷʪʴ ʫʛʦʣ ʦʪʢʦʩʘ 

ʙʦʣʝʝ ʢʨʫʪʳʤ ʩ ʜʦʩʪʘʪʦʯʥʳʤ ʟʘʧʘʩʦʤ ʫʩʪʦʡʯʠ-

ʚʦʩʪʠ ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʫʤʝʥʴʰʠʪʴ ʵʢʦʥʦʤʠʯʝʩʢʠʝ 

ʟʘʪʨʘʪʳ ʧʦ ʜʦʙʳʯʝ ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʠʤʝʥʝʥʠʝ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʝʪʦʜʠʢ ʧʦ ʦʙʦʩ-

ʥʦʚʘʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʦʪʢʦʩʦʚ ʙʦʨʪʦʚ ʢʘʨʴʝʨʦʚ, ʫʯʠ-

ʪʳʚʘʶʱʠʭ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷ-

ʥʠʝ ʤʘʩʩʠʚʘ, ʠ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ, ʫʯʠʪʳʚʘʶʱʠʭ 

ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʩʠʣʳ, ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʢʦʣʠʯʝʩʪʚʦ 

ʦʧʦʣʟʥʝʡ ʠ ʦʙʨʫʰʝʥʠʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʘʭ 

ʜʦʙʳʯʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʨʠ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʨʘʟʨʘʙʦʪʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʘʥʝʪ ʚʦʟʤʦʞʥʳʤ ʩʦʚʝʨ-

ʰʝʥʩʪʚʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʘʚʘʨʠʡ 

ʠ ʏʉ ʥʘ ʛʦʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʠʤʝʥʥʦ ʧʨʠ ʦʙʦʩ-

ʥʦʚʘʥʠʠ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʨʘʙʦʪʢʠ ʥʘ 

ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ʊʨʡʪʧʣ ʤʡʫʞʩʙʫʬʩʴ 
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Abstract 

Problem Statement (Relevance): This article looks at the 

method of engineering stable pit slopes based on the three-

dimensionally stressed state of rock and aimed at the preven-

tion of accidents and emergencies at mining sites. Mining 

industry is characterized by a great number of hazardous 

factors posing threat to the lives and health of mining per-

sonnel. Such hazardous factors, which turn mining opera-

tions into a highly complicated work process, include a great 

number of machinery concentrated in the working area, as 

well as the risk of being exposed to hazardous gases, fires 

and rockslides. Rockslides constitute every fourth accident 

that happens in mining. The biggest hazard with under-

ground mines includes the areas where collapses can occur 

due to incorrect mining operation parameters selected, 

whereas in open pits it is slopes and walls that can cause 

landslides and collapses. The causes of landslides in open pit 

mining include poorly designed pit slopes and waste dumps; 

failure to comply with the design parameters; violation of 

the process parameters. Objectives: The objective is to im-

prove the emergency prevention system at the design stage 

with the ultimate goal of reducing the number of collapses 

and landslides at mining sites. Originality:  The existing 

engineering methods of VNIMI, which are extensively used 

in the design of open-pit and combined mining processes, 

tend to overlook the stress-strain state of the rock mass and 

therefore cannot be relied on when selecting the slope rec-

lamation parameters. Stability calculations are carried out 

based on a straight line or a circular cylindrical line of slide. 

However, as the practice shows, due to strain the pit slopes 

have a spherical shape. Findings: The proposed method for 

calculating the three-dimentional slope stability safety factor 

is based on adding together the holding and shear forces 

while allowing for the varying force direction on a spherical 

slide surface. Practical Relevance: The mining emergency 

prevention system improved at the design stage may reduce 

the number of collapses and landslides at mining sites. The 

authors also analysed the existing methods used to calculate 

the pit slope stability. 

Keywords: Accident, emergency, open pit, landslide, sta-

bility factor, slide surface. 
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ɸʥʥʦʪʘʮʠʷ  
ɸʢʪʫʘʣʴʥʦʩʪʴ ʠ ʮʝʣʠ: ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʣʳʭ ʧʦʢʦʚʦʢ ʧʨʠʤʝʥʷʶʪʩʷ ʢʘʢ ʧʨʠʙʳʣʴʥʳʝ ʩʣʠʪʢʠ ʥʦʨʤʘʣʴʥʦʡ ʜʣʠ-
ʥʳ, ʪʘʢ ʠ ʫʜʣʠʥʸʥʥʳʝ ʧʨʠʙʳʣʴʥʳʝ ʠ ʙʝʩʧʨʠʙʳʣʴʥʳʝ ʩʣʠʪʢʠ. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʚ ʩʤʳʩʣʝ ʦʙʝʩʧʝʯʝʥʠʷ 
ʢʘʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʟʜʝʣʠʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷʶʪʩʷ ʩʣʠʪʢʠ ʩ ʟʘʭʦʣʦʞʝʥ-
ʥʦʡ ʛʦʣʦʚʥʦʡ ʯʘʩʪʴʶ. ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ: ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʩʷ ʩʣʠʪʦʢ ʩ ʟʘʭʦʣʦʞʝʥʥʦʡ ʛʦʣʦʚʥʦʡ 
ʯʘʩʪʴʶ ʤʘʩʩʦʡ 1,53 ʪ ʩʪʘʣʠ 38ʍʅ3ʄʌɸ, ʦʪʣʠʪʳʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʙʳʣʠ-ʭʦʣʦʜʠʣʴʥʠʢʘ ʦʙʲʸʤʦʤ 10,8%. ʇʨʦ-
ʮʝʩʩ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʣʠʪʢʘ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦ-
ʚʘʥʠʷ ʥʘ ʧʣʦʩʢʠʭ ʤʦʜʝʣʷʭ ï ʠʟʣʦʞʥʠʮʘʭ ʩ ʧʨʦʟʨʘʯʥʳʤʠ ʩʪʝʥʢʘʤʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʣʠʪʦʛʦ ʤʝʪʘʣʣʘ ʩʣʠʪʢʘ ʥʘ ʤʘʢʨʦ-
ʩʪʨʫʢʪʫʨʫ ʧʨʦʚʦʜʠʣʠ ʧʫʪʸʤ ʪʨʘʚʣʝʥʠʷ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʣʠʪʢʘ ʦʩʫ-
ʱʝʩʪʚʣʷʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ çCrystalè. ʈʝʟʫʣʴʪʘʪʳ ʠ ʚʳʚʦʜʳ: ʨʝʟʫʣʴʪʘʪʳ 
ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʣʠʪʢʦʚ ʩ ʨʘʟʣʠʯʥʳʤ ʦʙʲʸʤʦʤ ʟʘʭʦʣʘʞʠʚʘʶʱʝʡ ʥʘʜʩʪʘʚʢʠ ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ ʦʩʦ-
ʙʝʥʥʦʩʪʠ ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʢʘʢ ʚʩʝʛʦ ʩʣʠʪʢʘ, ʪʘʢ ʠ ʨʘʟʣʠʯʥʳʭ ʝʛʦ ʦʙʣʘʩʪʝʡ. ʄʘʪʝʤʘʪʠʯʝʩʢʠʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʧʦʣʫ-
ʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ, ʩʚʷʟʳʚʘʶʱʘʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʣʠʪʢʘ (ʦʪʥʦʰʝʥʠʝ H/D) ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʛʣʫʙʠʥʦʡ 
ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʫʩʘʜʦʯʥʦʡ ʨʘʢʦʚʠʥʳ ʚ ʪʝʣʦ ʩʣʠʪʢʘ. ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠ-
ʙʳʣʠ ʭʦʣʦʜʠʣʴʥʠʢʘ ʥʘ ʚʝʨʪʠʢʘʣʴʥʫʶ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ ʙʳʣ ʧʨʦʚʝʜʸʥ ʨʘʩʯʸʪ ʪʝʧʣʦʚʦʡ ʨʘʙʦʪʳ ʟʘʭʦʣʘʞʠʚʘʶʱʝʡ ʠ 
ʫʪʝʧʣʷʶʱʝʡ ʧʨʠʙʳʣʴʥʦʡ ʥʘʜʩʪʘʚʢʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʩʣʠʪʢʘʭ ʩ ʟʘʭʦʣʦʞʝʥʥʦʡ ʛʦʣʦʚʥʦʡ ʯʘʩʪʴʶ ʟʦʥʘ ʦʩʝʚʦʡ 
ʨʳʭʣʦʩʪʠ ʚ 2 ʨʘʟʘ ʤʝʥʴʰʝ ʚ ʜʠʘʤʝʪʨʝ ʠ ʢʦʨʦʯʝ ʧʦ ʚʳʩʦʪʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʳʤʠ ʩʣʠʪʢʘʤʠ. ʍʠʤʠʯʝʩʢʘʷ ʥʝʦʜ-
ʥʦʨʦʜʥʦʩʪʴ ʦʙʳʯʥʳʭ ʩʣʠʪʢʦʚ ʨʘʟʚʠʪʘ ʚʝʩʴʤʘ ʟʥʘʯʠʪʝʣʴʥʦ, ʘ ʚ ʩʣʠʪʢʝ ʩ ʟʘʭʦʣʦʞʝʥʥʦʡ ʛʦʣʦʚʥʦʡ ʯʘʩʪʴʶ ʙʦʣʝʝ ʨʘʚ-
ʥʦʤʝʨʥʦ. ʈʘʩʧʦʣʦʞʝʥʠʝ ʫʩʘʜʦʯʥʦʡ ʨʘʢʦʚʠʥʳ ʚ ʩʣʠʪʢʝ ʩ ʟʘʭʦʣʦʞʝʥʥʦʡ ʛʦʣʦʚʥʦʡ ʯʘʩʪʴʶ ʚʜʦʣʴ ʝʛʦ ʦʩʠ ʧʨʠ ʥʝʟʥʘ-
ʯʠʪʝʣʴʥʦʤ ʜʠʘʤʝʪʨʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʝ ʫʜʘʣʝʥʠʝ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʧʦʣʦʡ ʧʦʢʦʚʢʠ. ʉʣʠʪʦʢ ʩ ʟʘʭʦʣʦʞʝʥʥʦʡ ʛʦʣʦʚ-
ʥʦʡ ʯʘʩʪʴʶ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʠʥʠʤʘʣʴʥʦʡ ʪʨʫʜʦʸʤʢʦʩʪʴʶ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʢ ʨʘʟʣʠʚʢʝ ʠ ʠʤʝʝʪ ʥʘʠʤʝʥʴʰʫʶ ʛʦʣʦʚ-
ʥʫʶ ʦʙʨʝʟʴ. ʇʨʠʤʝʥʝʥʠʝ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʨʘʚʥʠʚʘʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʣʠʢʚʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʧʦ 
ʚʳʩʦʪʝ ʩʣʠʪʢʘ ʠ ʫʣʫʯʰʘʝʪ ʝʛʦ ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʢʘʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʣʠʪʦʢ ʩ ʟʘʭʦʣʦʞʝʥʥʦʡ ʛʦʣʦʚʥʦʡ ʯʘʩʪʴʶ, ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ, ʭʠʤʠʯʝʩʢʘʷ ʠ ʩʪʨʫʢʪʫʨʥʘʷ ʥʝʦʜʥʦ-

ʨʦʜʥʦʩʪʴ, ʫʩʘʜʦʯʥʳʝ ʜʝʬʝʢʪʳ, ʣʠʢʚʘʮʠʷ, ʬʠʟʠʯʝʩʢʦʝ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʳʭ ʧʨʦʝʢʪʦʚ ˉ 16-08-01029 ɸ ʠ 

ˉ 15-08-08098 ɸ ʢʦʥʢʫʨʩʘ ʉʇ-2015 (ʉʇ-4573.2015.1). 

ɺʚʝʜʝʥʠʝ  

ʋʚʝʣʠʯʝʥʠʝ ʝʜʠʥʠʯʥʦʡ ʤʦʱʥʦʩʪʠ ʤʘʰʠʥ ʠ 

ʘʛʨʝʛʘʪʦʚ, ʩʦʟʜʘʥʠʝ ʢʨʫʧʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʫʩʪʘʥʦʚʦʢ, ʨʘʟʚʠʪʠʝ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʩʪʘʚʷʪ 

ʧʝʨʝʜ ʤʝʪʘʣʣʫʨʛʘʤʠ ʟʘʜʘʯʫ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʠʟʜʝʣʠʡ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʳʟʳʚʘʝʪ ʥʝʦʙʭʦ-

ʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʩʥʠʞʘʶʱʠʭ ʬʠʟʠʯʝʩʢʫʶ, ʭʠʤʠʯʝʩʢʫʶ ʠ ʩʪʨʫʢ-
                                                                                              

Ò  ɻʘʤʘʥʶʢ ʉ.ɹ., ʈʫʮʢʠʡ ɼ.ɺ., ɿʶʙʘʥ ʅ.ɸ., ʏʫʙʫʢʦʚ ʄ.ʖ., 

ʇʫʟʠʢʦʚ ɸ.ʗ., 2016  

ʪʫʨʥʫʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʟʘʪʚʝʨʜʝʚʘʶʱʠʭ ʩʣʠʪ-

ʢʦʚ, ʧʦʩʢʦʣʴʢʫ ʩʣʫʞʝʙʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʚʘ-

ʥʳʭ ʠʟʜʝʣʠʡ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʩʚʷʟʘʥʳ ʩ 

ʢʘʯʝʩʪʚʦʤ ʢʫʟʥʝʯʥʦʛʦ ʩʣʠʪʢʘ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʩʣʫʞʝʙʥʳʭ ʩʚʦʡʩʪʚ ʩʪʘʣʴ-

ʥʳʭ ʠʟʜʝʣʠʡ ʧʨʠʤʝʥʷʶʪ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʞʠʜʢʠʡ ʠ ʟʘʪʚʝʨʜʝʚʘʶʱʠʡ ʤʝ-

ʪʘʣʣ: ʚʠʙʨʘʮʠʶ, ʚʨʘʱʝʥʠʝ, ʧʨʦʜʫʚʢʫ ʛʘʟʘʤʠ, 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ, ʤʦʜʠʬʠʮʠ-

ʨʦʚʘʥʠʝ ʠ ʪ.ʜ. ɼʘʥʥʳʝ ʤʝʪʦʜʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ 

ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʪʘʢ ʠ ʚ ʩʦʯʝʪʘʥʠʠ ʤʝʞʜʫ 
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ʩʦʙʦʡ, ʜʘʶʪ ʥʝʜʦʩʪʘʪʦʯʥʳʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ 

ʵʬʬʝʢʪ ʧʨʠ ʩʫʱʝʩʪʚʝʥʥʦʤ ʧʦʚʳʰʝʥʠʠ ʪʨʫʜʦ-

ʝʤʢʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʄʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ, ʨʘʩʧʦʣʘ-

ʛʘʶʱʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʧʘʨʢʦʤ ʣʠʪʝʡʥʦʡ 

ʦʩʥʘʩʪʢʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʧʦʣʫʯʘʪʴ ʩʣʠʪʢʠ ʨʘʟʚʝ-

ʩʦʤ ʦʪ 1 ʜʦ 200 ʪ ʠ ʚʳʰʝ, ʧʨʦʠʟʚʦʜʷʪ ʧʦʢʦʚʢʠ 

ʩʘʤʦʡ ʰʠʨʦʢʦʡ ʥʦʤʝʥʢʣʘʪʫʨʳ, ʧʨʠ ʵʪʦʤ ʜʦ 80 % 

ʠʟ ʥʠʭ ʷʚʣʷʶʪʩʷ ʧʦʣʳʤʠ (ʚʘʣʳ ʨʦʪʦʨʦʚ, ʢʦʣʴʮʘ, 

ʪʦʣʩʪʦʩʪʝʥʥʳʝ ʪʨʫʙʳ, ʦʙʝʯʘʡʢʠ, ʢʦʨʧʫʩʥʳʝ ʜʝ-

ʪʘʣʠ ʠ ʜʨ.) [1ï5]. 

ɼʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʣʳʭ ʧʦʢʦʚʦʢ ʧʨʠʤʝʥʷ-

ʶʪʩʷ ʢʘʢ ʧʨʠʙʳʣʴʥʳʝ ʩʣʠʪʢʠ ʥʦʨʤʘʣʴʥʦʡ ʜʣʠ-

ʥʳ, ʪʘʢ ʠ ʫʜʣʠʥʸʥʥʳʝ ʧʨʠʙʳʣʴʥʳʝ ʠ ʙʝʩʧʨʠ-

ʙʳʣʴʥʳʝ ʩʣʠʪʢʠ. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʚ 

ʩʤʳʩʣʝ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʠʟʜʝʣʠʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦ-

ʠʟʚʦʜʩʪʚʘ ʷʚʣʷʶʪʩʷ ʩʣʠʪʢʠ ʩ ʟʘʭʦʣʦʞʝʥʥʦʡ ʛʦ-

ʣʦʚʥʦʡ ʯʘʩʪʴʶ [6ï10]. ɺʤʝʩʪʦ çʢʣʘʩʩʠʯʝʩʢʦʡè 

ʧʨʠʙʳʣʴʥʦʡ ʥʘʜʩʪʘʚʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘʜʩʪʘʚʢʘ-

ʭʦʣʦʜʠʣʴʥʠʢ ʩ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʦʙʲʝʤʦʤ ʧʦʨʷʜʢʘ 

4%. ɽʸ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ ʚ ʪʦʤ, ʯʪʦʙʳ ʢʦʤʧʝʥʩʠ-

ʨʦʚʘʪʴ ʫʩʘʜʢʫ ʟʘʪʚʝʨʜʝʚʘʶʱʝʛʦ ʤʝʪʘʣʣʘ ʜʦ ʪʝʭ 

ʧʦʨ, ʧʦʢʘ ʬʨʦʥʪʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʜʚʠʞʫʱʠʝʩʷ 

ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʙʦʢʦʚʳʭ ʩʪʝ-

ʥʦʢ ʠʟʣʦʞʥʠʮʳ, ʥʝ ʩʙʣʠʟʷʪʩʷ ʥʘ ʜʦʩʪʘʪʦʯʥʫʶ 

ʚʝʣʠʯʠʥʫ, ʦʙʝʩʧʝʯʠʚ ʪʝʤ ʩʘʤʳʤ ʧʦʣʫʯʝʥʠʝ ʚ ʪʝ-

ʣʝ ʩʣʠʪʢʘ ʫʟʢʦʡ ʫʩʘʜʦʯʥʦʡ ʨʘʢʦʚʠʥʳ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʫ ʩʪʝʥʢʠ ʛʦʣʦʚʥʦʡ ʯʘʩʪʠ ʜʦʣʞʝʥ ʟʘʪʚʝʨ-

ʜʝʪʴ ʩʣʦʡ ʤʝʪʘʣʣʘ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʣʱʠʥʳ, ʯʪʦʙʳ 

ʝʛʦ ʧʨʦʯʥʦʩʪʠ ʭʚʘʪʠʣʦ ʜʣʷ ʥʘʜʝʞʥʦʡ ʬʠʢʩʘʮʠʠ 

ʩʣʠʪʢʘ ʟʘʭʚʘʪʦʤ ʤʘʥʠʧʫʣʷʪʦʨʘ ʧʨʠ ʢʦʚʢʝ. 

ʄʝʪʘʣʣ ʦʩʝʚʦʡ ʯʘʩʪʠ ʪʝʣʘ ʩʣʠʪʢʘ ʩʦ ʩʣʝʜʘʤʠ 

ʫʩʘʜʦʯʥʦʡ ʨʘʢʦʚʠʥʳ ʫʜʘʣʷʝʪʩʷ ʚ ʭʦʜʝ ʧʦʩʣʝʜʫ-

ʶʱʝʡ ʦʙʨʘʙʦʪʢʠ ʧʨʦʰʠʚʢʦʡ ʠʣʠ ʩʚʝʨʣʝʥʠʝʤ 

ʟʘʛʦʪʦʚʢʠ. ʉʣʠʪʢʠ ʩ ʟʘʭʦʣʦʞʝʥʥʦʡ ʛʦʣʦʚʥʦʡ 

ʯʘʩʪʴʶ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʚʳʰʝʥʥʦʡ ʭʠʤʠʯʝ-

ʩʢʦʡ ʦʜʥʦʨʦʜʥʦʩʪʴʶ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʘ-

ʙʠʣʴʥʦʩʪʴ ʚʝʣʠʯʠʥ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʝ-

ʪʘʣʣʘ ʛʦʪʦʚʳʭ ʠʟʜʝʣʠʡ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʣʳʭ ʧʦʢʦʚʦʢ ʧʦʜ ʨʫʢʦ-

ʚʦʜʩʪʚʦʤ ʧʨʦʬʝʩʩʦʨʘ ɾʫʣʴʝʚʘ ʉ.ʀ. ʙʳʣ ʨʘʟʨʘ-

ʙʦʪʘʥ ʩʣʠʪʦʢ ʩ ʟʘʭʦʣʦʞʝʥʥʦʡ ʛʦʣʦʚʥʦʡ ʯʘʩʪʴʶ 

[11], ʫʩʧʝʰʥʦ ʦʧʨʦʙʦʚʘʥʥʳʡ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʧʦ-

ʣʳʭ ʟʘʛʦʪʦʚʦʢ ʥʘ ʇʆ çɹʘʨʨʠʢʘʜʳè [12, 13].  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʸʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʨʦʬʝʩʩʦʨʘ ɾʫʣʴʝʚʘ ʉ.ʀ. ʚ 

ʆɸʆ çɹʫʤʤʤʘʰè (ʛ. ʀʞʝʚʩʢ) ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ 

ʠ ʚʥʝʜʨʝʥʳ ʫʰʠʨʝʥʥʳʝ ʢʥʠʟʫ ʩʣʠʪʢʠ ʩ ʟʘʭʦʣʦ-

ʞʝʥʥʦʡ ʛʦʣʦʚʥʦʡ ʯʘʩʪʴʶ (ʨʠʩ. 1) [14, 15]. 

 
ʘ                                                 ʙ 

ʈʠʩ. 1. ʉʭʝʤʘ ʩʣʠʪʢʦʚ ʩ ʥʘʜʩʪʘʚʢʦʡ-

ʭʦʣʦʜʠʣʴʥʠʢʦʤ: ʘ ï ʫʰʠʨʝʥʥʳʡ ʢʚʝʨʭʫ ʩʣʠʪʦʢ [9];  

ʙ ï ʫʰʠʨʝʥʥʳʡ ʢʥʠʟʫ ʩʣʠʪʦʢ [15] 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʩʷ ʩʣʠʪʦʢ ʩ ʟʘ-

ʭʦʣʦʞʝʥʥʦʡ ʛʦʣʦʚʥʦʡ ʯʘʩʪʴʶ ʤʘʩʩʦʡ 1,53 ʪ ʩʪʘ-

ʣʠ 38ʍʅ3ʄʌɸ, ʦʪʣʠʪʳʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠ-

ʙʳʣʠ-ʭʦʣʦʜʠʣʴʥʠʢʘ ʦʙʲʸʤʦʤ 10,8%. 

ʇʦʩʣʝ ʧʦʣʥʦʛʦ ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʩʣʠʪʦʢ 

ʧʦʜʚʝʨʛʘʣʩʷ ʩʤʷʛʯʘʶʱʝʤʫ ʦʪʞʠʛʫ ʜʣʷ ʩʥʷʪʠʷ 

ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʦʙʣʝʛʯʝʥʠʷ ʝʛʦ 

ʧʦʩʣʝʜʫʶʱʝʡ ʨʝʟʢʠ. ʇʦʩʣʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʠʟ 

ʩʣʠʪʢʘ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʦʨʝʟʢʦʡ ʚʳʨʝʟʘʣʠ 

ʧʨʦʜʦʣʴʥʳʝ ʦʩʝʚʳʝ ʧʣʠʪʳ ʪʦʣʱʠʥʦʡ 25 ʤʤʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʧʦʨʝʟʢʦʡ ʥʘ ʰʣʠʬʳ. ʇʣʦʩʢʦʩʪʴ 

ʧʦʨʝʟʢʠ ʩʣʠʪʢʦʚ ʙʳʣʘ ʚʳʙʨʘʥʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʚʦʜʘ ʪʝʧʣʘ, ʩ ʪʝʤ ʯʪʦʙʳ ʤʦʞʥʦ 

ʙʳʣʦ ʦʧʨʝʜʝʣʷʪʴ ʩʪʨʫʢʪʫʨʫ ʚ ʧʝʨʠʬʝʨʠʡʥʳʭ ʠ 

ʩʝʨʝʜʠʥʥʳʭ ʩʣʦʷʭ ʤʝʪʘʣʣʘ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʣʠʪʦʛʦ 

ʤʝʪʘʣʣʘ ʩʣʠʪʢʘ ʩʪʘʣʠ 38ʍʅ3ʄʌɸ ʥʘ 

ʤʘʢʨʦʩʪʨʫʢʪʫʨʫ ʧʨʦʚʦʜʠʣʠ ʧʫʪʸʤ ʪʨʘʚʣʝʥʠʷ. 

ʇʨʦʙʳ ʜʣʷ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʦʪʙʠʨʘʣʠ ʥʘ 

ʰʣʠʬʘʭ, ʚʳʨʝʟʘʥʥʳʭ ʠʟ ʪʝʤʧʣʝʪʦʚ ʩ ʪʨʝʭ ʛʦʨʠ-

ʟʦʥʪʦʚ ʩʣʠʪʢʘ. ʍʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʦʙʨʘʟʮʦʚ 

ʧʨʦʚʦʜʠʣʩʷ ʩʧʝʢʪʨʘʣʴʥʳʤ ʤʝʪʦʜʦʤ ɻʆʉʊ 18895-

97 ʥʘ ʧʨʠʙʦʨʝ ARC-Met 930.  

ʆʩʦʙʝʥʥʦʩʪʴ ʢʠʥʝʪʠʢʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ 

ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʩʣʠʪʢʦʚ ʩ ʨʘʟʣʠʯʥʳʤ 

ʫʪʝʧʣʝʥʠʝʤ ʛʦʣʦʚʥʦʡ ʯʘʩʪʠ ʠʟʫʯʘʣʦʩʴ ʩ ʧʦʤʦ-

ʱʴʶ ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʧʣʦʩʢʠʭ 

ʤʦʜʝʣʷʭ ï ʠʟʣʦʞʥʠʮʘʭ ʩ ʧʨʦʟʨʘʯʥʳʤʠ ʩʪʝʥʢʘ-

ʤʠ [16, 17]. ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʛʦ ʨʘʩʧʣʘʚʘ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʥʘʪʨʠʡ ʩʝʨʥʦʚʘʪʠʩʪʦʢʠʩʣʳʡ 

(ʨʘʩʪʚʦʨ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʛʠʧʦʩʫʣʴʬʠʪʘ) 

Na2S2O3Ĭ5H2O. ɺʳʙʦʨ ʨʘʩʧʣʘʚʘ ʜʣʷ ʭʦʣʦʜʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦ ʠ ʦʙʦʩ-

ʥʦʚʘʥʦ ʧʨʠʚʝʜʝʥ ʚ ʨʘʙʦʪʝ [18]. 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʣʠʪʢʘ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ ʧʦʤʦ-

ʱʴʶ ʩʠʩʪʝʤʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

çCrystalè [19], ʨʘʩʯʝʪʳ ʚ ʢʦʪʦʨʦʤ ʚʝʜʫʪʩʷ ʤʝʪʦ-

ʜʦʤ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ. 
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ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʉʣʠʪʦʢ ʩ ʟʘʭʦʣʦʞʝʥʥʦʡ ʛʦʣʦʚʥʦʡ ʯʘʩʪʴʶ ʭʘ-

ʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʠʥʠʤʘʣʴʥʦʡ ʪʨʫʜʦʸʤʢʦʩʪʴʶ ʧʨʠ 

ʧʦʜʛʦʪʦʚʢʝ ʢ ʨʘʟʣʠʚʢʝ ʠ ʠʤʝʝʪ ʥʘʠʤʝʥʴʰʫʶ ʛʦ-

ʣʦʚʥʫʶ ʦʙʨʝʟʴ. 

ʇʨʠʤʝʥʝʥʠʝ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʚʳʨʘʚʥʠʚʘʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʣʠʢʚʠʨʫʶʱʠʭ ʵʣʝ-

ʤʝʥʪʦʚ ʧʦ ʚʳʩʦʪʝ ʩʣʠʪʢʘ ʠ ʫʣʫʯʰʘʝʪ ʝʛʦ ʩʪʨʫʢ-

ʪʫʨʥʳʝ ʠ ʢʘʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʨʠʩ. 2, 3 

ʠ ʪʘʙʣʠʮʘ). 

ɺ ʩʣʠʪʢʘʭ ʩ ʟʘʭʦʣʦʞʝʥʥʦʡ ʚʝʨʭʥʝʡ ʯʘʩʪʴʶ ʟʦʥʘ 

ʦʩʝʚʦʡ ʨʳʭʣʦʩʪʠ ʚ 2 ʨʘʟʘ ʤʝʥʴʰʝ ʚ ʜʠʘʤʝʪʨʝ ʠ ʢʦ-

ʨʦʯʝ ʧʦ ʚʳʩʦʪʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʳʤʠ ʩʣʠʪʢʘ-

ʤʠ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʤʝʥʴʰʝʡ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 

ʟʦʥʳ ʟʘʪʨʫʜʥʝʥʥʦʛʦ ʧʠʪʘʥʠʷ ʥʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ 

ʵʪʘʧʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʣʠʪʢʘ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʣʫʯʰʝʡ ʝʸ ʧʦʜʧʠʪʢʦʡ ʞʠʜʢʠʤ ʨʘʩʧʣʘʚʦʤ. ɺʤʝʩʪʝ ʩ 

ʪʝʤ ʧʨʠ ʫʩʢʦʨʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʣʠʢʚʘʮʠʦʥ-

ʥʳʝ ʧʨʦʮʝʩʩʳ ʠʤʝʶʪ ʤʝʥʴʰʝʝ ʨʘʟʚʠʪʠʝ, ʯʪʦ ʩʦ-

ʢʨʘʱʘʝʪ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʠʥʪʝʨʚʘʣ ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʠ, 

ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʚʝʣʠʯʠʥʫ ʫʩʘʜʢʠ. 
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ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʘ ʩʣʠʪʢʘ ʩ ʟʘʭʦʣʦʞʝʥʥʦʡ  

ʛʦʣʦʚʥʦʡ ʯʘʩʪʴʶ [12]: ʘ ï ʤʘʢʨʦʩʪʨʫʢʪʫʨʘ ʩʣʠʪʢʘ;  

ʙ ï ʩʝʨʥʳʡ ʦʪʧʝʯʘʪʦʢ; ʚ ï ʩʪʨʫʢʪʫʨʥʳʝ ʟʦʥʳ 

 ʩʣʠʪʢʘ: 1 ï ʢʦʨʢʦʚʘʷ ʟʦʥʘ; 2 ï ʟʦʥʘ ʩʪʦʣʙʯʘʪʳʭ 

ʢʨʠʩʪʘʣʣʦʚ; 3 ï ʟʦʥʘ ʨʘʚʥʦʦʩʥʳʭ ʢʨʠʩʪʘʣʣʦʚ;  

4 ï ʢʦʥʫʩ ʦʩʘʞʜʝʥʠʷ; 5 ï ʦʩʝʚʘʷ ʟʦʥʘ;  

6 ï ʫʩʘʜʦʯʥʘʷ ʨʘʢʦʚʠʥʘ; 7 ï ʛʦʣʦʚʥʘʷ ʯʘʩʪʴ 

ʋʩʘʜʦʯʥʘʷ ʨʘʢʦʚʠʥʘ ʚ ʩʣʠʪʢʝ ʩ ʟʘʭʦʣʦʞʝʥ-

ʥʦʡ ʚʝʨʭʥʝʡ ʯʘʩʪʴʶ ʤʦʞʝʪ ʟʘʥʠʤʘʪʴ ʜʦ 50% ʦʪ 

ʝʛʦ ʚʳʩʦʪʳ ʠ 30% ʦʪ ʩʨʝʜʥʝʛʦ ʜʠʘʤʝʪʨʘ ʩʣʠʪʢʘ 

(ʩʤ. ʨʠʩ. 3). 

ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʩʠʩʪʝʤʝ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ çCrystalè [19], ʧʦ 

ʚʣʠʷʥʠʶ ʢʦʥʫʩʥʦʩʪʠ (ʫʰʠʨʝʥʥʳʭ ʢʚʝʨʭʫ ʠ ʫʰʠ-

ʨʝʥʥʳʭ ʢʥʠʟʫ) ʩʣʠʪʢʦʚ ʩ ʟʘʭʦʣʦʞʝʥʥʦʡ ʛʦʣʦʚʥʦʡ 

ʯʘʩʪʴʶ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʚ ʩʣʠʪʢʘʭ ʩ ʦʙʨʘʪʥʦʡ ʢʦ-

ʥʫʩʥʦʩʪʴʶ ʫʩʘʜʦʯʥʘʷ ʨʘʢʦʚʠʥʘ ʤʝʥʝʝ ʨʘʟʚʠʪʘ ʧʦ 

ʰʠʨʠʥʝ ʠ ʠʤʝʝʪ ʙʦʣʴʰʝʝ ʨʘʟʚʠʪʠʝ ʧʦ ʚʳʩʦʪʝ. 

ʋʚʝʣʠʯʝʥʠʝ ʤʘʩʩʳ ʩʣʠʪʢʦʚ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴʰʝ-

ʤʫ ʨʘʟʚʠʪʠʶ ʫʩʘʜʦʯʥʦʡ ʨʘʢʦʚʠʥʳ ʚ ʪʝʣʝ ʫʠh-

ʨʝʥʥʳʭ ʢʚʚʝʨʭʫ ʠ ʥʠʟʫ ʩʣʠʪʢʘʭ. 

ʈʘʩʧʦʣʦʞʝʥʠʝ ʫʩʘʜʦʯʥʦʡ ʨʘʢʦʚʠʥʳ ʚ ʩʣʠʪʢʝ 

ʩ ʟʘʭʦʣʦʞʝʥʥʦʡ ʚʝʨʭʥʝʡ ʯʘʩʪʴʶ ʚʜʦʣʴ ʝʛʦ ʦʩʠ 

ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʜʠʘʤʝʪʨʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʝ 

ʫʜʘʣʝʥʠʝ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʧʦʣʦʡ ʧʦʢʦʚʢʠ. 
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ʈʠʩ. 3. ɺʣʠʷʥʠʝ ʤʘʩʩʳ ʩʣʠʪʢʘ ʩ ʟʘʭʦʣʦʞʝʥʥʦʡ  

ʛʦʣʦʚʥʦʡ ʯʘʩʪʴʶ ʥʘ ʨʘʟʚʠʪʠʝ ʫʩʘʜʦʯʥʦʡ  

ʨʘʢʦʚʠʥʳ ʚ ʪʝʣʝ ʩʣʠʪʢʘ 

ʍʠʤʠʯʝʩʢʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʦʙʳʯʥʳʭ ʩʣʠʪʢʦʚ 
ʨʘʟʚʠʪʘ ʚʝʩʴʤʘ ʟʥʘʯʠʪʝʣʴʥʦ. ʕʪʦ ʩʚʷʟʘʥʦ ʥʝ ʪʦʣʴʢʦ 
ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʙʣʘʩʪʝʡ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʠ ʧʦʣʦ-
ʞʠʪʝʣʴʥʦʡ ʦʙʲʸʤʥʦʡ ʣʠʢʚʘʮʠʠ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ 
ʥʠʞʥʝʡ ʠ ʚʝʨʭʥʝʡ ʯʘʩʪʷʭ ʧʨʠʙʳʣʴʥʳʭ ʩʣʠʪʢʦʚ), ʥʦ 
ʠ ʩ ʟʦʥʘʣʴʥʦʡ ʣʠʢʚʘʮʠʝʡ, ʧʨʦʷʚʣʷʶʱʝʡʩʷ ʚ ʚʠʜʝ 
ʨʘʟʚʠʪʳʭ ʰʥʫʨʦʚ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 
ʫʛʣʝʨʦʜʘ, ʩʝʨʳ, ʬʦʩʬʦʨʘ. ɺ ʩʣʠʪʢʝ ʩ ʟʘʭʦʣʦʞʝʥʥʦʡ 
ʛʦʣʦʚʥʦʡ ʯʘʩʪʴʶ ʵʪʠ ʵʣʝʤʝʥʪʳ ʨʘʩʧʨʝʜʝʣʝʥʳ ʙʦ-
ʣʝʝ ʨʘʚʥʦʤʝʨʥʦ (ʨʠʩ. 4, ʩʤ. ʪʘʙʣʠʮʫ). 

ʍʠʤʠʯʝʩʢʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʩʣʠʪʢʦʚ 

ʃʠʢʚʘʮʠʷ, % 
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ʤʘʩʩʦʡ 1,7 ʪ  
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[20] 
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ʢʦʤ 
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ʈʠʩ. 4. ʍʠʤʠʯʝʩʢʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʩʣʠʪʢʦʚ ʩ ʟʘʭʦʣʦʞʝʥʥʦʡ ʛʦʣʦʚʥʦʡ ʯʘʩʪʴʶ:  

ʘïʚ ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʫʛʣʝʨʦʜʘ, ʩʝʨʳ ʠ ʬʦʩʬʦʨʘ ʚ ʩʣʠʪʢʝ ʤʘʩʩʦʡ 1,53 ʪ ʩʪʘʣʠ 38ʍʅ3ʄʌɸ:  

ʛ ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʫʛʣʝʨʦʜʘ ʚ ʩʣʠʪʢʝ ʤʘʩʩʦʡ 2,07 ʪ ʩʪʘʣʠ 5ʍʅʄʌ 

ʈʝʟʫʣʴʪʘʪʳ ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʣʠʪʢʦʚ ʩ ʨʘʟʣʠʯʥʳʤ ʦʙʲʸʤʦʤ ʟʘʭʦʣʘʞʠʚʘʶʱʝʡ 

ʥʘʜʩʪʘʚʢʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 5. 
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ʈʠʩ. 5.  ɼʠʥʘʤʠʢʘ ʥʘʨʘʩʪʘʥʠʷ ʪʚʸʨʜʦʡ ʬʘʟʳ ʤʦʜʝʣʴʥʳʭ ʩʣʠʪʢʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ  

ʦʪ ʚʨʝʤʝʥʠ ʟʘʪʚʝʨʜʝʚʘʥʠʷ: ʘ ï ʩʣʠʪʦʢ ʩ ʫʪʝʧʣʷʝʤʦʡ ʛʦʣʦʚʥʦʡ ʯʘʩʪʴʶ;  

ʙ ï ʩʣʠʪʦʢ ʩ ʟʘʭʦʣʘʞʠʚʘʝʤʳʤ ʦʙʲʝʤʦʤ (11,6%); ʚ ï ʩʣʠʪʦʢ ʩ ʟʘʭʦʣʘʞʠʚʘʝʤʳʤ ʦʙʲʝʤʦʤ (21,8%) 



ɺʣʠʷʥʠʝ ʛʝʦʤʝʪʨʠʠ ʩʣʠʪʢʘ ʠ ʫʩʣʦʚʠʡ ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʛʦʣʦʚʥʦʡ ʯʘʩʪʠ é ɻʘʤʘʥʶʢ ʉ.ɹ., ʈʫʮʢʠʡ ɼ.ɺ., ɿʶʙʘʥ ʅ.ɸ. ʠ ʜʨ. 
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ʌʠʟʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʫʩʣʦʚʠʷʭ çʟʘ-

ʭʦʣʘʞʠʚʘʥʠʷè ʛʦʣʦʚʥʦʡ ʯʘʩʪʠ ʧʦʟʚʦʣʠʣʦ ʚʳ-

ʷʚʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʢʘʢ ʚʩʝʛʦ 

ʩʣʠʪʢʘ, ʪʘʢ ʠ ʨʘʟʣʠʯʥʳʭ ʝʛʦ ʦʙʣʘʩʪʝʡ ʚ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʪʝʧʣʦʦʪʚʦʜʘ. ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ ʫʪʝʧʣʷʶʱʝʡ ʧʨʠʙʳʣʴʥʦʡ ʥʘʜʩʪʘʚʢʠ 

(ʨʠʩ. 5, ʘ) ʨʦʩʪ ʪʚʸʨʜʦʡ ʬʘʟʳ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʠʤʝʝʪ ʧʨʷʤʦ ʧʨʦʧʦʨ-

ʮʠʦʥʘʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ. ʕʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʤʦʜʝʣʴ-

ʥʦʛʦ ʩʣʠʪʢʘ ʪʨʘʜʠʮʠʦʥʥʦʡ ʬʦʨʤʳ. ʇʨʠ ʟʘʭʦʣʘ-

ʞʠʚʘʥʠʠ ʨʘʩʧʣʘʚʘ ʦʙʲʝʤʦʤ 11,6% (ʨʠʩ. 5, ʙ) 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʡ ʫʯʘʩʪʦʢ ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʨʠ-

ʩʪʘʣʣʠʟʘʮʠʠ ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʪʝʯʝʥʠʝ 50 ʤʠʥ (27% 

ʦʪ ʚʩʝʛʦ ʚʨʝʤʝʥʠ ʟʘʪʚʝʨʜʝʚʘʥʠʷ), ʧʦʩʣʝ ʯʝʛʦ ʠʥ-

ʪʝʥʩʠʚʥʦʩʪʴ ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʚʦʟʨʘʩʪʘʝʪ (ʚʝʨʪʠ-

ʢʘʣʴʥʳʡ ʫʯʘʩʪʦʢ ʢʨʠʚʦʡ), ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʩʤʳ-

ʢʘʥʠʝʤ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʬʨʦʥʪʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. 

ʋʚʝʣʠʯʝʥʠʝ ʟʘʭʦʣʘʞʠʚʘʶʱʝʛʦ ʦʙʲʝʤʘ ʜʦ 21,8% 

(ʨʠʩ. 5, ʚ) ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʨʘʩʪʘʥʠʶ ʧʨʦʧʦʨʮʠʦ-

ʥʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʨʘʚʥʦʤʝʨʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʜʦ 110 ʤʠʥ. ɼʠʥʘʤʠʢʘ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʦʮʝʩʩʘ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʧʨʝʜʳʜʫʱʝʛʦ ʩʣʫʯʘʷ (ʩʤ. ʨʠʩ. 5, ʙ). ʀʟʤʝʥʝʥʠʝ 

ʦʙʲʝʤʦʚ ʟʘʭʦʣʘʞʠʚʘʥʠʷ ʛʦʣʦʚʥʦʡ ʯʘʩʪʠ ʧʨʠʚʝʣʦ 

ʢ ʠʟʤʝʥʝʥʠʶ ʦʙʱʝʛʦ ʚʨʝʤʝʥʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʟʘ-

ʪʚʝʨʜʝʚʘʥʠʷ ʜʣʷ ʚʩʝʭ ʪʠʧʦʚ ʩʣʠʪʢʦʚ. 

ʀʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʨʠʩʪʘʣ-

ʣʠʟʘʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʟʘʪʚʝʨʜʝʚʘ-

ʥʠʷ ʠ ʫʩʣʦʚʠʡ ʦʭʣʘʞʜʝʥʠʷ ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩ. 6. 

ɺʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʚ 

ʥʘʯʘʣʴʥʳʝ ʤʦʤʝʥʪʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚʦ ʚʩʝʭ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʤʳʭ ʩʣʫʯʘʷʭ ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʳ ʠ 

ʦʙʫʩʣʦʚʣʝʥʳ ʟʥʘʯʠʪʝʣʴʥʳʤ ʛʨʘʜʠʝʥʪʦʤ ʪʝʤʧʝ-

ʨʘʪʫʨ ʤʝʞʜʫ ʨʘʩʧʣʘʚʦʤ ʠ ʧʦʜʜʦʥʦʤ. ʉʥʠʞʝʥʠʝ 

ʪʝʧʣʦʦʪʚʦʜʘ ʟʘ ʩʯʸʪ ʥʘʨʘʩʪʘʥʠʷ ʟʘʪʚʝʨʜʝʚʰʝʛʦ 

ʩʣʦʷ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʨʘ-

ʜʠʝʥʪʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʨʝʟʢʦʤʫ ʩʥʠʞʝʥʠʶ ʩʢʦ-

ʨʦʩʪʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ (ʜʣʷ ʚʩʝʭ ʩʣʫʯʘʝʚ). 

ɼʘʣʴʥʝʡʰʝʝ ʚʦʟʨʘʩʪʘʥʠʝ ʩʢʦʨʦʩʪʠ ʢʨʠ-

ʩʪʘʣʣʠʟʘʮʠʠ ʩʚʷʟʘʥʦ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʜʝʥʜ-

ʨʠʪʥʦʛʦ ʢʘʨʢʘʩʘ ʠ ʟʘʪʚʝʨʜʝʚʘʥʠʝʤ ʩʣʠʪʢʘ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʦ ʚʩʝʤʫ ʦʙʲʸʤʫ. ʆʜʥʘʢʦ ʚ ʩʣʫʯʘʝ 

ʩ ʫʪʝʧʣʷʶʱʝʡ ʧʨʠʙʳʣʴʶ ʵʪʦʪ ʧʨʦʮʝʩʩ ʪʦʨʤʦ-

ʟʠʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʜʣʝʥʥʳʤ ʟʘʪʚʝʨʜʝʚʘʥʠ-

ʝʤ ʦʩʝʚʳʭ ʠ ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʥʠʤ ʦʙʲʸʤʦʚ ʩʣʠʪ-

ʢʘ ʟʘ ʩʯʸʪ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠʙʳʣʠ, ʯʝʤ ʠ ʦʙʲʷʩʥʷ-

ʝʪʩʷ ʥʝʙʦʣʴʰʦʡ ʨʦʩʪ, ʘ ʟʘʪʝʤ ʩʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ  

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ɺ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʟʘʭʦʣʘ-

ʞʠʚʘʶʱʠʭ ʧʨʠʙʳʣʴʥʳʭ ʥʘʜʩʪʘʚʦʢ ʥʘʙʣʶʜʘʝʪ-

ʩʷ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʡ ʨʦʩʪ ʩʢʦʨʦʩʪʠ ʢʨʠʩʪʘʣ-

ʣʠʟʘʮʠʠ, ʦʜʥʘʢʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʵʪʦʡ 

ʚʝʣʠʯʠʥʳ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʥʘʜʩʪʘʚʢʠ ʩ ʦʙʲʸʤʦʤ 

11,6%. ʇʨʠ ʦʙʲʸʤʝ ʟʘʭʦʣʘʞʠʚʘʶʱʝʡ ʯʘʩʪʠ 

21,8% ʵʪʠ ʟʥʘʯʝʥʠʷ ʤʝʥʴʰʝ, ʯʪʦ ʤʦʞʥʦ ʦʙʲʷʩ-

ʥʠʪʴ ʩʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʧʦ 

ʚʳʩʦʪʝ ʩʣʠʪʢʘ, ʥʝʩʤʦʪʨʷ ʥʘ ʠʥʪʝʥʩʠʚʥʳʝ ʧʨʦ-

ʮʝʩʩʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʟʘ ʩʯʸʪ ʩʨʘʱʠʚʘʥʠʷ ʟʦ-

ʥʳ ʨʘʚʥʦʦʩʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. 

ʋʯʠʪʳʚʘʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʟʘʭʦʣʘʞʠ-

ʚʘʶʱʝʡ ʧʨʠʙʳʣʠ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʩʝʚʦʡ ʟʦʥʳ, 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʙʳʣʘ ʧʦʣʫʯʝʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ, ʩʚʷʟʳʚʘʶʱʘʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘ-

ʨʘʤʝʪʨʳ ʩʣʠʪʢʘ (ʦʪʥʦʰʝʥʠʝ H/D) ʩ ʦʪʥʦʩʠʪʝʣʴ-

ʥʦʡ ʛʣʫʙʠʥʦʡ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʫʩʘʜʦʯʥʦʡ ʨʘʢʦʚʠ-

ʥʳ ʚ ʪʝʣʦ ʩʣʠʪʢʘ L, % [21]: 
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574,697 ( / ) 365,696,
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ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʦʡ ʤʦʜʝʣʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʩ ʫʚʝʣʠʯʝʥʠʝʤ H/D ʦʪ 1,3 ʜʦ 2,4 ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʧʨʦʪʷʞʸʥʥʦʩʪʴ ʫʩʘʜʦʯʥʦʡ ʨʘʢʦʚʠʥʳ ʚ ʩʣʠʪʢʘʭ 

ʩ ʟʘʭʦʣʦʞʝʥʥʦʡ ʛʦʣʦʚʥʦʡ ʯʘʩʪʴʶ ʩʥʠʞʘʝʪʩʷ ʩ 

40 ʜʦ 22%. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʦʟʚʦʣʷʝʪ ʚʳʙʠʨʘʪʴ ʦʧʪʠʤʘʣʴʥʫʶ ʛʝʦʤʝʪʨʠʶ 

ʩʣʠʪʢʦʚ ʜʘʥʥʦʛʦ ʪʠʧʘ ʩ ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʨʘʩʧʦ-

ʣʦʞʝʥʠʝʤ ʜʝʬʝʢʪʦʚ ʫʩʘʜʦʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝ-

ʥʠʷ. ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦ-

ʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠʙʳʣʠ ʭʦʣʦʜʠʣʴʥʠʢʘ ʥʘ ʚʝʨ-

ʪʠʢʘʣʴʥʫʶ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ ʙʳʣ ʧʨʦʚʝʜʸʥ ʨʘʩ-

ʯʸʪ ʪʝʧʣʦʚʦʡ ʨʘʙʦʪʳ ʟʘʭʦʣʘʞʠʚʘʶʱʝʡ ʠ ʫʪʝʧ-

ʣʷʶʱʝʡ ʧʨʠʙʳʣʴʥʦʡ ʥʘʜʩʪʘʚʢʠ. ʈʝʟʫʣʴʪʘʪʳ 

ʨʘʩʯʸʪʘ ʚ ʚʠʜʝ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʧʨʠʙʳʣʴʥʦʡ 

ʥʘʜʩʪʘʚʢʠ ʜʣʷ ʩʣʫʯʘʷ ʟʘʭʦʣʘʞʠʚʘʥʠʷ ʠ ʫʪʝʧʣʝ-

ʥʠʷ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 7. ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 

ʜʘʥʥʳʭ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʟʘʭʦʣʘ-

ʞʠʚʘʝʤʦʡ ʧʨʠʙʳʣʠ ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʝʝ ʯʝʤ 

ʜʚʫʢʨʘʪʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʪʝʧʣʘ ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ 

ʤʝʪʘʣʣʘ ʧʨʠʙʳʣʴʶ-ʭʦʣʦʜʠʣʴʥʠʢʦʤ (77,7%) ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʣʠʪʢʦʤ ʩ ʫʪʝʧʣʷʶʱʝʡ ʧʨʠʙʳʣʴ-

ʥʦʡ ʥʘʜʩʪʘʚʢʦʡ (36,67%), ʯʪʦ ʧʦʚʳʰʘʝʪ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʴ ʪʝʧʣʦʦʪʚʦʜʘ ʚ ʛʦʣʦʚʥʦʡ ʯʘʩʪʠ ʩʣʠʪʢʘ 

ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʩʢʦʨʝʥʠʝ ʧʨʦʮʝʩʩʘ ʟʘʪʚʝʨʜʝ-

ʚʘʥʠʷ ʤʝʪʘʣʣʘ. 
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ʈʠʩ. 6. ʀʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʦʜʝʣʴʥʳʭ ʩʣʠʪʢʦʚ  

ʚ ʧʨʦʮʝʩʩʝ ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʨʘʩʧʣʘʚʘ: 1 ï ʩʣʠʪʦʢ ʩ ʟʘʭʦʣʘʞʠʚʘʝʤʦʡ ʧʨʠʙʳʣʴʥʦʡ ʥʘʜʩʪʘʚʢʦʡ  

ʦʙʲʸʤʦʤ 11,6%; 2 ï ʩʣʠʪʦʢ ʩ ʟʘʭʦʣʘʞʠʚʘʝʤʦʡ ʧʨʠʙʳʣʴʥʦʡ ʥʘʜʩʪʘʚʢʦʡ ʦʙʲʸʤʦʤ 21,8%;  

3 ï ʩʣʠʪʦʢ ʩ ʫʪʝʧʣʷʶʱʝʡ ʧʨʠʙʳʣʴʶ 

 

ʈʠʩ. 7. ɹʘʣʘʥʩ ʪʝʧʣʦʚʦʡ ʨʘʙʦʪʳ ʟʘʭʦʣʘʞʠʚʘʝʤʦʡ ʠ ʫʪʝʧʣʷʶʱʝʡ ʧʨʠʙʳʣʴʥʳʭ ʥʘʜʩʪʘʚʦʢ:  

Qô ï ʪʝʧʣʦʪʘ, ʚʳʜʝʣʠʚʰʘʷʩʷ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʨʘʩʧʣʘʚʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʟʣʠʚʢʠ  

ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʣʠʢʚʠʜʫʩ; Qôô ï ʪʝʧʣʦʪʘ, ʚʳʜʝʣʠʚʰʘʷʩʷ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʤʝʪʘʣʣʘ  

ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʣʠʢʚʠʜʫʩ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʣʠʜʫʩ; Qôôô ï ʪʝʧʣʦʪʘ, ʚʳʜʝʣʠʚʰʘʷʩʷ  

ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʤʝʪʘʣʣʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʣʠʜʫʩ ʜʦ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʤʝʪʘʣʣʘ ʚ ʧʨʠʙʳʣʠ  

ʥʘ ʤʦʤʝʥʪ ʦʢʦʥʯʘʥʠʷ ʧʨʦʮʝʩʩʘ; Qôôôô ï ʩʢʨʳʪʘʷ ʪʝʧʣʦʪʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ; Q1 ï ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ,  

ʨʘʩʭʦʜʫʝʤʦʛʦ ʥʘ ʥʘʛʨʝʚ ʬʫʪʝʨʦʚʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʢʦʨʧʫʩʘ ʧʨʠʙʳʣʴʥʦʡ ʥʘʜʩʪʘʚʢʠ;  

Q2 ï ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ, ʠʟʣʫʯʘʝʤʦʛʦ ʩ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʙʳʣʴʥʦʡ ʯʘʩʪʠ ʠʟʣʦʞʥʠʮʳ;  

Q3 ï ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ, ʠʟʣʫʯʘʝʤʦʛʦ ʯʝʨʝʟ ʟʝʨʢʘʣʦ ʤʝʪʘʣʣʘ ʧʨʠʙʳʣʴʥʦʡ ʯʘʩʪʠ ʩʣʠʪʢʘ;  

Q4 ï ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ, ʧʝʨʝʜʘʥʥʦʛʦ ʪʝʣʫ ʩʣʠʪʢʘ 
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ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʘʛʘʝʤʳʡ ʩʣʠʪʦʢ ʩ ʟʘʭʦ-

ʣʦʞʝʥʥʦʡ ʛʦʣʦʚʥʦʡ ʯʘʩʪʴʶ ʧʨʝʚʦʩʭʦʜʠʪ ʩʣʠʪʦʢ 

ʦʙʳʯʥʦʡ ʛʝʦʤʝʪʨʠʠ ʧʦ ʩʚʦʠʤ ʢʘʯʝʩʪʚʝʥʥʳʤ ʠ 

ʩʪʨʫʢʪʫʨʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. 

ʇʦʜʨʦʙʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʣʠʪʦʡ ʩʪʨʫʢʪʫʨʳ 

ʤʝʪʘʣʣʘ ʩʣʠʪʢʘ ʩ ʟʘʭʦʣʦʞʝʥʥʦʡ ʛʦʣʦʚʥʦʡ ʯʘʩʪʴʶ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʜʝʬʝʢʪʥʘʷ ʟʦʥʘ ʩʦ ʟʥʘʯʠ-

ʪʝʣʴʥʳʤ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʬʘʢʪʦʨʦʚ, ʩʧʦʩʦʙʥʳʭ 

ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʘʪʴʩʷ ʥʘ ʢʘʯʝʩʪʚʝ ʤʝʪʘʣʣʘ ʩʣʠʪʢʘ, 

ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʦʩʝʚʦʡ ʯʘʩʪʠ ʩʣʠʪʢʘ. ɹʣʘʛʦʧʨʠʷʪ-

ʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʜʝʬʝʢʪʦʚ ʫʩʘʜʦʯʥʦʛʦ ʧʨʦʠʩ-

ʭʦʞʜʝʥʠʷ ʚ ʩʣʠʪʢʝ, ʧʨʠʚʦʜʠʪ ʢ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦ-

ʤʫ ʫʜʘʣʝʥʠʶ ʚ ʦʪʭʦʜ ʧʨʠ ʢʦʚʢʝ.  

ʇʨʠʤʝʥʝʥʠʝ çʟʘʭʦʣʘʞʠʚʘʥʠʷè ʛʦʣʦʚʥʦʡ ʯʘ-

ʩʪʠ ʜʘʝʪ ʜʚʫʢʨʘʪʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʪʝʧʣʘ ʟʘʪʚʝʨʜʝ-

ʚʘʶʱʝʛʦ ʤʝʪʘʣʣʘ ʥʘʜʩʪʘʚʢʦʡ-ʭʦʣʦʜʠʣʴʥʠʢʦʤ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʨʘʩʪʘʥʠʶ ʩʢʦʨʦʩʪʠ ʟʘʪʚʝʨʜʝ-

ʚʘʥʠʷ ʩʣʠʪʢʘ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦ ʚʩʝʤʫ ʦʙʲʸʤʫ ʠ, 

ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩʥʠʞʝʥʠʶ ʭʠʤʠʯʝʩʢʦʡ ʥʝʦʜʥʦ-

ʨʦʜʥʦʩʪʠ ʤʝʪʘʣʣʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʳʡ ʚʳʙʦʨ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʦʥ-

ʬʠʛʫʨʘʮʠʠ ʩʣʠʪʢʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʠʟʛʦʪʦʚʣʝʥʠʝ 

ʢʘʯʝʩʪʚʝʥʥʦʡ ʧʦʣʦʡ ʧʦʢʦʚʢʠ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʨʘʟ-

ʚʠʪʠʝʤ ʣʠʢʚʘʮʠʦʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʠ ʢʦʥʪʨʦ-

ʣʠʨʫʝʤʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʫʩʘʜʦʯʥʳʭ ʜʝʬʝʢʪʦʚ. 
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Abstract 

Relevance and Objectives: Both crop top ingots of 

normal length and elongated crop top ingots as well as 

elongated ingots without crop tops are used for the fab-

rication of hollow forgings. Chilled top ingots provide 

the best efficiency both in terms of final product quality 

and performance indicators. Materials and Methods 

Applied:  The object of research is a 1.53 ton chilled top 

ingot of ó38ʍʅ3ʄʌɸô steel teemed with a 10.8% cool-

ing top extension. 2D ingot models with transparent 

walls were used for the physical modeling of crystalliza-

tion and structure formation in the ingot under study. 

Etching was applied when examining the macrostruc-

ture of the cast ingot metal. The process of crystalliza-

tion was studied with the help of the Crystal simulation 

software. Findings: Based on the physical modeling 

results obtained for model ingots with cooling top ex-

tensions of various volumes, we were able to identify 

the solidification patterns typical of both the whole in-

got and its parts. With the help of mathematical model-

ing, a relationship was obtained which correlates the 

ingot geometry (H/D ratio) with the relative depth of the 

shrinkage cavity. For quantitative assessment of the 

vertical solidification efficiency supported by the mold 

cooling top extension, calculations were done to deter-

mine the thermal performance of a chilling top exten-

sion and a warmth-keeping top extension. It was estab-

lished that the axial porosity zone in chilled top ingots is 

twice smaller in diameter and in length compared with 

that in conventional ingots. While conventional ingots 

have a significant chemical heterogeneity, in chilled top 

ingots these elements are more evenly distributed. The 

location of the shrinkage cavity along the chilled top 

ingot centerline ensures the cavity can be easily elimi-

nated when the ingot is used for a hollow forging pro-

vided the shrinkage cavity is only minor. Chilled top 

ingots require only minimum preparation cost and have 

minimum top scrap. This technology provides a more 

homogeneous distribution of segregates along the height 

of the ingot and improved structure and quality. 

Keywords: Chilled top ingot, solidification, chemical and 

structural heterogeneity, shrinkage, segregation, physical 

and mathematical modeling. 

This research was conducted as part of Research Pro-

jects No. 16-08-01029 ɸ and No. 15-08-08098 ɸ within 

the SP-2015 (SP-4573.2015.1) grant competition with 

support from the Russian Foundation for Basic Research. 

References 

1. Zhbankov I.G., Perig A.V. Forging of ingots without hot tops // 

Materials and Manufacturing Processes. 2013, vol. 28, no. 3. 

pp. 229ï235.  

2. Machovļ§k P., Tkadleļkov§ M., Opler A., Carbol Z., Trefil A., 

Michalek K. The development of new type of 90 ton forging 

ingot. Conference Proceedings: 23rd International Conference 

on Metallurgy and Materials, METAL 2014; Czech Republic; 

2014, pp. 72ï80. 

3. Jiang Z.-H., Liu F.-B., Yu Q., Chen X., Zang X.-M., Deng X. 

Development of a new technology for manufacture of hollow 

ingots by electroslag remelting process. Kang T'ieh/Iron and 

Steel, vol. 50, iss. 10, 2015, pp. 30ï36. 

4. Ao G.W., Shen M.G., Zang Z.S., Li B.L. Study on unidirec-

tional solidification ingot with hollow lateral wall insulation. 

Metalurgija, vol. 55, iss. 4, 2016, pp. 597ï600. 

5. Liu M., Ma Q.X. Modeling and numerical simulation research on 

hollow steel ingot forging process of heavy cylinder forging. 4th Inter-

national Conference on Manufacturing Science and Engineering, 

ICMSE 2013; Dalian; China, 2013, vol. 712ï715, pp. 627ï632. 

6. Kuleshov N.I. Razrabotka sistemy avtomatizirovannogo vy-

bora slitka s uchjotom ego vesovyh, geometricheskih i 

strukturnyh harakteristik. Diss. cand. tekhn. nauk [The devel-

opment of an automatic ingot selection system based on 

weight, geometry and structure. Ph.D. dissertation]. Dnepro-

petrovsk, 1993. 187 p. (In Russ.) 

mailto:tecmat@vstu.ru
mailto:tecmat@vstu.ru
mailto:tecmat@vstu.ru
mailto:tecmat@vstu.ru
mailto:tecmat@vstu.ru
https://www.scopus.com/authid/detail.uri?authorId=55345680500&amp;eid=2-s2.0-84924973166
https://www.scopus.com/authid/detail.uri?authorId=55198917200&amp;eid=2-s2.0-84924973166
https://www.scopus.com/authid/detail.uri?authorId=55566894200&amp;eid=2-s2.0-84924973166
https://www.scopus.com/authid/detail.uri?authorId=56524450500&amp;eid=2-s2.0-84924973166
https://www.scopus.com/authid/detail.uri?authorId=55566179500&amp;eid=2-s2.0-84924973166
https://www.scopus.com/authid/detail.uri?authorId=6603059316&amp;eid=2-s2.0-84924973166
https://www.scopus.com/authid/detail.uri?authorId=9746615500&amp;eid=2-s2.0-84953400307
https://www.scopus.com/authid/detail.uri?authorId=55652415300&amp;eid=2-s2.0-84953400307
https://www.scopus.com/authid/detail.uri?authorId=57040301000&amp;eid=2-s2.0-84953400307
https://www.scopus.com/authid/detail.uri?authorId=57022497600&amp;eid=2-s2.0-84953400307
https://www.scopus.com/authid/detail.uri?authorId=22235987400&amp;eid=2-s2.0-84953400307
https://www.scopus.com/authid/detail.uri?authorId=37005328900&amp;eid=2-s2.0-84953400307
https://www.scopus.com/source/sourceInfo.uri?sourceId=29695&origin=recordpage
https://www.scopus.com/source/sourceInfo.uri?sourceId=29695&origin=recordpage
https://www.scopus.com/authid/detail.uri?authorId=57189225133&amp;eid=2-s2.0-84966264814
https://www.scopus.com/authid/detail.uri?authorId=24465998100&amp;eid=2-s2.0-84966264814
https://www.scopus.com/authid/detail.uri?authorId=57189211270&amp;eid=2-s2.0-84966264814
https://www.scopus.com/authid/detail.uri?authorId=57189223343&amp;eid=2-s2.0-84966264814
https://www.scopus.com/source/sourceInfo.uri?sourceId=27790&origin=recordpage
https://www.scopus.com/authid/detail.uri?authorId=55619293548&amp;eid=2-s2.0-84880491138
https://www.scopus.com/authid/detail.uri?authorId=7402815775&amp;eid=2-s2.0-84880491138


ɺʣʠʷʥʠʝ ʛʝʦʤʝʪʨʠʠ ʩʣʠʪʢʘ ʠ ʫʩʣʦʚʠʡ ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʛʦʣʦʚʥʦʡ ʯʘʩʪʠ é ɻʘʤʘʥʶʢ ʉ.ɹ., ʈʫʮʢʠʡ ɼ.ɺ., ɿʶʙʘʥ ʅ.ɸ. ʠ ʜʨ. 

www.vestnik.magtu.ru        ððððððððððððððððððððððððððððððððððððððððððððð 19 

7. Skoblo S.Ya., Kazachkov E.A. Slitki dlja krupnyh pokovok [Large 

forging ingots]. Moscow: Metallurgy, 1973, 248 p. (In Russ.) 

8. Zhulyev S.I., Zyuban N.A. The effect of large forging ingot produc-
tion parameters on the optimization of the axial zone structure for-
mation. Metallurg [Metallurgist], 2001, no. 12, pp. 38ï39. (In Russ.) 

9. Samoilovich Yu.A., Timoshpol'skii V.I., Trusova I.A. Possibility 
of forming an ingot with a convex crystallization front. Inzhe-
nerno-Fizicheskii Zhurnal, 2001, no. 1, vol. 74, pp. 134ï138. 

10. Samoilovich Yu. A., Timoshpolskiy V. I. The analysis of ther-
mo-gravitational convection in the liquid kernel of solidified 
steel ingots. Part 2. The role of the configuration of a liquid 
kernel. Vestsi Natsiyanalnai Akademii Navuk Belarusi. Series 
of physical-engineering sciences, 2006, no. 1, pp. 5ï9. 

11. Zhulyev S.I. Optimizacija processov proizvodstva kuznechnyh slitkov 
dlja pokovok otvetstvennogo naznachenija s ispol'zovaniem SAPR-
tehnologij. Diss. dokt. tekhn. nauk [Optimized CAD-based forging in-
got production process for heavy-duty forgings. Doctoral dissertation]. 
Volgograd, 1991. 372 p. (In Russ.) 

12. Shamrey V.A. Issledovanie slitkov s zaholozhennoj verhnej 
chast'ju i ih ispol'zovanie dlja proizvodstva polyh pokovok. 
Diss. cand. tekhn. nauk [A study of chilled top ingots and hol-
low forgings produced from chilled top ingots. Ph.D. disserta-
tion]. Moscow: TsNIICHERMET, 2007. 146 p. (In Russ.) 

13. Shamrey V.A., Zhulyev S.I. A new shape of forging ingots 
designed for hollow forged products. Metallurg [Metallurgist], 
2007, no. 11, pp. 54ï57. (In Russ.) 

14. MetMash LLC. R&D report: Designing a forging ingot mold 
and a teeming technology. Led by S.I. Zhulyev. Volgograd, 
2007, 106 p. (In Russ.) 

15. Kolodkin M.V. Optimizacija teplovoj raboty kuznechnyh slitkov 
dlja proizvodstva polyh izdelij s uluchshennymi tehniko-
jekonomicheskimi pokazateljami. Diss. cand. tekhn. nauk [Op-

timized thermal performance of forging ingots intended for the 
manufacture of hollow products with enhanced performance 
indicators. Ph.D. dissertation]. Moscow: TsNIITMASH, 2010. 
140 p. (In Russ.) 

16. Zyuban N.A., Rutskii D.V., Galkin A.N., Gamanyuk S.B., Ko-
sova E.A., Puzikov A.Ya. Model' izlozhnicy dlja issledovanija 
processa kristallizacii slitkov [A model mold to study ingot so-
lidification]. Patent RF, no. 135551, 2013. (In Russ.) 

17. Zyuban N.A., Rutskii D.V., Galkin A.N., Gamanyuk S.B., Ko-
sova Ye.A., Puzikov A.Ya. Model' izlozhnicy dlja issledovanija 
processa kristallizacii slitkov [A model mold to study ingot so-
lidification]. Patent RF, no. 141550, 2014. (In Russ.) 

18. Eldarkhanov A.S., Efimov V.A., Nuradinov A.S. Processy 
formirovanija otlivok i ih modelirovanie [Casting formation 
processes and their modeling]. Moscow: Mashinostroyeniye, 
2001, 208 p. (In Russ.) 

19. Bagmutov V.P., Zakharov I.N., Zyuban N.A., Rutskii D.V., 
Gamanyuk S.B. Sistema komp'juternogo modelirovanija 
çCrystalè [The Crystal computer simulation software]. State 
registration certificate for a computer application, no. 
2013613206, 2013. (In Russ.) 

20. Rutskii D.V. Issledovanie himicheskoj neodnorodnosti kuz-
nechnyh slitkov dlja krupnogabaritnyh zagotovok tjazhelogo 
mashinostroenija. Diss. cand. tekhn. nauk [Investigation of the 
chemical heterogeneity of forging ingots intended for heavy 
engineering applications. Ph.D. dissertation]. Moscow: 
TsNIITMASH, 2006. 134 p. (In Russ.) 

21. Galkin A.N., Zyuban N.A., Rutskii D.V., Gamanuyk S.B., 
Puzikov A.Ya., Firsenko V.V. The effect of a chilled top on 
the solidification conditions in steel ingots and the quality of 
resultant forgings. Metallurg [Metallurgist], 2013, no. 3,  
pp. 54ï59. (In Russ.) 

Received 07/09/16  

 
ɺʣʠʷʥʠʝ ʛʝʦʤʝʪʨʠʠ ʩʣʠʪʢʘ ʠ ʫʩʣʦʚʠʡ ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʛʦʣʦʚʥʦʡ ʯʘʩʪʠ ʥʘ ʧʨʦʮʝʩʩʳ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʝ ʚʥʫʪʨʝʥʥʠʭ ʜʝʬʝʢ-

ʪʦʚ / ɻʘʤʘʥʶʢ ʉ.ɹ., ʈʫʮʢʠʡ ɼ.ɺ., ɿʶʙʘʥ ʅ.ɸ., ʏʫʙʫʢʦʚ ʄ.ʖ., ʇʫʟʠʢʦʚ ɸ.ʗ. // ɺʝʩʪʥʠʢ ʄʘʛʥʠʪʦʛʦʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ 
ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘ. 2016. ʊ.14. ˉ4. ʉ. 11ï19. doi:10.18503/1995-2732-2016-14-4-11-19 

Gamanyuk S.B., Rutskii D.V., Zyuban N.A., Chubukov M.Yu. Puzikov A.Ja. The effect of ingot geometry and ingot top solidification condi-
tions on solidification and the development of internal defects. Vestnik Magnitogorskogo Gosudarstvennogo Tekhnicheskogo Universiteta im. G.I. 
Nosova [Vestnik of Nosov Magnitogorsk State Technical University]. 2016, vol. 14, no. 4, pp. 11ï19. doi:10.18503/1995-2732-2016-14-4-11-19 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



ʃʀʊɽʁʅʆɽ ʇʈʆʀɿɺʆɼʉʊɺʆ 

ððððððððððððððððððððððððððððððððð   ɺʝʩʪʥʠʢ ʄɻʊʋ ʠʤ. ɻ. ʀ. ʅʦʩʦʚʘ. 2016. ʊ. 14. ˉ4 20 

 

ʋɼʂ 621.002.3:669.2              DOI:10.18503/1995-2732-2016-14-4-20-26 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʃʀʗʅʀʗ ʉʆɼɽʈɾɸʅʀʗ ɻʈɸʌʀʊɸ  

ʅɸ ʂɸʏɽʉʊɺʆ ʉʆʃʗʅʓʍ ʉʊɽʈɾʅɽʁ 

ʋʩʢʦʚ ʀ.ɺ.
1
, ɻʠʣʴʤʘʥʰʠʥʘ ʊ.ʈ.

1
, ɹʝʣʷʝʚ ʉ.ɺ.

1
, ɹʦʛʜʘʥʦʚʘ ʊ.ɸ.

2
, ʋʩʢʦʚ ɼ.ʀ.

1
, ʇʘʨʪʳʢʦ ɽ.ɻ.

1
 

1 ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʨʘʩʥʦʷʨʩʢ, ʈʦʩʩʠʷ 
2 ʆʆʆ çʂʠʂè, ʂʨʘʩʥʦʷʨʩʢ, ʈʦʩʩʠʷ 

ɸʥʥʦʪʘʮʠʷ  

ʀʟʫʯʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʩʦʣʷʥʦʛʦ ʩʪʝʨʞʥʷ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʘʤʠʜʘ ʟʘ ʩʯʝʪ ʚʚʝʜʝʥʠʷ ʚ ʝʛʦ 

ʩʦʩʪʘʚ ʩʢʨʳʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʛʨʘʬʠʪʘ ʂʫʨʝʡʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʛʨʘʬʠʪʘ, ʘʢ-

ʪʠʚʠʨʦʚʘʥʥʦʛʦ ʚ ʧʣʘʥʝʪʘʨʥʦʡ ʤʝʣʴʥʠʮʝ RETSCH ʈʄ 400 ʄɸ, ʚ ʢʦʣʠʯʝʩʪʚʝ 5ï15% ʠʟʤʝʥʷʝʪ ʭʘʨʘʢʪʝʨ ʢʨʠ-

ʩʪʘʣʣʠʟʘʮʠʠ ʩʪʝʨʞʥʷ ʠ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ ʨʘʢʦʚʠʥʳ ʚ ʤʝʣʢʫʶ, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʫʶ 

ʧʦ ʝʛʦ ʩʝʯʝʥʠʶ ʛʘʟʦʚʫʶ ʧʦʨʠʩʪʦʩʪʴ ʟʘ ʩʯʝʪ ʧʦʷʚʣʝʥʠʷ ʮʝʥʪʨʦʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ï ʘʢʪʠʚʥʳʭ ʯʘʩʪʠʮ ʛʨʘʬʠʪʘ, 

ʩʦʨʙʠʨʫʶʱʠʭ ʥʘ ʩʝʙʝ ʛʘʟʳ, ʚʳʭʦʜʷʱʠʝ ʠʟ ʩʦʣʷʥʦʡ ʩʤʝʩʠ ʚ ʧʨʦʮʝʩʩʝ ʝʝ ʧʨʠʛʦʪʦʚʣʝʥʠʷ. ʈʘʟʤʝʨʳ ʧʦʨ ʠ ʜʦ-

ʣʶ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʨʞʥʝʡ, ʧʦʢʨʳʪʦʡ ʧʦʨʘʤʠ, ʦʮʝʥʠʚʘʣʠ ʧʦ ʬʦʪʦʛʨʘʬʠʷʤ, ʧʦʣʫʯʝʥʥʳʤ ʚ ʧʨʦʛʨʘʤʤʝ Siams 

Photolab ʥʘ ʤʠʢʨʦʩʢʦʧʝ OBSERVER.D1m ʬʠʨʤʳ Zeiss, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʦʙʨʘʙʘʪʳʚʘʣʠ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤ-

ʤʳ çʈʘʩʯʝʪ ʧʦʨʠʩʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʜʝʣʠʡè. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʚʚʝʜʝʥʠʠ ʛʨʘʬʠʪʘ ʜʦ 10 ʤʘʩ. % ʨʘʟ-

ʤʝʨʳ ʧʦʨ ʫʤʝʥʴʰʘʶʪʩʷ ʩ 0,19 ʜʦ 0,14 ʤʤ (ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʨʞʥʷ) ʠ ʩ 1,54 ʜʦ 0,85 ʤʤ (ʚʥʫʪʨʠ ʩʪʝʨʞʥʷ); 

ʜʦʣʷ ʧʦʚʝʨʭʥʦʩʪʠ, ʟʘʥʷʪʘʷ ʧʦʨʘʤʠ, ʧʨʠ ʵʪʦʤ ʫʤʝʥʴʰʘʝʪʩʷ ʩ 1,27 ʜʦ 0,03%. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ 

ʩʦʜʝʨʞʘʥʠʷ ʛʨʘʬʠʪʘ (ʜʦ 15 ʤʘʩ. % ʠ ʙʦʣʝʝ) ʧʦʨʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚʥʫʪʨʠ ʩʪʝʨʞʥʷ ʦʪʩʫʪʩʪʚʫʶʪ. ɺʳʩʦʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʣʷʥʦʛʦ ʩʪʝʨʞʥʷ ʦʙʝʩʧʝʩʧʝʯʠʚʘʶʪʩʷ ʟʘ ʩʯʝʪ ʧʣʘʚʥʦʡ (ʨʘʚʥʦʚʝʩʥʦʡ) ʢʨʠʩʪʘʣ-

ʣʠʟʘʮʠʠ ʩʦʣʷʥʦʛʦ ʨʘʩʧʣʘʚʘ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. 

ɺʚʝʜʝʥʠʝ ʛʨʘʬʠʪʘ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʤʝʥʷʝʪ ʧʘʨʘʤʝʪʨʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʣʠʷʥʠʷ 

ʩʦʜʝʨʞʘʥʠʷ ʛʨʘʬʠʪʘ ʥʘ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʩʦʣʷʥʳʭ ʩʪʝʨʞʥʝʡ, ʦʮʝʥʝʥʥʳʭ ʥʘ ʧʨʦʬʠʣʦʤʝʪʨʝ TR200, ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʛʨʘʬʠʪʘ, ʚʚʦʜʠʤʳʤ ʚ ʩʦʩʪʘʚ ʩʦʣʷʥʦʛʦ ʩʪʝʨʞʥʷ, ʷʚʣʷʝʪʩʷ 5% (Ra 

ʫʤʝʥʴʰʘʣʦʩʴ ʩ 0,538 ʜʦ 0,08), ʯʪʦ ʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʦʪʣʠʚʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʨʘʬʠʪ, ʩʦʣʷʥʦʡ ʩʪʝʨʞʝʥʴ, ʰʝʨʦʭʦʚʘʪʦʩʪʴ, ʧʦʨʳ, ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ. 

ɺʚʝʜʝʥʠʝ  

ʄʦʜʝʨʥʠʟʘʮʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʩʦʟʜʘʥʠʝ 

ʥʦʚʳʭ ʤʘʰʠʥ ʠ ʧʨʠʙʦʨʦʚ ʧʦʪʨʝʙʦʚʘʣʦ ʨʘʟʨʘʙʦʪ-

ʢʠ ʜʝʪʘʣʝʡ ʩʣʦʞʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʢʦʪʦʨʳʤ 

ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʦʯʥʦʩʪʠ 

ʠʭ ʨʘʟʤʝʨʦʚ ʠ ʢʘʯʝʩʪʚʫ ʧʦʚʝʨʭʥʦʩʪʠ. ʂ ʪʘʢʠʤ 

ʜʝʪʘʣʷʤ ʦʪʥʦʩʷʪʩʷ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʧʦ ʢʦʥʩʪʨʫʢ-

ʮʠʠ ʚʦʣʥʦʚʦʜʳ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʪʦʥʢʦʩʪʝʥʥʳʝ ʜʝʪʘʣʠ ʩʦ ʩʣʦʞʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ 

ʢʘʥʘʣʦʚ. ʆʩʥʦʚʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʢʘʯʝʩʪʚʘ ʚʦʣʥʦ-

ʚʦʜʦʚ ʷʚʣʷʝʪʩʷ ʪʦʯʥʦʩʪʴ ʨʘʟʤʝʨʦʚ ʢʘʥʘʣʦʚ ʠ ʤʠ-

ʥʠʤʘʣʴʥʘʷ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ. ɻʘʣʴʚʘ-

ʥʦʧʣʘʩʪʠʢʘ ʠʣʠ ʛʠʙʢʘ ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʦʬʠʣʝʡ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʧʘʡʢʦʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʠʟʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ. ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʨʦ-

ʮʝʩʩʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ ʚʦʣʥʦʚʦʜʦʚ ʷʚʣʷʝʪʩʷ ʣʠʪʴʝ. 

ʉʨʝʜʠ ʤʥʦʛʦʦʙʨʘʟʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʩʧʦʩʦʙʦʚ ʣʠ-

ʪʴʝ ʧʦ ʚʳʧʣʘʚʣʷʝʤʳʤ ʤʦʜʝʣʷʤ ʟʘʥʠʤʘʝʪ ʦʩʦʙʦʝ 
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ʧʦʣʦʞʝʥʠʝ ʚ ʩʚʷʟʠ ʩ ʛʣʘʚʥʦʡ ʝʛʦ ʦʩʦʙʝʥʥʦʩʪʴʶ ï 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʩʧʣʘʚʦʚ ʦʪʣʠʚʦʢ ʩʣʦʞʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ. ʃʠʪʴʝʤ 

ʧʦ ʚʳʧʣʘʚʣʷʝʤʳʤ ʤʦʜʝʣʷʤ ʠʟʛʦʪʦʚʣʷʶʪ ʦʪʣʠʚʢʠ 

ʩ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʤʝʪʘʣʣʘ, ʰʝʨʦʭʦʚʘʪʦʩʪʴʶ 

ʧʦʚʝʨʭʥʦʩʪʠ Rz 20ï10 ʠ ʤʝʥʝʝ. ʆʜʥʘʢʦ ʟʥʘʯʠ-

ʪʝʣʴʥʘʷ ʯʘʩʪʴ ʦʪʣʠʚʦʢ (~78%) ʠʤʝʝʪ ʪʦʯʥʦʩʪʴ 

ʨʘʟʤʝʨʦʚ ʧʦ 14ï17 ʢʚʘʣʠʪʝʪʘʤ ʉʊ ʉʕɺ 144ï75. 

ʅʝʜʦʩʪʘʪʦʯʥʘʷ ʪʦʯʥʦʩʪʴ ʨʘʟʤʝʨʦʚ ʦʪʣʠʚʦʢ ʩʥʠ-

ʞʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʣʠʪʴʷ ʠ 

ʫʚʝʣʠʯʠʚʘʝʪ ʩʨʦʢʠ ʦʩʚʦʝʥʠʷ [1ï3]. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʛʨʘʬʠʪʘ 

ʥʘ ʢʘʯʝʩʪʚʦ ʩʦʣʷʥʳʭ ʩʪʝʨʞʥʝʡ 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʨʘʟʤʝ-

ʨʦʚ ʦʪʣʠʚʦʢ ʚʦʣʥʦʚʦʜʥʦʛʦ ʢʣʘʩʩʘ, ʠʟʛʦʪʦʚʣʝʥ-

ʥʳʭ ʧʦ ʚʳʧʣʘʚʣʷʝʤʳʤ ʤʦʜʝʣʷʤ, ʷʚʣʷʝʪʩʷ ʘʢʪʫ-

ʘʣʴʥʦʡ ʟʘʜʘʯʝʡ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʫʣʫʯʰʝʥʠʶ ʩʣʫʞʝʙʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʜʠʦ-

ʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ. ʇʦʵʪʦʤʫ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʠʥʪʝʨʝʩ ʨʘʟʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʳʭ ʣʝʛʢʦʫʜʘʣʷʝ-



ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʛʨʘʬʠʪʘ é ʋʩʢʦʚ ʀ.ɺ., ɻʠʣʴʤʘʥʰʠʥʘ ʊ.ʈ., ɹʝʣʷʝʚ ʉ.ɺ., ɹʦʛʜʘʥʦʚʘ ʊ.ɸ. ʠ ʜʨ. 
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ʤʳʭ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʷʥʳʭ ʩʪʝʨʞʥʝʡ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʦʪʣʠʚʦʢ ʩʦ 

ʩʣʦʞʥʳʤʠ ʚʥʫʪʨʝʥʥʠʤʠ ʧʦʣʦʩʪʷʤʠ, ʥʝ ʪʨʝʙʫʶ-

ʱʠʭ ʧʦʩʣʝʜʫʶʱʝʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. 

ɺ ʨʘʙʦʪʝ [4] ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ 

ʢ ʩʦʣʷʥʳʤ ʩʪʝʨʞʥʷʤ: 

ï ʜʦʣʞʥʳ ʠʤʝʪʴ ʜʦʩʪʘʪʦʯʥʫʶ ʪʝʨʤʦʤʝʭʘʥʠ-

ʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ ʠ ʥʝ ʨʘʟʨʫʰʘʪʴʩʷ ʟʘʧʨʝʩʩʦʚʳ-

ʚʘʝʤʳʤ ʚ ʧʦʣʦʩʪʴ ʬʦʨʤʳ ʩʧʣʘʚʦʤ; 

ï ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʦʣʫʯʝʥʠʝ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʦʪʣʠʚʢʠ ʧʦ 6ï7-ʤʫ ʢʣʘʩʩʘʤ ʯʠʩʪʦʪʳ ʠ ʧʦ 3-

ʤʫ ʢʣʘʩʩʫ ʪʦʯʥʦʩʪʠ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ [5], 

ʧʨʠʤʝʥʝʥʠʝ ʣʝʛʢʦʫʜʘʣʷʝʤʳʭ ʩʪʝʨʞʥʝʡ ʦʛʨʘʥʠ-

ʯʝʥʦ ʠʭ ʥʝʩʪʘʙʠʣʴʥʳʤʠ ʠ ʥʝʚʳʩʦʢʠʤʠ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ: ʩʦʣʷʥʳʝ ʩʪʝʨʞʥʠ 

ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʫʩʘʜʢʫ ʠ ʥʠʟʢʫʶ ʧʨʦʯʥʦʩʪʴ, ʚʳ-

ʩʦʢʠʝ ʦʩʪʘʪʦʯʥʦʝ ʪʝʨʤʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʥʦʤʫ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʶ, 

ʘ ʪʘʢʞʝ ʚʳʩʦʢʫʶ ʛʠʛʨʦʩʢʦʧʠʯʥʦʩʪʴ, ʯʪʦ ʦʛʨʘʥʠ-

ʯʠʚʘʝʪ ʩʨʦʢ ʠʭ ʭʨʘʥʝʥʠʷ ʠ ʟʘʪʨʫʜʥʷʝʪ ʥʘʥʝʩʝʥʠʝ 

ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʘʥʦ ʜʦʩʪʘʪʦʯʥʦ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʩʪʘʚʦʚ ʩʦʣʷʥʳʭ ʩʪʝʨʞʥʝʡ 

ʠ ʤʝʪʦʜʦʚ ʫʣʫʯʰʝʥʠʷ ʠʭ ʢʘʯʝʩʪʚʘ [6ï10]. ʆʜʥʠʤ 

ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʫʣʫʯʰʘʪʴ ʢʘʯʝ-

ʩʪʚʦ ʩʦʣʷʥʳʭ ʩʪʝʨʞʥʝʡ, ʷʚʣʷʝʪʩʷ ʚʚʝʜʝʥʠʝ ʚ ʠʭ 

ʩʦʩʪʘʚ ʛʨʘʬʠʪʘ [11].  

ʇʦʵʪʦʤʫ ʮʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʠʩʩʣʝʜʦʚʘʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʩʦʣʷʥʳʭ 

ʩʪʝʨʞʥʝʡ ʟʘ ʩʯʝʪ ʚʚʝʜʝʥʠʷ ʚ ʠʭ ʩʦʩʪʘʚ ʛʨʘʬʠʪʘ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʙʨʘʥ ʩʢʨʳʪʦʢʨʠʩʪʘʣʣʠʯʝ-

ʩʢʠʡ ʛʨʘʬʠʪ ʂʫʨʝʡʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʨʝ-

ʞʠʤ ʘʢʪʠʚʘʮʠʠ ʢʦʪʦʨʦʛʦ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥ 

ʚ ʨʘʙʦʪʘʭ [12ï14]. ʂʘʯʝʩʪʚʦ ʩʪʝʨʞʥʝʡ ʦʮʝʥʠ-

ʚʘʣʠ ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʘʨʘʤʝʪʨʘʤ: ʜʦʣʷ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʩʪʝʨʞʥʷ, ʧʦʢʨʳʪʘʷ ʧʦʨʘʤʠ, ʰʝʨʦʭʦʚʘ-

ʪʦʩʪʴ ʩʪʝʨʞʥʷ. ɼʦʣʶ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʨʞʥʝʡ, 

ʧʦʢʨʳʪʫʶ ʧʦʨʘʤʠ, ʦʮʝʥʠʚʘʣʠ ʩʣʝʜʫʶʱʠʤ ʦʙ-

ʨʘʟʦʤ: ʚ ʧʨʦʛʨʘʤʤʝ SiamsPhotolab ʥʘ ʤʠʢʨʦ-

ʩʢʦʧʝ OBSERVER.D1m ʬʠʨʤʳ Zeiss ʧʦʣʫʯʘʣʠ 

ʬʦʪʦʛʨʘʬʠʶ ʤʘʢʨʦʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʘ; ʧʨʠ ʧʦ-

ʤʦʱʠ ʧʨʦʛʨʘʤʤʳ çʈʘʩʯʝʪ ʧʦʨʠʩʪʦʩʪʠ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʠʟʜʝʣʠʡè ʦʮʝʥʠʚʘʣʠ ʜʠʘʤʝʪʨ ʠ ʢʦʣʠʯʝ-

ʩʪʚʦ ʧʦʨ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙ-

ʨʘʟʮʘ (ʨʠʩ. 1, 2); ʦʮʝʥʠʚʘʣʠ ʦʙʱʫʶ ʧʦʚʝʨʭ-

ʥʦʩʪʴ, ʟʘʥʷʪʫʶ ʧʦʨʘʤʠ; ʚ ʧʨʦʮʝʥʪʥʦʤ ʦʪʥʦʰʝ-

ʥʠʠ ʦʮʝʥʠʚʘʣʠ ʜʦʣʶ ʧʣʦʱʘʜʠ, ʟʘʥʷʪʦʡ ʧʦʨʘʤʠ 

ʦʪ ʦʙʱʝʡ ʧʣʦʱʘʜʠ ʦʙʨʘʟʮʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʥʝʥʠʡ ʚʳʚʝʣʠ ʚ ʚʠʜʝ ʪʘʙʣʠ-

ʮʳ, ʚ ʢʦʪʦʨʦʡ ʙʳʣʠ ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʧʦ ʜʠʘ-

ʤʝʪʨʫ ʢʘʞʜʦʡ ʠʟʤʝʨʝʥʥʦʡ ʧʦʨʳ, ʩʨʝʜʥʠʡ ʜʠʘ-

ʤʝʪʨ ʧʦʨ. 

ʐʝʨʦʭʦʚʘʪʦʩʪʴ ʩʪʝʨʞʥʝʡ ʦʮʝʥʠʚʘʣʠ ʥʘ ʧʨʦ-

ʬʠʣʦʤʝʪʨʝ TR200. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʢʨʦ- ʠ ʤʠʢʨʦ-

ʩʪʨʫʢʪʫʨʳ ʠ ʨʘʟʨʝʟ ʩʪʝʨʞʥʝʡ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦ-

ʜʝʨʞʘʥʠʝʤ ʛʨʘʬʠʪʘ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 3ï6. 

ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ ʚʠʜʥʦ, ʯʪʦ ʥʘ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʩʪʝʨʞʥʷ ʩ 5% ʛʨʘʬʠʪʘ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʧʦʨʳ, ʢʦʪʦʨʳʝ ʥʦʩʷʪ ʛʘʟʦʚʳʡ ʭʘʨʘʢʪʝʨ. ɺʥʫʪʨʠ 

ʩʪʝʨʞʥʝʡ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʦʨʳ, ʥʦʩʷʱʠʝ 

ʛʘʟʦʫʩʘʜʦʯʥʳʡ ʭʘʨʘʢʪʝʨ.  

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, 

ʯʪʦ ʚʚʝʜʝʥʠʝ ʛʨʘʬʠʪʘ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʨʘʩʧʨʝʜʝ-

ʣʝʥʠʶ ʨʘʢʦʚʠʥʳ ʚ ʤʝʣʢʫʶ, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝ-

ʜʝʣʝʥʥʫʶ ʧʦ ʩʝʯʝʥʠʶ ʩʪʝʨʞʥʷ ʛʘʟʦʚʫʶ ʧʦʨʠ-

ʩʪʦʩʪʴ ʟʘ ʩʯʝʪ ʧʦʷʚʣʝʥʠʷ ʮʝʥʪʨʦʚ ʢʨʠʩʪʘʣʣʠʟʘ-

ʮʠʠ ï ʘʢʪʠʚʥʳʭ ʯʘʩʪʠʮ ʛʨʘʬʠʪʘ, ʩʦʨʙʠʨʫʶʱʠʭ 

ʥʘ ʩʝʙʝ ʛʘʟʳ, ʚʳʭʦʜʷʱʠʝ ʠʟ ʩʦʣʷʥʦʡ ʩʤʝʩʠ ʚ 

ʧʨʦʮʝʩʩʝ ʝʝ ʧʨʠʛʦʪʦʚʣʝʥʠʷ. 

ʅʘʯʘʣʦ

ɺr ʙʦʨ ʠʟʦʙʨʘʞʝʥʠ̫ 

ʜʣ̫ ʨʘʙʦʪr

ʋʩʪʘʥʦʚʢʘ ʤʘʩhʪʘʙʘ 

ʠʟʦʙʨʘʞʝʥʠ̫

ʋʩʪʘʥʦʚʢʘ 

ʤʘʩhʪʘʙʘ ʚʨʫʯʥʫʁ

ʋʩʪʘʥʦʚʢʘ ʤʘʩhʪʘʙʘ 

ʧʦ ʠʟʦʙʨʘʞʝʥʠʁ

ɺr ʙʦʨ ʧʣʦɦ ʘʜʠ 

ʠʟʦʙʨʘʞʝʥʠ̫

ʇʨʦʠʟʚʦʣɹʥʘ̫ 

ʧʣʦɦ ʘʜɹ

ʉʪʘʥʜʘʨʪʥʘ̫ 

ʧʣʦɦ ʘʜɹ 500 ʤʤ2

ɺr ʙʦʨ ʮʝʥʪʨʘ 

ʧʣʦɦ ʘʜʠ 

ʜʣ̫ ʨʘʩʯʝʪʘ

ʈʘʩʯʝʪ ʧʣʦɦ ʘʜʠ

ɺr ʙʦʨ ʧʦʨ 

ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ

ʈʘʩʯʝʪ ʤʠʥʠʤʘʣɹʥʦʡ, ʤʘʢʩʠʤʘʣɹʥʦʡ, 

ʩʨʝʜʥʝʡ ʜʣʠʥr ʧʦʨ. ʈʘʩʯʝʪ ʜʦʣʠ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʟʘʥ̫ʪʦʡ ʧʦʨʘʤʠ

ʂʦʥʝʮ
 

ʈʠʩ. 1. ɹʣʦʢ-ʩʭʝʤʘ ʧʨʦʛʨʘʤʤʳ 

 



ʃʀʊɽʁʅʆɽ ʇʈʆʀɿɺʆɼʉʊɺʆ 
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ʈʠʩ. 2. ʄʘʢʨʦʩʪʨʫʢʪʫʨʘ ʩʦʣʷʥʦʛʦ ʩʪʝʨʞʥʷ ʩ ʚʳʜʝʣʝʥʥʦʡ ʧʦʨʦʡ 

  
ʘ ʙ 

 
 

ʚ ʛ 

ʈʠʩ. 3. ʄʘʢʨʦʩʪʨʫʢʪʫʨʘ ʩʦʣʷʥʳʭ ʩʪʝʨʞʥʝʡ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʛʨʘʬʠʪʘ, %:  

ʘ ï ʙʝʟ ʛʨʘʬʠʪʘ; ʙ ï 5; ʚ ï 10; ʛ ï 15 




























































































































































































