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ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʪʚʝʨʜʳʭ ʪʝʣ ʚʜʘʚ-

ʣʠʚʘʥʠʝʤ ʠ ʮʘʨʘʧʘʥʠʝʤ ʧʦʢʘʟʘʥʘ ʩʣʦʞʥʦʩʪʴ ʠʣʠ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʠʭ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʪʚʝʨʜʦʩʪʠ ʢʦʢʩʘ. ʂʘʢ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ ʠ ʪʦʯʥʳʡ ʤʝʪʦʜ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜ ʪʦʣʯʝʥʠʷ ʢʦʢʩʘ ʚ ʢʦ-

ʧʨʦʚʦʤ ʘʧʧʘʨʘʪʝ, ʤʝʪʦʜʠʢʫ ʜʣʷ ʢʦʪʦʨʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʚʝʨʜʦʩʪʴ, ʧʨʦʯʥʦʩʪʴ, ʪʨʝʱʠʥʦʚʘʪʦʩʪʴ, ʨʘʙʦʪʘ ʨʘʟʨʫʰʝʥʠʷ, ʧʦʚʝʨʭʥʦʩʪʴ ʢʫʩʢʦʚ, ʤʝ-

ʪʦʜʠʢʘ. 

************************************************************* 
ʘʥʝʝ [1] ʥʘʤʠ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʪʚʝʨʜʦʩʪʴ ʢʦʢʩʘ ʠʟ ʰʠʭʪ ʩ ʜʦʙʘʚʢʘʤʠ ʢʦʢʩʦʚʦʡ ʧʳʣʠ ʋʉʊʂ, ʦʧʨʝʜʝʣʷʝ-

ʤʘʷ ʧʦ ʤʝʪʦʜʫ ɻʠʥʩʙʫʨʛʘ, ʥʝ ʢʦʨʨʝʩʧʦʥʜʠʨʫʝʪʩʷ ʩ ʜʨʫʛʠʤʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ. ʇʨʠʯʠʥʘ 

ʵʪʦʛʦ ʢʨʦʝʪʩʷ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʚ ʩʘʤʦʡ ʤʝʪʦʜʠʢʝ ʦʧʨʝʜʝʣʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʢʦʢʩʘ. ʉʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ [2] ʧʨʦʙʫ ʚʦʟʜʫ-

ʰʥʦ-ʩʫʭʦʛʦ ʢʦʢʩʘ ʤʘʩʩʦʡ 100-200 ʛ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʟʤʝʣʴʯʘʶʪ ʜʦ 100 % ʢʣʘʩʩʘ < 0,5 ʤʤ. ɿʘʪʝʤ ʥʘʚʝʩʢʫ 4-5 ʛ ʟʘ-

ʩʳʧʘʶʪ ʚ ʩʪʘʢʘʥʯʠʢ ʘʧʧʘʨʘʪʘ ʜʠʘʤʝʪʨʦʤ 30 ʤʤ, ʥʘ ʜʥʝ ʢʦʪʦʨʦʛʦ ʥʘʭʦʜʠʪʩʷ ʘʣʶʤʠʥʠʝʚʘʷ ʰʣʠʬʦʚʘʥʥʘʷ ʧʣʘʩʪʠʥʢʘ 

ʜʠʘʤʝʪʨʦʤ 25 ʤʤ ʠ ʪʦʣʱʠʥʦʡ 1 ʤʤ. ʇʦʚʝʨʭ ʥʘʚʝʩʢʠ ʢʦʢʩʘ ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʰʪʝʤʧʝʣʴ, ʢʦʪʦʨʳʡ ʧʦʜʚʝʨʛʘʝʪʩʷ ʜʘʚʣʝ-

ʥʠʶ 0,25 ʄʇʘ. ʇʣʘʩʪʠʥʢʘ ʚʨʘʱʘʝʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ 30 ʦʙ./ʤʠʥ ʚ ʪʝʯʝʥʠʝ 16,7 ʤʠʥ (500 ʦʙʦʨʦʪʦʚ). ɼʣʷ ʢʘʞʜʦʡ ʧʨʦ-

ʙʳ ʢʦʢʩʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʷʪʴ ʧʘʨʘʣʣʝʣʴʥʳʭ ʦʧʨʝʜʝʣʝʥʠʡ ʪʚʝʨʜʦʩʪʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʢʘʟʘʪʝʣʷ ʪʚʝʨʜʦʩʪʠ ʧʨʠʥʠʤʘʝʪʩʷ 

ʩʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʤʘʩʩʳ ʘʣʶʤʠʥʠʷ (ʚ ʤʛ), ʩʦʩʢʦʙʣʝʥʥʦʡ ʢʦʢʩʦʤ ʩ ʧʷʪʠ ʧʣʘʩʪʠʥʦʢ, ʢʦʪʦʨʦʝ ʘʚʪʦʨ 

ʦʙʦʟʥʘʯʠʣ ʩʠʤʚʦʣʦʤ ʊʚ. ʆʜʥʘʢʦ ʧʦʩʢʦʣʴʢʫ ʵʪʠʤ ʤʝʪʦʜʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʘʢʪʠʯʝʩʢʠ ʘʙʨʘʟʠʚʥʘʷ ʪʚʝʨʜʦʩʪʴ ʢʦʢʩʘ, ʪʦ 

ʧʦʢʘʟʘʪʝʣʴ ʪʚʝʨʜʦʩʪʠ ʢʦʢʩʘ ʧʦ ɻʠʥʩʙʫʨʛʫ ʩʣʝʜʫʝʪ ʦʙʦʟʥʘʯʘʪʴ ʩʠʤʚʦʣʦʤ ʊʘ (ʪʚʝʨʜʦʩʪʴ ʘʙʨʘʟʠʚʥʘʷ), ʢʘʢ ʦʥʘ ʠ ʦʙʦʟ-

ʥʘʯʘʝʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. ʊ.ʝ., ʜʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʦʪʥʦʩʠʪʩʷ ʢ ʩʢʣʝʨʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ ʠʟʤʝʨʝʥʠʷ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʚʦʝʡ ʤʝʪʦʜʠʢʠ ʗ.ɽ. ɻʠʥʩʙʫʨʛ ʧʨʘʚʦʤʝʨʥʦ ʠʩʭʦʜʠʣ ʠʟ ʪʦʛʦ, ʯʪʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʢʦ-

ʢʩʘ, ʢʘʢ ʭʨʫʧʢʦʛʦ ʚʳʩʦʢʦʧʦʨʠʩʪʦʛʦ ʪʝʣʘ, ʥʝʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠʙʦʨʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʠʢ-

ʨʦʪʚʝʨʜʦʩʪʠ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʘʢ ʤʝʪʘʣʣʳ ʠʣʠ ʪʚʝʨʜʳʝ ʛʦʨʥʳʝ ʧʦʨʦʜʳ. ɺ ʵʪʠʭ ʧʨʠʙʦʨʘʭ ʪʚʝʨʜʦʩʪʴ (ʤʠʢʨʦʪʚʝʨ-

ʜʦʩʪʴ) ʤʘʪʝʨʠʘʣʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʚʝʣʠʯʠʥʝ ʦʪʧʝʯʘʪʢʘ ʚʜʘʚʣʠʚʘʝʤʦʛʦ ʩʪʘʣʴʥʦʛʦ ʰʘʨʠʢʘ (ʤʝʪʦʜ ɹʨʠʥʝʣʣʷ ʠ ʤʝʪʦʜ 

ʈʦʢʚʝʣʣʘ), ʧʦ ʛʣʫʙʠʥʝ ʚʜʘʚʣʠʚʘʥʠʷ ʘʣʤʘʟʥʦʛʦ ʢʦʥʫʩʘ (ʤʝʪʦʜ ʈʦʢʚʝʣʣʘ) ʧʦ ʧʣʦʱʘʜʠ ʦʪʧʝʯʘʪʢʘ ʘʣʤʘʟʥʦʡ ʧʠʨʘʤʠʜʢʠ 

(ʤʝʪʦʜ ɺʠʢʢʝʨʩʘ), ʧʦ ʦʪʥʦʰʝʥʠʶ ʥʘʛʨʫʟʢʠ ʢ ʧʣʦʱʘʜʠ ʦʪʧʝʯʘʪʢʘ ʘʣʤʘʟʥʦʡ ʧʠʨʘʤʠʜʢʠ (ʧʨʠʙʦʨ ʇʄʊ-3 ʍʨʫʱʝʚʘ ʠ 

ɹʝʨʢʦʚʠʯʘ). ʄ.ɻ. ʉʢʣʷʨ ʠ ʖ.ɹ. ʊʶʪʶʥʥʠʢʦʚ [3], ʘ ʪʘʢʞʝ ʄ.ɽ. ʊʘʡʮ [4] ʫʢʘʟʳʚʘʣʠ ʥʘ ʩʣʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠ-

ʙʦʨʘ ʇʄʊ-3 ʠ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʦʙʨʝʪʝʥʠʷ ʙʦʣʴʰʠʭ ʥʘʚʳʢʦʚ ʨʘʙʦʪʳ ʥʘ ʥʝʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʪʘʢʠʭ 

ʭʨʫʧʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʘʢ ʫʛʣʠ. ʉʢʘʟʘʥʥʦʝ ʤʦʞʥʦ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʪʥʝʩʪʠ ʠ ʢ ʢʦʢʩʫ, ʢʘʢ ʝʱʝ ʙʦʣʝʝ ʥʝʦʜʥʦʨʦʜʥʦʤʫ 

ʤʘʪʝʨʠʘʣʫ, ʯʝʤ ʫʛʣʠ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʘʚʠʣʴʥʦʩʪʴ ʚʳʩʢʘʟʘʥʥʦʛʦ ʗ.ɽ. ɻʠʥʩʙʫʨʛʦʤ ʤʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʠʤʝ-

ʥʝʥʠʷ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʤʝʪʦʜʠʢ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʢʦʢʩʘ. 

ʀʩʩʣʝʜʫʷ ʨʘʟʣʠʯʥʳʝ ʢʦʢʩʳ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʰʠʭʪ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʜʦʙʘʚʦʢ, ʗ.ɽ. ɻʠʥʩʙʫʨʛ ʫʩʪʘʥʦʚʠʣ, ʯʪʦ ʦʧʨʝʜʝ-

ʣʝ̫ʤʘʷ ʚ ʝʛʦ ʘʧʧʘʨʘʪʝ çéʪʚʝʨʜʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʢʦʢʩʘ ʷʚʣʷʝʪʩʷ ʧʦʢʘʟʘʪʝʣʝʤ ʛʦʪʦʚʥʦʩʪʠ ʢʦʢʩʘ ʠ ʝʛʦ ʢʘʯʝʩʪʚʘè ʠ ʯʪʦ 

çéʩ ʧʦʚʳʰʝʥʠʝʤ ʪʚʝʨʜʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʢʦʢʩʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʩʪʘʪʦʢ ʚ ʙʘʨʘʙʘʥʝ (ʉʫʥʜʛʨʝʥʘ ï ʘʚʪ.) ʠ ʩʥʠʞʘʝʪʩʷ 

ʩʦʜʝʨʞʘʥʠʝ ʤʝʣʦʯʠ ʥʠʞʝ 10 ʤʤ ʚ ʧʨʦʚʘʣʝ ʠʟ ʙʘʨʘʙʘʥʘè. [2]. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʚʝʨʜʦʩʪʴ ʢʦʢʩʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʙʝʟ ʢʘ-

ʢʠʭ-ʣʠʙʦ ʜʦʙʘʚʦʢ ʚ ʰʠʭʪʫ, ʢʦʨʨʝʩʧʦʥʜʠʨʫʝʪʩʷ ʩ ʝʛʦ ʧʨʦʯʥʦʩʪʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ. ɼʦʙʘʚʢʘ ʞʝ ʢʦʢʩʦʚʦʡ ʧʳʣʠ 

ʋʉʊʂ ʚ ʰʠʭʪʫ ʧʨʠʚʦʜʠʪ ʢ ʠʩʢʘʞʝʥʠʶ ʟʥʘʯʝʥʠʡ ʊʘ ʢʦʢʩʘ, ʪʘʢ ʢʘʢ ʟʥʘʯʝʥʠʷ ʊʘ ʩʘʤʦʡ ʢʦʢʩʦʚʦʡ ʧʳʣʠ ʥʝ ʩʦʚʧʘʜʘʶʪ 

ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʊʘ ʚʤʝʱʘʶʱʝʛʦ ʝʝ ʢʦʢʩʘ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ [1] ʊʘ ʧʳʣʠ ʋʉʊʂ (114 ʤʛ) ʚʳʰʝ, ʯʝʤ ʊʘ ʩʘʤʦʛʦ ʢʦʢʩʘ 

(108 ʤʛ). ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʦʙʘʚʢʠ ʧʳʣʠ ʋʉʊʂ ʚ ʰʠʭʪʫ ʜʣʷ ʪʨʘʤʙʦʚʘʥʠʷ ʩ 5 ʜʦ 15 % ʊʘ ʢʦʢʩʘ ʩʥʠʟʠʣʘʩʴ ʩʦ 109 ʜʦ 

104 ʤʛ, ʪ.ʝ. ʚʩʝʛʦ ʥʘ 4,8% (ʦʪʥ.), ʪʦʛʜʘ ʢʘʢ ʧʦʢʘʟʘʪʝʣʴ ʠʩʪʠʨʘʝʤʦʩʪʠ ʢʦʢʩʘ ʚ ʙʘʨʘʙʘʥʝ ʋʍʀʅʘ ʄ10 ʚʦʟʨʦʩ ʩ 7,2 ʜʦ 

10,3 %, ʪ.ʝ. ʥʘ 43,0 % (ʦʪʥ.). ʇʨʘʚʦʤʝʨʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʢʦʢʩʦʚʘʥʠʷ ʊʘ ʢʦʢʩʦʚʦʡ ʧʳʣʠ, ʧʦʜʘʥʥʦʡ ʚ  
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ʰʠʭʪʫ, ʧʦʚʳʰʘʝʪʩʷ. ʕʪʦʤʫ ʩʧʦʩʦʙʩʪʚʫʝʪ ʢʘʢ ʚʪʦʨʠʯʥʳʡ ʥʘ-

ʛʨʝʚ, ʪʘʢ ʠ ʪʝʩʥʳʡ ʢʦʥʪʘʢʪ ʟʝʨʝʥ ʢʦʢʩʦʚʦʡ ʧʳʣʠ ʩ ʧʨʦʜʫʢʪʘʤʠ 

ʧʠʨʦʣʠʟʘ ʫʛʣʝʡ ʥʘʯʠʥʘʷ ʩʦ ʩʪʘʜʠʠ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ 

ʜʦ ʢʦʥʮʘ ʧʝʨʠʦʜʘ ʢʦʢʩʦʚʘʥʠʷ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʜʝʨʞʘ-

ʥʠʝ ʠʥʦʨʦʜʥʦʛʦ ʢʦʢʩʘ ʚʦ ʚʤʝʱʘʶʱʝʤ ʝʛʦ ʢʦʢʩʝ ʟʥʘʯʠʪʝʣʴʥʦ 

ʙʦʣʴʰʝ, ʯʝʤ ʚ ʫʛʦʣʴʥʦʡ ʰʠʭʪʝ. ʊʘʢ, ʝʩʣʠ ʢʦʢʩʦʚʘʷ ʧʳʣʴ ʧʦʜʘ-

ʝʪʩʷ ʚ ʰʠʭʪʫ ʩ ʪʦʡ ʞʝ ʚʣʘʞʥʦʩʪʴʶ, ʯʪʦ ʠ ʚʣʘʞʥʦʩʪʴ ʰʠʭʪʳ, ʪʦ 

ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʚ ʰʠʭʪʝ 10 % ʢʦʢʩʦʚʦʡ ʧʳʣʠ ʠ ʚʳʭʦʜʝ ʚʘʣʦ-

ʚʦʛʦ ʢʦʢʩʘ ʦʪ ʰʠʭʪʳ 75 %, ʩʦʜʝʨʞʘʥʠʝ ʠʥʦʨʦʜʥʦʛʦ ʢʦʢʩʘ ʚ 

ʧʦʣʫʯʝʥʥʦʤ ʢʦʢʩʝ ʩʦʩʪʘʚʠʪ 13,3 %, ʘ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʧʳʣʠ 15 

% ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 20,0 %. ʊʘʢʠʝ ʢʦʣʠʯʝʩʪʚʘ ʠʥʦʨʦʜʥʦʛʦ 

ʢʦʢʩʘ ʩ ʜʨʫʛʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʊʘ ʚʧʦʣʥʝ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʦʚʣʠʷʪʴ ʥʘ ʊʘ ʧʦʣʫʯʘʝʤʦʛʦ ʢʦʢʩʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʘʙʨʘʟʠʚʥʘʷ 

ʪʚʝʨʜʦʩʪʴ ʊʘ ʢʦʢʩʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʰʠʭʪʳ ʩ ʜʦʙʘʚʢʘʤʠ ʢʦʢʩʦ-

ʚʦʡ ʧʳʣʠ ʋʉʊʂ, ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʙʲʝʢʪʠʚʥʦ ʦʮʝʥʠʚʘʪʴ ʝʛʦ ʛʦʪʦ-

ʚʥʦʩʪʴ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʢʦʢʩʘ ʠʟ ʰʠʭ-

ʪʳ ʩ ʜʦʙʘʚʢʘʤʠ ʢʦʢʩʦʚʦʡ ʧʳʣʠ ʋʉʊʂ (ʠʣʠ ʜʨʫʛʦʛʦ ʤʝʣʢʦʜʠʩ-

ʧʝʨʩʥʦʛʦ ʘʙʨʘʟʠʚʥʦʛʦ ʫʛʣʝʨʦʜʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ) ʤʝʪʦʜʠʢʘ 

ɻʠʥʩʙʫʨʛʘ ʥʝʧʨʠʛʦʜʥʘ. ʅʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʜʨʫʛʦʡ ʤʝʪʦ-

ʜʠʢʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʦʙʲʝʢʪʠʚʥʦ ʦʮʝʥʠʚʘʪʴ ʪʚʝʨʜʦʩʪʴ ʢʦʢʩʘ, 

ʧʦʣʫʯʘʝʤʦʛʦ ʢʘʢ ʩ ʜʦʙʘʚʢʘʤʠ ʚ ʰʠʭʪʫ ʢʦʢʩʦʚʦʡ ʧʳʣʠ, ʪʘʢ ʠ 

ʙʝʟ ʜʦʙʘʚʦʢ. ʇʨʠ ʵʪʦʤ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ-

ʩʷ ʚ ʧʦʥʷʪʠʷʭ çʪʚʝʨʜʦʩʪʴè ʠ çʧʨʦʯʥʦʩʪʴè ʭʨʫʧʢʠʭ ʤʘʪʝʨʠʘʣʦʚ 

ʠ ʚ ʯʘʩʪʥʦʩʪʠ, ʢʦʢʩʘ. 

ʈʷʜ ʘʚʪʦʨʦʚ [5-9] ʪʨʘʢʪʫʶʪ ʧʦʥʷʪʠʝ ʪʚʝʨʜʦʩʪʠ ʢʘʢ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʝ, ʦʢʘʟʳʚʘʝʤʦʝ ʪʝʣʦʤ ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʚ ʥʝʛʦ ʜʨʫʛʦʛʦ 

ʪʝʣʘ, ʪ.ʝ. ʘʩʩʦʮʠʠʨʫʶʪ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʩ ʤʝʩʪʥʦʡ ʧʨʦʯʥʦʩʪʴʶ 

ʥʘ ʚʜʘʚʣʠʚʘʥʠʝ. ʆʜʥʘʢʦ, ʢʘʢ ʫʞʝ ʫʢʘʟʳʚʘʣʦʩʴ ʚʳʰʝ, ʤʝʪʦʜʳ 

ʦʧʨʝʜʝʣʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʧʫʪʝʤ ʚʜʘʚʣʠʚʘʥʠʷ ʩʪʘʣʴʥʳʭ ʰʘʨʦʚ 

ʠʣʠ ʟʘʦʩʪʨʝʥʥʳʭ ʘʣʤʘʟʥʳʭ ʠʣʠ ʩʪʘʣʴʥʳʭ ʠʥʜʝʥʪʦʨʦʚ ʚ ʧʦʣʠ-

ʨʦʚʘʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʥʝʧʨʠʛʦʜʥʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʚʝʨʜʦʩ-

ʪʠ ʢʦʢʩʘ. ʉʢʣʝʨʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʮʘʨʘʧʘ-

ʥʠʠ ʧʦʣʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ (ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʠ-

ʪʩʷ ʠ ʤʝʪʦʜ ɻʠʥʩʙʫʨʛʘ) ʷʚʣʷʶʪʩʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴʶ ʤʝʪʦʜʦʚ 

ʚʜʘʚʣʠʚʘʥʠʷ. ɺʝʜʴ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʮʘʨʘʧʠʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʦʩʪʨʠʝ ʠʥʜʝʥʪʦʨʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʛʨʫʟʘ ʚʥʘʯʘʣʝ ʧʨʦʥʠʢʘʝʪ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʵʪʦʛʦ ʪʝʣʘ. 

ʇʨʠ ʵʪʦʤ ʧʨʦʮʝʩʩ ʨʘʟʨʫʰʝʥʠʷ ʥʠʯʝʤ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʙʳʯ-

ʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʟʘʦʩʪʨʝʥʥʦʛʦ ʠʥʜʝʥʪʦʨʘ. ʇʨʠ ʧʨʦʪʷʛʠʚʘʥʠʠ 

ʠʥʜʝʥʪʦʨʘ ʧʦ ʪʚʝʨʜʦʤʫ ʪʝʣʫ ʦʙʨʘʟʫʝʪʩʷ ʮʘʨʘʧʠʥʘ ʪʦʡ ʠʣʠ 

ʠʥʦʡ ʛʣʫʙʠʥʳ ʠ ʰʠʨʠʥʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʣʦʞʝʥʥʦʡ ʥʘ-

ʛʨʫʟʢʠ ʥʘ ʠʥʜʝʥʪʦʨ, ʪʚʝʨʜʦʩʪʠ ʠʩʧʳʪʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʛʝʦʤʝ-

ʪʨʠʠ ʦʩʪʨʠʷ ʠʥʜʝʥʪʦʨʘ. ʇʨʠ ʵʪʦʤ ʧʨʠʥʠʤʘʝʪʩʷ, ʯʪʦ ʠʥʜʝʥʪʦʨʳ 

ʷʚʣʷʶʪʩʷ ʘʙʩʦʣʶʪʥʦ ʪʚʝʨʜʳʤʠ, ʥʝʜʝʬʦʨʤʠʨʫʝʤʳʤʠ ʪʝʣʘʤʠ. 

ʐʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʵʪʠ ʤʝʪʦʜʳ ʧʦʣʫʯʠʣʠ ʧʦʩʣʝ ʪʦʛʦ, 

ʢʦʛʜʘ ʄʦʦʩ ʚ 1822 ʛ. ʧʨʝʜʣʦʞʠʣ ʩʚʦʶ ʰʢʘʣʫ ʪʚʝʨʜʦʩʪʠ, ʩʦʛʣʘ-

ʩʥʦ ʢʦʪʦʨʦʡ ʪʚʝʨʜʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʪʦʤʫ, ʢʘʢʦʡ 

ʠʟ 10 ʩʪʘʥʜʘʨʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʮʘʨʘʧʘʝʪ ʪʝʩʪʠʨʫʝʤʳʡ ʤʘʪʝʨʠ-

ʘʣ, ʠ ʢʘʢʦʡ ʤʘʪʝʨʠʘʣ ʠʟ 10 ʩʪʘʥʜʘʨʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʮʘʨʘʧʘʝʪ-

ʩʷ ʪʝʩʪʠʨʫʝʤʳʤ ʤʘʪʝʨʠʘʣʦʤ [5]. ʅʘ ʩʣʦʞʥʦʩʪʴ ʥʝ ʪʦʣʴʢʦ ʤʝ-

ʪʦʜʠʢʠ, ʥʦ ʠ ʩʘʤʦʛʦ ʧʨʦʮʝʩʩʘ ʮʘʨʘʧʘʥʠʷ ʫʢʘʟʳʚʘʣ ʃ.ɸ. ʐʨʝʡ-

ʥʝʨ. ʆʥ ʫʪʚʝʨʞʜʘʣ, ʯʪʦ ʮʘʨʘʧʘʥʠʝ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʩʣʦʞʥʳʤ 

ʧʨʦʮʝʩʩʦʤ ʨʘʟʨʫʰʝʥʠʷ, ʯʝʤ ʚʜʘʚʣʠʚʘʥʠʝ, ʧʨʠʯʝʤ ʫʜʝʣʴʥʫʶ 

ʨʘʙʦʪʫ ʨʘʟʨʫʰʝʥʠʷ ʥʝʚʦʟʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ, ʪ.ʢ. ʥʝʚʦʟʤʦʞʥʦ 

ʪʦʯʥʦ ʠʟʤʝʨʠʪʴ ʦʙʲʝʤ ʮʘʨʘʧʠʥʳ [5]. ɸ.ɸ. ɸʛʨʦʩʢʠʥ [7] ʪʘʢʞʝ 

ʦʪʤʝʯʘʣ, ʯʪʦ çéʧʨʦʮʝʩʩ ʮʘʨʘʧʘʥʠʷ ʩʘʤ ʧʦ ʩʝʙʝ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʣʦʞʥʫʶ ʬʫʥʢʮʠʶ ʫʧʨʫʛʠʭ, ʧʣʘʩʪʠʯʝʩʢʠʭ ʠ ʘʙʨʘʟʠʚʥʳʭ 

ʩʚʦʡʩʪʚè. ʕʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʜʘʥʳ ʥʘ ʦʩʥʦʚʝ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʪʚʝʨʜʳʭ ʪʝʣ ʩ ʦʜʥʦʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʂʦʢʩ ʞʝ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʪʚʝʨʜʦʝ ʭʨʫʧʢʦʝ, ʚʳʩʦʢʦʧʦʨʠʩʪʦʝ ʪʝʣʦ ʥʝʦʜʥʦʨʦʜʥʦʡ 

ʩʪʨʫʢʪʫʨʳ. ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʚʜʘʚʣʠʚʘʥʠʷ ʠʣʠ ʩʢʣʝʨʦʤʝʪ-

ʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʢ ʪʘʢʦʤʫ ʤʘʪʝʨʠʘʣʫ ʣʠʙʦ ʥʝʚʦʟʤʦʞʥʦ, ʣʠʙʦ 

ʚʝʩʴʤʘ ʧʨʦʙʣʝʤʘʪʠʯʥʦ. 

ʉ.ɻ. ɸʨʦʥʦʚ ʠ ɺ.ɸ. ʂʫʣʷʩʦʚ [10] ʪʨʘʢʪʫʶʪ ʧʦʥʷʪʠʝ ʪʚʝʨʜʦ-

ʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʩ ʠʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. ʇʦ ʠʭ ʦʧʨʝʜʝʣʝʥʠʶ 

çéʧʦʜ ʪʚʝʨʜʦʩʪʴʶ ʧʦʥʠʤʘʝʪʩʷ ʨʘʙʦʪʘ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʥʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠè. ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʪʘʢʦʝ, ï 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ, ï ʦʧʨʝʜʝʣʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʜʘʥʦ ʇ.ɸ. ʈʝʙʠʥʜʝ-

ʨʦʤ. ʆʥʦ ʛʣʘʩʠʪ, ʯʪʦ ʝʩʣʠ ʧʨʦʜʫʢʪʦʤ ʨʘʟʨʫʰʝʥʠʷ çéʷʚʣʷʝʪʩʷ 

ʤʥʦʞʝʩʪʚʦ ʤʝʣʢʠʭ ʯʘʩʪʠʮ, ʦʪʢʦʣʦʪʳʭ ʦʪ ʨʘʟʨʫʰʘʝʤʦʛʦ ʪʝʣʘ ʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʠʭ ʧʦ ʨʘʟʤʝʨʫ, ʯʝʤ ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ ʦʙʨʘ-

ʟʝʮ, ʧʦʥʷʪʠʝ ʧʨʦʯʥʦʩʪʠ ʩʪʘʥʦʚʠʪʩʷ ʥʝʧʦʜʭʦʜʷʱʠʤ ʜʣʷ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʨʘʟʨʫʰʝʥʠʶ. ɺ ʪʘʢʠʭ 

ʩʣʫʯʘʷʭ é ʦʩʥʦʚʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʩʪʘʥʦʚʠʪʩʷ ʪʚʝʨʜʦʩʪʴ, 

ʠʟʤʝʨʷʝʤʘʷ ʨʘʙʦʪʦʡ ʦʙʨʘʟʦʚʘʥʠʷ ʥʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʤʝʣʴ-

ʯʘʝʤʦʛʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘè [11].  

ʉʦʛʣʘʩʥʦ ʟʘʢʦʥʫ ʈʠʪʪʠʥʛʝʨʘ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʛʦ ʝʱʝ ʚ 

1887 ʛ, ʵʥʝʨʛʠʷ, ʨʘʩʭʦʜʫʝʤʘʷ ʥʘ ʜʨʦʙʣʝʥʠʝ ʪʚʝʨʜʦʛʦ ʤʘʪʝʨʠʘ-

ʣʘ, ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʫʚʝʣʠʯʝʥʠʶ ʦʙʨʘʟʫʶʱʝʡʩʷ ʧʦʚʝ-

ʨʭʥʦʩʪʠ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʦʧʳʪʘʤʠ ɻʨʦʩʩʘ ʠ ʎʠʤʤʝʨʣʝʷ, 

ʠʟʣʦʞʝʥʥʳʤʠ ʚ ʧʫʙʣʠʢʘʮʠʠ [12]. ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʜʣʷ 

ʜʨʦʙʣʝʥʠʷ ʠʤʠ ʙʳʣ ʚʟʷʪ ʢʚʘʨʮ, ʪʘʢ ʢʘʢ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʟʜʨʦʙ-

ʣʝʥʥʳʭ ʢʫʩʢʦʚ ʤʦʞʝʪ ʙʳʪʴ ʪʦʯʥʦ ʫʩʪʘʥʦʚʣʝʥʘ ʠʩʭʦʜʷ ʠʟ ʩʢʦ-

ʨʦʩʪʠ ʨʘʩʪʚʦʨʝʥʠʷ ʠʭ ʚ ʧʣʘʚʠʢʦʚʦʡ ʢʠʩʣʦʪʝ. ʀʟʚʝʩʪʥʦ, ʯʪʦ 

ʩʢʦʨʦʩʪʴ ʨʘʩʪʚʦʨʝʥʠʷ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʩʫʤʤʘʨʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ ʨʘʩʪʚʦʨʷʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʧʨʷʤʦʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʨʘʙʦʪʦʡ 

ʨʘʟʨʫʰʝʥʠʷ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ, 

ʝʩʣʠ ʧʦ ʦʩʠ ʘʙʩʮʠʩʩ ʦʪʣʦʞʠʪʴ ʚʝʣʠʯʠʥʫ ʧʨʠʣʘʛʘʝʤʦʡ ʨʘʙʦʪʳ, 

ʘ ʧʦ ʦʩʠ ʦʨʜʠʥʘʪ ʦʙʨʘʟʫʶʱʫʶʩʷ ʥʦʚʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʪʦ ʙʦʣʴ-

ʰʝ ʪʚʝʨʜʦʩʪʴ ʙʫʜʝʪ ʫ ʪʦʛʦ ʪʚʝʨʜʦʛʦ ʭʨʫʧʢʦʛʦ ʪʝʣʘ, ʜʣʷ ʢʦʪʦʨʦ-

ʛʦ ʫʛʦʣ ʥʘʢʣʦʥʘ ʧʨʷʤʦʡ ʢ ʦʩʠ ʘʙʩʮʠʩʩ ʤʝʥʴʰʝ. 

ʂʦʢʩ, ʢʨʦʤʝ ʧʦʨʠʩʪʦʩʪʠ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʘʢʞʝ ʠ ʥʘʣʠʯʠ-

ʝʤ ʪʨʝʱʠʥ, ʦʩʦʙʝʥʥʦ ʚ ʢʨʫʧʥʳʭ ʢʫʩʢʘʭ. ʊʨʝʱʠʥʳ ʦʩʣʘʙʣʷʶʪ 

ʪʝʣʦ ʢʫʩʢʘ ʢʦʢʩʘ. ʇʦʵʪʦʤʫ, ʝʩʣʠ ʢ ʟʘʩʳʧʠ ʢʫʩʢʦʚ ʢʦʢʩʘ ʧʨʠʣʦ-

ʞʠʪʴ ʨʘʙʦʪʫ ʨʘʟʨʫʰʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʚ ʙʘʨʘʙʘʥʝ), ʪʦ ʚ ʥʘʯʘʣʴ-

ʥʳʡ ʧʝʨʠʦʜ ʦʥ ʙʫʜʝʪ ʨʘʟʨʫʰʘʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤ ʟʘ ʩʯʝʪ ʨʝʘʣʠʟʘ-

ʮʠʠ ʪʨʝʱʠʥ, ʪ.ʝ. ʭʘʨʘʢʪʝʨ ʨʘʟʨʫʰʝʥʠʷ ʢʦʢʩʘ ʙʫʜʝʪ ʠʥʳʤ, ʯʝʤ 

ʤʘʪʝʨʠʘʣʘ, ʣʠʰʝʥʥʦʛʦ ʪʨʝʱʠʥ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʨʠ ʠʩ-

ʧʳʪʘʥʠʠ ʢʦʢʩʘ ʚ ʙʘʨʘʙʘʥʝ ʧʨʠ ʥʘʣʦʞʝʥʠʠ ʫʩʠʣʠʡ ʨʘʟʨʫʰʝʥʠʷ. 

ʅʘʤʠ ʙʳʣ ʠʩʧʳʪʘʥ ʜʦʤʝʥʥʳʡ ʢʦʢʩ ʚ ʩʪʘʥʜʘʨʪʥʦʤ ʙʘʨʘʙʘʥʝ 

(ʟʘʛʨʫʟʢʘ 50 ʢʛ) ʩ ʥʘʣʦʞʝʥʠʝʤ ʨʘʟʨʫʰʘʶʱʠʭ ʫʩʠʣʠʡ ʦʪ 100 ʜʦ 

400 ʦʙʦʨʦʪʦʚ. ʇʦʩʣʝ ʢʘʞʜʳʭ 100 ʦʙʦʨʦʪʦʚ ʢʦʢʩ ʨʘʩʩʝʠʚʘʣʠ ʥʘ 

ʢʣʘʩʩʳ ʢʨʫʧʥʦʩʪʠ ʠ ʟʘʛʨʫʞʘʣʠ ʦʙʨʘʪʥʦ ʚ ʙʘʨʘʙʘʥ. ɻʨʘʥʫʣʦʤʝ-

ʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠʩʭʦʜʥʦʛʦ ʢʦʢʩʘ ʩʦʩʪʘʚʣʷʣ, ʢʛ : +80 ï 4,9; 80-

60 ï 17,3; 60-40 ï 21,5; 40-25 ï 5,3. ɼʘʥʥʳʝ ʧʦ ʚʣʠʷʥʠʶ ʥʘ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʢʦʢʩʘ ʨʘʟʣʠʯʥʦʛʦ ʥʘʣʦʞʝʥʠʷ 
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ʨʘʟʨʫʰʘʶʱʠʭ ʫʩʠʣʠʡ (ʨʘʟʣʠʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʦʨʦʪʦʚ 

ʙʘʨʘʙʘʥʘ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 

 

ʂʦʣʠʯʝʩʪʚʦ  

ʦʙʦʨʦʪʦʚ  

ʙʘʨʘʙʘʥʘ 

ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʢʦʢʩʘ (ʤʤ), ʢʛ 

+80 80-60 60-40 40-20 20-10 -10 

100 4,1 15,2 20,5 6,0 0,5 3,7 

200 3,0 10,2 22,8 7,2 0,8 6,0 

300 1,9 7,6 23,2 8,4 0,7 8,2 

400 1,5 5,6 22,2 9,9 0,7 10,1 

 

ʉʫʤʤʘʨʥʘʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʩʳʧʠ ʢʦʢʩʘ 

ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʬʦʨʤʫʣʝ [6]: 

ä=
2ʤ,

di

Gi
6S      (1), 

ʛʜʝ Giï ʤʘʩʩʘ -̔ʪʦʛʦ ʢʣʘʩʩʘ ʢʨʫʧʥʦʩʪʠ ʢʦʢʩʘ, ʢʛ; di ï 

ʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʢʫʩʢʦʚ -̔ʪʦʛʦ ʢʣʘʩʩʘ, ʤʤ. 

ʉʨʝʜʥʠʝ ʜʠʘʤʝʪʨʳ ʢʣʘʩʩʦʚ ʢʨʫʧʥʦʩʪʠ ʧʨʠʥʷʪʳ ʩʦʦ-

ʪʚʝʪʩʪʚʝʥʥʦ 90; 70; 50; 30; 15 ʠ 5 ʤʤ. ɿʥʘʯʝʥʠʷ ʩʫʤʤʘʨ-

ʥʦʡ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʢʫʩʢʦʚ ʢʦʢʩʘ ʩʦʩʪʘʚʠʣʠ, ʤ
2:
: 

ʠʩʭʦʜʥʦʛʦ ï 5,4; ʧʦʩʣʝ 100 ʦʙʦʨʦʪʦʚ ï 10,0; ʧʦʩʣʝ 200 

ʦʙʦʨʦʪʦʚ ï 12,8; ʧʦʩʣʝ 300 ʦʙʦʨʦʪʦʚ ï 15,4; ʧʦʩʣʝ 400 

ʦʙʦʨʦʪʦʚ ï 17,7. ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʪʘʢʞʝ ʥʘ ʨʠʩʫʥʢʝ. 

 
 

 
 

ɼʠʥʘʤʠʢʘ ʫʚʝʣʠʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʢʫʩʢʦʚ ʢʦʢʩʘ 

ʧʦʩʣʝ ʥʘʣʦʞʝʥʠʷ ʨʘʟʨʫʰʘʶʱʠʭ ʫʩʠʣʠʡ ʚ ʩʪʘʥʜʘʨʪ-

ʥʦʤ ʙʘʨʘʙʘʥʝ (ʦʙʦʨʦʪʦʚ) 
 

 

ʀʟ ʜʘʥʥʳʭ, ʧʨʠʚʝʜʝʥʥʳʭ ʥʘ ʨʠʩ., ʚʠʜʥʦ, ʯʪʦ ʜʦ 200 

ʦʙʦʨʦʪʦʚ ʙʘʨʘʙʘʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʢʦʪʦʨʘʷ ʢʨʠʚʦʣʠ-

ʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ, ʫʢʘʟʳʚʘʶʱʘʷ ʥʘ ʫʩʢʦʨʝʥʥʦʝ ʨʘʟ-

ʨʫʰʝʥʠʝ ʢʫʩʢʦʚ ʢʦʢʩʘ; ʧʦʩʣʝ 200 ʦʙʦʨʦʪʦʚ ï ʧʨʷʤʦʣʠ-

ʥʝʡʥʘʷ. ʇʦ ʤʝʨʝ ʨʝʘʣʠʟʘʮʠʠ ʪʨʝʱʠʥ ʚ ʢʦʢʩʝ ʧʨʠʨʦʩʪ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʫʩʢʦʚ ʟʘʤʝʜʣʷʝʪʩʷ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ, ʧʦʩʣʝ 

ʪʦʯʢʠ çʘè, ʢʨʠʚʘʷ ʧʝʨʝʭʦʜʠʪ ʚ ʧʨʷʤʫʶ ʣʠʥʠʶ, ʪ.ʝ. ʚ 

ʦʙʣʘʩʪʴ, ʛʜʝ ʫʚʝʣʠʯʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠ-

ʦʥʘʣʴʥʦ ʨʘʙʦʪʝ ʨʘʟʨʫʰʝʥʠʷ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʟʘʢʦʥʦʤ 

ʈʠʪʪʠʥʛʝʨʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʩʣʠ ʚ ʩʪʘʥʜʘʨʪʥʦʤ ʙʘʨʘ-

ʙʘʥʝ ʨʘʟʨʫʰʝʥʠʶ ʧʦʜʚʝʨʛʘʪʴ ʢʫʩʢʦʚʦʡ ʢʦʢʩ, ʣʠʰʝʥʥʳʡ 

ʪʨʝʱʠʥ, ʪʦ ʧʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʙʫʜʝʪ ʭʘʨʘʢʪʝʨʠʟʦ-

ʚʘʪʴ ʝʛʦ ʪʚʝʨʜʦʩʪʴ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʦ ʚʝʣʠʯʠ-

ʥʝ ʚʥʦʚʴ ʦʙʨʘʟʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʆʜʥʘʢʦ ʪʘʢʦʡ 

ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʢʦʢʩʘ ʩʣʠʰʢʦʤ ʪʨʫʜʦʝʤ-

ʢʠʡ ʠ ʛʨʦʤʦʟʜʢʠʡ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʠʩʧʳʪʘʥʠʷ ʢʦʢʩʘ ʚ ʣʘʙʦʨʘʪʦ-

ʨʥʳʭ ʫʩʣʦʚʠʷʭ ʠʤʝʶʪʩʷ ʜʚʝ ʤʝʪʦʜʠʢʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʢʦʢʩʘ. 

ʕʪʦ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦʡ ʧʨʦʯʥʦʩʪʠ ʧʦ ɻʨʷ-

ʟʥʦʚʫ [15, 16] ʠ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʦʩʪʘʪʢʘ 

ʢʦʢʩʘ ʧʦʩʣʝ ʨʝʘʢʮʠʠ ʩ ʉʆ2 (CSR) [17]. 

ʇʦ ʤʝʪʦʜʫ ʅ.ʉ. ɻʨʷʟʥʦʚʘ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʙʝʨʫʪ ʢʣʘʩʩ 

ʢʨʫʧʥʦʩʪʠ ʢʦʢʩʘ 3-6 ʤʤ, ʣʠʰʝʥʥʳʡ ʪʨʝʱʠʥ. ʉʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, ʧʦʣʫʯʘʝʤʳʡ ʧʦʢʘʟʘʪʝʣʴ ʩʪʨʫʢʪʫʨʥʦʡ ʧʨʦʯʥʦʩʪʠ 

ʧʦʨʠʩʪʦʛʦ ʪʝʣʘ ʢʦʢʩʘ (ʇʩ) ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ 

ʪʚʝʨʜʦʩʪʠ ʧʣʦʪʥʦʛʦ ʪʝʣʘ ʢʦʢʩʘ. ʈʘʟʨʫʰʝʥʠʝ 50 ʩʤ
3
 ʢʦʢ-

ʩʘ ʧʨʦʠʟʚʦʜʷʪ ʚ ʘʧʧʘʨʘʪʝ, ʩʦʩʪʦʷʱʝʤ ʠʟ ʜʚʫʭ ʮʠʣʠʥʜ-

ʨʦʚ ʚʥʫʪʨʝʥʥʠʤ ʜʠʘʤʝʪʨʦʤ 25 ʤʤ ʠ ʜʣʠʥʦʡ 310 ʤʤ ʩ 

ʪʦʨʮʝʚʳʤʠ ʢʨʳʰʢʘʤʠ, ʩʦʚʝʨʰʘʶʱʠʭ 1000 ʦʙʦʨʦʪʦʚ 

ʚʦʢʨʫʛ ʦʩʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʮʠʣʠʥʜ-

ʨʦʚ. ɺʤʝʩʪʝ ʩ ʢʦʢʩʦʤ ʚ ʮʠʣʠʥʜʨʳ ʟʘʛʨʫʞʘʶʪ ʧʦ ʧʷʪʴ 

ʩʪʘʣʴʥʳʭ ʰʘʨʦʚ ʜʠʘʤʝʪʨʦʤ 15 ʤʤ. ʈʘʟʨʫʰʝʥʠʝ ʢʦʢʩʘ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʬʘʢʪʠʯʝʩʢʠ ʤʝʪʦʜʦʤ ʪʦʣʯʝʥʠʷ ʝʛʦ ʩʪʘʣʴ-

ʥʳʤʠ ʰʘʨʘʤʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʢʘʟʘʪʝʣʷ ʧʨʦʯʥʦʩʪʠ ʧʨʠ-

ʥʠʤʘʝʪʩʷ ʦʩʪʘʪʦʢ ʥʘ ʩʠʪʝ ʩ ʦʪʚʝʨʩʪʠʷʤʠ ʜʠʘʤʝʪʨʦʤ 

1ʤʤ. ʇʦ ʫʪʚʝʨʞʜʝʥʠʶ ʅ.ʉ. ɻʨʷʟʥʦʚʘ, ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ 

ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʨʘʙʦʪʝ, ʟʘʪʨʘʯʠʚʘʝʤʦʡ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ 

ʝʜʠʥʠʮʳ ʥʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ 

ʧʦʢʘʟʘʪʝʣʴ ʇʩ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʪʚʝʨʜʦʩʪʴ ʢʦʢʩʘ. ʅʝʜʦʩʪʘ-

ʪʢʦʤ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʷʚʣʷʝʪʩʷ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʫʜʝʣʴʥʦʡ ʨʘʙʦʪʳ ʨʘʟʨʫʰʝʥʠʷ. ɼʚʠʞʝʥʠʝ ʚ 

ʮʠʣʠʥʜʨʝ ʰʘʨʦʚ ʠ ʢʦʢʩʦʚʳʭ ʟʝʨʝʥ ʥʦʩʠʪ ʩʪʦʭʘʩʪʠʯʝʩ-

ʢʠʡ ʭʘʨʘʢʪʝʨ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʚʳʷʩʥʠʪʴ, ʢʘʢʘʷ ʜʦʣʷ 

ʨʘʙʦʪʳ ʰʘʨʦʚ ʟʘʪʨʘʯʠʚʘʝʪʩʷ ʥʘ ʠʟʤʝʣʴʯʝʥʠʝ ʢʦʢʩʘ, ʘ 

ʢʘʢʘʷ ʥʘ ʭʦʣʦʩʪʳʝ ʩʪʦʣʢʥʦʚʝʥʠʷ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʩʦ ʩʪʝ-

ʥʢʘʤʠ ʮʠʣʠʥʜʨʦʚ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʨʘʙʦʪʘ ʨʘʟʨʫʰʝʥʠʷ 

ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥʘ ʪʦʣʴʢʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ï ʧʦ ʢʦʣʠʯʝʩ-

ʪʚʫ ʦʙʦʨʦʪʦʚ ʢʨʝʩʪʦʚʠʥʳ ʩ ʟʘʢʨʝʧʣʝʥʥʳʤʠ ʚ ʥʝʡ ʮʠʣʠ-

ʥʜʨʘʤʠ ʩ ʢʦʢʩʦʤ ʠ ʰʘʨʘʤʠ. 

ɺ ʤʝʪʦʜʠʢʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʢʦʢʩʘ ʧʦʩʣʝ 

ʨʝʘʢʮʠʠ ʩ ʉʆ2 [17] ʠʩʧʦʣʴʟʫʝʪʩʷ ʪ.ʥ. ʙʘʨʘʙʘʥ, ʧʨʝʜʩʪʘ-

ʚʣʷʶʱʠʡ ʩʦʙʦʡ ʪʨʫʙʫ ʩ ʚʥʫʪʨʝʥʥʠʤ ʜʠʘʤʝʪʨʦʤ 130 ʤʤ 

ʠ ʜʣʠʥʥʦʡ 700 ʤʤ, ʚʨʘʱʘʶʱʫʶʩʷ ʚʦʢʨʫʛ ʦʩʠ, ʧʝʨʧʝʥ-

ʜʠʢʫʣʷʨʥʦʡ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʪʨʫʙʳ (ʢʘʢ ʠ ʚ ʤʝʪʦʜʠʢʝ 

ʅ.ʉ. ɻʨʷʟʥʦʚʘ). ʊʨʫʙʘ ʩʦʚʝʨʰʘʝʪ 600 ʦʙʦʨʦʪʦʚ ʚ ʪʝʯʝ-

ʥʠʝ 30 ʤʠʥ. ʀʩʧʳʪʘʥʠʶ ʧʦʜʚʝʨʛʘʶʪ ʢʦʢʩ ʢʣʘʩʩʘ 19,0-

22,4 ʤʤ. ʇʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʨʫʰʝʥʠʝ ʢʦʢʩʘ ʚ ʪʨʫʙʝ 

ʤʦʞʥʦ ʩʨʘʚʥʠʪʴ ʩ ʤʥʦʛʦʢʨʘʪʥʳʤ ʩʙʨʘʩʳʚʘʥʠʝʤ ʢʦʢʩʘ 

ʥʘ ʝʝ ʩʪʘʣʴʥʦʝ ʜʥʠʱʝ ʪʦʣʱʠʥʦʡ 6 ʤʤ. ʇʨʠ ʵʪʦʤ ʚʳʩʦʪʘ 

ʩʙʨʘʩʳʚʘʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʘ ʧʦ ʬʦʨʤʫʣʝ: 

700sinŬH ÖÖ=j , ʤʤ    (2), 

ʛʜʝ ű ï ʢʦʵʬʬʠʮʠʝʥʪ ʚʥʝʰʥʝʛʦ ʪʨʝʥʠʷ ʟʘʩʳʧʠ ʢʦʢʩʘ ʧʦ 

ʩʪʘʣʠ; Ŭ ï ʫʛʦʣ ʦʪʢʦʩʘ ʟʘʩʳʧʠ ʢʦʢʩʘ, ʛʨʘʜ. 
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ɺ ʢʘʯʝʩʪʚʝ ʧʦʢʘʟʘʪʝʣʷ ʧʨʦʯʥʦʩʪʠ (CSR) ʧʨʠʥʠʤʘʝʪ-

ʩʷ ʢʣʘʩʩ ʢʨʫʧʥʦʩʪʠ +10 ʤʤ. ɺʦʟʤʦʞʥʦʩʪʴ ʪʨʘʢʪʦʚʢʠ 

ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ, ʢʘʢ ʪʚʝʨʜʦʩʪʴ ʢʦʢʩʘ, ʟʘʚʠʩʠʪ ʦʪ ʥʘʣʠ-

ʯʠʷ (ʠʣʠ ʦʪʩʫʪʩʪʚʠʷ) ʚ ʠʩʧʳʪʫʝʤʳʭ ʢʫʩʢʘʭ ʪʨʝʱʠʥ. 

ʉʣʝʜʫʝʪ ʩʢʘʟʘʪʴ, ʯʪʦ ʦʙʘ ʵʪʠ ʤʝʪʦʜʘ ʪʨʝʙʫʶʪ ʜʦʩʪʘ-

ʪʦʯʥʦ ʩʣʦʞʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʨʠʚʦʜʳ, 

ʘʚʪʦʤʘʪʠʢʘ ʠ ʜʨ.), ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʠʩʧʳʪʘ-

ʥʠʷ (ʩ ʫʯʝʪʦʤ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʙʳ) ʠ ʥʝ ʧʦʟʚʦʣʷʶʪ ʪʦʯʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʫʜʝʣʴʥʫʶ ʨʘʙʦʪʫ ʨʘʟʨʫʰʝʥʠʷ ʢʦʢʩʘ. 

ʋʜʝʣʴʥʘʷ ʨʘʙʦʪʘ ʨʘʟʨʫʰʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʪʦʯʥʦ ʧʦ-

ʜʩʯʠʪʘʥʘ, ʝʩʣʠ ʥʘ ʥʘʚʝʩʢʫ ʢʦʢʩʘ ʩʙʨʘʩʳʚʘʪʴ ʤʝʪʘʣʣʠʯʝ-

ʩʢʠʡ ʛʨʫʟ ʠʟʚʝʩʪʥʦʡ ʤʘʩʩʳ ʩ ʟʘʜʘʥʥʦʡ ʚʳʩʦʪʳ, ʧʨʠʯʝʤ 

ʧʣʦʱʘʜʴ ʫʜʘʨʥʦʡ ʩʪʦʨʦʥʳ ʛʨʫʟʘ ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʚʥʘ 

ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘ ʢʦʪʦʨʦʡ ʨʘʟʤʝʱʝʥʘ ʟʘʩʳʧʴ 

ʢʦʢʩʘ. ʊʘʢʦʡ ʤʝʪʦʜ, ʤʝʪʦʜ ʪʦʣʯʝʥʠʷ, ʤʦʞʝʪ ʙʳʪʴ ʦʩʫ-

ʱʝʩʪʚʣʝʥ ʚ ʘʧʧʘʨʘʪʝ ʪʠʧʘ ʢʦʧʨʦʚʦʛʦ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦ-

ʜʠʤ ʧʦʜʙʦʨ ʪʘʢʦʛʦ ʢʣʘʩʩʘ ʢʨʫʧʥʦʩʪʠ, ʚ ʢʦʪʦʨʦʤ ʦʪʩʫʪʩ-

ʪʚʦʚʘʣʘ ʙʳ ʪʨʝʱʠʥʦʚʘʪʦʩʪʴ ʢʫʩʢʦʚ, ʘ ʩʘʤ ʢʣʘʩʩ ʙʳʣ ʙʳ 

ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʤ ʚ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʧʨʦ-

ʙʳ ʢʦʢʩʘ. ʊʘʢʦʡ ʤʝʪʦʜ ʙʫʜʝʪ ʧʨʦʩʪ ʚ ʠʩʧʦʣʥʝʥʠʠ ʠ 

ʧʦʟʚʦʣʠʪ ʦʙʲʝʢʪʠʚʥʦ ʦʧʨʝʜʝʣʷʪʴ ʪʚʝʨʜʦʩʪʴ ʢʦʢʩʘ ʠʟ 
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COKE HARDNESS: THE CHOICE OF TEST METHOD  
 

É Kuznichenko V.M., PhD in technical sciences, Kubrak  S.S. (SE "UKHIN")  
 

The analysis has been fulfilled of existing methods for determining of the hardness of various solids units 

by indentation and scratching. It has been proved the difficulty or inability of application of these meth-

ods to determine the hardness of coke. As the simplest and most accurate method has been proposed the 

technique of pounding of coke in ramming machine, the methodic of which is necessary to develop. 
 

Keywords: hardness, strength, fracture, fracture energy, the surface of the pieces, the methodic. 
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ʚʦʜʝè), ʦʪʜʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʚʷʱʝʥʳ ʦʯʠʩʪʢʝ ʩʪʦʯʥʳʭ ʚʦʜ ʠ ʵʤʫʣʴʛʠʨʦʚʘʥʠʶ ʞʠʜʢʠʭ ʧʦʣʫʧʨʦʜʫʢʪʦʚ ʩ 

ʮʝʣʴʶ ʠʭ ʫʪʠʣʠʟʘʮʠʠ [5-7]. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʷʤʳʝ ʵʤʫʣʴʩʠʠ ʤʦʛʫʪ ʥʘʡʪʠ ʤʝʩʪʦ ʚ ʢʘʯʝʩʪʚʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜ ʚ ʘʙʩʦʨʙʮʠʠʦʥʥʳʭ ʠ 

ʧʨʦʤʳʚʦʯʥʳʭ ʧʨʦʮʝʩʩʘʭ [8]. ʊʘʢ, ʜʣʷ ʧʨʦʤʳʚʢʠ ʛʘʟʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʇɻʍ ʧʨʠʤʝʥʷʶʪ ʚʦʜʦʩʤʦʣʷʥʳʝ ʵʤʫʣʴʩʠʠ, 

ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ (30-55 % ʩʤʦʣʳ, 70-45 % ʚʦʜʳ) ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʭ ʚʝʨʦʷʪʥʫʶ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʦʙʨʘʪʥʳʤ 

ʵʤʫʣʴʩʠʷʤ. ʆʜʥʘʢʦ, ʩʦʛʣʘʩʥʦ [9], ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʩʦʩʪʘʚ ʧʨʦʤʳʚʥʦʡ ʞʠʜʢʦʩʪʠ ʇɻʍ (6-10 % ʩʤʦʣʳ), ʭʘʨʘʢʪʝʨʝʥ 

ʜʣʷ ʧʨʷʤʳʭ ʵʤʫʣʴʩʠʡ.  

ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʧʨʦʜʫʢʪʦʚ ʢʦʢʩʦʭʠʤʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ  ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʩ ʮʝʣʴʶ ʧʨʠʜʘʥʠʷ ʠʤ 

ʧʦʜʚʠʞʥʦʩʪʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʫʪʠʣʠʟʘʮʠʠ [7]. ɺ ʥʠʭ, ʧʦ ʧʨʝʜʧʦʣʦʞʝʥʠʶ ʘʚʪʦʨʦʚ, ʩʦʜʝʨʞʘʪʩʷ ʨʘʟʣʠʯʥʳʝ ʇɸɺ, 

ʢʦʪʦʨʳʝ ʠ ʚʳʩʪʫʧʘʶʪ ʵʤʫʣʴʛʘʪʦʨʘʤʠ ʵʤʫʣʴʩʠʠ ʪʠʧʘ çʤʘʩʣʦ ʚ ʚʦʜʝè. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʢʠʩʣʳʭ ʠ 

ʱʝʣʦʯʥʳʭ ʩʨʝʜʘʭ, ʫʩʪʦʡʯʠʚʳʝ ʵʤʫʣʴʩʠʠ ʧʦʣʫʯʘʣʠʩʴ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʤʘʩʣʷʥʦʡ ʬʘʟʳ 40-66 %. ɸʛʨʝʛʘʪʠʚʥʘʷ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʵʤʫʣʴʩʠʡ ʦʮʝʥʠʚʘʣʘʩʴ ʜʠʩʧʝʨʩʠʦʥʥʳʤ ʘʥʘʣʠʟʦʤ. ʄʘʢʩʠʤʫʤ ʜʠʩʧʝʨʩʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʠʘʤʝʪʨʫ 

ʢʘʧʝʣʴ 3,5 ʤʢʤ. ʋʩʪʘʥʦʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʵʤʫʣʴʛʘʪʦʨʘ ʦʪ ʚʝʣʠʯʠʥʳ ʨʅ. ʅʘʠʙʦʣʝʝ 

ʩʪʦʡʢʠʝ ʵʤʫʣʴʩʠʠ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʧʨʠ ʫʯʘʩʪʠʠ ʧʠʨʠʜʠʥʦʚʳʭ ʦʩʥʦʚʘʥʠʡ ʠ ʢʫʙʦʚʳʭ ʦʩʪʘʪʢʦʚ ʨʝʢʪʠʬʠʢʘʮʠʠ ʚ ʢʠʩ-

ʣʦʡ ʩʨʝʜʝ.  
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ʇʨʠʚʝʜʝʥʥʳʝ ʚ ʩʪʘʪʴʝ [7] ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ 

ʢʘʞʜʦʡ ʠʟ 8-ʤʠ ʨʝʮʝʧʪʫʨ ʵʤʫʣʴʩʠʠ ʩʦʜʝʨʞʘʣʦʩʴ ʦʪ 

ʜʚʫʭ ʜʦ ʯʝʪʳʨʝʭ ʧʦʣʫʧʨʦʜʫʢʪʦʚ ʤʘʩʣʷʥʦʡ ʬʘʟʳ, ʘ 

ʠʤʝʥʥʦ: ʢʠʩʣʦʡ ʩʤʦʣʢʠ ʩʫʣʴʬʘʪʥʦʛʦ ʦʪʜʝʣʝʥʠʷ, ʢʠʩʣʦʡ 

ʩʤʦʣʢʠ ʨʝʢʪʠʬʠʢʘʮʠʠ, ʤʘʩʝʣ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, 

ʧʦʣʠʤʝʨʦʚ ʙʝʥʟʦʣʴʥʦʛʦ ʦʪʜʝʣʝʥʠʷ, ʢʫʙʦʚʳʭ ʦʩʪʘʪʢʦʚ 

ʨʝʢʪʠʬʠʢʘʮʠʠ ʙʝʥʟʦʣʘ, ʣʝʛʢʠʭ ʠ ʪʷʞʝʣʳʭ ʧʠʨʠʜʠʥʦʚʳʭ 

ʦʩʥʦʚʘʥʠʡ. ɼʘʥʥʳʝ ʧʦʣʫʧʨʦʜʫʢʪʳ ʷʚʣʷʶʪʩʷ ʩʘʤʠ ʧʦ 

ʩʝʙʝ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʤʠ ʩʤʝʩʷʤʠ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ 

ʢʦʤʧʦʥʝʥʪʦʚ ʢʦʪʦʨʳʭ ʥʝʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʘ. ɺʦʜʥʘʷ 

ʬʘʟʘ ʚ ʢʘʞʜʦʤ ʠʟ ʦʙʨʘʟʮʦʚ ʵʤʫʣʴʩʠʠ ʩʦʜʝʨʞʘʣʘ ʩʤʝʩʴ 

ʩʝʧʘʨʘʪʦʨʥʦʡ ʚʦʜʳ ʩʤʦʣʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʛʦ ʮʝʭʘ, 

ʱʝʣʦʯʥʦʡ ʚʦʜʳ ʨʝʢʪʠʬʠʢʘʮʠʠ ʙʝʥʟʦʣʘ, ʘʤʤʠʘʯʥʦʡ 

ʚʦʜʳ ʠ ʚʦʜʳ, ʚʥʦʩʠʤʦʡ ʤʘʩʣʷʥʦʡ ʬʘʟʦʡ. ɺ ʪʘʢʦʡ ʩʣʦʞ-

ʥʦʡ ʩʤʝʩʠ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʚʳʜʝʣʠʪʴ ʚʝʱʝʩʪʚʦ, ʢʦʪʦʨʦʝ 

ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʵʤʫʣʴʛʘʪʦʨʦʤ.  

ɺʳʧʦʣʥʝʥʥʳʡ ʥʘʤʠ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʘʛʨʝʛʘʪʠʚ-

ʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʵʤʫʣʴʩʠʡ, ʦʮʝʥʠʚʘʝʤʘʷ ʧʦ ʩʦʜʝʨʞʘ-

ʥʠʶ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʢʣʘʩʩʘ 0,0-3,5 ʤʢʤ, ʧʦʚʳʰʘʝʪʩʷ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʚ ʪʦʣʫʦʣʝ ʚʝʱʝʩʪʚ ʚ ʵʤʫ-

ʣʴʩʠʠ. ʇʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʚ çʢʠʩʣʳʭè ʩʨʝʜʘʭ ʵʤʫʣʴʛʘ-

ʪʦʨʦʤ ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʜʫʢʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʠʩʣʳʭ 

ʩʤʦʣʦʢ ʩ ʧʠʨʠʜʠʥ-ʩʦʜʝʨʞʘʱʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʘ ʚ 

ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ ʵʤʫʣʴʛʘʪʦʨ ʦʙʨʘʟʫʝʪʩʷ ʟʘ ʩʯʝʪ ʥʝʡʪʨʘ-

ʣʠʟʘʮʠʠ ʢʠʩʣʳʭ ʩʤʦʣʦʢ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʥʘʰʝʤʫ ʧʨʝʜʧʦʣʦʞʝʥʠʶ, ʚ ʧʦʣʫ-

ʧʨʦʜʫʢʪʘʭ ʢʦʢʩʦʭʠʤʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʜʝʨʞʘʪʩʷ 

ʩʦʩʪʘʚʥʳʝ ʯʘʩʪʠ ʵʤʫʣʴʛʘʪʦʨʦʚ, ʘ ʥʝ ʩʘʤʠ ʵʤʫʣʴʛʘʪʦʨʳ, 

ʢʘʢ ʪʘʢʦʚʳʝ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʚ ʩʪʦʯʥʦʡ ʚʦʜʝ ʧʨʠʩʫʪʩʪ-

ʚʫʶʪ ʦʨʛʘʥʠʯʝʩʢʠʝ ʞʠʜʢʠʝ ʚʝʱʝʩʪʚʘ (ʤʘʩʣʘ, ʙʝʥʟʦʣ ʠ 

ʧʨ.) ʠ ʥʝʪ ʢʦʤʧʦʥʝʥʪʘ-ʵʤʫʣʴʛʘʪʦʨʘ, ʪʦ ʩʪʦʡʢʠʝ ʵʤʫʣʴ-

ʩʠʠ ʦʙʳʯʥʦ ʥʝ ʦʙʨʘʟʫʶʪʩʷ, ʘ ʧʨʦʮʝʩʩ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ 

ʚʦʜ ʩʚʦʜʠʪʩʷ ʢ ʦʙʝʟʤʘʩʣʠʚʘʥʠʶ, ʘ ʥʝ ʢ ʨʘʟʨʫʰʝʥʠʶ 

ʵʤʫʣʴʩʠʡ [10] 

ɺʳʰʝʧʨʠʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ ʘʢʪʫʘʣʴ-

ʥʦʩʪʴ ʬʦʨʤʫʣʠʨʦʚʘʥʠʷ ʧʨʠʥʮʠʧʦʚ ʧʦʣʫʯʝʥʠʷ ʧʨʷʤʳʭ 

ʵʤʫʣʴʩʠʡ ʥʘ ʦʩʥʦʚʝ ʧʨʦʜʫʢʪʦʚ ʠ ʧʦʣʫʧʨʦʜʫʢʪʦʚ ʢʘʤʝʥ-

ʥʦʫʛʦʣʴʥʦʡ ʩʤʦʣʳ.  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʵʤʫʣʴʩʠʠ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ: 

ï ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʜʥʦʡ ʬʘʟʳ; 

ï ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʳ: ʜʣʷ ʢʘʤʝʥʥʦ-

ʫʛʦʣʴʥʦʡ ʩʤʦʣʳ ʠ ʝʝ ʬʨʘʢʮʠʡ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʘʢ ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʢʠʧʝʥʠʷ 50-

ʪʠ % ʦʪʛʦʥʘ, ʧʣʦʪʥʦʩʪʴ, ʚʷʟʢʦʩʪʴ, ʤʦʣʝʢʫʣʷʨʥʳʡ ʚʝʩ ʠ 

ʪ.ʜ.; 

ï ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʤʫʣʴʛʘʪʦʨʘ: ʯʠʩʣʦ ʛʠʜʨʦʬʠʣʴʥʦ-

ʣʠʧʦʬʠʣʴʥʦʛʦ ʙʘʣʘʥʩʘ (ɻʃɹ), ʪʠʧ, ʩʪʨʫʢʪʫʨʘ. 

ʅʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʵʤʫʣʴʩʠʠ ʚʣʠʷʶʪ ʪʘʢʞʝ ʢʦʣʠʯʝʩʪ-

ʚʝʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʬʘʟ (ʚʦʜʥʘʷ/ʦʨʛʘʥʠʯʝʩʢʘʷ), ʢʦʣʠ-

ʯʝʩʪʚʦ ʜʦʙʘʚʣʷʝʤʦʛʦ ʵʤʫʣʴʛʘʪʦʨʘ, ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʵʤʫʣʴʩʠʠ.  

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʚʝʜʝʤ ʧʝʨʝʯʝʥʴ ʧʝʨʝʤʝʥʥʳʭ 

ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʵʤʫʣʴʩʠʠ, ʧʨʠ-

ʚʝʜʝʥʥʳʡ ʚ [11]: 

ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʇɸɺ; 

ï ʯʠʩʣʦ ɻʃɹ; 

ï ʩʦʜʝʨʞʘʥʠʝ ʩʪʘʙʠʣʠʟʘʪʦʨʘ; 

ï ʩʦʣʝʩʦʜʝʨʞʘʥʠʝ ʚʦʜʳ; 

ï ʯʠʩʣʦ ʦʙʦʨʦʪʦʚ ʤʝʰʘʣʢʠ; 

ï ʨʝʞʠʤ ʧʝʨʝʤʝʰʠʚʘʥʠʷ: ʥʝʧʨʝʨʳʚʥʳʡ ʠʣʠ ʧʨʝʨʳ-

ʚʠʩʪʳʡ; 

ï ʦʙʲʝʤ ʟʘʛʨʫʟʢʠ. 

ɺ ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ ʦʪʩʫʪʩʪʚʫʶʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʘʩʣʷʥʦʡ ʬʘʟʳ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʵʤʫʣʴʩʠʡ.  

 

ɺʣʠʷʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʤʫʣʴʛʘʪʦʨʘ. ʕʤʫʣʴʛʘʪʦʨ 

ʠʤʝʝʪ ʧʦʣʷʨʥʫʶ ʠ ʥʝʧʦʣʷʨʥʫʶ ʛʨʫʧʧʫ, ʠʟ-ʟʘ ʵʪʦʛʦ ʦʥ 

ʥʝ ʤʦʞʝʪ ʧʦʣʥʦʩʪʴʶ ʨʘʩʪʚʦʨʠʪʴʩʷ ʚ ʩʤʦʣʷʥʦʡ ʠʣʠ ʚ 

ʚʦʜʥʦʡ ʬʘʟʝ. ʇʦʵʪʦʤʫ ʦʥ ʥʘʭʦʜʠʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʭ 

ʨʘʟʜʝʣʘ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʝʝ ʢʠʥʝʪʠʯʝʩʢʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ. ɺʪʦʨʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʦʚʝʨʭʥʦʩʪʥʦ 

ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʩʘʤʦʘʩʩʦʮʠ-

ʘʮʠʠ, ʪʦ ʝʩʪʴ ʦʙʨʘʟʦʚʘʥʠʶ ʤʠʮʝʣʣ ʧʨʠ ʪʘʢ ʥʘʟʳʚʘʝʤʦʤ 

ʢʨʠʪʠʯʝʩʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʠʮʝʣʣʦʦʙʨʘʟʦʚʘʥʠʷ 

(ʂʂʄ). ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʩʯʠʪʘʪʴ ʵʤʫʣʴʛʘʪʦʨʘʤʠ ʦʪʜʝ-

ʣʴʥʳʝ ʧʦʣʫʧʨʦʜʫʢʪʳ ʢʦʢʩʦʭʠʤʧʨʦʠʟʚʦʜʩʪʚʘ, ʥʘʧʨʠʤʝʨ, 

ʧʠʨʠʜʠʥʦʚʳʝ ʦʩʥʦʚʘʥʠʷ ʠ ʢʫʙʦʚʳʝ ʦʩʪʘʪʢʠ ʨʝʢʪʠʬʠʢʘ-

ʮʠʠ [7] ʥʝʧʨʘʚʦʤʝʨʥʦ, ʪ.ʢ. ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʵʤʫʣʴʛʘʪʦʨʘ-

ʤʠ ʷʚʣʷʶʪʩʷ ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʧʦʜʢʠʩʣʝʥʠʠ ʯʘʩʪʠʯʥʦ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʩʦʣʠ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʵʤʫʣʴʛʘʪʦʨ ʜʦ-

ʣʞʝʥ ʧʦʥʠʞʘʪʴ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʵʤʫʣʴʩʠʡ, 

ʢʦʪʦʨʳʝ ʧʨʠʛʦʪʘʚʣʠʚʘʶʪ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ, ʜʦ 5 ʜʠʥ/ʩʤ, 

ʠ ʜʦ 0,5 ʜʠʥ/ʩʤ ʜʣʷ ʵʤʫʣʴʩʠʡ, ʥʝ ʪʨʝʙʫʶʱʠʭ ʠʥʪʝʥʩʠʚ-

ʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ [17]. ʅʠʞʥʠʡ ʧʨʝʜʝʣ ʩʦʜʝʨʞʘʥʠʷ 

ʵʤʫʣʴʛʘʪʦʨʘ ʚ ʨʝʮʝʧʪʫʨʝ ʧʨʷʤʦʡ ʵʤʫʣʴʩʠʠ ʜʦʣʞʝʥ ʙʳʪʴ 

ʚʳʰʝ ʢʨʠʪʠʯʝʩʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʠʮʝʣʣʦʦʙʨʘʟʦʚʘʥʠʷ 

(ʂʂʄ), ʠ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʷʤʳʭ ʵʤʫʣʴʩʠʡ ʩʦʩʪʘʚʣʷ-

ʝʪ ʦʢʦʣʦ 0,1 % ʧʦ ʤʘʩʩʝ. ɺʝʨʭʥʠʡ ʧʨʝʜʝʣ ʩʦʜʝʨʞʘʥʠʷ 

ʵʤʫʣʴʛʘʪʦʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʧʨʝʜʝʣʦʤ ʝʛʦ ʵʬʬʝʢʪʠʚ-

ʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʪʘʢ ʠ ʩʪʦʠʤʦʩʪʴʶ. ʋʚʝʣʠʯʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʵʤʫʣʴʛʘʪʦʨʘ ʚʳʰʝ 5 % ʦʙʳʯʥʦ ʥʝ ʩʧʦʩʦʙʩ-

ʪʚʫʝʪ ʨʦʩʪʫ ʩʪʘʙʠʣʴʥʦʩʪʠ ʵʤʫʣʴʩʠʡ; ʥʘ ʧʨʘʢʪʠʢʝ ʠʩʧʦ-

ʣʴʟʫʶʪ ʠʥʪʝʨʚʘʣ 0,2-3,0 % ʧʦ ʤʘʩʩʝ. ʏʘʩʪʦ ʜʣʷ ʫʜʝʰʝʚ-

ʣʝʥʠʷ ʢʦʤʧʦʟʠʮʠʠ ʧʨʠʤʝʥʷʶʪ ʩʤʝʩʴ ʥʝʩʢʦʣʴʢʠʭ ʵʤʫʣʴ-

ʛʘʪʦʨʦʚ. ʅʝʭʚʘʪʢʘ ʵʤʫʣʴʛʘʪʦʨʘ ʚ ʢʦʤʧʦʟʠʮʠʠ ʩʥʠʞʘʝʪ 

ʩʪʝʧʝʥʴ ʜʠʩʧʝʨʩʥʦʩʪʠ ʵʤʫʣʴʩʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝ-

ʥʠʶ ʝʝ ʩʪʘʙʠʣʴʥʦʩʪʠ.  

ʇʨʠ ʚʚʝʜʝʥʠʠ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʵʤʫʣʴʛʘʪʦʨʘ 

ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʨʝʟʢʦ ʫʤʝʥʴʰʘʝʪʩʷ, ʦʜʥʘʢʦ 

ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʨʦʩʪʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʤʫʣʴʛʘʪʦʨʘ ʵʪʦʪ 

ʧʦʢʘʟʘʪʝʣʴ ʠʟʤʝʥʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʇʦ ʤʝʨʝ ʫʚʝʣʠ-

ʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʤʫʣʴʛʘʪʦʨʘ ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ 

ʵʤʫʣʴʩʠʠ ʧʨʦʠʩʭʦʜʠʪ ʙʦʣʝʝ ʣʝʛʯʝ, ʚʦʟʨʘʩʪʘʝʪ ʝʝ ʩʪʘʙʠ-

ʣʴʥʦʩʪʴ, ʘ ʨʘʟʤʝʨ ʢʘʧʝʣʴ ʫʤʝʥʴʰʘʝʪʩʷ; ʧʨʠ ʵʪʦʤ ʚʦʟʨʘ-
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ʩʪʘʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʤʫʣʴʛʘʪʦʨʘ ʚʳʰʝ ʩʚʦʝʡ ʦʧʪʠʤʘ-

ʣʴʥʦʡ ʚʝʣʠʯʠʥʳ ʫʞʝ ʥʝ ʫʣʫʯʰʘʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʵʤʫʣʴ-

ʩʠʠ ʠ ʥʝ ʜʘʝʪ ʤʝʣʢʠʭ ʢʘʧʝʣʴ [17]. 

ɼʣʷ ʢʘʞʜʦʛʦ ʵʤʫʣʴʛʘʪʦʨʘ, ʧʨʠʤʝʥʷʝʤʦʛʦ ʜʣʷ ʵʤʫʣʴ-

ʛʠʨʦʚʘʥʠʷ ʢʦʥʢʨʝʪʥʦʛʦ ʤʘʩʣʘ ʠʣʠ ʩʤʦʣʳ, ʤʦʞʥʦ ʫʩʪʘ-

ʥʦʚʠʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ. ʆʙʟʦʨ ʧʘʪʝʥʪʥʦʡ 

ʣʠʪʝʨʘʪʫʨʳ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʨʝʮʝʧʪʫʨʘʭ ʧʨʷʤʳʭ ʵʤʫ-

ʣʴʩʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʜʫʢʪʦʚ ʥʘ ʦʩʥʦʚʝ ʢʘʤʝʥʥʦ-

ʫʛʦʣʴʥʦʡ ʩʤʦʣʳ, ʤʠʥʠʤʘʣʴʥʘʷ ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʵʤʫʣʴʛʘ-

ʪʦʨʘ ʨʝʘʛʝʥʪʘ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 0,4-2,0 %. ʇʨʠ ʠʩʧʦ-

ʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʵʤʫʣʴʛʘʪʦʨʘ ʧʦʣʫʧʨʦʜʫʢʪʦʚ ʧʨʦ-

ʯʠʭ ʧʨʦʠʟʚʦʜʩʪʚ, ʩʦʜʝʨʞʘʱʠʭ ʇɸɺ ʥʝ ʚ ʢʦʥʮʝʥʪʨʠʨʦ-

ʚʘʥʥʦʤ ʚʠʜʝ, ʩʦʜʝʨʞʘʥʠʝ ʪʘʢʠʭ ʧʦʣʫʧʨʦʜʫʢʪʦʚ ʚ ʵʤʫ-

ʣʴʩʠʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 20 % ʠ ʚʳʰʝ.  

ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʩʚʦʡʩʪʚʦʤ ʵʤʫʣʴʛʘʪʦʨʘ ʷʚʣʷʝʪʩʷ 

ʝʛʦ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʦʙʝʠʭ ʬʘʟʘʭ, ʠ, ʚ ʩʣʫʯʘʝ ʪʚʝʨʜʦʛʦ 

ʵʤʫʣʴʛʘʪʦʨʘ, ï ʝʛʦ ʩʤʘʯʠʚʘʝʤʦʩʪʴ. 

 

ɺʣʠʷʥʠʝ ʯʠʩʣʘ ɻʃɹ ʵʤʫʣʴʛʘʪʦʨʘ. ɼʣʷ ʬʦʨʤʠʨʦ-

ʚʘʥʠʷ ʧʨʷʤʦʡ ʵʤʫʣʴʩʠʠ ʩʨʦʜʩʪʚʦ ʵʤʫʣʴʛʘʪʦʨʘ ʢ ʤʘʩʣʫ 

ʠʣʠ ʢ ʚʦʜʝ ʜʦʣʞʥʦ ʠʤʝʪʴ ʦʧʨʝʜʝʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ, ʚʳ-

ʨʘʞʘʝʤʦʝ ʯʠʩʣʦʤ ɻʃɹ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ 

ʧʦʣʫʯʠʪʴ ʧʨʷʤʫʶ ʵʤʫʣʴʩʠʶ, ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʵʤʫʣʴ-

ʛʘʪʦʨ ʙʳʣ ʛʠʜʨʦʬʠʣʴʥʳʤ, ʪ.ʝ. ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʷʣʩʷ ʚ 

ʚʦʜʝ ʠ ʦʙʨʘʟʦʚʳʚʘʣ ʥʘ ʢʘʧʝʣʴʢʘʭ ʤʘʩʣʘ ʧʨʦʯʥʫʶ ʩʪʨʫʢ-

ʪʫʨʠʨʦʚʘʥʥʫʶ ʦʙʦʣʦʯʢʫ. ʏʠʩʣʦ ɻʃɹ ʵʤʫʣʴʛʘʪʦʨʘ ʧʨʷ-

ʤʳʭ ʵʤʫʣʴʩʠʡ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʩʦʩʪʘʚʣʷʝʪ 8-18 ʝʜʠʥʠʮ. 

ʅʘʧʨʠʤʝʨ, ʯʪʦʙʳ ʟʘʵʤʫʣʴʛʠʨʦʚʘʪʴ ʙʝʥʟʦʣ ʠʣʠ ʪʦʣʫʦʣ ʚ 

ʚʦʜʝ, ɻʃɹ ʵʤʫʣʴʛʘʪʦʨʘ ʜʦʣʞʥʦ ʩʦʩʪʘʚʣʷʪʴ 15 ʝʜʠʥʠʮ. 

ʆʙʟʦʨ ʧʘʪʝʥʪʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʯʠʩʣʦ 

ɻʃɹ ʜʣʷ ʵʤʫʣʴʛʠʨʦʚʘʥʠʷ ʧʨʦʜʫʢʪʦʚ ʥʘ ʦʩʥʦʚʝ 

ʢʘʤʝʥʥʦʫʛʦʣʴʥʳʭ ʩʤʦʣ ʩʦʩʪʘʚʣʷʝʪ Ó 10-12, ʘ ʜʣʷ ʧʨʠ-

ʜʘʥʠʷ ʪʝʢʫʯʝʩʪʠ ʢʠʩʣʳʤ ʩʤʦʣʢʘʤ ï 12,5-16,0 ʝʜʠʥʠʮ. 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʦʜʥʦʡ ʬʘʟʳ. ʋʚʝʣʠʯʝʥʠʝ ʚʷʟʢʦʩ-

ʪʠ ʚʦʜʥʦʡ ʬʘʟʳ ʫʤʝʥʴʰʘʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ 

ʢʘʧʝʣʴ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʯʘʩʪʦʪʳ ʚʟʘʠʤʥʦʛʦ 

ʢʦʥʪʘʢʪʘ ʢʘʧʝʣʴ ʠ ʠʭ ʩʢʦʨʦʩʪʠ ʢʦʘʣʝʩʮʝʥʮʠʠ; ʧʨʠ ʵʪʦʤ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʵʤʫʣʴʩʠʠ ʧʦʚʳʰʘʝʪʩʷ. ʉʢʦʨʦʩʪʴ ʜʚʠʞʝ-

ʥʠʷ ʢʘʧʝʣʴ ʚ ʵʤʫʣʴʩʠʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʨʘʟʥʦʩʪʠ ʧʣʦ-

ʪʥʦʩʪʝʡ ʬʘʟ ʠ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʚʷʟʢʦʩʪʠ 

ʩʧʣʦʰʥʦʡ ʬʘʟʳ, ʧʦʵʪʦʤʫ ʜʣʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʵʤʫʣʴʩʠʡ 

ʥʝʦʙʭʦʜʠʤʘ ʚʳʩʦʢʘʷ ʚʷʟʢʦʩʪʴ ʩʧʣʦʰʥʦʡ ʬʘʟʳ ʠ ʤʘʣʘʷ 

ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʧʣʦʪʥʦʩʪʷʤʠ ʬʘʟ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʚʷʟ-

ʢʦʩʪʠ ʚʦʜʥʦʡ ʬʘʟʳ ʧʨʠʤʝʥʷʶʪ ʚʚʦʜ ʟʘʛʫʩʪʠʪʝʣʝʡ. ʅʘ-

ʧʨʠʤʝʨ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʷʤʳʭ ʵʤʫʣʴʩʠʡ ʢʘʤʝʥʥʦʫʛʦ-

ʣʴʥʳʭ ʩʤʦʣ ʜʣʷ ʜʦʨʦʞʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚ ʢʘʯʝʩʪʚʝ 

ʟʘʛʫʩʪʠʪʝʣʷ ʧʨʠʤʝʥʷʶʪ ʱʝʣʦʯʥʫʶ ʩʦʣʴ ʢʘʨʙʦʢʩʠʤʝʪʠ-

ʣʮʝʣʣʶʣʦʟʳ.  

ʉʥʠʞʝʥʠʝ ʨʘʟʥʦʩʪʠ ʧʣʦʪʥʦʩʪʝʡ ʤʝʞʜʫ ʚʦʜʥʦʡ ʠ ʦʨ-

ʛʘʥʠʯʝʩʢʦʡ ʬʘʟʦʡ ʫʚʝʣʠʯʠʚʘʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʵʤʫʣʴʩʠʠ. 

ʇʨʠ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʧʨʷʤʦʡ ʵʤʫʣʴʩʠʠ ʢʨʝʦʟʦʪʘ ʜʣʷ 

ʧʨʦʧʠʪʢʠ ʜʨʝʚʝʩʠʥʳ ʧʨʠʤʝʥʷʶʪ 5 %-ʳʡ ʨʘʩʪʚʦʨ ʭʣʦ-

ʨʠʜʘ ʮʠʥʢʘ.  

ʇʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʚʦʜʳ ʛʘʟʦʩʙʦʨʥʠʢʦʚʦʛʦ 

ʮʠʢʣʘ, ʩʦʜʝʨʞʘʱʝʡ ʩʚʷʟʘʥʥʳʝ ʩʦʣʠ ʘʤʤʦʥʠʷ, ʚʳʰʝ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʙʝʩʩʦʣʝʚʦʡ ʚʦʜʳ (ʩʤ. ʪʘʙʣ.). 

 

ʇʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ, 10
3
 ʥ/ʤ 

ʊʝʤʧʝʨʘʪʫʨʘ, 
ʦ
ʉ 20 40 60 80 

ʛʘʟʦʩʙʦʨʥʠʢʦʚʦʡ ʚʦʜʳ [18] 79,27 76,11 72,75 69,18 

ʚʦʜʳ (ʙʝʩʩʦʣʝʚʦʡ) [19] 72,75 69,55 66,17 62,6 

 

ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʧʨʷʤʦʡ ʵʤʫʣʴʩʠʠ ʛʘʟʦʩʙʦʨʥʠʢʦʚʦʡ ʚʦʜʳ ʚʤʝʩʪʦ ʧʨʘʢ-

ʪʠʯʝʩʢʠ ʙʝʩʩʦʣʝʚʦʡ ʭʦʣʦʜʠʣʴʥʠʢʦʚʦʡ ʚʦʜʳ ʩʦʧʨʦʚʦʞ-

ʜʘʝʪʩʷ ʙʦʣʴʰʝʡ ʟʘʪʨʘʪʦʡ ʵʥʝʨʛʠʠ ʥʘ ʵʤʫʣʴʛʠʨʦʚʘʥʠʝ. 

ʊʘʢ, ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʧʨʷʤʳʭ ʵʤʫʣʴʩʠʡ ʠʟ ʵʤʫʣʴʩʦ-

ʣʦʚ ʧʨʠʤʝʥʷʝʪʩʷ ʚʦʜʘ ʩ ʞʝʩʪʢʦʩʪʴʶ ʥʝ ʚʳʰʝ 0,5 ʤʛ-

ʵʢʚ/ʣ [14]. 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʳ. ʀʩʩʣʝʜʦʚʘ-

ʥʠʷ ʚʣʠʷʥʠʷ ʧʨʠʨʦʜʳ ʥʝʬʪʷʥʦʛʦ ʩʳʨʴʷ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ 

ʵʤʫʣʴʩʠʡ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʯʝʤ ʙʦʣʴʰʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʩʦʜʝʨʞʠʪʩʷ ʚ ʙʘʟʦʚʦʤ ʤʘʩʣʝ, ʪʝʤ ʣʫʯʰʝ ʝʛʦ 

ʵʤʫʣʴʛʠʨʫʝʤʦʩʪʴ [12]. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʦʪ ʧʨʦʜʫʢʪʦʚ 

ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʡ ʩʤʦʣʳ ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ ʭʦʨʦʰʝʡ 

ʵʤʫʣʴʛʠʨʫʝʤʦʩʪʠ.  

ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʨʷʤʦʡ ʵʤʫʣʴʩʠʠ ʚʷʟʢʦʩʪʴ ʦʨʛʘ-

ʥʠʯʝʩʢʦʡ ʬʘʟʳ ʜʦʣʞʥʘ ʙʳʪʴ ʩʨʝʜʥʝʡ: ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʵʤʫʣʴʩʠʠ ʫʣʫʯʰʘʝʪʩʷ ʩ ʧʨʠʤʝʥʝ-

ʥʠʝʤ ʙʦʣʝʝ ʚʷʟʢʠʭ ʤʘʩʝʣ (ʥʝ ʤʝʥʝʝ 54 cCʪ ʧʨʠ 38 
ʦ
ʉ). 

ʅʦ ʧʨʠ ʯʨʝʟʤʝʨʥʦʡ ʚʷʟʢʦʩʪʠ ʨʘʟʜʨʦʙʣʝʥʠʝ ʦʨʛʘʥʠʯʝʩ-

ʢʦʡ ʬʘʟʳ ʚ ʚʦʜʝ ʫʭʫʜʰʘʝʪʩʷ [13]. 

ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʜʣʷ ʢʦʨʨʝʢʮʠʠ ʚʷʟʢʦʩʪʠ ʤʘʩʣʷʥʦʡ 

ʬʘʟʳ ʧʨʠʤʝʥʷʝʪʩʷ ʩʤʝʰʝʥʠʝ ʤʘʣʦʚʷʟʢʠʭ ʧʨʦʜʫʢʪʦʚ ʩ 

ʚʳʩʦʢʦʚʷʟʢʠʤʠ, ʦʜʥʘʢʦ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦʣʫʯʝʥʥʦʡ ʧʨʷ-

ʤʦʡ ʵʤʫʣʴʩʠʠ ʥʝʚʳʩʦʢʘ. ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʤʘʟʦʯʥʦ-

ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʠ, ʧʨʠʥʘʜʣʝʞʘʱʝʡ ʢ ʩʠʩʪʝʤʝ 

çʤʘʩʣʦ ʚ ʚʦʜʝè, ʚʷʟʢʦʩʪʴ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʳ ʜʦʣʞʥʘ 

ʥʘʭʦʜʠʪʴʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 10-58 ʩʉʪ (50 
ʦ
ʉ). ʉ ʫʚʝʣʠʯʝʥʠ-

ʝʤ ʚʷʟʢʦʩʪʠ ʤʘʩʝʣ ʜʠʩʧʝʨʛʠʨʫʝʤʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʫʭʫʜʰʘʶʪʩʷ [14]. 

ʅʘ ʨʠʩ. ʧʨʝʜʩʪʘʚʣʝʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʷʟʢʦʩʪʠ ʛʘʟʦ-

ʩʙʦʨʥʠʢʦʚʦʡ ʠ ʛʘʟʦʭʦʣʦʜʠʣʴʥʠʢʦʚʳʭ ʩʤʦʣ [15]. 

ʇʦʣʴʟʫʷʩʴ ʜʘʥʥʳʤʠ [14], ʩ ʫʯʝʪʦʤ ʧʨʠʤʝʨʥʦʛʦ ʩʦʦʪ-

ʚʝʪʩʪʚʠʷ ʪʨʝʙʫʝʤʦʡ ʚʷʟʢʦʩʪʠ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʳ ʠʥʪʝ-

ʨʚʘʣʫ ʟʥʘʯʝʥʠʡ 2,5-9,0 
ʦ
ʕ (50 

ʦ
ʉ), ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, 

ʯʪʦ ʣʠʰʴ ʭʦʣʦʜʠʣʴʥʠʢʦʚʘʷ ʩʤʦʣʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦ-

ʚʘʥʠʷʤ ʧʦ ʦʧʪʠʤʘʣʴʥʦʡ ʚʷʟʢʦʩʪʠ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʷ-

ʤʦʡ ʵʤʫʣʴʩʠʠ. 
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ɿʘʚʠʩʠʤʦʩʪʴ ʚʷʟʢʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʩʤʦʣ 

ʛʘʟʦʩʙʦʨʥʠʢʦʚʦʛʦ ʠ ʭʦʣʦʜʠʣʴʥʠʢʦʚʦʛʦ ʮʠʢʣʦʚ 
 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʚʷʟʢʦʩʪʠ ʤʘʩʣʷʥʦʡ ʬʘʟʳ ʥʘ 

ʩʚʦʡʩʪʚʘ ʧʨʷʤʳʭ ʵʤʫʣʴʩʠʡ ʜʣʷ ʜʦʨʦʞʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪ-

ʚʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʠʟ ʤʝʥʝʝ ʚʷʟʢʠʭ ʙʠʪʫʤʦʚ ʧʦʣʫʯʘʶʪʩʷ 

ʙʦʣʝʝ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʝ ʠ ʦʜʥʦʨʦʜʥʳʝ ʵʤʫʣʴʩʠʠ. ʌʘʢ-

ʪʦʨ ʚʷʟʢʦʩʪʠ ʤʘʩʣʘ ʚ ʤʦʤʝʥʪ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʢʦʨʨʝʢʪʠ-

ʨʫʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʥʘʧʨʠʤʝʨ, ʙʦʣʝʝ ʚʷʟʢʠʡ ʙʠʪʫʤ 

ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʜʠʩʧʝʨʛʠʨʫʝʤʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʦʛ-

ʨʝʪʴ ʜʦ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʉ ʫʤʝʥʴʰʝʥʠʝʤ 

ʚʷʟʢʦʩʪʠ ʤʘʩʣʷʥʦʡ ʬʘʟʳ ʫʤʝʥʴʰʘʝʪʩʷ ʠʭ ʧʦʣʠʜʠʩʧʝʨʩ-

ʥʦʩʪʴ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʠʭ ʩʝʜʠʤʝʥʪʘʮʠʦʥ-

ʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ [16].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʤʦʣʳ ʤʝʥʴʰʝʡ ʚʷʟʢʦʩʪʠ ʵʤʫʣʴʛʠ-

ʨʫʶʪʩʷ ʣʝʛʯʝ, ʯʝʤ ʙʦʣʝʝ ʚʷʟʢʠʝ, ʠʟ ʤʝʥʝʝ ʚʷʟʢʠʭ ʤʘʩʝʣ 

ʧʦʣʫʯʘʶʪʩʷ ʫʩʪʦʡʯʠʚʳʝ ʵʤʫʣʴʩʠʠ, ʘ ʜʣʷ ʢʦʥʮʝʥʪʨʠʨʦ-

ʚʘʥʥʳʭ ʵʤʫʣʴʩʠʡ ʥʝʦʙʭʦʜʠʤʘ ʥʝʤʥʦʛʦ ʙʦʣʝʝ ʚʳʩʦʢʘʷ 

ʚʷʟʢʦʩʪʴ ʤʘʩʝʣ. ʇʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʤʘʩʩʳ ʧʨʦʜʫʢʪʦʚ ʨʘʟʛʦʥʢʠ ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʡ ʩʤʦʣʳ ʠʭ 

ʚʷʟʢʦʩʪʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʯʪʦ ʜʦʣʞʥʦ ʙʳʪʴ ʧʨʠʥʷʪʦ ʚʦ 

ʚʥʠʤʘʥʠʝ ʧʨʠ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʧʨʷʤʳʭ ʵʤʫʣʴʩʠʡ [1]. 

ʇʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʜʣʷ ʦʙʣʝʛʯʝʥʠʷ ʵʤʫʣʴʛʠ-

ʨʦʚʘʥʠʷ ʜʦʣʞʥʦ ʙʳʪʴ ʤʠʥʠʤʘʣʴʥʳʤ, ʪʘʢ ʢʘʢ ʦʥʦ ʦʪʨʘ-

ʞʘʝʪ ʚʝʣʠʯʠʥʫ ʵʥʝʨʛʠʠ, ʟʘʪʨʘʯʠʚʘʝʤʫʶ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ 

ʥʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʤʦʣʝ-

ʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʬʨʘʢʮʠʡ ʩʤʦʣʳ, ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷ-

ʞʝʥʠʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ [1]. ʉ ʵʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʛʘʟʦʩʙʦ-

ʨʥʠʢʦʚʘʷ ʩʤʦʣʘ ʜʦʣʞʥʘ ʵʤʫʣʴʛʠʨʦʚʘʪʴʩʷ ʩ ʙʦʣʴʰʝʡ 

ʟʘʪʨʘʪʦʡ ʵʥʝʨʛʠʠ, ʯʝʤ ʭʦʣʦʜʠʣʴʥʠʢʦʚʘʷ.  

 

ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ. ʀʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʣʠʷʝʪ ʥʘ ʧʨʠʨʦʜʫ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʠʩ-

ʪʝʤʳ: ʚʷʟʢʦʩʪʴ ʤʝʞʬʘʟʥʦʡ ʧʣʝʥʢʠ, ʤʝʞʬʘʟʥʦʝ ʧʦʚʝʨʭ-

ʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ, ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ 

ʵʤʫʣʴʛʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ ʚ ʬʘʟʘʭ, ʜʘʚʣʝʥʠʝ ʧʘʨʦʚ, ʚʷʟ-

ʢʦʩʪʴ ʬʘʟ, ʪʝʨʤʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ.  

ʇʦʵʪʦʤʫ ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʘʟʳʚʘʝʪ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʵʤʫʣʴʩʠʠ ʩʫʱʝʪʚʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ: ʧʨʠ ʝʝ ʫʚʝʣʠʯʝʥʠʠ 

ʫʤʝʥʴʰʘʝʪʩʷ ʚʷʟʢʦʩʪʴ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ, ʠ 

ʵʤʫʣʴʛʠʨʦʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʣʝʛʯʝ. ʅʘ ʧʨʘʢʪʠʢʝ, ʟʥʘʯʠ-

ʪʝʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʠʣʠ ʧʦʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʝʜʝʪ 

ʢ ʢʦʘʛʫʣʷʮʠʠ ʯʘʩʪʠʮ ʠ ʫʭʫʜʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʵʤʫʣʴʩʠʠ. 

ɿʥʘʯʠʪʝʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠʚʦʜʷʪ ʢ ʩʫʱʝʩ-

ʪʚʝʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ, ʧʨʷʤʘʷ ʵʤʫʣʴʩʠʷ ʤʦʞʝʪ ʙʳʪʴ 

ʠʥʚʝʨʪʠʨʦʚʘʥʘ ʚ ʦʙʨʘʪʥʫʶ ʠʣʠ ʨʘʟʨʫʰʝʥʘ.  

 

ʌʘʢʪʦʨ ʧʝʨʝʤʝʰʠʚʘʥʠʷ. ʈʘʟʤʝʨ ʢʘʧʝʣʝʢ ʟʘʚʠʩʠʪ 

ʪʘʢʞʝ ʦʪ ʚʝʣʠʯʠʥʳ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʘʷ ʟʘʪʨʘʯʝʥʘ ʥʘ ʠʟʤʝ-

ʣʴʯʝʥʠʝ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ. ɼʠʩʧʝʨʩʥʦʩʪʴ ʵʤʫʣʴʩʠʠ ʟʘʚʠ-

ʩʠʪ ʦʪ ʤʦʱʥʦʩʪʠ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ, ʝʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦ-

ʩʪʠ, ʘ ʪʘʢʞʝ ʦʪ ʧʨʦʮʝʩʩʦʚ ʨʘʟʨʫʰʝʥʠʷ ʵʤʫʣʴʩʠʠ, ʢʦʛʜʘ 

ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʟʘʢʦʥʯʝʥʦ.  

ʈʘʟʤʝʨ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʚʣʠʷʝʪ ʥʘ ʩʢʦʨʦʩʪʴ ʢʦʘʣʝʩ-

ʮʝʥʮʠʠ ʢʘʧʝʣʴ: ʯʝʤ ʥʠʞʝ ʨʘʟʤʝʨ ʢʘʧʝʣʴ, ʪʝʤ ʚʳʰʝ ʩʪʘ-

ʙʠʣʴʥʦʩʪʴ ʵʤʫʣʴʩʠʠ. ʕʤʫʣʴʩʠʷ ʩ ʫʟʢʠʤ ʠʥʪʝʨʚʘʣʦʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʘʧʝʣʴ ʧʦ ʢʨʫʧʥʦʩʪʠ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʘ, 

ʯʝʤ ʩ ʰʠʨʦʢʠʤ ʠʥʪʝʨʚʘʣʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʠ ʦʜʥʦʤ ʠ 

ʪʦʤ ʞʝ ʩʨʝʜʥʝʤ ʨʘʟʤʝʨʝ ʢʘʧʝʣʴ. 

ɹʦʣʴʰʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʵʤʫʣʴʩʠʠ ʧʦʣʫʯʘʶʪ ʚ ʨʝʟʫʣʴ-

ʪʘʪʝ ʛʦʤʦʛʝʥʠʟʘʮʠʠ, ʪ. ʝ. ʧʨʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʤʝʭʘʥʠʯʝ-

ʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʛʦʪʦʚʫʶ ʵʤʫʣʴʩʠʶ. ʇʨʠ ʛʦʤʦʛʝʥʠ-

ʟʘʮʠʠ ʥʝ ʪʦʣʴʢʦ ʧʦʚʳʰʘʝʪʩʷ ʜʠʩʧʝʨʩʥʦʩʪʴ ʵʤʫʣʴʩʠʠ, ʥʦ 

ʠ ʩʥʠʞʘʝʪʩʷ ʝʝ ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʴ, ʦʜʥʘʢʦ ʫʚʝʣʠʯʝʥʠʝ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʩʚʝʨʭ ʦʧʪʠʤʘʣʴʥʦ-

ʛʦ ʥʝ ʫʣʫʯʰʘʝʪ ʢʘʯʝʩʪʚʦ ʵʤʫʣʴʩʠʠ. 

ʇʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʤʫʣʴʛʠʨʦʚʘʥʠʷ ʩʨʝʜʥʠʝ 

ʨʘʟʤʝʨʳ ʢʘʧʝʣʴ ʫʤʝʥʴʰʘʶʪʩʷ ʦʯʝʥʴ ʙʳʩʪʨʦ, ʚ ʪʝʯʝʥʠʝ 

ʥʝʩʢʦʣʴʢʦ ʩʝʢʫʥʜ, ʠ ʧʦʩʪʝʧʝʥʥʦ ʜʦʩʪʠʛʘʶʪ ʧʨʝʜʝʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʟʘ 1-5 ʤʠʥ. ɺ ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ 

ʧʨʝʦʙʣʘʜʘʝʪ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʝ, ʘ ʟʘʪʝʤ ʧʨʝʚʘʣʠʨʫʶʱʠʤ 

ʧʨʦʮʝʩʩʦʤ ʩʪʘʥʦʚʠʪʩʷ ʢʦʘʣʝʩʮʝʥʮʠʷ. ʇʦʩʣʝ ʥʝʩʢʦʣʴʢʠʭ 

ʤʠʥʫʪ ʥʘʩʪʫʧʘʝʪ ʨʘʚʥʦʚʝʩʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʩʢʦʨʦʩʪʴ 

ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʳʤ ʩʢʦʨʦʩʪʠ 

ʢʦʘʣʝʩʮʝʥʮʠʠ.  

ʉʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʚʦʡʩʪʚʘ ʵʤʫʣʴʩʠʠ 

ʦʢʘʟʳʚʘʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʝʨʝʤʝʰʠʚʘʥʠʷ. ʂʘʢ ʧʨʘʚʠʣʦ 

ʙʦʣʝʝ ʙʳʩʪʨʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʜʘʝʪ ʣʫʯʰʠʝ ʵʤʫʣʴʩʠʠ. 

ʇʦʚʝʨʭʥʦʩʪʴ ʢʘʧʝʣʴ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʠ ʩʦʦʪʥʦʰʝʥʠʷ ʜʠʘʤʝʪʨʘ ʤʝʰʘʣʢʠ ʢ 

ʚʥʫʪʨʝʥʥʝʤʫ ʜʠʘʤʝʪʨʫ ʩʤʝʩʠʪʝʣʷ: ʚʩʝ ʵʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʤʫ ʧʝʨʝʤʝʰʠʚʘʥʠʶ 

ʞʠʜʢʦʩʪʠ. 

 

ʇʦʨʷʜʦʢ ʩʤʝʰʝʥʠʷ ʨʝʘʛʝʥʪʦʚ. ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠ-

ʯʥʳʝ ʩʧʦʩʦʙʳ ʚʚʝʜʝʥʠʷ ʦʜʥʦʡ ʬʘʟʳ ʚ ʜʨʫʛʫʶ:  

ï ʤʘʩʣʦ ʠ ʚʦʜʘ ʚʚʦʜʷʪʩʷ ʚ ʩʤʝʩʠʪʝʣʴ ʦʜʥʦʚʨʝʤʝʥʥʦ; 

ï ʤʘʩʣʦ ʚʚʦʜʠʪʩʷ ʚ ʚʦʜʫ; 

ï ʚʦʜʘ ʚʚʦʜʠʪʩʷ ʚ ʤʘʩʣʦ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʷʤʘʷ ʵʤʫʣʴʩʠʷ ʣʝʛʯʝ ʚʩʝʛʦ ʧʦʣʫʯʘ-

ʝʪʩʷ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʤʘʩʣʘ ʚ ʤʘʩʩʫ ʚʦʜʳ.  

ʈʘʟʣʠʯʘʶʪ ʩʣʝʜʫʶʱʠʝ ʩʧʦʩʦʙʳ ʚʚʝʜʝʥʠʷ ʵʤʫʣʴʛʘ-

ʪʦʨʘ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʧʨʷʤʦʡ ʵʤʫʣʴʩʠʠ:  

1. ɺʚʝʜʝʥʠʝ ʵʤʫʣʴʛʘʪʦʨʘ ʚ ʚʦʜʫ; ʟʘʪʝʤ ʧʨʠ ʧʝʨʝʤʝ-

ʰʠʚʘʥʠʠ ʜʦʙʘʚʣʷʝʪʩʷ ʤʘʩʣʦ;  
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2. ʕʤʫʣʴʛʘʪʦʨ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʤʘʩʣʷʥʦʡ ʬʘʟʝ; ʟʘʪʝʤ 

ʜʦʙʘʚʣʷʶʪ ʚʦʜʫ. ɼʦʙʘʚʣʝʥʠʝ ʚʦʜʳ ʜʦʣʞʥʦ ʙʳʪʴ ʧʨʦʜʦ-

ʣʞʝʥʦ ʚʧʣʦʪʴ ʜʦ ʦʙʨʘʱʝʥʠʷ ʬʘʟ, ʣʠʙʦ ʤʘʩʣʦ ʩʣʝʜʫʝʪ 

ʚʚʦʜʠʪʴ ʤʘʣʳʤʠ ʢʦʣʠʯʝʩʪʚʘʤʠ ʚ ʚʦʜʫ. ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʷʤʦʡ ʵʤʫʣʴʩʠʠ ʜʘʥʥʳʡ ʩʧʦʩʦʙ 

ʜʘʝʪ ʭʦʨʦʰʠʝ ʵʤʫʣʴʩʠʠ, ʢʘʧʣʠ ʧʦʣʫʯʘʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ 

ʤʘʣʳʤʠ ʠ ʦʜʠʥʘʢʦʚʳʤʠ ʧʦ ʨʘʟʤʝʨʫ;  

3. ʉʧʦʩʦʙ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʳʣʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟ-

ʜʝʣʘ ʬʘʟ. ʆʜʥʘ ʩʦʩʪʘʚʥʘʷ ʯʘʩʪʴ ʵʤʫʣʴʛʘʪʦʨʘ ï ʞʠʨʥʘʷ 

ʢʠʩʣʦʪʘ ï ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʤʘʩʣʝ, ʘ ʜʨʫʛʘʷ ʯʘʩʪʴ ï ʱʝʣʦ-

ʯʥʘʷ ï ʚ ʚʦʜʝ. ʂʦʛʜʘ ʜʚʝ ʬʘʟʳ ʩʦʝʜʠʥʷʶʪʩʷ, ʥʘ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʠʭ ʨʘʟʜʝʣʘ ʦʙʨʘʟʫʝʪʩʷ ʤʳʣʦ, ʩʦʟʜʘʚʘʷ ʫʩʪʦʡʯʠ-

ʚʫʶ ʵʤʫʣʴʩʠʶ; 

4. ʉʧʦʩʦʙ ʧʨʝʨʳʚʠʩʪʦʛʦ ʚʚʝʜʝʥʠʷ: ʚʦʜʫ ʠ ʤʘʩʣʦ ʜʦ-

ʙʘʚʣʷʶʪ ʢ ʵʤʫʣʴʛʘʪʦʨʫ ʧʝʨʠʦʜʠʯʝʩʢʠ, ʤʘʣʳʤʠ ʧʦʨʮʠʷ-

ʤʠ. ʕʪʦʪ ʩʧʦʩʦʙ ʧʦʣʫʯʠʣ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʧʘʨʬʶʤʝ-

ʨʥʦʡ ʠ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [17]. 

ʇʨʷʤʫʶ ʵʤʫʣʴʩʠʶ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʯʘʩʪʦ ʧʦʣʫʯʘʶʪ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʜʠʠ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʧʝʨʚʠʯʥʦʡ ʵʤʫ-

ʣʴʩʠʠ, ʢʦʪʦʨʫʶ ʟʘʪʝʤ ʨʘʟʚʦʜʷʪ ʥʝʦʙʭʦʜʠʤʳʤ ʢʦʣʠʯʝʩʪ-

ʚʦʤ ʚʦʜʳ ʜʦ ʥʫʞʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʇʨʠʤʝʥʷʶʪʩʷ ʪʨʠ 

ʚʘʨʠʘʥʪʘ ʩʤʝʰʠʚʘʥʠʷ ʨʝʘʛʝʥʪʦʚ:  

ï (ʵʤʫʣʴʛʘʪʦʨ + ʤʘʩʣʦ) + ʚʦʜʘ; 

ï (ʵʤʫʣʴʛʘʪʦʨ + ʚʦʜʘ) + ʤʘʩʣʦ; 

ï ʵʤʫʣʴʛʘʪʦʨ + (ʚʦʜʘ + ʤʘʩʣʦ). 

ʇʝʨʚʠʯʥʫʶ ʵʤʫʣʴʩʠʶ ʨʘʟʙʘʚʣʷʶʪ ʥʝʦʙʭʦʜʠʤʳʤ ʢʦ-

ʣʠʯʝʩʪʚʦʤ ʚʦʜʳ ʦʩʪʦʨʦʞʥʦ, ʠʥʘʯʝ ʥʘʩʪʫʧʘʝʪ ʨʘʟʨʫʰʝ-

ʥʠʝ ʠʣʠ ʦʙʨʘʱʝʥʠʝ ʬʘʟ ʵʤʫʣʴʩʠʠ. ʉʧʦʩʦʙ ʧʨʠʛʦʪʦʚʣʝ-

ʥʠʷ ʧʨʷʤʦʡ ʵʤʫʣʴʩʠʠ ʯʝʨʝʟ ʧʝʨʚʠʯʥʫʶ ʧʨʠʤʝʥʷʝʪʩʷ 

ʪʘʢʞʝ ʜʣʷ ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʡ ʩʤʦʣʳ ʠ ʢʨʝʦʟʦʪʘ [20]. 

 

ɺʳʚʦʜʳ 

ʂʘʤʝʥʥʦʫʛʦʣʴʥʳʝ ʧʨʦʜʫʢʪʳ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʜʠʩʧʝʨ-

ʩʥʦʡ ʬʘʟʦʡ ʧʨʷʤʳʭ ʵʤʫʣʴʩʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʤ ʩʦʭʨʘ-

ʥʷʪʴ ʦʩʥʦʚʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʨʛʘʥʠʯʝʩ-

ʢʦʡ ʬʘʟʳ, ʥʦ ʩ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝʡ ʚʷʟʢʦʩʪʴʶ. 

ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ ʧʦʣʫ-

ʯʝʥʠʷ ʧʨʷʤʳʭ ʵʤʫʣʴʩʠʡ ʩ ʫʯʝʪʦʤ ʠʤʝʶʱʝʛʦʩʷ ʦʧʳʪʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʢ ʢʘʤʝʥʥʦʫʛʦʣʴʥʳʭ ʩʤʦʣ, ʪʘʢ ʠ ʧʨʦ-

ʜʫʢʪʦʚ ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʠ. 

ɼʣʷ ʧʨʦʤʳʚʢʠ ʛʘʟʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʇɻʍ ʧʨʷʤʦʡ 

ʵʤʫʣʴʩʠʝʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʚʳʛʦʜʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʘʣʦ-

ʚʷʟʢʫʶ ʭʦʣʦʜʠʣʴʥʠʢʦʚʫʶ ʩʤʦʣʫ ʠ ʢʦʥʜʝʥʩʘʪ ʇɻʍ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʘʟʦʩʙʦʨʥʠʢʦʚʦʡ ʩʤʦʣʳ ʧʨʝʜʧʦʣʘʛʘʝʪ ʝʝ 

ʥʘʛʨʝʚ ʜʦ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ 

ʧʦʚʳʰʝʥʥʦʡ ʚʷʟʢʦʩʪʠ. 
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TECHNOLOGICAL PRINCIPLES OF DIRECT EMULSIONS FORMATION WITH COAL TAR 
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The application of direct emulsions on the basis of coal products preserves the basic properties of the 

organic phase and increase the fluidity of the system. The influence of the type and concentration of 

emulsifier, HLB number, salinity, density, surface tension of the aqueous phase, the viscosity and surface 

tension of the organic phase, temperature, mixing factors, the order of the reagents adding while the 

preparation of direct emulsions based on coal tar and its intermediates, were investigated. 
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ʇʨʠ ʵʪʦʤ ʚʘʞʥʳʤ ʚʦʧʨʦʩʦʤ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʧʨʦʛʨʘ-

ʤʤʥʦʡ ʩʨʝʜʳ: ʦʥʘ ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʝʜʝʣʴʥʦ ʧʨʦʩʪʦʡ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ. ʉ ʵʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʯʝʥʴ ʫʜʦʙʥʳʤʠ 

ʷʚʣʷʶʪʩʷ ʵʣʝʢʪʨʦʥʥʳʝ ʪʘʙʣʠʮʳ Microsoft Excel. 

ɼʘʥʥʳʡ ʚʳʙʦʨ ʦʙʲʷʩʥʷʝʪʩʷ ʤʥʦʛʠʤʠ ʧʨʠʯʠʥʘʤʠ: 

1. ʕʣʝʢʪʨʦʥʥʳʝ ʪʘʙʣʠʮʳ Microsoft Excel ʚʭʦʜʷʪ ʚ 

ʧʘʢʝʪ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ 

Microsoft Office.  

2. ʈʘʙʦʪʘ ʵʣʝʢʪʨʦʥʥʳʭ ʪʘʙʣʠʮ Microsoft Excel ʨʘʥ-

ʥʠʭ ʚʝʨʩʠʡ ʩʦʚʤʝʩʪʠʤʘ ʩ ʙʦʣʝʝ ʧʦʟʜʥʠʤʠ ʠʭ ʚʝʨʩʠʷʤʠ, 

ʚ ʦʪʣʠʯʠʝ ʦʪ ʥʝʢʦʪʦʨʳʭ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʫ ʥʠʭ ʥʝ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤ ʩ ʟʘʧʫʩʢʦʤ 

ʧʨʦʛʨʘʤʤ ʥʘ ʢʦʤʧʴʶʪʝʨʘʭ ʨʘʟʣʠʯʥʦʡ ʢʦʤʧʣʝʢʪʘʮʠʠ, 

ʯʪʦ ʠʥʦʛʜʘ ʩʦʟʜʘʝʪ ʪʨʫʜʥʦʩʪʠ ʩ ʧʨʦʛʨʘʤʤʘʤʠ, ʥʘʧʠʩʘʥ-

ʥʳʤʠ ʥʘ ʷʟʳʢʘʭ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ. 

3. ʀʟʫʯʝʥʠʝ ʦʩʥʦʚ ʨʘʙʦʪʳ ʩ ʵʣʝʢʪʨʦʥʥʳʤʠ ʪʘʙʣʠʮʘ-

ʤʠ Microsoft Excel ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʦ ʚʩʝʭ ʫʯʝʙʥʳʭ ʟʘʚʝ-

ʜʝʥʠʷʭ, ʥʘʯʠʥʘʷ ʩʦ ʩʨʝʜʥʝʡ ʰʢʦʣʳ ʠ ʟʘʢʘʥʯʠʚʘʷ ɺʋɿʘ-

ʤʠ. ʇʦʵʪʦʤʫ ʧʦʣʴʟʦʚʘʪʝʣʠ (ʠʥʞʝʥʝʨʳ-ʪʝʭʥʦʣʦʛʠ) ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʚʣʘʜʝʶʪ ʭʦʪʷ ʙʳ ʵʣʝʤʝʥʪʘʨʥʳʤʠ ʥʘʚʳʢʘ-

ʤʠ ʨʘʙʦʪʳ ʩ ʵʣʝʢʪʨʦʥʥʳʤʠ ʪʘʙʣʠʮʘʤʠ Microsoft Excel. 

4. ʆʩʦʙʝʥʥʦʩʪʴ ʵʣʝʢʪʨʦʥʥʳʭ ʪʘʙʣʠʮ Microsoft Excel 

ʪʘʢʦʚʘ, ʯʪʦ ʥʝ ʩʦʩʪʘʚʣʷʝʪ ʦʩʦʙʦʛʦ ʪʨʫʜʘ çʩʦʩʪʳʢʦʚʘʪʴè 

ʥʝʩʢʦʣʴʢʦ ʧʨʦʛʨʘʤʤ, ʠʩʧʦʣʴʟʫʷ, ʥʘʧʨʠʤʝʨ, ʚʳʭʦʜʥʳʝ 

ʜʘʥʥʳʝ ʦʜʥʦʡ ʠʟ ʥʠʭ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ 

ʜʨʫʛʦʡ.  

ʇʨʠ ʵʪʦʤ, ʢʦʥʝʯʥʦ, ʩʣʝʜʫʝʪ ʦʪʜʘʚʘʪʴ ʩʝʙʝ ʦʪʯʝʪ ʚ 

ʪʦʤ, ʯʪʦ ʢʦʤʧʴʶʪʝʨʥʳʝ ʧʨʦʛʨʘʤʤʳ, ʥʘʧʠʩʘʥʥʳʝ ʥʘ 

ʙʘʟʝ ʵʣʝʢʪʨʦʥʥʳʭ ʪʘʙʣʠʮ Microsoft Excel, ʙʫʜʫʪ ʥʝʩʢʦ-

ʣʴʢʦ ʙʦʣʝʝ ʛʨʦʤʦʟʜʢʠʤʠ, ʠ ʟʘʥʠʤʘʪʴ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʙʦʣʴʰʠʡ ʦʙʲʝʤ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ, ʯʝʤ ʧʨʦʛʨʘʤʤʳ, 

ʥʘʧʠʩʘʥʥʳʝ ʥʘ ʢʦʤʧʴʶʪʝʨʥʳʭ ʷʟʳʢʘʭ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ. 

ʕʪʦ ʤʦʞʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʘʪʴʩʷ ʥʘ ʨʘʙʦʪʝ ʩʠʩʪʝʤʳ. 

ʆʜʥʘʢʦ ʥʝʛʘʪʠʚʥʳʡ ʵʬʬʝʢʪ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʚʳʰʝʧʝʨʝ-

ʯʠʩʣʝʥʥʳʤʠ ʜʦʩʪʦʠʥʩʪʚʘʤʠ ʵʣʝʢʪʨʦʥʥʳʭ ʪʘʙʣʠʮ ʧʨʠ 

ʨʘʮʠʦʥʘʣʴʥʦ ʥʘʧʠʩʘʥʥʦʡ ʧʨʦʛʨʘʤʤʝ. ʊʘʢʞʝ ʚʘʞʥʦ ʠ ʪʦ, 

ʯʪʦ ʧʨʦʛʨʘʤʤʳ ʧʦ ʨʘʩʯʸʪʫ ʢʘʢʦʛʦ-ʣʠʙʦ ʦʜʥʦʛʦ ʚʠʜʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʙʫʜʫʪ ʟʘʥʠʤʘʪʴ ʥʝ 

ʩʣʠʰʢʦʤ ʤʥʦʛʦ ʤʝʩʪʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʢʘʟʘʥʥʳʝ 

ʥʝʜʦʩʪʘʪʢʠ ʥʝ ʩʤʦʛʫʪ ʧʨʦʷʚʠʪʴʩʷ ʚ ʧʦʣʥʦʡ ʤʝʨʝ.  

ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʙʦʪʘ ʩ ʵʣʝʢʪʨʦʥ-

ʥʳʤʠ ʪʘʙʣʠʮʘʤʠ Microsoft Excel ʧʦʟʚʦʣʷʝʪ ʚʥʦʩʠʪʴ ʚ 

ʧʨʦʛʨʘʤʤʳ ʩʧʨʘʚʦʯʥʳʝ ʜʘʥʥʳʝ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʳʙʠ-

ʨʘʪʴ ʠʟ ʥʠʭ ʥʝʦʙʭʦʜʠʤʳʝ ʟʥʘʯʝʥʠʷ ʚ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ 

ʨʘʩʯʸʪʦʚ, ʚʦ ʚʩʷʢʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʠʤʝʶʪʩʷ ʦʜʥʦʟʥʘʯʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʩʧʨʘʚʦʯʥʳʤʠ 

ʜʘʥʥʳʤʠ. ɽʩʣʠ ʞʝ ʪʘʢʠʝ ʜʘʥʥʳʝ ʥʝ ʦʜʥʦʟʥʘʯʥʳ (ʥʘ-

ʧʨʠʤʝʨ, ʟʥʘʯʝʥʠʷ ʪʨʝʥʠʷ ʚ ʦʧʦʨʘʭ ï ʯʘʱʝ ʚʩʝʛʦ ʚ ʩʧʨʘ-

ʚʦʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʫʢʘʟʳʚʘʝʪʩʷ ʜʠʘʧʘʟʦʥ ʠʭ ʠʟʤʝʥʝ-

ʥʠʷ), ʪʦ ʥʘ ʧʦʣʷ ʨʘʩʯʸʪʦʚ ʚʳʥʦʩʠʪʩʷ ʫʪʦʯʥʷʶʱʠʡ ʚʦʧ-

ʨʦʩ: ʢʘʢʦʝ ʠʤʝʥʥʦ ʟʥʘʯʝʥʠʝ ʩʣʝʜʫʝʪ ʧʨʠʥʷʪʴ ʧʨʠ ʨʘʩʯʸ-

ʪʘʭ. ʊʦʛʜʘ ʚʥʦʩʷ ʨʘʟʣʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ʫʢʘʟʘʥʥʦʛʦ ʧʘʨʘ-

ʤʝʪʨʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʨʘʩʯʸʪʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʘʧʧʘ-

ʨʘʪʫʨʳ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʇʨʠ ʨʘʩʯʸʪʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʘʧʧʘʨʘʪʫʨʳ ʚʦʟʥʠʢʘʝʪ 

ʨʷʜ ʟʘʜʘʯ, ʚ ʢʦʪʦʨʳʭ ʩʣʝʜʫʝʪ ʟʘʜʘʚʘʪʴʩʷ ʢʘʢʠʤ-ʣʠʙʦ 

ʧʘʨʘʤʝʪʨʦʤ (ʥʘʧʨʠʤʝʨ, ʪʝʤʧʝʨʘʪʫʨʦʡ), ʘ ʟʘʪʝʤ ʧʨʦʚʦ-

ʜʠʪʴ ʨʘʩʯʸʪʳ, ʙʘʟʠʨʫʷʩʴ ʠʤʝʥʥʦ ʥʘ ʵʪʦʤ ʧʘʨʘʤʝʪʨʝ [1-

3]. ɼʘʣʝʝ ʩʦʩʪʘʚʣʷʝʪʩʷ ʪʝʧʣʦʚʦʡ ʙʘʣʘʥʩ ʘʧʧʘʨʘʪʫʨʳ ʠ, 

ʝʩʣʠ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʠʭʦʜʘ ʠ ʨʘʩʭʦʜʘ ʪʝʧʣʘ 

ʩʦʚʧʘʜʘʶʪ, ʨʘʩʯʸʪ ʧʨʠʥʠʤʘʝʪʩʷ, ʝʩʣʠ ʞʝ ʥʝʪ ï ʧʨʠʭʦʜʠ-

ʪʩʷ ʟʘʜʘʚʘʪʴ ʥʦʚʦʝ ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʧʷʪʴ ʧʨʦ-

ʚʝʨʷʪʴ ʦʙʱʠʡ ʙʘʣʘʥʩ ʪʝʧʣʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ ʨʘʟʨʷʜʘ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʨʘʩʯʸʪʦʚ ʟʘʜʘʯʘ ʧʝʨʝʭʦʜʠʪ ʚ ʨʘʟʨʷʜ 

ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʠʭ, ʪ.ʝ. ʚʩʝ ʨʘʚʥʦ ʦʩʪʘʝʪʩʷ ʪʘʢʘʷ ʩʪʘ-

ʜʠʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʸʪʘ, ʢʘʢ ʨʫʯʥʦʡ ʧʦʜʙʦʨ ʧʘʨʘʤʝʪʨʘ, 

ʥʘʧʨʠʤʝʨ, ʚʩʝ ʪʦʡ ʞʝ ʪʝʤʧʝʨʘʪʫʨʳ. ɽʜʠʥʩʪʚʝʥʥʳʡ 

ʧʣʶʩ ʚ ʵʪʦʡ ʩʠʪʫʘʮʠʠ ï ʙʳʩʪʨʳʡ ʧʝʨʝʨʘʩʯʸʪ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʦʡ ʘʧʧʘʨʘʪʫʨʳ, ʥʦ ʵʪʦ ʥʝ ʨʝʰʘʝʪ ʛʣʘʚʥʫʶ ʟʘʜʘʯʫ 

ʚʥʝʜʨʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ. 

ʈʘʟʙʝʨʝʤ ʢʣʘʩʩʠʯʝʩʢʠʡ ʧʨʠʤʝʨ ï ʦʧʨʝʜʝʣʝʥʠʝ ʪʝʤ-

ʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ ʢʦʢʩʦʚʦʛʦ ʛʘʟʘ ʧʨʠ ʨʘʩʯʸʪʝ ʢʦʢʩʦʚʳʭ 

ʙʘʪʘʨʝʡ [1]. ɸʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪ: ʧʨʦ-

ʠʟʚʦʜʠʪʩʷ ʙʘʣʘʥʩ ʧʨʠʭʦʜʘ ʠ ʨʘʩʭʦʜʘ ʪʝʧʣʘ. ʇʨʠ ʨʘʩʭʦʜʝ 

ʪʝʧʣʘ ʠʤʝʝʪʩʷ ʥʝʠʟʚʝʩʪʥʳʡ ʧʘʨʘʤʝʪʨ ï ʪʝʤʧʝʨʘʪʫʨʘ 

ʦʪʭʦʜʷʱʠʭ ʛʘʟʦʚ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʝʧ-

ʣʦʸʤʢʦʩʪʴ ʦʪʭʦʜʷʱʠʭ ʛʘʟʦʚ ʪʘʢ ʞʝ ʟʘʚʠʩʠʪ ʦʪ ʠʭ ʪʝʤʧʝ-

ʨʘʪʫʨʳ. ʇʦʵʪʦʤʫ ʧʦʜʦʙʥʳʡ ʢʣʘʩʩ ʟʘʜʘʯ ʨʝʰʘʝʪʩʷ ʩʣʝ-

ʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʟʘʜʘʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʦʪʭʦʜʷʱʠʭ 

ʛʘʟʦʚ, ʧʦ ʥʝʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʭ ʪʝʧʣʦʸʤʢʦʩʪʴ, ʨʘʩʩʯʠʪʳ-

ʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʦʪʭʦʜʷʱʝʛʦ ʪʝʧʣʘ ʠ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ 

ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʠʭʦʜʷʱʝʛʦ ʪʝʧʣʘ. ɽʩʣʠ ʧʨʠʭʦʜ ʠ ʨʘʩʭʦʜ 

ʪʝʧʣʘ ʨʘʚʥʳ (ʠʣʠ ʦʪʣʠʯʘʶʪʩʷ ʥʘ ʧʨʠʝʤʣʝʤʫʶ ʚʝʣʠʯʠ-

ʥʫ), ʪʦ ʟʘʜʘʯʘ ʨʝʰʝʥʘ, ʝʩʣʠ ʥʝʪ ï ʥʘʜʦ ʟʘʜʘʚʘʪʴʩʷ ʥʦʚʳʤ 

ʟʥʘʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʥʘʯʠʥʘʪʴ ʚʩʝ ʨʘʩʯʸʪʳ ʩʥʘʯʘ-

ʣʘ. ʂ ʩʦʞʘʣʝʥʠʶ, ʚ ʵʣʝʢʪʨʦʥʥʳʭ ʪʘʙʣʠʮʘʭ Microsoft 

Excel ʦʪʩʫʪʩʪʚʫʝʪ ʦʧʝʨʘʪʦʨ ʮʠʢʣʘ çFOR ï NEXTè, ʯʪʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʪʨʫʜʥʷʝʪ ʨʝʰʝʥʠʝ ʧʦʜʦʙʥʦʛʦ ʢʣʘʩʩʘ 

ʟʘʜʘʯ. 

ʈʝʰʠʪʴ ʧʦʜʦʙʥʫʶ ʟʘʜʘʯʫ ʚ ʵʣʝʢʪʨʦʥʥʳʭ ʪʘʙʣʠʮʘʭ 

Microsoft Excel ʥʘ ʕɺʄ ʤʦʞʥʦ ʤʝʪʦʜʦʤ ʧʦʩʪʝʧʝʥʥʳʭ 

ʧʨʠʙʣʠʞʝʥʠʡ. ʉʫʪʴ ʵʪʦʛʦ ʤʝʪʦʜʘ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ: 

ʟʘʜʘʝʪʩʷ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʰʘʛʦʤ ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨ, ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʦʪʭʦʜʷʱʝʛʦ 

ʪʝʧʣʘ ʧʦ ʚʩʝʤʫ ʜʠʘʧʘʟʦʥʫ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ, ʩʨʘʚ-

ʥʠʚʘʝʪʩʷ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʠʭʦʜʷʱʝʛʦ ʪʝʧʣʘ, ʦʧʨʝʜʝʣʷʝ-

ʪʩʷ ʤʠʥʠʤʘʣʴʥʘʷ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʧʨʠʭʦʜʦʤ ʠ ʨʘʩʭʦʜʦʤ 

ʪʝʧʣʘ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʦʣʫʯʘ-

ʝʪʩʷ ʵʪʦʪ ʤʠʥʠʤʫʤ. ʇʦʣʫʯʝʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʦʧʪʠʤʫʤʘ 

ʧʨʠʥʠʤʘʝʪʩʷ ʟʘ ʙʘʟʫ ʥʦʚʦʡ ʩʝʨʠʠ ʨʘʩʯʸʪʦʚ, ʧʨʠʯʸʤ 

ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʚʳʙʠʨʘʝʪʩʷ, ʢʘʢ ʧʨʘ-

ʚʠʣʦ, ʧʦ ʧʨʠʥʮʠʧʫ çʥʦʚʘʷ ʙʘʟʘ ʧʣʶʩ/ʤʠʥʫʩ ʩʪʘʨʳʡ ʰʘʛ 

ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨè ʩ ʥʦʚʳʤ, ʙʦʣʝʝ ʤʝʣʢʠʤ ʰʘʛʦʤ. 

ʇʦʩʣʝ ʵʪʦʛʦ ʧʨʦʮʝʩʩ ʨʘʩʯʸʪʘ ʧʦʚʪʦʨʷʝʪʩʷ ʩʥʦʚʘ. 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʥʘʰʝʡ ʟʘʜʘʯʝ ʧʦʜʧʨʦʛʨʘʤʤʘ ʩʪʨʦ-

ʠʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʚ ʧʝʨʚʦʡ ʢʦʣʦʥʢʝ (ʨʠʩ. 1) 

ʟʘʜʘʝʪʩʷ ʜʠʘʧʘʟʦʥ, ʚ ʢʦʪʦʨʦʤ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ (ʩ ʦʧʨʝ-

ʜʝʣʝʥʥʳʤ ʰʘʛʦʤ, ʥʘʧʨʠʤʝʨ 100Á ʉ) ʠʩʢʦʤʘʷ ʪʝʤʧʝʨʘ-
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ʪʫʨʘ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʥʘ ʨʠʩ. 1 ʚ ʧʝʨʚʦʡ ʢʦʣʦʥʢʝ ʜʘʥʦ 

ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʭʦʜʷʱʠʭ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ 

ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 2600 ʜʦ 1000 Áʉ. 

ɺʦ ʚʪʦʨʦʡ ʢʦʣʦʥʢʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧ-

ʣʘ, ʢʦʪʦʨʦʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʘʞʜʦʤʫ ʟʥʘʯʝʥʠʶ ʚʳʙʨʘʥ-

ʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ɺ ʪʨʝʪʴʝʡ ʢʦʣʦʥʢʝ ʧʨʠʚʦʜʠʪʩʷ ʟʥʘʯʝ-

ʥʠʝ ʧʦʜʚʦʜʠʤʦʛʦ ʪʝʧʣʘ. ʈʘʟʥʠʮʘ ʤʝʞʜʫ ʢʦʣʠʯʝʩʪʚʦʤ 

ʧʨʠʭʦʜʷʱʝʛʦ ʠ ʫʭʦʜʷʱʝʛʦ ʪʝʧʣʘ ʜʦʣʞʥʘ ʩʪʨʝʤʠʪʴʩʷ ʢ 

ʥʫʣʶ (ʟʘʪʝʤʥʝʥʥʘʷ ʢʦʣʦʥʢʘ ʥʘ ʨʠʩ. 1). ɺʥʠʟʫ ʵʪʦʡ ʢʦ-

ʣʦʥʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʠʥʠʤʘʣʴʥʦʝ ʟʘʬʠʢʩʠʨʦʚʘʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʠʩʢʦʤʦʡ ʨʘʟʥʠʮʳ.  

 
 

 
 

ʈʠʩ. 1 ʇʦʜʧʨʦʛʨʘʤʤʘ çʄʝʪʦʜ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡè 
 

 

ʇʦʩʢʦʣʴʢʫ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʧʨʠʭʦʜʦʤ ʠ ʨʘʩʭʦʜʦʤ ʪʝ-

ʧʣʘ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʦʡ, ʪʘʢ ʠ ʦʪʨʠʮʘʪʝʣʴ-

ʥʦʡ, ʪʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʠʥʠʤʫʤʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʙʩʦ-

ʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ ʵʪʦʡ ʨʘʟʥʠʮʳ. ɿʥʘʷ ʤʠʥʠʤʘʣʴʥʫʶ 

ʚʝʣʠʯʠʥʫ ʨʘʟʥʠʮʳ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʘ ʪʝʤʧʝʨʘʪʫ-

ʨʳ, ʧʨʠ ʢʦʪʦʨʦʡ ʠʤʝʝʪ ʤʝʩʪʦ ʵʪʘ ʨʘʟʥʠʮʘ. ɼʘʣʝʝ ʦʧʨʝ-

ʜʝʣʷʝʪʩʷ ʥʦʚʳʡ ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. ɿʘ 

ʤʘʢʩʠʤʘʣʴʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʧʨʠʥʠʤʘʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʨʝʜʳʜʫʱʝʛʦ ʤʠʥʠʤʫʤʘ ʧʣʶʩ ʧʨʝʜʳʜʫʱʠʡ ʠʥʪʝʨʚʘʣ 

ʪʝʤʧʝʨʘʪʫʨ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʠʞʥʠʡ ʠʥʪʝʨʚʘʣ ʪʝʤʧʝ-

ʨʘʪʫʨ ʙʫʜʝʪ ʨʘʚʝʥ ʪʝʤʧʝʨʘʪʫʨʝ ʤʠʥʠʤʘʣʴʥʦʡ ʨʘʟʥʠʮʳ 

ʤʝʞʜʫ ʧʨʠʭʦʜʦʤ ʠ ʨʘʩʭʦʜʦʤ ʪʝʧʣʘ (çʙʘʟʘè ʪʝʤʧʝʨʘʪʫ-

ʨʳ) ʧʣʶʩ/ʤʠʥʫʩ ʧʨʝʜʳʜʫʱʠʡ ʠʥʪʝʨʚʘʣ ʪʝʤʧʝʨʘʪʫʨ. 

ʅʘʧʨʠʤʝʨ, ʚ ʧʝʨʚʦʡ ʢʦʣʦʥʢʝ ʟʘʜʘʥʦ ʠʟʤʝʥʝʥʠʝ ʪʝʤ-

ʧʝʨʘʪʫʨʳ ʩ ʰʘʛʦʤ ʚ 100 Áʉ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʟʘʬʠʢʩʠʨʦʚʘʥ ʤʠʥʠʤʫʤ ʨʘʟʥʠʮʳ ʤʝʞʜʫ ʧʨʠʭʦʜʦʤ ʠ 

ʨʘʩʭʦʜʦʤ ʪʝʧʣʘ, ʩʦʩʪʘʚʠʣʘ 2500 Áʉ. ʊʦʛʜʘ ʚʳʙʠʨʘʝʪʩʷ 

(ʧʨʠʯʸʤ ʘʚʪʦʤʘʪʠʯʝʩʢʠ) ʥʦʚʳʡ ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ 2600-2400 Áʉ (ʪ.ʝ. ʥʘ ʦʜʠʥ ʰʘʛ ʚʚʝʨʭ ʠ ʥʘ 

ʦʜʠʥ ʰʘʛ ʚʥʠʟ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʫʯʝʥʥʦʛʦ ʤʠʥʠʤʫʤʘ), ʘ 

ʪʘʢʞʝ ʥʦʚʳʡ ʰʘʛ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ (ʜʦʧʫʩʪʠʤ, 10 

Áʉ), ʠ ʚʩʷ ʧʨʦʮʝʜʫʨʘ ʧʦʚʪʦʨʷʝʪʩʷ ʚʥʦʚʴ. ʇʦʚʪʦʨʷʷ ʵʪʫ 

ʧʨʦʮʝʜʫʨʫ ʤʥʦʞʝʩʪʚʦ ʨʘʟ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʩʢʦʤʫʶ 

ʪʝʤʧʝʨʘʪʫʨʫ ʩ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʴʶ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʦʚʳʝ ʧʦʜʧʨʦʛʨʘʤʤʳ ʧʦʣʫʯʘʶʪʩʷ ʧʫʪʝʤ 

ʢʦʧʠʨʦʚʘʥʠʷ ʧʝʨʚʦʛʦ ʙʣʦʢʘ ʨʘʩʯʸʪʦʚ ʠ ʚʩʪʘʚʢʦʡ ʝʛʦ ʥʘ 

ʤʝʩʪʦ ʥʦʚʦʛʦ ʙʣʦʢʘ ʨʘʩʯʸʪʦʚ. 

ʅʘ ʨʠʩ. 1 ʚʠʜʥʦ, ʢʘʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʫʪʦʯʥʷʝʪʩʷ ʨʘ-

ʟʥʠʮʘ ʤʝʞʜʫ ʧʨʠʭʦʜʦʤ ʠ ʨʘʩʭʦʜʦʤ ʪʝʧʣʘ (658,6; 66,5 ʠ 

5,7 ʢɼʞ) ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʙʦʣʝʝ ʪʦʯʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʦʪʭʦʜʷʱʠʭ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ï 2500; 

2450 ʠ 2455 Áʉ. ʋʚʝʣʠʯʠʚʘʷ ʢʦʣʠʯʝʩʪʚʦ ʙʣʦʢʦʚ ʤʦʞʥʦ 

ʧʦʚʳʰʘʪʴ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩ ʣʶʙʦʡ 

ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʴʶ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʜʦʙʘʚʠʚ ʝʱʝ ʦʜʠʥ 

ʙʣʦʢ ʢ ʧʦʢʘʟʘʥʥʳʤ ʥʘ ʨʠʩ. 1, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʪʝʤʧʝʨʘ-

ʪʫʨʫ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 0,1 Áʉ. ɼʦʙʘʚʠʚ ʝʱʝ ʦʜʠʥ ʙʣʦʢ ï 

ʧʦʣʫʯʠʤ ʪʝʤʧʝʨʘʪʫʨʫ ʩ ʪʦʯʥʦʩʪʴʶ 0,01 Áʉ ʠ ʪ.ʜ. ʌʘʢʪʠ-

ʯʝʩʢʠ ʵʪʦ ʷʚʣʷʝʪʩʷ ʚʘʨʠʘʥʪʦʤ ʛʨʘʬʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ 

ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ (ʨʠʩ. 2). 

ʆʜʥʘʢʦ ʧʨʠ ʪʘʢʦʤ ʘʣʛʦʨʠʪʤʝ ʨʘʩʯʸʪʘ ʚʦʟʤʦʞʝʥ ʩʙʦʡ 

ʚ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ, ʝʩʣʠ ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ ʠʟ-

ʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʙʫʜʝʪ ʚʳʙʨʘʥ ʦʰʠʙʦʯʥʦ (ʦʧʪʠ-

ʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ ʙʫʜʝʪ ʠʣʠ ʚʳʰʝ ʚʝʨʭʥʝ-

ʛʦ, ʠʣʠ ʥʠʞʝ ʥʠʞʥʝʛʦ ʟʥʘʯʝʥʠʷ ʚʳʙʨʘʥʥʦʛʦ ʜʠʘʧʘʟʦʥʘ). 



ʋʛʣʝʍʠʤʠʯʝʩʢʠʡ  ʞʫʨʥʘʣ 2016 
 

 

 
15 

 

ɼʣʷ ʙʦʨʴʙʳ ʩ ʵʪʠʤ ʷʚʣʝʥʠʝʤ ʧʨʠʤʝʥʷʝʪʩʷ ʩʣʝʜʫʶʱʠʡ 

ʧʨʠʸʤ: ʝʩʣʠ ʦʧʪʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʧʦʣʫʯʝʥʥʘʷ ʥʘ 

ʧʝʨʚʦʤ ʵʪʘʧʝ, ʨʘʚʥʘ ʚʝʨʭʥʝʤʫ ʠʣʠ ʥʠʞʥʝʤʫ ʟʥʘʯʝʥʠʶ 

ʚʳʙʨʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʜʠʘʧʘʟʦʥʘ, ʥʘ ʧʦʣʷʭ ʧʦʷʚʠʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʩʦʦʙʱʝʥʠʝ (ʨʠʩ. 3). 

 
 

 
 

ʈʠʩ. 2 ɻʨʘʬʠʯʝʩʢʠʡ ʤʝʪʦʜ ʥʘʭʦʞʜʝʥʠʷ ʠʩʢʦʤʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ 
 

 

ʅʘ ʨʠʩ. 3 ʚʠʜʥʦ, ʯʪʦ ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʠʟʤʝʥʝʥʠʷ ʪʝ-

ʤʧʝʨʘʪʫʨ (2500 Áʉ) ʩʦʚʧʘʜʘʝʪ ʩ ʦʧʪʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠ-

ʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʨʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘ 

ʧʦʣʷʭ ʩʪʨʘʥʠʮʳ ʧʦʷʚʣʷʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʩʦʦʙʱʝ-

ʥʠʝ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʫʚʝʣʠʯʠʪʴ ʚʝʨʭʥʶʶ ʛʨʘʥʠʮʫ 

ʜʠʘʧʘʟʦʥʘ. ɽʩʣʠ ʞʝ ʩ ʦʧʪʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʩʦʚʧʘʜʝʪ 

ʥʠʞʥʷʷ ʛʨʘʥʠʮʘ, ʟʥʘʯʠʪ, ʩʣʝʜʫʝʪ ʫʤʝʥʴʰʠʪʴ ʥʠʞʥʠʡ 

ʧʨʝʜʝʣ ʚʳʙʨʘʥʥʦʛʦ ʜʠʘʧʘʟʦʥʘ. ɺ ʧʨʠʥʮʠʧʝ, ʥʝ ʩʦʩʪʘʚ-

ʣʷʝʪ ʦʩʦʙʦʛʦ ʪʨʫʜʘ ʟʘʜʘʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʚʳʙʦʨ ʜʠʘ-

ʧʘʟʦʥʘ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ. ʊʘʢʘʷ ʤʠʥʠ-

ʧʦʜʧʨʦʛʨʘʤʤʘ ʤʦʞʝʪ ʙʳʪʴ ʚʩʪʨʦʝʥʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ 

ʨʘʩʯʸʪʳ (ʧʨʠ ʵʪʦʤ, ʯʪʦʙʳ ʥʝ ʫʩʣʦʞʥʷʪʴ ʨʘʩʧʝʯʘʪʢʫ 

ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʸʪʦʚ, ʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʩʢʨʳʪʘ) ʠʣʠ 

ʚʳʥʝʩʝʥʘ ʥʘ ʦʪʜʝʣʴʥʫʶ ʩʪʨʘʥʠʮʫ ʵʣʝʢʪʨʦʥʥʳʭ ʪʘʙʣʠʮ, 

ʚʦʟʚʨʘʱʘʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʨʘʩʯʸʪʳ ʪʦʣʴʢʦ ʧʦʣʫʯʝʥ-

ʥʳʡ ʨʝʟʫʣʴʪʘʪ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʪʦʜ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʨʠʙʣʠ-

ʞʝʥʠʷ ʧʝʨʝʚʦʜʠʪ ʨʘʩʯʝʪʳ ʘʧʧʘʨʘʪʫʨʳ ʠʟ ʧʦʣʫʘʚʪʦʤʘ-

ʪʠʯʝʩʢʦʛʦ (ʧʦʩʪʦʷʥʥʦ ʚʚʦʜʠʤʦʛʦ ʥʦʚʦʛʦ ʟʥʘʯʝʥʠʷ ʟʘʜʘ-

ʚʘʝʤʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ) ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ 

(ʠʩʢʦʤʳʡ ʧʘʨʘʤʝʪʨ ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʠ ʦʜ-

ʥʦʟʥʘʯʥʦ). 

ɸʥʘʣʦʛʠʯʥʳʤ ʤʝʪʦʜʦʤ ʨʝʰʘʶʪʩʷ ʠ ʜʨʫʛʠʝ ʧʦʜʦʙ-

ʥʳʝ ʟʘʜʘʯʠ ï ʨʘʩʯʸʪ ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʚ, ʥʝʢʦʪʦʨʳʝ ʚʠʜʳ 

ʘʧʧʘʨʘʪʫʨʳ ʫʣʘʚʣʠʚʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ ʢʦʢʩʦ-

ʚʘʥʠʷ [2, 3] ʠ ʪ.ʧ. 

 
 

 
 

ʈʠʩ. 3  ɺʳʚʦʜ ʩʦʦʙʱʝʥʠʷ ʦ ʥʝʧʨʘʚʠʣʴʥʦʤ ʚʳʙʦʨʝ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʳ ʜʠʘʧʘʟʦʥʘ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ 
 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʜʦʙʥʳʭ ʧʨʦ-

ʛʨʘʤʤ ʪʝʭʥʦʣʦʛʫ ʜʦʩʪʘʪʦʯʥʦ ʚʚʝʩʪʠ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʠ 

ʩʨʘʟʫ ʧʦʣʫʯʠʪʴ ʠʪʦʛʦʚʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʘʧʧʘʨʘ-

ʪʫʨʳ. ɽʜʠʥʩʪʚʝʥʥʦ, ʯʪʦ ʧʦʪʨʝʙʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦ, 

ʵʪʦ ʧʦʜʙʦʨ ʪʝʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʷʚʣʷʶʪʩʷ ʦʜʥʦ-

ʟʥʘʯʥʳʤʠ: ʥʘʧʨʠʤʝʨ, ʚʠʜ ʪʝʧʣʦʠʟʦʣʷʮʠʠ, ʪʠʧ ʚʳʙʨʘʥ-

ʥʳʭ ʥʘʩʦʩʦʚ, ʚʝʥʪʠʣʷʪʦʨʦʚ ʠ ʪ.ʧ. ɽʱʝ ʙʦʣʴʰʠʡ ʵʬʬʝʢʪ 

ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʜʦʙʥʳʭ ʧʨʦʛʨʘʤʤ ʜʘʣʦ ʙʳ ʠʭ ʩʦʧ-

ʨʷʞʝʥʠʝ ʩ ʛʨʘʬʠʯʝʩʢʠʤʠ ʧʨʦʛʨʘʤʤʘʤʠ ʧʦ ʧʦʜʛʦʪʦʚʢʝ 

ʯʝʨʪʝʞʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ɻʇ çʋʍʀʅè ʫʞʝ ʨʘʟʨʘʙʦʪʘʥ 

ʮʝʣʳʡ ʨʷʜ ʧʦʜʦʙʥʳʭ ʧʨʦʛʨʘʤʤ, ʪʘʢʠʭ ʢʘʢ ʨʘʩʯʸʪ ʢʦʢʩʦ-

ʚʳʭ ʧʝʯʝʡ, ʫʩʪʘʥʦʚʢʠ ʩʫʭʦʛʦ ʪʫʰʝʥʠʷ ʢʦʢʩʘ, ʩʫʰʠʣʦʢ 
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ʜʣʷ ʫʛʣʝʡ ʠ ʥʝʢʦʪʦʨʳʭ ʫʩʪʘʥʦʚʦʢ ʧʦ ʫʣʘʚʣʠʚʘʥʠʶ ʭʠ-

ʤʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ ʢʦʢʩʦʚʘʥʠʷ. 
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AUTOMATIC  CALCULATION  OF TECHNOLOGICAL  EQUIPMENT  
 

É Zhuravsky A.A., PhD in technical scjences (SE " UKHIN ")  
 

It has been shown, that the use of the traditional methods for the calculation of technological equipment 

is complicated by the fact that it is necessary to specify a certain process parameter, and then to execute 

the verification calculation. If such test shows the convergence of results, it is considered that the re-

ceived option is selected properly, if not ï it is necessary to specify the new parameter value and to carry 

out new calculations. In this paper a method has been proposed of gradual approach, which allows to 

solve problems of a similar class in the automatic mode. 
 

Keywords: automatically calculation, algorithm, coke oven, semi-automatic mode calculations, heat ex-

change equipment, spreadsheets, microsoft exʩel. 
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ʚʝʜʝʥʠʝ 
ʋʛʣʝʨʦʜʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ ʨʘʟʤʝʨʦʤ ʤʝʥʝʝ 100 ʥʤ ʷʚʣʷʶʪʩʷ ʠʩʭʦʜʥʳʤʠ ʙʣʦʢʘʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʙʲʝʤʥʳʭ 

ʥʘʥʦʩʪʨʫʢʪʫʨ [1]. ʆʜʥʘ ʠʟ ʚʘʞʥʝʡʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʥʦʯʘʩʪʠʮ ï ʚʳʩʦʢʦʝ ʘʩʧʝʢʪʥʦʝ ʦʪʥʦʰʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʢ 

ʦʙʲʝʤʫ, ʢʦʪʦʨʦʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʘʪʦʤʦʚ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʘʪʦʤʳ 

ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʦʥʠ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʨʝʘʢʮʠʦʥʥʦ ʩʧʦʩʦʙʥʳʤʠ ʠ 

ʦʧʨʝʜʝʣʷʶʪ ʘʜʩʦʨʙʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ. ɹʦʣʴʰʦʝ ʘʩʧʝʢʪʥʦʝ ʦʪʥʦʰʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʢ ʦʙʲʝʤʫ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʫʣʴʪʨʘ-

ʤʘʣʳʤʠ ʨʘʟʤʝʨʘʤʠ ʠ ʯʘʩʪʦ ʩ ʵʬʬʝʢʪʘʤʠ ʬʦʨʤʳ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʩʚʦʡʩʪʚʘ ʥʘʥʦʯʘʩʪʠʮ ʩʪʘʥʦʚʷʪʩʷ ʦʪʣʠʯʥʳʤʠ 

ʦʪ ʩʚʦʡʩʪʚ ʦʙʲʝʤʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʥʘʥʦʯʘʩʪʠʮ ʠʟ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʠʣʠ ʞʠʜʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʢʣʶʯʘʝʪ 

ʪʨʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʩʪʫʧʝʥʠ: ʟʘʨʦʞʜʝʥʠʝ, ʢʦʘʣʝʩʮʝʥʮʠʶ ʠ ʨʦʩʪ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʘʪʦʤʦʚ ʠʣʠ ʤʦʣʝʢʫʣ ʦʥʠ ʘʛʨʝʛʠʨʫʶʪ ʚ ʤʘʣʳʝ ʢʣʘʩʪʝʨʳ ʧʫʪʝʤ ʛʦʤʦʛʝʥʥʦʛʦ ʟʘʨʦʞʜʝʥʠʷ. ʉ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʢʣʘʩ-

ʪʝʨʳ ʧʨʦʷʚʣʷʶʪ ʩʢʣʦʥʥʦʩʪʴ ʢ ʢʦʘʣʝʩʮʝʥʮʠʠ ʠ ʧʦʩʣʝʜʫʶʱʝʤʫ ʘʛʨʝʛʠʨʦʚʘʥʠʶ ʨʦʩʪʫ ʚ ʚʠʜʝ ʙʦʣʴʰʠʭ ʩʢʦʧʣʝʥʠʡ. 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʥʘʥʦʯʘʩʪʠʮʳ ʩʪʨʦʷʪʩʷ ʚ ʚʠʜʝ ʧʦʣʥʦ ʟʘʧʦʣʥʝʥʥʳʭ ʘʪʦʤʘʤʠ ʢʣʘʩʪʝʨʦʚ, ʠʤʝʶʱʠʭ ʢʫʙʠʯʝʩʢʫʶ ʠʣʠ 

ʛʝʢʩʘʛʦʥʘʣʴʥʫʶ ʧʣʦʪʥʦʫʧʘʢʦʚʘʥʥʫʶ ʩʪʨʫʢʪʫʨʫ. 

ʊʘʢ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ, ʧʨʠ ʧʦʤʦʱʠ ʥʘʥʦʯʘʩʪʠʮ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʠ ʫʛʣʝʨʦʜʥʳʝ ʚʦʣʦʢʥʘ (ʋɺ), ʢʦʪʦʨʳʝ ʭʘ-

ʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠʝʤ ʩʪʨʫʢʪʫʨʥʳʭ ʬʦʨʤ, ʙʣʠʟʢʠʤ ʢ ʛʨʘʬʠʪʫ, ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʫʛʣʝʨʦʜʘ (92,0-99,9 %). 

ɼʠʘʤʝʪʨ ʪʘʢʠʭ ʚʦʣʦʢʦʥ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 15 ʤʢʤ [2]. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦ- ʠ ʤʠʢʨʦʨʘʟʤʝʨʥʳʭ ʯʘʩʪʠʮ ʚʦ ʤʥʦʛʠʭ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʨʘʙʦʪʘʭ [3, 4] ʧʨʝʜʣʦ-

ʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʩʦʩʪʘʚʝ ʵʣʝʢʪʨʦʜʦʚ ʩʤʝʩʴ ʠʟ ʫʛʣʷ ʠ ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʡ ʩʤʦʣʳ ʣʠʙʦ ʧʝʢʘ ʠʣʠ ʞʝ ʩʪʝʨʞʥʠ, ʚʳʪʦ-

ʯʝʥʥʳʝ ʠʟ ʥʝʢʦʪʦʨʳʭ ʧʨʦʜʫʢʪʦʚ ʢʦʢʩʦʚʘʥʠʷ, ʥʘʧʨʠʤʝʨ, ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʛʦ ʢʦʢʩʘ. ʆʜʥʘʢʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʘʢʠʭ 

ʵʣʝʢʪʨʦʜʦʚ ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ ʨʘʟʣʠʯʥʦʛʦ ʩʧʝʢʪʨʘ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ: ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʯʘʩʪʠʮ [5], ʬʫʣʣʝʨʝʥʦʚ 

[6], ʦʜʥʦʩʪʝʥʥʳʭ ʠ ʤʥʦʛʦʩʪʝʥʥʳʭ ʥʘʥʦʪʨʫʙʦʢ [7, 8], ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʪʠʧʘ çʙʘʤʙʫʢè [9], ʫʛʣʝʨʦʜʥʳʭ çʤʠʢ-

ʨʦʰʘʨʠʢʦʚè [10] ʠ ʚʦʣʦʢʦʥ [11]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʘʤʠ ʧʨʝʜʣʦʞʝʥ ʢʦʤʧʦʥʝʥʪʥʳʡ ʩʦʩʪʘʚ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʧʨʦʜʫʢʪʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʫʛʣʷ, ʜʣʷ ʧʦʣʫ-

ʯʝʥʠʷ ʘʥʦʜʦʚ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʜʫʛʦʚʦʤ ʨʘʟʨʷʜʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ, ʫʛʣʝʨʦʜ-

ʥʳʝ ʥʠʪʝʚʠʜʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʘ ʪʘʢʞʝ ʫʛʣʝʨʦʜʥʳʝ ʚʦʣʦʢʥʘ. 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ɼʣʷ ʩʠʥʪʝʟʘ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʜʫʛʦʚʦʛʦ ʠʩʧʘʨʝʥʠʷ, ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʘʣʩʷ ʚ ʠʩʧʘ-

ʨʝʥʠʠ ʫʛʣʝʨʦʜʘ ʘʥʦʜʘ ʠ ʢʦʥʜʝʥʩʘʮʠʠ ʥʘ ʢʘʪʦʜʝ ʦʩʘʜʢʘ ï ʢʘʪʦʜʥʦʛʦ ʜʝʧʦʟʠʪʘ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʘʥʦʜʦʚ ʥʘʤʠ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʦʙʨʘʟʮʳ: ʧʝʢʦʚʳʡ ʢʦʢʩ (ʪʘʙʣ. 1), ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʳʡ (ʪʘʙʣ. 2) ʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ 

(ʪʘʙʣ. 3) ʧʝʢʠ ʠ ʢʘʤʝʥʥʦʫʛʦʣʴʥʘʷ ʩʤʦʣʘ (ʪʘʙʣ. 4). 

ʇʦʜʛʦʪʦʚʢʫ ʘʥʦʜʦʚ ʧʨʦʠʟʚʦʜʠʣʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʉʤʝʩʴ ʧʝʢʦʚʦʛʦ ʢʦʢʩʘ, ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʡ ʩʤʦʣʳ, ʧʝʢʘ 

(ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʠʣʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ) ʠ ʢʘʪʘʣʠʟʘʪʦʨʘ NiO-Fe(CO)5 (ʪʘʙʣ. 5) ʧʨʝʩʩʦʚʘʣʠ ʧʦʜ ʜʘʚʣʝʥʠ-

ʝʤ 69 ʢʇʘ ʚ ʤʘʪʨʠʮʝ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ.  ʇʦʣʫʯʝʥʥʳʝ ʩʪʝʨʞʥʠ ʧʦʤʝʱʘʣʠ ʚ ʧʝʯʴ ʠ ʥʘʛʨʝʚʘʣʠ ʩʦ ʩʢʦʨʦʩʪʴʶ 10 

Áʉ /ʤʠʥ ʦʪ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 500 Áʉ. ʇʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʢʦʥʝʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʚʦʜʠʣʠ ʠʟʦʪʝʨʤʠʯʝʩ-

ʢʫʶ ʚʳʜʝʨʞʢʫ ʚ ʪʝʯʝʥʠʝ 1 ʯ. ɿʘʪʝʤ ʟʘʛʦʪʦʚʢʠ ʵʣʝʢʪʨʦʜʦʚ ʧʦʜʚʝʨʛʘʣʠ ʜʘʣʴʥʝʡʰʝʤʫ ʦʙʞʠʛʫ ʩʦ ʩʢʦʨʦʩʪʴʶ 10 Áʉ/ʤʠʥ 

ʜʦ 900 Áʉ. ʇʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʫʢʘʟʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʘʥʦʜʥʳʝ ʟʘʛʦʪʦʚʢʠ ʧʦʜʚʝʨʛʘʣʠ ʜʘʣʴʥʝʡʰʝʡ ʪʝʨʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʝ ʚ ʪʝʯʝʥʠʠ 6 ʯ. 

ɸʥʦʜ ʧʦʤʝʱʘʣʠ ʚ ʨʝʘʢʪʦʨ, ʚ ʢʦʪʦʨʳʡ ʧʦʜʘʚʘʣʩʷ ʠʥʝʨʪʥʳʡ ʛʘʟ ï ʘʨʛʦʥ. ʈʦʣʴ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ ʟʘʢʣʶʯʘʣʘʩʴ, ʚʦ-

ʧʝʨʚʳʭ, ʚ ʦʭʣʘʞʜʝʥʠʠ ʬʨʘʛʤʝʥʪʦʚ ʫʛʣʝʨʦʜʘ, ʪʘʢ ʢʘʢ ʚ ʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʦʥʠ ʥʝ ʛʨʫʧʧʠʨʫʶʪʩʷ ʚ ʩʪʘʙʠʣʴʥʳʝ 

ʩʪʨʫʢʪʫʨʳ, ʘ, ʚʦ-ʚʪʦʨʳʭ, ʚ ʧʦʛʣʦʱʝʥʠʠ ʠ ʧʝʨʝʥʦʩʝ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʘʷ ʚʳʜʝʣʷʝʪʩʷ ʧʨʠ ʩʦʝʜʠʥʝʥʠʠ ʬʨʘʛʤʝʥʪʦʚ. ʅʘ-

ʧʨʷʞʝʥʠʝ ʠ ʩʠʣʘ ʪʦʢʘ ʨʝʛʫʣʠʨʦʚʘʣʠ ʠ ʧʦʜʜʝʨʞʠʚʘʣʠ ʥʘ ʫʨʦʚʥʝ 20-25 ɺ ʠ 80-90 ɸ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʄʝʞʵʣʝʢʪʨʦʜʥʦʝ 

ʨʘʩʩʪʦʷʥʠʝ ʨʝʛʫʣʠʨʦʚʘʣʦʩʴ ʧʝʨʝʤʝʱʝʥʠʝʤ ʘʥʦʜʘ ʠ ʩʦʩʪʘʚʣʷʣʦ 1-2 ʤʤ. ʇʦʩʣʝ ʜʫʛʦʚʦʛʦ ʨʘʟʨʷʜʘ ʩʦʙʠʨʘʣʠ ʜʝʧʦʟʠʪ, 

ʢʦʪʦʨʳʡ ʦʙʨʘʟʦʚʘʣʩʷ ʟʘ ʚʨʝʤʷ ʩʠʥʪʝʟʘ ʚ ʧʣʘʟʤʝʥʥʦ-ʜʫʛʦʚʦʤ ʨʝʘʢʪʦʨʝ ʥʘ ʢʘʪʦʜʝ, ʠ ʠʩʩʣʝʜʦʚʘʣʠ ʝʛʦ ʧʨʠ ʧʦʤʦʱʠ 

ʩʢʘʥʠʨʫʶʱʝʛʦ ʣɻʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ (ʉʕʄ) ʠ ʧʨʦʩʚʝʯʠʚʘʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ (ʇʕʄ). 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʦʙʫ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʫʶ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʫʰʠʣʠ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 105 Áʉ ʥʝ ʤʝʥʝʝ 1 ʯ. ʉ ʮʝʣʴʶ ʫʜʘʣʝʥʠʷ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʧʨʠʤʝʩʝʡ ʧʨʦʩʫʰʝʥʥʫʶ ʧʨʦʙʫ ʦʙʨʘʙʘ-

ʪʳʚʘʣʠ ʤʘʛʥʠʪʦʤ. 

ʋʜʝʣʴʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʘʥʦʜʘ ʩʦʩʪʘʚʣʷʝʪ 0,03 ʆʤĀʤ, ʯʪʦ ʤʝʥʴʰʝ ʘʥʘʣʦʛʠʯʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʧʝ-

ʢʦʚʦʛʦ ʢʦʢʩʘ (ʩʤ. ʪʘʙʣ. 1).  
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ʊʘʙʣʠʮʘ 1 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʦʢʩʘ ʧʝʢʦʚʦʛʦ ʵʣʝʢʪʨʦʜʥʦʛʦ ʤʘʨʢʠ ʂʇʕ 2 

ˉ ʧ/ʧ ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʏʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ 

1 ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʦʙʱʝʡ ʚʣʘʛʠ, % 5,9 

2 ɿʦʣʴʥʦʩʪʴ, % 0,2 

3 ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʦʙʱʝʡ ʩʝʨʳ, % 0,41 

4 ɺʳʭʦʜ ʣʝʪʫʯʠʭ ʚʝʱʝʩʪʚ, % 0,3 

5 ʋʜʝʣʴʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, 
 
ʆʤĀʤ 0,05 

 

 

ʊʘʙʣʠʮʘ 2  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʝʢʘ ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʛʦ ʵʣʝʢʪʨʦʜʥʦʛʦ ʤʘʨʢʠ çɺè 

ˉ ʧ/ʧ ʅʘʠʤʝʥʦʚʘʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʏʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ 

1 ʊʝʤʧʝʨʘʪʫʨʘ ʨʘʟʤʷʛʯʝʥʠʷ, 
ʦ
ʉ 86 

2 ʄʘʩʩʦʚʘʷ ʜʦʣʷ, %, ʚʝʱʝʩʪʚ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʚ: 
ʪʦʣʫʦʣʝ 34 

ʭʠʥʦʣʠʥʝ 8 

3 ɺʳʭʦʜ ʣʝʪʫʯʠʭ ʚʝʱʝʩʪʚ, % 55 

4 ɿʦʣʴʥʦʩʪʴ, % 0,1 

5 ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʦʙʱʝʡ ʩʝʨʳ, % 0,6 

6 ʂʦʢʩʦʚʳʡ ʦʩʪʘʪʦʢ, % 56 

 

 

ʊʘʙʣʠʮʘ 3  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʝʢʘ ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʛʦ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ˉ ʧ/ʧ ʅʘʠʤʝʥʦʚʘʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʏʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ 

1 ʊʝʤʧʝʨʘʪʫʨʘ ʨʘʟʤʷʛʯʝʥʠʷ, 
ʦ
ʉ 146 

2 ɿʦʣʴʥʦʩʪʴ, % 0,1 

3 ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʚʦʜʳ, % 0,8 

 

 

ʊʘʙʣʠʮʘ 4 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʡ ʩʤʦʣʳ 

ˉ ʧ/ʧ ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʏʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ 

1 ʇʣʦʪʥʦʩʪʴ ʧʨʠ 20 Áʉ, ʢʛ/ʤ
3
 1180 

2 ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʚʦʜʳ, % 1,2 

3 

 
ʄʘʩʩʦʚʘʷ ʜʦʣʷ, %, ʚʝʱʝʩʪʚ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʚ 

ʪʦʣʫʦʣʝ 7,2 

ʭʠʥʦʣʠʥʝ 2,8 

4 ɿʦʣɹʥʦʩʪʴ, % 0,13 

5 ʨʅ ʚʦʜʥʦʡ ʚʳʪʷʞʢʠ 7,9 

6 ʂʦʢʩʦʚʦʝ ʯʠʩʣʦ, % 41,9 

7 ɼʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʧʨʠ 20Áʉ, ʤʇʘĬʩ 1263 
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ʊʘʙʣʠʮʘ 5  

ʉʦʦʪʥʦʰʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʘʥʦʜʥʦʡ ʩʤʝʩʠ 

ʂʦʤʧʦʥʝʥʪʥʳʡ ʩʦʩʪʘʚ ʘʥʦʜʥʦʡ ʩʤʝʩʠ ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʘʥʦʜʥʦʡ ʩʤʝʩʠ, % 

ʇʝʢʦʚʳʡ ʢʦʢʩ 70-75 

ʉʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʳʡ ʠʣʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʧʝʢ 1-5 

ʂʘʤʝʥʥʦʫʛʦʣʴʥʘʷ ʩʤʦʣʘ 10-15 

ʂʘʪʘʣʠʟʘʪʦʨ NiO-Fe(CO)5 1-5 

 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 
ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʫʛʣʝʨʦʜ-

ʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʝʢʦʚʳʡ ʢʦʢʩ, ʢʘ-

ʤʝʥʥʦʫʛʦʣʴʥʘʷ ʩʤʦʣʘ, ʘ ʪʘʢʞʝ ʢʘʤʝʥʥʦʫʛʦʣʴʥʳʡ ʩʨʝʜ-

ʥʝʪʝʤʧʝʨʘʪʫʨʥʳʡ ʧʝʢ [12]. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʥʘʤʠ ʙʳʣ 

ʧʨʝʜʣʦʞʝʥ ʩʦʩʪʘʚ ʘʥʦʜʥʦʡ ʩʤʝʩʠ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʧʨʦʜʫ-

ʢʪʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʫʛʣʷ:  ʧʝʢʦʚʦʛʦ ʢʦʢʩʘ, ʢʘʤʝʥʥʦʫʛʦʣʴ-

ʥʦʡ ʩʤʦʣʳ ʠ ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʛʦ ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʧʝʢʘ. ɺʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʘʥʦʜʥʦʡ ʩʤʝʩʠ ʢʦʤʧʦʥʝʥʪʳ 

ʤʦʛʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʦʜʥʦʨʦʜʥʦʩʪʠ 

ʧʦʣʫʯʘʝʤʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ. ʊʘʢ ʞʝ ʥʝ ʤʘʣʦ-

ʚʘʞʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʧʨʠ ʧʦʜʙʦʨʝ ʩʦʩʪʘʚʘ ʘʥʦʜʥʦʡ ʩʤʝ-

ʩʠ ʷʚʣʷʣʠʩʴ ʧʨʦʯʥʦʩʪʴ ʵʣʝʢʪʨʦʜʦʚ ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜ-

ʥʦʩʪʴ. ʂʘʢ ʙʳʣʦ ʨʘʥʥʝʝ ʩʢʘʟʘʥʦ, ʫʜʝʣʴʥʦʝ ʵʣʝʢʪʨʠʯʝʩ-

ʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʣʫʯʘʝʤʳʭ ʘʥʦʜʦʚ ʠʟ ʧʨʝʜʣʦʞʝʥ-

ʥʦʡ ʩʤʝʩʠ ʩʦʩʪʘʚʣʷʝʪ 0,03 ʆʤĀʤ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʪʝʨ-

ʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʘʥʦʜʦʚ ʧʨʠ 900 
ʦ
ʉ, ʢʦʪʦʨʘʷ ʩʧʦ-

ʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʩʪʝʧʝʥʠ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʫʛʣʝ-

ʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʩʦʩʪʘʚʝ ʘʥʦʜʥʦʡ ʩʤʝʩʠ 70-75 % ʧʝ-

ʢʦʚʦʛʦ ʢʦʢʩʘ ʦʙʦʩʥʦʚʘʥʦ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʫʛʣʝ-

ʨʦʜʘ (97-98 %) [13], ʪʘʢ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʳʭ 

ʢʨʠʩʪʘʣʣʠʪʦʚ ʟʘʚʠʩʠʪ ʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʨʦʜʘ, ʠ ʦʪ 

ʝʛʦ ʩʪʨʫʢʪʫʨʳ. ʉʪʨʫʢʪʫʨʘ ʧʝʢʦʚʦʛʦ ʢʦʢʩʘ ʦʙʨʘʟʫʝʪʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʩʣʦʞʥʳʭ ʤʥʦʛʦʩʪʘʜʠʡʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʚʢʣʶ-

ʯʘʶʱʠʭ ʨʝʘʢʮʠʠ ʨʘʟʣʦʞʝʥʠʷ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ ʦʪ-

ʱʝʧʣʝʥʠʝʤ ʘʪʦʤʦʚ, ʛʨʫʧʧ ʠʣʠ ʜʝʩʪʨʫʢʮʠʝʡ ʤʦʣʝʢʫʣ, ʠ 

ʢʦʥʜʝʥʩʘʮʠʠ (ʦʙʨʘʟʦʚʘʥʠʝ ʥʦʚʳʭ ʉïʉ ʩʚʷʟʝʡ), ʧʨʠʚʦ-

ʜʷʱʝʡ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʛʠʛʘʥʪʩʢʠʭ ʤʦʣʝʢʫʣ, ʦʙʦʛʘʱʝʥ-

ʥʳʭ ʫʛʣʝʨʦʜʦʤ. ʗʜʨʘ ʪʘʢʠʭ ʤʦʣʝʢʫʣ ʩʦʩʪʦʷʪ ʠʟ ʙʝʥʟʦ-

ʣʴʥʳʭ ʢʦʣʝʮ ʠ ʧʦʜʦʙʥʳ ʤʦʥʦʩʣʦʷʤ ʚ ʛʨʘʬʠʪʝ ʩ ʪʝʤ ʠʣʠ 

ʠʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦ ʧʝʨʠʬʝʨʠʠ ʙʦʢʦ-

ʚʳʭ ʛʨʫʧʧ ʠ ʘʪʦʤʦʚ. ʇʣʦʩʢʠʝ ʤʦʣʝʢʫʣʳ ʩʣʘʛʘʶʪʩʷ ʚ 

ʩʪʦʧʢʠ, ʦʙʨʘʟʫʷ ʩʪʨʫʢʪʫʨʥʳʝ ʝʜʠʥʠʮʳ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ 

ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʜʘʥʥʳʝ ʢʨʠʩʪʘʣʣʠʪʳ 

ʥʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ ʬʘʟʫ ʠ ʣʠʰʝ-

ʥʳ ʧʨʝʜʝʣʴʥʦ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʪʨʝʭʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ, 

ʧʨʠʩʫʱʝʡ ʢʨʠʩʪʘʣʣʠʪʘʤ ʛʨʘʬʠʪʘ [14]. ʄʘʣʝʥʴʢʠʝ ʢʨʠʩ-

ʪʘʣʣʠʪʳ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʥʝʩʢʦʣʴʢʦ ʧʣʦʩʢʦʩʪʥʳʭ 

ʩʣʦʝʚ, ʩʦʝʜʠʥʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦʧʝʨʝʯʥʳʤʠ ʩʚʷʟʷʤʠ. 

ʕʪʠ ʧʦʧʝʨʝʯʥʳʝ ʩʚʷʟʠ ʜʦʩʪʘʪʦʯʥʦ ʫʩʪʦʡʯʠʚʳ ʧʨʠ ʪʝʤ-

ʧʝʨʘʪʫʨʝ ʦʙʞʠʛʘ ʘʥʦʜʦʚ 900 
ʦ
ʉ, ʦʜʥʘʢʦ ʥʝ ʚʳʜʝʨʞʠʚʘ-

ʶʪ ʩʚʝʨʭʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʚ 

ʫʩʣʦʚʠʷʭ ʜʫʛʦʚʦʛʦ ʨʘʟʨʷʜʘ. ʉʚʷʟʠ ʤʝʞʜʫ ʧʨʠʣʝʛʘʶʱʠ-

ʤʠ ʧʣʦʩʢʦʩʪʷʤʠ ʷʚʣʷʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʳʤʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʚʷʟʷʤʠ ʚ ʩʘʤʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʘʭ, 

ʠ ʣʝʛʯʝ ʨʘʟʨʫʰʘʶʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʜʫʛʦʚʦʛʦ ʨʘʟʨʷʜʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʩʚʦʙʦʞʜʘʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʫʛʣʝʨʦʜʘ, ʢʦʪʦʨʳʝ ʩ ʧʦʤʦ-

ʱʴʶ ʢʘʪʘʣʠʟʘʪʦʨʘ ʣʝʛʢʦ ʚʢʣʶʯʘʶʪʩʷ ʚ ʩʪʨʫʢʪʫʨʫ ʫʛʣʝ-

ʨʦʜʥʳʭ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʯʘʩʪʠʮ. 

ʊʘʢʠʝ ʬʘʢʪʦʨʳ, ʢʘʢ ʩʦʜʝʨʞʘʥʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʦʤ ʧʝʢʝ (ʪʘʙʣ. 6) 

[15] ʠ ʫʛʣʝʨʦʜʘ, ʢʦʪʦʨʳʡ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʵʪʠʭ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʦʢʘʟʳʚʘʶʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʛʣʝʨʦʜʥʳʭ 

ʥʘʥʦʩʪʨʫʢʪʫʨ. 

 

ʊʘʙʣʠʮʘ 6  

ʆʩʥʦʚʥʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ 

ʉʪʨʫʢʪʫʨʥʳʝ ʪʠʧʳ ʌʦʨʤʫʣʘ ʦʩʥʦʚʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʅʘʬʪʘʣʠʥʳ ʉ10ʅ8 

ɸʮʝʥʘʬʪʝʥʳ, ʬʣʫʦʨʝʥʳ ʉ12ʅ10 

ɸʥʪʨʘʮʝʥʳ, ʬʝʥʘʥʪʨʝʥʳ ʉ14ʅ10 

ʏʝʪʳʨʝʭʴʷʜʝʨʥʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ: 

ʌʣʫʦʨʘʥʪʝʥ ʉ16ʅ10 

ʇʠʨʝʥ ʉ16ʅ10 

ʇʷʪʠʷʜʝʨʥʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ: 

ɹʝʥʟʦʬʣʫʦʨʘʥʪʝʥ ʉ20ʅ12 
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ʂʘʤʝʥʥʦʫʛʦʣʴʥʘʷ ʩʤʦʣʘ, ʚʭʦʜʷʱʘʷ ʚ ʩʦʩʪʘʚ ʩʤʝʩʠ ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷʩʷ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʛʨʘʝʪ ʠ 

ʨʦʣʴ ʧʣʘʩʪʠʬʠʢʘʪʦʨʘ, ʩʥʠʞʘʶʱʝʛʦ ʪʝʤʧʝʨʘʪʫʨʫ ʨʘʟʤʷ-

ʛʯʝʥʠʷ ʧʝʢʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 10-15 % ʧʦ ʤʘʩʩʝ ʢʘʤʝʥʥʦ-

ʫʛʦʣʴʥʦʡ ʩʤʦʣʳ ʵʬʬʝʢʪʠʚʥʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʧʦʣʫʯʘʝʤʳʭ ʘʥʦʜʦʚ. 

 
 

 
 

ʘ 
 

 
 

b 

ʈʠʩ. 1 ʌʨʘʢʪʘʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ: a ï ʉʕʄ, Ĭ5000;  

b ï ʚ çʧʘʫʪʠʥʝè ʫʛʣʝʨʦʜʥʳʭ ʥʠʪʝʚʠʜʥʳʭ ʩʪʨʫʢʪʫʨ 

(ʉʕʄ, Ĭ100) 
 

 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʘʥʦʜʥʘʷ ʩʤʝʩʴ ʣʝʛʠʨʦʚʘʣʘʩʴ ʢʘʪʘʣʠ-

ʟʘʪʦʨʦʤ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʨʦʮʝʥʪʥʳʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ 

NiO ʠ Fe(CO)5, ʢʦʪʦʨʳʝ ʚʘʨʴʠʨʦʚʘʣʠʩʴ ʦʪ 1-5 %. ɹʠʤʝ-

ʪʘʣʣʠʯʝʩʢʠʡ ʢʘʪʘʣʠʟʘʪʦʨ ʚʳʙʨʘʥ ʥʘ ʦʩʥʦʚʘʥʠʠ ʤʦʜʝʣʠ 

ʜʚʦʡʥʦʡ ʨʦʣʠ ʤʝʪʘʣʣʘ [16] ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʟʘʨʦʜʳʰʘ 

ʥʘʥʦʩʪʨʫʢʪʫʨ. ʇʝʨʚʘʷ ʬʫʥʢʮʠʷ ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʘʪʘ-

ʣʠʟʘʪʦʨʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʜʠʥ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ ï 

NiO ï ʫʯʘʩʪʚʫʝʪ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʤʝʪʘʣʣʦ-ʵʥʜʦʬʫʣʣʝʨʝʥʘ. 

ɼʣʷ ʵʪʦʛʦ ʢʦʥʜʝʥʩʘʮʠʷ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ ʜʦʣʞʥʘ ʥʘʯʠ-

ʥʘʪʴʩʷ ʥʘ ʩʪʘʜʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʤʘʣʳʭ ʫʛʣʝʨʦʜʥʳʭ ʢʣʘʩ-

ʪʝʨʦʚ, ʧʨʝʞʜʝ ʯʝʤ ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʦʙʦʣʦʯʢʘ ʬʫʣʣʝʨʝ-

ʥʘ. ɼʘʣʝʝ, ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʟʘʨʦʜʳʰʝʡ ʥʘʥʦʩʪʨʫʢʪʫʨ ʢ 

ʦʙʦʣʦʯʢʝ ʤʝʪʘʣʣʦ-ʵʥʜʦʬʫʣʣʝʨʝʥʘ ʜʦʣʞʥʳ ʧʨʠʩʦʝʜʠ-

ʥʠʪʴʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʘʪʦʤʳ ʤʝʪʘʣʣʘ, ʠ ʵʪʫ ʬʫʥʢʮʠʶ 

ʚʳʧʦʣʥʷʝʪ ʜʨʫʛʦʡ ʠʟ ʜʚʫʭ ʢʦʤʧʦʥʝʥʪʦʚ ʢʘʪʘʣʠʟʘʪʦʨʘ ï 

Fe(CO)5. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʘ NiO-Fe(CO)5 

ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʦʙʨʘʟʦʚʘ-

ʥʠʷ ʟʘʨʦʜʳʰʘ. 

 
 

 
 

ʈʠʩ. 2 ʋʛʣʝʨʦʜʥʳʝ ʥʠʪʝʚʠʜʥʳʝ ʩʪʨʫʢʪʫʨʳ (ʉʕʄ, 

Ĭ1800) 
 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʜʫʛʦʚʦʛʦ ʠʩʧʘʨʝʥʠʷ ʘʥʦʜʘ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʝʧʦʟʠʪʳ, ʚ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʘʣʠʩʴ ʫʛʣʝ-

ʨʦʜʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ, ʫʛʣʝʨʦʜʥʳʝ ʥʠʪʝʚʠʜʥʳʝ ʩʪʨʫʢʪʫ-

ʨʳ, ʫʛʣʝʨʦʜʥʳʝ ʚʦʣʦʢʥʘ ʠ ʬʨʘʢʪʘʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ.  

 
 

 
 

ʈʠʩ. 3 ʋʛʣʝʨʦʜʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ (ʇʕʄ, Ĭ80000) 
 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʢʘʪʦʜʥʦʛʦ ʜʝʧʦʟʠʪʘ ʧʨʠ ʧʦʤʦʱʠ ʉʕʄ 

ʧʦʟʚʦʣʠʣʦ ʫʩʪʘʥʦʚʠʪʴ ʥʘʣʠʯʠʝ ʬʨʘʢʪʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ 

(ʨʠʩ. 1, ʘ), ʢʦʪʦʨʳʝ ʥʘʭʦʜʠʣʠʩʴ ʚ çʧʘʫʪʠʥʝè ʫʛʣʝʨʦʜʥʳʭ 

ʥʠʪʝʚʠʜʥʳʭ ʩʪʨʫʢʪʫʨ (ʨʠʩ. 1, b).  
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ʌʨʘʢʪʘʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ ʩʪʨʫʢʪʫʨʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ 

ʯʘʩʪʝʡ, ʧʦʜʦʙʥʳʭ ʮʝʣʦʤʫ [17]. ʍʘʨʘʢʪʝʨʥʳʝ ʧʨʠʟʥʘʢʠ 

ʬʨʘʢʪʘʣʴʥʦʩʪʠ ï ʩʪʨʫʢʪʫʨʥʘʷ ʠʝʨʘʨʭʠʷ, ʤʘʩʰʪʘʙʥʘʷ 

ʠʥʚʘʨʠʘʥʪʥʦʩʪʴ, ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦ-

ʩʪʠ.  

 
 

 
 

ʘ 
 

 
 

b 

ʈʠʩ.4 ʋʛʣʝʨʦʜʥʳʝ ʚʦʣʦʢʥʘ (ʇʕʄ, ʘ ï Ĭ500; b ï 

Ĭ1000) 
 

 

ʆʙʨʘʟʦʚʘʥʠʝ ʫʛʣʝʨʦʜʥʳʭ ʬʨʘʢʪʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʚ 

ʧʣʘʟʤʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʫʛʠ ï ʠʟʚʝʩʪʥʦʝ ʷʚʣʝʥʠʝ [17-19]. 

ʌʨʘʢʪʘʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ ʚ ʢʘʪʦʜʥʦʤ ʜʝʧʦʟʠʪʝ ʩʦʩʪʦʷʪ 

ʠʟ ʩʬʝʨʦʧʦʜʦʙʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʢʣʘʩʪʝʨʦʚ ʨʘʟʤʝʨʦʤ 6-8 

ʥʤ, ʢʦʪʦʨʳʝ ʩʣʠʚʘʶʪʩʷ ʠ ʤʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʴ ʦʙʨʘʟʦʚʘ-

ʥʠʷ ʨʘʟʤʝʨʘʤʠ 5-10 ʜʠʘʤʝʪʨʦʚ [18]. 

ɺ ʨʘʙʦʪʘʭ [18-19] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʟʘʨʦʞʜʝʥʠʝ ʫʛʣʝʨʦ-

ʜʥʳʭ ʬʨʘʢʪʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʥʘʯʠʥʘʝʪʩʷ ʩ ʥʘʥʦʨʘʟʤʝʨ-

ʥʳʭ ʢʣʘʩʪʝʨʦʚ 6-8 ʥʤ, ʢʦʪʦʨʳʝ ʩʣʫʞʘʪ ʦʩʥʦʚʥʳʤ ʤʘʪʝ-

ʨʠʘʣʦʤ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʘʛʨʝʛʘʪʦʚ. ɺ 

ʧʨʦʮʝʩʩʝ ʦʩʘʞʜʝʥʠʷ ʫʛʣʝʨʦʜʘ ʘʛʨʝʛʘʪʳ ʬʦʨʤʠʨʫʶʪʩʷ ʚ 

ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʥʘʧʦʤʠʥʘʶʱʠʝ çʢʘʯʘʥ 

ʮʚʝʪʥʦʡ ʢʘʧʫʩʪʳè (ʨʠʩ. 1, ʘ).   

ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʘ ʩʪʨʫʢʪʫʨʘ çʚʦʡʣʦʢʘè ï ʩʢʦʧʣʝ-

ʥʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʟʦʛʥʫʪʳʭ, ʟʘʧʫʪʘʥʥʳʭ ʤʝʞ-

ʜʫ ʩʦʙʦʡ ʫʛʣʝʨʦʜʥʳʭ ʥʠʪʝʚʠʜʥʳʭ ʩʪʨʫʢʪʫʨ ʜʠʘʤʝʪʨʦʤ 

80-90 ʥʤ. ʊʘʢ ʞʝ ʧʨʠ ʧʦʤʦʱʠ ʇʕʄ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ 

ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ ʜʠʘʤʝʪʨʦʤ 2-10 ʥʤ (ʨʠʩ. 3). 

ɺʧʦʩʣʝʜʩʪʚʠʠ ʠʟ ʵʪʠʭ ʥʘʥʦʯʘʩʪʠʮ ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ 

ʫʛʣʝʨʦʜʥʳʝ ʚʦʣʦʢʥʘ, ʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʵʪʠʭ ʩʪʨʫʢʪʫʨ 

ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 1,02-3,50 ʤʢʤ  (ʨʠʩ. 4). 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʣʠʪʝʨʘʪʫʨʳ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʧʨʦʘʥʘʣʠ-

ʟʠʨʦʚʘʥʘ ʘʚʪʦʨʘʤʠ ʧʦ ʜʘʥʥʦʡ ʪʝʤʝ, ʤʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦ-

ʚʘʥʠʷ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ ʧʦʣʥʦʩʪʴʶ ʥʝ ʦʙʲʷʩʥʝʥ. 

ɺʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʘʥʦʜʥʦʡ ʩʤʝʩʠ ʯʘʩʪʠʮʳ Fe ʬʫʥʢʮʠ-

ʦʥʠʨʫʶʪ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ [11]. 

 

ɺʳʚʦʜʳ 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʦʜʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʧʨʦʜʫ-

ʢʪʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʫʛʣʷ, ʧʣʘʟʤʝʥʥʦ-ʜʫʛʦʚʳʤ ʤʝʪʦʜʦʤ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ, ʫʛʣʝʨʦʜʥʳʝ 

ʥʠʪʝʚʠʜʥʳʝ ʩʪʨʫʢʪʫʨʳ ʠ ʫʛʣʝʨʦʜʥʳʝ ʚʦʣʦʢʥʘ. ɺʭʦʜʷ-

ʱʠʝ ʚ ʩʦʩʪʘʚ ʵʣʝʢʪʨʦʜʦʚ ʧʝʢʦʚʳʡ ʢʦʢʩ, ʢʘʤʝʥʥʦʫʛʦʣʴ-

ʥʘʷ ʩʤʦʣʘ, ʘ ʪʘʢʞʝ ʢʘʤʝʥʥʦʫʛʦʣʴʥʳʡ ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫ-

ʨʥʳʡ ʧʝʢ ʷʚʣʷʶʪʩʷ ʭʦʨʦʰʠʤ ʩʳʨʴʝʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʜʥʦʨʦʜʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦ- ʠ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʥʘʣʠʯʠʷ ʘʨʦ-

ʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʦʤ 

ʧʝʢʝ, ʚʳʩʦʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʨʦʜʘ ʚ ʧʝʢʦʚʦʤ ʢʦʢʩʝ, ʘ 

ʪʘʢʞʝ ʚʚʝʜʝʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʩʦʩʪʘʚ ʘʥʦʜʥʦʡ ʩʤʝʩʠ . 
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FORMATION OF CARBON NANOPARTICLES AND CARBON FIBERS ON THE BASE OF PRODUCTS 

OF COAL PROCESSING IN PLASMA ARC DISCHARGE  
 

É Starovoyt A.G., Doctor of Technical Sciences, Keush L.G. (NMetAU), Shmalko V.M., PhD in technical science 

(SE ñUKHINò) 
  

The composition has been proposed of the coal products blend for manufacturing of anodes for plasma-

arc synthesis of carbon nanostructures. The anodes gave a carbon nanoparticles of 2-10 nm diameter, 

carbon filamentary structures with diameters of 80-90 nm and a carbon fiber diameter 1,02-3,5 ɛm. The 

resulting structures were investigated with a scanning electron microscope (SEM) and transmission elec-

tron microscopy (TEM). 
 

Keywords: pitch coke, medium temperature pitch, coal tar, carbon nanoparticles, carbon fibers, plasma-

arc discharge. 
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ʦʙʢʘʪʫʚʘʥʥʷ), ʦʢʠʩʥʝʥʥʷ ʚʫʛʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ, ʦʙʚʦʣʽʢʘʥʥʷ ʚʫʛʽʣʴʥʠʭ ʟʝʨʝʥ ʪʦʥʢʦʶ ʧʣʽʚʢʦʶ ʨʦʟʤʦʢʣʠʭ ʛʣʠʥ, ʧʝʨʝʨʦʟʧʦʜʽʣ 
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ʤʘʩʣʷʥʽʡ ʘʛʣʦʤʝʨʘʮʽʾ. ʇʨʠ ʮʴʦʤʫ ʟʘʬʽʢʩʦʚʘʥʦ, ʱʦ ʚ ʫʤʦʚʘʭ ʧʦʨʽʚʥʷʥʦ ʤʘʣʠʭ ʚʠʪʨʘʪ ʨʝʘʛʝʥʪʘ-ʟʚᾷʷʟʫʶʯʦʛʦ, ï ʥʘ ʨʽʚʥʽ 1-3 % ʟʘ 

ʤʘʩʦʶ, ï ʯʘʩʪʢʦʚʦ ʫʪʚʦʨʶʶʪʴʩʷ ʚʫʛʽʣʴʥʦ-ʤʘʩʣʷʥʽ ʘʛʨʝʛʘʪʠ ʪʠʧʫ çʷʜʨʦ ï ʦʙʦʣʦʥʢʘè. ʇʨʠ ʛʽʜʨʘʚʣʽʯʥʦʤʫ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ 

ʧʦʣʽʜʠʩʧʝʨʩʥʦʛʦ ʚʫʛʽʣʣʷ ʚʦʥʠ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʽ ʟ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ. ʇʦ-ʧʝʨʰʝ, ʜʣʷ ʚʩʽʭ ʨʽʟʥʦʚʠʜʽʚ ʚʫʛʽʣʣʷ (ʝʥʝʨʛʝʪʠʯʥʝ, 
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ʚʧʣʠʚʽʚ ʫ ʥʘʩʦʩʘʭ ʽ ʪʨʫʙʦʧʨʦʚʦʜʽ. ɿʤʝʥʰʝʥʥʷ ʧʦʜʨʽʙʥʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʧʽʜʯʘʩ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʧʦʢʨʘʱʫʻ ʡʦʛʦ 

ʟʥʝʚʦʜʥʶʚʘʥʽʩʪʴ ʥʘ ʧʨʠʡʤʘʣʴʥʦʤʫ ʪʝʨʤʽʥʘʣʽ. ʇʦ-ʜʨʫʛʝ, ʫʪʚʦʨʝʥʥʷ ʩʪʨʫʢʪʫʨ çʷʜʨʦ ï ʦʙʦʣʦʥʢʘè, ʷʢ ʧʦʢʘʟʘʥʦ ʫ [11, 13], ʩʧʨʠʷʻ 

ʟʙʝʨʝʞʝʥʥʶ ʢʦʢʩʽʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʫʛʽʣʣʷ. ʈʘʟʦʤ ʟ ʪʠʤ, ʘʢʪʫʘʣʴʥʠʤ ʟʘʣʠʰʘʣʦʩʷ ʧʠʪʘʥʥʷ ʪʝʦʨʝʪʠʯʥʦʛʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʘʧʨʦʙʘʮʽʾ ʫʤʦʚ ʪʘ ʨʝʞʠʤʽʚ ʦʜʝʨʞʘʥʥʷ ʘʛʣʦʤʝʨʘʮʽʡʥʠʭ ʚʫʛʣʝʤʘʩʣʷʥʠʭ ʩʪʨʫʢʪʫʨ ʪʠʧʫ çʷʜʨʦ ï ʦʙʦʣʦʥʢʘè. 
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ɻʨʘʥʠʯʥʠʡ ʜʽʘʤʝʪʨ ʯʘʩʪʠʥʦʢ dr3 ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ (1) ʧʨʠ ɼi ʂ  =K , ʢʦʣʠ ʽʤʦʚʽʨʥʽʩʪʴ ʟʫʩʪʨʽʯʽ ʜʨʽʙʥʠʭ ʟʝʨʝʥ ʤʽʞ ʩʦʙʦʶ ʪʘ 

ʢʨʫʧʥʠʭ ʟʝʨʝʥ ʟ ʜʨʽʙʥʠʤʠ ʦʜʥʘʢʦʚʘ: 

 

ʇ 
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ɼʣʷ ʯʘʩʪʠʥʦʢ d3>dr3 ʧʝʨʝʚʘʞʘʻ ʽʥʝʨʮʽʡʥʠʡ ʤʝʭʘʥʽʟʤ 

ʟʫʩʪʨʽʯʽ, ʘ ʜʣʷ  ʯʘʩʪʠʥʦʢ d3<dr3 ï ʜʠʬʫʟʽʡʥʠʡ. ɺ ʫʤʦʚʘʭ 

ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʦʪʦʢʫ ʨʽʜʠʥʠ ʧʨʠ ʛʽʜʨʦʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ 

ʢʽʣʴʢʽʩʪʴ ʟʫʩʪʨʽʯʝʡ ʚ ʦʜʠʥʠʮʶ ʯʘʩʫ ʧʦ ʽʥʝʨʮʽʡʥʦʤʫ 

ʤʝʭʘʥʽʟʤʫ ʚ 400-10000 ʨʘʟ ʧʝʨʝʚʠʱʫʻ ʢʽʣʴʢʽʩʪʴ 

ʜʠʬʫʟʽʡʥʠʭ ʟʫʩʪʨʽʯʝʡ [9].  

ʊʦʤʫ ʧʨʠ ʘʛʨʝʛʘʮʽʾ ʧʦʣʽʜʠʩʧʝʨʩʥʦʛʦ ʚʫʛʽʣʣʷ 

ʩʪʚʦʨʶʶʪʴʩʷ ʫʤʦʚʠ ʜʣʷ ʚʠʥʠʢʥʝʥʥʷ ʛʝʪʝʨʦʛʝʥʥʠʭ 

ʩʪʨʫʢʪʫʨ ʪʠʧʫ çʷʜʨʦ ï ʦʙʦʣʦʥʢʘè, ʮʝʥʪʨʘʤʠ ʷʢʠʭ 

ʩʪʘʶʪʴ ʟʝʨʥʘ ʟ d3>dr3. ɯʤʦʚʽʨʥʽʩʪʴ ʦʜʝʨʞʘʥʥʷ 

ʛʝʪʝʨʦʛʝʥʥʠʭ ʩʪʨʫʢʪʫʨ ʟʥʘʯʥʦ ʙʽʣʴʰʘ, ʥʽʞ ʛʦʤʦʛʝʥʥʠʭ 

ʩʪʨʫʢʪʫʨ ʽʟ ʟʝʨʝʥ d3<dr3. 

ʅʘʤʠ ʟʘ ʚʠʨʘʟʦʤ (2) ʚ ʢʦʦʨʜʠʥʘʪʘʭ dr3 (Re) ʚʩʪʘʥʦʚ-

ʣʝʥʽ ʟʦʥʠ ʽʥʝʨʮʽʡʥʦʛʦ ʪʘ ʜʠʬʫʟʽʡʥʦʛʦ ʤʝʭʘʥʽʟʤʽʚ ʟʫ-

ʩʪʨʽʯʝʡ ʚʫʛʽʣʴʥʠʭ ʟʝʨʝʥ (ʨʠʩ. 1). 

 
 

 
 

ʈʠʩ. 1 ʂʨʠʚʘ dr3 (Re) , ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʦʜʥʘʢʦʚʽʡ 

iʤʦʚiʨʥʦʩʪʽ ʟʫʩʪʨiʯi ʜʨiʙʥʠʭ ʟʝʨʝʥ ʤiʞ ʩʦʙʦʶ ʪʘ 

ʢʨʫʧʥʠʭ ʟʝʨʝʥ ʟ ʜʨiʙʥʠʤʠ ʽ ʨʦʟʤʝʞʦʚʫʻ ʟʦʥʠ ʽʥʝʨ-

ʮʽʡʥʦʛʦ ʪʘ ʜʠʬʫʟʽʡʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʟʫʩʪʨʽʯʽ ʟʝʨʝʥ ʫ 

ʪʫʨʙʫʣʝʥʪʥʦʤʫ ʧʦʪʦʮʽ 
 

 

ɿʛʽʜʥʦ ʟ ʛʨʘʬʽʢʦʤ, ʢʨʠʚʘ dr3(Re) ʧʦʜʽʣʷʻ ʧʨʦʩʪʽʨ ʥʘ 

ʟʦʥʫ ʽʥʝʨʮʽʡʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʟʫʩʪʨʽʯʝʡ ʪʘ ʟʦʥʫ ʜʠʬʫʟʽʡ-

ʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʟʫʩʪʨʽʯʝʡ. ɼʣʷ ʯʘʩʪʠʥʦʢ dʟ>dr3 ʧʝʨʝʚʘ-

ʞʘʻ iʥʝʨʮiʡʥʠʡ ʤʝʭʘʥiʟʤ ʟʫʩʪʨiʯi, ʘ ʜʣʷ ʯʘʩʪʠʥʦʢ dʟ<dr3 

ï ʜʠʬʫʟiʡʥʠʡ [9].  

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʦʜʝʨʞʘʥʥʷ  

ʘʛʣʦʤʝʨʘʮʽʡʥʠʭ ʩʪʨʫʢʪʫʨ ʪʠʧʫ çʷʜʨʦ ï ʦʙʦʣʦʥʢʘè 
ʅʘʤʠ ʧʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʟ ʘʛʣʦʤʝʨʘʮʽʾ ʚʫʛʽʣʣʷ 

ʤʘʨʢʠ çɻè ʢʨʫʧʥʽʩʪʶ 0-1 ʤʤ. ʋ ʷʢʦʩʪʽ ʨʝʘʛʝʥʪʫ-

ʟʚôʷʟʫʶʯʦʛʦ ʤʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʘʟʫʪ ʄ100, ʡʦʛʦ 

ʚʠʪʨʘʪʠ ʩʢʣʘʣʠ 7 % ʟʘ ʤʘʩʦʶ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ-

ʩʷ ʚ ʪʫʨʙʫʣʝʥʪʥʦʤʫ ʨʝʞʠʤʽ ʚ ʟʦʥʽ ʽʥʝʨʮʽʡʥʦʛʦ ʤʝʭʘʥʽʟ-

ʤʫ ʟʫʩʪʨʽʯʽ ʧʨʠ ʯʠʩʣʽ ʈʝʡʥʦʣʴʜʩʘ Re=4200. ʆʜʝʨʞʘʥʠʡ 

ʘʛʣʦʤʝʨʘʪ ʜʦʩʣʽʜʞʫʚʘʚʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʦʾ 

ʘʚʪʦʨʘʤʠ ʤʝʪʦʜʠʢʠ ʧʨʝʧʘʨʫʚʘʥʥʷ ʪʘ ʤʽʢʨʦʩʢʦʧʽʾ [15]. 

ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʦ ʬʨʘʛʤʝʥʪʠ ʩʪʨʫʢʪʫʨ ʪʠʧʫ çʷʜʨʦ ï 

ʦʙʦʣʦʥʢʘè, ʦʜʝʨʞʘʥʽ ʧʨʠ ʤʘʩʣʷʥʽʡ ʘʛʣʦʤʝʨʘʮʽʾ ʚʫʛʽʣʣʷ 

ʥʘ ʛʦʣʦʚʥʦʤʫ ʪʝʨʤʽʥʘʣʽ ʛʽʜʨʦʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ (ʜʦ 

ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ). 

 
 

 
 

ʈʠʩ. 2 ʌʨʘʛʤʝʥʪʠ ʩʪʨʫʢʪʫʨ ʪʠʧʫ çʷʜʨʦ ï ʦʙʦʣʦʥʢʘè, 

ʦʜʝʨʞʘʥʽ ʚ ʟʦʥʽ ʽʥʝʨʮʽʡʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʟʫʩʪʨʽʯʝʡ 

ʚʫʛʽʣʴʥʠʭ ʟʝʨʝʥ 
 

 

ʗʢ ʙʘʯʠʤʦ, ʚ ʮʝʥʪʨʽ ʫʩʽʭ ʥʘʚʝʜʝʥʠʭ ʩʪʨʫʢʪʫʨ ʟʥʘʭʦ-

ʜʠʪʴʩʷ ʢʨʫʧʥʝ ʚʫʛʽʣʴʥʝ ʟʝʨʥʦ, ʚʢʨʠʪʝ çʧʦʜʫʰʢʦʶè 

(ʰʘʨʦʤ) ʜʨʽʙʥʠʭ ʦʙʤʘʩʣʝʥʠʭ ʚʫʛʽʣʴʥʠʭ ʟʝʨʝʥ. ʎʝʡ ʰʘʨ 

ʟʘʭʠʱʘʻ ʢʨʫʧʥʝ ʟʝʨʥʦ ʚʽʜ ʨʫʡʥʫʚʘʥʥʷ ʧʽʜʯʘʩ ʟʽʪʢʥʝʥʥʷ 

ʟ ʽʥʰʠʤʠ ʟʝʨʥʘʤʠ ʘʙʦ ʟ ʨʦʙʦʯʦʶ ʧʦʚʝʨʭʥʝʶ ʪʨʫʙʦʧʨʦ-

ʚʦʜʫ, ʥʘʩʦʩʘ, ʪʦʱʦ. 

ʇʝʨʝʚʽʨʢʫ ʛʽʧʦʪʝʟʠ ʟʘʭʠʩʪʫ ʚʫʛʽʣʣʷ ʧʽʜʯʘʩ ʛʽʜʨʘʚʣʽʯ-

ʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʽʜ ʧʝʨʝʧʦʜʨʽʙʥʝʥʥʷ ʰʣʷʭʦʤ 

ʡʦʛʦ ʧʦʧʝʨʝʜʥʴʦʾ ʤʘʩʣʷʥʦʾ ʘʛʨʝʛʘʮʽʾ ʚʠʢʦʥʘʥʦ ʥʘ ʩʪʝʥ-

ʜʦʚʠʭ ʫʩʪʘʥʦʚʢʘʭ ʅɺʆ çʍʘʡʤʝʢè. ɺʠʭʽʜʥʽ ʤʘʪʝʨʽʘʣʠ 

ʜʣʷ ʛʽʜʨʦʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ:  

ï ʚʫʛʽʣʴʥʘ ʰʠʭʪʘ ʜʣʷ ʢʦʢʩʫʚʘʥʥʷ ʟʽ ʩʧʽʚʚʽʜʥʦʰʝʥ-

ʥʷʤ ʤʘʨʦʢ ʚʫʛʽʣʣʷ, %: ɻ ï 30; ɾ ï 33; ʂ ï 25; ʇʉ ï 8; 

ʟʦʣʴʥʽʩʪʴ ʰʠʭʪʠ ï 9,0 %; ʢʨʫʧʥʽʩʪʴ ï 0-6 ʤʤ. 

ï ʚʫʛʣʝ-ʤʘʩʣʷʥʠʡ ʘʛʣʦʤʝʨʘʪ ʟʽ ʩʪʨʫʢʪʫʨʦʶ ʘʛʨʝʛʘʪʽʚ 

ʧʝʨʝʚʘʞʥʦ çʮʝʥʪʨ ï ʦʙʦʣʦʥʢʘè (ʚʠʪʨʘʪʠ ʨʝʘʛʝʥʪʫ-

ʟʚǋʷʟʫʶʯʦʛʦ, ʷʢʠʤ ʩʣʫʛʫʚʘʚ ʤʘʟʫʪ ʤʘʨʢʠ ʄ100, ʩʪʘʥʦ-

ʚʠʣʠ 3 % ʟʘ ʤʘʩʦʶ). 

ʈʝʞʠʤʥʽ ʧʘʨʘʤʝʪʨʠ ʛʽʜʨʦʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ: ʤʘʩʦʚʘ 

ʢʦʥʮʝʥʪʨʘʮʽʷ  ʛʽʜʨʦʩʫʤʽʰʽ ï 50 %; ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʩʫ-

ʚʘʥʥʷ ʪʨʫʙʦʧʨʦʚʦʜʦʤ ï 2 ʤ/ʩ, ʫʤʦʚʥʘ ʜʘʣʴʥʽʩʪʴ ʛʽʜʨʘʚ-

ʣʽʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ï 1700 ʢʤ [16]. 

ʈʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʜʘʣʝʢʦʛʦ ʛʽ-

ʜʨʘʚʣʽʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʫʛʽʣʣʷ ʽ ʚʫʛʽʣʴʥʦ-

ʤʘʩʣʷʥʦʛʦ ʘʛʣʦʤʝʨʘʪʫ ʧʦʢʘʟʫʶʪʴ ʽʥʪʝʥʩʠʚʥʝ ʩʘʤʦʧʦʜ-

ʨʽʙʥʝʥʥʷ ʚʫʛʽʣʴʥʦʾ ʰʠʭʪʠ ʚʥʘʩʣʽʜʦʢ ʛʽʜʨʦʪʨʘʥʩʧʦʨʪʫ, 

ʱʦ ʦʙʫʤʦʚʣʶʻ ʨʽʟʢʝ ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʢʣʘʩʫ ʢʨʫʧʥʦʩʪʽ 
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-0,074 ʤʤ (ʨʠʩ. 3). ɿʘʛʘʣʴʥʠʡ ʩʪʫʧʽʥʴ ʧʦʜʨʽʙʥʝʥʥʷ ʚʫʛʽ-

ʣʴʥʦʾ ʰʠʭʪʠ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷʤ ʩʝʨʝʜʥʴʦ-

ʛʦ ʜʽʘʤʝʪʨʫ ʟʝʨʝʥ ʜʦ ʽ ʧʽʩʣʷ ʛʽʜʨʦʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷʤ, 

ʩʢʣʘʜʘʻ ʜʣʷ ʰʠʭʪʠ 1,9 ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʤʽʩʪʫ ʢʣʘʩʫ  

-0,074 ʤʤ ʟ 20 ʜʦ 55 %. ʎʝ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʷʢ ʥʘ 

ʢʦʢʩʽʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʫʛʽʣʣʷ, ʪʘʢ ʽ ʥʘ ʪʨʘʥʩʧʦʨʪʘʙʝʣʴ-

ʥʽʩʪʴ ʛʽʜʨʦʩʫʤʽʰʽ. ʇʨʠ ʛʽʜʨʦʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ ʚʫʛʣʝʤʘʩ-

ʣʷʥʦʛʦ ʘʛʣʦʤʝʨʘʪʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʘʯʥʦ ʤʝʥʰʝ ʧʦʜ-

ʨʽʙʥʝʥʥʷ, ʥʘʚʽʪʴ ʧʝʚʥʘ ʯʘʩʪʠʥʘ ʪʦʥʢʠʭ ʚʫʛʽʣʴʥʠʭ ʢʣʘʩʽʚ 

ʜʘʣʽ ʘʛʣʦʤʝʨʫʻʪʴʩʷ ʧʽʜʯʘʩ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ-

ʚʘʥʥʷ: ʚʤʽʩʪ ʢʣʘʩʫ -0,074 ʤʤ ʟʨʦʩʪʘʻ ʟ 20 ʜʦ 31 % (ʜʠʚ. 

ʨʠʩ. 3). 

 
 

 
 

ʈʠʩ. 3 ɿʤʽʥʘ ʟʘʛʘʣʴʥʦʛʦ ʩʪʫʧʝʥʷ ʧʦʜʨʽʙʥʝʥʥʷ ʚʫʛʽʣʣʷ 

ʽ ʚʫʛʣʝʤʘʩʣʷʥʦʛʦ ʘʛʣʦʤʝʨʘʪʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʽʜʩ-

ʪʘʥʽ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ: 1 ï ʚʫʛʽʣʴʥʘ 

ʰʠʭʪʘ; 2 ï ʚʫʛʣʝʤʘʩʣʷʥʠʡ ʘʛʣʦʤʝʨʘʪ 
 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʫʤʦʚʘʭ ʜʘʣʝʢʦʛʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʪʨʘ-

ʥʩʧʦʨʪʫʚʘʥʥʷ ʟʤʽʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʚʝʨʜʦʾ ʚʫʛʽʣʴʥʦʾ 

ʬʘʟʠ, ʘ ʦʪʞʝ ʽ ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʽʜʨʦ-

ʩʫʤʽʰʽ, ʟʥʘʯʥʦ ʤʝʥʰʘ ʜʣʷ ʘʛʨʝʛʦʚʘʥʦʛʦ ʚʫʛʽʣʣʷ. 

 

ɺʠʩʥʦʚʢʠ 
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THE PRESERVATION OF COAL COKING ABILITY DURING A HYDRAULIC TRANSPORTING: THE 

OBTAINING OF COAL -OIL STRUCTURES SUCH AS THE "CORE - SHELL"  
 

É Beletsky V.S., Doctor of Technical Sciences, Potapenko S.Y. (PNTU) 
 

The reasons for the decreasing of coal coking properties during its hydraulic transporting has been 

shown. Domestic technology of reducing of this negative impact includes a preliminary agglomeration of 

coal in oil, in particular, obtaining aggregated structure of the "core-shell". Theoretically grounded con-

ditions and regimes of the obtaining of agglomerated coal-oil structures "core - shell" and the results of 

their experimental testing has been shown. 
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ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʦʢʩʦʚʠʭ ʧʝʯʝʡ. 
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 ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʣʘʥʮʶʛʫ ʚʠʨʦʙʥʠʮʪʚʘ ʩʪʘʣʽ ʜʦʤʝʥʥʠʡ ʢʦʢʩ ʧʨʦʜʦʚʞʫʻ ʟʘʣʠʰʘʪʠʩʷ ʥʝʚʽʜ'ʻʤʥʦʶ ʯʘʩʪʠʥʦʶ 

ʧʨʦʮʝʩʫ ʚʠʨʦʙʥʠʮʪʚʘ ʤʝʪʘʣʫ. ʎʝ ʥʘʡʜʦʨʦʞʯʠʡ ʢʦʤʧʦʥʝʥʪ ʜʦʤʝʥʥʦʾ ʰʠʭʪʠ. ʇʨʦʪʷʛʦʤ ʢʽʣʴʢʦʭ ʜʝʩʷʪʠʣʽʪʴ 

ʜʣʷ ʡʦʛʦ ʯʘʩʪʢʦʚʦʾ ʟʘʤʽʥʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʧʨʠʨʦʜʥʠʡ ʛʘʟ. ɸʣʝ ʚ ʦʩʪʘʥʥʻ ʜʝʩʷʪʠʣʽʪʪʷ ʧʨʠʨʦʜʥʠʡ 

ʛʘʟ ʚ ʋʢʨʘʾʥʽ ʩʪʘʚ ʟʘʥʘʜʪʦ ʜʦʨʦʛʠʤ ʝʥʝʨʛʦʥʦʩʽʻʤ ʽ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʜʦʤʝʥʥʦʤʫ ʧʨʦʮʝʩʽ ʥʘʨʘʟʽ ʻ ʝʢʦʥʦʤʽʯʥʦ 

ʥʝʝʬʝʢʪʠʚʥʠʤ.  

ʋ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥʘʭ ʚʞʝ ʜʦʩʷʛʥʫʪʦ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪʠ ʢʦʢʩʫ ʚ ʜʦʤʝʥʥʠʭ ʧʝʯʘʭ ʜʦ 360 ʢʛ/ʪ ʯʘʚʫʥʫ ʟʘ ʨʘʭʫʥʦʢ 

ʚʜʫʚʘʥʥʷ ʧʠʣʦʚʫʛʽʣʴʥʦʛʦ ʧʘʣʠʚʘ [1]. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʩʫʯʘʩʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʜʦʤʝʥʥʦʾ ʧʣʘʚʢʠ ʚ ʋʢʨʘʾʥʽ ʟ ʚʜʫʚʘʥʥʷʤ ʧʠʣʦʚʫʛʽʣʴʥʦʛʦ ʧʘʣʠʚʘ ʥʝʦʙʭʽʜʥʦ ʟʘ-

ʙʝʟʧʝʯʠʪʠ ʟʙʝʨʝʞʝʥʥʷ ʛʘʟʦʧʨʦʥʠʢʥʦʩʪʽ ʩʪʦʚʧʘ ʰʠʭʪʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʜʨʝʥʘʞʥʫ ʟʜʘʪʥʽʩʪʴ ʛʦʨʥʘ. ɼʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙ-

ʥʘ ʚʠʩʦʢʘ ʷʢʽʩʪʴ ʢʦʢʩʫ, ʷʢʠʡ ʚʠʢʦʥʫʻ ʫ ʜʦʤʝʥʥʽʡ ʧʝʯʽ ʨʷʜ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʬʫʥʢʮʽʡ: ʧʘʣʠʚʦ, ʚʽʜʥʦʚʥʠʢ ʽ ʨʦʟʧʫʫh-

ʚʘʯ. ʇʨʠ ʮʴʦʤʫ ʚ ʷʢʦʩʪʽ ʨʦʟʧʫʰʫʚʘʯʘ ʢʦʢʩ ʥʽʯʠʤ ʟʘʤʽʥʠʪʠ, ʮʝ ʻʜʠʥʠʡ ʢʦʤʧʦʥʝʥʪ ʜʦʤʝʥʥʦʾ ʰʠʭʪʠ, ʷʢʠʡ ʟʘʣʠʰʘʻʪʴ-

ʩʷ ʪʚʝʨʜʠʤ ʫ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʜʦʤʝʥʥʦʾ ʧʝʯʽ. 

ɿʘʤʽʥʘ ʫ ʜʦʤʥʽ ʯʘʩʪʠʥʠ ʢʦʢʩʫ ʥʘ ʧʠʣʦʚʫʛʽʣʴʥʝ ʧʘʣʠʚʦ ʩʪʘʚʠʪʴ ʥʦʚʽ ʚʠʤʦʛʠ ʱʦʜʦ ʡʦʛʦ ʷʢʦʩʪʽ [2]. ʅʘ ʮʝʡ ʯʘʩ ʜʦ 

ʦʩʥʦʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʢʦʢʩʫ ʚʽʜʥʦʩʷʪʴ: ʚʦʣʦʛʽʩʪʴ, ʩʽʨʯʠʩʪʽʩʪʴ, ʟʦʣʴʥʽʩʪʴ, ʤʝʭʘʥʽʯʥʫ ʤʽʮʥʽʩʪʴ, ʘ ʪʘʢʦʞ ʽʥʜʝʢʩ 

ʨʝʘʢʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ (CRI ï Coke Reactivity Index) ʽ ʤʽʮʥʽʩʪʴ ʟʘʣʠʰʢʫ ʢʦʢʩʫ ʧʽʩʣʷ ʨʝʘʢʮʽʾ ʟ CO2 (CSR ï Coke 

Strength after Reaction). ɺʠʤʦʛʠ ʧʨʦʚʽʜʥʠʭ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʟʘʚʦʜʽʚ ʩʚʽʪʫ ʱʦʜʦ ʷʢʦʩʪʽ ʜʦʤʝʥʥʦʛʦ ʢʦʢʩʫ ʟʘ ʮʠʤʠ ʧʦʢʘ-

ʟʥʠʢʘʤʠ ʜʫʞʝ ʚʠʩʦʢʽ (CRI Ò 30 %; CSR Ó 60 %). 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʜʦʩʷʛʪʠ ʥʝʦʙʭʽʜʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʜʦʤʝʥʥʦʛʦ ʢʦʢʩʫ, ʢʦʢʩʦʭʽʤʽʯʥʽ ʟʘʚʦʜʠ ʧʦʚʠʥʥʽ ʚʠʢʦʨʠʩʪʦ-

ʚʫʚʘʪʠ ʚʠʩʦʢʦʷʢʽʩʥʝ ʢʦʢʩʽʚʥʝ ʚʫʛʽʣʣʷ ʟ ʧʝʚʥʠʤ ʧʝʪʨʦʛʨʘʬʽʯʥʠʤ ʪʘ ʤʽʥʝʨʘʣʴʥʠʤ ʩʢʣʘʜʦʤ ʽ ʜʫʞʝ ʥʠʟʴʢʠʤ ʚʤʽʩʪʦʤ 

ʩʽʨʢʠ. ʊʦʤʫ ʚʫʛʽʣʴʥʘ ʩʠʨʦʚʠʥʥʘ ʙʘʟʘ ʋʢʨʘʾʥʠ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʜʦʤʝʥʥʠʡ ʢʦʢʩ ʟ ʧʦʢʘʟʥʠʢʘʤʠ CRI Ò 35 % ʽ CSR 

Ó 50 % ʚ ʦʙʩʷʟʽ ʚʩʴʦʛʦ ʣʠʰʝ 3,5-4,0 ʤʣʥ. ʪʦʥʥ ʥʘ ʨʽʢ. ʈʝʰʪʘ ʢʦʢʩʽʚʥʦʛʦ ʚʫʛʽʣʣʷ, ʷʢʝ ʚʠʜʦʙʫʚʘʻʪʴʩʷ ʚ ʋʢʨʘʾʥʽ, ʤʘʻ 

ʚʝʣʠʢʠʡ ʚʤʽʩʪ ʩʽʨʢʠ ʽ ʚ ʩʝʨʝʜʥʴʦʤʫ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʢʦʢʩ ʟ ʧʦʢʘʟʥʠʢʘʤʠ CRI  ̔CSR ʫ ʤʝʞʘʭ 40 %. ɼʣ ̫ʦʪʨʠ-

ʤʘʥʥʷ ʜʦʤʝʥʥʦʛʦ ʢʦʢʩʫ ʟ ʥʝʦʙʭʽʜʥʠʤʠ ʷʢʽʩʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʧʨʠ ʥʘʷʚʥʽʡ ʚʫʛʽʣʴʥʽʡ ʙʘʟʽ ʧʨʠʜʘʪʥʽ ʨʽʟʥʽ ʩʧʦʩʦʙʠ ʽ 

ʧʨʠʡʦʤʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʧʦʣʽʧʰʠʪʠ ʪʽ ʘʙʦ ʽʥʰʽ ʧʘʨʘʤʝʪʨʠ ʷʢʦʩʪʽ ʦʩʥʦʚʥʦʛʦ ʧʨʦʜʫʢʪʫ. ɼʦ ʪʘʢʠʭ ʩʧʦʩʦʙʽʚ ʚʽʜʥʦ-

ʩʠʪʴʩʷ ʮʽʣʝʩʧʨʷʤʦʚʘʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʷʢʦʩʪʽ ʢʦʢʩʫ ʰʣʷʭʦʤ ʚʚʝʜʝʥʥʷ ʫ ʚʫʛʽʣʴʥʽ ʰʠʭʪʠ ʥʝʩʧʽʢʣʠʚʠʭ ʜʦʙʘʚʦʢ: ʢʦʢʩʦ-

ʚʠʡ ʧʠʣ ʽ ʜʨʽʙʥʷʢ ʘʥʪʨʘʮʠʪʫ, ʥʘʧʽʚʢʦʢʩʫ, ʘ ʪʘʢʦʞ ʥʝʦʨʛʘʥʽʯʥʠʭ ʜʦʙʘʚʦʢ (ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʽ ʦʢʩʠʜʠ ʪʠʪʘʥʫ, ʢʨʝʤʥʽʶ, 

ʟʘʣʽʟʘ ʽ ʘʣʶʤʽʥʽʶ) [3]. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʚʠʩʦʢʦʷʢʽʩʥʦʛʦ ʢʦʢʩʫ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʠʙʫʪʢʦʚʦʩʪʽ ʨʦʙʦʪʠ ʢʦʢʩʦʭʽʤʽʯʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʚʫʛʽʣʴʥʘ 

ʰʠʭʪʘ ʤʘʻ ʤʽʩʪʠʪʠ ʥʝ ʤʝʥʰʝ 50 % ʢʦʢʩʦʚʦʛʦ ʚʫʛʽʣʣʷ. ɸʣʝ ʮʝ ʚʫʛʽʣʣʷ, ʷʢ ʽ ʧʽʩʥʫʚʘʪʦ-ʩʧʽʢʣʠʚʝ, ʱʦ ʪʘʢʦʞ ʻ ʥʝ-

ʚʽʜôʻʤʥʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʰʠʭʪʠ, ʨʦʟʚʠʚʘʻ ʧʨʠ ʢʦʢʩʫʚʘʥʥʽ ʚʝʣʠʢʠʡ ʪʠʩʢ ʨʦʟʧʠʨʘʥʥʷ (10-20 ʢʇʘ). ɺ ʪʦʡ ʞʝ ʯʘʩ ʦʧʘ-

ʣʶʚʘʣʴʥʽ ʧʨʦʩʪʽʥʢʠ ʢʦʢʩʦʚʠʭ ʧʝʯʝʡ ʤʦʞʫʪʴ ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ ʚʠʪʨʠʤʫʚʘʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʝ ʙʽʣʴʰʝ 7-8 

ʢʇʘ, ʥʘ ʷʢʝ ʚʦʥʠ ʨʦʟʨʘʭʦʚʘʥʽ [4, 5]. ʊʦʤʫ ʧʨʠ ʩʢʣʘʜʘʥʥʽ ʰʠʭʪ ʥʝʦʙʭʽʜʥʦ ʫʥʠʢʘʪʠ ʨʦʟʚʠʥʝʥʥʷ ʧʨʠ ʢʦʢʩʫʚʘʥʥʽ ʥʘʜ-

ʤʽʨʥʦʛʦ ʪʠʩʢʫ ʨʦʟʧʠʨʘʥʥʷ, ʚʝʣʠʯʠʥʘ ʷʢʦʛʦ ʥʝ ʻ ʘʜʠʪʠʚʥʦʶ. ʎʝ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʫ ʥʠʥʽʰʥʽʡ ʯʘʩ, ʜʣʷ ʢʦʪʨʦʛʦ ʭʘ-

ʨʘʢʪʝʨʥʽ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʽ ʟʫʧʠʥʢʠ ʚʠʜʦʙʫʪʢʫ ʪʘ ʟʥʘʯʥʽ ʩʢʣʘʜʥʦʱʽ ʚ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ ʚʫʛʽʣʣʷ. ɺ ʩʚʦʶ ʯʝʨʛʫ, ʮʝ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʯʘʩʪʠʭ ʪʘ ʩʫʪʪʻʚʠʭ ʟʤʽʥ ʫ ʩʢʣʘʜʘʭ ʪʘ ʚʣʘʩʪʠʚʦʩʪʷʭ ʰʠʭʪ ʜʣʷ ʢʦʢʩʫʚʘʥʥʷ. 

ʄʝʪʘ ʨʝʧʨʝʟʝʥʪʦʚʘʥʦʾ ʨʦʙʦʪʠ ʧʦʣʷʛʘʣʘ ʫ ʩʪʚʦʨʝʥʥʽ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʥʽʬʽʢʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ 

ʪʠʩʢʫ ʨʦʟʧʠʨʘʥʥʷ ʨʽʟʥʠʭ ʚʫʛʽʣʴʥʠʭ ʢʦʥʮʝʥʪʨʘʪʽʚ ʪʘ ʾʭ ʩʫʤʽʰʝʡ ʧʨʠ ʥʘʩʠʧʥʦʤʫ ʽ ʪʨʘʤʙʦʚʘʥʦʤʫ ʟʘʚʘʥʪʘʞʝʥʥʽ, ʨʦʟ-

ʨʦʙʮʽ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ ʪʠʩʢʫ ʨʦʟʧʠʨʘʥʥʷ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʚʫʛʽʣʴʥʠʭ ʰʠʭʪ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʡʦʛʦ ʦʧʪʠʤʘ-

ʣʴʥʠʭ ʟʥʘʯʝʥʴ ʧʽʜ ʯʘʩ ʢʦʢʩʫʚʘʥʥʷ ʪʘ ʫ ʨʦʟʨʦʙʮʽ ʩʧʦʩʦʙʫ ʦʪʨʠʤʘʥʥʷ ʚʠʩʦʢʦʷʢʽʩʥʦʛʦ ʜʦʤʝʥʥʦʛʦ ʢʦʢʩʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʦʙôʻʤʥʦ-ʤʦʜʠʬʽʢʫʶʯʠʭ ʧʨʠʩʘʜʦʢ. 

ʈʦʟʨʦʙʣʝʥʠʡ ʫʥʽʬʽʢʦʚʘʥʠʡ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʪʠʩʢʫ ʨʦʟʧʠʨʘʥʥʷ (ʜʠʚ. ʨʠʩ.) ʜʦʟʚʦʣʷʻ ʦʧʝʨʘʪʠʚʥʦ ʚʠʟʥʘʯʘʪʠ ʪʠʩʢ 

ʨʦʟʧʠʨʘʥʥʷ ʥʘʩʠʧʥʠʭ ʽ ʪʨʘʤʙʦʚʘʥʠʭ ʚʫʛʽʣʴʥʠʭ ʰʠʭʪ ʥʘ ʦʜʥʽʡ ʫʩʪʘʥʦʚʮʽ. ʇʨʠ ʮʴʦʤʫ ʨʽʚʝʥʴ ʦʪʨʠʤʘʥʠʭ ʟʥʘʯʝʥʴ ʪʠʩ-

ʢʫ ʨʦʟʧʠʨʘʥʥʷ ʪʘʢʠʡ ʞʝ, ʷʢ ʫ ʧʨʦʤʠʩʣʦʚʽʡ ʢʦʢʩʦʚʽʡ ʧʝʯʽ. ɺʠʢʦʥʘʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʠʩʢʫ ʨʦʟʧʠʨʘʥʥʷ ʙʽʥʘʨʥʠʭ ʩʫʤʽ-

ʰʝʡ ʚʫʛʽʣʣʷ ʜʦʟʚʦʣʷʶʪʴ ʦʧʝʨʘʪʠʚʥʦ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʮʝʡ ʧʦʢʘʟʥʠʢ ʜʣʷ ʧʨʦʤʠʩʣʦʚʠʭ ʰʠʭʪ ʧʨʠ ʟʤʽʥʘʭ ʾʭ ʩʢʣʘʜʫ, ʫ 

ʪ.ʯ. ʧʨʠ ʚʚʝʜʝʥʥʽ ʚ ʰʠʭʪʫ ʥʦʚʦʛʦ, ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʨʘʥʽʰʝ, ʚʫʛʽʣʣʷ [6]. ʆʪʨʠʤʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʪʠʩʢʫ ʨʦʟʧʠʨʘʥ-

ʥʷ ʚʽʜ ʥʘʩʠʧʥʦʾ ʱʽʣʴʥʦʩʪʽ ʚʫʛʽʣʴʥʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ, ʾʾ ʚʦʣʦʛʦʩʪʽ ʪʘ ʧʦʤʝʣʫ, ʘ ʪʘʢʦʞ ʜʦʙʘʚʦʢ ʢʦʢʩʦʚʦʛʦ ʜʨʽʙʥʷʢʫ 

ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʛʥʦʟʫʚʘʪʠ ʪʠʩʢ ʨʦʟʧʠʨʘʥʥʷ ʰʠʭʪʠ ʧʨʠ ʟʤʽʥʽ ʟʘʟʥʘʯʝʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ [7]. 
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ʋʥʽʬʽʢʦʚʘʥʘ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʠʩʢʫ ʨʦʟʧʠʨʘʥʥʷ (ʈ
ʥ
) ʪʨʘʤʙʦʚʘʥʦʛʦ ʽ ʥʘʩʠʧʥʦʛʦ ʚʫʛʽʣʣʷ: 1 ï ʧʽʯ, 2 ï 

ʩʪʘʣʝʚʘ ʨʝʪʦʨʪʘ, 3 ï ʢʨʠʰʢʘ ʟ ʛʘʟʦʚʽʜʚʽʜʥʠʤ ʧʘʪʨʫʙʢʦʤ, 4 ï ʩʪʘʣʝʚʘ ʧʣʘʩʪʠʥʢʘ, 5 ï ʝʣʝʢʪʨʦʦʙʽʛʨʽʚʘʯʽ, 6 ï 

ʚʫʛʽʣʴʥʘ ʟʘʚʘʥʪʘʞʢʘ, 7 ï ʢʚʘʨʮʝʚʠʡ ʩʪʨʠʞʝʥʴ, 8 ï ʜʘʪʯʠʢ ʪʠʩʢʫ, 9 ï ʪʝʨʤʦʽʟʦʣʷʮʽʷ, 10 ï ʪʝʨʤʦʧʘʨʘ 
 

 

ʇʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʪʠʩʢʫ ʨʦʟʧʠʨʘʥʥʷ ʥʘʩʠʧʥʦʛʦ ʚʫʛʽ-

ʣʴʥʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʈ
ʥ
 ʙʝʨʫʪʴ ʥʘʚʘʞʢʫ 0,8 ʢʛ ʟ ʚʦʣʦ-

ʛʦʶ 9-10 %, ʪʘ ʟʘʩʠʧʘʶʪʴ ʫ ʧʨʦʩʪʽʨ, ʷʢʠʡ ʦʙʤʝʞʝʥʠʡ ʟ 

ʦʜʥʦʛʦ ʙʦʢʫ ʙʽʯʥʦʶ ʩʪʽʥʢʦʶ 2, ʘ ʟ ʽʥʰʦʛʦ ï ʪʦʥʢʦʶ (2 

ʤʤ) ʩʪʘʣʝʚʦʶ ʧʣʘʩʪʠʥʢʦʶ 4. ʇʦʪʨʽʙʥʘ ʥʘʩʠʧʥʘ ʱʽʣʴ-

ʥʽʩʪʴ ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʦʩʷʛʘʻʪʴʩʷ ʟ ʨʦʟʨʘʭʫʥʢʫ ʤʘʩʠ ʪʘ 

ʢʦʨʠʩʥʦʛʦ ʦʙôʻʤʫ ʨʝʪʦʨʪʠ.  

ʇʨʠ ʚʠʧʨʦʙʫʚʘʥʥʽ ʪʨʘʤʙʦʚʘʥʦʛʦ ʚʫʛʽʣʴʥʦʛʦ ʟʘʚʘʥ-

ʪʘʞʝʥʥʷ ʥʝʦʙʭʽʜʥʫ ʤʘʩʫ ʰʠʭʪʠ (ʚʫʛʽʣʣʷ) 1 ʢʛ, ʪʨʘʤʙʫ-

ʶʪʴ ʫ ʤʝʭʘʥʽʯʥʦʤʫ ʪʨʘʤʙʫʚʘʯʽ (ʥʘ ʨʠʩʫʥʢʫ ʥʝ ʧʦʢʘʟʘ-

ʥʠʡ) ʧʨʠ ʧʝʚʥʽʡ ʧʠʪʦʤʽʡ ʨʦʙʦʪʽ ʪʨʘʤʙʫʚʘʥʥʷ, ʱʦ ʚʽʜʧʦ-

ʚʽʜʘʻ ʧʨʦʤʠʩʣʦʚʽʡ ʪʨʘʤʙʫʚʘʣʴʥʽʡ ʤʘʰʠʥʽ, ʷʢʘ ʦʙʩʣʫʛʦ-

ʚʫʻ ʢʦʢʩʦʚʫ ʙʘʪʘʨʝʶ (~ 450 ʢɼʞ/ʢʛ). 

ɺ ʪʘʙʣ. 1 ʥʘʜʘʥʽ ʟʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʪʠʩ-

ʢʫ ʨʦʟʧʠʨʘʥʥʷ ʚʫʛʽʣʣʷ ʨʽʟʥʠʭ ʤʘʨʦʢ [7]. 

ʊʘʙʣʠʮʷ 1 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʷʢʦʩʪʽ ʪʘ ʪʠʩʢ ʨʦʟʧʠʨʘʥʥʷ ʚʫʛʽʣʴʥʠʭ ʢʦʥʮʝʥʪʨʘʪʽʚ ʨʽʟʥʠʭ ʤʘʨʦʢ 

ʄʘʨʢʘ ʧʦ 

ɼʉʊʋ 

3472-96 

 

ʉʝʨʝʜʥʽʡ ʜʦʚʽʣʴʥʠʡ 

ʧʦʢʘʟʥʠʢ ʚʽʜʙʠʪʪʷ 

ʚʽʪʨʠʥʽʪʫ, 

Ro, % 

ɺʠʭʽʜ ʣʝʪʢʠʭ  

ʨʝʯʦʚʠʥ, 

V
daf

, % 

ʊʦʚʱʠʥʘ ʧʣʘʩʪʠʯʥʦ-

ʛʦ ʰʘʨʫ, 

y, ʤʤ 

ʊʠʩʢ ʨʦʟʧʠʨʘʥʥʷ, 

ʢʇʘ 

ʥʘʩʠʧʦʤ 

ʈ
ʥ
 

ʧʨʠ ʪʨʘʤʙʫʚʘʥʥʽ 

ʈ
10

 

ɻ 
0,54-0,88 

0,71 

35,0-44,0 

39,5 

10-17 

13 
1,5-3,5 0,5-2,8 

ɾ 
0,85-1,10 

0,98 

27,5-36,0 

31,75 

17-30 

23 
4,0-8,0 4,0-6,5 

ʂ 
1,21-1,58 

1,56 

20,0-27,0 

23,5 

15-23 

19 
7,0-17,0 9,0-21,5 

ʇʉ 
1,53-1,58 

1,56 

16,8-18,7 

17,7 

6-12 

9 
4,5-15,0 5,5-20,0 

ʇʨʠʤʽʪʢʘ. ʏʠʩʣʽʚʥʠʢ ï ʜʦʩʣʽʜʞʝʥʽ ʽʥʪʝʨʚʘʣʠ, ʟʥʘʤʝʥʥʠʢ ï ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ. 

 

 

 


