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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʣʦʩʢʠʝ ʢʦʥʪʘʢʪʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʪʘʢʠʝ ʢʘʢ ʥʘʧʨʘʚʣʷʶʱʠʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʨʘʟʣʠʯʥʳʭ ʘʛʨʝʛʘʪʘʭ 

ʠ ʫʟʣʘʭ ʤʘʰʠʥ. ʂ ʪʘʢʠʤ ʵʣʝʤʝʥʪʘʤ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʚʳʩʦʢʠʝ 

ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʢʘʯʝʩʪʚʫ ʦʙʨʘʙʦʪʢʠ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʪʦʯʥʦʩʪʠ.  ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʪʘʢʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʰʣʠʬʦʚʘʥʠʷ. ʕʪʦ 

ʪʨʫʜʦʸʤʢʠʡ ʚʠʜ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʪʨʝʙʫʶʱʠʡ ʦʩʦʙʦʡ ʧʦʜʛʦʪʦʚʢʠ 

ʧʦʤʝʱʝʥʠʷ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʤʦʞʝʪ ʚʦʟʥʠʢʘʪʴ ʢʦʨʦʙʣʝʥʠʝ ʟʘʛʦʪʦʚʢʠ ʠ 

ʪʘʢʠʝ ʜʝʬʝʢʪʳ, ʢʘʢ ʧʨʠʞʦʛʠ ʠ ʰʘʨʞʠʨʦʚʘʥʠʝ. ʈʝʰʠʪʴ ʜʘʥʥʳʝ ʧʨʦʙʣʝʤʳ 

ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʭʦʜ ʢ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʬʨʝʟʝʨʥʦʡ ʦʙʨʘʙʦʪʢʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʥʦʛʦʣʝʟʚʠʡʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʦʩʥʘʱʸʥʥʦʛʦ ʢʝʨʘʤʠʯʝʩʢʠʤʠ ʨʝʞʫʱʠʤʠ 

ʧʣʘʩʪʠʥʘʤʠ. ʕʪʦʪ ʤʝʪʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʠʣʫʯʰʝʝ ʢʘʯʝʩʪʚʦ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ 

ʪʦʯʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, 

ʦʜʥʘʢʦ, ʨʝʞʫʱʘʷ ʢʝʨʘʤʠʢʘ ʠʤʝʝʪ ʪʘʢʠʝ ʥʝʜʦʩʪʘʪʢʠ, ʢʘʢ ʥʠʟʢʘʷ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ 

ʠ ʨʘʟʥʦʨʦʜʥʦʩʪʴ ʩʪʨʫʢʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʝʞʫʱʠʭ ʧʣʘʩʪʠʥ ʦʜʥʦʡ ʤʘʨʢʠ, ʠʟ-ʟʘ 

ʯʝʛʦ ʠʥʩʪʨʫʤʝʥʪ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʘʙʠʣʴʥʫʶ ʨʘʙʦʪʫ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʫʜʘʨʥʳʭ 

ʥʘʛʨʫʟʦʢ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʡ ʤʝʪʦʜ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʟʫʯʝʥʠʷ ʩʚʦʡʩʪʚ ʢʝʨʘʤʠʯʝʩʢʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʦʙʨʘʙʦʪʢʠ ʧʣʦʩʢʠʭ ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʝʨʘʤʠʯʝʩʢʠʭ 

ʨʝʞʫʱʠʭ ʧʣʘʩʪʠʥ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺʦʧʨʦʩʘʤ ʪʦʨʮʝʚʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʤʥʦʛʦʣʝʟʚʠʡʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʙʳʣʠ ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ ɸʥʜʨʝʝʚʘ ɺ.ʅ., ɹʫʨʤʠʩʪʨʦʚʘ ɽ.ɺ., 

ɾʘʨʢʦʚʘ ʀ.ɻ., ʂʫʜʠʥʦʚʘ ɺ.ɸ., ʄʘʨʛʫʣʝʩʘ ɸ.ʋ., ʉʫʩʣʦʚʘ ɸ.ɻ., ʉʚʠʥʠʥʘ ɺ.ʄ. ʠ ʜʨ. 

ʀʟʫʯʝʥʠʶ ʤʝʪʦʜʦʚ ʠ ʩʧʦʩʦʙʦʚ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʣʦʩʢʠʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʝʪʘʣʝʡ ʬʨʝʟʝʨʦʚʘʥʠʝʤ ʪʦʨʮʝʚʦʡ ʬʨʝʟʦʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʤʝʥʥʳʭ ʤʥʦʛʦʛʨʘʥʥʳʭ ʧʣʘʩʪʠʥ (ʉʄʇ) ʠʟ ʨʝʞʫʱʝʡ ʢʝʨʘʤʠʢʠ ʧʦʩʚʷʱʝʥ ʨʷʜ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ɹʦʣʜʳʨʝʚʘ ɸ.ʀ., ɻʫʜʠʤʝʥʢʦ ʅ.ʅ., ɼʨʫʯʠʣʠʥʘ 
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ɸ.ɸ., ɾʘʨʢʦʚʘ ʀ.ɻ., ɾʫʨʘʚʣʝʚʘ ʄ.ʇ., ɿʘʭʘʨʝʥʢʦ ʀ.ʃ., ʀʩʘʝʚʘ ɸ.ɺ., 

ʂʠʪʘʡʛʦʨʦʜʩʢʦʛʦ ʀ.ʀ., ʂʦʣʝʨʤʘʥʘ ʈ., ʄʘʣʴʮʝʚʘ ʆ.ʉ., ʄʘʰʢʠʥʘ ɻ.ʀ., ʇʦʟʜʥʷʢʘ 

ɻ.ɻ, ʉʫʩʣʦʚʘ ɸ.ɻ. ʠ ʜʨ. 

ʇʨʠʤʝʥʝʥʠʝ ʨʝʞʫʱʝʡ ʢʝʨʘʤʠʢʠ ʜʣʷ ʪʦʨʮʝʚʦʛʦ ʬʨʝʟʝʨʦʚʘʥʠʷ ʠʟʜʝʣʠʡ ʠʟ 

ʯʫʛʫʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʪʨʫʜʘʭ ɸʥʜʨʝʝʚʘ ɺ.ʅ., ɹʘʢʣʘʥʦʚʘ ɽ.ʀ., ɹʣʶʤʘ ɻ., 

ɼʝʨʢʘʯʝʚʘ ʅ.ʀ., ɾʫʨʘʚʣʝʚʘ ʄ.ʇ., ʄʘʤʢʠʥʘ ɻ.ʀ., ʄʘʢʩʠʤʦʚʘ ɸ.ɺ., ʉʝʜʦʚʘ ɽ.ɺ. 

ʊʘʢ ʚ ʨʘʙʦʪʝ ɸʥʜʨʝʝʚʘ ɺ.ʅ.  ʠ ʉʝʜʦʚʘ ɽ.ɺ.  çʆʙʨʘʙʦʪʢʘ ʩʝʨʦʛʦ ʯʫʛʫʥʘ 

ʪʦʨʮʝʚʳʤʠ ʬʨʝʟʘʤʠ ʩ ʤʠʥʝʨʘʣʦʢʝʨʘʤʠʯʝʩʢʠʤʠ ʧʣʘʩʪʠʥʘʤʠè ʧʨʠʚʝʜʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʨʝʞʫʱʝʡ ʢʝʨʘʤʠʢʠ ʧʨʠ ʪʦʨʮʝʚʦʤ 

ʬʨʝʟʝʨʦʚʘʥʠʠ ʯʫʛʫʥʘ ʉʏ-20 (HB197é207), ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ 

ʨʝʞʫʱʝʡ ʢʝʨʘʤʠʢʠ ʩʦʢʨʘʱʘʝʪ ʤʘʰʠʥʥʦʝ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʜʦ ʜʚʫʭ ʨʘʟ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʠ ʙʦʣʝʝ ʜʦʨʦʛʠʤ ʪʚʝʨʜʳʤ ʩʧʣʘʚʦʤ ɺʂ6. 

ɺ ʨʘʙʦʪʝ ʂʘʩʠʣʦʚʦʡ ɸ.ɻ.  ʠ ʄʝʱʝʨʷʢʦʚʘ ʈ.ʂ.  ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʝʨʘʤʠʢʠ ɺʆʂ 60 ʧʨʠ ʪʦʨʮʝʚʦʤ ʬʨʝʟʝʨʦʚʘʥʠʠ ʯʫʛʫʥʘ (HB ʜʦ 260) 

ʚʟʘʤʝʥ ʥʘʠʙʦʣʝʝ ʠʟʥʦʩʦʩʪʦʡʢʠʭ ʩʧʣʘʚʦʚ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʚ 2é2,5 ʨʘʟʘ. 

ʎʝʣʴ ʨʘʙʦʪʳ - ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʦʪʢʠ 

ʚʳʩʦʢʦʪʦʯʥʳʭ ʧʣʦʩʢʠʭ ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʨʠ ʯʠʩʪʦʚʦʤ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʤ ʬʨʝʟʝʨʦʚʘʥʠʠ ʩ ʫʯʝʪʦʤ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ 

ʨʝʞʫʱʝʡ ʢʝʨʘʤʠʢʠ.  

ʀʜʝʷ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʉʦʟʜʘʥʠʝ ʤʝʪʦʜʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʟʘʜʘʥʥʫʶ 

ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʥʘʧʨʘʚʣʷʶʱʠʭ ʩʪʘʥʠʥ ʤʝʪʘʣʣʦʨʝʞʫʱʠʭ ʩʪʘʥʢʦʚ ʧʨʠ ʯʠʩʪʦʚʦʡ ʬʨʝʟʝʨʥʦʡ 

ʪʦʨʮʝʚʦʡ ʦʙʨʘʙʦʪʢʝ ʥʘ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʩʪʘʥʢʘʭ ʩ ʏʇʋ ʩ ʫʯʝʪʦʤ ʨʘʟʣʠʯʥʳʭ 

ʩʪʨʫʢʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʝʞʫʱʠʭ ʢʝʨʘʤʠʯʝʩʢʠʭ ʧʣʘʩʪʠʥ ʚ ʥʘʙʦʨʥʦʡ ʬʨʝʟʝ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʦʧʨʝʜʝʣʝʥʳ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

1. ʇʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʯʠʩʪʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʧʣʦʩʢʠʭ 

ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʢʦʨʧʫʩʥʳʭ ʜʝʪʘʣʝʡ; 
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2. ʆʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

ʦʙʨʘʙʦʪʢʠ ʧʣʦʩʢʠʭ ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ 

ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ; 

3. ʆʮʝʥʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʨʝʞʫʱʝʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʬʨʝʟʝʨʥʦʡ ʦʙʨʘʙʦʪʢʝ; 

4. ʉʦʟʜʘʪʴ ʧʨʠʢʣʘʜʥʦʡ ʤʝʪʦʜ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʩʚʦʡʩʪʚ ʦʢʩʠʜʥʦ-

ʢʘʨʙʠʜʥʳʭ ʢʝʨʘʤʠʯʝʩʢʠʭ ʨʝʞʫʱʠʭ ʧʣʘʩʪʠʥ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʮʝʥʠʚʘʪʴ ʩʪʦʡʢʦʩʪʴ 

ʢʘʞʜʦʡ ʦʪʜʝʣʴʥʦʡ ʧʣʘʩʪʠʥʳ ʜʦ ʥʘʯʘʣʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ; 

5. ʈʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜ ʦʩʥʘʱʝʥʠʷ ʤʥʦʛʦʣʝʟʚʠʡʥʦʛʦ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʠʥʩʪʨʫʤʝʥʪʘ; 

6. ʉʦʟʜʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, 

ʫʯʠʪʳʚʘʶʱʫʶ ʩʝʣʝʢʪʠʚʥʦʝ ʦʩʥʘʱʝʥʠʝ ʤʥʦʛʦʣʝʟʚʠʡʥʦʛʦ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, 

ʧʦʟʚʦʣʷʶʱʫʶ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʜʠʥʘʤʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʠʩʪʝʤʳ; 

7. ʇʨʦʚʝʩʪʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʦʪʢʠ ʚʳʩʦʢʦʪʦʯʥʳʭ ʧʣʦʩʢʠʭ 

ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘ ʦʩʥʦʚʝ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʬʨʝʟʝʨʦʚʘʥʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʣʝʢʪʠʚʥʦʛʦ ʤʝʪʦʜʘ ʦʩʥʘʱʝʥʠʷ ʤʥʦʛʦʣʝʟʚʠʡʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ 

ʨʝʞʫʱʝʡ ʢʝʨʘʤʠʢʦʡ; 

8. ʈʘʟʨʘʙʦʪʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʥʘʩʪʨʦʡʢʝ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʦʩʥʘʱʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʞʫʱʝʡ ʢʝʨʘʤʠʢʠ, ʧʨʠʤʝʥʝʥʠʝ 

ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʟʘʜʘʥʥʫʶ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʣʦʩʢʠʭ ʢʦʥʪʘʢʪʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʨʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʤ ʬʨʝʟʝʨʦʚʘʥʠʠ; 

9. ʇʨʦʠʟʚʝʩʪʠ ʘʧʨʦʙʘʮʠʶ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ - ʦʙʝʩʧʝʯʝʥʠʝ ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʦʪʢʠ ʚʳʩʦʢʦʪʦʯʥʳʭ 

ʧʣʦʩʢʠʭ ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ - ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʣʠʷʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʙʨʘʙʦʪʢʠ ʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʚʳʩʦʢʦʪʦʯʥʳʭ ʧʣʦʩʢʠʭ ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. 
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ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʝʰʝʥʠʠ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʠ, 

ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘ ʚʳʷʚʣʝʥʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʨʝʞʫʱʝʡ 

ʢʝʨʘʤʠʢʠ ʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, 

ʧʦʟʚʦʣʷʶʱʝʡ ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜ ʦʙʨʘʙʦʪʢʠ ʚʳʩʦʢʦʪʦʯʥʳʭ ʧʣʦʩʢʠʭ ʢʦʥʪʘʢʪʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʤʥʦʛʦʣʝʟʚʠʡʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ 

ʢʘʯʝʩʪʚʦ ʯʠʩʪʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʩʪʘʥʢʘʭ ʩ ʏʇʋ.  

ʉʦʩʪʘʚʣʷʶʱʠʤʠ ʥʘʫʯʥʦʡ ʥʦʚʠʟʥʳ ʷʚʣʷʶʪʩʷ: 

- ɺʳʷʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʚʣʠʷʶʱʠʝ ʥʘ ʢʘʯʝʩʪʚʦ ʦʙʨʘʙʦʪʢʠ 

ʚʳʩʦʢʦʪʦʯʥʳʭ ʧʣʦʩʢʠʭ ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʨʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ 

ʬʨʝʟʝʨʥʦʡ ʦʙʨʘʙʦʪʢʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʞʫʱʝʡ ʢʝʨʘʤʠʢʠ; 

- ɺʳʷʚʣʝʥʳ ʧʦʜʩʠʩʪʝʤʳ, ʦʢʘʟʳʚʘʶʱʠʝ ʜʦʤʠʥʠʨʫʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩ 

ʚʦʟʙʫʞʜʝʥʠʷ ʘʚʪʦʢʦʣʝʙʘʥʠʡ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

ʚʳʩʦʢʦʪʦʯʥʳʭ ʧʣʦʩʢʠʭ ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ; 

- ʈʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʦʧʝʨʘʮʠʠ 

ʪʦʨʮʝʚʦʛʦ ʬʨʝʟʝʨʦʚʘʥʠʷ ʩ ʫʯʸʪʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʤʝʪʦʜʘ ʦʩʥʘʱʝʥʠʷ 

ʤʥʦʛʦʣʝʟʚʠʡʥʦʛʦ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʠʩʩʣʝʜʦʚʘʪʴ 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʦʧʨʝʜʝʣʠʪʴ ʜʠʥʘʤʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʠʩʪʝʤʳ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ; 

- ʋʩʪʘʥʦʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʚʣʠʷʥʠʷ ʢʦʤʧʦʥʦʚʦʢ ʨʝʞʫʱʠʭ ʧʣʘʩʪʠʥ ʚʦ ʬʨʝʟʝ 

ʥʘ ʢʘʯʝʩʪʚʦ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ.  

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

1. ɺʳʧʦʣʥʝʥʳ ʥʘʫʯʥʦ-ʦʙʦʩʥʦʚʘʥʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʘʟʨʘʙʦʪʢʠ ʥʘ ʦʩʥʦʚʝ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʢʩʠʜʥʦ-ʢʘʨʙʠʜʥʳʭ ʨʝʞʫʱʠʭ ʧʣʘʩʪʠʥ ʠ 

ʧʨʝʜʣʦʞʝʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʚʳʩʦʢʦʪʦʯʥʳʭ ʧʣʦʩʢʠʭ ʢʦʥʪʘʢʪʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʬʨʝʟʝʨʦʚʘʥʠʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʩʝʣʝʢʪʠʚʥʦʛʦ ʦʩʥʘʱʝʥʠʷ 

ʤʥʦʛʦʣʝʟʚʠʡʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ.  

2. ʈʘʟʨʘʙʦʪʘʥ ʩʧʦʩʦʙ ʩʝʣʝʢʪʠʚʥʦʛʦ ʦʩʥʘʱʝʥʠʷ ʤʥʦʛʦʣʝʟʚʠʡʥʦʛʦ ʨʝʞʫʱʝʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ (SLM ï Selective layout method), ʧʦʟʚʦʣʷʶʱʠʡ ʢʦʤʧʣʝʢʪʦʚʘʪʴ 

ʠʥʩʪʨʫʤʝʥʪ ʨʝʞʫʱʠʤʠ ʧʣʘʩʪʠʥʘʤʠ ʤʘʢʩʠʤʘʣʴʥʦ ʩʭʦʞʠʤʠ ʧʦ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ, 
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ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʛʦ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʪʨʠ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʝ ʩʭʝʤʳ 

ʢʦʤʧʣʝʢʪʦʚʘʥʠʷ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ. 

3. ʈʘʟʨʘʙʦʪʘʥʦ ʫʩʪʨʦʡʩʪʚʦ (ʧʘʪʝʥʪ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ ˉ2729169) ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʢʩʠʜʥʦ-ʢʘʨʙʠʜʥʳʭ ʢʝʨʘʤʠʯʝʩʢʠʭ 

ʨʝʞʫʱʠʭ ʧʣʘʩʪʠʥ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʩʫʱʝʩʪʚʣʷʪʴ ʦʧʝʨʘʪʠʚʥʳʡ ʥʝʨʘʟʨʫʰʘʶʱʠʡ 

ʢʦʥʪʨʦʣʴ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʨʝʞʫʱʠʭ ʧʣʘʩʪʠʥ ʠ ʢʦʤʧʣʝʢʪʘʮʠʶ ʤʥʦʛʦʣʝʟʚʠʡʥʦʛʦ 

ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʧʦʜ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʟʘʜʘʯʫ. 

4. ʈʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʫʯʠʪʳʚʘʶʱʘʷ ʨʝʞʠʤʳ ʨʝʟʘʥʠʷ ʠ 

ʢʦʤʧʦʥʦʚʢʫ ʦʢʩʠʜʥʦ-ʢʘʨʙʠʜʥʳʭ ʢʝʨʘʤʠʯʝʩʢʠʭ ʨʝʞʫʱʠʭ ʧʣʘʩʪʠʥ ʚ 

ʤʥʦʛʦʣʝʟʚʠʡʥʦʤ ʠʥʩʪʨʫʤʝʥʪʝ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʚʳʩʦʢʦʪʦʯʥʳʭ ʧʣʦʩʢʠʭ ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ.  

5. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʠ 

ʩʝʣʝʢʪʠʚʥʦʛʦ ʦʩʥʘʱʝʥʠʷ ʬʨʝʟ ʦʢʩʠʜʥʦ-ʢʘʨʙʠʜʥʳʤʠ ʨʝʞʫʱʠʤʠ ʧʣʘʩʪʠʥʘʤʠ, 

ʧʦʟʚʦʣʠʣʠ ʫʩʪʘʥʦʚʠʪʴ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʢʦʤʧʦʥʦʚʢʘʤʠ ʠ ʢʘʯʝʩʪʚʦʤ 

ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

6. ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʧʨʦʰʣʠ ʘʧʨʦʙʘʮʠʶ ʥʘ 

ʧʨʦʤʳʰʣʝʥʥʦʤ ʧʨʝʜʧʨʠʷʪʠʠ ʆʆʆ çʇʆ çʕʣʝʢʪʨʦʤʘʰʠʥʘè, ʘ ʪʘʢʞʝ ʦʪʜʝʣʴʥʳʝ 

ʥʘʫʯʥʳʝ ʧʦʣʦʞʝʥʠʷ ʨʘʙʦʪʳ ʧʨʠʥʷʪʳ ʢ ʚʥʝʜʨʝʥʠʶ ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʧʦʜʛʦʪʦʚʢʠ 

ʙʘʢʘʣʘʚʨʦʚ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ 15.03.01 ï ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, ʧʨʦʛʨʘʤʤʝ ʧʦʜʛʦʪʦʚʢʠ 

çʊʝʭʥʦʣʦʛʠʷ, ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚè 

ɻʦʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʘʟʠʨʦʚʘʣʠʩʴ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ 

ʧʦʣʦʞʝʥʠʷʭ ʪʝʦʨʠʠ ʨʝʟʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ, ʥʘʫʯʥʳʭ ʦʩʥʦʚʘʭ ʪʝʭʥʦʣʦʛʠʠ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʘʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʤʝʪʦʜʠʢʘʭ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1. ʄʝʪʦʜ ʩʝʣʝʢʪʠʚʥʦʛʦ ʦʩʥʘʱʝʥʠʷ ʤʥʦʛʦʣʝʟʚʠʡʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʥʘ ʦʩʥʦʚʝ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʢʩʠʜʥʦ-ʢʘʨʙʠʜʥʳʭ ʨʝʞʫʱʠʭ ʧʣʘʩʪʠʥ ʜʣʷ 

ʢʦʤʧʣʝʢʪʦʚʘʥʠʷ ʪʦʨʮʝʚʦʡ ʬʨʝʟʳ ʩ ʨʘʟʣʠʯʥʳʤ ʫʜʝʣʴʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ (Ā10
-4
 ʆʤĀʤ), ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʩʤʝʰʘʥʥʦʡ (18...100), ʦʜʥʦʨʦʜʥʦʡ 
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(SLM) ʥʠʟʢʦʦʤʥʦʡ (18...60) ʠ ʦʜʥʦʨʦʜʥʦʡ (SLM) ʚʳʩʦʢʦʦʤʥʦʡ (61...100) 

ʢʦʤʧʦʥʦʚʢʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ 

ʢʦʤʧʣʝʢʪʘʮʠʡ ʤʥʦʛʦʣʝʟʚʠʡʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ ʧʦ ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ 

ʧʣʦʩʢʠʭ ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ;  

2. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ, ʫʯʠʪʳʚʘʶʱʘʷ ʧʨʠʤʝʥʝʥʠʝ ʩʝʣʝʢʪʠʚʥʦʛʦ ʤʝʪʦʜʘ ʦʩʥʘʱʝʥʠʷ 

ʤʥʦʛʦʣʝʟʚʠʡʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʨʝʞʫʱʝʡ ʢʝʨʘʤʠʢʦʡ, ʧʦʟʚʦʣʷʶʱʘʷ ʦʮʝʥʠʚʘʪʴ  

ʜʠʥʘʤʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʠʩʪʝʤʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʘʭ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʜʠʥʘʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʦʜʥʦʨʦʜʥʳʭ ʢʦʤʧʦʥʦʚʦʢ,  ʠ ʧʦʜʪʚʝʨʞʜʘʶʱʘʷ ʧʦʚʳʰʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʚʳʩʦʢʦʪʦʯʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʣʷ ʤʥʦʛʦʣʝʟʚʠʡʥʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ ʩ ʦʜʥʦʨʦʜʥʦ-ʚʳʩʦʢʦʦʤʥʳʤʠ ʧʣʘʩʪʠʥʘʤʠ ʚ 2,6 ʨʘʟʘ, ʘ ʩ ʦʜʥʦʨʦʜʥʦ-

ʥʠʟʢʦʦʤʥʳʤʠ ʧʣʘʩʪʠʥʘʤʠ ʚ 2 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʤʝʰʝʥʥʦʡ ʩʭʝʤʦʡ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʨʝʞʫʱʠʭ ʧʣʘʩʪʠʥ ʚ ʢʦʨʧʫʩʝ ʬʨʝʟʳ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʳʤ ʦʙʲʸʤʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ; 

ʧʨʦʚʝʜʝʥʠʝʤ ʣʘʙʦʨʘʪʦʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʨʘʟʣʠʯʥʳʭ ʬʨʝʟʝʨʥʳʭ ʩʪʘʥʢʘʭ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʥʘ ʩʪʘʥʢʝ ʩ ʏʇʋ HAAS VF2; ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʦʧʨʦʙʦʚʘʥʠʷ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʧʨʝʜʧʨʠʷʪʠʠ ʆʆʆ çʇʆ çʕʣʝʢʪʨʦʤʘʰʠʥʘè, ʚ 

ʪʘʢʞʝ ʘʧʨʦʙʘʮʠʝʡ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ ʧʫʙʣʠʢʘʮʠʷʤʠ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ. 

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. ʄʘʪʝʨʠʘʣʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʝʜʩʪʘʚʣʷʣʠʩʴ ʥʘ ʩʣʝʜʫʶʱʠʭ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: 

ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʩʠʤʧʦʟʠʫʤ çʅʘʥʦʬʠʟʠʢʘ ʠ ʅʘʥʦʤʘʪʝʨʠʘʣʳè (ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 

2018 ï 2021 ʛʛ.), ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʩʝʤʠʥʘʨ çʀʥʥʦʚʘʮʠʠ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ 

ʛʦʨʥʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʠ ʵʣʝʢʪʨʦʤʝʭʘʥʠʢʠ: IPDMEè (ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 

ʘʧʨʝʣʴ 2019 ï 2020 ʛʛ.), IV ʚʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʉʦʚʨʝʤʝʥʥʳʝ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʧʦʜʛʦʪʦʚʢʝ ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʣʷ ʤʠʥʝʨʘʣʴʥʦ-

ʩʳʨʴʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ, 2021è (ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2021 ʛ.). 



10 

ʆʪʜʝʣʴʥʳʝ ʥʘʫʯʥʳʝ ʧʦʣʦʞʝʥʠʷ ʨʘʙʦʪʳ ʧʨʠʥʷʪʳ ʢ ʚʥʝʜʨʝʥʠʶ ʚ ʫʯʝʙʥʳʡ 

ʧʨʦʮʝʩʩ ʧʦʜʛʦʪʦʚʢʠ ʤʘʛʠʩʪʨʦʚ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ 15.04.01 ï ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 

ʧʨʦʛʨʘʤʤʝ ʧʦʜʛʦʪʦʚʢʠ çʊʝʭʥʦʣʦʛʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷè 

ɻʦʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 

ʊʝʭʥʦʣʦʛʠʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʦʩʥʘʱʝʥʠʷ ʤʥʦʛʦʣʝʟʚʠʡʥʦʛʦ ʨʝʞʫʱʝʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ ʦʢʩʠʜʥʦ ʢʘʨʙʠʜʥʳʤʠ ʨʝʞʫʱʠʤʠ ʧʣʘʩʪʠʥʘʤʠ (SLM) ʘʧʨʦʙʠʨʦʚʘʥ ʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʢʦʤʧʘʥʠʠ ʆʆʆ çʇʆ 

çʕʣʝʢʪʨʦʤʘʰʠʥʘè, ʛʜʝ ʧʦʣʫʯʠʣʘ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢ ʚʥʝʜʨʝʥʠʶ ʚ ʩʪʘʥʜʘʨʪʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ 

ʧʨʝʜʧʨʠʷʪʠʷ.  

ʇʫʙʣʠʢʘʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʚ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʠ 

ʦʩʚʝʱʝʥʳ ʚ 13 ʧʝʯʘʪʥʳʭ ʨʘʙʦʪʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ 2 ʩʪʘʪʴʷʭ - ʚ ʠʟʜʘʥʠʷʭ ʠʟ ʧʝʨʝʯʥʷ 

ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʜʦʣʞʥʳ ʙʳʪʴ ʦʧʫʙʣʠʢʦʚʘʥʳ 

ʦʩʥʦʚʥʳʝ ʥʘʫʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʡ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ 

ʢʘʥʜʠʜʘʪʘ ʥʘʫʢ, ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʜʦʢʪʦʨʘ ʥʘʫʢ (ʜʘʣʝʝ ï ʇʝʨʝʯʝʥʴ 

ɺɸʂ), ʚ 2 ʩʪʘʪʴʷʭ - ʚ ʠʟʜʘʥʠʷʭ, ʚʭʦʜʷʱʠʭ ʚ ʤʝʞʜʫʥʘʨʦʜʥʫ  ʁ ʙʘʟʫ ʜʘʥʥʳʭ ʠ 

ʩʠʩʪʝʤʫ ʮʠʪʠʨʦʚʘʥʠʷ Scopus. ʇʦʣʫʯʝʥ 1 ʧʘʪʝʥʪ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʩʦʜʝʨʞʘʥʠʝ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʯʝʪʳʨʝʭ ʛʣʘʚ, 

ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ ʠ ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʧʠʩʢʘ. ʉʦʜʝʨʞʠʪ 136 

ʩʪʨʘʥʠʮ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ, 47 ʨʠʩʫʥʢʦʚ, 5 ʪʘʙʣʠʮ, ʩʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʠʟ 113 

ʥʘʠʤʝʥʦʚʘʥʠʡ ʣʠʪʝʨʘʪʫʨʳ ʠ 4 ʧʨʠʣʦʞʝʥʠʡ ʥʘ 7 ʩʪʨʘʥʠʮʘʭ. 
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ɻʃɸɺɸ 1 ʉʆʉʊʆʗʅʀɽ ʇʈʆɹʃɽʄʓ ʀɿɻʆʊʆɺʃɽʅʀʗ 

ɺʓʉʆʂʆʊʆʏʅʓʍ ʇʃʆʉʂʀʍ ʂʆʅʊɸʂʊʅʓʍ ʇʆɺɽʈʍʅʆʉʊɽʁ 

ɺʦʧʨʦʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʚʳʩʦʢʦʪʦʯʥʳʭ ʧʣʦʩʢʠʭ ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʘʢʪʫʘʣʴʥʳʭ ʠ ʩʣʦʞʥʳʭ ʚʦʧʨʦʩʦʚ ʚ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʝ ʠ ʧʦʩʪʨʦʝʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ. ʅʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤʠ ʠʟ ʥʠʭ ʷʚʣʷʶʪʩʷ ʩʪʨʦʛʘʥʠʝ, ʰʣʠʬʦʚʘʥʠʝ ʠ ʬʨʝʟʝʨʦʚʘʥʠʝ. 

ʉʪʨʦʛʘʥʠʝ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʪʦʯʥʳʤ, ʥʦ ʦʯʝʥʴ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤ ʧʨʦʮʝʩʩʦʤ ʠʟ-

ʟʘ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʠʥʝʤʘʪʠʢʠ ʩʪʘʥʢʘ ʠ ʢʦʥʩʪʨʫʢʮʠʠ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʯʪʦ ʥʝ 

ʧʦʟʚʦʣʷʝʪ ʧʦʚʩʝʤʝʩʪʥʦ ʧʨʠʤʝʥʷʪʴ ʵʪʦʪ ʤʝʪʦʜ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʰʠʨʦʢʠʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ.  

ʐʣʠʬʦʚʘʥʠʝ ï ʵʪʦ ʤʝʪʦʜ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʫʜʘʸʪʩʷ 

ʜʦʙʠʚʘʪʴʩʷ ʭʦʨʦʰʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʪʦʯʥʦʩʪʠ ʧʨʠ ʚʳʩʦʢʦʡ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʠ. ʆʜʥʘʢʦ 

ʧʨʦʮʝʩʩ ʰʣʠʬʦʚʘʥʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʘʙʨʘʟʠʚʥʦʡ ʧʳʣʠ ʦʪ 

ʰʣʠʬʦʚʘʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʚʦʢʨʫʛ ʩʪʘʥʢʘ, ʯʪʦ ʪʨʝʙʫʝʪ ʠʟʦʣʷʮʠʠ ʰʣʠʬʦʚʘʣʴʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʪ ʜʨʫʛʠʭ ʩʪʘʥʢʦʚ ʠ ʧʨʠʤʝʥʝʥʠʷ ʤʦʱʥʳʭ ʚʝʥʪʠʣʷʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. 

ʊʘʢʞʝ ʚʦ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʜʝʪʘʣʝʡ ʧʦ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʯʘʩʪʦ ʚʦʟʥʠʢʘʶʪ ʪʘʢʠʝ 

ʜʝʬʝʢʪʳ, ʢʘʢ ʰʘʨʞʠʨʦʚʘʥʠʝ, ʟʘʜʠʨʳ ʠ ʢʦʨʦʙʣʝʥʠʝ ʜʝʪʘʣʝʡ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʨʦʮʝʩʩʘ ʨʝʟʘʥʠʷ ʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʟʦʥʝ ʦʙʨʘʙʦʪʢʠ ʧʨʠ 

ʥʝʢʦʨʨʝʢʪʥʦʡ ʨʘʙʦʪʝ ʩʠʩʪʝʤʳ ʧʦʜʘʯʠ ʉʆɾ [7, 21, 35].  

ʌʨʝʟʝʨʦʚʘʥʠʝ ʞʝ ʣʠʰʝʥʦ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʥʝʜʦʩʪʘʪʢʦʚ, ʥʦ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʜʦʙʠʚʘʪʴʩʷ ʧʘʨʘʤʝʪʨʦʚ 

ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʪʦʯʥʦʩʪʠ ʥʝ ʭʫʞʝ, ʯʝʤ ʧʨʠ 

ʰʣʠʬʦʚʘʥʠʠ, ʜʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦ-ʧʨʝʞʥʝʤʫ ʥʝ ʦʙʣʘʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʜʣʷ ʥʫʞʜ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʪʝʤʧʳ ʢʦʪʦʨʦʛʦ 

ʫʩʢʦʨʷʶʪʩʷ ʩ ʢʘʞʜʳʤ ʜʥʸʤ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʬʨʝʟʝʨʦʚʘʥʠʷ ʠ ʧʦʠʩʢʘ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʦʙʣʘʜʘʶʱʝʡ ʚʳʩʦʯʘʡʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 

ʠ ʩʧʦʩʦʙʥʦʡ ʦʙʝʩʧʝʯʠʚʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ ʦʙʨʘʙʦʪʢʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʪʦʯʥʦʩʪʠ [9, 50, 93, 107]. 
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ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤʠ ʠ ʦʪʚʝʪʩʪʚʝʥʥʳʤʠ ʚʳʩʦʢʦʪʦʯʥʳʤʠ ʧʣʦʩʢʠʤʠ 

ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʷʚʣʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʥʘʧʨʘʚʣʷʶʱʠʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʪʚʝʯʘʶʱʠʝ ʟʘ 

ʧʣʘʚʥʦʝ ʠ ʪʦʯʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʫʟʣʦʚ ʠ ʘʛʨʝʛʘʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʚ 

ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʘʭ [48, 49]. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ 

ʧʨʦʙʣʝʤ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʦʙʨʘʙʦʪʢʝ, ʚʳʙʨʘʥʳ ʥʘʧʨʘʚʣʷʶʱʠʝ ʩʪʘʥʢʦʚ, ʢʘʢ 

ʥʘʠʙʦʣʝʝ ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʜʝʪʘʣʠ, ʦʪ ʢʘʯʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ 

ʪʦʯʥʦʩʪ ɹ ʠ ʥʘʜʸʞʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʜʝʣʠʡ [54]. ʂʨʦʤʝ ʵʪʦʛʦ, ʙʦʣʴʰʘʷ 

ʧʨʦʪʷʞʸʥʥʦʩʪʴ ʪʘʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʨʝʜʲʷʚʣʷʝʪ ʪʨʝʙʦʚʘʥʠʷ ʢ ʚʳʩʦʢʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʩʪʦʡʢʦʩʪʠ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʜʘʥʥʦʡ 

ʪʦʯʥʦʩʪʠ, ʠ ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʦʪʢʠ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʧʝʨʠʦʜʝ ʦʙʨʘʙʦʪʢʠ.  

1.1 ʆʩʦʙʝʥʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʘʧʨʘʚʣʷʶʱʠʭ ʩʪʘʥʠʥ ʤʝʪʘʣʣʦʨʝʞʫʱʠʭ 

ʩʪʘʥʢʦʚ 

ɻʣʘʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ. ɼʣʷ ʨʘʟʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʘʰʠʥ ʟʥʘʯʠʤʦʩʪʴ 

ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ, ʚ ʢʘʢʠʭ-ʪʦ ʩʣʫʯʘʷʭ ʙʦʣʴʰʝ ʚʘʞʥʘ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʘ ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʥʝ ʠʛʨʘʝʪ ʨʝʰʘʶʱʝʡ ʨʦʣʠ, ʘ ʢʘʢʠʭ-ʪʦ 

ʩʣʫʯʘʷʭ ʥʘʦʙʦʨʦʪ. ɺ ʩʣʫʯʘʝ ʤʝʪʘʣʣʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʩʪʘʥʢʦʚ, ʵʪʠ ʧʘʨʘʤʝʪʨʳ 

ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʦʝ ʟʥʘʯʝʥʠʝ, ʠ ʦʥʠ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʳ ʩ ʜʨʫʛ ʜʨʫʛʦʤ. ʉʪʘʥʢʠ 

ʨʘʟʣʠʯʥʦʡ ʪʦʯʥʦʩʪʠ ʩʧʦʩʦʙʥʳ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʜʝʪʘʣʠ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ, ʥʦ ʯʝʤ 

ʚʳʰʝ ʪʦʯʥʦʩʪʴ ʠ ʞʸʩʪʢʦʩʪʴ ʩʪʘʥʢʦʚ, ʪʝʤ ʚʳʰʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʙʝʟ ʧʦʪʝʨʠ 

ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʦʪʢʠ ʜʝʪʘʣʝʡ [1, 10, 55].  

ʆʩʥʦʚʦʡ ʣʶʙʦʛʦ ʩʪʘʥʢʘ ʠʣʠ ʜʨʫʛʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʷʚʣʷʶʪʩʷ ʩʪʘʥʠʥʳ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʪʦʯʥʦʝ ʙʘʟʠʨʦʚʘʥʠʝ ʫʟʣʦʚ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʜʨʫʛ ʜʨʫʛʘ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʞʸʩʪʢʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʉʪʘʥʠʥʳ ʤʝʪʘʣʣʦʨʝʞʫʱʠʭ ʩʪʘʥʢʦʚ ʜʝʣʷʪʩʷ ʥʘ 2 ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ ï 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ (ʨʠʩʫʥʦʢ 1.1, ʘ) ʠ ʚʝʨʪʠʢʘʣʴʥʳʝ (ʨʠʩʫʥʦʢ 1.1, ʙ) ʧʦ ʧʦʣʦʞʝʥʠʶ 

ʦʩʥʦʚʥʳʭ ʨʘʙʦʯʠʭ ʫʟʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʰʧʠʥʜʝʣʴ, ʠ ʥʘʧʨʘʚʣʝʥʠʶ ʧʝʨʝʤʝʱʝʥʠʷ 
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ʵʣʝʤʝʥʪʦʚ ʩʪʘʥʢʘ ʧʨʠ ʦʙʝʩʧʝʯʝʥʠʠ ʨʘʙʦʯʠʭ ʭʦʜʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʘʥʠʥʘ 

ʦʧʨʝʜʝʣʷʝʪ ʞʸʩʪʢʦʩʪʴ, ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʨʘʙʦʪʳ ʩʪʘʥʢʘ [97]. 

 

ʘ) ʙ) 

ʈʠʩʫʥʦʢ 1.1 ï ʉʪʘʥʠʥʳ ʩʪʘʥʢʦʚ: ʘ ï ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ, ʙ ï ʚʝʨʪʠʢʘʣʴʥʘʷ 

 

ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʪʘʥʠʥ ʩʪʘʥʢʦʚ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʧʨʝʜʥʘʟʥʘʯʝʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʨʘʟʤʝʨʘ, ʚʝʩʘ, ʦʩʦʙʝʥʥʦʩʪʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ) ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʦʤʧʦʥʦʚʢʠ ʨʘʙʦʯʠʭ ʵʣʝʤʝʥʪʦʚ, ʤʝʭʘʥʠʟʤʦʚ ʠ 

ʘʛʨʝʛʘʪʦʚ.   

ɺ ʩʪʘʥʢʘʭ, ʪʨʝʙʫʶʱʠʭ ʚʳʩʦʢʦʡ ʞʸʩʪʢʦʩʪʠ ʩʠʩʪʝʤʳ ʠ ʪʦʯʥʦʩʪʠ 

ʧʝʨʝʤʝʱʝʥʠʷ ʨʘʙʦʯʠʭ ʵʣʝʤʝʥʪʦʚ, ʩʪʘʥʠʥʳ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʣʠʪʴʷ ʚ 

ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʳʝ ʬʦʨʤʳ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʚ ʪʘʢʠʭ ʮʝʣʷʭ 

ʤʘʨʢʘʤʠ ʯʫʛʫʥʘ ʷʚʣʷʶʪʩʷ ʩʝʨʳʝ ʯʫʛʫʥʳ, ʪʘʢʠʝ ʢʘʢ ʉʏ 15, ʉʏ 20, ʉʏ 32, ʉʏ 40 ʠ 

ʜʨʫʛʠʝ, ʘ ʪʘʢʞʝ ʚ ʩʪʘʥʠʥʘʭ, ʚ ʢʦʪʦʨʳʭ ʪʨʝʙʫʶʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ, ʧʨʠʤʝʥʷʶʪʩʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʯʫʛʫʥʳ ʤʘʨʦʢ ʄʉʏ-28 ʠ 

ʄʉʏ-38. ʇʨʠʤʝʥʝʥʠʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʯʫʛʫʥʦʚ ʪʘʢʞʝ ʘʢʪʫʘʣʴʥʦ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʪʘʥʠʥ ʩʣʦʞʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ [66, 82, 92, 110]. ʊʘʢʞʝ ʚ ʧʦʩʣʝʜʥʝʝ 

ʚʨʝʤʷ ʚʩʝ ʙʦʣʴʰʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʶʪ ʣʠʪʳʝ ʩʪʘʥʠʥʳ ʠʟ ʢʦʤʧʦʟʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ çʉʠʥʪʝʛʨʘʥè. ʊʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʧʦʟʚʦʣʷʶʪ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʘʥʘʣʦʛʠʯʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʯʫʛʫʥʦʤ, ʧʨʠ ʤʝʥʝʝ 

ʪʨʫʜʦʸʤʢʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ.  

ɼʣʷ ʤʝʥʝʝ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʩʪʘʥʢʦʚ ʠ ʧʨʦʯʝʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʥʠʥ ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʪ ʩʚʘʨʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟ 
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ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʨʦʢʘʪʘ. ɾʸʩʪʢʦʩʪʴ ʪʘʢʠʭ ʩʪʘʥʠʥ ʧʨʠ ʩʪʨʦʛʦʤ ʩʦʙʣʶʜʝʥʠʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʠʟʛʦʪʦʚʣʝʥʠʶ ʩʚʘʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʙʣʠʟʢʘ ʢ 

ʯʫʛʫʥʥʳʤ, ʦʜʥʘʢʦ ʦʥʠ ʠʤʝʁʪ ʤʝʥʴʰʠʡ ʚʝʩ ʚʧʣʦʪʴ ʜʦ ʪʦʛʦ, ʯʪʦ ʨʘʟʥʠʮʘ ʚ ʚʝʩʝ 

ʩʭʦʞʠʭ ʧʦ ʥʘʟʥʘʯʝʥʠʶ ʢʦʥʩʪʨʫʢʮʠʡ ʤʦʞʝʪ ʦʪʣʠʯʘʪʴʩʷ ʜʦ 2 ʨʘʟ, ʧʨʠ ʵʪʦʤ 

ʩʪʦʠʤʦʩʪʴ ʪʘʢʠʭ ʩʪʘʥʠʥ ʤʝʥʴʰʝ. ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʦʙʳʯʥʦ 

ʠʩʧʦʣʴʟʫʶʪ ʤʘʨʢʠ ʩʪʘʣʠ ʭʦʨʦʰʦ ʧʦʜʜʘʶʱʠʝʩʷ ʩʚʘʨʠʚʘʥʠʶ ʪʘʢʠʝ, ʢʘʢ 09ɻ2ʉ, ʉʪ 3 

ʠ ʜʨʫʛʠʝ [81, 83, 90, 91]. 

ɺʩʝ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʥʠʥ, ʦʪʚʝʯʘʶʱʠʝ ʟʘ ʩʦʧʨʷʞʝʥʠʝ ʠʣʠ ʧʝʨʝʜʚʠʞʝʥʠʝ 

ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ, ʷʚʣʷʶʪʩʷ ʦʪʚʝʪʩʪʚʝʥʥʳʤʠ ʠ ʪʦʯʥʳʤʠ, ʦʜʥʘʢʦ 

ʥʘʠʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʢ ʪʦʯʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʫ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʙʫʶʪ 

ʥʘʧʨʘʚʣʷʶʱʠʝ. ʊʘʢʠʝ ʵʣʝʤʝʥʪʳ ʢʦʥʩʪʨʫʢʮʠʠ ʩʪʘʥʢʦʚ ʦʙʝʩʧʝʯʠʚʘʶʪ ʪʦʯʥʦʩʪʴ ʠ 

ʧʣʘʚʥʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʜʚʠʞʫʱʠʭʩʷ ʵʣʝʤʝʥʪʦʚ, ʯʪʦ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ 

ʢʘʯʝʩʪʚʦ ʠʟʛʦʪʘʚʣʠʚʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ.   

ʅʘʧʨʘʚʣʷʶʱʠʭ ʚ ʤʝʪʘʣʣʦʨʝʞʫʱʝʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʛʨʫʧʧʳ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦ ʭʘʨʘʢʪʝʨʫ ʜʚʠʞʝʥʠʷ ʨʘʙʦʯʠʭ ʵʣʝʤʝʥʪʦʚ: ʧʨʷʤʦʣʠʥʝʡʥʳʝ ʠ 

ʢʨʫʛʦʚʳʝ; ʘ ʪʘʢʞʝ ʧʦ ʢʦʥʩʪʨʫʢʮʠʠ ï ʢʘʯʝʥʠʷ ʠ ʩʢʦʣʴʞʝʥʠʷ. ʊʘʢʞʝ ʚ ʩʣʦʞʥʳʭ 

ʩʪʘʥʢʘʭ ʚʩʸ ʯʘʱʝ ʚʩʪʨʝʯʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ 

ʥʘʧʨʘʚʣʷʶʱʠʭ ʵʣʝʤʝʥʪʦʚ [54, 81].   

ʅʘʧʨʘʚʣʷʶʱʠʝ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʣʘʚʥʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʡ ʠ ʟʘʜʘʥʥʫʶ 

ʪʦʯʥʦʩʪʴ, ʠʤʝʪʴ ʤʠʥʠʤʘʣʴʥʳʡ ʠʟʥʦʩ ʠ ʜʦʧʫʩʢʘʪʴ ʢʦʤʧʝʥʩʘʮʠʶ ʠʟʥʦʩʘ. ɼʣʷ 

ʥʘʧʨʘʚʣʷʶʱʠʭ ʜʦʣʞʥʘ ʙʳʪʴ ʪʘʢʞʝ ʦʙʝʩʧʝʯʝʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʤʘʟʳʚʘʥʠʷ, 

ʧʨʦʩʪʦʪʘ ʩʙʦʨʢʠ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʥʘʜʸʞʥʘʷ ʟʘʱʠʪʘ ʦʪ ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʧʦʧʘʜʘʥʠʷ 

ʩʪʨʫʞʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʪʨʝʥʠʷ [54, 81, 83].  

ʂʦʥʩʪʨʫʢʮʠʠ ʩʪʘʥʠʥ ʩ ʥʘʧʨʘʚʣʷʶʱʠʤʠ ʩʢʦʣʴʞʝʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʷʚʣʷʶʪʩʷ 

ʤʦʥʦʣʠʪʥʳʤʠ, ʚ ʢʦʪʦʨʳʭ ʥʘʧʨʘʚʣʷʶʱʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʯʘʩʪʴʶ ʩʪʘʥʠʥʳ, 

ʦʙʨʘʙʦʪʘʥʥʦʡ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʥʝʦʙʭʦʜʠʤʦʡ ʬʦʨʤʳ ʠ ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʦʪʢʠ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʊʘʢʠʝ ʥʘʧʨʘʚʣʷʶʱʠʝ ʨʘʟʜʝʣʷʶʪʩʷ ʧʦ ʧʨʦʬʠʣʶ ʨʘʙʦʯʠʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘ ʦʭʚʘʪʳʚʘʝʤʳʝ ʠ ʦʭʚʘʪʳʚʘʶʱʠʝ. ʆʭʚʘʪʳʚʘʝʤʳʝ ʥʘʧʨʘʚʣʷʶʱʠʝ 

ʧʨʠʤʝʥʷʶʪ ʚ ʩʪʘʥʢʘʭ, ʥʝ ʪʨʝʙʫʶʱʠʭ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʵʣʝʤʝʥʪʦʚ 

ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʥʘ ʜʝʪʘʣʷʭ ʪʘʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʧʣʦʭʦ ʫʜʝʨʞʠʚʘʶʪʩʷ ʩʤʘʟʦʯʥʳʝ 
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ʤʘʪʝʨʠʘʣʳ, ʥʦ ʦʥʠ ʧʨʦʩʪʳ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ, ʠʤʝʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʫʶ 

ʩʪʦʠʤʦʩʪʴ ʠ ʧʨʦʩʪʳ ʚ ʦʙʩʣʫʞʠʚʘʥʠʠ. ɺʳʩʦʢʦʩʢʦʨʦʩʪʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʙʦʣʝʝ 

ʪʨʝʙʦʚʘʪʝʣʴʥʦ ʢ ʢʘʯʝʩʪʚʫ ʩʤʘʟʢʠ ʵʣʝʤʝʥʪʦʚ, ʧʦʵʪʦʤʫ ʧʨʠʤʝʥʝʥʠʝ 

ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʥʘʧʨʘʚʣʷʶʱʠʭ ʚ ʪʘʢʠʭ ʘʛʨʝʛʘʪʘʭ ʥʝ ʫʤʝʩʪʥʦ. ʇʦʵʪʦʤʫ ʧʨʠ 

ʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʷʭ ʧʝʨʝʤʝʱʝʥʠʷ ʨʘʙʦʯʠʭ ʵʣʝʤʝʥʪʦʚ ʩʪʘʥʢʘ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʦʭʚʘʪʳʚʘʶʱʠʝ ʥʘʧʨʘʚʣʷʶʱʠʝ, ʙʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʪʘʙʠʣʴʥʫʶ 

ʧʣʘʚʥʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʡ ʠ ʚʳʩʦʢʫʶ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ [81, 82]. 

ʊʘʢʞʝ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ 

ʥʘʧʨʘʚʣʷʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʷʚʣʷʝʪʩʷ ʠʭ ʧʨʦʬʠʣʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ. ʉʫʱʝʩʪʚʫʝʪ 

ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʧʨʦʬʠʣʝʡ ʥʘʧʨʘʚʣʷʶʱʠʭ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʭʘʨʘʢʪʝʨʦʤ 

ʜʚʠʞʝʥʠʷ ʠ ʧʨʠʢʣʘʜʳʚʘʝʤʦʡ ʥʘʛʨʫʟʢʦʡ. ʊʘʢ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʥʘʧʨʘʚʣʷʶʱʠʝ 

ʩʧʦʩʦʙʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʳʩʦʢʫʶ ʧʣʘʚʥʦʩʪʴ ʧʨʷʤʦʣʠʥʝʡʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʥʦ ʧʣʦʭʦ 

ʧʨʠʛʦʜʥʳ ʜʣʷ ʚʦʩʧʨʠʷʪʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʥʘʛʨʫʟʦʢ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʪʨʝʫʛʦʣʴʥʳʝ ʥʘʧʨʘʚʣʷʶʱʠʝ ʠʤʝʶʪ ʨʦʚʥʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʧʦʵʪʦʤʫ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʤʝʪʘʣʣʦʨʝʞʫʱʠʭ ʩʪʘʥʢʦʚ ʵʪʠ ʚʠʜʳ ʧʨʦʬʠʣʝʡ ʩʦʚʤʝʱʘʶʪ 

ʧʨʠ ʦʙʝʩʧʝʯʝʥʠʠ ʜʚʠʞʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʩʪʘʥʢʘ (ʨʠʩʫʥʦʢ 1.2). ɺ ʥʝʢʦʪʦʨʳʭ 

ʢʦʥʩʪʨʫʢʮʠʷʭ ʧʦʜʦʙʥʳʡ çʪʘʥʜʝʤè ʟʘʤʝʥʷʶʪ ʪʨʘʧʝʮʠʝʚʠʜʥʳʤʠ ʥʘʧʨʘʚʣʷʶʱʠʤʠ, 

ʢʦʪʦʨʳʝ ʟʘ ʩʯʸʪ ʩʚʦʝʡ ʢʦʥʩʪʨʫʢʮʠʠ ʦʙʣʘʜʘʶʪ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʢʘʢ 

ʧʨʷʤʦʫʛʦʣʴʥʳʭ, ʪʘʢ ʠ ʪʨʝʫʛʦʣʴʥʳʭ ʥʘʧʨʘʚʣʷʶʱʠʭ, ʦʜʥʘʢʦ ʪʘʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ 

ʪʘʢʞʝ ʥʝ ʣʠʰʝʥʘ ʥʝʜʦʩʪʘʪʢʦʚ ʠ ʧʨʠʤʝʥʷʝʪʩʷ ʣʠʰʴ ʧʨʠ ʥʠʟʢʠʭ ʩʢʦʨʦʩʪʷʭ ʠ 

ʩʨʝʜʥʝʡ ʪʦʯʥʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʡ. ɺ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʙʦʣʴʰʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʩʦʢʨʘʱʝʥʠʶ ʧʣʦʱʘʜʠ ʪʨʝʥʠʷ ʠ ʩʥʠʞʝʥʠʶ ʤʘʩʩʳ ʵʣʝʤʝʥʪʦʚ 

ʢʦʥʩʪʨʫʢʮʠʠ, ʧʦʵʪʦʤʫ ʜʣʷ ʪʘʢʠʭ ʩʣʫʯʘʝʚ ʧʨʠʤʝʥʷʶʪʩʷ ʩʣʦʞʥʦʧʨʦʬʠʣʴʥʳʝ 

ʥʘʧʨʘʚʣʷʶʱʠʝ [66, 69]. 

ɺ ʥʘʧʨʘʚʣʷʶʱʠʭ ʵʣʝʤʝʥʪʘʭ ʩʪʘʥʢʦʚ, ʤʝʞʜʫ ʨʘʙʦʯʠʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ 

ʠʤʝʝʪʩʷ ʟʘʟʦʨ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʧʨʦʙʣʝʤ ʣʶʙʦʛʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ 

ʞʸʩʪʢʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʨʘʙʦʯʠʭ ʵʣʝʤʝʥʪʘʭ. 
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ʈʠʩʫʥʦʢ 1.2 - ʇʨʦʬʠʣʴ ʤʦʥʦʣʠʪʥʳʭ ʥʘʧʨʘʚʣʷʶʱʠʭ ʩʢʦʣʴʞʝʥʠʷ ʩʪʘʥʠʥʳ ʧʨʝʮʠʟʠʦʥʥʦʛʦ 

ʪʦʢʘʨʥʦʛʦ ʩʪʘʥʢʘ 

ʇʦʵʪʦʤʫ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ 

ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʩʦʢʨʘʱʝʥʠʶ 

ʚʝʣʠʯʠʥʳ ʟʘʟʦʨʘ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤʠ ʨʝʰʝʥʠʷʤʠ ʷʚʣʷʶʪʩʷ ʢʣʠʥʴʷ ʠ 

ʧʣʘʥʢʠ, ʢʦʪʦʨʳʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʟʘʟʦʨʝ. ʕʪʠ ʵʣʝʤʝʥʪʳ ʤʦʛʫʪ 

ʙʳʪʴ ʢʘʢ ʨʝʛʫʣʠʨʫʝʤʳʤʠ, ʪʘʢ ʠ ʥʝ ʨʝʛʫʣʠʨʫʝʤʳʤʠ. ʅʘʠʙʦʣʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 

ʦʙʣʘʜʘʶʪ ʨʝʛʫʣʠʨʫʝʤʳʝ ʢʣʠʥʴʷ ʠ ʧʣʘʥʢʠ, ʪʘʢ ʢʘʢ ʩʧʦʩʦʙʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʥʘʠʙʦʣʴʰʫʶ ʞʸʩʪʢʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʚʦ ʚʨʝʤʷ ʚʩʝʛʦ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ [81-83].  

ʄʦʥʦʣʠʪʥʳʝ ʥʘʧʨʘʚʣʷʶʱʠʝ ʩʪʘʥʢʦʚ ʦʙʨʘʙʘʪʳʚʘʶʪ ʬʨʝʟʝʨʦʚʘʥʠʝʤ, 

ʩʪʨʦʛʘʥʠʝʤ, ʰʣʠʬʦʚʘʥʠʝʤ ʠʣʠ ʰʘʙʨʝʥʠʝʤ. ɼʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʧʦʛʨʝʰʥʦʩʪʠ, 

ʚʳʟʳʚʘʝʤʦʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʦʡ ʠʣʠ ʠʟʥʘʰʠʚʘʥʠʝʤ ʥʘʧʨʘʚʣʷʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ, ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʧʦʩʣʝ ʬʨʝʟʝʨʦʚʘʥʠʷ ʧʨʝʜʥʘʤʝʨʝʥʥʦ ʩʦʟʜʘʶʪ 

ʚʳʧʫʢʣʦʩʪʴ ʥʘʧʨʘʚʣʷʶʱʠʭ ʧʦ ʧʨʦʛʨʘʤʤʝ ʏʇʋ ʠʣʠ ʟʘ ʩʯʝʪ ʫʧʨʫʛʦʛʦ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʘʥʠʥʳ (ʚʥʠʟ) ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ [16, 44]. 

ɺ ʢʘʯʝʩʪʚʝ ʪʠʧʠʯʥʦʛʦ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩʫʥʢʝ 1.2 ʧʦʢʘʟʘʥ ʧʨʦʬʠʣʴ 

ʥʘʧʨʘʚʣʷʶʱʠʭ ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʪʦʢʘʨʥʦʛʦ ʩʪʘʥʢʘ ʩ ʫʢʘʟʘʥʠʝʤ ʦʩʥʦʚʥʳʭ 

ʪʨʝʙʦʚʘʥʠʡ ʢ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʢʦʣʴʞʝʥʠʷ [66, 69]. ʇʨʠ ʵʪʦʤ: ʜʦʧʫʩʢ 

ʧʨʷʤʦʣʠʥʝʡʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ɹ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ 0,012 ʤʤ ʥʘ 1000 ʤʤ 

(ʜʦʧʫʩʢʘʝʪʩʷ ʪʦʣʴʢʦ ʚʳʧʫʢʣʦʩʪʴ); ʠʟʦʛʥʫʪʦʩʪʴ ʥʘʧʨʘʚʣʷʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʝ 

ʙʦʣʝʝ 0,025 ʤʤ ʥʘ ʚʩʝʡ ʜʣʠʥʝ ʥʘʧʨʘʚʣʷʶʱʠʭ; ʜʦʧʫʩʢ ʧʘʨʘʣʣʝʣʴʥʦʩʪʠ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ɺ ʠ ɻ ʥʘʧʨʘʚʣʷʶʱʠʤ ʧʦʚʝʨʭʥʦʩʪʷʤ ɼ ʠ ɸ 4 ʥʝ ʙʦʣʝʝ 0,015 ʤʤ ʥʘ 
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ʜʣʠʥʝ 1000 ʤʤ; ʜʦʧʫʩʢ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ɼ ʢ ʦʙʱʝʡ ʧʨʠʣʝʛʘʶʱʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ɸ3 0,03 ʤʤ ʥʘ ʜʣʠʥʝ 250 ʤʤ [23, 24, 66, 69]. 

ɺ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʧʨʠʤʝʥʝʥʠʝ ʤʦʥʦʣʠʪʥʳʭ ʥʘʧʨʘʚʣʷʶʱʠʭ ʥʝʚʦʟʤʦʞʥʦ ʚ 

ʩʚʷʟʠ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʣʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʪʘʥʢʘ ʧʨʠʤʝʥʷʶʪʩʷ 

ʥʘʢʣʘʜʥʳʝ ʥʘʧʨʘʚʣʷʶʱʠʝ ɻʣʝʤʝʥʪʳ (ʨʠʩʫʥʦʢ 1.3). ʊʘʢʠʝ ʵʣʝʤʝʥʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʤʘʩʩʠʚʥʳʝ ʧʣʘʥʢʠ ʠʣʠ ʧʣʘʩʪʠʥʳ (ʨʠʩʫʥʦʢ 1.4), ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ 

ʚʳʩʦʢʦʣʝʛʠʨʦʚʘʥʥʳʭ ʠʟʥʦʩʦʩʪʦʡʢʠʭ ʩʪʘʣʝʡ, ʢʦʪʦʨʳʝ ʟʘʢʨʝʧʣʷʶʪʩʷ ʢ ʩʪʘʥʠʥʝ ʠʣʠ 

ʜʨʫʛʠʤ ʢʦʨʧʫʩʥʳʤ ʜʝʪʘʣʷʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʨʝʟʴʙʦʚʳʤʠ 

ʢʨʝʧʸʞʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʢʣʝʝʚʳʤʠ ʩʦʩʪʘʚʘʤʠ ʠʣʠ ʚ ʠʭ ʢʦʤʙʠʥʘʮʠʠ. ʇʦʩʣʝ 

ʫʩʪʘʥʦʚʢʠ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʰʣʠʬʦʚʘʥʠʝ ʥʘʧʨʘʚʣʷʶʱʠʭ ʧʦ ʚʩʝʡ 

ʜʣʠʥʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʦʯʥʦʩʪʠ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʚʩʝʭ ʥʘʧʨʘʚʣʷʶʱʠʭ ʩʪʘʥʢʘ. ʊʠʧʠʯʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʙʨʘʙʦʪʢʝ ʪʘʢʠʭ 

ʜʝʪʘʣʝʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1.5. 

 
 

 

ʘ) ʙ) ʚ) 
ʈʠʩʫʥʦʢ 1.3 ï ʅʘʢʣʘʜʥʳʝ ʥʘʧʨʘʚʣʷʶʱʠʝ ʩʢʦʣʴʞʝʥʠʷ: ʘ ï ʥʘʢʣʘʜʥʳʝ ʧʣʘʥʢʠ;  

ʙ ï ʟʘʢʘʣʸʥʥʳʝ ʧʣʘʩʪʠʥʳ; ʚ ï ʩʪʘʣʴʥʘʷ ʣʝʥʪʘ 

 

ɼʦʨʦʛʦʚʠʟʥʘ ʚʳʩʦʢʦʣʝʛʠʨʦʚʘʥʥʳʭ ʠʟʥʦʩʦʩʪʦʡʢʠʭ ʩʪʘʣʝʡ ʟʘʩʪʘʚʣʷʝʪ 

ʢʦʥʩʪʨʫʢʪʦʨʦʚ, ʧʨʦʝʢʪʠʨʫʶʱʠʭ ʩʪʘʥʢʠ ʩʦ ʩʪʘʥʠʥʘʤʠ ʜʣʠʥʦʡ ʙʦʣʝʝ 10 ʤ, ʚʤʝʩʪʦ 

ʤʘʩʩʠʚʥʳʭ ʧʣʘʥʦʢ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʥʢʠʝ ʟʘʢʘʣʸʥʥʳʝ ʧʦʣʦʩʳ (0,2-0,3 ʤʤ), ʢʦʪʦʨʳʝ 

ʚʢʣʝʠʚʘʶʪʩʷ ʚ ʩʪʘʥʠʥʫ ʵʧʦʢʩʠʜʥʳʤʠ ʩʦʩʪʘʚʘʤʠ. ʊʘʢʦʡ ʩʧʦʩʦʙ ʬʠʢʩʘʮʠʠ 

ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʧʦʧʘʜʘʥʠʝ ʩʪʨʫʞʢʠ ʠ ʉʆɾ ʚ ʟʘʟʦʨ ʤʝʞʜʫ ʣʝʥʪʦʡ ʠ ʩʪʘʥʠʥʦʡ [81].   

ʂʦʥʩʪʨʫʢʮʠʠ ʥʘʧʨʘʚʣʷʶʱʠʭ ʩʫʧʧʦʨʪʥʳʭ ʛʨʫʧʧ ʤʝʪʘʣʣʦʨʝʞʫʱʠʭ ʩʪʘʥʢʦʚ 

ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʢʦʤʧʦʥʦʚʢʠ (ʨʠʩʫʥʦʢ 1.5). 

ʆʩʥʦʚʥʳʤʠ ʛʨʫʧʧʘʤʠ ʪʘʢʠʭ ʢʦʤʧʦʥʦʚʦʢ ʷʚʣʷʶʪʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʠ ʥʘʢʣʦʥʥʳʝ. 
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ɻʦʨʠʟʦʥʪʘʣʴʥʘʷ ʢʦʤʧʦʥʦʚʢʘ ʟʘʯʘʩʪʫʶ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʚʠʜʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ 

ʥʘʧʨʘʚʣʷʶʱʠʭ, ʦʙʲʝʜʠʥʷʶʱʠʭ ʧʨʷʤʦʫʛʦʣʴʥʳʡ ʠ ʪʨʝʫʛʦʣʴʥʳʡ ʧʨʦʬʠʣʴ 

(ʨʠʩʫʥʦʢ 1.5, ʘ). 

 

ʈʠʩʫʥʦʢ 1.4 ï ʅʘʢʣʘʜʥʘʷ ʧʣʘʥʢʘ ʪʦʢʘʨʥʦʛʦ ʩʪʘʥʢʘ 

ʇʨʠ ʥʘʢʣʦʥʥʦʡ ʢʦʤʧʦʥʦʚʢʝ ʠ ʥʘʣʠʯʠʠ ʥʘ ʩʪʘʥʢʝ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʩʫʧʧʦʨʪʘ ʚ 

ʦʩʥʦʚʥʦʤ ʧʨʠʤʝʥʷʶʪ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʦʜʥʦʡ (ʨʠʩʫʥʦʢ 1.5, ʙ), ʜʚʫʤʷ (ʨʠʩʫʥʦʢ 1.5, ʚ-

ʜ) ʠ ʯʝʪʳʨʴʤʷ (ʨʠʩʫʥʦʢ 1.5, ʝ) ʥʘʢʣʦʥʥʳʤʠ ʥʘʧʨʘʚʣʷʶʱʠʤʠ. ʇʨʠ ʵʪʦʤ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ ʥʘʢʣʦʥʘ ʩʫʧʧʦʨʪʥʦʡ ʛʨʫʧʧʳ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʷʶʪʩʷ ʫʩʣʦʚʠʷ 

ʨʘʙʦʪʳ ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʘʚʣʷʶʱʠʭ. ʊʘʢ, ʧʨʠ ʤʘʣʳʭ ʫʛʣʘʭ ʥʘʢʣʦʥʘ ʩʫʧʧʦʨʪʘ, 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʨʝʰʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʞʸʩʪʢʘʷ ʬʠʢʩʘʮʠʷ 

ʧʦʜʚʠʞʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʪʘʥʢʘ ʥʘ ʥʠʞʥʝʡ ʥʘʧʨʘʚʣʷʶʱʝʡ ʧʫʪʸʤ ʫʩʪʘʥʦʚʢʠ 

ʨʝʛʫʣʠʨʫʝʤʳʭ ʧʣʘʥʦʢ ʩ ʦʙʨʘʪʥʦʡ ʩʪʦʨʦʥʳ ʦʪ ʧʣʦʩʢʦʩʪʠ ʧʨʠʣʦʞʝʥʠʷ ʦʩʥʦʚʥʦʡ 

ʥʘʛʨʫʟʢʠ (ʨʠʩʫʥʦʢ 1.5, ʛ). 

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʫʛʦʣ ʥʘʢʣʦʥʘ ʧʨʝʚʳʰʘʝʪ 60Á, ʦʩʥʦʚʥʘʷ ʥʘʛʨʫʟʢʘ ʤʦʞʝʪ 

ʣʦʞʠʪʴʩʷ ʥʘ ʣʶʙʫʶ ʥʘʧʨʘʚʣʷʶʱʫʶ, ʥʘ ʢʦʪʦʨʫʶ ʙʫʜʝʪ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʚʝʩ ʚʩʝʡ 

ʩʫʧʧʦʨʪʥʦʡ ʛʨʫʧʧʳ, ʨʝʛʫʣʠʨʦʚʦʯʥʳʝ ʧʣʘʥʢʠ ʚ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʪʘʢʞʝ 

ʨʘʩʧʦʣʘʛʘʶʪ ʥʘ ʥʘʧʨʘʚʣʷʶʱʠʭ ʩ ʦʙʨʘʪʥʦʡ ʩʪʦʨʦʥʳ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʣʦʞʝʥʠʷ 
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ʥʘʛʨʫʟʢʠ.  ʇʨʠʤʝʥʷʶʪ ʪʘʢʞʝ ʥʘʢʣʦʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʩʫʧʧʦʨʪʦʚ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʦ 

ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʥʘʧʨʘʚʣʷʶʱʠʤʠ (ʨʠʩʫʥʦʢ 1.5, ʞ). 

 

 
 

 
 

ʘ) ʙ) ʚ) ʛ) 

   

ʜ) ʝ) ʞ) 

ʈʠʩʫʥʦʢ 1.5 ï ʅʘʧʨʘʚʣʷʶʱʠʝ ʩʢʦʣʴʞʝʥʠʷ ʩʫʧʧʦʨʪʦʚ ʦʜʥʦʩʫʧʧʦʨʪʥʳʭ ʪʦʢʘʨʥʳʭ ʩʪʘʥʢʦʚ: ʘ 

ï 16ʂ20ʌ3, 16ʂ20ʊ1; ʙ ï VDE 250 C (ɻʝʨʤʘʥʠʷ); ʚ ï 1740 ʈʌɿ ʠ 1720 ʇʌ30;  

ʛ ï ʄʂ 85; ʜ ï DFS 400 NC (ɻʝʨʤʘʥʠʷ); ʝ ï ʉʊʇ 220 ɸʅ; ʞ ï SD NG 610 E (ɺʝʥʛʨʠʷ) 

 

ʉʪʦʣʳ ʠ ʧʦʜʚʠʞʥʳʝ ʙʘʙʢʠ ʩʪʘʥʢʦʚ ʚʳʧʦʣʥʷʶʪ ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʦʤʙʠʥʘʮʠʷʤʠ 

ʦʭʚʘʪʳʚʘʶʱʠʭ ʠ ʦʭʚʘʪʳʚʘʝʤʳʭ ʥʘʧʨʘʚʣʷʶʱʠʭ (ʨʠʩʫʥʦʢ 1.6). ʇʨʠ ʵʪʦʤ 

ʥʘʧʨʘʚʣʷʶʱʠʝ ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʚʳʧʦʣʥʷʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦ 

ʩʭʝʤʝ, ʧʨʠʚʝʜʸʥʥʦʡ ʥʘ ʨʠʩʫʥʦʢ 1.6, ʛ [81]. 

ɺ ʩʬʝʨʝ ʣʝʛʢʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʩʪʘʥʢʦʩʪʨʦʝʥʠʷ, ʧʨʠ ʩʦʟʜʘʥʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʥʘʧʨʘʚʣʷʶʱʠʝ ʢʘʯʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʨʘʟʜʝʣʷʶʪʩʷ ʧʦ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʦʩʦʙʝʥʥʦʩʪʷʤ ʜʚʠʞʝʥʠʷ ʪʝʣ ʢʘʯʝʥʠʷ ʥʘ ʩʣʝʜʫʶʱʠʝ 

ʪʠʧʳ: ʥʘʧʨʘʚʣʷʶʱʠʝ, ʚ ʢʦʪʦʨʳʭ ʪʝʣʘ ʢʘʯʝʥʠʷ ʬʠʢʩʠʨʫʶʪʩʷ ʩʝʧʘʨʘʪʦʨʘʤʠ, ʠ 

ʥʘʧʨʘʚʣʷʶʱʠʝ, ʚ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʝʥʳ ʢʦʣʴʮʝʚʳʝ ʢʘʥʘʚʢʠ ʜʣʷ ʮʠʨʢʫʣʷʮʠʠ ʪʝʣ 

ʢʘʯʝʥʠʷ ʧʨʠ ʜʚʠʞʝʥʠʠ ʩʠʩʪʝʤʳ (ʢʘʪʢʦʚʳʝ ʦʧʦʨʳ), ʪʘʢʠʝ ʢʦʥʩʪʨʫʢʮʠʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʶʪ ʜʠʘʧʘʟʦʥ ʧʝʨʝʤʝʱʝʥʠʡ ʨʘʙʦʯʠʭ ʫʟʣʦʚ ʩʪʘʥʢʘ.  
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ʘ) ʙ) 

 

 

ʚ) ʛ) 

ʈʠʩʫʥʦʢ 1.6 - ʅʘʧʨʘʚʣʷʶʱʠʝ ʩʢʦʣʴʞʝʥʠʷ ʩʪʦʣʦʚ ʠ ʙʘʙʦʢ: ʘ ï KF-VBM AL (ʊʘʡʚʘʥʴ); ʙ -  

DIXI  400 (ʐʚʝʡʮʘʨʠʷ); ʚ ï MC-12-250 (ʈʦʩʩʠʷ); ʛ ï ʄɸ5ʅʈ (ʗʧʦʥʠʷ) 

 

ʌʦʨʤʘ ʪʝʣ ʢʘʯʝʥʠʷ ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʝʪ ʥʝʩʢʦʣʴʢʦ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ 

ʥʘʧʨʘʚʣʷʶʱʠʭ, ʘ ʠʤʝʥʥʦ ʰʘʨʠʢʦʚʳʝ (ʨʠʩʫʥʦʢ 1.7, ʘ) ʠ ʨʦʣʠʢʦʚʳʝ (ʨʠʩʫʥʦʢ 1.7, ʙ, 

ʚ, ʜ, ʝ), ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʙʦʣʴʰʝʡ ʚ 20é30 ʨʘʟ ʠ 

ʞʸʩʪʢʦʩʪʴʶ, ʧʨʝʚʳʰʘʶʱʝʡ ʚ 2,5é3 ʨʘʟʘ ʧʦʢʘʟʘʪʝʣʠ ʘʥʘʣʦʛʠʯʥʳʭ ʰʘʨʠʢʦʚʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ. ʆʩʦʙʝʥʥʦʩʪʠ ʩʙʦʨʢʠ ʠ ʢʦʣʠʯʝʩʪʚʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʜʚʠʞʫʱʠʭʩʷ 

ʵʣʝʤʝʥʪʦʚ ʨʘʟʜʝʣʷʝʪ ʥʘʧʨʘʚʣʷʶʱʠʝ ʥʘ ʟʘʤʢʥʫʪʳʝ (ʨʠʩʫʥʦʢ 1.7, ʛ, ʜ, ʝ) ʠ 

ʥʝʟʘʤʢʥʫʪʳʝ (ʨʠʩʫʥʦʢ 1.7, ʘ, ʙ, ʚ), ʨʘʟʲʝʜʠʥʝʥʠʶ ʢʦʪʦʨʳʭ ʧʨʝʧʷʪʩʪʚʫʝʪ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʩʠʣʘ ʪʷʞʝʩʪʠ [81-83]. 

ʆʜʠʥ ʨʷʜ ʪʝʣ ʢʘʯʝʥʠʷ ʦʙʳʯʥʦ ʜʦʩʪʘʪʦʯʝʥ ʠ ʧʨʠʤʝʥʠʤ ʜʣʷ ʣʸʛʢʠʭ ʠ ʩʨʝʜʥʠʭ 

ʩʪʘʥʢʦʚ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʠʩʣʘ ʨʷʜʦʚ ʠ ʢʦʣʠʯʝʩʪʚʘ ʪʝʣ ʢʘʯʝʥʠʷ ʥʝʩʫʱʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ɼʣʷ ʥʘʧʨʘʚʣʷʶʱʠʭ ʢʘʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ 

ʩʪʘʥʢʘ, ʜʚʠʞʫʱʠʭʩʷ ʩ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʴʶ, ʠʩʧʦʣʴʟʫʶʪ V-ʦʙʨʘʟʥʫʶ ʢʦʤʧʦʥʦʚʢʫ 

ʨʷʜʦʚ ʪʝʣ ʢʘʯʝʥʠʷ (ʨʠʩʫʥʦʢ 1.7 ʚ, ʜ, ʝ). 
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ʈʠʩʫʥʦʢ 1.7 ï ʅʘʧʨʘʚʣʷʶʱʠʝ ʢʘʯʝʥʠʷ 

 

ʆʩʥʦʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʘʢ ʩʘʤʠʭ ʥʘʧʨʘʚʣʷʶʱʠʭ 

ʵʣʝʤʝʥʪʦʚ, ʪʘʢ ʠ ʪʝʣ ʢʘʯʝʥʠʷ ʷʚʣʷʶʪʩʷ ʭʨʦʤʠʩʪʳʝ ʰʘʨʠʢʦʧʦʜʰʠʧʥʠʢʦʚʳʝ ʩʪʘʣʠ 

(ʐʍ9, ʐʍ15) ʠ ʮʝʤʝʥʪʠʨʫʝʤʳʝ ʩʪʘʣʠ, ʪʘʢʠʝ ʢʘʢ 20ʍ, ʩ ʪʚʝʨʜʦʩʪʴʶ HRC 60é62. 

ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʨʘʚʣʷʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʜʚʠʞʝʥʠʷ ʪʝʣ 

ʢʘʯʝʥʠʷ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʧʣʘʥʢʠ ʠʟ ʩʝʨʦʛʦ ʯʫʛʫʥʘ ʩ ʪʚʝʨʜʦʩʪʴʶ 200é250 ʅɺ [4, 

10, 37, 81]. 

ɼʣʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʧʦʚʳʰʝʥʥʦʡ ʥʘʛʨʫʟʦʯʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴ ,ʁ ʞʸʩʪʢʦʩʪʴ ,ʁ 

ʧʣʘʚʥʦʩʪʴ  ʁ ʠ ʪʦʯʥʦʩʪʴʶ ʠʩʧʦʣʴʟʫʶʪ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʝ ʠ ʘʵʨʦʩʪʘʪʠʯʝʩʢʠʝ 

ʥʘʧʨʘʚʣʷʶʱʠʝ. ɺ ʪʘʢʠʭ ʥʘʧʨʘʚʣʷʶʱʠʭ ʚ ʩʧʝʮʠʘʣʴʥʳʝ ʧʦʣʦʩʪʠ ʤʝʞʜʫ 

ʩʦʧʨʷʛʘʝʤʳʤʠ ʜʝʪʘʣʷʤʠ ʧʦʜʘʸʪʩʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʤʘʩʣʦ ʠʣʠ ʚʦʟʜʫʭ, ʯʪʦ ʩʦʟʜʘʸʪ 

ʪʘʢ ʥʘʟʳʚʘʝʤʫʶ ʧʦʜʫʰʢʫ ʚ ʩʦʝʜʠʥʝʥʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʵʣʝʤʝʥʪʘʤ ʩʪʘʥʢʘ ʥʝ 

ʢʘʩʘʪʴʩʷ ʜʨʫʛ ʜʨʫʛʘ ʧʨʠ ʜʚʠʞʝʥʠʠ.  ɸʵʨʦʩʪʘʪʠʯʝʩʢʠʝ ʥʘʧʨʘʚʣʷʶʱʠʝ (ʨʠʩʫʥʦʢ 1.8) 

ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚ ʚʳʩʦʢʦʪʦʯʥʳʭ ʣʸʛʢʠʭ ʩʪʘʥʢʘʭ, ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʝ ʞʝ 

ʥʘʧʨʘʚʣʷʶʱʠʝ ʧʨʠʤʝʥʷʶʪ ʚ ʪʷʞʸʣʳʭ ʩʪʘʥʢʘʭ ʨʘʟʣʠʯʥʦʡ ʪʦʯʥʦʩʪʠ. ʆʩʥʦʚʥʳʤ 

ʢʨʠʪʝʨʠʝʤ ʪʦʯʥʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʡ ʵʣʝʤʝʥʪʦʚ ʩʪʘʥʢʘ ʥʘ ʪʘʢʠʭ ʥʘʧʨʘʚʣʷʶʱʠʭ 

ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʩʪʚʦ ʪʦʣʱʠʥʳ ʤʘʩʣʷʥʦʛʦ ʠʣʠ ʚʦʟʜʫʰʥʦʛʦ ʩʣʦʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʥʘʛʨʫʟʢʠ. ʊʦʯʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʘʢʠʭ ʥʘʧʨʘʚʣʷʶʱʠʭ ʜʦʣʞʥʘ ʙʳʪʴ ʦʯʝʥʴ 
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ʚʳʩʦʢʦʡ ʚ ʩʚʷʟʠ, ʩ ʪʝʤ, ʯʪʦ ʤʘʣʝʡʰʠʝ ʥʝʨʦʚʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʛʫʪ ʥʘʨʫʰʘʪʴ 

ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʤʘʩʣʷʥʦʛʦ ʠʣʠ ʚʦʟʜʫʰʥʦʛʦ ʩʣʦʷ.  

 

ʈʠʩʫʥʦʢ 1.8 ï ɸʵʨʦʩʪʘʪʠʯʝʩʢʘʷ ʦʧʦʨʘ: P ï ʥʘʛʨʫʟʢʘ ʥʘ ʥʘʧʨʘʚʣʷʶʱʫʶ;  

d ï ʜʠʘʤʝʪʨ ʦʪʚʝʨʩʪʠʷ; h ï ʟʘʟʦʨ ʤʝʞʜʫ ʥʘʧʨʘʚʣʷʶʱʠʤʠ;  

L, B ï ʨʘʟʤʝʨʳ ʥʘʧʨʘʚʣʷʶʱʝʡ, L1 ï ʜʣʠʥʘ ʢʘʨʤʘʥʘ 

 

ʅʝʜʦʩʪʘʪʢʘʤʠ ʘʵʨʦʩʪʘʪʠʯʝʩʢʠʭ ʦʧʦʨ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʤʠ 

ʷʚʣʷʶʪʩʷ: ʙʦʣʝʝ ʥʠʟʢʠʝ ʥʘʛʨʫʟʦʯʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʥʝʚʳʩʦʢʦʝ ʜʝʤʧʬʠʨʦʚʘʥʠʝ ʢʦʣʝʙʘʥʠʡ, ʪʘʢ ʢʘʢ ʚʷʟʢʦʩʪʴ ʚʦʟʜʫʭʘ ʚ ʯʝʪʳʨʝ ʨʘʟʘ 

ʤʝʥʴʰʝ ʚʷʟʢʦʩʪʠ ʤʘʩʣʘ, ʘ ʪʘʢʞʝ ʩʢʣʦʥʥʦʩʪʴ ʢ ʦʪʢʘʟʘʤ ʠʟ-ʟʘ ʟʘʩʦʨʝʥʠʷ ʨʘʙʦʯʝʛʦ 

ʟʘʟʦʨʘ ʠ ʤʘʛʠʩʪʨʘʣʠ ʧʦʜʘʯʠ ʚʦʟʜʫʭʘ [60, 81 - 83]. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʘʵʨʦʩʪʘʪʠʯʝʩʢʠʭ ʥʘʧʨʘʚʣʷʶʱʠʭ ʩʦʩʪʦʷʪ ʚ ʪʦʤ, ʯʪʦ ʦʥʠ ʧʨʠ 

ʜʚʠʞʝʥʠʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʠʟʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ, ʘ ʧʨʠ ʦʪʢʣʶʯʝʥʠʠ ʧʦʜʘʯʠ 

ʚʦʟʜʫʭʘ ʦʯʝʥʴ ʙʳʩʪʨʦ ʩʦʟʜʘʝʪʩʷ ʢʦʥʪʘʢʪ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩ ʙʦʣʴʰʠʤ ʪʨʝʥʠʝʤ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʜʦʩʪʘʪʦʯʥʫʶ ʞʝʩʪʢʦʩʪʴ ʬʠʢʩʘʮʠʠ ʫʟʣʘ ʩʪʘʥʢʘ ʚ ʟʘʜʘʥʥʦʡ 

ʧʦʟʠʮʠʠ [81, 89]. ʇʨʠ ʪʘʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʦʪʧʘʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ 

ʬʠʢʩʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʞʸʩʪʢʦʡ ʬʠʢʩʘʮʠʠ 

ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʭ ʥʘʧʨʘʚʣʷʶʱʠʭ. ɺ ʘʵʨʦʩʪʘʪʠʯʝʩʢʠʭ ʥʘʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʫʭ 

ʧʦʜʚʦʜʷʪ ʧʦʜ ʠʟʙʳʪʦʯʥʳʤ ʜʘʚʣʝʥʠʝʤ 0,2é0,4 ʄʇʘ [81, 89].  
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ʇʨʠ ʠʟʫʯʝʥʠʠ ʜʠʥʘʤʠʢʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʜʝʤʧʬʠʨʦʚʘʥʠʝ ʚ ʥʘʧʨʘʚʣʷʶʱʠʭ ʩʢʦʣʴʞʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʯʝʤ ʚ 

ʞʸʩʪʢʠʭ ʩʪʳʢʘʭ, ʯʪʦ ʩʥʠʞʘʝʪ ʦʙʣʘʩʪʴ ʜʠʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤʳ ʚ 

ʮʝʣʦʤ. ʇʦʵʪʦʤʫ ʧʨʠ ʦʮʝʥʢʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʪʘʥʢʦʚ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʚʠʙʨʦʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʠ 

ʜʝʤʧʬʠʨʦʚʘʥʠʝ ʩʪʳʢʦʚ, ʢʘʢ ʠ ʚʩʝʭ ʩʦʝʜʠʥʝʥʠʡ ʨʘʙʦʯʠʭ ʵʣʝʤʝʥʪʦʚ ʩʪʘʥʢʘ [22, 36, 

45, 52]. 

ʉʨʝʜʠ ʢʦʣʝʙʘʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʤʝʪʘʣʣʦʨʝʞʫʱʠʭ ʩʪʘʥʢʘʭ, ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ ʘʚʪʦʢʦʣʝʙʘʥʠʷ, ʚʳʟʚʘʥʥʳʝ ʩʠʣʘʤʠ ʧʦʣʫʞʠʜʢʦʩʪʥʦʛʦ ʪʨʝʥʠʷ ʚ 

ʥʘʧʨʘʚʣʷʶʱʠʭ ʩʢʦʣʴʞʝʥʠʷ. ʌʨʠʢʮʠʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ, ʢʦʪʦʨʳʝ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ 

ʜʚʠʞʝʥʠʠ ʩʪʦʣʦʚ ʬʨʝʟʝʨʥʳʭ ʩʪʘʥʢʦʚ, ʰʧʠʥʜʝʣʴʥʳʭ ʙʘʙʦʢ, ʩʫʧʧʦʨʪʦʚ, ʩʪʦʝʢ ʠ 

ʜʨʫʛʠʭ ʫʟʣʦʚ ʧʦ ʥʘʧʨʘʚʣʷʶʱʠʤ ʩʢʦʣʴʞʝʥʠʷ, ʷʚʣʷʶʪʩʷ ʥʝʞʝʣʘʪʝʣʴʥʳʤ 

ʥʘʨʫʰʝʥʠʝʤ ʟʘʜʘʥʥʦʛʦ ʟʘʢʦʥʘ ʜʚʠʞʝʥʠʷ. ʅʘʠʙʦʣʴʰʫʶ ʟʥʘʯʠʤʦʩʪʴ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʥʘʙʠʨʘʝʪ ʧʨʠ ʪʦʯʥʳʭ ʧʝʨʝʤʝʱʝʥʠʷʭ ʥʘ ʤʘʣʳʭ 

ʩʢʦʨʦʩʪʷʭ [72, 87, 100]. 

ʈʘʩʩʤʦʪʨʠʤ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʧʨʠʚʦʜʘ ʧʦʜʘʯ, ʢʦʛʜʘ ʩʢʦʨʦʩʪʴ 

ʧʦʜʘʯʠ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʘ (ʨʠʩʫʥʦʢ 1.9). ɺʥʘʯʘʣʝ ʧʝʨʝʜʘʪʦʯʥʳʝ ʵʣʝʤʝʥʪʳ 

ʜʝʬʦʨʤʠʨʫʶʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʧʝʨʝʜʘʚʘʝʤʦʝ ʠʤʠ ʫʩʠʣʠʝ ʥʝ ʧʨʝʦʜʦʣʝʝʪ ʩʠʣʫ 

ʪʨʝʥʠʷ ʧʦʢʦʷ. ɼʘʣʝʝ ʨʘʙʦʯʠʡ ʵʣʝʤʝʥʪ ʩʪʘʥʢʘ ʩʪʨʝʤʠʪʝʣʴʥʦ ʥʘʙʠʨʘʝʪ ʩʢʦʨʦʩʪʴ 

ʙʣʘʛʦʜʘʨʷ ʫʤʝʥʴʰʝʥʠʶ ʩʠʣ ʪʨʝʥʠʷ. ɺʦ ʚʨʝʤʷ ʦʩʪʘʥʦʚʢʠ ʩʠʣʘ ʪʨʝʥʠʷ ʚʥʦʚʴ 

ʫʚʝʣʠʯʠʪʩʷ ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʵʣʝʤʝʥʪ ʩʪʘʥʢʘ ʩʦʚʝʨʰʘʝʪ çʧʨʳʞʦʢè [67]. ʇʦ 

ʦʢʦʥʯʘʥʠʠ çʧʨʳʞʢʘè ʜʝʬʦʨʤʘʮʠʠ ʟʚʝʥʴʝʚ ʤʝʭʘʥʠʟʤ ʫʤʝʥʴʰʘʶʪʩʷ ʥʘ ʩʪʦʣʴʢʦ, ʯʪʦ 

ʥʝʦʙʭʦʜʠʤʦ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ, ʧʦʢʘ ʫʧʨʫʛʘʷ ʩʠʣʘ ʚʥʦʚʴ ʥʝ ʧʨʝʦʜʦʣʝʝʪ ʩʠʣʫ ʪʨʝʥʠʷ 

ʧʦʢʦʷ [22, 87]. ʊʘʢ ʚʦʟʥʠʢʘʶʪ ʫʩʪʦʡʯʠʚʳʝ ʘʚʪʦʢʦʣʝʙʘʥʠʷ ʨʝʣʘʢʩʘʮʠʦʥʥʦʛʦ 

ʭʘʨʘʢʪʝʨʘ, ʢʦʪʦʨʳʝ ʩ ʨʦʩʪʦʤ ʩʢʦʨʦʩʪʠ ʣʠʙʦ ʧʨʦʧʘʜʘʶʪ ʩʦʚʩʝʤ, ʣʠʙʦ 

ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʢʦʣʝʙʘʥʠʷ, ʙʣʠʟʢʠʝ ʧʦ ʬʦʨʤʝ ʢ ʛʘʨʤʦʥʠʯʝʩʢʠʤ [22, 45, 87, 100].  

ʀʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʠ ʫʩʢʦʨʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʢʦʣʝʙʘʥʠʡ ʚʳʟʳʚʘʝʪ ʧʦʷʚʣʝʥʠʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʠʣ [22, 45, 87, 100]. ʇʨʠ ʵʪʦʤ ʠʤʝʝʪ ʤʝʩʪʦ ʟʘʧʘʟʜʳʚʘʥʠʝ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʩʣʷʥʦʡ ʧʣʝʥʢʠ [22, 45, 81, 87].  
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ʈʠʩʫʥʦʢ 1.9 - ʉʭʝʤʘ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʫʧʧʦʨʪʘ ʥʘ ʥʘʧʨʘʚʣʷʶʱʠʭ ʩʢʦʣʴʞʝʥʠʷ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʫʯʠʚ ʩʫʱʝʩʪʚʫʶʱʠʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʥʘʧʨʘʚʣʷʶʱʠʭ 

ʩʪʘʥʢʦʚ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʪʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʤʘʪʝʨʠʘʣʘʤ ʜʣʷ ʥʘʧʨʘʚʣʷʶʱʠʭ: 

1. ʀʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ï ʜʘʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘʧʨʘʚʣʷʶʱʠʭ, 

ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʜʣʠʪʝʣʴʥʦʛʦ ʩʦʭʨʘʥʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʧʘʨ ʪʨʝʥʠʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʠʟʥʘʯʘʣʴʥʦʡ ʪʦʯʥʦʩʪʠ ʨʘʙʦʯʠʭ 

ʧʝʨʝʤʝʱʝʥʠʡ ʧʦʜʚʠʞʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʪʘʥʢʘ; 

2. ʅʠʟʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʨʝʥʠʷ ʢʘʢ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʢʦʷ, ʪʘʢ ʠ ʚ 

ʜʚʠʞʝʥʠʠ, ʧʨʠ ʵʪʦʤ ʦʥʠ ʥʝ ʜʦʣʞʥʳ ʟʥʘʯʠʪʝʣʴʥʳʤ ʦʙʨʘʟʦʤ ʤʝʥʷʪʴʩʷ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ; 

3. ʅʠʟʢʘʷ ʩʢʣʦʥʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʢ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ 

ʚʦʟʜʝʡʩʪʚʠʠ ʥʘʛʨʫʟʢʠ ʠ ʧʨʠ ʚʳʩʚʦʙʦʞʜʝʥʠʠ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʤʘʪʝʨʠʘʣʘ 

ʧʦʩʣʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʪʘʥʠʥʳ;  

4. ʉʪʦʡʢʦʩʪʴ ʢ ʠʟʤʝʥʝʥʠʷʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʘʛʨʝʩʩʠʚʥʳʤ ʩʨʝʜʘʤ;  

5. ɾʝʩʪʢʦʩʪʴ ï ʧʘʨʘʤʝʪʨ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʪʦʯʥʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʨʘʙʦʪʳ ʩʪʘʥʢʘ ʧʦʜ ʥʘʛʨʫʟʢʦʡ, ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦʡ ʩʪʘʥʦʚʠʪʩʷ ʦʮʝʥʢʘ ʞʸʩʪʢʦʩʪʠ 

ʜʣʷ ʥʘʢʣʘʜʥʳʭ ʥʘʧʨʘʚʣʷʶʱʠʭ. 

1.2 ʄʘʪʝʨʠʘʣʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʘʧʨʘʚʣʷʶʱʠʭ 

ʇʘʨʫ ʪʨʝʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʣʝʜʫʝʪ ʢʦʤʧʣʝʢʪʦʚʘʪʴ ʠʟ ʨʘʟʥʦʨʦʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʠʤʝʶʱʠʭ ʥʝʦʜʠʥʘʢʦʚʳʡ ʩʦʩʪʘʚ ʠʣʠ ʩʪʨʫʢʪʫʨʫ ʠ ʨʘʟʥʫʶ ʪʚʝʨʜʦʩʪʴ, 
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ʪʘʢ ʢʘʢ ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʦʥʘ, ʚʩʣʝʜʩʪʚʠʝ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʛʦ ʩʭʚʘʪʳʚʘʥʠʷ, 

ʙʫʜʝʪ ʠʤʝʪʴ ʧʦʥʠʞʝʥʥʫʶ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ. ʅʘʟʥʘʯʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ, ʩʦʧʨʷʞʝʥʥʳʭ 

ʥʘʧʨʘʚʣʷʶʱʠʭ ʧʨʷʤʦʣʠʥʝʡʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʦʦʪʥʦʰʝʥʠʷ ʠʭ ʜʣʠʥ. ʅʘʧʨʘʚʣʷʶʱʠʝ ʙʦʣʴʰʝʡ ʜʣʠʥʳ (ʙʦʣʝʝ ʜʣʠʥʥʳʡ ʵʣʝʤʝʥʪ 

ʧʘʨʳ ʪʨʝʥʠʷ) ʩʣʝʜʫʝʪ ʠʟʛʦʪʦʚʣʷʪʴ ʠʟ ʙʦʣʝʝ ʠʟʥʦʩʦʩʪʦʡʢʦʛʦ ʠ ʪʚʝʨʜʦʛʦ ʤʘʪʝʨʠʘʣʘ 

[4, 10, 81]. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ: 

1. ʅʘʧʨʘʚʣʷʶʱʠʝ ʙʦʣʴʰʝʡ ʜʣʠʥʳ ʠʟʥʘʰʠʚʘʶʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʦ ʧʦ 

ʜʣʠʥʝ, ʧʨʠʯʝʤ ʠʟʥʦʩ ʦʙʳʯʥʦ ʥʝʚʦʟʤʦʞʥʦ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʨʝʛʫʣʠʨʦʚʢʦʡ ʜʘʞʝ 

ʯʘʩʪʠʯʥʦ; ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʠʟʥʦʩʘ ʦʢʘʟʳʚʘʝʪ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʪʦʯʥʦʩʪʴ 

ʦʙʨʘʙʦʪʢʠ. ʅʘʧʨʘʚʣʷʶʱʠʝ ʤʝʥʴʰʝʡ ʜʣʠʥʳ ʦʙʳʯʥʦ ʠʟʥʘʰʠʚʘʶʪʩʷ ʙʦʣʴʰʝ 

ʩʦʧʨʷʞʝʥʥʳʭ ʩ ʥʠʤʠ ʥʘʧʨʘʚʣʷʶʱʠʭ (ʧʨʠ ʫʩʣʦʚʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟ ʤʘʪʝʨʠʘʣʦʚ 

ʦʜʠʥʘʢʦʚʦʡ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ), ʦʜʥʘʢʦ ʠʭ ʠʟʥʦʩ ʤʝʥʴʰʝ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʪʦʯʥʦʩʪʠ 

ʦʙʨʘʙʦʪʢʠ ʠ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʤʦʞʝʪ ʙʳʪʴ ʯʘʩʪʠʯʥʦ ʢʦʤʧʝʥʩʠʨʦʚʘʥ 

ʨʝʛʫʣʠʨʦʚʢʦʡ; 

2. ʇʦʛʨʝʰʥʦʩʪʠ ʚ ʢʦʥʪʘʢʪʝ ʙʳʩʪʨʝʝ ʫʩʪʨʘʥʷʶʪʩʷ ʧʨʠ ʧʨʠʨʘʙʦʪʢʝ ʤʝʥʝʝ 

ʠʟʥʦʩʦʩʪʦʡʢʠʭ ʥʘʧʨʘʚʣʷʶʱʠʭ ʤʝʥʴʰʝʡ ʜʣʠʥʳ; 

3. ʊʨʫʜʦʝʤʢʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʨʝʤʦʥʪʘ ʥʠʞʝ, ʪʘʢ ʢʘʢ ʥʘʧʨʘʚʣʷʶʱʠʝ 

ʤʝʥʴʰʝʡ ʜʣʠʥʳ ʦʙʳʯʥʦ ʧʨʠʛʦʥʷʶʪʩʷ ʰʘʙʨʝʥʠʝʤ; 

4. ʆʪʢʨʳʪʳʝ ʥʘʧʨʘʚʣʷʶʱʠʝ ʙʦʣʴʰʝʡ ʜʣʠʥʳ ʧʦʜʚʝʨʞʝʥʳ ʩʣʫʯʘʡʥʳʤ 

ʧʦʚʨʝʞʜʝʥʠʷʤ (ʟʘʙʦʠʥʘʤ, ʮʘʨʘʧʠʥʘʤ) ʠ ʪ.ʜ. 

ɺ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʝʧʦʜʚʠʞʥʘʷ ʜʝʪʘʣʴ ʠʤʝʝʪ 

ʥʘʧʨʘʚʣʷʶʱʠʝ ʙʦʣʴʰʝʡ ʜʣʠʥʳ, ʘ ʧʝʨʝʤʝʱʘʝʤʘʷ ð ʥʘʧʨʘʚʣʷʶʱʠʝ ʤʝʥʴʰʝʡ 

ʜʣʠʥʳ. 

ɼʣʷ ʥʘʧʨʘʚʣʷʶʱʠʭ ʢʨʫʛʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʚʦʟʤʦʞʥʳ ʜʚʘ ʨʝʰʝʥʠʷ ð ʤʝʥʝʝ 

ʠʟʥʦʩʦʩʪʦʡʢʠʡ ʤʘʪʝʨʠʘʣ ʧʘʨʳ ʤʦʞʝʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʥʘ ʧʝʨʝʤʝʱʘʝʤʦʡ 

(ʧʣʘʥʰʘʡʙʝ, ʩʪʦʣʝ) ʣʠʙʦ ʥʘ ʥʝʧʦʜʚʠʞʥʦʡ (ʦʩʥʦʚʘʥʠʠ) ʜʝʪʘʣʷʭ. ɺʩʝ ʞʝ ʤʝʥʝʝ 

ʠʟʥʦʩʦʩʪʦʡʢʠʡ ʤʘʪʝʨʠʘʣ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʥʘ ʧʝʨʝʤʝʱʘʝʤʦʡ ʜʝʪʘʣʠ 

[81]. ʊʘʢʘʷ ʫʩʪʘʥʦʚʢʘ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ:  

- ʫʤʝʥʴʰʘʝʪʩʷ ʩʢʦʨʦʩʪʴ ʠʟʥʘʰʠʚʘʥʠʷ ʥʘʧʨʘʚʣʷʶʱʠʭ ʦʩʥʦʚʘʥʠʷ, ʢ 

ʩʦʭʨʘʥʝʥʠʶ ʪʦʯʥʦʩʪʠ, ʢʦʪʦʨʳʭ ʜʦʣʞʥʳ ʧʨʝʜʲʷʚʣʷʪʴʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ 
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(ʥʘʧʨʘʚʣʷʶʱʠʝ ʦʩʥʦʚʘʥʠʷ - ʙʘʟʘ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦʨʦʡ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʜʨʫʛʠʝ 

ʫʟʣʳ ʩʪʘʥʢʘ);  

- ʫʤʝʥʴʰʘʝʪʩʷ ʪʨʫʜʦʝʤʢʦʩʪʴ ʨʝʤʦʥʪʘ ʙʣʘʛʦʜʘʨʷ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ 

ʥʘʧʨʘʚʣʷʶʱʠʭ ʧʣʘʥʰʘʡʙʳ ʥʘ ʩʪʘʥʢʝ;  

- ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʣʫʯʰʘʷ ʩʦʭʨʘʥʥʦʩʪʴ ʢʣʠʥʦʦʙʨʘʟʫʶʱʠʭ ʩʢʦʩʦʚ ʥʘ 

ʥʘʧʨʘʚʣʷʶʱʠʭ ʦʩʥʦʚʘʥʠʷ. 

ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʦʩʥʦʚʥʳʤ ʢʨʠʪʝʨʠʝʤ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʥʘʧʨʘʚʣʷʶʱʠʭ ʷʚʣʷʝʪʩʷ 

ʤʠʥʠʤʘʣʴʥʳʡ ʩʫʤʤʘʨʥʳʡ ʠʟʥʦʩ ʥʘʧʨʘʚʣʷʶʱʠʭ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʧʘʨʳ, ʥʘʧʨʠʤʝʨ, 

ʚ ʨʝʚʦʣʴʚʝʨʥʳʭ ʩʪʘʥʢʘʭ ʜʣʷ ʥʘʧʨʘʚʣʷʶʱʠʭ ʧʘʨʳ ʧʨʦʜʦʣʴʥʳʝ ʩʘʣʘʟʢʠ ʩʫʧʧʦʨʪʘ - 

ʩʪʘʥʠʥʘ. 

ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ ʧʨʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʧʨʦʩʪʦʡ ʬʦʨʤʝ ʥʘʧʨʘʚʣʷʶʱʠʭ 

(ʧʨʷʤʦʫʛʦʣʴʥʦʡ), ʧʦʟʚʦʣʷʶʱʝʡ ʧʦʣʫʯʠʪʴ ʪʦʯʥʳʡ ʢʦʥʪʘʢʪ ʧʫʪʝʤ ʰʣʠʬʦʚʘʥʠʷ 

ʩʦʧʨʷʞʝʥʥʳʭ ʥʘʧʨʘʚʣʷʶʱʠʭ, ʘ ʪʘʢʞʝ ʧʨʠ ʥʘʣʠʯʠʠ ʟʘʱʠʪʳ ʥʘʧʨʘʚʣʷʶʱʠʭ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʧʨʝʜʦʭʨʘʥʝʥʠʝ ʠʭ ʦʪ ʩʣʫʯʘʡʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ, ʥʘʧʨʘʚʣʷʶʱʠʝ 

ʤʝʥʴʰʝʡ ʜʣʠʥʳ (ʩʘʣʘʟʦʢ) ʚʳʛʦʜʥʝʝ ʠʟʛʦʪʦʚʣʷʪʴ ʟʘʢʘʣʝʥʥʳʤʠ, ʘ ʙʦʣʴʰʝʡ ʜʣʠʥʳ 

(ʩʪʘʥʠʥʳ) ʥʝʟʘʢʘʣʝʥʥʳʤʠ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠ ʜʣʠʥʝ ʭʦʜʘ 

ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝʡ ʜʣʠʥʳ ʧʝʨʝʤʝʱʘʝʤʦʡ ʢʦʨʧʫʩʥʦʡ ʜʝʪʘʣʠ. 

ʈʝʟʢʦʝ ʧʦʚʳʰʝʥʠʝ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʩʦʧʨʷʞʝʥʠʠ ʜʚʫʭ 

ʟʘʢʘʣʝʥʥʳʭ ʥʘʧʨʘʚʣʷʶʱʠʭ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ ʪʷʞʝʣʦ ʥʘʛʨʫʞʝʥʥʳʭ 

ʥʘʧʨʘʚʣʷʶʱʠʭ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʦʪʭʦʜʘʤʠ 

ʦʙʨʘʙʦʪʢʠ ʧʨʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʧʨʦʩʪʦʡ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʬʦʨʤʝ ʥʘʧʨʘʚʣʷʶʱʠʭ, 

ʧʦʩʣʝʜʥʠʝ ʤʦʛʫʪ ʠʟʛʦʪʘʚʣʠʚʘʪʴʩʷ ʟʘʢʘʣʝʥʥʳʤʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʫ ʦʙʝʠʭ 

ʩʦʧʨʷʞʝʥʥʳʭ ʜʝʪʘʣʝʡ. ʇʨʠ ʵʪʦʤ ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʥʘʧʨʘʚʣʷʶʱʠʭ ʜʦʣʞʥʘ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠʭ ʩʦʧʨʷʞʝʥʠʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʘʧʨʘʚʣʷʶʱʠʭ, 

ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʯʫʛʫʥʳ ʣʝʛʠʨʦʚʘʥʥʳʝ ʠ 

ʥʝʣʝʛʠʨʦʚʘʥʥʳʝ, ʟʘʢʘʣʝʥʥʳʝ ʠ ʥʝʟʘʢʘʣʝʥʥʳʝ.  

ɸʥʘʣʠʟ ʨʘʙʦʪ r ʯʫʛʫʥʘ ʚ ʫʩʣʦʚʠʷʭ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʘʙʨʘʟʠʚʥʦʛʦ 

ʠʟʥʘʰʠʚʘʥʠʷ ʥʘʧʨʘʚʣʷʶʱʠʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʭ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʚʦʟʨʘʩʪʘʝʪ ʩ 

ʧʦʚʳʰʝʥʠʝʤ ʪʚʝʨʜʦʩʪʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʬʝʨʨʠʪʥʦʡ ʢ ʧʝʨʣʠʪʥʦʡ ʠ ʜʘʣʝʝ ʢ 
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ʤʘʨʪʝʥʩʠʪʥʦʡ ʩʪʨʫʢʪʫʨʝ, ʘ ʪʘʢʞʝ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʟʤʝʨʘ ʛʨʘʬʠʪʦʚʳʭ ʚʢʣʶʯʝʥʠʡ 

[30, 53, 106]. 

ʃʝʛʠʨʦʚʘʥʠʝ ʯʫʛʫʥʘ ʥʠʢʝʣʝʤ ʠ ʭʨʦʤʦʤ (ʥʘʧʨʠʤʝʨ, 1,2-1,5 % Ni ʠ 0,4-0,5 % 

Cr), ʧʨʠʩʘʜʢʘ ʤʝʜʠ (ʧʦʨʷʜʢʘ 0,5 %), ʣʝʛʠʨʦʚʘʥʠʝ ʤʦʣʠʙʜʝʥʦʤ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ 

ʤʝʜʴʶ, ʭʨʦʤʦʤ ʠ ʥʠʢʝʣʝʤ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʜʣʷ ʩʪʘʥʠʥ ʠ ʢʦʨʧʫʩʥʳʭ 

ʜʝʪʘʣʝʡ ʧʨʝʮʠʟʠʦʥʥʳʭ ʩʪʘʥʢʦʚ ʩ ʟʘʢʘʣʝʥʥʳʤʠ ʥʘʧʨʘʚʣʷʶʱʠʤʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʚ ʧʨʝʜʝʣʘʭ ʧʝʨʣʠʪʥʦʡ ʠ ʬʝʨʨʠʪʥʦʡ ʩʪʨʫʢʪʫʨ ʥʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʨʘʟʣʠʯʠʷ ʚ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʣʝʛʠʨʦʚʘʥʥʳʭ ʠ ʥʝʣʝʛʠʨʦʚʘʥʥʳʭ ʯʫʛʫʥʦʚ [5, 19, 30]. ɹʦʣʴʰʝʡ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʣʝʛʠʨʦʚʘʥʥʳʝ ʯʫʛʫʥʳ [19, 30, 53]. 

ʃʝʛʠʨʦʚʘʥʠʝ ʯʫʛʫʥʘ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʩʪʘʥʢʦʚ ʥʦʨʤʘʣʴʥʦʡ ʪʦʯʥʦʩʪʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʥʘʧʨʘʚʣʷʶʱʠʭ (ʥʝʟʘʢʘʣʝʥʥʳʭ) ʟʘ ʦʜʥʦ ʮʝʣʦʝ ʩʦ ʩʪʘʥʠʥʦʡ (ʠʣʠ ʩʪʦʣʦʤ), ʭʦʪʷ ʠ 

ʧʨʠʚʦʜʠʪ ʢ ʥʝʢʦʪʦʨʦʤʫ ʧʦʚʳʰʝʥʠʶ ʠʭ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ, ʚʩʝ ʞʝ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ, 

ʪʘʢ ʢʘʢ ʧʨʠʭʦʜʠʪʩʷ ʣʝʛʠʨʦʚʘʪʴ ʤʘʪʝʨʠʘʣ ʚʩʝʡ ʩʪʘʥʠʥʳ. ʀʟ ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʯʫʛʫʥʘ 

ʤʦʞʥʦ ʠʟʛʦʪʦʚʣʷʪʴ ʥʘʢʣʘʜʥʳʝ ʟʘʢʘʣʝʥʥʳʝ ʥʘʧʨʘʚʣʷʶʱʠʝ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʩʣʦʞʥʦʡ 

ʬʦʨʤʝ ʩʝʯʝʥʠʷ. 

ɺʳʙʦʨ ʤʘʨʦʢ ʯʫʛʫʥʘ ʜʣʷ ʦʪʣʠʚʦʢ, ʥʘʧʨʘʚʣʷʶʱʠʭ ʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʯʥʦʩʪʠ, 

ʪʚʝʨʜʦʩʪʠ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ ʯʫʛʫʥʘ ʨʝʛʣʘʤʝʥʪʠʨʫʶʪʩʷ ʊʋ 2-024-708-67. 

ʊʚʝʨʜʦʩʪʴ ʥʘʧʨʘʚʣʷʶʱʠʭ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 180 ʅɺ, ʜʣʷ ʪʷʞʝʣʳʭ ʦʪʣʠʚʦʢ 

ʤʘʩʩʦʡ ʙʦʣʝʝ 7000 ʢʛ ʜʦʧʫʩʢʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʜʦ 170 ʢʛ/ʤʤ
2
. ɼʣʷ ʩʪʦʣʦʚ, 

ʩʘʣʘʟʦʢ, ʙʘʙʦʢ ʩ ʥʘʧʨʘʚʣʷʶʱʠʤʠ ʩʢʦʣʴʞʝʥʠʷ ʤʝʥʴʰʝʡ ʜʣʠʥʳ, ʯʝʤ ʫ 

ʩʦʧʨʷʞʝʥʥʳʭ ʜʝʪʘʣʝʡ, ʪʚʝʨʜʦʩʪʴ ʥʘʧʨʘʚʣʷʶʱʠʭ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 170 ʅɺ  

[70]. 

ʅʘʧʨʘʚʣʷʶʱʠʝ ʜʚʠʞʝʥʠʷ ʧʦʜʘʯʠ ʩ ʧʘʨʦʡ ʪʨʝʥʠʷ ʯʫʛʫʥ-ʯʫʛʫʥ ʪʦʢʘʨʥʳʭ, 

ʨʝʚʦʣʴʚʝʨʥʳʭ, ʬʨʝʟʝʨʥʳʭ, ʨʘʩʪʦʯʥʳʭ ʠ ʨʷʜʘ ʜʨʫʛʠʭ ʩʪʘʥʢʦʚ ʧʨʠ ʥʝʩʦʚʝʨʰʝʥʥʳʭ 

ʟʘʱʠʪʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʠ ʛʨʘʥʠʯʥʦʤ ʪʨʝʥʠʠ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ 

ʠʟʥʘʰʠʚʘʥʠʷ; ʵʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʜʣʠʪʝʣʴʥʫʶ ʨʘʙʦʪʫ ʩʪʘʥʢʘ ʙʝʟ 

ʨʝʤʦʥʪʘ. ʅʘʧʨʘʚʣʷʶʱʠʝ ʛʣʘʚʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʧʨʠ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʠʩʢʣʶʯʠʪʴ 

ʨʘʙʦʪʫ ʚ ʨʝʞʠʤʝ ʩʤʝʰʘʥʥʦʛʦ ʪʨʝʥʠʷ, ʥʝʜʦʩʪʘʪʦʯʥʦ ʥʘʜʝʞʥʳ - ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ 

ʦʙʨʘʟʫʶʪʩʷ ʟʘʜʠʨʳ. ʇʘʨʘ ʪʨʝʥʠʷ ʯʫʛʫʥ-ʯʫʛʫʥ ʦʩʪʘʝʪʩʷ ʝʱʝ ʥʘʠʙʦʣʝʝ 
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ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ, ʦʜʥʘʢʦ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʡ ʨʘʙʦʪʝ ʥʘʧʨʘʚʣʷʶʱʠʭ ʦʥʘ ʥʝ 

ʦʪʚʝʯʘʝʪ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. 

ʇʘʨʫ ʪʨʝʥʠʷ ʯʫʛʫʥ - ʯʫʛʫʥ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ: ʘ) ʜʣʷ 

ʥʘʧʨʘʚʣʷʶʱʠʭ ʩʪʘʥʢʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʣʝʛʢʠʭ ʨʘʙʦʪ, ʠ ʧʨʝʮʠʟʠʦʥʥʳʭ 

ʩʪʘʥʢʦʚ, ʠʤʝʶʱʠʭ ʭʦʨʦʰʫʶ ʠʟʦʣʷʮʠʶ ʥʘʧʨʘʚʣʷʶʱʠʭ ʦʪ ʟʘʛʨʷʟʥʝʥʠʷ, 

ʧʨʠʥʫʜʠʪʝʣʴʥʫʶ ʩʤʘʟʢʫ ʠ ʢʦʥʩʪʨʫʢʮʠʶ, ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʤʘʣʫʶ ʩʢʦʨʦʩʪʴ 

ʠʟʥʘʰʠʚʘʥʠʷ ʥʘʧʨʘʚʣʷʶʱʠʭ; ʙ) ʜʣʷ ʨʝʜʢʦ ʨʘʙʦʪʘʶʱʠʭ ʥʘʧʨʘʚʣʷʶʱʠʭ; ʚ) ʜʣʷ 

ʤʝʥʝʝ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʥʘʧʨʘʚʣʷʶʱʠʭ, ʠʟʥʦʩ ʢʦʪʦʨʳʭ ʥʝ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʚʣʠʷʥʠʷ ʥʘ ʪʦʯʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ [70]. 

 ɺʦ ʤʥʦʛʠʭ ʨʘʙʦʪʘʭ ʧʦ ʠʟʫʯʝʥʠʶ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʚ ʫʩʣʦʚʠʷʭ 

ʘʙʨʘʟʠʚʥʦʛʦ ʠʟʥʘʰʠʚʘʥʠʷ ʠ ʩʭʚʘʪʳʚʘʥʠʷ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʥʘʧʨʘʚʣʷʶʱʠʭ 

ʩʪʘʥʢʦʚ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʩʪʘʣʴʥʳʭ ʠ ʯʫʛʫʥʥʳʭ ʜʝʪʘʣʝʡ ʜʦ 

ʚʳʩʦʢʦʡ ʪʚʝʨʜʦʩʪʠ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʠʭ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ. 

ʀʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʩʪʘʣʝʡ ʧʨʠ ʘʙʨʘʟʠʚʥʦʤ ʠʟʥʘʰʠʚʘʥʠʠ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʨʦʜʘ; ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʚʝʨʜʦʩʪʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ 

ʧʝʨʣʠʪʥʦʡ ʢ ʩʦʨʙʠʪʥʦʡ, ʪʨʦʩʪʠʪʥʦʡ ʠ ʤʘʨʪʝʥʩʠʪʥʦʡ ʩʪʨʫʢʪʫʨʘʤ ʟʘ ʩʯʝʪ 

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ; ʩ ʧʦʚʳʰʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʨʷʜʘ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ - 

ʭʨʦʤʘ, ʥʠʢʝʣʷ, ʚʦʣʴʬʨʘʤʘ ʠ ʜʨ. [5, 66, 81]. ʇʨʠ ʪʨʝʥʠʠ ʟʘʢʘʣʝʥʥʦʡ ʩʪʘʣʠ ʚ ʧʘʨʝ ʩ 

ʧʝʨʣʠʪʥʳʤ ʯʫʛʫʥʦʤ, ʰʘʨʞʠʨʦʚʘʥʥʳʤ ʘʙʨʘʟʠʚʦʤ, ʝʝ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʧʦʚʳʰʘʝʪʩʷ 

ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ, ʩʪʝʧʝʥʠ ʜʠʩʧʝʨʩʥʦʩʪʠ ʠ ʪʚʝʨʜʦʩʪʠ ʢʘʨʙʠʜʦʚ; 

ʢʘʨʙʠʜʳ ʚʦʣʴʬʨʘʤʘ ʠ ʭʨʦʤʘ ʪʚʝʨʞʝ ʢʘʨʙʠʜʦʚ ʞʝʣʝʟʘ [66, 69]. ʀʟʥʦʩ ʧʘʨ ʪʨʝʥʠʷ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʩʚʦʙʦʜʥʦʛʦ ʘʙʨʘʟʠʚʘ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʩʧʦʩʦʙʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ 

ʧʘʨʳ ʫʜʝʨʞʠʚʘʪʴ ʯʘʩʪʠʮʳ ʘʙʨʘʟʠʚʘ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʪʨʝʥʠʠ ʦʙʨʘʟʮʦʚ ʠʟ 

ʰʘʨʠʢʦʧʦʜʰʠʧʥʠʢʦʚʦʡ ʩʪʘʣʠ, ʟʘʢʘʣʝʥʥʳʭ (65 HRC) ʠ ʦʪʧʫʱʝʥʥʳʭ (55-59 HRC) 

ʧʦ ʪʦʡ ʞʝ ʩʪʘʣʠ ʙʝʟ ʦʪʧʫʩʢʘ (65 HRC), ʘʙʨʘʟʠʚ ʙʦʣʝʝ ʧʨʦʯʥʦ ʟʘʢʨʝʧʣʷʝʪʩʷ ʚ 

ʦʪʧʫʱʝʥʥʳʭ ʙʦʣʝʝ ʚʷʟʢʠʭ ʦʙʨʘʟʮʘʭ, ʯʪʦ ʩʥʠʞʘʝʪ ʠʭ ʠʟʥʦʩ (ʠʟʥʦʩ ʫʤʝʥʴʰʘʝʪʩʷ ʩ 

ʧʦʥʠʞʝʥʠʝʤ ʪʚʝʨʜʦʩʪʠ); ʧʨʠ ʪʨʝʥʠʠ ʪʝʭ ʞʝ ʦʙʨʘʟʮʦʚ ʧʦ ʰʘʨʞʠʨʦʚʘʥʥʦʤʫ 

ʘʙʨʘʟʠʚʦʤ ʯʫʛʫʥʫ, ʧʨʦʯʥʦ ʫʜʝʨʞʠʚʘʶʱʝʤʫ ʘʙʨʘʟʠʚʥʳʝ ʯʘʩʪʠʮʳ, ʨʝʰʘʶʱʝʝ 

ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʪʚʝʨʜʦʩʪʴ ʦʙʨʘʟʮʦʚ. 
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ɺʳʩʦʢʦʡ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ ʦʪʣʠʯʘʶʪʩʷ ʭʨʦʤʠʨʦʚʘʥʥʳʝ ʠ ʘʟʦʪʠʨʦʚʘʥʥʳʝ 

ʩʪʘʣʠ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʥʦʩʘ ʮʝʤʝʥʪʠʨʦʚʘʥʥʦʛʦ, ʮʠʘʥʠʨʦʚʘʥʥʦʛʦ ʠ 

ʘʟʦʪʠʨʦʚʘʥʥʦʛʦ ʩʣʦʝʚ ʤʝʪʘʣʣʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ ʤʝʨʝ ʠʟʥʘʰʠʚʘʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ [65, 68, 80]. ʇʦʚʳʰʝʥʠʝ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʯʫʛʫʥʘ, 

ʧʦʣʫʯʘʝʤʦʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʘʢʘʣʢʠ ʥʘ ʤʘʨʪʝʥʩʠʪ, ʠʤʝʝʪ ʤʝʩʪʦ ʚ ʙʦʣʴʰʝʡ ʤʝʨʝ ʫ 

ʣʝʛʠʨʦʚʘʥʥʳʭ ʯʫʛʫʥʦʚ [69]. 

ʋʢʘʟʘʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ ʠ ʩʚʦʡʩʪʚʘʤʠ ʯʫʛʫʥʘ ʠ 

ʩʪʘʣʠ ʧʨʠ ʘʙʨʘʟʠʚʥʦʤ ʠʟʥʘʰʠʚʘʥʠʠ ʚʦ ʤʥʦʛʦʤ ʢʘʯʝʩʪʚʝʥʥʦ ʩʦʚʧʘʜʘʶʪ ʩ 

ʘʥʘʣʦʛʠʯʥʳʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʚ ʨʘʙʦʪʘʭ, ʛʜʝ ʦʩʥʦʚʥʳʤ ʚʠʜʦʤ 

ʠʟʥʘʰʠʚʘʥʠʷ ʙʳʣʦ ʩʭʚʘʪʳʚʘʥʠʝ [83]. 

ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʜʦʵʚʪʝʢʪʦʠʜʥʦʡ ʩʪʘʣʠ ʠ ʩʝʨʦʛʦ ʯʫʛʫʥʘ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʘ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʫʛʣʝʨʦʜʘ, ʥʘʭʦʜʷʱʠʤʩʷ ʚ ʚʠʜʝ ʮʝʤʝʥʪʠʪʘ, 

ʠ ʪʚʝʨʜʦʩʪʴʶ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʩʦʩʪʦʷʥʠʝʤ ʮʝʤʝʥʪʠʪʘ ʚ ʩʧʣʘʚʝ. ʊʝʨʤʠʯʝʩʢʘʷ 

ʦʙʨʘʙʦʪʢʘ ʩʪʘʣʠ ʠ ʯʫʛʫʥʘ ʩ ʧʦʣʫʯʝʥʠʝʤ ʧʦʚʳʰʝʥʥʦʡ ʪʚʝʨʜʦʩʪʠ ʫʚʝʣʠʯʠʚʘʝʪ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ. ʂ ʘʥʘʣʦʛʠʯʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʠʚʦʜʠʪ 

ʣʝʛʠʨʦʚʘʥʠʝ ʩʪʘʣʠ ʠ ʯʫʛʫʥʘ ʭʨʦʤʦʤ, ʥʠʢʝʣʝʤ, ʚʦʣʴʬʨʘʤʦʤ ʠ ʨʜ̫ʦʤ ʜʨʫʛʠʭ 

ʵʣʝʤʝʥʪʦʚ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʠ ʧʦʣʫʯʝʥʠʝʤ ʟʘʢʘʣʦʯʥʳʭ 

ʩʪʨʫʢʪʫʨ. ɺʳʩʦʢʘʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʭʨʦʤʠʨʦʚʘʥʠʠ ʠ 

ʘʟʦʪʠʨʦʚʘʥʠʠ. ɺ ʧʘʨʘʭ ʩʪʘʣʴ - ʩʪʘʣʴ ʠ ʯʫʛʫʥ - ʯʫʛʫʥ ʧʦʚʳʰʝʥʠʝ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ 

ʦʜʥʦʛʦ ʠʟ ʵʣʝʤʝʥʪʦʚ ʩʥʠʞʘʝʪ ʠʟʥʦʩ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ. 

ɿʘʢʘʣʝʥʥʳʝ ʥʘʧʨʘʚʣʷʶʱʠʝ ʤʦʛʫʪ ʚʳʧʦʣʥʠʪʴʩʷ ʢʘʢ ʟʘ ʦʜʥʦ ʮʝʣʦʝ ʩʦ 

ʩʪʘʥʠʥʦʡ (ʯʫʛʫʥ), ʪʘʢ ʠ ʚ ʚʠʜʝ ʥʘʢʣʘʜʥʳʭ ʥʘʧʨʘʚʣʷʶʱʠʭ.  

ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʟʘʢʘʣʝʥʥʳʭ ʩʪʘʥʠʥ ʠʩʧʦʣʴʟʫʶʪ ʩʝʨʳʡ ʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʯʫʛʫʥ, ʘ ʪʘʢʞʝ ʣʝʛʠʨʦʚʘʥʥʳʡ ʯʫʛʫʥ, ʩʦʜʝʨʞʘʱʠʡ ʥʠʢʝʣʴ, 

ʭʨʦʤ, ʤʦʣʠʙʜʝʥ ʠ ʜʨʫʛʠʝ ʣʝʛʠʨʫʶʱʠʝ ʵʣʝʤʝʥʪʳ, ʘ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʘʢʣʘʜʥʳʭ 

ʥʘʧʨʘʚʣʷʶʱʠʭ ʠʩʧʦʣʴʟʫʶʪ ʩʣʝʜʫʶʱʠʝ ʤʘʪʝʨʠʘʣʳ ʠ ʪʝʨʤʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ: 

ʩʪʘʣʠ, ʧʦʜʚʝʨʛʘʝʤʳʝ ʮʝʤʝʥʪʘʮʠʠ ʠ ʟʘʢʘʣʢʝ; ʚʳʩʦʢʦʫʛʣʝʨʦʜʠʩʪʳʝ ʭʨʦʤʠʩʪʳʝ 

ʟʘʢʘʣʝʥʥʳʝ ʩʪʘʣʠ; ʢʦʥʩʪʨʫʢʮʠʦʥ-ʥʳʝ ʫʛʣʝʨʦʜʠʩʪʳʝ ʟʘʢʘʣʝʥʥʳʝ ʩʪʘʣʠ; 

ʣʝʛʠʨʦʚʘʥʥʳʝ ʩʪʘʣʠ, ʧʦʜʚʝʨʛʘʝʤʳʝ ʘʟʦʪʠʨʦʚʘʥʠʶ; ʛʨʘʬʠʪʠʟʠʨʦʚʘʥʥʳʝ 

ʟʘʢʘʣʝʥʥʳʝ ʩʪʘʣʠ; ʩʪʘʣʠ, ʧʦʜʚʝʨʛʘʝʤʳʝ ʮʠʘʥʠʨʦʚʘʥʠʶ ʠ ʟʘʢʘʣʢʝ; ʣʝʛʠʨʦʚʘʥʥʳʝ ʠ 
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ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʯʫʛʫʥʳ ʠ ʪ. ʜ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʨʷʜʘ 

ʫʢʘʟʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʧʦʢʨʳʪʠʡ ʥʘ-ʧʨʘʚʣʷʶʱʠʭ ʚ ʟʘʨʫʙʝʞʥʳʭ ʩʪʘʥʢʘʭ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ. 

ʌʠʨʤʘ ʕʢʩ-ʎʝʣʣ-ʆ (ʉʐɸ) ʠʟʛʦʪʘʚʣʠʚʘʝʪ ʥʘʢʣʘʜʥʳʝ ʥʘʧʨʘʚʣʷʶʱʠʝ ʠʟ 

ʩʪʘʣʠ 8620 (0,18-0,23 % ʉ; 0,7-0,9 % Mn; 0,4-0,7 % Ni; 0,4-0,6 % ʉʛ; 0,15-

0,28 % ʄʦ), ʙʣʠʟʢʦʡ ʧʦ ʩʦʩʪʘʚʫ ʢ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʩʪʘʣʠ 20ʍʅʄ, ʥʦ ʩ ʤʝʥʴʰʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʥʠʢʝʣʷ; ʥʘʧʨʘʚʣʷʶʱʠʝ ʧʣʘʥʢʠ ʪʦʣʱʠʥʦʡ 40-50 ʤʤ ʮʝʤʝʥʪʠʨʫʶʪʩʷ ʠ 

ʟʘʢʘʣʠʚʘʶʪʩʷ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ, 60-65 HRC. 

ɺʳʧʫʩʢʘʝʤʳʝ ʚ ʉʐɸ ʥʘʢʣʘʜʥʳʝ ʩʪʘʣʴʥʳʝ ʜʚʫʭʩʣʦʡʥʳʝ ʥʘʧʨʘʚʣʷʶʱʠʝ 

ʨʘʟʣʠʯʥʳʭ ʧʨʦʬʠʣʝʡ ʠʤʝʶʪ ʪʦʣʩʪʳʡ ʩʣʦʡ ʠʟʥʦʩʦʩʪʦʡʢʦʡ ʩʪʘʣʠ ʚʳʩʦʢʦʡ 

ʪʚʝʨʜʦʩʪʠ (64-66 HRC) ʠ ʤʷʛʢʫʶ ʩʝʨʜʮʝʚʠʥʫ, ʦʙʣʝʛʯʘʶʱʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ 

ʢʨʝʧʣʝʥʠʷ. ʈʘʙʦʯʠʡ ʩʣʦʡ ʠʟ ʭʨʦʤʠʩʪʦʡ ʰʘʨʠʢʦʧʦʜʰʠʧʥʠʢʦʚʦʡ ʩʪʘʣʠ SAE 52100 

(0,95-1,1 % ʉ; 0,3-0,6 % ʄn; 1,2-1,5 % ʉʛ; 0,2-0,3 % Si; ʈ < 0,025 %, S < 0,025 %) 

ʪʦʣʱʠʥʦʡ 4,8 ʤʤ ʧʨʠʚʘʨʝʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1260 Áʉ ʧʦʜ ʜʘʚʣʝʥʠʝʤ 2500 ʪ ʢ 

ʩʪʘʣʴʥʦʡ ʩʝʨʜʮʝʚʠʥʝ (ʉʪʘʣʴ 10), ʥʝ ʚʦʩʧʨʠʥʠʤʘʶʱʝʡ ʟʘʢʘʣʢʠ. ʇʦʩʪʘʚʣʷʶʪʩʷ 

ʥʘʧʨʘʚʣʷʶʱʠʝ ʰʣʠʬʦʚʘʥʥʳʤʠ ʩ ʪʦʯʥʦʩʪʴʶ Ñ 5 ʤʢ; ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʨʝʚʦʣʴʚʝʨʥʳʭ 

ʩʪʘʥʢʘʭ ɻʠʰʦʣʪ, ɸʢʤʵ ʠ ʜʨ. ɸʟʦʪʠʨʦʚʘʥʥʳʝ ʥʘʢʣʘʜʥʳʝ ʥʘʧʨʘʚʣʷʶʱʠʝ (ʛʣʫʙʠʥʘ 

ʘʟʦʪʠʨʦʚʘʥʠʷ 0,5 ʤʤ) ʧʨʠʤʝʥʷʶʪ ʚ ʪʷʞʝʣʳʭ ʪʦʢʘʨʥʳʭ ʩʪʘʥʢʘʭ ʬʠʨʤʳ ʂʨʝʚʝʥ 

(ɸʥʛʣʠʷ) [81]. 

ɺ ʪʦʢʘʨʥʳʭ ʩʪʘʥʢʘʭ ʃʝ ɺʣʦʥʜ (ʉʐɸ) ʩ ʥʘʠʙʦʣʴʰʠʤ ʜʠʘʤʝʪʨʦʤ ʦʙʨʘʙʦʪʢʠ 

ʥʘʧʨʘʚʣʷʶʱʠʝ ʩʪʘʥʠʥʳ ʧʦʜ ʩʘʣʘʟʢʠ ʠ - ʥʠʞʥʠʭ ʩʘʣʘʟʦʢ ʧʦʜ ʧʦʧʝʨʝʯʥʳʝ ʩʘʣʘʟʢʠ 

ʚʳʧʦʣʥʝʥʳ ʚ ʚʠʜʝ ʥʘʢʣʘʜʥʳʭ, ʟʘʢʘʣʝʥʥʳʭ ʩ ʥʘʛʨʝʚʦʤ ʛʘʟʦʚʳʤ ʧʣʘʤʝʥʝʤ (61-63 

HRC), ʥʘʧʨʘʚʣʷʶʱʠʭ ʠʟ ʩʧʝʮʠʘʣʴʥʦʡ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʛʨʘʬʠʪʠʟʠʨʦʚʘʥʥʦʡ 

ʩʪʘʣʠ, ʩʦʜʝʨʞʘʱʝʡ ʩʚʦʙʦʜʥʳʡ ʫʛʣʝʨʦʜ. ʉʦʧʨʷʞʝʥʥʳʝ ʩ ʥʠʤʠ ʥʘʧʨʘʚʣʷʶʱʠʝ - ʠʟ 

ʯʫʛʫʥʘ, ʘ ʚ ʩʪʘʥʢʘʭ ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ ʥʘ ʥʘʧʨʘʚʣʷʶʱʠʭ ʧʨʦʜʦʣʴʥʳʭ ʩʘʣʘʟʦʢ 

ʥʘʢʣʘʜʢʠ ʠʟ ʩʣʦʠʩʪʦʡ ʧʣʘʩʪʤʘʩʩʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʧʦʜʘʯʠ. 

ʌʠʨʤʘ ɸʤʝʨʠʢʝʥ ʊʫʣ ɺʦʨʢʩ, ʠʩʧʦʣʴʟʫʶʱʘʷ ʥʘʧʨʘʚʣʷʶʱʠʝ ʠʟ 

ʛʨʘʬʠʪʠʟʠʨʦʚʘʥʥʦʡ ʩʪʘʣʠ ʚ ʪʦʢʘʨʥʳʭ ʠ ʜʨʫʛʠʭ ʩʪʘʥʢʘʭ, ʧʦʜʚʝʨʛʘʝʪ ʠʭ ʧʦʩʣʝ 

ʟʘʢʘʣʢʠ ʦʙʨʘʙʦʪʢʝ ʭʦʣʦʜʦʤ (ʚʳʜʝʨʞʢʘ 8 ʯ ʧʨʠ 100 Áʉ) ʩ ʮʝʣʴʶ ʠʩʢʣʶʯʠʪʴ 
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ʢʦʨʦʙʣʝʥʠʝ; ʵʪʘ ʦʙʨʘʙʦʪʢʘ ʧʦʚʳʰʘʝʪ ʪʘʢʞʝ ʪʚʝʨʜʦʩʪʴ ʥʘʧʨʘʚʣʷʶʱʠʭ ʧʨʠʤʝʨʥʦ 

ʥʘ ʜʚʝ ʝʜʠʥʠʮʳ HRC [81]. 

ʅʘʢʣʘʜʥʳʝ ʩʪʘʣʴʥʳʝ ʮʠʘʥʠʨʦʚʘʥʥʳʝ ʟʘʢʘʣʝʥʥʳʝ ʥʘʧʨʘʚʣʷʶʱʠʝ 

ʧʨʠʤʝʥʷʶʪ, ʥʘʧʨʠʤʝʨ, ʥʘ ʩʪʘʥʠʥʝ ʠ ʩʪʦʡʢʘʭ ʧʨʦʜʦʣʴʥʦ-ʬʨʝʟʝʨʥʳʭ ʩʪʘʥʢʦʚ 

ʰʚʝʡʮʘʨʩʢʦʡ ʬʠʨʤʳ ʉʪʘʨʨ ʩ ʰʠʨʠʥʦʡ ʩʪʦʣʘ 1000-1500 ʤʤ. ʅʘʢʣʘʜʥʳʝ 

ʟʘʢʘʣʝʥʥʳʝ ʥʘʧʨʘʚʣʷʶʱʠʝ ʠʟʛʦʪʦʚʣʷʶʪ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʠʟ ʯʫʛʫʥʘ, ʦʩʦʙʝʥʥʦ ʧʨʠ 

ʩʣʦʞʥʦʡ ʬʦʨʤʝ ʩʝʯʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʠʟ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʯʫʛʫʥʘ, 450 ʅɺ, 

ʠʟʛʦʪʦʚʣʷʶʪ (ʧʨʠ ʰʣʠʬʦʚʘʥʠʠ ʚ ʩʙʦʨʝ ʩʦ ʩʪʘʥʠʥʦʡ) ʥʘʧʨʘʚʣʷʶʱʠʝ ʧʦʜ ʩʘʣʘʟʢʠ 

ʩʫʧʧʦʨʪʘ ʪʷʞʝʣʳʭ ʪʦʢʘʨʥʳʭ ʩʪʘʥʢʦʚ ʬʠʨʤʳ ʄʦʨʘʥʜʦ (ʀʪʘʣʠʷ).  

ʀʟ ʩʧʝʮʠʘʣʴʥʦʛʦ ʯʫʛʫʥʘ ʠʟʛʦʪʦʚʣʷʶʪ ʥʘʢʣʘʜʥʳʝ ʥʘʧʨʘʚʣʷʶʱʠʝ ʚ ʪʷʞʝʣʳʭ 

ʨʘʩʪʦʯʥʳʭ ʩʪʘʥʢʘʭ ʨʘʟʥʳʭ ʪʠʧʦʚ ʬʠʨʤʳ ɻʠʜʜʠʥʛʩ ʠ ʃʴʶʠʩ (ʉʐɸ); ʧʣʘʥʢʠ 

ʩʝʯʝʥʠʝʤ 203 ʭ 70 ʤʤ, ʥʘʠʙʦʣʴʰʝʡ ʜʣʠʥʦʡ ʜʦ 3 ʤ ʟʘʢʘʣʠʚʘʶʪʩʷ ʩ ʪʨʝʭ ʩʪʦʨʦʥ ʩ 

ʥʘʛʨʝʚʦʤ ʛʘʟʦʚʳʤ ʧʣʘʤʝʥʝʤ ð ʥʘ ʛʣʫʙʠʥʫ 3,5 ʤʤ, HRC 53 - 56. 

ʍʨʦʤʠʨʦʚʘʥʠʝ ʥʘʧʨʘʚʣʷʶʱʠʭ ʩʪʘʥʠʥ (ʩʪʦʝʢ) ð ʤʝʨʥʦʝ ʧʦʢʨʪrʠʝ ʪʚʝʨʜʳʤ 

ʭʨʦʤʦʤ, ʪʦʣʱʠʥʦʡ 25 - 50 ʤʢ, HRC 68 - 72 ð ʧʨʠʤʝʥʷʶʪ ʚ ʉʐɸ ʠ ɻʝʨʤʘʥʠʠ ʜʣʷ 

ʥʘʧʨʘʚʣʷʶʱʠʭ ʰʣʠʬʦʚʘʣʴʥʳʭ, ʨʘʩʪʦʯʥʳʭ, ʧʦʧʝʨʝʯʥʦ-ʩʪʨʦʛʘʣʴʥʳʭ, ʪʦʢʘʨʥʳʭ ʠ 

ʜʨʫʛʠʭ ʩʪʘʥʢʦʚ.  

ʍʨʦʤʠʨʦʚʘʥʠʶ ʧʦʜʚʝʨʛʘʶʪ ʯʫʛʫʥʥʳʝ ʥʝʟʘʢʘʣʝʥʥʳʝ (ʠʥʦʛʜʘ ʟʘʢʘʣʝʥʥʳʝ) 

ʥʘʧʨʘʚʣʷʶʱʠʝ, ʚʳʧʦʣʥʝʥʥʳʝ ʟʘʦʜʥʦ ʩʦ ʩʪʘʥʠʥʘʤʠ, ʘ ʪʘʢʞʝ ʥʘʢʣʘʜʥʳʝ ʩʪʘʣʴʥʳʝ ʠ 

ʯʫʛʫʥʥʳʝ ʟʘʢʘʣʝʥʥʳʝ ʥʘʧʨʘʚʣʷʶʱʠʝ [81 - 83]. ʅʘʧʨʠʤʝʨ, ʥʘʢʣʘʜʥʳʝ 

ʥʘʧʨʘʚʣʷʶʱʠʝ ʠʟ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʯʫʛʫʥʘ, ʧʦʢʨʳʪʳʝ ʩʣʦʝʤ ʭʨʦʤʘ, 

ʧʨʠʤʝʥʷʶʪ ʚ ʧʨʦʪʷʞʥʳʭ ʩʪʘʥʢʘʭ ʬʠʨʤʳ ʃʷʧʦʡʥʪ (ʥʘ ʩʦʧʨʷʞʝʥʥʳʭ 

ʥʘʧʨʘʚʣʷʶʱʠʭ ʩʘʣʘʟʦʢ - ʪʝʢʩʪʦʣʠʪ). ʍʨʦʤʠʨʫʶʪ ʥʘʧʨʘʚʣʷʶʱʠʝ ʠ ʠʟ 

ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ (ʫʟʣʳ, ʠʤʝʶʱʠʝ ʚʦʟʚʨʘʪʥʦ-ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʩ 

ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ). ʍʨʦʤʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʷʝʪʩʷ ʛʘʣʴʚʘʥʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʠ 

ʷʚʣʷʝʪʩʷ ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʦʧʝʨʘʮʠʝʡ ʦʙʨʘʙʦʪʢʠ ʥʘʧʨʘʚʣʷʶʱʠʭ; ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ 

ʩʣʦʷ ʭʨʦʤʘ 2 ʤʢ. ʇʦʩʣʝ ʭʨʦʤʠʨʦʚʘʥʠʷ ʰʘʙʨʝʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ 

ʥʝʝ ʨʝʣʴʝʬ ʩʦʭʨʘʥʷʝʪʩʷ. 

ʌʠʨʤʘ ɿʦʢʢʘ (ʀʪʘʣʠʷ) ʚʳʧʫʩʢʘʝʪ ʪʦʢʘʨʥʳʝ, ʰʣʠʬʦʚʘʣʴʥʳʝ ʠ ʨʘʩʪʦʯʥʳʝ 

ʩʪʘʥʢʠ, ʥʘ ʥʘʧʨʘʚʣʷʶʱʠʭ ʢʦʪʦʨʳʭ ʥʘʧʳʣʷʶʪ ʩʣʦʡ ʤʦʣʠʙʜʝʥʘ ʠʣʠ ʤʝʪʢʦʣʦʷ ʩ 
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ʧʦʩʣʝʜʫʶʱʠʤ ʰʣʠʬʦʚʘʥʠʝʤ. ʊʚʝʨʜʦʩʪʴ ʤʦʣʠʙʜʝʥʦʚʦʡ ʧʨʦʚʦʣʦʢʠ 370 ʅɺ; 

ʪʚʝʨʜʦʩʪʴ ʢʨʠʩʪʘʣʣʦʚ ʤʦʣʠʙʜʝʥʘ ʧʦʩʣʝ ʥʘʧʳʣʝʥʠʷ 700 ʅɺ. ʇʨʦʚʦʣʦʢʘ ʤʝʪʢʦʣʦʡ 

ʩʦʜʝʨʞʠʪ 13 % ʉʛ ʠ 0,3 % ʉ, 285 ʅɺ; ʪʚʝʨʜʦʩʪʴ ʧʦʢʨʳʪʠʷ 610 ʅɺ. ʇʦʢʨʳʪʠʝ 

ʭʦʨʦʰʦ ʫʜʝʨʞʠʚʘʝʪ ʤʘʩʣʦ ʚ ʧʦʨʘʭ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʡ 

ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ. ʉʣʦʡ ʤʦʣʠʙʜʝʥʘ ʥʝ ʙʦʣʝʝ 0,5 ʤʤ ʚʦ ʠʟʙʝʞʘʥʠʝ ʦʪʩʣʘʠʚʘʥʠʷ [81]. 

ʌʠʨʤʘ ʏʝʨʯʠʣʴ - ʈʝʜʤʘʥ (ɸʥʛʣʠʷ) ʚʳʧʫʩʢʘʝʪ ʪʦʢʘʨʥʳʝ ʠ ʤʥʦʛʦʨʝʟʮʦʚʳʝ 

ʩʪʘʥʢʠ ʩ ʥʘʧʳʣʝʥʥʳʤ ʥʘ ʥʘʧʨʘʚʣʷʶʱʠʝ ʩʪʘʥʠʥ ʠ ʩʘʣʘʟʦʢ ʩʣʦʝʤ ʩʧʣʘʚʘ, 

ʩʦʜʝʨʞʘʱʠʤ 99 % ʤʦʣʠʙʜʝʥʘ ʠʣʠ ʩʧʣʘʚʘ ʩ 18 % ʭʨʦʤʘ [81]. ʇʦʢʨʳʪʠʝ ʠʤʝʝʪ 

ʪʦʣʱʠʥʫ 0,25-0,30 ʤʤ; ʧʨʠ ʰʣʠʬʦʚʘʥʠʠ ʩʥʠʤʘʝʪʩʷ 0,12 ʤʤ. 

ɺ ʧʘʪʝʥʪʝ ʉʐɸ (ˉ 3150940) ʦʧʠʩʘʥ ʩʧʦʩʦʙ ʤʝʪʘʣʣʠʟʘʮʠʠ ʰʣʠʬʦʚʘʥʥʳʭ 

ʠʣʠ ʰʘʙʨʝʥʳʭ ʥʘʧʨʘʚʣʷʶʱʠʭ ʤʦʣʠʙʜʝʥʦʤ ʪʦʣʱʠʥʦʡ 25-50 ʤʢ, ʧʦʢʨʳʚʘʶʱʠʤ ʥʝ 

ʙʦʣʝʝ 75 % ʧʣʦʱʘʜʠ ʥʘʧʨʘʚʣʷʶʱʠʭ. ɿʘ ʩʯʝʪ ʥʘʥʝʩʝʥʠʷ ʩʣʦʝʚ ʤʦʣʠʙʜʝʥʘ ʩ 

ʧʝʨʝʢʨʳʪʠʝʤ ʩʦʟʜʘʶʪʩʷ ʭʘʦʪʠʯʝʩʢʠ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʧʠʨʘʤʠʜʘʣʴʥʳʝ ʚʦʟʚʳʰʝʥʠʷ. 

ʅʘʧʳʣʝʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʧʨʠʪʠʨʘʝʪʩʷ ʯʫʛʫʥʥʳʤ ʧʨʠʪʠʨʦʤ. ʇʣʦʱʘʜʢʠ ʢʦʥʪʘʢʪʘ 

(ʟʘʰʪʨʠʭʦʚʘʥʳ) ʟʘʥʠʤʘʶʪ ʦʢʦʣʦ 10% ʧʣʦʱʘʜʠ ʧʦʢʨʳʪʠʷ; ʥʘ 1 ʩʤ
2
 ʧʣʦʱʘʜʠ 

ʧʦʢʨʳʪʠʷ 30-35 ʧʣʦʱʘʜʦʢ. 

ʀʟʫʯʝʥʠʝ ʦʧʳʪʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʪʘʥʢʦʚ, ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠ 

ʩʪʝʥʜʦʚʳʭ ʠʩʧʳʪʘʥʠʡ ʠʟʥʦʩʘ ʤʘʪʝʨʠʘʣʦʚ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʧʦʚʳʰʝʥʠʝ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʥʘʧʨʘʚʣʷʶʱʠʭ ʜʦʩʪʠʛʘʝʪʩʷ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʩ 

ʧʦʣʫʯʝʥʠʝʤ ʚʳʩʦʢʦʡ ʪʚʝʨʜʦʩʪʠ; ʧʨʠ ʵʪʦʤ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʟʘʢʘʣʝʥʥʳʭ 

ʥʘʧʨʘʚʣʷʶʱʠʭ ʧʦʜʘʯ, ʨʘʙʦʪʘʶʱʠʭ ʩ ʟʘʛʨʷʟʥʝʥʥʦʡ ʩʤʘʟʢʦʡ (ʚ ʫʩʣʦʚʠʷʭ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʘʙʨʘʟʠʚʥʦʛʦ ʠʟʥʘʰʠʚʘʥʠʷ), ʤʦʞʝʪ ʙʳʪʴ ʫʚʝʣʠʯʝʥʘ (ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ) ʧʨʠʤʝʨʥʦ ʜʦ 2-2,5 ʨʘʟ, ʘ 

ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʴ ʩʭʚʘʪʳʚʘʥʠʶ (ʦʙʨʘʟʦʚʘʥʠʶ ʟʘʜʠʨʦʚ) - ʤʥʦʛʦʢʨʘʪʥʦ [70, 82, 83].  

ɹʦʣʴʰʠʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʧʘʨ ʪʨʝʥʠʷ ʯʫʛʫʥ - ʟʘʢʘʣʝʥʥʳʝ ʯʫʛʫʥ ʠʣʠ ʩʪʘʣʴ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʧʘʨʘʤʠ ʪʨʝʥʠʷ ʯʫʛʫʥ - ʯʫʛʫʥ ʠ ʮʚʝʪʥʦʡ ʩʧʣʘʚ (ʧʣʘʩʪʤʘʩʩʘ) - ʯʫʛʫʥ 

ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʠ ʦʜʥʦ-ʚʨʝʤʝʥʥʦ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ, ʢʘʢ ʚ 

ʫʩʣʦʚʠʷʭ ʘʙʨʘʟʠʚʥʦʛʦ ʠʟʥʘʰʠʚʘʥʠʷ, ʪʘʢ ʠ ʩʭʚʘʪʳʚʘʥʠʷ. ɺʳʰʝ ʫʢʘʟʳʚʘʣʦʩʴ, ʯʪʦ 

ʧʦʩʣʝ ʦʜʥʦʛʦ-ʜʚʫʭ ʣʝʪ ʜʚʫʭʩʤʝʥʥʦʡ ʨʘʙʦʪʳ ʦʢʦʣʦ 50 % ʪʦʢʘʨʥʳʭ ʠ ʨʝʚʦʣʴʚʝʨʥʳʭ 

ʩʪʘʥʢʦʚ ʠʤʝʣʠ ʟʘʜʠʨʳ ʥʘ ʥʝʟʘʢʘʣʝʥʥʳʭ ʯʫʛʫʥʥʳʭ ʥʘʧʨʘʚʣʷʶʱʠʭ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 
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ʠʟ 260 ʩʪʘʥʢʦʚ ʪʝʭ ʞʝ ʪʠʧʦʚ ʩ ʟʘʢʘʣʝʥʥʳʤʠ ʥʘʧʨʘʚʣʷʶʱʠʤʠ ʩʪʘʥʠʥʳ, 

ʧʨʦʨʘʙʦʪʘʚʰʠʭ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ - ʥʝ ʤʝʥʝʝ ʜʚʫʭ-ʪʨʝʭ ʣʝʪ (ʚ ʧʝʨʝʚʦʜʝ ʥʘ 

ʜʚʫʭʩʤʝʥʥʫʶ ʩʣʫʞʙʫ), - ʣʠʰʴ ʦʢʦʣʦ 8% ʩʪʘʥʢʦʚ ʠʤʝʣʠ ʥʝʙʦʣʴʰʠʝ ʟʘʜʠʨʳ, 

ʤʥʦʛʦʢʨʘʪʥʦ ʤʝʥʴʰʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʯʝʤ ʥʘ ʥʝʟʘʢʘʣʝʥʥʳʭ ʥʘʧʨʘʚʣʷʶʱʠʭ. ʇʨʠ 

ʟʘʢʘʣʢʝ ʥʘʧʨʘʚʣʷʶʱʠʭ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʪʘʢʞʝ ʠʭ ʩʪʦʡʢʦʩʪʴ ʧʨʦʪʠʚ ʩʣʫʯʘʡʥʳʭ 

ʧʦʚʨʝʞʜʝʥʠʡ (ʦʪ ʫʜʘʨʦʚ). 

ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʥʘʧʨʘʚʣʷʶʱʠʭ ʠʟ ʨʷʜʘ ʤʘʪʝʨʠʘʣʦʚ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʜʣʠʪʝʣʴʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʦʢʦʣʦ 250 ʩʪʘʥʢʦʚ ʜʘʥʘ ʚ 

ʪʘʙʣʠʮʝ 1.1. ʀʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʟʘʢʘʣʝʥʥʳʭ ʥʘʧʨʘʚʣʷʶʱʠʭ ʠʟ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʯʫʛʫʥʘ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ, ʯʝʤ ʩʪʘʣʴʥʳʭ ʟʘʢʘʣʝʥʥʳʭ ʥʘʧʨʘʚʣʷʶʱʠʭ ʠʟ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʫʛʣʝʨʦʜʠʩʪʳʭ ʩʪʘʣʝʡ (ʪʠʧʘ ʩʪʘʣʠ 45). ʇʨʠʤʝʥʝʥʠʝʤ ʟʘʢʘʣʝʥʥʳʭ 

ʣʝʛʠʨʦʚʘʥʥʳʭ (Cr, Ni, W, ʄʦ ʠ ʜʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ) ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʩʪʘʣʝʡ 

(ʐʍ15, 20ʍ ʠ ʜʨ.) ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʥʝ ʥʠʞʝ, ʘ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ 

ʚʳʰʝ, ʯʝʤ ʫ ʟʘʢʘʣʝʥʥʦʛʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʯʫʛʫʥʘ. ʇʨʠʤʝʥʝʥʠʝ ʩʪʘʣʴʥʳʭ 

ʟʘʢʘʣʝʥʥʳʭ ʥʘʧʨʘʚʣʷʶʱʠʭ ʠʟ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʫʛʣʝʨʦʜʠʩʪʳʭ ʩʪʘʣʝʡ (ʥʘʧʨʠʤʝʨ, 

ʩʪʘʣʠ 45) ʚʩʣʝʜʩʪʚʠʝ ʤʘʣʦʛʦ ʧʦʚʳʰʝʥʠʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʥʝʟʘʢʘʣʝʥʥʳʤ ʯʫʛʫʥʦʤ ʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʝʥʠʷ ʧʨʠ ʨʘʙʦʪʝ ʩʦ 

ʩʤʘʟʢʦʡ ʥʝʟʘʢʘʣʝʥʥʦʛʦ ʯʫʛʫʥʘ ʚ ʧʘʨʝ ʩ ʟʘʢʘʣʝʥʥʳʤʠ ʯʫʛʫʥʦʤ ʠ ʩʪʘʣʴʶ ʙʣʠʟʢʠ. 

ɿʘʢʘʣʝʥʥʳʝ ʯʫʛʫʥʥʳʝ ʠʣʠ ʩʪʘʣʴʥʳʝ ʥʘʧʨʘʚʣʷʶʱʠʝ ʩʪʘʥʠʥʳ (ʩʪʦʡʢʠ, 

ʧʦʧʝʨʝʯʠʥʳ) ʨʝʢʦʤʝʥʜʫʶʪʩʷ, ʢʦʛʜʘ ʯʫʛʫʥʥʳʝ ʥʝʟʘʢʘʣʝʥʥʳʝ ʥʘʧʨʘʚʣʷʶʱʠʝ ʧʨʠ 

ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʠʟʦʣʷʮʠʠ ʦʪ ʟʘʛʨʷʟʥʝʥʠʷ ʦʪʭʦʜʘʤʠ ʦʙʨʘʙʦʪʢʠ, ʠʥʪʝʥʩʠʚʥʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ (ʙʦʣʴʰʦʡ ʧʫʪʴ ʪʨʝʥʠʷ, ʧʦʚʳʰʝʥʥʦʝ ʜʘʚʣʝʥʠʝ) ʠ ʥʝʚʦʟʤʦʞʥʦʩʪʠ 

ʦʙʝʩʧʝʯʠʪʴ ʞʠʜʢʦʩʪʥʦʝ ʪʨʝʥʠʝ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʩʢʦʨʦʩʪʝʡ ʧʦʜʚʝʨʛʘʶʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʠʟʥʦʩʫ, ʦʛʨʘʥʠʯʠʚʘʶʱʝʤʫ ʠʭ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ; ʧʨʠʤʝʥʷʶʪʩʷ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʜʣʷ ʥʘʧʨʘʚʣʷʶʱʠʭ ʧʦʜʘʯʠ. 

ɿʘʢʘʣʝʥʥʳʝ ʥʘʧʨʘʚʣʷʶʱʠʝ ʨʝʢʦʤʝʥʜʫʶʪʩʷ ʚ ʩʪʘʥʢʘʭ ʩʣʝʜʫʶʱʠʭ ʪʠʧʦʚ:  

ʘ) ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʩʪʘʥʢʘʭ ʣʝʛʢʠʭ ʠ ʩʨʝʜʥʠʭ - ʪʦʢʘʨʥʳʭ, ʨʝʚʦʣʴʚʝʨʥʳʭ, 

ʛʦʨʠʟʦʥʪʘʣʴʥʦ-ʨʘʩʪʦʯʥʳʭ, ʢʦʥʩʦʣʴʥʦ-ʬʨʝʟʝʨʥʳʭ, ʢʦʧʠʨʦʚʘʣʴʥʦ-ʬʨʝʟʝʨʥʳʭ, 

ʟʘʪʦʯʥʳʭ, ʬʨʝʟʝʨʥʦ-ʦʪʨʝʟʥʳʭ ʠ ʜʨ.;  



34 

ʙ) ʩʪʘʥʢʘʭ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʨʘʙʦʪʳ ʚ ʫʩʣʦʚʠʷʭ ʢʨʫʧʥʦʩʝʨʠʡʥʦʛʦ ʠ 

ʤʘʩʩʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ð ʤʥʦʛʦʨʝʟʮʦʚʳʭ ʦʜʥʦʰʧʠʥʜʝʣʴʥʳʭ ʪʦʢʘʨʥʳʭ, 

ʪʦʢʘʨʥʳʭ ʧʦʣʫʘʚʪʦʤʘʪʘʭ ʠ ʘʚʪʦʤʘʪʘʭ, ʘʛʨʝʛʘʪʥʳʭ ʩʚʝʨʣʠʣʴʥʦ-ʨʘʩʪʦʯʥʳʭ, 

ʧʨʦʪʷʞʥʳʭ ʠ ʜʨ.;  

ʚ) ʩʪʘʥʢʘʭ ʩ ʧʨʦʛʨʘʤʤʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʙʨʘʙʘʪʳʚʘʶʱʠʭ 

ʮʝʥʪʨʘʭ. ɿʘʢʘʣʝʥʥʳʝ ʥʘʧʨʘʚʣʷʶʱʠʝ ʮʝʣʝʩʦʦʙʨʘʟʥʳ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʠ ʚ 

ʪʞ̫ʝʣʳʭ ʩʪʘʥʢʘʭ - ʪʦʢʘʨʥʳʭ, ʚʘʣʴʮʝʪʦʢʘʨʥʳʭ, ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʨʘʩʪʦʯʥʳʭ, 

ʧʨʦʜʦʣʴʥʦ-ʬʨʝʟʝʨʥʳʭ ʠ ʜʨ., ʢ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʢʦʪʦʨʳʭ ʧʨʝʜʲʷʚʣʷʶʪʩʷ 

ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ. ʂʦʥʢʨʝʪʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʫʟʣʘʤ ʩʪʘʥʢʦʚ, ʛʜʝ 

ʩʣʝʜʫʝʪ ʧʨʠʤʝʥʷʪʴ ʟʘʢʘʣʝʥʥʳʝ ʥʘʧʨʘʚʣʷʶʱʠʝ, ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.1. 

 

ʊʘʙʣʠʮʘ 1.1 - ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʷʜʘ ʤʘʪʝʨʠʘʣʦʚ, 

ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʥʘʧʨʘʚʣʷʶʱʠʭ ʩʪʘʥʠʥʳ ʪʦʢʘʨʥʳʭ ʠ ʨʝʚʦʣʴʚʝʨʥʳʭ ʩʪʘʥʢʦʚ 

ʊʠʧ ʩʪʘʥʢʘ ʄʘʪʝʨʠʘʣ, ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʠ 

ʪʚʸʨʜʦʩʪʴ ʥʘʧʨʘʚʣʷʶʱʠʭ ʩʪʘʥʠʥʳ
1 

ʉʨʝʜʥʷʷ 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ Ů0 

ʊʦʢʘʨʥʳʡ ʉʝʨʳʡ ʯʫʛʫʥ ʉʏ 21-40, 182 HB  1 

ʉʪʘʣʴ 45, ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʘʤʝʥʥʘʷ 

ʟʘʢʘʣʢʘ ʩʚʝʪʠʣʴʥʳʤ ʛʘʟʦʤ, 52 HRC  

1,3 

ʃʝʛʠʨʦʚʘʥʥʳʡ ʥʠʢʝʣʝʤ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʯʫʛʫʥ
2
, 

ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʘʤʝʥʥʘʷ ʟʘʢʘʣʢʘ 

ʢʠʩʣʦʨʦʜʥʦ-ʘʮʝʪʠʣʝʥʦʚʳʤ ʧʣʘʤʝʥʝʤ, 

50 HRC  

1,9 

ʈʝʚʦʣʴʚʝʨʥʳʡ ʉʝʨʳʡ ʯʫʛʫʥ ʉʏ 21-40, 182 HB  1 

ʂʦʥʩʪʨʫʢʮʠʦʥʥʘʷ ʫʛʣʝʨʦʜʠʩʪʘʷ ʩʪʘʣʴ, 

ʟʘʢʘʣʢʘ, ʦʪʧʫʩʢ, 47 HRC 

1,35 

ʂʦʥʩʪʨʫʢʮʠʦʥʥʘʷ ʫʛʣʝʨʦʜʠʩʪʘʷ 

ʮʝʤʝʥʪʠʨʫʝʤʘʷ ʩʪʘʣʴ, ʮʝʤʝʥʪʘʮʠʷ, 

ʟʘʢʘʣʢʘ, ʦʪʧʫʩʢ, 56 HRC  

1,6 

ʍʨʦʤʠʩʪʘʷ ʰʘʨʠʢʦʧʦʜʰʠʧʥʠʢʦʚʘʷ 

ʩʪʘʣʴ ʪʠʧʘ ʐʍ15, SAE 52100 

(ʜʚʫʭʩʣʦʡʥʳʝ ʥʘʧʨʘʚʣʷʶʱʠʝ), 

ʟʘʢʘʣʢʘ, ʦʪʧʫʩʢ 60 HRC  

2,1 

1
 ʉʘʣʘʟʢʠ ʠʟ ʯʫʛʫʥʘ ʉʏ 15-32, ʉʏ 21-40 ʠʣʠ ʯʫʛʫʥʘ ʘʥʘʣʦʛʠʯʥʳʭ ʩʚʦʡʩʪʚ. 

ʊʚʸʨʜʦʩʪʴ ʫʢʘʟʘʥʘ ʩʨʝʜʥʷʷ ʧʦ ʬʘʢʪʠʯʝʩʢʠʤ ʟʥʘʯʝʥʠʷʤ. 
2
 ɺʳʧʣʘʚʣʷʝʪʩʷ ʥʘ ʰʠʭʪʝ ʩ ʙʦʣʴʰʠʤ ʧʨʦʮʝʥʪʦʤ ʩʪʘʣʠ, ʪʚʸʨʜʦʩʪʴ 

ʥʘʧʨʘʚʣʷʶʱʠʭ ʜʦ ʟʘʢʘʣʢʠ 225-240 HB. 
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ʄʘʪʝʨʠʘʣ ʠ ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʟʘʢʘʣʝʥʥʳʭ ʥʘʧʨʘʚʣʷʶʱʠʭ:  

1) ʯʫʛʫʥʥʳʝ ʥʘʧʨʘʚʣʷʶʱʠʝ ʠʟ ʯʫʛʫʥʘ ʉʏ 32-52 (ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ), ʠʣʠ ʉʏ 

28-48, ʣʠʙʦ ʉʏ 21-40; ʪʚʝʨʜʦʩʪʴ ʧʦʜ ʟʘʢʘʣʢʫ ʥʝ ʤʝʥʝʝ 170 ʅɺ; ʧʦʚʝʨʭʥʦʩʪʥʘʷ 

ʟʘʢʘʣʢʘ ʩ ʥʘʛʨʝʚʦʤ ʪ. ʚ. ʯ. ʠʣʠ ʛʘʟʦʚʳʤ ʧʣʘʤʝʥʝʤ; ʩʪʨʫʢʪʫʨʘ - ʤʘʨʪʝʥʩʠʪ, 48-53 

HRC, ʛʣʫʙʠʥʘ ʟʘʢʘʣʝʥʥʦʛʦ ʩʣʦʷ ʥʝ ʤʝʥʝʝ 2,5 ʤʤ;  

2) ʥʘʢʣʘʜʥʳʝ ʩʪʘʣʴʥʳʝ ʥʘʧʨʘʚʣʷʶʱʠʝ: ʘ) ʠʟ ʮʝʤʝʥʪʠʨʫʝʤʳʭ ʣʝʛʠʨʦʚʘʥʥʳʭ 

ʩʪʘʣʝʡ 20ʍ ʠ 18ʍɻʊ, ʧʦʜʚʝʨʛʘʝʤʳʭ ʮʝʤʝʥʪʘʮʠʠ, ʟʘʢʘʣʢʝ ʠ ʦʪʧʫʩʢʫ, 56-62 HRC; 

ʛʣʫʙʠʥʘ ʟʘʢʘʣʝʥʥʦʛʦ ʩʣʦʷ ʧʦʩʣʝ ʰʣʠʬʦʚʘʥʠʷ ʥʝ ʤʝʥʝʝ 1,4 ʤʤ; ʙ) ʠʟ 

ʚʳʩʦʢʦʫʛʣʝʨʦʜʠʩʪʳʭ ʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʘʣʝʡ ʐʍ15ʉɻ (ʜʣʷ ʤʝʥʴʰʠʭ ʩʝʯʝʥʠʡ 

ʐʍ15), ʍɺɻ ʠ 9ʍʉ, ʧʦʜʚʝʨʛʘʝʤʳʭ ʦʙʲʝʤʥʦʡ ʟʘʢʘʣʢʝ ʠ ʦʪʧʫʩʢʫ, 58-62 HRC [10, 

70, 81]. 

ʅʘʢʣʘʜʥʳʝ ʥʘʧʨʘʚʣʷʶʱʠʝ ʠʟ ʘʟʦʪʠʨʫʝʤʳʭ ʩʪʘʣʝʡ, ʥʘʧʨʠʤʝʨ, 38ʍʄʖɸ, 

ʪʚʝʨʜʦʩʪʴ HV 800-1050, ʛʣʫʙʠʥʘ ʘʟʦʪʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ 0,5 ʤʤ, ʧʨʠ ʨʘʙʦʪʝ ʚ ʧʘʨʝ ʩ 

ʯʫʛʫʥʦʤ ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ, ʯʝʤ ʧʘʨʘ ʯʫʛʫʥ - ʟʘʢʘʣʝʥʥʳʡ 

ʯʫʛʫʥ, ʤʘʣʳʝ ʜʝʬʦʨʤʘʮʠʠ. ʉʪʦʠʤʦʩʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ, ʯʝʤ ʠʟ ʩʪʘʣʠ 20ʍ. 

ʅʝʜʦʩʪʘʪʦʢ - ʤʘʣʘʷ ʛʣʫʙʠʥʘ ʫʧʨʦʯʥʝʥʥʦʛʦ ʩʣʦʷ. ʎʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ ʜʣʷ 

ʧʨʝʮʠʟʠʦʥʥʳʭ ʩʪʘʥʢʦʚ. 

ʇʘʨʘ ʪʨʝʥʠʷ ʯʫʛʫʥ - ʭʨʦʤʠʨʦʚʘʥʥʳʡ ʯʫʛʫʥ (ʩʪʘʣʴ) ʧʦ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʚ 

ʫʩʣʦʚʠʷʭ ʘʙʨʘʟʠʚʥʦʛʦ ʠʟʥʘʰʠʚʘʥʠʷ ʚ 3-4 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʧʘʨʘ ʯʫʛʫʥ-ʯʫʛʫʥ; 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʨʝʥʠʷ ʧʦʢʦʷ ʠ ʜʚʠʞʝʥʠʷ ʧʨʠ ʤʘʣʳʭ ʩʢʦʨʦʩʪʷʭ ʩʢʦʣʴʞʝʥʠʷ ʫ ʵʪʦʡ 

ʧʘʨʳ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ, ʯʝʤ ʫ ʧʘʨʳ ʯʫʛʫʥ-ʯʫʛʫʥ [37, 81]. ʄʠʥʠʤʘʣʴʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʫ ʧʘʨʳ ʭʨʦʤ ʧʦ ʭʨʦʤʫ, ʥʦ ʦʥʘ ʚʩʣʝʜʩʪʚʠʝ ʩʢʣʦʥʥʦʩʪʠ ʢ 

ʩʭʚʘʪʳʚʘʥʠʶ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʝʜʢʦ. ʍʨʦʤʠʨʦʚʘʥʠʝ ʫʤʝʥʴʰʘʝʪ ʢʦʨʨʦʟʠʶ 

ʥʘʧʨʘʚʣʷʶʱʠʭ. ʍʨʦʤʠʨʦʚʘʥʠʝ ʥʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʜʣʷ ʧʨʝʮʠʟʠʦʥʥʳʭ 

ʩʪʘʥʢʦʚ, ʫ ʢʦʪʦʨʳʭ ʜʦʧʫʩʪʠʤʳʡ ʠʟʥʦʩ ʥʘʧʨʘʚ-ʣʷʶʱʠʭ ʤʝʥʴʰʝ ʪʦʣʱʠʥʳ 

ʭʨʦʤʦʚʦʛʦ ʧʦʢʨʳʪʠʷ (25-50 ʤʢʤ). 

ʍʨʦʤʠʨʦʚʘʥʥʳʝ ʥʘʧʨʘʚʣʷʶʱʠʝ ʚʩʣʝʜʩʪʚʠʝ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʜʝʬʦʨʤʘʮʠʡ 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʩʤʝʥʥʳʝ; ʚʦʟʤʦʞʥʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩʣʦʷ ʭʨʦʤʘ. 

ʄʝʪʘʣʣʠʟʘʮʠʷ ʥʘʧʨʘʚʣʷʶʱʠʭ ʤʦʣʠʙʜʝʥʦʤ ʠ ʜʨʫʛʠʤʠ ʠʟʥʦʩʦʩʪʦʡʢʠʤʠ 

ʩʧʣʘʚʘʤʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ, ʪʘʢ ʢʘʢ ʥʝ ʚʳʟʳʚʘʝʪ ʜʝʬʦʨʤʘʮʠʡ ʠ 
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ʣʝʛʢʦ ʦʩʫʱʝʩʪʚʠʤʘ ʚ ʫʩʣʦʚʠʷʭ ʝʜʠʥʠʯʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ 

ʠʟʛʦʪʦʚʣʝʥʠʠ ʪʷʞʝʣʳʭ ʩʪʘʥʢʦʚ. 

1.3 ʉʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʯʫʛʫʥʦʚ 

ʏʫʛʫʥʳ - ʞʝʣʝʟʦʫʛʣʝʨʦʜʠʩʪʳʝ ʩʧʣʘʚʳ (ʩʦʜʝʨʞʘʱʠʝ ʪʘʢʞʝ ʪʦ ʠʣʠ ʠʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʤʝʩʝʡ ʠ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ), ʟʘʪʚʝʨʜʝʚʘʶʱʠʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʵʚʪʝʢʪʠʢʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʯʫʛʫʥ ʥʝ ʤʦʞʝʪ ʧʨʠʦʙʨʝʩʪʠ ʦʜʥʦʬʘʟʥʦʝ ʩʪʨʦʝʥʠʝ 

(ʘʫʩʪʝʥʠʪʥʦʝ) ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʪʘʣʠ. ʇʨʠʩʫʪʩʪʚʠʝ 

ʵʚʪʝʢʪʠʢʠ ʚ ʩʪʨʫʢʪʫʨʝ ʯʫʛʫʥʘ ʦʛʨʘʥʠʯʠʚʘʝʪ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʣʴʢʦ ʚ ʢʘʯʝʩʪʚʝ 

ʣʠʪʝʡʥʦʛʦ ʩʧʣʘʚʘ (ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʧʨʦʢʘʪʢʝ ʯʫʛʫʥʘ ʜʘʣʠ ʥʝʢʦʪʦʨʳʝ 

ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʥʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʥʝ ʧʦʣʫʯʠʣʠ) [5, 10, 

69].  

ɻʣʘʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʯʫʛʫʥʘ ʧʝʨʝʜ ʩʪʘʣʴʶ ʷʚʣʷʶʪʩʷ ʭʦʨʦʰʠʝ ʣʠʪʝʡʥʳʝ 

ʩʚʦʡʩʪʚʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʠ, ʥʦ ʧʨʠ ʵʪʦʤ ʜʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʙʦʣʝʝ 

ʭʨʫʧʦʢ ʠ ʤʝʥʝʝ ʧʨʦʯʝʥ, ʯʝʤ ʩʪʘʣʴ.  

ʋʛʣʝʨʦʜ ʚ ʯʫʛʫʥʝ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴʩʷ ʚ ʚʠʜʝ ʛʨʘʬʠʪʘ ʠʣʠ ʮʝʤʝʥʪʠʪʘ (Fe3C). 

ʎʝʤʝʥʪʠʪ ʠʤʝʝʪ ʩʚʝʪʣʳʡ ʮʚʝʪ, ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʦʡ ʪʚʝʨʜʦʩʪʴʶ ʠ ʪʨʫʜʥʦ ʧʦʜʜʘʝʪʩʷ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ. ɻʨʘʬʠʪ, ʥʘʦʙʦʨʦʪ, ʪʝʤʥʦʛʦ ʮʚʝʪʘ ʠ ʜʦʩʪʘʪʦʯʥʦ ʤʷʛʦʢ [5, 

30].  

ʀʩʭʦʜʷ ʠʟ ʪʦʛʦ, ʢʘʢʘʷ ʬʦʨʤʘ ʫʛʣʝʨʦʜʘ ʧʨʝʦʙʣʘʜʘʝʪ ʚ ʩʪʨʫʢʪʫʨʝ, ʨʘʟʣʠʯʘʶʪ 

ʜʚʘ ʦʩʥʦʚʥʳʭ ʚʠʜʘ ʯʫʛʫʥʘ: ʩʝʨʳʡ ʠ ʙʝʣʳʡ. ʏʫʛʫʥ ʪʘʢʞʝ ʧʦʜʨʘʟʜʝʣʷʶʪ ʧʦ ʩʪʝʧʝʥʠ 

ʛʨʘʬʠʪʠʟʘʮʠʠ ʥʘ ʙʝʣʳʡ (ʩ ʤʘʣʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʛʨʘʬʠʪʘ), ʦʪʙʝʣʝʥʥʳʡ ʠʣʠ 

ʧʦʣʦʚʠʥʯʘʪʳʡ (ʯʘʩʪʠʯʥʦ ʛʨʘʬʠʪʠʟʠʨʦʚʘʥʥʳʡ) ʠ ʩʝʨʳʡ (ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʛʨʘʬʠʪʠʟʠʨʦʚʘʥʥʳʡ). ʂʦʚʢʠʤ ʥʘʟʳʚʘʶʪ ʯʫʛʫʥ, ʧʦʣʫʯʝʥʥʳʡ ʠʟ 

ʙʝʣʦʛʦ ʧʫʪʝʤ ʝʛʦ ʛʨʘʬʠʪʠʟʘʮʠʠ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ 

[5, 19]. ɹʝʣʳʡ ʯʫʛʫʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʧʣʘʚ, ʚ ʢʦʪʦʨʦʤ ʚʝʩʴ ʠʣʠ ʧʨʘʢʪʠʯʝʩʢʠ 

ʚʝʩʴ ʠʟʙʳʪʦʯʥʳʡ ʫʛʣʝʨʦʜ, ʥʝ ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʪʚʝʨʜʦʤ ʨʘʩʪʚʦʨʝ ʚ ʞʝʣʝʟʝ, 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʚʠʜʝ ʮʝʤʝʥʪʠʪʘ Fe3C (ʠʣʠ ʩʧʝʮʠʘʣʴʥʳʭ ʢʘʨʙʠʜʦʚ ʚ ʣʝʛʠʨʦʚʘʥʥʦʤ 

ʯʫʛʫʥʝ) [5, 53, 88].  
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ʉʦʛʣʘʩʥʦ ʦʙʱʝʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʧʨʠʥʷʪʦ ʩʣʝʜʫʶʱʝʝ ʜʝʣʝʥʠʝ:  

- ʧʦ ʩʧʝʮʠʘʣʴʥʳʤ ʩʚʦʡʩʪʚʘʤ ʯʫʛʫʥ ʧʦʜʨʘʟʜʝʣʷʶʪ ʥʘ: ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʡ, 

ʠʟʥʦʩʦʩʪʦʡʢʠʡ, ʞʘʨʦʩʪʦʡʢʠʡ, ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʠʡ, ʥʝʤʘʛʥʠʪʥʳʡ.  

- ʧʦ ʪʚʝʨʜʦʩʪʠ ʯʫʛʫʥ ʧʦʜʨʘʟʜʝʣʷʶʪ ʥʘ: ʪʚʝʨʜʳʡ - ʙʦʣʝʝ 269 HB, 

ʧʦʚʳʰʝʥʥʦʡ ʪʚʝʨʜʦʩʪʠ - 197é269 HB, ʩʨʝʜʥʝʡ ʪʚʝʨʜʦʩʪʠ - 149é197 HB ʠ 

ʤʷʛʢʠʡ ʯʫʛʫʥ ï ʤʝʥʝʝ 149 HB.  

- ʧʦ ʧʨʦʯʥʦʩʪʠ ʯʫʛʫʥ ʧʦʜʨʘʟʜʝʣʷʶʪ ʥʘ: ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ - ʙʦʣʝʝ 38 

ʢʛ/ʤʤ
2
, ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʯʥʦʩʪʠ - 20é38 ʢɻ/ʤʤ

2
 ʠ ʦʙʳʢʥʦʚʝʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ï 

ʤʝʥʝʝ 20 ʢʛ/ʤʤ
2 
[5].

  

ɺ ʙʝʣʦʤ ʯʫʛʫʥʝ ʧʦʯʪʠ ʚʝʩʴ ʫʛʣʝʨʦʜ ʩʦʜʝʨʞʠʪʩʷ ʚ ʩʚʷʟʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚ 

ʬʦʨʤʝ ʮʝʤʝʥʪʠʪʘ [19].  ʊʘʢʦʡ ʯʫʛʫʥ ʥʘ ʨʘʟʣʦʤʝ ʠʤʝʝʪ ʩʚʝʪʣʦ-ʩʝʨʳʡ ʮʚʝʪ, ʦʯʝʥʴ 

ʪʚʝʨʜ, ʧʦʯʪʠ ʥʝ ʧʦʜʜʘʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʠ ʧʦʵʪʦʤʫ ʥʝ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ, ʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʝʨʝʜʝʣʢʠ ʚ ʩʪʘʣʴ ʠ ʚ ʢʦʚʢʠʡ ʯʫʛʫʥ.  

ʉʝʨʳʡ ʯʫʛʫʥ ʥʘ ʨʘʟʣʦʤʝ ʪʝʤʥʦ-ʩʝʨʦʛʦ ʮʚʝʪʘ, ʤʷʛʦʢ, ʭʦʨʦʰʦ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ 

ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʠ ʧʦʵʪʦʤʫ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ. ʆʩʥʦʚʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʫʛʣʝʨʦʜʘ ʚ ʩʝʨʦʤ ʯʫʛʫʥʝ ʩʦʜʝʨʞʠʪʩʷ ʚ ʚʠʜʝ ʛʨʘʬʠʪʘ, ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʩʨʝʜʠ ʟʝʨʝʥ ʦʩʥʦʚʥʦʛʦ ʩʧʣʘʚʘ [5]. 

ɺ ʩʝʨʦʤ ʯʫʛʫʥʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʝʣʳʤ, ʩʦʜʝʨʞʠʪʩʷ ʙʦʣʴʰʝ ʢʨʝʤʥʠʷ ʠ 

ʤʝʥʴʰʝ ʤʘʨʛʘʥʮʘ, ʪʘʢ ʢʘʢ ʢʨʝʤʥʠʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʛʨʘʬʠʪʠʟʘʮʠʠ ʫʛʣʝʨʦʜʘ ʚ ʯʫʛʫʥʝ, 

ʘ ʤʘʨʛʘʥʝʮ, ʥʘʦʙʦʨʦʪ, ʚʳʟʳʚʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʩʚʷʟʘʥʥʦʛʦ ʫʛʣʝʨʦʜʘ - ʮʝʤʝʥʪʠʪʘ. 

ʇʨʠʤʝʨʥʳʡ ʩʦʩʪʘʚ ʩʝʨʦʛʦ ʯʫʛʫʥʘ: 3é3,6 % ʫʛʣʝʨʦʜʘ; 1,6é2,5 % ʢʨʝʤʥʠʷ; 

0,5é1% ʤʘʨʛʘʥʮʘ; 0,05é0,12 % ʩʝʨʳ; 0,1é0,8 % ʬʦʩʬʦʨʘ [5]. 

ʏʫʛʫʥ ʷʚʣʷʝʪʩʷ ʩʚʦʝʛʦ ʨʦʜʘ ʢʦʤʧʦʟʠʪʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʠ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʷʪ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʦʩʥʦʚʳ 

(ʪʚʝʨʜʦʩʪʴ, ʧʨʦʯʥʦʩʪʴ, ʧʣʘʩʪʠʯʥʦʩʪʴ ʠ ʜʨ.), ʘ ʪʘʢʞʝ ʨʘʟʤʝʨʦʚ, ʬʦʨʤʳ, ʢʦʣʠʯʝʩʪʚʘ 

ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʨʘʬʠʪʦʚʳʭ ʚʢʣʶʯʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʚ 

ʨʘʟʣʠʯʥʳʭ ʩʣʫʯʘʷʭ ʤʦʞʝʪ ʠʤʝʪʴ ʢʘʢ ʛʨʘʬʠʪ, ʪʘʢ ʠ ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʦʩʥʦʚʘ [5, 6, 19, 

30]. ʅʘʧʨʠʤʝʨ, ʪʚʝʨʜʦʩʪʴ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʚʦʡʩʪʚʘʤʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ 

ʦʩʥʦʚʳ, ʘ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʯʫʛʫʥʘ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚ ʨʝʰʘʶʱʝʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ 

ʦʪ ʚʝʣʠʯʠʥʳ ʠ ʬʦʨʤʳ ʠ ʛʨʘʬʠʪʦʚʳʭ ʚʢʣʶʯʝʥʠʡ. ʅʦ ʫʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ, ʜʣʠʪʝʣʴʥʘʷ 
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ʧʨʦʯʥʦʩʪʴ, ʚʨʝʤʝʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʟʨʳʚʫ ʟʘʚʠʩʷʪ ʢʘʢ ʦʪ ʩʚʦʡʩʪʚ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʦʩʥʦʚʳ, ʪʘʢ ʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ, ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʦʚ ʛʨʘʬʠʪʦʚʳʭ 

ʚʢʣʶʯʝʥʠʡ [5, 6, 19, 28].  

ʇʦʣʫʯʝʥʠʝ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʨʫʢʪʫʨʳ ʯʫʛʫʥʘ ʚ ʦʪʣʠʚʢʘʭ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ 

ʬʘʢʪʦʨʦʚ:  

- ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʯʫʛʫʥʘ;  

- ʪʝʭʥʦʣʦʛʠʠ ʧʣʘʚʢʠ; 

- ʚʥʝʧʝʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʘ;  

- ʚʠʜʘ ʰʠʭʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ;  

- ʩʢʦʨʦʩʪʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʦʭʣʘʞʜʝʥʠʷ ʨʘʩʧʣʘʚʘ ʚ ʬʦʨʤʝ; 

- ʪʦʣʱʠʥʳ ʩʪʝʥʢʠ ʦʪʣʠʚʢʠ; 

- ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ ʬʦʨʤʳ [5, 6]. 

ʉʪʨʫʢʪʫʨʫ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʦʩʥʦʚʳ ʯʫʛʫʥʘ ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ ʪʘʢʞʝ 

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʦʪʣʠʚʦʢ, ʦʙʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʚʣʠʷʥʠʷ ʢʦʪʦʨʦʡ 

ʘʥʘʣʦʛʠʯʥʳ ʚʦʟʥʠʢʘʶʱʠʤ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ, ʘ 

ʦʩʦʙʝʥʥʦʩʪʠ ʩʚʷʟʘʥʳ ʩ ʩʦʧʫʪʩʪʚʫʶʱʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʦʩʥʦʚʳ 

ʧʨʦʮʝʩʩʘʤʠ ʛʨʘʬʠʪʠʟʘʮʠʠ [5, 6].   

ʉʝʨʳʡ ʯʫʛʫʥ - ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʡ ʚʠʜ ʯʫʛʫʥʘ (ʩʪʨʦʠʪʝʣʴʥʳʝ 

ʢʦʥʩʪʨʫʢʮʠʠ, ʤʘʰʠʥʦʩʪʨʦʝʥʠʝ, ʩʘʥʪʝʭʥʠʢʘ ʠ ʜʨ.), ʦʥ ʠʤʝʝʪ ʚʢʣʶʯʝʥʠʷ ʛʨʘʬʠʪʘ 

ʧʣʘʩʪʠʥʯʘʪʦʡ ʬʦʨʤʳ. ɼʣʷ ʜʝʪʘʣʝʡ ʠʟ ʩʝʨʦʛʦ ʯʫʛʫʥʘ ʭʘʨʘʢʪʝʨʥʳ ʙʦʣʝʝ ʚʳʩʦʢʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʧʨʠ ʚʠʙʨʘʮʠʷʭ ʜʝʪʘʣʝʡ (ʚ 2é4 ʨʘʟʘ ʚʳʰʝ, 

ʯʝʤ ʫ ʩʪʘʣʠ) ʠ ʤʘʣʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʚʣʠʷʥʠʶ ʚʥʝʰʥʠʭ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ 

ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʮʠʢʣʠʯʝʩʢʠʭ ʥʘʛʨʫʞʝʥʠʷʭ [5, 43]. ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʘʷ 

ʦʩʦʙʝʥʥʦʩʪʴ ʩʝʨʦʛʦ ʯʫʛʫʥ ʚ ʩʦʟʜʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ - ʙʦʣʝʝ ʚʳʩʦʢʦʝ, ʚ 

ʩʨʘʚʥʝʥʠʠ ʩʦ ʩʪʘʣʴʶ, ʦʪʥʦʰʝʥʠʝ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʢ ʧʨʝʜʝʣʫ 

ʪʝʢʫʯʝʩʪʠ. ɽʱʸ ʦʜʥʦʡ ʚʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʛʨʘʬʠʪʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʚʳʩʦʢʠʝ 

ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʥʘʣʠʯʠʝʤ ʚ ʩʪʨʫʢʪʫʨʝ ʛʨʘʬʠʪʘ, 

ʢʦʪʦʨʳʡ ʫʣʫʯʰʘʝʪ ʩʤʘʟʳʚʘʥʠʝ ʜʝʪʘʣʝʡ ʧʨʠ ʩʫʭʦʤ ʪʨʝʥʠʠ.  

ʉʚʦʡʩʪʚʘ ʩʝʨʦʛʦ ʯʫʛʫʥ ʟʘʚʠʩʷʪ ʦʪ ʩʪʨʫʢʪʫʨʳ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʦʩʥʦʚʳ, 

ʚʝʣʠʯʠʥʳ, ʬʦʨʤʳ, ʢʦʣʠʯʝʩʪʚʘ ʠ ʭʘʨʘʢʪʝʨʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʢʣʶʯʝʥʠʡ ʛʨʘʬʠʪʘ. 
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ʇʝʨʣʠʪʥʳʡ ʩʝʨʳʡ ʯʫʛʫʥ ʠʤʝʝʪ ʚʳʩʦʢʠʝ ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ 

ʮʠʣʠʥʜʨʦʚ, ʚʪʫʣʦʢ ʠ ʜʨ. ʥʘʛʨʫʞʝʥʥʳʭ ʜʝʪʘʣʝʡ ʜʚʠʛʘʪʝʣʝʡ, ʩʪʘʥʠʥ ʠ ʪ.ʜ. ɼʣʷ ʤʝʥʝʝ 

ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʜʝʪʘʣʝʡ ʠʩʧʦʣʴʟʫʶʪ ʩʝʨʳʡ ʯʫʛʫʥ ʩ ʬʝʨʨʠʪʥʦ-ʧʝʨʣʠʪʥʦʡ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ [5]. 

1.4 ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʠ ʪʦʯʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʥʘʧʨʘʚʣʷʶʱʠʭ ʩʪʘʥʠʥ ʤʝʪʘʣʣʦʨʝʞʫʱʠʭ ʩʪʘʥʢʦʚ 

ɹʦʣʴʰʠʥʩʪʚʦ ʩʪʘʥʠʥ ʤʝʪʘʣʣʦʨʝʞʫʱʠʭ ʩʪʘʥʢʦʚ ʩ ʤʦʥʦʣʠʪʥʳʤʠ 

ʥʘʧʨʘʚʣʷʶʱʠʤʠ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʠʟ ʩʝʨʦʛʦ ʯʫʛʫʥʘ ʠʟ ʝʛʦ ʭʦʨʦʰʠʭ ʣʠʪʝʡʥʳʭ 

ʩʚʦʡʩʪʚ, ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʠ ʠ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ. ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ 

ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʪʘʢʞʝ ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʬʝʨʝ 

ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʷ. ʊʘʢ ʠʟ ʩʝʨʦʛʦ ʯʫʛʫʥʘ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʪʦʨʤʦʟʥʳʝ ʜʠʩʢʠ ʠ 

ʜʝʪʘʣʠ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ. 

ʊʘʢʞʝ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʢʦʤʧʣʝʢʪʫʶʱʠʭ ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ 

ʧʨʠʤʝʥʷʝʪʩʷ ʚʳʩʦʢʦʧʨʦʯʥʳʡ ʯʫʛʫʥ. ʅʘ ʝʛʦ ʦʙʨʘʙʦʪʢʫ, ʢʘʢ ʧʨʘʚʠʣʦ, ʫʭʦʜʠʪ ʚ 3 

ʨʘʟʘ ʙʦʣʴʰʝ ʠʥʩʪʨʫʤʝʥʪʘ, ʯʝʤ ʥʘ ʦʙʨʘʙʦʪʢʫ ʩʝʨʦʛʦ ʯʫʛʫʥʘ. ʊʘʢʦʡ ʨʘʩʭʦʜ 

ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʚʳʩʦʢʦʧʨʦʯʥʳʡ ʯʫʛʫʥ ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʝ ʣʝʛʠʨʫʶʱʠʭ 

ʵʣʝʤʝʥʪʦʚ ʠ ʢʨʝʤʥʠʷ, ʚ ʚʠʜʝ ʪʨʫʜʥʦʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʢʘʨʙʠʜʦʚ. ʂʨʦʤʝ ʪʦʛʦ, 

ʛʨʘʬʠʪ ʚ ʩʝʨʦʤ ʯʫʛʫʥʝ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʯʝʰʫʝʢ ʠ ʜʦʩʪʘʪʦʯʥʦ ʣʝʛʢʦ 

ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʨʝʟʘʥʠʝʤ. ɺ ʚʳʩʦʢʦʧʨʦʯʥʦʤ ʞʝ ʯʫʛʫʥʝ ʛʨʘʬʠʪʦʚʳʝ ʚʢʣʶʯʝʥʠʷ 

ʠʤʝʶʪ ʬʦʨʤʫ ʰʘʨʘ, ʦʢʨʫʞʝʥʥʦʛʦ ʦʙʦʣʦʯʢʦʡ ʠʟ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ [8, 15, 64]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʩʝʨʳʡ ʯʫʛʫʥ ʣʝʛʯʝ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʨʝʟʘʥʠʝʤ, ʚʩʸ ʞʝ 

ʚʦʟʥʠʢʘʶʪ ʥʝʢʦʪʦʨʳʝ ʪʨʫʜʥʦʩʪʠ: ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʚʳʜʝʣʷʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʪʝʧʣʦʪʳ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʪʚʝʨʜʦʩʧʣʘʚʥʳʝ ʧʣʘʩʪʠʥʳ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʯʫʛʫʥʘ 

ʧʦʢʨʳʪʳ ʜʦʩʪʘʪʦʯʥʦ ʪʦʣʩʪʳʤ ʤʥʦʛʦʩʣʦʡʥʳʤ ʧʦʢʨʳʪʠʝʤ (ʦʢʦʣʦ 20 ʤʢʤ), 

ʚʢʣʶʯʘʶʱʠʤ ʚ ʩʝʙʷ ʩʣʦʡ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ (Al2O3). ʊʘʢʦʝ ʧʦʢʨʳʪʠʝ ʟʘʱʠʱʘʝʪ 

ʦʩʥʦʚʫ ʪʚʝʨʜʦʩʧʣʘʚʥʦʡ ʧʣʘʩʪʠʥʳ ʦʪ ʧʝʨʝʛʨʝʚʘ, ʢʨʦʤʝ ʪʦʛʦ, ʦʢʩʠʜ ʘʣʶʤʠʥʠʷ 

ʭʠʤʠʯʝʩʢʠ ʩʪʘʙʠʣʝʥ: ʦʥ ʥʝ ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʶ ʩ ʯʫʛʫʥʦʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ 

ʘʜʛʝʟʠʦʥʥʦʛʦ ʠʟʥʦʩʘ ʧʣʘʩʪʠʥʳ. ʊʚʝʨʜʦʩʧʣʘʚʥʳʝ ʧʣʘʩʪʠʥʳ ʩ ʪʘʢʠʤ ʧʦʢʨʳʪʠʝʤ 

ʨʘʙʦʪʘʶʪ ʥʘ ʩʢʦʨʦʩʪʷʭ ʨʝʟʘʥʠʷ 300é450 ʤ/ʤʠʥ [42, 63, 102]. 
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ʆʙʨʘʙʦʪʢʘ ʚʳʩʦʢʦʧʨʦʯʥʦʛʦ ʯʫʛʫʥʘ ʪʚʝʨʜʦʩʧʣʘʚʥʳʤʠ ʧʣʘʩʪʠʥʘʤʠ ʚʝʜʝʪʩʷ ʥʘ 

ʩʢʦʨʦʩʪʷʭ 150é250 ʤ/ʤʠʥ, ʥʦ ʜʣʷ ʵʪʦʛʦ ʪʨʝʙʫʝʪʩʷ ʧʦʢʨʳʪʠʝ ʙʦʣʝʝ ʩʪʦʡʢʦʝ ʢ 

ʘʙʨʘʟʠʚʥʦʤʫ ʠʟʥʘʰʠʚʘʥʠʶ. ʇʨʠʤʝʥʷʶʪʩʷ ʧʦʢʨʳʪʠʷ, ʚ ʢʦʪʦʨʳʭ Al2O3 ʯʝʨʝʜʫʝʪʩʷ ʩ 

ʪʦʣʩʪʳʤʠ ʩʣʦʷʤʠ TiCN (ʢʘʨʙʦʥʠʪʨʠʜ ʪʠʪʘʥʘ) [45, 47]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʠʟʥʦʩʦʩʪʦʡʢʠʭ ʧʦʢʨʳʪʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʨʝʞʫʱʠʭ ʧʣʘʩʪʠʥ ʚ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘ, ʥʝʣʴʟʷ ʥʝʜʦʦʮʝʥʠʚʘʪʴ 

ʩʚʦʡʩʪʚʘ ʦʩʥʦʚʳ ʪʚʸʨʜʦʩʧʣʘʚʥʦʡ ʧʣʘʩʪʠʥʳ. ʇʨʠ ʚʳʙʦʨʝ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʯʫʛʫʥʥʳʭ ʜʝʪʘʣʝʡ ʦʪʜʘʶʪ ʧʨʝʜʧʦʯʪʝʥʠʝ ʤʝʣʢʦʟʝʨʥʠʩʪʳʤ ʩʧʣʘʚʘʤ ʩ 

ʪʦʥʢʠʤ ʢʦʙʘʣʴʪʦʚʳʤ ʧʦʢʨʳʪʠʝʤ, ʪʘʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʨʝʞʫʱʝʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ ʤʠʢʨʦ ʚʳʢʨʘʰʠʚʘʥʠʝ ʦʩʥʦʚʳ [86]. 

ɼʣʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʯʫʛʫʥʘ ʧʨʠʤʝʥʷʶʪʩʷ ʧʣʘʩʪʠʥʳ ʠʟ 

ʨʝʞʫʱʝʡ ʢʝʨʘʤʠʢʠ. ʕʪʦʪ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʡ ʤʘʪʝʨʠʘʣ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ 

ʪʚʸʨʜʦʩʪʴʶ, ʚʳʩʦʢʦʡ ʪʝʧʣʦʩʪʦʡʢʦʩʪʴʶ ʠ ʥʝ ʦʙʣʘʜʘʝʪ ʩʢʣʦʥʥʦʩʪʴʶ ʢ 

ʘʜʛʝʟʠʦʥʥʦʤʫ ʠʟʥʦʩʫ. 

ʆʜʥʦʡ ʠʟ ʩʣʦʞʥʦʩʪʝʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʯʫʛʫʥʘ ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ 

ʛʨʘʬʠʪʦʚʦʡ ʧʳʣʠ, ʢʦʪʦʨʘʷ ʟʘʛʨʷʟʥʷʝʪ ʚʩʸ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚʦʢʨʫʛ. ʇʨʠʤʝʥʝʥʠʝ ʉʆɾ 

ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʯʠʩʪʦʪʫ ʟʦʥʳ ʦʙʨʘʙʦʪʢʠ, ʥʦ ʩʥʠʞʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ 

ʩʪʦʡʢʦʩʪʴ ʠʥʩʪʨʫʤʝʥʪʘ [90, 92, 101].  

ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʯʫʛʫʥʘ ʦʙʨʘʟʫʝʪʩʷ ʜʦʚʦʣʴʥʦ ʤʥʦʛʦ ʧʳʣʠ, ʪʘʢ ʢʘʢ ʧʨʠ ʵʪʦʤ 

ʨʘʟʨʫʰʘʝʪʩʷ ʠ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʧʳʣʴ ʩʚʦʙʦʜʥʳʡ ʛʨʘʬʠʪ. ʇʳʣʴ ʦʩʝʜʘʝʪ ʠ ʟʘʛʨʷʟʥʷʝʪ 

ʚʩʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚʥʫʪʨʠ ʠ ʚʦʢʨʫʛ ʩʪʘʥʢʘ. ɼʣʷ ʙʦʨʴʙʳ ʩ ʵʪʠʤ ʧʨʠʤʝʥʷʶʪ ʉʆɾ, ʥʦ 

ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʙʝʟ ʉʆɾ ʧʦʚʳʰʘʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʩʪʦʡʢʦʩʪʴ 

ʠʥʩʪʨʫʤʝʥʪʘ [8, 31, 45]. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʉʆɾ ʤʦʛʫʪ ʧʦʷʚʠʪʴʩʷ ʪʝʨʤʠʯʝʩʢʠʝ ʪʨʝʱʠʥʳ ʠʟ-ʟʘ 

ʨʘʟʥʠʮʳ ʪʝʤʧʝʨʘʪʫʨ, ʪʘʢ ʢʘʢ ʪʨʫʜʥʝʝ ʚʩʝʛʦ ʧʦʜʘʪʴ ʉʆɾ ʪʫʜʘ, ʛʜʝ ʦʥʘ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʥʫʞʥʘ - ʥʘ ʨʝʞʫʱʫʶ ʢʨʦʤʢʫ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʥʠʮʘ ʪʝʤʧʝʨʘʪʫʨ 

ʤʝʞʜʫ ʟʦʥʘʤʠ ʧʣʘʩʪʠʥʳ, ʢʫʜʘ ʉʆɾ ʧʦʧʘʜʘʝʪ ʠ ʢʫʜʘ ʥʝ ʧʦʧʘʜʘʝʪ, ʟʥʘʯʠʪʝʣʴʥʘ 

[45]. 

ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʙʝʟ ʉʆɾ ʦʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ - ʵʪʦ ʚʳʭʦʜ ʨʘʟʤʝʨʘ ʟʘ 

ʧʨʝʜʝʣʳ ʧʦʣʷ ʜʦʧʫʩʢʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʛʨʝʚʘ ʟʘʛʦʪʦʚʢʠ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʠ 
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ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʳʣʠ. ʅʝʦʙʭʦʜʠʤʦʡ ʪʦʯʥʦʩʪʠ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʧʫʪʝʤ 

ʫʚʝʣʠʯʝʥʠʷ ʧʦʜʘʯʠ ï ʜʝʪʘʣʴ ʧʨʦʩʪʦ ʥʝ ʙʫʜʝʪ ʫʩʧʝʚʘʪʴ ʥʘʛʨʝʚʘʪʴʩʷ. 

ʆʩʥʦʚʥʳʤʠ ʚʠʜʘʤʠ ʠʟʥʦʩʘ ʧʨʠ ʬʨʝʟʝʨʦʚʘʥʠʠ ʩʝʨʦʛʦ ʯʫʛʫʥʘ ʷʚʣʷʶʪʩʷ 

ʘʙʨʘʟʠʚʥʳʡ ʠʟʥʦʩ ʧʦ ʟʘʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʪʝʨʤʠʯʝʩʢʠʝ ʪʨʝʱʠʥʳ. ʅʘ ʜʝʪʘʣʷʭ 

ʚʦʟʤʦʞʥʦ ʚʳʢʨʘʰʠʚʘʥʠʝ ʚ ʦʙʣʘʩʪʠ ʚʳʭʦʜʘ ʬʨʝʟʳ ʠʟ ʨʝʟʘʥʠʷ ʠ 

ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʢʘʯʝʩʪʚʦ ʧʦʚʝʨʭʥʦʩʪʠ [78]. 

ʆʩʥʦʚʥʳʝ ʩʣʦʞʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʯʫʛʫʥʘ: 

¶ ʪʝʤʧʝʨʘʪʫʨʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʬʘʢʪʦʨʦʚ ʠʟʥʦʩʘ ʠʥʩʪʨʫʤʝʥʪʦʚ, 

ʚʚʠʜʫ ʚʳʩʦʢʦʡ ʪʚʝʨʜʦʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ ʯʫʛʫʥʘ; 

¶ ʥʘʣʠʯʠʝ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ (SiC) ʚ ʯʫʛʫʥʝ ʧʨʠʚʦʜʠʪ ʢ ʘʙʨʘʟʠʚʥʦʤʫ 

ʠʟʥʦʩʫ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ ʠʥʩʪʨʫʤʝʥʪʘ; 

¶ ʚr ʩʦʢʘʷ ʪʚʝʨʜʦʩʪʴ ʠ ʧʨʦʯʥʦʩʪʴ ʚʣʠʷʶʪ ʥʘ ʠʟʥʦʩ, ʦʪʧʫʱʝʥʥʳʡ ʢʦʚʢʠʡ 

ʯʫʛʫʥ, ʯʫʛʫʥ ʩ ʚʝʨʤʠʢʫʣʷʨʥʳʤ ʛʨʘʬʠʪʦʤ, ʯʫʛʫʥ ʩ ʰʘʨʦʚʠʜʥʳʤ ʛʨʘʬʠʪʦʤ ʠʤʝʶʪ 

ʪʚʝʨʜʦʩʪʴ 300é400 HB. ʢʦʚʢʠʡ ʠ ʩʝʨʳʡ ʯʫʛʫʥʳ ï 200é250 HB; ʙʝʣʳʡ ʯʫʛʫʥ 

ʠʤʝʝʪ ʪʚʝʨʜʦʩʪʴ 500 HB, ʦʜʥʘʢʦ ʦʥ ʪʨʫʜʥʦ ʧʦʜʜʘʝʪʩʷ ʦʙʨʘʙʦʪʢʝ; 

¶  ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʯʫʛʫʥʘ, ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʧʨʠʧʫʩʢʘ 

ʯʫʛʫʥʥʳʭ ʦʪʣʠʚʦʢ, ʚʳʩʦʢʠʝ ʩʢʦʨʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʠ ʦʩʪʘʪʢʠ ʧʝʩʢʘ ʚ ʢʦʨʢʝ ʦʪʣʠʚʦʢ 

ʧʨʠʚʦʜʷʪ ʢ ʙʳʩʪʨʦʤʫ ʠʟʥʦʩʫ ʠʥʩʪʨʫʤʝʥʪʘ [4, 5, 10]. 

ʆʙʱʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʯʫʛʫʥʦʚ: 

¶ ʯʫʛʫʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʙʨʘʙʘʪʳʚʘʶʪ ʧʣʘʩʪʠʥʘʤʠ ʙʝʟ ʟʘʜʥʠʭ ʫʛʣʦʚ, 

ʫ ʥʠʭ ʙʦʣʝʝ ʧʨʦʯʥʳʝ ʢʨʦʤʢʠ, ʠ ʦʥʠ ʙʦʣʝʝ ʥʘʜʝʞʥʳ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ; 

¶ ʧʣʘʩʪʠʥʳ ʧʦ ʯʫʛʫʥʫ ʜʦʣʞʥʳ ʠʤʝʪʴ ʪʚʸʨʜʫʶ ʦʩʥʦʚʫ ʠ ʪʦʣʩʪʳʡ ʩʣʦʡ 

ʧʦʢʨʳʪʠʷ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʦʡʢʦʩʪʠ ʢ ʘʙʨʘʟʠʚʥʦʤʫ ʠʟʥʦʩʫ; 

¶ ʦʙʳʯʥʦ ʯʫʛʫʥ ʦʙʨʘʙʘʪʳʚʘʶʪ ʙʝʟ ʉʆɾ, ʥʦ ʠʥʦʛʜʘ ʜʣʷ ʩʥʠʞʝʥʠʷ 

ʫʛʣʝʨʦʜʥʦ-ʞʝʣʝʟʥʦʡ ʧʳʣʠ ʜʦʧʫʩʢʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʉʆɾ; 

¶ ʜʣʷ ʩʥʠʞʝʥʠʷ ʧʳʣʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʙʝʟ ʉʆɾ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʦʙʷʟʘʪʝʣʴʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚʳʪʷʞʥʦʡ ʩʠʩʪʝʤʳ, ʘ 

ʪʘʢʞʝ ʧʨʠʤʝʥʝʥʠʝ ʨʷʜʘ ʜʨʫʛʠʭ ʤʝʨ, ʟʘʱʠʱʘʶʱʠʭ ʩʪʘʥʦʢ ʠ ʩʘʤʦʛʦ ʨʘʙʦʯʝʛʦ ʦʪ 

ʧʳʣʠ [34, 51].  



42 

1.5 ɺʳʚʦʜʳ ʧʦ ʧʝʨʚʦʡ ʛʣʘʚʝ 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʸʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʙʳʣʠ ʩʜʝʣʘʥʳ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ ʠ 

ʧʦʩʪʘʚʣʝʥʳ ʮʝʣʴ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

1. ʅʘʧʨʘʚʣʷʶʱʠʝ ʤʝʪʘʣʣʦʨʝʞʫʱʠʭ ʩʪʘʥʢʦʚ ʠ ʜʨʫʛʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʤʘʰʠʥ, ʷʚʣʷʶʪʩʷ ʚʘʞʥʝʡʰʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʢʦʥʩʪʨʫʢʮʠʠ, ʦʪʚʝʯʘʶʱʠʤʠ ʟʘ 

ʞʸʩʪʢʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʪʦʯʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʧʨʦʮʝʩʩʘ.  

2. ʊʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʪʦʯʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʫ ʧʣʦʩʢʠʭ 

ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘʧʨʘʚʣʷʶʱʠʭ ʩʪʘʥʢʦʚ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 

ʩʣʝʜʫʶʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ: 

- ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʧʣʦʩʢʦʩʪʥʦʩʪʠ ʥʝ ʙʦʣʝʝ 30 ʤʢʤ; 

- ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʧʘʨʘʣʣʝʣʴʥʦʩʪʠ ʥʝ ʙʦʣʝʝ 60 ʤʢʤ; 

- ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ Ra = 0,8é1,6 ʤʢʤ. 

3. ʆʩʥʦʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʪʘʥʠʥ ʩʪʘʥʢʦʚ ʷʚʣʷʝʪʩʷ 

ʯʫʛʫʥ. ɼʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʣʫʯʰʝ ʧʦʜʜʘʸʪʩʷ ʦʙʨʘʙʦʪʢʝ ʨʝʟʘʥʠʝʤ ʚ ʩʨʘʚʥʝʥʠʠ ʩʦ 

ʩʪʘʣʴʶ, ʥʦ ʚʥʦʩʠʪ ʨʷʜ ʪʨʫʜʥʦʩʪʝʡ ʚ ʧʨʦʮʝʩʩ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʛʣʘʚʥʳʤʠ 

ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʠ ʨʝʟʘʥʠʠ ʠ ʚʢʨʘʧʣʝʥʠʷ ʪʚʸʨʜʳʭ 

ʯʘʩʪʠʮ, ʫʩʠʣʠʚʘʶʱʠʭ ʘʙʨʘʟʠʚʥʳʡ ʠʟʥʦʩ. 

4. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʘʤʦʡ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʯʠʩʪʦʚʦʡ 

ʦʙʨʘʙʦʪʢʠ ʧʣʦʩʢʠʭ ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʥʘʧʨʘʚʣʷʶʱʠʭ ʷʚʣʷʝʪʩʷ 

ʰʣʠʬʦʚʘʥʠʝ. ʊʘʢʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʪʨʝʙʫʝʪ ʦʩʦʙʦʡ ʧʦʜʛʦʪʦʚʢʠ 

ʧʦʤʝʱʝʥʠʷ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʘʙʨʘʟʠʚʥʳʭ ʯʘʩʪʠʮ ʰʣʠʬʦʚʘʣʴʥʳʭ 

ʢʨʫʛʦʚ. ʊʘʢʞʝ ʯʠʩʪʦʚʦʝ ʰʣʠʬʦʚʘʥʠʝ ʯʘʩʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʘʢʠʭ 

ʜʝʬʝʢʪʦʚ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʘʢ ʧʨʠʞʦʛʠ, ʰʘʨʞʠʨʦʚʘʥʠʝ ʠ ʢʦʨʦʙʣʝʥʠʝ 

ʟʘʛʦʪʦʚʢʠ ʚʩʣʝʜʩʪʚʠʝ ʧʝʨʝʛʨʝʚʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʝʧʨʠʝʤʣʝʤʳʤʠ ʜʝʬʝʢʪʘʤʠ ʜʣʷ 

ʠʩʩʣʝʜʫʝʤʳʭ ʜʝʪʘʣʝʡ. 

5. ʆʧʨʝʜʝʣʝʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʯʠʩʪʦʚʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʧʣʦʩʢʠʭ ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘʧʨʘʚʣʷʶʱʠʭ ʩʪʘʥʢʦʚ. 

ɺʳʩʦʢʦʩʢʦʨʦʩʪʥʦʝ ʬʨʝʟʝʨʦʚʘʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʳʝ ʧʘʨʘʤʝʪʨʳ ʢʘʯʝʩʪʚʘ 

ʠ ʪʦʯʥʦʩʪʠ ʥʘʧʨʘʚʣʷʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʧʨʠ ʵʪʦʤ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʪʠʧʠʯʥʳʭ 
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ʜʝʬʝʢʪʦʚ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩʚʦʡʩʪʚʝʥʥʳʭ ʩʫʱʝʩʪʚʫʶʱʝʡ ʪʝʭʥʦʣʦʛʠʠ. 

ʊʘʢʞʝ ʜʘʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤ, ʥʦ 

ʙʦʣʝʝ ʪʨʝʙʦʚʘʪʝʣʴʥʳʤ ʢ ʩʚʦʡʩʪʚʘʤ ʠ ʢʘʯʝʩʪʚʫ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ.  

6. ɸʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʦʛʦ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʤʘʪʝʨʠʘʣʦʚ, 

ʠʩʧʦʣʴʟʫʶʱʠʭʩʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʤʝʥʥʳʭ ʨʝʞʫʱʠʭ ʧʣʘʩʪʠʥ ʧʦʟʚʦʣʠʣ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ, ʯʪʦ ʥʘʠʣʫʯʰʠʤ ʨʝʰʝʥʠʝʤ ʜʣʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʯʠʩʪʦʚʦʡ ʦʙʨʘʙʦʪʢʠ 

ʯʫʛʫʥʥʳʭ ʜʝʪʘʣʝʡ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʝʨʘʤʠʯʝʩʢʠʭ ʨʝʞʫʱʠʭ ʧʣʘʩʪʠʥ, ʧʦ 

ʧʨʠʯʠʥʝ ʦʪʣʠʯʥʦʡ ʩʪʦʡʢʦʩʪʠ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʠ ʘʙʨʘʟʠʚʥʦʛʦ ʠʟʥʘʰʠʚʘʥʠʷ. ʆʜʥʘʢʦ ʜʘʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʡ 

ʤʘʪʝʨʠʘʣ ʦʪʣʠʯʘʝʪʩʷ ʩʢʣʦʥʥʦʩʪʴʶ ʢ ʭʨʫʧʢʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʧʨʠ ʫʜʘʨʥʦʡ ʥʘʛʨʫʟʢʝ, 

ʧʦʵʪʦʤʫ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʤʥʦʛʦʣʝʟʚʠʡʥʦʛʦ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʬʨʝʟʝʨʦʚʘʥʠʷ ʧʣʦʩʢʠʭ ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʯʫʛʫʥʥʳʭ 

ʠʟʜʝʣʠʡ ʚ ʨʘʙʦʪʝ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

- ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʯʠʩʪʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʧʣʦʩʢʠʭ 

ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʢʦʨʧʫʩʥʳʭ ʜʝʪʘʣʝʡ; 

- ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

ʦʙʨʘʙʦʪʢʠ ʧʣʦʩʢʠʭ ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ 

ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ; 

- ʦʮʝʥʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ 

ʧʨʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʬʨʝʟʝʨʥʦʡ ʦʙʨʘʙʦʪʢʝ; 

- ʩʦʟʜʘʪʴ ʧʨʠʢʣʘʜʥʦʡ ʤʝʪʦʜ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʩʚʦʡʩʪʚ ʦʢʩʠʜʥʦ-

ʢʘʨʙʠʜʥʳʭ ʢʝʨʘʤʠʯʝʩʢʠʭ ʨʝʞʫʱʠʭ ʧʣʘʩʪʠʥ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʮʝʥʠʚʘʪʴ ʩʪʦʡʢʦʩʪʴ 

ʢʘʞʜʦʡ ʦʪʜʝʣʴʥʦʡ ʧʣʘʩʪʠʥʳ ʜʦ ʥʘʯʘʣʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ; 

- ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜ ʦʩʥʘʱʝʥʠʷ ʤʥʦʛʦʣʝʟʚʠʡʥʦʛʦ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʠʥʩʪʨʫʤʝʥʪʘ; 

- ʩʦʟʜʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʫʯʠʪʳʚʘʶʱʫʶ 

ʩʝʣʝʢʪʠʚʥʦʝ ʦʩʥʘʱʝʥʠʝ ʤʥʦʛʦʣʝʟʚʠʡʥʦʛʦ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʧʦʟʚʦʣʷʶʱʫʶ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʜʠʥʘʤʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʠʩʪʝʤʳ; 

- ʧʨʦʚʝʩʪʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʦʪʢʠ ʚʳʩʦʢʦʪʦʯʥʳʭ ʧʣʦʩʢʠʭ 
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ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘ ʦʩʥʦʚʝ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʬʨʝʟʝʨʦʚʘʥʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʣʝʢʪʠʚʥʦʛʦ ʤʝʪʦʜʘ ʦʩʥʘʱʝʥʠʷ ʤʥʦʛʦʣʝʟʚʠʡʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ 

ʨʝʞʫʱʝʡ ʢʝʨʘʤʠʢʦʡ; 

- ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʥʘʩʪʨʦʡʢʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ 

ʦʩʥʘʱʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʞʫʱʝʡ ʢʝʨʘʤʠʢʠ, ʧʨʠʤʝʥʝʥʠʝ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʠʪ 

ʦʙʝʩʧʝʯʠʪʴ ʟʘʜʘʥʥʫʶ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʣʦʩʢʠʭ ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʨʠ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʤ ʬʨʝʟʝʨʦʚʘʥʠʠ; 

- ʧʨʦʠʟʚʝʩʪʠ ʘʧʨʦʙʘʮʠʶ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ. 
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ɻʃɸɺɸ 2 ɿɸɺʀʉʀʄʆʉʊʔ ʕʂʉʇʃʋɸʊɸʎʀʆʅʅʓʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ 

ʌʈɽɿ, ʆʉʅɸʑɪʅʅʓʍ ʂɽʈɸʄʀʏɽʉʂʀʄʀ ʈɽɾʋʑʀʄʀ 

ʇʃɸʉʊʀʅɸʄʀ ʆʊ ʄʀʂʈʆʉʊʈʋʂʊʋʈʓ ʈɽɾʋʑɽʁ ʂɽʈɸʄʀʂʀ 

 

2.1 ɺʠʜʳ ʨʝʞʫʱʝʡ ʢʝʨʘʤʠʢʠ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʝʸ ʧʨʠʤʝʥʝʥʠʷ 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘ ʨʝʟʘʥʠʷ ʧʨʠ ʨʘʟʤʝʨʥʦʤ 

ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʠ ʨʝʞʫʱʘʷ ʯʘʩʪʴ ʠʥʩʪʨʫʤʝʥʪʘ ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ ʨʷʜʦʤ ʩʚʦʡʩʪʚ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʩʪʨʫʤʝʥʪʘ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʩʚʦʡʩʪʚ ʷʚʣʷʝʪʩʷ 

ʪʚʝʨʜʦʩʪʴ. ʊʚʝʨʜʦʩʪʴ ʠʥʩʪʨʫʤʝʥʪʘ ʜʦʣʞʥʘ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʤʝʶʱʝʛʦ ʧʦʚʳʰʝʥʥʳʝ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʊʘʢʞʝ ʨʝʞʫʱʠʡ ʠʥʩʪʨʫʤʝʥʪ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʚʳʩʦʢʦʡ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ, ʪʝʧʣʦʩʪʦʡʢʦʩʪʴʶ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ, ʠ ʟʘʯʘʩʪʫʶ ʩʘʤʳʤ 

ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ï ʵʢʦʥʦʤʠʯʥʦʩʪʴʶ. ʕʢʦʥʦʤʠʯʥʦʩʪʴ ʠʥʩʪʨʫʤʝʥʪʘ ʦʙʳʯʥʦ 

ʚʳʨʘʞʘʝʪʩʷ ʩʪʦʠʤʦʩʪʴʶ, ʬʦʨʤʠʨʫʶʱʝʡʩʷ ʠʟ ʟʘʪʨʘʪ ʥʘ ʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ 

ʤʘʪʝʨʠʘʣʳ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʪʦʠʤʦʩʪʴ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʠ ʜʝʬʠʮʠʪʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʪʘʥʪʘʣ (ʊʘ), ʚʦʣʴʬʨʘʤ (W) ʠ 

ʪ.ʧ [88].  

ʈʝʞʫʱʘʷ ʢʝʨʘʤʠʢʘ (ʈʂ) (ʨʠʩʫʥʦʢ 2.1) ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʠʟʚʝʩʪʥʳʭ ʛʨʫʧʧ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʡ ʦʧʠʩʘʥʥʳʝ ʚʳʰʝ ʵʣʝʤʝʥʪʳ 

ʚʭʦʜʷʪ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʳʭ ʢʦʣʠʯʝʩʪʚʘʭ [88]. 

ʇʨʠʤʝʥʝʥʠʝ ʨʝʞʫʱʝʡ ʢʝʨʘʤʠʢʠ ʤʦʞʥʦ ʢʚʘʣʠʬʠʮʠʨʦʚʘʪʴ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʠʟʫʯʝʥʠʠ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʦʚ ʨʝʟʘʥʠʝʤ, ʪʘʢ ʢʘʢ ʈʂ ʷʚʣʷʝʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʚʳʤ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤ ʤʘʪʝʨʠʘʣʦʤ [58, 79]. ʈʝʞʫʱʘʷ ʢʝʨʘʤʠʢʘ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʨʦʯʠʭ ʤʘʪʝʨʠʘʣʦʚ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʨʝʞʫʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʨʘʙʦʪʘʪʴ ʥʘ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʨʝʟʘʥʠʷ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, 

ʥʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʙʣʘʜʘʝʪ ʧʦʚʳʰʝʥʥʦʡ ʭʨʫʧʢʦʩʪʴʶ ʠ ʩʢʣʦʥʥʦʩʪʴʶ ʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʪʨʝʱʠʥ [58, 94]. 
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ʈʠʩʫʥʦʢ 2.1 ï ʉʤʝʥʥʳʝ ʤʥʦʛʦʛʨʘʥʥʳʝ ʨʝʞʫʱʠʝ ʧʣʘʩʪʠʥʳ ʠʟ ʨʝʞʫʱʝʡ ʢʝʨʘʤʠʢʠ 

 

ʈʂ ʧʦ ʩʚʦʝʤʫ ʩʦʩʪʘʚʫ ʥʝʣʴʟʷ ʦʪʥʝʩʪʠ ʥʠ ʢ ʦʜʥʦʤʫ ʠʟ ʠʟʚʝʩʪʥʳʭ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [58]. ʇʦʵʪʦʤʫ ʩʦʟʜʘʥʠʝ ʵʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʪʢʨʳʣʦ 

ʥʦʚʫʶ ʛʨʫʧʧʫ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʦʙʦʩʥʦʚʘʥʠʝ 

ʥʘʫʯʥʳʭ ʧʦʣʦʞʝʥʠʡ ʠ ʧʨʘʢʪʠʢʠ ʧʨʠʤʝʥʝʥʠʷ ʤʦʞʥʦ ʢʚʘʣʠʬʠʮʠʨʦʚʘʪʴ ʢʘʢ ʥʦʚʦʝ 

ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʠʟʫʯʝʥʠʠ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʦʚ ʨʝʟʘʥʠʝʤ [29, 58]. 

ɻʣʘʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʧʨʠʤʝʥʝʥʠʷ ʈʂ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʦʙʨʘʙʦʪʢʠ, ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ 

ʦʙʨʘʙʦʪʢʠ ʟʘ ʩʯʝʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ ʠ ʫʤʝʥʴʰʝʥʠʝ 

ʟʘʪʨʘʪ ʟʘ ʩʯʝʪ ʟʘʤʝʥʳ ʰʣʠʬʦʚʘʣʴʥʳʭ ʦʧʝʨʘʮʠʡ ʦʙʨʘʙʦʪʢʦʡ ʨʝʟʘʥʠʝʤ. ʂʨʦʤʝ ʵʪʦʛʦ 

ʩ ʧʦʤʦʱʴʶ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʦʩʥʘʱʝʥʥʦʛʦ ʈʂ, ʤʦʞʥʦ ʦʙʨʘʙʘʪʳʚʘʪʴ 

ʟʘʢʘʣʝʥʥʳʝ ʩʪʘʣʠ ʠ ʜʨʫʛʠʝ ʪʨʫʜʥʦʦʙʨʘʙʘʪʳʚʘʝʤʳʝ ʤʘʪʝʨʠʘʣʳ [98]. 

ɺ ʧʨʦʤʳʰʣʝʥʥʦ-ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ ʜʦʣʷ ʨʝʞʫʱʝʡ ʢʝʨʘʤʠʢʠ ʚ ʦʙʱʝʡ ʤʘʩʩʝ 

ʧʨʠʤʝʥʷʝʤʳʭ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʝ ʧʨʝʚʳʰʘʝʪ 

5é8 % [98]. ʆʜʥʘʢʦ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʨʷʜʝ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ 

ʧʨʦʠʟʚʦʜʩʪʚ, ʪʘʢʠʭ ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʘʵʨʦʢʦʩʤʠʯʝʩʢʘʷ ʦʪʨʘʩʣʴ, ʜʦʣʷ ʨʝʞʫʱʝʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ, ʦʩʥʘʱʝʥʥʦʛʦ ʈʂ, ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 60 % [13, 62, 63, 98]. 

ʇʦ ʧʨʦʛʥʦʟʘʤ ʜʦʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʈʂ ʚ ʩʘʤʦʝ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ ʜʦʣʞʥʘ 

ʚʳʨʘʩʪʠ ʜʦ 15 % [98]. ʕʪʦ ʧʝʨʝʭʦʜ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ 
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ʧʨʦʚʝʨʝʥʥʳʝ ʠ ʪʝʭʥʦʣʦʛʠʯʥʳʝ ʪʚʝʨʜʳʝ ʩʧʣʘʚʳ ʟʘʤʝʥʷʪ ʥʘ ʈʂ ʠʩʭʦʜʷ ʠʟ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʦʦʙʨʘʞʝʥʠʡ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʪʦʠʤʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʦʩʥʘʩʪʢʠ (ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʩʪʦʠʤʦʩʪʴ 

ʠʥʩʪʨʫʤʝʥʪʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʚʳʨʘʩʪʘʝʪ, ʘ ʩʪʦʠʤʦʩʪʴ ʦʩʥʘʩʪʢʠ ʨʝʟʢʦ ʫʤʝʥʴʰʘʝʪʩʷ) 

ʩ ʠʥʪʝʥʩʠʬʠʢʘʮʠʝʡ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ, ʝʝ ʧʦʣʥʘʷ ʩʪʦʠʤʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ [98]. 

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʪʦ, ʯʪʦ ʥʘ ʦʙʨʘʙʦʪʢʫ ʤʝʪʘʣʣʦʚ ʪʨʘʪʠʪʩʷ ʝʞʝʛʦʜʥʦ ʥʝ ʤʝʥʝʝ 

100 ʤʠʣʣʠʘʨʜʦʚ ʜʦʣʣʘʨʦʚ ʪʦʣʴʢʦ ʚ ʉʐɸ, ʩʪʘʥʦʚʠʪʩʷ ʷʩʥʳʤ ʧʦʚʩʝʤʝʩʪʥʳʡ 

ʠʥʪʝʨʝʩ ʢ ʈʂ ï ʤʘʪʝʨʠʘʣʫ, ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʘʮʝʣʝʥʥʦʤʫ ʥʘ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʫʶ 

ʦʙʨʘʙʦʪʢʫ [98]. 

ʈʂ ʩʦʯʝʪʘʝʪ ʩʚʦʡʩʪʚʘ ʢʘʢ ʢʝʨʘʤʠʯʝʩʢʦʡ, ʪʘʢ ʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ 

[98]. ʆʥʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʨʦʯʠʭ ʤʘʪʝʨʠʘʣʦʚ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʧʨʦʯʥʦʩʪʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʧʦʚʳʰʝʥʥʦʡ ʪʝʧʣʦʩʪʦʡʢʦʩʪʴʶ ʚʳʩʦʢʦʡ ʪʚʸʨʜʦʩʪʴʶ, ʦʙʣʘʜʘʷ 

ʚʳʩʦʢʠʤʠ ʨʝʞʫʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ [98]. ʅʘ ʧʨʘʢʪʠʢʝ ʧʨʠʤʝʥʝʥʠʝ ʈʂ ʜʣʷ ʨʝʟʘʥʠʷ 

ʤʝʪʘʣʣʦʚ ʧʦʢʘ ʦʛʨʘʥʠʯʝʥʦ, ʪʘʢ ʢʘʢ ʠʭ ʧʨʝʜʩʪʘʚʣʷʶʪ ʭʨʫʧʢʠʤʠ ʜʣʷ ʰʠʨʦʢʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʩʣʠʰʢʦʤ çʩʢʦʨʦʩʪʥʳʤʠè ʜʣʷ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ [98]. 

ʆʩʥʦʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʈʂ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʩʚʷʟʢʠ, ʯʪʦ ʜʦʚʦʣʴʥʦ 

ʩʠʣʴʥʦ ʩʥʠʞʘʝʪ ʝʝ ʨʘʟʫʧʨʦʯʥʝʥʠʝ ʧʨʠ ʥʘʛʨʝʚʝ ʠ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʨʝʟʘʥʠʷ, ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʶʱʠʭ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʠʟ ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʘ (ʜʦ 2,5 ʨʘʟ) [42]. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʦʪʩʫʪʩʪʚʠʝ 

ʩʚʷʟʫʶʱʝʡ ʬʘʟʳ ʦʧʨʝʜʝʣʷʝʪ ʥʠʟʢʫʶ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ, ʧʨʦʯʥʦʩʪʴ ʠ 

ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʴ ʮʠʢʣʠʯʝʩʢʠʤ ʪʝʧʣʦʚʳʤ ʥʘʛʨʫʟʢʘʤ, ʧʦʵʪʦʤʫ ʦʩʥʦʚʥʘʷ ʦʙʣʘʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʈʂ - ʯʠʩʪʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʚ ʫʩʣʦʚʠʷʭ ʞʝʩʪʢʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ [42]. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʝʯʝʥʠʷ ʩʨʝʟʘ, ʧʨʠ 

ʧʨʝʨʳʚʠʩʪʦʤ ʨʝʟʘʥʠʠ, ʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʉʆɾ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʝʨʘʤʠʯʝʩʢʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩ ̫ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʠʟ-ʟʘ 

ʚʳʩʦʢʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʚʥʝʟʘʧʥʦʛʦ ʦʪʢʘʟʘ ʚʩʣʝʜʩʪʚʠʝ ʭʨʫʧʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ 

ʨʝʞʫʱʝʡ ʯʘʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘ [42]. ʇʨʠʯʠʥʦʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʨʦʥʪʘ ʪʨʝʱʠʥ 

ʷʚʣʷʝʪʩʷ ʥʠʟʢʘʷ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ ʢʝʨʘʤʠʢʠ. ʊʨʝʱʠʥʳ ʥʝ ʚʩʪʨʝʯʘʶʪ ʙʘʨʴʝʨʦʚ ʠʟ-

ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʧʣʘʩʪʠʯʥʦʡ ʩʚʷʟʫʶʱʝʡ ʬʘʟʳ, ʩʧʦʩʦʙʥʦʡ ʟʘʪʦʨʤʦʟʠʪʴ ʠʣʠ 

ʦʩʪʘʥʦʚʠʪʴ ʠʭ ʨʘʟʚʠʪʠʝ. ɺʳʢʨʘʰʠʚʘʥʠʝ ʨʝʞʫʱʠʭ ʢʨʦʤʦʢ ʢʝʨʘʤʠʯʝʩʢʦʛʦ 
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ʠʥʩʪʨʫʤʝʥʪʘ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʠʟʥʦʩʘ, ʧʨʠʯʸʤ ʵʪʦ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ, ʪʘʢ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʬʘʢʪʦʨ ʥʝ ʦʢʘʟʳʚʘʝʪ ʟʘʤʝʪʥʦʛʦ ʚʣʠʷʥʠʷ 

ʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʤʝʭʘʥʠʟʤʘ ʠʟʥʘʰʠʚʘʥʠʷ [42, 62, 63, 85, 98].  

ɻʣʘʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʤʝʥʥʳʭ ʤʥʦʛʦʛʨʘʥʥʳʭ ʧʣʘʩʪʠʥ ʠʟ ʈʂ 

ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʨʝʟʘʥʠʝʤ ʤʘʪʝʨʠʘʣʦʚ ʧʦʚʳʰʝʥʥʦʡ ʪʚʝʨʜʦʩʪʠ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʥʘʣʠʯʠʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʚʝʨʜʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʦʙʲʝʤʝ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʚʳʟʚʘʥʥʦʝ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, 

ʣʠʙʦ ʥʘʨʫʰʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘ ʟʘʛʦʪʦʚʠʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʷʭ [62, 

88, 98].  

ʅʠʟʢʘʷ ʦʙʨʘʙʘʪʳʚʘʝʤʦʩʪʴ ʨʝʟʘʥʠʝʤ ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʦʚʳʰʝʥʥʦʡ ʪʚʝʨʜʦʩʪʴʶ 

ʯʘʩʪʠʯʥʦ ʦʙʲʷʩʥʷʝʪʩʷ ʚʦʟʥʠʢʘʶʱʠʤʠ ʯʝʨʝʜʫʶʱʠʤʠʩʷ ʤʝʞʜʫ ʩʦʙʦʡ 

ʨʘʩʪʷʛʠʚʘʶʱʠʤʠ ʠ ʩʞʠʤʘʶʱʠʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ ʥʘ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ 

ʠʥʩʪʨʫʤʝʥʪʘ, ʧʦʵʪʦʤʫ ʠʥʩʪʨʫʤʝʥʪ ʠʩʧʳʪʳʚʘʝʪ ʧʝʨʝʤʝʥʥʳʝ ʥʘʛʨʫʟʢʠ, ʦʩʦʙʝʥʥʦ ʚ 

ʫʩʣʦʚʠʷʭ ʧʨʝʨʳʚʠʩʪʦʛʦ ʨʝʟʘʥʠʷ, ʩʚʦʡʩʪʚʝʥʥʦʛʦ ʬʨʝʟʝʨʦʚʘʥʠʶ [62, 84, 88, 98]. 

ʄʘʨʢʠ ʈʂ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʛʨʫʧʧʳ: 

1. ʂʝʨʘʤʠʢʘ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʠʣʠ ʮʠʨʢʦʥʠʷ (çʙʝʣʘʷè) ʩ 

ʜʦʙʘʚʢʘʤʠ ʦʢʩʠʜʦʚ ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ: Mg, Zn, Cr ʠ ʜʨʫʛʠʭ. ʉʶʜʘ ʞʝ ʦʪʥʦʩʠʪʩʷ 

ʙʝʟʦʢʩʠʜʥʘʷ ʢʝʨʘʤʠʢʘ (ʦʩʥʦʚʘ - ʥʠʪʨʠʜ ʢʨʝʤʥʠʷ); 

2. ʆʢʩʠʜʥʦ-ʢʘʨʙʠʜʥʘʷ (çʯʝʨʥʘʷè) ʢʝʨʘʤʠʢʘ, ʧʨʦʤʝʞʫʪʦʯʥʘʷ ʧʦ ʩʦʩʪʘʚʫ 

ʤʝʞʜʫ ʦʢʩʠʜʥʦʡ ʢʝʨʘʤʠʢʦʡ ʠ ʪʚʝʨʜʳʤʠ ʩʧʣʘʚʘʤʠ. ɺ ʢʘʯʝʩʪʚʝ ʫʧʨʦʯʥʷʶʱʝʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʨʠʤʝʥʷʶʪ ʢʘʨʙʠʜʳ ʪʠʪʘʥʘ, ʤʦʣʠʙʜʝʥʘ, ʚʦʣʴʬʨʘʤʘ, ʥʠʪʨʠʜʳ 

ʪʠʪʘʥʘ ʠ ʢʘʨʙʠʜʳ ʜʨʫʛʠʭ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ ʚ ʢʦʣʠʯʝʩʪʚʝ ʦʪ 10 ʜʦ 40 %; 

3. ʂʝʨʤʝʪʳ ð ʦʢʩʠʜʳ ʘʣʶʤʠʥʠʷ ʩ ʜʦʙʘʚʢʦʡ ʤʝʪʘʣʣʘ (Mo, Cr, Ni ʠ ʜʨ.). 

ʊʠʧʠʯʥʳʡ ʧʨʝʜʩʪʘʚʠʪʝʣʴ ʵʪʦʛʦ ʢʣʘʩʩʘ ɸ12ʆ3 + 10 % Mo. ʈʝʞʫʱʠʝ ʩʚʦʡʩʪʚʘ 

ʢʝʨʤʝʪʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʪʫʧʘʶʪ ʦʢʩʠʜʥʦʡ ʠ ʦʢʩʠʜʥʦ-ʢʘʨʙʠʜʥʦʡ ʢʝʨʘʤʠʢʝ, ʥʦ ʠʭ 

ʧʨʦʯʥʦʩʪʴ ʚʳʰʝ; 

4. ʂʝʨʘʤʠʢʘ ʩʤʝʰʘʥʥʦʛʦ ʪʠʧʘ ʦʩʥʦʚʘʥʘ ʥʘ ʦʢʩʠʜʝ ʘʣʶʤʠʥʠʷ ʠ ʥʠʪʨʠʜʝ 

ʢʨʝʤʥʠʷ (ʩʠʘʣʦʥ) [38, 98]. 
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ʂʝʨʘʤʠʯʝʩʢʠʝ ʉʄʇ ʜʣʷ ʬʨʝʟʝʨʦʚʘʥʠʷ ʚʳʧʫʩʢʘʶʪʩʷ ʢʚʘʜʨʘʪʥʦʡ 

(ʨʠʩʫʥʦʢ 2.2) ʠ ʢʨʫʛʣʦʡ ʬʦʨʤʦʡ (ʨʠʩʫʥʦʢ 2.3) ɻʆʉʊ 19042-80 (ʇʣʘʩʪʠʥʳ ʩʤʝʥʥʳʝ 

ʤʥʦʛʦʛʨʘʥʥʳʝ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ. ʉʠʩʪʝʤʘ ʦʙʦʟʥʘʯʝʥʠʡ. ʌʦʨʤʳ).  

 

ʈʠʩʫʥʦʢ 2.2 - ʂʝʨʘʤʠʯʝʩʢʠʝ ʉʄʇ ʢʚʘʜʨʘʪʥʦʡ ʬʦʨʤʳ 

 

ʂʝʨʘʤʠʯʝʩʢʠʝ ʉʄʇ ʚʳʧʫʩʢʘʶʪʩʷ ʜʚʫʭ ʢʣʘʩʩʦʚ: ʧʣʘʩʪʠʥʳ ʢʣʘʩʩʘ U 

ʰʣʠʬʫʶʪʩʷ ʧʦ ʦʧʦʨʥʳʤ ʠ ʟʘʜʥʠʤ ʧʦʚʝʨʭʥʦʩʪʷʤ ʜʦ Ra = 0,32 ʤʢʤ, ʘ ʧʣʘʩʪʠʥʳ 

ʢʣʘʩʩʘ G ʰʣʠʬʫʶʪʩʷ ʧʦ ʦʧʦʨʥʳʤ ʠ ʟʘʜʥʠʤ ʧʦʚʝʨʭʥʦʩʪʷʤ ʩ ʙʦʣʝʝ ʞʝʩʪʢʠʤʠ 

ʜʦʧʫʩʢʘʤʠ ʠ ʦʩʥʘʱʘʶʪʩʷ ʬʘʩʢʘʤʠ ʩ ʧʘʨʘʤʝʪʨʘʤʠ f = 0,2 ʤʤ ʠ ɔ = 20Á ʧʦ 

ʧʝʨʠʤʝʪʨʫ ʩ ʦʙʝʠʭ ʩʪʦʨʦʥ [98]. 

 

ʈʠʩʫʥʦʢ 2.3 - ʂʝʨʘʤʠʯʝʩʢʠʝ ʉʄʇ ʢʨʫʛʣʦʡ ʬʦʨʤʳ 

 

ʇʦ ɻʆʉʊ 26630-85 ʦʧʨʝʜʝʣʝʥʳ ʧʨʝʜʝʣʳ ʧʘʨʘʤʝʪʨʦʚ ʟʦʥ ʚʳʢʨʘʰʠʚʘʥʠʷ 

ʢʝʨʘʤʠʯʝʩʢʠʭ ʉʄʇ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʛʦʚʦʨʠʪʴ ʦ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʢʘʞʜʦʡ 

ʧʣʘʩʪʠʥʳ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʨʝʟʘʥʠʝʤ (ʨʠʩʫʥʦʢ 2.4). ʊʘʢʠʤʠ ʟʦʥʘʤʠ ʷʚʣʷʶʪʩʷ: 

- ʟʦʥʘ ɸ ï ʥʘ ʨʘʜʠʫʩʝ ʧʨʠ ʚʝʨʰʠʥʝ ʧʣʘʩʪʠʥʳ; 

- ʟʦʥʘ ɺ ï ʥʘ ʨʘʙʦʯʝʡ ʯʘʩʪʠ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ ʧʣʘʩʪʠʥʳ ʜʣʠʥʦʡ l; 
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- ʟʦʥʘ ʉ ï ʥʘ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ ʧʣʘʩʪʠʥʳ ʜʣʠʥʦʡ l, ʛʜʝ 

ʧʘʨʘʤʝʪʨʳ ʚʳʢʨʘʠʚʘʥʠʡ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʢʘʞʜʦʡ ʧʣʘʩʪʠʥʳ ʠʟ 

ʢʝʨʘʤʠʢʠ [98] ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.1. 

 

ʈʠʩʫʥʦʢ 2.4 - ɿʦʥʳ ʚʳʢʨʘʰʠʚʘʥʠʷ ʢʝʨʘʤʠʯʝʩʢʠʭ ʉʄʇ 

 

ɺ ʟʦʥʘʭ ɸ ʠ ɺ ʢʝʨʘʤʠʯʝʩʢʠʭ ʉʄʇ ʢʣʘʩʩʘ U ʜʦʧʫʩʢʘʝʪʩʷ ʥʝ ʙʦʣʝʝ ʦʜʥʦʛʦ 

ʚʳʢʨʘʰʠʚʘʥʠʷ ʩ ʢʘʞʜʦʡ ʩʪʦʨʦʥʳ, ʘ ʚ ʟʦʥʝ ʉ ʜʣʷ ʧʣʘʩʪʠʥ ʚʩʝʭ ʢʣʘʩʩʦʚ 

ʜʦʧʫʩʢʘʝʪʩʷ ʪʘʢʞʝ ʥʝ ʙʦʣʝʝ ʦʜʥʦʛʦ ʚʳʢʨʘʰʠʚʘʥʠʷ [98].    

ʊʘʙʣʠʮʘ 2.1 - ʇʘʨʘʤʝʪʨʳ ʚʳʢʨʘʰʠʚʘʥʠʡ ʢʝʨʘʤʠʯʝʩʢʠʭ ʉʄʇ 

ɼʣʠʥʘ ʨʝʞʫʱʝʡ 

ʢʨʦʤʢʠ 

ʢʝʨʘʤʠʯʝʩʢʦʡ 

ʉʄʇ, ʤʤ 

ɿʦʥʘ 

ɺʝʣʠʯʠʥʘ ʚʳʢʨʘʰʠʚʘʥʠʷ, ʤʤ 

G U 

ɼʦ 16 

ɸ ʅʝ ʜʦʧʫʩʢʘʝʪʩʷ 0,1é0,2 

ɺ ʅʝ ʜʦʧʫʩʢʘʝʪʩʷ 0,15é0,3 

ʉ 0,1é0,2 0,15é0,3 

ʉʚʳʰʝ 16 

ɸ ʅʝ ʜʦʧʫʩʢʘʝʪʩʷ ʅʝ ʜʦʧʫʩʢʘʝʪʩʷ 

ɺ ʅʝ ʜʦʧʫʩʢʘʝʪʩʷ ʅʝ ʜʦʧʫʩʢʘʝʪʩʷ 

ʉ 0,1é0,2 0,2é0,4 

ɼʣʷ ʢʨʫʛʣʳʭ ʧʣʘʩʪʠʥ ʢʣʘʩʩʘ G ʜʦʧʫʩʢ ʧʦ ʧʘʨʘʤʝʪʨʫ ɺ ʩʦʩʪʘʚʣʷʝʪ 0,1é0,2           

 

ɻʣʘʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ, ʩʜʝʨʞʠʚʘʶʱʠʤʠ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʢʝʨʘʤʠʢʠ ʚ ʤʝʪʘʣʣʦʦʙʨʘʙʦʪʢʝ, ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʘʷ ʭʨʫʧʢʦʩʪʴ, ʥʠʟʢʘʷ ʧʨʦʯʥʦʩʪʴ 

ʤʘʪʝʨʠʘʣʘ (ʚʩʝʛʦ 500...700 ʄʇʘ), ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʣʦʢʘʣʴʥʳʤ 
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ʥʘʧʨʷʞʝʥʠʷʤ ʠ ʜʝʬʝʢʪʘʤ ʩʪʨʫʢʪʫʨʳ [74, 95]. ʋʩʪʨʘʥʝʥʠʝ ʵʪʠʭ ʥʝʜʦʩʪʘʪʢʦʚ ʨʝʟʢʦ 

ʧʦʚʳʩʠʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʤʝʪʘʣʣʦʦʙʨʘʙʦʪʢʝ. ʇʦʵʪʦʤʫ 

ʦʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʧʨʠ ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ ʢʝʨʘʤʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʵʪʦ ʧʦʚʳʰʝʥʠʝ 

ʧʨʦʯʥʦʩʪʠ ʠ ʫʨʦʚʥʷ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ. ɺʦʟʤʦʞʥʦ, ʦʜʥʠʤʠ ʠʟ ʧʫʪʝʡ ʨʝʰʝʥʠʷ ʵʪʦʡ 

ʧʨʦʙʣʝʤʳ ʩʪʘʥʫʪ ʘʨʤʠʨʦʚʘʥʠʝ ʢʝʨʘʤʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ ʜʠʩʧʝʨʩʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʠ 

ʥʠʪʝʚʠʜʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ ʪʫʛʦʧʣʘʚʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʠʤʝʥʝʥʠʷ çʫʣʫʯʰʝʥʥʦʛʦè 

ʛʦʨʷʯʝʛʦ ʠʟʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʉʄʇ, ʧʦʣʫʯʝʥʠʝ 

ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʮʠʡ [3, 74, 98]. 

ɹʣʘʛʦʜʘʨʷ ʚʳʩʦʢʠʤ ʨʝʟʫʣʴʪʘʪʘʤ, ʧʦʣʫʯʝʥʥʳʤ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʠʥʩʪʨʫʤʝʥʪʘ 

ʠʟ ʩʧʣʘʚʦʚ ɺɿ, ɺʆʂ60 ʠ ɺʆʂ63, ʨʘʙʦʪʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʦʢʩʠʜʥʦ-ʢʘʨʙʠʜʥʳʭ 

ʩʧʣʘʚʦʚ ʙʳʣʠ ʧʨʦʜʦʣʞʝʥʳ [74]. ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʚʦʡʩʪʚ ʢʘʨʙʠʜʦʚ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʢʘʨʙʠʜ ʪʠʪʘʥʘ, ʢʦʪʦʨʳʡ 

ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʪʚʝʨʜʦʩʪʴʶ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ, ʜʦʩʪʘʪʦʯʥʦʡ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ʠ ʫʧʨʫʛʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʊʘʙʣʠʮʘ ʩ ʦʧʠʩʘʥʠʝʤ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʤʘʨʦʢ 

ʨʝʞʫʱʝʡ ʢʝʨʘʤʠʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.2. ʂʘʨʙʠʜ ʪʠʪʘʥʘ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʝʪʩʷ ʢʘʢ ʦʩʥʦʚʘ ʜʣʷ ʪʚʸʨʜʦʩʧʣʘʚʥʳʭ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [74]. 

ʂʨʦʤʝ ʪʦʛʦ, ʦʥ ʥʝʜʝʬʠʮʠʪʝʥ ʠ ʣʝʛʢʦ ʧʦʣʫʯʘʝʪʩʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʦʢʩʠʜʘ ʩʘʞʝʡ 

[3, 62, 74, 98, 109]. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʜʝʞʥʦʩʪʴ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʦʩʥʘʱʝʥʥʦʛʦ 

ʢʝʨʘʤʠʯʝʩʢʠʤʠ ʨʝʞʫʱʠʤʠ ʧʣʘʩʪʠʥʘʤʠ, ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ 

ʨʝʟʘʥʠʷ ʚ ʩʪʨʦʛʦ ʨʝʛʣʘʤʝʥʪʠʨʫʝʤʦʤ ʜʠʘʧʘʟʦʥʝ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʢʘʞʜʦʛʦ 

ʢʦʥʢʨʝʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ [74]. ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʩʦ 

ʩʤʝʥʥʳʤʠ ʢʝʨʘʤʠʯʝʩʢʠʤʠ ʧʣʘʩʪʠʥʘʤʠ ʜʣʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʨʘʙʦʪʘʶʱʝʛʦ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʠʣʠ ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʘʭ [74, 98]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʦʙʝʥʥʦʩʪʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʘʞʜʦʡ 

ʨʝʞʫʱʝʡ ʧʣʘʩʪʠʥʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘ ʩʪʘʜʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʧʦʵʪʦʤʫ ʚʦʟʥʠʢʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʜʝʪʘʣʴʥʦʤ ʠʟʫʯʝʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠʟʛʦʪʦʚʣʝʥʠʷ 
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ʨʝʞʫʱʝʡ ʢʝʨʘʤʠʢʠ ʜʣʷ ʦʮʝʥʢʠ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʜʘʣʴʥʝʡʰʫʶ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʣʘʩʪʠʥ.  

ʊʘʙʣʠʮʘ 2.2 - ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʤʘʨʦʢ ʨʝʞʫʱʝʡ ʢʝʨʘʤʠʢʠ 

ʄʘʨʢʠ ʢʝʨʘʤʠʢʠ ʇʣʦʪʥʦʩʪʴ, ʛ/ʩʤį 
ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ 

ʧʨʠ ʠʟʛʠʙʝ, ʄʇʘ 

ʊʚʝʨʜʦʩʪʴ, 

HRA 

ʎʄ332 3.85é3.90 300é350 91 

ɺ3 4.50é4.70 650 93 

ɺʆʂ60 4.20é4.30 650 94 

ɺʆʂ63 4.20é4.30 650 94 

ɺʆʂ200 4.20é4.30 650 94 

ɺʆʂ71 4.22 650 94 

ɺʆ13 3.92é3.96 400é450 92 

ɺʐ75 3.90 400é600 93 

ʉʠʣʠʥʠʪ-ʈ 3.20é3.40 500é700 92é94 

ʆʅʊ-20 4.20 680 94 

2.2 ʉʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʨʝʞʫʱʝʡ ʢʝʨʘʤʠʢʠ 

ʊʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʦʢʩʠʜʥʦ-ʢʘʨʙʠʜʥʳʭ ʪʚʝʨʜʳʭ ʩʧʣʘʚʦʚ ɺɿ, ɺʆʂ60, 

ɺʆʂ63, ɺʆʂ 200 ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʠʭ ʦʧʝʨʘʮʠʷʭ: ʧʨʠʛʦʪʦʚʣʝʥʠʝ 

ʢʝʨʘʤʠʯʝʩʢʦʡ ʩʤʝʩʠ ʎʄ332, ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʢʘʨʙʠʜʦʚ Mo2C-

TiC-WC ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1900...2000 Áʉ. ʉʤʝʩʴʶ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ (ʰʠʭʪʦʡ) ʷʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʡ ʩʦʩʪʘʚ: TiO2 + C + Mo 

+ WC [3, 62,74, 98]. 

ɿʘʪʝʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʣʫʯʝʥʠʝ ʩʤʝʩʝʡ ʚ ʪʚʝʨʜʦʩʧʣʘʚʥʦʡ ʤʝʣʴʥʠʮʝ ʩ 

ʪʚʝʨʜʦʩʧʣʘʚʥʳʤʠ ʰʘʨʘʤʠ, ʨʘʟʤʦʣ ʟʘ 120 ʯ ʎʄ332 ʠ 15 % ʢʘʨʙʠʜʦʚ Mo2C-TiC-WC 

ʜʣʷ ʤʘʨʢʠ ɺɿ, ʘ ʜʣʷ ɺʆʂ60, ɺʆʂ63, ɺʆʂ 200 ʜʦʙʘʚʣʷʝʪʩʷ 25 % Mo2C-TiC-WC [3, 

62, 74, 98]. 

ɼʘʣʝʝ ʩʣʝʜʫʝʪ ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʠʟʜʝʣʠʡ ʠʟ ʩʧʣʘʚʦʚ ɺɿ ʠ ɺʆʂ60, ɺʆʂ63, 

ɺʆʂ-200. ʉʧʨʝʩʩʦʚʘʥʥʳʝ ʧʨʠ ʜʘʚʣʝʥʠʠ 750 ʄʇʘ, ʟʘʤʝʰʘʥʥʳʝ ʥʘ ʨʘʩʪʚʦʨʝ 

ʢʘʫʯʫʢʘ ʚ ʙʝʥʟʠʥʝ ʦʙʨʘʟʮʳ ɺɿ ʠ ɺʆʂ60 ʩʧʝʢʘʶʪʩʷ ʚ ʛʨʘʬʠʪʦʚʦʡ ʧʝʯʠ ʧʨʠ 2300 

Áʉ. ʉʧʣʘʚ ɺʆʂ63 ʠ ɺʆʂ 200 ʧʦʣʫʯʘʝʪʩʷ ʛʦʨʷʯʠʤ ʧʨʝʩʩʦʚʘʥʠʝʤ ʧʨʠ 1600...1700 

Áʉ ʩ ʚʳʜʝʨʞʢʦʡ 5 ʤʠʥ ʧʨʠ ʜʘʚʣʝʥʠʠ 20...30 ʄʇʘ. ʉʪʦʡʢʦʩʪʴ ʧʨʠ ʨʝʟʘʥʠʠ ʯʫʛʫʥʘ ʫ 
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ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚ 1,5 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʫ ʧʣʘʩʪʠʥ ʠʟ ʎʄ332 (ʧʨʠ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ 

300 ʤ/ʤʠʥ) [62, 74]. 

ʉʚʦʡʩʪʚʘ ʠ ʧʘʨʘʤʝʪʨʳ ʩʪʨʫʢʪʫʨʳ ʵʪʠʭ ʩʧʣʘʚʦʚ ʩʣʝʜʫʶʱʠʝ: 

- ʪʚʝʨʜʦʩʪʴ HRA> 93; 

- ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ůʠʟʛ = 550...650 ʄʇʘ; 

- ʧʣʦʪʥʦʩʪʴ 4,3...4,5 ʛ/ʩʤ
3
; 

- ʧʦʨʠʩʪʦʩʪʴ ʤʝʥʝʝ 1 %; 

- ʨʘʟʤʝʨ ʟʝʨʝʥ 0,5...1,5 ʤʢʤ [74, 98]. 

ʉʧʣʘʚʳ ʜʚʫʭʬʘʟʥʳʝ: ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ ʢʘʨʙʠʜʦʚ ʚ ʬʘʟʝ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʘ 

ʘʣʶʤʠʥʠʷ. ʇʨʠ ʛʦʨʷʯʝʤ ʧʨʝʩʩʦʚʘʥʠʠ ʧʦʣʫʯʘʝʪʩʷ ʙʦʣʝʝ ʤʝʣʢʦʟʝʨʥʠʩʪʳʡ ʩʧʣʘʚ ʩ 

ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʨʝʞʫʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ [3, 62, 74, 98]. 

ʇʦʩʣʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʦʭʦʜʠʪ ʦʧʝʨʘʮʠʷ ʢʦʥʪʨʦʣʷ. ʉʤʝʥʥʳʝ ʤʥʦʛʦʛʨʘʥʥʳʝ 

ʧʣʘʩʪʠʥʳ ʥʘ ʢʦʥʪʨʦʣʴ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʧʘʨʪʠʷʤʠ, ʩʦʩʪʦʷʱʠʤʠ ʠʟ ʧʣʘʩʪʠʥ ʦʜʥʦʛʦ 

ʪʠʧʦʨʘʟʤʝʨʘ, ʦʜʥʦʡ ʤʘʨʢʠ, ʚʳʧʦʣʥʝʥʥʳʭ ʧʦ ʦʜʥʦʤʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʧʨʦʮʝʩʩʫ 

ʟʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ.  

2.3 ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʨʝʞʫʱʝʡ ʢʝʨʘʤʠʢʠ 

ʀʩʭʦʜʥʳʤ ʩʳʨʴʝʤ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʝʨʘʤʠʢʦ-ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ 

ʩʣʫʞʠʪ ʪʝʭʥʠʯʝʩʢʠʡ ʛʣʠʥʦʟʝʤ (ɸl2ʆ3), ʝʛʦ ʧʦʣʫʯʘʶʪ ʠʟ ʙʦʢʩʠʪʘ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʘʣʶʤʠʥʠʷ [98]. ʊʝʭʥʠʯʝʩʢʠʡ ʛʣʠʥʦʟʝʤ, ʩʦʜʝʨʞʘʱʠʡ 98,5...99,5 % ɸl2ʆ3, ʩʧʝʨʚʘ 

ʧʨʦʢʘʣʠʚʘʶʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1400é1600 Áʉ, ʧʦʩʣʝ ʯʝʛʦ ʨʘʟʤʘʣʳʚʘʶʪ ʤʦʢʨʳʤ 

ʩʧʦʩʦʙʦʤ ʚ ʰʘʨʦʚʳʭ ʤʝʣʴʥʠʮʘʭ ʠʣʠ ʜʨʫʛʠʭ ʨʘʟʤʦʣʴʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʜʦ ʪʨʝʙʫʝʤʦʡ 

ʟʝʨʥʠʩʪʦʩʪʠ ʧʦʨʦʰʢʘ ʚ ʧʨʝʜʝʣʘʭ 1...2 ʤʢʤ [13, 14, 17, 98]. 

ɺʩʣʝʜʩʪʚʠʝ ʠʩʪʠʨʘʥʠʷ ʩʪʝʥʦʢ ʙʘʨʘʙʘʥʘ ʠ ʨʘʟʤʦʣʴʥʳʭ ʰʘʨʦʚ ʧʨʠ ʨʘʟʤʦʣʝ 

ʛʣʠʥʦʟʝʤʘ ʧʨʦʠʩʭʦʜʠʪ ʟʘʛʨʷʟʥʝʥʠʝ ʨʘʟʤʘʣʳʚʘʝʤʦʛʦ ʧʦʨʦʰʢʘ ʞʝʣʝʟʦʤ. ʕʪʠ 

ʧʨʠʤʝʩʠ ʫʜʘʣʷʶʪʩʷ ʦʙʨʘʙʦʪʢʦʡ ʢʠʩʣʦʪʘʤʠ. ʇʦʩʣʝ ʵʪʦʛʦ ʨʘʟʤʝʣʴʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ 

ʪʱʘʪʝʣʴʥʦ ʧʨʦʤʳʚʘʝʪʩʷ ʠ ʚʳʩʫʰʠʚʘʝʪʩʷ. ʂ ʚʳʩʫʰʝʥʥʦʤʫ ʤʝʣʢʦʟʝʨʥʠʩʪʦʤʫ 

ʛʣʠʥʦʟʝʤʫ ʧʨʠʤʝʰʠʚʘʶʪ ʪʨʝʙʫʝʤʳʝ ʜʦʙʘʚʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʟʛʦʪʘʚʣʠʚʘʝʤʦʛʦ 

ʨʝʞʫʱʝʛʦ ʤʘʪʝʨʠʘʣʘ [98]. ʄʝʪʘʣʣʳ (ʢ ʤʘʪʝʨʠʘʣʘʤ ʪʠʧʘ ʢʝʨʤʝʪ) ʠ ʢʘʨʙʠʜʳ 

ʤʝʪʘʣʣʦʚ (ʚ ʦʢʩʠʜʥʦ-ʢʘʨʙʠʜʥʫʶ ʢʝʨʘʤʠʢʫ) ʜʦʙʘʚʣʷʶʪʩʷ ʚ ʛʣʠʥʦʟʝʤ ʚ ʚʠʜʝ 
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ʪʦʥʢʦʛʦ ʯʠʩʪʦʛʦ ʧʦʨʦʰʢʘ (ʨʘʟʤʝʨʳ ʟʝʨʝʥ ʤʝʥʝʝ 2 ʤʢʤ). ʇʦʨʦʰʢʦʦʙʨʘʟʥʳʝ ʩʤʝʩʠ 

ʪʱʘʪʝʣʴʥʦ ʧʝʨʝʤʝʰʠʚʘʶʪʩʷ ʚ ʰʘʨʦʚʳʭ ʠʣʠ ʚʠʙʨʘʮʠʦʥʥʳʭ ʤʝʣʴʥʠʮʘʭ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʤʘʪʝʨʠʘʣʘ [13, 

98]. 

ʈʝʞʫʱʠʝ ʧʣʘʩʪʠʥʳ ʬʦʨʤʫʶʪʩʷ ʧʨʝʩʩʦʚʘʥʠʝʤ ʫʚʣʘʞʥʝʥʥʦʛʦ ʧʦʨʦʰʢʘ ʠʣʠ 

ʣʠʪʴʝʤ ʧʣʘʩʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʤʘʩʩʳ ʧʦʜ ʜʘʚʣʝʥʠʝʤ [98]. ɼʣʷ ʦʙʣʝʛʯʝʥʠʷ ʧʨʦʮʝʩʩʘ 

ʧʨʝʩʩʦʚʘʥʠʷ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʨʦʢʦʚ ʠ ʜʝʬʝʢʪʦʚ ʚ ʠʟʜʝʣʠʠ ʧʨʠ 

ʧʨʝʩʩʦʚʘʥʠʠ ʩʤʝʩʠ ʧʦʨʦʰʢʦʚ ʠʟ ʤʝʪʘʣʣʦʚ ʠ ʠʭ ʦʢʠʩʣʦʚ ʚ ʧʨʠʛʦʪʦʚʣʝʥʥʫʶ ʤʘʩʩʫ 

ʜʦʙʘʚʣʷʶʪ ʮʝʣʣʶʣʦʟʫ, ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʦʢʩʠʜʥʦ-ʢʘʨʙʠʜʥʦʡ ʢʝʨʘʤʠʢʠ - 

ʥʝʩʢʦʣʴʢʦ ʧʨʦʮʝʥʪʦʚ ʛʣʠʢʦʣʷ (ʜʚʫʭʘʪʦʤʥʦʛʦ ʩʧʠʨʪʘ) [13, 14, 98]. 

ʆʪʧʨʝʩʩʦʚʘʥʥʳʝ ʥʘ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʧʨʝʩʩʘʭ ʜʘʚʣʝʥʠʝʤ ʦʢʦʣʦ 1000 ʢʛʩ/ʩʤĮ 

ʠʣʠ ʣʠʪʳʝ ʧʣʘʩʪʠʥʳ ʩʫʰʘʪ. ɿʘʪʝʤ ʢʝʨʘʤʠʢʦ-ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʩʧʝʢʘʝʪʩʷ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1820...1880 Áʉ Ñ 20 Áʉ [58, 98]. ʉʧʝʢʘʥʠʝ ʦʢʩʠʜʥʦ-ʢʘʨʙʠʜʥʦʡ ʈʂ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʧʝʯʘʭ ʩ ʤʦʣʠʙʜʝʥʦʚʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠ ʛʘʟʦʚʦʟʜʫʰʥʳʭ ʧʝʯʘʭ. ɼʣʷ 

ʩʧʝʢʘʥʠʷ ʦʢʩʠʜʥʦ-ʢʘʨʙʠʜʥʦʡ ʢʝʨʘʤʠʢʠ ʧʨʠʤʝʥʷʶʪ ʪʨʫʙʯʘʪʳʝ ʫʛʦʣʴʥʳʝ ʧʝʯʠ [13, 

14, 98]. 

ʉʨʝʜʠ ʠʟʚʝʩʪʥʳʭ ʤʘʨʦʢ ʈʂ ʯʘʱʝ ʚʩʝʛʦ ʚʩʪʨʝʯʘʶʪʩʷ ʢʦʤʧʦʟʠʮʠʠ, 

ʩʦʜʝʨʞʘʱʠʝ (%) [98]: 

ɸl2ʆ3 - 60 + ʄʦ2ʉ - 20 + Wʉ ï 20, 

ɸl2ʆ3 - 60 + ʄʦ2ʉ ï 40, 

ɸl2ʆ3 ï 90 + ʊiʉ ï 5 + ʄʦ2ʉ - 5 

ɸl2ʆ3 ï 80 + ʄʦ2ʉ - 10 + Wʉ ï 10. 

ʉʦʚʨʝʤʝʥʥʳʝ ʤʘʨʢʠ ʈʂ ʪʠʧʘ ɺʆʂ200 ʩʦʜʝʨʞʘʪ ɸl2ʆ3 - 75% + (ʊi, W, ʄʦ) ʉ 

- 25%, ʵʪʠ ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʧʦʣʫʯʝʥʥʦʛʦ ʥʘ 

ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʤ ʤʠʢʨʦʩʢʦʧʝ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʠ ʧʦʤʦʱʠ ʕɺʄ [98] 

(ʨʠʩʫʥʦʢ 2.5). 

ʉʦʩʪʘʚʣʷʶʱʠʝ ʦʢʩʠʜʥʦ-ʢʘʨʙʠʜʥʦʡ ʢʝʨʘʤʠʢʠ, ʚʳʜʝʣʝʥʥʳʝ ʨʘʟʣʠʯʥʳʤʠ 

ʮʚʝʪʘʤʠ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʚ ʧʦʣʝ ʟʨʝʥʠʷ 

ʤʠʢʨʦʩʢʦʧʘ [98]. 
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ʈʠʩʫʥʦʢ 2.5 -  ʇʨʦʮʝʥʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ɸl2ʆ3, ʊiʉ ʠ Wʉ ʚ  

ʦʢʩʠʜʥʦ-ʢʘʨʙʠʜʥʦʡ ʢʝʨʘʤʠʢʝ 

 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʥʘ ʠʟʛʠʙ ʵʪʠʭ ʤʘʨʦʢ ʨʝʞʫʱʝʡ ʢʝʨʘʤʠʢʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʨʘʚʝʥ ů = 31; 45; 70 ʢʛʩ/ʤʤĮ, ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ ů  = 259,3 Ñ 14,8 ʠ 300 

ʢʛʩ/ʤʤĮ [98]. 

ʇʣʦʪʥʦʩʪʴ ʠ ʪʚʝʨʜʦʩʪʴ ʦʢʩʠʜʥʦ-ʢʘʨʙʠʜʥʦʡ ʢʝʨʘʤʠʢʠ ɺʆʂ200 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʥʳ 4,46; 4,5; 4,6 ʛ/ʩʤį ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʘʨʘʤʝʪʨʦʚ 91,8; 92; 94 (ʧʦ 

ʅRɸ) [98]. 

ʄʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ - 36054, 35114, 32994 ʢʛʩ/ʤʤĮ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʪʝʭ ʞʝ 

ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ [58, 98]. 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʈʂ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʟʥʘʯʝʥʠʡ 7,5 

Ŀ 106- / Áʉ ʠ 7,2 Ŀ106- / Áʉ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ ʤʝʞʜʫ 20 ʠ 600 Áʉ [58, 98]. 

ʆʢʩʠʜʥʦ-ʢʘʨʙʠʜʥʘʷ ʢʝʨʘʤʠʢʘ ʠʤʝʝʪ ʥʠʟʢʫʶ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, 

ʩʥʠʞʘʶʱʫʶʩʷ ʚ 1,1...1,25 ʨʘʟʘ ʧʦ ʤʝʨʝ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 50 

ʜʦ 600 Áʉ. ɺ ʩʨʘʚʥʝʥʠʠ ʩ ʦʢʩʠʜʥʦʡ ʢʝʨʘʤʠʢʦʡ ʦʢʩʠʜʥʦ-ʢʘʨʙʠʜʥʘʷ ʠʤʝʝʪ ʙʦʣʝʝ 

ʚʳʩʦʢʫʶ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʚʳʰʝ, ʯʝʤ ʫ ʩʧʝʮʠʘʣʴʥʳʭ ʪʚʝʨʜʳʭ ʩʧʣʘʚʦʚ 

ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʠʜʘ ʪʠʪʘʥʘ. ʆʢʩʠʜʥʦ-ʢʘʨʙʠʜʥʘʷ ʈʂ ʣʫʯʰʝ ʦʢʩʠʜʥʦʡ ʢʝʨʘʤʠʢʠ 

ʩʦʧʨʦʪʠʚʣʷʶʪʩʷ ʨʝʟʢʠʤ ʠ ʯʘʩʪʳʤ ʠʟʤʝʥʝʥʠʷʤ ʪʝʤʧʝʨʘʪʫʨʳ [12, 98]. 

ɺʘʞʥʝʡʰʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʷʚʣʷʝʪʩʷ ʝʛʦ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ - ʤʝʨʘ ʩʧʦʩʦʙʥʦʩʪʠ ʚʝʱʝʩʪʚʘ ʧʨʦʚʦʜʠʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʡ 

ʪʦʢ [98].  
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ʇʨʦʚʝʜʸʥʥʳʝ ʨʘʥʝʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʤʝʥʥʳʝ ʤʥʦʛʦʛʨʘʥʥʳʝ 

ʧʣʘʩʪʠʥʳ ʠʟ ʈʂ ʦʙʣʘʜʘʶʪ ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʝʣʠʯʠʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ. ʋ ʈʂ, 

ʩʦʩʪʘʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ: ʦʢʩʠʜ ʘʣʶʤʠʥʠʷ, ʤʝʪʘʣʣʳ ʠʣʠ 

ʢʘʨʙʠʜʳ ʤʝʪʘʣʣʦʚ, ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʧʦʚʳʰʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʧʨʠʩʘʜʦʢ [98].  

ʅʠʞʥʷʷ ʛʨʘʥʠʮʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩʠʩʪʝʤʳ 

ɸl2ʆ3 - ʄʦ2ʉ ʣʝʞʠʪ ʫ ʩʦʩʪʘʚʘ ʩ 40é50 % ʧʦ ʤʘʩʩʝ ʢʘʨʙʠʜʘ ʤʦʣʠʙʜʝʥʘ [98].  

ʂʘʢ ʣʶʙʦʡ ʪʦʢʦʧʨʦʚʦʜʷʱʠʡ ʤʘʪʝʨʠʘʣ ʨʝʞʫʱʘʷ ʢʝʨʘʤʠʢʘ ʦʙʣʘʜʘʝʪ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʝʣʠʯʠʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ - ʬʠʟʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʩʚʦʡʩʪʚʘ ʧʨʦʚʦʜʥʠʢʘ ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʧʨʦʭʦʞʜʝʥʠʶ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʠ ʨʘʚʥʘʷ ʦʪʥʦʰʝʥʠʶ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʢʦʥʮʘʭ ʧʨʦʚʦʜʥʠʢʘ ʢ 

ʩʠʣʝ ʪʦʢʘ, ʧʨʦʪʝʢʘʶʱʝʛʦ ʧʦ ʥʝʤʫ.  

ʊʘʢʞʝ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠʦʙʨʝʪʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦ ʤʝʨʝ ʧʦʚʳʰʝʥʠʷ 

ʧʨʦʮʝʥʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʢʘʨʙʠʜʘ ʪʠʪʘʥʘ ʚ ʈʂ. ɸʣʴʬʘ ʠ ʛʘʤʤʘ ʛʣʠʥʦʟʝʤʳ 

ʷʚʣʷʶʪʩʷ ʜʠʘʤʘʛʥʠʪʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʧʦʵʪʦʤʫ ʠ ʦʢʩʠʜʥʦ-ʢʘʨʙʠʜʥʘʷ ʢʝʨʘʤʠʢʘ 

ʤʦʞʝʪ ʙʳʪʴ ʦʪʥʝʩʝʥʘ ʢ ʵʪʦʡ ʛʨʫʧʧʝ ʤʘʪʝʨʠʘʣʦʚ. ɺʦʜʘ ʠʣʠ ʦʭʣʘʞʜʝʥʥʘʷ ʞʠʜʢʦʩʪʴ 

ʥʝ ʦʢʘʟʳʚʘʶʪ ʚʨʝʜʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʈʂ. ʂʘʨʙʠʜʳ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, 

ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʦʢʩʠʜʥʦ-ʢʘʨʙʠʜʥʦʡ ʢʝʨʘʤʠʢʝ, ʷʚʣʷʶʪʩʷ ʩʪʦʡʢʠʤʠ ʧʨʦʪʠʚ 

ʙʦʣʴʰʠʥʩʪʚʘ ʩʣʘʙʳʭ ʢʠʩʣʦʪ ʠ ʱʝʣʦʯʝʡ.  

ʂʝʨʘʤʠʢʦ-ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʨʝʞʫʱʠʝ ʤʘʪʝʨʠʘʣʳ ʙʦʣʝʝ ʠʟʥʦʩʦʩʪʦʡʢʠ, ʯʝʤ 

ʪʚʝʨʜʳʝ ʩʧʣʘʚʳ ʧʨʠ ʪʨʝʥʠʠ, ʩʢʦʣʴʞʝʥʠʠ ʠ ʠʩʪʠʨʘʥʠʠ [17, 58, 88]. 

ʅʘ ʨʠʩʫʥʢʝ 2.6 ʧʨʠʚʝʜʝʥ ʬʨʘʛʤʝʥʪ ʬʦʪʦʛʨʘʬʠʠ ʩʪʨʫʢʪʫʨʳ ʩʧʝʮʠʘʣʴʥʦ 

ʧʦʜʛʦʪʦʚʣʝʥʥʦʡ ʧʣʘʩʪʠʥʳ ʦʢʩʠʜʥʦ-ʢʘʨʙʠʜʥʦʡ ʈʂ ʤʘʨʢʠ ɺʆʂ200 ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʚ 9000, ʧʦʣʫʯʝʥʥʳʡ ʧʨʠ ʧʦʤʦʱʠ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ [62, 98]. 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʥʝʧʨʦʪʨʘʚʣʝʥʥʦʛʦ ʰʣʠʬʘ ʦʢʩʠʜʥʦ-ʢʘʨʙʠʜʥʦʡ ʢʝʨʘʤʠʢʠ 

ʦʪʯʝʪʣʠʚʦ ʚʠʜʥʳ ʜʦʙʘʚʦʯʥʳʝ ʢʦʤʧʦʥʝʥʪʳ (ʤʝʪʘʣʣ ʠʣʠ ʢʘʨʙʠʜ) ʚ ʚʠʜʝ ʩʚʝʪʣʦʡ 

ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʠ ʚ ʪʝʤʥʦʡ ʦʩʥʦʚʥʦʡ ʦʢʩʠʜʥʦʡ ʤʘʩʩʝ. ʆʪʩʶʜʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʦʙʲʝʤʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʜʦʙʘʚʦʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʦ 

ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʦ ʨʘʟʤʝʨʘʭ ʠ ʬʦʨʤʝ ʟʝʨʝʥ [96, 98]. 
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ʈʠʩʫʥʦʢ 2.6 - ʉʪʨʫʢʪʫʨʘ ʦʢʩʠʜʥʦ-ʢʘʨʙʠʜʥʦʡ ʢʝʨʘʤʠʢʠ 

 ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚ 9000 ʨʘʟ 

 

ɺʳʩʦʢʘʷ ʤʝʣʢʦʟʝʨʥʠʩʪʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʢʝʨʘʤʠʢʦ-ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʢʘʢ ʫ ʤʘʪʝʨʠʘʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʘʨʙʠʜʦʚ, ʪʘʢ ʠ 

ʫ ʤʘʪʝʨʠʘʣʦʚ ʩ ʤʘʣʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʢʘʨʙʠʜʦʚ [98]. 

ɺʷʟʢʦʩʪʴ ʈʂ ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʠʟʣʦʤʫ - ʝʩʣʠ ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ ʨʘʢʦʚʠʥ, ʪʦ ʵʪʦ 

ʧʨʠʟʥʘʢ ʩʨʘʚʥʠʪʝʣʴʥʦ ʭʦʨʦʰʝʡ ʚʷʟʢʦʩʪʠ; ʝʩʣʠ ʞʝ ʥʘʦʙʦʨʦʪ, ʧʦʚʝʨʭʥʦʩʪʴ ʠʟʣʦʤʘ 

ʩʦʚʝʨʰʝʥʥʦ ʛʣʘʜʢʘʷ, ʪʦ ʵʪʦ ʧʨʠʟʥʘʢ ʩʣʠʰʢʦʤ ʚʳʩʦʢʦʡ ʭʨʫʧʢʦʩʪʠ [98]. 

ʈʘʟʥʠʮʘ ʚ ʟʥʘʯʝʥʠʷʭ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʦʩʥʦʚʥʦʡ ʦʢʩʠʜʥʦʡ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʠ 

(ɸl2ʆ3) ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʟʥʘʯʠʪʝʣʴʥʘ ʪʘʤ, ʛʜʝ ʦʢʠʩʴ ʘʣʶʤʠʥʠʷ 

ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʪʚʝʨʜʦʡ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ [98]. 

ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʧʦ ɺʠʢʢʝʨʩʫ ʦʩʥʦʚʥʦʡ ʯʘʩʪʠ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 2350 ʜʦ 2950, 

ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ - 1700...2080 ʢʛʩ/ʤʤĮ [98]. 

ʀʟʫʯʝʥʠʝ ʧʣʘʩʪʠʥ ɺʆʂ200 ʧʨʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʤ ʘʥʘʣʠʟʝ ʧʦʢʘʟʘʣʦ [98], 

ʯʪʦ ʦʩʥʦʚʥʦʡ ʬʘʟʦʡ ʚ ʥʠʭ ʷʚʣʷʝʪʩʷ ʦʢʠʩʴ ʘʣʶʤʠʥʠʷ Ŭ - ɸl2ʆ3, ʘ ʚʪʦʨʦʡ ʬʘʟʦʡ - 

ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʠʜʘ ʪʠʪʘʥʘ ʩ ʧʝʨʠʦʜʦʤ ʨʝʰʝʪʢʠ, ʘ = 4,3066 ¡ ʠ ʘ = 

4,31 ¡, ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʜʪʚʝʨʜʠʣʦ ʥʘʣʠʯʠʝ ʜʚʫʭʬʘʟʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʘ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʬʘʟʳ Ŭ - ɸl2ʆ3 (ʩ ʦʩʥʦʚʥʦʡ ʤʘʩʩʦʡ ʟʝʨʝʥ 

5é10 ʤʢʤ) ʠ ʙʣʝʩʪʷʱʠʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʨʦʞʠʣʦʢ ʜʨʫʛʦʡ ʬʘʟʳ, ʥʝ ʦʙʨʘʟʫʶʱʠʭ 

ʩʧʣʦʰʥʦʡ ʩʝʪʢʠ [17, 98]. 



58 

ɺ ʨʘʙʦʪʘʭ [58,98] ʥʘ ʦʩʥʦʚʘʥʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʠʟʚʝʜʝʥ ʨʘʩʯʝʪ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʢʘʨʙʠʜʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʠ ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʨʦʜʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʩʥʦʚʥʘʷ ʬʘʟʘ Ŭ - ɸl2ʆ3 ʩʦʩʪʘʚʣʷʝʪ 75 % 

ʤʘʩʩʳ, ʚʪʦʨʘʷ ʬʘʟʘ - ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ (ʊi, W, ʄʦ) ʉ ï 25 %. ʊʚʝʨʜʳʡ ʨʘʩʪʚʦʨ 

ʧʦʣʫʯʝʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1700é1800 ÁC ʠ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʩʦʩʪʘʚ (% ʤʦʣ) - ʊiʉ 

ï 53, Wʉ ï 6, ʄʦ2ʉ - 41. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠ ʧʦʤʦʱʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ 

ʤʘʨʢʠ ʕʄ-125 ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʨʝʞʫʱʝʡ ʢʝʨʘʤʠʢʠ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ 50000 ʨʘʟ. ʅʘ ʨʠʩʫʥʢʝ 2.7 

ʧʨʠʚʝʜʝʥʘ ʬʦʪʦʛʨʘʬʠʷ ʩʪʨʫʢʪʫʨʳ ʈʂ ʤʘʨʢʠ ɺʆʂ6ɿ, ʥʘ ʢʦʪʦʨʦʡ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ 

ʧʦʨʳ ʨʘʟʣʠʯʥʦʡ ʚʝʣʠʯʠʥʳ ʠ ʟʝʨʥʘ ʢʘʨʙʠʜʦʚ, ʠʤʝʶʱʠʝ ʩʣʦʞʥʫʶ ʛʨʘʥʠʯʥʫʶ 

ʢʦʥʬʠʛʫʨʘʮʠʶ [58, 98]. 

 

ʈʠʩʫʥʦʢ 2.7 - ʇʦʨʳ ʨʝʞʫʱʝʡ ʢʝʨʘʤʠʢʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚ 50000 ʨʘʟ 

2.4 ʉʧʦʩʦʙʳ ʦʧʨʝʜʝʣʝʥʠʷ ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʢʩʠʜʥʦ-

ʢʘʨʙʠʜʥʦʡ ʨʝʞʫʱʝʡ ʢʝʨʘʤʠʢʠ 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʠʟʫʯʝʥʠʷ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʢʩʠʜʥʦ-ʢʘʨʙʠʜʥʳʭ ʨʝʞʫʱʠʭ ʧʣʘʩʪʠʥ ʦʙʫʩʣʦʚʣʝʥʘ ʧʦʪʨʝʙʥʦʩʪʴʶ 

ʩʦʟʜʘʥʠʷ ʧʨʠʢʣʘʜʥʦʛʦ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʩʚʦʡʩʪʚ ʨʝʞʫʱʠʭ ʧʣʘʩʪʠʥ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʤʝʪʘʣʣʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ.  
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ʈʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʘʨʙʠʜʥʳʭ ʟʝʨʝʥ (ʊi, W, ʄʦ )ʉ ʚ ʦʢʩʠʜʝ 

ʘʣʶʤʠʥʠʷ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦ ʥʘʣʠʯʠʠ ʩʚʷʟʫʶʱʝʡ ʢʦʥʛʣʦʤʝʨʘʮʠʠ ʚ ʦʙʲʝʤʝ, 

ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʚ ʩʣʝʜʫʶʱʝʤ ʠʟʦʙʨʘʞʝʥʠʠ [58, 98]. 

ʀʩʧʦʣʴʟʫʷ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʠʟʤʝʨʝʥʠʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʈʂ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʣʝʢʪʨʠʯʝʩʢʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʤʝʝʪ ʧʨʷʤʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ [58]. 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʢʦʥʪʘʢʪ ʧʦ ʢʘʨʙʠʜʥʳʤ ʟʝʨʥʘʤ ʩ ʦʙʝʠʭ ʩʪʦʨʦʥ ʠʩʩʣʝʜʫʝʤʦʡ 

ʢʝʨʘʤʠʯʝʩʢʦʡ ʉʄʇ (ʨʠʩʫʥʦʢ 2.8; ɸ ï ɺ, ɸ ï ʉ ʠʣʠ ɺ ï ʉ) ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʦʧʨʝʜʝʣʝʥʥʫʶ ʚʝʣʠʯʠʥʫ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʘ ʧʨʠ ʧʦʧʘʜʘʥʠʠ ʦʜʥʦʛʦ 

ʢʦʥʪʘʢʪʘ ʥʘ ʟʝʨʥʦ, ʘ ʜʨʫʛʦʛʦ - ʥʘ ʩʚʷʟʫʶʱʫʶ ʬʘʟʫ ɸl2ʆ3 (ɸ ï D, ɺ ï D ʠʣʠ ʉ ï D) - 

ʦʪʩʫʪʩʪʚʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ [58, 98]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʦʙʲʸʤʥʦʛʦ 

ʢʦʥʪʘʢʪʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʤʝʨʷʝʤʦʛʦ ʦʙʨʘʟʮʘ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʚʳʨʘʟʠʪʴ ʠʟ 

ʧʦʣʫʯʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʘʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʙʲʝʤʥʫʶ ʠʥʪʝʛʨʘʣʴʥʫʶ 

ʚʝʣʠʯʠʥʫ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʈʂ. 

 

ʈʠʩʫʥʦʢ 2.8 ï ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʮʝʧʠ ʧʨʦʪʝʢʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʯʝʨʝʟ ʢʘʨʙʠʜʥʳʝ 

ʚʢʣʶʯʝʥʠʷ: 1 - ʢʘʨʙʠʜʥʳʝ ʟʝʨʥʘ; 2 - ʩʚʷʟʫʶʱʘʷ ʬʘʟʘ, 3 ï ʦʤʤʝʪʨ; ɸ, ɺ, ʉ ʠ D ï ʤʝʩʪʘ ʢʦʥʪʘʢʪʦʚ 

ʧʨʠʙʦʨʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʝʨʘʤʠʯʝʩʢʦʡ ʉʄʇ 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ [88] ʧʦʢʘʟʘʣʠ ʥʘʣʠʯʠʝ ʩʚʷʟʠ ʚʝʣʠʯʠʥʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʦ ʩʪʨʫʢʪʫʨʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʦʢʩʠʜʥʦ-ʢʘʨʙʠʜʥʦʡ ʈʂ. ɹʳʣʘ 

ʧʦʣʫʯʝʥʘ ʠʥʬʦʨʤʘʮʠʷ, ʯʪʦ ʦʙʨʘʟʮʳ, ʦʙʣʘʜʘʶʱʠʝ ʫʜʝʣʴʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ 
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ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʙʣʠʟʢʠʤ ʢ R = 100 Ā10
-4 ʆʤĀʤ, ʠʤʝʶʪ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʳʝ 

ʩʪʨʫʢʪʫʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʯʠʤʠ. ʋ ʥʠʭ ʤʝʥʴʰʠʡ ʩʨʝʜʥʠʡ 

ʜʠʘʤʝʪʨ ʢʘʨʙʠʜʥʳʭ ʟʸʨʝʥ (ɼʩʨ), ʥʘʠʙʦʣʴʰʘʷ ʜʣʠʥʘ ʛʨʘʥʠʯʥʦʡ ʣʠʥʠʠ ʢʘʨʙʠʜʥʳʭ 

ʟʸʨʝʥ (ʉ) ʠ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʘʤʠʭ ʢʘʨʙʠʜʥʳʭ ʟʸʨʝʥ (ʅ), ʠ ʧʨʠ ʵʪʦʤ ʤʘʣʳʡ 

ʧʨʦʮʝʥʪ ʧʦʨʠʩʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ (ʇ).  

ʇʨʦʚʝʜʸʥʥʳʝ ʚ ʨʘʙʦʪʝ [58, 98] ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʙʨʘʟʮʘʤ 

ʧʣʘʩʪʠʥ ʠʟ ʈʂ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʳʤ ʫʜʝʣʴʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ (R = 10 Ā10
-4

 ʆʤĀʤ), ʧʨʠʩʫʱʠ ʙʦʣʴʰʦʡ ʜʠʘʤʝʪʨ ʟʝʨʝʥ ʢʘʨʙʠʜʦʚ 

ʤʝʪʘʣʣʦʚ 2,2 ʤʢʤ, ʙʦʣʴʰʦʡ ʧʨʦʮʝʥʪ ʧʦʨʠʩʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ (ʇ = 14 %), ʤʘʣʦʝ 

ʟʥʘʯʝʥʠʝ ʩʫʤʤʘʨʥʦʡ ʣʠʥʠʠ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʛʨʘʥʠʮ ʟʝʨʝʥ ʢʘʨʙʠʜʦʚ (ʉ = 2,76 1/ʤʤĮ 

Ŀ 100), ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʟʝʨʝʥ (ʅ = 21,5) [58, 98].  

ʆʙʨʘʟʮʳ ʧʣʘʩʪʠʥ ʦʢʩʠʜʥʦ-ʢʘʨʙʠʜʥʦʡ ʈʂ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʠʤ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ (R = 100 Ā10
-4
 ʆʤĀʤ) ʦʙʣʘʜʘʶʪ ʤʝʥʴʰʠʤ 

ʜʠʘʤʝʪʨʦʤ ʟʝʨʝʥ ʢʘʨʙʠʜʦʚ 1,5 ʤʢʤ, ʤʘʣʳʤ ʧʨʦʮʝʥʪʦʤ ʧʦʨʠʩʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ (ʇ 

= 8 %), ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʢʘʨʙʠʜʥʳʭ ʟʝʨʝʥ (ʅ = 46,7) ʠ ʙʦʣʴʰʠʤ ʟʥʘʯʝʥʠʝʤ 

ʩʫʤʤʘʨʥʦʡ ʣʠʥʠʠ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʛʨʘʥʠʮ ʟʝʨʝʥ ʢʘʨʙʠʜʦʚ (ʉ = 5,186 1/ʤʤĮ Ŀ 100) 

[58, 98]. 

ʂʦʣʠʯʝʩʪʚʦ ʟʝʨʝʥ ʢʘʨʙʠʜʦʚ ʫ ʦʪʦʙʨʘʥʥʳʭ ʧʣʘʩʪʠʥ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ (2.1) [98]: 

ʅ = ʇ + 0,5ʈ ï 1, (2.1) 

ʛʜʝ ʇ - ʢʦʣʠʯʝʩʪʚʦ ʟʝʨʝʥ, ʥʝ ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʩ ʦʛʨʘʥʠʯʠʚʘʶʱʠʤ 

ʢʚʘʜʨʘʪʦʤ ʧʣʦʱʘʜʴʶ  

S = 625 ʤʢʤ;  

ʈ - ʟʝʨʥʘ, ʧʝʨʝʩʝʢʘʶʱʠʝʩʷ ʩ ʦʛʨʘʥʠʯʠʚʘʶʱʠʤ ʢʚʘʜʨʘʪʦʤ (ʨʠʩʫʥʦʢ 2.9). 

ʉʫʤʤʘʨʥʘʷ ʣʠʥʠʷ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʛʨʘʥʠʮ ʢʘʨʙʠʜʥʳʭ ʟʝʨʝʥ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ (2.2) [98]: 

ɸ

ʄ
ʉ 35,0= , 1/ʤʤĮ, 

(2.2) 

ʛʜʝ ʄ - ʯʠʩʣʦ ʧʝʨʝʩʝʯʝʥʠʡ ʛʨʘʥʠʮ ʟʝʨʝʥ ʩʦ ʩʪʦʨʦʥʦʡ ʢʚʘʜʨʘʪʘ ɸ. 

ʉʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʢʘʨʙʠʜʥʳʭ ʟʝʨʝʥ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (2.3) [98]: 
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ä= YXʉʈ DD ,
, (2.3) 

ʛʜʝ Dʩʨ - ʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʟʝʨʝʥ ʧʦ ʦʩʠ ʍ ʠ Y. 

ʀʟʤʝʨʝʥʠʷ ʚʝʣʠʯʠʥ ʅ, ʉ ʠ ʧʨʦʚʦʜʷʪʩʷ ʧʦ ʚʩʝʡ ʧʣʦʱʘʜʠ ʧʝʨʝʜʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ, ʚ ʠʪʦʛʝ ʚʳʧʦʣʥʷʶʪʩʷ ʧʦ 200é400 ʟʘʤʝʨʦʚ ʧʦ ʢʘʞʜʦʡ 

ʪʘʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ [98].  

 

ʈʠʩʫʥʦʢ 2.9 - ʉʭʝʤʘ ʨʘʩʯʸʪʘ ʢʦʣʠʯʝʩʪʚʘ ʠ ʨʘʟʤʝʨʘ ʢʘʨʙʠʜʥʳʭ  

ʚʢʣʶʯʝʥʠʡ ʚ ʨʝʞʫʱʝʡ ʢʝʨʘʤʠʢʝ 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ ʠ ʚʳʯʠʩʣʝʥʠʡ ʫʜʘʣʦʩʴ ʚʳʨʘʟʠʪʴ 

ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ R = f(ʅ, ʉ, Dʩʨ) ʫʨʘʚʥʝʥʠʝʤ (2.4) [98]: 

,9,542
029,314.1

35,2

CPDC

H
R

Ö
= Ā10

-4 ʆʤĀʤ (2.4) 

ʆʙʦʙʱʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʠʣʠ ʧʦʣʫʯʠʪʴ ʪʘʢʞʝ ʦʜʥʦʬʘʢʪʦʨʥʳʝ 

ʛʨʘʬʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ: 

- R = f(ʅ) ʧʨʠ ʉ ʠ ɼʩʨ, ʨʘʚʥʳʝ ʧʦʩʪʦʷʥʥʦʡ ʚʝʣʠʯʠʥʝ; 

- R = f(ʉ) ʧʨʠ ʅ ʠ ʉ, ʨʘʚʥʳʝ ʧʦʩʪʦʷʥʥʦʡ ʚʝʣʠʯʠʥʝ; 

- R = f(ɼʩʨ) ʧʨʠ ʅ ʠ ʉ, ʨʘʚʥʳʝ ʧʦʩʪʦʷʥʥʦʡ ʚʝʣʠʯʠʥʝ [98]. 
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ɻʨʘʬʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ R = f (ʅ, ʉ, ɼʩʨ) ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.10 

[98]. 

 

ʈʠʩʫʥʦʢ 2.10 - ɻʨʘʬʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʝʞʫʱʠʭ 

ʧʣʘʩʪʠʥ - R ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʢʘʨʙʠʜʥʳʭ ʟʸʨʝʥ ï ʅ, ʦʪ ʩʫʤʤʘʨʥʦʡ ʣʠʥʠʠ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʛʨʘʥʠʮ 

ʢʘʨʙʠʜʥʳʭ ʟʝʨʝʥ ï ʉ ʠ ʦʪ ʩʨʝʜʥʝʛʦ ʜʠʘʤʝʪʨʘ ʢʘʨʙʠʜʥʳʭ ʟʸʨʝʥ - ɼʩʨ 

 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʢʝʨʘʤʠʯʝʩʢʠʭ 

ʉʄʇ ʦʜʥʦʡ ʤʘʨʢʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ 

ʩʦʚʨʝʤʝʥʥʦʤ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʤ ʤʠʢʨʦʩʢʦʧʝ, ʧʦʟʚʦʣʷʶʱʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʦʧʨʝʜʝʣʠʪʴ ʧʘʨʘʤʝʪʨʳ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʨʝʞʫʱʝʡ ʢʝʨʘʤʠʢʠ, ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ 

ʙʳʣʠ ʧʦʜʪʚʝʨʞʜʝʥʳ [98, 108]. 

ʅʘ ʨʠʩʫʥʢʝ 2.11 ʧʦʢʘʟʘʥʘ ʬʦʪʦʛʨʘʬʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ (ʫʚʝʣʠʯʝʥʠʝ ʚ 500 

ʨʘʟ) ʨʝʞʫʱʝʡ ʢʝʨʘʤʠʢʠ ʤʘʨʢʠ ɺʆʂ200 ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ R = 12 

Ā10
-4

 ʆʤĀʤ ʠ ʬʦʪʦʛʨʘʬʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ (ʫʚʝʣʠʯʝʥʠʝ ʚ 500 ʨʘʟ) ʨʝʞʫʱʝʡ 

ʢʝʨʘʤʠʢʠ ʤʘʨʢʠ ɺʆʂ63 ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ R = 98 Ā10
-4
 ʆʤĀʤ, 

ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʤʠʢʨʦʩʢʦʧʝ[98]. ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʦʩʣʝ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʬʦʪʦʛʨʘʬʠʡ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʝʡ 

ʚʝʣʠʯʠʥʳ ʨʘʟʤʝʨʦʚ ʟʝʨʝʥ ʢʘʨʙʠʜʦʚ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʭ ʚ ʦʩʥʦʚʥʦʡ ʬʘʟʝ 

ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʨʘʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 5é7 % [98]. 
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ʘ) ʙ) 

ʈʠʩʫʥʦʢ 2.11 - ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʢʩʠʜʥʦ-ʢʘʨʙʠʜʥʦʡ ʢʝʨʘʤʠʢʠ ʤʘʨʢʠ ɺʆʂ200  

ʩ ʨʘʟʣʠʯʥʳʤ ʫʜʝʣʴʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ (Ā10
-4

  ʆʤĀʤ): ʘ ï 

ʫʜʝʣʴʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʣʘʩʪʠʥʳ R = 12; ʙ ï ʫʜʝʣʴʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʣʘʩʪʠʥʳ R = 98  

 

ɺ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʦʚ ʨʝʟʘʥʠʝʤ ʦʜʥʠʤʠ ʠʟ ʩʘʤʳʭ ʚʘʞʥʳʭ 

ʬʘʢʪʦʨʦʚ ʷʚʣʷʶʪʩʷ ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʨʝʞʫʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʠʥʩʪʨʫʤʝʥʪʘ, 

ʧʦʵʪʦʤʫ ʨʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʜʣʷ ʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʳʭ ʨʝʞʠʤʦʚ ʦʙʨʘʙʦʪʢʠ ʧʣʘʩʪʠʥʳ ʈʂ ʩ ʚʝʣʠʯʠʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʙʣʠʟʢʦʡ ʢ 100 Ā10
-4
 ʆʤĀʤ [98, 105]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʦʪ ʫʜʝʣʴʥʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʨʘʥʝʝ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ [98], ʥʝ 

ʩʫʱʝʩʪʚʦʚʘʣʦ ʧʨʠʢʣʘʜʥʦʛʦ ʤʝʪʦʜʘ ʠʟʤʝʨʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʝʞʫʱʠʭ ʧʣʘʩʪʠʥ 

[113]. ɺ ʭʦʜʝ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʠʟʫʯʝʥʳ ʠ ʦʧʨʦʙʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ 

ʤʝʪʦʜʳ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ [46, 80, 99]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʠʩʢʘ ʙʳʣʠ ʦʪʦʙʨʘʥʳ 2 ʥʘʠʙʦʣʝʝ 

ʜʦʩʪʦʚʝʨʥʳʭ ʠ ʫʜʦʙʥʳʭ ʤʝʪʦʜʘ, ʘ ʠʤʝʥʥʦ:  

- ʂʦʥʪʘʢʪʥʳʡ ʤʝʪʦʜ (ʨʠʩʫʥʦʢ 2.12), ʧʨʠ ʢʦʪʦʨʦʤ ʦʙʲʸʤʥʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ 

ʢʦʥʪʘʢʪ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʞʠʜʢʦʪʝʢʫʯʝʛʦ ʪʦʢʦʧʨʦʚʦʜʷʱʝʛʦ ʤʘʪʝʨʠʘʣʘ. 

ɺ ʭʦʜʝ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʠ ʟʘʧʘʪʝʥʪʦʚʘʥʦ (ʧʘʪʝʥʪ 

RU 2729169) ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ [76]; 
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ʈʠʩʫʥʦʢ 2.12 ï ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʢʦʥʪʘʢʪʥʦʛʦ ʤʝʪʦʜʘ ʠʟʤʝʨʝʥʠʷ ʫʜʝʣʴʥʦʛʦ  

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʝʞʫʱʠʭ ʧʣʘʩʪʠʥ 

 

- ʄʝʪʦʜ ʚʠʭʨʝʚʳʭ ʪʦʢʦʚ (ʨʠʩʫʥʦʢ 2.13). ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʜʘʥʥʳʤ 

ʤʝʪʦʜʦʤ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʩʪʘʥʜʘʨʪʥʳʡ ʚʠʭʨʝʪʦʢʦʚʳʡ ʠʟʤʝʨʠʪʝʣʴ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʂʦʥʩʪʘʥʪʘ ʂ-6 ʠ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ 

ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʨʝʞʫʱʝʡ ʧʣʘʩʪʠʥʳ ʥʘ ʜʘʪʯʠʢʝ ʧʨʠʙʦʨʘ. 

 

ʈʠʩʫʥʦʢ 2.13 ï ɺʠʭʨʝʪʦʢʦʚʳʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ 

ʙʘʟʝ ʚʠʭʨʝʪʦʢʦʚʦʛʦ ʠʟʤʝʨʠʪʝʣʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʂʦʥʩʪʘʥʪʘ ʂ-6 

 

 ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʚ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʦʢʩʠʜʥʦ-ʢʘʨʙʠʜʥʳʝ ʨʝʞʫʱʠʝ ʧʣʘʩʪʠʥʳ ʜʣʷ ʦʩʥʘʱʝʥʠʷ ʤʥʦʛʦʣʝʟʚʠʡʥʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ, ʥʝ ʫʜʝʣʷʶʪ ʜʦʣʞʥʦʛʦ ʚʥʠʤʘʥʠʷ ʨʘʟʣʠʯʠʷʤ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʤʫ ʠ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʤʫ ʠʟʥʦʩʫ ʚʩʝʭ 

ʨʝʞʫʱʠʭ ʧʣʘʩʪʠʥ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʠʥʩʪʨʫʤʝʥʪ, ʚ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʢʘʞʜʦʡ ʧʣʘʩʪʠʥʳ. ʇʨʠʯʠʥʦʡ ʵʪʦʤʫ ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ 

ʥʘʛʨʫʟʢʠ ʥʘ ʨʝʞʫʱʫʶ ʢʨʦʤʢʫ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠ ʠʟʥʦʩʝ ʩʪʦʷʱʝʡ ʧʝʨʝʜ ʥʝʡ ʤʝʥʝʝ 
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ʧʨʦʯʥʦʡ ʧʣʘʩʪʠʥʳ. ʉʦ ʚʨʝʤʝʥʝʤ ʚʳʭʦʜʷʪ ʠʟ ʩʪʨʦʷ ʠ ʩʦʩʝʜʥʠʝ ʨʝʞʫʱʠʝ ʧʣʘʩʪʠʥʳ. 

ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʦʩʪʘʚʰʠʝʩʷ ʟʫʙʴʷ ʬʨʝʟʳ ʚʳʥʫʞʜʝʥʳ ʩʥʠʤʘʪʴ ʧʨʠʧʫʩʢ 

ʤʘʪʝʨʠʘʣʘ, ʨʘʩʩʯʠʪʘʥʥʳʡ ʥʘ ʠʩʭʦʜʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʟʫʙʴʝʚ ʠʥʩʪʨʫʤʝʥʪʘ [2, 11, 77, 

104].  

ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ ʪʘʢʞʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʘʤʧʣʠʪʫʜʳ 

ʘʚʪʦʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʯʪʦ ʪʘʢʞʝ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʨʝʩʫʨʩʝ 

ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. ʂʘʯʝʩʪʚʦ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʚʳʭʦʜʝ ʠʟ 

ʩʪʨʦʷ ʜʘʞʝ ʦʜʥʦʡ ʨʝʞʫʱʝʡ ʧʣʘʩʪʠʥʳ ʨʝʟʢʦ ʫʭʫʜʰʘʝʪʩʷ ʠ ʧʨʦʜʦʣʞʘʝʪ 

ʩʪʨʝʤʠʪʝʣʴʥʦ ʫʭʫʜʰʘʪʴʩʷ ʜʦ ʦʢʦʥʯʘʥʠʷ ʦʧʝʨʘʮʠʠ [32, 33, 54, 56, 57].  

ʀʟʦʙʨʘʞʝʥʠʝ ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ ʩʭʝʤʳ ʢʦʤʧʦʥʦʚʢʠ (ʩʤʝʰʘʥʥʘʷ ʢʦʤʧʦʥʦʚʢʘ) 

ʪʦʨʮʝʚʦʡ ʬʨʝʟʳ ʦʢʩʠʜʥʦ-ʢʘʨʙʠʜʥʳʤʠ ʨʝʞʫʱʠʤʠ ʧʣʘʩʪʠʥʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 2.14, ʘ, ʛʜʝ R1éR6 ï ʧʣʘʩʪʠʥʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʫʜʝʣʴʥʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʘʟʣʠʯʥʳʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ.  

 

ʘ) ʙ) ʚ) 

ʈʠʩʫʥʦʢ 2.14 ï ʂʦʤʧʦʥʦʚʢʠ ʪʦʨʮʦʚʳʭ ʬʨʝʟ ʦʢʩʠʜʥʦ-ʢʘʨʙʠʜʥʳʤʠ ʨʝʞʫʱʠʤʠ ʧʣʘʩʪʠʥʘʤʠ ʩ 

ʨʘʟʣʠʯʥʳʤ ʫʜʝʣʴʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ (Ā10
-4

  ʆʤĀʤ):  

ʘ ï ʩʤʝʰʘʥʥʘʷ ʢʦʤʧʦʥʦʚʢʘ, ʙ ï ʦʜʥʦʨʦʜʥʘʷ (SLM) ʥʠʟʢʦʦʤʥʘʷ ʢʦʤʧʦʥʦʚʢʘ,  

ʚ ï ʦʜʥʦʨʦʜʥʘʷ (SLM) ʚʳʩʦʢʦʦʤʥʘʷ ʢʦʤʧʦʥʦʚʢʘ 

 

ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʪʦʡʢʦʩʪʠ ʪʘʢʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʛʦ ʨʝʩʫʨʩʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʩʥʘʱʘʪʴ 

ʬʨʝʟʳ ʨʝʞʫʱʠʤʠ ʧʣʘʩʪʠʥʘʤʠ ʩ ʤʘʢʩʠʤʘʣʴʥʦ ʦʜʥʦʨʦʜʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ (ʨʠʩʫʥʦʢ 

2.14, ʙ, ʚ).  ʈʝʩʫʨʩ ʪʘʢʠʭ ʧʣʘʩʪʠʥ ʙʫʜʝʪ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚ, ʯʪʦ ʦʙʝʩʧʝʯʠʪ 



66 

ʜʣʠʪʝʣʴʥʫʶ ʩʪʘʙʠʣʴʥʫʶ ʠ ʧʨʦʛʥʦʟʠʨʫʝʤʫʶ ʨʘʙʦʪʫ ʠʥʩʪʨʫʤʝʥʪʘ [58, 61, 111]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʭʦʜʝ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ 

ʩʝʣʝʢʪʠʚʥʦʛʦ ʦʩʥʘʱʝʥʠʷ (SLM ï Selective Layout Method) ʤʥʦʛʦʣʝʟʚʠʡʥʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ, ʚ ʢʦʪʦʨʦʡ ʬʨʝʟʘ ʦʩʥʘʱʘʝʪʩʷ ʧʣʘʩʪʠʥʘʤʠ ʩʦ ʩʭʦʜʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦ 

ʦʜʥʦʨʦʜʥʳʝ ʩʚʦʡʩʪʚʘ ʨʝʞʫʱʠʭ ʟʫʙʴʝʚ ʠʥʩʪʨʫʤʝʥʪʘ, ʠ ʨʘʟʨʘʙʦʪʘʥʦ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ 

ʧʨʠʢʣʘʜʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ ʦʜʥʦʨʦʜʥʦʩʪʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʈʂ. 

2.5 ɺʳʚʦʜʳ ʧʦ ʚʪʦʨʦʡ ʛʣʘʚʝ 

ʇʨʦʚʝʜʸʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʫʯʝʥʠʶ ʈʂ, ʦʩʦʙʝʥʥʦʩʪʝʡ ʝʸ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʧʨʝʜʝʣʠʣʠ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ ʠ ʨʝʟʫʣʴʪʘʪʳ: 

- ʜʣʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, ʚ ʢʦʪʦʨʳʭ ʥʘ ʠʥʩʪʨʫʤʝʥʪ ʜʝʡʩʪʚʫʶʪ 

ʫʜʘʨʥʳʝ ʥʘʛʨʫʟʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʬʨʝʟʝʨʦʚʘʥʠʷ, ʧʦʜʭʦʜʷʪ ʢʦʤʧʦʟʠʮʠʠ ʈʂ ʥʘ 

ʦʩʥʦʚʝ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ (AL2O3) ʠ ʢʘʨʙʠʜʦʚ ʪʠʪʘʥʘ ʚʦʣʴʬʨʘʤʘ ʠ ʤʦʣʠʙʜʝʥʘ (TiC, 

WC, MoC); 

- ʩʪʨʫʢʪʫʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʦʢʩʠʜʥʦ-ʢʘʨʙʠʜʥʦʡ ʢʝʨʘʤʠʢʠ ʦʜʥʦʡ ʤʘʨʢʠ, 

ʦʧʨʝʜʝʣʷʝʤʳʝ ʢʦʣʠʯʝʩʪʚʦʤ ʢʘʨʙʠʜʥʳʭ ʟʝʨʝʥ, ʩʫʤʤʘʨʥʦʡ ʣʠʥʠʝʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ 

ʛʨʘʥʠʮ ʢʘʨʙʠʜʥʳʭ ʟʝʨʝʥ ʠ ʧʦʨʠʩʪʦʩʪʴʶ ʤʘʪʝʨʠʘʣʘ, ʤʦʛʫʪ ʨʘʟʣʠʯʘʪʴʩʷ ʙʦʣʝʝ ʯʝʤ ʚ 

2 ʨʘʟʘ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʩʣʦʞʥʦʩʪʴʶ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʚʝʨʭʪʚʸʨʜʳʭ ʩʧʝʢʘʝʤʳʭ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ; 

- ʦʢʩʠʜʥʦ-ʢʘʨʙʠʜʥʳʝ ʨʝʞʫʱʠʝ ʧʣʘʩʪʠʥʳ, ʦʙʣʘʜʘʶʱʠʝ ʤʝʣʢʦʟʝʨʥʠʩʪʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʦʪʣʠʯʘʶʪʩʷ ʣʫʯʰʝʡ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴʶ ʠ ʩʪʦʡʢʦʩʪʴʶ ʢ 

ʠʟʥʘʰʠʚʘʥʠʶ (ʥʘ 30-50 % ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʤʠ ʦʙʨʘʟʮʘʤʠ), ʯʪʦ 

ʪʨʝʙʫʝʪ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʘʞʜʦʡ ʦʪʜʝʣʴʥʦʡ ʨʝʞʫʱʝʡ 

ʧʣʘʩʪʠʥʳ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʝʨʠʦʜʘ ʩʪʦʡʢʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘ;  

- ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʈʂ ʠ ʜʨʫʛʠʭ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʪʦʢʦʧʨʦʚʦʜʷʱʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʨʘʟʨʘʙʦʪʘʥʦ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʧʨʠʢʣʘʜʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʢʝʨʘʤʠʯʝʩʢʠʭ ʨʝʞʫʱʠʭ ʧʣʘʩʪʠʥ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʥʘʯʘʣʦʤ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ (ʧʘʪʝʥʪ ˉ2729169); 
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- ʫʯʠʪʳʚʘʷ ʩʫʱʝʩʪʚʫʶʱʠʡ ʦʧʳʪ ʨʘʟʜʝʣʝʥʠʷ ʢʝʨʘʤʠʯʝʩʢʠʭ ʨʝʞʫʱʠʭ 

ʧʣʘʩʪʠʥ ʥʘ ʛʨʫʧʧʳ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʪʦʡʢʦʩʪʠ ʧʨʠ ʪʦʢʘʨʥʦʡ ʦʙʨʘʙʦʪʢʝ 

ʩʪʘʣʝʡ, ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʩʝʣʝʢʪʠʚʥʦʛʦ ʦʩʥʘʱʝʥʠʷ ʤʥʦʛʦʣʝʟʚʠʡʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ 

(SLM) ʦʢʩʠʜʥʦ-ʢʘʨʙʠʜʥʳʤʠ ʨʝʞʫʱʠʤʠ ʧʣʘʩʪʠʥʘʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʜʥʦʨʦʜʥʳʭ 

ʢʦʤʧʦʥʦʚʦʢ ʧʦ ʩʪʨʫʢʪʫʨʥʳʤ ʧʘʨʘʤʝʪʨʘʤ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʤʘʢʩʠʤʘʣʴʥʦ ʵʬʬʝʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʞʜʫʶ ʦʪʜʝʣʴʥʫʶ ʨʝʞʫʱʫʶ ʧʣʘʩʪʠʥʫ; 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʷʶʪ ʩʣʝʜʫʶʱʠʝ ʜʘʣʴʥʝʡʰʠʝ ʟʘʜʘʯʠ: 

- ʧʨʦʠʟʚʝʩʪʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʚʝʜʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʬʨʝʟʝʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʣʝʢʪʠʚʥʦʛʦ ʤʝʪʦʜʘ 

ʦʩʥʘʱʝʥʠʷ ʤʥʦʛʦʣʝʟʚʠʡʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʢʝʨʘʤʠʯʝʩʢʠʤʠ ʨʝʞʫʱʠʤʠ ʧʣʘʩʪʠʥʘʤʠ; 

- ʧʨʦʚʝʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʬʨʝʟʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʣʝʢʪʠʚʥʦʛʦ ʤʝʪʦʜʘ ʦʩʥʘʱʝʥʠʷ ʤʥʦʛʦʣʝʟʚʠʡʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ 

ʢʝʨʘʤʠʯʝʩʢʠʤʠ ʨʝʞʫʱʠʤʠ ʧʣʘʩʪʠʥʘʤʠ; 

- ʨʘʟʨʘʙʦʪʘʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʚʳʩʦʢʦʪʦʯʥʳʭ ʧʣʦʩʢʠʭ ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʨʠ ʯʠʩʪʦʚʦʤ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʤ ʬʨʝʟʝʨʦʚʘʥʠʠ ʩ ʫʯʝʪʦʤ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʈʂ. 
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ɻʃɸɺɸ 3 ʈɸɿʈɸɹʆʊʂɸ ɼʀʅɸʄʀʏɽʉʂʆʁ ʄʆɼɽʃʀ ʇʈʆʎɽʉʉɸ 

ʊʆʈʎɽɺʆɻʆ ʌʈɽɿɽʈʆɺɸʅʀʗ ʉ ʋʏɪʊʆʄ ʆʉʅɸʑɽʅʀʗ 

ʀʅʉʊʈʋʄɽʅʊɸ ʂɽʈɸʄʀʏɽʉʂʀʄʀ ʇʃɸʉʊʀʅɸʄʀ ʇʆ 

ʉɽʃɽʂʊʀɺʅʆʄʋ ʄɽʊʆɼʋ 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ 

ʬʨʝʟʝʨʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ ʢʦʣʝʙʘʥʠʷ ʚʦʟʙʫʞʜʘʶʪʩʷ ʧʦ ʧʨʠʯʠʥʝ 

ʮʠʢʣʠʯʥʦʩʪʠ ʚʨʝʟʘʥʠʷ ʟʫʙʴʝʚ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʟʘʛʦʪʦʚʢʫ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ 

ʚʳʥʫʞʜʝʥʥʳʤ (ʧʝʨʠʦʜʠʯʝʩʢʠʤ) ʢʦʣʝʙʘʥʠʷʤ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚr ʥʫʞʜʝʥʥʳʝ 

ʢʦʣʝʙʘʥʠʷ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʩʦʚʧʘʜʘʝʪ ʟʫʙʮʦʚʘʷ ʯʘʩʪʦʪʘ (ʢʨʘʪʥʘʷ ʝʡ 

ʯʘʩʪʦʪʘ) ʩ ʩʦʙʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʦʡ ʜʝʪʘʣʠ [20, 41, 45]. 

ʊʝʦʨʝʪʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʘʚʪʦʢʦʣʝʙʘʥʠʡ ʷʚʣʷʝʪʩʷ ʟʘʧʘʟʜʳʚʘʥʠʝ ʩʠʣʳ ʨʝʟʘʥʠʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʠʣʝ ʪʨʝʥʠʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʩʠʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠ 

ʠʟʥʦʩʫ ʨʝʞʫʱʝʡ ʧʣʘʩʪʠʥʳ ʧʦ ʧʝʨʝʜʥʝʡ ʠ ʟʘʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʚʳʰʝʥʠʶ ʘʤʧʣʠʪʫʜʳ ʚʠʙʨʘʮʠʡ [100, 103]. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʦʠʩʭʦʜʠʪ 

ʫʭʫʜʰʝʥʠʝ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʪʦʯʥʦʩʪʠ ʬʦʨʤʳ ʧʨʠ ʬʨʝʟʝʨʥʦʡ 

ʦʙʨʘʙʦʪʢʝ. 

ɺ ʨʘʙʦʪʝ [98] ʘʚʪʦʨʦʤ ʫʩʪʘʥʦʚʣʝʥʦ ʚʣʠʷʥʠʝ ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ ʩʪʦʡʢʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʝʨʘʤʠʯʝʩʢʠʭ ʨʝʞʫʱʠʭ ʧʣʘʩʪʠʥ. 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʣʘʩʪʠʥʳ ʠʟ ʦʢʩʠʜʥʦ-ʢʘʨʙʠʜʥʦʡ ʢʝʨʘʤʠʢʠ ʩ ʚʳʩʦʢʠʤ 

ʫʜʝʣʴʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʦʙʣʘʜʘʶʪ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʡ 

ʨʘʚʥʦʤʝʨʥʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ. ʄʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʘʢʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʧʦʢʘʟʘʣʘ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʧʦ ʩʪʦʡʢʦʩʪʠ ʠ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʤʘʣʳʤ ʫʜʝʣʴʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ. 

ɼʣʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʦʜʥʦʣʝʟʚʠʡʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʩ ʢʝʨʘʤʠʯʝʩʢʦʡ 

ʧʣʘʩʪʠʥʦʡ, ʦʙʣʘʜʘʶʱʝʡ ʦʧʨʝʜʝʣʝʥʥʳʤ ʩʪʨʫʢʪʫʨʥʳʤ ʩʦʩʪʘʚʦʤ, ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʨʦʱʝ ʦʮʝʥʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʪʦʡʢʦʩʪʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʚʣʠʷʶʱʠʝ ʥʘ 

ʢʘʯʝʩʪʚʦ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʜʝʣʠʷ [98]. ʆʜʥʘʢʦ ʧʨʠ ʤʥʦʛʦʣʝʟʚʠʡʥʦʡ 

ʦʙʨʘʙʦʪʢʝ ʩʪʦʡʢʦʩʪʥʦʡ ʧʦʪʝʥʮʠʘʣ ʧʦʜʩʠʩʪʝʤʳ çʠʥʩʪʨʫʤʝʥʪè ʦʮʝʥʠʪʴ 
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ʟʥʘʯʠʪʝʣʴʥʦ ʩʣʦʞʥʝʝ, ʧʦʩʢʦʣʴʢʫ ʢʘʞʜʘʷ ʢʝʨʘʤʠʯʝʩʢʘʷ ʧʣʘʩʪʠʥʘ ʦʙʣʘʜʘʝʪ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʢʩʠʜʥʦ-ʢʘʨʙʠʜʥʳʝ ʨʝʞʫʱʠʝ ʧʣʘʩʪʠʥʳ ʜʣʷ ʦʩʥʘʱʝʥʠʷ 

ʤʥʦʛʦʣʝʟʚʠʡʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. ʆʜʥʘʢʦ ʧʨʠ ʠʭ ʫʩʪʘʥʦʚʢʝ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ 

ʨʘʟʣʠʯʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʤʫ ʠ 

ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʤʫ ʠʟʥʦʩʫ ʚʩʝʭ ʨʝʞʫʱʠʭ ʧʣʘʩʪʠʥ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ 

ʠʥʩʪʨʫʤʝʥʪ, ʚ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʢʘʞʜʦʡ ʧʣʘʩʪʠʥʳ [54]. 

ʇʨʠʯʠʥʦʡ ʵʪʦʤʫ ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʩʠʣʦʚʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʨʝʞʫʱʫʶ 

ʧʣʘʩʪʠʥʫ ʧʨʠ ʠʟʥʦʩʝ ʚʧʝʨʝʜʠʩʪʦʷʱʝʡ ʧʣʘʩʪʠʥʳ. ʉʦ ʚʨʝʤʝʥʝʤ ʚʳʭʦʜʷʪ ʠʟ ʩʪʨʦʷ ʠ 

ʧʦʟʘʜʠ ʩʪʦʷʱʠʝ ʨʝʞʫʱʠʝ ʧʣʘʩʪʠʥʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʩʪʘʚʰʠʝʩʷ ʧʣʘʩʪʠʥʳ 

ʚʳʥʫʞʜʝʥʳ ʩʥʠʤʘʪʴ ʧʨʠʧʫʩʢ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʨʘʩʩʯʠʪʘʥʥʳʡ ʥʘ 

ʠʩʭʦʜʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʟʫʙʴʝʚ ʠʥʩʪʨʫʤʝʥʪʘ. ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ ʪʘʢʞʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝʤ ʘʤʧʣʠʪʫʜʳ ʘʚʪʦʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʂʘʯʝʩʪʚʦ ʦʙʨʘʙʦʪʢʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʚʳʭʦʜʝ ʠʟ ʩʪʨʦʷ ʜʘʞʝ ʦʜʥʦʡ ʨʝʞʫʱʝʡ ʧʣʘʩʪʠʥʳ ʨʝʟʢʦ 

ʫʭʫʜʰʘʝʪʩʷ ʠ ʧʨʦʜʦʣʞʘʝʪ ʩʪʨʝʤʠʪʝʣʴʥʦ ʩʥʠʞʘʪʴʩʷ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ 

ʫʩʪʘʥʦʚʣʝʥʳ ʠ ʧʨʝʜʣʦʞʝʥʳ ʪʨʠ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʭ ʢʦʤʧʦʥʦʚʢʠ 

ʩʝʣʝʢʪʠʚʥʦʛʦ ʦʩʥʘʱʝʥʠʷ ʪʦʨʮʦʚʳʭ ʬʨʝʟ ʦʢʩʠʜʥʦ-ʢʘʨʙʠʜʥʳʤʠ ʨʝʞʫʱʠʤʠ 

ʧʣʘʩʪʠʥʘʤʠ: 

ʘ) ʩʤʝʰʘʥʥʘʷ ʢʦʤʧʦʥʦʚʢʘ; 

ʙ) ʦʜʥʦʨʦʜʥʘʷ (SLM) ʚʳʩʦʢʦʦʤʥʘʷ ʢʦʤʧʦʥʦʚʢʘ;  

ʚ) ʦʜʥʦʨʦʜʥʘʷ (SLM) ʥʠʟʢʦʦʤʥʘʷ ʢʦʤʧʦʥʦʚʢʘ. 

ʀʟʦʙʨʘʞʝʥʠʝ ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ ʩʭʝʤʳ ʢʦʤʧʦʥʦʚʢʠ (ʩʤʝʰʘʥʥʘʷ ʢʦʤʧʦʥʦʚʢʘ) 

ʪʦʨʮʝʚʦʡ ʬʨʝʟʳ ʦʢʩʠʜʥʦ-ʢʘʨʙʠʜʥʳʤʠ ʨʝʞʫʱʠʤʠ ʧʣʘʩʪʠʥʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 2.14, ʛʜʝ R1éR6 ï ʧʣʘʩʪʠʥʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʫʜʝʣʴʥʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʘʟʣʠʯʥʳʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. 
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3.1 ʆʮʝʥʢʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʬʨʝʟʝʨʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʧʣʦʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩ ʮʝʣʴʶ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʨʝʞʫʱʝʡ ʢʝʨʘʤʠʢʠ 

ɺ ʧʨʦʮʝʩʩʝ ʬʨʝʟʝʨʦʚʘʥʠʷ ʧʣʦʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʦʨʮʝʚʳʤʠ ʬʨʝʟʘʤʠ 

ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʚʠʙʨʘʮʠʡ, ʩʥʠʞʘʶʱʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ 

ʦʙʨʘʙʦʪʢʠ, ʚʳʰʝ, ʯʝʤ ʧʨʠ ʜʨʫʛʠʭ ʚʠʜʘʭ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʚʩʣʝʜʩʪʚʠʝ 

ʧʨʝʨʳʚʠʩʪʦʛʦ ʢʦʥʪʘʢʪʘ ʠʥʩʪʨʫʤʝʥʪʘ ʩ ʟʘʛʦʪʦʚʢʦʡ. ʇʨʠʯʠʥʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʚʠʙʨʘʮʠʡ ʤʦʛʫʪ ʙʳʪʴ: ʩʦʩʪʦʷʥʠʝ ʩʪʘʥʢʘ; ʦʩʦʙʝʥʥʦʩʪʠ ʢʨʝʧʣʝʥʠʷ ʟʘʛʦʪʦʚʢʠ ʚ 

ʟʘʞʠʤʥʦʤ ʧʨʠʩʧʦʩʦʙʣʝʥʠʠ; ʞʸʩʪʢʦʩʪʴ ʩʙʦʨʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. ʆʜʥʘʢʦ 

ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʫʨʦʚʝʥʴ ʚʠʙʨʘʮʠʡ ʦʢʘʟʳʚʘʝʪ ʩʦʩʪʦʷʥʠʝ ʨʝʞʫʱʝʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ, ʢʦʪʦʨʦʝ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʢʘʯʝʩʪʚʝ ʦʙʨʘʙʦʪʘʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʪʨʝʙʫʝʪ ʥʘʟʥʘʯʝʥʠʷ ʨʘʮʠʦʥʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʬʨʝʟʝʨʦʚʘʥʠʷ.  

ʅʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʚʠʙʨʘʮʠʡ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʩʥʠʞʝʥʠʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʪʦʯʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ, ʩʦʢʨʘʱʝʥʠʠ ʧʝʨʠʦʜʘ ʩʪʦʡʢʦʩʪʠ 

ʠʥʩʪʨʫʤʝʥʪʘ, ʠ ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʦʝ ʩʪʘʥʦʚʠʪʩʷ 

ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ. ʇʦʚʳʰʝʥʥʳʡ ʫʨʦʚʝʥʴ ʚʠʙʨʘʮʠʡ ʧʨʠʚʦʜʠʪ ʪʘʢʞʝ ʢ 

ʩʥʠʞʝʥʠʶ ʨʝʩʫʨʩʘ ʤʝʪʘʣʣʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʵʪʦʤʫ ʢʦʥʪʨʦʣʴ ʟʘ 

ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʷʚʣʝʥʠʷʤʠ, ʫʨʦʚʥʝʤ ʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʝ ʠ ʨʘʟʨʘʙʦʪʢʘ ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʝ ʝʝ ʚʠʙʨʦʫʩʪʦʡʯʠʚʦʩʪʠ ʷʚʣʷʝʪʩʷ 

ʚʘʞʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ. 

ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʚʠʙʨʘʮʠʡ ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʦʙʫʩʣʦʚʣʝʥʦ 

ʦʪʩʫʪʩʪʚʠʝʤ ʜʠʥʘʤʠʯʝʩʢʦʡ ʞʝʩʪʢʦʩʪʠ ʚʭʦʜʷʱʠʭ ʚ ʦʙʨʘʙʘʪʳʚʘʶʱʫʶ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʵʣʝʤʝʥʪʦʚ. ʇʦʤʠʤʦ ʦʙʱʠʭ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʨʦʮʝʩʩʘ ʨʝʟʘʥʠʷ ʧʨʠ ʬʨʝʟʝʨʦʚʘʥʠʠ ʩʫʱʝʩʪʚʫʶʪ ʩʧʝʮʠʬʠʯʝʩʢʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʝʨʳʚʠʩʪʦʩʪʴʶ ʨʘʙʦʪʳ ʟʫʙʴʝʚ ʬʨʝʟʳ ʠ ʧʝʨʝʤʝʥʥʦʡ 

ʪʦʣʱʠʥʦʡ ʩʨʝʟʘʝʤʦʛʦ ʩʣʦʷ, ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʚʠʙʨʦʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤʳ. 

ɺ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʧʨʠʥʷʪʦ ʨʘʟʣʠʯʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ 

ʢʦʣʝʙʘʥʠʡ: ʩʦʙʩʪʚʝʥʥʳʝ (ʩʚʦʙʦʜʥʳʝ) ʢʦʣʝʙʘʥʠʷ; ʚʳʥʫʞʜʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ; 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ; ʘʚʪʦʢʦʣʝʙʘʥʠʷ.  
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ɺ ʦʙʣʘʩʪʠ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʦʚ ʤʥʦʛʦʣʝʟʚʠʡʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ, ʥʘʠʙʦʣʝʝ 

ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʩ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʘʚʪʦʢʦʣʝʙʘʥʠʡ ʠ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ.  

ɺʳʥʫʞʜʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʚʳʟʚʘʥʳ ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʠ 

ʧʨʦʠʩʭʦʜʷʪ ʩ ʚʦʟʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʥʠʭ ʯʘʩʪʦʪʦʡ. ɺ ʩʣʫʯʘʝ ʬʨʝʟʝʨʦʚʘʥʠʷ ʦʥʠ 

ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʚʭʦʜʝ ʟʫʙʘ ʬʨʝʟʳ ʚ ʟʘʛʦʪʦʚʢʫ. 

ɸʚʪʦʢʦʣʝʙʘʥʠʷ - ʵʪʦ ʥʝʟʘʪʫʭʘʶʱʠʝ ʢʦʣʝʙʘʥʠʷ, ʢʦʪʦʨʳʝ ʩʘʤʦʚʦʟʙʫʞʜʘʶʪʩʷ ʠ 

ʩʘʤʦʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʩʪʨʫʞʢʦʦʙʨʘʟʦʚʘʥʠʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣ ʨʝʟʘʥʠʷ 

ʠ ʪʨʝʥʠʷ. 

ɸʚʪʦʢʦʣʝʙʘʥʠʷ ʚʦʟʥʠʢʘʶʪ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʨʝʞʠʤʦʚ ʨʝʟʘʥʠʷ, ʠ ʠʭ 

ʛʦʨʘʟʜʦ ʪʨʫʜʥʝʝ ʫʩʪʨʘʥʠʪʴ, ʯʝʤ ʜʨʫʛʠʝ ʪʠʧʳ ʢʦʣʝʙʘʥʠʡ. ɺʩʝ ʪʝʦʨʠʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʚʪʦʢʦʣʝʙʘʥʠʡ ʤʦʞʥʦ ʩʛʨʫʧʧʠʨʦʚʘʪʴ ʧʦ ʩʣʝʜʫʶʱʠʤ ʦʩʥʦʚʥʳʤ 

ʬʘʢʪʦʨʘʤ, ʢʦʪʦʨʳʝ ʠ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʘʚʪʦʢʦʣʝʙʘʥʠʡ ʧʨʠ ʨʝʟʘʥʠʠ: 

- ʫʧʨʦʯʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʠ 

ʨʘʟʣʠʯʠʠ ʩʠʣ ʨʝʟʘʥʠʷ ʧʨʠ ʚʨʝʟʘʥʠʠ ʠ ʦʪʪʘʣʢʠʚʘʥʠʠ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ;  

- ʢʦʦʨʜʠʥʘʪʥʘʷ ʩʚʷʟʴ ʚ ʫʧʨʫʛʦʡ ʩʠʩʪʝʤʝ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʨʝʞʫʱʝʝ ʣʝʟʚʠʝ 

ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠ ʢʦʣʝʙʘʥʠʷʭ ʦʧʠʩʳʚʘʝʪ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʟʘʤʢʥʫʪʫʶ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʪʨʘʝʢʪʦʨʠʶ, ʜʦ ʦʜʥʦʛʦ ʧʦʣʥʦʛʦ ʮʠʢʣʘ, ʩʦʚʝʨʰʘʷ 

ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʨʘʙʦʪʫ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ; 

- ʟʘʧʘʟʜʳʚʘʥʠʝ ʩʠʣ ʨʝʟʘʥʠʷ ʧʨʠ ʜʝʬʦʨʤʘʮʠʠ ʤʝʪʘʣʣʦʚ ʚ ʣʦʢʘʣʴʥʦʡ ʟʦʥʝ ʚ 

ʧʨʦʮʝʩʩʝ ʨʝʟʘʥʠʷ [59]. ʇʨʦʮʝʩʩ ʟʘʧʘʟʜʳʚʘʥʠʷ ʩʠʣ ʨʝʟʘʥʠʷ ʦʩʥʦʚʘʥ ʥʘ ʬʠʟʠʯʝʩʢʦʤ 

ʜʦʧʫʱʝʥʠʠ ʠʥʝʨʮʠʦʥʥʦʩʪʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʩʨʝʟʘʝʤʦʛʦ ʩʣʦʷ ʤʝʪʘʣʣʘ. 

ɺ ʮʝʣʷʭ ʦʧʨʝʜʝʣʝʥʠʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʨʝʞʫʱʠʭ ʢʝʨʘʤʠʯʝʩʢʠʭ ʧʣʘʩʪʠʥ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʤʥʦʛʦʣʝʟʚʠʡʥʳʡ ʬʨʝʟʝʨʥʳʡ ʠʥʩʪʨʫʤʝʥʪ, ʥʘ ʘʤʧʣʠʪʫʜʫ 

ʘʚʪʦʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʥʝʦʙʭʦʜʠʤʦ ʩʦʩʪʘʚʠʪʴ ʤʦʜʝʣʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ [54]. ɺʳʙʦʨ ʤʦʜʝʣʴʥʦʡ ʩʭʝʤʳ ʩʚʷʟʘʥ ʩ 

ʚʳʜʝʣʝʥʠʝʤ ʧʦʜʩʠʩʪʝʤ ʠ ʦʧʨʝʜʝʣʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʩʚʷʟʝʡ ʤʝʞʜʫ ʥʠʤʠ, 

ʦʧʨʝʜʝʣʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʠ ʪʠʧʘ ʦʙʦʙʱʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ, 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʦʣʥʦʛʦ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʝ [54]. 
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ʉʭʦʜʠʤʦʩʪʴ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʭʦʜʥʦʡ ʠ ʫʧʨʦʱʝʥʥʦʡ ʤʦʜʝʣʝʡ 

ʙʳʣʠ ʙʣʠʟʢʠ, ʧʦʵʪʦʤʫ ʨʝʘʣʠʟʘʮʠʶ ʧʝʨʝʭʦʜʘ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʦ ʤʝʪʦʜʠʢʝ 

ʧʨʦʬʝʩʩʦʨʘ ɺ.ʃ. ɺʝʡʮʘ [54]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚʦʟʤʦʞʝʥ ʧʝʨʝʭʦʜ ʢ ʤʘʣʦʨʘʟʤʝʨʥʦʡ 

ʤʦʜʝʣʠ ʩ ʫʯʝʪʦʤ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʚʦʟʤʫʱʝʥʠʡ ʠ ʩʣʘʙʦ 

ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʩʚʦʡʩʪʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ [54].  

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʙʨʘʥ ʰʠʨʦʢʦʫʥʠʚʝʨʩʘʣʴʥʳʡ ʬʨʝʟʝʨʥʳʡ 

ʩʪʘʥʦʢ ʤʦʜʝʣʠ 67ʂ25 (ʨʠʩʫʥʦʢ 3.1). 

 

ʈʠʩʫʥʦʢ 3.1 ï ʌʨʝʟʝʨʥʳʡ ʩʪʘʥʦʢ ʤʦʜʝʣʠ 67ʂ25 ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʦʩʷʤʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ 

 

ʆʩʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʜʣʷ ʚʳʙʨʘʥʥʦʛʦ ʩʪʘʥʢʘ ʙʳʣʠ 

ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʧʦ ʩʣʝʜʫʶʱʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ: ʦʩʴ Z ï Z ʩʦʚʧʘʜʘʝʪ ʩ ʦʩʴʶ 

ʚʨʘʱʝʥʠʷ ʰʧʠʥʜʝʣʷ; ʦʩʴ X ï X ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʨʦʜʦʣʴʥʦʡ ʧʦʜʘʯʠ; ʦʩʴ 

Y ï Y ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʦʧʝʨʝʯʥʦʡ ʧʦʜʘʯʠ. ɺ ʢʘʞʜʦʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʦʧʨʝʜʝʣʷʣʠʩʴ ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʰʧʠʥʜʝʣʴʥʦʛʦ ʫʟʣʘ ʩ ʬʨʝʟʦʡ ʠ ʩʪʦʣʘ ʩ ʟʘʛʦʪʦʚʢʦʡ. ɺ ʢʘʯʝʩʪʚʝ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʚʳʙʨʘʥʳ 

ʩʣʝʜʫʶʱʠʝ ʧʦʢʘʟʘʪʝʣʠ: ʞʸʩʪʢʦʩʪʴ ki, ʅ/ʤ; ʜʠʩʩʠʧʘʪʠʚʥʳʝ ʩʠʣʳ hi, (ʅĀʩ/ʤ = 

ʢʛȚʤ/ʩ
2
Țʩ/ʤ = ʢʛ/ʩ); ʧʨʠʚʝʜʸʥʥʘʷ ʤʘʩʩʘ mi, ʢʛ. 
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ʀʟʤʝʨʝʥʠʝ ʞʸʩʪʢʦʩʪʠ ʧʦʜʩʠʩʪʝʤʳ çʰʧʠʥʜʝʣʴ-ʬʨʝʟʘè (ʩʪʘʥʜʘʨʪʥʘʷ ʪʦʨʮʝʚʘʷ 

ʬʨʝʟʘ), çʰʧʠʥʜʝʣʴ-ʬʨʝʟʘ ʩ ʉʄʇè (ʬʨʝʟʘ ʩʦ ʩʤʝʥʥʳʤʠ ʢʘʨʤʠʯʝʩʢʠʤʠ ʧʣʘʩʪʠʥʘʤʠ) 

ʠ çʩʪʦʣ-ʟʘʛʦʪʦʚʢʘè ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʥʘʤʦʤʝʪʨʘ ʤʦʜʝʣʠ ɼʆʉʄ-

3-0,2 (ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʦʧʫʩʪʠʤʘʷ ʥʘʛʨʫʟʢʘ 2 ʢʅ) ʠ ʠʥʜʠʢʘʪʦʨʘ ʯʘʩʦʚʦʛʦ ʪʠʧʘ. 

ʇʦʩʨʝʜʩʪʚʦʤ ʜʠʥʘʤʦʤʝʪʨʘ ʚʦʩʧʨʦʠʟʚʦʜʠʣʘʩʴ ʥʘʛʨʫʟʢʘ ʥʘ ʢʘʞʜʫʶ ʧʘʨʮʠʘʣʴʥʫʶ 

ʩʠʩʪʝʤʫ ʚ ʦʪʜʝʣʴʥʦʩʪʠ ʚ ʜʠʘʧʘʟʦʥʝ ʫʩʠʣʠʡ ʦʪ 0 ʜʦ 1200 ʅ, ʯʪʦ ʧʦʟʚʦʣʷʣʦ 

ʵʤʠʪʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʬʨʝʟʝʨʦʚʘʥʠʷ ʟʘʛʦʪʦʚʢʠ. ɺʦʟʥʠʢʘʶʱʠʝ ʧʝʨʝʤʝʱʝʥʠʷ 

ʬʠʢʩʠʨʦʚʘʣʠʩʴ ʠʥʜʠʢʘʪʦʨʦʤ ʯʘʩʦʚʦʛʦ ʪʠʧʘ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ 

ʠʥʜʠʢʘʪʦʨʫ ʜʠʥʘʤʦʤʝʪʨʘ ɼʆʉʄ-3-0,2 ʩʦʧʦʩʪʘʚʣʷʣʠʩʴ ʩ ʪʘʨʠʨʦʚʦʯʥʳʤ ʛʨʘʬʠʢʦʤ 

(ʨʠʩʫʥʦʢ 3.2) 

 

ʈʠʩʫʥʦʢ 3.2 - ʊʘʨʠʨʦʚʦʯʥʳʡ ʛʨʘʬʠʢ ʜʣʷ ʜʠʥʘʤʦʤʝʪʨʘ ɼʆʉʄ-3-0,2 

 

ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʩʝ ʠʟʤʝʨʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ 

ʢʘʞʜʦʛʦ ʫʟʣʘ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʦ ʪʨʠ ʨʘʟʘ, ʧʦʩʣʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʪʨʝʭ ʢʨʘʪʥʦʛʦ 

ʥʘʛʨʫʞʝʥʠʷ-ʨʘʟʛʨʫʞʝʥʠʷ ʩʠʩʪʝʤʦʡ ʩʠʣ, ʢʦʪʦʨʘʷ ʧʨʝʚʳʰʘʣʘ ʥʦʤʠʥʘʣʴʥʫʶ ʥʘ 

25 %. ʇʨʦʮʝʩʩ ʠʟʤʝʨʝʥʠʷ ʞʸʩʪʢʦʩʪʠ ʧʦʜʩʠʩʪʝʤʳ çʰʧʠʥʜʝʣʴ-ʬʨʝʟʘ ʩ ʉʄʇè 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ (ʨʠʩʫʥʦʢ 3.3). 
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ʘ) 

 

ʙ) 

 

ʈʠʩʫʥʦʢ 3.3 - ʇʨʦʮʝʩʩ ʠʟʤʝʨʝʥʠʷ ʞʸʩʪʢʦʩʪʠ ʧʦʜʩʠʩʪʝʤ ʩʪʘʥʢʘ:  

ʘ - ʩʭʝʤʘ ʠʟʤʝʨʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ ʧʦʜʩʠʩʪʝʤʳ çʩʪʦʣ-ʩʘʣʘʟʢʠ-ʢʦʥʩʦʣʴè;  

ʙ - ʩʭʝʤʘ ʠʟʤʝʨʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ ʧʦʜʩʠʩʪʝʤʳ çh ʧʠʥʜʝʣʴ-ʬʨʝʟʘè 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʛʨʫʟʢʠ 

ʦʪ ʧʝʨʝʤʝʱʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ. ʇʦʢʘʟʘʪʝʣʠ ʞʝʩʪʢʦʩʪʠ 

ʧʦʜʩʠʩʪʝʤʳ çʰʧʠʥʜʝʣʴ-ʬʨʝʟʘè, çʰʧʠʥʜʝʣʴ-ʬʨʝʟʘ ʩ ʉʄʇè (ʨʠʩʫʥʦʢ 3.4) ʠ çʩʪʦʣ-

ʟʘʛʦʪʦʚʢʘè (ʨʠʩʫʥʦʢ 3.5) ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʦ ʛʨʘʬʠʢʘʤ ʧʫʪʝʤ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʚʝʪʚʠ 

ʥʘʛʨʫʟʢʠ ʫʨʘʚʥʝʥʠʝʤ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʜʩʠʩʪʝʤʳ çʩʪʦʣ-ʟʘʛʦʪʦʚʢʘè ʚʟʷʪʳ ʯʫʛʫʥʥʳʝ 

ʥʘʧʨʘʚʣʷʶʱʠʝ ʩʪʘʥʢʦʚ ʩ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʨʘʟʤʝʨʘ (ʰʠʨʠʥʘ, ʚʳʩʦʪʘ, ʜʣʠʥʘ) 

25x98x193 ʠ (ʰʠʨʠʥʘ, ʜʣʠʥʘ, ʚʳʩʦʪʘ) 98x193x25. ʄʘʪʝʨʠʘʣ ʠʟʜʝʣʠʷ ʩʝʨʳʡ ʯʫʛʫʥ 

ʤʘʨʢʠ ʉʏ-20. 
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ʘ) ï ʧʦ ʦʩʠ x 

  

ʙ) ï ʧʦ ʦʩʠ y 

  

ʚ) ï ʧʦ ʦʩʠ z 

çʰʧʠʥʜʝʣʴ-ʬʨʝʟʘè çʰʧʠʥʜʝʣʴ-ʬʨʝʟʘ ʩ ʉʄʇè 

ʈʠʩʫʥʦʢ 3.4 - ɾʸʩʪʢʦʩʪʴ ʧʦʜʩʠʩʪʝʤ çʰʧʠʥʜʝʣʴ-ʬʨʝʟʘè 
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ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. ʇʦʜʩʠʩʪʝʤʘ çʰʧʠʥʜʝʣʴ-ʬʨʝʟʘè ʦʙʣʘʜʘʝʪ ʧʦʥʠʞʝʥʥʦʡ ʞʸʩʪʢʦʩʪʴ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʦʜʩʠʩʪʝʤʝ çʰʧʠʥʜʝʣʴ-ʬʨʝʟʘ ʩ ʉʄʇè ʚ 1,3 ʨʘʟʘ. ʇʦʜʩʠʩʪʝʤʘ 

çʩʪʦʣ-ʟʘʛʦʪʦʚʢʘè ʩ ʨʘʟʣʠʯʥʳʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʨʘʟʤʝʨʘʤʠ ʥʝ ʦʙʣʘʜʘʶʪ 

ʟʥʘʯʠʤʳʤʠ ʦʪʣʠʯʠʷʤʠ ʧʦ ʧʘʨʘʤʝʪʨʫ ʞʸʩʪʢʦʩʪʠ ʚ ʪʨʸʭ ʚʟʘʠʤʥʦ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. 

 

  

ʘ) ï ʧʦ ʦʩʠ x 

  

ʙ) ï ʧʦ ʦʩʠ y ʚ) ï ʧʦ ʦʩʠ z 

ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ 25x98x193 ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ 98x198x25 

ʈʠʩʫʥʦʢ 3.5 - ɾʸʩʪʢʦʩʪʴ ʧʦʜʩʠʩʪʝʤʳ çʩʪʦʣ-ʟʘʛʦʪʦʚʢʘè 
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ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʜʠʥʘʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʩʪʘʥʢʘ ʠ ʷʚʣʷʝʪʩʷ 

ʤʥʦʛʦʤʘʩʩʦʚʦʡ, ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʝʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʙʣʠʞʝʥʥʦ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʛʨʫʧʧʳ ʦʜʥʦʤʘʩʩʦʚʳʭ ʩʠʩʪʝʤ ʩʦ ʩʚʦʠʤʠ ʜʠʥʘʤʠʯʝʩʢʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ. ʇʨʠʚʝʜʝʥʥʘʷ ʤʘʩʩʘ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʧʦʜʩʠʩʪʝʤ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ (3.1): 

 ά
Ὧ
ύ

Ὧ
ςϽ“ϽὪ

ȟ (3.1) 

ʛʜʝ ύ  ï ʢʨʫʛʦʚʘʷ ʯʘʩʪʦʪʘ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʦʜʩʠʩʪʝʤ,  

Ὢ ï ʯʘʩʪʦʪʘ ʩʚʦʙʦʜʥʳʭ ʟʘʪʫʭʘʶʱʠʭ ʢʦʣʝʙʘʥʠʡ ʧʦʜʩʠʩʪʝʤ. 

ʉʦʙʩʪʚʝʥʥʘʷ ʯʘʩʪʦʪʘ ʟʘʪʫʭʘʶʱʠʭ ʢʦʣʝʙʘʥʠʡ Ὢ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ 

ʦʩʮʠʣʣʦʛʨʘʤʤʘʤ ʚʠʙʨʦʩʢʦʨʦʩʪʠ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ ʧʦ ʬʦʨʤʫʣʝ (3.2): 

 Ὢ ὲ
Ὕȟ  (3.2) 

ʛʜʝ ὲ ï ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʥʳʭ ʢʦʣʝʙʘʥʠʡ;  

Ὕ ï ʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ. 

ʉʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʚʠʪʠʝ ʘʤʧʣʠʪʫʜʳ ʚʠʙʨʘʮʠʡ ʚ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʝ ʦʢʘʟʳʚʘʶʪ ʜʝʤʧʬʠʨʫʶʱʠʝ ʩʠʣʳ, ʢʦʪʦʨʳʝ ʦʮʝʥʠʚʘʶʪʩʷ ʯʝʨʝʟ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʡ ʜʝʢʨʝʤʝʥʪ ʟʘʪʫʭʘʥʠʷ ʢʦʣʝʙʘʥʠʡ. 

ɺ ʮʝʣʷʭ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʙʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʚʳʙʨʘʥʥʳʭ ʧʦʜʩʠʩʪʝʤ 

çʰʧʠʥʜʝʣʴ-ʬʨʝʟʘè, çʰʧʠʥʜʝʣʴ-ʬʨʝʟʘ ʩ ʉʄʇè ʠ çʩʪʦʣ-ʟʘʛʦʪʦʚʢʘè, ʧʨʠʤʝʥʷʣʩʷ 

ʚʠʙʨʦʜʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʧʨʠʙʦʨ ʤʦʜʝʣʠ çPr¿ftechnik MT GmbH VibXpertè.  

ɺ ʢʦʤʧʣʝʢʪ ʢ ʜʘʥʥʦʤʫ ʧʨʠʙʦʨʫ ʚʭʦʜʷʪ ʜʚʘ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʘʢʩʝʣʝʨʦʤʝʪʨʘ, ʩʯʠʪʳʚʘʶʱʠʭ ʠʥʬʦʨʤʘʮʠʶ ʚ ʯʘʩʪʦʪʥʦʤ 

ʩʧʝʢʪʨʝ ʦʪ 1 ɻʮ ʜʦ 25 ʢɻʮ. 

ɺʠʙʨʦʜʘʪʯʠʢʠ ʩ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʘʢʩʝʣʝʨʦʤʝʪʨʘʤʠ ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ 

ʧʦʦʯʝʨʸʜʥʦ ʚ ʪʨʸʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʦʨʜʠʥʘʪʘʤ x, y, z ʜʣʷ 

ʧʦʜʩʠʩʪʝʤ: çʰʧʠʥʜʝʣʴ-ʬʨʝʟʘè, çʰʧʠʥʜʝʣʴ-ʬʨʝʟʘ ʩ ʉʄʇè ʠ ʩʪʦʣ-ʟʘʛʦʪʦʚʢʘè. 

ʀʤʧʫʣʴʩʥʦʝ ʚʦʟʙʫʞʜʝʥʠʝ ʧʦʜʩʠʩʪʝʤ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʨʠ ʧʦʤʦʱʠ 

ʦʙʨʝʟʠʥʝʥʥʦʛʦ ʤʦʣʦʪʢʘ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʸʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʧʦʟʚʦʣʠʣʠ 

ʦʧʨʝʜʝʣʠʪʴ ʩʦʙʩʪʚʝʥʥʳʝ ʟʘʪʫʭʘʶʱʠʝ ʢʦʣʝʙʘʥʠʷ ʧʦ ʪʨʸʤ ʢʦʦʨʜʠʥʘʪʥʳʤ ʦʩʷʤ x, y, z 

ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʜʩʠʩʪʝʤ (ʨʠʩʫʥʦʢ 3.6) [27, 45, 75]. 
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ʉʭʝʤʘ ʠʟʤʝʨʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʧʦʜʩʠʩʪʝʤʳ çh ʧʠʥʜʝʣʴ-ʬʨʝʟʘ ʩ ʉʄʇè 

 

x-x 

 

y-y 

 

 z-z 

ʈʠʩʫʥʦʢ 3.6 ï ʉʦʙʩʪʚʝʥʥʳʝ ʟʘʪʫʭʘʶʱʠʝ ʢʦʣʝʙʘʥʠʷ ʧʦʜʩʠʩʪʝʤʳ çʰʧʠʥʜʝʣʴ-ʬʨʝʟʘ ʩ ʉʄʇè 

 

ɼʝʢʨʝʤʝʥʪ ʢʦʣʝʙʘʥʠʡ ʷʚʣʷʝʪʩʷ ʧʦʢʘʟʘʪʝʣʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʜʝʤʧʬʠʨʦʚʘʥʠʷ, ʘ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʜʝʤʧʬʠʨʦʚʘʥʠʝ ʩʣʫʞʠʪ ʧʦʢʘʟʘʪʝʣʝʤ ʩʪʝʧʝʥʠ 

ʚʠʙʨʦʫʩʪʦʡʯʠʚʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (3.3): 

 ‗ ὒὲ
ὃ

ὃ
Ⱦὲȟ (3.3) 

ʛʜʝ ὃ ʠ ὃ  ï ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ, ʢʦʪʦʨʳʝ ʦʪʩʪʘʶʪ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʘ 

ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʠʦʜʦʚ. 

ʌʦʨʤʘ ʟʘʪʫʭʘʶʱʠʭ ʢʦʣʝʙʘʥʠʡ ʧʦʜʩʠʩʪʝʤʳ çʰʧʠʥʜʝʣʴ-ʬʨʝʟʘ ʩ ʉʄʇè ʠ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʜʘʥʥʘʷ ʩʠʩʪʝʤʘ ʩʦʭʨʘʥʷʝʪ 
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ʙʦʣʴʰʫʶ ʜʝʤʧʬʠʨʫʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʚʦ ʚʩʝʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʜʠʘʧʘʟʦʥʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʜʩʠʩʪʝʤʦʡ çʰʧʠʥʜʝʣʴ-ʬʨʝʟʘè. ʉ ʫʯʸʪʦʤ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ 

ʧʨʠʚʝʜʸʥʥʦʡ ʤʘʩʩʳ ʠ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʛʦ ʜʝʢʨʝʤʝʥʪʘ ʢʦʣʝʙʘʥʠʡ ʧʦʣʫʯʠʤ ʬʦʨʤʫʣʫ 

(3.4) ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʤʧʬʠʨʫʶʱʠʭ ʩʠʣ: 

 Ὤ ςϽ‗ϽὪϽά . (3.4) 

ɿʥʘʯʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʜʣʷ 

ʘʧʨʠʦʨʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʬʨʝʟʝʨʥʦʛʦ ʩʪʘʥʢʘ, 

ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.1. 

 

ʊʘʙʣʠʮʘ 3.1 ï ʈʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʘʧʨʠʦʨʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʬʨʝʟʝʨʥʦʛʦ ʩʪʘʥʢʘ 

ʇʦʜʩʠʩʪʝʤʳ 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʞʝʩʪʢʦʩʪʠ, ὯϽρπ,  
Ⱦ̊̍  

ʇʨʠʚʝʜʸʥʥʘʷ 

ʤʘʩʩʘ ά, ʢʛ 

ɼʠʩʩʠʧʘʪʠʚʥʳʝ 

ʩʠʣʳ ὬϽρπ, ʢʛ/ʩ 

x y z x y z x y z 

ʐʧʠʥʜʝʣʴ-

ʌʨʝʟʘ  
ψȟςφ ρυȟυ υπ ςφȟσ ςψȟω ρψρȟρ χȟχ ωȟπψ ςφȟχψ 

ʉʪʦʣ-

ɿʘʛʦʪʦʚʢʘ 
6,17 ωȟςς ρψȟς ωτȟχ ςπυȟχ σφρ ωȟσ ρψȟπψ ψςȟρ 

ʉʘʣʘʟʢʠ 29,45 60,5 20,4 231,4 146,9 396 31,78 50,34 31,68 

ʂʦʥʩʦʣʴ 10,6 118,3 15,7 1487 463 1086 15,45 54,45 63,23 

ʇʦʜʩʠʩʪʝʤʳ 

ʏʘʩʪʦʪʘ 

ʚʨʘʱʝʥʠʷ n, 

ʤʠʥ
-1 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʢʨʫʪʠʣʴʥʦʡ 

ʞʝʩʪʢʦʩʪʠ ʩj, 

ʢʅÖʤ/ʨʘʜ 

ʇʨʠʚʝʜʝʥʥʳʡ 

ʤʦʤʝʥʪ 

ʠʥʝʨʮʠʠ J, 

ʢʛÖʤ
2
 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʤʦʤʝʥʪʘ 

ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʷ bj, ʅÖʤÖʩ 

ʇʨʠʚʦʜ ʛʣʘʚʥʦʛʦ 

ʜʚʠʞʝʥʠʷ 

160 

200 

250 

315 

400 

500 

630 

70,23 

52,10 

21,52 

10,25 

9,03 

6,23 

4,03 

0,075 

0,056 

0,051 

0,045 

0,039 

0,025 

0,023 

8,56 

6,24 

4,98 

4,56 

4,41 

3,89 

3,43 

 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ 

ʧʨʦʠʩʭʦʜʷʪ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʩʪʘʥʢʘ, ʥʝʦʙʭʦʜʠʤʦ ʦʙʦʩʥʦʚʘʪʴ ʚʳʙʦʨ 

ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʬʨʝʟʝʨʥʦʛʦ ʩʪʘʥʢʘ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ, ʧʦʜʩʠʩʪʝʤʘ çʩʪʦʣ-ʟʘʛʦʪʦʚʢʘè 

ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʝʡ ʞʸʩʪʢʦʩʪʴʶ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʦʜʩʠʩʪʝʤʘʤʠ çʰʧʠʥʜʝʣʴ-ʬʨʝʟʘè ʠ 

çʰʧʠʥʜʝʣʴ-ʬʨʝʟʘ ʩ ʉʄʇè. ʆʜʥʘʢʦ ʚʳʩʦʢʘʷ ʞʸʩʪʢʦʩʪʴ ʠ ʟʥʘʯʠʪʝʣʴʥʘʷ 

ʧʨʠʚʝʜʸʥʥʘʷ ʤʘʩʩʘ, ʢʦʤʧʝʥʩʠʨʫʶʪʩʷ ʥʘʣʠʯʠʝʤ ʟʘʟʦʨʦʚ ʚ ʥʘʧʨʘʚʣʷʶʱʠʭ ʩʪʦʣʘ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʥʪʝʥʩʠʚʥʦʤʫ ʨʘʟʚʠʪʠʶ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʠ 

ʬʨʝʟʝʨʦʚʘʥʠʠ. 

3.2 ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚʠʙʨʦʫʩʪʦʡʯʠʚʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʠ ʪʦʨʮʝʚʦʡ ʬʨʝʟʝʨʥʦʡ ʦʙʨʘʙʦʪʢʝ ʚʳʩʦʢʦʪʦʯʥʳʭ 

ʧʣʦʩʢʠʭ ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʪʘʥʢʘ ʷʚʣʷʝʪʩʷ ʝʛʦ 

ʚʠʙʨʦʫʩʪʦʡʯʠʚʦʩʪʴ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʧʦʥʠʤʘʪʴ, ʢʘʢ ʩʧʦʩʦʙʥʦʩʪʴ ʩʪʘʥʢʘ 

ʩʦʧʨʦʪʠʚʣʷʪʴʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʚʠʙʨʘʮʠʡ ʚʦ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ. ʉʪʘʥʜʘʨʪʥʘʷ 

ʧʨʦʛʨʘʤʤʘ ʠʩʧʳʪʘʥʠʡ ʩʪʘʥʢʦʚ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʦʮʝʥʢʫ ʛʨʘʥʠʮʳ ʟʦʥʳ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʡ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʟʘʤʢʥʫʪʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʠ ʦʧʨʝʜʝʣʠʪʴ 

ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʞʠʤʳ ʦʙʨʘʙʦʪʢʠ, ʷʚʣʷʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʚʠʙʨʦʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤʳ [40]. 

ɼʣʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʜʦʤʠʥʠʨʫʶʱʫʶ 

ʢʦʣʝʙʘʪʝʣʴʥʫʶ ʩʠʩʪʝʤʫ. ɸʥʘʣʠʟ ʜʠʥʘʤʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ ʠ ʪʝʭ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ 

ʧʦʩʪʘʚʣʝʥʳ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦ ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʠ ʪʦʯʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʠʟ 

ʯʫʛʫʥʘ ʚʳʩʦʢʦʪʦʯʥʳʭ ʢʦʥʪʘʢʪʥʳʭ ʧʣʦʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʧʦʟʚʦʣʷʝʪ ʧʨʠʥʷʪʴ ʚ 

ʢʘʯʝʩʪʚʝ ʜʦʤʠʥʠʨʫʶʱʠʭ ʧʦʜʩʠʩʪʝʤʳ çʠʥʩʪʨʫʤʝʥʪè - çʟʘʛʦʪʦʚʢʘè. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʠʚʝʜʸʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʙʘʟʠʨʫʶʱʠʭʩʷ ʥʘ ʘʥʘʣʠʟʝ 

ʩʧʝʢʪʨʘ ʚʠʙʨʦʫʩʢʦʨʝʥʠʡ, ʚ ʢʘʯʝʩʪʚʝ ʜʦʤʠʥʠʨʫʶʱʝʡ ʚʳʙʨʘʥʘ ʧʦʜʩʠʩʪʝʤʘ 

çʟʘʛʦʪʦʚʢʘè (ʨʠʩʫʥʦʢ 3.7). 
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ʈʠʩʫʥʦʢ 3.7 - ɼʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʚʠʞʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʪʦʨʮʝʚʦʛʦ 

ʬʨʝʟʝʨʦʚʘʥʠʷ ʩ ʫʯʸʪʦʤ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʈʂ, ʛʜʝ: m
1
, m

2
, m

i
 ï ʧʨʠʚʝʜʸʥʥʘʷ ʤʘʩʩʘ 

ʦʪʜʝʣʴʥʳʭ ʟʫʙʴʝʚ ʬʨʝʟʳ; m
x, 

m
y  

- ʧʨʠʚʝʜʸʥʥʘʷ ʤʘʩʩʘ ʟʘʛʦʪʦʚʢʠ; Ὧ, Ὧ ï ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʞʝʩʪʢʦʩʪʠ; Ὤ,  Ὤ ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʠʩʩʠʧʘʮʠʠ ʵʥʝʨʛʠʠ ʚ ʢʦʥʪʫʨʘʭ ὢ ʠ ὤ;  Ὓ  ï 

ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʟʘʛʦʪʦʚʢʠ;  ï ʢʨʫʛʦʚʘʷ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʬʨʝʟʳ;  ὖ ‫ ȟ ὖ ȟὖ  - 

ʩʠʣʘ ʨʝʟʘʥʠʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ ὢ; ὗ , ὗ , ὗ  ï  ʩʠʣʘ ʪʨʝʥʠʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ ὤ; ὸ ï 

ʛʣʫʙʠʥʘ ʩʨʝʟʘʝʤʦʛʦ ʩʣʦʷ;  ὤ ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʝʨʠʬʝʨʠʝʡ ʬʨʝʟʳ ʠ ʧʣʦʩʢʦʩʪʴʶ 

ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʛʦʪʦʚʢʠ 

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʷʪʦʡ ʨʘʩʯʸʪʥʦʡ ʤʦʜʝʣʴʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʥʘ 

ʦʧʝʨʘʮʠʠ ʬʨʝʟʝʨʦʚʘʥʠʷ, ʜʚʠʞʝʥʠʝ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ ὼ ʠ ᾀ ʧʨʠʤʝʪ ʩʣʝʜʫʶʱʠʡ 

ʚʠʜ (3.5 ï 3.6): 

 
ά ὼ Ὤὼ Ὧ ὖ

άᾀ Ὤᾀ Ὧ ὗ 
ȟ 

(3.5) 

(3.6) 

ʛʜʝ άᾀ, ά ὼ ï ʠʥʝʨʮʠʦʥʥʳʝ ʩʠʣʳ;  

Ὤᾀȟ Ὤὼ ï ʩʠʣʳ ʜʝʤʧʬʠʨʦʚʘʥʠʷ;  

Ὧᾀ, Ὧὼ ï ʩʠʣʳ ʫʧʨʫʛʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ;  

Qz ï ʩʠʣʘ ʪʨʝʥʠʷ;  
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Px ï ʩʠʣʘ ʨʝʟʘʥʠʷ. 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

ʚ ʧʨʦʮʝʩʩʝ ʬʨʝʟʝʨʦʚʘʥʠʷ, ʧʦʚʝʜʝʥʠʝ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʠʩʭʦʜʷ ʠʟ 

ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʢʘʢ ʚʝʣʠʯʠʥʘ ʟʘʧʘʟʜʳʚʘʥʠʷ ʩʠʣʳ ʨʝʟʘʥʠʷ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʠʣʝ ʪʨʝʥʠʷ [100]. ʈʘʩʯʸʪ ʜʣʠʥ ʟʘʧʘʟʜʳʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ 

ʩʣʝʜʫʶʱʠʤ ʬʦʨʤʫʣʘʤ (3.7 - 3.8): 

 ὒ ὠ̕ Ͻ̑† Ў
Ὠὼ

Ὠὸ
Ὠὸȟ (3.7) 

 ὒ ὠ̕ Ͻ̑† Ў
Ὠὼ

Ὠὸ
‐Ў
Ὠᾀ

Ὠὸ
Ὠὸȟ (3.8) 

ʛʜʝ ὠ̕  ̑ï ʩʢʦʨʦʩʪʴ ʬʨʝʟʝʨʦʚʘʥʠʷ;  

† ï ʚʨʝʤʷ ʟʘʧʘʟʜʳʚʘʥʠʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʜʝʡʩʪʚʠʷ ʩʠʣʳ P ʦʪ z;  

† ï ʚʨʝʤʷ ʟʘʧʘʟʜʳʚʘʥʠʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʜʝʡʩʪʚʠʷ ʩʠʣʳ Q ʦʪ P;  

Ў  ï ʧʨʠʨʘʱʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʦ x;  

Ў  ï ʧʨʠʨʘʱʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʦ z;  

t ï ʠʩʢʦʤʦʝ ʚʨʝʤʷ;  

ʀ ï ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʘʜʢʠ ʩʪʨʫʞʢʠ. 

ʆʩʫʱʝʩʪʚʠʚ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩ ʫʨʘʚʥʝʥʠʝʤ 3.5 ʠ 3.6, 

ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʷ (3.9 - 3.10) ʜʣʷ ʨʘʩʯʸʪʘ ʚʨʝʤʝʥʠ ʟʘʧʘʟʜʳʚʘʥʠʷ †, ʩʠʣʳ 

ʨʝʟʘʥʠʷ ὖЎ ʠ †, ʩʠʣʳ ʪʨʝʥʠʷ ὗЎ [68, 75, 100]: 

†
ὖЎὸ ὖὸ

ὖὸ
ȟ 

†
ὗЎὸ ὗὸ

ὗὸ
Ȣ 

(3.9) 

(3.10) 

ʋʯʠʪʳʚʘʷ ʬʦʨʤʫʣʳ (3.7 - 3.10), ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʷ (3.11 ï 3.12): 

 Ὕὖ ρ
Ὠὼ

Ὠὸ
Ͻ
ρ

ὠ̑̕
ὖ  (3.11) 
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ὖᾀρ
Ὠὼ

Ὠὸ
Ͻ
ρ

ὠ̑̕
πȟ 

 

Ὕὗ ρ
Ὠὼ

Ὠὸ
‐
Ὠᾀ

Ὠὸ
Ͻ
ρ

ὠ̑̕
ὗ  

 ὖὪϽρ
Ὠὼ

Ὠὸ
‐
Ὠᾀ

Ὠὸ
Ͻ
ρ

ὠ̑̕
πȟ 

(3.12) 

ʛʜʝ Ὕ ʠ Ὕ ï ʧʦʩʪʦʷʥʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʠʣ ʪʨʝʥʠʷ ʠ ʩʠʣʳ ʨʝʟʘʥʠʷ. 

ʇʨʠʤʝʥʠʚ ʤʝʪʦʜʠʢʫ, ʩʚʷʟʘʥʥʫʶ ʩ ʘʧʧʨʦʢʩʠʤʘʮʠʝʡ, ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʫʶ 

ʩʠʩʪʝʤʫ ʣʠʥʝʡʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ (3.13 ï 3.16), ʫʯʠʪʳʚʘʶʱʫʶ 

ʧʨʦʮʝʩʩ ʩʪʨʫʞʢʦʦʙʨʘʟʦʚʘʥʠʷ [73]: 

 

ừ
Ử
Ử
Ừ

Ử
Ử
ứ

Ὕ Ͻᾀ Ὕ Ͻᾀ ᾀ ὗ
ρ

Ὕ Ͻὼ Ὕ Ͻὼ ὼ ὖ
ρ

Ὕὖ ὖ ὑϽᾀ Ὕ Ͻὼ
ρ

Ὕὗ ὗ ὖ Ὕ Ͻᾀ Ὕ Ͻὼ

ȟ 

(3.13) 

(3.14) 

(3.15) 

(3.16) 

ʛʜʝ Ὕ  ʠ Ὕ  ï ʧʦʩʪʦʷʥʥʳʝ ʚʨʝʤʝʥʠ;  

Ὕ  ʠ Ὕ  ï ʧʦʩʪʦʷʥʥʳʝ ʚʨʝʤʝʥʠ ʜʝʤʧʬʠʨʦʚʘʥʠʷ;  

ὑ ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ;  

Ὕ , Ὕ  ʠ Ὕ  ï ʧʦʩʪʦʷʥʥʳʝ ʚʨʝʤʝʥʠ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʦʪ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ 

ʨʝʟʘʥʠʷ. 

ʉʦʩʪʘʚʣʝʥʥʘʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʦʪʩʣʝʞʠʚʘʪʴ ʜʚʠʞʝʥʠʝ 

ʟʘʤʢʥʫʪʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʬʨʝʟʝʨʦʚʘʥʠʷ ʯʫʛʫʥʥʳʭ ʠʟʜʝʣʠʡ ʩ ʧʣʦʩʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ. ʀʟʤʝʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʟʘʤʢʥʫʪʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʧʨʦʮʝʩʩ ʠʟʥʦʩʘ ʨʝʞʫʱʠʭ ʢʝʨʘʤʠʯʝʩʢʠʭ ʧʣʘʩʪʠʥ ʧʦ ʟʘʜʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʯʫʛʫʥʥʳʭ ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. ʉʭʝʤʘ ʧʨʦʮʝʩʩʘ 

ʬʨʝʟʝʨʦʚʘʥʠʷ ʩ ʠʟʥʦʰʝʥʥʦʡ ʧʣʘʩʪʠʥʦʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.8. 

ʅʘ ʩʪʘʜʠʠ ʧʨʦʮʝʩʩʘ ʬʨʝʟʝʨʦʚʘʥʠʷ ʧʣʦʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ 

ʚʨʝʟʘʥʠʝ ʨʝʞʫʱʝʡ ʢʝʨʘʤʠʯʝʩʢʦʡ ʧʣʘʩʪʠʥʳ c ʛʣʘʚʥʳʤ • ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤ 
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ʫʛʣʦʤ ʚ ʧʣʘʥʝ • ʚ ʠʟʜʝʣʠʝ ʩ ʧʦʜʘʯʝʡ ʥʘ ʟʫʙ Ὓ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʥʠʤʘʝʪʩʷ ʧʨʠʧʫʩʢ 

ʪʦʣʱʠʥʦʡ ὸ ʠ ʰʠʨʠʥʦʡ ὦ ʥʘ ʛʣʫʙʠʥʫ Ὄ 

 

ʈʠʩʫʥʦʢ 3.8 - ʉʭʝʤʘ ʧʨʦʮʝʩʩʘ ʬʨʝʟʝʨʦʚʘʥʠʷ ʯʫʛʫʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʥʝʨʘʚʥʦʤʝʨʥʦ 

ʠʟʥʦʩʝ ʨʝʞʫʱʠʭ ʢʝʨʘʤʠʯʝʩʢʠʭ ʧʣʘʩʪʠʥ 

 

ʄʛʥʦʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʪʦʣʱʠʥʳ ὸ ʠ ʰʠʨʠʥʳ ὦ ʩʨʝʟʘ ʜʣʷ ʟʫʙʘ ʬʨʝʟʳ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʳʨʘʞʝʥʠʷʤʠ (3.17 ï 3.18) [25, 26, 28]: 

 ὸ 3ϽÓÉÎʊϽÓÉÎʒȟ (3.17) 

 
ὦ

(

ÓÉÎʒ
ȟ (3.18) 

ʛʜʝ ʊ ï ʫʛʦʣ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʧʦʣʦʞʝʥʠʝ ʟʫʙʘ ʬʨʝʟʳ;  

ʒ ï ʛʣʘʚʥʳʡ ʫʛʦʣ ʚ ʧʣʘʥʝ. 

ʇʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʶʱʠʝ ʩʠʣʳ ʨʝʟʘʥʠʷ ʠ ʩʠʣʳ ʪʨʝʥʠʷ, ʧʨʠ ʪʦʨʮʝʚʦʤ 

ʬʨʝʟʝʨʦʚʘʥʠʠ ʟʘʛʦʪʦʚʢʠ ʩ ʥʝʠʟʥʦʰʝʥʥʦʡ ʢʝʨʘʤʠʯʝʩʢʦʡ ʧʣʘʩʪʠʥʦʡ ʙʫʜʫʪ ʠʤʝʪʴ 

ʚʠʜ (3.19 ï 3.20) [25, 26, 28]: 

 ὖ Ὧ̒ϽὸϽὦȟ (3.19) 

 ὗ ὖϽὪ̓ȟ̑ (3.20) 

ʛʜʝ Ὧ̒ ï ʫʜʝʣʴʥʘʷ ʩʠʣʘ ʨʝʟʘʥʠʷ. 

ʋʜʝʣʴʥʘʷ ʩʠʣʘ ʨʝʟʘʥʠʷ ʧʨʠ ʬʨʝʟʝʨʦʚʘʥʠʠ ʦʧʠʩʳʚʘʝʪʩʷ ʢʘʢ (3.21): 
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 Ὧ̒ Ὧ̒ ϽÔ Ͻρ
‎

ρππ
ȟ (3.21) 

ʛʜʝ Ὧ̒  ï ʫʜʝʣʴʥʘʷ ʩʠʣʘ ʨʝʟʘʥʠʷ ʧʨʠ ʧʝʨʝʜʥʝʤ ʫʛʣʝ ‎ π;  

ὥ ï ʧʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ. 

ʆʙʨʘʙʦʪʘʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʠʤʝʝʪ ʭʦʨʦʰʫʶ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʟʘ ʩʯʝʪ ʧʣʘʚʥʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ʩʥʠʤʘʝʤʦʛʦ ʧʨʠʧʫʩʢʘ ʤʝʪʘʣʣʘ. ʏʝʨʝʟ ʦʧʨʝʜʝʣʸʥʥʳʡ ʧʨʦʤʝʞʫʪʦʢ 

ʚʨʝʤʝʥʠ ʬʨʝʟʝʨʦʚʘʥʠʷ ʠʟʜʝʣʠʷ, ʧʨʝʜʰʝʩʪʚʫʶʱʘʷ ʢʝʨʘʤʠʯʝʩʢʘʷ ʧʣʘʩʪʠʥʘ 

ʠʟʥʘʰʠʚʘʝʪʩʷ ʧʦ ʟʘʜʥʝʡ ʛʨʘʥʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʛʣʫʙʠʥʳ c Ὄ ʥʘ ЎὌ, ʘ 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠ ʢ ʧʨʠʨʘʱʝʥʠʶ ʰʠʨʠʥʳ Ўὦ (3.22): 

 
Ўὦ

Ὄ ὪЎὌ

ÓÉÎʒ
Ȣ (3.22) 

ʊʦʛʜʘ ЎὌ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ, ʢʘʢ ʚʝʣʠʯʠʥʫ ʠʟʥʦʩʘ ʧʦ ʟʘʜʥʝʡ ʛʨʘʥʠ 

ʧʣʘʩʪʠʥʳ. ʉ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠʟʥʦʩʘ ʚʳʩʦʢʦʦʤʥʳʭ ʠ 

ʥʠʟʢʦʦʤʥʳʭ ʨʝʞʫʱʠʭ ʢʘʨʤʠʯʝʩʢʠʭ ʧʣʘʩʪʠʥ ʧʦ ʟʘʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʚʦʜʠʣʠʩʴ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʦ ʦʢʦʥʯʘʥʠʶ ʵʢʩʧʝʨʠʤʝʥʪʘ ʫʩʪʘʥʦʚʣʝʥʳ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚʣʠʷʥʠʷ ʠʟʥʦʩʘ ʧʦ ʟʘʜʥʝʡ ʛʨʘʥʠ ʠʥʩʪʨʫʤʝʥʪʘ ʦʪ 

ʨʝʞʠʤʦʚ ʬʨʝʟʝʨʦʚʘʥʠʷ ʜʣʷ ʚʳʩʦʢʦʦʤʥʳʭ ʠ ʥʠʟʢʦʦʤʥʳʭ ʩʤʝʥʥʳʭ ʢʝʨʘʤʠʯʝʩʢʠʭ 

ʧʣʘʩʪʠʥ (3.24 ï 3.25): 

ʉʄʇ ~ ʦʪ 50  

ʜʦ 100 ʆʤȚʤ 
ЎὌ πȟπψϽ

ὠ̑̕
Ȣ ϽὛȢ

ὸȢ
ȟ (3.24) 

ʉʄʇ ~ ʦʪ 1  

ʜʦ 50 ʆʤȚʤ 
ЎὌ πȟπτϽ

ὠ̑̕
Ȣ ϽὛȢ

ὸȢ
Ȣ (3.25) 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʩʣʝʜʫʶʱʘʷ ʥʝ ʠʟʥʦʰʝʥʥʘʷ ʢʝʨʘʤʠʯʝʩʢʘʷ ʧʣʘʩʪʠʥʘ ʙʫʜʝʪ 

ʩʥʠʤʘʪʴ ʠʟʥʘʯʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʧʨʠʧʫʩʢ, ʯʪʦ ʧʨʠʚʝʜʸʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʘ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝ ʩʥʷʪʦʛʦ ʩʣʦʷ ʤʝʪʘʣʣʘ. ʏʝʨʝʟ ʧʦʣʦʚʠʥʫ ʦʙʦʨʦʪʘ 

ʬʨʝʟʳ ʧʨʦʠʩʭʦʜʠʪ ʩʥʷʪʠʝ ʦʩʪʘʪʢʘ ʥʝʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʝʨʘʤʠʯʝʩʢʦʡ 

ʧʣʘʩʪʠʥʦʡ. ʇʨʠ ʵʪʦʤ ʩʥʷʪʠʝ ʦʩʪʘʪʦʯʥʦʛʦ ʧʨʠʧʫʩʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʦ ʩʪʦʨʦʥʳ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʫʛʣʘ ʚ ʧʣʘʥʝ •. ʊʦʛʜʘ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʚʦʟʥʠʢʥʫʪ 

ʩʠʣʳ ʨʝʟʘʥʠʷ ʠ ʩʠʣʳ ʪʨʝʥʠʷ. ʆʩʥʦʚʥʦʝ ʫʩʠʣʠʝ ʩʦ ʩʪʦʨʦʥʳ ʩʠʣʳ ʨʝʟʘʥʠʷ ὖ (3.19) 

ʠ ʩʠʣʳ ʪʨʝʥʠʷ ὗ (3.20) ʦʪʚʝʯʘʶʪ ʟʘ ʩʥʷʪʠʝ ʨʘʚʥʦʤʝʨʥʦ ʧʨʠʧʫʩʢʘ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ 
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ʩʠʣʘ ʨʝʟʘʥʠʷ ὖ ʠ ʩʠʣʘ ʪʨʝʥʠʷ ὗ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʬʨʝʟʝʨʦʚʘʥʠʠ ʦʩʪʘʪʦʯʥʦʛʦ 

ʧʨʠʧʫʩʢʘ (3.26 - 3.27): 

 ὖ Ὧ̒ϽὸϽЎὦȟ (3.26) 

 ὗ ὖϽὪ̓Ȣ̑ (3.27) 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙʦʙʱʸʥʥʫʶ ʩʫʤʤʫ ʩʠʣ ʨʝʟʘʥʠʷ ʠ ʩʠʣ ʪʨʝʥʠʷ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʩʣʝʜʫʶʱʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʚʠʜʝ (3.28 ï 3.29): 

 ὖ ὖ ὖȟ (3.28) 

 ὗ ὗ ὗȢ (3.29) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦʩʪʠʛʥʫʪʳʤʠ ʫʧʨʦʱʝʥʠʷʤʠ ʫʜʘʣʦʩʴ ʩʬʦʨʤʠʨʦʚʘʪʴ ʦʙʱʫʶ 

ʤʦʜʝʣʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʦʮʝʥʢʠ ʧʨʝʜʝʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʬʨʝʟʝʨʥʦʡ ʦʧʝʨʘʮʠʠ. 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʘʣʛʝʙʨʘʠʯʝʩʢʦʛʦ 

ʢʨʠʪʝʨʠʷ ɻʫʨʚʠʮʘ [25, 100, 112]. 

ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ 

(3.13 - 3.16) ʠʤʝʝʪ ʚʠʜ (3.30): 

 ( ) ( ) ,0211 =-++++ pTEkpTEEpTEpETEEEE kxxzkxQPkzxQkxQPzx
 (3.30) 

ʛʜʝ 11

22

2 ++= pTpTE xxx
; 11

22

2 ++= pTpTE zzz ; 1+= pTE PP ; 1+= pTE QQ
. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʜʩʪʘʥʦʚʦʢ ʠ ʚʳʯʠʩʣʝʥʠʡ ʧʦʣʫʯʘʝʤ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ 

ʫʨʘʚʥʝʥʠʝ ʚ ʬʦʨʤʝ ʧʦʣʠʥʦʤʘ ʰʝʩʪʦʛʦ ʧʦʨʷʜʢʘ (3.31): 

 .065

2

4

3

3

4

2

5

1

6

0 =++++++ apapapapapapa  (3.31) 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦ ɻʫʨʚʠʮʫ ʧʦʩʪʨʦʠʤ ʦʧʨʝʜʝʣʠʪʝʣʴ (3.32): 
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=D  (3.32) 

ʋʩʣʦʚʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ɻʫʨʚʠʮʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʷʤʠ: 

1. ɺʩʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʣʠʥʦʤʘ ʙʦʣʴʰʝ ʥʫʣʷ:  6 , ... ,1   ,0 => iai . 

2. ɺʩʝ ʤʠʥʦʨʳ ʦʧʨʝʜʝʣʠʪʝʣʷ ɻʫʨʚʠʮʘ ʙʦʣʴʰʝ ʥʫʣʷ (3.33 ï 3.38): 
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011 >=D a ; (3.33) 

;03021

20

31

2 >-==D aaaa
aa

aa
 (3.34) 
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 (3.35) 
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 (3.37) 

0516 >D=D a  (3.38) 

ʀʟ ʘʥʘʣʠʟʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʧʨʠʤʝʥʝʥʠʷ ʬʨʝʟ, ʫʢʦʤʧʣʝʢʪʦʚʘʥʥʳʭ 

ʧʣʘʩʪʠʥʘʤʠ ʨʝʞʫʱʝʡ ʢʝʨʘʤʠʢʠ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 50 ʜʦ 100 ʆʤȚʤ (ʚʳʩʦʢʦʦʤʥʳʭ), ʦʪ 

18 ʜʦ 50 ʆʤȚʤ (ʥʠʟʢʦʦʤʥʳʭ) ʠ ʦʪ 18 ʜʦ 100 ʆʤȚʤ (ʩʤʝʰʘʥʥʳʭ) ʢʦʤʧʣʝʢʪʘʮʠʡ 

ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʩʣʦʚʠʝʤ ʜʣʷ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ 

ʪʦʨʮʦʚʦʤ ʬʨʝʟʝʨʦʚʘʥʠʠ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʦʪʩʫʪʩʪʚʠʷ 

ʫʯʘʩʪʢʦʚ ʭʨʫʧʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʥʘ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʨʝʞʫʱʝʡ ʢʝʨʘʤʠʢʠ. ʇʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʭʦʜʠʣʠ ʠʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʛʨʘʥʠʯʝʥʠʡ ʨʘʙʦʪʳ 

ʠʥʩʪʨʫʤʝʥʪʘ ʧʦ ʩʪʦʡʢʦʩʪʠ, ʨʘʚʥʳʤ ʊ =  240é300 ʤʠʥ.  

ɼʣʷ ʦʧʝʨʘʮʠʡ ʪʦʨʮʦʚʦʛʦ ʬʨʝʟʝʨʦʚʘʥʠʷ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʵʪʠʤ ʫʩʣʦʚʠʷʤ, ʚ 

ʨʘʙʦʪʝ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʝ ʨʝʞʠʤʳ ʨʝʟʘʥʠʷ: ʛʣʫʙʠʥʘ 

ʨʝʟʘʥʠʷ Ὄ = 0,1é0,7 ʤʤ, ʧʦʜʘʯʘ ʥʘ ʟʫʙ Ὓ = 0,01é0,02 ʤʤ/ʟʫʙ, ʩʢʦʨʦʩʪʴ 

ʬʨʝʟʝʨʦʚʘʥʠʷ ὠ̕  ̑ = 150é1000 ʤ/ʤʠʥ, ʧʨʠ ʢʦʪʦʨʳʭ ʠʟʥʦʩ ʜʣʷ ʪʦʨʮʝʚʦʛʦ 

ʬʨʝʟʝʨʦʚʘʥʠʷ ʧʦ ʟʘʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʤʝʥʥʦʡ ʢʝʨʘʤʠʯʝʩʢʦʡ ʧʣʘʩʪʠʥʳ ʨʘʚʝʥ ЎὌ 

=  0,4 ʤʤ, ʢʦʪʦʨʳʡ ʠ ʙʳʣ ʧʨʠʥʷʪ ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʦʪʢʘʟʘ ʨʘʙʦʪʳ ʠʥʩʪʨʫʤʝʥʪʳ.  

ɺ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʦʧʠʩʳʚʘʶʱʠʝ ʜʚʠʞʝʥʠʝ ʩʠʩʪʝʤʳ  ʧʨʠ 

ʬʨʝʟʝʨʦʚʘʥʠʠ ʩ ʫʯʸʪʦʤ ʧʨʠʤʝʥʝʥʠʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʤʝʪʦʜʘ ʦʩʥʘʱʝʥʠʷ 
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ʤʥʦʛʦʣʝʟʚʠʡʥʦʛʦ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʢʝʨʘʤʠʯʝʩʢʠʤʠ ʨʝʞʫʱʠʤʠ ʧʣʘʩʪʠʥʘʤʠ, 

ʚʭʦʜʠʪ ʩʠʣʘ ʨʝʟʘʥʠʷ Px, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʤʥʦʛʠʭ ʧʝʨʝʤʝʥʥʳʭ.  

ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʜʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʩʠʣ ʨʝʟʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʵʤʧʠʨʠʯʝʩʢʠʝ 

ʩʪʝʧʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʞʠʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ (3.39): 

ὖ Ͻ˞Ὄ ϽὛ Ͻὠ , (3.39) 

ʛʜʝ Px ï ʦʩʝʚʘʷ ʩʠʣʘ ʨʝʟʘʥʠʷ, ʅ;  

H ï ʛʣʫʙʠʥʘ ʨʝʟʘʥʠʷ, ʤʤ;  

Sz ï ʧʦʜʘʯʘ, ʤʤ/ʟʫʙ;  

V ï ʩʢʦʨʦʩʪʴ ʨʝʟʘʥʠʷ, ʤ/ʤʠʥ;  

ʉ ï ʢʦʵʬʬʠʮʠʝʥʪ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʫʩʣʦʚʠʡ ʦʙʨʘʙʦʪʢʠ ʠ ʚʠʜʘ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ 

ʤʘʪʝʨʠʘʣʘ;  

y, n, m ï ʧʦʢʘʟʘʪʝʣʠ ʩʪʝʧʝʥʠ, ʫʯʠʪʳʚʘʶʱʠʝ ʚʣʠʷʥʠʝ ʛʣʫʙʠʥʳ ʧʦʜʘʯʠ ʠ 

ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʣʷ ʯʫʛʫʥʘ ʉʏ-20 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʥʘ ʬʨʝʟʝʨʥʦʤ ʦʙʨʘʙʘʪʳʚʘʶʱʝʤ ʮʝʥʪʨʝ HAAS VF 2. ɺ ʢʘʯʝʩʪʚʝ 

ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʙʳʣʘ ʚʳʙʨʘʥʘ ʩʙʦʨʥʘʷ ʪʦʨʮʝʚʘʷ ʬʨʝʟʘ, ʦʩʥʘʱʸʥʥʘʷ 

ʢʝʨʘʤʠʯʝʩʢʠʤʠ ʨʝʞʫʱʠʤʠ ʧʣʘʩʪʠʥʘʤʠ ʤʘʨʢʠ ɺʆʂ-200.   

ʇʨʦʣʦʛʘʨʠʬʤʠʨʦʚʘʚ ʫʨʘʚʥʝʥʠʝ ʩʠʣʳ ʨʝʟʘʥʠʷ (3.39), ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ 

ʩʣʝʜʫʶʱʝʛʦ ʚʠʜʘ (3.40):  

ὰὲὖ ὰὲ˞ ώϽὰὲὌὲϽὰὲὛάϽὰὲὠ.                     (3.40) 

ʇʦʣʫʯʝʥʥʫʶ ʣʠʥʝʡʥʫʶ ʬʦʨʤʫʣʫ ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ ʧʦʣʠʥʦʤʘ ʧʝʨʚʦʡ 

ʩʪʝʧʝʥʠ (3.41) [39]: 

ώ ὦ ὦϽώ ὦϽὲ ὦϽά ,                        (3.41) 

ʛʜʝ ώ ὰὲὖ ï ʣʦʛʘʨʠʬʤ ʩʠʣʳ ʨʝʟʘʥʠʷ;  

ώ ὰὲὌ, ὲ ὰὲὛ, ά ὰὲὠ ï ʣʦʛʘʨʠʬʤʳ ʛʣʫʙʠʥʳ, ʧʦʜʘʯʠ, ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ; 

ὦ, ὦ, ὦ ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʝʛʨʝʩʩʠʠ. 

ɺ ʮʝʣʷʭ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʧʨʠʤʝʥʝʥ ʧʣʘʥ ʧʦʣʥʦʛʦ 

ʬʘʢʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ὔ ς, ʛʜʝ ὔ ï ʦʙʱʝʝ ʯʠʩʣʦ ʨʘʟʣʠʯʥʳʭ ʪʦʯʝʢ ʚ ʧʣʘʥʝ; 

ς ï ʯʠʩʣʦ ʫʨʦʚʥʝʡ ʠʟʤʝʥʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ; Ὧ ï ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʤʝʥʥʳʭ, ʨʘʚʥʦʝ 

ʪʨʝʤ [39, 71]. ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ 3.2. ɿʥʘʯʝʥʠʷ, 
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ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 3.4, ʧʦʣʫʯʝʥʳ ʧʦʩʨʝʜʩʪʚʦʤ ʧʝʨʝʚʦʜʘ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ ʬʘʢʪʦʨʦʚ ʚ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʧʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʥʠʞʝ ʬʦʨʤʫʣʘʤ (3.42 

ï 3.44) [39]: 

ὼ
Ͻ

ρ;                                       (3.42) 

ὼ
Ͻ

ρ;                                        (3.43) 

ὼ
Ͻ

ρ.                                        (3.44) 

ʄʘʪʨʠʮʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ς ʠ ʨʝʟʫʣʴʪʘʪʳ ʝʝ ʨʝʘʣʠʟʘʮʠʠ ʜʣʷ ʩʠʣʳ ὖ ʧʨʠ 

ʚʳʩʦʢʦʦʤʥʦʡ ʢʦʤʧʦʥʦʚʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.3. ʇʨʦʚʝʨʢʘ ʧʦʢʘʟʘʪʝʣʝʡ 

ʢʘʯʝʩʪʚʘ ʤʦʜʝʣʠ ʜʣʷ ʩʠʣʳ ʨʝʟʘʥʠʷ ὖ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʝ 3.4. 

ʊʘʙʣʠʮʘ 3.2 ï ʋʨʦʚʝʥʴ ʬʘʢʪʦʨʦʚ 

ʋʨʦʚʥʠ 

ʬʘʢʪʦʨʦʚ 
ʆʙʦʟʥʘʯʝʥʠʝ 

Ὄȟ̍  ̍ Ὓȟ̍ Ⱦ̍̈ ̔̂ ὠȟ̍Ⱦ̍ ̉ ̎

ὼ ὰὲὼ ὼ ὰὲὼ ὼ ὰὲὼ 

ʀʥʪʝʨʚʘʣ  

ʠʟʤʝʥʝʥʠʷ 
Ўὼ ρȟχ - πȟρψ - πȟχφ - 

ɺʝʨʭʥʠʡ 

ʫʨʦʚʝʥʴ 
+1 σ ρȟτφ πȟτυ πȟψχ ςȟψψ ρȟρς 

ʅʠʞʥʠʡ 

ʫʨʦʚʝʥʴ 
-1 ρ 0 πȟρ ςȟρυ ρȟτσ πȟσχ 

ʇʨʦʚʝʜʝʥʥʳʝ ʢʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʚʣʠʷʥʠʷ ʨʝʞʠʤʦʚ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʩʠʣʫ ʨʝʟʘʥʠʷ ὖ ʧʦʟʚʦʣʠʣʠ ʧʦʣʫʯʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʚʳʩʦʢʦʦʤʥʦʡ ʢʦʤʧʦʥʦʚʢʠ (3.45), ʥʠʟʢʦʦʤʥʦʡ ʢʦʤʧʦʥʦʚʢʠ(3.46) 

ʠ ʩʤʝʰʘʥʥʦʡ ʢʦʤʧʦʥʦʚʢʠ (3.47): 

ὖ̃
̜Ȣ̒
τψχϽὸȟ ϽὛȟ Ͻὠ ȟ ;                          (3.45) 

 ὖ̎
̉Ȣ̈
υςσϽὸȟ ϽὛȟ Ͻὠ ȟȠ                           (3.46) 

ὖ̒
Ȣ̍
υφπϽὸȟ ϽὛȟ Ͻὠ ȟ .                           (3.47) 

ʀʤʠʪʘʮʠʦʥʥʦʝ ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʟʘʤʢʥʫʪʦʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʳ NI LabVIEW 2013 

SP1, ʫʩʪʘʥʦʚʠʣʦ ʛʨʘʥʠʮʫ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʘʚʪʦʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦ 

ʘʤʧʣʠʪʫʜʥʦ-ʚʨʝʤʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʜʣʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʯʠʩʪʦʚʦʡ 

ʦʙʨʘʙʦʪʢʠ ʧʣʦʩʢʠʭ ʠʟʜʝʣʠʡ ʪʦʨʮʦʚʳʤʠ ʬʨʝʟʘʤʠ ʩ ʦʢʩʠʜʥʦ-ʢʘʨʙʠʜʥʳʤʠ 

ʨʝʞʫʱʠʤʠ ʧʣʘʩʪʠʥʘʤʠ ʫʢʦʤʧʣʝʢʪʦʚʘʥʥʳʭ ʧʦ ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʝ (ʨʠʩʫʥʦʢ 3.9): 
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ʘ ï ʩʤʝʰʘʥʥʘʷ ʢʦʤʧʦʥʦʚʢʘ (ʢʨʠʚʘʷ 1); ʙ ï ʦʜʥʦʨʦʜʥʘʷ (SLM) ʚʳʩʦʢʦʦʤʥʘʷ 

ʢʦʤʧʦʥʦʚʢʘ (ʢʨʠʚʘʷ 2); ʚ ï ʦʜʥʦʨʦʜʥʘʷ (SLM) ʥʠʟʢʦʦʤʥʘʷ ʢʦʤʧʦʥʦʚʢʘ (ʢʨʠʚʘʷ 3). 

 

 

ʈʠʩʫʥʦʢ 3.9 ï ʆʮʝʥʢʘ ʛʨʘʥʠʮʳ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʣʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʯʠʩʪʦʚʦʡ 

ʦʙʨʘʙʦʪʢʠ ʧʣʦʩʢʠʭ ʠʟʜʝʣʠʡ ʪʦʨʮʦʚʳʤʠ ʬʨʝʟʘʤʠ ʩ ʦʢʩʠʜʥʦ-ʢʘʨʙʠʜʥʳʤʠ ʨʝʞʫʱʠʤʠ 

ʧʣʘʩʪʠʥʘʤʠ ʫʢʦʤʧʣʝʢʪʦʚʘʥʥʳʭ ʧʦ ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʝ: ʘ ï ʩʤʝʰʘʥʥʘʷ ʢʦʤʧʦʥʦʚʢʘ (ʢʨʠʚʘʷ 

1), ʙ ï ʦʜʥʦʨʦʜʥʘʷ (SLM) ʚʳʩʦʢʦʦʤʥʘʷ ʢʦʤʧʦʥʦʚʢʘ (ʢʨʠʚʘʷ 2), ʚ ï ʦʜʥʦʨʦʜʥʘʷ (SLM) 

ʥʠʟʢʦʦʤʥʘʷ ʢʦʤʧʦʥʦʚʢʘ (ʢʨʠʚʘʷ 3) 

ʆʮʝʥʢʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʥʘ ʙʘʟʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʨʝʩʫʨʩʦʚ 

ʧʨʦʛʨʘʤʤʳ NI LabVIEW 2013 SP1 ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʨʘʩʯʝʪʥʳʤ ʦʩʮʠʣʣʦʛʨʘʤʤʘʤ 

ʧʦʟʚʦʣʠʣʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝ ʦʜʥʦʨʦʜʥʦʩʪʠ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʦʢʩʠʜʥʦ-ʢʘʨʙʠʜʥʳʤʠ ʨʝʞʫʱʠʤʠ ʧʣʘʩʪʠʥʘʤʠ ʚ ʩʤʝʰʘʥʥʦʡ ʢʦʤʧʦʥʦʚʢʝ, 

ʦʜʥʦʨʦʜʥʦʡ (SLM) ʚʳʩʦʢʦʦʤʥʦʡ ʢʦʤʧʦʥʦʚʢʝ ʠ ʚ ʦʜʥʦʨʦʜʥʦʡ (SLM) ʥʠʟʢʦʦʤʥʦʡ 

ʢʦʤʧʦʥʦʚʢʝ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʣʦʩʢʠʭ ʠʟʜʝʣʠʡ ʠʟ ʯʫʛʫʥʘ. 
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ʊʘʙʣʠʮʘ 3.3 ï ʄʘʪʨʠʮʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʩʠʣʳ ʨʝʟʘʥʠʷ ὖ ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʝ ʯʫʛʫʥʘ ʤʘʨʢʠ ʉʏ-20 ʜʣʷ ʚʳʩʦʢʦʦʤʥʦʡ ʢʦʤʧʦʥʦʚʢʠ   

ʄʘʪʨʠʮʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʉʠʣʘ ʨʝʟʘʥʠʷ ʚ ȟ̊ 0ȾÌÎ0 

3 
0

Ù
 Ù Ù  

ɼʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ 

Ὥ
Ὣ ὼ 

ὸ 3 6 
Ù Ù Ù Ù Ù ÌÎ0 0 

ὼ Ø Ø 

1 +1 -1 -1 +1 
ρπψ

τȟφψ
 
ρρτ

τȟχτ
 
ρπψ

τȟφψ
 
ρρπ

τȟχπ
 πȟππρτ 

ρρς

τȟφρ
 πȟππς τȟυτȣτȟχψ ρπψȣρρς 

2 +1 +1 -1 -1 
υωφ

φȟσω
 
υχψ

φȟσφ
 
φυς

φȟτψ
 
φρπ

φȟτρ
 πȟππτς 

υψχ

φȟτχ
 πȟππχ φȟσωȣφȟτχ υψπȣφπτ 

3 +1 -1 +1 -1 
ττφ

φȟρ
 
ττφ

φȟρ
 
τψψ

φȟρω
 
τφπ

φȟρσ
 πȟππςυ 

τσψ

φȟρψ
 πȟππςσ φȟπσȣφȟρς 

τσπȣττψ 

4 +1 +1 +1 +1 
ρσυς

χȟςρ
 
ρσφφ

χȟςς
 
ρτφφ

χȟςω
 
ρσωπ

χȟςτ
 πȟππρς 

ρτρω

χȟρυ
 πȟππσ χȟςχȣχȟσρ ρσωπȣρττφ 

5 +1 -1 -1 -1 
ρσψ

τȟω
 
ρσω

τȟωχ
 
ρτρ

τȟωυ
 
ρτπ

τȟωτ
 πȟππρτ 

ρτψ

υȟπς
 πȟππψ τȟωχȣυȟπρ ρτσȣρτω 

6 +1 +1 -1 +1 
υπσ

φȟςς
 
υρσ

φȟςτ
 
τχσ

φȟρφ
 
υππ

φȟςρ
 πȟππρς 

τχσ

φȟςω
 πȟππςσ φȟρςȣφȟρφ τυχȣτψφ 

7 +1 -1 +1 +1 
συψ

υȟψυ
 
συτ

υȟω
 
σχς

υȟως
 
σφπ

υȟψω
 πȟππρσ 

στφ

υȟχυ
 πȟπππψ υȟψφȣυȟω στρȣσυτ 

8 +1 +1 +1 -1 
ρχπς

χȟτυ
 
ρφυς

χȟσψ
 
ρφυς

χȟτρ
 
ρφψπ

χȟτς
 πȟππρτ 

ρχτφ

χȟφτ
 πȟππστ χȟτσȣχȟς ρχτρȣρψρς 

ὦ φȟςρψ πȟφχτ πȟφρσ πȟπωψχ  πȟπρτυ  πȟπρςρ  

9
1
 



ʊʘʙʣʠʮʘ 3.4 ï ʇʨʦʚʝʨʢʘ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʤʦʜʝʣʠ ʜʣʷ ʩʠʣʳ ὖ 

ʇʨʦʚʝʨʢʘ ʟʥʘʯʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʝʛʨʝʩʩʠʠ 

Ὓ ὣ Ὓὦ  ’  ̊ ὸ ὸ ὸ ὸ ὸ̋  ̑

πȟπρςρ πȟπρρς ρχ υωτȟσ φχȟω υςȟψ ρπȟχ ςȟρςσ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ,  ʝʩʣʠ  ὸ ὸ̋ ,̑ ʪʦ ʚʩʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ὦ ʟʥʘʯʠʤʳ 

ʇʨʦʚʝʨʢʘ ʦʜʥʦʨʦʜʥʦʩʪʠ ʜʠʩʧʝʨʩʠʠ ʇʨʦʚʝʨʢʘ ʘʜʝʢʚʘʪʥʦʩʪʠ ʤʦʜʝʣʠ 

Ὃ  ’  ’  Ὃ̋  ̑ Ὓ  Ὂ ’  ’  Ὂ̋  ̑

πȟςτχ σ χ πȟυςσ πȟππτυ ςȟφψ υ ρυ ςȟωψ 

ʊ.ʢ. Ὃ Ὃ̋ ,̑ ʪʦ ʜʠʩʧʝʨʩʠʠ ʦʜʥʦʨʦʜʥʳ ʊ.ʢ.  Ὂ Ὂ̋ ,̑ ʪʦ 

ʤʦʜʝʣʴ  ʘʜʝʢʚʘʪʥʘ 

 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʦʙʣʘʜʘʶʪ 

ʢʦʤʧʦʥʦʚʢʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʬʨʝʟʝʨʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʦʩʥʘʱʘʝʪʩʷ ʨʝʞʫʱʠʤʠ 

ʧʣʘʩʪʠʥʘʤʠ ʧʦ ʦʜʥʦʨʦʜʥʦʩʪʠ (ʨʠʩʫʥʦʢ 3.9). 

ʇʨʠ ʵʪʦʤ ʬʨʝʟʳ ʩ ʦʜʥʦʨʦʜʥʦ-ʚʳʩʦʢʦʦʤʥʳʤʠ ʧʣʘʩʪʠʥʘʤʠ ʧʦʚʳʰʘʶʪ 

ʜʠʥʘʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩ ʨʝʟʘʥʠʷ ʚ 2.6 ʨʘʟʘ ʠ ʩ ʦʜʥʦʨʦʜʥʦ-

ʥʠʟʢʦʦʤʥʳʤʠ ʧʣʘʩʪʠʥʘʤʠ ʚ 2 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʤʝʰʘʥʥʦʡ ʩʭʝʤʦʡ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʨʝʞʫʱʠʭ ʧʣʘʩʪʠʥ ʚ ʢʦʨʧʫʩʝ ʬʨʝʟʝʨʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. 

3.3 ɺʳʚʦʜʳ ʧʦ ʪʨʝʪʴʝʡ ʛʣʘʚʝ 

ɺ ʭʦʜʝ ʩʦʟʜʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

ʬʨʝʟʝʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʣʝʢʪʠʚʥʦʛʦ ʤʝʪʦʜʘ ʦʩʥʘʱʝʥʠʷ 

ʤʥʦʛʦʣʝʟʚʠʡʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʢʝʨʘʤʠʯʝʩʢʠʤʠ ʨʝʞʫʱʠʤʠ ʧʣʘʩʪʠʥʘʤʠ ʜʦʩʪʠʛʥʫʪʳ 

ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: 

1. ʋʩʪʘʥʦʚʣʝʥʳ ʠ ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʥʳ ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʧʦʜʩʠʩʪʝʤʳ çʩʪʦʣ-ʟʘʛʦʪʦʚʢʘè, çʰʧʠʥʜʝʣʴ-ʬʨʝʟʘè, çʰʧʠʥʜʝʣʴ-ʬʨʝʟʘ ʩ ʉʄʇè ʧʦ 

ʪʨʸʤ ʢʦʦʨʜʠʥʘʪʘʤ ʬʨʝʟʝʨʥʦʛʦ ʩʪʘʥʢʘ. 

2. ɺʳʷʚʣʝʥʳ ʜʦʤʠʥʠʨʫʶʱʠʝ ʵʣʝʤʝʥʪʳ ʛʣʦʙʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʤʥʦʛʦʣʝʟʚʠʡʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʫʪʝʤ ʫʪʦʯʥʝʥʥʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ ʦʪʜʝʣʴʥʳʭ 

ʧʦʜʩʠʩʪʝʤ ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 
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3. ʈʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʤʥʦʛʦʣʝʟʚʠʡʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠʟʜʝʣʠʡ, ʧʦʟʚʦʣʷʶʱʘʷ ʦʧʠʩʳʚʘʪʴ ʜʠʥʘʤʠʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʳ ʧʨʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʣʦʩʢʠʭ 

ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘ ʦʩʥʦʚʝ ʦʮʝʥʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʨʝʞʫʱʝʡ 

ʢʝʨʘʤʠʢʠ. 

4. ʇʨʦʠʟʚʝʜʝʥʦ ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʪʦʨʮʝʚʦʛʦ ʬʨʝʟʝʨʦʚʘʥʠʷ ʚ ʧʨʦʛʨʘʤʤʥʦʡ 

ʩʨʝʜʝ LabVIEW ʥʘ ʦʩʥʦʚʝ ʩʦʟʜʘʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ 

ʦʧʨʝʜʝʣʠʪʴ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʦʚʢʘʭ ʦʢʩʠʜʥʦ-

ʢʘʨʙʠʜʥʳʤʠ ʨʝʞʫʱʠʭ ʧʣʘʩʪʠʥ ʚʦ ʬʨʝʟʝʨʥʦʤ ʠʥʩʪʨʫʤʝʥʪʝ.  
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ɻʃɸɺɸ 4 ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓɽ ʀʉʉʃɽɼʆɺɸʅʀʗ ɺʃʀʗʅʀʗ 

ʉɽʃɽʂʊʀɺʅʆɻʆ ʆʉʅɸʑɽʅʀʗ ʄʅʆɻʆʃɽɿɺʀʁʅʆɻʆ ʈɽɾʋʑɽɻʆ 

ʀʅʉʊʈʋʄɽʅʊɸ ʇʈʀ ʌʈɽɿɽʈʆɺɸʅʀʀ 

4.1 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʤʝʪʦʜʘ 

ʦʩʥʘʱʝʥʠʷ ʤʥʦʛʦʣʝʟʚʠʡʥʦʛʦ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠ ʬʨʝʟʝʨʦʚʘʥʠʠ ʥʘ 

ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʎʝʣʴʶ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʨʘʙʦʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ 

ʘʥʘʣʠʟ ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʭ ʨʘʟʣʠʯʠʡ ʦʪʜʝʣʴʥʳʭ ʦʢʩʠʜʥʦ-

ʢʘʨʙʠʜʥʳʭ ʨʝʞʫʱʠʭ ʧʣʘʩʪʠʥ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʚ ʤʥʦʛʦʣʝʟʚʠʡʥʳʡ ʨʝʞʫʱʠʡ 

ʠʥʩʪʨʫʤʝʥʪ ʥʘ ʦʧʝʨʘʮʠʷʭ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʚʳʩʦʢʦʪʦʯʥʳʭ ʧʣʦʩʢʠʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʤʝʪʦʜʘ 

ʢʦʤʧʣʝʢʪʦʚʘʥʠʷ ʬʨʝʟ ʦʢʩʠʜʥʦ-ʢʘʨʙʠʜʥʳʤʠ ʨʝʞʫʱʠʤʠ ʧʣʘʩʪʠʥʘʤʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʚʳʩʦʢʦʪʦʯʥʳʭ ʧʣʦʩʢʠʭ ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʬʨʝʟʝʨʥʦʡ ʦʙʨʘʙʦʪʢʝ, ʚ ʢʦʪʦʨʦʡ ʚ ʢʘʯʝʩʪʚʝ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ 

ʜʝʪʘʣʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʟʘʛʦʪʦʚʢʘ ʠʟ ʯʫʛʫʥʘ ʤʘʨʢʠ ʉʏ-20 ʨʘʟʤʝʨʦʤ 25ʭ98ʭ200ʤʤ, 

ʧʦʣʫʯʝʥʥʘʷ ʠʟ ʩʪʘʥʠʥʳ ʫʪʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʪʦʢʘʨʥʦʛʦ ʩʪʘʥʢʘ ɼʀʇ-600 

(ʨʠʩʫʥʦʢ 4.1). ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʯʫʛʫʥʘ ʜʘʥʥʦʡ ʟʘʛʦʪʦʚʢʠ ʚʢʣʶʯʘʣ ʚ ʩʝʙʷ 93,34 

% ʞʝʣʝʟʘ (Fe), 3,46 % ʫʛʣʝʨʦʜʘ (ʉ), 1,97 % ʢʨʝʤʥʠʷ (Si), 0,93 % ʤʘʨʛʘʥʮʘ (Mn), 

0,18 % ʬʦʩʬʦʨʘ (P), 0,12 % ʩʝʨʳ (S). ʊʚʸʨʜʦʩʪʴ ʟʘʛʦʪʦʚʢʠ ʚ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʟʦʥʝ 

ʩʦʩʪʘʚʠʣʘ 220 HB. ʈʘʟʤʝʨ ʬʨʝʟʝʨʫʝʤʦʡ ʧʣʦʩʢʦʩʪʠ ʟʘʛʦʪʦʚʢʠ ʩʦʩʪʘʚʣʷʣ 25ʭ200 ʤʤ. 

ʆʙʨʘʙʦʪʢʘ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʬʨʝʟʦʡ ʜʠʘʤʝʪʨʦʤ 63 ʤʤ ʩ 6 ʨʝʞʫʱʠʤʠ ʟʫʙʴʷʤʠ, ʨʦʣʴ 

ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʷʣʠ ʩʤʝʥʥʳʝ ʤʥʦʛʦʛʨʘʥʥʳʝ ʨʝʞʫʱʠʝ ʧʣʘʩʪʠʥʳ ʤʘʨʢʠ ɺʆʂ-200 

ʢʚʘʜʨʘʪʥʦʡ ʬʦʨʤʳ SNGN 120408. ʂʘʞʜʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʦʠʟʚʦʜʠʣʩʷ ʧʦ 3 ʨʘʟʘ ʩ 

3 ʨʘʟʣʠʯʥʳʤʠ ʢʦʤʧʦʥʦʚʢʘʤʠ (ʭʘʦʪʠʯʥʘʷ, ʥʠʟʢʦʦʤʥʘʷ ʠ ʚʳʩʦʢʦʦʤʥʘʷ). ɺ ʢʘʯʝʩʪʚʝ 

ʩʪʘʥʢʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣ ʚʳʙʨʘʥ ʦʙʨʘʙʘʪʳʚʘʶʱʠʡ ʮʝʥʪʨ HAAS 

VF 2. 
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ʈʠʩʫʥʦʢ 4.1 ï ʊʦʢʘʨʥʳʡ ʩʪʘʥʦʢ ɼʀʇ-600 ʠ ʟʘʛʦʪʦʚʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʫʪʠʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ 

ʩʪʘʥʢʘ 

 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʨʝʢʦʤʝʥʜʘʮʠʷʭ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʨʝʞʫʱʝʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʵʤʧʠʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʦʧʪʠʤʘʣʴʥʳʤʠ ʨʝʞʠʤʘʤʠ ʨʝʟʘʥʠʷ ʜʣʷ 

ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: ʩʢʦʨʦʩʪʴ ʨʝʟʘʥʠʷ 

v = 990 ʤ/ʤʠʥ, ʧʦʜʘʯʘ S = 0,09 ʤʠʥ
-1
, ʛʣʫʙʠʥʘ ʨʝʟʘʥʠʷ ʅ = 0,1 ʤʤ. ʀʟʤʝʨʝʥʠʝ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʦʩʣʝ ʢʘʞʜʦʛʦ 5-ʛʦ ʧʨʦʭʦʜʘ, ʪ.ʝ. ʯʝʨʝʟ 1 ʤʝʪʨ 

ʨʘʙʦʯʝʛʦ ʧʫʪʠ ʬʨʝʟʳ, ʚ ʧʷʪʠ ʨʘʟʣʠʯʥʳʭ ʪʦʯʢʘʭ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʇʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʟʘʛʦʪʦʚʢʠ ʠ ʧʨʦʚʝʜʝʥʠʝ ʠʟʤʝʨʝʥʠʷ ʰʝʨʦʭʦʚʘʪʦʩʪʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʘʥʥʦʡ ʟʘʛʦʪʦʚʢʠ ʧʨʦʬʠʣʦʤʝʪʨʦʤ Mitutoyo SJ-210 ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 4.2. 

 

  

ʈʠʩʫʥʦʢ 4.2 - ʇʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʟʘʛʦʪʦʚʢʠ ʠ ʧʨʦʚʝʜʝʥʠʝ ʠʟʤʝʨʝʥʠʷ ʰʝʨʦʭʦʚʘʪʦʩʪʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʘʥʥʦʡ ʟʘʛʦʪʦʚʢʠ ʧʨʦʬʠʣʦʤʝʪʨʦʤ Mitutoyo SJ-210 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʜʠʣʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ SLM ʧʨʠ ʦʩʥʘʱʝʥʠʠ ʬʨʝʟ ʢʝʨʘʤʠʯʝʩʢʠʤʠ ʨʝʞʫʱʠʤʠ 
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ʧʣʘʩʪʠʥʘʤʠ. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʟʚʦʣʠʣ ʧʦʩʪʨʦʠʪʴ ʛʨʘʬʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʠʟʤʝʥʝʥʠʷ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʚʩʣʝʜʩʪʚʠʝ ʠʟʥʦʩʘ ʨʝʞʫʱʠʭ ʢʨʦʤʦʢ 

ʦʢʩʠʜʥʦ-ʢʘʨʙʠʜʥʳʭ ʧʣʘʩʪʠʥ ʬʦʨʤʳ SNGN 120408 ʧʨʠ ʬʨʝʟʝʨʦʚʘʥʠʷ ʯʫʛʫʥʥʦʡ 

ʟʘʛʦʪʦʚʢʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʦʚʢʘʭ ʉʄʇ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʜʣʷ ʢʘʞʜʦʡ 

ʢʦʤʧʦʥʦʚʢʠ ʧʨʦʜʦʣʞʘʣʠʩʴ ʜʦ ʚʳʭʦʜʘ ʟʥʘʯʝʥʠʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʟʘ ʧʨʝʜʝʣʴʥʦ 

ʜʦʧʫʩʪʠʤʦʝ ʟʥʘʯʝʥʠʝ Ra=3 ʤʢʤ. ɿʘʚʠʩʠʤʦʩʪʴ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ 

ʧʨʦʡʜʝʥʥʦʛʦ ʬʨʝʟʦʡ ʨʘʩʩʪʦʷʥʠʷ ʧʨʠ ʬʨʝʟʝʨʦʚʘʥʠʠ ʨʝʞʫʱʝʡ ʢʝʨʘʤʠʢʦʡ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4.3. ʀʟ ʛʨʘʬʠʢʘ ʚʠʜʥʦ, ʯʪʦ ʣʫʯʰʠʝ ʧʦʢʘʟʘʪʝʣʠ ʩʪʦʡʢʦʩʪʠ 

ʠʥʩʪʨʫʤʝʥʪʘ ʧʦ ʢʘʯʝʩʪʚʫ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʢʘʟʘʣʘ ʢʦʤʧʦʥʦʚʢʘ 

ʚʳʩʦʢʦʦʤʥʳʤʠ ʨʝʞʫʱʠʤʠ ʧʣʘʩʪʠʥʘʤʠ. ʅʠʟʢʦʦʤʥʳʝ ʨʝʞʫʱʠʝ ʧʣʘʩʪʠʥʳ, 

ʩʢʦʤʧʦʥʦʚʘʥʥʳʝ ʚʦ ʬʨʝʟʝ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʦʢʘʟʘʣʠ ʩʥʠʞʝʥʠʝ 

ʩʪʦʡʢʦʩʪʠ ʥʘ 6% ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʦʤʥʦʡ ʢʦʤʧʦʥʦʚʢʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʨʘʟʥʠʮʘ 

ʟʥʘʯʝʥʠʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ Ra ʥʘ ʥʝʢʦʪʦʨʳʭ ʵʪʘʧʘʭ ʦʙʨʘʙʦʪʢʠ ʧʨʠ 

ʨʘʚʥʦʤ ʧʨʦʡʜʸʥʥʦʤ ʧʫʪʠ ʜʦʩʪʠʛʘʣʘ 100 %.  

 

ʈʠʩʫʥʦʢ 4.3 - ɿʘʚʠʩʠʤʦʩʪʴ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʧʨʠ ʬʨʝʟʝʨʦʚʘʥʠʠ 

ʨʝʞʫʱʝʡ ʢʝʨʘʤʠʢʦʡ ʥʘ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʤ ʩʪʘʥʢʝ ʩ ʏʇʋ HAAS VF 2 

 

ʉʤʝʰʘʥʥʘʷ ʢʦʤʧʦʥʦʚʢʘ ʚʦ ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʢʘʟʘʣʘ ʩʘʤʳʝ ʥʠʟʢʠʝ 

ʩʪʦʡʢʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʇʨʦʡʜʝʥʥʳʡ ʧʫʪʴ ʪʘʢʦʡ ʬʨʝʟʦʡ ʧʨʠ ʦʙʝʩʧʝʯʝʥʠʠ 

ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʥʴʰʝ ʯʝʤ ʫ ʦʜʥʦʨʦʜʥʦʡ 

ʥʠʟʢʦʦʤʥʦʡ ʢʦʤʧʦʥʦʚʢʠ ʥʘ 24 %, ʠ ʥʘ 30 % ʤʝʥʴʰʝ ʯʝʤ ʧʨʠ ʦʜʥʦʨʦʜʥʦʡ 

ʚʳʩʦʢʦʦʤʥʦʡ ʢʦʤʧʦʥʦʚʢʝ. 
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ʈʘʩʩʪʦʷʥʠʝ ʧʨʦʡʜʝʥʥʦʝ ʬʨʝʟʦʡ, ʤ 

ʉʤʝʰʘʥʥʘʷ ʢʦʤʧʦʥʦʚʢʘ  

ɺʳʩʦʢʦʦʤʥʘʷ ʢʦʤʧʦʥʦʚʢʘ  

ʅʠʟʢʦʦʤʥʘʷ ʢʦʤʧʦʥʦʚʢʘ 
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ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʧʨʦʚʝʨʢʠ ʧʨʠʤʝʥʠʤʦʩʪʠ 

ʤʝʪʦʜʘ SLM ʧʨʠ ʦʩʥʘʱʝʥʠʠ ʤʥʦʛʦʣʝʟʚʠʡʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʘʥʘʣʦʛʠʯʥʘʷ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ 

ʰʠʨʦʢʦʫʥʠʚʝʨʩʘʣʴʥʦʤ ʬʨʝʟʝʨʥʦʤ ʩʪʘʥʢʝ 67ʂ25 (ʨʠʩʫʥʦʢ 4.4). ʆʙʨʘʙʦʪʢʘ 

ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʨʝʞʠʤʘʭ: v = 190 ʤ/ʤʠʥ, ʧʦʜʘʯʘ S = 0,09 ʤʤ/ʦʙ. 

ʛʣʫʙʠʥʘ ʨʝʟʘʥʠʷ ʅ = 0,1 ʤʤ. ʇʨʦʚʝʨʢʘ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʪʘʢʞʝ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ 

ʧʦʩʣʝ ʢʘʞʜʦʛʦ 5-ʛʦ ʨʘʙʦʯʝʛʦ ʧʨʦʭʦʜʘ ʠʥʩʪʨʫʤʝʥʪʘ, ʚ 5-ʪʠ ʨʘʟʣʠʯʥʳʭ ʪʦʯʢʘʭ 

ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʬʠʣʦʤʝʪʨʘ Mitutoyo SJ-210. 

 

ʈʠʩʫʥʦʢ 4.4 - ɿʘʚʠʩʠʤʦʩʪʴ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʧʨʠ ʬʨʝʟʝʨʦʚʘʥʠʠ 

ʨʝʞʫʱʝʡ ʢʝʨʘʤʠʢʦʡ ʥʘ ʰʠʨʦʢʦʫʥʠʚʝʨʩʘʣʴʥʦʤ ʩʪʘʥʢʝ 67ʂ25 

 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʪʨʘʞʝʥʳ ʛʨʘʬʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʥʘ ʨʠʩʫʥʢʝ 

4.4. ɺʳʩʦʢʦʦʤʥʘʷ ʢʦʤʧʦʥʦʚʢʘ ʚ ʜʘʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʪʘʢʞʝ ʧʦʢʘʟʘʣʘ ʣʫʯʰʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʩʪʦʡʢʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʈʘʟʥʠʮʘ ʚ ʩʪʦʡʢʦʩʪʠ 

ʧʦ ʢʘʯʝʩʪʚʫ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʠʟʢʦʦʤʥʦʡ ʢʦʤʧʦʥʦʚʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʚʳʩʦʢʦʦʤʥʦʡ ʩʦʩʪʘʚʠʣʘ 26 %. ʈʘʟʣʠʯʠʷ ʧʘʨʘʤʝʪʨʦʚ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʥʘʭʦʜʠʣʠʩʴ ʚ 

ʧʨʝʜʝʣʘʭ ʦʪ 15 % ʜʦ 40 % ʚ ʧʦʣʴʟʫ ʚʳʩʦʢʦʦʤʥʦʡ. ʉʤʝʰʘʥʥʘʷ ʢʦʤʧʦʥʦʚʢʘ ʚ 

ʜʘʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʦʢʘʟʘʣʘ ʙʣʠʟʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʩʪʦʡʢʦʩʪʠ ʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ 

ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʥʠʟʢʦʦʤʥʦʡ. ʇʨʦʡʜʝʥʥʳʡ ʧʫʪʴ ʬʨʝʟʳ ʦʩʥʘʱʸʥʥʦʡ 

ʪʘʢʦʡ ʢʦʤʧʦʥʦʚʢʦʡ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʪʨʝʙʫʝʤʳʭ ʟʥʘʯʝʥʠʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʩʥʠʟʠʣʩʷ 

ʥʘ 15 % ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʦʤʥʦʡ ʢʦʤʧʦʥʦʚʢʠ ʠ ʥʘ 50 % ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʚʳʩʦʢʦʦʤʥʦʡ ʢʦʤʧʦʥʦʚʢʠ. ʈʘʟʣʠʯʠʷ ʟʥʘʯʝʥʠʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʦʙʨʘʙʦʪʘʥʥʦʡ 
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ʈʘʩʩʪʦʷʥʠʝ ʧʨʦʡʜʝʥʥʦʝ ʬʨʝʟʦʡ, ʤ 

ɺʳʩʦʢʦʦʤʥʘʷ ʢʦʤʧʦʥʦʚʢʘ 

ʅʠʟʢʦʦʤʥʘʷ ʢʦʤʧʦʥʦʚʢʘ 

ʉʤʝʰʘʥʥʘʷ ʢʦʤʧʦʥʦʚʢʘ 
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ʧʦʚʝʨʭʥʦʩʪʠ Ra ʥʘʭʦʜʠʣʠʩʴ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 1 % ʜʦ 15 % ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʥʘʯʝʥʠʡ, 

ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʥʠʟʢʦʦʤʥʦʡ ʢʦʤʧʦʥʦʚʢʝ ʠ ʦʪ 8 % ʜʦ 80 % ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʚʳʩʦʢʦʦʤʥʦʡ. 

ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʨʦʚʝʜʸʥʥʳʭ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʪʘʥʢʘʭ 

ʧʦʟʚʦʣʷʝʪ ʫʚʠʜʝʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ ʦʪʣʠʯʠʷ ʩʪʦʡʢʦʩʪʠ ʬʨʝʟ ʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ 

ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʚʩʝʭ ʢʦʤʧʦʥʦʚʢʘʭ ʚ ʧʦʣʴʟʫ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ 

ʩʪʘʥʢʘ ʩ ʏʇʋ. ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʨʝʞʫʱʘʷ ʢʝʨʘʤʠʢʘ ʚ ʙʦʣʴʰʝʡ 

ʩʪʝʧʝʥʠ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤʘʭ ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʦʡ ʞʸʩʪʢʦʩʪʴʶ ʠ ʪʦʯʥʦʩʪʴʶ ʨʘʙʦʯʠʭ ʧʝʨʝʤʝʱʝʥʠʡ. 

ʆʜʥʘʢʦ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʝʥʜʝʥʮʠʷ ʧʦʚʝʜʝʥʠʷ ʤʥʦʛʦʣʝʟʚʠʡʥʦʛʦ ʨʝʞʫʱʝʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʦʚʢʘʭ ʯʸʪʢʦ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. 

ʆʙʥʘʨʫʞʝʥʥʳʝ ʦʪʣʠʯʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʦʧʠʩʘʥʥʳʭ ʢʦʤʧʦʥʦʚʦʢ, ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʦʙʫʩʣʦʚʣʝʥʳ ʨʘʟʣʠʯʥʦʡ ʩʪʦʡʢʦʩʪʴʶ ʢʘʞʜʦʡ ʦʪʜʝʣʴʥʦʡ ʨʝʞʫʱʝʡ 

ʧʣʘʩʪʠʥʳ. ʇʨʠ ʠʟʥʘʰʠʚʘʥʠʠ ʨʝʞʫʱʠʭ ʢʨʦʤʦʢ ʧʣʘʩʪʠʥ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʣʦʱʘʜʴ 

ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʟʘʛʦʪʦʚʢʠ, ʯʪʦ ʚʝʜʸʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʠʣʳ ʨʝʟʘʥʠʷ. 

ʀʟʥʦʩ ʢʝʨʘʤʠʯʝʩʢʠʭ ʨʝʞʫʱʠʭ ʧʣʘʩʪʠʥ ʠʤʝʝʪ ʭʘʨʘʢʪʝʨ ʭʨʫʧʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ, ʯʪʦ 

ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʠʥʩʪʨʫʤʝʥʪʘ ʤʝʥʷʝʪ ʬʦʨʤʫ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ ʠ ʚʝʜʸʪ ʢ 

ʧʦʚʪʦʨʝʥʠʶ ʧʨʦʬʠʣʷ ʩʢʘʣʳʚʘʶʱʝʡʩʷ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ ʥʘ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. 

ʊʘʢʞʝ ʧʨʠ ʥʝʨʘʚʥʦʤʝʨʥʦʤ ʠʟʥʘʰʠʚʘʥʠʠ ʨʝʞʫʱʠʭ ʟʫʙʴʝʚ ʬʨʝʟʳ, ʠʟʤʝʥʷʝʪʩʷ 

ʧʨʠʧʫʩʢ ʦʙʨʘʙʦʪʢʠ (ʛʣʫʙʠʥʘ ʨʝʟʘʥʠʷ), ʯʪʦ ʩʦʚʤʝʩʪʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʠʣʳ ʨʝʟʘʥʠʷ 

ʦʪ ʫʚʝʣʠʯʝʥʠʷ ʧʣʦʱʘʜʠ ʢʦʥʪʘʢʪʘ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ ʠ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʛʦʪʦʚʢʠ, 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʘʤʧʣʠʪʫʜʳ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʠ ʘʚʪʦʢʦʣʝʙʘʥʠʡ. 

ʋʚʝʣʠʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʦʩʪʘʚʣʷʝʪ ʩʣʝʜ ʥʘ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʚʧʦʩʣʝʜʩʪʚʠʠ ʪʘʢʞʝ ʩʪʘʥʦʚʠʪʩʷ ʧʨʠʯʠʥʦʡ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʧʨʠʧʫʩʢʘ, ʯʪʦ ʪʘʢʞʝ ʚʝʜʸʪ ʢ ʫʩʠʣʝʥʠʶ ʘʚʪʦʢʦʣʝʙʘʪʝʣʴʥʦʛʦ 

ʧʨʦʮʝʩʩʘ. ʇʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʧʦʩʪʝʧʝʥʥʦ çʢʦʣʣʘʧʩʠʨʫʝʪè ʠ ʧʨʠʚʦʜʠʪ ʢ 

ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʤʫ ʫʭʫʜʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ.  
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ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʘʚʪʦʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʝʠʟʙʝʞʥʦ ʚʦ ʚʨʝʤʷ 

ʬʨʝʟʝʨʦʚʘʥʠʷ, ʥʦ ʚ ʩʣʫʯʘʝ ʦʙʝʩʧʝʯʝʥʠʷ ʦʜʥʦʨʦʜʥʦʩʪʠ ʩʚʦʡʩʪʚ ʨʝʞʫʱʠʭ ʟʫʙʴʝʚ 

ʬʨʝʟʳ ʧʦʟʚʦʣʷʝʪ ʩʚʝʩʪʠ ʚʝʣʠʯʠʥʫ ʘʚʪʦʢʦʣʝʙʘʥʠʡ ʢ ʤʠʥʠʤʫʤʫ ʥʘ ʚʩʸʤ ʧʨʦʪʷʞʝʥʠʠ 

ʩʨʦʢʘ ʩʣʫʞʙʳ ʠʥʩʪʨʫʤʝʥʪʘ.  

4.2 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʤʝʪʦʜʘ 

ʦʩʥʘʱʝʥʠʷ ʤʥʦʛʦʣʝʟʚʠʡʥʦʛʦ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠ ʬʨʝʟʝʨʦʚʘʥʠʠ ʥʘ 

ʜʠʥʘʤʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʦʮʝʩʩʘ 

ɼʣʷ ʦʮʝʥʢʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʦʮʝʩʩʘ ʬʨʝʟʝʨʦʚʘʥʠʷ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʩʝʣʝʢʪʠʚʥʦʛʦ ʤʝʪʦʜʘ ʦʩʥʘʱʝʥʠʷ ʤʥʦʛʦʣʝʟʚʠʡʥʦʛʦ ʨʝʞʫʱʝʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ ʦʢʩʠʜʥʦ-ʢʘʨʙʠʜʥʳʤʠ ʨʝʞʫʱʠʤʠ ʧʣʘʩʪʠʥʘʤʠ ʧʘʨʘʣʣʝʣʴʥʦ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʥʘ ʰʠʨʦʢʦʫʥʠʚʝʨʩʘʣʴʥʦʤ ʩʪʘʥʢʝ 67ʂ25, ʦʧʠʩʘʥʥʳʤ ʚ ʨʘʟʜʝʣʝ 4.1 

ʜʘʥʥʦʡ ʛʣʘʚʳ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʠʟʤʝʨʝʥʠʷ ʠʟʥʦʩʘ ʨʝʞʫʱʠʭ ʢʨʦʤʦʢ ʉʄʇ ʧʦ ʤʝʨʝ 

ʫʭʫʜʰʝʥʠʷ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʤʦʙʠʣʴʥʦʛʦ 

ʤʠʢʨʦʩʢʦʧʘ (ʨʠʩʫʥʦʢ 4.5, ʘ). ʊʘʢʞʝ ʚʦ ʚʨʝʤʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦ ʤʝʨʝ 

ʠʟʥʘʰʠʚʘʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʩʥʠʤʘʣʠʩʴ ʚʠʙʨʦʛʨʘʤʤʳ ʩ ʧʦʜʩʠʩʪʝʤʳ çʩʪʦʣ-

ʟʘʛʦʪʦʚʢʘè ʩ ʧʦʤʦʱʴʶ ʧʨʠʙʦʨʘ ʤʦʜʝʣʠ çPr¿ftechnik MT GmbH VibXpertè 

(ʨʠʩʫʥʦʢ 4.5, ʙ).   

ɼʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʥʘ ʧʨʘʢʪʠʢʝ ʦʮʝʥʠʪʴ ʜʠʥʘʤʠʯʝʩʢʫʶ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʠʩʪʝʤʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʦʚʢʘʭ ʨʝʞʫʱʠʭ ʧʣʘʩʪʠʥ ʚʦ ʬʨʝʟʝ ʠ 

ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʷʭ ʠʟʥʦʩʘ ʠʥʩʪʨʫʤʝʥʪʘ ʧʦ ʟʘʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ȹʅ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʠʣʠ ʩʦʩʪʘʚʠʪʴ ʛʨʘʬʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʥʘʰʠʚʘʥʠʷ 

ʦʢʩʠʜʥʦ-ʢʘʨʙʠʜʥʳʭ ʨʝʞʫʱʠʭ ʧʣʘʩʪʠʥ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʦʚʢʘʭ (ʨʠʩʫʥʢʠ 4.6; 

4.11; 4.14). 
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ʘ) ʙ) 

ʈʠʩʫʥʦʢ 4.5 ï ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʧʦ ʧʨʦʚʝʨʢʝ ʠʟʥʦʩʘ ʨʝʞʫʱʠʭ ʧʣʘʩʪʠʥ ʠ ʦʮʝʥʢʝ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ: 

ʘ ï ʧʨʦʮʝʩʩ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʡ ʩʲʸʤʢʠ ʨʝʞʫʱʠʭ ʢʨʦʤʦʢ ʦʢʩʠʜʥʦ-ʢʘʨʙʠʜʥʳʭ ʧʣʘʩʪʠʥ;  

ʙ ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʩʥʷʪʠʷ ʚʠʙʨʦʛʨʘʤʤ ʚʦ ʚʨʝʤʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩ 

ʧʦʤʦʱʴʶ ʧʨʠʙʦʨʘ ʤʦʜʝʣʠ çPr¿ftechnik MT GmbH VibXpertè 

 

ʅʘ ʜʘʥʥʳʭ ʛʨʘʬʠʢʘʭ ʫʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ 3 ʩʪʘʜʠʠ ʠʟʥʦʩʘ ʨʝʞʫʱʝʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ: ʘ ï ʩʪʘʜʠʷ ʧʨʠʨʘʙʦʪʢʠ ʠʥʩʪʨʫʤʝʥʪʘ; ʙ ï ʩʪʘʜʠʷ ʥʦʨʤʘʣʴʥʦʛʦ ʠʟʥʦʩʘ 

ʠʥʩʪʨʫʤʝʥʪʘ; ʚ ï ʩʪʘʜʠʷ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʛʦ ʠʟʥʦʩʘ ʠʥʩʪʨʫʤʝʥʪʘ. ʇʦʣʫʯʝʥʥʳʝ 

ʚʠʙʨʦʛʨʘʤʤʳ ʪʘʢʞʝ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʩʦʛʣʘʩʥʦ ʦʧʠʩʘʥʥʳʤ ʩʪʘʜʠʷʤ ʠʟʥʦʩʘ.   

ʅʘ ʨʠʩʫʥʢʝ 4.6 ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ ʠʟʥʦʩʘ ʦʢʩʠʜʥʦ-ʢʘʨʙʠʜʥʳʭ ʨʝʞʫʱʠʭ 

ʧʣʘʩʪʠʥ ʧʨʠ ʬʨʝʟʝʨʦʚʘʥʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʩʪʨʫʤʝʥʪʘ ʩʦ ʩʤʝʰʘʥʥʦʡ 

ʢʦʤʧʦʥʦʚʢʦʡ. ʇʝʨʠʦʜ ʩʪʦʡʢʦʩʪʠ ʬʨʝʟʳ ʩ ʜʘʥʥʦʡ ʢʦʤʧʦʥʦʚʢʦʡ ʦʢʠʜʥʦ-

ʢʘʨʙʠʜʥʳʤʠ ʨʝʞʫʱʠʤʠ ʧʣʘʩʪʠʥʘʤʠ ʧʦʢʘʟʘʣ  ʥʘʠʤʝʥʴʰʫʶ ʩʪʦʡʢʦʩʪʴ ʊ, ʢʦʪʦʨʘʷ 

ʩʦʩʪʘʚʠʣʘ 200 ʤʠʥʫʪ ʜʦ ʚʳʭʦʜʘ ʟʥʘʯʝʥʠʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ Ra ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʘ ʧʨʝʜʝʣʳ ʜʦʧʫʩʢʘ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʜʣʷ ʜʘʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ï Ra 3 

ʤʢʤ. ʉʢʦʨʦʩʪʴ ʠʟʥʘʰʠʚʘʥʠʷ ʧʨʠ ʜʘʥʥʦʡ ʢʦʤʧʦʥʦʚʢʝ ʦʪʣʠʯʘʣʘʩʴ ʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʳʤ ʭʘʨʘʢʝʪʨʦʤ, ʥʦ ʢʣʘʩʩʠʯʝʩʢʠʝ ʩʪʘʜʠʠ ʠʟʥʦʩʘ ʦʪʯʸʪʣʠʚʦ 

ʧʨʦʩʣʝʞʠʚʘʣʠʩʴ. 

ʇʨʠ ʚʥʠʤʘʪʝʣʴʥʦʤ ʨʘʩʩʤʦʪʨʝʥʠʠ ʚʠʙʨʦʛʨʘʤʤ ʧʨʦʮʝʩʩʘ ʬʨʝʟʝʨʦʚʘʥʠʷ 

(ʨʠʩʫʥʦʢ 4.6) ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʥʘ ʩʪʘʜʠʠ ʧʨʠʨʘʙʦʪʢʠ (ʨʠʩʫʥʦʢ 4.6, ʘ) 

ʪʘʢʦʡ ʠʥʩʪʨʫʤʝʥʪ ʠʤʝʝʪ ʙʦʣʝʝ ʦʜʥʦʨʦʜʥʳʡ ʭʘʨʘʢʪʝʨ ʚʠʙʨʦʫʩʢʦʨʝʥʠʡ ʠ ʤʝʥʴʰʫʶ 
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ʘʤʧʣʠʪʫʜʫ ʢʦʣʝʙʘʥʠʡ. ɼʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʦʙʫʩʣʘʚʣʠʚʘʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʪʩʫʪʩʪʚʫʶʱʠʤ ʠʟʥʦʩʦʤ ʨʝʞʫʱʠʭ ʧʣʘʩʪʠʥ, ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʣʷ ʜʘʥʥʦʡ 

ʢʦʤʧʦʥʦʚʢʠ ʦʜʥʦʨʦʜʥʦʩʪʠ ʨʝʞʫʱʠʭ ʩʚʦʡʩʪʚ. 

 

ʈʠʩʫʥʦʢ 4.6 - ɻʨʘʬʠʢ ʠʟʥʦʩʘ ʦʢʩʠʜʥʦ-ʢʘʨʙʠʜʥʳʭ ʨʝʞʫʱʠʭ ʧʣʘʩʪʠʥ ɺʆʂ-200 ʧʨʠ ʪʦʨʮʝʚʦʤ 

ʬʨʝʟʝʨʦʚʘʥʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʩʪʨʫʤʝʥʪʘ ʩʦ ʩʤʝʰʘʥʥʦʡ ʢʦʤʧʦʥʦʚʢʦʡ  

(ʯʫʛʫʥ ʉʏ20, ʦʙʨʘʙʘʪʳʚʘʝʤʘʷ ʧʦʚʝʨʭʥʦʩʪʴ - 193ʭ25 ʤʤ, ʧʦʧʫʪʥʦʝ ʬʨʝʟʝʨʦʚʘʥʠʝ, ʩʢʦʨʦʩʪʴ 

ʨʝʟʘʥʠʷ Vʬʨ = 190 ʤ/ʤʠʥ, ʧʦʜʘʯʘ S = 0,09 ʤʤ/ʦʙ, ʛʣʫʙʠʥʘ ʨʝʟʘʥʠʷ ʅ = 0,1 ʤʤ) 

 

 ʆʜʥʘʢʦ ʠʟʫʯʝʥʠʝ ʧʠʢʦʚ ʚʠʙʨʦʛʨʘʤʤʳ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʥʘ 

ʜʘʥʥʦʤ ʵʪʘʧʝ ʦʜʥʘ ʨʝʞʫʱʘʷ ʧʣʘʩʪʠʥʘ ʥʝ ʫʯʘʩʪʚʫʝʪ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ (ʨʠʩʫʥʦʢ 

4.6, ʘ). ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʦ ʣʠʙʦ ʧʨʠʨʘʙʦʪʢʦʡ ʧʣʘʩʪʠʥ, ʦʙʣʘʜʘʶʱʠʭ 

ʨʘʟʣʠʯʠʷʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʣʠʙʦ ʠʟʥʦʩʦʤ ʜʘʥʥʦʡ ʧʣʘʩʪʠʥʳ. 

ʅʘ ʩʪʘʜʠʠ ʥʦʨʤʘʣʴʥʦʛʦ ʠʟʥʦʩʘ (ʨʠʩʫʥʦʢ 4.6, ʙ), ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʬʨʝʟʦʡ ʩʦ 

ʩʤʝʰʘʥʥʦʡ ʢʦʤʧʦʥʦʚʢʦʡ ʦʢʩʠʜʥʦ-ʢʘʨʙʠʜʥʳʭ ʨʝʞʫʱʠʭ ʧʣʘʩʪʠʥ ʥʘʙʣʶʜʘʝʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ. ʊʘʢʞʝ ʦʪʯʸʪʣʠʚʦ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʧʨʦʧʫʩʢʠ 

ʚʦʟʙʫʞʜʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʦʪ ʚʨʝʟʘʥʠʷ ʟʫʙʴʝʚ ʠʥʩʪʨʫʤʝʥʪʘ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ 

ʥʝʢʦʪʦʨʳʝ ʨʝʞʫʱʠʝ ʢʨʦʤʢʠ ʫʞʝ ʜʦʩʪʠʛʣʠ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʛʦ ʠʟʥʦʩʘ ʚʩʣʝʜʩʪʚʠʝ 

ʭʨʫʧʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʠ ʥʝ ʫʯʘʩʪʚʫʶʪ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ. ɽʩʣʠ ʦʮʝʥʠʪʴ ʛʨʘʬʠʢ 
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ʚʠʙʨʦʫʩʢʦʨʝʥʠʡ (ʨʠʩʫʥʦʢ 4.7, ʙ) ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʨʝʟʘʥʠʷ 

ʫʯʘʩʪʚʫʶʪ ʪʦʣʴʢʦ ʪʨʠ ʠʟ ʰʝʩʪʠ ʨʝʞʫʱʠʭ ʧʣʘʩʪʠʥʳ.  

ʘ) 

 

ʙ) 

 

ʚ) 

 

ʈʠʩʫʥʦʢ 4.7 - ɻʨʘʬʠʢ ʚʠʙʨʦʫʩʢʦʨʝʥʠʡ ʧʦʜʩʠʩʪʝʤʳ çʩʪʦʣ-ʟʘʛʦʪʦʚʢʘè ʧʨʠ ʬʨʝʟʝʨʦʚʘʥʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʩʪʨʫʤʝʥʪʘ ʩʦ ʩʤʝʰʘʥʥʦʡ ʢʦʤʧʦʥʦʚʢʦʡ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʷʭ ʠʟʥʦʩʘ (ʟʦʥʘ ʘ 

ï ʧʨʠʨʘʙʦʪʢʘ, ʙ ï ʥʦʨʤʘʣʴʥʳʡ ʠʟʥʦʩ, ʚ ï ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʡ ʠʟʥʦʩ) 

 

ʆʪʩʣʝʜʠʪʴ ʵʪʦ ʤʦʞʥʦ ʧʦ ʵʪʘʧʘʤ ʨʝʟʢʦʛʦ ʚʦʟʨʘʩʪʘʥʠʷ ʘʤʧʣʠʪʫʜʳ, ʢʦʪʦʨʳʝ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʨʝʟʘʥʠʠ ʟʫʙʘ ʬʨʝʟʳ ʚ ʟʘʛʦʪʦʚʢʫ. ɺ ʠʩʧʨʘʚʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʚʨʝʟʘʥʠʷ ʥʦʚʳʭ ʟʫʙʴʝʚ ʬʨʝʟʳ ʚ ʟʘʛʦʪʦʚʢʫ ʧʨʦʠʩʭʦʜʠʪ ʢʘʞʜʳʝ 10 ʤʠʣʣʠʩʝʢʫʥʜ 

ʧʨʠ ʜʘʥʥʳʭ ʨʝʞʠʤʘʭ ʦʙʨʘʙʦʪʢʠ. ʅʘ ʛʨʘʬʠʢʝ ʚʠʜʥʦ, ʯʪʦ ʧʝʨʚʳʝ 2 ʧʠʢʘ 

ʚʠʙʨʦʫʩʢʦʨʝʥʠʡ ʧʨʦʠʩʭʦʜʷʪ ʥʘ 2465ʤʩ ʠ ʥʘ 2475ʤʩ, ʘ ʩʣʝʜʫʶʱʠʡ ʧʨʦʠʩʭʦʜʠʪ 
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ʪʦʣʴʢʦ ʯʝʨʝʟ 20ʤʩ ʥʘ 2495 ʤʠʣʣʠʩʝʢʫʥʜʝ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ, ʯʪʦ ʜʘʞʝ ʧʦʟʚʦʣʷʝʪ 

ʦʮʝʥʠʪʴ ʨʘʩʧʦʣʦʞʝʥʠʝ ʙʦʣʝʝ ʠʟʥʦʰʝʥʥʳʭ ʨʝʞʫʱʠʭ ʢʨʦʤʦʢ (ʨʠʩʫʥʦʢ 4.8, ʘ).  

 

               ʘ)               ʙ)              ʚ) 

ʈʠʩʫʥʦʢ 4.8 ï ʉʦʩʪʦʷʥʠʝ ʨʝʞʫʱʠʭ ʧʣʘʩʪʠʥ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʷʭ ʠʟʥʦʩʘ ʧʨʠ ʩʤʝʰʘʥʥʦʡ 

ʢʦʤʧʦʥʦʚʢʝ ʬʨʝʟʳ ʦʢʩʠʜʥʦ-ʢʘʨʙʠʜʥʳʤʠ ʨʝʞʫʱʠʤʠ ʧʣʘʩʪʠʥʘʤʠ:  

ʘ ï ʧʨʠʨʘʙʦʪʢʘ; ʙ ï ʥʦʨʤʘʣʴʥʳʡ ʠʟʥʦʩ; ʚ ï ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʡ ʠʟʥʦʩ 

 

ʅʘ ʩʪʘʜʠʠ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʛʦ ʠʟʥʦʩʘ (ʨʠʩʫʥʦʢ 4.7, ʚ) ʥʘʙʣʶʜʘʝʪʩʷ ʝʱʸ 

ʙʦʣʴʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝʤ ʥʘʛʨʫʟʢʠ 

ʥʘ ʠʩʧʨʘʚʥʳʝ ʨʝʞʫʱʠʝ ʧʣʘʩʪʠʥʳ. ʇʦ ʧʠʢʘʤ ʚʠʙʨʦʫʩʢʦʨʝʥʠʡ ʤʦʞʥʦ ʧʨʦʩʣʝʜʠʪʴ, 

ʯʪʦ ʥʘ ʜʘʥʥʦʡ ʩʪʘʜʠʠ ʚ ʨʝʟʘʥʠʠ ʫʯʘʩʪʚʫʶʪ ʪʦʣʴʢʦ ʜʚʝ ʨʝʞʫʱʠʝ ʢʨʦʤʢʠ (ʨʠʩʫʥʦʢ 

4.8 ʚ). 

ɸʥʘʣʠʟ ʩʧʝʢʪʨʘ ʚʠʙʨʦʫʩʢʦʨʝʥʠʡ (ʨʠʩʫʥʦʢ 4.9) ʧʦʜʩʠʩʪʝʤʳ çʩʪʦʣ-ʟʘʛʦʪʦʚʢʘè 

ʧʨʠ ʬʨʝʟʝʨʥʦʡ ʦʙʨʘʙʦʪʢʝ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʷ ʠʟʥʦʩʘ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ 

ʜʦʤʠʥʠʨʫʶʱʠʝ ʯʘʩʪʦʪʳ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʥʘ ʚʩʝʭ ʩʪʘʜʠʷʭ ʠʟʥʦʩʘ ʦʩʪʘʶʪʩʷ 

ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳʤʠ ʠ ʦʱʫʪʠʤʦ ʠʟʤʝʥʷʶʪʩʷ ʪʦʣʴʢʦ ʧʠʢʦʚʳʝ ʟʥʘʯʝʥʠʷ 

ʚʠʙʨʦʫʩʢʦʨʝʥʠʡ. 

ʌʘʟʦʚʳʡ ʧʦʨʪʨʝʪ ʢʦʣʝʙʘʥʠʡ ʧʦʜʩʠʩʪʝʤʳ çʩʪʦʣ-ʟʘʛʦʪʦʚʢʘè (ʨʠʩʫʥʦʢ 4.10) 

ʪʘʢʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʚʝʣʠʯʝʥʠʠ ʚʝʣʠʯʠʥʳ ʦʪʢʣʦʥʝʥʠʡ ʩʠʩʪʝʤʳ ʦʪ ʥʫʣʝʚʦʡ 

ʪʦʯʢʠ ʧʦ ʤʝʨʝ ʠʟʥʘʰʠʚʘʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ, ʥʦ ʭʘʨʘʢʪʝʨ ʢʦʣʝʙʘʥʠʡ, ʢʦʪʦʨʳʡ ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʟʘʚʠʩʠʪ ʦʪ ʨʝʞʠʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʨʘʙʦʪʢʠ ʠ ʢʠʥʝʤʘʪʠʢʠ 

ʩʪʘʥʢʘ, ʦʩʪʘʸʪʩʷ ʥʝʠʟʤʝʥʥʳʤ.  
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ʘ) 

 

ʙ) 

 

ʚ) 

 

ʈʠʩʫʥʦʢ 4.9 - ɻʨʘʬʠʢ ʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʘ ʚʠʙʨʦʫʩʢʦʨʝʥʠʡ ʧʦʜʩʠʩʪʝʤʳ çʩʪʦʣ-ʟʘʛʦʪʦʚʢʘè ʧʨʠ 

ʬʨʝʟʝʨʦʚʘʥʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʩʪʨʫʤʝʥʪʘ ʩʦ ʩʤʝʰʘʥʥʦʡ ʢʦʤʧʦʥʦʚʢʦʡ ʧʣʘʩʪʠʥʘʤʠ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʷʭ ʠʟʥʦʩʘ (ʟʦʥʘ ʘ ï ʧʨʠʨʘʙʦʪʢʘ, ʙ ï ʥʦʨʤʘʣʴʥʳʡ ʠʟʥʦʩ, ʚ ï ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʡ 

ʠʟʥʦʩ) 

 

ɸʥʘʣʠʟ ʩʧʝʢʪʨʘ ʚʠʙʨʦʫʩʢʦʨʝʥʠʡ ʠ ʬʘʟʦʚʳʭ ʧʦʨʪʨʝʪʦʚ ʧʨʠ ʬʨʝʟʝʨʦʚʘʥʠʠ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʢʦʤʧʦʥʦʚʢʘʤʠ ʠʥʩʪʨʫʤʝʥʪʘ ʨʝʞʫʱʠʤʠ ʧʣʘʩʪʠʥʘʤʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʦ 

ʚʩʝʭ ʩʣʫʯʘʷʭ ʭʘʨʘʢʪʝʨ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʩʪʘʸʪʩʷ ʦʜʠʥʘʢʦʚʳʤ ʠ ʠʟʤʝʥʷʶʪʩʷ ʪʦʣʴʢʦ 

ʧʠʢʦʚʳʝ ʟʥʘʯʝʥʠʷ. 
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ʘ) ʙ) ʚ) 

ʈʠʩʫʥʦʢ 4.10 - ʌʘʟʦʚʳʡ ʧʦʨʪʨʝʪ ʚʠʙʨʦʫʩʢʦʨʝʥʠʡ ʧʦʜʩʠʩʪʝʤʳ çʩʪʦʣ-ʟʘʛʦʪʦʚʢʘè ʧʨʠ 

ʬʨʝʟʝʨʦʚʘʥʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʩʪʨʫʤʝʥʪʘ ʩ SLM ʢʦʤʧʦʥʦʚʢʦʡ ʚʳʩʦʢʦʦʤʥʳʤʠ ʧʣʘʩʪʠʥʘʤʠ 

ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʷʭ ʠʟʥʦʩʘ 

 

ʅʘ ʨʠʩʫʥʢʝ 4.11 ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ ʠʟʥʦʩʘ ʦʢʩʠʜʥʦ-ʢʘʨʙʠʜʥʳʭ ʨʝʞʫʱʠʭ 

ʧʣʘʩʪʠʥ ʧʨʠ ʬʨʝʟʝʨʦʚʘʥʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʩʪʨʫʤʝʥʪʘ ʩ SLM ʢʦʤʧʦʥʦʚʢʦʡ 

ʥʠʟʢʦʦʤʥʳʤʠ ʧʣʘʩʪʠʥʘʤʠ. ɼʘʥʥʘʷ ʢʦʤʧʦʥʦʚʢʘ ʧʦʢʘʟʘʣʘ ʙʦʣʴʰʫʶ ʩʪʦʡʢʦʩʪʴ ʜʦ 

ʚʳʭʦʜʘ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʟʘ ʧʨʝʜʝʣʳ ʜʦʧʫʩʢʘ ʧʦ ʰʝʨʦʭʦʚʘʪʦʩʪʠ, ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʜʣʷ 

ʜʘʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ï Ra 3 ʤʢʤ.  

 

ʈʠʩʫʥʦʢ 4.11 - ɻʨʘʬʠʢ ʠʟʥʦʩʘ ʦʢʩʠʜʥʦ-ʢʘʨʙʠʜʥʳʭ ʨʝʞʫʱʠʭ ʧʣʘʩʪʠʥ ɺʆʂ-200 ʧʨʠ ʪʦʨʮʝʚʦʤ 

ʬʨʝʟʝʨʦʚʘʥʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʩʪʨʫʤʝʥʪʘ ʩ SLM ʢʦʤʧʦʥʦʚʢʦʡ ʥʠʟʢʦʦʤʥʳʤʠ ʧʣʘʩʪʠʥʘʤʠ 

(ʯʫʛʫʥ ʉʏ20, ʦʙʨʘʙʘʪʳʚʘʝʤʘʷ ʧʦʚʝʨʭʥʦʩʪʴ - 193ʭ25 ʤʤ, ʧʦʧʫʪʥʦʝ ʬʨʝʟʝʨʦʚʘʥʠʝ, ʩʢʦʨʦʩʪʴ 

ʨʝʟʘʥʠʷ Vʬʨ = 190 ʤ/ʤʠʥ, ʧʦʜʘʯʘ S = 0,09 ʤʤ/ʦʙ, ʛʣʫʙʠʥʘ ʨʝʟʘʥʠʷ ʅ = 0,1 ʤʤ) 
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ɺʨʝʤʷ ʨʘʙʦʪʳ ʬʨʝʟʳ, ʊ (ʤʠʥ) 
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