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ʉ.ɸ. ɻʫʙʘʥʦʚ, ɼ.ʅ. ʏʠʢʠʰʝʚ 

ʌɻɹʆʋ ɺʇʆ çʄʘʛʥʠʪʦʛʦʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘè 

ʋʉʂʆʈɽʅʅʆɽ ʂʆʅʊʈʆʃʀʈʋɽʄʆɽ ʆʍʃɸɾɼɽʅʀɽ,  

ʇʈʀʄɽʅʗɽʄʆɽ ʅɸ ʊʆʃʉʊʆʃʀʉʊʆɺʓʍ ʉʊɸʅɸʍ  

ɼʃʗ ʇʈʆʀɿɺʆɼʉʊɺɸ ɺʓʉʆʂʆʇʈʆʏʅʓʍ ʉʊɸʃɽʁ 

ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʧʦʩʦʙʦʚ ʫʩʢʦʨʝʥʥʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ, ʧʨʠʤʝʥʷʝʤʳʭ ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʪʦʣʩʪʦʣʠʩʪʦʚʳʭ 

ʩʪʘʥʘʭ. ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʦʚ ʠ ʠʭ 

ʚʣʠʷʥʠʝ ʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʩʪʘʣʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʦʨʷʯʘʷ ʧʨʦʢʘʪʢʘ, ʫʩʢʦʨʝʥʥʦʝ ʦʭʣʘʞʜʝʥʠʝ, ʚʳʩʦʢʦʧʨʦʯ-

ʥʳʝ ʩʪʘʣʠ, ʪʦʣʩʪʦʣʠʩʪʦʚʦʡ ʩʪʘʥ. 

ʋʚʝʣʠʯʝʥʠʝ ʧʨʦʪʷʞʸʥʥʦʩʪʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʫʛʣʝʚʦ-

ʜʦʨʦʜʥʦʛʦ ʪʦʧʣʠʚʘ ʩʦʟʜʘʸʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʪʨʫʙʘʭ ʙʦʣʴʰʦʛʦ ʜʠʘʤʝʪʨʘ, ʚʳʧʦʣ-

ʥʝʥʥʳʭ ʠʟ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʩʪʘʣʝʡ. ʇʦʩʪʨʦʡʢʘ ʥʦʚʳʭ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦ-

ʚʦʜʦʚ ʚ ʨʘʡʦʥʘʭ ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ ʠ ʩʝʡʩʤʦʦʧʘʩʥʳʭ ʨʘʡʦʥʘʭ, ʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʴ ʚ ʫʚʝʣʠʯʝʥʠʠ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʥʝʠʟʙʝʞʥʦ ʧʦʚʳʰʘʝʪ ʪʨʝʙʦʚʘʥʠʷ 

ʢ ʪʨʫʙʥʳʤ ʩʪʘʣʷʤ. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʵʢʩʧʣʫʘʪʘ-

ʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ. ʂ ʥʠʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʣʝʛʠʨʦʚʘʥʠʝ, ʪʝʨʤʦʦʙʨʘʙʦʪʢʫ, ʢʦʥʪʨʦ-

ʣʠʨʫʝʤʫʶ ʧʨʦʢʘʪʢʫ ʠ ʫʩʢʦʨʝʥʥʦʝ ʦʭʣʘʞʜʝʥʠʝ. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘ-

ʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʩʪʘʣʝʡ ʷʚʣʷʝʪʩʷ 

ʢʦʥʪʨʦʣʠʨʫʝʤʘʷ ʧʨʦʢʘʪʢʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʫʩʢʦʨʝʥʥʳʤ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ ʦʭʣʘ-

ʞʜʝʥʠʝʤ (ʋʂʆ). ʆʭʣʘʞʜʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʨʦʢʘʪʥʦʛʦ ʥʘʛʨʝʚʘ ʧʫʪʸʤ ʦʪʚʝ-

ʜʝʥʠʷ ʪʝʧʣʘ ʦʭʣʘʞʜʘʶʱʝʡ ʩʨʝʜʦʡ (ʚʦʜʦʡ), ʧʦʜʘʚʘʝʤʦʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʛʦʨʷʯʝʛʦ 

ʨʘʩʢʘʪʘ. ʇʨʠ ʵʪʦʤ ʩʧʦʩʦʙ ʠ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʚʦʜʳ ʥʘ ʤʝʪʘʣʣ ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʣʠʷʪʁ ʥʘ ʢʦʥʝʯʥʳʝ ʩʚʦʡʩʪʚʘ ʛʦʪʦʚʦʛʦ ʧʨʦʢʘʪʘ. ɼʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 
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ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʡ ʧʨʦʜʫʢʮʠʠ ʙʦʣʴʰʠʥʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ ʪʦʣʩʪʦʣʠʩʪʦʚʳʭ 

ʩʪʘʥʦʚ (ʊʃʉ) ʦʙʦʨʫʜʦʚʘʥʳ ʫʩʪʘʥʦʚʢʘʤʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʦʭʣʘʞʜʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʣʠʥʠʠ ʩʪʘʥʘ ʟʘ ʧʨʦʢʘʪʥʦʡ ʢʣʝʪʴʶ [1, 2]. 

ʊʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʋʂʆ ʥʘ ʊʃʉ ʧʨʦ-

ʜʠʢʪʦʚʘʥʘ ʨʷʜʦʤ ʜʦʩʪʠʛʘʝʤʳʭ ʧʨʝʠʤʫʱʝʩʪʚ: 

ī ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʠ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʩʚʦʡʩʪʚ ʧʨʦʜʫʢʮʠʠ; 

ī ʩʥʠʞʝʥʠʝ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʟʘ ʩʯʸʪ ʩʥʠʞʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʜʦʨʦʛʦʩʪʦʷ-

ʱʠʭ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʘ ʪʘʢ ʞʝ ʟʘ ʩʯʸʪ ʦʪʩʫʪʩʪʚʠʷ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʦʧʦʣ-

ʥʠʪʝʣʴʥʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ; 

ī ʧʦʚrh ʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʪʘʥʘ; 

ī ʨʘʩʰʠʨʝʥʠʝ ʩʦʨʪʘʤʝʥʪʘ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʫʩʪʘʥʦʚʢʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʤʦʞʥʦ ʢʣʘʩʩʠ-

ʬʠʮʠʨʦʚʘʪʴ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʧʨʠʟʥʘʢʘʤ. 

ʇʦ ʩʭʝʤʝ ʧʝʨʝʤʝʱʝʥʠʷ ʦʭʣʘʞʜʘʝʤʦʛʦ ʣʠʩʪʘ: 

ī ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʦʜʘʯʘ ʚʦʜʳ ʦʩʫʱʝʩʪʚʣʷ-

ʝʪʩʷ ʥʘ ʚʩʶ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʩʢʘʪʘ ʦʜʥʦʚʨʝʤʝʥʥʦ. ʇʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ 

ʦʛʨʘʥʠʯʝʥʠ ̫ʜʣʠʥʳ ʨʘʩʢʘʪʘ ʠʟ-ʟʘ ʦʛʨʘʥʠʯʝʥʥʦʡ ʜʣʠʥʳ ʟʦʥʳ ʦʭʣʘʞʜʝʥʠʷ ʫʩʪʘ-

ʥʦʚʢʠ; 

ī ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʦʣʦʩʘ ʨʘʚʥʦʤʝʨʥʦ ʠ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʜʚʠʞʝʪʩʷ ʯʝʨʝʟ ʟʦʥʫ ʦʭʣʘʞʜʝʥʠʷ. 

ʇʦ ʩʧʦʩʦʙʫ ʧʦʜʘʯʠ ʚʦʜʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʫʩʪʘʥʦʚʢʠ ʫʩʢʦ-

ʨʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʦʭʣʘʞʜʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ (ʨʠʩ. 1): 

ī ʣʘʤʠʥʘʨʥʳʤʠ ʩʪʨʫʷʤʠ; 

ī ʩʪʨʫʷʤʠ ʚʦʜʳ ʠʟ ʬʦʨʩʫʥʦʢ (ʜʫʰʠʨʫʶʱʠʝ); 

ī ʚʦʜʷʥʦʡ ʧʦʜʫʰʢʦʡ; 

ī ʚʦʜʦ-ʚʦʟʜʫʰʥʦʡ ʩʤʝʩʴʶ; 

ī ʚʦʜʷʥʦʡ ʟʘʚʝʩʦʡ. 

ʈʝʘʣʠʟʫʝʤʳʝ ʨʝʞʠʤʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʦʩʥʦʚʥʳʭ ʪʠʧʘ: 

ī ʫʩʢʦʨʝʥʥʦʝ ʦʭʣʘʞʜʝʥʠʝ (ACC ï Accelerated Controlled Cooling); 

ī ʧʨʷʤʘʷ ʟʘʢʘʣʢʘ (DQ ï Direct Quench); 
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ī ʟʘʢʘʣʢʘ ʩ ʩʘʤʦʦʪʧʫʩʢʦʤ (DQST ï Direct Quench and Self Tempering). 

 

ʈʠʩ. 1. ʉʧʦʩʦʙʳ ʧʦʜʘʯʠ ʚʦʜʳ ʚ ʫʩʪʘʥʦʚʢʘʭ ʫʩʢʦʨʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ: 

ʘ ï ʜʫʰʠʨʦʚʘʥʠʝʤ; ʙ ï ʣʘʤʠʥʘʨʥʳʤʠ ʩʪʨʫʷʤʠ; ʚ ï ʚʦʜʷʥʦʡ ʟʘʚʝʩʦʡ; 

 ʛ ï ʚʦʜʦ-ʚʦʟʜʫʰʥʦʡ ʩʤʝʩʴʶ; ʜ ï ʚʦʜʷʥʦʡ ʧʦʜʫʰʢʦʡ 

 

ʈʝʞʠʤ ACC ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʤʷʛʢʦʝ ʠ ʞʸʩʪʢʦʝ (HACC) ʫʩʢʦʨʝʥʥʦʝ 

ʦʭʣʘʞʜʝʥʠʝ. ʄʷʛʢʦʝ ʦʭʣʘʞʜʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ 10-20Üʉ/ʩ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʳ 450-550Üʉ ( ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ). ɾʸ-

ʩʪʢʦʝ ʫʩʢʦʨʝʥʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʧʨʦʪʝʢʘʝʪ ʩʦ ʩʢʦʨʦʩʪʴʶ 20-50Üʉ/ʩ ʜʦ ʪʝʤʧʝʨʘʪʫ-

ʨʳ 200-450Üʉ. ʇʨʠ ʜʘʥʥʳʭ ʨʝʞʠʤʘʭ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʣʴʯʝʥʠʝ ʟʸʨʝʥ ʬʝʨʨʠʪʘ ʠ 

ʧʝʨʣʠʪʘ ʠ ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʙʝʡʥʠʪʘ ʠ ʠʛʦʣʴʯʘʪʦʛʦ ʬʝʨʨʠʪʘ, ʯʪʦ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʤʧʣʝʢʩ ʩʚʦʡʩʪʚ ʢʣʘʩʩʘ ʧʨʦʯʥʦʩʪʠ ʍ80. ʅʘ ʨʠʩʫʥʢʝ 2 

ʧʦʢʘʟʘʥ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ACC [3]. 

ʇʨʷʤʘʷ ʟʘʢʘʣʢʘ DQ ʦʩʫʱʝʩʪʚʣʝ̫ʪʩʷ ʩ ʚʳʩʦʢʠʤʠ ʩʢʦʨʦʩʪʷʤʠ ʦʭʣʘʞʜʝʥʠʷ 

(ʩʚʳʰʝ 50Üʉ/ʩ) ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʦʪʧʫʩʢʦʤ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʀʟʤʝʥʝ-

ʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʞʠʤʘ DQ ʠʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 3. 

ʈʝʞʠʤ ʟʘʢʘʣʢʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʘʤʦʦʪʧʫʩʢʦʤ DQST ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʚʳ-

ʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʦʪʚʝʜʝʥʠʷ ʪʝʧʣʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʣʠʩʪʘ. ʉʢʦʨʦʩʪʴ ʦʭʣʘʞ-
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ʜʝʥʠʷ ʧʨʠ ʵʪʦʤ ʧʨʝʚʳʰʘʝʪ 50Üʉ/ʩ. ʇʦʜʘʯʘ ʚʦʜʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʦ ʪʦʛʦ ʤʦʤʝʥ-

ʪʘ, ʧʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝ ʦʧʫʩʪʠʪʩʷ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʨʪʝʥʩʠʪ-

ʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʩʘʤʦʦʪʧʫʩʢ ʟʘ ʩʯʸʪ ʪʝʧʣʘ ʚʥʫʪʨʝʥʥʠʭ 

ʩʣʦʸʚ ʤʝʪʘʣʣʘ ʜʣʷ ʩʥʷʪʠʷ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ. ʇʦʣʫʯʝʥʥʘʷ ʧʨʠ ʵʪʦʤ ʤʘʨ-

ʪʝʥʩʠʪʥʘʷ ʠʣʠ ʙʝʡʥʠʪʥʦ-ʤʘʨʪʝʥʩʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʤʧʣʝʢʩ ʤʝʭʘ-

ʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʣʘʩʩʫ ʧʨʦʯʥʦʩʪʠ ʍ100-ʍ120. ʊʝʤʧʝʨʘ-

ʪʫʨʥʳʡ ʨʝʞʠʤ ʟʘʢʘʣʢʠ ʩ ʩʘʤʦʦʪʧʫʩʢʦʤ ʠʟʦʙʨʘʞʸʥ ʥʘ ʨʠʩʫʥʢʝ 4. 

 

ʈʠʩ. 2. ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ACC 

 

ʈʠʩ. 3. ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ DQ 

 

ʈʠʩ. 4. ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ DQST 

 

ʅʘ ʨʠʩ. 2-4: ʊʥʦ ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʯʘʣʘ 

ʦʭʣʘʞʜʝʥʠʷ; tʦ ï ʚʨʝʤʷ ʦʭʣʘʞʜʝʥʠʷ. 

 ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ; 

ï ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʮʝʥʪʨʝ; 

ï ʪʝʤʧʝʨʘʪʫʨʘ ʤʘʨʪʝʥʩʠʪʥʦʛʦ 

ʧʨʝʚʨʘʱʝʥʠʷ 

 

ʇʝʨʚʳʤʠ ʫʩʢʦʨʝʥʥʦʝ ʢʦʥʪʨʦʣʠʨʫʝʤʦʝ ʦʭʣʘʞʜʝʥʠʝ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʤʘʩʰʪʘʙʘʭ ʧʨʠʤʝʥʠʣʠ ʚ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ ʚ 1962 ʛʦʜʫ ʥʘ ʰʠʨʦʢʦʧʦʣʦʩʥʦʤ ʩʪʘ-

ʥʝ. ʅʦ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʩʠʩʪʝʤʳ ʋʂʆ ʧʦʣʫʯʠʣʠ ʚ ʗʧʦʥʠʠ ʚ ʢʦʥʮʝ 

70-ʭ ʛʦʜʦʚ. ʊʦʛʜʘ ʷʧʦʥʩʢʘʷ ʢʦʤʧʘʥʠʠ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʩʪʘʣʠ NKK Corporation 

ʨʘʟʨʘʙʦʪʘʣʘ ʠ ʚʚʝʣʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʩʠʩʪʝʤʫ OLAC (on-Line Acceterated 

Cooling) ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʢʘʪʘ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʙʦʣʴ-

ʰʠʥʩʪʚʦ ʩʪʘʥʦʚ ʗʧʦʥʠʠ, ʉʐɸ ʠ ɽʚʨʦʧʳ ʩʪʘʣʠ ʦʩʥʘʱʘʪʴʩʷ ʧʦʜʦʙʥʳʤʠ ʫʩʪʘ-
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ʥʦʚʢʘʤʠ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʚʣʠʷʣʦ ʥʘ ʩʦʟʜʘʥʠʝ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʥʦʚʳʭ ʩʠʩ-

ʪʝʤ ʠ ʢʦʥʩʪʨʫʢʮʠʡ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘ-

ʥʝʥʥʳʝ ʩʠʩʪʝʤʳ: 

ī ADCO (Adjust Cooling) ï ʩʠʩʪʝʤʘ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʦʭʣʘʞʜʝʥʠʷ; 

ī ACP (Accelerated Cooling Process) ï ʧʨʦʮʝʩʩ ʫʩʢʦʨʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ; 

ī CWC (Curtain Water Cooling) ï ʦʭʣʘʞʜʝʥʠʝ ʚʦʜʷʥʦʡ ʟʘʚʝʩʦʡ; 

ī DAC (Dynamic Accelerated Cooling) ï ʜʠʥʘʤʠʯʥʦʝ ʫʩʢʦʨʝʥʥʦʝ ʦʭʣʘʞ-

ʜʝʥʠʝ; 

ī ICS (Intense Cooling System) ï ʩʠʩʪʝʤʘ ʠʥʪʝʥʩʠʚʥʦʛʦ ʫʩʢʦʨʝʥʥʦʛʦ ʦʭ-

ʣʘʞʜʝʥʠʷ; 

ī OLAC (on-Line Acceterated Cooling) ï ʫʩʢʦʨʝʥʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʚ ʧʦʪʦ-

ʢʝ ʩʪʘʥʘ (ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʩʠʩʪʝʤʳ ï Super OLAC); 

ī KLC (Kobe steelôs Accelerated Cooling) ï ʢʦʥʪʨʦʣʠʨʫʝʤʘʷ ʧʨʦʢʘʪʢʘ ʠ 

ʫʩʢʦʨʝʥʥʦʝ ʦʭʣʘʞʜʝʥʠʝ Kobe Steel; 

ī MACS (Multipurpose Accelerated Coo1ing System) ï ʩʠʩʪʝʤʘ ʫʥʠʚʝʨ-

ʩʘʣʴʥʦʛʦ ʫʩʢʦʨʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ; 

ī MACOS (Mannesmann Accelerated Cooling System) ï ʩʠʩʪʝʤʘ ʫʩʢʦʨʝʥ-

ʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʄʘʥʥʝʩʤʘʥʥʘ; 

ī HDTLFS (High Density Tube Laminar Flow Cooling) ï ʦʭʣʘʞʜʝʥʠʝ ʣʘ-

ʤʠʥʘʨʥʳʤʠ ʩʪʨʫʷʤʠ; 

ī WPC (Water Pillow Cooling) ï ʦʭʣʘʞʜʝʥʠʝ ʚʦʜʷʥʦʡ ʧʦʜʫʰʢʦʡ.  

ʂʘʞʜʘʷ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʩʠʩʪʝʤ ʦʙʣʘʜʘʝʪ ʫʥʠʢʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ ʠ 

ʢʦʤʧʣʝʢʩʦʤ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢʘʢ ʩʧʦʩʦʙ ʧʦʜʘʯʠ ʚʦʜʳ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ, ʨʘʙʦʯʝʝ ʜʘʚʣʝʥʠʝ ʠ ʨʘʩʭʦʜ ʚʦʜʳ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʟʦʥʳ 

ʦʭʣʘʞʜʝʥʠʷ, ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʢʣʝʪʠ, ʥʘʣʠʯʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʵʢʨʘʥʠʨʦʚʘʥʠʷ 

ʢʨʦʤʦʢ ʧʦʣʦʩʳ ʠ ʪ.ʧ. ʅʘʧʨʠʤʝʨ, ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ, ʨʝʘʣʠʟʫʝʤʘʷ ʩʠʩʪʝʤʦʡ 

MULPIC, ʜʣʷ ʪʦʣʱʠʥʳ ʣʠʩʪʘ 10 ʤʤ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 80Üʉ/ʩ, ʪʦʛʜʘ ʢʘʢ ʫ ʩʠʩʪʝ-

ʤʳ OLAC ʚʩʝʛʦ 8-25Üʉ/ʩ. ɼʠʘʧʘʟʦʥ ʨʝʛʫʣʠʨʦʚʘʥʠ ̫ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ ʜʣʷ 

ʩʠʩʪʝʤʳ KLC ʧʨʠ ʪʦʣʱʠʥʝ ʧʦʣʦʩʳ 20 ʤʤ ʩʦʩʪʘʚʣʷʝʪ 3-25Üʉ/ʩ, ʘ ʩʠʩʪʝʤʘ 

MACOS ʧʨʠ ʪʘʢʦʡ ʞʝ ʪʦʣʱʠʥʝ ʩʧʦʩʦʙʥʘ ʨʝʘʣʠʟʦʚʘʪʴ ʙʦʣʝʝ ʫʟʢʠʡ ʜʠʘʧʘʟʦʥ ï  
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8-20Üʉ/ʩ. ɼʘʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʨʷʤʫʶ ʚʣʠʷʶʪ ʥʘ ʪʘʢʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʨʝʘʣʠʟʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ, ʢʘʢ ʩʢʦʨʦʩʪʴ ʠ  ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ, 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʰʠʨʠʥʘ ʜʠʘʧʘʟʦʥʘ ʩʢʦʨʦʩʪʝʡ ʦʭʣʘʞʜʝʥʠʷ, ʚʳʭʦʜ ʛʦʜʥʦʛʦ 

ʠ ʪ.ʧ. ɺʳʙʦʨ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʠʩʪʝʤʳ ʋʂʆ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʜʦʣʞʝʥ ʙʳʪʴ ʧʨʦʠʟ-

ʚʝʜʸʥ ʩ ʫʯʸʪʦʤ ʩʦʨʪʘʤʝʥʪʘ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ ʠ ʪʨʝʙʫʝʤʳʭ ʢ ʥʝʡ ʧʦʢʘʟʘ-

ʪʝʣʝʡ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ. ʊʘʢʞʝ ʚʦʟʤʦʞʥʦ ʩʦʚʤʝʱʝʥʠʝ 

ʥʝʩʢʦʣʴʢʠʭ ʩʠʩʪʝʤ ʚ ʣʠʥʠʠ ʦʜʥʦʛʦ ʩʪʘʥʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ [4]. 

ʈʘʩʪʫʱʘʷ ʢʦʥʢʫʨʝʥʮʠʷ ʥʘ ʨʳʥʢʝ ʤʝʪʘʣʣʦʧʨʦʢʘʪʘ ʟʘʩʪʘʚʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʝ-

ʣʝʡ ʧʦʚʳʰʘʪʴ ʢʘʯʝʩʪʚʦ ʠ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʚʦʝʡ ʧʨʦʜʫʢʮʠʠ, ʥʝ ʜʦ-

ʧʫʩʢʘʷ ʧʨʠ ʵʪʦʤ ʩʠʣʴʥʦʛʦ ʨʦʩʪʘ ʮʝʥ. ʇʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʠ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ 

ʩʚʦʡʩʪʚ ʧʨʦʜʫʢʮʠʠ ʚʦʟʤʦʞʥʦ ʟʘ ʩʯʸʪ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʦʩʚʦʝʥʠʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ [5-6]. ʈʘʟʚʠʪʠʝ ʩʠʩʪʝʤ ʫʩʢʦʨʝʥʥʦʛʦ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʫʣʫʯ-

ʰʝʥʠʠ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʪʦʣʩʪʦʣʠʩʪʦʚʳʭ ʩʪʘʥʦʚ. ʆʩʥʦʚʥʳ-

ʤʠ ʧʨʦʙʣʝʤʘʤʠ ʩʠʩʪʝʤ ʋʂʆ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʷʚʣʷʶʪʩʷ: 

ī ʦʙʝʩʧʝʯʝʥʠʝ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ ʧʦ ʪʦʣʱʠʥʝ ʣʠʩʪʘ ʧʫʪʸʤ ʚʳ-

ʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʦʙʲʸʤʦʤ ʠ ʩʢʦʨʦʩʪʴʶ ʧʦʜʘʯʠ ʚʦʜʳ ʩ 

ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʯʘʩʪʠ ʣʠʩʪʘ; 

ī ʦʙʝʩʧʝʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʨʘʟʥʳʭ 

ʯʘʩʪʝʡ ʣʠʩʪʘ (ʛʦʣʦʚʥʘʷ ʠ ʢʦʥʮʝʚʘʷ ʯʘʩʪʠ, ʢʨʦʤʢʠ) ʧʫʪʸʤ ʧʨʠʤʝʥʝʥʠʷ ʵʢʨʘʥʦʚ, 

ʬʦʨʩʫʥʦʢ ʠ ʢʦʣʣʝʢʪʦʨʦʚ ʩ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʢʦʥʪʨʦʣʝʤ ʦʙʲʸʤʘ ʠ ʩʢʦʨʦʩʪʠ ʧʦ-

ʜʘʯʠ ʚʦʜʳ; 

ī ʨʘʩʰʠʨʝʥʠʝ ʩʦʨʪʘʤʝʥʪʘ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʚʝʣʠ-

ʯʝʥʠʷ ʜʠʘʧʘʟʦʥʘ ʩʢʦʨʦʩʪʝʡ ʦʭʣʘʞʜʝʥʠʷ; 

ī ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʨʦʮʝʩʩʝ ʦʭʣʘʞʜʝʥʠʷ ʟʘ 

ʩʯʪy ʧʨʠʤʝʥʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ; 

ī ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʟʘʪʨʘʪ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ 

ʩʥʠʞʝʥʠʷ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʨʦʜʫʢʮʠʠ; 

ī ʦʙʝʩʧʝʯʝʥʠʝ ʧʣʦʩʢʦʩʪʥʦʩʪʠ ʧʦʣʦʩʳ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʦʭʣʘʞʜʝʥʠʠ. 
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ʊ.ʄ. ʅʘʩʳʨʦʚ, ɺ.ʅ. ʃʝʪʠʤʠʥ 

ʌɻɹʆʋ ɺʇʆ çʄʘʛʥʠʪʦʛʦʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ  

ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘè 

ɾɽʃɽɿʆʈʋɼʅʓɽ ɹʈʀʂɽʊʓ ɼʃʗ ɼʆʄɽʅʅʆʁ ʇʃɸɺʂʀ 

ɹʨʠʢʝʪʠʨʦʚʘʥʠʝ ʙʳʣʦ ʧʝʨʚʳʤ ʩʧʦʩʦʙʦʤ ʦʢʫʩʢʦʚʘʥʠʷ ʤʝʣʢʠʭ ʞʝʣʝʟʦʨʫʜ-

ʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʜʦʤʝʥʥʦʡ ʧʣʘʚʢʠ ʯʫʛʫʥʘ. ɼʣʷ ʠʟʫʯʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʙʨʠʢʝʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠ-

ʝʤ ʚ ʢʘʯʝʩʪʚʝ ʩʚʷʟʫʶʱʝʛʦ ʢʘʢ ʠʟʚʝʩʪʠ, ʪʘʢ ʠ ʫʛʣʝʨʦʜʦʩʦʜʝʨʞʘʱʝʛʦ ï ʬʫʩʦʚ 

ʢʦʢʩʦʭʠʤʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʦʤʝʥʥʘʷ ʧʣʘʚʢʘ, ʙʨʠʢʝʪʠʨʦʚʘʥʠʝ, ʩʚʷʟʫʶʱʠʝ, ʠʟʚʝʩʪʴ, 

ʬʫʩʳ. 

ɹʨʠʢʝʪʠʨʦʚʘʥʠʝ ʙʳʣʦ ʧʝʨʚʳʤ ʩʧʦʩʦʙʦʤ ʦʢʫʩʢʦʚʘʥʠʷ ʤʝʣʢʠʭ ʞʝʣʝʟʦʨʫʜ-

ʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʜʦʤʝʥʥʦʡ ʧʣʘʚʢʠ ʯʫʛʫʥʘ. ʅʦ ʩ ʧʦʷʚʣʝʥʠʝʤ ʘʛʣʦʤʝʨʘʮʠʠ ʠ 

ʧʦʟʜʥʝʝ ʦʢʘʪʳʚʘʥʠʷ ʦʥʦ ʧʦʪʝʨʷʣʦ ʩʚʦʝ ʟʥʘʯʝʥʠʝ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʥʠʤʠ ʙʨʠʢʝʪʠʨʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʧʨʦʱʝ, ʤʝʥʝʝ ʵʥʝʨʛʦʝʤʢʦ ʠ ʥʝ ʪʨʝʙʫʝʪ 

ʙʦʣʴʰʠʭ ʢʘʧʚʣʦʞʝʥʠʡ. ʆʩʦʙʝʥʥʦ ʮʝʥʥʳʤ ʷʚʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʛʠʙʢʦʩʪʴ 

ʙʨʠʢʝʪʠʨʦʚʘʥʠʷ: ʚʦʟʤʦʞʥʦʩʪʴ ʦʢʫʩʢʦʚʘʥʠʷ ʩʘʤʳʭ ʨʘʟʣʠʯʥʳʭ ʧʦ ʩʚʦʠʤ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʦʣʫʯʝʥʠʝ ʙʨʠʢʝʪʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʦʛʦ 

ʩʦʩʪʘʚʘ ʩ ʟʘʜʘʥʥʳʤʠ, ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʯʝʤ 

ʦʙʳʯʥʘʷ ʰʠʭʪʘ ʜʣʷ ʜʦʤʝʥʥʦʡ ʧʣʘʚʢʠ ʯʫʛʫʥʘ ï ʘʛʣʦʤʝʨʘʪ ʠ ʦʢʘʪʳʰʠ. ʇʨʦʮʝʩʩ 

ʧʦʣʫʯʝʥʠʷ ʙʨʠʢʝʪʦʚ ʷʚʣʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟʦʪʭʦʜʥʳʤ, ʧʨʦʪʝʢʘʝʪ ʧʨʠ ʥʝʚʳʩʦ-

ʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʷʚʣʷʝʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʤ. 

ɺʚʠʜʫ ʠʩʪʦʱʝʥʠʷ ʨʷʜʘ ʢʨʫʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʞʝʣʝʟʥʳʭ ʨʫʜ ʠ ʧʦʪʝʨʠ 

ʥʝʢʦʪʦʨʳʭ ʧʦʩʣʝ ʨʘʩʧʘʜʘ ʉʉʉʈ, ʘ ʪʘʢʞʝ ʦʩʪʨʦʡ ʢʦʥʢʫʨʝʥʮʠʠ ʥʘ ʨʳʥʢʝ ʯʝʨʥʳʭ 

ʤʝʪʘʣʣʦʚ ʧʨʦʙʣʝʤʘ ʩʥʘʙʞʝʥʠʷ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʜʝʰʝʚʳʤ ʠ ʢʘʯʝʩʪʚʝʥʥʳʤ ʞʝʣʝʟʦʨʫʜʥʳʤ ʩʳʨʴʝʤ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪ-

ʚʝʥʥʦ ʦʙʦʩʪʨʠʣʘʩʴ. ʆʩʦʙʝʥʥʦ ʦʩʪʨʦ ʦʥʘ ʩʪʦʠʪ ʚ ʋʨʘʣʴʩʢʦʤ ʨʝʛʠʦʥʝ ʩ ʝʛʦ ʤʦʱ-
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ʥʳʤ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʤ ʧʨʦʠʟʚʦʜʩʪʚʦʤ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʟʜʝʩʴ ʠʤʝʝʪʩʷ ʨʷʜ ʟʥʘʯʠ-

ʪʝʣʴʥʳʭ ʠ ʜʦ ʩʝʛʦʜʥʷʰʥʝʛʦ ʜʥʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ 

ʜʨʫʛʠʭ ʠʩʪʦʯʥʠʢʦʚ ʞʝʣʝʟʦʨʫʜʥʦʛʦ ʩʳʨʴʷ, ʛʜʝ ʙʨʠʢʝʪʠʨʦʚʘʥʠʝ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ 

ʚʝʩʴʤʘ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʜʘʞʝ ʝʜʠʥʩʪʚʝʥʥʳʤ ʨʝʰʝʥʠʝʤ ʧʨʦʙʣʝʤʳ. ʂ ʥʠʤ ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ, ʥʘʧʨʠʤʝʨ, ɹʘʢʘʣʴʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʩʠʜʝʨʠʪʦʚʳʭ ʨʫʜ, ʟʘʧʘʩʳ ʢʦʪʦ-

ʨʳʭ  ʦʮʝʥʠʚʘʶʪʩʷ ʙʦʣʝʝ ʯʝʤ ʚ 1 ʤʣʨʜ ʪ. ʇʦʣʫʯʘʝʤʳʡ ʥʘ ʙʘʟʝ ʵʪʠʭ ʨʫʜ ʚʳʩʦʢʦ-

ʢʘʯʝʩʪʚʝʥʥʳʡ ʢʦʥʮʝʥʪʨʘʪ ʦʙʞʠʛʤʘʛʥʠʪʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ (ʥʝ ʤʝʥʝʝ 50% Fe) ʠʟ-

ʟʘ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʠ ʧʝʨʝʛʨʫʟʢʘʭ ʧʦʣʥʦʩʪʴʶ 

ʨʘʟʨʫʰʘʝʪʩʷ (ʜʦ ʬʨʘʢʮʠʠ ʤʝʥʝʝ 1,0 ʤʤ). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚ-

ʥʳʤ ʩʧʦʩʦʙʦʤ ʦʢʫʩʢʦʚʘʥʠʷ ʢʦʥʮʝʥʪʨʘʪʘ ʧʝʨʝʜ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʜʦʤʝʥʥʦʡ 

ʧʣʘʚʢʝ ʷʚʣʷʝʪʩʷ ʙʨʠʢʝʪʠʨʦʚʘʥʠʝ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʙʨʠʢʝʪʠʨʦʚʘʥʠʝ ʦʭʨʠʩʪʦ-ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʭ ʙʫ-

ʨʭr ʞʝʣʝʟʥʷʢʦʚ, ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʢʦʪʦʨʳʭ ʤʥʦʛʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ: ɹʘʢʘʣʴ-

ʩʢʦʝ, ɿʠʛʘʟʠʥʦ-ʂʦʤʘʨʦʚʩʢʦʝ, ɸʣʘʧʘʝʚʩʢʦʝ ʥʘ ʋʨʘʣʝ, ʍʘʣʠʣʦʚʩʢʦʝ ʠ ʚ ʮʝʥʪʨʘʣʴ-

ʥʦʤ ʨʘʡʦʥʝ ʊʫʣʴʩʢʦʝ, ʃʠʧʝʮʢʦʝ ʠ ʜʨʫʛʠʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟ-ʟʘ ʪʨʫʜʥʦʩʪʝʡ 

ʦʢʫʩʢʦʚʘʥʠʷ ʦʙʳʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʵʪʠ ʨʫʜʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ. ʊʘʢ, 

ʚ ʩʧʝʮʦʪʚʘʣʘʭ ʪʦʣʴʢʦ ɿʠʛʘʟʠʥʦ-ʂʦʤʘʨʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠʭ ʟʘʧʘʩʳ ʧʨʝ-

ʚʳʰʘʶʪ 20 ʤʣʥ ʪ. ʕʪʠ ʨʫʜʳ ʟʘʯʘʩʪʫʶ ʩʦʜʝʨʞʘʪ ʤʘʣʦ ʚʨʝʜʥʳʭ ʧʨʠʤʝʩʝʡ ʠ ʩʨʘʚ-

ʥʠʪʝʣʴʥʦ ʚʳʩʦʢʦʝ, ʫʯʠʪʳʚʘʷ ʣʝʛʢʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʩʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ ï 

44,0% ʠ ʙʦʣʝʝ. ɺʦʟʤʦʞʥʦʩʪʴ ʚʚʦʜʘ ʚ ʩʦʩʪʘʚ ʙʨʠʢʝʪʦʚ ʫʛʣʝʨʦʜʦʩʦʜʝʨʞʘʱʠʭ ʤʘ-

ʪʝʨʠʘʣʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʣʥʦʩʪʴʶ ʥʝʡʪʨʘʣʠʟʦʚʘʪʴ ʦʜʠʥ ʠʟ ʩʝʨʴʝʟʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʜʦʤʝʥʥʦʡ ʧʣʘʚʢʝ ʙʫʨʳʭ ʞʝʣʝʟʥʷʢʦʚ ï ʧʦʚʳʰʝʥʥʳʡ ʨʘʩʭʦʜ ʢʦʢʩʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ ʀʏʄ (ʋʢʨʘʠʥʘ) ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʜʦʤʝʥʥʦʡ 

ʧʣʘʚʢʝ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʦʛʦ ʞʝʣʝʟʦʨʫʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʢʩʠʜʦ-

ʫʛʣʝʨʦʜʦʩʦʜʝʨʞʘʱʠʭ ʙʨʠʢʝʪʦʚ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʩʦʢʨʘʱʝʥʠʝ ʨʘʩʭʦʜʘ ʢʦʢʩʘ ʜʦ 

300-350 ʢʛ/ʪ ʚʳʧʣʘʚʣʷʝʤʦʛʦ ʯʫʛʫʥʘ (ʚʤʝʩʪʦ ʦʙʳʯʥʳʭ 400-500) ʠ ʧʦʚʳʩʠʪʴ ʧʨʦ-

ʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʝʯʝʡ ʥʘ 25-30% [1]. 

ɼʨʫʛʠʤ ʦʙʲʝʢʪʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʨʠʢʝʪʠʨʦʚʘʥʠʷ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʙʘʟʳ 

ʞʝʣʝʟʦʨʫʜʥʦʛʦ ʩʳʨʴʷ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʷʚʣʷʶʪʩʷ ʧʦʩʪʦʷʥʥʦ ʚʦʩ-

ʧʨʦʠʟʚʦʜʠʤʳʝ ʠ ʚ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʩʦʙʩʪʚʝʥʥʳʝ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʝ 
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ʦʪʭʦʜʳ. ʕʪʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʧʳʣʴ ʠ ʰʣʘʤʳ ʛʘʟʦʦʯʠʩʪʦʢ ʜʦʤʝʥʥʳʭ ʠ ʩʪʘʣʝʧʣʘ-

ʚʠʣʴʥʳʭ ʮʝʭʦʚ, ʢʦʪʦʨʳʝ ʧʦ ʨʘʟʥʳʤ ʧʨʠʯʠʥʘʤ ʫʪʠʣʠʟʠʨʫʶʪʩʷ ʥʘ ʙʦʣʴʰʠʥʩʪʚʝ 

ʟʘʚʦʜʦʚ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʠ ʠʜʫʪ ʚ ʦʪʚʘʣʳ, ʰʣʘʤʦʥʘʢʦʧʠʪʝʣʠ ʠ ʦʪʩʪʦʡʥʠʢʠ, 

ʟʘʛʨʷʟʥʷʷ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʦʠʥʩʪʚʘ ʙʨʠʢʝʪʠʨʦʚʘʥʠʷ ʢʘʢ ʤʝʪʦʜʘ ʦʢʫʩʢʦʚʘʥʠʷ ʤʝʣʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʦʜʛʦʪʦʚʢʠ ʞʝʣʝʟʦʨʫʜʥʦʛʦ ʩʳʨʴʷ ʢ ʜʦʤʝʥʥʦʡ ʧʣʘʚʢʝ ʯʫʛʫʥʘ, ʦʥʦ 

ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʥʘʰʣʦ  ʧʨʠʤʝʥʝʥʠʷ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʝ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʢʘʢ ʩʫʙʲʝʢʪʠʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ (ʥʝʜʦʚʝʨʠʝ), ʪʘʢ ʠ ʦʙʲʝʢʪʠʚʥʳʤʠ. ʂ ʧʦʩʣʝʜʥʠʤ 

ʦʙʳʯʥʦ ʦʪʥʦʩʷʪ ʦʪʩʫʪʩʪʚʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʦʣʫ-

ʯʝʥʠʝ ʙʨʠʢʝʪʦʚ ʥʝʜʦʨʦʛʠʭ ʠ ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʜʦʤʝʥʥʦʡ ʧʣʘʚʢʠ ʢʘʯʝʩʪʚʘ - 

ʧʨʦʯʥʦʩʪʠ, ʭʠʤʩʦʩʪʘʚʘ, ʪʝʨʤʦʩʪʦʡʢʦʩʪʠ ʠ ʧʨ. 

ɼʘʚʥʦ ʠ ʤʥʦʛʦ ʚ ʚʦʧʨʦʩʝ ʙʨʠʢʝʪʠʨʦʚʘʥʠʷ ʤʝʣʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʮʝʣʴʶ ʠʭ 

ʫʪʠʣʠʟʘʮʠʠ ʠ ʧʦʜʛʦʪʦʚʢʠ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʜʦʤʝʥʥʦʤ ʠ ʩʪʘʣʝʧʣʘʚʠʣʴʥʳʭ 

ʧʨʦʮʝʩʩʘʭ ʨʘʙʦʪʘʣʘ ʢʘʬʝʜʨʘ ʤʝʪʘʣʣʫʨʛʠʠ ʩʪʘʣʠ ʄʘʛʥʠʪʦʛʦʨʩʢʦʛʦ ʛʦʨʥʦ-

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ (ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʘʬʝʜʨʘ ʄʏʄ ʄɻʊʋ). ɺ ʦʩ-

ʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʙʨʠʢʝʪʠʨʦʚʘʥʠʷ ʣʝʞʠʪ ʩʧʦʩʦʙ çʭʦʣʦʜʥʦʛʦè 

(ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ) ʧʨʝʩʩʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʜʝʬʠʮʠʪʥʳʭ, ʥʝ-

ʜʦʨʦʛʠʭ ʠ ʜʘʞʝ ʧʦʣʝʟʥʳʭ ʜʣʷ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩʚʷʟʫʶʱʠʭ (ʠʟʚʝʩʪʴ 

ʠ ʫʛʣʝʨʦʜʦʩʦʜʝʨʞʘʱʠʝ) ʠ ʧʦʩʣʝʧʨʝʩʩʦʚʳʤ ʫʧʨʦʯʥʝʥʠʝʤ ʙʨʠʢʝʪʦʚ ʧʫʪʝʤ ʵʢʦʣʦ-

ʛʠʯʝʩʢʠ ʯʠʩʪʦʡ ʠ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʝʡ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠʣʠ ʧʨʦ-

ʩʪʦ ʚʳʣʝʞʠʚʘʥʠʷ ʥʘ ʩʢʣʘʜʝ. ʋʯʠʪʳʚʘʷ ʩʢʘʟʘʥʥʦʝ ʠ ʩ ʮʝʣʴʶ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʙʨʠʢʝʪʠʨʦʚʘʥʠʷ ʜʣʷ ʧʦʣʫʯʝ-

ʥʠʷ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʭ (ʨʫʜʥʳʭ) ʙʨʠʢʝʪʦʚ ʠ ʠʭ ʩʦʦʪʚʝʪʩʪʚʠʷ ʪʨʝʙʦʚʘʥʠʷʤ ʜʦ-

ʤʝʥʥʦʡ ʧʣʘʚʢʠ, ʚ 90-ʭ ʛʦʜʘʭ ʧʦ ʟʘʢʘʟʫ ɹʝʣʦʨʝʮʢʦʛʦ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʢʦʤʙʠ-

ʥʘʪʘ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ. ʆʥʦ ʚʢʣʶʯʘʣʦ ʢʘʢ ʠʟʫʯʝʥʠʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʙʨʠʢʝʪʦʚ, ʪʘʢ ʠ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ 

ʪʝʭʥʦʣʦʛʠʡ ʙʨʠʢʝʪʠʨʦʚʘʥʠʷ ʠ ʩʘʤʠʭ ʙʨʠʢʝʪʦʚ ʚ ʜʦʤʝʥʥʦʡ ʧʣʘʚʢʝ ʯʫʛʫʥʘ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʙʳʣʠ 

ʠʟʛʦʪʦʚʣʝʥʳ ʙʨʠʢʝʪʳ ʢʘʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʩʚʷʟʫʶʱʝʛʦ ʠʟʚʝʩʪʠ (10-

20% ʦʪ çʨʫʜʥʦʡè ʦʩʥʦʚʳ), ʪʘʢ ʠ ʫʛʣʝʨʦʜʦʩʦʜʝʨʞʘʱʝʛʦ ï ʬʫʩʦʚ ʢʦʢʩʦʭʠʤʠʯʝ-
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ʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ (3-6%). ɹʨʠʢʝʪʳ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʩ ʧʣʦʱʘʜʴʶ ʦʩʥʦ-

ʚʘʥʠʷ 5 ʩʤ
2 
ʠ ʚʳʩʦʪʦʡ, ʨʘʚʥʦʡ ʢʦʨʥʶ ʢʚʘʜʨʘʪʥʦʤʫ ʠʟ ʧʦʩʣʝʜʥʝʡ ʠʣʠ 21-23 ʤʤ 

(ʩʦʛʣʘʩʥʦ ʨʝʢʦʤʝʥʜʘʮʠʷʤ ʊʶʨʝʥʢʦʚʘ ʅ.ɻ. [2]) ʠʟʛʦʪʦʚʣʷʣʠ ʥʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʤ 

ʧʨʝʩʩʝ ʧʦʜ ʜʘʚʣʝʥʠʝʤ 50 ʄʇʘ (500 ʢʛʩ/ʩʤ
2
 ʧʣʦʱʘʜʠ ʙʨʠʢʝʪʘ). ɺ ʢʘʯʝʩʪʚʝ ʞʝʣʝ-

ʟʦʩʦʜʝʨʞʘʱʝʡ  ʦʩʥʦʚʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʫʜʥʫ  ʁʤʝʣʦʯʴ (ʬʨʘʢʮʠʝʡ ï 5,0 ʤʤ) ʊʫ-

ʢʘʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɹʳʣʠ ʠʟʫʯʝʥʳ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʦʩʥʦʚʥʳʝ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʙʨʠʢʝʪʦʚ ʢʘʢ ʨʫʜʥʦʡ ʯʘʩʪʠ ʰʠʭʪʳ ʜʦʤʝʥʥʦʡ ʧʣʘʚʢʠ, ʘ ʠʤʝʥ-

ʥʦ: ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʦʨʠʩʪʦʩʪʴ ʠ ʪʝʨʤʦʩʪʦʡʢʦʩʪʴ. 

ɿʘ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʯʥʦʩʪʠ ʙʳʣʠ ʧʨʠʥʷʪʳ ʜʚʘ ʦʙʱʝʧʨʠʥʷʪʳʭ ʚ ʙʨʠʢʝʪʠʨʦ-

ʚʘʥʠʠ ʨʫʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʘʨʘʤʝʪʨʘ [2]: ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʙʨʠʢʝʪʦʚ ʨʘʟʜʘʚʣʠʚʘ-

ʥʠʶ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʫʜʘʨʫ ʧʨʠ ʩʙʨʘʩʳʚʘʥʠʠ ʩ ʚʳʩʦʪʳ ʜʚʫʭ ʤʝʪʨʦʚ ʥʘ ʤʝʪʘʣ-

ʣʠʯʝʩʢʫʶ ʧʣʠʪʫ. ʉʯʠʪʘʣʦʩʴ, ʯʪʦ ʙʨʠʢʝʪʳ ʠʤʝʶʪ ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʧʨʦʤʳʰ-

ʣʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʯʥʦʩʪʴ, ʝʩʣʠ ʦʥʠ ʥʘ ʨʘʟʜʘʚʣʠʚʘʥʠʝ ʚʳʜʝʨʞʠʚʘʣʠ 

ʜʘʚʣʝʥʠʝ ʚ 5,0 ʄʇʘ, ʘ ʧʨʠ ʩʙʨʘʩʳʚʘʥʠʠ (ʜʚʫʢʨʘʪʥʦʤ) ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʫʶʱʝʡ-

ʩʷ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ ʙʨʠʢʝʪʦʚ ʤʝʣʦʯʠ ʥʝ ʧʨʝʚʳʰʘʣʦ 10%.  

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʣʫʯʘʝʤʳʝ ʙʨʠʢʝʪʳ ʧʦ ʧʨʦʯʥʦʩʪʠ ʦʪʚʝʯʘʶʪ 

ʪʨʝʙʦʚʘʥʠʷʤ: 

ʩʚʷʟʫʶʱʝʝ 
ʩʦʧʨʦʪʠʚʣʝʥʠʝ  

ʩʙʨʘʩʳʚʘʥʠʶ, ʄʇʘ 

ʢʦʣʠʯʝʩʪʚʦ ʩʙʨʘʩʳʚʘʥʠʡ 

ʜʦ ʨʘʟʨʫʰʝʥʠʷ 

ʠʟʚʝʩʪʴ 11-17 2-3 

ʬʫʩʳ 13-14 3-4 

ʇʨʠ ʤʥʦʛʦʢʨʘʪʥʦʤ ʩʙʨʘʩʳʚʘʥʠʠ ʙʨʠʢʝʪʳ ʨʘʩʢʘʣʳʚʘʶʪʩʷ ʥʘ ʢʨʫʧʥʳʝ ʢʫ-

ʩʦʯʢʠ ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʣʦʯʠ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʘʚʣʝʥʠʷ ʧʨʝʩʩʦʚʘʥʠʷ (ʜʦ 

100 ʄʇʘ) ʠʣʠ ʜʣʠʪʝʣʴʥʦʤ ʭʨʘʥʝʥʠʠ ʥʘ ʚʦʟʜʫʭʝ ʧʨʦʯʥʦʩʪʴ ʙʨʠʢʝʪʦʚ ʩʫʱʝʩʪʚʝʥ-

ʥʦ ʚʦʟʨʘʩʪʘʝʪ ï ʥʘ 20-30%. ɹʨʠʢʝʪʳ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʚʣʘʛʦʩʪʦʡʢʦʩʪʴ. 

ʇʦʨʠʩʪʦʩʪʴ ʙʨʠʢʝʪʦʚ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ (ɻʆʉʊ 2409-

67) ʧʫʪʝʤ ʥʘʩʳʱʝʥʠʷ ʚʦʜʦʡ ʧʦʜ ʚʘʢʫʫʤʦʤ. ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝ-

ʥʠʷ ʦʪʢʨʳʪʦʡ ʧʦʨʠʩʪʦʩʪʠ ʜʣʷ ʙʨʠʢʝʪʦʚ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʦʙʳʯʥʳʤʠ ʞʝʣʝʟʦʨʫʜʥʳ-

ʤʠ ʤʘʪʝʨʠʘʣʘʤʠ: 
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ɹʨʠʢʝʪʳ ʧʨʠ ʜʘʚʣʝʥʠʠ ʧʨʝʩʩʦʚʘʥʠʷ, ʄʇʘ ʇʦʨʠʩʪʦʩʪʴ, % 

50 (500 ʢʛʩ/ʩʤ2) 31,70-32,88 

160 (1600 ʢʛʩ/ʩʤ2) 26,73-29,24 

ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʞʝʣʝʟʦʨʫʜʥʳʝ ʤʘʪʝʨʠʘʣʳ: 

ɾʝʣʝʟʦʨʫʜʥʳʡ ʤʘʪʝʨʠʘʣ ʇʦʨʠʩʪʦʩʪʴ, % 

ʆʢʘʪʳʰʠ ʉʉɻʆʂ 21,80-28,40 

ɸʛʣʦʤʝʨʘʪ 8,60-15,70 

ɾʝʣʝʟʥʘʷ ʨʫʜʘ 19,30-19,70 

ʂʘʢ ʚʠʜʥʦ, ʙʨʠʢʝʪʳ ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʧʦʨʠʩʪʦʩʪʴ, ʯʝʤ 

ʦʙʳʯʥʳʝ ʞʝʣʝʟʦʨʫʜʥʳʝ ʤʘʪʝʨʠʘʣʳ. ʉʣʝʜʫʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʙʨʠʢʝʪʳ ʪʘʢʞʝ 

ʙʫʜʫʪ ʠʤʝʪʴ ʠ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʚʦʩʩʪʘʥʦʚʠʤʦʩʪʴ. 

ʊʝʨʤʦʩʪʦʡʢʦʩʪʴ ï ʩʧʦʩʦʙʥʦʩʪʴ ʚʳʜʝʨʞʠʚʘʪʴ ʙʝʟ ʨʘʟʨʫʰʝʥʠʷ ʥʘʛʨʝʚ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨ, ʠʤʝʶʱʠʭ ʤʝʩʪʦ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʰʘʭʪʳ ʜʦʤʝʥʥʦʡ ʧʝʯʠ, ʷʚʣʷʝʪʩʷ 

ʚʘʞʥʝʡʰʠʤ ʧʘʨʘʤʝʪʨʦʤ ʛʦʜʥʦʩʪʠ ʞʝʣʝʟʦʨʫʜʥʦʛʦ ʩʳʨʴʷ ʢ ʧʣʘʚʢʝ. ʀʩʧʳʪʘʥʠʷ 

ʪʝʨʤʦʩʪʦʡʢʦʩʪʠ ʙʨʠʢʝʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʚʝʩʪʠ-ʩʚʷʟʢʠ ʧʨʦʚʦʜʠʣʠ ʚ ʧʝʯʠ 

ʊʘʤʤʘʥʘ, ʠʤʝʶʱʝʡ ʛʨʘʬʠʪʦʚʳʡ ʥʘʛʨʝʚʘʪʝʣʴ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʜʦʩʪʘʪʦʯʥʦ ʭʦ-

ʨʦʰʦ ʠʤʠʪʠʨʫʶʱʝʡ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ ʚʝʨʭʘ ʰʘʭʪʳ ʜʦʤʝʥʥʦʡ ʧʝʯʠ. 

ʅʘʛʨʝʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʜʦ 600Üʉ. ɹʨʠʢʝʪʳ ʩʯʠʪʘʣʠʩʴ ʪʝʨʤʦʩʪʦʡʢʠʤʠ, ʝʩʣʠ ʧʦʩʣʝ 

ʥʘʛʨʝʚʘ ʠ ʚʳʜʝʨʞʢʠ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 20-30 ʤʠʥʫʪ ʩʦ-

ʭʨʘʥʷʣʠ ʩʚʦʶ ʬʦʨʤʫ (ʥʝ ʨʘʟʨʫʰʘʣʠʩʴ). ɹʳʣʠ ʠʩʧʳʪʘʥʳ ʨʘʟʥʳʝ ʙʨʠʢʝʪʳ: çʩʳ-

ʨʳʝè (ʩʨʘʟʫ ʧʦʩʣʝ ʧʨʝʩʩʘ), ʧʦʜʚʝʨʛʥʫʪʳʝ ʫʧʨʦʯʥʝʥʠʶ ʩʫʰʢʦʡ ʠ ʚʳʣʝʞʠʚʘʥʠʝʤ 

ʚ ʪʝʯʝʥʠʝ 5 ʩʫʪʦʢ ʥʘ ʚʦʟʜʫʭʝ. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʙʨʠʢʝʪʳ ʩʦʭʨʘʥʠʣʠ ʩʚʦʶ ʬʦʨʤʫ ʠ 

ʜʘʞʝ ʠʤʝʣʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʫʶ ʦʩʪʘʪʦʯʥʫʶ ʧʨʦʯʥʦʩʪʴ: 

ɺʠʜ ʙʨʠʢʝʪʦʚ 
ʉʦʧʨʦʪʠʚʣʝʥʠʝ  

ʨʘʟʜʘʚʣʠʚʘʥʠʶ, ʄʇʘ 
ʇʨʠʤʝʯʘʥʠʝ 

çʉʳʨʳʝè 2 ɺʠʜʥʳ ʪʨʝʱʠʥʳ 

ʋʧʨʦʯʥʝʥʥʳʝ ʩʫʰʢʦʡ 2-3 ɺʠʜʥʳ ʪʨʝʱʠʥʳ 

ʋʧʨʦʯʥʝʥʥʳʝ ʚʳʣʝʞʠʚʘʥʠʝʤ 2-6 ʊʨʝʱʠʥ ʥʝʪ 

ʇʨʠ ʠʩʧʳʪʘʥʠʠ ʥʘ çʩʙʨʘʩʳʚʘʥʠʝè ʙʨʠʢʝʪʳ ʨʘʟʨʫʰʘʣʠʩʴ ʩ ʧʝʨʚʦʛʦ ʨʘʟʘ, 

ʥʦ ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ ʩʢʦʣʴʢʦ-ʥʠʙʫʜʴ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʳʣʝʚʠʜʥʦʡ  

ʬʨʘʢʮʠʠ. 
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ʆʧʨʝʜʝʣʝʥʠʝ ʪʝʨʤʦʩʪʦʡʢʦʩʪʠ ʞʝʣʝʟʦʨʫʜʥʳʭ ʙʨʠʢʝʪʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʛʣʝʨʦʜʦʩʦʜʝʨʞʘʱʝʛʦ ʩʚʷʟʫʶʱʝʛʦ, ʧʨʦʚʦʜʠʣʠ ʥʘ ʩʧʝʮʠʘʣʴʥʦʡ 

ʫʩʪʘʥʦʚʢʝ ʣʘʙʦʨʘʪʦʨʠʠ ʤʝʪʘʣʣʫʨʛʠʠ ʯʫʛʫʥʘ, ʛʜʝ ʦʥʠ ʧʦʜʚʝʨʛʘʣʠʩʴ ʧʨʦʜʫʚʢʝ ʛʘ-

ʟʦʤ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʤ ʚ ʪʝʯʝʥʠʝ 40 ʤʠʥʫʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 500Üʉ. ɹʨʠʢʝʪʳ (ʢʘʢ 

ʦʙʳʯʥʳʝ, ʪʘʢ ʠ ʦʬʣʶʩʦʚʘʥʥʳʝ ʠʟʚʝʩʪʥʷʢʦʚʦʡ ʢʨʦʰʢʦʡ) ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ 

ʪʝʨʤʦʩʪʦʡʢʦʩʪʴ ʠ ʥʝ ʪʦʣʴʢʦ ʩʦʭʨʘʥʠʣʠ ʬʦʨʤʫ, ʥʦ ʠ ʠʤʝʣʠ ʚʝʩʴʤʘ ʚʳʩʦʢʫʶ ʦʩ-

ʪʘʪʦʯʥʫʶ ʧʨʦʯʥʦʩʪʴ: 

ʩʦʩʪʘʚ ʙʨʠʢʝʪʦʚ (ʧʦ ʰʠʭʪʝ) 
ʩʦʧʨʦʪʠʚʣʝʥʠʝ  

ʨʘʟʜʘʚʣʠʚʘʥʠʶ, ʄʇʘ 

100% ʨʫʜʘ + 6% ʬʫʩ r 50-100 

(90% ʨʫʜʘ + 10% ʠʟʚʝʩʪʥʷʢ) + 6% ʬʫʩ r 50 

ʆʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʫ  ʁʘʧʨʦʙʘʮʠ ʁʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʙʨʠʢʝʪʦʚ ʜʣʷ 

ʜʦʤʝʥʥʦʡ ʧʣʘʚʢʠ ʠ ʩʘʤʠʭ ʙʨʠʢʝʪʦʚ ʧʨʦʚʦʜʠʣʠ ʚ ʜʦʤʝʥʥʦʤ ʮʝʭʝ çɹʄʂè. ɹʨʠʢʝ-

ʪʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʷʣʠ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʦʪʜʝʣʝʥʠʷ ʙʨʠʢʝʪʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʦ ʧʦʣʫʯʝʥʠʶ ʛʫʙʯʘʪʦʛʦ ʞʝʣʝʟʘ. ʉʤʝʩʴ ʠʩʭʦʜʥʦʡ ʰʠʭʪʳ ʛʦ-

ʪʦʚʠʣʘʩʴ ʚ ʙʝʛʫʥʢʦʚʦʤ ʩʤʝʩʠʪʝʣʝ ʤʦʜʝʣʠ 15101 (ʣʠʪʝʡʥʳʡ ʯʘʰʝʯʥʳʡ). ʄʘʩʩʘ 

ʦʜʥʦʡ ʧʦʨʮʠʠ ʩʤʝʩʠ ʩʦʩʪʘʚʣʷʣʘ 300 ʢʛ. ʇʨʝʩʩʦʚʘʥʠʝ ʚʳʧʦʣʥʷʣʠ ʥʘ ʛʠʜʨʘʚʣʠʯʝ-

ʩʢʦʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʧʨʝʩʩʝ ʤʦʜʝʣʠ ɹ 6238. ɹʨʠʢʝʪʳ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ 

ʜʠʘʤʝʪʨʦʤ 150 ʤʤ ʠ ʚʳʩʦʪʦʡ 120-130 ʤʤ ʚʝʩʠʣʠ 3-4 ʢʛ. ʉʦʩʪʘʚ ʨʫʜʥʦʡ ʯʘʩʪʠ 

ʰʠʭʪʳ ʙʨʠʢʝʪʦʚ ʙʳʣ ʩʣʝʜʫʶʱʠʡ: 55% ʞʝʣʝʟʥʦʡ ʦʢʘʣʠʥʳ ʠ 45% ʢʦʣʦʰʥʠʢʦʚʦʡ 

ʧʳʣʠ. ʈʘʩʭʦʜ ʠʟʚʝʩʪʠ-ʩʚʷʟʢʠ ʦʪ ʨʫʜʥʦʡ ʤʘʩʩʳ ʰʠʭʪʳ ʩʦʩʪʘʚʣʷʣ 20%. ɺʩʝʛʦ ʙʳ-

ʣʦ ʧʝʨʝʨʘʙʦʪʘʥʦ 21 ʪ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʭ ʦʪʭʦʜʦʚ ʠ ʧʦʣʫʯʝʥʦ ʧʦʨʷʜʢʘ 25 ʪ ʙʨʠ-

ʢʝʪʦʚ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʙʨʠʢʝʪʳ ʥʝʦʙʭʦʜʠʤʦʡ çʩʳʨʦʡè ʧʨʦʯʥʦʩʪʠ ʧʦʣʫ-

ʯʘʶʪʩʷ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʠʭ ʜʘʚʣʝʥʠʷʭ ï ʥʝ ʙʦʣʝʝ 60 ʄʇʘ. ʇʨʠ ʧʘʜʝʥʠʠ ʚ 

ʢʦʨʦʙʢʫ ʙʨʠʢʝʪʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʨʘʟʙʠʚʘʣʠʩʴ. ʇʦʚʳʰʝʥʠʝ ʜʘʚʣʝʥʠʡ ʧʨʝʩʩʦʚʘ-

ʥʠʷ ʩʚʳʰʝ 100 ʄʇʘ (ʜʦ 230) ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ, ʠʟ-ʟʘ ʵʬʬʝʢʪʘ ʧʝʨʝʧʨʝʩʩʦʚʢʠ, 

ʧʦʷʚʣʝʥʠʝʤ ʪʨʝʱʠʥ ʥʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʙʨʠʢʝʪʦʚ ʠ ʧʦʥʠʞʝʥʠʝʤ 

ʠʭ ʧʨʦʯʥʦʩʪʠ. ʇʦʩʣʝʧʨʝʩʩʦʚʦʝ ʫʧʨʦʯʥʝʥʠʝ ʙʨʠʢʝʪʦʚ ʧʨʦʠʟʚʦʜʠʣʠ ʧʫʪʝʤ ʠʭ ʚʳ-

ʜʝʨʞʢʠ ʚ ʢʦʨʦʙʢʘʭ ʚ ʪʝʯʝʥʠʝ 7-10 ʩʫʪʦʢ. ʇʦʩʣʝ ʧʝʨʝʛʨʫʟʢʠ ʠʭ ʥʘ ʧʣʘʪʬʦʨʤʫ 

(ʜʫʤʧʢʘʨ) ʧʘʨʪʠʷ ʙʨʠʢʝʪʦʚ ʩʦʩʪʦʷʣʘ ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʮʝʣʳʭ ʢʫʩʢʦʚ. ɼʘʞʝ ʧʦʩʣʝ 
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ʚʳʛʨʫʟʢʠ ʙʨʠʢʝʪʦʚ ʥʘ ʵʩʪʘʢʘʜʝ ʨʫʜʥʦʛʦ ʜʚʦʨʘ ʜʦʤʝʥʥʦʛʦ ʮʝʭʘ ʩ ʙʦʣʴʰʦʡ ʚʳʩʦ-

ʪʳ ʦʥʠ ʩʦʭʨʘʥʠʣʠ ʢʫʩʢʦʚʘʪʦʩʪʴ (ʥʝ ʤʝʥʝʝ 10 ʤʤ) ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʦʜʝʨʞʘʣʠ 

ʚʨʝʜʥʦʡ ʧʳʣʝʚʠʜʥʦʡ ʬʨʘʢʮʠʠ. 

ɿʘʛʨʫʟʢʘ  ʙʨʠʢʝʪʦʚ ʚ ʜʦʤʝʥʥʫʶ ʧʝʯʴ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦ 

(ʟʘ ʚʨʝʤʷ ʥʝ ʙʦʣʝʝ 4-ʭ ʯʘʩʦʚ). ʈʫʜʥʘʷ ʯʘʩʪʴ ʰʠʭʪʳ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʩʦʩʪʦʷʣʘ ʠʟ 

ʜʚʫʭ ʚʘʛʦʥʝʪʦʢ ʩ ʦʢʘʪʳʰʘʤʠ ʠ ʦʜʥʦʡ ï ʩ ʙʨʠʢʝʪʘʤʠ. ɿʘʚʦʜʩʢʦʡ ʢʦʥʪʨʦʣʴ ʟʘ ʨʘ-

ʙʦʪʦʡ ʜʦʤʝʥʥʦʡ ʧʝʯʠ ʚ ʧʝʨʠʦʜ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʝ ʧʦʢʘʟʘʣ ʫʭʫʜʰʝʥʠʷ 

ʭʦʜʘ ʜʦʤʝʥʥʦʡ ʧʣʘʚʢʠ ʠ ʫʚʝʣʠʯʝʥʠʷ ʚʳʥʦʩʘ ʧʳʣʠ. ʉʦʩʪʘʚ ʯʫʛʫʥʘ ʥʘ ʧʨʦʪʷʞʝ-

ʥʠʠ ʚʩʝʛʦ ʝʛʦ ʚʳʧʫʩʢʘ ʚ ʧʝʨʠʦʜ ʧʨʦʧʣʘʚʢʠ ʙʨʠʢʝʪʦʚ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʜʝʡʩʪʚʫʶ-

ʱʠʤ ʥʘ ɹʄʂ ʪʨʝʙʦʚʘʥʠʷʤ. 

ʋʯʠʪʳʚʘʷ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʠʩʪʦʱʝʥʠʝ ʟʘʧʘ-

ʩʦʚ ʩʦʙʩʪʚʝʥʥʳʭ ʢʫʩʢʦʚʳʭ ʨʫʜ ʊʫʢʘʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʥʘ ɹʄʂ ʚ 2001 ʛʦʜʫ 

ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʧʨʦʤʳʰʣʝʥʥʦʡ ʬʘʙʨʠʢʠ ʠ ʦʨʛʘʥʠʟʘʮʠʠ 

ʥʘ ʙʘʟʝ ʩʦʙʩʪʚʝʥʥʳʭ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʭ ʦʪʭʦʜʦʚ, ʨʫʜʥʦʡ ʤʝʣʦʯʠ ʠ ʧʦʨʦʰʢʦʚʳʭ 

ʨʫʜ ʧʨʦʠʟʚʦʜʩʪʚʘ 80-100 ʪʳʩ. ʪ ʨʫʜʥʳʭ ʙʨʠʢʝʪʦʚ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʨʫʜʥʳʭ ʙʨʠ-

ʢʝʪʦʚ ʚ ʧʨʦʝʢʪʝ ʬʘʙʨʠʢʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʣʘʩʴ ʫʩʪʘʥʦʚʢʘ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʳʭ (ʜʦ 50 ʪ/ʯ) ʚʘʣʴʮʝʚʳʭ ʧʨʝʩʩʦʚ ʬʠʨʤʳ çʉʧʘʡʜʝʨʤʘʰè (ɽʢʘʪʝʨʠʥʙʫʨʛ). 

ʆʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʡ ʚʘʨʠʘʥʪ ʵʪʠʭ ʧʨʝʩʩʦʚ ʩ ʙʘʥʜʘʞʘʤʠ ʢʣʘʩʩʠʯʝʩʢʦʡ ʢʦʥ-

ʩʪʨʫʢʮʠʠ (ʜʣʷ ʧʦʣʫʯʝʥʠʷ  ʧʦʜʫʰʢʦʦʙʨʘʟʥʳʭ ʙʨʠʢʝʪʦʚ) ʠ ʞʝʣʦʙʯʘʪʦ-ʟʫʙʯʘʪʳʤʠ 

ʧʨʦʰʝʣ ʚʩʝʩʪʦʨʦʥʥʠʝ ʠ ʫʩʧʝʰʥʳʝ ʠʩʧʳʪʘʥʠʷ ʥʘ çɹʄʂè. 

ɺʳʚʦʜʳ 

1. ʂʘʢ ʤʝʪʦʜ ʧʦʜʛʦʪʦʚʢʠ ʢ ʜʦʤʝʥʥʦʡ ʧʣʘʚʢʝ ʞʝʣʝʟʦʨʫʜʥʦʛʦ ʩʳʨʴʷ ʙʨʠ-

ʢʝʪʠʨʦʚʘʥʠʝ ʠʤʝʝʪ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʦʢʫʩʢʦʚʘʥʠʷ 

(ʘʛʣʦʤʝʨʘʮʠʝʡ ʠ ʦʢʘʪʳʚʘʥʠʝʤ) ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ: ʧʨʦʩʪʦʪʘ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ 

ʛʠʙʢʦʩʪʴ ʧʨʦʮʝʩʩʘ ʦʢʫʩʢʦʚʘʥʠʷ;  ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʨʫʜʥʳʭ ʙʨʠʢʝʪʦʚ ʢʘʢ ʰʠʭ-

ʪʳ; ʥʠʟʢʠʝ ʢʘʧʚʣʦʞʝʥʠʷ ʠ ʨʘʩʭʦʜʳ ʧʦ ʧʝʨʝʜʝʣʫ; ʙʝʟʦʪʭʦʜʥʦʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʯʠʩʪʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ. 
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2. ʇʨʝʜʣʘʛʘʝʤʳʝ ʪʝʭʥʦʣʦʛʠʠ çʭʦʣʦʜʥʦʛʦè ʙʨʠʢʝʪʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʥʝʜʦʨʦʛʠʭ ʠ ʧʦʣʝʟʥʳʭ ʜʣʷ ʜʦʤʝʥʥʦʡ ʧʣʘʚʢʠ ʩʚʷʟʫʶʱʠʭ ï ʠʟʚʝʩʪʴ ʠ ʫʛ-

ʣʝʨʦʜʦʩʦʜʝʨʞʘʱʠʝ, ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʫʧʨʦʯʥʷʶʱʝʡ ʦʙʨʘʙʦʪʢʦʡ ʦʙʝʩʧʝʯʠ-

ʚʘʶʪ ʧʦʣʫʯʝʥʠʝ ʙʨʠʢʝʪʦʚ ʥʝʜʦʨʦʛʠʭ ʠ ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʜʦʤʝʥʥʦʡ ʧʣʘʚʢʠ ʢʘ-

ʯʝʩʪʚʘ. 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ʈʫʪʢʦʚʩʢʠʡ ɺ.ɺ. ʈʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʦʬʣʶʩʦʚʘʥʥʳʭ ʫʛ-

ʣʝʨʦʜʦʩʦʜʝʨʞʘʱʠʭ ʙʨʠʢʝʪʦʚ ʩ ʚʳʩʦʢʠʤʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɸʚ-

ʪʦʨʝʬ. ʜʠʩ. é ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ, 1985. 26 ʩ. 

2. ʊʶʨʝʥʢʦʚ ʅ.ʊ. ɹʨʠʢʝʪʠʨʦʚʘʥʠʝ ʨʫʜ. ʄ: ʄʝʪʘʣʣʫʨʛʠʟʜʘʪ, 1948. 128 ʩ. 
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ʊ.ʄ. ʅʘʩʳʨʦʚ, ɺ.ʅ. ʃʝʪʠʤʠʥ 

ʌɻɹʆʋ ɺʇʆ çʄʘʛʥʠʪʦʛʦʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ  

ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘè 

ʆʊʍʆɼʓ ʄɽʊɸʃʃʋʈɻʀʏɽʉʂʀʍ ʇʈɽɼʇʈʀʗʊʀʁ  

ʖɾʅʆɻʆ ʋʈɸʃɸ ʀ ʇʈʆɹʃɽʄɸ ʀʍ ʋʊʀʃʀɿɸʎʀʀ 

ʅʘ ʄʄʂ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʝʞʝʛʦʜʥʦ ʛʘʟʦʦʯʠʩʪʢʘʤʠ ʩʪʘʣʝʧʣʘʚʠʣʴʥʳʭ 

ʠ ʜʦʤʝʥʥʳʭ ʮʝʭʦʚ ʫʣʘʚʣʠʚʘʝʪʩʷ ʩʚʳʰʝ ʧʦʣʫʤʠʣʣʠʦʥʘ ʪʦʥʥ ʰʣʘʤʦʚ ʠ ʧʳʣʝʡ. 

ɻʣʘʚʥʦʡ ʦʙʲʝʢʪʠʚʥʦʡ ʧʨʠʯʠʥʦʡ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʭ ʚ 

ʩʦʙʩʪʚʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʚ ʥʠʭ ʮʠʥʢʘ. ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʩʧʦʩʦʙʘ ʨʝʮʠʢʣʠʥʛʘ ʞʝʣʝʟʦ-

ʮʠʥʢʦʩʦʜʝʨʞʘʱʠʭ ʧʳʣʠ ʠ ʰʣʘʤʘ ʚ ʧʨʦʮʝʩʩʳ ʚʳʧʣʘʚʢʠ ʩʪʘʣʠ: ʧʫʪʝʤ ʚʜʫʚʘʥʠʷ 

ʠʭ ʚ ʤʝʪʘʣʣ ʩʪʨʫʝʡ ʛʘʟʘ-ʥʦʩʠʪʝʣʷ ʠ ʚ ʦʢʫʩʢʦʚʘʥʥʦʤ ʚʠʜʝ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚ-

ʥʳʤ ʩʧʦʩʦʙʦʤ ʦʢʫʩʢʦʚʘʥʠʷ ʧʦʩʣʝʜʥʠʭ ʷʚʣʷʝʪʩʷ ʠʭ ʙʨʠʢʝʪʠʨʦʚʘʥʠʝ ʩ ʧʨʝʜʚʘʨʠ-

ʪʝʣʴʥʳʤ ʦʙʝʩʮʠʥʢʦʚʘʥʠʝʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʪʠʣʠʟʘʮʠʷ, ʨʝʮʠʢʣʠʥʛ, ʙʨʠʢʝʪʠʨʦʚʘʥʠʝ,  

ʦʙʝʩʮʠʥʢʦʚʘʥʠʝ. 

ɹʦʣʴʰʠʝ ʫʩʧʝʭʠ ʥʘ ʖʞʥʦʤ ʋʨʘʣʝ ʜʦʩʪʠʛʥʫʪʳ ʚ ʫʤʝʥʴʰʝʥʠʠ ʟʘʛʨʷʟʥʝ-

ʥʠʷ ʘʪʤʦʩʬʝʨʳ, ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʤʳʰʣʝʥʥʳʭ ʚʳʙʨʦʩʦʚ ʟʘ ʧʦʩʣʝʜʥʠʝ 20 ʣʝʪ ʩʦ-

ʢʨʘʪʠʣʦʩʴ ʚ ʜʚʘ ʨʘʟʘ. ɿʥʘʯʠʪʝʣʴʥʦ ʭʫʞʝ ʦʙʩʪʦʠʪ ʜʝʣʦ ʩ ʥʝʡʪʨʘʣʠʟʘʮʠʝʡ ʚʨʝʜ-

ʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ (ʧʦʯʚʫ ʠ ʚʦʜʫ) ʪʚʝʨʜʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʦʪʭʦʜʦʚ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ ʥʘ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʚ ʦʛʨʦʤʥʳʭ 

ʢʦʣʠʯʝʩʪʚʘʭ ʠ ʫʪʠʣʠʟʠʨʫʶʪʩʷ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ. ʊʘʢ, ʪʦʣʴʢʦ ʚ ʋʨʘʣʴʩʢʦʤ 

ʨʝʛʠʦʥʝ ʠʭ ʝʞʝʛʦʜʥʦʝ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʦ ʧʨʝʚʳʰʘʝʪ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ  

120 ʤʣʥ ʪ, ʠʟ ʢʦʪʦʨʳʭ 75% ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʖʞʥʳʡ ʋʨʘʣ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʷʭ ʏʝʣʷʙʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ʫʞʝ ʥʘʢʦʧʠʣʦʩʴ 4 ʤʣʨʜ ʪ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʦʪʭʦʜʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʫʱʝʥʳ ʥʘ ʧʝʨʝʨʘʙʦʪʢʫ. ɺ ʮʝʣʦʤ, ʚ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʫʞʝ ʥʘʢʦʧʣʝʥʦ ʧʦʨʷʜʢʘ 100-120 ʤʣʨʜ ʪ ʪʚʝʨʜʳʭ ʦʪʭʦʜʦʚ ʠ ʝʞʝʛʦʜ-
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ʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʦʩʧʨʦʠʟʚʦʜʠʪʩʷ ʝʱʝ 5-7 ʤʣʨʜ ʪ. ʀʟ ʥʠʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, 

ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ, ʠʩʧʦʣʴʟʫʝʪʩʷ 2 ʤʣʨʜ ʪ (ʚ ʦʩʥʦʚʥʦʤ ʵʪʦ ʩʪʘʣʝʧʣʘʚʠʣʴ-

ʥʳʝ ʠ ʜʦʤʝʥʥʳʝ ʰʣʘʢʠ). ʆʩʪʘʣʴʥʳʝ ʤʝʣʢʠʝ ʠ ʦʩʦʙʝʥʥʦ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʝ (ʥʘ-

ʧʨʠʤʝʨ, ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʝ ʰʣʘʤʳ ʠ ʧʳʣʠ ʛʘʟʦʦʯʠʩʪʦʢ ʩʪʘʣʝʧʣʘʚʠʣʴʥʳʭ ʠ 

ʜʦʤʝʥʥʳʭ ʮʝʭʦʚ) ʧʦ ʨʘʟʥʳʤ ʧʨʠʯʠʥʘʤ ʫʪʠʣʠʟʠʨʫʶʪʩʷ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʠ 

ʚ ʦʩʥʦʚʥʦʤ ʠʜʫʪ ʚ ʦʪʚʘʣʳ, ʰʣʘʤʦʥʘʢʦʧʠʪʝʣʠ ʠ ʨʘʟʣʠʯʥʳʝ ʦʪʩʪʦʡʥʠʢʠ ʠʣʠ 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʟʘʭʦʨʦʥʝʥʠʶ. ʕʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʧʦʪʝʨʝʡ ʮʝʥʥʦʛʦ 

ʩʳʨʴʷ ʜʣʷ ʩʦʙʩʪʚʝʥʥʦʛʦ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʠ ʜʨʫʛʠʭ ʧʨʦʠʟʚʦʜʩʪʚ, ʥʦ ʠ ʧʨʠʚʦ-

ʜʠʪ ʢ ʠʟʲʷʪʠʶ ʠʟ ʦʙʦʨʦʪʘ ʙʦʣʴʰʠʭ ʧʣʦʱʘʜʝʡ, ʟʘʛʨʷʟʥʝʥʠʶ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝ-

ʜʳ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʧʦʪʝʨʷʤ (ʧʦ ʜʘʥʥʳʤ 

ʟʘʨʫʙʝʞʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʙʦʣʝʝ 100 $ ʥʘ ʪʦʥʥʫ ʦʪʭʦʜʦʚ). 

ʅʘ ʄʄʂ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʝʞʝʛʦʜʥʦ ʛʘʟʦʦʯʠʩʪʢʘʤʠ ʩʪʘʣʝʧʣʘʚʠʣʴʥʳʭ ʠ 

ʜʦʤʝʥʥʳʭ ʮʝʭʦʚ ʫʣʘʚʣʠʚʘʝʪʩʷ ʩʚʳʰʝ ʧʦʣʫʤʠʣʣʠʦʥʘ ʪʦʥʥ ʰʣʘʤʦʚ ʠ ʧʳʣʝʡ, ʠʟ 

ʢʦʪʦʨʳʭ ʫʪʠʣʠʟʠʨʫʝʪʩʷ ʚ ʘʛʣʦʜʦʤʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʥʝ ʙʦʣʝʝ 50%. ʉʪʘʣʝʧʣʘ-

ʚʠʣʴʥʳʝ ʰʣʘʤʳ ʠ ʧʳʣʠ, ʥʘʠʙʦʣʝʝ ʙʦʛʘʪʳʝ ʞʝʣʝʟʦʤ, ʠʜʫʪ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ ʚ 

ʰʣʘʤʦʥʘʢʦʧʠʪʝʣʠ ʠʣʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʟʘʭʦʨʦʥʝʥʠʶ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ 

ʪʦʣʴʢʦ ʚ ʣʝʚʦʙʝʨʝʞʥʦʤ ʰʣʘʤʦʦʪʩʪʦʡʥʠʢʝ ʠ ʛʠʜʨʦʦʪʚʘʣʝ ʥʘʢʦʧʠʣʦʩʴ ʧʦʨʷʜʢʘ  

4 ʤʣʥ ʪ ʙʦʛʘʪʳʭ ʞʝʣʝʟʦʤ (50-60% Fe) ʰʣʘʤʦʚ ʠ ʚ ʰʣʘʤʦʭʨʘʥʠʣʠʱʝ ˉ2 ï ʩʚr-

ʰʝ 12 ʤʣʥ ʪ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 30% Fe. 

ɻʣʘʚʥʦʡ ʦʙʲʝʢʪʠʚʥʦʡ ʧʨʠʯʠʥʦʡ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʭ ʰʣʘʤʦʚ ʠ ʧʳʣʠ ʚ ʩʦʙʩʪʚʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʝʪʘʣʣʫʨʛʠʯʝ-

ʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʝ (ʩ ʪʝʥʜʝʥʮʠʝʡ ʫʚʝʣʠʯʝʥʠʷ) ʩʦʜʝʨʞʘʥʠʝ ʚ 

ʥʠʭ ʮʠʥʢʘ. ʉʦʜʝʨʞʘʥʠʝ ʧʦʩʣʝʜʥʝʛʦ ʚʳʰʝ 0,3-0,5% ʜʝʣʘʝʪ ʥʝʚʦʟʤʦʞʥʳʤ ʠʭ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʚ ʜʦʤʝʥʥʦʡ ʧʣʘʚʢʝ (ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʞʝʣʝʟʦʨʫʜʥʳʭ ʦʢʘʪʳʰʝʡ ʠ ʘʛ-

ʣʦʤʝʨʘʪʘ ʜʣʷ ʥʝʝ). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʢʦʣʠʯʝʩʪʚʦ ʮʠʥʢʘ ʚ ʰʣʘʤʘʭ (ʧʳʣʠ) ʢʠʩʣʦʨʦʜ-

ʥʦ-ʢʦʥʚʝʨʪʝʨʥʳʭ ʮʝʭʦʚ ʫʞʝ ʩʝʡʯʘʩ  ʧʨʝʚʳʰʘʝʪ 1,0%. ʆʩʦʙʝʥʥʦ ʤʥʦʛʦ ʮʠʥʢʘ 

(ʜʦ 20-35%) ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʧʳʣʠ ʛʘʟʦʦʯʠʩʪʦʢ ʵʣʝʢʪʨʦʩʪʘʣʝʧʣʘʚʠʣʴʥʳʭ ʮʝʭʦʚ. 

ʅʘʠʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʨʘʢʪʠʢʝ ʦʙʝʩʮʠʥʢʦʚʘʥʠʷ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʭ ʧʳʣʝʡ 

ʠ ʰʣʘʤʦʚ ʧʝʨʝʜ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʘʛʣʦʜʦʤʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʦʣʫʯʠʣʠ 

ʧʠʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʝ ʩʧʦʩʦʙʳ, ʩʦʯʝʪʘʶʱʠʝ ʧʨʦʮʝʩʩʳ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʚʦʩʩʪʘ-
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ʥʦʚʣʝʥʠʷ ʦʢʩʠʜʦʚ ʫʛʣʝʨʦʜʦʩʦʜʝʨʞʘʱʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ (ʢʦʢʩ ʠʣʠ ʫʛʦʣʴ) ʩ ʚʦʟ-

ʛʦʥʢʦʡ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʮʠʥʢʘ, ʩʚʠʥʮʘ ʠ ʜʨʫʛʠʭ ʣʝʪʫʯʠʭ ʧʨʠʤʝʩʝʡ (ʘʥʘʣʦʛ ʩʧʦ-

ʩʦʙʘ çɺʝʣʴʮ-ʧʨʦʮʝʩʩè ʚ ʮʚʝʪʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ). ɼʦʩʪʦʠʥʩʪʚʦʤ ʧʠʨʦʤʝʪʘʣʣʫʨʛʠ-

ʯʝʩʢʠʭ ʩʧʦʩʦʙʦʚ ʦʙʝʩʮʠʥʢʦʚʘʥʠʷ ʧʳʣʝʡ ʠ ʰʣʘʤʦʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠ-

ʷʪʠʡ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʫʜʘʣʝʥʠʷ ʮʠʥʢʘ ʠ 

ʩʚʠʥʮʘ (ʜʦ 75-90%) ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʧʦʣʫʯʝʥʠʝʤ ʤʝʪʘʣʣʠʟʠʨʦʚʘʥʥʦʛʦ ʞʝʣʝʟʦ-

ʩʦʜʝʨʞʘʱʝʛʦ ʧʨʦʜʫʢʪʘ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʯʫʛʫʥʘ ʠ ʩʪʘʣʠ. ʅʦ ʫ ʥʠʭ ʠʤʝʶʪʩʷ 

ʢʨʫʧʥʳʝ ʥʝʜʦʩʪʘʪʢʠ: ʩʣʦʞʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ ʠ ʩʠʩʪʝʤ ʫʣʘʚʣʠʚʘʥʠʷ 

ʧʳʣʠ;  ʙʦʣʴʰʠʝ ʢʘʧʠʪʘʣʴʥʳʝ ʟʘʪʨʘʪʳ, ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʠ ʨʘʩʭʦʜʳ ʧʦ ʧʝʨʝʜʝʣʫ; 

ʚʳʩʦʢʘʷ  ʧʠʨʦʬʦʨʥʦʩʪʴ (ʜʦ ʩʘʤʦʚʦʟʛʦʨʘʥʠʷ) ʧʦʣʫʯʘʝʤʦʛʦ ʤʝʪʘʣʣʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʜʫʢʪʘ (ʛʫʙʯʘʪʦʛʦ ʞʝʣʝʟʘ); ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ, 

ʟʘʯʘʩʪʫʶ, ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʝ ʦʩʪʘʪʦʯʥʦʝ (ʧʨʝʚʳʰʘʶʱʝʝ ʜʦʧʫʩʪʠʤʳʝ 0,5%) 

ʩʦʜʝʨʞʘʥʠʝ ʮʠʥʢʘ ʚ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʝʡ ʯʘʩʪʠ ʧʨʦʜʫʢʪʘ ʠ ʩʝʨʳ. ʀʟ-ʟʘ ʵʪʦʛʦ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʠʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʦʙʝʩʮʠʥʢʦʚʘʥʠʷ ʧʳʣʝʡ 

ʠ ʰʣʘʤʦʚ ʥʝʨʝʥʪʘʙʝʣʴʥʳ ʠ ʩʫʱʝʩʪʚʫʶʪ ʟʘ ʩʯʝʪ ʜʦʪʘʮʠʡ, ʚʳʜʝʣʷʝʤʳʭ ʥʘ ʟʘʱʠʪʫ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʇʦ ʜʘʥʥʳʤ ʢʨʫʧʥʝʡʰʝʡ ʩʪʘʣʝʣʠʪʝʡʥʦʡ ʢʦʤʧʘʥʠʠ çɻʘʤ-

ʙʫʨʛʝʨʰʪʘʣʴʚʝʨʢʝè (ʛ. ɻʘʤʙʫʨʛ, ɻʝʨʤʘʥʠʷ), ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʦʙʝʩʮʠʥʢʦʚʘʥʠʝ 

ʪʦʥʥʳ ʧʳʣʠ ʩ ʧʦʣʫʯʝʥʠʝʤ ʯʝʨʥʦʚʦʛʦ ʮʠʥʢʦʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ (ʜʦ 32% Zn) ʦʙʭʦ-

ʜʠʪʩʷ ʝʡ ʚ 100 ʝʚʨʦ.  

ɺʚʠʜʫ ʥʝʩʦʚʝʨʰʝʥʩʪʚʘ ʠ ʥʝʵʢʦʥʦʤʠʯʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʦʙʝʩ-

ʮʠʥʢʦʚʘʥʠʷ ʞʝʣʝʟʦ-ʮʠʥʢʦʩʦʜʝʨʞʘʱʠʭ ʧʳʣʠ ʠ ʰʣʘʤʦʚ, ʘ ʪʘʢʞʝ ʙʳʩʪʨʦʛʦ ʨʘʟʚʠ-

ʪʠʷ ʵʣʝʢʪʨʦʩʪʘʣʝʧʣʘʚʠʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʫʞʝʩʪʦʯʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʢ ʵʢʦʣʦ-

ʛʠʠ ʚ 70-ʭ ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʠʜʝʷ ʠ ʧʦʟʜʥʝʝ ʨʝʘʣʠʟʦ-

ʚʘʥʘ ʧʨʦʛʨʘʤʤʘ ʨʝʮʠʢʣʠʥʛʘ (ʚʦʟʚʨʘʪʘ) ʞʝʣʝʟʦ-ʮʠʥʢʦʩʦʜʝʨʞʘʱʠʭ ʧʳʣʝʡ ʠ ʰʣʘ-

ʤʦʚ ʚ ʩʦʙʩʪʚʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʙʝʟ ʧʨʝʜʚʘʨʠ-

ʪʝʣʴʥʦʛʦ ʠʭ ʦʙʝʩʮʠʥʢʦʚʘʥʠʷ. ʆʩʥʦʚʥʳʤ ʦʙʲʝʢʪʦʤ ʨʝʮʠʢʣʠʥʛʘ ʷʚʣʷʶʪʩʷ ʩʪʘʣʝ-

ʧʣʘʚʠʣʴʥʳʝ ʘʛʨʝʛʘʪʳ, ʛʜʝ ʧʦ ʧʨʠʯʠʥʝ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʧʨʦʮʝʩʩʘ ʚʨʝʜ-

ʥʦʛʦ ʚʣʠʷʥʠʷ ʮʠʥʢʘ (ʢʘʢ ʚ ʜʦʤʝʥʥʦʡ ʧʝʯʠ) ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʂʘʢ ʧʦʢʘʟʘʣʘ ʧʨʘʢ-

ʪʠʢʘ, ʚʦʟʚʨʘʪ ʧʳʣʠ ʠ ʰʣʘʤʦʚ ʛʘʟʦʦʯʠʩʪʦʢ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʮʝʭʦʚ ʚ ʩʪʘʣʝʧʣʘ-

ʚʠʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʚ ʥʠʭ ʩʦʜʝʨʞʘʥʠʝ ʮʠʥʢʘ ʚ 6-10 ʨʘʟ (ʜʦ 
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50-65%). ʅʘ ʟʘʚʦʜʘʭ ʬʠʨʤ çʂʨʫʧʧè ʠ çɼɼʉè (ɻʝʨʤʘʥʠʷ) ʪʘʢʘʷ ʧʳʣʴ ʦʢʫʩʢʦʚʳ-

ʚʘʝʪʩʷ ʠ ʚ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʦʪʧʨʘʚʣʷʝʪʩʷ ʥʘ ʟʘʚʦʜʳ ʮʚʝʪʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ.  

ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʩʧʦʩʦʙʘ ʨʝʮʠʢʣʠʥʛʘ ʞʝʣʝʟʦ-ʮʠʥʢʦʩʦʜʝʨʞʘʱʠʭ ʧʳʣʠ ʠ 

ʰʣʘʤʘ ʚ ʧʨʦʮʝʩʩʳ ʚʳʧʣʘʚʢʠ ʩʪʘʣʠ: ʧʫʪʝʤ ʚʜʫʚʘʥʠʷ ʠʭ ʚ ʤʝʪʘʣʣ ʩʪʨʫʝʡ ʛʘʟʘ-

ʥʦʩʠʪʝʣʷ ʠ ʚ ʦʢʫʩʢʦʚʘʥʥʦʤ ʚʠʜʝ. ʈʝʮʠʢʣʠʥʛ ʧʳʣʠ ʩʫʭʠʭ ʛʘʟʦʦʯʠʩʪʦʢ ʵʣʝʢʪʨʦ-

ʜʫʛʦʚʳʭ ʧʝʯʝʡ ʧʫʪʝʤ ʝʝ ʠʥʞʝʢʮʠʠ ʚ ʩʦʙʩʪʚʝʥʥʳʡ ʧʨʦʮʝʩʩ ʚʳʧʣʘʚʢʠ ʩʪʘʣʠ ʥʘ 

100- ʠ 140-ʪʦʥʥʳʭ ɼʉʇ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʠʨʤʘʤʠ çKEPè (ɻʝʨʤʘʥʠʷ), çDDSè (ɼʘ-

ʥʠʷ) ʠ çʂ
ʦ 
ʉʪʠʣ ʐʠʨʥʝʩè (ɸʥʛʣʠʷ). ʋʯʠʪʳʚʘʷ ʥʝʥʘʜʝʞʥʦʩʪʴ ʧʥʝʚʤʦʩʠʩʪʝʤ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ ʚʚʦʜʘ ʧʳʣʠ ʚ ʤʝʪʘʣʣ ʩʪʨʫʝʡ ʛʘʟʘ-ʥʦʩʠʪʝʣʷ, ʬʠʨʤʦʡ 

çCʪʝʣʢʦè (ʂʘʥʘʜʘ, 1993-94 ʛʛ.) ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʝʝ ʧʦʜʘʯʝ ʚ 

ʧʣʘʚʠʣʴʥʳʡ ʘʛʨʝʛʘʪ ʚ ʦʢʫʩʢʦʚʘʥʥʦʤ ʚʠʜʝ. ʅʘ ʟʘʚʦʜʘʭ ʬʠʨʤʳ ʚ ʍʠʣʪʦʥʝ ʙʳʣʦ 

ʧʝʨʝʨʘʙʦʪʘʥʦ 50 ʪʳʩ. ʪ ʧʳʣʠ ʚ ʢʦʥʚʝʨʪʝʨʘʭ ʚʤʝʩʪʠʤʦʩʪʴʶ 150 ʪ ʠ ʚ ʃʝʡʢ-ʕʨʠ ï 

30 ʪʳʩ. ʪ ʰʣʘʤʦʚ ʩʦʙʩʪʚʝʥʥʳʭ ʛʘʟʦʦʯʠʩʪʦʢ ï ʚ 230-ʪʦʥʥʳʭ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʧʳʣʴ ʠ ʰʣʘʤ ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ ʦʢʫʩʢʦʚʘʥʠʶ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʙʨʠʢʝʪʠʨʦʚʘʥʠ-

ʝʤ ʠ ʤʝʪʦʜʦʤ ʵʢʩʪʨʫʜʠʨʦʚʘʥʥʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ. ʊʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʠ ʟʘʛʨʫʟʢʘ 

ʦʢʫʩʢʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʝ ʚʳʟʚʘʣʘ ʥʠʢʘʢʠʭ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʟʘʪʨʫʜʥʝʥʠʡ. 

ʕʢʩʪʨʫʜʠʨʦʚʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʧʦʜʘʚʘʣʠ ʚ ʮʝʭ ʚ ʤʝʰʢʘʭ, ʘ ʙʨʠʢʝʪʳ ï ʢʦʥʚʝʡʝʨʘ-

ʤʠ ʠ ʟʘʛʨʫʞʘʣʠ ʧʦ-ʨʘʟʥʦʤʫ: ʩ ʣʦʤʦʤ ʚ ʟʘʚʘʣʢʫ ʠʣʠ ʯʝʨʝʟ ʚʝʨʭʥʠʡ ʙʫʥʢʝʨ, ʜʦ ʠ 

ʧʦʩʣʝ ʩʣʠʚʘ ʯʫʛʫʥʘ ʠʣʠ ʚʤʝʩʪʝ ʩ ʩʳʧʫʯʠʤʠ. ɺ ʧʨʦʮʝʩʩʝ ʦʢʫʩʢʦʚʘʥʠ ̫ʜʣʷ ʢʦʤ-

ʧʝʥʩʘʮʠʠ ʪʝʧʣʦʚʳʭ ʧʦʪʝʨʴ ʚ ʩʤʝʩʴ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʵʢʩʪʨʫʜʠʨʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘ-

ʣʘ ʜʦʙʘʚʣʷʣʠ ʫʛʣʝʨʦʜʦʩʦʜʝʨʞʘʱʫʶ ʢʦʣʦʰʥʠʢʦʚʫʶ ʧʳʣʴ ʠ ʰʣʘʤ ʜʦʤʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ (ʧʦ 17% ʢʘʞʜʦʛʦ) ʠ ʙʨʠʢʝʪʦʚ ï ʢʦʢʩʦʚʫʶ ʤʝʣʦʯʴ (22%). ʇʨʠ ʣʶ-

ʙʦʤ ʚʘʨʠʘʥʪʝ ʧʦʜʘʯʠ ʚ ʢʦʥʚʝʨʪʝʨ ʦʢʫʩʢʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚʳʙʨʦʩʦʚ ʚʦ ʚʨʝʤʷ 

ʧʣʘʚʢʠ ʥʝ ʙʳʣʦ. ʋʨʦʚʝʥʴ ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʢʘʤʠʥʝ ʩʠʩʪʝʤʳ ʦʪʚʦʜʘ ʛʘʟʦʚ 

ʦʩʪʘʣʩʷ ʥʘ ʙʝʟʦʧʘʩʥʦʤ ʫʨʦʚʥʝ. ʉʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʠ ʬʦʩʬʦʨʘ ʚ ʤʝʪʘʣʣʝ ʙʳʣʦ  ʥʘ 

ʦʙʳʯʥʦʤ ʫʨʦʚʥʝ. ɿʘʤʢʥʫʪʳʡ ʮʠʢʣ ʧʝʨʝʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʧʝʯʥʦʡ ʧʳʣʠ ʦʩʫʱʝʩʪʚ-

ʣʷʝʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʟʘʚʦʜʘʭ ʬʠʨʤ çBethlehem Steelè, çBadcock and 

Wilcoxè, çEmpire-Detroit Steelè, çLASCOè, çARMCOè, ʛʜʝ ʵʣʝʢʪʨʦʧʝʯʥʘʷ ʧʳʣʴ 

ʜʦʙʘʚʣʷʝʪʩʷ ʚ ʰʠʭʪʫ ʚ ʚʠʜʝ ʦʢʘʪʳʰʝʡ ʠʣʠ ʙʨʠʢʝʪʦʚ. ʌʠʨʤʘ ñCrucible Steelò 

(ʉʐɸ) ʧʦʚʪʦʨʥʦ ʠʩʧʦʣʴʟʫʝʪ ʚʩʶ ʧʳʣʴ, ʦʙʨʘʟʫʶʱʫʶʩʷ ʚ ʵʣʝʢʪʨʦʩʪʘʣʝʧʣʘʚʠʣʴ-
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ʥʦʤ ʮʝʭʝ ʥʘ ʟʘʚʦʜʝ ʚ ʄʠʜʣʝʥʜʝ. ʅʘ ʵʪʦʤ ʟʘʚʦʜʝ ʚʳʧʣʘʚʣʷʶʪ ʣʝʛʠʨʦʚʘʥʥʫʶ 

ʩʪʘʣʴ. ʈʝʮʠʨʢʫʣʷʮʠʷ ʧʳʣʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʧʦʣʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʣʝʛʠ-

ʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʰʠʭʪʦʚʳʭ ʤʘʪʝʨʠʘʣʘʭ.  

ʕʬʬʝʢʪʠʚʥʦ ʚʦʟʚʨʘʪ ʞʝʣʝʟʦʮʠʥʢʦʩʦʜʝʨʞʘʱʠʭ ʰʣʘʤʦʚ ʠ ʧʳʣʝʡ ʚ ʩʪʘʣʝ-

ʧʣʘʚʠʣʴʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥ ʟʘ ʩʯʝʪ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʘ ʠʭ 

ʦʩʥʦʚʝ ʫʛʣʝʨʦʜʦʩʦʜʝʨʞʘʱʠʭ ʰʣʘʢʦʦʙʨʘʟʫʶʱʠʭ ʠ ʦʢʩʠʜʦ-ʫʛʦʣʴʥʳʭ ʦʢʫʩʢʦʚʘʥ-

ʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʝʨʚʳʝ ʧʦʟʚʦʣʷʶʪ ʨʘʜʠʢʘʣʴʥʦ ʫʣʫʯʰʠʪʴ ʧʨʦʮʝʩʩ ʰʣʘʢʦʦʙʨʘ-

ʟʦʚʘʥʠʷ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʦʚʳʩʠʪʴ ʩʪʦʡʢʦʩʪʴ ʬʫʪʝʨʦʚʢʠ ʧʣʘʚʠʣʴʥʳʭ ʘʛʨʝʛʘʪʦʚ, 

ʫʣʫʯʰʠʪʴ ʧʨʦʮʝʩʩʳ ʜʝʩʫʣʴʬʫʨʘʮʠʠ ʠ ʜʝʬʦʩʬʦʨʘʮʠʠ ʠ ʫʚʝʣʠʯʠʪʴ ʚʳʭʦʜ ʛʦʜʥʦʡ 

ʩʪʘʣʠ ʥʘ 1-2%. ʐʣʘʢʦʦʙʨʘʟʫʶʱʠʝ ʤʘʪʝʨʠʘʣʳ ʚ ʚʠʜʝ ʙʨʠʢʝʪʦʚ ʙʳʣʠ ʠʩʧʳʪʘʥʳ ʚ 

ʤʘʨʪʝʥʦʚʩʢʠʭ ʠ ʜʚʫʭʚʘʥʥʳʭ ʧʝʯʘʭ (ʄʄʂ ï 1961 ʠ 1988 ʛʛ., ʟʘʚʦʜ ʠʤ. ɼʟʝʨʞʠʥ-

ʩʢʦʛʦ ʠ çɸʟʦʚʩʪʘʣʴè) ʠ ʢʦʥʚʝʨʪʝʨʘʭ (ʟʘʚʦʜʳ ʠʤ. ʇʝʪʨʦʚʩʢʦʛʦ, çʂʨʠʚʦʨʦʞ-

ʩʪʘʣʴè ʠ ʄʄʂ ï 1995 ʛ.). ʀʩʩʣʝʜʦʚʘʥʠʷ, ʚʳʧʦʣʥʝʥʥʳʝ ɺʦʣʛʦʛʨʘʜʩʢʠʤ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʳʤ ʪʝʭʥʠʯʝʩʢʠʤ ʫʥʠʚʝʨʩʠʪʝʪʦʤ, ʠ ʦʧʳʪʥʳʝ ʧʣʘʚʢʠ ʥʘ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ 

ʧʨʝʜʧʨʠʷʪʠʷʭ çʂʨʘʩʥʳʡ ʆʢʪʷʙʨʴè ʠ ɹʝʣʦʨʫʩʩʢʦʤ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤ ʟʘʚʦʜʝ ʧʦ-

ʢʘʟʘʣʠ, ʯʪʦ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʝ ʦʢʩʠʜʦ-ʫʛʦʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʙʨʠʢʝʪʳ) ʤʦʛʫʪ 

ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʵʣʝʢʪʨʦʩʪʘʣʝʧʣʘʚʠʣʴʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʘʢ 

ʟʘʤʝʥʠʪʝʣʠ ʜʝʬʠʮʠʪʥʳʭ ʠ ʜʦʨʦʛʠʭ ʯʫʛʫʥʘ ʠ ʩʪʘʣʴʥʦʛʦ ʣʦʤʘ. 

ʂʘʢ ʰʣʘʢʦʦʙʨʘʟʫʶʱʠʝ, ʪʘʢ ʠ ʦʢʩʠʜʦ-ʫʛʣʝʨʦʜʠʩʪʳʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʢʫ-

ʩʢʦʚʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʝʦʙʭʦʜʠʤʦʛʦ ʩʦʩʪʘʚʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʪʦʣʴʢʦ ʙʨʠʢʝʪʠ-

ʨʦʚʘʥʠʝʤ. ʆʪʩʫʪʩʪʚʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʨʠʢʝʪʦʚ ʥʘ ʤʝʪʘʣʣʫʨʛʠʯʝ-

ʩʢʠʭ ʢʦʤʙʠʥʘʪʘʭ ʥʘ ʦʩʥʦʚʝ ʤʝʣʢʠʭ ʦʪʭʦʜʦʚ (ʭʦʪʷ ʧʦʧʳʪʢʠ ʜʝʣʘʣʠʩʴ ʜʘʚʥʦ ʠ 

ʚʝʟʜʝ) ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʧʨʝʧʷʪʩʪʚʠʝʤ ʥʘ ʧʫʪʠ ʚʥʝʜʨʝʥʠʷ ʨʝʮʠʢʣʠʥʛʘ ʞʝʣʝʟʦ-

ʮʠʥʢʦʩʦʜʝʨʞʘʱʠʭ ʦʪʭʦʜʦʚ ʚ ʧʨʘʢʪʠʢʫ ʩʪʘʣʝʧʣʘʚʠʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ɺ ʄɻʊʋ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʥʦʛʦʣʝʪʥʝʡ ʨʘʙʦʪʳ, ʚ ʦʩʥʦʚʥʦʤ ʥʘ ʄʄʂ ʠ ɹʄʂ, 

ʩʦʟʜʘʥʘ ʦʨʠʛʠʥʘʣʴʥʘʷ ʠ ʵʬʬʝʢʪʠʚʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʘʤʳʭ ʨʘʟʣʠʯ-

ʥʳʭ ʙʨʠʢʝʪʦʚ (ʰʣʘʢʦʦʙʨʘʟʫʶʱʠʭ ʠ ʦʢʩʠʜʦ-ʫʛʣʝʨʦʜʠʩʪʳʭ) ʠʟ ʩʘʤʳʭ ʨʘʟʣʠʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʤʝʣʢʠʭ ʦʪʭʦʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʫʚʣʘʞʥʝʥʠʷ (ʜʦ 

20% ʚʣʘʞʥʦʩʪʠ ï ʯʘʩʪʠʯʥʦ ʦʙʝʟʚʦʞʝʥʥʳʝ ʰʣʘʤʳ). ʊʝʭʥʦʣʦʛʠʷ ʧʨʦʰʣʘ ʦʧʳʪʥʦ-

ʧʨʦʤʳʰʣʝʥʥʫʶ ʧʨʦʚʝʨʢʫ ʥʘ ʰʪʝʤʧʝʣʴʥʳʭ ʧʨʝʩʩʘʭ ʦʛʥʝʫʧʦʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 



ïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïï ʉʧʝʮʠʘʣʴʥʳʡ ʚʳʧʫʩʢ 

ʂʘʣʠʙʨʦʚʦʯʥʦʝ ʙʶʨʦ (www.passdesign.ru). 2014. ɺr ʧʫʩʢ 3.1ïïïïïïïïïïïïïïïï24 

ʄʄʂ (1961, 1988 ʠ 1995 ʛʛ.), ʰʪʝʤʧʝʣʴʥʳʭ ʠ ʚʘʣʴʮʝʚʳʭ ʧʨʝʩʩʘʭ ʦʪʜʝʣʝʥʠʷ 

ʙʨʠʢʝʪʠʨʦʚʘʥʠʷ ʜʦʤʝʥʥʦʛʦ ʮʝʭʘ ɹʄʂ (1991 ʠ 2001 ʛʛ.). ɺʘʨʠʘʥʪ ʫʪʠʣʠʟʘʮʠʠ 

ʮʠʥʢʦ- ʠ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʭ ʰʣʘʤʦʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʮʝʭʦʚ ʩ ʧʦʣʫʯʝʥʠʝʤ 

ʰʣʘʢʦʦʙʨʘʟʫʶʱʠʭ ʙʨʠʢʝʪʦʚ ʜʣʷ ʩʪʘʣʝʧʣʘʚʠʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ 1984 ʛʦʜʫ 

ʧʨʦʰʝʣ ʵʢʩʧʝʨʪʠʟʫ ʚ ʛʦʣʦʚʥʦʤ, ʪʦʛʜʘ ʧʦ ʫʣʘʚʣʠʚʘʥʠʶ ʠ ʫʪʠʣʠʟʘʮʠʠ ʧʳʣʝʡ ʤʝ-

ʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʠʥʩʪʠʪʫʪʝ çɺʅʀʀʇʀʯʝʨʤʝʪʵʥʝʨʛʦʦʯʠʩʪʢʘè (ʛ. 

ʍʘʨʴʢʦʚ) ʠ ʧʦʣʫʯʠʣ ʦʜʦʙʨʝʥʠʝ. ʄʘʛʥʠʪʦʛʦʨʩʢʠʡ ɻʠʧʨʦʤʝʟ ʜʚʘʞʜʳ (1984 ʠ 

1991 ʛʛ.) ʜʝʣʘʣ ʧʨʦʝʢʪʥʫʶ ʧʨʦʨʘʙʦʪʢʫ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʰʣʘʢʦʦʙʨʘ-

ʟʫʶʱʠʭ ʙʨʠʢʝʪʦʚ ʥʘ ʦʩʥʦʚʝ ʤʝʣʢʠʭ ʦʪʭʦʜʦʚ (ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʝ ʄɻʊʋ) 

ʚ ʧʨʠʩʪʨʦʝ ʢ ʟʜʘʥʠʶ ʚʘʢʫʫʤ-ʬʠʣʴʪʨʘʮʠʦʥʥʦʡ ʫʩʪʘʥʦʚʢʠ (ɺʌʋ) ɻʆʇ ʄʄʂ. 

ʆʮʝʥʢʘ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʷ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʧʨʦʝʢʪʘ (ʦʨʛʘʥʠʟʘʮʠʶ 

ʧʨʦʠʟʚʦʜʩʪʚʘ 600-800 ʪʳʩ. ʪ ʙʨʠʢʝʪʦʚ) ʥʝ ʧʨʝʚʳʩʷʪ 60-80 ʤʣʥ ʨʫʙ., ʧʨʠ ʩʨʦʢʝ 

ʦʢʫʧʘʝʤʦʩʪʠ ʥʝ ʙʦʣʝʝ ʦʜʥʦʛʦ ʛʦʜʘ. ʆʨʛʘʥʠʟʘʮʠʷ ʫʯʘʩʪʢʘ (ʦʪʜʝʣʝʥʠʷ) ʙʨʠʢʝʪʠ-

ʨʦʚʘʥʠʷ, ʢʨʦʤʝ ʫʪʠʣʠʟʘʮʠʠ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʭ ʰʣʘʤʦʚ, ʧʦʟʚʦʣʠʪ ʚʝʨʥʫʪʴ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʫʪʠʣʠʟʠʨʦʚʘʪʴ ʩ ʙʦʣʴʰʠʤ ʵʬʬʝʢʪʦʤ ʜʨʫʛʠʝ ʤʝʣʢʠʝ ʦʪʭʦʜʳ. ɹʦ-

ʣʝʝ ʪʦʛʦ, 26.06.1995 ʛ. ʥʘ ʟʘʩʝʜʘʥʠʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʚʝʪʘ ʄʄʂ ʙʳʣʦ ʧʨʠʥʷʪʦ 

ʨʝʰʝʥʠʝ çéʦ ʧʨʠʤʝʥʝʥʠʠ ʥʘ ʆɸʆ çʄʄʂè ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʰʣʘʢʦʦʙ-

ʨʘʟʫʶʱʠʭ ʙʨʠʢʝʪʦʚé ʚ ʧʨʦʛʨʘʤʤʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 3-ʛʦ ʢʦʥʚʝʨʪʝʨʘéè. ʅʘ ɹʄʂ 

ʚ 1995 ʛʦʜʫ ʧʦ ʥʘʰʝʡ ʪʝʭʥʦʣʦʛʠʠ ʙʳʣʘ ʥʘʯʘʪʘ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʦʛʥʝʫʧʦʨʥʦʛʦ ʮʝ-

ʭʘ ʩ ʮʝʣʴʶ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʥʝʤ 1 ʤʣʥ ʪ ʨʫʜʥʳʭ ʙʨʠʢʝʪʦʚ ʥʘ ʦʩʥʦʚʝ 

ʦʪʩʝʚʦʚ ʨʫʜʥʦʡ ʤʝʣʦʯʠ ʠ ʧʦʨʦʰʢʦʚʳʭ ʦʭʨʠʩʪʳʭ ʨʫʜ ʊʫʢʘʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝ-

ʥʠʷ ʠ ʤʝʣʢʠʭ ʦʪʭʦʜʦʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʝʨʝʜʝʣʘ. ʅʦ ʧʦ ʨʷʜʫ ʦʙʲʝʢʪʠʚʥʳʭ ʠ 

ʩʫʙʲʝʢʪʠʚʥʳʭ ʧʨʠʯʠʥ ʥʘ ʪʦʪ ʤʦʤʝʥʪ ʧʨʦʝʢʪʳ ʥʝ ʙʳʣʠ ʨʝʘʣʠʟʦʚʘʥʳ. 

ʈʝʘʣʠʟʘʮʠʷ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʪʨʝʙʫʝʪ, ʢʘʢ ʧʦʢʘʟʘʣʘ ʤʠʨʦ-

ʚʘʷ ʧʨʘʢʪʠʢʘ, ʟʥʘʯʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʠ ʬʠʥʘʥʩʦʚʳʭ ʟʘʪʨʘʪ ʠ ʟʘʯʘʩʪʫʶ ʷʚ-

ʣʷʝʪʩʷ ʜʣʷ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʫʙʳʪʦʯʥʳʤ ʜʝʣʦʤ. ʋʯʠʪʳʚʘʷ ʵʪʦ, 

ʚʧʝʨʚʳʝ ʄʠʥʠʩʪʝʨʩʪʚʦʤ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʏʝʣʷʙʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ʙʳʣʘ ʨʘʟʨʘʙʦ-

ʪʘʥʘ ʧʨʦʛʨʘʤʤʘ çʇʝʨʝʨʘʙʦʪʢʘ ʦʪʭʦʜʦʚ ʏʝʣʷʙʠʥʩʢʦʡ ʦʙʣʘʩʪʠè ʥʘ 2012-2015 ʛʛ., 

ʢʦʪʦʨʘʷ  ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʩʦʟʜʘʥʠʝ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʧʨʠʚʣʝʯʝʥʠʷ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʠʥʚʝʩʪʠʮʠʡ ʚ ʩʬʝʨʫ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ ʠ ʩʪʠ-
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ʤʫʣʠʨʦʚʘʥʠʝ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ ʜʣʷ ʨʝʰʝʥʠʷ 

ʵʪʦʡ ʟʘʜʘʯʠ. ɿʘʢʦʥʦʜʘʪʝʣʴʥʦʤʫ ʩʦʙʨʘʥʠʶ ʦʙʣʘʩʪʠ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʨʘʩʩʤʦʪʨʝʪʴ 

ʚʦʧʨʦʩ ʦ ʚʥʝʩʝʥʠʠ ʠʟʤʝʥʝʥʠʡ ʚ ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ çʆʙ ʦʭʨʘʥʝ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳè ʧʦ ʵʢʦʥʦʤʠʯʝʩʢʦʤʫ ʩʪʠʤʫʣʠʨʦʚʘʥʠʶ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨ ʜʣʷ ʧʨʦʤ-

ʧʨʝʜʧʨʠʷʪʠʡ, ʘ ʦʙʣʘʩʪʥʦʤʫ ʧʨʘʚʠʪʝʣʴʩʪʚʫ ʧʨʦʨʘʙʦʪʘʪʴ ʚʦʧʨʦʩ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ 

ʜʣʷ ʵʪʦʛʦ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʢʨʝʜʠʪʦʚ ʠ ʥʘʣʦʛʦʚʳʭ ʣʴʛʦʪ. ɺ ʯʘʩʪʥʦʩʪʠ, ʙʳʣʦ 

ʧʨʝʜʣʦʞʝʥʦ ʟʘʪʨʘʪʳ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʚʢʣʶʯʠʪʴ ʚ 

ʩʯʝʪ ʚʩʝʡ ʩʫʤʤʳ ʧʣʘʪʳ ʟʘ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʏʝʣʷʙʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʄʘʛʥʠʪʦʛʦʨ-

ʩʢʝ, ʛʜʝ ʨʘʙʦʪʘ ʙʳʣʘ ʥʘʯʘʪʘ ʨʘʥʴʰʝ ʚʩʝʭ (ʚ 1960 ʛ.), ʩʣʦʞʠʣʠʩʴ ʙʣʘʛʦʧʨʠʷʪʥʳʝ 

ʫʩʣʦʚʠʷ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʫʪʠʣʠʟʘʮʠʠ ʚʨʝʜʥʳʭ ʦʪʭʦʜʦʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ 

ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʣʠʢʚʠʜʘʮʠʠ ʟʘʛʨʷʟʥʝʥʠʷ ʠʤʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ: ʠʤʝʶʪʩʷ ʥʝ-

ʦʙʭʦʜʠʤʳʝ ʢʘʜʨʳ (ʥʘʫʯʥʳʡ ʧʦʪʝʥʮʠʘʣ) ʩ ʤʥʦʛʦʣʝʪʥʠʤ ʦʧʳʪʦʤ ʨʘʙʦʪʳ ʠ ʢʦʥ-

ʢʨʝʪʥʳʝ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʨʘʟʨʘʙʦʪʢʠ, ʢʦʪʦʨʳʝ ʧʨʦʰʣʠ ʦʧʳʪʥʦ-

ʧʨʦʤʳʰʣʝʥʥʫʶ ʧʨʦʚʝʨʢʫ ʠ ʧʨʦʝʢʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʫʶ ʧʨʦʨʘʙʦʪʢʫ, ʦʧʨʝʜʝʣʝ-

ʥʳ ʧʫʪʠ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ. ʆʩʪʘʣʦʩʴ ʥʝʤʥʦʛʦ, ʥʦ ʙʝʟ ʯʝʛʦ ʥʝʣʴʟʷ ʨʝʰʠʪʴ ʵʪʫ ʧʝ-

ʨʝʟʨʝʚʰʫʶ ʧʨʦʙʣʝʤʫ, ʵʪʦ ï çʧʦʣʠʪʠʯʝʩʢʘʷè ʚʦʣʷ. 
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ʊ.ʄ. ʅʘʩʳʨʦʚ, ɺ.ɻ. ɼʨʫʞʢʦʚ 

ʌɻɹʆʋ ɺʇʆ çʄʘʛʥʠʪʦʛʦʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ  

ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘè 

ʇʆʃʋʏɽʅʀɽ ɸɻʃʆʄɽʈɸʊɸ ʀɿ ʄʀʅʀʆʂɸʊʓʐɽʁ 

ɺ ʃɸɹʆʈɸʊʆʈʅʓʍ ʋʉʃʆɺʀʗʍ  

ʌɻɹʆʋ ɺʇʆ çʄɻʊʋ ʀʄ. ɻ.ʀ. ʅʆʉʆɺɸè 

ɺ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʌɻɹʆʋ ɺʇʆ ʄɻʊʋ ʠʤ. ʅʦʩʦʚʘ ʧʨʦʚʝʜʝʥʳ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʧʦ ʧʦʣʫʯʝʥʠʶ ʛʠʙʨʠʜʥʦʛʦ ʘʛʣʦʤʝʨʘʪʘ ʧʦ ʧ̫ʦʥʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ. ʈʝ-

ʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʚʳʩʦʪʳ ʩʧʝʢʘʝʤʦʛʦ 

ʩʣʦʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʢʦʤʢʦʚʘʥʠʝ, ʩʧʝʢʘʥʠʝ, ʛʠʙʨʠʜʥʳʡ ʘʛʣʦʤʝʨʘʪ. 

ɺʚʠʜʫ ʠʩʪʦʱʝʥʠʷ ʢʨʫʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʞʝʣʝʟʥʳʭ ʨʫʜ ʚ ʋʨʘʣʴʩʢʦʤ 

ʧʨʦʤʳʰʣʝʥʥʦʤ ʨʝʛʠʦʥʝ ʩ ʝʛʦ ʤʦʱʥʳʤ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʤ ʧʨʦʠʟʚʦʜʩʪʚʦʤ 

ʧʨʦʙʣʝʤʘ ʩʥʘʙʞʝʥʠʷ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʟʘʚʦʜʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʝʰʝʚʳʤ ʠ 

ʢʘʯʝʩʪʚʝʥʥʳʤ ʞʝʣʝʟʦʨʫʜʥʳʤ ʩʳʨʴʝʤ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʙʦʩʪʨʠʣʘʩʴ. ɿʜʝʩʴ ʠʤʝʝʪʩʷ ʨʷʜ ʟʥʘʯʠʪʝʣʴʥʳʭ ʠ ʥʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʙʝʜʥʳʭ ʨʫʜ. 

ʇʨʠ ʦʙʦʛʘʱʝʥʠʠ ʪʘʢʠʭ ʨʫʜ ʧʦʣʫʯʘʶʪ ʬʨʘʢʮʠʶ 0,074 ʤʤ. ʇʦʵʪʦʤʫ 

ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤ ʦʢʫʩʢʦʚʘʥʠʷ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ 

ʧʨʦʮʝʩʩʦʤ ʚ ʫʩʣʦʚʠʷʭ ʩʦʚʨʝʤʝʥʥʦʡ ʵʢʦʥʦʤʠʢʠ. 

ʆʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ ʦʢʫʩʢʦʚʘʥʠʷ ʪʦʥʢʦʠʟʤʝʣʴʯʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ 

ʷʚʣʷʶʪʩʷ ʦʢʘʪʳʰʠ. ʆʜʥʘʢʦ ʦʥʠ ʦʙʣʘʜʘʶʪ ʜʦʩʪʘʪʦʯʥʦ ʩʝʨʴʝʟʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ï 

ʥʠʟʢʦʡ ʛʦʨʷʯʝʡ ʧʨʦʯʥʦʩʪʴʶ. ʅʘ ʥʝʢʦʪʦʨʳʭ ʘʛʣʦʬʘʙʨʠʢʘʭ ʤʠʨʘ ʪʦʥʢʠʡ 

ʢʦʥʮʝʥʪʨʘʪ ʩʧʝʢʘʶʪ, ʧʦʣʫʯʘʷ ʘʛʣʦʤʝʨʘʪ ï ʥʘʠʣʫʯʰʝʝ ʩʳʨʴʝ ʜʣʷ ʜʦʤʝʥʥʳʭ 

ʧʝʯʝʡ. ʉʧʝʢʘʥʠʝ ʪʦʥʢʦʠʟʤʝʣʴʯʝʥʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʦʛʨʘʥʠʯʝʥʦ ʚʦʟʤʦʞʥʦʩʪʷʤʠ 

ʵʢʩʛʘʫʩʪʝʨʦʚ, ʪʘʢ ʢʘʢ ʪʘʢʦʝ ʩʳʨʴʝ ʠʤʝʝʪ ʦʯʝʥʴ ʥʠʟʢʫʶ ʛʘʟʦʧʨʦʥʠʮʘʝʤʦʩʪʴ. 
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ʗʧʦʥʠʷ ʠ ʋʢʨʘʠʥʘ ʷʚʣʷʶʪʩʷ çʧʝʨʚʦʦʪʢʨʳʚʘʪʝʣʷʤʠè ʥʦʚʦʛʦ ʚʠʜʘ 

ʞʝʣʝʟʦʨʫʜʥʦʛʦ ʩʳʨʴʷ ï ʛʠʙʨʠʜʥʦʛʦ ʘʛʣʦʤʝʨʘʪʘ (ʘʛʣʦʤʝʨʘʪʳʰʝʡ). ʕʪʦ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʦʚʳʡ ʧʨʦʜʫʢʪ ʦʢʫʩʢʦʚʘʥʠʷ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʛʦ ʞʝʣʝʟʦʨʫʜʥʦʛʦ 

ʩʳʨʴʷ, ʦʙʲʝʜʠʥʠʚʰʠʡ ʚ ʩʚʦʝʡ ʪʝʭʥʦʣʦʛʠʠ ʩʪʘʜʠʠ ʧʨʦʮʝʩʩʦʚ ʧʦʣʫʯʝʥʠʷ ʢʘʢ 

ʘʛʣʦʤʝʨʘʪʘ, ʪʘʢ ʠ ʦʢʘʪʳʰʝʡ. 

ʉ 80-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʚ ʗʧʦʥʠʠ [1-4] ʥʘʯʘʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʛʠʙʨʠʜʥʦʛʦ ʘʛʣʦʤʝʨʘʪʘ ʧʦ ʪʝʭʥʦʣʦʛʠʠ HPS (Hybrid Pelletized Sinter). 

ɻʠʙʨʠʜʥʳʡ ʘʛʣʦʤʝʨʘʪ ʧʦʣʫʯʘʶʪ ʚ ʥʝʩʢʦʣʴʢʦ ʩʪʘʜʠʡ (ʨʠʩ. 1). 

ʉʦʛʣʘʩʥʦ ʷʧʦʥʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʥʘʯʘʣʘ ʧʨʦʚʦʜʠʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ 

ʦʢʦʤʢʦʚʘʥʠʝ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ ʚ ʛʨʘʥʫʣʳ (ʤʠʥʠʦʢʘʪʳʰʠ) 

ʢʨʫʧʥʦʩʪʴʶ 5-10 ʤʤ ʚ ʪʘʨʝʣʴʯʘʪʳʭ ʛʨʘʥʫʣʷʪʦʨʘʭ. ɿʘʪʝʤ ʚ ʙʘʨʘʙʘʥʥʦʤ 

ʦʢʦʤʢʦʚʘʪʝʣʝ ʥʘ ʧʦʣʫʯʝʥʥʳʝ ʛʨʘʥʫʣʳ ʥʘʢʘʪʳʚʘʝʪʩʷ ʪʦʥʢʦʠʟʤʝʣʴʯʝʥʥʦʝ 

ʪʚʝʨʜʦʝ ʪʦʧʣʠʚʦ (ʢʦʢʩʠʢ ʠʣʠ ʫʛʦʣ)ɹ. ɼʘʣʝʝ ʧʦʣʫʯʝʥʥʳʡ ʧʦʣʫʧʨʦʜʫʢʪ 

ʦʪʧʨʘʚʣʷʝʪʩʷ ʥʘ ʘʛʣʦʤʝʨʘʮʠʦʥʥʫʶ ʤʘʰʠʥʫ ʢʦʥʚʝʡʝʨʥʦʛʦ ʪʠʧʘ ʥʘ  

ʩʧʝʢʘʥʠʝ [5, 6]. ʉʧʝʢʘʥʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʘʛʣʦʤʘʰʠʥʝ, ʦʪʣʠʯʘʶʱʝʡʩʷ ʦʪ 

ʦʙʳʯʥʦʡ ʥʘʣʠʯʠʝʤ ʟʦʥʳ ʩʫʰʢʠ ʧʝʨʝʜ ʟʘʞʠʛʘʪʝʣʴʥʳʤ ʛʦʨʥʦʤ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʦʢʦʤʢʦʚʘʥʠʝ ʪʦʥʢʦʠʟʤʝʣʴʯʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ 

ʧʦʟʚʦʣʠʣʦ ʫʚʝʣʠʯʠʪʴ ʚʳʩʦʪʫ ʩʧʝʢʘʝʤʦʛʦ ʩʣʦʷ ʟʘ ʩʯʝʪ ʫʣʫʯʰʝʥʠʷ 

ʛʘʟʦʧʨʦʥʠʮʘʝʤʦʩʪʠ ʩʧʝʢʘʝʤʦʛʦ ʩʣʦʷ, ʘ ʥʘʢʘʪʳʚʘʥʠʝ ʪʦʧʣʠʚʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʤʠʥʠʦʢʘʪʳʰʝʡ ʜʦʩʪʠʯʴ ʯʘʩʪʠʯʥʦʛʦ ʧʣʘʚʣʝʥʠʷ ʢʘʣʴʮʠʝʚʦʛʦ ʬʝʨʨʠʪʘ ʠ ʧʦʣʫʯʠʪʴ 

ʢʦʥʝʯʥʫʶ ʩʪʨʫʢʪʫʨʫ ʛʠʙʨʠʜʥʦʛʦ ʘʛʣʦʤʝʨʘʪʘ, ʩʦʩʪʦʷʱʫʶ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʠʟ 

ʤʘʛʥʝʪʠʪʘ ʩ ʚʳʩʦʢʦʡ ʚʦʩʩʪʘʥʦʚʠʤʦʩʪʴʶ. 

ɸʥʘʣʠʟ ʧʨʠʤʝʥʝʥʠʷ ʛʠʙʨʠʜʥʦʛʦ ʦʢʫʩʢʦʚʘʥʥʦʛʦ ʩʳʨʴʷ ʚ ʌʫʢʫʷʤʘ ʠ 

ʂʫʨʘʩʠʢʠ (ʗʧʦʥʠʷ) ʧʨʠ ʚʳʧʣʘʚʢʝ ʯʫʛʫʥʘ ʧʦʜʪʚʝʨʜʠʣ, ʯʪʦ ʧʦ ʩʚʦʝʤʫ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʦʥʦ ʙʣʠʟʢʦ ʢ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʤʫ ʘʛʣʦʤʝʨʘʪʫ. 

ɼʘʞʝ ʧʨʠ ʥʘʣʠʯʠʠ ʚ ʛʠʙʨʠʜʥʦʤ ʘʛʣʦʤʝʨʘʪʝ 7-8% ʤʝʣʦʯʠ ʢʨʫʧʥʦʩʪʴʶ 0-5 ʤʤ 

ʧʨʦʧʣʘʚʢʘ ʝʛʦ ʚ ʜʦʤʝʥʥʦʡ ʧʝʯʠ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʝʝ 

ʠ ʩʥʠʞʝʥʠʶ ʨʘʩʭʦʜʘ ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ [4]. ʇʦ ʜʘʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʣʫʯʝʥʥʳʡ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʛʠʙʨʠʜʥʳʡ ʧʨʦʜʫʢʪ ʩʦʜʝʨʞʠʪ 61,9% ;ʦʙʱFe  25,0% 

ï ;FeO  7,8% ï ;2SiO  5,87% ï ;CaO  ʇʦʩʣʝ ʜʣʠʪʝʣʴʥʦʛʦ ʭʨʘʥʝʥʠʷ ʧʨʦʯʥʦʩʪʥʳʝ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ ʥʘʭʦʜʠʣʠʩʴ ʥʘ ʫʨʦʚʥʝ ɼʉʊʋ 3200-95: ʧʨʦʯʥʦʩʪʴ ʥʘ 

ʫʜʘʨ %,,M 0755 =+  ʧʨʦʯʥʦʩʪʴ ʥʘ ʠʩʪʠʨʘʥʠʝ %,M 565 =-  [9]. 

 

ʈʠʩ. 1. ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʘʛʣʦʤʝʨʘʪʘ ʧʨʦʮʝʩʩʦʤ HPS: 1 ï ʰʠʭʪʦʚʳʝ ʙʫʥʢʝʨʳ; 2 ï ʩʙʦʨʦʯʥʳʡ ʪʨʘʥʩʧʦʨʪʝʨ; 

3 ï ʩʤʝʩʠʪʝʣʴʥʳʡ ʙʘʨʘʙʘʥ; 4 ï ʣʝʥʪʦʯʥʳʡ ʪʨʘʥʩʧʦʨʪʝʨ; 5 ï ʪʘʨʝʣʴʯʘʪʳʡ 

ʛʨʘʥʫʣʷʪʦʨ; 6 ï ʢʦʢʩʦʚʘʷ (ʫʛʦʣʴʥʘʷ) ʤʝʣʦʯʴ;7 ï ʩʪʝʨʞʥʝʚʘʷ ʤʝʣʴʥʠʮʘ; 8 ï 

ʙʘʨʘʙʘʥʥʳʡ ʦʢʦʤʢʦʚʘʪʝʣʴ; 9 ï ʨʦʣʠʢʦʚʳʡ ʫʢʣʘʜʯʠʢ; 10, 11 ï ʙʫʥʢʝʨʘ ʜʦʥʥʦʡ ʠ 

ʙʦʨʪʦʚʦʡ ʧʦʩʪʝʣʠ; 12 ï ʧʘʣʣʝʪʘ; 13 ï ʟʦʥʘ ʩʫʰʢʠ; 14 ï ʟʘʞʠʛʘʪʝʣʴʥʳʡ ʛʦʨʥ; 15 ï 

ʚʘʢʫʫʤ-ʢʘʤʝʨʘ; 16 ï ʛʨʦʭʦʪ; 17 ï ʨʦʪʦʨʥʘʷ ʜʨʦʙʠʣʢʘ 

ʋʢʨʘʠʥʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʠʙʨʠʜʥʦʛʦ ʘʛʣʦʤʝʨʘʪʘ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʷʧʦʥʩʢʦʡ. ʇʝʨʚʘʷ ʩʪʘʜʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʘʛʣʦʤʝʨʘʪʳʰʝʡ ʧʦ ʫʢʨʘʠʥʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʳʨʳʭ 

ʦʢʘʪʳʰʝʡ ʚʳʩʦʢʦʡ ʠ ʥʠʟʢʦʡ ʦʩʥʦʚʥʦʩʪʠ. ʇʦʩʣʝ ʜʦʟʠʨʦʚʢʠ ʧʦ ʤʘʩʩʝ 50 ʥʘ 50 

ʧʨʦʮʝʥʪʦʚ ʧʦʩʣʝʜʥʠʝ ʩʤʝʰʠʚʘʶʪʩʷ ʠ ʟʘʛʨʫʞʘʶʪʩʷ ʥʘ ʦʙʞʠʛʦʚʫʶ ʤʘʰʠʥʫ. ɺ 
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ʟʦʥʝ ʦʙʞʠʛʘ ʚ ʚʳʩʦʢʦʦʩʥʦʚʥʳʭ ʦʢʘʪʳʰʘʭ ʦʙʨʘʟʫʝʪʩʷ ʞʠʜʢʦʡ ʬʘʟʳ ʙʦʣʝʝ 20% 

ʦʪ ʦʙʲʝʤʘ ʦʢʘʪʳʰʝʡ [10]. ʂʘʧʠʣʣʷʨʥʳʝ ʩʠʣʳ ʥʝ ʚ ʩʦʩʪʦʷʥʠʠ ʫʜʝʨʞʘʪʴ 

ʨʘʩʧʣʘʚʳ ʚʥʫʪʨʠ ʦʢʘʪʳʰʘ, ʦʥʠ ʚʳʭʦʜʷʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ, ʩʤʘʯʠʚʘʶʪ 

ʥʠʟʢʦʦʩʥʦʚʥʳʝ ʦʢʘʪʳʰʠ ʠ ʦʙʨʘʟʫʶʪ ʤʝʥʠʩʢʠ. ɺ ʟʦʥʝ ʦʭʣʘʞʜʝʥʠʷ ʨʘʩʧʣʘʚʳ 

ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ, ʦʙʨʘʟʫʷ ʩʧʝʢʠ. ʅʝʜʦʩʪʘʪʢʦʤ ʫʢʨʘʠʥʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʧʦ 

ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʞʝʣʝʟʦʨʫʜʥʳʤ ʤʠʥʝʨʘʣʦʤ ʪʘʢʠʭ 

ʘʛʣʦʤʝʨʘʪʳʰʝʡ ʷʚʣʷʝʪʩʷ ʛʝʤʘʪʠʪ. ɸ, ʟʥʘʯʠʪ, ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʚ ʰʘʭʪʝ 

ʜʦʤʝʥʥʳʭ ʧʝʯʝʡ ʚʦʟʤʦʞʥʦ ʨʘʟʙʫʭʘʥʠʝ ʠ ʨʘʟʨʫʰʝʥʠʝ ʠʭ ʢʘʢ ʫ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʦʢʘʪʳʰʝʡ. 

ɺ ʈʦʩʩʠʠ ʧʨʦʚʦʜʷʪʩʷ ʧʝʨʚʳʝ ʰʘʛʠ ʥʘ ʧʫʪʠ ʢ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ: ʥʘ ʆɸʆ 

çʅʃʄʂè ʚʚʝʜʝʥ ʫʟʝʣ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʦʢʦʤʢʦʚʘʥʠʷ ʰʠʭʪʳ 

ʙʘʨʘʙʘʥʥʳʡ-ʪʘʨʝʣʴʯʘʪʳʡ ʩʤʝʩʠʪʝʣʠ [7]. 

ɺ 2013 ʛʦʜʫ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʧʦʜʛʦʪʦʚʢʠ ʩʳʨʴʷ ʌɻɹʆʋ ɺʇʆ çʄɻʊʋ 

ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘè ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʦʧʳʪʦʚ ʧʦ ʧʦʣʫʯʝʥʠʶ ʛʠʙʨʠʜʥʦʛʦ 

ʘʛʣʦʤʝʨʘʪʘ ʠʟ ʢʦʥʮʝʥʪʨʘʪʘ ʆɸʆ çʄʄʂè ʧʦ ʷʧʦʥʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ. 

ʊʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʠʙʨʠʜʥʦʛʦ ʘʛʣʦʤʝʨʘʪʘ ʚʢʣʶʯʘʣʘ ʚ ʩʝʙʷ: 

ʠʟʤʝʣʴʯʝʥʠʝ ʞʝʣʝʟʦʨʫʜʥʦʛʦ, ʫʛʦʣʴʥʦʛʦ ʩʳʨʴʷ, ʠʟʚʝʩʪʥʷʢʘ ʠ ʢʦʢʩʠʢʘ; 

ʨʘʩʩʝʠʚʘʥʠʝ ʧʦ ʬʨʘʢʮʠʷʤ; ʜʦʟʠʨʦʚʘʥʠʝ ʠ ʩʤʝʰʠʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʰʠʭʪʳ; 

ʦʢʘʪʳʚʘʥʠʝ ʰʠʭʪʳ ʜʦ ʧʦʣʫʯʝʥʠʷ ʤʠʥʠʦʢʘʪʳʰʝʡ (ʛʨʘʥʫʣ) ʚ ʣʘʙʦʨʘʪʦʨʥʦʤ 

ʪʘʨʝʣʴʯʘʪʦʤ ʛʨʘʥʫʣʷʪʦʨʝ; ʥʘʢʘʪʳʚʘʥʠʝ ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ ʥʘ ʤʠʥʠʦʢʘʪʳʰʠ; 

ʨʘʩʩʝʠʚʘʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʛʨʘʥʫʣ ʧʦ ʢʨʫʧʥʦʩʪʠ; ʧʨʦʚʝʨʢʘ ʧʨʦʯʥʦʩʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʠʥʠʦʢʘʪʳʰʝʡ; ʩʫʰʢʘ ʛʨʘʥʫʣ ʦʧʪʠʤʘʣʴʥʦʡ ʢʨʫʧʥʦʩʪʠ; ʩʧʝʢʘʥʠʝ 

ʤʠʥʠʦʢʘʪʳʰʝʡ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʡ ʘʛʣʦʯʘʰʝ; ʠʩʧʳʪʘʥʠʝ ʧʦʣʫʯʝʥʥʦʛʦ ʛʠʙʨʠʜʥʦʛʦ 

ʘʛʣʦʤʝʨʘʪʘ ʥʘ ʧʨʦʯʥʦʩʪʴ ʠ ʠʩʪʠʨʘʝʤʦʩʪʴ; ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ 

ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ. 

ɺʳʷʚʣʝʥʦ ʦʧʪʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʦʢʦʤʢʦʚʘʥʠʷ ʪʦʥʢʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʙʝʟ 

ʥʘʢʘʪʳʚʘʥʠʷ ʢʦʢʩʠʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʠ  ʧʨʠ ʥʘʢʘʪʳʚʘʥʠʠ ʝʛʦ. 

ʆʧʳʪʥʳʤ ʧʫʪʝʤ ʙʳʣ ʚʳʷʚʣʝʥ ʨʘʮʠʦʥʘʣʴʥʳʡ ʨʘʟʤʝʨ ʤʠʥʠʦʢʘʪʳʰʝʡ (ʨʠʩ. 

2) ʧʨʠ ʚʳʩʦʪʝ ʩʧʝʢʘʝʤʦʛʦ ʩʣʦʷ 240 ʤʤ. ʋʚʝʣʠʯʠʪʴ ʚʳʩʦʪʫ ʩʣʦʷ ʥʝ ʧʦʟʚʦʣʷʣʠ 

ʧʘʨʘʤʝʪʨʳ ʫʩʪʘʥʦʚʢʠ. 
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ʈʠʩ. 2. ʇʦʣʫʯʝʥʥʳʝ ʚ ʣʘʙʦʨʘʪʦʨʥʦʤ ʛʨʘʥʫʣʷʪʦʨʝ ʤʠʥʠʦʢʘʪʳʰʠ 

ʇʦʣʫʯʝʥʥʳʝ ʤʠʥʠʦʢʘʪʳʰʠ ʧʦʜʚʝʨʛʘʣʠ ʫʧʨʦʯʥʷʶʱʝʡ ʩʫʰʢʝ ʚ ʩʫʰʠʣʴʥʦʤ 

ʰʢʘʬʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 300Üʉ ʚ ʪʝʯʝʥʠʝ 1 ʯ. ɽʱʝ ʛʦʨʷʯʠʝ ʚʳʩʫʰʝʥʥʳʝ 

ʤʠʥʠʦʢʘʪʳʰʠ ʟʘʛʨʫʞʘʣʠʴ ʚ ʩʧʝʢʘʪʝʣʴʥʫʶ ʯʘʰʫ ʣʘʙʦʨʘʪʦʨʥʦʡ 

ʘʛʣʦʤʝʨʘʮʠʦʥʥʦʡ ʫʩʪʘʥʦʚʢʠ. 

ʇʦʣʫʯʝʥʥʳʡ ʧʨʦʜʫʢʪ ʧʦ ʤʘʢʨʦʩʪʨʫʢʪʫʨʝ ʥʘʧʦʤʠʥʘʣ çʛʨʦʟʜʴ ʚʠʥʦʛʨʘʜʘè 

(ʨʠʩ. 3, 4). ɹʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʦʧʳʪʦʚ ʧʦ ʧʨʦʚʝʨʢʝ ʛʠʙʨʠʜʥʦʛʦ ʘʛʣʦʤʝʨʘʪʘ ʥʘ 

ʭʦʣʦʜʥʫʶ ʧʨʦʯʥʦʩʪʴ ʠ ʠʩʪʠʨʘʥʠʝ.  

ɹʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʘʥʰʣʠʬʳ ʧʦʣʫʯʝʥʥʦʛʦ ʛʠʙʨʠʜʥʦʛʦ ʘʛʣʦʤʝʨʘʪʘ ʠ 

ʩʜʝʣʘʥʳ ʬʦʪʦʛʨʘʬʠʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ (ʨʠʩ. 5). ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ 

ʠʟʫʯʝʥʠʝ ʬʘʟʦʚʦʛʦ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʣʫʯʝʥʥʦʛʦ ʛʠʙʨʠʜʥʦʛʦ ʘʛʣʦʤʝʨʘʪʘ. 
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ʈʠʩ. 3. ɻʠʙʨʠʜʥʳʡ ʘʛʣʦʤʝʨʘʪ 

 ʩ ʦʧʪʠʤʘʣʴʥʳʤ ʨʘʩʭʦʜʦʤ  

ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ 

ʈʠʩ. 4. ɻʠʙʨʠʜʥʳʡ ʘʛʣʦʤʝʨʘʪ  

ʩ ʠʟʙʳʪʢʦʤ ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ 

 

 

ʘ                                                                 ʙ 

ʈʠʩ. 5. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʛʠʙʨʠʜʥʦʛʦ ʘʛʣʦʤʝʨʘʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʫʩʣʦʚʠʷʭ ʌɻɹʆʋ ɺʇʆ çʄɻʊʋ ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘè: ʘ ʠ ʙ ï ʩʦʦʪʚʝʩʪʚʝʥʥʦ ʥʠʟ ʠ 

ʩʝʨʝʜʠʥʘ ʘʛʣʦʤʝʨʘʮʠʦʥʥʦʡ ʯʘʰʠ 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. Progress of granulation technology for sinter mixture at JFE Steel / 
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ɺ.ɸ. ɹʠʛʝʝʚ, ʖ.ɸ. ʂʦʣʝʩʥʠʢʦʚ, ɼ.ʉ. ʉʝʨʛʝʝʚ 

ʌɻɹʆʋ ɺʇʆ çʄʘʛʥʠʪʦʛʦʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ  

ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘè 

ʆɹɿʆʈ ɺɸʈʀɸʅʊʆɺ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ʇʓʃɽɺʀɼʅʓʍ,  

ɾɽʃɽɿʆʉʆɼɽʈɾɸʑʀʍ ʄɽʊɸʃʃʋʈɻʀʏɽʉʂʀʍ ʆʊʍʆɼʆɺ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʫʣʘʚʣʠʚʘʥʠʷ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʭ, ʧʳʣʝʚʠʜʥʳʭ ʦʪʭʦʜʦʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ  

ʩ ʫʜʘʣʝʥʠʝʤ ʠʟ ʥʠʭ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʧʦʚʪʦʨʥʳʤ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʘʷ ʧʳʣʴ, ʪʝʭʥʦʛʝʥʥʳʝ ʦʪʭʦʜʳ, ʧʨʠʤʝʥʝ-

ʥʠʝ ʚʪʦʨʠʯʥʦʛʦ ʩʳʨʴʷ, ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ, ʧʝʨʝʨʘʙʦʪʢʘ, ʛʘʟʦʦʯʠʩʪʢʘ. 

ɺ ʯʠʩʣʝ ʛʣʘʚʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʘʜʘʯ ʩʦʚʨʝʤʝʥʥʦʛʦ ʚʨʝʤʝʥʠ ʩʪʦʠʪ 

ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʳʨʴʷ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʝʨʝʜʝʣʦʚ. 

ʇʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʚʘʨʠʘʥʪʦʚ ʧʨʠʤʝʥʝʥʠʷ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʭ ʦʪʭʦʜʦʚ, ʦʙʨʘ-

ʟʫʶʱʠʭʩʷ ʥʘ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ. 

ʂʦʤʧʣʝʢʩʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʛʝʥʥʳʭ ʦʪʭʦʜʦʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʝʜ-

ʧʨʠʷʪʠʡ ʧʨʠʦʙʨʝʪʘʝʪ ʦʩʦʙʫʶ ʟʥʘʯʠʤʦʩʪʴ ʚ ʩʚʝʪʝ ʨʦʩʪʘ ʧʨʦʙʣʝʤ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ ʠ ʩʥʠʞʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ. ʇʨʠʦʨʠ-

ʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʦʣʥʦʮʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʳʨʴʷ ʚ ʤʝʪʘʣʣʫʨʛʠʠ ʷʚʣʷ-

ʝʪʩʷ ʦʧʪʠʤʘʣʴʥʘʷ ʧʦʣʥʦʪʘ ʠʟʚʣʝʯʝʥʠʷ ʛʣʘʚʥʳʭ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, 

ʫʪʠʣʠʟʘʮʠʷ ʦʪʭʦʜʦʚ ʦʙʦʛʘʱʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʨʫʜ. ʇʦʤʠʤʦ ʚʩʝʛʦ ʧʨʦʯʝʛʦ, 

ʤʝʪʘʣʣʫʨʛʠʷ ï ʚʝʩʴʤʘ ʨʝʩʫʨʩʦ- ʠ ʵʥʝʨʛʦʝʤʢʘʷ ʦʪʨʘʩʣʴ. ʂ ʩʦʞʘʣʝʥʠʶ, ʜʘʞʝ ʧʨʠ 

ʥʘʣʠʯʠʠ ʪʝʭʥʦʣʦʛʠʠ ʠʟʚʣʝʯʝʥʠʷ ʮʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʞʝʣʝʟʥʦʡ ʨʫʜʳ ʙʦʣʴʰʠʥ-

ʩʪʚʦ ʧʦʣʝʟʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʙʨʘʩʳʚʘʝʪʩʷ ʚ ʦʪʚʘʣʳ. ʇʦʤʠʤʦ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦ-

ʥʝʥʪʦʚ ʨʫʜ (Fe, Mn, Cr) ʪʘʢʞʝ ʚʩʪʨʝʯʘʶʪʩʷ Ti, W, Ni, Zn, Co, Cu ʠ ʪ.ʜ. [1]. 

ʈʝʘʣʠʟʘʮʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠʜʝʪ ʩʦ ʟʥʘʯʠʪʝʣɹ-

ʥʳʤ ʧʳʣʝʦʙʨʘʟʦʚʘʥʠʝʤ. ʇʳʣʴ ʥʫʞʥʦ ʫʣʘʚʣʠʚʘʪʴ ʠ ʧʦʜʚʝʨʛʘʪʴ ʫʪʠʣʠʟʘʮʠʠ, ʠʟ-
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ʚʣʝʢʘʪʴ ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʥʝʡ ʤʝʪʘʣʣʳ, ʧʦʜʜʝʨʞʠʚʘʪʴ ʜʦʣʞʥʳʡ ʫʨʦʚʝʥʴ ʟʘʱʠʪʳ 

ʦʢʨʫʞʘʶʱʝʡ ʙʠʦʩʠʩʪʝʤʳ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʠʩʧʦʣʴʟʫʶʪ ʢʦʤʧʣʝʢʩʳ ʤʦʢʨʦʛʦ ʠ ʩʫ-

ʭʦʛʦ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ. ʆʜʥʦʡ ʠʟ ʧʨʦʙʣʝʤ ʷʚʣʷʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝ ʮʠʥʢʘ ʠ ʩʚʠʥ-

ʮʘ, ʫʭʫʜʰʘʶʱʠʭ ʭʦʜ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. 

ʇʳʣʴ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤ ʧʝʨʝʜʝʣʝ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ 

ʠʟ ʰʠʭʪʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʋʚʳ, ʧʦʚʳʰʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʮʠʥʢʘ ʠ ʩʚʠʥʮʘ 

ʫʭʫʜʰʘʝʪ ʢʘʯʝʩʪʚʦ ʩʪʘʣʠ ʠ ʯʫʛʫʥʘ, ʥʘʨʫʰʘʝʪ ʨʘʙʦʯʠʡ ʭʦʜ ʧʝʯʝʡ, ʧʨʦʠʩʭʦʜʠʪ 

ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʘʥʥʳʭ ʤʝʪʘʣʣʦʚ ʚʥʫʪʨʠ ʧʝʯʝʡ ʧʨʠ ʧʦʚʪʦʨʥʦʤ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʠ. 

ʉʐɸ ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʦʪʜʝʣʝʥʠʷ ʠ ʫʪʠʣʠʟʘʮʠʠ ʮʚʝʪʥʳʭ ʤʝ-

ʪʘʣʣʦʚ ʠʟ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʧʳʣʠ. ʆʜʥʦ ʠʟ ʨʝʰʝʥʠʡ ʦʩʥʦʚʘʥʦ ʥʘ ʨʘʟʣʠʯʠʠ ʚ 

ʭʨʫʧʢʦʩʪʠ, ʪʚʝʨʜʦʩʪʠ, ʧʨʦʯʠʭ ʩʚʦʡʩʪʚʘʭ ʩʦʝʜʠʥʝʥʠʡ ʞʝʣʝʟʘ, ʩʚʠʥʮʘ ʠ ʮʠʥʢʘ. 

ʇʳʣʴ, ʚʳʣʝʪʘʶʱʘʷ ʠʟ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʘʛʨʝʛʘʪʦʚ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʥʘʢʘʧʣʠ-

ʚʘʝʪʩʷ ʚ ʵʣʝʢʪʨʦʬʠʣʴʪʨʘʭ, ʜʘʣʝʝ ʚ ʩʢʨʫʙʙʝʨʘʭ ʤʦʢʨʦʡ ʦʯʠʩʪʢʠ (ʧʦʩʣʝ ʯʘʩʪʠʯʥʦ-

ʛʦ ʫʜʘʣʝʥʠʷ ʚʣʘʛʠ) ʧʦʩʪʫʧʘʝʪ ʚ ʜʨʦʙʠʣʢʫ (ʩʝʣʝʢʪʠʚʥʦʝ ʜʨʦʙʣʝʥʠʝ). ɻʦʪʦʚʳʡ 

ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʡ ʧʨʦʜʫʢʪ ʩʦʩʪʦʠʪ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʠʟ ʩʦʝʜʠʥʝʥʠʡ ʮʠʥʢʘ ʠ 

ʩʚʠʥʮʘ, ʘ ʙʦʣʝʝ ʫʢʨʫʧʥʝʥʥʳʡ, ʚ ʦʩʥʦʚʥʦʤ, ʠʟ ʦʢʩʠʜʦʚ ʞʝʣʝʟʘ. ʉ ʮʝʣʴʶ ʩʦʨʪʠ-

ʨʦʚʢʠ ʧʨʦʜʫʢʪʘ ʧʦ ʨʘʟʤʝʨʘʤ ʠʩʧʦʣʴʟʫʶʪ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʚʘʢʫʫʤʥʳʝ ʩʝʧʘ-

ʨʘʪʦʨʳ, ʦʩʘʞʜʘʶʱʠʝ ʙʦʣʝʝ ʤʝʣʢʠʝ ʯʘʩʪʠʮʳ. ʂʨʫʧʥʳʝ ʞʝ ʧʦʩʪʫʧʘʶʪ ʚ ʬʠʣʴʪ-

ʨ -rʧʨʝʩʩʳ, ʧʦʩʣʝ ʧʨʦʭʦʜʷʪ ʩʫʰʢʫ ʠ ʘʛʣʦʤʝʨʘʮʠʶ, ʚʦʟʚʨʘʱʘʷʩʴ ʚ ʤʝʪʘʣʣʫʨʛʠ-

ʯʝʩʢʠʡ ʧʝʨʝʜʝʣ. ʀʟ ʩʝʧʘʨʘʪʦʨʦʚ ʦʩʘʞʜʝʥʥʳʝ ʢʨʫʧʠʮʳ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʥʘ-

ʧʨʘʚʣʷʶʪʩʷ ʥʘ ʚʪʦʨʠʯʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ. 

ʏʪʦʙʳ ʧʨʦʚʝʩʪʠ ʫʜʘʣʝʥʠʝ ʦʢʩʠʜʘ ʮʠʥʢʘ ʠʟ ʢʦʣʦʰʥʠʢʦʚʦʡ ʧʳʣʠ, ʨʝʘʣʠʟʫ-

ʶʪ ʝʝ ʩʤʝʰʠʚʘʥʠʝ ʩ ʦʪʨʘʙʦʪʘʥʥʳʤ ʪʨʘʚʠʣʴʥʳʤ ʨʘʩʪʚʦʨʦʤ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʦʢ-

ʩʠʜʘ ʮʠʥʢʘ ʨʘʩʪʚʦʨʷʝʪʩʷ, ʧʝʨʝʭʦʜʷ ʚ ʩʫʣʴʬʘʪ ʠ ʭʣʦʨʠʜ ʮʠʥʢʘ. ʆʩʘʜʦʢ ʦʢʩʠʜʘ 

ʞʝʣʝʟʘ ʠ ʤʝʥʝʝ 0,5 ʤʘʩ. % ʦʢʩʠʜʘ ʮʠʥʢʘ ʟʘʪʝʤ ʠʩʧʦʣʴʟʫʶʪ ʚ ʰʠʭʪʝ ʜʣʷ ʦʢʫʩʢʦ-

ʚʘʥʠʷ. 

ʈʘʟʣʠʯʥʳʝ ʦʧʳʪʳ ʩ ʚʳʱʝʣʘʯʠʚʘʥʠʝʤ ʢʠʩʣʦʪ (ʘʟʦʪʥʦʡ, ʫʢʩʫʩʥʦʡ, ʩʝʨʥʦʡ ʠ 

ʪ.ʜ.) ʚʦʜʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ ʧʦʢʘʟʘʣʠ ʩʧʦʩʦʙʥʦʩʪʴ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʩʝʨʥʦʡ ʢʠ-

ʩʣʦʪʳ ʨʘʩʪʚʦʨʷʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʚʝʩʴ ʮʠʥʢ ʢʦʣʦʰʥʠʢʦʚʦʡ ʧʳʣʠ ʩ ʫʯʝ-
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ʪʦʤ ʝʛʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ (ʦʢʦʣʦ 120 ʛ/ʣ). ʉ ʤʝʥʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʧʦʥʠʞʘʝʪʩʷ ʨʘʩʪʚʦʨʝʥʠʝ ʮʠʥʢʘ ʠ ʥʘʯʠʥʘʝʪʩʷ ʥʝʞʝʣʘʪʝʣʴʥʦʝ ʨʘʩʪʚʦʨʝʥʠʝ ʞʝʣʝ-

ʟʘ. ɺʦʜʥʳʡ ʨʘʩʪʚʦʨ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ (250 ʛ/ʣ), ʣʝʛʢʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʷʩʴ, ʧʝʨʝ-

ʚʦʜʠʪ ʚ ʩʝʙʷ ʦʢʦʣʦ 90% ʩʚʠʥʮʘ, 75% ʮʠʥʢʘ. ɺʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʝʥ ʜʚʫʭʩʪʘʜʠʡ-

ʥʳʡ ʧʨʦʮʝʩʩ ʚʳʱʝʣʘʯʠʚʘʥʠʷ: ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʩʚʠʥʝʮ ʵʢʩʪʨʘʛʠʨʫʝʪʩʷ ʚʦʜʥʳʤ 

ʨʘʩʪʚʦʨʦʤ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ; ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʧʨʦʭʦʜʠʪ ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʮʠʥʢʘ 

ʚʦʜʦʡ [2]. 

ɺ ʉʐɸ ʥʘ ʦʙʦʛʘʪʠʪʝʣʴʥʳʭ ʬʘʙʨʠʢʘʭ ʦʪʭʦʜʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʣʠʙʦ ʨʘʟʜʝʣɹ-

ʥʦ, ʣʠʙʦ ʚʤʝʩʪʝ ʩ ʢʦʥʮʝʥʪʨʘʪʘʤʠ ʠ ʨʫʜʦʡ. ʂ ʧʨʠʤʝʨʫ, ʥʘ ʟʘʚʦʜʝ ʬʠʨʤʳ 

çBethlehem Steelè ʚʩʝ ʦʪʭʦʜʳ ʧʨʝʜʧʨʠʷʪʠʷ ʫʪʠʣʠʟʠʨʫʶʪ ʥʘ ʘʛʣʦʬʘʙʨʠʢʝ; ʥʘ ʟʘ-

ʚʦʜʝ ʬʠʨʤʳ çInland Steelè ʚʝʩʴ ʘʛʣʦʤʝʨʘʪ ʩʧʝʢʘʶʪ ʠʟ ʦʜʥʠʭ ʩʪʘʣʝʧʣʘʚʠʣʴʥʳʭ 

ʦʪʭʦʜʦʚ. ʊʘʢʞʝ ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʮʝʩʩ ʢʦʤʧʣʝʢʩʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʞʝʣʝʟʦʩʦʜʝʨʞʘ-

ʱʠʭ ʧʳʣʝʡ, ʰʣʘʤʦʚ ʢʦʢʩʦʚʦʡ ʤʝʣʦʯʠ, ʘ ʪʘʢʞʝ ʟʘʤʘʩʣʝʥʥʦʡ ʦʢʘʣʠʥʳ ʤʝʪʦʜʦʤ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʙʨʠʢʝʪʠʨʦʚʘʥʠʷ ʩʦ ʩʚʷʟʫʶʱʝʡ ʜʦʙʘʚʢʦʡ ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʛʦ ʧʝʢʘ. 

ɺ ʰʠʭʪʝ ʜʦʤʝʥʥʳʭ ʧʝʯʝʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʙʨʠʢʝʪʳ ʚ ʢʦʣʠʯʝʩʪʚʝ ʜʦ 105 ʢʛ/ʪ  

ʰʠʭʪʳ.  

ʌʠʨʤʘ çPelletechè ʠʩʧʦʣʴʟʫʝʪ ʩʪʘʣʝʧʣʘʚʠʣʴʥʫʶ ʠ ʢʦʣʦʰʥʠʢʦʚʫʶ ʧʳʣʴ 

ʩʦʚʤʝʩʪʥʦ ʩ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʡ ʦʢʘʣʠʥʦʡ, ʥʝʛʘʰʝʥʦʡ ʠʟʚʝʩʪʴʶ (ʦʪ 4 ʜʦ 5% ʧʦ 

ʤʘʩʩʝ), ʘ ʪʘʢʞʝ ʢʚʘʨʮʝʚʦʡ ʤʫʢʦʡ ʚ ʢʦʣʠʯʝʩʪʚʝ ʦʪ 1 ʜʦ 2 ʤʘʩ. %. ʂʦʤʧʦʥʝʥʪʳ 

ʩʤʝʰʠʚʘʶʪ ʩ ʚʦʜʦʡ, ʚʳʜʝʨʞʠʚʘʷ ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ ʠ ʦʙʝʩʧʝʯʠʚʘʷ ʵʪʠʤ ʫʩʣʦʚʠʷ 

ʜʣʷ ʛʠʜʨʘʪʘʮʠʠ ʠʟʚʝʩʪʠ. ʇʦʩʣʝ ʦʧʠʩʘʥʥʳʭ ʵʪʘʧʦʚ ʠʜʝʪ ʛʨʘʥʫʣʠʨʦʚʘʥʠʝ ʠ ʩʫʰʢʘ 

ʧʦʣʫʯʝʥʥʳʭ ʦʢʘʪʳʰʝʡ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʜʦʤʥʝ, ʚ ʢʦʣʠʯʝʩʪʚʝ 10% ʦʪ ʤʘʩʩʳ  

ʰʠʭʪʳ. 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ɻʝʨʤʘʥʠʠ ʙʳʣ ʩʦʟʜʘʥ ʧʨʦʮʝʩʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʫʪʠʣʠʟʘ-

ʮʠʠ ʧʳʣʝʡ ʵʣʝʢʪʨʦʬʠʣʴʪʨʦʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ. ʀʟ ʵʣʝʢʪʨʦʬʠʣʴʪ-

ʨʦʚ ʧʳʣʴ ʨʘʚʥʦʤʝʨʥʦ ʧʦʩʪʫʧʘʝʪ ʚ ʙʘʩʩʝʡʥ, ʥʘʧʦʣʥʝʥʥʳʡ ʚʦʜʦʡ, ʚ ʢʦʪʦʨʳʡ ʚʚʦ-

ʜʷʪ ʱʝʣʦʯʴ, ʜʦʟʠʨʫʝʤʫʶ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʨʅ = 9,3-9,8. ʊʘʢʠʝ ʫʩʣʦʚʠʷ ʧʝ-

ʨʝʚʦʜʷʪ ʩʦʣʠ ʩʚʠʥʮʘ ʠ ʮʠʥʢʘ ʚ ʥʝʨʘʩʪʚʦʨʠʤʳʝ ʩʦʝʜʠʥʝʥʠʷ. ʉʦʟʜʘʚʘʝʤʘʷ ʛʦʤʦ-

ʛʝʥʥʘʷ ʩʫʩʧʝʥʟʠʷ ʧʦʩʪʫʧʘʝʪ ʚ ʩʤʝʩʠʪʝʣʴ, ʛʜʝ ʨʘʟʙʘʚʣʷʝʪʩʷ ʚʦʜʦʡ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 

1:2. ʋʨʦʚʝʥʴ ʨʅ ʧʦʥʠʞʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʚʚʦʜʦʤ ʱʝʣʦʯʠ ʜʦ 8,7-9,0. ɺ ʧʨʦ-
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ʮʝʩʩʝ ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʩʚʝʪʣʝʥʠʷ (ʜʣʠʪʝʣʴʥʦʩʪʴ 30-60 ʤʠʥ) ʠ ʦʙʝʟʚʦʞʠʚʘʥʠʷ 

ʰʣʘʤʘ ʚ ʧʨʝʩʩ-ʬʠʣʴʪʨʝ ʦʙʨʘʟʫʝʪʩʷ ʢʝʢ ʩ ʚʣʘʞʥʦʩʪʴʶ ʦʢʦʣʦ 40%, ʩʦʜʝʨʞʘʱʠʡ 

8-12% ʩʚʠʥʮʘ ʠ 25-35% ʮʠʥʢʘ. ʇʨʠʤʝʥʷʝʪʩʷ ʥʘ ʟʘʚʦʜʘʭ ʮʚʝʪʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ. 

ɿʘʚʦʜʳ çAugust Thyssen-Hutte AGè (ɻʝʨʤʘʥʠʷ), çBritish Steelè (ɸʥʛʣʠʷ) ʠ 

ʜʨ. ʪʨʘʥʩʧʦʨʪʠʨʫʶʪ ʩʫʭʫʶ ʩʪʘʣʝʧʣʘʚʠʣʴʥʫʶ ʧʳʣʴ ʥʘ ʫʩʨʝʜʥʠʪʝʣʴʥʳʝ ʩʢʣʘʜʳ, 

ʛʜʝ ʧʨʦʚʦʜʷʪ ʝʝ ʫʪʠʣʠʟʘʮʠʶ ʚʤʝʩʪʝ ʩ ʦʢʘʣʠʥʦʡ ʚ ʢʦʣʠʯʝʩʪʚʘʭ ʜʦ 100 ʢʛ/ʪ ʘʛʣʦ-

ʤʝʨʘʪʘ. ʐʣʘʤʳ ʧʦʜʘʶʪ ʚ ʙʘʨʘʙʘʥʳ-ʦʢʦʤʢʦʚʘʪʝʣʠ. 

ʉʫʱʝʩʪʚʫʝʪ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʧʨʦʮʝʩʩʘ Midrex, ʩʦʚʤʝʩʪʥʦ ʨʘʟʨʘʙʦʪʘʥʥʘʷ 

ʢʦʤʧʘʥʠʷʤʠ çKobe Steelè ʠ çMidrex corporationè ï ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʛʫʙʯʘʪʦ-

ʛʦ ʞʝʣʝʟʘ Fastmet, ʚʧʝʨʚʳʝ ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʚ 1995 ʛʦʜʫ ʥʘ ʟʘʚʦʜʝ ʷʧʦʥʩʢʦʛʦ ʛʦ-

ʨʦʜʘ ʂʘʢʦʛʘʚʘ. ʀʩʭʦʜʥʳʝ ʩʳʨʴʝʚʳʝ ʤʘʪʝʨʠʘʣʳ ï ʞʝʣʝʟʦʨʫʜʥʳʡ ʢʦʥʮʝʥʪʨʘʪ ʠ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʠ (ʢʦʢʩʦʚʘʷ ʤʝʣʦʯʴ, ʠʟʤʝʣʴʯʝʥʥʳʡ ʫʛʦʣʴ). ʕʪʦʪ ʧʨʦʮʝʩʩ ʧʨʷʤʦʛʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʞʝʣʝʟʘ ʧʦʟʚʦʣʷʝʪ ʫʪʠʣʠʟʠʨʦʚʘʪʴ ʧʳʣʠ ʵʣʝʢʪʨʦʩʪʘʣʝʧʣʘʚʠʣʴʥʦ-

ʛʦ, ʜʦʤʝʥʥʦʛʦ ʠ ʢʠʩʣʦʨʦʜʥʦ-ʢʦʥʚʝʨʪʝʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ɸʥʘʣʦʛʠʯʥʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʦʮʝʩʩ Itmk3, ʨʘʟʨʘʙʦʪʘʥʥʳʡ çKo-

be Steelè (ʗʧʦʥʠʷ). ʆʥ ʷʚʣʷʝʪʩʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴʶ ʧʨʦʮʝʩʩʘ Fastmet, ʢʦʪʦʨʳʡ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴʶ ʧʨʦʮʝʩʩʘ Midrex. ɻʣʘʚʥʦʡ ʦʪʣʠ-

ʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʇɺʇ (ʧʝʯʠ ʩ ʚʳ-

ʜʚʠʞʥʳʤ ʧʦʜʦʤ), ʘ ʪʘʢʞʝ ʚʠʜ ʛʦʪʦʚʦʛʦ ʧʦʣʫʧʨʦʜʫʢʪʘ. ɸʥʘʣʦʛʠʯʥʦ ʙʦʣʴʰʠʥʩʪ-

ʚʫ ʧʨʦʮʝʩʩʦʚ, ʦʩʫʱʝʩʪʚʣʷʝʤʳʭ ʚ ʇɺʇ, Itmk3 ʧʦʟʚʦʣʷʝʪ ʫʣʘʚʣʠʚʘʪʴ ʮʠʥʢ ʠʟ ʧʝ-

ʨʝʨʘʙʘʪʳʚʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʫʨʦʚʥʝ 95%. 

ʇʝʨʩʧʝʢʪʠʚʝʥ ʧʨʦʮʝʩʩ PRIMUS, ʩʦʟʜʘʥʥʳʡ ʬʠʨʤʦʡ çPAUL WURTè ʠ 

ʨʝʘʣʠʟʫʝʤʳʡ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ, ʚʝʨʪʠʢʘʣʴʥʦʡ, ʤʫʣʴʪʠʢʘʤʝʨʥʦʡ ʧʝʯʠ ʩ ʨʘʩʧʦ-

ʣʘʛʘʶʱʠʤʠʩʷ ʜʨʫʛ ʥʘʜ ʜʨʫʛʦʤ ʩʪʘʮʠʦʥʘʨʥʳʤʠ ʧʦʜʘʤʠ (ʪʠʧ ʵʪʘʞʝʨʢʠ). ʀʩʭʦʜ-

ʥʳʤʠ ʰʠʭʪʦʚʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʚʳʩʪʫʧʘʶʪ ʤʝʣʢʦʜʠʩʧʝʨʩʥʘʷ ʞʝʣʝʟʥʘʷ ʨʫʜʘ ʠʣʠ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʝ ʦʪʭʦʜʳ (ʢʦʥʚʝʨʪʝʨʥʳʝ, ʜʦʤʝʥʥʳʝ ʰʣʘʤʳ, ʧʳʣʴ ɼʉʇ, ʧʨʦ-

ʢʘʪʥʘʷ ʦʢʘʣʠʥʘ) ʠ ʫʛʣʝʩʦʜʝʨʞʘʱʠʝ ʤʘʪʝʨʠʘʣʳ ʚ ʢʘʯʝʩʪʚʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ. 

ʕʥʝʨʛʠʷ ʜʣʷ ʧʨʦʮʝʩʩʘ ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʪʝʧʣʫ, ʚʳʜʝʣʷʶʱʝʤʫʩʷ ʧʨʠ 

ʧʦʣʥʦʤ ʜʦʞʠʛʘʥʠʠ ʉʆ ʠ ʣʝʪʫʯʠʭ ʚʝʱʝʩʪʚ ʫʛʣʷ. ʎʠʥʢ ʠ ʩʚʠʥʝʮ ʩʳʨʴʝʚʳʭ ʤʘʪʝ-
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ʨʠʘʣʦʚ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ, ʠʩʧʘʨʷʶʪʩʷ ʠ ʦʢʠʩʣʷʶʪʩʷ ʚ ʧʦʪʦʢʘʭ ʛʘʟʘ, ʫʣʘʚʣʠʚʘ-

ʷʩʴ ʚ ʩʠʩʪʝʤʝ ʛʘʟʦʦʯʠʩʪʢʠ ʩ ʨʫʢʘʚʥʳʤʠ ʬʠʣʴʪʨʘʤʠ [3]. 

ɸʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʚʝʢʪʦʨʦʤ ʧʨʠʤʝʥʝʥʠʷ ʤʝʣʢʦʜʠʩʧʝʨʩ-

ʥʳʭ ʦʪʭʦʜʦʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷʝʪʩʷ ʟʘʤʳʢʘʝʤʳʡ ʮʠʢʣ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʚʥʫʪʨʠ ʧʨʝʜʧʨʠʷʪʠʷ ʩ ʚʦʟʤʦʞʥʳʤ ʠʟʚʣʝʯʝʥʠʝʤ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ. 

ɺʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʵʪʘʧʦʚ, ʜʘʶʱʠʭ ʤʘʢʩʠʤʘʣʴʥʳʡ ʵʥʝʨ-

ʛʦʩʙʝʨʝʛʘʶʱʠʡ, ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʡ ʵʬʬʝʢʪ ʠ ʵʢʦʥʦʤʠʶ ʨʝʩʫʨʩʦʚ, ʤʦʞʝʪ ʙʳʪʴ 

ʜʦʩʪʠʛʥʫʪʦ ʟʘ ʩʯʝʪ ʛʨʘʤʦʪʥʦ-ʚʳʩʪʨʦʝʥʥʦʡ, ʢʦʤʧʣʝʢʩʥʦʡ ʩʠʩʪʝʤʳ ʧʨʝʦʙʨʘʟʦʚʘ-

ʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʩʳʨʴʷ, ʘ ʪʘʢʞʝ ʵʚʦʣʶʮʠʠ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʫʨʦʚʥʝʡ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 
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ɼ.ɸ. ʉʧʠʨʠʜʦʥʦʚ, ɽ.ɺ. ʀʰʢʦʚʘ  

ʌɻɹʆʋ ɺʇʆ çʄʘʛʥʠʪʦʛʦʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ  

ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘè 

ɸʅɸʃʀɿ ʉʇʆʉʆɹʆɺ ʋʉʊʈɸʅɽʅʀʗ ʀɿɻʀɹɸ ʍʆʃʆɼʅʆʂɸʊɸʅʆʁ  

ʇʆʃʆʉʓ ɺ ʇʈʆʎɽʉʉɽ ɸʉʀʄʄɽʊʈʀʏʅʆʁ ʇʈʆʂɸʊʂʀ 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʩʧʦʩʦʙʦʚ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʠʟʛʠʙʘ ʧʝʨʝʜʥʝʛʦ 

ʢʦʥʮʘ ʭʦʣʦʜʥʦʢʘʪʘʥʦʡ ʧʦʣʦʩʳ ʧʨʠ ʘʩʠʤʤʝʪʨʠʯʥʦʡ ʧʨʦʢʘʪʢʝ, ʘ ʪʘʢʞʝ ʦʧʠʩʘ-

ʥʳ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ ʠʟʛʠʙʘ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʤʝʱʝʥʠʝ ʨʘʙʦʯʝʛʦ ʚʘʣʢʘ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʧʨʦʮʝʩʩʘ ʧʨʦʢʘʪʢʠ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ 

ʥʘʨʫʰʝʥʠʷ ʧʨʷʤʦʣʠʥʝʡʥʦʩʪʠ ʢʦʥʮʦʚ ʧʦʣʦʩʳ ʥʘ ʚʳʭʦʜʝ ʝʝ ʠʟ ʚʘʣʢʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʩʠʤʤʝʪʨʠʯʥʘʷ ʧʨʦʢʘʪʢʘ, ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʝ ʩʢʦʨʦʩʪʝʡ 

ʨʘʙʦʯʠʭ ʚʘʣʢʦʚ, ʩʤʝʱʝʥʠʝ ʨʘʙʦʯʝʛʦ ʚʘʣʢʘ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʣʠʩʪʦʚʦʡ ʧʨʦʜʫʢ-

ʮʠʠ ʥʘ ʟʘʨʫʙʝʞʥʳʭ ʨʳʥʢʘʭ ʧʨʦʙʣʝʤʘ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʬʦʨʤʦʦʙ-

ʨʘʟʦʚʘʥʠʷ ʣʠʩʪʦʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ. ʆʩʥʦʚʥʘ ̫ʮʝʣʴ ʣʠʩʪʦʧʨʦʢʘʪʥʦʛʦ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ ï ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ, ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʛʝʦʤʝʪʨʠʯʝ-

ʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʣʠʩʪʦʚ ʠ ʧʦʣʦʩ. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ ʧʦʣʦʩʳ ʠ ʣʠʩʪʳ ʟʘʜʘʥʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ. 

ʉʦʩʪʦʷʥʠʝ ʚʦʧʨʦʩʘ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʘʩʠʤʤʝʪʨʠʯʥʦʡ ʧʨʦʢʘʪʢʠ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ 

ʜʘʚʣʝʥʠʝ ʤʝʪʘʣʣʘ ʥʘ ʚʘʣʢʠ, ʫʤʝʥʴʰʠʪʴ ʧʨʦʜʦʣʴʥʫʶ ʨʘʟʥʦʪʦʣʱʠʥʥʦʩʪʴ ʧʦʣʦʩʳ 

ʠ ʚʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʧʦʚʳʩʠʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʢʘʪʳʚʘʝʤʦʛʦ ʣʠʩʪʘ. 

ɸʩʠʤʤʝʪʨʠʷ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʚʠʜʝ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʩʢʦʨʦʩʪʝʡ ʨʘʙʦ-
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ʯʠʭ ʚʘʣʢʦʚ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠ ̫ʚʘʣʢʦʚ ʨʘʟʥʦʛʦ ʜʠʘʤʝʪʨʘ. ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʥʝʧʨʘ-

ʚʠʣʴʥʦ ʧʦʜʦʙʨʘʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʘʩʠʤʤʝʪʨʠʠ, ʪʘʢʦʡ ʧʨʦʮʝʩʩ ʤʦʞʝʪ ʥʝʞʝʣʘ-

ʪʝʣʴʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʧʦʣʦʩʫ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʚʠʜʝ ʠʟʙʳʪʦʯʥʦʛʦ ʠʟʛʠʙʘ ʧʦʣʦʩʳ ʧʦ-

ʩʣʝ ʚʳʭʦʜʘ ʝʝ ʠʟ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʠʣʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩ-

ʢʦʩʪʠ, ʥʘʨʫʰʘʷ ʪʝʤ ʩʘʤʳʤ ʝʸ ʧʨʷʤʦʣʠʥʝʡʥʦʩʪʴ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʧʦʩʦʙʦʚ ʫʧʨʘʚʣʝʥʠʷ ʬʦʨʤʦʡ ʧʦʣʦʩʳ ʧʨʠ ʘʩʠʤʤʝʪʨʠʯʥʦʡ 

ʧʨʦʢʘʪʢʝ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʠʟʛʠʙʘ ʧʦʣʦʩʳ ʧʦʩʣʝ ʚʳʭʦʜʘ ʠʟ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʈʘʩʩʦʛʣʘʩʦʚʘʥʠʝ ʩʢʦʨʦʩʪʝʡ ʨʘʙʦʯʠʭ ʚʘʣʢʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʰʘʪʴ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʧʨʦʢʘʪʢʠ, ʵʪʘ ʨʘʟʥʦʩʪʴ ʩʢʦʨʦʩʪʝʡ ʨʘʙʦʯʠʭ ʚʘʣʢʦʚ ʟʘʢʣʶʯʘʝʪ-

ʩʷ ʚ ʢʦʵʬʬʠʮʠʝʥʪʝ ʘʩʠʤʤʝʪʨʠʠ [1]. ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʥʝʡʪʨʘʣʴʥʳʡ ʫʛʦʣ ʨʘʚʝʥ ʥʫ-

ʣʶ ʠ  ʦʙʨʘʟʫʝʪʩʷ ʪʦʣʴʢʦ ʦʜʥʘ ʟʦʥʘ ʦʪʩʪʘʚʘʥʠʷ, ʚ ʦʯʘʛʝ ʜʝʬʦʨʤʘʮʠʠ ʦʙʨʘʟʫʝʪʩʷ 

ʦʙʣʘʩʪʴ, ʚ ʢʦʪʦʨʦʡ ʩʠʣʳ ʢʦʥʪʘʢʪʥʦʛʦ ʪʨʝʥʠʷ ʥʘʧʨʘʚʣʝʥʳ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ 

ʩʪʦʨʦʥʳ. ʆʜʥʘʢʦ ʧʨʠ ʚʳʩʦʢʦʡ ʨʘʟʥʠʮʝ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʩʢʦʨʦʩʪʝʡ ʧʨʦʢʘʪʢʠ 

ʚʘʣʢʦʚ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʩʠʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʦʩʠ ʥʝ ʧʦʟʚʦʣʠʪ ʣʠʩʪʫ ʚʦʡʪʠ ʚʦ ʚʪʦʨʫʶ ʢʣʝʪʴ, ʥʘʨʫʰʘʷ ʪʝʤ ʩʘʤʳʤ ʩʦʙʩʪʚʝʥʥʦ 

ʧʨʦʮʝʩʩ ʧʨʦʢʘʪʢʠ. ʈʘʟʥʠʮʘ ʩʢʦʨʦʩʪʝʡ ʚʣʠʷʝʪ ʥʘ ʧʨʷʤʦʣʠʥʝʡʥʦʩʪʴ ʧʦʣʦʩʳ, ʧʦ-

ʣʦʩʘ ʠʟʛʠʙʘʝʪʩʷ ʥʘ ʚʘʣʦʢ ʤʝʥʴʰʝʛʦ ʜʠʘʤʝʪʨʘ, ʘ ʧʨʠ ʨʘʟʥʠʮʝ ʚ ʦʙʞʘʪʠʷʭ ʠʟʛʠʙ 

ʧʦʣʦʩʳ ʙʫʜʝʪ ʚ ʩʪʦʨʦʥʫ ʚʘʣʢʘ ʙʦʣʴʰʝʛʦ ʜʠʘʤʝʪʨʘ. ʈʘʟʣʠʯʠʝ ʧʨʦʜʦʣʴʥʳʭ ʩʢʦʨʦ-

ʩʪʝʡ ʤʝʪʘʣʣʘ ʧʦ ʪʦʣʱʠʥʝ ʧʦʣʦʩʳ ʚ ʧʣʦʩʢʦʩʪʠ ʚʳʭʦʜʘ ʠʟ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ  

ʚʣʠʷʝʪ ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ ʠʟʛʠʙʘ. ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʢʘʪʢʠ ʚ ʢʣʝʪʠ, ʛʜʝ ʜʠʘʤʝʪʨʳ ʨʘ-

ʙʦʯʠʭ ʚʘʣʢʦʚ ʨʘʚʥʳ ʤʝʞʜʫ ʩʦʙʦʡ, ʥʦ ʩʫʱʝʩʪʚʫʝʪ ʨʘʟʥʦʩʪʴ ʦʢʨʫʞʥʳʭ ʩʢʦʨʦʩʪʝʡ 

ʨʘʙʦʯʠʭ ʚʘʣʢʦʚ, ʠʟʛʠʙ ʧʦʣʦʩʳ ʥʘ ʚʳʭʦʜʝ ʠʟ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ 

ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʦʢʨʫʞʥʳʭ ʩʢʦʨʦʩʪʝʡ ʚʘʣʢʦʚ ʠ ʢʦʵʬʬʠʮʠʝʥ-
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ʪʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʦʪʥʦʰʝʥʠʝ ʦʧʝʨʝʞʝʥʠʷ ʥʘ ʚʘʣʢʘʭ, ʩ ʨʘʟʥʠʮʝʡ ʚ ʩʢʦʨʦʩʪʷʭ 

(ʨʠʩ. 1): 

2

1

1

1

i

i
Ki

+

+
= ; (1) 

2

1

ɺ

ɺ
V

V

V
K = , (2) 

ʛʜʝ iK  ï ʢʦʵʬʬʠʮʠʝʥʪ ʦʧʝʨʝʞʝʥʠʷ ʚʘʣʢʦʚ; 

VK  ï ʢʦʵʬʬʠʮʠʝʥʪ ʘʩʠʤʤʝʪʨʠʠ, ʩʪʝʧʝʥʴ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ 

ʩʢʦʨʦʩʪʝʡ; 

1ɺV  ʠ 2ɺV  ï ʩʢʦʨʦʩʪʴ ʚʝʨʭʥʝʛʦ ʠ ʥʠʞʥʝʛʦ ʨʘʙʦʯʝʛʦ ʚʘʣʢʘ. 

ʀʟʛʠʙ ʧʦʣʦʩʳ ʥʘ ʚʳʭʦʜʝ ʤʝʪʘʣʣʘ ʠʟ ʚʘʣʢʦʚ ʤʦʞʝʪ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥ ʢʘʢ ʚ 

ʩʪʦʨʦʥʫ ʙʦʣʴʰʝʛʦ ʨʘʙʦʯʝʛʦ ʚʘʣʢʘ, ʪʘʢ ʠ ʤʝʥʴʰʝʛʦ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʝʦʙʣʘ-

ʜʘʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʬʘʢʪʦʨʦʚ [2]. 

ɼʣʠʥʘ ʚʝʨʭʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʣʠʩʪʘ: 

tVL 11= , (3) 

ʥʠʞʥʝʡ 

 

ʈʠʩ.1. ʉʭʝʤʘ ʧʨʦʢʘʪʢʠ ʩ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʝʤ ʩʢʦʨʦʩʪʝʡ 
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tVL 22= , (4) 

ʛʜʝ 1V  ʠ 2V  ï ʩʢʦʨʦʩʪʴ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʣʠʩʪʘ; 

t  ï ʚʨʝʤʷ. 

ʉ ʫʯʝʪʦʤ ʧʦʩʣʝʜʥʠʭ ʚʳʨʘʞʝʥʠʡ  ʧʦʣʫʯʠʤ: 

2
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2

1

2

1

V

V

r

r

L

L
== , (5) 

ʛʜʝ 1r  ʠ 2r  ï ʨʘʜʠʫʩ ʠʟʛʠʙʘ ʧʦʣʦʩʳ ʩʦ ʩʪʦʨʦʥʳ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʧʦʣʦʩʳ, 

ʇʦʜʝʣʠʚ ʨʘʜʠʫʩʳ ʠʟʛʠʙʘ ʧʦʣʦʩʳ ʥʘ ʚʳʭʦʜʝ ʠʟ ʚʘʣʢʦʚ ʩʦ ʩʪʦʨʦʥʳ ʚʝʨʭʥʝʡ 

ʠ ʥʠʞʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʣʫʯʠʤ:  

( )

( )
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= ; (6) 

( )
( )2

1

1

1

i

i
KK V

+

+
= ; (7) 

iV KKK= ; (8) 

( )111 1 iVV B += ; (9) 

( )111 1 iVV B += , (10) 

1V  ʠ 2V  ï ʧʨʦʜʦʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʦʣʦʩʳ ʥʘ ʚʳʭʦʜʝ ʠʟ ʚʘʣʢʦʚ ʩʦ ʩʪʦʨʦʥʳ 

ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

( )

1

111
1

1

h

Re
i

g-
= ; (11) 

( )

1

222
2

1

h

Re
i

g-
= , (12) 

ʛʜʝ 1e  ʠ 2e  ï ʚʝʣʠʯʠʥʘ ʫʰʠʨʝʥʠʷ ʚ ʦʯʘʛʝ ʜʝʬʦʨʤʘʮʠʠ ʩʦ ʩʪʦʨʦʥʳ ʚʝʨʭʥʝʛʦ 

ʠ ʥʠʞʥʝʛʦ ʚʘʣʢʦʚ, 
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1g ʠ 2g ï ʚʝʣʠʯʠʥʳ ʢʨʠʪʠʯʝʩʢʠʭ ʫʛʣʦʚ ʩʦ ʩʪʦʨʦʥʳ ʚʝʨʭʥʝʛʦ ʠ ʥʠʞʥʝʛʦ 

ʚʘʣʢʦʚ. 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʨʘʚʝʥʩʪʚ, ʠʟʛʠʙ ʧʦʣʦʩʳ ʥʘ ʚʘʣʦʢ ʟʘʚʠʩʠʪ ʦʪ 

ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ VK  ʠ iK . 

ʀʟʛʠʙ ʧʦʣʦʩʳ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʥʘ ʚʘʣʦʢ ʩ ʤʝʥʴʰʝʡ ʦʢʨʫʞʥʦʡ ʩʢʦʨʦ-

ʩʪʴʶ, ʝʩʣʠ ʢʦʵʬʬʠʮʠʝʥʪ 1>VK , ʘ 1<iK . 

ʀʟʛʠʙ ʧʦʣʦʩʳ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʥʘ ʚʘʣʦʢ ʩ ʙʦʣʴʰʝʡ ʦʢʨʫʞʥʦʡ ʩʢʦʨʦ-

ʩʪʴʶ, ʝʩʣʠ ʢʦʵʬʬʠʮʠʝʥʪ 1>VK , ʘ 1>iK . 

ɼʣʷ ʩʣʫʯʘʷ ʘʩʠʤʤʝʪʨʠʯʥʦʡ ʧʨʦʢʘʪʢʠ, ʢʦʛʜʘ ʦʙʘ ʨʘʙʦʯʠʭ ʚʘʣʢʘ ʷʚʣʷʶʪʩʷ 

ʧʨʠʚʦʜʥʳʤʠ ʠ ʠʤʝʶʪ ʨʘʟʥʳʡ ʜʠʘʤʝʪʨ, ʧʨʦʙʣʝʤʘ ʠʟʛʠʙʘ ʧʦʣʦʩʳ ʤʦʞʝʪ ʨʝʰʘʪʴ-

ʩʷ ʧʫʪʝʤ ʟʘʜʘʯʠ ʤʝʪʘʣʣʘ ʚ ʦʯʘʛ ʜʝʬʦʨʤʘʮʠʠ ʧʦʜ ʫʛʣʦʤ. 

ʆʩʥʦʚʥʳʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʪʘʢʦʛʦ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ ʷʚ-

ʣʷʶʪʩʷ (ʨʠʩ. 2): 

- ʫʛʦʣ ʟʘʭʚʘʪʘ ʥʘ ʚʝʨʭʥʝʤ ʚʘʣʢʝ B0a ; 

- ʫʛʦʣ ʟʘʭʚʘʪʘ ʥʘ ʥʠʞʥʝʤ ʚʘʣʢʝ H0a ; 

- ʜʣʠʥʘ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʚʝʨʭʥʝʤ ʚʘʣʢʝ Bl ; 

- ʜʣʠʥʘ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʥʠʞʥʝʤ ʚʘʣʢʝ Hl ; 

- ʪʝʢʫʱʘʷ ʚʳʩʦʪʘ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ h . 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʷ: 
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BBB aRl 0= , (15) 

HHH aRl 0= , (16) 
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1
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2

1
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k

k
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R

R
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+
+= , (17) 

ʛʜʝ 0h ʠ 1h  ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘʯʘʣʴʥʘʷ ʠ ʢʦʥʝʯʥʘʷ ʪʦʣʱʠʥʘ ʧʦʣʦʩʳ; 

q ï ʫʛʦʣ ʚʭʦʜʘ ʧʦʣʦʩʳ ʚ ʦʯʘʛ ʜʝʬʦʨʤʘʮʠʠ; 

BR  ï ʨʘʜʠʫʩ ʚʝʨʭʥʝʛʦ ʚʘʣʢʘ; 

HR  ï ʨʘʜʠʫʩ ʥʠʞʥʝʛʦ ʚʘʣʢʘ; 

H

B
R

R

R
k =  ï ʢʦʵʬʬʠʮʠʝʥʪ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʘʩʠʤʤʝʪʨʠʠ; 

a ï ʫʛʣʦʚʘʷ ʢʦʦʨʜʠʥʘʪʘ ʩʝʯʝʥʠʷ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ. 

 

ʆʪʢʣʦʥʝʥʠʝ ʟʘʜʥʝʛʦ ʢʦʥʮʘ ʧʦʣʦʩʳ ʦʪ ʧʨʷʤʦʣʠʥʝʡʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʝʛʦ ʧʦ-

ʚʦʨʦʪ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʧʨʦʠʟʦʡʜʫʪ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʧʨʦʜʦʣʴʥʘʷ 

ʩʢʦʨʦʩʪʴ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʦʩʳ ʩʪʘʥʫʪ ʥʝʦʜʠʥʘʢʦʚʳʤʠ. ɽʩʣʠ 

ʧʨʦʜʦʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʦʣʦʩʳ ʥʘ ʚʭʦʜʝ ʚ ʚʘʣʢʠ ʧʦ ʚʝʨʭʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʙʫʜʝʪ 

ʙʦʣʴʰʝ, ʯʝʤ ʧʦ ʥʠʞʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʪʦ ʟʘʜʥʠʡ ʢʦʥʝʮ ʧʦʣʦʩʳ ʢʘʢ ʞʝʩʪʢʦʝ ʪʝʣʦ 

ʙʫʜʝʪ ʧʦʚʦʨʘʯʠʚʘʪʴʩʷ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ ʥʘ ʫʛʦʣ. 

ɼʠʬʬʝʨʝʥʮʠʘʣ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ: 

 

ʈʠʩ. 2. ʉʭʝʤʘ ʧʨʦʢʘʪʢʠ ʩ ʨʘʟʥʳʤʠ ʜʠʘʤʝʪʨʘʤʠ ʨʘʙʦʯʠʭ ʚʘʣʢʦʚ 
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ʛʜʝ 02010 VVV -=D  ï ʨʘʟʥʦʩʪʴ ʧʨʦʜʦʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ ʤʝʞʜʫ ʚʝʨʭʥʝʡ ʠ ʥʠʞ-

ʥʝʡ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʧʦʣʦʩʳ ʚ ʧʣʦʩʢʦʩʪʠ ʚʭʦʜʘ ʚ ʚʘʣʢʠ; t  ï ʚʨʝʤʷ. 

ʇʨʦʜʦʣʴʥʳʝ ʩʢʦʨʦʩʪʠ ʥʘ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʧʦʚʝʨʭʥʦʩʪʷʭ ʧʦʣʦʩʳ ʚ ʧʣʦʩ-

ʢʦʩʪʠ ʚʭʦʜʘ ʚ ʚʘʣʢʠ ʤʦʛʫʪ ʙʳʪʴ ʟʘʧʠʩʘʥʳ ʚʠʜʝ: 
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ʛʜʝ 1l ʠ 2l ï ʚʳʪʷʞʢʘ ʧʦʣʦʩʳ. 

ʉ ʫʯʝʪʦʤ ʧʦʩʣʝʜʥʠʭ ʨʘʚʝʥʩʪʚ ʨʘʟʥʦʩʪʴ ʧʨʦʜʦʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ ʤʝʞʜʫ 

ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʧʦʣʦʩʳ ʚ ʧʣʦʩʢʦʩʪʠ ʚʭʦʜʘ ʚ ʚʘʣʢʠ ʤʦʞʝʪ 

ʙʳʪʴ ʟʘʧʠʩʘʥʘ ʚ ʚʠʜʝ: 
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VV
V -=D , (21) 

ʉ ʫʯʝʪʦʤ ʦʧʝʨʝʞʝʥʠʡ ʥʘ ʚʝʨʭʥʝʤ ʠ ʥʠʞʥʝʤ ʚʘʣʢʘʭ ʧʨʦʜʦʣʴʥʳʝ ʩʢʦʨʦʩʪʠ 

ʥʘ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʧʦʚʝʨʭʥʦʩʪʷʭ ʧʦʣʦʩʳ ʚ ʧʣʦʩʢʦʩʪʠ ʚʳʭʦʜʘ ʠʟ ʚʘʣʢʦʚ ʤʦʛʫʪ 

ʙʳʪʴ ʟʘʧʠʩʘʥʳ ʚʠʜʝ: 

)1( 1111 iVV B += , (22) 

)1( 2212 iVV B += . (23) 

ʇʦʜʩʪʘʚʣʷʷ ʚʝʣʠʯʠʥʳ ʧʨʦʜʦʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ ʥʘ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʧʦʣʦʩʳ ʚ ʧʣʦʩʢʦʩʪʠ ʚʳʭʦʜʘ ʠʟ ʚʘʣʢʦʚ ʚ ʚʳʨʘʞʝʥʠʝ ʜʣʷ 0VD , ʧʦʣʫʯʘ-
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ʉ ʫʯʝʪʦʤ ʧʦʩʣʝʜʥʝʛʦ ʚʳʨʘʞʝʥʠʷ ʨʘʚʝʥʩʪʚʦ ʜʣʷ qd  ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ: 
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ɸʥʘʣʠʟʠʨʫʷ ʧʦʚʦʨʦʪ ʟʘʜʥʝʛʦ ʢʦʥʮʘ ʧʦʣʦʩʳ, ʦʪʤʝʪʠʤ, ʯʪʦ ʚ ʨʘʟʥʳʡ ʤʦ-

ʤʝʥʪ ʚʨʝʤʝʥʠ ʧʦʚʦʨʦʪ ʟʘʜʥʝʛʦ ʢʦʥʮʘ ʧʦʣʦʩʳ ʧʨʦʠʩʭʦʜʠʪ ʚʦʢʨʫʛ ʥʝʢʦʪʦʨʦʡ ʪʦʯ-

ʢʠ ʥʘ ʛʨʘʥʠ ʚʭʦʜʘ ʤʝʪʘʣʣʘ ʚ ʦʯʘʛ ʜʝʬʦʨʤʘʮʠʠ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʢʦʦʨʜʠʥʘʪʳ 

ʪʦʯʢʠ ʧʦʚʦʨʦʪʘ ʠʟʤʝʥʷʶʪʩʷ ʧʦ ʚʨʝʤʝʥʠ. 

ʉʤʝʱʝʥʠʝ ʨʘʙʦʯʝʛʦ ʚʘʣʢʘ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʧʨʦʮʝʩʩʘ ʧʨʦʢʘʪʢʠ, ʚ ʢʦʪʦʨʦʤ 

ʩʢʦʨʦʩʪʴ ʚʳʭʦʜʘ ʤʝʪʘʣʣʘ ʠʟ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ ʤʝʥʴʰʝ, ʧʦʟʚʦʣʷʝʪ ʫʩʪʨʘʥʷʪʴ ʠʟ-

ʛʠʙ ʧʝʨʝʜʥʝʛʦ ʢʦʥʮʘ ʧʦʣʦʩʳ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʥʘʧʨʘʚʣʝʥʠʷ ʠʟʛʠʙʦʚ ʠʟ-

ʟʘ ʨʘʟʥʠʮʳ ʩʢʦʨʦʩʪʝʡ ʚʳʭʦʜʘ ʤʝʪʘʣʣʘ ʠʟ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ ʠ ʠʟ-ʟʘ ʩʤʝʱʝʥʠʷ 

ʚʘʣʢʘ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʧʨʦʢʘʪʢʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳ ʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʝʣʠʯʠ-

ʥʝ ʩʤʝʱʝʥʠʷ, ʨʘʚʥʦʡ ʜ, ʢʦʤʧʝʥʩʠʨʫʶʪ ʜʝʡʩʪʚʠʝ ʦʜʠʥ ʜʨʫʛʦʛʦ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʝʨʝʜʥʠʡ ʢʦʥʝʮ  ʧʦʣʦʩʳ ʚʳʭʦʜʠʪ ʠʟ ʚʘʣʢʦʚ ʙʝʟ ʠʟʛʠʙʘ (ʨʠʩ. 3). 

 

 

ʈʠʩ.3. ʉʭʝʤʘ ʧʨʦʢʘʪʢʠ ʩʦ ʩʜʚʠʛʦʤ ʚʘʣʢʦʚ 
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ʅʝʦʙʭʦʜʠʤʳʝ ʚʝʣʠʯʠʥʳ ʩʤʝʱʝʥʠʷ ʚʘʣʢʘ ʜ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʦʣʥʦʩʪʴʶ ʫʩʪ-

ʨʘʥʷʝʪʩʷ ʠʟʛʠʙ ʧʝʨʝʜʥʝʛʦ ʢʦʥʮʘ ʧʦʣʦʩʳ ʦʧʨʝʜʝʣʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʨʘʟʥʦʩʪʠ ʩʢʦʨʦʩʪʝʡ ʚʳʭʦʜʘ ʤʝʪʘʣʣʘ ʠʟ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ. ʉ ʫʚʝʣʠ-

ʯʝʥʠʝʤ ʨʘʟʥʦʩʪʠ ʩʢʦʨʦʩʪʝʡ ʥʝʦʙʭʦʜʠʤʘʷ ʚʝʣʠʯʠʥʘ ʩʤʝʱʝʥʠʷ ʜ ʚʦʟʨʘʩʪʘʝʪ ʩʥʘ-

ʯʘʣʘ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ, ʘ ʟʘʪʝʤ ʧʦ ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ [3]. 

Vʜ D= 12,24  ʧʨʠ 12,0<DV ; (26) 

09,783,8671,432 2 +D-D= VVʜ  ʧʨʠ 12,0²DV , (27) 

ʛʜʝ ʜ ï ʚʝʣʠʯʠʥʘ ʩʤʝʱʝʥʠʷ ʚʘʣʢʘ, ʤʤ; 

 VD  ï ʨʘʟʥʦʩʪʴ ʩʢʦʨʦʩʪʝʡ ʚʳʭʦʜʘ ʤʝʪʘʣʣʘ ʠʟ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ, ʤ/ʩ. 

ɺʳʚʦʜ 

ɺ ʩʣʫʯʘʝ ʨʘʟʥʦʩʪʠ ʜʠʘʤʝʪʨʦʚ ʨʘʙʦʯʠʭ ʚʘʣʢʦʚ ʠʟ-ʟʘ ʜʝʡʩʪʚʠʷ ʫʩʠʣʠʷ ʧʨʦ-

ʢʘʪʢʠ ʚʘʣʢʠ ʙʫʜʫʪ ʧʨʦʛʠʙʘʪʴʩʷ ʥʝʦʜʠʥʘʢʦʚʦ, ʯʪʦ ʩʥʠʟʠʪ ʪʦʯʥʦʩʪʴ ʨʘʟʤʝʨʦʚ 

ʧʨʦʢʘʪʳʚʘʝʤʦʛʦ ʤʝʪʘʣʣʘ, ʥʘʨʫʰʠʪʩʷ ʩʠʤʤʝʪʨʠʷ ʧʨʦʬʠʣʷ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 

ʣʠʩʪʦʚ ʠ ʥʘʨʫʰʠʪʩʷ ʧʣʘʥʰʝʪʥʦʩʪʴ ʠʟ-ʟʘ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʚʳʪʷʞʝʢ. ɼʣʷ ʟʘʜʘ-

ʥʠʷ ʫʛʣʘ ʚʭʦʜʘ ʠ ʚʳʭʦʜʘ ʧʦʣʦʩʳ ʠʟ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʦʪʛʠʙʘʶʱʠʝ ʨʦʣʠʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʧʝʨʝʜ ʢʘʞʜʦʡ ʢʣʝ-

ʪʴʶ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴʰʠʤ ʟʘʪʨʘʪʘʤ ʚ ʧʣʘʥʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ ʵʥʝʨʛʦʦʙʝʩʧʝ-

ʯʝʥʠʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʣʝʪʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴ ʁʩʜʚʠʛʘ ʨʘʙʦʯʠʭ ʚʘʣʢʦʚ ʧʦʟʚʦʣʷʝʪ 

ʫʤʝʥʴʰʠʪʴ ʠʟʛʠʙʳ ʧʝʨʝʜʥʠʭ ʢʦʥʮʦʚ ʠ ʫʧʨʦʩʪʠʪʴ ʧʦʜʘʯʫ ʧʦʣʦʩʳ ʚ ʚʘʣʢʠ ʩʣʝ-

ʜʫʶʱʝʡ ʢʣʝʪʠ.  ɹʣʘʛʦʜʘʨʷ ʨʝʛʫʣʠʨʫʝʤʦʩʪʠ ʢʦʤʧʣʝʢʪʦʚ ʚʘʣʢʦʚ ʤʦʞʝʪ ʙʳʪʴ ʫʩ-

ʪʘʥʦʚʣʝʥ ʨʝʞʠʤ ʨʘʙʦʪʳ ʢʘʢ ʩʦ ʩʤʝʱʝʥʠʝʤ ʨʘʙʦʯʠʭ ʚʘʣʢʦʚ, ʪʘʢ ʠ ʙʝʟ ʩʤʝʱʝʥʠʷ. 

ɺ ʧʣʘʥʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʢʣʝʪʴ ʥʝ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʟʘʪʨʘʪ. 
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ɺ.ʅ. ʇʝʪʫʭʦʚ, ʕ.ʌ. ɹʫʨʘʥʦʚʘ, ʉ.ʂ. ʉʠʙʘʛʘʪʫʣʣʠʥ 

ʌɻɹʆʋ ɺʇʆ çʄʘʛʥʠʪʦʛʦʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘè 

ʋʃʋʏʐɽʅʀɽ ʂɸʏɽʉʊɺɸ ʇʓʃɽʋɻʆʃʔʅʆɻʆ ʊʆʇʃʀɺɸ 

ɼʃʗ ɼʆʄɽʅʅʆʁ ʇʃɸɺʂʀ 

ʀʩʩʣʝʜʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʥʠʞʝʥʠʷ ʟʦʣʴʥʦʩʪʠ ʧʳʣʝʫʛʦʣʴʥʦʛʦ ʪʦʧʣʠʚʘ 

ʧʨʠ ʝʛʦ ʧʦʜʛʦʪʦʚʢʝ ʙʦʣʝʝ ʯʝʤ ʚ 2 ʨʘʟʘ ʧʨʠʤʝʥʝʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʨʝʘʛʝʥʪʘ-

ʚʩʧʝʥʠʚʘʪʝʣʷ ʢʫʙʦʚʦʛʦ ʦʩʪʘʪʢʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʪʠʣʩʠʣʠʢʘʪʘ-32, ʘ ʚ ʢʘʯʝʩʪʚʝ 

ʨʝʘʛʝʥʪʘ-ʩʦʙʠʨʘʪʝʣʷ ï ʪʝʨʤʦʛʘʟʦʡʣʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʇʳʣʝʫʛʦʣʴʥʦʝ ʪʦʧʣʠʚʦ, ʢʫʙʦʚʳʝ ʦʩʪʘʪʢʠ ʵʪʠʣʩʠʣʠʢʘ-

ʪʘ-32, ʛʠʜʨʦʬʦʙʠʟʘʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʩʝʣʝʢʪʠʚʥʦʩʪʴ, ʫʛʦʣʴʥʳʡ ʢʦʥʮʝʥ-

ʪʨʘʪ. 

ʇʨʠʤʝʥʝʥʠʝ ʧʳʣʝʫʛʦʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝ-

ʥʠʝʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʨʘʙʦʪʳ ʜʦʤʝʥʥʳʭ ʧʝʯʝʡ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ɼʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʥʘʠʣʫʯʰʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʦʧʨʝʜʝʣʷʶ-

ʱʝʡ ʨʦʣʠ ʩʠʣʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʪʦʢʦʚ ʰʠʭʪʳ ʠ ʛʘʟʘ ʥʝʦʙʭʦʜʠʤʦ ʫʣʫʯ-

ʰʘʪʴ ʢʘʯʝʩʪʚʦ ʢʘʢ ʢʦʢʩʘ, ʪʘʢ ʠ ʧʳʣʝʫʛʦʣʴʥʦʛʦ ʪʦʧʣʠʚʘ [1]. ʋʩʪʘʥʦʚʣʝʥʦ, ʚ ʯʘʩʪ-

ʥʦʩʪʠ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ CRI [2] ʩʦʩʪʘʚʣʷʝʪ 

32,5%, ʘ ʛʦʨʷʯʝʡ ʧʨʦʯʥʦʩʪʠ ʢʦʢʩʘ CSR [2] ï 52,0% [3]. ɺ ʧʳʣʝʫʛʦʣʴʥʦʤ ʪʦʧʣʠʚʝ 

ʩʦʜʝʨʞʘʥʠʝ ʟʦʣʳ ʥʝ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ 9%. ɺʥʝʜʨʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚʜʫʚʘʥʠʷ 

ʇʋʊ ʩ ʜʦʚʝʜʝʥʠʝʤ ʝʛʦ ʨʘʩʭʦʜʘ ʜʦ 140-160 ʢʛ/ʪ ʯʫʛʫʥʘ ʧʦʟʚʦʣʠʣʦ ʧʦʣʥʦʩʪʴʶ ʦʪ-

ʢʘʟʘʪʴʩʷ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʚ ʜʦʤʝʥʥʦʡ ʧʣʘʚʢʝ, ʩʥʠʟʠʪʴ ʨʘʩʭʦʜ 

ʢʦʢʩʘ ʩ 492 ʜʦ 393 ʢʛ/ʪ, ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩ 7719 ʜʦ 8779 ʪ/ʩʫʪ. [4]. 

ʅʘʤʠ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʪʝʭʥʠʯʝʩʢʠʭ  ʧʨʦʜʫʢʪʦʚ ʥʝʬʪʝʭʠʤʠʠ ʠ ʥʝʬʪʝ-

ʧʝʨʝʨʘʙʦʪʢʠ ʚ ʢʘʯʝʩʪʚʝ ʨʝʘʛʝʥʪʦʚ-ʚʩʧʝʥʠʚʘʪʝʣʝʡ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ 

ʬʣʦʪʘʮʠʠ ʫʛʦʣʴʥʦʡ ʤʝʣʦʯʠ ʂʫʟʥʝʮʢʦʛʦ ʫʛʦʣʴʥʦʛʦ ʙʘʩʩʝʡʥʘ ʩ ʟʦʣʴʥʦʩʪʴʶ 

18,4%. ʇʦʜʦʙʨʘʥ ʦʧʪʠʤʘʣʴʥʳʡ ʨʝʘʛʝʥʪʥʳʡ ʨʝʞʠʤ. ɺ ʢʘʯʝʩʪʚʝ ʨʝʘʛʝʥʪʦʚ-
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ʚʩʧʝʥʠʚʘʪʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʜʫʢʪʳ: ʂʆɹʉ (ʢʫʙʦʚʳʡ ʦʩʪʘʪʦʢ 

ʙʫʪʠʣʦʚʳʭ ʩʧʠʨʪʦʚ) ʠ ʂʆ ʕʊʉ-32 (ʢʫʙʦʚʳʡ ʦʩʪʘʪʦʢ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʪʠʣʩʠʣʠʢʘ-

ʪʘ-32). ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚʳʙʨʘʥ ʫʛʦʣʴ ʎʆʌ çɹʝʣʦʚʩʢʘʷè ʟʦʣʴʥʦ-

ʩʪʴʶ 18,4%. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʣʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʨʘʩʭʦʜʝ ʨʝʘʛʝʥʪʘ-

ʩʦʙʠʨʘʪʝʣʷ ʪʝʨʤʦʛʘʟʦʡʣʷ, ʢʦʪʦʨʳʡ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ ʫʛʣʝʦʙʦʛʘʪʠʪʝʣʴ-

ʥʳʭ ʬʘʙʨʠʢʘʭ. ʈʘʩʭʦʜ ʪʝʨʤʦʛʘʟʦʡʣʷ ʩʦʩʪʘʚʣʷʣ 1,88 ʢʛ/ʪ. 

ʀʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʨʝʘʛʝʥʪʦʚ-ʚʩʧʝʥʠʚʘʪʝʣʝʡ ʧʨʠ ʬʣʦʪʘʮʠʠ ʩʚʷʟʘʥʦ ʩ ʦʩʦ-

ʙʝʥʥʦʩʪʷʤʠ ʠʭ ʛʨʫʧʧʦʚʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. ʅʘʧʨʠʤʝʨ, ʚ ʩʦʩʪʘʚ ʂʆɹʉ  

ʚʭʦʜʠʪ ʩʤʝʩʴ 2-ʵʪʠʣʛʝʢʩʘʥʦʣʘ ʠ ʜʨʫʛʠʭ ʦʢʪʠʣʦʚʳʭ ʩʧʠʨʪʦʚ, ʘʣʴʜʝʛʠʜʦʚ, ʘʮʝʪʘ-

ʣʝʡ, ʵʬʠʨʦʚ ʠ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʥʘʩʳʱʝʥʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ʅʦ ʝʩʣʠ 

ʟʘʤʝʥʠʪʴ ʘʪʦʤ ʫʛʣʝʨʦʜʘ ʚ ʙʠʮʠʢʣʠʯʝʩʢʠʭ ʘʮʝʪʘʣʷʭ ʥʘ ʘʪʦʤ ʢʨʝʤʥʠʷ, ʪʦ ʵʪʦ ʧʨʠ-

ʚʝʜʸʪ ʢ ʧʦʚʳʰʝʥʠʶ ʬʣʦʪʠʨʫʝʤʦʩʪʠ ʫʛʣʝʡ, ʪʘʢ ʢʘʢ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʡ ʬʣʦʪʘʮʠ-

ʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʦʙʣʘʜʘʶʪ ʙʠʮʠʢʣʠʯʝʩʢʠʝ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝ-

ʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʤʦʣʝʢʫʣʝ ʬʝʥʠʣʴʥʳʡ ʨʘʜʠʢʘʣ, ʢʘʢ ʚ ʩʦʩʪʘʚʝ ʂʆ ʕʊʉ-32, ʚ 

ʢʦʪʦʨʳʡ ʚʭʦʜʷʪ ʦʣʠʛʦʵʪʦʢʩʠʩʠʣʘʥʳ, ʜʠʤʝʪʠʣʠʟʦʘʣʢʠʣʦʢʩʠʩʠʣʘʥʳ, ʪʝʪʨʘʵʪʦʢ-

ʩʠʩʠʣʘʥ, ʙʠʩ (ʪʨʠʤʝʪʠʣʩʠʣʦʢʩʠʛʝʢʩʘʥ).  

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʨʘʩʭʦʜʘ ʨʝʘʛʝʥʪʘ-

ʚʩʧʝʥʠʚʘʪʝʣʷ ʧʨʠʚʦʜʠʪ ʢ ʟʘʢʦʥʦʤʝʨʥʦʤʫ ʧʦʚʳʰʝʥʠʶ ʚʳʭʦʜʘ ʢʦʥʮʝʥʪʨʘʪʘ. ʊʘʢ, 

ʥʘʧʨʠʤʝʨ, ʫʚʝʣʠʯʝʥʠʝ ʨʘʩʭʦʜʘ ʚʩʧʝʥʠʚʘʪʝʣʷ ʩ 0,04 ʜʦ 0,10 ʢʛ/ʪ ʧʨʠʚʝʣʦ ʢ ʫʚʝ-

ʣʠʯʝʥʠʶ ʚʳʭʦʜʘ ʢʦʥʮʝʥʪʨʘʪʘ ʩ 8,7 ʜʦ 10,2%. ʃʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʧʨʠ 

ʨʘʩʭʦʜʝ ʨʝʘʛʝʥʪʘ-ʚʩʧʝʥʠʚʘʪʝʣʷ 0,04 ʢʛ/ʪ. ʇʨʠ ʵʪʦʤ ʚʳʭʦʜ ʢʦʥʮʝʥʪʨʘʪʘ ʧʦʚʳ-

ʰʘʣʩʷ ʥʘ 1,2% (ʪʘʙʣʠʮʘ). 

ɿʦʣʴʥʦʩʪʴ ʦʪʭʦʜʦʚ ʩʦʩʪʘʚʠʣʘ 71%, ʘ ʠʟʚʣʝʯʝʥʠʝ ʛʦʨʶʯʝʡ ʤʘʩʩʳ ʚ ʢʦʥʮʝʥ-

ʪʨʘʪ 94,9%. ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʨʘʩʭʦʜʘ ʚʩʧʝʥʠʚʘʪʝʣʷ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʝʢʦ-

ʪʦʨʦʝ ʧʦʚʳʰʝʥʠʝ ʚʳʭʦʜʘ ʢʦʥʮʝʥʪʨʘʪʘ, ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʧʦʚʳʰʝʥʠʶ 

ʝʛʦ ʟʦʣʴʥʦʩʪʠ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʨʘʩʭʦʜʝ ʚʩʧʝʥʠʚʘʪʝʣʷ ʂʆ ʕʊʉ-32 ʚ ʢʦʣʠʯʝ-

ʩʪʚʝ 0,1 ʢʛ/ʪ ʟʦʣʴʥʦʩʪʴ ʢʦʥʮʝʥʪʨʘʪʘ ʧʦʚʳʩʠʣʘʩʴ ʜʦ 10,2% (ʨʠʩ. 1). 

ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʫʚʝʣʠʯʝʥʠʷ ʟʦʣʴʥʦʩʪʠ ʢʦʥʮʝʥʪʨʘʪʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʨʘʩʭʦʜʘ ʚʩʧʝʥʠʚʘʪʝʣʷ ʂʆ ʕʊʉ-32 ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴ-

ʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʚʭʦʜʷʱʠʭ ʚ ʪʝʭʥʠʯʝʩʢʠʡ ʧʨʦ-
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ʜʫʢʪ ʥʘ ʤʠʥʝʨʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʘʭ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʚʳʰʝʥʥʫʶ ʛʠʜʨʦʬʦʙʠ-

ʟʘʮʠʶ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʫʛʦʣʴʥʳʭ ʟʝʨʝʥ ʠ ʧʝʨʝʚʦʜ ʠʭ ʚ ʧʝʥʥʳʡ ʧʨʦʜʫʢʪ.  

ʊʘʙʣʠʮʘ 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ  

ʨʝʘʛʝʥʪʘ-ʚʩʧʝʥʠʚʘʪʝʣʷ ʥʘ ʬʣʦʪʘʮʠʶ ʫʛʣʷ 

ʈʘʩʭʦʜ ʨʝʘʛʝʥʪʘ 

ʇʨʦʜʫʢʪ 

ʇʦʢʘʟʘʪʝʣʴ ʬʣʦʪʘʮʠʠ 

ʄʘʩʩʘ  g ɿʦʣʴ 

ʥʦʩʪʴ äg äAd  x 

ʩʦʙʠʨʘ 

ʪʝʣʷ 

ʚʩʧʝʥʠ 

ʚʘʪʝʣʷ 
ʦʙʱʠʡ ʛ % 

0,94 

0,04 

0,98 ʂʦʥʮʝʥʪʨʘʪ 1 42,8 75,7 8,4 75,7 8,4 84,9 

0,47 0,51 ʂʦʥʮʝʥʪʨʘʪ 2 2,3 6,9 10,3 82,6 8,6 92,5 

0,47 0,51 ʂʦʥʮʝʥʪʨʘʪ 3 0,8 1,2 16,0 83,8 8,7 93,8 

  ʆʪʭʦʜʳ 4,5 16,2 71,0 100 18,4  

ʀʩʭʦʜʥʳʡ 50,0 100 18,4    

0,94 

0,06 

1,0 ʂʦʥʮʝʥʪʨʘʪ 1 43,4 76,5 8,5 76,5 8,5 85,8 

0,47 0,53 ʂʦʥʮʝʥʪʨʘʪ 2 2,8 7,0 11,2 83,5 8,7 93,4 

0,47 0,53 ʂʦʥʮʝʥʪʨʘʪ 3 1,1 1,5 17,0 85,0 8,9 94,9 

  ʆʪʭʦʜʳ 2,7 15,0 74,9 100 18,4  

ʀʩʭʦʜʥʳʡ 50,0 100 18,4    

0,94 

0,08 

1,0 ʂʦʥʮʝʥʪʨʘʪ 1 44,3 77,2 8,6 77,2 8,6 86,5 

0,47 0,53 ʂʦʥʮʝʥʪʨʘʪ 2 3,0 8,1 13,8 85,3 9,1 95,0 

0,47 0,53 ʂʦʥʮʝʥʪʨʘʪ 3 0,7 1,1 20,5 86,2 9,3 95,8 

  ʆʪʭʦʜʳ 2,0 13,6 78,0 100 18,4  

ʀʩʭʦʜʥʳʡ 50,0 100 18,4    

0,94 

0,10 

1,04 ʂʦʥʮʝʥʪʨʘʪ 1 45,3 78,4 9,5 78,4 9,5 86,9 

0,47 0,57 ʂʦʥʮʝʥʪʨʘʪ 2 3,7 8,6 15,5 87,0 10,0 95,9 

0,47 0,57 ʂʦʥʮʝʥʪʨʘʪ 3 0,8 1,2 20,01 88,2 10,2 97,1 

  ʆʪʭʦʜʳ 0,2 11,8 83,0 100 18,4  

ʀʩʭʦʜʥʳʡ 50,0 100 18,4    

ʈʝʘʛʝʥʪʳ: ʩʦʙʠʨʘʪʝʣʴ ï ʪʝʨʤʦʛʘʟʦʡʣʴ, ʚʩʧʝʥʠʚʘʪʝʣʴ ï ʕʊʉ-32. 

g ï ʚʳʭʦʜ ʢʦʥʮʝʥʪʨʘʪʘ; äg ï ʩʫʤʤʘʨʥʳʡ ʚʳʭʦʜ ʢʦʥʮʝʥʪʨʘʪʘ; äAd  ï ʩʫʤ-

ʤʘʨʥʘʷ ʟʦʣʴʥʦʩʪʴ; x ï ʠʟʚʣʝʯʝʥʠʝ ʛʦʨʶʯʝʡ ʤʘʩʩʳ ʚ ʢʦʥʮʝʥʪʨʘʪ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʛʠʜʨʦʬʦʙʠʟʘʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʨʝʘʛʝʥʪʦʚ-

ʚʩʧʝʥʠʚʘʪʝʣʝʡ ʂʆɹʉ ʠ ʂʆ ʕʊʉ-32 ʧʦʟʚʦʣʠʣʠ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʧʨʠʤʝ-

ʥʝʥʠʷ ʂʆ ʕʊʉ-32 ʚʳʭʦʜ ʚʩʧʣʳʚʰʝʛʦ ʧʨʦʜʫʢʪʘ ʚ ʘʧʧʘʨʘʪʝ ʍʘʣʣʠʤʦʥʜʘ ʥʝʧʨʝ-
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ʨʳʚʥʦ ʧʦʚʳʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʭʦʜʘ ʂʆ ʕʊʉ-32. ʇʨʠ ʵʪʦʤ ʚʳʭʦʜ 

ʚʩʧʣʳʚʰʝʛʦ ʧʨʦʜʫʢʪʘ ʚ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʂʆɹʉ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ (ʨʠʩ. 2). 

 

 
ʈʠʩ. 1. ɺʣʠʷʥʠʝ ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʂʆ ʕʊʉ-32  

ʥʘ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʬʣʦʪʘʮʠʠ 

 
ʈʠʩ. 2. ɺʣʠʷʥʠʝ ʨʝʘʛʝʥʪʦʚ-ʚʩʧʝʥʠʚʘʪʝʣʝʡ  

ʥʘ ʠʭ ʛʠʜʨʦʬʦʙʠʟʘʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʜʫʢʪʦʚ ʬʣʦʪʘʮʠʠ ʥʝʦʙ-

ʭʦʜʠʤʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʨʘʩʭʦʜ ʨʝʘʛʝʥʪʘ-ʚʩʧʝʥʠʚʘʪʝʣʷ ʕʊʉ-32 ʦʢʦʣʦ 0,04 ʢʛ/ʪ, 
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ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʚʳʭʦʜʘ ʢʦʥʮʝʥʪʨʘʪʘ ʠ ʩʥʠʞʝʥʠʝ ʝʛʦ ʟʦʣʴʥʦʩʪʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʨʝʘʛʝʥʪʘʤʠ-ʚʩʧʝʥʠʚʘʪʝʣʝʣʷʤʠ ʥʘ ʫʛ-

ʣʝʦʙʦʛʘʪʠʪʝʣʴʥʳʭ ʬʘʙʨʠʢʘʭ (ʩʤ. ʪʘʙʣʠʮʫ). 

ɿʘʢʣʶʯʝʥʠʝ 

ɺʳʷʚʣʝʥʥʳʡ ʨʝʘʛʝʥʪʥʳʡ ʨʝʞʠʤ ʦʙʦʛʘʱʝʥʠʷ ʩ ʨʘʩʭʦʜʦʤ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʧʨʦʜʫʢʪʘ ʂʆ ʕʊʉ-32 ʚ ʢʦʣʠʯʝʩʪʚʝ 0,04 ʢʛ/ʪ, ʘ ʪʝʨʤʦʛʘʟʦʡʣʷ 1,88 ʢʛ/ʪ ʦʙʝʩʧʝʯʠ-

ʚʘʝʪ ʧʦʣʫʯʝʥʠʝ ʠʟ ʫʛʣʷ ʟʦʣʴʥʦʩʪʴʶ 18,4% ʢʦʥʮʝʥʪʨʘʪʘ ʚ ʢʘʯʝʩʪʚʝ ʧʳʣʝʫʛʦʣʴʥʦ-

ʛʦ ʪʦʧʣʠʚʘ ʜʣʷ ʜʦʤʝʥʥʳʭ ʧʝʯʝʡ ʩ ʟʦʣʴʥʦʩʪʴʶ 8,4% ʧʨʠ ʩʫʤʤʘʨʥʦʤ  

ʚʳʭʦʜʝ 75,7%.  

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 
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ʋ.ɺ. ʅʘʫʤʦʚʘ, ʅ.ɺ. ʉʢʘʨʣʳʛʠʥʘ 

ʆʆʆ çʂʦʨʧʦʨʘʪʠʚʥʳʝ ʩʠʩʪʝʤʳ ʇʣʶʩè 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ 3D ɸʊʃɸʉʆɺ ʆɹʆʈʋɼʆɺɸʅʀʗ  

ɼʃʗ ʇʆɼɻʆʊʆɺʂʀ ʄʆʃʆɼʓʍ ʉʇɽʎʀɸʃʀʉʊʆɺ  

ɻʆʈʅʆ-ʄɽʊɸʃʃʋʈɻʀʏɽʉʂʆʁ ʆʊʈɸʉʃʀ 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʠʩʪʝʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʥʝʧʨʝ-

ʨʳʚʥʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ ʠ ʢʦʤʧʴʶʪʝʨʠʟʘʮʠʠ. ʎʝʣʴ ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ï ʵʪʦ ʧʦ-

ʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʠʝ ʧʨʦ-

ʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʚʳʧʫʩʢʥʠʢʦʚ ʚʳʩʰʠʭ ʠ ʩʨʝʜʥʠʭ ʩʧʝʮʠʘʣʴʥʳʭ ʫʯʝʙʥʳʭ 

ʟʘʚʝʜʝʥʠʡ. ɺ ʵʧʦʭʫ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʜʦʩʪʠʞʝʥʠʝ ʵʪʠʭ ʮʝʣʝʡ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʧʨʦʮʝʩʩʝ  ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʪʝʣʝʢʦʤʤʫʥʠ-

ʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ɹʦʣʝʝ ʪʦʛʦ, ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʩʝʛʦʜʥʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʚʳʭ ʘʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʦʙʫʯʝʥʠʷ, ʢʦʛʜʘ ʧʨʦʠʩ-

ʭʦʜʠʪ ʚʦʚʣʝʯʝʥʠʝ ʫʯʝʥʠʢʘ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ.  

ɸʢʪʠʚʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʧʦʩʦʙʥʦ ʨʝʟʢʦ ʧʦ-

ʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʫʯʝʥʠʷ ʤʦʣʦʜʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʚʝʜʴ ʩʦʚʨʝʤʝʥʥʦʝ ʧʦ-

ʢʦʣʝʥʠʝ, ʢʘʢ ʥʠʢʪʦ ʟʥʘʢʦʤʦ ʩ ʢʦʤʧʴʶʪʝʨʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ, ʥʦʚʳʤʠ ʪʝʭʥʦʣʦ-

ʛʠʷʤʠ, ʘ ʪʘʢʞʝ ʩʨʝʜʩʪʚʘʤʠ ʩʚʷʟʠ ʠ ʠʥʪʝʨʥʝʪʘ. ʄʦʣʦʜʳʤ ʩʧʝʮʠʘʣʠʩʪʘʤ ʫʞʝ ʥʝ 

ʠʥʪʝʨʝʩʥʦ ʠʟʫʯʘʪʴ ʤʘʪʝʨʠʘʣ ʚ ʪʨʘʜʠʮʠʦʥʥʦʡ ʬʦʨʤʝ, ʠʭ ʚʩʝ ʙʦʣʴʰʝ ʧʨʠʚʣʝʢʘʶʪ 

ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʚʦʚʣʝʯʴ ʚ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʠ ʩʜʝʣʘʪʴ ʝʛʦ 

ʥʝʦʙʳʯʥʳʤ ʠ ʠʥʪʝʨʝʩʥʳʤ. ʂ ʪʘʢʠʤ ʪʝʭʥʦʣʦʛʠʷʤ ʦʪʥʦʩʷʪʩʷ ʩʨʝʜʩʪʚʘ ʵʣʝʢʪʨʦʥ-

ʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʘ ʠʤʝʥʥʦ: ʩʠʩʪʝʤʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʵʣʝʢʪʨʦʥʥʳʝ ʠʟ-

ʜʘʥʠʷ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʧʦʨʪʘʣʳ, ʘ ʪʘʢʞʝ ʦʜʥʦ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ 

ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ï ʤʫʣʴʪʠʤʝʜʠʡʥʳʝ ʦʙʫʯʘʶʱʠʝ ʩʠʩʪʝʤʳ. 

ʅʘʧʨʘʚʣʝʥʠʝ çʄʫʣʴʪʠʤʝʜʠʡʥʳʝ ʦʙʫʯʘʶʱʠʝ ʩʠʩʪʝʤʳè ʛʨʫʧʧʘ ʢʦʤʧʘʥʠʡ 

çSIKE.ʂʦʨʧʦʨʘʪʠʚʥʳʝ ʩʠʩʪʝʤʳè ʩ 2006 ʛʦʜʘ ʫʩʧʝʰʥʦ ʨʘʟʨʘʙʘʪʳʚʘʝʪ ʠ ʚʚʦʜʠʪ ʚ 

ʧʨʦʤʳʰʣʝʥʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ ʦʙʫʯʘʶʱʠʝ ʩʠʩʪʝʤʳ, ʟʘʩʣʫʞʠʚʘʶʱʠʝ ʚʳʩʦʢʫʶ 

ʦʮʝʥʢʫ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʟʘʢʘʟʯʠʢʦʚ. ç3D ɸʪʣʘʩ ʦʙʦʨʫʜʦʚʘ-



ïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïï ʉʧʝʮʠʘʣʴʥʳʡ ʚʳʧʫʩʢ 

ʂʘʣʠʙʨʦʚʦʯʥʦʝ ʙʶʨʦ (www.passdesign.ru). 2014. ɺr ʧʫʩʢ 3.1ïïïïïïïïïïïïïïïï54 

ʥʠʷè - ʦʜʠʥ ʠʟ ʧʦʩʣʝʜʥʠʭ ʧʨʦʜʫʢʪʦʚ ʥʘʧʨʘʚʣʝʥʠʷ. ʆʥ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʦʜʛʦ-

ʪʦʚʢʠ ʤʦʣʦʜʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ, ʦʙʫʯʘʶʱʠʭʩʷ  ʚ 

ɺʋɿʘʭ ʠ ʉʉʋɿʘʭ. 3D ɸʪʣʘʩ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʪʨʝʭʤʝʨʥʳʝ ʤʦʜʝʣʠ ʩʣʝʜʫʶʱʠʭ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʘʛʨʝʛʘʪʦʚ: 

- ʜʦʤʝʥʥʦʡ ʧʝʯʠ;  

- ʜʫʛʦʚʦʡ ʩʪʘʣʝʧʣʘʚʠʣʴʥʦʡ ʧʝʯʠ; 

- ʘʛʨʝʛʘʪʘ ʧʝʯʴ-ʢʦʚʰ (ʦʜʥʦʧʦʟʠʮʠʦʥʥʳʡ); 

- ʢʠʩʣʦʨʦʜʥʦʛʦ ʢʦʥʚʝʨʪʝʨʘ ʩ ʚʝʨʭʥʝʡ ʧʨʦʜʫʚʢʦʡ; 

- ʩʦʨʪʦʚʦʡ ʤʘʰʠʥ rʥʝʧʨʝʨʳʚʥʦʛʦ ʣʠʪʴʷ ʟʘʛʦʪʦʚʦʢ; 

- ʩʣʷʙʦʚʦʡ ʤʘʰʠʥ rʥʝʧʨʝʨʳʚʥʦʛʦ ʣʠʪʴʷ ʟʘʛʦʪʦʚʦʢ; 

- ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. 

3D ɸʪʣʘʩ ʢʘʞʜʦʛʦ ʘʛʨʝʛʘʪʘ ʧʦʢʘʟʳʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʦʙʦʙʱʝʥʥʫʶ ʢʦʥʩʪʨʫʢ-

ʮʠ ʁʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ, ʥʦ ʠ ʫʩʪʨʦʡʩʪʚʦ ʝʝ ʦʪʜʝʣʴʥʳʭ ʫʟʣʦʚ. ɺ 3D ɸʪ-

ʣʘʩʝ ʩʦʙʨʘʥʳ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʪʠʧʳ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʢʘʟʘʥʳ ʠʭ 

ʨʘʟʣʠʯʠʷ, ʦʧʠʩʘʥʳ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. ʊʘʢʘʷ ʧʦʜʘʯʘ ʠʥʬʦʨʤʘʮʠʠ 

ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʫ ʫʯʝʥʠʢʘ ʮʝʣʦʩʪʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʢʦʥʩʪʨʫʢ-

ʮʠʠ ʘʛʨʝʛʘʪʘ, ʝʛʦ ʥʘʟʥʘʯʝʥʠʠ ʠ ʧʨʠʥʮʠʧʘʭ ʨʘʙʦʪʳ. 

ʈʘʩʩʤʦʪʨʠʤ ʩʧʝʮʠʬʠʢʫ 3D ɸʪʣʘʩʘ ʥʘ ʧʨʠʤʝʨʝ ʘʛʨʝʛʘʪʘ çɼʫʛʦʚʘʷ ʩʪʘʣʝ-

ʧʣʘʚʠʣʴʥʘʷ ʧʝʯʴè (ʨʠʩ. 1). 

 

ʈʠʩ. 1. çɻʣʘʚʥʦʝ ʤʝʥʶè 


